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INHIBITING NEUROTRANSMITTER

REUPTAKE

CROSS-REFERENCE TO RELATED

APPLICATIONS

This application is a National Stage application under 35
USS.C. § 371 of International Application No. PCT/US2014/

022684, having an International Filing Date of Mar. 10,
2014, which claims the benefit of U.S. Provisional Appli-

cation Ser. No. 61/783,122, filed Mar. 14, 2013. The dis-
closure of the prior applications are considered part of (and

are incorporated by reference in) the disclosure of this

application.

BACKGROUND

1. Technical Field
This documentrelates to compounds as well as methods

and materials involved in modulating neurotransmitter
reuptake.

2. Background Information

Neuronal signals are transmitted from cell to cell at
specialized sites of contact known as synapses. The usual

mechanism of transmission is indirect. The cells are elec-
trically isolated from one another, the pre-synaptic cell being

separated from the postsynaptic cell by a narrow synaptic
cleft. A changeof electrical potential in the pre-synaptic cell

triggers it to release signaling molecules known as neu-

rotransmitters. The neurotransmitters rapidly diffuse across
the synaptic cleft and provoke an electrical change in the

postsynaptic cell by binding to neurotransmitter receptor-
gated ion channels. After release, the excess neurotransmit-

ters are rapidly removed, either by specific enzymes in the

synaptic cleft or by reuptake into the pre-synaptic cell or
surrounding glial cells. Reuptake is mediated by a variety of

neurotransmitter transporters. Rapid removal ensures both
spatial and temporal precision of signaling at a synapse. For

example, rapid reuptake can prevent excess neurotransmit-
ters from influencing neighboring cells and can clear the

synaptic cleft before the next pulse of neurotransmitter

release so that the timing of repeated, rapid signaling events
is accurately communicated to the postsynaptic cell.

An imbalance of neurotransmitters in the brain can occur
when not enough neurotransmitter is made and released

from pre-synaptic cells or the reuptake of neurotransmitters
by pre-synaptic cells is too rapid. If neurotransmitters such

as serotonin, norepinephrine, or dopamine are not made and

released in effective amounts or are cleared from the syn-
aptic cleft too quickly, then cell-to-cell communication can

be affected. Clinical manifestations of such imbalances
include depression and anxiety disorders. Serotonin-, nor-

epinephrine-, dopamine-reuptake inhibitors (SNDRIs) rep-
resent a class of potent, wide-spectrum antidepressant medi-

cations that inhibit the reuptake of these neurotransmitters

back into pre-synaptic cells. Inhibiting neurotransmitter
reuptake can increase the amount of neurotransmitter pres-

ent in the synapse, thus helping to normalize the transmis-
sion of neuronal signals and alleviate the symptoms of

depression and anxiety disorders.

SUMMARY

This documentrelates to compounds as well as methods

and materials involved in modulating neurotransmitter
reuptake. For example, this document provides compounds

(e.g., amine compounds), methods for synthesizing com-

15

40

45

55
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pounds(e.g., amine compounds), and methodsfor inhibiting

neurotransmitter reuptake. The compoundsprovided herein

can be used as potent, wide-spectrum antidepressant medi-

cations for inhibiting neurotransmitter reuptake andtreating

anxiety or depressive disorders. In some cases, a compound

provided herein can be used to treat pain. In addition, the

methods provided herein for synthesizing compounds allow

for synthesis in a reliable and efficient manner. In some

cases, a compound provided herein can be usedas a specific

inhibitor to inhibit reuptake of one of serotonin, norepineph-

rine, or dopamine with little or no inhibitory activity for

reuptake of the other two. For example, a compound pro-

vided herein can be used to inhibit dopamine reuptake with

little or no ability to inhibit reuptake of serotonin and

norepinephrine. In some cases, a compound provided herein

can inhibit the reuptake of one or more of serotonin,
norepinephrine, and dopamine with a Ki value of less than

50 nM whenassessedin vitro while having an IC,, value for
a human cytochrome P450 2D6 (CYP2D6) polypeptide

and/or a human ether-a-go-go-related gene (ERG) polypep-
tide that is greater than 1 uM.

In general, one aspect of this document features a com-

position comprising a compound selected from the group
consisting of (a) Compound ID Nos. 1-110 and 112-172 and

(b) enantiomers of any one of Compound ID Nos. 1-110 and
112-172, or a salt thereof.

In another aspect, this document features a method for
inhibiting neurotransmitter reuptake in a mammal. The

method comprises, or consists essentially of, administering

a composition comprising a compound selected from the
group consisting of (a) Compound ID Nos. 1-110 and

112-172 and (b) enantiomers of any one of Compound ID
Nos. 1-110 and 112-172, or a salt thereof. The neurotrans-

mitter reuptake can be norepinephrine or epinephrine
reuptake. The neurotransmitter reuptake can be dopamine

reuptake. The neurotransmitter reuptake can be serotonin

reuptake. The mammal can be a human.
In another aspect, this document features a method for

treating pain, depression, or anxiety, wherein the method
comprises administering, to a mammal, a composition com-

prising a compoundselected from the group consisting of (a)
Compound ID Nos. 1-110 and 112-172 and (b) enantiomers

of any one of Compound ID Nos. 1-110 and 112-172, ora

salt thereof.
In another aspect, this document features a compound of

formula I:

@
Ry,
/

aNH

Rs Ry

wherein

R, is selected from naphthalen-2-yl and phenyl substi-
tuted at the 3 or 4 position or 3- and 4-positions with a

substituent selected from halogen and loweralkyl;
R, is selected from phenyl and a 5- or 6-membered

aromatic heterocycle each of which is optionally substituted
with substituents selected from halo, methylsulfanyl, meth-

anesulfonyl, hydroxyl, methyl, ethyl, alkoxy, dimethyl-

amino, and 1,1,1-trifluoromethanesulfonamide;
optionally, two adjacent alkoxy groups are connected to

form a 5- or 6-memberedring;
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R, is hydrogen, hydroxyl], lower alkoxy, or halo; and

R, is hydrogen or loweralkyl. In some cases, R, can be

substituted with one or two substituents. In some cases,

compound can have the formula Ia or Ib:

(Ja)
Ry
/

Ro NH

: ()

(Ib)
Ry
/

Ro NH

Ra

Rs

Re Rb,

Rd Re

wherein R,, R,, R., R,, and R, are selected from hydrogen,

loweralkyl, and halo. In somecases, at least two of R,, R,,

R,, Ry, and R, can be hydrogen. The remaining R,, R,, R,,

R,, and R, can be independently selected from ethyl, chloro,

and bromo. R,, R,, and R, can be hydrogen; and R, and R,

can be independently selected from ethyl, chloro, and

bromo.

In another aspect, this document features a compound of

formula II:

a)
Me

/
Rp NH

R50

Rb,

Re

wherein

R, is selected from phenyl and a 5- or 6-membered

aromatic heterocycle each of whichis optionally substituted

with substituents selected from halo, methylsulfanyl, meth-

anesulfonyl, ethyl, alkoxy, dimethylamino, and 1,1,1-trif-

luoromethanesulfonamide;

R, is hydrogen or lower alkyl; and

R, and R, are independently hydrogen, halo, or lower

alkyl. Each of R, and R, can be a unit other than hydrogen.

The compound can have formula Ia:

10

15
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(Ia)

wherein
R, and R, are independently selected from hydrogen,

lower alkyl, halo, hydroxyl, lower alkoxy, methylsulfanyl,
methanesulfonyl, dimethylamino, and 1,1,1-trifluorometh-
anesulfonamide. R,; can be selected from hydrogen, lower
alkyl, halo, hydroxyl, lower alkoxy, methylsulfanyl, and
methsulfonyl; and R, can be selected from hydrogen, lower
alkyl, halo, dimethylamino, methylsulfanyl, and 1,1,1-trif-
luoromethanesulfonamide.

In another aspect, this document features a compound
selected from compounds described in Table 1, or a salt
thereof.

In another aspect, this document features a pharmaceuti-
cal composition comprising a compoundor a pharmaceuti-
cally-acceptable salt thereof as set forth in any of the above
six paragraphs and a pharmaceutically-acceptable excipient
or carrier.

In another aspect, this document features a pharmaceuti-
cal composition comprising a compoundor a pharmaceuti-
cally-acceptable salt thereof as set forth in any of the above
seven paragraphs and a pharmaceutically-acceptable excipi-
ent or carrier.

In another aspect, this document features the use of a
compoundas set forth in any of the above eight paragraphs
in the manufacture of a medicament for the treatment of
depression, anxiety, post-traumatic stress, social phobia,
obsessive compulsive disorder, impulsivity, attention deficit
disorder, attention deficit hyperactivity disorder, schizophre-
nia, movement disorders, restless leg syndrome, sleep dis-
order, narcolepsy, obesity, sexual dysfunction, or substance
abuse. The depression can be severe refractory depression.
The movement disorder can be Parkinson’s disease.

In another aspect, this document features a method of
treating depression, anxiety, post-traumatic stress, social
phobia, obsessive compulsive disorder, impulsivity, atten-
tion deficit disorder, attention deficit hyperactivity disorder,
schizophrenia, movements disorders, restless leg syndrome,
sleep disorder, narcolepsy, obesity, sexual dysfunction, or
substance abuse in a subject in need thereof, comprising
administering to the subject a therapeutically effective
amount of a compoundasset forth in any of the above nine
paragraphs. The depression can be severe refractory depres-
sion. The movement disorder can be Parkinson’s disease.

Unless otherwise defined, all technical and scientific
terms used herein have the same meaning as commonly

understood by one of ordinary skill in the art to which this

invention pertains. Although methods and materials similar
or equivalent to those described herein can be used in the

practice or testing of the present invention, suitable methods
and materials are described below. All publications, patent

applications, patents, and other references mentioned herein
are incorporated by reference in their entirety. In case of

conflict, the present specification, including definitions, will

control. In addition, the materials, methods, and examples
are illustrative only and not intended to be limiting.
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Other features and advantages of the invention will be reuptake. For example, this document provides compounds

apparent from the following detailed description and draw-
: : e.g., amine compounds), methods for synthesizing com-
ings, and from the claims. (2 P ) ¥ 8

pounds, and methods for inhibiting neurotransmitter

DETAILED DESCRIPTION 5 reuptake. Examples of compoundsprovided herein include,

This documentrelates to compounds as well as methods without limitation, those set forth in Table 1 or any phar-

and materials involved in modulating neurotransmitter maceutically acceptable salt thereof.

TABLE 1
 

Compound Structures. 

Compound Compound

 

 

ID No. Reference No. Structure pKa (Base 1) pKa (Base 2) M.W.

1 13341668 \ 9.6 362

NH

0 oO

\
13337869 10 305

OH

OW HN
™~

13322896 9.6 348

13224752 6.6 303

13261591 10.1 275

6 13342106 9.6 377 
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TABLE 1-continued
 

CompoundStructures. 

Compound Compound

 

ID No. Reference No. Structure pKa (Base 1) pKa (Base 2) M.W.

7 13366080 9.5 3 327

3 13371132 9.6 403

? 13228373 9.4 293

3 13245751 9.4 310

11 13224757 9.4 293

12 13305851 9.6 5.4 292 
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TABLE 1-continued
 

CompoundStructures. 

Compound Compound

 

  

ID No. Reference No. Structure pKa (Base 1) pKa (Base 2) M.W.

13 13349532 9.6 389

4 13366816 9.6 393

5 13331487 F 9.7 309

O OH

O

Oy

HN
™~

a) 13311940 Br 9.4 355

OH

17 13320979 F 1 293

18 13342139 9.6 386
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TABLE 1-continued

CompoundStructures.

Compound Compound

ID No. Reference No.

 

 

Structure pKa (Base 1) pKa (Base 2) M.W.

19 13366419 | 9.6 419

HN
Oo ~

Ao A
N

{Olme.

) 13368447 () 9.6 386

L 13309710 94 355

HN
NSN

HO, A

Br

cl

22 13344312 9.6 387

NAR

ri onJQ
a“ NN N

23 13366125 | 9.6 419

HN.

. o
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CompoundStructures.
 

Compound Compound

 

 

ID No. Reference No. Structure pKa (Base 1) pKa (Base 2) M.W.

24 13326653 9.4 4.3 325

NH

133414 9.9 305

™~

5 13366118 cl N. 9.6 327

C) OH

N

O
Oy

7 13267551 10.1 269

“Om, OH

N
a

3 13283201 9.7 305

) 13342110 Sf, 9.6 391

() /-

0 o

%WNH
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TABLE 1-continued

Compound Structures.

Compound Compound

ID No. Reference No. Structure pKa (Base 1) pKa (Base 2) M.W.

30 13368783 9.6 389

13370608 9.6 413

13322893 OH 9.6 335

O

N“ay
™~

23 13342019 Yo att

o4 13366421 | by 417

HN
Oo ™~S

J 4
N

10

35 13342107 9.6 377
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TABLE 1-continued

CompoundStructures.

Compound Compound

ID No. Reference No. Structure pKa (Base 1) pKa (Base 2) M.W.

36 13273128 \ 10 293

NH

C , O

racemic

7 13283197 F 9.6 327

O OH
F

N

O
OyZO

8 13203584 - 97 305

o

N
™~N

? 13281862 10.1 289

OW HN
™~

AC 13225597 \ 1 281

HN

8

racemic

41 13225601 F 9.6 327

 

racemic
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CompoundStructures.

Compound Compound

ID No. Reference No. Structure pKa (Base 1) pKa (Base 2) M.W.

42 13320726 N 9.2 5.2 276

“mn,

NH

13267866 94 355

HN
~S

HO, A

Br

cl

racemic

44 13299100 10 295

S)

“Mn,

HN
™

45 13368878 \ 97 425

%

 

0 oO

NH

46 13228482 - 97 305

e

H
om N“inON

7 13270298 97 297
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CompoundStructures.

Compound Compound

ID No. Reference No. Structure pKa (Base 1) pKa (Base 2) M.W.

48 13289328 N. 9.9 276

soHN
™~

49 13309941 N. 9.6 os 292

C) wOH

N
_~

59 13341669 | 9.6 403

HN
Oo ~S

Jo A
N

13376700 \ 9.6 407

HN

ya)

 

13298151 OH 291

13232819 94 310

 
racemic
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CompoundStructures. 

Compound Compound

 

 

ID No. Reference No. Structure pKa (Base 1) pKa (Base 2) M.W.

54 13243687 10 285

55 13283198 10 285

36 13270295 yd sud

OH

%__NH

racemic

57 13299102 oO 10.1 305
Cr ™~

ow

HN
™~S

58 13270525 Cl 97 332

"9 13328855 ¥.0 5.2 29d
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CompoundStructures.

26

 Compound
ID No.

Compound

Reference No.

 

Structure pKa (Base 1) pKa (Base 2) M.W.

60 13328420 F 97 309

0H

N“ay
™~

132422 25 310

nl

N“Uya
™~

13270294 N. 2.6 292

C) OH

N“Uyoo
™~

racemic

63 13320582 94 43 325

HN.

~S

HOy,, A

cl

cl

HAN

64 13342119 93 303

H
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CompoundStructures.

 Compound Compound

ID No. Reference No.

 

 

Structure pKa (Base 1) pKa (Base 2) M.W.

65 13324681 i 9.3 355

Nt

No-

OH

cl om"

NH
cl a“

66 13267288 10.1 269

o7 13361259 y.0 38

68 13369076 | 9.6 430

HN.
0 N

F :0 :

N
F H

F

69 13287084 1 291

NH

OH

) 13270228 Cl 94 310

Cl

 

OH
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CompoundStructures.

Compound Compound

 

ID No. Reference No. Structure pKa (Base 1) pKa (Base 2) M.W.

71 13372931 \ 9.6 393

0 O

—N
\
o—

13270293 9.6 292

Z
u

racemic

3 13247827 9.3 294

HNy,,

HO,

F

cl

racemic

N

HN
C : ™~

75 13273126 CN C) 10 48 276

‘\
13303502 Cl

-Cl

OH

74 13287085 9.9 5.2 276

94 389wn

Z
o   
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32

 

CompoundStructures.
 

Compound

ID No.

Compound

Reference No. Structure pKa (Base 1) pKa (Base 2) M.W.

 

77

80

8P

13373098

13332464

13370736

13287456

13371279

13228464

. S

SE
©) Cl

racemic

oH

  
NH)

ey N"tyON

8.2 317

9.7 309

97 413

9.6 5.2 295

9.6 417

8.3 304
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CompoundStructures.

Compound Compound

ID No. Reference No.

 

  

Structure pKa (Base 1) pKa (Base 2) M.W.

83 13094210 9 305

O OH

oe N

O “

& 13376701 —o 9.6 431

(~) N. oO

oO oO

%_wNH

v5 13326301 los 305

= OH

“ “CO

86 13228816 Ny 9.2 319

oOvao
7 13242217 9.8 8.5 290

O NH

N

O
Oy

88 13314785 8.7 277

© x

NH)
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CompoundStructures. 

Compound Compound

ID No. Reference No. Structure pKa (Base 1) pKa (Base 2) M.W.

 

89 13322895

90 13338191

L 13097910

2 13331486

3 13334801

 

‘.

COO NH)

N.

~N C) OH

 

8.9 349

1 305

8.7 277

9.6 45 322

10.1 305
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Compound Structures.

Compound Compound

ID No. Reference No. Structure pKa (Base 1) pKa (Base 2) M.W.

94 13320573 Se 94 367

HN
Cl

cl

- a MOH

™~nN
H

95 13364611 cl 8 313

iO wOH

NH"77

96 13328422 F 97 309

OH

HN
C ™~

7 13322960 / 94 356

cl HN /

98 13320581 Cl 94 367

cl

9.6 4.1 29299 13324636

Or OH
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CompoundStructures. 

Compound Compound

 

 

ID No. Reference No. Structure pKa (Base 1) pKa (Base 2) M.W.

100 13321139 9.4 392

aul 13332457 Yio 300

102 13303500 9.3 355

OH 0

103 13305857 N 9.6 5.1 292

C) wo

N
™S

104 13351506 9.2 3.2 341
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TABLE 1-continued

CompoundStructures.

Compound Compound

ID No. Reference No. Structure pKa (Base 1) pKa (Base 2) M.W.

105 13230850 cl 8.8 324

Cl

= ™~

OH

racemic

106 13308441 9.5 316

aJ7 13305701 HN 8.5 313

OH

F

F

108 13305597 9.5 49 353

HN.

HOy,,

cl

cl™“N

or enantiomeric structure

109 13363016 Cl 9.3 45 341

CO
)

\

O
u
n
n

an
)
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CompoundStructures.
 

Compound Compound

ID No. Reference No. Structure pKa (Base 1) pKa (Base 2) M.W.

 

110 13311883

111

112 13320725

3 13270300 ()

@ 6 %

114 13245752

115 13328854

HN

HOy,,

Br

cl

z
m

Z
u

Paroxetine

Cl

Cl

cl

cl

OH

Cl

cl

 

94 355

8.6 5.1 281

9.8 317

94 310

9.6 5.2 295
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CompoundStructures.
 

Compound Compound

 

ID No. Reference No. Structure pKa (Base 1) pKa (Base 2) M.W.

116 13334197 9.4 372

HN.

HOy,,

cl

N, cl

I
oO

or enantiomeric structure

 

7 13322959 9.6 348

O

NH

118 13366077 NN : 313

i OH

Cl

N

119 13326650 Cl 9.4 4.3 325

Cl

N
a“ ” NH>

OH

120 13303494 94 356

HN

HO,

Cl
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CompoundStructures.
 

Compound Compound

ID No. Reference No. Structure pKa (Base 1) pKa (Base 2) M.W.

 

121 13329271 cl 94 457

Cl

 

HN—

F i OH

EF i

FO

122 13328652 9.6 4.5 322

123 13334795 8.2 317

O

;

124 13334794 8.2 317

125 13303501 94 5.1 395 
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CompoundStructures.
 

Compound Compound

 

  

ID No. Reference No. Structure pKa (Base 1) pKa (Base 2) M.W.

126 13366127 HN. 8.3 313

OH

©

cl

127 13328856 Cl 9.4 457

cl

HN—

F i OH

F i

F Oo

128 13332636 9.4 372

129 13366724 331

oO

130 13337429 4.6 359

F

F

F

 

or enantiomeric structure
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CompoundStructures.
 

Compound Compound

ID No. Reference No. Structure pKa (Base 1) pKa (Base 2) M.W.

 

131 13381274 9.6 433

‘ >
13 13279931 O 0.1 305

™N

HN.
—~

133 13297150 OH 9.4 277

we ~

NH>

134 13259059 10.1 289

HN.
™

135 13270299 8.9 311

 

racemic
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CompoundStructures.
 

Compound Compound

ID No. Reference No. Structure pKa (Base 1) pKa (Base 2) M.W.

136 13270719 >\ 97 349

oO

 

 

racemic

137 13273127 F 9.3 279

oh

138 13320978 F

HN.

109 13253992 1 295

s

HN.
™S

OH

HN.

140 13298152
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CompoundStructures.

Compound Compound

ID No. Reference No. Structure pKa (Base 1) pKa (Base 2) M.W.

141 13296640 F 9.6 327

: nO

“ny

HN
~

142 13298144 F 9.6 327

OH
F

HN
™~

143 13283202 97 349

N
7,"

OH

144 13283194 97 297

145 13270301

Oo

N J
a O

 

rHO
m
e

racemic

97 349
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CompoundStructures.
 

Compound Compound

 

  

ID No. Reference No. Structure pKa (Base 1) pKa (Base 2) M.W.

146 13242221 9.5 310

Cl

™

HN
~

14 13267552 0.1 269

“On, OH

H
2No

14 13250685 9.7 276

racemic

149 13251189 Br 9.7 320

OH

racemic

150 13267189 Br 9.4 355

H
N

OH

racemic
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CompoundStructures.

Compound Compound

ID No. Reference No. Structure pKa (Base 1) pKa (Base 2) M.W.

151 13320727 Cl 94 436

cl

152 13322451 94 436

153 13308428 cl 9.5 316

Cl

q Os
“ -

OH

154 13303499 Cl 94 356

Cl

N
“ . 5“~

OH

155 13270733 Cl 9.3 5.3

Cl

 

racemic

311
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CompoundStructures.
 

Compound Compound

ID No. Reference No. Structure pKa (Base 1) pKa (Base 2) M.W.

 

156 13320772 Cl 94 365

Cl

 

157 13328622 9.2 341

158 13320641 94 338

159 13320572 94 338

160 13312320 Cl 94 340

Cl
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CompoundStructures.

Compound Compound

ID No. Reference No. Structure pKa (Base 1) pKa (Base 2) M.W.

161 13326651 Cl 94 389

162 13303497 Cl 9.4 389

Cl

N
a“ ~ Br

OH

163 13320512 Cl 94 356

Cl

164 13322452 cl 94 436

OH I

94 436165 13321142

 

OH
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CompoundStructures.
 

Compound Compound

 

   

ID No. Reference No. Structure pKa (Base 1) pKa (Base 2) M.W.

166 13363017 9.3 4.5 341

OH

167 13328653 9.2 341

OH

168 13305595 9.5 4.9 353

OH

or enantiomer

169 13366126 Cl N 9.6 327

C) oH

HN
™~

0 13329113 Yo 388Cl

-Cl

Z
u  

an
) O
u
n
n

o=s=O
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CompoundStructures.

Compound Compound

 

 

ID No. Reference No. Structure pKa (Base 1) pKa (Base 2) M.W.

171 13350716 9.2 3.2 341

2 13331217 Cl 94 471

Cl

N 0
a“ a

F

F oO

F f
4 ~n
Jf H
 

pKa (Base 1) refers to the first base, e.g., an alphatic primary, secondary, or tertiary amine. pKa (Base 2) refers to the second base in the same molecule
Gf present). For example, Compound ID Nos. 7, 12, 42, 48, 49, 80, 92, 99, 103, 104, 109, 112, 115, 122, and 125 have a pyridine nucleus as a second
base. For Compound ID Nos. 24, 63, 108, and 119, the second base 1s an amiline. In a few other examples (¢.g., Compound ID No. 82 and 87), there are
two aliphatic amine moieties in the same molecule where the basicity order 1s expected to be such that the secondary amine 1s more basic (PKal) than
the primary amineor tertiary amine. The anilines are less basic (higher pKa) than aliphatic amines. M.W.refers to molecular weight.

In some embodiments, a compoundprovided herein can In some embodiments, R' is H. In some embodiments, R?

be a compound of Formula (I): is a C,alkyl. For example, R? can be methyl. In some

embodiments, R* is H. In some embodiments, R* can be H
4g or OH.For example, R* can be OH. In some embodiments,

a R° is H. In some embodiments, R° is chloro. In some
fe) embodiments, R° is an alkoxy. For example, R*° can be

Rt methoxy.
2 In some embodiments, R', R?, R* and R° are H and R?is

45 methyl.

xX Also provided herein is a compound of Formula (IA):

WeR x

50 rn)

or a pharmaceutically acceptable salt thereof, RS

wherein: ;

X is selected from the group consisting of: R

55

IoR
Cl

or a pharmaceutically acceptable salt thereof,

Cl and ; 60 wherein:
R', R*, and R* are independently selected from H and

1 p2 3 : C,_alkyl,
R’, R°, and R° are independently selected from H and R* is H, OH, and alkoxy: and

C,_ealkyl, R° is selected from the group consisting of: H, halo, and
R* is H, OH, and alkoxy; and 65 alkoxy.

R° is selected from the group consisting of: H, halo, and In some embodiments, R! is H. In some embodiments, R?

alkoxy. is a C,_,alkyl. For example, R* can be methyl. In some
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embodiments, R? is H. In some embodiments, R* can be H

or OH.For example, R* can be OH. In some embodiments,

R* can be alkoxy. In some embodiments, R* is H. In some

embodiments, R° is chloro. In some embodiments, R? is an

alkoxy. For example, R° can be methoxy.

In some embodiments, R', R*, R* and R° are H and R?is

methyl.

Non-limiting examples of a compound of Formula (I)

and/or Formula (IA): include:

 
Cl

Cl

CO
)

O
l
:

a

Cl

Cl
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-continued

Cl

Cl

5

10

 
45

50

55

60

H
NO Mn,

65 NH)
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Q

Cl

OH
cl

Cl

Z
z

Zz

 

or a pharmaceutically acceptable salt thereof. In some

embodiments, a compound of Formula (1) can be:

N

O

INN

or a pharmaceutically acceptable salt thereof.

In some embodiments, a compoundprovided herein can

be a compound of Formula (II):

O

f
ANN

/
1R

or a pharmaceutically acceptable salt thereof
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wherein:
Z is selected from the group consisting of:

cl

cl and ;

R' is H or a C,.,alkyl; and
X is —CH, or —C(O)H.

In some embodiments, R' can be a C,_,alkyl. For
example, R' can be methyl. In some embodiments, X is
—CH,.

Also provided here is a compound of Formula (ITA):

or a pharmaceutically acceptable salt thereof,
wherein:
R' is H or a C,.,alkyl; and
X is —CH, or —C(O)H.

In some embodiments, R' can be a C,_,alkyl. For
example, R' can be methyl. In some embodiments, X is

—CH,.
Non-limiting examples of a compound of Formula (II)

and/or Formula (IIA): include:
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or a pharmaceutically acceptable salt thereof.

The term “C,,alkyl”refers to substituted or unsubstituted

saturated hydrocarbongroups, including straight-chain alkyl

and branched-chain alkyl groups that contain from x to y

carbons in the chain, including haloalkyl groups such as
trifluoromethyl and 2,2,2-trifluoroethyl, etc.

The term “alkoxy” refers to an alkyl group having an
oxygen attached thereto. Representative alkoxy groups

include methoxy, ethoxy, propoxy, tert-butoxy andthe like.
An “ether” is two hydrocarbons covalently linked by an

oxygen. Accordingly, the substituent of an alkyl that renders

that alkyl an ether is or resembles an alkoxy.
It is understood that a particular compound provided

herein (e.g., a compound having thestructure set forth in
Table 1) can include any one of that compound’s stereoiso-

mers as well as any combination thereof. For example,

Compound ID No. 91 can be a 2R,3R-stereoisomer, a
2S,3S-stereoisomer, a 2R,3S-stereoisomer, or a 28,3R-ste-

reoisomer, or any combination of2R,3R-, 28,3S-, 2R,3S-, or
2S,3R-stereoisomers. Examples of particular selected ste-

reoisomers are provided in Table 1 for particular com-
pounds.

This document also provides methods of synthesizing

compounds such as amine compounds. For example, in
some cases, a compoundset forth in Table 1 can be synthe-

sized by any of a variety of appropriate organic chemistry
techniques including, without limitation, addition of a-cya-

nomethylaryl anions to aryl or alkyl aldehydes to give
predominantly anti-oriented 6-hydroxynitriles, reduction of

the resulting nitrile to a primary aminebya strong reducing

agent, such as lithium aluminum hydride or borane, conver-
sion of the primary amine to a mono- or dimethylamine

through an appropriate carbamate with reducing agents,
such as lithium aluminum hydride or borane, or by direct

dimethylation of primary amine using formaldehyde and
sodium cyanoborohydride, and finally resolving the racemic

amines by chiral acid-mediated optical resolution of using a

chiral Superfluid Chromatography system. After protection
of the secondary amino function, the stereochemistry of the

hydroxyl group bearing carbon, if present, can be inverted
with appropriate substitution of an azide function, or any

other appropriate functional group, such as a fluoride or
chloride. In some cases, the hydroxyl group, if present, can

be converted to a good leaving group, such as a methane-

sulfonate or a halide and then displaced with a halide such
as chloride or fluoride, and ammonia, or an ammonia

derivative. In some cases, a compound can be synthesized to
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lack the hydroxy] group using, for example, a direct deoxy-
genation reductive protocol, such as triethylsilane in trifluo-

roacetic acid, or by using a variation of a Barton deoxygen-

ation procedure, such as conversion to a xanthate followed
by tin hydride-mediated reduction.

In some cases, a fluoride or a chloride can be directly
introduced using diethylaminosulfur trifluoride (DAST) and

thionyl chloride, respectively. In some cases, a C-3 substi-
tuted alcohol or amine can be cyclized to a 6-membered

1,3-oxazines or 1,3-diazines through a methylene bridge

after condensing with a formaldeyhyde equivalent. Other
compounds with cis-stereochemistry can be isolated either

as minor products from aldol-type reactions, or through
Mitsunobu reactions of their major anti counterparts con-

taining a hydroxyl group at C-3 as described herein. In some
cases, a hydroxyl group in an anti-oriented compound can be

inverted using triphenylphosphine and a diethyl azodicar-

boxylate (Mitsunobu protocol) followed by basic hydrolysis
to give their syn hydroxy! counterparts. The syn compounds

produced can be used for further chemical transformations
as described herein.

The compounds set forth in Table 1 can be active in
serotonin, norepinephrine, and/or dopamine reuptake inhi-

bition assays, and in some cases, can be resolved by diaste-

reomeric bias on acid-base salt formation with optically pure
acids, such astartaric acid, lactic acid, and camphorsulfonic

acid.
Any compound set forth in Table 1 can be a mixture of

stereoisomers or can be resolved to form a racemic syn-
diastereomer composition, or a racemic anti-diastereomer

composition, or these racemates can be optically resolved to

furnish pure enantiomers. For example, a compound can be
resolved to a pure enantiomerby classical resolution using

enantiomerically pure acids including, without limitation,
(+)- and (-)-tartaric acid, (+)- and (-)-ditoluyl-tartaric acid,

(+)- and (-)-camphorsulfonic acid, or any other optically

pure acids.
Any appropriate method can be used to isolate diaste-

reomers and enantiomers such as those described elsewhere
(Eliel et al., In: Stereochemistry of Organic Compounds;

John Wiley & Sons: New York, 1994). The racemic anti-
diastereomeric mixture (50:50 of the 28,38 and 2R,3R

enantiomers) of a compound provided herein can be

resolved into the pure enantiomers by classical optical
resolution methods. For example, a racemic anti-diaste-

reomer of _(1S,2S)-3-(methylamino)-2-(naphthalen-2-yl)-
1-phenylpropan-1-ol (50:50 2R,3R and 2S,3S) (Compound

ID No. 124 in Example 124) can be isolated by selective
crystallization from a diastereomeric salt mixture with a

chiral organic acid, such as tartaric acid, camforsulfonic

acid, or a lactic acid etc. After selective crystallization, the
optically enriched or pure enantionmeric forms can be

obtained by treatment with an aqueous strong base.
Any compoundor enantiomerthereofprovided herein can

be chemically converted from its free base form to a
pharmaceutically acceptable salt by reacting the free base

with an equivalent amountofany acid that forms a non-toxic

salt. Such acids can be either inorganic or organic including,
without limitation, hydrochloric acid, hydrobromic acid,

fumaric acid, maleic acid, succinic acid, sulfuric acid, phos-
phoric acid, tartaric acid, acetic acid, citric acid, and oxalic

acid. Any compound or pharmaceutically acceptable salt
thereof provided herein can be administered to a mammal by

itself or in combination with a carrier. Such carriers include,

withoutlimitation, sterile aqueous or non-aqueoussolutions,
suspensions, and emulsions. Examples of non-aqueoussol-

vents include, without limitation, propylene glycol, polyeth-
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ylene glycol, vegetable oils, and injectable organic esters.
Aqueouscarriers include, without limitation, water, alcohol,

saline, and buffered solutions. Preservatives, flavorings, and

other additives such as, for example, antimicrobials, anti-
oxidants, chelating agents, inert gases, and the like can also

be present. It will be appreciated that any compoundpro-
vided herein that is to be administered to a mammal can

contain zero, one, or more than one commonly known
pharmaceutically acceptable carriers.

The term “pharmaceutically acceptable salt” refers to the

relatively non-toxic, inorganic and organic acid addition
salts of a compound provided herein. These salts can be

prepared in situ during the final isolation and purification of
a compoundprovided herein, or by separately reacting the

compound in its free base form with a suitable organic or
inorganic acid, and isolating the salt thus formed. Repre-

sentative salts include the hydrobromide, hydrochloride,

sulfate, bisulfate, phosphate, nitrate, acetate, valerate,oleate,
palmitate, stearate, laurate, benzoate, lactate, phosphate,

tosylate, citrate, maleate, fumarate, succinate, tartrate, naph-
thylate, mesylate, glucoheptonate, lactobionate, laurylsul-

phonate salts, and amino acid salts, and the like. See, for
example, Berge et al., “Pharmaceutical Salts”, J Pharm.

Sci., 66: 1-19 (1977).

In some embodiments, a compoundprovided herein may
contain one or more acidic functional groups and, thus, is

capable of forming pharmaceutically acceptable salts with
pharmaceutically acceptable bases. The term “pharmaceuti-

cally acceptable salts” in these instances refers to the rela-
tively non-toxic inorganic and organic base addition salts of

a compound provided herein. These salts can likewise be

prepared in situ during the final isolation and purification of
the compound, or by separately reacting the purified com-

poundin its free acid form with a suitable base, such as the
hydroxide, carbonate, or bicarbonate of a pharmaceutically

acceptable metal cation, with ammonia, or with a pharma-

ceutically acceptable organic primary, secondary, ortertiary
amine. Representative alkali or alkaline earth salts include

the lithium, sodium, potassium, calcium, magnesium, and
aluminumsalts, and the like. Representative organic amines

useful for the formation of base addition salts include
ethylamine, diethylamine, ethylenediamine, ethanolamine,

diethanolamine, piperazine, and the like (see, for example,

Berge et al., supra).
Inhibiting Neurotransmitter Reuptake

This document provides methods for using the com-
pounds set forth in Table 1 to inhibit neurotransmitter

reuptake in a mammal. The term “inhibit” as used herein
with respect to neurotransmitter reuptake refers to any

reduction in neurotransmitter reuptake. For example, a

reduction in neurotransmitter reuptake greater than zero
percent(e.g., greater than 0.1, 0.5, 1, 2, 5, 10, 25, 50, 75, or

99 percent) is considered an inhibition of neurotransmitter
reuptake. In some embodiments, a compound provided

herein can inhibit neurotransmitter reuptake such that the
reduction in neurotransmitter reuptake is greater than zero

percent(e.g., greater than 0.1, 0.5, 1, 2, 5, 10, 25, 50, 65, 75,

85, 95, or 99 percent) as compared to untreated controls
(e.g., untreated mammals or cells). Any appropriate method

can be used to assess whether or not neurotransmitter
reuptake has been inhibited in a mammal. Such methods can

be qualitative or quantitative. An example of a qualitative
method includes assessing whether or not a mammal with

depression experiences loss of pleasure in daily activities,

significant weight loss or gain, changes in mobility (e.g.,
lethargy, nervousness), feelings of worthlessness, dimin-

ished ability to concentrate, or suicidal thoughts to a lesser
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extent following treatment with a compoundprovided herein
than the extent experienced before treatment. In somecases,

such methods can be quantitative. For example, the concen-

tration of serotonin in a platelet sample from a mammalafter
treatment with a compound can be measured and compared

to the concentration of serotonin in a platelet sample from
the same mammalbefore treatment with that compound. If

the concentration of serotonin after treatment is reduced
comparedto the concentration of serotonin before treatment,

then that compoundinhibited neurotransmitter reuptake in

that mammal.
To inhibit neurotransmitter reuptake, an effective amount

of any compoundprovided herein can be administered to a
mammal. The term “effective” as used herein refers to any

amount that induces a desired level of neurotransmitter
reuptake inhibition while not inducing significant toxicity in

the mammal. Such an amount can be determined using the

methods and materials provided herein. An effective amount
of a compound or formulation containing a compound can

be any amount that reduces, prevents, or eliminates an
anxiety or depressive disorder or relieves pain upon admin-

istration to a mammal without producing significant toxicity
to that mammal. Some compounds may havea relatively

broad concentration range that is effective while others may

have a relatively narrow effective concentration range. In
addition, the effective amount can vary depending upon the

specific mammal or the specific anxiety or depressive dis-
order to be treated because certain mammals and anxiety or

depressive disorders can be more or less responsive to a
particular compound. Such effective amounts can be deter-

minedfor individual compounds using commonly available

or easily ascertainable information involving equilibrium
dissociation constants, mammaltoxicity concentrations, and

bioavailability. For example, non-toxic compoundstypically
can be directly or indirectly administered to a mammal in

any amountthat reduces, prevents, or eliminates an anxiety

or depressive disorder in that mammal.
In some cases, a compoundprovided herein such as a

compoundset forth in Table 1 can be usedto treat depression
(e.g., adjunctive treatment for severe refractory depression),

anxiety (e.g., a generalised anxiety disorder), post traumatic
stress, social phobia, obsessive-compulsive disorder, impul-

sivity, attention deficit disorders (e.g., ADD), attention defi-

cit hyperactivity disorder (ADHD), schizophrenia (e.g.,
schizophrenia with predominantly negative symptoms),

movementdisorders (e.g., Parkinson’s diseaseorrestless leg
syndrome), sleep disorder (e.g., narcolepsy), obesity, sexual

dysfunction, or substance abuse. In somecases, schizophre-
nia can be treated with a compoundprovided herein such as

a compound set forth in Table 1 in combination with other

typical and atypical antipsychotic agents.
Using the information provided herein, such effective

amounts also can be determined by routine experimentation
in vitro or in vivo. For example, a patient having an anxiety

or depressive disorder can receive direct administration of a
compound provided herein in an amountto achieve a blood

level close to the equilibrium dissociation constant(i.e., K,)

calculated from in vitro analysis sufficient to inhibit the
uptake of a particular neurotransmitter. If the patient fails to

respond, then the amountcan be increased by, for example,
two fold. After receiving this higher concentration, the

patient can be monitored for both responsiveness to the
treatment and toxicity symptoms, as well as bloodlevels of

the drug, and adjustments made accordingly.

To help determine effective amounts of different com-
pounds, it can be useful to refer to an effective amount

equivalent based on the effective amount of a common drug
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used to treat anxiety or depressive disorders. For example,
the direct administration of 0.30 mg/kg Prozac® (fluoxetine)

daily for three weeks to a mammal can be an effective

amount for treating anxiety or depressive disorders. The
effects produced by this effective amount can be used as a

reference point to compare the effects observed for other
compounds used at varying concentrations. Once an equiva-

lent effect is observed, then the specific effective amount for
that particular compound can be determined. In this case,

that particular amount would be termed a Prozac® effective

amount equivalent.
The ability of a compound to inhibit neurotransmitter

reuptake also can be assessed in vitro. For example,the level
of serotonin reuptake can be determined by measuring the

amountof radiolabeled serotonin taken up by synaptosomes
(“pinched-off’ nerve endings) purified from a tissue source

abundant in serotonin transporters (e.g., rat brain cortical

tissue). Rat brain cortical tissue can be isolated to produce
neuronal membrane fragments such that the membrane

fragments close back on themselves to form synaptosomes
that retain functional serotonin transporters. The serotonin

transporters concentrate serotonin by transportingit from the
fluid in which the synaptosomes are suspended to the

interior of the synaptosomes.If the serotonin in the suspen-

sion fluid is radiolabeled, then the level of serotonin
reuptake can be measured by counting the radioactivity in

the synaptosomal pellet obtained by rapid filtration or cen-
trifugation. The ability of a compound toinhibitthe level of

serotonin reuptake can be determined by adding different
concentrations to aliquots of the same synaptosomal prepa-

ration. For example, the potency of Compound ID No.71 as

an inhibitor of serotonin reuptake can be measured by (1)
adding different concentrations of Compound ID No. 71 to

aliquots of synaptosomes purified from rat brain cortical
tissue, (2) adding the same concentration of radiolabeled

serotonin to each aliquot, (3) allowing the serotonin trans-

porters to concentrate the radiolabeled serotonin in the
synaptosomes, and (4) counting the radioactivity in the

synaptosomal pellet of each aliquot obtained after centrifu-
gation. Compounds with a higher potency will more effec-

tively inhibit reuptake at lower concentrations thus resulting
in less detectable radioactivity in the synaptosomalpellet.

In another in vitro example, intact cultured mammalian

cells expressing a particular recombinant neurotransmitter
transporter can be used to assess the ability of a compound

to inhibit neurotransmitter reuptake. For example, the
potency of Compound ID No.87 as an inhibitor of norepi-

nephrine transport can be measured using cultured mamma-
lian cells expressing the norepinephrine transporter. In addi-

tion, the potency of a particular compound to inhibit

multiple neurotransmitter transporters can be measured. For
example, the potency of Compound ID No.87 as an inhibi-

tor of both serotonin and norepinephrine transport can be
measured using separate cultured mammalian cells express-

ing the serotonin transporter and cultured mammalian cells
expressing the norepinephrine transporter. It is understood

that measured neurotransmitter transport levels are com-

pared to controls. Controls include, without limitation,
vehicle only as well as known inhibitors such as Prozac®,

Paxil® (paroxetine), Effexor® (venlafaxine), or Nor-
pramin® (desipramine).

In addition, the potency of a compound to inhibit the
reuptake of different neurotransmitters can be assessed by

determining the equilibrium dissociation constant (i.e., K,)

or the dissociation constant for inhibitor binding(i.e., K,) of
that particular compound for a particular neurotransmitter

transporter. Typically, the K, value is determined as
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described elsewhere (Tatsumi et al, Eur. J. Pharmacol.

340:249-258 (1997)), and the K, value is determined as

described elsewhere (Cheng and Prusoff, Biochem. Phar-

macol., 22(23):3099-3108 (1973)). Once determined, the K,

or K, value for a particular compound can be used to

compare that compound’s potency with the potency of other

compounds or other known inhibitors. For example, if a

particular compound has a K, of 4.1 nM for the serotonin

transporter and a K, of 12.5 nM for the norepinephrine

transporter, then that particular compound can be character-

ized as having a greater ability to inhibit serotonin reuptake

compared to norepinephrine reuptake. Likewise, if a first

compound has a K, of 54 nM for the dopamine transporter

and a second compound has a K, of 134 nM for the

dopaminetransporter, then the first compound can be char-

acterized as having a greater ability to inhibit dopamine

reuptake compared to the second compound.

Various factors can influence the actual effective amount

usedfor a particular application. For example, the frequency

of administration, duration of treatment, rate of metabolism

of the drug, combination of other compounds, and site of

administration may require an increase or decrease in the

actual effective amount administered.

The frequency of administration can be any frequency

that reduces, prevents, or eliminates an anxiety disorder or

depression in a mammal without producing significant tox-

icity to the mammal. For example, the frequency of admin-

istration can be from about once a day to about once a

month, or more specifically, from about twice a day to about

once a week. In addition, the frequency of administration

can remain constant or can be variable during the duration

of treatment. As with the effective amount, various factors

can influencethe actual frequency of administration used for

a particular application. For example, the effective amount,

duration of treatment, rate of metabolism of the drug,

combination of other compounds,andsite of administration

may require an increase or decrease in administration fre-

quency.
An effective duration for amine compoundadministration

can be any duration that reduces, prevents, or eliminates an

anxiety or depressive disorder in a mammal without pro-

ducing significant toxicity to the mammal Thus, the effective
duration can vary from several days to several weeks,

months, or years. In general, the effective duration for the
treatment of an anxiety or depressive disorder can range in

duration from several days to several years. Once the
compound administrations are stopped, however,the treated

anxiety or depressive disorder may return. Thus, the effec-

tive duration for the prevention of an anxiety or depressive
disorder can last in some cases for as long as the individual

is alive.
Multiple factors can influencethe actualeffective duration

used for a particular treatment or prevention regimen. For
example, an effective duration can vary with the frequency

of compound administration, effective compound amount,

combination of multiple compounds, and site of adminis-
tration. It is noted that diagnostic algorithm methods can be

devised to determineor reflect appropriate effective doses,
durations, and frequencies.

The level of toxicity, if any, can be determined by
assessing a mammal’s clinical signs and symptoms before

and after administering a known amount of a particular

composition. It is noted that the effective amount of a
particular composition administered to a mammal can be

adjusted according to a desired outcome as well as the
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mammal’s responseandlevel oftoxicity. Significanttoxicity

can vary for each particular mammal and each particular

composition.

Any combination of compounds provided herein can be

administered to a mammal. For example, two compounds

can be administered together to a mammal to inhibit nor-

epinephrine reuptake in that mammal. In another example,
one or more compoundsthat can inhibit serotonin reuptake

and one or more compounds that can inhibit dopamine
reuptake can be administered together to a mammal to

inhibit both serotonin and dopamine reuptake in that mam-
mal. The efficacy of such combinations can be assessed

using the methods and materials provided herein.

A compound or combination of compounds provided
herein can be administered to any part of a mammal’s body.

For example, a compound can be delivered to, without
limitation, spinal fluid, blood, lungs, intestines, muscle

tissues, skin, joints, peritoneal cavity, or brain of a mammal.
In addition, a compound or combination of compounds can

be administered intravenously, intraperitoneally, intramus-

cularly, subcutaneously, intrathecally, intracerebroventricu-
larly, or intradermally, orally, by inhalation, or by gradual

perfusion over time. The duration of treatment can be any
length of time from as short as one dayto as long as thelife

span of the mammal (e.g., many years). For example, a
compound provided herein can be administered daily for

three monthsor ten years. It is also noted that the frequency

of treatment can be variable. For example, a compound can
be administered once (or twice, three times, etc.) daily,

weekly, monthly, or yearly.
The invention will be further described in the following

examples, which do not limit the scope of the invention

described in the claims.

EXAMPLES

Example 1—Synthesis of Compound ID No.1
(N-methy1-2-((18,2S)-3-(methylamino)-2-(naphtha-

len-2-yl)-1-phenylpropoxy)acetamide)

Ethyl 2-((1S8,2S)-3-(methylamino)-2-(naphthalen-2-yl)-1-

phenylpropoxy)acetate (Example 35) (0.023 g, 0.060 mmol)
was dissolved in methanol and methylamine gas was

bubbled through the solution for 6 h. The solvent was
removed in vacuo, THF (5 mL) added, and 4N HCl (5 mL)

in THF were added, and the resulting reaction mixture was
stirred for 1 hour at room temperature then heated at 60° C.

until the reaction was judged complete by MS. Solvents

were evaporated, and residue wastransferred to a vial using
DCM.Thesolvent was removed with dry nitrogen and kept

under high vacuum for 18 hours, furnishing the product as
a white solid (10.00 mg, 38.7%). 1H NMR (500 MHz,

CD,OD) 6 7.63-7.76 (m, 4H), 7.52 (s, 1H), 7.36-7.46 (m,
2H), 7.06-7.18 (m, 6H), 4.82 (d, 1H, J=10.1 Hz), 4.05 (d,
1H, J=15.3 Hz), 3.93-3.97 (m, 1H), 3.87-3.92 (m, 1H), 3.60
(td, 1H, J=10.2, 3.7 Hz), 3.39-2.82 (s, 3H), 3.39 (dd, 1H,
J=12.8, 3.7 Hz), 2.86 (s, 3H). MS m/z (EST) 363 (MH*).

Example 2—Synthesis of Compound ID No.2

((S)-2-(-(methylamino)-2-(naphthalen-2-yl)propyl)
phenyl)methanol)

A 250 mL round bottom was charged 10 mL of dry

methanol followed by careful addition of sodium metal (315

mg, 13.7 mmol). Uponsolvency, 2-naphthylacetonitrile was
added (2.29 g, 13.7 mmol), and the suspension was allowed

to stir for 20 minutes. 2-carboxybenzaldehyde (1.88 g, 12.5
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mmol) was added followed by additional methanol (2 mL)
The flask was equipped with a reflux condenser, and the
suspension washeated to reflux for 24 hours. After cooling,
the solution was pouredinto a flask immersed in an ice bath
containing 10 mL of 12 M HCI. The voluminousprecipitate
was filtered and washed with water. After drying in a
vacuum oven, the solid was purified via silica gel flash
chromatography (3% CH,OH in CH,Cl, with 1 mL HOAc
per 100 mL eluent) to give 1.31 g (4.4 mmol, 35%) of an
amorphous white solid. The conjugate reduction was per-
formed in the usual way with a portion of this material (700
mg, 2.34 mmol) to give a crudeoil.
The oil was dissolved in 10 mL CH,Cl, followed by

addition of triethylamine (1 mL). The solution was concen-
trated and dried in vacuo to remove any ammonia. The
residue was then dissolved in CH,Cl, (10 mL), followed by
addition of triethylamine (1.0 mL, 2.34 mmol). The solution
waschilled to 0° C., and ethyl chloroformate was added
(0.27 mL, 2.8 mmol). The solution was allowedtostir at 0°
C. for 2 hours and warmed to room temperature. After two
days, the volatiles were removed in vacuo, and the residue
was acidified with 10 mL of aqueous 1M HCl. 15 mL of
Et,O was added, and the contents were poured in a separa-
tory funnel and extracted with EtOAc (3x15 mL) and dried
over MgSO,.After filtration, evaporation gave a white foam
that was dissolved in 10 mL ofdry THF. To this solution was
added LiAlH, (271 mg, 7.14 mmol). The suspension was
heated to reflux under nitrogen for 16 hours. Upon cooling,
10 mL of Et,O was added followed by 0.27 mL water, 0.27
mL of a 15% KOHsolution, and finally 0.81 mL of water.
The white precipitate was filtered, and the filtrate was
concentrated and purified via silica gel flash chromatogra-
phy (5% CH,OH in CH,Cl, with 1 mL NH,OH per 100 mL
eluent) to give 127 mg (0.42 mmol, 18%) of a colorless oil.
'H NMR (400 MHz, CD3,OD)8 7.82-7.72 (m, 3H), 7.59 (s,
1H), 7.46-7.36 (m, 3H), 7.29 (d, J=6.9 Hz, 1H), 7.11 (td,
J=7.4, 1.4 Hz, 1H), 7.08-7.02 (m, 1H), 7.01-6.95 (m, 1H),
4.55 (dd, J=41.7, 12.6 Hz, 2H), 3.17 (dd, J=13.8, 6.6 Hz,
1H), 3.05-2.89 (m, 3H), 2.29 (s, 3H). HRMS (ESI-TOF)
calculated for C,,H,,NO (MH*) 306.1852, found 306.1845
(-2.43 ppm, 0.7 mmu).

This racemate was separated into its enantiomers using a
chiral stationary phase supercritical fluid chromatography
(Multigram III SFC system) on an ADH column (30x250
mm). Isocratic elution using 25% EtOH (containing 1%
isopropylamine) at a flow rate of 56 mL/min gave
enantiomerretention times of 8.11 and 8.69 minutes, respec-
tively. For large-scale separation, 0.1 g of the sample was
diluted in 3 mL of EtOH (containing 0.5% isopropylamine),
and stacked injections of 0.3 mL were made. The combined
fractionsofthe first-eluting enantiomer were concentrated in
vacuo and converted to an HC]salt which afforded 34 mg of
Compound ID No. 2, which was shown by the above
described SCF system to have 99% enantiomeric excess. 'H
NMR(500 MHz, CD,OD) 8 3.12 (dd, J=13.7, 6.4 Hz, 1H),
3.25 (dd, J=14.3, 4.6 Hz, 1H), 3.31 (br. s., 3H), 3.40 (d, J=7.6
Hz, 1H), 3.51-3.62 (m, 2H), 4.51-4.58 (m, 1H), 4.62-4.71
(m, 1H), 7.01 (d, J=7.3 Hz, 1H), 7.10 (t, JH=7.3 Hz, 1H), 7.16
(t, J=7.3 Hz, 1H), 7.32 (d, J=7.3 Hz, 1H), 7.41-7.53 (m, 3H),
7.73 (s, 1H), 7.77-7.88 (m, 2H), 7.90 (d, J=8.5 Hz, 1H).
Since this compound was more potent at hNET than the
second-eluting enantiomer, it was presumed to be (S)-

configured.

Example 3—Synthesis of Compound ID No. 3 (2-
(1S,2S)-3-(methylamino)-2-(naphthalen-2-yl)-1-

phenylpropoxy)acetamide)

Ethyl] 2-((18,2S)-3-(methylamino)-2-(naphthalen-2-yl)-1-

phenylpropoxy)acetate (Example 35) (0.254 g, 0.502 mmol)
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was dissolved in 15 mL of MeOH in an oven dried round

bottom flask with a stirrer, and NH, gas was passed through

it for 15 minutes. The reaction mixture wasthen stirred at

room temperature for 40 hours. The solvents were evapo-

rated using a rotary evaporator. The product was dissolved

in MeOHandwaspurified by reverse phase chromatography

HPLC (Vydac column, C-18, 2.2x25 cm, elution with 10%
B-100% B in 30 min; B=80% aq. CH;CN with 0.1% TFA,

A=H,0 with 0.1% TFA); FR 8 mL/min, A,,,.=254 nm,
RT=22.46 minutes). The relevant HPLC fractions were

removed using a rotary evaporator. The free amine was
converted to a hydrochloride with 1N HCl. The residue was

then leached with ether to give a sticky solid that was dried

under high vacuum. 'H NMR (300 MHz, CD,OD)8 7.80-
7.64 (m, 3H), 7.54 (s, 1H), 7.47-7.38 (m, 2H), 7.21-7.09 (m,

6H), 1H hidden in the H,O peak, 4.11 (d, 1H, J=15.8 Hz),
4.01-3.89 (m, 2H), 3.67-3.56 (m, 1H), 3.43-3.35 (m, 1H),

2.86 (s, 3H), MS m/z (ESI) 349.08 (MH*). 'H NMR (500
MHz, CD,OD)8 7.61-7.77 (m, 3H) 7.36-7.46 (m, 2H), 7.52

(s, 1H), 6.98-7.18 (m, 6H), 4.84 (d, 1H, J=10.1 Hz), 4.03-

4.13 (m, 1H), 3.87-4.01 (m, 2H), 3.61 (td, 1H, J=10.0, 3.8
Hz), 3.33-3.41 (m, 1H), 2.84 (s, 3H).

Example 4—Synthesis of Compound ID No.4

((5S,6S)-3-methyl-5-(naphthalen-2-yl)-6-phenyl-1,3-
oxazinane)

Asolution of 11.6 M 36.5% aq. formaldehyde (0.400 mL)

and MeOH (2 mL, 0.343 mmol) was added to (1S8,2S)-3-

(methylamino)-2-(naphthalen-2-yl)-1-phenylpropan-1-ol
hydrochloride (0.100 g, 0.343 mmol) in an oven dried round

bottom flask equipped with a stirrer and water condenser.
The reaction mixture was then refluxed at 65° C. overnight.

The volatiles were evaporated using a rotary evaporator. The

residue was dissolved in 5 mL of methanol and 20 mL of
ether, and about 18 mL of hexane were added with stirring

till permanentturbidity was observed. The turbid suspension
was allowed to crystallize overnight at 4° C. White crystals

were formed which werefiltered and dried (0.098 g, 94%).
'H NMR(500 MHz. CD,OD)6 7.81-7.70 (m, 3H), 7.64 (s,
1H), 7.48-7.41 (m, 2H), 7.23 (d, 1H, J=8.1 Hz), 7.15 (s, 5H),
5.29 (d, 1H, J=8.5 Hz), 5.09 (d, 1H, J=8.6 Hz), 4.92 (d, 1H,
J=9.1 Hz), 3.94-3.83 (m, 2H), 3.67-3.53 (m, 1H), 2.97 (s,
3H) MS m/z (ESI) 304.16 (MH*) [a],7°+133.8 (c 0.26, 9:1
EtOH:H,0).

Example 5—Synthesis of Compound ID No. 5

((S)}—N-methy1-2-(naphthalen-2-yl)-3-phenylpro-
pan-1-amine)

To slurry of (18,2S)-3-(methylamino)-2-(naphthalen-2-
yl)-1-phenylpropan-1-ol HCI salt (260 mg, 0.79 mmol) and

triethylsilane (5 mL, 31.30 mmol) was addedtrifluoroacetic
acid (5 mL, 64.90 mmol). The reaction was heated for 20

hours at 50° C. and concentrated in vacuo. The residue was
mixed with 20 mL 2N NaOH and then extracted with

chloroform (3x20 mL) After drying,filtration, and concen-

tration in vacuo, the residue was purified by flash chroma-
tographystarting with dichloromethane and moving to 10%

7 M ammonia in dichloromethane. Concentration of the
relevant fractions gave an oil which was dissolved in 50 mL

ether, to which 4 N HCIin dioxane was added.After stirring
for 30 minutes, the accumulated solid was collected by

filtration, washed with ether, and then dried under high

vacuum to give Compound ID No. 5 as the HC] salt (127 mg,
51.4%). 'H NMR(300 MHz, DMSO-d,) 8 8.81 (br. s., 1H),

8.30 (br. s., OH), 8.07-7.64 (m, 4H), 7.61-7.33 (m, 3H),
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7.31-6.96 (m, 5H), 3.70-3.42 (m, 1H), 3.42-3.08 (m, 6H),
3.08-2.88 (m, 1H). MS m/z (ESI) 276.17 (MH*) [o],2°+
92.5 (c 2.595, EtOH).

Example 6—Synthesis of Compound ID No.6

(N-ethyl-2-(1S,2S)-3-(methylamino)-2-(naphthalen-
2-yl)-1-phenylpropoxy)acetamide)

This compound was madeby dissolving ethyl] 2-((1S,2S)-
3-(methylamino)-2-(naphthalen-2-yl)-1-phenylpropoxy)ac-

etate (Example 35) in MeOH and passing ethylamine gas
through for several hours. The volatiles were removed in

vacuo and the product was lyophilized. 'H NMR (CD,OD)
8 7.67-7.52 (m, 3H), 7.43 (s, 1H), 7.36-7.27 (m, 2H),
7.09-6.97 (m, 5H), 4.72 (d, 1H, J=9.98 Hz), 4.08-3.99 (M,
1H), 3.95 (d, 1H, J=15.07 Hz), 3.89-3.74 (m, 2H), 3.55-3.42
(m, 1H), 3.32-3.24 (m, 2H) 2.76 (s, 3H), 1.06 (t, 3H, J=7.16
Hz, 7.16 Hz) MS m/z (ESI) 349.10 (MH°*).

Example 7—Synthesis of Compound ID No.7
((AR,2S)-1-(3-chloropyridin-4-yl)-3-(methylamino)-

2-(naphthalen-2-yl)propan-1-ol)

anti- and =syn-3-(3-chloropyridin-4-yl)-3-hydroxy-2-

(naphthalen-2-yl)propanenitrile: These compounds were
made in a standard LDA-mediated reaction of 2-naphthy-

lacetonitrile and 3-chloro-4-pyridine carboxaldehyde at
-78° C. in THF. The syn aldol was isolated and identified in

the customary way: 'H NMR (CDCI,) 8 8.57 (s, 1H), 8.30
(d, 1H, J=5.1 Hz), 7.83-7.76 (m, 1H), 7.75-7.68 (m, 2H),
7.61 (bs, 1H), 7.53-7.49 (m, 2H), 7.12 (dd, 1H, J=8.4, 1.6
Hz), 7.08 (d, 1H, J=4.8 Hz), 5.86 (t, 1H, J=4.5 Hz), 4.46 (d,
1H, J=4.5 Hz), 2.86 (d, 1H, J=4.5 Hz).

syn-3-amino-1 -(3-chloropyridin-4-yl)-2-(naphthalen-2-
yl)propan-1-ol: A solution of syn-3-(3-chloropyridin-4-yl)-

3-hydroxy-2-(naphthalen-2-yl)propanenitrile (1.4 g, 4.53

mmol), in 20 mL of dry THF, was placed in an oven-dried
round-bottom flask with a reflux condenser undernitrogen.

Next, 1M borane-THF solution (18.14 mL, 18.14 mmol)
was added via syringe. This mixture wasstirred at 60° C.

overnight while monitoring the reaction progress by TLC.
After quenching the reaction with cautious addition of

saturated NaHCO,, the reaction mixture was poured into a

separatory funnel. The layers were separated, and the aque-
ous layer was extracted with EtOAc (3x50 mL). The com-

bined organic layers were washed with water and brine,
dried over MgSO,, and were concentrated using a rotary

evaporator. The residue was dissolved in DCM. 4N HClin
dioxane was added, and the mixture wasstirred. The sol-

vents were evaporated in vacuo, and the resulting salt was

washed with ether, dried, and lyophilized yielding a white
solid (1.367 g, 78%). A low J-value (3.4 Hz) of the benzylic

proton indicated syn configuration. 1H NMR (CDCI,) 8 8.45
(s, 1H), 8.21 (d, 1H, J=5.1 Hz), 7.59-7.88 (m, 4H), 7.39-7.57
(m, 2H), 7.21-7.36 (m, 1H), 7.19 (d, 1H, J=5.1 Hz), 5.64 (d,
1H, J=3.4 Hz), 3.37 (d, 3H, J=4.2 Hz). MS m/z (EST) 313.11
(MH°*).

syn-tert-Butyl 3-(3-chloropyridin-4-yl)-3-hydroxy-2-
(naphthalen-2-yl)propylcarbamate: To a solution of syn-3-

amino-1-(3-chloropyridin-4-yl)-2-(naphthalen-2-yl)propan-
1-ol hydrochloride (1.1 g, 2.85 mmol) in 15 mL dry DCM

at -10° C. was addedtriethylamine (TEA) (1.192 mL, 8.56
mmol) drop-wise, followed by slow addition of Boc anhy-

dride (0.685 g, 3.14 mmol). After stirring for 1 hour at -10°

C., the ice bath was removed, and the mixture was allowed
to warm to 0° C. TLC showed completion of reaction after

1 hour. The reaction was quenched with saturated NaHCO,,
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and the reaction mixture was poured into a separatory

funnel. The aqueous layer was extracted with DCM (3x25

mL) The combined organic extracts were washed with

water, dried over MgSO.and were evaporated off using a
rotary evaporator. The resulting residue waspurified by flash

chromatographyoversilica gel (elution with 70% EtOAc in
hexanes)to afford a sticky white solid (0.572 g, 48.6%). 'H

NMR (CDC1,) 6 8.45 (s, 1H), 7.99 (d, 1H, J=5.1 Hz),
7.75-7.62 (m, 2H), 7.61 (d, 1H, J=8.4 Hz), 7.53 (bs, 1H),
7.49-7.39 (m, 2H), 7.14 (dd, 1H, J=5.4, 1.3 Hz), 6.85 (d, 1H,
J=5.1), 5.41 (bs, 1H), 5.04 (bm, 1H), 4.74 (bs, 1H), 4.20-
4.10 (m, 1H), 3.33-3.21 (2H). MS m/z (ESI) 412.72 (MH*).
Compound ID No. 7: A solution of syn-tert-butyl 3-@3-

chloropyridin-4-yl)-3-hydroxy-2-(naphthalen-2-yl)propyl-

carbamate (0.3 g, 0.727 mmol) in 3 mL of dry THF was

placed under nitrogen in an oven-dried round-bottom flask
fitted with a reflux condenser. Next, 1 M borane-THF

solution (2.91 mL, 2.91 mmol) was added via syringe. This
mixture wasstirred at 60° C. overnight while monitoring the

reaction progress by TLC. After quenching the reaction with
cautious addition of NaHCO,, the reaction mixture was

poured into a separatory funnel, and the layers were sepa-

rated. The aqueous layer was extracted with EtOAc (3x25
mL). The combined organic layers were washed with water

and brine, dried over MgSO,, and were concentrated using
a rotary evaporator. The resulting residue was dissolved in

DCM,and 4 N HCIin dioxane was added, and the reaction
mixture wasstirred. The solvents were evaporated in vacuo,

and the resulting salt was dried, washed and leached with

ether, dried and lyophilized. The residue was purified by
reverse phase HPLC (Vydac column, C-18, 2.2x25 cm,

elution with 10% B-50% B in 60 min; B=0.1% aq. CH;CN
with 0.1% TFA, A=H,O with 0.1% TFA); FR 8 mL/min,
Amax=2>4 nm RT=27.34 min) The fractions containing the

compound were pooled and lyophilized to afford the product
as a white solid. The racemate was resolved via chiral SFC

chromatography. The first eluting enantiomerthat had higher
potency at the hNET was assigned R,S-configuration. 'H

NMR(300 MHz, CD;OD)8 9.43 (br s, 1H), 8.49 (br s, 1H),
8.07 (br s, 1H), 7.78-7.56 (m, 3H), 7.53 (s, 1H), 7.49-7.41
(m, 2H), 7.17 (d, 1H, J=8.67 Hz), 5.65 (br s, 1H), 4.02-3.83
(m, 2H) 3.44-3.29 (m, 1H) 2.79 (s, 3H). ‘H NMR (500 MHz,
CDC1,) 5 9.42 (br. s., 1H), 8.48, (br. s., 1H), 8.04 (br. s., 1H),
7.57-7.84 (m, 3H), 7.37-7.57 (m, 3H), 7.15 (d, 1, H, J=8.4
Hz), 5.83 (br. s., 1H), 5.65 (br. s., 1H), 3.76-4.07 (m, 2H),
3.37 (hr. s., 1H), 2.76 (br. s., 3H), 2.04 (s, 1H). MS m/z (ESI)
327.16 (MH*).

Example 8—Synthesis of Compound ID No.8

(N-cyclobutyl-2-((18,2S)-3-(methylamino)-2-(naph-

thalen-2-yl)-1-phenylpropoxy)acetamide)

Synthesis of the titled compound involved formation of
two intermediates, Compound Nos.8a and 8b. These inter-

mediates were also employed in the synthesis of several
other compounds.

tert-butyl-(2S,3S)-3-hydroxy-2-(naphthalen-2-yl)-3-phe-

nyl-propyl(methyl)carbamate (CompoundNo.8a): (1S,2S)-
3-(methylamino)-2-(naphthalen-2-yl)-1-phenylpropan-1-ol

(10 g, 34.33 mmol) and triethylamine (11.90 mL, 85.82
mmol) were added in 50 mL of dichloromethane, and to the

resulting solution was added di-tert-butyl dicarbonate (8.24
g, 37.76 mmol) at 0° C. The mixture wasstirred at 25° C. for

12 hours before the reaction was reduced to 10 mL, diluted

with 200 mL of ethyl acetate, and washed with 0.01 N HCl.
The organic phase was washed with aqueous sodium bicar-

bonate, water, brine and dried over sodium sulfate, filtered,
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and concentrated to give 13 g of an oily product, which was

recrystallized from dichloromethane/hexaneto afford Com-

pound No.8a (tert-butyl-(2S,3S)-3-hydroxy-2-(naphthalen-

2-yl)-3-phenylpropyl(methyl)carbamate) as a solid (12 g).
Ethyl 2-((1S,2S)-3-(tert-butoxycarbonyl(methyl)amino)-

2-(naphthalen-2-yl)-1-phenylpropoxy)acetate (Compound
No. 8b): Compound No. 8a (3.4 g, 8.68 mmol) was dis-

solved in DMFandtreated with NaH (0.521 g, 13.03 mmol)

at 0° C. for 10 minutes. Thereafter, ethyl 2-bromoacetate
(1.922 mL, 17.4 mmol) in DMF wasadded at 0° C. slowly

into the stirring solution. The resulting mixture were
warmed to 25° C. andstirred for 12 hours. The reaction was

then diluted with 150 mL of dichloromethane and added to
150 mL of water and mixed vigorously to destroy any

residual NaH. The organic layer was separated, and the

aqueous layer was extracted one more time with 150 mL of
dichloromethane. The combine organic layers were dried

with magnesium sulfate, filtered, and concentrated first on
the rotary evaporator, and then on high vacuum to remove

residual. The residue was absorbed onto silica gel and
purified using an ISCO automated flash chromatography

system (80 gram normal phase column)eluting with 0-100%

ramp of EtOAc/Hexane. Compound No. 8b (ethyl 2-((1S,
2S)-3-(tert-butoxycarbonyl(methyl)amino)-2-(naphthalen-

2-yl)-1-phenylpropoxy)acetate) was isolated (2.17 g, 52%).
Compound ID No. 8: Compound No. 8b (245 mg, 0.51

mmol) and cyclobutanamine (2 mL, 23.42 mmol) were
mixed, and the mixture was heated to 140° C. for six 10

minute intervals in a microwave. Between each heating, the

reaction was allowed to cool to room temperature, but was
not opened or analyzed. After the sixth heating, LCMS

showed one peak with the desired mass. The reaction was
concentrated in vacuo andpurified using an ISCO automated

flash chromatography system (40 gram normal phase col-

umn) First the material was washed onto the dry column
with dichloromethane, and then the elution started with a 2

minute hexane wash and then ramped from 0-100% EtOAc.
The material eluted at about 50% EtOAc. The desired

fractions were then evaporated to dryness and subjected to
deprotection by dissolving in 15 ml of dichloromethane,to

which 2,2,2-trifluoroacetic acid (5 mL, 67.31 mmol) was

addedin one portion. The reaction wasstirred for 30 minutes
at 25° C., and concentrated in vacuo. This residue (259 mg)

was dissolved in dichloromethane and purified by ISCO
automated flash chromatography (40 gram normal phase

column) on a ramp from 5% MeOH (3.5N NH;) to 30%
MeOH (3.5 N ammonia) in dichloromethane. The largest

portion of the product peak that could be collected was

concentrated and taken up in diethyl ether, and 2.0 M HCl
in ether was added forming a white solid. Concentration and

drying overnight in a drying oven at 40° C. afforded Com-
pound ID No. 8 as the HCI salt (0.125 g, 49.0%). H NMR

(500 MHz, DMSO-d.) 8 9.29 (br. s., 1H) 9.17 (br. s., 1H)
8.42 (d, 1H, J=7.6 Hz) 7.68-7.82 (m, 3H) 7.61 (s, 1H)
7.39-7.48 (m, 2H) 7.21-7.27 (m, 1H) 7.06-7.18 (m, 4H) 4.87
(d, 1H, J=9.8 Hz) 4.25-4.36 (m, 1H) 3.70-3.89 (m, 3H)
3.18-3.31 (m, 1H) 2.68 (t, 3H, J=5.3 Hz) 2.13-2.24 (m, 2H)
1.86-2.01 (m, 2H) 1.59-1.69 (m, 2H).

Example 9—Synthesis of Compound ID No.9
((2S,3S)-3-fluoro-N-methyl-2-(naphthalen-2-yl)-3-

phenylpropan-1-amine)

(1R,2S)-3-((tert-butoxycarbonyl)(methyl)amino)-2-

(naphthalen-2-yl)-1-phenylpropyl 4-chlorobenzoate:
4-Chlorobenzoic acid (0.095 g, 0.607 mmol) was added to

a stirred solution of tert-butyl-(2S,3S)-3-hydroxy-2-(naph-
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thalen-2-yl)-3-phenylpropyl(methyl)carbamate (Compound

No.8a) (0.297 g, 0.759 mmol) in 10 mL of dry THF under

nitrogen at 0° C. Triphenylphosphine (0.191 g, 0.759 mmol)

and diisopropyl azodicarboxylate (DIAD) (0.149 mL, 0.759

mmol) were sequentially added. The cold bath was removed,

and the reaction mixture was allowed to warm to room

temperature and stirred for 5 hours. The reaction was

carefully quenched with 20 mL saturated NaHCO, and

extracted with ether (3x25 mL) in a separatory funnel. The

combined organic layers were then washed with water and

brine, dried with MgSO,, and evaporated under reduced

pressure. The crude product was then chromatographed with

10-20% EtOAcin hexaneto afford a white powder(0.250 g,

62.2%). 'H NMR (CDCI1,) 6 7.98-7.15 (m, 16H), 6.28 (d,
1H, J=6.8 Hz), 1H), 3.84-3.56 (m, 3H), 2.56 (s, 3H), 1.29 (s,
9H). MS m/z (EST) 551.96 (MNa)*.

tert-Butyl (2S,3R)-3-hydroxy-2-(naphthalen-2-yl)-3-phe-

nylpropyl-(methyl)carbamate: A solution of KOH (0.527 g,

9.397 mmol) prepared in water (3 mL), MeOH (3 mL) and

EtOH (3 mL) was addedto tert-butyl (2S,3R)-3-hydroxy-

2-(naphthalen-2-yl)-3-phenylpropyl(methyl)carbamate
(0.250 g, 0.470 mmol) at room temperature. The reaction

mixture was heated at 60° C. overnight. The volatiles were

evaporated off using a rotary evaporator. Water was added,
and the aqueous layer was extracted with ether (3x25 mL).

The combined organic layers were washed with water and
brine, dried with MgSO,, and evaporated under reduced

pressure, yielding the product as a white powder (0.165 g,
90%). ‘H NMR (CDCI1,) 6 7.76-7.63 (m, 5H), 7.45-7.38 (m,
2H), 7.12 (s, 5H), 4.97 (dd, 1H, J=4.3, 4.0 Hz), 4.48-4.26 (m,
1H), 3.73-3.15 (m, 2H), 2.91 (s, 3H), 2.56 (br s, OH), 1.47
(s, 9H). MS m/z (ESI) 414.26 (MNa)*.

(2S,3R)-3-hydroxy-N-methyl-2-(naphthalen-2-yl)-3-phe-
nylpropan-l-amine: To tert-butyl (2S,3R)-3-hydroxy-2-

(naphthalen-2-yl)-3-phenylpropyl(methy]) carbamate

(0.100 g, 0.255 mmol), 6 mL of 2.9N HCl in dioxane was
added and the resulting solution was stirred at room tem-

perature under nitrogen for 1 h. Completion of reaction was
determined by MS. The volatiles were removed by evapo-

ration under vacuum. The resulting residue was washed with
ether and the residue was dried under high vacuumto afford

the product as a white powder (0.083 g, 99%). 1H NMR

(CD,OD) 8 7.89-7.72 (m, 3H), 7.59 (s, 1H), 7.51-7.41 (m,
2H), 7.37-7.28 (m, 1H), 7.26-7.16 (m, 3H), 7.15-7.06 (m,
2H), 5.08 (d, 1H, J=4.9 Hz), 3.68-3.46 (m, 2H), 3.45-3.35
(m, 1H), 2.65 (s, 3H). MS m/z (ESD 292.23 (MH)*. A low
J-value (4.9 Hz) of the benzylic proton indicated syn con-
figuration.

Compound ID No. 9: To a suspension of the (2S,3R)-3-

hydroxy-N-methyl-2-(naphthalen-2-yl)-3-phenylpropan-1-
amine hydrochloride (0.1736 g, 0.596 mmol) in 10 mL of

DCMwasadded neat diethylaminosulfur triftuoride (DAST)
(0.312 mL, 2.383 mmol). The reaction mixture wasstirred

overnight at room temperature. The reaction was quenched
with NaHCO, very carefully on ice, and the mixture was

stirred at room temperature for 1 hour. The reaction mixture

was poured into a separatory funnel, and the aqueous layer
wasextracted with EtOAc (3x25 mL) The combined organic

layers were washed with water and brine, then dried over
MgSO,, and were concentrated using a rotary evaporator.

The resulting residue was purified twice by flash chroma-
tography over silica gel (elution with 0.1% TEA in 5%

MeOH/DCM)to afford the product as a gum that turned into

a solid after conversion to a hydrochloride salt. (0.093 g,
53.4%). 'H NMR (CD;OD) 8 7.87-7.72 (m, 3H), 7.67 (s,
1H), 7.52-7.40 (m, 2H), 7.32-7.24 (m, 1H), 7.19 (s, 5H),
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5.81 (dd, 1H, J=46.9, 8.5 Hz), 3.88-3.62 (m, 3H), 2.72 (s,
3H). MS (ESI) m/z 294.12 (MH*).

Example 10—Synthesis of Compound ID No. 10
(CS,2S)-2-(3,4-dichloropheny])-3-(methylamino)-1-

phenylpropan-1-ol)

(2-(3,4-dichloropheny])-3-hydroxy-3-phenylpropaneni-
trile: A 250 mL round bottom flask equipped with a magnetic

stirring bar, nitrogen inlet, and septum was charged with

THF (200 mL) and 1.8 M LDA (59.7 mL, 107.50 mmol).
After cooling to -78° C., 2-(3,4-dichloropheny])acetonitrile

(20 g, 107.50 mmol) was added. After 60 minutes, benzal-
dehyde (10.86 mL, 107.5 mmol) was added via syringe.

After stirring at -78° C. for 3 hours, the reaction was
quenchedat -70° C.by the addition of acetic acid (6.15 mL)

Aqueous workup, extraction, and concentration in vacuo

afforded the crude aldol (35 g). ISCO purification on silica
gel eluting with 0-50% of ethyl acetate in hexane afforded a

1:1 anti:syn mixture of the aldols (19 g).
2-(3,4-dichlorophenyl])-3-(methylamino)-1-phenylpro-

pan-l-ol: A portion of the above material (2-(3,4-dichloro-
phenyl)-3-hydroxy-3-phenylpropanenitrile, 9 g, 30.81

mmol) was dissolved in THF (100 mL) and heatedto reflux,

and borane*dimethylsulfide complex (45.0 mL, 90 mmol)
was added drop-wise over 5 minutes. Liberated dimethyl

sulfide was collected in a Dean-Stark trap, and after 3.5
hours, the mixture was allowed to cool to ambient tempera-

ture, quenched with ethanol, and concentrated in vacuo. The
residue was dissolved in dioxane (100 mL), and 4N HCl in

dioxane (9 mL) was added.After stirring for 30 minutes, the

sample was concentrated in vacuo, triturated with ether,
washed with ether, ethyl acetate, and hexane, and dried to

afford the primary amine hydrochloride (10 g, 98%). These
synthetic steps were then repeated to afford another 10 g of

the hydrochloride salt of amino-2-(3,4-dichlorophenyl)-1-

phenylpropan-1-ol.
Ethyl 2-(3,4-dichlorophenyl)-3-hydroxy-3-phenylpropyl-

carbamate: The combined samples of 2-(3,4-dichlorophe-
nyl)-3-(methylamino)-1-phenylpropan-l-ol (20 g, 67.52

mmol) were combined with triethylamine (23.53 mL,
168.81 mmol) in dichloromethane (100 mL) and chilled to

0° C. To the chilled solution was added ethyl carbonochlo-

ridate (7.78 mL, 81.03 mmol) over 10 minutes, and the
reaction was allowed to stir at ambient temperature for 12

hours. The reaction was concentrated in vacuo, diluted with
ethyl acetate (300 ml), washed with 0.1 N HCI (2x150 mL),

saturated sodium bicarbonate (150 mL) andbrine (200 mL),
and then dried over magnesium sulfate, filtered, and con-

centrated in vacuo to give the product as a foam (20 g).

2-(3,4-dichlorophenyl])-3-(methylamino)-1-phenylpro-
pan-l-ol: A portion of the above material, ethyl 2-@3,4-

dichlorophenyl)-3-hydroxy-3-phenylpropylcarbamate, 4 g,
10.86 mmol) and 125 mL THF weretransferred to a 500 mL

3-neck r.b. flask equipped with a magnetic stirrer, addition
funnel, thermometer, and Dean-Stark trap fitted with a

condenser and nitrogen inlet. The solution was heated to

reflux, and a solution of borane-methyl sulfide complex
(27.2 mL, 54.31 mmol) was added drop-wise over 10

minutes. Dimethyl sulfide distillate was collected (bp 38°
C.). After 7 hours, the reaction was cooled to ambient

temperature, and methanol (10 mL) was added, causing an
exotherm and gas evolution. Concentration in vacuo gave

the crude product (3 g, 89%). This procedure was repeated

on the identical scale.
Compound ID No. 10: The combined samples of 2-(3,4-

dichlorophenyl)-3-(methylamino)-1-phenylpropan-1-ol (6.0
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g) were then subjected to stereoisomer separation by SFC.

The two major stereoisomers were isolated. The first con-

centrated to a mass of 1 g; and the second concentrated to a

mass of 2 g. ‘'H NMRanalysis using the TBPTA shift

reagent gave coupling constants J,, of 10.0 Hz for each,

confirming their relative stereochemistry as anti-. The sec-

ond-eluting anti-enantiomer comprises Compound ID No.
10. 'H NMR (500 MHz, DMSO-d,) 6 7.57-7.36 (m, 2H),
7.32-7.02 (m, 6H), 6.04 (d, 1H, J=3.7 Hz), 4.76 (d, 1H, J=4.9
Hz), 3.48 (br. s., 1H), 3.34 (d, 2H, J=6.7 Hz), 2.60-2.51 (m,
3H). Since this compound was more potent at hNETthan the
first-eluting enantiomer, it was presumed to be (1S,2S)-

configured.

Example 11—Synthesis of Compound ID No.11

((2S,3R)-3-fluoro-N-methyl-2-(naphthalen-2-yl)-3-
phenylpropan-1-amine)

To a suspension of (18,2S)-3-(methylamino)-2-(naphtha-

len-2-yl)-1-phenylpropan-1-ol) hydrochloride salt (1.0 g,
3.43 mmol) in 30 mL of DCM was added 4 equivalents of

neat diethylaminosulfur trifluoride (DAST) (13.73 mmol,

1.8 mL). The reaction mixture wasstirred overnight at room
temperature. The reaction was quenched with NaHCO, very

carefully on ice and wasstirred at room temperature for 1
hour. The reaction mixture was poured into a separatory

funnel, and the aqueous layer was extracted with EtOAc
(3x25 mL). The combined organic layers were washed with

water and brine, then dried over MgSO, Concentration of

left the solvent in vacuo left a residue that was purified by
flash chromatography over silica gel (elution with 0.1%

TEA in 5% MeOH/DCM). Evaporation of the solvents from
the product containing fractions gave a gum that turned into

a brownish solid (0.6662 g, 66.2%) after conversion to a

hydrochloride salt. 'H NMR (CD,OD)8 7.84-7.71 (m, 3H),
7.66 (s, 1H), 7.51-7.42 (m, 2H), 7.28 (dd, 1H, J=8.67, 1.7
Hz), 7.19 (s, 5H), 5.82 (dd, 1H, J=46.9, 8.5 Hz), 3.89-3.64
(m, 3H), 2.72 (s, 3H). MS m/z (ESI) 294.12 (MH*).

Example 12—Synthesis of Compound ID No. 12

(C1S,2S)-3-(methylamino)-2-(naphthalen-2-yl)-1-
(pyridin-4-yl)propan-1-ol))

anti-3-Hydroxy-2-(naphthalen-2-yl)-3-(pyridin-4-yl)pro-
panenitrile: This compound was synthesized by the standard

LDA-mediated aldol reaction between the 2-naphtylcyanide
and 4-pyridine carboxaldehyde in THF at -78° C. The

anti-isomer was isolated as the major product. 'H NMR
(DMSO-d,) 8 8.54 (d, 1H, J=5.84 Hz), 7.98-7.89 (m, 4H),
7.61-7.51 (m, 3H), 7.46 (d, 1H, J=5.8 Hz), 6.35 (d, 1H,
J=5.09 Hz), 5.08 (t, 1H, J=4.7, 4.7 Hz), 4.78 (d, 1H, J=4.71
Hz). MS m/z (ESI) 275.01 (MH*).

anti-3-Amino-2-(naphthalen-2-yl)-1-(pyridin-4-yl)pro-
pan-l-ol hydrochloride: A solution of anti-3-Hydroxy-2-

(naphthalen-2-yl)-3-(pyridin-4-yl)propanenitrile (10.2 g,
0.729 mmol) in 5 mL of dry THF was placed in an

oven-dried round-bottom flask under nitrogen. Next, 1M

borane-THFsolution (2.92 mL, 2.92 mmol) was added via
syringe. The reaction mixture wasstirred at 60° C. overnight

while monitoring the reaction progress by TLC. After
quenching the reaction with cautious addition of NaHCO,,

the reaction mixture was poured into a separatory funnel.
The aqueous layer was extracted with EtOAc (3x50 mL).

The combined organic layers were washed with water and

brine, dried over MgSO, and concentrated using a rotary
evaporator. The residue was dissolved in DCM, 1N HCI was

added, and the mixture was stirred for 10 minutes. The
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solvents were evaporated in vacuo,andthe resulting salt was
washed and leached with DCM, dried, and lyophilized,

yielding a white solid (0.206 g, 89.6%). ‘H NMR (CD,OD)

6 8.64 (d, 2H, J=6.40 Hz), 7.92-7.78 (m, 5H), 7.72 (s, 1H),
7.55-7.47 (m, 2H), 7.44-7.37 (m, 1H), 5.39 (d, 1H, J=8.85
Hz), 3.96-3.85 (m, 1H), 3.63-3.41 (m, 2H) MS m/z (ESI)
279.36 (MH*).

tert-Butyl anti-3-hydroxy-2-(naphthalen-2-yl)-3-(pyridin-
4-yl)propylcarbamate: To a solution of anti-3-amino-2-

(naphthalen-2-yl)-1-(pyridin-4-yl)propan-1-ol hydrochlo-

ride (0.45 g, 1.281 mmol) in 10 mL dry DCM at -10° C. in
an oven dried round bottom flask was added triethylamine

(TEA) (0.536 mL, 3.84 mmol) drop-wise, followed by slow
addition of Boe anhydride (0.308 g, 1.409 mmol). After

stirring for 1 hour at -10° C., the ice bath was removed, and
the mixture was allowed to warm to 0° C. TLC showed

completion or reaction after 1 hour. The reaction was

quenched with saturated NaHCO,, and the mixture was
poured into a separatory funnel. The aqueous layer was

extracted with DCM (3x25 mL) The combined organic
extracts were washed with water and dried over MgSO,, and

the solvents were evaporated off using a rotary evaporator.
The resulting residue was purified by flash chromatography

over silica gel (elution with 70% EtOAc in hexanes) to

afford a sticky white solid (0.4 g, 83%). 'H NMR (CDCI,)
6 8.38 (d, 2H, J=5.09 Hz), 7.83-7.55 (m, 3H), 7.52 (s, 1H),
7.49-7.33 (m, 2H), 7.24-7.23 (m, 1H), 7.09 (d, 1H, J=5.09
Hz), 4.99 (dd, 1H, J=8.29, 1.88 Hz), 4.72 (br s, 1H), 4.34 (br
s, 1H), 3.94-3.90 (m, 1H), 3.54-3.38 (m, 1H), 3.28-3.16 (s,
1H), 1.44 (s, 9H). MS m/z (ESD 393.03 (MH*)

anti-3-(methylamino)-2-(naphthalen-2-yl)-1-(pyridin-4-

yl)propan-1-ol: tert-Butyl anti-3-hydroxy-2-(naphthalen-2-
yl)-3-(pyridin-4-yl)propylcarbamate (0.4 g, 1.057 mmol),

dissolved in 5 mL of dry THF, wasplaced in an oven-dried
round-bottom flask under nitrogen. Next, 1M borane-THF

solution (2.85 mL, 2.85 mmol) was added via syringe. This

mixture wasstirred at 60° C. overnight while monitoring the
reaction progress by TLC. After quenching the reaction with

cautious addition of NaHCO,, the reaction mixture was
poured into a separatory funnel. The aqueous layer was

extracted with EtOAc (3x25 mL). The combined organic
layers were washed with water and brine, dried over

MgSO,, and were concentrated using a rotary evaporator.

The resulting residue was dissolved in DCM, 1N HCl! was
added, and the mixture wasstirred for several minutes. The

solvents were evaporated in vacuo,andthe resulting salt was
washed and leached with DCM, dried, and lyophilized,

yielding a white solid (0.245 g, 63.5%). A high J-value (9.04
Hz) of the benzylic proton signal indicated anti-configura-

tion. 'H NMR (CD,OD) 5 8.63 (d, 2H, J=6.59 Hz), 7.96-
7.75 (m, 5H), 7.71 (s, 1H), 7.56-7.45 (m, 2H), 7.42-7.34 (m,
1H), 5.37 (d, 1H, J=9.04 Hz), 4.01-3.89 (m, 1H), 3.67-3.46
(m, 2H), 2.77 (s, 3H). 'H NMR (500 MHz, CDC1,) 8 8.34
(d, 2h, J=6.1 Hz), 7.77 (d, 1H, J=9.2 Hz), 7.66-7.74 (m, 2H),
7.52 (s, 1H), 7.45 (d, 2H, J=4.0 Hz), 7.11 (dd, 1H, J=8.4, 1.4
Hz), 7.01 (d, 2H, J=6.1 Hz), 5.16 (d, 1H, J=8.2 Hz, 3.39 (dd,
1H, J=11.9, 10.1 Hz), 3.12 (dd, 1H, J=12.2, 2.7 Hz), 3.02 (br.
s., 1H), 2.53 (s, 3H). MS m/z (ESI) 293.3 (MH"*).
Compound ID No. 12: The above compound, which was

a racemate, was resolved into the S,S and R,R enantiomers
by SFC chiral chromatography. The second eluting

enantiomer comprises Compound 12. Since this compound
was more potent at hNET than the first-eluting enantiomer,

it was presumed to be (1S,2S)-configured. 'H NMR (500

MHz, CDC1,) 8 8.34 (d, 2 h, J=6.1 Hz), 7.77 (d, 1H, J=9.2
Hz), 7.66-7.74 (m, 2H), 7.52 (s, 1H), 7.45 (d, 2H, J=4.0 Hz),
7.11 (dd, 1H, J=8.4, 1.4 Hz), 7.01 (d, 2H, J=6.1 Hz), 5.16 (d,
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1H, J=8.2 Hz, 3.39 (dd, 1H, J=11.9, 10.1 Hz), 3.12 (dd, 1H,
J=12.2,2.7 Hz), 3.02 (br. s., 1H), 2.53 (s, 3H). MS m/z (ESI)
293.3 (MH*).

Example 13—-Synthesis of Compound ID No. 13

(N-cyclopropyl-2-((18,2S)-3-(methylamino)-2-

(naphthalen-2-yl)-1-phenylpropoxy)acetamide)

Ethyl 2-((1S8,2S)-3-(tert-butoxycarbonyl(methyl)amino)-
2-(naphthalen-2-yl)-1-phenylpropoxy)acetate (Compound

No. 8b) (156 mg, 0.33 mmol) and cyclopropanamine (1 mL,
14.43 mmol) were mixed, and the mixture was heated to

150° C. for 45 minutes in a microwave and then at 150° C.

for two 20 minute portions. The reaction was then concen-
trated to a clear yellow oil, dissolved in chloroform with a

few drops of MeOH,andpurified using an ISCO automated
flash chromatography system (40 g normal phase column)

with a ramp of0-100% ethyl acetate/hexane. The major peak
was desired material with no starting material present and

concentrated in vacuo to give a residue of 147 mg. This

material was dissolved in 8 mL of dichloromethane, to
whichtrifluoroacetic acid (2 mL, 26.92 mmol) was added in

one portion, and stirred for 45 minutes at 25° C. Aqueous
sodium bicarbonate was then added to neutralize the trif-

luoroacetic acid, and the reaction was extracted with dichlo-
romethane. The combined organic layers were dried with

magnesium sulfate and concentrated in vacuo. The residue

was dissolved in dichloromethane and purified by ISCO
automated flash chromatography (40 g normal phase col-

umn) with a ramp of 0-30% MeOH (with 10% 7 N ammonia
in MeOH) in dichloromethane. The purified product was

dissolved in dichloromethane, washed with 0.1 N NaOH,

dried over magnesium sulfate, and concentrated in vacuo.
This residue wasdissolved in chloroform/diethy] ether, and

HCIetherate was added. The solvent was removed in vacuo
to form Compound ID No.13 as the HCIsalt (0.123 g, 86%,

off-white solid). 'H NMR data were consistent with the
desired structure.

Example 14—Synthesis of Compound ID No. 14

(N-(2-hydroxyethyl)-2-((18,2S)-3-(methylamino)-2-

(naphthalen-2-yl)-1-phenylpropoxy)acetamide)

Compound No. 8b (180 mg, 0.38 mmol) and 2-amin-
oethanol (120 mg, 1.96 mmol) in EtOH were subjected to

microwave conditions at 130° C. for 4 hours. The amber
solution was concentrated, and the crude product was sub-

jected to ISCO automated flash chromatography, eluting

with a 0-100% EtOAc/hexanes gradient followed by 2%
MeOH/EtOActo give purified tert-butyl (28,3S)-3-(2-(2-

hydroxyethylamino)-2-oxoethoxy)-2-(naphthalen-2-yl)-3-
phenylpropyl(methyl)-carbamate (180 mg, 97%). This

material was combined with 4M HClin dioxane (2 mL) and
was allowed to stand at 25° C. for 15 minutes, concentrated

to near dryness, andtriturated with ether (2x). The resulting

white solid was collected and dried in vacuo to give Com-
pound ID No.14 as the HCIsalt (135 mg, 86%). ‘H NMR

data were consistent with the desired structure.

Example 15—Synthesis of Compound ID No.15
((S,S)-1-(@2-fluorophenyl)-3-(methylamino)-2-(naph-

thalen-2-yl)propan-1-ol)

An oven dried 2 neck 100 mL round bottom flask was

charged with Compound No. 15a (616 mg, 2.12 mmol) and
dry THF (10 mL) While stirring at room temperature,

BH,/THF (1M in THF, 10.6 mL, 10.6 mmol) was added
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from a syringe. Upon addition of borane, the system was

fitted with a reflux condenser and heated to reflux for 6

hours. After cooling to room temperature, 5 mL of methanol

wascarefully added. Upon cessation of bubbles, the system
was heated to reflux for 1 hour. The volatiles were then

removed in vacuo, and to the residue was added 10 mL of
methanol and 1 mL of a 4 M HC! solution in dioxane. The

homogenous solution was concentrated to give a white

amorphoussolid that wastriturated with diethyl ether to give
648 mg of a white powder. A portion of this solid (634 mg,

1.91 mmol) wasdissolved in CH,Cl, (15 mL) followed by
addition of triethyl amine (1.3 mL, 9.55 mmol) and cooled

to 0° C. Ethyl chloroformate (0.26 mL, 2.7 mmol) was then
added at 0° C. Solution was allowed to warm to room

temperature overnight. In the morning, the solution was

concentrated, and the residue waspurified via silica gel flash
chromatography (35% EtOAc in hexanes) to give 530 mg

(1.44 mmol, 76%) of a colorless gum. A portion of this
material (495 mg, 1.35 mmol) was dissolved in dry THF (10

mL) followed by addition of LiAIH, (204 mg, 5.4 mmol).
This suspension was heated to reflux under nitrogen for 16

hours. Upon cooling, 10 mL of Et,O was added followed by

0.2 mL water, 0.2 mL of a 15% KOHsolution, and finally
0.60 mL of water. The white precipitate wasfiltered, and the

filtrate was concentrated and purified via silica gel flash
chromatography (5% CH,OH in CH,Cl, with 1 mLNH,OH

per 100 mL eluent) to give 159 mg (0.51 mmol, 38%) of a
colorless oil. 'H NMR (300 MHz, CDCI,) 8 7.60-7.78 (m,

4H), 7.50 (td, J=7.2, 2.5 Hz, 1H), 7.35-7.46 (m, 1H),

7.35-7.46 (m, 1H), 7.19-7.24 (m, 1H), 7.00-7.13 (m, 2H),
6.77 (dd, J=10.7, 2.3 Hz, 1H), 5.53 (d, J=7.2 Hz, 1H),

3.21-3.42 (m, 2H), 3.05-3.21 (m, 1H), 2.51 (s, 3H). HRMS
(ESI-TOF) calculated for C,,)H,,FNO (MH*) 310.1602,

found 310.1619 (5.43 ppm, 1.7 mmu).

This racemate was separated into its enantiomers using a
chiral stationary phase supercritical fluid chromatography.

The combinedfractions ofthefirst-eluting enantiomer were
concentrated in vacuo and converted to an HCI salt, which

afforded 58 mg of Compound ID No. 15, which was shown
by the previously described SCF system to have 99%

enantiomeric excess. 'H NMR (300 MHz, CD,OD)8 7.68-

7.81 (m, 3H), 7.62 (s, 1H), 7.39-7.53 (m, 3H), 7.26 (dd,
J=8.5, 1.3 Hz, 1H), 7.04-7.20 (m, 2H), 6.78 (ddd, J=10.6,

8.2, 1.1 Hz, 1H), 5.36 (d, J=9.0 Hz, 1H), 3.78-3.91 (m, 1H),
3.46-3.61 (m, 2H), 2.75 (s, 3H). Since this enantiomeris

more potent at hNET than the second-eluting enantiomer, it
was presumed to be (S,S)-configured.

Example 15a—Synthesis of Compound No. 15a

(anti-3-(2-fluorophenyl)-3-hydroxy-2-(naphthalen-2-

yl)propanenitrile)

A 150 mL 2 necked round bottom flask was purged with
N, and was charged with 2-naphthylacetonitrile (3.34 g, 20

mmol) and dry THF (75 mL) The solution was cooled to
-78° C. followed by drop-wise addition of NaHMDS (2 M

in THF, 10.5 mL, 21 mmol). The solution was allowedtostir

at -78° C. for 20 minutes before the addition of 2-fluo-
robenzaldehyde (2.5 mL, 24 mmol). This solution was

allowedto stir for 45 minutes at -78° C. While at -78° C.,
saturated aqueous NH,Cl was added, and the cooling bath

was removed. Whenthe solution reached room temperature,
5 mL of 1 M HCI was added followed by 10 mL ofEt,O, and

the contents were poured in a separatory funnel, extracted

with Et,O (3x15 mL), and dried over MgSO,. The suspen-
sion wasfiltered and concentrated to give a pale yellow oil.

The crude oil was purified by silica gel column chromatog-
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raphy (10% EtOAc in hexanes) to give 598 mg ofthe syn

diastereomer Compound No. 60a, 4.18 g of a mixture of

both the anti and syn diastereomers, and 365 mg ofthe anti

diastereomer Compound No. 15a for a combined mass of

5.14 g (88%). The anti/syn mixture was ran through a

subsequent chromatographic separation to obtain an addi-

tional 654 mg ofthe anti diastereomer Compound No.15a.

'H NMR (400 MHz, CDCI,) 8 7.96-7.81 (m, 4H), 7.70 (td,
J=7.2, 1.5 Hz, 1H), 7.58-7.51 Gm, 2H), 7.45 (dd, J=8.5, 1.9
Hz, 1H), 7.34 (tdd, J 7.3, 5.4, 1.8 Hz, 1H), 7.27-7.21 (m,
1H), 7.05 (ddd, J=10.5, 8.2, 1.1 Hz, 1H), 5.39 (t, J=4.2 Hz,
1H), 4.39 (d, J=4.1 Hz, 1H), 2.39 (d, J=4.4 Hz, 1H).

Example 16—Synthesis of Compound ID No. 16

(C1S,2S)-2-(4-bromo-3-chlorophenyl])-3-(methyl-

amino)-1-phenylpropan-1-ol)

Compound No. 16a: A 250 mL round bottom flask

equipped with a magnetic stirring bar, nitrogen inlet, and

septum was charged with THF (200 mL) and 2.0 M LDA

(27.6 mL, 55.10 mmol). After cooling to -78° C., 2-(4-

bromo-3-chlorophenyl)acetonitrile (12.7 g, 55.10 mmol)

wasadded. After 60 minutes, benzaldehyde (5.57 mL, 55.10

mmol) was added via syringe. After stirring at -78° C. for
3 hours, the reaction was quenchedbythe addition of acetic

acid (20 mL) whilestirring at -70° C. The aqueous layer was
extracted with ether (2x50 mL), and the combined organic

extracts were washed with brine (50 mL) and dried over
magnesium sulfate. Concentration in vacuo afforded the

crude aldol as a mixture of anti- and syn-diastereomers (21

g). ISCO automated flash chromatography on silica gel,
eluting with 0-30% ethyl acetate in hexane, afforded the

productas 3:1 anti-:syn-mixture (16 g, ratio measured by ‘H
NMR). This material (2-(4-bromo-3-chlorophenyl)-3-hy-

droxy-3-phenylpropanenitrile, 16 g, 47.53 mmol), dissolved

in THF (150 mL), was heated to reflux at 76° C., and
borane*dimethyl sulfide (93 mL, 186 mmol) was added

drop-wise over 15 minutes. The liberated dimethyl] sulfide
was collected in a Dean-Stark trap. After 3.5 hours, the

mixture was cooled to ambient temperature and treated with
4N HClin dioxane (12 mL) and then MeOH (12 mL) slowly

to quench excess borane, maintaining the temperature under

25° C. The reaction mixture was heated to 64° C. for 15
minutes to ensure quench, and then concentrated in vacuo to

removeall the trimethyl borate to afford a yellow oil.
The residue was diluted with methanol (15 mL), concen-

trated in vacuo, and triturated with ether to give a white
precipitate that was collected, washed with ether, and dried

to give 17 g of the desired 3-amino-2-(4-bromo-3-chloro-

phenyl)-1-phenylpropan-1-ol hydrochloride salt (97%). A
portion of this material (15 g, 44.03 mmol) was combined

with triethylamine (15.34 mL, 110.09 mmol) in dichlo-
romethane (100 mL) and cooled to 0° C. To the chilled

solution was added ethyl carbonochloridate (5.07 mL, 52.84
mmol) over 10 minutes and then stirred for 2 hours at room

temperature. The reaction was then concentrated to near

dryness, diluted with ethyl acetate (200 mL), washed with
0.1 N HCI (2x150 mL), saturated sodium bicarbonate (150

mL), and brine (200 mL), and then dried over magnesium
sulfate, filtered, and concentrated in vacuo to give a foam

(14 g). This mixture was purified by ISCO automated flash
chromatography, eluting with 0-40% of ethyl acetate in

hexane over 15 minutes. Twofractions were collected, that

totaled 11 g of Compound No. 16a (ethyl-2-(4-bromo-3-
chloropheny])-3-hydroxy-3-phenylpropylcarbamate) as a

mixture of all four stereoisomers.
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This mixture was subjected to SFC to separate all four

stereoisomers (two anti-enantiomers and two syn-enantiom-

ers). The Multigram HI SFC system was used with a 30

mmx250 mm Phenomenex Lux CE-2 column. The 11 g
sample of Compound No. 16a was diluted to 50 mL with

EtOH (0.5% isopropylamine), and stacked injections of 0.5
mL each were run using 25% of EtOH (0.5% isopropylam-

ine) isocratic at 110 mL/minute. The four stereoisomer

peaks were very well separated with little tailing affording
2.4 grams of each anti-enantiomer (peaks 3 and 4). The

anti-stereochemistry of each compound was confirmed by
'H NMRspectroscopy with the TBPTA shift reagent

(J,.=8.1-8.3 Hz for both). A portion of the second-eluting
enantiomer (ethyl (2S,3S)-2-(4-bromo-3-chlorophenyl)-3-

hydroxy-3-phenylpropylcarbamate, 1.6 g, 3.88 mmol) was

dissolved in THF (50 mL) and heatedto reflux. BoraneeTHF
complex (38.8 mL, 38.77 mmol) was added drop-wise over

15 minutes, and the reaction kept at reflux for 20 hours. The
reaction mixture was cooled to 0° C., and 4 N HCl in

dioxane (5 mL) was added, followed by slow addition of
methanol (10 mL) to quench excess borane, maintaining the

temperature under 25° C. The reaction mixture was heated

to 64° C. to ensure quenching, and concentrated in vacuo to
afford a yellow oil. Ethanol (5 mL) was added, the solution

concentrated in vacuo, and the residual gum triturated with
ether to give a white precipitate that was collected, washed

with ether, and dried to give Compound ID No.16 as the
HCIsalt (1.3 g, 86%). ‘H NMR (500 MHz, DMSO-d6) 6
2.50 (d, J=3.7 Hz, 3H), 3.32-3.44 (m, 2H), 3.47 (dd, J=11.3,
4.0 Hz, 1H), 4.76 (d, J=7.6 Hz, 1H), 7.06 (dd, J=8.2, 1.8 Hz,
0H), 7.10-7.30 (m, 5H), 7.45 (d, J=1.8 Hz, 0H), 7.60 (d,
J=8.2 Hz, 0H). Since this compound was more potent at
hNET than the reduction product of the first-eluting anti-

enantiomer, it was presumed to be (1S,2S)-configured.

Example 17—Synthesis of Compound ID No. 17

((S)-3-(2-fluorophenyl)-N-methyl-2-(naphthalen-2-
yl)propan-1-amine)

A 50 mL round bottom flask equipped with a stir bar was

charged with Compound No.17a (858 mg, 0.59 mmol), dry
THF (20 mL), and lithium aluminum hydride (325 mg, 8.54

mmol). A reflux condenser was added, and the system was

purged with nitrogen and heatedto reflux for 16 hours. Upon
cooling, diethyl ether (20 mL) was added followed by water

(0.33 mL), 15% KOHsolution (0.33 mL), and water again
(1.0 mL). After 30 minutes ofstirring, the white suspension

wasfiltered, and the filter cake was washed with ether. The
filtrate was dried over MgSO, and evaporated. The residue

was purified via silica gel flash chromatography to give a

yellow oil, which was taken up in diethyl ether (10 mL) and
treated with 4N HCl in dioxane (1 mL). Toluene (20 mL)

was then added, and the solution was concentrated to afford
574 mg (1.74 mmol, 71%) of a white powder. ‘H NMR (400

MHz, CD;OD)8 7.89 (d, J=8.5 Hz, 1H), 7.87-7.78 (m, 2H),
7.69 (s, 1H), 7.51-7.46 (m, 2H), 7.44 (dd, J=8.5, 1.9 Hz, 1H),
7.16 (ddd, J=15.5, 5.4, 1.8 Hz, 1H), 7.04-6.96 (m, 2H), 6.93
(td, J=7.4, 1.1 Hz, 1H), 3.64-3.55 (m, 1H), 3.48 (s, 1H), 3.40
(dd, J=11.8, 4.3 Hz, 1H), 3.22 (dd, J=13.7, 6.1 Hz, 1H), 3.05
(dd, J=13.7, 8.8 Hz, 1H), 2.64 (s, 3H). HRMS (ESI-TOF)
calculated for C,,H,,FN (MH*) 295.1685, found 295.1690

(+1.41 ppm, 0.5 mmu).
The solid was mixed with 5 N NaOHandextracted with

chloroform (3x3 mL) The organic layers were dried over

anhydrous sodium sulfate, filtered, and concentrated to give
an oil. This racemate was separated into its enantiomers

using a chiral stationary phase supercritical fluid chroma-
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tography (Multigram III SFC system) on an ADH column

(30x250 mm). Isocratic elution using 12% EtOH (contain-

ing 0.5% isopropylamine) at a flow rate of 50 mL/minute

gave enantiomer retention times of 8.75 and 10.6 minutes,

respectively. For large-scale separation, 0.5 g of the sample

was diluted in 3 mL ofEtOH (containing 0.5% isopropylam-

ine), and stacked injections of 0.2-0.25 mL were made. The
combined fractions of the second-eluting enantiomer were

concentrated in vacuo, yielding 183 mg of Compound ID
No. 17, which was shown by the above described SCF

system to have 98% enantiomeric excess. ‘H NMR (300
MHz, CD,OD)8 1.45 (s, 3H), 1.78-1.93 (m, 1H), 1.96-2.08
(m, 1H), 2.16-2.50 (m, 3H), 5.63-5.88 (m, 3H), 5.89-6.06
(m, 1H), 6.15-6.34 (m, 3H), 6.50 (s, 1H), 6.55-6.77 (m, 3H).
Since this enantiomer was more potent at hNET than the

first-eluting enantiomer, it was presumed to be (S)-config-
ured.

Example 17a—Synthesis of Compound No. 17a

(ethyl (3-(2-fluorophenyl)-2-(naphthalen-2-yl)pro-
pyl)carbamate)

To a stirred solution of 2-naphthylacetonitrile (917 mg,
5.48 mmol) in absolute ethanol (15 mL) was added 2-fiuo-

robenzaldehyde (687 mg, 5.54 mmol). A solution of sodium
ethoxide (37 mg, 0.55 mmol)in absolute ethanol (2 mL) was

added. Within 15 minutes, a solid was formed, and to the
suspension was added 15 mL of hot THF. The solution was

then concentrated to afford 1.37 g (5.02 mmol, 92%) of a

pale yellow solid that was used without further purification.
A reduction of the a-6 unsaturated nitrile was performed by

adding a slurry of Raney nickel 2800 (approximately 1 g) to
an air-free Schlenk flask under N,. The slurry was washed

with absolute ethanol and decanted. To this ethanolic slurry

was added 10 mL of 4M NH,OHin ethanol. The N, was
carefully evacuated and backfilled with H,. While maintain-

ing a H, atmosphere,a solution of the a-f unsaturated nitrile
(843 mg, 3.08 mmol) in THF (10 mL) was then added, and

the flask was then equipped with a stir bar and hydrogen gas
balloon. The suspension wasstirred at room temperature for

1 hour and wasthen filtered through celite. The celite was

washed with CH,Cl,, andthe filtrate was evaporated to give
a residue that was purified via silica gel flash chromatogra-

phy (8% CH,OH in CH,Cl, with 1 mL NH,OH per 100 mL
of eluent) to give 714 mg (2.56 mmol, 83%) of a yellow oil.

The oil was then dissolved in 20 mL of CH,Cl, and cooled
to 0° C. followed by addition of TEA (0.86 mL, 6.1 mmol)

and ethyl chloroformate (0.29 mL, 3.1 mmol). The solution

wasallowed to warm to room temperature overnight. In the
morning, 1 mL of water was added. The contents were

poured into a separatory funnel and extracted with CH,Cl,
(2x15 mL) The organics were dried over Na,SO,, filtered,

and concentrated. The residue was purified via silica gel
flash chromatography (10% EtOAc in hexanes) to give 858

mg (2.44 mmol, 95%) of Compound No. 17a as a colorless

gum. A portion of this compound was used directly in the
preparation of Compound ID No. 17.

Example 18—Synthesis of Compound ID No.18

(2S,3S)—N-methy]-3-((5-methylisoxazol-3-yl)
methoxy)-2-(naphthalen-2-yl)-3-phenylpropan-1-

amine)

Compound No.8a (200 mg, 0.51 mmol) wasdissolved in

DMFandtreated with NaH (61.3 mg, 1.53 mmol) at 0° C.
for 20 minutes, to which was added 3-(bromomethyl)-5-

methylisoxazole (180 mg, 1.02 mmol) in DMF (2 mL). The

10

15

20

25

30

35

40

45

50

55

60

65

94
resulting mixture was warmed to room temperature and
stirred for 12 hours, at which time LC/MSindicated the
reaction was complete. The reaction was diluted with ethyl
acetate (100 mL), washed with water and brine, and dried
with sodium sulfate. Concentration under reduced pressure
and purification using ISCO automated flash chromatogra-
phy (0-60% ethyl acetate in hexane) afforded the desired
product (158 mg). This material was dissolved in 4 M HCl
in dioxane (1.6 mL) andstirred at 25° C. for 12 hours, at
which time LC/MSindicated reaction was complete. The
solvent was evaporated, and the resulting solid was washed
with ether, then hexane, and dried under vacuum affording
CompoundID No.18 as the HC] salt (140 mg, white solid).
'H NMR (500 MHz, CHLOROFORM-d) 8 2.46 (s, 3H),
2.85 (br. s., 3H), 3.46 (s, OH), 3.57-3.85 (m, 2H), 4.17 (s,
1H), 4.37 (d, J=15.0 Hz, 1H), 4.61 (d, J=14.6 Hz, 1H), 4.83
(d, J=10.1 Hz, 1H), 5.83 (s, 1H), 6.95-7.75 (m, 12H).

Example 19—Synthesis of Compound ID No. 19
(1-((S)-3-hydroxypyrrolidin-1-yl)-2-((18,2S)-3-
(methylamino)-2-(naphthalen-2-yl)-1-phenyl-

propoxy)ethanone)

Compound No. 8b (160 mg, 0.34 mmol) and (S)-pyrro-
lidin-3-o1 (110 mg, 1.26 mmol) in EtOH wassubjected to
microwave conditions at 125° C. for 7 hours. The amber
solution was concentrated and subjected to ISCO automated
flash chromatography, eluting with a 0-100% ethyl acetate/
hexanes gradient followed by 2% MeOH/ethyl acetate to
give purified tert-butyl (2S,3S)-3-(2-((S)-3-hydroxypyrroli-
din-1-yl)-2-oxoethoxy)-2-(naphthalen-2-yl)-3-phenylpropyl
(methyl)carbamate (132 mg, 76%) as a pale yellow amor-
phous solid. This material was dissolved in 4 M HCl in
dioxane (3 mL), allowedto stand at 25° C. for 0.5 hours, and
concentrated to dryness. The resulting solid wastriturated
with ether and dried in vacuo to give Compound ID No.19
as the HCIsalt (94 mg, 83%). ‘H NMRdata were consistent
with the desired structure.

Example 20—Synthesis of Compound ID No. 20
((2S,3S)—N-methy1]-3-((3-methylisoxazol-5-yl)
methoxy)-2-(naphthalen-2-yl)-3-phenylpropan-1-

amine)

CompoundNo.8a (205 mg, 0.52 mmol) was dissolved in
DMF(4.5 mL) and cooled to 0° C., and NaH (75 mg, 1.88
mmol) was added in one portion. The mixture wasstirred for
10 minutes, and then 5-(chloromethyl)-3-methylisoxazole
(110 mg, 0.84 mmol) was added as a solution in DMF(0.5
mL) After stirring for 1 hour, the reaction was diluted with
ether (30 mL) and washed with water and brine. The

combined aqueous layers were back-extracted with ether,
and the combined organic layers dried and concentrated to

give the crude product.
Purification was performed using an ISCO automated

flash chromatography system, eluting with a 0-50% EtOAc/

hexanesgradient to give purified tert-butyl methyl((2S,3S)-
3-(-methylisoxazol-5-yl)methoxy)-2-(naphthalen-2-yl)-3-

phenylpropyl)carbamate (230 mg, 90%). This compound
was dissolved in 4 M HClin dioxane for 0.5 hours, then

concentrated to dryness, and triturated with ether (3x), and
the resulting white solid dried in vacuo to give Compound

ID No. 20 as the HCI salt (177 mg, 89%). 'H NMRdata

were consistent with the desired structure.

Example 21—Synthesis of Compound ID No.21
((AR,2S)-2-(4-bromo-3-chloropheny])-3-(methyl-

amino)-1-phenylpropan-1-ol)

Asdescribed in Example 16, Compound No. 16a included

four stereoisomers, which were separated by SFC. Peaks 1
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and 2 included the syn-enantiomers and were concentrated

to masses of 2.2 and 2.3 g, respectively. Syn-stereochemistry

was determined by 1H NMRanalysis in the presence ofthe

TBPTA shift reagent, which demonstrated coupling con-

stants J12=4.5 Hz for both samples. The second-eluting

enantiomer of syn-ethyl-2-(4-bromo-3-chloropheny])-3-hy-

droxy-3-phenylpropylcarbamate (2.3 g, 5.57 mmol) was
dissolved in THF (50 mL) and heated to reflux, borane*THF

complex (44.6 mL, 44.58 mmol) was added drop-wise over
15 minutes, and the reaction waskept at reflux for 14 hours.

After cooling to ambient temperature, the reaction was
treated with 4N HClin dioxane (5 mL), and then methanol

(10 mL) was slowly added to quench excess borane, main-

taining the temperature under 25° C. The reaction mixture
was heated to 64° C. for 15 minutes to ensure complete

quench and concentrated in vacuo to afford a yellow oil.
Methanol (5 mL) was added, and the solution concentrated

in vacuo. The residue was triturated with ether to give a
white precipitate that was collected, washed with ether and

ethyl acetate/hexane 50% mixture, and dried to give Com-

pound ID No. 21 as the HCIsalt (1.2 g, 95%). ‘H NMR (500
MHz, DMSO-d,) 8 2.50 (d, J=1.8 Hz, 3H), 3.20 (br. s., 0H),
3.35 (d, J=3.4 Hz, 2H), 4.98 (br. s., 1H), 5.73 (d, J=4.3 Hz,
1H), 6.99 (dd, J=8.2, 1.8 Hz, OH), 7.09-7.31 (m, 2H), 7.38
(d, J=2.1 Hz, 0H), 7.60 (d, J=8.2 Hz, 0H). Because this
compound is more potent at hNET than the reduction

productofthefirst-eluting syn-enantiomer, it was presumed

to be (1R,2S)-configured.

Example 22—Synthesis of Compound ID No. 22
((28,3S)—N-methyl-3-((5-methyl-1,2,4-oxadiazol-

3-yl)methoxy)-2-(naphthalen-2-yl)-3-phenylpropan-
1-amine)

To an ice-cooledstirred suspension of the sodium hydride
(75 mg, 1.88 mmol) in 2.5 mL DMF was added drop-wise

a solution ofCompoundNo.8a (210 mg, 0.54 mmol)in 0.75
mL DMF.After stirring for 30 minutes at 0° C., a solution

of 3-(chloromethyl)-5-methyl-1,2,4-oxadiazole (140 mg,
1.06 mmol) in DMF (0.5 mL)) was added. The resulting

mixture was allowed to gradually warm to 25° C. over 4

hours, was diluted with ether 30 mL), was washed with
water and brine, was aqueous back-extracted with ether. The

organics were combined, dried, and concentrated to give
crude product. This product was subjected to ISCO auto-

mated flash chromatography, eluting with a 0-50% EtOAc/
hexanes gradient to give purified tert-butyl methyl((2S,3S)-

3-((5-methyl-1,2,4-oxadiazol-3-yl)methoxy)-2-(naphthalen-

2-yl)-3-phenylpropyl)carbamate (70.0 mg, 26.8%). This
material was dissolved in 4M HClin dioxane (1 mL) for 1

hour, concentrated to dryness, and triturated with ether (3x).
The resulting white solid was dried in vacuo at 60 degrees

overnight to give Compound ID No.22 as the HCIsalt (54.2
mg, 91%). "H NMRdata were consistent with the desired

structure.

Example 23—Synthesis of Compound ID No.23

(2-((1S,2S)-3-(methylamino)-2-(naphthalen-2-yl)-1-
phenylpropoxy)-1-morpholinoethanone)

Compound No. 23a wasprepared by dissolving 2-bromo-

acetyl bromide (0.861 mL, 9.91 mmol) in dichloromethane
(100 mL) at 0° C., at which point morpholine (1.726 g, 19.82

mmol) in dichloromethane (12 mL) was added slowly at 0°

C. and stirred for 90 minutes. The reaction mixture was
washed with water twice, dried through magnesium sulfate,

and concentrated to give 2-bromo-1-morpholinoethanoneas
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a pale-yellow liquid as the desired product. 'H NMRspec-

troscopy was consistent with the proposed structure.

CompoundNo.8a (0.538 g, 1.37 mmol) wasdissolved in

DMF (30 mL) at 0° C., and sodium hydride (0.165 g, 4.12

mmol) was added. The reaction wasstirred at 0° C. for 0.5

hours, warmed to room temperature for 15 minutes, and then

cooled again to 0° C. Compound No. 23a (1 g, 4.81 mmol)

was added in one portion and allowed to stir at room

temperature for 2 hours. The reaction was diluted with

dichloromethane (50 mL), and a few chunks of ice were

added causing a vigorousreaction. A total of 50 mL ofwater

was then added, and this mixture was mixedto destroyall

remaining NaH. The dichloromethane layer was separated,

and the aqueous phase was extracted two more times with

dichloromethane. The combined organic layers were com-

bined, dried with magnesium sulfate, filtered, and evapo-

rated in vacuo.

This material was purified by automated ISCO flash

chromatography using an ethyl acetate/hexane 0 to 100%

ramp. The desired compoundtert-butyl methyl((2S,3S)-3-

(2-morpholino-2-oxoethoxy)-2-(naphthalen-2-yl)-3-phenyl-

propyl)carbamate wasisolated in quantitative yield (0.711 g,

100%). A portion of this compound (0.20 g, 0.39 mmol) was

taken up in 40 mL of dichloromethane, andtrifluoroacetic
acid (5 mL, 67.31 mmol) was added in one portion. After

stirring for 45 minutes at 25° C., the reaction was concen-
trated in vacuo, absorbed onto silica gel, and purified by

ISCO automated flash chromatography (40 gram normal

phase column), eluting 0-50% 3.5 N ammonia in MeOH/
dichloromethane. After concentration of the desired frac-

tions, the residue was dissolved in dichloromethane and
washed with aqueous NaOH (0.1 N, 50 mL) The organic

fraction was dried, filtered, and concentrated in vacuo. The

residue was then dissolved in a minimal amount of CHCl,
and diluted with ether, and 2.0 M HClin ether (3 mL) was

added, forming a solid, which wascollected by filtration and
washed with a minimal amountof ether, and dried overnight

under high vacuum to afford Compound ID No. 23 as the
HCI salt (0.058 g, 28%, white solid). 1H NMR data were

consistent with the desired structure.

Example 24—-Synthesis of Compound ID No. 24

(C1S,2S)-1-(-aminophenyl)-2-(3,4-dichlorophenyl)-
3-(methylamino)propan-1-ol)

2-(3,4-dichlorophenyl)acetonitrile (6 g, 32.25 mmol) was

dissolved in THF (70 mL) and cooled to -75° C. n-Butyl-
lithium (1.6 M in hexanes, 22.17 mL, 35.48 mmol) was

added slowly, and the reaction wasstirred at -75° C. for 20

minutes. 3-Nitrobenzaldehyde (5.36 g, 35.48 mmol) in tet-
rahydrofuran (20 mL) was added drop-wise, maintaining the

temperature under -70° C. After the addition, the reaction
wasstirred at -75° C. for another hour. Then, acetic acid

(2.77 mL, 48.38 mmol) was added at -75° C. to quench the
reaction. The reaction mixture was warmed to room tem-

perature and diluted with saturated sodium bicarbonate (50

mL), and the organic layer was separated from the aqueous
layer. The aqueous layer was extracted with ether (100

mLx2), and the combined organic layers were dried over
magnesium sulfate and concentrated in vacuo. The residue

was purified by ISCO automated flash chromatography,
eluting with 0-100% EtOAc in hexaneto give a mixture of

the aldol diastereomers as yellow oil (11.1 g, 87% yield).

This material (2-(3,4-dichloropheny1)-3-hydroxy-3-(3-nitro-
phenyl)propanenitrile, 11 g, 27.83 mmol) was dissolved in

THF (100 mL) and heated to reflux, and a solution of
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borane-dimethy] sulfide complex (34.8 mL, 69.57 mmol) in
THF was added drop-wise over 15 minutes.

A Dean-Stark trap was set up to collect liberated dimeth-

ylsulfide, and after 4 hours, the reaction was cooled to
ambient temperature. Excess borane was quenched with

methanol (20 mL), added slowly to maintain the temperature
under 25° C. The reaction mixture was heated to 64° C. for

15 minutes to ensure full quench andto collect the B(OMe)
3-MeOH azeotrope in the Dean-Stark trap. The reaction

mixture was then concentrated to give a yellow foam. This

material was dissolved in dichloromethane (100 mL), and
then 4 M HClin dioxane (10 mL) was added. A white solid

precipitated, which wasfiltered and washed with dichlo-
romethane (30 mLx2). The collected white solid was sus-

pended in 500 mL of dichloromethane and free-based by
treatment with aqueous sodium bicarbonate. The organic

layer was separated, and insoluble material was removed by

filtration. The aqueous layer was extracted with dichlo-
romethane (10x100 mL), and the combinedorganic extracts

dried over magnesium sulfate and concentrated in vacuo to
give the desired intermediate as an off-white foam (7.45 g,

78% yield). A portion of this material (G-amino-2-(3,4-
dichlorophenyl)-1-(@-nitrophenyl)propan-1-ol, 7.3 g, 20.33

mmol) was dissolved in dichloromethane (100 mL), and

triethylamine (4.25 mL, 30.49 mmol) was added. The reac-
tion mixture was cooled to 0° C., and ethyl carbonochlori-

date (2.342 mL, 24.39 mmol) was added slowly at 0° C.
After 15 minutes, the reaction was allowed to stir at room

temperature for 3 hours. The reaction was washed with 0.5
N HCI (100 mL), saturated sodium bicarbonate (50 mL) and

water (100 mL), dried over magnesium sulfate, and concen-

trated in vacuo to give a yellow oil. The oil was purified by
ISCO automatedflash chromatography, eluting with 0-100%

EtOAc in hexane, which allowed the anti- and syn-diaste-
reomers to be separated. The anti-diastereomer eluted first

and was concentrated to 1.58 g (19% yield). The syn-

diastereomer eluted second and was concentrated to 4.57 g
(55% yield). A portion of the anti-diastereomer (anti-2-(3,

4-dichlorophenyl)-3-hydroxy-3-(3-nitropheny])propylcar-
bamate, 1.57 g, 3.72 mmol) was dissolved in THF (50 mL)

and heated to reflux, and borane-methyl sulfide complex
(6.52 mL, 13.03 mmol) was added drop-wise over 15

minutes.

A Dean-Stark trap was set up to collect liberated dimeth-
ylsulfide, and after 7 hours at reflux, the reaction wasstirred

overnight at room temperature. The excess borane was
quenched by adding 4 M HCl in Dioxane (1.5 mL), and

methanol (10 mL) was added slowly, maintaining the tem-
perature under 25° C. The reaction mixture was heated to

64° C. for 15 minutes to ensure quench was complete and to

collect the B(OMe);-MeOH azeotrope in the Dean-Stark
trap. The reaction mixture was concentrated in vacuo, dis-

solved in chloroform (100 mL), and stirred with aqueous
sodium bicarbonate for 10 minutes. The aqueous layer was

extracted with chloroform, and the combined extracts dried
over magnesium sulfate. After concentration in vacuo, the

resulting yellow oil was purified by ISCO automated flash

chromatography, eluting with 0-10% MeOH in dichlo-
romethane. The relevant fractions were concentrated in

vacuoto give the desired intermediate as a colorless gel (900
mg, 68% yield). A portion of this compound (anti-2-(3,4-

dichlorophenyl)-3-(methylamino)-1-(3-nitrophenyl)propan-
1-ol, 630 mg, 1.77 mmol) was combined with iron (396 mg,

7.09 mmol) in acetic acid (1.5 mL) and ethanol (1.5 mL) and

heated to reflux. The reaction mixture was neutralized with
saturated aqueous sodium carbonate and extracted with

chloroform (3x50 mL). The combined organic layers were
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dried over magnesium sulfate, filtered, and concentrated.

The resulting brown oil was added to a silica gel column and

was eluted with 0-10% 7 M ammonia in MeOH/dichlo-

romethaneto give a dark yellow oil (439 mg, 76% yield). A
portion of this racemic sample (127 mg, 0.39 mmol) was

separated into its enantiomers using SFC (ADH column,
30% iPrOH with 0.5% isopropylamine) Following separa-

tion, each enantiomer was converted into the corresponding

hydrochloride salt. The first-eluting enantiomer gave 33.9
mg, (22% yield), and the second-eluting enantiomer gave

37.7 mg (24%). Compound ID No. 24 was composedofthe
HCI salt of the second-eluting enantiomer. 'H NMR (300

MHz, CHLOROFORM-d) 8 ppm 7.24 (d, J=8.9 Hz, 1H
partially covered under the solvent—CHC]3) 7.18 (d, J=2.1

Hz, 1H) 6.96 (t, J=7.8 Hz, 1H) 6.88 (dd, J=8.2, 1.9 Hz, 1H)
6.55 (s, 1H) 6.49 (dd, J=8.0, 2.1 Hz, 1H) 6.43 (d, J=7.6 Hz,
1H) 4.86 (d, J=7.6 Hz, 1H) 3.56 (br. s., 2H) 3.11-3.22 (m,
1H) 2.97-3.05 (m, 1H) 2.90 (td, J=8.4, 3.4 Hz, 1H) 2.47 (s,
3H). Since this compound was more potent at hNETthan the

first-eluting anti-enantiomer, it was presumedto be (18,2S)-
configured.

Example 25—-Synthesis of Compound ID No. 25

((2S,3RS)-4-(methylamino)-3 -(naphthalen-2-yl)-2-

phenylbutan-1-ol)

To a solution ofn-BuLi (2.5 M in hexane, 8.66 mL, 21.64
mmol) in THF (40 mL) at 0° C. was added diisopropylamine

(3.08 mL, 21.64 mmol), and the mixture wasstirred for 15
minutes. A solution of 2-(naphthalen-2-yl)acetonitrile (3.62

g, 21.64 mmol) and TMEDA @.27 mL, 21.64 mmol) in THF

(20 mL) was added. This solution wasstirred at 0° C. for 30
minutes before (R)-2-phenyloxirane (1.903 mL, 16.65

mmol) was addedneat. The reaction wasstirred at 0° C. and
allowed to warm to room temperature overnight. LC/MS

indicated product formation plus unreacted nitrile (in

excess). The reaction mixture was diluted with 1 N HCl, and
the organic layer wasisolated. The organic layer was washed

twice more with 1 N HCl, once with saturated sodium
bicarbonate, washed with brine, dried over sodium sulfate,

filtered, and concentrated. This residue was purified by
ISCO automated flash chromatography (80 g normal phase

column) using a 0-80% ethyl acetate/hexane ramp over 20

minutes. The relevant fractions were concentrated to give
the desired intermediate as a mixture of diastereomers (614

mg). A portion of this material ((35')-4-hydroxy-2-(naphtha-
len-2-yl)-3-phenylbutanenitrile, 600 mg, 2.09 mmol) was

dissolved in tetrahydrofuran (15 mL) and heated to reflux,
and borane*dimethylsulfide complex (2.61 mL, 5.22 mmol)

was added drop-wise via syringe. After 3 hours, the reaction

mixture was cooled to room temperature, and excess borane
was quenchedby the careful addition of MeOH and then 1N

HCl. The reaction was concentrated in vacuo, then diluted
with water and 1N HCl, and extracted three times with

dichloromethane. The aqueous layer was made basic with 1
N NaO8and extracted three times with dichloromethane.

The combined dichloromethane layers were washed with

brine, dried over sodium sulfate, filtered, and concentrated
to give the desired primary amine intermediate as a white

solid (593 mg). This compound ((2S)-4-amino-3-(naphtha-
len-2-yl)-2-phenylbutan-1-ol, 593 mg, 2.04 mmol) wasdis-

solved in dichloromethane (10 mL), and triethylamine
(1.135 mL, 8.14 mmol) was added. After cooling to 0° C.,

ethyl carbonochloridate (0.234 mL, 2.44 mmol) was added

drop-wise via syringe. The reaction mixture wasthenstirred
at 0° C. for several minutes and allowed to warm to ambient

temperature for 1 hour. The reaction mixture was diluted
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with dichloromethane, washed with 1N HCl, saturated

sodium bicarbonate, and brine, dried over sodium sulfate,

filtered, and concentrated to afford a residue (687 mg). This

mixture was purified by prep TLC, and the lower band
isolated (203 mg, Rf=0.33 in 50% ethyl acetate/hexane). A

portion ofthis compound(ethyl (3S)-4-hydroxy-2-(naphtha-
len-2-yl)-3-phenylbutylcarbamate, 84 mg, 0.23 mmol) dis-

solved in THF (1 mL) was added drop-wise to LiAIH, (1 M

in THF, 0.46 mL, 0.46 mmol) solution in THF (2 mL) at 55°
C. under nitrogen. After 2.5 hours reflux, the reaction

mixture was quenched carefully with saturated aqueous
sodium sulfate and diluted with saturated sodium bicarbon-

ate. The mixture was extracted several times with ether, and
the ether extracts were washed with saturated sodium bicar-

bonate and brine, dried over magnesium sulfate,filtered, and

concentrated to a white solid (47 mg). This material was
converted to the HCI salt by addition of 4 M HClin dioxane,

concentrated in vacuo,triturated with ether, and collected as
a white solid to afford Compound ID No.25 as the HC!salt

(40 mg). 'H NMRspectroscopy indicated that this com-
poundwasa single diastereomer. The configuration at C2 is

knownto be (S), given the (R)-configuration of the pheny-

loxirane starting material. The configuration at C3 waseither
(R) or (S). 1H NMR (500 MHz, CHLOROFORM-4) 2.49

(s, 3H) 3.01 (dd, J=12.0, 3.6 Hz, 1H) 3.13 (d, J=7.8 Hz, 1H)
3.24-3.32 (m, 2H) 3.88 (d, J=3.8 Hz, 1H) 3.93 (d, J=6.7 Hz,

1H) 6.94-7.02 (m, 3H) 7.04 (d, J=7.2 Hz, 2H) 7.12 (dd,
J=8.5, 1.7 Hz, 1H) 7.37 (ddd, J=7.4, 6.4, 1.5 Hz, 3H) 7.61

(d, J=8.5 Hz, 1H) 7.65 (d, J=7.3 Hz, 1H) 7.69 (d, J=1.5 Hz,

1H).

Example 26—Synthesis of Compound ID No. 26
(C1S,2S)-1-(6-chloropyridin-3-yl)-3-(methylamino)-

2-(naphthalen-2-yl)propan-1-ol)

tert-butyl (28,3S and 2R,3R)-3-(6-chloropyridin-3-yl)-3-

hydroxy-2-(naphthalen-2-yl)propylcarbamate: To a solution
of anti-3-amino-1-(6-chloropyridin-3-yl)-2-(naphthalen-2-

yl)propan-1-ol dihydrochloride (Example 126) (2.06 g, 5.34
mmol) in 25 mL dry DCM at -10° C. was added triethyl-

amine (TEA) (2.233 mL, 16.02 mmol) drop-wise. This was
followed by slow addition of Boc anhydride (1.282 g, 5.87

mmol). After stirring the reaction mixture for 1 hour at -10°

C., the ice bath was removed, and the mixture was allowed
to warm to 0° C. TLC showed completion of reaction after

1 hour. The reaction was quenched with saturated NaHCO,,
and the aqueous layer was extracted with DCM (3x25 mL).

The combined DCMextracts were washed with water, dried
over MgSO,, and concentrated using a rotary evaporator.

The resulting residue was purified by flash chromatography

over silica gel (elution with 70% EtOAcin hexane)to afford
a sticky white solid (0.755 g, 34.2%). ‘H NMR (CDC1,) 8

8.07 (d, 1H, J=2.1 Hz), 7.80-7.70 (m, 3H), 7.46-7.25 (m,
4H), 7.15 (dd, 1H, J=7.4, 1.2 Hz), 7.07 (d, 1H, J=7.4 Hz),
4.97 (d, 1H, J=9.4 Hz), 4.84 (t, 1H, J=6.2 Hz), 3.92-3.88 (m,
1H), 3.56-3.49 (m, 1H), 3.18-3.12 (m, 1H), 1.45 (s, 9H). MS
m/z (EST) 412.16 (MH*).

(1S,2S and 2R,3R)-1-(6-chloropyridin-3-yl)-3-(methyl-
amino)-2-(naphthalen-2-yl)propan-1-ol: To a solution of

tert-butyl (2S,3S and 2R,3R)-3-(6-chloropyridin-3-yl)-3-hy-
droxy-2-(naphthalen-2-yl)propylcarbamate (0.500 g, 1.211

mmol) in 5 mL of dry THF was added a 1M borane-THF
solution (4.84 mL, 4.84 mmol) via syringe under nitrogen.

The resulting mixture wasstirred at 60° C. overnight. After

cooling to ambient temperature, the reaction was quenched
by cautious addition of NaHCO,, and the reaction mixture

was poured into a separatory funnel. The layers were sepa-
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rated, and the aqueous layer was extracted with EtOAc

(3x25 mL). The combined organic layers were washed with

water and brine, dried over MgSO,, and concentrated using

a rotary evaporator. The residue was dissolved in DCM, 4N
HCI in dioxane was added, and the mixture wasstirred for

a few minutes. The volatiles were evaporated in vacuo, and
the resulting salt was leached with ether and dried. The

product was then purified by reverse phase HPLC (Vydac

column, C-18, 2.2x25 cm,elution with 10% B-100% Bin30
min; B=80% ag. CH;CN with 0.1% TFA, A=H,0 with 0.1%
TFA); FR 8 mL/min, 1,,..=254 nm. RT=20.833 min). The
fractions containing the product were pooled and

lyophilized. A sticky solid was obtained (0.350 g, 88%). 'H
NMR(CDC1,) 5 9.93 (br s, 1H), 8.78 (br s, 1H), 8.24 (s, 1H),
7.80-7.65 (m, 2H), 7.51-7.39 (m, 2H), 7.35-7.29 (m, 1H),
7.03 (d, 1H, J=8.10 Hz), 5.19 (d, 1H, J 9.98 Hz), 3.94-3.79
(m, 1H), 3.69-3.58 (m, 1H), 3.39-3.25 (m, 1H), 2.81 (s, 3H).
"H NMR (500 MHz, CD,OD) 8 7.98 (d, 1H, J=2.14 Hz),
7.74-7.84 (m, 3H), 7.56-7.63 (m, 2H), 7.37-7.52 (m, 2H),
7.16-7.28 (m, 2H), 5.09 (d, 1H, J=9.77 Hz), 3.92 (dd, 1H,
J=12.82, 7.93 Hz), 3.50 (dd, 1H, J=12.82, 6.10 Hz), 3.38
(ddd, 1H, J=9.61, 8.09, 6.10 Hz), 2.77 (s, 3H). A high
J-value of the benzylic proton (9.77 Hz) indicated anti-
configuration. MS m/z (ESI) 327.09 (MH*).

Compound ID No.26: The above compound, which was
a racemate, was resolved into S,S and R,R enantiomers. The

Multigram III SFC system was used with a 30 mmx250 mm
ChiralPak ADH column. The 0.35 g of sample was diluted

in 4 mL ofEtOH,and stacked injections of 0.4 mL each were

run using 25% EtOH/1% IsoPropylAmine isocratic at 100
mL/minute. Second eluting enantiomer: ‘H NMR (500

MHz, CD;OD) 6 7.98 (d, 1H, J=2.29 Hz), 7.73-7.84 (m,
3H), 7.58-7.66 (m, 2H), 7.42-7.52 (m, 2H), 7.20-7.28 (m,
1H), 5.10 (d, 1H, J=9.61 Hz), 3.92 (dd, 1H, J=12.66, 7.93
Hz), 3.47-3.55 (m, 1H), 3.36-3.45 (m, 1H), 2.77 (s, 3H).
Compound ID No. 26 recovered from the second eluting

enantiomer was assigned (1S,2S)-configuration based on its
higher inhibitory activity on the hNET comparedto the first

eluting enantiomerisolated from this SFC separation.

Example 27—Synthesis of Compound ID No. 27
((AR,2S)-2-((methylamino)methyl)-1,4-diphenylbu-

tan-1-ol)

To a 500 mL oven-dried round bottom flask charged with

THF (95 mL) wasaddeddiisopropylamine (2.454 mL, 17.22
mmol), and the reaction flask was cooled to 0° C. n-BuLi

(1.6 M in hexanes, 9.47 mL, 15.15 mmol) was then added
drop-wise via syringe, and the resulting LDA solution was

stirred for 30 minutes at 0° C. The reaction mixture was then

further cooled to -78° C., and the 4-phenylbutanenitrile
(2.055 mL, 13.77 mmol) was added neat via syringe. The

reaction was stirred for 20 minutes before benzaldehyde
(1.392 mL, 13.77 mmol) was added in THF (10 mL) via

syringe over 5 minutes. The reaction mixture was then
stirred at -78° C. for 60 minutes, quenched with saturated

sodium bicarbonate, and warmed to room temperature. The

organic layer was separated, and the aqueouslayer extracted
twice with dichloromethane. The combined organics were

washed with brine, dried over sodium sulfate, filtered, and
concentrated in vacuo. The residue was purified by ISCO

automated flash chromatography (40 g normal phase col-
umn) using a 0-40% ethyl acetate/hexane ramp over 16

minutes. The desired intermediate was obtained as a mixture

of diasteromers (1.78 g, 51%). This material (2-(hydroxy
(phenyl)methyl)-4-phenylbutanenitrile, 1.78 g, 7.08 mmol)

was dissolved in tetrahydrofuran (25 mL) and heated to
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reflux, and borane-dimethyl sulfide complex (8.85 mL,

17.71 mmol) was added drop-wisevia syringe. After heating

for 3.5 hours, the reaction was cooled to room temperature,

quenched with methanol, and concentrated in vacuo. The
residue wasdissolvedin ethyl acetate and washed twice with

saturated sodium bicarbonate, brine, filtered, and concen-
trated in vacuo (1.73 g, 98%). This material (2-(aminom-

ethyl)-1,4-diphenylbutan-1-ol, 1.73 g, 6.77 mmol) was sus-

pendedin dichloromethane (30 mL), and after triethylamine
was added (3.78 mL, 27.10 mmol), a clear solution formed.

The reaction mixture was cooled to 0° C., and ethyl car-
bonochloridate (0.777 mL, 8.13 mmol) was added drop-wise

via syringe. The reaction mixture was then stirred at 0° C.
for several minutes and allowed to warm to room tempera-

ture for 90 minutes. The reaction mixture was diluted with

dichloromethane, washed with 1 N HCl, saturated sodium
bicarbonate, and brine, dried over sodium sulfate, filtered,

and concentrated (900 mg). This crude product waspurified
via automated flash chromatography (12 g normal phase

column), eluting with 0 to 30% ethyl acetate/hexane over 15
minutes. The major component was concentratedto afford a

3:1 mixture of diastereomers(ratio determined by 'H NMR,

755 mg).
This mixture of four stereoisomers (two anti-enantiomers,

two syn-enantiomers) was separated by SFC. Peaks 1 and 2
were the anti-enantiomers (72 and 55 mg respectively), and

peaks 3 and 4 were the syn-enantiomers (220 and 225 mg,
respectively). The second-eluting syn-enantiomer (peak 4,

ethyl 2-(hydroxy(phenyl)methyl)-4-phenylbutylcarbamate,

225 mg, 0.69 mmol)) was dissolved in THF (3 mL) and
addedto lithium aluminum hydride (1 M in THF, 1.890 mL,

1.89 mmol) solution in THF (3 mL) at 55° C. undernitrogen
over 5 minutes. After reflux for 90 minutes, the reaction was

quenched with saturated aqueous sodium sulfate and then

saturated aqueous sodium bicarbonate. This mixture was
extracted three times with ether, the etheral layers combined,

washed with saturated sodium bicarbonate andbrine, dried
over sodium sulfate, filtered, and concentrated to give an oil

(168 mg). 'H NMRanalysis using the TBPTA indicated
syn-stereochemistry (J,,=2.6 Hz). This material was dis-

solved in dichloromethane, to which 4 M HCI in dioxane

(0.40 mL) was added drop-wise, affording a solid. The
mixture was concentrated in vacuo, triturated with ether,

collected byfiltration, washed with ether, and dried afford-
ing Compound ID No. 27 as the HC! salt (135 mg, white

solid). 'H NMR (500 MHz, DMSO-d,) 8 1.38-1.55 (m, 2H)
1.76 (d, J=3.1 Hz, 1H) 1.92-1.92 (m, 1H) 2.27 (s, 3H)

2.30-2.39 (m, 1H) 2.43 (dd, J=11.7, 4.7 Hz, 1H) 2.60 (d,

J=7.0 Hz, 2H) 4.79 (d, J=4.3 Hz, 1H) 7.05 (d, J=6.7 Hz, 2H)
7.12 (d, JH7.3 Hz, 1H) 7.16-7.24 (m, 3H) 7.25-7.33 (m, 5H).

Since this compound is more potent at hNET than the
reduction product of the first-eluting syn-enantiomer, the

stereochemistry of this compound was presumed to be
(1IR,28S).

Example 28—Synthesis of Compound ID No. 28

((2S,3S)-3-Gnethylamino)-2-(naphthalen-2-yl)-1-(0-

tolyl)propan-1-ol)

An air-free Schlenk flask under N, was charged with a
slurry of Raney nickel 2800 (approximately 2.2 g). The

slurry was washed with absolute ethanol and decanted. To
this ethanolic slurry was added 5 mL of a 1:1 saturated

aqueous NH,C! solution and ethanol mixture. The N, was

carefully evacuated and backfilled with H,. While maintain-
ing a H, atmosphere, a solution of racemic anti-3-hydroxy-

2-(naphthalen-2-yl)-3-(0-tolyl)propanenitrile (531 mg, 1.85
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mmol) in THF (5 mL) was then added, and the flask was

then equipped with a stir bar and hydrogen gas balloon. The

suspension wasstirred at room temperature for 0.5 hour and

wasthen filtered through celite. The celite was washed with
CH,Cl1,, andthefiltrate was evaporated to give a residue that

was purified via silica gel flash chromatography (8%
CH,OH in CH,Cl, with 1 mLNH,OH per 100 mL of eluent)

to give 269 mg (0.92 mmol, 50%) of a yellow oil. A portion

of this material (253 mg, 0.87 mmol) was dissolved in
CH,Cl, and cooled to 0° C. DIEA (0.36 mL, 2.08 mmol) was

then added followed by addition of ethyl chloroformate (0.1
mL, 1.04 mmol). The solution was allowed to stir at 0° C.

for 2 hours. The work up and purification was performed in
the usual way (see, e.g., Example 17) to give 287 mg (0.79

mmol, 91%) of a colorless gum. A portion of this material

(272 mg, 0.75 mmol) wastreated with LiAIH,, and acidified
in the usual way(see, e.g., Example 17) to give 231 mg of

the HCI salt (0.68 mmol, 90%). 'H NMR (500 MHz,
CD;OD) 6 7.82-7.66 (m, 3H), 7.57 (d, J=8.0 Hz, 2H),
7.49-7.37 (m, 2H), 7.24-7.13 (m, 2H), 7.05-7.01 (m, 1H),
6.84 (d, J=7.6 Hz, 1H), 5.28 (d, J=8.8 Hz, 1H), 3.92 (dd,
J=11.8, 7.6 Hz, 1H), 3.54-3.45 (m, 3H), 2.76 (s, 3H), 1.88 (s,
3H). HRMS (ESI-TOF) calculated for C,,H,,NO (MH*)
306.1852 found 306.1854 (0.53 ppm, 0.2 mmu) This race-

mate was separated into its enantiomers using a chiral
stationary phase supercritical fluid chromatography (Multi-

gram HI SFC system) on a CE-2 column (30x250 mm).
Isocratic elution using 18% MeOH (containing 0.5% iso-

propylamine) at a flow rate of 130 ml/minute gave

enantiomer retention times of 12.38 and 14.23 minutes,
respectively. The combined fractions of the second-eluting

enantiomer were concentrated in vacuo and converted to an
HC! salt, which afforded 15 mg of Compound ID No.28,

which was shownby the previously described SCF system

to have 95% enantiomeric excess. 'H NMR (500 MHz,
DMSO-d6) 6 7.73-7.89 (im, 3H), 7.70 (s, 1H), 7.42-7.52 (m,
3 FI), 7.31 (dd, J=8.39, 1.68 Hz, 1H), 7.16 (d, J=7.48 Hz,
1H), 7.02 (d, J=6.71 Hz, 1H), 6.89 (d, J=7.63 Hz, 1H), 5.95
(br. s., 1H), 5.10 (d, J=7.93 Hz, 1H), 3.61-3.72 (m, 1H),
3.43-3.58 (m, 2H) 2.55 (t, J=5.34 Hz, 3H), 2.01 (s, 3H).
Since this enantiomer was more potent at hNET than the

first-eluting enantiomer, it was presumed to be (S,S)-con-
figured.

Example 29—Synthesis of Compound ID No. 29

(2-((1S,2S)-3-(methylamino)-2-(naphthalen-2-yl)-1-
phenylpropoxy)-N-propylacetamide)

Compound No. 29a wasprepared by dissolving 2-bromo-

acetyl bromide (0.430 mL, 4.95 mmol) in dichloromethane

(1.5 mL) at 0° C., to which was added propan-1-amine
(0.815 mL, 9.91 mmol) in dichloromethane (0.5 mL), and

the mixture wasstirred for 30 minutes at 0° C. The reaction
mixture was washed with water twice, dried over magne-

sium sulfate, and concentrated to give 2-bromo-N-propy-
lacetamide as a pale-yellow liquid (870 mg, 98% yield).

CompoundNo.8a (200 mg, 0.51 mmol) was dissolved in

DMF(5 mL) and cooled to 0° C., and sodium hydride (61.3
mg, 1.53 mmol) was added. Thereaction wasstirred at 0° C.

for 2.5 hours, after which Compound No.29a (322 mg, 1.79
mmol) was added, stirred at 0° C. for 60 minutes, andstirred

at 25° C. for several hours. LC/MSanalysis at this point
showed 60% of undesired self-cyclized product and 40% of

the desired product. The reaction mixture was diluted with

dichloromethane (100 mL), washed with water (100 mLx3),
and dried over magnesium sulfate to give an orange oil that

was purified via ISCO automated flash chromatography,
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eluting with 0-100% ethyl acetate/hexane. The relevant

fractions were collected to give the desired product as a

yellow gum (71.9 mg, 29% yield). A portion of this com-

pound (68.8 mg, 0.14 mmol) was dissolved in 33% trifluo-

roacetic acid in dichloromethane (-1.5 mL) at 25° C. for

three hours. The reaction mixture was made basic with

saturated sodium bicarbonate (6 mL; as little as possible)
and extracted with chloroform (10 mLx4). The organic layer

was dried over magnesium sulfate, concentrated in vacuo,
and purified via ISCO automated flash chromatography,

eluting with 0-5% 3.5 M ammonia in MeOH/dichlorometh-
ane. The relevant fractions were concentrated to afford a

yellow oil. This oil was dissolved in dichloromethane (1

mL), and 2 N HCI in ether (1 mL) was added, forming white
solid. Concentration in vacuo afforded Compound ID No.29

as the HCI salt @5 mg, 59% yield). ‘H NMR (300 MHz,
CHLOROFORM-d)8 7.75 (dd, J=8.6, 4.4 Hz, 1H) 7.71 (d,

J=8.0 Hz, 2H) 7.52 (s, 1H) 7.37-7.48 (m, J=5.2, 5.2, 5.1, 4.8
Hz, 2H) 7.05-7.24 (m, 6H) 4.68 (d, J=7.6 Hz, 1H) 3.90 (d,

J=15.7 Hz, 1H) 3.74 (d, J=15.7 Hz, 1H) 3.44 (td, J=7.8, 5.1

Hz, 1H) 3.04-3.26 (m, 4H) 2.39 (s, 3H) 1.40 (sxt, J=7.3 Hz,
2H) 0.86 (t, J=7.4 Hz, 3H).

Example 30—Synthesis of Compound ID No. 30

(1-(azetidin-1 -yl)-2-((1S,2S)-3-(methylamino)-2-
(naphthalen-2-yl)-1-phenylpropoxy)ethanone)

Compound No.8b (235 mg, 0.49 mmol) and azetidine (1

mL, 14.78 mmol) free base were mixed with 1 mL ofethanol

in a rounded bottom smaller size microwave vial. This
mixture was heated at 120° C. for 16 minutes. The reaction

was cooled to 25° C. and analyzed by LCMS, which
indicated complete conversion. Following concentration, the

residue was purified by ISCO automated flash chromatog-

raphy (40 g normal phase column), eluting with 0-100%
EtOAc/hexane. This material was analyzed and then mixed

with that of a parallel identical reaction for the next step.
This combined sample (0.329 g, 0.67 mmol) was dissolved

in dichloromethane (15 mL), andtrifluoroacetic acid (5 mL,
67.31 mmol) was added in oneportion. Afterstilling for 30

minutes at room temperature, the reaction was concentrated

in vacuo andpurified via ISCO automated flash chromatog-
raphy (40 gram normal phase) with a ramp of 0-30% 7 N

ammonia in MeOH/dichloromethane. The relevantfractions
were concentrated in vacuo, dissolved in a minimal amount

of chloroform, and diluted with diethyl ether (1 mL), two
which 2.0 N HClin ether (1 mL) was added. Concentration

afforded Compound ID No. 30 as the HCI salt (0.051 g,

15.18%). 'H NMR(500 MHz, DMSO-d,) 8 9.42 (br. s., 1H),
9.03 (br. s., 1H), 7.76-7.82 (m, 1H), 7.67-7.76 (m, 2H), 7.58

(s, 1H), 7.40-7.48 (m, 2H), 7.19-7.24 (m, 1H), 7.07-7.16 (m,
5H), 4.84-4.93 (m, 1H), 3.94-4.07 (m, 4H), 3.74-3.88 (m,

2H), 3.67 (td, J=9.9, 3.4 Hz, 1H), 3.19-3.30 (m, 1H), 2.69 (t,
J=5.3 Hz, 3H). 2.25 (quin, J=7.7 Hz, 2H).

Example 31—Synthesis of Compound ID No. 31

(1-methy]-3-(((1S,2S)-3-(methylamino)-2-(naphtha-

len-2-yl)-1-phenylpropoxy)methy])pyridin-2(1H)-
one)

Compound No.8a (205 mg, 0.52 mmol) wasdissolved in

4.5 ml DMFandcooled to 0° C., and sodium hydride (75
mg, 1.88 mmol) was added in one portion. The mixture was

stirred for 10 minutes, and 3-(chloromethyl)-1-methylpyri-

din-2(1H)-one (110 mg, 0.70 mmol) in DMF (0.5 mL) was
added drop-wise. After stirring for 1 hour, the reaction was

diluted with ether (30 mL) and washed with water and brine,
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and the aqueous layer was washed with ether. The combined

organic layers were dried, filtered, and concentrated in

vacuo. The residue was subjected to ISCO automated flash

chromatography, eluting with a 0-100% EtOAc/hexanes
gradient to give purified tert-butyl methyl((2S,3S)-3-((1-

methyl-2-oxo-1,2-dihydropyridin-3-yl)methoxy)-2-(naph-
thalen-2-yl)-3-phenylpropyl)carbamate (65.0 mg, 24.2%).

This material was dissolved in 4M HC]in dioxane,andafter

30 minutes, concentrated in vacuo andtriturated with ether
(3x). The resulting white solid was dried in vacuo to give

Compound ID No.31 as the HCI salt (36.1 mg, 62%). 'H
NMRdata were consistent with the desired structure.

Example 32—Synthesis of Compound ID No. 32

(2-((1S,2S)-3-(methylamino)-2-(naphthalen-2-yl)-1-
phenylpropoxy)ethanol)

tert-Butyl 2-((1S,2S)-3-(tert-butoxycarbonyl(methyl)
amino)-2-(naphthalen-2-yl)-1-phenylpropoxy)acetate: tert-

butyl-(2S,3S)-3-hydroxy-2-(naphthalen-2-yl)-3-phenylpro-
pyl(methyl)carbamate (Example 35) (0.7 g, 1.788 mmol) in

15 mL of anhydrous DMFat 0° C. was added to the flask
containing NaH with the help of a syringe, and contents

stirred for 10 minutes. tert-Butyl bromoacetate (0.391 mL,

2.68 mmol) was added to it, and the reaction mixture was
stirred for one half hour. It was quenched with 3 mL of

saturated NH,Cl cautiously. The reaction mixture was
poured into a separatory funnel containing water. The aque-

ous layer was extracted with EtOAc (3x25 mL), and the
combined organic layers were washed with water and brine

and dried over MgSO... The combined organic layers were

concentrated using a rotary evaporator. The resulting residue
waspurified by flash chromatography oversilica gel (elution

with 10% EtOAc in hexanes) to afford the product as a
colorless oil (0.654 g, 72.3%). 1H NMR (CDCI,) 8 7.70-

7.64 (m, 3H), 7.60-7.36 (m, 3H), 7.26 (s, 1H), 7.10-6.91 (m,
5H), 4.92 (d, 1H, J=8.5 Hz), 3.96 (d, 1H, J=8.5 Hz), 3.92 (d,
1H, J=16.2 Hz), 3.68 (t, 1H, J=16.2 Hz), 3.41 (m, 1H),
2.62-2.51 (m, 3H), 1.48 and 1.44 (two s, 9H), 1.50 and 1.21
(two s, 9H). MS m/z (ESI) 506.03 (MH*) and 528.16
(M+Na‘*).

2-((1S,2S)-3-(methylamino)-2-(naphthalen-2-yl)-1-phe-

nylpropoxy)acetic acid: tert-Butyl 2-((1S,2S)-3-(tert-bu-

toxycarbonyl(methyl)amino)-2-(naphthalen-2-yl)-1-phenyl-
propoxy)acetate (0.5 g, 1.047 mmol) was mixed with 10 mL

of 1:1 TFA:DCM,and the reaction mixture wasstirred at
room temperature for 1 hour. The solvents were evaporated

off using a rotary evaporator. The residue was washed,
leached with ether, and dried, yielding a white solid (0.355

g, 86%). 1H NMR (CDCI,) 8 7.80-7.70 (m, 3H), 7.67 (s,
1H), 7.52-7.45 (m, 2H), 7.16-7.13 (m, 6H), 4.91 (d, 1H,
J=8.5 Hz), 4.12 (d, 1H, J=16.8 Hz), 4.03 (m, 1H), 3.93 (d,
1H, J=16.8 Hz), 3.59 (t, 1H, J=9.0 Hz), 3.41 (dd, 1H, J=12.3,
2.8 Hz), 2.87 (s, 3H). MS m/z (ESI) 350.08 (MH*).

2-((1S,2S)-3-(methylamino)-2-(naphthalen-2-yl)-1-phe-
nylpropoxy)ethanol (Compound ID No. 32): 2-((1S,2S)-3-

(methylamino)-2-(naphthalen-2-yl)-1-phenylpropoxy)acetic

acid (0.355 g, 1.016 mmol) dissolved in 5 mL of dry THF
was placed in an oven-dried round-bottom flask under

nitrogen. Next, 1M borane-THFsolution (4.06 mL, 4.06
mmol) was added via syringe. This mixture wasstirred at

60° C. overnight while monitoring the reaction progress by
TLC. After quenching the reaction with cautious addition of

NaHCoO,,the reaction mixture was poured into a separatory

funnel. The layers were separated, and the aqueous layer was
extracted with EtOAc (3x25 mL) Combinedorganic layers

were washed with water and brine, dried over MgSO,, and
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were concentrated using a rotary evaporator. The residue

was then dissolved in DCM, and 1N HCl was added. The

mixture wasstirred, and the solvents were then evaporated

off in vacuo. Theresulting salt was washed and leached with

DCM, dried, and lyophilized, yielding a white solid. 'H

NMR(CD,;OD)) 6 7.70-7.53 (m, 3H), 7.44 (s, 1H), 7.37-
7.27 (m, 2H), 7.12-7.05 (m, 1H), 7.02 (s, 5H), 4.72 (d, 1H,
J=9.42 Hz), 3.85 (dd, 1H, J=12.24, 9.23 Hz), 3.76-3.57 (m,
2H), 3.47-3.26 (m, 4H), 2.68 (s, 3H) MS m/z (ESI) 336.11
(MH*).

Example 33—Synthesis of Compound ID No. 33

(N,N-dimethyl-2-((1S,2S)-3-(methylamino)-2-(naph-

thalen-2-yl)-1-phenylpropoxy)acetamide)

As in the case of Compound No. 23a, bromoacetyl
bromide was combined with dimethylamine to yield

2-bromo-N,N-dimethylacetamide. This compound was
reacted with Compound No. 8a as in Example 23 to yield

tert-butyl (2S,3S)-3-(2-(dimethylamino)-2-oxoethoxy)-2-

(naphthalen-2-yl)-3-phenylpropyl(methyl)-carbamate (70
mg, 0.15 mmol). This compound was dissolved in dichlo-

romethane (5 mL), and trifluoroacetic acid (2 mL) was
added. After stirring for 1 hour, the reaction was concen-

trated in vacuo, and the residue was mixed with 5 mL 20%
aqueous potassium carbonate and extracted with dichlo-

romethane (4x5 mL). Extracts were dried over sodium

sulfate, filtered, and concentrated in vacuo. Theresulting oil
was dissolved in ether (5 mL) to which 400 pL of 4 N HCl

in dioxane was added. A solid formed and wascollected by
filtration, washed with ether, and dried under vacuum,

affording Compound ID No. 33 as the HCl salt (30 mg,

50%). ‘H NMR (500 MHz, MeOD)5 2.84 (s, 3H), 2.86 (s,
3H), 3.03 (s, 3H), 3.34 (d, 1H), 3.59 (td, J=10.6, 2.6 Hz, 1H),

3.93 (t, J=11.9 Hz, 1H), 4.11 (d, J=15.9 Hz, 1H), 4.33 (d,
J=15.9 Hz, 1H), 4.88 (d, J=10.1 Hz, 1H), 7.07-7.16 (m, 6H),

7.37-7.44 (m, 2H), 7.50 (s, 1H), 7.62-7.76 (m, 3H).

Example 34—Synthesis of Compound ID No. 34
(1-((R)-3-hydroxypyrrolidin-1-yl)-2-((1S,2S)-3-

(methylamino)-2-(naphthalen-2-yl)-1-phenyl-

propoxy)ethanone)

Compound No. 8b (160 mg, 0.34 mmol) was combined
with (R)-pyrrolidin-3-ol hydrochloride (110 mg, 0.89 mmol)

and triethylamine (0.248 mL, 1.78 mmol) in ethanol, and
subjected to microwave conditions at 125° C. for 7 hours.

The reaction was concentrated in vacuo and purified using

ISCO automated flash chromatography, eluting with a
0-100% EtOAc/hexanes gradient followed by 2% MeOH/

EtOAc, to give purified tert-butyl (28,3S)-3-(2-((R)-3-hy-
droxypyrrolidin-1-yl)-2-oxoethoxy)-2-(naphthalen-2-yl)-3-

phenylpropyl(methyl)carbamate (53.0 mg, 30.5%). This
compound wasdissolved in 4 M HClin dioxane (2 mL), and

after 1 hour, was concentrated to near dryness. The solid was

washed with ether (2x) and dried in vacuo to give Com-
pound ID No. 34 as the hydrochloride salt (35.3 mg, 78%).

'H NMRdata were consistent with the desired structure.

Example 35—Synthesis of Compound ID No. 35
(ethyl 2-((1S,2S)-3-(methylamino)-2-(naphthalen-2-

yl)-1-phenylpropoxyacetate)

Ethyl 2-((1S8,2S)-3-(tert-butoxycarbonyl(methyl)amino)-

2-(naphthalen-2-yl)-1-phenylpropoxy)acetate: Sodium
hydride (60% in oil) (0.300 g, 6.24 mmol) was washed with

pentane (5 mL) in an oven dried round bottom flask and
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covered with dry DMF (10 mL) A solution of tert-butyl-

(2S,3S)-3-hydroxy-2-(naphthalen-2-yl)-3-phenylpropyl

(methyl)carbamate (Compound No.8a) (1.88 g, 4.80 mmol)

in 20 mL of anhydrous DMF was added to the flask

containing NaH with the help of a syringe andstirring was

allowed to continue for 10 minutes. Ethyl bromoacetate

(0.797 mL, 7.20 mmol) was then added drop-wise to it, and
the reaction mixture was stirred for one half hour. The

reaction progress was monitored by TLC. After cautious
quenching ofthe reaction with 5 mL of saturated NH,,Cl, the

reaction mixture was poured into a separatory funnel con-
taining water. The aqueous layer was extracted with EtOAc

(3x25 mL), and the combined organic layers were washed

with water and brine, dried over MgSO,, and concentrated
using a rotary evaporator. The resulting residue was purified

by flash chromatography oversilica gel (elution with 10%
EtOAc in hexanes) to afford the product as a colorless oil

(0.500 g, 21.8%). 'H NMR (CDCI,): 8 7.76-7.60 (m, 3H),
7.47-7.38 (m, 3H), 7.22 (m, 1H), 7.18-7.01 (m, 5H), 4.7 (d,
1H, J=8.3 Hz), 4.21-3.80 (m, 7H), 2.17 (s, 3H), 1.31-1.18
(m, 12H). MS m/z (ESI) 478.09 (MH*). MS m/z (ESI)
478.09 (MH*) and 500.22 (M+Na‘*).
Compound ID No. 35: Ethyl 2-((1S,2S)-3-(tert-butoxy-

carbonyl(methyl)-amino)-2-(naphthalen-2-yl)-1-phenyl-

propoxy)acetate (0.5 g, 1.047 mmol) was mixed with 10 mL
of 1:1 TFA:DCM,and the reaction mixture wasstirred at

room temperature for 1 hour. The reaction mixture was

poured into a separatory funnel containing water, and the
aqueous layer was extracted with EtOAc (3x25 mL) The

combined organic layers were washed with water and brine,
dried over MgSO,, and concentrated under reduced pres-

sure. The resulting residue was purified by flash chroma-

tography over silica gel (elution with 10% EtOAc in
hexanes) to afford a colorless sticky solid (0.254 g, 64.3%).

'H NMR (CDCI) 8 11.43 (br s, NH), 8.62 (br s, NH),
7.77-7.55 (m, 3H), 7.49-7.35 (m, 3H), 7.19-6.97 (m, 6H),
4.71 (d, 1H, J=10.17 Hz), 4.36-4.22 (M, 2H), 4.20-4.07 (m,
2H), 3.87 (d, 1H, J=16.8 Hz), 3.74-3.60 (m, 1H), 3.51-3.39
(m, 1H) 2.87 (s, 3H), 1.32 (t, J=7.2 Hz, 7.2 Hz, 3H) MS m/z
(ESI) 378.03 (MH*). 'H NMR (500 MHz, CD,OD) 6
7.64-7.79 (m, 3H), 7.51 (s, 1H), 7.39-7.47 (m, 2H), 7.05-
7.19 (m, 6H), 4.91 (d, J=10.1 Hz, 1H), 4.31 (q, J=7.1 Hz,
2H), 4.14 (d, J=16.8 Hz, 1H), 4.05 (dd, J=12.4, 10.2 Hz,
1H), 3.97 (d, J=16.8 Hz, 1H), 3.58 (td, J=9.9, 3.4 Hz, 1H),
3.43 (dd, J=12.7, 3.2 Hz, 1H), 2.81-2.91 (m, 3H), 1.31 (4,
J=7.2 Hz, 3H).

Example 36—Synthesis of Compound ID No. 36

(3-(2-fluoropheny1)-N-methyl-2-(naphthalen-2-yl)
propan-1-amine)

Compound ID No. 36 is the racemate of Compound ID

No. 17, and was prepared using the methods set forth in
Example 17, except that the enantiomer separation step was

omitted.

Example 37—Synthesis of Compound ID No. 37

(CS,2S)-1-(,5-difluorophenyl)-3-(methylamino)-2-
(naphthalen-2-yl)propan-1-ol)

3-(3,5-difluoropheny])-3-hydroxy-2-(naphthalen-2-yl)

propanenitrile: To a solution of 2-naphthylacetonitrile (2 g,
11.96 mmol) in 170 mL of dry THFplaced in an oven-dried

round bottom flask containing a stir bar was added diiso-

propylamine (2 mL, 14.35 mmol) under nitrogen. The
mixture wasstirred and cooled to -78° C. for 20 minutes.

2.5M Butyllithium (5.74 mL, 14.35 mmol) was then added
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slowly via a syringe. After 30 minutes, 3,5-difluoro-benz-
aldehyde (2 mL, 14.35 mmol) was added drop-wise via

syringe, and the reaction was monitored by TLC for comple-

tion. After 20 minutes, the reaction was quenched quickly
with 10 mL 2:1 THF/acetic acid (added all at once). Cold

bath was removed, and the reaction was allowed to reach
room temperature. Water was added, and the aqueous layer

was extracted with EtOAc (3x25 mL). The combined
organic layers were washed with water andbrine, dried over

MgsSO,, and concentrated under reduced pressure. The two

diastereomeric adducts in the residue were effectively sepa-
rated by silica gel flash chromatography (elution with 15%

to 40% EtOAc in hexanes). Tentative stereochemistry for
each diastereomer was assigned on the basis of polarity

(TLC mobility) and the J-values of the proton on the
benzylic position in the 'H NMR.anti-isomer: (1.2 g,

32%)'H NMR (CDCI,) 8 7.89-7.79 (m, 4H), 7.60-7.49 (m,
2H), 7.31 (dd, 1H, J=8.5, 1.70 Hz), 6.95-6.84 (m, 2H),
6.81-6.71 (m, 1H), 5.06 (d, 1H, J=4.9 Hz), 4.22 (d, 1H, J=5.0
Hz). syn-isomer (2.5 g, 67.6%). (1.7 g, 47%). 'H NMR
(CDC1,) 5 7.92-7.79 (m, 3H), 7.75 (s, 1H), 7.59-7.50 (m,
2H), 7.32 (dd, 1H, J=8.48, 1.7 Hz), 6.92-6.73 (m, 3H), 5.08
(d, 1H, J=6.6 Hz), 4.24 (dd, 1H, J=6.8 Hz).

anti-3-amino-1-(3,5-difluorophenyl)-2-(naphthalen-2-y1)

propan-1l-ol: A 1M borane-THFsolution (20 mL, 20 mmol)
was added under nitrogen via syringe to a solution of

anti-3-(3,5-difluorophenyl)-3-hydroxy-2-(naphthalen-2-yl)
propanenitrile (1.6 g, 5.17 mmol) in 15 mL of dry THF. This

mixture wasstirred at 60° C. overnight while monitoring the
reaction progress by TLC. After quenching the reaction with

cautious addition of NaHCO,, the reaction mixture was

poured into a separatory funnel. The layers were separated,
and the aqueouslayer was extracted with EtOAc (3x25 mL).

The combined organic layers were washed with water and
brine, dried over MgSO,, and concentrated using a rotary

evaporator. The residue was dissolved in DCM, and 1N HCl

was added understirring. The solvents were evaporated in
vacuo, and the resulting salt was washed with ether and

lyophilized yielding a white solid (yield 1.7 g, 94%). MS
m/z (ESI) 314.34 (MH). 'H NMR (500 MHz, CDCI,) &
7.73-7.87 (m, 3H), 7.68 (s, 1H), 7.46, (dd, 2H, J=6.7, 2.7
Hz), 7.36 (d, 2H, J=8.2 Hz), 6.64-6.83 (m, 2H), 5.45 (d, 1H,
J=5.2 Hz), 3.25 (d, 2H, J=3.4 Hz), 3.11 (br. S, 1H).

anti-tert-Butyl-3-(3,5-difluorophenyl)-3-hydroxy-2-
(naphthalen-2-yl)propylcarbamate: To a solution of anti-3-

amino-1 -(3,5-difluorophenyl)-2-(naphthalen-2-yl)propan-1-
ol hydrochloride (1.6 g, 5.11 mmol) in 20 mL dry DCM at

-10° C. was added triethylamine (TEA) (15.32 mL, 2.1
mmol) drop-wise, followed by slow addition of Boc anhy-

dride (1.4 g, 6.38 mmol). Afterstirring for 1 hour at -10° C.,

the ice bath was removed, and the mixture was allowed to
warm to 0° C. TLC showed completion of reaction after 1

hour. The reaction was quenched with saturated NaHCO,.
The layers were separated, and the aqueous layer was

extracted with DCM (3x25 mL) The combined DCM
extracts were washed with water and dried over MgSO,,. The

resulting residue was purified by silica gel flash chromatog-

raphy (elution with 15-30% EtOAc in hexanes) to afford a
white solid (1.75 g, 83%). 1H NMR(CDC1,) 6 7.84-7.71 (m,
3H), 7.54 (s, 1H), 7.51-7.42 (m, 2H), 7.23-7.20 (m, 1H),
6.75 (d, 1H, J=6.42 Hz), 6.55 (t, 1H, J=8.5 Hz), 4.96 (dd, 1H,
J=9.0, 4.0 Hz), 4.69 (brs, 1H), 4.14 (br s, 1H), 3.98-3.83 (m,
1H), 3.57-3.43 (m, 1H), 3.25-3.15 (m, 1H), 1.44 (s, 9H). MS
m/z (EST) 436.16 (M+Na*).

anti-1-(3,5-difluoropheny])-3-(methylamino)-2-(naphtha-
len-2-yl)propan-1-ol: 1M borane-THF solution (9.58 mL,

9.58 mmol) was addedin a drop-wise fashion under nitrogen
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via syringe to a solution of anti-tert-butyl-3-(,5-difluoro-

phenyl)-3-hydroxy-2-(naphthalen-2-yl)propylcarbamate

(0.99 g, 2.394 mmol) in 15 mL of dry THF. Theresulting

mixture wasstirred at 60° C. overnight while monitoring the

reaction progress by TLC. After quenching the reaction with

cautious addition of NaHCO,, the reaction mixture was

poured into a separatory funnel. The layers were separated,
and the aqueouslayer was extracted with EtOAc (3x25 mL).

The combined organic layers were washed with water and
brine, and dried over MgSO,,. The volatiles were concen-

trated using a rotary evaporator. 1N HCl was added, and the
mixture was stirred for a few minutes. The solvent was

evaporated in vacuo. The resulting salt was taken up in

MeOH,ether was addedto a state of fine turbidity, and the
suspension wasstored at 4° C. White crystals were isolated

and dried (yield 0.658 g, 76%). 'H NMR (CD,OD) 6
7.86-7.73 (m, 3H), 7.61 (s, 1H), 7.51-7.42 (m, 2H), 7.30-
7.22 (m, 1H), 6.78-6.62 (m, 3H), 5.02 (dd, 1H, J=9.04 Hz),
3.89-3.79 (m, 1H), 3.53-3.40 (m, 2H), 2.74 (s, 3H). MS m/z
(EST) 328.34 (MH"*). This compound wasconfirmed to have

the anti-configuration due to the high J-value (9.04 Hz) of
the benzylic proton.

(18,2S)-1-(,5-difluorophenyl)-3-(methylamino)-2-
(naphthalen-2-yl)propan-1-ol (Compound ID No. 37): The

above compound, which is a racemate, was purified by SFC
into a single chiral isomer, (1S,2S)-1-(3,5-difluorophenyl)-

3-(methylamino)-2-(naphthalen-2-yl)propan-1-ol. (0.017 g,

43%). 'H NMR(500 MHz, DMSO-d6) 8 7.79-7.89 (m, 3H),
7.71 (s, 1H) 7.44-7.53 (m, 2H), 7.39 (dd, J=8.39, 1.68 Hz,
1H), 6.92-7.00 (m, 1H), 6.81-6.90 (m, 2H), 6.30 (d, J=3.66
Hz, 1H), 4.93 (d, J=4.27 Hz, 1H), 3.48-3.60 (m, 1H)
3.39-3.48 (m, 2H), 2.54 (t, J=5.34 Hz, 3H). Since this
second-eluting enantiomer was more potent at hNET than
the first-eluting enantiomer, it was assigned the (1S,2S)-

configuration.

Example 38—Synthesis of Compound ID No. 38
(3-methoxy-N-methyl-2 (naphthalen-2-yl)-3-phenyl-

propan-1-amine)

CompoundID No.38 wasa preparation of Compound ID

No. 46 synthesized as set forth below.

Example 39—Synthesis of Compound ID No. 39
((S)—N-methy1-2-(naphthalen-2-yl)-3-(o-tolyl)pro-

pan-1-amine)

A50 mL round bottom flask was charged with Compound
No. 39b (371 mg, 1.35 mmol), DIPEA (0.58 mL, 3.25
mmol), and 15 mL CH,Cl,. The solution waschilled to 0°

C., and ethyl chloroformate was added (0.16 mL, 1.6 mmol).
The solution was allowed to stir at 0° C. for 2 hours and

warmed to room temperature overnight. In the morning, the
contents were poured into a separatory funnel and extracted

with ether (3x15 mL) Organics were dried over MgSO,,
filtered, and concentrated to give a residue that was purified

via silica gel flash chromatography (10% EtOAcin hexanes)

to give 391 mg (1.13 mmol, 84%) of a colorless gum. A
portion of this material (391 mg, 0.1.13 mmol) was added to

a 50 mL round bottom flask and dissolved in dry THF (10
mL) Lithium aluminum hydride was added (129 mg, 3.4

mmol), and the flask was fitted with reflux condenser. The
stirred suspension was heated to reflux for 16 hours. Upon

cooling, 15 mL of diethyl ether was added followed by 130

uL of water, 130 uL of a 15% KOHsolution, and 390 uL of
water. After 30 minutes ofstirring, the white suspension was

removedby filtration, and the filter cake was washed with
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ether. Filtrate was dried over MgSO, and evaporated. The

residue was purified via silica gel flash chromatography to

give a yellow oil, which wasacidified in the usual way to

give 240 mg (0.89 mmol, 79%) of a white powder. 'H NMR

(500 MHz, CD,OD)6 7.89 (d, J=8.5 Hz, 1H), 7.86-7.78 (m,
2H), 7.70 (s, 1H), 7.53-7.45 (m, 2H), 7.44 (dd, J=8.5, 1.8 Hz,
1H), 7.08 (d, J=7.5 Hz, 1H), 7.06-7.02 (m, 1H), 7.00-6.93
(m, 2H), 3.62 (dd, J=11.8, 10.3 Hz, 1H), 3.40 (ddd, J=16.0,
12.1, 6.2 Hz, 2H), 3.14-3.00 (m, 2H), 2.62 (s, 3H), 2.24 (s,
3H).

This racemate was separated into its enantiomers using a

chiral stationary phase supercritical fluid chromatography
(Multigram I SFC system) on an ASH column (21.1250

mm). Isocratic elution using 10% EtOH (containing 0.5%
isopropylamine) at a flow rate of 50 mL/minute gave

enantiomer retention times of 8.76 and 10.88 minutes,
respectively. The combined fractions of the second-eluting

enantiomer were concentrated in vacuo and converted to an

HC! salt, which afforded 13 mg of Compound ID No.39,
which was shownbythe previously described SCF system

to have >99% enantiomeric excess. 'H NMR (500 MHz,
DMSO-d6) 6 7.85-7.92 (m, 2H), 7.79-7.85 (m, 1H), 7.73 (s,
1H), 7.43-7.53 (m, 3H), 7.04-7.11 (m, 1H), 6.91-7.04 (m,
3H), 3.49 (dt, J=8.85, 5.65 Hz, 1H), 3.42 (t, J=10.83 Hz,
1H), 3.23-3.28 (m, 1H), 3.13 (dd, J=14.04, 6.10 Hz, 1H),
2.95 (dd, J=14.04, 8.85 Hz, 1H), 2.50 (s, 3H), 2.22 (s, 3H).
Since this enantiomer was morepotent than thefirst-eluting

enantiomer at hNET, it was presumed to be (S)-configured.

Example 39a—Synthesis of Compound No. 39a
(2-(naphthalen-2-yl)-3-(0-toly)acrylonitrile)

To a stirred solution of 2-napthtlyacetonitrile (1.72 g, 10.3
mmol) in absolute ethanol (15 mL) was added o-tolylben-

zaldehyde (1.2 mL, 10.3 mmol). A solution of sodium
ethoxide (68 mg, 1.03 mmol)in absolute ethanol (2 mL) was

added. Within 15 minutes, a solid was formed, and to this
suspension was added 15 mL of hot THF. The solution was

then concentrated, and the solid was purified via silica gel

flash chromatography (50% EtOAc in hexanes) to give 2.05
g (7.5 mmol, 74%) of a white amorphous solid. 'H NMR

(400 MHz, CDCI,) 8 8.19 (d, J=1.8 Hz, 1H), 8.03-7.84 (m,
5H), 7.78 (dd, J=8.7, 2.0 Hz, 1H), 7.63-7.49 (m, 2H),
7.43-7.25 (m, 3H), 2.44 (s, 3H).

Example 39b—Synthesis of Compound No. 39b
(2-(napthalen-2-yl)-3-(0-tolyl)propan-1-amine

hydrochloride)

The conjugate reduction of Compound No. 39a with

Raney nickel and acidification was done in the usual way to
give 236 mg (0.76 mmol, 61%) of a white powder. 1H NMR

(500 MHz, CD;OD)6 7.88 (d, J=8.5 Hz, 1H), 7.85-7.76 (m,
2H), 7.69 (s, 1H), 7.51-7.44 (m, 2H), 7.43 (dd, J=8.5, 1.8 Hz,
1H), 7.09 (d, J=7.6 Hz, 1H), 7.07-7.01 (m, 1H), 6.98 (dd,
J=4.9, 1.2 Hz, 2H), 3.46 (dd, J=14.1, 12.2 Hz, 1H), 3.38-
3.31 (m, 2H), 3.15-2.99 (m, 2H), 2.25 (s, 3H). HRMS
(ESI-TOF)calculated for C,,H,,N (MH*) 276.1747, found
276.1749 (+0.80 ppm, 0.2 mmu).

Example 40—Synthesis of Compound ID No. 40

((RS)—N-methyl-2-(naphthalen-2-yl)-3-(thiophen-
2-yl)propan-1-amine)

anti-3-hydroxy-2-(naphthalen-2-yl)-3-(thiophen-2-yl)
propanenitrile: A solution of 2-naphthylacetonitrile (6.0 g,

35.9 mmol) in 150 mL of dry THF was placed in an
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oven-dried round bottom flask with stirred under nitrogen.

Diisopropylamine (6.04 mL, 43.1 mmol) was added, and the

mixture wasstirred and cooled to -78° C.for 20 minutes. 2.5

M butyllithium (17.22 mL, 43.1 mmol) was then added

slowly with a syringe. After 30 minutes ofstirring at -78°

C., thiophene-2-carboxaldehyde (3.96 mL, 43.1 mmol) was

added drop-wise via syringe. After 10 minutes, the reaction

was quenched quickly with 25 mL 2:1 THF/acetic acid. Cold

bath was removed, and the reaction was allowed to reach

room temperature slowly. Water was added, and the aqueous

layer was extracted with EtOAc (3x25 mL) The combined

organic layers were washed with water and brine, dried over

MgSO,, and concentrated using a rotary evaporator. The

anti-product in the residue was purified by silica gel flash

chromatography (eluting with 15% to 20% EtOAc in

hexanes) to afford the productas a light yellow solid (8.1 g,

81%). 1H NMR (CDCI,) 6 7.89-7.75 (m, 4H), 7.56-7.47 (m,
2H), 7.35-7.26 (m, 2H), 6.94-6.86 (m, 2H), 5.34 (d, 1H,
J=6.0 Hz), 4.31 (d, 1H, J=5.7 Hz). MS m/z (ESI) 302.20
(MNa’*).

anti-3-amino-2-(naphthalen-2-yl)-1-(thiophen-2-yl)pro-

pan-1l-ol: A solution of anti-3-hydroxy-2-(naphthalen-2-yl)-

3-(thiophen-2-yl) propanenitrile (4 g, 14.32 mmol) in 50 mL

of dry THF wasplaced in an oven-dried round-bottom flask

under nitrogen. To this, 1M borane. THF solution (57.3 mL,

57.3 mmol) was added via syringe. The resulting mixture

wasstirred at 60° C. overnight while monitoring the reaction

progress by TLC. After quenching the reaction with cautious

addition of NaHCO,,the reaction mixture was poured into

a separatory funnel, and the aqueous layer was extracted

with EtOAc (3x50 mL). The combinedorganic layers were

washed with water and brine, and dried over MgSO,.

Concentration of the extracts under reduced pressure left a

residue that was dissolved in DCM. 1N HCl wasadded, and

the mixture wasstirred for a few minutes. The solvents were

evaporated in vacuo, and the resulting salt was leached with

DCM and lyophilized, affording the product as a light

yellow solid with a very pungent odor (4.2 g, 92%). 'H

NMR(CD,OD)8 7.84-7.72 (m, 3H), 7.65 (s, 1H), 7.49-7.39
(m, 2H), 7.30 (d, 1H, J=8.3 Hz), 7.18 (d, 1H, J=5.1 Hz), 6.69
(t, 1H, J=4.3 Hz), 6.63-6.56 (m, 1H), 5.33 (d, 1H, J=8.7 Hz),
3.85-3.71 (m, 1H), 3.45-3.34 (m, 2H). MS m/z (EST) 284.0
(MH*).

anti-tert-Butyl-3-hydroxy-2-(naphthalen-2-yl)-3-(thio-
phen-2-yl)propylcarbamate: To a solution of anti-3-amino-

2-(naphthalen-2-yl)-1-(thiophen-2-yl)propan-1l-ol —hydro-
chloride (3.27 g, 11.54 mmol) in 30 mL dry DCM at -10°

C. was added (TEA) (4.82 mL, 34.6 mmol) drop-wise,

followed by slow addition of Boc anhydride (2.77 g, 12.69
mmol). The resulting reaction mixture wasstirred at room

temperature for 2 hours when the TLC showed completion
of reaction. After quenching the reaction with cautious

addition of NaHCO,,the reaction mixture was poured into
a separatory funnel, and the aqueous layer was extracted

with DCM (3x25 mL). The combined organic layers were

washed with water and brine, dried over MgSO,, and were
concentrated using a rotary evaporator. The resulting residue

was purified by flash chromatography (40% EtOAc in
hexanes as eluent) to afford the product as a sticky white

solid (2.452 g, 55.4%). 'H NMR (CDCI,) 8 7.83-7.70 (m,
3H), 7.59 (s, 1H), 7.51-7.39 (m, 2H), 7.31-7.23 (m, 1H),
7.08 (d, 1H, J=4.7 Hz), 6.77-6.63 (m, 2H), 5.30 (d, 1H, J=8.9
Hz), 4.77 (br s, 1H), 3.99-3.84 (m, 1H), 3.63-3.48 (m, 1H),
3.37-3.26 (m, 1H), 1.44 (s, 9H). A significant amount of

tert-buty1-3-(tert-butoxycarbonyloxy)-2-(naphthalen-2-yl)-
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3-(thiophen-2-yl)propylcarbamate wasalso isolated as indi-

cated by mass measurement. This was also taken to the next

step (borane reduction).

N-methy]-2-(naphthalen-2-yl)-3-(thiophen-2-yl)propan-

l-amine: The mixture of the tert-butyl-3-hydroxy-2-(naph-

thalen-2-yl)-3-(thiophen-2-yl)propylcarbamate and tert-bu-

tyl-3-(tert-butoxycarbonyloxy)-2-(naphthalen-2-yl)-3-
(thiophen-2-yl)propylcarbamate (4.2 g, 10.95 mmol) was

dissolved in 50 mL of dry THF under inert atmosphere.
Next, 1M borane-THFsolution (43.8 mL, 43.8 mmol) was

added via syringe, and the resulting mixture wasstirred at
60° C. overnight while monitoring the reaction progress by

TLC. After quenching the reaction with cautious addition of

NaHCoO,,the reaction mixture was poured into a separatory
funnel, and the aqueous layer was extracted with EtOAc

(3x50 mL). The combined organic layers were washed with
water andbrine, dried over MgSO,, and concentrated using

a rotary evaporator. The resulting residue was purified by
flash chromatography (elution with 5% MeOH in EtOAc).

The resulting residue was dissolved in DCM, 1N HCl! was

added, and the mixture wasstirred for a few minutes. The
solvents were removed in vacuo. The product was then

leached with DCM andlyophilized yielding the product as
an off-white powder (2.2 g, 63.2%). 'H NMR (CDCI,) 6

7.96-7.79 (m, 3H), 7.76 (s, 1H), 7.53-7.41 (m, 3H), 7.11 (d,
1H, J=5.1 Hz), 6.84-6.76 (m, 1H), 6.74-6.68 (m, 1H),
3.57-3.32 (m, 5H), 2.63 (3H). MS m/z (ESI) 282.30 (MH*).
'H NMR(500 MHz, CD3,OD) 8 7.96-7.79 (m, 3H), 7.76 (s,
1H), 7.53-7.41 (m, 2H), 7.11 (d, 1H, J=5.09 Hz), 6.84-6.76
(m, 1H), 6.74-6.68 (m, 1H), 3.57-3.32 (m, 5H), 2.63 (s, 3H).

Example 41—Synthesis of Compound ID No. 41
(C(ARS,2RS)-1-(3,5-difluoropheny])-3-(methyl-

amino)-2-(naphthalen-2-yl)propan-1-ol)

Compound ID No. 41 is the racemic version of Com-

poundID No. 37. This material was prepared as in Example
37, except that the enantiomer separation step was removed.

Example 42—Synthesis of Compound ID No. 42

((S)-2-methyl-2-(naphthalen-2-yl)-3-(pyridin-3-yl)
propan-1l-amine dihydrochloride)

An oven dried 2 neck 100 mL round bottom flask was
charged with nitrogen, Compound No. 42a (715 mg, 2.03

mmol), and 10 mL of dry THF. With stirring was added
BH,/SMe, (5.1 mL, 10.1 mmol) Upon addition of borane,

the system wasfitted with a reflux condenser and heated to
reflux for 6 hours. After cooling to room temperature, 5 mL

ofmethanolwascarefully added. Upon cessation ofbubbles,

the system was heated to reflux for 1 hour. The volatiles
were then removed in vacuo, and to the residue was added

10 mL of methanol and 1 mL of a 4M HCIsolution in
dioxane. The homogenoussolution was concentrated to give

a white amorphoussolid that was triturated with diethyl
ether. This solid was dissolved in THF (15 mL) andtriethyl

amine (1.4 mL, 10 mmol) and cooled to 0° C. DMAP(ca.

5 mg) and Boc,O (532 mg, 2.4 mmol) were then addedat 0°
C. The solution was allowed to warm to room temperature

overnight. In the morning, the solution was concentrated,
and the residue waspurified via silica gel flash chromatog-

raphy (75% EtOAc in hexanes) to give 372 mg (0.99 mmol,
49%) of a colorless gum. The Boc group was removed by

dissolving a portion of this material (143 mg, 0.38 mmol) in

4 mL of CH,OH and adding 8 mL of 4N HClin dioxaneat
0° C. After 1 hour at 0° C., the cooling bath was removed,

and the solution was allowed to warm to room temperature
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overnight. In the morning, diethyl ether was added (4 mL),

and the solvents were removed in vacuo to give 107 mg

(0.31 mmol, 81%) of a white powder. ‘H NMR (400 MHz,

CD,OD) 6 8.60 (d, J=5.7 Hz, 1H), 8.05 (dd, J=8.5, 6.5 Hz,
3H), 7.99-7.90 (m, 2H), 7.87-7.76 (m, 3H), 7.72 (dd, J=8.6,
2.1 Hz, 1H), 7.69 (s, 114), 7.58-7.50 (m, 3H), 3.82 (d, J=13.2
Hz, 1H), 3.46 (dd, J=36.5, 13.3 Hz, 2H), 3.27 (d, J=13.4 Hz,
1H), 1.59 (s, 3H). HRMS (ESI-TOF) calculated for

C,gH,,N> (MH*) 277.1699 found 277.1707 (+2.91 ppm, 0.8
mmu).

This racemate was convertedto its free base and separated
into its enantiomers using a chiral stationary phase super-

critical fluid chromatography (Multigram II] SFC system)

on an ADH column (21.1x250 mm). Isocratic elution using
20% i-PrOH (containing 0.05% dimethylethanamine) at a

flow rate of 60 mL/minute gave enantiomerretention times
of 8.61 and 9.17 minutes, respectively. The combinedfrac-

tions of the first-eluting enantiomer were concentrated in
vacuo and converted to an HC] salt to afford 22.9 mg of

Compound ID No.42, which was shownby the previously

described SCF system to have 99% enantiomeric excess.
Since this enantiomeris more potent than the second-eluting

enantiomer at hNET,it was presumed to be (S)-configured.

Example 42a—Synthesis of Compound No. 42a
(2-methyl-2-(naphthalen-2-yl)-3-(pyridin-3-yl)pro-

panenitrile)

To a stirred suspension of NaH (60% dispersion in oil,

384 mg, 9.6 mmol) in dry DMF (10 mL) was added
2-(naphthalen-2-yl)propanenitrile (724 mg, 4.0 mmol). The

resulting orange solution was allowed to stir at room tem-
perature for 0.5 hours. 3-(bromomethyl)pyridine hydrobro-

mide (1.01 g, 4.0 mmol) was addedin one portion followed

by an additional 10 mL of dry DMF. After 20 minutes, the
red solution was quenched by the addition of a saturated

ammonium chloride solution (10 mL). The contents of the
flask were poured into a separatory funnel, extracted with

EtOAc (3x20 mL), dried over MgSO,, and evaporated onto
celite. The celite was placed onto a silica gel column and

was eluted with a 35% EtOAc in hexane solution to give

1.17 g G.31 mmol, 83%) of a yellow oil. ‘'H NMR (400
MHz, CDC1,) 8 8.46 (dd, J=4.8, 1.6 Hz, 1H), 8.21 (d, J=2.2
Hz, 1H), 7.89 (d, J=8.7 Hz, 1H), 7.84 (dd, J=5.4, 4.1 Hz,
1H), 7.82-7.76 (m, 2H), 7.53-7.50 (m, 2H), 7.48 (dd, J=8.6,
2.0 Hz, 1H), 7.39 (dt, J=7.8, 2.0 Hz, 1H), 7.14 (dd, J=7.8, 4.8
Hz, 1H), 3.26 (s, 2H), 1.88 (s, 3H).

Example 43—Synthesis of Compound ID No.43

((ARS,2RS)-2-(4-bromo-3-chloropheny])-3-(methyl-

amino)-1-phenylpropan-1-ol)

A 250 mL round bottom flask equipped with a magnetic
stirring bar, nitrogen inlet, and septum was charged with

THE (200 mL) and 1.8 M LDA (1.8 M in THF, 12.34 mL,
22.21 mmol). After cooling to -78° C., 2-(4-bromo-3-

chloropheny])acetonitrile (5.12 g, 22.21 mmol) was added,

and after 60 minutes, benzaldehyde (2.245 mL, 22.21 mmol)
was added via syringe. After stirring at -78° C. for 3 hours,

the reaction was quenchedby the addition of water (20 mL)
while stirring at -70° C. The aqueous layer was extracted

with ether (2x50 mL), and the combined organic extracts
were washed with brine (50 mL) and dried over magnesium

sulfate. Concentration in vacuo gave the crude aldol, which

waspurified by ISCO automated flash chromatography on
silica gel, eluting with 0-30% of ethyl acetate in hexane to

afford the product as 3:1 anti-:syn-mixture (3 g, 40%). This
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material (2-(4-bromo-3-chlorophenyl])-3-hydroxy-3-phenyl-

propanenitrile, 3 g, 8.91 mmol) was dissolved in THF (150

mL) and heated to reflux, and borane-dimethyl sulfide

complex (13.50 mL, 27 mmol) added drop-wise over 5
minutes. The liberated dimethyl sulfide was collected in a

Dean-Stark trap, and after 3.5 hours, the mixture was
allowed to cool to ambient temperature, quenched with 10

ml of ethanol, and concentrated in vacuo. The residue was

dissolved in ethyl acetate (100 mL), washed with saturated
aqueous sodium bicarbonate and brine, dried over magne-

sium sulfate, filtered, and concentrated in vacuo. The residue
wasdissolved in dichloromethane,filtered, and concentrated

in vacuo to afford the primary amine intermediate as a
mixture of diastereomers (2.5 g, 82%). This material (HCl

salt of 3-amino-2-(4-bromo-3-chlorophenyl])-1-phenylpro-

pan-1-ol, 2.5 g, 7.34 mmol) was combined with triethylam-
ine (2.56 mL, 18.35 mmol) in dichloromethane (100 mL)

and chilled to 0° C. To the chilled solution was added ethyl
carbonochloridate (0.846 mL, 8.81 mmol) over 10 minutes

and then stirred at room temperature for 12 hours. The
reaction was concentrated in vacuo, dissolved in ethyl

acetate (200 mL), washed with 0.1 N HCl (2x150 mL),

saturated sodium bicarbonate (150 mL), and brine (200 mL),
dried over magnesium sulfate, and concentrated in vacuo to

give a foam (2.6 g). The mixture was purified by ISCO
automated flash chromatography, eluting with 0-40% of

ethyl acetate in hexane over 15 minutes. The two diaster-
omers were well separated. The first eluting diasteromer

(750 mg) was shownto be syn-, by ‘H NMRanalysis with

the TBPTA shift reagent (J,,=3 Hz). The second-eluting
diastereomer (800 mg) was shownto beanti-, by 1H NMR

analysis with the TBPTA shift reagent (J,,=9.3 Hz). This
anti-diastereomer (ethyl (2RS,3RS)-2-(4-bromo-3-chloro-

phenyl)-3-hydroxy-3-phenylpropylcarbamate, 800 mg, 1.94

mmol) was dissolved in THF (25 mL) andtransferred to a
100 mL 3-neck round bottom flask equipped with a magnetic

stirrer, addition funnel, thermometer, and Dean-Stark trap
fitted with a condenser and nitrogen inlet. The solution was

heated to reflux, and a solution of borane-methyl sulfide
complex (4.85 mL, 9.69 mmol) was added drop-wise over

10 minutes. Dimethy]sulfide distillate was collected (bp 38°

C.). After 4 hours, the reaction was cooled to room tem-
perature, and methanol was carefully added. After stirring

for one hour, the reaction was concentrated in vacuo and
dissolved in dioxane, and 4 N HCl in dioxane (0.5 ml) was

added andstirred for 20 minutes before concentration in
vacuo. The residue wastriturated with ether, and the solid

collected by filtration, washed with ether, ethyl acetate in

hexane (1:1), and hexane. Drying in vacuo afforded Com-
pound ID No.43 as the HCIsalt (400 mg, 53%). ‘H NMR

(500 MHz, DMSO-d,) 6 2.50 (d, J=2.1 Hz, 3H), 3.32-3.44
(m, 2H), 3.43-3.58 (m, 1H), 4.76 (d, J=7.6 Hz, 1H), 6.04 (br.

s., 1H), 7.06 (dd, J=8.2, 1.8 Hz, 1H), 7.11-7.31 (m, 5H), 7.45
(d, J=1.8 Hz, 1H), 7.60 (d, J=8.2 Hz, 1H). This compound

is racemic.

Example 44—Synthesis of Compound ID No.44

((S)—N-methy1-3-(5-methylthiophen-2-yl)-2-(naph-
thalen-2-yl)propan-1-amine)

Anti-3-hydroxy-3-(5-methylthiophen-2-yl)-2-(naphtha-

len-2-yl)propanenitrile: Diisopropylamine (4.02 mL, 28.7
mmol) was added to a solution of 2-naphthylacetonitrile (4

g, 23.92 mmol) in 150 mL of dry THF undernitrogen. The

mixture wasstirred and cooled to -78° C. for 20 minutes
before adding 2.5M n-butyllithium (11.48 mL, 28.7 mmol)

in a dropwise fashion via a syringe. After 30 minutes of
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stirring at -78° C., 5-methylthiophene-2-carboxaldehyde
(3.07 mL, 28.7 mmol) was added slowly via a cannula. After

10 minutes, the reaction was quickly quenched with 25 mL

2:1 THF/acetic acid. Cold bath was removed andthe reac-
tion was allowed to reach rt slowly. Water was added and

the aqueous layer was extracted with EtOAc (3x25 mL). The
combined organic layers were washed with water and brine,

dried over MgSO4, and concentrated using a rotary evapo-
rator. The resulting residue was dissolved in 5 mL of DCM.

Hexane was slowly addedtill the solution turedturbid. This

product was allowed to crystallize overnight at room tem-
perature. Light brown crystals of the anti-adduct werefil-

tered and washed with hexane and dried (2.5 g, 31.6%). 1H
NMR(CDC1,) 8 7.86-7.79 (m, 4H), 7.56-7.46 (m, 2H), 7.34
(dd, 1H, J=8.7, 1.5 Hz), 6.68 (d, 1H, J=3.6 Hz), 6.55 (m,
1H), 5.27 (dd, 1H, 5.4, 5.4 Hz), 4.29 (d, 1H, J=6.0 Hz), 2.55
(d, 1H, J=5.4 Hz), 2.48 (s, 3H). MS m/z (ESI) 316.08
(MNa*). The relative anti configuration of this compound
was confirmed after borane reduction.

anti-3-Amino-1-(5-methylthiophen-2-y1l)-2-(naphthalen-
2-yl)propan-l-ol and 3-(5-methylthiophen-2-yl)-2-(naph-

thalen-2-yl)propan-1l-amine: anti-3-Hydroxy-3-(5-methyl-
thiophen-2-yl)-2-(naphthalen-2-yl) propanenitrile (3.0 g,

10.23 mmol), dissolved in 30 mL of dry THF wasplaced in

an oven-dried round-bottom flask under nitrogen. Next, 1M
borane-THFsolution (40.9 mL, 40.9 mmol) was added via

syringe. This mixture was stirred and heated to 60° C.
overnight. The progress of the reaction was monitored by

TLC. After quenching the reaction with cautious addition of
NaHC0O3,the reaction mixture was poured into a separatory

funnel. The organic phase was separated and the aqueous

layer was extracted with EtOAc (3x50 mL). The combined
organic layers were washed with water and brine, dried over

Mgs04, and concentrated under reduced pressure. The
residue was dissolved in DCM. 1N HCI was added and the

mixture was stirred for a few min. The solvents were

evaporated in vacuo andthe resulting salt was leached with
DCM and dried under high vacuum to yield the products

(mixture of deoxy- and oxygenated 5-methylthiophene in
1:2 ratio) as a white solid (2.87 g, 84%). The two compounds

could not be separated at this stage completely. A small
amount of the anti-3-amino-1-(5-methylthiophen-2-yl)-2-

(naphthalen-2-yl)propan-1-ol was isolated and was assigned

anti-configuration becauseofthe high J-value (8.7 Hz) ofits
benzylic proton. 'H NMR (CD,OD) 6 7.80-7.61 (m, 6H),

7.56 (s, 1H), 7.40-7.30 (m, 4H), 7.20 (dd, 1H, J=8.4, 1.6 Hz),
6.40-6.33 (m, 1.2H), 6.28-6.22 (m, 1.8 H), 5.12 (d, 1H, J=8.7
Hz), 3.62 (m, 1H), 3.29-3.10 (m, 4H), 2.22 (s, 3H). MS m/z
(ESI) 297.98 (MH*) and 282.17 (MH*).

anti-Ethyl-3-hydroxy-3-(5-methylthiophen-2-yl)-2-

(naphthalen-2-yl)propyl)carbamate and ethyl (3-(5-methyl-
thiophen-2-yl)-2-(naphthalen-2-yl)propyl)carbamate: To a

solution of a mixture of anti-3-amino-1-(5-methylthiophen-
2-yl)-2-(naphthalen-2-yl)propan-1-ol hydrochloride and

anti-3-(5-methylthiophen-2-yl)-2-(naphthalen-2-yl)propan-
l-amine hydrochloride (1.8 g, 5.39 mmol) in 20 mL dry

DCMat -10° C. was addedtriethylamine (TEA) (2.254 mL,

16.17 mmol) dropwise. This was followed by slow addition
of ethyl chloroformate (0.619 mL, 6.47 mmol), and the

reaction mixture wasstirred at -10° C. for 10 minutes. At
this point, the cold bath was removed, and the mixture was

allowed to reach 0° C. and poured into a separatory funnel
containing DCM and water. The organic layer was sepa-

rated, and the aqueous phase wasextracted with DCM (3x25

mL). The combined DCM extracts were washed with water,
dried over MgSO, and concentrated under reduced pres-

sure. The crude product was purified by flash chromatogra-
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phy (eluting with 15% to 40% EtOAcin hexanes)to afford

the two products, anti-ethyl (3-hydroxy-3-(5-methylthio-

phen-2-yl)-2-(naphthalen-2-yl)propylcarbamate (0.648 g,

32.5%): 'H NMR (CDCI,) 5 7.81-7.70 (t, 3H), 7.60 (s, 1H),
7.49-7.36 (m, 2H), 7.28 (dd, 1H, J=8.7, 1.4 Hz), 6.49 (bs,
1H), 6.36 (d, 1H, J=2.4 Hz), 5.20 (dd, 1H, J=8.7, 4.2 Hz),
4.88 (bs, 1H), 4.12-4.01 (m, 2H), 3.89 (m, 1H), 3.71-3.55
(m, 2H), 3.31 (m, 1H), 2.33 (s, 3H), 1.20 (s, 3H); MS m/z
(EST) 391.83 (MNa*), and ethyl 3-(5-methylthiophen-2-yl)-
2-(naphthalen-2-yl)propylearbamate (0.7438 g, 39%): 'H

NMR (CDCI,) 5 7.83-7.72 (t, 3H), 7.73-7.62 (s, 1H),
7.49-7.40 (m, 2H), 7.33 (dd, 1H, J=8.3, 1.4 Hz), 6.45 (bs,
2H), 4.46 (bs, 1H), 4.04 (t, 2H, J=8.4 Hz), 3.69 (m, 1H),
3.41-3.31 (m, 1H), 3.29-3.08 (m, 3H), 2.35 (s, 3H), 1.16 (s,
3H). MS m/z (ESI) 354.17 (MH*), MS m/z (ESI) 375.86
(MNa*).

anti-N-methy1-3-(5-methylthiophen-2-yl)-2-(naphthalen-

2-yl)propan-1-amine: To a solution of ethyl 3-(5-methylth-
iophen-2-yl)-2-(naphthalen-2-yl)propylcarbamate (0.35 g,

1.031 mmol) in 5 mL of dry THF was addedvia syringe a
1M borane-THFsolution (4.12 mL, 4.12 mmol). This mix-

ture wasstirred at 60° C. overnight under nitrogen while

monitoring the reaction progress by TLC. After quenching
the reaction with cautious addition ofNaHCO3,the reaction

mixture was pouredinto a separatory funnel and the aqueous
layer was extracted with EtOAc (3x50 mL) The combined

organic layers were washed with water andbrine, dried over
MgsS04, and were concentrated using a rotary evaporator.

The resulting residue was purified by silica gel chromatog-

raphy (eluent: 5-10% MeOH in EtOAc). The resulting
residue wasdissolved in DCM, 1N HCI was addedto it and

the mixture wasstirred for a few min. The volatiles were
then evaporated off using a rotary evaporator. The product

was leached with DCM and the product dried under high

vacuum furnishing an off-white powder (0.240 g, 69.9%).
Compound ID No. 44: The above racemic compound was

resolved and purified by Multigram II SFC chiral chroma-
tography to afford two enantiomers. Thefirst eluting was

assigned as S-configuration based on its higher potency on
the hNETthan its R-antipode. ‘'H NMR (500 MHz, DMSO-

d6) 8 7.83-7.95 (m, 3H), 7.79 (s, 1H), 7.45-7.55 (m, 3H),
6.48 (s, 2H), 3.35-3.50 (m, 1H), 3.29 (s, 3H), 3.11-3.21 (m,
1H), 2.49 (s, 3H), 2.27 (s, 3H).

Example 45—Synthesis of Compound ID No.45

(2-((1S,2S)-3-(methylamino)-2-(naphthalen-2-yl)-1-
phenylpropoxy)-N-phenylacetamide)

Compound No. 8a (200 mg, 0.51 mmol) in DMF was

treated with NaH (61.3 mg, 1.53 mmol) at 0° C. for 20

minutes. 2-bromo-N-phenylacetamide (164 mg, 0.77 mmol)
in DMFwasthen added slowly at this temperature, and the

reaction was allowed to stir at room temperature over 48
hours. The mixture was diluted with ethyl acetate (100 mL),

washed with water andbrine, and dried with sodium sulfate.
Afterfiltration and concentration in vacuo,the crude product

was purified by ISCO automated flash chromatography,

eluting with ethyl acetate in hexane (0-80%) to afford the
desired intermediate (120 mg). This material was dissolved

in dichloromethane, andtrifluoroacetic acid (0.088 mL, 1.14
mmol) was added. After 6 hours at room temperature, the

reaction was concentrated in vacuo and diluted with ethyl
acetate, and the resulting mixture was washed with aqueous

sodium bicarbonate and brine. The organic phase was sepa-

rated, dried with sodium sulfate, and concentrated in vacuo.
The resulting crude amine was purified by ISCO automated

flash chromatography (alumina column), eluting with 0-10%
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of methanol in DCM to afford Compound ID No.45 as the

free base (25 mg, 26%). 1H NMR (500 MHz, CHLORO-

FORM-d) 8 2.42 (s, 3H) 3.22 (d, J=6.6 Hz, 2H) 3.46-3.54
(m, 1H) 3.90-3.93 (m, 1H) 4.01 (s, 1H) 4.82 (d, J=8.1 Hz,
1H) 7.08-7.13 (m, 3H) 7.14-7.23 (m, 4H) 7.26-7.32 (m, 2H)
7.39-7.45 (m, 4H) 7.52 (s, 1H) 7.68-7.73 (m, 2H) 7.74-7.79
(m, 1H) 9.13 (br. s., 1H).

Example 46—Synthesis of Compound ID No. 46
(2S,3S)-3-methoxy-N-methy]-2-(naphthalen-2-yl)-3-

phenylpropan-1-amine)

tert-Butyl ((2S,3S)-3-methoxy-2-(naphthalen-2-yl)-3-
phenylpropyl)-(methyl)carbamate: A solution of tert-butyl-

(2S,3S)-3-hydroxy-2-(naphthalen-2-yl)-3-phenylpropyl

(methyl)carbamate (Compound No. 8a) (0.200 g, 0.511
mmol) in 5 mL DMF wasplaced in an oven dried round

bottom flask under nitrogen. NaH (in 50% oil) (0.037 g,
0.766 mmol) was added portion wise, and the resulting

suspension wasstirred at 0° C. for 5 minutes. Mel (0.064
mL, 1.022 mmol) was then added, and the mixture was

stirred for 2 hours. Completion of reaction was determined

by TLC.The reaction mixture was poured into a separatory
funnel containing water, and the phases were separated. The

aqueous layer was extracted with EtOAc (3x25 mL). The
combined organic layers were washed with water and brine,

and dried over MgSO,Concentration of the extracts under
reduced pressure left a residue that was purified by flash

chromatography (elution with 15% to 40% EtOAc in

hexanes) to afford a clear viscous solid (0.157 g, 76%). ‘H
NMR(CDCI,) 8 7.86-6.93 (m, 12H), 5.83 (d, J=8.10 Hz,
1H), 4.40 (d, J=6.0 Hz, 1H), 3.63-3.41 (m, 3H), 3.25 (s, 3H),
2.55 (s, 3H), 1.35-1.03 (m, 9H). MS m/z (ESI) 406.32
(MH°*).
CompoundID No. 46: A2.5 N HClin dioxane (6 mL) was

added to tert-butyl (2S,3S)-3-methoxy-2-(naphthalen-2-yl)-

3-phenylpropyl(methyl)carbamate, and the mixture was
stirred at room temperature for 1 hour under nitrogen. The

reaction was monitored by MS. The solvents were evapo-
rated in vacuo, andthe resulting salt was leached with ether

and lyophilized furnishing the product as a white solid

(0.206 g, 89.6%). ‘H NMR (CD;OD)8 7.83-7.66 (m, 3H),
7.53 (s, 1H), 7.47-7.39 (m, 2H), 7.26 (m, 6H), 4.60 (d, J=9.5
Hz, 1H), 3.95-3.82 (m, 1H), 3.50-3.38 (m, 2H), 3.26 (s, 3H),
2.74 (s, 3H). MS m/z (ESI) 306.32 (MH)*[a],7°105.1 (c
0.35, 9:1 EtOH:H,0).

Example 47—Synthesis of Compound ID No. 47
(C1S,2S)-3-(methylamino)-2-(naphthalen-2-yl)-1-

(thiophen-2-yl)propan-1-ol)

anti-3-hydroxy-2-(naphthalen-2-yl)-3-(thiophen-2-yl)

propanenitrile: A solution of 2-naphthylacetonitrile (6.0 g,
35.9 mmol) in 150 mL of dry THF was placed in an

oven-dried round bottom flask with stirrer under nitrogen.
Diisopropylamine (6.04 mL, 43.1 mmol) was added, and the

mixture wasstirred and cooled to -78° C.for 20 minutes. 2.5

M butyllithium (17.22 mL, 43.1 mmol) was then added
slowly with a syringe. After 30 minutes ofstirring at -78°

C., thiophene-2-carboxaldehyde (3.96 mL, 43.1 mmol) was
added drop-wise via syringe. After 10 minutes, the reaction

was quenched quickly with 25 mL 2:1 THF/acetic acid. Cold
bath was removed, and the reaction was allowed to reach

room temperature slowly. Water was added, and the aqueous

layer was extracted with EtOAc (3x25 mL) The combined
organic layers were washed with water and brine, dried over

MgSO,, and concentrated using a rotary evaporator. The
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product in the residue was purified by silica gel flash
chromatography (eluting with 15% to 20% EtOAc in

hexanes) to afford the anti-product as a light yellow solid

(8.1 g, 81%). 'H NMR (CDCI) 8 7.89-7.75 (m, 4H),
7.56-7.47 (m, 2H), 7.35-7.26 (m, 2H), 6.94-6.86 (m, 2H),
5.34 (d, 1H, J=6.0 Hz), 4.31 (d, 1H, J=5.7 Hz). MS m/z
(ESI) 302.20 (MNa*).

anti-3-amino-2-(naphthalen-2-yl)-1-(thiophen-2-yl)pro-
pan-1-ol: A solution of anti-3-hydroxy-2-(naphthalen-2-yl)-

3-(thiophen-2-yl) propanenitrile (4 g, 14.32 mmol) in 50 mL

of dry THF was placed in an oven-dried round-bottom flask
under nitrogen. To this, 1M borane. THF solution (57.3 mL,

57.3 mmol) was added via syringe. The resulting mixture
wasstirred at 60° C. overnight while monitoring the reaction

progress by TLC.After quenching the reaction with cautious
addition of NaHCO,, the reaction mixture was poured into

a separatory funnel, and the aqueous layer was extracted

with EtOAc (3x50 mL) The combined organic layers were
washed with water and brine, and dried over MgSO,.

Concentration of the extracts under reduced pressure left a
residue that was dissolved in DCM. 1N HCl was added, and

the mixture wasstirred for a few minutes. The solvents were
evaporated in vacuo, andthe resulting salt was leached with

DCMandlyophilized affording the productas a light yellow

solid with a very pungent odor (4.2 g, 92%). 'H NMR
(CD,OD) 8 7.84-7.72 (m, 3H), 7.65 (s, 1H), 7.49-7.39 (m,
2H), 7.30 (d, 1H, J=8.3 Hz), 7.18 (d, 1H, J=5.1 Hz), 6.69 (t,
1H, J=4.3 Hz), 6.63-6.56 (m, 1H), 5.33 (d, 1H, J=8.7 Hz),
3.85-3.71 (m, 1H), 3.45-3.34 (m, 2H). This compound was
assigned anti-configuration based on its high J-value (8.7

Hz) of its benzylic proton. MS m/z (ESI) 284.0 (MH"*).

tert-Butyl (2S,3S)-3-hydroxy-2-(naphthalen-2-yl)-3-
(thiophen-2-yl)propylcarbamate: To a solution of anti-3-

amino-2-(naphthalen-2-yl)-1-(thiophen-2-yl)propan-1-ol
hydrochloride (3.27 g, 11.54 mmol) in 30 mL dry DCM at

-10° C. was added (TEA) (4.82 mL, 34.6 mmol) drop-wise,

followed by slow addition of Boc anhydride (2.77 g, 12.69
mmol). The resulting reaction mixture wasstirred at room

temperature for 2 hours when the TLC showed completion
of reaction. After quenching the reaction with cautious

addition of NaHCO,,the reaction mixture was poured into
a separatory funnel, and the aqueous layer was extracted

with DCM (3x25 mL). The combined organic layers were

washed with water and brine, dried over MgSO,, and
concentrated using a rotary evaporator. The resulting residue

was purified by flash chromatography (40% EtOAc in
hexanes as eluent) to afford the product as a sticky white

solid (2.452 g, 55.4%). 'H NMR (CDCI,) 8 7.83-7.70 (m,
3H), 7.59 (s, 1H), 7.51-7.39 (m, 2H), 7.31-7.23 (m, 1H),
7.08 (d, 1H, J=4.7 Hz), 6.77-6.63 (m, 2H), 5.30 (d, 1H, J=8.9
Hz), 4.77 (br s, 1H), 3.99-3.84 (m, 1H), 3.63-3.48 (m, 1H),
3.37-3.26 (m, 1H), 1.44 (s, 9H).

anti-3-(methylamino)-2-(naphthalen-2-yl)-1-(thiophen-2-
yl)propan-1-ol: To a solution of tert-butyl anti-3-hydroxy-

2-(naphthalen-2-y1)-3-(thiophen-2-yl)propylcarbamate
(2.45 g, 6.39 mmol) in 50 mL of dry THF was added 1M

Borane-THF solution (25.6 mL, 25.6 mmol) via syringe

under nitrogen. This mixture wasstirred at 60° C. overnight
while monitoring the reaction progress by TLC. After

quenching the reaction with cautious addition of NaHCO,,
the reaction mixture was poured into a separatory funnel,

and the aqueouslayer was extracted with EtOAc (3x50 mL)
The combined organic layers were washed with water and

brine, and dried over MgSO,. Concentration using a rotary

evaporator resulted in an oily residue that was purified by
flash chromatography over silica gel (elution with 5%

MeOH in EtOAc). The resulting residue was dissolved in
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DCM.1N HCI was added to the solution, and the mixture

wasstirred for a few minutes. The volatiles were evaporated

off in vacuo. The product was then leached with DCM and

lyophilized affording the product as an off-white powder

(1.994 g, 93%). 'H NMR (CD,OD) 8 7.82-7.71 (m, 3H),
7.65 (s, 1H), 7.51-7.39 (m, 2H), 7.33-7.25 (m, 1H), 7.19-
7.15 (m, 1H), 6.73-6.66 (m, 1H), 6.61-6.55 (m, 1H), 5.33 (d,
1H, J=8.7 Hz), 3.91-3.79 (m, 1H), 3.50-3.38 (m, 2H), 2.73
(s, 3H). MS m/z (ESI) 298.36 (MH"*).
Compound ID No. 47: The above racemic mixture was

resolved by chiral SCF into enantiomers, and the second-
eluting enantiomer was assigned 1S,2S-configuration based

on its higher potency at hNET than the first-eluting

enantiomer. 1H NMR (DMSO-d6) 8 8.73 (br. s., 1H),
7.68-8.20 (m, 4H), 7.36-7.66 (m, 2H), 7.15-7.32 (m, 1H),
6.61-7.12 (m, 3H), 4.05 (br. s., 2H), 3.45-3.76 (m, 1H),
2.32-2.69 (m, 6H).

Example 48—Synthesis of Compound ID No. 48

((S)—N-methy1-2-(naphthalen-2-yl)-3-(pyridin-3-yl)
propan-1-amine)

The aldol condensation using sodium ethoxide, ethanol,
3-pyridine-carboxaldehyde (590 mg, 5.05 mmol) and

2-naphthylacetonitrile (836 mg, 5.0 mmol) was performed in
the usual way to give 1.21 g (4.72 mmol, 95%) of a yellow

solid. The conjugate reduction was performed in the usual
way with a portion of the above material (554 mg, 2.16

mmol) to give 179 mg (0.68 mmol, 32%) of a crude yellow

oil. This oil was then dissolved in CH,Cl, (10 mL), followed
by addition of triethylamine (0.23 mL, 1.64 mmol). The

solution was chilled to 0° C., and ethyl chloroformate was
added (0.08 mL, 0.82 mmol). The solution was allowed to

stir at 0° C. for 2 hours and to warm to room temperature

overnight. In the morning, the contents were poured into a
separatory funnel and extracted with ether (3x15 mL).

Organics were dried over MgSO,,filtered, and concen-
trated to give a residue that was purified via silica gel flash

chromatography (50% EtOAc in hexanes) to give 103 mg
(0.55 mmol, 81%) of a colorless gum. A portion of this

material (180 mg, 0.54 mmol) was carbamylated with ethyl

chloroformate and reduced with LiAJH, in the usual way to
give 186 mg (0.53 mmol, 99%) of colorless oil. "H NMR

(400 MHz, CD,OD)6 8.60 (d, J=5.6 Hz, 1H), 8.51 (s, 1H),
8.35 (d, J=8.1 Hz, 1H), 7.94 (d, J=8.5 Hz, 1H), 7.92-7.78 (m,
3H), 7.72 (s, 1H), 7.54-7.45 (m, 3H), 3.68-3.48 (m, 5H),
2.70 (s, 3H). HRMS (ESI-TOF) calculated for C,.H,,N,

(MH*) 277.1699 found 277.1705 (+2.14 ppm, 0.6 mmu).
This racemate (Compound ID No. 74) wasseparatedinto its
enantiomers using a chiral stationary phase supercritical

fluid chromatography (Multigram III SFC system). Thefirst
eluting enantiomer was concentrated to provide the desired

compound. 'H NMR (500 MHz, CDCI,) 8 2.80 (s, 3H),
3.10-3.40 (m, 2H), 3.76-3.94 (m, 1H), 4.02 (dd, J=12.1, 6.0
Hz, 1H), 4.13 (d, J=12.8 Hz, 1H), 7.27-7.95 (m, 9H), 8.51
(d, J=4.0 Hz, 1H), 9.28 (br. s., 1H). Since this compound was
more potent at hNET than the second-eluting enantiomer, it

was presumed to be (S)-configured.

Example 49—Synthesis of Compound ID No. 49
(C1S,2S)-3-(methylamino)-2-(naphthalen-2-yl)-1-

(pyridin-3-yl)propan-1-ol)

(1R,2R and 1S,2S)-3-(methylamino)-2-(naphthalen-2-

yl)-1-(pyridin-3-yl)propan-1-ol (Compound ID No. 62) was
a pair of enantiomers: S,S (Compound ID No. 49) and R,R

(Compound ID No. 103) enantiomers. The enantiomers
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were separated using chiral Multigram II SFC system. The

first-eluting enantiomer was Compound ID No. 49 and

assigned the (S,S) configuration since it is more potent at

hNET than the second-eluting enantiomer (Compound ID

No. 103). ‘"H NMR (500 MHz, DMSO-d6) 5 8.53-8.57 (m,
1H), 8.48-8.52 (m, 1H), 7.99-8.09 (m, 1H), 7.82 (d, 3H,
J=8.5 Hz), 7.71 (s, 1H), 7.60-7.67 (m, 1H), 7.48 (d, 2H,
J=9.2 Hz), 7.34-7.40 (m, 1H), 5.07-5.15 (m, 1H), 3.54-3.67
(m, 2H), 3.43-3.52 (m, 1H), 2.54 (t, 3H, J=5.3 Hz).

Example 50—Compound ID No. 50 (Compound

Reference No. 13341669) 2-((1S,2S)-3-(methyl-

amino)-2-(naphthalen-2-yl)-1-phenylpropoxy)-1-

(pyrrolidin-1-yl)ethanone

As in the case of Compound No. 23a, bromoacetyl

bromide was combined with pyrrolidine to yield 2-bromo-

1-(pyrrolidin-1-yl)ethanone. This compound was reacted

with Compound No.8a as in Example 23 to yieldtert-butyl

methyl((2S,3S)-2-(naphthalen-2-yl)-3-(2-oxo-2-(pyrrolidin-

1-yl)ethoxy)-3-phenylpropyl)carbamate (11 mg). This com-

pound was dissolved in tetrahydrofuran (4 mL) to which 4

N HCl (5 mL) was added. After stirring for 1 hour, the

mixture was heated to reflux for 1 minute with a heat gun.

This heating process was repeated twice more, and the

reaction was concentrated in vacuo, affording Compound ID

No. 50 as the HCIsalt (12 mg (90%). 'H NMR (500 MHz,

MeOD) 6 1.84-2.01 (m, 4H), 2.86 (s, 3H), 3.19-3.26 (m,
2H), 3.47-3.76 (m, 4H), 3.93 (t, J=11.9 Hz, 1H), 4.03 (d,
J=15.9 Hz, 1H), 4.25 (d, J=16.2 Hz, 1H), 4.90 (d, J=10.1 Hz,
1H), 7.05-7.17 (m, 6H), 7.36-7.45 (m, 2H), 7.50 (s, 1H),
7.62-7.75 (m, 4H).

Example 51—Synthesis of Compound ID No. 51

(Compound Reference No. 13376700) N-(2-

methoxyethyl)-2-((18,2S)-3-(methylamino)-2-(naph-

thalen-2-yl)-1-acetamide

Compound No. 8a (0.30 g, 0.77 mmol) in DMF (5 mL)

was stirred at 0° C., and sodium hydride (0.092 g, 2.30

mmol) was added. The reaction wasstirred at 0° C. for 10

minutes. 2-bromo-N-(2-methoxyethyl)acetamide (0.53 g,

2.7 mmol) in DMF (5 mL) was added over 30 minutes

drop-wise. After 24 hours at room temperature, the reaction

was diluted with dichloromethane (100 mL) and washed

once with water (50 mL). The aqueous phase was back

extracted with dichloromethane, and the combined organic

layers were dried with magnesium sulfate, filtered, and

concentrated in vacuo. The residue was purified by ISCO
automated flash chromatography (40 g normal phase), using

a 0-100% EtOAc/hexane gradient elution. The relevant
fractions were concentrated in vacuo (0.37 g, 97%). This

material was dissolved in dichloromethane (15 mL), and
trifluoroacetic acid (5 mL, 67.31 mmol) was added in one

portion. After 30 minutes at 25° C., the reaction was

concentrated in vacuo to give 435 mg of a clear oil, which
was purified using ISCO automated flash chromatography

(40 gram normal phase), eluting with a ramp of 0-30% 7 N
ammonia in MeOH/dichloromethane. The relevantfractions

were concentrated, dissolved in a minimum amount of
chloroform, diluted in ether, and then diluted with 2.0 N HCl

in dioxane. Concentration in vacuo gave Compound ID No.

51 as the HCIsalt (solid, 0.24 g, 75%). ‘H NMR (500 MHz,
DMSO-d.) 8 9.25 (br.s., 1H), 9.16 (br.s., 1H), 8.27 (t, J=5.3
Hz, 1H), 7.68-7.83 (m, 3H), 7.61 (s, 1H), 7.39-7.48 (m, 2H),
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7.22-7.27 (m, 1H), 7.07-7.18 (m, 5H), 4.87 (d, J-9.8 Hz,
1H), 3.70-3.84 (m, 3H), 3.23-3.44 (m, 8H), 2.66 (t, J=5.3
Hz, 3H).

Example 52—Synthesis of Compound ID No. 52

((S)-2-(3-Gmethylamino)-2-(naphthalen-2-yl)propyl)
phenol hydrochloride)

The conjugate reduction was performed in the usual way
with Compound No. 52b (572 mg, 1.58 mmol) to give 483

mg (1.31 mmol, 83%) of a crude yellow oil. The oil was then
dissolved in CH,Cl, (10 mL), followed by addition of

triethylamine (0.44 mL, 3.14 mmol). The solution was
chilled to 0° C., and ethyl chloroformate was added (0.15

mL, 1.57 mmol). The solution was allowedto stir at 0° C.

for 2 hours and allowed to warm to room temperature
overnight. In the morning, the contents were poured into a

separatory funnel and extracted with ether (x15 mL).
Organics were dried over MgSO,,filtered, and concentrated

to give a residue that was purified via silica gel flash
chromatography (35% EtOAc in hexanes) to give 500 mg

(1.14 mmol, 87%) of a colorless gum. The ethyl carbamate

reduction was performed in the usual way with lithium
aluminum hydride (152 mg, 4.0 mmol). The crude free base

was dissolved in 5 mL THF and added to an air-free
Schlenck flask equipped with a stir bar containing a stirred

suspension of 5% Pd/C (150 mg) and CH,OH (5 mL) under
a stream of H,. Upon addition, the flask wasfitted with a

balloon andstirred under H, for 16 hours. The catalyst was

filtered through celite and concentrated. The residue was
dissolved in 5 mL of CH,OH followed by addition of 1 mL

of4M HCl in dioxane. The solvents were then evaporated to
give a 294 mg (0.9 mmol, 79%) of a white powder. 1H NMR

(400 MHz, CD,OD)6 7.88 (d, J=8.5 Hz, 1H), 7.85-7.80 (m,
2H), 7.72 (s, 1H), 7.46 (ddd, J=8.5, 6.0, 1.6 Hz, 3H), 6.99
(td, J=7.7, 1.7 Hz, 1H), 6.79 (td, J=7.9, 1.3 Hz, 2H), 6.60 (td,
J=7.4, 1.1 Hz, 1H), 3.60 (dt, J=12.2, 6.1 Hz, 1H), 3.55-3.46
(m, 1H), 3.35 (t, J=2.5 Hz, 1H), 3.15 (dd, J=13.4, 7.2 Hz,
1H), 2.96 (dd, J=13.4, 7.2 Hz, 1H), 2.62 (s, 3H). HRMS
(ESI-TOF)calculated for C, ,H,.N, (MH*) 292.1696 found

292.1703 (+2.42 ppm, 0.6 mmu).

This racemate was separated into its enantiomers using a
chiral stationary phase supercritical fluid chromatography.

The first eluting enantiomer was isolated (190 mg of HCl
salt). 'H NMR (500 MHz, DMSO-d6) 8 2.47(t, J=4.9 Hz,
2H), 2.88 (dd, J=13.6, 8.1 Hz, 2H), 3.06 (dd, J=13.4, 6.7 Hz,
2H), 3.57 (s, 1H), 6.45-7.96 (m, 11H). Since this enantiomer

is more potent at hNET than the second-eluting enantiomer,

it was presumedto be (S)-configured.

Example 52a—Synthesis of Compound No. 52a
(tert-butyl (3-(2-(benzyloxy)pheny1)-2-(naphthalen-

2-yl)propyl)carbamate)

The aldol condensation using sodium ethoxide, ethanol,
2-benzyloxybenzaldehyde (1.07 g, 5.05 mmol) and 2-naph-

thylacetonitirle (836 mg, 5.0 mmol) was performed in the

usual wayto give 1.73 g (4.8 mmol, 96%) of a yellow solid.
The conjugate reduction was performed in the usual way

with a portion (580 mg, 1.6 mmol) of the above compound
to give 332 mg (0.9 mmol, 56%) of a crude yellow oil. The

oil was then dissolved in 10 mL of THFandcooled to 0° C.
Triethylamine (0.55 mL, 3.84 mmol) and DMAP(ca. 5 mg)

were added followed by Boc,O (415 mg, 1.9 mmol). The

solution was allowed to warm to room temperature over-
night. In the morning, 1 mL of water and 10 mL ofdiethyl

ether were added. The contents were poured into a separa-
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tory funnel and extracted with ether (2x15 mL). The organ-

ics were dried over Na,SO,,filtered, and concentrated. The

residue was purified via silica gel flash chromatography

(10% EtOAc in hexanes) to give 321 mg (0.69 mmol, 77%)

of a colorless gum. 'H NMR (400 MHz, CD,OD) 8 7.80-

7.63 (m, 3H), 7.51-7.25 (m, 9H), 7.06 (t, J=7.6 Hz, 1H), 6.94
(dd, J=25.5, 7.8 Hz, 2H), 6.72 (t, J=7.4 Hz, 1H), 5.03 (dd,
J=27.7, 11.8 Hz, 2H), 3.40 (s, 3H), 3.13-2.99 (m, 2H), 1.29
(s, 9H).

Example 52b—Synthesis of Compound No. 52b
(2-(3-amino-2-(naphthalen-2-yl)propyl)phenol)

To an air-free Schlenk flask under a stream of N, was

added Compound No. 52a (321 mg, 0.69 mmol), 5% Pd/C

(120 mg), CH,OH (4 mL), and THF (4 mL). The system was
carefully evacuated and backfilled with H, followed by

addition of a stir bar and balloon. The suspension was
allowedto stir under a H, balloon for 16 hours. Catalyst was

filtered throughcelite, and the filtrate was dried over MgSO,
and concentrated. Residue was purified via silica gel flash

chromatography to give 178 mg (0.47 mmol, 68%) of a

colorless gum. The Boc group was removed by dissolving
VII-039 (172 mg, 0.45 mmol) in 4 mL of CH,OH and

adding 4 mL of 4N HCl in dioxane at 0° C. After 1 hourat
0° C., the cooling bath was removed, and the solution was

allowed to warm to room temperature overnight. In the
morning, the solvents were removed in vacuo to give 147

mg (0.44 mmol, 99%) of a white powder. 'H NMR (400

MHz, CD;OD)8 7.89 (d, J=8.5 Hz, 1H), 7.86-7.80 (m, 2H),
7.72 (d, J=1.1 Hz, 1H), 7.51-7.43 (m, 3H), 7.03-6.97 (m,
1H), 6.84 (dd, J=7.5, 1.6 Hz, 1H), 6.78 (dd, J=8.1, 0.9 Hz,
1H), 6.62 (td, J=7.4, 1.1 Hz, 1H), 3.71-3.64 (m, 1H),
3.62-3.49 (m, 1H), 3.42-3.34 (m, 1H), 3.14 (dd, J=13.5, 7.6
Hz, 1H), 2.98 (dd, J=13.4, 7.0 Hz, 1H). HRMS (ESI-TOF)
calculated for C,>H,j)NO (MH*) 278.1539 found 278.1545

(+1.92 ppm, 0.6 mmu).

Example 53—Synthesis of Compound ID No. 53
(QRS,3RS)-2-(3,4-dichloropheny])-3-(methyl-

amino)-1-phenylpropan-1-ol)

Compound No.53b (390 mg, 1.32 mmol) and TEA (0.459

mL, 3.29 mmol) in DCM (20 mL) were added and chilled to
0° C. To the chilled solution was added ethyl chloroformate

(0.152 mL, 1.58 mmol) drop-wise over 10 minutes. The ice
bath was removed, and the solution was allowed to warm to

room temperature over a period of 3 hours. The reaction
solution was concentrated and then diluted with ethyl acetate

(100 mL) This solution was washed with 0.1N HC] (2x15

mL), saturated sodium bicarbonate (15 mL), and brine (20
mL), then dried over MgSO,,filtered, and concentrated in

vacuo. The residue was concentrated to afford 440 mg
(91%). The lot of this material (440 mg, 1.19 mmol) was

taken up in 25 mL of dry THF and wastransferred to a 100
mL 3-neck round bottom flask equipped with a magnetic

stirrer, addition funnel, thermometer, and Dean-Stark trap

fitted with a condenser and nitrogen inlet. The solution was
heated to a gentle reflux (66° C.), and a solution of BH,/

SMe, (1.792 mL, 3.58 mmol) was added drop-wise over 10
minutes. Dimethyl sulfide distillate was collected (bp 38°

C.). After 7 hours, the reaction was ~85% complete. Another
portion of BH,/SMe, (1.792 mL, 3.58 mmol) was added,

and stirring continued for another 2 hours. The reaction was

cooled to room temperature and treated with 4N HCl in
dioxane (0.32 mL). The careful addition of methanol (10

mL) was completed with exothermic gas evolution. The
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reaction was then heated to distill a 1:1 azeotrope of metha-

nol and trimethyl borate. As most of the methanol was

distilled, the heat was removed, and the mixture diluted with

ether (10 mL) to give a white precipitate. The solid was

washed with ether and ethyl acetate to afford 250 mg (60%)

the product as an HCI salt. 'H NMR (500 MHz, DMSO-d6)

6 2.40-2.61 (m, 3H), 3.29 (s, 2H), 3.48 (br. s., 1H), 4.76 (d,
J=5.5 Hz, 1H), 6.04 (br. s., 1H), 7.00-7.34 (m, 5H), 7.46 (d,

J=2.1 Hz, 2H), 8.19 (br. s., 1H), 8.49 (br. s., 1H).

Example 53a—Synthesis of Compound No. 53a
(rac-anti-2-(3,4-dichloropheny])-3-hydroxy-3-phe-

nylpropanenitrile)

A 250 mL round bottom flask equipped with a magnetic

stirring bar, nitrogen inlet, and septum was charged with
THF(50 mL) and 1.8 M LDA (9.91 mL, 17.84 mmol). After
cooling to -78° C., 2-(3,4-dichlorophenyl)acetonitrile (3.32
g, 17.84 mmol) was added. After 1 hour, benzaldehyde

(1.803 mL, 17.84 mmol) was added via syringe. After

stirring at -78° C.for 3 hours, the reaction was quenched by
the addition of water (20 mL) while stirring at -70° C. The

aqueous layer was extracted with Et,O (2x50 mL), and the
combined organic extracts were washed with brine (50 mL),

dried with MgSO,, and concentrated in vacuo to give the
crude aldol. Column chromatography on silica gel eluting

with 0-30% of ethyl acetate in hexane afforded the product

as 3:1 anti:syn mixture (2.5 g). Recrystallization from DCM
(30 mL) and hexane (2:3) gave 700 mg of the anti isomer

(13%). ‘H NMR (500 MHz, CDCI) 8 2.39 (d, J=3.7 Hz,
1H), 4.03 (d, J=5.5 Hz, 1H), 4.98 (dd, J=5.5, 3.7 Hz, 1H),
6.74-7.55 (m, 8H).

Example 53b—Synthesis of Compound No. 53b

(rac-anti-3-amino-2-(3,4-dichlorophenyl)-1-phenyl-
propan-1-ol)

Compound No.53a (650 mg, 2.22 mmol) in THF (25 mL)

was heated to a gentle reflux at 76° C. and treated with
BH,/SMe, (6.41 mL, 12.825 mmol) added drop-wise over 5

minutes. Liberated dimethyl sulfide was collected in a

Dean-Stark trap. After 3.5 hours. the mixture was allowed to
cool to ambient temperature and concentrated in vacuo, and

the residue was dissolved in ethyl acetate (100 mL). The
combined extracts were washed with saturated aq. NaHCO,

and brine, dried over MgSO,, filtered, and concentrated to
give the crude product. The residue was dissolved in DCM

and filtered. To the filtrate was added 1 mL of 2N HCl in

dioxane which wasstirred for 10 minutes before concentra-
tion to afford 620 mg (94%) as an HCI salt. 'H NMR (500

MHz, DMSO-d6) 8 3.19-3.27 (m, 2H), 3.34-3.47 (m, 2 H),
4.77 (d, J=4.3 Hz, 1H), 5.96 (d, J=3.4 Hz, 1H), 6.99-7.32 (m,

4H), 7.36-7.53 (m, 2H), 7.77 (br. s., 2H).

Example 54—Synthesis of Compound ID No. 54
(QRS,3RS)-2-(4-methoxy-3-methylphenyl)-3-

(methylamino)-1-phenylpropan-1-ol)

To LAH (2.218 mL, 2.22 mmol) in dry THF (3 mL)at 55°
C. under N, was added Compound No. 54c (277 mg, 0.81
mmol) in THF (3 mL) drop-wise via syringe over about 5

minutes. The reaction mixture was then heatedat reflux for
2 hours. The reaction mixture was quenched carefully with

saturated aqueous Na,SO,, and then saturated NaHCO,. The

aqueous solution was diluted with ether andstirred briefly.
Then,the ether layer was isolated, and the aqueous layer was

extracted twice more with ether. The ethereal layers were
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combined, washed with brine, dried over sodium sulfate,

filtered, and concentrated to afford 233 mg (90%)ofproduct.

'H NMR(500 MHz, CDC1,) 8 1.85 (t, J=3.4 Hz, 1H) 2.11

(s, 3H) 2.48 (s, 3H) 2.81-2.88 (m, 1H) 3.01 (dd, J=12.1, 3.2

Hz, 1H) 3.19 (dd, J=11.9, 9.5 Hz, 1H) 3.74-3.78 (m, 3H)

4.98 (d, J=7.9 Hz, 1H) 6.62 (d, J=7.9 Hz, 1H) 6.75-6.83 (m,

2H) 7.07-7.22 (m, 5H).

Example 54a—Synthesis of Compound No. 54a
(3-hydroxy-2-(4-methoxy-3-methylpheny])-3-phe-

nylpropanenitrile)

To a 200 mL oven dried round bottom flask charged with

THF (95 mL) was added the lithium bis(trimethylsilyl)
amide (13.65 mL, 13.65 mmol). The reaction mixture was

cooled to -78° C., and the 2-(4-methoxy-3-methylphenyl)
acetonitrile (2 g, 12.41 mmol) was added neat via syringe

over a period of 5 minutes. The reaction mixture was then
stirred at -78° C. for 30 minutes before the benzaldehyde

(1.254 mL, 12.41 mmol) was added in 1 mL THF. The

reaction mixture wasstirred at -78° C. for 1 hour, and then
quenched with HOAc.The low temp bath was removed, and

the mixture was allowed to warm. After 10 minutes, the
solution was diluted with 1N HCl and water. The organic

layer was isolated, and the aqueous layer was extracted
twice with ether. The combined organic layer was washed

with brine, dried over Na,SO,, filtered, and concentrated.

Both the syn and anti were isolated via column chromatog-
raphy using 30% EtOAc in hexanesto afford 2.74 g (83%)

of product. 'H NMR (500 MHz, CDCI,) § 2.18 (s, 3H) 3.81
(s, 3H) 3.98 (d, J=5.5 Hz, 1H) 4.93 (d, J=5.4 Hz, 1H) 6.75

(d, J=8.2 Hz, 1H) 7.00 (d, J=2.9 Hz, 2H) 7.27-7.38 (m, 5H).

Example 54b—Synthesis of Compound No. 54b

(3-amino-2-(4-methoxy-3-methylpheny])-1-phenyl-
propan-1-ol)

To a solution of Compound No. 54a (2.65 g, 9.91 mmol)

in THF (50 mL) heated at 75° C. was added the
borane*dimethylsulfide complex (12.39 mL, 24.78 mmol)

drop-wise via syringe. The reaction mixture wasthen heated

at 75° C. for 4 hours. LCMS showednostarting material.
The reaction mixture was cooled to room temperature and

concentrated to remove the THF. The residue wasdissolved
in EA andcarefully washed twice with saturated NaHCO,

followed by brine. The organic layers were dried over
sodium sulfate, filtered, and concentrated to give 2.72 g

(100%) of the mixed anti and syn product. 1H NMR (500

MHz, CDC1,) 5 2.20 (s, 3H) 2.75-2.84 (m, 1H) 2.85-2.88
(m, 1H) 2.87-3.01 (m, 2H) 3.82 (s, 3H) 4.83 (d, J=7.3 Hz,
1H) 6.78 (d, J=8.2 Hz, 1H) 6.98 (s, 2H) 7.23-7.34 (m, 6H).

Example 54c—Synthesis of Compound No. 54c
(ethyl 3-hydroxy-2-(4-methoxy-3-methylphenyl)-3-

phenylpropylcarbamate)

To a solution/suspension of CompoundNo.54b (1 g, 3.69

mmol) in dichloromethane (20 mL) was added TEA (2.06
mL, 14.74 mmol). The reaction mixture was cooled to 0° C.,

and the ethyl chloroformate (0.423 mL, 4.42 mmol) was
added drop-wise via syringe. The reaction mixture was then

stirred at 0° C. for several minutes, allowed to warm to room
temperature, andstirred for 1 hour. The reaction mixture was

diluted with DCM and washed with 1N HCl, saturated

NaHCO,andbrine, dried (Na SO filtered), and concentrated.
The material was purified via 12 g silica gel column using

0% (hold for 4 minutes) to 30% EA/Hex over 15 minutes,
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resulting in the collection of 297 mg ofthe anti isomer. 'H

NMR(500 MHz, DMSO-d6) 6 1.06 (t, J=7.2 Hz, 3H) 2.03
(s, 3H) 2.95-3.05 (m, 1H) 3.29-3.38 (m, 1H) 3.44 (s, 1H)
3.69 (s, 4H), 3.87 (d, J=7.0 Hz, 2H) 4.68 (dd, J=6.7, 4.6 Hz,
1H) 5.34 (d, J=4.6 Hz, 1H) 6.49-6.59 (m, 1H) 6.70 (d, J=7.9
Hz, 1H) 6.78-6.88 (m, 2H) 7.16 (dd, J=19.8, 7.0 Hz, 5H).

Example 55—Synthesis of Compound ID No. 55

(C1S,2S)-2-(4-methoxy-3-methylpheny])-3-(methyl-
amino)-1-phenylpropan-1-ol)

42 mg of the racemate described in Example 54 was

separated into its enantiomers using a chiral stationary phase

supercritical fluid chromatography (Multigram HI SFC sys-
tem) on anADH column (30x250 mm) The 42 mg of sample

were diluted in 3 mL of ethanol (0.5% isopropylamine), and
stacked injections of 0.5 mL each were run using 18% of

isopropanol (0.5% isopropylamine) isocratic at 50 mL/min-
ute, which gave enantiomerretention times of 6.60 and 7.62

minutes, respectively. The combined fractions of the first

eluting enantiomer were concentrated in vacuo and con-
verted to an HCI salt, which afforded 13 mg of Compound

ID No. 55, which was shown by the above described SCF
system to have 99% enantiomeric excess. ‘H NMR (500

MHz, DMSO-d6) 6 7.08-7.24 (m, 5H) 6.91 (s, 1H) 6.88 (dd,
J=8.39, 1.98 Hz, 1H) 6.75 (d, J=8.54 Hz, 1 FT) 5.99 (d,
J=2.75 Hz, 1H) 4.72 (d, J=6.71 Hz, 1H) 3.70 (s, 3H) 3.50 (d,
J=8.85 Hz, 1H) 3.12-3.26 (m, 2H) 2.50-2.55 (m, 3H)2.05 (s,
3H). Since this compound wasthe more potent enantiomer

at hNET, it was presumed to be (1S,2S)-configured.

Example 56—Synthesis of Compound ID No. 56
((RS,2RS)-3-Gnethylamino)-2-(naphthalen-2-yl)-1-

(o-tolyl)propan-1-ol)

Compound ID No. 56 is the racemate of Compound ID

No. 28. It was synthesized as described in Example 28,
except that the enantiomers were not separated.

Example 57—Synthesis of Compound ID No. 57

((S)-3-(2-methoxyphenyl)-N-methy1-2-(naphthalen-
2-yl)propan-1-amine)

Carbamate reduction and acidification was done in the
usual way using Compound No.57a (308 mg, 0.79 mmol)

to give 226 mg (0.66 mmol, 84%) of a white powder. H
NMR (400 MHz, CD,OD) 6 6.31 (d, J=8.6 Hz, 1H),

6.29-6.21 (m, 2H), 6.11 (s, 1H), 5.94-5.88 (m, 2H), 5.85 (dd,
J=8.5, 1.8 Hz, 1H), 5.60-5.55 (m, 1H), 5.33 (dd, J=12.2, 4.8

Hz, 2H), 5.15 (t, J=7.4 Hz, 1H), 2.25 (s, 3H), 1.99-1.91 (m,

2H), 1.78 (d, J=10.2 Hz, 1H), 1.61-1.54 (m, 1H), 1.42 (dd,
J=13.3, 6.7 Hz, 1H), 1.05 (s, 3H). HRMS (ESI-TOF)cal-

culated for C,,H,,NO (MH*) 306.1858 found 306.1863
(+1.6 ppm, 0.5 mmu).

This racemate was separated into its enantiomers using a
chiral stationary phase supercritical fluid chromatography

(Multigram III SFC system). Enantiomerretention times of

4.82 and 5.47 minutes were achieved. The combined frac-
tions of the second eluting enantiomer were concentrated in

vacuo and converted to an HC] salt, affording 33 mg of
Compound ID No. 57, which was shownby the previously

described SCF system to have >98.2% enantiomeric excess.
'H NMR(500 MHz, DMSO-d6) 8 7.78-7.89 (m, 3H), 7.71

(s, 1H), 7.41-7.52 (m, 3H), 7.11 (dd, J=15.56, 1.53 Hz, 1H),

6.88-6.98 (m, 2H), 6.71 (d, J=7.02 Hz, 1H), 3.75 (s, 3H),
3.52-3.62 (m, 1H), 3.29 (s, 1H), 3.14-3.25 (m, 1H), 3.09 (dd,

J=13.73, 6.41 Hz, 1H), 2.93 (dd, J=13.73, 8.54 Hz, 1H), 2.48
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(s, 3H). Since this enantiomer is more potent at hNET than

the first-eluting enantiomer, it was presumed to be (S)-

configured.

Example 57a—Synthesis of Compound No. 57a

(tert-butyl (3-(2-methoxypheny])-2-(naphthalen-2-
yl)propyl)carbamate)

The aldol condensation using sodium ethoxide, ethanol,
2-anisaldehyde (0.64 mL, 5.25 mmol), and 2-naphthylac-

etonitirle (836 mg, 5.0 mmol) was performed in the usual
way to give 1.26 g (4.40 mmol, 88%) of a bright yellow

solid. The conjugate reduction was performed in the usual
way with a portion of the above material (527 mg, 1.93

mmol) to give 489 mg (1.68 mmol, 91%) of a crude yellow

oil. The oil was then dissolved in 10 mL ofTHF and cooled
to 0° C. DIEA (0.7 mL, 4 mmol) and DMAP(ca. 5 mg) were

added followed by Boc,O (440 mg, 2.15 mmol). The
solution was allowed to warm to room temperature over-

night. In the morning, 1 mL of water and 10 mLofdiethyl
ether were added. The contents were poured into a separa-

tory funnel and extracted with ether (2x15 mL). The organ-

ics were dried over Na,SO,, filtered, and concentrated. The
residue was purified via silica gel flash chromatography

(10% EtOAc in hexanes) to give 553 mg (1.4 mmol, 84%)
of a colorless gum. A portion of this material was used for

the preparation of Compound ID No.57.

Example 58—Synthesis of Compound ID No. 58
(1S,2S or 1R,2R)-1-(5-chlorothiophen-2-yl)-3-

(methylamino)-2-(naphthalen-2-yl)propan-1-ol)

anti-3-(5-chlorothiophen-2-y1)-3-hydroxy-2-(naphthalen-

2-yl)propanenitrile: A solution of 2-naphthylacetonitrile (1
g, 5.98 mmol) in 50 mL of dry THF was place in an

oven-dried round bottom flask containing stirrer under nitro-

gen. Diisopropylamine (1.006 mL, 7.18 mmol) was added.
The mixture was stirred and cooled to -78° C. for 20

minutes. 2.5M butyllithium (2.87 mL, 7.18 mmol) was then
added slowly with a syringe. After 30 minutes ofstirring at

-78° C., 5-chlorothiophene-2-carboxaldehyde (2.87 mL,
7.18 mmol) was added drop-wise via syringe. After 10

minutes, the reaction was quenched quickly with 25 mL 2:1

THF/acetic acid. Cold bath was removed, and the reaction
wasallowed to reach room temperature. Water was added,

and the aqueouslayer was extracted with EtOAc (3x25 mL).
The combined organic layers were washed with water and

brine, dried over MgSO,, and concentrated using a rotary
evaporator. The residue was then dissolved in 5 mL ofDCM,

and hexane was slowly added until the solution turned

turbid. This wasleft overnight at room temperature. Brown
crystals were filtered, washed with hexane, and dried (0.666

g, 35.5%). 'H NMR (CDCI,): 5 7.89-7.72 (m, 4H), 7.57-
7.49 (m, 2H), 7.32 (dd, 1H, J=8.7, 1.8 Hz), 6.70 (d, 1H,
J=3.8 Hz), 6.61 (d, 1H, J=3.8 Hz), 5.22 (d, 1H, J=5.8 Hz),
4.26 (d, 1H, J=5.8 Hz), 2.72 (s, 1H).

anti-3-amino-1-(5-chlorothiophen-2-yl)-2-(naphthalen-2-

yl)propan-1l-ol and tert-Butyl-3-(5-chlorothiophen-2-yl)-3-
hydroxy-2-(naphthalen-2-yl)propyl)carbamate: —anti-3-(5-

chlorothiophen-2-yl)-3-hydroxy-2-(naphthalen-2-yl)
propanenitrile (0.412 g, 1.313 mmol), dissolved in 6 mL of

dry THF, was placed in an oven-dried round-bottom flask
under nitrogen. To this was added 1M Borane-THFsolution

(5.25 mL, 5.25 mmol) via syringe. This mixture wasstirred

at 60° C. overnight while monitoring the reaction progress
by TLC. After quenching the reaction with cautious addition

of NaHCO,, the reaction mixture was poured into a sepa-
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ratory funnel, and the aqueous layer was extracted with
EtOAc (3x25 mL). The combined organic layers were

washed with water and brine, dried over MgSO,, and

concentrated in vacuo. The residue was dissolved in DCM,
1N HCl was added, and the mixture was stirred. The

solvents were evaporated in vacuo,andthe resulting salt was
leached with DCM andlyophilized yielding the product as

an off white solid (0.395 g, 85%). 'H NMR (CD;OD): 6
7.87-7.72 (m, 3H), 7.59 (s, 1H), 7.50-7.41 (m, 2H), 7.27 (d,
1H, J=8.4 Hz), 6.43 (d, 1H, J=3.6 Hz), 6.21 (d, 1H, J=3.6
Hz), 5.12 (d, 1H, J=9.0 Hz), 3.66 (m, 1H), 3.28 (in, 2H). MS
m/z (ESI) 318.03 (MH*). This relative configuration ofthis

compound was assigned (15,2S/1R,2R) based on the high
J-value (9.0 Hz) of its benzylic proton.

anti-Ethyl-3-(5-chlorothiophen-2-yl)-3-hydroxy-2-(naph-
thalen-2-yl)propyl)carbamate: To a solution of anti-3-

amino-1-(5-chlorothiophen-2-y1)-2-(naphthalen-2-yl)pro-

pan-l-ol hydrochloride (0.4 g, 1.129 mmol) in 10 mL dry
DCMat -10° C. was addedtriethylamine (TEA) (0.472 mL,

3.39 mmol) drop-wise, followed by slow addition of ethyl
chloroformate (0.130 mL, 1.355 mmol) via syringe. After

stirring for 10 minutes at -10° C., the ice bath was removed,
and the mixture wasstirred and allowed to reach 0° C. The

reaction was quenched with saturated NaHCO, and the

reaction mixture was diluted with DCM and poured into a
separatory funnel containing water. The layers were sepa-

rated, and the aqueouslayer was extracted with DCM (3x25
mL). The combined DCM extracts were washed with water,

dried over MgSO, and concentrated under reduced pres-
sure. The resulting residue was purified by flash chroma-

tography oversilica gel (eluent: 15-40% EtOAc in hexanes)

to afford a gummy, transparent product (0.35 g, 80%). ‘H
NMR(CDCI,): 8 7.75-7.63 (m, 3H), 7.58 (s, 1H), 7.41-7.33
(m, 2H), 7.22 (bd, 1H, J=8.4 Hz), 6.51 (d, 1H, J=3.6 Hz),
6.40 (d, 1H, J=3.6 Hz), 5.20 (dd, 1H, J=8.7, 4.8 Hz), 4.85
(bt, 1H), 4.23 (bs, 1H), 4.13-4.05 (m, 2H), 3.90 (m, 1H),
3.55 (m, 1H), 3.26 (m, 1H), 1.24 (t, 3H, J=6.7 Hz). MS m/z
(ESI) 372.09 (M+H,0+H)*.
Compound ID No. 58: anti-Ethyl-3-(5-chlorothiophen-2-

yl)-3-hydroxy-2-(naphthalen-2-yl)propylcarbamate (2.45 g,

6.39 mmol), dissolved in 50 mL of dry THF, was placed in
an oven-dried round-bottom flask under nitrogen. To this,

1M Borane-THFsolution (25.6 mL, 25.6 mmol) was added

via syringe. The resulting mixture was stirred at 60° C.
overnight. After quenching the reaction with cautious addi-

tion of NaHCO,, the reaction mixture was poured into a
separatory funnel, and the aqueous layer was extracted with

EtOAc (3x50 mL) The combined organic layers were
sequentially washed with water and brine, dried over

MgSO,, and concentrated using a rotary evaporator. The

residue was dissolved in DCM, 1N HCI was added, and the
mixture was stirred for a few minutes. The solvents were

removed in vacuo. The product was leached with DCM and
lyophilized yielding an off-white powder with a pungent

odor (0.2879 g, 0.782 mmol, 87%). 'H NMR (DMSO-d6) 8
8.59 (br. s., 1H), 8.28 (br. s., 1H), 7.70-8.02 (m, 4H),
7.16-7.65 (m, 3H), 6.31-6.85 (m, 3H), 5.13 (d, 1H, J=5.5
Hz), 2.84-3.79 (m, 5H). MS m/z (EST) 332.22 (MH*). This
racemic anti-compoundwasresolved by Multigram II SFC

Chiral chromatography system. 'H NMR (500 MHz,
DMSO-d6) 6 7.80-7.94 (m, 3H), 7.75 (s, 1H) 7.38-7.57 (m,
3H), 6.72 (d, 1h, J=4.0 Hz), 6.62-6.69 (m, 1H), 6.40 (d, 1H,
J=3.7 Hz) 5.13 (d, 1H, J=6.4 Hz) 3.53-3.65 (m, 1H) 3.34-
3.46 (m, 2H) 2.53 (t, 3H, J=5.3 Hz). Compound ID No. 58

could be either 18,2S or 1R,2R configured as the two
enantiomers could not be assigned absolute configuration

because of their similar inhibitory activity on the hNET.
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Example 59—Synthesis of Compound ID No. 59

((S)-2-(,4-dichlorophenyl)-N-methyl-3-(pyridin-3-

yl)propan-1-amine)

Compound No. 59b (858 mg, 2.42 mmol) wasdissolved

in CH,Cl, (15 mL), followed by addition of triethylamine
(1.7 mL, 12.1 mmol). The solution waschilled to 0° C., and

ethyl chloroformate was added (0.32 mL, 3.4 mmol). The

solution was allowed to stir at 0° C. for 2 hours and warmed
to room temperature overnight. In the morning,the contents

were poured into a separatory funnel and extracted with
EtOAc (3x15 mL). Organics were dried over MgSO,, fil-

tered, and concentrated to give a residue that was purified
via silica gel flash chromatography (75% EtOAc in hexanes)

to give 179 mg (0.51 mmol, 21%) of a colorless gum. To an

oven dried 2 neck 100 mL round bottom flask equipped with
a stir bar and a nitrogen inlet was added a portion of the

above material (177 mg, 0.5 mmol) and 10 mL of dry THF.
With stirring was added a 1M solution of BH,/THF (3.0 mL,

3.0 mmol) in THF. Uponaddition of borane, the system was
fitted with a reflux condenser and heated to 80° C. for 24

hours. After cooling to room temperature, 5 mL ofmethanol

wascarefully added. Upon cessation of bubbles, the system
was heated to reflux for 1 hour. The volatiles were then

removed in vacuo, and to the residue was added 10 mL of
methanol and 2 mL of a 4M HCI solution in dioxane. The

homogenous solution was concentrated to give a white
amorphoussolid that after trituration with diethyl ether was

free based and purified via silica gel flash chromatography

(8% CH;OH in CH,Cl, with 1 mL NH,OH per 100 mL
eluent) to give 59 mg (0.2 mmol, 40%)ofthe free base. 'H

NMR(400 MHz, CD;OD)6 8.30 (dd, J=4.8, 1.3 Hz, 1H),
8.17 (d, J=1.9 Hz, 1H), 7.55 (d, J=7.8 Hz, 1H), 7.41 (d, J=8.3

Hz, 1H), 7.34 (d, J=2.0 Hz, 1H), 7.28 (dd, J=7.9, 4.8 Hz,

1H), 7.10 (dd, J=8.3, 2.0 Hz, 1H), 3.16-3.07 (m, 2H),
2.93-2.81 (m, 3H), 2.35 (s, 3H). HRMS (ESI-TOF) calcu-

lated for C,;H,,Cl,N, (MH*) 295.0763 found 295.0770
(+4.58 ppm, 0.7 mmu).

This racemate was separated into its enantiomers using a
chiral stationary phase supercritical fluid chromatography

(Multigram III SFC system) on an ADH column (21.1250

mm). Isocratic elution using 17% i-PrOH (containing 0.5%
dimethylamine) at an appropriate flow rate gave enantiomer

retention times of 8.76 and 10.88 minutes, respectively. The
combined fractions of the second eluting enantiomer were

concentrated in vacuo, and converted to an HCI salt that
afforded 31 mg of Compound ID No. 59, which was shown

by the previously described SCF system to have 96.6%

enantiomeric excess. 'H NMR (300 MHz, CDCI,) § 8.41 (d,
J=3.4 Hz, 1H) 8.29 (d, J=1.5 Hz, 1H), 7.33 (d, J=7.9 Hz,

1H), 7.27-7.32 (m, 1H), 7.23 (d, J=2.3 Hz, 1H), 7.13 (dd,
J=7.9, 4.9 Hz, 1H), 6.94 (dd, J=8.3, 1.9 Hz, 1H), 2.95-3.12

(m, 2H), 2.72-2.92 (m, 3H), 2.38 (s, 3H). Since this
enantiomer was more potent at hNET than the first eluting

enantiomer, it was presumed to be (5)-configured.

Example 59a—Synthesis of Compound No. 59a

(2-(3,4-dichloropheny])-3-(pyridin-3-yl)propaneni-
trile)

An oven dried 2 neck 250 mL round bottom flask was

charged with 3,4-dichlorophenyl acetonitrile (763 mg, 4.1
mmol). The system was degassed and backfilled with N,.

Dry DMF(25 mL) was added followed by addition of NaH

(60% dispersion in oil, 384 mg, 9.6 mmol). The dark red
solution was allowed to stir for 30 minutes at room tem-

perature. 3-(bromomethyl)pyridine hydrobromide (1.01 g,
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4.0 mmol) was added in one portion. Upon addition, the

solution was stirred for an additional 0.5 hours. The red

solution was quenched by the addition water (10 mL) and

brine (5 mL). 20 mL of EtOAc was added, and the contents

of the flask were poured into a separatory funnel, extracted

with EtOAc (3x40 mL), and dried over Na,SO,. The residue

was concentrated and purified via silica gel flash chroma-
tography (50% EtOAc in hexane) to give 322 mg (1.16

mmol, 29%) of a yellow oil. 'H NMR (400 MHz, CDCI,) 8
8.55 (d, J=3.5 Hz, 1H), 8.35 (d, J=1.7 Hz, 1H), 7.49 (dt,
J=7.8, 1.8 Hz, 1H), 7.45 (d, J=8.3 Hz, 1H), 7.37 (d, J=2.2
Hz, 1H), 7.31-7.23 (m, 1H), 7.07 (dd, J=8.3, 2.2 Hz, 1H),
4.03 (t, J=7.1 Hz, 1H), 3.18 (dd, J=7.1, 1.7 Hz, 2H).

Example 59b—Synthesis of Compound No. 59b

(2-(3,4-dichloropheny])-3-(pyridin-3-yl)propan-1-
amine dihydrochloride)

To an oven dried 2 neck 100 mL round bottom flask

equipped with a stir bar and a nitrogen inlet was added
Compound No. 59a (640 mg, 2.3 mmol) and 15 mL of dry

THF. With stirring was added BH,/SMe, (5.8 mL, 11.5

mmol). Upon addition of borane, the system wasfitted with
a reflux condenser and heated to reflux for 6 hours. After

cooling to room temperature, 5 mL of methanol was care-
fully added. Upon cessation of bubbles, the system was

heated to reflux for 1 hour. The volatiles were then removed
in vacuo, and to the residue was added 10 mL of methanol

and 2 mL ofa4M HCIsolution in dioxane. The homogenous

solution was concentrated to give a white amorphoussolid
thatafter trituration with diethyl ether yielded 813 mg of the

dihydrochloride (2.3 mmol, >99%). 'H NMR (400 MHz,
CD,;OD) 8 8.70 (d, J=5.6 Hz, 1H), 8.66 (d, J=0.9 Hz, 1H),

8.44-8.36 (m, 1H), 7.98 (dd, J=8.1, 5.8 Hz, 1H), 7.53 (t,

J=5.2 Hz, 2H), 7.26 (dd, J=8.3, 2.1 Hz, 1H), 3.49-3.38 (m,
4H), 3.18 (dd, J=15.2, 11.6 Hz, 2H). HRMS (ESI-TOF)

calculated for C,,H,;ClN, (MH*) 281.0607, found
281.0581 (-9.08 ppm, 2.6 mmu).

Example 60—Synthesis of Compound ID No. 60

((AR,2S)-1-(2-fluoropheny1)-3-(methylamino)-2-
(naphthalen-2-yl)propan-1-ol)

The syn-nitrile aldol (Compound No. 60a, described in
Example 15a above; 285 mg, 0.98 mmol) was reduced and

acidified in the usual way with BH,/THF (1M in THF, 4.9
mL, 4.9 mmol) and 4 N HCIin dioxane (2 mL) to afford 308

mgofa white solid (0.93 mmol, 95%) that was useddirectly
in the next step. A portion of this HCI salt (298 mg, 0.9

mmol) was carbamylated with ethyl chloroformate (0.12

mL, 1.3 mmol) andtriethylamine (0.5 mL, 3.6 mmol) in
CH,Cl,at 0° C.in the usual wayto give 276 mg (0.75 mmol,

84%) of a white foamy solid. The entire lot of this material
was reduced with LiAlH, (86 mg, 2.25 mmol) in dry THF

(10 mL)in the usual way to give 184 mg (0.59 mmol, 79%)
of a solid white powder. 'H NMR (400 MHz, CD,OD) 6

7.81-7.72 (m, 3H), 7.62 (s, 1H), 7.45-7.36 (m, 3H), 7.22 (t,
J=7.1 Hz, 2H), 7.06-6.95 (m, 2H), 5.35 (d, J=6.3 Hz, 1H),
3.36 (s, 1H), 3.14-3.02 (m, 1H), 2.85 (dd, J=11.9, 5.3 Hz,
1H), 2.27 (s, 3H). HRMS (BSI-TOF) calculated for
C,9H,,FNO (MH*) 310.1602 found 310.1616 (4.67 ppm,
1.4 mmu).

This racemate was separated into its enantiomers using a

chiral stationary phase supercritical fluid chromatography

(Multigram III SFC system) on an Amylose column (21.1x
250 mm). Isocratic elution using 7.5% MeOH (containing

0.5% isopropylamine) at an appropriate flow rate gave
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enantiomer retention times of 9.81 and 10.01 minutes,

respectively. The combined fractions of the second eluting

enantiomer were concentrated in vacuo and converted to an

HC! salt that afforded 67.5 mg of Compound ID No.60,

which was shownby the previously described SCF system

to have 85% enantiomeric excess. 'H NMR (300 MHz,

CDC1,) 5 7.67-7.83 (m, 3H), 7.61 (s, 1H), 7.28-7.48 (m,
4H), 7.15 (d, J=7.6 Hz, 1H), 7.02 (t, J=7.6 Hz, 1H), 6.92 (d,

J=9.7 Hz, 1H), 5.46 (d, J=5.9 Hz, 1H), 3.48 (q, J=6.3 Hz,1
H), 2.95-3.10 (m, 2H), 2.37 (s, 3H). Since this syn-

enantiomer is more potent at hNET than thefirst-eluting
enantiomer, it was presumed to be (1R,2S)-configured.

Example 61—Synthesis of Compound ID No.61

(2S,3R)-3-chloro-N-methyl-2-(naphthalen-2-yl)-3-

phenylpropan-1-amine)

To a solution of (18,2S)-3-(methylamino)-2-(naphthalen-
2-yl)-1-phenylpropan-1-ol hydrochloride, (0.100 g, 0.343

mmol) in 5 mL of dry DCM in an oven-dried round bottom
flask was added thionyl chloride (2 mL, 0.343 mmol). The

reaction flask was covered with aluminum foil, and the

solution was stirred at room temperature for 30 minutes. The
solvents were evaporated in vacuo, andthe resulting salt was

washed with ether, dried, and lyophilized to furnish the
productas a white solid (0.102 g, 96%). 1H NMR (CD,OD)

8 7.76-7.56 (m, 4H), 7.39-7.29 (m, 2H), 7.24 (d, 1H, J=9.6
Hz), 7.19-7.11 (m, 2H), 7.07-6.92 (m, 2H), 5.31 (d, 1H,
J=9.8 Hz), 3.98-3.78 (m, 2H), 3.76-3.61 (m, 1H), 2.60 (s,
3H). MS m/z (EST) 310.19 (MH*) [a]p°°+14.4 (c, 0.235, 9:1
EtOH: H,O). The stereochemistry, according to the J value

(9.8 Hz) of the benzylic proton, suggested an S,S configu-
ration with total retention of configuration.

Example 62—Synthesis of Compound ID No. 62

((AR,2R and 18,2S)-3-(methylamino)-2-(naphtha-

len-2-yl)-1-(pyridin-3-yl)propan-1-ol)

anti-3-hydroxy-2-(naphthalen-2-yl)-3-(pyridin-3-yl)pro-
panenitrile: 2-Naphthylacetonitrile (5.0 g, 29.9 mmol) was

dissolved in 200 mL of dry THF under nitrogen. Diisopro-
pylamine (5.03 mL, 35.9 mmol) was added, and the mixture

cooled to -78° C. and stirred for 20 minutes. 2.5 M

n-butyllithium (14.35 mL, 35.9 mmol) was then added
slowly with a syringe. After 30 minutes ofstirring at -78°

C., pyridine 3-carboxaldehyde (3.56 mL, 35.9 mmol) was
addedinto the reaction mixture. TLC showed completion of

reaction after 100 minutes. The reaction was rapidly
quenched with 25 mL 2:1 THF/acetic acid. The cold bath

was removed, and the reaction was allowed to reach room

temperature. Water was added, and the aqueous layer was
extracted with EtOAc (3x25 mL) The combined organic

layers were washed with water and brine, and dried over
MgSO,,. Evaporation of the volatiles under reduced pressure

gave a residue that wasthen crystallized twice with a 50:120
isopropyl] alcohol:ether mixture to afford the diastereomeric

products as a white fluffy solid (1.2 g, 14.6%). 1H NMR

(DMSO-d,) as a mixture of diastereomers (1:5) 8 8.94 (bs,
1H), 8.77 (d, 1H, J=5.4 Hz), 8.12-7.90 (m, 5H), 7.63-7.40
(m, 3H), 5.48 (d, minor isomer 1H, J=5.7 Hz), 5.38 (d, major
isomer 1H, J=4.5 Hz), 4.97 (d, 1H, J=4.5 Hz), 2.50 (s, 1H).

MS m/z (ESI) 275.23 (MH*). The majority of the mass
balance was a mixture of diastereomers that was separated

at a later stage.

anti-3-amino-2-(naphthalen-2-yl)-1-(pyridin-3-yl)pro-
pan-1-ol: To a solution of anti-3-hydroxy-2-(naphthalen-2-

yl)-3-(pyridin-3-yl) propanenitrile (0.650 g, 2.370 mmol) in
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10 mL of dry THF was slowly added 1M borane-THF
solution (9.48 mL, 9.48 mmol) via syringe under nitrogen.

The resulting mixture wasstirred at 60° C. overnight. The

reaction progress was monitored by TLC. After cooling to
ambient temperature, the reaction was quenched by cautious

addition of NaHCO,, and the reaction mixture was poured
into a separatory funnel for phase separation. The aqueous

layer was extracted with EtOAc (3x50 mL) The combined
organic layers were washed with water and brine, dried over

MgsoO,, and concentrated using a rotary evaporator. 4N HCl

in Dioxane was added to the residue, and the mixture was
vigorously stirred for a few minutes. The volatiles were

evaporated in vacuo leaving a solid that was leached with
ether several times and then dried high vacuum (0.74 g,

89%). ‘H NMR (CD;OD) as a mixture of diastereomers
(1:2)'H NMR &(minor isomer-(1R,2S and 18,2R)) 5.57 (d,

1H, J=3.0 Hz), and (major isomer-(18,2S and 1R,2R)) 5.35

(d, 1H, J=9.3 Hz). MS m/z (ESI) 279.03 (MH"*).
anti-tert-Buty]-3-hydroxy-2-(naphthalen-2-yl)-3-(pyri-

din-3-yl)propylcarbamate: (anti-3-amino-2-(naphthalen-2-
yl)-1-(pyridin-3-yl)propan-1-ol dihydrochloride (0.6 g,

1.708 mmol) was suspended in 10 mL of anhydrous DCM
in an oven dried round bottom flask. Triethylamine (0.714

mL, 5.12 mmol) was then added, followed by slow addition

of Boc anhydride (0.410 g, 1.879 mmol). The reaction
mixture wasstirred at room temperature and judged com-

pleted after 2 hours. After quenching the reaction with
saturated NaHCO,, the reaction mixture was poured into a

separatory funnel, and the aqueous layer was extracted with
DCM (3x25 mL). The combined organic layers were

washed with water and brine, dried over MgSO,, and

concentrated using a rotary evaporator. The resulting residue
waspurified by flash chromatography oversilica gel (elution

with 50% EtOAc in hexanes) to afford a small amount of
anti-product as a sticky yellowish solid (0.05 g, 8%) while

the majority (68%) ofthe mixture could not be separated and

wascarried to the next step. 'H NMR (CDCI,) 8 8.37(bs,
1H), 8.27 (d, 1H, J=3.9 Hz), 7.74-7.66 (m, 3H), 7.55-7.32
(m, 4H), 7.16 (dd, 1H, J=7.8, 1.4 Hz), 7.04 (dd, 1H, J=7.8,
5.1 Hz), 4.98 (d, 1H, J=9.0 Hz), 4.84 (bm, 1H), 4.65 (bs,
1H), 3.90 (m, 1H), 3.58 (s, 1H), 3.22 (m, 1H), 1.44 (s, 9H).
MS m/z (ESI) 379.03 (MH*).

anti-3-(methylamino)-2-(naphthalen-2-yl)-1-(pyridin-3-

yl)propan-1-ol: anti-tert-Butyl-3-hydroxy-2-(naphthalen-2-
yl)-3-(pyridin-3-yl)propylcarbamate (0.050 g, 0.132 mmol)

dissolved in 1 mL of dry THF was placed in an oven-dried
round-bottom flask under nitrogen. Next, 1M borane-THF

solution (0.528 mL, 0.528 mmol) was added via syringe.
This mixture was stirred at 60° C. overnight while moni-

toring the reaction progress by TLC. After quenching the

reaction with cautious addition of NaHCO, the reaction
mixture was poured into a separatory funnel, and the aque-

ous layer was extracted with EtOAc (3x25 mL) The com-
bined organic layers were washed with water and brine,

dried over MgSO,, and concentrated using a rotary evapo-
rator. The residue was dissolved in DCM, 1N HCl was

added, and the mixture wasstirred for a few minutes. The

solvents were evaporated in vacuo,andthe resulting salt was
leached with ether and dried under high vacuum furnishing

the product as a white solid (0.041 g, 85%). 'H NMR
(CD,;OD) 8 8.61 (d, 1H, J=5.65 Hz), 8.50 (s, 1H), 8.40 (d,
1H, J=8.1 Hz), 7.92-7.74 (m, 4H), 7.68 (s, 1H), 7.52-7.45
(m, 2H), 7.32 (dd, 1H, J=8.5, 1.7 Hz), 5.34 (d, 1H, J=9.2
Hz), 4.01-3.89 (m, 1H), 3.49-3.93 (m, 2H), 2.77 (s, 3H). MS
m/z (ESI) 293.36 (MH*).

3-Methylamino-2-(naphthalen-2-yl)-1-(pyridin-3-yl)pro-

pan-1l-ol: To a solution of tert-butyl 3-hydroxy-2-(naphtha-
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len-2-yl)-3-(pyridin-3-yl)propylcarbamate (0.350 g, 0.925
mmol) in 4 mL of dry THF was added under nitrogen via
syringe a 1 M borane-THF solution (3.7 mL, 3.70 mmol).
This mixture was stirred at 60° C. overnight while moni-
toring the reaction progress by TLC. After quenching the
reaction with cautious addition of NaHCO,, the reaction
mixture was poured into a separatory funnel, and the aque-
ous layer was extracted with EtOAc (3x25 mL). The com-
bined organic layers were washed with water and brine,
dried over MgSO,, and concentrated using a rotary evapo-
rator. The residue was dissolved in DCM, 1N HCl was
added, and the mixture wasstirred for a few minutes. The
solvents were evaporated in vacuo, andthe resulting salt was
leached with ether and dried under high vacuum furnishing
the product as a white solid (0.320 g, 94.67%). MS m/z
(ESI) 293.39 (MH*).

anti- and syn-tert-Butyl-3-hydroxy-2-(naphthalen-2-yl)-
3-(pyridin-3-yl)propyl(methyl)carbamate: To a suspension
of 3-(methylamino)-2-(naphthalen-2-yl)-1-(pyridin-3-yl)
propan-1-ol hydrochloride (0.320 g, 0.878 mmol) in 10 mL

dry DCM at -10° C. was addedtriethylamine (TEA) (0.595
mL, 4.27 mmol) drop-wise. This was followed by slow

addition of Boe anhydride (0.342 g, 1.566 mmol). After

stirring for 1 hour at -10° C., the ice bath was removed, and
the mixture was allowed to warm to 0° C. The reaction was

quenched with saturated NaHCO,, and the aqueous layer
was extracted with DCM (3x25 mL). The combined DCM

extracts were washed with water, dried over MgSO., and
concentrated using a rotary evaporator. The resulting residue

waspurified by flash chromatographyoversilica gel (elution

with 70% EtOAc in hexanes). The Boc-protected secondary
amines were easier to separate by chromatography. The

anti-diastereomer (identified by a high J value of 8.4 Hz)
was isolated as a sticky yellowish solid (yield 0.150 g,

43.5%). 'H NMR (CDCI,) 8 8.45 (d, 1H, J=1.8 Hz), 8.34 Cd,
1H, J=6.6 Hz), 7.78-7.10 (m, 3H), 7.58 (m, 2H), 7.44-7.37
(m, 2H), 7.30 (bd, 1H, J=9.6 Hz), 7.10 (dd, 1H, J=7.8, 4.8
Hz), 5.07 (d, 1H, J=8.4 Hz), 3.84 (m, 2H), 3.40 (m, 1H), 2.50
(s, 3H), 1.44 (s, 9H). MS m/z (ESI) 393.09 (MH*). syn-
diastereomerwasisolated as a white solid (0.100 g, 29.0%).
'H NMR(CDC1,) 5 8.42-8.21 (m, 37.76-7.50 (m, 3H), 7.42
(bm, 2H), 7.26 (m, 1H), 6.93 (bm, 1H), 5.04 (m, 2H), 4.52
(m, 1H), 3.30-3.01 Gm, 2H), 3.00 (s, 3H), 1.52 (s, 9H). MS
m/z (EST) 393.09 (MH*).
Compound ID No.62: anti-3-(methylamino)-2-(naphtha-

len-2-yl)-1-(pyridin-3-yl)propan-1-ol: tert-Buty] 3-hydroxy-

2-(naphthalen-2-yl)-3-(pyridin-3-yl)propyl(methyl)carbam-
ate (0.150 g, 0.382 mmol) suspended in 6 mL of 2N HCl in

dioxane wasstirred at room temperature for an hour. The

solvents were evaporated using a rotary evaporator. The
product was then washedandleached with ether, dried, and

lyophilized to afford the product as a white solid (0.037 g,
29.4%). 1H NMR (CD,OD)6 8.61 (d, 1H, J=5.7 Hz), 8.50
(s, 1H), 8.40 (d, 1H, J=8.1 Hz), 7.92-7.74 (m, 4H), 7.68 (s,
1H), 7.52-7.45 (m, 2H), 7.32 (dd, 1H, J=8.48, 1.7 Hz), 5.34
(d, 1H, J=9.2 Hz), 4.01-3.89 (m, 1H), 3.49-3.93 (m, 2H),
2.77 (s, 3H). MS m/z (ESI) 293.39 (MH*). 'H NMR (500
MHz, DMSO-d6) 6 8.93 (br. s., 1H), 8.61 (br. s., 2H), 8.46
(br. s., 1H), 8.19 (d, 1H, J=7.9 Hz), 7.67-7.93 (m, 4H), 7.49
(dq, 2H, J=4.9, 4.7 Hz), 7.39 (d, 1H, J=8.5 Hz), 5.18 (d, 1H,
J=7.9 Hz), 3.36-3.75 (m, 4H), 2.46-2.67 (m, 3H).

Example 63—Synthesis of Compound ID No.63
((1R,2S)-1-(3-aminophenyl)-2-(3,4-dichlorophenyl)-

3-(methylamino)propan-1-ol)

Compound No.63c (4.5 g, 10.89 mmol) in THF (50 mL)

was preheated at 76° CC. for  gentle-refluxing.
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Borane*dimethylsulfide complex (27.2 mL, 54.45 mmol)

was added drop-wise over 30 minutes, and a Dean-Stark trap

was set up to collect liberated SMe,. The material was

refluxed overnight and cooled to room temperature. The
reaction mixture cooled in a cold water bath, and treated

with 4M HCl in dioxane (1.5 mL) to generate a HCIsalt.
Then 10 mL of MeOH was added slowly to quench extra

BH,, maintaining the temperature under 25° C. Gas bubbles

were formed as MeOH wasadded. The reaction mixture was
heated to 64° C. (to make sure all of BH, was quenched) for

3 hours when the B(OMe),-MeOH complex wascollected in
a Dean-Stark trap. The reaction mixture was concentrated to

give a white solid as an HCIsalt of the desired product. The
HCIsalt wasstirred in CHCI, (100 mL)/NaHCO,(saturated)

for 10 minutes, the organic layer was separated from the

aqueous, and the aqueous layer was extracted with CHCl,
(20 mLx2). The combined CHCl, layer was dried over

MgSO, and evaporated to give a yellow stinky oil. The
yellow oil was added to a silica gel column and waseluted

with 0-10% MeOH in CH.Cl,. The collected fractions gave
the nitropheny] aminoalcoholas a colorless gel 2.36 g (61%

yield), and the desired anilino product was collected to give

150 mg (4.2%) of a colorless gel. Spectral data for desired
aniline compound: 'H NMR (300 MHz, CDC1,) 6 7.30 (d,

J=8.2 Hz, 1H) 7.23 (d, J=2.1 Hz, 1H) 7.02 (t, J=7.7 Hz, 1H)
6.94 (dd, J=8.3, 2.0 Hz, 1H) 6.52 (dd, J=8.0, 2.3 Hz, 1H)
6.46 (d, J=7.8 Hz, 1H) 6.43 (d, J=1.9 Hz, 1H) 4.77 (d, J=5.9
Hz, 1H) 3.13 (q, J=6.6 Hz, 1H) 2.68-2.87 (m, 2H) 2.29 (s,
3H). The racemic anilino compound was separated using

SFC (ADH column, 27% iPrOH with 0.5% dimethylethyl-
amine) gave enantiomer retention times of 5.8 and 7.6

minutes, respectively. The combined fractions of the first
eluting enantiomer were concentrated in vacuo and acidified

in the usual way yielding 45 mg of Compound ID No. 63 as

an HCIsalt, which was shown by the above described SCF
system to have >99% enantiomeric excess. 'H NMR (300

MHz, CDC1,) 8 7.31 (d, J=8.0 Hz, 1H) 7.24 (d, J=2.1 Hz,
1H) 7.04 (t, J=7.6 Hz, 1H) 6.95 (dd, J=8.2, 1.9 Hz, 1H) 6.55
(dd, J=8.4, 1.7 Hz, 1H) 6.42-6.51 (im, 2H) 4.84 (d, J=5.5 Hz,
1H) 3.59 (br. s., 2H) 3.18 (q, J=6.5 Hz, 1H) 2.74-2.93 (m,
J=11.9, 11.9, 11.8, 7.0 Hz, 2H) 2.36 (s, 3H). Since this
compound was the more potent syn-enantiomer at hNET,it
was presumed to be (1R,2S)-configured.

Example 63a—Synthesis of Compound No. 63a

(2-(3,4-dichloropheny])-3-hydroxy-3-(3-nitropheny1)
propanenitrile)

2-(3,4-dichlorophenyl)acetonitrile (6 g, 32.25 mmol) was

dissolved in THF (70 mL) and cooled to -75° C. n-Butyl

lithium (22.17 mL, 35.48 mmol) was added slowly, and the
reaction wasstirred at -75° C. for 20 minutes. 3-nitroben-

zaldehyde (5.36 g, 35.48 mmol) in THF (20 mL) was added
drop-wise, maintaining the temperature under -70° C. After

the addition, the reaction wasstirred at -75° C. for another
hour. Then, acetic acid (2.77 mL, 48.38 mmol) was added at

-75° C. to quench the reaction. The reaction mixture was

warmed to room temperature and diluted with saturated
NaHCo,(50 mL), and the organic layer was separated from

the aqueous layer. The aqueous layer was extracted with
ether (100 mLx2), and the combined organic layer was dried

through MgSO, and evaporated to give an orange colored
oil. This residue was addedto a silica gel column and was

eluted with 0-100% EtOAc in hexane. Most of the fractions

were a mixture of anti and syn isomers. The combined
collection of the mixtures was evaporated to give a sticky

yellow oil (11.1 g, 87% yield) containing both syn and anti
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isomers. ‘H NMR (300 MHz, CDCI,) 8 8.19-8.26 (m, 1H)

8.13-8.19 (m, 1H) 7.52-7.71 (m, 2H) 7.41-7.49 (m, 1H)
7.33-7.41 (m, 1H) 7.02-7.14 Gm, 1H) 5.15 (dd, J=6.6, 3.3 Hz,
1H) 4.09 (d, J=6.5 Hz, 1H) 2.60-2.78 (m, 1H).

Example 63b—Synthesis of Compound No. 63b

(3-amino-2-(3,4-dichlorophenyl)-1-(3-nitrophenyl)

propan-1-ol)

Compound No.63a (11 g, 27.83 mmol) in THF (100 mL)

was preheated at 76° C.for gentle refluxing. The solution of

borane dimethy] sulfide complex (34.8 mL, 69.57 mmol) in

THF was added drop-wise over 15 minutes, and a Dean-

Stark trap was set up to collect liberated dimethylsulfide.

The reaction was allowed to stir while heating for 4 hours.

Upon cooling, the reaction mixture was cooled in a cold

water bath and quenched with extra BH, with 20 mL of

MeOHslowly, maintaining the temperature under 25° C.

Gas bubbles were formed as MeOH wasadded. The reaction

mixture was heated to 64° C. (to make sure all of BH, was

quenched) for 10-15 minutes when the B(OMe),-MeOH

complex was collected in a Dean-Stark trap. The reaction

mixture was concentrated to give a pale-yellow foam as the

desired product (11.6 g, 122% yield). To further purify this

material, the pale-yellow foam wasfully dissolved in 100

mL of CH,Cl,, and then 4M HCI in dioxane (10 mL) was
added. As soon as HCl was added, lots of white solid was

precipitated. The white solid wasfiltered and washed with

CH,Cl,, 30 mLx2) to give a white solid as the HCIsalt of
the desired product. The collected white solid was sus-

pended in 500 mL of CH,Cl,, and basified with NaHCO,
(saturated). Most of white solid was back into CH,Cl,, but

a small amount of white solid could not be dissolved. The

product solution in CHCl, was separated from the white
solid and saturated. NaHCO, solution and the later were

continuously extracted with CH,Cl, (100 mLx10). The
combined CH,Cl, extraction was dried over MgSO, and

evaporated to give an off-white foam as the desired product
(7.45 g, 78% yield, 95% purity). ‘H NMRdata matched the

proposedstructures.

Example 63c—Synthesis of Compound No. 63c

(ethyl syn-2-(3,4-dichlorophenyl)-3-hydroxy-3-(3-
nitropheny]l)propylcarbamate)

Compound No. 63b (7.3 g, 20.33 mmol) was diluted in

CH,Cl, (100 mL) at room temperature, and TEA (4.25 mL,
30.49 mmol) was added. The reaction mixture was cooled to

0° C. Ethyl chloroformate (2.342 mL, 24.39 mmol) was

added slowly at 0° C. After the addition, the reaction was
stirred at room temperature for several hours. The reaction

was washed with 0.5 N HCI (100 mL), saturated NaHCO,
(50 mL) and water (100 mL), dried over MgSO,, and then

evaporated to give a yellow oil. The yellow oil was added to
a silica gel column and was eluted with 0-100% EtOAc in

hexane to give three fractions: anti isomer, syn isomer, and

an unknown. The anti isomer fraction was evaporated to
give a pale-yellow oil (1.58 g, 18.81% yield), the desired

syn-isomerfraction was evaporated to give a pale-yellow oil
(4.57 g, 54.5% yield), and the unknownfraction as a yellow

oil (400 mg). 'H NMR (300 MHz, CDCI.) 6 7.97-8.05 (m,
2H)7.41 (t, J=7.5 Hz, 1H) 7.35 (t, J=8.0 Hz, OH) 7.20-7.25
(m, 2H) 6.93 (dd, J=8.2, 2.1 Hz, 1H) 5.16 (t, J=3.9 Hz, 1H)
4.99 (br. s., 1H) 4.18 (q, J=7.2 Hz, 2H) 3.83-4.02 (m, 1H)
3.26 (dt, J=14.5, 5.5 Hz, 1H) 2.98 (ddd, J=9.9, 5.8, 3.7 Hz,
1H) 1.27 (t, J=7.1 Hz, 3H).
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Example 64—Synthesis of Compound ID No.64

((6R,7R)-6-(naphthalen-2-yl)-7-phenyl]-1,4-ox-

azepane

(6R,7R)-1-chloroethyl 6-(naphthalen-2-yl)-7-pheny]-1,4-

oxazepane-4-carboxylate: A solution of (6R,7R)-4-methyl-
6-(naphthalen-2-yl)-7-phenyl-1,4-oxazepane (Compound

ID No.124) (0.880 g, 2.77 mmol) in 1,2-dichloroethane (20

mL) was cooled at 0° C. and 1-chloroethyl carbonochlori-
date (1.795 mL, 16.63 mmol) was added dropwise over 5

minutes. The reaction was kept at 0° C. for another 10
minutes. The ice bath was removed andthe reaction mixture

was refluxed overnight. The reaction mixture was cooled to
rt, diluted with CHCl, (100 mL), and basified with 1N

NaOH.The organic layer was separated, washed with water,

and dried through MgSO, and evaporated to give a yellow
stinky oil. The yellow oil was addedto asilica gel column

and was eluted with 0-5% ammoniated MeOH in CH,CL,.
Product containing fractions were evaporated to give a crude

product (0.370 g, (32.6%).
CompoundID No.64: (6R,7R)-1-chloroethyl 6-(naphtha-

len-2-yl)-7-phenyl-1,4-oxazepane-4-carboxylate (0.350 g,

0.89 mmol) in MeOH (5 mL) was gently refluxed at 70° C.
for several hours. The reaction mixture was concentrated to

give a yellow gum that was eluted with 0-5% ammoniated
MeOHin CH,Cl, on asilica gel column to give Compound

ID No. 64 as a colorless gum (77% yield, 98% purity). A
portion of the desired product was converted to a HCIsalt of

the desired product (0.095 g) as a light-yellow solid.

"HNMR (CDCI1,) 5 7.79-7.61 (m, 3H), 7.55 (s, 1H), 7.34-
7.45 (m, 2H), 7.30 (dd, 1H, J=8.4, 1.5 Hz), 7.01-7.17 (m,
5H), 4.85 (d, 1H, J=9.9 Hz), 4.19 (dt, 1H, J=12.5, 3.7 Hz),
3.83-3.97 (m, 1H), 3.24-3.48 (m, 3H), 3.17 (dd, 2H, J=6.9,
3.7 Hz). MS m/z (ESI) 303.58 (M1*). [a],7°-129 (ethanol).

Example 65—Synthesis of Compound ID No.65

((AR,2S)-2-(3,4-dichlorophenyl)-3-(methylamino)-1-
(2-nitropheny])propan-1-ol)

Compound No. 65b (2.33 g, 5.64 mmol) and 50 mL THF

were transferred to a 500 mL rb. flask equipped with a
magnetic stirrer, addition funnel, thermometer, and

Dean-Starktrap fitted with a condenser andnitrogeninlet.

A solution of borane*dimethylsulfide complex (14.10 mL,
28.19 mmol) was added slowly, and then the solution was

heated to reflux (75° C.). Dimethyl sulfide was removed
from the Dean-Stark trap over 30 minutes, and then the

reaction was allowed to heat at that temperature for an
additional hour. Another 10 mL of borane*dimethylsulfide

complex was added, dimethyl] sulfide was removedfrom the

dean-stark trap over 30 minutes, and the reaction was
allowed to heat at 75° C. on a timer for 6 hours and then sat

at room temperature overnight. At room temperature, the
reaction wasstirred vigorously, and 15 mL of MeOH was

added drop-wise with gas evolution. 5 mL of 4M HCI in
dioxane was added drop-wise. The solution wasstirred for

20 minutes, then evaporated, and taken back up in CH,Cl,

and 50 mL of saturated sodium carbonate and 50 mL of
water. It was extracted three times with CH,Cl,. All organics

were combined, dried with MgSO,,filtered, evaporated, and
ran through a columnofsilica with a ramp of 0-20% MeOH

(10% 7N NH, in MeOH)V/CH,Cl,. The product was col-
lected 0.72 g (35.7%).

This racemic compound wasseparated using SFC (ADH

column, 20% iPrOH with 0.5% isopropylamine), which
gave enantiomerretention times of 12.7 and 19.0 minutes,

respectively. The combined fractions of the first eluting
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enantiomer were concentrated in vacuo andacidified in the

usual way, yielding 15 mg of Compound ID No. 65 as an

HCIsalt, which was shown by the above described SCF

system to have >99% enantiomeric excess. 'H NMRdata

matched the proposed structure. Since this compound was

the more potent syn-enantiomerat hNET,it was presumedto

be (1R,2S)-configured.

Example 65a—Synthesis of Compound No. 65a
(2-(3,4-dichlorophenyl)-3-hydroxy-3-(2-nitropheny])

propanenitrile)

2-(3,4-dichlorophenyl)acetonitrile (3.20 g, 17.20 mmol)
was taken up in THF (50 mL) and cooled to -75° C. in an

acetone dry ice bath. The internal temperature was moni-

tored. BuLi (7.43 mL, 18.58 mmol) (1.6 M in hexane) was
added drop-wise, and the temperature was maintained below

-60° C. Once the last drop was added, the reaction was
allowedto stir for 15 minutes. 2-nitrobenzaldehyde (2.60 g,

17.20 mmol) dissolved in THF (15 mL) was added slowly
drop-wise while maintaining the temperature below -55° C.

The solution was very dark brown/black at this point and

allowed to stir for 1 hour at -75° C. The reaction was
worked up with acetic acid (1.477 mL, 25.81 mmol) dis-

solved in 5 mL of diethyl ether and added drop-wise while
the reaction was maintained below -55° C. LCMS showed

mostly one peak with the desired mass. The reaction was
worked up by adding 100 mL of water, and layers were

separated in a separatory funnel. The material was extracted

with ethyl acetate from a water wash, extracted three times
with EtOAc, and dried over MgSO,. The residue was

purified via column chromatography using a gradient of
0-60% EtOAc/hexane. NMRrevealed a high ratio of one

enantiomer over the other. LCMSrevealed one smaller peak

with the same M+ asthe desired larger peak. 'H NMRdata
matched the proposedstructure.

Example 65b—Synthesis of Compound No. 65b

(ethyl 2-(3,4-dichloropheny])-3-hydroxy-3-(2-nitro-
phenyl)propylcarbamate)

Compound No. 65a (4.65 g, 13.79 mmol) was dissolved

in THF (125 mL), stirred in a 500 mLflask fitted with a dean

stark trap and condenser, and heated to 85° C. To this
colorless solution was added,via gas tight syringe in several

portions, 2.0 M borane dimethysulfide complex in THF
(13.79 ml, 27.58 mmol). Bubbling occurred with each

addition. The material was heated to 95° C., which produced
a vigorous reflux. It was allowed to stir for 1.5 hours.

Removing solvent from the Dean-Stark stark trap increased

the concentration of the reaction as well as removed most of
the dimethyl sulfide. It was stirred until the reaction had

reached room temperature. 10 mL MeOH wasadded drop-
wise at first. A vigorous reaction occurred early in the

addition and dissipated towards the end of the 10 mL
addition. It was reheated to reflux and distilled into a

Dean-Stark trap for 30 minutes. It was cooled to room

temperature, and 150 mL of 10% sodium bicarbonate in
water was added. The material was extracted with CH,Cl,

three times. The organics were combined, washed with
brine, dried with MgSO.,, filtered, and evaporated to crude

semi-solid. This semi-solid was pumped down overnight
and analyzed the next day.

3-amino-2-(3,4-dichloropheny])-1-(2-nitrophenyl)pro-

pan-l-ol (5.18 g, 110%) was analyzed to contain an unde-
sired by-product. This material was carried onto the next

step without any further purification. A portion of this
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material (5.15 g, 15.09 mmol) was dissolved in CH,Cl, (79
mL) at room temperature, and TEA (3.16 mL, 22.64 mmol)
was added. The reaction mixture was cooled to 0° C. Ethyl
chloroformate (1.740 mL, 18.11 mmol) was added slowly at
0° C. After the addition, the reaction was stirred at room
temperature for 1.5 hours and worked up by diluting with
150 mL ofCH,Cl,. 75 mL of saturated NaHCO,wasdiluted
with 125 mL of water and added. This mixture was shaken
several times, and then the layers were separated. The
aqueouslayer was extracted with two more equalportions of
CH,Cl,. All organics were combined, dried with MgSO,,
filtered, and evaporated to give a crude oil. This material was
run through a column and was dissolved in CHCl, and
MeOH to be absorbed onto silica gel. The material was
passed through a column with a ramp from 0-100% EtOAc/
hexane. The desired syn-isomer 65b (2.98 g, 47.8%) isomer
as well as the anti isomer (0.370 g, 5.93%) were collected.
‘H NMRdata matched the proposedstructure.

Example 66—Synthesis of Compound ID No. 66
(C1S,2R)-2-((methylamino)methyl)-1,4-diphenylbu-

tan-1-ol)

To lithium aluminum hydride (1.848 mL, 1.85 mmol)
solution in THF (3 mL) at 55° C. under nitrogen was added
Compound No. 66b (220 mg, 0.67 mmol) in THF (3 mL)
drop-wise via syringe over about 5 minutes. The reaction
mixture was then heatedat reflux for 1.5 hours. The reaction
mixture was quenched carefully with saturated Na,SO, and
then saturated NaHCO,. The aqueous solution was diluted
with ether andstirred briefly, then the ether layer was
isolated, and the aqueous layer was extracted twice more
with ether. The ethereal layers were combined, washed with
saturated NaHCO, and brine, dried (Na,SO,,), filtered, and
concentrated to give 170 mg (83%)of an oil. H NMRdata
matched the proposed structure. Since this compound was
the less potent enantiomer at hNET, it was presumedto be
(1S,2R)-configured.

Example 66a—Synthesis of Compound No. 66a
(2-(hydroxy(phenyl)methy1)-4-phenylbutanenitrile)

To a 500 mL ovendried flask was charged with THF (95
mL) was added diisopropylamine (2.454 mL, 17.22 mmol),
and the reaction flask cooled to 0° C. n-BuLi (9.47 mL,
15.15 mmol) was then added drop-wise via syringe, and the
resulting LDA solution wasstirred for 30 minutes at 0° C.
The reaction mixture was then further cooled to -78° C., and
4-phenylbutanenitrile (2.055 mL, 13.77 mmol) was added
neat via syringe. The reaction was stirred for 20 minutes
before benzaldehyde (1.392 mL, 13.77 mmol) was added in

THF (10 mL) via syringe over 5 minutes. The reaction
mixture wasthenstirred at -78° C. for 60 minutes, quenched

with saturated NaHCO,, and warmed to room temperature.
The organic layer was isolated, and the aqueous layer was

extracted twice with DCM. The organics were combined,

washed with brine, dried over Na,SO,, filtered, concen-
trated, and purified via column chromatography using a

gradient of 0-40% EA/Hex. 1.75 g (51%) of product was
collected. 'H NMR (500 MHz, DMSO-d6) 8 1.65 (dd, 1H)
1.85 (dq, J=9.9, 6.9 Hz, 2H) 2.56-2.83 (m, 2H) 2.94 (d, J=4.6
Hz, 0H) 3.05(t, J=5.8 Hz, 1H) 4.76 (d, J=4.3 Hz, 1H) 5.96
(d, J=4.3 Hz, 1H) 6.00 (d, J=4.6 Hz, 0H) 7.10-7.23 (m, 3H)
7.23-7.32 (m, 3H) 7.32-7.44 (m, 5H).

Example 66b—Synthesis of Compound No. 66b
(ethyl syn-2-(hydroxy(pheny])methyl)-4-phenylbu-

tylcarbamate)

To a solution of Compound No. 66a (1.78 g, 7.08 mmol)

in THF (25 mL) heated at 75° C. was added the
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borane*dimethylsulfide complex (8.85 mL, 17.71 mmol)
drop-wise via syringe. The reaction mixture wasthen heated
at 75° C. for 3.5 hours, at which time the TLC showed no
remaining starting material. The reaction mixture was
cooled to room temperature and concentrated to remove the
THF. The residue was dissolved in ethyl acetate and care-
fully washed twice with saturated NaHCO, andbrine, dried
over Na,SO,, filtered, and concentrated to give 1.73 g of
material that was useddirectly in the next step. The lot of the
previous material (1.73 g, 6.77 mmol) in dichloromethane
(30 mL) was addedto triethylamine (3.78 mL, 27.10 mmol).
The reaction mixture was cooled to 0° C., and ethyl chlo-
roformate (0.777 mL, 8.13 mmol) was added drop-wise via
syringe. The reaction mixture was thenstirred at 0° C. for
several minutes, then allowed to warm to room temperature,
and stirred for 1.5 hours. The reaction mixture was diluted
with DCM, washed with 1N HCl, saturated NaHCO,, and
brine, dried over Na,SO,, filtered, concentrated to give 900
mg of crude product, and purified via silica column using a
gradient of 0 to 30% EA/Hex. This mixture of stereoisomers
was subjected to SFC. The third fraction, which contained
220 mg (10%) of the first eluting syn-enantiomer, was
carried on to the next step. 'H NMR (500 MHz, DMSO-d6)
6 1.16 (t, J=7.0 Hz, 3H) 1.33-1.48 (m, 1H) 1.48-1.61 (m, 1H)
1.73-1.84 (m, 1H) 2.23-2.37 (m, 1H) 2.51 (br. s., 1H) 3.00
(s, 1H) 3.04-3.20 (m, 1H) 3.99 (q, J=7.0 Hz, 2H) 4.69 (t,
J=4.6 Hz, 1H) 5.15 (d, J=4.6 Hz, 1H) 7.02-7.08 (m, 1H) 7.12
(d, J=7.3 Hz, 1H) 7.20 (t, J=7.3 Hz, 2H) 7.30 (d, J=4.3 Hz,
4H).

Example 67—Synthesis of Compound ID No. 67
((28,3S)—N-methyl-3-((3-methyl-1,2,4-oxadiazol-
5-yl)methoxy)-2-(naphthalen-2-yl)-3-phenylpropan-

1-amine)

A solution of Compound No. 67a (90 mg, 0.18 mmol) in

4M HClin dioxane was incubated at room temperature for
1 hour, concentrated to dryness, and triturated with ether

(3x), and the resulting white solid dried in vacuo at 60° C.
overnight to give 69.4 mg (91%) of the desired product as

an HC]salt. ‘'H NMR data matched the proposedstructure.

Example 67a—Synthesis of Compound No. 67a

(tert-butylmethyl((2S,3S)-3-((3-methyl-1,2,4-oxadi-
azol-5-yl)methoxy)-2-(naphthalen-2-yl)-3-phenyl-

propyl)carbamate)

To an ice-cooled stirred suspension of Compound No.8a
(200 mg, 0.51 mmol) in 5 mL DMF was added in one

portion sodium hydride (75 mg, 1.88 mmol). The mixture

was stirred for 30 minutes in ice bath. Upon cooling, a
solution of 5-(chloromethyl)-3-methyl-1,2,4-oxadiazole

(110 mg, 0.83 mmol) in 1 mL DMF was added drop-wise.
The resulting mixture wasstirred at the ice bath temperature

for 0.5 hours (dark red-orange color), diluted with ether (30
mL), and washed with water and brine. The aqueous layer

was back-extracted with ether, and the organics were com-

bined, dried, and concentrated to give crude product. This
residue was purified via column chromatography using a

gradient of0-50% EtOAc/hexaneto give 90 mg (36%) ofthe
desired product. 'H NMRdata matched the proposedstruc-

ture.

Example 68—Synthesis of Compound ID No. 68
(2-((1S,2S)-3-(methylamino)-2-(naphthalen-2-yl)-1-

phenylpropoxy)-N-(2,2,2-trifluoroethyl)acetamide)

Compound No. 68a (0.190 g, 0.36 mmol) was taken up in

15 mL of CH,Cl, andstirred at room temperature. TFA (5
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mL, 67.31 mmol) was added in one portion, and the mixture

stirred for 30 minutes at room temperature and evaporated to

give a residue, which waspurified via column chromatog-

raphy using 5% (MeOH with NH,OH) in CH.Cl,. The

purified free base was acidified with 4 N HCl in dioxane in

the usual way to afford 140 mg (78%) of the desired

material. ‘H NMR (500 MHz, CDC1I,) 8 8.53 (br. s., 1H)
7.70 (dd, J=6.1, 3.4 Hz, 1H) 7.52-7.66 (m, 2H) 7.36-7.47 (m,
3H) 7.26 (s, 1H) 7.06-7.15 (m, 3H) 6.96-7.06 (m, 1H) 5.43
(br. s., 1H) 4.75 (d, J=10.1 Hz, 1H) 3.93-4.14 (m, 3H)
3.80-3.93 (m, 1H) 3.70 (t, J=11.1 Hz, 1H) 3.32 (dd, J=12.5,
3.4 Hz, 1H) 2.72 (s, 3H).

Example 68a—Synthesis of Compound No. 68a

Compound No. 8a (0.313 g, 0.80 mmol) in DMF (5 mL)
was stirred at 0° C., and sodium hydride (0.096 g, 2.40

mmol) was added. The reaction wasstirred at 0° C. for 10
minutes. 2-bromo-N-(2,2,2-trifluoroethyl)acetamide (0.616

g, 2.80 mmol) in 5 mL of DMF wasadded dropwise over a

period of 30 minutes. The solution turned from an opaque
white slurry to a slightly yellow slurry over the course ofthis

addition and by the time the whole amount was added, the
reaction had become quite clear and lost its yellow color.

This was allowedto stir at room temperature overnight, and
worked up the next day by diluting with CH,Cl, and

washing with water. It was extracted two times with CH,Cl,.

The organic extracts were combined, dried with MgSO,,
filtered, and evaporated. Crude material was run through an

ISCO column, 40 gram blue column with 0-100% EtOAc/
hexane to give 0.190 g (44.8%) of the desired product. 'H

NMRdata matched the proposedstructure.

Example 69—Synthesis of Compound ID No. 69

(QRS,3RS)-2-(3-(methylamino)-2-(naphthalen-2-yl)
propyl)phenol)

CompoundID No.69, is the racemic form of Compound

ID No. 52. It was prepared as in Example 52, except that
enantiomers were not separated.

Example 70—Synthesis of Compound ID No. 70

((AR,2S)-2-(3,4-dichlorophenyl)-3-(methylamino)-1-

phenylpropan-1-ol)

A 250 mL round bottom flask equipped with a magnetic
stirring bar, nitrogen inlet, and septum was charged with

THF (200 mL) and 1.8 M LDA (59.7 mL, 107.50 mmol).
After cooling to -78° C., 2-(3,4-dichloropheny])acetonitrile

(20 g, 107.50 mmol) was added, and after 60 minutes,

benzaldehyde (10.86 mL, 107.5 mmol) was added via
syringe. After stirring at -78° C. for 3 hours, the reaction

was quenchedat -70° C.by the addition of acetic acid (6.15
mL) Aqueous workup, extraction, and concentration in

vacuo afforded the crude aldol (35 g). ISCO purification on
silica gel eluting with 0-50% of ethyl acetate in hexane

afforded a 1:1 anti:syn mixture ofthe aldols (19 g). A portion

of this material (2-(3,4-dichloropheny])-3-hydroxy-3-phe-
nylpropanenitrile, 9 g, 30.81 mmol) was dissolved in THF

(100 mL) and heated to reflux, and borane*dimethylsulfide
complex (45.0 mL, 90 mmol) was added drop-wise over 5

minutes. Liberated dimethyl sulfide was collected in a
Dean-Stark trap, and after 3.5 hours, the mixture was

allowed to cool to ambient temperature, quenched with

ethanol, and concentrated in vacuo. The residue was dis-
solved in dioxane (100 mL), and 4N HClin dioxane (9 mL)

was added. After stirring for 30 minutes, the sample was
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concentrated in vacuo, triturated with ether, washed with

ether, ethyl acetate, and hexane, and dried to afford the

primary amine hydrochloride (10 g, 98%). These synthetic

steps were then repeated to afford another 10 g of the

hydrochloride salt of amino-2-(3,4-dichlorophenyl)-1-phe-

nylpropan-1-ol. The combined samples (20 g, 67.52 mmol)

were combined with triethylamine (23.53 mL, 168.81
mmol) in dichloromethane (100 mL) andchilled to 0° C. To

the chilled solution was added ethyl chloroformate (7.78
mL, 81.03 mmol) over 10 minutes, and the reaction was

allowed to stir at ambient temperature for 12 hours. The
material was concentrated in vacuo, diluted with ethyl

acetate (300 mL), washed with 0.1 N HCl (2x150 mL),

saturated sodium bicarbonate (150 mL), and brine (200 mL),
dried over magnesium sulfate, filtered, and concentrated in

vacuo to give the product as a foam (20 g) that was then
subjected to stereoisomer separation by SFC in order to

separate the four stereoisomers (2 anti stereoisomers and 2
syn stereoisomers). The portion of the second-eluting syn

enantiomer (2 g, 5.43 mmol) and 25 mL THF weretrans-

ferred to a 100 mL 3-neck rb. flask equipped with a
magnetic stirrer, addition funnel, thermometer, and Dean-

Stark trap fitted with a condenser and nitrogen inlet. The
solution was heated to reflux, and a solution of

borane*dimethylsulfide complex (13.6 mL, 26.2 mmol) was
added drop-wise over 10 minutes. Dimethy]sulfide distillate

was collected (bp 38° C.). After 7 hours, the reaction was

cooled to ambient temperature, and methanol (10 mL) was
added, causing an exotherm and gas evolution. Concentra-

tion in vacuo wasperformed followed by taking up the free
base in dioxane andtreating it with 4 N HClin dioxane (1.5

mL). The dioxane was removed, and the crude solid was

triturated with ethyl acetate and hexaneto afford 1.2 g of the
HCIsalt (64%) as a white solid. 1H NMRanalysis using the

TBPTA shift reagent gave coupling constants J,, of 4.8 Hz
for each, confirming their relative stereochemistry as syn-.

'H NMR(500 MHz, DMSO-d.) 8 2.50 (s, 3H), 3.31 (s, 3H),
4.96 (br. s., 1H), 6.47 (s, 1H), 7.07 (dd, J=8.4, 2.0 Hz, 0H),

7.17-7.30 (m, 5H), 7.48 (d, J=8.2 Hz, 2H). Since this

compound was the more potent syn-enantiomer at hNET,it
was presumed to be (1R,2S)-configured.

Example 71—Synthesis of Compound ID No. 71

(N-methoxy-N-methyl-2-((1S,2S)-3-(methylamino)-
2-(naphthalen-2-yl)-1-phenylpropoxy)acetamide)

Compound No. 71a (350 mg, 0.71 mmol) was dissolved

in DCM (2 mL), and TFA (0.274 mL, 3.55 mmol) was

added. The mixture was stirred at room temperature for 2
hours, and LCMSindicated the reaction was completed.

DCMand TFAwere evaporated, andto the resulting mixture
was addedethyl acetate. The resulting mixture was washed

with sodium bicarbonate (aqueous) and brine. The organic
phase was separated and dried with sodium sulfate. The

solvent was removed in vacuo. The resulting crude amine

was purified by ISCO (alumina column)eluting with 0-10%
of methanol in DCM to afford 200 mg (72%) of the clean

product. 'H NMRdata matched the proposedstructure.

Example 71a—Synthesis of Compound No. 7la
(tert-butyl (2S,3S)-3-(2-(methoxy(methyl)amino)-2-

oxoethoxy)-2-(naphthalen-2-yl)-3-phenylpropyl
(methyl)carbamate)

Compound No. 8a (300 mg, 0.77 mmol) in DMF was
treated with NaH (92 mg, 2.30 mmol) at 0° C. for 20

minutes. 2-chloro-N-methoxy-N-methylacetamide (158 mg,
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1.15 mmol) in DMF was added at 0° C. slowly into the

stirring solution. The resulting mixture was warmedto room

temperature and stirred for 15 hours at room temperature

before LCMS indicated the reaction was complete. The
reaction was diluted with 100 mL of ethyl acetate, washed

with plenty of water and brine, dried with sodium sulfate,
filtered, and concentrated under reduced pressure. ISCO

purification eluting with 0-80% ethyl acetate in hexane

afforded 350 mg (95%) of a clean product. Both LCMSand
NMRdata matched the proposedstructure.

Example 72—Synthesis of Compound ID No. 72

((AR,2S and 1S,2R)-3-(methylamino)-2-(naphtha-
len-2-yl)-1-(pyridin-2-yl)propan-1-ol)

syn-3-Hydroxy-2-(naphthalen-2-yl)-3-(pyridin-2-yl)pro-

panenitrile: A solution of 2-naphthylacetonitrile (5 g, 29.9

mmol) in 200 mL of dry THF was placed in an oven-dried
round bottom flask with under nitrogen. Diisopropylamine

(5.03 mL, 35.9 mmol) was added, and the reaction mixture
wasstirred and cooled to -78° C. for 20 minutes. 2.5M

butyllithium (14.35 mL, 35.9 mmol) was then added slowly
with a syringe. After 30 minutes of stirring at -78° C.,

pyridine 2-carboxaldehyde (3.56 mL, 35.9 mmol) was added

drop-wise via syringe. After 10 minutes, the reaction was
quenched quickly with 25 mL 2:1 THF/acetic acid. The cold

bath was removed, and the reaction was allowed to reach
room temperature. Water was added, and the aqueous layer

wasextracted with EtOAc (3x25 mL) The combined organic
layers were sequentially washed with water and brine, then

dried over MgSO,, and concentrated using a rotary evapo-

rator. The residue was dissolved in DCM,and hexane was
slowly added until a turbid solution resulted. The turbid

solution was allowed to stand for 15 minutes. The major
syn-isomerthat separated as off-white crystals was isolated

byfiltration (1.033 g, 7.53 mmol, 25.2%). ‘H NMR (DMSO.

d6) 8 8.51 (d, 1H, J=4.3 Hz), 7.91-7.77 (im, 3H), 7.74-7.65
(m, 2H), 7.55-7.46 (m, 2H), 7.34-7.22 (m, 3H), 6.37 (d, 1H,
J=5.5 Hz), 5.19 (t, 1H, J=5.5 Hz), 4.86 (d, 1H, J=5.5 Hz).
MS m/z (ESI) 275.30 (MH*).

syn-3-amino-2-(naphthalen-2-yl)-1-(pyridin-2-yl)propan-
1-ol: To a solution of syn-3-hydroxy-2-(naphthalen-2-yl)-3-

(pyridin-2-yl)propanenitrile (0.650 g, 2.370 mmol) in 10 mL

of dry THF was added 1M borane-THFsolution (9.48 mL,
9.48 mmol) under nitrogen slowly via syringe. This mixture

wasstirred at 60° C. overnight while monitoring the reaction
progress by TLC. After quenching the reaction with cautious

addition of NaHCO,,the reaction mixture was poured into
a separatory funnel, and the aqueous layer was extracted

with EtOAc (3x50 mL) The combined organic layers were

washed with water and brine, and dried over MgSO,.
Concentration of the volatiles using a rotary evaporator

afforded a residue that was dissolved in DCM. 1N HCI was
added, and the mixture wasstirred for a few minutes. The

solvents were evaporated on a rotary evaporator. The prod-
uct was washed, leached with ether, and lyophilized to afford

a white solid (0.700 g, 84%). 'H NMR (CD,OD)8 8.55 (t,
1H, J=7.5 Hz), 8.35 (d, 1H, J=5.8 Hz), 8.22 (d, 1H, J=8.1
Hz), 7.86-7.73 (m, 4H), 7.71 (s, 1H), 7.51-7.43 (m, 2H),
7.36-7.28 (m, 1H), 5.81 (d, 1H, J=2.6 Hz), 3.89-3.74 (in,
3H). A low J-value of the benzylic proton signal (2.6 Hz)

indicated that the compound had syn-configuration. MS m/z
(ESI) 279.06 (MH*).

syn-Ethyl 3-hydroxy-2-(naphthalen-2-yl)-3-(pyridin-2-

yl)propylcarbamate: To syn-3-amino-2-(naphthalen-2-yl)-1-
(pyridin-2-yl)propan-1-ol dihydrochloride (0.5 g, 1.432

mmol) in 5 mL dry DCM at -10° C. was addedtriethylamine
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(TEA) (0.595 mL, 4.27 mmol) drop-wise, followed by slow

addition of ethyl chloroformate (0.218 mL, 2.277 mmol).

After stirring for 1 hour at -10° C., the ice bath was

removed, and the mixture was allowed to warm to 0° C. TLC
showed completion of reaction after 1 hour. The reaction

was quenched with saturated NaHCO,, and the mixture
poured into a separatory funnel. The organic layer was

separated, and the aqueous layer was extracted with DCM

(3x25 mL). The combined DCM extracts were washed with
water, dried over MgSO,, filtered, and concentrated. The

resulting residue was purified by flash chromatography over
silica gel (eluent: 50-60% EtOAc in hexanes). The combined

organic layers were concentrated using a rotary evaporator,
which yielded the product as a gummyoffwhite solid (0.182

g, 36.5%). 'H NMR (CDCI) 8 8.27 (d, 1H, J=4.7 Hz),
7.70-7.56 (m, 2H), 7.54 (d, 1H, J=8.7 Hz), 7.49-7.40 (m,
2H), 7.37-7.28 (m, 2H), 7.12 (d, 2H, J=7.5 Hz), 6.96 (t, 1H,
J=5.8 Hz), 5.13 (d, 1H, J=3.2 Hz), 4.87 (br s, 1H), 4.11-3.98
(m, 2H), 3.97-3.83 (m, 1H), 3.60-3.37 (m, 2H), 1.24-1.08
(overlapping t, 3H) MS m/z (ESI) 351.34 (MH*).
Compound ID No. 72: syn-Ethyl 3-hydroxy-2-(naphtha-

len-2-yl)-3-(pyridin-2-yl)propylcarbamate (0.5 g, 1.427

mmol) wasdissolved in 6 mL ofdry THF and placed in a dry
flask. To this, 1M borane-THF solution (5.71 mL, 5.71

mmol) was added via syringe. This mixture wasstirred at
60° C. overnight while monitoring the reaction progress by

TLC. The reaction was quenched by cautious addition of
NaHCO, and poured into a separatory funnel. The two

layers were separated, and the aqueous layer was extracted

with EtOAc (3x25 mL). The combined organic layers were
washed with water and brine, dried over MgSO,, and

concentrated under reduced pressure. The resulting residue
waspurified by flash chromatographyoversilica gel (eluent:

0.5% TEA in 5% MeOH/DCM). Thedesired fractions were

combined, concentrated, and dried under high vacuum. The
residue was mixed with 1N HCl and concentrated under

rotary evaporation. High vacuum drying afforded the prod-
uct as a sticky yellowish solid (0.49 g, 94%). "H NMR(500

MHz, DMSO-d6) 6 8.99 (br. s. 1H), 8.52 (d, 2H, J=4.6 Hz),
7.66-8.15 (m, 4H), 7.37-7.55 (m, 4H), 7.60 (s, 1H), 7.12-

7.25 (m, 1H), 5.44 (br. s. 1H), 3.75-3.98 (m, 1H), 3.45-3.68

(m, 2H), 2.53-2.65 (m, 3H). MS m/z (ESD 293.42 (MH"*).

Example 73—Synthesis of Compound ID No.73
((ARS,2RS)-anti-2-(3-chloro-4-fluorophenyl)-3-

(methylamino)-1-phenylpropan-1-ol)

Compound No. 73a (1.8 g, 6.53 mmol) was dissolved in
THF (50 mL) and =heated to reflux, and

borane*dimethylsulfide complex (13.1 mmol, 26.2 mL) was

added drop-wise over 5 minutes. Liberated dimethy] sulfide
was collected in a Dean-Stark trap, and after 3.5 hours, the

mixture was allowed to cool to ambient temperature,
quenched with ethanol, and concentrated in vacuo. The

residue was dissolved in ethyl acetate (100 mL) The organic
layer was washed with water, sodium bicarbonate, and brine,

dried over MgSO,,filtered, and concentrated to afford 2 g

(>100%). A portion of this material (900 mg, 3.22 mmol)
and TEA (0.673 mL, 4.83 mmol) in DCM (30 mL) was

added andchilled to 0° C. To the chilled solution was added
ethyl carbonochloridate (0.371 mL, 3.86 mmol) over 10

minutes. The ice bath was removed, and the solution was
allowed to warm to room temperature for 3 hours. The

reaction solution was reduced to 5 mL (in DCM), diluted

with ethyl acetate (100 mL), washed with 0.1N HCl (2x15
mL), saturated sodium bicarbonate (15 mL), and brine (20

mL), then dried over MgSO,,filtered, and concentrated in
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vacuo. Residual solvents were evaporated to give 3 g

product as a foam. Purification by ISCO (40 g of silica gel)

eluting with 0-50% of ethyl acetate in hexane over 15

minutes gave two peaks (3:1 ratio). The entire fractions for

peak 1 and peak 2 were collected, and all the solvents were

removed to afford two diastereomers. 'H NMR confirmed

the relative stereochemistry of the two diastereomers: 160

mg (14%) of the anti, and 100 mg (9%) of the syn diaste-

reomers were collected. A portion of the anti diastereomer

(100 mg, 0.28 mmol) and 25 mL ofTHF weretransferred to

a 100 mL 3-neck rb. flask equipped with a magneticstirrer,

addition funnel, thermometer, and Dean-Stark trap fitted

with a condenser andnitrogen inlet. The solution was heated

to reflux (66° C.), and a solution of borane*dimethylsulfide

complex (0.711 mL, 1.42 mmol) was added drop-wise over

10 minutes. Dimethy]sulfide distillate was collected (bp 38°

C.). After 7 hours, the reaction was cooled to room tem-

perature and treated with 4N HCIin dioxane (0.1 mL, 1.07

eq) and the careful addition of ethanol (10 mL) resulting in

an exothermic and gas evolution. The reaction mixture was

then put on rotary evaporator to remove ethanol and trim-

ethyl borate. After most of the ethanol was removed, the

mixture was diluted with ether (10 mL) to give a crude white

precipitate. The material was neutralized with Et,N in DCM

and prepared for LC purification. The amine (50 mg) was

converted to HCI salt by dissolving in dioxane and adding

0.1 mL of 4N HClin dioxane. It wasstirred for 10 minutes

before removing the solvent, and dried in vacuoto afford the

product as an HCI salt (30 mg, 36%). 'H NMRanalysis

using the TBPTA shift reagent gave coupling constants J,,

of 9.3 Hz for each, confirming their relative stereochemistry

as anti-. 'W NMR (500 MHz, DMSO-d6) 5 2.49 (s, 3H), 3.31
(s, 1H), 3.46 (ddd, J=17.6, 12.7, 5.3 Hz, 2H), 4.75 (d, J=7.9
Hz, 1H), 6.95-8.11 (m, 8H).

Example 73a—Synthesis of Compound No. 73a

(2-(3-chloro-4-fluoropheny])-3-hydroxy-3-phenyl-

propanenitrile)

A 250 mL round bottom flask equipped with a magnetic

stirring bar, nitrogen inlet, and septum was charged with

THF(50 mL) and 1.8 M LDA (6.55 mL, 11.79 mmol). After
cooling to -78° C., 2-(3-chloro-4-fluorophenyl)acetonitrile

(2 g, 11.79 mmol) was added, and after 60 minutes, benz-

aldehyde (1.192 mL, 11.79 mmol) was added via syringe.

After stirring at (-78° C.) for 3 hours, the reaction was

quenchedbythe addition of water (20 mL) while stirring at
-70° C. The aqueous layer was extracted with Et,O (2x50

mL), and the combined organic extracts were washed with
brine (50 mL), dried (MgSO,), and concentrated in vacuo to

give the crude aldol. ISCO purification on silica gel eluting
with 0-40% ofethyl acetate in hexane afforded 1.8 g (55.4%)

of the product as anti/syn mixture.

Example 74—Synthesis of Compound ID No. 74

((RS)—N-methy]-2-(naphthalen-2-yl)-3-(pyridin-3-
yl)propan-1-amine)

Compound ID No. 74 was the racemate that was resolved

to afford Compound ID No. 48. 'H NMR (400 MHz,
CD;OD) 6 8.60 (d, J=5.6 Hz, 1H), 8.51 (s, 1H), 8.35 (d,
J=8.1 Hz, 1H), 7.94 (d, J=8.5 Hz, 1H), 7.92-7.78 (im, 3H),
7.72 (s, 1H), 7.54-7.45 (m, 3H), 3.68-3.48 (m, 5H), 2.70 (s,
3H). HRMS(ESI-TOF) calculated for C,,H,,N, (MH*)

277.1699 found 277.1705 (+2.14 ppm, 0.6 mmu).
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Example 75—Synthesis of Compound ID No. 75

((RS)—N-methy1]-3-phenyl-2-(quinolin-6-yl)propan-

1-amine dihydrochloride)

A 500 mL round bottom flask was charged with AIBN

(820 mg, 5.0 mmol) and NBS (9.85 g, 55 mmol). The system
wasdegassed and backfilled with N, three times followed by

addition of CCL, (200 mL). This suspension was heated to

reflux, and uponinitiation (evidenced by N, gas formation),
6-methylquinoline (6.71 mL, 50 mmol) was added. The

reflux was allowed to continue under N, for 16 hours. In the
morning, the mixture was allowed to cool, and the succin-

imide wasfiltered through celite. The filtrate was concen-
trated, and the resulting residue was dissolved in 40 mL of

EtOH and warmed to 40° C. An aqueous solution of KCN

(9.8 g of KCN, 150 mmolin 35 mL H,O) wasthen added.
The solution was allowedto stir at 40° C. for 1 hour. The

excess EtOH was then removed. The residue was extracted
with Et,O (x20 mL), dried over MgSO,, filtered, and

concentrated. The residue was purified via column chroma-
tography (75% EtOAc in hexanes) to give 2.66 g (15.8

mmol, 32%) of a yellow solid. The aldol condensation using

sodium ethoxide, ethanol, benzaldehyde, and a portion of
the above material (718 mg, 4.27 mmol) was performed in

the usual way to give 1.03 g (4.03 mmol, 94%) of a pale
yellow solid. The conjugate reduction and acidification were

performed in the usual way with a portion of the above
material (505 mg, 1.97 mmol) to give 462 mg (1.38 mmol,

70%) ofwhite powder. ‘H NMR (500 MHz, CD,OD) 8 9.03

(dd, J=4.9, 1.6 Hz, 1H), 8.77 (d, J=8.3 Hz, 1H), 8.14 (d,
J=8.8 Hz, 1H), 8.01 (d, J=1.7 Hz, 1H), 7.96 (dd, J=8.8, 2.0

Hz, 1H), 7.85 (dd, J=8.3, 5.0 Hz, 1H), 7.16 (ddd, J=7.5, 4.4,
1.3 Hz, 2H), 7.12-7.06 (m, 3H), 3.58-3.50 (m, 1H), 3.50-

3.38 (m, 2H), 3.21 (dd, J=13.7, 6.2 Hz, 1H), 3.04 (dd,

J=13.6, 9.0 Hz, 1H). HRMS (ESI-TOF) calculated for
C, gH,oN> (MH*) 263.1543 found 263.1550 (+2.63 ppm, 0.7

mmu) This material was assayed as a racemic mixture.

Example 76—Synthesis of Compound ID No. 76
(C1S,2S)-1-(-bromophenyl)-2-(3,4-dichlorophenyl)-

3-(methylamino)propan-1-ol)

Compound No. 76a (4.6 g, 10.29 mmol) in THF (50 mL)

was heated to reflux. Borane-THF complex (25.7 mL, 25.7
mmol) was added drop-wise over 15 minutes. After six

hoursat reflux, the mixture was cooled to room temperature
and placed in to an ice bath. This chilled mixture wastreated

with 5 mL HCI and then 10 mL of MeOHslowly to quench
extra BH,, maintaining the temperature under 25° C. The

reaction mixture was heated to 64° C. (to makesure all of

BH, was quenched) for 10-15 minutes, and then concen-
trated to a pale-yellow oil. The reaction mixture was con-

centrated to give a yellow gum as an HCIsalt of the desired
product. The HCl salt was stirred in CHCl, (100 mL)/

NaHCO,(saturated) for 10 minutes, the organic layer sepa-
rated from the aqueous layer, and the aqueous layer was

extracted with CHCl], (20 mLx2). The combined CHCl,

layer was dried through MgSO, and evaporated to give a
yellow stinky oil. The yellow oil was addedto a silica gel

column and waseluted with 0-10% MeOH in CH,Cl, to
afford 2.69 g (67%) of material. The enantiomers were

separated by SFC (ADH column, 17% MeOH with 0.5%
isopropylamine), and the enantiomer retention times were

5.02 and 5.81 minutes, respectively. The combinedfractions

ofthe second eluting enantiomer were concentrated in vacuo
and acidified in the usual way yielding 39 mg of Compound

ID No. 76 as an HCI salt, which was shown by the above
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described SCF system to have 90% enantiomeric excess. 'H
NMR(300 MHz, CDC1,) 8 7.38 (t, JH=1.6 Hz, 1H) 7.29 (dd,
J=7.9, 2.0 Hz, 1H) 7.25 (d, J=5.9 Hz, 1H) 7.12 (d, J=2.1 Hz,
1H) 7.02 (t, J=7.8 Hz, 1H) 6.89 (d, J=7.6 Hz, 1H) 6.82 (dd,
J=8.3, 2.0 Hz, 1H) 4.90 (d, J=8.0 Hz, 1H) 3.19 (dd, J=12.3,
9.7 Hz, 1H) 3.01 (dd, J=12.1, 3.1 Hz, 1H) 2.85 (ddd, J=17.8,
8.2, 3.1 Hz, 1H) 2.49 (s, 3H). Since this compound wasthe
more potent enantiomer at hNET, it was presumed to be
(1S,2S)-configured.

Example 76a—Synthesis of Compound No. 76a
(anti-ethyl 3-(3-bromopheny])-2-(3,4-dichlorophe-

nyl)-3-hydroxypropylcarbamate)

2-(3,4-dichlorophenyl)acetonitrile (5.78 g, 30.45 mmol)
was dissolved in ether (35 mL)/THF (15 mL) and cooled to
-75° C. BuLi (20.93 mL, 33.49 mmol) was added slowly,
and the reaction was stirred at -75° C. for 20 minutes.
3-bromobenzaldehyde (6.20 g, 33.49 mmol) in THF (15 mL)
was added drop-wise, maintaining the temperature under
-60° C. After the addition, the reaction wasstirred at -75°
C. for another hour. Then, acetic acid (2.61 mL, 45.67
mmol) was added at -75° C. to quench the reaction. The
reaction mixture was warmed to room temperature, and the
organic layer was separated from the aqueous layer. The
aqueouslayer was extracted with Ether (100 mLx3), and the
combined organic layer was dried over MgSO, and evapo-
rated to give 13.8 g (>100%) of an orange oil, which was
used for the next step directly without further purification. A
portion of this material (12.88 g, 30 mmol) was dissolved in
THF (55 mL) and was heated to reflux. The solution of
borane-methy] sulfide complex (52.5 mL, 105.00 mmol) in
THF was added drop-wise over 30 minutes, and a Dean-
Stark trap was set up to collect liberated SMe,. After 12
hours, the reaction mixture was cooled in a cold water bath,
acidified with 4M HCl in dioxane (10 mL), and quenched
the excess BH, with 20 mL of MeOHslowly, maintaining
the temperature under 25° C. The reaction mixture was

heated to 64° C. (to ensure complete BH, quenching) for
10-15 minutes. The B(OMe),-MeOH complex wascollected

in a Dean-Stark trap. The reaction mixture was concentrated
to give a pale-yellow oil. The pale-yellow oil was fully

diluted in 200 mL of CH,Cl,, basified with NaHCO, (satu-

rated), washed with brine, dried over MgSO,, and evapo-
rated to give a crude oil that was used in the next step

without any further purification. A portion of this material
(11.25 g, 30 mmol) was diluted in CH,C1, (100 mL) at room

temperature and TEA (6.27 mL, 45.00 mmol) was added.
The reaction mixture was cooled to 0° C., and ethyl car-

bonochloridate (3.46 mL, 36.00 mmol) was added slowly at

0° C. and allowed tostir at 0° C. for 3 hours. The reaction
was washed with 0.5 N HCI (150 mL), saturated NaHCO,

(100 mL), and water (100 mL), dried over MgSO,, and then
evaporated to give a pale-yellow oil. The pale-yellow oil

was added to a silica gel column and was eluted with
0-100% EtOAc in hexane to give two fractions: the anti-

isomer 76a and syn-isomer 76b. The anti-isomer fraction

(relative stereochemistry determined by 'H NMR) was
evaporated to give a pale-yellow oil (4.70 g, 3-step yield:

35%, 95% purity) and the syn-isomer collection was evapo-
rated to give a pale-yellow oil (5.16 g, 3-step yield: 38.5%,

95% purity). 'H NMRdata matchedthe proposed structures.

Example 77—Synthesis of Compound ID No. 77
((6S,7S)-4-methy1-6-(naphthalen-2-yl)-7-phenyl-1,4-

oxazepane)

(68,7S)-4-methy1-6-(naphthalen-2-yl)-7-pheny]-1,4-ox-

azepan-3-one (Example 129) was reduced with lithium
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aluminum hydride as described for the 1R,2R-enantiomer
(Example 124). (6S,7S)-4-methyl-6-(naphthalen-2-yl)-7-
phenyl-1,4-oxazepane (145 mg, 0.46 mmol) in CH,Cl, (2
mL) was mixed with HCl (0.457 mL, 0.91 mmol). The
mixture was evaporated to dryness under high vacuum
overnight at 40° C. 1H NMR (500 MHz, DMSO-d6) 8 ppm
11.10 (br. s., 1H) 7.71-7.85 (m, 3H) 7.58-7.71 (m, 1H)
7.39-7.51 (m, 2H) 7.13-7.34 (m, 6H) 5.04 (d, J=10.7 Hz, 1H)
4.10-4.33 (m, 3H) 3.97-4.09 (m, 1H) 3.60 (br. s., 1H) 3.46
(d, J=12.8 Hz, 1H) 2.82-2.98 (m, 3H). MS m/z (ESI) 318.3
(MH)*.

Example 78—Synthesis of Compound ID No. 78
((R,2R)-1-(2-fluoropheny!)-3-(methylamino)-2-

(naphthalen-2-yl)propan-1-ol)

Compound ID No.78 is the enantiomer of the compound
in Example 15. The combinedfractions ofthe second eluting
enantiomer were concentrated in vacuo and converted to an
HC! salt, which afforded 83 mg of Compound ID No.78,
which was shownby the previously described SCF system
to have 80% enantiomeric excess. 'H NMR (300 MHz,
CD,OD) 8 7.68-7.82 (m, 3H), 7.62 (s, 1H), 7.38-7.54 (m,
3H), 7.26 (dd, J=8.7, 1.5 Hz, 1H), 7.03-7.20 (m, 2H),
6.66-6.90 (m, 1H), 5.36 (d, J=9.0 Hz, 1H), 3.77-3.91 (m,
1H), 3.46-3.61 (m, 2H), 2.75 (s, 3H). Since this enantiomer
wasless potent at hNET than the first-eluting enantiomer, it
was presumed to be (R,R)-configured.

Example 79—Synthesis of Compound ID No. 79
(1-methyl-6-(((1S,2S)-3-(methylamino)-2-(naphtha-
len-2-yl)-1-phenylpropoxy)methy])pyridin-2(1H)-

one)

Asolution of Compound No. 79a (180 mg, 0.35 mmol) in
4 M HCIin dioxane waslet stand at room temperature for

0.5 hours, then concentrated to dryness, andtriturated with
ether (3x). The resulting white solid was dried in vacuo at

60° C. overnight to give 1-methyl-6-(((1S,2S)-3-methyl-
amino)-2-(naphthalen-2-yl)-1-phenylpropoxy)methyl)pyri-

din-2(1H)-one (124 mg, 79%). ‘H NMRdata matched the

proposedstructure.

Example 79a—Synthesis of Compound No. 79a
(tert-butyl methyl((2S,3S)-3-((1 -methyl-6-oxo-1,6-

dihydropyridin-2-yl)methoxy)-2-(naphthalen-2-yl)-
3-phenylpropyl)carbamate)

To an ice-cooled stirred solution of Compound No. 8a

(205 mg, 0.52 mmol) in 4.5 mL DMF was added in one

portion sodium hydride (75 mg, 1.88 mmol). The mixture
wasstirred for 10 minutes in an ice bath and treated with

drop-wise addition of a solution of the 6-(bromomethyl)-1-
methylpyridin-2(1H)-one (110 mg, 0.54 mmol) in DMF. The

resulting mixture was stirred for 1 hour (pinkish color),
diluted with ether (30 mL), washed with water and brine,

and aqueous back-extracted with ether. The organics were

combined, dried, and concentrated to give a crude product.
This was subjected to ISCO chromatography eluting with a

0-100% EtOAc/hexanesgradient to give the desired product
(180 mg, 67.1%). ‘H NMR data matched the proposed

structure.

Example 80—Synthesis of Compound ID No. 80
((RS)-2-(,4-dichloropheny1)-N-methy1-3-(pyridin-

3-yl)propan-1-amine)

Compound No. 80b (858 mg, 2.42 mmol) was dissolved

in CH,Cl, (15 mL), followed by addition of triethylamine
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(1.7 mL, 12.1 mmol). The solution waschilled to 0° C., and

ethyl chloroformate was added (0.32 mL, 3.4 mmol). The

solution was allowed to stir at 0° C. for 2 hours and was

warmed to room temperature overnight. In the morning, the

contents were poured into a separatory funnel and extracted

with EtOAc (3x15 mL) The organics were dried over

MgsO,,filtered, and concentrated to give a residue that was
purified via silica gel flash chromatography (75% EtOAc in

hexanes) to give 179 mg (0.51 mmol, 21%) of a colorless
gum. To an oven dried 2 neck 100 mL round bottom flask

equipped with a stir bar and a nitrogen inlet was added a
portion of the above material (177 mg, 0.5 mmol) and dry

THF (10 mL) A 1 M solution of BH,*THF (3.0 mL, 3.0

mmol) in THF was added with stirring. Upon addition of
borane, the system was fitted with a reflux condenser and

heated to 80° C. for 24 hours. After cooling to room
temperature, 5 mL of methanol was carefully added. Upon

cessation of bubbles, the system was heated to reflux for 1
hour. The volatiles were then removed in vacuo, and to the

residue was added 10 mL ofmethanol and 2 mL ofa 4M HCl

solution in dioxane. The homogenoussolution was concen-
trated to give a white amorphoussolid that after trituration

with diethyl ether was free based and purified viasilica gel
flash chromatography (8% CH,OH in CHCl, with 1 mL

NH,OHper 100 mL eluent) to give 59 mg (0.2 mmol, 40%)
of the free base. 'H NMR (400 MHz, CD,OD)8 8.30 (dd,

J=4.8, 1.3 Hz, 1H), 8.17 (d, J=1.9 Hz, 1H), 7.55 (d, J=7.8
Hz, 1H), 7.41 (d, J=8.3 Hz, 1H), 7.34 (d, J=2.0 Hz, 1H), 7.28
(dd, J=7.9, 4.8 Hz, 1H), 7.10 (dd, J=8.3, 2.0 Hz, 1H),
3.16-3.07 (m, 2H), 2.93-2.81 (m, 3H), 2.35 (s, 3H). HRMS
(ESI-TOF) calculated for C,;H,,C],N, (MH*) 295.0763,

found 295.0770 (44.58 ppm, 0.7 mmu).

Example 80a—Synthesis of Compound No. 80a

(2-(3,4-dichloropheny])-3-(pyridin-3-yl)propaneni-
trile)

To an oven dried 2 neck 250 mL round bottom flask

equipped with a stir bar and nitrogen inlet was added
3,4-dichlorophenyl acetonitrile (763 mg, 4.1 mmol). The

system was degassed and backfilled with N,. Dry DMF (25

mL) was added followed by addition of NaH (60% disper-
sion in oil, 384 mg, 9.6 mmol). The dark red solution was

allowedto stir for 30 minutes at room temperature. 3-(bro-
momethyl)pyridine hydrobromide (1.01 g, 4.0 mmol) was

added in one portion. Upon addition, the solution wasstirred
for additional 0.5 hours. The red solution was quenched by

the addition of water (10 mL) and brine (5 mL). 20 mL of

EtOAc was added, and the contents of the flask were poured
into a separatory funnel, extracted with EtOAc (3x40 mL),

and dried over Na,SO,. The residue was concentrated and
purified via silica gel flash chromatography (50% EtOAc in

hexane) to give 322 mg (1.16 mmol, 29%) of a yellow oil.
'H NMR(400 MHz, CDCI,) 8 8.55 (d, J=3.5 Hz, 1H), 8.35
(d, J=1.7 Hz, 1H), 7.49 (dt, J=7.8, 1.8 Hz, 1H), 7.45 (d, J=8.3
Hz, 1H), 7.37 (d, J=2.2 Hz, 1H), 7.31-7.23 (m, 1H), 7.07
(dd, J=8.3, 2.2 Hz, 1H), 4.03 (t, J=7.1 Hz, 1H), 3.18 (dd,
J=7.1, 1.7 Hz, 2H).

Example 80b—Synthesis of Compound No. 80b
(2-(3,4-dichloropheny])-3-(pyridin-3-yl)propan-1-

amine dihydrochloride)

To an oven dried 2 neck 100 mL round bottom flask

equipped with a stir bar and a nitrogen inlet was added
Compound No. 80a (640 mg, 2.3 mmol) and 15 mL of dry

THF. BH,/SMe, (5.8 mL, 11.5 mmol) was added with
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stirring. Upon addition of borane, the system wasfitted with

a reflux condenser and heated to reflux for 6 hours. After

cooling to room temperature, 5 mL of methanol wascare-

fully added. Upon cessation of bubbles, the system was

heated to reflux for 1 hour. The volatiles were then removed

in vacuo, and to the residue was added 10 mL of methanol

and 2 mL ofa4M HCIsolution in dioxane. The homogenous
solution was concentrated to give a white amorphoussolid

that after trituration with diethyl ether yielded 813 mg of the
dihydrochloride (2.3 mmol, >99%). 'H NMR (400 MHz,

CD,OD) 8 8.70 (d, J=5.6 Hz, 1H), 8.66 (d, J=0.9 Hz, 1H),

8.44-8.36 (m, 1H), 7.98 (dd, J=8.1, 5.8 Hz, 1H), 7.53 (t,
J=5.2 Hz, 2H), 7.26 (dd, J=8.3, 2.1 Hz, 1H), 3.49-3.38 (m,

4H), 3.18 (dd, J=15.2, 11.6 Hz, 2H). HRMS (ESI-TOF)
calculated for C,,H,;ClN, (MH*) 281.0607, found

281.0581 (-9.08 ppm, 2.6 mmu).

Example 81—Synthesis of Compound ID No.81
((R)-2-((1S,2S)-3-(methylamino)-2-(naphthalen-2-

yl)-1-phenylpropoxy)-1-(pyrrolidin-1-yl)propan-1-

one)

Compound No. 81a (120 mg, 0.23 mmol) and 4 N HClin
dioxane (2 mL, 8.00 mmol) were allowed to stand at room

temperature for 0.5 hours and were concentrated to near
dryness. The solid was washed with ether (3x) and dried in

vacuo at 60° C. overnight to give purified (R)-2-((1S,2S)-

3-(methylamino)-2-(naphthalen-2-yl)-1-phenylpropoxy)-1-
(pyrrolidin-1-yl)propan-1-one (95 mg, 91%) as an HCIsalt.

"H NMRdata matched the proposed structure.

Example 8la—Synthesis of Compound No.81a
(tert-butyl methyl((2S,3S)-2-(naphthalen-2-yl)-3-

((R)-1-o0xo-1-(pyrrolidin-1-yl)propan-2-yloxy)-3-

phenylpropyl)carbamate)

To an ice-cooled stirred solution of Compound No. 8a
(205 mg, 0.52 mmol) in 4.5 mL DMF was added in one

portion the sodium hydride (75 mg, 1.88 mmol). The mix-
ture was stirred for 10 minutes in ice bath and treated with

drop-wise addition of a solution of 2-chloro-1-(pyrrolidin-

1-yl)propan-1-one (105 mg, 0.65 mmol) in DMF. Theresult-
ing mixture wasstirred for 3 hours (yellowish color), diluted

with ether (30 mL), washed with water and brine, and
aqueous back-extracted with ether. The organics were com-

bined, dried, and concentrated to give crude product. This
was subjected to ISCO chromatography eluting with a

0-100% EtOAc/hexanes gradient to give separated, purified

tert-butyl methyl((2S,3S)-2-(naphthalen-2-yl)-3-((S)-1-oxo-
1-(pyrrolidin-1-yl)propan-2-yloxy)-3-phenylpropyl)car-

bamate (90 mg, 33%) followed by tert-butyl methyl((2S,
3S)-2-(naphthalen-2-yl)-3-((R)-1-oxo-1-(pyrrolidin-1-yl)

propan-2yloxy)-3-phenylpropyl)carbamate (120 mg, 44%).
'H NMRdata matched the proposedstructures.

Example 82—Synthesis of Compound ID No.82

((28,3S)—N'N'-dimethyl-2-(naphthalen-2-yl)-3-

phenylpropane-1 ,3-diamine)

Lithium aluminum hydride (0.182 g, 4.8 mmol) was
placed along with THF (5 mL) in a round bottom flask

equipped with a stir bar and water condenser. A solution of
tert-butyl (2S,3S)-3-azido-2-(naphthalen-2-yl)-3-phenylpro-

pylamethyl)carbamate (Example 87) (0.250 g, 0.6 mmol) in

15 mL ofTHFwasintroducedinto the flask, and the reaction
mixture was heated at 60° C. under nitrogen overnight. The

reaction was quenched by cautious drop-wise addition of
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10% NaOHat 0° C.via syringe. The layers were separated,

and the aqueouslayer was extracted with ethyl acetate (3x25

mL) The combined organic layers were washed with water

and brine, dried over MgSO,, and concentrated using a

rotary evaporator. The product was purified by HPLC (elu-

ent: 10% B-100% B in 30 minutes, B=80% aq. CH3CN with

0.1% TFA, A=H,0 with 0.1% TFA; FR=8 mL/min; 254 nm,
room temperature, retention time 18.45 minutes). The frac-

tions were collected and evaporated in vacuo. To the result-
ing residue, 1 mL 1N HCl was added, and the material was

lyophilized to give the product as an off white solid (0.1517
g, 83%). ‘H NMR (CDCI,) 8 7.72-7.58 (m, 3H), 7.43-7.38
(m, 3H), 7.15-7.06 (m, 6H), 3.90 (d, 1H, J=9.6 Hz), 3.67-
3.59 (m, 1H), 3.31-3.16 Gm, 2H), 2.54 (s, 3H), 2.28 (s, 3H)
MS m/z (ESI) 305.22 (MH)*. ‘'H NMR (CD,OD)8 7.86-
7.74 (im, 3H), 7.64 (s, 1H), 7.52-7.44 (m, 2H), 7.35-7.25 (m,
3H), 7.19-7.12 (m, 3H), 4.76 (d, 1H, J=7.83 Hz), 4.13-4.00
(m, 1H), 3.76 (dd, 1H, J=12.6, 3.6 Hz), 3.66-3.53 (m, 1H),
2.66 (s, 3H), 2.52 (s, 3H).

Example 83—Synthesis of Compound ID No. 83

(C1S,2S)-3-(dimethylamino)-2-(naphthalen-2-yl)-1-

phenylpropan-1-ol)

tert-Butyl (2S,3S)-3-hydroxy-2-(naphthalen-2-yl)-3-phe-
nylpropyl(methyl)-carbamate (CompoundNo.8a) (0.350 g,

0.894 mmol) was dissolved in 10 mL of THF in a round
bottom flask equipped with a stir bar and water condenser.

LiAlH, (0.217 g, 7.15 mmol) was cautiously added in small

portions. The mixture was then heated at 60° C. under
nitrogen overnight. The reaction was quenched by drop-wise

addition of 10% NaOH. The organic and aqueous layers
were then separated in a separatory funnel, and the aqueous

layer was extracted in ethyl acetate (3x50 mL). The com-

bined organic layers were washed with water and brine,
dried with Na,SO,, and concentrated under reduced pres-

sure. The resulting residue was purified by flash chroma-
tography using silica gel with 0.1% TEA in 5% MeOH/

DCM as eluent. The product containing fractions were
pooled and concentrated to leave an oil that was converted

to a hydrochloride by adding 1N HCl. The product was

lyophilized to yield an off-white solid (256 mg, 94%). 'H
NMR(CD,OD)8 7.81-7.69 (m, 3H), 7.62 (s, 1H), 7.48-7.39
(m, 2H), 7.28-7.22 (m, 1H), 7.21-7.06 (m, 5H), 5.05 (d, 1H,
J=9.0 Hz), 4.15-4.04 (m, 1H), 3.66-3.53 (m, 2H), 3.01 (s,
6H). MS m/z (EST) 306 (MH*).

Example 84—Synthesis of Compound ID No.84
(methyl 2-(((1S,2S)-3-(methylamino)-2-(naphthalen-

2-yl)-1-phenylpropoxy)methy]l)oxazole-4-carboxy-

late)

Compound No.84a (0.15 g, 0.28 mmol) was taken up in
15 mL of CH,Cl, and stirred at room temperature. 2,2,2-

trifluoroacetic acid (5 mL, 67.31 mmol) (protein sequencing
grade) was addedin one portion, and the mixture wasstirred

for 30 minutes at room temperature, and concentrated in

vacuo 102 mg of a clear oil remained on Monday morning.
This material was absorbed onto silica gel directly and ran

through an ISCO blue 40 gram normal phasesilica column
with a ramp of 0-30% MeOH (20% 7N NH, MeOH)/

CH,Cl,. This ammonia MeOH presumably freed the TFA
salt. The majority of this peak was evaporated down from

CHC1, several times, then taken up in a minimal amount of

CHC1,, and diluted with diethy] ether. 2.0 N HCl was added.
This material was taken down from ether once, then scraped

from the flask, and dried to afford 0.070 g (45.8%) of the
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desired product as an HCIsalt. 1H NMR (500 MHz, DMSO-

d6) 8.85 (s, 1H) 8.60 (br. s., 1H) 8.53 (br. s., 1H) 7.78-7.84
(m, 1H) 7.75 (d, J=8.5 Hz, 2H) 7.62 (s, 1H) 7.40-7.50 (m,
2H) 7.09-7.30 (m, 6H) 4.93 (d, J=8.9 Hz, 1H) 4.45-4.57 (m,
2H) 3.83 (s, 2H) 3.63-3.75 (m, 2H) 3.33-3.50 (m, 2H) 2.59
(t, J=5.3 Hz, 2H).

Example 84a—Synthesis of Compound No. 84a

(2-(((1S,2S)-3-(tert-butoxycarbonyl(methyl)amino)-
2-(naphthalen-2-y1)-1-phenylpropoxy)methyl)ox-

azole-4-carboxylate)

Compound No. 8a (0.25 g, 0.64 mmol) in DMF was

treated with NaH (0.038 g, 0.96 mmol) at 0° C. for 10
minutes when methyl 2-(chloromethyl)oxazole-4-carboxy-

late in DMF was added at 0° C. slowly into the stirring
solution drop-wise over 10-15 minutes. The resulting mix-

ture was warmedto room temperature and allowedto stir for
12 hours at room temperature. The material was worked up

by diluting with 75 mL of CHCl, and adding to 75 mL of

water. Another 25 mL of each solvent was added. The
organic suspension was separated, and MeOH was addedto

it until it was a clear solution (about 10 mL) with a slightly
yellow orange tint. Another 100 mL of CHCI, was used to

extract the aqueous one more time. Organics were com-
bined, dried with MgSO,, filtered, evaporated, and then

pumped down under high vacuum to remove DMF. The

crude material was purified via ISCO column with a 40 gram
blue column eluting with 0-100% EtOAc/hexane. 0.155 g

(45.7%) of this material was taken on to the next step,
considering purity by weight to be approximately 80%.

Example 85—Synthesis of Compound ID No. 85

(C1S,3S)-4-(methylamino)-3-(naphthalen-2-yl)-1-

phenylbutan-1-ol)

To LiAIH, (0.809 mL, 0.81 mmol) solution in THF (3
mL) at 55° C. under N., was added CompoundNo. 85c (147

mg, 0.40 mmol) in THF (1 mL) drop-wise via syringe over
about 5 minutes. The reaction mixture was then heated at

reflux for 2.5 hours. The reaction mixture was quenched

carefully with saturated Na,SO, and then diluted with satu-
rated NaHCO,. The aqueoussolution was diluted with ether

and stirred briefly, and then the ether layer was isolated. The
aqueous layer was extracted twice more with ether. The

ethereal layers were combined, washed with saturated
NaHCO,and brine, dried, filtered, and concentrated to a

white solid (116 mg, 84%). 1H NMR (500 MHz, DMSO-d6)
6 2.09 (td, J=13.6, 6.6 Hz, 2H) 2.44 (t, JH5.3 Hz, 3H) 3.15
(d, J=3.2 Hz, 1H) 3.20-3.45 (m, 3H) 4.41 (t, J=6.8 Hz, 1H)
5.18-5.46 (m, 1H) 7.22-7.29 (m, 3H) 7.33 (t, J=7.4 Hz, 2H)
7.45 (dd, J=8.5, 1.6 Hz, 1H) 7.52 (tt, J=7.3, 5.2 Hz, 2H) 7.76
(s, 1H) 7.90 (dd, J=9.7, 7.9 Hz, 1H) 8.04-8.17 (m, 1H)
8.61-8.76 (m, 1H). This compoundis a pure stereoisomer of

known (S)-configuration at C1. Its C3-epimer is Compound

ID No. 93. Since Compound ID No. 85 was more potentat
hNET than Compound ID No.93, it was presumedthatit is

(1S,3S)-configured.

Example 85a—Synthesis of Compound No. 85a
((2S,4S)-4-hydroxy-2-(naphthalen-2-yl)-4-phenylbu-

tanenitrile)

To a solution of n-BuLi (8.66 mL, 21.64 mmol) in THF

(40 mL) at 0° C. was added diisopropylamine (3.08 mL,
21.64 mmol), and the mixture wasstirred for 15 minutes. A

solution of 2-(naphthalen-2-yljacetonitrile (3.62 g, 21.64
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mmol) and TMEDA(3.27 mL, 21.64 mmol) in THF (20 mL)

wasadded. This solution wasstirred at 0° C. for 30 minutes

before (R)-2-phenyloxirane (1.903 mL, 16.65 mmol) was

added neat. The reaction wasstirred at 0° C. and allowed to

warm to room temperature overnight. LCMS indicated

product formation plus unreacted nitrile (in excess). The

reaction mixture was diluted with 1N HCl, and the organic

layer wasisolated. The organic layer was washed twice more

with IN HCl, once with saturated NaHCO,, washed with

brine, dried, filtered, concentrated, and purified on ISCO

using an 80 g SiO, column using 0-80% EA/Hex over 20

minutes. This mixture of diastereomers was separated using

SCF, affording a single diastereomer Compound No. 85a

(530 mg, 11%), comprising (2S,4S)-4-hydroxy-2-(naphtha-

len-2-yl)-4-phenylbutanenitrile was isolated. 'H NMR 1H

NMR (500 MHz, CDCI) 8 2.09-2.19 (m, 1H) 2.29 (dd,

J=10.1, 4.4 Hz, 2H) 4.37-4.47 (m, 1H) 5.03-5.12 (m, 1H)

7.33-7.54 (m, 10H) 7.84 (dd, J=13.6, 2.1 Hz, 4H). A mixed

fraction of diastereomers wasalso obtained, andis described

further in Example 93 below.

Example 85b—Synthesis of Compound No. 85b

(AS 35)-4-amino-3-(naphthalen-2-yl)-1-phenylbu-

tan-1-ol)

To a solution of CompoundNo.85a (530 mg, 1.84 mmol)

in THF (15 mL) heated at 75° C. was added the BH,.SMe,

(2.306 mL, 4.61 mmol) drop-wise via syringe. The reaction

mixture was then heated at 75° C. for 3 hours. The reaction

mixture was cooled to room temperature and diluted. The

combined acidic layer was made basic with 1 N NaOH and

extracted 5 times with DCM. The combined DCMlayer was

washed with brine, dried (Na,SO,), filtered, and concen-

trated to a white solid (203 mg, 38%). 1H NMR (500 MHz,

CDC1,) 8 2.25 (d, J14.0 Hz, 1H) 2.38 (d, J=6.6 Hz, 1H) 2.70

(t, J=6.9 Hz, 1H) 3.00 (br. s., 2H) 4.74 (t, J=6.2 Hz, 1H)

7.26-7.30 (m, 2H) 7.30-7.38 (m, 4H) 7.45 (td, J=7.4, 1.4 Hz,

2H) 7.53 (s, 1H) 7.76-7.83 (m, 3H).

Example 85c—Synthesis of Compound No. 85c

(ethyl (2S,4S)-4-hydroxy-2-(naphthalen-2-yl)-4-

phenylbutylcarbamate)

To a solution/suspension of Compound No. 85b (200 mg,

0.69 mmol) in DCM (6 mL) was added the TEA (0.383 mL,

2.75 mmol). The reaction mixture was cooled to 0° C., and

the ethyl carbonochloridate (0.079 mL, 0.82 mmol) was

added drop-wise via syringe. The reaction mixture was then

stirred at 0° C. for several minutes and allowed to warm to
room temperature with continued stirring for 1 hour. The

reaction mixture was diluted with DCM and washed with 1N
HCl, saturated NaHCO,, and brine, dried, filtered, and

concentrated (273 mg—oil). The material was purified via
ISCO using a 12 g SiO, column using 0% (hold for 2

minutes) to 60% ethyl acetate/hexane over 15 minutes. The

compound did not elute even at 100% ethyl acetate. The
column wasflushed with 0-7% MeOH/DCM over 15 min-

utes. The material was eluted with baseline impurities and
further purified via preparative TLC using 50% ethyl

acetate/hexane. 'H NMR (500 MHz, CDCI,) 8 ppm 1.15 (t,
J=7.2 Hz, 3H) 2.17 (d, J=6.9 Hz, 1H) 2.23-2.36 (m, 1H)

2.89-3.01 (m, 1H) 3.32-3.47 (m, 1H) 3.59-3.74 (m, 1H) 4.04

(q, J=7.0 Hz, 2H) 4.41-4.53 (m, 1H) 4.60-4.74 (m, 1H)
7.26-7.38 (m, 6H) 7.48 (ddd, J=7.6, 5.7, 1.6 Hz, 2H) 7.59 (s,

1H) 7.81 (td, J=8.9, 7.1 Hz, 3H).
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Example 86—Synthesis of Compound ID No.86

(3-(dimethylamino)-2-methy1-2-(naphthalen-2-yl)-1-

phenylpropan-1-ol)

A50 mL round bottom flask was charged with Compound

No. 86c (115.4 mg, 0.35 mmol), methanol (5 mL), formalin

(0.9 mL), NaBH,CN (44 mg, 0.7 mmol), and ZnCl, (53 mg,

0.39 mmol). This mixture was allowed to stir overnightat

room temperature. In the morning, ether was added (15 mL),

and the contents were poured into a separatory funnel. The

organic layer was separated, and the aqueous layer was

treated with saturated NaHCO, and extracted with Et,O

(3x10 mL). The combined organic layers were dried over

MgSO.,,filtered, and concentrated to give a residue that was

purified via column chromatography (8% MeOHin CH,Cl,)

to give 121 mg (0.34 mmol, 97%)after acidification with 4

N HCl in dioxane. This compoundwasassayedas a racemic

mixture.

Example 86a—Synthesis of Compound No. 86a

((RS)-2-(naphthalen-2-yl)propanenitrile)

An oven dried 2 neck 250 mL round bottom flask was

charged with 2-naphthylacetonitrile (8.36 g, 50 mmol). The

system was degassed and backfilled with N,. Dry THF (100

mL) was added followed by addition of NaH (60% disper-

sion in oil, 2.1 mg, 52.5 mmol). The orange suspension was

allowedto stir for 30 minutes at room temperature. The flask

wasfitted with an addition funnel containing a solution of

iodomethane (3.1 mL, 50 mmol) in 40 mL of dry THF. The

iodomethanesolution was added drop-wise overa period of

0.5 hours from an addition funnel. Upon addition, the

solution wasstirred for additional 0.5 hours. The red solu-

tion was quenchedbythe addition of a saturated ammonium

chloride solution (15 mL). The contents of the flask were

pouredinto a separatory funnel, extracted with EtOAc (3x20

mL), dried over MgSO,and evaporated onto celite. The

celite was placed onto a silica gel column and waseluted

with a 10% EtOAc in hexanesolution. 5.31 g (29.3 mmol,

59%) of a white powder wascollected. 'H NMR (400 MHz,

CDC1,) 8 7.91-7.81 (m, 4H), 7.56-7.48 (m, 2H), 7.43 (dd,
J=8.5, 2.0 Hz, 1H), 4.07 (q, J=7.3 Hz, 1H), 1.73 (d, J=7.3
Hz, 3H).

Example 86b—Synthesis of Compound No. 86b

(3-hydroxy-2-methyl-2-(naphthalen-2-yl)-3-phenyl-

propanenitrile)

An oven dried 2 neck 100 mL round bottom flask was
charged with Compound No.86a (1.81 g, 10 mmol) and dry

THF (25 mL). The solution was cooled to -78° C. under a
N, atmosphere. LDA (2.0 M in hexane, 5.25 mL, 10.5

mmol) was added drop-wise via a syringe. The solution was
stirred at -78° C. for 45 minutes. A saturated aqueous

solution of NH,Cl was added at -78° C., and the cooling

bath was removed. After 10 minutes, 1 M HCl (10 mL) and
Et,O (10 mL) were added, and the contents of the flask were

poured into a separatory funnel. The organic layer was
collected. The aqueous layer was extracted with ether (2x15

mL), and the combined organic layers were dried over
MgSO,,filtered, and concentrated. The residue was purified

via column chromatography (25% EtOAc in hexanes) to

give 640 mg (2.2 mmol, 22%) of a less polar diastereomer
(Compound No. 86b) and 773 mg (2.7 mmol, 27%) of a

more polar diastereomer.
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Example 86c—Synthesis of Compound No. 86c

(3-amino-2-methyl-2-(naphthalen-2-yl)-1-phenylpro-

pan-1-ol hydrochloride)

Compound No. 86b (450 mg, 1.56 mmol) was reduced

and acidified in the usual way with BH,/THF (1M in THF,
6.25 mL, 6.25 mmol) and 4 N HCl in dioxane (2 mL) to

afford 213 mg of a white solid (0.65 mmol, 42%).

Example 87—Synthesis of Compound ID No. 87

((28,3S)—N'-methy1-2-(naphthalen-2-yl)-3-phenyl-
propane-1 ,3-diamine)

tert-Butyl (28,3S)-3-azido-2-(naphthalen-2-yl)-3-phenyl-

propylmethylcarbamate: To a solution oftert-butyl (2S,3R)-
3-hydroxy-2-(naphthalen-2-yl)-3-phenylpropylmethylcar-

bamate (Example 9, 0.343 g, 0.343 mmol) in 5 mL of THF

at 0° C. was added triphenylphosphine (0.230 g, 0.876
mmol) under nitrogen. This was followed by sequential

drop-wise addition of diisopropyl azodicarboxylate (DIAD)
(0.172 mL, 0.177 mmol) and diphenylphosphoryl azide

(DPPA)(0.187 mL, 0.876 mmol). The resulting mixture was
slowly warmed to room temperature andstirred overnight.

The progress of the reaction was monitored by TLC. After

quenchingthe reaction with aqueous NaHCO,,the aqueous
phase was extracted with EtOAc (3x25 mL). The organic

layers were combined, washed with water and brine, dried
over MgSO,, filtered, and evaporated under reduced pres-

sure, leaving an oily residue that was purified by flash
chromatography (eluent: 10% EtOAc/hexane) to furnish the

desired N-Boc-protected azide as colorless gum (0.327 g,

90%). 'H NMR (CDCI,) 8D 7.84-6.94 (m, 12H), 4.78 (s,
1H), 3.94-3.89 (br m, 1H), 3.76-3.61 (m, 1H), 3.59-3.31 (m,
1H), 2.55 and 2.49 (two s, 3H), 1.28 (s, 9H). MS m/z (ESI)
439.35 (MNa‘*).

tert-Butyl (2S,3S)-3-amino-2-(naphthalen-2-yl)-3-phe-

nylpropylmethyl carbamate: A suspension oftert-butyl (2S,
3S8)-3-azido-2-(naphthalen-2-y1)-3-phenylpropylmethylcar-

bamate (0.300 g, 0.720 mmol) in 20 mL ofmethanol and 100
mg of 10% Pd in charcoal was hydrogenated at room

temperature for 4 hour andthen filtered through Celite. The
MeOHwasevaporated off under reduced pressure to leave

a residue that was purified by flash chromatography over

silica gel (eluent: 5% MeOH/DCM to 0.05% TEA in 5%
MeOH/DCM)toafford a white solid (0.154 g, 54.8%). 'H

NMR(CDC1,) 6 7.83-6.49 (m, 12H), 4.25 (s, 1H), 3.81 (s,
2H), 3.58-3.14 (m, 1H), 2.54 and 2.42 (two s, 3H), 1.73 (s,
2H), 1.32 (s, 9H). MS m/z (ESI) 391.20 (MNa’*).
Compound ID No. 87: 2 N HCI (6.0 mL in dioxane) was

added to a solution of tert-butyl (28,3S)-3-amino-2-(naph-

thalen-2-yl)-3-phenylpropylmethylcarbamate (0.154  g,
0.394 mmol), and the acidic mixture wasstirred at room

temperature for 1 hour under nitrogen. Dioxane was evapo-
rated off using a rotary evaporator. The crude product was

purified by reverse phase HPLC (Vydac column, C-18,
2.2x25 cm; eluting with 10% B-100% B in 30 minutes;

A=H,0 with 0.1% TFA, B=80% ag. CH;CN with 0.1%
TFA; FR 8 mL/min; 254 nm. RT=17.863 minutes). The
product containing fractions (MS monitoring) were evapo-

rated in vacuo, and the residue was converted to HCI salt.
Further purification was achieved by dissolving thesalt in 2

mL of MeOH and adding 4 mL of ether that resulted in
immediate precipitation of the product. The supernatant was

decanted off. This crystallization was repeated two more

times. The isolated product was a white powder (0.065 g,
45.4%). ‘H NMR (DMSO-d,) 6 8.98 (br s, 1H), 8.44 (brs,
1H), 7.88-7.80 (m, 1H), 7.80-7.72 (m, 2H), 7.65 (s, 1H),
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7.52-7.44 (m, 2H), 7.32-7.16 (m, 6H), 4.86 (d, 1H, J=9.0
Hz), 4.08-3.92 (m, 1H), 3.72 (d, 1H, J=>8 Hz), 3.57 (s, 3H),
3.54-3.43 (m, 1H). ‘'H NMR (DMSO-d,) 8 8.98 (br s, 1H),
8.44 (br s, 1H), 7.88-7.80 (m, 1H), 7.80-7.72 (m, 2H), 7.65
(s, 1H), 7.52-7.44 (m, 2H), 7.32-7.16 (m, 6H), 4.86 (d, 1H,
J=9.0 Hz), 4.08-3.92 (m, 1H), 3.72 (d, 1H, J=10.7 Hz),3.57
(s, 3H), 3.54-3.43 (in, 1H). MS m/z (ESI) 291.45 (MH*).

Example 88—Synthesis of Compound ID No. 88
((1R,2R)-3-amino-2-(naphthalen-2-yl)-1-phenylpro-

pan-1-ol)

anti-Racemic mixture of 3-amino-2-(naphthalen-2-yl)-1-

phenylpropan-1-ol (1 g, 3.61 mmol) was purified by chiral
SFC separation into two enantiomers (S,S and R,R). The

purified material LCMSindicated no other impurities pre-
sented. 'H NMR (500 MHz, DMSO-d6) 6 6.64-7.98 (m,
12H), 4.93 (d, J=7.9 Hz, 1H), 3.24 (d, J=5.8 Hz, 1H),
2.96-3.14 (m, 2H) MS m/z (ESI) 278.2 (MH)*. This
enantiomer was assigned R,R configuration based its con-

version to (1R,2R)-3-(methylamino)-2-(naphthalen-2-yl)-1-
phenylpropan-1-ol whose X-ray was reported earlier. This

compound wasassigned 1R,2R configuration because of the
high J-value (9.0 Hz) of the benzylic proton and lower

potency at hNET comparedto its 18,2S antipode.

Example 89—Synthesis of Compound ID No.89
(2-((1S,2S)-3-(dimethylamino)-2-(naphthalen-2-yl)-

1-phenylpropoxy)ethanol)

Ethyl 2-((1S8,2S)-3-(tert-butoxycarbonyl(methyl)amino)-

2-(naphthalen-2-yl)-1-phenylpropoxy)acetate (Compound
No.8b) (0.090 g, 0.177 mmol) dissolved in 5 mL of dry THF

and LiAlH, (0.027 g, 0.709 mmol) were added to a round

bottom flask equipped with a stir bar and water condenser.
The mixture was refluxed (at 60° C.) under nitrogen over-

night. The reaction was quenched by cautious addition of
10% NaOH drop-wise. The reaction mixture was poured

into a separatory funnel, and the layers were separated. The
aqueous layer was extracted with ethyl acetate (x25 mL),

and the combined organic layers were washed with water

and brine, and dried over MgSO... The organic layer was
concentrated using a rotary evaporator. To the resulting

residue about 1 mL 1N HCl was added, and the mixture was
stirred and then lyophilized yielding a white solid. 'H NMR

(CD,OD)) 8 7.81-7.67 (m, 3H), 7.62 (s, 1H), 7.49-7.40 (m,
2H), 7.28-7.20 (m, 1H), 7.19-7.09 (m, 5H), 4.90 (d, 1H,
J=10.4 Hz), 4.26-4.12 (s, 1H), 3.88-3.67 (m, 3H), 3.59-3.43
(m, 3H), 3.13 (m, 3H), 3.01 (s, 3H) MS m/z (ESI) 350.04
(MH*).

Example 90—Synthesis of Compound ID No. 90

((R)-2-(3-(methylamino)-2-(naphthalen-2-yl)propyl)
phenyl)methanol)

This compound is the enantiomer (second eluting) of

Compound ID No.2. Separation details were performed as

described in Example 2. The combined fractions of the
second eluting enantiomer were concentrated in vacuo and

converted to an HC]salt that afforded 39 mg of Compound
ID No.90, which was shown by the above described SCF

system to have 84% enantiomeric excess. ‘H NMR (500
MHz, CD;OD) 8 1.78-1.88 (m, 1H), 1.95 (dd, J=13.9, 6.3
Hz, 1H), 2.02 (s, 3H), 2.10 (dd, J=11.3, 3.1 Hz, 1H),
2.18-2.34 (m, 2H), 2.18-2.34 (m, 1H), 3.20-3.41 (m, 1H),
3.20-3.27 (m, 1H), 3.33-3.40 (m, 1H), 5.71 (d, J=7.3 Hz,
1H), 5.80 (t, J=7.0 Hz, 1H), 5.87 (t, J=7.3 Hz, 1H), 6.03 (d,
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J=7.6 Hz, 1H), 6.12-6.24 (m, 3H), 6.44 (s, 1H), 6.49-6.54
(m, 1H), 6.54-6.59 (m, 1H), 6.62 (d, J=8.5 Hz, 1H). Since
this compound wasless potent at the hNET than the first

eluting enantiomer, it was presumed to be (R)-configured.

Example 91—Synthesis of Compound ID No. 91
((R,2S)-3-amino-2-(naphthalen-2-yl)-1-phenylpro-

pan-1-ol)

anti- and syn-3-amino-2-(naphthalen-2-yl)-1-phenylpro-

pan-1-ol: A 2-L three neck round bottom flask equipped with
a mechanicalstirrer, nitrogen inlet, thermometer, and septum

wascharged with THF (625 mL) and diisopropylethylamine
(18.71 mL, 131.24 mmol) and chilled to -78° C. Butyl-

lithium (50.0 mL, 125.00 mmol) was addedandthe resulting

mixture stirred for 5 min. A solution of 2-(naphthalen-2-yl)
acetonitrile (20.9 g, 125.00 mmol) in THF (625 mL) was

added and stirred for 30 min. Benzaldehyde (12.67 mL,
125.00 mmol) was addedvia syringe andafter an additional

5 min the reaction was quenched with saturated aqueous
NH,Cl (125 ml) whilestill at -70.0° C. The reaction mixture

was diluted with IN HCl (250 ml) and Et,O (300 ml) layers

separated and the aqueous layer was extracted with Et,O
(2x150 ml)), and the combined organic extracts were

washed with brine (150 ml) and dried (MgSO,). Concen-
trated in vacuo to give the crude aldol. Recrystallization

from DCM (300 ml) and hexanes (600 ml) gave 24.8 g of
anti-product with a small amount of syn-isomers by NMR.

A secondrecrystallization with DCM (300 ml) and hexanes

(400 ml) gave pure anti. The filtrate was evaporated to give
a 2:1 mixture of syn and anti-isomers.

Compound ID No. 91: The 1:2 anti- and syn-mixture of
3-Hydroxy-2-(naphthalen-2-yl)-3-phenylpropanenitrile

(2.73 g, 10 mmol) in THF (10 mL) waschilled to 0° C. and

borane-DMS (3.51 mL, 37.00 mmol) was added dropwise
over 10 minutes and the reaction stirred overnight while

warming to ambient temperature. Reaction was heated to
80° C. and 5.5 ml distillate collected. Reaction was then

cooled to ambient temperature and borane-DMS (2 mL) was
added and the reaction heated to reflux for 30 minutes.

Reaction was cooled to room temperature, treated with 6 N

HC] (20 mL) and heated to 80° C. for 1 hour. After cooling
to 0° C., the reaction mixture was basified with NaOH (6 g)

and extracted with ether (2x50 mL). The combine organic
fractions were dried (K,CO,), filtered and concentrated to

give 3.9 g of the crude product. Flash chromatography on
silica gel (400 mL) with 5-50% methanol/DCM gradient

elution gave 1.45 g (52%) of the syn isomers and 0.4 g

(14%) of the anti isomers. The racemic syn-3-amino-2-
(naphthalen-2-yl)-1-phenylpropan-1-ol (1.1 g, 3.97 mmol)

was resolved by SFC, and the first-eluting enantiomer
(Compound ID No. 91) was assumed to be 1R,2S-config-

ured based on its higher potency on hNET.

Example 92—-Synthesis of Compound ID No. 92
(C1S,2S)-1-(5-methoxypyridin-3-yl)-3-(methyl-

amino)-2-(naphthalen-2-yl)propan-1-ol)

A solution of CompoundNo. 92¢ (320 mg, 0.84 mmol) in

THF (20.00 mL) was added over 5 minutes to astirred
suspension of borane-tetrahydrofuran complex (4.21 mL,

4.21 mmol) heated to 45° C. The reaction was heated 4 hours
at reflux (internal temp at 66° C., oil bath at 72° C.) to give

a bright purple suspension. The suspension was cooled to

ambient temperature and carefully quenched with 4N HClin
dioxane diluted with methanolstirred for 15 minutes at 60°

C. before removal of the solvent. The crude material was
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dissolved in 10 mL of ethanol and stirred for 10 minutesat
60° C. All the solvents were removedto afford a crude HCI
salt that was washed with ether, ethyl acetate/hexane (1:1),
and hexane to afford the HCI salt of the product. This was
converted to basic amine, and ISCO purification eluting
0-10% of methanol in DCM (alumina column)afforded 150
mg of the desired product. 'H NMR data matched the
proposed structures. Because Compound ID No. 92 was
more potent at hNET than its enantiomer Compound ID No.
122, it was considered to be (15,2S)-configured.

Example 92a—Synthesis of Compound No. 92a
(3-hydroxy-3-(5-methoxypyridin-3-yl)-2-(naphtha-

len-2-yl)propanenitrile)

A 250 mL roundbottom flask equipped with a magnetic

stirring bar, nitrogen inlet, and septum was charged with
THF (100 mL) and butyllithium (7.29 mL, 18.23 mmol).

After cooling to -78° C., 2-(naphthalen-2-ylacetonitrile
(3.05 g, 18.23 mmol) was added, and after 60 minutes,

5-methoxynicotinaldehyde (2.5 g, 18.23 mmol) was added

via syringe. After stirring at (-78° C.) for 3 hours, the
reaction was quenched by the addition of acetic acid (2.1

mL) while stirring at -70° C. The aqueous layer was
extracted with Et,O (2x250 mL), and the combined organic

extracts were washed with brine (250 mL) and dried
(MgSO,). The material was concentrated in vacuo to give a

crude aldol (6 g). ISCO purification on silica gel eluting with

0-100% of ethyl acetate in hexane afforded the product as an
anti:syn mixture (4 g, 72%). 'H NMR (500 MHz, CDC1,) 6

2.80 (d, J3.7 Hz, 1H), 3.78 (s, 3H), 4.24 (d, J=5.2 Hz, 1H),
5.12 (d, J=3.4 Hz, 1H), 7.18-7.38 (m, 4H), 7.47-7.61 (m,
2H), 7.73-7.93 (m, 5H), 8.04 (d, J=1.5 Hz, 1H), 8.23 (d,
J=2.7 Hz, 1H).

Example 92b—Synthesis of Compound No. 92b
(3-amino-1-(5-methoxypyridin-3-yl)-2-(naphthalen-

2-yl)propan-1-ol)

A solution of Compound No. 92a (2.5 g, 8.21 mmol) in
THF (100 mL) was added over 5 minutes to a stirred

suspension of 1.0 M in THF borane-tetrahydrofuran com-

plex (24.64 mL, 24.64 mmol) heated to 45° C. The reaction
was heated for 3 hours at reflux (internal temp at 66° C., oil

bath at 72° C.). The solution was cooled to ambient tem-
perature and carefully quenched with 8 mL of 4N of HCl in

dioxane diluted with 10 mL of methanol. The mixture was
stirred for 15 minutes at 60° C., and then all the solvent was

removed. 10 mL of ethanol was added, and the mixture was

stirred at 60° C. for 10 minutes. All the solvents were
removedto afford the crude product, which was washed with

ethy] acetate twice and dried in vacuo. 3.4 g of the HCIsolid
was obtained, which was quenched with 8 mL of 4 N of HCl

in dioxane diluted with 10 mL ofmethanol. The mixture was
stirred for 15 minutes at 60° C., and all the solvent was

removed. 10 mL of ethanol was added, and the mixture was

stirred at 60° C. for 10 minutes before removal of all the
solvents to afford the crude product, which was washed with

ethyl acetate twice and dried in vacuoto yield 3.4 g (+100%)
of white HCI solid. "H NMR data matched the proposed

structures.

Example 92c—Synthesis of Compound No. 92c
(ethyl 3-hydroxy-3-(5-methoxypyridin-3-yl)-2-

(naphthalen-2-yl)propylcarbamate)

Compound No. 92b (2.53 g, 8.21 mmol) and TEA (3.43

mL, 24.63 mmol) in DCM (100 mL) were added andchilled
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to 0° C. To the chilled solution was added ethyl carbono-

chloridate (0.946 mL, 9.85 mmol) over 10 minutes. The ice

bath was removed, and the solution was allowed to warm to

room temperature and stirred for 2 hours. The reaction

solution was reduced to 5 mL (in DCM), diluted with ethyl

acetate (200 mL), washed with minimum 0.1 N HCl (2x10

mL), saturated sodium bicarbonate (150 mL), and brine (200
mL), then dried over MgSO,, filtered, and concentrated in

vacuo. The residual solvents were evaporated to give prod-
uct as a form (2.2 g). The mixture was purified on ISCO

eluting with 0-100% of ethyl acetate in hexane over 35
minutes. The major peak was collected, and all the solvent

evaporated. 1.5 g of a mixture of diastereomers were col-

lected. This mixture was separated into four isomers using
SCF chromatography. The 1.5 g of sample were diluted in

about 25 mL of EtOH (0.5% isopropylamine), and stacked
injections of 0.35-0.5 mL each were run using 23% of EtOH

(0.5% isopropylamine) isocratic at 110 mL/minute. The
compounds ofthe first two peaks were well separated and

gave 320 mg each. The compounds ofthe third and fourth

peaks were combined and reprocessed with a 30 mmx250
mm Phenomenex Cellulose-2 column using 27.5% i-PrOH

(0.5% isopropylamine) at 110 mL/minute and gave 300 mg
from peak 3 fractions and 320 mg from peak 4 fractions. The

second-eluting compoundfrom this pair (Peak 4) was deter-
mined to possessanti-relative stereochemistry carried on to

the next step (see Example 92). Thefirst-eluting compound

from this pair (Peak 3) was used in the preparation of
Compound ID No. 122. 'H NMRdata matchedthe proposed

structures.

Example 93—Synthesis of Compound ID No. 93
(1S,3R)-4-(methylamino)-3-(naphthalen-2-yl)-1-

phenylbutan-1-ol)

To LiAIH, (0.413 mL, 0.41 mmol) solution in THF (2

mL) at 55° C. under N, was added Compound No. 93b (75
mg, 0.21 mmol) in THF (1 mL) drop-wise via syringe over

about 5 minutes. The reaction mixture was then heated at
reflux for 2.5 hours. The reaction mixture was quenched

carefully with saturated Na,SO,, and then diluted with

saturated NaHCO,. The mixture wasdiluted with ether and
stirred briefly, and then the ether layer was isolated. The

aqueous layer was extracted twice more with ether. The
ethereal layers were combined, washed with saturated

NaHCO,and brine, dried, filtered, and concentrated to a
white solid (46 mg). The foamy solid was converted to an

HC!salt using 4 M HClin dioxaneandtriturated with ether

to give a white solid (44 mg, 65%). This compoundis a pure
stereoisomer of known (S)-configuration at C1. Since this

compoundis less potent at hNET than its C3-epimer (Com-
pound ID No.85), it is presumed to be (1S,3R)-configured.

"H NMR(500 MHz, DMSO-d6) 8 ppm 1.94 (d, J=11.4 Hz,
1H) 1.99-2.13 (m, 1H) 2.50 (br. s., 7H) 3.57 (br. s., 1H) 4.12
(d, J=10.2 Hz, 1H) 5.35 (br. s., 1H) 7.14-7.32 (m, 5H)
7.45-7.62 (m, 3H) 7.94 (ddd, J=18.0, 9.0, 8.8 Hz, 4H)
8.17-8.34 (m, 1H) 8.69-8.85 (m, 1H).

Example 93a—Synthesis of Compound No. 93a

(ethyl (2R,4S)-4-hydroxy-2-(naphthalen-2-yl)-4-
phenylbutylcarbamate)

Compound No. 93a (see Example 85 above, 284 mg, 0.99

mmol) which consists of a mixture of diastereomers ((2S,

4S)-4-hydroxy-2-(naphthalen-2-yl)-4-phenylbutanenitrile
and (2R,4S)-4-hydroxy-2-(naphthalen-2-y]l)-4-phenylbu-

tanenitrile)) were treated with BH;/SMe, (1.24 mL, 2.48
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mmol) dropwise via syringe. The reaction mixture was then

heated at 75° C. for 3 hours. The reaction mixture was then

cooled to rt. and diluted. The combined acidic layer was

made basic with 1 N NaOH and extracted 5 times with

DCM.The combined DCM layer was washed with brine,

dried, filtered and concentrated to afforded a white solid

(278 mg, 97%). This crude material was dissolved in DCM
(6 mL) followed by addition of triethylamine (0.532 mL,

3.82 mmol). The reaction mixture was cooled to 0° C. and
the ethyl carbonochloridate (0.109 mL, 1.14 mmol) was

added dropwise via syringe. The reaction mixture was then

stirred at 0° C. for several minutes, then allowed to warm to
r.t. and continuedstirring for 1 hour, then diluted with DCM

and washed with 1N HCl, saturated NaHCO,, brine, dried,
filtered, and concentrated to afford 309 mg of as a mixture

of diastereomers. SCF chromatography wasable to afford 78
mg (22%) of Compound No. 93b, which is the C2-epimer of

Compound No. 85c.

Example 94—Synthesis of Compound ID No. 94

((R,2S}—N-(3-((1R,2S)-2-(3,4-dichlorophenyl)-1-
hydroxy-3-(methylamino)propyl)phenyl)acetamide)

The enantiomers from Compound No. 94a were separated

by SFC (ADH column, 25% iPrOH with 0.5% dimethyleth-
ylamine). The second-eluting enantiomer was isolated and

converted to an HCI salt in the usual way to afford 8 mg

(20%), which was shown to have a >99% enantiomeric
excess. ‘H NMRdata matchedthe proposedstructure. Since

this compound wasthe more potent enantiomer at hNET,it
was presumed to be (1R,2S)-configured.

Example 94a—Synthesis of Compound No. 94a

(N-@G-((syn-2-(3,4-dichlorophenyl)-1 -hydroxy-3-

(methylamino)propyl)phenyl)acetamide)

The nitro compound described in Example 63 (550 mg,
1.55 mmol) andiron (346 mg, 6.19 mmol) in acetic acid (1.5

mL)/EtOH (1.5 mL) were refluxed at 100° C. for 1 hour.
Upon cooling, the reaction mixture was neutralized with

saturated Na,CO, solution and then extracted with CHCI,.

The combined organic layer wasdried, filtered, and concen-
trated to a dark brown oil. The crude product was added to

a silica gel column and was eluted with 0-10% ammoniated
MeOHin CH,Cl, to give 42 mg (7.4%) as a pale-yellow

gum.

Example 95—Synthesis of Compound ID No. 95
((R,2S)-3-amino-1-(3-chloropyridin-4-yl)-2-(naph-

thalen-2-yl)propan-1-ol)

anti- and =syn-3-(3-chloropyridin-4-yl)-3-hydroxy-2-

(naphthalen-2-yl)propanenitrile: These compounds were
made in a standard LDA-mediated reaction of 2-naphthy-

lacetonitrile and 3-chloro-4-pyridine carboxaldehyde at
-78° C. in THF. These diastereomers were separated by

either recrystallization or chromatography. anti-isomer: 'H

NMR (CDCI) 8 8.57 (1, 1H), 8.30 (d, 1H, J=5.1 Hz),
7.83-7.76 (m, 1H), 7.75-7.68 (m, 2H), 7.61 (bs, 1H), 7.53-
7.49 (m, 2H), 7.12 (dd, 1H, J=8.4, 1.6 Hz), 7.08 (d, 1H,
J=4.8 Hz), 5.86 (t, 1H, J=4.5 Hz), 4.46 (d, 1H, J=4.5 Hz),
2.86 (d, 1H, J=4.5 Hz).

((R,2S)-3-amino-1-(3-chloropyridin-4-yl)-2-(naphtha-

len-2-yl)propan-1-ol): A solution of syn-3-@-chloropyridin-

4-yl)-3-hydroxy-2-(naphthalen-2-yl)propanenitrile (1.4 g,
4.53 mmol), in 20 mL of dry THF, was placed in an

oven-dried round-bottom flask with a reflux condenser under
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nitrogen. Next, 1M borane-THE solution (18.14 mL, 18.14

mmol) was added via syringe. This mixture wasstirred at

60° C. overnight while monitoring the reaction progress by

TLC. After quenching the reaction with cautious addition of

saturated NaHCO,, the reaction mixture was poured into a

separatory funnel. The layers were separated; the aqueous

layer was extracted with EtOAc (3x50 mL). The combined
organic layers were washed with water andbrine, and dried

over MgSO,, and were concentrated using a rotary evapo-
rator. The residue was dissolved in DCM.4N HCIin dioxane

was added, and the mixture wasstirred. The solvents were
evaporated in vacuo and the resulting salt was washed with

ether, dried and lyophilized yielding a white solid (1.367 g,

78%). ‘H NMR (CDCI,) 8 8.45 (s, 1H), 8.21 (d, 1H, J=5.1
Hz), 7.59-7.88 (m, 4H), 7.39-7.57 (m, 2H), 7.21-7.36 (m,
1H), 7.19 (d, 1H, J=5.1 Hz), 5.64 (d, 1H, J=3.4 Hz), 3.37 (d,
3H,J=4.2 Hz). Small J-value (33.4 Hz) ofthe benzylic proton

indicated syn-relative configuration. MS m/z (ESI) 313.11
(MH*). The Multigram II SFC chiral chromatography sys-

tem of the racemate furnished twofractions containing the

opposite enantiomers. Compound ID No. 95 recovered from
the second-eluting enantiomer was assigned (1R,2S)-con-

figuration based on its higher inhibitory activity on the
hNET comparedto thefirst-eluting enantiomer.

Example 96—Synthesis of Compound ID No. 96

(C1S,2R)-1-(2-fluoropheny1)-3-(methylamino)-2-
(naphthalen-2-yl)propan-1-ol)

This compound is the enantiomer(first eluting) of Com-
pound ID No. 60. Separation details are described in

Example 60. The combined fractions of the first eluting
enantiomer were concentrated in vacuo and converted to an

HC! salt that afforded 69.7 mg of Compound ID No. 96,

which was shownby the previously described SCF system
to have 85% enantiomeric excess. 'H NMR (300 MHz,

CD,OD) 8 7.70-7.85 (m, 3H), 7.61 (s, 1H), 7.45 (dddd,
J=6.4, 3.6, 3.4, 3.2 Hz, 2H), 7.33 (dd, J=8.7, 1.5 Hz, 1H),

7.18 (d, J=7.9 Hz, 1H), 7.14-7.23 Gm, 1H), 7.09 (t, J=7.5 Hz,
1H), 7.01 (dd, J=9.6, 0.9 Hz, 1H), 6.90 (t, J=7.5 Hz, 1H),

5.45 (d, J=4.1 Hz, 1H), 3.69-3.81 (m, 1H), 3.56 (ddd, J=9.6,

4.1, 4.0 Hz, 2H), 2.68 (s, 3 H). Since this enantiomeris less
potent at hNET than the second eluting enantiomer, it was

presumed to be (1S,2R)-configured.

Example 97—Synthesis of Compound ID No. 97
((AR,2S)-2-(3,4-dichlorophenyl)-3-(methylamino)-1-

(2-(methylthio)phenyl)propan-1-ol)

To a stirred solution of the 2-(3,4dichlorophenyl)acetoni-

trile (5.6 g, 30.10 mmol) in dry THF (60 mL) at -75° C. was
added drop-wise n-BuLi. After 20 minutes stirring at -75°

C., a solution of the 2-(methylthio)benzaldehyde (3.88 mL,
30.10 mmol) in THF (20 mL) was added drop-wise (color

faded). After 30 minutes stirring at -75° C., a solution of
acetic acid (2.1 mL, 36.68 mmol) in THF (5 mL) was added

drop-wise. After stirring the resulting clear solution for 15

minutes, a borane-tetrahydrofuran complex (100.0 mL,
100.00 mmol) was added drop-wise, and the dry ice bath

was removed. The mixture was allowed to warm to room
temperature (gas evolution observed) and then heated at

mild reflux for 2 hours. The mixture waschilled to 0° C. with
an ice bath, 2N HCl (60 mL) wascautiously added drop-

wise, the ice bath was removed, and the mixture was heated

at mild reflux for 2 hours. The mixture was cooled, and the
volatiles were removed on rotary evaporator. The white

suspension was diluted with chloroform (150 mL) and
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cooled to 0° C. With vigorousstirring, the mixture was made

basic by drop-wise addition of 1N NaOH. The layers were

separated, and the aqueous layer was extracted with chlo-

roform (2x). The organics were combined, washed with

half-saturated brine, dried. The concentration to dryness

afforded a white solid (10.3 g, 100%), which was used

directly in the next step. The lot of this compound (10.3 g,
30.09 mmol) and Et,N (6.27 mL, 45.0 mmol) in DCM (140
mL) were treated with a solution of ethyl chloroformate (3.8
mL, 39.57 mmol) in DCM (40 mL). This mixture wasstirred

for 2 hours and concentrated. The residue was partitioned
between ether and aqueous sodium bicarbonate, and

extracted with ether (2x). The organic extracts were com-

bined, washed with brine, dried, and concentrated to give
crude product (10 g) as a white solid. Approximately half of

this material was subjected to chromatography (ISCO 220 g
column) eluting with a 0-50% EtOAc/hexanes gradient to

give in order 1.0 g (syn isomer) followed by 1.6 g (anti
isomer). The lot of the syn isomer (1.0 g, 2.4 mmol) was

dissolved in dry THF (10 mL) and added drop-wise to

borane-tetrahydrofuran complex (10 mL, 10.0 mmol) at 0°
C. The mixture was warmed to room temperature and heated

to reflux for 3 hours. The clear solution was chilled with an
ice bath and cautiously treated with drop-wise addition of 3

N HC! (10 mL). Theresulting solution was warmed to room
temperature and heated at reflux for 2 hours. The volatiles

were removed on rotary evaporator. The white suspension

was diluted with chloroform (150 mL) and cooled to 0° C.
With vigorous stirring, the mixture was made basic by

drop-wise addition of 1 N NaOH.Thelayers were separated,
and the aqueous layer was extracted with chloroform (2x).

The organics were combined, washed with half-saturated

brine, and dried. Concentration to dryness afforded a white
solid (1.1 g). This solid was resolved into its two component

enantiomers using SCF. The first eluting enantiomer was
acidified with 4 N HClin dioxanein the usual wayto afford

370 mg (0.94 mmol, 3% overall yield) of the HCIsalt. 'H
NMRdata matched the proposed structure. Since this com-

pound was the more potent enantiomer at hNET, it was

presumed to be (1R,2S)-configured.

Example 98—Synthesis of Compound ID No. 98
(N-(3-((1S,2R)-2-(3,4-dichlorophenyl)-1-hydroxy-3-

(methylamino)propyl)phenyl)acetamide)

The enantiomers from Compound No. 94a were separated
by SFC (ADH column, 25% iPrOH with 0.5% dimethyleth-

ylamine). The first eluting enantiomer was isolated and

converted to an HC] salt in the usual way to afford 10 mg
(23%), which was shown to have a >99% enantiomeric

excess. 'H NMRdata matched the proposedstructure. Since
this compound wasthe less potent enantiomer at hNET, it

was presumed to be (18,2R)-configured.

Example 99—Synthesis of Compound ID No. 99
(C1S,2R)-3-(methylamino)-2-(naphthalen-2-yl)-1-

(pyridin-2-yl)propan-1-ol)

(1R,2S and 1S,2R)-3-(methylamino)-2-(naphthalen-2-

yl)-1-(pyridin-2-yl)propan-1-ol (Example 72) was a pair of
R,S and S,R enantiomers. The enantiomers were separated

using chiral Multigram II SFC system. The enantiomer
corresponding to the first-eluting peak was assigned the

(1S,2R) configuration based on its lower inhibitory activity

compared to the second-eluting peak. 'H NMR (500 MHz,
DMSO-d6) 5 ppm 8.99 (br. s., 1H) 8.39-8.59 (m, 2H), 7.89

(br. s., OH), 7.73-7.85 (im, 3H), 7.71 (d, 1H, J=8.55 Hz), 7.59
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(s, 1H), 7.38-7.49 (m, 4H), 7.20 (d, 2H, J=8.55 Hz), 5.39 (br.
s., 1H,) 3.79-3.88 (m, 1H), 3.47-3.63 (m, 2H), 2.59 (t, 3H,
J=5.49 Hz).

Example 100—Synthesis of Compound ID No. 100

((AR,2S)-2-(3,4-dichlorophenyl)-3-(methylamino)-1-
(2-(thiophen-2-yl)phenyl)propan-1-ol)

2-(3,4-dichlorophenyl)-3-hydroxy-3-(2-(thiophen-2-yl)

phenyl)propanenttrile: A solution of 2-(3,4-dichlorophenyl)

acetonitrile (4.5 g, 24.19 mmol) in 30 mL ether and 30 mL
THF was placed under nitrogen in an oven dried round

bottom flask with a stir bar and cooled to -75° C. in an
acetone dry ice bath. Butyllithium (16.33 mL, 26.12 mmol)

(1.6 M in hexane) was added slowly while maintaining the
internal temperature of the reaction mixture below -55° C.

After stirring for 15 minutes, 2-(thiophen-2-yl)benzalde-

hyde (4.55 g, 24.19 mmol) dissolved in 20 mL THF was
added drop-wise via syringe. The reaction mixture was

allowedto stir for 2.5 hours at -75° C. and then quenched
with a solution of acetic acid (2.077 mL, 36.28 mmol) in 5

mL of diethyl ether. The quenched mixture was slowly
warmed to room temperature. Water (100 mL) was added,

and the organic layer was separated in a separatory funnel.

The aqueous layer was extracted with EtOAc (x3). The
combined organic extracts were washed with saturated aque-

ous sodium bicarbonate, dried with MgSO.,,filtered, and
evaporated to a thick clear, pale yellow oil (9.42 g). The

crude was purified by chromatography (eluent: 0-60%
EtOAc in hexane) yielding 2-(3,4-dichlorophenyl)-3-hy-

droxy-3-(2-(thiophen-2-yl)phenyl)propanenitrile (6.90 g,

76%) and taken to the next step. 'H NMR in CDCI, showed
the presence of the expected mixture of diastereomers. 'H

NMRdata were consistent with the desired structure. MS
m/z (EST) 396.1 (MNa‘*).

3-amino-2-(3,4-dichlorophenyl)-1-(2-(thiophen-2-yl)

phenyl)propan-1-ol: A solution of 2-(3,4-dichlorophenyl)-3-
hydroxy-3-(2-(thiophen-2-yl)phenyl) propanenitrile (6.9 g,

18.44 mmol) in 160 mL THF wasplaced andstirred under
nitrogen in a 500 mL flask fitted with a Dean-Stark trap.

Next, borane-methyl sulfide complex (23.04 mL, 46.09
mmol) was addedin several portions. The resulting reaction

mixture was heated to 75° C. under mild reflux for 3 hours.

After cooling in an ice bath, the reaction was quenched with
9 mL of 4M HClin dioxane. MeOH (20 mL) was cautiously

added. Addition of MeOH caused vigorous gas evolution.
After the gas evolution ceased, the reaction was heated to

80° C. for 30 minutes generating B(OMe),.etherate, which
was collected into the Dean-Stark trap. The reaction was

then cooled to room temperature, and the solvents were

evaporated. The resulting sticky white/yellow solid was
dissolved in 150 mL of CHCI, and washed with saturated,

aqueous NaHCO, to free the HCl salt. The layers were
separated, and the aqueous layer was extracted twice with

CHC1,. Organic extracts were combined, dried with MgSO,,
filtered, and concentrated to a tacky orange gum. The crude

product (3-amino-2-(3,4-dichlorophenyl)-1 -(2-(thiophen-2-

yl)phenyl)propan-1-ol; 7.05 g, 101%) wascarried to the next
step withoutfurther purification. 1H NMRin CDC1, showed

the presence of the expected mixture of diastereomers. MS
m/z (EST) 378.2 (MH*).

syn-tert-butyl (2-(3,4-dichloropheny]1)-3-hydroxy-3-(2-
(thiophen-2-yl)phenyl)propyl)carbamate: A mixture of

3-amino-2-(3,4-dichloropheny])-1-(2-(thiophen-2-yl)phe-

nyl)propan-1l-ol (7.02 g, 18.56 mmol) and TEA (3.88 mL,
27.83 mmol) in 97 mL ofCH,Cl, wasplaced under nitrogen

in an oven dried round bottom flask equipped with a stirrer
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and cooled to 0° C. Ethyl chloroformate (2.139 mL, 22.27
mmol) was added slowly, and the resulting mixture was
stirred at room temperature for 1.5 hours. The reaction
mixture was then diluted with 100 mL of CH,Cl,. Saturated,
aqueous NaHCO, (75 mL) and 50 mL of water were added,
and the reaction mixture was poured into a separatory
funnel. The organic phase was separated, and the aqueous
phase was extracted with two equal portions of CH,Cl,. All
organic extracts were combinedand dried with MgSO,, then
filtered, and evaporated to a yellow foamy oil. The crude
material was subjected to Flash chromatography (eluent:
20-80% EtOAc/hexane). The first eluting product was the
syn-pair of isomers (2.47 g). The secondeluting product was
the anti-pair of enantiomers, (2.44 g). MS m/z (ESI) 472.2
(MNa*). "HNMR in CDCl, showed the presence of the
expected structure.
Compound ID No. 100: A solution of (2R,3S and 2S,3R)-

ethyl(2-(3,4-dichlorophenyl)-3-hydroxy-3-(2-(thiophen-2-
yl)phenyl)propyl)carbamate (2.45 g, 5.44 mmol) in 50 mL
THF was transferred to a 500 mL round bottom flask
equipped with a magneticstirrer, addition funnel, thermom-
eter, and Dean-Stark trap fitted with a condenser and nitro-
gen inlet. A solution of borane-methyl sulfide complex
(13.60 mL, 27.20 mmol) was added slowly, and then the
solution was heated to reflux (75° C.). Dimethy1]sulfide that
collected in the Dean-Stark trap over 30 minutes was
removed, and then the reaction was allowed to heat at that
temperature for an additional hour. Another 10 mL of
borane-methy] sulfide complex was added, dimethyl sulfide
was removedfrom the Dean-Stark trap over 30 minutes, and
the reaction was allowed to heat at 75° C. overnight. The
reaction mixture was cooled to room temperature, and 4.0 M
HCl! (9 mL) in dioxane was added drop-wise. 20 mL of
MeOHwasadded drop-wise, the reaction was heated to 80°
C., and the distillate was collected in a Dean-Stark con-
denser for 30 minutes. The reaction mixture was cooled to
room temperature, and the solvents were evaporated to an
oil. The oil was dissolved in CHCI, and adsorbed directly
onto an ISCO column and run with a ramp of 0-20%
MeOH/CH,Cl,. The product with a mass of 1.6 grams was
isolated, of which 0.550 g was subjected to separation into
the two syn-enantiomers. The material resulted in two
portions, about 800 mL of volume each. These volumes
were respectively concentrated, and the crude residues were
separately dissolved in CH,Cl,, washed with 10% NaHCO,
in water, and extracted two times with CH,Cl,. Organic
extracts were combined, dried with MgSO,, and evaporated.
The two crude enantiomers were separately dissolved in
ether and mixed with 2.0 M HCIto form the HClsalts. The
salts were finally dissolved in EtOH (1-2 mL) and precipi-
tated with excess hexane. Thecrystals werefiltered, washed
with hexane, and dried to afford two distinct enantiomeric
compounds as hydrochlorides with 96% enantiomeric
excess or greater. Compound ID No. 100 corresponded to
the first eluting peak from the SFC chiral chromatography
and was assigned an (1R,2S)-configuration based on its
higher inhibitory activity on the hNET compared to the
second-eluting enantiomer. 1H NMR (500 MHz, DMSO-d6)
6 8.89 (br. s., 1H), 8.06 (br. s, 1H), 7.67 (d, 1H, J=4.3 Hz),
7.48 (d, 1H, J=8.6 Hz), 7.15-7.33 (m, 6H), 6.95-7.09 (m,
2H), 5.77 (d, 1H, J=4.3 Hz), 5.20 (t, 1H, J=4.3 Hz),
3.25-3.47 (m, 2H), 3.02 (d, 1H, J=11.0 Hz), 2.38 (s, 3H). MS
m/z (ESI) 392.2.

Example 101—Synthesis of Compound ID No. 101
(C1S,2S)-2-(3,4-dichloropheny])-3-(methylamino)-1-

(3-(methylsulfonyl)phenyl)propan-1-ol)

2-(3,4-dichlorophenyl)-3-hydroxy-3-(3-(methylthio)phe-

nyl)propanenitrile: 2-(3,4-dichlorophenyl)acetonitrile (5.8
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g, 30.55 mmol) was dissolved in ether (35 mL)/THF (15
mL) and cooled to -75° C. under nitrogen. Butyllithium

(13.44 mL, 33.61 mmol) was added slowly and the reaction

was stirred at -75° C. for 20 min Next, 3-(methylthio)
benzaldehyde (5.12 g, 33.61 mmol) in THF (15 mL) was

added dropwise while maintaining the temperature under
-60° C. After the addition, the reaction wasstirred at -75°

C. for another hour. Then, acetic acid (2.62 mL, 45.83
mmol) was added at -75° C. to quench the reaction. The

reaction mixture was warmed to room temperature, and the

organic layer was separated from the aqueous layer. The
aqueous layer was extracted with ether (100 mLx3) and the

combined organic layer was dried over MgSO, and evapo-
rated to give an orange oil, which was used for next step

directly without further purification. Isomer A—'H NMR
(CDC1,) 8 4.99 (d, 1H, J=6.1 Hz), 4.06 (d, 1H, J=6.1 Hz).
Isomer B—'H NMR(CDCI,) 5 4.93 (d, 1H, J=5.5 Hz), 4.01
(d, 1H, J=5.2 Hz).

3-amino-2-(3,4-dichloropheny])-1-(3-(methylthio)phe-

nyl)propan-l-ol: —2-(3,4-dichloropheny])-3-hydroxy-3-@-
(methylthio)phenyl)propanenitrile (10.15 g, 30 mmol) in

THF (55 mL) waspreheated at 76° C. for gentle-refluxing.
To this, a solution of borane-methyl sulfide complex (45.0

mL, 90.00 mmol) in THF was added dropwise over 30 min

(Dean-Stark trap was set up to collect liberated SMe.) and
the reaction mixture wasstirred for 12 h before cooling in a

cold water bath. The mixture was cautiously acidified with
4M HClin dioxane (10 mL) MeOH (20 mL) wasthen added

to quench the extra BH, while maintaining the temperature
under 25° C. After the evolution of gas bubbles subsided, the

reaction mixture was heated to 64° C. for 10-15 min to

convert all BH, to B(OMe),-MeOH complex that wascol-
lected in a Dean-Stark trap during heating. The reaction

mixture was concentrated to give a pale-yellow oil. Since the
'H NMRspectrum of the crude in CDCl, showed the

presence of the expected mixture of anti- and syn-structures,

it was taken to the next step without further purification.
anti-Ethyl-2-(3,4-dichloropheny])-3-hydroxy-3-(3-(meth-

ylthio)phenyl)propyl-(methyl)carbamate and syn-ethyl-2-
(3,4-dichlorophenyl)-3-hydroxy-3-(3-(methylthio)phenyl)

propyl(methyl)carbamate: The HCIsalt of 3-amino-2-(3,4-
dichlorophenyl)-1-(3-(methylthio)phenyl)propan-1-ol

(11.36 g, 30 mmol), obtained above, was suspended in 100

mL of CH,Cl, at rt. TEA (12.54 mL, 90.00 mmol) was
added to effect complete solution. This clear solution was

cooled to 0° C. before adding ethyl carbonochloridate (3.46
mL, 36.00 mmol) in a dropwise fashion. The reaction

mixture wasstirred at rt. for 3 h. The reaction mixture was
then sequentially washed with 0.5N HCl] (150 mL), saturated

NaHCO, (100 mL), water, and brine, then dried over

MgSO,and evaporated to give a pale-yellow oil. The crude
oil was subjected to Flash silica gel column chromatography

(eluent: 0-100% EtOAc in hexane) to give two collections:
anti-isomer and syn-isomer. The anti-isomer collection was

evaporated to give a pale-yellow oil (4.85 g, 39.0%). 'H
NMR(CDCI,) 8 7.28 (d, 1H, J=8.4 Hz), 7.19 (d, 1H, J=2.1
Hz), 7.07-7.18 Gm, 2H), 7.05 (s, 1H), 6.86-6.95 (m, 2H),
4.85 (br. s., 1H), 4.81 (dd, 1H, J=7.9, 3.7 Hz), 4.10 (q, 2H,
J=7.0 Hz), 3.66-3.81 Gm, 1H), 3.52-3.66 (m, 1H), 3.17 (br.
s., 1H), 3.02-3.12 (m, 1H), 2.39 (s, 3H), 1.22 (t, 3H, J=7.2
Hz). The large J-value of the benzylic proton (7.9 Hz)

indicated anti-relative configuration. MS m/z (ESI) 314.01
(MNa*). The syn-isomer collection was evaporated to give

a pale yellow oil (5.14 g, 41.4%)'H NMR (CDCI,) 6

7.23-7.30 (im, 2H), 7.05-7.20 (im, 2H), 6.98 (s, 1H), 6.93 (dd,
1H, J=8.3, 2.0 Hz) 6.87 (d, 1H, J=7.2 Hz), 4.96 (t, 1H, J=4.0
Hz), 4.78 (br. s., 1H), 4.11 (q, 2H, J=7.2 Hz), 3.63-3.86 (m,
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1H), 3.24-3.39 (m, 1H), 3.11 (br. s., 1H), 2.98 (td, 1H, J=7.7,
4.6 Hz), 2.36 (s, 3H), 1.23 (t, 3H J=7.3 Hz). Small J-value

(4.0 Hz) of the benzylic proton indicated syn-relative con-

figuration. MS m/z (ESI) 436.15 (MNa‘).
anti-2-(3,4-dichloropheny])-3-(methylamino)-1-@-

(methylthio)-phenyl)propan-1-ol: A solution of anti-ethyl-2-
(3,4-dichlorophenyl)-3-hydroxy-3-(3-(methylthio)phenyl)

propyl carbamate (4.7 g, 11.34 mmol) in THF (50 mL) was
set to reflux at 76° C. BH,.THF 4.0 mL, 34.03 mmol) was

added dropwise over 15 minutes, and the refluxing was

allowed to continue overnight. The reaction mixture was
cooled in a cold water bath, treated first with 5 mL HCl and

then with dropwise addition of 10 mL of MeOH to quench
extra BH, while maintaining the temperature under 25° C.

After the evolution of gas bubbles subsided, the reaction
mixture was heated to 64° C. (to make sure all of BH,

quenched) for 10-15 minutes, and then concentrated to a

pale-yellow oil. The HCIsalt wasstirred in 100 mL CHC1,/
saturated NaHCO, for 10 minutes. The organic layer was

separated, and the aqueouslayer was extracted with CHCl,
(20 mLx5). A significant amount of white solid was not

basified and extracted into CHCI1,. The combined CHCl,
layer was dried over MgSO,and evaporated to give a yellow

oil. The product from this oil was isolated by Flashsilica gel

chromatography (eluent: 0-10% MeOH in CH,Cl,). The
relevant collections were collected and evaporated under

reduced pressure to give the desired anti-product (1.725 g,
42.6%). H NMR (CDCI,) 5 7.24 (d, 1H, overlapping with

CHC1,) 7.13 (d, 1H, J=2.1 Hz), 7.09 (s, 1H), 7.10 (d, 1H,
J=9.5 Hz), 7.03 (br. s., 1H), 6.87 (dt, 1H, J=7.0, 1.7 Hz), 6.83
(dd, 1H, J=8.3, 2.0 Hz), 4.92 (d, 1H, J=8.0 Hz), 3.20 (dd, 1H,
J=12.1, 9.7 Hz), 3.03 (dd, 1H, J=12.1, 3.1 Hz), 2.87 (ddd,
1H, J=9.7, 8.0, 3.2 Hz), 2.50 (s, 3H), 2.37 (s, 3H). MS m/z
(ESI) 356.11 (MH"*).

anti-tert-butyl-2-(3,4-dichlorophenyl)-3-hydroxy-3-(3-

(methylthio)phenyl)propyl(methyl)carbamate: A suspension

of anti-2-(3,4-dichlorophenyl)-3-(methylamino)-1-@-
(methylthio)phenyl)propan-1-ol (1 g, 2.81 mmol) and tri-

ethylamine (0.312 g, 3.09 mmol) in dichloromethane (5 mL)
wascooled to 0° C. Boc anhydride (0.674 g, 3.09 mmol) was

added portionwise and the mixture was allowed to warm
room temperature over 1 hour. The reaction mixture was

then diluted with CH,Cl, (100 mL), washed with water (10

mLx2), dried through MgSO, and evaporated in vacuo. The
crude product was purified by Flash silica gel chromatog-

raphy(eluent: 0-100% EtOAc in hexane)to give the desired
product as a colorless foam (0.850 g, 66.4%).

(2S,3S)-tert-Butyl 2-(3,4-dichloropheny])-3-hydroxy-3-
(3-(methylsulfonyl)phenyl)propyl(methyl)carbamate: A

solution of oxone (1.429 g, 2.33 mmol) in water (4 mL) was

cooled to 5° C., and its pH was adjusted to ca. 6 by adding
aqueous K,CO,. To this solution, tert-butyl anti-2-(3,4-

dichlorophenyl)-3-hydroxy-3-(3-(methylthio)phenyl)propyl
(methyl)carbamate (0.379 g, 0.83 mmol) in methanol (4 mL)

was added slowly and the reaction mixture was allowed to
warm to r.t and stirred for several hours. During the reaction,

the pH was periodically checked and adjusted to ~6 by

K,CO,. After stirring for 8 hours at room temperature, the
reaction mixture was kept in refrigerator overnight before

the work-up. MeOH was removed by rotary evaporation
from the reaction mixture. The reaction residual was washed

with CHC1, (100 mLx3), dried over MgSO, and evaporated
to dryness. The crude product was addedto a silica gel

column and eluted with 0-100% EtOAcin hexaneto give the

desired product as a colorless gum (0.235 g, 57.9%). 'H
NMR(CDC1,) 8 7.72 (dd, 1H, J=7.6, 1.3 Hz), 7.67 (br. s.,
1H), 7.48-7.58 (m, 1H), 7.42 (t, 1H, J=7.6 Hz), 7.24-7.33
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(m, 1H), 7.20 (br. s., 1H), 6.97 (d, 1H, J=8.0 Hz), 4.89 (br.
s, 1H), 3.59-3.86 (m, 2H), 3.12-3.27 (m, 1H), 2.91 (br. s,
3H), 2.58 (s, 3H), 1.36 (br. s, 9H). MS m/z (ESI) 510.15
(MNa*).

tert-Butyl (2S,3S)-2-(3,4-dichlorophenyl)-3-hydroxy-3-

(3-(methylsulfonyl)phenyl)propyl(methyl)carbamate and
tert-butyl (2R,3R)-2-(,4-dichlorophenyl)-3-hydroxy-3-@-

(methylsulfonyl)phenyl)propyl(methyl)carbamate: The two

enantiomers were purified twice by chiral SFC (Phenom-
enex Cellulose-2 column, 20% iPrOH with 0.5% isopro-

pylamine) as Peak 1 and Peak 2. Each fraction obtained was
concentrated separately. 'H NMR (CDCI,) 5 7.72 (d, 1H,

J=8.0 Hz), 7.67 (s, 1H), 7.48-7.56 (m, 1H), 7.42 (t, 1H, J=7.8
Hz), 7.28 (d, 1H, J=8.4 Hz), 7.20 (s, 1H), 6.97 (d, 1H, J=8.0
Hz), 4.88 (d, 1H, J=7.2 Hz), 3.62-3.80 (m, 2H), 3.19 (q, 1H,
J=6.7 Hz), 2.91 (s, 3H), 2.57 (s, 3H), 1.37 (br. s., 9H). MS
m/z (ESI) 510.15 (MNa*). The first-eluting enantiomer was

retrospectively presumed to be 18,2S-configured based on
the higher potency of its completely deprotected form on

hNET,relative to that from the second-eluting enantiomer
(see below).

(18,2S)-2-(3,4-dichloropheny])-3-(methylamino)-1-(3-

(methylsulfonyl)-phenyl)propan-1-ol: tert-Butyl (1S,2S)-2-
(3,4-dichlorophenyl)-3-hydroxy-3-(3-(methylsulfonyl)phe-

nyl) propyl(methyl) carbamate (0.125 g, 0.26 mmol) was
stirred in the presence of 4N HC] in dioxane/THF=3:1 (1

mL) at rt for 3 h. The volatiles were removed in vacuo to
give a white solid as the desired product (0.110 g, 100%

yield, 95% purity). 'H NMR (CD,OD) 8 7.79 (dt, J=4.2, 2.2
Hz, 1H), 7.67 (s, 1H), 7.51 (d, 2H, J=4.9 Hz), 7.41 (d, 1H,
J=8.3 Hz), 7.30 (d, 1H, J=1.9 Hz), 7.05 (dd, 1H, J=8.1, 2.1
Hz), 5.00 (d, 1H, J=9.0 Hz), 3.79 (dd, 1H, J=12.4, 7.9 Hz),
3.41 (dd, 1H, J=12.6, 5.8 Hz), 3.19-3.28 (m, 1H partially
covered under MeOH), 2.98 (s, 3H), 2.75 (s, 3H). MS m/z

(EST) 388.1.

Example 102—Synthesis of Compound ID No. 102
(CS,2S)-2-(3,4-dichloropheny])-3-(methylamino)-1-

(3-nitrophenyl)propan-1-ol)

2-(3,4-dichlorophenyl)-3-hydroxy-3-(3-nitrophenyl)pro-
panenitrile: A solution of 2-(3,4-dichloropheny])acetonitrile

(6 g, 32.25 mmol) in 70 mL of THF was placed under

nitrogen in an oven dried round bottom flask with a stirrer.
This solution was cooled to -75° C., butyllithium (22.17

mL, 35.48 mmol) was added slowly, and the reaction was
stirred at -75° C. for 20 min 3-Nitrobenzaldehyde (5.36 g,

35.48 mmol) dissolved in 20 mL of THF was added drop-
wise, maintaining the temperature under -70° C. After the

addition, the reaction wasstirred at -75° C. for another hour.

Then, acetic acid (2.77 mL, 48.38 mmol) was added at -75°
C. to quenchthe reaction. The reaction mixture was warmed

to room temperature, diluted with 50 mL saturated NaHCO,,
and the organic layer was separated from the aqueouslayer.

The aqueouslayer was extracted with ether (100 mLx2), and
the combined organic extracts were dried over MgSO, and

evaporated to give an orange oil. The orange oil was added

to a silica gel column and was eluted with 0-100% EtOAc
in hexane. Most of the fractions were a mixture of anti- and

syn-isomers. The combined collection of the mixture was
evaporated to give sticky yellow oil (11.1 g, 87%). A small

amount of the end collection that was obtained as a pale-
yellow sticky solid (0.612 g, 5.63% yield, 98% purity) after

evaporation was determined to be pure anti-isomer. 'H

NMR(CDCI1,) 8 8.23 (dt, 1H, J=7.8, 1.9 Hz), 8.14-8.20 (im,
1H), 7.59-7.64 (m, 1H), 7.57 (t, 1H, J=7.8 Hz), 7.44 (d, 1H,
J=8.2 Hz), 7.37 (d, 1H, J=2.3 Hz), 7.07 (dd, 1H, J=8.3, 2.2



US 9,944,618 B2

165
Hz), 5.15 (dd, 1H, J=6.5, 3.4 Hz), 4.08 (d, 1H, J=6.3 Hz),
2.50 (br. s., 1H). MS m/z (ESI) 359.07 (MNa*).

3-amino-2-(3,4-dichloropheny1)-1-(3-nitrophenyl)pro-

pan-1-ol: dichlorophenyl)-3-hydroxy-3-(3-nitrophenyl)pro-
panenitrile (11 g, 27.83 mmol) in 100 mL of THF was

preheated at 76° C. for gentle-refluxing. A solution of
borane-methyl sulfide complex (34.8 mL, 69.57 mmol) in

THF was added dropwise over 15 min. The liberated SMe,
collected in a Dean-Stark trap. Four hours after the addition,

the reaction mixture wascooled in a cold water bath, and the

extra BH, was quenched by cautious addition of MeOH (20
mL), maintaining the temperature under 25° C.resulting in

vigorous evolution of gas bubbles. After the addition, the
reaction mixture was heated to 64° C. (to makesure all of

BH, quenched) for 10-15 min while the B(OMe),-MeOH
complex was collected in a Dean-Stark trap. The reaction

mixture was concentrated to give a pale-yellow foam as the

desired product (11.6 g, 122%). The pale-yellow foam was
dissolved in 100 mL ofCH,Cl1,, and then 4M HClin dioxane

(10 mL) was added. The addition of HCI generated a solid
that precipitated out as a white foam. The white solid was

filtered and washed with CH,Cl, (30 mLx2). The HC! salt
of the desired product, thus obtained, was suspended in 500

mL of CH,Cl,, and basified with saturated NaHCO,; most

ofwhite solid diffused into CH,Cl, phase but a small amount
of white solid remained undissolved. The product solution

was separated from the white solid and saturated NaHCO,
layer was continuously extracted with CH,C1, (100 mLx10).

The combined CH,Cl, extracts were dried over MgSO,, and
evaporated to give the desired product as an off-white foam

(7.45 g, 78%). Based on the integration of the relevant

proton, the anti- and syn-isomers were determinedto be in
a 2:1 ratio. MS m/z (ESI) 341.1 (MH*). A very small amount

of white solid, which couldn’t be extracted back to CHCl,
was collected as the desired product also (0.260 g, 2.74%).

'H NMRin CDCl, showed the presence of the expected

structure. MS m/z (ESI) 341.1 (MNa*).
anti- and syn-ethyl (2-(3,4-dichlorophenyl)-3-hydroxy-3-

(3-nitrophenyl)propyl(methyl)carbamate: A mixture of
3-amino-2-(3,4-dichloropheny])-1-(3-nitropheny]l)propan-

1-ol (7.3 g, 20.33 mmol) and TEA (4.25 mL, 30.49 mmol)
in 100 mL of CH,Cl, cooled to 0° C. Ethyl carbonochlori-

date (2.342 mL, 24.39 mmol) was slowly added and the

resulting mixture wasstirred at rt. for 2 h. The reaction was
quenched by adding 100 mL 0.5N HCl. The acid was

neutralized with 50 mL saturated NaHCO,. The organic
phase was separated and dried over MgSO, and evaporated

to give a yellow oil. Flash silica gel chromatography with
0-100% EtOAc in hexane gave three collections: anti-

isomer, syn-isomer and an unknown. The anti-isomer col-

lection was evaporated to give a pale-yellow oil (1.58 g,
18.81% yield, 98% purity)'H NMR (CDCI,) 6 8.09-8.15 (m,
1H), 7.99-8.09 (m, 1H), 7.43-7.50 (m, 1H), 7.38 (t, 1H,
J=7.8 Hz), 7.31 (d, 1H, J=8.2 Hz), 7.20 (d, 1H, J=1.9 Hz),
6.94 (dd, 1H, J=8.2, 2.1 Hz), 4.96 (dd, 1H, J=8.3, 4.3 Hz),
4.82 (br. s., 1H), 4.14 (q, 2H, J=6.9 Hz), 3.79-3.99 (m, 1H),
3.37-3.55 (m, 1H), 3.08 (dt, 1H, J=8.4, 5.1 Hz), 1.25 (t, 3H,
J=7.1 Hz). A large J-value (8.3 Hz) indicated anti-configu-
ration. The syn-isomer collection was evaporated to give a

pale-yellow oil (4.57 g, 54.5%)'H NMR (CDCI,) 8 7.97-
8.05 (m, 2H), 7.41 (t, 1H, J=7.5 Hz), 7.35 (t, OH, J=8.0 Hz),
7.20-7.25 (m, 2H), 6.93 (dd, 1H, J=8.2, 2.1 Hz), 5.16 (t, 1H,
J=3.9 Hz), 4.99 (br. s., 1H), 4.18 (q, 2H, J=7.2 Hz), 3.83-
4.02 (m, 1H), 3.26 (dt, 1H, J=14.5, 5.5 Hz), 2.98 (ddd, 1H,
J=9.9, 5.8, 3.7 Hz), 1.27 (t, 3H, J=7.1 Hz). MS m/z (ESI)
413.35 (MH*). A small J-value (3.9 Hz) indicated syn-

configuration.
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(18,2S)-2-(3,4-dichloropheny])-3-(methylamino)-1-(3-

nitrophenyl)propan-1-ol: anti-2-(3,4-dichlorophenyl)-3-hy-

droxy-3-(3-nitrophenyl)propylearbamate (1.57 g, 3.72

mmol) in THF (50 mL) was preheated at 76° C. for

gentle-refluxing. To this, borane-methyl sulfide complex

(6.52 mL, 13.03 mmol) was added dropwise over 109

minutes. A Dean-Stark trap was set up to collect liberated
SMe,. Seven hours after the addition, the mixture was

allowed to cool in a cold water bath and was treated with 4M
HClin dioxane (1.5 ml) to generate a HCIsalt. Then 10 mL

of MeOH was added slowly to quench the extra BH;,
maintaining the temperature under 25° C. After the gas

bubbles ceased, as formed as MeOH wasadded,the reaction

mixture was heated to 64° C. (to make sure all of BH,
quenched) for 10-15 min. The B(OMe)3-MeOH complex

was collected in a Dean-Stark trap. The reaction mixture was
cooled and concentrated to give a yellow gum as a HC!salt

of the desired product. The HCI salt was stirred in CHCl1,
(100 mL)/NaHCO,(sat’d) for 10 min, separated the organic

layer from the aqueous and extracted the aqueous layer with

CHCl, (20 mLx2). The combined CHCl, layer was dried
over MgSO,and evaporated to give a yellow stinky oil. The

yellow oil was added to a silica gel column and waseluted
with 0-10% MeOH in CH,Cl,. Collected fractions were

evaporated in vacuo to give a colorless gel as the desired
product (900 mg, 68.1% yield, 98% purity). "H NMR (300

MHz, CDCI) 6 8.12 (t, 1H, J=1.8 Hz) 8.03 (ddd, 1H, J=7.8,
2.2, 1.6 Hz), 7.23-7.36 (m, 3H), 7.10 (d, 1H, J=2.1 Hz), 6.80
(dd, 1H, J=8.2, 2.1 Hz), 5.07 (d, 1H, J=8.4 Hz) 3.26 (dd, 1H,
J=12.2, 10.2 Hz), 3.06 (dd, 1H, J=12.1, 2.8 Hz), 2.86 (ddd,
1H,J=10.5, 8.2, 2.7 Hz), 2.54 (s, 3H). This anti-mixture was

subjected to chiral Multigram II SFC system for enantio-

meric separation (ADH column, 22% EtOH with 0.5%
isopropylamine). The Compound ID No. 102 recovered

from the second-eluting fraction was assigned (1S,2S)-
configuration because it was more potent at hNET than the

first-eluting enantiomer. 'H NMR (CDCI,) 8 8.11 (t, 1H,
J=1.7 Hz), 8.01 (ddd, 1H, J=7.7, 2.0, 1.9 Hz), 7.22-7.36 (m,
3H), 7.10 (d, 1H, J=1.9 Hz), 6.81 (dd, 1H, J=8.2, 2.1 Hz),
5.05 (d, 1H, J=8.4 Hz), 3.25 (dd, 1H, J=12.1, 10.4 Hz), 3.04
(dd, 1H, J=12.3, 2.9 Hz), 2.82-2.92 (m, 1H), 2.52 (s, 3H).

Example 103—Synthesis of Compound ID No. 103

((1R,2R)-3-(methylamino)-2-(naphthalen-2-yl)-1-
(pyridin-3-yl)propan-1-ol)

This compound was prepared by SCF separation of the

racemate (18,2S and 1R,2R)-3-(methylamino)-2-(naphtha-

len-2-yl)-1-(pyridin-3-yl)propan-1-ol) (Compound ID No.
62). Compound ID No. 103 is the second-eluting

enantiomer.
Since Compound ID No. 103 wasless potent at hNET

than its enantiomer (Compound ID No.49), it was assigned
the (1R,2R)-configuration. 'H NMR (500 MHz, CDCI,) &

8.32 (dd, 2H, J=5.8, 2.7 Hz), 7.74 (d, 1H, J=9.2 Hz),
7.63-7.71 (m, 2H), 7.38-7.49 (m, 4H), 7.06 (td, 2H, J=8.5,
2.3 Hz), 5.19 (d, 1H, J=8.9 Hz), 3.41 (dd, 1H, J=12.1, 10.5
Hz), 3.16 (dd, 1H, J=12.2, 3.1 Hz), 2.56 (s, 3H) 3.07 (br. s.,
1H).

Example 104—Synthesis of Compound ID No. 104

(CR,2S)-2-(3,4-dichlorophenyl)-1-(2-methoxypyri-
din-3-yl)-3-(methylamino)propan-1-ol)

2-(3,4-Dichlorophenyl)-3-hydroxy-3-(2-methoxypyridin-
3-yl)propanenitrile: A solution of 2-(3,4-dichlorophenyl)

acetonitrile (2.92 g, 15.68 mmol) in 20 mL THF and 20 mL
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diethyl ether was placed under nitrogen in an oven dried
round bottom flask with stirrer. After cooling to -75° C. in

an acetonedry ice bath, butyllithium (6.77 mL, 16.93 mmol)

(2.5 M in hexane) was added dropwise. Internal temperature
was monitored and maintained below -60° C. After the

addition, the reaction was allowedto stir for 15 min. To this,
2-methoxynicotinaldehyde (2.15 g, 15.68 mmol) dissolved

in 20 mL of THF was added dropwise, maintaining the
temperature below -60° C. The reaction mixture was

allowedto stir for 1.5 hours at -75° C. and then quenched

at the same temperature with a solution of acetic acid (1.346
mL, 23.52 mmol in 10 mL of THF) and the cold bath

removed. After adding 100 mL of water, the two layers were
separated in a separatory funnel. The aqueous layer was

extracted with ethyl acetate (3x). The combined organic
layers were washed with brine, dried over MgSO,,filtered

and evaporated in vacuo. The crude product was purified by

chromatography (elution with ethyl acetate/CH,Cl,
0-100%) to yield 2-(3,4-dichlorophenyl)-3-hydroxy-3-(2-

methoxypyridin-3-yl)propanenitrile (4.64 g, 92%). 'H NMR
in CDCl, showed the presence of the expected mixture of

anti- and syn-structures. MS m/z (ESI) 323.13 (MH*).
3-Amino-2-(3,4-dichloropheny])-1-(2-methoxypyridin-3-

yl)propan-1-ol: 2-(3,4-dichlorophenyl)-3-hydroxy-3-(2-

methoxypyridin-3-yl)propanenitrile (4.64 g, 14.36 mmol)
wasdissolved in 115 mL THFandheated to 80° C. ina 100

mL flask equipped with astirrerandwater condenser. To this
colorless solution was added,via gas tight syringe in several

portions, the borane reagent (28.7 mL, 28.72 mmol) as a 1.0
M solution in THF. The heating was allowed to continue

which produced a gentle reflux for 5 h. The reaction mixture

was cooled and quenched with slow addition of MeOH (10
mL) Vigorous reaction occurred early in the addition and

dissipated towards the end of the addition. The reaction
mixture was then reheated to reflux. for 30 min. After

cooling to r.t., 150 mL of 10% sodium bicarbonate in water

was added and the aqueous phase extracted with CH,Cl, 3
times. The organic layers were combined, washed with

brine, dried with MgSO,, filtered, evaporated and dried to a
clear, oily semi-solid (4.58 g). Since the 1H NMRin CDCI,

of the crude showedthe presence of the expected mixture of
anti- and syn-structures, it was taken to the next step without

further purification.

Ethyl-2-(3,4-dichlorophenyl)-3-hydroxy-3-(2-methoxy-
pyridin-3-yl)propylcarbamate: To a vigorously stirring mix-

ture of 3-amino-2-(3,4-dichlorophenyl)-1-(2-methoxypyri-
din-3-yl)propan-1-ol (4.58 g, 14.00 mmol) and TEA (2.93

mL, 21.00 mmol) in 100 mL CH,Cl, was added ethyl
chloroformate (1.606 mL, 16.80 mmol) in one portion atrt.

After stirring overnight, the reaction mixture was diluted

with water (125 mL) and CH,Cl, (150 mL). The organic
layer was separated and the aqueous phase was extracted

with two more equal portions of CH,Cl,. All the organic
layers were combined and dried with MgSO,, then filtered

and evaporated to a crude oil (5.56 g).
(1R,2S)-2-(3,4-dichlorophenyl)-1-(2-methoxypyridin-3-

yl)-3-(methylamino)propan-1-ol: A diastereomeric racemate

ethyl 2-(3,4-dichlorophenyl)-3-hydroxy-3-(2-methoxypyri-
din-3-yl)propylcarbamate (0.800 g, 2.00 mmol) was dis-

solved in 10 mL THF,stirred and heated to 80° C. To this
colorless solution was added,via gas tight syringe in several

portions, the borane reagent (1.0M THF solution) (10.02
mL, 10.02 mmol). Bubbling occurred with each addition.

The reaction was kept at a constant 80° C. which produced

a mild reflux for 10 h. The reaction was allowed to reach rt
under N, overnight and then quenched with careful addition

of 5 mL of MeOH.After the bubbling subsided, 1 mL of
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1.0M HC] in dioxane was added and the mixture heated to

reflux for 15 min then cooled to rt. The volatiles were

evaporated on a rotary evaporator. 10% NaHCO, was added

and the aqueous layer was extracted 3 times with an equal
volume of CH,Cl,. The organic extracts were combined,

washed with water, dried with MgSO,,filtered and evapo-
rated in vacuo. The crude was then immediately purified by

chromatography (elution with 0-20% MeOH/CH,Cl,) giv-

ing a fraction (0.600 g) of the syn-pair of enantiomers as
determined by the ‘H-NMR analysis (small J-value of 4.3

Hz) of a complexed sample of the product with the chiral
shift reagent (butylphenyl-phosphinothioic acid, TBPTA,

S-(-) isomer). 'H NMR (CDC1,) 5 8.00 (dd, 1H, J=4.9, 1.83
Hz), 7.51 (dd, 1H, J=7.3, 1.8 Hz), 7.22-7.34 (m, 2H), 6.96
(dd, 1H, J=8.55, 1.8 Hz), 6.80 (dd, 1H, J=7.33, 4.9 Hz), 5.32
(d, 1H, J=4.3 Hz), 3.84 (s, 3H), 3.31-3.43 (m, 1H), 3.03-3.12
(m, 1H), 2.95-3.03 (m, 1H), 2.47 (s, 3H). The racemic

syn-sample was submitted for SFC chiral separation and the
fractions received after purification were individually

evaporated on a rotary evaporator. The correspondingresi-
dues were mixed with diethyl ether/CHCl, and HCl etherate

(about 1 mL), then evaporated and dried for 1 h at 70° C.

under high vacuum giving the two enantiomers (as hydro-
chloride salts) of the desired product (1R,2S)-2-(3,4-dichlo-

rophenyl)-1-(2-methoxypyridin-3-yl)-3-methylamino)pro-
pan-1l-ol and (1S,2R)-2-(3,4-dichlorophenyl)-1-(2-

methoxypyridin-3-yl)-3-(methylamino) propan-l-ol as
slightly yellow/orange solids (total yield of the two

enantiomers 0.542 g, 65.3%). The Compound ID No. 104

recovered from the first-eluting peak was assigned (1R,2S)-
configuration based on its higher inhibitory activity on the

hNET compared to the second-eluting enantiomer.

Example 105—Synthesis of Compound ID No. 105
((ARS,2RS)-2-@G,4-dichlorophenyl)-3-(dimethy]-

amino)-1-phenylpropan-1-ol)

anti-(3,4-dichlorophenyl)-3-hydroxy-3-phenylpropaneni-

trile: To a 250 mL round bottom flask equipped with a
magneticstirring bar, nitrogen inlet, and septum and charged

with THF (50 mL) was added LDA (1.8 M, 9.91 mL, 17.84
mmol). After cooling to -78° C., 2-(3,4-dichlorophenyl)

acetonitrile (3.32 g, 17.84 mmol) was added. After 60

minutes, benzaldehyde (1.803 mL, 17.84 mmol) was added
via syringe, and the resulting reaction mixture wasstirred for

3 hours. The reaction was quenched bythe addition ofwater
(20 mL) at -78° C., and the mixture was allowed to warm

to room temperature. The aqueous layer was extracted with
Et,O (2x50 mL) and the combined organic extracts were

washed with brine (50 mL), dried over MgSO,, and con-

centrated in vacuo to give the crude aldol. ISCO purification
onsilica gel eluting with 0-30% of ethyl acetate in hexane

afforded the product as 3:1 anti:syn-mixture (2.5 g). Recrys-
tallization from DCM (30 mL) and hexane (40 mL) at 0° C.

overnight afforded almost pure anti-isomer. NMR indicated
the presence of 3% syn-isomer. The product was recrystal-

ized again to afford the pure anti-isomer (0.700 g).H NMR

(CDC1,) 6 7.55-6.74 (m, 8H), 4.98 (dd, 1H, J=5.5, 3.7 Hz),
4.03 (d, 1H, J=5.5 Hz), 2.39 (d, 1H, J=3.7 Hz). MS m/z
(ESI) 314.01 (MNa*).

anti-3-amino-2-(3,4-dichlorophenyl)-1-phenylpropan-1-

ol: A solution of anti-2-(3,4-dichlorophenyl)-3-hydroxy-3-
phenylpropanenitrile (0.650 g, 2.22 mmol) in THF (25 mL)

was heated to gentle reflux at 76° C. and treated with

dropwise addition of borane-methy] sulfide complex (6.41
mL, 12.825 mmol) over 5 minutes. Liberated dimethyl

sulfide was collected in a Dean-Stark trap. After 3.5 hours,
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the mixture was allowed to cool to ambient temperature,

concentrated in vacuo, and the residue was dissolved in

EtOAc (100 mL). The EtOAc solution of the product was

washed with saturated aq. NaHCO,,brine, then dried over
MgSO.,,filtered, and concentrated. The residue was taken up

in DCM andfiltered to remove undissolved inorganic mate-
rials (derived from Borane-complexes). One mL of 2N HCl

in dioxane was added and the suspension wasstirred for 10

min. Rotary evaporation of the volatiles furnished a hydro-
chloride salt of the product as anti-mixture (0.620 g). 'H

NMR (DMSO-d) 5 7.77 (br. s., 2H), 7.53-7.36 (m, 2H),
7.32-6.99 (m, 4H), 5.96 (d, 1H, J=3.4 Hz), 4.77 (d, 1H, J=4.3
Hz), 3.47-3.34 (m, 2H), 3.27-3.19 (m, 2H). MS m/z (ESI)
296.1 (MH*).

anti-2-(3,4-dichloropheny])-3-(dimethylamino)-1-phe-

nylpropan-1-ol: To a stirred solution of anti-3-amino-2-(3,
4-dichlorophenyl)-1-phenylpropan-1-ol in 10 mL of metha-

nol was added 37% formaldehyde aqueous solution at rt.
This was followed by the addition of a suspension of sodium

cyanoborohydride and zinc chloride (0.600 mL, 0.3 mmol)
(0.5M in THF) in 5 mL methanol. After the reaction mixture

wasstirred at rt for 4 h, the solution was taken up in 0.1 N

NaOH (4 mL) and most of methanol was evaporated under
reduced pressure. The remaining aqueous solution was

extracted with ethyl acetate (50 mLx2). The combined
extracts were washed with water and brine, dried over

anhydrous sodium sulfate, and evaporated to dryness. The
residue wasre-dissolved in dioxane andtreated with 0.2 mL

of4N HClin dioxane. Afterstirring for 10 min, the solvents

were evaporated in vacuo to leave a solid that was washed
with ether and dried under vacuum to afford the product as

HCIsalt. "WH NMR (CD,OD) 8 7.50-6.89 (m, 8H), 4.88 (d,
1H, J=8.9 Hz), 4.05-3.86 (m, 1H), 4.05-3.86 (m, 1H), 3.47
(dt, 2H, J=9.5, 4.7 Hz), 3.09-2.85 (m, 6H). MS m/z (ESI)
324.09 (MH*). The anti-configuration was confirmed by a
large J-value (8.9 Hz) of the benzylic proton in CD,OD.

Example 106—Synthesis of Compound ID No. 106

(1R,2R)-2-(3,4-dichloropheny])-3-(methylamino)-1-
(thiophen-3-yl)propan-1-ol

anti-2-(3,4-dichloropheny])-3-hydroxy-3-(thiophen-3-yl)

propanenitrile: This compound wasprepared in a standard

fashion from the aldol reaction of 3,4-dichlorophenylac-
etonitrile and 3-thiophene carboxaldehyde. anti-i-Isomer:

'H NMR (CDCI,) 8 7.41 (d, 1H, J=8.3 Hz), 7.36-7.33 (m,
2H), 7.19 (d, 1H, J=1.87 Hz), 7.06 (dd, 1H, J=8.3, 2.09 Hz),
7.02-6.98 (m, 1H), 5.10 (t, 1H, J=4.6, 4.6 Hz), 4.05 (d, 1H,
J=5.32 Hz), 2.46 (d, 1H, J=3.9 Hz).

anti-3-amino-2-(3,4-dichlorophenyl)-1-(thiophen-3-yl)

propan-1l-ol: An oven-dried round-bottom flask with a stir
bar was charged with a solution of anti-2-(3,4-dichlorophe-

nyl)-3-hydroxy-3-(thiophen-3-yl)propanenitrile (0.6 g,
2.012 mmol) in 8 mL of dry THF and placed undernitrogen.

Next, 1M borane-THFsolution (8.05 mL, 8.05 mmol) was
added via syringe. The resulting mixture wasstirred at 60°

C. overnight. The reaction was checked for completion by

TLC and was quenched with cautious addition of NaHCo,.
The reaction was poured from the reaction vessel into a

separatory funnel. The layers were separated; the aqueous
layer was extracted with EtOAc (3x50 mL). The combined

organic layers were sequentially washed with water and
brine, then dried over MgSO,, filtered, and concentrated

using a rotary evaporator. Dioxane/HCl was added and

mixed with the residue by magnetic stirring. The solvents
were then evaporated off and DCM was added to dissolve

the crude product. Hexane was slowly added, a white solid
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precipitated out which wasfiltered off, dried and lyophilized

yielding the desired anti-product (identified by its large

J-value (8.3 Hz) of the benzylic proton) as a white solid

(0.620 g, 91%). ‘H NMR (CD,OD) 8 7.42 (d, 1H, J=8.3 Hz),
7.36-7.30 (m, 2H), 7.13-7.08 (m, 2H), 6.99-6.96 (m, 1H),
5.01 (d, 1H, J=8.3 Hz), 3.68-3.59 (m, 1H), 3.63-3.22 (m, 2H,
hidden in MeOD peak). MS: m/z (ESI) 302.02 (MH*).

anti-tert-Butyl-2-(3,4-dichlorophenyl)-3-hydroxy-3-

(thiophen-3-yl)propylcarbamate: —_anti-3-amino-2-(3,4-di-

chloropheny])-1-(thiophen-3-yl)propan-1l-ol (0.6 g, 1.772

mmol) was suspended in 10 mL of anhydrous DCM.Tri-

ethylamine (0.741 mL, 5.31 mmol) was then added, fol-

lowed by the addition of Boc anhydride (0.425 g, 1.949

mmol). The reaction mixture wasstirred at r.t. for about 1 h

and checked for completion ofreaction by TLC. On comple-

tion, the reaction was quenched with saturated NaHCO,.

The layers were separated and the aqueous layer was

extracted with DCM (3x25 mL) The combined organic

layers were washed with water and brine, and dried over

MgSO,, and concentrated using a rotary evaporator. The

resulting residue was purified by flash chromatography over

silica gel (elution with 70% EtOAc in hexanes) to afford the

product as a sticky white solid (0.61 g, 86%)'H NMR

(CDC1,) 8 7.22 (t, 1H, J=8.3, 8.3 Hz), 7.14-7.11 (m, 2H),
6.92 (d, 1H, J=2.4 Hz), 6.86 (dd, 1H, J=8.3, 2.0 Hz), 6.80
(dd, 1H, J=4.98, 1.0 Hz), 4.87 (dd, 1H, J=8.10, 4.1 Hz), 4.64
(br s, 1H), 3.65-3.39 (m, 3H), 3.04-2.98 (m, 1H), 1.36 (s,
9H). MS: m/z (ESD 423.78 (MNa‘).

(1R,2R)-2-(3,4-dichlorophenyl)-3-(methylamino)-1-

(thiophen-3-yl)propan-1-ol: An oven-dried round-bottom

flask with a stir bar was charged with a solution ofanti-tert-

butyl-2-(3,4-dichlorophenyl)-3-hydroxy-3-(thiophen-3-yl)

propylcarbamate (0.3 g, 0.746 mmol) in 5 mL of dry THF

and placed under nitrogen. To this, 1M borane-THFsolution

(2.98 mL, 2.98 mmol) was added via syringe. This mixture

wasstirred at 60° C. overnight. The reaction was monitored

by TLC. After completion, the reaction was quenched with

cautious addition ofNaHCO,. The reaction was poured from

the reaction vessel into a separatory funnel. The layers were

separated and the aqueous layer was extracted with EtOAc

(3x50 mL) The combinedorganic layers were washed with

water and brine, dried over MgSO, and concentrated using

a rotary evaporator. Dioxane/HC] was addedto the residue

understirring. The solvents were removed by rotary evapo-

ration and the product was dried under high vacuum. The

crude was dissolved in MeOH and ether was slowly added

which resulted in turbidity. The suspension was left to

crystallize for one half hour at r.t. Off white crystals were

filtered and washed with ether, dried, and lyophilized to

yield an off-white solid (0.198 g, 75%). ‘H NMR (CD,OD)

6 7.30 (d, 1H, J=8.3 Hz), 7.25-7.17 (m, 2H), 7.01-6.94 (m,
2H), 6.86 (dd, 1H, J=5.1, 1.0 Hz), 4.89 (d, 1H, J=8.7 Hz),
3.66-3.54 (m, 1H), 3.31-3.23 (m, 2H), 2.63 (s, 3H). MS: m/z
(EST 316.02 (MH*). The Multigram IT SFC chiral chroma-

tography system of this compound furnished two fractions

containing the opposite enantiomers. Thefirst-eluting Com-

pound ID No. 106 was assigned (1R,2R)-configuration

based on its lower potency at hNET compared to the

second-eluting enantiomer. 'H NMR (CDCI,) 8 7.27 (s, 1H),

7.11-7.18 (m, 2H), 6.93 (d, 1H, J=2.7 Hz), 6.87 (dd, 1H,
J=8.2, 2.1 Hz), 6.79 (d, 1H, J=4.9 Hz), 5.07 (d, 1H, J=7.9
Hz), 3.18 (dd, 1H, J=11.9, 9.8 Hz), 3.03 (dd, 1H, J=12.1, 3.2
Hz), 2.91 (br. s., 1H), 2.49 (s, 3H). MS (ESI) m/z 316.1/
318.1 (MH"*).
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Example 107—Synthesis of Compound ID No. 107
((AR,2S)-3-amino-1-(2,4-difluorophenyl)-2-(naph-

thalen-2-yl)propan-1-ol)

syn-3-(2,4-difluoropheny])-3-hydroxy-2-(naphthalen-2-
yl)propanenitrile: 2-Naphthylacetonitrile (2.5 g, 14.95
mmol) was taken in an oven-dried round bottom flask
containing a stir bar and 170 mL of dry THF was added
under nitrogen. Diisopropylamine (2.5 mL, 17.94 mmol)
wasadded and the mixture wasstirred and cooled to -78° C.
for 20 minutes. Butyllithium (2.5 M in hexane, 7.18 mL,
17.94 mmol) was then added slowly via syringe. After 30
minutes, 2,4-difluorobenzaldehyde (1.964 mL, 17.94 mmol)
was added dropwise via syringe slowly. After 10 min, the
reaction was quenched with quick addition of a mixture of
10 mL 2:1 THF/acetic acid (add all at once). Cold bath was
removed, and the reaction was warmed to room temperature.
Water was added, and the layers were separated. The aque-
ous layer was extracted with EtOAc (3x100 mL), and the
combined organic layers were washed with water and brine,
and dried over MgSO,The combined organic layers were
concentrated using a rotary evaporator. The residue was
dissolved in 25 mL of DCM and 80 mL ofhexane. A turbid
solution resulted that was kept at 4° C. for 2 hours. After
filtration, the product from first crystallization was redis-
solved in 30 mL of DCM, and 150 ml of hexane was slowly
added. The resulting white crystals were filtered and dried
under vacuum (yield 0.5 g, 4.85 mmol, 32.4%). ‘H NMR
(CDC1,) 5 7.88-7.76 (m, 3H), 7.70 (s, 1H), 7.57-7.48 (m,
2H), 7.40-7.26 (m, 2H), 6.89-6.72 (m, 2H), 5.47 (t, 1H,
J=4.9 Hz), 4.35 (d, 1H, J=6.0 Hz), 2.42 (d, 1H, J=6.0 Hz).
MS m/z (ESI) 309.45 (MH*).

Syn-3-amino-1 -(2,4-difluoropheny])-2-(naphthalen-2-yl)
propan-1-ol: syn-3-(2,4-difluorophenyl)-3-hydroxy-2-
(naphthalen-2-yl)propanenitrile (0.82 g, 2.65 mmol), dis-
solved in 15 mL of dry THF, was placed in an oven-dried
round-bottom flask under nitrogen. Next, 1M Borane-THF
solution (10.60 mL, 10.60 mmol) of was added via syringe.
This mixture was stirred at 60° C. overnight while moni-
toring the reaction progress by TLC. After quenching the

reaction with cautious addition of NaHCO3, the reaction
mixture was poured into a separatory funnel. The layers

were separated; the aqueouslayer was extracted with EtOAc

(3x25 mL) Combined organic layers were washed with
water and brine, and dried over MgSO4. The combined

organic layers were concentrated using a rotary evaporator.
1N HCl was added and the resulting salt was lyophilized.

The product was leached with DCM and dried under high
vacuum (0.59 g, 1.69 mmol, 63.6% yield). Relative syn-

stereochemistry to the product was assigned due to low

benzylic proton J-value (4.1 Hz) in the 'H NMR. 'H NMR
(CD,OD) 8 7.85-7.71 (m, 3H), 7.61 (s, 1H), 7.49-7.41 (m,
2H), 7.36-7.29 (m, 1H), 7.12-7.02 (m, 1H), 6.91-6.80 (m,
1H), 6.72-6.62 (m, 1H), 5.42 (d, 1H, J=4.1 Hz), 3.65-3.43
(m, 3H); 'H NMR for Compound ID No. 107 (500 MHz,
CDC1,) 6 7.71-7.84 (m, 3H), 7.68 (s, 1H), 7.46 (dd, J=9.6,
2.3 Hz, 2H), 7.28-7.40 (m, 2H), 3.18-3.31 (m, 2H), 6.63-
6.81 (m, 2H), 5.44 (d, J=5.5 Hz, 1H), 3.09 (d, 1H). MS m/z
(ESI 314.33=(M1*). The racemic amine was subjected to

SFC chiral chromatography andthefirst-eluting enantiomer
(Compound ID No. 107) was assigned 1R,2S based on its

higher potency on hNET.

Example 108—Synthesis of Compound ID No. 108
(CS,2S or 1R,2R)-2-(3,4-dichlorophenyl)-1-(3-(di-

methylamino)pheny1)-3-(methylamino)propan-1-ol)

2-(3,4-dichlorophenyl)-3-(3-(dimethylamino)pheny1)-3-

hydroxypropanenitrile: 2-(3,4-dichloropheny])acetonitrile
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(5.75 g, 30.29 mmol) was dissolved in 35 mL ofether (and
15 mL of THF and cooled to -75° C. under nitrogen.

Butyllithium (20.82 mL, 33.32 mmol) was added slowly,

and the reaction was stirred at -75° C. for 20 minutes.
3-(dimethylamino)benzaldehyde (4.97 g, 33.32 mmol) was

dissolved in 15 mL of THF and was added dropwise,
maintaining the temperature under -60° C. After the addi-

tion, the reaction was stirred at -75° C. for another hour.
Then, acetic acid (2.60 mL, 45.43 mmol) was added at -75°

C. to quench the reaction. The reaction mixture was slowly

warmed to room temperature, water was added and the
organic layer was separated from the aqueous layer. The

aqueous layer was extracted with ether (3x100 mL). The
combinedorganic layer was dried over MgSO, and concen-

trated under reduced pressure to give orange oil. Small
amounts of pure anti- and syn-compound could be isolated

but most of the fractions came out mixed. anti Isomer—'H

NMR(CDC1,) 8 7.37 (s, 1H), 7.33 (d, 1H, J=2.1 Hz), 7.18
(m, 1H), 7.05 (td, 1H, J=8.6, 2.2 Hz), 6.68 Gm, 1H),
6.50-6.60 (m, 2H), 4.88 (d, 1H, J=5.5 Hz), 4.02 (d, J=5.5 Hz,
1H), 2.90 (s, 6H); syn Isomer-'H NMR (CDCI,) 8 7.39 (s,

1H), 7.30 (d, 1H, J=2.1 Hz), 7.18 (m, 1H), 7.05 (td, 1H,
J=8.6, 2.2 Hz), 6.68 (m, 1H), 6.50-6.60 (m, 2H), 4.95 (d, 1H,
J=6.1 Hz), 4.08 (d, 1H, J=6.1 Hz), 2.90 (s, 6H).

3-Amino-2-(3,4-dichloropheny])-1-(3-(dimethylamino)
phenyl)propan-1-ol: A solution of borane-methyl sulfide

complex (45.0 mL, 90.00 mmol) in THF was added drop-
wise over 30 min to 2-(3,4-dichloropheny])-3-(3-(dimethyl-

amino)phenyl)-3-hydroxypropanenitrile (10.06 g, 30 mmol)
in 55 mL THF preheated at 76° C. under nitrogen. A

Dean-Stark trap was set up to collect the liberated SMe,.

After 12 h, the reaction mixture was cooled in a cold water
bath and acidified with 10 mL 4M HClin dioxane. The extra

BH, was quenched by slow addition of 20 mL of MeOH
while maintaining the temperature under 25° C. After the

evolution of gas bubbles ceased, the reaction mixture was

heated to 64° C. (to make sure all of BH, quenched) for
10-15 min while the B(OMe),-MeOH complex was col-

lected in the Dean-Stark trap. The volatiles were then
removed under reduced pressure to give a pale-yellow oil

which was diluted in 200 L of CH,Cl., and basified with
saturated NaHCO,. The organic layer was separated and

washed with brine, dried over MgSO,, and concentrated to

give a pale-yellow oil. The residue was then purified by
chromatography (eluting solvent: 0-5% ammoniated MeOH

in CH,Cl,). Both anti- and syn isomers co-eluted together
but the impurities were removed. Collected fractions were

concentrated in vacuo to give the product mixture as a
colorless oil (6.9 g, 67.8%). 'H NMRin CDCI, showed the

presence of the expected mixture of anti- and syn-structures.

syn/anti-Ethyl-2-(3,4-dichlorophenyl)-3-(3-(dimethyl-
amino)phenyl)-3-hydroxypropylcarbamate: To a cold (0°

C.) mixture of 3-amino-2-(3,4-dichloropheny])-1-(3-(dim-
ethylamino)phenyl)propan-1-ol (10.18 g, 30 mmol) and

TEA (6.27 mL, 45.00 mmol) in 100 mL of CH,Cl, was
added ethy] carbonochloridate (3.46 mL, 36.00 mmol). After

the addition, the reaction mixture wasstirred at rt for 3 h.

The organic phase was sequentially washed with 0.5N HCl
(150 mL), saturated NaHCO, (100 mL), and water (100

mL), then dried over MgSO, and concentrated under
reduced pressure to give a pale-yellow oil. The purification

of the pale-yellow oil was achieved by adding it to a silica
gel column andeluting with 0-100% EtOAc in hexane to

give two desired collections: anti-isomer and syn-isomer.

The anti-isomer collection was evaporated to give a color-
less gel (3.01 g, 24.39%). ‘H NMR (CDCI,) 8 7.28 (d, 1H,
overlapping with CDCI,) 7.19 (d, 1H, J=2.1 Hz), 7.10 (t, 1H,
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J=7.9 Hz), 6.92 (dd, 1H, J=8.3, 2.0 Hz), 6.57 (dd, 1H, J=8.2,
2.3 Hz), 6.51 (d, 1H, J=7.8 Hz), 6.46 (s, 1H), 4.88 (br. s.,
1H), 4.80 (dd, 1H, J=7.7, 3.3 Hz), 4.09 (q, 2H, J=7.0 Hz),
3.54-3.75 (m, 2H), 3.05-3.18 (m, 1H), 2.86 (s, 6H), 1.21 (t,
3H, J=7.1 Hz). Large J-value (7.7 Hz) of the benzylic proton

indicated anti-relative configuration. MS: m/z (ESI) 411.24
(MH*). The syn-isomercollection was evaporated to give a

colorless gel (3.57 g, 28.9%). 1H NMR (CDCI,) 8 7.27-7.33

(m, 2H), 7.13 (t, 1H, J=7.8 Hz), 6.99 (dd, 1H, J=8.3, 2.0 Hz),
6.60 (dd, 1H, J 8.2, 2.1 Hz), 6.50 (d, 1H, J=7.4 Hz), 6.44 (d,
1H, J=1.9 Hz), 4.88 (dd, 1H, J=4.8, 3.4 Hz), 4.65 (br. s., 1H),
4.08 (q, 2H, J=7.0 Hz), 3.51-3.77 (m, 1H), 3.33 (ddd, 1H,
J=13.9, 7.9, 5.7 Hz), 3.04 (td, 1H, J=7.6, 5.6 Hz), 2.85 (s,
6H), 2.59 (br. s., 1H), 1.20 (t, 3H, J=7.1 Hz). Small J-value

4.8 Hz) of the benzylic proton indicated syn-relative con-

figuration. MS m/z (ESI) 412.9 (MH?*).
(1S,2S) or (1R,2R)-2-(3,4-dichlorophenyl)-1-(3-(dimeth-

ylamino)phenyl)-3-(methylamino)propan-1-ol: anti-Ethyl-
2-(3,4-dichlorophenyl)-3-(3-(dimethylamino)pheny1)-3-hy-

droxy propyl carbamate (2.9 g, 7.05 mmol) in 30 mL THF
was preheated at 76° C. for gentle-refluxing. BH,.THF

(21.15 mL, 21.15 mmol) was added dropwise over 15 min.

After the addition, the reaction mixture wasstirred for 3 h
and then cooled to rt and kept overnight. The reaction

mixture was cooled in a cold water bath, and treated with 5
mL HC! followed by slow addition of 10 mL of MeOH

taking care notto allow the temperature to rise above 25° C.
After the gas evolution ceased, the reaction mixture was

heated to 64° C. for 10-15 min, and then concentrated under

reduced pressure to give the hydrochloridesalt ofthe desired
product as a yellow gum. The HC]salt wasstirred in 100 mL

of CHC1,/saturated NaHCO, for 10 min. The organic layer
was separated from the aqueous layer and the aqueous layer

was extracted with CHCl, (2x220 mL) The combined

CHC1, layer was dried over MgSO, and evaporated to give
a yellow stinky oil. The yellow oil was loaded on to asilica

gel column and eluted with 0-10% MeOH in CH,Cl,.
Collected fractions were concentrated in vacuo to give the

desired product (1.821 g, 72.2%). 'H NMR (CDCI,) 8 7.24
(d, 1H, overlapping with CHCl,) 7.18 (d, 1H, J=2.1 Hz),

7.07 (t, 1H, J=7.9 Hz), 6.89 (dd, 1H, J=8.2, 2.1 Hz), 6.56
(dd, 1H, J=8.2, 2.5 Hz), 6.51 (d, 1H, J=7.6 Hz), 6.47 (br. s.,
1H), 4.91 (d, 1H, J=7.6 Hz), 3.17 (dd, 1H, J=12.0, 8.9 Hz),
3.03 (dd, 1H, J=12.0, 3.5 Hz), 2.92 (td, 1H, J=8.3, 3.6 Hz),
2.84 (s, 6H), 2.48 (s, 3H). MS m/z (ESI) 354.92 (MH*).

The two enantiomers of the anti-isomers were separated
by SCF (ODHcolumn, 20% MeOHwith 0.5% isopropylam-

ine) The free base of the desired product was converted to

a hydrochloride salt by diluting it with 2 mL of CH,Cl, and
adding 0.5 mL of 2M HCI andthen evaporating to give as

a white solid (0.101 g, 18.4% recovery). ‘H NMR (CDCI,)
6 7.22 (d, 1H, J=8.2 Hz), 7.16 (d, 1H, J=1.9 Hz), 7.06 (t, 1H,
J=7.8 Hz), 6.87 (dd, 1H, J=8.3, 2.0 Hz), 6.55 (dd, 1H, J=8.3,
2.6 Hz), 6.50 (d, 1H, J=7.6 Hz), 6.45 (br. s., 1H), 4.86 (d, 1H,
J=7.6 Hz), 3.14 (dd, 1H, J=11.9, 8.9 Hz), 2.99 (dd, 1H,
J=11.7, 3.8 Hz), 2.91 (td, 1H, J=8.3, 3.8 Hz), 2.83 (s, 6H),
2.45 (s, 3H). MS m/z (ESI) 353.12 (MH*). Both enantiomers

exhibited similar but weak potency for inhibition of hNET.
Example 108 is derived from the second-eluting enantiomer.

Example 109—Synthesis of Compound ID No. 109

((R,2R)-2-(3,4-dichloropheny])-1-(5-methoxypyri-
din-3-yl)-3-(methylamino)propan-1-ol)

2-(3,4-dichlorophenyl)-3-hydroxy-3-(5-methoxypyridin-
3-yl)propanenitrile: A 250 mL round bottom flask equipped

with a magnetic stirring bar, nitrogen inlet, and septum was
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charged with 100 mL of THF and LDA (9.12 mL, 18.23
mmol). After cooling to -78° C., 2-(3,4-dichlorophenyl)

acetonitrile (3.39 g, 18.23 mmol) was added. After 60 min,

5-methoxynicotinaldehyde (2.5 g, 18.23 mmol) was added
via syringe. The reaction mixture was allowed tostir at -78°

C. for 3 h at which point the reaction was quenched by
adding acetic acid (2.1 mL). The cold bath was removed and

the temperature of the contents of the flask was allowed to
reach rt. Water was added and the aqueous layer was

extracted with Et,O (2x250 mL) The combined organic

extracts were washed with 250 mL brine, dried over MgSO,,
and concentrated in vacuo to give the crude aldol (8 g).

ISCOpurification on silica gel eluting with 0-100% ofethyl
acetate in hexane afforded the product as a mixture of (18,28

and 1R,2R) and (1R,2S and 1S,2R) (5 g). MS: m/z (ESI)
323.06 (MH7*). Recrystallization from THF (10 mL) and

hexane (25 mL) at 0° C. overnight did not separate the

(1S,2S and 1R,2R)- and (1R,2S and 1S,2R)-isomers, hence
the mixture was used for the borane reduction without

further purification. 'H NMRspectrum in CDCI, showed the
presence of the expected mixture of (18,2S and 1R,2R)- and

(1R,2S and 1S8,2R)-isomers. MS: m/z (ESI) 323.06 (MH*).
3-Amino-2-(3,4-dichloropheny])-1-(5-methoxypyridin-3-

yl)propan-1-ol: A solution of 2-(3,4-dichlorophenyl)-3-hy-

droxy-3-(5-methoxypyridin-3-yl)propanenitrile (4.2 g,
13.00 mmol) in 100 mL THF was added over 5 min to a

stirred suspension of 1.0 M in THF borane complex (39.0
mL, 38.99 mmol) heated to 45° C. The reaction was heated

at reflux (internal temp at 66° C., oil bath at 72° C.) for 3 h.
The solution was cooled to ambient temperature and care-

fully quenched with 4 mL of4N HCl in dioxane diluted with

10 mL of methanol. The mixture wasstirred for 15 min at
60° C. The solvents were the evaporated off and 10 mL of

ethanol was added. The reaction mixture wasstirred at 60°
C. for 10 min before removing all the solvents to afford the

product. The crude product was washed with ethyl acetate

twice and dried under vacuum to obtain 6 g ofwhite HC]salt
of the mixture of the two diastereomers. 'H NMRspectrum

showedthe presence of the expected mixture of (18,2S and
1R,2R)- and (1R,2S and 1S,2R)-isomers. MS: m/z (ESI)

327.08 (MH"*).
Ethyl 2-(3,4-dichlorophenyl)-3-hydroxy-3-(5-methoxy-

pyridin-3-yl)propylcarbamate: A suspension of the HC]salt

of3-Amino-2-(3,4-dichlorophenyl)-1-(5-methoxypyridin-3-
yl)propan-1-ol in DCM was treated with TEA and the

solution was chilled to 0° C. Ethyl carbonochloridate was
droppedinto this chilled solution over 10 min. Ice bath was

removed andthe solution was allowed to warm to rt. and
stirred for 2 h. Reaction solution (n DCM)wasreduced to

5 mL underreducedpressure, diluted with ethyl acetate and

washed sequentially with 0.1N HCl, saturated sodium bicar-
bonate, and brine, then dried over MgSO,, filtered, and

concentrated in vacuo. Residual solvents were evaporated
the mixture was purified by chromatography to afford a

mixture of diastereomers.
2-(3,4-dichlorophenyl)-1-(5-methoxypyridin-3-yl)-3-

(methylamino)propan-1-ol and the separation of (1S,2S and

1R,2R)- and (1R,2S and 18,2R)-enantiomers: A solution of
ethyl 2-(3,4-dichlorophenyl)-3-hydroxy-3-(5-methoxypyri-

din-3-yl)propylcarbamate (0.100 g, 0.25 mmol) in THF
(20.00 mL) was added over 5 minutesto a stirred suspension

of borane. THF complex (1.252 mL, 1.25 mmol) heated to
45° C. The reaction was heated for 4 h at reflux (internal

temp at 66° C., oil bath at 72° C.) to give a bright purple

suspension. The suspension was cooled to ambient tempera-
ture and carefully quenched with 4N HCl in dioxane. MeOH

was added carefully and the mixture was heated to 60° C.
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and stirred for 15 min before removingall the solvent. The

crude wasre-dissolved in 10 mL of ethanol andstirred for

10 min at 60° C. The volatiles were evaporated in vacuo to

afford the crude HCI salt, which was sequentially washed
with ether, ethyl acetate/hexane (1:1), and hexane, and then

dried in high vacuum. MS m/z (ESI) 341.2 (MH*). A 0.600
g lot of (1S,2S and 1R,2R) and (1R,2S and 1S,2R) amine

mixture was subjected to chiral SFC system separation of

the four isomers. The Multigram III SFC system was used
with a 30 mmx250 mm ChiralPak ADH column. The

diastereomeric mixture sample was diluted in ~8 mL of
EtOH [0.5% isopropylamine], and stacked injections of 0.5

mL each were isocratically run using 35% iPrOH/1% iso-
propylamine at 120 mL/min. The peaks were well separated;

timing was adjusted to minimize the contaminants. The first

eluting enantiomer was presumed to be 1R,2R-configured
because ofits relatively lower potency on the hNET.

Example 110—Synthesis of Compound ID No.110

((AR,2R)-2-(4-bromo-3-chloropheny])-3-(methyl-
amino)-1-phenylpropan-1-ol)

2-(4-bromo-3-chlorophenyl)-3-hydroxy-3-phenylpro-

panenitrile: A 250 mL round bottom flask equipped with a

magnetic stirring bar, nitrogen inlet, and septum was
charged with THF (200 mL) and 2.0 M LDA (27.6 mL,

55.10 mmol). After cooling to -78° C., 2-(4-bromo-3-
chloropheny])acetonitrile (12.7 g, 55.10 mmol) was added.

After 60 min of stirring, benzaldehyde (5.57 mL, 55.10
mmol) was added via syringe and the reaction mixture was

stirred at -78° C. for 3 h. The reaction was quenched by

adding acetic acid (20 mL) at the same temperature and the
cold bath was removedto allow the reaction to warm to rt.

The aqueouslayer was extracted with Et,O (2x50 mL)), and
the combined organic extracts were washed with brine (50

mL) and dried over MgSO,, and concentrated in vacuo to

give the crude aldol (21 g, 85%). ISCO purification on silica
gel eluting with 0-30% of ethyl acetate in hexane afforded

the product as 3:1 anti:syn mixture (16 g). Since the 'H
NMRspectrum of the crude in CDCl, showed the presence

of the expected mixture of anti- and syn-structures, it was
taken to the next step without further purification. MS m/z

(ESI) 359 (MNa‘*).
3-Amino-2-(4-bromo-3-chlorophenyl)-1-phenylpropan-

1-ol: A diastereomeric mixture of syn-anti-2-(4-bromo-3-

chloropheny])-3-hydroxy-3-phenylpropanenitrile (16 g,
47.53 mmol) in THF (150 mL) washeatedto a gentle reflux

at 76° C. and then treated with dropwise addition of borane
methyl sulfide complex (93 mL, 186 mmol) over 15 min.

Theliberated dimethyl sulfide was collected in a Dean-Stark

trap. After 3.5 h the mixture was allowed to cool to ambient
temperature, HCl (4N in dioxane, 12 mL) and MeOH (20

mL) were sequentially added slowly to quench extra BH,,
maintaining the temperature under 25° C. Addition of

MeOH caused evolution of gas bubbles. After the gas
bubbles subsided, the reaction mixture was heated to 64° C.

(to make sure all of BH, quenched) for 10-15 min, and then

concentrated to removeall the trimethyl borates to afford a
yellow oil. EtOH (15 mL) was added and evaporated off

under reduced pressure to afford a yellow gum as a HCIsalt
of the desired product. This was diluted with ether to give a

white precipitate that was collected, washed with ether and
dried to give 17 g final product as a diastereomeric mixture

of amines MS m/z (ESI) 340.02 (MH*).

Ethyl 2-(4-bromo-3-chloropheny])-3-hydroxy-3-phenyl-
propylcarbamate: A suspension of the HCI salt of 3-amino-

2-(4-bromo-3-chlorophenyl)-1-phenylpropan-l-ol (15 g,
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44.03 mmol) in DCM (100 mL) was treated with TEA

(15.34 mL, 110.09 mmol) andthe clear solution was chilled

to 0° C. Ethyl carbonochloridate (5.07 mL, 52.84 mmol) was

droppedinto this chilled solution over 10 min. Ice bath was

removed andthe solution was allowed to warm to rt. and

stirred for 2 h. Reaction solution (n DCM)wasreduced to

5 mL underreducedpressure, diluted with ethyl acetate (200
mL), and washed sequentially with 0.1N HCl (2x150 mL),

saturated sodium bicarbonate (150 mL), and brine (200 mL),
then dried over MgSO,, filtered, and concentrated in vacuo.

Residual solvents were evaporated to give the product as a
foam (14 g). The mixture waspurified by ISCO chroma-

tography, eluting with 0-40% of ethyl acetate in hexane over

15 min Collected fractions were sent for SFC separation of
4 isomers from this diastereomeric mixtureto give at total of

11 g of the products. The Multigram III SFC system was
used with a 30 mmx250 mm Phenomenex Lux CE-2 col-

umn. A 11 g of sample were diluted in 40-50 mL of EtOH
[0.5% isopropylamine], and stacked injections of 0.5 mL

each were run using 25% of EtOH [0.5% isopropylamine]

isocratically at 110 mL/min. All the peaks were well sepa-
rated with little tailing. For peak 3 Gsomer 3), NMR with

shift reagent “TBPTA” complex showed J,.=8.3 Hz, which
indicated “anti” isomer (2.4 g). MS m/z (ESI) 396.44

(MNa*). For peak 4 (isomer 4), NMR with shift reagent
“TBPTA”complex showed J, ,=8.1 Hz, which also indicated

“anti” isomer (2.4 g). MS m/z (ESI) 396.44 (MNa‘*). The

first eluting isomer was assigned (1R,2R) configuration
retrospectively because of the lower potency of its borane-

reduced product compared to the (18,2S) enantiomer (see
below).

CompoundID No.110: BH;.THF (29.1 mL, 29.08 mmol)

was added dropwise over 15 min to a refluxing (76° C.)
solution of ethyl (2R,3R)-2-(4-bromo-3-chlorophenyl)-3-

hydroxy-3-phenylpropylcarbamate (1.2 g, 2.91 mmol) in
THF (50 mL). After overnight of refluxing, the reaction

mixture wascooledto r.t, chilled in a 0° C. water bath, and
treated first with 5 mL HCl (4N in dioxane) and then 10 mL

of MeOH while maintaining the temperature under 25° C.

After the evolution of gas bubbles subsided, the reaction
mixture was heated to 64° C. for 10-15 min, then concen-

trated to removeall the trimethy] borates to afford a yellow
oil. EtOH (5 mL) was then added and evaporated off in

vacuo to afford a yellow gum as a hydrochloride salt of the
desired product. This was diluted with ether to give a white

precipitate that was collected, washed with ether and dried

to give 1 g final product. 'H NMR (DMSO-d6) 8 7.60 (d,
1H, J=8.2 Hz), 7.45 (d, 1H, J=2.1 Hz), 7.30-7.11 (m, 5H),
7.06 (dd, 1H, J=8.2, 2.1 Hz) 4.76 (d, 1H, J=7.3 Hz), 3.47 (d,
1H, J=7.3 Hz), 3.40-3.31 (m, 2H), 2.50 (dt, 3H, J=3.7, 1.8
Hz). MS m/z (ESI) 354.02 (MH*). The large J-value (7.3
Hz) of the benzylic proton indicated anti-relative configu-

ration.

Example 111—Synthesis of Paroxetine or Paxil

(Assigned Compound ID No. 111)

Paroxetine was synthesized using techniques similar to
those described herein.

Example 112—Synthesis of Compound ID No. 112

((S)-2-G,4-dichlorophenyl)-3-(pyridin-3-yl)propan-
1-amine)

An oven dried 2 neck 100 mL round bottom flask was
charged with nitrogen, Compound No. 42a (640 mg, 2.3

mmol), and 15 mL of dry THF. BH;/SMe, (2 M in THF, 5.8



US 9,944,618 B2

177
mL, 11.5 mmol) was added with stirring. Upon addition of

borane, the system wasfitted with a reflux condenser and

heated to reflux for 4 hours. After cooling to room tempera-

ture, 5 mL ofmethanol wascarefully added. Upon cessation
of bubbles, the system was heated to reflux for 1 hour. The

volatiles were then removed in vacuo, and to the residue was
added 10 mL of methanol and 1 mL of a 4 M HCIsolution

in dioxane. The homogenoussolution was concentrated to

give a white solid that wastriturated with diethyl ether to
give 813 mg (2.3 mmol, >99%) of the dihydrochloride salt.

'H NMR (400 MHz, CD,OD) 6 8.70 (d, J=5.6 Hz, 1H), 8.66
(d, J=0.9 Hz, 1H), 8.44-8.36 (m, 1H), 7.98 (dd, J=8.1, 5.8
Hz, 1H), 7.53 (t, J=5.2 Hz, 2H), 7.26 (dd, J=8.3, 2.1 Hz, 1H),
3.49-3.38 (m, 4H), 3.18 (dd, J=15.2, 11.6 Hz, 2H). HRMS
(ESI-TOF) calculated for C,,H,,;CI,N, (MH*) 281.0607

found 281.0581 (-9.08 ppm, 2.6 mmu). This racemate was
converted to its free base and separated into its enantiomers

using a chiral stationary phase supercritical fluid chroma-
tography (Multigram III SFC system) on an ADH column

(21.1x250 mm). Isocratic elution using 15% i-PrOH (con-
taining 0.5% dimethylethanamine) at a flow rate of 50

mL/minute gave enantiomer retention times of 15.22 and

15.88 minutes, respectively. The combinedfractions of the
first eluting enantiomer were concentrated in vacuo to yield

27 mg of Compound ID No. 112, which was shown by the
previously described SCF system to have 99% enantiomeric

excess. 'H NMR (300 MHz, CDCI,) 8 2.69-3.10 (m, 4H),
6.95 (dd, J=8.2, 1.9 Hz, 1H), 7.13 (dd, J=7.6, 4.8 Hz, 1H),
7.19-7.42 (m, 3H), 8.31 (s, 1H), 8.41 (d, J=4.6 Hz, 1H).
Since this enantiomer is more potent at hNET than the
second eluting enantiomer, it was presumed to be (S)-

configured.

Example 113—-Synthesis of Compound ID No. 113
((ARS,2RS)-2-(1,1'-bipheny])-4-yl)-3-(methyl-

amino)-1-phenylpropan-1-ol)

(1S,2S and 1R,2R)-2-(biphenyl-4-yl)-3-hydroxy-3-phe-

nylpropanenitrile: A solution of 2-(biphenyl-4-yl)acetoni-
trile (1 g, 5.17 mmol) in 50 mL of dry THF wasplaced in

an oven-dried round bottom flask with under nitrogen.
Diisopropylamine (0.880 mL, 6.21 mmol) was added, and

the reaction mixture wasstirred and cooled to -78° C.for 20

minutes. 2.5M butyllithium (2.48 mL, 6.21 mmol) was then
added slowly with a syringe. After 30 minutes ofstirring at

-78° C., benzaldehyde (0.633 mL, 6.21 mmol) was added
drop-wise via syringe. After 1 h, the reaction was quenched

quickly with 25 mL 2:1 THF/acetic acid. The cold bath was
removed, and the reaction was allowed to reach room

temperature. Water was added, and the aqueous layer was

extracted with EtOAc (3x25 mL). The combined organic
layers were sequentially washed with water and brine, then

dried over MgSO,, and concentrated using a rotary evapo-
rator. The residue was dissolved in 150 mL DCM,and 150

mL hexane wasslowly added until a turbid solution resulted.
The turbid solution was allowed to stand for 5-6 h at 4° C.

minutes. The major (18,2S and 1R,2R)-isomer that sepa-

rated as off-white crystals was isolated byfiltration (0.654 g,
42.2%). 'H NMR (CDCI,) 8 7.59-7.54 (m, 4H), 7.47-7.42

(m, 2H), 7.38-7.33 (m, 7H), 7.25 (s, 1H), 5.02 (dd, 1H,
J=5.4, 3.6 Hz), 4.11 (d, 1H, J=5.54 Hz).

(1S,2S and 1R,2R)-3-amino-2-(biphenyl-4-yl)-1-phenyl-
propan-1-ol: To a solution of (18,2S and 1R,2R)-2-(biphe-

nyl-4-yl)-3-hydroxy-3-phenylpropanenitrile (0.300 g, 1.002

mmol) in 8 mL of dry THF was added 1M borane-THF
solution (3.01 mL, 3.01 mmol) under nitrogen slowly via

syringe. This mixture wasstirred at 60° C. overnight while
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monitoring the reaction progress by TLC. After quenching

the reaction with cautious addition of NaHCO,,the reaction

mixture was poured into a separatory funnel, and the aque-

ous layer was extracted with EtOAc (3x25 mL). The com-
bined organic layers were washed with water and brine, and

dried over MgSO,. Concentration of the volatiles using a
rotary evaporator afforded a residue that was dissolved in

DCM.1N HCIwasadded, and the mixture wasstirred for a

few minutes. The solvents were evaporated on a rotary
evaporator. The product was washed, leached with DCM,

and lyophilized to afford a white solid (0.268 g, 88%). 'H
NMR (CD,OD) 8 7.58-7.47 (m, 4H), 7.42-7.37 (m, 2H),
7.33-7.28 (m, 1H), 7.19-7.15 (m, 7H), 4.94 (d, 1H, J=8.8
Hz), 4.11 (d, 1 J=5.54 Hz), NH, peak hidden in the water

peak. A large J-value of the benzylic proton signal (8.8 Hz)

indicated that the compound had (1S,2S and 1R,2R)-con-
figuration. MS m/z (ESI) 304.4 (MH*).

Ethyl (2S,3S and 2R,3R)-2-(bipheny]-4-yl)-3-hydroxy-3-
phenylpropylcarbamate: To (18,2S and 1R,2R)-3-amino-2-

(biphenyl-4-yl)-1-phenylpropan-1-ol (0.268 g, 0.788 mmol)
in 5 mL dry DCM at -10° C. was addedtriethylamine (TEA)

(0.329 mL, 2.363 mmol) drop-wise, followed by slow

addition of ethyl chloroformate (0.083 mL, 0.868 mmol).
After stirring for 1 hour at -10° C., the ice bath was

removed, and the mixture was allowed to warm to 0° C. TLC
showed completion of reaction after 1 hour. The reaction

was quenched with saturated NaHCO, and the mixture
poured into a separatory funnel. The organic layer was

separated, and the aqueous layer was extracted with DCM

(3x25 mL) The combined DCM extracts were washed with
water, dried over MgSO,, filtered, and concentrated. The

resulting residue was purified by flash chromatography over
silica gel (eluent: 30% EtOAc in hexanes). The combined

organic layers were concentrated using a rotary evaporator,

which yielded the productas a sticky solid (0.116 g, 39.2%).
"H NMR (CDCI,) 8 7.61-7.12 (m, 14H), 4.92 (d, 1H, J=8.2
Hz), 4.11 (q, 2H, J=7.09 Hz), 3.82-3.35 (m, 2H), 3.22-3.13
(m, 1H), 1.28-1.15 (overlapping t, 3H) MS m/z (ESI) 357.9

(M-H,0+1°*).
Compound ID No. 113: Ethyl (28,38 and 2R,3R)-2-

(biphenyl-4-yl)-3-hydroxy-3-phenylpropylcarbamate

(0.1099 g, 0.293 mmol) was dissolved in 4 mL of dry THF
and placed in a dry flask. To this, 1M borane-THFsolution

(0.732 mL, 0.732 mmol) was added via syringe. This
mixture wasstirred at 60° C. overnight while monitoring the

reaction progress by TLC. The reaction was quenched by
cautious addition of NaHCO, and poured into a separatory

funnel. The two layers were separated, and the aqueous layer

was extracted with EtOAc (3x25 mL). The combined
organic layers were washed with water and brine, dried over

MgsSO,, and concentrated under reduced pressure. The
residue was mixed with 2N HCl and concentrated under

rotary evaporation. High vacuum drying afforded the prod-
uct as a white solid. 'H NMR (300 MHz, DMSO-d,) &

8.65-8.04 (m, 2H), 7.61 (d, 2H, J=7.4 Hz), 7.54 (d, 2H, J=8.2
Hz), 7.43 (t, 2H, J=7.5 Hz), 7.35 (d, 1H, J=7.2 Hz),
7.11-7.27 (m, 5H), 6.07 (br. s., 1H), 4.82 (d, 1H, J=6.5 Hz),
3.15-3.49 (m, 3H), 2.31-2.72 (m, 3H). MS m/z (ESI) 318.2
(MH*).

Example 114—Synthesis of Compound ID No. 114

((R,2R)-2-(3,4-dichlorophenyl)-3-(methylamino)-1-
phenylpropan-1-ol)

2-(3,4-dichlorophenyl)-3-hydroxy-3-phenylpropaneni-
trile: A 250 mL round bottom flask equipped with a magnetic

stirring bar, nitrogen inlet, and septum was charged with 50
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mL of THF and 1.8 M lithium diisopropylamide (LDA)
(9.91 mL, 17.84 mmol). After cooling to -78° C., 2-(3,4-

dichlorophenyl)acetonitrile (@.32 g, 17.84 mmol) was

added. The reaction mixture was stirred for 60 minutes at
-78° C. Next, benzaldehyde (1.803 mL, 17.84 mmol) was

added via syringe. After stirring at -78° C. for 3 hours, the
reaction was quenched by adding 20 mL water, and the cold

bath was removed. The aqueous layer was extracted with
Et,O (2x50 mL). The combined organic extracts were

washed with 50 mL brine and dried over MgSO,. Concen-

tration of the dried extracts in vacuo gave the crude aldol.
ISCO purification on silica gel eluting with 0-30% of ethyl

acetate in hexane afforded the product as 3:1 anti: syn
mixture (2.5 g). Recrystallization from DCM (30 mL) and

hexane (40 mL) at 0° C. overnight afforded only the anti
isomer. ‘H NMR (CDCI,) 5 7.55-6.74 (m, 8H), 4.98 (dd, 1H,
J=5.5, 3.7 Hz), 4.03 (d, 1H, J=5.5 Hz), 2.39 (d, 1H, J=3.7
Hz). MS m/z (EST) 314.01 (MNa*).

anti-3-amino-2-(3,4-dichlorophenyl)-1-phenylpropan-]-

ol: A solution of anti-2-(3,4-dichlorophenyl)-3-hydroxy-3-
phenylpropanenitrile (0.650 g, 2.22 mmol) in 25 mL ofTHF

washeated to a gentle reflux at 76° C. Borane-methy] sulfide
complex (6.41 mL, 12.825 mmol) was added drop-wise via

syringe over 5 minutes. Liberated dimethyl sulfide was

collected in a Dean-Stark trap. After 3.5 hours, the mixture
was allowed to cool to ambient temperature and concen-

trated in vacuo. The resulting crude product wasdissolved in
100 mL of ethyl acetate and washed with saturated aqueous

NaHCo,and brine, dried over MgSO,,filtered, and con-
centrated. The residue was dissolved in DCM andfiltered.

To the filtrate was added 1 mL of 2 N HCl in dioxane, and

the resulting mixture was stirred for 10 minutes before
evaporating all the solvents to afford the HCI salt of the

productas an anti mixture (0.620 g). 'H NMR (DMSO-d6)
6 7.77 (hr. s., 2H), 7.53-7.36 (m, 2H), 6.99-7.32 (m, 4H),
5.96 (d, 1H, J=3.4 Hz), 4.77 (d, 1H, J=4.3 Hz), 3.47-3.34 (m,
2H), 3.27-3.19 (m, 2H). MS m/z (ESI) 296.1 (MH"*).

anti-ethyl (2S,3S)-2-(3,4-dichlorophenyl)-3-hydroxy-3-

phenylpropylcarbamate: A mixture of the HCIsalt of (1S,2S
and 1R,2R)-3-amino-2-(3,4-dichlorophenyl)-1-phenyletha-

nol-1-ol (0.390 g, 1.32 mmol) and TEA (0.459 mL, 3.29
mmol) in 20 mL of DCM waschilled to 0° C. To this, ethyl

carbonochloridate (0.152 mL, 1.58 mmol) was added over

10 minutes. The ice bath was removed, andthe solution was
allowed to warm to room temperature for 3 hours. The

volumeof the reaction solution (in DCM) was reduced to 5
mL Ethyl acetate (100 mL) was added, andthe clear solution

was sequentially washed with 0.1 N HCl (2x15 mL), satu-
rated sodium bicarbonate (15 mL), and brine (20 mL), then

dried over MgSO,, filtered, and concentrated in vacuo.

Residual solvents were evaporated to give 0.440 g product
as a foamy solid. 'H NMR in CDCI, showedthepresence of

the expected structure. MS m/z (ESI) 390.06 (MNa‘).
(1R,2R)-2-(3,4-dichlorophenyl)-3-(methylamino)-1-phe-

nylpropan-1-ol: A solution of ethyl-(2S,3S and 2R,3R)-2-
(3,4-dichlorophenyl)-3-hydroxy-3-phenylpropylcarbamate

(440 mg, 1.19 mmol) in 25 mL THF weretransferred to a

100 mL 3-neck round bottom flask equipped with a magnetic
stirrer, addition funnel, thermometer, and Dean-Stark trap

fitted with a condenser and nitrogen inlet. The solution was
heated to a gentle reflux (66° C.), and a solution of borane-

methyl sulfide complex (1.792 mL, 3.58 mmol) was added
drop-wise over 10 minutes. Dimethyl]sulfide distillate was

collected (bp 38° C.). After 7 hours, the reaction was about

85% complete. Another portion of borane-methyl sulfide
complex (1.792 mL, 3.58 mmol) was added, andstirring was

allowed to continue for 2 hours. The reaction was cooled to
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room temperature and treated with 4 N HCl in dioxane (0.32

mL, 1.07 eq). MeOH (10 mL) was carefully added (exo-

thermic with gas evolution), and the reaction mixture was

then heated to distill a 1:1 azeotrope of methanol and

trimethyl borate. As most of the methanol wasdistilled, the

heat was removed, and the mixture was diluted with 10 mL

of ether. This immediately produced a white precipitate,
which wasfiltered and washed with additional lots of ether

and ethyl acetate to afford product as HCIsalt (0.250 g). 'H
NMR (DMSO-d,) 6 8.49 (br. s., 1H), 8.19 (br. s., 1H), 7.46
(d, 2H, J=2.1 Hz), 7.00-7.34 (m, 5H), 6.04 (br. s., 1H), 4.76
(d, 1H, J=5.5 Hz), 3.48 (br. s., 1H), 3.29 (s, 2H), 2.61-2.40
(m, 3H). The large J-value of the benzylic proton (5.5 Hz)

indicated anti-configuration. MS m/z (ESI) 310.07 (MH*).
A solution of (18,2S and 1R,2R)-2-(3,4-dichlorophenyl)-

3-(methylamino)-1-phenylpropan-1-ol (0.150 g, 0.48 mmol)
in DCM wastreated with 1 N NaOH (0.484 mL, 0.48

mmol). The organic phase was separated and dried over
sodium sulfate. The solvents were evaporated to afford the

free amine for SFC separation. The Multigram I] SFC

system was used to separate the enantiomers. A 0.060 g lot
ofthe free amine was converted to the HCIsalt by dissolving

in 0.15 mL of 4 N HCl in dioxane,stirring for 10 minutes,
and evaporating under reduced pressure. The resulting solid

was washed with ether and ethyl acetate/hexaneto afford the
title compound as a hydrochloride salt. 1H NMR (DMSO-

d6) 8 8.84 (br. s, 1H), 8.40 (br. s., 1H), 7.80-6.72 (m, 8H),
6.04 (br. s., 1H), 4.76 (d, 1H, J=6.4 Hz), 3.57 (br. s., 1H),
3.44 (d, 2H, J=7.6 Hz), 3.57 (br. s., 1H), 2.50 (br. s., 3H). The
first-eluting enantiomer was presumed to be 1R,2R-config-
ured because of its weak hNET potency. MS m/z (ESI)

310.08 (MH"*).

Example 115—Synthesis of Compound ID No. 115

((R)-2-(3,4-dichloropheny1)-N-methy1-3-(pyridin-3-
yl)propan-1-amine)

Compound ID No. 115 is the enantiomer(first eluting) of

Compound ID No. 59. The combined fractions of the first
eluting enantiomer were concentrated in vacuo and con-

verted to an HCIsalt that afforded 28.6 mg of Compound ID

No. 115, which was shownbythe previously described SCF
system to have 99% enantiomeric excess. ‘H NMR (300

MHz, CDC1,) 8 8.41 (d, J=4.1 Hz, 1H) 8.30 (s, 1H) 7.33 (d,
J=8.3 Hz, 1H) 7.27-7.31 (m, 1H) 7.23 (d, J=2.3 Hz, 1H) 7.13
(dd, J=7.9, 4.9 Hz, 1H) 6.94 (dd, J=8.3, 1.9 Hz, 1H),
2.94-3.10 (m, 2H) 2.70-2.93 (m, 3H) 2.38 (s, 3 H). Since this
enantiomer is less potent at hNET than the second eluting

enantiomer, it was presumed to be (R)-configured.

Example 116—Synthesis of Compound ID No. 116
((AR,2R or 18,2S)-2-(3,4-dichlorophenyl)-3-(meth-

ylamino)-1-(3-(methylsulfinyl)phenyl)propan-1-ol)

anti-2-(3,4-dichlorophenyl)-3-(methylamino)-1-(3-
(methylthio)phenyl)propan-1-ol: This material was prepared

as set forth in Example 120.

anti-tert-butyl (2R,3R)-2-(,4-dichlorophenyl)-3-hy-
droxy-3-(3-(methylthio)phenyl)propyl(methy]l)carbamate:

A solution of anti-2-(3,4-dichlorophenyl)-3-(methylamino)-
1-(3-(methylthio)phenyl)propan-1-ol (1 g, 2.81 mmol) and

triethylamine (0.312 g, 3.09 mmol) in dichloromethane (5
mL) was cooled to 0° C. Boc-anhydride was added into the

above reaction mixture in small portions, and the reaction

mixture was allowed to warm to room temperature. One
hour later, LCMS showed mainly the desired product. The

mixture was diluted with CH,Cl, (100 mL), washed with
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water (100 mLx2), dried over MgSO,, and then evaporated

to dryness. The crude product was addedto a silica gel

column and was eluted with 0-100% EtOAc in hexane to

give a colorless foam as the desired product (850 mg, 66.4%

yield, 98% purity). 'H NMR in CDCl, was consistent with

desired product.

(1S,2S and 1R,2R)-Butyl-2-(3,4-dichlorophenyl)-3-hy-

droxy-3-(3-(methy]sulfinyl)phenyl)propyl(methyl)carbam-

ate: Sodium periodate (0.271 g, 1.27 mmol) in water (2 mL)

was slowly added into astirred solution of anti-tert-butyl-

2-(3,4-dichloropheny]1)-3-hydroxy-3-(3-(methylthio)phe-

nyl)propyl(methyl)carbamate (0.165 g, 0.36 mmol) in THF

(2 mL) at room temperature. After stirring for 3 hours, the

reaction mixture was diluted with CHCl, (100 mL), washed

with water (50 mLx2), dried through MgSO,, and then

evaporated under reduced pressure to dryness. The crude

product was addedto a silica gel column and eluted with

0-10% MeOH in CH,Cl, to give a colorless foam as the

desired product (0.173 g, 101%). 'H NMR (CDCI) 6

7.12-7.45 (m, 6H), 6.95 (d, 1H, J=8.0 Hz), 4.83 (br. s., 1H),
3.72-3.94 (m, 1H), 3.56-3.72 (m, 1H), 3.19 (br. s., 1H), 2.59
(br. s., 3H), 2.52 (d, 3H, J=5.5 Hz), 1.35 (br. s., 9H). The two

singlets of diastereomeric CH, groups of the sulfoxide

moiety were found at 2.51 and 2.52 ppm. MS m/z (ESI)
472.2 (MH*).

(S,2S or  1R,2R)-2-(3,4-dichloropheny])-3-(methyl-
amino)-1-(3-(methylsulfinyl)phenyl)propan-1-ol: A solution

of tert-butyl 18,2S or 1R,2R dichlorophenyl)-3-hydroxy-3-

(3-(methylsulfinyl)phenyl)propyl(methyl)carbamate (0.165
g, 0.35 mmol) in 2 mL of 10% TFA in CH,Cl, wasstirred

at room temperature for 30 minutes. Another 0.5 mL ofTFA
was added, and stirring was continued for another hour.

Then the reaction mixture was basified with saturated

NaHCo,(10 mL) and extracted with CHCl, (5 mLx5). The
organic layer was dried over MgSO, and evaporated in

vacuoto give a light-yellow gum.Thelight-yellow gum was
added to a silica gel column andeluted with 0-10% MeOH

in CH,Cl,. Collected fractions were evaporated under
reduced pressure to give the desired product as an off-white

foamy solid (0.115 g, 88% yield). 'H NMR (CDCI,) 6

7.27-7.59 (m, 3H), 7.14-7.25 (m, 2H), 7.04 (dd, 1H, J=8.4,
2.1 Hz), 6.79 (dd, 1H, J=8.4, 2.1 Hz), 5.01 (dd, 1H, J=8.6,
4.0 Hz), 3.23-3.44 (m, 1H), 2.90-3.18 (m, 2H), 2.52-2.61 (m,
6H). MS m/z (ESI) 372.1 (MH*). The enantiomers were

separated by chiral SFC system. Compound ID No.116 was
obtained by evaporating the first-eluting peak. However,

both the anti-enantiomers were equipotent at hNET.

Example 117—Synthesis of Compound ID No. 117

((2-(1R,2R)-3-(methylamino)-2-(naphthalen-2-yl)-1-
phenylpropoxy)acetamide)

tert-Butyl ((2R,3R)-3-hydroxy-2-(naphthalen-2-yl)-3-

phenylpropyl)(methyl) carbamate: To a solution of (1R,2R)-
3-(methylamino)-2-(naphthalen-2-yl)-1-phenylpropan-1-ol

(1.0 g, 3.05 mmol) in 25 mL of DCM was addedtriethyl-

amine (1.28 mL, 9.15 mmol) at room temperature. To this
was added Boc,0O (0.766 g, 3.51 mmol) portionwise and the

reaction mixture wasleft stirred for 10 min while monitoring
the reaction progress by TLC. Upon completion of the

reaction, IN HCl (15 mL) was addedto an acidic pH 6 and
the crude product wasisolated by extraction with DCM (3x).

The combined extracts were washed with water and dried

with MgSO,to furnish crude that was deemed pure for the
next step. 'H NMR (DMSO-d6) 8 7.73-7.70 (m, 3H), 7.61
(m, 1H), 7.41-7.39 (m, 3H), 7.22-7.04 (m, 5H), 5.55 (bd,
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1H), 4.86 (dd, 1H, J=7.2, 4.8 Hz), 3.90 (bt, 1H), 3.66 (dd,
1H, J=13.8, 3.9 Hz), 2.08 (s, 3H), 1.14, 1.08 (two s, 9H). MS
m/z (ESI) 414.22 (MNa+).

Ethyl 2-((1R,2R)-4-((tert-butylcarbamoyl)oxy)-2-(naph-

thalen-2-yl)-1-phenylbutoxy)acetate: Sodium hydride (60%

in oil) (0.037 g, 0.766 mmol) was washed with pentane (3

mL) in an oven dried round bottom flask. t-Butyl (2R,3R)-

3-hydroxy-2-(naphthalen-2-yl)-3-phenylpropyl(methyl)car-

bamate (0.200 g, 0.511 mmol) was dissolved in 5 mL of

anhydrous DMFat 0° C. and addedto the flask containing

NaH, and the reaction mixture was stirred for 10 minutes

under nitrogen. Ethyl bromoacetate (0.085 mL, 0.766 mmol)

was added drop-wise to the reaction mixture, and the reac-

tion mixture was stirred at room temperature overnight.

After quenching the reaction cautiously with 2 mL of

saturated NH,Clcautiously, the reaction mixture was poured

into a separatory funnel containing water, and the aqueous

layer was extracted with EtOAc (3x25 mL). The combined

organic layers were washed with water and brine, dried over

MgSO,, and concentrated using a rotary evaporator. The

resulting residue was purified by flash chromatography over

silica gel (elution with 10% EtOAc in hexanes) to afford the

product as a colorless oil (0.103 g, 42.2%). 'H NMR

(CDC1,): 6 7.76-7.60 (m, 3H), 7.47-7.38 (m, 3H), 7.22 (m,
1H), 7.18-7.01 (m, 5H), 4.7 (d, 1H, J=8.3 Hz), 4.21-3.80 (m,
7H), 2.17 (s, 3H), 1.31-1.18 (m, 12H). MS m/z (ESI) 478.09
(MH*), and 500.16 (MNa’*).

Ethyl 2-((1R,2R)-3-(methylamino)-2-(naphthalen-2-yl)-

1-phenylpropoxy) acetate: Ethyl 2-((1R,2R)-3-(tert-butoxy-

carbonyl(methyl)amino)-2-(naphthalen-2-yl)-1-phenyl-

propoxy)acetate (0.5 g, 1.047 mmol) was mixed with 10 mL

of 1:1 TFA:DCM,and the reaction mixture wasstirred at

room temperature for 1 hour. The reaction mixture was

poured into a separatory funnel containing water, and the

aqueous layer was extracted with EtOAc (3x25 mL) The

combined organic layers were washed with water and brine,

dried over MgSO,, and concentrated under reduced pres-

sure. The resulting residue was purified by flash chroma-

tography over silica gel (elution with 10% EtOAc in

hexanes) to afford a colorless sticky solid (0.254 g, 64.3%).

'H NMR (CDCI) 8 11.43 (br s, NH), 8.62 (br s, NH),
7.77-7.55 (m, 3H), 7.49-7.35 (m, 3H), 7.19-6.97 (m, 6H),
4.71 (d, 1H, J=10.17 Hz), 4.36-4.22 (M, 2H), 4.20-4.07 (m,
2H), 3.87 (d, 1H, J=16.8 Hz), 3.74-3.60 (m, 1H), 3.51-3.39
(m, 1H) 2.87 (s, 3H), 1.32 (t, 3H, JH=7.2 Hz) MS m/z (ESI)
378.03 (MH"*).

2-(1R,2R)-3-(methylamino)-2-(naphthalen-2-yl)-1-phe-

nylpropoxy)acetamide: Dry ammonia gas was continuously

passed through a solution of ethyl 2-((1R,2R)-3-(methyl-
amino)-2-(naphthalen-2-yl)-1-phenylpropoxy)acetate

(0.154 g, 0.408 mmol) in 15 mL of MeOH for 15 minutes.
The reaction flask was sealed, and the reaction mixture left

stirred for 40 hours at room temperature. The solvents were
evaporated using a rotary evaporator. The product was

dissolved in MeOH and waspurified by RP-HPLC (Vydac

column, C-18, 2.2x25 cm;elution with 10% B-100% B in 30
minutes, B=80% aq. CH;CN with 0.1% TFA, A=H,O with

0.1% TFA); FR 8 mL/min; 1,,,,=254 nm. RT=22.457 min-
utes). The product containing fractions were evaporated

using a rotary evaporator, and the residue was mixed with 1
N HCI and was evaporated. The residue was then washed

with ether to remove impurities. The product was

lyophilized, yielding the productas a colorless sticky solid.
'H NMR (CD,OD) 8 7.79-7.64 (m, 3H), 7.54 (s, 1H),
7.47-7.39 (m, 2H), 7.19-7.08 (m, 6H), 1H hidden in the H,O



US 9,944,618 B2

183
peak, 4.11 (d, 1H, J=16.0 Hz), 4.01-3.89 (m, 2H), 3.67-3.54
(m, 1H), 3.43-3.36 (m, 1H), 2.86 (s, 3H). MS m/z (ESI)
348.91 (MH*).

Example 118—Synthesis of Compound ID No. 118

(1R,2R)-3-amino-]1 -(3-chloropyridin-4-yl)-2-(naph-
thalen-2-yl)propan-1-ol)

anti-3-(3-chloropyridin-4-yl)-3-hydroxy-2-(naphthalen-
2-yl)propanenitrile: These compounds were madein a stan-

dard LDA-mediated reaction of 2-naphthylacetonitrile and
3-chloro-4-pyridine carboxaldehyde at -78° C. in THF. The

syn- and anti-diastereomers were separated by either recrys-
tallization or chromatography. anti-isomer: 'H NMR

(CDC1,) 8 8.57 (1, 1H), 8.30 (d, 1H, J=5.1 Hz), 7.83-7.76
(m, 1H), 7.75-7.68 (m, 2H), 7.61 (bs, 1H), 7.53-7.49 (m,
2H), 7.12 (dd, 1H, J=8.4, 1.6 Hz), 7.08 (d, 1H, J=4.8 Hz),
5.86 (t, 1H, J=4.5 Hz), 4.46 (d, 1H, J=4.5 Hz), 2.86 (d, 1H,
J=4.5 Hz).

(1R,2R)-3-amino-1-(3-chloropyridin-4-yl)-2-(naphtha-
len-2-yl)propan-1-ol: A solution of anti-3-@-chloropyridin-

4-yl)-3-hydroxy-2-(naphthalen-2-yl)propanenitrile (1.4 g,

4.53 mmol) in 20 mL of dry THF was placed in an
oven-dried round-bottom flask fitted with a reflux condenser

under nitrogen. Next, 1M borane-THFsolution (18.14 mL,
18.14 mmol) was added via syringe. The resulting clear

solution was stirred at 60° C. overnight while monitoring the
progress by TLC.After quenching the reaction with cautious

addition of saturated NaHCO,, the reaction mixture was

poured into a separatory funnel. The layers were separated,
and the aqueouslayer was extracted with EtOAc (3x50 mL).

The combined organic layers were washed with water and
brine, dried over MgSO,, and were concentrated using a

rotary evaporator. The residue was dissolved in DCM, and

4N HC] in dioxane was added. The mixture wasstirred for
15 minutes. The solvents were evaporated in vacuo, and the

residue was washed with ether, dried, and lyophilized,
yielding a white solid (1.367 g, 78%). 'H NMR(Free

amine). 'H NMR (300 MHz, CDCI,) 8 8.49 (d, 1H, J=5.1
Hz), 8.37 (s, 1H), 7.70-7.92, (in, 4H), 7.65 (d, 1H, J=5.1 Hz),
7.39-7.54 (m, 2H), 7.35 (dd, 1H, J=8.5, 1.4 Hz), 5.66 (d, 1H,
J=5.3 Hz), 3.05-3.53 (in, 3H). 'H NMR(500 MHz, CD,OD)
6 8.71 (d, J=5.49 Hz, 1H), 8.65 (s, 1H), 8.15-8.23 (m, 1H),
7.75-7.87 (m, 4H), 7.44-7.54 (m, 2H), 7.41 (dd, J=8.39, 1.68
Hz, 1H), 5.57 (d, J=6.71 Hz, 1H), 3.68-3.79 (m, 1H),
3.52-3.62 (m, 2H). MS m/z (ESI) 313.05 (MH”*). This
compound wasassigned anti-relative configuration based on

its higher J-value of the benzylic proton (6.7 Hz) in CD,OD.

The racemate wasresolved into 18,28 and 1R,2R enantiom-
ers by chiral SFC chromatography. The first-eluting

enantiomer was presumedto be 1R,2R-configured based on
its lower potency on hNET.

Example 119—Synthesis of Compound ID No. 119

((1R,2R)-1-@G-aminophenyl)-2-(3,4-dichloropheny])-
3-(methylamino)propan-1-ol)

(1R,2R)-(3-aminophenyl)-2-(3,4-dichloropheny])-3-
(methylamino)propan-1-ol: The nitro precursor (1R,2R and

1S,2S)-2-@,4-dichlorophenyl)-3-(methylamino)-1-(@-nitro-
phenyl)propan-1l-ol (Example 102) (630 mg, 1.77 mmol)

and iron (396 mg, 7.09 mmol)in acetic acid (1.5 mL)/EtOH
(1.5 mL) were refluxed at 100° C. for 1 hour. The reaction

mixture was neutralized with saturated Na,CO, solution,

and then extracted with CHC1, (50 mL, 25 mL, 25 mL). The
combined organic layer was dried with MgSO.,filtered, and

concentrated to a dark brown oil. The crude product was
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added to a silica gel column and was eluted with 0-10%

ammoniated MeOH in CH,Cl, to give a brown-yellow gum

(76% yield, 95% purity).

Separation of the enantiomers of anti-3-amino-1-(3-
aminopheny])-2-(3,4-dichlorophenyl)propan-1-ol was per-

formed as follows. The two chiral compounds were sepa-
rated by SFC (ADH column, 30% iPrOH with 0.5%

isopropylamine) as Peak 1 and Peak 2. Each fraction was

concentrated separately. Thefirst-eluting fraction was acidi-
fied with TFA (2 mL) for 5 minutes, basified with 1N NaOH

(15 mLx2), dried through MgSO,, and concentrated to a
yellow oil. The yellow oil added to a silica gel column and

was eluted with 0-5% ammoniated MeOH in CH.Cl, to give
the desired product as a colorless gel. The free base of the

desired product was diluted with 2 mL of CH,CL; 0.5 mL

of 2M HClin ether was added and then evaporated to give
its HCl salt as a white solid (0.0339 g, 21.75% recovery,

95% purity). 'H NMR (CDCI) 8 7.24 (d, J=8.9 Hz, 1H
partially covered under the solvent-CHCl,) 7.18 (d, J=2.1

Hz, 1H), 6.96 (t, J=7.8 Hz, 1H), 6.88 (dd, 1H, J 8.2, 1.9 Hz),
6.55 (s, 1H), 6.49 (dd, 1H, J=8.0, 2.1 Hz), 6.43 (d, 1H, J=7.6
Hz), 4.86 (d, 1H, J=7.6 Hz), 3.56 (br. s., 2H), 3.11-3.22 (m,
1 IA), 2.97-3.05 (m, 1H), 2.90 (td, 1H, J=8.4, 3.4 Hz), 2.47
(s, 3H). MS m/z (ESI) 325.09 (MH*). Large J-value (7.6 Hz)

of the benzylic proton indicated anti-relative configuration.
Based on its lower inhibitory activity on the hNET, Com-

pound ID No. 119 recovered from the first-eluting fraction
was assigned an (1R,2R) configuration.

Example 120—Synthesis of Compound ID No. 120

((R,2R)-2-(3,4-dichlorophenyl)-3-(methylamino)-1-

(3-(nethylthio)phenyl)propan-1-ol)

2-(3,4-dichlorophenyl])-3-hydroxy-3-(3-(methylthio)phe-
nyl)propanenitrile: A solution of 2-(3,4-dichlorophenyl)ac-

etonitrile (5.8 g, 30.55 mmol) in ether (35 mL) and THF (15

mL) was cooled to -75° C. BuLi (13.44 mL, 33.61 mmol)
was added slowly, and the reaction wasstirred at -75° C. for

20 minutes. Next, 3-(methylthio)benzaldehyde (5.12 g,
33.61 mmol) in THF (15 mL) was added drop-wise, main-

taining the temperature under -60° C. After the addition, the
reaction wasstirred at -75° C. for another hour. To quench

the reaction, acetic acid (2.62 mL, 45.83 mmol) was added

at -75° C. The reaction mixture was warmed to room
temperature, and the organic layer was separated from the

aqueous layer. The aqueous layer was extracted with ether
(100 mLx3), and the combined organic layer was dried

through MgSO,and evaporated to give an orange oil, which
was used directly for the next step without further purifica-

tion. IsomerA—'H NMR(CDCI,)8 4.99 (d, 1H, J=6.1 Hz),

4.06 (d, 1H, J=6.1 Hz), Isomer B—'H NMR (CDC1,) 5 4.93
(d, 1H, J=5.5 Hz), 4.01 (d, 1H, J=5.2 Hz).

3-Amino-2-(3,4-dichloropheny])-1-(3-(methylthio)phe-
nyl)propan-l-ol: —2-(3,4-dichloropheny])-3-hydroxy-3-@-

(methylthio)phenyl)propanenitrile (10.15 g, 30 mmol) in
THF (55 mL) waspreheated at 76° C. for gentle-refluxing.

To this, a solution of borane-methyl sulfide complex (45.0

mL, 90.00 mmol) in THF was added drop-wise over 30
minutes, and a Dean-Stark trap was set up to collect liber-

ated SMe,. Twelve hours later, the reaction mixture was
cooled in a cold water bath, acidified with 4M HCl in

dioxane (10 mL), and the extra BH, was quenched with 20
mL of MeOHslowly, maintaining the temperature under 25°

C. The reaction mixture was heated to 64° C. (to make sure

all of BH, quenched) for 10-15 minutes during which time
the B(Me);-MeOH complex was collected in a Dean-Stark

trap. The reaction mixture was concentrated to give a
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pale-yellow oil. Since the ‘H NMRspectrum ofthe crude in
CDCl, showedthe presence of the expected mixture of anti-

and syn-structures, it was taken to the next step without

further purification.
Ethyl-2-(3,4-dichlorophenyl)-3-hydroxy-3-(3-(methyl-

thio)phenyl) propylcarbamate: A mixture of HCI salt of
3-amino-2-(3,4-dichloropheny])-1-(3-(methylthio)pheny])

propan-1-ol (11.36 g, 30 mmol) and TEA (12.54 mL, 90.00
mmol) in CH,Cl, (100 mL) wasstirred for 20 minutes and

then cooled to 0° C. Ethyl carbonochloridate (3.46 mL,

36.00 mmol) was added drop-wise at 0° C. After the
addition, the reaction mixture wasstirred at room tempera-

ture for 3 hours, then washed with 0.5N HCl (150 mL),
saturated NaHCO, (100 mL), and water (100 mL), dried

through MgSO,, and evaporated to give a pale-yellow oil.
The pale-yellow oil was added to a silica gel column and

was eluted with 0-100% EtOAc in hexane to give two

desired collections: anti-isomer and syn-isomer. The anti-
isomer collection was evaporated to give a pale-yellow oil

(4.85 g, 39.0%). 'H NMR (CDCL,) 8 7.28 (d, 1H, J=8.4 Hz),
7.19 (d, 1H, J=2.1 Hz), 7.07-7.18 (m, 2H), 7.05 (s, 1H),
6.86-6.95 (m, 2H), 4.85 (br. s., 1H), 4.81 (dd, 1H, J=7.9, 3.7
Hz), 4.10 (q, 2H, J=7.0 Hz), 3.66-3.81 (m, 1H), 3.52-3.66
(m, 1H), 3.17 (br. s., 1H), 3.02-3.12 (m, 1H), 2.39 (s, 3H),
1.22 (t, 3H, J=7.2 Hz). MS m/z (ESI) 314.01 (MNa*). The
relative configuration of this compound was determined to

be anti-based on the large J-value (7.9 Hz) of the benzylic
proton. The syn-isomer collection was evaporated to give a

pale yellow oil (5.14 g, 41.4%). 'H NMR (CDCI,) 8
7.23-7.30 (m, 2H), 7.05-7.20 (im, 2H), 6.98 (s, 1H), 6.93 (dd,
1H, J=8.3, 2.0 Hz), 6.87 (d, 1H, J=7.2 Hz), 4.96 (t, 1H, J=4.0
Hz), 4.78 (br. s., 1H), 4.11 (q, 2H, J=7.2 Hz), 3.63-3.86 (m,
1H), 3.24-3.39 (m, 1H), 3.11 (br. s., 1H), 2.98 (td, 1H, J=7.7,
4.6 Hz), 2.36 (s, 3H), 1.23 (t, 3H, J=7.3 Hz). The relative
configuration of this compound was determined to be syn-

based on the small J-value (4.0 Hz) of the benzylic proton.

MS m/z (ESI) 436.15 (MNa*).
anti-2-(3,4-dichloropheny])-3-(methylamino)-1-@-

(methylthio)phenyl)propan-1-ol: anti-Ethyl-2-(3,4-dichloro-
pheny])-3-hydroxy-3-(3-(methylthio)phenyl)propyl car-

bamate (4.7 g, 11.34 mmol) in THF (50 mL) waspreheated
at 76° C. for gentle-refluxing. BH,.THF (34.0 mL, 34.03

mmol) was added drop-wise over 15 minutes, and the

refluxing was allowed to continue at 76° C. overnight. The
reaction mixture was cooled in a cold water bath and treated

with 5 mL HCl. MeOH (10 mL) was slowly added to quench
extra BH,, maintaining the temperature under 25° C. Evo-

lution of gas bubbles was observed during the addition of
MeOH.The reaction mixture was heated to 64° C. (to make

sure all of BH; quenched) for 10-15 minutes, and then

concentrated to a pale-yellow oil. After concentration of the
volatiles in vacuo, the desired product (HCI salt) was

obtained as a yellow gum. The HC]salt wasstirred into a
mixture of 100 mL CHCl,and saturated NaHCO,andstirred

for 10 minutes. The organic layer was separated, and the
aqueous layer was extracted with CHCl, (20 mL~x5). A

significant amount of white solid was not basified and

extracted into CHCI1,. The combined CHCI, layer was dried
through MgSO, and evaporated to give a yellow foul-

smelling oil. The yellow oil was addedto a silica gel column
and was eluted with 0-10% MeOH in CH,Cl,. Collected

fractions were evaporated under reduced pressure to give the
desired anti-product(1.725 g, 42.6%). 1H NMR (CDCI,) 6

7.24 (d, 1H, overlapping with CHCI,) 7.13 (d, 1H, J=2.1

Hz), 7.09 (s, 1H), 7.10 (d, 1H, J=9.5 Hz), 7.03 (br. s., 1H),
6.87 (dt, 1H, J=7.0, 1.7 Hz), 6.83 (dd, 1H, J=8.3, 2.0 Hz),
4.92 (d, 1H, J=8.0 Hz), 3.20 (dd, 1H, J=12.1, 9.7 Hz), 3.03
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(dd, 1H, J=12.1, 3.1 Hz), 2.87 (ddd, 1H, J=9.7, 8.0, 3.2 Hz),
2.50 (s, 3H), 2.37 (s, 3H). MS m/z (ESI) 356.11 (MH*).

(1R,2R)-2-(3,4-dichlorophenyl)-3-(methylamino)-1-(3-

(methylthio)phenyl)-propan-1l-ol: The two chiral com-
pounds were separated by SFC (ADH column, 17% MeOH

with 0.5% isopropylamine) as Peak 1 and Peak 2. Each
fraction was concentrated separately.

The “peak 1” collection contained a trace amount of

product-related complex, and its baseline was not clean as
determined by NMR. The “peak 1” sample was acidified

with TFA (2 mL), stirred for 5 minutes, then basified with 1N
NaOH (15 mL~x2), dried through MgSO,, and concentrated

to yellow oil. The yellow oil was added to a silica gel
column and eluted with 0-5% ammoniated MeOH in

CH,Cl, to give the desired product, P1, as a colorless gel

(0.039 g, 95% purity, 90% ee), containing somesolvents. 'H
NMR(CDCI,) 8 7.24 (d, 1H, J=8.2 Hz), 7.13 (d, 1H, J=2.1
Hz), 7.05-7.11 (m, 2H), 7.02 (s, 1H), 6.86 (d, 1H, J=7.3 Hz),
6.82 (dd, 1H, J=8.2, 2.1 Hz), 4.91 (d, 1H, J=7.9 Hz), 3.19
(dd, 1H, J=12.2, 9.8 Hz), 3.02 (dd, 1H, J=-12.1, 3.2 Hz),
2.86 (ddd, 1H, J=9.7, 8.2, 3.2 Hz), 2.49 (s, 3H), 2.37(s, 3H).
MSm/z (ESI) 356.06 (MH"*). The free base of the desired

product wasdiluted with 2 mL ofCH,Cl,, and 0.5 mL of2M
HCI in ether was added and then evaporated to dryness to

give its HC]salt as a white solid (0.031 g, 14.96% recovery).
'H NMR (DMSO-d,) 8 8.51 (hr. s., 1H), 8.18 (br. s., 1H),
7.45-7.54 (m, 2H), 7.11-7.22 (m, 2H), 7.04-7.10 (m, 1H),
7.01 (s, 1H), 6.94 (d, 1H, J=7.5 Hz), 6.06 (br. s., 1H), 4.75
(d, 1H, J=6.0 Hz), 3.20-3.55 (m, 6H), 2.37 (s, 3H).
Compound ID No. 120 recovered from the first eluting

peak was assigned (1R,2R) configuration based on its ‘H

NMRaswell as its lower inhibitory activity on the hNET
compared to the (18,2S) enantiomer.

Example 121—Synthesis of Compound ID No. 121

(N-@-((1R,2R)-2-(3,4-dichlorophenyl)-1-hydroxy-3-

(methylamino)propyl)phenyl)-1,1,1-trifluorometh-
anesulfonamide)

tert-butyl (2R,3R and 2S,3S)-3-(3-aminophenyl)-2-(3,4-

dichlorophenyl)-3-hydroxypropyl)carbamate: A solution of
((R,2R and 1S,2S)-)-1-(3-aminophenyl)-2-(3,4-dichloro-

phenyl)-3-(methylamino)propan-1-ol (Example 119) (0.311

g, 0.96 mmol) and TEA (0.147 mL, 1.05 mmol) in dichlo-
romethane (4 mL)/MeOH (1 mL) was cooled to 0° C.

Boc-anhydride (0.244 mL, 1.05 mmol) in dichloromethane
(1 mL) was addedinto the above reaction mixture slowly.

After the addition, the reaction wasstirred at room tempera-
ture for several hours. The reaction mixture wasdiluted with

CH,Cl, (50 mL), washed with 1N NaOH (20 mL), and water

(50 mL), dried through MgSO,, and then evaporated to
removethe solvents. The crude product was addedto a silica

gel column andeluted with 0-100% EtOAcin hexaneto give
a light-yellow gum asthe desired product (0.2618 g, 64.4%).

"H NMR(CDCI,) 8 7.30 (br. s., 1H), 7.26 (d, 1H, J=8.4 Hz),
7.00 (t, 2H, J=7.4 Hz), 6.50 (d, 1H, J=8.0 Hz), 6.54 (br. s.,
2H), 4.72 (d, 1H, J=6.3 Hz), 3.43-3.97 (m, 4H), 3.22 (br. s.,
1H), 2.54 (br. s., 3H), 1.36 (br. s., 9H). MS m/z (ESI) 425.22
(MH*). The bis-Boc by-product wasisolated as a colorless

gum (0.1272 g, 25.3%). 'H NMR (CDCI,) 8 7.31 (br. s.,
1H), 7.25 (d, 2H, J=8.4 Hz), 7.07-7.22 (m, 2H), 6.99 (d, 1H,
J=7.2 Hz), 6.84 (d, 1H, J=7.2 Hz), 6.58 (br. s., 1H), 4.77 (d,
1H, J=6.3 Hz), 3.51-3.85 (m, 2H), 3.23 (br. s., 1H), 2.53 (br.
s., 3H), 1.50 (s, 9H), 1.35 (br. s., 9H). MS m/z (EST) 525.27
(MH°*).

(2R,3R and 28S,3S)-tert-butyl (2-3,4-dichlorophenyl)-3-

hydroxy-3-(3-(trifluoromethylsulfonamido)phenyl)propyl)
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carbamate: A mixture of (2R,3R and 2S,3S)-tert-butyl (3-

(3-aminophenyl)-2-(3,4-dichloropheny])-3-hydroxy-propyl)

carbamate (0.261 g, 0.61 mmol) andtriethylamine (0.155 g,

1.53 mmol) in dichloromethane (3 mL) were cooled to 0° C.
Trifluoromethanesulfonic anhydride (0.277 g, 0.98 mmol)

was added into the above reaction mixture slowly and
cooled to room temperature. 1 hour later, the mixture was

diluted with CH,Cl, (100 mL), washed with water (100

mLx2), dried through MgSO, and evaporated to dryness.
The crude product was added to a silica gel column and

eluted with 0-100% EtOAc in hexane to give a colorless
gum asthe desired product (0.152 g, 45%). The sample was

subjected to SFC chiral purification.
Separation of (1S,2S) and (1R,2R) enantiomers oftert-

butyl(2-(3,4-dichlorophenyl)-3-hydroxy-3-(3-(trifluorom-

ethylsulfonamido)pheny])propyl)-carbamate: The two chiral
compounds were purified twice by chiral SFC (ADH col-

umn, 20% iPrOH with 1% isopropylamine) as Peak 1 and
Peak 2. Each fraction was concentrated separately.

Thefirst-eluting enantiomer collection was evaporated to
give a light yellow gel (0.020 g, 95% purity, 12.83%

recovery). 'H NMR (CDCI) 8 7.20 (d, 2H, J=8.4 Hz),

7.00-7.11 (m, 2H), 6.92-7.00 (m, 1H), 6.89 (d, 1H, J=8.0
Hz), 6.75 (d, 1H, J=5.5 Hz), 5.34 (br. s., 4H), 4.73 (d, 1H,
J=7.6 Hz), 3.55-3.77 (m, 2H), 3.13-3.27 (m, 1H), 2.49 (br.
s., 3H), 1.38 (br. s., 9H). MS m/z (ESI) 557 (MH"*).

This enantiomer, after removal of Boc group (see below),
was assigned 1R,2R-configuration because of its lower

potency on the hNET compared to the second-eluting

enantiomer.
N-(3-((1R,2R)-2-(3,4-dichlorophenyl)-1-hydroxy-3-

(methylamino)propyl)pheny1)-1,1,1-trifluoromethanesulfo-
namide: First-eluting Boc-derivative, tert-Butyl (2R,3R)-2-

(3,4-dichlorophenyl)-3-hydroxy-3-(3-

(trifluoromethylsulfonamido)phenyl)-propyl(methy])
carbamate (0.063 g, 0.11 mmol) wasstirred in 3N HCl

(MeOH:water=3:1; 1 mL) at room temperature for 1 hour.
The reaction mixture was evaporated to give a white foam-

like solid as the desired product (0.0554 g, 95% purity). 'H
NMR(CD,OD)6 7.35 (d, 1H, J=8.3 Hz), 7.20-7.29 (m, 2H),
7.15 (s, 1H), 7.02-7.11 (im, 2H), 6.99 (dd, 1H, J=8.3, 1.9 Hz),
4.86 (d, 1H, J=9.4 Hz), 3.76 (dd, 1H, J=12.4, 8.3 Hz),
3.36-3.44 (m, 1H), 3.19 (td, 1H, J=8.7, 6.0 Hz), 2.74(s, 3H).
MS m/z (ESI) 457.04 (MH*).

Example 122—Synthesis of Compound ID No. 122
(1R,2R)-1-(5-methoxypyridin-3-yl)-3-(methyl-

amino)-2-(napthalen-2-yl)propan-1-ol

3-Hydroxy-3-(5-methoxypyridin-3-yl)-2-(naphthalen-2-

yl)propanenitrile: A 250 mL round bottom flask equipped
with a magnetic stirring bar, nitrogen inlet, and septum was

charged with THF (100 mL) and butyllithtum (7.29 mL,
18.23 mmol). After cooling to -78° C., 2-(naphthalen-2-yl)

acetonitrile (3.05 g, 18.23 mmol) was added. After 60
minutes, 5-methoxynicotinaldehyde (2.5 g, 18.23 mmol)

was added via syringe, and the reaction mixture wasstirred

at -78° C. for 3 hours. The reaction was quenched by the
addition of acetic acid (2.1 mL) whilestirring at -70° C. The

aqueouslayer was extracted with ether (2x250 mL), and the
combined organic extracts were washed with brine (250

mL), dried over MgSO. and concentrated in vacuo to give
the crude aldol (6.0 g). ISCO purification on silica gel

eluting with 0-100% ethyl acetate in hexane afforded the

product as anti:syn mixture (4.0 g). Recrystallization from
THF (10 mL) and hexane (25 mL) at 0° C. overnight

afforded anti mixture as a solid (1.4 g) and anti/syn mixture
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(1:1.5) as an oil (2.5 g). Second recrystallization of the anti
mixture from THF/hexane afforded the pure anti diaste-

reomer(1.2 g).H NMR (CDCI,) 8 8.23 (d, 1H, J=2.7 Hz),

8.04 (d, 1H, J=1.5 Hz), 7.93-7.73 (m, 5H), 7.61-7.47 (m,
2H), 7.38-7.18 Gm, 4H), 5.12 (d, 1H, J=3.4 Hz), 4.24 (d, 1H,

J=5.2 Hz), 3.78 (s, 3H), 2.80 (d, 1H, J=3.7 Hz). MS m/z
(ESI) 305.13 (MH*).

3-Amino-1-(5-methoxypyridin-3-yl)-2-(naphthalen-2-yl)
propan-1-ol: A solution of 3-hydroxy-3-(5-methoxypyridin-

3-yl)-2-(naphthalen-2-yl)propanenitrile (2.5 g, 8.21 mmol)

in 100 mL of THF was added over 5 minutes to a stirred
suspension of 1.0 Min THF boranetetrahydrofuran complex

(24.64 mL, 24.64 mmol) heated to 45° C. The reaction was
heated for 3 hours at reflux (internal temp at 66° C., oil bath

at 72° C.). The solution was cooled to ambient temperature
and carefully quenched with 8 mL of 4N of HCI in dioxane

diluted with 10 mL ofmethanol. The mixture wasstirred for

15 minutes at 60° C., and then all solvents were evaporated
off. 10 mL of ethanol was added, and the reaction mixture

wasstirred at 60° C. for 10 minutes. The volatiles were
evaporated in vacuo, and the crude product was washed with

EtOActwice and dried under vacuum to afford 3.4 g of the
HCIsalt of the desired product as a white solid. Since the 'H

NMRspectrum of the crude in CDCI, showed the presence

ofthe expected mixture of anti- and syn-structures, the crude
mixture was taken to the next step without further purifica-

tion.
anti-syn-Ethy1]-3-hydroxy-3-(5-methoxypyridin-3-yl)-2-

(naphthalen-2-yl)propylearbamate: The HCl salt of
3-amino-] -(5-methoxypyridin-3-yl)-2-(naphthalen-2-yl)

propan-1-ol (2.53 g, 8.21 mmol) was dissolved in 100 mL of

DCM in an oven dried round bottom flask equipped with a
stirrer under nitrogen. TEA (3.43 mL, 24.63 mmol) was

added, and then the solution was chilled to 0° C. To this,
ethyl carbonochloridate (0.946 mL, 9.85 mmol) was slowly

added over 10 minutes. The ice bath was removed, and the

solution was allowed to warm to room temperature and
stirred for 2 hours. The reaction solution volume (in DCM)

was reduced to 5 mL. The residue was diluted with 200 mL
ethyl acetate and washed with minimum amount of 0.1N

HC] (2x10 mL), 150 mL saturated sodium bicarbonate, and
200 mL brine, then dried over MgSO,,filtered, and con-

centrated in vacuo. Residual solvents were evaporated to

give the product as a foam (2.2 g). MS m/z (ESI) 381.2
(MH*). The mixture was purified on ISCO eluting with

0-100% of ethyl acetate in hexane over 35 minutes. The
major peak wascollected, and the solvents were evaporated

in vacuo. 'H NMRanalysis indicated anti-stereochemistry.
(1R,1R)-2-(3,4-dichlorophenyl)-1-(5-methoxypyridin-3-

yl)-3-(methylamino)propan-1-ol: A solution of ethyl (1S,2S

and 1R,1R)-3-hydroxy-3-(5-methoxypyridin-3-yl)-2-(naph-
thalen-2-yl)propylcarbamate (0.275 g, 0.72 mmol) in THF

(20.00 mL) was added over 5 minutesto a stirred suspension
of borane tetrahydrofuran complex (2.169 mL, 2.17 mmol)

heated to 45° C. The reaction washeated for 4 hours at reflux
(internal temp at 66° C., oil bath at 72° C.) to give a bright

purple suspension. The suspension was cooled to ambient

temperature and carefully quenched with 4N HClin dioxane
diluted with methanol. The quenched mixture wasstirred for

15 minutes at 60° C. The volatiles were removed in vacuo,
and the crude was redissolved in 10 mL of ethanol and

stirred for 10 minutes at 60° C. The solvents were then
evaporated to afford the crude HCI salt, which was washed

with ether, ethyl acetate/hexane (1:1), and hexane to afford

the HC! salt of the product. NMR and LCMS showed 80%
purity. The HCI salt was converted to basic amine, and ISCO

alumina column chromatography eluting with 0-10% MeOH
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in DCMafforded the pure amine as product (0.135 g). 'H

NMR(CDCI,) 8 8.02 (d, 1H, J=2.7 Hz), 7.86 (d, 1H, J=1.5
Hz), 7.80-7.60 (m, 3H), 7.42 (quin, 1H, J=6.0 Hz), 7.26 (s,
0H), 7.09 (dd, 1H J=8.4, 1.7 Hz), 6.99 (d, 1H, J=2.1 Hz),
5.18 (d, 1H, J=8.5 Hz), 4.15 (dd, 1H, J=12.1, 2.9 Hz), 3.64
(s, 3H), 3.39 (dd, 1H, J=11.9, 10.4 Hz), 3.05 (dd, 1H, J=18.8,
2.9 Hz), 2.54 (s, 3H). MS m/z (EST) 323.17 (MH*). NMR
with shift reagent “TBPTA” complex showed J12=10.2 Hz,

which indicated the presence of “anti” stereochemistry.
Large J-value (8.5 Hz) of the benzylic proton indicated

anti-relative configuration. The anti-racemate was subjected
to chiral SFC separation into the two anti-enantiomers.

Compound ID No. 122 recovered from the first eluting

enantiomer was assigned (1R,2R) configuration based onits
lower inhibitory activity on the hNET compared to the

second eluting (18,2S) enantiomer.

Example 123—Synthesis of Compound ID No. 123
(6S,7R)-4-methyl-6-(naphthalen-2-yl)-7-pheny]-1,4-

oxazepane)

2-Bromo-N-((2S,3R)-3-hydroxy-2-(naphthalen-2-yl)-3-

phenylpropyl)-N-methylacetamide: This compound was
made by reacting (1R,2S)-3-(methylamino)-2-(naphthalen-

2-yl)-1-phenylpropan-1-ol (Example 9) with bromoacetyl
bromide in the presence of TEA in dichloromethane in a

manner similar to the one described in Example 129. The ‘H
NMRspectrum of the crude material in CDCl, showed the

presence of the expected structure.

(6S,7R)-4-methy]-6-(naphthalen-2-yl)-7-pheny]-1,4-ox-
azepan-3-one: This compound was prepared by cyclizing

2-bromo-N-((2S,3R)-3-hydroxy-2-(naphthalen-2-yl)-3-phe-
nylpropyl)-N-methylacetamide in the presence of sodium

hydride in a polar aprotic solvent in a manner similar to the

one described in Example 129. 'H NMRspectrum of the
crude material in CDCl, showed the presence of the

expected structure.
Compound ID No. 123: (6S,7R)-4-methy1-6-(naphthalen-

2-yl)-7-phenyl-1,4-oxazepan-3-one was reduced with
lithium hydride in THF as set forth in Example 129. 'H

NMR (CD,;OD) 8 7.66-7.59 (m, 1H), 7.58-7.51 (m, 1H),
7.46 (d, 1H, J 8.7 Hz), 7.37-7.26 (m, 2H), 7.22 (s, 1H),
7.06-6.82 (m, 5H), 6.77-6.68 (m, 1H), 5.13 (d, 1H, J=6.8
Hz), 4.37-4.03 (m, 4H), 3.73-3.47 (m, 3H), 2.99 (s, 3H).

Example 124—Synthesis of Compound ID No. 124
((6R,7R)-4-methy1-6-(naphthalen-2-yl)-7-phenyl-1,

4-oxazepane)

Optical resolution of anti-3-(methylamino)-2-(naphtha-

len-2-yl)-1-phenylpropan-1l-ol into 18,2S and 1R,2R-
enantiomers: L-(+)-tartaric acid (2.217 g, 14.77 mmol) was

addedto a solution of racemic 3-(methylamino)-2-(naphtha-
len-2-yl)-1-phenylpropan-1-ol (4.3 g, 14.77 mmol) in 4:1

H,O:EtOH (100 mL). The resulting suspension wasstirred
at 60° C. until all ofthe material was taken into solution. The

mixture was then removed from heat and allowed to cool.

Scratching the inner sides of the flask resulted in crystalli-
zation of the desired 2S,3S isomer. The crystals were filtered

and rinsed with cold 4:1 (H,O:EtOH)and dried. This solid
was redissolved in 4:1 H,O:EtOH (45 mL) at 60° C. and

recrystallized.
Conversion of purified product to HCI salt: The (18,2S)-

3-(methylamino)-2-(naphthalen-2-yl)-1-phenylpropan-1-ol

((+)-tartaric acid salt, 1.87 g, 4.25 mmol) was added to a
reparatory funnel along with 2N NaOH to a basic pH. The

resulting suspension was extracted with DCM (3x). The
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combined extracts were treated with 2N HCl, and the DCM
was removed byrotary evaporation. The remaining aqueous

solution was lyophilized to furnish the product as a white

solid. [a],°°=4+128 (EtOH/H,O 10:1).
By using the D-(-)-tartaric acid, (1R,2R)-3-(methyl-

amino)-2-(naphthalen-2-yl)-1-phenylpropan-1-ol was
obtained in similar yield and opposite optical rotation value.

tert-Butyl (2R,3R)-3-hydroxy-2-(naphthalen-2-yl)-3-phe-
nylpropyl(methyl)carbamate: To a solution of (1R,2R)-3-

(methylamino)-2-(naphthalen-2-yl)-1-phenylpropan-1-ol

(1.0 g, 3.05 mmol) in 25 mL of DCM wasaddedtriethyl-
amine (1.28 mL, 9.15 mmol) at room temperature. To this

was added Boc,O (0.766 g, 3.51 mmol) portion-wise, and
the reaction mixture wasleft stirring for 10 minutes while

monitoring the reaction progress by TLC. Upon completion
of the reaction, 1N HCI (15 mL) was addedto an acidic pH

6, and the crude product was isolated by extraction with

DCM (3x). The combined extracts were washed with water
and dried with MgSO, to furnish a crude that was deemed

pure for the next step. 'H NMR (DMSO-d,): 8 7.73-7.70 (m,
3H), 7.61 (m, 1H), 7.41-7.39 (m, 3H), 7.22-7.04 (m, 5H),
5.55 (bd, 1H), 4.86 (dd, 1H, J=7.2, 4.8 Hz), 3.90 (bt, 1H),
3.66 (dd, 1H, J=13.8, 3.9 Hz), 2.08 (s, 3H), 1.14, 1.08 (two
s, 9H). MS m/z (ESI) 414.22 (MNa’*).

tert-Butyl 2-((1R,2R)-3-((tert-butoxycarbonyl)(methyl)
amino)-2-(naphthalen-2-yl)-1-phenylpropoxy)acetate:

Sodium hydride (60% in oil; 0.255 g, 5.31 mmol) was
repeatedly washed with pentane and covered with 20 mL of

DME.Theresulting suspension was cooled to 0° C., and a
solution of tert-Butyl (2R,3R)-3-hydroxy-2-(naphthalen-2-

yl)-3-phenylpropyl(methyl)carbamate (1.6 g, 4.09 mmol) in

15 mL of DMF was added slowly via cannula undernitro-
gen. After 5 minute of stirring at 0° C., t-butylbromoacetate

(1.196 g, 6.13 mmol)) was added, and the reaction mixture
wasstirred for one half hour. Cautious quenching with 3 mL

of saturated NH,Clat 0° C. was followed by extraction with

EtOAc (3x25 mL). The combined organic layers were
washed with water and brine, dried over MgSO,, and

concentrated using a rotary evaporator. The resulting residue
waspurified by flash chromatography oversilica gel (elution

with 10% EtOAc in hexanes) to afford the product as a
colorless oil (1.66 g, 80%). 'H NMR (CDCI,) 8 7.70-7.64

(m, 3H), 7.60-7.36 (m, 3H), 7.26 (s, 1H), 7.10-6.91 (m, 5H),
4.92 (d, 1H, J=8.5 Hz), 4.10 (m, 1H), 3.96 (d, 1H, J=8.5 Hz),
3.92 (d, 1H, J=16.2 Hz), 3.68 (t, 1H, J=16.2 Hz), 3.41 (m,
1H), 2.62-2.51 (m, 3 H), 1.48 and 1.44 (two s, 9H), 1.5 and
1.21 (two s, 9H). MS m/z (EST) (MH*) 506.16; 528.16
(MNa*).

2-((1R,2R)-3-(methylamino)-2-(naphthalen-2-yl)-1-phe-

nylpropoxy)acetic acid: A solution of t-butyl 2-((1R,2R)-3-

((tert-butoxycarbonyl)(methyl)amino)-2-(naphthalen-2-yl)-
1-phenylpropoxy)acetate (1.24 g, 2.46 mmol) in 1:1 mixture

of TFA/DCMwasplaced in a clean dry round bottom flask
and left stirred at room temperature under nitrogen for 1

hour. After completion of the reaction (monitored by mass
spectrometry), volatiles were removed by rotary evapora-

tion. The crude material was co-evaporated with DCM to

ensure complete removal of traces of the TFA. The product
(a gooey solid; 1.08 g, 98%) was used in the following

reaction without further purification. 'H NMR (TFAsalt)
(CD,;OD): 8 7.66-7.57 (m, 3H), 3.09 (m, 2H), 7.42 (s, 1H),
7.35-7.31 (m, 2H), 7.10-7.04 (m, 6H), 4.82 (d, 1H, J=10.2),
4.07-3.82 (m, 3H), 3.47 (td, 1H, J=10.24, 3.01), 3.28 (td, 1H,
J=12.7, 2.8), 2.7 (s, 3H). MS m/z (ESI) 350.08 (MH*).

(6R,7R)-4-methyl-6-(naphthalen-2-yl)-7-pheny]-1,4-ox-
azepan-3-one: 2-((1R,2R)-3-(methylamino)-2-(naphthalen-

2-yl)-1-phenylpropoxy)acetic acid (1.08 g, 2.42 mmol) was
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placed in an oven dried round bottom flask along with astir

bar. This was followed by sequential addition of 3,4,5-

trifluoroboronic acid catalyst (0.431 g, 2.42 mmol), sodium

acetate (0.595 g, 7.26 mmol), and anhydrous toluene (4.5
mL) The contents of the flask were sealed under Argon. The

reaction was allowedto stir at room temperature overnight.
Completion of the reaction was monitored by MS and TLC

(50% EtOAc/hex). The crude mixture was shaken with

saturated sodium bicarbonate solution, and the aqueous
phase was extracted with ethyl acetate (3x). The organic

layers were combined, rinsed with water and brine, and
dried over MgSO,,. The solvent was removed under vacuum.

The crude product was chromatographed with 50% EtOAc/
hex to furnish the product as a white solid (0.753 g, 94%).

'H NMR(CDCI,): 8 7.72-7.64 (m, 3H), 7.45-7.36 (m, 3H),
7.16-7.01 (im, 6H), 4.80 (d, 1H, J=10.0 Hz), 4.54 (AB Quart,
2H, J=15.4 Hz), 3.96 (dd, 1H, J=14.5, 3.01), 3.78 (dd, 1H,
J=14.7, 6.5 Hz), 3.99-3.33 (m, 1H), 2.93 (s, 3H). MS m/z
(EST) 332.08 (M1*).

(6R,7R)-4-methyl-6-(naphthalen-2-yl)-7-pheny]-1,4-ox-
azepane: A mixture oflithium aluminum hydride (0.0.345 g,

9.09 mmol) and dry tetrahydrofuran (40 mL) were placed in

an oven dried round bottom flask under nitrogen and cooled
to 0° C. The N-methyloxepanone (0.753 g, 2.27 mmol) was

dissolved in a minimal amount of dry THF and addedto the
stirring LAH suspension. The mixture was allowed to return

to room temperature before being heated to 60° C. for 2
hours. The reaction was monitored by MS and TLC (50%

EtOAc/hex). The mixture was cooled in an ice bath and

carefully quenched with a mixture of methanol and water.
The solvent was removed by rotary evaporation. The crude

material was taken up in EtOAc, added to a separatory
funnel, and washed with water (3x). The organic phase was

collected and dried over MgSO,. The crude material was

purified by silica gel chromatography using 75% EtOAc/hex
as eluent. After evaporation of relevant fractions, a white

solid was obtained (0.451 g, 62.5%). The free amine was
converted to HCI salt by precipitation with ether. MS (ESI)

m/z (ESI) M*?=318.14. [a])°°=-120 (4 mg/mL, HCIsalt in
ethanol). ‘H NMR (CD,OD): d 7.72-7.57 (m, 3H), 7.50 (s,
1H), 7.39-7.29 (m, 2H), 7.15-6.99 (m, 6H), 4.85 (d, 1H,
J=10.9 Hz), 4.35-4.06 (m, 3H), 3.82-3.64 (m, 2H), 3.59-3.36
(m, 2H), 2.98 (s, 3H).

Example 125—Synthesis of Compound ID No.125

((1R,2R)-2-(3,4-dichlorophenyl)-3-(methylamino)-1-
(3-morpholinopheny])propan-1-ol)

2-(3,4-dichlorophenyl)-3-hydroxy-3-(3-morpholinophe-

nyl)propanenitrile: A solution of 2-(3,4-dichlorophenyl)ac-

etonitrile (4.5 g, 24.19 mmol) in 40 mL ether was cooled to
-75° C. As the temperature reached to -30° C., 2-(3,4-

dichlorophenyl) acetonitrile began to precipitate out as a
white solid. Therefore, 20 mL THF was added to maintain

a clear solution at -75° C. Butyllithium (16.33 mL, 26.12
mmol) was added slowly, and the reaction was stirred at

-75° C. for 20 minutes. To this, 3-morpholinobenzaldehyde

(5.00 g, 26.12 mmol) in 15 mL THF was added drop-wise,
maintaining temperature under -60° C. After the addition,

the reaction was stirred at -75° C. for another hour. Then,
acetic acid (2.077 mL, 36.28 mmol) was added at -75° C. to

quench the reaction. The reaction mixture was warmed to
room temperature, and the organic layer was separated from

the aqueous layer. The aqueous layer was extracted with

EtOAc (100 mL~x3), and the combined organic layer was
dried through MgSO, and evaporated to give an orangeoil.

The orange oil was added to a silica gel column and was
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eluted with 0-60% EtOAcin hexaneto give a yellow oil (9.0
g), which contained 50% of the benzaldehyde reagent based

on TLC, NMR, and LCMS.The yellow oil was diluted with

EtOAc (200 mL), washed with saturated NaHSO,, dried
through MgSO,, and evaporated to give a yellow oil. The

yellow oil was added to a silica gel column and waseluted
with 0-100% EtOAc in hexane to give a pale-yellow oil as

the desired product, which was judged to be a mixture of
diastereomers (5.3 g, 58.1%, syn: anti ratio 2:3). anti-Isomer

(about 60%): 'H NMR (CDC1,). 8 7.38 (s, 1H), 7.31 (d, 1H,
J=2.1 Hz), 7.19-7.24 (m, 1H), 7.07 (dd, 1H, J=8.3, 2.2 Hz),
6.82-6.94 (m, 1H), 6.66-6.79 (m, 2H), 4.92 (dd, 1H, J=5.2,
3.5 Hz), 4.01 (d, 1H, J=5.3 Hz), 3.83 (m, 4H), 3.09 (m, 4H),
2.44 (d, 1H, J=3.4 Hz). Syn-isomer (about 40%): 1H NMR

(CDCl) 8 7.41 (s, 1H), 7.19-7.24 (m, 2H), 7.03 (dd, 1H,
J=8.3, 2.2 Hz), 6.82-6.94 (m, 1H), 6.66-6.79 (m, 2H), 4.98
(dd, 1H, J=6.0, 3.3 Hz), 4.07 (d, 1H, J=5.8 Hz), 3.83 (m,
4H), 3.09 (m, 4H), 2.37 (d, 1H, J=3.4 Hz). MS m/z (ESI)
377.4 (MH*).

3-Amino-2-(3,4-dichloropheny])-1-(3-morpholinophe-
nyl)propan-1-ol: A solution of 2-(3,4-dichlorophenyl)-3-hy-

droxy-3-(3-morpholinophenyl)propanenitrile (5.3 g, 14.05
mmol) in 100 mL ofTHF wasplaced in dry flask fitted with

a reflux condenser and a Dean-Stark trap and preheated at

76° C. for gentle-refluxing. While refluxing, a solution of
borane-methy] sulfide complex (17.56 mL, 35.12 mmol) in

13 mL THF was added drop-wise over 15 minutes. During
this time, the Dean-Stark trap collected liberated SMe,.

After 11 hours refluxing, the reaction mixture was cooled in
a cold water bath and was treated with 4M HCl in Dioxane

(5 mL) to generate a HC] salt. Then 10 mL of MeOH was

added cautiously to quench extra BH;, maintaining the
temperature under 25° C. and allowing the generated gas

bubbles to escape. The reaction mixture was heated to 64°
C. for 10-15 minutes when the B(OMe),-MeOH complex

was collected in a Dean-Stark trap. The reaction mixture was

concentrated to give a yellow gum as a HCIsalt of the
desired product. The HCI salt wasstirred in 100 mL CHCI,/

saturated NaHCO, for 10 minutes. The organic layer was
separated from the aqueouslayer, and the aqueous layer was

extracted with CHCl], (20 mLx2). The combined CHCl,
layer was dried through MgSO, and evaporated to give a

yellow sticky liquid as the desired product (5.65 g, 105%).

Since the 'H NMRspectrum ofthe crude in CDCI, showed
the presence of the expected mixture of anti- and syn-

structures, the crude mixture was taken to the next step
without further purification. MS m/z (ESI) 381.22 (MH*).

Ethyl] (2-(3,4-dichloropheny])-3-hydroxy-3-(3-mor-
pholinophenyl)propyl)-carbamate: 3-Amino-2-(3,4-dichlo-

rophenyl)-1-(3-morpholinophenyl)propan-1l-ol (5.65 —g,

13.34 mmol) was diluted in 65 mL of CH,Cl, at room
temperature, and TEA (2.79 mL, 20.00 mmol) was added.

The reaction mixture was cooled to 0° C. Ethyl carbono-
chloridate (1.54 mL, 16.00 mmol) was added slowly at 0° C.

After the addition, the reaction wasstirred at room tempera-
ture. Three hourslater, the reaction mixture was diluted with

100 mL of CH.Cl,, washed with 100 mL of 0.5N HCl, 50

mL saturated NaHCO,, and 100 mL water, dried through
MgsSO,, and then evaporated to give a yellow oil. The

yellow oil was added to a silica gel column and waseluted
with 0-100% EtOAc in hexane to give two collections:

anti-isomer and syn-isomer. The anti-isomercollection was
evaporated to give a pale-yellow oil (2.80 g, 46.3%). The

anti-relative configuration was confirmed by large J-value

(7.8 Hz) of the benzylic proton.H NMR (CDCI,) 8 7.26 (d,
1H, J=9.4 Hz), 7.08-7.18 (m, 2H), 6.90 (dd, 1H, J=8.3, 2.0
Hz), 6.74 (dd, 1H, J=8.0, 2.1 Hz), 6.60-6.70 (m, 2H), 4.85
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(br. s., 1H), 4.80 (dd, 1H, J=7.8, 3.4 Hz), 4.10 (q, 2H, J=7.2
Hz), 3.81 (t, 4H, J=4.7 Hz), 3.54-3.77 (m, 2H), 3.06-3.12 (m,
1H), 3.00-3.06 (m, 4H), 2.89 (br. s., 1H), 1.22 (t, 3H, J=7.1
Hz). MS m/z (ESI) 453.23 (MH*). The anti-relative con-
figuration was confirmed by small J-value (4.0 Hz) of the

benzylic proton. The syn-isomercollection was evaporated
to give a pale-yellow oil (1.53 g, 25.3%). ‘H NMR (CDC1,)

6 7.22-7.33 (m, 2H), 7.15 (t, 1H, J=7.9 Hz), 6.95 (dd, 1H,
J=8.2, 2.1 Hz), 6.74 (dd, 1H, J=8.3, 1.8 Hz), 6.64 (d, 1H,
J=7.6 Hz), 6.57 (s, 1H), 4.93 (t, 1H, J=4.0 Hz), 4.71 (br. s.,
1H), 4.10 (q, 2H, J=7.2 Hz), 3.81 (t, 4H, J=4.8 Hz), 3.73 (br.
s., 1H), 3.33 (ddd, 1H, J=13.6, 6.7, 6.4 Hz), 3.01 (q, 4H,
J=4.9 Hz), 2.92-3.10 (m, 1H), 2.84 (br. s., 1H), 1.22 (t, 3H,
J=7.1 Hz). MS m/z (ESI) 453.23 (MH*).

anti-2-(3,4-dichloropheny])-3-(methylamino)-1-(3-mor-
pholinophenyl)propan-1-ol: Ethyl (28,3S/2R,3R)-2-(3,4-di-

chloropheny1)-3-hydroxy-3-(3-morpholino-phenyl]propyl

carbamate (2.79 g, 6.03 mmol) in 50 mL THF waspreheated
at 76° C. for gentle-refluxing. Borane-methyl sulfide com-

plex (7.54 mL, 15.08 mmol) was added drop-wise over 109
minutes, and a Dean-Stark trap was set up to collect liber-

ated SMe,. Four hours, 30 minutes after the addition, the
reaction mixture was cooled to room temperature and kept

overnight at room temperature. The reaction mixture was

cooled in a cold water bath and was treated with 4M HClin
Dioxane (1.5 mL) to generate HCI salt. Then, MeOH (10

mL) wascautiously added to quench extra BH;, maintaining
the temperature under 25° C. The reaction mixture was

heated to 64° C. for 10-15 minutes, and the liberated
B(OMe),-MeOH complex was collected in a Dean-Stark

trap. The reaction mixture was concentrated to give a yellow

gum as a hydrochloride salt of the desired product. The HCl
salt was stirred in 100 mL CHC1,)/saturated NaHCO,for 10

minutes. The organic layer was separated from the aqueous
layer, and the aqueous layer was extracted with CHC, (20

mLx2). The combined CHCl, layer was dried through

MgSO, and evaporated to give a yellow oil, which was
purified by Flash chromatography over silica gel eluting

with 0-10% ammoniated MeOH in CH,Cl,. Collected frac-
tions were evaporated in vacuo to give a colorless gel as the

desired product (1.25 g, 52.4%). 1H NMR (CDCI,) 8 7.23
(d, 1H, J=8.2 Hz), 7.12 (d, 1H, J=2.1 Hz), 7.11 (t, 1H, J=7.9
Hz), 6.84 (dd, 1H, J=8.2, 2.1 Hz), 6.71 (dd, 1H, J=8.2, 2.3
Hz), 6.66 (d, 1H, J=7.6 Hz), 6.59 (d, 1H, J=1.9 Hz), 4.90 (d,
1H, J=8.0 Hz), 3.81 (t, 4H, J=4.7 Hz), 3.20 (dd, 1H, J=12.1,
9.6 Hz), 3.04-3.09 (m, 1H), 2.94-3.04 (m, 4H), 2.81-2.92 (m,
1H), 2.50 (s, 3H). MS m/z (ESD 429.36 (MNa*).

(1R,2R)-2-(3,4-dichlorophenyl)-3-(methylamino)-1-(3-
morpholinophenyl])-propan-1-ol: The two chiral compounds

were separated by SFC (Lux Amylose 2 column, 23% 1PrOH

with 0.5% isopropylamine) as Peak 1 and Peak 2. These
fractions were separately evaporated in vacuo and dried to

furnish enantiomers. 'H NMR (CDCI,) 8 7.22 (d, 1H, J=8.2
Hz), 7.06-7.14 (m, 2H), 6.82 (dd, 1H, J 8.3, 2.0 Hz), 6.70
(dd, 1H, J=8.2, 2.5 Hz), 6.65 (d, 1H, J=7.6 Hz), 6.57 (br. s.,
1H), 4.86 (d, 1H, J=8.0 Hz), 3.80 (t, 4H, J=4.8 Hz), 3.18 (dd,
1H, J=12.1, 9.6 Hz), 2.93-3.09 (m, 5H), 2.86 (td, 1H, J=8.7,
3.5 Hz), 2.47 (s, 3H). The free base of the desired product
was diluted with 2 mL of CH,CL, and 0.5 mL of 2M HCl

in ether was added and then evaporated to dry the product
solution to give its HCI salt as a white solid (0.223 g, 35.3%

recovery). ‘H NMR (DMSO-d6) 8 8.51 (br. s., 1H), 8.20 (br.
s., 1H), 7.49 (d, 1H, J=8.3 Hz), 7.46 (d, 1H, J=1.9 Hz), 7.15
(dd, 1H, J=8.3, 1.7 Hz), 7.10 (d, 1H, J=7.7 Hz), 6.78 (d, 1H,
J=7.3 Hz), 6.60-6.73 (m, 2H), 4.70 (d, 1H, J=7.2 Hz), 3.72
(t, 4H, J=4.6 Hz), 3.23-3.53 (m, 3H), 2.87-3.06 (m, 4H). MS
m/z (EST) 395.13 (MH*). CompoundID No.125 recovered
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from the second eluting fractions was assigned (1R,2R)

configuration based on its "H NMRas well as its lower

inhibitory activity on the hNET compared to the (1S,2S)

enantiomer.

Example 126—Synthesis of Compound ID No. 126
((R,2R)-1-(6-chloropyridin-3-yl)-3-(amino)-2-

(naphthalen-2-yl)propan-1-ol)

anti-3-(6-chloropyridin-3-yl)-3-hydroxy-2-(naphthalen-

2-yl)propanenitrile: A solution of 2-naphthylacetonitrile (5
g, 29.9 mmol) in 200 mL of dry THF was placed in an

oven-dried round bottom flask with stirrer under nitrogen.
After cooling to -78° C., diisopropylamine (5.03 mL, 35.9

mmol) was added followed by drop-wise addition of 2.5M
butyllithium (14.35 mL, 35.9 mmol). After 30 minutes of

stirring at -78° C., 2-chloropyridine 5-carboxaldehyde (5.08

g, 35.9 mmol) was added drop-wise via syringe. After 10
minutes, the reaction was quenched quickly with rapid

addition of 25 mL 2:1 THF/acetic acid. The cold bath was
removed, and the reaction was allowed to reach ambient

temperature. Water was added, and the aqueous layer was
extracted with EtOAc (3x25 mL) The combined organic

layers were washed with water and brine, dried over

MgSO,, and were concentrated using a rotary evaporator.
The residue was dissolved in DCM,and hexane was slowly

added. A turbid solution resulted, which was kept at room
temperature for 15 minutes. Off-white crystals werefiltered

and dried. The anti-diastereomer crystallized out as the
major isomeras an off white solid (yield 1.679 g, 18.19%).

'H NMR (DMSO.d,) 5 8.40 (d, 1H, J=1.8 Hz), 7.99-7.92
(m, 5H), 7.58-7.49 (m, 4H), 6.42 (d, 1H, J=5.0 Hz), 5.18 (t,
1H, J=5.1 Hz), 4.79 (d, 1H, J=5.3 Hz). The syn-diastereomer

wasalso isolated from the supernatant as a white solid (yield
0.712 g, 7.71%). ‘H NMR (CDC1,) 8 8.09 (d, 1H, J=1.8 Hz),
7.94-7.85 (m, 3H), 7.71-7.62 (m, 2H), 7.55-7.50 (m, 2H),
7.44 (d, 1H, J=7.4 Hz), 7.32 (bd, 1H, J=7.4 Hz), 6.47 (d, 1H,
J=4.3 Hz), 5.25 (dd, 1H, J=5.1, 5.1 Hz), 4.83 (d, 1H, J=6.0).
Compound ID No. 126: anti-3-(6-chloropyridin-3-yl)-3-

hydroxy-2-(naphthalen-2-yl)propanenitrile (1.4 g, 4.53

mmol), dissolved in 18 mL of dry THE, was placed in an
oven-dried round-bottom flask under nitrogen. A solution of

1M borane-THF solution (18.14 mL, 18.14 mmol) was

added via syringe, and the reaction mixture wasstirred at
60° C. overnight. The reaction progress was monitored by

TLC. After quenching the reaction with cautious addition of
NaHCoO,,the reaction mixture was poured into a separatory

funnel. The layers were separated, and the aqueous layer was
extracted with EtOAc (3x50 mL) The combined organic

layers were washed with water and brine, dried over

MgSO,, and were concentrated using a rotary evaporator.
The residue was dissolved in DCM, 4N HCI in dioxane was

added, and the mixture wasleft stirring for a few minutes.
The solvents were evaporated in vacuo,andthe resulting salt

was leached with ether and lyophilized yielding a white
solid (1.367 g, 78%). 1H NMR(free amine) (CDCI,) 8 8.09

(s, 1H), 7.81-7.60 (im, 3H), 7.51-7.33 (m, 4H), 7.11-6.97 (m,
2H), 5.22 (d, 1H, J=8.5 Hz), 3.60-3.30 (m, 2H), 3.10-2.91
(m, 1H). MS m/z (EST) 313.11 (MH*). ‘NMR (500 MHz,
CD,OD) d 7.96 (d, 1H, J=2.14 Hz), 7.69-7.81 (m, 3H), 7.61
(dd, 1H, J=8.54, 2.44 Hz), 7.53 (s, 1H), 7.37-7.46 (m, 2H),
7.22 (d, 2H, J=8.24 Hz), 5.02 (d, 1H, J=9.46 Hz), 3.56 (dd,
1H, J=12.66, 5.95 Hz), 3.21-3.27 (m, 1H), 3.12-3.20 (m,
1H). A large J-value (9.5 Hz) indicated anti-configuration.

The above compound, which was a racemate, was resolved
into chiral S,S and R,R enantiomers by Multigram II SFC

chiral chromatography system, which returned twofractions
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containing the opposite enantiomers. CompoundID No. 126

recovered from thefirst-eluting fraction was assigned (1R,

2R)-configuration based on lower potency on the hNET. 'H

NMR (500 MHz, CD;OD) 8 7.99 (d, 1H, J=2.14 Hz),
7.73-7.85 (m, 3H), 7.56-7.66 (m, 2H), 7.41-7.51 (m, 2H),
7.20-7.28 (m, 2H), 5.11 (d, 1H, J=9.61 Hz), 3.86 (dd, 1H,
J=12.89, 7.40 Hz), 3.42 (dd, 1H, J=12.82, 6.71 Hz), 3.32-
3.36 (m, 1H).

Example 127—Synthesis of Compound ID No. 127

(N-(3-((1R,2S)-2-(3,4-dichlorophenyl)-1-hydroxy-3-
(methylamino)propyl)phenyl)-1,1,1-trifluorometh-

anesulfonamide)

syn-2-(3,4-dichlorophenyl)-3-(methylamino)-1 -(3-nitro-
phenyl)propan-l-ol: —syn-Ethyl-2-(3,4-dichlorophenyl)-3-

hydroxy-3-(3-nitrophenyl)propyl carbamate (Example 102)

(4.5 g, 10.89 mmol) in THF (50 mL) was preheated at 76°
C. for gentle-refluxing. Borane-methyl sulfide complex

(27.2 mL, 54.45 mmol) was added drop-wise over 30
minutes, and a Dean-Stark trap was set up to collect liber-

ated SMe,. The reaction mixture wasrefluxed overnight and
then cooled to room temperature. After cooling in a cold

water bath and treating with 4M HClin dioxane (1.5 mL) to

generate a HCIsalt, 10 mL of MeOH wasadded slowly to
quench the extra BH, while maintaining the temperature

under 25° C. Addition of MeOH caused an evolution ofgas.
The reaction mixture was heated to 64° C. (to makesureall

ofBH, quenched)for 3 hours. During this time, the BOMe)
3-MeOH complex was collected in a Dean-Stark trap. The

reaction mixture was concentrated to give a white solid as

HC!salt of the desired product. The HC]salt wasstirred in
100 mL CHC1,/saturated NaHCO, for 10 minutes, and the

organic layer was separated from the aqueous layer and
extracted with CHCl, (20 mLx2). The combined CHCl,

layer was dried over MgSO, and evaporatedto give a yellow

stinky oil. The yellow oil was added to a silica gel column
and was eluted with 0-10% MeOH in CH.Cl,. Collected

fractions were evaporated to give a colorless gel as the
desired product (2.36 g, 61%). 'H NMR (CDCI,) 8 8.02-

8.12 (m, 2H),7.36 (t, 1H, J=8.1 Hz), 7.26-7.33 (m, 2H), 7.15
(d, 1H, J=2.1 Hz), 6.91 (dd, 1H, J=8.3, 2.0 Hz), 5.24 (d, 1H,
J=4.4 Hz), 3.28-3.42 (m, 1H), 2.86-3.16 (m, 2H), 2.49 (s,
3H). MS m/z (ESI) 355.13 (MH*).

syn-1 -(3-aminopheny1)-2-(3,4-dichloropheny1)-3-(meth-

ylamino)propan-1-ol: syn-2-(3,4-dichloropheny])-3-(meth-
ylamino)-1-(3-nitrophenyl)propan-l-o1 (0.550 g, 1.55

mmol) and iron (0.346 g, 6.19 mmol) in acetic acid (1.5
mL)/EtOH (1.5 mL) were refluxed at 100° C. for 1 hour.

After cooling to room temperature, the reaction mixture was

neutralized with saturated Na,CO, solution and then
extracted with CHCl, (50 mL, 25 mL, and 25 mL) The

combined organic layer was dried over MgSO.,filtered, and
concentrated to a dark brown oil. The crude product was

added to a silica gel column and was eluted with 0-10%
ammoniated MeOH in CH,Cl, to give a pale-yellow gum as

P1 (0.280 g, 55.6%). ‘H NMR(CDCI,). 5 7.30 (d, 1H, J=8.2
Hz), 7.23 (d, 1H, J=2.1 Hz), 7.03 (t, 1H, J=7.7 Hz), 6.94 (dd,
1H, J=8.2, 1.9 Hz), 6.54 (dd, 1H, J=7.9, 2.2 Hz), 6.47 (d, 1H,
J=7.8 Hz), 6.45 (d, 1H, J=2.1 Hz), 4.81 (d, 1H, J=5.7 Hz),
3.59 (br. s., 2H), 3.15 (q, 1H, J=6.6 Hz), 2.71-2.91 (m, 2H),
2.33 (s, 3H). MS m/z (ESI) 325.15 (MH%*).

syn-tert-butyl-3-(3-aminopheny]l)-2-(3,4-dichlorophe-

nyl)-3-hydroxypropyl(methyl)carbamate: A solution of syn-

1-(3-aminopheny1)-2-(3,4-dichloropheny])-3-(methyl-
amino)propan-1l-ol (0.275 g, 0.85 mmol) and TEA (0.130

mL; 0.93 mmol) in dichloromethane (4 mL) and MeOH (1
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mL) was cooled to 0° C. Boc-anhydride (0.216 mL, 0.93
mmol) in dichloromethane (1 mL) was addedinto the above

reaction mixture slowly. After the addition, the reaction was

allowedto stir at room temperature overnight. The reaction
mixture was diluted with CH,Cl, (50 mL), washed with 1N

NaOH (20 mL) and water (50 mL), dried over MgSO,, and
then evaporated to dry. The crude product was added to a

silica gel column and was eluted with 0-100% EtOAc in
hexane to give a brown gum as the desired product (0.368

g, 102% along with 13% of the di-Boc by-product). Since

the 'H NMRspectrum of the crude in CDCI, showed the
presence of the expected product, the crude mixture was

taken to the next step without further purification.
syn-Boc-N-(3-2-(3,4-dichlorophenyl)-1-hydroxy-3-

(methylamino)propyl)phenyl)-1,1,1-trifluoromethanesulfo-
namide: A solution of syn-tert-butyl-3-(3-aminophenyl)-2-

(3,4-dichlorophenyl)-3-hydroxypropyl(methyl) carbamate

(0.368 g, 0.75 mmol) and TEA (0.262 mL, 1.88 mmol) in
dichloromethane (4 mL) was cooled to 0° C. Tf,O (0.203

mL, 1.20 mmol) was added to the above reaction mixture
slowly. Ten minutes after the addition, a mixture of NaOH

(3.76 mL, 7.53 mmol) and MeOH (8 mL) was addedinto the
reaction mixture, and the stirring continued overnight. The

mixture was diluted with CH,Cl, (100 mL), washed with

water (100 mLx2), dried over MgSO,, and evaporated to
dryness. The crude product was used for next step directly.

(1R,2S)—N-(3-(2-(,4-dichlorophenyl])-1-hydroxy-3-
(methylamino)propyl)phenyl)-1,1,1-trifluoromethanesulfo-

namide: syn-tert-butyl-2-(3,4-dichlorophenyl)-3-hydroxy-3-
(3-(trifluoromethyl sulfonamido)phenyl)propyl(methyl)

carbamate (0.368 g, 0.66 mmol) was dissolved in MeOH (10

mL) at room temperature. 5 mL of concentrated HCl in
MeOH(5 mL) was added slowly. Thefinal concentration of

HCl was about 3N. The reaction was stirred at room
temperature for 1 hour. The reaction mixture was diluted

with chloroform (100 mL) and then basified with 1N NaOH.

The layers were separated, and aqueous layer was extracted
with CHC1, (50 mLx2). Based on LCMS,the aqueous layer

was found to have the majority of the possible product, and
the organic layer had a very small amount of the product.

The aqueous layer was acidified by diluted HCl (3N) and
extracted with CHCl, (50 mLx3). The resulting CHC1, layer

contained a trace of the desired product based on LCMS.

Water was removed from the aqueous layer by evaporation
to give a mixture of NaCl and the desired product. This

crude product was loaded onto a basic alumina column and
was eluted with 50% MeOHin EtOActo give a pink-orange

solid as the desired product (0.205 g, 67.9%). 'H NMR
(MeOD) 6 7.37 (s, 1H), 7.39 (d, 1H, J=5.9 Hz), 6.91-7.14
(m, 5H), 6.68 (d, 1H, J=7.2 Hz), 4.77 (d, 1H, J=6.7 Hz),
3.15-3.25 (m, 1H), 2.90-3.08 (m, 2H), 2.40 (s, 3H). MS m/z
(ESI) 457.1 (MH*).

Separation of enantiomers of syn-N-(3-(2-(3,4-dichloro-
phenyl)-1-hydroxy-3-(methylamino)propyl)phenyl)-1,1,1-

trifluoromethanesulfonamide: The two chiral compounds
were purified twice by SFC (ADH column, 24% iPrOH with

2% isopropylamine) as Peak 1 and Peak 2. Each fraction was

concentrated separately. The free base of the desired prod-
ucts were diluted each with 2 mL of CH,Cl,, and 0.5 mL of

2M HClin ether was added and then evaporated the volatiles
to give enantiomeric HCI salts as a brownish solids. 'H

NMR(MeOD)6 7.36 (d, 1H, J=7.9 Hz), 7.30 (d, 1H, J=2.4
Hz), 7.25 (t, 1H, J=7.9 Hz), 7.07-7.12 (m, 2H), 6.98-7.03 (m,
2H), 5.07 (d, 1H, J=4.3 Hz), 3.57 (dd, 1H, J=12.8, 9.8 Hz),
3.47 (dd, 1H, J=12.8, 5.5 Hz), 2.70 (s, 3H), one proton
covered under MeOH. MS m/z (ESI) 457.03 (MH*). Com-

pound ID No. 127 obtained from the second eluting fraction
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wasassigned (1R,2S) configuration based on its 'H NMRas

well as its higher inhibitory activity on the hNET compared

to the (18,2S) enantiomer.

Example 128—Synthesis of Compound ID No. 128

((1R,2R)-2-(3,4-dichlorophenyl)-3-(methylamino)-1-
(2-(methylsulfinyl)phenyl)propan-1-ol)

3-Amino-2-(3,4-dichlorophenyl)-1-(2-(methylthio)phe-

nyl)propan-1-ol: To a stirred solution of 2-(3,4-dichlorophe-

nyljacetonitrile (5.6 g, 30.10 mmol) in 60 mL dry THF at
-75° C. (dry ice-acetone bath) under nitrogen, was added

drop-wise the n-butyllithium, which produced a canary
yellow solution. After 20 minutes of stirring at -75° C., a

solution of 2-(methylthio)benzaldehyde (3.88 mL, 30.10
mmol) in 20 mL THF was added drop-wise (color fades).

After 30 minutes stirring at -75° C., the reaction was

quenched with a solution of acetic acid (2.1 mL, 36.68
mmol) in 5 mL THF drop-wise. After stirring the resulting

clear solution for 15 minutes, the borane tetrahydrofuran
complex (100.0 mL, 100.0 mmol) was added drop-wise, the

dry ice bath was removed, and the mixture was allowed to
warm to room temperature (gas evolution observed). It was

then heated at mild reflux for 2 hours. The mixture was

chilled to 0° C. with an ice bath, 2N HCl (60 mL) was
cautiously added drop-wise, the ice bath removed, and the

mixture washeated at mild reflux for 2 hours. After cooling,
volatiles were evaporated under reduced pressure. Theresi-

due was diluted to white solution-suspension with chloro-
form (150 mL), cooled to 0° C., and vigorously stirred. The

mixture was madebasic by drop-wise addition of IN NaOH,

the layers separated, and the aqueous layer was extracted
with chloroform (2x). The organic layers were combined,

washed with half-saturated brine, and dried over MgSO,.
Concentration to dryness afforded a white amorphoussolid

(10.3 g), which was used as such for the next reaction. The

nitrile was reduced with borane-DMS in THFin standard
fashion. The 'H NMRspectrum of the crude in CDCI,

showed the presence of the expected mixture of anti- and
syn-structures, hence the crude mixture was taken to the next

step without further purification.
Ethyl (2-(3,4-dichloropheny1)-3-hydroxy-3-(2-(methy]-

sulfinyl)phenyl)propyl)-carbamate: To a stirred ice-cooled

solution of 3-amino-2-(3,4-dichlorophenyl)-1-(2-(methyl-
thio)phenyl)propan-1-ol (10.3 g, 30.09 mmol) and TEA

(6.27 mL, 45.0 mmol) in 140 mL of DCM was added
drop-wise a solution of ethyl chloroformate (3.8 mL, 39.57

mmol) in 40 mL DCM.The mixture wasstirred for 2 hours
and then concentrated to near dryness by evaporating off the

solvents in vacuo. The residue waspartitioned between ether

and aqueous sodium bicarbonate and extracted with ether
(2x). The organics were combined, washed withbrine,dried,

and concentrated to give crude product (10.0 g) as a white
amorphoussolid. Approximately halfwas subjected to chro-

matography (ISCO, 220 g) eluting with a 0-50% EtOAc/
hexanes gradient to afford two products: anti pair of

enantiomers (1.0 g) and syn pair of enantiomers(1.6 g). 'H

NMRin CDCl, showed the presence of the expected struc-
ture.

anti-2-(3,4-dichloropheny])-3-(methylamino)-1-(2-
(methylthio)phenyl) propan-1-ol: To the stirred ice-cooled

borane tetrahydrofuran complex (15 mL, 15.00 mmol) was
added drop-wise a solution of ethyl (28,3S/2R,3R)-2-3,4-

dichlorophenyl)-3-hydroxy-3-(2-(methylthio)phenyl)propy-

Icarbamate (1.6 g, 3.86 mmol) in dry THF. The mixture was
warmedto room temperature and heated at mild reflux for 3

hours. The clear solution was chilled with an ice bath and
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cautiously treated with drop-wise addition of 3N HCl (10
mL). The resulting solution was warmed to room tempera-

ture and heat at reflux for 2 hours. The volatiles were

evaporated in vacuo, the residue was diluted with 15 mL
water and 60 mL chloroform, and cooled on ice bath. The

mixture was then madebasic with drop-wise addition of 2N
NaOH. The layers were separated, and the aqueous layer

wasextracted with chloroform (2x). The organic layers were
combined, washed with half-saturated brine, and dried over

MgsSoO,. The solvents were evaporated to afford a crude

product (1.3 g), which was subjected to flash chromatogra-
phy on silica eluting with chloroform, then 0-3% MeOH/

chloroform (ammoniated) to give purified product. This
product was subjected to chiral SFC to give P1 enantiomer

(0.550 g) and P2 enantiomer (0.560 g). Pl and P2 were
separately taken in 12 mL of ether and converted to corre-

sponding hydrochlorides by adding HCl/MeOH (15% solu-

tion) until acidic. The volatiles were removed, and the
resulting solid wastriturated with ether, collected, washed

with fresh ether, and dried in vacuo to give the respective
HCIsalts. 1H NMR in CDCl, showed the presence of the

expected structure. MS m/z (ESI) 356.07 (MH*).
(1R,2R)-tert-butyl-2-(3,4-dichloropheny])-3-hydroxy-3-

(2-(methylthio)phenyl) propyl(methyl)carbamate: To a

stirred ice-cooled solution of (1R,2R)-2-(3,4-dichlorophe-
nyl)-3-(methylamino)-1-(2-(methylthio)phenyl)propan-1-ol

(0.380 g, 1.07 mmol) and TEA (0.163 mL, 1.17 mmol) in 4
mL DCM wasadded drop-wise a solution of Boc-anhydride

(0.272 mL, 1.17 mmol) in 1 mL DCM.Theclear solution
was allowed to gradually warm to room temperature over 2

hours. The volatiles were removed, and the residue was

dissolved in chloroform and subjected to ISCO chromatog-
raphy, eluting with a 0-40% EtOAc/hexanesgradient to give

purified t-butyl (2S,3S)-2-@G,4-dichlorophenyl)-3-hydroxy-
3-(2-(methylthio)phenyl) propyl(methyl) carbamate (0.390

g, 80%). H NMR in CDCl, showed the presence of the

expected structure.
anti-tert-butyl-2-(3,4-dichloropheny])-3-hydroxy-3-(2-

(methylsulfinyl)phenyl) propyl(methyl)carbamate: To a
stirred solution of t-butyl (28,3S or 2R,3R)-2-@3,4-dichlo-

ropheny])-3-hydroxy-3-(2-(methylthio)phenyl)propyl
(methyl)carbamate (0.230 g, 0.50 mmol) in THF and water

at room temperature was added sodium periodate (0.350 g,

1.64 mmol). The mixture wasstirred for 8 hours, and then
the volatiles were removed by evaporation in vacuo. The

aqueous residue was extracted with DCM (2x), and the
organics were washed with half-saturated brine and dried.

The resulting crude product subjected to ISCO chromatog-
raphy eluting with a 0-100% EtOAc/hexanes gradient to

afford the desired product. 'H NMR in CDCI, showedthe

presence of the expected structure.
anti-2-(3,4-dichlorophenyl)-3-(methylamino)-1-(2-

(methylsulfinyl)phenyl) propan-1-ol: To a solution oft-butyl
(28,38 or 2R,3R)-2-3,4-dichlorophenyl)-3-hydroxy-3-(2-

(methylsulfinyl)phenyl)propyl(methyl)carbamate (0.200 g,
0.42 mmol) in DCM was added drop-wise TFA (0.200 mL,

2.60 mmol). The mixture was allowed to stir at room

temperature for 1 hour. The volatiles were removed, and the
residue was dissolved in 50 mL DCM and shaken with

saturated sodium bicarbonate (6 mL). The organics were
dried and concentrated in vacuo overnight to give (1S,2S)-

2-(3,4-dichlorophenyl)-3-(methylamino)-1 -(2-(methylsulfi-
nyl)pheny!)propan-1-ol (0.147 g, 94%). 'H NMRin CDCI,

showed the presence of the expected structure. MS m/z

(ESI) 372.14 (MH*). Since the Compound ID No. 128
obtained from the first-eluting peak during the chiral SFC

separation of anti-2-(3,4-dichloropheny])-3-(methylamino)-
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1-(2-(methylsulfinyl)phenyl) propan-1-ol wasless potentat

hNET than the other enantiomer, it is presumed to be

(1R,2R)-configured.

Example 129—Synthesis of Compound ID No. 129

((6S,7S)-4-methy1-6-(naphthalen-2-yl)-7-phenyl-1,4-
oxazepan-3-one)

2-Bromo-N-((2S,3S)-3-hydroxy-2-(naphthalen-2-yl)-3-
phenylpropyl)-N-methylacetamide: A solution of the hydro-

chloride salt of (18,2S)-3-(methylamino)-2-(naphthalen-2-
yl)-1-phenylpropan-l-ol (4.95 g, 16.99 mmol) and

triethylamine (4.24 mL, 30.58 mmol) in dichloromethane
(50 mL) was cooled to 0° C. 2-Bromoacetyl bromide (4.11

g, 20.39 mmol) was added into the above reaction mixture

slowly at 0° C., and the reaction mixture was warmed to
room temperature andstirred for 10 minutes. The mixture

was diluted with DCM (100 mL), washed with water (100
mLx2), dried over MgSO,, and evaporated to dryness. The

crude product was loaded onto a silica gel column and was
eluted with 0-100% EtOAc in hexane to give the desired

productas a yellow gum (4.75 g, 50.9%). 'H NMRin CDCI,

was consistent with desired product (68,7S)-4-methyl-6-
(naphthalen-2-yl)-7-phenyl-1,4-oxazepan-3-one: A suspen-

sion of sodium hydride (0.409 g, 10.22 mmol) in DMF (15
mL) was cooled to 0° C. 2-Bromo-N-((2S,3S)-3-hydroxy-

2-(naphthalen-2-yl)-3-phenylpropyl)-N-methylacetamide
(2.16 g, 3.93 mmol) in DMF (5 mL) was added into the

above reaction mixture slowly at 0° C., and the reaction

mixture wasstirred for 20 minutes at which point the MS
analysis showed mainly the desired product (MH+at 332).

The mixture was diluted with DCM (300 mL), washed with
water (2300 mL), dried through MgSO,, and evaporated to

dryness. The crude product waspurified by silica gel column

chromatography using 0-100% EtOAc in hexaneas eluent,
giving the product as a colorless foam (1.08 g, 83%, 95%

purity). ‘H NMR (CDCI,) 8 7.72 (d, 2H, J=8.0 Hz), 7.68-
7.82 (m, 1H), 7.52 (s, 1H), 7.39-7.50 (m, 2H), 7.07-7.22 (m,
6H), 4.88 (d, 1H, J=10.1 Hz), 4.66 (d, 1H, J=15.4 Hz), 4.56
(d, 1H, J=15.9 Hz), 4.05 (dd, 1H, J=14.8, 3.0 Hz), 3.83 (dd,
1H, J=14.4, 6.3 Hz), 3.44 (ddd, 1H, J=9.8, 6.6, 3.0 Hz), 3.00
(s, 3H). MS m/z (ESI) 332 (MH+).

Example 130—Synthesis of Compound ID No. 130
((AR,2R or 18,2S)-2-(naphthalen-2-yl)-1-phenyl-3-

(2,2,2-trifluoroethylamino)propan-1-ol)

anti-3-hydroxy-2-(naphthalen-2-yl)-3-phenylpropaneni-
trile: A 22-L three neck round bottom flask equipped with a

mechanicalstirrer, nitrogen inlet, thermometer, and addition

funnel with septum was charged with THF (12 L) and
diisopropylamine (0.180 L, 1260.28 mmol) and chilled to

-78° C. N-butyllithtum (0.490 L, 1224.28 mmol) was added
and stirred for 5 minutes. A solution of 2-(naphthalen-2-yl)

acetonitrile (206.9 g, 1.2 mol) in THF (2 L) was added
drop-wise over 45 minutes andthe resulting solution stirred

for 30 minutes. Benzaldehyde (0.122 L, 1200.27 mmol) was

added drop-wise over 5 minutes andstirred for an additional
20 minutes before the reaction was quenched bythe addition

of acetic acid (150 g) in THF (250 mL) at -72° C. The layers
separated, and the aqueous layer was extracted with Et,O

(2x1 L). The combined organic extracts were washed with
brine (1 L), dried over MgSO,, and concentrated in vacuo to

give the crude product (379.6 g, 116%). Recrystallization

from THF (640 mL) hexanes (800 mL) at 40° C. gave
3-hydroxy-2-(naphthalen-2-yl)-3-phenylpropanenitrile (228

g, 69.4%). Recrystallization with THF and hexaneat 40° C.
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gave 174 g (53%) anti isomer contaminated with about 5.2
g of the syn isomer. 'H NMRin CDCI, showedthe presence

of the expected structure.

anti-3-Amino-2-(naphthalen-2-yl)-1-phenylpropan-1-ol:
anti-3-hydroxy-2-(naphthalen-2-yl)-3-phenylpropanenitrile

(3.13 g, 11.45 mmol) was dissolved in THF (85 mL), stirred
in a 100 mL flask fitted with a Dean-Stark trap and con-

denser, and heated to 85° C. To this colorless solution was
added, via gas tight syringe, in several portions, the borane

(30 mL, 30.00 mmol) as a 1.0 M solution in THF. Bubbling

occurred with each addition. The reaction mixture was
stirred and heated to 80° C. for 2 hours and then allowedto

cool to room temperature. 10 mL MeOH was added cau-
tiously. Vigorous reaction occurred early in the addition and

dissipated towards the end of the 10 mL addition. It was
reheatedto reflux and distilled into a Dean-Stark trap for 30

minutes. It was cooled to room temperature, and 150 mL of

10% sodium bicarbonate in water was added. The aqueous
phase was extracted with CH,Cl, three times. Organic layers

were combined, washed with brine, dried with MgSO,,
filtered, and evaporated to form a crude semi-solid. This

semi-solid was dried overnight. The impure product was
taken to the next step without further purification. MS m/z

(ESI) 278.3 (MH*). 'H NMRspectrum of the crude material

in CDCI, showed the presence of the expected structure.
anti-2,2,2-trifluoro-N-(3-hydroxy-2-(naphthalen-2-yl)-3-

phenylpropyl) acetamide: anti3-amino-2-(naphthalen-2-yl)-
1-phenylpropan-1l-ol (1.78 g, 6.42 mmol) was diluted in

CH,Cl, (100 mL) at room temperature. Triethylamine (2
mL, 14.35 mmol) was added, and the reaction mixture was

cooled to 0° C. in an ice bath. 2,2,2-Trifluoroacetic anhy-

dride (0.892 mL, 6.42 mmol) was addedin oneportion to the
vigorously stirred solution. Vapor and heat were noticeable

with the addition as well as the clear colorless solution
immediately turning slight yellow. After the addition, the

reaction was stirred at room temperature for 2 hours. The

reaction was diluted with DCM to a volume of about 75 mL
and washed twice with 50 mL of 1N HCl and once with 50

mL of saturated aqueous NaHCO,, dried with MgSO,,
filtered, and evaporated, leaving an oil that was dried

overnight (1.900 g, 79%). 'H NMRspectrum of the crude
material in CDCl, showed the presence of the expected

structure, hence the 2,2,2-Trifluoro-N-((2S,3S)/2R,3R)-3-

hydroxy-2-(naphthalen-2-yl)-3-phenylpropyl)acetamide
was taken to the next step without purification. MS m/z

(EST) 396.3 (MNa*).
(1R,2R or 1S8,2S)-2-(naphthalen-2-yl)-1-phenyl-3-(2,2,2-

trifluoro-ethylamino)propan-1-ol: To a hot stirred solution of
anti-2,2,2-trifluoro-N-(3-hydroxy-2-(naphthalen-2-yl)-3-

phenylpropyl) acetamide (0.85 g, 2.28 mmol) in THF (11.4

mL), heated to 80° C., was added via gas tight syringe in
several portions, the borane (1.0M THFSolution) (11.38 ml,

11.38 mmol). Bubbling occurred with each addition. The
reaction was kept at a constant 80° C., which produced a

mild reflux. After 1 hour and 20 minutes, the heat was turned
downto 55° C., and the reaction was allowed to react at that

temperature. After an additional 2 hours of refluxing, the

reaction was cooled to room temperature. 5 mL of MeOH
wasadded drop-wise causing a vigorous gas evolution. After

the gas evolution subsided, 1 mL of 1.0M HCI in dioxane
was added, and the mixture was heated to reflux for 15

minutes. The reaction mixture was cooled to room tempera-
ture and evaporated in vacuo. 10% NaHCO, wasadded, and

the aqueous layer was extracted three times with an equal

volume of CH,Cl,. Organic phases were combined, dried
with MgSO.,,filtered, and evaporated to afford the desired

product as a clear oil. The crude product was dissolved in



US 9,944,618 B2

201
CH,Cl, and purified using an 80 gram ISCO column eluting

with a ramp of 0-100% EtOAc/hexane. About 0.600 g of

desired product was isolated mixed with starting material.

This material was separated into the final two compounds

(1S,2S)-2-(naphthalen-2-yl)-1-phenyl-3-(2,2,2-trifluoroeth-

ylamino)propan-1-ol and it’s (1R,2R) enantiomer wereiso-

lated as free base (0.158 g, 19.31%). Enantiomer 1: ‘'H NMR
(CDC1,) 5 7.66-7.80 (m, 3H), 7.57 (s, 1H), 7.39-7.47 (m,
2H), 7.09-7.20 (m, 6H), 5.13 (d, 1H, J=7.3 Hz), 4.75 (br. s.,
1H), 3.37-3.45 (m, 1H), 3.29-3.37 (m, 1H), 3.15-3.29 (m,
3H), 1.66 (br. s., 1H). MS m/z (ESI) 360.3 (MH’*).
Enantiomer 2: 'H NMR (CDCI,) 8 7.64-7.80 (m, 3H), 7.57
(s, 1H), 7.35-7.50 (m, 2H), 7.10-7.20 (m, 6H), 5.13 (d, 1H,
J=7.3 Hz), 4.76 (br. s., 1H), 3.36-3.47 (m, 1H), 3.29-3.36 (m,
1H), 3.14-3.29 (m, 3H), 1.67 (br. s., 1H). MS m/z (ESI)
360.3 (MH*). Compound ID No. 130 was recovered from
the first-eluting fraction. Both enantiomers were equipotent

at hNET and their absolute configuration could not be

assigned.

Example 131—Synthesis of Compound ID No.131
(1-((S)-2-methoxypyrrolidin-1-yl)-2-((18,2S)-3-

(methylamino)-2-(naphthalen-2-yl)-1-phenyl-
propoxy)ethanone)

tert-butyl (2S,3S)-3-(2-((S)-2-methoxypyrrolidin-1-yl)-2-

oxoethoxy)-2-(naphthalen-2-yl)-3-phenylpropyl(methyl)

carbamate: A mixture of ethyl 2-((1S,2S)-3-(tert-butoxycar-
bonyl(methyl)amino)-2-(naphthalen-2-yl)-1-

phenylpropoxy)acetate (Compound ID No. 35) (0.160 g,
0.34 mmol), diisopropylethylamine (DIEA) (0.162 mL, 0.93

mmol), and (S)-3-methoxypyrrolidine (0.110 g, 1.09 mmol)

in EtOH wassubjected to microwave conditions at 130° C.
for 30 hours. The amber solution was concentrated, and the

resulting crude product was subjected to ISCO chromatog-
raphy eluting with a 0-100% EtOAc/hexanes gradient to

give purified tert-butyl ((2S,3S)-3-(2-((S)-3-methoxypyrro-
lidin-1 -yl)-2-oxoethoxy)-2-(naphthalen-2-yl)-3-phenylpro-

py!)(@methyl)carbamate (0.070 g, 39.2%). 'H NMRofthis

compound in CDCl, showed the presence of the expected
mixture of diastereomers. MS m/z (ESI) 533.5 (MH*).

Compound ID No. 131: A mixture of tert-butyl (2S8,3S)-
3-(2-((S)-2-methoxypyrrolidin- 1 -yl)-2-oxoethoxy)-2-(naph-

thalen-2-yl)-3-phenylpropyl(methyl)carbamate (0.070  g,
0.13 mmol) and HCI (2 mL, 8.00 mmol) wasallowedto stir

at room temperature for 0.5 hours. The reaction mixture was

then concentrated to near dryness, and the solid was washed
with ether (3x) and dried in vacuo at 60° C. overnight to give

purified 1-((S)-3-methoxypyrrolidin-1-yl)-2-((18,2S)-3-
(methylamino)-2-(naphthalen-2-yl)-1-phenylpropoxy)etha-

none (0.0396 g, 64.9%). MS m/z (ESI) 433.3 (MH*).

Example 132—Synthesis of Compound ID No. 132
((RS)-3-(2-methoxyphenyl)-N-methyl-2-(naphtha-

len-2-yl)propan-1-amine hydrochloride)

Compound ID No. 132 is the racemate of Compound ID

No. 57, and was prepared using the methods set forth in
Example 57, except that the enantiomer separation step was

omitted.

Example 133—Synthesis of Compound ID No.133
((5)-2-(3-amino-2-(naphthalen-2-yl)propyl)phenol

hydrochloride)

To an air-free Schlenck flask under a stream of N, was

added Compound No. 133a (321 mg, 0.69 mmol), 5% Pd/C
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(120 mg), CH;0H (4 mL), and THF (4 mL). System was

carefully evacuated and backfilled with H, followed by

addition of a stir bar and balloon. The suspension was

allowedto stir under a H, balloon for 16 hours. Catalyst was

filtered through celite, and the filtrate was dried over MgSO,

and concentrated. Residue was purified via silica gel flash

chromatography to give 178 mg (0.47 mmol, 68%) of a

colorless gum. The Boc group was removedby dissolving a

sample of the gum (172 mg, 0.45 mmol) in 4 mL of CH,0H

and adding 4 mL of 4N HClin dioxaneat 0° C. After 1 hour

at 0° C., the cooling bath was removed, and the solution was

allowed to warm to room temperature overnight. In the

morning, the solvents were removed in vacuo to give 147

mg (0.44 mmol, 99%) of a white powder. 'H NMR (400

MHz, CD;OD)8 7.89 (d, J=8.5 Hz, 1H), 7.86-7.80 (m, 2H),
7.72 (d, J=1.1 Hz, 1H), 7.51-7.43 (m, 3H), 7.03-6.97 (m,
1H), 6.84 (dd, J=7.5, 1.6 Hz, 1H), 6.78 (dd, J=8.1, 0.9 Hz,
1H), 6.62 (td, J=7.4, 1.1 Hz, 1H), 3.71-3.64 (m, 1H),
3.62-3.49 (m, 1H), 3.42-3.34 (m, 1H), 3.14 (dd, J=13.5, 7.6
Hz, 1H), 2.98 (dd, J=13.4, 7.0 Hz, 1H). HRMS (ESI-TOF)
calculated for C,9H,,NO (MH*) 278.1539, found 278.1545

(+1.92 ppm, 0.6 mmu). This racemate was separated into its

enantiomers using a chiral stationary phase supercritical

fluid chromatography. The second eluting enantiomer was

isolated (38 mg of HC]salt). 'H NMR (500 MHz, DMSO-

d6) 8 2.89 (dd, J=13.6, 7.5 Hz, 1H), 3.03 (dd, J=13.6, 7.5 Hz,
1H), 3.48 (dd, J=9.0, 4.1 Hz, 2H), 6.37-8.00 (m, 11H). Since
this enantiomer is more potent at hNET than the second-

eluting enantiomer, it was presumed to be (S)-configured.

Example 133a—Synthesis of Compound No. 133a

((RS)-tert-butyl (3-(2-(benzyloxy)phenyl)-2-(naph-

thalen-2-yl)propyl)carbamate)

The aldol condensation using sodium ethoxide, ethanol,

2-benzyloxybenzaldehyde (1.07 g, 5.05 mmol), and 2-naph-

thylacetonitirle (836 mg, 5.0 mmol) was performed in the

usual wayto give 1.73 g (4.8 mmol, 96%) of a yellow solid.

The conjugate reduction was performed in the usual way

with (580 mg, 1.6 mmol) of the aldol condensate to give 332

mg (0.9 mmol, 56%) of a crude yellow oil. The oil was then

dissolved in 10 mL of THF and cooled to 0° C. Triethyl-

amine (0.55 mL, 3.84 mmol) and DMAP (ca. 5 mg) were

then added followed by Boc,O (415 mg, 1.9 mmol). The

solution was allowed to warm to room temperature over-

night. In the morning 1 mL of water and 10 mL ofdiethyl

ether were added. The contents were poured into a separa-
tory funnel and extracted with ether (2x15 mL) The organics

were dried over Na,SO,, filtered, and concentrated. The
residue was purified via silica gel flash chromatography

(10% EtOAc in hexanes) to give 321 mg (0.69 mmol, 77%)
of a colorless gum. 'H NMR (400 MHz, CD,OD) 8 7.80-

7.63 (m, 3H), 7.51-7.25 (m, 9H), 7.06 (t, J=7.6 Hz, 1H), 6.94
(dd, J=25.5, 7.8 Hz, 2H), 6.72 (t, J=7.4 Hz, 1H), 5.03 (dd,
J=27.7, 11.8 Hz, 2H), 3.40 (s, 3H), 3.13-2.99 (m, 2H), 1.29
(s, 9H).

Example 134—-Synthesis of Compound ID No. 134
((RS)—N-methy1-2-(naphthalen-2-yl)-3-(0-tolyl)

propan-1-amine hydrochloride)

Compound ID No. 134 is the racemate of Compound ID

No. 39, and was prepared using the methods set forth in
Example 39, except that the enantiomer separation step was

omitted.



US 9,944,618 B2

203
Example 135—Synthesis of Compound ID No.135

((ARS,2RS)-3-(dimethylamino)-2-(naphthalen-2-yl)-

1-(thiophen-2-yl)propan-1-ol))

The monomethyl analogue of this compound (anti-3-

(methylamino)-2-(naphthalen-2-yl)-1-(thiophen-2-yl)pro-

pan-1-ol) is described as Compound ID No. 40 in Example

40. Compound ID No. 135 was prepared by reductive

methylation of this precursor. 'H NMR 88.42 (br. S, 1H),

8.21 (br. S, 1H), 7.76-7.93 (m, 2H), 7.71 (s, 1H), 7.42-7.55
(m, 2H), 7.38 (dd, J=8.5, 1.7 Hz, 1H), 7.24-7.32 (m, 1H),
6.67-6.78 (m, 1H), 6.60 (d, J=2.6 Hz, 1H), 6.50 (d, J=3.8 Hz,
1H), 5.20 (dd, J=8.3, 3.4 Hz, 1H), 3.51-3.76 (m, 1H),
3.12-3.53 (m, 9H), 2.41-2.67 (m, 5H). MS m/z (ESI) 312.2
(MH*).

Example 136—Synthesis of Compound ID No. 136

(((2RS,3RS)-3-(benzo[d][1,3]dioxol-5-yl)-3-

methoxy-N-methy]-2-(naphthalen-2-yl)propan-1-

amine))

Anti and syn-3-(benzo[d][1,3]dioxol-5-yl)-3-hydroxy-2-

(naphthalen-2-yl)propanenitrile were prepared by reacting

the carbanion derived from naphthyl acetonitrile and LDA

with benzo[d][1,3]dioxole-5-carbaldehyde at -78° C. A mix-

ture of anti- and syn-isomer was obtained which could not

be separated. This material was reduced to anti and syn-3-

(benzo[d][1,3]dioxol-5-yl)-3-methoxy-2-(naphthalen-2-yl)

propan-l-amine as follows. An oven-dried round-bottom

flask with a stir bar was charged with a solution of 0.8 g

(2.52 mmol) of a mixture of anti and syn-3-(benzo[d][1,3]

dioxol-5-yl)-3-hydroxy-2-(naphthalen-2-yl)propanenitrile

and dry THF (7 mL) placed under nitrogen. Next, 2.5

equivalents (6.30 mL, 6.30 mmol) of 1M Borane-THF

solution was addedvia syringe. This mixture wasrefluxed at

60° C. for one hour during which the reaction progress was

checked with TLC. The reaction was quenched with cau-

tious addition of sat'd aqueous NaHCO,. The reaction mix-

ture was poured from the reaction vessel into a separatory

funnel. The layers were separated, the aqueous layer was

extracted with EtOAc (3x25 mL), and the combined organic

layers were washed with water and brine and dried over

MgsO,,filtered, and concentrated using a rotary evaporator.

The product obtained was mixed with 5 mL of 2N HCI and
stirred for an hour and a half to break the boron complexes.

The solution was then evaporated in vacuo to furnish a white
powder. DCM was then added, which dissolved the com-

pound. Addition of hexane produced a white precipitate

which wasfiltered, dried and lyophilized. A 1:1 anti:syn
mixture was obtainedas a white solid after crystallizing with

DCM and hexane. MS m/z (ESI) 322.28 (M+1)*. This
material was converted to anti-Ethyl-3-(benzo[d][1,3]di-

oxol-5-yl)-3-methoxy-2-(naphthalen-2-yl)propylcarbamate
as follows. The starting material (0.5 g, 1.397 mmol) was

suspended in 10 mL of anhydrous DCM,andtriethylamine

(3 equivalents, 0.584 mL, 4.19 mmol) was then added. This
was followed by addition of 1.2 equivalents (0366 g, 1.677

mmol) ofBoc anhydride. The reaction mixture wasstirred at
room temperature for two hours and was monitored for

completion by TLC. On completion, the reaction was
quenched with saturated NaHCO,. The layers were sepa-

rated, the aqueous layer was extracted with DCM (3x25

mL), and the combined organic layers were washed with
water and brine and dried over MgSO,. The combined

organic layers were concentrated using a rotary evaporator.
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The resulting residue was purified by flash chromatography
over silica gel (elution with 40% EtOAc in hexanes) to
afford the anti-carbamate.

Conversion to Compound ID No. 136 was performed as
follows. An oven-dried round-bottom flask with a stir bar
was charged with 0.100 g (0.237 mmol) of anti-ethyl-3-
(benzo[d][ 1,3]dioxol-5-yl)-3-methoxy-2-(naphthalen-2-yl)
propylcarbamate and dissolved in 2 mL of dry THF and
placed under nitrogen. Next, 2.5 equivalents (0.593 mL,
0.593 mmol) of 1M borane-THF solution was added via
syringe. This mixture wasrefluxed at 60° C. for 1 hour and
was checked for completion with TLC. The reaction was
quenched with cautious addition of NaHCO. The reaction
waspoured from the reaction vessel into a separatory funnel.
The layers were separated, the aqueous layer was extracted
with EtOAc (3x25 mL), and the combined organic layers
were washed with water and brine and dried over MgSO,.
The combined organic layers were concentrated using a
rotary evaporator. The product obtained was mixed with 5
mL of 2N HCl. Concentration in vacuo afforded a white
powder that was then washed with ether and dried. ‘'H NMR
(500 MHz, DMSO-d6) 8 7.64 (s, 1H), 7.70-7.93 (m, 2H),
7.40-7.56 (m, 3H), 7.31 (dd, J=8.5, 1.5 Hz, 1H), 6.74 (d,
J=1.5 Hz, 1H), 6.59-6.69 (m, 1H), 6.51 (dd, J=8.1, 1.7 Hz,
1H), 5.90 (d, J=7.0 Hz, 2H), 4.51 (d, J=9.2 Hz, 1H), 3.63 (d,
J=8.5 Hz, 1H), 3.45-3.58 (m, 2H), 3.14 (s, 3H), 2.56 (t, JH5.3
Hz, 3H). MS m/z (ESI) 8 336.22 (M+1)°.

Example 137—Synthesis of Compound ID No. 137
((RS)-3-(2-fluorophenyl)-2-(naphthalen-2-yl)propan-

1-amine hydrochloride)

The aldol condensation using sodium ethoxide, ethanol,
2-fluorobenzaldehyde (683 mg, 5.5 mmol), and 2-naphthy-
lacetonitrile (836 mg, 5.0 mmol) was performedin the usual
wayto give 1.33 g (4.87 mmol, 97%) of apale yellow solid.
The reduction was performedin the usual way with a portion
ofthe aldol condensate (527 mg, 1.93 mmol) to give 500 mg
(1.8 mmol, 93%) of a crude yellow oil. The oil was then
dissolved in 10 mL of THFandcooled to 0° C. DIEA (0.63
mL, 3.6 mmol) and DMAP (ca. 5 mg) were added followed
by Boc,O (468 mg, 2.15 mmol). The solution was allowed
to warm to room temperature overnight. In the morning, 1
mL of water and 10 mL of diethyl ether were added. The
contents were poured into a separatory funnel and extracted
with ether (2x15 mL). The organics were dried over
Na,SO,,filtered, and concentrated. The residue was purified
via silica gel flash chromatography (10% EtOAcin hexanes)
to give 494 mg (1.3 mmol, 67%) of a colorless gum. The
Boc group was removed by dissolving a portion of the
colorless gum (231 mg, 0.61) in 4 mL ofCH,OHand adding
4 mL of 4N HCl in dioxane at 0° C. After 1 hour at 0° C.,
the cooling bath was removed, and the solution was allowed
to warm to room temperature overnight. In the morning, the
solvents were removed in vacuo to give 183 mg (0.58 mmol,
95%) of a white powder. 'H NMR (400 MHz, CD;OD) 6
7.88 (d, J=8.5 Hz, 1H), 7.85-7.78 (m, 2H), 7.69 (s, 1H),
7.53-7.45 (m, 2H), 7.44 (dd, J=8.6, 1.8 Hz, 1H), 7.21-7.11
(m, 1H), 7.08-6.99 (m, 2H), 6.95 (ddd, J=8.6, 6.8, 1.1 Hz,
1H), 3.47-3.33 (m, 3H), 3.22 (dd, J=13.7, 5.4 Hz, 1H), 3.06
(dd, J=13.6, 7.4 Hz, 1H). HRMS (ESI-TOF) calculated for
C,H,9>FN (MH*) 281.1529, found 281.1532 (+0.97 ppm,
0.3 mmu).

Example 138—Synthesis of Compound ID No.138
((R)-3-(2-fluorophenyl)-N-methyl-2-(naphthalen-2-

yl)propan-1-amine hydrochloride)

CompoundID No.138 is the enantiomer of the compound

in Example 17. The combined fractions of the first eluting
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enantiomer were concentrated in vacuo and converted to an

HC!salt, which afforded 156 mg of Compound ID No. 138,

which was shownby the described SCF system to have 99%

enantiomeric excess. 'H NMR (300 MHz, CDCI,) 8 2.64 (s,

3H), 2.97-3.12 (m, 1H), 3.15-3.27 (m, 1H), 3.36-3.70 (m,

3H), 6.86-7.07 (m, 3H), 7.09-7.24 (m, 1H), 7.35-7.57 (m,

3H) 7.75-7.97 (m, 3H). Since this enantiomer was less
potent at hNET than the first-eluting enantiomer, it was

presumed to be (R)-configured.

Example 139—Synthesis of Compound ID No. 139
(+)-N-methyl-3-(5-methylthiophen-2-yl)-2-(naphtha-

len-2-yl)propan-1-amine))

Compound ID No. 139 is the racemate of Compound ID

No.44. It was prepared exactly as for Compound ID No.44,
but without the enantiomerseparation step. Its spectroscopic

properties are identical to that of Compound ID No.44.

Example 140—Synthesis of Compound ID No. 140
((R)-2-(3-(methylamino)-2-(naphthalen-2-yl)propyl)

phenol hydrochloride)

Compound ID No. 140is the enantiomer ofthe compound

in Example 52. The combinedfractions ofthe second eluting
enantiomer were concentrated in vacuo and converted to an

HC!salt, which afforded 35.6 mg of Compound ID No. 140.
'H NMR (500 MHz, DMSO-d6) 8 ppm 2.50 (d, J-1.8 Hz,

3H), 2.88 (dd, J=13.4, 7.9 Hz, 2H), 3.04 (dd, J=13.6, 6.6 Hz,

2H), 3.39 (q, J=7.0 Hz, 1H), 6.46-7.97 (m, 11H).

Example 141—Synthesis of Compound ID No. 141
(C1R,2S)-1-(,5-difluorophenyl)-3 -(methylamino)-2-

(naphthalen-2-yl)propan-1-ol)

Syn-3-(3,5-difluoropheny])-3-hydroxy-2-(naphthalen-2-

yl)propanenitrile was prepared as follows. 2-naphthylac-
etonitrile (2 g, 11.96 mmol) was placed in an oven-dried

round bottom flask with stirrer, and 170 mL of dry THF was
added under nitrogen. Diisopropylamine (2 mL, 14.35

mmol) was added, and the mixture wasstirred and cooled to
-78° C. for 20 minutes. 2.5 M Butyllithium (5.74 mL, 14.35

mmol) was then added slowly with a syringe. After 30

minutes, 1.2 equivalents of 3,5-difluoro-benzaldehyde (2
mL, 14.35 mmol) was added drop-wise via syringe slowly.

The reaction was monitored by TLC. After 20 minutes, the
reaction was quenched quickly with 10 mL 2.1 THF/acetic

acid (add all at once). Cold bath was removed, and the
reaction was allowed to reach room temperature slowly.

Water was added, and the layers were separated. The aque-

ous layer was extracted with EtOAc (3x), and the combined
organic layers were washed with water and brine and dried

over MgSO,. The combined organic layers were concen-
trated using a rotary evaporator. The resulting residue was

purified by flash chromatography oversilica gel (elution
with 15% to 40% EtOAc in hexanes) to afford the two

diastereomers. The more polar compound wasisolated and

wasassigned the RS/SR-stereochemistry. 'H NMR (CDCI)
6 7.92-7.79 (m, 3H), 7.75 (s, 1H), 7.59-7.50 (m, 2H), 7.32
(dd, 1H, J=8.48 Hz, 1.70 Hz), 6.92-6.73 (m, 3H), 5.08 (d,
1H, J=6.59 Hz), 4.24 (dd, 1H, J=6.78 Hz).
The compound described above was reduced as follows.

An oven-dried round-bottom flask with a stir bar was

charged with 2.5 g (8.08 mmol) of syn-3-(3,5-difluorophe-

nyl)-3-hydroxy-2-(naphthalen-2-yl)propanenitrile and dis-
solved in 25 mL of dry THF and placed under nitrogen.

Next, 32 mL (4 equivalents, 32.3 mmol) of 1M borane-THF
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solution was added via syringe. This mixture wasstirred at
60° C. for two days. The reaction was checked for comple-

tion monitored with TLC. The reaction was quenched with

cautious addition ofNaHCO,. The reaction was poured from
the reaction vessel into a separatory funnel. The layers were

separated, the aqueous layer was extracted with EtOAc
(3x25 mL), and the combined organic layers were washed

with water and brine and dried over MgSO,. The combined
organic layers were concentrated using a rotary evaporator.

The residue was dissolved in DCM,and then 5 mL of 1N

HCI was added with stirring. The solvents were then evapo-
rated off in vacuo. The product was dried, washed with ether,

dried and lyophilized. 'H NMR (CD3OD)(for the mixture
of diastereomers) 6 7.87-7.73 (m, 6H), 7.62 (m, 2H), 7.50-

7.41 (m, 4H), 7.37-7.24 (m, 2H), 6.78 (m, 5.15 (d, 1H,
J=4.33 Hz), 5.03 (d, 1H, J=8.85 Hz), 3.76-3.63 (m, 1H),
3.56-3.39 (m, 5H). MS m/z (ESD) 314.34 (MH"*).

syn-tert-Butyl-3-(3,5-difluorophenyl)-3-hydroxy-2-
(naphthalen-2-yl)propylcarbamate was prepared as follows.

A suspension of 2.8 g (8.94 mmol) of 3-amino-1-(33,5-
difluorophenyl)-2-(naphthalen-2-yl)propan-1-ol in 20 mL of

DCMwastreated with triethylamine (26.8 mmol, 3.74 ml).
This was followed by addition of 1.25 equivalents (11.17

mmol, 2.438 g) of Boc,O. The reaction mixture wasstirred

at room temperature overnight. The reaction progress was
checked for completion by TLC. On completion, the reac-

tion was quenchedwith saturated NaHCO,. The layers were
separated, the aqueous layer was extracted with DCM (3x25

mL), and the combined organic layers were washed with
water and brine and dried over MgSO,. The combined

organic layers were concentrated using a rotary evaporator.

The resulting residue was purified by flash chromatography
oversilica gel (elution with 15-30% EtOAc in hexanes) to

afford the product. 'H NMR (CDC1,) 8 7.84-7.64 (m, 3H),
7.59 (s, 1H), 7.49-7.37 (m, 2H), 6.71 (d, 2H, J=6.4 Hz), 6.54
(t, 1H, J=9.04, 8.48 Hz), 5.03 (d, 1H, J=4.14 Hz, J=3.96 Hz),
4.77 (s, 2H), 3.98-3.80 (m, 1H), 3.35-3.21 (m, 1H), 3.18-
3.06 (m, 1H), 1.43 (s, 9H). MS (ESD) m/z 436.22=(M+Na°).
Compound ID No. 141 was then prepared as follows. An

oven-dried round-bottom flask with a stir bar was charged

with 1 g (2.419 mmol) of syn-tert-Butyl-3-(3,5-difluorophe-
nyl)-3-hydroxy-2-(naphthalen-2-yl)propylcarbamate and

dissolved in 15 mL of dry THF and placed undernitrogen.

Next, 9.67 mL (9.67 mmol) of 1M borane-THFsolution was
added via syringe. This mixture was stirred at 60° C.

overnight. The reaction was monitored by TLC. Thereaction
was quenched with cautious addition of NaHCO,. The

reaction was poured from the reaction vessel into a separa-
tory funnel. The layers were separated, the aqueous layer

was extracted with EtOAc (3x25 mL), and the combined

organic layers were washed with water andbrine, and dried
over MgSO,. The combined organic layers were concen-

trated using a rotary evaporator. The resulting residue was
purified by flash chromatography oversilica gel (elution

with 1% TEA in 5% MeOH in DCM). The solvents were
evaporated using a rotary evaporator. IN HCI (3 mL) was

added, and the product was lyophilized. The product was

dissolved in MeOHandallowedto crystallize at 4° C. in the
presence of ether. White crystals were isolated and dried.

This was subjected to chiral SFC to separate the two
enantiomers. The second-eluting enantiomer was Com-

pound ID No. 141. Since it was more potent at hNET than
the first eluting enantiomer, it was assigned (1R,2S)-con-

figuration. 'H NMR (500 MHz, DMSO-d6)8 8.30-8.51 (m,
1H) 8.73-8.96 (m, 1H), 7.78 (d, J=8.8 Hz, 1H), 7.47 (dd,
J=6.3, 3.2 Hz, 2H), 7.62, 7.29 (dd, J=8.4, 1.7 Hz, 1H), 6.97
(s, 1H) (s, 1H), 6.80 (d, J=6.7 Hz, 2H),) 5.99 (d, J=4.6 Hz,



US 9,944,618 B2

207
1H), 5.16 (t, J=4.3 Hz), 7.86 (d, I=4.3 Hz, 2H), 3.53 (d,
J=4.6 Hz, 1H), 3.40 (d, J=3.7 Hz, 2H). MS m/z (ESI) 328.34
(MH*).

Example 142—Synthesis of Compound ID No. 142

(C1S,2R)-1-(,5-difluorophenyl)-3 -(methylamino)-2-

(naphthalen-2-yl)propan-1-ol)

Compound ID No. 142is the enantiomer ofCompound ID
No. 141. It was first-eluting from SFC separation of the

racemate. Since it is less potent at hNET than its enantiomer,
it was assigned (1S,2R) configuration. Its spectroscopic

properties were identical to that of Compound ID No. 141.

Example 143—Synthesis of Compound ID No.143

(C1S,2S)-1-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)-3-
(methylamino)-2-(naphthalen-2-yl)propan-1-ol)

Anti-3-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)-3-hy-

droxy-2-(naphthalen-2-yl)propanenitrile was prepared in a
standard fashion by adding a LDA-derived carbanion from

naphthyl acetonitrile to a solution of 2,3-dihydrobenzo[b]

[1,4]dioxine-6-carbaldehyde at -78° C. followed by sepa-
ration of the anti- and syn-stereoisomers. This pure diaste-

reomer was then reduced to the corresponding primary
amine using borane-THF. This compound was converted to

anti-ethyl-3-(2,3-dihydrobenzo[b][1,4]dioxin-6-yl)-3-hy-
droxy-2-(naphthalen-2-yl)propylcarbamate in the manner

outlined for other compounds provided herein. Finally, this

carbamate was reduced using borane-THF. An oven-dried
round-bottom flask with a stir bar was charged with 0.13 g,

0.298 mmol of anti-ethyl-3-(2,3-dihydrobenzo[b][1,4]di-
oxin-6-yl)-3-hydroxy-2-(naphthalen-2-yl)propylcarbamate

and dissolved in 1 mL ofdry THF andplaced undernitrogen.

Next, 2.5 equivalents (0.746 mL, 0.746 mmol) of 1M
borane-THF solution was added via syringe. This mixture

was refluxed at 60° C. overnight while monitoring the
reaction with TLC. The reaction was quenched with cautious

addition of NaHCO,. The reaction was poured from the
reaction vessel into a separatory funnel. The layers were

separated, the aqueous layer was extracted with EtOAc

(3x25 mL), and the combined organic layers were washed
with water and brine and dried over MgSO,. The combined

organic layers were concentrated using a rotary evaporator.
The crude product obtained was mixed with 2 mL of2N HCl

and stirred to break the boron complexes. The solution was
then evaporated in vacuo which left a white product. DCM

was then added, and the resulting suspension was leached by

agitating and stirring to remove impurities. This left a white
powder that was lyophilized. The enantiomers were then

separated using SFC. Thefirst-eluting enantiomer was Com-
pound ID No. 143. Based on its higher potency at hNET than

that of the second-eluting enantiomer, Compound ID No.
143 wasassigned (S,S)-configuration. ‘H NMR (500 MHz,

DMSO-d6) 8 7.76-7.85 (im, 3H), 7.68 (s, 1H), 7.44-7.53 (m,
2H), 7.35 (dd, J=8.54, 1.53 Hz, 1H), 6.70 (d, J=1.83 Hz,
1H), 6.53-6.67 (m, 2H), 5.06(br. s., 1H), 4.81 (d, J=8.24 Hz,
1H), 4.08-4.14 (m, 4H), 3.65-3.79 (m, 1H), 3.53-3.65 (m,
2H), 2.54 (t, J=5.34 Hz, 3H). MS m/z (ESI) 350.2 (MH*).

Example 144—Synthesis of Compound ID No. 144

((AR,2R)-3-(methylamino)-2-(naphthalen-2-yl)-1-
(thiophen-2-yl)propan-1-ol))

Compound ID No. 144 is the enantiomer of Compound
ID. No. 47, and its preparation is detailed in Example 47.

Compound ID No. 47 was the second-eluting enantiomer,
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and Compound ID No. 144 wasthe first-eluting enantiomer.
Based on its lower potency at hNET relative to its
enantiomer, Compound ID No. 144 was assigned (1R,2R)-
configuration. It was spectroscopically identical to Com-
pound ID No.47.

Example 145—Synthesis of Compound ID No.145
(C(ARS,2RS)-1-(2,3-dihydrobenzo[b][1,4]dioxin-6-
yl)-3-(methylamino)-2-(naphthalen-2-yl)propan-1-

ol))

Compound ID No. 145 is the racemate of Compound ID
No. 143, and its preparation was as described in Example
143. It was spectroscopically identical to Compound ID No.
143.

Example 146—Synthesis of Compound ID No. 146
((2S,3S)-3-chloro-N-methyl-2-(naphthalen-2-yl)-3-

phenylpropan-1-amine)

(1R,2S)-3-hydroxy-N-methy1-2-(naphthalen-2-yl)-3-phe-
nylpropan-1-amine) was prepared as described in Example
9. This compound (70 mg) was then dissolved in 3 mL of
DCM,andto this was added 1.0 mL ofthionyl]chloride. The
resulting mixture wasstirred under dark at room temperature
for 30 minutes. Concentration under rotary evaporation
yielded a quick syrupy liquid. 'H NMR (CD,;OD) 8 7.85-
7.69 (m, 4H), 7.66 (s, 1H), 7.49-7.41 (m, 3H), 7.33-7.04 (m,
4H), 5.38 (d, J=9.4 Hz, 1H), 4.07-3.07 (im, 4H), 2.69 (s, 3H).
MS m/z (ESI) 310.19 (MH+). Invertive substitution was
assumed.

Example 147—Synthesis of Compound ID No. 147
((1R,2R)-2-((methylamino)methyl)-1,4-diphenylbu-

tan-1-ol)

The first-eluting anti-enantiomer carbamate described in
Example 27 (ethyl 2-(hydroxy(phenyl)methy1)-4-phenylbu-

tylcarbamate, 72 mg, 0.22 mmol) was dissolved in THF (2
mL) and added drop-wise via syringe over about 5 minutes

to LiAIH, (0.605 mL, 0.60 mmol, 1 M in THF) in THF (2
mL) at 55° C.undernitrogen. The reaction mixture was then

heated at reflux for 1.5 hours. LCMS indicated near com-

plete conversion to product, and the reaction mixture was
quenched carefully with sat. aq. Na,SO,, then sat. aq.

NaHCo,,.Ether was added,the ether layer was isolated, and
the aq. layer was extracted twice more with ether. The ether

layers were combined, washed with sat. NaHCO, brine,
dried (Na,SO,), filtered, and concentrated in vacuoto afford

an oil (49 mg). 'H NMRspectroscopy in the presence ofthe

TBPTAshift reagent indicated a vicinal coupling constant of
9.7 Hz, consistent with anti-relative configuration. 'H NMR

and MSspectra confirm the proposed structure. This mate-
rial was dissolved in CH,Cl,, to which was added 4 M

HCl/dioxane (0.20 mL) The mixture was concentrated, and
the resulting residue was triturated with ether, and concen-

trated in vacuo to afford a foamy solid. Compound ID No.

147’s enantiomer wasderived from the second-eluting anti-
carbamate described in Example 27. Based on its lower

potency at hNETthanits enantiomer, Compound ID No.147
is assigned the (1R,2R)-configuration. Its corresponding

syn-enantiomers are Compound ID Nos. 27 and 66.

Example 148—Synthesis of Compound ID No.148
((ARS,2RS)-2-(4-chloropheny1])-3-(methylamino)-1-

phenylpropan-1-ol)

Syn and anti-2-(4-chlorophenyl)-3-hydroxy-3-phenylpro-

panenitrile was prepared in a standard fashion by reacting a
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LDA-derived carbanion from 4-chlorophenylacetonitrile

with a solution ofbenzaldehyde at -78° C. in THF followed

by work-up to give a mixture ofanti- and syn-stereoisomeric

nitriles which could not be separated by crystallization or
silica gel chromatography. These compounds (1.23 g, 4.77

mmol) were dissolved in tetrahydrofuran (25 mL), heated at
75° C., and to this mixture was added the borane-methyl

sulfide complex (5.97 mL, 11.93 mmol) dropwise via

syringe. The reaction mixture was then heated at 75° C. for
2 hours while collecting the liberated methyl sulfide in a

Dean-Stark trap. The reaction mixture was cooled to room
temperature and concentrated to remove the THF. The

residue was dissolved in EtOAc and carefully washed twice
with sat'd NaHCO,, brine, dried (Na,SO,), filtered, and

concentrated to give the crude primary amine (1.41 g). Toa

suspension of this material (773 mg, 2.95 mmol) in dichlo-
romethane (15 mL) was slowly addedtriethylamine (1.646

mL, 11.81 mmol). The clear solution thus obtained was
cooled to 0° C., and the ethyl carbonochloridate (0.339 mL,

3.54 mmol) was added drop-wise via syringe. The reaction
mixture was then stirred at 0° C. for several minutes, then

allowed to warm to room temperature and continuously

stirred for 1.5 hours. The reaction mixture was diluted with
DCMand washed with 1N HCI, sat'd NaHCO,,brine, dried

(Na,SO,), filtered and concentrated to a residue (900 mg)
that was purified via silica gel chromatography to give the

pure anti-carbamate (yield 360 mg). The racemic anti-
carbamate was reduced in the following way. To a solution

of lithium aluminum hydride in THF (1M, 2.92 mL, 2.92

mmol) and additional THF (3 mL) at 55° C. undernitrogen
was added the ethyl 2-(4-chlorophenyl)-3-hydroxy-3-phe-

nylpropylcarbamate (355 mg, 1.06 mmol) in THF (3 mL)
drop-wise via syringe over 5 minutes. The reaction mixture

was heated at reflux for 2 hours. When the reaction was

complete as checked by LCMS, the reaction mixture was
quenched carefully with sat'd aq Na,SO,, then sat'd

NaHCo,. The aqueous solution was diluted with ether with
stirring, then the ether layer was isolated. The aqueous layer

extracted twice more with ether. The ether layers were
combined, washed with brine, dried (Na,SO,,), filtered and

concentrated (316 mg). The product was dissolved in DCM,

and 4M HCl/dioxane (0.6 mL) was added with stirring. This
suspension, on concentration, produced a white foamysolid

that was suspendedin ether, filtered, and washed with ether.
The solid was dried via drying pistol (yield 312 mg). 'H

NMR (500 MHz, DMSO-d6) 8 7.17 (t, J=7.9 Hz, 4H),
7.02-7.12 (m, 6H), 1.73-1.78 (m, 1H), 4.77 (d, J=7.9 Hz,
1H), 2.97-3.09 (m, 2H), 2.80 (dd, J=11.3, 6.1 Hz, 1H), 3.60
(s, 1H), 2.26 (s, 3H).

Example 149—Synthesis of Compound ID No. 149
((1S,2RS)-2-(4-bromophenyl)-3-(methyl amino)-1-

phenylpropan-1-ol)

2-(4-bromopheny]1)-3-hydroxy-3-phenylpropanenitrile
(anti/syn ratio=3:1) was prepared in the following way. A

250 mL round bottom flask equipped with a magnetic

stirring bar, nitrogen inlet, and septum was charged with
THF (100 mL) and 1.8 M LDA (22.67 mL, 40.81 mmol).
After cooling to -78° C., 2-(4-bromophenylacetonitrile (8
g, 40.81 mmol) was added. After stirring for 60 minutes,

benzaldehyde (4.12 mL, 40.81 mmol) was added via
syringe. The reaction wasleft stirred at -78° C. for 5 hours,

after which, the reaction was quenched by the addition of

water (50 mL) at the same temperature. The aqueous layer
was extracted with Et,O (2x200 mL)), and the combined

organic extracts were washed with brine (100 mL) and dried

10

15

20

25

30

35

40

45

50

55

60

65

210
(MgSO,). Concentration of the extracts in vacuo gave the
crude aldol. ISCO purification on silica gel eluting with
0-30% of ethyl acetate in hexane afforded the productas 3:1
anti:syn mixture (5 g). Recrystallization from DCM (90 mL)
and hexane (120 mL)at 0° C. overnight afforded an anti/syn
>3/1 mixture (4.3 g) that was taken to the next step. MS m/z
(EST) 324.0/326.0 (MH+). This material was reduced to the
primary amine in the following way. A solution of 2-(4-
bromopheny])-3-hydroxy-3-phenylpropanenitrile (4.3 g,
14.23 mmol) in 50 mL THF washeatedto a gentle reflux at
76° C. and treated with borane-methyl sulfide complex
(21.50 mL, 43 mmol) added drop-wise over 5 minutes.
Liberated dimethyl sulfide was collected in a Dean-Stark
trap. After 3.5 hours, the mixture was allowed to cool to
ambient temperature and concentrated in vacuo, and the
residue was dissolved in ethyl acetate (100 ml). This solu-
tion was washed with saturated aq. NaHCO,, brine, dried
(MgSO,), filtered, and concentrated to give the crude prod-
uct (4.13 g) that was carried to the next carbamate formation
step. MS m/z (ESI) 306.0/308.0 (MH*).

Asolution ofthe HC]salt of 3-amino-2-(4-bromopheny])-
1-phenylpropan-1-ol (5 g, 16.33 mmol) and triethylamine
(5.69 mL, 40.82 mmol) in DCM (50 ml) waschilled to 0°
C. To the chilled solution was added ethyl carbonochloridate
(1.882 mL, 19.60 mmol) over 10 minutes. Ice bath was
removed, and the solution was allowed to warm to room
temperature for 3 hours. LCMS(t=1.12 minutes, M-H,O+
1=362) showed completion of reaction. Reaction solution
was reduced to 5 mL (in DCM)byrotary evaporation. Ethyl
acetate (200 ml) was added, and the solution was sequen-
tially washed with 0.1N HCl (2x50 mL), saturated sodium
bicarbonate (50 ml), and brine (50 mL), then dried over
MgsO,, filtered and concentrated in vacuo. Residual sol-
vents were evaporated to give crude product as a form. ISCO
purification eluting with 0-50% of ethyl acetate in hexane
over 15 minutes afforded the product as oil (2.9 g). NMR
showed ~4:1 ratio of anti vs. syn. MS m/z (EST) 360.0/362.0
(MH-H,O)*. A mixture of ethyl 2-(4-bromophenyl)-3-hy-
droxy-3-phenylpropylcarbamate (3 g, 7.93 mmol) and 50
mL THFweretransferred to a 100-mL 3-neck round bottom

flask equipped with a magnetic stirrer, addition funnel,
thermometer, Dean-Stark trap, a condenser, and a nitrogen

inlet. The solution was heated to a gentle reflux (66° C.)

during which a solution of borane-methyl sulfide complex
(27.8 mL, 55.52 mmol) was added slowly over 10 minutes.

During the reaction, the liberated dimethyl sulfide was
collected (bp 38° C.). After 7 hours, the reaction mixture was

cooled to room temperature and carefully quenched by slow
addition of methanol (20 mL). The methanol wasdistilled,

and the crude products were re-dissolved in ethy] acetate and

washed with brine. After drying over sodium sulfate, the
organic phase wasfiltered and concentrated to give the crude

product as a solid residue (2.55 g). The SFC separation of
the anti/syn mixture produced two peaks. From Peak 1, the

solvent was evaporated, and the residue was dissolved in 1.5
mL of dioxane containing 4 M HCl. After stirring for 10

minutes, the solvent was removed, and the solid was washed

with ether and dried under vacuum to afford the product as
the anti-isomer, which was Compound ID No.149 (850 mg).

'H NMR(500 MHz, DMSO-d6)8 6.06 (d, J=3.1 Hz, 1H),
4.73 (d, J=2.7 Hz, 1H), 3.29 (s, 2H), 3.51 (br. s., 1H), 2.50
(d, J=1.8 Hz, 3H). MS m/z (EST) 320/322 (MH+).

Example 150—Synthesis of Compound ID No. 150
((ARS,2SR)-2-(4-bromo-3-chloropheny])-3-(methyl-

amino)-1-phenylpropan-1-ol)

A 250 mL round bottom flask equipped with a magnetic

stirring bar, nitrogen inlet, and septum was charged with
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THF(200 mL) and 1.8 M LDA (12.3 mL, 22.2 mmol). After
cooling to -78° C., 2-(4-bromo-3-chlorophenylacetonitrile
(5.12 g, 22.2 mmol) was added. After 60 minutes, benzal-
dehyde (2.2 mL, 22 mmol) was added via syringe. After
stirring at -78° C.for 3 hours, the reaction was quenched by
the addition of water (20 mL) while stirring at -78° C. The
aqueous layer was extracted with Et,O (2x50 mL), and the
combined organic extracts were washed with brine (50 mL),
dried (MgSO,), and concentrated in vacuo to give the crude
aldol. ISCO purification on silica gel eluting with 0-30% of
ethyl acetate in hexane afforded the aldol product as 3:1
anti:syn mixture (3 g). This material (3 g, 8.91 mmol) was
dissolved in THF (150 mL) and heatedto a gentle reflux at
76° C. and treated with borane-dimethylsulfide (13.5 mL,
27.0 mmol), adding drop-wise over 5 minutes. The liberated
dimethyl sulfide was collected in a Dean-Stark trap. After
3.5 hours, the mixture was allowed to cool to ambient
temperature, quenched with 10 mL of ethanol, and concen-
trated in vacuo, and the residue was dissolved in ethyl
acetate (100 mL) The combined extracts were washed with
saturated aq. NaHCO,, brine, dried (MgSO,,), filtered, and
concentrated to give a residue. This material was dissolved
in CH,Cl,, filtered to remove inorganic materials, and
concentrated in vacuo to afford the amine as anti/syn mix
products (2.5 g). This material (2.5 g, 7.3 mmol) was
combined with triethylamine (2.6 mL, 18 mmol) in CH,Cl,
(100 mL) and chilled to 0° C. To the chilled solution was
added ethyl carbonochloridate (0.85 mL, 8.8 mmol) over 10
minutes. The ice bath was removed, and the solution was
allowed to warm to room temperature for 12 hours. The
reaction mixture was concentrated in vacuo to approxi-
mately 5 mL, diluted with ethyl acetate (200 mL), washed
with 0.1 N HCl (2x150 mL), saturated sodium bicarbonate
(150 mL), and brine (200 mL), dried over MgSO.,filtered,
and concentrated in vacuo to give the product as a foam (2.6
g). The mixture of diastereomeric carbamates was purified
on ISCO eluting with 0-40% of ethyl acetate in hexane over
15 minutes. Tubes 14-19 were collected as isomer 1, and
tubes 20-27 were collected as isomer 2. Isomer 1 (750 mg)
was deduced as syn on thebasis of its 'H NMRspectrum in
the presence of the TBPTA Shift reagent showed (J, ,=3
Hz). For isomer 2 (800 mg), ‘H NMRwiththe identical shift
reagent (TBPTA)indicated “anti” stereochemistry (J, .=9.3
Hz). Carbamate isomer 1 (syn, 750 mg, 1.82 mmol) and 25
mL THFweretransferred to a 100 mL 3-neck round bottom
flask equipped with a magnetic stirrer, addition funnel,
thermometer, and Dean-Stark trap fitted with a condenser
and nitrogen inlet. The solution was heated to a gentle reflux,
and a solution of borane-methy] sulfide complex (4.5 mL,
9.1 mmol) was added drop-wise over 10 minutes. The
dimethyl sulfide distillate was collected. and after 4 hours,
the reaction was completed.

The reaction was cooled to room temperature, and ethanol
(5 mL) was added, causing an exotherm with gas evolution.
The reaction mixture was then concentrated in vacuo to
remove ethanol and trimethyl borate. The free amine was
converted to the HC]salt by dissolving in dioxane, addition
of 4.N HClin dioxane (0.5 mL), and concentration in vacuo.
The residue was washed with ether, ethyl acetate in hexane
(1:1), and hexane and dried in vacuo to provide thetitled

compound as the HCl salt. Compound ID No. 150 is the
racemate ofCompoundID No.21, and its spectroscopic data

is identical to that of Compound ID No.21.

Example 151—Synthesis of Compound ID No. 151
(CS,2S)-2-(3,4-dichloropheny])-1-(3-iodophenyl)-3-

(methylamino)propan-1-ol hydrochloride)

To a stirred ice-cooled borane-THF complex (12 mL,

12.00 mmol) was added drop-wise a solution of Compound
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No. 151la (1.3 g, 2.63 mmol) in dry THF. The mixture was

warmed to room temperature and heated to mild reflux for

3 hours. The clear solution was chilled with an ice bath and

cautiously treated with drop-wise addition of 3N HCl (10

mL) The resulting solution was warmed to room tempera-

ture and heated at reflux for 2 hours. The volatiles were

removed on a rotary evaporator, and the aqueous layer was

diluted with water (15 mL) followed by addition of chloro-

form (60 mL). This mixture was then cooled with an ice bath

and made alkaline with drop-wise addition of 2N NaOH.

These layers were separated and extracted aqueous with

chloroform (2x15 mL) The combined organics were washed

with brine then dried. The resulting crude product(ca. 1.1 g)

wassubjected to flash chromatographyonsilica eluting with

chloroform, then 0-3% MeOH/chloroform (ammoniated) to

give 1.0 g of purified anti product. The racemate was

resolved by SFC, and the first-eluting enantiomer (Com-

pound ID No. 151) was assumed to be 1S8,2S-configured

based on its higher potency on hNET. ‘H NMR data were

consistent with the desired structure.

Example 151a—Synthesis of Compound No. 15la

(ethyl (2RS,3RS)-2-(3,4-dichlorophenyl)-3-hydroxy-

3-(3-iodopheny])propylcarbamate)

To a stirred ice-cooled solution of Compound No. 151b
(4.25 g, 10.07 mmol) andtriethylamine (2.091 mL, 15.0

mmol) in DCM (60 mL) wasadded drop-wise a solution of

ethyl chloroformate (1.249 mL, 13.0 mmol) in DCM (10
mL). The mixture wasstirred for 2 hours, and then concen-

trated to near dryness on a rotary evaporator. The resulting
residue was partitioned between ether and aqueous sodium

bicarbonate, and then extracted with ether (2x15 mL) The

organics fractions were combined, washedwith brine, dried,
and concentrated to give 4.8 g ofthe crude product. This was

subjected to silica gel chromatography eluting with a 0-50%
EtOAc/hexanes gradient to give in order purified (yet race-

mic) syn isomer(2.0 g) followed by purified anti isomer (1.3
g) as solids. The anti isomer was used as in the next step

without further purification.

Example 151b—Synthesis of Compound No. 151b

(3-amino-2-(3,4-dichlorophenyl)-1-(3-iodopheny1)
propan-1-ol)

To a stirred solution of the 2-(3,4-dichlorophenyl)acetoni-

trile (1.86 g, 10.00 mmol) in dry THF (20 mL) at -75° C.
was added drop-wise the n-BuLi (2.5M, 4.00 mL, 10.0

mmol). After 20 minutes stirring at -75° C., a solution ofthe

3-iodobenzaldehyde (2.320 g, 10.00 mmol) in THF (10 mL)
was added drop-wise. After 30 minutes stirring at -75° C.,

a solution of acetic acid (0.715 mL, 12.49 mmol) in THF (2
mL) was added drop-wise. After stirring for 15 minutes, the

borane-THF complex (35.0 mL, 35.00 mmol) was added
drop-wise, and the dry ice bath was removed. The mixture

was allowed to warm to room temperature and then heated

at mild reflux for 2 hours. The mixture waschilled to 0° C.
with an ice bath followed by drop-wise addition of 2N HCl

(20 ml). The ice bath was then removed, and the mixture was
heated at mild reflux for 2 hours, cooled, and the volatiles

removed in vacuo. The white suspension was diluted with
chloroform (150 mL), cooled to 0° C., and vigorously stirred

while adding 1N NaOH drop-wise. The resulting layers were

separated, and the aqueous layer was extracted with chlo-
roform (2x). The combined organics layers were washed

with brine and dried. Concentration to dryness afforded 4.5
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g of a white solid (>100%), which was used as such in the

next step without further purification.

Example 152—Synthesis of Compound ID No. 152

((R,2S)-2-(3,4-dichlorophenyl)-1-(2-iodopheny1)-3-

(methylamino)propan-1-ol hydrochloride)

To a stirred ice-cooled borane-THF complex (1.0 M, 27.0

mL, 27.0 mmol) was added drop-wise a solution of Com-
pound No.152a (3.7 g, 7.49 mmol) in dry THF. The mixture

was warmed to room temperature and heated to mild reflux
for 3 hours. The clear solution was chilled with an ice bath

and cautiously treated with drop-wise addition of 3N HCl

(10 mL). The resulting solution was warmed to room
temperature and heated at reflux for 2 hours. The volatiles

were removed on a rotary evaporator, and the aqueous layer
was diluted with water (15 mL) followed by addition of

chloroform (60 mL). This mixture was then cooled with an
ice bath and made alkaline with drop-wise addition of 2N

NaOH. These layers were separated and then extracted

aqueous with chloroform (2x15 mL) The combinedorganics
were washed with brine then dried. The resulting crude

product was subjected to flash chromatography on silica
eluting with chloroform, then 0-3% MeOH/chloroform (am-

moniated) to give 400 mg of purified syn product. The
racemate was resolved by SFC, and the first-eluting

enantiomer (Compound ID No. 152) was assumed to be

1R,2S-configured based onits higher potency on hNET. ‘H
NMRdata were consistent with the desired structure.

Example 152a—Synthesis of Compound No. 152a

(ethyl (2RS,3RS)-2-(3,4-dichloropheny])-3-hydroxy-
3-(2-iodopheny]l)propyl carbamate)

To a stirred ice-cooled solution of Compound No. 152b
(6.3 g, 14.93 mmol) and triethylamine (3.1 mL, 22.24 mmol)

in DCM (60 mL) was added drop-wise a solution of ethyl
chloroformate (1.9 mL, 19.8 mmol) in DCM (10 mL). The

mixture wasstirred for 2 hours, and then concentrated to
near dryness on a rotary evaporator. The resulting residue

was partitioned between ether and aqueous sodium bicar-

bonate, then extracted with ether (2x15 mL). The organics
fractions were combined, washed with brine, dried, and

concentrated to give 4.8 g of the crude product. This was
subjected to silica gel chromatographyeluting with a 0-50%

EtOAc/hexanes gradient to give in order purified (yet race-
mic) syn isomer (3.70 g) followed by purified anti isomer

(0.650 g) as solids. The syn isomer was used as in the next

step without further purification.

Example 152b—Synthesis of Compound No. 152b
(3-amino-2-(3,4-dichlorophenyl)-1-(2-iodopheny])

propan-1-ol)

To a stirred solution of 2-(3,4-dichlorophenyl)acetonitrile
(2.80 g, 15.05 mmol) in dry THF (20 mL) at -75° C. was

added drop-wise n-BuLi (2.5M, 6.02 mL, 15.05 mmol).

After 20 minutes stirring at -75° C., a solution of the
2-iodobenzaldehyde (3.49 g, 15.05 mmol) in THF (10 mL)

was added drop-wise. After 30 minutes stirring at -75° C.,
a solution of acetic acid (1.05 mL, 18.34 mmol) in THF (4

mL) was added drop-wise. After stirring for 15 minutes, the
borane-THF complex (1.0 M, 52.0 mL, 52.0 mmol) was

added drop-wise, and the dry ice bath was removed. The

mixture was allowed to warm to room temperature and then
heated at mild reflux for 2 hours. The mixture waschilled to

0° C. with an ice bath followed by drop-wise addition of 2N
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HCl (20 mL). The ice bath was then removed, and the

mixture was heated at mild reflux for 2 hours and cooled.

The volatiles were removed in vacuo. The white suspension

was diluted with chloroform (150 mL), cooled to 0° C., and

vigorously stirred while adding 1N NaOH drop-wise. The

resulting layers were separated, and the aqueous layer was

extracted with chloroform (2x). The combined organics
layers were washed with brine and dried. Concentration to

dryness afforded 6.3 g of a white solid (99%), which was
used as such in the next step without further purification.

Example 153—Synthesis of Compound ID No.153

((R,2R)-2-(3,4-dichlorophenyl)-3-(methylamino)-1-

(thiophen-3-yl)propan-1-ol)

CompoundID No. 153is the enantiomer ofCompound ID
No. 106, and its preparation is described in Example 106. It

was the second-eluting enantiomer. Based on its lower
potency at hNETrelative to Compound ID No. 106, Com-

pound ID No. 153 was assigned (1R,2R)-configuration.

Example 154—Synthesis of Compound ID No. 154

((R,2R)-2-(3,4-dichlorophenyl)-3-(methylamino)-1-
(3-(nethylthio)phenyl)propan-1-ol)

CompoundID No.154 is the enantiomer ofCompound ID

No. 120, and its preparation is described in Example 120.It
was the second-eluting enantiomer. Based on its lower

potency at hNETrelative to Compound ID No. 120, Com-

pound ID No. 154 was assigned (1R,2R)-configuration.

Example 155—Synthesis of Compound ID No. 155
((ARS,2RS)-2-(3,4-dichloropheny])-3-(methyl-

amino)-1-(pyridin-4-yl)propan-1-ol)

A mixture of anti- and syn-2-(3,4-dichlorophenyl)-3-hy-

droxy-3-(pyridin-4-yl)propanenitrile was prepared using a
standard LDA-mediated reaction of 3,4-dichlorophenylac-

etonitrile with 4-pyridine carboxaldehyde at -78° C. in THF.
The mixture of diastereomers was reduced to the corre-

sponding primary amines as follows. An oven-dried round-
bottom flask with a stir bar was charged with a solution of

2-(3,4-dichlorophenyl)-3-hydroxy-3-(pyridin-4-yl)pro-

panenitrile (1.0 g, 3.41 mmol) in 15 mL of dry THF and
placed undernitrogen. Next, 4 equivalents (13.64 mL, 13.64

mmol) of 1M borane-THF solution were addedvia syringe.
Afterstirring at 60° C. overnight, the mixture was quenched

with cautious addition ofNaHCO,,. The reaction was poured
from the reaction vessel into a separatory funnel. The layers

were separated, the aqueous layer was extracted with EtOAc

(3x50 mL), and the combined organic layers were washed
with water andbrine, then dried over MgSO,. The combined

organic layers were concentrated using a rotary evaporator.
Dioxane containing HCl was added to the residue, and the

resulting mixture wasstirred for one half hour. After con-
centration in vacuo, the crude product was dissolved in

MeOH.Addition of ether produced a turbid mixture that was

left for one half hour. The off-white crystals were filtered,
washed with ether, dried and lyophilized. MS m/z (ESI)

297.21 and 299.18 (MH+). This primary amine (0.45 g,
1.281 mmol) was dissolved in 10 mL of anhydrous DCM

containing 3 equivalents (0.536 mL, 3.84 mmol) triethyl-
amine. Then 1.1 equivalents (0.308 g, 1.409 mmol) of

di-t-butyl dicarbonate were added, and the reaction mixture

was stirred at room temperature for about 1 hour. On
completion (TLC monitoring), the reaction was quenched

with saturated NaHCO,. The layers were separated, and the
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aqueous layer was extracted with DCM (3x25 mL). The

combined organic layers were washed with water and brine

and dried over MgSO,The combined organic layers were

concentrated using a rotary evaporator. The resulting residue
waspurified by flash chromatographyoversilica gel (elution

with 70% EtOAc in hexanes) that furnished two diastereom-
ers. The anti-isomer was obtained as a white solid. MS m/z

(ESI) 396.10 (100.0%), 398.10 (64.7%), 397.10 (21.4%).
This material was reduced as follows. An oven-dried round-
bottom flask with a stir bar was charged with a solution of

the anti-carbamate, (0.4 g, 1.057 mmol) in 5 mL of dry THF
and placed under nitrogen. Next, 4 equivalents (2.85 mL,

2.85 mmol) of 1M borane-THF solution were added via
syringe. The resulting mixture wasstirred at 60° C. over-

night and then quenched by cautious addition of NaHCO,.

The reaction mixture was poured into a reparatory funnel.
The layers were separated, and the aqueous layer was

extracted with EtOAc (3x50 mL). The combined organic
layers were washed with water and brine and dried over

MgsSO,. The combined organic layers were concentrated
using a rotary evaporator. Dioxane containing HCl was

added to the residue which produced a white suspension.

The solvents were evaporated under vacuum, and the crude
product was dried into a solid that was dissolved in MeOH.

Slow addition ofanhydrous ether produceda turbid solution.
After one half hour, the off white crystals were filtered and

washed with ether, dried and lyophilized. 'H NMR
(CD,OD) 6 8.76 (d, 2H, J=5.3 Hz), 7.92 (d, 2H, J=5.7 Hz),
7.57-7.46 (m, 2H), 7.28-7.18 Gm, 1H), 5.21 (d, 1H, J=8.1
Hz), 3.79-3.67 (m, 1H), 3.56-3.38 (m, 2H), 2.74 (s, 3H). MS
m/z (ESI) 310.06 (100.0%), 312.06 (64.0%), 311.07
(16.4%).

Example 156—Compound ID No. 156 ((1S,2S)-2-
(3,4-dichlorophenyl)-3-(methylamino)-1-(2-(methy]-

thio)phenyl)propan-1-ol)

To a stirred solution of 2-(3,4-dichlorophenyl)acetonitrile

(5.6 g, 30 mmol) in dry THF (60 mL) at -78° C. was added
drop-wise n-BuLi (2.5 M in hexanes, 12.0 mL, 1.0 equiv).

After 20 minutes stirring at -78° C., a solution of 2-(meth-
ylthio)benzaldehyde (3.9 mL, 30 mmol) in THF (20 mL)

was added drop-wise. After 30 minutes stirring at -78° C.,

a solution of acetic acid (2.1 mL, 36.68 mmol) in THF (5
mL) was added drop-wise. After stirring the resulting clear

solution for 15 minutes, the borane tetrahydrofuran complex
(100 mL, 100 mmol) was added drop-wise, and the dry ice

bath was removed. The mixture was allowed to warm to
room temperature (gas evolution observed) and then heated

at mild reflux for 2 hours. The mixture waschilled to 0° C.,

and 2N HCl (60 mL) wascautiously added drop-wise. The
ice bath was removed, and the mixture was heated at reflux

for 2 hours and cooled. Volatiles were removed in vacuo.
The suspension was diluted with chloroform (150 mL),

cooled to 0° C., and vigorously stirred while making basic
by drop-wise addition of 1 N NaOH. The layers were

separated, the aqueous layer was extracted with chloroform

(2x), and the organics were combined, washed with half-
saturated brine, dried, and concentrated in vacuo to afford a

white amorphoussolid (10.3 g) which was presumed to be
the primary amine. This material (10.3 g, 30.1 mmol) was

combined with Et,N (6.3 mL, 45 mmol) in DCM (140 mL)
and was added drop-wise to a solution of ethyl chlorofor-

mate (3.8 mL, 40 mmol) in DCM (40 mL). The mixture was

stirred for 2 hours and concentrated to near dryness on
rotovap. The residue was partitioned between ether and

aqueous sodium bicarbonate and extracted with ether (2x).
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The organics were combined, washed with brine, dried, and

concentrated to give crude ethyl carbamate (10 g) as a white

amorphoussolid. Approximately halfwas subjected to chro-

matography (ISCO 220 g column) eluting with a 0-50%
EtOAc/hexanesgradient to give in isomer 1 (1.0 g) followed

by isomer 2 (1.6 g, used as such in the following step).
Isomer 2 (1.6 g, 3.86 mmol) dissolved in THF was added

drop-wise to the stirred ice-cooled borane tetrahydrofuran

complex (15 mL, 15.00 mmol) in dry THF. The mixture was
warmed to room temperature and then heated at mild reflux

for 3 hours. The clear solution was chilled with an ice bath,
and then 3N HCl (10 mL) was added drop-wise cautiously.

The resulting solution was warmed to room temperature and
heated at reflux for 2 hours. After removal of volatiles in

vacuo, the aqueous suspension was diluted with water (15

mL) and chloroform (60 mL), cooled in ice bath, and made
basic with drop-wise addition of 2N NaOH. The layers

separated, and the aqueous layer was extracted with chlo-
roform (2x). The organics were washed with half-saturated

brine, dried, and concentrated in vacuo. The resulting crude
product (1.3 g) was subjected to flash chromatography on

silica eluting with chloroform, then 0-3% MeOH/chloro-

form (ammoniated) to give purified racemic anti diaste-
reomer. This material was submitted to SFC separation to

give a first-eluting enantiomer (550 mg) followed by the
second eluting enantiomer (560 mg). The second-eluting

enantiomer was converted to the HCl salt. Based on its
potency at hNETrelative to it is enantiomer, it is presumed

to be (18,2S)-configured. 'H NMRspectroscopic data and

MSanalysis were consistent with the proposedstructure.

Example 157—Synthesis of Compound ID No. 157
((R,2R)-2-(3,4-dichlorophenyl)-1-(6-methoxypyri-

din-2-yl)-3-(methylamino)propan-1-ol)

2-(3,4-dichlorophenyl)acetonitrile (3.50 g, 18.8 mmol)

was taken up in THF (30 mL) and diethyl ether (30 mL), and
cooled to -78° C. in an acetone-dry ice bath. BuLi (8.1 mL,

20 mmol, 1.6 M in hexane) was added drop-wise, and the
temperature was maintained below -60° C. Once the last

drop had been added, the reaction was allowedto stir for 15
minutes. This solution became orange clear. 6-methoxypi-

colinaldehyde (2.3 mL, 19 mmol) dissolved in THF (20 mL)

was added slowly drop-wise, and the temperature was
maintained below -60° C. Solution was dark brown/black

clear at this point and was allowedto stir for 1.5 hours at
-75° C. The reaction was quenched with acetic acid (1.6 mL,

28 mmol) dissolved in 5 mL of diethyl ether, added drop-
wise while the reaction was cooled in the dry ice acetone

bath. The temperature was maintained below -60° C. LCMS

revealed mostly one peak with the desired mass. The reac-
tion was worked up by adding 100 mL of water, and layers

were separated. The aqueous phase wasextracted with ethyl
acetate three times. The combined organic layers were

washed with brine, dried over MgSO,, and concentrated in
vacuo to afford 8.14 grams of a clear amber oil. LCMS

revealed a peak that was consistent with desired material.

The material was absorbed ontosilica gel and ran through an
ISCO 80 gram column, eluting with CH,Cl,/EtOAc. The

broad peak looked to be a mixture of diastereomers in a ratio
around 1.5:1. It was not determined which diastereomeric

pair is the more predominant pair (0.988 g). The spiked
shoulder from that broad peak looked to be a mixture of

diastereomers in a ratio around 4:1 (4.39 g). These two

samples were recombined (5.2 g, 16.1 mmol), dissolved in
THF (150 mL), stirred in a 500 mL flask fitted with a dean

stark trap and condenser, and heated to 85° C. To this
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colorless solution was added,via gas tight syringe in several
portions, the 2.0 M borane dimethysulfide complex in THF

(16.1 mL, 32.1 mmol). Bubbling occurred with each addi-

tion. The reaction was heated to 95° C., which produced a
vigorous reflux. After stirring for 1.5 hours, during which

time the solvent was removed from the dean stark trap
(removing most of the dimethyl sulfide), LCMS showed

mainly one peak with a desired mass. The reaction was
removed from heat andstirred until the reaction had reached

room temperature, at which point 20 mL MeOH wasadded

drop-wise at first. Vigorous reaction occurred early in the
addition and dissipated towards the end of the addition. The

mixture was reheated to reflux and distilled into a Dean
Stark trap for 30 minutes, then cooled to room temperature.

The mixture was combined with 350 mL of 10% NaHCO,
in water and extracted with CH,Cl, three times. The organ-

ics were combined, washed with brine, dried with MgSO,,

filtered, and evaporated to crude semi-solid. This material
was pumped down overnight to afford 3-amino-2-(3,4-di-

chloropheny])-1-(6-methoxypyridin-2-yl)propan-1-ol (5.51
g, 99%). Purity was judged sufficient for the next step. This

material (5.0 g, 15 mmol) was diluted in CH,Cl, (80 mL) at
room temperature, and Et,N (3.2 mL, 23 mmol) was added.

The reaction mixture was cooled to 0° C. Ethyl chlorofor-

mate (1.75 mL, 18.3 mmol) was added slowly at 0° C. After
the addition, the reaction wasstirred at room temperature

overnight. The reaction was worked up by diluting with 150
mL of CH,Cl,, sat. aq. NaHCO, (75 mL) and water (125

mL). This mixture was shaken several times, and then the
layers were separated. The aqueous fraction was extracted

with two more equal portions of CH,Cl,. All organics were

combined anddried with MgSO,filtered, and evaporated to
a crude oil. This material was dissolved in CH,Cl, and

purified in parallel by passing through three 80 gram silica
ISCO columns with a ramp from 20-40% EtOAc/Hexane.

This diluted chromatography was used to get separation of

the diastereomers. Diastereomers were identified on the
ISCO trace as well as through TLC. Three samples were

collected. Sample 1 was the “syn” diastereomeric pair,
sample 2 was a mixture of both pairs, and sample 3 was the

“anti” diastereomeric pair. A total of about 83% yield of the
desired carbamates were obtained, about 90% purity judging

roughly by NMR.Total mass of about 5.6 grams.

The pure anti fraction (0.35 g, 0.88 mmol) was dissolved
in THF (6.6 mL) andstirred in a 100 mL flask fitted with a

Dean Stark trap and condenser. To this colorless solution
was added, via gas tight syringe in several portions, the 2.0

M borane dimethysulfide complex in THF (2.2 ml, 4.4
mmol). Bubbling occurred with each addition. The reaction

washeated to 80° C., which produced a vigorousreflux. The

reaction was allowed to stir for 10 hours at reflux, solvent
was removed from the Dean Stark trap, and the product was

allowed to sit at room temperature overnight, at which point
LCMSshowed mostly desired product. The reaction was

quenched by addition of 10 mL MeOH(added drop-wise).
A vigorous reaction occurred early in the addition, and it

dissipated towards the end of the 10 mL addition. The

reaction washeated to reflux and distilled into a Dean Stark
trap for 30 minutes. After cooling to room temperature, 10%

NaHCO, (150 mL) was added, and the reaction was
extracted with CH,Cl, three times. Organics were com-

bined, washed with brine, dried with MgSO,,filtered and
evaporated to crude semi-solid, which was taken up in

CH,Cl, and run through an 80 grain ISCO column (eluted

with 20% MeOH/CH,Cl,). Good separation was achieved,
and 180 mg of the racemic product was separated on a

Multigram III] SFC system with a 30 mmx250 mm Chiral
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ADH column: sample was diluted in about 5 mL of EtOH

[0.5% isopropylamine], and stacked injections of 0.35 mL

each were run using 17.5% of i-PrOH [1% isopropylamine]

isocratic at 100 mL/minute. Two fractions were obtained,
each of which was concentrated, dissolved in diethyl ether,

then treated with HCI in diethyl ether, and concentrated in
vacuo to afford 75 mg samples. The HCIsalt of the second

eluting enantiomer included Compound ID No. 157. Based

on its lower potency at hNETrelative to the first-eluting
enantiomer (Compound ID No. 167), the configuration was

assigned as (1R,2R). 'H NMRspectroscopic data and MS
analysis were consistent with the proposedstructure.

Example 158—Synthesis of Compound ID No. 158

(CS,2S)-2-(3,4-dichloropheny])-1-(2-ethylphenyl)-
3-(methylamino)propan-1-ol)

To a stirred solution of the 2-(3,4-dichlorophenyl)acetoni-
trile (2.80 g, 15.1 mmol) in dry THF (30 mL) at -78° C. was

added drop-wise n-BuLi (6.1 mL, 15.1 mmol, 2.5 M in
hexanes). After 20 minutesstirring, a solution of the 2-eth-

ylbenzaldehyde (2.02 g, 15.1 mmol) in THF (15 mL) was
added drop-wise (color fades). After 30 minutes stirring, a

solution of acetic acid (1.05 mL, 18.3 mmol) in THF 3 mL)

was added drop-wise. After stirring the resulting clear solu-
tion for 15 minutes, the borane-tetrahydrofuran complex

(52.0 mL, 52.0 mmol, 1 M in THF) was added drop-wise,
the dry ice bath was removed, and the mixture was allowed

to warm to room temperature (gas evolution observed) and
then was heated at mild reflux for 2 hours. The mixture was

chilled to 0° C. with an ice bath, and 2 N HCI (30 mL) was

cautiously added drop-wise. The ice bath was removed, and
the mixture was heated at mild reflux for 2 hours and cooled.

The volatiles were removed in vacuo, and the resulting white
suspension wasdiluted with chloroform (150 mL) and water

(10 mL) and cooled to 0° C. The vigorously stirred mixture

was made basic by drop-wise addition of 2 N NaOH. The
layers were separated, the aqueous layer extracted with

chloroform (2x), and the organics were combined, washed
with half-saturated brine, and dried over MgSO,,. Concen-

tration to dryness afforded crude white amorphous solid
product (5.0 g), which was used as such.

To a stirred ice-cooled solution ofthe above crude product

(3-amino-2-(3,4-dichlorophenyl)-1-(2-ethylphenyl)propan-
1-ol, 5.0 g, 15.42 mmol) and Et,N (3.1 mL, 22.24 mmol) in

CH,Cl, (80 mL) was added drop-wise a solution of ethyl
chloroformate (1.9 mL, 20 mmol) in CH,Cl, (20 mL). The

mixture was stirred for 2 hours and concentrated to near
dryness in vacuo, andthe residue partitioned between ether

and aqueous sodium bicarbonate. The aqueous phase was

extracted with ether (2x), and the organics were combined,
washed with brine, dried over MgSO,, and concentrated to

give crude product (4.8 g) as a white amorphoussolid. This
was subjected to chromatography (ISCO 220 g) eluting with

a 0-50% EtOAc/hexanesgradient to give in order 2 g of syn
isomer followed by 2 g of anti isomer.

To the stirred ice-cooled borane tetrahydrofuran complex

(17 mL, 17.0 mmol) was added drop-wise a solution of the
anti-fraction described above(2.0 g, 5.05 mmol) in dry THF.

The mixture was warmed to room temperature and heatedat
mild reflux for 3 hours. The clear solution was chilled with

an ice bath and cautiously treated with drop-wise addition of
3 N HC! (10 mL). The resulting solution was warmed to

room temperature and heated at reflux for 2 hours. The

volatiles were removed by concentration in vacuo, and the
residue waspartitioned between water (15 mL) and chloro-

form (60 mL), cooled in an ice bath, and made basic with
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drop-wise addition of 2 N NaOH.Thelayers were separated,

and the aqueous phase wasextracted with chloroform (2x).

The combined organic layers were washed with half-satu-

rated brine and dried over MgSO,. The resulting crude
product (2 g) was subjected to flash chromatography on

silica, eluting with chloroform, then 0-3% MeOH/chloro-
form (ammoniated)to give 1.6 g ofpurified anti isomer. This

racemate was subjected to SFC to give a first-eluting

enantiomer (650 mg) followed by a second-eluting
enantiomer enantiomer (650 mg). P1 and P2 were separately

taken in 12 mL ofether, to approximately half of each free
base enantiomersolution. The other half was concentrated

and saved. HCl/MeOH (15% solution) was added until
acidic, and the mixture was allowed to stand at room

temperature. The resulting solids were collected, washed

with fresh ether, and dried in vacuo to give the respective
HC! salts. The HCI salt of the second-eluting enantiomer

included Compound ID No. 158. Based on its potency at
hNET (6 nM), an (1S,2S)-configuration was assigned. 'H

NMRspectroscopic data and MS analysis were consistent
with the proposed structure.

Example 159—Compound ID No. 159 ((18,2S)-2-

(3,4-dichloropheny]l)-1-(3-ethylpheny])-3-(methy1-

amino)propan-1-ol)

2-(3,4-dichlorophenyl)acetonitrile (5.8 g, 30 mmol) was
dissolved in ether (35 mL)/THF (15 mL) and cooled to -78°

C. n-BuLi (20.9 mL, 33.5 mmol, 1.6 M in hexanes) was
added slowly, and the reaction wasstirred at -78° C. for 20

minutes. 3-bromobenzaldehyde (6.20 g, 33.5 mmol) in THF

(15 mL) was added drop-wise, maintaining the temperature
under -60° C. After the addition, the reaction wasstirred at

-75° C. for another hour. Then, acetic acid (2.6 mL, 46
mmol) was added at -75° C. to quench the reaction. The

reaction mixture was warmed to room temperature, and the

organic layer was separated from the aqueous layer. The
aqueouslayer was extracted with Ether (100 mLx3), and the

combined organic layer was dried through MgSO, and
evaporated to give an orangeoil (12.9 g), which was used for

the next step directly without further purification, assuming
30 mmolof the product.

The above crude product was dissolved in THF (55 mL)

and preheated to 76° C. A solution of borane-methy] sulfide
complex (52.5 mL, 105 mmol) in THF was added drop-wise

over 30 minutes, and a Dean-Stark trap wasset up to collect
liberated Me,S. Twelve hours after the addition, LCMS

indicated near complete reaction. The reaction mixture was
cooled in a cold water bath and quenched by slow addition

of MeOH (20 mL), maintaining the temperature under 25°

C. After gas evolution ceased, the reaction mixture was
heated to 64° C. for 10-15 minutes when the B(OMe);-

MeOH complex was collected in a Dean-Stark trap. The
reaction mixture was concentrated to give a pale-yellow oil.

The pale-yellow oil was dissolved in 200 mL of CH,Cl,,
washed with sat. aq. NaHCO,, washed with brine, dried with

MgsSoO,, and concentrated to a volume of approx. 100 mL for

the next step.
The aminoalcohol product of the previous step, (3-amino-

1-(3-bromopheny])-2-(3,4-dichlorophenyl)propan-1-ol,
11.25 g, 30 mmol), was diluted in CH,Cl, (100 mL) and

combined with Et,N (6.3 mL, 45 mmol). The reaction
mixture was cooled to 0° C., and ethyl carbonochloridate

(3.5 mL, 36 mmol) was added slowly at 0° C. After the

addition, the reaction was stirred at room temperature for
several hours. Three hours later, LCMS indicated near

complete reaction, and the mixture was washed with 0.5 N
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HCl (150 mL), sat. NaHCO, (100 mL), and water (100 mL),

and dried over MgSO.Filtration and concentration in vacuo

afforded a pale-yellow oil. The pale-yellow oil was purified

by silica gel chromatography and eluted with 0-100%
EtOAc in Hexane to give two desired collections: anti-

isomer (second-eluting 4.70 g, 3-step yield: 35%, 95%
purity), and the syn-isomer collection (first-eluting, 5.16 g,

3-step yield: 38.5%, 95% purity).

The second fraction (anti-isomer, ethyl (2RS,3RS)-3-G-
bromopheny])-2-(3,4-dichlorophenyl)-3-hydroxypropylcar-

bamate, 4.60 g, 10.3 mmol) in THF (50 mL) was pre-heated
at 76° C. A solution of BH,-THF (25.7 mL, 25.7 mmol, 1 M

in THF) was added drop-wise over 15 minutes. Six hours
after the addition, LCMSindicated near complete reaction,

and the mixture was cooled to room temperature andstirred

overnight. The reaction mixture was cooled in a cold water
bath and was treated with 5 mL HCl and then 10 mL of

MeOHslowly to quench extra BH;, maintaining the tem-
perature under 25° C. After gas evolution had ceased, the

reaction mixture was heated to 64° C. for 10-15 minutes and
then concentrated to a pale-yellow oil. The reaction mixture

was concentrated to give a yellow gum. This residue was

stirred in CHC1, (100 mL)/sat. NaHCO,for 10 minutes, the
organic layer was separated, and the aqueous layer was

extracted with CHCl, (20 mLx2). The combined organic
layers were dried over MgSO, and evaporated to give a

yellow oil, which was added to a silica gel column and
eluted with 0-10% MeOH in CH,Cl, to give the desired

product (2.69 g).

The above product ((1RS,2RS)-1-(3-bromopheny])-2-(,
4-dichlorophenyl)-3-(methylamino)propan-1l-ol, 920 mg,

2.36 mmol), triethylborane (7.09 mL, 7.09 mmol), PdCl,
(dppf) (173 mg, 0.24 mmol), and K,CO, (1307 mg, 9.46

mmol) were combined in acetonitrile (8 mL) and refluxed at

85° C. overnight. After 16 hours, the reaction mixture was
diluted with 200 mL CH,Cl,, washed with _half-sat.

NaHCoO,, water, and brine, dried over MgSO,, and evapo-
rated to give a dark-brown gum. The dark-brown crude

product was addedto a silica gel column and waseluted with
0-5% ammoniated MeOH in CH,Cl, to give a brown oil.

Dueto difficult separation, this chromatographic purification

was repeated two more times. A pure fraction was isolated
(115 mg, 95% purity based on 'H NMR and LCMS). This

material was subjected to SFC separation (ADH column, 9%
EtOH with 0.5% isopropylamine). The _first-eluting

enantiomer required some additional purification and was
chromatographed with 0-5% ammoniated MeOH in CH,Cl,.

The relevant fractions were collected and concentrated. The

residue wasdiluted with 2 mL of CH,Cl,, and 0.5 mL of2M
HCIin ether was added, and then the residue was concen-

trated in vacuo to give the HCI salt of the first-eluting
enantiomer as a white solid (25.6 mg, 20.1% recovery).

The second-eluting enantiomerwaspurified in exactly the
same manner. Compound ID No. 159 included the HC! salt

of the second-eluting enantiomer (white solid, 31.1 mg,

24.4% recovery). Since the CompoundID No. 159 was more
potent at hNET thanthefirst-eluting enantiomer, Compound

ID No. 159 was assigned the (1S,2S)-configuration. 'H
NMRspectroscopic data and MS analysis were consistent

with the proposed structure.

Example 160—Synthesis of Compound ID No. 160
(C1S,2S)-2-(3,4-dichloropheny])-1-(2-methoxyphe-

nyl)-3-(methylamino)propan-1 -ol)

2-(3,4-dichlorophenyl)acetonitrile (4.52 g, 24.3 mmol)

was taken up in ether (30 mL) and THF (30 mL) and cooled
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to -78° C. n-BuLi (16.4 mL, 26.2 mmol, 1.6 M in hexane)
was added drop-wise, maintaining the temperature below

-60° C., and the mixture was allowedto stir for 15 minutes.

2-methoxybenzaldehyde (3.31 g, 24.3 mmol) dissolved in
THF (20 mL) was added slowly drop-wise to maintain the

temperature below -55° C.After stirring for 1 hour at -75°
C., the reaction was quenched by addition ofacetic acid (2.1

mL, 36 mmol) dissolved in 5 mL of diethyl ether, maintain-
ing internal temperature below -55° C. The reaction was

worked up by adding 100 mL ofwater, separating the layers,

and extracting the aqueous phase two times with EtOAc.
The combined organic layers were washed with sat. aq.

NaHCoO,, dried with MgSO,, filtered, and evaporated to a
thick clear, pale yellow oil (7.6 grams). This residue was

dissolved in CH,Cl., 50 gramsofsilica gel was added, and
the mixture was evaporated to dryness. The solid dispersion

was split into two equal portions and ran through two

separate 80 gram ISCO columnseluting with 0-60% EtOAc/
Hexane. Twofractions were isolated that contained diaste-

reomeric mixtures of the desired product. These were com-
bined to give the desired product 2-(3,4-dichlorophenyl)-3-

hydroxy-3-(2-methoxyphenyl)propanenitrile (6.80 g, 87%).
This material was dissolved in THF (185 mL) and added

to a 500 mL flask fitted with a Dean Stark trap and

condenser. The solution was heated to 75° C., and to this
colorless solution was added,via gas tight syringe in several

portions, the borane-methy] sulfide complex (26.4 ml, 52.8
mmol). Bubbling occurred with each addition. The reaction

was heated to 75° C., which produced a mild reflux. After 4
hoursreflux,the reaction was worked up by cooling to 0° C.,

upon which 4 M HClin dioxane (9 mL) was added, followed

by the very slow addition of MeOH (20 mL). After copious
gas evolution had ceased, the reaction was heated to 75° C.

for 30 minutes, collecting and disposing of the distillate
through the Dean Stark trap. The reaction was then cooled

to room temperature and concentrated in vacuo. The residue

wasdissolved in CH,Cl, and shaken with 10% aq. NaHCO,.
These layers were separated, the aqueous phase was

extracted with two more equal portions of CH,Cl,, and the
combined organic layers were dried with MgSO,, filtered,

and evaporated to a yellow foamy oil (G-amino-2-(3,4-
dichlorophenyl)-1-(2-methoxyphenyl)propan-1-ol, 6.85 g,

99%).
This material was dissolved in CH,Cl, (110 mL), Et,N

(4.39 mL, 31.5 mmol) was added, and the reaction mixture

was cooled to 0° C. Ethyl carbonochloridate (2.42 mL, 25.2
mmol) was added slowly at 0° C. After the addition, the

reaction was stirred at room temperature for 1.5 hours.
LCMSconfirmed near complete reaction, and the reaction

was worked up by diluting with 150 mL of CHCl,, 75 mL

of sat. aq. NaHCO,, and water (125 mL). This mixture was
shaken several times, and then the layers were separated.

The aqueous phase was extracted with two more equal
portions of CHCl,. All organics were combined, dried with

MgsO,,filtered, and evaporated to a yellow foamy oil (9.42
g). The residue was dissolved in CH,Cl, and absorbed onto

about 100 g ofsilica gel. This solid dispersion was portioned

in half, and halfwas run through two 80 gram normal phase
ISCO columns. Careful separation resulted in a pure anti-

sample (2.72 g).
This material (ethyl (2RS,3RS)-2-(3,4-dichlorophenyl)-3-

hydroxy-3-(2-methoxyphenyl)propylcarbamate, 2.72  g,
6.83 mmol) and 50 mL THF weretransferred to a 500 mL

flask equipped with a magnetic stirrer, addition funnel,

thermometer, and Dean-Stark trap fitted with a condenser
and nitrogen inlet. A solution of borane-methyl sulfide

complex (17.1 mL, 34.1 mmol) was added slowly, and the
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solution was heated to reflux (75° C.). Dimethyl sulfide was

removed from the Dean-Stark trap over 30 minutes, and then

the reaction was allowed to heat at that temperature for an

additional hour. Another 10 mL of borane-methyl] sulfide
complex was added, dimethyl] sulfide was removedfrom the

Dean-Stark trap over 30 minutes, and the reaction was
allowed to heat at 75° C. on a timer for 18 hours and then

allowed to sit at room temperature for the rest of the

weekend. LCMSindicated near complete reaction, and the
reaction was quenched by addition of MeOH (15 mL),

followed by 4M HClin dioxane (5 mL) After stirring for 20
minute, volatiles were removed in vacuo. The residue was

taken back up in CH,Cl, (200 mL), sat. sodium carbonate
(50 mL), and water (50 mL). The layers were separated, and

the organic phase was extracted three times with CH,Cl,.

All organics were combined, dried with MgSO,, filtered,
and evaporated. The residue was taken up in CHCl, and

absorbed onto silica gel. Separation with an 80 gram normal
phase ISCO column and 0-20% MeOH/CHCI, as the eluent

afforded the product in high purity (1.24 g).
A portion ofthis material (450 mg) was submitted for SFC

separation. The two enantiomeric fractions were returned,

concentrated in vacuo, redissolved in CHC1;, and washed
with 10% NaHCo,. The aq. layer was back extracted with

CHC1,, and the combinedlayers were dried over MgSO, and
evaporated to clear oils. Each was dissolved in ether, to

which 2 M HCI in ether was added, and the sample con-
centrated in vacuo to give solids. The first-eluting

enantiomer HCl included 215 mg, and the second-eluting

enantiomer HCl salt, which is Compound ID No. 160
included 220 mg. Based on the greater hNET potency of

Compound ID No. 160 relative to the first-eluting
enantiomer, (1S,2S)-configuration was assigned. 'H NMR

and MSspectral data were consistent with the proposed

structure.

Example 161—Synthesis of Compound ID No. 161
(CR,2S)-1-(-bromophenyl)-2-(3,4-dichlorophenyl)-

3-(methylamino)propan-1-ol)

2-(3,4-dichlorophenyl)acetonitrile (5.78 g, 30.5 mmol)
was dissolved in ether (35 mL)/THF (15 mL) and cooled to

-78° C. n-BuLi (20.9 mL, 33.5 mmol) was added slowly,

and the reaction was stirred at -78° C. for 20 minutes.
3-bromobenzaldehyde (6.20 g, 33.5 mmol) in THF (15 mL)

was added drop-wise, maintaining the temperature under
-60° C. After the addition, the reaction wasstirred at -78°

C. for another hour. The reaction was quenched by the
addition of acetic acid (2.6 mL, 46 mmol)-78° C. and was

warmed to room temperature, and the organic layer was

separated from the aqueous layer. The aqueous layer was
extracted with ether (100 mLx3), and the combined organic

layers were dried over MgSO, and evaporated to give an
orange oil, which was used for next step directly without

further purification, assuming <30 mmole of the product.
This material, (3-(3-bromophenyl)-2-(3,4-dichlorophe-

nyl)-3-hydroxypropanenitrile, 12.9 g, 30 mmol) in THF (55

mL) was preheated at 76° C., and a solution of borane-
methyl sulfide complex (52.5 mL, 105 mmol) in THF was

added drop-wise over 30 minutes. A Dean-Stark trap wasset
up to collect liberated SMe,. Twelve hoursafter the addition,

LCMSindicated near complete reaction, and the reaction
mixture was cooled in a cold water bath and quenched by

slow addition of 4M HCl in dioxane (10 mL) and 20 mL of

MeOH, maintaining the temperature under 25° C. After gas
evolution had ceased, the reaction mixture was heated to 64°

C., and the B(OMe);-MeOH complex was collected in a
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Dean-Stark trap. The reaction mixture was concentrated to

give a pale-yellow oil, diluted in 200 mL ofCH,CL,,basified

with sat. NaHCO,, washed with brine, dried over MgSO,,

and concentrated to about 100 mL for the next step directly

without further purification, assuming the product <30

mmoles.

This material (3-amino-1-(3-bromophenyl)-2-(3,4-di-

chloropheny])propan-1-ol, 11.25 g, 30 mmol) wasdiluted in

CH,Cl, (100 mL) at room temperature, and Et,N (6.27 mL,

45.00 mmol) was added. The reaction mixture was cooled to

0° C., and ethyl carbonochloridate (3.5 mL, 36 mmol) was

added slowly at 0° C. After the addition, the reaction was

stirred at room temperature. After three hours, LCMS con-

firmed a near complete reaction. The reaction was worked

up by washing with 0.5 N HCI (150 mL), sat NaHCO, (100

mL), and water (100 mL), dried through MgSO,,and then

evaporated to give a pale yellow oil. This residue was added

to a silica gel column and was eluted with 0-100% EtOAc

in Hexaneto separate the diastereoisomers. The syn-isomer

eluted first and was evaporated to give a pale-yellow oil

(5.16 g, 3-step yield: 38.5%, 95% purity). The anti-isomer
eluted second and was evaporated to give a pale-yellow oil

(4.70 g, 3-step yield: 35%, 95% purity).

The syn isomer (ethyl (2RS,3SR)-3-(3-bromophenyl)-2-
(3,4-dichlorophenyl)-3-hydroxypropylcarbamate, 5.1 g,

11.41 mmol) in THF (60 mL) waspreheated at 76° C., and
borane-methy] sulfide complex (5.4 mL, 57 mmol) in THF

(20 mL) was added drop-wise over 30 minutes. A Dean-
Stark trap was set up to collect liberated SMe,. After the

reaction was refluxed for 24 hours, it was cooled to room

temperature, and LCMSindicated nearly complete conver-
sion.
The reaction mixture was cooled in a cold water bath and

was quenched with 4M HCl in Dioxane (5 mL) followed by

MeOH (30 mL), maintaining the temperature under 25° C.

After the copious gas evolution ceased, the reaction mixture
washeated to 64° C., and the B}(OMe),-MeOH complex was

collected in a Dean-Stark trap. The reaction mixture was
concentrated to give a yellow gum as a HClsalt of the

desired product. The HCI salt was stirred in CHCl, (200
mL)/sat. NaHCO, for 10 minutes, the organic layer sepa-

rated, and the aqueous layer extracted with CHCl, (50

mLx2). The combined CHCl, layer was dried through
MgSO,and evaporated to give a yellow oil. The yellow oil

was addedto a silica gel column and waseluted with 0-5%
MeOHin CH,Cl, to afford the desired product (3.79 g, 85%

yield, 95% purity). A sample (308 mg) of this material was
subjected to SFC separation (ADH column, 20% EtOH with

0.5% isopropylamine), and two enantiomeric fractions were

collected. The first-eluting enantiomer contained a signifi-
cant amount ofunknown contaminant from SFC system (‘H

NMR)andwaspurified by acidification with TFA (2 mL) for
5 minutes, neutralized with 1 N NaOH (15 mL~x2), dried

through MgSO,, and concentrated to a yellow oil. The
yellow oil was purified by silica gel chromatography, eluting

with 0-5% ammoniated MeOH in CHCl,to give the desired

product, as a colorless gel. This material was diluted with 2
mL of CH,Cl,, 0.5 mL of 2 M HCI in ether was added, and

the material was then concentrated in vacuoto give its HCl
salt, as a white solid (111.3 mg, 33% recovery, 98% purity).

This HC]salt of the first-eluting enantiomer included Com-
pound ID No. 161. ‘H NMR and MSdata were consistent

with the proposed structure. The second-eluting enantiomer

was purified and converted to its HCIsalt in exactly the same
manner (110.6 mg, 32.8% recovery, 98% purity). Since the

first-eluting enantiomer (Compound ID No. 161) was more
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potent at hNET than the second-eluting enantiomer, the
(1R,2S)-configuration was assign to Compound ID No.161.

Example 162—Synthesis of Compound ID No. 162
((1R,2R)-1-@G-bromopheny])-2-(3,4-dichlorophe-
nyl)-3-(methylamino)propan-1-o1 hydrochloride)

CompoundID No. 162 is the enantiomer of the compound
in Example 76. The combined fractions of the first eluting
enantiomer were concentrated in vacuo and converted to an
HC!salt, which afforded 31 mg of Compound ID No. 162,
which was shownby the described SCF system to have 99%
enantiomeric excess. 'H NMR (300 MHz, CDCl) 8 7.38 (t,
J=1.6 Hz, 1H), 7.29 (ddd, J=8.5, 1.3, 1.2 Hz, 1H), 7.25 (d,
J=5.1 Hz, 1H), 7.13 (d, J=2.1 Hz, 1H), 7.02 (t, J=7.8 Hz,
1H), 6.89 (d, J=7.6 Hz, 1H), 6.82 (dd, J=8.2, 2.1 Hz, 1H),
4.91 (d, J=8.0 Hz, 1H), 3.19 (dd, J=12.1, 9.8 Hz, 1H), 3.01
(dd, J=12.4, 3.1 Hz, 1H), 2.85 (dd, J=7.9, 3.1 Hz, 1H), 2.50
(s, 3H). Since this enantiomer was less potent at hNET than
the first-eluting enantiomer, it was presumed to be (1R,2R)-
configured.

Example 163—Synthesis of Compound ID No.163
((AR,2S)-2-(3,4-dichlorophenyl)-3-(methylamino)-1-
(3-(nethylthio)phenyl)propan-1-ol hydrochloride)

Compound No. 163¢ (5.1 g, 12.31 mmol) in THF (60 mL)
was preheated at 76° CC. for  gentle-refluxing.
Borane*dimethylsulfide complex (5.84 mL, 61.54 mmol)
was added drop-wise over 30 minutes, and a Dean-Stark trap
was set up to collect liberated SMe,. The material was
refluxed overnight and cooled to room temperature. The
reaction mixture was cooled in a cold water bath and treated
with 4M HCl in dioxane (5.0 mL) to generate a HCIsalt.
Then 30 mL of MeOH was added slowly to quench extra
BH,, maintaining the temperature under 25° C. Gas bubbles
were formed as MeOH wasadded. The reaction mixture was
heated to 64° C. (to make sure all of BH, was quenched) for
three hours when the B(OMe);-MeOH complex was col-
lected in a Dean-Stark trap. The reaction mixture was
concentrated to give a white solid as an HCI salt of the
desired product. The HCI salt was stirred in CHCl, (100
mL)/NaHCO,(saturated) for 10 minutes, the organic layer
was separated from the aqueous, and the aqueous layer was
extracted with CHCl, (20 mLx2). The combined CHCl,
layer was dried over MgSO, and evaporatedto give a yellow
stinky oil. The yellow oil was addedto asilica gel column
and was eluted with 0-10% MeOHin CH,Cl,. The collected
fractions gave the crude racemate as a colorless gel 3.43 g
(78% yield). The racemate was separated into its component
enantiomers using SFC (ADH column, 20% EtOH with
0.5% dimethylethylamine) resulting in enantiomerretention
times of 7.3 and 9.4 minutes, respectively. The combined
fractionsofthe first eluting enantiomer were concentrated in
vacuo and acidified in the usual way yielding 100 mg of
Compound ID No. 163 as an HC]salt, which was shown by
the SCF system to have >95% enantiomeric excess. 'H

NMR(300 MHz, CDC1,) 8 7.28 (d, J=8.4 Hz, 1H) 7.05-7.21
(m, 3H) 6.93 (s, 1H) 6.89 (d, J=8.0 Hz, 1H) 6.82 (d, J=7.2
Hz, 1H) 4.91 (br. s., 1H) 3.12-3.26 (m, 1H) 2.75-2.94 (m,
2H)2.37 (s, 6H). Since this compound was the more potent
syn-enantiomer at hNET, it was presumed to be (1R,2S)-

configured.

Example 163a—Synthesis of Compound No. 163a
(QRS,3SR)-2-(3,4-dichlorophenyl)-3-hydroxy-3-(3-

(methylthio)phenyl)propanenitrile)

2-(3,4-dichlorophenyl)acetonitrile (5.8 g, 30.55 mmol)

was dissolved in THF (15 mL) and diethyl ether (35 mL)
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then cooled to -75° C. n-Butyl lithium (13.44 mL, 33.61

mmol) was added slowly, and the reaction was stirred at

-75° C. for 20 minutes. 3-(methylthio)benzaldehyde (5.12

g, 33.61 mmol) in THF (15 mL) was added drop-wise,

maintaining the temperature under -70° C. After the addi-

tion, the reaction was stirred at -75° C. for another hour.

Then, acetic acid (2.62 mL, 45.83 mmol) was added at -75°
C. to quench the reaction. The reaction mixture was warmed

to room temperature and diluted with saturated NaHCO,(50
mL), and the organic layer was separated from the aqueous

layer. The aqueous layer was extracted with ether (100

mLx2), and the combined organic layer was dried through
MgSO,and evaporated to give an oil, which was used in the

next step without further purification. 'H NMR data
matched the proposedstructures.

Example 163b—Synthesis of Compound No. 163b

((ARS,2SR)-3-amino-2-(3,4-dichlorophenyl)-1-3-
(methylthio)phenyl)propan-1-ol)

Compound No. 163a (10.15 g, 30 mmol) in THF (55 mL)
was preheated at 76° C.for gentle refluxing. The solution of

borane dimethyl sulfide complex (45.0 mL, 90.0 mmol) in
THF was added drop-wise over 15 minutes, and a Dean-

Stark trap was set up to collect liberated dimethylsulfide.
The reaction was allowed to stir while heating for 4 hours.

Upon cooling, the reaction mixture was cooled in a cold

water bath and quenched with extra BH, with 20 mL of
MeOHslowly, maintaining the temperature under 25° C.

Gas bubbles were formed as MeOH wasadded. The reaction
mixture was heated to 64° C. (to make sure all of BH, was

quenched) for 10-15 minutes when the B(OMe),-MeOH

complex was collected in a Dean-Stark trap. The reaction
mixture was concentrated to give a pale-yellow foam as the

desired product which was used in the next step without
further purification. 'H NMR data matched the proposed

structures.

Example 163c—Synthesis of Compound No. 163c
(ethyl((2RS,3SR)-2-(3,4-dichloropheny])-3-hydroxy-

3-(3-(methylthio)phenyl)propyl)carbamate)

Compound No. 163b (11.36 g, 30.0 mmol) was diluted in

CH,Cl, (100 mL) at room temperature, and TEA (12.54 mL,
90.0 mmol) was added. The reaction mixture was cooled to

0° C. Ethyl chloroformate (3.46 mL, 36.00 mmol) was
added slowly at 0° C. After the addition, the reaction was

stirred at room temperature for several hours. The reaction

was washed with 0.5 N HCI (150 mL), saturated NaHCO,
(100 mL), and water (100 mL), dried over MgSO,, and then

evaporated to give a yellow oil. The yellow oil was added to
a silica gel column and was eluted with 0-100% EtOAc in

hexane to give three fractions: anti isomer, syn isomer, and
an unknown. The anti isomer fraction was evaporated to

give a pale-yellow oil (4.85 g), and the desired syn-isomer

fraction was evaporated to give a pale-yellow oil (5.14 g).
The syn isomer was taken on to the next step without further

purification. 'H NMRdata matchedthe proposedstructures.

Example 164—Synthesis of Compound ID No. 164
(CS,2S)-2-(3,4-dichloropheny])-1-(2-iodophenyl)-3-

(methylamino)propan-1-ol)

To a stirred solution of 2-(3,4-dichlorophenyl)acetonitrile

(2.80 g, 15.1 mmol) in dry THF (0 mL) at -78° C. (dry
ice-acetone bath) was added drop-wise the n-BuLi (canary

yellow solution). After 20 minutes stirring at -78° C., a
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solution of the 2-iodobenzaldehyde (3.49 g, 15.1 mmol) in

THF (15 mL) was added drop-wise (color fades). After 30

minutes stirring at -78° C., a solution of acetic acid (1.05

mL, 18.3 mmol) in THF @ mL) was added drop-wise. After

stirring the resulting clear solution for 15 minutes, borane-

tetrahydrofuran complex (52.0 mL, 52.0 mmol, 1 M in THF)

was added drop-wise, the dry ice bath was removed, and the

mixture was allowed to warm to room temperature (gas

evolution observed) and then heated at mild reflux for 2

hours. The mixture was then cooled with an ice bath, and the

reaction was quenchedbythe addition of 2 N HCl 30 mL,

drop-wise). The ice bath was removed, and the mixture was

heated at mild reflux for 2 hours and then cooled. The

volatiles were removed on rotovap, and the resulting white

suspension wasdiluted with chloroform (250 mL), cooled to

0° C., and vigorously stirred with 1N NaOH. Thelayers

were separated, the aqueous layer was extracted with chlo-

roform (2x), and the organics were combined, washed with

half-saturated brine, and dried over MgSO,. Concentration

to dryness afforded a white amorphoussolid (6.30 g), which

was used below.
To a stirred ice-cooled solution of this material (3-amino-

2-(3,4-dichlorophenyl)-1-(2-iodophenyl)propan-1-ol, 6.30

g, 14.9 mmol) and Et,N (3.1 mL, 22 mmol) in CH,Cl, (80
mL) was added drop-wise a solution of ethyl chloroformate

(1.9 mL, 20 mmol) in CHCl, (20 mL). The mixture was
stirred for 2 hours and concentrated to near dryness on

rotovap, and the residue was partitioned between ether and
aqueous sodium bicarbonate. The aqueous phase was

extracted with ether (2x), and the organics were combined,

washed with brine, dried, and concentrated to give crude
product (6.5 g) as a white amorphoussolid. This material

was subjected to chromatography (ISCO 220 g) eluting with
a 0-50% EtOAc/hexanes gradient to give in order 3.7 g of

syn isomer followed by 0.65 g of anti isomer.

To a stirred ice-cooled borane-tetrahydrofuran complex
(6.0 mL, 6.0 mmol 1 M in THF) was added drop-wise a

solution of the anti-carbamate described above (0.65 g, 1.3
mmol) in dry THF. The mixture was warmed to room

temperature and heated at mild reflux for 3 hours. The clear
solution was chilled with an ice bath and cautiously

quenched by drop-wise addition of 3 N HCl (10 mL). The

resulting solution was warmed to room temperature and
heated at reflux for 2 hours, the volatiles were removed on

rotovap, diluted with water (15 mL) and chloroform (60
mL), cooled in an ice bath, and made basic with drop-wise

addition of 2 N NaOH, and the layers separated. The
aqueous phase was extracted with chloroform (2x), and the

combined organics were washed with half-saturated brine

and dried over MgSO,,. Theresulting crude product (0.6 g)
was subjected to flash chromatography onsilica gel eluting

with chloroform, then 0-3% MeOH/chloroform (ammoni-
ated) to give 0.5 g of the pure racemic anti product. This

material was subjected to SFC separation, which afforded
the first-eluting enantiomer (200 mg) followed by the sec-

ond-eluting enantiomer (220 mg). Both enantiomers had

unrelated 8-10% impurity present (by 1H NMR) and were
separately purified by LC to give 150 mg samples of both

enantiomers. These were separately taken in 6 mL ofether,
and 15% HCl in MeOH was added. The samples were

concentrated in vacuo, and the resulting solids were tritu-
rated with ether, collected, and dried in vacuo to give the

respective HCI salts (112.2 and 146 mg, respectively).

Compound ID No. 164 included the second-eluting
enantiomer HCIsalt. Its 'H NMR and MSspectral data were

consistent with the proposed structure. Based on the greater
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potency of Compound ID No. 164 at hNET to thefirst-

eluting enantiomer, it was assigned the (1S8,2S)-configura-

tion.

Example 165—Synthesis of Compound ID No. 165

(C1R,2S)-2-(3,4-dichlorophenyl)-1-(3-iodopheny1)-3-
(methylamino)propan-1-ol)

To a stirred solution of 2-(3,4-dichlorophenyl)acetonitrile

(1.86 g, 10.0 mmol) in dry THF (20 mL) at -78° C. was

added drop-wise n-BuLi (4.0 mL, 10 mmol, 2.5 M in
hexanes). After 20 minutesstirring at -78° C., a solution of

the 3-iodobenzaldehyde (2.32 g, 10.0 mmol) in THF (10
mL) was added drop-wise. After 30 minutesstirring at -78°

C., a solution of acetic acid (0.720 mL, 12.5 mmol) in THF
(2 mL) was added drop-wise. After stirring the resulting

clear solution for 15 minutes, borane-tetrahydrofuran com-

plex (5.0 mL, 35.0 mmol, 1 M in THF) was added
drop-wise, the dry ice bath was removed, and the mixture

was allowed to warm to room temperature (gas evolution
observed) and then heated at mild reflux for 2 hours. The

mixture was chilled to 0° C. with an ice bath, 2 N HCl (20
mL) was cautiously added drop-wise, the ice bath was

removed, and mixture was heated at mild reflux for 2 hours.

After cooling, the volatiles were removed on rotovap, and
the white suspension wasdiluted with chloroform (150 mL),

cooled to 0° C., and vigorously stirred with 1 N NaOH. The
layers were separated, the aqueous layer was extracted with

chloroform (2x), and the organics were combined, washed
with half-saturated brine, and dried over MgSO... Concen-

tration to dryness afforded a white amorphoussolid (4.5 g),

which was used as such below.
To a stirred ice-cooled solution of this material (3-amino-

2-(3,4-dichlorophenyl)-1-(3-iodophenyl)propan-1l-ol, 4.25
g, 10.1 mmol) and Et,N (2.09 mL, 15.0 mmol) in CH,Cl,

(60 mL) was added drop-wise a solution of ethyl chlorofor-

mate (1.25 mL, 13.0 mmol) in CH,Cl, (10 mL). The mixture
wasstirred for 2 hours and concentrated to near dryness on

rotovap. The residue was partitioned between ether and
aqueous sodium bicarbonate and extracted with ether (2x),

and the organics were combined, washed with brine, dried,
and concentrated to give crude product (4.8 g) as a white

amorphoussolid. This was subjected to chromatography

(ISCO 220g) eluting with a 0-50% EtOAc/hexanes gradient
to give in order purified “syn” isomer (2.0 g) followed by

purified “anti” isomer (1.3 g) as amorphous syrupysolids.
The aforementioned syn isomer ethyl ((2RS,3SR)-2-(3,4-

dichlorophenyl)-3-hydroxy-3-(3-iodopheny]l)propylcarbam-
ate, 2.0 g, 4.05 mmol) in 10 mL THFwasaddedto the stirred

ice-cooled borane tetrahydrofuran complex (15.0 mL, 15.0

mmol). The mixture was warmed to room temperature and
heated at mild reflux for 3 hours. The clear solution was then

chilled with an ice bath and cautiously quenched by the
drop-wise addition of 3 N HCl (10 mL). The resulting

solution was warmed to room temperature and heated at
reflux for 2 hours, the volatiles were removed on rotovap,

the aqueous phase was diluted with water (15 mL) and

chloroform (60 mL), cooled in an ice bath and made basic
with drop-wise addition of 2 N NaOH,and the layers were

separated. The aqueous phase was extracted with chloro-
form (2x), and the combined organics were washed with

half-saturated brine, dried, and concentrated in vacuo. The
resulting crude product (1.1 g) was subjected to flash chro-

matography on silica eluting with chloroform, then 0-3%

MeOH/chloroform (ammoniated) to give purified product
(0.9 g). This material was subjected to SFC separation to

give a first-eluting enantiomer (370 mg) and a second-
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eluting enantiomer (390 mg). These materials were sepa-

rately taken in 12 mL ofether, and 15% HCl in MeOH was

added until acidic. The resulting solids were collected,

washed with fresh ether, and dried in vacuo to give the

respective HCI salts. Compound ID No. 165 included the

HC]salt of thefirst-eluting enantiomer. Based on its higher

potency at hNETto the second-eluting enantiomer, it was

assigned the (1R,2S)-configuration. ‘H NMRand MSspec-

tral data were consistent with the proposed structure.

Example 166—Synthesis of Compound ID No. 166

(C1S,2S)-2-(3,4-dichloropheny])-1-(5-methoxypyri-
din-3-yl)-3-(methylamino)propan-1-ol hydrochlo-

ride)

CompoundID No.166 is the enantiomer of the compound

in Example 109. The combined fractions of the second
eluting enantiomer were concentrated in vacuo and con-

verted to an HCI salt, which afforded Compound ID No.
166. Since this enantiomer was more potent at hNET than

the first-eluting enantiomer, it was presumedto be (1S,2S)-

configured. 'H NMRspectroscopic data and MSanalysis
were consistent with the proposedstructure.

Example 167—Synthesis of Compound ID No. 167

(C1S,2S)-2-(3,4-dichloropheny])-1-(6-methoxypyri-
din-2-yl)-3-(methylamino)propan-1-ol)

Compound ID No. 167 is the first eluting enantiomer

described in Example 157. It was assigned (18,2S) configu-

ration based on its higher potency at hNET relative to the
second-eluting enantiomer (Compound ID No. 157). Spec-

tral data were identical to that of Compound ID No. 157.

Example 168—Synthesis of Compound ID No. 168
(C1S,2S) or (1R,2R)-2-(3,4-dichlorophenyl)-1-3-

(dimethylamino)phenyl)-3-(methylamino)propan-1-
ol)

The preparation of this compound is described in
Example 108. Compound ID No. 168 is the first eluting

enantiomer described in Example 108. The potencies of both
compounds at hNET are similar, and it is not possible to

assign absolute configuration to either.

Example 169—Synthesis of Compound ID No. 169
((AR,2R)-1-(6-chloropyridin-3 -yl)-3-(methylamino)-

2-(naphthalen-2-yl)propan-1-ol)

The preparation of Compound ID No.169 is described in

Example 26, in which it is the first-eluting enantiomer.
Based on its lower potency at hNETrelative to Compound

ID No.26, it was assigned an (1R,2R)-configuration.

Example 170—Synthesis of Compound ID No. 170
((AR,2S)-2-(3,4-dichlorophenyl)-3-(methylamino)-1-

(2-(methylsulfonyl)phenyl)propan-1-ol hydrochlo-

ride)

To a solution of Compound No.170a (95 mg, 0.19 mmol)
in DCM was added drop-wise TFA (100 uL, 1.30 mmol).

This solution wasstirred at room temperature for 1 hour. The
volatiles were then removed, and the resulting residue was

taken in DCM (5 mL), made basic by shaking with excess

saturated sodium bicarbonate, and extracted with DCM. The
organics were concentrated to dryness to give the free base

product. This was taken in ether (4 mL) and made acidic
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with HCl/MeOH,and concentrated to dryness. The residue

was triturated with ether (2x), and the white solid was

collected and dried in vacuo to give the product (52.1 mg,

64.6%). 'H NMRspectroscopic data and MSanalysis were

consistent with the proposed structure.

Example 170a—Synthesis of Compound No. 170a

(tert-buty] tert-butyl((2R,3S)-2-(3,4-dichlorophe-

nyl)-3-hydroxy-3-(2-(methylsulfonyl)phenyl)propyl)
(methyl)carbamate)

To a stirred solution of Compound No. 170b (110 mg,

0.24 mmol) in THF and water at room temperature was

added solid oxone (560 mg, 0.91 mmol). The mixture (with
slight turbidity) was stirred at room temperature for 6 hours.

The volatiles were then evaporated and diluted with DCM
(15 mL). This mixture was made basic with addition of

saturated sodium bicarbonate. The aqueous was extracted
with DCM. The organic layer was separated, dried, and

concentrated to give the crude product as a clear syrup (110

mg). This was subjected to ISCO chromatography (0-50%
EtOAc/hexanes gradient) to give Compound No. 170a (100

mg, 85%) as a foamysolid. This compound wasusedin the
next step without further purification. 'H NMRspectro-

scopic data and MS analysis were consistent with the
proposedstructure.

Example 170b—Synthesis of Compound No. 170b

(tert-butyl ((2R,3S)-2-(3,4-dichlorophenyl)-3-hy-

droxy-3-(2-(methylthio)pheny])propyl)(methyl)car-
bamate)

To a stirred, ice-cooled solution of Compound No. 170c

(220 mg, 0.62 mmol) andtriethylamine (0.095 mL, 0.68

mmol) in 4 mL DCM was added drop-wise a solution of
Boc,0 (0.158 mL, 0.68 mmol) in DCM. The mixture was

allowed to gradually warm to room temperature over 2
hours. The volatiles were then removed, and the resulting

residue wasdissolved in chloroform and subjected to ISCO
chromatography (0-30% EtOAc/hexanes gradient) to give

purified Compound No. 170b (220 mg, 78%). H NMRand

MSspectral data were consistent with the proposed struc-
ture.

Example 170c—Synthesis of Compound No. 170c

((AR,2S)-2-(3,4-dichlorophenyl)-3-(methylamino)-1-
(2-(methylthio)phenyl)propan-1-ol hydrochloride)

To a stirred solution of 2-(3,4-dichlorophenyl)acetonitrile

(5.6 g, 30 mmol) in dry THF (60 mL) at -78° C. was added

drop-wise the n-BuLi (2.5 M in hexanes, 12.0 mL, 1.0
equiv). After 20 minutes stirring at -78° C., a solution of the

2-(methylthio)benzaldehyde (3.9 mL, 30 mmol) in THF (20
mL) was added drop-wise. After 30 minutesstirring at -78°

C., a solution of acetic acid (2.1 mL, 36.68 mmol) in THF
(5 mL) was added drop-wise. After stirring the resulting

clear solution for 15 minutes, the borane tetrahydrofuran

complex (100 mL, 100 mmol) was added drop-wise, the dry
ice bath was removed,and the mixture was allowed to warm

to room temperature (gas evolution observed) and then
heated at mild reflux for 2 hours. The mixture waschilled to

0° C., and 2N HCl (60 mL) was cautiously added drop-wise.
The ice bath was removed, and the mixture was heated at

reflux for 2 hours and then cooled. The volatiles were

removed in vacuo. The suspension was diluted with chlo-
roform (150 mL), cooled to 0° C., and vigorously stirred

while making basic by drop-wise addition of 1 N NaOH.The
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layers were separated, the aqueous layer was extracted with

chloroform (2x), and the organics were combined, washed

with half-saturated brine, dried, and concentrated in vacuo to

afford a white amorphous solid (10.3 g), which was pre-
sumedto be the primary amine. This material (10.3 g, 30.1

mmol) was combined with Et,N (6.3 mL, 45 mmol) in DCM
(140 ml) and was added drop-wise to a solution of ethyl

chloroformate (3.8 mL, 40 mmol) in DCM (40 mL). The

mixture was stirred for 2 hours and concentrated to near
dryness on rotovap, and the residue waspartitioned between

ether and aqueous sodium bicarbonate and extracted with
ether (2x). The organics were combined, washed with brine,

dried, and concentrated to give crude ethyl carbamate (10 g)
as a white amorphoussolid. Approximately half was sub-

jected to chromatography (ISCO 220 g column)eluting with

a 0-50% EtOAc/hexanes gradient to give isomer 1 (1.0 g)
followed by isomer 2 (1.6 g, used as such in the following

step). Isomer 1 (1.0 g, 2.41 mmol) dissolved in THF (15 mL)
was added drop-wise to the stirred ice-cooled boranetetra-

hydrofuran complex (10 mL, 10.00 mmol) in dry THF. The
mixture was warmed to room temperature and then heated at

mild reflux for 3 hours. The clear solution was chilled with

an ice bath, and then 3N HCl (10 mL) was added drop-wise
cautiously. The resulting solution was warmed to room

temperature and heatedat reflux for 2 hours. After removal
of volatiles in vacuo, the aqueous suspension was diluted

with water (15 mL) and chloroform (60 mL), cooled in ice
bath, and made basic with drop-wise addition of 2N NaOH.

The layers were separated, the aqueous layer was extracted

with chloroform (2x), and the organics were washed with
half-saturated brine, dried, and concentrated in vacuo. The

resulting crude product (1.1 g) was subjected to flash chro-
matography on silica eluting with chloroform, then 0-3%

MeOH/chloroform (ammoniated) to give 0.9 g of the puri-

fied racemic syn diastereomer. This material was submitted
to SFC separation to give a first-eluting enantiomer (370

mg) followed by a second eluting enantiomer (320 mg). The
first-eluting enantiomer was converted to the HClsalt.

Based on its potency at hNETrelative to it is enantiomer,it
was presumed to be (1R,2S)-configured. 'H NMRspectro-

scopic data and MS analysis were consistent with the

proposed structure.

Example 171—Synthesis of Compound ID No. 171
((1R,2R)-2-(3,4-dichlorophenyl)-1-(2-methoxypyri-

din-3-yl)-3-(methylamino)propan-1-ol hydrochlo-
ride)

Compound No.171c (1.2 g, 3.01 mmol) wasdissolved in

15 mL THF,stirred, and heated to 80° C. To this colorless

solution was added, via gas tight syringe in several portions,
the borane reagent (1.0M in THF, 15.03 mL, 15.03 mmol).

Bubbling occurred with each addition. The reaction was kept
at a constant 80° C., which produced a mild reflux for 10

hours. Upon cooling, the reaction was quenched with careful
addition of 5 mL of MeOH.After the bubbling subsided, 1

mL of 1.0M HCI in dioxane wasadded, and the mixture was

heated to reflux for 15 minutes and then cooled to room
temperature. The volatiles were evaporated on a rotary

evaporator. 10% NaHCO,was added, and the aqueouslayer
wasextracted three times with an equal volume of CH,Cl,.

The organic extracts were combined, washed with water,
dried with MgSO,,filtered, and evaporated in vacuo. The

crude was then immediately purified by chromatography

(elution with 0-30% MeOH/CH,Cl,) giving a fraction (1.1
g) of the anti-pair of enantiomers as determined by the

"H-NMRanalysis (large J-value of 6.7 Hz). 600 mg of the
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racemic anti-sample was submitted for SFC chiral separa-

tion, which gave enantiomerretention times of 6.32 and 6.42

minutes, respectively. The combinedfractions of the second

eluting enantiomer were concentrated in vacuo and acidified

in the usual way yielding 100 mg of Compound ID No. 163

as an HC]salt, which was shown by the SCF system to have

>99% enantiomeric excess. 'H NMR (500 MHz, CDCI,) 6

ppm 8.01 (dd, J=5.19, 2.14 Hz, 1H) 7.70 (dd, J=7.33, 1.83
Hz, 1H) 7.32 (d, J=1.83 Hz, 1H) 7.22-7.28 (m, 1H) 6.97 (dd,
J=8.24, 2.14 Hz, 1H) 6.86 (dd, J=7.33, 4.88 Hz, 1H) 5.27 (d,
J=6.71 Hz, 1H) 3.76 (s, 3H) 3.14-3.22 (m, 1H) 3.10 (ddd,
J=7.48, 3.97, 3.82 Hz, 1H) 2.98 (dd, J=11.90, 3.36 Hz, 1H)
2.47 (s, 3H). Since this enantiomeris less potent at hNET

than the first-eluting enantiomer, it was presumed to be

(1R,2R)-configured.

Example 171a—Synthesis of Compound No. 171la

(2-(3,4-dichloropheny1)-3-hydroxy-3-(2-methoxy-

pyridin-3-yl)propanenitrile)

A solution of 2-(3,4-dichlorophenyl)acetonitrile (2.92 g,

15.68 mmol) in 20 mL THF and 20 mL diethyl ether was

placed under nitrogen in an oven dried round bottom flask

with stirrer. After cooling to -75° C. in an acetone dry ice

bath, butyllithium (6.77 mL, 16.93 mmol) (2.5 M in hexane)

was added drop-wise. Internal temperature was monitored
and maintained below -60° C. After the addition, the

reaction was allowed to stir for 15 minutes. To this,

2-methoxynicotinaldehyde (2.15 g, 15.68 mmol) dissolved
in 20 mL of THF was added drop-wise, maintaining the

temperature below -60° C. The reaction mixture was
allowedto stir for 1.5 hours at -75° C. and then quenched

at the same temperature with a solution of acetic acid (1.346

mL, 23.52 mmol in 10 mL of THF), and the cold bath was
removed. After adding 100 mL of water, the two layers were

separated in a separatory funnel. The aqueous layer was
extracted with ethyl acetate (3x). The combined organic

layers were washed with brine, dried over MgSO.,filtered,
and evaporated in vacuo. The crude product was purified by

chromatography (elution with ethyl acetate/CH,Cl,

0-100%) to yield Compound No. 171a (4.64 g, 92%). 'H
NMRspectroscopic data and MS analysis were consistent

with the proposed structure.

Example 171b—Synthesis of Compound No. 171b
(3-amino-2-(3,4-dichlorophenyl)-1-(2-methoxypyri-

din-3-yl)propan-1-ol)

Compound No. 171a was dissolved in 115 mL THF and

heated to 80° C. ina 100 mL flask equipped witha stirrer and
water condenser. To this colorless solution was added, via

gas tight syringe in several portions, the borane reagent
(28.7 mL, 28.72 mmol) as a 1.0 M solution in THF. The

heating was allowed to continue which produced a gentle
reflux for 5 hours. The reaction mixture was cooled and

quenched with slow addition of MeOH (10 mL) Vigorous

reaction occurred early in the addition and dissipated
towards the end of the addition. The reaction mixture was

then reheated to reflux for 30 minutes. After cooling to room
temperature, 150 mL of 10% sodium bicarbonate in water

was added, and the aqueous phase was extracted with
CH,Cl, three times. The organic layers were combined,

washedwith brine, dried with MgSO,,filtered, evaporated,

and dried to a clear, oily semi-solid (4.58 g) as a mixture of
diastereomers. This mixture of diastereomers was carried on

to the following step without any further purification.

5

15

20

25

40

45

232
Example 171c—Synthesis of Compound No. 171c

(tert-butyl 2-(3,4-dichlorophenyl)-3-hydroxy-3-(2-

methoxypyridin-3-yl)propylcarbamate)

To a vigorously stirring mixture of Compound No. 171b

(4.58 g, 14.00 mmol) and TEA (2.93 mL, 21.00 mmol) in

100 mL CH.Cl, was added ethyl] chloroformate (1.606 mL,
16.80 mmol) in one portion at room temperature. After

stirring overnight, the reaction mixture was diluted with
water (125 mL) and CH,Cl, (150 mL). The organic layer

was separated, and the aqueous phase was extracted with

two more equal portions of CH,Cl,. All the organic layers
were combined, dried with MgSO.,,filtered, and evaporated

to a crude oil (5.56 g). This material was used in the next
step without further purification. 'H NMR spectroscopic

data and MS analysis were consistent with the proposed
structure.

Example 172—Synthesis of Compound ID No. 172

(N-(3-((1R,2R)-2-(3,4-dichlorophenyl)-1-methoxy-

3-(methylamino)propy])phenyl)-1, 1, 1-trifluorometh-
anesulfonamide hydrochloride)

Compound No. 172b (20 mg, 0.03 mmol) wasstirred in

3N HCl (MeOH/water=3:1; 1 mL) at room temperature for
one hour. LCMS showed the desired product, and the

reaction mixture was evaporated to dry to give 14.5 mg

(0.029 mmol, 95%) of a foam-like solid as the desired
product. ‘H NMR(300 MHz, CD,OD) & 7.37 (d, J=8.3 Hz,
1H) 7.32 (d, J=7.5 Hz, 1H) 7.28 (br. s., OH) 7.20-7.27 (m,
2H) 7.18 (br. s., 1H) 7.00 (dd, J=8.3, 1.9 Hz, 1H) 4.88 (d,
J=9.4 Hz, 1H) 3.77 (dd, J=12.6, 8.1 Hz, 1H) 3.38-3.44 (m,
1H) 3.37 (s, 3H) 3.20 (td, J=8.5, 6.0 Hz, 1H) 2.74 (s, 3H).
Since this enantiomer was less potent at hNET than the

second-eluting enantiomer, it was presumed to be (1R,2R)-
configured. 'H NMRspectroscopic data and MS analysis

were consistent with the proposedstructure.

Example 172a—Synthesis of Compound No. 172a
(tert-butyl ((2R,3R)-3-(3-aminophenyl)-2-(3,4-di-

chloropheny])-3-methoxypropylcarbamate)

Compound ID No. 24 (311 mg, 0.96 mmol) and TEA

(0.147 mL, 1.05 mmol) in dichloromethane (4 mL)/MeOH
(1 mL) were cooled to 0° C. Boc,O (0.244 mL, 1.05 mmol)

in dichloromethane (1 mL) was added into the abovereac-
tion mixture slowly. After the addition, the reaction was

stirred at room temperature for several hours. The reaction

mixture was diluted with CH,Cl, (50 mL), washed with 1N
NaOH (20 mL) and water (50 mL), dried through MgSO,,

and then evaporated to dryness. The crude product was
added to a silica gel column and was eluted with 0-100%

EtOAc in hexane to give a light-yellow gum as the desired
product (261.8 mg, 64.4% yield, 98% purity). 1H NMR(300

MHz, CDC1,) 6 7.30 (br. s., 1H) 7.26 (d, J=8.4 Hz, 1H) 7.00
(t, J=7.4 Hz, 2H) 6.50 (d, J=8.0 Hz, 1H) 6.54(br. s., 2H) 4.72
(d, J=6.3 Hz, 1H) 3.43-3.97 (m, 4H) 3.22 (br. s., 1H) 2.54
(br. s., 3H) 1.36 (br. s., 9H).

Example 172b—Synthesis of Compound No. 172b
(tert-butyl ((2R,3R)-2-(3,4-dichlorophenyl)-3-

methoxy-3-(3-(trifluoromethylsulfonamido)pheny1)
propyl)carbamate)

Compound No. 172a (261 mg, 0.61 mmol) andtriethy]-
amine (155 mg, 1.53 mmol) in dichloromethane (3 mL)

were cooled to 0° C. Trifluoromethanesulfonic anhydride
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(277 mg, 0.98 mmol) was added into the above reaction

mixture slowly and then allowed to be warmed to room

temperature. The O-trifyl product was suspected and was

hydrolyzed by the addition of a mixture of sodium hydrox-

ide (2.454 mL, 6.14 mmol). MeOH (5 mL) was added into

the reaction mixture above, and the mixture wasstirred for

1 hour. The mixture was diluted with CH,Cl, (100 mL),

washed with water (100 mLx2), dried through MgSO,, and

evaporated to dryness. The crude product was added to a

silica gel column and was eluted with 0-100% EtOAc in

hexane to give a colorless gum as the desired product (152

mg) containing 20-30% unknown based on LC/MS and 'H

NMR.The sample was submitted to SFC Chiral purification

(ADH column, 20% iPrOH with 1% isopropylamine) The

third-eluting peak wascollected (20 mg, 0.035 mmol, reten-

tion time=7.65 minutes). The fourth-eluting peak was the

enantiomer and was shown by the SCF system to have 94%

enantiomeric excess.

Example 173—Human DAT (Dopamine

Transporter) Uptake Assay Protocol

This protocol was designed to measure inhibition of

uptake by the human dopamine transporter. The reagents

were human DAT (HEK293F)cells, GBR 12909 (Sigma),

nomifensine, neurotransmitter transporter uptake assay kit

(Molecular Devices), freestyle 293 expression medium (In-

vitrogen), 10x Hank’s Balanced Salt Solution (HBSS; Invit-

rogen), 1 M HEPES (Mediatech), Biocoat poly-D-lysine

96-well, black, clear plates (Becton, Dickinson), and 500 pt

polypropylene U-bottom 96-well plates (Fisher). The Assay

Buffer (AB) was 1xHBSS and 0.02 M HEPES.

The HEK293F cells were transfected with the human

dopamine transporter and frozen in 1 mL aliquots at about

1E+07 cells/mL. On the day of the experiment, the cells

were removed from -80° C.or liquid nitrogen and thawed

in a room temperature water bath. The cells were dilute to

about 1-2E+06 with Freestyle medium. A 1 mL sample (1:2

dilution) was prepared, and the cells were counted. Thecells

were spun at 1100 rpm for 5 minutes, and the medium was

aspirated off. The cells were resuspend in medium at 1.5E+

06 cells/mL for about 60,000 cells per well. 40 uL ofcells

were dispensed per well in the Biocoat plates. The plates

were spun at 1100 rpm for 1 minute to improve homogeneity

of the cell layer and were incubated at 37° C. for a minimum

of 3 hours.

12 pL of test compound (10 mM) in DMSO wasaddedto

the wells, and nomifensine was used as a control. GBR

12909 (final assay concentration of 10 uM) was used for

background signal. The neurotransmitter transporter dye
was prepared in ABpriorto use.

Data were analyzed by calculating percent effect: (a)
[1-(singlicate minus plate background signal)/(plate total

signal minus plate background)]x100%, (b) IC5,, and (c) K,
using the Cheng-Prusoff equation below and an Activity-

Base or XLfit template.

ICs where K,, is the value for the dye
K, = ———2

1+ ([dye] / Ky.) (55.5% at 20 minute read)

Due to the proprietary nature of the dye formulation,all
dye concentrations were expressed as a percentage of the

vendor-recommended dye reconstitution. Thus, the above
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calculations were valid when both [dye] and K, were

expressed in the same units (%). Compounds were tested in

triplicate (n=3).

Example 174—Human NET (Norepinephrine

Transporter) Uptake Assay Protocol

This protocol was designed to measure inhibition of

uptake by the human norepinephrine transporter. The

reagents were human NET (HEK293F) cells, desipramine

(Sigma), nomifensine, neurotransmitter transporter uptake

assay kit (Molecular Devices), freestyle 293 expression

medium (Invitrogen), 10x Hank’s Balanced Salt Solution

(HBSS; Invitrogen), 1 M HEPES (Mediatech), Biocoat

poly-D-lysine 96-well, black, clear plates (Becton, Dickin-

son), and 500 uL polypropylene U-bottom 96-well plates

(Fisher). The Assay Buffer (AB) was 1xHBSSand 0.02 M

HEPES.
The HEK293F cells were transfected with the human

norepinephrine transporter and frozen in 1 mL aliquots at

about 1E+07 cells/mL. On the day of the experiment, the

cells were removed from -80° C. or liquid nitrogen and

thawed in a room temperature water bath. The cells were

dilute to about 1-2E+06 with Freestyle medium. A 1 mL

sample (1:2 dilution) was prepared, and the cells were

counted. The cells were spun at 1100 rpm for 5 minutes, and

the medium wasaspirated off. The cells were resuspend in

medium at 1.5E+06 cells/mL for about 60,000 cells per well.

40 uL of cells were dispensed per well in the Biocoatplates.

The plates were spun at 1100 rpm for 1 minute to improve

homogeneity of the cell layer and were incubated at 37° C.

for a minimum of 3 hours.
12 uL of test compound (10 mM) in DMSO wasaddedto

the wells, and nomifensine was used as a control. Desipra-

mine (final assay concentration of 10 uM) was used for
background signal. The neurotransmitter transporter dye

was prepared in ABpriorto use.
Data were analyzed by calculating percent effect: (a)

[1-(singlicate minus plate background signal)/(plate total
signal minus plate background)]x100%, (b) IC.,, and (c) K,

using the Cheng-Prusoff equation below and an Activity-

Base or XLfit template.

ICs where K,, is the value for the dye

= T+ ((dyel/Km) (55.5% at 20 minute read)

Dueto the proprietary nature of the dye formulation,all

dye concentrations were expressed as a percentage of the
vendor-recommended dye reconstitution. Thus, the above

calculations were valid when both [dye] and K,, were
expressed in the same units (%). Compounds were tested in

triplicate (n=3).

Example 175—Human SERT (Serotonin

Transporter) Uptake Assay Protocol

This protocol was designed to measure inhibition of
uptake by the human serotonin transporter. The reagents

were human SERT (HEK293F) cells, fluoxetine (Sigma),
nomifensine, neurotransmitter transporter uptake assay kit

(Molecular Devices), freestyle 293 expression medium (In-

vitrogen), 10x Hank’s Balanced Salt Solution (HBSS; Invit-
rogen), 1 M HEPES (Mediatech), Biocoat poly-D-lysine

96-well, black, clear plates (Becton, Dickinson), and 500 uL
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polypropylene U-bottom 96-well plates (Fisher). The Assay

Buffer (AB) was 14 HBSS and 0.02 M HEPES.

The HEK293F cells were transfected with the human

serotonin transporter and frozen in 1 mL aliquots at about

1E+07 cells/mL. On the day of the experiment, the cells

were removed from -80° C.or liquid nitrogen and thawed

in a room temperature water bath. The cells were dilute to

about 1-2E+06 with Freestyle medium. A 1 mL sample (1:2

dilution) was prepared, and the cells were counted. Thecells

were spun at 1100 rpm for 5 minutes, and the medium was

aspirated off. The cells were resuspend in medium at 1.5E+

06 cells/mL for about 60,000 cells per well. 40 uL ofcells

were dispensed per well in the Biocoat plates. The plates

were spun at 1100 rpm for 1 minute to improve homogeneity

of the cell layer and were incubated at 37° C. for a minimum

of 3 hours.

12 pL of test compound (10 mM) in DMSO wasaddedto

the wells, and nomifensine was used as a control. Fluoxetine

(final assay concentration of 10 uM) was used for back-

ground signal. The neurotransmitter transporter dye was

prepared in ABpriorto use.

Data were analyzed by calculating percent effect: (a)

[1-(singlicate minus plate background signal)/(plate total

signal minus plate background)]x100%, (b) IC5,, and (c) K,
using the Cheng-Prusoff equation below and an Activity-

Base or XLfit template.

ICs where K,, is the value for the dye

= T+ ((dye]/Km) (55.5% at 20 minute read)

Due to the proprietary nature of the dye formulation,all

dye concentrations were expressed as a percentage of the

vendor-recommended dye reconstitution. Thus, the above
calculations were valid when both [dye] and K,, were

expressed in the same units (%). Compounds were tested in
triplicate (n=3).

Example 176—Human ERG (hERG) Assay

The voltage-dependent potassium channel encoded by the

human ether-a-go-go-related gene (hERG) is believed to

play a key role in repolarisation of the ventricular cardiac
action potential. Changes in its activity, caused either by

inherited mutations ofthe gene sequence or pharmacological
modification, can lead to prolongation of action potential

duration. This can lead to prolongation of the QT interval

recorded in man on an electrocardiogram andto a potentially
fatal cardiac arrhythmia known as Torsades de Pointes.

hERG currents were recorded from hERG-expressing
CHOcells. The biophysical and pharmacological character-

ization of the hERG currents in these cells was performed.
The sequenceofthe gene expressedin this cell line exhibited
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100% identity at the nucleotide level with published hERG
sequences (GenBank® Accession Numbers U04270 and
NM_000238).
The pre- and post-compound hERG current was evoked

by a single voltage pulse consisting of a 20 s period holding
at -70 mV, a 160 msstep to -60 mV (to obtain an estimate
of leak), a 100 msstep back to -70 mV, a 1 s step to +40 mV,
a 2s step to -30 mV, andfinally a 500 ms step to -70 mV.
In betweenthe pre- and post-compoundvoltage pulses, there
was no clamping of the membrane potential. Currents were
leak-subtracted based on the estimate of current evoked
during the +10 mV step at the start of the voltage pulse
protocol. The current signal was sampled at 2.5 k Hz. For
each compound, the IC,, value was determined.

Example 177—Cytochrome P450 Inhibition Assays

Recombinant enzymes, 3A4 and 2D6, generated using the
ABLyeast expression system were used. For CYP3A4,the
enzyme amount was 2 pmol per well, and the substrate
(7-benzyloxy-4-(trifluoromethyl) coumarin; BFC) was used
at 15 uM.The assay mixture also included K,HPO, (pH 7.4;
conc. 0.1 M) and NADPH (conc. 1 mM). The incubation
time was 30 minutes, and the reference inhibitor was

A-naphthoflavone. For CYP2D6, the enzyme amount was 2
pmol per well, and the substrate (7-methoxy-4-(aminom-

ethyl)-coumarin; MAMC) was used at 20 uM. The assay
mixture also included K,HPO, (pH 7.4; conc. 0.1 M) and

NADPH (conc. 0.06 mM). The incubation time was 35

minutes, and the reference inhibitor was quinidine.
Briefly, 0.6 WL of serially diluted compound was addedto

75 uL water. 10 uL of diluted compoundin water was then
addedto each assay plate. 20 wL of a K,HPO4, enzyme, and

substrate mixture was added. After 10 minutes of room
temperature pre-incubation, 10 wL of NADPH wasadded,

and the plates were placed at 37° C. for 30 or 35 minutes

depending on the enzymebeing tested. After the incubation
was complete, 20 nL of 0.1% Tris/ACN was added to the

plate. The plate was read on a FluorStar fluorescence plate
reader.

Example 178—Biological Activities

The compounds made as described in Example 1-131

were tested using the assays described in Examples 132-136.

The results were compiled as set forth in Tables 2. Selected
compounds (Compound ID NOs. 173-182) were evaluated

for comparison purposes (Table 3). These results demon-
strate that the compounds provided herein can be used to

inhibit reuptake of serotonin, norepinephrine, dopamine, or

combinations thereof. In some cases, a compoundprovided
herein can inhibit the reuptake of one or more of serotonin,

norepinephrine, and dopamine with a K, value of less than
50 nM while having an IC., value for a human CYP2D6

polypeptide and/or a human ERGpolypeptidethat is greater
than 1 uM.

TABLE 2
 

Biological activity results.

 

Compound hERG CYP3A4 CYP2D6
Compound Reference hNET hDAT hSERT ICs ICso IC5o

ID No. No. K, (aM) K,(@M) K,(7M) (um) (jum) (jum)

1 13341668 0.7 20.7 1.9 33 1.1
2 13337869 1 5.5 2.5 15 0.17
3 13322896 1.3 5.2 0.6 33 20 1.3
4 13224752 1.4 10.9 2.5 ll 20 0.3
5 13261591 1.4 10.1 2.8 6.5 18 0.24
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Biological activity results.

 

Compound hERG CYP3A4 CYP2D6
Compound Reference hNET hDAT hSERT ICs ICso IC5o

ID No. No. K, (aM) K,(@M) K,(7M) (um) (jum) (jum)

6 13342106 1.4 39.2 0.8 25 0.76
7 13366080 1.4 6.6 3.6 33 5.9 0.034
8 13371132 1.4 10.8 1.3
9 13228373 1.5 42.3 5.7 9.5 8.6 0.21
10 13245751 1.5 73 11.7 9.1 20 0.12
ll 13224757 1.6 11.1 4.2 ll 6.7 0.096
12 13305851 1.6 52.6 2.7 8.4 20 0.88
13 13349532 1.6 19.7 5.4 19 17 0.4
14 13366816 1.6 79.3 3.1 33 20 3.7
15 13331487 1.7 42.5 2.4 12 20 0.2
16 13311940 1.8 6.6 6.3 5 19 0.23
17 13320979 1.8 21.6 2.2 79 6.4 0.12
18 13342139 1.8 31.9 0.4 4.6 0.33
19 13366419 1.9 17 4.3 33 20 20
20 13368447 1.9 36.1 3.2 47
21 13309710 2 32.4 66.4 23 20 0.47
22 13344312 2 56.7 2.1 15 15 0.18
23 13366125 2 65.6 5.6 21 20 4.9
24 13326653 2.2 21.9 71.4 33 20 1.4
25 13341411 2.2 105.6 22.7 33 0.32
26 13366118 2.2 53.5 1.6 75 20 0.027
27 13267551 2.3 96.7 251.5
28 13283201 2.4 43.8 3.4 15 9.6 0.16
29 13342110 2.4 37.2 1.1 ll 0.65
30 13368783 2.4 14.3 1 29
31 13370608 2.4 24.6 1.9
32 13322893 27 15.8 0.7 22 20 0.56
33 13342019 27 13.2 1.4 33 0.55
34 13366421 27 28.5 75 33 20 12
35 13342107 2.8 70.8 3.7 13 0.32
36 13273128 2.9 17 7 6.2 ll 0.17
37 13283197 3 63.6 54.6
38 13203584 3.1 49.9 16.9 12 8.7 0.083
39 13281862 3.1 34.3 12.6 8.2 8.4 0.17
40 13225597 3.2 114.2 3.3 4.1 19 0.96
41 13225601 3.2 10.6 52.5 19 0.13
42 13320726 3.2 89.5 0.3 27 3.4 1.1
43 13267866 3.3 73 19.7 71 8.1 0.11
44 13299100 3.3 74.1 12.2 3.3 8 1
45 13368878 3.3 8.9 2.4
46 13228482 3.4 37.5 24,2 20 16 0.17
47 13270298 3.5 15 2.2 4.8 20 0.17
48 13289328 3.8 78 2.3 33 15 0.58
49 13309941 3.8 213.4 5.6 25 20 1.7
50 13341669 3.8 36.5 2.9 17 0.8
51 13376700 3.9 140.9 2.6
52 13298151 4.1 26.7 20.4 12 20 0.9
53 13232819 4.5 9.8 17.3 9.8 20 0.41
54 13243687 4.5 971.5 2.4
55 13283198 46 1634.6 1.8 20 0.81
56 13270295 47 40.4 6.7 22 ll 0.24
57 13299102 5 20.2 5.9 47 3.3 0.19
58 13270525 5.1 127.2 5.9 2.1 9.6 0.12
59 13328855 5.2 111.8 35.6 21 20 1.5
60 13328420 5.3 83.2 10.7 28 20 0.56
61 13242271 5.8 14.6 0.9 9.8 20 0.3
62 13270294 6.5 45 9.9 25 20 1
63 13320582 6.7 78.2 853.3 33 8.3 2.8
64 13342119 7.2 9.4 11.3 20 5.1
65 13324681 75 18.1 243.4 19 78 0.043
66 13267288 8.1 28.9 46.7 15 20 0.26
67 13361259 8.2 69.7 0.7 15 20 0.33
68 13369076 8.4 55.5 29.7
69 13287084 9 21.9 21.2 9.5 20 0.51
70 13270228 9.5 48.5 142.5 31 20 0,22
71 13372931 10 17.9 4.4
72 13270293 10.1 100.3 27.6 33 20 0.76
73 13247827 10.2 56.6 16 31 20 0.79
74 13287085 10.3 109 13.6 20 8.1 0.79
75 13273126 10.4 504.9 2.1 16 0.56
76 13303502 11.9 21.2 222.4 3 3.6 0.14
71 13373098 12.4 44.7 3 4.5 5.7
78 13332464 14.3 26.1 15.3 12 20 1.1
79 13370736 14.4 73.3 6.4
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Biological activity results.

 

Compound hERG CYP3A4 CYP2D6
Compound Reference hNET hDAT hSERT ICs ICso IC5o

ID No. No. K, (aM) K,(@M) K,(7M) (um) (jum) (jum)

80 13287456 14.5 52.2 34.7 33 19 2
81 13371279 14.7. 1360 13
82 13228464 15.3 9.8 15.3 19 20 0.99
83 13094210 15.7 46.7 5.1 43
84 13376701 16.2 39.2 3.3
85 13326301 16.4 246.6 16.1 21 20 1
86 13228816 16.7 9.9 2.7 0.85 20 0.29
87 13242217 18.1 114.3 6.1 17 0.94 0.066
88 13314785 18.1 80.4 4.6 23 20 1.6
89 13322895 214 25 1.8 6.6 20 1.8
90 13338191 22.6 86.2 254 12 0.59
91 13097910 23.2 248.8 177.8 31
92 13331486 28 216.2 93 33 20 0.81
93 13334801 29.5 136.6 11 13 1.2
94 13320573 32.8 52.6 366.6 33 18 3
95 13364611 33.5 30.7 36.9 33 11 0.41
96 13328422 36.8 158.2 99 33 20 1.1
97 13322960 38.2 22.6 78.4 8 15 0.18
98 13320581 38.8 216 166.7 33 20 0.85
99 13324636 41 287.4 43.2 33 20 3.6
100 13321139 43.8 274 361.3 21 8.2 0.064
101 13332457 54.4 73 2736.4 20 3.5
102 13303500 55.2 29.3 86.2 5.7 0.12
103 13305857 57.6 91.9 58.6 20 11
104 13351506 60.6 94.6 656.2 0.27 0.066
105 13230850 64.6 18.1 137.5 20 2.1
106 13308441 80.6 19.7 741.8 20 3.9
107 13305701 82.2 1255 726.9 19 2.4
108 13305597 88.5 57.1 754.2 20 2.2
109 13363016 120 66.7 646.2 20 1.1
110 13311883 142 24 677.4 6.8 17 1.9
111 Paroxetine

112 13320725 148.4 273.3 154.2 18 2.9
113 13270300 167.5 1569.9 5.2 16 0.22
114 13245752 170.6 27 660.8 11
115 13328854 177.2. 126.8 =641.7 20 5.3
116 13334197 195 39.7 1691.7 20 15
117 13322959 235.8 12.9 796.3 20 5.5
118 13366077 252.5 138.6 36.6 24 20 3.9
119 13326650 257.3 75.5 1783.9 79 4.1
120 13303494 261.7 88.5 661.6 9 2.4
121 13329271 269.5 5 2845.3 20 20
122 13328652 273.2 49.6 124 20 3.4
123 13334795 290.5 378.7 12 6.6
124 13334794 337.9 15.3 166.8 3
125 13303501 370.6 65.3 724.7 48 2.4
126 13366127 499.9 125 107.1 20 3.9
127 13328856 649 80.5 3280 20 15
128 13332636 2630 193 3040 20 19
129 13366724 3670 43.5 3370 20 20
130 13337429 4570 87.3. 3370 3.7
131 13381274
132 13279931 10.3 41.8 12.4 47
133 13298150 34.6 52.7 115.7 10 0.58
134 13259059 6 56.8 78 6.2 9.9 0.22
135 13270299 11.7 58.1 21.4 3.1 20 0.91
136 13270719 374 64.5 15.7 54 34 0.19
137 13273127 23.2 T7 31.8 78 3.7 0.11
138 13320978 474 87.2 75.8 11 0.37
139 13253992 5 88.7 6.4 3.1 13 0.62
140 13298152 25.9 91.6 28.3 6.1 20 0.86
141 13296640 32.6 91.9 296.2 20 0.37
142 13298144 13.8 95.3 207.8 20 0.66
143 13283202 6.6 105.8 79 15 7.6 0.16
144 13283194 23.5 112.8 10 6.1 20 1.6
145 13270301 10.9 133.7 94 11 19 0.31
146 13242221 9.3 143.8 10.1 15 1.3 0.092
147 13267552 45.7 120.6 800.3
148 13250685 8.5 114.5 191.2
149 13251189 7.7 1287 118.7
150 13267189 6.3 31.8 51.5
151 13320727 20.4 314 45.2 3.8 2.1 0.13
152 13322451 126.1 31.8 935.1 2 0.044
153 13308428 3.9 33.8 75 1.6 20 1.4
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TABLE 2-continued

Biological activity results.

Compound hERG CYP3A4 CYP2D6
Compound Reference hNET hDAT hSERT ICs ICso IC5o

ID No. No. K,(@@M) K,@M) K,@M) (um) (ym) (ym)

154 13303499 37.1 40.3 38.4 2.2 6.9 0.29
155 13270733 17.8 46.6 73.7 20 14
156 13320772 17.2 48.5 22.4 4.1 9.5 0.17
157 13328622 88.4 53.4 140.4 20 0.58
158 13320641 6.3 55.4 38.6 4.4 3.8 0.098
159 13320572 55.4 55.8 69.5 2.5 0.17
160 13312320 9.1 83.5 9.2 8 3.5 0.49
161 13326651 38.5 103 616.3 9.2 0.16
162 13303497 107.6 110.3 806.1 49 0.79
163 13320512 80 110.4 192.4 14 0.73
164 13322452 41.6 113.4 78.1 4.1 5.3 0.25
165 13321142 38.6 118.2 341.3 3.8 2.9 0.081
166 13363017 92.4 131.5 36.9 0.24 0.63
167 13328653 10.8 131.8 18.8 12 20 0.4
168 13305595 89.3 144.1 177.7 4.6 0.78
169 13366126 212.2 145.9 268 20 1.3
170 13329113 306.5 40 2010 48 0.38
171 13350716 453.7 92 1848.4 20 2
172 13331217 625.1 101.9 1261.5 47 0.2 0.97

TABLE3

Biological activity results for selected reference compounds.

Com- Com- CYP CYP

pound pound hNET hDAT hERG 3A4 =2D6

ID Reference K, K, HSERT =ICsg =C59 C59

No. No. Structure Name (nM) (mM) K,(@@M) (uM) (tM) (uM)

173. PRC200- AZD1858 0.5 4.6 1.2 8.8
ss MCJ001-

ss
OH

Nay
™S

174 10050326 Desi- 1.8 4566.3 19.1 13
pramine

‘ /LayH

175 10529749 GBR12909 =137.7 8.7 167.6 0.47

ore
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TABLE 3-continued

 

Biological activity results for selected reference compounds.
 

 

Com- Com- CYP CYP

pound pound hNET hDAT hERG 3A4 =2D6

ID Reference K, K, HSERT =ICsg =C59 C59

No. No. Structure Name (nM) (mM) K,(@@M) (uM) (tM) (uM)

176 10582649 Bupro- 3641.5 172.9 13310.8 69
prion

Cl HN

C oO

177, =:10610390 Nisoxe- 1.3 82.5 54.4

oO tine

O

N
™~

178 =12528553

/

Reboxe- 2.9 5260 99.5

tine1Q
@

iO >_/

NH

cl

Mn,

180 =13098793 PRC-200 2.9 A475 14.8 32

isomer

OH

N
O ~

OH

N,
™~

O
L

179 =12971996 DOV 38.6 42.3 59 21 8.8 7

181 13115612 Desvenla- 668.1 3726.4 4°

faxine

a“ OH
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TABLE 3-continued

Biological activity results for selected reference compounds.

Com- Com- CYP CYP

pound pound hNET hDAT hERG 3A4 =2D6

ID Reference K, K, HSERT =ICsg =C59 C59

No. No. Structure Name (nM) (mM) K,(@@M) (uM) (tM) (uM)

182 12013473 Oo Paroxe- 145 387.5 0.8 5.4 20 3.1

» tine

Oo oO

HN

“ayMy

 

Other Embodiments

It is to be understood that while the invention has been

described in conjunction with the detailed description

thereof, the foregoing description is intended to illustrate

and not limit the scope of the invention, which is defined by

the scope ofthe appended claims. Other aspects, advantages,

and modifications are within the scope of the following

claims.

Whatis claimedis:

1. A compound of formula I:

Ry @
i

aNH

Rs Ry

wherein

R, is selected from naphthalen-2-yl, and phenyl] substi-

tuted at the 3- or 4-position or 3- and 4-positions with

a substituent selected from halogen and loweralkyl;

R, is a 5- or 6-membered aromatic heterocycle each of

which is substituted with substituents selected from
halo, methylsulfanyl, methanesulfonyl, hydroxyl,

methyl, ethyl, alkoxy, dimethylamino, and 1,1,1-trif-
luoromethanesulfonamide;

optionally, two adjacent alkoxy groups are connected to

form a 5- or 6-memberedring;

R, is hydrogen, hydroxyl], lower alkoxy, or halo; and

R, is hydrogen or loweralkyl.

2. The compound of claim 1, wherein R, is substituted

with one or two substituents.
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3. The compound of claim 1, having the formula Ia or Ib:

(Ia)
Ry
/

Ro NH

: ()

(Ib)
Ry
/

Ro NH

Ra

R3

Re Rb,

Rd Re

wherein R,, R,, R,, R,, and R, are selected from hydrogen,

loweralkyl, and halo.

4. The compound of claim 3, wherein at least two of R,,

R,, R.; Ry, and R, are hydrogen.

5. The compoundof claim 4, wherein the remaining R,,

R,, R,, Ry, and R, are independently selected from ethyl,

chloro, and bromo.

6. The compoundof claim 3, wherein R,, Ry, and R, are

hydrogen; and R, and R, are independently selected from

ethyl, chloro, and bromo.
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7. A compoundof formula II:

qd)
Me

/
R NH

R50

Rb,

Re

wherein

R, is a 5- or 6-membered aromatic heterocycle each of

which is substituted with substituents selected from

halo, methylsulfanyl, methanesulfonyl, ethyl, alkoxy,

dimethylamino, and  1,1,1-trifluoromethanesulfona-

mide;

R, is hydrogen or lower alkyl; and

R, and R, are independently hydrogen, halo, or lower
alkyl.

8. The compound of claim 7, wherein each of R, and R,

is not hydrogen.

9. A compoundof formulaI:

Ry @
i

SCNH

Rs Ry

wherein

R, is a phenyl substituted at the 3 or 4 position or 3- and

4-positions with a substituent selected from halogen

and loweralkyl;

R, is selected from phenyl and a 5- or 6-membered
aromatic heterocycle each of which is optionally sub-

stituted with substituents selected from halo, methyl-
sulfanyl, methanesulfonyl, hydroxyl, methyl, ethyl,

alkoxy, dimethylamino, and 1,1,1-trifluoromethanesul-
fonamide;

optionally, two adjacent alkoxy groups are connected to
form a 5- or 6-memberedring;

R, is hydrogen, hydroxyl], lower alkoxy, or halo; and

R, is hydrogen or loweralkyl,
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wherein said compound has the formula Ia:

(la)
Ry

Ro wi

Ra

R3

Re Rb,

Rd Re

wherein at least two of R,, R,, R., R,, and R, are hydrogen,
and wherein the remaining R,, R,, R., Ry, and R, are
independently selected from ethyl, chloro, and bromo.

10. A compound of formula I:

Ry @
f

=aNH

Rs Ry

wherein
R, is a pheny] substituted at the 3 or 4 position or 3- and

4-positions with a substituent selected from halogen
and loweralkyl;

R, is selected from phenyl and a 5- or 6-membered
aromatic heterocycle each of which is optionally sub-
stituted with substituents selected from halo, methyl-
sulfanyl, methanesulfonyl, hydroxyl, methyl, ethyl,
alkoxy, dimethylamino, and 1,1,1-trifluoromethanesul-
fonamide;

optionally, two adjacent alkoxy groups are connected to
form a 5- or 6-memberedring;

R, is hydrogen, hydroxyl, lower alkoxy, or halo; and
R, is hydrogen or loweralkyl,

wherein said compound has the formula Ia:

(la)
Ry

Ro wi

Ra

R3

Re Rb,

Rd Re

wherein R,, R,, and R, are hydrogen; and R, and R, are
independently selected from ethyl, chloro, and bromo.

* * * * *


