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1NTRODUCTION

Since 1929, when the first khown chemically pure carcinogen,
dibenz[a,h]anthracene, was réported,1 a large ticmber of polyecyclic
aromatic hydrocarbons and derivatives have been synthesized and tested
for their physiological activity., Characteristically, many of these
compounds were found to be carcinogenic.2 Of the more than 450 com—A
pounds which had been found to be carcinogenic up to 1953, more than
200 were polycyclic hydrocarbons, their derivatives and analogues.2
Thus far, attempts to correlate chemical structure and physiological
activity of such compounds have been met with only limited success.2

Iﬁ contrast to the many polycyclic hydrocarbons found to be car-
cinogenic, a few polycyclic hydrocarbons and derivatives have been
synthesized which possess anti-tumor activity. For example, in these
laboratories the three compounds, 7-phenylbenz[a]anthracene (1 ,3 |
4-(7-benz[a]anthracenyl)behzamide (g),‘ and 7-(2-carboxyphenyl)benz{a)~
anthracene (g),s were synthesized and found to possess anti-tumor

activity. 1In the case of the amido compound 2, significant anti-tumor

T 00 - 0o

@ | @ @ COOH

2 §0 3
NH2

activity was apparently observed, and the compound was prepared in large

quantity by Merck Sharpe and Dohme and is currently being subjected to

extensive testing at the Cancer Chemotherapy National Service Center.6
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Interestingly, whereas théde three deiivé%ives of benz[a]anthracene
display anti-tumor activity, Eenéta]anthrécéﬁé'displays weak carcinogenic
activity.7 Apparently, the pragehce of a phenyl substituent at the 7-
position of benz[a]anthracene altérs the physiological activity of the
benz[a)lanthracene group, Also, the presence of an amido functional group
substituted at fhe para position of the phenyl ring apparently greatly
enhances the anti-tumor activity of the 7-phenylbenz[al]anthracene group.

In the light of these observations, it would appear to be of some
significance to explore possible methods by which a variety of other
nitrogen containing compounds analogous to 4-(7-benz[a]anthracenyl)-
benzamide (2) might be prepared. Such compounds might not only display
significant anti-tumor activity, bﬂt also might lead to useful deduc-
tions in regard to efforts to correlate chemical structure and physio=-
'logical activity of polycyclic compounds,

With the present methods available for preparing 7-substituted
benz[alanthracenes, as well as 9-substituted anthracenes, functional
groups which are reactive with organo metallic reagents or inorganic
acids must be introduced into the compounds only after the polycyclic
:ing systems have been synthesized, In view of this and the previous
observations, this dissertation discusses the preparation, from appro-
priate polycyclic carboxylic acids, of some nitrogen containing deriva-

tives of 7-phenylbenz[alanthracene and 9-phenylanthracene,



ybbiéﬁcmrum

The nomenclature used thrdujcut this dissértation is consistent
with the recommendations presented in the J. Am., Chem. Soc., 82, 5545
(1960), The following numbered systems will serve as a guide to the

compounds encountered in this dissertation,

8 10 |
IOOON
6 3
5 [ 4
9-pheny1anthraceqe
I 5 - o 3
<:>_<x—— | CN
\
2N @— ,
3 4 . ' 2
X =0, S, or NH ’ | _ benzaziridamide
2-phenyloxazoline (X = 0) or l-benzoyl aziridine

2-phenylthiazoline (X = S)

2-phenylimidazoline (X = NH)



| HIBTORICAL

A, 7-Substituted Benz[alantlifdeeres and 955 i) bstituted Anthracenes,*

Basically, 7-substituted bénz[alanthracenes (5) have been prepared
by four methods, while 9-substituted anthracenes (9) have been prepared
by three methods, Until 1940, 7-substituted benz[a]anthracenes (5)
were prepared primarily by either reacting Grignard reagents with 1,2-

benz-lO-ant;hrone (4) and dehydrating the resulting carbinols to hydro-

carbons _5_.8-12 or by reacting excess Grignard reagents with 2~benzoyl-
‘if B
HO R R
il S
R = alkyl
HC ©© ) RMgX
1 2) ~HOH

[mo

o
©©@S@ ) 1) Zn/0H @

R .
2. | 7
R = alkyl :

*Subgtituted with alkyl or aryl groups,
e



l-naphthoic acid (6) and cyclizing the resultant acids or lactones to

the corresponding anthrones (Z) which were thén reduced and dehydrated

to hydrocarbons 2-13

9-Substituted anthracenes (Q) were prépared during this time pri-

marily in a manner similar to the first method, in which Grignard re-

agents were reacted with anthrone (8), and the resulting carbinols were

then dehydrated.14

” oio 000

R

8 )

R = alkyl, aryl

~

Compounds 3 and 9 were also prepared by the Elbs reaction, 0 al-

though to only a limited extent, Pyrolytic cyclodehydration of ketones

of the nature 12 and 13 generally have resulted in low yields of com-

pounds 35 and _9_.21

0 43y

QI ~HOH

eQch —
M
R

12 Rings A and B b
13 Ring A 3

o
4%
<}
0
W
>
)
=}
[« 9
-]

R = alkyl, aryl

But since 1940 7-substituted benz[a]anthracenes (5) and 9-substituted
15,16

anthracenes () have been prepared primarily by the Bradsher reaction,



-He

in which 2-(1l-naphthylmethyl)phenyl ketones (10) and 2-benzylphenyl
ketones (11l) have been cyclodehydrated with adid catalysts into com-
pounds 5 and 9, respectively, Géﬁerally, these reactions have been
accomplished with hydrobroﬁic acid in glacial acetic acid solvent,

although ogher solvents and acid catalysts have been used in certain

cases.u’ls’z1
H ’@‘J H' Hy H B3
f
:o +§—OH
R - R -
- +
10 Rings A and B . l —'i
1l Ring A _ H F‘rﬁig

5 Rings A and B
9 Ring A

R = alkyl, aryl

The Bradsher reaction was first observed by Bergman22 in £939, de-

15,23,24

veloped by Bradsher in the early 1940's, and has since been

25-33

studied mechanistically and used extensiﬁely by Vingiello and co-

workers in these laboratoriés for the preparation of compounds
2?,5,17,19,34-45 an& 2}28,29,35,38,46—49

The synthetic value of the Bradsher reackion ﬁas been demonstrated
by the relatively high yields of cyclized product obtained -- in most
cases better than 50% -~ and by the ease, in general, of preparing the

necessary ketone intermediates, The ketone intermediates necessary for
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preparing compounds 5 and 9 have been prepared by two methods, One
method has involved the reaction of Grignard reagents with 2-(1-
naphthylmethyl) cyanobenzene %)23= and 2-cysnodiphenylmethane (15 ,15
respectively, followed by hydrolysis of the intermediate ketimines to
givé ketones 10 and 11, The other method has involved the reaction of
acid chlorides with the Grignard reagents formed from 2-(l-naphthyl-

39,50

methyl)bromobenzene (16) and 2~bromodiphenylmethane (_1_7),51 re-

spectively,

HoHTB) 1) RMgX

2 HTHOH

N | 2
14 Rirct:gs A and B d H((B)}
3, B
O 2 RCOCI 10 Rings A and B
Br 1l Ring
16 Rings A and B
17 Ring A ’

R = alkyl, aryl
B, 1l~Aroylaziridines,

A literature survey shows that the numerous l-aroylaz.iridines (20)
reported have been prepared primarily by methods which have been used
for the preparation of other N-substituted amides., Two methods of
particular interest in connection with this thesis involve the prepara=-
tion of such coﬁpounds 20 from carboxylic acids and acid chlorides, i.e.,
reacting aziridine (_1_8_) with carboxylic acids in the presence of di-

cyclohexylcarbodiimide (19) and with acid chlorides in the presence of

a base,



L 0 0
@h«jhc_NArlClN +(@—NH};8

AFCOOH + HNj

8 19 20

| BASE* ¥
ArCOCI + HN:] ~ ArCN + SALT

| 20

Ar = aryl**, *Base = NaOH or (CZRS)3N

.

The majority of l-aroylaziridines (20) have been prepared from acid
chlorides, but unlike in the preparation of other amides from acid chlo-
rides, excess aziridine (18) cannot be used to serve as a base since it
tends to polymerize in'the presence of mineral acids.52 Sodium hydrox-
ide or triethylam1n353 have commonly been used as bases for this type
of reaction,

The othér method, involving the use of carboxylic acids, has not
been used extensively, but it does provide an alternative if other
methods fail or are not practical, Rosé,sa fof example, prepared N-
nicotinoyl aziridine (21) in 74Z yield by this method after the reaction
of an acid chloride with aziridine and trietﬁylamine in ether gave only

oxazoline 22,

**Throughout this thesis, Ar = aryl,



55,56 in 1955, first reported this type of reaction for the

Sheehan,
preparation of amide bonds, in which amines are reacted directly with
carboxylic acids in the presence of a carbodiimide, usually 19. To date
the reaction has been used primarily for the preparation of pepti&es

from amino acids, although some simple amides have been prepared by this

method.57
Mechanistically, the reactions are considered to occur by the
| | H -
(Sy-N=c=N<{S) + ArcooH >F@-N:<|:—&@
19 ' ‘ 0
>C=0
_ Ar ._
23
° 8 ot
NH}—C t RNCAr «——— | (SN=C-NH<S)
2 £
26 Ho0)
RaN—c-0




. "J-Of"i;A-"'

SR
‘

Ar/
. - 24
23 \ -

initial formation of an intermediate O-acyl-urea (23), which may then

either react with the amine to form amide 26 or form an N-acyl-urea (24)

57,58,59

side product by intramolecular rearrangement, Generally, the

reactions have been carried out at room temperature or lower to reduce

the possibility for side product formation.54'57

Characteristically, l=-aroylaziridines are chemically reactive, and

reactions have been reported involving isomerizations to 2-oxazolines,6o

N—allylamides,61 a-benzamidobenzalacetophenches,62 and oxazepines;63

dimerization to piperazines;“ cleavages with ammonium sulfide,65
hydrohalic acids (Cl,Br,I),66 organic acids,67 alcohols.67 and primary
and secondary amines68 to form N-substituted amides; reductions to N- i
substituted amides;67 as well as some isolated reactiong particular to
sbecific compounds.69 Of particular interest in this work are‘those
reactions involving the formation of 2-oxazolines (27) and N-(2-halo-
ethyl)amides (28) (Cl,Br,I).

Pett1t66 has noted that l-aroylaziridines (20) in chloroform solu=-

tions are rapidly cleaved at room temperature to N-(2-haloethyl)amides
(28) when anhydrous hydrogen halides (HCl,HBr,HI) are bubbled through

the solutions, 1l-Aroylaziridines are also readily cleaved with aqueous

.
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o_ﬁg._.
hydrohalic acids, but the resulting N-(2-haloethyl)amides are suscepti-
ble to hydrolysis reactions in the aqueous‘médiums. These reactions are

commented upon in the next section,

a >-Ar—<\N__
!
Ar C{"N:}
HX 3
20 > ArCNHCHoCH,X
X = C1,Br,I ‘ _2__8_.

Heine60 has noted that l-aroylaziridines (20) have been isomerized
to 2-oxaiolines (gz) with heal, acids, aluminum chloride, as well as
ﬁucleophilic catalysts, such as lodide and thiocyanate ions. The use
of nucleophilic catalysts to form 2-oxazolines from l-aroylaiiridines
was first reported by Heine7o in 1959, and since then this method
appears to have become a basic method for preparing 2-oxazolines, The
fifst three methods have never been used to any degree for preparing
2-oxazolines and appear to serve primarily to illustrate the general -
reactivity of l-aroylaziridines.

1-Aroylaziridines are reiatively unstable to heat, and several dif-
ferent isomerization products have been reported where the type of pro-
duct formed has been found to depend in a great part upon the substi-
tuents attachéd to tﬁe carbon atoms of the aziridine ring, To date only

unsubstituted l-aroylaziridines (gg),65'71:72

aziridines (29 ,62 and a few l-aroylaziridines fused to another ring

l-aroyl-2,3-diaryl-



73,74

system (example, 30) havé been thermally isomerized to 2—oxaAzolnines
@.
?. /CHR' | . O-CHRy
ArCN Samma >~Ar‘—-<\
NCHRy - "N-CHR;
20 R =R, = H ,,
2Ry = Ry = Cels
Pl AN Iy
- o 5. 0
©_CN\__./O : <©>_<\N /
30

Pyrolysis of other substituted l-aroylaziridines have resulted in
the formation of a variety of products, Thus, the l-aroyl-2,2-dialkyl-
aziridine 31 was pyrolyzed into the N-allylamide 32, the 1,3-diaroyl-
2-alkylaziridine 33 was pyrolyzed into the uf-benzamidoben;alaceto-

62 while the l-aroyl-2-vinylaziridine 35 was pyrolyzed into

63

phenone- 34,

the oxazepine 36,
CHz |
0 0 CH3

CH i ]
O-¢n 3 o > (O)-CNHCH,C=CH,

31 32
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OzN CN e C:C\
cH~O)-No, NHEO-No,
0
33 NO2 34
O CHCH=CH, 0
oZN@—cm\cl:H a > 0pN~O<y_ |
35 36,

l-Aroyiaziridines are also reactive towards acids and have been

isomerized in high yields to 2-oxazolines with concentrated sulfurie
70 76

and with aluminum chloride,’®

acid,’” N-bromoethylamine hyd:ol:;romide,
Heine,m for example, isomerized the l-aroylaziridine 37 to the 2-
oxazoline 38 in 97X yield with concentrated sulfuric acid. Sucﬁ acid
catalyzed reactions are consideied to occur by a first step protonation
of the amido nitrogen, followed by ring opening to the more stable
carbonium ion, and subsequent O-alkylation to form a 2-oxazolinum ion

which is then neutralized to form the 2-oxazoline.70



~lh-

. 2 | H /—\v
OZN—©—CN:]_CH — OZN—Q—CNHCHZC cHa)

CH _ i
37 3
CH3 CH3
0—f—CHz oH~ O——CHy
OZN_©_<\N-——'- OZN D <\Nt—-‘

But since 1959, 2-oxazolines have been prepared from l-aroylaziridines

primarily by the use of nucleophilic catalysts, Thiocyanate ions,70 as

77

well as tetra-n-butylammonium iodide,”” and tributylamine68 have been

used in a few cases, but most such reactions have been reported with
iodide ion as the nucleophilic catalyst, Mechanistically, Heine62
studied the isomerization of a number of substituted l-aroylaziridines,
including the isomerization of 39 to the 2-oxazoline 40, and concluded
that such reactions occur by a first séep nucleophilic attack by the
iodide ion on the more positive aziridinyl carbon atom (except 1n‘cases
where steric influence overrides electronic influence) to form a N-(2-
iodoechyl)bgnzamido fon with subsequent O-alkylation to the 2-oxazoline
and displacement and regeneration of the iodide ion. In agreement with
the observed expe;imental results, this mechanism predicts correctly

that such isomerizations should occur with retention of configuratiom,

since an inversion of configuration takes place when the aziridine ring
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is opened by the nucleophile and another iﬂ#eision takes place when the

intermediate N-(2-iodoethyl)benzamido ion cyglizes.62

TN

CHC6H5 I ' L
OZN—©—CN | 02N©—C NCH,CHgHs
CHa |
39 =T
0—CHCgH
OZN-©_<\N_.CH26 >
40

C. N=-(2-Chloroethyl)amides and N,N-Bis(2-Chloroethyl)amides,

Basically, N-(2-chloroethyl)amides (41) and N,N-bis(2-chloroethyl)-
amides (42) have each been preparad by two methods, N-(2-Chloroethyl)-
amides (41) have been prepared by the reaction of hydrochloric acid with
l-aroylaziridines (22)66 and by the reaction of 2-chloroethylamine hydro-

chloride with acid chlorides.78 N,N-Bis(2-chloroe:hy1)am1des (42) have

0 HC I
ArCN —
20 n
- 4+ . [ArCNHCH>CHCI
CICH,CH,NH3CI Al
ArCcOCl ~ -
NaOH

been prepared by the Sheehan method from carboxylic acids79 and by the

reaction of N,N-bis(2-chloroethyl)amine with acid chlorides.80’81’82



y.

- 2HN(CH,CH,CI
ArCocCl ( i )2
-—*—ArCN(CHZCHZCI)Z
r=n-®) )
ArCOOH —
HN(CHaCHoCY)

Three types of reactions which amides 41 undergo and two types of

reactions which amides 42 undergo have been reported,

BoHg
————>ArCHaNHCH>CH,Cl 49
o ' 0 |
1) HOH " + -
ArCNHCHoCH»Cl >ArCOCHCHyNH3 Cl 43
o ot
LiAIH

4
> ArCH N@H CH cD 44
AlCly  Areretetetj2

o ’
ArCN(CHZCHacDZ o 0 g
———%~ArCOCH2CH2§ﬁ2CH2CHZCl 45

42

Following reports of the successful reduction of various amides to
amines by diborane, Pettit,66 in 1967, reported the successful reduction
of some N-(2-chloroethyl)amides to N-(2-chloroethyl)amines (49). N,N=

Bié(z-chloroethyi)amides (42) have not been reportedly reduced with
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)'gé:- .

diborane but have been reduced'to N,N-bis (2~chloroethyl)amines (44) with

80,83
al

the mixed reagent, lithium aluminum hydrideéaihminum chloride, nd,

in one case, with lithium aluminum hydride.aa |
In general, N-(2-chloroethyl)amides (ﬂ;)ﬂhave been found to be some-
what unstable to water and have been converted in essentially quantita-
tive yields to‘2-aminoethyl ester hydrochloride salts (43) by prolonged
contact with aqueous solutions at room temperature or by short term

66,85 Mechanistically, such reactions have

heating in aqueous solutions,
been depicted as occurring by an initial rate determining step involving

the formation of an oxazolinum ion 46 followed by rapid hydrolysis of

the imine bond to form salts gg,as
i ]
Cgmn cl A —<9"] cr-
HC >~
Ar%} 2CH> r- \? |
4l . | H
46 HOH
T
ArCOCHoCHoNH3CI
43

Whereas salts 43 have been found to be stable and can be isolated,
attempts to isolate the free amines by addition of base have invariably
resulted in rapid rearrangement of salts 43 into N-(2-hydroxyethyl)-

87,88,89

amides (48). This type of rearrangement (commonly referred to

as an acyl shift or migration since the acyl group "shifts" bonding from



S+~ oW Ho:(o]
ArCOCHZCHZNHg,C! “*“—-*H+ Ar- N a—
| H .
43 beoen ' — "l' -
47 H OH
2
ArCNHCH,CH >0H
48
the oxygen to the nitrogen atom)so’ %0 has been fpund to be characteris-
tic for primary and secondary amines with the gr:oupi.ngs:s.s’91
X 3
ArCOCHZCHZNHZ ArCOCH>CH, NHR
R --CHB' -Czlis

Additionally, I(anao,92 in 1928, showed that alcohols 48 could be con-
verted back to amine salts 43 with strong acids. Mechanistically,

Phillips and Baltzly®®

suggested that both rearrangements (ﬁ_:}_:?. 9_8)
occur through an intermediate of the nature 47,

Like N~-(2~-chloroethyl)amides (41), N,N-bis(2-chloroethyl)amides (42)
are also uns;able to water, only more so, and reportedly are readily
hydrolyzed in aqueous solutions to 2-(2'-chloroethylamine)ethyl ester

79,80,93 Ross and Wilson93 suggested a mech-

hydrochloride salts (45).
anism for this type of reaction which is similar to that suggested for

the conversion of N-(2-chloroethyl)amides (41) to amine salts 43,
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Gabriel, in 1890, was the first to report the preparation of 2-
oxazolines (27) from N-(2-haloethyl)amides (28) (Cl,Br,I) via base in-
duced intramolecular substitution reactions.ga This type of reaction
has since been used as a basic method for preparing 2-oxazolines.9o
With strong bases, such as sodium hydroxide or sodium methoxide, the
reactions have been found to occur rapidly and in essentially quantita-
tive fields. With weak bases, such as sodium acetate, the reactions
have been found to occur more slowly but again in essentially quantita-
tive yields,

Heine,86 in 1956, suggested mechanisms to account for the diéferent
reaction rates, after kinetic studies with some N-(2-bromoethyl)benz-
amides demonstrated that with the strong base, sodium methoxide, the
reactions ﬁere second order, while with the weak Sase, sodium acetate,
the reactions were first order, With the strong base, he concluded that

the reactions occurred by an initial rate determining step, whereby a

rapid reversible proton exchange took place between the base and the
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benzamide to form a benzamido ion, followed by a subsequent displacement
of bromide ion by the negatively charged-onyEn of the benzamido ion and

the formation of the 2-oxazoline (27). With the weak base, he concluded
0 | 0 - |

'] — || vs
ArCNHCH,CHBr 4 OCH3 === ArC—~NCHxCHRBr + CHzOH

1

N

0 - !
Ar—< N] +  Br =—— ArC=NCH,CHy—Br

27

—

that the initial rate determining step involved a nucleophilic displace-
ment of bromide ion by the benzamide group to form an oxazolinium fon
46, followed by rapid neutralization with the sodium acetate to form the

2-oxazoline (27).

Clohn | O - .
ArCNHCH2CHo Br > Ar——<N+:] Br—j
46 0
o h‘éic)(:c:}{zs
X 0—
NaBr + CH3COH + Ar—, ~—]

27

t——
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Winstein,gs in a paper published prior to Heine's kinetic study, had
already suggested the role of the benzamide group in the formation of
2~o0xazolines, |

D, 2-Oxazolines, 2-Thiazolines, and 2-Imidazglines,

A portion of this thesis is devoted to the preparation, from deriva-
tives of éarboxylic acids, of some polycyclic compounds containing the
functional groups, 2-oxazoline (21); 2-thiazoline (47), 2-imidazoline
(48), and their hydrochloride salts, Althﬁugh it is beyond the scope
of this thesis to present a complete review of the chemistry of these
functional groups, comments on the preparation, from acid derivatives,
and the stability of these functional groups are in order,

2-0xazolines (27) have been prepared from 1-aroy1azi£1dines 9
with nucleophilic catalysts and with acids.6o from N-(2-chloroethyl)-
amides (41) with bases,9° and from N-(2-hydroxyethyl)amides (48) with
dehydrating agents such as thionyl chloride, sulfuric acid, and phos-
phorus pentoxide.go With the exception of 2~-phenyloxazoline, 2-
oxazolines (27) are reported to generally form stable hydrochloride

salts (gg).9°

A gN Nal

re or HS04

20 -

Q NaOC,Hg O Hcl 0
Ari:'NHCHZCHZm - Ar <N___]-—>-Ar—<N+] cl
al | H

| 2r . A4S

g SOClZ

ArCNHCHpCHp OH— 7250s

ﬁg. OTPZOS
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Both 2-oxazolines (27) and 2~oxazoline hydrochlorides (46) are
chemically reactive, since ad vxazoline ring is susceptible to ring

cleavage at three different positions: the 2-3 carbon-nitrogen bond,

the 5-1 carbon-oxygen bond, and the 2-1 carbog-oxygen bond.65’77’96
1 5 0
2 3,0 OH i
ar— ] k > ArCNHCH2CHyOH
3 4
27 48
o] - wo O 4+ -
Af‘—fN*] Cl H »ArEOCHZCHZNH3Cl
l
H
46 43
(O\ q</\(')CH3 o
- 1 )
cn@«Nj_—l cir -2 ~CI{O)-CNHCHCHp0CH3
|
H _ +

For exaﬁple.'although relatively stable towards water, 2-oxazolines (27)
are converted to N-(2-hydroxyethyl)amides (48) by prolonged heating in
aqueous solutions, while 2-oxazoline hydrochlorides (46) are very sensi-
tive to water and are readily hydrolyzed to amine salts 43 when warmed

65,90,96 Also, for example, Heine86 reported that

in aqueous solutions.
the hyd£ochlor1de salt 51 was converted to the N-(2-methoxyethyl)amide
52 in 18% yield after prolonged contact with anhydrous methanol at room

temperature, The latter reaction was considered to occur by the
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cleavage of the 5-1 carbon-oxygen bond. Other reagents which are re-

ported to induce 5-1 bond cléavage in 2~-oxazolines have been summarized

by Tomalia,77

2-Thiazolines (49) have been prepared from N-(2~thiolethyl)amides

(53) with phosphorus pentoxide and from N-(2-chloroethyl)amides (41)

with phosphorus pentasulfide.97
Y P205
ArCNHCHoCHoSH | .
Eigi ———)»[\r‘-«(S ::]
0 N
9 P2Sg .
ArCNHCH,CH,Cl 49
41

Unliie 2-oxazolines, hydrochloride salt derivatives of 2-thiazolines
aré reported to be generaliy unstable and difficult to isolate in pure
form.97 Similar to 2-oxazolines, 2-thiazolineé are hydrolyzed by pro-
longed heating in aqueous solutions.97

A variety of methods for preparing 2-imidazolines (50) are avail-

able, although the most obvious methods involve reacting ethylenediamine

either directly with carboxylic acids or with their nitrile deriva-

tives.98
NHoH 9
H n
Ar—\ > ArCNHCHaCHaNH,
50
B H H B ()_
N— N ~-HOH + =
Ar—§ b ] <> Ar ¢t 1|CI" —=ArCNHCH,CHaNH3CI
H H




Like 2-oxazolines, 2~imidazolines (50) form stable hydrochloride
salts .__5_1;_.98 Both 2-imidazolines (50) and 2—1ﬂ1:tdazolin¢ hydrochlorides
(54) are hydrolyzed to amides on prolonged heating in aqueous solu=-
t::l.ons.98 However, salts 54 éie ‘more reéistéﬁt to hydrolysis than are

2-imidazolines (50), since the salts are stabilized by resonance,

H

N
ArCOOH + HZNCHZCHZNH2—+Ar—<\N:l + 2HOH
50

AFCN + HoNCHaCHpNHy——> 50+ NHg



DISCUSSION OF RESULTS

A, Preparation of Carboxylic Acids.

The four carboxylic acids, 7-(3~ and 4-éafboxyphenyl)benz[a]-
anthracenes (65 and 66) and 9-(3~ and 4-carboxypheny1)anthracenes (65
" and 68), were prepared by the five step pfocedute 111u§tréted in Chart
1, and the results are summarized in Table 1, This method, with the
exception of the first step, had been successfully used previously to

100 17 51

prepare small quantities of 65, 66,”" and 68.

Of the several procedures available for the preparation of 2-
22,23,47

AN

chlorodiphenylmethane (56) and 2-(l-naphthylmethyl)chloro-

benzene Qgg),23 the Grignard coupling reaction developed in these lab-

oratories was considered to be the most suitable.ml’lo2

By this
méthod, 55 was prepared in 507 yield and 56 in 617 yield by the cross
condensation of commercially available o,a~dichlorotoluene with 1l-
naphthylmagnesium bromide and phenylmagnesium bromide, respectively.

The Rosenmund-von Braun reaction103P1°4'105

has been generally
used in these laboratories for the preparation of cyano derivatives of
aryl compounds, 2-Cyanodiphenylmethane (60) was prepared in 75% yield
and 2-(1l~-naphthylmethyl)cyanobenzene (59) in 78% yield by refluxing |
the chloro compounds 56 and 55, respectively, with cuprous cyanide and
catalytic amounts of cugric sulfate in N-metﬁyl-z-pyrrolidone solvent,
The four bromo ketones, 2-(1—naphthy1méthy1)-3'- and 4'-~bromo-
Vbenzopheno;és (61 and 62) and 2-benzyl-3'- and 4}-bromobenzophenones
(63 and 64), were prepared by the method Stevensl7 had used to prepare
kétones. Ketone 61 was prepared in 547 yield and 62 in 507 yield by
coupling 2—(l-naphthylmethfl)cyanobenzene (59) with m-bromophenyl-

magnesium bromide (57) and p~bromophenylmagnesium bromide (58),

=25~
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QL& ~—
3] meta
C=0 58 para
Br
61 Rings A and B, meta
62 Rings A and B, para
63 Ring A, meta
64 Ring A, para
lCuCN
H. H (B} 48% HBr
CH3COOH
Cc=0
CN

Cl

CN

59 Rings A and B

60 Ring A

@
- QO

Q

. COOH

65 Rings A and B, meta
66 Rings A and B, para

67 Ring A, meta

8 Ring A, para

N
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respectively, The 1ﬁtermediate ketimines formed in these reactions were
not isolated but were hydrolyzed directly tc'the ketones with 25Z sul-
furic acid. Similarly, ketone 63 was preparéd in 627 yield and 64 in
71% yield by coupling 2-cyanodiphenylmethane (60) with-the Grignard
reagents 57 and 58, respectively. The ketones were crudely purified

by vacuum distillations and converted to cyano ketones without further
purificgtiqn.

The cyano ketones were prepared from the bromo ketones by Rosenmund-
von Braun type reactions, The resultant cyano ketones were viscous
black oils, which were slow to crystallize from ethanol, cumbersome to
distill, and were thué converted directly to the respective carboxylic
acids without purification, .

Two different procedures are avéilable for converting the cyano

ketones into polynuclear carboxylic acids. Bradsher and Vingiello51

%GHBr A AA, 48%HB
CH3COO Szcoor- QOO '*CH3go o
- Q

CN | COOH
69 68
conc.HgSQ4‘|5° | T

demonstra;ed that cyano keto§e<§g could be converted to carboxylic aeid
68 in higher yield by a one step aromatic cyclodehydration-hydrolysis
reaction;than by a two step process involving first the preparation and
isolation of the aromatic nitrile, followed by hydrolysis of the nitrile

to the carboxylic acid.
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The four carboxylic acids éé’.ﬁQ;QQZi and. 68 were prepared in yields
of 60%Z, 50Z, 64%, and 657, réspectivel§, from precursor cyano ketones by
one step aromatic cyclodehydfation-hydrélysis reactions with 487 hydro-
bromic acid in glacial acetic acid solvent, The carboxylic acids pre-
cipitated from the solutions during the reactions and were isolated by
vacuum filtrations and purified by recrystallizations from toluene-
tetrahydrofuran,

An alternate method for preparing thesé carboxylic acids would in-
volve carbonating the Grignard reagents formed from bromo compounds
analogous to 7-(4-bromophenyl)benz[a)anthracene (70). This method would
eliminate the need for preparing the cyano ketones, the preparations of
which involve laborious extraction procedures., However, carbonation and
hydrolysis reactions with the Grignard reagents formed from 70, as well
as 7-(3-bromophenyl)benz{a]anthracene (71), clearly demonstrate that
this procedure is not a satisfactcry method for preparing the carboxylic
acids,

The bromo compounds 70 and 71 were prepared from the bromo ketones

17,19 and were

62 and 61, respectively, by methods previously reported
purified by chromatography through an acid alumina substrate with 20%
chloroform-hexane as eluant. The resultant white solids were dried and
reacted with equimolar amounts of magnesium in refluxing anhydrous
tetrahydrofuran, The reactions were initiated only after small amounts
of methylfiqdide were added, and after several hours of reflux, 70 and
Zl'appeared’to be reacting readily with the magnesium giving reddish
black and bluish black solutions, respectively, After several more

hours of reflux individual Grignard reagent solutions of 70 and 71 were

hydrolyzed to 7-pheny1behz[a]anthracene (1) in 427 and 37Z yields,
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respectively, but were carbOnated'to the carboxylic acids 66 and 65 in
yields of only 257 and 22%, fespectively, by pouring the Grignard re-
agent solutions over a slurry of tetrahydrofﬁfan and powdered carbon
dioxide. Similar results weérs obtained when ecarbon dioxide gas was

bubbled through the Grignard reagent solutions,

0o L. oo

2) COp+ HOH
or
Q HOH Q
Br R
Z__Q_ para : ___L R=H
Zlflm& 66R=COOH, para
' 65R=COOH, nets

Several previous attempts in these laboratories to.prepare the
_ Grignard reagent of 7-(4~bromophenyl)benz([alanthracene (70) had been un-

19,100,106,107,108 The desire to prepare this reagent had

successful,
stemmed from the fact that 1 has shown anti-tumor acﬁivity.6 and that
the Grignard reagent could be used to prepare a'varietf of 7-(4-
suﬁstituted phenyl)benz[a]anthracene compounds which could be studied
for potential anti-tumor activity., The above hydrolysis data in&icates
that the Grignard reagent of 70 can be formed in sufficient amounts to
be of synthetic value when alternate methods for preparing the 7-(4-
éubstithté§7pheny1)benz[a]anthracenes are not available, Howevér, while

109 clearly demonstrated that these

this study was in progress, Menon
compounds could be prepared in higher yields by using the lithium re-
agent of 70, He showed that the lithium feagent of 70 could be formed

more rapidly and in greater yield than the Grignard reagent,



Physical Data for Bromo Ketones and Carboxylic Acids

Table 1

, Yield M.p. B.p. % Calcd. Z Found -
Comp, y 4 °c °C (mm,) Formula C H c H
61 54 225-238 (0.3)*  C, H, Br0

62 50 230-245 (0.4)°  C,,H, Br0

63 62 190-195 (0.3)¢  C,H, (BXO

64 n 195-197 (0.5)% €, gH, (B0

65 60 274-276° C,y5H; 60, 86.18  4.64 86,01 4.5
66 so  280-283f C,cHy (0,

[ 64 300~302 Cp1H1405 84.53  4.74 84,31 4,61
68 65  259-2628 C,,H;,0, A

L 4

8peported M.p. 105-106°.1° PReported M.p. 106-107°, B.p. 275-278° (2 mm.).t’

®Ketone not analytically

purified. YReported M.p. 83-84.5°, B.p. 210-220° (1 mm.).>l ©Reported M.p..253-254°.190 freported

M.p. 298-300°.17 BReported M.p. 262-26

40,51

- -0E~
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B, Preparation gg_l-Aroylaziridihes., '

.The two different methods uséd to pfepaf;ithe four l-aroylaziridines,
3- and 4-(7-beﬁz[a]anthracenyl)benzaziridamides (76 and 77) and 3- and
4-(9-anthracenyl)benzaziridamides (78 and 79), are illustrated in Chart
2, and the results are summarized in Table 2,

A literature survey shows that l-aroylaziridines have generally been
prepared by coupling acid chlorides with aziridine in the presence of a
base, usually either sodium hydroxide or triethylamine.53 By this method,
with triethylamine as base, the two para compounds 77 and 79 were pre=-
pared as solids in 75Z and 73% yields, respectively, while the two meta
compounds 76 and 78 were obtained as impure oils in approximately 782
and 76% yields, respectively, The-acid chloride reagents necessary for
these reactions were prepared in essentially quantitative yields by
reacting the four carboxylic acids 65, 66, 67 and 68 with oxalyl chloride
in benzene, and all four of the icid chlorides were isolated as greenish
yellow solids.* Without purification the respective acid chlorides
were then reacted with excess aziridine and triethylamine in benzene at
room temperature. After the reactions were complete the precipitated
triethylamine hydrcochloride was removed by filtration, and the four 1-

aroylaziridines were purified by chromatography through silica gel

*  Oxalyl chloride was superior to thionyl chloride for preparing the
acid chlorides in relatively pure and high yields, With thionyl chlo-
ride the acid chlorides were obtained as oils, which contained impurities
that were: Qifficult to remove, The l-aroylaziridines prepared from
these acid chlorides also were found to contain these impurities, par-
ticularily the two anthracene compounds. For example, the meta compound,
3-(9-anthracenyl)benzaziridamide (78'), was obtained as a solid which
contained impurities that were not removed even after three chromato-
graphy procedures through silica gel, four treatments with charcoal,

and seven recrystallizations from ethyl acetate (see 78', Table 2). No
such purification problems were encountered when the four acid chlorides
were prepared with oxalyl chloride.



65 Rings A and B, meta
66 Rings A and B, para
67 Ring A, meta

68 Ring A, para

N(C2H5)3
©}
+ OIOI®) + (CoHs)zNHCI

Rings A and B, meta
Rings A and B, para
Ring A, meta
Ring A. pgra

] R e
cojjon
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substrate with benzene as eluant, The two para ;ompouﬁds.ZZ and 79 were
further purified by recrystallization from efh&l acetate, while the two
meta compounds 76 and 78 were again obtained as oils which could not be
precipitated from ethyl acetate, as well as a variety of other solvents,

Another possible method for preparing l-aroylaziridines involves '
reacting carboxylic acids directly wichAaziridine, 1n‘the presence of
dicyclohexylcarbodiimide (;g).sa This method was also used to prepare
the four compounds 76, 77, 78 and 79, and somewhat surprisingly, the
four compounds were prepared in essentially the same high yields as
were obtained bjAthe former method (see Table 2), The reactions were
carried out by simply stirring at room temperature for several hours a
mixture of the respective carboxylic acids with equimolar amounts of
aziridine and dicyclohexylcarbodiimide (19) in anhydrous tetrahydrofuran,
Within minutes after the reactants were mixed the by-product, dicyclo-
hexylurea (80), began to pfecip;:ate from solution. After the reactions
were complete, the majority of the dicyclohexylurea was remdved by
vacuum filtration, and the l-aroylaziridines were purified by chromato-
graphy and recrystallization procedures similar to those used in the
first method, The two meta compounds 76 and 78 were again obtained as
oils which could not be crystallized.

57

According to the mechanism proposed by Sheehan™  and othet358'59

for
reactions of this type, formation of N-acylureas may occur, Such side
products were not observed in these reactioﬁs, although they may well
have formed.to some extent and were removed by the chromatography pro-
cedﬁre.: In any event, based on the shorter reaction route, simplicitf'
of reaction conditions, and high yields of products obtained, this

latter method would appear to be the more efficient synthetic procedure
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for preparing the four l-aroylaziridines 76, 77, 78 and 79,
Characterization of thése four l-aroylaziridines was based on the
synthetic routes used, elemental analysis in the case of 77 and 79, and
by ir and nmr spectra. The prese$ce of the aziridinyl amide functional
groﬁp in each of the compounds was evident from the spectra, The nmr
spectré showed the four equivalent aliphatiec protons as a singlet cen=-
tered at 1.22 ppm (8).* The ir spectra showed the aliphatic carbon-

1

hydrogen stretching frequencies in the region 3000-2800 cm — and the

carbonyl stretching frequency at 1690 cm-l. The carbonyl stretching
frequency represents a shift from the 1680-1630 cm-1 range generally

110 The shift is found to be characteris-

observed for tertiary amides,
tic for aziridinyl amides and, according to Brown,111 suggests that
there is little conjugation within such amide groups as contrasted with

the usual tertiary amide,

*All nmr chemical shifts reported in this thesis are expressed in
ppm (&) values, '



Table 2

Physical Data for l-Aroylaziridines

Yield M.p. %Z Calcd. % Found
Compd, 4 *C Formula c H c H N S
a,C b,c
16 78%C, 72 C, M, oNO
171 75 , 70°*% 204-205.5  C,H NO 86.83 S.14 3.75 86,98 5.20 3.83
a,c b,ec
18 16*%, N C,4H ;N0
8 79¢ 146-147 CpgyNO 85,41 5,31 4,33  77.43  3.16 3.67 1,04
79 73* ,68®  175-176 C,qH,NO  85.31 5,31 4.33  85.34 5.21 4.15

8prom acid chilorides.

analytically purified,

18

9..44

bFrom carboxylic acids,

®Isolated as oils which were not crystallized or

dFrom acid chloride prepared with thionyl chloride. eReported M.p.:187-

—sg-
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C. Preparations and Reactions of N-(2-Substituted ethyl)amides,

1. Preparation of N- (2’-Ch1'or0ethylla_gide§

The two methods used to prepare the foﬁr N-(2-chloroethyl)amides,
3- and 4-(7-benz[a)anthracenyl)~N~(2-chloroethyl)benzamides (81 and 82)
and 3- and 4—(9-anthracenyl)-N-(Z-chloroethyl)’benzamides (83 and 84),
are illustrated in Chart 3, and the results are summarized in Table 3,

Pettit66

recently showed that aziridine rings in l-aroylaziridines
are readily cleaved by anhydrous hydrogen halides (Cl1,Br,I) to form N-
(2-haloethyl)amides. The four amides 81, 82, 83 and 84 were prepared by
this method in yields of 717, 90%, 787% and'89z, respectively, by bub-
bling anhydrous hydrogen chloride through chloroform solu;ions at room
temperature contaiping the l-aroylaziridines 76, 77, 78 and 19_, re-
spectively, The two para amides 82 and 84 were purified by recrystal-
lization from benzene, while the more soluble meta anides 81 and 83
wers recrystallized from efhyl acetate, The lower yields of the two
meta amides 81 and 83 probably resulted because of impurities in ‘tha
two meta l-aroylaziridine reagents 76 and 78 which were oils and diffi-
cult to purify,

The two meta amides, as well as the para amidés, were prepared more
efficiently by reacting the acid chlorides 72, 73, 74 and 75 with equil=~
molar amounts of 2-chloroethylamine hydrochloride and excess sodium
hydroxide in water-benzene at 0°, A1l four amides readily precipitated
from the solutions as the reactions progressed and were isolated by
filtration and purified by recrystallization procedures similar to the
'first method, By this method the two meta amides 81 and 83 were prepared

in 86% and 84% yields and the two para amides 82 and 84 in 83% and 85%

yields, respectively,



CHART 3
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72 Rings A and B, meta

L3 Rings A and B, para 76 Rings A and B, meta
214 Ring A, meta = Ri N B
75 Ring A, para JZL Rings A and B, para

78 Ring A, meta
79 Ring A, para

2 | NaOH

HCI

+ -
CllCHZCHZNH3Cl

ings A and B, meta
ings A and B, para
ing A, meta
ing A, para

R
85 —Br
86—T
87—SH
88 —N(C2Hs),
89 —0S0,CH3

=0
NHCH,CHZR



2., Preparation 6f 4-(7-Benz{alanthracenyl)=N-(2~gubhstituted ethyl)‘
benzamides 'b

Several 4-(7-benz[a]anchraceﬁyl)-N—(Z-Suﬁétituted ethyl)benzamide
compounds were prepared from 4-(7-benz[a]anthfacenyl)benzaziridamide.
(77) by cleavage of the aziridine ring with various acids, These re=-
actions are illustrated in Chart 3, and the results are summarized iﬁ
Table 3,

4=-(7-Benz[a]anthracenyl)-N~(2~bromoethyl)benzamide (85) was pre-
pared in 877 yield by bubbling anhydrous hydrogen bromide through a
chloroform solution containing 77 at room temperature and was purified
by recrystallization from benzene.

4-(7-Benz[a]anthracenyl)-N-(z-iodoethyl)benzaﬁide (86) was pfepared
in 732 yield by stirring a mixture of 77 in benzene with aqueous 45%
_ hydriodié acid and was purified by recrystallization from ethyl acetate,

Using the procedure of Goldberg and Kelly,65 4=(7-benz[a)anthracenyl)-
N-(2-thiolethyl)benzamide (87) was prepared in 437 yield by the reaction
of 77 in tetrahydrofuran with 452 aqueous ammonium sulfide at room
temperature and was purified by recrystallization from dimethylsulfoxide-
ethanol, The amide 87 was prepared in only 23% yield when hydrogen
sulfide gas was bubbled through a chloroform solution containinglzz,

Thyrdm and Day68 recently showed that a variety of ﬁrimary and sec-
ondary amines can cleave the aziridine ring in l-aroylaziridines. 4=(7-
Benz[a]an:yracenyl)-n-(Z-diethylaminoethyl)benzamide (88) was prepared
in 76% yield by refluxing 77 with excess diethylamine in benzene and was
purified by recrystallization from ethyl acetate,

4~(7-Benz[a]anthracenyl)=N-(2-methylsulfonylethyl)benzamide (89) was

prepared in 74% yield by stirring in benzene at room temperature equimolar
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amounts of 77 and methanesulfonic acid and was purified by recrystalli-

zation from toluene-~957% ethanol,

3. Reactions of 4-(]-nggja]anthracqnxl)éN-(Z-chloroethyLl:

benzamide (82) and 4~(7-Benz[a]anthracenyl)=-N,N-bis(2-chloroethyl)=-

benzamide (90)

The reactions of 82 and 90 with diborane and with water are illus-
trated in Chart 4, and the results are summarized in Table 4,

The N,N—bis(2-chloroethy1)aﬁide 90 was prepared as a viscous oil in
78% yield when acid chloride 73 was reacted with excess N,N-bis(2-
chloroethyl)amine in anhydrous benzene at room temperature.v The pre-
cipitated N,N-bis(2-chloroethyl)amine hydrochloride was easily removed
by filtration, and attempts to crystallize the isolated oily product

90 from a variety of anhydrous solvents were unsuccessful,

@@© HN(CHZCHZCD&- @@@© +(CICH2CH2)2:\I~H2CI-

9:0 9:0 :
1 N(CHaCH>C D5
s 90

Both 82 and 90 underwent reactions with water which are characteris-

66,85

tic of compounds containing an N-(2-chloroethyl)amide or N,N-bisg-

70,80,93

(2-chloroethyl)amide functional group (see p. 16). Refluxing

4-(7-benz[a]lanthracenyl)=N,N~bis(2-chloroethyl)benzamide (90) in 95Z
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CHART 4
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ethanol-tetrahydrofuran (2-1) for foﬁr houtrs resulted in a 847 trans-
formation to 2-(2'-chloroethylamino)ethyl—ﬁ-(bnbenz[a]anthracenyl)-
benzoate hydrochloride (91). Réfluxing 4~(7-benz[a]anthracenyl)=N-(2-
chloroethyl)benzamide (82) in 952 ethanol for four hours resulted in a
91% transformation to 2-aminoethyl-4-(7-benz[alanthracenyl)benzoate
hydrochloride (93).

Interestingly, neutralization of salt 93 with 107 sodium hydroxide
resulted in thé(formation of 4-67-benz[a]aﬁthracenyl)-N—(2-hydroxyethy1)-
benzamide (95) in 63% yield. This type of rearrangement has been reported
to be characteristic of compounds containing the 2-aminoethyl ester
hydrochloride functional group (see p. 18).87’-88’89

Pettit66 recently showed that diborane 1s an excellent reagent for
reducing N-(2-chloroethyl)amides to nitrogen mustards, Both amides 82
and 90 were reduced to nitrogen mustards by reacting the respective
amides with commercially available 1M diborane in tetrahydrofuran at.
room temperature, Both nitrogen mustards were isolated as viscous oils
which resisted crystallization from a variety of polar and non-polar
sblvents, and the oils were thus converted toAhydrochloride salts, 4-:
(7-Benz[a]anthracenyl)-N-(Z;chloroethyl)bénzylamine hydrochloride (94)
was isolated in 717 yield and 4-(7-benz[a]anthracenyl)-N,N-bis(2-chloro- .
ethyl)benzylamine hydrochloride (92) in 662 yield by adding ethyl ether
solutions saturated with hydrogen chloride to tetrahydrofuran solutions
containing the nitrogen mustards. The salts were purified by recrystal-
lization from 95X ethanol-ethyl acetate,

vDiborane proved to be a good reagent for reducing the two poly-

nuclear amides to nitrogen mustards, Other reagents that have been

reportedly used to reduce N-(2-chloroethyl)amides to nitrogen mustards
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are lithiun aluminum hydride84 and the mixed reagent, lithium aluminum

80,83

hydride-aluminum chloride. . .Lithium aluminum hydride, alone, has

not been used extensively for reductions 0£ €h1s type because of the

83,112 The

possibility for reduction of the carbon~chlorine bonds,
mixed reagent,Alithium aluminum hydride-aluminum chloride, however, has
been cpmmonly used for reducing N-(2-chloroethyl)amides to nitrogen
mustafds. No attempts were made to reduce the two polynuclear amides
82 and 90 to nitrogen mustards with this latter mixed reagent,
Intérestingly though, this mixed reagent would probably not have
been suitable for preparing the pure polynuclear nitrogen mustards in
high yields because of the potential reactivity of the 7-phenylbenz(a]-
anthracenyl moieties towards alumiﬁum chloride, In these laboratories,

108 113

Menon and Youssef showed that 7-phenylbenz[a)anthracenes are con=-

verted readily to fluoranthenes when refluxed with excess aluminum

chloride in benzene.

AlCl3

Benzene

Y

4, Characterization of Amides and Derivatives

_ The preceding amides and derivatives are new compounds, with the ex-

ception of 2&,44 and their structures were assigned on the basis of the

synthetic routes used, elemental analysis, and ir and nmr spectra,
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(a) The efhylene protons of functional group (a) in amides 81, 82, 83,
84,85 and 86 appeared in an A232 system with the difference in chemi-
cal shifts near zero, The four protons appeared as a slightly jagged

- singlet centered at 1,99 ppm, The carbonyl stretching frequency for

each of the amides appeared at 1635 cm-l, characteristic of secondary

amides.llo

~_(b) The ethylene protons of functional group (b) in amide 87 appeared

in an AZBZ system as two broad multiplet bands centered at 1,75 ppm

and 2,09 ppm, while the sulfhydryl proton appeared as a singlet at
1,37 ppms The carbonyl stretching frequency for the secondary amide

appeared at 1645 cm'l. The sulfur-hydrogen stretching frequency,

characteristically weak and in the region 2600-2500 cm-l,llo was not
detectable.,
0 CHa~CHy O
(c) ~CNH=CHy—~CHy~N_ M2 X3 (d) ~CNHCHyCHy0S0,CH3
\CH5~CHz

Ao My My X3

(c) The protons of the functional group (c¢) in amide 88 appeared in
an A2M6x6 system, The methylene protons (A2) appeared as a quartet at
1.96 ppm, the methylene protons (M6) appeared as a quartet at 1.44 ppnm,

while the terminal methyl protons (x6) appeared as a triplet at 0,59
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pbm. The carbonyl stretching frequéncy for the secondary amide ap-
beared at 1625 cm-l.

(d) The protons of the functional group (d) in amide 89 appeared in
three bands., The ethylene protons appeared in two broad multiplet
bands‘at 2,56 ppm and 1,90 ppm, while the terminal methyl protons
appeared as a singlet at 1,40 ppm. The carbonyl stretching frequéncy
occurred at 1720 cm-l, while broad intense absorptions appearing in

the region 1300-1100 cm-l were attributed in part to 0 = S = 0 and

§=-0 étretching modes,

0 R ¢ 0
X + - OH 1 1
R-COCHoCHoNH3Cl —~R-CNHCHaCHyOH or RCOCHaCHaNH

93 | 25

R = 4-(7-benz[a)anthracenyl)phenyl-

Neutralization of amine salt 93 with aqueous sodiun hydroxide could
have formed either the primary amine or alcohol 95. The presence of the
N-(2~hydroxyethyl)amide functional group was confirmed by ir d4nd nmr
spectra, The nmr spectrum showed a ban& at 1.42 ppm which integrated
for one proton and was attributed to the hydroxy proton, while the
ethylene protons appeared in a single multiplet band at 2,05 ppm; The
carbonyl stretching frequencylfor the secondary amidé occurred at 1625
cm-l, while the 0 - H stretching frequency was obliterated due_to
moisturegiﬁ the KBr pellet. Amine salt 93 was too insoluble for a suit-
able nmr, but the ir spectrum showed the ester carbonyl stretching fre-
quency at 1720 cm-l and strong broadvabsorption in the region 3070-2850

cm-l, cﬁaracteristic‘for salts of primary amines.llo
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0 cl o §
R—-COCHyCHp NHchQCHZC |—>RCOCH, —=CHy"NH-CHy—CH,CI
+ ' |

9l A2 My X My 2

R = 4-(7-benz[a]anthracenyl)phenyl=-

(f) Similar to 93, amine salt 91 was characterized by ester carbonyl
absorption at 1734 cm-l, and the strong broad absorption in the region
2900-2600 cm-1 was attributed to symmetrical and asymmetrical stretching
in the -;ﬁz- group. The~ptotons of the neutralized salt appeared in
four bands as an A2M4X122 system, The terminal methylene protons (Az,
22) appeared as triplets at 2.43 ppm and 1.95 ppm, the middle methylene
protons (M‘) as a triplet at 1,61 ppm, while the secondary amino proton

(Xl) appeared as a singlet &t 1,07 ppm,



Table 3

Physical Data for N-(2-substituted)ethyl amides

Yield " Mepe % Calcd, | e Found |
Compd, 2 °c Formula 'C H N x© c H N x©
81 712, 86°  135-138 C,H,oCINO 79.10 4,93 3,42 8,65(Cl) 79,21 5.01 3.24 8,52(Cl)
82 90%, 83°  203-208 C,4H,oCINO 79,10 4.93 3.42 8,65(Cl) 78.82 4.82 3,48 8,89(Cl)
83 78%, 84°  167-169 C,qH;gCING 76,76 5.05 3.89 9.85(Cl) 76.87 5.09 3.81 9.68(Cl)
84 89%, a5  203-208 C,4H,gCINO 76,76 5.05 3.89 9.85(Cl) 77.04 5.23 3,66 9,98(C¥)
85 87 203-208 C,oHy(BXNO 71,36 4.45 3,08 17.59(Br) 71,50 4.38 3.27 17.88(Br) :g
85 73 196-198 C,sH,oNIO 64,69 4,03 2,79 25.31(I) 64,45 3.80 2,51 24,04(1) L e
87 43 304-306 C,,H, NOS 79,53 5.24 3.44 7.86(S) 79.03 5.15 3.53 8.3%(S)
88 76 164-166 C51HaoN,0 83,36 6.78 6.27 83,52 6.85 6.00.
89 74 23%-238 CogH,gNO,S 71,61 4,95 2.98 6.83(S) 71.68 5.07 2.94 6.54(S)

8prom l-aroylaziridines. thom acid chlorides. °X = Cl, Br, I or S,



Table 4

Physical Data for Amine Salts and Nitrogen Mustard Salts

Yield M.p. ’ % Caled. % Found

Compd. 4 °c Formula C H N Cl C H N Cl
91 84 209-211 CogllysCL,NO, 71,01 5.,15° 2,86 14,46 71,26 5.09 2,60 14,69
92 63 273-276 C,gflygCL,N 70,37 5.31  2.83 21,49  69.77 5.15 2.74 22.29
93 91 197-200 C,5H,,CINO, 78,71 5.39 3,40 8,61 78,58 5,58 3.23 8,35
94 71 259-262 C.oH..C1.N 74,99 5437 3,24 16,40 75.63 5.19 3.41 15.99 "
23 27723%2 . L
“.
95 66 218=-220 C,4H,,N0, 82.82 5.42 3.58 82,80 5.45 3.69 v E
4
8Reported M,ps 164~165°. -
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D, Preparation of 2-Oxazolines,

The two ﬁethods used to'érep#fe the four 2-oxazolines, 3~ and 4-(7-
benz{a]anthracenyl)phenyl-2-oxazolines (96 and 97) and 3~ and 4~(9-
anthracenyl)phenyl-2-oxazolines (98 and 99), are illustrated in Chart
S, and the results are summarized in Tabie S |

The 2-oxazolines were prepared in fai; yields from N-(2-chloroethyl)-
amides via base induced intramolecular substitution reactionms,

The four 2-oxazolines 96, 97, 98 and 99 were prepared in 46%, 53%,
52% and 55% yields, respectively, by reacting the N-(2-chloroethyl)-
amides 81, 82, 83 and 84 with excess sodium ethoxide in absolute ethanol=-
tetrahydrofuran solutions. The major probiem with this procedure was
that the amides were too insolublevto give homogenous reactions, The
amides were very insoluble in absolute ethanol, but were made more sol-
uble by the addition of anhydrous tetrahydrofuran.

The 2-oxazolines were preparsd in higher yields and more efficiently
from l-aroylaziridines by isomerization reactions catalyzed by sodium
iodide. The four compounds 96, 97, 98 and 99 were prepared in 73%, 84Z,
702 and 86% yields, respecti&ely, by refluxing the l-aroylaziridines 76,
71, 718 and 79 with a five molar excess of sodium iodide in tetrahydro- |
furan with vigorous stirring for at least 24 hours., These reactions
were also heterogeneous in nature, the sodium iodide being insoluble,
and the vigorous stirring with the excess sodium iodide for prolonged
réactiod times was necessary to insure completness of the reactions,

It should be noted that refluxing the 1—a£oylazir1dines in the absence
of sodium iodide reéulted in essentially no isomerization products being
formed, The four 2-oxazoliﬁes vere easily purified by recrystallizations

from chloroform-95% ethanol,
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83 Ring A, meta
84 Ring A, para
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100 Rings A and B, meta
101 Rings A and B, para
102 Ring A, meta
103 Ring A, para
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Under anhydrous conditions liigh moleeular weight 2-oxazolines have
been reported to form stable hydrochloride salts.90 The four hydro-
chloride salts, 3- and 4~(7-benz[alanthracenyl)phenyl-2-oxazoline
hydrochlorides (100 and 101) and 3- and 4~(9-anthracenyl)phenyl-2-
oxazoline hydrochlorides (102 ana.;gg), were prepared in 75-~857 yields
by the addition of ethyl ether solutions saturated withvanhydrous
hydrogen chloride to anhydrous tetrahydrofuran solutions containing
the four 2-oxazolines 96, 97, 98 and 99. The salts were purified by
recrystallizations from ethyl acetate-absolute'ethanol.

That the salts were unstable towards water was demonstrated with
101 which was converted quantitatively to amine salt 93 after being

refluxed in 952 ethanol for approximately 20 minutes,

@@@ 95% themoa)_
Q

74 - C-—O + -
HN = OIC]  BCHaCHNHSCI
o1 93

The four 2-oxazolines were further characterized by ir and nmr

spectra, Abgorption bands at 1652 cm.l

and 1210 cm-l were attributed
to imine and ether stretching modes respectively. The ethylene protons
appeared as two closely spaced triplets centered at 2,22 ppm and 2,45

ppm.
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Table 5

Physical Data for 2-0Oxazolines and derochloride Salts

M.pe , 7 Caled., % Found

Compd., 4 °c Formula C H N Cl c H ‘N cl
96 46?, 73°  188-189 C27H19N0 86.83 5.14 3,75 87.07 5.00 3,58

97 532, 84° 223224 027H19N0 86.83 5.,14 3,75 86.92 5.23 3.58

98 522, 70b 159-~161 CZ3H17N0 85.41 5,31 4,33 85,54 5.14 4, 14

99 558, 86b 274=275 CZ3H17N0 85.41 5.31 4,33 85.35 5.24 ’4.28
100 73 197-199 C27H20C1N0 79.10 4,93 3.42 8.65 79.27 5.11 | 3.35 8.81
101 84 203~205 C27H20C1N0 79.10 4,93 3,42 8,65 79,31 4,68 3,23 8,79
102 70 152-154 C23H1801N0 76,76 5,05 3,89 9.85 76,82 5.07 3,74 9.61
103 86 199-201 023H18C1N0 76,76 5,05 3,89 9,85 76.83 5,10 3,99 10,05

8From N=(2=chloroethyl)amides,

bFrom l-aroylaziridines,

-1~
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- E., Preparation of 2-Thiazolineg.

The two methods used to¥p}epare the féur J-thiazolines, 3- and 4~(7-
benz[a)anthracenyl) phenyl-2~thiazolines (104 énd lgé)’and 3~ and 4-(9-
anthracenyl)phenyl-2-thiazolines (;gg and 107), are illustrated in Chart
6, and the results are summarized in Tablé 6.

The four compounds 104, 105, 106 and 107 were prepared in excellent

yields of 76Z, 76Z%, 80Z and 88%Z, respectively, by refluxing in toluene
the four N-(2-chloroethyl)amides 81, 82, 83 and 84 with excess phos-
phorus pentasrlfide. The compounds were purified by chromatography
through silica gel substrate with benzene as eluant and recrystalliza-
tions from benzene-ethanol,

The four compounds were also pfepared in good yields by reacting
phosphorus pentasulfide with l-aroylaziridines, a method for preparing
2-thiazolines apparently not previously reported. The compounds 104,
105, 106 and 107 were prepared in 70-807 yields by refluxing the four
l-aroylaziridines 76, 77, 78 and zg_with excess phosphorus pentasulfide
in toluene for short periods of time,

The reactions occurred rapidly, and the 2-thiazolines were formed
from the l-aroylaziridines either by a one step concerted type mech-
anism or by the formation of l-thioylaziridine moieties which rapidly
isomerized to the 2-thiazoline moieties under the conditions of the
reactions, No evidence for the presence of the l-thioylaziridine
moiety wgs.ﬁbtained when the reaction times for the preparation of 103
were varied from two hours down to one-half hour in one-half hour

intervals, and the reaction products separated by chromatography through

gilica gel substrate with benzene as eluant,
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76 Rings A and B, meta ‘ 81 Rings A and B, meta
77 Rings A and B, para 82 Rings A and B, para
18 Ring A, meta 83 Ring A, meta
79 Ring A, para ' 84 Ring A, para

04 Rings A and B, meta

105 Rings A and B, para

106 Ring A, meta
Ring A, para

1
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The four 2~thiazolines were characterized by elemental analysis and
by ir and nmr spectra. The ethylene protons appeared as two triplets
centered at 2,42 ppm and 1,82 ppm. Absorption at 1605 cﬁ-l was attri-

buted to imine stretching modes,



Table 6

thaical Data for 2-Thiazolines

Yield M.pe. % Calcd, % Found
Compd. 4 °C Formula C H N S o H N .S
106 76%, 71°  173-174 Cy gty NS 83.24 4,93 3,59 8.23 83,37 4.97 3.58 8,07
105 76%, 715°  211-213 C,,H, NS 83.24 4,93 3.59 8.23 83.06 4,90 3.56 8.22
106 80%, 70° 126-128 CygHy ,NS 81.37 5.06 4,13 9,45 81,37 5.09 3.89 9,37
107 888, 77b 215-217 C23H17NS 81,37 5.06 4,13 9,45 81,25 4,83 | 4,13  9.26

8¢rom N=(2=chloroethyl)amides. bFrom l-aroylaziridines,



=36

F, Preparation of 2-Imidazolines.

The four 2-imidazolines, 3 and. 4-(7-bénzTa]anthracenyl)phenyl-z-
imidazolines (115 and 116) and 3~ and 4-(9-anthracenyl)pheny1-2-
imidazolines (117 and 118), were prepared by the four step procedure
illustrated in Chart 7, and the results are summarized in Tables 7 and
8. Starting with carboxylic acid reagents, the methods most commonly
used to prepare 2-imidazolines involve the reaction of ethylenediamine
either with the carboxylic acids directly or with cyano derivatives of
the acids. While direct reaction with carboxylic acids invariably give
low yields of 2-imidazoline products, reaction of ethylenediamine with
cyano compounds reportedly give excellent yields of Z-imidazolines.97

The four 2-imidazolines 115, 116, 117 and 118 were prepared by this

latter method, The necessary cyano reagents were prepared from amides
by dehydration reactions with phosphorus pentoxide, while the amides,

in turn, were prepared from carboxylic acids via acid chloride inter-

mediates,

The four amides, 3- and 4-(7-benz[a]anthracenyl)benzamides (108
.and 2) and 3- and 4-(9-anthracenyl)benzamides (109 and 110), were pre-
pared in yields of 87%, 89%, 95% and 86Z, respectively, by the reactién
of acid chlorides 72, 73, 74 and 75 with liquid ammonia in tetrahydro-
furan at room temperature. The amides were ﬁurified by recrystalliza-
tions from 952 ethanol,

The—four cyano compounds, 3~ and 4~(7-benz[a]anthracenyl)cyano-
benzenes (¥l; and 112) and 3- and 4-(9-anthracenyl)cyanobenzenes (113
and 114), were prepared in ylelds of 672, 64Z, 61% and 68%, respectively,
by the reaction of the four amides 108, 2, 109 and 110 with excess

phosphorus pentoxide in refluxing toluene. This method was found to be

Py
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(BP 00
@@‘ ) ciccel
2) NH3
Q
COOH
65 Rings A and B, meta
66 Rings A and B, para
67 Ring A, meta
HyNCH5CH,NH,

108 Rings A and B, meta
2 Rings A and B, para
Ring A, meta
Ring A, para

.r’”\

10

11

115 Rings A and B, meta
116 Rings A and B, para

Rings A and B, meta
Rings A and B, para
Ring A, meta '
R

119 Rings A and B, meta
;_2_(_)_ Rings A and B, para
121 Ring A, meta

22 Ring A, para
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a better synthetic procedure for preparing the cyano compounds in reason-
able quantities than the method which involved the cyclodehydration of
cyano ketones with concentrated sulfuric atid at low temperatures (see
P+27 )« The four cyano compouiids were purified by chromatography through
silica gel substrate with benzene as eluant and recrystallization proce=-
dures.,

The four 2-imidazolines 115, 116, 117 and 118 were prepared'in

ylelds of 75%, 84Z, 717 and 85%Z, respectively, by refluxing cyano com-

'pounds 111, 112, 113 and 114 in anhydrous ethylenediamine for short

periods of time. The four compounds were purified by recrystalliza-
tions from ethanol,

2-Imidazolines reportedly form hydrochloride salts which are sta-
bilized by resonance.99 The four hydrochloride salts, 3- and 4-(7~-
benz[a]anthracenyl)phenyl-2-imidazoline hydrochlorides (119 and 120) and
3~ and 4~-(9-anthracenyl)phenyl-2-imidazoline hydrochlorides (121 and
122), were prepared in 75-857 yields by the addition of ethyl ether
solutions saturated with anhydrous hydrogen chloride to anhydrous
tetrahydrofuran solutions containing the four 2-imidazolines 115, 116,
117 and 118, respectively.

The four 2-imidazolines were further characterized by ir and nmr

spectra, The ethylene protons appeared in an A 32 system with the dif-

2
ference in chemical shifts approaching zero, The ethylene protons ap-
peared as a singlet at 2,00 ppm, while the aﬁino proton appeared as a

broad band centered at 3,1 ppm. Absorption at 1610 cm"1 was attributed

to the imine stretching modes,



Table 7

Physical Data for Amides and Nitriles

Yield Mopo _ Z Calcd, A FOUﬂ_g

Compd. 4 °c Formula (v H N C H N
108 87 135-137 C25H17N0 86,42 4,94 4,03 86,22 4,98 4.25
a
2 89  298-300 C, gt ;N0
109 95 199-200 CZIHISNO 84,81 5,09 4,71 84,98 5.24 4,68
110 86 270-271 021H15N0 84,81 5.09 4,71 84,98 5.09 4,90
111 67 153=155 CZSHISN ‘ 91,15 4,59 4,25 91.25 4,76 . 4,02
b
112 64 196-198 CpsHy N
113 61 129-130 C21H13N 90,28 4,70 5.02 90,49 4,73 5.13
: c
114 68 134-135 C21313N

oS-

8peportad Meps 299-300°,2%% PRreported M.p. 197-198°.17 CReported M.p. 125-126°,°%



Table 8

Physical Data for 2-Imidazolines and Hydrochloride Salts

Yield M.p. Z _Calcd, % Found

Compd. 4 Y Formula c H lN Cc1 c H N cl
115 76 227-229 C,9H,0N, 87,05 5.42 7,52 86,91 5.42 7.35

116 84 221,5-223 C,pqts0N, 87.05 5.42 7,52 87.20 5.38 7,47 .

117 71 241-242 CyqH; oMy 85.67 5.64 8,69 85,91 5,86 8.43

118 85 309 decomp. 023H18N2 85,67 5,64 8,69 85.54 5,77 8.65

119 75  291-294 C,,H,,CIN, 79.29 5.19 6.85 8.67 79;37 5.28 6.64 8.87
120 81 = 325 decomp. C, 1, CIN, 79.29 5.19 6.85 8.67 79.35 5.34 6.75 8.7%
121 .77 314 decomp. C,4H,; oCLN, 76,97 5.35 7.81 9.88 76,69 5,42 7,54 10,18
122 85 333 decomp. C,,H,,CIN, 76,97 5.35 7.81 9.88 77.13 5,30 7.83 10.10

23719772

w09~

%
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G, Comments on Spectra,

Each of the new compoundé frépared iﬂ thi; work contained either an
anthracenyl or a benz[a]antﬁracenyl functional group, and the presence
of one of these functional groups in each of the compounds was evident
froﬁ an examination of their ir, nmr, and uv spectra,

Polycyclic aromatic hydrocarbons show characteristic absorption in
three regions of the infrared spectrum.110 The aromatic C~H stretching
and the C-C skeletal vibrations occur at 3100-3000 <:mm1 and 1600-1400
cm-1 respectively, while the C-H out of plane bending vibrations occur
in the region 900-675 cm-l.llo Since all of the new compounds showed
characteristic absorption in these three regions == particularly the
900-675 cm-l region ~= these absorption bands were not of any parti-
cular value in identifying the individual compounds,

In the nmr spectra the aromatic protons of the new compounds ap-
peared as multiplets of bands in the region 5.3-3.9 ppm. While of no
value in identifying the individual compounds, these multiplets of
bands were characteristically different for the benz[a]anthracene and -
anthracene compounds such that the two types of compounds were easily
distinguishable (see examples in Appendix).

The ultraviolet absorption patterns for the new compounds were
similar to the spectral absorption patterns éenerally observed for 7-
substituted benz{a]lanthracenes and 9-substituted anthracenes.* Appar-
ently, any absorptions-by the hetero chromophoric functional groups
present in the various compounds were blanketed by the broad intense

absorption maxima exhibited by the 7-phenylbenz[a]anthracenyl and

*For recent examples, refer to Ph,D. Theses in this Department by
P, D, Henson and R, L, Kornmann,
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9~-phenylanthracenyl portions of the comptunds. As examples, the
absorption maxima for some benz[a]anthrac¢enes arxe listed for compara-
tive purposes in Table 9, while the absorption maxima for each of the

new compounds are given in the Experimental Section.
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Table 9

Absorption Maxima for Some Henz[a]anthracenes

A in md
max

365 352 292 281 271 260 222

367 352 292 281 271 258 220

364 351 292 281 271 257 223

368 351 291 280 270 255 220

365 350 292 281 271 258 220

366 353 292 281 271 258 222




EXPERIMENTAL
A, General - _

1, The melting points of ail‘compounds melting below 300° were
taken on a Fisher-Johns melting point block and are uncorrected; those
melting above 300° were taken on a Mel-Temp capillary melting point
apparatus and are uncorrected, Boiling points are uncorrected,

2. Analysis marked (*) were performed by Galbraith Laboratories,
Knoxville, Tennessee and those marked (**) by M~H-W Laboratories,
Garden City, Michigan., All unmarked analysis were obtaiﬁed on an F&M
Scientific Corporation, Model 185, C, H, and N analyzer in this depart=-
ment, The majority of the.compounds synthesized in this work were not
analyzed correctly with the C, H and N analyzer but were correctly
analyzed at the other laboratories.

3., The infrared spectra were recorded on a Beckman IR-5 infrared
spectrophotometer or a Perkin-Elmer Model 621 spectrophotometer., The
spectra were obtained using 10-20Z chloroform solutions or potassium
bfomide disks,

4, The nuclear magnetic resonance spectra were recorded on a
Varian A-60 spectrophotometer, The spectra were obtained using 102

CDCl, or deuterated DMSO solutions with tetramethylsilane (TMS) as an

3
internal standard,

5. The ultraviolet spectra were recorded on a Beckman DK-2A ratio
recording‘épectrophotometer. Ethanol (95%) was used as the solvent,
6. The chromatography columns were 1 1/2" in diameter and 11" in

length, The columns were wet packed with either Fisher's acid alumina,

Brockman Activity I, 80-200 mesh, or Baker's Silica gel, powder,



"Suitable for Chromatographic Use“, with benzene, The acid alumina
columns were eluted with either 5% or 20% chloroform-hexane; all the

silica gel columns were eluted with benzene.

B, Preparation of Carbokylic Acids,

2~ (1-Naphthylmethyl)chlorobenzene (55)

A Grignard reagent was prepared by the rapid addition of 207 g.
(1.0 mole) of l-bromonaphthalene in 600 ml. of anhydrous ethyl ether to
24,3 g, (1,0 mole) of magnesium turnings contained in a 2-liter, 3-
necked, round-bottomed flask that was immersed in a water bath. The
flask was equipped with a2 mechanical stirrer, take-off condenser,
diopping funnel, and dry nitrogen atmosphere. After the addition was
complete, the mixture was refluxed one hour, the ether was then replaced
with 400 ril, of dry benzene, and when the reflux temperature teacﬁed 55°,
129 g. (0.80 mole) of o,a-dichlorotoluene in 300 ml, of benzene was
added over a périod of one hour, The reaction mixture was heated at
reflux temperature for 12 hours, allowed to cool to room temperature,
and the complex was decomposed with 300 ml, of 102 hydrochloric acid
solution while cooling the reaction flask in an 1ée bath, The benzene
layer was separated, washed three times with 300 m;. portions of water,
and dried over sodium sulfate, The dried solution was filtered, con-
centrated and distilled under reduced pressure. The product was col-
lected as an impure yellow‘viscous oil at 180-188° (0.7 mm.), [Lit.23
189-192; (2,0 mm,)}, Some a,u':binaphthyl impurity codistilled with
the product. The distillate was dissolved in 75 ml. of acetone, cooled
overnight, the precipi;ate& a,a’~binaphthyl was removed by vacuum filtra-

tion, and concentration of the filtrate gave the product as a yellow

viscous oil; yield 101 g, (50%).
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2~-Chlorodiphenylmethane (56)

A érignard reagent was pfebared by tﬁé rabid addition of 157 g.
(1.0 mole) of bromobenzene in 600 ml, of &ry eﬁhyl ether to 24.3 g,
(1.0 ﬁole) of magnesium turnings contained in a 2-liter, 3-necked,
round-Bottomed flask that was immersed in a water bath, The flask was
equipped with a mechanical stirrer, take-off'condenser, dropping funnel,
and dry nitrogen atmosphere. After the addition was complete, the mix-
ture was refluxed one hour, the ether was replaced with 400 ml, of dry
benzene, and when the reflux temperature reached 55°, 129 g, (0.8 mole)
of o,a~dichlorotoluene was added over alperiod of one hour, The re-
action mixture was heated at reflux temperature for 10 hours, allowed
to cool, and the complex was decomposed with 300 ml, of 10Z hydrochloric
acid solution while cooling the reaction flask in an ice bath, The
benzene layer was separated, washed twice with 300 ml, portions of
water, and dried over sodiﬁm sulfate. The dried solution was filtered,
concentrated and distilled under reduced pressure., The product was
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collected as a water clear oil at 135-142° (5 mm,) [Lit. = 138-142°

(5 mm.)]; yield 124 g. (612).

2-(1-Naphthylmethyl) cyanobenzene (59)

A mixture of 253 g. (1.0 mole) of 2-(l-naphthylmethyl)chlorobenzene
55), 134 g. (1.5 mole) of cuprous cyanide and a few crystals of anhy-
drous cupri; sulfate in 600 ml, of freshly distilled N-methyl-2-
pyrrolidone was vigorously refluxed for 48 hours in a 2-liter, 3-necked,
round-bottomed flask equipped with a méchanicél stirrer and a water
condenser, The resultant black solution was cooled to 100° and trans-

ferred to a 5-1liter, 3-necked, round-bottomed flask equipped with water



~67&.

condenser, mechanical stirrét and drbppiﬁg funnel, A solution of 368 g.
(7.5 mole) of sodium cyanide:in 1500-m1. oé"ﬁéﬁer was slowly added
(exothermic initially), and the mixtufe w#é sfirred at 100° for one hour
as the complex was decomposed, The mixture was poured into two 2-liter
separatory funnels, 300 ml, of benzene was added to each, the mixtures
were shaken carefully while warm and left overnight as the water and
beniene layers slowly separated., An ultraviolet lamp was used to dis-
tinguish the benzene and water layers. The benzene layers were sepa-
rated, the water layers were extracted twice more with 100 ml, portions
of benzené, the benzene layers were combined, washed three times with
200 ml, portions of water, and dried over sodium sulfate. The dried
solution was filtered, concentrated, and distilled under reduced pres-
sure, The product was collected as a viscous yellow oil at 175-180°

(0 05 mm.) (Lit.. 23

216-217° (3,0 mm,)], The oil was dissolved in 75 ml,
of acetone and cooled overnight., Any a,a'-binaphthyl which was not
removed during the purification of 2-(l-naphthylmethyl)chlorobenzene
(55) and which codistilled with the product was precipitated and re-
moved by filtration. Concentration of the filtrate gave the product as

a viscous yellow oil; yield 190 g, (78%).

2~Cyanodiphenylmethane (60)

A mixture of 203 g. (1.0 mole) of 2-chlorodiphenylmethane (56),
134 g. (1.5 mole) of cuprdué cyanide and a few crystals of anhydrous
cupric sulfate in 500 ml, of freshly distilled N-methyl-2-pyrrolidone
was vigorously refluxed for 48 hours in a 2-liter, 3-necked, round=-
bottomed flask equipped with a mechanical stirrer and a water condenser,

The resultant black solution was cooled to 100° and transferred to a
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5-1iter, 3-necked, round-bottomed flask equipped with water condenser,
mechanical stirrer and droppiﬁg funnel, A‘gbiution of 368 g, (7.5 mole)
of sodium cyanide in 1500 ml, of water was'slowly added (exothermic
initially), and the mixture was stirred at 100° for one hour as the
complex was decomposed, The mixture was poufed into two 2-liter separa-
tory funnels, 300 ml, of benzene was added to each, the mixtures were
shaken carefully while warm and left overnight as the water and benzene
layers slowly separated. An ultraviolet lamp was used to distinguish
the benzene and water layers, The benzene layers were separated, the
water layers were extracted twice more with 100 ml, portions of benzene,
the benzene layers were combined, washed three times with 150 ml, por-
tions of water and dried over sodium sulfate, The dried solution was
filtered, concentrated, and distilled under reduced pressure, The pro~
duct was collected as a light yellow oil at 160-165° (5 mm,) [Lit.ls

160-164° (4 mm,)1; yield 212 g. (75%).

2-(1-Naphthylmethyl)-4'~bromobenzophenone (62)

A Grignard reagent was formed by the addition of 176.9 g. (0.75
mole) of p-dibromobenzene in 600 ml, of dry ethyl ether (solid is
soluble in warm ethyl ether) to 18.2 g. (0.75 mole) of magnesium
turnings contained in a 2-liter, 3-necked, round-bottomed flask that
was immersed in a water bath. The flask was equipped with a mechanical
stirrer, take-off condenser, dropping funnel and dry nitrogen atmo-
sphere., After the addition was complete the solution was refluxed one
hour as all the magnesium appeared to react. The ether was replaced
with 400 ml. of dry benzene, and when the reflux temperature reached

50°, 121.5 g. (0.5 mole) of 2-(l-naphthylmethyl)cyanobenzene (359) in



100 ml, of dry benzene was added over a one~ha1f hour period, The
solution was refluxed for lﬁbhpufs, cooleéd iA an ice bath, and 443 ml,
of 257 sulfuric acid solution‘wasvslowly added (very exothermic ini-
tially), The resultant mixtute was reflukad for 48 hours, cooled to
room temperature, énd transferred to a 2-iitet separatory funnel, The
benzene layer was separated, washed with 200 ml, of water, 200 ml, of
102 sodium bicarbonate solution, then twice more with 200 ml. portions
of water, and dried over sodium sulfate, The dried solution was fil-
tered, concentrated, and distilled under reduced pressure using a
short-neck distilling head tightly insulated with glass wool, The
product was obtéined as an impure pale greenish yellow viscous oil at

17 975-278° (2 m.)]; yield 100 g. (50%). This

230"245° (0.4 mm.) [Lito
product was used in subsequent reactions with good results without

further purification,

2-(1-Naphthylmethyl)-3'-bromobenzophenone (61)

This ketone was prepared analogously to 62. A Grignard reagent was
formed by the addition of 118 g. (0.5 mole) of m-dibromobenzene in 500
ml, of dry ethyl ether to 12,2 g, (0.5 mole) of magnesium turnings con;
tained in a 2-liter, 3-necked, round-bottomed flask that was immersed
in a water bath, The solution was refluxed one hour, the ether was re-
placed with 400 ml, of dry benzene, and when the reflux temperature
reached 55°, 121.5 g. (0.5 mole) of 2-(l-naphthylmethyl)cyanobenzene
(60) in 100'q1. of dry benzene was added over a one-half hour period
and the solution was refluxed for 12 hours, The solution was then
cooled in an ice bath, 443 ml, of 25% sulfuric aéid solution was slowly

added (very exothermic initially), and the resultant mixture was



refluxed 48 hours, The mix;gtg was then cpolgd'to room temperature,
the benzene layer was separgfé&vand washed‘S&ééessively with 100 ml,
of water, 100 ml, of 107 sodium bicarbonate golution, twice with 100
ml, portions of water, and th§ benzene layer was separated and dried
over sodium sulfate. The dried solution was filtered, concentrated,
and distilled under reduced pressure., The product was collected as

an impure viscous greenish yellow oil at 225-238° (0.3 mm.); yield

110 g, (54%Z). The majority of the ketone was employed with good re-
sults in subsequent reactions without further purification. A por-
tion of the oily ketone was crystallized three times from benzene-

95% ethanol (7:3) to give white crystals, m.p. 100-103° [Lit.19 M.Pe

105-106°] .,

2-Benzy1—4'-bromobenzophenone (64)

This ketone was prepared analogously to 62, A Grignard reagent

was formed with 176.9 g. (0.75 mole) of p;dibromobenzene and 18,2 g.
(0.75 mole) of magnesium turnings in 600 ml, of dry ethyl ether,

After the reaction was complete the ether was replaced with 400 ml, of
dry benzene, and when the reflux temperature reached 50°, 97 g. (0.5
mole) of 2-cyanodiphenylmethane (60) in 100 ml, of dry benzene was
added over a one-half hour period, The solution was refluxed for 12
hours, cooled in an ice bath, and 443 ml, of 25Z sulfuric acid solution
was sléwly added (very exothermic initially). The resultant mixture
was refluxed 48 hours, cooled to room temperature, the benzene layer
was separated, washed successively with 200 ml., of water, 200 ml, of
102 sodium bicarbonate solution, then twice more with 100 ml, portions

of water and dried over sodium sulfate, The dried solution was -
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filtered, concentrated, and distilled under reduced pressure, The pro-

duct was collected as an impu?e reddish brown oil at 195-197° (0,5 mm,)

51

(Lit,”" 210-220° (1 mm,)]; yield 126 g. (712). The product was used in

subsequent reactions with good results without further purification,

2-Benzyl-3'-bromobenzophenone (63)

This ketone was prepared analogously to 61, A Grignard reagent was
formed with 118 g, (0.5 mole) of m-dibromobenzene and 12,2 g, (0.5 mole)
of magnesium turnings in 500 ml, of dry ether. After the reaction was
complete the ether was replacaed with 400 ml, of dry benzene, the reflux
temperature was allbwed to reach 55°, and 97 g. (0.5 mole) of 2-cyano-
diphenylmethane (60) in 100 ml, of dry benzene was added over a ;ne-
half hour period. The solution was refluxed for 12 hours, cooled in an
ice bath, and 443 ml, of 257 sulfuric acid solution was slowly added
(very exothermic initially). The resultant mixture was refldxed 48
hours, cocled to room temperature, the benzene layer was separated,
washed successively with 200 ml, of water, 200 ml, of 10Z sodium bi-
carborate solution, then twice more with 100 ml, portions of water and
dried over sodium sulfate., The dried solution was filtered, concen=-
trated, and distilled under reduced pressure., The product was collected
as a greenish yellow oil at 190-195° (0.3 mm.); yield 109 g. (62%).

No attempt was made to prepare an analytically pure sample for elemental
analysis, The product was used in subsequent reactions with good re=-

sults without further purification.



2-(1-Naphthylmethyl)-3'-cyancbenzophenone
2-(

1-Naphthylmethyl) =4 uqyanobenzophegngg
2-Benzyl=-3'=cyanobenzophenone
2-Benzyl-4'~cyanobenzophenone

These four cyano ketones were preparedvf:om the bromo ketones 61,
62, 63 and 64, respectively, by the same ptocédure. A mixture of 0.5
mole of bromo ketone, 90 g. (1.0 hole) of cuprous cyanide and a few
crystals of anhydrous cupric sulfate in 700 ml., of freshly distilled
N-methyl-2-pyrrolidone was refluxed vigorously for 48 hours in a 2-
liter, 3-necked, round-bottomed flask with mechanical stirring., After
the reaction was complete, the solution was cooled to 100°, transferred
to a 5-liter flask equipped with a mechanical stirrer, 245 g. (5 mole)
of sodium cyanide in 1000 ml, of water was added slowly, and the re-
sultant mixture was stirred at approximately 100° for one hour., The
mixture was then transferred to two 2-liter separatory funuels an& each
was extracted while warm with 200 ml, of benzene. The benzene layers
were separated (U.,V, lamp helped distinguish the layers), the aqueous
layers were extracted twice more with 100 ml, portions of benzene, the
benzene layers were combined and dried over sodium sulfate, The dried
solution was filtered and concentrated to give the product as a viscous
black oil (an oil was obtained in each'case). The oils were isolated
in 85-95% crude yields and, in each case, the products were used in”

subsequent reactions without any purification.

7-(Q~gatboxypheny1)benz[a]anthracene 66)

To a solution containing 104 g. (0.3 mole) of 2-(l-naphthylmethyl)-
4'-cyanobenzene dissolved in 2000 ml. of refluxing glacial acetic acid

in a 5-liter flésk with magnetic stirring was added dropwise 500 ml, of
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487 hydrobromic acid over a two houf period, The’resﬁltant solution
was refluxed for 24 hours, &;bléd td,roﬁm ﬁéﬁpérature, and the precip~
itated product was isolated by vacuum filciation. The product was
washed with water until the washings wergﬂpeqﬁ;al to litmus and dried
at 80° (10 mm,) in a vacuum oven for five hours, The product was
obtained as light brownish white powdery solid after one crystalliza;
tion from toluene-tetrahydrofuran (8:2); m.p. 280-283°; yield 52 g,
(502), This material was dried again and Qas used with excellent re-
sults in subsequent reactions without any further purification., A
portion was recrystallized five times from toluene-tetrahydrofuran

17

(8:2); ml.p. 297-299° [Lit,”" 298-300°],

7-(3-Carboxyphenyl)benz{a]anthracene (65)

To a solution containing 74 g. (0.21 mole) of 2-(1-naphthy1me£hy1)-
3'~cyanocbenzene dissolved in 1480 ml, of refluxing glacial acetic acid
contained in a 5-1liter flask with magnetic stirring was added dropwise
400 ml, of 48%Z hydrobromic acid over a two hour period. The resultant
solution was refluxed for 30 hours, cooled to room temperature, and the
precipitated product was isolated by vacuum filtration, The product
was washed with water until the washings were neutral to litmus and
then dried at 94° (10 mm,) in a vacuum oven for seven hours, The pro-
duct was obtained as light brown crystals after one crystallization
from toluene-tetrahydrofuran (8:2); m.p; 267-271°%; yield 45 g. (60%),
This matérial was dried again and was used with good results in subse-
quent reactions without any further purification. A portion was fur=-
ther purified by four recrystallizations from toluene-tetrahydrofuran

10

(8:2) and one treatment with charcoal: m.p. 274-275° [Lit, 0 253-254°],
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Aﬂalo Ca].Cdo for C25H1602: C. 86.18; ‘H. 4;640

Found: : ,:C. 86.61; H, 40590

9-(4-Carboxyphenyl)anthracene (68) )

To a solution containing 75 g; (0.25 moley of 2-benzyl-4'-cyano-
benzophenone dissolved in 1500 ml., of glacial acetic acid contained in
5 S5-liter flask with magnetic stirring was added dropwise 500 ml, of
48% hydrobfomic acid over a two hour period. The resultant solution
was refluxed for 30 hours, cooled to room temperature, and the pre=-
cipitated product was isolated by vacuum filtration. The product was
washed with water until the washings were neutral to litmus and dried
at 75° (10 mm,) for eight hours. The product was obtai;ed as yellow
needle crystalsvafter one crystallization from toluene-tetrahydrofuran
(7:3); m.p. 259-262°; yield 48 g+ (65%). This material was dried and
used in subsequent reactions without further purification. A portion
was recrystallized twice from toluene-tetrahydrofuran (7:3); m.p. 262=-
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264° [Lit,”" 262-264°].

9-(3-Carboxyphenyl)anthracene (67)

To a s§1ution containing 89 g. (0.3 mole) of 2-benzyl-3'-cyano-
benzophenone dissolved in 1800 ml, of glacial acetic acid contained in
a S5-liter flask equipped with a magnetic stirrer was added dropwise
800 ml, of 48% hydrobromic acid over a three hour period. The resultant
solution ﬁas refluxed for 30 hours, cooled to room temperature, and the
precipitated product was isolated by vacuum filtration., The product
was washed with water until the washings were neutral to litmus and

dried at 85° (10 mm,) for 10 hours, The product was obtained as light
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brown crystals after one crystalliiation frum-toluene-tetrahydrofuran
(733)3 m.p. 294-297°; yield-47-g.' (64%). This material was dried and
used in subsequent reactions without furtheftpufification. A portion
was purified by four recrystg;lizations frgm ﬁyluene-tetrahydrofuran
(7:3) and one treatment with charcoal to gi;; éhe product as light
yellowish white crystals; m,p. 300-302°,
Anal, Calcd. for Cy1H140,% G 84,46; H, 5.76.

Found: C, 84,31; H, 4,61,

7-(4~Bromophenyl)benz[a]anthracene (70)

To a solution containing 30 g. (0,074 mole) of 2-(l=-naphthyl-
methyl)=-4'-bromobenzophenone (62) dissolved in 900 ml. of glacial acetic
acid contained in a 2-liter flask equipped with a magnetic stirrer was
added dropwise 300 ml, of 487 hydrobromic acid over a two hour period,
The resultant solution was refluxed for 24 hours, cooled to room
temperature, and chevslightly viscous product which precipitated was
.isolated by vacuum filtration, The product was dissolved in 200 ml, of
benzene and washed successively with 100 ml, of 107 sodium bicarbonate,
twice with 100‘m1. portions of water, and the benzene solution waé
separated and Qried over sodium sulfate, The dried solution was fil-
tered, concentrated, and the resultant yellow solid was chromatographed
in 5 gram portions through acid alumina columns, Each portion was dis-
solved in 25 ml: of benzene, placed on a column,'and eluted with 20X
éhloroform4ﬁexahe (350 ml,)., The eluﬁed solutions were Eombined and
concentrated to give a white crystalline solid. The solid was recrys-

tallized once from benzene-95% ethanol (8:2) and dried at 35° (0.5 mm.)

for five hours. The product was obtained as white crystals; m.p. 163-
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164° [Lit.l7 163-164°]; yield 21.5 g. (75%).

7-(3~Bromophenyl)benz[a]anthracene (71)

To a solution containing 30‘g. (0.074 mole) of 2-(1-haphthy1methy1)-
3'-bromobenzophenone (61) dissolved in 900 ml. of glacial acetic acid
contained in a 2-liter flask equipped with a magnetic stirrer was added
dropwise 300 ml, of 48Z hydrobromic acid over a two hour period. The
resultant éolution was refluxed for 30 hours, cooled to room temperature,
and the product was present as an oil, The solvent was removed by vacuum
distillation to give a reddish brown viscous oil which was dissolved in
300 ml, of benzene, washed successively with 100 ml, of 10X sodium bi-
carbonate solution, twice with 100 ml, portions of water, and the
benzene solution was separated and dried over sodium sulfate, The
dried solution was filtered and concentrated to give a viscous oil,

The oil was dissolved in 100 ml, of benzene and passed in four portions
through acid alumina columns with 20% chloroform-hexane (400 ml, per
portion) as the eluting solvent, The eluted solutions were combined
and concentrated to give a light yellow oil., The oil slowly crystal-
lized from benzene-95Z ethanol (9:1) to give the product és a white |
powdery solid which was dried at 35° (0.3 mm,) for five hours; m.p.

19

128-130° [Lit.”” 129,5-~131°]; yield 19 g. (697%).

Formation of Grignard Reagent with 7-(4-Bromophenyl)benz[a]-
anthracene; Carbonation and Hydrolysis Reactions

A mixture of 5 g. (0,013 mole) of 7-(4-bromophenyl)benz[a]anthracene
(70) and 0,32 g. (0.013 mole) of magnesium turnings in 25 ml. of
anhydrous tetrahydrofuran (dried 24 hours over lithium aluminum hydride)

contained in a 50 ml, 3-necked flask with vigorous mechanical stirring
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and dry nitrogen atmosphere, was‘réfluxéd for two hours with no visible
sign of reaction, Omne drop gf‘metﬁyl iddfééAéas added and, after one
hour of reflux, a reaction was'visible. Aftét seven hours reflux the
~resultant reddish black solution (no magnesium turnings visible) was
poured over a slurry of 100'm1.‘6f anhydrous tetrahydrofuran and 20 g,
of powdered carbon dioxide with vigoroﬁs stirring; After two hours 100
ml, of water saturated with sodium chloride was added, the tetrahydro-
furan layer was separated and concentrated to give a brown oil., The
oil was dissolved in 20 ml, of toluene, cooled overnight, and the pre-
cipitated 7-(4-carboxyphenyl)benz[a]lanthracene (66) was isolated by
vacuum filtration; m.p. 280-283°; yield 1 g. (26%). A second Grignard
reagent was prepared similar to the first one, carbon dioxide was bub-
bled through the solution for one hour, the mixture was then poured into
100 ml, of water saturated with sodium chloride, stirred one-half hour,
and the tetrahydrofuran layer was separated and concentrated.to give a
brown o0il, The o0il was dissolved in toluene, cooled errnight, and the
precipitated carboxylic acid 66 was isolated by vacuum filtration; m.p.
281-284°; yield 1.5 g. (297). A third Grignard reagent was prepared
similar to the first one and was poured into 100 ml, of water saturated
with sodium chloride, The tetrahydrofuran layer was separated and con-
centrated to give a yellow oil. The oil was.dissolved in 20 ml, of
benzene and_passed through an acid alumina column with 5% chloroform=-
hexane’(}QO ml,) as eluant, Removal of the solvent from the first
fraction isolated from the column gave a clear yellow oil, The oil was
crystallized froﬁbbenzene-QSZ ethanol (9:1) and idéntified by mixture
18

m.p. and ir spectra as 7-phenylbenz[a]anthracene; m.p. 180-183° {[Lit.

183-184°); yield 1.5 g. (422).
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Formation of Grignard Reapén{ from 7-(3~Rromophenyl)benz[a]-
anthracene; Carbonation aund Hyvdrolysis Réattions

A Grignard reagent was éf@ﬁate& from 5 g. (0,013 mole) of 7-(3-
bromophenyl)benz[alanthracene (71), 0.32 g. (0.013 mole) of magnesium
turnings and one drop of methyl fodide in 25 ml, of anhydrous tetra-
hydrofuran by the same procedure used to prepare the Grignard reagent
of 7-(4=bromophenyl)benz(a]anthracene (70). The resultant bluish
black Grignard reagent solution was poured into a slurry of 100 ml, of
anhydrous tetrahydrofuran and 20 g. of powdered carbon dioxide., After
two hours stirring, 100 ml, of water saturated with sodium chloride was
added, the tetrahydrofuran layer was separated, concentrated, and the
resultant brown oil was taken up in 20 ml, of toluene and cooled over-
night, The precipitated 7-(3-carboxyphenyl)benz[a]anthracene (65) was
fsolated by vacuum filtration, m.p. 270-274°; yield 1 g. (22%). A
second Grignard reagent solution was hydrolyzed by pouring the solution
into 100 ml, of water saturated with sodium chloride. The tetrahydro-
furan layer was removed, concentrated, and the resultant yellow oil was
purified by chromatography through acid»alumina with 5% chloroform=
hexane (300 ml.) as eluant, similar to the preceding procedure, The
resultant oil isolated from the first fraction removed from the column
was crystallized from benzene~95Z7 ethanol (9:1) and identified bi mix-
ture m.p. and ir spectra as 7—pheny1benz[a]anthracéne, m.p. 180-183°;

y:leld 1.4 8e (37Z)-

C. Preparation of Acid Chlorides.
1, The acid chloride derivatives of the carboxylic acids 65, 66,
67 and 68 were prepared by refluxing the acids in benzene (200-400 ml.)

for six hours with a 10 molar excess of thionyl chloride. The acid
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chlorides were isolated 88‘6115. exéept'fpr the acid chloride, 4-(9~
anthracenyl)benzoyl chloridé,&ﬁhich'was 1sgiéiéd as a green solid, m.p.
287-298°, All four acid chlorides contained impurities however, that
were difficult to remove, The four acid chlorides were prepared as
solids énd in purer fotm using oxalyl chloride instead of thionyl
chloride,

2, Thg four acid chlorides, 3~ and 4-(7-benz[a]anthracenyl)benzoyl
chlorides (72 and 73) and 3- and 4-(9-anthracenyl)benzoyl chlorides
(74 and 75), used in this work were prepared with oxalyl chloride, The
acid chlorides were prepared by refluxing the carboxylic acids (65, 66,
67 and 68) with one molar excess of oxalyl chloride in 300-500 ml, of
dry benzene for a minimum of ten héurs. After concentrating the ben-
zene solution, any unreacted oxalyl chloride remaining was removed
azeotropically by the addition_of 100 ml. of chlcroform to the acid
chloride and removing the solvent under reduced pressure. This was
done three times, The two para acid chlorides 73 and 75 were isolated
as yellowish green solids, m.p.'s 180-185° and 213-218°, when the solu-
tions were concentrated, while the two meta acid chlorides 72 and 74
precipitated on standing overnight; m.p.'s 137-143° and 120-125°, The
four acid chlorides were used in subsequent reactions without further

purification,

D. Preparation of l-Arovlaziridines.
The four l-aroylaziridines 76, 77, 78 and 79 were each prepared by

two methods., The l-aroylaziridines were prepared from acid chlorides
and from carboxylic acids,

1. A mixture of 0,027 mole of acid chloride (72, 73, 74 or 75),
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1.4 g. (0,033 mole) of aziridine, and 3,3 g. (0 033 mole) of triethyl=-
amine in 400 ml, of dry benzene was magnecically stirred for three
hours as the temperature wag allowed to rise from an initial 0° to
room temperature, The precipitated triethylimine hydrochloride was
removed by vacuum filtration, the filtrate concentrated, and the re-
sultant solid or oil was dissolved in 60 ml., of benzene, placed in two
30 ml, portions onto silica gel columns, and eluted with benzene (300
" ml,). The eluted solutions were combined and concentrated to give the
products,

2, A mixture of 0,057 mole of carboxylic acid (65, 66, 67 or 68),
11.7 g. (0.,0057 mole) of dicyclohéxylcarbodiimide, and 2.5 g. (0.057
mole) of aziridine in 450 ml, of anhydrous tetrahydrofuran was mag-
netically stirred at room temperature for five hours, The precipitated
dicyclohexylurea was removed ﬁy vacuum filtration, the filtrate was con-
centrated to give a viscous oil (an oil was obtained in all four cases).
The oil was dissolved in 100 ml. of benzene and passed in four parts
through silica gel columns with benzene (300 ml,.,) as eluant, Concentra-

tion of the combined eluted solutions gave the product,

4-(7-Benz[a]anthracenyl)benzaziridamide (77)

1. Compound 77 was isolated by the first method as a light yellow
crystalline solid, m,p. 175-180°; yield 7.5 g. (75%). This crude mat-
erial was used with excellent results in subsequent reactions. An
analytical Qample was prepared by four recrystallizations of the crude
product from ethyl acetate, and the product was obtained as light yellow
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crystals, m.p. 204-205° [Lit. ' 187-189°].

Anal, Caled, for C27H19h0. C, 86.83; H, 5.,14; N, 3,75,
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Found: - C,'86.98; H, 5.20; N (*) 3,83,
nmr(CDCl3): multiplet 4.8~3;?-ppm (15 pfotoﬁé); singlet 1.2 ppm (4
protons)., ' |
ir(20% CHCl3): 3050, 2950, 1690, multiplet 900-700 cm‘l.
uv(95% ethanol): 390, 368, 352, 292, 281, 270, 258 mu,

2, -Compound 77 was obtained by the second method as a clear vis-
cous oil which readily crystallized when 25 ml, of ethyl acetate was
added, The precipitated product was isolated as light yellow crystals,
m.p. 173~-180°; yield 15 g. (70%), This material was used in subsequent
reactions without further purification. A portion was purified by four

recrystallizations from ethyl acetate, and the product was isolated as

light yellow crystals, m,p, 204-205°,

3-(7-Benz[a]anthracenyl)benzaziridamide (76)

1, Compound 76 was isolated by the first method as a 1ight yellow
viscous 0il which could not be crystallized from a variety of solvents,
including ethyl acetate, absolute ethanol, and benzene-hexane, This
crude oil was used with good results in subsequent reactions, The
yield of the crude oily product was 8 g. (78%).
nmr(CDCla): multiplet 4.,8-3.7 ppm (15 protons): singlet 1.2 ppm (4

protons) .
1r(20% CDC1,): 3050, 3940, 1690, multiplet 990-700 cm™',
uv(95% ethanol): 390, 368, 352, 280, 270, 258 mu,

2, Compound 76 was obtained by the second method as a clear viscous
o1l which could not be crystallized from a variety of solvents, including

ethyl acetate, absolute ethanol, and benzene-hexane. The yield of the

crude oily product was 15,5 g. (72%), and the oil was used with good



results in subsequent reactions without further purification,

4-(9-Anthracenyl)benzaziridamide (79)

1. Compound 79 was isolated by the first method as greenish yellow
crystals, m.p. 173-178°; yield 6.4 g. (732), :This crude material was
used in subsequent reactions without further purification, A portion
was purified for analysis by four recfystallizations from chloroform-
absolute ethanol (3:7), and the product was obtained as bright greenish
yellow crystals, m,p. 185-186°,

Anal, Calcd. for CZ3HI7N0: C, 85.41; H, 5.,31; N, 4,33,
Founds C, 85.34; H, 5.21; N, 4.15,
nmr(CDCl3): multiplet 4.,4-3.4 ppm (13 protons); singlet 1.2 ppm (4
protons).
ir (207 CHC13): 3050, 2940, 1690, multiplet 900-700 cm.l.
uv(95% ethanol): 384, 365, 348, 255 (broad) mu,

2, Compound 79 was obtained by the second method as a clear vis-
cous oil which readily crystallized when 25 ml, of ethyl acetate was
added, and the product was obtained as bright greenish yellow crystals,
m.ps 165-169°; yield 12.6 g. (68%). This material was used with good
results in subsequent reactions without further purification; A por-

tion was recrystallized four times from chloroform-absclute ethanol .

(337). MePo 184-186°.

3-(9-Anthracenyl)benzaziridamide (78)

1, Compound 78 was isolated by the first method as a light yellow
viscous oil which could not be crystallized from a variety of solvents,
including ethyl acetate, absolute ethanol, and benzene-hexane, This

crude oil was used with good results in subsequent reactions, The yield
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of the crude oil was 7 g. (762);,“'>
nmr(CDC13): @ultiplet.4.4-3c7 ppm (13 protéhgsf singlet 1.2 ppm (4
protons). ‘

ir (202 CHCls): 3050, 2950, 1690, multiplet 900-700 cm_l.
uv(95% ethanol): 385, 365, 348, 255 (broad) mu,

2, Compound 78 was isolated by the second method as a clear 'vis-
cous oil wbich could not be crystallized from benzene~hexane, absolute
ethanol, or ethyl acetate. The oil was used in subsequent reactions

without further purification. The crude yield was 13 g. (71%),

3-(9-Anthracenyl)benzaziridamide (78')

The reaction of 0,027 mole of acid chloride 74 (prepared with
thionyl chloride), 1.4 g. (0.033 mole) of aziridine and 3.3 g. (0.033
mole) triethylamine in benzene by the same procedure used in the first
method gave here a yellow solid, m.p, 140-143°, The compound was puri-
fied by three chromatography procedures through silica gel, with benzene
as eluant (250 ml,), seven recrystallizations from ethyl acetate, and
four treatments with charcoal. The product still contained impurities
and was isolated as yellow needles, m.p. 146-147‘{ yield 6.5 g. (79%).
Anal, Calcd, for C23H17N0’ C, 85,413 H, 5.31; N, 4,33,

Found (**): C, 77.43; H, 3,14; N, 3,67; S, 1,04,
Nmr, ir, and uv spectra for 78' were similar to 78 except for a slight
distortion of the aromatic region in the nmr spectrum,
- In the éase of 76, 77, and 79 the same products were obtained using
acid chlorides prepared with thionyl chloride as with oxalyl chloride.

The products, however, were much more difficult to purify, requiring at

least two treatments with charcoal in addition to chromatography through
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silica gel (250 ml, of benzene as eluant) and recrystallization proce-
dures, Y

]

E. Preparation of Amides and Derivatives,

The four N-(2-~chloroethyl)amides éls.éa-.éi and 84 were each pre-
pared from l-aroylaziridines and from acid chlorides.

1. Anhydrous hydrogen chloride was bubbled vigorously through a
solution of 0,0083 mole of l—aroylaziridine 76, 77, 718 or 79) in 100
ml, of chloroform at room temperature for one~fourth hour, The solu=
tion was then transferred to a separatory funnel, washed successively
with 100 ml, of water, 100 ml, of 10Z sodium bicarbonate solution,
twice with 100 ml, portions of water, and the chloroform layer was
sepgrated and dried over sodium sulfate, The dried solution was fil=-
tered, concentrated, and the product was isolated as a solid (a solid
was isolated in all four cases).

2, A solution of 0,042 mole of acid chloride (72, 73, 74 or 75)
in 300 ml, of benzene was added over a one-fourth hour period to a
mixture of 6.1 g, (0.053 mole) of 2-chloroethylamine hydrochloride and
5.2 go (0.13 mole) of sodium hydroxide in 100 ml. of benzene and 200
ml, of water contained in a flask immersed in an ice bath at 0°., The
mixture was magnetically stirred at 0° for thrée hours; the product was
removed by filtration (the produgt precipitated during the reaction in

all four cases) and dried at 50° (10 mm.) for five hours.

4=(7-Benz[a]anthracenyl)=-N=(2-chloroethyl)benzamide (82)

1, Compound 82 was obtained by the first method as a vhite solid,

purified by four recrystallizations from benzene, and the product was



1solated as a white povdery solid, m,p. 203-208°; yield 3 g, (907).
Anal, Calcd. for C27H20C1Nﬁ§' c, 7Q}10; H;t§i§3; N, 3.42; C1, 8.65.
Found: | c, 78.82; H, 4.82; N, 3.48; c1, 8.89,
nmr (DMSO) ¢ multiplet 5.1-4,1 ppm (15 protohé); slightly jagged singlet
at 2,0 ppm (4 protoné).
ir(KBr): 3050, 2950, 1635, multiplet 900-700 cm-l.
uv(95% ethanol): 391, 368, 352, 292, 281, 271, 258 mu,
2, Compound 82 was obtained by the second method, after drying, as
a white solid that was purified by one recrystallization from benzene
and was obtained as a white solid, m.p., 200~204°; yield 14,3 g, (83%).

This material was dried at 50° (10 mm.) for five hours and used in sub=-

sequent reactions without further purification.

3=(7-Benz[a]anthracenyl)-N-(2-chloroethyl)benzamide (81)

1, Compound 81 was obtained by the first method as a brown crys-
talline solid, purified by five recrystallizations from ethyl acetate,
and the product was obtained as white nugget crystals, m.p. 135-138°;
yield 2,4 g. (717).

Anal, Calcd. for CZ7H2001N0= c, 79.19; H, 4.83; N, 3.,42; Cl1, 8,65,
Found (*): C, 79.21; H, 5.01; N, 3.24; C1, 8,52.
nmr(CDC13): multiplet 5.0-4.0 ppm (15 protons); slightly jagged |
singlet 1,99 ppm (4 protons).
ir(KBr): 3050, 2950, 1633, multiplet 900-700 cm.l.
uv(95% ethanol): 392, 370, 353, 291. 281, 258 mu,

2, Compound 81 was obtained by the second method, after drying, as

white crystalline solid which was recrystallized once from ethyl acetate,

dried at 35° (10 mm,) for six hours, and used in subsequent reactions
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without further purification m.p..1334i35°; yieldrlﬁ.7 g. (86%).

4-(9-Anthraceny1)—N-(2—chldro¢thy1)ben23mide (84)

1. Compound 84 was obtained by the first method as a yellow solid,
purified by four recrystallizations from benzene, and the product was

isolated as light yellow scaly crystals, m.p. 203-206°; yield 2.5 g.

(89%).,
Aml, Caled. for C,.H oCINOt C, 76.76; H, 5.05; N, 3.89; c1, 9.85.

nue {CMSO) ¢ multiplet 4,65-3,95 ppm (13 protons); slightly jagged
singlet 2,0 ppm (4 protons). 3
ir(KBr): 3050, 2948, 1635, multiplet 900-700 cm L,
uv(95% ethanol): 382, 363, 348, 254 (broad) mu.
2, Compound 84 was obtained by the second method, after drying, as
a yellow éolid. which was recrystallized once from benzene, dried at

45° (10 mm,) for four hours, and used in subsequent reactions without

further purification; m.p. 203-206°; yield 13 g. (85%).

3~(9-Anthracenyl)~N-(2-chloroethyl)benzamide (83)

1, Compound 83 was obtained by the first method as a browh solid,
purified by five recrystallizations from ethyl acetate, and the product
was isolated as yellow necedles, m,p. 167-169°; yield 2,2 g. (78%).
Anal, Calcd, for C,,H, CINO: C, 76.76; H, 5.05; N, 3.89; Cl, 9.85.

found (*%) c, 76.87; H, 5,09; N, 3,81; C1, 9,68,
nmr(CDC13)z multiplet 4,65-3.95 ppm (13 protons); slightly jagged
singlet 2,0 ppm (4 protons).
ir{KBr): 3049, 2950, 1633, multiplet 900-700 cm.l.

uv(95%7 ethanol): 383, 363, 348, 254 (broad) mu.
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2, Compound 83 was obtained by the second method, after drying, as
. : f
yellow solid which was recryscallizad once from ethyl acetate, dried at
50° (10 mm,) for four hours, and used in éubsequent reactions without

further purification; m.p. 166-169°; yield 12.6 g. (84%).

4=(7-Benz[a]anthracenyl)~N-(2-bromoethyl)benzamide (85)

Anhydrous hydrogen bromide was bubbled vigorously through a solution
of 3 g. (0;0b8 mole) of 4-(7-benz[a)anthracenyl)benzaziridamide (77) in
50 ml, of chloroform at room temperature for one~fourth hour, The solu-
tion was then transferred to a separatory funnel, washed successively
with 50 ml, of water, 50 ml, of 107 sodium bicarbonate solution, fwice
with 50 ml, portions of water, and the chloroform layer was separated
and dried over sodium sulfate, The dried solution was filtered, con-
centrated, and the resultant white solid was recrystallized five times
from benzene, The product was obtained a3 white powdery solid, m.p.
203-208°; yield 3.2 g. (8772). |
Anal, Calcd. for C27H203rN0: C, 71,365 H, 4.45; N, 3.08; Br, 17.59.

Found (*): ‘Cy 71,503 H, 4.38; N, 3,27; Br, 17,88,
nmr(DMS0): multiplet 5.1~-4.1 ppm (15 protons); siightly jagged
singlet 1,99 ppm (4 protons).
ir(KBr): 3050, 2950, 1634, multiplet 900-700 cm'lo

uv(95Z ethanol); 392, 368, 352, 292, 271, 258 mu,

4-(7-Benz[a]anthracenyl)-N-(z-iodoethxl)benzamide (86)

A mixture of 3 8 (0.008 mole) of 4-(7-benz{alanthracenyl)benz-
aziridamide (77) in 50 ml. of benzene and 10 ml, of 45% aqueous hydri-

odic acid was magnetically stirred at 0° for one-fourth hour, The
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benzene layer was separaﬁed and di}ﬁ;ed'with benzene to a volume of 100
ml, The benzene layer was washed suécéssiveiyfwith 50 ml, of water, 50
ml, of 10% sodium bicarbonate solution, twice with 50 ml, portions of
water, and the benzene layer was separated and dried over sodium sul-
fate, The dried solution was filtered aftér 6ne-fourth hour, concen-
trated, and the resultant viscous solid was recrystallized five times
from ethyl‘acetate solution. The product was isolated as light yellow
powdery solid, m,p. 196-198°; yield 3 g. (73%).
Anal, Calcd. for CZ7H201N0: C, 64.69; H, 4,03; N, 2,79; I, 25,31,
Found (**): C, 64.45; H, 3.80; N, 2,51; I, 24.04,
nmr(DMS0) ¢ multiplet 5.,1-4,1 ppm (15 protons); slightly jagged singlet
2.0 ppm (4 protons), |
ir(KBr): 3050, 2950, 1634, multiplet 900-700 cm-l.

uv(95% ethanol): 391, 368, 354, 292, 282, 272, 258 mu,

4-(7-Benz[a]anthracenyl)-N-(2-thiolethyl)benzamide (87)

A mixture of 3 g. (0.008 mole) of 4-(7-benz{alanthracenyl)benz~
aziridamide (77) in 100 ml. of tetrahydrofuran and 50 ml. of 45% aqueous
ammonium sulfide was magnetically stirred at room‘temperatﬁre for 12
hours. The mixture was transferred to a separatory funnel, the aqueous
layer was saturated with sodium chloride, the tet;ahydrofuran layer was
separated and washed successivély with 50 ml, of water, 50 ml, of 10%
sodium bigarbonate solution and twice with 50 ml., portions of water
(each water washing was saturated with sodium chloride). The tetra-
hydrofuran layer was separated, dried over sodium sulfate one-fourth
hour, filtered and concentrated to give a viscous pale reddish-brown

oil. The oil was dissolved in 50 ml, of ethyl acetate, cooled overnight,
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and the precipitated product was isolated byfvacuum filtration, The
product -- now insoluble in beuzené; ethyl_é&égate, chloroform, or
tetrahydrofuran -- was recrystallized five times from dimethylsulfbxide-
absolute ethanol (6:4)., The product was isolated as a light yellow
powdery solid, m.p. 304-306°; yield 1.2 g. (43%). (Yield based on
weight of product after one crystallization from dimethylsulfoxide-
absolute ethanol,)

Anal. CaICdo for C NOS: C. 79053; H' 5.24; N. 3.44; s’ 70860

2721
Found (*%): C, 79.03; H, 5,15; N, 3.53; S, 8.27.
nmr (DMS0) ¢ multiplet 5,2-4,1 ppm (15 protons); broad bands centered at
1,75 ppm (2 protons) and 2.09 ppm (2 protons); singlet at
1,37 ppm (1 proton).
{r(KBr): 3050, 2920, 1645, multiplet 900-700 cm I,

4-(7-Benz[a]anthtacenyl-N-(2-diethy1aminoethyl)benzamide (88)

A mixture of 3 g. (0.008 mole) of 4-(7-benz[a]anthracenyl)benz=
aziridamide (77) and 1.2 g. (0.016 mole) of diethylamine in 50 ml, of
benzene was refluxed for 12 hours, the §olution was concentrated, and
the resultant viscous oil was crystallized from ethyl acetate, The
product was recrystallized fouf times from ethyl acetate and isolated
as white feathery needles, m.p. 164-166°; yield 2.7 g. (76%Z).

Anal, Caled, for C31H30N 9} C, 83.36; H, 6.78; N, 6,27,

| Foﬁnd (k%) C, 83.52; H, 6.85; N, 6,00,

nmr(CDCla): multiplet 5,0-4,0 ppm (15 protons); quartets centered at

1.96 ppm (2 protons) and 1l.44 ppm (6 protoms); triplet

centered at 0,59 ppm (6 protons).



E

A90-
ir(KBr): 3050, 2960, 1625, multiplet 900~700’cm_1.

uv(95% ethanol): 392, 368, 352, 292, 282, 272; 258 mu.

4-(7-Benz[a]anthracenyl)-N-(meethylsulfdnylethyl)benzamide (89)

A mixture of 3 g. (0,008 mole) of 4-(7-Ben£[a]anthracenyl)benz-
aziridamide (77) and 1.5 g. (0.016 moie) of methanesulfonic acid in.75
ml, of benzene was magnetically stirred at room temperature for three
hours, the solution was concentrated, and the resultant yellow solid
was taken up in 25 ml, of-ethyl acetate and vacuum filtered, The solid
was vacuum washed with 100 ml, of ethyl ether in 10 ml, portions. The
solid was then recrystallized five times from toluene-95Z ethanol (7:3),
and the product was obtained as white powdery solid, m.p. 236-238°;
yield 2.8 g. (74%).

Anal, Calcd. for 028H23N045= C, 71.61; H, 4,95; N, 2,98; S, 6,83,
Found (**): C, 71.68; H, 5.07; N, 2,94; S, 6,54,
nmr(DMSO): multiplet 5.2-4.1 ppm (15 protons); broad tands centered at
2.56 ppm (2 protons) and 1.90 ppm (2 protons); singlet at
1.40 ppm (3 protons).
ir(KBr): 3050, 2950, 1720, 1260, 1190, 1100, mulfiplet 900-700 cm-l.

uv(95% ethanol): 392, 366, 351, 293, 283, 271, 258 mu,

4~ (7-Benz[a]anthracenyl)-N,N-bis(2-chloroethyl)benzamide (90)

To 6.3 g. (0.06 mole) of N,N-bis(2-chloroethyl)amine hydrochloride
éissolﬁé& in 50 ml, of water and contained in a separatory funnel was
added 100 ml, of 10Z sodium hydroxide solution, After the solution waé
shaken for several minutes, the‘aqueous layer was extracted three times

with 75 mi. portions of benzene, and the benzene layers were combined
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and dried two hours over sodium sulfate, The dried solution =- con-
taining the neutralized N,N-bis(thhloroetﬁjlfamine -~ was filtered and
added to a solution of 10 g, 16;027 mole) of 4~(7-benz[alanthracenyl)-
benzoyl chloride (73) in 100 ml, of dry bengene; The solution was mag-
netically stirred at room temperature in a closed flask for three hours,
The precipitated N,N-bis(2-chloroethyl)amine hydrochloride was removed
by vacuum filtration, and the filtrate was concentrated to give a clear
viscous oil, Attempts to precipitate the product from dry benzene-
hexane, ethyl acetate, and methylene chloride were unsuccessful., The
product was used in subsequent reactions without purification,

2-(2'-Chloroethylamino) ethyl-4-(7-benz[a]anthracenyl)benzoate
hydrochloride (91)

3 g« (0,0064 mole) of 4-(7-benz[alanthracenyl)-N,N-bis(2-chloro-
ethyl)benzamide (90) oil was refluxed in a solution of 100 ml, of 95Z
ethanol and 50 ml, of tetrahydrofuran for five hours, The solution was
concentrated to give a greenish yellow oil which crystallized from 952
ethanol-ethyl acetate‘(3:7). The solid was recrystallized four more
times from 952 ethanol-ethyl acetate (357), and the product was isolated
as white crystals, m.p. 209-211°; yield 2.5 g. (84%).

Anal, Calcds for C,gH,.C1,NO,: C, 71.01; H, 5.15; N, 2.86; Cl, 14.46.
Found (*#*): , C, 71.26; H, 5,09; N, 2,60; Cl, 14.69.
One gram of the salt was added to 50 ml. of 10X sodium hydroxide solu-
Eion and éfirred for one~half hour until all the solid disappeared. The
mixture was transférred to a separatory funnel and extracted twice with
25 ml, portions of benzeme, and the benzene layers were combined and
dried over sodium sulfate, The dried solution was filtered and concen-

trated to give the free amine as a clear viscous o0il, An nmr spectrum

of this oil was obtained.
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nmr, neutralized salt (CDCls): ﬁultiﬁlét 5,0-4,0 ppm (15 protons);
three triplets centered at 2,43 ppm (Ziféptons), 1.95 ppm (2
protons), and 1,61 ppnm (4 proténs); ginglet at 1,07 ppﬁ Q1
proton),
ir, with salt (KBr): 3050, 2950, 2750-2650 (broad), 1734, multiplet
900-700 em L.

" uv, with salt (957 ethanol): 392, 364, 349, 292, 282, 272, 258 mu,

2-Aminoethyl=-4-(7-benz[a]anthracenyl)benzoate hydrochloride (93)

3 g. (0,0073 mole) of 4-(7-benz[a]anthracenyl)-N-(Z-chloroethyl)-
benzamide (82) was refluxed in 100 ml, of 957 ethanol. The solid
completely disappeared after four hours reflux, and the solution was
then concentrated to give a white solid, m.p. 190-195°, The solid was
recrystallized five times from absolute ethanol-ethyl acetate (337),
and the product was isclated as white crystals, m.p. 197-200°; yield
2.9 g, (912).

Anal, Caled. for CZ7H22C1N02: C, 78.,71; H, 5.39; N, 3,40; C1, 8,61,

Found (*#*)t Cc, 78,58; H, 5.58; N, 3,23; C1, 8,35,

ir(KBr): 3050-2850 (broad), 1720, multiplet 900-700 cm-l.

4~(7-Benz[a]anthracenyl)=N-(2-hydroxyethyl)benzamide (95)

2,5 go (0.0058 mole) of 2-aminoethyl-4-(7-benz[a)anthracenyl)=-
benzoate hydrochloride (93) was added to a mixturevof 50 ml; of
chloroform\and 50 ml. of 107 sodium hydroxide solution, and the mix-
ture was stirred at room temperature for one hour as the solid slowly
disappeared, The chloroform layer was separated and dried over sodium

sulfate, The dried solution was filtered and concentrated to give a
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viscous oil which was taken up in 25 .ml. of ethyl acetate and cooled
overnight, The precipitated S}Gduct.was 1361§§ed by vacuum filt;ation
and recrystallized four times from ethyl acetate, The product was
. obtained as light yellowish white plate cryg:é;s, m,pe. 217=219°; yield
1.6 g. (66%). |
5533, Calcd, for C27H21N % c, 82,83; H, 5.42; N, 3.58,

Found (*%) -C, 82.,80; H, 5.45; N, 3,69,
nmr (DMS0) ¢ multiplet 5,3-4.1 ppm (15 protons); multiplet band centered

at 2,05 ppm (4 protons); singlet at 1.42 ppm (1 proton).

ir(KBr): 3050, 2930, 1625, multiplet 900700 cm L.

4-!7-Benz|aIanthracenzlz-N,N—bisg2-chloroethz1Zbenzzlamine

hydrochloride (92)

To 4 g. (0,008 mole) of 4~(7-benz[a]anthracenyl)~N,N~bis(2~chloro=-
ethyl)benzamide ng oil in 100 ml, of anhydrous tetrahydrofuran was
added 24 ml, of 1M diborane in tetrahydrofuran, and the solution was
stirred in a closed flask for 12 hours at room temperature and then re-=
fluxed for ome hoqr; The tetrahydrofuran solution was poured slowly into
100 ml, of 107 sodium hydroxide solution saturated with sodium chloride
and stirred for one-half hour (the reaction flask was immersed in an ice
bath), The mixture was transferred to a separatory funnel, the tetra-
hydrofuran layer was separated, the water layer was washed twice with 25
ml, porgions of tetrahydrofuran, the tetrahydfofuran'layers were combined,
washed sﬁeeessively with 50 ml, of water, 50 ml, of 102 sodium bicarbon-

ate, twice with 50 ml, portions of water, and the tetrahydrofuran layer

was separated and dried over sodium sulfate., The dried solution was
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filtered and concentrated to give a clear visecous 0il which did not
crystallize from benzene—hexane, ethyl acetate or 952 ethanol, The oil
was dissolved in 75 ml, of tetrahydrofuran and to it was added 25 ml,

of ethyl ether saturated with hydrogen chloride, The mixture was con-
centrated, and the resultantvviscous solid was recrystallized five times
from 952 ethanol=ethyl acetate (7:3), and the product was obtained as

44

white crystals, m,p. 273-276° [Lit.  m.p. 162-164°]; yield 2,5 g. (63%).

Anal, Caled, for C, H, Cl.N: C, 70,37; H, 5.31; N, 2.83; C1, 21,49,

297263
Found (**): C, 69.77; H, 5.15; N, 2,74; C1, 22,29,

ir(KBr): 3000-2700 (broad); multiplet 900-700 cm-lo

uv(95% ethanol): 392, 365, 353, 292, 282, 269, 272, 258 mu,

1(7-Benz[a]anthracenyl)-N-(2~chloroethyl)benzylamine hydro-
chloride (94) _

To 4 g. (0.,0097 mole) of 4~(7-benz[a)anthracenyl)-N-~(2~-chloroethyl)-
benzamide (82) in 400 ml. §f anhydrous tetrahydrofuran was added 29 ml,
of 1M diborane in tetrahydrofuran, and the solution was stirred im a
closed flask for 14 hours at room temperature and then refluxed for two
hours. The tetrahydrofuran solution’was poured slowly into 100 ml, of
102 sodium hydroxide solution saturated with sodium chloride and con=-
tained iﬁ a flask immersed in an ice bath, The mixture was stirred one-
half hour and then transferred to a separatory funnel, The tetrahydro-
furan layer was separated, the water layer was washed twice with 25 ml,
portions of tetiahydrofuran. the tetrahydrofuran layers were combinmed
and washed successively with 50 ml, of water, 50 ml, of 10Z sodium bicar-
bonate solution, twice with 50 ml, portions of water, and the tetrahydro-

furan layer was separated and dried over sodium sulfate. (The water
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washings.were saturated with sodiumichlori&e.) The dried solution was
filtered and concentrated to-givebﬁ'élear.viéébus oil, The oil was dis~
solved in 100 ml, of tetrahydrofuran and to this was added 50 ml, of
ethyl ether saturated with hydrogen chlor;de.i The mixture was concen=-
trated, the resultant white solid was recr&sf;llized five times from 95%
ethanol-ethyl acetate (8:2), and the product was obtained as white crys-
tals, m.p._259-262°; yleld 3 g. (71%),
Anal, Calcd, f@r C27H23C12N: C, 74,993 H, 5.37; N, 3.24; C1, 16,40,
Found (%*): C, 75.63; H, 5,193 N, 3,41; C1, 15.99,
1r(KBr): 3050-2650 (broad); multiplet 900-700 em L.

uv(95Z ethanol): 392, 368, 352, 292, 271, 258 mu,

F, Preparation of 2-Oxazolines and Hydrochloride Salts,

4=(7-Benz[a]anthracenyl) phenyl=2-o0xazoline (97)

1, A mixture of 8.2 g. (0.022 mole) of 4~(7-benz[a]anthracenyl)-
‘benzaziridamide (77) and 20 g. (0.13 mole) of powdered sodium fodide
in 200 ml, of tetrahydrofuran was refluxéd for 24 hours with vigorous
mechanical stirring. The solution was then concentrated, the residue
was dissolved by the addition of 100 ml, of chloroform and 100 ml. of
water, and the chloroform layer was separated and dried over sodium
sulfate, The dried solution was filtered and concentrated to give a
viscous 0il, The oil readily crystallized when 50 ml, of 95% ethanel
was added, The solid was recrystallized four times from benzene-95%
ethanol (1:l), and the product was obtained as white flaky crystals,
m,p. 223-224°; yleld 7.5 g. (842).

Anal., Calecd, for: CZ7H19NO: C, 86.83; H, 5,14; N, 3,75,
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Found: : KC; 86.92; H, 5.23; N, 3,58,
nmr(CDCl3): multiplet 5.0-4,0 ppm (15“§ro§d§§); two triplet centered at
2,2 ppm (2 protons) and 2.4 ppm‘<2 protons).
ir(CHCly): 3050, 2920, 1652, ;210, multiplet 900-700 cm T,
uv(95% ethanol): 391, 367, 352, 292, 281, é?i; 258 mu,

2. Metallic sodium [0.6 g, (0,028 mole)] was added to 25 ml, of
absolute ethanol, After the sodium had reacted 2.3 g, (0.0056 mole) of
4-(7-benz[a]anthraﬁenyl)-N—(2-chlorqethy1)benzamide (82) was added, and
the mixture was heated to reflux, Tetrahydrofuran (50 ml,) was added to
make the amide more soluble. The mixture was refluxed four hours, cooled
to room temperature, 50 ml, of 957 ethanol was added, the mixture was
stirred for one-fourth hour and concentrated to give a mixture of viscous
oil and solid., The mixture was dissolved in 30 ml. of benzene and passed
through a silica gel column with benzene (300 ml,) as eluant, Concentra-

tion of the eluted benzene gave a viscous oil which crystallized upon the

addition of 70 ml. of 957 ethanol, m.p. 218-222°; yield 1.1 g. (53%).

3~-(7-Benz{a]anthracenyl)phenyl-2-oxazoline (96)

1, A mixture of‘8.2 g. (0,022 molg) of 3-(7-benz[a]anthracenyl)=-
benzaziridamide (76) and 20 g. (0.13 mole) of powdered sodium iodide in
200 ml, of tetrahydrofuran was refluxed for 27 hours with vigorous me-
chanical stirring, The solution was then concent;ated, the residue was
dissolved by the addition of 100 ml. of chloroform and 100 ml, of water,
and the chloroform layer was separated and dried over sodium sulfate, .
The dried solution was filtered and concentrated to give a viscous oil,

The oil slowly crystallized when 50 ml, of 957 ethanol was added. The

solid was purified by three recrystallizations from benzene-95X ethanol
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(7:3) and one treatment with éhnrcoal; The product was obtained as
white crystals, m.p. 188-189°;vy1e1d 6 g. (73%),
Anal, Calcd. for CZ7H19N03 C, 86.83; H, 5.14# N, 3.75.

Found (*%): Cc, 87.07; H, 5,00; N, 3,58,
nmr(CDCl3): multiplet 5.,0-4,0 ppm (15 protons); two triplets centered

at 2.2 ppm (2 protons) and 2.4 ppm (2 protons).

it(CHCl3):k 3050, 2940, 1652, 1210, multip}et 900-700 cm-l.
uv(95% ethanol): 392, 366, 352, 292, 282, 272, 258 mu,

2. Metallic sodium (0.6 g. (0.028 mole) ) was added to 25 ml, of
absolute ethanol, After the sodium had reacted 2.3 g. (0,0056 mole) of
3-(7-benz[a]anthracenyl)-N-(Z-chloroethyl)ben;amide (81) was added, and
the mixture was refluxed four hours, cooled to room temperature, 50 mi,
of 95Z ethanol was added and the mixture was stirred for one~-fourth
hour and concentrated to give a viscous 0il, The o0il was dissolved in
25 ml, of benzene and passéd thiough a siliéa gel column with benzene
(300 ml.) as eluant. Concentration of the eluted benzene gave a viscous
oil which slowly crystallized after the addition of 25 ml. of ethyl
acetate and 25 ml, of absolute ethanol, m.p. 183-186°; yield 0.9 g.

(462) .

4-(9-Anthracenyl)phenyl=2-oxazoline (99)

1, .A mixture of 9.17 g. (0.03 mole) of 4-(9-anthraceny1)$enz-
aziridamide (12) and 22 g. (0,15 mole) of powdered sodium iodide in 200
ml, of tetréhydrofuran was refluxed for 24 hours with vigorous mechan-
ical stirriné. ‘The solﬁtion was then concentrated, the-tesidue was dis-
solved by the addition of 150 ml, of chloroform and 75 ml, of water, and

the chloroform layer was separated and dried over sodium sulfate, The
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dried solution was filtered and eonceﬁtratédﬁté give a light green vig-
cous oil which readily crystalliéed vhen 50 nl, of 957 ethanol was
added, The solid was recrystallized four times from chloroform-95%
ethanol (4:6), and the product was isolate& a8 greenish yellow needles,
m.p. 274=275°; yield 8.4 g, (86%).

Anal, Calcd. for C NO: C, 85,41; H, 5.31; N, 4,33,

2317
Found: C, 85.35; H, 5.24; N, 4,28,
nmr(CDClB)z multiplet 4.6~4.,0 ppm (13 protons); two triplets centered
at 2,44 ppm (2 protons) and 2,22 ppm (2 protons),
ir(CﬁCl3): 3055, 2920, 1620, 1210, multiplet 900-700 cm-l.
uv(95% ethanol): 385, 365, 347, 264 (broad) mu.

2, Metallic sodium [0.6 g. (0;028 mole)] was added to 25 ml, of
absoluﬁe ethanol, After the sodium had reacted 2 g, (0.0056 mole) of
4~(9-anthracenyl)-N-(2-chloroethyl)benzamide (84) was added, and the
mixture was heated to reflux. Anhydrous tetrahydrofuran (60 ml,) was
added to make the amide more soluble, The mixture was refluxed four
hours, cooled to room temperature, 50 ml. of 952 ethanol was added, the
mixture was stirred for one-fourth hour and concentrated to give a mixture
of viscous oil and solid., The mixture was dissolved in 25 ml, of benzene
and passad through a silica gel column with benzene (300 ml.) as eluant,
Concentration of the eluted benzene gave a viscous oil which crystallized

upon the addition of 50 ml, of 95% ethanol, m.p. 269-272°; yield 0.95 g,

(552).

3—(9—Anthraceny1)pheuyl-z-oxazoline (98)

1, A uixture of 10 g. (0.031 mole) c¢f 3-(9-anthracenyl)benz~

aziridamide (78) and 22 g. (0.15 mole) of poudered sodium iodide in 260
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ml, of tetrahydrofuran was refluted for 24 Hours with vigorous mechan-
ical stirring. Th2 solution was then céncéﬁff&éed, the residue was
dissolved by the addition of 150 ml.‘of chicfdfbrm and 100 ml, of water,
and the chloroform layer was sé?aréted and dried over sodium sulfate,
The dried solution was filtered and coﬁcentrared to give a pale brown
0oil which crystallized on standing. The solid was purified by four
recrystallizations from tetrahydrofuran-957 ethanol (7:3) and one
treatment with charcoal, and the product was isolated as light yellow-
ish white needles, m.p. 159-161°; yield 7.1 g. (70%),
Anal, Calcd, for 023H17N0: C, 85.,41; H, 5.31; N, 4,33,

Found: C, 85,543 H, 5.14; N, 4,14,
nmf(CDCl3): multiplet 4.6-4.0 ppm (13 protons); two triplets centered

at 2,4 ppm (2 protons) and 2.2 ppm (protons),

1r(CHCL,): 3050, 2920, 1652, 1210, multiplet 900-700 em
uv(95% ethanol): 385, 365, 347, 254 (brosd) mu.

2, Metallic sodium [0.6 g. (0.028 mole)] was added to 25 ml, of
absolute ethanol, After the sédium had reacted 2 g. (0.0065 mole) of
3-(9~anthracenyl)-N-(2~chloroethyl)benzamide (83) was added, and the
mixture was heated to raflux, Anhydrous tetrahydrofurén (50 ml,) was
added to make the amide more soluble. The mixture was refluxed four
hours, cooled to room temperature, 50 ml, of.QSZ ethanol was added, the
mixture was stirred for cne-fourth hour and concentrated to give a mix-
ture of viscous oil and solid. The mixture was dissolved in 25 ml, of
benzene and passed through a silica gel column with benzene (300 ml,)
as eluant. Concentration of the eluted benzene gave a viscous oil
which crystallized upon the addition of 30 ml, of 957 ethanol, m.p.

155-158°; yield 0.95 go (527).
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4-(7-Benz[a]anthracenyl)9hany1~270x§zoiine hvdrochloride (101)

To 3 g. (0,008 mole) of 44(7~benz[aiéné#gééenyl)phenyl—2~oxazoline
(97) in 150 ml, of tetrahydrofﬁtén‘at room teﬁperature was added 60 ml,
of ethyl ether saturated with'anh§drous hydrogen chloride, The mix~
ture was stirred one~fourth hour, concentrated, the resultant white
solid was recrystallized four times from absolute ethanol, and the pfo-
duct was isolated as white powdery crystzls, m,p. 203-205°; yield 2.8 g.
842) . |
Anal., Calcd, for C27H2001N0: C, 79,10; H, 4,93; N, 3,42; C1, 8.65,

Found (*%):¢ C, 79.31; H, 4,68; N, 3,23; C1, 8.79,.
ir(KBr): 3050, 1640, multiplet 900-~700 cm L,

uv(95% ethanol): 389, 364, 351, 292, 281, 271, 257 mu,

3-(7-Benz[alanthracenyl) phenyl-2-oxazoline hydrochloride (100)

To 3 g. (0,008 mole) of 3~(7~benz[alanthracenyl)phenyl-2~oxazoline
(96) in 75 ml; of tetrahydrofura# at room temperature was added 50 ml,
of ethyl ether saturated with anhydrous hydrogen chloride. The mix-~
ture was stirred one-fourth hour, concentrated, and the resultant oil
slowly crystallized from ethyl ether-ethyl acetate (1:1) after cooliné
overnight, The resultant white solid was recrystallized four times
from ethyl acetate-absolute ethanol-ethyl ether (2:7:1), and the pro-

duct was isolated as white powdery solid, m.p. 197-199°; yield 2.5 g.

-

(732).
Aml, Caled. for CZ7H20C1N0: C, 79.10; H, 4,93; N, 3,42; C1, 8,65,
Found (**): | c, 79.27; H, 5.11; N, 3.35; C1, 8.81,

ir(KBr): 3050, 2960, 1650, multiplet 900-700 cm .

uv(95Z ethanol)s 388, 367, 349, 292, 281, 271, 258 mu,



4-(9-Anthracenyl)phényl—z-pxaquine hydrochloride (103)

I 3

To 3 g. (0.009 mole) 4-(édanthgacenyi)phenji-z-oxazoline Q9 in 150
ml, tetrahydrofuran at room temperaﬁure was added 60 ml, of ethyl ether
saturated with anhydrous hydrogen chloride: The mixture was stirred
one—fourth hour, concentrated, and the resultant light green oil was
crystallized when 50 ml. of ethyl acetate was added, The solid was re-
crystallized four times from absolute ethanol, and the product was iso-

lated as light yellow feathery crystals, m.p. 199-201°; yi=2ld 2.8 g.

(86%) .
Anal, Calcd. for CZ3H18C1N0: C, 76.76; H, 5.05; N, 3,89; C1, 9.85.
Found (**): c, 76.83; H, 5.10; N, 3.99; C1, 10,05,
1

1r(KBr): 3050, 2960, 1640, multiplet 900-700 cm .

uv(95% ethanol): 384, 364, 347, 352 (broad) mu,

3~ (9-Anthracenyl)phenyl-2~-oxazoline hydrochloride (102)

To 2,5 g« (0.0077 mole) of 3-(9-anthracenyl)phenyl-2-oxazoline

(98) in 150 ml. of warm tetrahydrofuran was added 25 ml, of ethyl ether
saturated with anﬁydrous hydrogen chloride. The mixture was stirred
one-foﬁrth hour, concentrated, and the resultant yellow oil was re=-
crystallized four times from absolute ethanol,; and the product was iso-
lated as greenish yellow nugget crystals, m.ﬁ. 152-154°; yield 1.8 g.
(70%).
Anal, Calcd. for C,,H, (CINO: C, 76.76; H, 5.05; N, 3.89; C1, 9.85.

Found (*%): C, 76.82; H, 5.07; N, 3.74; C1, 9.61.
ir(KBr): 3050, 1630, 1640, multiplet 900-700 cm 1,

uv(95%) ethanol)s: 384, 364, 347, 352 (broad) mu,
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G. Preparation of 2~Thiazolines;

4-(7-Benz[a]anthracenyl)uhenyLﬂ2~thiéz01;ne ( .05)

1, To 7 g, (0.017 mole) of 4&(7-benz[a]anthracenyl)-N—(2-chloro~
ethyl)benzamide (82) dissolved in 700 ml. Qf refluxing anhydrous
toluene, conﬁained in a l-liter flask equipped with a mechanical
stirrer, was added 7.6 g. (0.034 mole) of phosphorus pentasulfide, and
the resultant mixture was refluxed five hours. After one-half hour the
bottom of the flask was coated with viscous red oil, After five hours
reflux the mixture was cooled to room temperature, the solvent was
decanted from the red o0il and concentrated to give a yellow solid., The
yellow solid was dissolved in 200 ml. of tetrahydrofuran-200 ml., of 10X
sodium hydroxide, the solutiog was poured back Into the reaction flask,
and the mixture was stirred ene hour at roomltemperature as the red oil
was completely decomposed. The mixtu;e was.transferred to a 2-liter
separatory funnel, the tetrahydrofuran layer was separated, and the
aqueous layer was saturated with sodium chloride and extracted twice
with 50 ml. portiors of tetrahydrofuran. The tetrahydrofuran layers
were combined and washed successively with 100 ml., of water, 100 ml, of
10% sodium bicarbonate solution, and twice more with 100 ml, portions
of water (the water washings were saturated with sodium chloride). The
tetrahydrofufan solution w#s-dried over sodium sulfate, filtered, and
concentrated to give a yellow viscous oil, The oil was dissolved in 50
ml, of benzéne and passed in two 25 ml, portions through silica gel
columns with benzene as eluting (500 ml,) soivent. The eluted benzene
solutions were combined, concentrated, the resultant white solid was re-

crystallized four times from chloroform-absclute ethanol (7:3), and the
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product was isolated as white ngédles, méﬁ._211-213°; yield 5 g. (767%).

Anal, Caled, for C,.H, (NS c, 83.'24; 11,493, ‘N, 3.59; S, 8.23,
Found (%*%): €, 83.06; H;-4.90; N, 3.56; S, 8.22,

nmr(CDC13): multiplet 5.0-4,0 ppm (15 protons); two triplets centered

A “at 2,45 ppm (2 protons) and 1,85 pprm (2 protons),

ir(KBr): 3050, 2940, 2850, 1605, multiplet 900-700 cm-l.

uv(95% ethanol): 391, 366, 353, 292, 281, 271, 258 mu,

2, In a 500 ml, flask equipped with a mechanical stirrer, a mix-
ture of 3 g. (0.008 mole) of 4~(7-benz[ajanthracenvl)benzaziridamide
(77) and 3,6 g. (0,016 mole) of phosphorus pentasulfide in 100 ml, of
toluene was refluxed for three hours (after one-fourth hour the bottom
of the reaction flask was coated with a viscous red oil). After three
hours of reflux, the mixture was cooled to room temperature, the solvent
was decanted from the red oil and concentrated to give a yellow solid.
The solid was dissolved in 100 ml.of tetrahydrofuran-100 ml, of 10Z
sodium hydroxide, this solution was poured back into the reaction
flask, and the mixture was stirred at room temperaturé for one hour as
the red oil was decomposed, The nmixture was transferred to a separa-
tory funnel, the tetrahydrofuran layer was separated, the aqueous layer
was saturated with sodium chloride and twice extracted with 50 ml, por=-
tions of tetrahydrofuran, The tetrahydrofuran layers were combined,
washed successively with 75 ml, of water, 75 ml., of 107 sodium bicar-
bonate, twice with 75 ml. portions of water, and the tetrahydrofuran
layer was dried over sodium snlfate. The dried solution was filtered,

concentrated, and the resultant pale red oil was dissolved in 25 ml. of

benzene and passed through a silica gel cclummn with benzene (500 ml.)
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as the eluting solvent, The eluted benzene was concentrated, the re-

e
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sultant white solid was recrjsﬁallizéd‘tﬁicé“f}Sm chloroform-absoclute

ethanol (7:3), and the product was isolated as white needles, m,p.

210-212°,

3-(7-Benz[a]anthracenyl) phenyl~2-thiazoline (104)

1. A mixture of 7 g, (0.017 mole) of 3-(7-benz[alanthracenyl)-
N-(Z-chloréethyl)benzamide (81) and 7.5 g. (0.034 mole) of phosphorus
pentasulfide in 40C ml., of toluene was refluxed for five hours (a vis-
cous red oil coated the bottcm of the reaction flask after one-half
hour)., The mixture was cooled to room temperature and worked up by
the same procedure used to prepare 105 (part 1l.). The isolated tetra=-
hydrofuran solution was dfied over sodium sulfate, then filtered and
concentrated to give a viscous yellow oil. The oil was dissolved in
50 ml, of benzene and passed in‘two>25 nl, portions through silica gel
columns with benzene (500 ml.) as the elﬁting agent., Concentration of
the eluted benzene gave a light yellow transparent oil which slowly
crystallized from benzene-95Z ethanol (7:3). The soliid vas recrystal-
lized four times from benzene-957% ethanol (8:2), and the product was
isolated as white spherical crystals, m.p. 173-174°; yield 4.7 g. (76%).
Anal, Caled. for C27H19NS§ C, 83.2%4; H, 4.93; N, 3.59; S5, 8,23,

Found (*%): c, 33.3?; H, 4.57; N, 3.58; S, 8,07,
nmr(CDC13): multiplet 5.0~4,0 ppm (15 protons); two triplets centered
at 1,4 ppm (2 protons) and 1.8 ppm (2 protons).
ir(KBr): 3050, 2940, 2850, 1650, multiplet 900-700 cm-l.
uv(95% ethanol): 382, 365, 353, 292, 281, 271, 258 mu,

2. A mixture of 3 g. (0.008 mola) of 3-(7-benz[a}anthracenyl)-
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benzaziridamide (76) and 3.6 g: (0.016 mole) of phosphcrus pentasul=
fide in 100 ml. of toluene was refiuxed for fﬁ‘fﬁe hours (a viscous red
0il coated the bottom of the resction flask after one-fourth hour), |
The mixture was cooled to roo@ ieﬁperature éﬁd worked up by the same
procedure used for the preparation of 222 (part 2,). The isolated
tetrahydrofuran layer was dried over sodium sulfate, filtered, concen-
trated, and the resultant red oill was passed through silica gel with
benzene (500 ml,) as the eluting agent. The eluted benzene was concen=
trated, and the isolated oil slowly crystallized from benzene-95%
ethanol (7:3) as white spherical crystals, m.p. 171-174°; yield 2,2 g.

(71%) .

4-(9-Anthracenyl)phenyl~2~thiazoline (107)

1, A mixture of 5.8 g. fb.016 mole) of &4~(9-anthracenyl)-N-(2-
chloroethyl)benzamide (84) and 7.1 g. (0,032 mcle) of phosphorus penta=-
sulfide in 600 ml, of toluene, éontained in a 1~-liter ﬁlask equipped
with a mechanical stirrer, was refluxed for five hours (a viscous red
oil coated the bottom of the reaction flask after one-~fourth hour).
The mixture was cooled to room temperature and worked up by the same
procedure used in the preparation of 105 (part 1.). The isolated
tetrahydrofuran sclution was dried over sodium sulfate, filtered, con-
centrated, and the resultant yellow solid was dissolved in 75 ml, of
benzene and passed in two equal portions through silica gel columns
with benzene (500 ml,) as the eluting agent. Concentration of the
eluted benzene gave a light greenish yellow solid which was recry;ta1~
lized three times from chloroform-95% ethanol (8:2), and the product was
isolated as light greenish yellow plate crystals, m.p. 215-217°; yield

4,8 g. (88%2).
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Anal. Calcd, for C23H17N C; 81.37 H, 5 06, N, 4,135 S, 9.45,
Found (**)3 ' c, 31‘25; H, -4, sis N, 4.13; S, 9.26,
nmr(CDCl3): multiplet 4,6-4.0 ppm (13 protong); two triplets centered
at 2,5 ppm (2 protons) and 1,9 ppﬁ (2 protons),
1r(KBr): 3050, 2940, 2850, 1605, multiplet 900-700 cm L,
uv(95% ethanol): 384, 365, 347, 254 (hroad)'mu.

2. A nmixture of 3 g. (0.009 mole) of 4-(9-anthracenyl)benz~
aziridamide (79) and 3.9 g. (0.018 mole) of phosphorus pentasulfide in
100 ml, of toluene was mechanically stirred and refluxed for three hours
(a viscous red oll coated the surface of the reaction flask after one-
fourth hour), The mixture was then cooled to room temperature and
worked up by the same procédure used in the preparation of 105 (part 2.).
The isolated tetrahydrofuran:solution was dried over sodium‘sulfate,
filtered, concentrated, the yellow solid isolated was dissolved in 30

.ml. of benzene and passed through a silica gel column with benzene (500
ml,) as the eluting agent, The eluted benzene was concentrated, the re-

sultant greenish yellow solid was recrystallized once from chloroform-

95% ethanol (7:3), m.p. 212-214°; yield 2.4 g. (772).

3-(9-Anthracenyl)phenyl-2-~thiazoline (106)

1, To 7 g« (0.021 mole) of 3-(9-anthracenyl)-N-(2-chloroethyl)=-
benzamide (83) dissolved in 300 ml, of refluxing toluene, contained in
a l-liter flask equipped with a mechanical stirrer was added 9.3 Se
(0,042 mole) of phosphorus pentasulfide, and the resultant mixture was
refluxed for fivevhours (a viscous red oll coated the bottom of the
reaction flask after.one-fourth hour), The mixture was then cooled to

room temperature and worked up by the same procedure used in the
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preparation of 105 (part 2.). fT?a iéolétéd tetrahydrofuran solution
was dried over sodium sulfaté,”filteréd, g;ﬁééﬁtrated, and the resul-
tant red oil was dissolved in 50 ml. of benzene and passed in two por-
tions through silica gel columns with benzene (500 ml,) as the eluting
agent, The eluted benzene was coﬁcenttated, and the resultant yellow
oil slowly crystallized from atsolute ethanol., The solid was recrystal-
lized foﬁr times from absolute ethanol, and the product was isolated as
light yellow needles, m,p., 126-128°; yield 5.8 g. (80%).
Anal, Caled, for C23H17NS: C, 81,37; H, 5.06; N, 4,135 S, 9.45,

Found (*%*)3 Cc, 81.37; H, 5,09; N, 3.89; S, 9.37,
nmr(CDC13): multiplet 4,6-4,0 ppm (13 protons); two triplets centered

at 2,45 ppm (2 protons) and 1.85 ppm (2 protons),

ir(KBr): 3050, 2930, 2840, 16C0, multiplet 960-700 cm-l.
uv(95% ethanol): 382, 364, 346, 255 (broad) mu,

2. A mixture of 5 g. (0,009 mole) of 2~(9-anthracenyl)benz-
aziridamide (78) and 4 g. (0.018 mole) of phosphorus pentasulfide in
100 ml, of toluene was mechanically stirred and refluxed for three
hours (a viscous red oil coated the bottom of the reaction flask after
one~fourth hogt). The mixture was cooled to room temperéture and
worked up by the same procedure used for the preparation cof 105 (part
2.). The isolated tetrahydrofuran layer was dried over sodium sulfate,
filtered, concentrated, and the resultant red oil was passed through
silica gel with benzene (500 ml.) as the eluting agent, Thé eluted

benzene was concentrated, and the isolated yellow oil slowly crystal-

lized from absolute ethanol as light yellow needles, m.,p, 119-123°,
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H, Preparation of 2- Imidazolines and Hydrochlgride Salts,

4-(7~Benz[a]anthracenyl)benvamide (g) _ i:

The acid chloride reagent 73 which was’prepared from 12 g, (0,034
mole) of 7-(4-carboxyphenyl)benz[a)anthracene (66) (see Experimental,
Section C,) was dissolved in 400 ml, of tetrahydrofuran, a small quan-
tity of liquid ammonia was added, and the mixture was magnetically
stirred as the excess liquid ammonia was allowed to evaporate, The
tetrahydrofuran mixture was concentrated, the resultant viscous solid
was taken up in 75 ml, of 957 ethanol and vacuum filtered., The solid
was vacuum vashed thoroughly with water (300 ml,), dried in a vacuum
oven at 50° (10 mm,) for five hours, and the product was isolated as
white powdery solid, m.p, 292-297°; yieid 10.4 g, (89%). This product
was used without further purification in a subsequent reaction to
prepare the cyano compound 112. A portion of the amide was recrystal-
lized twice from chloroforﬁ-QSZ ethanol (7:3), and the product was

108

isolated as white crystals, m.p. 298-300° [Lit, 298-300°],

3-(7-Benz[a]anthracenyl)benzamide (108)

The acid chloride reagent Zz.which-was prepared from 15 g, (0,04
mole) of 7-(3-carboxypheny1)benz[ajanthracene (65) (see Experimental,
Section C,) was dissolved in 350 ml, of tetrahydrofuran, a small quan-
tity of liquid ammonia was added,Aand the wixture was magnetically
stirred at foom temperature as the e#cess liquid ammonia was allowed
to evaporate. The tetrahydrofuran mixture waé concentrated, the re-
sultant viscous solid was taken up in cold 957 ethanol (75 ml,) and
vacuum filtered, The solid was then thoroughly vacuum washed with

water (200 ml,), dried in a vacuum oven at 50° (10 mm,) for six hours,
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and the product was isolated a§ iighé bgowﬁ Efystals. m.p. 132-135°;
yield 12,1 g. (87%). This prodﬁét_wag uged Qié%out further purifica-
tion in a subsequent reaction to prebaré the cfano compound 111, A
portion of the amide was purified by four recr&stallizations from 95
‘ethanol and one treatment with charcoal, and the product was isolated
as white crystals, m.p. 135-137°,
Anal, Cal;d. for C25H17N0: C, 36.42; H, 4,94; N, 4,03,

Found (*%): C, 86,22; H, 4,98; N, 4,25,

{r(KBr): 3050, 2970, 1660, multiplet 900-700 cm T,

4= (9-Anthracenyl)benzamide (110)

The acid chloride reagent 75 which was prepared from 13 g, (0.04
mole) of 9-(4-carboxyphenyl)anthracene (68) (see Experimental, Section
C.) was dissolved in 650 ml,‘Bf tetrahydrofuran, a small quantity of
liquid ammonia was added, and the mixture was magnetically stirred at
room temperature as the excesslliéuid ammonia was allowed to evaporate,
The tetrahydrofuran mixture was concentrated, the resultant viscous
solid was taken up in cold 95% ethanol (75 ml.) and vacuum filtered.
The solid was then thoroughly vacuum washed with water (300 ml,),
dried in a vacuum oven at 55° (10 mm,) for six hours, and the product
was isolated as light yellow solid, m,p. 267-270°; yield 10 g, (862%).
This product was used without further purification in a subsequent
reaction to prepare the cyano compound 114, A portion of the amide
w#s purified by four recrystallizations from tetrahydrofuran-~95%
ethanol (7:3), and the product was isolated as white needles, m.p.
270-271°,

Anal, Calcd. for CZIHisNO: C, 84,81; H, 5,09; W, 4,71,
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Found (**): Cy 84.98; H, 5.00; N, 4,90,
3-(9-Anthracenyl)benzamide (109) i

The acid chloride 74 which was‘prapared from 15 g. (0.05 mole) of
9-(3-carboxyphenyl)anthracene (67) (see Fxperimental, Section C,) was
dissolved in 400 ml. of tetrahydrofuran, a small quantity of liquid
amronia was added, and the mixture was magnetically stirred at room
temperaturé as the excess liquid ammonia was allowed to evaporate,
The tetrahydrofuran mixture was concentrated, the resultant viscous
solid was taken up in cold 957 ethanol (75 ml.) and vacuum filtered.,
The solid was then thoroughly vacuum washed with water (300 ml,),
dried at 35° (0,3 mm.) for 20 hours, and the product was isolated as
greenish yellow transparent needles, m.p. 90-94°, This product ap-
parently is a semistable ethanolate or hydrate. The solid was redried
over toluene at 110° (0.3 mm.} for eight hours, and the product was
used without further purification in a subsequent reaction to prepare
the cyano compound 113. A portion of the amide was purified by four
recrystallizations from 95% ethanol, and the product was isolated as
opaque greenish yellow needles, m.p. 199-200°,

Anal, Caled. for CZIHISNO: C, 34.,81; H, 5,093 N, 4,71,

Found (**)3 C, 84,98; H, 5.24; N, 4,68,

1r(KBr): 3050, 1660, multiplet 900-700 cm I,

4-(7-Benz[a]anthracenyl)cyanobenzene (112)

To a solution of 9 g, (0.025 mole) of 4~(7-benz[a]anthracenyl)-
benzamide (2) in 900 ml, of refluxing toluene, contained in a 2-liter

flask equipped with a mechanical stirrer, was added 18 g, (0.13 mole)
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of phosphorus pentoxide, and the réé&lta;t nixture was refluxed for 24
hours. After one hour the bottom éé éhg f1$§% 6ecame ccated with vis-
cous gray oil, After 24 hours of reflux the mikture was cooled to
room temperature, and the solven;_was decanted from the oil and concen-
trated to give a viscous solid, The viscous solid was dissolved in 100
ml, of tetrahydrofuran-100 ml, of 107 sodium hydroxide, and this solu-
tion was poured back into the reaction flask which was immersed in an
ice bath, The resultant mixture was stirréd at room temperature for
one hour as all the gray oil was decomposed, Thé solution was then
transferred to a separatory funnel, the tetrahydrofuran layer was sepa-
rated, the aqueous layer was saturated with sodium chloride and ex-
tracted twice with 50 ml, portions of tetrahydrofuran, the tetrahydro-
furan layers were combined and washed successively with 100 ml, of
water, 100 ml, of 10% sodium bicarbonate, and twice with 100 ml, por=-
tions of water., The tetrahydrofﬁran layer was separated and dried
over sodium sulfate, and the dried solution was filtered and concen-
trated to give a viscous oil, The o1l was dissolved in 50 ml, of ethyl
acetate and cooled overnight. Some unreacted amide 2 (1.5 g+) was Te-
moved by vacuum filtration, the filtrate was concentrated, and the
resultant oil was dissolved in 30 ml. of benzene and passed through a
silica gel column with benzene (300 ml,) as the eluting agent. Concen=-
tration of the eluted benzene gave an oil which readily crystallized
when 25 ml..of 95% ethanol was added. The solid was recrystallized
once from 95% ethanol, ard the product was isolated as white crystals,

17

m.p. 196-198° [Lit. ' 196-198°]; yield 5.3 g. (64%).
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3-(7-Benz[a}anthraccnyi)cyaﬁbbeqéege'(;&;) '

To a solution of 9 g, (0.0ZS*méle) of-32(7iﬁenz[a]anthracenyl)-
benzamide (108) in 900 ml. of refluxing toluene, contained in a 2-1liter
flask equipped with a mechanical stirrer, was added 18 g, (0.13 mole)
of phosphorus pentoxide, and the resultant mixture was refluxed for 24
hours. After one hour the bottom of the flask became‘coated with vis-
cous gray oil, After 24 hours of reflux the mixture was cooled to room
temperature and the reaction was worked up by the same procedure‘used
in the preparation of 112, The isolated tetrahydrofuran layer was
dried over sodium sulfate, filtered, concentrated, and the resultant
oil was dissolved in 50 ml, of benzene and passed in two portions
through silica gel columns with benzene (300 ml,) as the eluting agent,
The eluted benzene was conceritrated and the resultant oil slowly crys=-
tallized from benzene-heptane (1:3), The solid was recrystallized four
times from benzene-heptane (1:3), and the product was isolated as white
powdery solid, m,p. 153-155°; yield 5.6 g. (67%).

Anal, Caled. for CZSHISN: C, 91.,15; H, 4.,59; N, 4,25,

Found (**)3 C, 91.25; H, 4.76; N, 4,02,

4-(9-Anthracenyl)cyanobenzene (114)

To a solution of 9 g. (0,03 mole) of 4~(9-anthracenyl)benzamide
(110) in 1000 ml. of refluxing toluene, contained in a 2-liter flask
equipped with a mechanical stirrer, was added 17 g. (0,12 mole) of
phosphorus pentoxide, and thea resultant mixture was refluxed for 18
hours., After one hour the bottom of the flask became coated with vis-
cous brownish red oil., After 18 hours éf reflux the mixture was Eooled

to room temperature, and the reaction was worked up by the same
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procedure used in the preparagion 0f‘;£g: Tﬁg isoiated tetrahydrofuran
layer was dried over sodium suliate;'filtercdg;géncentrated, and the
resultant viscous solid was dissoivéd in 25 ml, of ethyl acetate and
cooled overnight. Some unreacted amide 110 (1.6 g.) precipitated and
was isolated by vacuum filtration, the filtrate was concentrated, and
thebresultant oil was dissolved in 50 ml, of benzene and passed in two
25 ml, portions through silica gel with ﬂenzene (300 ml,) as the
eluting agent. The eluted benzene was concentrated, the resultant oil
readily crystallized when 25 ml, of 957 ethanol was added. The éolid
was recrystallized once from 95% ethanol, and the product was isolated

51

as greenish yellow needles, m.p. 134-135° [Lit,”" 125-126°]; yield

5.6 g« (68%).

3-(9-Anthracenyl)cyanobefizene (113)

To a sclution of 10 g, (0.033 mole) of 3~(9-anthracenyl)benzamide
(109) in 600 ml, of refluxing toipene?‘con;ained in a 2-1ite; flask
equipped with ‘a mechanical stirfér; was added 18,4 g. (0.13 mole) of
phosphorus pentoxide, and the resultant nmixture was refluxed for 18
hours., After one hour the bottom of the flask became coated with pale
red oil. After 18 hours of reflux the mixture was cooled to room tem-
perature, and the reaction was worked up by the same procedure used in
the preparation of 112, The isolated tetrahydrofuran layer was dried
over sodium sulfate, filtered, concentrated, and the resultant viscous
oil was dissolved in 50 ml, of benzene and passed in two 25 ml, por=-
tions through silica gel columns with benzene. (300 ml.) as the eluting
agent, The eluted benzere was concentrated, and the resultant oil

slowly crystallized from chloroform~95Z ethanol (1:4) solution, The
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solid was recrystallized four tines from chioroform~957 ethanol (1:4)
and the product was isolated as gtéénish yeliéwfplate crystals, m.p.
129-130°; yield 5.6 g« (61%),
Anal, Caled. for c21313n. C, 90.28; H, 4.70; N, 5.02.
Found (**): C, 90,493 H, 4,73; N, 5.13,

4-(7-Benz[alanthracenyl)phenyl-2-imidazoline (116)

4-(7-Benz[a]anthracenyl)cyanobenzene (112) [4 g, (0,012 mole)] was

refluxed in 30 ml, of ethylenediamine for five Qours. The product pre-
cipitated from the solution as the reaction progressed, After the re=-
action was complete, the mixture was cooled overnight, the solid was
isolated by vacuum filtration and washed with 100 ml, of water, and the
product was dried at 35° (0.3 mm,) for four hours. The solid was then
recrystallized five times from chloroform-ethyl acetate (1:1), and the
product was isolated as light yellow scaly crystals, m.p, 221,5-223°;
yield 3.7 g. (84%).
Anal, Caled. for C27H20 2} C, 87.05; H, 5,423 N, 7,52,

Found (**): C, 87.20; H, 5.38; N, 7.47,
ir(<Br): 3050, 2930, 2860, 1510, multiplet 500~700 cm .

uv(95% ethanol): 389, 368, 351, 291, 280, 270, 255 mu.

3-(7-Benz[a]anthracenyl)phenyl-2-inidazoline (115)

3-(7-Beng[a]anthracenyl)cyanobenzene (111) [5 g. (0.015 mole)]} was
refluxed in 50 ml, bf anhydrous ethylenediémine for five hours, The
resultant soluticn was cooled overnight without any precipitation. The
solvent was then removed under reduced pressure to give a brown viscous

oil which readily crystallized when 25 ml, of methanol was added, The
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mixture was vacuum filtered, aﬁd‘th§ éb1id}wa§5washed with 100 ml, of
water, The washed solid was ﬂfﬂéd at 35° (ﬁ;g?@m;) for five hours,
purified by four recrystailizaéions.from 95% ethanol-ethyl acetaté
(1:9) and one treatment with charcoal, and thé product was isolated as
vhite crystals, m.p.»227-229;; yield 4.1 g.'(762).
Anal, Caled. for C,/H, N,: C, 87,05; H, 5.425 N, 7,52,

Found (**): C, 86.,91; H, 5.42; N, 7.35.
- nmr(DMS0): multiplet 5.25-4,0 ppm (15 protons); broad band centered at

3.1 ppm (1 proton); singlet at 2,0 ppm (4 protons),

ir(KBr): 3050, 2930, 2860, 1600, multiplet 900-700 cm'l.

uv(95Z ethanol): 389, 365, 350, 291, 281, 271, 257 mu,

4=(9-Anthracenyl)phenyl-2~-imidazoline (118)

4—(9-Anthraceny1)cyanobe;zene (l;ﬂ) [5 z. (0,018 mole)] was re-
fluxed in 40 ml, of anhydrous ethylenediamine for six hours, The pro-
duct precipitated as the reaction progressed. The mixture was cooled
overnight, vacuum filteffd, and the'p;oduct was washed with 100 ml, of
water, The solid was dried at 35° (0.3 mm,) for five hours and re=-
crystallized five times from 95% ethanql-chloroform (7:3). The pro-
duct was isolated as light yellow needles, m.p. 309‘ decom, ; yield
4,8 g. (852),
Anal, Caled, for C23H18 2° C, 85.67; H, 5,643 N, 8,69,

Found (**): C, 85.,54; H, 5.77; N, 8,65,

ir(KBr): 3050, 2970, 2930, ?860, 161Q, multiplet 900-700 cm‘l.

uv(95% ethanol): 386, 367, 353, 254 (broad) mu.
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3-(9-Anthracenyl) phenyl-2~imidazoline (117)

3~-(9-Anthracenyl)cyanobenzena (llé) (5 g k0.018 mole) ] was re-
fluxed in 50 ml, of anhydrous ethylenediamine for five hours., After
the reaction was complete, the éolution was cooled overnight but the
product did ﬁot precipitate, The solvent was then removed under re-
duced pressure to give a viscous brown solid, The solid was taken up
in 25 ml, of 95X ethanol and vacuum filtered. The solid was washed
with 100 ml, of water, dried five hours at 35° (0.3 mm,) and purified
by four recrystallizations from chloroform=95Z ethanol (3:4) and one
treatment with charcoal, The product was collected as light yellow
crystals, m,p. 241-242°; yield 4,2 g. (712).
Anal. Calcd, for c23“18N2’ C, 85.67; H, 5564; N, 8.69.

Found (*%): -Cy 85.91; H, 5.86, N, 8.43,
nmr(CDCls): multiplet 4,7-4.0 ppm (;3 protong); broad band centered at
2,5 ppm (1 proton); singlet at 2,0 ppm (4 protons).

ir(KBr): 3050, 2920, 2860, 1610, multiplet 900-700 cm-lo

uv(95% ethanol): 384, 365, 347, 253 (broad) mu,

4-(7-Benz[a]anthracenyl)phenyl-2~imidazoline hydrochloride (120)

To 2.5 g« (0,067 mole) of 4~(7-benz[alanthracenyl)phenyl=2- -

| imidazoline (116) dissolved in 100 ml. of hot tetrahydrofuran was added
50 ml, of ethyl ether saturated with anhydrous hydrogen chloride., The
mixture was magnetically stirred at room temperature for one-fourth
hour, and then concentrated to give a whité solid, The solid was re-
crystaliized five times from absolute ethanol-ethyl acetate (8:2), and
the product was isolated as white powdery. solid, m.p. 325° decdmp.;

yield 2,2 g. (81%).
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Anal, Caled, for C,.H, CIN,: C, 79.293 n;‘5,19; N, 6.85; Cl1, 8,67,

Found (#%): C, 79.35; H, 5.34; N, 6.75; C1, 8.74,

ir(KBr): 3050, 2960-2880 (broad), 1610 nmultiplet 900-700 cm-l.

uv(95% ethanol): 389, 365, 350, 292, 281, 271, 259 mu,

3-(7-Benz[a]anthracenyl)phenyl-2-imidazoline hydrochloride (119)

To 3 g. (0,008 mole) of 3-(7-benz[a)lanthracenyl)phenyl-2-imidazoline °
(115) dissolved in 100 ml, of tetrahydrofufan at room temperature was
added 60 ml, of ethyl ether saturated with anhydrous hydrogen chloride.
The mixture was stirred at room temperature for one~fourth hour and
then concentrated to give an oil, The oil was dissolved in 25 ml, of
warm absolute ethanol and crystallized when 50 ml, of ethyl acetate was
added, The solid was recrystallized five times from absolute ethanol,
and the product was isolated as white flakey crystals,lm.p. 291-294°;
yield 2,5 g. (75%).

Anal, Calcd. for C27H2161N2: C, 79.29; H, 5.19; N, 6.85; C1, 8,67,
Found (*%*): c, 79.37; H, 5.28; N, 6.64; C1, 8,87,
ir(KBr): 3050, 2970-2850 (broad), 1610, nmultiplet 900-700 cm-l.

uv(95% ethanol): 390, 366, 351, 290, 280, 270, 256 mu,

4-(9-Anthraceny1)phenyl-z-imidazolihe hydrochloride (122)

To 2.6 g. (0,008 mole) of 4-(9-anthracenyl)phenyl-2~imidazoline
118y di?solved in a warm solution of 275 ml. of chloroform and 100 ml,
of absolute ethanol was added 50 ml, of ethyl ether saturated with
anhydrous hydrogen chloride. The mixture was stirred one-fourth hour
as the temperature approached room temperature and then concentrated to

give a greenish yellow solid. The solid was recrystallized five times



from absolute ethanol-chlorofotm (351),féﬁa Fhe-product was isolated as
light greenish yellow needles, m.p. 333° decomp,; yield 2.4 g. (852).
Anal., Calcd, for 023H1901N2: c, 76.97;‘H, 5.35; N, 7.81; C1, 9,88,
Found (%**): c, 77.13; H, 5.30; N, 7.83; c1, 10,10,
ir(KBr): 3050, 2970-2930 (broﬁé), 1610, mulfiblet 900-700 cmnl.

uv(95% ethanol): 384, 365, 349, 251 (broad) mu.

3-(9-Antrhacenyl)phenyl-~2~-imidazoline hydrochloride (121)

To 3 g. (0,009 mole) of 3~(9-anthracenyl)phenyl-2-imidazoline (ggv
dissolved in 100 ml, of tetrahydrofuran at room temperature was added
50 ml, of ethyl ether saturated with anhydrous hydrogen chloride. The
mixture was stirred at room temperature for one~fourth hour and then
concentrated to give a viscous solid., The solid was recrystallized
five times from absolute ethanol-ethyl acetate (3:1), and the product
was isolated as light greenish yellow crystals, m.p. 314° decomp.;
yield 2.5 g« (772).

Anal, Caled, for C,,H,  CIN,: 'c, 76.97; H, 5.35; N, 7.81; C1, 9.88,
Found (*%): Cc, 76.69; H, 5.42; N, 7,543 C1, 10,18,
ir(KBr): 3050-2850 (broad), 1610, mulgiplet 900-700 cm-l.

uv(95% ethanol): 384, 364, 347, 253 (broad) mu.



SUMMARY

The four carboxylic acids,t7-(3—'and 4-éérboxypheny1)benz[aj-
anthracenes (65 and 66) and 9-(3~ and 4-c5rbo£yphenyl)anthracenes (67
and 68), were prepared by known five step procedures in sufficient
quantities to serve as starting materials iﬂ some subsequent reactions,
The two acids 65 and 67 were not previously reported.

The two compounds, 7-(3-.and 4-bromophenyl)benz[alanthracenes |
(70 and 71) were prepared by known procedures. Contrary to the results
of several previous investigators, both compounds were found to react
with magﬁesium and form reactive Grignard reagents. While hydrolysis
reactions indicated that the Grignard reagents were formed in at least
35-45% yields, carbonation reactions, however, resulted in the forma-
tion of the carboxylic acids 66 and.gg in only 20-25Z yields.

Oxalyl chloride was found to be superior to thionyl chloride for
preparing the acid chloride derivatives of the four carboxylic acids
65, 66, 67 and 68, With thionyl chloride the acid chlorides were in-
variably obtained as oils which contained impurities that were diffi-
cult to remove. With oxalyl chloride all four acid chlorides were
obtained as solids which did not contain such impurities,

The four compounds, 3~ and 4-(7-benz[a]anthracenyl)benzaziridamides
(76 and 77) and 3~ and 4-(éfanthracenyl)benzaziridamidea (Z8 and 79),
were each prepared by two methods. Onre method involved reacting an
acid chloride (72, 73, 74 or 75) with aziridine and triethylamine in
benzene at 0°, while the other method 1nv61ved reacting a carboxylic
acid (65, 66, 61 or 68) directly with aziridine and dicyclohexyl-

carbodiimide in tetrahydrofuran at room temperature. The two para

~119-



compounds 77 and zg;were obtained #s spiidé, whi1e by both methods the
two meta compounds 76 and lg‘were'QSOIated aévﬁils which could not be
crystallized, The latter metﬁod was consi&e;ed to be the better syn-
thetic procedure for preparing all four coﬁpounds.

The four compounds, 3- and 4-(7-behz[a]anthracenyl)-N—(2—chloro-
ethyl)benzamides (81 and 82) and 3~ and 4~-(9-anthracenyl)-N=-(2-chloro-
ethyl)benzgmides (83 and gﬁ% were each prepared by two methods., One
method involved reacting an acid chloride (72, 73, 74 or 75) with 2-
chloroethylamine hydrochloride and soa;um hydroxide in benzene-water
at 0°, while the other metﬁod involved reacting a l-aroylaziridine
(76, 17, 78 or 79) with anhydrous hydrogen chloride in chloroform at
room temperature, The former methéd was considered to be a better syn-
thetic‘procedure.

Five compounds were prepﬁred from 4-(7-benz[a]anthracenyl)benz-
aziridamide (77) by reactions in which the aziridine ring was cleaved by
the reagents hydrogen bromide, 45% aqueous hydrogen iodide, diethyl-
amine, 457 aqueous ammonium sulfide, and methanesulfonic acid. By this
procedure the following five compounds were prepared in yields of 40-
80%: 4-(7-benz[a]anthracenyl)-N-(2-bromoethyl)benzamide (85), 4~(7-
benz[alanthracenyl)-N-(2~iodoethyl)benzamide (86), 4-(7-benz[a]-.
anthraceny})-N-(2-diethylaminoethyl)benzamide (88), 4~-(7-benz[a)-
anthracenyl)-N-(2-thiolethyl)benzamide (87), and 4-(7-benzla]-
anthracenyl)=N-(2-methylsulfonylethyl)benzamide (89). With the excep-
tion of the preparation of 87, the regctiohs occurred readily at room
temperature,

4~(7-Benz[a]anthracenyl)~-N,N-bis(2-chloroethyl)benzamide (gg) was

obtained as an oil from the reaction of 4~(7-benz[alanthracenyl)-
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benzoyl chloride (73) with N N—bis(2-chloroethyl)amine. Both 90 and
6-(7-benz[a]anthracenyl)-N-(2—chloroethy1)benzamide (82) underwent
reactions with water and with diborane which are characteristic for
compounds containing thevfunctiohal groups, N,N-bis(2-chloroethyl)-
benzamide or N-(2-chloroethyl)benzamide, The amides 90 and 82 were
refluxed in 957 ethanol for short periods of time and wefe transforme&
to 2-(2'-chloroethylamino)ethyl—&-(7-benz[a]anthracenyl)bénzoate
hydrochloride (91) and 2-aminoethyl-4-(7-benz[alanthracenyl)benzoate
hydrochloride (93), respectively., fhe amides 90 and 82 were reduced
with diborane to nitrogen musfards that were isolated as oils and were
converted to the hydrochloride salts, 4-(7-benz(alanthracenyl)-N,N-
bis(2-chloroethyl)benzylamine hydrochloride (92) and 4-(7-benz[a]-
| anthracenyl)-N-(2-chloroethyl)benzyylamine hydrochloride (94), respec-
tively,

The four compounds, 3- and 4-(7—benz[a]anthracenyl)phenyl-z-
oxazolines (96 and 21) and 3- aﬁd 4-(9-anthracenyl)phenyl-2-oxazolines
(98 and 22% were each prepared by two methods. One method involved
reacting a N-(2-chloroethyl)amide (81, 82, 83 or 84) with sodium
ethoxide, while the other method involved isomerizing a l-aroyl-
aziridine (76, 77, 78 or 79) with sodium iodide catalyst. The latter
. method was found to be the better synthetic procedure. The following
four hydrochlofide salt derivatives were prepared by reacting the 2=
oxazolines (96, 97, 98 and 99) with anhydrous hydrogen chloride in
tetrahydrofuran-ethyl ether solvent: 3- and 4-(7-benz[a]anthracenyl)=-
phenyl-z-oxazoline'hydrbchlorides (100 and 101) and 3- and 4-(9-

anthracenyl)phenyl-2-oxazoline hydrochlorides (102 and 103).
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| The foﬁr compounds, 3- aﬁd 4-(7~benzfa]anéhracenyl)phenyl—2-
thiazolines (104 and 105) and 3~ and 4-(9&gq;ﬁ;9cenyl)pheny;-Z-
thiazolines (106 and 107), wéré each prepa:ed Py twvo different methods,
One method involved reacting a N~(2-chloroethyl)amide (81, 82, 83 or
§ﬁ) with phosphorus pentasulfide in refluxing toluene, while the other
method involved reacting a l-aroylaziridine (76, 77, 18 or 79) with
phosphorus pentasulfide in refluxing toluene. The former method was
considered to be the better synthetic procedure, The latter type re~
action, however, appears to be a new method for preparing 2-thiazolines,
not previously reported,

The four amides, 3- and-4-(7-Benz[a]anthracenyl)benzamides (108
and 2) and 3- and 4~(9-anthracenyl)benzamides (109 and 110), were
prepared by the reactions of acid chlofides with ammonia,

The four cyano compounds, 3~ and 4~(7-benz[a)anthracenyl)cyano-
benzenes (111 and 112) and 3~ and 4-(9-anthracenyl)cyanobenzenes (113
and _1_]_._!;). were prepared by reacting the amides, 108, 2, 109 and 110,
with phosphorus pentoxide in refluxing toluene.

The four 2-imidazolines, 3- and 4~(7-benz[a)anthracenyl)phenyl-
2-imidazolines (115 and 116) and 3~ and 4-(9-anthracenyl)phenyl-2-
imidazolines (117 and 118), were prepared by refluxing the cyano com-
pounds 111, 112, 113 and 114 in ethylenediamine, The following four
hydrochloride salt derivatives were prepared by reacting ﬁhe four 2-
imidazolines with anhydrous hydrogen chloride in tetrahydrofuran-gthyl
ether: 3~ and 4-(7-benz[a]agkhracenyl)phenyl-z-imidazoline hydro-
chlorides (119 and 120) and 3- and 4~(9-anthracenyl)phenyl-2-imidazoline

hydrochloxides (121 and 122,
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In all, 43 new compounds were preparéd.' The compounds were char=-
acterized by elemental analysia, ir, uy, and where possible, by nmr

spectroscopy.
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SYNTHESIS OF SOME DERIVATIVES OF
7-PHENYLBENZ [a ]ANTHRACENE. AND 9-PHENYLANTHRACENE
by

Morris P, Rorer

Abstract

In view of recent evidence which has indicated that the compound,
4-(7-benz[a]anthracenyl)benzamide, possesses anti-tumor activity, an
investigation was undertaken to synthesize a variety of nitrogen con=~
taining compounds analogous to 4-(7-benz[a]anthracenyl)benzamide,

The four carboxylic acids, 7-(3~ and 4-carboxyphenyl)benz(a]-
anthracenes and 9-(3~ and &4-carboxyphenyl)anthracenes, were prepared
by a published procedure, These four carboxylic acids, as well as their
acid chloride and nit:ile derivatives, served as starting material for
the synthesis of each of the new compounds prepared during this investi-
gation,

A portion of this investigation was concerned with the synthesis
of compounds of the nature, 7-(3- and 4-substituted phenyl)benz{al-
anthracenes and 9-(3~and 4-substituted phanyl)anthracenes, in which the
follcwing functional groups were substituted at the meta or para posi;
tions in 2ach of the four types of compoundc: aziridinyl amide,‘N-(z-
chloroetiiyl)amide, 2-oxazoline and 2~oxazoline hydrochloride salt, 2-
thiazolthe, And 2-imidazoline and 2~-imidazoline hydrochloride salt,

Ancther portion of this work concerned the preparation of five com-
pounds of the nature 4-{7-benz{a]anthracanyl)-N-(2-substituted ethyl)-.
benzamide, in which the following functional groups were substituted at

the 2- position: -Br, -1, -N(CHZCH ~0802CH3, and -SH, Each of

P



”thése compounds was prepared from 4=~(7-benz[ajanthracenyl)benz~
aziridanide, in which the azifidiﬁe r1ng‘was ¢1éaved by the respectivé
. reagents, hydrogen bromide, 457 a§ue6us hydriodic acid, diethylamine,

-methane-sulfonic écid, and 457 aqueous ammonium sulfide,

Finally, 4~(7-benz[a)anthracenyl)-N,N-bis(2~-chloroethyl)benzamide

was prepared and hydrolyzed in 957 ethanol to 2-(2'-chloroethylamino)-

ethyl=4~(7-benz[a]anthracenyl)benzoate hydrochloride., The amide was
':>aiso reduced with diborane to a nitrogen mustard which was isolated as

a hydrochloride salt, Similarly, 4-(7-benz(alanthracenyl)-N-(2-chloro-

ethyl)benzamide was hydrolyzed in 957 ethanol to 2-aminoethyl-é4-(7-

. benz[alanthracenyl)benzoate hydrochloride and was reduced with diborane
. to a cne-armed nitrogen mustard which was isolated as a hydrochloride

salt,

In all, 43 new compounds vere prepared., The compounds were char=-

acterized by elemental analysis, ir, uv, and where possible, by nmr

| épectroscopyo
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