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A method for the preparation of air stable difluoroboryl acrylamides is reported. In contrast to
the ubiquitous organotrifluoroborate salts, difluoroboryl acrylamides are relatively nonpolar and
are readily purified by silicgel chromatography. Difluorobgl acrylamides serve as efficient
substrates in crossoupling reactions to afford the corresponding trisubstituted acrylamides in
good to excellent yield3 he utility of the difluoroboryl group in various chemical transformations

is presented.

St



Faciler out e t o ai r andfluomloorylst ur e
acrylamides

Eric Medici
GENERAL AUDIENCE ABSTRACT

A new method for the formation of a unique difluorinated bdvased functional group is
reported. In contrast tthe commonly observed trifluorated bororspecies, the difluoroboryl
speciesis relatively nonpolar, which allowfor these compound® be purifiedby silica gel
chromatographya convenient method for purification of compourfsisnilarly to trifluoroborate
salts, difluoroborylspeciesare capale of undergoing crossoupling reactionswhich form
carboncarbon bondsn good to excellent yieldadditionalexampleof chemical reactions using

difluoroboryl acrylamidesre alsqresented.
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1. b-Difluoroboryl Acrylamide Discovery and Scope

The versatility of organpbobhos dewglenp me rats
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curcuminBF, FLP fluoroborate salts B_FZOH

Figure 1. Structures oBODIPY, BODIPY 2,and curcumin as difluoroborate salés well as
difluoro boryl salts used to catalyzé i€ borylations



Beyond trifluoroborates, difluoroborates have been well studied. Research performed on
molecules such as BODIPBODIPY 2,curcuminBR,  a n d -diketohaées (Figurealb) have
focused primarily on their use as dyes, chelators, and imagingtéa\slditional difluoroborate
species have been utilized in frustrated Lewis pair chemistry in argerform GCH borylations
(Figure 1c)*31In 2010, Florio and cevorkers demonstrated the synthesis of aryl tet@rdinated
difluoroborates and their cressupling reactivity:* In addition, Harrity and cevorkers reported
the synthesis of difluoroboranes in 2012. Their benzannulation reactions were optimized to
preferentially form the difluoroborane. (Scheme 1) The intramolecular Lewis acidity of the
electron poor boron and the amide oxygen increased ttteoglkilicity of the amide, allowing for
unigue reactivity® To the best of our knowledge, this is the only previously synthesized
tetracoordinate difluoroboron species exhibitingtigely nonpolar propertie§.hese properties
could make our compounds more ideal for cramspling purposes due to their ease of handling

and purification compared to trifluoroborate salts.

MezN (@] MeZN
BF3K DCM, BF3OEt2 ~0
i
Zo v _ B—F
Ph 40 °C, 10 min E
N
o Ph

Schemel. Harrity and ceworkers development of a difluoroborane.

Recently published work fromur group demonstrated a method for creatiggbtboryl
acrylates using a metfiee method®!” The conversion of these pinace$ter substrates to
trifluoroborate salts was attempted. However, the resulting product was a less polar difluoroborane
compound (Scheme 2Js confirmed byHRMS, B NMR, and X-ray andysis confirmed the

unique structure



expected A N
outcome Q
Bpin O

observed
outcome

Scheme2. UnexpectedBF, product

Thisfinding motivated us to develapsubstratescopeanalysis in order to highlight the variety
of compounds we could synthesiddethyl phenylpropiolate was synthesized and hydroborated
using the method researchers from our group designed afdrementioned publication. Under
these conditions, the prapates were hydroborated using a méteé method by incorporating
1.1 equivalents of pinacolborane and catalytic amounts-offittyl phosphine and allowing the
mixture to stir at room temperature in THF forl2 hours (Table 1)The resultingtrans
hydroborated esters were then convertedanmales when treated with correspondanignary and
secondary amines-ollowing the amidation reaction, these molecules were fluorinated using

potassium Bluoride in acetic acid (Table)2

1. nBusP \/\_P

O
o. .0
THF, rt, 2-12 h R’
pas H_B/O - B O
R \O 2. pyrrolidine A X N
THF, 15-30 min R _ 1

Scheme3. Metalfree method of synthesizir{§)-b-boryl acrylates. General procedure: Phenyl
propiolates (0.3 mmol), pinacolborane (0.33 mmol), ankREWLO mol %) were dissolved in
THF (3 mL) at room temperature forl2 h. The hydroborated ester was then treated with
pyrrolidine (0.33 mmol) in THF for 230 min order to generafe

Following ourg r o pedosisly published hydroboration method, we generated a variety of

compounds featuring various substituents thie phenyl ring Zbi 2i). Some previously



hydroborated products were acquired from work performed by Russell G. Fritzemwer.
functionalizedmethyl phenylpropiolates were hydroborated. Eacthese hydroborated esters
was converted intoa tertiary amideusing pyrrolidine, due to the tertiary amiddavorable
solubility properties as well atheir general ease of purificatiorReactions feating dkyl
substituents at thpara and meta positions of the ring2bi 2e), as well as gara-methoxy
substituent(2f) all exhibited good to excellent yields during the fluorination step. Derivatives
featuring halogenated rings at thetho andpara positions(2gi 2i) were fluorinated in moderate

to excellent yieldsAdditional substrates featurifgeterocycle$2j), saturated ring€ki 2n), and
alkyl groups(20), and in lieu of the phenyl ringvere also fluorinted in moderate to good yields
Table 1. Synthesis of difluoroboryl acrylamides with phenyl substitufions

Bpin O KHF,, AcoH  F2B7770

SN T T

FaB-=--0 FgB-=-0 F,B----0 FoBo---0
I
©/\)\NQ /@/\)\D \©/\)\NQ X NQ
2a, 71% 2b, 78% 2c, 96% 2d, 92%
FzB“"lo FzB“"lo Br F,B----O FZB----|O
| N
Y0 YOO YD
o Br
2e, 78%" HyCO 2f, 86% 29, 77% 2h, 73%°
FzB""l() L F B____O FQB""O
F,B----O 2 |
A I
D . >
S N NQ Q
Cl i \ S oi d Q d d
2i, 96% 2j, 76% 2k, 73% 21, 76%
F,B----O F,B----O F,B----0
2 « | 2 I /\)\
NQ W,\D nPr NQ

2m, 88%¢ 2n, 74%9 20, 75%7

4General procedurd. (0.3 mmol) and KHE (0.9 mmol) were dissolved in acetic acid (3 mt) a
room temperature for 05 h.’Compound characterized by Christopher D. Sibf€ampound
characterized by Laura WonilowicZCompound characterized by Connor Szwetkowskilated
yields are shown.



Table 2. Synthesiof secondary and tertiadifluoroboryl acrylamide®

i F,B----O
Bpin O KHF,, AcOH 257 1
X N,R1 A N/R
R3 |'Q2 rt, 1 h R3 FIEQ
3a-i 4a-i
F,B----O FzB""lo FZB----|O
| _CH J\
N N/ X N 3 A N
| H H
4a, 88% 4b, 66%" 4c, 60%
Fzs----lo FZB----|O FZB----lo
X P~ X
N/\/ N/\ ™ N/\/\OH
\ Lo ;
4d, Quant. 4e, 88%° 4f, 61%9
F,B----O F,B----O FaBo=0 F,B----O
_NBoc SiMe,Ph SiMePh SiMe,Ph
4g, 47%" 4h, 53%¢ 4i, 50% 4§, 77%

4General procedurd: (0.3 mmol) and KHE (0.9 mmol) were dissolved in acetic acid (3 mL) at
room temperature for 0.5 h. "Compound characterized by Laura Wonilowié€ompound
characterized by Connor SzwetkowskCompound characterized by Christopher D. Sibley.
éCompound chracterized by Russell G. FritzeméMethanolwas used instead of acetic acid.
Isolated yields are shown.

The next stejn our substrate scopealysis exploredertiary and secondary amid@sable 3)
The tertiary amides were converted into difluoroboranes in good to excellent yields and the
secondary difluoroboranes were observed with a slighictaxh in yield, comparativelyéi 4e).
This redution in yield is attributed to challenges during purification and isolation of the secondary
amide difluoroboraneg:luorination of a TBSrotected alcohol was successful at removing the
protecting group as well as generating the difluorinated prodficin(moderate yield. We also
were pleased to confirm our theory that the fluorination reaction was compatible with Boc
protected amines, as was observed in the formatiofigotastly, silylborated primary and

secondary amides were fluorinated in moderatlely @hi 4)).
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Figure 2. X-ray crystal structure dfa.

Further analytical data was collected confirming the structure of these organodifluoroboranes.
A crystalstructureof 2awas elucidated, with the help of Dr. Carla Slebodiiigure 2), which
provided us withdata confirming a strong dative 8 bond of 1.535 Anearing what would be
considered a covalent interactiacgmpared to the IBD interaction that imbserved in aisilar
pinacolborane ester compousll with a bond length of 1.60& (Crystal data provided by Justin
Grams) Thisobservatioris likely due to an increasingly electron deficidiftuoryl boryl amide

which would causehe stronger coordination comparedhe boronate ester amide

7000

,8.15
~72.77
\7.38

6000
5000
4000
|
/\ 3000
/ \ 2000
|
|
| 1000
- )
18 16 1a 12 10 8 6 a 2 0 2

f1 (ppm)
Figure 3. 1B NMR for 2a.




1B NMR indicates that the difluobmraneis likely a tetracoordinate, $fybridized boron
species, showing a peak arouri® ppm (Figure 3)The observed triplet provides further support
to our difluorinated specie$F with a nuclear spin of ¥2 would cause tH&signal to be observed
as a triplet when two fluorines are attached to the boron dtoisiis also supported by bond angle
data aquired from the crystal structufer 2a (Figure 2). his informationprovided us further
evidencethat our nonpolar compound is an uncharged, tetomrdinatedifluoronated boron

species.

Figure 4. Sample2anew sampldright) and after exposure to atmospheric conditions for 4 weeks

(left).

A strohgfeheffthese compounds is desirabl e i
syntheses. We soughltite demomese acempb@madhel Af
open to atmospheric moisture and other condi
changes to theFcgtpea HdMMRsuBhily gupports our
can achieve domparnableegqudtvallife st dwuielboo ddiea tt at
nature of difluoryl boryl acryl ami des.

After demonstrating the functional group tolerance of organodifluoroboranésyestigated
the reactivty of the boron compound&he first applicationstudiedwas the abity of thes

compounds to crossouple under SuzukMliyaura ciosscoupling conditions.nitial reaction

7



conditions, which wasadgpt ed f r om S a wearformingasiindar cresscoupling

reactions withpinacolborane ester compouh@safforded little to no desired cressupling

product Similar conditions were also reported Hgrrity and ceworkers(Table 5)'° However,

Molande and ceworkers reported crosoupling conditons for a trifluoroborate sadtructuraly

very similar to2a; the only difference bai mg esturadét b Mol a
amide'® Uponutilizing their conditions using difluoroboranes, we demonstirtite capability of

these compounds to act as crosspling partners in good to moderate yidftable 4)

Table 3. SuzukiMiyaura crosscoupling products

Pd(OAc), (10 mol %)

XPhos (20 mol %)
F,B----O Ar O

| K>CO3 (3 equiv)

)\)\ + Ar—Br )\/U\

Ph N Ph N
reflux, 16 h

2a 6.7:1 CPME/H,0 Sa-l
- F
0 CN CFoH
0 0 0 0 0 ‘
\ \
Ph X NQ Ph NQ P X NQ P X NQ Ph NQ Ph N
5a, 64% 5b, 76% 5¢, 63% 5d, 78%2 5e, 69%° 5f, 73%2
N CF,
0

=
i J @l
\
NQ Ph N NQ NQPh NQ Ph N NQ

59, 66%? 5h, 81%°? 5i, 71%° 5§, 88%? 5k, 67%° 51, 66%?
Alyli el ds az2#®&1isequatvegdwas reacted with the corr
Compound characterization by Russell G. Fritz

We observed that the cressupling conditions were tolerable acrdssh electron rich and
electron deficient aryl bromides 54 5¢). Naphthalene, benzofuran, benzothiophene,

benzothiazole, quinolone, and pyridine, all of the bicyclic and heteroaromatic substituents, proved



to successfully crossouple generatingfi 5k. Finally, a noraromatic crosgoupling partner,

vinyl bromide, was also successful at generaiing

a. Ph/\)\N/ Ph” XN
H THF, 0°C, 4 h |
4b 4a, 80%
FzB“"O HC' FzB"“o
| |
b. Ph/\)\N/\ T — Ph/\)\N
k/NB dioxane, rt, 1 h k/NH-HCI
4g ¢ 6, 92%
FaB-=-0 mCPBA FaBo0
c Ph/\)\N/\/ > Ph/\)\NM
: H DCM, -78 °C - rt H o
4d 7,91%
HO.
FoB---0 NaBH, (3 equiv) B-©
NS
d. Ph N =
Q EtOH, rt, 0.5 h Ph
2a 8, 45%

Schemed. Transformations ofiluoroboranes.

Following our success in demonstrating the reactivity of difftuoroborones we became
interestedvith their stability undercertain reaction conditions and structurahsformationsThe
boron center in difluoroboryl acrylamides are tetrahedral in gghereforeywe hypothesized that
theymay be wutilized as a protect i rpohitagsoocuped, | n o
which reduces some of its reactivifyn observation made is that these difluoroboraraedegin
protodeboronating wheeft under basiaqueousonditionsfor prolonged periods of timén the
following application, we wanted eterminef we could methylate a secondary difluoroborane
amide We treatednethyl amide4b) in the presence of sodium hydride and methyl iogideHF
at 0 °C for 4 h,and successfully reprodudethe dimethyl amide4@a) in good yield with no

protodeboronated aterial observed (Scheme)3Burthermore, the difluoroboryl group remained



intact during the hydrogerhloridemediated Boaleprotection o#tg affording the HCI sal6 in
excellent yield (Scheme Rb

An area of interest in boron chemistry is the stability of organoboron molecules under oxidative
conditions. Boron atoms are adily oxidized to boronic acidsHowever, maintaining our
difluoroborane structure under these conditions would add to their use andTvahtegallyl
amide(4d) with mCPBA in DCM at 0 °C overnighdfforded epoxid€ in excellent yield without
oxidizing the B C bond (Scheme 3c

Thefinal transformations weerformedusing these compounagerethe synthesis of moro
and disubstituted oxaboroles. Benzoxaboroles are interestitggduogcles as they are found in
Crisaborole(Eucrisa$® and TavaboroléKerydin¥°, FDA approved drugs to treat psoriasis and
atopic dermatitis, as well as fungal infectioge are interested in studying addvelopingan
oxaboroldibrary since they have known biological activifyhus,we show thamono-substituted
oxaboroles at the-Bosition as well as 3;disubstituted oxaborol€8) can be accesséy treating
our difluoroboraneg2a) with a mild sodium borohydride agent in ethanol aimotemperature
(Scheme 3f This is a desirable strategy fmoducing oxaboroles under such mild conditions.

F,B----O F,B----O
| PhLi X M

a.  phN NQ THF, -78°C-rt  Ph Ph
2a 0%

B0 F2B-0
PhMgBr

b, Ph X NQ THE, .78 °C-r Ph~ X~ “ph
2a 0%

(@)
F,B----0 0 BF, Nij
)\)\ ||/\/) Ph
C. Ph N >
Q toluene @

2a reflux, 12-48 h 0%

Schemeb. Alkylation attempts oRa
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Unfortunately, not al | of our studies yield

demonst rragd sntgi vtihtey of our di fluoroborane, we
presence of other reaction conditions. I n an
into a ketone, we exposed these compoasdseld
phenyl magnesium bromide (Scheme 4b) . Our ho
reactivity of the amide, due to its activatio
Whil e neither of theseetroemese,ntvwe pweordeu cacbdl e hteo ¢

starting materi al

I n 2018, SaweemwWkrear samdy nt dvesi zeldT haelyk eweyrl éb oa o Ind
demonstr aflder Driedcst i Opbnstait luir ait regd tbloend t ot t
intramol ecul ar di ene. Substituting the intrar
reaction (Scheme 4¢c¢). Wracse nadaifro,r melde adas iorued

was compl etely recovered unchanged.

FoB=D OH " coci), bMso 80
. Ph)\)\N/\) TEA, -78°C, 16 h ph)\)\ &)
H
af 0%
FaB---0 OH oec FaB---0
b Ph)\)\N/\) DCM, 1t,2h )\)\ V
H
af 0%

Scheme6. Attempted oxidation of.

Additionally, we attempted to oxidizeN-hydroxypropyl amide 4f) to the corresponding
aldehyde. While unable to successfully oxidize our alcohol, producing the desired product, we

were able to determine that our boron remaineebxidized under these conditiorss we

11



recovered all of the starting material (Schemg Bmforturately, when PCC was used as an
oxidizing agent, the starting material was reacted, but we were not able to recover the desired
product (Scheme 5b).

In conclusion, w have shown that we can synthesize, in goeekcellent yields, and isolate
via silica chomatography, difluoroboranes. Additional results show that these compounds are
viable SuzukiMiyaura crosscoupling partners using standard conditions. Thislabrie boron
group is suitable for compounds in which exposure to oxidative conditions isagtdeaired with
their durable shelfife, as well as their air and moisture stability, these difluoroborane species

would be useful in a variety of synthetic applications.

12



2. Materials and Methods

NMR spectroscopic experiments were performed using an AgilertV®@00 MHz or a
Varian Inova 400 MHz spectrometerHand® MR cal s
are referenced to an internal standard (GREMMS). Chemical shifts fof'B and'®F NMR are
referenced to an external standard #8© E£for 1'B and trifluoroacetic acid fotF). ESI mass
spectra were obtained using an Agilent 6220 TORMLE

Reactions were performed using Schlenk technique under nitrogen atmosphere. All glassware
used was flameéried or overdried overnight. Chemicals were obtained from commercial sources
unless otherwise noted. THF, toluene, and DCM were dried using the Innovative Technology Pure
Solw-MD solvent purification system. Column chromatography was pedd using SikaFlash
P604066 3 em, 60 . TLC analyses were performed u

254 plates.

13



3. General Procedures

Synthesis of substrates

All of our hydroborated esters and amides were made in accordance withuprigerature

using commercially available starting materifis’! References for the spectra of previously

knownamides are provided in Table 5

R4

Table 4. Previously synthesized (B)}borylated acrylamides and their references.

Substrate R?! R?
la -CH2CH2CH2CHo-

1b -CH2CH2CH2CHo-
le -CH2CH2CH2CHz-

1i -CH2CH2CH2CH;z-
3a Me Me
3h H H
3i iPr H
3 Me H

R3 R4
H H

H Me
H OMe
H Cl

H H
SiMePh H
SiMePh H
SiMePh H

14

Reference

J. Org.

J. Org.

J. Org.

J. Org.

J. Org.

Chem.

Chem.

Chem.

Chem2018§ 83, 1043610444

Chem2018 83,1043610444

Chem2018 83, 1043610444

Chem2018§ 83, 1043610444

Chem2018 83, 1043610444

Eur. J2017 23, 1553415537

Eur. J2017 23, 1553415537

Eur. J2017 23, 1553415537



General procedure for the synthesis of organodifluoroboranes

Bpin O KHF,, AcOH FZB““'O R
S N,R1 2, C N N/
R R® R? rt, 1h R® R

2 mL of glacial a baryated acrglamidel (lhnvad) and atidatl @tdoorh o b
temperature until completely dissolved. KHB mmol) was added in one portion and the mixture
was allowed to continue stirring at room temperature for 1 hour. The reaction was monitored by
TLC (1:4 ethy acetatechloroform). Onceall starting material was consumed, the reaction was
guenched using saturated sodium carbonate solution and extracted with ethyl acetate (3x20 mL),
then the organic solution was rinsed with brine (20 mL) and extracted one final time with ethyl
acetate Z0 mL). The ethyl acetate extractions were combined and dried over anhydrous sodium
sulfate. The solution was filtered and concentrated to a white solid after rotary evaporation. This
material was purified by flash column chromatography (1:4, ethyl acgtbteoform) and yielded

the desired difluoronated species as a white powder.

15



Suzuki-Miyaura cross-coupling optimization

FZB----O base (5 equiv)

\©\ Pd cat (10 mol %) O
g X
Q Br ligand (11 mol %) Ph NQ

5a

Table 5. SuzukiMiyaura Reaction Conditions.

ent base catalys<ligartemp yield
1 Na®u Pd( GQAc)DTBPIr. t. 0
2 Na®u Pd( @Ac)DTBPI7O0 44
3 Na'®®u Pd(dppfi 70 11
4P KxXQ Pd( QAc)XPho¢95 6 4
5 K:=Q Pd( QAc)DTBPI7O0 0
6 K:xCQ Pdg&IP&hN i 95 0

Reaction conditions: 1.1 equivalents of bromotoluene used unless otherwise specified was reacted with 1 equivalent
of 2a. Reaction times ranged froni 6 h. All reactions run in THF for the solvent unless otherwise specifi#d.

yields shown are isolateBSolvent used was a CPME/ (6.7:1) mixture, 3 equivalents of base were used, and 20

mol % of ligand was used15 mol % of ligand was use@Reaction run in a DME/KD (1:1) mixture, using 2

equivalents of bromotoluene, with Ag included as aadditive, and 1 equivalent of base was used.

I 0]

NN
O Q (2)-3-phenyl-1-(pyrrolidin -1-yl)-3-(p-tolyl)prop -2-en-1-one (). The
title compound was purified by silica flashromatography (35% ethyl acetate in hexanes) and
isolated in @% yield (18 mg) as a white powdéH NMR (400 MHz, CDC$) U 1 7.253m,

16



5H), 7.14 (qJ = 8.1 Hz, 4H), 6.31 (s, 1H), 3.40 {= 6.6 Hz, 2H), 3.19 (tJ = 6.3 Hz, 2H), 2.35
(s, 3H), 1.79 1.65 (m, 4H)33C NMR (101 MHz, CDC}) & 166. 7, 148.2, 141
129.4, 128.9, 128.5, 128.4, 128.3, 121.8, 47.0, 45.3, 25.9, 24.3HRIMS: (ESI) [M+H]* calc.

for CooH22NO, 292.1696; observed, 292.1696.

(5b). The title compound was purified by silica flashromatography (35% ethyl acetate in

O
(2)-3-(3-methoxyphenyl)}3-phenyl-1-(pyrrol idin-1-yl)prop -2-en-1-one

hexanes) and isolated in 76% yield (47 mg) as a white poAldeMR (400 MHz, CDC4) 0
7.357 7.24 (m, 5H), 7.22 () = 7.8 Hz, 1H), 6.90 6.78 (m, 3H), 6.34 (s, 1H), 3.75 (s, 3H), 3.38
(t, J= 6.6 Hz, 2H), 3.20 (t) = 6.3 Hz, 2H), 1.77 1.64 (m, 4H)13C NMR (101 MHz, CDC}) i
166.5, 159.2, 147.7, 141.3, 140.4, 129.1, 128.5, 128.3, 128.2, 122.3, 121.9, 114.5,5134.2, 5
46.9, 45.2, 25.8, 224.24dRMS: (ESI) [M+H]" calc. for GoH22NO,, 308.1645; observed,

308.1643.

I o)

NN
O Q (2)-3-(3-(tert-butyl)phenyl)-3-phenyl-1-(pyrrolidin -1-yl)prop -2-en-1-
one (&). The title compound was purified by silica flaslwromatography (35% ethyl acetate in
hexanes) and isolated in 63% vyield (53 mg) as a white podldedMR (400 MHz, CDC4) U
7.427 7.38 (m, 1H), 7.37 7.27 (m, 6H), 7.26 7.20 (m, 1H), 7.02 6.96 (m, 1H, 6.32 (s, 1H),
3.36 (t,J = 6.8 Hz, 2H), 3.07 (§ = 6.5 Hz, 2H), 1.81 1.52 (m, 4H), 1.28 (s, 9H)3C NMR (101

MHz,CDCk) U 167.1, 151.1, 147.9, 141.5, 138.7, 1
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122.4, 46.9, 45.3, 34.8, 31.4, 25.8, 24RMS: (ESI) [M+H]" calc. for GaH2eNO, 334.2165;

observed, 334.2150.

0
(2)-3-(3-(tert-butyl)phenyl)-3-phenyl-1-(pyrrolidin -1-yl)prop -2-en-1-
one (5d) Purified using flash chromatography (60% ethyl acetate in hexanes). White solid, 78%
yield (50 mg)1H NMR (400 MHz, CDCJ) 0 1 7.4560, 2H), 7.42 7.31 (m, 3H), 7.28
7.13 (m, 3H), 6.52 (s, 1H), 3.45 (&= 6.9 Hz, 4H), 1.99 1.80 (m, 4H)13C NMR (101 MHz,
CDCL) U 164 . 5=26014612),.147.4,140,4, 136.5 (& 3.9 Hz), 136.4 (d) = 8.4
Hz), 134.2, 129.4, 128.8, 128.1, 122.4, 116.2&1,19.8 Hz), 113.9, 101.3 (d,= 15.8 Hz),
47.1, 45.6, 26.1, 24.29. HRMS: (ESI) [M+Halc.for CooH1sFN20O, 321.1398; observed,

321.1394.

F

CF,H
E o)

NN
O Q (2)-3-(3-(difluoromethyl) -4-fluorophenyl)-3-phenyl-1-(pyrrolidin -1-
yl)prop-2-en-1-one (5e) Purified using flash chromatography (60% ethyl acetate in hexanes).
Colorless oil, 69% yield (44 mgiH NMR (400 MHz, CDCd) U i 7.424m6, 1H), 7.42 7.36
(m, 1H), 7.35 7.29 (m, 3H), 7.27 (m, 2H), 7.117.06 (m, 1H), 6.84 (t] = 54.9 Hz, 1H), &2
(s, 1H), 3.36 (dt) = 29.5, 6.5 Hz, 4H), 1.861.73 (m, 4H)'3C NMR (101 MHz, CDCJ) U
165.7, 160.12 (dt, 253.3, 5.8 Hz), 147.3, 140.9, 135.8 (d, 3.7 Hz), 134.6 &5 Hz), 129.1,

128.7, 128.3, 127.8 (td,= 5.7, 3.1 Hz), 115.9 (d,= 20.7 H3, 110.7 (td,) = 237.8, 5.1 Hz),
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47.1, 45.5, 26.1, 24.3. HRMS: (ESI) [M+Hjalc. for GoH19FsNO, 346.1413; observed,

346.1404

(5f). Purified using flash chromatography (70% ethyl acetate in hexanes). Colorless oil, 73%

O
(2)-3-(naphthalen-2-yl)-3-phenyl-1-(pyrrolidin -1-yl)prop-2-en-1-one

yield (48 mg) H NMR (400 MHz, CDCf) U i 7.738r, 4H), 7.51 7.41 (m, 2H), 7.40
7.27 (m, 6H), 6.45 (s, 1H), 3.433.33 (M, 2H), 3.25 3.15 (m, 2H), 1.74 1.58 (m, 4H).13C
NMR (101MHz,CDC¥) & 166.5, 148.2, 141.6, 136.6,
128.4,127.7, 127.7, 127.3, 126.5, 126.2, 122.6, 47.1, 45.3, 25.9, 24.2. HRMS: (ESIJ [M+H]

calc. for G3sH2oNO, 328.1696; observed, 328.1691.

(59). Purified using flash chromatography (60% ethyl acetate in hexanes). Colorless oil, 66%

O
(2)-3-(benzofuran-5-yl)-3-phenyl-1-(pyrrolidin -1-yl)prop-2-en-1-one

yield (42 mg)*H NMR (400 MHz, CDCY) G 7J=@&.1 Hz( 1H), 7.54 (d] = 1.3 Hz, 1H),
7.44 (d,J = 8.5 Hz, 1H), 7.36 7.27 (m, 5H), 7.21 (ddl = 8.5, 1.6 Hz, 1H), 6.72 (d,= 1.4 Hz,
1H), 6.38 (s, 1H), 3.28 (di,= 74.2, 6.6 Hz, 5H), 1.741.61 (m, 4H)23C NMR (101 MHz,
CDCl) U 166 .484, 1435 142.5 134.0, 128.6, 128.4, 128.3, 127.4, 126.1, 122.5,
122.1, 111.1, 107.0, 47.0, 47.0, 45.3, 25.9, 24.3. HRMS: (ESI) [Mead}. for GiH2NO,

318.1489; observed, 318.1479.
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one(5h). Purified using flash chromatography (70% ethyl acetate in hexanes). Grey solid, 81%

O
(2)-3-(benzo[b]thiophen-5-yl)-3-phenyl-1-(pyrrolidin -1-yl)prop-2-en-1-

yield (54 mg)2H NMR (400 MHz, CDCY) &I 7J=8.3 Hz( 1H), 7.75 (s, 1H), 7.42 @ =

5.4 Hz, 1H), 7.37 7.23 (m, 7H), 6.41 (s, 1H), 3.29 (, dt= 66.8, 6.8 Hz, 4H), 1.781.62 (m,
4H).*C NMR (101MHz,CDG)) & 166.6, 148.3, 141.9, 139.8,
128.4, 126.9, 125.8, 124.6, 124.2, 122.3, 122.1, 47.0, 45.3 22520 HRMS: (ESI) [M+H]

calc. for G1H20NOS, 334.1260; observed, 334.1247.

one (5i). Purified using flash chromatography (100% ethyl acetate isocratic). Brown solid, 71%

N
Q (2)-3-(benzold]thiazo}6-yl)-3-phenyl-1-(pyrrolidin -1-yl)prop -2-en-1-

yield (41 mg)*H NMR (400 MHz,CDCf) U 8. 98 ( 358.5H# )H), 7.80.(DIH), ( d ,
7.41 (dJ=10.2, Hz), 7.37 7.23 (m, 5H), 6.46 (s, 1H), 3.31 (dt= 45.3, 6.3 Hz, 4H), 1.81

1.62 (M, 4H)3C NMR (101 MHz,CDG)) & 166. 1, 154.8, 153.1, 148
128.8, 128.5, 128.4, 127.9, 123.1, 122.9, 122.7, 47.1, 45.4, 25.9, 24.2. HRMS: (ESIf [M+H]

calc. for GoH19N20S, 335.1213; observed, 335.819
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Purified using flash chromatography%% methanol in dichloromethane). Brown oil, 73% yield

N
Q (2)-3-phenyl-1-(pyrrolidin -1-yl)-3-(quinolin-6-yl)prop -2-en-1-one(5j).

(48 mg).*H NMR (400 MHz, CDCY) & 8 J9£2, (7cHd, 1H), 8.12 (d,= 7.6 Hz, 1H),
8.07 (d,J=8.7 Hz, 1H), 7.80 (d] = 1.9 Hz, 1H), 7.60 (ddl = 8.7, 2.0 Hz, 1H), 7.42 7.28 (m,
6H), 6.51 (s, 1H), 3.33 (df,= 37.0, 6.4 Hz, 4H), 1.77 1.64 (m, 4H),3C NMR (101 MHz,
CDClk) U 156.8, 148.0, 141.2, 137.5, 136.4, 130.9, 129.1, 128.8, 128.6, 128.5, 128.3,
128.0, 122.8, 121.4, 47.1, 45.3, 25.9, 24.2. HRMS: (ESI) [MBlc. for G2H21N20,

329.1648; observed, 329.1638.

(2)-3-phenyl-1-(pyrrolidin -1-yl)-3-(6-(trifluoromethyl)pyridin -3-
yl)prop-2-en-1-one (5k) Purified using flash chromatography (60% ethyl acetate in hexanes).
White solid, 67% vield (41 mgyH NMR (400 MHz, CDCf) & 8. 56 ( (0s7.2HgH) , 7.
1H),7.67 (d,J = 8.1 Hz, 1H), 7.42 7.32 (m, 3H), 7.29 7.20 (m, 2H), 6.63 (s, 1H), 3.47 (dt,
=23.1, 6.7 Hz, 4H), 2.001.80 (m, 4H)*C NMR (101 MHz,CDG)) U 164 . 4, 150. 0,
J=34.9 Hz), 146.0, 140.1, 138.2, 129.4, 128.8, 128.0, 123.4,(1216 274.1 Hz), 119.7 (G}
= 2.7 Hz), 47.1, 45.6, 26.1, 24.2. HRMS: (ESI) [M+ld&lc. for GoH1sF3N20, 347.1366;

observed, 347.1355.
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Z 0
0
(E)-3-phenyl-1-(pyrrolidin -1-yl)penta-2,4-dien-1-one (5I) Purified

using flash chromatography (40% ethyl acetate in hexanes). Colorless oil, 66% vyield (39 mg).
NMR (400 MHz, CDC}) U 7 J$6.6,(1@8&Hz, 1H), 7.437.27 (m, 5H), 5.97 (s, 1H),
5.47 (d,J=10.8 Hz, 1H), 5.23 (d1=17.6 Hz, 1H), 3.5 (dt,J = 34.8, 6.8 Hz, 4H), 2.00.1.84
(m, 4H)."*C NMR (101 MHz,CD&) U 163.9, 151.0, 140.2, 134.
121.8, 47.3, 45.8, 26.3, 24.5. HRMS: (ESI) [M+tdhlc. for GsHisNO, 228.1383; observed,

228.1376.

Procedure for the synthesis of(E)-3-(difluoroboraneyl)-N,N-dimethyl-3-phenylacrylamide
(4a)

FaB0 NaH, CHjl FaB----0
Ph” NN Ph N
H THF, 0°C, 4 h |

4b 4a

0.3 mL of THF dried was used to dissole (0.1 mmol). This solution was coal¢o 0 °C NaH

was added in one portion (0.frimol) and tle solutionwas let to stir for 30 minutes. GHvas

added in a single portiof0.11 mmol). The reaction was left stirring at 0 °C for 4 hotlire
reaction was monitored by TLC (1:4 ethyl acetate:chloroform). Once all starting material was
consumed, the reactiomas quenched with water (3 mL) and product was extracted with ethyl
acetate (3x3 mL). The organic solution was dried over anhydrous sodium sulfate, filtered, and
concentrated to a white solid aftetary evaporationThe title compound was purified by silica
flash-chromatography (20% ethyl acetate in chloroform) and isolated in 88% yield (137 mg) as a

white powder!H NMR (400 MHz, CDC}) U 1 7.728m, 2H), 7.45% 7.38 (m, 3H), 6.69 (s,
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1H), 3.33 (s, 3H), 3.30 (s, 1HYC NMR (101 MHz, (C).CO) i 1B61651313, 130.0,
129.5, 115.4, 38.6, 37.9. A signal for thé-sprbon directly attached to the boron atom was not
observed!'B NMR (128 MHz, CDC}) U 7J= 8656 Hg)t°%F NMR (376 MHz, CDC4) - U

150.83;HRMS: (ESI) [M+H]* calc. for GiH13BNOF,, 224.1055; observed, 224.1065.

Procedure for the synthesis of(E)-3-(difluoroboraneyl) -3-phenyl-1-(piperazin-1-yl)prop -2-
en-1-one hydrochloride (6).

F,B----O F,B----O

| HCl |
PhMN/\ _ - PhMN/\
K/NBOC dioxane, rt, 1 h K/NH-HCI

4g 6

To a 6dram vial containing a magnetic stir bar a&gd0.25 mmol) was added 3 mL hydrogen
chloride (4M in dioxane). The resulting solution was monitored for consumption of starting
material by TLC (complete after 1 hour). A thick white precipitate formed during the course of
the reaction, which was then vacoudiltered over a filter frit and washed with diethyl ether 3 x

10 mL to afford producs. White solid, 92% yield (68 mg)H NMR (400 MHz, DMSGd 6 ) U
9.67 (s, 2H), 7.77 7.68 (m, 2H), 7.52 7.42 (m, 3H), 7.34 (s, 1H), 4.17 {t= 5.2 Hz, 2H), 4.04

(t, J= 5.4 Hz, 2H), 3.39 () = 5.3 Hz, 2H), 3.31 (I = 5.3 Hz, 2H)3C NMR (101 MHz,

DMSOd6) O 173. 2, 134. 8, 130. 8,'BNMR(128MHz1 28 . 9,
DMSOd 6 )  UF RIMR8 (876 MHz, DMSQd 6 )-144i5. HRMS: (ESI) [M+Nd]calc.for

Ci3H1sBF2N2NaO, 287.1140; observed, 287.1117.
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Procedure for the synthesis of (E)-3-(difluoroboraneyl)-N-(oxiran-2-ylmethyl)-3-

phenylacrylamide (7)

FZB""|O mCPBA F28""|O
Ph)\)\N/\/ > Ph)\)\NM
H DCM, -78 °C - rt H (0]

4d 7

DCM (2 mL) was used to dissolvd (0.33 mmol) and the solution was cooled to OrfiCPBA
(0.66 mmol) was added in one portion and the solution was stirred at 0 °C for 15 minutes. The
solution was removed from the ice bath and let stioam temperature overnight. The reaction
was monitored by TLC (1:4 ethyl acetate:chloroform). Once all starting material was consumed,
the reaction was quenched with water (3 mL) and product was extracted with ethyl acetate (3x3
mL). The organic solution wasidd over anhydrous sodium sulfate, filtered, and concentrated to
a white solid afterrotary evaporation.The title compound was purified by silica flash
chromatography (20% ethyl acetate in chloroform) and isolated in 91% yield (75 mg) as a white
powder!H NMR (400 MHz, (C):.CO) U 9. 48 (X6.7,B.6ihz,2H)77.46B37( dd ,
(m, 3H), 6.71 (s, 1H), 4.01 (ddd= 14.6, 6.0 3.3 Hz, 1H), 3.60 (dt= 14.6, 5.9 Hz, 1H), 3.28
(dg,J = 6.3, 3.3 Hz, 1H), 2.84 (8,= 4.4 Hz, 1H), 2.70 (dd] = 4.8 2.5 Hz, 1H)13C NMR (101
MHz, (CD:).CO) 4 177.1, 136.1, 131.3, 129.9, 2129. 5,
carbon directly attached to the boron atom was not obséBgBdlMR (128 MHz, (CR).C O) U
8.25 (t,J = 49.8 Hz)1% NMR (376 MHz, (CD)2C O) -151.68;HRMS: (ESI) [M+NH,]"* calc.

for C12H16BN2O2F2, 269.1270; observed, 269.1270.
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Procedure for the synthesis of3-phenyl-1,2-oxaborol-2(5H)-ol (8)

FaB---0 NaBH, (3 equiv)

Ph X N o =
EtOH, rt, 0.5 h Ph

2a 8

HO.
B/O

2a (2.2 mmol) was dissolved iathanol (20 mL). NaBkK (2.2 mmol) was added and the
solution was let to stir for 30 minutes at room temperature. Water was used to quench the reaction
and the product was extracted using ethyl acetate. The organic layer was concentrated to a white
solid. This material is purified by flash chromatography (1:9 ether:toluene) and yielded the phenyl

oxaborole in 6% vyield.
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4. Characterization Data for New Compounds

in3

0.0
B O
(E)-1-(pyrrolidin -1-yl)-3-(4,4,5,5tetramethyl-1,3,2dioxaborolan-2-

yD)-3-(m-tolyl)prop -2-en-1-one (19. The title compound was purified by silica flash
chromatography (20% ethyl acetate in dichloromethane) and isolated in 57% vyield (210 mg) as a
white powde. *H NMR (400 MHz, CDC}) G i 7.475r8, 2H), 7.21 ( = 7.5 Hz, 1H), 7.10

(d, J= 7.5 Hz, 1H), 6.32 (s, 1H), 3.68 = 6.9 Hz, 2H), 3.59 () = 6.8 Hz, 2H), 2.32 (s, 3H),

1.97 (pJ= 6.8, 6.3 Hz, 2H), 1.90 (§= 6.8, 6.3, 2H), 1.25 (s, 12HFC NMR (101 MHz, CDC})

a 171. 2, 138. 6, 137. 5, 129. 6, 128. 6, 127. 9, 1
signal for the spcarbon directly attached to the boron atom was not obseA&dMR (128
MHz, CDCk) i IHRMS 9ESI) [M+H]" calc. for GoH29BNO3, 342.2239; observed,

342.2240.

0

tetramethyl-1,3,2dioxaborolan-2-yl)prop -2-en-1-one (1d. The title compound was purified by

o. .0
0O

(E)-3-(4-(tert-butylphenyl)-1-(pyrrolidin -1-yl)-3-(4,4,5,5

silica flashchromatography (20% ethyl acetate in dichloromethane) and isolated in 95% yield (190
mg) as a white powdetH NMR (400 MHz, (C?).CO) U 3= &41Hz,(2H),7.40 (d] =
8.5 Hz, 2H), 6.55 (s, 1H), 38t J = 6.8 Hz, 2H), 3.59 (1) = 6.8 Hz, 2H), 2.16 1.89 (M, 4H),
1.32 (s, 6H), 1.21 (s, 12H¥C NMR (101 MHz, (CR).CO) & 171.5, 152.6, 13"
118.9, 80.5, 47.8, 47.7, 35.2, 31.6, 26.9, 26.0, 24.9. A signal for #waugmon directlyattached
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to the boron atom was not observé® NMR (128 MHz, (CR).CO) U HRMS:3IESI)

[M+H] ™ calc. for GsH3sBNQOs, 384.2705; observed, 384.2721.

e

o._ O
B

0
0] X
SORAS | ’
O (E)-3-(benzo[d][1,3]dioxo}5-yl)-1-(pyrrolidin -1-yl)-3-(4,4,5,5

tetramethyl-1,3,2dioxaborolan-2-yl)prop -2-en-1-one (X). The title compound was purified by
silica flashchromatography (20% ethyl acetate in dichloromethane) and isolated in quantitative
yield (196 mg) as a white powdéid NMR (400 MHz, CDC) U0 7 J34.1, 1.6dHz 1H),

7.20 (d,J = 1.6 Hz, 1H), 6.77 (d] = 8.1 Hz, 1H), 6.26 (s, 1H), 5.92 (s, 2H) 3.67](t 6.9 Hz,

2H), 3.59 (tJ = 6.9 Hz, 2H), 1.94 (dpl = 25.7, 6.6 Hz, 4H), 1.26 (s, 12HFC NMR (101 MHz,
CDClk) u 171. 2, 148. 5, 147 .5, 132. 7, 122. 9, 116.
24.4. A signal for the gpcarbon directly attached to the boron atom was not obséfBgNMR
(128MHz, CDCk) U HRMS3 (&SI) [M+H]* calc. for GoH290BNOs, 372.1982; observed,

372.1990.

Br B (0]
O
(E)-3-(2-bromophenyl)-1-(pyrrolidin -1-yl)-3-(4,4,5,5tetramethyl-1,3,2

dioxaborolan-2-yl)prop-2-en-1-one (1g). The title compound was purified by silica flash
chromatography (20% ethyl acetate in dichloromethane) and isolated in 74% vyield (90 mg) as a
white powder!H NMR (400 MHz, CDC4) & 7 J$717, 1(8Hd, 1H), 7.55 (dd= 8.0, 1.3

Hz, 1H), 7.26 (tdJ = 7.5, 1.3 Hz, 1H), 7.06 (td,= 7.7, 1.8 Hz, 1H), 6.49 (s, 1H), 3.72Jt 6.8

Hz, 2H), 3.63 (tJ = 6.8 Hz, 2H), 2.07 1.90 (m, 4H), 1.12 (s, 12HRC NMR (101 MHz, CDC})
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a 171.3, 140.1, 132.9, 129. 4,,23635.5424.4. Aspeal 6,
for the sp-carbon directly attached to the boron atom was not obserBRWNMR (128 MHz,

CDCk) G HRMS3(ESI) [M+H]" calc. for GoH2BNO3Br, 406.1187; observed, 406.1186.

o. .0
B O

Joaae

1,3,2dioxaborolan-2-yl)prop -2-en-1-one (Ih). The title compound was purified by silica flash

(E)-3-(4-bromophenyl)-1-(pyrrolidin -1-yl)-3-(4,4,5,5tetramethyl-

chromatography (20% ethyl acetate in dichloromethane) and isolated in 84% vyield (185 mg) as a
white powder.'H NMR (400 MHz, CDC$) U 7J=86 HZ 2H), 7.46 (d] = 8.5 Hz, 2H),

6.34 (s, 1H), 3.71 (1 = 6.9 Hz, 2H), 3.63 (t] = 6.8 Hz, 2H), 2.00 (dpl = 24.6, 6.6 Hz 4H), 1.25
(s,12H)'®CNMR (101 MHz,CDC}) U 171. 1, 1328.2,118.8,B(B6147.8,47.21 2 9 .
26.2, 25.6, 24.4. A signal for the?sparbon directly attached to the boron atom was not observed.
1B NMR (128 MHz, CDC}) U HRMSS3(ESI) [M+H]" calc. for GaHo6BNOsBr, 406.1187;

observed, 406.1183.

o. .0
B O
WNQ
\ (E)-1-(pyrrolidin -1-yl)-3-(4,4,5,5tetramethyl-1,3,2dioxaborolan-2-yl)-

3-(thiophen-2-yl)prop-2-en-1-one (1j). The title compound was purified by silica flash
chromatography (20% ethyl acetate in dichloromethane) and isolated in 90% yield (76 mg) as a
white powder!H NMR (400 MHz, CDC}) U 7J=@83, Hg tH), 7.36 (d] = 4.5 Hz, 1H),

7.05 (dd,J = 5.1, 36 Hz, 1H), 6.34 (s, 1H), 3.71 = 6.9 Hz, 2H), 3.62 () = 6.8 Hz, 2H), 1.99

(dp,J = 25.1, 6.6 Hz, 4H), 1.33 (s, 12HFC NMR (101 MHz, CDC}) 4 171. 1, 141.
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128.4,128.2,115.9, 80.7, 47.4, 47.2, 26.6, 25.6, 24.5. A signal fortharin directly attached
to the boron atom was not observé8.NMR (128 MHz, CDC4) U HRBMS3(BSI) [M+H]*

calc. for G7H2sBNOsS, 334.1646; observed, 334.1646.

B O
@)\)J\NQ
(E)-3-(cyclohex1-en-1-yl)-1-(pyrrolidin -1-yl)-3-(4,4,5,5tetramethyl-

1,3,2dioxaborolan-2-yl)prop -2-en-1-one (k). The title compound was purified by silica flash
chromatography (20% ethyl acetate in dichloromethane) and isolated in 64% yield (180 mg) as a
white powder!H NMR (400 MHz, CDC}) U i ®.758(8, 1H), 5.98 (s, 1H), 3.65 (&= 6.9

Hz, 2H), 3.54 (tJ = 6.8 Hz, 2H), 2.26 2.18 (m, 2H), 2.18 2.10 (m, 2H), 2.04 1.84 (m, 2H),

1.6971 1.62 (m, 2H), 1.60 1.52 (m, 2H), 1.28 (s, 12H}3C NMR (101 MHz, CDC}) U 171. 6,
138.4, 135.9, 114.1, 80.4, 47.1, 46.9, 26.8, 26.5, 26.1, 25.5, 24.4, 22.5, 22.0. A signal for the sp
carbon directly attached to the boron atom was not obseHBdMR (128 MHz, CDC) a

13.33;HRMS: (ESI) [M+H]" calc. for GoH31BNOs, 332.2395; observed, 332.2407.

Y

o. O

B O
O)\)J\NQ
(E)-3-cyclohexylt1-(pyrrolidin -1-yl)-3-(4,4,5,5tetramethyl-1,3,2

dioxaborolan-2-yl)prop-2-en-1-one (1). The title compound was purified by silica flash
chromatography (20% ethyl aae&t in dichloromethane) and isolated in 77% yield (700 mg) as a
white powder!H NMR (400 MHz,CDC}) U 5. 89 ( 3569HHPH),383L(t9 (t ,
6.9 Hz, 2H), 2.41 2.24 (m, 1H), 2.03 1.79 (m, 6H), 1.75 1.58 (m, 3H), 1.35 1.23 (m, 2H),

1.18 (s, 12H), 1.11 0.95 (m, 3H)43C NMR (101 MHz,CDC4) & 172.1, 115. 3, 8¢
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40.9, 31.8, 26.5, 26.5, 25.5, 25.4, 24.3. A signal for theaon directly attached to the boron
atom was not observet!B NMR (128 MHz, CDC$) U HRMS3 (&SI) [M+H]* calc. for

C19H33BNOs, 334.2552; observed, 334.2538.

0. .0
B O
a0
(E)-3-cyclopentyk1-(pyrrolidin -1-yl)-3-(4,4,5,5tetramethyl-1,3,2

dioxaborolan-2-yl)prop-2-en-1-one (Im). The title compound was purified by silica flash
chromatography (20% ethyl acetate in dichloromethane) and isolated in 73% yield (750 mg) as a
white powder!H NMR (400 MHz, CDC¥) & 5. 89 ( 356.9HHPH), 3.39. (36 ( t ,

6.9 Hz, 2H), 2.95 2.71 (m, 1H), 1.98 1.73 (m, 6H), 1.60 1.45 (m, 6H), 1.16 (s, 12H), 1.11

0.95 (m, 3H)®C NMR (101 MHz,CDC$) U 172. 2, 115. 4, 80.3, 47. 3
25.5, 24.6. A signal for the $parbon directly attache the boron atom was not observE@

NMR (128 MHz, CDC) & HBMS3 &SI) [M+NH4]* calc. for GgHz4BN2O0s, 337.2660;

observed, 337.2674.

0. O
B 0]
WJ\NQ

dioxaborolan-2-yl)prop-2-en-1-one (1n) The title compound was purified by silica flash

(E)-3-cyclopropyl-1-(pyrrolidin -1-yl)-3-(4,4,5,5tetramethyl-1,3,2

chromatography (20% ethyl acetate in dichloromethane) and isolated in 87% vyield (250 mg) as a
white powder!H NMR (400 MHz,CDC}) U 5. 75 ( $356.9HHPH)3.43 (58 (t ,

6.8 Hz, 2H), 1.91 (dp] = 24.8, 6.7 Hz, 4H), 1.791.71 (m, 1H), 1.21 (s, 12H), 0.980.88 (m,
3H);®CNMR (101MHz,CDC¥) © 171.7, 113.4, 80.1, 47.0, 46

signal for the spcarbon directly attached tbe boron atom was not observétB NMR (128
30



MHz, CDCk) i IHRMS) QESI) [M+H]" calc. for GeH27BNO3, 292.2081; observed,

292.2094.

(E)-1-(pyrrolidin -1-yl)-3-(4,4,5,5tetramethyl-1,3,2dioxaborolan-2-
yl)hex-2-en-1-one (10). The title compound was purified by silica flaslromatography (20%

ethyl acetate in dichloromethane) and isolated in 46% yield (75 mg) as a white peWwN&tR
(400MHz,CDCf) U 5. 97 (J=6.9HzHH), 3.58 (6 6.9 Hz,t2H), B9 (1,J=6.7

Hz, 2H), 1.94 (dpJ = 26.2, 6.7 Hz, 4H), 1.55 (4,= 14.9, 7.5 Hz, 2H), 1.23 (s, 12H), 0.94Xt

7.4Hz, 3H)*CNMR (101 MHz,CDCY) & 172.1, 116.8, 80.1, 47. 2,
20.6, 14.3. A signal for the $parbon directly attached to the boron atom was not obseigd.

NMR (128 MHz, CDC}) G HBMS) (ESI) [M+H]" calc. for GeH29BNOs, 294.2235;

observed, 294.2244.

o. 0O
B" O

©)\)J\N/
H
(E)-N-methyl-3-phenyl-3-(4,4,5,5tetramethyl-1,3,2dioxaborolan-2-

ylacrylamide (3b). The title compound was purified by silica flashromatography (20% ethyl

acetate irdichloromethangand isolated in 88% yield (88 mg) as a white powt¢™NMR (400

MHz, CDCk) 1@34 (qJ= 4.8 Hz, H), 7.44(dd, J=7.6, 1.9 Hz, ®), 7.311 7.24 (m, 3), 6.33

(s, 1H), 2.62 (dJ = 4.7 Hz, 3H),1.29 (s, 12H)13C NMR (101 MHz,CDCl) U0 174. 3, 13

129.Q 128.3, 127.9, 120,80.8, 27.1, 26.4A signal for the spcarbon directly attached to the
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boron atom was not observééB NMR (128 MHz,CDCl;) U HRBMS4(ESI) [M+H]" calc.

for C16H23BNQO3, 288.1768; observed, 288.1753.

O\B/O o
@y\vtNk
H
(E)-N-isopropyl-3-phenyl-3-(4,4,5,5tetramethyl-1,3,2dioxaborolan-2-

ylacrylamide (3c). The title compound was purified by silica flashromatography (20% ethyl
acetate in dichloromethane) aisdlated in 53% yield (5&1g) as a white powdefd NMR (400
MHz, CDCk) 82 (s, H), 7.631 752 (m, H), 7.327 7.24 (m, 4H), 6.29 (s, 1H%.08i 3.95
(m,J= 6.6 Hz, 1H), 1.30 (12H), 1.03 (d,J = 6.6 Hz, 61); 1°C NMR (101 MHz, CDC}) 1.7,1 7
138.2, 128.9, 128.2, 128.020.8 80.8, 44.4 26.4 22.3 A signal for the spcarbon directly
attached to the boron atom was not obse”/@INMR (128 MHz, CDC}) 4172 HRMS: (ESI)

[M+H] ™ calc. for GeH27BNOs, 316.20820bserved316.2073

ShE
H
(E)-N-allyl-3-phenyl-3-(4,4,5,5tetramethyl-1,3,2dioxaborolan-2-

ylacrylamide (3d). The title compound was purified by silica flashromatography (20% ethyl
acetate in dichloromethane) and isolated in 71% yield (85 mg) as a white p&Wwd8nR (400
MHz, CDCk) 1@.24 (t,J = 5.7 Hz, 1H),7.50 (d,J = 6.2 Hz, 2H), 7.34 7.20(m, 3H), 6.39 (s,
1H), 5.617 5.47 (m, H), 4.97 (t,J = 1.4 Hz, 1H), 4.93 (dq] = 7.1, 1.3 Hz, 1H), 3.62,(§ = 5.9
Hz, 2H), 1.27(s, 12H);13C NMR (101 MHz, CDC})  1B.8,1137.8, 132.2, 129.1, 128.3, 128.1

120.6, 118.4, 80.9, 44.0, 26.4, 25/0signal forthe sp-carbon directly attached to the boron atom
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was not observed'B NMR (128 MHz, CDC4) 8.37; HRMS: (ESI) [M+H]* calc. for

C18H25BNOs, 314.1925; observed, 314.1946.

SRR e
K/O (E)-1-morpholino-3-phenyl-3-(4,4,5,5tetramethyl-1,3,2dioxaborolan-

2-yl)prop-2-en-1-one (3¢. The title compound was purified by silica flashromatography (20%
ethyl acetate in dichloromethane) and isolane8% yield (1.12g) as a white powdetH NMR
(400 MHz, CDC#) U 1 0=5Z #z, {H), 7.50 (d] = 6.2 Hz, 2H), 7.34 7.20 (m, 3H), 6.39
(s, 1H), 5.61 5.47 (m, 1H), 4.97 (t) = 1.4 Hz, 1H), 4.93 (dqg] = 7.1, 1.3 Hz, 1H), 3.62 (f,=
5.9 Hz, 2H), 1.27 (s, 12H}3C NMR (101 MHz, CDC§)  1.9,1138.4, 129.1, 128.127.7,
116.2, 80.666.2, 66.2, 45.9, 44.7, 26.8 signal for the spcarbon directly attached to the boron
atom was not observet!B NMR (128 MHz, CDC$)  417; HRMS: (ESI) [M+H]" calc. for

C19H27BNOg4, 344.20310bserved344.2016

o._ O
B

o |
(E)-N-(3-((tert-butyldimethylsilyl)oxy)propyl) -3-phenyl-3-

(4,4,5,5tetramethyl-1,3,2dioxaborolan-2-yl)acrylamide (3f). The title compound was purified
by silica flashchromatography (20% ethyl acetate in dichloromethane) and isaia®&gb yield
(236 mg) as a white powdetH NMR (400 MHz, CDC4$) 907 (s, 1H), 7.591 7.47 (m 2H),
7.301 7.26 (m, 3H),6.27(s, 1H), 5.61i 5.47 (m, 1H):3.50(t, J = 5.8 Hz, M), 3.32i 3.20(m,
2H), 1.58(m, 2H), 1.8 (s, 12H) 0.88 (s, 9H), 0.03 (s, 6HFC NMR (101 MHz, CDC}) 8.6,1 7

138.0, 128.9, 128,328.0, 120.6, 80,%1.1, 39.5, 31.6, 26,£26.Q 18.3, 5.3A signal for the sp
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carbon directly attached to the boron atom was not obseHBdAMR (128 MHz, CDC}) a

13.62, HRMS: (ESI) [M+H]" calc. for G4H41BNO4Si, 446.2905 observed, 48.2897

+t

o. O
B O

Shae
K/NBOC tert-butyl (E)-4-(3-phenyl-3-(4,4,5,5tetramethyl-1,3,2

dioxaborolan-2-yl)acryloyl)piperazine-1-carboxylate (3g). The title compound wasupified

by flash chromatography (70% ethyl acetate in hexanes). Light yellow solid, 32% vyield (498

mg).*H NMR (400 MHz, CDC{) 767 (ddJ= 7.6, 1.8 Hz, 2H), 7.37 7.30 (m, 3H), 6.52 (s,

1H), 3.82i 3.76 (m, 2H), 3.6% 3.60 (M, 2H), 3.58 3.50 (M, 4H), 1.48 (s, 9H), 1.27 (s, 12H).
3CNMR (101 MHz,CDG)) U 172. 2, 154. 3, 138. 6, 129. 3, 12
428,285,26.1" BNMR (128 MHz,CDCY) & 13. 8. HRM®&Ic.fof ES1 ) [ M+ H]

C24H36BN20s, 443.2716; observed, 443.2709.
BF, O
©)\)J\NQ

(2a). The title compound waspurified by silica flaskchromatography (20% ethyl acetate in

(E)-3-(difluoroboraneyl) -3-phenyl-1-(pyrrolidin -1-yl)prop -2-en-1-one

chloroform) andsolated in 71% vyield (40 mg) as a white powder NMR (400 MHz,CD2Cly)
U 717772 (m 2H), 7.44i 7.40 (m, 3H), 6.61 (s, 1HR.74 (t,J = 6.7 Hz, 4H)2.117 1.98 (m,
4H); *C NMR (101 MHz, CDCly) a 172. 7, 135. 5, 131. 3, 129. 7,
24.9 A signal for the spcarbon directly attached to the boron atom was not obséfgNMR
(128 MHz, CDClp)  7i¥7 (t,J = 49.1 Hz) 1% NMR (376 MHz, CDCl,) -152.711 -153.34

(m); HRMS: (ESI) M+Na]* calc. for GsH1saBNOFNa, 272.1034; observed, 272.1040.

34



BF, O
WD

one (d). The title compound was purified by silica flashromatography (20% ethyl acetate in

(E)-3-(difluoroboraneyl) -1-(pyrrolidin -1-yl)-3-(p-tolyl)prop -2-en-1-

chloroform) and isolated in 78% yield (40 mg) as a white poweNMR (400 MHz, CDC}) U
7.66 (d,J = 8.1 Hz, 2H), 7.21 (d) = 7.9 Hz, 2H), 6.51 (s, 1H), 3.67 (dt= 13.2, 6.9 Hz, 4H),
2.38 (s, 3H), 2.17 1.94 (m, 4H);*C NMR (101 MHz, CDC}) U 141.7, 132. 2,
113.1, 48.2, 47.9, 25.5, 24.5, 21.8. The signals for theapon directly attached to the boron
atom and for the amide carbonyl carbon weseabserved!'B NMR (128 MHz,CDC}) 0 7. 81 ;
19 NMR (376 MHz, CDC4) -153.22 (m);HRMS: (ESI) [M+NHs]* calc. for GaH20BN20P,
281.1631; observed, 281.1623.
BF, O

D

one (29. The title compound was purified by silica flaslwromatography (20% ethyl acetate in

(E)-3-(difluoroboraneyl) -1-(pyrrolidin -1-yl)-3-(m-tolyl)prop -2-en-1-

chloroform) and isolated in 96% vyield (52 mg) as a white powteNMR (400 MHz, CDC4) U

7.607 7.51 (m, 2H), 7.28 (t) = 7.7 Hz, 1H) 7.21 (d,J = 7.5 Hz, 1H), 6.52 (s, 1H), 3.67 (@=

6.3 Hz, 4H), 2.37 (s, 3H), 2.G91.89 (m, 4H)23C NMR (101 MHz,CDC§) & 172. 4, 138.
131.8, 130.3, 128.7, 126.3, 114.4, 48.1, 47.9, 25.3, 24.4, 21.4. A signal fot-taelsm directly

attached to the boron atom was not obsertdINMR (128 MHz, CDC}) U 9 NIAR.(376

MHz, CDCk) -1%3.22;HRMS: (ESI) [M+NH;]* calc. for GaH20BN20F,, 281.1634; observed,

281.1641.
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BF, O

M 0
(E)-3-(4-(tert-butyl)phenyl)-3-(difluoroboraneyl) -1-(pyrrolidin -1-

yl)prop-2-en-1-one (). The title compound was purified by silica flaslromatography (20%

ethyl acetate in chloroform) and isolated in 92% yield (57 mg) as a white pdWd¥¢MR (400

MHz, (CD3).CO) U 3= 8/4Hz, RH),,7.48 (d=8.5Hz, 2H), 6.85 (s, 1H), 3.93 {t= 6.8

Hz, 2H), 3.72 (tJ = 6.9 Hz, 2H), 2.2T 2.06 (m, 4H), 1.33 (s, 9H}C NMR (101 MHz,
(CD)CO) U 173.1, 154.6, 133.9, 315959 2501Té. 4,
signals for the spcarbon directly attached to the boron atom and for the amide carbonyl carbon
were not observed!B NMR (128 MHz, (C).C O) U *FNMR 376 MHz, (C).C O) - U
152.19;HRMS: (ESI) [M+Na] calc. for G/H22BNOF:Na, 328.1660; observed, 328.1667.

BF, O

NN

~

o (E)-3-(difluoroboraneyl) -3-(4-methoxyphenyl)1-(pyrrolidin -1-
yl)prop-2-en-1-one (2). The title compound was purified by silica flashromatography (20%
ethyl acetate in chloroform) and isolated in 86% yield (67 mg) as a white pdWdeMR (400
MHz, CD:Cl;) i  7J.=8.8 Hz( 2tH), 6.94 (d] = 8.9 Hz, 2H), 6.47 (s, 1H), 3.84 (s, B13.74
(9,J = 7.0 Hz, 4H), 2.15 1.92 (m, 4H)13C NMR (101 MHz,CRCl) & 162. 42, 131.
114.5, 112.3, 55.8, 48.5, 48.3, 25.7, 24.8. The signals for theadpon directly attached to the
boron atom and for the amide carbonyl carbon were regrebd !B NMR (128 MHz, CDRCl,)

U 7. 5=863. Hz)'%F NMR (376 MHz, CDRCly) -152.76 (m)HRMS: (ESI) [M+H]* calc.

for C1aH17BN2O2F», 280.1320; observed, 280.1294.
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0 (E)-3-(benzo[d][1,3]dioxot5-yl)-3-(difluoroboraneyl) -1-
(pyrrolidin -1-yl)prop-2-en-1-one (). The title compound was purified by silica flash
chromatography (20% ethyl acetate in chloroform) and isolated in 89% yield (52 mg) as a white
powder.!H NMR (400 MHz, DMSOds) U 7. 31 ( 856.4HH]H), 6.99.(238.1( d,
Hz, 1H), 6.87 (s, 1H), 6.07 (s, 2H), 3.77 J& 6.6 Hz, 2H), 3.62 (t) = 6.7 Hz, 2H), 2.02 1.86
(m, 4H);:3C NMR (101 MHz,DMSQde) U 171.3, 149.5, 1457107%, 129.
101.6, 48.0, 47.7, 24.7, 24.0. A signal for th&-sarbon directly attached to the boron atom was
not observed:’B NMR (128 MHz, DMSQds) U *F NMR5(376 MHz, DMSQds) -150.16;
HRMS: (ESI) [M+NH4]" calc. for GaH20BN20F, 281.1634pbserved, 281.1641.

Br BF, O

O

en1-one (29. The title compound was purified by silica flagtromatography (20% ethyl acetate

(E)-3-(2-bromophenyl)-3-(difluoroboraneyl) -1-(pyrrolidin -1-yl)prop -2-

in chloroform) and isolated in 77%ejd (50 mg) as a white powdéH NMR (400 MHz, CDC$)

U 7. 8J&7.8, d.dHz, 1H), 7.62 (dd= 8.0, 1.3 Hz, 1H), 7.36 (td,= 7.5, 1.3 Hz, 1H), 7.21

i 7.10 (m, 2H), 3.80 (g = 7.6 Hz, 4H), 2.19 2.00 (m, 4H)}3C NMR (101 MHz, CDC}) i
172.1,135.4, 134.2, 133.4, 130.4, 127.7, 122.9, 119.5, 48.3, 48.0, 25.3, 24.3. A signal fér the sp
carbon directly attached to the boron atom was not obséfEeNMR (128 MHz, CDC}) U4 7. 81
(t, J = 50.7 Hz);F NMR (376 MHz, CDC}) -1i53.25; HRMS: (ESI) [M]" calc. for

C13H13BNOFR:Br, 327.0239; observed, 327.0240.
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BF, O

Br (E)-3-(4-bromophenyl)-3-(difluoroboraneyl) -1-(pyrrolidin -1-
yl)prop-2-en-1-one (2h). The title compound was purified by silica flastromatography (20%
ethyl acetate in chloroform) and isolated in 62% yield (88 mg) as a white pdWd¥MR (400
MHz, CDCk) U 7J.=@.8 Hz( 2H), 7.54 (d] = 8.6 Hz, 2H), 6.54 (s, 1H), 3.79 (dtx 14.5,
7.0 Hz, 4H), 2.10 (dp] = 29.5, 6.5 Hz, 4H%*3C NMR (101 MHz, CDC} U 133.8, 132.
125.6, 114.6, 48.4, 48.1, 25.5, 24.5. The signals for theaspon directly attached to the boron
atom and the amide carbonyl carbon were not obseHB®MR (128 MHz, CDC8) U '¥. 6 9 ;
NMR (376 MHz, CDC4) -153.72;HRMS: (ESI) [M+H]* calc. for GsH14BNOFRBr, 328.0317;
observed, 328.0311.

BF, O

NN

Cl (E)-3-(4-chlorophenyl)-3-(difluoroboraneyl) -1-(pyrrolidin -1-
yl)prop-2-en-1-one (2i). The title compound was purified by silica flastromatography (20%
ethyl acetate in chloroform) and isolated in 62% yield (88 mg) as a white pdWd¥MR (400

MHz, CDCk) U 7J.=@.9 Hz( 2H), 7.38 (d] = 8.6 Hz, 2H), 6.52 (s, 1H), 3.78 (dt= 14.3,

7.0 Hz, 4H), 2.18 2.02 (m, 4H), 1.54 (s, IH¥C NMR (101MHz,CDC¥) & 172.5, 137.:

130.7, 129.2, 114.5, 48.4, 48.0, 25.5, 24.5. A signal for theapon directly attached to the
boron atom was not observééB NMR (128 MHz, CDC}) U 9 NBR (376 MHz, CDC})
0-153.65;HRMS: (ESI) [M+H]" calc. for GsH14BNORCI, 284.0822; observed, 284.0824.

BF, O
s

X
o
\ ! (E)-3-(difluoroboraneyl) -1-(pyrrolidin -1-yl)-3-(thiophen-2-yl)prop -2-

en-1-one (3). The titte compound was purified by silica flashromatography (20% ethyl acetate
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in chloroform) and isolated in 62% yield (24 mg) as a white powHeXNMR (400 MHz, CDC})
O 7. 623.6(Hiz,1H), 7.52 (ddl = 5.1, 1.1 Hz, 1H), 7.12 (dd,= 5.1, 3.7 Hz, 1H), 6.30 (s,
1H), 3.78 (t,J = 6.9 Hz, 2H), 3.72 (tJ = 6.9 Hz, 2H), 2.07 (dp] = 22.5, 6.6 Hz, 4H), 1.33 (s,
12H); 13C NMR (101 MHz, CDC}) u 172.5, 139. 5, 134. 6, 131. 0,
24.5. A signal for the gpcarbondirectly attached to the boron atom was not obseABANMR
(128 MHz, CDCY) U  7J= 8667 HZ)¥F,NMR (376 MHz, CDC}) -154.04;HRMS: (ESI)
[M+H] ™" calc. for GiH13BNOR:S, 256.0773; observed, 256.0759.
BF, O

OO

yl)prop-2-en-1-one (2K. The title compound was purified by silica flastromatography (20%

(E)-3-(cyclohex1-en-1-yl)-3-(difluoroboraneyl) -1-(pyrrolidin - 1-

ethyl acetate in chloroform) and isolated in 73% yield (100 mg) as a white pédévR (400
MHz,CDCl) U 6. 72 (s, 1H)J=287 9.GHz(48l), 2.38H25 M, 3H),71 ( dt
2.217 2.14 (m, 2H), 2.06 (dpl = 20.8, 6.9 Hz, 4H), 1.761.51 (m, 24H)13C NMR (101 MHz,
CDCk) @ 173.0, 143.2, 135.0, 12119 Abkignal4oBthetdp 47 . 8,
carbon directly attached to the boron atom was not obsét&NMR (128 MHz,CDC4) U 7. 4 8;
19 NMR (376 MHz, CDC}) -152.04;HRMS: (ESI) [M+H]* calc. for GaH10BNOR, 254.1525;
observed, 254.1505.

BF, O

SRA®

one (2). The title compound was purified by silica flaslromatography (20% ethyl acetate in

(E)-3-cyclohexyt3-(difluoroboraneyl) -1-(pyrrolidin -1-yl)prop -2-en-1-

chloroform) and isolated in 76% vyield (35 mg) as a whitege.'H NMR (400 MHz, CDC4) U
5.98 (s, 1H), 3.70 (dfl = 21.4, 7.0 Hz, 4H), 2.522.41 (m, 1H), 2.14 1.96 (m, 4H), 1.97 1.88

(m, 2H), 1.81i 1.73 (m, 2H), 1.71 1.64 (m, 1H), 1.42 1.09 (m, 5H);**C NMR (101 MHz,
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CDCl3) u 115. 5, BB3, P6,3, 26.3, 2585, 24.8. Thedssignals for thiecapoon
directly attached to the boron atom and the amide carbonyl carbon were not ob$BriddR
(128 MHz, CDC}) U 19F NMIR (376 MHz, CDC#) -1i55.42;HRMS: (ESI) [M]* calc. for
C13H20BNOR,, 255.1603; observed, 255.1605.

BF, O

X
NQ (E)-3-cyclopentyl3-(difluoroboraneyl) -1-(pyrrolidin -1-yl)prop -2-en-1-

one(2m). The title compound was purified by silica flastromatography (20% ethyl acetate in

chloroform) and isolated in 88% yield (90 mg) as a white powteNMR (400 MHz, CDC4) U

6.00 (s, 1H), 3.69 (dfl = 21.1, 7.0 Hz, 4H), 2.88 (§,= 8.1 Hz, 1H), 2.14 1.96 (m, 4H), 1.94

1.83 (m, 2H), 1.75 1.50 (m, 6H)23C NMR (101 MHz,CDC4) & 115. 9, 48.0, 47

25.5, 25.4, 24.5. The signals for thé-sprbon directly attached to the boron atom and the amide

carbonyl carbon were not observétB NMR (128 MHz, CDC$) U % NN (376 MHz,

CDCl) -i55.71;HRMS: (ESI) [M+Na] calc. for GoH1sBNOFRNa, 264.1344; observed,

264.1340.

BF, O

X
NQ (E)-3-cyclopropyl-3-(difluoroboraneyl) -1-(pyrrolidin -1-yl)prop-2-en-1-

one (). The title compound was purified by silica flashromatography (20% ethyl acetate in

chloroform) and isolated in 74% yield (100 mg) as a white powdeNMR (400 MHz, CDC})

G 6.10 (s, J=1269, 7.0 &, 46)62.12 HI3 (m, 4H), 1.86 1.77 (m, 1H), 1.23

1.17 (m, 2H), 1.01 (dq] = 7.4, 4.1 Hz, 2H)**C NMR (101 MHz, CDC}) & 173. %= 115.

2.6 Hz), 47.8, 47.7, 29.8, 25.4, 24.5, 16.3 &,2.6 Hz), 10.4. A signal for the $parbon directly

attached to the boron atom was not obse*@dNMR (128 MHz, CDC) U 61=4OB HA);t ,
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9F NMR (376 MHz, CDC}) -164.51;HRMS: (ESI) [M+Na]" calc. for GoH14BNOFRNa,
236.1031; observed, 236.1021.

BF, O

X
NQ (E)-3-(difluoroboraneyl) -1-(pyrrolidin -1-yl)hex-2-en-1-one (). The
title compound was purified by silica flashromatography (20% ethyl acetate in chloroform) and
isolated in 75% yield (110 mg) as a white powder NMR (400 MHz, CDC4) 4 6. 03 ( s,
3.74 (t,J = 6.9 Hz, 2H), 3.67 (t) = 6.8 Hz, 2H), 2.47 (tJ = 6.8 Hz, 2H), 2.15 1.96 (m, 4H),
1.62 (h,d = 7.4 Hz, 2H), 0.95 (t) = 7.4 Hz, 3H);)*C NMR (101 MHz, CDC¥) U 117.1, 4
47.8,34.5,25.5, 24.5, 20.6, 14.3. The sigfalthe sp-carbon directly attached to the boron atom
and the amide carbonyl carbon were not obseWBANMR (128 MHz, CDC4) U 7W=43 (t ,
Hz); 2% NMR (376 MHz, CDC4) -158.03;HRMS: (ESI) [M+NHJ]* calc. for GoH20BN20R,
233.1633; observed33.1633.
BF, O
N ”/
(E)-3-(difluoroboraneyl)-N-methyl-3-phenylacrylamide (40). The title
compound was purified by silica flasinromatography (20% ethyl acetate in chloroform) and
isolated in 66% yield (40 mg) as a white powder NMR (400 MHz,(CD3).CO) 9.26 (s, 1H),
7.72 (dd J = 6.6, 3.0 Hz, B), 7.461 7.36 (m, 3), 6.66 (5 1H), 3.16 (d J = 5.0 Hz, 3); °C
NMR (101 MHz,(CD3),CO) 176.9, 136.1, 131.1, 129.8, 129.5, 11886 A signal for the sh
carbon directly attached to the boron atom was not obseBtlMR (128 MHz,(CDs).CO) U

7.76(t, J = 48.1 Hz) 1%F NMR (376 MHz,(CDs),CO) -151.087 -151.41 (m) HRMS: (ESI)

[M] " calc. for GoH10BNOR,, 209.0820 observed, @9.0816
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BF, O
w”k
(E)-3-(difluoroboraneyl) -N-isopropyl-3-phenylacrylamide (4c). The
title compound was purified by silica flashromatography (20% ethyl acetate in chloroform) and
isolated in 60% vyield (35 mg) as a white powdetr NMR (400MHz, CDCk) 7%1 d,J=5.3
Hz, 2H), 7.37 (d,J = 6.9 Hz 3H),7.08 (d J = 8.3 Hz,1H), 6.37 (s, 1H), 4.36 4.19 (m 1H), 1.28
(d,J=6.6 Hz, 6H)13C NMR (101 MHz,CDCls) 174.8, 134.6, 131.0, 129.3, 129.0, 11887,
22.2 A signal for the spcarbon directly attached to the boron atom was not obséfgNMR
(128 MHz,CDCl;) U '®BNMR;(376 MHz,CDCls) -150.47;HRMS: (ESI) [M]* calc. for
C12H14BNOR,, 237.1131; observed, 237.1157

BF, O

NN

" (E)-N-allyl-3-(difluor oboraneyl)-3-phenylacrylamide (4d). The title
compound was purified by silica flasihromatography (20% ethyl acetatecimoroform) and
isolated in quantitative yield (#®g) as a white powdetH NMR (400 MHz,CD,Clp) 7ir2i
7.63(m, 2H), 7.48i 7.36 (n, 3H), 6.95s, 1H),6.48 (s, 1H), 5.98 5.84 (m, 1H), 5.38 5.27 (m,
2H), 4.18 (tJ = 6.0 Hz, H); 13C NMR (101 MHz,CD.Cl;) U4 176. 5, 135.,0,
129.4, 119.6116.0, 45.3A signal for the spcarbon directly attached to the boron atom was not
observed!B NMR (128 MHz,CD.Cl;) U ; 1% NKFR (376 MHz,CD:Cly) -151.63 HRMS:
(ESI) [M]* calc. for GoH10BNOR, 209.0820; observed, 209.0816.

BF, O

AN N/\

K/O (E)-3-(difluoroboraneyl) -1-morpholino-3-phenylprop-2-en-1-one @e).
The title compound was purified by silica flashromatography (20% ethyl acetate in chloroform)

and isolated in 88% vyield (180 mg) as a white powd€NMR (400 MHz, CDCly) 7.061 7.70
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(m, 2H), 7.461 7.41(m, 3H),6.75(s, 1H),3.967 3.69(m, 8H); 13C NMR (101 MHz,CD:Cl) U

173.8,135.3, 131.7, 129.7, 129.4, 11,%6.7, 66.6, 47.5, 46.2 signal for the spcarbon directly

attached to the boron atom was not obserf&INMR (128 MHz, CD.Cl,) 91B5(t, J = 52.2

Hz); 19 NMR (376 MHz,CD,Cl,) -152.33 (dd,) = 88.6, 38.3 Hz)HRMS: (ESI) [M]* calc. for

C13H14BNOR,, 265.1083; observed, 265.1106.

BF, O
N

H/\/\OH

(E)-3-(difluoroboraneyl) -N-(3-hydroxypr opyl)-3-

phenylacrylamide (41). The title compound was purified by silica flashromatography (20%

ethyl acetate in chloroform) and isolated in 61% yield (289 mg) as a white pédéR (400

MHz, (CDs).C O) 9.2 (s 1H), 7.771 7.68 (m, M), 7.45i 7.38 (m, 3H), 6.66s, 1H),3.89 (t,J

= 5.0 Hz, 1H), 3.76 3.67 (m, 4H), 1.91 (p] = 6.5 Hz, 2H) 3C NMR (101 MHz, (CR):C O) i

176.3, 136.2, 131.1, 129.8, 129.5, 11759.9, 40.5, 32.3A signal for the spcarbon directly

attached to the boron atonasvnot observed!B NMR (128 MHz, (CD).C O) 8.258(t, J=50.1

Hz); 1% NMR (376 MHz, (CDs):CO)

C12H18BN2O2F,, 2711426;0bserved, 21.1419.

BF, O
NN

)

K/'\IBOCtert-butyI (E)-4-(3-(difluoroboraneyl) -3

151.53 HRMS: (ESI) [M+NH4]* calc. for

phenylacryloyl)piperazine-1-carboxylate (4g). The title compound wasurified by flash

chromatography (40% ethyl acetate in hexanes). White solid, 57% yield (47ig)IR (400

MHz, CDCk)

U i 7.70706, 2H), 7.42 7.36 (m, 3H), 6.69 (brs, 1H), 3.783.72 (m, 2H),

3.707 3.63 (M, 2H), 3.61 3.55 (M, 2H), 3.54 3.49 (m, 2H), 1.48 (s, 9HI’C NMR (101

MHz, CDCh)

u 173. 8,

154. 1,

43

134.

7,

131.1428442 9. 5,

1



NMR (128 MHz, CDC}) U 1% NMR8(376 MHz, CDGJ) -152.9. HRMS: (ESI) [M+Nd]

calc. for GgH23BFoN2NaGs, 387.1665; observed, 387.1662.

BF, O

N NH-»

SiMePh (7)-3-(difluoroboraneyl) -2-(dimethyl(phenyl)silyl)-3-phenylacrylamide

(4h). The title compound was purified by silica flashromatography (20% ethyl acetate i
chloroform) and isolated in 53% yield (®g) as a white powdetH NMR (400 MHz,CDCl) U
7.631 7.56 (M, 2H), 7.87 7.42 (m, $), 7.43i 7.31 (m, H), 6.42(s, 1H),5.93 (s 1H), 0.32 (s,
6H); 1°C NMR (101 MHz,CDCl)  &01.4,139.1, 136.6, 1381 131.1, 129.4128.9, 128.4, 128.2,
126.6,-1.2 A signal for the spcarbon directly attached to the boron atom was not obséiged.
NMR (128 MHz,CDClk) U ; F NM@R (376 MHz,CDCh) -1%8.39;HRMS: (ESI) [M+Na]
calc. for G/H18BNOFR:NaSi, 352.1116; observed, 352.1120.

BF, O

< ”L

SiMe,Ph (2)-3-(difluoroboraneyl) -2-(dimethyl(phenyl)silyl)-N-isopropyl-3-

phenylacrylamide (4i). The title compound was purified by silica flashromatography (20%
ethyl acetate in chloroform) and isolated in 60% yield (35 mg) as a white pdWd¥MR (400
MHz, (CD3)2C O) 7.787 7.66(m, 2H), 7617 7.49 (m 3H),7.437 7.29 (m 5H), 6.39 (s, 1H),
4.097 3.96(m, 1H), 0.94(d, J = 6.6 Hz, 6H) 0.32 (s, 6H)3C NMR (101 MHz, (CR).C O) U
176.6, 140.2, 137.0, 134.5, 130.5, 129.1, 129.0 128.0, 127.9, 126.3, 45,21 20.A signal for
the sp-carbon directly attached to the boron atom was not obseHRAINMR (128 MHz,
(CD3)2C0O) U FINMR %376 MHz, (C).C O) -15%.25;HRMS: (ESI) [M+Na] calc. for

CooH24BNOFRNaSI, 394.1586; observed, 394.1594.
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BF, O

N H/
SiMe,Ph (2)-3-(difluoroboraneyl) -2-(dimethyl(phenyl)silyl)-N-methyl-3-

phenylacrylamide (4j). The title compound was purifiedyksilica flashchromatography (%6
ethyl acetatenhexanepand isolated i 7% yield (9 mg) as a white powdéH NMR (400 MHz,

CDClk) U i 7.558n2 2H), 7.55 7.42 (m, 3H), 7.42 7.26 (m, 5H), 5.96 (s, 1H), 2.79 @@=

4.9 Hz, 3H), 0.29s, 6H);'3C NMR (101 MHz,CDC}) U4 179.3, 139.4, 136.

128.8, 1284, 128.1, 126.529.3,-1.2. A signal for the spcarbon directly attached to the boron
atom was not observefB NMR (128 MHz, CDC}) U ; '%.NKRB (376 MHz, CDC$) - U

157.82 HRMS: (ESI) [M+H]" calc. for GgH2:BNOR:Si, 344.1452; observed, 344.11458
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5. Crystal Data

Acknowledgements This material is based upon work supported by the National Science
Foundation under 1726077.

Experimental

A colorless plateQ.067 x 0.125 x 0.2961nT’) was centered on the goniometer of a Rigaku Oxford
Diffraction SynergyS diffractometer equipped with a HyPix6000HE detector and operating with
CuKa radiation. The data collection routine, unit cell refinement, and data processing were carried
out with the program CrysAlisPr3. The Laue symmetry and systematic absences were consistent
with the orthorhombic space grol2:2:2. The structure was solved using SHEE}Tand
refined using SHELXE* via Olex2?® The final refinement model involved anisotropic
displacemenparameters for nehydrogen atoms and a riding model for all hydrogen atoms. The
absolute configuration was established from anomalous dispersion effectsHa@i04(4)%°

Hooft y = 0.05(3), P2(true) = 1.000, P3(true) = 1.000, P3(nan) = 9.948e74, P3(false) =

0.000e+00F> 2" Olex2*® was used for molecular graphics generation.
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Table 6. Crystal data and structure refinement for cs2479.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

VA

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 67.684°
Absorption correction

Max. and min. transmission
Refinement method

Data /restraints / parameters
Goodnesf-fit on P

Final R indices [I>2sigma(l)]

R indices (all data)

Absolute structure parameter
Extinction coefficient

Largest diff. peak anbole

EJM-2-2

Ci13H14BFNO

249.06

99.99(10) K

1.54184 A

Orthorhombic

P2:2:2

a=24.1511(2) A 1= 90°.
b=7.62640(10) A 1= 90°.
c=6.29910(10) A | = 90°.
1160.21(3) &

4

1.426 Mg/n}

0.928 mmt

520

0.296 x 0.125 x 0.067 nfin

3.660to 77.372°.
-30<=h<=30,9<=k<=9,-7<=I<=7
35314

2464 [R(int) = 0.0482]

100.0 %

Gaussian

1.000 and 0.509

Full-matrix leastsquares on#

2464 /0/ 163

1.054

R1 =0.0367, wR2 = 0.0980

R1 =0.0369, wR2 = 0.0982

0.04(4)

n/a

0.519 and0.244 e .3
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Table 7. Bond lengths [A] and angles [°] for cs2479.

B(1)-F(1)
B(1)-F(2)
B(1)-0(1)
B(1)-C(3)
O(1XC(1)
N(1)-C(1)
N(1)-C(4)

F(1)}B(1)-F(2)
F(1)B(1)-O(1)
F(1)}B(1)-C(3)
F(2)B(1)-O(1)
F(2)}B(1)-C(3)
O(1)B(1)-C(3)
C(1-O(1)B(1)
C(1)N(1)-C(4)
C(1)N(1)-C(7)
C(7)N(1)-C(4)
O(L1)}C(1)}N(1)
O(1)}C(1)}C(2)
N(1)-C(1)}C(2)
C(3}C(2)}C(1)
C(2-C(3)-B(1)

1.392(3)
1.403(3)
1.535(3)
1.619(3)
1.304(2)
1.306(3)
1.483(2)

108.58(17)
107.99(17)
115.40(18)
108.27(17)
115.15(18)
100.77(16)
108.59(16)
122.00(18)
125.34(17)
112.43(16)
119.33(18)
114.19(18)
126.47(19)
109.03(19)
107.33(17)

N(1)-C(7)
C(1)}C(2)
C(2}C(3)
C(3}C(8)
C(4)C(5)
C(5)-C(6)
C(6)-C(7)

1.482(2)
1.455(3)
1.346(3)
1.474(3)
1.530(3)
1.529(3)
1.528(3)

C(2)}C(3)-C(8)
C(8)}C(3)B(1)
N(1)-C(4)-C(5)
C(6)-C(5)-C(4)
C(7)C(6)-C(5)
N(1)-C(7)-C(6)
C(9)C(8)-C(3)
C(13)}C(8}-C(3)
C(13)}C(8)-C(9)
C(10)}C(9)-C(8)
C(11)}C(10)C(9)

C(12)}C(11)C(10)
C(13}C(12)C(11)

C(12)C(13)C(8)

C(8)-C(9)
C(8)-C(13)
C(9)-C(10)
C(10)C(11)
C(11)C(12)
C(12)C(13)

125.55(19)
127.10(8)
103.17(17)
104.28(16)
103.78(17)
102.34(16)
122.05(19)
119.13(19)
118.8(2)
120.3(2)
120.4(2)
119.5(2)
120.1(2)
120.9(2)

1.398(3)
1.394(3)
1.393(3)
1.392(3)
1.391(3)
1.387(3)
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Table 8. Torsion angles [°] for cs2479.

B(1)-O(1)}C(L)}N(1) -175.92(17) C(9-C(10}C(11)}C(12)  1.2(4)
B(1)-O(1)}C(1)}C(2) 3.2(2) C(10)C(11)}C(12}C(13)  0.0(4)
B(1)-C(3}-C(8)-C(9) 163.1(2) C(11}C(12}C(13}C(8)  -1.4(3)
B(1)-C(3}-C(8)-C(13) -19.1(3) C(13)C(8)-C(9)-C(10) -0.4(3)
F(1)}-B(1)-O(1)}-C(1) 119.04(19)
F(1}B(1)-C(3)-C(2) -115.2(2)
F(1}-B(1)-C(3)-C(8) 63.5(3)
F(2)-B(1)-O(1)}-C(1) -123.57(19)
F(2)B(1)-C(3)-C(2) 117.0(2)
F(2)}-B(1)-C(3)-C(8) -64.3(3)
O(1)B(1)-C(3}-C(2) 0.8(2)
O(1)B(1)-C(3)-C(8) 179.47(19)
O(1)}C(1}C(2}C(3) 2.7(3)
N(1)-C(1)C(2)-C(3) 176.3(2)
N(1)-C(4)}-C(5)-C(6) -26.8(2)
C(1}N(1)-C(4)C(5) -179.06(18)
C(1)}N(1)-C(7)-C(6) -157.71(19)
C(1}C(2}C(3)B(1) 0.9(2)
C(1)C(2)-C(3)-C(8) -177.83(18)
C(2)-C(3)-C(8)-C(9) -18.5(3)
C(2)-C(3)-C(8)-C(13) 159.4(2)
C(3)}B(1)-O(1)}C(1) -2.3(2)
C(3)-C(8)-C(9)-C(10) 177.5(2)
C(3C(8)C(13}C(12)  -176.3(2)
C(4)N(1)-C(1)}0(1) 5.0(3)
C(4)N(1)-C(1}C(2) -174.00(19)
C(4)N(1)-C(7)-C(6) 16.9(2)
C(4)-C(5)-C(6)-C(7) 37.8(2)
C(5)-C(6)-C(7)N(1) -33.0(2)
C(7)N(1)-C(1)}O(1) 179.11(19)
C(7}N(1)-C(1}C(2) 0.1(3)
C(7)N(1)-C(4)}-C(5) 6.1(2)
C(8)-C(9)-C(10)}C(11) -1.0(3)
C(9)-C(8)-C(13)yC(12) 1.6(3)
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13C for (E)-1-(pyrrolidin -1-yl)-3-(4,4,5,5tetramethyl-1,3,2dioxaborolan-2-yl)-3-(m-
tolyl)prop -2-en-1-one (19
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1B for (E)-1-(pyrrolidin -1-yl)-3-(4,4,5,5tetramethyl-1,3,2dioxaborolan-2-yl)-3-(m-
tolyl)prop -2-en-1-one (19
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13C for (E)-3-(4-(tert-butyl)phenyl)-1-(pyrrolidin -1-yl)-3-(4,4,5,5tetramethyl-1,3,2
dioxaborolan-2-yl)prop-2-en-1-one (19
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1B for (E)-3-(4-(tert-butyl)phenyl)-1-(pyrrolidin -1-yl)-3-(4,4,55tetramethyl-1,3,2
dioxaborolan-2-yl)prop-2-en-1-one (19
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ST

H for (E)-3-(benzo[d][1,3]dioxo}t5-yl)-1-(pyrrolidin -1-yl)-3-(4,4,5,5tetramethyl-1,3,2
dioxaborolan-2-yl)prop-2-en-1-one (19
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13C  for (E)-3-(benzo[d][1,3]dioxo}t5-yl)-1-(pyrrolidin -1-yl)-3-(4,4,5,5tetramethyl-1,3,2
dioxaborolan-2-yl)prop-2-en-1-one (19
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ST

1B for (E)-3-(benzo[d][1,3]dioxo}t5-yl)-1-(pyrrolidin -1-yl)-3-(4,4,5,5tetramethyl-1,3,2
dioxaborolan-2-yl)prop-2-en-1-one (19
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H for (E)-3-(2-bromophenyl)-1-(pyrrolidin -1-yl)-3-(4,4,5,5tetramethyl-1,3,2dioxaborolan-

2-yl)prop -2-en-1-one (19)
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13C for (E)-3-(2-bromophenyl)-1-(pyrrolidin -1-yl)-3-(4,4,5,5tetramethyl-1,3,2
dioxaborolan-2-yl)prop-2-en-1-one (19)
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Br B” O
@)\)J\NQ
1B for (E)-3-(2-bromophenyl)-1-(pyrrolidin -1-yl)-3-(4,4,5,5tetramethyl-1,3,2
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13C for (E)-3-(cyclohex1-en-1-yl)-1-(pyrrolidin -1-yl)-3-(4,4,5,5tetramethyl-1,3,2
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1B for (E)-3-(cyclohex1-en-1-yl)-1-(pyrrolidin -1-yl)-3-(4,4,5,5tetramethyl-1,3,2
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1B for (E)-3-cyclopropyl-1-(pyrrolidin -1-yl)-3-(4,4,5,5tetramethyl-1,3,2dioxaborolan-2-
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H for (E)-1-(pyrrolidin -1-yl)-3-(4,4,5,5tetramethyl-1,3,2dioxaborolan-2-yl) (10)
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13C for (E)-1-(pyrrolidin -1-yl)-3-(4,4,5,5tetramethyl-1,3,2dioxaborolan-2-yl) (10)
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11B for (E)-1-(pyrrolidin -1-yl)-3-(4,4,5,5tetramethyl-1,3,2-dioxaborolan-2-yl) (10)
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1B for (E)-N-methyl-3-phenyl-3-(4,4,5,5tetramethyl-1,3,2dioxaborolan-2-yl)acrylamide
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13C for (E)-N-isopropyl-3-phenyl-3-(4,4,5,5tetramethyl-1,3,2dioxaborolan-2-yl)acrylamide
(3¢0)
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1B for (E)-N-isopropyl-3-phenyl-3-(4,4,5,5tetramethyl-1,3,2dioxaborolan-2-yl)acrylamide
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H for (E)-N-allyl-3-phenyl-3-(4,4,5,5tetramethyl-1,3,2dioxaborolan-2-yl)acrylamide (3d)
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13C for (E)-N-allyl-3-phenyl-3-(4,4,5,5tetramethyl-1,3,2dioxaborolan-2-yl)acrylamide (3d)
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11B for (E)-N-allyl-3-phenyl-3-(4,4,5,5tetramethyl-1,3,2dioxaborolan-2-yl)acrylamide (3d)
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13C for (E)-1-morpholino-3-phenyl-3-(4,4,5,5tetramethyl-1,3,2dioxaborolan-2-yl)prop -2-
en-l1-one (3¢
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1B for (E)-1-morpholino-3-phenyl-3-(4,4,5,5tetramethyl-1,3,2dioxaborolan-2-yl)prop -2-
en-l1-one (3¢
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H NMR for tert-butyl (E)-4-(3-phenyl-3-(4,4,5,5tetramethyl-1,3,2dioxaborolan-2-
ylacryloyl)piperazine-1-carboxylate (39
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13C NMR for tert-butyl (E)-4-(3-phenyl-3-(4,4,5,5tetramethyl-1,3,2dioxaborolan-2-
ylacryloyl)piperazine-1-carboxylate (39
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1B NMR for tert-butyl (E)-4-(3-phenyl-3-(4,4,5,5tetramethyl-1,3,2dioxaborolan-2-
yl)acryloyl)piperazine-1-carboxylate (39

—13.83

T T T T T T T T T T T T T T T T T
90 80 70 60 50 40 30 20 0 -10 -20 -30 -40 -50 -60 -70 -80 -90
f1 (ppm)

BF, O

PRAD

H for (E)-3-(difluoroboraneyl) -3-phenyl-1-(pyrrolidin -1-yl)prop-2-en-1-one (2a)

100



1200

g 1100

1000

900

800

700

600

500

400

300

200

100

+-100

9 8 7 6 5 4 3
f1 (ppm)

1.967
2.861
1.007
4.18=

o] 4267

BF, O

(Y0

13C for (E)-3-(difluoroboraneyl) -3-phenyl-1-(pyrrolidin -1-yl)prop-2-en-1-one (2a)

101



o oMo N
© TMmom N Qa 25
o ndaa ) N Q®
N MmmAN = % 0 8§
- oo - Ll < < NN
NNV ~ N
|
| l
ho h o W At e Y N i A i
T T T T T T T T T T
180 160 140 120 100 80 60 40 20 o
f1 (ppm)
BF, O

OO

11B for (E)-3-(difluoroboraneyl)-3-phenyl-1-(pyrrolidin -1-yl)prop-2-en-1-one (2a)

102

20

15

10




—7.77

/815
N\ 7.38

T T T T T T
30 20 10 o -10 -20
f1 (ppm)

BF, O

OO

19F for (E)-3-(difluoroboraneyl) -3-phenyl-1-(pyrrolidin -1-yl)prop-2-en-1-one (2a)

103

4500

4000

3500

3000

2500

2000

1500

1000

500




—-152.93
~-153.08

T
-147

T
-148

T
-149

T
-150

T
-151

T
-152

T
-153
f1 (ppm)

104

T
-154

T
-155

T
-156

T
-157

T
-158

1600

1400

1200

1000

800

600

400

200




BF, O

[

H for (E)-3-(difluoroboraneyl) -1-(pyrrolidin -1-yl)-3-(p-tolyl)prop -2-en-1-one (2

A

500

400

300
200
100

SWL 00°0- |
STT

aseaub wN..:

193em 9G°T 1
66'T /
66'T |
10°Z 1
102 1
T0°C
z0'Z
€0°C
€0°C
voz g
S0°T
90z
90°Z
£0°T
£0°CA
803
60°C 7
60T ﬁ
[} &4
otz
1T
AN
A% %
1z ]
vz
vrz ]
8e'z”
e
vLe
9s'€
we
6L€

WDa 0€'s —

1859 —
oT'L
L V

S9 L~
8oL

= == Foov
L

f1 (ppm)

105



BF, O

R

13C for (E)-3-(difluoroboraneyl) -1-(pyrrolidin -1-yl)-3-(p-tolyl)prop -2-en-1-one (20

N $¥o N

© N O In - e o 0o

d daa L} Na 5@

< MAN B 6N 0 o

o e - < < NAA

[ SNV ' N/
T T T T T T T T T T
180 160 140 120 100 80 60 40 20 o

f1 (ppm)

106

60

50

40

30

20

10




BF, O

Jonas

1B for (E)-3-(difluoroboraneyl) -1-(pyrrolidin -1-yl)-3-(p-tolyl)prop-2-en-1-one (2H

—7.74

200

180

160

140

120

100

80

r 60

a0

20

T T T T T T T T T
80 60 40 20 1] -20 -40 -60 -80
f1 (ppm)

107



BF, O

Jonas

19F for (E)-3-(difluoroboraneyl)-1-(pyrrolidin -1-yl)-3-(p-tolyl)prop -2-en-1-one ()

—-153.43

~200
~150
~100
~50
mwmm*mmmwmmw Lm»mmwwwmo

T T T T T T T
-120 -130 -140 -150 -160 -170 -180
f1 (ppm)

108



O

H for (E)-3-(difluoroboraneyl) -1-(pyrrolidin -1-yl)-3-(m-tolyl)prop -2-en-1-one (29

A

BF, O

| 1600
| 1400
|1200
| 1000
|- 800
| 600
400
200

aseaub 97'T —

T6'T
V6’1
S6'T
L6°'T
66'T
00'c
[4' 4
€0°'C
S0°'T
90°'C

LE'T

Foz'v

L6'T

S9'€

00V

T°s'9 — \lk =680

oT'L
NN.N/
see —== 3Ee0
oee /. o ort
vs'L
9S°L
LS°L

109

f1 (ppm)




BF, O

Ty

13C for (E)-3-(difluoroboraneyl) -1-(pyrrolidin -1-yl)-3-(m-tolyl)prop -2-en-1-one (29

< aocoanNOMm o

< MR Ne NNy

N SfHowY o e meag

N MmMmmmaaN A N ]

- ol e o - - < < NANAN

[ SSNN A [ ' NG/
T T T T T T T T T T T T
220 200 180 160 140 120 100 80 60 40 20 0o

f1 (ppm)

110

r16

14

12

-10




BF, O

ACRE'®

1B for (E)-3-(difluoroboraneyl) -1-(pyrrolidin -1-yl)-3-(m-tolyl)prop -2-en-1-one (Z)

7.81

T T T T T T T T T
80 60 40 20 1] -20 -40 -60 -80
f1 (ppm)

111

2000

1800

1600

1400

1200

1000

800

600

400

200




BF, O

\@)\)J\N Q
19F for (E)-3-(difluoroboraneyl)-1-(pyrrolidin -1-yl)-3-(m-tolyl)prop -2-en-1-one (Z)

140

-153.22

120

100

80

60

40

20

T T T T T T T
-120 -130 -140 -150 -160 -170 -180
f1 (ppm)

112



BF, O

MN@

H for (E)-3-(4-(tert-butyl)phenyl)-3-(difluoroboraneyl) -1-(pyrrolidin -1-yl)prop -2-en-1-one
(2d)

g 5000
8
[
3
MmN n NMEHSETNO TONIMANO®ON ~
NRYYS @ RAANNE @rdrdrddA0o b
NNNN o MMM NNNNNNNANAN -
NV e e
I-4000
3000
I-2000
1000
|
[ [
i ' i
|
I M M L Lo
{3 d 3 a & 3
0 © o S a ] -1
- - Ral N - m ]
T T T T T T T T T T T
9 8 7 6 5 4 3 2 1 0 1
f1 (ppm)

113



BF, O

MN@

13C for (E)-3-(4-(tert-butyl)phenyl)-3-(difluoroboraneyl) -1-(pyrrolidin -1-yl)prop-2-en-1-one
(2d)

I 5000
N o o MmO ©
- © 0 am < N © < 1 o N
I < Mmoo 15 @ © M B
N n MmAaN - 0 0 n = n n
- - o - - < < M m NN
[ (I [ N SN[
4000
3000
2000
1!
1000
| |
|
|
| |
N p . y o
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 o

f1 (ppm)

114



BF, O

MN@

1B for (E)-3-(4-(tert-butyl)phenyl)-3-(difluoroboraneyl) -1-(pyrrolidin -1-yl)prop -2-en-1-one
(2d)

800

—7.86

700

600

500

400

300

200

100

T T T T T T T T T
80 60 40 20 [} -20 -40 -60 -80
f1 (ppm)

115



BF, O

MN@

19F for (E)-3-(4-(tert-butyl)phenyl)-3-(difluoroboraneyl) -1-(pyrrolidin -1-yl)prop -2-en-1-one
(2d)

-152.19

12

10

T T T T T T T
-120 -130 -140 -150 -160 -170 -180
f1 (ppm)

116



~

1000
900

800

700

600

500

400

300

200
100

oseab 92T |

193em pS°T |
86°T 1
66'T |
00°Z
10°T
z0°Z 1
zozH
¥0'C Jk
v0°Z
S0°Z
S0°Z
90'C /W
£0°CT
102
80°T |
60°Z |
0T°Z
1T
A% %
e
e
€L’

SL'E T

e \
ve'e

Lv'o —
£€6°9~
5697

69°L~
e

(E)-3-(difluoroboraneyl) -3-(4-methoxyphenyl}1-(pyrrolidin -1-yl)prop-2-en-1-one

for

'H
(2e)

200V
=90'€

=8'T

=L8'T

EN

f1 (ppm)

117



BF, O

0
~
13C for (E)-3-(difluoroboraneyl)-3-(4-methoxyphenyl)-1-(pyrrolidin -1-yl)prop -2-en-1-one
(29

~25
(o] 0] MmN
< n = n m (-] n = N ©
o - 0 < N NgEm N
o MmN - o n 0 0 n <
- o o n < < NN
| I \/ RS \/
20
~15
~10
-5
A S -
T T T T T T T T T T
180 160 140 120 100 80 60 40 20 0

f1 (ppm)

118



BF, O

0
~
1B for (E)-3-(difluoroboraneyl)-3-(4-methoxyphenyl)}1-(pyrrolidin -1-yl)prop-2-en-1-one
(2e)

8.08
7.69
7.26

v
\

700

600

500

400

300

200

100
K__W,ﬁﬁkv Lo

T T T T T T T T T
80 60 40 20 o -20 -40 -60 -80
f1 (ppm)

119



BF, O

0
~
9F for (E)-3-(difluoroboraneyl)-3-(4-methoxyphenyl)-1-(pyrrolidin -1-yl)prop -2-en-1-one
(29

600

-152.76

500

400

300

200

100

= 3

T T T T T T T
-120 -130 -140 -150 -160 -170 -180
f1 (ppm)

120



BF,

o]
SRS
o]
H for (E)-3-(benzo[d][1,3]dioxo}5-yl)-3-(difluoroboraneyl) -1-(pyr rolidin -1-yl)prop -2-en-1-
one (2§

o
a
z I 11000
HENO®N N aNOVTNO VHARNNDTNHQ
MmAaNQa® ] NNROOO Ioqaaa a0 r
NNNNGO © MM e NNFr A
~V |~ N/ & | SN e—" 10000
~9000
8000
~7000
6000
5000
~4000
3000
| -
|
b | 2000
|
|
~1000
_J Ji Lo
S & o o
aQaa e Qo N
oHOO N N o= < +--1000
T T T T T T T T T T T
9 8 7 6 5 4 3 2 1 V] 1
f1 (ppm)

121



BF, O

<OWNQ
0
13C for (E)-3-(benzo[d][1,3]dioxok5-yl)-3-(difluoroboraneyl)-1-(pyrrolidin -1-yl)prop -2-en

1-one (29

122
















































































































































































































































































































































