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General information

All experiments were performed under an atmosphere of nitrogen, using anhydrous
solvents, unless stated otherwise. *H NMR and 13C NMR spectra were recorded using
400 and 500 MHz spectrometers, with chemical shift values being reported in ppm
relative to residual chloroform (6n = 7.27 or &6c = 77.0) as internal standards. All
coupling constants (J) are reported in Hertz (Hz). Mass spectra were obtained using
positive and negative electrospray (ES*) or gas chromatography (GC) methodology.
Infra-red spectra were recorded as evaporated films or neat using a FT/IR spectrometer.
Column chromatography was carried out using 35-70 m, 60 A silica gel. Routine TLC
analysis was carried out on aluminum sheets coated with silica gel 60 F254, 0.2 mm
thickness and plates were viewed using a 254 nm ultraviolet lamp and dipped in
agueous potassium permanganate. Enantiomeric ratios were determined by HPLC
analysis Chiral Technologies Chiralpak® IA (4.6 x 250 mm), Chiralcel® OD-H (4.6 x 250
mm) in comparison with authentic racemic materials. Specific rotations were
measured on a Rudolph Research Analytical Autopol | Automatic Polarimeter. Melting
points were measured on a Stuart Scientific capillary melting point apparatus and are

uncorrected.

Materials

Reagents were either purchased directly from commercial suppliers or prepared
according to literature procedures. K3PO4, K;COs, diboron pinacol ester, CuTc and
Xantphos were purchased from Sigma-Aldrich and used as received.

1a-1z! and chiral PHOX ligands? were prepared according to the methods previously

reported.
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The synthesis of compound 3

H Ts

N NH, . |
\”/ TsCl (3.5 equiv) N.
o CN
MesN pyridine, 30 min, rt
Me2N

$1

3

According to the reported procedure?, a 250 mL round-bottom flask was charged with
S1 (18 g, 100 mmol, 1 equiv) and pyridine (80 mL). p-Toluenesulfonyl chloride (67 g,
350 mmol, 3.5 equiv) was added portion wise over 5 minutes. The reaction mixture
was stirred at room temperature for 30 min. The reaction was quenched with 800 mL
water and left to stir for an additional 30 min. The precipitate formed was filtered and
washed with water. The crude product was recrystallised from ethanol and the pure 3
(22 g, 70 mmol, 70%) was isolated as a pale yellow solid. Melting Point: 81-83 °C.

1H NMR (400 MHz, CDCls) & ppm 2.50 (s, 3H, CHs), 2.99 (s, 6H, 2 X CHs), 6.57 (d, J = 9.1
Hz, 2H, ArCH), 6.94 (d, J = 9.0 Hz, 2H, ArCH), 7.35 (d, J = 8.4 Hz, 2H, ArCH), 7.66 (d, J =
8.2 Hz, 2H, ArCH).

13C NMR (125 MHz, CDCls) & ppm 21.8 (CHs), 40.2 (CHs), 109.3 (ArC), 112.1 (ArCH),
121.9 (CN), 128.1 (ArCH), 128.5 (ArCH), 130.1 (ArCH), 132.6 (ArC), 146.4 (ArC), 151.2
(ArC).

HRMS (m/z, ESI): Calcd. for C16H17N30,S [M+H]: 316.1114, found: 316.1107.

Vmax (thin film/cm™): 2231, 1595, 1516, 1444, 1340, 1367,1231, 1185, 1171, 1081, 951.
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Optimization of the copper-catalyzed enantioselective borocyanation of

dienes

Table S1. Screening of chiral ligands®®

Ts
N CuBr(Me,S) (10 mol%) CN Bpin
“CN Ligands (10 mol%) CN
ANt /©/ ™ Bpin
Ph X B,piny (2.0 eq) Ph/\)\/ p P>
MeO Kzgoz 10 q) Ph
3P0, (1.0 eq A
THF, rt B
o]
PPh < O Ph Meo
2 o PPh,  MeO PPh, PPh
P 2
OO PPh, o PPh,  MeO PPh, \/\P
ol O OMe
yield? (A/B): 33%/30% yield (A/B): 32%/32% yield (A/B): 40%/40% yield (A/B): 11%/- yield (A/B): 31%/22%
eeb of A: 45% ee of A: 39% ee of A: 44% ee of A: 2% ee of A: 39%

"Prmq
P
<rau o O
@ o OMe
PPh,
D
pr

yield (A/B): 31%/- yield (A/B): 36%/22% yield (A/B): 28%/- yield (A/B): 7%/8%  vyield (A/B): 12%/1%
ee of A: 2% ee of A: 15% ee of A: 2% ee of A: 53% ee of A: 16%
OO >*Ph OO d' Ve PPh2 PPh,
PN ’
oy Q
yield (A/B): 8%/1% yield (A/B): 6%/1% yield (A/B): 55%/3% yield (A/B): 45%/3% yield (A/B): 50%/2%
ee: nd. ee: n.d. ee of A: 2% ee of A: 7% ee of A: 40%
Cy,P.
S P, Q:@
PhoP™ Fe Cy2P” Fe /\/ PPh2
@ Me @ NMe2 /T\
yield (A/B): 14%/9% yield (A/B): 45%/12% yield (A/B): 22%/10% yield (A/B): trace yield (A/B): 57%/3%
ee of A: 31% ee of A: 2% ee of A: 40% ee: n.d. ee of A: 54%

aYield and regioselectivity (A:B) were determined by 'H-NMR analysis of crude reaction mixtures. ® The ee values

were determined by HPLC analysis on a chiral stationary phase.”
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Table S2. Screening of cyanating agents®?

R2 CuBr(Me,S) (10 mol%) /\)Ci/ oN Bpin
| ligand (10 mol%) X Bpin
A _N_ (0]
PN R' "CN B,pin, (2.0 eq) Ph Ph Z ‘ \J
K3POy4 (1.0 eq) A B i PPhaN—/
THF, rt ‘ =
R
R |
E’S N MeO Ny !

o T %

MeO MeO E s\\

Me,N OMe ! 0
yield® (A/IB): 57%/ 3% yield (A/B): 50%/ 2% yield (A/B): 25%/ 2% ' MeO
eeP of A: 54% ee of A: 40% ee of A: 43%
Ts
TS N\CN MeO Eh (0] I'Dh
N e >
CN /©/ N s? Neen
FsC (0] Me o
yield (A/B): 35%/ - yield (A/B): 11%/ - yield (A/B): 8%/19% yield (A/B): 16%/-
ee of A: 55% ee of A: 62% ee: n.d. ee of A: 59%
aYield and regioselectivity (A:B) were determined by 'H-NMR analysis of crude reaction mixtures. ® The ee values
were determined by HPLC analysis on a chiral stationary phase.”

Table S3. Screening of chiral PHOX ligands?®®

Ts
\ CuBr(Me,S) (10 mol%)

N CN
CN Ligands (10 mol%) ) CN
PhM + /O/ " Ph/\)\/ Bpin _
Me,N 2pin; (2.0 eq) Ph
A B

K3PO4 (10 eq)

Bpin

THF, rt
0 0
o B
2 z PPh, ,\}\Z PPh, N\g Fle PPh; Fe PPh,
A . T e -
yield®: 57%/3% yield: 59%!/- yield: 71%!/- yield: 23%/1% yield: 11%/-
eeP of A: 54% ee of A: 30% ee of A: 6% ee of A: 59% ee of A: 9%
0 03
N v,
Ar = 4-MeO-CgH,, yield: 42%/-; ee of A: 71% @/g@é @AN ﬁ
o) ! Fe pi
\J Ar = 3,5-CF3-CgHs, yield: 58%-; ee of A: 79% Fe PAr, :ue; P'Pr
PAT2 N~ Ar = 3,5-tBU-4-MeO-CqH, yield: 38%/5%, 57%
2 =3, u € 62, yleld: 0/970, ° Ar = 3,5-CF5-CgHj yield: 20%/-
/l\ yield: 10%/-, ee of A: 10%  €e of A: 25%

aYield and regioselectivity (A:B) were determined by tH-NMR analysis of crude reaction mixtures. ® The ee values

were determined by HPLC analysis on a chiral stationary phase.
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Table S4. Screening of bases®®

i Me2N/©/ B,pin; (2.0 eq) Ph i PPh, ,\}J
T A -
entry Base Yield (A/B) ee of A

1 KOtBu 32%/- 14%
2 NaOtBu 73%/- 28%
3 LiOtBu 51%/- 4%
4 NaOMe 53%/3% 69%
5 NaOEt 55%/3% 42%
6 NaOtAmyl 44%/- 14%
7 LiOEt 47%/3% 50%
8 KOH 55%/3% 21%
9 Na,CO3 2%/- -

10 K,CO3 48%/2% 71%
11 Cs,COs 40%/- 12%
12 CsF 54%/- 48%
13 LiOH 49%/4% 69%
14 LiNH; 31%/- 69%
15 Ag,CO3 16%/- 56%
16 NaOH 50%/3% 31%

aYield and regioselectivity (A:B) were determined by H-NMR analysis of crude reaction mixtures. ®* The ee

values were determined by HPLC analysis on a chiral stationary phase.




Table S5. Screening of Copper sources®?

Ts

N Cu Salt (10 mol%) CN Bpin | o
R S N C S R
ol : ; a
entry Cu Yield ee of A
1 Cudl 65% 80%
2 Cul 22% 74%
3 CuPFs(MeCN)4 60% 62%
4 CuBF4(MeCN)4 57% 70%
5 CuTc 62% 83%
6 CuOAc 42% 83%
7 CuCN 47% 63%
8 CuCl, 49% 70%
9 Cu(OAc), 47% 82%
10 Cu(OTf)2 55% 58%

values were determined by HPLC analysis on a chiral stationary phase.

aYield and regioselectivity (A:B) were determined by H-NMR analysis of crude reaction mixtures. ®* The ee

Table S6. Screening of solvents®”

Ts
N CuTc (10 mol%) CN Bpin | o
s AT S e TS
Saivent, Tomp. A s A
entry Solvent Temperature Yield ee of A
1 2-Me-THF 25°C 78% 86%
2 MTBE 25°C 70% 86%
3 Dioxane 25°C 78% 82%
4 Et.0 25°C 80% 88%
5 toluene 25°C 46% 87%
6 MeCN 25°C 24% 20%
7 2-Me-THF 0°C 51% 88%
8 MTBE 0°C 56% 88%
9 Dioxane/THF 0°C 43% 86%
10 Et,O 0°C 60% 91%
11 THF 0°C 65% 87%
12 THF -10°C 50% 87%
aYield and regioselectivity (A:B) were determined by H-NMR analysis of crude reaction mixtures. ® The ee
values were determined by HPLC analysis on a chiral stationary phase.
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Table S7. Screening the loading of base and cyanating agent®®

Ls CuTc (10 mol%) CN Bpin Q\(
PSS MegN/©/ - "2:::12(1(;;1 :::?) PhMBpin P“U PPh; NLO)
X equiv. Y equiv. Kzgfz’gfg%gm A B 3 A=
entry X Y Yield ee of A
1 1.0 1.5 63% 91%
2 1.0 2.0 67% 91%
3 1.2 1.0 68% 91%
4 15 1.0 70% 91%
5 2.0 1.0 85% 91%
aYield and regioselectivity (A:B) were determined by 'H-NMR analysis of crude reaction mixtures. ® The ee
values were determined by HPLC analysis on a chiral stationary phase.

Table S8. Screening of bases®®

Ts
N CuTe (10 mol%) CN oN Bpin |
LA /@/ CN ligand (10 mol%) Ph/\)\/Bpin /K)/ 3 o
Me,N Bopin, (2.0 eq) Ph ' \\)
) Base (1.2 eq) A B i PPh, N—/
2 equiv. 1 equiv. Et,0,0°C /T\
entry Base Yield ee of A
1 NasPO4 48% 90%
2 K3PO4 90% 91%
3 LiOtBu 88% 62%
4 KOtBu 60% 84%
a Yield and regioselectivity (A:B) were determined by H-NMR analysis of crude reaction mixtures. ® The ee
values were determined by HPLC analysis on a chiral stationary phase.

Table S9. Unsuccessful substrates
The following substrates were tested under the optimized conditions, however, the desired product

was not observed.

Ph
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General procedure for the copper-catalyzed enantioselective

borocyanation of dienes

o)
N\CN 1 \/>”"é
AN, - /©/ . Bypin CuTe/L7 (10 mol%) CN : @\/LN
N 2 2 . :
Ar/\/k/Bpm : PAr,

KoCO3 or K3POy4 (1.2 equiv
0.2 mmol 0.4 mmol 2 %120,30 0041 (16 h q )

) ) 4 ! Ar=35-CFsCgHs

L7
To a 10 mL vial, CuTc (4 mg, 0.02 mmol, 10 mol %), chiral ligand L7 (13 mg, 0.02 mmol,
10 mol%) and 2 mL dry Et,0 were added under a nitrogen atmosphere. The solution
was stirred at room temperature for 30 min to generate the copper/L7 complex. In
another 10 mL vial, K2CO3 (33 mg, 0.24 mmol, 1.2 equiv) or K3PO4 (51 mg, 0.24 mmol,
1.2 equiv), N-cyano-N-(4-(dimethylamino)phenyl)-4-methylbenzenesulfonamide (63
mg, 0.2 mmol, 1.0 equiv), Bzpinz (102 mg, 0.4 mmol, 2.0 equiv), diene (0.4 mmol) and
2 mL dry Et,0 were mixed under a nitrogen atmosphere. This solution was then stirred
for 5 min at 0 °C, before the solution of copper/L7 complex was added by syringe and
the new mixture was stirred for 16 h at 0 °C. The product mixture was then filtered
through celite, concentrated in vacuo and the crude product mixture was purified by

chromatography to afford the pure products.

(S,E)-4-Phenyl-2-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)but-3-
enenitrile (4a)

CN
Ph/\)\/Bpin
Prepared according to the General Procedure on a 0.2 mmol scale (>20:1 rs and 90%
NMR vyield of crude material using MeNO; as internal standard). Column
chromatography (Hexane/EtOAc/AcOH = 100/3/1) afforded the title compound as a
colorless oil (48 mg, 0.170 mmol, 85%). *H NMR (500 MHz, CDCl3) 6 ppm 1.26 (s, 12H,
4x CHs),1.30(dd, /= 16.1, 8.2 Hz, 1H, CH2Bpin), 1.41 (dd, /= 16.1, 7.2 Hz, 1H, CH,Bpin),
3.59 - 3.64 (m, 1H, CHCN), 6.10 (dd, J = 15.8, 6.5 Hz, 1H, CH=CH), 6.68 (d, J = 15.8 Hz,

1H, CH=CH), 7.25 — 7.28 (m, 1H, ArCH), 7.31— 7.37 (m, 4H, ArCH).
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13C NMR (125 MHz, CDCls) & ppm 24.8 (CHs), 24.9 (CHs), 29.7 (CH-CN), 84.1 (OC(CHs)2),
121.2 (CN), 124.9 (ArCH), 126.5 (CH=CH), 128.1 (ArCH), 129.0 (CH=CH), 132.4 (ArCH),
135.9 (ArC), (CH2B not observed).

118 NMR (160 MHz, CDCl3) & ppm 32.8.

HRMS (m/z, ESI): Calcd. for C17H2,BNO, [M+H]: 284.1816, found: 284.1804.

vmax (thin film/cm™): 2978, 2240, 1449, 1407, 1371, 1331, 1272, 1166, 1140, 964.
Specific rotation: [a]p?’+16.3 (c = 0.92, CHCI5).

Enantiomeric purity of 4a was determined by HPLC analysis in
comparison with authentic racemic material (91% e.e. shown; OD-H column,

998:2 hexanes:i-PrOH, 1.0 mL/min, 20 °C, 254 nm).

w o o~
¥ o 3
B 2 2}
b f\
R A
R
[ |
‘ \“ ‘ \\ ° |
[\ ‘\ \ 2
| \ \ <
AN N 0y ‘
. — —— — —
-
30 40 50 60 30 40 50 60
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] 3

The gram-scale synthesis of this compound was conducted following a modified
version of the General Procedure:

To a 100 mL flask, CuTc (50 mg, 0.25 mmol, 5 mol %), chiral ligand L7 (163 mg, 0.25
mmol, 5 mol%) and 50 mL dry Et.O were added under a nitrogen atmosphere. The
solution was stirred at room temperature for 30 min to generate the copper/L7
complex. In another 250 mL flask, K,CO3 (828 mg, 6.0 mmol, 1.2 equiv), N-cyano-N-(4-
(dimethylamino)phenyl)-4-methylbenzenesulfonamide (1.6 g, 5.0 mmol, 1.0 equiv),
B,pinz (2.5 g, 10.0 mmol, 2.0 equiv), diene (1.3 g, 10.0 mmol) and 50 mL dry Et,O were
mixed under a nitrogen atmosphere. This solution was then stirred for 5 min at 0 °C,
before the solution of copper/L7 complex was added by syringe and the new mixture
was stirred for 16 h at 0 °C. The product mixture was then filtered through celite,

concentrated in vacuo and the crude product mixture was purified by column
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chromatography (Hexane/EtOAc/AcOH = 100/3/1) to afford the title compound as a
colorless oil (892 mg, 3.15 mmol, 64%).

Enantiomeric purity of 4a was determined by HPLC analysis in comparison with
authentic racemic material (83% e.e. shown; OD-H column, 998:2 hexanes:i-PrOH, 1.0

mL/min, 20 °C, 254 nm).

48445

44 604

30 40 50 60

Peak RetTime Type Width Area
# [min] i{min] [m

eight Area
[mAU] %

44.604 BB 1.0172 338 1 45.17247 8.7323
2 48.445 BB 1.7086 3.53363e4 271.47873 91.2677

(S,E)-2-((4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)-4-(p-tolyl)but-3-
enenitrile (4b)

CN

/@/\/‘\/Bpin
Me

Prepared according to the General Procedure on a 0.2 mmol scale (>20:1 rs and 70%
NMR vyield of crude material using MeNO; as internal standard). Column
chromatography (Hexane/EtOAc/AcOH = 100/3/1) afforded the title compound as a
colorless oil (41 mg, 0.138 mmol, 69%). *H NMR (500 MHz, CDCl3) 6 ppm 1.26 (s, 12H,
4xCHs),1.31(dd,/=16.1, 8.3 Hz, 1H, CH2Bpin), 1.41 (dd, J=16.1, 7.2 Hz, 1H, CH;Bpin),
2.35(s, 3H, CH3s), 3.58-3.63 (m, 1H, CHCN), 6.05 (dd, J = 15.8, 6.6 Hz, 1H, CH=CH), 6.65
(d,J=15.8 Hz, 1H, CH=CH), 7.13 (d, J = 8.0 Hz, 2H, ArCH), 7.25 (d, J = 8.2 Hz, 2H, ArCH).
13C NMR (125 MHz, CDCl3) 6 ppm 21.2 (CHs), 24.8 (CHs), 24.9 (CHs), 29.7 (CH-CN), 84.0
(C(CHs)2), 121.4 (CN), 123.9 (CH=CH), 126.4 (ArCH), 129.4 (ArCH), 132.3 (CH=CH), 133.1
(ArC), 138.0 (ArC), (CH2B not observed).

1B NMR (160 MHz, CDCls) 6 ppm 32.4.
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HRMS (m/z, ESI): Calcd. for C1gH24BNO, [M+Na]: 320.1792, found: 320.1781.

Vmax (thin film/cm™): 2978, 2924, 2241, 1513, 1407, 1371, 1332, 1279, 1167, 1141, 966.
Specific rotation: [a]p?’+15.8 (c = 0.83, CHCls).

Enantiomeric purity of 4b was determined by HPLC  analysis in
comparison with authentic racemic material (92% e.e. shown; OD-H column,
99:1 hexanes:i-PrOH, 1.0 mL/min, 20 °C, 254 nm).

B :

|

I
|

I 3
‘\H 8|

d T \ . LN \

5 10 15 | 5 10 15

Peak RetTime Type Width Area Height Area

(S,E)-4-(4-Methoxyphenyl)-2-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)methyl)but-3-enenitrile (4c)

CN

/@/\/‘\/Bpin
MeO

Prepared according to the General Procedure on a 0.2 mmol scale (>20:1 rs and 52%
NMR vyield of crude material using MeNO; as internal standard). Column
chromatography (Hexane/EtOAc/AcOH = 100/3/1) afforded the title compound as a
colorless oil (30 mg, 0.096 mmol, 48%). *H NMR (500 MHz, CDCl3) 6 ppm 1.27 (s, 12H,
4xCHs),1.31(dd,/=16.1, 8.3 Hz, 1H, CH2Bpin), 1.45 (dd, /= 16.1, 7.2 Hz, 1H, CH;Bpin),
3.58-3.63 (m, 1H, CHCN), 3.83 (s, 3H, CH3s), 5.97 (dd, J = 15.8, 6.6 Hz, 1H, CH=CH), 6.63
(d, J=15.8 Hz, 1H, CH=CH), 6.86-6.89 (m, 2H, ArCH), 7.29-7.32 (m, 2H, ArCH).

13C NMR (125 MHz, CDCl3) & ppm 24.8 (CH3), 24.9 (CHs), 29.7 (CH-CN), 55.3 (OCH3),
84.0 (C(CHs)2), 114.1 (ArCH), 121.4 (CN), 122.7 (CH=CH), 127.7 (ArCH), 128.6 (ArC),

131.8 (CH=CH), 159.6 (ArC), (CH2B not observed).
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118 NMR (160 MHz, CDCl3) & ppm 32.7.

HRMS (m/z, ESI): Calcd. for C1gH24BNOs [M+H]: 314.1922, found: 314.1916.

vmax (thin film/cm™): 2977, 2934, 2240, 1607, 1511, 1372, 1333, 1249, 1175, 1141,
1032, 966.

Specific rotation: [a]p?’+12.9 (c = 0.89, CHCIs).

Enantiomeric purity of 4c was determined by HPLC analysis in
comparison with authentic racemic material (91% e.e. shown; OD-H column,

99:1 hexanes:i-PrOH, 1.0 mL/min, 20 °C, 254 nm).

) o)) o
@ S ®
' ﬁ
[ I ‘
| |
\ ‘l ‘\ \I [
] i
AR R
REER 8
| | N
o [ L&
— NN — ~ e
T T T T I I I I
15 20 25 30 15 20 25 30
Peak RetTime Type Width Area
# [min] [min]
1 22.509 VB 0.4487 2 87
2 24.309 BB 0.4862 2637.62915

(S,E)-4-([1,1'-Biphenyl]-4-yl)-2-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)methyl)but-3-enenitrile (4d)

CN

Ph

Prepared according to the General Procedure on a 0.2 mmol scale (>20:1 rs and 79%
NMR vyield of crude material using MeNO; as internal standard). Column
chromatography (Hexane/EtOAc/AcOH = 100/3/1) afforded the title compound as a
white solid (55 mg, 0.154 mmol, 77%). Melting Point: 69-71 °C.

'H NMR (500 MHz, CDCl3) & ppm 1.30 (s, 12H, 4 x CHs), 1.35 (dd, J = 16.1, 8.2 Hz, 1H,
CH:Bpin), 1.45 (dd, J = 16.1, 7.2 Hz, 1H, CH2Bpin), 3.64-3.69 (m, 1H, CHCN), 6.17 (dd, J
= 15.8, 6.5 Hz, 1H, CH=CH), 6.75 (d, J = 15.8 Hz, 1H, CH=CH), 7.38 (t, J = 7.5 Hz, 1H,

ArCH), 7.45-7.48 (m, 4H, ArCH), 7.59-7.63 (m, 4H, ArCH).
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13C NMR (125 MHz, CDCl3) & ppm 24.8 (CHs), 24.9 (CHs), 29.8 (CH-CN), 84.1 (C(CHs)a),
121.2 (CN), 125.0 (CH=CH), 127.0 (ArCH), 127.4 (ArCH), 127.5 (ArCH), 128.8 (ArCH),

132.0 (CH=CH), 134.9 (ArC), 140.5 (ArC), 140.9 (ArC), (CHB and 1 ArCH not observed).

118 NMR (160 MHz, CDCls) 6 ppm 32.9.
HRMS (m/z, ESI): Calcd. for CasH26BNO, [M+H]: 360.2129, found: 360.2130.
Vmax (thin film/cm™): 3029, 2977, 2932, 2239, 1486, 1407, 1371, 1332, 1271, 1141, 966.

Specific rotation: [a]p?’+22.6 (c = 1.45, CHCI5).
Enantiomeric  purity of 4d was determined by HPLC analysis in

comparison with authentic racemic material (93% e.e. shown; OD-H column,

99:1 hexanes:i-PrOH, 1.0 mL/min, 20 °C, 254 nm).

© ~
™ o r~
5o F 8 S 8
S E R &
L& | & |
/ |
“ | [ [
fod [ [
I 1 )
P | [ )
\ |
\ f | | \ qé‘
I ] | e &
\ / \ | o &
N N\ v
_— e S BN - o J S\‘ N P
T T T T T i T
40 50 40 50
Peak RetTime Type Width Area Height Area Peak RetTime Typ Widtt rea Helgl a
[min] [min] mAl*s] [mAlU] [min] [min] [mAU*=] [mAU]
-1
1 47.126 MM 1.6168 48B8.95370 96,5034
2 3,507 MM 1.7872 482.10529 196

(S,E)-4-(4-Fluorophenyl)-2-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)methyl)but-3-enenitrile (4e)
CN

/@/\)\/Bpin
F

Prepared according to the General Procedure on a 0.2 mmol scale (>20:1 rs and 82%
NMR vyield of crude material using MeNO; as internal standard). Column
chromatography (Hexane/EtOAc/AcOH = 100/3/1) afforded the title compound as a
colorless oil (50 mg, 0.166 mmol, 83%). *H NMR (500 MHz, CDCl3) 6 ppm 1.26 (s, 12H,
4x CHs),1.30(dd, /= 16.1, 8.2 Hz, 1H, CH2Bpin), 1.41 (dd, /= 16.1, 7.2 Hz, 1H, CH;Bpin),
3.58-3.63 (m, 1H, CHCN), 6.02 (dd, J = 15.8, 6.5 Hz, 1H, CH=CH), 6.49 (d, J = 15.8 Hz,

1H, CH=CH), 7.00-7.04 (m, 2H, ArCH), 7.31-7.35 (m, 2H, ArCH).
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13C NMR (125 MHz, CDCls) & ppm 24.8 (CHs), 24.9 (CHs), 29.6 (CH-CN), 84.1 (C(CHs)z),
115.6 (d, J = 21.6 Hz, ArCH), 121.1 (CN), 124.7 (d, J = 1.9 Hz, CH=CH), 128.0 (d, J = 31.9
Hz, ArCH), 131.2 (CH=CH), 132.0 (d, J = 3.6 Hz, ArC), 161.6 (d, J = 246.2 Hz, ArC), (CH2B
not observed).

118 NMR (160 MHz, CDCl3) & ppm 32.7.

19F NMR (470 MHz, CDCls) & ppm -113.6.

HRMS (m/z, ESI): Calcd. for C17H21BFNO, [M+Na]: 324.1542, found: 324.1529.

vmax (thin film/cm™): 2979, 2932, 2360, 2240, 1734, 1602, 1509, 1409, 1372, 1334,
1228, 1141, 966.

Specific rotation: [a]p?’+15.8 (c = 1.17, CHCI5).

Enantiomeric  purity of 4e was  determined by HPLC  analysis in
comparison with authentic racemic material (93% e.e. shown; OD-H column,

99:1 hexanes:i-PrOH, 1.0 mL/min, 20 °C, 254 nm).
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(S,E)-4-(4-Chlorophenyl)-2-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)methyl)but-3-enenitrile (4f)
CN

Cl

Prepared according to the General Procedure on a 0.2 mmol scale (>20:1 rs and 90%
NMR vyield of crude material using MeNO; as internal standard). Column

chromatography (Hexane/EtOAc/AcOH = 100/3/1) afforded the title compound as a
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white solid (56 mg, 0.178 mmol, 89%). Melting Point: 43-44 °C.

1H NMR (500 MHz, CDCls) & ppm 1.26 (s, 12H, 4 x CHs), 1.30 (dd, J = 16.1, 8.2 Hz, 1H,
CH2Bpin), 1.41 (dd, J = 16.1, 7.1 Hz, 1H, CH;Bpin), 3.59-3.63 (m, 1H, CHCN), 6.08-6.13
(m, 1H, CH=CH), 6.65 (d, J = 15.8 Hz, 1H, CH=CH), 7.26-7.32 (m, 4H, ArCH).

13C NMR (125 MHz, CDCl3) § ppm 24.8 (CH3), 24.9 (CHs), 29.7 (CH-CN), 84.1 (C(CHs)2),
121.0 (CN), 125.6 (CH=CH), 127.7 (ArCH), 128.9 (ArCH), 131.2 (CH=CH), 133.8 (ArC),
134.4 (ArC), (CH2B not observed).

118 NMR (160 MHz, CDCls) & ppm 32.7.

HRMS (m/z, ESI): Calcd. for C17H21CIBNO, [M+H]: 318.1427, found: 318.1420.

Vmax (thin film/cm™): 2978, 2931, 2241, 1738, 1594, 1491, 1372, 1333, 1141, 1091, 966.
Specific rotation: [a]p?’+3.8 (c = 0.35, CHCls).

Enantiomeric purity  of 4f was determined by HPLC  analysis in
comparison with authentic racemic material (91% e.e. shown; OD-H column,

99:1 hexanes:i-PrOH, 1.0 mL/min, 20 °C, 254 nm).
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(S,E)-4-(4-Bromophenyl)-2-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)methyl)but-3-enenitrile (4g)

CN

/@/\/‘\/Bpin
Br

Prepared according to the General Procedure on a 0.2 mmol scale (>20:1 rs and 80%
NMR vyield of crude material using MeNO; as internal standard). Column

chromatography (Hexane/EtOAc/AcOH = 100/3/1) afforded the title compound as a
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white solid (52 mg, 0.144 mmol, 72%). Melting Point: 42-44 °C.

1H NMR (500 MHz, CDCl3) & ppm 1.28 (s, 12H, 4 x CHs), 1.32 (dd, J = 16.1, 8.2 Hz, 1H,
CH2Bpin), 1.43 (dd, J = 16.2, 7.2 Hz, 1H, CH,Bpin), 3.60-3.64 (m, 1H, CHCN), 6.11 (dd, J
= 15.8, 6.5 Hz, 1H, CH=CH), 6.65 (dd, J = 15.8, 0.6 Hz, 1H, CH=CH), 7.23-7.26 (m, 2H,
ArCH), 7.46-7.48 (m, 2H, ArCH).

13C NMR (125 MHz, CDCl3) § ppm 24.8 (CHs), 24.9 (CHs), 29.7 (CH-CN), 84.1 (C(CHs)2),
121.0 (CN), 122.0 (ArC), 125.7 (CH=CH), 128.0 (ArCH), 131.3 (CH=CH), 131.8 (ArCH),
134.8 (ArC), (CH2B not observed)

118 NMR (160 MHz, CDCls) & ppm 32.7.

HRMS (m/z, ESI): Calcd. for C17H21BBrNO> [M+H]: 362.0921, found: 362.0917.

Vmax (thin film/cm™): 2978, 2932, 2240, 1588, 1488, 1372, 1333, 1279, 1167, 1141,
1072, 1008, 966.

Specific rotation: [a]p?’+19.6 (c = 0.67, CHCI5).

Enantiomeric  purity of 4g was determined by HPLC  analysis in

comparison with authentic racemic material (91% e.e. shown; OD-H column,

99:1 hexanes:i-PrOH, 1.0 mL/min, 20 °C, 254 nm).
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(S,E)-2-((4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)-4-(4-

(trifluoromethyl)phenyl)but-3-enenitrile (4h)
CN

/@/\)\/Bpin
Fs;C

Prepared according to the General Procedure on a 0.2 mmol scale (>20:1 rs and 77%
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NMR vyield of crude material using MeNO; as internal standard). Column
chromatography (Hexane/EtOAc/AcOH = 100/3/1) afforded the title compound as a
white solid (41 mg, 0.118 mmol, 59%). Melting Point: 35-37 °C.

1H NMR (500 MHz, CDCl3) & ppm 1.27 (s, 12H, 4 x CHs), 1.32 (dd, J = 16.2, 8.2 Hz, 1H,
CH.Bpin), 1.43 (dd, J = 16.2, 7.2 Hz, 1H, CHBpin), 3.62-3.67 (m, 1H, CHCN), 6.21 (dd, J
=15.9, 6.4 Hz, 1H, CH=CH), 6.74 (d, J = 15.8 Hz, 1H, CH=CH), 7.45 (d, J = 8.2 Hz, 2H,
ArCH), 7.58 (d, J = 8.3 Hz, 2H, ArCH).

13C NMR (125 MHz, CDCl3) & ppm 16.5 (CH2Bpin), 24.8 (CHs), 24.8 (CHs), 29.7 (CH-CN),
84.1 (C(CHs),), 120.8 (CN), 123.0 (q, J = 270.2 Hz, CF3), 125.6 (q, J = 3.7 Hz, ArCH), 126.7
(CH=CH), 127.6 (ArCH), 129.6 (q, J = 32.1 Hz, ArC), 131.1 (CH=CH), 139.3 (ArC)

1B NMR (160 MHz, CDCl3) § ppm 32.4.

F NMR (470 MHz, CDCl3) 6§ ppm -62.6.
HRMS (m/z, ESI): Calcd. for C1gH21BF3NO2 [M+H]: 352.1690, found: 352.1690.
vmax (thin film/ecm™): 2980, 2242, 1616, 1373, 1323, 1268, 1165, 1122, 1067, 1016, 966.

Specific rotation: [a]p?’+19.1 (c = 1.31, CHCI5).
Enantiomeric  purity of 4h was  determined by HPLC analysis in
comparison with authentic racemic material (80% e.e. shown; OD-H column,

99:1 hexanes:i-PrOH, 1.0 mL/min, 20 °C, 254 nm).
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Methyl (S,E)-4-(3-cyano-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)but-1-en-1-
yl)benzoate (4i)
CN

/@/\/’\/Bpin
MeO,C

Prepared according to the General Procedure on a 0.2 mmol scale (>20:1 rs and 80%
NMR vyield of crude material using MeNO; as internal standard). Column
chromatography (Hexane/EtOAc/AcOH = 100/3/1) afforded the title compound as a
colorless oil (39 mg, 0.114 mmol, 57%). *H NMR (500 MHz, CDCl3) 6 ppm 1.28 (s, 12H,
4xCHs), 1.34(dd,J = 16.1, 8.2 Hz, 1H, CHBpin), 1.45 (dd, J = 16.1, 7.2 Hz, 1H, CH2Bpin),
3.64-3.68 (m, 1H, CHCN), 3.94 (s, 3H, CH3), 6.24 (dd, J = 15.8, 6.4 Hz, 1H, CH=CH), 6.75
(d,J = 15.8 Hz, 1H, CH=CH), 7.43 (d, J = 8.3 Hz, 2H, ArCH), 8.01 (d, J = 8.2 Hz, 2H, ArCH).
13C NMR (125 MHz, CDCl3) 6 ppm 24.8 (CH3), 24.8 (CHs), 29.7 (CH-CN), 52.1 (OCHs),
84.1 (C(CHs)2), 120.8 (CN), 126.4 (ArCH), 127.6 (CH=CH), 129.6 (ArC), 130.0 (ArCH),
127.4 (ArCH), 131.5 (CH=CH), 140.3 (ArC), 166.7 (CO), (CH2B not observed).

118 NMR (160 MHz, CDCl3) § ppm 32.8.

HRMS (m/z, ESI): Calcd. for C19H24BNO4 [M+H]: 324.1871, found: 324.1868.

vmax (thin film/cm™): 2979, 2242, 1720, 1608, 1436, 1372, 1334, 1278, 1178, 1141,
1109, 966.

Specific rotation: [a]p?’+2.8 (c = 1.15, CHCI5).

Enantiomeric purity  of 4i was determined by HPLC  analysis in
comparison with authentic racemic material (79% e.e. shown; OD-H column,

99:1 hexanes:i-PrOH, 1.0 mL/min, 20 °C, 254 nm).

25883
31.761
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Peak RetTime Type Width Area Height Area
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S20



(S,E)-4-(2-Bromophenyl)-2-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)methyl)but-3-enenitrile (4j)

CN

@\/’\/Bpin
Br

Prepared according to the General Procedure on a 0.2 mmol scale (>20:1 rs and 74%
NMR vyield of crude material using MeNO; as internal standard). Column
chromatography (Hexane/EtOAc/AcOH = 100/3/1) afforded the title compound as a
colorless oil (47 mg, 0.130 mmol, 65%). *H NMR (500 MHz, CDCl3) 6 ppm 1.29 (s, 12H,
4xCHs), 1.35(dd, J = 16.1, 8.1 Hz, 1H, CHBpin), 1.45 (dd, J = 16.1, 7.3 Hz, 1H, CH2Bpin),
3.65-3.69 (m, 1H, CHCN), 6.08 (dd, J = 15.7, 6.9 Hz, 1H, CH=CH), 6.49 (d, J = 15.8 Hz,
1H, CH=CH), 7.14-7.17 (m, 1H, ArCH), 7.30 (t, J = 7.5 Hz, 1H, ArCH), 7.47 (d, J = 7.8 Hz,
1H, ArCH), 7.57 (d, J = 8.0 Hz, 1H, ArCH).

13C NMR (125 MHz, CDCls) § ppm 24.8 (CHs), 24.8 (CHs), 29.8 (CH-CN), 84.1 (C(CHs3)z),
121.0 (CN), 123.7 (ArC), 127.2 (CH=CH), 127.6 (ArCH), 127.9 (ArCH), 129.4 (ArCH),
131.5 (CH=CH), 133.1 (ArCH), 135.8 (ArC), (CH2B not observed).

118 NMR (160 MHz, CDCls) 6 ppm 32.6.

HRMS (m/z, ESI): Calcd. for C17H21BB:NO; [M+H]: 362.0921, found: 362.0918.

Vmax (thin film/cm™): 3063, 2978, 2930, 2242, 1467, 1407, 1373, 1334, 1279, 1141, 966.
Specific rotation: [a]p?’+20.7 (c = 0.81, CHCl3).

Enantiomeric purity  of 4j was determined by HPLC  analysis in
comparison with authentic racemic material (90% e.e. shown; OD-H column,

995:5 hexanes:i-PrOH, 1.0 mL/min, 20 °C, 254 nm).

53991

S21




Peak RetTime Type Width Area Height Area Peak RetTime Type Width
# min] min] [mAU*s] [mAT] # [min] [min

(S,E)-2-((4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)-4-(3-
(trifluoromethyl)phenyl)but-3-enenitrile (4k)

CN
AN Bpin

CF;
Prepared according to the General Procedure on a 0.2 mmol scale (>20:1 rs and 82%
NMR vyield of crude material using MeNO; as internal standard). Column
chromatography (Hexane/EtOAc/AcOH = 100/3/1) afforded the title compound as a
colorless oil (51 mg, 0.146 mmol, 73%). *H NMR (500 MHz, CDCl3) 6 ppm 1.28 (s, 12H,
4x CHs),1.33(dd, /= 16.1, 8.2 Hz, 1H, CH,Bpin), 1.44 (dd, J = 16.1, 7.2 Hz, 1H, CH2Bpin),
3.63-3.68 (m, 1H, CHCN), 6.21 (dd, J = 15.9, 6.4 Hz, 1H, CH=CH), 6.74 (dd, J = 15.9 Hz,
1 H, CH=CH), 7.45-7.48 (m, 1H, ArCH), 7.53 (d, J = 8.0 Hz, 2H, ArCH), 7.62 (s, 1H, ArCH).
13C NMR (125 MHz, CDCls) § ppm 24.7 (CHs), 24.8 (CHs), 29.6 (CH-CN), 84.2 (C(CH3)z),
120.8 (CN), 122.9 (g, J = 270.4 Hz, CF3), 123.0 (g, J = 3.8 Hz, ArCH), 124.6 (g, J = 3.8 Hz,
ArCH), 127.0 (CH=CH), 129.2 (ArCH), 129.7 (ArCH), 130.8 (q, J = 32.2 Hz, ArC), 131.0
(CH=CH), 136.7 (ArC), (CH2B not observed)
1B NMR (160 MHz, CDCl3) 6 ppm 32.6.
15F NMR (470 MHz, CDCl3) 6 ppm -62.9.
HRMS (m/z, ESI): Calcd. for C1gH21BFsNO2 [M+H]: 352.1690, found: 352.1685.
vmax (thin film/cm™): 2980, 2241, 1409, 1372, 1327, 1164, 1123, 1072, 965.
Specific rotation: [a]p?’+12.1 (c = 1.21, CHCIs).
Enantiomeric  purity of 4k was  determined by HPLC  analysis in
comparison with authentic racemic material (85% e.e. shown; OD-H column,

99:1 hexanes:i-PrOH, 1.0 mL/min, 20 °C, 254 nm).
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(S,E)-4-(3-Methoxyphenyl)-2-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)methyl)but-3-enenitrile (4l)

CN
AN Bpin

OMe

Prepared according to the General Procedure on a 0.2 mmol scale (>20:1 rs and 93%
NMR vyield of crude material using MeNO; as internal standard). Column
chromatography (Hexane/EtOAc/AcOH = 100/3/1) afforded the title compound as a
colorless oil (44 mg, 0.140 mmol, 70%). *H NMR (500 MHz, CDCl3) 6 ppm 1.28 (s, 12H,
4xCHs), 1.32 (dd, /= 16.1, 8.2 Hz, 1H, CH,Bpin), 1.42 (dd, J = 16.1, 7.2 Hz, 1H, CH2Bpin),
3.60-3.65 (m, 1H, CHCN), 3.83 (s, 3H, CHs), 6.11 (dd, J = 15.8, 6.5 Hz, 1H, CH=CH), 6.67
(d, J = 15.8 Hz, 1H, CH=CH), 6.83 (dd, J = 8.2, 2.3 Hz, 1H, ArCH), 6.90 (s, 1H, ArCH), 6.96
(d, J= 7.7 Hz, 1H, ArCH), 7.26 (t, J = 7.9 Hz, 1H, ArCH).

13C NMR (125 MHz, CDCls) & ppm 24.8 (CHs), 24.9 (CHs), 29.7 (CH-CN), 55.2 (OCH3),
84.1 (C(CHs)), 111.8 (ArCH), 113.8 (ArCH), 119.1 (ArCH), 121.2 (CN), 125.2 (CH=CH),
129.7 (ArCH), 132.3 (CH=CH), 137.3 (ArC), 159.8 (ArC), (CH2B not observed)

1B NMR (160 MHz, CDCl3) 6 ppm 32.8.

HRMS (m/z, ESI): Calcd. for C1gsH24BNO3 [M+H]: 314.1922, found: 314.1914.

vmax (thin film/cm™): 2978, 2241, 1599, 1580, 1372, 1333, 1266, 1141, 1042, 966.
Specific rotation: [a]p?’+13.8 (c = 0.50, CHCls).

Enantiomeric purity  of 4l was determined by HPLC  analysis in
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comparison with authentic racemic material (88% e.e. shown; OD-H column,

99:1 hexanes:i-PrOH, 1.0 mL/min, 20 °C, 254 nm).
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(S,E)-4-(3-Fluorophenyl)-2-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)methyl)but-3-enenitrile (4m)

CN
A Bpin

F

Prepared according to the General Procedure on a 0.2 mmol scale (>20:1 rs and 85%
NMR vyield of crude material using MeNO; as internal standard). Column
chromatography (Hexane/EtOAc/AcOH = 100/3/1) afforded the title compound as a
colorless oil (50 mg, 0.166 mmol, 83%). *H NMR (500 MHz, CDCl3) 6 ppm 1.28 (s, 12H,
4 x CHs),1.32 (dd, J= 16.1, 8.2 Hz, 1H, CH2Bpin), 1.42 (dd, J = 16.1, 7.1 Hz, 1H, CH2Bpin),
3.61-3.66 (m, 1H, CHCN), 6.13 (dd, J = 15.8, 6.5 Hz, 1H, CH=CH), 6.49 (d, J = 15.8 Hz,
1H, CH=CH), 6.96 (dt, J = 8.4, 2.4 Hz, 1H, ArCH), 7.07 (d, J = 10.0 Hz, 1H, ArCH), 7.13 (d,
J=7.7Hz, 1H, ArCH), 7.28-7.33 (m, 1H, ArCH).

13C NMR (125 MHz, CDCl3) 6 ppm 24.8 (CHs), 24.8 (CHs), 29.6 (CH-CN), 84.1 (C(CHs)2),
112.9 (d, J = 21.1 Hz, ArCH), 114.9 (d, J = 21.3 Hz, ArCH), 120.9 (CN), 122.5 (d, J = 2.3
Hz, ArCH), 126.4 (CH=CH), 130.1 (d, J = 8.6 Hz, ArCH), 131.3 (d, J = 2.7 Hz, CH=CH),
138.2 (d, J=7.8 Hz, ArC), 162.1 (d, J = 244.1 Hz, ArC), (CH2B not observed).

1B NMR (160 MHz, CDCl3) 6 ppm 32.8.

19F NMR (470 MHz, CDCl3) 6 ppm -113.2.
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HRMS (m/z, ESI): Calcd. for C17H,1BFNO; [M+Na]: 324.1542, found: 325.1538.

vmax (thin film/cm™): 2979, 2932, 2241, 1611, 1583, 1487, 1371, 1332, 1267, 1166,
1140, 965.

Specific rotation: [a]p?’+13.4 (c = 1.11, CHCI5).

Enantiomeric  purity of 4m was determined by HPLC analysis in
comparison with authentic racemic material (87% e.e. shown; IA-H column,

998:2 hexanes:i-PrOH, 1.0 mL/min, 20 °C, 254 nm).
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(S,E)-4-(Naphthalen-1-yl)-2-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)methyl)but-3-enenitrile (4n)

CN
O AN Bpin

Prepared according to the General Procedure on a 0.2 mmol scale (>20:1 rs and 76%
NMR vyield of crude material using MeNO; as internal standard). Column
chromatography (Hexane/EtOAc/AcOH = 100/3/1) afforded the title compound as a
colorless oil (49 mg, 0.148 mmol, 74%). *H NMR (500 MHz, CDCl3) 6 ppm 1.30 (s, 12H,
4 x CHs),1.43 (dd, /= 16.2, 8.3 Hz, 1H, CH2Bpin), 1.52 (dd, /= 16.2, 7.0 Hz, 1H, CH;Bpin),
3.74-3.79 (m, 1H, CHCN), 6.16 (dd, J = 15.6, 6.4 Hz, 1H, CH=CH), 7.46-7.57 (m, 5H, ArCH
and CH=CH), 7.82 (d, J = 8.2 Hz, 1H, ArCH), 7.87-7.89 (m, 1H, ArCH), 8.13 (d, J = 8.1 Hz,
1H, ArCH).

13C NMR (125 MHz, CDCls) 6 ppm 24.8 (CHs), 24.9 (CHs), 30.0 (CH-CN), 84.1 (C(CHs)2),

121.3 (CN), 123.8 (CH=CH), 124.1 (ArCH), 125.6 (ArCH), 126.0 (ArCH), 126.3 (ArCH),
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128.1 (ArCH), 128.5 (ArCH), 128.6 (ArCH), 129.9 (CH=CH), 131.0 (ArC), 133.6 (ArC),
133.7 (ArC), (CH2B not observed).

118 NMR (160 MHz, CDCl3) & ppm 32.8.

HRMS (m/z, ESI): Calcd. for C21H24BNO, [M+H]:334.1973, found: 334.1918.

Vmax (thin film/cm™): 3060, 2977, 2932, 2239, 1591, 1508, 1371, 1333, 1272, 1040, 965.
Specific rotation: [a]p?’+24.8 (c = 0.55, CHCI3).

Enantiomeric purity of 4n was determined by HPLC  analysis in
comparison with authentic racemic material (89% e.e. shown; IB-H column,

998:2 hexanes:i-PrOH, 1.0 mL/min, 20 °C, 210 nm).
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(S,E)-4-(Naphthalen-2-yl)-2-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)methyl)but-3-enenitrile (40)

CN

g ‘ AN Bpin

Prepared according to the General Procedure on a 0.2 mmol scale (>20:1 rs and 88%
NMR vyield of crude material using MeNO; as internal standard). Column
chromatography (Hexane/EtOAc/AcOH = 100/3/1) afforded the title compound as a
white solid (57 mg, 0.172 mmol, 86%). Melting Point: 52-53 °C.

'H NMR (400 MHz, CDCl3) & ppm 1.29 (s, 12H, 4 x CHs), 1.37 (dd, J = 16.1, 8.2 Hz, 1H,
CH:Bpin), 1.47 (dd, J = 16.1, 7.2 Hz, 1H, CH:Bpin), 3.67-3.72 (m, 1H, CHCN), 6.24 (dd, J
=15.8, 6.6 Hz, 1H, CH=CH), 6.87 (d, J = 15.7 Hz, 1H, CH=CH), 7.46-7.53 (m, 2H, ArCH),
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7.56 (dd, J = 8.6, 1.7 Hz, 1H, ArCH), 7.76 (s, 1H, ArCH), 7.81-7.84 (m, 3H, ArCH).

13C NMR (100 MHz, CDCls) & ppm 24.8 (CHs), 24.9 (CHs), 29.8 (CH-CN), 84.1 (C(CHs)2),
121.3 (CN), 123.3 (CH=CH), 125.2 (ArCH), 126.2 (ArCH), 126.4 (ArCH), 126.8 (ArCH),
127.7 (ArCH), 128.0 (ArCH), 128.4 (ArCH), 132.5 (CH=CH), 133.2 (ArC), 133.3 (ArC),
133.5 (ArC), (CH2B not observed).

118 NMR (128 MHz, CDCl3) & ppm 32.5.

HRMS (m/z, ESI): Calcd. for C21H24BNO> [M+H]: 334.1973, found: 334.1971.

vmax (thin film/cm™): 2977, 2930, 2240, 1739, 1508, 1407, 1371, 1334, 1271, 1141, 965.
Specific rotation: [a]p?’+30.3 (c = 0.78, CHCI5).

Enantiomeric  purity of 40 was  determined by HPLC analysis in
comparison with authentic racemic material (91% e.e. shown; OD-H column,

99:1 hexanes:i-PrOH, 1.0 mL/min, 20 °C, 254 nm).
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(S,E)-4-(Benzo[b]thiophen-5-yl)-2-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)methyl)but-3-enenitrile (4p)

CN

NN Bpi
S

Prepared according to the General Procedure on a 0.2 mmol scale (>20:1 rs and 93%
NMR vyield of crude material using MeNO; as internal standard). Column
chromatography (Hexane/EtOAc/AcOH = 100/3/1) afforded the title compound as a
white solid (61 mg, 0.180 mmol, 90%). Melting Point: 45-47 °C.

'H NMR (500 MHz, CDCl3) & ppm 1.28 (s, 12H, 4 x CHs), 1.36 (dd, J = 16.1, 8.3 Hz, 1H,
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CH2Bpin), 1.46 (dd, J = 16.1, 7.1 Hz, 1H, CH2Bpin), 3.65-3.69 (m, 1H, CHCN), 6.17 (dd, J

=15.8, 6.6 Hz, 1H, CH=CH), 6.65 (d, J = 15.8 Hz, 1H, CH=CH), 7.33 (d, J = 5.4 Hz, 1H,

ArCH), 7.40 (d, J = 8.5 Hz, 1H, ArCH), 7.46 (d, J = 5.4 Hz, 1H, ArCH), 7.79 (s, 1H, ArCH),

7.83 (d, J = 8.4 Hz, 1H, ArCH).

13C NMR (125 MHz, CDCl3) & ppm 24.8 (CHs), 24.9 (CHs), 29.8 (CH-CN), 84.1 (C(CHs)2),

121.3 (CN), 122.1 (ArCH), 122.4 (ArCH), 122.7 (ArCH), 123.9 (ArCH), 124.5 (CH=CH),

127.2 (ArCH), 132.3 (ArC), 132.5 (CH=CH), 139.4 (ArC), 140.0 (ArC), (CH2B not observed)

1B NMR (160 MHz, CDCl3) 6 ppm 32.8.

HRMS (m/z, ESI): Calcd. for C19H22BSNO> [M+H]: 340.1537, found: 340.1535.

Vmax (thin film/cm™): 2977, 2930, 2239, 1468, 1406, 1371, 1331, 1270, 1166, 1141,

1050, 965.

Specific rotation: [a]p?’+21.4 (c = 1.20, CHCI5).

Enantiomeric  purity of 4p was determined by HPLC analysis in
comparison with authentic racemic material (92% e.e. shown; OD-H column,
90:10 hexanes:i-PrOH, 1.0 mL/min, 20 °C, 254 nm).
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(S,E)-4-(2-Methylbenzo[d]thiazol-5-yl)-2-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-

2-yl)methyl)but-3-enenitrile (4q)
CN

N X Bpin
Me—</
S

Prepared according to the General Procedure on a 0.2 mmol scale (>20:1 rs and 81%

$28



NMR vyield of crude material using MeNO; as internal standard). Column
chromatography (Hexane/EtOAc/AcOH = 100/10/1) afforded the title compound as a
colorless oil (55 mg, 0.156 mmol, 78%). *H NMR (500 MHz, CDCl3) 6 ppm 1.28 (s, 12H,
4 x CHs),1.35 (dd, J = 16.0, 8.3 Hz, 1H, CH2Bpin), 1.45 (dd, J = 16.1, 6.9 Hz, 1H, CH2Bpin),
2.85 (s, 3H, CHs), 3.65-3.69 (m, 1H, CHCN), 6.19 (dd, J = 15.8, 6.5 Hz, 1H, CH=CH), 6.82
(d,J=15.8 Hz, 1H, CH=CH), 7.39 (d, J = 8.3 Hz, 1H, ArCH), 7.77 (d, J = 8.3 Hz, 1H, ArCH),
7.91 (s, 1H, ArCH).

13C NMR (125 MHz, CDCl3) & ppm 20.2 (CH3), 24.8 (CHs), 24.9 (CHs), 29.7 (CH-CN), 84.1
(C(CH3)2), 120.3 (ArCH), 121.2 (CN), 121.5 (ArCH), 123.1 (CH=CH), 125.3 (ArCH), 132.2
(CH=CH), 134.2 (ArC), 135.3 (ArC), 153.9 (ArC), 167.9 (ArC), (CH2B not observed).

1B NMR (160 MHz, CDCl3) 6 ppm 31.09.

HRMS (m/z, ESI): Calcd. for C19H23BSN,02 [M+H]: 355.1646, found: 355.1641.

Vmax (thin film/cm™): 2978, 2239, 1610, 1517, 1446, 1372, 1332, 1157, 1091.

Specific rotation: [a]p?’+11.4 (c = 2.30, CHCIs).

Enantiomeric  purity of 4q was determined by HPLC analysis in
comparison with authentic racemic material (91% e.e. shown; OD-H column,

90:10 hexanes:i-PrOH, 1.0 mL/min, 20 °C, 254 nm).

— 48-597

27844
 ——=27.766
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(S,E)-4-(Furan-2-yl)-2-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)but-3-
enenitrile (4r)

CN

~ A Bpin

\_0

Prepared according to the General Procedure on a 0.2 mmol scale (>20:1 rs and 88%
NMR vyield of crude material using MeNO; as internal standard). Column
chromatography (Hexane/EtOAc/AcOH = 100/3/1) afforded the title compound as a
colorless oil (42 mg, 0.154 mmol, 77%). *H NMR (500 MHz, CDCl3) 6 ppm 1.27 (s, 12H,
4xCHs), 1.28 (dd, = 16.1, 8.1 Hz, 1H, CHBpin), 1.40 (dd, J = 16.1, 7.4 Hz, 1H, CH2Bpin),
3.58-3.62 (m, 1H, CHCN), 6.06 (dd, J = 15.8, 6.4 Hz, 1H, CH=CH), 6.28 (d, J = 3.3 Hz, 1H,
ArCH), 6.38-6.39 (m, ArCH), 6.51 (d, J = 15.8 Hz, 1H, CH=CH), 7.36 (d, J = 0.8 Hz, 1H,
ArCH).

13C NMR (125 MHz, CDClz) § ppm 24.8 (CH3), 24.8 (CHs), 29.5 (CH-CN), 84.1 (C(CH3)z),
109.0 (ArCH), 111.4 (ArCH), 119.4 (ArCH), 121.0 (CN), 123.4 (CH=CH), 142.4 (CH=CH),
151.4 (ArC), (CH2B not observed).

118 NMR (160 MHz, CDCls) 6 ppm 32.5.

HRMS (m/z, ESI): Calcd. for C1sH20BNO3 [M+Na]: 296.1428, found: 296.1418.

Vmax (thin film/cm™): 2979, 2932, 2243, 1788, 1682, 1372, 1333, 1271, 1167, 1140, 966.
Specific rotation: [a]p?’+12.8 (c = 0.70, CHCls).

Enantiomeric purity  of 4r was determined by HPLC  analysis in
comparison with authentic racemic material (90% e.e. shown; OD-H column,

998:2 hexanes:i-PrOH, 1.0 mL/min, 20 °C, 254 nm).

—=27.142
29495

-

-
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(S,E)-2-((4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)-4-(thiophen-2-yl)but-
3-enenitrile (4s)

CN

\ A Bpin

\ S

Prepared according to the General Procedure on a 0.2 mmol scale (>20:1 rs and 80%
NMR vyield of crude material using MeNO; as internal standard). Column
chromatography (Hexane/EtOAc/AcOH = 100/3/1) afforded the title compound as a
colorless oil (45 mg, 0.156 mmol, 78%). *H NMR (500 MHz, CDCl3) § ppm 1.27 (s, 12H,
4xCHs), 1.29 (dd,J = 16.1, 8.4 Hz, 1H, CHBpin), 1.41 (dd, J = 16.1, 7.1 Hz, 1H, CH2Bpin),
3.56-3.61 (m, 1H, CHCN), 5.95 (dd, J = 15.7, 6.4 Hz, 1H, CH=CH), 6.82 (d, J = 15.7 Hz,
1H, CH=CH), 6.97-6.98 (m, 2H, ArCH), 7.18-19 (m, 1H, ArCH).

13C NMR (125 MHz, CDCls) § ppm 24.7 (CHs), 24.9 (CHs), 29.5 (CH-CN), 84.1 (C(CH3)z),
121.0 (CN), 124.3 (ArCH), 124.9 (CH=CH), 125.5 (ArCH), 126.5 (ArCH), 127.5 (CH=CH),
140.7 (ArC), (CH2B not observed).

118 NMR (160 MHz, CDCls) & ppm 32.5.

HRMS (m/z, ESI): Calcd. for C1sH20BSNO; [M+H]: 290.1381, found: 290.1377.
vmax (thin film/cm™): 2978, 2932, 2241, 1647, 1470, 1407, 1372, 1333, 1271, 1167,
1141, 965.

Specific rotation: [a]p?’+10.7 (c = 0.71, CHCIs).

Enantiomeric purity of 4s was  determined by HPLC  analysis in
comparison with authentic racemic material (94% e.e. shown; OD-H column,

998:2 hexanes:i-PrOH, 1.0 mL/min, 20 °C, 254 nm).
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(S,E)-4-(Quinolin-3-yl)-2-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)but-
3-enenitrile (4t)

CN

S A Bpin

N7

Prepared according to the General Procedure on a 0.2 mmol scale (>20:1 rs and 76%
NMR vyield of crude material using MeNO; as internal standard). Column
chromatography (using deactivated silica, Hexane/EtOAc/CH»Cl, = 10/1/1) afforded
the title compound as a colorless oil (48 mg, 0.144 mmol, 72%). 'H NMR (500 MHz,
CDCls) & ppm 1.29 (s, 12H, 4 x CHs), 1.39 (dd, J = 16.2, 8.4 Hz, 1H, CH,Bpin), 1.49 (dd, J
= 16.2, 7.0 Hz, 1H, CH,Bpin), 3.70-3.75 (m, 1H, CHCN), 6.38 (dd, J = 16.0, 6.3 Hz, 1H,
CH=CH), 6.89 (d, J = 15.7 Hz, 1H, CH=CH), 7.58 (t, J = 7.3 Hz, 1H, ArCH), 7.70-7.74 (m,
1H, ArCH), 7.82 (d, J = 8.2 Hz, 1H, ArCH), 8.07-8.11 (m, 2H, ArCH), 9.00 (d, J = 2.2 Hz,
1H, ArCH).

13C NMR (125 MHz, CDCl3) & ppm 24.8 (CHs), 24.9 (CHs), 29.9 (CH-CN), 84.2 (C(CH3)2),
120.8 (CN), 127.2 (CH=CH), 127.3 (ArCH), 127.9 (ArC), 127.9 (ArCH), 128.8 (ArC), 129.3

(ArCH), 129.3 (ArCH), 129.6 (ArCH), 133.1 (CH=CH), 147.7 (ArC), 148.9 (ArCH), (CH.B

not observed)
1B NMR (160 MHz, CDCl3) 6 ppm 33.2.
HRMS (m/z, ESI): Calcd. for C20H23BN202 [M+H]: 335.1925, found: 335.1915.

Vmax (thin film/cm™): 2977, 2241, 1611, 1518, 1371, 1333, 1158, 1141, 1092, 965.
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Specific rotation: [a]p?’+9.1 (c = 2.70, CHCl3).

Enantiomeric

comparison

purity

with

of 4t

authentic

was

determined by

HPLC

analysis

in

racemic material (74% e.e. shown; OD-H column,

90:10 hexanes:i-PrOH, 1.0 mL/min, 20 °C, 254 nm).
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(S,E)-4-(1,3-Dimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)-2-((4,4,5,5-

tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)but-3-enenitrile (4u)

(0]
Me\N |
o)\r}l
Me

X

CN

Bpin

Prepared according to the General Procedure on a 0.2 mmol scale (=7:1 rs and 54%

NMR vyield of crude material using MeNO; as internal standard). Column

chromatography (using deactivated silica, Hexane/EtOAc/CH,Cl; = 10/1/1) afforded

the title compound as a white solid (34 mg, 0.098 mmol, 49%). Melting Point: 72-74

°C.

H NMR (500 MHz, CDCl3) 6 ppm 1.24-1.30 (m, 13H, 4 x CH3 and 1H from CH,Bpin),

1.35 (dd, J = 16.1, 7.9 Hz, 1H, CH2Bpin), 3.37 (s, 3H, CHs), 3.45 (s, 3H, CHs), 3.55-3.60

(m, 1H, CHCN), 6.32 (d, J = 15.5 Hz, 1H, CH=CH), 6.64 (dd, J = 15.7, 6.2 Hz, 1H, CH=CH),

7.22 (s, 1H, CH=C).
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13C NMR (125 MHz, CDCl3) 6 ppm 24.8 (CH3), 24.8 (CH3), 28.1 (CH-CN), 30.2 (CHs), 37.2
(CHs), 84.1 (C(CHs)2), 109.8 (C=CH), 120.1 (CN), 123.7 (CH=CH), 126.6 (CH=C), 140.9
(CH=CH), 151.0 (C=0), 161.8 (C=0), (CH2B not observed)

118 NMR (160 MHz, CDCl3) & ppm 32.2.

HRMS (m/z, ESI): Calcd. for C17H24BN304 [M+Na]: 368.1752, found: 368.1750.

vmax (thin film/cm™): 2978, 2240, 1705, 1611, 1455, 1371, 1143, 1091, 967.

Specific rotation: [a]p?’-25.2 (c = 0.30, CHCls).

Enantiomeric purity of 4u was determined by HPLC  analysis in
comparison with authentic racemic material (90% e.e. shown; AD-H column,

90:10 hexanes:i-PrOH, 1.0 mL/min, 20 °C, 210 nm).
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(S,E)-3-Benzylidene-2-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)methyl)octanenitrile (4v)

CN

©/\(‘\/Bpin
CsHyq

Prepared according to the General Procedure on a 0.2 mmol scale (>20:1 rs and 55%
NMR vyield of crude material using MeNO; as internal standard). Column
chromatography (Hexane/EtOAc/AcOH = 100/3/1) afforded the title compound as a
colorless oil (36 mg, 0.102 mmol, 51%). *H NMR (500 MHz, CDCl3) & ppm 0.87 (t, J =
6.8 Hz, 3H, CHs), 1.28-1.31 (m, 16H, 4 x CHz and 2 x CH), 1.45 (d, J = 8.0 Hz, 2H,
CH2Bpin), 1.50-1.56 (m, 2H, CH), 2.26-2.32 (m, 1H, CH>), 2.35-2.41 (m, 1H, CH>), 3.56
(t,/=8.0Hz, 1H, CHCN), 6.62 (s, 1H, CH=C), 7.22-7.28 (m, 3H, ArCH), 7.34-7.37 (m, 2H,

ArCH).
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13C NMR (125 MHz, CDCl3) & ppm 14.0 (CHs), 22.3 (CH,), 24.8 (CHs), 24.9 (CHs), 28.1
(CH2), 29.9 (CH.), 31.8 (CH2), 33.2 (CH-CN), 84.0 (C(CHs)2), 121.9 (CN), 126.9 (CH=C),
128.1 (ArCH), 128.3 (ArCH), 128.5 (ArCH), 137.0 (C=CH), 138.6 (ArC), (CH2B not
observed)

118 NMR (160 MHz, CDCl3) & ppm 32.6.

HRMS (m/z, ESI): Calcd. for C22H3,BNO, [M+Na]: 376.2418, found: 376.2407.

vmax (thin film/cm™): 2956, 2930, 2858, 2236, 1465, 1369, 1332, 1280, 1166, 1141,
1009, 966.

Specific rotation: [a]p?’-6.9 (c = 0.45, CHCls).

Enantiomeric  purity of 4v was determined by HPLC  analysis in
comparison with authentic racemic material (71% e.e. shown; OD-H column,

99:1 hexanes:i-PrOH, 1.0 mL/min, 20 °C, 254 nm).
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(S,E)-3-Methyl-4-phenyl-2-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)methyl)but-3-enenitrile (4w)
CN

N Bpin

Me

Prepared according to the General Procedure on a 0.2 mmol scale (>20:1 rs and 63%
NMR vyield of crude material using MeNO; as internal standard). Column

chromatography (Hexane/EtOAc/AcOH = 100/3/1) afforded the title compound as a
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colorless oil (34 mg, 0.114 mmol, 57%). *H NMR (500 MHz, CDCl3) 6 ppm 1.27 (s, 6H,
2 x CHs), 1.28 (s, 6H, 2 x CHs), 1.38 (dd, /= 15.9, 7.9 Hz, 1H, CH;Bpin), 1.42 (dd, J = 15.9,
8.1 Hz, 1H, CH,Bpin), 1.98 (s, 3H, CH3), 3.57 (t, J = 8.0 Hz, 1H, CHCN), 6.57 (s, 1H, CH=C),
7.24-7.28 (m, 3H, ArCH), 7.35-7.38 (m, 2H, ArCH).

13C NMR (125 MHz, CDCl3) & ppm 15.3 (CHs), 24.8 (CHs), 24.8 (CHs), 36.3 (CH-CN), 84.0
(C(CH3)2), 121.5 (CN), 126.9 (CH=C), 128.2 (ArCH), 128.3 (ArCH), 128.9 (ArCH), 133.5
(C=CH), 136.8 (ArC), (CH2B not observed).

1B NMR (160 MHz, CDCl3) 6 ppm 32.09.

HRMS (m/z, ESI): Calcd. for C1gH24BNO2 [M+Na]: 320.1792, found: 320.1789.

Vmax (thin film/cm™): 2978, 2932, 2235, 1600, 1448, 1405, 1333, 1263, 1167, 1141, 966.
Specific rotation: [a]p?’+22.3 (c = 1.01, CHCI5).

Enantiomeric  purity of 4w was determined by HPLC analysis in
comparison with authentic racemic material (82% e.e. shown; OD-H column,

99:1 hexanes:i-PrOH, 1.0 mL/min, 20 °C, 254 nm).
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(S)-2-(2H-Chromen-3-yl)-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)propanenitrile (4x)

CN

@ﬁ/v\/Bpin
0

Prepared according to the General Procedure on a 0.2 mmol scale (>20:1 rs and 63%

NMR vyield of crude material using MeNO; as internal standard). Column
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chromatography (Hexane/EtOAc/AcOH = 100/3/1) afforded the title compound as a
colorless oil (34 mg, 0.114 mmol, 57%). *H NMR (500 MHz, CDCl3) 6 ppm 1.27 (s, 12H,
4 x CHs), 1.36-1.47 (m, 2H, CH,Bpin), 3.52 (t, J = 7.8 Hz, 1H, CHCN), 4.80 (s, 2H, CHa),
6.51 (s, 1H, CH=C), 6.82 (d, J = 8.1 Hz, 1H, ArCH), 6.89 (t, J = 7.5 Hz, 1H, ArCH), 7.01 (d,
J=7.4Hz, 1H, ArCH), 7.15 (t, J = 6.7 Hz, 1H, ArCH).

13C NMR (125 MHz, CDCl3) § ppm 24.7 (CHs), 24.8 (CHs), 30.3 (d, J = 2.2 Hz, CH-CN),
66.1 (CH2), 84.3 (C(CHs)2), 115.6 (ArCH), 119.9 (CN), 121.7 (ArC), 121.7 (ArCH), 122.0
(d, J = 2.9 Hz, CH=C), 126.9 (ArCH), 128.8 (C=CH), 129.6 (ArCH), 153.1 (ArC), (CH2B not
observed).

1B NMR (160 MHz, CDCl3) 6 ppm 32.2.

HRMS (m/z, ESI): Calcd. for C1gH22BNO3 [M+H]: 312.1766, found: 312.1762.

Vmax (thin film/cm™): 2978, 2932, 2242, 1714, 1607, 1579, 1488, 1460, 1372, 1336,
1280, 1167, 1141, 1038.

Specific rotation: [a]p?’-0.6 (c = 1.9, CHCI3).

Enantiomeric  purity of 4x was  determined by HPLC  analysis in
comparison with authentic racemic material (72% e.e. shown; IA-H column, 99:1

hexanes:i-PrOH, 1.0 mL/min, 20 °C, 254 nm).
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(S,E)-4-Phenyl-2-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)pent-3-
enenitrile (4y)

CN
X Bpin

Prepared according to the General Procedure on a 0.2 mmol scale (13:1 rs and 35%
NMR vyield of crude material using MeNO; as internal standard). Column
chromatography (Hexane/EtOAc/AcOH = 100/3/1) afforded the title compound as a
colorless oil (13 mg, 0.044 mmol, 22%). *H NMR (400 MHz, CDCl3) & ppm 1.26 (s, 6H,
2 x CH3), 1.27 (s, 6H, 2 x CH3), 1.31 (dd, J = 16.0, 8.3 Hz, 1H, CH2Bpin), 1.43 (dd, J = 16.0,
6.8 Hz, 1H, CH:Bpin), 2.15 (s, 3H, CHs), 3.73-3.79 (m, 1H, CHCN), 5.63 (dd, /= 9.2, 0.9
Hz, 1H, CH=C), 7.30-7.39 (m, 5H, ArCH).

13C NMR (100 MHz, CDCl3) 6 ppm 16.6 (CHs), 24.8 (CH3), 25.8 (CH-CN), 84.0 (C(CHs)2),
121.8 (CN), 123.5 (CH=C), 125.9 (ArCH), 127.6 (ArCH), 128.4 (ArCH), 139.2 (C=CH),
142.4 (ArC), (CH2B not observed).

118 NMR (128 MHz, CDCl3) & ppm 32.7.

HRMS (m/z, ESI): Calcd. for C1gH24BNO, [M+Na]: 320.1792, found: 320.1787.

Vmax (thin film/cm™): 2978, 2930, 2236, 1494, 1446, 1372, 1333, 1273, 1166, 1142, 966.
Specific rotation: [a]p?’+25.3 (c = 0.42, CHCl3).

Enantiomeric  purity of 4y was  determined by HPLC  analysis in
comparison with authentic racemic material (70% e.e. shown; OD-H column,

99:1 hexanes:i-PrOH, 1.0 mL/min, 20 °C, 254 nm).
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0.2462 2317.74634 146.81694 30.2266 2 11.598 BV 0.2435 1.35718ed  662.86627 85.1796
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(S,3E,5E)-6-Phenyl-2-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)hexa-3,5-
dienenitrile (4z)

CN

©/\/\/’\/Bpin

Prepared according to the General Procedure on a 0.2 mmol scale (>20:1 rs and 63%
NMR vyield of crude material using MeNO; as internal standard). Column
chromatography (Hexane/EtOAc/AcOH = 100/3/1) afforded the title compound as a
colorless oil (25 mg, 0.082 mmol, 41%). *H NMR (500 MHz, CDCl3) § ppm 1.28-1.33 (m,
13H, 4 x CHs and 1H from CH3Bpin), 1.39 (dd, / = 16.1, 7.1 Hz, 1H, CH3Bpin), 3.54-3.58
(m, 1H, CHCN), 5.72 (dd, J = 15.2, 6.6 Hz, 1H, CH=CH), 6.49 (dd, J = 15.2, 10.8 Hz, 1H,
CH=CH), 6.60 (d, J = 15.7 Hz, 1H, CH=CH), 6.72 (dd, J = 15.6, 10.3 Hz, 1H, CH=CH), 7.25-
7.28 (m, 1H, ArCH), 7.34 (t, J = 7.4 Hz, 2H, ArCH), 7.41 (d, J = 7.5 Hz, 2H, ArCH).

13C NMR (125 MHz, CDClz) § ppm 24.8 (CHs), 24.8 (CHs), 29.5 (CH-CN), 84.0 (C(CHs3)z),
121.1 (CN), 126.5 (ArCH), 127.2 (CH=CH), 127.9 (CH=CH), 128.4 (CH=CH), 128.7 (ArCH),
132.8 (CH=CH), 133.8 (ArCH), 136.8 (ArC), (CH2B not observed).

118 NMR (160 MHz, CDCls) 6 ppm 32.4.

HRMS (m/z, ESI): Calcd. for C19H24BNO; [M+Na]: 332.1792, found: 332.1796.

Vmax (thin film/cm™): 2978, 2242, 1738, 1449, 1373, 1338, 1271, 1216, 1142, 968.
Specific rotation: [a]p?’+6.9 (c = 1.04, CHCI5).

Enantiomeric purity of 4z was  determined by HPLC  analysis in
comparison with authentic racemic material (91% e.e. shown; OD-H column,

998:2 hexanes:i-PrOH, 1.0 mL/min, 20 °C, 254 nm).
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1 74.767 BB 1.9244 1.29900e4  93.04284 49.5096 L o77.514 M4 2.0036 753.05€70  6.26435  4.4853
0 134.649 BE  3.6360 1.3047404  43.32114 50.4904 2 135.059 MM 5.0359 1.60345e4  53.06752 95.5142

(S,E)-3-Benzylidene-2-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)pent-4-
enenitrile (9)

CN

N Bpin
AN

Prepared according to the General Procedure, on a 0.2 mmol scale (>20:1 rs and 72%
NMR vyield of crude material using MeNO; as internal standard), column
chromatography (Hexane/EtOAc/AcOH = 100/3/1) afforded the title compound as a
colorless oil (42 mg, 0.136 mmol, 68%). *H NMR (500 MHz, CDCl3) & ppm 1.28 (s, 6H,
2x CHs), 1.29 (s, 6H, 2 x CH3), 1.49-1.57 (m, 2H, CH,Bpin), 3.91 (t, J = 7.8 Hz, 1H, CHCN),
5.32 (dd, J = 11.4, 1.4 Hz, 1H, CH,=CH), 5.49 (d, J = 17.9 Hz, 1H, CH,=CH), 6.69 (dd, J =
17.9, 11.4 Hz, 1H, CH,=CH), 6.86 (s, 1H, CH=C), 7.28-7.31 (m, 3H, ArCH), 7.35-7.38 (m,
2H, ArCH).

13C NMR (125 MHz, CDCl3) & ppm 24.8 (CHs), 24.9 (CHs), 30.0 (CH-CN), 84.0 (C(CHs)2),
116.5 (CH,=CH), 121.8 (CN), 127.6 (ArCH), 128.2 (ArCH), 129.5 (ArCH), 131.1 (CH=C),
131.6 (CH,=CH), 134.6 (CH=C), 136.0 (ArC), (CH2B not observed)

118 NMR (160 MHz, CDCls) & ppm 32.6.

HRMS (m/z, ESI): Calcd. for C19H24BNO> [M+H]: 310.1973, found: 310.1959.

Vmax (thin film/cm™): 2978, 2932, 2238, 1674, 1450, 1372, 1333, 1271, 1167, 1141, 966.
Specific rotation: [a]p?’+3.3 (c = 2.38, CHCl3).

Enantiomeric purity of 9 was determined by HPLC analysis in
comparison with authentic racemic material (80% e.e. shown; OD-H column,

998:2 hexanes:i-PrOH, 1.0 mL/min, 20 °C, 254 nm).

S40



3
o
£ A
] =) \
hi & P
' B [
| o \
I » \
1e] | \
® | \
| \ L\
| [\ | \
R AN Y S . BN / ]
T T T T T T T T T . T T T T T
T T T T T
30 40 50 60 7 30 40 50
Height Area Peak RetTime Type Width Area Height Area
[mAU] # [min] [min] [mAU*=] [mATT]
2 49.322 BB 1.3711 6221.23682 61.04088 89.7537

Compound 9 was transformed into the corresponding ester S2 after Bpin oxidation and
esterification of the resulting alcohol. The absolute configuration of the corresponding

ester S2 was determined by X-ray crystallography after recrystallization.
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Manipulations of chiral Borocyanation products

(S, E)-2-(Hydroxymethyl)-4-phenylbut-3-enenitrile (10)

©/\/‘\/Bp'n H,0,, K,CO3 (2 equiv) ©/\/‘\/OH
4a THF, -20 °C 10

To a 10 mL vial was added 4a (57 mg, 0.2 mmol), K2CO3 (55mg, 0.4 mmol) and 2 mL
THF. The solution was stirred at -20 °C for 5 min before H,0; (0.1mL, 30% wt. in H,0)
was added drop-wise. The reaction mixture was monitored by TLC and quenched by
addition of saturated aqueous Na;5,03 (2 mL). The mixture was extracted with ethyl
acetate (3 x 10 mL). The combined organic layers were washed with water and brine,
dried by anhydrous Na,SO4 and concentrated in vacuo. The crude product was purified
by column chromatography (silica gel, eluting with 10:1 to 4:1 hexane/ethyl acetate)
to afford the pure alcohol 10 (31 mg, 0.180 mmol, 90%). *H NMR (500 MHz, CDCls) &
ppm 2.45 (t,J =5.2 Hz, 1H, OH), 3.63-3.66 (m, 1H, CHCN), 3.89 (t, J = 6.1 Hz, 2H, CH,),
6.04 (dd, J = 15.9, 6.5 Hz, 1H, CH=CH), 6.80 (d, J = 15.9 Hz, 1H, CH=CH), 7.28-7.40 (m,
5H, ArCH).

13C NMR (125 MHz, CDCls) & ppm 38.1 (CHCN), 63.4 (CH,), 118.7 (CN), 119.1 (ArCH),
126.7 (ArCH), 128.6 (CH=CH), 128.8 (ArCH), 135.3 (ArC), 135.6 (CH=CH).

HRMS (m/z, ESI): Calcd. for C11H11NO [M+H]: 174.0913, found: 174.0906.

vmax (thin film/cm™): 3422, 3027, 2946, 2885, 2246, 1495, 1449, 1374, 1208, 1057, 965.
Specific rotation: [a]p?’+12.2 (c = 1.16, CHCls).

Enantiomeric  purity of 10 was  determined by HPLC  analysis in
comparison with authentic racemic material (92% e.e. shown; OD-H column,

90:10 hexanes:i-PrOH, 1.0 mL/min, 20 °C, 254 nm).
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T T T
10 15 20 25 30 35 10 15

Peak RetTime Type Width Area Height Area Peak RetTime Type wWidth
4 [min] [min] mAU *s  [mAU ] $ i [min]
|

1 18.138 BB 0.4492 1957.40894 66.88542 50.1812
2 21.384 BB 0.5248 1943.27612 57.58335 49.8188

tert-Butyl (S)-(4-phenyl-2-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)methyl)butyl)carbamate? (14)
CN ol ( ) NHBoc
. NiCl, (1.5 equiv
©/\)\/Bp'” NaBH, (10 equiv) Bpin
Boc,O (3.0 equiv), MeOH
4a 22°C, 6h 14

To a solution of compound 4a (28 mg, 0.1 mmol), NiCl; (19 mg, 0.15 mmol) and Boc,0
(65 mg, 0.3 mmol) in MeOH at 0 °C was added NaBH4 (38 mg, 1 mmol). The mixture
was allowed to stir for 4 h at 0 °C. The reaction mixture was quenched with a saturated
aqueous solution of NH4Cl and diluted with Et,0. The layers were separated and the
aqueous layer was washed with Et,0. The combined organic layers were washed with
brine, dried with Na;S04, and evaporated at reduced pressure. The crude product was
purified by column chromatography (silica gel, eluting with 10:1 hexane/ethyl acetate)
to afford compound 14 (22 mg, 0.056 mmol, 56%).

'H NMR (500 MHz, CDCl3) 6 ppm 0.81-0.93 (m, 2H, CH2Bpin), 1.27 (s, 6H, 2 x CH3), 1.28
(s, 6H, 2 x CHs), 1.46 (s, 9H, 3 x CH3), 1.53-1.58 (m, 1H, CH,), 1.62-1.70 (m, 1H, CH,),
1.82-1.87 (m, 1H, CH), 2.66 (t, J = 8.4 Hz, 2H, CH), 3.03-3.08 (m, 1H, CH2N), 3.21-3.26
(m, 1H, CH2N), 4.95 (s, 1H, NH), 7.17-7.20 (m, 3H, ArCH), 7.27-7.30 (m, 2H, ArCH).

13C NMR (125 MHz, CDCl3) 6 ppm 24.8 (2 x CHs), 24.9 (2 x CH3), 28.5 (3 x CH3), 33.3
(CH), 34.6 (CH), 36.8 (CH>), 46.2 (CH3), 77.2 (C(CHs)s), 83.3 (C(CHs)2), 125.6 (ArCH),
128.3 (ArCH), 128.3 (ArCH),142.7 (ArC), 156.1 (C=0).

1B NMR (160 MHz, CDCls) 6 ppm 34.0.
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HRMS (m/z, ESI): Calcd. for C22H36BNO4 [M+Na]: 412.2630, found: 412.2626.

vmax (thin film/cm™): 3370, 3026, 2977, 2928, 1715, 1509, 1454, 1366, 1320, 1248,
1167, 1144, 968.

Specific rotation: [a]p?’+2.0 (c = 2.24, CHCl3).

Enantiomeric  purity of 14 was  determined by HPLC  analysis in
comparison with authentic racemic material (91% e.e. shown; OD-H column,

90:10 hexanes:i-PrOH, 1.0 mL/min, 20 °C, 210 nm).
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# [min] [min] mAU ‘s [mRU ] % 3 [min] [min] maU -1 [maT 1 %
----------- |====| === | === | | |
1 1 o 2744 7400.%85898 416.29977 5.7
z 13 4 BB 52 327.002 9.739524 4.2314

(3S,4R,5S5)-4-lodo-5-phenyltetrahydrofuran-3-carbonitrile (11a) and (3S,4S,5R)-4-
iodo-5-phenyltetrahydrofuran-3-carbonitrile® (11a’)

Oxone (2.0 equiv) I CN CN
QMOH KI (4.0 equiv) ((g . IZ’S
MeCN/H,0, rt, 30 min Ph 0 PR Ng
11a

1a'

To a stirred solution of Oxone® (123 mg, 0.4 mmol) in 2.5 mL of a 4:1 H,O-CHsCN
mixture, was added Kl (133 mg, 0.8 mmol). After 10 min, to the deep purple solution
was added 10 (35 mg, 0.2 mmol) in 1 mL of CH3CN. The reaction was followed by TLC.
After 30 min, the reaction mixture was diluted with H,O0 (10 mL), washed with a
saturated solution of Na;S,03 and extracted with CH,Cl, (3 x 10 mL). The combined
organic layers were dried and evaporated at reduced pressure. The crude product was
then purified by column chromatography (silica gel, eluting with 10:1 hexane/ethyl

acetate) to afford 11a and 11a’ (major 11a, 26 mg, 0.088 mmol, 44%; minor 11a’, 17
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mg, 0.058 mmol, 29%).

HRMS (m/z, ESI): Calcd. for C11H10INO [M+H]: 299.9880, found: 299.9866.

vmax (thin film/cm™): 3031, 2969, 2888, 2245, 1738, 1493, 1455, 1365, 1216, 1042,
1025, 976.

Major 11a: *H NMR (500 MHz, CDCls) & ppm 3.50 (g, J = 7.1 Hz, 1H, CH-CN), 4.13 (t, J
= 7.4 Hz, 1H, CH-1), 4.28 (dd, J = 9.0, 6.4 Hz, 1H, CH.), 4.49 (dd, J = 9.0, 7.4 Hz, 1H, CH,),
5.25 (d, J = 7.3 Hz, 1H, CH), 7.38-7.42 (m, 5H, ArCH).

13C NMR (125 MHz, CDCls) 6§ ppm 25.4 (CH-1), 38.2 (CH-CN), 69.8 (CH.), 89.3 (CH-Ph),
118.3 (CN), 126.1 (ArCH), 128.8 (ArCH), 129.0 (ArCH), 137.3 (ArC).

Specific rotation: [a]p?’+75.1 (c = 0.88, CHCI5).

Enantiomeric  purity of 11la was determined by HPLC analysis in
comparison with authentic racemic material (92% e.e. shown; OD-H column,

90:10 hexanes:i-PrOH, 1.0 mL/min, 20 °C, 254 nm).
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T in] [ [min] [min] [mAU*s] [mAU] :
1 14.913 BB 0.2978 3248.47290 166.39165 95.9403
2 21.303 BB 0.4291 137.45786 4.72882 4.0597

Minor 11a’: *H NMR (500 MHz, CDCls) & ppm 3.49-3.54 (m, 1H, CH-CN), 4.07 (t,J = 8.1
Hz, 1H, CH-1), 4.26-4.29 (m, 1H, CH.), 4.36-4.39 (m, 1H, CH,), 5.02 (d, J = 8.7 Hz, 1H,
CH), 7.40-7.44 (m, 3H, ArCH), 7.46-7.48 (m, 2H, ArCH).

13C NMR (125 MHz, CDCl3) 6 ppm 24.9 (CH-1), 41.8 (CH-CN), 69.8 (CH,), 90.3 (CH-Ph),
118.1 (CN), 126.5 (ArCH), 128.9 (ArCH), 129.2 (ArCH), 136.0 (ArC).

Specific rotation: [a]p?’+73.2 (c = 0.73, CHCls).

Enantiomeric  purity of 11a’ was determined by HPLC analysis in
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comparison with authentic racemic material (91% e.e. shown; OD-H column,

90:10 hexanes:i-PrOH, 1.0 mL/min, 20 °C, 254 nm).
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iR [==== e == e |==mmmmm |-=-mm- \
1 27.053 BB 0.6564 3136.76514 71.43329 95.6539
2 64.938 MM 1.6236 142.52156 1.46305 4.3461

(S)-4-Phenyl-2-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)butanenitrile
(12)
CN

CN
©/\/’\/Bpin PA/C (10 mol%), Hy ©/\)\/Bp'”
MeOH/EtOAG

4a 12

Compound 4a (57 mg, 0.2 mmol) was dissolved in MeOH (6mL) and EtOAc (3 mL) and
Pd/C (10 wt. %, 21 mg, 0.02 mmol ) was added. The reaction mixture was stirred under
a hydrogen atmosphere for 12 h at room temperature. The reaction was filtered
through celite, and the cake was washed with CH,Cl, (2 x 5 mL). The organic layers
were combined and concentrated in vacuo. The crude product was purified by column
chromatography (Hexane/EtOAc = 30:1) to afford 12 as a colorless oil (56 mg, 0.196
mmol, 98%).

'H NMR (500 MHz, CDCl3) 6 ppm 1.15-1.24 (m, 2H, CH2Bpin), 1.27 (s, 12H, 4 x CH3),
1.87-2.01 (m, 2H, CH,), 2.71-2.78 (m, 2H, CHCN and CH,), 2.88-2.94 (m, 1H, CH>), 7.22-
7.25 (m, 3H, ArCH), 7.31-7.34 (m, 2H, ArCH).

13C NMR (125 MHz, CDCls) & ppm 24.8 (CHs), 26.4 (CH-CN), 33.4 (CH2), 36.0 (CH2), 83.9
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(C(CH3)2), 123.0 (CN), 126.3 (ArCH), 128.4 (ArCH), 128.5 (ArCH), 140.4 (ArC), (CH2B not
observed)

118 NMR (160 MHz, CDCl3) & ppm 32.8.

HRMS (m/z, ESI): Calcd. for C17H24BNO2 [M+Na]: 308.1792, found: 308.1788.

vmax (thin film/cm™): 3027, 2978, 2931, 2236, 1455, 1373, 1329, 1166, 1142, 967.
Specific rotation: [a]p?’+21.8 (c = 0.80, CHCIs).

Enantiomeric purity of 12 was determined by HPLC  analysis in
comparison with authentic racemic material (91% e.e. shown; OD-H column,

998:2 hexanes:i-PrOH, 1.0 mL/min, 20 °C, 210 nm).
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1 38.026 BV 0.7575 1527.51111 28 L2551
2 39,609 VB 1.5640 3.43711e4 282.78067 95,7449

(5)-4-Phenyl-2-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl)butanamide®
(13)

CN Oy NH2
©/\/V\/Bp'” ZnBr, (1.0 equiv) Bpin
. iPrOH/H,0, 90 °C, 16h 13

An oven-dried vial was charged with 12 (29 mg, 0.1 mmol), ZnBr; (22 mg, 0.1 mmol),
water (0.50 mL) and isopropanol (0.3 mL). The vial was sealed and heated at 90 °C for
16 h. The reaction mixture was cooled to room temperature and extracted with ethyl
acetate (2 x 5 mL). The combined organic layers were concentrated in vacuo and the
crude product purified by column chromatography (silica gel, eluting with 3:1 to 1:1
hexane/ethyl acetate) to afford amide 13 (17 mg, 0.055 mmol, 55%).

'H NMR (500 MHz, CDCl3) § ppm 1.03 (dd, J = 16.3, 6.0 Hz, 1H, CH,Bpin), 1.13 (dd, J =

16.2, 8.5 Hz, 1H, CHBpin), 1.26 (s, 12H, 4 x CH3), 1.17-1.80 (m, 1H, CH>), 2.01-2.09 (m,
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1H, CH,), 2.42-2.48 (m, 1H, CH), 2.59-2.65 (m, 1H, CH5), 2.68-2.74 (m, 1H, CH,), 5.39
(br, 1H, NHa), 5.75 (br, 1H, NH.), 7.18-7.21 (m, 3H, ArCH), 7.27-7.30 (m, 2H, ArCH).

13C NMR (125 MHz, CDCls) & ppm 24.8 (CHs), 33.6 (CH2), 36.1 (CH2), 41.3 (CH), 83.4
(C(CHs)2), 125.8 (ArCH), 128.4 (ArCH), 128.4 (ArCH), 141.9 (ArC), 178.7 (CO), (CH2B not
observed).

1B NMR (160 MHz, CDCl3) 6 ppm 33.6.

HRMS (m/z, ESI): Calcd. for C17H26BNO3 [M+H]: 304.2079, found: 304.2065.

vmax (thin film/cm™): 2976, 2924, 2854, 1648, 1586, 1455, 1372, 1327, 1167, 1142,
1108, 967.

Specific rotation: [a]p?’+3.2 (c = 1.19, CHCIs).

Enantiomeric  purity of 13 was  determined by HPLC  analysis in
comparison with authentic racemic material (91% e.e. shown; IA-H column,

90:10 hexanes:i-PrOH, 1.0 mL/min, 20 °C, 210 nm).
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X-ray crystal structures

(S,E)-4-(4-Bromophenyl)-2-((4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-
yl)methyl)but-3-enenitrile (4g)

CCDC 1904527

CN /\\/"“*\
NN Bpin lll_- '| ,'_D

/\/

Br

Table $10 Crystal data and structure refinement for 1904527.

=N

Identification code 1904527

Empirical formula C17H21BBrNO;
Formula weight 362.07
Temperature/K 100.03(15)

Crystal system monoclinic

Space group P21

a/A 11.3502(4)

b/A 7.4500(2)

c/A 20.6376(6)

o/° 90

B/° 91.376(3)

v/° 90

Volume/A3 1744.59(9)

yA 4

Pealcg/cm3 1.378

pu/mm 2.362

F(000) 744.0

Crystal size/mm3 0.452 x 0.266 x 0.07
Radiation MoKa (A =0.71073)
20 range for data collection/° 3.59 to 60.818
Index ranges -15<h<15,-10£k<10,-29<1<27
Reflections collected 29396

Independent reflections 8734 [Rint = 0.0547, Rsigma = 0.0597]
Data/restraints/parameters 8734/1/405

Goodness-of-fit on F? 1.051

Final R indexes [I>=20 (1)] R1=0.0407, wR; =0.0861

Final R indexes [all data] R1=0.0536, wR; =0.0894
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Largest diff. peak/hole / e A3 0.79/-0.45
Flack parameter 0.002(6)
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(S,E)-3-benzylidene-2-cyanopent-4-en-1-yl 4-bromobenzoate (S2 — a derivative of 9)
Compound 9 was transformed into the corresponding ester S2 after Bpin oxidation and
esterification of the resulting alcohol. The absolute configuration of the corresponding

ester S2 was determined by X-ray crystallography after recrystallization.

CCDC 1905065

/

Table S11 Crystal data and structure refinement for 1095065.

Identification code 1095065
Empirical formula C20H16BrNO;
Formula weight 382.25
Temperature/K 100.0(3)

Crystal system monoclinic
Space group P21

a/A 14.62776(18)
b/A 8.05742(10)

c/A 15.00218(18)
o/° 90

B/° 97.0979(12)

v/° 90

Volume/A3 1754.64(4)

VA 4

Pcalcg/cm? 1.447

pu/mm- 3.280

F(000) 776.0

Crystal size/mm3 0.2x0.15x0.1
Radiation CuKa (A =1.54184)
20 range for data collection/° 5.936 to 130.164
Index ranges -17<h<16,-9<k<9,-17<1<17
Reflections collected 16624

Independent reflections 5680 [Rint = 0.0396, Rsigma = 0.0296]
Data/restraints/parameters 5680/1/433

Goodness-of-fit on F? 1.063

Final R indexes [I>=20 (1)] R1=0.0322, wR; =0.0875
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Final R indexes [all data] R1=0.0359, wR> = 0.0942
Largest diff. peak/hole / e A3 0.29/-0.38
Flack parameter 0.016(13)
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(3S,4R,5S)-4-iodo-5-phenyltetrahydrofuran-3-carbonitrile (11a)

CCDC 1914139

11a o S

Table S12 Crystal data and structure refinement for 19141309.

Identification code 1914139

Empirical formula Ci11H10l0.96NO
Formula weight 294.02
Temperature/K 99.95(17)

Crystal system monoclinic

Space group P2;

alA 9.8268(5)

b/A 5.6439(3)

c/A 9.8652(5)

a/° 90

/e 99.353(5)

v/° 90

Volume/A3 539.86(5)

z 2

pealcglem? 1.809

p/mm 2.818

F(000) 284.0

Crystal size/mm? 0.249 x 0.017 x 0.015
Radiation MoKa (A= 0.71073)
20 range for data collection/°4.184 to 60.436
Index ranges -12<h<13,-7<k<7,-12<1<13
Reflections collected 3833

Independent reflections 3833 [Rint = 0.0447, Rsigma = 0.0525]
Data/restraints/parameters ~ 3833/1/130

Goodness-of-fit on F? 1.228

Final R indexes [[>=2c (I)] Ri1=10.0590, wR2 = 0.2182

Final R indexes [all data] R1=0.0714, wR2 = 0.2365

Largest diff. peak/hole / e A®2.56/-2.48

Flack parameter -0.02(7)
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NMR spectra of compounds
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'H NMR of compound 4a (500 MHz, CDCls)
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'H NMR of compound 4b (500 MHz, CDCls)
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'H NMR of compound 4c (500 MHz, CDCl3)
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'H NMR of compound 4d (500 MHz, CDCls)
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'H NMR of compound 4e (500 MHz, CDCl3)
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1F NMR of compound 4e (470 MHz, CDCls)
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'H NMR of compound 4f (500 MHz, CDCl3)
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'H NMR of compound 4g (500 MHz, CDCls)
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'H NMR of compound 4h (500 MHz, CDCls)
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1F NMR of compound 4h (470 MHz, CDCls)
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'H NMR of compound 4i (500 MHz, CDCl3)
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'H NMR of compound 4j (500 MHz, CDCls)
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'H NMR of compound 4k (500 MHz, CDCls)
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1F NMR of compound 4k (500 MHz, CDCls)
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'H NMR of compound 4l (500 MHz, CDCl3)
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13C NMR of compound 4m (125 MHz, CDCl3)
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1F NMR of compound 4m (470 MHz, CDCls)
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'H NMR of compound 4n (500 MHz, CDCls)
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'H NMR of compound 40 (400 MHz, CDCls)
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'H NMR of compound 4p (500 MHz, CDCls)
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'H NMR of compound 4q (500 MHz, CDCls)
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'H NMR of compound 4r (500 MHz, CDCls)
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'H NMR of compound 4s (500 MHz, CDCl3)
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'H NMR of compound 4t (500 MHz, CDCls)
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'H NMR of compound 4u (500 MHz, CDCls)
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'H NMR of compound 4v (500 MHz, CDCls)
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'H NOESY of compound 4v (400 MHz, CDCls)
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'H NMR of compound 4w (500 MHz, CDCls)
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'H NOESY of compound 4w (400 MHz, CDCls)
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'H NMR of compound 4x (500 MHz, CDCls)
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'H NMR of compound 4y (400 MHz, CDCls)
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'H NOESY of compound 4y (400 MHz, CDCls)
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'H NMR of compound 4z (500 MHz, CDCl3)
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'H NMR of compound 9 (500 MHz, CDCI3)
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'H NMR of compound 10 (500 MHz, CDCls)
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'H NMR of compound 14 (500 MHz, CDCls)
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'H NMR of compound 11a (500 MHz, CDCls)
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'H nOe of compound 11a (500 MHz, CDCls)
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'H NMR of compound 11a’ (500 MHz, CDCls)
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'H nOe of compound 11a’ (500 MHz, CDCls)
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'H NMR of compound 13 (500 MHz, CDCls)
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'H NMR of compound 12 (500 MHz, CDCls)
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