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General
All oxygen- and moisture-sensitive manipulations were carried out under an inert

atmosphere using either standard Schlenk techniques or a glove box.

THF, Et,O, CH,Cl,, toluene, benzene, and pentane were purified by passing through a
neutral alumina column under argon. All other chemicals and solvents were purchased
and used as received. Enynes 4a' [CAS: 935-01-3], 4e” [CAS: 16124-56-4], 4g” [CAS:
1089304-22-2], 4I° [CAS: 3752-22-5], 4m® [CAS: 2807-10-5], 4q° [CAS: 73395-75-2],
6d° [CAS: 56392-49-5], 6g’ [CAS: 1655-05-6], 61° [CAS: 54147-31-2], and carbamate
10° [CAS: 145167-88-0] were synthesized according to the literature procedures and the

characterization data are consistent with those reported in the literature.

""B NMR spectra were recorded on a Varian Unity/Inova 500 spectrometer at ambient
temperature. "B NMR chemical shifts are externally referenced to BF3;*Et,O (6 0). 'H
NMR spectra were recorded on a Varian Unity/Inova 500 spectrometer. °C NMR spectra
were recorded on a Varian Unity/Inova 500 or Unity/Inova 600 spectrometer. '’F NMR
spectra were recorded on a Varian Unity/Inova 500 spectrometer. °' P NMR spectra were
recorded on a Varian Unity/Inova 500 spectrometer. IR spectra were recorded on a
Bruker FTIP Alpha (ATR mode) spectrometer. High-resolution mass spectroscopy data
were obtained at the Mass Spectroscopy Facilities at Chemistry Department of Boston

College.
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Synthesis of S1

Br Br
oTf 5 mol% Pd(PPh3), PPh,
+ HPPh, >
OO Et3N, Toluene, 110 °C OO
16 hr
S1

The preparation of S1 was adapted from literature procedures.'” A 50-mL flask was
charged with the aryl triflate (1.775 g, 5.000 mmol), which was prepared according to
literature procedures.'’ Diphenylphosphine (931 mg, 5.00 mmol), Pd(PPhs), (251 mg,
0.220 mmol), toluene (13.0 mL), and Et;N ( 0.77 mL, 5.5 mmol) were added to the
reaction flask. The resulting mixture was then allowed to stir at 110 °C for 16 hr. At the
conclusion of the reaction, the mixture was allowed to cool to the room temperature. H,O
(50 mL) was added, and the mixture was extracted with CH,Cl, (3 x 30 mL). The
combined organic layer was dried over anhydrous Na,SO4. After removal of the solvent,
the crude residue was purified by column chromatography on silica gel with
hexanes/EtOAc (20: 1) as the eluent to afford S1 as white solid (1.37 g, 70% yield)

'H NMR (500 MHz, CDCl3) § 8.36 (d, J= 8.5 Hz, 1H), 7.79 (d, J= 7.5 Hz, 1H), 7.67 (d,
J=28.0 Hz, 1H), 7.60 (t, J = 8.0 Hz, 1H), 7.54 (t, J = 8.0 Hz, 1H), 7.30-7.37 (m, 10H),
6.86 (dd, J = 8.0, 2.0 Hz, 1H); °C NMR (150 MHz, CDCl;) & 136.9, 136.8, 136.3, 136.2,
134.4, 134.0, 133.9, 132.5, 131.3, 131.1, 129.9, 128.9, 128.7, 128.6, 128.1, 127.7, 127.6,
127.3, 127.2 (complexity due to the P-C coupling); *'P NMR (202 MHz, CDCls) & -3.2;
IR (ATR) 3051, 1583, 1543, 1478, 1433, 1214, 1180, 1154, 998, 848, 769 cm™'; HRMS
(DART) calcd for CoxH,7” BrP ([M+H]") 391.02512, found 391.02594.

General procedure A for the synthesis of amides

To a 500-mL flask charged with 2-bromoaniline (17.2 g, 100 mmol), pyridine (7.9 mL,
100 mmol), and CH,Cl, (250 mL) was added acyl chloride (100 mmol) in dropwise
fashion at 0 °C. The resulting mixture was then allowed to stir at the same temperature for
0.5 h. Water (100 mL) was then added to quench the reaction. The biphasic mixture was
then extracted with CH,Cl, (100 mL x 3). The combined organic phase was dried over
NaSO4, and volatiles were removed under reduced pressure. The residue was then

dissolved in THF (250 mL), and the mixture was cooled to 0 °C. NaH (6.0 g, 60% in
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mineral oil, 150 mmol) was then added at 0 °C in 3 portions. The resulting mixture was
then allowed to stir at 0 °C for 0.5 h. Methyl iodide (9.30 mL, 150 mmol) was then added
in dropwise fashion at 0 °C. The reaction mixture was then allowed to stir at room
temperature for 2 h. At the conclusion of the reaction, water (100 mL) was added in a
dropwise fashion to quench the reaction at 0 °C. Then the mixture was extracted with
CHCI, (100 mL x 3), and the combined organic phase was dried over Na,SO4. The
resulting crude residue was purified by distillation under attenuated pressure to afford

amide 1 as an yellow oil.

1a [168335-51-1]: 19.8 g, 82% yield.

"H NMR (500 MHz, CDCls) & 7.68 (dd, J = 8.5, 1.5 Hz, 1H), 7.38

(td, J= 8.0, 1.5 Hz, 1H), 7.22-7.28 (m, 2H), 3.19 (s, 3H), 1.97 (q, J

= 7.5 Hz, 2H), 1.06 (t, J = 7.5 Hz, 3H); °C NMR (125 MHz,

CDCly) & 173.6, 142.8, 133.8, 129.8, 129.6, 128.9, 123.5, 35.7,

27.3, 9.3; IR (ATR) 3058, 2978, 2937, 1665, 1584, 1476, 1420,

1378, 1321, 1283, 1250, 1132, 1046, 1028, 807, 766 cm™; HRMS (DART) calcd for
CioH13”’BrNO ([M+H]") 242.01805, found 242.01860.

1b: 23.7 g, 93% yield.

'H NMR (500 MHz, CDCl;) & 7.69 (dd, J = 7.5, 1.0 Hz, 1H),

7.38 (td, J = 8.0, 1.0 Hz, 1H), 7.22-7.27 (m, 2H), 3.19 (s, 3H),

1.93 (t, J= 7.0 Hz, 2H), 1.57-1.64 (m, 2H), 0.83 (t, J= 7.5 Hz,

3H); “C NMR (125 MHz, CDCl3) & 172.8, 142.9, 133.8,

129.9, 129.6, 128.9, 123.5, 35.8, 35.6, 18.5, 13.8; IR (ATR)

2961, 2929, 2873, 1659, 1584, 1476, 1436, 1417, 1382, 1340, 1309, 1290, 1250, 1223,
1131, 1109, 1049, 894, 764 cm™'; HRMS (DART) caled for C;H;s"’ BrNO ([M+H]")
256.03370, found 242.03468.
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le: 25.3 g, 94% yield.
"H NMR (500 MHz, CDCls) & 7.69 (dd, J = 7.5, 1.0 Hz, 1H), 7.38 Me
.
(td, J=8.0, 1.0 Hz, 1H), 7.22-7.26 (m, 2H), 3.19 (s, 3H), 2.13-2.18 N
(m, 1H), 1. 84 (d, J = 7.0 Hz, 2H), 0.86 (d, J = 6.5 Hz, 3H), 0.83 @:Bjo(\(
(d, J = 6.5 Hz, 3H); °C NMR (125 MHz, CDCL;) & 172.3, 142.9, 1c
133.8, 130.0, 129.6, 128.9, 123.5, 42.8, 35.7, 25.4, 22.6, 22.5; IR (ATR) 2956, 2929,

2870, 1662, 1584, 1476, 1419, 1376, 1337, 1305, 1262, 1140, 1116, 1053, 1031, 765 cm’
! HRMS (DART) calcd for Cj,H;;”BrNO ([M+H]") 270.04935, found 242.05054.

General procedures B for the synthesis of enamines

To a 250-mL flask charged with 1 (20.0 mmol), PMHS (5.2 g, M,, 1700-3200, ~80.0
mmol hydride), and toluene (30 mL) was added a toluene (2.0 mL) solution of
(PPh3),(CO)IrCI (7.8 mg, 0.01 mmol). Gelation was observed immediately and the
reaction mixture was allowed to sit at room temperature for 0.5 h. Diethyl ether (100 mL)
was then added, and the mixture was passed through a pad of celite. The filter cake was
then washed with ether 3 times (100 mL each time). The combined organic phase was
then concentrated. The residue was then purified by distillation under attenuated pressure

to afford 2 as light yellow oil.

2a [1527467-69-1]: 2.85 g, 63% yield. The characterization data are consistent with those

reported in the literature.'?

2b: 3.41 g, 71% yield.

'H NMR (500 MHz, CD,Cl,) & 7.69 (dd, J = 7.5, 1.0 Hz, 1H), 7.27 (td, Me
J=17.5,1.5Hz, 1H), 7.11 (d, J= 7.5 Hz, 1H), 6.98 (td, J= 8.0, 1.5 Hz, @EN\/\B
1H), 6.18 (d, J = 14.0 Hz, 1H), 4.56-4.62 (m, 1H), 2.96 (s, 3H), 2.04-
2.10 (m, 2H), 1.02 (t, J= 7.5 Hz, 3H); °C NMR (125 MHz, CD,CL,) &
149.0, 136.1, 134.3, 128.8, 126.9, 126.2, 120.4, 105.2, 38.8, 24.1, 16.2; IR (ATR) 3055,
2956, 2927, 2847, 2805, 1653, 1584, 1512, 1480, 1464, 1439, 1420, 1309, 1109, 969, 786
cm™'; HRMS (DART) caled for C;H;s” BrN ([M+H]") 240.03879, found 240.03281.

2¢: 4.38 g, 86% yield.
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'"H NMR (500 MHz, CD>Cl,)  7.58 (dd, J = 8.0, 1.0 Hz, 1H), 7.29 Me
(td, J = 8.0, 1.5 Hz, 1H), 7.11 (dd, J = 7.5 Hz, 1.5 Hz, 1H), 6.99 (IN\/\M
(td, J = 7.0, 1.5 Hz, 1H), 6.18 (dd, J = 13.0 Hz, 1.0 Hz, 1H), 4.56 g,

(dd, J = 13.0, 7.0 Hz, 1H), 2.96 (s, 3H), 2.34-2.36 (m, 1H), 1.05

(dd, J = 6.0, 1.0 Hz, 6H); °C NMR (125 MHz, CD,Cl3) & 149.1, 134.7, 134.4, 128.8,
126.9, 126.1, 120.3, 111.4, 38.8, 29.9, 24.5; IR (ATR) 2953, 2866, 2806, 1651, 1584,
1513, 1482, 1464, 1420, 1397, 1357, 1111, 986, 765 cm™; HRMS (DART) caled for

C1H17BiN ([M+H]") 254.05444, found 254.05436.

2c

General procedure C for the synthesis of C3-Substituted 1,4-azaborines

To a 100-mL flask charged with 2 (15.0 or 20.0 mmol) was added »BuLi (6 or 8 mL, 15
or 20 mmol) at =78 °C. The resulting mixture was allowed to stir at =78 °C for 15 min.
Diisopropylaminoboron dichloride (2.73 or 3.64 g, 15.0 or 20.0 mmol) was then added at
—78 °C. The reaction mixture was allowed to stir at =78 °C for 1 h and then room
temperature for another 1 h. At the conclusion of the reaction, solvents were removed
under reduced pressure, and the resulting crude residue was purified by vacuum
distillation under attenuated pressure to afford 3 as light yellow oil which slowly
solidified. We were not able to obtain their HRMS data due to their extremely air and

moisture sensitivity.

3a: 20.0 mmol scale, 3.0 g, 79% yield.

'H NMR (500 MHz, CD,Cl,) & 8.34 (d, J = 7.5 Hz, 1H), 7.75 (s, 1H), '\.l\’l'e

7.69 (td, J= 9.0, 1.5 Hz, 1H), 7.53 (d, J= 9.0 Hz, 1H), 7.34 (t,J = 7.5 @[ l
Hz, 1H), 3.88 (s, 3H), 2.21 (s, 3H); >C NMR (125 MHz, CD,Cl,) & B” "Me
148.6, 144.2, 133.7, 131.9, 127.6 (br), 121.9, 121.1 (br), 115.6, 42.5, c
17.6; ''B NMR (160 MHz, CD,Cl,) & 44.6.

3a
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3b: 15.0 mmol scale, 2.14 g, 69% yield.

'H NMR (500 MHz, CD,Cl,) & 8.36 (dd, J = 8.0, 1.5 Hz, 1H), 7.68-
7.73 (m, 2H), 7.55 (d, J = 8.0, Hz, 1H), 7.34 (t, J = 8.0 Hz, 1H), 3.89
(s, 3H), 2.62 (q, J = 7.5 Hz, 2H), 1.20 (t, J = 7.5 Hz, 3H); °C NMR
(125 MHz, CD,Cly) & 148.2, 144.2, 133.8, 131.9, 128.2 (br), 121.9,
115.6, 42.5, 25.8, 16.8 (a B-aryl carbon signal not observed); g
NMR (160 MHz, CD,Cl,) 6 44.2.

3c: 15.0 mmol scale, 3.09 g, 94% yield.

'H NMR (500 MHz, CD,CL,) & 8.37 (dd, J = 7.5, 1.5 Hz, 1H), 7.68-
7.73 (m, 2H), 7.54 (d, J = 8.5 Hz, 1H), 7.33 (td, J = 7.0, 1.0 Hz, 1H),
3.91 (s, 3H), 3.17-3.21 (m, 1H), 1.26 (d, J = 7.5 Hz, 6H); °C NMR
(125 MHz, CD,Cl,) & 146.7, 144.0, 133.9, 132.0, 121.9, 115.6, 42.8,
30.5, 24.2 (two B-aryl carbon signals not observed); ''B NMR (160
MHz, CD,Cl,) & 44.1.

General procedure D for the synthesis of Senphos ligands

Me
o1,
X B” Pr

Cl

3c

To a 20-mL vial charged with o-bromoaryldiarylphosphine (1.0 mmol) and THF (5.0
mL) was added nBuLi (0.40 mL, 2.5 M in hexanes, 1.0 mmol) at =78 °C. The resulting
mixture was allowed to stir at =78 °C for 1-2 h. 1,4-Azaborine 3 (1.0 mmol) in THF (2.0

mL) was then added. The resulting mixture was allowed to stir at =78 °C for 2 h and then

at room temperature for 2 h. At the conclusion of the reaction, volatiles were removed

under reduced pressure. The resulting crude residue was purified by column

chromatography on silica gel using pentane/Et,O as the eluent to afford ligand L as a

white powder.

L2: 240 mg, 58% yield.

'H NMR (500 MHz, CD,Cl,) & 7.76 (s, 1H), 7.62-7.64 (m, 1H),
7.58-7.60 (m, 2H), 7.43-7.45 (m, 1H), 7.25-7.39 (m, 11H), 7.16-7.20
(m, 2H), 7.08 (td, J= 7.5, 1.5 Hz, 1H), 3.98 (s, 3H), 1.99 (s, 3H); "°C
NMR (150 MHz, CD,Cl,) & 147.00, 143.48, 139.44, 139.41, 139.38,

S7
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139.30, 139.13, 139.05, 137.02, 133.95, 133.92, 133.83, 133.80, 131.89, 131.79, 130.94,
128.79, 128.74, 128.66, 128.62, 128.60, 128.53, 128.49, 127.22, 120.99, 114.98, 42.43,
19.44, 19.42 (complexity due to P-C coupling; B-aryl carbon signal not observed); ''B
NMR (160 MHz, CD,Cl,) & 47.2; *'P NMR (202 MHz, CD,Cl,) § —10.3; IR (ATR) 3051,
2923, 1604, 1585, 1540, 1491, 1477, 1454, 1432, 1269, 1171, 1101, 1046, 1026, 943,
892, 763 cm™; HRMS (DART) caled for CaosHysBNP ([M+H]") 418.13959, found
418.18939.

L3: 288 mg, 67% yield.

'H NMR (500 MHz, CD,Cl,) & 7.71 (s, 1H), 7.52-7.57 (m, 2H), Me

7.48 (d, J = 7.5 Hz, 1H), 7.39 (t, J = 7.0 Hz, 1H), 7.19-7.29 (m, @Nl

11H), 7.10-7.14 (m, 2H), 6.98 (td, J = 7.5, 1.0 Hz, 1H), 3.94 (s, B~ Et

3H), 2.38-2.41 (m, 1H), 2.29-2.32 (m, 1H), 0.94 (t, J = 8.0 Hz, ©/PPh2
3H); >C NMR (150 MHz, CD,CL) & 146.68, 143.36, 139.43,

139.35, 139.32, 139.28, 139.17, 139,09, 137.13, 133.98, 133.96, L3

133.90, 133.86, 133.78, 132.28, 132.17, 130.95, 128.77, 128.73, 128.64, 128.60, 128.53,
128.33, 127.15, 120.89, 114.94, 42.56, 26.98, 26.97, 17.01 (complexity due to P-C
coupling; B-aryl carbon signal not observed); ''B NMR (160 MHz, CD,Cl,) & 48.5; °'P
NMR (202 MHz, CD,Cl,) 6 —10.6; IR (ATR) 3051, 2955, 2924, 2864, 1604, 1584, 1539,
1490, 1432, 1405, 1374, 1172, 1067, 763, 763 cm'; HRMS (DART) calcd for
CyoH,sBNP ([M+H]") 432.20524, found 432.20696.

L4: 360 mg, 81% yield. 'H NMR (500 MHz, CD,Cl,) & 7.73 (s, Me

1H), 7.52-7.57 (m, 2H), 7.46 (d, J = 7.0 Hz, 1H), 7.19-7.39 (m, = N

12H), 7.09-7.12 (m, 2H), 6.97 (t, J = 7.0 Hz, 1H), 3.96 (s, 3H), 2.72- (IB]\,_M
2.77 (m, 1H), 1.03 (d, J = 7.0 Hz, 3H), 0.96 (d, J = 6.5 Hz, 3H); °C PPh,
NMR (150 MHz, CD,Cl,) & 145.30, 143.22, 139.39, 139.36, 139.31,

139.28, 139.22, 137.26, 134.18, 134.00, 133.92, 133.87, 133.79, L4

132.38, 132.28, 130.99, 128.81, 128.77, 128.68, 128.64, 128.54, 128.34, 127.14, 120.95,
114.98, 42.81, 31.02, 26.29, 23.93, (complexity due to P-C coupling; B-aryl carbon
signal not observed); ''B NMR (160 MHz, CD,Cl,) & 46.7; *'P NMR (202 MHz, CD,Cl,)
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0 —11.2; IR (ATR) 3048, 1604, 1578, 1536, 1493, 1478, 1465, 1453, 1370, 1265, 1214,
1191, 1090, 1026, 989, 814, 764 cm™; HRMS (DART) caled for C3,H30BNP ([M+H]")
446.22292, found 446.22089.

L5: 320 mg, 68% yield.

'H NMR (500 MHz, CD,Cl,) & 7.85 (d, J= 8.5 Hz, 1H), 7.78 (d, J Me
= 8.0 Hz, 1H), 7.76 (s, 1H), 7.58-7.60 (m, 2H), 7.36-7.46 (m, 4H), @ ]\
7.15-7.28 (m, 11H), 6.93-6.97 (m, 1H), 4.00 (s, 3H), 1.84 (s, 3H);

"B NMR (160 MHz, CD.CL) & 47.9; *'P NMR (202 MHz, “Pth
CD,ClL) & —12.2; *C NMR (150 MHz, CD,Cl,) & 146.66, 143.29, OO

139.50, 139.40, 139.31, 139.21, 136.87, 136.09, 135.96, 133.77, L5

133.73, 133.65, 133.61, 131.11, 130.43, 130.35, 128.83, 128.79, 128.70, 128.67, 128.52,
128.50, 127.53, 126.85, 125.70, 121.17, 115.21, 42.49, 19.41 (complexity due to P-C
coupling; B-aryl carbon signal not observed); IR (ATR) 3048, 2923, 1604, 1585, 1540,

1490, 1456, 1432, 1401, 1371, 1280, 1212, 1169, 1103, 1047, 1025, 935, 895, 764 cm’;
HRMS (DART) caled for C3,HasBNP ([M+H]") 468.20524, found 468.20468.

L6: 360 mg, 75% yield.

'H NMR (500 MHz, CD,Cl,) & 7.85 (d, J = 8.5 Hz, 1H), 7.79 (d, J Me

= 6.5 Hz, 1H), 7.77 (s, 1H), 7.53-7.61 (m, 2H), 7.39-7.45 (m, 3H), (IN |

7.33 (d, J = 8.0 Hz, 1H), 7.27-7.30 (m, 6H), 7.17-7.23 (m, 4H), X B]\Et

7.14 (dd, J= 1.5, 1.0 Hz, 1H); 6.90 (td, J = 6.0, 1.5 Hz, 1H), 4.02 “/Pth
(s, 3H), 2.28-2.34 (m, 1H), 2.20-2.24 (m, 1H), 0.85 (t, J = 7.5 Hz, OO

3H); C NMR (150 MHz, CD,CL) & 146.23, 143.21, 139.53, L6

139.45, 139.32, 139.24, 137.08, 136.49, 136.36, 135.97, 133.85, 133.75, 133.73, 133.63,
131.12, 130.84, 130.55, 128.81, 128.77, 128.68, 128.64, 128.58, 128.50, 128.48, 127.50,
126.82, 125.50, 121.07, 115.14, 42.65, 27.04, 16.28 (complexity due to P-C coupling; B-
aryl carbon signal not observed); "B NMR (160 MHz, CD,Cl,) § 48.0; *'P NMR (202
MHz, CD,Cl,) & —10.1; IR (ATR) 3048, 2954, 2924, 2865, 1604, 1581, 1539, 1490,

1431, 1406, 1374, 1169, 1064, 864, 763 cm’'; HRMS (DART) caled for Cs3H;oBNP
(IM+H]") 482.22089, found 482.22084.
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Gram-scale synthesis of ligand L3

To a 100-mL flask charged with o-bromophenyldiphenylphosphine (1.71g, 5.00 mmol)
and THF (50 mL) was added nBuLi (2.0 mL, 2.5 M in hexanes, 5.0 mmol) at =78 °C.
The resulting mixture was allowed to stir at =78 °C for 2 h. 1,4-Azaborine 3b (1.027 g,
5.000 mmol) in THF (10.0 mL) was then added. The resulting mixture was allowed to stir
at —78 °C for 2 h and then room temperature for 2 h. After removal of the solvent, the
residue was passed through a pad of silica gel using CH,Cl; as the eluent. After removal
of the solvent, the resulting crude residue was purified by column chromatography on
silica gel using pentane/Et,O (20 : 1) then Et;O/DCM (1 : 1) as the eluent to afford ligand
L3 as a white powder (1.502 g, 71%). The characterization data are consistent with the

ones obtained from the small-scale synthesis.

General procedure E for the synthesis of enynes

then KDA, THF

-78 °C 7
g Ar/\//

OPO(OEY),
A S

o) LDA, (EtO),POCI

Ar/\)]\ THF,-78 °C

To a 250-mL flask charged with diisopropylamine (1.40 mL, 10.0 mmol) and THF (40
mL) was added nBuLi (4.0 mL, 2.5 M in hexanes, 10 mmol) at =78 °C. The resulting

mixture was allowed to stir at —78 °C for 15 min. Enone (10 mmol) was then added at
—78 °C in one portion. After stirring the mixture at —78 °C for 30 min, the
diethylchlorophosphate was added, and the mixture was allowed to stir at room
temperature for 1 h. Then, the reaction mixture was cooled to —78 °C, and freshly
prepared KDA (potassium diisopropyl amide)"® (50 mL, 0.5 M in THF, 25.0 mmol) was
added to the mixture. The mixture was allowed to stir at =78 °C for 5-30 min. At the
conclusion of the reaction, the reaction was then quenched by 1.0 M aq. HCI. The organic
phase was separated, and the aqueous layer was extracted with ether (3 x 50 mL). The
combined organic layer was then dried over anhydrous Na,SO4. After removal of the
solvents, the resulting crude residue was purified by column chromatography on silica gel

with hexanes as the eluent to afford desired enyne.
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Compounds 4b” [CAS: 23517-04-6], 4d” [CAS: 23517-05-7], 4f'* [CAS: 1499245-30-5],
4h* [CAS: 141735-20-8], 4i"’ [CAS: 61172-01-8], 4j" [CAS: 72450-98-7], and 4k"
[CAS: 134987-93-2] were prepared according to this general procedure E, and the

characterization data are consistent with those reported in the literature.

4c [CAS: 23517-06-8], 56%. 'H NMR (500 MHz, CDCls) & ;o  F
7.18-7.23 (m, 3H), 7.12 (d, J = 7.5 Hz, 1H), 7.02 (d, J = 16.0 ©/\/
Hz, 1H), 6.11 (dd, J = 16.0, 2.0 Hz, 1H), 3.04 (d, J = 2.0 Hz, 4c

1H), 2.35 (s, 3H); °C NMR (125 MHz, CDCl;) § 143.3, 138.3, 135.8, 129.7, 128.6,
127.0, 123.5, 106.7, 83.0, 79.0, 21.3; IR (ATR) 3290, 3029, 2920, 2863, 2097, 1614,

1600, 1488, 1454, 1271, 954, 776 cm™; HRMS (DART) caled for CyHy; ([M+H]))
143.08608, found 143.08589.

Synthesis of enyne 4n [CAS: 2807-14-9]
0.22 mol% Pd(PPhg).Cl,
1.0 mol% Cul gz
x| T™MS 7
O/V N Et,NH, RT, 16 h
H then KOH, KF
MeOH, RT, 30 min 4n

Synthesis of enyne 4n was adapted from literature procedures'’. To a 50-mL flask
charged with trans-2-cyclohexylvinyl iodide'® (2.36 g, 10.0 mmol), Cul (20.4 mg, 0.1
mmol), Pd(PPh;),Cl, (15.7 mg, 0.022 mmol), and Et;tNH (20.0 mL) was added
trimethylsilylacetylene (1.18 g, 12.0 mmol) slowly at 0 °C. The resulting mixture was
allowed to stir at room temperature for 16 h. At the conclusion of the reaction, the
reaction was quenched with H>O (20 mL) followed by addition of hexanes (30 mL). The
organic layer was separated, and the aqueous layer was extracted with hexanes (3 x 20
mL). The combined organic layer was then concentrated and the residue was dissolved in
MeOH (30 mL). To the resulting methanolic solution was added KF (4.6 g, 79 mmol) and
KOH (200 mg, 3.60 mmol) in one portion. The resulting mixture was allowed to stir at
room temperature for 0.5 h. The reaction mixture was then diluted by H,O (100 mL)
followed by extraction with hexanes (3 x 30 mL). The combined organic layer was then

dried over anhydrous Na,SO4. After removal of the solvent, the residue was purified by
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column chromatography on silica gel with hexanes as the eluent to afford 4n as a
colorless liquid (2.14 g, 80%).

'H NMR (500 MHz, CDCl3) § 6.24 (dd, J = 16.0, 7.0 Hz, 1H), 5.44 (dt, J=16.0, 1.5 Hz,
1H), 2.80 (d, J = 2.0 Hz, 1H), 2.03-2.09 (m, 1H), 1.66-1.78 (m, 6H), 1.09-1.29 (m, 4H);
BC NMR (125 MHz, CDCls) & 152.2, 106.1, 82.8, 75.7, 41.2, 32.1, 26.0, 25.8; IR (ATR)
3311, 2923, 2851, 2012, 1448, 957, 842 cm™'; HRMS (DART) calcd for CjoH;s ((M+H])
135.11738, found 135.11741.

General procedure F for the synthesis of enynes

R2  Pd(PPhg), (1 mol% R2
NG _ (PPhg), ( ) _
BrMg THF/benzene (1/1) RITY
X=Brl RT, 16 h

To a 100-mL flask charged with frans-alkenyl bromide or iodide'*'™'® (5.0 mmol),
Pd(PPhs)s (6.0 mg, 0.050 mmol), and benzene (12 mL) was added alkynylmagnesium
bromide (12.0 mL, 0.5 M in THF, 6.0 mmol) slowly at 0 °C. The resulting mixture was
allowed to stir at room temperature for 16 h. The reaction was then quenched by 1.0 M
aq. HCl (20 mL), and the organic layer was separated. The aqueous layer was then
extracted with diethyl ether (3 x 30 mL). The combined organic layer was then dried over
NaSO4. After removal of the solvent, the resulting crude residue was purified by column
chromatography on silica gel with hexanes as the eluent to afford desired enynes.

Compound 6e was prepared according to this general procedure F, and the

characterization data are consistent with those reported in the literature.'’

40 [CAS: 408305-79-3]: 65%. '"H NMR (500 MHz, CDCl;) &

6.24 (dt, J=16.0, 7.0 Hz, 1H), 5.50-5.54 (m, 1H), 3.66 (t,J=6.5 TBSO
Hz, 2H), 2.79 (d, J = 2.0 Hz, 1H), 2.30-2.35 (m, 2H), 0.89 (s, 40

9H), 0.05 (s, 6H); °C NMR (125 MHz, CDCl;) & 143.2, 110.3, 82.4, 75.9, 62.0, 36.6,
25.9, 18.3, -5.3; IR (ATR) 3314,2954, 2929, 2895, 2857, 2739, 2106, 1631, 1471, 1361,
1094, 957, 933, 774 cm™; HRMS (DART) caled for Ci,H,308i ([IM+H]") 211.15182,
found 211.15118.

%
N
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4p, [CAS: 129077-84-5], 62%. "H NMR (500 MHz, CDCl;) & 6.25 NP
(dt, J = 16.0, 7.5 Hz, 1H), 5.45 (dd, J = 16.5, 2.0 Hz, 1H), 3.60 (t, J T(Qgg’g

= 7.0 Hz, 2H), 2.77 (d, J = 2.0 Hz, 1H), 2.08-2.13 (m, 2H), 1.49

1.54 (m, 2H), 1.37-1.40 (m, 2H), 2.27 (br, 10H), 0.90 (s, 9H), 0.05 (s, 6H); °C NMR
(125 MHz, CDCl3) & 147.0, 108.4, 82.6, 75.5, 63.3, 33.0, 32.9, 29.5, 29.4, 29.3, 29.1,
28.3, 26.0, 25.8, 18.4, -5.2; IR (ATR) 3314, 2926, 2854, 1462, 1360, 1095, 1005, 956,
833, 774 cm’'; HRMS (DART) caled for CioH3;0Si ([M+H]") 309.26137, found

309.26197.

6a, [CAS: 2807-15-0], 87%. 'H NMR (500 MHz, CDCl;) & 6.01 CH,
(dd, J=16.0, 7.0 Hz, 1H), 5.38 (m, 1H), 1.98-2.00 (m, 1H), 1.92 \/

(d, J = 2.0 Hz, 3H), 1.62-1.73 (m, 5H), 1.05-1.33 (m, 5H); °C O/\s

NMR (125 MHz, CDCls) § 148.9, 107.4, 84.2, 78.5, 41.1, 32.4, 26.0, 25.8, 4.2; IR (ATR)
3017, 2922, 2850, 2222, 1447, 955 cm™; HRMS (DART) caled for C;Hy7 ((M+H])
149.13303, found 149.13343.

a

6b, [CAS: 66717-35-9], 89%. '"H NMR (500 MHz, CDCly) & CH
0 3 /\/ i

6.04 (dt, J = 16.5, 7.0 Hz, 1H), 5.40-5.44 (m, 1H), 2.05 (t, /= 7.0 nHex

Hz, 2H), 1.92 (d, J = 2.0 Hz, 3H), 1.24-1.38 (m, 8H), 0.88 (t, J = 6b

7.0 Hz, 3H); °C NMR (125 MHz, CDCl;) & 143.5, 109.7, 83.9, 78.4, 32.9, 31.6, 28.8,
28.7,22.6, 14.1, 4.2; IR (ATR) 3020, 2956, 2925, 2855, 1458, 953 cm™'; HRMS (DART)
caled for CyH;7 ([M+H]") 151.14856, found 151.14868.

6¢, [CAS: 110795-71-6], 71%. '"H NMR (500 MHz, CDCl5) & 6.05 Et
[ ] 0 ( 3) /\/

(dt, J =16.0, 7.0 Hz, 1H), 5.42-5.46 (m, 1H), 2.27-2.32 (m, 2H), "Hex

2.07 (q, J = 7.0 Hz, 2H), 1.23-1.38 (m, 8H), 1.15 (t, J = 7.5 Hz, 6c

3H), 0.88 (t, J = 7.0 Hz, 3H); °C NMR (125 MHz, CDCL;) § 143.4, 109.7, 89.9, 78.5,
32.9, 31.7, 28.8, 28.7, 22.6, 14.1, 13.9, 13.0; IR (ATR) 3019, 2957, 2873, 2855, 1457,
1377, 1318, 952 cm™'; HRMS (DART) caled for CoHy, ([M+H]") 165.16433, found
165.16474.
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6f, 85%. "H NMR (500 MHz, CDCl3) § 6.50 (dt, J = 14.0, 3.0 N
Hz, 1H), 5.96 (d, J = 14.0 Hz, 1H), 3.60 (t, J = 7.0 Hz, 2H), (H,0)g X

2.05 (t,J = 7.0 Hz, 2H), 1.49-1.52 (m, 2H), 1.36-1.38 (m, 2H), TBSO &

1.27 (br, 13H), 0.90 (s, 9H), 0.05 (s, 6H); °C NMR (125 MHz, CDCls) & 143.5, 109.7,
83.9, 78.4, 63.3, 32.9, 32.8, 29.5, 29.4, 29.3, 29.1, 28.8, 26.0, 25.8, 18.4, 4.1, -5.2; IR
(FT-ATR) 2925, 2854, 1462, 1253, 1096, 953, 833, 773 cm’'; HRMS (DART) calcd. for
C13H,508i ([M+H]") 323.27702, found 323.27662.

CHs3

6h, 97%. '"H NMR (500 MHz, CDCl3) § 7.25 (d, J = 6.0 CH,
Hz, 2H), 7.12 (d, J = 8.5 Hz, 2H), 6.84 (d, J = 16.5 Hz, Kj/\/
1H), 6.08 (dq, J = 16.0, 2.0 Hz, 1H), 2.34 (s, 3H), 2.01 (d, J HC™ | 6h

= 2.5 Hz, 3H); C NMR (125 MHz, CDCl;) & 140.0,

138.2, 133.8, 129.3, 125.9, 107.7, 87.8, 79.0, 21.2, 4.6; IR (FT-ATR) 3025, 2914, 2850,

2217, 1609, 1513, 1440, 1376, 955, 798, cm’'; HRMS (DART) caled. for CioHis
(IM+H]") 157.10173, found 157.10240.

6i 93%. "H NMR (500 MHz, CDCl;) & 7.31 (dd, J = 8.0, 5.0 CHs
Hz, 2H), 7.00 (t, J = 8.5 Hz, 2H), 6.82 (d, J = 16.5 Hz, 1H), @/\/

6.04 (dq, J = 16.5, 1.5 Hz, 1H), 2.09 (d, J = 2.0 Hz, 3H); °C ¢ 6

NMR (125 MHz, CDCI3) & 162.7 (d, J = 246.8 Hz), 138.8, 132.7 (d, J = 2.9 Hz), 127.6
(d, J = 8.5 Hz), 115.8 (d, J =21.9 Hz), 108.6 (d, J = 2.9 Hz), 88.3, 78.7, 4.4; ’F NMR
(470 MHz, CDCI3) § -113.2; IR (FT-ATR) 3037, 2915, 2850, 2219, 1599, 1506, 1227,

1156, 952, 868, 851 cm; HRMS (DART) caled. for CiHoF ([M+H]) 161.07665,
found 161.07606.

6j, 75%. 'H NMR (500 MHz, CDCls) § 7.28 (s, 4H), 6.82

CHj
(d, J=16.0 Hz, 1H), 6.10 (dq, J = 16.5, 2.0 Hz, 1H), 2.01 P
(d, J=2.5 Hz, 3H); >C NMR (125 MHz, CDCl5) & 138.7, -

6j

135.0, 133.9, 128.8, 127.2, 109.5, 88.9, 78.7, 4.5; IR (FT-
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ATR) 3032, 2914, 2848, 2215, 1615, 1592, 1490, 1089, 1011, 954, 806 cm™; HRMS
(DART) caled. for C;H;*Cl ((M+H]") 177.04710, found 177.04736.

6k, 60%. "H NMR (500 MHz, CDCL;) & 7.01 (d, J = 8.0 _CHs
N

Hz, 2H), 6.84 (d, J = 9.0 Hz, 2H), 6.82 (d, J = 17.0 Hz, O/\/

1H), 5.98 (dq, J = 16.5, 2.5 Hz, 1H), 3.81 (s, 3H), 2.01 (d, MeO” >

J=2.0 Hz, 3H); >C NMR (125 MHz, CDCI3) & 159.7, 139.6, 129.3, 127.3, 114.0, 106.4,
87.3, 79.1, 59.2, 4.5; IR (FT-ATR) 3030, 3001, 2955, 2934, 2912, 2835, 2217, 1604,
1509, 1440, 1275, 1173, 1030, 952, 847 cm'; HRMS (DART) calcd. for CoH 30
(IM+H]") 173.09664, found 173.09594.

6m, 73%. '"H NMR (500 MHz, CDCl3) § 7.26-7.36 (m, 5H), 6.90 Et
(d, T=16.0 Hz, 1H), 6.18 (dt, J = 16.0, 2.5 Hz, 1H), 2.39-2.44 (m, @/\/
2H), 1.21-1.25 (m, 3H); "C NMR (125 MHz, CDCI3) & 140.0, 6m

136.6, 128.6, 128.2, 126.0, 108.8, 94.2, 79.1, 13.9, 13.3; IR (FT-

ATR) 3059, 3027, 2975, 2936, 2842, 2211, 1594, 1491, 1448, 1375, 1316, 952, 746, 690
cm™'; HRMS (DART) caled. for C14H,7 ((M+H]") 157.10173, found 157.10136.

6n, 80%. '"H NMR (500 MHz, CDCl3) & 7.36 (d, J = 7.0 Hz, 2H), "Bu

g
7.31 (t, J = 7.0 Hz, 2H), 7.25 (t, J = 7.0 Hz, 1H), 6.87 (d, J = @/\/
16.5 Hz, 1H), 6.15 (dt, J = 16.0, 7.5 Hz, 1H), 2.38 (td, J = 7.0, 6n

2.5 Hz, 2H, 1.53-1.57 (m, 2H), 1.43-1.48 (m, 2H), 0.94 (t, J = 7.0 Hz, 3H); °C NMR
(125 MHz, CDCI3) § 139.9, 136.6, 128.6, 128.2, 126.0, 108.9, 93.0, 79.7, 30.8, 22.0,
19.3, 13.6; IR (FT-ATR) 3060, 3027, 2956, 2871, 2212, 1614, 1595, 1464, 1027, 745,
689 cm™'; HRMS (DART) caled. for C14H;7 ([M+H]") 185.13033, found 185.13310.

60, 44%. 'H NMR (500 MHz, CDCls) & 7.36 (d, J = 7.5 Hz, __Foeyl
=

2H), 7.31 (d, J = 7.5 Hz, 2H), 7.25 (t, J = 7.5 Hz, 1H), 6.87 (d, i)/\/

J=16.0 Hz, 1H), 6.15 (dt, J = 16.5, 2.5 Hz, 1H), 2.36 (td, J = X 60

7.5,2.5 Hz, 2H), 1.53-1.58 (m, 2H), 1.40-1.44 (m, 2H), 1.30 (br, 8H), 0.89 (t, J = 7.5 Hz,
3H); °C NMR (125 MHz, CDCI3) & 139.9, 136.6, 128.6, 128.2, 126.0, 108.9, 93.1, 79.7,
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31.8,29.2,29.1,29.0, 28.8, 22.7, 19.6, 14.1; IR (FT-ATR) 3060, 3027, 2953, 2924, 2854,
2210, 1596, 1490, 1465, 1429, 950, 745, 689 cm’'; HRMS (DART) caled. for CisHos
(IM+H]") 241.19563, found 241.19513.

6p, 43%. "H NMR (500 MHz, CDCl;) & 7.36 (d, J = 7.5 Hz, _

2H), 7.31 (t, J = 7.5 Hz, 2H), 7.25 (t, J = 7.5 Hz, 1H), 6.88

(d, J=16.0 Hz, 1H), 6.18 (dt, J=17.0, 2.5 Hz, 1H), 2.27 (dd, 6p

J = 6.0, 1.0 Hz, 2H), 1.84-1.90 (m, 1H), 1.02 (d, J = 7.0 Hz, 6H); °C NMR (125 MHz,
CDCl;) & 139.9, 136.6, 128.6, 128.2, 126.0, 108.9, 91.9, 80.6, 28.8, 28.2, 22.0; IR (FT-
ATR) 3060, 3027, 2957, 2828, 2211, 1615, 1463, 1343, 1027, 745, 689 cm™'; HRMS
(DART) calcd. for Ci4H;7 ((M+H]") 185.13303, found 185.13370.

69, 86%. 'H NMR (500 MHz, CDCls) § 7.36 (d, J= 7.5 OTBS
Hz, 2H), 7.31 (t, J = 7.5 Hz, 2H), 7.26 (t, J = 6.5 Hz, ~ P

1H), 6.88 (d, J = 16.0 Hz, 1H), 6.13 (dt, J = 16.5, 2.5

Hz, 1H), 3.78 (t, J = 7.5 Hz, 2H), 2.59 (td, J = 7.0, 2.0

Hz, 2H), 0.90 (s, 9H), 0.10 (s, 6H); '°C NMR (125 MHz, CDCI3) & 140.4, 136.5, 128.6,
128.3, 126.1, 108.6, 89.1, 80.8, 62.0, 25.9, 24.0, 18.4, -5.2; IR (FT-ATR) 3028, 2953,
2882, 2855, 2219, 1491, 1253, 1098, 951, 876,775, 745, 689 cm’'; HRMS (DART) calcd.
for C1sH70Si (M+H]") 287.18312, found 287.18437.

6q
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General procedure G for catalytic hydroboration of terminal 1,3-enynes

4 mol% L4 H
H 2 mol% Pd.dbag
// > R /\H\/H
R, HBCat  ccl,, 0.25 M, RT, 30 min-2.5h. 1 ) _
RZ , then pinacol (12.0 equiv) F; B(pin)

To a 5-mL vial charged with 1,3-enyne 4 (0.25 mmol), the catalyst (Pd.dbas/L4) solution
(0.05 M in CH,Cl,, 0.20 mL, 0.01 mmol), and CH,Cl, (0.80 mL) was added HBCat (39
ulL, 0.375 mmol). The resulting mixture was allowed to stir at room temperature until
completion as monitored by TLC. At the conclusion of the reaction, the crude 'H NMR
was taken to determine ratio of the trans/cis hydroboration adducts (using *Jiyyu of CH
next to boron as the diagnostic tool to assign the trans/cis hydroboration adducts). Then,
pinacol (354 mg, 3.0 mmol) in CH,Cl, (3.0 mL) was introduced, and the resulting
mixture was allowed to stir at room temperature for 1 hr. After removal of the solvent,
the crude residue was purified by column chromatography on silica gel with (Hex/EtOAc
= 100: 1) as the eluent to afford dienyl boronates 5. The ratio of trans/cis hydroboration
adducts for the Bpin products may slightly differ from the ratio originally observed for
the Bcat intermediates (this latter ratio is shown in Table 2). The spectra (including the
integration of both diastereomers in the inset) for the Bpin products are provided in the

NMR collection.

5a: 30 min, EE/EZ >98 : 2, 85% yield. Crystals of 5a suitable for Ph /\/\

single crystal X-ray diffraction analysis were grown from slow 5a B(pin)
evaporation of a pentane solution at —30 °C. "H NMR (500 MHz,

CDCls) 6 7.66 (dd, J = 15.5, 11.0 Hz, 1H), 7.45 (d, J = 7.5 Hz, 2H), 7.34 (t, J = 7.5 Hz,
2H), 7.25 (t, J="7.5 Hz, 1H), 7.02 (t J = 12.0 Hz, 1H), 6.65 (d, J = 15.5 Hz, 1H), 5.47 (d,
J =13.0 Hz, 1H), 1.33 (s, 12H); °C NMR (125 MHz, CDCI3) & 150.3, 137.2, 136.3,
129.4, 128.6, 127.9, 126.9, 119.5 (br), 83.1, 24.9; ''B NMR (160 MHz, CDCls) & 29.6;
IR (ATR) 2978, 2930, 1624, 1587, 1571, 1451, 1423, 1379, 1330, 1279, 1258, 1215,
1113, 1007, 964, 782 cm™'; HRMS (DART) caled for CsH»BO, ((M+H]") 257.17128,

found 257.17055.
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5b: 30 min, EZ/EE >98 : 2, 86% yield. "H NMR (500 MHz, PN
CDCls) § 7.62 (ddd, J = 16.0, 11.0, 1.0 Hz, 1H), 7.34 (d, J MeQMB(pin)
= 8.0 Hz, 2H), 7.15 (d, J = 8.0 Hz, 2H), 7.01 (t, J = 12.0 5b

Hz, 1H), 6.63 (d,J = 11.0 Hz, 1H), 5.42 (d, J = 13.0 Hz, 1H), 2.35 (s, 3H), 1.32 (s, 12H);
C NMR (125 MHz, CDCLy) & 150.6, 137.8, 136.4, 134.4, 129.3, 128.5, 126.8, 119.3
(br), 83.1, 24.9, 21.3; ''B NMR (160 MHz, CDCl3) § 29.3; IR (ATR) 2978, 2926, 1624,
1586, 1297, 1279, 1113, 1106, 965, 878, 846 cm™'; HRMS (DART) calcd for Ci7H>4BO;
(IM+H]") 271.18693, found 271.18643.

5c: 30 min, EZ/EE = 98 : 2, 82% yield. '"H NMR (500 MHz, AN
CDCl3) & 7.65 (dd, J = 16.0, 11.5 Hz, 1H), 7.22-7.29 (m, 3H), @MB(pin)
7.07 (d, J = 7.5 Hz, 1H), 7.02 (t, J = 13.0 Hz, 1H), 6.63 (d,J= Me g,

11.0 Hz, 1H), 5.46 (d, J = 13.0 Hz, 1H), 2.36 (s, 3H), 1.33 (s, 12H); °C NMR (125 MHz,
CDCI3) & 150.4, 138.4, 137.1, 136.5, 129.2, 128.7, 128.4, 127.8, 123.8, 119.4 (br), 83.1,
24.9; "B NMR (160 MHz, CDCl;) & 29.3; IR (ATR) 2980, 2931, 1620, 1597, 1587,

1421, 1402, 1372, 1316, 1279, 1138, 975, 868, 845 cm™; HRMS (DART) calcd for
C17H,4BO, ([M+H]") 271.18693, found 271.18597.

5d: 30 min, EZ/EE = 98 : 2, 80% yield. '"H NMR (500 MHz, N
CDCl;) & 7.58 (dd, J = 15.5, 11.0 Hz, 1H), 7.54 (d, J = 7.5 Hz, prB(pin)
1H), 7.15-7.21 (m, 3H), 7.08 (d, J = 11.5 Hz, 1H), 6.86 (d, J =
15.5 Hz, 1H), 5.47 (d, J = 13.0 Hz, 1H), 2.38 (s, 3H), 1.31 (s,
12H); *C NMR (125 MHz, CDCI3) & 150.7, 136.0, 135.9, 134.0, 130.6, 130.4, 127.7,
126.1, 125.8, 119.7 (br), 83.1, 24.9; ''B NMR (160 MHz, CDCl3) § 29.3; IR (ATR) 2979,
2931, 1624, 1594, 1579, 1507, 1431, 1406, 1390, 1371, 1279, 1231, 1113, 1006, 965,
875, 860 cm™; HRMS (DART) caled for Ci7H24BO, ([M+H]) 271.18693, found
271.18753.

5d

5e: 30 min, EZ/EE >98 : 2, 76% yield. '"H NMR (500

N
AN
MHz, CDCLy) § 754 (ddd, J = 160, 115, 1.0 Hz, 1H), OWB(pi”)
e

7.40 (dd, J = 8,5, 3.0 Hz, 2H), 7.00 (t, J = 12.5 Hz, 1H), 5e

S18



6.89 (dd, J = 8.5, 3.0 Hz, 2H), 6.60 (d, J = 15.5 Hz, 1H), 5.41 (d, J = 13.0 Hz, 1H), 3.82
(s, 3H), 1.32 (s, 12H); *C NMR (125 MHz, CDCI3) § 159.5, 150.7, 136.0, 130.0, 128.1,
127.5, 118.4 (br), 114.1, 83.0, 55.3, 24.9; ''B NMR (160 MHz, CDCl;) & 29.4; IR (FT-
ATR) 2994, 2976, 2935, 2837, 1624, 1605, 1584, 1570, 1510, 1463, 1414, 1389, 1371,
1329, 1329, 1297, 1245, 1174, 1141, 1111, 1030, 1107, 964, 877, 846 cm™'; HRMS
(DART) calcd. for C;7H,4BOs ((M+H]") 287.18185, found 287.28239.

5f: 30 min, EZ/EE >98 : 2, 88% yield. '"H NMR (500 MHz, PN
CDCl3) & 7.57 (dd, J = 15.5, 11.0 Hz, 1H), 7.39-7.42 (m, FWB(pin)
2H), 6.97-7.05 (m, 3H), 6.62 (d, J = 15.5 Hz, 1H), 5.46 (d, J 5¢

= 13.0 Hz, 1H), 1.33 (s, 12H); >C NMR (125 MHz, CDCI3) & 162.5 (d, J = 246.6 Hz),
150.1, 135.0, 133.4 (d, J = 3.7 Hz), 129.1 (d, J = 1.0 Hz), 128.3 (d, J = 11.0 Hz), 119.7
(br), 115.6 (d, J = 21.7 Hz), 83.1, 24.9; ''B NMR (160 MHz, CDCL3) & 29.6; '°’F NMR
(470 MHz, CDCl3) & -113.7; IR (ATR) 2979, 2932, 1619, 1587, 1566, 1422, 1371, 1258,
1141, 1113, 965, 880, 848 cm™; HRMS (DART) caled for CsH2iBFO, ([M+H]")
274.15404, found 274.15335.

5g: 2.5 hr, EZ/EE = 98 : 2, 82% vyield. 'H NMR (500 MHz, P
CDCl3) § 7.62 (ddd, J=15.5, 11.0, 1.0 Hz, 1H), 7.35 (dt, J = C|m5 (oin)
8.5, 2.0 Hz, 2H), 7.31 (dt, J = 8.0, 2.5 Hz, 2H), 7.00 (t, J = 59

12.0 Hz, 1H), 6.60 (d, J = 14.5 Hz, 1H), 5.49 (d, J = 13.5 Hz, 1H), 1.33 (s, 12H); °C
NMR (125 MHz, CDCI3) & 149.9, 135.7, 134.8, 133.5, 129.9, 128.8, 128.0, 120.7 (br),
83.2,24.9; "'B NMR (160 MHz, CDCls) § 29.2; IR (ATR) 2978, 2928, 1623, 1584, 1490,
1430, 1371, 1297, 1216, 1192, 1165, 1143, 1113, 1091, 1011, 965, 876, 846 cm™'; HRMS
(DART) calcd for C1sH, B*>C10, (IM+H]") 291.13231, found 291.13168.

5h: 2.5 hr, EZ/EE = 98 : 2, 76% yield. '"H NMR (500 MHz, AN
CDCl3) 6 7.64 (ddd, J = 15.5, 10.5, 1.0 Hz, 1H), 7.46 (dt, J = Br/Ej/\/\B(pin)
9.5, 2.5 Hz, 2H), 7.30 (dt, J = 9.5, 2.5 Hz, 2H), 6.99 (d, J = 5h

12.0 Hz, 1H), 6.57 (d, J = 15.0 Hz, 1H), 5.50 (d, J = 13.5 Hz, 1H), 1.32 (s, 12H); °C
NMR (125 MHz, CDCl3) & 149.9, 136.2, 134.9, 131.7, 130.0, 128.3, 121.7, 120.5 (br),
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81.2,24.9; "B NMR (160 MHz, CDCl3) § 29.3; IR (ATR) 2977, 2930, 1621, 1591, 1428,
1280, 1164, 1131, 1112, 1007, 964, 876, 864 cm’'; HRMS (DART) calcd for
C7H,4B”BrO, (IM+H]") 335.08180, found 335.08263.

5i: 45 min, EZ/EE > 98 : 2, 80% yield. "H NMR (500 MHz, PN
CDCl;) & 7.76-7.81 (m, 5H), 7.68 (dd, J = 8.0, 1.0 Hz, 1H), OO B(pin)
7.42-7.48 (m, 2H), 7.08 (t, J = 12.5 Hz, 1H), 6.82 (d, J = 5i

15.5 Hz, 1H), 5.51 (d, J = 12.0 Hz, 1H), 1.35 (s, 12H); >C NMR (125 MHz, CDCl;) &
150.4, 136.4, 134.8, 133.6, 133.2, 129.7, 128.2, 128.1, 127.6, 127.3, 126.2, 126.0, 123.6,
119.6 (br), 83.1, 24.9; ''B NMR (160 MHz, CDCls) & 29.4; IR (FT-ATR) 3057, 2977,
2931, 1614, 1600, 1583, 1506, 1444, 1370, 1329, 1261, 1142, 1016, 838 cm™'; HRMS
(DART) calcd. for CoH24BO, ([M+H]") 307.18693, found 307.18708.

5j: 45 min, EZ/EE > 98 : 2, 81% yield. '"H NMR (500 MHz,

CDCl;) & 8.18 (d, J = 8.0 Hz, 1H), 7.86 (dd, J = 8.0, 1.5 Hz, O S N

1H), 7.72-7.81 (m, 3H), 7.48-7.55 (m, 3H), 7.44 (d, J = 15.5 O _ B(pin)
Hz, 1H), 7.18 (t, J= 12.0 Hz, 1H), 5.55 (d, J = 14.0 Hz, 1H), o

1.33 (s, 12H); C NMR (125 MHz, CDCls) § 150.5, 134.4, 133.7, 133.0, 132.0, 131.2,
128.6, 128.3, 126.1, 125.8, 125.6, 123.9, 123.6, 120.1 (br), 83.2, 24.9; ''B NMR (160
MHz, CDCl;) & 29.3; IR (FT-ATR) 3054, 2977, 2928, 1612, 1582, 1509, 1424, 1390,
1370, 1332, 1298, 1279, 1165, 1112, 965, 879 cm™; HRMS (DART) calcd. for
Cy0H24BO, ([M+H]") 307.18693, found 307.18717

5k: 30 min, EZ/EE = 97 : 3, 81% yield. '"H NMR (500 MHz, X\
CDCl;) & 7.50 (dd, J = 16.5, 11.5 Hz, 1H), 7.21 (d, J = 5.5 Hz, \_s B(pin)
1H), 7.03 (d, J = 3.5 Hz, 1H), 6.98 (t, J = 5.0 Hz, 1H), 6.95 (t, J Sk

= 12.0 Hz, 1H), 6.76 (d, J = 16.0 Hz, 1H), 5.44 (d, J = 13.5 Hz, 1H), 1.32 (s, 12H); "°C
NMR (125 MHz, CDCI3) & 149.6, 142.7, 129.3, 128.8, 127.6, 126.5, 125.1, 119.3 (br),
83.1,24.9; "B NMR (160 MHz, CDCl;) & 29.2; IR (ATR) 2977, 2928, 1612, 1584, 1514,
1434, 1417, 1351, 1329, 1297, 1257, 1214, 1193, 1164, 1112, 1004, 966, 954, 880, 866
cm™; HRMS (DART) caled for C14HBO,S ([M+H]") 263.12771, found 263.12744.
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51: 45 min, EZ/EE = 97 : 3, 84% yield. 'H NMR (500 MHz, -~ -~
CDCl3) & 7.51 (dd, J = 11.5, 1.5 Hz, 1H), 7.41 (d, J = 1.5 HZ, Ws(pin)
1H), 6.94 (t, J = 12.0 Hz, 1H), 6.44 (d, J = 11.0 Hz, 1H), 6.39- 51

6.41 (m, 1H), 6.35 (d, J= 3.0 Hz, 1H), 5.44 (d, J = 13.5 Hz, 1H), 1.32 (s, 12H); °C NMR
(125 MHz, CDCI3) § 153.1, 149.8, 142.6, 127.8, 123.7, 119.8 (br), 111.7, 109.5, 83.1,
24.8; "B NMR (160 MHz, CDCl;) & 29.3; IR (ATR) 2978, 2929, 1599, 1546, 1481,
1389, 1259, 1185, 1112, 1013, 965, 882, 846 cm™'; HRMS (DART) calcd for C14H,0BO,
(IM+H]") 247.15055, found 247.15100.

5m: 30 min, EZ/EE = 94 : 6, 82%. "H NMR (500 MHz, CDCl3) & o /\/\
6.80-6.88 (m, 2H), 5.81-5.87 (m. 1H), 5.24 (d, J = 11.0 Hz, 1H), B(pin)
2.15 (q, J = 7.0 Hz, 2H), 1.36-1.43 (m, 2H), 1.27-1.34 (m, 18H), 5m

0.89 (t, J = 6.5 Hz, 3H); °C NMR (125 MHz, CDCl3) § 151.0, 140.1, 130.7, 118.5 (br),
82.9, 32.7, 31.7, 29.0, 28.9, 24.8, 22.6, 14.1; ''B NMR (160 MHz, CDCl;) & 29.3; IR
(FT-ATR) 2977, 2954, 2929, 2857, 1597, 1471, 1462, 1452, 1420, 1389, 1371, 1289,
1254, 1212, 1143, 1089, 1005, 976, 965, 935, 863, 744 cm™'; HRMS (DART) calcd. for
C16H30BO, ([M+H]") 265.23388, found 265.23352.

5n: 30 min, EZ/EE = 97 : 3, 87% yield. "H NMR (500 MHz, AN
CDCl;) & 6.79-6.85 (m, 2H), 5.75-5.79 (m, 1H), 5.25 (d, J=12.0 WB(pin>
Hz, 1H), 2.06-2.10 (m, 1H), 1.64-1.76 (m, 5H), 1.07-1.29 (m, sn

17H); *C NMR (125 MHz, CDCI3) § 151.3, 145.6, 128.3, 116.5 (br), 82.9, 40.8, 32.5,
26.1, 25.9, 24.9; "B NMR (160 MHz, CDCls) § 29.3; IR (FT-ATR) 2978, 2924, 2851,

1639, 1590, 1445, 1427, 1389, 1297, 1145, 1007, 966, 768 cm™'; HRMS (DART) calcd.
for C1sHasBO, ((M+H]) 263.21823, found 263.21808.

50: 30 min, EZ/EE >98 : 2, 86% yield. '"H NMR (500 MHz, m
CDCls) § 6.88-6.93 (m, 1H), 6.82 (t, J = 12.0 Hz, 1H), 5.80- 1ggo B(pin)
5.86 (m, 1H), 5.28 (d, J = 13.5, 1H), 3.69 (t, J = 7.0 Hz, 2H), 50

2.14 (q, J = 7.0 Hz, 2H), 1.28 (s, 12H), 0.88 (s, 9H), 0.05 (s, 6H); °C NMR (125 MHz,
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CDCly) § 150.7, 135. 7, 132.5, 117.3 (br), 82.9, 62.7, 36.4, 25.9, 24.8, 18.3, -5.3; ''B
NMR (160 MHz, CDCl3) & 29.2; IR (ATR) 2979, 2954, 2929, 1643, 1590, 1471, 1424,
1300, 1257, 1215, 1145, 1097, 1006, 966, 937, 876, 835 cm’'; HRMS (DART) caled for
C1sH36BO5Si (M+H]") 339.25268, found 339.25257.

5p: 30 min, EZ/EE = 96 : 4, 91% yield. 'H NMR (500 MHz, , oSN
2VvY)9

CDCly) & 6.82-6.86 (m, 2H), 5.81-5.87 (m, 1H), 524 (d, J = TBSO B(pin)

12.0, 1H), 3.60 (t, J = 6.5 Hz, 2H), 2.14 (q, J = 7.0 Hz, 2H), 5p

1.47-1.54 (m, 2H), 1.38-1.43 (m, 2H), 1.28 (m, 22H), 0.89 (s, 9H), 0.05 (s, 6H); °C
NMR (125 MHz, CDCI3) & 151.0, 140.1, 130.7, 116.8 (br), 82.9, 63.3, 32.9, 32.7, 29.6,
29.5,29.4,29.2, 29.0, 26.0, 25.8, 24.8, 18.3, -5.3; ''B NMR (160 MHz, CDCl3) & 29.2;
IR (ATR) 2978, 2926, 2854, 1641, 1589, 1463, 1424, 1388, 1378, 1329, 1299, 1255,
1215, 1144, 1096, 1006, 965, 879, 773 cm™'; HRMS (DART) caled for C,sHsoBOsSi
(IM+H]") 437.36223, found 437.36140.

5q: 30 min, EZ/EE = 95 : 5, 93% yield. '"H NMR (500 MHz, Me_ Me

™
CDCls) 6 7.06 (dd, J=16.0, 11.5 Hz, 1H), 6.90 (t, /= 12.0 Hz, | ~
B(pin
1H), 6.30 (d, J=11.0 Hz, 1H), 5.31 (d, J = 13.5 Hz, 1H), 2.06 Me (pin)
5q

(t, J=6.5 Hz, 2H), 1.77 (d, J = 1.0 Hz, 3H), 1.59-1.64 (m, 2H),
1.46-1.48 (m, 2H), 1.30 (s, 12H), 1.08 (s, 6H); °C NMR (125 MHz, CDCI3) & 151.8,
137.0, 135.2, 132.9, 132.0, 116.5 (br), 82.8, 40.2, 34.0, 33.7, 28.9, 24.8, 24.5, 21.7, 19.2;
"B NMR (160 MHz, CDCl3) & 29.3; IR (FT-ATR) 2976, 2928, 2865, 2824, 1607, 1580,
1424, 1389, 1370, 1327, 1297, 1257, 1212, 1164, 1143, 1113, 1009, 967, 846, 771 cm’';
HRMS (DART) calcd. for C19H3,BO, ([M+H]") 303.24953, found 235.25009.

5r*° [CAS: 1192488-91-7]: 30 min, EZ/EE = 97 : 3, 70% yield. 'H N
NMR (500 MHz, CDCl3) & 6.65 (d, J = 14.5 Hz, 1H), 5.83 (t, J= 5.0 @B(pin)
Hz, 1H), 5.18 (d, J = 15.0 Hz, 1H), 2.24-2.27 (m, 2H), 2.11-2.15 (m, 5r

2H), 1.54-1.66 (m, 4H), 1.30 (s, 12H); °C NMR (125 MHz, CDCl;) & 149.7, 137.9,
132.0, 114.1 (br), 83.3,26.3, 26.0, 24.8, 22.4, 22.1; "B NMR (160 MHz, CDCl3) § 30.5;
IR (FT-ATR) 2977, 2927, 2858, 2831, 1628, 1598, 1434, 1389, 1370, 1298, 1228, 1141,
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1107, 1004, 966, 918, 845, 801, 775 cm’; HRMS (DART) caled. for CisHxBO,
(IM+H]") 235.18693, found 235.18714.

General procedure H for catalytic hydroboration of internal 1,3-enynes

4 mol% L3 H
P R3 2 mol% Pdj,dbas R3
= HBCat ) > R1/\)\(
R CH,Cly, 1.25 M, RT, 15 min-3.5 h. _
R? then pinacol (12.0 equiv) |;2 B(pin)

To a 5-mL vial charged with 1,3-enyne 6 (0.25 mmol) and the catalyst (Pd.dbas/L3)
solution (0.05 M in CH,Cl,, 0.20 mL, 0.01 mmol) was added HBCat (39 uL, 0.375
mmol). The resulting mixture was allowed to stir at room temperature until completion as
monitored by TLC. At the conclusion of the reaction, the crude '"H NMR was taken to
determine ratio of the trans/cis hydroboration adducts (using chemical shift of CH next to
R' (7a-71), or CH, next to CB (7m-7q) as the diagnostic tool to assign the trans/cis
hydroboration adducts). Then, pinacol (354 mg, 3.0 mmol) in CH,Cl, (3.0 mL) was
introduced, and the resulting mixture was allowed to stir at room temperature 1 hr. After
removal of the solvent, the residue was purified by column chromatography on silica gel
with (Hex/EtOAc = 100: 1) as the eluent to afford dienyl boronates 7. The ratio of
trans/cis hydroboration adducts for the Bpin products may slightly differ from the ratio
originally observed for the Bcat intermediates (this latter ratio is shown in Table 3). The
spectra (including the integration of both diastereomers in the inset) for the Bpin products
are provided in the NMR collection. ID-NOE experiments were performed for 7a, 7g,
cis-7g (independently synthesized)®', 71, and 7q as representative compounds. The 1D-

NOE spectra for 7a, 7g, 71, and 7q are consistent with ¢trans-hydroboration.

7a: 1.5 hr, EE/EZ = 96: 4, 92% yield. Crystals of 7a suitable for X Me
single crystal X-ray diffraction analysis were grown from slow ()N\B((pin)
evaporation of a pentane solution at —30 °C. "H NMR (500 MHz, 7a

CDCl) 6 6.79 (ddd, J = 15.5, 11.0, 1.0 Hz, 1H), 6.56 (d, J = 10.5 Hz, 1H), 5.63 (dd J =
15.5, 7.0 Hz, 2H), 1.98-2.10 (m, 1H), 1.82 (s, 3H), 1.70-1.75 (m, 4H), 1.63-1.66 (m, 1H),
1.08-1.29 (m, 17H); *C NMR (125 MHz, CDCI3) § 146.1, 142.4, 127.6, 82.9, 40.7, 32.7,

26.2, 25.9, 24.9, 22.3 (B-alkenyl carbon signal not observed); ''B NMR (160 MHz,
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CDCly) § 29.7; IR (ATR) 2977, 2923, 2850, 1634, 1593, 1449, 1421, 1400, 1371, 1343,
1290, 1212, 1085, 975, 865, 672 cm™'; HRMS (DART) caled for C;7H3oBO, ((M+H]")
277.23388, found 277.23525.

7b: 30 min, EE/EZ = 93 : 7, 80% yield. 'H NMR (500 MHz, “ Me
CDCl3) § 6.82 (dd, J = 15.0, 10.5 Hz, 1H), 6.56 (d, J = 10.5 Hz, "He"/\/i((pm)
1H), 5.69 (dt, J = 15.0, 7.0 Hz, 1H), 2.11 (q, J = 7.0 Hz, 2H), 1.82 7b

(s, 3H), 1.36-1.42 (m, 2H), 1.23-1.32 (m, 18H), 0.89 (t, J = 7.0 Hz, 3H); *C NMR (125
MHz, CDCl3) & 145.8, 136.8, 130.0, 82.9, 32.7, 31.8, 29.2, 28.9, 24.9, 22.6, 22.4, 14.1
(B-alkenyl carbon signal not observed); ''B NMR (160 MHz, CDCl;) & 29.7; IR (ATR)
2977, 2956, 2925, 2854, 1640, 1596, 1453, 1421, 1389, 1371, 1267, 1254, 1214, 1143,
1110, 1093, 975, 965, 836, 686 cm™; HRMS (DART) calcd. for C,7H3,BO, ((M+H]")
279.24953, found 279.25033.

7c: 2 hr, EE/EZ = 82 : 18, 93% yield. '"H NMR (500 MHz, CDCls) o M(Et

8 6.80 (dd, J = 15.5, 11.5 Hz, 1H), 6.53 (d, J= 11.5 Hz, 1H), 5.71 B(pin)
(dt, J = 15.0, 8.0 Hz, 1H), 2.08-2.17 (m, 4H), 1.37-1.43 (m, 2H), 7c
1.26-1.32 (m, 18H), 1.00 (t, J = 7.0 Hz, 3H), 0.88 (t, J = 7.0 Hz, 3H); °C NMR (125
MHz, CDCls) § 143.9, 136.9, 130.1, 82.9, 32.8, 31.8, 29.8, 29.1, 28.9, 24.8, 22.6, 14.8,
14.1; ''B NMR (160 MHz, CDCls)  30.0; IR (ATR) 2958, 2925, 2855, 1639, 1591, 1458,
1425, 1405, 1388, 1378, 1290, 1214, 1143, 1109, 967, 833, 673 cm™'; HRMS (DART)
caled for C13H34BO, ([M+H]") 293.26594, found 293.26518.

7d: 2 hr, EE/EZ = 81 : 19, 77% yield. '"H NMR (500 MHz, CDCls) & . WBU
6.72-6.82 (m, 1H), 6.51 (d, J = 11.5 Hz, 1H), 5.69-5.73 (m, 1H), Bpin)
2.13 (t, J = 7.5 Hz, 2H), 1.78 (d, J = 7.0 Hz, 3H), 1.25-1.38 (m, 7d

16H), 0.88 (t, J = 7.5 Hz, 3H); °C NMR (125 MHz, CDCl;) § 144.5, 131.5, 131.2, 82.9,
34.5, 32.6, 24.8, 22.3, 18.3, 14.0 (B-alkenyl carbon signal not observed); ''B NMR (160
MHz, CDCLs) § 29.9; IR (ATR) 2977, 2956, 2929, 2871, 2858, 1642, 1591, 1466, 1424,
1405, 1378, 1301, 1285, 1245, 1213, 1144, 1111, 978, 966, 864, 703 cm'; HRMS
(DART) caled for CisHysBO, (IM+H]") 251.21823, found 251.21859.
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7e: 30 min, EE/EZ = 92 : 8, 84% yield. 'H NMR (500 1BSO WyMe
MHz, CDCls3) § 6.87 (dd, J = 15.0, 10.5 Hz, 1H), 6.56 (d, J B(pin)
=11.0 Hz, 1H), 5.67 (dt, J=15.5, 7.0 Hz, 1H), 3.66 (t, J = re

7.0 Hz, 2H), 2.35 (q, J = 7.0 Hz, 2H), 1.83 (s, 3H), 1.28 (s, 12H), 0.89 (s, 9H), 0.06 (s,
6H); >C NMR (125 MHz, CDCls) & 145.5, 132.2, 131.9, 83.0, 63.0, 36.4, 26.9, 24.8,
22.4, 18.3, -5.3 (B-alkenyl carbon signal not observed); "B NMR (160 MHz, CDCl;) &
29.7; IR (ATR) 2978, 2957, 2925, 2855, 1641, 1589, 1466, 1424, 1389, 1279, 1007, 965,
879, 847 cm”'; HRMS (DART) caled for C;oH3BOsSi ([M+H]") 353.26833, found
353.26890.

7f: 30 min, EE/EZ = 94 : 6, 89% yield. "H NMR (500 MHz, S Me
CDCl3) § 6.81 (dd, J = 15.0, 10.5 Hz, 1H), 6.56 (d, J = 10.0 TBSO(HZC)"/\/\&M
Hz, 1H), 5.69 (dt, J = 15.0, 7.0 Hz, 1H), 3.59 (t, /= 7.0 Hz, "

2H), 2.11 (q, J = 7.5 Hz, 2H), 1.82 (s, 3H), 1.49-1.55 (m, 2H), 1.36-1.39 (m, 2H), 1.23-
1.29 (m, 22H), 0.89 (s, 9H), 0.05 (s, 6H); °C NMR (125 MHz, CDCl3) & 145.9, 136.8,
130.0, 82.9, 63.3, 32.9, 32.7, 29.6, 29.5, 29.4, 29.2, 25.7, 25.8, 24.9, 22.4, 18.3, -5.3 (B-
alkenyl carbon signal not observed); ''B NMR (160 MHz, CDCls) & 30.0; IR (ATR)
2978, 2926, 2854, 1640, 1596, 1462, 1421, 1400, 1389, 1253, 1214, 1144, 1094, 1034,
1005, 975, 835, 812 cm™; HRMS (DART) calcd for CasHs,BO:Si ([IM+H]") 451.37788,

found 451.37929.

7g: 30 min, EE/EZ =97 : 3, 79% yield. 'H NMR (500 MHz, CDCls) & s Me
6.31 (s, 1H), 5.65 (s, 1H), 2.15 (br, 2H), 2.08 (br, 2H), 1.83 (s, 3H), O/\B((pin)
1.54-1.63 (m, 4H), 1.28 (s, 12H); °C NMR (125 MHz, CDCl) & 79

143.1, 137.2, 127.7, 83.3, 27.1, 25.7, 24.7, 23.1, 22.6, 22.2 (B-alkenyl carbon signal not
observed); ''B NMR (160 MHz, CDCls) § 31.0; IR (ATR) 2977, 2927, 2857, 2832, 1608,
1446, 1398, 1389, 1221, 1213, 1189, 1143, 1107, 963, 920, 670 cm™'; HRMS (DART)
caled for C;5sH,6BO, ((M+H]") 249.20258, found 249.20367.
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7h: 15 min, EE/EZ >98 : 2, 87% yield. "H NMR (500 MHz,

™ Me
CDCl3) 8 7.63 (dd, J = 15.5, 11.0 Hz, 1H), 7.32 (d, J=7.5 N
Hz, 2H), 7.14 (d, J = 7.5 Hz, 2H), 6.77 (d, J = 11.0 Hz, Me S(emn)
1H), 6.51 (d, J = 15.5 Hz, 1H), 2.35 (s, 3H), 1.93 (s, 3H),
1.34 (s, 12H); °C NMR (125 MHz, CDCls) § 145.6, 137.1, 135.1, 133.4, 129.2, 128.3,
126.4, 83.1, 24.9, 22.6, 21.2 (B-alkenyl carbon signal not observed); ''B NMR (160
MHz, CDCl3) § 29.7; IR (FT-ATR) 2976, 2883, 1620, 1587, 1508, 1450, 1397, 1289,
1136, 1034, 1014, 964, 805 cm™; HRMS (DART) caled for CisHysBO, ([M+H]")
285.20258, found 285.20216.

7h

7i: 15 min, EE/EZ >98 : 2, 87% yield. "H NMR (500 MHz, S Me
CDCL) 8 7.58 (dd, J = 1.5.5, 10.5 Hz, 1H), 735738 (m, _ B(pin)
2H), 7.01 (t, J = 8.5 Hz, 2H), 6.74 (d, J = 11.0 Hz, 1H), 6.48 7i

(d, J=15.5 Hz, 1H), 1.92 (s, 3H), 1.33 (s, 12H); °*C NMR (125 MHz, CDCl3) & 161.2 (d,
J=245.8 Hz), 145.2, 134.0 (d, J = 3.8 Hz), 132.0, 128.9, 127.9 (d, J = 8.5 Hz, 1H), 115.5
(d, J=120.9 Hz), 83.2, 24. 9. 22.7 (B-alkenyl carbon signal not observed); ''B NMR (160
MHz, CDCls) § 29.7; ’F NMR (470 MHz, CDCl3) § -114.6; IR (ATR) 2978, 2933, 1621,
1596, 1581, 1506, 1451, 1396, 1318, 1245, 1229, 1140, 1110 1090, 966, 857, 817, 774,
685 cm™'; HRMS (DART) calcd for Ci7H23BFO, ([M+H]") 289.17751, found 289.17695.

7j: 15 min, EE/EZ >98 : 2, 85% yield. '"H NMR (500 MHz, o Me

CDCl3) & 7.63 (dd, J = 15.5, 11.0 Hz, 1H), 7.26-7.33 (m, o mpin)

4H), 6.74 (d, J = 10.5 Hz, 1H), 6.45 (d, J = 15.5 Hz, 1H), 7i

1.93 (s, 3H), 1.33 (s, 12H); °C NMR (125 MHz, CDCl3) & 145.0, 136.4, 132.8, 131.9,
129.7, 128.7, 127.6, 83.2, 24.9, 22.7 (B-alkenyl carbon signal not observed); ''B NMR
(160 MHz, CDCl3) & 29.7; IR (ATR) 3046, 3001, 2885, 1619, 1595, 1584, 1448, 1406,
1390, 1371, 1284, 1246, 1165, 1136, 1109, 1088, 1008, 964, 864, 683 cm™; HRMS
(DART) caled for C7H,3B*ClO, (IM+H]") 305.14796, found 305.14837.
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7k: 15 min, EE/EZ >98 : 2, 90% yield. '"H NMR (500 MHz, S Me
CDCl3) & 7.55 (dd, J = 15.5, 10.5 Hz, 1H), 7.36 (d, J = 8.5 mmn)
Hz, 2H), 6.87 (d, J = 8.5 Hz, 2H), 6.75 (d, J = 11.0 Hz, 1H), MO .

6.48 (d, J=15.5 Hz, 1H), 3.82 (s, 3H), 1.92 (s, 3H), 1.34 (s,

12H); °C NMR (125 MHz, CDCl;) & 159.1, 141. 8, 133.0, 130.7, 127.7, 127.2, 114.0,
83.1, 55.2, 24.9, 22.6 (B-alkenyl carbon signal not observed); ''B NMR (160 MHz,
CDCl3) § 29.8; IR (ATR) 2974, 2928, 2885, 2836, 1620, 1605, 1588, 1447, 1371, 1297,
1267, 1252, 1211, 1166, 1136, 1109, 1091, 1047, 977, 684 cm™'; HRMS (DART) calcd
for C15sH26BO; ((M+H]") 301.19750, found 301.19769.

71: 15 min, EE/EZ >98 : 2, 88% yield. '"H NMR (500 MHz, S Me
CDCl;) & 7.66 (dd, J = 16.0, 11.5 Hz, 1H), 7.41 (d, J = 7.5 Hz, ©N\B((pin)
2H, 7.32 (t, J = 7.5 Hz, 2H), 7.21 (t,J = 7.5 Hz, 1H), 6.76 (d, J = 71

11.0 Hz, 1H), 6.52 (d, J = 15.5 Hz, 1H), 1.92 (s, 3H), 1.33 (s, 12H); °C NMR (125 MHz,
CDCly) & 145.4, 137.8, 133.4, 129.2, 128.5, 127.3, 126.5, 83.2, 24.9, 22.7 (B-alkenyl
carbon signal not observed); ''B NMR (160 MHz, CDCl;) & 29.7; IR (FT-ATR) 2982,
2942, 2886, 1618, 1597, 1586, 1452, 1422, 1403, 1391, 1372, 1353, 1316, 1290, 1277,
1246, 1206, 1167, 1136, 1112, 1088, 1073, 976, 965, 869, 755, 682 cm’'; HRMS
(DART) calcd. for C17H24BO, ([M+H]") 271.18693, found 271.18705.

Tm: 3.5 hr, EE/EZ = 95 : 5, 96% yield. '"H NMR (500 MHz, Xy FEt
CDCl;) & 7.64 (dd, J = 15.5, 11.0 Hz, 1H), 7.40 (d, J = 7.0 Hz, Empin)
2H), 7.31 (t,J = 7.0 Hz, 2H), 7.21 (t, J = 7.5 Hz, 1H), 6.73 (d, J

=11.0 Hz, 1H), 6.54 (d, J = 16.0 Hz, 1H), 2.25 (q, J = 7.0 Hz, 2H), 1.34 (s, 12H), 1.05 (t,
J=17.5Hz, 3H); °C NMR (125 MHz, CDCl;) § 143.5, 137.9, 133.5, 129.3, 128.5, 127.3,
126.5, 83.1, 30.0, 24.9, 14.7 (B-alkenyl carbon signal not observed); ''B NMR (160
MHz, CDCl3) § 30.0; IR (ATR) 2975, 2930, 2870, 1622, 1598, 1448, 1404, 1370, 1349,
1282, 1269, 1213, 1140, 1109, 1043, 968, 866, 705 cm'; HRMS (DART) calcd for
C1sH26BO, ([M+H]") 282.20258, found 282.20342.
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n: 3.5 hr, EE/EZ = 93 : 7, 88% yield. 'H NMR (500 MHz, -~ ~_/Bu
CDCl;) & 7.62 (dd, J = 15.5, 11.0 Hz, 1H), 7.40 (d, J = 7.5 Hz, Empm)
2H), 7.31 (t, J = 7.5 Hz, 2H), 7.21 (t, J = 7.5 Hz, 1H), 6.71 (d, J m

= 11.5 Hz, 1H), 6.52 (d, J = 16.5 Hz, 1H), 2.23 (t, J = 7.5 Hz, 2H), 1.38-1.43 (m, 2H),
1.27-1.35 (m, 14H), 0.91 (t, J = 7.0 Hz, 3H); °C NMR (125 MHz, CDClL3) & 144.2,
137.9, 133.4, 129.2, 128.5, 127.2, 126.5, 83.1, 36.7, 32.5, 24.9, 24. 7, 14.0 (B-alkenyl
carbon signal not observed); ''B NMR (160 MHz, CDCl;) & 30.0; IR (ATR) 2976, 2957,
2929, 2871, 1714, 1680, 1597, 1449, 1404, 1390, 1371, 1326, 1245, 1214, 1140, 1008,
973, 748, 690 cm™; HRMS (DART) calcd for CaoH3BO, ((M+H]") 313.23388, found
313.23470.

70: 3.5 hr, EE/EZ = 93 : 7, 90% yield. 'H NMR (500 MHz, SN
CDCl) 6 7.60 (dd, J = 15.5, 10.5 Hz, 1H), 7.38 (dd, J = 7.0, Mpin)
1.0 Hz, 2H), 7.29 (t, J = 7.5 Hz, 2H), 7.19 (t, J = 6.5 Hz, 1H), 7o

6.69 (d, J=11.0 Hz, 1H), 6.51 (d, J = 15. 5 Hz, 1H), 2.21 (t, J= 7.5 Hz, 2H), 1.39-1.42
(m, 2H), 1.32 (m, 12H), 1.26 (br, 10H), 0.87 (t, J = 6.5 Hz, 3H); °C NMR (125 MHz,
CDCl) o 144.2, 137.9, 133.4, 129.2, 128.5, 127.3, 126.5, 83.1, 37.1, 31.9, 30.3, 29.5,
29.4,29.3,24.9, 22.7, 14.1 (B-alkenyl carbon signal not observed); "B NMR (160 MHz,
CDCls) 6 29.9; IR (ATR) 2976, 2955, 2924, 2853, 1587, 1449, 1423, 1404, 1389, 1371,
1350, 1292, 1270, 1142, 1109, 868, 690 cm™'; HRMS (DART) calcd for Cp4H3sBO,
([M+H]") 369.29648, found 369.29744.

7p: 3.5 hr, EE/EZ = 86 : 14, 86% yield. '"H NMR (500 MHz, o

CDCl;) & 7.63 (dd, J = 15.0, 10.5 Hz, 1H), 7.41 (d, J = 8.0 @vm
Hz, 2H), 7.32 (t, J = 7.5 Hz, 2H), 7.21 (t, J = 7.5 Hz, 1H), P

6.68 (d, J = 11.0 Hz 1H), 6.54 (d, J = 16.0 Hz, 1H), 2.12 (d, J = 6.5 Hz, 2H), 1.71-1.77
(m, 1H), 1.33 (s, 12H), 0.89 (d, J = 7.0 Hz, 6H); °C NMR (125 MHz, CDCl;) § 145.4,
137.9, 133.5, 129.1, 128.5, 127.3, 126.5, 83.1, 46.4, 29.1, 24.9, 22.5 (B-alkenyl carbon
signal not observed); ''B NMR (160 MHz, CDCls) & 30.0; IR (ATR) 2976, 2953, 2929,
2867, 1621, 1597, 1586, 1464, 1449, 1424, 1404, 1389, 1371, 1292, 1281, 1212, 1165,
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1141, 1108, 1029, 966, 865, 749, 691 cm'l; HRMS (DART) caled for C,yH3,BO,
([M+H]") 313.23388, found 313.23389.

7q: 3.5 hr, EE/EZ = 93 : 7, 86% yield. '"H NMR (500

MHz, CDCls) & 7.66 (dd, J = 16.0, 11.5 Hz, 1H), 7.41 (d, ©/\V\/\/OTBS
J=8.0 Hz, 2H), 7.32 (t, J = 8.0 Hz, 2H), 7.22 (t, J = 7.5 B(pin)

Hz, 1H), 6.77 (d, J = 11.0 Hz, 1H), 6.55 (d, J = 15.5 Hz,

1H), 3.66 (t, J = 7.0 Hz, 2H), 2.45 (t, J = 7.0 Hz, 2H), 1.32 (s, 12H), 0.90 (s, 9H), 0.06 (s,
6H); *C NMR (125 MHz, CDCL) & 147.2, 137.7, 134.3, 129.1, 128.5, 127.4, 126.6,
83.1, 63.7, 40.6, 26.0, 24.9, 18.4, -5.2 (B-alkenyl carbon signal not observed); ''B NMR
(160 MHz, CDCl3) & 29.7; IR (ATR) 2976, 2953, 2928, 2885, 2856, 1623, 1588, 1471,
1449, 1426, 1293, 1269, 1248, 1213, 1163, 1141, 1082, 1026, 1006, 967, 949, 832, 774,
748, 671 cm™; HRMS (DART) caled for Cp4Hsg!'BOsSi (IM+H]") 413.26833, found
413.26786.

7q
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Gram-scale trans-hydroboration of 71

1 mol% L3
0.5 mol% Pdydbag
Me CH20|2, 30 min

1.25 M M

S . N e
= HBCat Ph X

Ph/\/ . thenpinacol (12.0 equiv) /\/\/ .

1.5 equiv. B(pin)
6l -
1.138 g 89% (>98: 2)

1.819 ¢

To a 20-mL vial charged with ligand L3 (34.5 mg, 0.0800 mmol) and Pd,dbas (36.6 mg,
0.0400 mmol) was added CH,Cl; (1.4 mL). The resulting mixture was allowed to stir at
room temperature for 16 hr to generate the Pd/L complex. Then, 1,3-enyne 61 (1.138 g,
8.000 mmol) in CH,Cl, (5.0 mL) was added to the catalyst solution, followed by slow
addition (ca. 5 min) of HBCat (1.25 mL, 12.0 mmol) via syringe. The resulting mixture
was allowed to stir at room temperature for 0.5 hr. At the conclusion of the reaction, the
crude NMR was then taken to determine the stereoselectivity. The crude mixture was
then poured into a 500-mL flask charged with a pinacol solution (11.3 g, 96.0 mmol) in
50 mL CH,Cl,. The resulting mixture was then allowed to stir at room temperature for 1
hr. The mixture was then diluted with water (200 mL) and extracted with CH,ClI, (3 x 50
mL). The combined organic layer was dried over anhydrous Na,SO4. After removal of
the solvent, the residue was purified by column chromatography on silica gel with
hexanes/EtOAc (100: 1) as the eluent to afford 71 as a white solid (1.819 g, 84%, EE/EZ
> 98: 2). The characterization data are consistent with those described using the general

procedure H.

Suzuki-Miyaura coupling of 71 with bromobenzene (eq 2)

Br 2 mol% Pd,dbag
4 mol% S-Phos
™ Me NN Me
\( o F © THF-3 M NaOH /\/Y
B(pin) (viv=3:1) Ph
60 °C, 16 h

The protocol for the Suzuki-Miyaura coupling was adapted from literature procedures.**
To a 20-mL reaction flask charged with S-Phos (3.2 mg, 0.0080 mmol), Pd,dba; (3.6 mg,
0.0040 mmol), dienyl boronate 71 (51.2 mg, 0.190 mmol), and bromobenzene (47.0 mg,
0.300 mmol) was added THF (1.8 mL) followed by 3.0 M aq. NaOH (0.60 mL, 1.80
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mmol). After degasing the reaction mixture via freeze-pump-thaw cycles (3 times), the
reaction mixture was allowed to stir at 60 °C for 16 hr. At the conclusion of the reaction,
the reaction mixture was allowed to cool to the room temperature. Water (2.0 mL) and
ether (2.0 mL) were then added to quench the reaction. The organic layer was separated,
and the aqueous layer was extracted 3 times with ether. The combined organic phase was
dried over Na,SO,. After removal of the solvent, the crude residue was purified by
column chromatography on silica gel using hexanes as the eluent to afford 8 as colorless
oil (36.4 mg, 87%).

EZ/EE > 98: 2. '"H NMR (500 MHz, CDCl;) & 7.38-7.42 (m, 2H), 7.24-7.33 (m, 7H),
7.17-7.19 (m, 1H), 6.88 (dd, J = 15.5, 11.5 Hz, 1H), 6.55 (d, J=15.5 Hz, 1H), 6.33 (d, J
=10.5 Hz, 1H), 2.21 (s, 3H); °C NMR (125 MHz, CDCls) § 141.5, 139.5, 137.8, 131.3,
128.5, 128.4, 128.2, 127.6, 127.1, 126.7, 126.2, 25.6; IR (ATR) 3077, 3027, 2929, 1594,
1572, 1492, 1442, 1433, 1371, 1073, 1026, 1000, 963, 765, 747, 700, 691 cm™'; HRMS
(DART) calcd for Ci7H7 ((M+H]") 221.13303, found 221.13331.

Diels-Alder Reaction of 71 with N-methyl maleimide (eq 3)

0 (pimB, Me 0
Mestiylene '
X Me +
X N-Me > -
Phw | Q 170 °C’ 3 days N-Me
B(pin)
© ph O

The Diels-Alder reaction was adapted from literature procedures.” To a J-Y tube charged
with dienyl boronate 71 (51.2 mg, 0.190 mmol) and N-Me maleimide (22.2 mg, 0.200
mmol) was added mestiylene (1.0 mL). The resulting mixture was heated at 170 °C for 3
days. At the conclusion of the reaction, the mixture was allowed to cool to room
temperature. The mixture was then directly subjected to the column chromatography on
silica gel with hexanes/EtOAc (7: 1) as the eluent to afford 9 as white solid (49.2 mg,
67%). Crystals of 9 suitable for single crystal X-ray diffraction analysis were grown from
slow evaporation of a pentane solution at =30 °C.

endolexo >98: 2. "H NMR (500 MHz, CDCl;) & 7.33 (t, J = 7.5 Hz, 2H), 7.21-7.28 (m,
3H), 6.08 (dd, J = 10.0, 4.0 Hz, 1H), 5.92 (dd, J = 14.5, 3.0 Hz, 1H), 3.58-3.61 (m, 1H),
3.44 (t,J=17.5 Hz, 1H), 3.29 (d, J= 8.0 Hz, 1H), 2.75 (s, 3H), 1.54 (s, 3H), 1.29 (s, 6H),
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1.25 (s, 6H); °C NMR (125 MHz, CD,Cl;) & 178.1, 176.9, 141.0, 138.1, 129.4, 128.6,
128.2, 127.2, 84.8, 48.7, 46.7, 41.9, 25.2, 24.8, 24.6, 20.6 (B-allyl carbon signal not
observed); ''B NMR (160 MHz, CD,Cl,) & 32.6; IR (ATR) 3030, 2976, 2930, 2873,
1772, 1696, 1453, 1431, 1372, 1318, 1285, 1213, 1166, 1105, 966, 914, 732 cm™'; HRMS
(DART) calcd for C,,HBNO, ([M+H]") 382.21896, found 382.22021.

Homologation of 71 (eq 4)

SBulLi
X Me OCb ether, -78 °C N Me
PRNTNT v @ T then RT, 2 fr Ph/\/iMe
o e RSt o

aon,

The homologation reaction was adapted from literature procedures.”* To a 20-mL vial
charged with racemic carbamate (125 mg, 0.500 mmol) and anhydrous Et,O (2.0 mL)
was slowly added *BuLi (0.38 mL, 1.4 M in cyclohexane, 0.53 mmol) in a dropwise
fashion within 2 min at =78 °C. The resulting mixture was allowed to stir at =78 °C for
30 min, and then dienyl boronate ester 71 (140 mg, 0.518 mmol) in Et,O (1.0 mL) was
added dropwise within 2 min by vigorous stirring at —78 °C. The reaction mixture was
allowed to stir at =78 °C for 30 min, and then at room temperature for 2 hr. At the
conclusion of the reaction, the reaction mixture was quenched with H,O (0.10 mL). After
removal of the solvent, the mixture was passed through a pad of silica gel with
hexanes/EtOAc (7: 1) as the eluent to afford the crude homologated product. This crude
material was then dissolved in anhydrous THF (2.0 mL) containing BHT (2.5 mg), and
the mixture was cooled to 0 °C. Then, an ice-cold mixture of 3.0 M NaOH (1.4 mL) and
30% aq. H,O; (0.7 mL) was added all at once at 0 °C. The resulting mixture was then
allowed to stir at room temperature for 0.5 hr. Then the mixture was diluted with H,O (10
mL) and extracted with Et;O (3 X 10 mL). The combined organic layer was then dried
over Na;SOy4. After removal of the solvent, the residue was purified by column
chromatography on silica gel with hexanes/EtOAc (15: 1) as the eluent to afford 11 as a
colorless oil (82.0 mg, 62%).

'H NMR (500 MHz, CD,Cl,) § 7.52-7.54 (m, 2H), 7.35-7.38 (m, 2H), 7.22-7.28 (m, 3H),
7.13-7.19 (m, 4H), 6.29 (d, J = 15.0 Hz, 1H), 6.09 (d, /= 11.5 Hz, 1H), 2.10 (s, 1H), 1.93
(s, 3H), 1.77 (s, 3H); °C NMR (160 MHz, CD,Cl,) & 148.8, 144.4, 138.4 132.1, 129.0,
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128.8, 128.4, 127.7, 127.6, 127.3, 126.8, 126.0, 78.0, 30.0, 23.8; IR (ATR) 3559 3447,
3057, 3022, 2972, 2936, 1595, 1491, 1446, 1369, 1308, 1268, 1066, 999, 907, 748, 692
cm™; HRMS calcd for CioH o ((M+H-H,0]") 247.14868, found 247.14847.

Preparation of complex 12 and its use in trans-hydroboration

To a 5-ml vial charged 1,4-azaborine L4 (21 mg, 0.047 mmol) and Pd,dba; (21 mg, 0.023
mmol) was added CH,Cl, (0.90 ml). The mixture was stirred at room temperature for 4
hours. Then, CH,Cl, was removed under vacuum. The resulting mixture was
recrystallized from benzene/pentane to afford complex 12 as reddish crystal suitable for
single crystal X-ray diffraction analysis (27 mg, 73% yield). Due to conformational
dynamics the 'H and °C NMR signals are broad. ''B NMR (160 MHz, CD,Cl,) & 32.4
(br); *'P NMR (202 MHz, CD,CL) & 29.2 (br); IR (ATR) 3051, 2949, 2919, 2859, 1638,
1620, 1572, 1447, 1434, 1366, 1331, 1181, 1094, 1076, 953, 758, 744, 694, 640 cm™,

Hydroboration of 4a with complex 12

A 5-mL vial was charged with complex 12 (7.9 mg, 0.01 mmol) and CH,Cl, (1.0 ml),
and the mixture was stirred for 10 min to produce a homogeneous solution. Then, HBCat
(45 mg, 0.375 mmol) and 1,3-enyne 4a (32 mg, 0.25 mmol) were added. The resulting
mixture was allowed to stir at room temperature for 30 min. Then, pinacol (354 mg, 3.0
mmol) in CH,Cl, (3.0 mL) was introduced, and the mixture was allowed to stir at room
temperature for 1 hr. After removal of the solvent, the crude residue was purified by
column chromatography on silica gel with (Hex/EtOAc = 100: 1) as the eluent to afford
Sa as light yellow oil (52 mg, 81%, >98:2 trans-hydroboration selectivity). The

characterization data is identical to those reported under general procedure G (Table 2).
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Synthesis of CC-L3 and its performance in hydroboration reactions

To a 20-mL round bottom flask containing 1-bromo-2-ethyl-
naphthalene25 (94 mg, 0.40 mmol) and magnesium (23 mg, 0.96 OO £t

mmol) were added THF (5.0 mL). The reaction mixture was then PPh,
heated to 65 °C in an oil bath and 1,2-dibromoethane (2.0 uL) was O
added dropwise via syringe to initiate the reaction. After heating the ce-L3
mixture at 65 °C for 60 min, 1-bromo-2-chloro-benzene (84 mg,

0.44 mmol) was added at the same temperature slowly over one hour. After an additional
1 hour of stirring at 65 °C, the reaction mixture was allowed to cool to room temperature,
and the reaction vessel was moved into the glove box. Anhydrous copper(I) chloride (8.0
mg, 0.08 mmol) was added into the mixture. Then, CIPPh;, (88 mg, 0.40 mmol) was
added via syringe. The resulting mixture was stirred at room temperature for 12 hours.
The reaction was quenched with H,O (10 mL), and the resulting mixture was extracted
with Et,O (2 times, 10 mL each). The combined organic layers were dried over MgSOs,

concentrated and purified by column chromatography on silica gel with hexanes/EtOAc

(100/1) as the eluent to afford a white solid (50 mg, 30% yield).

'H NMR (500 MHz, CD,Cl,) & 7.84 (d, J = 8.5 Hz, 1H, ArH), 7.81 (dt, J = 8.2, 0.9 Hz,
1H, ArH), 7.49 (td, J = 7.4, 1.4 Hz, 1H, ArH), 7.45 — 7.38 (m, 2H, ArH), 7.37 — 7.13 (m,
12H, ArH), 7.09 — 7.01 (m, 3H, ArH), 2.31 — 2.11 (m, 2H, CH,CHj3), 0.99 (t, J = 7.6 Hz,
3H, CH,CHj3); °C NMR (126 MHz, CD,CL,) & 146.14 (d, J = 33.5 Hz), 140.37 (d, J =
1.9 Hz), 138.63 (d, J = 11.8 Hz), 137.95 (d, J = 12.9 Hz), 137.48 (d, J = 12.9 Hz), 137.17
(d, J=7.3 Hz), 134.87 (d, J = 1.9 Hz), 134.20 (d, J = 20.5 Hz), 133.81 (d, J = 20.0 Hz),
133.46 (d, J = 2.1 Hz), 132.07, 131.34 (d, J = 6.2 Hz), 129.46, 128.83, 128.74, 128.68,
128.60, 128.57, 128.22, 127.99 (d, J = 12.4 Hz), 126.94, 126.88, 125.90, 125.03, 27.16
(d, J = 1.7 Hz), 15.30; *'P NMR (202 MHz, CD,Cl,) & -15.39; IR (ATR) 3050, 2964,
1476, 1457, 1432, 1374, 1088, 1067, 1025, 951, 817, 763, 741, 711, 695, 678, 621, 504,
429, 417, HRMS (DART) caled for C3oHz26P ((M+H]") 417.17721, found 417.17894.

S34



Comparative Trans-Hydroboration Catalysis Pd/L3 vs. Pd/CC-L3

To a 4-mL vial charged with ligand L3 (21.6 mg, 0.050 mmol) or CC-L3 (20.8 mg,
0.050 mmol) and Pdydba; (22.9 mg, 0.025 mmol) was added CH,Cl, (1.0 mL). The
resulting mixture was allowed to stir at room temperature for 16 hours to generate the
Pd/L complexes. The resulting two stock solutions (0.05 M in CH,Cl,) were used for the
catalytic reactions.

To a 4-mL vial charged with stock solution of catalyst (200 puL, 0.05 M in CH,Cl,, 0.01
mmol), internal standard hexamethylbenzene, 61 (35.5mg, 0.25 mmol), was added
catecholborane (45.0 mg, 0.375 mmol). The resulting mixture was allowed to stir at room
temperature for 15 min. After removal of the solvent, the conversion, the percentage of

trans-, cis-hydroboration and allene products were determined by 'H NMR.

catalyst conversion trans-hydroboration cis-hydroboration allene
(%) (%) (%) (%)
Pd/L3 100 >08 0 0
Pd/CC- 71 52 9 6
L3
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'H NMR before addition of H-BCat for Pd/L3 system.

"H NMR at the conclusion of the reaction.
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"H NMR before addition of H-BCat for Pd/CC-L3 system.

"H NMR at the conclusion of the reaction.

S37



Crystallographic data for 3a (Liul60)

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

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.00°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(])]
R indices (all data)

Largest diff. peak and hole

liul60

CIOHI1 BCIN
191.46

1932) K

0.71073 A
Triclinic

P-1

a=7.6350(13) A
b=9.2691(16) A
c=14.887(3) A
975.5(3) A3

4

1.304 Mg/m3
0.339 mm-!

400

0.27 x 0.19 x 0.12 mm3
2.34 to 25.00°.
-9<=h<=9, -11<=k<=11, -17<=I<=17
9361

3416 [R(int) = 0.0550]

99.7 %

Semi-empirical from equivalents
0.9605 and 0.9141

Full-matrix least-squares on F2
3416/0/323

0.980

R1=0.0488, wR2 =0.1344
R1=0.0548, wR2 =0.1426
0.405 and -0.257 e.A-3

o = 89.640(3)°.
B =79.774(3)°.
vy =70.461(3)°.
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Crystallographic data for 5a

Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient
F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(])]
R indices (all data)

Absolute structure parameter
Extinction coefficient
Largest diff. peak and hole

C16 H21BO2

256.14

100(2) K

0.71073 °

Monoclinic

Cc

a=28.2753(8) A a=90°.
b=23.637(3) A B =91.4540(18) °.
c=15.5395(16) A Y =90°.
3038.5(5) A 3

8

1.120 Mg/m3

0.071 mm-!

1104

0.600 x 0.450 x 0.380 mm?3

1.723 to 28.360°.

-10<=h<=11, -31<=k<=31, -20<=1<=20
21673

7208 [R(int) = 0.0213]

100.0 %

Semi-empirical from equivalents
0.7457 and 0.7003

Full-matrix least-squares on F2
7208 /2 /351

1.033

R1=0.0352, wR2 =0.0890
R1=0.0378, wR2 =0.0907

0.1(2)

na

0.274 and -0.164 e. A -3
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Crystallographic data for 7a

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(])]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

C17 H29 B 02
276.21

100(2) K

0.71073 A

Monoclinic

P2./c

a=11.7894(15) A o =90°
b=6.7732(9) A B=96.611(2)°
c=21.2523) A v =90°
1685.7(4) A3

4

1.088 Mg/m3

0.068 mm-1

608

0.350 x 0.160 x 0.120 mm3

1.739 to 28.268°.

-15<=h<=15, -9<=k<=8, -28<=1<=28
31882

4162 [R(int) = 0.0457]

100.0 %

Semi-empirical from equivalents
0.7457 and 0.7082

Full-matrix least-squares on F2
4162/0/186

1.027

R1 = 0.0420, wR2 = 0.0965
R1=0.0584, wR2 = 0.1055

na

0.341 and -0.229 e.A-3
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Crystallographic data for 9

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

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 66.75000
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(])]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

C22H28BNO4

C22H28BNO4

381.26

100(2) K

1.54178 A

Monoclinic

P2,/c

a=7.1599(3) A a=90°.
b=17.6140(8) A B =90.955(2)°.
c=233.0261(15) A v = 90°.
4164.5(3) A 3

8

1.216 Mg/m3

0.658 mm-1

1632

0.300 x 0.060 x 0.050 mm?3

2.676 to 66.712°.

-8<=h<=8, -20<=k<=20, -39<=1<=39
45317

7370 [R(int) = 0.0244]

99.7 %

Semi-empirical from equivalents
0.7528 and 0.6635

Full-matrix least-squares on F2
7370/0/517

1.008

R1=0.0344, wR2 =0.0863
R1=0.0360, wR2 =0.0878

na

0.319 and -0.198 e. A -3
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Crystallographic data for 12

Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 67.679°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(])]
R indices (all data)

Extinction coefficient

Largest diff. peak and hole

C54H51 BNOPPd
878.14

100(2) K

1.54178 A
Triclinic

P-1

a=12.0431(9) A
b=15.5970(12) A
¢ =23.7704(17) A
4449.5(6) A3

4

1.311 Mg/m3
3.999 mm-1

1824

0.220 x 0.130 x 0.050 mm3

2.843 to 66.771°.

-14<=h<=14, -18<=k<=18, 0<=1<=28
15665

15665 [R(int) = ?]

97.3 %

Semi-empirical from equivalents
0.7528 and 0.4399

Full-matrix least-squares on F2
15665 /45 / 1137

1.060

R1=0.0617, wR2=0.1714
R1=10.0697, wR2 = 0.1838

na

2.032 and -1.121 e.A-3

o = 85.720(3)°.
B = 89.462(3)°.
v = 87.941(4)°.
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NMR spectra of all compounds
Compound S1
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Compound 1a
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Compound 1b
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Compound 1c
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Compound 2b
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Compound 2¢

S49



Compound 3a

S50
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Compound 3b

S52



Compound 3c

S53



S54



Compound L2

S55



S56



Compound L3

S57



S58



Compound L4

S59



S60



Compound L5

Sé61



S62



Compound L6

S63



S64



Compound 4c

S65



Compound 4n

S66



Compound 40

S67



Compound 4p

S68



Compound 6a

S69



Compound 6b

S70



Compound 6¢

S71



Compound 6f

S72



Compound 6h

S73



Compound 6i

S74



Compound 6j

S75



Compound 6k

S76



Compound 6m

S77



Compound 6n

S78



Compound 60

S79



Compound 6p

S8&80



Compound 6q

S81



Compound 5a

S82



S&3



Compound 5b

S&4



Compound 5c¢

S85



S86



Compound 5d

S&7



Compound 5e

S8&8



S&9



Compound 5f

S90



S91



Compound 5g

S92



Compound 5h

S93



S94



Compound 5i

S95



Compound 5j

S96



S97



Compound 5k

S98



Compound 51

S99



S100



Compound 5m

S101



Compound 5n

S102



S103



Compound 50

S104



Compound 5p

S105



S106



Compound 5q

S107



Compound 5r

S108



S109



Compound 7a

S110



S111



Compound 7b

S112



Compound 7c

S113



S114



Compound 7d

S115



Compound 7e

S116



S117



Compound 7f

S118



Compound 7g

S119



S120



Compound cis-7g

S121



Compound 7h
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S123



Compound 7i

S124



S125



Compound 7j

S126



Compound 7k

S127



S128



Compound 71

S129



S130



Compound 7m

S131



Compound 7n

S132



S133



Compound 70

S134



Compound 7p

S135



S136



Compound 7q

S137
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Compound 8

Compound 9

S139



S140



Compound 11
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Ligand CC-L3
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