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1. General Information

All organic solverd, bass, reagentsandmetal salwere purchasettom commercial

suppliersand were used without further purification, unless otherwise notdd.

reactions were performed under air atmosphere, unless otherwise noted. All reaction

tubesin experiments used thHechlenk tubes. The NMR spectra were recorded on a

Bruker Avance HD 400 spectrometer using TMS as internal standard (400 MHz for

'H NMR, 100 MHz for ¥*C NMR, MHz for *®F NMR and 128''B NMR). Mass

spectroscopy data were collectedaBrukersolanX 70 FIMS anda Waters UPLC

G2-XS Qtof. Single crystal structure determination was conducted on a Bruker D8
Venture X ray diffractometer equRATfRped wit/
spectra were recorded on a Tianjin Gangdong FA3R spectrometefhecatalyss C1,

C2, C3, andC4 werepurchasedrom commercial suppliers.



2. General Procedure fo the Hydroboration of Alkynes

Method A: A mixture ofalkyne(1.0 mmol), diboon reagent (1.2 mmol) ar@b (0.01
mmol) in THF (1 ml) and MeOH (1 mih a 50 ml reaction tub&as stirred for 12 h at
60°C. The reaction mixture was added to brine (100 ml) and extracted three times with
dichloromethane (3 x15 ml). The desirbgidroboration of alkynewere isolated by
short chromatography.

Method B: A mixture ofalkyne(1.0 mmo), diboron reagent (1.2 mmol) ar@b (0.05

mmol) in water (2 ml)n a 50 ml reaction tubsas stirred for 12 h &0°C. The reaction
mixture was added to brine (100 ml) and extracted three times with dichloromethane (3
x15 ml). The desiredhydroboratiorof alkyneswere isolated by short chromatography.

Method C: A mixture ofalkyne(1.0 mmol), diloron reagent (1.2 mmol) ar€b (0.05
mmol) in water (2 ml) and THF (1@G0)in a 50 ml reaction tubeas stirred for 12 h at
50°C. The reaction mixture was adtieo brine (100 ml) and extracted three times with
dichloromethane (3 x15 ml). The desirbgidroboration of alkynewere isolated by
short chromatography.



3. Optimization of reaction conditions

Table S1 Optimization of hydroboration aérminal alkynes in water

H,O X Bpin
@{ + B,pin, 2 Ej/V

1a 1a’ 2a
Entry Cat. Temperature/C Time/h Yield/% E:Z ratio
1 C6 (1 mol%) 80 12 84 >99:1
C6 (2 mol%) 80 12 86 >99:1
3 C6 (4 mol%) 80 12 88 >99:1
4 C6 (5 mol%) 80 12 94 >99:1
5 C6 (10 mol%) 80 12 95 >99:1
6 C6 (5 mol%) 70 12 93 >99:1
7 C6 (5 mol%) 60 12 91 >99:1
8 C6 (5 mol%) 50 12 90 >99:1
9 C6 (5 mol%) 40 12 61 >99:1
10 C6 (5 mol%) rt 12 trace
11 C7 (5 mol%) 50 12 89 >99:1
12 C8 (5 mol%) 50 12 79 >99:1
13 C9 (5 mol%) 50 12 86 >99:1
14 C10 (5 mol%) 50 12 32 >99:1
15 C5 (5 mol%) 50 12 0
16 C6 (5 mol%) 50 10 84 >99:1
17 C6 (5 mol%) 50 8 79 >99:1
18 C6 (5 mol%) 50 5 66 >99:1

aConditions:1a (1.0 mmol),1 a(®.2 mmol, 1.2 equiv), cat. (as shown in Tablé)O (2 mL),
temperature and time as shown in Table, isolated yield determined by column chromat&gZaphy.
ratio determined byH NMR.



Table S2 Effect of THF/MeOH volume ratio on boration of alkyne

Entry THF/mL MeOH/mL THF MeOH (v:v) Yield/%
1 0 2 g 2 86.3
2 0.2 1.8 Ir o9 88.7
3 0.5 15 I 3 87.6
4 0.8 1.2 2 3 90.3
5 1 1 I 1 93.1
6 1.2 0.8 3 2 87.9
7 15 0.5 31 80.1
8 1.8 0.2 9 1 trace
9 2 0 20 0

Conditions1a(1.0 mmol),1 a(fh2 mmol), catalysts (0.01 mmol, 1 mgl%HF (as shown in Table)

and MeOH (as shown in Table), 8D, 12 h, isolated yield determined by column chromatography.



4. Characterization Datafor Catalysts

3-propy!-1-(pyridin -2-yl)-1H-benzod]imidazol-3-ium (C5)

—

+N
nPr/

C5 was synthesized by previously reported metiodsnixture of 2bromopyridine (0.5 mmol),
benzimidazole (1.0 mmol)hé Cul (0.1 mmol),N,N,N',N'-tetramethylethané,2-diamine (0.2
mmol), and KCOz; (1.5 mmol) in DMSO (2 mL) was combined under nitrogen. The reaction
mixture wasstirred at room temperature for 30 min and then heated to 1ft® £8 h. The resultant
2-substituenpyridine (0.5 mmol), and-fodopropane (1 mL) waseated to 110 € for 8 lunder

air. Purification by flash chromatography (DCM:MeOH = 30:1): a yellowish solid (144 mg, 79%),
mp = 157158 C; 'H NMR (400 MHz, DMSQdg): Ui 10.61 (s, 1H), 8.76 (d,= 4.8 Hz, 1H), 8.47

8.44 (m, 1H), 8.3@.25 (m, 2H), 8.14 (d] = 8.4 Hz, 1H), 7.74.69 (m, 3H), 4.61t(J = 7.6 Hz,

2H), 2.05 (sext) = 7.6 Hz, 2H), 1.00 (1] = 7.6 Hz, 3H), ppm**C NMR (100 MHz, DMSQds): U
149.80, 147.8, 142.56, 140.98, 132.10, 129.90, 128.16, 127.58, 125.49, 117.56, 116.48, 114.63,
49.29, 22.51, 11.32, ppm.

N-propyl-N-(2-(pyridin -2-ylamino)phenyl)formamide (C6)

1
(L
H

nPr/Nm

O
C6 was synthesized by previously reported metifod8:propytl-(pyridin-2-yl)-1H-
benzoflimidazol3-ium iodide (1.0 mmol), KQBu (1.2 equiv.) and THF (9 ml) and water (1 ml)
in a 50 ml reaction tubeas stirred for 2 h at room temperature. The reaction mixture was added to
brine (100 ml) and extracted three times with dichloromethane (3xL5 ml). Purification by flash
chromatographypetroleum ether:EtOAc = 21a white solid (118 mg, 92%), mp = 118 C;
mixture of two rotamersa(b = 7/3);*H NMR (400 MHz, CDQJ): 18.33-8.16(m, a-2H andb-2H),
8.08 (d,J = 8.4 Hz,a-1H), 7.76 (d,) = 8.0 Hz,b-1H), 7.52 (tJ = 5.6 Hz,a-1H), 7.45 (tJ= 5.6 Hz,
b-1H), 7.3%7.28 (m,a-1H andb-1H), 7.226.90 (m,a-5H andb-5H), 3.633.57 (m, a-2H andb-
2H), 1.581.49 (m,a-2H), 1.491.41(mb-2H), 0.85(t, J= 7.2 Hz,a-3H), 0.80 (, J= 7.2 Hz,b-3H),
ppm;**C NMR (100 MHz, CDGJ): 1163.63a, 162.73b, 156.02b, 155.23a, 148.27b, 148.07a,
138.13b, 137.75a, 137.63a, 137.46b, 130.73b, 130.06b, 129.72a, 129.24a, 128.55a, 127.69
b, 124.05b, 123.6%a, 122.34a, 120.87b, 115.85a, 115.06b, 110.36a, 109.06b, 52.36b, 46.55
a, 21.92b, 20.8%a, 11.32a, 10.80b, ppm.



N-(2-(phenylamino)phenyl}N-propylformamide (C7)
N :
H

b

0}
C7 was synthesized by previously reported metiabghenyt3-propyk1H-benzofl]imidazol3-
ium iodide (1.0 mmol), KQBu (1.2 equiv.) and THF (9 ml) and water (1 ml)arb0 ml reaction
tubewas stirred for 2 h at room temperature. The reaction mixture was added to brine (100 ml) and
extracted thre times with dichloromethane (B% ml). Purification by flash chromatography
(petroleum ether:EtOAc = 2da white solid (241 mg, 95%), mp = 2086 C; mixture of two
rotamers &b = 7/3);*'H NMR (400 MHz, CDCJ): Ui 8.34 (s,b-1H), 8.20 (sa-1H), 7.356.89 (m,
a-9H andb-9H), 5.88 (sh-1H), 5.76 (sa-1H), 3.653.61 (m,a-2H andb-2H), 1.651.43(m, a-2H
andb-2H ), 0.90 (tJ= 7.2 Hz,a-3H), 0.85 (tJ= 7.2 Hz b-3H), ppm;*3C NMR (100 MHz, CDGJ):
0163.7%a, 162.44b, 143.43b, 141.62a, 140.94a, 140.33b, 130.04b, 129.52a, 129.34b, 129.30a,
128.52a, 127.41b, 122.47a, 122.29b, 120.706b, 120.506b, 120.44b, 119.63a, 117.84a, 116.65a,
52.59b, 46.40a, 21.96b, 21.00a, 11.38a, 10.89b, ppm;HRMS ESI) calcd forCieHi1eN20 [M +
NaJ" 277.1317, found 277.1311.

_N
nPr

N-isopropyl-N-(2-(pyridin -2-ylamino)phenyl)formamide (C8)
Q)
NS
” N
iPr/N\”

C8 was synthesized by previously reported metifod3-isopropytl-(pyridin-2-yl)-1H-
benzofllimidazol3-ium iodide (1.0 mmol), KQBu (1.2 equiv.) and THF (9 ml) and water (1 ml)
in a 50 mlreaction tubevas stirred for 2 h at room temperature. The reaction mixture was added to
brine (100 ml) and extracted tleréimes with dichloromethane (3% ml). Purification by flash
chromatographypetroleum ether:EtOAc = 5:la white solid(235 mg, 92% mp = 100101 €C;
mixture of two rotamersa(b = 7/3);*"H NMR (400 MHz, CDCJ): 118.47 (sh-1H), 823 d,J=4.0
Hz, a-1H), 8.18 (sa-1H), 8.16 (sh-1H), 8.10 (sa-1H), 7.79 ¢1,J = 8.0 Hz,b-1H), 7.537.32 (m,
a-2H andb-2H), 7.186.60 (m,a-5H andb-5H), 4.754.65 (m,a-1H), 4.124.01 (m,b-1H), 1.35
1.72 (m,a-6H andb-6H), ppm; 13C NMR (100 MHz, CDGJ): Ui 163.83a, 162.75b, 155.89b,
155.044a, 148.31b, 148.07a, 139.80a, 138.206b, 137.71a, 137.64b, 131.33a, 129.60a, 129.32

b, 129.19b, 128.906b, 127.25b, 123.67b, 123.25b, 121.70a, 120.29a, 115.88a, 115.09b,
110.38a, 108.93b, 52.42b, 46.9%a, 23.53b, 21.39a, ppm;HRMS ESI) calcd forCi3H13N30
[M + H]* 256.1450found 256.1446.



N-methyl-N-(2-(pyridin -2-ylamino)phenyl)formamide (C9)

O
N
Me/N\”

o
C9 was synthesized by previously reported mettfod8:methyt1-(pyridin-2-yl)-1H-
benzoflimidazol3-ium iodide (1.0 mmol), KQBu (1.2 equiv.) and THF (9 ml) and water (1 ml)
in a 50ml reaction tubevas stirred for 2 h at room temperature. The reaction mixture was added to
brine (100 ml) and extracted tleréimes with dichloromethane (3% ml). Purification by flash
chromatographypetroleum ether:EtOAc = 5:la white solid(164 mg,72%); mp = 113115 C;
mixture of two rotamersa(b = 17/3);*"H NMR (400 MHz, CDCJ): 1i 8.388.24 (m,a-2H andb-
2H), 8.10 (dJ = 9.2 Hz,a-1H), 7.85 (dJ = 9.2 Hz,b-1H), 7.617.52 (m, alH and b1H), 7.45
7.37 (m, alH and b1H), 7.326.78 (m, a5H and b5H), 3.37 (s, BH), 3.26 (s, @H) , ppm; *C
NMR (100 MHz, CDCY¥): 11163.72a, 162.73b, 156.03b, 155.48a, 148.20b, 148.04a, 137.74
a, 137.66a, 136.71b, 132.16b, 129.12a, 128.53b, 128.3%a, 126.93b, 124.06b, 123.54b,
122.84a, 121.63a, 115.73b, 115.16a, 110.26a, 109.42b, 37.3%b, 32.73a, ppm;HRMS [ESI)
calcd forCisH17NsO [M + H]* 228.1137, found 228.1135.

N-propyl-N-(2-(pyridin -2-ylamino)vinyl)formamide (C 10)

C10 was synthesized by previously reported metho8lgropyt1-(pyridin-2-yl)-1H-imidazo}3-
ium iodide (1.0 mmol), KQBu (1.2 equiv.) and THFR(mI) and water (1 ml)n a 50 ml reaction
tubewas stirred for 2 h at room temperature. The reaction mixture was added to brine (100 ml) and
extracted thredgimes with dichloromethane (3% ml). Purification by flash chromatography
(petroleum ether:EtOAc = 5a colorless liquid (178 mg, 87% ); mixe of two rotamersalb =
6/3); 'H NMR (400 MHz, CDCY): 118.23 (d,J = 11.6 Hz,b-1H), 8.15 (dJ = 4.8 Hz,a-1H), 8.13
(s,b-1H), 8.07 (sa-1H), 7.52 (d,J = 9.6 Hz,a-1H andb-1H), 7.467.40 (m,a-1H andb-1H), 7.36
(dd,J = 11.6 Hz,J = 6.4 Hz,b-1H), 6.90 (dd,) = 9.6 Hz,J = 6.8 Hz,a-1H), 6.80 (d,J = 8.4 Hz,b-
1H), 6.726.67 (m,a-2H andb-2H), 6.59 (d,J = 8.4 Hz,a-1H), 5.14 (d,J = 6.4 Hz,b-1H), 4.89 (d,
J=7.2 Hz,a-1H), 3.41 (tJ = 7.6 Hz,b-2H), 3.32 (tJ = 6.8 Hz,a-2H), 1.671.56 (M, a-2H andb-
2H), 0.90 (t,J = 7.2 Hz,b-3H), 0.88 (t,J = 7.6 Hz,a-3H), ppm;*C NMR (100 MHz, CDG):
0164.09b, 160.99a, 153.89b, 153.79a, 147.89a, 147.71b, 137.62b, 137.55a, 125.13b,
120.12a, 115.38b, 115.14a, 109.89b, 109.72a, 103.08b, 103.02a, 52.09a, 46.28b, 22.09a,
20.73b, 11.3%b, 10.75a, ppm; HRMS ESI) calcd for CiiHisNsO [M + H]* 206.1293, found
206.1296.



5. Characterization Data for M

4'4'5' 5'-tetramethyl-5-propyl-5a-(4,4,5,5tetramethyl-1,3,2dioxaborolan-2-yl)-5,5a
dihydro-68?,7e?-spiro[benzo[4',5'limidazo[2',1":3,4][1,4,2]diazaborolo[1,5a]pyridine -6,2"-
[1,3,2]dioxaborolane](M)

N-propykN-(2-(pyridin-2-ylamino)phenyl)formamidé&6 (0.5 mmol),bis(pinacolatajiboron (1.2
equiv.) and THF (2 in) in a 50 ml reaction tubeas stirred for 12 h at room temperatdreenthe
reaction mixture wawashed withethyl acetateanda yellow solid was collected and dried:56
mg, 64%); mp = 119120 €; Recrystallizationfrom dichloromethane/hexane in nitrogen
atmosphere gave a yellow crystal suitable faa¥( crystallographic analysidi NMR (400 MHz,
CDCl): i8.13 @,J=5.2 Hz, 1H, 7.59 ¢, J= 8.4 Hz, 1B, 7.14 ¢, J= 8.8 Hz,2H), 6.91 (, J= 8.8
Hz, 1H), 6.83 ¢, J= 6.0 Hz, 1H, 6.51(t, J= 6.8 Hz, 1H, 6.32 (,J=8.4 Hz, 1H, 3.27 {, J=8.4
Hz, 2H), 1.701.62 (m, 2H), 1.23 (24H), 0.90 (, J = 7.2 Hz,3H), ppm; 3C NMR (100 MHz,
CDCl3): 1159.86, 149.44, 141.66, 139.47, 135.58, 126.07, 117.37, 115.24, 114.47, 110.09, 105.33,
81.72, 48.75, 26.06, 25.83, 24.58, 22.30, 1ENMR (128 MHz, CDCJ): 1122.02 20.89 ppm;
HRMS ESI) calcd forCa7Ha0B2N304 [M + H]* 493.3283found493.3277

S10



6. Characterization Data for Hydroborated Products

(E)-4,4,5,5tetramethyl-2-styryl-1,3,2dioxaborolane (2a¥

Purification by flash chromatographydtroleum ether:EtOAc = 50:1a colorless 0ilZ14mg, 93%);

1H NMR (400 MHz, CDGJ): Ui 7.49 (d,J = 8.4 Hz, 2H), 7.40 (dJ = 18.4 Hz, 1H), 7.39.27 (m,

3H), 6.17 (dJ = 18.4 Hz, 1H), 1.32 (s, 12H), ppAC NMR (100 MHz, CDG): 11149.53, 137.49,
128.91, 128.58, 127.08, 83.37, 24.8pm.

(E)-4,4,5,5tetramethyl-2-(4-methylstyryl)-1,3,2dioxaborolane (2b)3

/@/\/Bpin

Purification by flash chromatographypétroleum ether:EtOAc = 50:1a colorless oil Z22 mg,

91%):; *H NMR (400 MHz, CDGJ): i 7.407.35 (m, 3H), 7.14 (d] = 8.0 Hz, 2H), 6.11 (d] = 18.4

Hz, 1H), 2.34 (s, 3H), 1.31 (s, 12H), ppt¥C NMR (100 MHz, CDGJ): 11149.52,138.95, 134.84,
12932, 127.05, 83.27, 24.85, 21,3Hm.

(E)-4,4,5,5tetramethyl-2-(3-methylstyryl) -1,3,2dioxaborolane (2c}
X Bpin

Purification by flash chromatographpetroleum ether:EtOAc = 50:1a colorless oil 201 mg,
83%); IH NMR (400 MHz, CDGJ): 11 7.37(d, J = 184 Hz, 1H),7.29 (d,J = 5.6 Hz, 2H)7.23 (t,J

=8.0 Hz, 1H)7.11 (d,J= 7.2 Hz, 1H), 6.15 (d] = 18.4 Hz, 1H), 2.35 (s, 3H), 1.31 (s, 12Bpm;

13C NMR (100 MHz, CDGJ): Ui 148.65, 137.06, 136.44, 128.68, 127.43, 126.76, 123.22, 82.29,
23.79, 20.37ppm.

(E)-4,4,5,5tetramethyl-2-(2-methylstyryl)-1,3,2dioxaborolane (2d}

Purification by flash chromatographydtroleum ether:EtOAc = 50:1a colorless 0ilZ14mg, 88%);
IH NMR (400 MHz, CDGJ): ii 7.65 (d,J = 18.4 Hz, 1H), 7.57.55 (m, 1H), 7.27.14 (m, 3H),
6.09 (dJ=18.4 Hz, 1H), 2.43 (s, 3H), 1.32 (s, 12H), ppfa; NMR (100 MHz, CDGJ): 11147.14,
136.72, 136.31, 130.41, 128.58, 126.12, 125.79, 83.31, 24.84, hpra4

Sl1



(E)-2-(4-ethylstyryl)-4,4,5,5tetramethyl-1,3,2dioxaborolane (2€)

\/@/\/Bpin

Purification by flash chromatographpetroleum ether:EtOAc = 50:1a colorless oil 228 mg,
88%); 'H NMR (400 MHz, CDCJ): i 7.437.37 (m, 3H), 7.17 (d] = 8.0 Hz, 2H), 6.12 (d] = 18.4
Hz, 1H), 2.64 ¢, J= 7.6 Hz, 2H), 1.32 (s, 12H), 1.23Jtz 7.6Hz, 3H), ppm*C NMR (100 MHz,
CDCl): 0149.52, 145.31, 135.07, 128.11, 127.12, 83.28, 28.71, 24.83, pprh2

(E)-4,4,5,5tetramethyl-2-(4-pentylstyryl)-1,3,2dioxaborolane (2ff

/@/\/Bpin
TAmM

Purification by flash chromatographpetroleum ether:EtOAc = 50:1a colorless oil 268 mg,
89%):; 'H NMR (400MHz, CDCh): Ui 7.41 (d,J = 7.6 Hz, 2H), 7.38 (s, 1H), 7.15 (@@= 8.0 Hz,
2H), 6.12 (dJ = 18.4 Hz, 1H), 2.60 (1 = 8.0 Hz, 2H), 1.64..58 (m, 2H), 1.32 (s, 16H), 0.90 {t,
= 6.8 Hz, 3H), ppmt3C NMR (100 MHz, CDGJ): 11149.57, 144.04, 135.05, 128,6127.05, 83.24,
35.78, 31.52, 31.03, 24.84, 22.57, 14 05m.

(E)-2-(4-(tert-butyl)styryl) -4,4,5,5tetramethyl-1,3,2dioxaborolane (29}
X Bpin

Purification by flash chromatographystroleum ether:EtOAc = 50:Ialight yellow solid (257 mg,
90%); *H NMR (400 MHz, CDCJ): 11 7.447.35 (m, 5H), 6.12 (d] = 18.4 Hz, 1H), 1.31 (s, 21H),
ppm;1*C NMR (100 MHz, CDGJ): 1152.11, 149.44, 134.84, 126.88, 125.53, 83.26, 34.71, 31.30,
24.87, ppm.

(E)-2-(4-methoxystyryl)-4,4,5,5tetramethyl-1,3,2dioxaborolane (2h)?

o

Purification by flash chromatographpetroleum ether:EtOAc = 50:1a colorless oil 228 mg,
88%); 'H NMR (400 MHz, CDCJ): ti 7.41 (d,J = 8.4 Hz, 2H), 7.35 (d] = 18.4 Hz, 1H), 6.83 (d,
J = 8.8Hz, 2H), 6.00 (dJ = 18.4 Hz, 1H), 3.75 (s, 3H), 1.29 (s, 12H), pp#a NMR (100 MHz,
CDCl): 01160.32, 149.10, 130.36, 128.44, 113.97, 83.14, 55.15, ,2#pad

(E)-2-(3-methoxystyryl)-4,4,5,5tetramethyl-1,3,2dioxaborolane (2if

S12



X Bpin

_0

Purification by flash chromatographpetroleum ether:EtOAc = 50:1a colorless oil 208 mg,
80%); 'H NMR (400 MHz, CDCJ): 117.37 (d,J = 18.4 Hz, 1H), 7.25 (] = 8.0 Hz, 1H), 7.08 (d]

= 7.6 Hz, 1H), 7.03 (s, 1H), 6.84 (diiz 8.4 Hz,J = 2.4 Hz, 1H), 6.16 (d] = 18.4 Hz, 1H), 3.80
(s, 3H), 1.31 (s, 12H), pprC NMR (100 MHz, CDGJ): 1159.79,149.39, 138.95, 129.55, 119.83,
114.81, 111.96, 83.38, 55.17, 24.88m.

(E)-2-(2-methoxystyryl)-4,4,5,5tetramethyl-1,3,2dioxaborolane (2jf

©\/\/Bpin
o~

Purification by flash chromatographpetroleum ether:EtOAc = 50:1a colorless oil 223 mg,
86%); 'H NMR (400 MHz, CDCJ): 17.77 (dJ= 18.4 Hz, 1H), 7.55 (dl= 7.6 Hz, 1H)7.297.24

(m, 1H), 6.93 () = 7.2 Hz, 1H), 6.86 (d] = 8.4 Hz, 1H), 6.17 (d] = 18.4 Hz, 1H), 3.85 (s, 3H),
1.31 (s, 12H), ppmC NMR (100 MHz, CDGJ): 1i157.35, 144.10, 129.98, 127.10, 126.60, 120.57,
110.88, 83.22, 55.36, 24.84, ppm.

(E)-2-(4-fluorostyryl) -4,4,5,5tetramethyl-1,3,2dioxaborolane (2k}
/@/\/ Bpin
F

Purification by flash chromatographpetroleum ether:EtOAc = 50:1a colorless oil 235 mg,
95%); 'H NMR (400 MHz, CDCY): Ui 7.45 (dd,J = 8.8 Hz,J = 5.6 Hz, 2H), 7.34 (d] = 18.8 Hz,
1H), 7.02 (tJ = 8.8 Hz, 2H), 6.07 (d] = 18.4 Hz, 1H), 1.31 (s, 12H), ppAIC NMR (100 MHz,
CDCl3): 1163.2 (dJ=247.0 Hz), 148.17, 133.75, 128.72Jd; 8.0 Hz), 115.57 (d] = 21.0 HZz),
83.41, 24.82, ppm® NMR (376 MHz, CDCJ): ii-112.41, ppm.

(E)-2-(3-fluorostyryl) -4,4,5,5tetramethyl-1,3,2dioxaborolane (21

F

Purification by flash chromatographpetroleum ether:EtOAc = 50:1a colorless oil 212 mg,
85%); *H NMR (400 MHz, CDCJ): i 7.40 (d,J = 18.4 Hz, 1H), 7.32.24 (m, 2H), 7.19 (d] =
10.0 Hz, 1H), 6.99 (] = 7.6 Hz, 1H), 6.19 (d] = 18.4 Hz, 1H), 1.33 (s, 12H)pm;13C NMR (100
MHz, CDCh): 1i163.05 (d,) = 244.0 Hz), 147.99 (d,= 2.0 Hz), 139.88 (d] = 8.0 Hz), 129.99 (d,
J=8.0 Hz), 122.96 (d] = 3.0 Hz), 115.60 (d] = 22.0 Hz), 113.22 (dl = 210 Hz), 83.37, 24.74

S13



ppm;*°F NMR (376 MHz, CDGJ): 1i-113.22, ppm.
(E)-2-(2-fluorostyryl) -4,4,5,5tetramethyl-1,3,2dioxaborolane (2m}§

©\/\/Bpin
F

Purification by flash chromatographpetroleum ether:EtOAc = 50:1a colorless oil 220 mg,
89%); *H NMR (400 MHz, CDCYJ): 1 7.61-7.54 (m, 2H), 7.2&.23 (m, 1H), 7.11 (1) = 7.2 Hz,
1H), 7.03 (tJ = 8.0 Hz, 1H), 6.24 (d] = 18.8 Hz, 1H), 1.31 (s, 12H), ppAYC NMR (100 MHz,
CDCl): 1160.73 (dJ = 250.0 Hz), 141.32 (dl = 4.0 Hz), 130.19 (d] = 9.0 Hz), 127.41 (d] =
3.0Hz), 125.40 (d)=12.0 Hz), 124.11 (d}= 4.0 Hz), 115.83 (d] = 22.0 Hz), 83.46, 24.8ppm;
F NMR (376 MHz, CDQ): ti-117.65, ppm.

(E)-2-(4-chlorostyryl)-4,4,5,5tetramethyl-1,3,2dioxaborolane (2n§

/@/\/Bpin
Cl

Purification by flash chromatographggtroleum ether:EtOAc = 50:lawhite solid(244mg, 92%);
IH NMR (400 MHz, CDCJ): 117.40 (d,J = 8.4 Hz, 2H), 7.33 (d] = 18.4 Hz, 1H), 7.30 (d] = 8.4
Hz, 2H), 6.13 (dJ = 18.4 Hz, 1H), 1.31(s, 12Hppm;3C NMR (100 MHz, CDGJ): Ui 148.03,
135.98, 134.62, 128.81, 128.88.47, 24.82ppm.

(E)-2-(3-chlorostyryl)-4,4,5,5tetramethyl-1,3,2dioxaborolane (20}°

Cl
Purification by flash chromatographpetroleum ether:EtOAc = 50:1a colorless oil 213 mg,
81%); 'H NMR (400 MHz, CDCJ): Ui 7.35 (s, 1H), 7.24 .14 (m, 4H), 6.@ (d, J = 18.4 Hz, 1H),
1.21 (s, 12H), ppmEC NMR (100 MHz, CDGJ): 1i147.77, 139.36, 134.56, 129.79, 128.71, 126.90,
125.17, 83.40, 24.7%pm.

(E)-2-(2-chlorostyryl)-4,4,5,5tetramethyl-1,3,2dioxaborolane (2p}*

©f\/8pin
Cl

Purification by flash chromatographpetroleum ether:EtOAc = 50:1a colorless oil 226 mg,
85%); 'H NMR (400 MHz, CDCY): i 7.70 (d,J = 18.4 Hz, 1H), 7.55 (ddl = 7.2 Hz,J = 2.0 Hz,

1H), 7.27 (ddJ = 7.6 Hz,J = 1.6 Hz, 1H), 7.1.11 (m, 2H), 6.09d, J = 18.0 Hz, 1H), 1.24 (s,
12H), ppm**C NMR (100 MHz, CDGJ): 1144.97, 135.63, 133.86, 129.80, 129.68, 127.03, 126.86,
83.50, 24.83, ppm.
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(E)-2-(4-bromostyryl)-4,4,5,5tetramethyl-1,3,2dioxaborolane (2g¥

/@/\/Bpin
Br

Purification by flastthromatographypetroleum ether:EtOAc = 50:Ilawhite solid(263mg, 85%);
IH NMR (400 MHz, CDCJ): 01 7.46 (d,J = 8.4 Hz,2H), 7.357.29 (m, 3H), 6.15 (d] = 18.4 Hz,
1H), 1.31 (s, 12H)ppm;*3C NMR (100 MHz, CDGJ): 1 148.08, 136.41, 131.77, 128.522.91,
83.49, 24.82ppm.

(E)-4,4,5,5tetramethyl-2-(4-(trifluoromethyl)styryl) -1,3,2dioxaborolane (2rf

/@/\/Bpin
FsC

Purification by flash chromatographpetroleum ether:EtOAc = 50:1a colorless oil 273 mg,
92%); 'H NMR (400 MHz, CDCJ): i 7.58 (dd,J = 8.4 Hz,J = 8.4 Hz, 4H), 7.40 (d] = 18.4 Hz,
1H), 6.26 (d,)= 18.4 Hz, 1H), 1.32 (s, 12H), ppAC NMR (100 MHz, CDGJ): 1i147.68, 140.80,
130.47 (dJ=32.0 Hz), 127.16, 125.53 (@= 4.0 Hz), 122.79422.67 (m), 83.62, 24.8ppm;*°F
NMR (376 MHz, CDCY): 11-62.64, ppm.

(E)-2-(2-(4,4,5,5tetramethyl-1,3,2dioxaborolan-2-yl)vinyl)pyridine (2s)* 12

SN X Bpin

N

Purification by flash chromatographpetroleum ether:EtOAc = 20:1a colorless oil 194 mg,
84%); *H NMR (400 MHz, CDCJ): i 8.59 (d,J = 4.4 Hz, 1H), 7.64 ({) = 18.4 Hz, 1H), 7.45 (d]
=18.4 Hz, 1H), 7.39 (dl= 7.6 Hz, 1H), 7.16 (1) = 4.8 Hz, 1H), 6.62 (d] = 18.4 Hz, 1H), 1.30 (s,
12H), ppm;*C NMR (100 MHz, CDGJ): 1155.44, 149.72, 148.75, 136.48, 123.08, 122.23, 83.48,
24.80, ppm.

(E)-2-(4-ethynylstyryl)-4,4,5,5tetramethyl-1,3,2dioxaborolane (2t)3

/©/\/Bpin
=

Purification by flash chromatographystroleum ether:EtOAc = 20:lawhite solid(187mg, 74%);

H NMR (400 MHz, CDCJ): (1 7.42 (dd,J = 11.6 Hz,J = 8.8 Hz, 4H), 7.35 (d] = 18.4 Hz, 1H),
6.16 (d,J= 18.4 Hz, 1H), 3.12 (s, 1H), 1.28 (s, 12H), pp?E; NMR (100 MHz, CDGJ): (i148.40,
137.81, 132.35, 126.90, 122.45, 83.57, 83.40, 78.47, 24p81

(E)-2-(2-cyclopropylvinyl)-4,4,5,5tetramethyl-1,3,2dioxaborolane (2u¥
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P

Purification by flash chromatographpetroleum ether:EtOAc = 50:1a colorless oil 165 mg,
91%); 'H NMR (400 MHz, CDCJ): 116.04 (dd,J = 18.0 Hz,J= 9.6 Hz, 1H), 5.46 (d] = 17.6 Hz,
1H), 1.531.45 (m, 1H), 1.23 (s, 12H), 0.77 (dis 13.6 Hz,J = 4.0 Hz, 2H), 0.51 (dd} = 10.8Hz,
J= 4.4 Hz, 2H), ppm*3C NMR (100 MHz, CDGJ): 1 158.53, 82.89, 24.74, 17.00, 7,8pm.

Bpin

(E)-2-(3-(benzyloxy)prop-1-en-1-yl)-4,4,5,5tetramethyl-1,3,2dioxaborolane (2v}*

OAO/\/\BN”

Purification by flash chromatographpetroleum ether:EtOAc = 50:1a colorless oil 215 mg,
78%): *H NMR (400 MHz, CDCJ): Ui 7.357.26 (m, 5H), 6.68 (dt) = 18.0 Hz,J = 4.8 Hz, 1H),
5.76 (d,J= 18.4 Hz, 1H), 4.54 (s, 2H), 4.11 (b 4.8 Hz, 2H), 1.27 (s, 12H), ppAfC NMR (100
MHz, CDCk): 11149.16, 138.29, 128.36, 127.62, 127.57, 83.29, 72.33, 71.70, ppm9

N-(1-(naphthalen-1-yl)ethyl)-3-(4,4,5,5tetramethyl-1,3,2dioxaborolan-2-yl)prop -2-en-1-
amine (2w}

H
N._ X Bpin

Purification by flash chromatographytroleum ether:EtOAc = 5:la colorless 0ilZ61mg, 77%);
IH NMR (400 MHz, CDCJ): 18.18 (d,J = 8.0 Hz, 1H), 7.86 (d] = 7.6 Hz, 1H), 7.74 (d] = 8.4
Hz, 1H), 7.67 (dJ = 6.8 Hz, 1H), 7.5Z.45 (m, 3H), 6.72 (dt] = 18.4 Hz,J = 5.2 Hz, 1H), 5.63
(d,J = 18.0 Hz, 1H), 4.67¢( J = 6.4 Hz, 1H), 3.38.25 (m, 2H), 1.70 (s, 1H), 1.49 @= 6.8 Hz,
3H), 1.27 (s, 12H), ppnt3C NMR (100 MHz, CDGJ): 11 151.93, 141.001.33.99, 131.34, 128.95,
127.20, 125.74, 125.29, 123.01, 122.78, 83.19, 53.08, 51.41, 24.80, 24.79, 23.68, ppm.

(E)-4,4,5,5tetramethyl-2-(2-(phenanthren-9-yl)vinyl) -1,3,2dioxaborolane ()®

o

Purification by flash chromatographpetroleum ether:EtOAc = 50:1a colorless oil (261 mg,
79%);H NMR (400 MHz, CDCY): 1i8.72 (d,J = 8.4 Hz, 1H), 8.65 (d] = 8.0 Hz, 1H), 8.28 (d]

= 7.6 Hz, 1H), 8.20 (d] = 18.4 Hz, 1H), 7.9%s, 1H), 7.89 (dJ = 7.6 Hz, 1H), 7.69.56 (m, 4H),

6.34 (d,J = 18.0 Hz, 1H), 1.37 (s, 12H), pp¥C NMR (100 MHz, CDGJ): Ui 147.21, 134.61,
131.64, 130.62, 130.34, 130.29, 129.05, 126.90, 126.78, 126.67, 126.53, 125.37, 124.70, 123.04,
122.52, 83.49, 24.9ppm.
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(E)-4,4,5,5tetramethyl-2-(2-(naphthalen-1-yl)vinyl) -1,3,2dioxaborolane (3)?

E X Bpin

Purification by flash chromatographpetroleum ether:EtOAc = 50:1a colorless oil (238 mg,
85%);H NMR (400 MHz, CDCJ): 118.26 (d,J = 8.4 Hz, 1H), 8.21 (d] = 18.4 Hz, 1H), 7.85.79

(m, 2H), 7.73 (dJ = 7.2 Hz, 1H), 7.5&.54 (m, 3H), 6.26 (d] = 18.4 Hz, 1H), 1.34 (s, 12H), ppm;
3C NMR (100 MHz, CDGJ): Ui 146.48, 135.39, 133.65, 131.14, 129.06, 128.53, 126.20, 125.83,
125.62,12.11, 123.81, 83.45, 24.9fpm.

(E)-4,4,5,5tetramethyl-2-(2-(thiophen-2-yl)vinyl) -1,3,2dioxaborolane ()8

G,/\/Bpin
\ S

Purification by flash chromatographygtroleum ether:EtOAc = 50:1ayellow oil (128 mg, 54%);
IH NMR (400 MHz, CDCJ): 11 7.47 (d,J = 18.0 Hz, 1H), 7.24 (dl = 5.2 Hz, 1H), 7.08 (d] = 3.2

Hz, 1H), 6.98 (ddJ = 5.2 Hz,J = 3.6 Hz, 1H), 5.91 (d] = 18.0 Hz, 1H), 1.30 (s, 12H), ppA¥C

NMR (100 MHz, CDC}): 11143.97, 141.83, 127.72, 127.64, 126.32, 83.40, 2482

(E)-2-(2-cyclohexylvinyl)-4,4,5,5tetramethyl-1,3,2dioxaborolane (2aa)*

Purification by flash chromatographypétroleum ether:EtOAc = 50:1a colorless oil (20 mg,
89%); 'H NMR (400 MHz, CDCY): 1i6.58 (dd,J = 18.4 HzJ = 6.4 Hz, 1H), 5.38 (dd] = 18.0 Hz,
J=1.6 Hz, 1H), 2.02.00 (m, 1H), 1.78..70 (m, 4H), 1.67..62 (m, 1H), 1.27 (s, 12H), 1.2504
(m, 5H), ppm;**C NMR (100 MHz, CDQJ): Ui 159.88, 82.99, 426, 31.93, 26.18, 25.98, 24,80

ppm.

(2)-4,4,5,5tetramethyl-2-(1-phenylprop-1-en-2-yl)-1,3,2dioxaborolane (2bbY

Purification by flash chromatographpetroleum ether:EtOAc = 50:1a colorless oil (185 mg,
76%);'H NMR (400 MHz, CDCJ): i 7.40-7.32 (m, 4H), 7.2&.22 (m, 2H), 1.99 (s, 3H), 1.32 (s,
12H) , ppm3C NMR (100 MHz, CDGJ): 11141.34, 136.92, 128.39, 127.01, 126.06, 82.49, 23.83,
14.87 ppm.
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(2)-2-(1,2-diphenylvinyl)-4,4,5,5tetramethyl-1,3,2dioxaborolane  (2cc)®

l N Bpin

Purification by flash chromatographggtroleum ether: EtOAc = 50:1a white solid (162 mg, 53%);
IH NMR (400 MHz, CDCJ): 17.36 &, 1H), 7.287.24 (m, 2H), 7.2Z.20 (m, 1H), 7.1&.15 (m,
2H), 7.127.10 (m, 3H), 7.077.04 (m, 2H), 1.31 (s, 12H), ppr¥C NMR (100 MHz, CDGJ): U
143.20, 140.47, 137.02, 129.98, 128.88, 128.27, 127.87, 127.61, 126.28, 83.822%.82

1,3-diphenyl-3-(4,4,5,5tetramethyl-1,3,2dioxaborolan-2-yl)propan-1-one (Zd)’
O Bpin

Purification by flash chromatographggtroleum ether: EtOAc = 10:1a white solid (289 mg, 86%);

IH NMR (400 MHz, CDCJ): 17.96 (dJ=7.6 Hz, M), 7.53 (tJ= 7.6 Hz, 1H)7.43(t,J= 7.6 Hz,

2H), 7.327.24 (m, 4H), 7.16 (f] = 5.4 Hz, 1H)3.593.39 (m, 2H), 2.82.76 (m, 1H), 1.24s, 6H),

1.16 (s, 6H)ppm;13C NMR (100 MHz, CDGJ): 11199.70, 141.98, 136.82, 132.94, 128.54, 128.51,
128.41, 128.07, 1262, 83.40, 43.29, 24.60, 24,56Hm.

(E)-4,4,6trimethyl -2-styryl-1,3,2dioxaborinane (¢

Purification by flash chromatographpetroleum ether:EtOAc = 50:1a colorless oil 217 mg,
94%); *H NMR (400 MHz, CDCJ): 1i7.40 (d,J= 7.2 Hz, 2H), 7.25.14 (m, 4H), 6.03 (dl= 18.4

Hz, 1H), 4.234.15 (m, 1H), 1.73 (ddl= 14.0 HzJ= 2.8 Hz, 1H), 1.47 (1 = 13.6 Hz, 1H), 1.27
1.23 (m, 9H), ppm:3C NMR (100 MHz, CDGJ): 11145.45, 136.98, 127.41, 127.25, 125.92, 69.85,
63.80, 44.98, 30.25, 27.13, 22.17, ppm.

(E)-5,5-dimethyl-2-styryl-1,3,2dioxaborinane (f)°

Purification by flash chromatographgygtroleum ether:EtOAc = 50:1a colorless 0il189mg,
88%); 'H NMR (400 MHz, CDCJ): 1i17.49 (d,J = 7.6 Hz, 2H), 7.39.22 (m, 4H), 6.14 (d] =
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18.0 Hz, 1H), 3.66 (s, 4H), 0.96 @H), ppm;13C NMR (100 MHz, CDG)): i 146.04, 136.74,
127.45, 125.90, 119.86r), 71.01, 30.68, 20.74pm.
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7. Characterization Data for Functionalized Products

Cinnarizine (3a)

Ph
Ph}—N/—\NJ:/

PH

3awas synthesized by previously reported mett®dsmixture of2a (1 mmol), NalQ (3 mmol)
and2N HCI (1mL) in THF (4 mL) and kD (1 mL) was combined undair. The reaction mixture
wasstirred at room temperature for 12Thenthereaction mixture was extracted with saturated
saline and ethyl acetate. The organic liquid layer was collected for rotary evaporation to obtain a
white solid boric acid crude product. Without purification, it was directly mixed wJith
benzhydrylpiperazingl mmol) and paraformaldehyde (1 mmdigated to 90 i n-dickgne
and stired for 24 h Purification by flash chromatograpligetroleum ether:EtOAc = 5lawhite
solid (287 mg, 7®%); 'H NMR (400 MHz,CDCL): 11 7.40 (d,J = 7.2 Hz, 4H) 7.34(d, J = 7.2 Hz,
2H), 7.297.21(m, 7H), 7.197.15(m, 2H),6.49(d, J = 15.6 Hz, 1H), 6.36.22 (m, 1H)4.23 (s,
1H), 3.15 (dJ = 6.8 Hz, 2H), 2.53 (s, 8Hppm;13C NMR (100 MHz,CDCl): Ui 142.80, 137.03,
133.04, 128.60, 128.50, 128.00, 127.49, 126.94, 1262836, 76.24, 61.10, 53.53, 51, 9pm.

(E)-(2-iodovinyl)benzene (3b)

|
PN

3b was synthesized by previously reported methddsmixture of 2a (1 mmol), b (2 mmol) and
NaOH (3 mmol)n THF (4 mL) was combined undair. The reaction mixture wagtirred at room
temperature for 2 h. Purification by flash chromatograjpleyroleum ethgr ayellow oil (216 mg,
94%); 'H NMR (400 MHz, CDCJ): i 7.43 (d, J = 14.8Hz, 1H), 7.357.28 (m, 5H), 6.83 (d] =
14.8 Hz, 1H)ppm;*3C NMR (100 MHz, CDQJ): i 145.03, 137.72, 128.74, 128.40, 126.02, 76.63
ppm.

(E)-5,5-dimethyl-2-styryl-1,3,2dioxaborinane (2ff)

2ff was synthesized by previously reported metttédsmixture of 2a (1 mmol) and Bnep (2
mmol) in MeOH(2 mL) was combined in sealed tube. The reaction mixture was stirred@f&0
16 h.Purification by flash chromatographygtroleum ether:EtOAc = 50:1a colorless oil (140 mg,
65%).

(1E,3E)-1,4-diphenylbuta-1,3-diene (3c)

0



3cwas synthesized by previously reported mettitédsmixture of2a (1 mmol) and Cu(OAe)(1
mmol) in DMF (2 mL) and EtOH (1 mL) was combined undierThe reaction mixture wasirred
at room temperature for 16 h. Purification by flash chromatogrggatsoleum ether:EtOAc = 50:1
awhite solid(91 mg,44%);'*H NMR (400 MHz, CDGJ): 17.44 (d,J=7.2Hz,4H), 7.33(t,J= 7.6
Hz, 4H), 7.23 (tJ = 7.6 Hz, ), 6.986.92 (m, 2H), 6.7%6.64 (m, 2H) ppm;'3C NMR (100 MHz,
CDCl): 1137.40, 132.85, 129.28, 128.69, 127.59, 126p4.
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9. NMR Spectrafor Catalysts
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Figure S1.'H NMR (400 MHz,DMSO-dg) spectrum of compoun@s.

7

e —

16'¢C—

6267 —

€9l
8v'9LL /
9G 211 %
6v'5zh

8 /2L

olgzl
0662} —
orzel
86°07 )~
95 ZyL —
1817~
08671~

90 80 70 60 50 40 30

100
f1 (ppm)

Figure S2.*C NMR (100 MHz,DMSO-ds) spectrum of compound5.

210

4



89.'9
mmhm/
1289

2689\
1102

260,
0L
muﬁ\
621,

cee s/
6LGL—

6908
060'8
08lL'8

9818
6178~
reze

¥82°0
208°0
1280
££8°0
1580 .
028°0 )
el 689'9 1
. 9029
o
. 8€L9 k
19¥') :
. 892°9
88l oy —
105} . —
9z5') S8.'9
. 864°9
SpgL ge] st
€99t waAmL €65°¢ ‘J
18g'L Doz et

6GL° L~
6LLL

ce9'e

NS o~

ITLER

f1 (ppm)

Figure S3.'H NMR (400 MHz, CDC4) spectrum of compounds.

080k~
e
1802~
z6'Lz

SS9 —
0€'2G — —

90°601 |
9E°0L1 |
90°G L1
Ge'GLL |
1802 1
vE'TT) |
S0'tZL |
69'L2} 1
65821
vZ'62)
2621
90°0€}
£9°2¢)

mESW
€1'8el

10°8¥1
e
€651~
20951~
€129~
€9c9l

-10

200 190 180 170 160 150 140 130 120 110 100 el 80 70 60 50 40 30 20 10
(

210

ppm)

Figure S4.*C NMR (100 MHz, CDGJ) spectrum of compound6.

f1

5



0§80
¥88°0

126'0
0514

€689
9689
116’9
7169
0€6'9

06571 ~L

G2¢9'e

[4%°R)
oL
980°L
§S60°L
10L°L
i
09¢'L
162'L
oLeL
cLe’L
1ee’L
6618

6°(
[

£1 (ppm)

6618~
yve'8

TE69
956'9

866'9

9/6'9

6.6'9

100

€002

2z0'L |
0v0°L |
280°L 1
980/
560/ |
Ve
GOL'ZA
P LA
2LV LA
9/1°2+
2611+
G6L 'L
8022
Gz L

0ZZ4

909°¢
[4%°2
erach
[4%°R
Ly9'€
169°¢€

A

€92°G~ =
9/8'G~

1221
eez L
9871 ]
8YZ L
0sz°L 1
ICrA
09z'L |
99z}
692'L
1622
962'L
olgL
zieL
legs
05€°2
€58,
90V'L
60V'2
ozv'L
62V,

=o't

Feoe

=66'1L

660

k)

6
f1 (ppm)

7

Figure S5.'H NMR (400 MHz, CDC4) spectrum of compound?.

6801 1
8€'LL 1
0012~
96127 ]

ov'or —
652G — —

Go'9LL

v8'LLL 1

€9'6LL

v ozl

05°0Z1

0402

62°2CL —

e/

R rANT —

25821 .

Pl georly 3

podding PeOrL\

. 9L —

25621 ol

podueds erevl
Prz9l ]
L2'€9L

90 80 70 60 50 40 30

100
f1 (ppm)

Figure S6.*C NMR (100 MHz, CDG) spectrum of compoun@?.

110

120

200 190 180 170 160 150 140

210

6



6£1Z~ 4
B | o €6°€Z—
o]
215N L~ m
oee'L Fie
SYE'L > 16°0p —
la O
L00'Y — o res — 1
€20y
0v0'v | o S
1S0'Y w
V10 -
160 L~
%59 o> T: m —
9 €59y | £6'801
8991 0.9'% le 3 87011
V8.9 989y = 60°GLL
B 86.°94 €0L'Y O 88'Gll 1
= 91897 ozLy Les @ 62021
= £68°9 L8y - Q 0412}
mmm W)W £SLY T =0 19°€2Tl 1
L 06 Lo~ SR S——
60L°L-F Zeo fnad
CAVE Loz o WM.MM# —
8512 oLl 0O et ———
4 ol b 09°62) f ———=
8LL°L 10'L @) selel |
MWMMML N Yo' LELE —==
Lo ENQ/
wmwﬁ W 08'6€L - ———|
s L E2 10°8¥1L
€Lv'L o Legyl
s T Y0°SSL ~ —
MMN.T = 3 68'551
G279k~ —
mmw% o DMu ege9l
951'8
9/1'8 pa
szT'8 Fe
GeT'8 1H
= LL¥'8 .~ =
N\ () N\
2T o - m 2T o
&y 3 OX
& 2 &
L s _I_l

90 80 70 60 50 40 30

100
1 (ppm)

CDd) spectrum of compound8.

10
7

140 130 120 1

150

160

Figure S8.1°C NMR (100 MHz,

200

210




Nmo.m
s1ig
VT8~
9528 7
Em.w*

G.€'8

8.2 80 7.8 7.6
£1 (ppm)

8.4

Y92°€~
69€€"

0819
96.°9
cL89
1891

EA°1:1 «14
1289
956'9 1
11691
111724
9L/
IR
€122
AR
092°L 7
662"/
22 L
89€°/
68€°L
60v°L
9Ty L]
8L
026°L
5v5°.
£66°L |
01921
719721
ov8'L ]
£98°2 1
26081
sig
zvee ]
952'8
162'8
GIe'8

TLEL S

ceeew
N = =8

1 (ppm)

Figure S9.'H NMR (400 MHz, CDC4) spectrum of compound®.

/@
-~
N

€L'2€—
1€°.€— —

Zr'604 |
9Z°0L 1
9L'SLL
€LSLL
£9'121 1
82Tl o
¥S'ETL o
90°vel ]
€692 1
1E'82)
£zl
ziezL |

v0'8vl
0z'8vl >
87651~
€091~
€L291 ~ -

zreaL

N
H

ol

N
“
0

90 80 70 60 50 40 30

100
1 (ppm)

Figure S10.°C NMR (100 MHz, CDGJ) spectrum of compoun@s.

210

8



€899
¥09'9
G899
102°9
20L'9
6069
NNQQV

1208
LEL'8
mg.w\
GGlL'8
mNN.w\
¢se’8

G980
6180
880
8680
¢06'0
9160
96
6.4G°)
€861
166}
L09'L
Gl9'L
029'L
€e9’l
8€9'L
1G9}
699'L

wom.m
mwm.m%
Lyee

06€°€
607°¢€
8cr'e

¥09'9
029°9
2199+
G89'9
189°9F
0699
1029
20,9
8629
6189
G88'9 |
2069
6069
1269
1ve 2 ]
16¢°2 1
ose2]
98¢,
viv'L
6LYL
Lev'L
ozy'L
'L
1871
6EV'L
€S2
8GY',
120'8
1e1'8
evlL'g
§G1'8

wwm.w#

88’y
206’y
SeEL'S
LGL'S

=l0'¢

=0'¢

=0'c

1 (ppm)

Figure S11.'H NMR (400 MHz, CDCJ) spectrum of compoun@10.

SL0L~
Lel

€L°0C~ JE—
60CC

8C — —

602G — —

No.mo_,
80°¢0l >

21601

68'60} ]
P T A —
8eGLL

zvozL

IR T —

gg/€el
[4° WA >

_,n.nvr
68°LYl >
6L°€Sl

mmdm_\ >

66'09) —
60°¥9L —

170

110

120

130

140

150

160

1 (ppm)

Figure S12.2°C NMR (100 MHz, CDGJ) spectrum of compoun@10.

9



10. NMR Spectra for M
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11. NMR Spectra for Hydroborated Products
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