Electronic Supplementary Material (ESI) for ChemComm.
This journal is © The Royal Society of Chemistry 2019

Supporting Information

Asymmetric Synthesis of a-Chiral B-Hydroxy Allenes:
Copper-Catalyzed y-Selective Borylative Coupling of Vinyl
Arenes and Propargyl Phosphates

Jung Tae Han and Jaesook Yun*

Department of Chemistry and Institute of Basic Science

Sungkyunkwan University, Suwon 16419, Korea

Table of Contents

| . General Methods Page S2

II'. Experimental Details Page S2-S21

IIl. References Page S22
IV. 1H and 13C NMR spectra Page S23-S43

S1



General Methods

CuCl, LiOtBu, bis(pinacolato)diboron, and other commercial reagents were purchased from Aldrich
and used as received. (R,S)-Josiphos (L8) was purchased from Strem. 1g?, 1h?, 1i3, 1j4, 1k5, 2a—2h®
were prepared by following literature procedures. Reactions with oxygen- and moisture-sensitive
materials were carried out with standard Schlenk technique. DMA was distilled from calcium hydride
under nitrogen. Flash chromatography was performed on silica gel from Merck (70-230 mesh).
Deactivated silica gel was prepared by stirring a slurry of the silica gel in a NaOAc aqueous solution
for 30 minutes. Then, the deactivated silica gel was collected by filtration and then dried in a 120 °C
oven for 3 days. All 'TH NMR spectra were obtained on Bruker at 500 systems and reported in parts
per million (ppm) downfield from tetramethylsilane. 13C NMR spectra are reported in ppm referenced
to deuteriochloroform (77.16 ppm). Infrared spectra (IR) were obtained on Nicolet 205 FT-IR and were
recorded in cm. Optical rotation was measured with Model 343 plus polarimeter equipped with a
sodium lamp (589 nm). High performance liquid chromatography (HPLC) was performed using
Younglin Acme 9100 series. High resolution mass spectra (HRMS) were obtained at Korea Basic

Science Institute (Cheongju, Korea) and reported in the form of m/z (intensity relative to peak = 100).

General Procedure for the Copper-Catalyzed Allenylboration of Vinyl Arenes

with Propargylic Phosphates

5 mol % CuCl
5.5 mol % L8
2 equiv LiOtBu R
1.5 equiv Bypiny NaBO3
Ar/\ + /\OP(O)(OEt)Z > - Ar OH
R DMA, RT, 24 h THF/H,O, RT,5h
1 2 4

A mixture of CuCl (5 mol %, 0.025 mmol), (R,S)-Josiphos (5.5 mol %, 0.0275 mmol),
bis(pinacolato)diboron (1.5 equiv, 0.75 mmol) and LiOtBu (1.5 equiv, 0.75 mmol) in DMA (0.5 mL)
were stirred for 15 min in a Schlenk tube under an atmosphere of nitrogen. Substrate 1 dissolved in
DMA (0.5mL) and 2 (1.5 equiv, 0.75 mmol) were added to the reaction mixture. The reaction mixture
was stirred at room temperature and monitored by TLC. Upon completion of the reaction, the reaction
mixture was diluted with diethyl ether (10 mL). The aqueous layer was extracted with diethyl ether,
and the combined organic layers were dried over Na2SO4 and concentrated in vacuo. To the mixture

in THF (2 mL) and water (2 mL) was added sodium perborate (3 equiv). The reaction mixture was

S2



vigorously stirred for 5 h at room temperature. After the reaction was quenched with water and then,
extracted with diethyl ether. The combined organic layers were dried over Na2SO4 and concentrated
in vacuo. The product 4 was purified by silica gel chromatography. Rapid silica gel chromatography

within 10 minutes is critical for reproducible yields due to instability of allenols on silica gel.

Characterization of 4

(S)-2,3-diphenylpenta-3,4-dien-1-ol: By following the general procedure, 4aa

O _ was obtained in 79% vyield (pale yellow oil). 'H NMR (500 MHz, CDCl3) & 7.37—
OH 7.34 (m, 4H), 7.31-7.28 (m, 2H), 7.24-7.20 (m, 3H), 7.24-7.20 (m, 3H), 7.15—

O 7.12 (m, 1H), 5.35 (s, 2H), 4.03-3.96 (m, 2H), 3.86-3.81 (m, 1H), 1.70 (brs, 1H);
13C NMR (125 MHz, CDCIs) &6 208.3, 140.3, 135.5, 128.7, 128.4, 128.3, 127.2,

126.9, 105.7, 80.4, 66.9, 48.4; IR (neat) 3386, 3014, 2935, 1254 cm; HRMS

4aa

(ESI) calcd for [C17H160+H*]: 237.1279, found: 237.1280; 95:5 er were measured by chiral HPLC on
AD-H column (i-PrOH:hexane = 1:99, 1.0 mL/min); tr = 34.49 min (minor), tr = 39.51 min (major).

[rac] [chiral]

700 .00
G000 .00) 200000
a00.00)
400 00| G000 .00)
200,00
200 .00
100.00

0,00y

4000.00|

2000.00)

>34 5350
?30 8350

)94 400
?39 5133

0.00)

o

-100.00)

24.00 25.00 26.00 37.00 2800 20.00 40.00 <1.00 3400 3500 3600 3700 3200 3900 4000 S4.00 4200
Time (min) Area Area ratio
v v v

RTIE] "= [mY~sec HEHI[%] TRATIET "SI [mVssec] TEEH%]T
34,5350 14526, 7469 49,60 34,4900 9918, 1555 5,31
39,9350 14763,4969 50,40 39,5133 176798, 3750 94,69

(S)-3-phenyl-2-(o-tolyl)penta-3,4-dien-1-ol: By following the general procedure,

N 4ba was obtained in 62% yield (pale yellow oil). 'H NMR (500 MHz, CDClz) &

OH 7.34-7.33 (m, 2H), 7.29-7.26 (m, 2H), 7.24-7.22 (m, 2H), 7.21-7.18 (m, 1H),
O 7.03-7.01 (m, 2H), 5.31 (s, 2H), 4.02-3.93 (m, 2H), 3.86-3.73 (m, 1H), 2.24 (s,
Me 3H), 1.84 (brs, 1H); 3C NMR (125 MHz, CDCls) & 208.1,140.5, 136.7, 132.5,
4ba 131.5, 129.2, 128.7, 128.3, 127.1, 126.5, 105.6, 80.3, 67.0, 48.4, 21.0; IR (neat)
3396, 3028, 2928, 1276 cm; HRMS (ESI) calcd for [C1sH180O+H*]: 251.1436, found: 251.1432; 96:4
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er were measured by chiral HPLC on AD-H column (i-PrOH:hexane = 1:99, 1.0 mL/min); tr = 28.04

min (minor), tr = 31.16 min (major).

[rac] [chiral]
4000.00]
S00.00
3000.00]
G00.00]
- E t_é 2000.00 %
oo ™ 7 1000.00) g /m\
ool /\ 0.00] .
27.00 2750 2200 2850 2000 2050 2000 2050 2100 2150 28.00 28.00 30.00 31.00 32.00
RTIE]  EHE[my=sec] HEH[%] ATIE] | EEImysec] HEH|[%]
27,5517 9376, 1969 B0, 10 26,0463 1857 F&0D 4,03
30,4653 337,625 49,90 31,1633 47576, 3094 55,97
O (S)-2-(3-chlorophenyl)-3-phenylpenta-3,4-dien-1-o0l: By following the
Z general procedure, 4ca was obtained in 74% vyield (colorless oil). H NMR
Cl OH (500 MHz, CDCl3) & 7.33-7.32 (m, 3H), 7.27-7.22 (m, 5H), 7.21-7.18 (m, 1H),
O 7.17-7.14 (m, 1H), 5.36 (s, 2H), 3.98-3.95 (m, 2H), 3.83-3.78 (m, 1H), 1.72

4ca (brs, 1H); 3C NMR (125 MHz, CDClz) 6 208.3, 142.6, 134.6, 131.6, 130.0,

128.5, 128.3, 127.4, 127.1, 126.6, 126.5, 105.4, 80.7, 66.7, 48.1; IR (neat) 3262, 3124, 2885, 1522

cm1; HRMS (ESI) calcd for [C17H1s0CI+H*]: 271.0890, found: 271.0892; 92:8 er was measured by

chiral HPLC on OJ-H column (i-PrOH:hexane = 1:99, 1.0 mL/min); tr = 6.61 min (major), tr = 7.83 min

(major).

[rac] [chiral]

A1200.00)

A000.00)

S00.00)

G00.00)

<H00.00)

200.004

0.00)

2000.00)
2500.00)
2000.00)
A500.00)
1000.00)

S00.004

>& &717
>??850
6100

>T8250

5.40

0.0 e
§00  G&0  7O0 750 G600 GA0 9.0 550 600 650 70D 750 &00 S50 500 G40
ATIE] W HE[mY-sec] = DIEH[[%] ATIE]  BE[mbesec] " SEH[%]
65717 9523, 3297 49,74 6,6100 1954, 4191 179
7.7850 9623, 1578 50,26 1.8250 £3130,1594 9221
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(S)-2-(4-fluorophenyl)-3-phenylpenta-3,4-dien-1-ol: By following the general

O A procedure, 4da was obtained in 74% vyield (pale yellow oil). 'TH NMR (500 MHz,
OH CDCl) & 7.34-7.28 (m, 7H), 7.25-7.21 (m, 1H), 6.93-6.89 (m, 2H), 5.35 (s,

. O 2H), 3.99-3.93 (m, 2H), 3.84-3.80 (m, 1H), 1.67 (brs, 1H); 3C NMR (125 MHz,
4da CDCls) & 208.0, 161.8 (d, J = 245.1 Hz), 140.0, 133.3 (d, J = 8.1 Hz), 128.8,

128.2, 128.1 (d, J = 7.9 Hz), 127.3, 115.3 (d, J = 21.5 Hz), 104.9, 80.6, 66.9, 48.6; IR (neat) 3146,
3025, 2925, 1578 cmt; HRMS (ESI) calcd for [C17H1s0F+H*]: 255.1185, found: 255.1187; 92:8 er was
measured by chiral HPLC on AD-H column (i-PrOH:hexane = 1:99, 1.0 mL/min); tr = 43.95 min

(major), tr = 53.54 min (major).

[rac] [chiral]
BO0.00| 3500.00|
500,00 3000.00|
o = . 2500.00
% é 2000.00) E
200.00 o 2
w 1500.00 %
200.00 1000.00 B
100.00) 500.00) g
0.00) 0.00) o
40,00 4200 4400 4500 4200 S000 5200 5400 5600 5200 40.00 45.00 50.00 55.00
RTIE] "= [mVesec] | TEHI[%] RTIE] o= my~sec] | BEH[%]
44,4117 18578, 2969 49,54 43,9517 7926, 3773 8,20
52,7917 18522, 4562 50,06 53,5417 BA748, 9250 51,80
O (S)-3-phenyl-2-(p-tolyl)penta-3,4-dien-1-o0l: By following the general
A procedure, 4ea was obtained in 62% yield (pale yellow oil). *H NMR (500 MHz,
O OH  CcDCls) & 7.36-7.34 (m, 2H), 7.25-7.21 (m, 4H), 7.15-7.10 (m, 3H), 5.35 (s,
Me 2H), 3.99-3.94 (m, 2H), 3.82-3.78 (m, 1H), 2.30 (s, 3H), 1.68 (brs, 1H); 3C
dea NMR (125 MHz, CDCI3) 6 208.2, 137.1, 136.8, 135.6, 131.6, 129.5, 128.4,

126.9, 126.5, 105.8, 80.4, 67.0, 47.9, 21.1; IR (neat) 3390, 3052, 2837, 1360 cm1; HRMS (ESI) calcd
for [C1sH180+H*]: 251.1436, found: 251.1435; 96:4 er was measured by chiral HPLC on OD-H column
(i-PrOH:hexane = 1:99, 1.0 mL/min); tr = 4.43 min (major), tr = 4.72 min (minor).

[rac] [chiral]

4000.00] 2000.00|

2000.00) 1500.00)

200000 4000.00)

1000.00] S00.00)

47253

>4.4333
>4.4350
)4.?250

0.00}

0.00)

-500.00]
4.20 4.40 4.60 4.80 5.00 5.20 4.00 4.20 4.40 4.60 480 5.00 5.20
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4,4333
4,7883

(.
l OH
MeO

4fa

RTIE]  ©E[mVesec] = HIHI[%:] RTIE] | BE[mV-sec] SHEBI%]

5153,5031 500,51 4,4350 4344, 0422 95,94
5049, 1250 49,49 4,7250 183, 5407 4,06

(S)-2-(4-methoxyphenyl)-3-phenylpenta-3,4-dien-1-o0l: By following the
general procedure, 4fa was obtained in 59% vyield (pale yellow oil). 'H NMR
(500 MHz, CDCls) & 7.35-7.34 (m, 2H), 7.28-7.21 (m, 5H), 7.15-7.12 (m,
1H), 6.85-6.82 (m, 2H), 5.33 (s, 2H), 3.97-3.93 (m, 2H), 3.80-3.78 (m, 1H),
3.76 (s, 3H), 1.68 (brs, 1H); 3C NMR (125 MHz, CDCls) & 208.2, 158.7,

135.6, 132.2, 129.2, 128.4, 126.9, 126.6, 114.2, 105.9, 80.3, 67.0, 55.2, 47.5; IR (neat) 3390, 3076,
2935, 1462 cm; HRMS (ESI) calcd for [CisH1sO2+H*]: 267.1385, found: 267.1382; 98:2 er was

measured by chiral HPLC on AS-H column (i-PrOH:hexane = 10:90, 1.0 mL/min); tr = 15.46 min

(major), tr = 15.98 min (minor).

[rac] [chiral]

400 .00

300.00]

15,2367

200001

400.00)

0.00)

=

G00.00)
500004
<0000

200.004

6.2167

200004
00,004

15,4683
159283

o.o0)

-100.00)

12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 13.00 14.00 15.00 16.00 17.00 12.00 19.00
RATIE] | Oi=[myesec] | OIEH|[%] RTIE]  BH[mY=sec] SEHT=]
15,2367 36752379 50,32 15,4683 219,8751 237
16,2167 3628.5125 49,68 15,9553 9087, 9758 97,63

9y
l OH
MeS

4ga

(S)-2-(4-(methylthio)phenyl)-3-phenylpenta-3,4-dien-1-ol: By following the
general procedure, 4ga was obtained in 65% yield (pale yellow oil). *H NMR
(500 MHz, CDCls) & 7.34-7.32 (m, 2H), 7.28-7.23 (m, 4H), 7.20-7.18 (m,
2H), 7.16-7.13 (m, 1H), 5.35 (s, 2H), 3.99-3.97 (m, 2H), 3.82-3.78 (m, 1H),
2.44 (s, 3H), 1.68 (brs, 1H); 3C NMR (125 MHz, CDCls) & 208.2, 137.1,

135.4, 131.5, 128.7, 128.4, 126.9, 126.5, 105.6, 80.5, 66.8, 47.8, 29.7, 15.8; IR (neat) 3390, 3076,
2935, 1462 cm; HRMS (ESI) calcd for [CisH1s0S+Na*]: 305.0976, found: 305.0980; 90:10 er was

measured by chiral HPLC on OZ-H column (i-PrOH:hexane = 10:90, 1.0 mL/min); tr = 10.74 min

(minor), tr = 14.83 min (major).
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[rac] [chiral]

140.00 250,00
120.00)
200.00)
100.00)

11.0283

20,00 150,00

60.00) 100.00|

>1 51033
10,7450
>14.8350

40.00]
000 S0.00)
0.00) 0.00)
.00 1000 4100 1200 1300 1400 4500 4600 1700 1200 200 4000 4400 1200 4300 4400 4500 46.00 17.00
RTIE] "SEmvecec] | HEHEI%] RTIE] "= [mVesec] | HEE[%]
11,0283 1582,6627 E0.02 10,7450 546,5832 9.7
15,1933 1681, 1531 4998 14,8350 508K, 1840 90,29
O (S)-2-(benzo[d][1,3]dioxol-5-yl)-3-phenylpenta-3,4-die-1-0l: By following the
Z general procedure, 4ha was obtained in 64% vyield (pale yellow oil). *H NMR
0 OH (500 MHz, CDCls) 8 7.35-7.34 (m, 2H), 7.25-7.22 (m, 2H), 7.16-7.13 (m, 1H),
<O O 6.83-6.81 (m, 2H), 6.74-6.72 (m, 1H), 5.90 (d, J = 6.0 Hz, 2H), 5.34 (s, 2H),
4ha 3.95-3.90 (m, 2H), 3.79-3.73 (m, 1H), 1.75 (brs, 1H); 3C NMR (125 MHz,

CDCl3) 6 208.1, 148.0, 146.7, 135.4, 134.1, 131.5, 128.4, 127.0, 126.5, 121.6, 108.4, 108.3, 105.9,
101.0, 80.4, 66.9, 48.0; IR (neat) 3375, 2925, 2870, 1488 cm; HRMS (ESI) calcd for [C1sH1603+H"]:
281.1178, found: 281.1180; 96:4 er was measured by chiral HPLC on AD-H column (i-PrOH:hexane =
5:95, 1.0 mL/min); tr = 27.72 min (minor), tr = 33.85 min (major).

[rac] [chiral]
F00.00)
— 200.00|
500,00 & 500.00) ]
400.00) ?i b §
20000 ) E 400.00) o)
200.00 ]\ /\ 20000 E /\
100,00 :.
0.0 0.00) ot s
-100.00]
26.00 23.00 30.00 32.00 34.00 36.00 26.00 28.00 20.00 32.00 24.00 26.00
RTIE]  BE[mY+zec] SEBI%] RTIE]  SE[mWY-sec] = CIEH|[%]
27,4967 13570, 4422 A0, 44 22Ny 75,6643 421
33,5583 13331, 8203 49,56 33,8533 19919, 7578 95,79
(R)-tert-butyl 3-(1-hydroxy-3-phenylpenta-3,4-dien-2-yl)-1H-indole-1-
N carboxylate: By following the general procedure, 4ia was obtained in 58%
O OH YVield (pale yellow oil). *H NMR (500 MHz, CDCls) & 8.09 (brs, 1H), 7.39 (d,
\ | J = 7.5 Hz, 2H), 7.33-7.30 (m, 2H), 7.27-7.23 (m, 4H), 7.17-7.14 (m, 1H),
o—§ 4ia 5.35-5.28 (m, 2H), 4.28-4.25 (m, 1H), 4.07-4.01 (m, 2H), 1.64 (s, 9H);
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13C NMR (125 MHz, CDCls) d 208.1, 135.4, 131.6, 129.8, 128.5, 128.2, 127.1, 126.4, 124.5, 124.2,
122.6, 122.5, 119.6, 119.2, 115.5, 105.5, 80.7, 65.4, 39.7, 28.2; IR (neat) 3375, 2925, 2870, 1488 cm™;
HRMS (ESI) calcd for [C2sH2sNO3z+H*]: 376.1913, found: 376.1910; 98:2 er was measured by chiral

HPLC on OD-H column (i-PrOH:hexane = 1:99, 1.0 mL/min); tr = 28.22 min (major), tr = 48.92 min

(minor).
[rac] [chiral]
600,00
500.00 . 2000.00|
S00.00] % 1500.00] @
onee g § A1000.00| g
200.00 /k g . j\
100.00 j\_‘ 500.00) g
0.00 0.00) -
20.00 2500 30.00 35.00 4000 45.00 a0.00 5500 2500 30,00 3500 40.00 4500 A0.00
ATIE] " B & ImY+sec] HEH[[%] RTIE] " HE& [mi+sec] HEH|[%]
29,5683 19072,6188 49,53 26,2183 FRO0G, 4875 9.7
48,3200 19432, 2500 F0.47 48,9150 125R,5181 2.23
(R)-3-phenyl-2-(thiophen-3-yl)penta-3,4-dien-1-o0l: By following the general
procedure, 4ja was obtained in 57% vyield (pale yellow oil). H NMR (500 MHz,
OH CDCls) & 7.37-7.36 (m, 3H), 7.28-7.27 (m, 2H), 7.17-7.15 (m, 2H), 7.06 (d, J =
2
S I 4.5 Hz, 1H), 5.29 (s, 2H), 4.13-4.10 (m, 1H), 3.98-3.94 (m, 1H), 3.88-3.84 (m,
4ja 1H), 1.69 (brs, 1H); 3C NMR (125 MHz, CDCIs) & 208.0, 141.2, 135.5, 131.6,

128.4, 127.3, 126.4, 122.2, 106.1, 80.4, 66.2, 43.8, 29.7; IR (neat) 3388, 2927, 1640, 1512, 1206 cm;
HRMS (ESI) calcd for [C1sH140S+H*]: 243.0844, found: 243.0841; 98:2 er was measured by chiral

HPLC on OD-H column (i-PrOH:hexane = 5:95, 1.0 mL/min); tr

(minor).

11.67 min (major), tr = 19.78 min

[rac] [chiral]

250000

200000

1500.00|

A000.00j

00,004

0.00]

2000.00|

24500.00

200000

1500.00

A000.00
S00.00)

;91 1.6650

19. 7767

>19.3950

:;_1 16482

I

0.00
800 1000 1200 1400 1800 1800 2000 2200 g00 1000 1200 1400 1800 1800 2000 2200
ATIE] | TEH[mY=sec] = HHHI[%] RTIE] " ®=E[missec] |~ HEHI[%]
11,6453 20539, 2781 4993 11,6650 24382, 1544 7T
19,3950 20334,5703 50,07 19,7767 BA0, 3563 2,21

S8



(R)-2-(benzofuran-3-yl)-3-phenylpenta-3,4-dien-1-0l: By following the
general procedure, 4ka was obtained in 70% yield (pale yellow oil). *H NMR
(500 MHz, CDCl3) & 7.68-7.66 (m, 1H), 7.52 (s, 1H), 7.45 (d, J = 8.5 Hz, 1H),
7.41-7.40 (m, 2H), 7.30-7.25 (m, 4H), 7.19-7.16 (m, 1H), 5.34-5.27 (m, 2H),

4ka 4.26-4.23 (m, 1H), 4.09-4.06 (m, 2H), 1.81 (brs, 1H); 3C NMR (125 MHz,
CDCls) 6 208.0, 155.6, 143.1, 131.6, 128.5, 128.3, 127.2, 126.4, 124.4, 122.6, 120.0, 119.4, 111.7,
105.1, 80.7, 65.1, 38.8; IR (neat) 3375, 2925, 2870, 1488 cm}; HRMS (ESI) calcd for [C1oH1602+Na*]:
299.1048, found: 299.1048; 95:5 er was measured by chiral HPLC on AS-H column (i-PrOH:hexane =
1:99, 1.0 mL/min); tr = 9.89 min (major), tr = 10.71 min (minor).

[rac] [chiral]

100000
4000.00)

S00.00)
2000.00)
G00.00)

2000.00]

>9 8917
>10.8583
>0 2850
10.7150

400,00
A000.00] 200,00
0.00] 0.00)
9.00 950 10,00 10.50 11.00 11.50 4200 Q.00 Q.50 10.00 10,50 11.00 11.50 12.00
RTIE] " BHE&[mY+sec] HEB[%] RTIE] | HE[mVesec] HEH %]
9,8917 34043, 7500 49,55 9,8950 7808,6554 94,58
10,6583 34662 5687 50,45 10,7150 447 3739 542
Me (S)-2-phenyl-3-(p-tolyl)penta-3,4-dien-1-ol: By following the general
O _ procedure, 4ab was obtained in 82% vyield (pale yellow oil). 'TH NMR (500
OH MHz, CDClIz) 6 7.35-7.33 (m, 2H), 7.30-7.27 (m, 2H), 7.24-7.19 (m, 3H),
O 7.03-7.02 (m, 2H), 5.32 (s, 2H), 4.00-3.94 (m, 2H), 3.83-3.79 (m, 1H), 2.25

(s, 3H), 1.74 (brs, 1H); 3C NMR (125 MHz, CDCls) 5 208.1, 140.4, 136.7,

4ab 132.5, 129.1, 128.7, 128.3, 127.1, 126.4, 105.6, 80.3, 66.9, 48.4, 21.0; IR

(neat) 3393, 3085, 2928, 1647, 1267 cm'l; HRMS (ESI) calcd for [C1sH180+H*]: 251.1436, found:

251.1440; 95:5 er was measured by chiral HPLC on AD-H column (i-PrOH:hexane = 1:99, 1.0
mL/min); tr = 16.31 min (major), tr = 24.62 min (minor).

[rac] [chiral]

A60.00)
140.00|
120.00|
100.00)
0.00)
60.00)
40.00)
20.00)
0.00)

-20.00]
1200 1400 1600 1500 2000 2200 2400 2500 2500 44,00 A6.00 18.00 2000 2200 2400 2600

120000
1000.00)
S00.00
B00.00)
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723 bl
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)24 G217

200.00
0.00)
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RTIE] B3 [mY-sec] SEH|[%] ATI=E] | B [my=sec] SHEH|[%]
16,0650 28979, 2094 50,59 16,3133 3568, 9621 94,93
23,2683 28293,0713 49,41 24,6217 1868.0735 50

(S)-3-(4-methoxyphenyl)-2-phenylpenta-3,4-dien-1-ol: By following the
general procedure, 3ac was obtained in 77% yield (pale yellow oil). *H NMR
(500 MHz, CDCls) & 7.35-7.33 (m, 2H), 7.30-7.24 (m, 4H), 7.22-7.19 (m,
1H), 6.76 (d, J = 9.0 Hz, 2H), 5.32 (s, 2H), 3.97-3.93 (m, 2H), 3.80-3.77 (m,

MeO
9y

4ac 1H), 3.72 (s, 3H), 1.80 (brs, 1H); 13C NMR (125 MHz, CDCls) & 207.9, 158.6,

140.4, 128.7, 128.2, 127.7, 127.6, 127.2, 113.9, 105.2, 80.4, 55.2, 48.5; IR

(neat) 3396, 3071, 2928, 1625, 1275 cm't; HRMS (ESI) calcd for [C1sH1802+H*]: 267.1385, found:

267.1387; 85:15 er was measured by chiral HPLC on AD-H column (i-PrOH:hexane = 5:95, 1.0

mL/min); tr = 9.02 min (major), tr = 10.45 min (minor).

[rac]

S00.00
F00.00
S00.00
S00.00
<0000
300.00
200.00
410000

0.00)

>Q.38‘I?
>10.68‘I?

-100.00]

g.00 S50 900 950 1000 1050 4100 11.50 1200

-100.00)

[chiral]

G00.00)

S00.00)

<00.00)

9.0250

200.00)

200.00)

100,00

>‘IU.4433

0.o0)

700 7S50 200 £50 900 4950 1000 41050 44.00 4450

RTIE] | Si=[missec] | HEHI[%] ATIET "= mvsec] | =0/ [%]
5,3817 2555, 4197 50,08 95,0250 4371,9145 84,53
10,6817 2519748 49,94 10,4433 a00,0143 15,47
(S)-3-(4-fluorophenyl)-2-phenylpenta-3,4-dien-1-ol: By following the

F
gy

4ad

general procedure, 3ad was obtained in 75% yield (pale yellow oil). *H NMR
(500 MHz, CDCl3) & 7.34—7.27 (m, 6H), 7.24-7.21 (m, 1H), 6.92-6.89 (m,
2H), 5.34 (s, 2H), 3.98-3.93 (m, 2H), 3.83-3.78 (m, 1H), 1.77 (brs, 1H); 13C
NMR (125 MHz, CDCIlz) & 208.0, 140.0, 133.3 (d, J = 8.1 Hz), 128.8, 128.2,
128.1 (d, J = 7.9 Hz), 127.3, 115.3 (d, J = 21.5 Hz), 104.9, 80.6, 66.9, 48.6;

IR (neat) 3382, 3086, 2940, 164.0, 1482 cm™:; HRMS (ESI) calcd for [Ci7HisOF+H"]: 255.1185, found:

255.1187; 95:5 er was measured by chiral HPLC on AS-H column (i-PrOH:hexane

1:99, 0.5

mL/min); tr = 6.91 min (major), tr = 10.41 min (minor).
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[rac] [chiral]

400.00 200.00|
250.00)
200.00 G00.00| [
250.00)| =
200.00 % 2 0.0 <
150.00 o g /\ -
100.00 200.00) =
VAN SN e‘
7.00 2.00 9.00 10000 14.00 6.00 7.00 2.00 9.00 10.00 11.00
RTIE] o= mVesec] | OEH%] RTIE] o= [mvesac] | SIEHIT%]
£,9617 2707, 5607 50,47 6.9117 8483,8023 54,91
10,4200 2657.5213 49,53 10,4117 454,6510 5,03
(S)-2-phenyl-3-(o-tolyl)penta-3,4-dien-1-ol: By following the general procedure,
O Me 4ae was obtained in 69% yield (pale yellow oil). 'H NMR (500 MHz, CDClz) &
2 7.29-7.20 (m, 5H), 7.10-7.02 (m, 3H), 7.02-7.01 (m, 1H), 5.01 (s, 2H), 4.07-
OH 4.02 (m, 1H), 3.89-3.84 (m, 1H), 3.71-3.68 (m, 1H), 2.23 (s, 3H), 1.68 (brs, 1H);
O 13C NMR (125 MHz, CDCIs) & 206.1, 139.9, 136.4, 136.1, 130.4, 128.5, 128.4,
4ae 128.3, 127.2, 127.1, 125.8, 104.6, 77.5, 66.1, 52.1, 20.1; IR (neat) 3364, 2942,

2861, 1479 cm; HRMS (ESI) calcd for [CisH180O+Na*]: 273.1255, found: 273.1255; 82:18 er was

measured by chiral HPLC on OD-H column (i-PrOH:hexane = 1:99, 1.0 mL/min); tr = 19.03 min

(major), tr = 21.26 min (minor).

[rac] [chiral]
400.00}
2460.00|
200,00 150000
250,00 §
1000.00) @
200.00] o " -
150,00 & o f\ B
@ = 500.00) a
100.00 ) o T
5000 /\‘ /\ - AN
0.0
-50.00)
16.00 12.00 20.00 22.00 24.00 26.00 14.00 16.00 12.00 20.00 22.00 24.00 26.00 228.00
RTIE]  BE[mVesec] HEHT%] RTIE] | EEImbssec] SEHI[%]
18,9750 5004, 6543 50,26 19,0300 32180, 0563 51,93
21,6317 29736328 49,74 21,2567 7055,9141 18.07
Me (S)-2-phenyl-3-(m-tolyl)penta-3,4-dien-1-ol: By following the general procedure,

4af was obtained in 58% yield (pale yellow oil). 'H NMR (500 MHz, CDCl3z) &
7.36-7.34 (m, 2H), 7.31-7.28 (m, 2H), 7.23-7.19 (m, 2H), 7.12-7.09 (m, 2H),
6.95 (d, J = 6.5 Hz, 1H), 5.33 (s, 2H), 4.01-3.95 (m, 2H), 3.84-3.80 (m, 1H),
2.27 (s, 3H), 1.74 (brs, 1H); 13C NMR (125 MHz, CDCls) & 208.3, 140.4, 137.9,
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135.4, 128.7, 128.3, 128.2, 127.8, 127.4, 127.2, 123.5, 105.8, 80.3, 66.9, 48.4, 21.5; IR (neat) 3378,
2945, 2872, 1468 cm; 95:5 er was measured by chiral HPLC on OZ-H column (i-PrOH:hexane =
1:99, 1.0 mL/min); tr = 5.00 min (minor), tr = 7.17 min (major).

[rac] [chiral]
00,00 o 20.00|
350,00 §
300,00 o 1:5.00| %
250,00 =
200,00 2 10.00) r
150,00 F‘] =)
100 00| " so0 B
S0.00| k T
a.00] 0.00|
4.480 5.00 550 G.00 .50 Foo 750 |.00 2.60 9.00 G.00 5.50 .00 G.50 700 F.A0 8.00 8.50 9.00
RTIET "= [my=sec] | SHEH[%] RTIET "E=[my-sec] | HEH[%]
4,9950 3032, 9529 B0, 22 4,9350 13,8292 4,54
72783 3006, 9673 49,78 71683 200, 7988 95, 46
HAC (S)-3-methyl-2-phenylpenta-3,4-dien-1-ol: By following the general procedure,
3

4ag was obtained in 72% yield (colorless oil). *H NMR (500 MHz, CDCls) 6 7.33—
7.30 (m, 6H), 7.26-7.23 (m, 3H), 4.87—4.84 (m, 2H), 3.89-3.85 (m, 1H), 3.72—
3.68 (m, 1H), 3.31-3.27 (m, 1H), 1.74 (brs, 1H), 1.60 (dd, J = Hz, 3H); 3C NMR
(125 MHz, CDCIs) 6 205.6, 140.2, 128.6, 128.3, 127.2, 99.1, 66.1, 52.0, 18.4; IR

4ag

(neat) 3382, 3086, 2940, 164.0, 1482 cm; HRMS (ESI) calcd for [C12H140+H*]: 175.1123, found:
175.1120; 91:9 er was measured by chiral HPLC on OD-H column (i-PrOH:hexane = 1:99, 0.5

mL/min); tr = 22.97 min (minor), tr = 23.98 min (major).

[rac] [chiral]
120.00) 20000
100.00
o 15000
20.00 § 8 E
fi.0) o E 10000 E
000 50.00 %
20.00) cd
0.00| 0.0 b
2050 2100 2150 2200 2240 2300 2340 2400 2450 2100 2200 2300 2400 2500 2600
ATIE] "~ B [mysec] SEH|[%] ATIE] " BE[mYssec] SIEH|[%]
21,8900 1454, 3037 50,00 22,9700 234,1225 8,85
23,0833 1484, 4777 50,00 23,9750 24109316 91,15
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Si

/ (R)-2-phenyl-3-(trimethylsilyl)penta-3,4-dien-1-ol:

By following the general

procedure, 4ah was obtained in 59% yield (pale yellow oil). TH NMR (500 MHz,
CDClI3) 6 7.32—7.29 (m, 2H), 7.27-7.22 (m, 3H), 4.60-4.59 (m, 2H), 3.94-3.89 (m,

1H), 3.78-3.73 (m, 1H), 3.43-3.39 (m, 1H), 1.64 (brs, 1H), -0.05 (s, 9H); 13C

4ah

NMR (125 MHz, CDCls) 6207.9, 128.5, 128.4, 127.9, 127.0, 70.7, 67.3, 47.9,

24.7, -1.6; IR (neat) 3382, 3086, 2940, 164.0, 1482 cm; HRMS (ESI) calcd for [C1aH200Si+H*:

233.1362, found: 233.1361; 95:5 er was measured by chiral HPLC on OD-H column (i-PrOH:hexane

= 1:99, 1.0 mL/min); tr = 23.25 min (minor), tr = 35.62 min (major).

[rac] [chiral]
700,00
200,00 G00.00
500,00 g
500,00, = A00.00 E
400,00 g 2 s0n.00 e
§ 200.00) ﬁ
200.00 - 100,00 a
(\ [\ 0.00| A
n.oo -100.00|
-200.00 -200.00
20.00 25.00 30.00 35.00 40.00 45.00 20.00 25.00 30.00 35.00 40.00 45.00
ATIE] | BEImyssec] HEHI[%] RTIE] " SE[mV+sec] = HEHI[%]
23,9267 17666,0172 80,14 23,2567 1783, 3646 514
37,9350 17566, 3954 49,95 35,6133 32905, 1125 54,86

CHj (S)-5-methyl-2,3-diphenylhexa-3,4-dien-1-ol:

By following the general

O // CHs procedure, 4ai as obtained in 51% yield (pale yellow oil). *H NMR (500 MHz,
OH CDCls) & 7.36—7.34 (m, 2H), 7.31-7.28 (m, 4H), 7.22-7.19 (m, 3H), 7.12-7.09
O (m, 1H), 4.02-3.99 (m, 1H), 3.92-3.88 (m, 1H), 3.78-3.74 (m, 1H), 1.93 (s,

4ai

3H), 1.92 (s, 3H), 1.64 (brs, 1H); 13C NMR (125 MHz, CDCls) & 201.7, 140.7,

137.3, 128.7, 128.3, 128.2, 127.0, 126.6, 126.5, 104.0, 100.9, 67.3, 49.2, 20.6, 20.5; IR (neat) 3410,

2932, 2836, 1647, 1515 cm't; HRMS (ESI) calcd for [C19H200+H*]: 265.1592, found: 265.1591; 90:10

er was measured by chiral HPLC on OD-H column (i-PrOH:hexane = 1:99, 1.0 mL/min); tr = 17.48

min (minor), tr = 18.38 min (major).

[rac] [chiral]
(vl
500.00] 400.00 2
-~ o
400,00 = o o
& 2 30000 -
300,00 s 2
200,00 z 200.00 @
o
100,00 /\ 100,00 =
0.0
-100.00]
1600 17 100 18.00 1900 2000 Z100

17.00 18.00 19.00 2000 21.00
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RTIZ] " B [mV-sec] SHEHI[%] RTIE] | BE[mY-sec] HEH([%]
17,5817 81370672 50, 54 17,4733 1407, 1913 959
18,9300 7867, BAG6 49,15 18,3783 132736797 a0.41

CHj (S)-2,3-diphenylhexa-3,4-dien-1-ol: By following the general procedure, 4aj as
O obtained in 97% yield (pale yellow oil). Major diastereomer: *H NMR (500 MHz,
r CDCls) & 7.37-7.27 (m, 6H), 7.23-7.20 (m, 3H), 7.13-7.10 (m, 1H), 5.78-5.71

O OH (m, 1H), 4.03-3.99 (m, 1H), 3.97-3.90 (m, 1H), 3.83-3.75 (m, 1H), 1.87 (d, J =
7.0 Hz, 3H), 1.64 (brs, 1H); minor diastereomer: 'H NMR (500 MHz, CDCls) &

4aj 7.37-7.27 (m, 6H), 7.23-7.20 (m, 3H), 7.13-7.10 (m, 1H), 5.78-5.71 (m, 1H),
4.03-3.99 (m, 1H), 3.97-3.90 (m, 1H), 3.83-3.75 (m, 1H), 1.90 (d, J = 7.0 Hz, 3H), 1.70 (brs, 1H);
Major diastereomer: 13C NMR (125 MHz, CDCIs) & 204.7, 140.6, 136.5, 128.7, 128.3, 128.2, 127.1,
126.7, 126.6, 105.6, 91.2, 67.2, 48.8, 14.5; minor diastereomer: 13C NMR (125 MHz, CDCIz) & 204.4,
140.4, 136.5, 128.7, 128.3, 128.2, 127.1, 126.7, 126.6, 105.8, 91.3, 67.1, 49.0, 14.6; IR (neat) 3378,
3075, 2946, 1645, 1472 cm1; HRMS (ESI) calcd for [C1sH180+Na*]: 273.1255, found: 273.1256; 95:5
er major diastereomer 98:2 er minor diastereomer were measured by chiral HPLC on AD-H column (i-
PrOH:hexane = 1:99, 1.0 mL/min); major diastereomer: tr = 27.73 min (minor), tr = 40.78 min (major);

major diastereomer: tr = 33.49 min (minor), tr = 38.10 min (major)

[rac] [chiral]
4000 00|
500,00 350000
500,00 2 300000 o a
a0, igi 2 2500.00) 2 g
00.00 o 2 o T 2000,00 i
b & g 1800.00
20000 = o o -
J\ A o S
0.00] —/\ f\ 000 S 2
-500.00
20,00 25.00 2000 25.00 40,00 45,00 25.00 20.00 25.00 40.00 45.00
RTIE]  HE[mvsec] SIEH[[%] RTIE] = & [m=sec] SIEH|[%]
27,1483 12652, 3758 32 e 27,9183 31,4070 319
32,9850 G745, 1078 17.44 33,8650 59,5759 0,61
37,6650 G706,6313 17,34 38,7433 3R30, 2137 3616
40,4100 12564, 7609 32,49 41,6500 hB62, 6852 0,04
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Hammett Plot for the Reaction (Scheme 3)

5 mol % CuCl .

5.5 mol % L8 O
2 equiv LiOtBu _

// OP(O)(OEt), 1.5 equiv szini

X ., - OH
DMA, RT, 24 h
R R

R then oxidation

For the allenol products derived from 1a, 1d, le, 1f, 2a, 2b and 2d, enantiomeric ratio (er) values

were obtained from Table 2. The log(er) for each substrate is shown below with a Hammett plot.

1.8
L
"""" L 16
OMe e R =H
Me T
L e
12 |H e —_——
“““““““““ -u
) 1 F
oD
o 0.8
y=-1.43x + 1.31
06
RZ=0.9999
04
02
-0.32 -0.27 -0.22 -017 <012 -0.07 -0.02 003 0.08 013 018
cpara
R er log(er) Opara
OMe 49 1.7 -0.27
Me 32 15 -0.14
H 19 1.3 0
F 12 1.1 0.15
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Me 2| H
1 R=H
— 08
L
= y =2E-16x + 1.30
o 06
R*=-2E-18
04
02
=017 012 -0.07 -0.02 0.03 008 013 0.8
Opara
R er log(er) Opara
Me 19 13 -0.14
H 19 13 0
19 13 0.15

Gold-catalyzed cyclization of an allenol product (Scheme 5, (a))

A mixture of IPrAuCl (5 mol %, 0.015 mmol) and AgOTf (5 mol %, 0.015 mmol) in toluene (1 mL) was
stirred at room temperature for 5 min. 4aa (0.3 mmol) dissolved in toluene (1 mL) was added to the
reaction mixture. The reaction mixture was stirred at room temperature and monitored by TLC. The
crude mixture was filtered through a pad of Celite and concentrated. The product 5 was purified by
silica gel chromatography. *H NMR (500 MHz, CDCls) & 7.30-7.24 (m, 6H), 7.22—7.19 (m, 2H), 7.17—
7.13 (m, 2H), 6.35-6.34 (m, 1H), 4.52—-4.47 (m, 1H), 4.43-4.39 (m, 1H), 4.04 (dd, J = 11.0 Hz, 3.0 Hz,
1H), 3.91 (dd, J = 11.0 Hz, 3.0 Hz, 1H), 3.86-3.85 (m, 1H); 3C NMR (125 MHz, CDCls) & 142.1,
139.6, 136.4, 128.5, 128.4, 128.3, 127.1, 126.5, 125.6, 124.5, 71.5, 66.3, 43.3; 95:5 er was measured

5 mol % IPrAuCl
5 mol % AgOTf

toluene, RT, 1 h

95% vyield
95:5 er
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by chiral HPLC on AS-H column (i-PrOH:hexane = 1:99, 0.7 mL/min); tr = 27.73 min (minor), tr =
33.86 min (major).

[rac] [chiral]

200.00) 1000.00|

s00.00 20000
500 .00]
400.00
00,001

200.00 200.00)

>2? ABET
>33 5883
2T T2IT

>33 8533

0.00)

0.00

-200.00

26.00 2800 30,00 3200 3400 36.00 26.00 28.00 30.00 32.00 34.00 36.00
ATIE]  BE[myssec] HEHI[%] RTI=] B [mYsec] SHER([%]
27,4967 13570, 4422 50,44 280217 979,006 4,76
33,5883 13331, 5203 49,56 33,8533 19605, 4353 95,24

Palladium-Catalyzed Cyclization of an Allenol Product (Scheme 5, (b))

O _ 5 mol % Pd(OAc),

3 equiv Cs,CO3

OH
O DMF/H,0,70°C,5h

95:5 er 57% yield
95:5 er

A mixture of Pd(OACc)2 (5 mol %, 0.015 mmol) and Cs2COs (3 equiv, 0.015 mmol) in DMF (1 mL) and
H20 (0.1 mL) was stirred at room temperature for 5 min. 4aa (0.3 mmol) dissolved in DMF (1 mL) was
added to the reaction mixture. The reaction mixture was stirred at 70 °C and monitored by TLC. The
crude mixture was filtered through a pad of Celite and concentrated. The product 6 was purified by
silica gel chromatography. *H NMR (500 MHz, CDCl3) & 7.27-7.22 (m, 4H), 7.19-7.15 (m, 3H), 7.10-
7.09 (m, 2H), 6.06—7.03 (m, 1H), 4.70 (dd, J = 10.0 Hz, 8.5 Hz, 1H), 4.49-4.45 (m, 1H), 4.17 (dd, J =
8.5 Hz, 5.5 Hz, 1H), 2.14 (s, 3H); 3C NMR (125 MHz, CDCls) & 152.6, 143.8, 135.2, 128.7, 128.2,
127.6, 127.1, 126.7, 125.3, 112.6, 52.3, 13.6; IR (neat) 3396, 3028, 2928, 1276 cm'; HRMS (ESI)
calcd for [C17H160+H*]: 237.1279, found: 237.1275; 95:5 er was measured by chiral HPLC on AD-H

column (i-PrOH:hexane = 1:99, 1.0 mL/min); tr = 15.53 min (major), tr = 17.42 min (minor).
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[rac] [chiral]

30.00 140.00)
120.00)
60.00 a o 100.00 5
. a 0
o g 30.00 2
40,00 =
60.00
40,00
20.00) 2
20,00 g
o.00 0.00) =
20,00
1400 1500 1800  17.00 1800 1900 2000 14.00 15.00 16.00 17.00 13.00 19.00
ATIE] | BE[mVssec] SEH|[%] RTIE]  SE[mY+sec] CIEH|[%]
15,7183 1168,2732 43 52 15,6367 2100,0785 9543
17,4250 11806012 FD, 48 17,4283 100, 5680 457

Determination of Absolute Configuration of 4ah

5 mol % CuCl

5.5 mol % (R,S)-Josiphos

2 equiv LiOt-Bu

1.5 equiv Bypin, TBAF

X+ /\OP(O)(OEt)2 Bein
™S DMA, RT, 24 h THF, -78 °C, 4 h

(1.5 equiv)

CH;3
Pd/C, H
NaBO3 OH 2 OH
THF/H,0O, rt, 5 h MeOH, rt, 4 h
7

35% yield (4 steps)
95:5 er
[a]p =-4.8 (c = 1.16, CHCI3)

A mixture of CuCl (5 mol %, 0.05 mmol), (R,S)-Josiphos (5.5 mol %, 0.055 mmol),

bis(pinacolato)diboron (1.5 equiv, 1.5 mmol) and LiOtBu (1.5 equiv, 1.5 mmol) in DMA (1 mL) were

stirred for 15 min in a Schlenk tube under an atmosphere of nitrogen. la dissolved in DMA (1 mL) and

2h (1.5 equiv, 1.5 mmol) were added to the reaction mixture. The reaction mixture was stirred at room

temperature and monitored by TLC. Upon completion of the reaction, the reaction mixture was diluted

with diethyl ether (15 mL). The aqueous layer was extracted with diethyl ether, and the combined

organic layers were dried over Na2SO4 and concentrated in vacuo. To the mixture in THF (2 mL) was

added 1.0 M solution of TBAF in THF (3 equiv, 3 mmol) at -78 °C. The reaction mixture was stirred for

4 h at -78 °C. After the reaction was quenched with water and then, extracted with diethyl ether. The

combined organic layers were dried over Na2SO4 and concentrated in vacuo. The corresponding

boronate product was purified by silica gel chromatography. The resulting boronate in THF (2 mL) and
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water (2 mL) was added sodium perborate (3 equiv). The reaction mixture was vigorously stirred for 5
h at room temperature. After the reaction was quenched with water and then, extracted with diethyl
ether. The combined organic layers were dried over Na2SO4 and concentrated in vacuo. The resulting
crude in MeOH (2 mL) was added to Pd/C (10 mol %) under Hz (1 atm). The solution was stirred for 4
h at room temperature. The mixture was filtered by a pad of Celite and concentrated. The
corresponding product 7 was purified by chromatography on silica gel. *H NMR (500 MHz, CDCls) &
7.35-7.20 (m, 5H), 3.75-3.64 (m, 3H), 2.80-2.75 (m, 1H), 1.67—1.53 (m, 2H), 1.25-1.15 (m, 2H), 0.85
(t, J =7.2 Hz, 3 H); 13C NMR (125 MHz, CDClz) d 143.5, 128.6, 128.0, 124.8, 65.5, 48.2, 34.5, 20.2,
14.5; [a]o = 4.8 (c = 1.16, CHCIy), (lit.” [a]o = -7.8 (c = 1.16, CHCIg)); 95:5 er was measured by chiral
HPLC on OZ-H column (i-PrOH:hexane = 1:99, 1.0 mL/min); tr = 11.73 min (minor), tr = 32.34 min

(major).
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Optimization Studies and Extra data

Table S1. Optimization (racemic conditions)

5 mol % Copper salt

5.5 mol % Ligand
2 equiv Base

1.5 equiv Bypin,

gy

©/\ . Z LG Bpin
Solvent, T, 12 h O
1a (1.5 equiv) 3aa
Entry LG Copper salt Ligand Base Solvent (‘I:) yiel\ll dM(Ejo)a
1 OP(O)(OEt). Cucl L1 LiOtBu THF 60 57
2 OP(O)(OEt)2 CuCl L1 LiOtBu toluene 60 42
3 OP(O)(OEt): Cucl L1 LiOtBu DMA 60 71
4 OP(O)(OEt): Cucl L1 LiOMe DMA 60 59
5 OP(O)(OEY). cucl L1 NaOMe DMA 60 44
6 OP(O)(OEt). Cucl L1 LiOtBu DMA | RT 84
7 OCO:2Me CuCl L1 LiOtBu DMA RT 46
8 OBn CuCl L1 LiOtBu DMA RT <10
9 OP(O)(OEt). cuTC L1 LiOtBu DMA | RT 63
10 | OP(O)(OEt)2 | [Cu(CH3CN)4]BF4 L1 LiOtBu DMA RT 54
11 | OP(O)(OEt), MesCu L1 LiOtBu DMA RT 64
12 | OP(O)(OEt). cucl L1 (fg;ﬁit\‘/) DMA | RT 56
13 Og%ﬁgt’z cucl L1 LiOtBu DMA | RT 47
14 | OP(O)(OEM): (1OCrlrJ1gII% ) W . ) | Liosu DMA | RT 63
15 | OP(O)(OEt), Cucl PCys LiOtBu DMA RT <10
16 OP(O)(OE): IMes—CuCl (5 mol %) LiOtBu DMA RT <10

aNMR vyield of 3aa was determined by *H NMR analysis using DMF as an internal standard.

e

IMes-CuCl

J

SUNNSLS

dppbz (L1)

PCY3
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Scheme S1. Allenylboration of CFs or Ester Substituted Vinyl Arene

X 4 OP(O)(OEt),

=

CO,Et
2a (1.5 equiv)
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Scheme S2. Allenylboration of 1a with CFs Substituted Aryl Propargylic Phosphate
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