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General Methods

All reactions were run under an atmosphere of nitrogen. Tetrahydrofuran (THF) was purifed

using the Pure-Solv MD-5 Solvent Purification System. Anhydrous solvents were transferred
using an oven-dried syringe. Sealed tubes (13x100 mL) were purchased from Fischer Scientific
and were dried in an oven overnight and cooled under a stream of nitrogen prior to use.
Commercially available a-methyl allyl acetate (acetic acid 3-buten-2-yl ester, TCI), alcohols and
aldehydes were purified by distillation or recrystallisation prior to use. Cesium carbonate was
purchased from Alfa Aesar and used directly without further purification. Isopropanol was
purchased from Fisher was purified by distillation prior to use. Analytical thin-layer
chromatography (TLC) was carried out using 0.2-mm commercial silica gel plates (DC-
Fertigplatten Kieselgel 60 Fjss). Infrared spectra were recorded on a Perkin-Elmer 1600
spectrometer. High-resolution mass spectra (HRMS) were obtained on a Karatos MS9 and are
reported as m/z (relative intensity). Accurate masses are reported for the molecular ion (M+1, M
or M-1) or a suitable fragment ion. Nuclear magnetic resonance spectra ('H NMR and '*C NMR)
spectra were recorded on a Varian Gemini (400 MHz) spectrometer in CDCl; solution. Chemical
shifts are reported as parts per million (ppm) relative to residual CHCI;3 8y (7.26 ppm) and CDCl;
d¢ (77.0 ppm), respectively, as internal standards. Coupling constants are reported in Hertz (Hz).
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Detailed Procedure and Spectral Data for anti-Diastereo- and Enantioselective
Crotylation Adducts (3a-3j) from Alcohols (1a-1j)

(1S,2S)-2-Methyl-1-phenylbut-3-en-1-ol (3a)

Me
3a

To an oven-dried sealed tube under one atmosphere of nitrogen gas charged with [Ir(cod)Cl],
(6.7 mg, 0.01 mmol, 2.5 mol%), (S)-SEGPHOS (12.2 mg, 0.02 mmol, 5 mol%), Cs,COs (26.1
mg, 0.08 mmol, 20 mol%) and 4-cyano-3-nitrobenzoic acid (7.7 mg, 0.04 mmol, 10 mol%) was
added THF (0.2 mL) followed by acetic acid 3-buten-2-yl ester (91.3 mg, 0.8 mmol, 200 mol%).
The reaction mixture was allowed to stir at 90 °C for 0.5 hr and was then cooled to room
temperature. Benzyl alcohol 1a (43.3 mg, 0.4 mmol, 100 mol%) in THF (0.2 mL) was added to
the reaction mixture and the reaction mixture was allowed to stir at 90 °C for 48 hr, at which
point the reaction mixture was evaporated onto silica gel. Purification of the product by column
chromatography (SiO;,: ethyl acetate:hexanes, 1:20) provides 3a (42.4 mg, 0.261 mmol, anti:syn
= 6:1) as a colorless oil in 65% yield.

TLC (SiO,): Ry=0.26 (ethyl acetate:hexanes, 1:15).

'H NMR (400 MHz, CDCls): § 7.26-7.38 (m, 5H), 5.86-5.76 (m, 1H), 5.24-5.17 (m, 2H), 4.35 (d,
J=28.0 Hz, 1H), 2.52-2.45 (m, 1H), 2.07 (br s, 1H), 0.87 (d, J = 6.8 Hz, 3H).

BC NMR (100 MHz, CDCly): § 142.6, 140.9, 128.5, 127.9, 127.1, 117.1, 78.1, 46.6, 16.8.

HPLC: (Chiralcel OD-H column, hexanes:i-PrOH = 99:1, 0.5 mL/min, 210 nm), tmsjor = 27.5
min, tminor = 30.8 min; ee = 95%."

The spectroscopic properties of this compound were consistent with the data available in the
literature.”

! Nemoto, T.; Hitomi, T.; Nakamura, H.; Jin, L.; Hatano, K.; Hamada, Y. Tetrahedron: Asymmetry 2007, 18, 1844—
1849.
? Jiang, S.; Agoston, E. G.; Chen, T.; Cabal, M.-P.; Turos, E. Organometallics 1995, 14, 4697-4709.

S3



T
ppm

198°0 ]
L0 S :
e ZELTOT

YIS o — | . *m sis ok

= 565" LL—
n.u,EI\

et
1.80

1.12

EVTTLTT

PEOT LT
ZERTL2T
Zap gzt —

SR 0rT
R g9 zpT

ppm

S4

120

T
160




DAD1 C, Sig=210,8 Ref=360,100 (INSU\083008-01000131.D)

| ~anti ;7
800 ! & &
700 |
600
500
! P
400 | Syn & 10
1 il ,\‘bb‘
1 v &
300 W syn
200
100 |
0 -I
| =T ST Tt A ] I
0 5 10 15 20 25 30 35 40
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAaU] %

= | =] s e = i |
28.147 MM 0.4698 2.47792e4  878.99377 38.2743

i
2 30.093 MM 0.4400 8388.22266 317.70355 12.9566
3 31.852 MM 0.5530 2.37325e4 715.23456 36.6576

4 33.036 MM 0.56518 7841.14746 232.62761 12.1115
DAD1 €, Sig=210.8 Ref=360,100 (INSU\083008-01000134 D) =
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1E i LU R e e s ‘
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Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

mme e [Te=e e = (S [ |
1 27.541 MM 0.6632 8.68195e4 2181.87598 97.2923
2 30.825 MM 0.5128 2416.24561 78.53001 e I )
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(1S,25)-1-(3-Methoxyphenyl)-2-methylbut-3-en-1-ol (3b)

OH

% OMe

Me
3b

To an oven-dried sealed tube under one atmosphere of nitrogen gas charged with [Ir(cod)Cl],
(6.7 mg, 0.01 mmol, 2.5 mol%), (S)-SEGPHOS (12.2 mg, 0.02 mmol, 5 mol%), Cs,COs (26.1
mg, 0.08 mmol, 20 mol%) and 4-cyano-3-nitrobenzoic acid (7.7 mg, 0.04 mmol, 10 mol%) was
added THF (0.2 mL) followed by acetic acid 3-buten-2-yl ester (91.3 mg, 0.8 mmol, 200 mol%).
The reaction mixture was allowed to stir at 90 °C for 0.5 hr and was then cooled to room
temperature. 3-Methoxybenzyl alcohol 1b (55.3 mg, 0.4 mmol, 100 mol%) in THF (0.2 mL) was
added to the reaction mixture and the reaction mixture was allowed to stir at 90 °C for 48 hr, at
which point the reaction mixture was evaporated onto silica gel. Purification of the product by
column chromatography (SiO;: ethyl acetate:hexanes, 1:15) provides 3b (53.9 mg, 0.280 mmol,
anti:syn = 6:1) as a colorless oil in 70% yield.

TLC (SiO)): R¢=0.30 (ethyl acetate:hexanes, 1:10).
'H NMR (400 MHz, CDCls): & 7.27-7.23 (m, 1H), 6.92-6.80 (m, 3H), 5.85-5.76 (m, 1H), 5.22-
5.16 (m, 2H), 4.32 (d, J=8.0 Hz, 1H), 3.80 (s, 3H), 2.50-2.44 (m, 1H), 2.22 (br s, 1H), 0.87 (d, J

= 6.8 Hz, 3H).

BC NMR (100 MHz, CDCly): & 159.8, 144.4, 140.9, 129.4, 119.5, 117.0, 113.3, 112.5, 78.0,
55.5,46.4,16.8.

HPLC: (Chiralpak AD-H column, hexanes:i-PrOH = 96:4, 0.5 mL/min, 254 nm), tminor = 24.5
min, tmajor = 28.0 min; ee = 95%.

The spectroscopic properties of this compound were consistent with the data available in the
literature.”
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il anti #

-
1 >
160 - & anti &
! syn overlap & & '
= ¥ '
140 |
120 ‘
100
80
60 -
40
20 |

0 5 10 15 20 25 30 35 min

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] 3

1 23.834 MM 0.4056 3309.22461 135.98813 29.2611

2 24.613 MM 0.3870 4034.26050 173.73439 35.6721
3 28.466 MM 0.4754 3965.80420 139.04333 35.0668

DAD1 A, Sig=254,4 Ref=360,100 (INSU\083008-01000166.D)

mAU o
?V“‘@‘
40 |
30
20 |
10 - a9
| \’\
Ea .
?$0°' |
“
g 67____ i 5 L 7_1‘_0__-—F L5 W_ 20_:777275 - 7 0 s ;irn
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
S e e === R e e i |
1 24.501 MM 0.4529 36. 71129 1.35110 2.3805

2 28.083 MM 0.5211 1505.44727 48.15324 97.6195
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(1S,25)-1-(4-Methoxyphenyl)-2-methylbut-3-en-1-ol (3c)

OH

7z

Me
3c OMe

To an oven-dried sealed tube under one atmosphere of nitrogen gas charged with [Ir(cod)Cl],
(6.7 mg, 0.01 mmol, 2.5 mol%), (S)-SEGPHOS (12.2 mg, 0.02 mmol, 5 mol%), Cs,COs (26.1
mg, 0.08 mmol, 20 mol%) and 4-cyano-3-nitrobenzoic acid (7.7 mg, 0.04 mmol, 10 mol%) was
added THF (0.2 mL) followed by acetic acid 3-buten-2-yl ester (91.3 mg, 0.8 mmol, 200 mol%).
The reaction mixture was allowed to stir at 90 °C for 0.5 hr and was then cooled to room
temperature. 4-Methoxybenzyl alcohol 1c (55.3 mg, 0.4 mmol, 100 mol%) in THF (0.2 mL) was
added to the reaction mixture and the reaction mixture was allowed to stir at 80 °C for 72 hr, at
which point the reaction mixture was evaporated onto silica gel. Purification of the product by
column chromatography (SiO,: ethyl acetate:hexanes:triethylamine, 1:20:0.01) provides 3c (51.8
mg, 0.269 mmol, anti:syn = 5:1) as a colorless oil in 67% yield.

TLC (SiO)): Ry=0.28 (ethyl acetate:hexanes, 1:15).

'H NMR (400 MHz, CDCls): & 7.25 (d, J = 8.0 Hz, 2H), 6.87 (d, J = 8.0 Hz, 2H), 5.86-5.76 (m,
1H), 5.23-5.16 (m, 2H), 4.29 (d, J = 8.4 Hz, 1H), 3.80 (s, 3H), 2.48-2.42 (m, 1H), 2.15 (br s, 1H),
0.83 (d, J=6.8 Hz, 3H).

BC NMR (100 MHz, CDCl3): § 159.3, 141.2, 134.8, 128.2, 117.0, 113.9, 77.7, 55.5, 46.7, 16.8.

HPLC: (Chiralpak AD-H/AD-H column, hexanes:i-PrOH = 95:5, 0.5 mL/min, 230 nm), tminor =
41.2 min, tygjor = 48.9 min; ee = 90%.

The spectroscopic properties of this compound were consistent with the data available in the
literature.”
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DAD1 D, Sig=230,16 Ref=360,100 (SCOBONG\083008-01000074.D)

mAU anti
e anti
100 |
80
50
40 .
syn syn
20 I
0
0 R SRR AR T 60 "
Peak RetTime Type Width Area Height Area
H [min] [min] [mAU*s] [mAU] %
e e I====gss=r== === [ e |
1 39.161 BB 0.4261 ©616.05029 22.45514 7.3246
2 A0.757 BY 0.4466 3590.92212 125.20443 42.6946
3 41.716 VB 0.4583 646.22864 2. 6813 7.6834
4 48.145 BB 95281 3557.50903 104.78043 42.2974
DAD1 D, Sig=230,16 Ref=360,100 (SOOBONG\083008-01000209.D)
mAU X
,'bb@w
i
@
400
300 -
200 -
X
100 ‘df
\ﬁé
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PR TR AT R R T R AT
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

e | e R e e 1
1 41.291 MM 0.5680 1296.90515 38.05710 5.0041
2 48.923 MM 0.8168 2.46201e4 502.35001 94.9959
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(1S,25)-1-(4-Bromophenyl)-2-methylbut-3-en-1-ol (3d)

3d Br

To an oven-dried sealed tube under one atmosphere of nitrogen gas charged with [Ir(cod)Cl],
(6.7 mg, 0.01 mmol, 2.5 mol%), (S)-SEGPHOS (12.2 mg, 0.02 mmol, 5 mol%), Cs,COs (26.1
mg, 0.08 mmol, 20 mol%) and 4-cyano-3-nitrobenzoic acid (7.7 mg, 0.04 mmol, 10 mol%) was
added THF (0.2 mL) followed by acetic acid 3-buten-2-yl ester (91.3 mg, 0.8 mmol, 200 mol%).
The reaction mixture was allowed to stir at 90 °C for 0.5 hr and was then cooled to room
temperature. 4-Bromobenzyl alcohol 1d (74.8 mg, 0.4 mmol, 100 mol%) in THF (0.2 mL) was
added to the reaction mixture and the reaction mixture was allowed to stir at 90 °C for 48 hr, at
which point the reaction mixture was evaporated onto silica gel. Purification of the product by
column chromatography (SiO;: ethyl acetate:hexanes:triethylamine, 1:15:0.01) provides 3d (70.5
mg, 0.292 mmol, anti:syn = 8:1) as a colorless oil in 73% yield.

TLC (SiO)): Ry=0.26 (ethyl acetate:hexanes, 1:15).

'H NMR (400 MHz, CDCls): & 7.46 (d, J = 8.0 Hz, 2H), 7.18 (d, J = 8.0 Hz, 2H), 5.81-5.71 (m,
1H), 5.22-5.16 (m, 2H), 4.32 (d, J = 7.6 Hz, 1H), 2.45-2.37 (m, 1H), 2.20 (br s, 1H), 0.87 (d, J =
6.8 Hz, 3H).

BC NMR (100 MHz, CDCly): § 141.4, 140.1, 131.3, 128.6, 121.4, 117.3, 77.1, 46.4, 16.4.

HPLC: (Chiralpak AS-H/AS-H column, hexanes:i-PrOH = 98:2, 0.5 mL/min, 254 nm), tminor =
30.0 min, tmajor = 34.4 min; ee = 95%.

The spectroscopic properties of this compound were consistent with the data available in the
literature.’

3 Bandini, M.; Cozzi, P. G.; Umani-Ronchi, A. Tetrahedron 2001, 57, 835-843.
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DAD1 D, Sig=230,16 Ref=360,100 (INSU\083008-01000085.D)

mAU anti 5 anti«,g,
NN @
| 3 &
1750 o ¥
15-:107i syn%ﬁ"b
| F
f s &
1250 i Syng@@'\
] S
1000
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250’:
OI
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Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] %

e et R e = R I
1 30.439 MM 0.5210 6.11245e4 1955.34973 33.8270
2 31.244 MM 0.3686 2.76853e4 1251.77246 15.3213
3 34.965 MM 0.5588 6.17850e4 1842.82361 34.1925
4 36.940 MM 0.4762 3.01027e4 1053.47668 16.6592

DAD1 A, Sig=254,4 Ref=360,100 (SOOBONG\083008-01000207.D)

mAU | Al
. ‘ ‘,:,_,6\'
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40
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| o
@?
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6 7 N =”5 7 IVW - 16 e __15_ L 2‘0 25 s 3.0 ; ‘ 35 . 40 mln
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 30.030 MM 0.3707 32.64238 1.46759 2.3310
2 34.475 MM 0.4723 1367.74329 48.26240 97.6690
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Methyl 4-((1S,2S)-1-hydroxy-2-methylbut-3-enyl)benzoate (3e)

OH

z

Me
3e CO,Me

To an oven-dried sealed tube under one atmosphere of nitrogen gas charged with [Ir(cod)Cl],
(6.7 mg, 0.01 mmol, 2.5 mol%), (S)-C3-TUNEPHOS (11.9 mg, 0.02 mmol, 5 mol%), Cs>COs3
(26.1 mg, 0.08 mmol, 20 mol%) and 4-cyano-3-nitrobenzoic acid (7.7 mg, 0.04 mmol, 10 mol%)
was added THF (0.2 mL) followed by acetic acid 3-buten-2-yl ester (91.3 mg, 0.8 mmol, 200
mol%). The reaction mixture was allowed to stir at 90 °C for 0.5 hr and was then cooled to room
temperature. Methyl 4-(hydroxymethyl)benzoate 1€ (66.5 mg, 0.4 mmol, 100 mol%) in THF (0.2
mL) was added to the reaction mixture and the reaction mixture was allowed to stir at 90 °C for
48 hr, at which point the reaction mixture was evaporated onto silica gel. Purification of the
product by column chromatography (SiO;: ethyl acetate:hexanes, 1:8) provides 3e (67.7 mg,
0.307 mmol, anti:syn = 8:1) as a pale yellow oil in 77% yield.

TLC (SiO)): Ry=0.30 (ethyl acetate:hexanes, 1:6).

'H NMR (400 MHz, CDCls): & 7.97 (d, J = 8.0 Hz, 2H), 7.36 (d, J = 8.0 Hz, 2H), 5.79-5.69 (m,
1H), 5.17-5.12 (m, 2H), 4.40 (d, J=7.2 Hz, 1H), 3.88 (s, 3H), 2.49-2.36 (m, 2H), 0.86 (d, J=6.8
Hz, 3H).

BC NMR (100 MHz, CDCls): § 167.2, 147.9, 140.1, 129.7, 129.6, 127.0, 117.5, 77.3, 52.3, 46.5,
16.6.

HPLC: (Chiralpak AD-H column, hexanes:i-PrOH = 95:5, 0.5 mL/min, 254 nm), tminor = 25.3
min, tmajor = 30.3 min; ee = 97%.

The spectroscopic properties of this compound were consistent with the data available in the
literature.”

4 Hayashi, S.; Hirano, K.; Yorimitsu, H.; Oshima, K. Org. Lett. 2005, 7, 3577-3579.
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DAD1 A, Sig=254,4 Ref=360,100 (INSU\083008-01000396.0)

mAU . %
anti| @&
500 | & 22
¥ antioq;‘iL
VS
400
300'
200
| ®
b O
&
100 S vﬁ&‘v«@r\
syn
0
o i " 20 - am ‘ 0 50
Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*s] [mAU] g

e e el | =m=mmmmmmm e —— e |
1 22.551 MM 0.3655 1524.15723 69.50020 5.389%

2 23.345 MM 0.3897 1.26212e4 539.76276 44.6329

3 24.492 MM 0.3972 1490.89722 62.56374 58723
4 28.911 MM 0.4964 1.26415e4 424.43793 44,7048

DAD1 A, Sig=254 4 Ref=360,100 (INSU\083008-01000284.0)

mAU ,\Q_?’
250 &
| | \7?"
|
200 |
150
|
100 |
50 .
K
\'\q’@
&;.
5 hid
e = L g U f T 50
Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*s] [mAlU] %

rer lp e el s e e |
1 25.309 MM 0.3685 119.61345 5.40966 1.4%969
2 30.307 MM 085063 TeTl. 080567 25811520 28,5031
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(1S,25)-2-Methyl-1-(1-methyl-1H-indol-2-yl)but-3-en-1-ol (3f)

3f

To an oven-dried sealed tube under one atmosphere of nitrogen gas charged with [Ir(cod)Cl],
(6.7 mg, 0.01 mmol, 2.5 mol%), (S)-SEGPHOS (12.2 mg, 0.02 mmol, 5 mol%), Cs,COs (26.1
mg, 0.08 mmol, 20 mol%) and 4-cyano-3-nitrobenzoic acid (7.7 mg, 0.04 mmol, 10 mol%) was
added THF (0.2 mL) followed by acetic acid 3-buten-2-yl ester (91.3 mg, 0.8 mmol, 200 mol%).
The reaction mixture was allowed to stir at 90 °C for 0.5 hr and was then cooled to room
temperature. (1-Methyl-1H-indol-2-yl)methanol 1f (64.5 mg, 0.4 mmol, 100 mol%) in THF (0.2
mL) was added to the reaction mixture and the reaction mixture was allowed to stir at 80 °C for
72 hr, at which point the reaction mixture was evaporated onto silica gel. Purification of the
product by column chromatography (SiO,: ethyl acetate:hexanes:triethylamine, 1:12:0.01)
provides 3f (63.2 mg, 0.294 mmol, anti:syn = 5:1) as yellow solid in 73% yield.

TLC (SiO): Ry=0.26 (ethyl acetate:hexanes, 1:10).

'H NMR (400 MHz, CDCls): & 7.62 (d, J = 8.0 Hz, 1H), 7.34 (d, J = 8.4 Hz, 1H), 7.26 (t,J = 8.0
Hz, 1H), 7.14 (t, J = 8.0 Hz, 1H), 6.48 (s, 1H), 5.98-5.88 (m, 1H), 5.33-5.25 (m, 2H), 4.60 (d, J =
8.4 Hz, 1H), 3.81 (s, 3H), 2.86-2.78 (m, 1H), 2.22 (brs, 1H), 1.03 (d, J = 6.8 Hz, 3H).

BC NMR (100 MHz, CDCls): & 140.7, 140.3, 138.2, 127.5, 121.9, 120.9, 119.8, 117.4, 109.4,
100.8,71.4, 44.3,30.7, 17.5.

FTIR (neat): v 3512, 3415, 3052, 2972, 2929, 1638, 1611, 1540, 1468, 1416, 1316, 1233, 1138,
1102, 1010, 918, 842, 785, 750, 735, 672 cm’".

HRMS (CI) Calcd. for C4HgNO (M+1): 202.1388, Found: 202.1389.

HPLC: (Chiralcel OJ-H column, hexanes:i-PrOH = 93:7, 0.5 mL/min, 254 nm), tyajor = 62.8 min,
tminor = 78.9 min; ee = 95%.
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DAD1 D, Sig=230,16 Ref=360,100 (INSU\083008-01000147.D)

mAU | ] 'b'-\
| anti Y
175 1 N nﬁ:
‘ * anti &
160 «
125
100
| syn g°
75 Yse,@' syn o
1 ,\’bg
3
50 _vf’%
25 ' \
| \
o] |
- : - i -t =r = J : s |
0 20 40 60 80 100 42 min
Peak RetTime Type Width Area Height Area
ki [min] [min] [mAU*s] [mAU] %

e e | | ==mmmmmmee oo |
1 44.899 MM 0.8836 3449.09595 65.05764 10.0480
2 63.934 MM 1.2225 1.34731e4 183.68874 39.2502
3 68.404 MM 1.4447 3730.33984 43.03532 10.8673
4 80.037 MM 1.5674 1.36736e4d 145.39421 39.8344

DAD1 A, Sig=254,4 Ref=360,100 (INSU\083008-01000167.0)

mAU | .@,
| : é\uﬁ
120 v@‘
100
80 |
60 ‘;
40
1
20 . QE;\Q-
W |
0 —
0 2 o g0 g0 10 120 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 62.882 MM 1.2557 9796.61719 130.02975 97.5355
2 78.9681 MM 2.2175 247.54234 1.86049 2.4645
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(3R,4S5)-4-Methyl-1-phenylhexa-(1E,5)-dien-3-ol (3g)

39

To an oven-dried sealed tube under one atmosphere of nitrogen gas charged with [Ir(cod)Cl],
(6.7 mg, 0.01 mmol, 2.5 mol%), (S)-C3-TUNEPHOS (11.9 mg, 0.02 mmol, 5 mol%), Cs,COs3
(26.1 mg, 0.08 mmol, 20 mol%) and 4-cyano-3-nitrobenzoic acid (7.7 mg, 0.04 mmol, 10 mol%)
was added THF (0.2 mL) followed by acetic acid 3-buten-2-yl ester (91.3 mg, 0.8 mmol, 200
mol%). The reaction mixture was allowed to stir at 90 °C for 0.5 hr and was then cooled to room
temperature. Cinnamyl alcohol 1g (53.7 mg, 0.4 mmol, 100 mol%) in THF (0.2 mL) was added
to the reaction mixture and the reaction mixture was allowed to stir at 90 °C for 48 hr, at which
point the reaction mixture was evaporated onto silica gel. Purification of the product by column
chromatography (SiO,: ethyl acetate:hexanes:triethylamine, 1:15:0.01) provides 3g (47.5 mg,
0.252 mmol, anti:syn = 6:1) as a pale yellow oil in 63% yield.

TLC (SiO): Ry=0.30 (ethyl acetate:hexanes, 1:10).
'H NMR (400 MHz, CDCl3): & 7.41-7.23 (m, 5H), 6.61 (d, J = 16.0 Hz, 1H), 6.21 (dd, J = 16.0,
7.2 Hz, 1H), 5.88-5.78 (m, 1H), 5.21-5.16 (m, 2H), 4.06 (t, J = 6.8 Hz, 1H), 2.41-2.35 (m, 1H),

1.99 (br's, 1H), 1.06 (d, J = 6.8 Hz, 3H).

BC NMR (100 MHz, CDCly): & 140.4, 136.9, 132.0, 130.4, 128.8, 127.9, 126.8, 117.0, 76.4,
44.9, 16.3.

HPLC: (Chiralpak AS-H/AS-H column, hexanes:i-PrOH = 98:2, 0.5 mL/min, 254 nm), tyinor =
29.2 min, tygjor = 35.4 min; ee = 90%.

The spectroscopic properties of this compound were consistent with the data available in the
literature.’

> Kobayashi, S.; Nishio, K. J. Org. Chem. 1994, 59, 6620-6628.
S21



L
gy - —
e

& N RN

m
|
|
JM

0 ppm

g
3.13

—_
1.04

28

e

LEE"

1

by

8L
i

el

144

ey

60

100

— T

140

ppm

20

40

&0

120

S22



DAD1 A, Sig=254,4 Ref=360,100 (INSU\083008-01000058.D)

mAU | nti 8
| | 3 N
ﬂsui ?@rg@ anti &
e
140 - i
|
120 i
|
100 |
80 i
.!
507! éf’éo &
| & .%qflf
0 ¥ &
e syn syn
0|
0 " T gp 0 BT S 50
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] 3

e e e | == B | === mmm |
1 30.156 MM 0.3938 3920.13306 165.920987 43.4866
2 30.846 MM 0.2934 623.55994 35.42169 6.9172
3 36.477 MM 0.4653 3878.10742 138.90073 43.0204
4

38.499 MM 0.3667 592.78198 26.94354 6.5758

DAD1 A, Sig=254,4 Ref=360,100 (INSU\083008-01000290.D)

mAU ‘\%‘?‘
'L'@
700 |
600
500 |
400
300
200 -
I (\(‘?
AP
100 il
o]
1 it - = = Tl A R
DA R 10 20 30 40 50
Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*s] [mAU] %

sselie s | == e |==mmmmmm e | == | = |
1 29.261 MM  0.3545 1187.95825 55.85067 5.1279
2 35.460 MM 0.4518 2.19784e4 810.71771 94.8721
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(3R,4S5)-4-Methyl-1-phenylhex-5-en-3-ol (3h)

OH

z

Me 3h

To an oven-dried sealed tube under one atmosphere of nitrogen gas charged with [Ir(cod)Cl],
(6.7 mg, 0.01 mmol, 2.5 mol%), (S)-SEGPHOS (12.2 mg, 0.02 mmol, 5 mol%), Cs,COs (26.1
mg, 0.08 mmol, 20 mol%) and 4-cyano-3-nitrobenzoic acid (7.7 mg, 0.04 mmol, 10 mol%) was
added THF (0.2 mL) followed by acetic acid 3-buten-2-yl ester (91.3 mg, 0.8 mmol, 200 mol%).
The reaction mixture was allowed to stir at 90 °C for 0.5 hr and was then cooled to room
temperature. 3-Phenylpropan-1-ol 1h (54.5 mg, 0.4 mmol, 100 mol%) in THF (0.2 mL) was
added to the reaction mixture and the reaction mixture was allowed to stir at 90 °C for 48 hr, at
which point the reaction mixture was evaporated onto silica gel. Purification of the product by
column chromatography (SiO;: ethyl acetate:hexanes, 1:15) provides 3h (52.6 mg, 0.276 mmol,
anti:syn = 7:1) as a colorless oil in 69% yield.

TLC (SiO): R¢=0.31 (ethyl acetate:hexanes, 1:10).
'H NMR (400 MHz, CDCl3): 6 7.31-7.17 (m, 5H), 5.80-5.70 (m, 1H), 5.15-5.10 (m, 2H), 3.43-
3.40 (m, 1H), 2.89-2.81 (m, 1H), 2.72-2.64 (m, 1H), 2.26-2.20 (m, 1H), 1.89-1.80 (m, 1H), 1.75-

1.62 (m, 2H), 1.03 (d, J = 6.8 Hz, 3H).

BC NMR (100 MHz, CDCls): & 142.6, 140.4, 128.7, 128.6, 126.0, 116.8, 74.2, 44.6, 36.4, 32.4,
16.5.

HPLC: (Chiralcel OD-H column, hexanes:i-PrOH = 97:3, 0.7 mL/min, 254 nm), tmpiner = 11.2

min, tmajor = 17.4 min; ee = 97%.°

The spectroscopic properties of this compound were consistent with the data available in the
literature.’

® (a) McManus, H. A.; Cozzi, P. G.; Guiry, P. J. Adv. Synth. Catal. 2006, 348, 551-558.
(b) Hackman, B. M.; Lombardi, P. J.; Leighton, J. L. Org. Lett. 2004, 6, 4375-4377.
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mAU

1200

1000

800

600

mAU |
120
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DAD1 C, Sig=210,8 Ref=360,100 (INSU\083008-01000181.D)

#

#

1

anti | \@\«ﬁ |
& .
?. 1
o ©
anti &
«
|
‘b\
=
syn s
¥ s
syn
&
.............. :
5 ‘E".’) 1|5 - B 2-0 25 . : ‘minl
Peak RetTime Type Width Area Height Area
[min] [min] [mAU*s] [mAU] %
e [ e e s s T = e = = |
11.381 MM 0.2384 1.89123e4 1322.16956 39.9523
12.431 MM 02570 5016.80615 325.38425 10.5980
17.868 MM 0.3856 1.87526e4 810.45520 39.6150
19,911 MM 0.4220 4655.49316 183.85841 9.8347
DAD1 A, Sig=254,4 Ref=360,100 (INSU\083008-01000184.D) = s [
o |
K 5
&
o
.@ﬁ
&
5 e 15 i 20 T
Peak RetTime Type Width Area Height Area
[min] [min] [mAU*s] [mAU] %
et Bt [===r=s=s e R el e E |
11.290 MM 0.2474 52.96424 3.56858 1.4765
17.446 MM 0.4725 3534.16113 124.65968 98.5235

2
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(3S,4R)-7-(Benzyloxy)-3-methylhept-1-en-4-ol (3i)

OH

WO Bn
e 3

To an oven-dried sealed tube under one atmosphere of nitrogen gas charged with [Ir(cod)Cl],
(6.7 mg, 0.01 mmol, 2.5 mol%), (S)-SEGPHOS (12.2 mg, 0.02 mmol, 5 mol%), Cs,COs (26.1
mg, 0.08 mmol, 20 mol%) and 4-cyano-3-nitrobenzoic acid (7.7 mg, 0.04 mmol, 10 mol%) was
added THF (0.2 mL) followed by acetic acid 3-buten-2-yl ester (91.3 mg, 0.8 mmol, 200 mol%).
The reaction mixture was allowed to stir at 90 °C for 0.5 hr and was then cooled to room
temperature. 4-(Benzyloxy)butan-1-ol 1i (72.1 mg, 0.4 mmol, 100 mol%) in THF (0.2 mL) was
added to the reaction mixture and the reaction mixture was allowed to stir at 90 °C for 48 hr, at
which point the reaction mixture was evaporated onto silica gel. Purification of the product by
column chromatography (SiO,: ethyl acetate:hexanes, 1:12) provides 3i (63.9 mg, 0.273 mmol,
anti:syn = 7:1) as a colorless oil in 68% yield.

TLC (SiO): R¢= 0.26 (ethyl acetate:hexanes, 1:12).

'H NMR (400 MHz, CDCls): § 7.37-7.25 (m, SH), 5.82-5.73 (m, 1H), 5.12-5.06 (m, 2H), 4.51 (s,
2H), 3.51 (t, = 6.4 Hz, 2H), 3.45-3.39 (m, 1H), 2.27-2.17 (m, 1H), 2.12 (br s, 1H), 1.82-1.62 (m,
3H), 1.49-1.38 (m, 1H), 1.03 (d, J = 6.8 Hz, 3H).

BC NMR (100 MHz, CDCls): & 140.5, 138.3, 128.4, 127.7, 127.6, 115.9, 74.5, 72.9, 70.4, 44.1,
31.3,26.2,16.2.

HPL C: Enantiomeric excess was determined by HPLC analysis of the 2-naphthoate derivative of
the product (Chiralcel OJ-H column, hexanes:i-PrOH = 98.5:1.5, 1.0 mL/min, 230 nm), tmajor =
16.4 min, tminor = 25.8 min; ee = 97%.

The spectroscopic properties of this compound were consistent with the data available in the
literature.”

" Kobayashi, Y.; Tan, C.-H.; Kishi, Y. J. Am. Chem. Soc. 2001, 123, 2076-2078.
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DAD1 D, Sig=230,16 Ref=360,100 (INSU\083008-01000386.0)

R anti s
l &
: &
600 -
| . ‘
500 ant|_¢9
&
400 i
il N3
aooq syn @Qﬁ\
200 syn ‘
&
: w
100
0 4
o s 10 15 20 5 30 TE a
Peak RetTime Type Width Area Height Rrea
# [min] [min] [mAU*s] [mAU] %
O e === ==r=r== === [ [[=mmmm—e
1 16.343 MM 0.6395 2.60018e4 677.66370 37.29%02
2 20.654 MM 1.4762 8990.26855 101.50465 12.8933
3 23.061 MM 0.7472 8654.72070 193.04347 12.4121
4 25.511 MM 1.0137 2.60814e4 428.80423 37.4044
DAD1 D, Sig=230,16 Ref=360,100 (INSU\083008-01000388.0) s |
mAU | v
| &
500 @y
400
300
200 ;
100
| 0
&@5
=
3 ¥
S 5 10 15 20 e ;gg_ REER
Peak RetTime Type Width Area Height Rrea
# [min] [min] [mAU*s] [mAU] g

1 16.440 MM 0.6585 2.23882e4 566.62378 98.5243

2 25.887 MM 1.0217 335.329
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(3S,4R)-3-Methyldodec-1-en-4-ol (3j)

To an oven-dried sealed tube under one atmosphere of nitrogen gas charged with [Ir(cod)Cl],
(6.7 mg, 0.01 mmol, 2.5 mol%), (S)-SEGPHOS (12.2 mg, 0.02 mmol, 5 mol%), Cs,COs (26.1
mg, 0.08 mmol, 20 mol%) and 4-cyano-3-nitrobenzoic acid (7.7 mg, 0.04 mmol, 10 mol%) was
added THF (0.2 mL) followed by acetic acid 3-buten-2-yl ester (91.3 mg, 0.8 mmol, 200 mol%).
The reaction mixture was allowed to stir at 90 °C for 0.5 hr and was then cooled to room
temperature. Nonan-1-ol 1j (57.7 mg, 0.4 mmol, 100 mol%) in THF (0.2 mL) was added to the
reaction mixture and the reaction mixture was allowed to stir at 90 °C for 48 hr, at which point
the reaction mixture was evaporated onto silica gel. Purification of the product by column
chromatography (SiO;: ethyl acetate:hexanes, 1:30) provides 3j (54.8 mg, 0.276 mmol, anti:syn
=7:1) as a colorless oil in 69% yield.

TLC (SiO): Ry=0.30 (ethyl acetate:hexanes, 1:20).

'H NMR (400 MHz, CDCls): § 5.79-5.70 (m, 1H), 5.12-5.07 (m, 2H), 3.40-3.35 (m, 1H), 2.20-
2.16 (m, 1H), 1.59 (br s, 1H), 1.53-1.26 (m, 14H), 1.01 (d, J = 6.8 Hz, 3H), 0.86 (t, J = 6.8 Hz,
3H).

BC NMR (100 MHz, CDCly): 5 140.6, 116.4, 74.9, 44.3, 34.5, 32.1, 30.0, 29.8, 29.5, 26.0, 22.9,
16.5, 14.3.

HPL C: Enantiomeric excess was determined by HPLC analysis of the 2-naphthoate derivative of
the product (Chiralpak AD-H column, hexanes:i-PrOH = 99.5:0.5, 0.4 mL/min, 254 nm), tminor =
12.9 min, tmajor = 18.3 min; ee = 97%.

The spectroscopic properties of this compound were consistent with the data available in the
literature.®

8 Takai, K.; Toratsu, C. J. Org. Chem. 1998, 63, 6450—6451.
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DAD1 D, Sig=230,16 Ref=360,100 (INSU\083008-01000282.D)

mAU = A
1600 anti i
@
1400
o
1200 anti ,1:9:5
| ?se?
1000 -
syn
800 ‘ yo?.b"’
‘ 'b'\'l‘ syn ’(\Q‘b’-\
600 RS 5
4 l?s@
400
200
0
| = e S ATl b e e =
8] = ) 10 i 15 20 L 25
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
— = e i S e s e |
1 12.383 MM 0.2184 2.14427e4 1636.01721 37.1176
2 12.774 MM 0.2136 7293.07861 569.18518 12.6244
3 16.191 MM 00,2622 7798.70605 495.73898 13.4997
4 18.390 MM 0.3426 2.12352e4 1033.06030 36.7583
DAD1 A, Sig=254,4 Ref=360,100 (INSU\083008-01000299.D) =em
mAU &
oF
4°
. &
200 |
150
100
50
%)
.@ﬁﬁ
¥
o
0 T 0 7F72|0 R
Peak RetTime Type Width Area Height Area
= [min] [min] [mAU*s ] [mAU] %
R T e e |smmmmmae [ (e |
1 12.919 MM 0.2199% 84.52553 6.40736 1.5257

2 18.340 MM 0.3824 5455.67578 237.80714 98.4743
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Detailed Procedure and Spectral Data for anti-Diastereo- and Enantioselective
Crotylation Adducts (3a-3j) from Aldehydes (2a-2j)

(1S,2S)-2-Methyl-1-phenylbut-3-en-1-ol (3a)

Me
3a

To an oven-dried sealed tube under one atmosphere of nitrogen gas charged with [Ir(cod)Cl],
(6.7 mg, 0.01 mmol, 2.5 mol%), (S)-SEGPHOS (12.2 mg, 0.02 mmol, 5 mol%), Cs,COs (26.1
mg, 0.08 mmol, 20 mol%) and 4-cyano-3-nitrobenzoic acid (7.7 mg, 0.04 mmol, 10 mol%) was
added THF (0.2 mL) followed by acetic acid 3-buten-2-yl ester (91.3 mg, 0.8 mmol, 200 mol%).
The reaction mixture was allowed to stir at 90 °C for 0.5 hr and was then cooled to room
temperature. Benzaldehyde 2a (42.4 mg, 0.4 mmol, 100 mol%) in THF (0.2 mL) and isopropanol
(59.8 puL, 0.8 mmol, 200 mol%) were added to the reaction mixture and the reaction mixture was
allowed to stir at 90 °C for 48 hr, at which point the reaction mixture was evaporated onto silica
gel. Purification of the product by column chromatography (SiO,: ethyl acetate:hexanes, 1:20)
provides 3a (50.0 mg, 0.308 mmol, anti:syn =9:1) as a colorless oil in 77% yield.

HPLC: (Chiralcel OD-H column, hexanes:i-PrOH = 99:1, 0.5 mL/min, 210 nm), tmajor = 27.8

min, tminor = 30.9 min; ee = 98%.
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DAD1 C, Sig=210,8 Ref=360,100 (INSU\083008-01000131.D)

: anti
mAU - v s
| nti &
.@&ntl_ &
800 | & &
700 | f
600
500
P
400 syn & k&‘"
] o 8 |
| e
%08 ¥ syn |
200
100 |
1 |
0o
0 5 R T TR 30 3 40 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAaU] %

= | =] s e = i |
28.147 MM 0.4698 2.47792e4  878.99377 38.2743

i
2 30.093 MM 0.4400 8388.22266 317.70355 12.9566
3
[

31.852 MM 0.5530 2.37325e4 715.23456 36.6576
33.036 MM 0.5618 7841.14746 232.62761 12.1115

DAD1 €, Sig=210,8 Ref=360,100 (INSU\083008-01000135.D)

mAU 9
&
&
&
1750 Vi
1500
1250 -
1000
750
500
1 &
250 | _6,;\'-‘
1 \)se.‘b'
0
RRERT SRR T 25 3 35 A
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

e [ o s [==mmmm e R |
1 27.813 MM 0.5844 6.97182ed4 1988.25208 99.0240
2 30.937 MM 0.5007 687.18292 22.87475 0.9760
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(1S,25)-1-(3-Methoxyphenyl)-2-methylbut-3-en-1-ol (3b)

OH

% OMe

Me
3b

To an oven-dried sealed tube under one atmosphere of nitrogen gas charged with [Ir(cod)Cl];
(6.7 mg, 0.01 mmol, 2.5 mol%), (S)-SEGPHOS (12.2 mg, 0.02 mmol, 5 mol%), Cs,COs (26.1
mg, 0.08 mmol, 20 mol%) and 4-cyano-3-nitrobenzoic acid (7.7 mg, 0.04 mmol, 10 mol%) was
added THF (0.2 mL) followed by acetic acid 3-buten-2-yl ester (91.3 mg, 0.8 mmol, 200 mol%).
The reaction mixture was allowed to stir at 90 °C for 0.5 hr and was then cooled to room
temperature. 3-Methoxybenzaldehyde 2b (54.5 mg, 0.4 mmol, 100 mol%) in THF (0.2 mL) and
isopropanol (59.8 pL, 0.8 mmol, 200 mol%) were added to the reaction mixture and the reaction
mixture was allowed to stir at 90 °C for 48 hr, at which point the reaction mixture was
evaporated onto silica gel. Purification of the product by column chromatography (SiO,: ethyl
acetate:hexanes, 1:15) provides 3b (56.8 mg, 0.295 mmol, anti:syn = 9:1) as a colorless oil in
74% yield.

HPLC: (Chiralpak AD-H column, hexanes:i-PrOH = 96:4, 0.5 mL/min, 210 nm), tminor = 25.4

min, tmajor = 29.7 min; ee = 98%.
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DAD1 D, Sig=230,16 Ref=360,100 (INSU\083008-01000164.D) G anti
mAU YV

o>
' . S
160 ' Yg@ anti __,bcaé’ I
| syn overlap & & |
140 |
120 |
100 |
80
60 -
|
a0
20 |
G e — v e - -
ARSI N EERn el BENEE SRR min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] 3
e e i o e |
1 23.834 MM 0.4056 3309.22461 135.98813 29.2611
2 24.613 MM 0.3870 4034.26050 173.73439 35.6721
3 28.466 MM 0.4754 3965.80420 139.04333 35.0668
~ DAD1C, Sig=210,8 Ref=360,100 (INSU\083008-01000042.0)
( mAU q,,\
200 - Qq;»é’\
- g
‘ 175 -
| i
150 -
125 1
100 |
&
‘ 25 | &
«
o
‘ ST T RN AT 25 30 35 _ min
Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*s] [mAU] %

et el B — R [ |
1 25.432 MM 0.3354 g5, 128932 4.16100 1.2297
2 20T M 0.5281 676%.87207 213,67182 98.7783
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(1S,25)-1-(4-Methoxyphenyl)-2-methylbut-3-en-1-ol (3c)

OH

7z

Me
3c OMe

To an oven-dried sealed tube under one atmosphere of nitrogen gas charged with [Ir(cod)Cl];
(6.7 mg, 0.01 mmol, 2.5 mol%), (S)-SEGPHOS (12.2 mg, 0.02 mmol, 5 mol%), Cs,COs (26.1
mg, 0.08 mmol, 20 mol%) and 4-cyano-3-nitrobenzoic acid (7.7 mg, 0.04 mmol, 10 mol%) was
added THF (0.2 mL) followed by acetic acid 3-buten-2-yl ester (91.3 mg, 0.8 mmol, 200 mol%).
The reaction mixture was allowed to stir at 90 °C for 0.5 hr and was then cooled to room
temperature. p-Anisaldehyde 2c¢ (54.5 mg, 0.4 mmol, 100 mol%) in THF (0.2 mL) and
isopropanol (59.8 pL, 0.8 mmol, 200 mol%) were added to the reaction mixture and the reaction
mixture was allowed to stir at 80 °C for 72 hr, at which point the reaction mixture was
evaporated onto silica gel. Purification of the product by column chromatography (SiO,: ethyl
acetate:hexanes:triethylamine, 1:20:0.01) provides 3¢ (57.7 mg, 0.300 mmol, anti:syn = 7:1) as a
colorless oil in 75% yield.

HPLC: (Chiralpak AD-H/AD-H column, hexanes:i-PrOH = 95:5, 0.5 mL/min, 230 nm), tminor =
41.8 min, tygjor = 49.2 min; ee = 97%.
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DAD1 D, Sig=230,16 Ref=360,100 (SCOBONG\083008-01000074.D)

mAU anti
120
| anti
100
80
50
40 .
syn | syn
20 I
0
0 BRI R AR T 60 i
Peak RetTime Type Width Area Height Area
H [min] [min] [mAU*s] [mAU] %
== i === === [ | |
1 39.161 BB 0.4261 ©616.05029 22.45514 7.3246
2 A0.757 BY 0.4466 3590.92212 125.20443 42.6946
3 41.716 VB 0.4583 646.22864 2. 6813 7.6834
4 48.145 BB 0.5281 3557.50903 104.78043 42.2974
DAD1 D, Sig=230,16 Ref=360,100 (INSU\083008-01000109.0) = 3
mAU Q@'.‘-"
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0 ‘.1-0” ‘IZ‘O-l‘lS'ﬂ‘I 40‘ ‘5|D SOl 70 ‘.BU
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] 3
bt bt Bt it e ey | =m=mmnmmes i |
1 41.810 MM 0.5498 1034.74670 31.36497 1.3124
2 49,271 MM 0.8821 7.78063ed4 1470.149%29 98.6876
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(1S,25)-1-(4-Bromophenyl)-2-methylbut-3-en-1-ol (3d)

3d Br

To an oven-dried sealed tube under one atmosphere of nitrogen gas charged with [Ir(cod)Cl];
(6.7 mg, 0.01 mmol, 2.5 mol%), (S)-SEGPHOS (12.2 mg, 0.02 mmol, 5 mol%), Cs,COs (26.1
mg, 0.08 mmol, 20 mol%) and 4-cyano-3-nitrobenzoic acid (7.7 mg, 0.04 mmol, 10 mol%) was
added THF (0.2 mL) followed by acetic acid 3-buten-2-yl ester (91.3 mg, 0.8 mmol, 200 mol%).
The reaction mixture was allowed to stir at 90 °C for 0.5 hr and was then cooled to room
temperature. 4-Bromobenzaldehyde 2d (74.0 mg, 0.4 mmol, 100 mol%) in THF (0.2 mL) and
isopropanol (59.8 pL, 0.8 mmol, 200 mol%) were added to the reaction mixture and the reaction
mixture was allowed to stir at 90 °C for 48 hr, at which point the reaction mixture was
evaporated onto silica gel. Purification of the product by column chromatography (SiO,: ethyl
acetate:hexanes:triethylamine, 1:15:0.01) provides 3d (75.5 mg, 0.313 mmol, anti:syn = 11:1) as
a colorless oil in 78% yield.

HPLC: (Chiralpak AS-H/AS-H column, hexanes:i-PrOH = 98:2, 0.5 mL/min, 254 nm), tminor =
30.4 min, tmajor = 34.8 min; ee = 97%.
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DAD1 D, Sig=230,16 Ref=360,100 (INSU\083008-01000085.D)

mAU anti - .
<anti &
| il &
1760 | o i
1500 - Syn&éﬁ"’ E
K A
1250 | i S
\ Syn
1000
750 -
500
250 1
0 1
0 5 10 15 20 25 30 35 40 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAlU] %

e et R e = R I
1 30.439 MM 0.5210 6.11245e4 1955.34973 33.8270
2 31.244 MM 0.3686 2.76853e4 1251.77246 15.3213
3 34.965 MM 0.5588 6.17850e4 1842.82361 34.1925
4 36.940 MM 0.4762 3.01027e4 1053.47668 16.6592

DAD1 A, Sig=254,4 Ref=360,100 (INSU\083008-01000094.D)

mAU fr]
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| RS
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o 5 an A " s 5 " "ap g5 ‘a0
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

e L [mos s e | == mmmmmm | ==mmm - |
1 30.483 MM 0.3222 40.87479 2.11448 1.3788
2 34.878 MM 0.5190 2923.62842 93.88819 98.6212
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Methyl 4-((1S,2S)-1-hydroxy-2-methylbut-3-enyl)benzoate (3e)

OH

z

Me
3e CO,Me

To an oven-dried sealed tube under one atmosphere of nitrogen gas charged with [Ir(cod)Cl],
(6.7 mg, 0.01 mmol, 2.5 mol%), (S)-C3-TUNEPHOS (11.9 mg, 0.02 mmol, 5 mol%), Cs>COs3
(26.1 mg, 0.08 mmol, 20 mol%) and 4-cyano-3-nitrobenzoic acid (7.7 mg, 0.04 mmol, 10 mol%)
was added THF (0.2 mL) followed by acetic acid 3-buten-2-yl ester (91.3 mg, 0.8 mmol, 200
mol%). The reaction mixture was allowed to stir at 90 °C for 0.5 hr and was then cooled to room
temperature. Methyl 4-formylbenzoate 2e (65.7 mg, 0.4 mmol, 100 mol%) in THF (0.2 mL) and
isopropanol (59.8 pL, 0.8 mmol, 200 mol%) were added to the reaction mixture and the reaction
mixture was allowed to stir at 90 °C for 48 hr, at which point the reaction mixture was
evaporated onto silica gel. Purification of the product by column chromatography (SiO,: ethyl
acetate:hexanes, 1:8) provides 3e (72.2 mg, 0.328 mmol, anti:syn = 13:1) as a pale yellow oil in
82% yield.

HPLC: (Chiralpak AD-H column, hexanes:i-PrOH = 95:5, 0.5 mL/min, 254 nm), tminor = 25.0

min, tmajor = 30.1 min; ee = 97%.
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DAD1 A, Sig=254,4 Ref=360,100 (INSU\083008-01000396.D) .

mAU anti q
&
i o
500 | & . o
¥ antloésf’k
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o
*-é@
syn ¥
100 y %&Y@'
. syn
7
0o T T 30 40 50 min
Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*s] [mAU] %
e [Sels = ome — s |
1 2Z2.551 MM 0+3655 4524 15723 69.50020 5.3899
2 23.345 MM 0.3897 1.26212e4 539.76276 44.6329
3 24.492 MM 0.3972 1490.89722 62.56374 52723
4 28.911 MM 0.4964 1.26415e4 424 .43793 44,7048
DAD1 A, Sig=254,4 Ref=360,100 (INSU\083008-01000291.D)
mAU ,.\@
J Ggé\ |
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|
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40-
] o
20 e
| vsgp-
D 1
e 0 3 a0 50 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s ] [mAU] %

e | | == o " et |
1 25.038 MM 0.3544 #3197 14 3.70601 1.4656
2 30.166 MM 0.4978 5297.75879 177.38268 98.5344
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(1S,25)-2-Methyl-1-(1-methyl-1H-indol-2-yl)but-3-en-1-ol (3f)

3f

To an oven-dried sealed tube under one atmosphere of nitrogen gas charged with [Ir(cod)Cl],
(6.7 mg, 0.01 mmol, 2.5 mol%), (S)-SEGPHOS (12.2 mg, 0.02 mmol, 5 mol%), Cs,COs (26.1
mg, 0.08 mmol, 20 mol%) and 4-cyano-3-nitrobenzoic acid (7.7 mg, 0.04 mmol, 10 mol%) was
added THF (0.2 mL) followed by acetic acid 3-buten-2-yl ester (91.3 mg, 0.8 mmol, 200 mol%).
The reaction mixture was allowed to stir at 90 °C for 0.5 hr and was then cooled to room
temperature. 1-Methylindole-2-carboxaldehyde 2f (63.7 mg, 0.4 mmol, 100 mol%) in THF (0.2
mL) and isopropanol (59.8 uL, 0.8 mmol, 200 mol%) were added to the reaction mixture and the
reaction mixture was allowed to stir at 80 °C for 72 hr, at which point the reaction mixture was
evaporated onto silica gel. Purification of the product by column chromatography (SiO,: ethyl
acetate:hexanes:triethylamine, 1:12:0.01) provides 3f (67.3 mg, 0.312 mmol, anti:syn = 6:1) as
yellow solid in 78% yield.

HPLC: (Chiralcel OJ-H column, hexanes:i-PrOH = 93:7, 0.5 mL/min, 254 nm), tmajor = 61.1 min,
tminor = 76.2 min; ee = 97%.
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DAD1 D, Sig=230,16 Ref=360,100 (INSU\083008-01000147.D) . =
mAU | antli

_ o
175 | ?;6-@ o0
f ¥ anti @
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100 -
N
_ syn 4*
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i ¥ i
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0 F Tho . wne . D Ea s 100 R min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

—mm | == | === | mmmm - | == mmmmmm e R |- |
1 44.899 MM 0.8836 3449.08585 65.05764 10.0480
2 63.934 MM 1.2225 1.34731e4 183.68874 39.2502
3 68.404 MM 1.4447 3730.33984 43.03532 10.8673
4 80.037 MM 1.5674 1.36736e4 145.39421 39.8344

DAD1 A, Sig=254 4 Ref=360,100 (INSU\083008-01000190.D)
mAU S
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! T T c=, 1 T I T T T T T T T —y 1
0 20 a0 - 80 100 120  min

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
B | i = e e e e |
1 61.171 MM 1.2205 1.22119e4 166.76016 9B8.6418
2 76.248 MM 1.2490 168.14716 2.24382 1.3582
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(3R,4S5)-4-Methyl-1-phenylhexa-(1E,5)-dien-3-ol (3g)

39

To an oven-dried sealed tube under one atmosphere of nitrogen gas charged with [Ir(cod)Cl],
(6.7 mg, 0.01 mmol, 2.5 mol%), (S)-C3-TUNEPHOS (11.9 mg, 0.02 mmol, 5 mol%), Cs,COs3
(26.1 mg, 0.08 mmol, 20 mol%) and 4-cyano-3-nitrobenzoic acid (7.7 mg, 0.04 mmol, 10 mol%)
was added THF (0.2 mL) followed by acetic acid 3-buten-2-yl ester (91.3 mg, 0.8 mmol, 200
mol%). The reaction mixture was allowed to stir at 90 °C for 0.5 hr and was then cooled to room
temperature. Cinnamaldehyde 29 (52.9 mg, 0.4 mmol, 100 mol%) in THF (0.2 mL) and
isopropanol (59.8 pL, 0.8 mmol, 200 mol%) were added to the reaction mixture and the reaction
mixture was allowed to stir at 90 °C for 48 hr, at which point the reaction mixture was
evaporated onto silica gel. Purification of the product by column chromatography (SiO,: ethyl
acetate:hexanes:triethylamine, 1:15:0.01) provides 3g (51.2 mg, 0.272 mmol, anti:syn = 8:1) as a
pale yellow oil in 68% yield.

HPLC: (Chiralpak AS-H/AS-H column, hexanes:i-PrOH = 98:2, 0.5 mL/min, 254 nm), tyinor =
29.3 min, tygjor = 35.6 min; ee = 98%.
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DAD1 A, Sig=254,4 Ref=360,100 (INSU\083008-01000058.D)

mAU | nti >
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0 e o _an ; 50
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %
] e el i s B |
1 30.156 MM 0.3938 3920.13306 165.92987 43.4866
2 30.8B46 MM F.2834 1823.55994 35.42169 6.9172
3 36.477 MM 0.4653 3B78.10742 138.%0073 43.0204
4 38.49% MM 0.3667 592.78198 26.94354 6.5758
DAD1 A, Sig=254 4 Ref=360,100 (INSU\083008-01000288.D)
mAU _ Y
| e
800 - Qg?‘
700 -
600
500
a0 |
300
200 |
®
100 ',1999‘%
i ?ge'?"
0_
T it e T T T === e T T
Baee o 0 0. 30 o 40 50
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¥ [min] [min] [mAU*s] [mAU] %

e B e —— | =mm e | l
1 29.398 MM 0.3308 240.04750 12.09306 0.9684
2 35.673 MM 0.4574 2.45472e4 &84, 35132 '99.0314

S46

min



(3R,4S5)-4-Methyl-1-phenylhex-5-en-3-ol (3h)

OH

z

Me 3h

To an oven-dried sealed tube under one atmosphere of nitrogen gas charged with [Ir(cod)Cl],
(6.7 mg, 0.01 mmol, 2.5 mol%), (S)-SEGPHOS (12.2 mg, 0.02 mmol, 5 mol%), Cs,COs (26.1
mg, 0.08 mmol, 20 mol%) and 4-cyano-3-nitrobenzoic acid (7.7 mg, 0.04 mmol, 10 mol%) was
added THF (0.2 mL) followed by acetic acid 3-buten-2-yl ester (91.3 mg, 0.8 mmol, 200 mol%).
The reaction mixture was allowed to stir at 90 °C for 0.5 hr and was then cooled to room
temperature. 3-Phenylpropionaldehyde 2h (53.7 mg, 0.4 mmol, 100 mol%) in THF (0.2 mL) and
isopropanol (59.8 pL, 0.8 mmol, 200 mol%) were added to the reaction mixture and the reaction
mixture was allowed to stir at 90 °C for 48 hr, at which point the reaction mixture was
evaporated onto silica gel. Purification of the product by column chromatography (SiO,: ethyl
acetate:hexanes, 1:15) provides 3h (54.1 mg, 0.284 mmol, anti:syn = 11:1) as a colorless oil in
71% yield.

HPLC: (Chiralcel OD-H column, hexanes:i-PrOH = 97:3, 0.7 mL/min, 254 nm), tpin = 11.3

min, tmajor = 17.8 min; ee = 97%.
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DAD1 C, Sig=210,8 Ref=360,100 (INSU\083008-01000181.D)

mA anti o®
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Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

= Bt [ir=sr— B s n |
1 11.381 MM  0.2384 1.89123e4 1322.16956 39.9523
2 12.431 MM 0.2570 5016.80615 325.38425 10.5980
3 17.868 MM  0.3856 1.87526e4  810.45520 39.6150
4 195,911 MM 0.4220 4655.49316 183.85841 9.8347

~ DAD1 A, Sig=254 4 Ref=360,100 (INSU083008-01000189.D)
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Peak RetTime Type Width Area Height Area
# [min] [min] [mRAU*s] [mAU] %

- sy e e e |
1 11.380 MM 0.1971  11.43095 9.66435e-1  1.5037
2 17.890 MM  0.3911 748.73468  31.90515 98.4963
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(3S,4R)-7-(Benzyloxy)-3-methylhept-1-en-4-ol (3i)

OH

WOBH
e 3

To an oven-dried sealed tube under one atmosphere of nitrogen gas charged with [Ir(cod)Cl],
(6.7 mg, 0.01 mmol, 2.5 mol%), (S)-SEGPHOS (12.2 mg, 0.02 mmol, 5 mol%), Cs,COs (26.1
mg, 0.08 mmol, 20 mol%) and 4-cyano-3-nitrobenzoic acid (7.7 mg, 0.04 mmol, 10 mol%) was
added THF (0.2 mL) followed by acetic acid 3-buten-2-yl ester (91.3 mg, 0.8 mmol, 200 mol%).
The reaction mixture was allowed to stir at 90 °C for 0.5 hr and was then cooled to room
temperature. 4-(Benzyloxy)butanal 2i (71.3 mg, 0.4 mmol, 100 mol%) in THF (0.2 mL) and
isopropanol (59.8 pL, 0.8 mmol, 200 mol%) were added to the reaction mixture and the reaction
mixture was allowed to stir at 90 °C for 48 hr, at which point the reaction mixture was
evaporated onto silica gel. Purification of the product by column chromatography (SiO,: ethyl
acetate:hexanes, 1:12) provides 3i (63.8 mg, 0.272 mmol, anti:syn = 11:1) as a colorless oil in
68% yield.

HPL C: Enantiomeric excess was determined by HPLC analysis of the 2-naphthoate derivative of

the product (Chiralcel OJ-H column, hexanes:i-PrOH = 98.5:1.5, 1.0 mL/min, 254 nm), tmajor =
16.0 min, tminor = 26.0 min; ee = 97%.
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DAD1 D, Sig=230,16 Ref=360,100 (INSU\083008-01000386.0)
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1 16.343 MM 0.6395 2.60018ed 677.66370 37.29%02
2 20.654 MM 1.4762 '8990.26855 101 50465 12.8933
3 E3.De1 MM 0.7472 8654.72070 193.04347 12.4121
4 25.511 MM 1.0137 2.60814e4 428.80423 37.4044
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e [t k===l =r=rmrs |==r=r=m=== s e |
1 16.060 MM 0.6610 9607.80762 242.24773 98.5955
2 26.041 MM 0.8548 136.86462 2.66843 1.4045
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(3S,4R)-3-Methyldodec-1-en-4-ol (3j)

To an oven-dried sealed tube under one atmosphere of nitrogen gas charged with [Ir(cod)Cl],
(6.7 mg, 0.01 mmol, 2.5 mol%), (S)-SEGPHOS (12.2 mg, 0.02 mmol, 5 mol%), Cs,COs (26.1
mg, 0.08 mmol, 20 mol%) and 4-cyano-3-nitrobenzoic acid (7.7 mg, 0.04 mmol, 10 mol%) was
added THF (0.2 mL) followed by acetic acid 3-buten-2-yl ester (91.3 mg, 0.8 mmol, 200 mol%).
The reaction mixture was allowed to stir at 90 °C for 0.5 hr and was then cooled to room
temperature. Nonanal 2j (56.9 mg, 0.4 mmol, 100 mol%) in THF (0.2 mL) and isopropanol (59.8
uL, 0.8 mmol, 200 mol%) were added to the reaction mixture and the reaction mixture was
allowed to stir at 90 °C for 48 hr, at which point the reaction mixture was evaporated onto silica
gel. Purification of the product by column chromatography (SiO,: ethyl acetate:hexanes, 1:30)
provides 3j (59.4 mg, 0.299 mmol, anti:syn = 11:1) as a colorless oil in 75% yield.

HPL C: Enantiomeric excess was determined by HPLC analysis of the 2-naphthoate derivative of

the product (Chiralpak AD-H column, hexanes:i-PrOH = 99.5:0.5, 0.4 mL/min, 230 nm), tminor =
13.5 min, tmajor = 18.6 min; ee = 97%.
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DAD1 D, Sig=230,16 Ref=360,100 (|N§U\ossb'08'-omoozszfn
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# [min] [min] [mAU*s] [mAU]

1 12.383 MM 0.2184 2.14427e4 1636.01721
2 12.774 MM 0.2136 7293.07861 569.18518
3
4

16.191 MM 0.2622 7798.70605 495.73898
18.390 MM 0.3426 2.12352e4 1033.06030

DAD1 D, Sig=230,16 Ref=360,100 (INSU\083008-07000298.D)
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1 13.525 MM 0.2034 585.24896 47.95393
2 18.681 MM 0.3517 4.27885e4 2027.82654

S52

37.1176
12.6244

13.4997
S 1588

1.3493
89B8.6507

min



Detailed Procedure and Spectral Data for Experiments Aimed at Probing the
Origins of Stereoselection

Methyl 4-((1S,2S)-1-hydroxy-2-vinylheptyl)benzoate (5)

OH

/Y\@\
CsHu CO,Me

5

To an oven-dried sealed tube under one atmosphere of nitrogen gas charged with [Ir(cod)Cl],
(6.7 mg, 0.01 mmol, 2.5 mol%), BIPHEP (10.5 mg, 0.02 mmol, 5 mol%), Cs,CO; (26.1 mg,
0.08 mmol, 20 mol%) and 4-cyano-3-nitrobenzoic acid (7.7 mg, 0.04 mmol, 10 mol%) was
added THF (0.2 mL) followed by (R)-oct-1-en-3-yl acetate’ (4) (136 mg, 0.8 mmol, 200 mol%).
The reaction mixture was allowed to stir at 90 °C for 0.5 hr and was then cooled to room
temperature. Methyl 4-(hydroxymethyl)benzoate 1e (66.5 mg, 0.4 mmol, 100 mol%) in THF (0.2
mL) was added to the reaction mixture and the reaction mixture was allowed to stir at 90 °C for
48 hr, at which point the reaction mixture was evaporated onto silica gel. Purification of the
product by column chromatography (SiO,: ethyl acetate:hexanes, 1:10) provides 5 (53.1 mg,
0.192 mmol, anti:syn = 9:1) as a pale yellow oil in 48% yield.

TLC (SiO): Ry=0.26 (ethyl acetate:hexanes, 1:10).

'H NMR (400 MHz, CDCl;):  8.00 (d, J = 8.4 Hz, 2H), 7.38 (d, J = 8.4 Hz, 2H), 5.62 (ddd, J =
16.0, 10.0, 7.6 Hz, 1H), 5.24 (d, J = 10.0, 7.6 Hz, 1H), 5.17 (dd, J = 16.0, 7.6 Hz, 1H), 4.45 (d, J
=7.6 Hz, 1H), 3.90 (s, 3H), 2.29-2.23 (m, 2H), 1.27-1.07 (m, 8H), 0.81 (t, J = 7.2 Hz, 3H).

BC NMR (100 MHz, CDCls): & 167.2, 148.1, 139.0, 129.8, 129.6, 127.1, 119.4, 76.4, 53.0, 52.3,
31.9,30.6, 27.1, 22.7, 14.2.

FTIR (neat): v 3481, 2953, 2928, 2857, 2161, 1979, 1722, 1638, 1611, 1576, 1435, 1416, 1275,
1191, 1176, 1109, 1050, 1018, 999, 967, 913, 859, 809, 774, 736, 721, 709, 667 cm'".

HPLC: (Chiralpak AD-H column, hexanes:i-PrOH = 95:5, 0.5 mL/min, 254 nm), tyinor = 17.2

min, tmajor = 23.4 min; ee = 14%.

? The optically active (R)-oct-1-en-3-yl acetate (98%ee) was prepared from commercially available (R)-oct-en-3-ol
(ACROS) by acetylation with Ac,0.
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DAD1 A, Sig=254 4 Ref=360,100 (INSU\083008-01000295.D)

mAU
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e e e |== =

1 ]
anti \\hq,«-
@'b‘.
St
anti _'\"QJ
W
syn
overlap
&
&
2‘0‘ .I25‘ II3.0 ‘ 35I
Area Height Area
[mAU*s] [mAU] %

1 17.273 MM 0.3012 1.15875e4 641.20361 46.2831
19.520 MM 0.4501 1830.40491 67 77159 7..23110

3  28.497 MM 0.4290 1.16182e4 451.32141 46.4059

DAD1 A, Sig=254.4 Ref=360,100 (INSU\0B3008-01000296.0)
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[mAU*s] [mAU] %

1 17.232 MM 0.2904 1942.98035 111.48592 43.0957
2 23.431 MM 0.4066 2565.54126 105.14960 56.%043
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Matched Case

Methyl 4-((1S,2S)-1-hydroxy-2-vinylheptyl)benzoate (5)

OH

/Y\@\
CsHu CO,Me

S

To an oven-dried sealed tube under one atmosphere of nitrogen gas charged with [Ir(cod)Cl],
(6.7 mg, 0.01 mmol, 2.5 mol%), (S)-SEGPHOS (12.2 mg, 0.02 mmol, 5 mol%), Cs,COs (26.1
mg, 0.08 mmol, 20 mol%) and 4-cyano-3-nitrobenzoic acid (7.7 mg, 0.04 mmol, 10 mol%) was
added THF (0.2 mL) followed by (R)-oct-1-en-3-yl acetate’ (4) (136 mg, 0.8 mmol, 200 mol%).
The reaction mixture was allowed to stir at 90 °C for 0.5 hr and was then cooled to room
temperature. Methyl 4-(hydroxymethyl)benzoate 1e (66.5 mg, 0.4 mmol, 100 mol%) in THF (0.2
mL) was added to the reaction mixture and the reaction mixture was allowed to stir at 90 °C for
48 hr, at which point the reaction mixture was evaporated onto silica gel. Purification of the
product by column chromatography (SiO,: ethyl acetate:hexanes, 1:30-1:10) provides 5 (68.3 mg,
0.247 mmol, 62% yield, anti:syn = 11.9:1) and 4 (62.5 mg, 0.367 mmol, 46% recovered yield),
respectively.

HPLC for 5: (Chiralpak AD-H column, hexanes:i-PrOH = 95:5, 0.5 mL/min, 254 nm), tminor =
16.4 min, tmajor = 22.1 min; ee = 95%.

HPLC for 4: Enantiomeric excess was determined by HPLC analysis of the 3,5-dinitrobenzoate

derivative of the alcohol obtained from deacetylation of 4 (Chiralcel OJ-H column, hexanes:i-
PrOH = 99:1, 1.0 mL/min, 254 nm), tmajor = 10.3 min, tyinor = 11.3 min; ee = 39%.
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HPLC for 5

~ DAD1 A, Sig=254,4 Ref=360,100 (INSU\083008-01000295.D)

mAU

600
500
400

300

100 -

Peak RetTime Type Width

# [min] [min]

1 ]
anti \\hq,«-

&

anti ¢

G

syn
overlap

&
&

20 25 30 35

Area Height Area
[mAU*s] [mAU] %

1 17.273 MM 0.3012 1.15875e4 641.20361 46.2831
19.520 MM 0.4501 1830.40491 67. 17759 13320

3 23.4397 MM 0.4290 1.16182e4 451.32141 46.4059

DAD1 A, Sig=254,4 Ref=360,100 (INSU\083008-01000338.D)

mAU
400 -
%0?
mo;
%0-
200 -
150
100 -

50

Peak RetTime Type Width
# [min] [min]

&
i
\'\
W
20 % 30 35
Area Height Area
[mAU*s] [mAU] %

e e [resmme B = |

1 16.473 MM 0.2612
2 22.181 MM 0.3840

267.31143 17.05376 2.5982
1.00210e4 434.92172 97.4018
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HPLC for 4

DADT A, Sig=254 4 Ref=360,100 (INSU\083008-01000361.D)

mAU |
] (R)-isomer .
400~  (S)-isomer
300
200
100
0
AERAPE T T iR S . TR RN AT S
Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*s ] [mAU] %

b e fe = St
1 11.968 VV  0.3079 9332.04590 457.56354 49.8522

2 13.046 VB 0.3822 9387.37695 362.42276 50.1478

mAU |
. o°
700 | 8

&

800

500 |
{ Qrb

400 | | &
&

300
200 |
100

0 25 5 75 10

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

1 10.374 MM 0.2674 1.16925e4 728.79681 69.6540
2 11.305 MM 0.2516 5094.02734 337.42206 30.3460
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Mismatched Case

Methyl 4-((1R,2R)-1-hydroxy-2-vinylheptyl)benzoate (ent-5)

OH

CO,Me
ent-5

To an oven-dried sealed tube under one atmosphere of nitrogen gas charged with [Ir(cod)Cl],
(6.7 mg, 0.01 mmol, 2.5 mol%), (R)-SEGPHOS (12.2 mg, 0.02 mmol, 5 mol%), Cs,COs (26.1
mg, 0.08 mmol, 20 mol%) and 4-cyano-3-nitrobenzoic acid (7.7 mg, 0.04 mmol, 10 mol%) was
added THF (0.2 mL) followed by (R)-oct-1-en-3-yl acetate’ (4) (136 mg, 0.8 mmol, 200 mol%).
The reaction mixture was allowed to stir at 90 °C for 0.5 hr and was then cooled to room
temperature. Methyl 4-(hydroxymethyl)benzoate 1e (66.5 mg, 0.4 mmol, 100 mol%) in THF (0.2
mL) was added to the reaction mixture and the reaction mixture was allowed to stir at 90 °C for
48 hr, at which point the reaction mixture was evaporated onto silica gel. Purification of the
product by column chromatography (SiO,: ethyl acetate:hexanes, 1:30-1:10) provides ent-5 (37.8
mg, 0.137 mmol, 34% yield, anti:syn = 4.6:1) and 4 (80.3 mg, 0.472 mmol, 59% recovered
yield), respectively.

HPLC for ent-5: (Chiralpak AD-H column, hexanes:i-PrOH = 95:5, 0.5 mL/min, 254 nm), tmajor
= 17.6 min, tyinor = 21.8 min; ee = 73%.

HPLC for 4: Enantiomeric excess was determined by HPLC analysis of the 3,5-dinitrobenzoate
derivative of the alcohol obtained from deacetylation of 4 (Chiralcel OJ-H column, hexanes:i-
PrOH = 99:1, 1.0 mL/min, 254 nm), tmajor = 10.0 min, tminer = 11.0 min; ee = 30%.
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HPL C for ent-5

~ DAD1 A, Sig=254,4 Ref=360,100 (INSU\083008-01000295.D)

e anti «®
N
600 &
bt
500 anti «®
W
400
300 |
syn
200 overlap
b
‘ &
100 vs"’&'
&
0 7 Eo) ]5 S 1i0 ‘1|5 2‘0 . I25 . I30 ‘ 35I . min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

1 17.273 MM 0.3012 1.15875e4 641.20361 46.2831
19.520 MM 0.4501 1830.40491 67. 17759 13320

3 23.4397 MM 0.4290 1.16182e4 451,32141 46.4059

DAD1 A, Sig=254,4 Ref=360,100 (INSU\083008-01000366.D)
mAU | W

g
400 &

350
300 |
250
200 -
150 ‘
A
| &
100 «

50

0 5 0 15 20 25 a0 35 min

Peak RetTime Type Width Area Height Area
#  [min] [min] [MAU*s] [mAU] %
el R e =mmn e [ S B |
1 17.6le MM 0.2850 7685.44141 449.39328 86.7293
2  ZlaBT1 MM 0.3816 1175.97424 55.74825 13.2707
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HPLC for 4

DADT A, Sig=254 4 Ref=360,100 (INSU\083008-01000361.D)

mAU | )
' (R)-isomer
400 . (S)-isomer
300 -
200”‘
3 |
1 \
100 -
|
T T A D e O N ‘ i
Peak RetTime Type Width Area Height Area
i [min] [min] [mAU*s ] [mAU] %

b e fe = St
1 11.968 VV  0.3079 9332.04590 457.56354 49.8522

2 13.046 VB 0.3822 9387.37695 362.42276 50.1478

DAD1 A, Sig=254.4 Ref=360,100 (INSU\083008-01000368.D)

mAU N
1 o
| .%\rgh'
500 - &
400 --
&\ |
o
300 55‘
W
200~
100 -
!
| 0
] PN B e ‘ = ——
0 25 PR 7.5 10 12.5 15 17.5 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAU] %

o oo e | —mmmm o R | ==mmmmee 1
1 10.048 MM 0.2463 B8130.51074 550.11261 65.0078

2 11.045 MM 0.3037 4376.46777 240.19214 34.9922
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Competition Experiment Establishing Rapid Redox Equilibration

Reaction between Alcohol (1a) and Aldehyde (2e)

4 )
H 0 H OH
Q | Standard Conditions ? :
" Employing BIPHEP 4 + =z
- M Me
co,Me € co,Me
la 2e 3a 3e
100 mol% 100 mol% dr=8:1 dr=13:1
3a:3e = 1:2.3 (83% yield)
(combined yield based on 100 mol% of
alcohol as a limiting reagent)

To an oven-dried sealed tube under one atmosphere of nitrogen gas charged with [Ir(cod)Cl],
(6.7 mg, 0.01 mmol, 2.5 mol%), BIPHEP (10.5 mg, 0.02 mmol, 5 mol%), Cs,CO; (26.1 mg,
0.08 mmol, 20 mol%) and 4-cyano-3-nitrobenzoic acid (7.7 mg, 0.04 mmol, 10 mol%) was
added THF (0.2 mL) followed by acetic acid 3-buten-2-yl ester (91.3 mg, 0.8 mmol, 200 mol%).

The reaction mixture was allowed to stir at 90 °C for 0.5 hr and was then cooled to room

temperature. Benzyl alcohol 1a (43.3 mg, 0.4 mmol, 100 mol%) and methyl 4-formylbenzoate 2e
(65.7 mg, 0.4 mmol, 100 mol%) in THF (0.2 mL) were added to the reaction mixture and the
reaction mixture was allowed to stir at 90 °C for 48 hr, at which point the reaction mixture was
evaporated onto silica gel. Purification of the product by column chromatography (SiO,: ethyl
acetate:hexanes, 1:20-1:10) provides 3a (22.1 mg, 0.136 mmol, 34% yield, anti:syn = 8:1) and 3e
(42.8 mg, 0.194 mmol, 49% yield, anti:syn = 13:1).
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Reaction between Aldehyde (2a) and Alcohol (1e)

4 )
0 OH OH OH
| Standard Conditions ot
K@ + Employing BIPHEP» 2 + =
Me
co,Me Me co,Me
2a le 3a 3e
100 mol% 100 mol% dr=10:1 dr=9:1
3a:3e=1:1.1(74% yield)
(combined yield based on 100 mol% of
L alcohol as a limiting reagent) )

To an oven-dried sealed tube under one atmosphere of nitrogen gas charged with [Ir(cod)Cl],
(6.7 mg, 0.01 mmol, 2.5 mol%), BIPHEP (10.5 mg, 0.02 mmol, 5 mol%), Cs,CO; (26.1 mg,
0.08 mmol, 20 mol%) and 4-cyano-3-nitrobenzoic acid (7.7 mg, 0.04 mmol, 10 mol%) was
added THF (0.2 mL) followed by acetic acid 3-buten-2-yl ester (91.3 mg, 0.8 mmol, 200 mol%).
The reaction mixture was allowed to stir at 90 °C for 0.5 hr and was then cooled to room
temperature. Benzaldehyde 2a (42.4 mg, 04 mmol, 100 mol%) and methyl 4-
(hydroxymethyl)benzoate 1€ (66.5 mg, 0.4 mmol, 100 mol%) in THF (0.2 mL) were added to the
reaction mixture and the reaction mixture was allowed to stir at 90 °C for 48 hr, at which point
the reaction mixture was evaporated onto silica gel. Purification of the product by column
chromatography (SiO;: ethyl acetate:hexanes, 1:20-1:10) provides 3a (22.7 mg, 0.140 mmol,
35% yield, anti:syn = 10:1) and 3e (34.1 mg, 0.155 mmol, 39% yield, anti:syn = 9:1).
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