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General remarks. All reactions and manipulations were performed in an argon-filled
glovebox (VAC DRI-LAB HE 493) or using standard Schlenk techniques. 'H, '*C and
3P NMR spectra were recorded on a Varian Mercury Plus 400 spectrometer at 400
MHz ("H NMR) and 100 MHz (*C NMR) or a Bruker AV 300 spectrometer at 300
MHz ("H NMR), 75 MHz (**C NMR) and 121.5 MHz (*'P NMR) in CDCl;. Chemical
shifts were reported in ppm downfield from internal Si(CH3)s and external 85%
H3POy, respectively. Optical rotations were determined using a Perkin Elmer 341
polarimeter. Mass spectra were recorded on a VG-7070E spectrometer. HRMS were
recorded on a VG ZAB-HS mass spectrometer with EI resource or a lonSpec FT-ICR
mass spectrometer with MALDI resource. GC analyses were performed using Hewlett
Packard Model HP 6890 Series instruments. HPLC analyses were performed using
Waters 2996 and Hewlett Packard Model HP 1100 Series instruments. THF and ether
were distilled from sodium benzophenone ketyl. 2-Propanol and DMF were freshly
distilled from calcium hydride before use. SDP ligands can be obtained from Strem
Chemicals Co. Phenylpropionaldehyde (1a), (R,R)- or (S,5)-DACH, and (R,R)- and
(S,5)-DPEN were purchased from Acros or Aldrich chemical company. (S)-DAIPEN
was synthesized by literature method.!"! Hydrogen gas (99.999%) was purchased from

Boc Gas Inc., Tianjin.

(A) Preparation and Physical Data of Racemic a-Arylaldehydes

The racemic a-arylaldehydes 1 were synthesized by Wittig methoxymethyle-
nation of ketones wusing (methoxymethyl)triphenylphosphonium chloride

(MeOCH,PPh;Cl) and +-BuOK as base, followed by acid catalyzed hydrolysis."!
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General procedure: A suspension of PhsPCH,OCH;CI (25.9 g, 75 mmol) in ether
(200 mL) was cooled to 0 °C and ‘BuOK (80 mmol) was added in potions to give a
dark red solution. After stirring for 0.5 h, a solution of ketone (50 mmol) in ether (50
mL) was added dropwise and the mixture was stirred at this temperature for 0.5 h and
then warmed up to room temperature. When the reaction completed (TLC monitor)
the mixture was poured into water and extracted with AcOEt. The extract was washed
with water and brine, dried over MgSQO,, and concentrated. The residue was purified
on a silica gel column with AcOEt/petroleum as eluent to afford the enol-methyl
ether.

The enol-methyl ether was dissolved in Et;O (150 mL) and to this solution was
slowly added a 70% aqueous solution of HCIO4 (5 mL). After stirring for several
minutes (TLC monitor) at room temperature the mixture was added slowly to
saturated NaHCO; solution (100 mL). The organic phase was separated and the
aqueous phase was extracted with Et,O. The combined organic phase was dried over
MgSOs4, and the solvent was removed under reduced pressure. The residue was
purified on a silica gel column with AcOEt/petroleum as eluent to afford the

corresponding o-arylaldehyde.

3-Methyl-2-(2-methylphenyl)butanal (1f)

Colorless liquid, 62% yield. "H NMR (300 MHz, CDCl3) 6 0.76 (d, J = 6.6 Hz, 3H),
1.07 (d, J = 6.6 Hz, 3H), 2.33 (s, 3H), 2.36-2.47 (m, 1H), 3.47 (dd, J = 3.6, 9.9 Hz,
1H), 7.12—7.20 (m, 4H), 9.58 (d, J = 3.6 Hz, 1H); °C NMR (75 MHz, CDCl5) § 20.0,
20.1, 21.3, 28.9, 62.2, 126.5, 127.2, 128.1, 130.9, 134.0, 137.7, 200.5. HRMS (EI)
calcd for CoH60 (M+): 176.1271. Found: 176.1286.
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3-Methyl-2-(3-methylphenyl)butanal (1h)

_0

Colorless liquid, 71% yield. "H NMR (300 MHz, CDCl3) & 0.75 (d, J = 6.9 Hz, 3H),
1.01 (d, J = 6.9 Hz, 3H), 2.32 (s, 3H), 2.34-2.43 (m, 1H), 3.10 (dd, J = 3.3, 9.6 Hz,
1H), 6.95-7.21 (m, 4H), 9.66 (d, J= 3.0 Hz, 1H); °C NMR (75 MHz, CDCl5) § 20.1,
21.2, 21.4, 28.7, 66.9, 126.4, 128.2, 128.8, 130.1, 135.5, 138.5, 200.9. HRMS (EI)
calcd for CoH;60 (M+): 176.1271. Found: 176.1279

3-Methyl-2-(3-methoxyphenyl)butanal (1i)

Colorless oil, 63% yield. 'H NMR (400 MHz, CDCl3) & 0.75 (d, J = 6.8 Hz, 3H),
1.01 (d, J = 6.8 Hz, 3H), 2.33-2.40 (m, 1H), 3.11 (dd, J = 3.2, 7.2 Hz, 1H), 3.76 (s,
3H), 6.71-6.81 (m, 3H), 7.24 (t, J = 8.0 Hz, 1H), 9.65 (d, J = 3.6 Hz, 1H); °C NMR
(100 MHz, CDCls) & 20.3, 21.36, 28.9, 55.3, 67.1, 112.8, 115.3, 121.8, 130.1, 137.3,
160.2, 201.0. HRMS (EI) calcd for C1,H60, (M"): 192.1221. Found: 192.1218.

3-Methyl-2-(4-methylphenyl)butanal (1j)

_0
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Colorless liquid, 60% yield. '"H NMR (300 MHz, CDCl3) § 0.75 (d, J = 6.6 Hz,
3H), 1.02 (d, J = 6.6 Hz, 3H), 2.34-2.41 (m, 4H), 3.12 (dd, J= 3.0, 9.3 Hz, 1H), 7.05
(d, J=8.1 Hz, 2H), 7.15 (d, J = 8.1 Hz, 2H), 9.65 (d, J = 3.0 Hz, 1H); >C NMR (75
MHz, CDCls) 6 20.1, 21.0, 21.2, 28.7, 66.5, 129.2, 129.6, 132.4, 137.1, 201.0. HRMS
(ED) caled for C,H;60 (M+): 176.1271. Found: 176.1288.

3-Methyl-2-(4-methoxyphenyl)butanal (1k)

Colorless oil, 75% yield. 'H NMR (400 MHz, CDCl3) & 0.74 (d, J = 6.4 Hz, 3H),
1.01 (d, J = 6.8 Hz, 3H), 2.34 (m, 1H), 3.10 (dd, J = 3.2, 9.2 Hz, 1H), 3.78 (s, 3H),
6.87 (d, J= 8.8 Hz, 2H), 7.07 (d, J = 8.8 Hz, 2H), 9.64 (d, J = 3.2 Hz, 1H); °C NMR
(100 MHz, CDCl3) & 21.2, 21.4, 28.9, 55.4, 66.2, 114.6, 127.5, 130.5, 159.2, 201.2.
HRMS (EI) calcd for C1,H60, (M"): 192.1221. Found: 192.1229.

3-Methyl-2-(4-chlorophenyl)butanal (1)

Cl

Colorless oil, 58% yield. 'H NMR (300 MHz, CDCls) & 0.76 (d, J = 6.9 Hz, 3H),
1.03 (d, J = 6.6 Hz, 3H), 2.34-2.44 (m, 1H), 3.18 (dd, J = 3.3, 9.6 Hz, 1H), 7.13 (d, J
= 8.4 Hz, 2H), 7.33 (d, J = 8.7 Hz, 2H), 9.68 (d, J = 3.3 Hz, 1H); °C NMR (75 MHz,
CDCl3) § 19.9, 21.1, 28.9, 66.0, 129.1, 130.6, 133.5, 134.1, 200.5. HRMS (EI) calcd
for C11H3CI1O (MY): 196.0725. Found: 196.0737.
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3-Methyl-2-(naphthalen-2-yl)butanal (1m)

oo he

Colorless oil, 70% yield. 'H NMR (400 MHz, CDCls) ¢ 0.81 (d, J = 6.8 Hz, 3H),
1.19 (d, J= 6.4 Hz, 3H), 2.65 (m, 1H), 4.09 (m, 1H), 7.38 (m, 1H), 7.46-7.61 (m, 3H),
7.81-7.91 (m, 2H), 8.16 (m, 1H), 9.71 (d, J = 2.8 Hz, 1H); C NMR (100 MHz,
CDCl3) 6 20.5, 21.8, 29.3, 61.6, 123.5, 125.7, 126.2, 126.8, 128.4, 129.3, 132.0, 133.0,
134.5, 200.5. HRMS (EI) calced for Cy5H;60 (M"): 212.1201. Found: 212.1189.

2-Cyclohexyl-2-(4-methylphenyl)acetaldehyde (1n)

0

Colorless oil, 61% yield. "H NMR (300 MHz, CDCl3) & 0.75-1.84 (m, 10H), 2.05
(m, 1H), 2.29 (s, 3H), 3.18 (dd, J = 3.0, 6.3 Hz, 1H), 7.04 (d, J = 7.8 Hz, 2H), 7.12 (d,
J=17.8 Hz, 2H), 9.64 (d, J = 3.3 Hz, 1H); >C NMR (75 MHz, CDCls) & 21.0, 26.1,
26.4, 30.2, 31.9, 38.1, 65.4, 129.2, 129.6, 132.2, 137.0, 200.8 HRMS (EI) calcd for
C15H200 (M"): 216.1584. Found: 216.1600.

2-Cyclohexyl-2-(4-methoxyphenyl)acetaldehyde (10)

0O
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White solid, Mp 39-41 °C, 74% yield. 'H NMR (300 MHz, CDCls) 6 0.76—1.84 (m,
10H), 2.03 (m, 1H), 3.20 (dd, J = 3.3, 9.6 Hz, 1H), 3.79 (s, 3H), 6.90 (d, J = 8.7 Hz,
2H), 7.10 (d, J = 8.7 Hz, 2H), 9.65 (d, J = 3.6 Hz, 1H); *C NMR (75 MHz, CDCl;) &
26.1,26.3,30.2, 31.8, 38.1, 55.2, 64.9, 114.4, 127.1, 130.3, 159.0, 201.1. HRMS (EI)
caled for CisHagO, (MY): 232.1463. Found: 232.1450.

(B) General Procedure for the Preparation of Catalysts 3!

General procedure: SDP ligand (0.132 mmol) and [(C¢Hg)RuCl,], (30 mg, 0.06
mmol) were dissolved in anhydrous and degassed DMF (4 mL) under nitrogen. The
reaction mixture was heated to 100-110 °C for 3—4 hours, then the solution of
1,2-diamine (0.132 mmol) in 1 mL DMF was added and the reaction was allowed to
warm to room temperature while stirring overnight. The solvent was removed under
high vacuum at 50 °C, and the residue was dried at room temperature to give the
catalysts 3 as orange to red brown solid. The catalysts 3 were used directly in the
catalytic reactions without further purification. °>'P NMR (121 MHz, CDCls) of the

catalysts:

[RuCLy((S)-DMM-SDP)((R,R)-DPEN)] ((S,RR)-3f): & 46.43 (s)
[RuCL((R)-Xyl-SDP)((S)-DAIPEN)] ((R.S)-39): 5 36.60 (s), 36.65 (s)
[RuCly((S)-Xyl-SDP)((S)-DAIPEN)] ((S,5)-3h): & 36.82 (s), 36.76 (s)
[RuCL((S)-Xyl-SDP)((R,R)-DACH)] ((S,RR)-3i): & 47.93 (s), 46.00 (s)
[RuCLy((S)-DMM-SDP)((R,R)-DACH)] ((S,RR)-3]): 5 46.05 (s), 45.36 (s)

(C) General Procedure for Asymmetric Hydrogenation of Aldehydes
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General Procedure: The catalyst (0.002 mmol) was placed in a 30 mL
hydrogenation vessel. Anhydrous i-PrOH (8.0 mL) was introduced with a syringe and
the vessel was purged with hydrogen and pressurized to 20 atm. After released the
pressure, o-arylaldehydes (2 mmol) and a solution of #+BuOK in i-PrOH (0.2
mmol/mL, 2.0 mL, 0.4 mmol) were added. The vessel was purged with hydrogen and
pressurized to 50 atm. After stirred at room temperature for 8 h, the reaction was
stopped. The reaction mixture was filtered through a short silica gel column, and the
filtrate was diluted with acetone and analyzed by GC to determine the conversion.
Enantioselectivity of the alcohol was determined by GC or HPLC after flash

chromatography on a silica gel column.

(S)-2-Phenylpropan-1-ol (2a) *!

Colorless oil, 78% ee, [a]p> —10.8 (¢ 1.0, CHCl;); '"H NMR (400 MHz, CDCl;) &
1.27 (d, J = 6.8 Hz, 3H), 2.93 (m, 1H), 3.70 (m, 2H), 7.25 (m, 3H), 7.33 (m, 2H). The
ee value of 2a was determined by GC analysis using a Supelco f-DEX 225 column
[25 m x 0.25 mm % 0.25 pm; N, 1 mL/min, programmed from 100 °C to 180 °C at 0.5

°C/min; g (minor) = 20.97 min, fg (major) = 22.07 min].

(S)-2-Phenylbutan-1-ol (2b) ™

-
O/:\/OH

Colorless oil, 86% ee, [a]p™’ —24.7 (¢ 1.0, CHCl;); "H NMR (400 MHz, CDCl3) &
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0.84 (t,J = 8.0 Hz, 3H), 1.38 (m, 1H), 1.57 (m, 1H), 1.76 (m, 1H), 3.70 (m, 1H), 3.79
(m, 2H), 7.21-7.36 (m, 5H). The ee of 2b was determined by GC using a Supelco
S-DEX 225 column [25 m % 0.25 mm X 0.25 um; N; 1 mL/min, programmed from
100 °C to 180 °C at 0.5 °C/min; g (minor) = 26.23 min, #g (major) = 26.78 min].

(S)-3-Methyl-2-phenylbutan-1-ol (2c)

~

Colorless oil, 96% ee, [a]p™ +11.3 (¢ 1.0, CHCl;); '"H NMR (400 MHz, CDCl;) &
0.72 (d,J=6.8 Hz, 3H), 1.00 (d, /= 6.8 Hz, 3H), 1.92 (m, 1H), 2.51 (m, 1H), 3.83 (m,
1H), 3.93 (m, 1H), 7.18-7.25 (m, 3H), 7.33 (m, 2H). The ee value of 2c was
determined by HPLC analysis using a Daicel Chiralcel AD-H column [25 cm x 0.46
cm ID; 'PrOH/Hex = 2:98, 1.0 mL/min, 254 nm; fz (minor) = 9.09 min, z (major) =
9.90 min].

(S)-Cyclopentyl-2-phenylethan-1-ol (2d) "

L

Colorless oil, 92% ee, [a]p™ +17.5 (¢ 1.0, CHCl;); '"H NMR (400 MHz, CDCl;) &
0.99-2.08 (m, 9H), 2.55 (m, 1H), 3.75 (m, 1H), 3.88 (m, 1H), 7.20-7.33 (m, SH). The
ee value of 2d was determined by HPLC analysis using a Chiralpak OJ-H column [25
cm % 0.46 cm ID; 'PrOH/Hex = 1:99, 0.6 mL/min, 254 nm; tx (minor) = 23.81 min, g
(major) = 25.49 min].
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(S)-2-Cyclohexyl-2-phenylethan-1-ol (2¢e)

@

O/?VOH

White solid, Mp 49-51 °C, 92% ee, [a]p™’ +5.6 (¢ 1.2, CHCl3); "H NMR (400 MHz,
CDCls) 6 0.75-1.86 (m, 11H), 2.58 (m, 1H), 3.84 (m, 1H), 3.95 (m, 1H), 7.16-7.35
(m, 5H). The ee value of 2e was determined by HPLC analysis using a Daicel
Chiralcel OD-H column [25 cm x 0.46 cm ID; ‘PrOH/Hex = 1:99, 1.0 mL/min, 254

nm; fg (minor) = 16.59 min, g (major) = 17.99 min].
(S)-3-Methyl-2-(2-methylphenyl)butan-1-ol (2f)

~

Colorless oil, 95% ee, [a]p> +10.5 (¢ 1.1, CHCl;); 'H NMR (400 MHz, CDCl;) &
0.74 (d, J= 6.8 Hz, 3H), 1.05 (d, /= 6.8 Hz, 3H), 1.91 (m, 1H), 2.35 (s, 3H), 2.85 (m,
1H), 3.72 (m, 1H), 3.87 (m, 1H), 7.10-7.20 (m, 5H); °C NMR (100 MHz, CDCl;) &
20.6,21.1, 21.5, 31.0, 50.0, 65.4, 126.3, 126.4, 126.5, 130.7, 138.0, 140.9; HRMS (EI)
caled for Cj,H;30: 178.1358. Found: 178.1356. The ee value of 2f was determined by
HPLC analysis using a Daicel Chiralcel OD-H column [25 cm x 0.46 cm ID;
‘PrOH/Hex = 0.5:99.5, 1.0 mL/min, 254 nm; fz (major) = 25.85 min, fzx (minor) =
29.13 min].

(S)-3-Mthyl-2-(2-chlorophenyl)butan-1-ol (2j)
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Cl
Colorless oil, 93% ee, [a]p™ +15.7 (¢ 1.0, CHCl;); "H NMR (400 MHz, CDCl3) &
0.76 (d, J= 6.8 Hz, 3H), 1.03 (d, J= 6.8 Hz, 3H), 1.98 (m, 1H), 3.20 (m, 1H), 3.85 (m,
2H), 7.10-7.40 (m, 4H); C NMR (100 MHz, CDCl3) & 20.8, 21.2, 30.2, 50.5, 64.4,
127.1, 127.7, 128.7, 130.0, 135.7, 140.2; HRMS (EI) calcd for C;;H;5sClO: 198.0811.
Found: 198.0811. The ee value of 2g was determined by HPLC analysis using a

Chiralpak AD-H column [25 ¢cm x 0.46 cm ID; ‘PrOH/Hex = 0.5:99.5, 1.0 mL/min; fx

(minor) = 19.28 min, #g (major) = 20.75 min].
(S)-3-Methyl-2-(3-methylphenyl)butan-1-ol (2h)

~

Colorless oil, 89% ee, [a]p™ +10.4 (¢ 1.2, CHCl;); 'H NMR (400 MHz, CDCl;) &
0.73 (d, J= 6.8 Hz, 3H), 1.00 (d, J = 6.8 Hz, 3H), 1.25 (s, 1H), 1.90 (m, 1H), 2.35 (s,
3H), 2.46 (m, 1H), 3.77 (m, 1H), 3.90 (m, 1H), 6.90—7.23 (m, 4H); °C NMR (100
MHz,CDCl3) & 21.2, 21.3, 21.8, 30.3, 56.0, 65.5, 125.9, 127.7, 128.6, 129.8, 138.3,
141.8; HRMS (EI) calcd for C,H;50: 178.1358. Found: 178.1356. The ee value of 2h
was determined by HPLC analysis using a Chiralpak AD-H column [25 cm X 0.46 cm
ID; 'PrOH/Hex = 1:99, 1.0 mL/min, 254 nm, fz (minor) = 14.63 min; fz (major) =
15.63 min].

(S)-3-Methyl-2-(3-methoxyphenyl)butan-1-ol (2i)
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Colorless oil, 93% ee, [a]p™’ +11.5 (¢ 1.0, CHCl;); "H NMR (400 MHz, CDCl3) &
0.73 (d, J = 6.8 Hz, 3H), 1.00 (d, J = 6.8 Hz, 3H), 1.27 (brs, 1H), 1.91 (m, 1H), 2.46
(m, 1H), 3.78 (m, 4H), 3.90 (m, 1H), 6.74—6.79 (m, 3H), 7.25 (m, 1H); *C NMR (100
MHz, CDCls) 6 21.2, 21.3, 30.3, 55.4, 56.1, 65.4, 111.9, 114.9, 121.2, 129.7, 143.7,
159.9; HRMS (EI) calcd for C1,H;30,: 194.1307. Found: 194.1305. The ee value of
2i was determined by HPLC analysis using a Chiralpak AD-H column [25 cm x 0.46
cm ID; ‘PrOH/Hex = 1:99, 1.0 mL/min, 254 nm; tx (minor) = 31.23 min, fz (major) =
33.67 min].

(S)-3-Methyl-2-(4-methylphenyl)butan-1-ol (2j)

~

/@/_\/OH

Colorless oil, 93% ee, [a]p™ +10.3 (¢ 1.1, CHCl;); "H NMR (400 MHz, CDCl3) &
0.73 (d, J= 7.2 Hz, 3H), 1.00 (d, J = 7.2 Hz, 3H), 1.37 (brs, 1H), 1.89 (m, 1H), 2.34
(s, 3H), 2.47 (m, 1H), 3.76 (m, 1H), 3.88 (m, 1H), 7.06-7.14 (m, 4H); *C NMR (100
MHz, CDCls) 6 21.2, 21.3, 30.3, 55.6, 65.4, 128.8, 129.4, 136.4, 138.7; HRMS (EI)
calcd for CpH;3O: 178.1358. Found: 178.1361. The ee value of 2j was determined by
HPLC analysis using a Chiralpak AD-H column [25 c¢m % 0.46 cm ID; ‘PrOH/Hex =

1:99, 1.0 mL/min, 254 nm; g (minor) = 13.32 min, #g (major) = 16.30 min].

(S)-3-Methyl-2-(4-methoxyphenyl)butan-1-ol (2k) !
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Colorless oil, 94% ee, [a]p™’ +11.3 (¢ 1.0, CHCl;); "H NMR (400 MHz, CDCl3) &
0.72 (d,J=7.2 Hz, 3H), 0.98 (d, /= 7.2 Hz, 3H), 1.86 (m, 1H), 2.45 (m, 1H), 3.78 (m,
4H), 3.92 (m, 1H), 6.86 (d, J = 8.8 Hz, 2H), 7.10 (d, J = 8.8 Hz, 2H). The ee value of
2k was determined by HPLC analysis using a Chiralpak AD-H column [25 cm x 0.46
cm ID; ‘PrOH/Hex = 1:99, 1.0 mL/min, 254 nm; tz (minor) = 20.67 min, fz (major) =
24.70 min].

(S)-3-Methyl-2-(4-chlorophenyl)butan-1-ol (21) ™

~

Cl

Colorless oil, 90% ee, [a]p™’ +8.0 (¢ 1.0, CHCl;); 'H NMR (400 MHz, CDCl;) &
0.72 (d,J=6.8 Hz, 3H), 1.00 (d, /= 6.8 Hz, 3H), 1.89 (m, 1H), 2.48 (m, 1H), 3.79 (m,
1H), 3.91 (m, 1H), 7.13 (d, J = 8.4 Hz, 2H); 7.29 (d, J = 8.4 Hz, 2H). The ee value of
2l was determined by HPLC analysis using Chiralpak AD-H column [25 cm x 0.46
cm ID; ‘PrOH/Hex = 1:99, 1.0 mL/min, 254 nm]; fz (minor) = 17.59 min, #z (major) =
21.43 min].

(S)-3-Methyl-2-(naphthane-2-yl)butan-1-ol (2m) "

~

e

Colorless oil, 89% ee, [a]p™ +17.2 (¢ 1.0, CHCl;); "H NMR (400 MHz, CDCl3) &
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0.79 (d, J=6.8 Hz, 3H), 1.10 (d, /= 6.8 Hz, 3H), 2.17 (m, 1H), 3.50 (m, 1H), 4.04 (m,
2H), 7.43-7.54 (m, 4H), 7.76 (d, J= 8.0 Hz, 1H), 7.87 (d, J = 8.0 Hz, 1H), 8.15 (d, J =
8.0 Hz, 1H). The ee value of 2m was determined by HPLC analysis using a Chiralpak
AD-H column [25 cm %X 0.46 cm ID; ‘PrOH/Hex = 1:99, 1.0 mL/min, 254 nm; g

(minor) = 28.92 min, #g (major) = 30.89 min].

(S)-2-Cyclohexyl-2-(4-methylphenyl)ethan-1-ol (2n) '

@
o

White solid, Mp 62—64 °C, 92% ee, [a]p™’ +6.9 (¢ 1.0, CHCl3); "H NMR (400 MHz,
CDCl3) 6 0.76 —1.74 (m, 10H), 1.84 (m, 1H), 2.32 (s, 3H), 2.52 (m, 1H), 3.79 (m, 1H),
3.92 (m, 1H), 7.06-7.14 (m, 4H). The ee value of 2n was determined by HPLC
analysis using a Chiralcel OD-H column [25 cm % 0.46 cm ID; ‘PrOH/Hex = 1:99, 1.0

mL/min, 254nm; #g (minor) = 21.52 min, #g (major) = 22.87 min].

(S)-2-Cyclohexyl-2-(4-methoxyphenyl)ethan-1-ol (20) !'"

@

/@/\/OH
o

White solid, Mp 57-59 °C, 94% ee, [a]p>" +7.0 (¢ 1.0, CHCl;); '"H NMR (400 MHz,
CDCls) 8 0.76-1.75 (m, 10H), 1.85 (m, 1H), 2.53 (m, 1H), 3.75 (m, 1H), 3.80 (s, 3H),
3.92 (m, 1H), 6.87 (d, J = 8.7 Hz, 2H), 7.10 (d, J = 8.7 Hz, 2H). The ee value of 20

was determined by HPLC analysis using a Chiralcel OD-H column [25 cm x 0.46 cm
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ID; ‘PrOH/Hex = 1:99, 1.0 mL/min, 254nm; fx (major) = 21.88 min, #z (minor) =
26.58 min].

(D) Synthesis of (S)-2-(4-Chlorophenyl)-3-methylbutanoic acid (4)!"*!

~ ~
/@/\/OH Jones oxidation /@/\H/OH
Cl Cl ©
(S)-2h (S)-4

To a stirred solution of (S)-2-(4-chlorophenyl)-3-methylbutan-1-ol ((S)-2l) (200 mg,
I mmol) in acetone (10 mL) was added dropwise Jones reagent at 0 °C until the
orange color of the mixture disappeared (within 5 min). Then, 1 mL of isopropanol
was added to destroy the excess Jones reagent and the solvent was removed under
reduced pressure. The residue was poured into 10 mL water, acidified with 1N HCI
and extracted with EtOAc (2 x 10 mL). The organic extract was washed with brine,
dried over anhydrous Na,SO4 and concentrated under reduced pressure. The residue
was purified by chromatography on a silica gel column (AcOEt/petroleum = 1/5) to
give (S)-4 (208 mg, 97% yield) as white solid. Mp 89-91 °C, 90% ee. [a]p® +37.3 (¢
1.0, CHCl;); '"H NMR (400 MHz, CDCl3) 8 0.70 (d, J = 6.0 Hz, 3H), 1.06 (d, J = 6.4
Hz, 3H), 2.28 (m, 1H), 3.12 (d, J = 10.4 Hz, 1H), 7.25-7.28 (m, 4H). The ee value of

(5)-4 was determined by chiral HPLC after converting to the alcohol.

(E) Synthesis of BAY x 1005

Synthesis of 2-cyclopentyl-2-(4-hydroxyphenyl)acetaldehyde
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HO

2-Cyclopentyl-2-(4-hydroxyphenyl)acetaldehyde  was synthesized  from
cyclopentyl-(4-(methoxymethoxy)phenyl)methanone using the same procedure as that
described in (A). White solid, 64% yield (two steps), Mp 99-101 °C. '"H NMR (400
MHz, CDCl3) 6 1.00-2.10 (m, 8H), 2.47 (m, 1H), 3.23 (dd, J = 3.2, 10.4 Hz, 1H),
6.00 (brs, 1H), 6.80 (d, J = 8.4 Hz, 2H), 7.04 (d, J = 8.4 Hz, 2H), 9.61 (d, J = 2.8 Hz,
1H); >C NMR (100 MHz, CDCl3) & 24.7, 25.5, 30.9, 31.2, 40.3, 64.6, 116.2, 128.0,
130.4, 155.4, 202.1. HRMS (MALDI) calcd for C;3H;60, (M'+1): 204.1150. Found:
204.1139.

Synthesis of 2-cyclopentyl-2-(4-(quinolin-2-ylmethoxy)phenyl)acetaldehyde (5)

m
z @)
N

NS

@)

To a mixture of 2-cyclopentyl-2-(4-hydroxyphenyl)acetaldehyde (3.0 g, 15 mmol),
anhydrous potassium carbonate (5.0g, 36 mmol) and 25 mL of dry DMF in a
three-necked flask equipped with thermometer, stirrer and a condenser, a solution of
2-(chloromethyl)quinoline (3.0 g, 17 mmol) in 20 mL of dry DMF was added under
nitrogen atmosphere at 70—-80 °C. After the addition (0.5 h), the reaction mixture was
kept at 70-80 °C for 5 h to complete the reaction (TLC monitor). The reaction
mixture was cooled to room temperature, poured into 150 mL of water, extracted by
EtOAc (4 x 50 mL). The combined organic layer was dried over Na,SO; and
concentrated under reduced pressure. The obtained residue was purified by a flash
chromatography on a silica gel column (EtOAc/petroleum ether = 1/5) to provide
product 5 (4.6 g, 91%) as a white solid. Mp 79-81 °C. '"H NMR (400 MHz, CDCls) &
0.82—-1.94 (m, 8H), 2.46 (m, 1H), 3.22 (d, J = 10.4 Hz, 1H), 5.36 (s, 2H), 7.00 (d, J =
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6.8 Hz, 2H), 7.10 (d, J = 6.8 Hz, 2H), 7.52-7.82 (m, 4H), 8.06 (d, J = 8.4 Hz, 1H),
8.17 (d, J = 8.4 Hz, 1H), 9.61 (d, J = 2.8 Hz, 1H). °*C NMR (100MHz, CDCl;): &
247, 25.4, 30.8, 31.2, 64.5, 71.5, 115.5, 119.3, 126.7, 127.8, 127.9, 128.9, 129.1,
129.9, 130.4, 137.2, 147.8, 158.0, 200.9. HRMS (MALDI) calcd for Cy3H,4NO,
(M*+1): 346.1807. Found: 346.1797.

Synthesis of (R)-2-cyclopentyl-2-(4-(quinolin-2-yImethoxy)phenyl)ethanol (6 )

m
7 0]
N

OH

(R)-2-Cyclopentyl-2-(4-(quinolin-2-ylmethoxy)phenyl)ethanol 6 was synthesized
by the hydrogenation of aldehyde 5 using (R,SS)-3] as catalyst according to the same
procedure as that for the hydrogenation of a-arylaldehydes.

White solid, Mp 106-108 °C, 97% yield, 90% ee. [a]p”" —10.8 (¢ 1.0, CHCl;).
'H NMR (400MHz, CDCls) & 0.82—1.98 (m, 9H), 2.48 (m, 1H), 3.68 (m, 1H), 3.85
(m, 1H), 5.37 (s, 2H), 6.95 (d, J = 8.4 Hz, 2H), 7.11 (d, J = 8.4 Hz, 2H), 7.55 (t, J =
7.2 Hz, 1H), 7.67-7.76 (m, 2H), 7.82 (d, J = 8.0 Hz, 1H), 8.06 (d, J = 8.4 Hz, 1H),
8.16 (d, J= 8.4 Hz, 1H). °C NMR (100MHz, CDCl3): & 24.7, 25.6, 31.6, 31.9, 42.8,
54.2,66.8, 71.4, 115.1, 119.3, 126.7, 127.8, 127.9, 129.1, 129.6, 129.9, 135.5, 137.2,
147.7,157.4, 158.3. HRMS (MALDI) calcd for C,3HyNO, (M +1): 348.1964. Found:
348.1952. The ee value of 6 was determined by HPLC analysis using a Chiralpak
AD-H column [25 ¢cm X 0.46 cm ID; 'PrOH/Hex = 10:90, 1.0 mL/min, 254 nm; tx

(major) = 23.73 min, fg (minor) = 26.13 min].

Synthesis of BAY x 1005 ['*!
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m
7 0]
N

A mixture of 6 (750 mg, 2.2 mmol, 98% ee), TEMPO (7.0 mg, 44 umol), MeCN
(15 mL), and sodium phosphate (10 mL, 0.67 M, pH = 6.7) is heated to 35°C. The 0.1
mL of bleach (effective Cl >10%) was slowly added, and then a solution of NaClO,
(450 mg, 5 mmol) in 25 mL water was added dropwise within 30 minutes. The
resulted mixture was stirred at 35 °C for 40 h to complete the reaction (TLC monitor).
The reaction mixture was extracted with chloroform (3 x 25 mL) and dried over
anhydrous Na,SOs. The organic solvent was removed under reduced pressure and the
residue was purified by flash chromatography on a silica gel column
(EtOAc/petroleum ether = 1/1) to provide product (690 mg, 89%) as a white solid.
Mp: 169-171 °C, 98% ee (R). [a]p" —40.5 (¢ 1.0, CHCl;). '"H NMR (400MHz, CDCl5)
5 0.95-1.98 (m, 8H), 2.54 (m, 1H), 3.25 (d, J=11.2 Hz, 1H), 5.28 (q, 2H), 6.95 (d, J
= 8.4 Hz, 2H), 7.11 (d, J = 8.4 Hz, 2H), 7.54 (m, 1H), 7.70-7.80 (m, 3H), 8.12-8.21
(m, 2H).

The ee value of BAY x 1005 was determined by chiral HPLC after converting to

the alcohol.

(F) Hydrogenation of Aldehyde 1c with D,

S,RR)-3j
0 , p, ( )-3i OH

KO'Bu, 'PrOH, 80 atm, r.t

The hydrogenation of aldehyde 1c with D, catalyzed by (R,SS)-3] was carried out
using the same procedure as that with H,. The '"H NMR analysis showed that the

deuteration took place at a-position (58%), and less than 5% deuterium was observed
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at A-position. "H NMR (400 MHz, CDCLy): 8 0.72 (d, J = 8.8 Hz, 3H), 0.99 (d, J = 8.8
Hz, 3H), 1.16 (s, 0.87H), 1.94 (m, 1H), 2.51 (m, 0.96H), 3.82 (m, 1H), 3.91 (m,
0.42H), 7.18-7.35 (m, SH).
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(G) NMR Spectra for New a-Arylaldehydes and Chiral Primary Alcohols

3-Methyl-2-(2-methylphenyl)butanal (1f)
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3-Methyl-2-(3-methylphenyl)butanal (1h)
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3-Methyl-2-(3-methoxyphenyl)butanal (1i)
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3-Methyl-2-(4-methylphenyl)butanal (1))
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3-Methyl-2-(4-methoxyphenyl)butanal (1k)
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3-Methyl-2-(4-chlorophenyl)butanal (1I)
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3-Methyl-2-(naphthalen-2-yl)butanal (1m)
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2-Cyclohexyl-2-(4-methylphenyl)acetaldehyde (1n)
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2-Cyclohexyl-2-(4-methoxyphenyl)acetaldehyde (10)
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(S)-3-Methyl-2-(3-methylphenyl)butan-1-ol (2h)
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(S)-3-Methyl-2-(3-methoxyphenyl)butan-1-ol (2i)
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(S)-3-Methyl-2-(4-methylphenyl)butan-1-ol (2j)
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2-Cyclopentyl-2-(4-hydroxyphenyl)acetaldehyde
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2-Cyclopentyl-2-(4-(quinolin-2-ylmethoxy)phenyl)acetaldehyde 5
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2-Cyclopentyl-2-(4-(quinolin-2-ylmethoxy)phenyl)ethanol 6
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BAY x 1005
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(H) GC or HPLC Chart for Hydrogenation Product and Other Compounds

(S)-2-Phenylpropan-1-ol (2a)
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(S)-2-Phenylbutan-1-ol (2b)

FID1 A, (ZZT\R-ETH000.D)
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(S)-3-Methyl-2-phenylbutan-1-ol (2c)
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(S)-Cyclopentyl-2-phenylethan-1-ol (2d)

WVWD1 A, Wavelength=254 nm (XJB\ZZT00013.D)
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VYWD1 A, Wavelength=254 nm (XJB\ZZT00006.D)
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(S)-2-Cyclohexyl-2-phenylethan-1-ol (2e)
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(S)-3-Methyl-2-(2-methylphenyl)butan-1-ol (2f)

VWD1 A, Wavelength=254 nm (XJB\ZZT00025.D)
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(S)-3-Methyl-2-(2-chlorophenyl)butan-1-ol (2j)

VWD A Wavelength=254 nm (XJB\WZZT00026.0)
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(S)-3-Methyl-2-(3-methylphenyl)butan-1-ol (2h)

VWD1 A, Wavelength=254 nm (XJB\ZZT00030.D)
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(S)-3-Methyl-2-(3-methoxyphenyl)butan-1-ol (2i)
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(S)-3-Methyl-2-(4-methylphenyl)butan-1-ol (2j)
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(S)-3-Methyl-2-(4-methoxyphenyl)butan-1-ol (2k)
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(S)-3-Methyl-2-(4-chlorophenyl)butan-1-ol (21)

=] (=] [=]
R P S
——————17425

21.798

)

OH

T A R Sy B
14.00 16.00 18.00

[ E—
20.00

T
22.00

Minutes

[
28.00

30.00

0.10+

0.05

21.434

LW&&&

0.00

LI B T T T
14.00 16.00 18.00

L B
20.00

T T
22.00

Minutes

T T
24.00

RT

Area

% Area

Height

-

17.585

607193

5.08

24925

2121434

11348509

94.92

228703

S49

LI L
28.00

T
30.00



(S)-3-Methyl-2-(naphthane-2-yl)butan-1-ol (2m)
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(S)-2-Cyclohexyl-2-(4-methylphenyl)ethan-1-ol (2n)
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(S)-2-Cyclohexyl-2-(4-methoxyphenyl)ethan-1-ol (20)
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(R)-2-Cyclopentyl-2-(4-(quinolin-2-ylmethoxy)phenyl)ethanol 6
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