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1. General Information.

'H and **C NMR spectra were obtained at 25 °C on a Varian Mercury 300 spectrometer. *H

NMR chemical shifts were reported in & units, in ppm relative to the singlet at 7.26 ppm for

CDCl; and 7.16 ppm for C¢Ds.  *C NMR spectra were reported in terms of chemical shift (5,
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ppm) relative to the triplet at 6 = 77.0 ppm for CDCl; and 128.0 ppm for C¢Dg. Infrared

spectra were recorded on a JASCO FT/IR-230 spectrometer. Column chromatography was
performed with a silica gel column (Kanto Kagaku, Silica gel 60). 1a and 1b were prepared
by the reported method.>* Chiral alcohols 6-9 were purchased from Aldrich and used without
further purification.  Optically pure 5-(S) and 5-(R) (>99% ee) were prepared by
hydrogenation of 9-acetylanthracene catalyzed by the (S,S)-phebox-Ru la and the
(R,R)-phebox-Ru 1a’. Ether 12-(S) was prepared from 5-(S) by the reported method.>?

2. General procedures for hydrogenation.

A stainless steel autoclave was charged with 1a (6.3 mg, 0.005 mmol), NaOMe (10.8 mg, 0.2
mmol), 5-(S) (22.2 mg, 0.1 mmol) and ketone 2 (1.0 mmol). After addition of 2-propanol
(10 mL) under an Ar atmosphere, the H, pressure was adjusted to 30 atm. The reaction
mixture was stirred at 40 °C for 24 h, and then the solvent was removed under reduced
pressure. The residue was purified by column chromatography on silica gel with ethyl
acetate/n-hexane or ethyl acetate/toluene. Enantioselectivity of products was determined by

using HPLC with a proper chiral column.

3. Characterization of 4, 7, 8, 24-31.
(S)-1-(4-methoxyphenyl)ethanol (Table 1, entry 4)
OH

MeO
4

99% vyield; 93% ee (S); HPLC analysis [Daicel Chiralpak AS-H, n-hexane/2-propanol = 95:5,
0.8 ml/min, 254 nm, tr = 26.5, ts = 34.1]; [a]o** —=48.1 (c 1.0, CHCl5); Lit.%*: [a]o® +53.5 (c
1.7, CHCI3), 94% ee (R); *H NMR (300 MHz, CDCls, rt): & = 1.49 (d, J = 6.5 Hz, 3H), 1.71
(brs, 1H), 3.81 (s, 3H), 4.87 (g, J = 6.5 Hz, 1H), 6.87-6.91 (m, 2H), 7.28-7.33 (m, 2H); *C

NMR (75 MHz, CDCls, rt): 6 = 25.1, 55.2, 69.7, 113.5, 126.4, 137.8, 158.4.
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(S)-1-(2-methoxyphenyl)ethanol (Table 2, entry 1)
OMe OH

24
99% vyield; 88% ee (S); HPLC analysis [Daicel Chiralcel OB-H, n-hexane/2-propanol = 95:5,

0.8 ml/min, 254 nm, ts = 12.8, tr = 23.8]; [a]p> = —-25.1 (c 1.1, CHCl); Lit.>* [a]o® +32.3 (c

2.0, CHCl3), 94% ee (R); *H NMR (300 MHz, CDCls, rt): § = 1.52 (d, J = 6.6 Hz, 3H), 3.88 (s,
3H), 5.10 (g, J = 6.6 Hz, 1H), 6.89 (d, J = 8.1 Hz, 1H), 6.94-6.99 (m, 1H), 7.23-7.28 (m, 1H),
7.32-7.35 (m, 1H); **C NMR (75 MHz, CDCls, rt): § = 23.0, 55.2, 66.4, 110.2, 120.5, 125.8,
128.0, 133.2, 156.1.

(S)-1-(3,4-dimethoxyphenyl)ethanol (Table 2, entry 2)

OH
MeO

MeO
25

98% yield; 86% ee; HPLC [Daicel Chiralpak AS-H, n-hexane/2-propanol = 90:10, 1.0 ml/min,

240 nm, ts = 17.9, tg = 25.5]; [o]p™ = =37.3 (c 0.99, CHCl); Lit.>®: [a]p® +43.0 (c 1.0,

CHCls), 97% ee (R); 'H NMR (300 MHz, CDCls, rt): 8 = 1.43 (d, J = 6.4 Hz, 3H), 2.45 (brs,
1H), 3.82 (s, 3H), 3.83 (s, 3H), 4.77 (q, J = 6.4 Hz, 1H), 6.77 (d, J = 8.1 Hz, 1H), 6.82 (dd, J
= 2.0, 8.1 Hz, 1H), 6.88 (d, J = 2.0 Hz, 1H); *C NMR (75 MHz, CDCls, rt): & = 25.1, 55.7,
55.8, 69.9, 108.3, 110.6, 117.1, 138.2, 147.7, 148.4.

(-)-1-(2,6-dimethoxyphenyl)ethanol (Table 2, entry 3)
OMe OH

OMe
26

81% yield; 93% ee; HPLC [Daicel Chiralcel OZ-H, n-hexane/2-propanol = 90:10, 1.0 ml/min,

230 NM, tminor = 11.5, tmgjor = 16.7]; [a]o™® = —12.2 (¢ 0.99, CHCls); *H NMR (300 MHz,
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CDCls, rt): & = 1.49 (d, J = 6.8 Hz,, 3H), 3.84 (s, 6H), 3.91 (d, J = 11.4 Hz, 1H), 5.33 (dq, J =
11.4, 6.8 Hz, 1H), 6.56 (d, J = 8.5 Hz, 2H), 7.17 (t, J = 8.5 Hz, 1H); *C NMR (75 MHz,

CDClg, rt): 6 = 23.6, 55.6, 63.9, 104.0, 120.5, 127.7, 156.9.

(S)-1-(p-Biphenyl)ethanol (Table 2, entry 4)
OH

Ph
27

98% yield; 92% ee; HPLC [Daicel Chiralpak AD-H, n-hexane/2-propanol = 95:5, 1.0 ml/min,
254 nm, ts = 14.1, tg = 15.7]; [a]o?® = —41.9 (c 1.0, CHCIs); Lit.>® gives [a]p?®—43.7 (c 0.75,
CHCl3, 99% ee (S)); 'H NMR (300 MHz, CDCls, rt): 8 = 1.56 (d, J = 6.4 Hz, 3H), 1.89 (d, J =
3.0 Hz, 1H), 4.97 (dq, J = 3.0, 6.4 Hz, 1H), 7.32-7.49 (m, 5H), 7.56-7.63 (m, 4H); °C NMR

(75 MHz, CDCls, rt): 8 = 25.2, 69.9, 125.6, 126.7, 126.9, 126.9, 128.5, 139.9, 140.4, 144.5.

(S)-1-(2,4,6-trimethylphenyl)ethanol (Table 2, entry 5)
OH

28
83% vyield, 94% ee; HPLC [Daicel Chiralcel OD-H, n-hexane/2-propanol = 98:2, 1.0 ml/min,

220 nm, tr = 15.6, ts = 16.9]; [a]o?® = —62.2 (c 1.0, CHCIs); Lit.>" gives [a]p? +37.3 (c 0.50,
CHCls, 77% ee (R)); *H NMR (300 MHz, CDCls, rt): 8 = 1.54 (d, J = 6.7 Hz, 3H), 1.68 (br,
1H), 2.26 (s, 3H), 2.43 (s, 6H), 5.37 (dg, J = 3.4, 6.7 Hz, 1H), 6.83 (s, 2H); *C NMR (75

MHz, CDCls, rt): 6 = 20.6, 20.8, 21.6, 67.2, 129.8, 135.3, 136.0, 137.3.
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(S)-1-(2’-naphthyl)ethanol (Table 2, entry 6)
OH

8
97% vyield; 91% ee; HPLC [Daicel Chiralcel OJ-H, n-hexane/2-propanol = 95:5, 0.8 ml/min,

254 nm, ts = 39.3, tgr = 54.4]; [o]p? = —46.1 (c 1.0, CHCIs); Lit.%® gives [a]o® +41.2 (c 0.50,
EtOH, 95% ee (R)); "H NMR (300 MHz, CDCls, rt): & = 1.60 (d, J = 6.3 Hz, 3H), 1.66 (br,
1H), 5.09 (q, J = 6.3 Hz, 1H), 7.44-7.53 (m, 3H), 7.82-7.86 (m, 4H); °C NMR (75 MHz,
CDCls, rt): & = 25.1, 70.0, 123.4, 123.5, 125.3, 125.7, 127.3, 127.6, 127.8, 132.4, 132.9,
142.8.

(S)-1-(2’-naphthyl)ethanol (Table 2, entry 7)

OH

7
98% vyield; 90% ee; HPLC [Daicel Chiralcel OD-H, n-hexane/2-propanol = 95:5, 1.0 ml/min,

283 nm, ts = 19.8, tg = 42.0]; [a]p?® = -58.1 (¢ 1.1, CHCIy); Lit.>® gives [a]p® +82.1 (c 1.0,
ether, 99% ee (R)); *H NMR (300 MHz, CDCls, rt): & = 1.69 (d, J = 6.5 Hz, 3H), 1.98 (d, J =
3.6 Hz, 1H), 5.69 (dg, J = 3.6, 6.5 Hz, 1H), 7.45-7.57 (m, 3H), 7.69 (d, J = 7.2 Hz, 1H), 7.78
(d, J = 8.7 Hz, 1H), 7.86-7.90 (m, 1H), 8.10-8.14 (m, 1H); 3C NMR (75 MHz, CDCls, rt): &
=245,67.1,121.7,122.9, 125.3, 125.8, 127.7, 128.6, 130.0, 133.5, 141.1.

(S)-1-phenylhexanol (Table 2, entry 11)
OH

n-C5H1 1

29
96% yield; 91% ee; HPLC [Daicel Chiralcel OB-H, n-hexane/2-propanol = 95:5, 1.0 ml/min,
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254 nm, ts = 7.2, tg = 9.5]; [a]o® = =32.3 (¢ 1.0, CHCI5); Lit.*° gives [a]p**-35.0 (c 0.88,
CHCls, 92% ee (S)); "H NMR (300 MHz, CDCls, rt): & = 0.86-0.91 (m, 3H), 1.20-1.50 (m,
6H), 1.62-1.90 (m, 3H), 4.67 (t, J = 6.5 Hz, 1H), 7.24-7.38 (m, 5H); '*C NMR (75 MHz,

CDCls, rt): 6 =14.2,22.7, 25.6, 31.8, 39.1, 74.5, 125.7, 127.1, 128.1, 144.6.

(S)-cyclohexyl(phenyl)methanol (Table 2, entry 13)
OH

30
98% vyield, 67% ee; HPLC [Daicel Chiralcel OD-H, n-hexane/2-propanol = 95:5, 1.0 ml/min,

220 nm, ts = 9.2, tg = 11.2]; [a]o®® = —22.2 (c 1.0, CHCIl3);  Lit.>* gives [a]p™ +38.0 (c 0.4,
CHCls, 96% ee (R)); *H NMR (300 MHz, CDCls, rt): & = 0.87-1.32 (m, 5H), 1.34-1.43 (m,
1H), 1.56-1.83 (m, 4H), 1.88 (s, 1H), 1.96-2.04 (m, 1H), 4.37 (d, J = 7.2 Hz, 1H), 7.23-7.38
(m, 5H); 3C NMR (75 MHz, CDCls, rt): & = 26.1, 26.2, 26.5, 28.9, 29.3, 44.9, 79.2, 126.4,
127.0, 127.8, 143.3.

(R)-phenyl(2-tolyl)methanol (Table 2, entry 15)
OH

31
97% vyield; 51% ee; HPLC [Daicel Chiralcel OJ-H, n-hexane/2-propanol = 95:5, 1.0 ml/min,

220 nm, ts = 31.0, tg = 34.8]; [a]po®® = —4.3 (c 2.0, EtOH); Lit.>"* gives [a]p-7.5 (c 5.1, EtOH,
95% ee (R)); *H NMR (300 MHz, CDCls, rt): & = 2.26 (s, 3H), 6.02(s, 1H), 7.13-7.36 (m, 8H),

7.53 (d, J = 7.2 Hz, 1H); **C NMR (75 MHz, CDCls, rt): & = 19.2, 72.8, 125.5, 126.6, 126.8,
126.9, 127.8, 129.9, 134.8, 140.9, 142.3.
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4. HPLC chartsof 4, 7, 8, 24-31. OH
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Fig. S1 HPLC charts of 4.
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Fig. S2 HPLC charts of 24.
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Fig. S9 HPLC charts of 29.
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Fig. S10 HPLC charts of 30.
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5. NMR spectraof 4, 7, 8, 24-31.
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S14



P T

20

40

60

Electronic Supplementary Material (ESI) for Chemical Communications
OH

This journal is © The Royal Society of Chemistry 2011

80

100

S15

y
.
i
1P T—, — L\ 12 -
ovret—" N ) Ia T g
-~
e - LJ; _ m ELS 88—, E
\ . sLL sS—
- ns.nol/l e ——— e ———— . |
I z85 9L
oS.FI/ ..
4 | szviL— -
stetE— | = T ”_ a -
vegre— R ) o :
RLEBOT — g
I . TWEBIT— w :
sy S— 8 g
sLLoy— - _v - e o
008" ¥ =
. LTt ————— ————
Lo
N TEL LYT— —
€sL 9 a r.m e
IS
>
-
—
) 5]
] (b}
? o &
Fe <
| e
__ =
*. < Z
L I ©
| i
0 [° <
~ f h
I [{e]
, &
d 5 _H . O O
| LL

160 140 120
Fig. S17 *C NMR spectrum of 25.

180

200

220

TYTTT



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011
OMe OH
OMe
26
33
o
|7
|
|
1 5 E
By “ Lrl
i | i!
.-.. LH 2 ':
Sgt | s 2 a (3
g | LI I N |
/A
- t i
| ,'!Jil I
I
HIJ i, J.L
™ | 7 T rrrr —i—"—r -t T 1 T T 1T 71T __'_'__|
8 7 6 5 4 3 2 1 ppm
! e e e !
0.90 0.90 3.00
1.84 8.77
Fig. S18 'H NMR spectrum of 26.
OMe OH
OMe
26
s ;
: 5 £ i
§ ¢
| |
1
|
| : &
|
|
.-Tu TT TT T TT T T T T L BALUL L BLELEL L B B L L L L L L LR LA N LI L L
220 200 180 160 140 120 100 80 60 40 20 0 ppm

Fig. S19 *C NMR spectrum of 26.

S16



Electronic Supplementary Material (ESI) for Chemical Communications
OH

This journal is © The Royal Society of Chemistry 2011

20

80 60 40

TTTTT T
100
S17

120

|
o
[
LT bl — [ 1 8 L R e —
erast—/ m | - -
L T —— 2
PO A oo ¥ s
1
t
15
868769 —
ZBS 9L T T T
Se....__.ll/
szv-i—
H $65°SET 4/
s £PL9ET
——
UREICT lc\»“\\l
3 -«.u«ﬂ.\\
_T . 697 8ET
N~ SL86ET
[ N a-.a:w. ————— sy
_. o rm BEP PIT-
| £
__ P~
o9T"L bS]
6ZE"L- L m.vn
PREL w ~ )
zserL—
09€"L- _ | ° o
- Leere—) — °. >
L ——— —e—— e r
— v '/ — | i S
--.TI....\ N _| "
weL F 1H T
BLS"L - O
009°L L o
~ Lo9°L ~
N __ % N
c _ .m N
o [ L o

T

160 140

Fig. S21 *C NMR spectrum of 27.

R EEEEEEEE RN

180

200

TT T
220

——



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011

OH
28
\J
J
! J
g |
T§ (
|
A A
Ml
e T T 7T
8 7 6 5 4 3 2 1
e — i i
1.84 5.79 0.86
0.99 3.00 3.18
Fig. S22 'H NMR spectrum of 28.
OH
28
5 8 $i3
Y g "““|/'
| |
l !
gl |
g |
il g 3
N T 2
R G R L R P Bl U L D R e AR R L R RE s ERIYERaR]EREASERE T
220 200 180 160 140 120 100 80 60 40 20

Fig. S23 *C NMR spectrum of 28.

S18



20

40

60

80

100
S19

120

140

Electronic Supplementary Material (ESI) for Chemical Communications
OH

This journal is © The Royal Society of Chemistry 2011

L
1
o
L. 1
9EG"T—
985°T _|| 1
885" T~ \
1// —| - “.a“ "
So.ul\ i % "o
RS = ) SEOT0L™
859° T L PLGOL
i 000 24—\
I str-LL—
]
-
550°§ L
LLOTS— }/ w8
860°s—' \ - o
r—— - pu.‘nuul/
3 PES"ETT
0sE°L 154798 "1 S
" — W —a
€9T°L i £oiaET
L - 3«;.2%
9P L 1r ELSLET
599" L— 4 .I - . LLL*LET
nr-....ly } [ 00 ey zer
GEF L |\ 7 | 1+ & Y TLB ZET— \\
LEP L i u - T o SE8"EPT
v05°L i ] &
T8 L- e =2 S
LES L L =
EESL i . S %
oze"L
vea L il w
sP8L- o
z58°L
z98°L - M
SES°E o 2
T I
= o]
-
<
(9V] -]
(9p]
- u .@- O
LL

160

180

200

Fig. S25 '*C NMR spectrum of 8.



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2011

20

809°1 TR PE
—~_ .—.—o.ﬂ.;ru|[l- b W
v — )| T

—T

0LE" T~ -
N-n.uk .H

L
2
Ryt
0.85

P T T
40

60

L m LrocLe

!_b.eh|r

o000

0-1.&.!.?!

80

160
S20

120

BPLTIZT-
616" ELT MV
0T SET " — —

R =)

o Yy
RS H.,..ﬁ.”\\.-! —

a0 TIPT

Lt

0.91 0.91 2.66

Fig. S26 *H NMR spectrum of 7

-
OH

140

160

180

200

220

Fig. S27 3C NMR spectrum of 7.



G0E-PT

EOL ET—. |

Lo SE—

618" TE

BEYPL—,
EOS 9L -

N 000 LL
wﬂq.hr|\

wuc.ﬁn.—|/
E60°LET
650"8ET- 7

n—C5H11

29

Electronic Supplementary Material (ESI) for Chemical Communications
OH

This journal is © The Royal Society of Chemistry 2011

n-CsHy1

OH
29

Fig. S28 'H NMR spectrum of 29.

e T T e

80 60 40 20

TTTTTTT T

100

S21

R R A A SRR EEERERS RREs e
180 160 140 120

200

220

Fig. S29 *C NMR spectrum of 29.




Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2011

sgere—__ L

et r—/

a)

L

LI S S e B B B s S B S B

B s ]

— T T T T

e

—
1.00

6

4.99

Fig. S30 'H NMR spectrum of 30.

EI6"Y
ZBS 9L
— ﬁ..lrﬂh/

uN!.hhl____. -

06T 6L
BLE"SET

— B _

Dﬂ!-ﬁn—|\

OH

30

6BE EPT—

e e e

TITTTT

40

20

60

80

100

120

140

160

180

200

220

Fig. S31  *C NMR spectrum of 30.

S22



OET"6T

TLE*T

Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2011

\mr
e ——

<

osL zL
SLE 9L —\ .

20

40

60

208°9L
I) | —t

aea.__.__.Q\
8EE"LL-

LES"STT
OLL"SET
6T9°STT
=

80

100
S23

120

= W 3 m. nen.uu—% F
- 8ce" LY E
+ ] 668° 62T .\_.|..|| e —
onh.‘na&
r68T 0T
oLZ EZYT

3.98

Fig. S32 'H NMR spectrum of 31

T T
e

0.94 5.54

ETSL—

LEs"L N
£rsTL- L

T
-
o (3]

OH
31

140

160

180

200

220

TTTT T [T oot

Fig. S33 *C NMR spectrum of 31.



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2011

6. Reaction with H,

Me =N, Ha (5 am) Me =N,
\/ NaOMe (5 eq) \/
R\u—CO R{J_CO
2-propanol
/CO Prop . /CO
Me —N 80 °C, 20 min Me —N
22 23

A glass autoclave was charged with 22 (49.2 mg, 0.10 mmol) and NaOMe (27.4 mg, 0.51
mmol). After addition of 2-propanol (10 mL), the H, pressure was adjusted to 30 atm. The
reaction mixture was stirred at 80 °C for 20 min. The centrifugation of the mixture gave the
yellowish solution. After removal of the solvent, the residue was washed with a small
amount of hexane to give off-white solid of 23 (32.3 mg, 0.071 mmol, 71%).

'H NMR (300 MHz, C¢Ds, rt): 8 = —6.00 (s, 1H, Ru-H), 1.07 (s, 12H), 2.57 (d, J = 0.6 Hz,
6H), 3.65 (d, J = 8.3 Hz, 2H), 3.68 (d, J = 8.3 Hz, 2H), 3.61 (brs, 1H). *C NMR (75 MHz,

CeDs, rt): 6 =19.3, 27.3, 27.8, 64.8, 80.1, 127.1, 128.5, 137.7, 169.7, 191.8, 205.5, 207 .4.

Fig S34 *H NMR spectrum of 23
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Fig S35 *3C NMR spectrum of 23

7. Time course experiments
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Fig S36 Reaction profile of the hydrogenation of 3 without the additive; Reaction condition:
3 (1.0x10™ M), 1a (1.0x10°° M), NaOMe (2.0x102 M) 2-propanol, 40 °C, H; (30 atm).
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Fig S37 Reaction profile of the hydrogenation of 3 with the additive 5-(S); Reaction
condition: 3 (1.0x10" M), la (1.0x10° M), NaOMe (2.0x10° M), 5-(S) (1.0x10? M),
2-propanol, 40 °C, H, (30 atm).
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Fig S38 Reaction profile of the hydrogenation of 3 with the additive 5-(R); Reaction
condition: 3 (1.0x10* M), 1a (1.0x10° M), NaOMe (2.0x10% M), 5-(R) (1.0x10% M),
2-propanol, 40 °C, H, (30 atm).
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