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1. General Information.

All dry solvents were obtained from Kanto Kagaku Co., Ltd. Other chemicals used were of reagent grade and were
obtained from Tokyo Kasei Kogyo Co., Ltd., Wako Pure Chemical Industries, Ltd., and Aldrich Chemical Co. "H NMR
and 3C NMR spectra were obtained on a JEOL ECA 500 at room temperature in CDCls as a solvent (500 MHz for 'H
NMR and 125 MHz for '*C NMR). Chemical shifts (8) are expressed in parts per million and are internally referenced
[0.00 ppm (tetramethylsilane) for 'H NMR and 77.0 ppm (CDCI3) for '3C NMR]. The pure product was obtained by
preparative TLC or flash silicagel chromatography. Preparative thin-layer chromatography (TLC) was carried out on
precoated plates of silica gel (MERCK, silica gel F-254, YMC-GEL (8 nm S-25um)). Flash column chromatography
was performed with Silica Gel 60N (Kanto Chemical Co., Inc., 40—50 pm spherical, neutral).

2. General Procedure

Synthesis of (2, 1’R)-2-[Hydroxy(4-bromophenyl)methyljcyclohexan-1-one (3a) (Table 3, Entry 10): A mixture
of 4-bromobenzylalcohol (1a, 0.3 mmol), anthraquinone-2-sodiumsulfonate monohydrate (0.03 mmol), cyclohex-
anone (1.5 mmol), trans-4-tert-butyldiphenylsiloxy (TBDPS)-L-proline (0.03 mmol) in H,O (3 mL) and AcOH (0.15
mmol) as stirred under air (open) with irradiation of 23 W fluorescent lamp (Philips: mini Decorative T2 Twister
EL/mdT2, 23W, 120 V, 60 Hz, 360 mA, 2700 K, Lumens: 1600) for 48 h. The reaction mixture was washed with brine
(5 mL) extracted with EtOAc (20 mL x 3), dried over magnesium sulfate, and concentrated in vacuo. Purification of
the crude product by preparative thin-layer chromatography (chloroform: methanol = 60: 1) provided (2S, /’R)-2-
[Hydroxy(4-bromophenyl)methyl]cyclohexan-1-one (3a) (60.2 mg, 71%).

(2S, 1°R)-2-[Hydroxy(4-bromophenyl)methyl]cyclohexan-1-one (3a) [2343] (Table 4)
OH O

Br 3a

HPLC analysis chiralpak AS-H (i-PrOH: hexane = 2: 98, 0.5 mL/ min, 217 nm) tmajor = 56.3 min and tminor = 60.9 min.
'H NMR (500 MHz, CDCls): 6 1.26-1.33 (m, 1H), 1.50-1.72 (m, 3H),1.79-1.82 (m, 1H), 2.07-2.11 (m, 1H), 2.32-2.36
(m, 1H), 2.45-2.58 (m, 2H), 4.00 (d, J= 2.9 Hz, 1H), 4.74 (d, J= 2.9, 9.2 Hz, 1H), 7.19-7.21 (d, J= 8.0 Hz, 2H), 7.46-
7.49 (m, 2H). 1*C NMR (125 Hz, CDCls): 6 24.67, 27.69, 30.71, 42.64, 57.28, 74.16, 121.69, 128.71, 131.45, 139.93,
215.33.

(28, 1’R)-2-[Hydroxy(3-bromophenyl)methyl]cyclohexan-1-one (3b)? (Table 4)
OH O

3b
Br

HPLC analysis chiralpak AD-H (i-PrOH: hexane = 10: 90, 0.5 mL/ min, 210 nm) tmajor = 27.9 min and tminor = 28.3 min.
'H NMR (500 MHz, CDCls): 6 1.26-1.39 (m, 1H), 1.52-1.75 (m, 3H),1.78-1.89 (m, 1H), 2.07-2.13 (m, 1H), 2.33-2.40
(m, 1H), 2.42-2.51 (m, 1H), 2.55-2.60 (m, 1H), 4.02 (d, J= 2.9 Hz, 1H), 4.74 (d, J = 2.9, 9.2 Hz, 1H), 7.19-7.25 (m,
2H), 7.42 (m, 1H), 7.49 (m, 1H). 3C NMR (125 Hz, CDCls): & 24.65, 27.70, 30.74, 42.65, 57.22, 74.21, 122.55,
125.75, 129.87, 129.99, 130.97, 143.22, 215.30.

(28, 1°R)-2-[Hydroxy(4-chlorophenyl)methyl]cyclohexan-1-one (3¢) (12461 (Table 4)
OH O

Cl
3c

HPLC analysis chiralpak AD-H (i-PrOH: hexane = 10: 90, 0.5 mL/ min, 254 nm) tminor = 25.4 min and tmajor = 31.7 min.
'H NMR (500 MHz, CDCls): 6 1.24-1.33 (m, 1H), 1.50-1.70 (m, 3H), 1.78-1.82 (m, 1H), 2.06-2.12 (m, 1H), 2.32-2.39
(m, 1H), 2.46-2.50 (m, 1H), 2.53-2.59 (m, 1H), 4.01 (d, J= 2.9 Hz, 1H), 4.76 (dd, J= 2.3, 8.6 Hz, 1H), 7.25 (m, 2H),
7.31 (m, 2H). *C NMR (125 Hz, CDCls): 6 24.80, 27.82, 30.84, 42.77, 57.45, 74.22, 121.49, 128.63, 131.66, 139.55,
215.49.



(28, 1°R)-2-[Hydroxy(3-chlorophenyl)methyl]cyclohexan-1-one (3d) (4 (Table 4)
OH O

c 3

HPLC analysis chiralpak AD-H (i-PrOH: hexane = 10: 90, 0.5 mL/ min, 210 nm) tmajor = 26.4 min and tminor = 29.0 min.
'H NMR (500 MHz, CDCls): 6 1.25-1.35 (m, 1H), 1.51-1.72 (m, 3H), 1.73-1.87 (m, 1H), 2.06-2.13 (m, 1H), 2.32-2.41
(m, 1H), 2.45-2.50 (m, 1H), 2.55-2.61 (m, 1H), 4.04 (d, J= 2.3 Hz, 1H), 4.75 (d, J= 2.3, 10.9 Hz, 1H), 7.16-7.20 (m,
1H), 7.25-7.27 (m, 2H), 7.33 (br-s, 1H). 13C NMR (125 Hz, CDCls): 5 24.61, 27.67, 30.69, 42.60, 57.18, 74.17, 125.25,
127.06, 127.98, 129.55, 134.24, 142.96, 215.24.

(28, I’R)-2-[Hydroxy(4-trifluoromethylphenyl)methyl]cyclohexan-1-one (3¢) 561 (Table 4)
OH O

Fs;C 3e

HPLC analysis chiralpak OD-H (i-PrOH: hexane = 20: 80, 0.5 mL/ min, 210 nm) tmajor = 12.4 min and tminor = 13.9 min.
'H NMR (500 MHz, CDCls): 6 1.33-1.38 (m, 1H), 1.51-1.72 (m, 3H), 1.80-1.83 (m, 1H), 2.09-2.13 (m, 1H), 2.33-2.40
(m, 1H), 2.48-2.62 (m, 2H), 4.04 (d, J= 2.9 Hz, 1H), 4.84 (dd, J= 2.9, 8.6 Hz, 1H), 7.45 (d, J= 8.6 Hz, 2H), 7.61 (d, J=
8.0 Hz, 2H). 3C NMR (125 Hz, CDCls): & 24.66, 27.68, 30.72, 42.65, 57.22, 74.23, 125.27, 125.30, 127.33, 130.02,
144.90, 215.15.

4-((R)-Hydroxy((S)-2-oxocyclohexyl)methyl)benzonitrile (3f) (23458 (Table 4)
OH O

NC

3f
HPLC analysis chiralpak AD-H (i-PrOH: hexane = 10: 90, 0.5 mL/ min, 254 nm) t minor= 48.0 min and tmajor = 61.7 min.
'H NMR (500 MHz, CDCls) 6 1.31-1.39 (m, 1H), 1.51-1.71 (m, 3H), 1.78-1.84 (m, 1H), 2.09-2.14 (m, 1H), 2.33-2.40
(m, 1H), 2.48 (m, 1H), 2.50-2.59 (m, 1H), 4.09 (d, J= 2.9 Hz, 1H), 4.84 (dd, J= 2.9, 8.6 Hz, 1H), 7.45 (d, J= 8.0 Hz,
2H), 7.64 (d, J= 8.0 Hz, 2H). *°C NMR (125 Hz, CDCls) & 24.57, 27.56, 30.62, 42.57, 57.02, 74.07, 111.53, 118.80,
127.70, 132.09, 146.29, 214.81.

Methyl 4-((R)-hydroxy((S)-2-oxocyclohexyl)methyl)benzoate (3g)!'#! (Table 4)
OH O

MeOQC

39
HPLC analysis chiralpak AS-H (i-PrOH: hexane = 20: 80, 0.5 mL/ min, 254 nm) tmajor = 32.5 min and tminor = 51.0 min.
'H NMR (500 MHz, CDCls): 6 1.30-1.37 (m, 1H), 1.51-1.71 (m, 3H), 1.79-1.81 (m, 1H), 2.08-2.12 (m, 1H), 2.34-2.37
(m, 1H), 2.48-2.50 (m, 1H), 2.57-2.63 (m, 1H), 3.92 (s, 3H), 4.03 (d, J= 2.9 Hz, 1H), 4.84 (dd, J= 2.9, 8.6 Hz, 1H),
7.40 (d, J= 8.0 Hz, 2H), 8.02 (d, J= 8.6 Hz, 2H). 3C NMR (125 Hz, CDCls): & 24.61, 27.65, 30.68, 42.60, 52.07, 57.20,
74.28, 126.95, 129.42, 129.60, 145.98, 166.80, 215.13.



(28, 1°R)-2-[Hydroxy(4-nitrophenyl)methyl]cyclohexan-1-one (3h)[%23458] (Table 4)
OH O

O,N
2 3h

HPLC analysis chiralpak OD-H (i-PrOH: hexane = 20: 80, 0.5 mL/ min, 254 nm) tmajor = 17.3 min and tminor = 21.6 min.
'H NMR (500 MHz, CDCls): § 1.35-1.71 (m, 4H), 1.82-1.85 (m, 1H), 2.10-2.14 (m, 1H), 2.34-2.39 (m, 1H), 2.49-2.52
(m, 1H), 2.56-2.62 (m, 1H), 4.08 (d, J= 2.9 Hz, 1H), 4.89 (dd, J= 2.9, 8.0 Hz, 1H), 7.51 (d, J= 8.6 Hz, 2H), 8.21 (d, J=
8.6 Hz, 2H). 3C NMR (125 Hz, CDCls): & 24.62, 27.59, 30.69, 42.62, 57.11, 73.95, 125.52, 127.83, 147.52, 148.30,
214.79.

(28, I’R)-2-|Hydroxy(3-nitrophenyl)methyl]cyclohexan-1-one (3i)[123456] (Table 4)
OH O

NO, 3i
HPLC analysis chiralpak AD-H (i-PrOH: hexane = 5: 95, 0.8 mL/ min, 254 nm) tmajor = 37.9 min and tminor = 48.5 min.
'H NMR (500 MHz, CDCls): § 1.36-1.44 (m, 1H), 1.55-1.74 (m, 3H), 1.81-1.85 (m, 1H), 2.10-2.15 (m, 1H), 2.37-2.42
(m, 1H), 2.48-2.53 (m, 1H), 2.61-2.66 (m, 1H), 4.16 (d, J= 2.9 Hz, 1H), 4.90 (d, J= 2.9, 8.6 Hz, 1H), 7.54 (t, J= 8.0 Hz,
1H), 7.67 (d, J= 7.5 Hz, 1H), 8.15-8.17 (m, 1H), 8.22 (t, J= 2.0 Hz, 1H). *3C NMR (125 Hz, CDCls): § 24.57, 27.56,
30.65, 42.59, 57.04, 73.93, 121.94, 122.80, 129.25, 133.18, 143.17, 148.16, 214.89.

(28, I’R)-2-|Hydroxy(4-chlorophenyl)methyl|cyclopentan-1-one (3p)"#] (Table 4)
OH o

Cl

3p
The result of HPLC analysis and *H NMR data were referred to previous reports.
HPLC analysis chiralpak AD-H (i-PrOH: hexane = 5: 95, 1 mL/ min, 254 nm) tmajor = 13.9 min and tminor = 15.6 min.
IH NMR (500 MHz, CDCl3): & 1.44-1.53 (m, 1H), 1.68-1.80 (m, 2H), 1.95-2.01 (m, 1H), 2.21-2.29 (m, 1H), 2.36-2.47
(m, 2H), 2.44-2.50 (m, 1H), 4.63 (s, 1H), 4.69 (d, J= 9.2 Hz, 1H), 7.27-7.30 (m, 2H), 7.31-7.33 (m, 2H). *C NMR
(125 Hz, CDCls): 6 20.36, 29.91, 38.68, 52.26, 74.60, 127.89, 128.60, 133.65, 139.93, 222.87.

4-((R)-Hydroxy((S)-2-oxocyclopentyl)methyl)benzonitrile (3q)"8 (Table 4)
OH o

NC

3q
The result of HPLC analysis and *H NMR data were referred to previous reports.
HPLC analysis chiralpak AD-H (i-PrOH: hexane = 5: 95, 1 mL/ min, 254 nm) tmajor = 45.7 min and tminor = 47.5 min.
IH NMR (500 MHz, CDCl3): & 1.67-1.78 (m, 2H), 1.92-2.07 (m, 2H), 2.12-2.37 (m, 2H), 2.40-2.51 (m, 1H), 4.75 (s,
1H), 4.79 (d, J= 9.2 Hz, 1H), 7.46-7.49 (d, J= 8.6 Hz, 2H), 7.64-7.66 (d, J= 8.0 Hz, 2H). 13C NMR (125 Hz, CDCl3): &
20.34, 26.83, 38.59, 55.04, 74.63, 111.79, 118.69, 127.22, 132.32, 146.64, 222.37.



(28, I’R)-2-[Hydroxy(4-nitrophenyl)methyl]cyclopentan-1-one (3r)(123581 (Table 4)
OH o

3r
HPLC analysis chiralpak AD-H (i-PrOH: hexane = 5: 95, 1 mL/ min, 265 nm) tmajor = 40.3 min and tminor = 43.0 min.
'H NMR (500 MHz, CDCls): § 1.53-1.60 (m, 1H), 1.70-1.80 (m, 2H), 2.00-2.05 (m, 1H), 2.24-2.32 (m, 1H), 2.36-2.42
(m, 1H), 2.44-2.50 (m, 1H), 4.79 (s, 1H), 4.85 (d, J= 8.6 Hz, 1H), 7.53-7.55 (d, J= 1.7, 8.6 Hz, 2H), 8.21-8.23 (m, 2H).
13C NMR (125 Hz, CDCls): & 20.30, 26.75, 38.54, 55.00, 74.33, 123.65, 127.29, 147.52, 148.60, 222.24.
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AR-93 ks 0.5y

O N
C-RSA CHROMATOPAC CH-1 Report No.=5 DATA=1:@CHRM1.C00  13/10/02 17:49:10
) o OH O
= I8 Br~ : 3a f
- R;
(/,_,._________————-—————~——————-‘:=’ 56. 208
D 60,973
%% CALCULATION REPORT #%
CH PKNO  TIME AREA HEIGHT MK IDNO  CONC NAME .
1 1 56.298 6088209 72411 97. 1749
1 0 e 76 3 21 7¢ 5 QY
T . . L
TOTAL 6265205 74587 100 100 ee
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AR5l Frit~3 ASH  Hewwe: HPoH=95: 2
N p
C-R84 CHROMATOPAC CH=1 DATA=1:@CHRM1. COO ATTEN= 7 SPEED= 2.0

0,0

OH O

© Y klgss /O)\é
s )

' racemic
e oo IS
&
C-—-R8A CHROMATOPAC CH=1 Report No.=1 DATA=1:@CHRM]1. COO 13709712 - 23:20:40
#% CALCULATION REPORT %
CH PKNO TIME AREA HE TGHT MK  IDNO CONC NAME
1 7 12,466 119630 6086 V i ‘
S 12. 952 13879 6736 v e
11 g8 5810 211 0.
i 5 Gl 192532 5004 2.
13 26,0 226014 6los vV 2.8
22 2 U A 272874 1657 % 3.
398 317331 062 v 3.
e 43 87543 1338 V i
4114 5315884 42686 vV 4
03, 0% 3289601 38677 A 11
"OTAL 7966044 117258 00
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PAE-£4Re-0.59

C-R8A CHROMATOPAC CH=1 DATA=1:@CHRM1. COQ ATTEN= 7 SPEED= 2.0

OH O
3b
= A Br
= 27.914
- 30,0 9.833
C-R8A CHROMATOPAC CH=1 Report No.=6 DATA=1:@CHRM1.COO  14/04/29 18:21:24
#% CALCULATION REPORT s
CH PKNO TIME AREA HEIGHT MK IDNO CONC NAME
l 1 6.193 88694 7596 3.0318
3 10.647 10229 660 0.3496
5  11.858 11198 624 Vv 0. 3828
7 13.077 7731 454 0.2643
8 15.492 8922 433 0.305
9 16.109 7111 337V 0. 2431
12 17.786 78251 3041V 2.6748
13 19.451 88779 3043 3.0347
14 26.321 32131 963 1.0983
15 27.914 2592417 59546 SV 88.6156
TOTAL 2925463 76696 100
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DAF-E RE053

C-R8A

C-RSA CHROMATOPAC CH=1

ol

CHROMATOPAC

s}

CH=1

#% CALCULATION REPORT sx
CH PKNO

1

~] O Ul w e

TIME
11.166
11.687
17,993
20.985
25. 378
31.741

TOTAL

AREA
15762
11259
13799
12305

5993
225987

285104

DATA=1:@CHRM1. CO0

Report No.=3

HEIGHT
987
680
602
446
249
4909

7843

ATTEN= 5 SPEED= 2.0

OH O

3c

DATA=1:@CHRM1. COO 14/05/14 17:00:34
MK IDNO CONC NAME

102 AIyAL
. 2647 §1.366

KovLq 5vg

O = = W Ul
(V3
—
Il
o

~]

34



DAE- 6 R¥o.65

. 55 N
€ RSA CHROMATOPAC CH=1 Report No.=11 DATA=1:@CHRM1.COO  14/05/14 22:52:38
- 2 pie]
QH (o}
™~ 6. 197
B 10. 250 cl 3d
N [ 13.370
== 17, igg
- oo o 19.419
3 23.435
MN—
SO ; 26. 412
- ao o[ 29.039
P 32.401
#% CALCULATION REP('.T #x
CH PKNO  TIME AREA HEIGHT ~ MK IDNO  CONC NAME
1 2 6.197 79489 6759 v 0.9175
6 10.25 11817 776 0.1364
11 13.37 43880 2254V 0.5065
14 17.182 236698 9763 2.732
16 19.419 220794 7951 2.5484
18 23.435 27572 898 0.3182 _
19 26.412 7781720 198763 89.8176 §8.6211 Ko 99 o
21 29.039 102918 2615V 1 1879 00055 T Tee
22 32.401 159027 3473 1.8355
TOTAL 8663912 233252 100
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AF-94¢ [foss

C-R8A CHROMATOPAC CH=1 Report No.=1 DATA=1:GCHRM1.CO®  14/01/20 12:14:20
. OH O
T 6.594 ch
- . 3e
10.431 41 p33
= 12.375
= ggn't TRB18 g0 oy
#% CALCULATION REPORT sx
CH PKNO  TIME AREA HEIGHT MK IDNO  CONC NAME
1 11 6.594 67702 5816 SV 1.593
17 10.431 60374 3871 1.4205
18 11.033 94644 5552V 2. 2269
19 12.375 3950636 198622 SV 93.1665
22 13.918 48950 2289 T 1.1517 Q2.0043
23 14.87 18759 837 0.4414 o,
SOESR Al ar R G 14,3182 = Wsby,
TOTAL | 4250063 216987 100
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—— —_—

DAE-G1 RE0.ED

C-R8A ClHIROMATOPAC CH=1 Reporl No.=6 DATA=1:@CHRM1. COO 14/05/14 19:44:28
OH 0O
~ ya. 3f

=

S
=]
Ul
&

3 |
61.728
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AF-A34 Fr (920

C-R8A CHROMATOPAC — CH=1 DATA=1:@CHRM1. COO ATTEN= 6  SPEED= 2.0
i 42
OH O
MeO,C
s i 3g
§ 15.910
2 A58
32.525
T 35342
T 80,0
C-KESA CHROMATOPAC CH=1 Report No.=4 DATA=1:@CHRM1.C00  14/01/07 12:49:46
#% CALCULATION REPORT s
CH PKNO  TIME AREA HEIGHT ~ MK IDNO  CONC NAME
1 3 15.01 7246 290 0.2713
5 23.564 20833 440 v 0.78
7 32.525 2642694 31565 S 98. 9487
TOTAL 2670772 32296 100
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AP REOS

C-ESA CHROMATOPAC CH>. Report No.=2 DATA=1:@CHRM1.C00 ~3/10/09 15:32:28
OH O

= 0 s 3h

i i}

— 17.268

% CALCULATION REPORT s

CH PKNO  TIME AREA HEIGHT MK IDNO  CONC NAME
! 4 15.943 21155 696 0.1392
5 17.268 4747165 146162 SV 98.5603
7 21.583 48187 1216 1.0005 LA
. s SRS ot s O
TOTAL 1816507 148074 100 99,5608 *
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DAE-53 REDAT

Hok
CH

C-R8A CHROMATOPAC CH=1 Report No.=2 DATA=1:@CHRM1.C00  14/05/06 15:19:24
W (;)H (o]
1 NO, 3i
i5.0 [~ 14.865
— 30.573
s 37.933
S5
CALCULATION REPORT s
PKNO  TIME AREA HEIGHT MK IDNO  CONC NAME
3 14.865 9173 470 0.6378
4 30.573 95158 2096 6.6374
5 37.933 1333547 21738 92,7248
TOTAL 1438178 24304 100
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DRE-SUI gl

C-R8A CHROMATOPAC CH=1

#%x CALCULATION REPORT

CH PKNO
1 6

/
8
9

10

TIME AREA
8.183 14825
9.329 13492
13. 141 14264
13. 888 14468
15. 609 144733
TOTAL 201782

Report No.=8

HEIGHT
1141
882
707
638
5419

8788

DATA=1:@CHRML. COQ 14/12/29

MK

Vv

41

IDNO

CONC

1424152

NAME



DAR-£70 -4, Rt

C-R8A CHROMATOPAC CH=1 Report No.=5

%
CH
it

¥ 3

(
[}

NS
It
~1
(3]
i

CALCULATION REPORT #*

PKNO TIME AREA HEIGHT
4 45.731 827652 10986
TOTAL 827652 10986

DATA=1:2CHRM1.C00

MK

42

1DNO

CONC
100

100

15/01/04

NC

20:16:56
OH o
3q
NAME




DAR- FERPO60

C-R8A CHROMATOPAC CH=1 DATA=1:4CHRM1.COO ATTEN= & SPEED= 2.0

T D5 OH o
2 (RO
. B M
' K558 ON
3r
N
= Yn

o
Ul

~

C-R8A CHROMATOPAC CH=1 Report No.-5 DATA=1:@CHRML. CO0 14/05/06 18:49:18

#% CALCULATION REPORT **
CH PKNO TIME AREA HEIGHT MK  IDNO CONC NAME
1 5 21.652 41561 1200 1.7344

6 40.325 2354668 30725 98. 2656
TOTAL 2396229 31925 100
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