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ABSTRACT: (lR,2R) -2- (4-tert-Butylphenoxy)cyclohexan-l-01 
(5) and (lR,2R)-2-(4-phenylphenoxy)cyclohexan-l-01 (6) 
have been used for the first time as chiral auxiliaries. 
Addition of alkylzinc chlorides to the corresponding 
glyoxylates 5a, 6a, after hydrolysis, provided (RI-a- 
hydroxy acids in high optical purities. 

The exponential growth of asymmetric synthesis in the last two 

decades resulted mainly from the rational design of a large number of 

chiral auxiliaries and their applications in a large number of stereo- 

selective processes. 1-5 Practical application of asymmetric synthesis 

requires that the chiral auxiliaries not only be recoverable in reusable 

form but they can also be readily obtained in the first place. Among the 
various chiral auxiliaries, the molecules based on cyclohexane frame5 
such as menthol 6 (11, Corey's 8-phenylmentho17 (2) and Whitesell's 

trans-2-phenylcyclohexanol 8 (3) occupy a special place because of high 

potential they offer in a variety of enantioselective processes. With a 

1 2 3 

view that structurally similar cyclohexane frame based molecules, trans- 

2-aryloxycyclohexan-1-01s 4-6, would be of interest as chiral auxilia- 
ries, we have developed a convenient simple methodology for obtaining 
these chiral trans-2-aryloxycyclohexan-1-01s in high enantiomeric 
purities via enantioselective hydrolysis of the corresponding racemic 

acetates using pig liver acetone powder (PLAP) as a biocatalyst. 9,lO 

tDedicated to Professor Gurbakhsh Singh on the occasion of his 75th 
birthday 
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4 5 6 

Chiral a-hydroxy acids and their derivatives possessing tertiary 

hydroxy.stereogenic centre, are important synthons for the synthesis of 

biologically active molecules. 11-13 Recently menthol6 (1) and E-phenyl- 

mentholI (2) have been used as chiral auxiliaries for the synthesis of 

a-hydroxy acids containing tertiary hydroxy stereogenic centre. We have 
recently examined the applicability of (lR,2S) -2-phenylcyclohexano114 

(3) and (lR, 2R)-2-phenoxycyclohexan-l-ol15 (4) as chiral auxiliaries for 
obtaining a-hydroxy acids in high enantiomeric purities. With a view to 

examine the effect of sterically more demanding group on the phenyl ring 

of 2-phenoxycyclohexanol, we have selected the alcohols 5 and 6 as 
chiral auxiliaries. 

We have first studied the applications of (lR,2R)-2- (4-tert-butyl- 

phenoxy)cyclohexan-l-01 (5) as chiral auxiliary for the synthesis of 
chiral a-hydroxy acids. The required [(lR,2R)-2-(4-tert-butylphenoxy)- 

cyclohex-l-y11 phenylglyoxylate (5a) was prepared by treating the 
alcohol 5 with benzoylformic acid in the presence of p-TsOH (eq 1). 

0 
R 

0 
0 

CT 
OH + PhCOCOOH 

p-TsOH 

P-d.) > 

Ph 

(11 

R = tBu, 5 

R= Ph.6 

R = tBu, 5a 

R = Ph, 6a 

Reaction of keto ester 5a with a variety of alkylzinc chlorides afforded 

chiral cl-hydroxy esters 7a-lla. Subsequent saponification provided (R)- 
2-hydroxy-2-phenylalkanoic acids 7-11 in 86-97s enantiomeric purities 
(Scheme 1, Table 1). 

Similarly, alcohol 6 was converted into the glyoxylate 6a (eq 1). 
Subsequent reaction with alkylzinc chlorides provided, after hydrolysis, 

the desired (R)-a-hydroxy acids 7-11 in 83-89% optical purities (Scheme 
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SCHEME 1: 

Ph 
R’ZnCI 

Ether 

-7S'C. 3h (RI 

R = tB~, 5a 
rt, lh R = t Bu, 7a-lla 7-11 

R = Ph, 6a 
R = Ph, 7b-llb 

R' = Et (7), iPr (8), "Bu (9)s 
i Bu (lo), "Hex (11) 

Table 1: Preparation of chiral a-hydroxy acids 7-11 from glyoxylates 5a 

and 6a and R'ZnCl.a 

R' in Glyoxylate Product Over-all [al, 24 (c, EtOH) eec Abs 

R'ZnCl yieldb (%I (%) Conf. 

Et 5a 7 74 -32.3 (1.77) 97 R 

Et 6a 7 77 -29.3 (1.75) 88 R 

'Pr 5a 8 76 -29.0 (2.05) a9 R 

'Pr 6a 8 72 -28.4 (2.01) a7 R 

"Bu 5a 9 73 -20.5 (1.98) 88 R 

"Bu 6a 9 74 -19.3 (2.18) a3 R 

'Bu 5a 10 75 -17.2 (1.90) 86 R 

'Bu 6a 10 71 -17.8 (1.97) a9 R 

"Hex 5a 11 74 -18.2 (2.04) 94 R 

"Hex 6a 11 73 -17.2 (1.82) a9 R 

a) All reactions were carried out with 2.5 mM of keto ester and 12.5 mM 

of R'ZnCl in dry ether for 3h at -7EiOC and lh at room temperature. b) 

Over-all yields of the pure crystallized products based on the keto 

ester. c) Enantiomeric purities were based on the reported optical rota- 

tions (see experimental). 

1, Table 1) . Comparison of these results (5, 6 as chiral auxiliaries) 
with that of 4 as chiral auxiliary (Table 2) indicates that introduction 
of bulky groups in the para-position of the phenyl ring of 2-phenoxycy- 

clohexan-l-01 does not have significant variation on the diastereosele- 

ctivity in the addition of alkylzinc chlorides to the corresponding 
glyoxylates. 
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Table 2: Comparison of enantioselectivity (ee values in %) achieved 

using chiral auxiliaries 4, a 5 and 6 in the synthesis of (R)-a- 

hydroxy acids 7Lll. 

enantiomeric purities of a-hydroxy acids 7-11 

0 

5 6 

Ethyl, 7 80 
i-Propyl, 8 93 

n-Butyl, 9 82 

i -Butyl, 10 90 

n-Hexyl, 11 91 

a) Values are taken from ref. 15. 

97 88 

89 87 
88 83 

86 89 
94 89 

Our study demonstrates the applicability of (lR,2R)-2-(4-tert-butyl- 

phenoxy)cyclohexan-l-01 (5) and (lR,2R)-2-(4-phenylphenoxy)cyclohexan-l- 
01 (6) as new chiral auxiliaries for the synthesis of (R)-a-hydroxy 

acids in high enantiomeric purities. 

EXPERIMENTAL 

The boiling points and melting points were uncorrected. IR spectra 
were recorded on Perkin-Elmer model 1310 or 297 spectraphotometers, 

using samples as neat liquid or KBr disks. 1H NMR spectra (100 MHz) 
were recorded on JEOL-FX-100 spectrometer and 'H NMR spectra (200 MHz) 
and 13 C NMR spectra (50 MHz) were recorded on BRUKER-AC-200 spectrometer 

using Me4Si (6 = 0 ppm) as internal standard in CDC13. In 'H NMR 

spectra, the underlined chemical shift values are due to minor diaste- 
reomer. Mass spectra were recorded on Finnegan MAT instrument. Optical 

rotations were measured on a Rudolph Polarimeter Autopol II. c01ulnn 
chromatography was carried out on a silica gel (100-200 mesh) column. 
NMR Spectra for compounds 7a-lla and 7b-llb were taken after passing the 
samples through silica gel column (5% ethyl acetate in hexane) . a- 
Hydroxy acids 7-11 were crystallized from hexane-ether (3:l) mixture. 

((lR,2R)-2-(4-tert-Butylphenoxy)cyclohex-1-yl] phenylglyoxylate (5a): A 
Solution of (IR,2R)-2-(4-tert-butylphenoxy)cyclohexan-l-01 (5) (7.45 g, 
30 mM), benzoylformic acid (4.95 g, 33 mu) and p-toluenesulfonic acid 
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(130 mg) in 60 mL of dry benzene was refluxed for 3 h with azeotropic 

removal of water. The reaction mixture was cooled to room teItIperatUre, 

diluted with ether (40 mL) and washed with saturated K2C03 solution 

followed by water. The organic layer was dried over anhydrous Na2S04 and 

concentrated. The residue was passed through silica gel (5% ethyl 

acetate in hexane) . Thus obtained material was crystallized from 

hexane-benzene (5:l) to get pure glyoxylate 5a. Yield: 9.25 g (81%); mp: 
61-62OC; Optical rotation: [ali -34.85 (c 1.01, acetone) ; IR (KBr) 
V 1747, -1 
max' 1685 cm ; IH NMR: 6 1.26 (s, 9H) , 1.29-1.84 (m, 6H), 2.22 

(m, 2H), 4.28 (m, lH), 5.32 (m, lH), 6.90 (m, 2H), 7.25 (m, 4H), 7.62 

(m, 1H) , 7.94 (m, 2H); 13C NMR: 6 22.62, 22.98, 29.45, 31.11, 33.62, 
76.03, 77.15, 115.28, 125.88, 128.34, 129.56, 131.90, 134.26, 143.54, 

154.92, 163.34, 186.34; Mass (m/e): 380 (M+); Analysis Calcd. for 
C24H2804: C, 75.76; H, 7.42; Found: C, 75.58; H, 7.39. 

[(lR,2R)-2-(4-tert-Butylphenoxy)cyclohex-l-yl] 2-hydroxy-2-phenylbutano- 

ate (7a): To a stirred solution of ethylmagnesium bromide (12.5 m&l) 

(prepared from bromoethane and magnesium) in dry ether (25 mL), 
anhydrous ZnC12 (1.7 g, 12.5 mM) was added at O'C. After stirring for 2 

h, it was cooled to -78OC. To this a solution of [(lR,2R)-2-(4-tert- 
butylphenoxy)cyclohex-l-y11 phenylglyoxylate (5a) (0.95 g, 2.5 mM) in 

ether (30 mL) was added dropwise at -78OC. After stirring for 3 h at 
the same temperature, the reaction mixture was stirred for 1 h at room 
temperature. The reaction mixture was cooled to O°C, quenched with satu- 
rated ammonium chloride solution (15 mL) and extracted with ether (3 x 5 

n-L) . The organic layer was dried over anhydrous Na2S04 and concentrated 
to provide 7a as colorless solid. Yield: 0.975 g, (95%); mp: 67-68OC; IR 

(KBr) v -1 1 
max : 3420, 1715 cm ; H NMR; 6 0.80 & 0.90 (2 t in = 2:98 ratio, 

3H, diastereomeric CH3, J = 8Hz), 1.29 (s, 9H), 1.34-2.28 (m, IQH), 3.65 

(s, lH, D20 washable), 4.18 (m, lH), 5.06 (m, lH), 6168 (m, 2H) , 7.08- 
7.32 (m, 5H), 7.50 (m, 2H) ; 13C NMR : 6 7.40, 22.03, 22.32, 28.70, 
30.93, 32.14, 33.44, 75.38, 75.64, 78.16, 114.64, 124.86, 125.54, 
126.78, 127.41, 141.21, 143.04, 154.58, 174.21. 

(R)-2-Hydroxy-2-phenylbutanoic acid (7): To a stirred solution of KOH 

(0.255 g) in methanol (10 mL), the crude ester 7a (0.903 g, 2.2 mM) was 
added at room temperature. After 2 h, methanol was removed and the 
residue was diluted with water (10 mL) and extracted with ether (3 x 10 

mL) (to recover the chiral auxiliary). The aqueous layer was neutralized 
with 2N HCl and extracted with ether (3 x 10 mL). The ethereal layer was 
dried over anhydrous Na2S04, concentrated and recrystallized from 
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16 
hexane-ether (3:l) mixture. Yield: 0.310 g (78%); mp: 123-24OC (Lit. 
optically pure acid mp 124-25OC); Optical rotation: [a]g4 -32.3 (c 1.77, 

EtOH), 97% ee, Conf (Rj; {Lit16 [a]g5 +33.3 (c 0.87, EtOH), >99% ee, 

Conf (S)); IR (KBr) vmax: 3400, 3190-2550, 1715 cm-‘; 1H NMR (100 MHz): 

Cs 0.94. (t, 3H, J = 6 Hz), 1.84-2.52 (m, 2H), 4.82-6.10 (br, 2H, D20 
washable), 7.23-7.76 fm, 5H); 13C NMR: 6 7.94, 32.60, 78.74, 125.57, 

128.00, 128.36, 140.84, 179.98. 

[(lR,2R)-2-(4-tert-Butylphenoxy)cyclohex-1-yl] 2-hydroxy-3-methyl-2-phe- 

nylbutanoate (8a): This was prepared from the keto ester 5a and iso- 
propylzinc chloride. 

-1 
Yield: 94%; mp: 97-98OC; IR (KBr) vmax: 3499, 1718 

cm ; 'H NMR: 6 0 65 & 0.68 (2d, 3H, J = 6 Hz), b 0 88 & 1.02 (2 d in 7:93 L 
ratio, 3H, diastereomeric CH3, J = 6 Hz), 1.22-2.32 (m, 17H), 2.58 (m, 

1H) , 3.69 (s, lH, D20 washable), 4.18 (m, lH), 5 02 (m, lH), 6.62-7.68 

Cm, 9H). l3 C NMR (for major isomer): 6 15.87, 17.13, 22.51, 22.85, 

29.0.8, 31.59, 34.09, 35.79, 75.84, 80.91, 115.15, 125.89, 126.16, 

127.24, 127.91, 141.05, 143.62, 155.13, 175.22. 

(R)-2-Hydroxy-3-methyl-2-phenylbutanoic acid (8): The above a-hydroxy 

ester was hydrolyzed to furnish the chiral acid 8. Yield: 81%; mp: 104'C 

{Lit. l6 optically pure acid mp 103-4OC); 24 Optical rotation: talD -29.0 

(c 2.05, EtOH), 89% ee, Conf. R; {Lit. l6 [a$ +32.5 (c 2, EtOH), >99% 

ee, Conf. (S)}; IR (KBr) vmax: 3475, 3300-2600, 1720 cm-l; 'H NMR: 6 
0.72 (d, 3H, J = 6.8 Hz), 1.04 (d, 3H, J = 6 Hz), 2.66 (sept, lH, J = 6 

Hz), 3.28-5.26 (br, 2H, D20 washable), 7.22-7.46 (m, 3H), 7.62- 7.75 (m, 

2H); 13C NMR: 6 15.77, 17.27, 35.92, 81.10, 125.98, 127.86, 128.30, 

140.41, 180.58. 

[(lR,2R)-2-(4-tert-Butylphenoxy)cyclohex-1-yl] 2-hydroxy-2-phenylhexano- 

ate (9a): This was prepared from a-keto ester 5a and n-butylzinc 
chloride. Yield: 95%; IR (neat) vmax: 3520, 1725 cm-'; 'H NMR: 6 0.72 & 
0.90 (2 t in 5:95 ratio, 3H, diastereomeric -CH3, J = 6.6 Hz), 1.24-2.28 

(m, 23H), 3.68 (s, lH, D20 washable), 4.18 (m, lH), 5.02 (m, lH), 
6.70-7.85 (m, 9H); l3 C NMR (for major isomer): 6 14.04, 22.69, 22.87, 
22.98, 25.90, 29.33, 31.59, 34.09, 39.64, 76.00, 76.27, 78.52, 115 30 . I 
125.47, 126.20, 127.40, 128.06, 142.11, 143.68, 155.28, 174.92. 

(R)-2-Hydroxy-2-phenylhexanoic acid (9): Hydrolysis of tihe hydroxy ester 
9a afforded the chiral acid 9; Yield: 

[alg4 
77%; mp: 98-99OC; Optical 

rotation: -20.5 (c 1.98, EtOH), 88% ee, Conf (R), 22 

-19.00 (c 2.20, EtOH), 82% ee, Conf (RI}.; IR (KBr) 
(Lit! [al, 

v max' 3400, 
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3150-2500 (br), 1710 cm-'; 'H NMR (100 MHz): S 0.91 (distorted t, 3H), 

1.06-1.48 (m, 4H), 1.82-2.42 (m, 2H), 4.71-6.12 (br, 2H, D20 washable), 
7.23-7.68 (m, SH); 13C NMR: S 13.95, 22.78, 25.77, 39.45, 78.48, 125.56, 

128.02, 128.41, 141.11, 180.36. 

((lR,2R)-2-(4-tert-Butylphenoxy)cyclohex-1-yl] 2-hydroxy-4-methyl-2-phe- 

nylpentanoate (lOa): This compound was prepared from the glyoxylate 5a 
-1 and iso-butylzinc chloride; Yield: 93%; IR (neat) urnax: 3350, 1745 cm ; 

'H NMR: S 0.74 & 0.86 (2 m in 6:94 ratio, 6H, diastereomeric (CH3)2), 

1.12-2.24 (m, 20H), 3.64 (s, lH, D 0 washable), 4.02-4.18 (m, lH), 4.84- 
5.02 (m, lH), 6.54-7.80 (m, 9H); 13 C NMR (for major isomer): S 22.62, 

22.95, 23.65, 24.60, 24.76, 29.21, 31.59, 34.11, 47.86, 76.05, 78.52, 

115.18, 125.38, 126.18, 127.34, 128.02, 142.75, 143.66, 155.17, 175.40. 

(R)-2-Hydroxy-4-methyl-2-phenylpentanoic acid (10): This acid was 
obtained by the hydrolysis of above hydroxy ester; Yield: 81%; mp: 116- 

18OC {Lit l6 optically pure acid mp 118-20°C}; Optical rotation: [alg4 
25 -17.2(c 1.90, EtOH), 86% ee, Conf (R); {Lit16 [al, +20.0 (c 2.0, EtOH), 

>99% ee, Conf (S)}; IR (KBr) -1 urnax: 3400, 3140-2550, 1710 cm ; 'H NMR 

(100 MHz): 6 0.92 (t, 6H, J = 5Hz), 1.65-2.21 (m, 3H), 4.82-6.02 (br, 
2H, D20 washable), 7.32-7.81 (m, 5H); 13C NMR: S 23.32, 24.40, 24.67, 

47.84, 78.44, 125.55, 128.00, 128.42, 141.84, 180.92. 

[(lR,2R)-2-(4-tert-Butylphenoxy)cyclohex-1-yl] 2-hydroxy-2-phenyloctano- 

ate (lla): This compound was prepared from the glyoxylate 5a and 
n-hexylzinc chloride; Yield: 95%; mp: 64-66OC; IR (KBr) Vmax: 3475, 1720 

-1 cm ; 'H NMR: S 0.75-2.28 (m, 30H), 3.68 (6, lH, OH), 4.12-4.28 (m, lH), 
4.92-5.08 (m, lH), 6.62-7.68 (m, 9H); 13C NMR (for major isomer): S 
14.20, 22.70, 23.02, 23.78, 29.34, 29.55, 31.69, 31.82, 34.13, 40.13, 
75.91, 76.22, 78.62, 115.43, 125.58, 126.24, 127.43, 128.11, 142.34, 
i43.65, 155.41, 174.94. 

(R)-2-Hydroxy-2-phenyloctanoic acid (11): The hydroxy ester lla was 
24 hydrolyzed to furnish chiral acid 11; Yield: 78%; mp: 94-95OC; [al, 

-18.2 (c 2.04, EtOH), Conf. (R), 94% {Lit! [a1g2 -17 (c 2.2, EtOH), ee, 
Conf. (R), 88% ee}; IR (KBr) urnax: 3426, 3180-2530, 1722 cm-'; 1H NMR: S 
0.86 (dist t, 3H, J = 6.6 Hz), 1.08-1.54 (m, EH), 1.92-2.38 (m, 2H), 
4.04-5.08 (br, 2H, D20 washable), 7.22-7.46 (m, 3H), 7.52-7.65 (m, 2H); 
13C NMR: S 14.07, 22.62, 23.59, 29.35, 31.66, 39.74, 78.53, 125.56, 
128.02, 128.41, 141.11, 180.51. 
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(lR,2R)-2-(4-Phenylphenoxy)cyclohex-l-y1 phenylglyoxylate (6a): This was 

prepared from the alcohol 6 and benzoylformic acid. Yield: 83%; mp: 

105-6'C (hexane-benzene/5:1); Optical rotation: 24 -43.78 (c 0.98, 

acetone); -1 1H NMR: 
[aI, 

IR (KBr) urnax: 5722, 1685 cm ; 6 1.24-1.94 (m, 6H], 

2.25 (m, 2H), 4.35 (m, lH), 5.34 (m, lH), 7.05 (m, 2H), 7.49 (m, lOHI, 
7.90 (m,. 2H) ; 13C NMR: 6 23.08, 23.41, 29.84, 29.93, 76.50, 77.65, 

116.43, 126.70, 126.79, 128.22, 128.79, 129.96, 132.28, 134.34, 134.80, 

140.62, 157.18, 163.81, 186.82; Mass (m/e): 400 (M+); Analysis: Calcd. 
for C 26H2404: C, 77.98; H, 6.04; : Found: C, 78.25: H, 6.06. 

[(lR,2R)-2-(4-Phenylphenoxy)cyclohex-1-yl] 2-hydroxy-2-phenylbutanoate 

(7b): This was prepared from the glyoxylate 6a and ethylmagnesium 

bromide; Yield: 95%; mp: 79-80°C; IR (KBr) urnax: 3470, 1710 cm -1 lH ; 
NMR: 6 0.85 & 0.92 (2 t in 7:93 ratio, 3H, diastereomeric -CH3, J = 7.2 

Hz), 1.21-2.36 (m, lOH), 3.71 (s, lH, D20 washable), 4.22 (m, lH), 5.07 

(m, lH), 6.72-7.68 (m, 14H); l3 C NMR (for major isomer): 6 8.08, 22.79, 
'23.06, 29.33., 29.51, 32.79, 76.06, 76.65, 78.85, 116.11, 125.54, 

126.77, 127.51, 128.14, 128.80, 134.21, 141.05, 142.00, 157.11, 175.02. 

(R)-2-Hydroxy-2-phenylbutanoic acid (7): The hydroxy ester 7b was hydro- 
lyzed to produce acid 7; Yield: 81%; mp: 121-23OC {Lit. 16 optically pure 
acid mp 124-25OC); Optical rotation: bl~ -29.3 (c 1.75, EtOH), 88% ee, 
Conf (R); {Lit16 [ali +33.3 (c 0.87, EtOH), s99% ee, Conf (S)}. 

[(lR,2R)-2-(4-Phenylphenoxy)cyclohex-1-yl] 2-hydroxy-3-methyl-2-phenyl- 

butanoate (8b): This was prepared from the keto ester 6a and iso- 
propylzinc chloride. Yield: 93%; mp: 139-40°C; IR (KBr) vmax: 3495, 1724 

-1 cm i 'H NMR: 6 0.64 & 0.72 (2d, 3H, J = 6 Hz), 0.92 & 1.04 (2 d in 5:95 

ratio, 3H, diastereomeric CH3, J = 6 Hz), 1.28-2.32 (m, 8H), 2.64 (sept, 

1Hr J = 6 Hz), 3.70 (s, lH, OH), 4.18-4.32 (m, lH), 4.98-5.12 (m, lH), 

6.74-7.68 (m, 14H); l3 C NMR (for major isomer): 6 15.95, 17.21, 22.69, 
23.01, 29.17, 29.33, 35.85, 75.94, 76.29, 80.97, 115.98, 125,95, 126.79, 

127.34, 128.01, 128.16, 128.84, 134.08, 140.93, 141.07, 157.04, 175.33. 

(R)-2-Hydroxy-3-methyl-2-phenylbutanoic acid (8): The above hydroxy 

ester was hydrolyzed to furnish the chiral acid 8. Yield: 78%; mp: 102- 

3OC {Lit. l6 optically pure acid mp 103-4OC); Optical rotation: 
-28.4 (c 2.01, EtOH), 87% ee, Conf. R; (Lit.16 [a]g5 

[al ;” 
+32.5 (c 2, EtOH), 

>99% ee, Conf. (S)}. 
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[(lR,2R)-2-(4-Phenylphenoxy)cyclohex-1-yl] 2-hydroxy-2-phenylhexanoate 

(9b): This compound was prepared from [(lR,2R)-2-(4-phenylphenoxy)- 

cyclohex-l-yl] phenylglyoxylate 6a and n-butylzinc chloride as a viscous 

liquid. Yield: 94%; -1 IR (neat) vmax: 3450, 1715 cm ; IH NMR: 60.72& 

0.87 (2 t in 9:91 ratio, 3H, diastereomeric -CH3, J = 6Hz), I.l2-2.24 

(m, 14H), 3.74 (s, lH, D20 washable), 4.25 (m, lH), 5.06 (m, lH), 6.82- 
7.65 (m, 14H); l3 C NMR (for major isomer): 6 13.40, 22.22, 22.44, 25.27, 
28.70, 28.87, 38.94, 75.41, 75.99, 77.88, 115.43, 124.82, 126.13, 

126.84, 127.49, 128.15, 133.50, 140.24, 141.38, 156.45, 174.37. 

(R)-2-Hydroxy-2-phenylhexanoic acid (9): Hydrolysis of the above hydroxy 

ester 9b afforded chiral acid 9 as crystalline solid; Yield: 79%; mp: 
24 98-99'C; Optical rotation: [aID -19.3 (c 2.18, EtOH), 83% ee, COnf (RI, 

22 {Lit6 LoLID -19.0 (c 2.20, EtOH), 82% ee, Conf (R)}. 

[(lR,2R)-2-(4-Phenylphenoxy)cyclohex-1-yl] 2-hydroxy-4-methyl-2-phenyl- 

pentanoate (lob): This was prepared from the glyoxylate 6a and 

iso-butylzinc chloride. Yield: 96%; mp: 86-87'C; 
-1 

IR (KBr) urnax: 3455, 

1705 cm ; 'H NMR: 6 0 79 & 0.90 (m & t in 6:94 ratio, 6H, diastereome- L 
ric (CH,j2, J = 7.2 Hz), 
4.24 (ri, 

1.22-2.28 (m, llH), 3.78 (s, lH, D20 washable), 

1H) , 5.08 (m, 1H) , 6.74-7.62 (m, 14H); 13C NMR (for major 

isomer): 6 22.02, 22.35, 22.98, 23.75, 24.09, 28.52, 28.69, 47.19, 75.35, 

75.66, 77.81, 115.28, 124.69, 126.05, 126.70, 127.41, 128.10, 133.37, 

140.17, 142.03, 156.31, 174.77. 

(R)-2-Hydroxy-4-methyl-2-phenylpentanoic acid (10): This acid was 

obtained by the hydrolysis of above hydroxy ester; Yield: 74%; mp: 
16 116-18OC {Lit. optically pure acid mp 118-2O'C); Optical rotation: 

[-lx1 g4 -17.8(c 1.97, EtOH), 89% ee, Conf (R); {Lit. +20.0 (c 2.0, 

EtOH), >99% ee, Conf (S)}. 

[(lR,2R)-2-(4-Phenylphenoxy)cyclohex-1-yl] 2-hydroxy-2-phenyloctanoate 

(llb): This compound was prepared from the glyoxylate 6a and n-hexylzinc 

chloride; Yield: 95%; -1 IR (neat) urnax: 3480, 1715 cm ; 'H NMR: 6 0.72- 

2.32 (m, 21H), 3.68 (s, lH, OH), 4.14-4.38 (m, lH), 4.92-5.18 (m, lH), 
6.74-7.72 (m, 14H); l3 C NMR (for major isomer): 6 14.23, 22.73, 23.12, 

23.82, 29.40, 29.56, 31.85, 40.08, 76.03, 76.62, 78.66, 116.20, 125.60, 

126.82, 127.55, 128.21, 128.88, 134.20, 140.94, 142.26, 157.23, 175.05. 

(R)-2-Hydroxy-2-phenyloctanoic acid (11): Hydrolysis of the above 

hydroxy ester 9a afforded chiral acid 11; Yield: 77%; mp: 94OC; M;4 
-17.2 (c 1.82, EtOH), Conf. (R), 89% ee, {Lit. -17 (c 2.2, EtOH), 
Conf. (R), 88% ee). 
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