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Abstract:

A practical method for the synthesis of optically purea-alkyl-
mandelic acids 1 is described. The present improved robust
method involved two reactions: a mild, convenient, stereo-
selective preparation of chiral cis-5-aryl-2-(1-naphthyl)-1,3-
dioxolan-4-ones, 9a-c, and highly diastereoselective alkylation
of 9a—c, followed by the hydrolysis.

Introduction

Optically activea-alkylmandelic acid4, including atro-
lactic acids {, R = CHa),! are recognized as an important
chemical class of chiral auxiliariés? chiral catalysts,optical
resolution reagents (e.g., the Mosher's reagéaft)d phar-
maceuticals (e.g., @ muscarinic receptor antagohist).

RAr>|*/COZH .

OH (1': Ar = Ph)

Seebach and co-workers exploited the original asymmetric
synthesis of these compountisutilizing diastereoselective
alkylation of chiral 2-substituted (representatively,-R2-t-

Bu) cis-5-phenyl-1,3-dioxolan-4-one4, derived from §)-
mandelic acid §)-2aand aldehyde$8, followed by deace-
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talization (hydrolysis) to give)-a-alkylmandelic acids9)-

1' (Scheme 1%.The Frater group independently reported the
same method and applied it to the synthesis)fgtrolactic
acid [(S)-1'(R? = CHjy).”

There are other approaches utilizing diastereoselective
nucleophilic addition to {)-phenylmenthyla-oxophenyl-
acetat&and catalytic asymmetric addition o6®n or CHs-

Mgl to methyl a-oxophenylacetate!®

Despite the increasing synthetic value, a more practical
synthetic method is needed, because some drawbacks
remain: (i) besides the Seebach and Frater methods,
of the other reported methods require expensive and/or
complex chiral auxiliaries and catalysts; (ii) the syntheses
of atrolactic acid (1', R =CHs3), an important analogue,
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for Shibasaki’'s method (92% e®)and (iii) the preparation

of precursod involved a somewhat tedious procedure (vide
supra). Our ongoing study of the asymmetric version of Ti-
crossed Claisen condensafidnecessitated the preparation
of (S)-atrolactic acids [(S)-1'; R €Hg] with high optical
purity. Herein, we describe an improved procedure for the
synthesis of chirale-alkylmandelic acids i; R = CHa,
others) utilizing highly diastereoselective alkylation of chiral
5-aryl-2-(1-naphthyl)-1,3-dioxolan-4-one%a—c. These in-

(6) (a) Seebach, D.; Naef, Rlelv. Chem. Actdl981,64, 2704. (b) Seebach,
D.; Sting, A. R.; Hoffmann, MAngew. Chem., Int. Ed. Engl996, 35,
2708.

(7) Fréater, G.; Mller, U.; Glnther, Wletrahedron Lett1981,22, 4221.

(8) (&) Whitesell, J. K.; Deyo, D.; Bhattacharya, A. Chem. Soc., Chem.
Commun1983, 802. (b) Esser, P.; Buschmann, H.; Meyer-Stork, M.; Scharf,
H.-D. Angew. Chem., Int. Ed. Endl992 31, 1190. (c) Wipf, P.; Stephenson,
C. R. J.Org. Lett.2003,5, 2449.

(9) (a) DiMawuro, E. F.; Kozlowski, M. CJ. Am. Chem. So2002 124, 12668.
(b) Funabashi, K.; Jachmann, M.; Kanai, M.; ShibasakiAMgew. Chem.,
Int. Ed.2003,42, 5489.

(10) (a) Tanabe, YBull. Chem. Soc. Jpri989 62, 1917. (b) Misaki, T.; Nagase,
R.; Matsumoto, K.; Tanabe, YI. Am. Chem. So&005, 127, 2854 and
references therein.

10.1021/0p050263j CCC: $33.50 © 2006 American Chemical Society



Scheme 2
<Banyu and Merck's Method>

o tBUCHO (3a) , H O
Ph 5
(FPrO),CH ﬁ/( cat. PTS ﬁ/[(o
(S)-2a o | —m 0\(,,H
/ toluene \{ / toluene, \
(Ar = Ph) Oi-Pr o, -BU 43 {(cis
azeotropic 25-287C (cis)
removal of 6
-PrOH under
reduced pressure
<The present Method>
H O
Ph G
o) 1-naphthaldehyde (8) Y« NOE
(CH50)5CH Ph cat. CSA o
(S)2a ————» ° &t
/ cyclohexane o} / toluene, 9a: 74%
65-80°C OCH;, 0-5° CQ cis isomer
azeotropic > 99% de
removal of 7
CH3OH under
normal pressure
H O
Ar/,,‘.Y//(
Ar""<(/< o O
¥ -
(R)-2b, ¢ Lo \/~H 9b: 59%
7 . o
2b: Ar = 3-CICgH, OCH, Q 9‘c«.76 %
2¢: Ar = 4-CICgH, C cis isomer
7 >99% de

termediates were prepared from readily available and inex-
pensive materials, chiral mandelic acs—cand 1-naph-
thaldehydeg, under mild and practical reaction conditions.

Results and Discussion

The method utilizing the chiral template, 2,5-disubstituted
1,3-dioxolan-4-onedl, includes two highly diastereoselective

As shown in Scheme 2, the present method has several
advantages concerning the first stepcef-1,3-dioxolan-4-
ones formation, such as (i) both (@B);CH and 1-naph-
thaldehyde8, are more inexpensive than (i-PsEOH and
pivalaldehyde3a; (ii) due to the higher reactivity of (G)s-

CH, relatively unstable intermediafe(or 7') was smoothly
formed at lower temperature and shorter reaction periods than

. . . . N 14 (i i oo -di _A- —
reactions, i.e., a cis selective cyclocondensation betweentn0ose of6;™ (iii) the desiredcis-1,3-dioxolan-4-onesla—c,

optically active mandelic acid® and specific aldehyde3,
followed by a trans selective alkylation 4f Previous studies
suggested that the use of pivalaldehy@a;(Rt = t-Bu)
afforded the best result among other carbonyl compounds,
such as isobutyraldehydehenzaldehydé! and acetophe-
nonet!

There are a few problems in the reaction conditions of
the original stereoselective condensation betwand3a,
because of the low reactivity dda and the purification
procedure. Banyu and Merck’s groups reported an improved
practical method, usingi-PrOxCH/PTS catalyst as an
effective formal dehydrating agent for the preparation of
2-(tert-butyl)-5-phenyl-1,3-dioxolane-4-ond4 R! = t-Bu,
92%) (Scheme 2¥ They utilized the chiral syntho#a for
a stereoselective Michael addition to cyclopentenone and
performed an efficient practical synthesis of a muscarinic
receptor antagonist. A related method using-BrQO);CH/
Rh(lll) catalyst was also reportéd.These backgrounds
prompted us to investigate a more convenient and cost-
effective method of utilizing novel 5-aryl-2-(1-naphthyl)-
1,3-dioxolane-4-onefa—c, from mandelic acidga (2S),
2b (2R, commercially available@c (prepared by classical
resolution)!® leading to chiralo-alkylmandelic acids, (S)-

1, (R)-19—22.
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were formed more smoothly thadg,'® due to the higher
reactivity1® the reaction betweef (or 7') and3a resulted
in 10—30% vyield under identical conditions; and (iv) the
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pseudoequatorial

; i g -0.88 kealimol

(calculated by MM2)

4 _/' 1,3-repulsion
cis trans
(16) Probably because intermediary 1-naphthylmethylinum cation was generated
more smoothly tharert-butylmethylinium cation, 1-naphthaldehyde un-
derwent rapid and safe acetal formation to give
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Table 1. Diastereoselective trans alkylation of 9ac

o]
Ph R2X (2.0 eq.), Ph NOE {R? = CHy)
ﬁo LDA (1 5eq.) ﬁ/( )
,,H
OQ /THF, -78 -0 °C
%a 10 - 14
O Rz 0]
A, Ar,,)
A A
O~/ O~/
ab: Ar= .Gt
8c¢: Ar = 4-CICgH, 15-18
yield de

entry substrate K product (%) (%)
1 9a(S) CHil 10(2S,58) 79 92

2 9a PhCHBr 11(2S,58) 76 =>95

3 9a CH,~=CHCH,Br 12(2S,5S) 72 >95

4 9a CH3(CHy)3l 13(2S,5S) 58 =95

5 9a EtO,C(CH,),Br 14(2S,5S) 57 =>95
6 9b(R) CHil 15(2R,5R) 64 93
7 9b PhCHBr 16(2R,5R) 34  og
8 9c(R) CHil 17(2R,5R) 54 92
9 9c PhCHBr 18(2R,5R) 66 90

alsolated.P Determined by*H NMR of the crude product Yield based on
the correspondingr-alkylmandelic acids20, 21 (See Experimental Section).
d Determined by HPLC analysis (ee) 20 and 21.

of IH NMR. Because of the sensitive conditions of the
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c. The present robust method will provide a new and easy
access to chiral synthons and ligands for process research.

present reaction, CSA was used as the catalyst, instead of
hygroscopic and stronger acidic PTS; the use of PTS resultecExperimental Section

in more rapid reaction, however, with moderate cis selectivity
(ca. cis:trans= 8:2).
The next alkylation step usir@p—c proceeded with high

General. Melting points were determined on a hot stage
microscope apparatus (Yanagimoto) and were uncorrected.
NMR spectra were recorded on a JEOL DELTA 300

trans diastereoselectivity to give the desired chiral products spectrometer, operating at 300 MHz fid NMR and 75
10—18, and Table 1 summarizes these successful results. ThéviHz for 13C NMR. Chemical shiftsq ppm) in CDC} were

salient features are as follows: (i) the selectivity uSiag-c

was no less than that usidg, (ii) the reaction leading to
(S)-atrolactic acid [§)-1a] had higher efficiency (entry 1)
(4a; 86% ee9a; 92% eeY, (iii) stereochemistry of product

reported downfield from TMS=£ 0) for '"H NMR. For 13C

NMR, chemical shifts were reported in the scale relative to
CDCl; (77.00 ppm) as an internal reference. IR Spectra were
recorded on a JASCO FT/IR-5300 spectrophotometer. The

10 was unambiguously determined by NOE measurement enantiomeric excess (ee) was determined by HPLC analysis.

of 'H NMR, (iv) four other alkyl halides underwent the
desired reaction with9a (entries 2—5), (v) other new
analogue®b and9c were also obtained (entries 6—9), and
(vi) note that toxic and hazardous HMPA cosolvent was

HPLC data were obtained on a SHIMADZU HPLC system
(consisting of the following: SLC-10A, DGU-12A, LC-

10AD, SIL-10A, CTO-10A, and detector SPD-10AV, mea-
sured at 254 nm) using DAICEL Chiralpak AD-H column

unnecessary and was eliminated during the alkylation step(0.46 cmx 25 cm) at 35°C. Optical rotations were measured

in contrast to the reported methdds.

on a JASCO DIP-370X 589 nm). Mass spectra were

The proposed mechanism of trans diastereoselectivemeasured on a JEOL JMS-T100LC spectrometer.

alkylation is depicted in Scheme 3. Due to the template
effect, steric repulsion between the 1-naphthyl group a&xd R
(alkyl halides) caused enhancementrefface attack over
the si-face attack, thus leading to trans products.

Finally, several optically activet-alkylmandelic acids,
(S)-1'and (R)-19—22, were obtained by the conventional
deacetalization (hydrolysis)n good yield without loss of
enantioselectivity (Scheme 4).

Typical Procedure for the Preparation of (2S,5S)-2-
(1-Naphthyl)-5-phenyl-1,3-dioxolan-4-one (9a)A solution
of (S)-mandelic acid2a; 15.2 g, 100 mmol) and (GO)s-
CH (15.9 g, 150 mmol) in cyclohexane (100 mL) was stirred
at 65-80 °C using Dean Stark apparatus with continual
azeotropic removal of C¥OH—cyclohexane (~45 mL) for
~1 h under an Ar atmosphere. After cooling to room
temperature, the remaining cyclohexane and {QkCH

In conclusion, we developed a practical, improved method were removed under reduced pressure 35-°@Qusing a

for the synthesis of chirat-alkylmandelic acid4, including
atrolactic acids (1a; R= CHg), utilizing an accessible novel
5-aryl-2-(1-naphthyl)-1,3-dioxolane-4-one precurs®@a;-
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rotary evaporator and vacuum pump. Toluene (50 mL) was
added to the resultant residue (not viscous oil), which was
cooled to 0-5 °C. After addition of (f)-10-camphorsulfonic



acid (697 mg, 3.0 mmol), to the mixture was added dropwise with water and brine, dried (N80Q,), and concentrated. The

for ca. 20 min 1-naphthaldehyd8;(17.2 g, 110 mmol) in

obtained crude oil (92% de based hNMR measurement)

toluene (5 mL). After stirring at the same temperature for 1 was purified by Si@column chromatography (hexane—

h, the mixture was seeded with material{90% de) from
a small-scale preparation. After30 min, white precipitates

of the desired produ@a gradually appeared and increased.
The slurry was stirred at that temperature for 3 h, and it was

quenched with saturated NaHg@queous solution, which

AcOEt = 30:1 to 20:1) to give (8,5S)-5-methyl-2-(1-
naphthyl)-5-phenyl-1,3-dioxolan-4-ondQ; 6.20 g, 79%,
92% de).

Colorless liquid; [a}°s +64.4 (c1.21, CHC)); *H NMR
(300 MHz, CDC}) 6 1.97 (s, 1H), 7.227.35 (m, 4H), 7.44

was extracted twice with AcCOEt. The combined organic (dd, 1H,J = 7.2, 8.3 Hz), 7.5%7.62 (m, 4H), 7.76-7.77

phase was washed with water and brine, dried.§s), and

(m, 1H), 7.85—7.95 (m, 2H), 8.09—8.20 (m, 1H¥C NMR

concentrated. The obtained crude product (92% de based orf75 MHz, CDCk) 6 23.69, 79.98, 99.83, 123.21, 124.00,
IH NMR measurement) was collected, using a glass filter, 124.96, 124.99, 126.16, 126.92, 128.26, 128.36, 128.82,

washing with 100 mL of hexanes—&X (2:1). The resultant
crude solid was purified by recrystallization from AcOEt (ca.
30 mL) to give9a (21.4 g, 74%,>99% de).

Colorless crystals; mp 1321.33°C; [a]%% +65.5 € 0.99,
CHCl); *H NMR (300 MHz, CDC}) ¢ 5.54 (s, 1H), 7.25
(s, 1H), 7.35-7.45 (m, 3H), 7.457.62 (m, 5H), 7.88-7.99
(m, 3H), 8.09-8.16 (m, 1H);*3C NMR (75 MHz, CDC}) ¢

130.25, 130.42, 130.69, 133.64, 138.99, 173.73; IR (KBr)

3063, 2978, 2932, 1795, 1217, 1132, 966 EHIRMS (ESI)

calcd for GoH1603 (M + Nat) 327.0997, found 327.1001.
(2559-5-Benzyl-2-(1-naphthyl)-5-phenyl-1,3-dioxolan-

4-one (11):colorless crystals; mp 161104°C; [o]?% +15.5

(c 1.02, CHCY); *H NMR (300 MHz, CDC}) ¢ 3.33 (d,

1H,J = 13.8 Hz), 3.68 (d, 1HJ = 13.8 Hz), 6.34 (s, 1H),

77.13, 101.30, 123.08, 124.11, 125.05, 126.24, 127.06,7.25—7.89 (m, 17H)**C NMR (75 MHz, CDC}) ¢ 45.91,
127.10, 128.80, 128.86, 129.32, 129.68, 130.46, 131.00,83.79, 101.04, 123.08, 123.43, 124.94, 124.99, 126.05,
133.35, 133.64, 171.29; IR (KBr) 1786, 1244, 1211, 1159, 126.79, 127.75, 129.32, 128.21, 128.34, 128.72, 130.25,

941, 783 cm*; HRMS (ESI) calcd for GgH1403 (M + Na)
313.0841, found 313.0843.

(2R 5R)-5-(3-Chlorophenyl)-2-(1-naphthyl)-1,3-dioxolan-
4-one (9b):colorless crystals; mp 165110°C; [a]?% —79.9
(c1.02, CHCH); *H NMR (300 MHz, CDC}) 6 5.49 (s, 1H),
7.22 (s, 1H), 7.267.41 (m, 3H); 7.457.62 (m, 4H), 7.82
8.00 (m, 3H), 8.058.14 (m, 1H);3C NMR (75 MHz,

130.44, 130.54, 130.71, 133.52, 134,57, 138.72, 173.12; IR

(KBr) 3061, 3030, 1804, 1784, 1182 cf HRMS (ESI)

calcd for GgH2003 (M + Nat) 403.1310, found 403.1301.
(2S,59)-2-(1-Naphthyl)-5-phenyl-5-(2-propenyl)-1,3-di-

oxolan-4-one (12)colorless crystals; mp 96—9€; [a]%p

+63.7 (c1.33, CHCY); 'H NMR (300 MHz, CDC}) 62.91

(dd, 1H,J= 7.2, 14.5 Hz), 3.68 (dd, 1H,= 6.8, 14.4 Hz),

CDCl) 6 76.18, 101.49, 122.97, 124.09, 124.97, 125.03, 5.24-5.40 (m, 2H), 5.856.04 (m, 1H), 7.17-7.47 (m, 4H),
126.29, 126.98, 127.10, 128.89, 129.35, 129.41, 130.04,7.47-7.68 (m, 5H), 7.84.7.94 (m, 2H), 8.07-8.17 (m, 1H);
130.37, 131.13, 133.64, 134.73, 135.13, 170.62; IR (KBr) 3C NMR (75 MHz, CDC}) ¢ 43.33, 82.53, 100.90, 121.06,

3063, 2949, 1788, 1412, 1206 cinHRMS (ESI) calcd for
C1H13ClOs (M + Nat) 347.0451, found 347.0455.

(2R 5R)-5-(4-Chlorophenyl)-2-(1-naphthyl)-1,3-dioxolan-
4-one (9c):colorless crystals; mp 165.09°C; [a]®p —87.1
(c1.61, CHCH); *H NMR (300 MHz, CDC}) 6 5.50 (s, 1H),
7.23 (s, 1H), 7.327.46 (m, 4H); 7.48-7.64 (m, 3H), 7.86
8.01 (m, 3H), 8.068.15 (m, 1H);3C NMR (75 MHz,

121.18, 123.24, 123.66, 124.92, 125.03, 126.12, 126.91,
128.13, 128.23, 128.80, 130.33, 130.54, 130.79, 133.62,
137.88, 172.89; IR (KBr) 3067, 2913, 1346, 1206, 1105
cm; HRMS (ESI) calcd for G:H1g03 (M + Nat) 353.1154,
found 353.1150.
(2S,59)-5-Butyl-2-(1-naphthyl)-5-phenyl-1,3-dioxolan-
4-one (13):colorless liquid; [a}% +64.2 (c1.00, CHCY);

CDCl) ¢ 76.31, 101.48, 122.99, 124.06, 125.031, 126.29, 'H NMR (300 MHz, CDC}) 6 0.82—0.99 (m, 3H), 1.17—
127.10, 128.25, 128.90, 129.91, 129.22, 129.43, 130.37,1.67 (m, 4H), 2.09-2.38 (m, 2H); 7.19-7.27 (m, 3H), 7.32
131.11, 133.64, 135.30, 70.90; IR (KBr) 3063, 2946, 1788, (s, 1H), 7.37-7.75 (m, 6H), 7.858.05 (m, 2H), 8.13-08.19

1491, 1208, 941 cnt; Anal. Calcd for GeH1sClOs: C, 70.3;
H, 4.0, found: C, 70.0; H, 3.8.

Typical Procedure for the Trans Selective Alkylation
of 9a with CHgl. BuLi (1.58 M in hexane, 19.7 mL, 31.1
mmol) was added to a stirred solution '®r,NH (3.41 g,
33.7 mmol) in THF (15 mL) at—10 °C under an Ar

atmosphere, and the mixture was stirred at the same

temperature for 30 min. After cooling the mixture t6/8
°C, a solution of9a (7.53 g, 26.0 mmol) in THF (25 mL)

(m, 1H); 3C NMR (75 MHz, CDC}) 6 13.90, 22.60, 25.85,
38.16, 82.68, 100.56, 123.27, 123.77, 124.92, 125.01, 126.12,
126.89, 127.92, 128.15, 128.82, 130.37, 130.52, 130.90,
133.64, 138.05, 173.54; IR (KBr) 3063, 2959, 2870, 1794,
1196 cntl; HRMS (ESI) calcd for GH05 (M + Nat)
369.1467, found 369.1468.
(2559-5-(2-Ethoxycarbonylethyl)-2-(1-naphthyl)-5-
phenyl-1,3-dioxolan-4-one (14):colorless liquid; §]%%
+69.3 € 1.23, CHCH); *H NMR (300 MHz, CDC}) 6 1.23

was slowly added to the mixture, which was stirred at the (t, 3H), 2.29—2.58 (m, 3H), 2.662.81 (m, 1H), 4.13 (q,

same temperature for 30 min. A solution of €K7.37 g,
51.9 mmol) in THF (5 mL) was slowly added to the mixture,

2H,J = 7.2 Hz), 7.22—7.29 (m, 3H), 7.33 (s, 1H), 7:38
7.68 (M, 6H), 7.87-7.94 (m, 2H), 8.1%8.17 (m, 1H);:%C

which was stirred at the same temperature for 5 min, and NMR (75 MHz, CDC}) 6 14.15, 28.80, 32.45, 60.73, 81.61,

then warmed to 65 °C during about 2.5 h. The mixture

100.42, 132.26, 123.94, 124.90, 125.13, 126.18, 126.95,

was quenched with water (200 mL), which was extracted 128.30, 128.34, 128.82, 130.37, 130.43, 130.69, 133.62,
twice with ether. The combined organic phase was washed136.68, 172.55, 172.82; IR (KBr) 2982, 2932, 1796, 1732,
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1198 cmt; HRMS (ESI) calcd for G4H2,05 (M + Nat)
413.1365, found 413.1361.
(2R,5R)-5-(3-Chlorophenyl)-5-methyl-2-(1-naphthyl)-
1,3-dioxolan-4-one (15)Because of the instability df5 for
the SiQ and alumina column chromatographic purifications,
the crude product was converted t&}2-(3-chlorophenyl)-
2-hydroxypropanoic acid2Q): colorless crystals; mp 104
— 105 °C; [0]?>» —57.9 € 0.81, CHC}); *H NMR (300
MHz, CDCk) 6 1.81 (s, 3H), 7.257.33 (m, 2H), 7.43
7.51 (m, 1H); 7.5%7.61 (m, 1H);*3C NMR (75 MHz,
CDCl;) 6 26.83, 75.31, 123.52, 125.70, 128.36, 129.72,
134.52, 143.69, 179.97; IR (KBr) 3416, 3287, 2994, 1718,
1260, 1150 cm’; HRMS (ESI) calcd for GHoCIOs (M —
H*) 199.0162, found 199.0165. HPLC analysis [flow rate:
0.80 mL/min, solvent: hexane/2-propanol/TEA90/10/1,
tr(racemic)= 12.67 and 15.17 mintg(20) = 12.68 min
(minor) and 15.17 min (major) ] 93% ee.
(2R,5R)-5-Benzyl-5-(3-chlorophenyl)-2-(1-naphthyl)-
1,3-dioxolan-4-one (16)Due to the same reason, the crude
product was converted toR-2-(3-chlorophenyl)-2-hydroxy-
3-phenylpropanoic acid2(): colorless crystals; mp 148
150°C; [a]?% —28.8 (c0.89, CHC}); *H NMR (300 MHz,
CDClg) 6 3.18 (d, 1H,J = 13.76), 3.60. (d, 1H) = 13.76),
4.75.-6.50 (brs, 1H), 7.177.36 (m, 7H); 7.56-7.63 (m, 1H),
7.69—7.73 (m, 1H)C NMR (75 MHz, CDC}) 6 45.92,

6.39 (s, 1H), 7.237.29 (m, 3H), 7.327.49 (m, 5H), 7.52
7.59 (m, 5H), 7.8%7.91 (m, 3H);C NMR (75 MHz,
CDCls) 6 45.81, 83.29, 101.11, 122.94, 123.33, 124.90,
126.10, 126.47, 126.85, 127.82, 128.47, 128.73, 130.15,
130.50, 130.56, 133.52, 134.15, 134.27, 137.14, 172.76; IR
(KBr) 3065, 1792, 1491, 1250, 1192, 1094 ¢nHRMS
(ESI) calcd for GgH1oClOs; (M + Na') 437.0920, found
437.0914,

(29-2-Hydroxy-2-phenylpropanoic Acid, (S)-Atrolactic
Acid [(S)-1"; R CHg3]. In a manner similar to the
preparation ofl0, the use oBa (20.4 g, 70.2 mmol) and
CHGsl (19.9 g, 140.3 mmol) gave the crude oil (92% de based
on'H NMR measurement), which was dissolved in {CHH
(50 mL), and 2.5 M NaOH aqueous solution (50 mL) was
added to the mixture at-86 °C. After stirring at room
temperature for 1 h, the mixture was extracted twice with
ether. The aqueous layer was adjusted to ptB 2ising 6
M HCI aqueous solution, which was re-extracted twice with
AcOEt. The combined organic phase was washed with water
and brine, dried (Ng&5Qy), and concentrated. The obtained
crude crystals were washed with cooled toluene (ca. 50 mL)
over a glass filter and purified by recrystallization twice from
toluene to give the product (6.29 g, 54%).

Colorless crystals; mp 132114°C; [a]%% +36.0 € 0.99,
C,HsOH) (lit.*2 +37.7, GHsOH); *H NMR (300 MHz,

78.24, 124.00, 126.14, 127.38, 128.38, 129.64, 130.42,CDCl;) 6 1.83 (s, 3H), 7.2#7.40 (m, 3H), 7.527.61 (m,

134.46, 134.52, 142.49, 178.06; IR (KBr) 3443, 2976, 1725,

1188, 1107 cmt; HRMS (ESI) calcd for @H13ClO; (M —
H*) 275.0475, found 275.0472. HPLC analysis [flow rate:
0.80 mL/min, solvent: hexane/2-propanol/TEA90/10/1,
tr(racemic)= 14.17 and 18.42 mintg(21) = 14.11 min
(minor) and 18.33 min (major)]; 98% ee.
(2R,5R)-5-(4-Chlorophenyl)-5-methyl-2-(1-naphthyl)-
1,3-dioxolan-4-one (17)colorless crystals; mp 6670 °C;
[a]?%5 —98.0 (c0.77, CHC}); *H NMR (300 MHz, CDCY})
0 1.93 (s, 3H), 7.2%7.32 (m, 3H), 7.46-7.62 (m, 5H),
7.65-7.72 (m, 1H), 7.857.96 (m, 2H), 8.0#8.16 (m, 1H);
13C NMR (75 MHz, CDC}) 6 23.98, 79.52, 99.98, 123.11,

2H); 3C NMR (75 MHz, CDC}) ¢ 26.58, 75.70, 125.15,
128.17,128.46, 141.71, 180.54; IR (KBr) 3420, 2953, 1713,
1260, 1140, 891 cnit. HPLC analysis [flow rate: 0.80 mL/
min, solvent: hexane/2-propanol/TFA90/10/1 tr(racemic)
= 14.12 and 17.80 mirtg(13) = 14.08 min]> 99% ee.

(2R)-2-(4-Chlorophenyl)-2-hydroxypropanoic acid (19):
colorless crystals; mp 168169 °C; [a]?%, —38.9 (c1.01,
C,HsOH).

(2R)-2-(4-Chlorophenyl)-2-hydroxy-3-phenylpropano-
ic acid (20): colorless crystals; mp 206—20%C; [0]%%
+12.0 (c1.24, GHsOH).

123.90, 124.9, 126.22, 126.41, 126.98, 128.51, 128.88, Acknowledgment _ o
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for C,0H1sClOs: C, 70.9; H, 4.5, found: C, 70.2; H, 4.3.
(2R,5R)-5-Benzyl-5-(4-chlorophenyl)-2-(1-naphthyl)-
1,3-dioxolan-4-one (18)colorless crystals; mp 165.09°C;
[0]?% —7.58 (c0.59, CHC}); *H NMR (300 MHz, CDCH)
0 3.29 (d, 1H,J = 13.8 Hz), 3.65 (d, 1HJ = 13.8 Hz),
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