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Abstract

In order to elucidate the nature of a novel lipase (CSL), isolated from the gegstococcus spp. S-2, in chiral recognition by comparison
with that of immobilized PPL, the desymmetrization and asymmetrization of prochiral 2-phenyl-1,3-propahedidit{enzyl-1,3-propanediol
(1b), 2-methyl-2-phenyl-1,3-propanedidd), 2-benzyl-2-methyl-1,3-propanedidd), 2-ethyl-2-phenyl-1,3-propanediold), and 2-benzyl-2-
ethyl-1,3-propanediollf) by acetylation was investigated. Acetylation Izf with excess vinyl acetate by the CSL-enzyme catalyst gave the
corresponding monoaceta2a with high enantioselectivity (80% ee) in 46% vyield. Very high levels of desymmetrization were observed in the
tertiary systems ofc—, giving the corresponding monoaceta2esf, respectively, in >97%. In the desymmetrization of ditds 1¢, 1d, and1f,
the sense of chiral differentiation of CSL was opposite to that of immobilized porcine pancreatic lipase (PPL).
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction catalyzed desymmetrization of prochiral 2,2-disubstituted 1,3-
propanediols using 1-ethoxyvinyl 2-furoate with lipase MY
Enzyme-catalyzed esterification of prochiral diols is anfrom Candida rugosa [5] has also been developed.
attractive method for the preparation of chiral building blocks Among the known biocatalysts, lipases have been the most
for the synthesis of complex compounds of biological and pharwidely applied in the synthesis of enantiomerically pure com-
macological interest. Since a number of biologically importantpoundg6]. Recently, a new addition has been made to this family
natural products contain chiral quaternary carbon centglfs) of enzymes. A novel lipase (CSL) has been isolated from the
many enzyme-based transformation involving the formation ofyeast,Cryptococcus spp. S-2 and it has been demonstrated to
such asymmetric centers have been investigated. Among thesegve good potential for the hydrolysis of vegetable oils, which
the enzyme-catalyzed hydrolysis of prochiral disubstituted malare industrially and economically important for the production of
onateg?2], the hydrolysis of prochiral diesters derived from diols biodiesel fue[7]. In connection with our interest in the desym-
[3], and the reduction of prochiral 2,2-disubstituted 1,3-dionesnetrization of prochiral compound8], we have carried out an
[4] have achieved a certain degree of success. An efficient lipasexamination of this novel CSL-enzyme as a possible alterna-
tive for the enantioselective monoesterification of prochiral 2,2-
disubstituted 1,3-propanediols by chiral recognition. Previously,
* Corresponding author. Tel.: +81 82 424 7432; fax: +81 82 424 0747.  Several efficientlipase-catalyzed desymmetrizations of prochiral
E-mail address: ohkata@sci.hiroshima-u.ac.jp (K. Ohkata). 2-monosubstituted 1,3-propanediols have been repf8tdcB).
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a:R'=Ph, R®=H b:R'=Bn, RZ=H
c:R'=Ph, R® = CH, d:R'=Bn, R? = CHy
e:R'=Ph,R?=CH,CH; f: R'=Bn, R?= CH,CH,

Scheme 1.

In contrast, there are few examples on the desymmetrization.34—7.20 (m, 5H), 3.99 (dd;=7.6, 10.8 Hz, 2H), 3.92 (dd,

of prochiral 2,2-disubstituted 1,3-propanediols furnishing chi-/=5.5, 10.8 Hz, 2H), 3.09 (m, 1H), the hydroxy protons were

ral quaternary carboris,14]. not observed due to broadening of the corresponding signal;
In this paper, we describe the desymmetrization and3C NMR (CDChk) § 139.2, 128.8 £2), 128.0 «2), 127.2,

asymmetrization of prochiral 2-monosubstituted and 2,266.1 (x2), 49.8; FAB-HRMS calcd for §H130, [M+H]™,

disubstituted 1,3-propanedioltalf) by CSL catalyzed acety- 153.0916; found 153.0914; Anal. calcd foghd; 20,: C 71.03,

lation (Scheme ), and compare the reactivity and enantioselecH 7.95; found: C 71.15, H 7.81.

tivity of CSL with that of immobilized porcine pancreatic lipase

(PPL). 2.3.2. 2-Benzyl-1,3-propanediol (1b)
To a suspension of NaH (2.42g, 80 mmol) in dry THF
2. Experimental (100 mL) was added dropwise the starting material, freshly dis-
tilled dimethyl malonate (10.4mL, 91 mmol), at’G. After
2.1. General procedures evolution of gas seized, benzyl chloride (7.0 mL, 61 mmol) was

added at OC and the reaction mixture was stirred for 1 h at
IH (500MHz) and13C NMR (125MHz) spectra were room temperature, followed by refluxing for 6 h. The resulting
recorded in CDG with JEOL NM-ECP500 and NM-LA500 mixture was treated with a saturated aqueous solution QfQH
spectrometers using tetramethylsilane as the internal standam@hd extracted with EtOAc (2 20 mL). The organic layer was
Optical rotations were measured on a Jasco DIP-370 polarimekied over anhydrous MgSfand evaporated atreduced pressure
ter. Enantioselectivity (%ee) was determined by HPLC analysiso give an oil which was purified by column chromatography
of the reaction mixture with a system consisting of a Jasco 88(silica gel, hexane—ethyl acetate, 95:5), to afford dimethyl 2-
PU pump, a Jasco 875-UV detector and a Daisel CHIRALCELbenzylmalonate (6.9g, 51%) as a colorless liqdid: NMR

AD and OD column (4.6 mnx 250 mm). (CDCl3) 8 7.27-7.16 (m, 5H), 3.67 (s, 6H), 3.66 (= 7.8 Hz,
1H), 3.20 (d,/=7.8 Hz, 2H);13C NMR (CDCk) § 169.2 (x2),
2.2. Lipases 137.7,128.7%2),128.5 «2), 126.7,53.5%2), 52.5, 34.7; El-
HRMS calcd for GoH1404 [M] +, 222.0892; found 222.0891.
Preparation of the lipase (CSL) from the yeaStyptococ- Dimethyl 2-benzylmalonate (496 mg, 2.2 mmol) was con-

cus Spp. S-2 was done by a reported metligd Immobilized  verted to 2-benzyl-1,3-propanedibb (300 mg, 81%) as col-
porcine pancreatic lipase on Hyflo Super Celite was preparedrless crystals by reduction using LIiAJH{170 mg, 4.5 mmol)
by a reported methof2]. The lipases, CSL, and immobilized in ether: mp 66.0-66.5C; 1H NMR (CDCl) § 7.29-7.16 (m,

PPL, to be used in experiments were stored°&a@ 4 5H), 3.79 (dd/=3.7, 10.5Hz, 2H), 3.67 (dd,=6.9, 10.5Hz,
2H), 2.61 (d,J=7.3Hz, 2H), 2.04 (m, 1H), the hydroxy pro-
2.3. Prochiral 2-substituted and 2,2-disubstituted tons were not observed due to broadening of the corresponding
1,3-propanediols signal; 13C NMR (CDCk) § 139.8, 129.0 x2), 128.5 (2),
126.1, 65.6 «2), 43.8, 34.2; FAB-HRMS calcd for {gH150-
2.3.1. 2-Phenyl-1,3-propanediol (1a) [M+H]*, 167.1072; found 167.1075; Anal. calcd foigBl1405:

A solution of commercially available diethyl phenylmalonate C 72.26, H 8.49; found: C 72.30, H 8.47.
(4.8 g, 19.3mmol) in B0 (20 mL) was added dropwise to a sus-
pension of LiAlH; (1.11g, 29 mmol) in B0 (20mL) at ®C.  2.3.3. 2-Methyl-2-phenyl-1,3-propanediol (I1c)
The reaction mixture was stirred for 12 h at room temperature. To a suspension of NaH (0.88g, 26 mmol) in dry THF
The mixture was then cooled t6'C and treated with water until (50 mL) was added dropwise diethyl phenylmalonate (4.73 g,
no more gas evolution could be observed. The ether layer w20 mmol) at OC. After evolution of gas seized, iodomethane
filtered and the cake was washed with @t After concentra- (1.6 mL, 26 mmol) was added to the reaction mixture at
tion under reduced pressure, the resulting residue was purifi€@”C. The reaction conditions and the work-up method were
by column chromatography on silica gel using CEleOH  similar to the previous procedure for the preparation of
(97:3) to yield 2.3 g (76%) of 2-phenyl-1,3-propanedibdas  dimethyl 2-benzylmalonate. Column chromatography on silica
colorless crystalsla: mp 51.5-52.0C; 'H NMR (CDCl) 8§  gel (hexane—ethyl acetate, 95:5) afforded diethyl 2-methyl-2-
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phenylmalonate (4.89, 97%) as a colorless liqdid: NMR  3H); 23C NMR (CDChk) § 170.7 (x2), 136.9, 128.1%2), 128.0
(CDCl3) 8 7.28=7.16 (m, 5H), 4.13 (M, 4H), 1.76 (s, 3H), 1.51 (x2), 127.3, 63.0, 61.3{2), 28.8, 13.94?2), 9.2; FAB-HRMS
(t, J=7.1Hz, 6H):13C NMR (CDChk) § 1715 (x2), 138.3, calcd for GsH2104 [M+H]*, 265.1440; found 265.1450.

128.1 (x2),127.5,127.4%2), 61.6 (x2), 58.8, 22.3, 13.%2); Reduction of diethyl 2-ethyl-2-phenylpropanedicarboxylate
FAB-HRMS calcd for G4H1904 [M+H]*, 251.1283; found (1.32g, 5.0 mmol) with LiAlH, gave diolle (0.92g, 99%)
251.1281. as colorless crystals: mp 72.0-72@ 'H NMR (CDCls)

Diethyl 2-methyl-2-phenylmalonate (4.8 g, 19.3 mmol) wass 7.39-7.23 (m, 5H), 4.10 (d/=11.0Hz, 2H), 3.92 (d,
converted to 2-methyl-2-phenyl-1,3-propanedib¢ (2.49, J=11.0Hz, 2H), 1.68 (q/=7.6Hz, 2H), 0.68 (t/=7.6 Hz,
75%) as colorless crystals by reduction with LiAlKi1.16g, 3H), the hydroxy protons were not observed due to broaden-
30 mmol): mp 82.5-83.9C; 1H NMR (CDCls) § 7.33—-7.11 (m, ing of the corresponding signat3C NMR (CDCh) § 141.2,
5H), 3.84 (d/=11.0Hz, 2H), 3.70 (d]=11.0Hz, 2H), 1.17 (s, 128.7 (x2), 127.1 («2), 126.5, 68.5 x2), 47.4, 26.8, 7.9;
3H), the hydroxy protons were not observed due to broadeninAB-HRMS calcd for GiH170, [M+H]*, 181.1229; found
of the corresponding signai’C NMR (CDCk) § 142.9, 128.7 181.1220.

(x2), 126.7, 126.7 x2), 70.1 2), 44.6, 20.7; FAB-HRMS
+ . .
calod for GioMsOz M+ HI7, 1071072 Tound 107.198%0 236, 2-Benzyl-2-ethyl-1,3-propanediol (1)
Anal. Calcd for GoH1402: C 72.26, H 8.49; found: C 72.19, ) 4 suspension of NaH (0.16 g, 6.8mmol) in dry THF

H8.63. (25mL) was added dropwise dimethyl 2-benzylmalonate
(12.00g, 4.5mmol) in dry THF (5mL) at GC. After evolution
2.3.4. 2-Benzyl-2-methyl-1,3-propanediol (1d) of gas seized, iodoethane (0.40 mL, 5.0 mmol) was added to
To a suspension of NaH (0.39g, 11.3mmol) in drythe reaction mixture at @. The reaction conditions and the
THF (25 mL) was added dropwise dimethyl 2-benzylmalonatenvork-up procedures were similar to those for the preparation
(2.349, 10.5mmol) in dry THF (5 mL) at. After evolution  of diethyl 2-benzylmalonate. Column chromatography on silica
of gas seized, iodomethane (0.72mL, 11.5mmol) was addegel (hexane—ethyl acetate, 95:5) afforded dimethyl 2-benzyl-
to the reaction mixture at @. The reaction conditions and 2-ethyl-propanedicarboxylate (79%) as colorless crystals: mp
the work-up procedures were similar to those for the prepa50.0-50.5C; *H NMR (CDCls) § 7.27-7.06 (m, 5H), 3.71 (s,
ration of dimethyl 2-benzylmalonate. Column chromatography6H), 3.24 (s, 2H), 1.84 (g/=7.6 Hz, 2H), 0.90 (t/=7.6 Hz,
on silica gel (hexane—ethyl acetate, 95:5) afforded dimethyBH); 13C NMR (CDCk) § 171.7 (x2), 136.1, 129.8%2), 128.2
2-benzyl-2-methylpropanedicarboxylate (97%) as a colorleséx?2), 126.9, 59.5, 52.242), 37.7, 24.9, 8.7; FAB-HRMS calcd
liquid: 'H NMR (CDClz) § 7.26-7.07 (m, 5H), 3.71 (s, 6H), for C14H1904 [M+H]™*, 251.1283; found 251.1281.
3.21 (s, 2H), 1.33 (s, 3H*3C NMR (CDCk) § 172.3 (x2), Reduction of dimethyl 2-benzyl-2-ethylpropanedicarboxy-
136.0, 130.1 £2), 128.2 &2), 126.9, 54.9 x2), 52.4, 41.2, late (0.87 g, 3.5 mmol) with LiAld gave diollf (0.61 g, 89%) as
19.7; EI-HRMS calcd for @H1604 [M]*, 236.1049; found a colorless liquid*H NMR (500 MHz, CDC}) § 7.29-7.20 (m,
236.1055. 5H), 3.60 (d/=10.8 Hz, 2H), 3.57 (d/=10.8 Hz, 2H), 2.68 (s,
Reduction of dimethyl 2-benzyl-2-methylpropanedicarboxy-2H), 1.27 (q/ = 7.6 Hz, 2H), 0.94 (t/ = 7.6 Hz, 3H), the hydroxy
late (2.26 g, 9.6 mmol) with LiAlH gave diolld (1.58 g, 92%) protons were not observed due to broadening of the correspond-
as colorless crystals: mp 67.0-67G 'H NMR (CDCl) ing signal;'3C NMR (125 MHz, CDC$) § 137.8, 130.4 % 2),
§ 7.28-7.19 (m, 5H), 3.55 (d/=10.8Hz, 2H), 3.52 (d, 128.1(x2),126.1,68.1%2),42.4,36.7,23.4,7.5; FAB-HRMS
J=10.8Hz, 2H), 2.69 (s, 2H), 0.74 (s, 3H), the hydroxy pro-calcd for GoH190, [M + H]*, 195.1385; found 195.1384; Anal.
tons were not observed due to broadening of the correspondalcd for GoH180,: C, 74.19; H, 9.24, found: C, 74.18; H 9.48.
ing signal; 13C NMR (CDCk) § 137.8, 130.6 ¥2), 128.0
(x2),126.1,70.1%2), 40.1, 39.8, 18.6; FAB-HRMS calcd for
C11H170, [M+H]*, 181.1229; found 181.1232; Anal. Calcd
for C11H1602: C 73.30, H 8.95; found: C 73.23, H 9.02.

2.4. General procedure for lipase-catalyzed
desymmetrization

In the case of CSL, to a solution of 0.2 mmol bi-f and

2.3.5. 2-Ethyl-2-phenyl-1,3-propanediol (1e) 54 mg of lipase CSL in 2.0 mL of organic solvent, 0.037 mL of

To a suspension of NaH (0.27 g, 11.3mmol) in dry THF vinyl acetate (2 equiv.) were added. In the case of immobilized
(25 mL) was added dropwise diethyl 2-phenylmalonate (2.36 gPPL, 216 mg of immobilized PPL and 0.11 mL of vinyl acetate
10.0mmol) in dry THF (5mL) at OC. After evolution of gas (6 equiv.) were used. The suspension was magnetically stirred
seized, iodoethane (1.0 mL, 12.5 mmol) was added to the reaet room temperature and the time-courses of the reaction were
tion mixture at @C. The reaction conditions and the work- monitored by TLC analysis. The reaction was terminated by fil-
up procedures were similar to those for the preparation ofration of the enzyme through a Celite pad and the filtrate was
diethyl 2-benzylmalonate. Column chromatography on siliceevaporated under reduced pressure. The residue was character-
gel (hexane—ethyl acetate, 95:5) afforded diethyl 2-ethyl-2ized byH NMR and HPLC on a chiral column and then the
phenylpropanedicarboxylate (65%) as a colorless liqliid:  residue was separated by chromatography on silica gel columns
NMR (CDCl) § 7.44-7.26 (m, 5H), 4.27-4.17 (m, 4H), 2.35 using hexane—ethyl acetate (7:3) as an eluent to give the monoac-
(q,/=7.3Hz, 2H), 1.23 (t/=7.1Hz, 6H), 0.89 (t/=7.3Hz, etate, the diacetate and recovered starting material.
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2.4.1. 3-Acetoxy-2-phenylpropanol (2a)

Colorless oil; IR (neat) cmt 3417 (OH), 2954 (€H),
1735 (G=0); 'H NMR (CDCk) § 7.34-7.22 (m, 5H), 4.37
(dd,J/=6.4, 11.2Hz, 1H), 4.35 (dd,=6.4, 11.2Hz, 1H), 3.84
(dd,J=6.4, 11.2Hz, 1H), 3.82 (dd,=6.4, 11.2 Hz, 1H), 3.13
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2.4.6. 3-Acetoxy-2-benzyl-2-ethylpropanol (2f)

Colorless oil, IR (neat) cm' 3444 (OH), 2931 (CH),
1736 (G=0); *H NMR (CDCl) § 7.30-7.18 (m, 5H), 3.97 (d,
J=11.5Hz, 1H), 3.94 (d/=11.5Hz, 1H), 3.35 (d/=11.7 Hz,
1H), 3.30 (d,/=11.7Hz, 1H), 2.63 (d/=13.5Hz, 1H), 2.54

(quint, J=6.4 Hz, 1H), 2.03 (s, 3H), the hydroxy proton was (d, /=13.5Hz, 1H), 2.12 (s, 3H), 1.29-1.15 (m, 2H), 0.97 (t,
not observed due to broadening of the corresponding signal;=7.3 Hz, 3H), the hydroxy proton was not observed due to

13C NMR (CDCh) § 171.3, 138.9, 128.7x(2), 128.1 (2),
127.3, 64.9, 63.8, 47.2, 20.9; FAB-HRMS calcd for 81503
[M+H]*, 195.1021; found 195.1025.

2.4.2. 3-Acetoxy-2-benzylpropanol (2b)

Colorless oil, IR (neat) cm* 3400 (OH), 2927 (€H), 1735
(C=0);'HNMR (CDCls) § 7.29-7.16 (m, 5H), 4.17 (dd= 4.6,
11.2Hz, 1H), 4.06 (dd/=6.4, 11.2 Hz, 1H), 3.59 (dd,=4.6,
11.2Hz, 1H), 3.49 (dd/=4.6, 11.2 Hz, 1H), 2.67 (dd,=7.6,
13.8Hz, 1H), 2.61 (dd[=7.6, 13.8 Hz, 1H), 2.11(m, 1H), 2.07

broadening of the corresponding signsdC NMR (CDCk) §
171.8, 137.1, 130.42), 128.1 «2), 126.3, 65.9, 65.9, 42.7,
36.2,22.7,20.9, 7.4; FAB-HRMS calcd fof gH,:03 [M + H] ¥,
237.1491; found 237.1483.

2.4.7. 1,3-Diacetoxy-2-phenylpropane (3a)

Colorless oil; IR (neat) cmt 2962 (G-H), 1743 (G=0);
IH NMR (CDCls) 8 7.33-7.21 (m, 5H), 4.33 (d/=11.2 Hz,
2H), 4.30 (dJ=11.2 Hz, 2H), 3.29 (m, 1H), 2.00 (s, 6HC
NMR (CDCl3) 6 170.9, 138.3, 128.742), 127.9 &2), 127.4,

(s, 3H), the hydroxy proton was not observed due to broadening4.8 (x2), 43.7, 20.8 x2); FAB-HRMS calcd for GzH1704

of the corresponding signd®C NMR (CDCk) § 171.7, 139.3,
129.0 (x2), 128.5 «2), 126.3, 64.0, 62.1, 42.5, 34.3, 20.9;
FAB-HRMS calcd for GoH1703 [M+H]™*, 209.1178; found
209.1175.

2.4.3. 3-Acetoxy-2-methyl-2-phenylpropanol (2c)

Colorless oil; IR (neat) cm! 3448 (OH), 2938 (CH),
1735 (G=0); *H NMR (CDCl3) § 7.38-7.22 (m, 5H), 4.34 (d,
J=11.5Hz, 1H), 4.33 (d/=11.5Hz, 1H), 3.73 (d/=11.5Hz,
1H), 3.72 (d,J=11.5Hz, 1H), 2.04 (s, 3H), 1.34 (s, 3H),

[M+H]*, 237.1127; found 237.1128.

2.4.8. 1,3-Diacetoxy-2-benzylpropane (3b)

Colorless oil, IR (neat) cmt 2954 (G-H), 1739 (G=0); 1H
NMR (CDClg) § 7.29-7.13 (m, 5H), 4.06 (dd,=5.3, 11.2 Hz,
2H), 4.00 (dd/=6.4,11.2 Hz, 2H), 2.68 (d,= 7.6 Hz, 2H), 2.31
(m, 1H), 2.04 (s, 6H)*3C NMR (CDCh) § 171.0 (x2), 138.7,
129.0 (x2), 128.6 2), 126.4, 63.7%2), 39.1, 34.6, 20.8X2);
FAB-HRMS calcd for G4H1904 [M+H]*, 251.1283; found
251.1292.

the hydroxy proton was not observed due to broadening of

the corresponding signat?’C NMR (CDCk) § 171.5, 142.5,
128.6 (x2), 126.8, 126.4 %2), 68.5, 67.9, 43.7, 20.9, 20.6;
FAB-HRMS calcd for GoH1703 [M+H]*, 209.1178; found
209.1186.

2.4.4. 3-Acetoxy-2-benzyl-2-methylpropanol (2d)

Colorless oil, IR (neat) cmt 3450 (OH), 2935 (€H),
1735 (G=0); 'H NMR (CDCl) § 7.28-7.14 (m, 5H), 3.95 (d,
J=11.2Hz, 1H), 3.91 (d/=11.2 Hz, 1H), 3.32 (d/=11.7 Hz,
1H), 3.28 (d,/=11.7 Hz, 1H), 2.60 (d/=13.3Hz, 1H), 2.56

2.4.9. 1,3-Diacetoxy-2-methyl-2-phenylpropane (3c)

Colorless oil, IR (neat) cmt 2977 (G-H), 1743 (G=0);
1H NMR (CDCl) 8 7.33-7.21 (m, 5H), 4.28 (dj=11.2 Hz,
2H), 4.27 (d,J=11.2 Hz, 2H), 2.00 (s, 6H), 1.38 (s, 3H¥C
NMR (CDCl3) § 170.9 (x2), 142.0, 128.5%2), 126.9, 126.2
(x2), 68.4 (x2), 41.6, 21.0, 20.8X2); FAB-HRMS calcd for
C14H1004 [M+H]*, 251.1283; found 251.1291.

2.4.10. 1,3-Diacetoxy-2-benzyl-2-methylpropane (3d)
Colorless oil, IR (neat) cmt 2927 (G-H), 1739 (G=0); 1H

(d, J=13.3Hz, 1H), 2.11 (s, 3H), 0.81 (s, 3H), the hydroxy NMR (CDClg) § 7.27—7.07 (m, 5H), 3.89 (d,=11.2 Hz, 2H),
proton was not observed due to broadening of the corre3.86 (d,/=11.2Hz, 2H), 2.64 (s, 2H), 2.07 (s, 6H), 0.86 (s, 3H);

sponding signal;'3C NMR (CDChk) § 171.9, 137.0, 130.6

(x2), 128.1 «2), 126.3, 67.6, 66.1, 40.1, 39.9, 20.9, 18.5;

FAB-HRMS calcd for G3H1903 [M+H]*, 223.1334; found
223.1326.

2.4.5. 3-Acetoxy-2-ethyl-2-phenylpropanol (2e)

Colorless oil, IR (neat) cm' 3452 (OH), 2965 (€H),
1739 (G=0); 'H NMR (CDCl) § 7.38-7.23 (m, 5H), 4.50 (d,
J=11.2Hz, 1H), 4.45 (d/=11.2 Hz, 1H), 3.83 (d/=11.5Hz,
1H), 3.79 (dJ=11.5Hz, 1H), 2.06 (s, 3H), 1.78-1.70 (m, 2H),

13C NMR (CDCh) § 170.8 (x2), 136.4, 130.4%2), 128.1 & 2),
126.5,67.3%2), 40.3, 38.0, 20.8¢2), 19.0; FAB-HRMS calcd
for C15H2104 [M + H]*, 265.1440; found 265.1433.

2.5. Absolute configuration of monoacetates 2c, 2d, and 2f

produced by the CSL-catalyzed acetylation

According to a reported methdd4d], to a solution of2¢c
{17.1 mg, 0.082 mmol]D?>+ 7.3 (¢ 1.2, CH:Cl,)} produced
from1c by CSL in acetone (1.0 mL) was added the Jones reagent

0.70 (tJ=7.6 Hz, 3H), the hydroxy proton was not observed dug(0.20 mL) at room temperature and the reaction mixture was

to broadening of the corresponding sign&c NMR (CDCh)
5171.6, 140.9, 128.642), 126.7 2), 126.6, 65.8, 65.8, 46.8,
26.3, 20.9, 7.7; FAB-HRMS calcd for 1gH1903 [M+H]*,
223.1334; found 223.1330.

stirred for 3 h. Isopropanol (0.2 mL) was added and the solution
was diluted with ether (10 mL). The resulting mixture was fil-
tered through Celite and the filtrate was evaporated. The residue
was purified by chromatography on silica gel column using
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hexane—ethyl acetate (7:3) as an eluent to give 3-acetoxy-FAB-HRMS calcd for GiH1503 [M+H]*, 195.1021; found
methyl-2-phenyl-propionic acid (12.5mg, 71%) as colorless 195.1021.
oil: [a]D%5-9.2 ¢ 1.2, CHC}), IR (neat) cn! 2992 (G-H), To a solution of2f {14.1 mg, 0.060 mmol;]D?°+1.4 (¢
1735 (G=0), 1704 (G=0); *H NMR (CDCl) § 7.39-7.27 (m, 1.5, CH:Cl,)} produced fromif by CSL in acetone (1.0 mL)
5H), 4.59 (d/=11.0Hz, 1H), 4.35(d/=11.0Hz, 1H), 2.03 (s, was added the Jones reagent (0.2 mL) at room temperature and
3H), 1.66 (s, 3H), the carboxylic proton was not observed dughe reaction mixture was stirred for 3 h. The reaction conditions
to broadening of the corresponding sign&C NMR (CDCh) and the work-up procedures were similar to those for the prepa-
8 179.8, 170.8, 139.1, 128.%Q), 127.8, 126.1%2), 68.9, ration of acid4. Column chromatographic separation on silica
50.1, 20.8, 20.4; FAB-HRMS calcd for1gH1504 [M+H]",  gel (hexane—ethyl acetate, 7:3) of the crude product afforded
223.0970; found 223.0960. 2-acetoxymethyl-2-benzyl-butyric act(91%) as a colorless
To a stirred solution of the acidi (12.5mg, 0.056 mmol) in  liquid: [a]D%> —1.5 (¢ 1.2, CHCB); IR (neat) cnt1 2969 (G-H),
MeOH (1 mL) was added a 0.2 M aqueous solution of LIOH1739 (G=0), 1705 (G-0); 'H NMR (CDCl) § 7.28-7.12 (m,
(0.30mL, 0.060 mmol) and the resulting mixture was stirred5H), 4.11 (d,J=11.5Hz, 1H), 4.08 (d/=11.5Hz, 1H), 3.07
at room temperature for 6 h. The solvent was evaporated and, /=13.8Hz, 1H), 2.94 (d/=13.8Hz, 1H), 2.12 (s, 3H),
the crude product was purified by column chromatographyl.74-1.60 (m, 2H), 0.96 (#,=7.6 Hz, 3H), the carboxylic pro-
(CHCI3—MeOH, 95:5) to afford 3-hydroxy-2-methyl-2-phenyl- ton was not observed due to broadening of the corresponding
propionic acid7 (5.1 mg, 51%) as a colorless oik]D?°~11  signal;13C NMR (CDCk) § 177.4, 170.6, 136.4, 130.6<),
(c 0.51, EtOH); IR (neat) cm' 3386 (OH), 2938 (EH), 128.3(x2),126.8,63.7,50.8, 38.6, 26.2, 20.9, 8.6; FAB-HRMS
1704 (G=0); 'H NMR (CDCl) § 7.37-7.26 (m, 5H), 4.09 calcd for G4H1904 [M +H]*, 251.1283; found 251.1296.
(d, J=11.2Hz, 1H), 3.65 (d/=11.2Hz, 1H), 1.67 (s, 3H), To a solution of the acidé (12.8mg, 0.051mmol) in
the hydroxy and carboxylic protons were not observed due ttMeOH (1 mL) was added a 0.2 M aqueous solution of LiOH
broadening of the corresponding signa®¢ NMR (CDCh) § (0.30mL, 0.060 mmol) and the resulting mixture was stirred
180.8, 139.6, 128.7X2), 127.6, 126.3¢2), 69.1, 52.4, 20.1; at room temperature for 6 h. The solvent was evaporated and
FAB-HRMS calcd for GoH1303 [M+H]*, 181.0865; found the crude product was purified by column chromatography
181.0862. (CHCI3—MeOH, 95:5) to afford 2-benzyl-2-hydroxymethyl-
To a solution of2d {17.5mg, 0.079 mmol;d]D?>+7.4 ¢  butyric acid9 (8.5mg, 80%) as a colorless liquidi]D?°-1.2
1.9, CHCE)} produced fromld by CSL in acetone (1.0mL) (c 0.85, MeOH); IR (film) cnr! 3417 (OH), 2935 (€H), 1697
was added the Jones reagent (0.19mL) at room temperatu(€=0); 1H NMR (CDsOD) & 7.29-7.20 (m, 5H), 3.58 (s, 2H),
and the reaction mixture was stirred for 3 h. The reaction con2.97 (d,/=13.3Hz, 1H), 2.92 (d/J=13.3Hz, 1H), 1.63 (q,
ditions and the work-up procedures were similar to those foy=7.6 Hz, 2H), 0.97 (t/=7.6 Hz, 3H), the hydroxy and car-
the preparation of acid. Column chromatographic separation boxylic protons were not observed due to broadening of the cor-
on silica gel (hexane—ethyl acetate, 7:3) of the crude prodresponding signals3C NMR (CD;0OD) 5 179.0, 139.0, 131.3
uct afforded 2-acetoxymethyl-2-methyl-3-phenylpropionic acid(x 2), 129.0 «2), 127.4, 62.4,53.8, 39.3, 26.6, 9.0; FAB-HRMS
5 (46%) as a colorless liquida]D?°+2.3 (¢ 0.86, CHCh);  calcd for GoH1703 [M +H]*, 209.1178; found 209.1179.
IR (neat) cnt! 2923 (G-H), 1735 (G=0), 1700 (G-0); H
NMR (CDCl3) é 7.28-7.12(m, 5H), 4.14 (d/=11.0HHz, 1H),
4.09 (d,/=11.0Hz, 1H), 2.97 (d/=13.5Hz, 1H), 2.92 (d, 3. Results and discussion
J=13.5Hz, 1H), 2.08 (s, 3H), 1.20 (s, 3H), the carboxylic
proton was not observed due to broadening of the corres.l. Lipase-catalyzed desymmetrization of prochiral
sponding signal3C NMR (CDCk) § 180.8, 170.7, 135.9, 2-substituted and 2,2-disubsutituted 1,3-propanediols la~f
130.2 (x2), 128.3 «2), 127.0, 67.8, 47.0, 41.1, 20.8, 19.5; by CSL and immobilized PPL
FAB-HRMS calcd for G3H1704 [M+H]*, 237.1127; found
237.1138. The lipase-catalyzed desymmetrization was examined in the
To a solution of the acid (7.6 mg, 0.032 mmol) in MeOH reaction of prochiral 2-substituted and 2,2-disubstituted 1,3-
(1 mL) was added a 0.2 M aqueous solution of NaOH (0.17 mLpropanediolda-f with vinyl acetate as the acyl donor using the
0.034 mmol) and the resulting mixture was stirred at room temlipases CSL and immobilized PPE¢heme L Comparisons of
perature for 6 h. The solvent was evaporated and the crude prothe desymmetrization by CSL and immobilized PPL are sum-
uct was purified by column chromatography (CRH&VeOH, marized inTable 1 In the reaction ofla, although significant
95:5) to afford 2-benzyl-3-hydroxy-2-methyl-propionic acid amounts of diacetat®a was formed, the enantioselectivity of
8 (4.7mg, 75%) as colorless crystals: mp 97.5-985 2awas considerably high with 80% ee and 94% ee for CSL and
[«]D?°-5.4 ¢ 0.47, MeOH); IR (film) cnt! 3390 (OH), 2927  immobilized PPL, respectively. Noteworthy is that the configu-
(C-H), 1712 (G=0); *H NMR (CDCl3) § 7.29-7.18 (m, 5H), ration of the major enantiomer 24 in the reaction catalyzed by
3.60 (d,/=11.5Hz, 1H), 3.56 (d/=11.5Hz, 1H), 3.03 (d, CSL was opposite to that by immobilized PPIable 1 entries 1
J=13.3Hz, 1H), 2.90 (d/=13.3Hz, 1H), 1.14 (s, 3H), the and2).The absolute configuration of the majorisome@adfom
hydroxy and carboxylic protons were not observed due to broadhe CSL-catalyzed desymmetrization was determined fiye
ening of the corresponding signaldC NMR (CDChk) § 181.9,  a direct comparison of the optical rotation with a reported value
136.2, 130.4 x2), 128.2 &2), 126.8, 66.6, 48.5, 40.6, 19.2; [15]. The reactivity and enantioselectivity in the immobilized



6 C. Lin et al. / Journal of Molecular Catalysis B: Enzymatic 38 (2006) 1-10

Table 1
Lipase-catalyzed acetylation bd—f at 25°C
Entry Diol? Lipasé Reaction Yield (%)° Ratio of enantiomers & % e.e. of2® [a]p?® of 2
time (h) —
2 3 S R
1 1a CSL® 24 46 54 90 10 80 -11.4
2 la PPL® 6 84 15 3 97 94 +15.7
3 1b csuf 72 71 29 67 33 34 -9.6
4 1b PPLY 12 49 51 71 29 42 -10.3
5 1c CsLe 72 46 1 30 70 40 +7.3
6 1c PPL® 72 2 - 51 49 2 n.d.
7 1d csuf 72 46 1 29 71 42 +7.4
8 1d PPLY 72 63 1 76 24 52 -8.1
9 le cstf 72 14 - 31 69 38 +2.5
10 le PPLY 72 <1 - - - - -
11 1f csif 72 13 - 46 54 8 +0.68
12 1f PPLY 72 5 - 55 45 10 n.d.

@ The concentration ofa—f was 0.1 M. For other details see Sectbn

b CSL: lipase from yeastGryptococcus spp. S-2. PPL: immobilized porcine pancratic lipase on Hyflo Super Celite. Weight of CSL and PPL was 1.5 and 6.0 w/w
of substrate, respectively.

¢ Yield based otH NMR.

d Enantiomeric ratio o2 was determined by HPLC using a Daisel CHIRALCEL OD (hexaReSH, 50:1 for2a) or an AD (hexane—EtOH, 30:1 f@b, 2e, and
2f; hexane#rOH, 30:1 for2ec and2d) column.

€ Solvent was vinyl acetate.

f Two equivalents of vinyl acetate as acyl donor was added.

9 Six equivalents of vinyl acetate as acyl donor was added.

PPL-catalyzed acetylation ®& were higher than those of CSL- in the monoacetylation of didlb by CSL, even though the CSL-
catalyzed acetylation. In the reaction of did catalyzed by enzyme was isolated from a microorganism.

CSL and immobilized PPL, the major enantiomer of monoac- The monoacetatde from CSL-catalyzed desymmetrization
etate2b was of the same configuratioable 1 entries 3 and of diol 1¢ was obtained in 46% with 40% ee, while only a little
4) and the degree of asymmetrization was almost the same. Tloé diol 1¢ was transformed to the monoacet2teby immo-
absolute configuration of the major product2if was deter- bilized PPL {Table 1 entries 5 and 6). The enantioselectivity
mined to beS by a direct comparison of the optical rotation with and reactivity in the CSL-catalyzed desymmetrizatiohwofvas
reported valuefl2,16] Previously, there have been some examdower than those ola, however diacetatdc was hardly pro-
ples on the enantioselective transesterification of thioising  duced even though the reaction time was longer than in the case
several lipases originating from microorganismseidomonas ~ of 1a (Table 1 entries 1 and 5). Previously, there have been
Sfluorecens [9], P. cepacia [10], Rhizomucor miehei [11]). All only a few examples on the formation2xf by lipase-catalyzed

of the acetylations of dialb by the lipases isolated from these desymmetrization ofc [14b,14c] Thus, the asymmetric desym-
microorganisms yielded?)-2b rather than{)-2b. Itisinterest- metrization of 1c to 2¢ catalyzed by CSL is a notable
ing that opposite enantioselectivity $electivity) was observed example.

R R csL Aco%oH CrO3, H580,, H,0
HO\X/OH Vinyl acetate R Acetone, rt
1¢ (R' = Ph, R? = Me) 2¢ (R' = Ph, R? = Me, 41% ee) [a]p> +7.3 (¢ 1.2, CH4Cly)
1d (R" = Bn, R® = Me) 2d (R' = Bn, R? = Me, 42% ee) [o]p>° +7.4 (¢ 1.9, CHCIy)
1f(R' = Bn, R? = Et) 2f (R' = Bn, R2 = Et, 7% ee) [o]p>> +1.4 (¢ 1.5, CH,Cl)
1 2 1 2
R ™ OH™", MeOH, H,0 R, R
AcO ’ » HO ;
COOH rt s “COOH
4 (R' = Ph, R? = Me) [0]p>® 9.2 (¢ 1.2, GHCly) 7 (R" = Ph, R? = Me) [a]p®® —11 (¢ 0.51, EtOH)
5 (R' = Bn, R® = Me) [0]p®° +2.3 (¢ 0.86, CHCls) Ref. (R)-7 [0]p>" +28.7 (¢ 1, EXOH) [17]
6 (R' = Bn, R® = Et) [0Jp®® —1.5 (¢ 1.2, CHCly) 8 (R' = Bn, R? = Me) [a]p>° 5.4 (¢ 0.47, MeOH)

Ref. (S)-8 [o]s™ —12.5 (¢ 0.54, MeOH) [18]
9 (R" = Bn, R? = Et) [0]p?® 1.2 (¢ 0.85, MeOH)
Ref. (S)-9 [o]p>® =17 (¢ 1, MeOH) [19]

Scheme 2. Determination of absolute configration of monoac2tagel, and2f.
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Inorderto determine the absolute configuration of the productable 2 _
2¢, it was transformed to alcohdl of which absolute stereo- CSL-catalyzed acetylation da and1b at 25°C

chemistry has been established. Oxidation with Jones’ reagent ghiry Diol Reaction Yield (%)° Ratio of enantiomers
the monoacetatx: from the reaction catalyzed by CSL afforded time (h) of 2°
acid4, and subsequent hydrolysis gave alcoh@Scheme 2 2 3 S R

Comparison of the optical rotation &f {[a]D?®~11 ( 0.51,

1 1ad 6 58 2 72 28

EtOH)} thus obtained with the reported valdeptically pure > 1ad 12 84 7 75 25
(R)-7: [«]D?®+28.7 ¢ 1, EtOH)} [17] indicated the absolute 3 1ad 18 84 15 78 22
configuration of chiral carbon in the major isomer7d beS. 4 1a® 24 46 54 90 10
Thus, the absolute configuration of the major prodecin the 5 1b® 12 33 <1 61 39
reaction catalyzed by CSL was determined tabe 6 1b® 24 71 1 61 39
Acetylation of1d catalyzed by CSL and immobilized PPL 7/ 1": 36 90 4 62 38
gave the corresponding monoacetadie The configuration of g ige ‘712 gi ;g 23 g;

<

the major product by CSL was opposite to that produced by : : :
immobilized PPL lrable 1 entries 7 and 8), as in the case of the : The concentration ofa, b was 0.1 M. For other detail see Sectian
asymmetrization ofa to2a (Table 1 entries 1 and 2). Inorderto E'e'd based ortH NMR. . o .
. . . . nantiomeric ratio o was determined by HPLC analysis using a Daisel
determine the absolute configuration of the major monoacetalgRALCEL OD (hexaneiProH, 50:1 for2a) or an AD (hexane—EtOH, 30:1
of 2d, monoacetat@d from the CSL-catalyzed acetylation was for 2b) column.
converted to the alcoh8l(Scheme 2 Comparison of the optical ¢ Solvent was vinyl acetate.
rotation of8 {[a]D25_5.4 ¢ 0.47, MeOH} thus afforded with € 2 equiv. of vinyl acetate as acyl donor was added.
the reported valug(S)-8: [«]D?°~12.5 ¢ 0.54, MeOH} [18]
indicated the absolute configuration of the chiral carbon in thdiigh chemical and optical yields (data not shown), and these
major isomer o8 to beS. Thus, the absolute configurations of results were in good agreement with previously reported results
the major monoacetad in the reactions catalyzed by CSL and [15].
immobilized PPL were determined to Beands, respectively. In the CSL-catalyzed acetylation db, the yields of2b and
The monoacetate from the CSL-catalyzed acetylation of 3b and the enantiomeric excess2hf varied with reaction time
diol 1e was yielded in 14% with 38% ee, while immobilized similarly as in the case dfa, with the change in ee being rela-
PPL did not catalyze the reaction of dibd (Table 1 entries 9  tively smaller. Atthe reaction time of 36 h, the relative amount of
and 10). The absolute stereochemistry of the major isomer ghonoestega was about at its maximum with the enantiomeric
monoacetat@e from the CSL-catalyzed acetylation was deter-excess being 24% e&dble 2 entry 7).
mined to ber by direct comparison of the optical rotation with
the reported valugl4b]. 3.2. Influence of diisopropyl ether in the desymmetrization
Acetylation of 1f catalyzed by CSL and immobilized PPL of 1d by CSL
gave the corresponding monoaceftéTable 1 entries 11 and
12), but in low yield and with low asymmetric induction. The  The influence of diisopropyl ether as solvent was examined
absolute configuration of the major isomeréfrom the CSL-  in the monoacetylation ofd with vinyl acetate by CSL. The
catalyzed acetylation was determined taRdgy comparison of  results are summarizedTiable 4 The yields of monoaceta2d
the optical rotation of the corresponding alcoBd[«]D?°-1.2  progressively increased from 46% to 92% with increasing equiv-
(c0.85, MeOH}, obtained similarly t@, with the reported value  alents of vinyl acetate, whereas the enantioselectivity decreased
{(5)-9: [a]D?°-17 (¢ 1, MeOH)} [19] (Scheme 2 As in the  from 43% ee to 19% ee. The conversion yield of monoacetate
case ofld, the configuration of the major product by CSL was 2d in diisopropyl ether solutions with 10 equiv. or more of vinyl
opposite to that produced by immobilized PPL. acetate was practically the same as that in vinyl acetate alone
As shown inTable 1 the absolute configuration at C-2 of the (entries 4 and 7). When the reaction time was shortened to 12 h,
major isomer produced from the tertiary substratg@sand1b  the yield of2d was only 22%, however, the enantiomeric excess
(R?=H) by the CSL-catalyzed acetylation wsiswhereas that of 2d was as high as 54% (entries 1 and 2).
from the quaternary substratbsand1d (R?> = Me) andle and In order to gain an understanding of this phenomenon, the
1f (R? = Et) wasR. These results imply that the active site of CSL time-course of the desymmetrizatiorldfcatalyzed by CSL and
recognizes the hydrophobic group at C-2 of 1,3-propanediol antmmobilized PPL was examined. The progress of the reaction
that the methyl group better fits the pocket. was monitored by the measuring the integration of the signals of
Table 2shows the desymmetrization and asymmetrization oinonoacetat2d, diacetat&d, and starting materidid by NMR,
1a and1b as functions of reaction time. In the CSL-catalyzedand the enantiomeric excess of monoace2dtevas analyzed
acetylation ofla, the yields of2a and3a varied and the enan- by HPLC with a chiral column. The time-course of the reac-
tiomeric excess o2a increased with the reaction time. At the tion as a function of conversion and ee are depicteign L
reaction time of 12h, the relative amount of the monoesteAs seen inFig. 1(A), the monoacetylation ofd catalyzed by
2a was about at a peak and the enantiomeric excess was 50@8L in excess vinyl acetate as both solvent and acyl donor suc-
(Table 2 entry 2). On the other hand, the desymmetrization ofcessfully proceeded in 90% conversion after 60 h. However, the
diol 1a to monoacetat@a by immobilized PPL proceeded in enantiomeric excess of monoacet2dedecreased from 41% ee
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100 100 Table 3
CSL-catalyzed acetylation oR}f-2d? at 25°C
T 80 80 o
=z N Entry Equivalents Reaction  Yield (%)P %e.e. of
2 60 60 © of vinyl time (h) - 2
o 2 acetate (VA) 1d 2d 3d
z 40 40 o
Q w 1 0 24 30 967 03 30
© 2 20
2 0 72 70 924 06 28
0 - 3 2 24 01 925 74 25
0 20 40 60 80 100 120 4 2 72 0.1 88.1 11.8 19
(A) Reaction Time / h 5 10 24 01 863 136 21
6 10 72 02 817 181 11
100 100 2 The concentration ofR)-2d (32% ee) was 0.1 M.
b Yield based ortH NMR analysis.
& 801 - 80 5 ¢ Enantiomeric excess @l was determined by HPLC using a Daisel CHI-
c & RALCEL AD (hexane+PrOH 30:1) column.
S 60 .. 1d - 60 ©
7] R v = . : .
S ol - L0 version ofld decreased upon changing the solvent from vinyl
5 . “ee X & acetate to diisopropyl ether.
© 20- - 20 Since the reason for the decrease in the enantiomeric excess
of 2d upon progression of the enzymatic acetylation could be
0 20 40 60 80 100 120 racemization via intramolecular 1,3-transesterification as often
(B) Reaction Time / h seen in reactions under acidic conditions, the influences of sol-
vent, acyl donor, and enzyme on the enantiomeric excess of
1°°M 100 isolated optically actived (32% ee) were studieddble 3. In
© 80 s a s 805 the presence of CSL in diisopropyl ether without the acyl donor
= o0 1d o % present, the gradual formation of the hydrolyzed didland a
o i r . . .
D . FReeKy 23 small amount of diacetat®dd was observed. During this pro-
-— 9 . .
“5’ 40 *~~~-;¢__~x_ ece - 40 cess, only a slight decrease in e2dfwas observed (32% ee to
3 sod g L 40 w 28% ee over 72 h). Therefore, we believe that the intramolecular
#.-"Hk.__f_.T‘- pathway is not the main cause for the racemization observed in
0 ' . r l ' 0 the reaction starting with didld. Addition of the acyl donor to
0 20 40 60 80 100 120

Reaction Time / h

Fig. 1. Time-courses of the CSL and PPL catalyzed desymmetrizatidd. of

the mixture lead to the accelerated formation of diaceldtas
compared with the reaction starting with dial, with the slight
accompaniment of the hydrolyzed ditad. Interestingly, under

Percents ofld (A), 2d (M), and3d (®) were based on theH NMR analysis. th diti | tofth ld led to a high
Enantiomeric excess @il (x) was determined by HPLC using a chiral column. ese condiuons, alargeramountof the acyl donorledto a higher

(A) Enzyme: CSL (1.5 w/w), solvent: vinyl acetate. (B) Enzyme: CSL (1.5 wiw), EXtent of2d racemization (11% ee with 10 equiv. of vinyl acetate
solvent: diisopropyl ether, 2 equiv. of vinyl acetate. (C) Enzyme: PPL (6.0 w/w),at 72 h). In addition, the rate of the hydrolysis of diace@de
solvent: diisopropyl ether, 2 equiv. of vinyl acetate. was found to be much smaller than that of monoacetdie

to 9% ee upon progression of the reaction. When diisopropys.3. Influence of organic solvent in the desymmetrization of

ether was used as the solvent, as showkimn 1B and C), 1d by CSL

the depression of the enantiomeric ratio of the monoac2thte

was reduced. Furthermore, the production of diac&diould The influence of organic solvent was next investigated on
hardly be observed. On the other hand, the extent of the corthe enantioselectivity and conversion yield in the esterification

Table 4
Influence of solvent in monoacetylation bd®
Entry Solvent Equivalents of Reaction time (h) Yield (%) %e.e. of2d°®

vinyl acetate (VA)

2d 3d

1 iPr,O 2 72 46 1 42
2 iPr,O 2 12 22 <1 54
3 iPr,O 6 72 78 3 37
4 iPr,O 10 72 90 5 27
5 VA/iPr,0O (1:2) 33 72 91 8 27
6 VA/iPrO (2:1) 67 72 91 7 25
7 VA 100 72 92 6 19

@ The concentration ofd was 0.1 M.
® Yield based ortH NMR analysis.
¢ Enantiomeric excess @il was determined by HPLC using a Daisel CHIRALCEL AD (hexafe©H 30:1) column.
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~100 50 -
R Et,0 Pr,0
o anl | [ [ |
3 80 40 CHyClr g
_g sod Benzene  CCl a0 THF m
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= | Pr,O® ° |
g 40 EtZO. Toluene Hexane 20 M.CN Toluene Hexane
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Fig. 2. Correlation between hydrophobic palameter,Hand conversion yield o2d and enantiomeric excess 2d in the CSL-catalyzed desymmetrization of
1d. logP is logarithm of the partition coefficient in-octanol-water system. Source data were cited in referd@6&sYield of 2d based ortH NMR analysis.
Enantiomeric excess @d was determined by HPLC using a chiral column. (A) Correlation betweef kntd yield of2d. (B) Correlation between log and ee
of 2d.

catalyzed by CSL. As shown ifable 5 the remarkable influ- the conformational change in the active site of CSL with lower
ence of organic solvent was observed. Higher enantioselectivitltyydrophobicity of hexanéPr,O (1:2) solven{22].

was observed in diisopropyl ether (entry 5) and diethyl ether In conclusion, with the present work we have demonstrated
(entry 6) than that in the other organic solvents. Interestinglythat the novel lipase CSL has a good potential for the desym-
an examination of the hydrophobicity coefficients R§0], metrization of prochiral 2,2-disubstituted 1,3-propanediols in
which is the logarithm of the-octanol-water partition coef- organic solvents. Especially noteworthy is that in many cases
ficient of organic substances, of the solvents revealed that th&sing CSL, such as in the desymmetrizatiodafb, d, andf, to
higher the hydrophobicity was, the higher conversion yieldanonoacetat2a, b, d, andf, respectively, the product had stereo-
were as shown ifig. 2(A). When a solvent having a ld@value  chemistry opposite to that obtained in the reaction of commonly
between 0.6 and 2.0 was used, the enantioselectivitd mvas  used immobilized PPL.

relatively higher in solvents of higher hydrophobicifiaple 5

andFig. 2(B)]. This influence of solvent on enantioselectivity Acknowledgments
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