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INTRODUCTION 

.%hcon is the second most abundant element m the Earth’s crust, and It is always found in combinahon 

with oxygen as slhca or metal alicates. Although silicon belongs to the same group as carbon in the periods 

lable ard has sumc pruptxties sin&u to carbon, such as making tetmhcdral $-hybndized bonds, organosilicon 

compounds possessing silicon-carbon bonds have never been known to occur m nature. The organoskon 

compounds show unique chemical and physical properties compared to conventional orgamc compounds due 

to the specific characteristics of silicon, and therefore they are used as important reagents in synthetic 

chemisw and m the chemical industry.’ 

We have examined the introduction of such organosihcon compounds into bioconversion systems as 

unconventional subsirates.* and camed out ensnticsclective conversions of rxemic trimethylsilylpropanols 

with alcohol dehyclmgenascti and hyddaswk The results demonstrated that the enzymatic systems can be 

pronusmg methods for the preparation of optically acttve organosilicon compounds by utilizing the selectivity 

of biocatalysts. 

In this paper, the preparation of optically active silanes havmg a stfxeogenic silicon atom with enzymes 

was attempted. This is important because recent interest has focused on the use of such chiral silaness as new 

synthetic reagents,4 biologically active comp+xnds,5 and their precursors It was mported that silicon-analagues 

of antimuscannic drugs having achnal silanol structure were found to exhibit higher pharmacolog~eal activity 

than their corresponding carbon analogues, and that their enantiomers showed a stereoselectivily of 

antimuscarinic action in vitro.* 

We se&&d ethylmcthylphenyls~lylme~~l(1) and its denvattves (Z9). which are pnmary alcohols 

having a stereogenic silicon atom, as substrates fof enzymes (Scheme 1) and tried their kinetic resolution by 
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enantioselective estenfication and transestenlication with hydrolases in an orgamc solvent system (Scheme 

2). It is interesting to see whether enzymes can recognize the configuration of the silicon atom or not, and lo 

mvestigate the behavior of enzymes toward these organosilicon compounds. Furthermore, chemical synthesis 

of clural quaternary sdanes havmg no leavtng groups attached to the silicon atom wtth lugh opttcal purity 1s 

generally difficult, in spite of well developed chemical methods for preparing optically active organosilicons.” 

So the use of biocatalysts would provide a new useful procedure for organosihcon chemistry for the preparation 

of optically active silanes. 
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Screening of hydroiate: 
RESULTS AND DISCUSSION 

Twenty kinds of commercially avadable hydrolases including lipases, a lipoprotein lipase, a cholesterol 

eaterase. and proteases from various sources were examined to screen for highly active and enantioselective 

enzymes towards 1 on esterification with 5-phenylpentanoic acid in water-saturated 2,2,&rimetbylpentane 

(Table 1). Many of the hydrolases exhibited the esterihcation activity except for lipases from bacteria and 

proteases from Bacillus sp., but the enantiomeric excess of remaining I, determined by HPLC, was not very 

high in general. While there have been many successful reports of hnetic resolutions of racemic secondary 

alcohols with hydrolases,6 the chital recognition of primary alcohols was generally difficuh for both enzymatic 

and chemical methods due to the lower bulkiness around the hydroxyl group compared to secondary alcohols. 
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Table 1. Screening of hydmlases for emntioselecttve esterificatian OI etiylmethylpbenyl8ilyItmthmd (1) with 5. 
phmylpmtanoic acid in orgmic Lwlvalt 

:: 1 
10 (+I 

44 0 
E 14 (+I 

3 

4 
16 

36 60 92 (+I 

nn ; 1 

34 

: 
2; (+I 
47 (+) 

2 - 
0 - 
2 - 
0 

2 23 
10 {I 

43 14 0 

2 25 (-) 
26 C-J 

I&WAY 
Like OF 360 : 
IipmTTpeVII 2 

Uprae A 147 
Iipasea 147 
Iipaw Satken ml 16B 

LipnscAK 120 
LipaBe PS 45 

67 

E 

5 (+) 
I 



16 T. FKJKUI et al. 

In fact, many hydrolases showed only a low enantioselectivlty toward 1 despite their esterification activity. 

Only one enzyme, a commercial crude papain preparation, was found to exhibit a high enantioselectivity and 

moderate activity toward 1, resulting in highly optically active (+)-l(92 Wee). 

Enanfioselective transeatenfication of 1 with vinyl acetate m water-saturated 2,2,&rimethylpentanee was 

also tried (Table 2). Vinyl acetate and related en01 esters are very useful acyl donors because the enols 

produced after tmnsestarification rapidly tautomerize to the corresponding aldehydes or ketones, thus preventing 

the back reactions.’ F~fteem lunds of hydrolases were tested and thirteen hydrolases, including lipases from 

bacteria, exhibited transesterification activity towards I. However, high optical purity of remaining 1 was not 

obtained; 49 ‘%cc showed by crude papain was the haghcst value in this series of experiments. 

Thus. the enanboselechve estenflcabon with 5-phenylpentanolc acid catalyzed by crude papam was 

selected for further study because of the high enantioselectivity toward 1. 

The chain length between the hydmxyl group and the sdimn atom was changed from 1 to 3 (l-3), and its 

effect on the activity and enantioselectivlty of crude papain was investigated. It is clearly shown in Table 3 

that 1 was the most reactive among the three substrates exammed and that the reaction rate decreased wltb 

rncreasing chain length. A similar phenomenon was also observed in the case of Me$i(CHJ,,OH (n=l-3) 

which were used as acyl acceptors in lipase-catalyzed estenfication.” One of the factors that caused these 

phenomena was supposed to anse from the decreasing enhanced nucleophilicity of the hydmxyl group with 

increasing distance from the electropositive silicon atom. 

The enantioaelcchvity of crude papain toward l-3, shown as E’ values (relative rate of the fast reacting 

enantlomer toward the slow one)’ In Table 3, decreased upon increasmg the chain length between the 

hydroxyl group and the silicon atom. The enanaomeric recognition became more difficult for the enzyme with 

increasing the distance of the funchonal group from the sterqeuic center in the subshates. only a silylmethanol 

derivative, 1, was recovered with lugh enantiomeric excess (92 %ee). 

Table 3. Effect of chain lcngtb between the hydroxyl group and the silicon atom on enantioselective esterilicaticm 
cstalyzcd by crude papain p~parationwitb 5.phenylpcntanoic acid 
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The high reaction mte was incompatible with high enantioselectivity as observed with lipase-catalyzed 

e&&cation using conventional compounds as ~ubstrates,~’ ’ but thts experience 1s not correct in the case of 

unconventional substrates, organmihcon compounds. 

Effect of the mb&uent groups ah&hod to the dfcon atbm 

Various silylmethanol derivatives, that is, analogues of 1 having different subtituent groups instead of 

the phenyl or ethyl group on the sibcon atom, R’R’MeSiCH,OH(4-9). were synthesized as racemic compounds 

and examined in the enantioselective esterificatlon catalyzed by crude papain (Table 4). When R’ was the 

phenyl group and d was an n-alkyl group (1, 4, and 5), the reaction rate of the esterification decreased with 

increase in chain length of R’(38 h for 1, 137 h for 1, and 456 h for 5 until 56.33 % conversion), probably doe 

to the m-ed steric hindrance at the R’pasition. Although the enantioselecbvity of the enzyme towards 4 

(E*=lS) was still as high as that towards 1, the enanhomeric excesses of the alcohol and the ester were very 

low m the reactIon of 5 (E’=3). Compound 6, which had ap-methylphenyl group instead of the phenyl group, 

was esterdied slower, but the E’ value was a little larger than the case of 1. These results suggested that stenc 

hindrance around tbe sihcon atom decreased the reaction rate, but that a difference of the bulkiness between 

R’ and R’ was necessary for crude papain to remgnize the chirahty of the silylmethanol derivahves. 

Introduction of a fluorine atum at the p-position of the benzene ring (7) enhanced the reactivity. Due to 

the electron-attracting fluotinc atom, the molecule would be more strongly polarized and the nucleophilicity 

of the oxygen atom would be increased in this case, resulting tn the higher reactivity of 7 compared to 1. This 

substitution increased not only the reactivity but also the enantioselectivity of the enzyme; the E’ value was 213 

and the enantiomelic excess of remtuning 7 reached 99 Wee. In this reaction system, 7 was the most efficiently 

resolved compound among the stliconcontaimng alcohols used here. 
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Drastic decrease of the reactIon rate was observed when a linear n-alkyl group was substituted for the 

phenyl group (g having nC,H,, and 9 having Pr at R’ position). The reaction time required Lo achieve 60 % 

conversion was 384 h for 8, that is. 10 times longer compared to 1. In the case of 9. the conversion ratio was 

only 24% alter Y63 h and never reached 50 % even after prolonged reachon time. Frurthermore, the 

enantioselectivity of crude papain toward 8 was very low (E’=2). The aromatic nng on the silicon atom was 

essential to express both the high esterification activity and high enantioselectivity for the enzyme. Interaction 

between the aromahc ring and a bindmg pocket of the enzyme must play an Important role in incorporation of 

the substrates and recognition of the chimlity through the reaction. 

As a result, several kinds of highly optically active silylmethanol derivatives havmg a stercogenic silicon 

atom (1,4,6, and 7)” were successfully obtained, and other related srlanes will hc also resolved by using thus 

reacrion system. It is generally difficult KI prepare such chiral quarernary silanes with lngh enantiomeric 

excess by chermcal methods.“b Chemical kinetic resolution and asymmetric synthesis reqmre leavmg groups 

attached to the sihcon atom, and furthermore, enantlomeric excesses attamed arc not high in these cases. 

Stereospecific substitution of optically active halogenosilanes with carbon nucleophiles 1s a potent method for 

preparing the choral quaternary alanes, but synthesis of the clural halogenosilancs with desired structure is 

very complicated.3”h However, enzymatic kinetic resolution enables the convenient preparation of such chiral 

quaternary sdancs from the racenuc compounds wluch are easily synthesized by traditional methodology. 

Recent rewarch has drveluprd a biulogically active quatemary ailam ([(1,2,4-triarol-1-yl)methyl]silanc, 

Flusilazole) as a fungicidal agrochcmical.“. I’ The optically active silylmethanols prepared by the crude 

papain-catalyzed enantioselccttve reactron will be applicable to the synthesis of optically active analogues of 

such useful quaternary organosilicon compounds. 

In conclusion, this study has revealed that enzymes can recognize the configuration not only of carbon 

atoms but also of sdicon atoms, and this fact indicates the usefulness of enzymes for preparing optIcally active 

sdanes. This IS the first report, in our knowledge, of the enzymatic resolution of organosilicons havmg a 

stereogenic alicon atom. 

EXPERIMENTAL SECTION 

An&ser. ‘H-NMR spectra were measured with a JEOL PMX-60 NMR spectrometer, ‘9;-NMR spectra with 

a JELL JNM-A500 NMR spectrometer, El mass spectra with a JEOL DX-300 spcctraneter, and IR spectra 

with a JASCO [R-810 spectrometer. GLC analyses were camed out uang a Shim&u GC-14A equipped with 

a flame-ionizaticm detector, and HPLC analyses were done using a Hitachi L-6ooO instrument equipped with 

an L-4200 UV-Vis detector. Spcclfic rotations were detcrmmcd with a JASCO DIP-140 polnrimctcr. 

Chemicals. (Chloromethyl)diethoxymethylsilane , (2_chloroe~yl)dtchloromethylstlane, and (3-chloropropyl) 

dimethoxymethylsilane were purchased from Petrarch Systems, Levitt&n, PA, USA and 5-Phenylpenlanux 

acid was from Aldrich, Milwaukee, Wl, USA. Cebte No. 535 was a product of Johns-Manvllle, Denver, CO, 

USA and 3,5-dinitrophcnyl isocyanatc was purchased from Sumika Chemical Anaysis Service, Osaka, Japan. 

All other chenucals were also obtained from commercial sources. 

Enzyim?s. The enzymes used in thm study were as follows: Lipase from Candid0 antarcrica (Novo NordIsk, 

Copenhagen, Denmark); lipases from Canrlirln cylindrucra, A, AK, AY, CE, and PS (Amano Selyaku, 

Nagoya, Japan); lipasc LKIP-001 (Kurita Kogyo, Tokyo, Japan); hpase OF 360 (Meito Sangyo, Tokyo, 

Japan); lipase Saikcn 100 (Osaka Siukm Kenkyusho. Osaka, Japan); lipase(Stcapsin) (Tokyo Kasei, Tokyo, 
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Japan); lipase T-01 (Toyo Jozo, Tokyo, Japan); lipase Type II, Type VII, papain, and subtilisin Carlsberg 

(Sigma, St.Louis, MO, USA); lipoprotem lipase Type A and cholesterol e~zerdse Type A (Toyobo, Osaka, 

Japan), thermolysin (Datwa Kasei. Osaka. Japan). These enzymes were used without further purification. 

Some of the enzymes were obtained from commemtal sources and the others were kmdly donated by several 

companies. 

Prepamlion of rubstrates: Ethylmethylpheny&ilylmethand{l). To a solution of pbenylmagnesium bromide 

in 150 ml dry tetmbydrofuran (THF) prepared from magnesium (2.4 g, 100 mmol) and phenyl bromtde (17.3 

g, 110 mmol) under an Nz atmosphere. (chloromethyl)dieth~xymethylsilane (I 5.5 g, 85 mmol) was added 

dropwisc at 0 ‘C and stirred for 6 h. 10 % NH,Cl (100 ml) was added slowly and the mtxturc was warmed to 

room temperature. The organic layer was separated and the aqueous layer was extractad wtth diethyl ether{50 

ml x 3). The combined organic layer was washed with saturated N&l solution, dried over NqSO, , and 

evaporated in vacua. The remdue was distilled under reduced pressure (3 mmHg) followed by the bacuonatton 

at bp 7580 “C to give crude (chloromethyl)ethoxymethylphenylsilaae as colodess oil (15.5 g, 84 C): ‘H-NMR 

(60 MHz, CDCQ 6 0.53 (s, 3H, SiCH). 1.23 (t. 3H, .f=8 Hz, OCH,C&), 3.02 (s. 2H, SiCH,CI), 3.82 (q. 2H. 

J=8 Ha, OCH,ClQ 7.3-7.7 (m, SH. SIC&). 

(Chloromethyl)ethoxymethylphenylsilane was added dropwise to a solution of ethylmagnesium bromide 

in 150 ml dry THF prepared from magnesium (3.8 g, 160 mmol) and ethyl bmamide (18.5 g, 170 mmol) under 

an Naatmosphem, and the mixture was refluxed for 8 h. After cooling to room temperature, the mixture was 

worked up in the same procedure described above and disulled. The fractionation at bp 7S-81 “C (3 mmHg) 

gave crude (chloromethyl)ethylmethylphenylsihme as colorless oil (13.0 g, 90 B): ‘H-NMR (60 MHz, CDCI,) 

80.43 (s, 3H. StCH3,0.98 (m, 5H. Sic&, 2.98 (s, ZH, SiCH$l), 7.2-7.6 (m, SH, SiC,H& IR (neat) 2950, 

1425,1258, 1115, lCO5,797,695 cm ‘. 

To a stirred mixture of magnesium (1.94 g, 80 mmol) and 100 ml dry THF, (chloromethyl)ethyl- 

methylphenylsilane was added dropwise under an N, atmaaphere. Ethyl bromide (0.22 g, 2 mmol) was added 

as an initiator, and the mixture was refluxed for 2 h and coded to0 “c. Dry oxygen gas was slowly introduced 

into the mixttm? followed by addition of 10 % NH&l (SO ml). After stimng for 1 hat room temperature, the 

organic layer was sepamled and Ihe aqueous layer was extracted with diethyl ether (50 ml X 3). The combmed 

organic layer was washed with saturated NaCl solution, dried over NaBO, and evaporated. The residue was 

chromatographed on silica gel 60 (No.7734. Merck, Darmstadt. FRCl) (mobile phase; n-hexane/diethyl ether, 

4: 1 v/v) and distilled under reduced pressure to give 1 (bp 87-88 ‘C, 4 nnnHg) as colorleas oil (8.1 g, 69 %): 

‘H-NMR (60 MHz, CDCI,) n 0.32 (s, 3H StCH& 0.8-1.0 (m, 5H, SiC,HJ. 1.29 (s, 1H. OH), 3.53 (s, 2H, 

SiCHzOH), 7.1-7.5 (m, 5H, StC,HJ; IR (neat) 3350,2950,2870,1425,1250,1110, 1ooO,815,730,695 cm’; 

MS, m/z lSO(M+), 149,121,89;Anal. Calcd for C,$-l,~OSi: C, 66.61; H, 894. Found: C, 66.63; H, 8.79. 

The other substrates shown in Fig. 1 were prepared by the same procedure. I and 4-9 were synthesized 

from chlommethyldiethoxymethylsllane. 2 from (2-chloroethyl)dimethoxyme~ylsilane”, and 3 from (3- 

chloropropyi)dimethoxymethylsilane. Spectral data are given below. 

Z-@thybnethyl~~heny~y&th~nol(~). Bp 108-l 10 T (3 mmHg); ‘H-NMR (60 MHz, CDCl,) & 0.28 (s. 3H. 

SiCH& 0.8-1.0 (m, 5H, SiC,H& 1.15 (t, 2H,J=8Hz, SiCeCH,OH), 1.61 (s, IH, OH). 3.66 (t, 2H, &3 Hz, 

SiCH,CHzOH). 7.1-7.5 (m, 5H, Sic,&)); IR (neat) 3320,2950,2S@J. 1425, 1250,1110,1035,790,730,695 

cm”; MS, m/z 176 (M+H,O), 137, 121; Anal. Calcd for C,&OSi: C, 67.98; H, 9.34. Found: C, 67.99; H, 

9.14. 
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3-(Ethybnethyl@mylsilyl)propanol(3). Bp 125-126 “C (3 mmHg); ‘H-NMR (60 MHz, CDCl,) 8 0.26 (s, 

3H. SiCHJ, 061.2 (m, 7H, Sic,& and SiCH,CH,CH,OH), 1.3-1.7 ( m. 2H, SiCH,CH$H,OH), I.90 (s, lH, 

OH), 3.46 (t. 2H, J=6 Hz, SiCH,CH+YZ,OH), 7.0-7.4 (m, 5H. Sic&I& IR (neat) 3340, 2950, 2930, 2870, 

1425, 125.5, 1115, 1055, 1010, 785, 735, 700 cm-‘; MS, m/z 208 (M+), 179, 137, 121; Anal. Calcd for 

C,,H,OSI: C, 69.17: H, 9.67. Found: C, 69.11; H, 9.51. 

McUlylplicnyl-n-propylrilylnrefhano[ (41. Bp 96-98 “c (10 mmHg); ‘H-NMR (60 MHz, CDCIJ 6 0.33 (s, 

3H, SiCHJ, 0.9-1.7 (m, 8H, Sic& and OH), 3.53 (s, ZH, SlCH,OH), 7.1-7.6 (m, 5H, SiC,HJ; IR (neat) 

3350,2950,2860, 1425,1%8,1110,1062,995,820,732,695cm”;MS, m/z 198 (M+), 167, 139; Anal. CaIcd 

forC,,H,,OSi: C, 67.98: H, 9.34. Found: C. 67.90; H, 9.62. 

n-He~lnraUrycprunveilylnuchanol(5). Bp 132-133 “c (6 mmHg): ‘H-NMR (60 MHz, CDCl,) 6 0.31 (s. 3H, 

SiCHS, 0.6-1.6 (m, 14H, Sic&, and OH), 3.52 (s, 2H, SIC&OH), 7.1-7.6 (m, 5H, Sic&); IR (neat) 3335, 

2950,2918,2850, 1428, 1250, 1113, 1ooO,800,732 698 cm’; MS, m/z 194 (M’), 163, 135,89; Anal. CaIcd 

forC,&,OSi: C.71.12; H. 10.23. Found: C, 71.19; H, 10.32. 

Ethr~y~p_mctny~)r~y~~~l(6). Bp 97 “c (3 mmHg); ‘H-NMR (60 MHz, CDClJ 8 0.30 (s, 

3H, SiCH& 0.7-1.0 (m, 5H, SiC&I& 1.08 (s, lH, OH), 2.32 (s, 3H, CH,), 3.55 (s, 2H, SIC&OH), 7.0-7S(m, 

4H. SiC,HJ; IR (neat) 3350,2945,2865, 1600, 1455, 1388,1245, 1102, 1003,790 cm”; MS. m/z 194 (M’), 

163,121; Anal. C&d forC,,I-l&!31: C,67.P8; H, 9.34. Found: C, 67.96; H, 9.55. 

Eurys(pfluoropkcnyl)~~y~~y~~nol(7). Bp 102-103 ‘C (3 mmHg); ‘H-NMR (60 MHz, CDCIJ S 0.32 

(s, 3H, Sic%), 0.8-l. 1 (m, 5H, Sic&i& 1.23 (s, lH, OH), 3 56 (s, 2H, SiCH,OH), 6.8-7.7 (m, 4H, SiC,H& 

IR (neat) 335@2948,2865. 1582,1495, 1228,1158, 1 IDO, 1003.820 cm.“; MS, m/z 236 (M’). 205,151,121; 

Anal. Calcd for C,&,OFSi: C. 60.57; H, 7.62; F, 9.58. Found: C, 60.47; H, 7.54, F, 9.64. 

Ethyl-n-hmyltnethyl.dlyZmethanol(8). Bp 94-95 -C (7 mmHg); ‘H-NMR (60 MHz, CDCI,) 8 0.02 (s. 3H, 

SiCHJ, 0.41.5 (m, lPH, Sic,&, SIC&,, and OH), 3.36 (s, ZH, SiCH,OH); IR(neat) 3330,2950,2915,2850, 

1427, 1250,1110,998,800,725,695 cm’; MS, m/z 188 (M’), 12P, 73; Anal. Calcd for C,&OSI: C, 63.76; 

H, 12.84. Found: C, 63.65;H, 12.56 

E~y~ydn-pmpylrilplmrttuulol(9). Bp 154 “c; ‘H-NMR (60 MHz, CDCIJ 8 0.1’33 (s, 3H, SiCH3,O.i 

1.5 (m, 12H, Sic& and SiC,H,), 1.77 (s, 1H. OH), 3.38 (s, 2H. SiCH,OH): IR (neat) 3330, 2948,2860, 

1455, 1248, 1060,992,818 cm’; MS, m/z 128 (M+-30). 115,73; Anal. CaIcd for C$I,,OSi: C, 57.47; H, 

12.40. Found: C, 57.21; H. 12.39. 

AdrOqMiOn ofmzyncr on Cc&. Enzyme preparation (100 mg) suspended in 100 pI deionized water was 

mixed thomughly with 250 mg Celite No. 535. 

Screening of hydmkuer. The reactron mixture for esterification was composed of Celite-adsorbed hydrolase 

(correspondmg to 20 mg enzyme) and 2 ml water-saturated 2,2,4-himethylpentane containing 1M) mM (*)-I 

and 100 mM 5-phenylpentanoic acid. The reaction was camed out in 15 ml test tube at 30 “C with shaking 

(120 s@okesmin‘l). The ester was quantitatively determined by GLC using a glass column (diameter 3.0 mm 

X 1.0 m) packed with silicon SE30 supported on Chromosorb W AW-DMCS (Nishlo Kogyo, Tokyo, Japan) 

(canier gas, N,; flow rate, 60 mlmin”). n-Ic~~sane was used LI the internal standard. The opti& purity of the 

femaming alcohds after the reactlon was determined with HPLC using two columns of Sumichiral OA-4603 

(diameter 4.0 mm X 2% mm, Sumika ChemlcaI AnaIysls Service) in series ctftcr derivatization with 3,5- 

dinitrophenyl isocyanate. I4 The mobile phase was n-hexane/2-propanol, P&2 v/v and the flow rate was 1.0 

mkmiti’. The eluent was monitored at 254 am. The enantiomenc excess (V&e) was calculated from the peak 
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areas of both the enantiomers. 

The reaction mixture for trsnsesterification was composed of 20 mg hydrolase (without adsorption on 

Celite) and 2 ml water-saturated 2,2,4&mefhylpentane containing IQ) mM (*)-1 and 250 mM vinyl acerate. 

The ester formed and the optical purity of the remaining alcohols were determined by the same procedures 

described above. 

Emwrfioseleclive estcrifioorion cntnlyzed by crude papain. Celite-adsorbed crude papain (mrrespmdmg to 

100 mg enzyme) and 10 ml water-saturated 2,2,Qtrimethylpentane containing LOO mM raceme alcohol 

shown in Fig. I and 100 mM 5-phenylpentanoic acid were mixed in 100 ml flask and shaken (120 strokes-min”) 

at 30 “C. The ester was determined by GLC as described above. The mixture was filtered off to stop the 

reaction at more than 50 % conversion, and the filtrate was concentrated. The ester and the alcohol were 

isolated by column chromatography on sihca gel 60 (mobile phase: n-hexaneldiethyl ether, 10: 1 v/v for the 

ester and 4: I v/v for the alcohol). Each enantiomer of 1,4,5,6, and 7 was separated by HPLC as described 

above and the enantiomeric excesses of these alcohols and esters were determined I5 In the cases of 2 and 9, 

the enanriomeric excesses were determined with ‘PFNMR after dcrivatizanon with (s)cyanofluorophenylacetic 

acid (CFPA) as reported by Takeuchi et ~1.‘~ Specific rotation of the alcohols and the esters isolated was 

measured in CHCI, at 20 “C. 

ACKNOWLEDEMENTS 

We are indebted to Prof.T.Koizuml, Dr.Y.Takeuchi, and their colleagues (Department of Pharmaceutical 

Sc~cnces, Toyama Medical and Pharmaceutical University) for the synthesis of (s)-CFT’A, and Rof.Y.Itoh 

(Department of Synthetic Chemistry and Biological Chemistry, Faculty of Engineering, Kyoto University), 

Prof.KTsmao (Institute for Chemical Reasearch, Kyoto University), and their colleagues for their kind help 

and suggestions. We also thank JEOL Ltd. (Tokyo. Japan) for measurement of ‘T-NMR spectra This work 

was supported in part by the Kawakauu Memorial Foundation and a Grant-in-Aid for Research from the 

Minisny of Edueanon, Science and Culture, Japan. One of the authors (T.F.) thanks Fellowships of fbe Japan 

Society for the Promotion of Science for Japanese Junior Scientists. 

REFERENCES AND NOTES 

1. a) Silicon Reagents in Organic Synthesis; Calvin, E.W. Ed.; Acadenuc Ress, New York, 1588, b) Tie 

Chemisry of Organic Silicon Compounds,; P&i, S.; Rappoport, 2 eds.; Wdey, Chichester, 1989. 

2 a) Kawamom, T.; Sonomoto, K.; Tanaka, A. J. Bfozech~~l. 1991, 18, 85. b) Zong, M.-H.; Fukui, T.; 

Kawamoto. T.: Tanaka, A. Appl. Microbial. Biotechnol. 1991. 36, 40. c) Fukui, T.; Zong, M.-H.; 

Kawamoto, T.; Tanaka, A. Appl. Microbial. Biotechnol. 1992,38,209. a) Tsuli, Y.; Fukui, T.; Kawamoto. 

T.; Tanaka, A. in contribution. e) Uejima, A.; Fukm, T.; Fukusaki, E; Clmata, T.; Kawamoto, T.; 

Sonomoto, K.; Tanaka, A. Appl. Microbial. Biotechnol. 1993,38,482. 

3. a) Comu, R.J.Y.; Guenn, C. Adv. Urgunomet. Chem. 1982, 20, 265. b) Corriu. R.J.P.; Guerin, C.; 

Morean, J.J.E. ~opicf Srereochem. 1984, IS. 43. c) Yamamao, K., Kawakami, Y., Miyazawa, M. J. 

Ckm. Sot., Chem. Commun. 1993,436 

4. a) Larson, G.L.; Torres, E. J. Organomet. Chem. 1985,293, 19. b) Ghan, T.H.; Wang, D. Chem. Kev. 

I!J92,92,995. 

5. a) Fessenden, R.J.: Fessenden, J.S. Adv. Orgonomet. Chn. 1980, IS, 275. b) Tacke, R.; Zilch, H. 



82 T. FUKUI et al. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

Endeavour (New Series) 1986.10.191. c) Tacke, R: Linoh. H. Bioorganosilicon chemistry: in Ref. lb): 

1590, p.1143. d) Arsequell, G.; Camps, F.; Fabriaa, G.; Guerrero, A. TetrahedronLet?. 1990,31,27’39. 

a) Koshiro, S.; Sonomoto, K.; Tanaka, A.; Fukui. S. J. Bfolechnol. 1985, 2, 47. b) Kirchner, G.; ScoUar, 

M.P. ; Klibanov, A.M. J. Am. Chem. Sot. 1985,107,7U72. 

Wang, Y.F.; Lahde, J.J.; Momongan, M.; Bergbreiter, D.E.; Wong, C.-H. J. Am. Chem. Sot. 1988, 

110,720o. 

a) Mmtm. V.S., Wocdacd, S.S., Katsuki,T., Yamada, Y., lkeda M., Sbmpless. K.B. J. Am. Chem. SW. 

1981, 103, 6237. b) Chen, C.-S., Fujimoto, Y., Girdaukas, G., Sih, C.J. J. Am. Chem. See. 1982, 204, 

7294. 

Pan, S-H.; Kawamoto, T.; Fukui, T.; Sonomoto, K; Tanaka, A. A&. Microbid. Biotechm~l. 1990,34, 

47. 

Determination of the absolute configrat~on of these ophcally achve silylmethanols is a further study. 

Chem. EnK. News 1985,63 (38), 43. 

Whitmore, F.C.; Homeyer, A.H. J. Am. Chem. Sot. 1933,.55,4555. 

(2-Chloroethyl)dimethoxymethylsilane was prepared from (2-chloroethyl)dichloromethylsilane as 

desctibed by Leasure, J.K.; Sprier, J.L. J. Med. Chem. 1966,9, 949. 

Oi. N.; Kitabara, H.; Kim. R. J. Chromatogr. 1990,535,213. 

The esters Isolated were reduced to the corresponding alcohols by LuUH, m dry dletbyl ether prior to 

analyas. No racemmabon occurred through this treatment. 

a) Takeuchi, Y.; Itoh, N.; Note, H.; Kolzumi, T.; Yamaguchi, K. J. Am. Chem. Sot. 1991, 113,6318. b) 

Takeuchi, Y ,; Itoh, N.; Satoh, T. ; Koizumi, T.; Yamaguchi. K. J. Org. C/tern. 1993,38, 1812. 

(Received in Jopan 28 October 1993) 


