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Abstract: Based on the lipase-catalysed kinetic resolution of the silyloxyalcohol (1RS,2SR)-5 

by transesterification with vinyl acetate in the presence of lipase from Pseudomonas cepacia a 

synthesis of both enantiomers of the ~-amino acid cispentacin (1R,2S)-I and (1S,2R)-I using 

simple functional group interconversions is described. Copyright © 1996 Elsevier Science Ltd 

The use of biotransformations for the synthesis of enantiomerically pure compounds has been 

established as an important tool in organic synthesis during the last decade. ~ Among the biocatalysts used in 

organic synthesis lipases have been applied most frequently because they are easy to handle, available from 

many sources and accept a broad range of substrates. 2 

The 13-amino acid cispentacin, (1R,2S)-2-aminocyclopentane-l-carboxylic acid (1R,2S)-I, was isolated in 

1989 as an antifungal antibiotic from the culture broth of the Bacillus cereus strain L450-B2 or from 

Streptomyces setonii No. 75623"s exhibiting selective activity against some Candida species. Cispentacin has 

been used as a peptidomimetic for protine in the synthesis of biologically active oligopeptides. 6 

Chemical synthesis of enantiomerically pure cispentacin was achieved by addition of chlorosulfonyl iso- 

cyanate to cyclopentene yielding the N-chlorosulfonyl ~-lactam which was subsequently transformed into ra- 

cemic cispentacin which was resolved into its enantiomers by crystallization of diastereomerically salts. 3 Ki- 

netic resolution of 6-azabicyclo[3.2.0]hept-3-en-7-one by enantiomer selective hydrolysis with a lactamase 

gave the corresponding unsaturated derivative which subsequently was hydrogenated to give the title com- 

pound. 7 The synthesis of (1R,2S)-cispentacin by S. G. Davies et al. s based on the addition of 

enantiomerically pure lithium (S)-(ct-methylbenzyl)benzylamide to tert-butyl 1-cyclopentene-l-carboxylate. 

Very recently, the racemic ethyl ester of cispentacin was resolved by lipase-catalysed acylation. 9 

It was our aim to synthesize both enantiomers of cispentacin from the enantiomerically pure trans-2- 

(hydroxymethyi)cyclopentanols (1R,2S)-2 and (1S,2R)-2, respectively, in which the carbon skeleton of the 

amino acid is preformed (Figure 1). We recently separated racemic trans-2-(hydroxymethyl)cyclopentanol 

(1RS,2SR)-2 into its enantiomers by a stepwise lipase-catalysed transesterification with vinyl acetate in 

the presence of lipase from Pseudomon cepacia (Amano PS) 1° which should be the basis for the 
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preparation of enantiomerically pure cispentacin (IR,2S)-I and its enantiomer (1S,2R)-I. Based on 2, 

substitution of the secondary hydroxy group under inversion of configuration and oxidation of the 

hydroxymethyl moiety to a carboxylate group are the key steps of our synthesis in combination with simple 

protecting group variation. 

NH 2 OH NI-I 2 OH 
~'~llO02H I > ~'l~l~OH ~ICO2H i > ~81~OH 

(1R,2S)-1 (1R,2S)-2 (1 S,2R)-1 (1 S,2R)-2 

Figure 1 

The mixture of trans- and cis-2-(hydroxymethyl)cyclopentanol can be prepared either in an one-step 

procedure by reduction of methyl or ethyl 2-oxocyclopentanecarboxylate with LAH II in a yield of about 20 

% or alternatively by two-step procedures using two different reducing agents, t2'13 The insufficient access to 

the starting material prompted us to find a more efficient synthesis of (1RS,2SR)-2. This was achieved by 

reduction of ethyl 2-oxocyclopentanecarboxylate with 6 equivalents of NaBH414 in ethanol to give 44 % of 

the trans-diol (1RS,2SR)-2 and 20 % of the cis-diol (1SR,2SR)-4 which could be separated by flash 

chromatography (Scheme 1). 

O OH OH 

(RS)- 3 (1 RS, 2SRp 2 (1 SR,2SR)-4 

Scheme 1 

Lipase-catalysed acylation of (1RS,2SR)-2 proceeds in two steps. The first step is a regioselective acety- 

lation at the primary hydroxy group with very poor enantioselection to give after complete conversion the 

corresponding racemic primary monoacetate. The latter monoacetate reacts without isolation in an enantiomer 

selective manner by acylation of the free secondary hydroxy group, m In order to differentiate between the 

two hydroxy groups during the synthesis, it seemed reasonable to introduce an appropriate protecting group 

at the primary hydroxy function of (1RS,2SR)-2 which is different from acetate. The resulting monoprotected 

racemic diol shoud be used as substrate for the kinetic resolution and the resulting non-racemic products as 

starting material for the target compound. Hence, the silyloxy alcohol (1RS,2SR)-5 was chosen as substrate 

for the lipase-catalysed kinetic resolution and its enantiomers as precursors for the whole synthesis. 

(1RS,2SR)-2 was monosilylated with tert-butyldimethylsilyl chloride (TBDMS chloride) to afford the 

silyloxy alcohol (IRS,2SR)-5 in lfigh yield (Scheme 2). Lipase-catalysed enantiomer selective transesterifica- 

tion with vinyl acetate in the presence oflipase from Pseudomonas cepacia (Amano PS) or with the recombi- 

nant lipase from Candida antarctica B (Novo SP 435) proceeds with good selectivity in various organic 
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solvents (Scheme 2, Table 1). The kinetic resolution on a preparative scale was carried out with lipase PS 

from Amano in tert-butyl methyl ether by monitoring of the conversion by HPLC. Termination of the 

reaction at 40 % conversion of the substrate (1RS,2SR)-5 yielded the silyloxy acetate (IR,2S)-6 with an ee of 

94 %. The remaining enantiomerically enriched silyloxy alcohol (1S,2R)-5 with an ee of 51% was subjected 

to a second transesterification which was terminated at 20 % conversion (i.e. 60 % conversion from start) and 

yielded a further fraction of (1R,2S)-6 with an ee of 98 % and the remaining almost enantiomerically pure 

alcohol (1S,2R)-5 with an ee > 99%. 

Table 1: Kinetic resolution of the silyloxy alcohol (1RS,2SR)-5 by lipase-catalysed acetylation a 

Lipase Solvent Time (h) (1R,2S)-6 (1S,2R)-5 c b E b 

ee (%) ee (%) 

AmanoPS 3-Methyl-3- 23 84.2 89.0 0.51 34 

pentanol 

Amano PS n-Hexane 16 88.2 88.4 0.50 47 

Amano PS t-BuOMe 16 90.0 89.4 0.50 57 

Novo SP 435 THF 23 84.1 95.9 0.53 45 

Novo SP 435 t-BuOMe 23 84.8 96.4 0.53 48 

'50 mg of (IRS,2SR)-5, 1.5 ml of solvent, 0.15 ml of vinyl acetate, 10 mg of lipase, 
bc=conversion and E=enantiomeric ratio calculated according to ~5. 

OH OAc 
TBDMS-Cl, ~ , , , O K ,  OTBDM S CH2=CHOAc, imidazole lipase PS ,OIK, + (1S,2R)-5 

(1RS,2SR)-2 ~ 4o o~ cony. ~ L _ J  OTBDMS 

(1RS,2SRff5 

CH2=CHOAc. 
lipase PS 

(1S,2-R)-5 ~ (1R,2S)-6 + (1S,2R)-5 
20 % conv. 

(R,2S)-6 

38 %, ee 94 % 

ee 5 1 %  18 %, ee 98 % 78 %, ee >99 % 

Scheme 2 

57 %, ee 51 o/ 

Transformation of (1R, 2S)-6 into the target molecule was carried out as depicted in Scheme 3. Deacety- 

lation of the silyloxy acetate (1R,2S)-6 with the strong basic ion-exchange resin Wofatit SBW (OH-) afforded 

the silyloxy alcohol (1R,2S)-5. The introduction of a protected amino group in 1-position of the trans- 

silyloxy alcohol (1R,2S)-5 was achieved by Mitsunobu reaction 16 with phthalimide, triphenylphosphine and 

diethyl azodicarboxylate (DEAD) to furnish under retention of configuration at Cl the trans-configured 
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phthalimido silyl ether (1S,2R)-7 in a yield of 70 %. Subsequent desilylation of (1S,2R)-7 with acetic acid in 

THF-H20 afforded the phthalimido alcohol (1S,2R)-8. Desilylation with tetrabutylammonium fluoride in 

THF failed. Oxidation of (1S,2R)-8 with Jones' reagent at the primary hydroxy group yielded the 

phthalimido carboxylic acid (1R,2S)-9 in 92 % yield. (1R,2S)-9 was deprotected with an aqueous solution of 

methyl amine 17 in EtOH to furnish the free amino acid (1R,2S)-I in enantiomerically pure form. The 

enhancement of the ee from 94 % of the starting material up to >99 % for the final product should be a result 

of the recrystallisation of (1S,2R)-9. The enantiomer (1S,2R)-I was prepared analogously starting from the 

silyloxy alcohol (1S,2R)-5. 

OAc OH 

,~ll~ MoOH 
OTBDMS ~ " ~  " ~ O T B  DM S 

Phthalimide, DEAD, -= 
P(Csl..Is ) 3, THE ~ , , t l ~ %  

OTBDMS 

(1R,2S)-6 (1R,2S)-5 (1 S,2R)-7 

o 'Lo 
C ~,,l~t,% O H J°nes' reagent ~ 

HOAc,THF, H20 
020 NH2 

~ , , , L ,  (:)O2 H MoNH2' H 20' EtOH ~ , , , ,  OO2 H 

(1 S,2R)- 8 (1~,2S)-9 (1 R,2S)-1 

Scheme 3 

In conclusion, we have accomplished a chemoenzymatic synthesis of both enantiomers of cispentacin 

(1R,2S)-I and (1S,2R)-I in enantiomerically pure form based on an improved procedure for the preparation of 

(1RS,2SR)-2 and a subsequent iipase-catalysed kinetic resolution of the racemic monoprotected silyloxy alco- 

hol (IRS,2SR)-5. This synthesis demonstrates the usefulness of a lipase-catalysed resolution for the 

preparation of cispentacin and should be an alternative to previously reported procedures. 

Experimental 
All reactions, except those which were monitored by HPLC, were followed by TLC on glass plates 

coated with a 0.25 mm layer of silica gel. Compounds were visualized with a 3.5 % solution of molybdato- 

phosphoric acid in ethanol and/or by UV light. The amino acid was visualized by ninhydrine in 2-propanol. 

HPLC was carried out on a Merck-Hitachi system consisting of L-6200A Pump, Differential Refractometer 

RI-71 and Chromato-Integrator D-2500. GC was performed on a Hewlett Packard 5890 instrument. Flash 

chromatography was performed with silica gel 60 (0.040-0.063 mm). JH NMR and 13C NMR spectra were 
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recorded on the Varian instruments UNITYplus-500 or -300 at 500 or 300 and 125 or 75 MHz, respectively. 

Mass spectra were recorded on the Autospec VG. Optical rotations were measured on a Perkin-Elmer 241 

polarimeter, and are given in units of l0 "l deg cm 2 g-l. 

(1RS,2SR)-2-(Hydroxymethyl)cyclopentanol (1RS,2SR)-2 and (1SR,2SR)-2-(hydroxymethyl)cyclo- 
pentanol (1SR,2SR)-4: Dry ethanol (150 mL) was cooled to -30 °C and treated with NaBH4 (12.2 g, 0.32 

tool). To this solution was added dropwise a solution of ethyl cyclopentanone-2-carboxylate (10.0 g, 0.064 

mol) in ethanol (30 mL) that the temperature did not rise to more than -20 °C. After stirring for 1 h between 

-20 and -30 °C the cooling bath was removed and stirring was continued at r. t. for another 20 h. Thereafter 

the reaction mixture was treated dropwise with glacial acetic acid (50 mL). The resulting solution was concen- 

trated under reduced pressure. The residue was treated with toluene (100 mL) and concentrated under reduced 

pressure to remove acetic acid by co-distiUation. The residue was treated with brine (100 mL) and extracted 

with ethyl acetate (3x100 mL). The combined organic extracts were dried with Na2SO4 and the solvent was 

removed under reduced pressure. The residue was subjected to flash chromatography on silica gel (1000 g, 

6×70 cm) with ethyl acetate as eluent to give the cis-diol (1SR,2SR)-4 as the first eluting compound and the 

trans-diol (1RS,2SR)-2 as the second eluting compound. After Kugelrohr distillation (150 °C, 0.01 mbar) 1.48 

g (20 %) of the cis-diol (1SR,2SR)-4 and 3.26 g (44 %) of the trans-diol (1RS,2SR)-2 were obtained. Spectral 

data were identical with those reported in the literature.13 

(1RS,2SR)-2-(tert-Butyldimethylsilyloxymethyl)cyclopentanol (1RS,2SR)-5: A solution of (1RS,2SR)-2 

(2.80 g, 24 mmol) and imidazole (4.04 g, 57.6 mmol) in dry THF (40 mL) was treated dropwise under ice- 

cooling with a solution TBDMS chloride (4.35 g, 28.8 mmol) in THF (30 mL). The reaction mixture was 

stirred at r. t. for 4.5 h and subsequently concentrated under reduced pressure. The residue was dissolved in 

diethyl ether (100 mL) and washed with water (3x30 mL). The organic phase was dried with Na2SO4 and 

concentrated under reduced pressure. Thereafter the residue was treated twice with toluene (20 mL) and con- 

centrated to dryness under reduced pressure. Kugelrohr distillation (125 °C, 0.01 mbar) of the residue yielded 

4.90 g (89 %) of the silyloxy alcohol (1RS,2SR)-5. IH NMR(CDC13): S = 0.00 (s, 6 H), 0.83 (s, 9 H), 1.04- 

1.33 (m, 1 H), 1.42-1.56 (m, 2 H), 1.62-1.74 (m, 2 H), 1.83-1.92 (m, 2 H), 2.53 (d, J =  2 Hz, 1 H), 3.41 (t, J 

= 9.5, 1 H), 3.72 (dd, J = 9.5, 5.2 Hz, 1 H), 3.91 (dd, J =  7.4, 1.2 Hz, 1 H); 13C NMR (CDCI3): t~ = -5.56, - 

5.50, 18.17, 21.56, 25.87, 33.81, 49.24, 63.18, 66.86, 78.35; MS (EI): ra/z = 229 (M ÷ - H), 75 (100 %); cale. 

C 62.55, H 11.37, found C 62.59, H 11.61. 

(1R,2S)-2-(tert-Butyldimethylsilyloxymethyl)cyclopentyl acetate (1R,2S)-6 and (IS,2R)-2.(tert-Butyi- 
dimethyisilyloxymethyl)cyciopentanoi (1S,2R)-5: A solution of the silyloxy alcohol (1RS,2SR)-5 (3.60 g, 

15.6 mmol) in tert-butyl methyl ether (110 mL) was treated with vinyl acetate (10.80 mL, 117 mmol) and 

lipase PS (0.72 g). The conversion was monitored by HPLC on 7p, m Lichrosorb Si-60 (4.6x250 mm) with n- 

heptane-tert-butyl methyl ether (5:1) by Rl-detection and terminated after 4 h at 40 % conversion by filtra- 

tion of the enzyme. The filter-cake was washed tert-butyl methyl ether (3x20 mL). The combined organic fil- 

trates were concentrated under reduced pressure and subjected to flash chromatography on 100 g of silica gel 

(3.6x20 cm) with n-hexane--tert-butyl methyl ether (5:1) as eluent to give 1.60 g (38 %) of the silyloxy 

acetate (1R,2S)-6 with an ee of 94 % as the first eluting compound and 2.06 g (57 %) of the silyloxy alcohol 
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(1S,2R)-5 with an ee of 51% as the second eluting compound. The enantiomerically enriched silyloxy alcohol 

(1S,2R)-5 was subjected to a second lipase-catalysed transesterification: A solution (1S,2R)-5 (2.00 g, 8.7 

mmol) in tert-butyl methyl ether (60 mL) was treated with vinyl acetate (6.0 mL, 65 mmol) and lipase PS 

(0.575 g). The reaction mixture was stirred at room temperature under HPLC-monitoring for 24 h until a 

conversion of 20 % was reached. Work-up as described above and flash chromatography on 50 g of silica gel 

(2.2x20 cm) yielded 0.438 g (18 %) of the silyloxy acetate (1R,2S)-6 with an ee of 98 % and 1.564 g (78 %) 

of the silyloxy alcohol (1S,2R)-5 with an ee > 99 %. (1R,2S)-6: [~]D 20 --6.24 (c = 1.0, CHCI3); IH NMR 

(CDCI3): d;= 0.02 (s, 3 H), 0.03 (s, 3 H), 0.87 (s, 9 H), 1.32-1.44 (m, 1 H), 1.56-1.74 (m, 3 H), 1.76-1.95 

(m, 2 H), 2.00 (s, 3 H), 2.03-2.16 (m, 1 H), 3.57 (dd, J =  6.0, 4.0 Hz, 1 H), 4.94 (dd, J = 6.7, 3.7 Hz, 1 H); 

13C NMR (CDCI3): 6 = -5.46,-5.45, 18.25, 21.35, 23.38, 25.87, 27.20, 32.68, 47.89, 64.29, 78.66, 170.87; 

(1S,2R)-5: [~]o 2° +2.0 (c = 1.0, CHC13); calc. C 61.71, H 10.36, found C 61.64, H 10.45. tH and laC NMR- 

spectra were identical with those of the racemic silyloxy alcohol (1RS,2SR)-5. The ee's of the products were 

determined by GC on FS-Lipodex E (25 m, Macherey-Nagel) after conversion of the products into the 

corresponding diols (1R,2S)-2 and (1S,2R)-2, respectively, as follows: (1R,2S)-6 was deacetylated with 

MeOH in the presence of the strong basic ion-exchange resin Wofatit SBW (OH-). The silyloxy alcohols 

(1R,2S)-5 and (1S,2R)-5 were desilylated by hydrolysis with acetic acid-H20 in THF. 

(1R,2S)-2-(tert-Butyldimethylsilyloxymethyl)eyelopentanol (1R,2S)-5: A solution of the silyloxy acetate 

(1R,2S)-6 (2.16 g, 7.94 mmol, ee 95 %) in MeOH (50 mL) was treated with the strong basic ion-exchange 

resin Wofatit SBW (OH-) (5 g) and stirred at r. t. for 24 h. The ion-exchange resin was filtered off and washed 

with MeOH (3x30 mL). The combined filtrates were concentrated under reduced pressure and the remaining 

residue was distilled in the Kugelrohr (125 °C, 0.01 mbar) to yield 1.69 g (92 %) of the silyloxy alcohol 

(1R,2S)-5, [~]D 2° -2.0 (C = 1.0, CHCI3). IH and ~3C NMR-spectra were identical with those of the racemic 

silyloxy alcohol (1RS,2SR)-5. 

(1S,2R)-2-(tert-Butyldimethylsilyloxymethyl)-l-phthalimidocyelopentane (1S,2R)-7: A solution of 

phthalimide (2.048 g, 13.9 mmol), triphenyl phosphine (3.648 g, 13.9 mmol) and the silyloxy alcohol 

(1R,2S)-5 (1.60 g, 6.9 mmol) in dry THF 50 mL) was treated under argon and ice-cooling with a solution of 

DEAD (2.42 g, 13.9 mmol) in THF (8 mL). After stirring overnight the solvent was removed under reduced 

pressure. The residue was filtered through a pad (3x5 cm) of silica gel 60 (0.0404).063 mm) with n-hexane- 

ethyl acetate (5:1) to remove triphenylphosphine oxide. The filtrate was concentrated and subjected to flash 

chromatography (100 g, 3.6x20 cm) with n-hexane-ethyl acetate (20:1) to afford 1.745 g (70 %) of the 

phthalimido silyl ether (1S,2R)-7. [tX]D 2° +10.63 (c = 1.0, CHC13); IH NMR (CDC13): t~ = -0.34 (s, 3 H), - 

0.27 (s, 3 H), 0.59 (s, 9 H), 1.48-1.60 (m, 1 H), 1.63-1.72 (m, 1 H), 1.76-1.83 (m, 1 H), 1.95-2.05 (m, 2 H), 

2.32-2.41 (m, 1 H), 2.45-2.54 (m, 1 H), 3.51-3.60 (m, 2 H), 4.76 (dd, J =  8.6, 8.5 Hz, 1 H), 7.55-7.65 (m, 2 

H), 7.69-7.77 (m, 2 H); 13C NMR (CDCI3): t~ = -5.82, -5.76, 18.13, 24.36, 25.66, 28.32, 28.73, 45.44, 

52.24, 63.60, 122.88, 132.27, 133.57, 169.23; MS (FAB): m/z = 360 (M + + H), 358 (M ÷ - H), 302 (100 %); 

talc. C 66.81, H 8.13, N 3.89, found C 66.82, H 8.31, N 3.85. 

(IR¢2S)-2-(tert-Butyidimethylsilyloxymethyl)-l-phthalimidoeyelopentane (IR,2S)-7: Yield: 76 %; 

[O~]D 20 --10.75 (C = 1.0, CHC13). 
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(1S,2R)-2-(Hydroxymethyl)-l-phthalimidocyclopentane (1S,2R)-8: A solution of the phthalimido silyl 

ether (1 S,2R)-7 (1.70 g, 4;7 mmol) in glacial acetic acid-H20-THF (3:1:1, 15 mL) was kept at r. t. overnight. 

The reaction mixture was concentrated under reduced pressure and traces of water and acetic acid were re- 

moved by co-distillation with toluene (2x20 mL) under reduced pressure. The residue was subjected to flash 

chromatography on silica gel (20 g, 20×1.6 cm) with n-hexane-ethyl acetate as eluent and yielded 1.11 g, (95 

%) of analytically pure (1S,2R)-8. [~]D 2° +4.9 (C = 1.0, CHCI3); IH NMR (CDCI3): ~ = 1.58-1.75 (m, 2 H), 

1.81-1.88 (m, 1 H), 2.00-2.14 (m, 2 H), 2.30-2.38 (m, 1 H), 2.44-2.53 (m, 1 H), 3.42-3.49 (m, 1 H), 3.60 

(dd, J = 11.5, 4.9 Hz, 1 H), 4.77 (dd, J = 13.3, 6.4 Hz, 1 H), 7.68-7.74 (m, 2 H), 7.79-7.84 (m, 2 H); t3C 

NMR (CDCI3): ~= 23.79, 28.08, 46.59, 53.01, 62.78, 123.17, 131.76, 134.01,169.58; MS (FAB): m/z = 246 

(M + + H, 100 %); calc. C 68.55, H 6.16, N 5.71, found C 68.61, H 6.23, N 5.65. 

(1R,2S)-2-(Hydroxymethyl)-l-phthalimidocyclopentane (1R,2S)-8: Yield: 78 %; [cx]~ 2° -5.0 (c = 1.0, 

CHCl3). 

(1R,2S)-2-Phthalimidocyclopentane-l-carboxylic acid (1R,2S)-9: A solution of the phthalimido alcohol 

(1S,2R)-8 (1.22 g, 4.97 retool) in acetone (16 mL) was treated under ice-cooling with Jones' reagent (4.5 mL, 

18 mval) and stirred at r. t. for 30 rain. The excess of the oxidant was destroyed by addition of 2-propanol. 

The solid residue was filtered off and washed with acetone (3×5 mL). The combined filtrates were diluted 

with water (20 mL) and concentrated to -20 mL. The remaining aqueous residue was extracted with ethyl 

acetate (5x10 mL). The combined organic extracts were washed with 1 N NaHCO3 (3x10 mL). The combined 

aqueous extracts were acidified with 1 N HCI and reextracted with diethyl ether (3×10 mL). The combined 

organic extracts were dried (Na2SO4) and concentrated under reduced pressure to give 1.044 g (80 %) of 

(1R,2S)-9 as analytically pure crystals; mp 119-121 °C (ethyl acetate-n-hexane). [cx]D 2° +20.11 (c = 1.0, 

CHC13); IH NMR (CDC13): 6 = 1.54-1.62 (m, 1 H), 1.95-2.01 (m, 1 H), 2.03-2.15 (m, 2 H), 2.30-2.43 (m, 2 

H), 3.05 (dd, J = 12.0, 7.7 Hz, 1 H), 4.88 (dd, J =  17.2, 8.0 Hz, 1 H), 7.64-7.71 (m, 2 H), 7.74-7.82 (m, 2 

H); I3C NMR (CDC13): ~ = 23.91, 28.30, 28.98, 46.93, 51.66, 123.20, 131.85, 133.87, 168.50, 175.99; MS 

(FAB): m/z = 260 (M + + H), 242 (100 %); calc. C 64. 86, H 5.05, N 5.40, found C 64.90, H 5.03, N 5.30. 

(1S,2R)-2-Phthalimidocyclopentane-l-earboxylic acid (1S,2R)-9: Yield: 80 %; [~]D 2° -20.12 (c = 1.0, 

CHCI3). 

(1R,2S)-2-Aminocyclopentane-l-carboxylic acid (1R,2S)-I: A solution of the phthalimido carboxylic acid 

(1R,2S)-9 (1.00 g, 3.8 mmol) in EtOH-H20 ( l : l ,  50 mL) was treated with a 28 % aqueous solution of methyl 

amine (2.08 mL, 19 mmol) and stirred at r. t. for 1.5 h. The reaction mixture was concentrated under reduced 

pressure, dissolved in water (50 mL) and acidified with 0.1 N HC1 to pH -2.5. The aqueous solution was ad- 

justed to pH 7.0 by addition of the strong basic ion-exchange resin Wofatit SBW (OH-). The neutral solution 

was concentrated to dryness and subjected to flash chromatography on silica gel (50 g, 2.2×20 cm) with 

EtOH-H20 (95:5) as eluent to afford 0.447 g (91%) of cispentacin (1R,2S)-I. [CX]D 2° --7.5 (C = 1.0, H20); 

{ref. 3 [O[]D 2s -10.7; ref. 5 [0[]D 20 -9.8; ref. 8 [O~]D 23 --8.8 (C = 1.0, H20)}. The ee of the product was > 99 % as 

determined by HPLC on Crownpak CR (+) (4.0x150 mm) at 0 °C with aqueous HCIO4 of pH 1.5 as eluent. 
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~H NMR (020): ~ = 1.64-1.90 (m, 4 H), 2.02-2.16 (m, 2 H), 2.85 (ddd, J = 10.2, 6.3, 6.1 Hz, 1 H), 3.70 

(ddd, J =  13.0, 6.5, 4.4 Hz, 1 H); 13C NMR (D20): fi = 23.84, 30.60, 32.07, 50.22, 55.61,183.63. 

(1S,2R)-2-Aminoeyelopentane-l-earhoxylie add (1S,2R)-1: Yield: 90 %, [Oqo 2° +8.5 (c = 1.0, H20 ). The 

ee of the product was > 99 % as determined by HPLC on Crownpak CR (+) (4.0x150 mm) at 0 °C with 

aqueous HC104 ofpH 1.5 as eluent. 

Acknowledgement: This work was supported by the Deutsche Akademie der Naturforscher Leopoldina, 

Halle and the Fonds der Chemischen Industrie. We are grateful to Amano Enzyme Europe Ltd. and Novo 

Nordisk A/S for generous gifts of lipases. 

References 

I. Santaniello,E.; Ferraboschi, P.; Grisenti, P.; Manzocchi, A. Chem. Rev., 1992, 92,1071; Poppe L.; 

Novfik, L. Selective Biocatalysis; VCH: Weinheim, 1992; Roberts, S. M.; Wiggins K.; Casy G.; Eds., 

Preparative Biotransformations; Wiley: Chichester, 1992; Faber, K. Biotransformations in Organic 

Chemistry, 2nd. Ed.; Springer-Verlag: Heidelberg, 1995; Drauz, K.; Waldmann, H.; Eds., Enzyme 

Catalysis in Organic Synthesis; VCH: Weinheim, 1995. 

2. Boland, W.; Fr6Bl, C.; Lorenz, M. Synthesis 1991, 1049; Faber, K.; Riva, S. Synthesis 1992, 895; 

Santaniello, E.; Ferraboschi, P.; Grisenti, P. Enzyme Microb. Technol. 1993, 15, 367; Theil, F. Ca- 

talysis Today 1994, 22, 517; Theil, F. Chem. Rev. 1995, 95, 2203. 

3. Konishi, M.; Nishio, M.; Saitoh, K.; Miyaki, T.; Oki, T.; Kawaguchi, H. J. Antibiotics 1989, 42, 

1749; Konosu, T and Oida S., Chem.Pharm.BulL, 1993, 41, 1012. 

4. Oki, T.; Hirano, M.; Tomatsu, K.; Numata, K.; Kamei, H. J. Antibiotics 1989, 42, 1756. 

5. Iwamoto, T.; Tsuji, E.; Ezaki, M.; Fujie, A.; Hashimoto, S.; Okuhara, M.; Kosaka, M.; Imanak, H. J. 

Antibiotics 1990, 43, 1. 

6. Yamazaki, T.; Pr6bstl, A.; Schiller, P. W.; Goodman, M. Int. J. Peptide Protein Res. 1991, 37, 363; 

Mierke, D. F.; N6Bner, G.; Schiller, P. W.; Goodman, M. Int. J. Peptide Protein Res. 1990, 35, 35; 

Yamazaki, T.; Zhu, Y.-F.; Pr6bstl, A.; Chadha, R. K.; Goodman, M. J. Org. Chem. 1991, 56, 6644. 

7. Evans, C.; McCague, R.; Roberts, S. M.; Sutherland, A. G.; Wisdom, R. J. Chem. Soc. Perkin Trans. 1 

1991, 2276. 

8. Davies, S. G.; Ichihara, O.; Walters, I. A. S. Synlett 1993, 461; Davies S.G.; Ichihara I.; Lenoir I.; 

Waiters I.A.S., JCSPerkin I, 1994, 1411. 

9. Kanerva, L. T.; Csom6s, P.; Stmdholm, O.; Berrfith, G.; FiilSp, F. Tetrahedron: Asymmetry 1996, 7, 

1705. 

10. Weidner, J.; Theil, F.; Schick, H. Tetrahedron: Asymmetry 1994, 5, 751. 

l I. Buchta, E.; Bayer, H. Liebigs Ann. Chem. 1951, 573, 227. 

12. Yoon, M. N.; Brown, H. C. J. Am. Chem. Soc. 1968, 90, 2927. 

13. Kinast, G.; Tietze, L.-F. Chem. Ber. 1976, 109, 3626. 

14. Jaeger, E.; Biel, J. H. J. Org. Chem. 1965, 30, 740. 

15. Chen, C.-S.; Fujimoto, Y.; Girdaukas, G.; Sih, C. J. J. Am. Chem. Soc. 1982, 104, 7294. 

16. Hughes, D. L. Organic Reactions; Wiley: New York, 1992; Vol. 42, p. 335. 

17. Wolfe, S.; Hasan, S. K. Can. J.. Chem. 1970, 48, 3572. 

(Received in UK 7 October 1996) 


