
Tetmhe&on Vol 41, No 36, pp 7569-7582.1991 mo4020/91 $3 oo+ 00 
Rmted III Great Brmm Pcrgamon Press plc 

Lipase-Catalyzed Transesterification of meso=Cyclopentane Dials 

Fritz Theif’, Hans Schick., Gabriele Winterb, and Giinter Reckb 

a)Central Inshtute of Organic Chermstry, b)Anal~cal Center of the Central Inshtute of 
Physical Chemtstry, Rudower Chaussee 5, O-l 199 Berhn-Adlershof, Federal Repubhc of 

Germany 

(Recerved m Germany 17 May 1991) 

Key wordr Llpase-catalyzed transestenficanons, meso-cyclopentane &ols, enantloselecnve 
acetylanon, enzymes m organic solvents 

Absfmcl The hpase-catalyzed transestenfication of the meso-cyclopentane dlols la - 6a wth 
vinyl acetate in tetrahydrofuran/methylamme m the presence of hpases of dtfferent ongm has 
been mvesugated Depending on the structure of the substrate and the ongm of the hpase churl 
cyclopentane denvattves with high enanaomenc excess could be obtamed m good to excellent 
chermcal yields 

INTRODUCTION 

Enzyme-catalyzed transfonnattons are suitable ways to obtam homochlral bulldmg blocks2” An 

attractive way for organic chermsts represent the hpase-catalyzed estenfications and aansestenficaaons in 

organic solvents5*6 The success of an enannoselectlve transformanon of a gven substrate depends on the 

avallabdlty of a sultable hpase that accepts the substrate and the selecnon of the reacnon condmons (enzyme 

and solvent engmeenng)6 

In connnuatlon of our work on the enannoselectlve transformauon of the dlol la with Pancreatm7** or 

with the hpase from Mucor sp 9 which allows to prepare enanhomencally pure monoacetate lb (Scheme 1) 

we treated the meso-dlol la and the denved &ols 2a - 6a (Scheme 2) urlth vinyl acetate in tetrahydrofuran m 

the presence of lipases of bfferent ongin 

The am of this mnvesuganon was to prepare optically active butldmg blocks and to collect some 

mformauon on the effect of structural changes in the substrate on enzyme enanuoselecmq as well as to 

compare the &fferent hpases on reacuvity and enantloselectnq in the reaction wtth a gven substrate under 

standard condmons 

Enannomencally pure lb or 1t.s enanhomer are startmg mater& for the synthesis of prostaglandms10-18 

and other cyclopentanold natural products 19*~ The dtols 2a and 3a are stamng mater& for c~chtols~~-” and 

prostaglandms 24*Z The chtral monoacetate 6b also serves as a stamng matenal for prostaglandm synthes# 
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PREPARATION OF THE STARTING MATERIALS 

The dlols la27, 2a**, and 6a% were prepared accordmg to hterature procedures For the synthesis of 2a 

** m-chloroperbe.nzo~c acid was used instead of perbemmc acid In contrast to the epoxldatlon of la whtch 

exclusively affords the syn-epoxydtol 2a the reacuon of the cmespondmg hs-rerz-butyldmethyls~lyl 

dermanve 7 with m-chlorope&enz.o~c acid )nelded a mature of the epoxldes 8 and 9 m a rano of 3 7 
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Desrlylaaon of 9 afforded the arm-epoxydtol 3a and desdylaaon of 8 yrelded the known compound 2a, 

respecavely (Scheme 3) 
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2a 3a 

Attempts to prepare 5a by Sunmons-Smtth-reacaon 29 farled totally Therefore we used the 

palladium(II)-catalyzed cyclopropanatron u, of la with dcuomethane (Scheme 4) expecting to obtam 5a in 

analogy to the Simmons-Smrth reacaon, although the stereochetmcal course of the transraon metal-catalyzed 

cyclopropanaaon of cyclic allyhc alcohols has not been mvesagated so f&’ 

In contrast to our expectaaon, reacaon of la and lc wrth duuomethane in the presence of a catalync 

amount of brs(benzonmrle)palladmm(II) chloride afforded exclustvely the unfr-cyclopropyl denvaaves 4a 

and 4c, respecavely The syndenvaaves 5a and Sc could not be isolated from the reactton mrxtum 

Dracetate 4c prepared from lc corresponds m every respect wtth 4c prepared by acetylauon (Ac20, 

pyndme) of 4a 

The synthesis of Sa could be reahzed by cyclopropanaaon of the brs-t-butykhmethylsrlyl denvaave 7 

under the above described cot&tons yielding a mrxture of 4d and 5d m a ratro of 6 4 Desrlylaaon of thus 

mtxture atforded 4a and 5a (Scheme 4) 

The configuratton of 4a has been assigned on the observation of a vrcmal couphng constant of 3 0 Hz 

between C,-H and G-H The couplmg constant between Ct-H and G-H m 5a was found to be 7 5 Hz 

mdrcaang ryn-configuration Thus asstgnment has been confiied unambrguously by X-ray structure analysts 

(F1g l)of4c= 

RESULTS AND DISCUSSION 

Ltpase-catalyzed transestenficaaons of the substrates la - 6a wth vmyl acetate were performed in 

tetrahydrofuran/tnethylamme as standard conditrons whtch we have already used advantageously m the 
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Fig. 1. X-ray structure of 4c 

preparauon of 1b7-9 and for the selectwe funcnonaltzauon of other substrates 33*34. 

The hpase-catalyzed transformanons were- usually stopped when the stamng dtol was consumed For 

the d&rent substrates the same amount of one land of hpase was used. So tt was posstble to compare the 

reactwtty of the different substrates towards the d&rent lands of ltpase. Concemng the reactwvity the d101s 
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la, Za, 4a, and 5a are suitable substrates for most of the hpases which were tested These d101s could be 

transformed into rm~mre.s of the monoacetates/&cetates lb/k, 2bi2c, 4b/4c, and mt-5bBc in an appmpnate 

time (Tables 1,2,4,5) D1016a was no substrate under the reaction condmons for all lipases tested. 

With respect to chermcal yield and to enanaomenc punty of the choral monoacetates lb, 2b, 3b, 4b, 

and entJb there IS no general supenor hpase for all the substrates tested In most cases, exclusive of 2% 

Lqozyme was unable to catalyze the transformahon of the d101s la, 3a, 4a, Ja, and da under selected 

reachon condmons 

For the &ol la Pancreatm8 and the hpase from Mucor sp 9 were the enzymes of choice (Table 1) 

The most selecnve enzymes for the syn-epoxy&o1 2a were found to be the hpases from Yurrowta sp 

181 Hand from Cat&la sp 382 (Table 2) 

Under the same reactlon condmons the antr-epoxyd~ol 3a shows a s~gmficandy lower reacnvlty than 

the other dlols Only with the hpases from Mucor sp and Cundrdu sp 382 it could be transformed into 3b in a 

very long reactlon nme besldes unreacted 3a (Table 3) 

The an&cyclopropane d101 4a was transformed with a very high selecavlty into the monoacetate 4b 

using hpases tested (exclusive of Llpozyme) tigh chermcal yield and excellent enannoselectiwty was 

observed m general (Table 4) 

Table 1 Llpase-Catalyzed Transestenficanon of the Dlol la 

lipase reaction yield of 
time (h) lb (%) 

blP 
c 1, CHC13 

yield of 
lc (%) 

ee 
(%) 

configu- 
ranon 

Pancreatm 

Mucor sp 

Amano PS 

2 5 65 -66 o” 32 >99 S-OAc 

4 85 -62 0’ 10 94 S-OAc 

3 75 97 -33 o” 0 50 S-OAc 

0 5= 68 -54 lo 35 86 S-OAc 

Lipozyme 8 

Yarrowia 24 

Sp 382 2 

‘hefold amount of llpase was used 

<5 

63 -54 2O 30 84 S-OAc 

53 -65 0 40 >99 S-OAc 

By contrast with the d101s la - 4a, the syn-cyclopropane d101 5a was acetylated preferentially at Its 

R-hydroxy group affording entJb Exclusive of Pancreatm, the other hpases showed low enantloselechvlty 

(Table 5) 
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Table 2 bpase-Catalyzed Transesterd’icatton of the D1012a 

lipase 

Pancreatm 

Mucor sp 

Amano PS 

Lqozyme 

Yarrowla 

Sp. 382 

reactton yield of 
Ume 01) 2b (%) 

yield of 
2c (8) 

ee 
(%I 

configu- 
ratton 

05 38 -30 0” 

24 48 -23 0” 

2 75 -29 2“ 

72 55 -22 3O 

125 71 -29 0’ 

24 82 -312” 

57 

40 

25 

13* 

20 

9 

99 S-OAc 

74 S-OAc 

94 S-OAc 

76 

>99 

>99 

S-OAc 

S-OAc 

S-OAc 

@32% of dlol2a were recovered 

Table 3 Llpase-Catalyzed Transestenfication of the Dtol3a 

lipase reaction 
time (h) 

yield of 
3b (%) 

bhZo 
c 1, CHC13 

yield of 
&Z W) 

ee 
(8) 

coniigu- 
ranon 

Pancreatm 

Mucor sp 

AmanoPS 

8 <5 

144 60 -15 o” Oa 82 S-OAc 

8 <5 

Lipozyme 8 

Yarrowia 8 

Sp 382 168 

=)35% of dml3n were recovered 

c5 

C5 

56 -110” O8 52 S-OAc 

For the determmatlon of the absolute configuration of the monoacetate 2b enantlomencally pure lb 

was epoxldlzed usmg m-chloroperbenzolc acid affording pure 2b with a negative optlcal rotation mdlcatmg 

that the hpases selectively catalyze the acetylation of the syn-epoxydlol 2a at Its S-hydroxy group The 

absolute configuration of 3b was determined as follows treatment of enanaomencally pure lb with 

terr-butyldlmethylsdyl chlonde and epoxldanon of this unsymmetncally protected mtermedlate afforded a 

mixture of the epoxldes 10 and 11 After separation of 10 and 11 the desllylatlon of the anti-epoxy denvatlve 

11 yielded 3b with a negative optical rotatton proving that the hpases preferentially catalyze the acetylatlon 

of the anrl-epoxydlol3a at its S-hydroxy group Desdylatlon of 10 afforded 2b (Scheme 5) 
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Table 4 Llpase-Catalyzed Transestenficatlon of the Dlol4a 
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hpase reaction yield of 
tune (h) 4b (%I 

Pancreatm 32 94 

Mucor sp 163a 85 

Amano PS 24b 87 

[alum 
c 1, CHCl~ 

-13 9” 

-11 o” 

-160’ 

peld of 
4c VW 

4 

10 

12 

ee 
(%I 

>99 

90 

>99 

configu- 
ration 

S-OAc 

S-OAc 

S-OAc 

Llpozyme 8 4 

Sp 382 24 89 -13 2O 7 92 S-OAc 

‘) after 96 h 500 mg of llplse were added, bkvofc.ld amount of hpase was used 

Table 5 Llpase-Catalyzed Transestenficatlon of the Dlol Sa 

lipase reacnon 
time (h) 

yield of 
entJb (%) 

configu- 
rahon 

Pancreatm 12 75 +41 3O 20 86 R-OAc 

Mucor sp 1398 69 +l 0” 24 4 R-OAc 

Amano PS 16 63 +2 o” 32 10 R-OAc 

Llpozyme 8 <5 

Sp 382 24 55 +20 2O 40 44 R-OAc 

=&fter 96 h 500 mg of llpase were added 

Cyclopropanatlon30 of enannomencally pure lb yielded the onn-cyclopropyl denvattve 4b with a 

negaave optlcal rotation proving selecnve S-acetylanon of 4a under hpase catalysis In a more comphcated 

reaction sequence enantlomencally pure lb was converted mto a mixture of the cyclopropyl denvahves 12 

and 13 which could be separatd By further functlonal group mampulatlon 13 was convened mto 5b with a 

negative opncai rotation By this way It was clearly demonstrated that the monoacetyl denvatwe entdb ~th 

its posmve opucal rotation was formed by a preferred acetylatlon of 5a at its R-hydroxy group 12 was 

transformed into 4b (Scheme 6) 
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EXPERIMENTAL 

Tetrahydrofuran was dned over sodturn wife Triethylamme was d~sttlled from and stored over 
potassium hydrox&. T 1 c. was camed out on plates precoated wtth s&a gel 60 (Merck) For wsuahzauon 
the plates were tteated wtth 3 5 % of molybdato phosphonc acid 111 ethanol and heated to 150°C Flash 
chromatography was performed on s&a gel 60 (0 063 - 0 040 mm) ‘H n.m r spectra were recorded at 80 
MHz on a Tesla BS 587 4 mstrument If not m&cated otherwtse or at 300 MHz on a G-m 300 mstrument, 
and 13C n m r. spectra at 75 MHz on a Gemuu 300 mstrument (Vanan) ~th hexamethyl&stloxane as mtemal 
standard ‘$ n m r spectra were measured at 282 MHz on a Gemuu 300 instrument m CDCl, with CFC13 as 
Internal standard All chermcal shifts ate report& tn 8 values. Electmn tmpact mass spectra went obtamed on 
the GC/MS-Datensystem HP 5985 B 1.r spectra were recotded on a Specord 75 IR spectrometer (Carl Zetss 
Jena) Optical rotattons were measured wtth the photoelecmc polanmeter Polamat A (Carl Zetss Jena) at 546 
and 578 nm and extrapolated to 589 nm 
The followmg hpases were used 
Pancreatm 6xNJ? Fa. Belger, Klemmachnow, FRG 
Lipase from Mucor sp : Instmte of Biotechnology, hpztg, FRG 
Amano PS Amano Pharmaceutical Co Ltd , Nagoya, Japan 
Lqozyme M20 Novo Indusm A/S, Copenhagen, Denmark 
Lipase from Yarrowm sp H 181 Instttute of Biotechnology, Lelpng , FRG 
Llpase from Candrda sp 382 Novo Indusm A/S, Copenhagen, Denmark 

The enanttomenc excess (e e ) of the monoacetates lb - 4b and entdb was deternuned by 1v n m r 
spectroscopy of the correspondmg (R)-(+)-a-methoxy-a-(mfluommethyl)phenyla acid esters (Masher 
esters) The Mosher esters were prepared accordmg to ref * The racenuc monoacetates rat-lb - rat-Sb were 
prepared m the usual manner by treatmg of the dlols la - Sa w~tb one equivalent of acenc anhydnde ln 
pynQne 

Preparation of the Starting Materials 

c~s-l,4-b~s(t-Bu~ldtmethvlstlvl)cvclo~nt-2-ene-1.4-~ol(7) 
Imldazole (12 5 g, 187 5 mmol) and zert-butyldtmethylstlyl chlonde (20 8 g, 125 mmol) were added to 

a sohmon of &ol la (5.0 g, 50 mmol) m pyndme (100 ml) After sttmng at room temperam for 15 h the 
mixture was dtluted urlth &ethyl ether (200 ml) This nuxture was washed with a 1N solution of sodmm 
bicarbonate (50 ml) and with iater (2 x‘ 50 ml). The orgamc phase was dned (MgS04) The solvents were 
dlsalled off under reduced pressure Datdlanon of the restdue afforded pure 7 

B p 90 - 95’C (0 67 Pa). 
(14 75 g, 90 %) 

J1RS,2RS.4SR,5SR)-6-Oxa-2,4-hs(t-bu~l~me~vlsdvl)-btcvclo~3 1 Olhexane-2,Cdtol (8) and 
(1SR,2RS.4SR,5RS)-6-oxa-2,4-bts(t-bu~l~me~vlstlvl)-~cvclo~3 1 Olhexane-2,4dtol(9) 

m-Chloroperbenzolc acid (23 05 g, 133 mrnol) and sodium bicarbonate (112 g, 133 mmol) were added 
to a solunon of 7 (12 5 g, 38 mmol) tn dchloromethane (140 ml) The rmxture was stu-nzd at room 
temperature for 30 h The suspension was filtered through slhca gel The filtrate was washed ~th a 1N 
soluhon of s&urn btcarbnate (50 ml) and water (2 x 50 ml) The orgamc phase was dned (MgS04) and the 
solvents were dotilled off under reduced pressure The residue was separated by flash chromatography on 
slhca gel (400 g) wnh hexane - &ethyl ether (40 1 - 30 
60%) 

2) and yielded 8 (3 25 g, 25 %) and 9 (7 74 g, 

8 M p 46 - 48’C, ‘H n m r (CDCl3) 0 00 and 0 02 (12H, 2s, SlMq) 0 84 (18H, s, t-Bu), 1 06 - 2 06 
(2H, m, CH2), 3 28 (2H, s, CH-0), 3 99 (2H, dd, J 12 and 8 Hz, CH-OSt), 13C n m r (CDC13) -4 66,18 11, 
25 84,34 57,57 28,70 58, m s 
5891,H 1073 

287 (M - C&+ 45), 147 (35), 73 (lOO), calcd C 59 24, H 10 53, found C 

9 B p 170 - 19O’C (bath temperature/o 67 Pa), ‘H n m r (CDC13) 0 00 and 0 02 (12 H, 2s SWQ), 
0 83 (18H, s, t-Bu), 104 - 2 00 (2H, m, CH2), 3 37 (2H, S, CH-0), 4 24 (2H, d, J 5 5 Hz, CH-OSI), ‘)C n m r 
(CDC13) -4 83. 17 92, 25 68, 42 26, 59 61, 7144, m s 
59 24, H. 10 53, found C 59.05, H 10 48 

287 (M - C&, 3), 147 (lOO), 73 (55), c&d c 

(lRS.2RS.4SR,5SR)-6-Gxabtcvclo~3 1 Olhexane-ZA-Qol Qal 
Acehc acid (15 ml) and water (5 ml) were added to a solutton of 8 (3 0 g, 9 mmol) m tetrahydrofuran 

(15 ml) After standmg at 50°C for 48 h the solvents were removed by co-dtsttllanon with toluene under 
reduced pressure affordmg 2a (1 1 g, 95 46) 

M p 78 - 82°C (ethyl acetate)(ref 28 m p 83 - 83 5’C), ‘H n m r (DMSO-4) 102 (lH, dt, J 12 and 8 
Hz, CH2). 178 (lH, dt, J 12 and 8 Hz, CH2), 3 24 (2H, s. CH-0), 3 80 (2H, m, CH-OH), 4.80 (2H, d, J 5 HZ, 
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JlR.2R,4S,SS)-(-)-2-Hvdroxv-6-oxab~cvclol3 1 Olhex-4-vl acetate (2bl 
Colourless oil [rat-2b mp. 45 - 47°C ( &ethyl ether - hexane)], ‘H II m.r (CDCl$ 130 (lH, dt, J 12 

and 8 Hz, CH$, 2 03 (3H, s, OAc), 2 33 (lH, dt, J 12 and 8 Hz, CH& 2 62 (lH, br s, OH, exchangeable), 
3 SO (lH, dd, J 3 and 15 Hz, CH-0), 3 60 (IH, dd, J 3 and 1 5 Hz, CH-0), 4 12 (lH, dt, J 8 and 15 Hz, 
CH-OH), 4.90 (lH, dt, J 8 and 15 Hz, CH-OAc), 13C n m r. (CDCI,) 20 66, 30 94, 55 43, 57.29, 69 68, 
71 66, 170 80, m s 159 (M + 1, l), 141 (S), 97 (35), 69 (lOO), 60 (65), I r (KBr) 3500 - 3100, 1750, 1740, 
1250, calcd C 53 16, H 6 37, found C 53 17, H 6 42 

~lRS,2RS,4SR.SSR)-6-Oxablcyclo~3 1 Olhex-2.4-Qyl &acetate (2c) 
M p 86 - 88’C (&ethyl ether - hexane), ‘H n m r (0X13) 124 - 1 80 (lH, m, CHZ), 2 03 (6H13s, 

OAc), 2 34 (lH, dt, J 12 and 8 Hz, C!H$, 3 60 (2H, s, CH-0), 4 94 (2H, dd, J 12 and 8 Hz, CH-OAc), C 
n m r (CDCl3): 20 82, 27 90, 54 88, 71.42, 170 69, m.s 141 (M - OAc, 75), 115 (8), 98 (loo), 81 (75), 69 
(85), I r (KBr> 1735,1380,1365,1260,1070,1030,880; calcd C 54 00, H 6 04, found C 54 13, H: 6 16 

~lS.2R,4S,SR)_(-)-2-Hydroxy-6-oxab1c~clo~3.l Olhex4vl acetate (3b) 
Colourless 011, b p 125 - 1WC (bath temp /O S Pa); ‘H n m r (CDCl,) 1 52 - 2.21 (3H, m, CHH, and 

OH), 2 01 i!H, s, OAc), 3 55 (2H, m, CH-0), 4 29 (lH, br d, J 5 5 Hz, CH-OH), 5 20 (lH, br d, J 5 5 Hz, 
CH-OAc), C n m r (CDC13) 2108,37.68,56 11,58 33,70 79,73 27,170 24), m s 141 (M - OH, 0 6), 115 
(12), 96 (38), 97(43), 70 (lOO), lr (film) 3650 - 3100, 1750, 1440, 1385, 1250, 1090, 1050, 850, calcd C 
53 16, H 6 37,found C 5305, H 662 

~lSR,2RS,4SR,SRS)-6-0xablcvclo[3 1 Olhex-2,4-&yl &acetate (3c) 
M p 53 - WC (&ethyl ether - hexane), ‘H n m r (CDC13) 160 - 2 29 (2H, m, CH.$, 2 00 (6H, s, 

OAc), 3 56 (2H, s, CH-0), 5 16 (2H, d, J 5 5 Hz, CH-OAc), 13C n m r (CDC13) 20 99, 35 43,56 64,72 49, 
170 22, m s 200 (M, 1 S), 141 (75), 98 (lOO), 81 (SS), 67 (SS), or (KBr) 1750, 1740, 1380, 1240, 850, 
calcd C 5400,H 604,foundC 53 87,H 601) 

[lR,2R,4S,SS)-(-)-2-Hydroxybicyclo[3 1 Olhex-4-vl acetate (4b) 
Colourless 011, b p 100 - 1 10°C (bath temp /O 5 Pa), ‘H n m r (CDCl3) -0 20 - 0 00 (lH, m, cycloPr), 

0 38 - 0 73 (lH, m, cycloPr), 149 - 177 (4H, m, CH, and CH-C), 194 (lH, br s, OH, exchangeable), 199 
(3H, s, OAc), 4 12 (lH, m, CH-OH), 5 12 (lH, dd, J 2.5 Hz, CH-OAc), 13C n m r (CDC13) 6 69, 21.30, 
21 43,24 77,38 12,73 55,76 96,170 43, m s 139 (M - OAc, S), 96 (90), 79 (40), 67 (lOO), I r (film): 3650 - 
3100, 3060, 3050, 3000, 2950, 2900, 1735, 1385, 1375, 1250, 1075, 1025, 985, calcd. C 61 52, H 7 74, 
foundC 6141,H 8 11 

(lS,2R,4S,SR)-(+)-4-Hvdroxvbicyclo13 1 Olhex-2-yl acetate tent-W 
Colourless 011, b p 120 - 130°C (bath temp./O 5 Pa), ‘H n m r (CDCl3) 0 30 - 0 68 (lH, m, cycloR), 

0 77 - 190 (SH, m, CH2, CH-C, OH, and cycloPr), 197 (3H, s, OAc), 2 04 - 2 SO (lH, m, CHz), 4 40 (lH, dt, 
J 8 and 4 Hz, CH-OH), 5 12 (lH, dt, J 8 and 4 Hz, CH-OAc), 13C n m r (CDC13) 2 36,19 93,2100,22 77, 
33 03,70 14,73 35, 171 OS, m s 139 (M - OH, lOO), 95 (43), 79 (92), 67 (65), 1.r (film) 3650 - 3100,3085, 
3050, 3020, 2980, 2965, 2900, 1750, 1480, 1390, 1365, 1250, 1085, 1060, IOOO, calcd C 6152, H 7 74, 
found C 61 64, H 8 19 

(~SR,ZRS,~SR,SRS)-BKW~~~~ 1 Olhex-2,4-dlyl &acetate (SC) 
Colourless liquid, b p 120 - 12S°C (bath temp /IS Pa), ‘H n m r (CDC13) 0 40 - 1 85 (SH, m, CH2, 

CH-C, and cycloPr), 198 (6H, s, OAc), 2 14 - 2 58 (lH, m, CH& 5 16 (2H, br dt, J 8 and 4 Hz, CH-OAc), 
13C n m r (CDC13) 3 36,20 04,20 88, 30 06,72 87, 170 70, m s 139 (M - OAc, 85), 97 (23), 79 (lOO), 67 
(18), I r (film) 3085,3050,3010,2985,2950,1750, 1380, 1365, 1250, 1035,1000, cakd C 60 59, H 7 12, 
found C 60 57, H 7 24 

Determination of the Absolute Configuration of the Monoacetates 2b, 3b, 4b, and ent-5b 

2b from lb 
m-Chloroperbenzolc acid (0 516 g, 3 mmol) and sodium bcarbonate (0 253 g, 3 mmol) were added to a 

solunon of enannomencally pure lb (0 142 g, 1 mmol) m dtchloromethane (5 ml) After stunng at room 
temperature for SO mm the suspension was filtered The filtrate was concentrated under reduced pressure 
Flash chromatography of the residue on slhca gel (20 g) with &ethyl ether - hexane (4 1) yielded 2b (0 131 
g, 83 %) as a colourless 011 [u]02” -30 0’ (c 1, CHC13) The *H n m r spectrum was identical with the 
spectrum of 2b from the hpase-catalyzed transestenfications 



3b from 11 
11R2R.4S,5S)_~-)-2-tButvldunethvlsdvloxv-6-oxa~cvclo~3.l Olhex-Cvl acetate (10) and 
~1S~4S5R)-~+~2-t-bu~~c~vlsllvloxv-~xa~~lo~3.l.0lhex4~l acetate (11) 

m-Chloroperbemc acrd (2 0 g, 116 mmol) and sodmm bicarbonate (10 g, 119 mmol) were added to 
a soluaon of (1S,4R)-4-t-butyldunethylyldunethylsllyloxyclopent-2-enyl acetate (0 975 g, 3.5 mmol) (Prepared from 
lb m analogy to the correspondmg rraawsomer lo: B p. 105 - 1loOC (bath.temp.LXl Pa); [aIDa +l” (c 10, 
CHCl#H n.m r (CD(&) 0 04 @I, s, &Me& 0.85 (9H, s, t-Bu,), 1.56 (lH, dt, J 12 and 5 Hz, CH , 199 
(3H, s, OAc), 2.75 (lH, dt, J 12 and 8 Hz, CH&4 65 (lH, m, CH-OSi), 5 40 (lH, m, CH-OAc), 5. d 5 (W. 
m, CH=CH), 13C n m r (CDCl3) 4 73,4 78,17 99,20.99,25 71,41.02,7471,76.77,131.00,138.73,170 65, 
calcd. C 60.89, H 9 43, found C 60 37, w 9 12) m &chlommethane (10 ml). After stunng at room 
temperature for 48 h m-chloroperbenzolc acid (10 g, 5.8 mmol) and sodmm bicarbonate (0.5 g, 5 95 mmol) 
were added. After a further 72 h the reaction mixture was dduted unth hexane (50 ml) and filed The 
filtrate was washed with a 1N soluaon of sodmm bxarbonate (10 ml) and water (2 x 20 ml) After drymg 
(Na$04) the organic phase was concentrated under reduced pressure Flash chromatography of the residue 
on silica gel (100 g) ~nth hexane - &ethyl ether (10 1 + 7 
r and 

1) yielded 11 (0.211 g, 23 96) as tbe less polar 
10 (0 197 g, 22 46) as the more polar product besides unchanged stamng mater& (0.232 g, 28 

10 ‘H n.m r (CDC13): 0.01 and 0.04 (6H, 29, &Me& 0 84 (9H, s, t-Bu), 1 14 - 1 62 (lH, m. CH2), 201 
(3H,s,OAc),206-234(1H,m,CH),335(1H,dd,J3and15Hz,CH-O),348(1H,dd,J3and15Hz, 
CH-0), 4 11 (lH, dt, J 8 and 15 Hz, kH-OS1), 4.84 (lH, dt, J 8 and 15 Hz, CH-OAc), 13C n m r (CDCl,) 
4 83, 4.8gi 17 98,20 79,25 64,3105,54 41,57 40,70 23.57 40,170 82, [ulDZo -4 5’ (c 1, CHC13) 

11 H n m r (CDC13) 0 04 and 0 06 (6H, 29, SW), 0 86 (9H, s, t-Bu), 1.50 - 2.16 (2H, m, C!H$, 2 OfI 
(3H, s, OAc), 3.44 (lH, d, J 2 5 Hz, CH-0), 3 58 (lH, d, J 2 5 Hz, CH-0), 4.28 (lH, d, J 5 Hz, CH-OSI), 5 14 
(lH, d, J 5 Hz, CH-OAc), 13C n m r (CDQ) 4 82, 4 89, 17 87, 20 91, 25.58, 38 52, 56 61, 59 05, 70.82, 
73.01, 170 46, [alDm +18 6O (c 1, CHC13) 

Tetrabutylammomum fluonde x 3 Hz0 (0 54Og, 17 mmol) was added to a solution of il(0 211,O 82 
mmol) m tetrahydrofinan (5 ml) and stnnz.d at room temperatme for 30 mm After evaporation of the solvent 
under reduced pressure the residue was punfied by flash chromatography on silica gel (20 g) wtth ethyl 
acetate - hexane (2 1) affordmg 3b (0 08Og, 62%) - [c& 2o -218’ (c 1, CHCl3) The ‘H n m r spectrum was 
identical with the spectrum of 3b from the hpase-catalyzed transestenficahons 

2b 
In analogy 10 yielded 2b - [cx]$’ -30 5’ (c 1, cHCl3) 

4b and 5b from 12 and 13,respectlvelv 
A soluaon of (1S,4R)-4-r-butyl&methylsdyloxy-cyclopent-2-enyl acetate (1.85 g, 7 2 mmol) m 

methanol (25 ml) was treated with Wofaut SBW (OH-, 2 g) and stured at mom temperature for 5 5 h After 
fdtrahon the solvent was removed under reduced pressure A solutton of this t 1 c -homogeneous product 
(155 g. 7 2 mmol) m pyndme (5 ml) was seated with mmethylsdyl chlonde (108 g. 10 mmol) The 
suspension was stured at room temperatme for 15 mm Then the reaction mixture was Qluted with hexane 
(50 ml) and filtered The filtrate was washed with Ice-cold water (3 x 20 ml) and dned (Na2S04) After 
evaporanon of the solvents under reduced pressure the residue was punfied by Kugelrohr tistdlatlon (90 - 
95°C bath temp./8 Pa) yleldmg a t.1.c -homogeneous product (1.95 g, 95 %) A soluuon of this bls-sdylether 
m tetrahydrofuran (5 ml) and &chloromethane (5 ml) was treated with PdCl&H&N)2 (10 mg). To thrs 
solution was added a solution of &-methane m &ethyl ether at O’C untd convernon to 12 and 13 was 
complete (t 1 c control) The reaction mixture was filtered through Cehte The solvents we= removed under 
reduced pressure and the residue was separated by flash chromatography on slhga gel (100 g) with hexane - 
&ethyl ether (500 2) affordmg 12 (105 g, 51 8) as the less polar product and 13 (0 41 g, 20 96) as the more 
polar product as colourless hqmds A solunon of 13 in methanol (10 ml) was aeated with Wofaht KPS @I+, 
0 5 g) and surred at room temperature for 25 mm Then the mixture was filtered and the solvent was removed 
under reduced pressure The residue was punfied by flash chromatography on silica gel (10 g) with hexsne - 
ethyl acetate (3 1) yleldmg 0 16 g (52 96) of a t 1 c -homogeneous hqmd A solution of this hqmd m pyndme 
(2 ml) was treated at room temperatuIle with aceac anhvdnde (1 ml1 After standmg at room temoerature for 
20 h inethanol (0 5 ml) was ad&d and the solvents w&e remkd~under reduced~~ssure affokhng 0 19 g 
(100 81 of a t 1 c -homorreneous vellow hauld A soluaon of this hamd m tetrahvdrofuran (5 ml1 was treated 
kth tekabutylammomu~ fluondk x 3 Hz0 (0 63 g, 2 mmol). After*sarrmg at r&m tempe&tu& for 16 h the 
reaction mlxtme was concentrated under reduced pressure Flash chromatography of the residue on s&ca gel 
(20 g) with ethyl acetate - hexane (2 1) yielded 5b (0 10 g, 90 %) as a colourless od - [a]o20 -47 2’ (c 2, 



Transestenficanon of meso-cyclopentane dtols 7581 

CHCl$ The tH n m.r spectra of Sb and ent-Sb from the hpase-catalyzed ttansestenficattons were xientical 

The same sequence startmg from I.2 yielded 4b - [u]020 -12 6“ (c 1, CHCl$ 
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