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Abstract: Optically active endo-bicyclo[4.1.Olheptan-2-01s compounds were prepared by lipase- 
catalyzed transesterifications with the raccmic alcohols. High enantiose1ectivitie.s and reaction rates 
were observed using the. l&se tium Candida antarctica. 0 1997 Elsevier Science Ltd. 

Cleavage of the Cl-Cu+3 or Cu+2-Cn+3 cyclopropanic bond of bicyclo[n. l.O]alkan-2-01s allows the 

synthesis of various types of compounds bearing one or several chiral atoms.1 Fission of the Cl-Cu+3 bond 

occurred generally without change of the Cu+2 absolute configuration 1b.c whereas inversion of the 

configuration of this carbon was observed after Cn+2-Cn+3 bond cleavage.la Thus, the preparation of 

enantiomerically enriched bicyclo[n.l.O]alkan-2-01s derivatives 2 should give an access to various types of 

compounds in an optically active form. 
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Optically active bicyclo[n.l.O]alkan-2-01s derivatives ate generally prepared by cyclopropanation of 

optically active cycloalk-2-en- 1-01s compounds 3 or by diastereoselective addition of nucleophiles to 

enantiomerically enriched bicyclo[n. 1 .O]alkan-Zones compounds.Ic 

This paper is dealing with the lipase-catalyzed kinetic resolution of racemic endo-bicyclo[4.l.O]heptan- 

2-01 la and of the corresponding 6-methyl and l-methyl substituted compdunds lb and lc.4 In order to 

allow an easy recovery of these small hydrophilic compounds, only transesterification and esterification 

reactions in an organic solvent have been tested. These two types of reactions were run at 37’C in 

rert-butylmethylether. In the first one, an acylating agent (isopropenyl acetate or a linear carboxylic acid) was 

reacted with a bicycloheptanol la-c 5 (Scheme 1) and, in the second type, the corresponding bicyclo[C 1.01 

hept-2-yl chloroacetates 3a-c6 (Scheme 2) were treated with n-propanol. 

In preliminary experiments achieved with the unsubstituted bicycloheptanol la and isopropenyl acetate 

using porcine pancreatic lipase 7 or lipase from Candida rugosa 7, no reaction was observed after 24 hours. 

However with the lipases from Pseudomow cepucia (LP),7 Mucor miehei (LMM) 7 and Candida Antarctica 

(USA) 7 transesterification occurred. Various conditions using these three enzymes and bicycloheptanols la, 

lb and lc were attempted. Our results are reported in Table 1. 
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Table 1. Enzymatic acylation of endo-bicyclo[4.1.O]heptan-2ols 1 8a,9 

Recovered 
Entry Substrate Lipase Acylating Time alcohol 1 Ester 2 c 16 E 17 

R 1 R 2 a[ent (h) ee (%) 10 ee (%) l0 

1 l a  H H LP isopropenyl acetate 3 87 11 63 0.58 12 

2 " hexanoic acid 113 68 it  83 12 0.45 22 

3 I_aMM isopropenyl acetate 20 35 11 64 0.35 6 

4 " hexanoic acid 163 34 11 44 12 0.44 4 

5 I..CA isopropenyl acetate 0.75 98 14 84 0.54 51 

6 1 b H IV~ LP isopropenyl acetate 20 84 72 0.54 16 

7 " hexanoic acid 289 65 90 13 0.42 37 

8 LMM isopropenyl acetate 20 31 81 0.28 13 

9 " butanoic acid 264 64 85 t3 0.43 24 

10 " hexanoic acid 264 77 90 13 0.46 44 

11 " octanoic acid 48 77 78 13 0.50 19 

12 " decanoic acid 48 76 75 t3 0.50 16 

13 LCA isopropenyl acetate 0.75 99 15 86 0.53 70 

14 ,, 8b isopropenyl acetate 0.70 56 15 95 13. 15 0.37 64 

15 l c  IV~ H LP isopropenyl acetate 94 68 73 0.48 13 

16 " hexanoic acid 291 21 89 13 0.19 21 

17 LMM isopropenyl acetate 318 12 81 0.13 11 

18 " hexanoic acid 312 26 80 0.245 12 

19 [.CA isopropen),l acetate 1.25 97 15 90 0.52 81 

Low enantiomeric ratios E were observed in the reactions of la ,  l b  and lc  with isopropenyl acetate 

in the presence of LP (entries 1, 6, 15) or LMM (entries 3, 8, 17) and the presence of the methyl substituent 

close to the hydroxyl group in l c  decreases the reaction rate (compare entry 15 to 1 and 6 and entry 17 to 3 

and 8). The influence of the acyl reagent size was checked in the case of the 6-methylbicycloheptanol l b  in the 

presence of LMM. 18 From acetyl to butanoyl and hexanoyl reagent there is a continuous increase of the E 

value and a large decrease of the reaction rate (compare entry 8 with 9 and 10). With the longer octanoic and 

decanoic acids the reaction rates are increased but the E values were closed to those observed with the 

acetylated reagent (compare entries 11 and 12 to 8). With l a  and l e  there is no improvement of LMM 

catalyzed reaction with hexanoic acid compared to the corresponding reaction with isopropenyl acetate 

(compare entry 4 to 3 and 18 to 17). The E values of the LP catalyzed reactions were also increased using 
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hexanoic acid instead of isopropenyl acetate (compare entry 2 to 1, 7 to 6 and 16 to 15). The highest E values 

were observed for LCA catalyzed transesterification of isopropenyl acetate (see entries 5, 13 and 18) and the 

reaction rates were greatly increased with this enzyme. As expected in this type of kinetic resolutions, it is 

possible to isolate the product or the unreacted substrate with a good ee by running the reaction to less or more 

than 50% conversion (see entries 13 and 14). 

The results of the transesterification of bicyclo[4.1.0]hept-2-yl chloroacetates 3a-¢ with n-propanol in 

the presence of LP and LMM are reported in Table 2. The reaction of the 2-methyl substituted ester 3c with 

LMM shows higher E value and reaction rate than those of the LMM catalyzed reaction of the corresponding 

alcohol l e  with isopropenyl acetate. Except the reactions of 3b and 3c in the presence of LMM, for all the 

other attempts, the enantioselectivity and the reaction rate were simultaneously low. So these reaction 

conditions seem less attractive from a synthetic point of view. 

CI-CH2-(CO)-O R 1 CI-CI" t -(CO)-O R 1 HO R 1 

Pr-OH ,, ". + 

Lipase, MeOtBu, 37°C R2 

mc-endo.3 (IR, 2S, 6S~3 (15, 2R, 6F1~1 
Scheme 2 

Table 2. Enzymatic transesterification of  endo bicyclo[4.1.O]heptan-2-yl chloroacetate 3 with propanol 8c, 9 

Recovered 
Substrate Lipase time/h ester 3 Alcohol 1 c z6 E 17 
R 1 R 2 ee (%) to ee (%) 1o 

3a  H H LP 120 64 71 tt 0.47 11 

LMM 120 54 35 tt 0.61 3 

3b  H Ivle LP 120 54 76 0.41 13 

LMM 120 50 81 0.37 17 

3c  lvle H LP 120 58 60 0.49 7 

I.blM 120 74 85 0.46 27 

In conclusion, a new method to prepare optically active endo-bicyclo[4.1.0]heptan-2-ols compounds 

by lipase-catalyzed transesterification was reported herein. With the lipases from Pseudomonas cepacia,  

Mucor miehei and Candida antarctica the (1S, 2R, 6R)-enantiomers 19 react faster and the better 

enantioselectivities were obtained using the last enzyme. 
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