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Summary: A new seven-carbon polyhydroxylated chiral 
synthon is obtained, as single enantiomer, in nearly 
quantitative yield by enzymatic desymmetrization of the 
appropriate meso compound. Pseudomonas fluorescena 
shows an high degree of enantiotopic discrimination in a 
particularly complex molecule posseesing a 1,3 syn diol 
structure; likewise, this chiral synthon has been easily 
transformed into a known compactin analogue. 

Optically active functionalized diols and polyols of 
defined stereochemistry are valuable synthetic interme- 
diates. Among them the 1,3 polyols or skipped polyols 
are of strategic importance in the synthesis of many natural 
products such as mevinic acids' and polyene macrolide 
antibiotics.2 Many synthetic methodologies leading to 
skipped polyols have been developed, employing chiral 
starting material obtained by both chemical and biocat- 
alytic transformations.3 

To this end we have recently developed4 a biocatalytic 
lactonization of 3,5-syn-dihydroxy esters of type 1 (see 
Figure 1) by means of porcine pancreatic lipase (PPL) in 
organic solvent (ether). This key step was used for the 
synthesis of optically active 3-hydroxy, 5-substituted 
&lactones of type 2 as mevinic acid analogs4 or naturally 
occurring Although the optical purity of the 
obtained compounds (ee from 86 to 98%) was highly 
valued, the theoretical yield of the chiral lactones is 50% 
(racemic resolution): in practice it was considerably lower 
because, in order to avoid the competitive reaction of the 
unwanted enantiomer, the reaction must be stopped at a 
low conversion stage (30-40% 1. 

This problem could be solved, in principle, if the 
substrate is a meso of prochiral compound (Le., a meso 
compound of type 3). In this case a suitable enzymatic 
specificity to discriminate between the two enantiotopic 
groups (R or R') would lead to an extremely useful seven- 
membered chiral polyhydroxylated synthon like 4 or 4' 
which possess a syn relationship between the 1,3 diol and 
different substituents (X) to be properly elaborated. 

Our first designed model, possessing a 1,3 syn diol 
system, was the polyhydroxylated compound 9 and its 
diacetyl derivative 10 (Scheme I), where we determined 
a possible enzyme discrimination between the two primary 
hydroxyl groups. In designing such a model the choice of 
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a (a) PCC, 78%; (b) CH3COCH2COOMe, NaH, nBuLi, 0 "C, 38%; 
(c) Et3B/MeOH, NaB&, in THF, 66%; (d) (CH3)&(OCH3)2, TsOH, 
95 % ; (e) LiAlH4, THF, 95 % ; (0 Pd/C, H2,85% ; (g) Ac20, Py, 98%. 

the protection of the 1,3 diol as acetonide was quite crucial; 
we expected that a sufficiently rigid conformation of the 
six-membered ring would be helpful for the enzymatic 
reaction. We were also aware that, in our designed 
substrate, the two carbons' distance between the enan- 
tiotopic groups (OR) and the chiral centers would be a 
possible drawback to a high enantiotopic discrimination. 
In fact, so far, the use of enzymes (i.e., hydrolases or 
esterases) in similar oxygenated compounds has been 
successfully employed only in simpler substratese6 

The preparation of the substrates 9 and 10 was achieved 
a~ shown in Scheme I. The aldol condensation between 
aldehyde 6 and methyl acetoacetate and the subsequent 

(6) For related building blocks based on 1,3 syn diol polyols prepared 
by enzymatic hydrolysis see: (a) Xie, Z.; Sakai, K. Chem. Pharm. Bull. 
1989,37,1650-1652. (b) Johnson, C. R.; Senanayake, C. H. J. Org. Chem. 
1989, 54, 736-738. For a recent review on the preparation of useful 
synthons by enzymes see: Xie, Z. Tetrahedron Asymmetry 1991,2,733- 
750 and references cited therein. 

0022-326319311958-0802$04.00/0 0 1993 American Chemical Society 



Communications 

10 PFL in phosphate buffer - 
3 h  

J.  Org. Chem., Vol. 58, No. 4, 1993 803 

. .  
~a-0~ 

11 

Scheme I11 Scheme I1 
'>( 0 0  . -  

g PPL in ether, vinMacetate_ AcO-OH 
24 h 11 

30% yield, e.e.32% 
[ab = -52" 

PLE in ph20$iphate buffer 9 and 11 
optically inactive 

I 96% yield, 0.e. 46% I [ab - 11.8" 

diastereoselective reduction7 of the aldol 7 to the syn 1,3 
diol still requires improvement, while the protection as 
acetonide proceeded quantitatively to compound 8. The 
subsequent reduction of the carbomethoxy group and the 
debenzylation reaction, although particular care was 
required: resulted smoothly in the meso compound 9 and, 
after acetylation, in compound 10. 

With our substrates in hand we have utilized some 
commercially available enzymes such as porcine pancreatic 
lipaee (PPL), pig liver esterase (PLE), and Pseudomolurs 
fluorescens lipase (PFL).9 
As shown in Scheme 11, compound 9 was first submitted 

to a biocatalytic transesterification in organic solvent with 
PPL in ether and vinyl acetate."J The slow reaction, 
stopped after 24 h, afforded, with fair yield and some 
diacetyl product, the optically active monoacetyl derivative 
11 whose enantiomeric excess was measured to be 32 % .ll 

Then we examined the enzymatic hydrolysis of com- 
pound 10, with PLE in phosphate buffer solution;l2 
monoacetylated product 11 in low yield was isolated 
(together with some deacetylated compound 9) which did 
not show any optical activity. 

Finally, 10 was submitted (on a 1-g scale)13 to PFL in 
phosphate buffer solution affording, after 5 h, a single 
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product in a nearly quantitative yield (98 % 1. The product 
was shown to be the previously isolated enantiomer 11 
(with a superior value of optical rotation) but optically 
pure (ee >98%). 

In order to determine the absolute configuration and to 
show a first utilization of this new chiral synthon, 
compound 11 was easily transformed into the (3R,SR) 
lactone 13, which is a well-known compactin analog (see 
Scheme III).14 This transformation was accomplished first 
by introducing the phenyl substituent, affording com- 
pound 12, and then by deacetylation and subsequent 
oxidationls and lactonization to 13. Then the absolute 
configuration of 13 was established (by the sign of the 
optical roktion, [CrID = +460)14 to be 3R,5R; thus, the 
absolute configuration of compound 11 must be 3S,5R. 

Noteworthy is the possibility, by differently utilizing 
the two primary hydroxyl groups by standard protection- 
deprotection chemistry, to prepare compounds of opposite 
absolute configuration. Furthermore, the direct coupling 
of the tosyl derivative with any different organocuprate 
reagent would allow the preparation of all kinds of 3,5- 
syn-dihydroxy compounds in an optically active form. 

In conclusion, these reported results clearly indicate a 
somewhat surprisingly but welcome ability of the enzyme 
(PFL) to accomplish a previously unreported desymme- 
trization of polyhydroxylated compounds: this result 
prompts to explore other enzymes in order to obtain 
the other enantiomer. The obtention of a complex chiral 
building block as compound 11 is intended to be further 
utilized for the synthesis of 1,3 skipped polyols and related 
natural products. Quite interesting wil l  be also the 
investigation of the enantiotopic discrimination by en- 
zymes on more complex polyhydroxylated molecules in 
meso form; some of those have been already desymmetrized 
by chemical methods.l8 
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