
Temhedroni A.vymmy Vol. 3,No. 2. pp. 209-212 1992 
R&d in Great Britain 

u357-41fmz mo+.oo 
Pergamon Press plc 

Lipase Caklyzed Kinetic Revolution of (~)-&-4- 
Hydroxymethyi-2-phenyl-1,3=dioxane. 

Bemardo Herradh 1 

Laboratoriwn fir Urganische Chemie. E.T_U., Universitbtstrasse, 16, 

Ziirich, Cii-8092, Switzerland 

(Received 2 December 1991) 

Abstract. The title compound has been kinetically resolved through a lipase catalyzed transesteriiication 

in organic solvents. The influence of the enzyme source, as well as the nature of the solvent on the 

enantiosele&ivity have been studied. 

Recently * we reported the ~&-sy~hesis 3 of (R)-S-(2-hy~oxyethyl)-Z(SH)-f~~one [W-11, a 

functionali& chiral building block for the synthesis of sugar analogaes, pheromones 4 and other natural 

products 5. The synthesis started from (R)(+)-malic acid [(+)-21; a key intermediate was the chiral 1,3- 

dioxane (+3 (Scheme I). 

schema 1. 

H + “______O( ____“9s- 
(+I-2 (G-3 (-1-l 

Although the overall transformation of (+)-2 into the butenolide (-1-l is quite short (5 steps) and gives a 

high overall yield (4s a), the rehttively high cost of unnatural (R)-malic acid is a drawback. This limits the 

applicability of the synthesis reported in scheme 1, and, in general, the utility of chiral building blocks 

prepared from O_mdic acid 6. Due to this drawback, and in connection with projects for the en~tio~I~~ve 

synthesis of polyhydroxylated compounds using biocatrdyts 7, we searched for alternative procedures to 

prepare the above mntioned chiral tnrilding blocks. 

Lipases are noteworthy among enzymes 8. This class of ester hydmlases are readily available, do not 

require expensive cofactors, and can accept a broad range of substrates, usually performing enantiosefective 

~sfo~tions. ~~~0~‘ lipases are remarkably stable in organic solvents, and, although the natural 

function of these enzymes is the hydrolytic reaction of water with esters of glycerol, it has been shown that the 

reaction can be reversed in poor water-content organic media, affording esters from an alcohol and an 

acylating agent 9. Some additional advantages of lipase-catalyzed transformations in organic solvents when 
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compared with reactions in aqueous media are easier work-up, lack of waterpromoted side reactions, higher 

soluble of organic substrates, and the ~~b~~ to alter the selectivity by changing the hy~pho~ei~ and 

polarity of the media to. 

In this paper we report that (f)-cis-4-hydroxymethyl-2-phenyl- 13dioxane I(f)-31 1 * can be efficiently 

resolved through a lipase-catalyxed transesterification using vinyl acetate as irreversible acyl donor l2 (Sckne 

2). To optimize the process, we have carried out the transformation using hpases from several sources as well 

as different solvents l3y 14. The results are colfected in tile I. 

scheme 2. 

Ph 

@i. 
H 

(k)-3 

solvent 
65-92% 
(see Table 1) 

(9-4, R= AC (+)-3, R= H 
(9-3, R= H (+)-4, R= AC 

Several features are worth noting. The stereochemical outcome and the en~tio~l~tivi~ depended on the 

source of the enzyme. Thus, while the pig pancreatic lipase (PPL) and the Cut&i& cyfhdracea lipase (CCL) 

selectively acylated the (R,R)-enantiomer, affording (-)-4 and (+)-3 (entries l-7), the lipase from 

Pseudomoncajluorescens, SAM-2 (PFL) l5 showed preference for the (S,S)-ensntiomer as substrate (entries 

8-20). furnishing (+)-4 and (-)-3. 

The efficiency of the resolution was calibrated by the value of the en~tio~l~~~ E as defined by Sih 

and coworkers le. As shown in table 1, the selectivity of either PPL or CCL catalyzed acetylation was poor 

(entries l-7). On the other hand, the reactions catalyzed by PFL displayed from medium to good levels of 

enantioselectivity, and the values of E depended on the nature of the solvent (entries 8-20). The highest 

selectivities (E >45) were achieved in the reactions carried out in THFJ (entry 14), THF/hexane (entries 16-18) 

or benzene (entry 20). 

Another factor that influenced the enantioselectivity and the velocity of the process catalyzed by PPL is the 

water content of the solvent. Thus, while the reaction in anhydrous chloroform proceeded with low 

enantioselectivity, the transformation in wet chloroform was carried out with good enantioselectivity (entries 8 

and 9). The hydration level of ethyl ether did not influence enantioselectivity, but only the rate of the reaction 

(entries 12 and 13). Furthermore, water was necessary for the reaction in methylene chloride (entry 12); the 

reaction in anhydrous nkethylene chloride is extremely slow (data not shown). 

Summarixing, we have shown that proper choice of the solvent (entries 14.17. and 20 of table 1) can 

provide (-)-3 in high enantiometic purity (ee >98%) and acceptable chemical yield through a Pseudomonas 

fruorescens lipasc catalyzed acetylation of (*)-3 using vinyl acetate as acylating agent This enxymatic method 

complements the reported chemical synthesis of (-)-3 ftom (R)-malic acid 2. Although the reactions have not 

been tried yet, the use of the conditions reported in entries 14,16 and 20, and lower conversion degrees (CU. 

45%) would provide (+)-4 in high enantiomeric excess too. 



(I)-cis-4-Hydroxymethyl-2-phenyl- 1.3~dioxane 

Table 1. Results of the li~asc-catabzed acctdation of W-3. 
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a) All the enzymes wem commercially available (FLUKA). PK. refas to hog pancreas iii (specific activity: 3.5 
Wmg); CCL is Candida cyhdruceo lipm. (specific acyiviiy: 31.6 U/mg); PFL denotes Pseudomnosfrrtorescens 
lipase (specific activity: 31.5 U/m&. An unit cormsponds to the amount of enzyme which liberates l&m01 oleic 
acid per minute at pH 8.0 and 4o’C (for CCL and PFL) or 37’C (for PPL) (as indicated in FLUKA catalogue). b) In 
units of enzyme per mm01 of (*:)-3. c) All the solvents were of puriss. quality (water-content< 1%). Wet solvents 
refer to water-M&rated solvents. d) The amount of vinyl webate with xespct to W-3. At iess o&xwise stated, all 
the reactions weit2 carried out at room temperature. e) Conversion degree, calculated fmm the relation c= 
ee&ees+ee$ (mf. 16). f) All tbe yields refer to isobued products atIer ~h~~et~~y. The enantiomeric 
excesses (% ee) were determined by lW-NMR spectroscopy of any of the reaction products in the presence of 
Eu(hfc)g. g) Calculated according to ref. 16. h) Determined by lH-NMR. i) The reaction in the absence of vinyl 
acetate was much slower. k) At 4o’C. 



212 B. HERRADON 

Work is in progress in order to elucidate the role of the polarity, hydrophobic&y, and water-content of the 

solvent on the enantioselectivity of hpase-catalyzed transesterhlcations 16. 
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llows. A mixture of (f)-3, vinyl acetate (the amount indicated in table l), and 
onding lipase shown in table 1 was stirred at the temperature and for the time 
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Also racemizatio 
ruled out; this issue 

5). The value of the optical rotation of t-)-3 is slighty higher than the one we 
as supossed to be enantiomerically pure; we have found that the enantiomeric 
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