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Absboct: Iqmexataiyzed ply- and monotmnsestenficatmn reactlolls were used m kmehc sepamwns of a commercial 
mlxtur of czs,rrans- 1,4-cyclohexanedlmethanol 
mono- and &esters as the acylatmg reagents 

The reacttons were performed wth hpasea from various sources and with 
In a senes of monotransestenlicatmns, the highest dmstereoselecttv~ty (1 6 5) 

was obtamed wth ~-chloroethyl hydrocmnamate as the acyl donor and hpase from Pseudomo~s Juorescens 
Polycondcnsatums wth fumafate esterS usmg hpase from ponzme pancreas affonkd moderate dwtertwekchwty (about 
145) for the crs/tra.ns monwondensate. and markedly mcwased dmstereoselectwtty (about 1 24) for the crs/rrans 
dlcondensate product 

INTRODUCTION 

Ettotransfonnattons and kmehc resofuttons may be performed effictentfy wtth enzymes, espectally hydrolases. 

Lqases am the most commonly used hydrolases smce they are readtly avatlable, relahvely stable. and may be obtamed 

from a variety of sources Kmettc and enanttoselecttve resoluhons have been performed using hpase-catalyzed 

hydrolyses, estenftcattons. transestenfications, and polyesteriftcattons t-’ 

Recently, we have shown that “all-trans” unsaturated polyesters (alkyds) can be prepared by hpase-catalyzed 

polycondensatton of fmnarate~estets with a variety of aliphatrc and ammahc drolss,9 The mtld condtttons reqmred m 

enzymattc reacuons pemut the synthests of “all-tmns” alkyds m whrch the trans cmflgurat~on of the double-bond 

appears to influence the overall physicomechamcaf properttes of cured polyesters *c The “ah-trans” fumarate 

polyesters dtffer from the oletimc polyesters prepared as commodity chermcals for general purpose use (the latter 

contam a rmxture of cti and truns double-bonds) Another example m the polymer Industry in whtch the cis/rans 

mznnenc nature of monomer has not received special constdemuon IS that of 1,4-cyclohexanedimetbanol Polyester 

fdms and fibers wtth mterestmg ptoperttes (such as high reststance to hydrolyses) have been prepared from the 

polycondensatton of rmxtures of cis- and trans-1,4-cyclohexaned~ol(1 and 2) wtth aromattc dtactds and/or 

hydroxycarboxyhc actd, 1 I- 13 but not wtth pure dtastereomers 
To determme how the conftguratton of the cis/rrans dtol mfluences the final properttes of the polymers, 

polyesters have to be synthestzed from each diastereomer. and then characterized Smce neither pure cis- nor pure 
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trans- 1.4-cyclohexanedt~ 1s commercrally avadable.r4 the ability of of various lipases to &fferenhate between 

the two dutskmomers was mvestigated in tmnsesteriRcattons of the diol mixture wrth mono- and rhesters In this 

paper we descnbe the kinetic separation of a commercially available mrxture of crk- and trarrs-1.4 

cyclohexan~methanol (ratio ca. 1.2 5). The reactron studied was the l~pasecatalyzed transesterification of the &ol 

mixture wrth various acyl donors: sn acuvated eater (2chloroethyl hydrocumamate). an activated dies& [di(2- 

chloroethyl) fumamte], and vinyl acetate 

RESULTS AND DISCUSSION 

Cisttrans confgurational assignment. tH NMR showed the 1,4-cyclohexane&methanol startmg mstenal to 

contam two dtastereomers m the ratio of 1.24 The -CHC&OH methylene protons afforded major and minor 

mtenstty stgnals at 6 3.45 (d. 63 Hz) and S 3 53 (d. 68 Hz), respectively The cis/rruns-mtxture was non- 

enzymattcahy converted to the correspondmg drbenzoate esters contaming the same rat10 of isomers [mayor species. 6 

4 10 (d, 6.2 Hz, -CHC&OC=O) and mmor species 8 420 (d, 72 Hz, -CHC&OC=O)J Tram- l/t- 

cyclohexanedimethsnol drbenzoate [mp 122-124’ C, ht 15 125’ C, 8 4 10 (d, 6 2 Hz, -CHC&OC=O)] was prepared 

by fracttonal crystallrzation of the ck/rrans-mixture Hydrolysis of the frarrs-dibenzoate afforded the pure fruns- 

dimethanol [S 3 45 (d, 6.3 Hz, -CHC&OH)], and enabled the assignment of trarrs-stereochemtstry for the major 

specres of the commercial cyclohexanedimethanol mrxture. Cis/trun.s nuxtures of the various esters used m this 

study were non-enzymattcally prepared from the known cixtrans = 1 2 4 ratto 1,4-cyclohexanedimethanol starting 

matenal In the hmrted senes of esters used m our study, the major component u1 the non-enzymatrcally prepared 

rsomenc mrxtum of esters gave the higher field (closer to TMS) -CHC&O methylene doublet signal, and thus was 

assigned as the trarrs-isomer 

Lipase-catalyzed transesterification of the diol mixhue with 2-chloroethyl hydrocimamate Lqses from 

porcure pancreas and Pseudomonas jluorescens were used to test a possible kmettc separatron of the commercral 

mrxtum of I,4-cyclohexanedimethanol rsomers through a tmnsestenticatron reactron. The results presented in Table 

1 show the expected decrease m drastereoselectrvrty as a functron of tmte The best results were obtamed m one day 

wrth tl jlrwresceus hpase (&/tram =16 5) No drcondensate product was observed, probably as a result of the 1 1 
mole rat10 of diol to chlomethyl hydrocmnamate used m the reactron. In ad&hon, changes m enzyme quantny or 

substrate concentrahon were found to influence the rate of product formation, but Qd not s~grufcantly change the 

degree of dmstemcselectrvny 

tH NMR spectroscopy was used to estimate the cisltrans ratio m both the ester monocondensates (3.4). and m 

the remammg unreacted drols. as well as the extent of the reactron (raho of monocondensates to unreacted ester 

starttng matenal), see Figure 1 rH NMR spectroscopy (CDCLJ 3 (crk) B 3 93 (d, 7 2 Hz, -CHC&OC=O) and 6 

3 47 (d, 6 8 Hz, -CHC&OH), 4 (#runs) 6 3 83 (d, 6 4 Hz, -CHC&OC=O) and 6 3 38 (d, 6 3 Hz, -CHC&OH) 
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Table 1. Diaskzoselectivity of the 1ipase-cAyz.e.d hansesterifkation of a mixture of ci.&utt.r-1,4- 

cyclohexanedlmethanol with 2chloroethyl hydrocinnamate.~ 

w= reactiontime cisllans laho monocondensate (3+4)unreaded 
(days) monocondensate ester (3:4)b 2<hloroethy1 hydwwamaw 

porcine 
pancreas 1 132 1.5 1 

Fkwcme 
pancreas 3 1:27 Ml 

Pseuabmonas 
J%wrescens 1 1:6.5 171 

Pseudonwnas 
fluorescens 3 1.4.3 33: 1 

al,4-Cyclohexanedmethanol 2chlomethyl hydrocttmamate mole rabo = 1 1, cw:fmnr 1.4-cyclohexaned1methanol starbng matenal mole 

rabo= 125 b~~fran8393[d,72~z,3(~)]and8383[d,64Hz.4(lrMsll CHC&OC==O’HNMRresamces 

‘-Measured from b 3 93 and 3 83 CH~2OC=O 1H NMR resonances for 3 and 4. Iespecbvely, relabve to the 6 4 23 -2CH2CI 

signal for 2chlomethyl hydmcmmate 

,“..1...‘I’...I”“I”‘.,...‘I...‘I..,.I”..I’.’.I’..‘I....I....I.’*. 
75 70 55 50 55 5.2 4s 42 3.5 20 2.5 2.0 s.5 i.0 

PP” 

Rgure 1 IH NMR spectrum (CDC& of a rmxtme of cis/Wwts monocondensates 3P o&ained from the 

Pseuabmoruzr fluorescens lipase catalyzed transfzskrScat1011 of a cis,lrans-l&cyclohexau~l 1.25 

rmxture rylth 2-chloroethy1 hydrocinnamate 
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~T@~-cataiyzed tmnxsterification of the dial mixture with vinyl acekate. The emymatic mactm was very 

fast and less duu&momleetive when excese3 vinyl acetate was used as the acyl donor in the lipase-catalymd reactron 

of the did mrxture [vinyl acetate:diol molar ratio = 4 11. Changes m diastereoselect~vrty or percent conversion as a 

function of enzyme quantity are shown in Figure 2 for the 11gese from I? Jpnorescenr. When 1.0 g lipase was 
utilized, for example, 43% of the mnezted statting diol mixture nunained (i.e. 57% conversion) after 0 5 hours 

reaction tune. Reachon pmduct analysis showed only traces of the monoester The pnmary product was found to 
be the diacetaks @ow (ca. 4%) diastereosel e&v&y]. After longer reaction tunes [1.5 hours] the diasteteomeric ratio 

ofthediester~uctswasmeasuredtobethesameasthatofthestartingcommercialmixtureofdiols(c~:trans= 

1:2.5) Thus, diaskmose leetivity was obtained only for low conversions using vinyl acetate as the acyl donor in the 

presence of J! ~71~re.rcen.r lipase. The same reaction performed with 1.0 g of Mucor mehei lqmse (an immobilized 

lipase from Novo) afforded only 3% umeackd drols (i.e. 97% conversion) after one-half hour reaction time and no 

monoester products were detected. Also m this case, the diaskmometic diester product ratio was found to be the 

sameasthatofthestarting commercial mixture of diols (ci.r:trans = 12 5) since the reaction was very fast 
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lo- 20 
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0.0 0.2 0.4 0.6 0.8 1.0 1.2 

Amount of lipnse (g) 

Figure 2 Diastereoselect~vrty and conversion in the lipase catalyzed acylation of a czk,trans-1.4 

cyclohexanm1 1.2.5 nuxtum with vinyl acetate as a function of the amount of enzyme The truns acetate 

ester values were normahzed relative to the cis product. The conversion was calculated from the ratio of mono- and 

diester formed (formed with vinyl acetate) to mmaining umeacted diols. 

Lipase-cataiyzed transestetijicatkm of the dial mixhue with di(2-chlomethyl) Mate The enzymabc 

reaction of the commercial mixture of diols with a diester was also investtgated. In thts case. di(2-chloroethyl) 

fumamte WBS chosen for reaction catalyzed by lipases from R fluorescens. and poruqe pancreas. as well as the 

munobilized l&se. from M. mehei Uligomers were d&c&d m all the reactions, but th9 &on was usually stopped 

at the mono and dreondensate Ievel. The monoeondensate fraction showed a &/~MIIS nuxture (5:6) of ca. 1:4.5 

using porcine pmncmas hpase The second transesterificatron catalyzed by porcine pancreas lipase yielded the trans- 

diamdensate with considetable diastemoseketivity [78 c~/rruns ratio = cu. 1:19] Sinular rest&s were obtained 

when diethyl fumarate was uttltxed as the acyl donor [monocondensate cis:&zns = 14.5, dicondensate ci.r:frun.r = 

1241 ‘H NMR spectroscopy (CD%) 5 (A) S 407 (d. 7 2 Hz, -CHC&OC=O) and 6 3 48 (d, 6 7 Hz, - 

CHC&OH); 6 (tier@ b 3 97 (d. 6.4 Hz, -CHC&OC=O) and 6 3 39 (d. 6.2 Hz. -CHC&OH), 7 (ci.v) 8 4.13 (d. 7 3 

Hz, -CHC&OC=O); 8 (rranr) 8 4.03 (d, 6 2 Hz. -CHC&OC=O), see Figure 3 





4944 S. GERESH et al. 

The dtfference in dtastemcaelectiv~ty obtained wtth lipases from various sources points to the subtle spatial 

differences in theii active sites which enable them to discriminate between the cir and trans rsomers of 1,4- 

cyclohexanedimethanol The almost pure trans-dicondensate obtained in this shdy will be hydrolyzed chemically, 

and the resulting tram-1.4-cyclohexanedimethanol will be used m polymer synthests 

EXPERIMENTAL 

General. Melting points are uncorrected and were determined in open-ended capdlaties. tH NMR spectra 

(4.7 T, CDC& 298 K) were mcorded at 200 MHz on a Bruker WP-2OO-SY FT-NMR spectrometer 

Tetramethylsilane was added as an internal standard Chemicals and solvents were purchased from commerctal 

sources. Lipase from porcine pancmas was bought from Sigma. Lipase from Mmzor miehei was obtained as a gtft 
from Novo Industri, Denmark. Lipase from Pseuabmotu JSorescens was purchased from Amano, Japan Esters 

used ss substrates were. prepared accoKling to known ester&ation methods. 

Enzymatic reaction A wmme~~Uy available lipase (0.5 g) was added to a mixtum of cf.&am-1,4- 

cyclohexanedimethanol and the correspondmg ester (mole ratio dimzthanolester = 1: 1 or 2: 1) in 40 mL of methyltert- 

butyl ether The mixture was shaken on a gyromtatory shaker at 250 rpm and 3g’ C. Aliquots were removed for 

TLC analysis and in different runs the reaction was stopped after various periods of time. The enzyme was then 

filtered off, the solvent was removed at reduced pressure, and the tea&on mixture was separated by silica-gel column 

chromatography using a gradient of ethyl acetate m petroleum ether (60-80” C). 
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