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Abstract: 1apase-catalyzed poly- and monotransestenfication reactions were used n kinetic separations of a commercial
mexture of cis,frans—14~cyclohexanedimethanol The reactions were performed with lipases from vanous sources and with
mono- and diesters as the acylating reagents In a senies of monotransestenfications, the highest diastereoselecuvity (1 6 5)
was obtamed with B—chloroethyl hydrocinnamate as the acyl donor and hpase from Pseudomonas fluorescens
Polycondensations with fumarate esters using hipase from porcine pancreas afforded moderate diastereoselectivity (about
1435) for the cis/trans monocondensate, and markedly increased diastereoselectvity (about 124) for the cis/trans
dicondensate product

INTRODUCTION

Biotransiormations and kinetic resolutions may be performed efficiently with enzymes, especially hydrolases.
Lapases are the most commonly used hydrolases since they are readily available, relatively stable, and may be obtamed
from a vanety of sources Kinetic and enantioselective resolutions have been performed using lipase-catalyzed

hydrolyses, estenfications, transestenfications, and polyesterifications !-7

Recently, we have shown that "all-trans" unsaturated polyesters (alkyds) can be prepared by lipase-catalyzed
polycondensation of fumarateresters with a vanety of aliphatic and aromatic diols 8.9 The mild conditions required 1n
enzymatic reacuons perrut the synthesis of "all-trans" alkyds in which the rans configuration of the double-bond

appears to influence the overall physicomechamical properties of cured polyesters !0 The "all-trans" fumarate

polyesters differ from the olefinic polyesters prepared as commodity chemicals for general purpose use (the latter
contain a mixture of cis and frans double-bonds) Another example 1n the polymer industry in which the cis/trans

1someric nature of monomer has not received special consideration 1s that of 1,4-cyclohexanedimethanol Polyester
films and fibers with interesting properties (such as high resistance to hydrolysis) have been prepared from the
polycondensation of mixtures of cis~ and frans—1,4-cyclohexanedimethanol (1 and 2) with aromatic diacids and/or

hydroxycarboxylic acid,! I-13 but not with pure diastereomers
To determine how the configuration of the cis/trans diol influences the final properties of the polymers,

polyesters have to be synthesized from each diastereomer, and then charactenized  Since neither pure cis— nor pure
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trans-1,4-cyclohexanedimethanol 1s commercially available, !4 the ability of of vanous lipases to differentiate between
the two diastereomers was 1nvestigated in transesterifications of the diol mixture with mono- and diesters In this
paper we describe the kinetic separation of a commercially available muxture of cis- and trans-14-

cyclohexanedimethanol (ratio ca. 12 5). The reaction studied was the hipase-catalyzed transesterification of the diol
mixture with various acyl donors: an activated ester (2-chloroethyl hydrocinnamate), an activated diester [di(2-
chioroethyl) fumarate], and vinyl acetate

RESULTS AND DISCUSSION

Cisltrans configurational assignment. 'H NMR showed the 1,4-cyclohexanedimethanol starting matenal to
contain two diastereomers 1n the ratio of 1'24  The -CHCH,OH methylene protons afforded major and minor
intensity signals at & 3.45 (d, 63 Hz) and 3 353 (d, 68 Hz), respectively  The cis/trans-muxture was non-

enzymatically converted to the corresponding dibenzoate esters containing the same ratio of 1somers [major species. &
410 (d, 6.2 Hz, -CHCH,0C=0) and munor species & 420 (d, 72 Hz, -CHCH,0C=0)} Trans-14-
cyclohexanedimethanol dibenzoate [mp 122-124° C, ht 15 125° C, 8 4 10 (d, 6 2 Hz, -CHCH,OC=0)] was prepared
by fractional crystallization of the cis/frans-mixture Hydrolysis of the frans—dibenzoate afforded the pure trans-

dimethanol [6 3 45 (d, 6.3 Hz, -CHCH,OH)], and enabled the assignment of trans-stereochemustry for the major
species of the commercial cyclohexanedimethanol mixture.  Cis/frans mixtures of the various esters used i this
study were non-enzymatically prepared from the known cis:trans = 1 2 4 ratio 1,4-cyclohexanedimethanol starting
material  In the himited senes of esters used 1n our study, the major component in the non-enzymatically prepared

1someric mixture of esters gave the higher field (closer to TMS) -CHCH,O methylene doublet signal, and thus was
assigned as the frans-isomer

Lipase-catalyzed transesterification of the diol mixture with 2—chloroethyl hydrocinnamate  Lipases from
porcine pancreas and Pseudomonas fluorescens were used to test a possible kinetic separation of the commercial
muxture of 1,4—cyclohexanedimethanol 1somers through a transestenfication reaction. The results presented in Table
1 show the expected decrease in diastereoselectivity as a function of tme The best results were obtained 1n one day
with P. fluorescens lipase (cis/trans =1 6 5) No dicondensate product was observed, probably as a result of the 1 1
mole ratio of diol to chloroethyl hydrocinnamate used in the reaction. In additon, changes 1n enzyme quantity or
substrate concentration were found to influence the rate of product formation, but did not significantly change the
degree of diastereoselectivity

I'H NMR spectroscopy was used to estimate the cis/trans ratio in both the ester monocondensates (3 4), and 1n
the remaining unreacted drols, as well as the extent of the reaction (ratto of monocondensates to unreacted ester

starting material), see Figure 1 1H NMR spectroscopy (CDChL) 3 (cis) & 3 93 (d, 7 2 Hz, -CHCH,0C=0) and
3 47 (d, 6 8 Hz, -CHCH,OH), 4 (trans) 8 3 83 (d, 6 4 Hz, -CHCH,0C=0) and 6 3 38 (d, 6 3 Hz, -CHCH,OH)
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Table 1. Diastereoselectivity of the lipase-catalyzed transesterification of a mixture of cis/trans—14-
cyclohexanedimethanol with 2-chloroethyl hydrocinnamate.2

lipase reaction time cis/trans ratio monocondensate (3+4) unreacted
(days) monocondensate ester (3:4)% 2-chloroethyl hydrocinnamatec

Porcine

pancreas 1 132 151

Porcine

pancreas 3 1:27 341

Pseudomonas

Sluorescens 1 1:6.5 171

Pseudomonas

Jluorescens 3 143 331

41,4-Cyclohexanedimethanol 2-chloroethyt hydrocinnamate mole ratio = 1 1, cis:frans 1,4-cyclohexanedimethanol starting matenal mole
rato = 125  ¥Measured from 6 393 [d, 72 Hz, 3 (c15)) and 8 383 [d, 64 Hz, 4 (trans)] -CHCE,OC=0 'H NMR resonances
“Measured from 8 393 and 3 83 -CHCH,OC=0 'H NMR resonances for 3 and 4, respectively, relative to the 8 423 -OCHyCH,ClI
signal for 2-chloroethyl hydrocinnamate
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Figure 1 !H NMR spectrum (CDCL) of a muxture of cis/trans monocondensates 34 obtained from the
Pseudomonas fluorescens lipase catalyzed transesterification of a cis,trans—14~-cyclohexanedimethanol 125

muxture with 2-chloroethyl hydrocinnamate
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Lipase-catalyzed transesterification of the diol mixture with vinyl acetate. The enzymatic reaction was very
fast and less diastereoselective when excess? vinyl acetate was used as the acyl donor in the lipase-catalyzed reaction
of the diol muixture [vinyl acetate:diol molar ratio = 4'1]. Changes 1n diastereoselectivity or percent conversion as a
function of enzyme quantity are shown in Figure 2 for the lipase from P fluorescens. When 1.0 g lipase was
utilized, for example, 43% of the unreacted starting diol mixture remained (i.e. 57% conversion) after O 5 hours
reaction time. Reaction product analysis showed only traces of the monoester The primary product was found to
be the diacetates [low (ca. 4%) diastereoselectivity]. After longer reaction times [1.5 hours] the diastereomeric ratio
of the diester products was measured to be the same as that of the starting commercial mixture of diols (cis:trans =
1:2.5) Thus, diastereoselectivity was obtained only for low conversions using vinyl acetate as the acyl donor in the
presence of P. fluorescens lipase. The same reaction performed with 1.0 g of Mucor mehei lipase (an immobilized
lipase from Novo) afforded only 3% unreacted diols (i.e. 97% conversion) after one-half hour reaction time and no
monoester products were detected.  Also 1n this case, the diastereomeric diester product ratio was found to be the
same as that of the starting commercial mixture of diols (cis:trans = 1 2 5) since the reaction was very fast
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Figure 2 Diastereoselectivity and conversion in the lipase catalyzed acylation of a cistrans-14-

cyclohexanedimethanol 1-2.5 mixture with vinyl acetate as a function of the amount of enzyme The trans acetate
ester values were normalized relative to the cis product. The conversion was calculated from the ratio of mono- and
diester formed (formed with vinyl acetate) to remaining unreacted diols.

Lipase-catalyzed transesterification of the diol mixture with di(2—chloroethyl) fumarate  The enzymatic
reaction of the commercial mixture of diols with a diester was also investigated. In this case, di(2—chloroethyl)

fumarate was chosen for reaction catalyzed by lipases from P fluorescens, and porcime pancreas, as well as the
immobilized lipase from M. mehei Oligomers were detected 1n all the reactions, but tl19 reaction was usually stopped
at the mono- and dicondensate level. The monocondensate fraction showed a cis/trans mixture (5:6) of ca. 1:4.5
using porcine prancreas lipase  The second transesterification catalyzed by porcine pancreas lipase yielded the trans-
dicondensate with considerable diastereoselectivity (78 cis/trans ratio = ca. 1:19]  Simuiar resuits were obtained
when diethyl fumarate was utilized as the acyl donor [monocondensate cis:trans = 1 4.5, dicondensate cis:trans =

1:24] 'H NMR spectroscopy (CDCL) 8 (cis) & 407 (d, 72 Hz, -CHCH,0C=0) and 6 348 (d, 67 Hz, -
CHCH,OH), 6 (frans) b 3 97 (d, 6.4 Hz, -CHCH,0C=0) and b6 3 39 (d, 6.2 Hz, -CHCH,OH), 7 (cis) 4.13 (4,73
Hz, -CHCH,OC=0), 8 (trans) b 4.03 (d, 6 2 Hz, -CHCH,0C=0), see Figure 3
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Figure 3 !'H NMR spectrum (CDChL) of a mixture of cis/trans dicondensates 78 obtained from the procine
pancreas lipase catalyzed transesterificatton of a cis,irans-14-cyclohexanedimethanol 1:2.5 mixture with di(2-
chloroethyl) fumarate
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The difference in diastereoselectivity obtained with lipases from various sources points to the subtle spatial
differences in their active sites which enable them to discriminate between the cis and frans isomers of 1,4-

cyclohexanedimethanol The almost pure trans—dicondensate obtained in this study will be hydrolyzed chemically,
and the resulting trans-1,4—cyclohexanedimethanol will be used 1n polymer synthesis

EXPERIMENTAL

General. Melting points are uncorrected and were determined in open-ended capillaries. !H NMR spectra
(47 T, CDClL, 298 K) were recorded at 200 MHz on a Bruker WP-200-SY FT-NMR spectrometer
Tetramethylsilane was added as an internal standard. Chemicals and solvents were purchased from commercial
sources. Lipase from porcine pancreas was bought from Sigma. Lipase from Mucor miehei was obtained as a gift
from Novo Industri, Denmark. Lipase from Pseudomonas fluorescens was purchased from Amano, Japan Esters
used as substrates were prepared according to known estenfication methods.

Enzymatic reaction. A commercially available lipase (0.5 g) was added to a mixture of cis/trans-14-
cyclohexanedimethanol and the corresponding ester (mole ratio dimethanol:ester = 1:1 or 2:1) in 40 mL of methyltert-
butyl ether The mixture was shaken on a gyrorotatory shaker at 250 rpm and 38° 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 reaction mixture was separated by silica-gel column
chromatography using a gradient of ethyl acetate m petroleum ether (60-80° C).
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