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Abstract The Porcrne Pancreanc Ltpase (PPL)-catalyzed transestenjicatton of I-phenyl-I&ethanedtol 1, 

2 -phenyl-I ,2-propanedrol 2, I &decanedtol 3, I J-pentanedtol 4, 1,2-butanedwl 5, l&propanedtol 6 and 

IJ-butanedtol7 tn methyl propronate as solvent was evaluated In all substrates, the primary hydroxy group 

1s estertjied exclustvely The enanttoselecttvtty displayed tn this PPL-catalyzed reactton IS moderate The 

enanttomerrc excess of drol (-)-1 1s enhanced by sublectmg proptonate (-)-8, wtth a moderate ee (obtamed by 

a PPL-catalyzed estertjicatton of racemlc 1 rn methyl propronate), to an enzyme-catalyzed hydrolysis (tandem 

pnnclple) 

Introduction 

The unhty of enzymes for rego- and/or enanaoselecuve estenficanon of alcohols in orgamc m&a 1s 

well documented m the literature’ It 1s generally known _ 2 lo, that the enzyme-catalyzed ester&anon of pn- 

mary alcohols takes place at a much higher rate than that of secondary alcohols This feature 1s of special 

importance for the regroselecnve acylanon of the pnmary hydroxy group of 1,2- and 1,3-dlols, because con- 

ventlonal methods8 always produce a mixture of pnmary and secondary esters, which are usually &fficult to 

separate Moreover, conventional methods often give a considerable amount of &acylated product In ad&- 

non to the regloselective behavior, enzymes also may be able to dlscnmmate between enanhomenc dlols, 

which convennonal methods cannot 

In 1984, Cambou and Khbanov7 reported the estenficauon of l,Zbutan&ol catalyzed by Can&da 

Cyhndracea Yeast Llpase (CCL) m a blphaslc system which consisted of a phosphate buffer (pH 8 0) and m- 

butynn as the mamx ester In this system, the pnmary alcohol 1s estenfied v& a high degree of rego- and 

enanuoselectlvlty Recently, Oehlschlager et al 9 found that the acylatton of some ahfanc &- and mols, 

catalyzed by PPL m ether or tetrahydrofuran as the reaction m&urn and usmg acehc- or butync anhydnde as 

the acyl donor, takes predominantly place at the pnmary alcohol It was also reported, that some enanhose- 

lectlvlty 1s observed when the PPL-catalyzed estenficatlon of 1,3-butanerllol, employmg mfluoroethyl buty- 

rate as the acylatmg agent, proceeds past monoacylatlon In 1985, Khbanov et al 8 described the PPL-cata- 

lyzed transestenficatlon of a senes of 1,2- and 1,3-d10ls m organic solvents, such as ethyl acetate, proplonate 

or butyrate, which serve as acylatmg agent as well With these solvent-ester combmanons the prunary alcohol 

1s estenfled exclusively However, it 1s of importance to note that the enanuoselectlvlty of these reacuons has 

not been investigated The enzyme-catalyzed estenflcatlon of 1,2- and 1,3-dlols, using alkyl carboxylates as 
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reactton medrum has barely been mvestrgated ever smce The only other examplelo of regroselectrve hpase- 

catalyzed estenficatron of a 1,3-dtol m an alkyl carboxylate as solvent, 1s the Chromobactermm Vrsco- 

sum-catalyzed estenficatron of enanuopure chloramphemcol 111 methyl acetate 

In a recent paper”, we reported the PPL-catalyzed resohmon of a senes of pnmary and secondary 

alcoholo m methyl propronate as solvent It was found, that chrral pnmary alcohols are ester&led rapidly, 

albeit wrth a low enanhoselecttvny, wlnle chnal secondary alcohols are estenfied at a low rate, but m a htghly 

enantroselectrve manner These results were a stmmlus to mvestrgate the catalyttc actrvity of PPL toward 

choral drols m an organic medtum which serves as acylatmg agent as well The chrral &ols stu~ed contam 

besides a pnmary hydroxy group erther a secondary or ternary alcohol functron at the stereogemc center, so 

both the regro- and enantroselectrvrty of the transestenfrcauon reactron can be evaluated For this purpose, a 

senes of 1.2~drols, VU 1 - 6, and a 1,3-dtol, VIZ 7 (Chart l), were selected and SubJected to a PPL-catalyzed 

estenficatron in methyl pmpionate The results of these enzymatrc transestenkatrons will be presented in 

tbrs paper 

Chart 1 

OH OH OH 

1 2 3 

OH OH 

4 4 cm OH 

OH OH OH 

4 5 6 7 

PPL-catalyzed resolution of diols 1 - 7 

Frost, the PPL-catalyzed resoluuon of 1-phenyl-1,2-ethanedtol 1 was studred rn methyl propronate as 

solvent at 40°C m the presence of molecular sieves 4A (Scheme 1) After mcubatron for 4 h, a GLC-analysrs 

revealed that the reactron n-nxture consisted of monoester and remammg drol only No &ester could be de- 

tected After separanon of monoester and drol, a 400 MHz ‘H-NMR-analysis of the former showed that only 

estenfrcatron of the pnmary alcohol functron had occurred to grve proplonate (-)-8 This proptonate was then 

hydrolyzed12 with sodmm hydroxide m ethanol to give drol (-)-1 The same procedure as described for drol 1 

was applied to drols 2 - 7 The results of these reacttons are collected m Table 1 Wrthout exceptton the 

proptonate of the pnmary alcohol was formed exclusrvely Less than 1% of &ester 1s present, as was deter- 

mined by caprllary GLC These results show the excellent regroselectrvrty displayed by the biocatalyst PPL 

The enantroselectrvrty of these transestenficatton reacnons, however, was drsappoumngly low, as mdlcated 

by the enanttomenc ratros E With regard to the stereochenustry, for all substrates the enantromer having the 

(R)-configuratton was estenfied preferennally by PPL The rate of estenficatron increased m the change from 
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aromauc &ok 1 and 2 to &016. 13Butaned1017 was transestenfied at an even hq$er rate than the l,Zd~ols 

OH 

(k)-1 

Scheme 1 

E 
OH 

(-1-l 

Table 1 PPL-catalyzed transestenficanon of 1,2- and 
1,3-dlols 111 methyl pmp1ollate * 

monoeste+ dlol 
. . . . ..__._._... _...... 

substr e%bc config ’ eesdWe convf Es 

1 36 R 25 41 27 

2 24 R 18 43 19 

3 16 R 21 58 1.7 

4 11 R 30 72 16 

5 9 R 26 74 15 

6 10 R 23 69 1 5 

7 8 R 59 88 18 
I 

a reactm condams 4 0 mm01 of substrate. 20 ml of methyl propmnate 
800 w of PPL, 400 w of molecular stexes 4A, 40% 4 h For detads 
se-2 the experImental sectIon. 

b lessthanl%of~esterepresmS~was&temunedbycaplllaryGLC 
c no secondary ester IS present, as was determmed by 90 or 400 MHz 

‘H-NMR (see the expenmental se&on) 
d manttomertc excess (m 96) of the dtol obtamed by hydrolysts of the en- 

zymahcally produced monoestrz (eep) or of the recovered dtol (ee& 
e determIned by conlpanson of the optIcal rot&ton mdl bter?lNre data 

(see the expervnental kxcttotl) 
f camvcrslcm(m%)&lated~todlcf-laconv = ees/ 

(“s + + (ref 13) 
g enantLILmenc ratlo caladed aaxxdmg to the fotmlda 

E=ln(l-conv(l+kd)/hl(l-~~nv(l-Cd)(~f 13) 
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Structural evidence for the formation of a primary propionate is gven for 1,2decane&ol monopro- 

pionate (Figure 1) Accordmg to the Strehlow mcremenhon rules 14, for H, a &value of 4 16 ppm and for HZ a 

Figure 1 
0 

&value of 3 93 ppm 1s calculated. In the actual ‘H-NMR spectrum these protons are posmoned at 6 4 05 and 6 

3 83 ppm, respecnvely, which ts m good agreement ~th the calculated chermcal sWts Snmlar calculauons 

performed for the secondary proplonate, show that Ht should be posmoned at 6 3 69 ppm and H, at 6 4 40 

ppm, which contrdcts the expenmental &values 

Tandem use of enzymes 

It 1s known m the literatu~~~-~~, that the enanuomenc preference of enzymes &splayed under non- 

aqueous condmons 1s not altered under hydrolytic condmons When the estenficahon of a certam enantlOmer 

of an alcohol IS preferentitiy catalyzed by an enzyme m organic m&a, then the hydrolysis of the ester of the 

same enantlomer urlll be preferentially catalyzed in aqueous &a This pnnclple provides a tool to enhance 

the enannomenc punty of the (R)-enanaomer of dlol 1, VIZ by subjectmg the optically ennched proplonate 

(-)-8 to a subsequent enzyme-catalyzed hydrolysis (Scheme 2) For thts purpose, three bmcatalysts were 

Scheme 2 

W-8 
ee 44% 

OH 

(+)-I 
ee 21% 

H-8 
low ee 

considered as the tandem enzyme, VIZ PPL, Mucor Esterase and Pig Liver Esterase (PLE) Optically ennched 

(-)-8 (ee 44%) was obtained by a PPL-catalyzed resolution of dlol 1 m methyl pmplonate at room tempe- 

rature The results of the subsequent enzymatic hydrolyses are collected m Table 2 This table shows that at 

pH 7 0 a rapld hydrolysis of the ester 1s attained with all enzymes Especially with Mucor Esterase as the 

catalyst (entry l), the enannomenc excess of the dlol (-)-1 (ee,) increased considerably The hydrolysis of 
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proplonate (-)-8 catalyzed by Mucor &erase at pH 9.0” (entry 2) took place at a much lower rate and &d not 

gve an improvement of the enantlomenc punty of dml (-)-1, as compared with the hydrolysis at pH 7 0 

From these results It may be concluded, that the ee of do1 (-)-1 can be enhanced by a tandem use of enzymes 

Table 2: Enzymatic hydrolysis of opticslly ennched 2-hydmxy-2-phenyl-l-ethyl 
pmpanoate (ee 44%) * 

entry enzyme pH mm 
( amounts) 

Mucor 
(1OOmg) 

70 

90 

70 

70 

mm. 

70 

Mucor 
(1OOmg) 

PPL 
(2OOmg) 

2.50 

80 

-28.7 (c 1 85) 72 R 

I I 
-247 (c 3 13)1 62 1 R 

-252(clll)l 64 / R 25 

remammg ester 
___.__._..___..__.._..---. 

b1250b cd =s con- 
fiJZd 

-4.1 (c 275) 10 R 

-105 (~304) 27 R 

54 

38 

-103(c292) 26 R 

-72(c305) 18 R 

50 

57 

a reaction dnons 2 0 mm01 of substmte wtth startmg enmmomenc exces.s (cco) 44%. (R)-cmfiiah~ 40 ml of 0 05 M 
phosphate buffer, room temperature For &tads see the expmmatal sectmn 

b oplc~mtahon(m&grees)mEthhmd 
c tmantw- e- (m %) of the dtol (ee.$ or of the &ol obtamed by hydrolysis of the recovaed mcmoesta (ee,) 

d detemtmed by comparison of the optsA rotatmtt wth the lttemture. for (R). [U]zD -39 a0 (c 2.44, ethanol). fat (S), [C+& 
+39 30 (c 3 13, ethanol) (ref 22) 

e convaston (m %) calculated accordmg to the formula con” = ( (-ee,) + eeo) / ( (-ee.J + eep)&e.f 13 and 23) 

:onv 

The results presented m this paper clearly show that PPL 1s a very efficient catalyst for the re@oselec- 

nve estenficatlon of the pnmary alcohol funchon of 1,2- and 1,3&ols 111 methyl proplonate as solvent 

Although the enantioselecovlty &splayed by the biocatalyst m these reactions IS moderate, the antq)ode that 

1s preferenually estenfied can be obtamed with sausfactory enantlomenc punty by a tandem use of enzymes, 

1 e by SubJectmg the enzymatlcally produced monoester to a subsequent enzyme-catalyzed hydrolysis 

Experimental section 

General remarks 
‘H-NMR spectra were recorded on a Bruker WI-l-90 (90 MHz) or a Bruker AM-400 (400 MHz) 

spectrometer with TMS as the internal standard GLC-analyses were performed usmg a HP 5790A or a HP 
5890, contammg a cross-linked methyl nhcone column (25 m) Column chromatography was performed 
usmg Merck &eselgel 60 F254 For the deternunanon of optical mtauons a Perlan Elmer 241 Polanmeter 
was used Porcine Pancreanc Llpase (PPL) and pig Liver Esterase (PLE) were purchased from Sigma Mucor 
Esterase was obtamed as a gft from &t-brocades, Delft. The Netherlands PPL was dned at reduced 
pressure (-0 02 mbar) dunng 4h pnor to use The solvents used for the enzymanc resolunons were stored on 
molecular sieves 4A (10% w/v) All glassware was oven dned before use Substrates 1 - 7 were either m stock 
or purchased from Janssen Chtmlca 

# In a later stage of our stu&es we found that the enannoselechvlty of the Mucor Esterase-cata- 
lyzed resolution of dlol 1 m methyl proplonate was slightly improved using enzyme preclpltated 
at a higher pH-value The rate of this reacaon, however, was low 
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Resolunon* d101 obtamed by alkalme &drolys;s of the proplonate. [u]~ 
(R)-configurahon, recovered d101, [al 

-3 2O (c 0 8, chloroformi, ee lo%, 

[a] -28 6“ (chlorofonxQ. -14 90 (neat 
(c&ulated) -31.6’ (chloroform) 

P 
+7 1 (c 1.0, chloroform), ee &%, $j)-configuranon (ht. 1 for (R), 
Maxnnal value found3* for (R), [a] D +16 44O (neat) so [a],_ 

Monoester ‘H-NMR (CDC13, 400 MHz) 6 1 16 (3H, t, J = 7 6 Hz; -CH CHH), 121 (3H. d, J = 6.3 Hz, 
-CH) 226(lH,s(br) -0m 239(2H q J=76Hz -CHCH) 394(1H iid,J=72andllOHz -CHHO-), 
4 O?- ‘4 08 (H-I, qdd, i = 3 1,‘6 3 and 7 i iIz, -Cu(Oti)-),2*1 1 @-I, dd, J = 3 1 and 110 Hz, -CT&O-j. 

1,3-Butanedwl(7L 
Resolutton dlol obtamed by alkaline hydrolysis of the proplonate, [a]= -2 4O (c 17, ethanol), ee 8%, 
(R)-configurauon, recovend &ol, [alzD +17 3“ (c 1 1, ethanol), ee 59%. ($configuration (lit 33 for (R), [aID 
-290 (c 1, ethanol), ee 100% for(S), [aID +290 (c 1, ethanol), ee 100%) 
Monoester ‘H-NMR (CDCl,. 400 MHz) 6 1 15 (3H. t, J = 7 6 Hz, -CH CH ), 123 (3H. d, J = 6 2 Hz, 
-CH) 168-180(2H m,-CH-) 216(1H s(br) -0m 234(2H q J=36% -CHCH) 388(1H m 
-C$CiH)-), 4 13 (lH, ‘ddd, J=*5& ‘5 7 ani 113’Hz, iB2@), 4&‘(1H, ddd, i = A, 8?and 113’Hz: 
-&o-) 

PPL-catalyzed resolutton of I-vhenvl-1.2-ethanedtol (f&l at room temverature 
PPL (5 0 g) and molecular sieves 4A (5 0 g) were added to a solution of (f)-1 (6 9 g. 50 0 mmol) m 

methyl proplonate (250 ml) and the suspension was surred for 20 h at room temperature Then the solids were 
filtered off and washed with ether (3x50 ml) After evaporation of the solvents, the products were separated 
by column chromatography (s&age1 / pet ether 60 - 8oOC - ethyl acetate (2 1) -+ (l-2)) to @ve 2 7 g (28%) 
of sroplonate (-)-8 and 3 8 g (55%) of &ol (+)-I, [a]=, 
(lit 2 for (S), [alUD 

+8 4“ (c 3 0, ethanol), ee 21%, @-configuration 
+39 3“ (c 3 13, ethanol)) A small amount of the proplonate was converted to the corres- 

pondmg d101 2 alkaline h&irolyns affordmg pnre (-)-1. [cx]~,, -17 S’ (c 2 9, ethanol), ee 444, (R)-con- 
figuration (bt for (R), [a] D -39 6O (c 2 44, ethanol)) 

Thus resolution has also been camed out under the above described condmons using Q-(-)-ethyl lac- 
tate as the solvent However, after 20 h no reaction had taken place as was shown by capillary GLC and TLC 

Enzvmatlc hvdrolvsls of optlcallv enrrched 2-hvdroxv-2ohenvb1-ethvl Drovanoate (-)-8, general vrocedure 
A suspension of (-)-8 (401 mg, 2 0 mmol, ee 44%) m a 0 05 M phosphate buffer (40 ml) at pH 7 0 

was Incubated with Mucor Esterase (100 mg) and stun~I at room temperature The hydrolysis was momtored 
by ntration with a 0 25M sodium hydroxide soluuon, mamtammg the pH constant at 7 0 by usmg a pH-stat 
After addmon of 0 5 eqmvalents of the sodmm hydroxide solunon,the reaction was stopped by extraction of 
the products with dichloromethane (3x30 ml) The combmed extracts were dned on MgSO, and concentrated 
The residue gave on chromatography (&cage1 / pet ether 60 - 80°C - ethyl acetate (2 1) - (1 2)) 68 mg 
(24%) of d101 and 180 mg (45%) of remaining monoproplonate, which was converted mto dlol by alkalme 
hydrolysis 

This enzymanc hydrolysis has also been camed out usmg either PPL or PLE as the catalyst at pH 7 0 
and with Mucor Esterase at pH 9 0 The results of these expenments are collected m Table 2 
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