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Summary: A new alternative for enzyme-catalyzed reactions in organic media 
is described, involving immobilization of the enzyme in microemulsion-based 
gels (MBG's). The method is applied to the esterification of oleic acid 
with several alcohols in various organic solvents. 

The @ortmce of enzymtic synfAesis in organic solvents is well reagnidp2,and 
anukerofdifferentmethods forcanyingoutenzymiccuWersiax3intheselnediaare 

fcamdintheliterature*l" .Wencwdescribeanswalternativefor wcatalyzedre- 

action3inorganicx&iawhichelimW&ssuas disadWlta9esofotherl&bods,sudl as 

lheuseofalaqeexcess of the snzymall-u andtheiz@redactivityof.thesebioca- 

talysts inorganicsolvenk310~14 I 

Bytheuseofimzkilizedenzymssinmi CroeWlsicn-basedorge @W’s), low, 

knownaxlcentratiansofthecatalyst~be~,~zedinthewaterpoolofarwerse 

micellewhichis "frozen" in a gel. Wendippedintianorganicsolvent, Ws insoluble 

~listhesaurceofenymaticcatalysisinaaxl~trslghasesystenforreacticns 

takingplaceinanorganicsolvent. 

The'prope?ksandstabilityofthesegels inorganicsolvenWlavebeendescribed14-17 

Inthis~catianwei~ustratetheiruti~tyintheesterificatLonofoleicacid 

witiseveralalc&olsinvariausot-ganicsolvents. 

The mFcroeaoilsicn-based organogelsvllerepreparedbyInixingsclaimbis 2-(ethyl- 

hexyl)sulphosuccinate UxYr), anoxyanic solvent, anaqueous solutionofkIxxclazlc!en- 

traticnof alipase andasoluti~ofgelatin inwaterat5PCIhe mixturewasshaken 

visonxlslymd~toooolatroaa~~to~~arigidgel.TLpicdLly, a 

mixture of 0.89 g of fl in 5.3 ml of n-W, 2.5 q of lipase in 2.4 g of distilled 

waterand1.4gofgelating~,aftervigcaarsshaking,1omlofIlpase-~~~. 

Iheoqancqelsware frozen at-IsOc, cut into cubes of1an3 volume, sndstored in the 

freeze. Ihe reac&ms ware pe&orm& by sinply shaking at 25'C an organic soluticm of 

oleicacidandanaloohol,touhichthesecticmedgels wereadded.lheowzseofthere- 

acticnwksfollawedbythin-~~~~~.~solutioncontaMngthe~~ 

and the~substrateswasdecantedoff,thesolventwasrotruy-waporatedand 
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Blanktestswareperfcmedwithout the 

~andMprOduCtWaSCbZ?=d. 

'&eresultsgisminTablelshoWthat~- 

pases~sfullycatalyzestireacticnwith 

short,Rlsdiunandlaqau@atic,cycuc, aro- 

maticardunsaturatedalozbols. 

straigiltcfiainalmholsgavathe cmzes- 

paxl.ingestersinhi~yields.The~ti~ 

1y1txeryieldscbt4m?dforcyclic alCCholS 

sl.Khasqyc l&examlandbenzylalcchol mq 

indicateadindnishedmactlvityofnurehin- 

deredsubi3~tes.Al~thFs~ticnis 

atvariancewiththeFpodyields &tainedfor 

3-msthyl- and 2-ll&hylbutancl, failure of bin- 

deredt-bu~lto~vealyester pxbablyre- 

flecb the steric selectivity of C.V. lipase. 

'IheMG4nmbillzedenzymsrebined its 

acuvityaftersemmlnms.Thus, a==- 

yields of 70% cculdbe obtaMedwil9lthesme 

gelthrcugh15dlff~testerificaticn reac+ 

ticmsi.n~~oleicacidandn-pentanol. A 

bati0fc.v. upase inxr&ilizedln~r8~ 

editsactivityafterkeingkeptinti~ldfar 

Tablel-Alkyloleatesfmn0leiCaCi.d 
iiiaxE~l.s (0.01m1ezh) Ihe re 
aktimswereperfoxmdat2PC inp 
hexaneforlOh,lnthepresence 'of 
250 &g/ml of C.V. Upase, immbilk.ed 
in 10 ml of sectbmd I+BG's 

Alcahol Yield(%) 

ethanol 
n-p-1 

61a 

2-prcpanol :;a 
MXItanol 
2-methyw 
m=ntanol 

w-1 61 
PoCklWl 80a 

izziEGc1 
82" 
62a 

n-m 
II-hexadecanol 68a 

hoctadecanol ;45 
benqlalabD1 52 
allylalcchol 50 
t-lxtaml 0 

(a) Thesans~~lized lipase 
was?mltilkedfore&Iconvexsion. 
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nx?decmaseintheyieldsastheso1vent 

beccmslesshydqh&icmaybeassociat& 

withthegreatmzabilityofthemarepolar 

milieutopullwaterfmmtheenzylaesthat 

areencapeulatedintheM3G's.This seem 

tobeaninpmtmtcriteriunfor solvent 
3,14 selecticninbkcatalyticpmmsses . 

Thedacmseinactiti*ofthe iml&iUz- 

edlipa~einthewater-mi.sciblel,4-diox~~ 

IlSiSthUSnotSWpiSillCJ. 

Asin allbioc&alyticpmcseses,the 

natureoftheenzymplaysacrucial mle 

in detenncning the yield of oDmJersicn.The 

yields of fonmtionofqX!ntyloleateafter 

lOhinxAexane,enplc~~ing differentU.- 

pasesascatalystsvariedfKannearly 70% 

tozem.Lipasesex ~mtisco- 

sm (c.v.) (68%), - fluorSscenS 

T&&2-Yieldsofn-pentyloleatefrm 
wpentamla~~Ioleicacidlnvarioussol- 
v&s at2FC.m -timewas 
24 hand the catal~was C.V. lipase 
immbillzedinandcroemls ioarbasedgel 
pn?pamdtithcyrzmExme. 

solvent Yield ($1 

88 

2 
w- 79 

ifizEF* ;!: 
70 

carbcntetra&lori&? 
55 

diethylether 42 
&lorofcmn I.2 
1,rl-di.m 
xyb 

(55%) and Micmbial (62%) showd nearly the s~rme effectiven~~s, whereas ths lipases ex 

Candida cylir&acea (c.c.) and the mrcine PanqeaticLipase@PL)foILm?dnoester~ 

thesmzamditials. 

Inaalclusion#iImrAtlizaticnofenzymssinmicrowuls iaI-basedgels(MBG's)ansti- 

tu~anattracti~~alternat;~~rtheexistingmethodsofenzymlc~talysisinorganic 

mdia.~miq&vantagesofthe~methodinc.kIethe eammicalreutllizaticmof 

srnallanrnmtsoftheensyms,~tly ilmrSlizedinan~msdiun~itsso- 

lL&iUtyEUIdacUvity arelnaximm. 

~~~shauldbeappllcabletothebuilding0fother~onalltiesardtothe 

resoluticnofracenics~trates.Ihescrpeand~catiansofthisrnethodologlyarebeing 

imFestlgated inourlaboratories. 
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