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Abrtrrct: The first axampler of deaoetyktkn of sucrosa actaawtata using proteases and lipam~ in organic solvants 
arereported. Theregkohsmkbydtheproductsucroas 
pardeB and lH-NMR. 

hapta-, hexa- and pankaoet&s s was established by 
Preparatkn of ksy intsrmsdiates in the oommeroial syntha& of the high intensity 

swaatensr, 8uoraksa was achieved. 

Wective functionalix6tion in complex mokcules is a challenge routinely faced in organic synthesis. Such 

transformations can be vary difficult in carbohydrata chemistry where manipulation of kentkal or nearly hkntkal 

hydroxy group* aftan w-s ~~Mw-ctkn lBchemestoadliieth8dssired tmn&rrmatkn.* One soktton to 

thii challenge has bsen provided by Klibanov’s pknwlng work using enzymes in organic solvents3 and examples of 

regksekctive enxymatk acyktkn of unprotectsd mono- and e and enxymatk dsacyktkn of psracykted 

sugars have been dsscrib~L~~ 

Enxymatk deacyiatkn of sucrose peresters haa produced partMy deacylatsd compounds useful as 

emulsifiers, food preservatiws, fat substitutss, and tobacco enhanoeras Deaoetylation of sucrose ootaacstata (SOA) 1 

by Hpasss or pmteawr in buffer or btphask medh has bean used to prepare partially dsacetyktsd anakguss kcluding 

2,3,4,6,1’,8,6’ -hep&ac&yt sucmse 2,’ 2,3,4,3’,4’ -pentaacstyi sucrose (4PAS) 3 and 2,3,6,1,+-pentaaoetyI sucrose 

@-PAS) 4, all intermediatss in the synthesis of high intensity, non-nutrkve swsekwm.8 Exclusive deaoetyhtlon in ths 

fructose ring of 1 using wheat germ lipase was reported to produce 2,3,4,6,1’,3’ hsxaawtyl sucross 6 and 2,3.4,6,5 - 

pentaa&yl susross 5 (Scheme I).O In vkw of the well known advantages of conducting enxymatk reactions in 

organic solvents t*coupkd with our interest in &smattw appmachssto3and~wehaveinvsstigatedthereactknof 

1Withlipas9lBSUldp~ in organic solvents. 

Routtnaly, oommerciai enxymes were precipitated from a pH adjustsd buffer followed by vacuum drying and 

controlled rehydratkn by storage at 5o for 24 hours over a saturated K&D3 solution prior to use.sltt After evaluating 
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lheactlvltyof8everaJen2yme8lneohrent8oreen8 wefoundether8end hydmwwwtoklhemo8lusefld.Thl8, 

coupled with the soiubMy charwteristks of SOA and the pmdu&. prompted use of dii8opropyl ether in our initftal 

investigatlons.12 In this manner, a number d proteases and lipases were found tc deacetylate 1 yielding sucro88 

heptaawates as shawn (Scheme ll).‘*“The structures of all products WBIO determined using Pathbone’s 

O-perdeuteroacetylatfcn technique. ‘5 InthelH-NMRa~mparironoftherelathre~ityofthe~~~inl v8 

a pure deacetylated anabgue psrmitfed unambiguous regiochemlcal assfgnments while an estimate of the overall 

deacetylatlcn pattern wa8 po28ibk for a gfven mixture of 8ucrose esters. From low field to high field, the order of 

acetateresonancw for 1 in a 1:l mixture of benzene+pyrkline-d6 is 3’<2<&6<1’<344’. 

Upa8e AY 30 from Can&8 @n&ace8 yielded a 31 mixture of 2 and 2.3.4.6,3.4’,6’ -heptaacelyl sucrollo 7 

whereas Iipase type II from porcine pancmas cleanly deacaylated 1 to yield 2. Predominant deacetylatbn at the 6’- 

pas& was achieved usfng SP436 ifpase from Candida anbwt&a tc yiekf 6 while lipase AP 12 from Aspe~illus n&w 

effected deacetylatlcn in the pyranwa ring yielding a 1:l crude mfxtuna of 2,3,6,1’,3’,4’,6’ -hq&awtyl sucrose 9 and 

2,3,4,1’,3’,4’,6’ -hepteacetyl sucrose 10. Interestingly, upon chromatographlc purifff (silica gel, hexane/EtOAc, 

2/3) only 9 was obtained. We sucrpect that silica gel catalyzed rearrangement of 10 to 9 ha8 occurred analogous to the 

known rearrangement of 3 to 4.~~~~-+s 

wttually w regioeeiecw lty was observed using the wine protease, protease N from SacNlus s&i/O which 

afforded w8entially an equimolar mixture of 2.7 and 8. In contrast, both proleather. a swine protease from Bed/u8 

8ubiilis and akala80, a commercial form of rubtllisin Cadsberg from Saci/Ius /&hen#onnfs predominately deacetylated 

the l’-po8itfon to produce 7 togethw wlth minor amount8 of 8 and, in the case of proleather, 2. Having demonstrated 

that thk group of enzymes had complementary regkwife&f ity for all three key positions, w8 8et out to evaluate thi8 

methodology for the synthesis of 3 arxfjor 4. In principle, thff could be achieved either wfth a single enzyme which 

wcukf deacetylate all three positions or by using a combination of enzymes in a “stepwise’ manner to selectively 

unblock each position sequentially. The latter case would require a judiious choice of both the enzymes and the order 

of l&e to achieve this goal. 

Longer treatmti of 1 with either proleather or akalase produced 7 together with errsentialiy one major 8ucro8e 

hexaacaWe MentffW as 2,3,4,6,9,4’ -hew 8ucrose 11 after chromatcgraphic purification (silica gel. 

hexane/EtOAc, l/4), perdeuteroacetylation and ‘H-NMR. We conciude that both proteases deacetyiate 1 tc prcduce 7 

which is then furtfwr dwwtylated to yield II. With both of the key furancw positions now ‘unblocked” we turned our 

attention to the one remaining position requisite for the 8ynthe8is of 3 or 4 namely that in the pyranose ring. 

A mixture comprised of unreacted 1, two h8ptaaCetate8 7 and 0, essentially one hexaacetate 11 and two 
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In condusion we have ahown that 1 can be regioseiectively dhacetylatsd in organk soh~onts using both iipases 

andproteatw. Keyintermed~~8inthe~~errisofs~rruchao3and4oanbepreperedfromludnOeithora 

single enzyme or a combination of enzymes in a ‘stepwise’ manner. Further &udiw 0 expand the scope and 
~~~~~~in~~. 
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