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Abstractz Dimethyl cis-2-cyclobutene-Qdicarboxylate 1 was kinetically resolved by porcine liver 

esterase to give methyl hydrogen (lR, 2S)- (+)-&3_cyclobutene- 1.2dicarboxylate 3. (( lR,4S’)4 

Ethanoyloxymethyl-2-cyclobutenyl)methyl ethanoate 2 was kinetically resolved using the lipase from 

Pseuabmonasfluorescens (Amano P) to give ((lR,4.S)4hydroxymethyl-2-cyclobutenyl)methyl 

ethauoate 8. 

cis-1,2-Disubstituted-3-cyclobutenes are of interest as precursors of chiral substituted dienes. As meso- 

compounds. they are convertible, in principle, into homochiral products in 5 100% yield Below are decribed 

the asymmetrisations of climethyl cis-3_cyclobuteae-13-dicarhoxylate 1 and ((1R,4S)-4-ethanoyloxymethyl-2- 

cyclobutenyl)rnethyl ethanoate 2. 

Following the rough guide that stereodkiminating hydrolyses of esters of chiral or meso-acids a most likely 

to succeed using esterases, and comparable hydrolyses of esters of chiral or mesodiols with lipases, hydrolysis 

of the meso diester 1 with porcine liver esterase (PLE) was studied. The (lR, 2s)~monoester 3 was obtained in 

96% yield and 86% et. as detetied by lH n.m.r. analysis of the diastereoisome& salt formed with (s)_(u)- 

methylbenzylamine, using for this estimation the fully resolved signals attributable to the vinylic protons. ‘lk 

absolute configuration was assignable as the monoester 3 had previously been cor&ted with the saturated ester 

4. (There is some confusion in the literature over the sign of rotation of the moncester 4,*2 but the assignment 

of Sabbioni and Jones2 is consistent with the expected mode of hydrolysis of diester 1 based on the cunently 

favowed mcdel of PLE hydrolysis.3) Conversion of monocster 3 into the kcnzylamide followed diffmt 

courses aepending on how the reaction wti canied out Trertment ofmonoesta 3 with carbonyldi-imiMe 

(CM) in CDCl3 with addition of bakzylamine inn&My fokving cessation of CQ evolution (about 3 

minutes) gave the crystalline amide 5 in 68% yield with optical mtation and mp. unchanged on linther 

recqstallisation. 
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If the initial reaction rtiixnue was allowed to stand for one hour before addition of benzylamine, the tranr amide 

6 was obtained. Isomerisation of the intermediate imidazohde 7 could be monitored by n.m.r. After 

approximately thii minutes the mixtrue attained equilibriwu (11% cis: 89% frw&. The crystalline rrans amide 

was reaystalhed to constant mp. and rotation. Evidence that isomer&ion at the imidaxolide methine cenue 

had occurred was obtained from the circular dichroism curves (Figure) which show the ssme negative values of 
AE for the n+x* ester absorption hut opposite Ae values for the n-x* amide hand Deprotonation of a related 

cyclobutene ester has been observed.5 

Figure. Ciu@r dichroism curves for a) methyl (lR, 2.5’)-(+)-2-benzylcarbamoyl-3- 

cyclobutenec4rboxylate 5; b) methyl (1R. 2f+(-)-2-benxylcarhamoyl-3cyclobutene cnrboxylate 6. 

Eleven enzymes were screened for hydrolytic activity tow&s diester 2. ‘Ihe lipases from wheat germ, Cut&air 

cylindracea, ii&or miehei (Lipozyme). the esterases fiom porcine liver and eleeuic eel cholinestuase. rapidly 
hydrolysed the diester to diol. a-Chymotrypsin and try@ had no effect. The lipases from poroine pancreas 

(Steapsin. PPL), Asp&r~ikr tiger and Rhiwpus jam&us gave a product of low optical purity, but excellent 

results were obtained with the lipase from PseudomoMsfluorescens (Amano P)_ When the hydrolysis of 

diester 2 was contmllud by autotitnuion with pH stat control at pH 7.0. and stopped after one molar equivalent 

ofallralihadbtcnaddbd,thcpIoduct~n~8wssokaincdwith86%ecbs~bylHnmr.inthe 

presence of (Q-(+)-2 2.2~trifluorol-(9-snthryl)ethanol. Repetition of the hydrolysis but halting it after 0.8 

molar equivalents of &ah had been added gave monoacetate 8 in 75% yield and ~97% ee. lhe product was 

fullycharactaisedandcomr~infothefunyc~p 
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(The minor ensntiomer was not visible in the 1H n.m.r. spcctnun The precision of the rncasurement was 

estimated as 53% by the addition of racemate). Hemtncrle and Gais4 had previously studied the hydrolysis of 

diester 2 using porcine pancreatic lipase, and had obtained a dextmrotatory product that was conehtted with the 

corresponding laevorotatory satumted analogue 9 of unambiguously determined absolute conSguration.6 

In our hands, the maximum optical purity obtainable with PPL (Steapsin) was 16% ee. Although a product of 

only low optical purity was obtain& it was shown to be dextmrotatory in agreement with the results of 

Hemmerle and Gais? The reason for the discrepancy became clear when the hydrolysis was stud& with 

different preparations of PPL of increasing purity. For amounts of enxymeof nominally the same activity, it 

was found that the rate of hydrolysis was inversely proportional to the purity of the enzyme (Table). The 

hydrolysis of diester 2 by PPL must therefore be attributable to a minor activity, which would account for the 

difficulty in reproducing results obtained with this enzyme. 

Table. Hydrolysis of (lR, 4S)-4-hydroxymethyl-2-cyclobutenylmethanol2 with PPL (2000 U). 

Lipase solme Activity (U mg-1) Rate of hydrolysis (% h-1) 

SigmatypeB 13 5.0 

Boehtinger 6cKt 1.6 

Sigma type VI-S 16,400 0.5 

General. 

tH n.m.r. spectra wen determined at 400 MHz on a Bruker WH400 spectrometer or at 220 MHz on a Perkin 

Elmer R34 spectrometer. Coupling constants are recorded in Hz tw n.m.r. spectra (pmton-decoupled) were 

determined at 100.62 MHz on a Bntker WH400 n.m.r. spectrometer Lr. spectm wete de&rm&d on a Perkin 

Elmer580-Bspectrometa.Massspectrawere~onaKrstosMS80messspectnwneter.. 

rotations were determined on an AA-1000 polarimeter (Gptical Activity Ltd.) using a 2 dm cell. Autotitrations 

wem carried out using an RTS 882 mconiing titration system (Radiometer Ltd.). Flash chromatography wss 

carried out using Kieselgel60 (230400 msh) (Merck). Lipases from porcine panaeas attdCatufi& cylindrececl 

and Step&n, electtic eel cholinestaape, porcine liver esterate, a-chymotq@n and hypsin were obtained from 
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the Sigma Chemical Company Ltd. Purified porcine pancreatic llpase was obtained from Boehringer Matmheirn. 

The lipases from AspeFgiYfw niger and Rhizopur japmhs wae obtained from Biocatalysts Ltd. Ihe lipasc 

from Mucor mieki (Lipozyme) was obtained from Novo Industri S/A. 

Methyl hydrogen (lR, 2S)- (+)-3-cyclobutene- l&licarboxylate 3. 

Dimethyl meso-3cyclo~tenc-l~-dicarboxylatc 3’8 (0.85 g, 5.0 mmol) was dissolved in phosphate bulk 

(PH 7.0.67 mM. 10 ml) pth stirring at 32O. Porcine liver esterase (260 v) was added, The mixture. wss st&d 

and titrated with NaOH $5 M) using the autotioator and pH stat. After the addition of 1 mol equiv. of alkali (9 

h). the reaction was stop@d by acidification to pH Q (I-El). The mixture was extracted with dichloromethane 

(4 x 50 ml). The combin& extracts were dried (MgS&) and evapomted under reduced pressure to give the 

monoester 3 (0.75 g, 969). The optical purity (86% cc) was determined by formation of the salt with @)-(-)-a- 

methylbenzylamine (2 rn+U mol acid 3). optical purity was de&mined conveniently from the vinyl proton 

signals which were basefline resolved. (Pound M+ 156.0422; C7HgO4 requires 156.0422); [a]#’ 6.92 (c 2.5 

in CHCl3); V~ (neat) km-1 3100 (OH), 1730 (MoMe),1700 (MOH); b (EtOH)/nm 202 (&In? mol-t 

cm-l 330). 260 (500); w220 MHZ; CDC13) 3.66 (3 H. s, CIi30), 3.92 (2 H, S, 2 x CHCO), 6.25 (2 H, d, J 

1.7.2 x CH=); 8~ (100 $4Hz; CDCl3) 48.61 (CHCOzMe). 48.86 cHC@H), 51.94 (CH30). 136.21 and 

136.97 (GC), 170.90 (@O$vle), 176.03 (C&H); lnlz Q 156 (M+, 2%), 139 (6). 125 (31). 111 (89). 97 

(96). 80 (32). 69 (100). 

Methyl (1 R, 2S)-(+)-2-benzylcarbamoyl-3-cyclobutene csrboxylate 5. 

To a solution of methyl hydrogen (lR, 2S)- (+)-cis-3-cyclobutene-1,2-dicarboxylate 3 (312 mg, 2.0 mmol) in 

anhydrous CDCL3 (2.5 ml) was added l,l’-carbonyldi-imidazole (490 mg), 3.0 mmol). After the evolution of 

CQ had stopped (appro$dmately 3 min), benzylamine (324 mg. 3.0 mmol) was added. The solvent wss 

removed under educed pfessure and the product was purified by flash chmmatography with diethyl ether as 

elucnt to give methyl (lR, 2S)-(+)-2-bcozylcarbamoyl-3-cyclobutene carboxylate 5 (333 mg, 68%) mp. 107- 

108T, uochanged on re@ystalliion from CH$l&ht petroleum. (Found M+ 245.1052. C&H&Q 

requires 245.1052); [ala% 11.7 (c 1.0 in CHCl3): Vma* (neat) /cm-l 3300 (S, NH), 3080 (W. NH),1720 (S, 

CH),1645 (s, CQNH); b (MeOH)/nm 215 @/dm3 mol-1 cm-1 150). 254 (25), 258 (33), 262 (39). 267 (30). 

270 (19); a&i00 MHzj CDC13) 3.59 (3 H. s, CH30), 3.91 and 3.% (each 1 H, J 5.0, CHCG), 4.39 (1 H. 

dd, J 14.6, 5.6. CHlUH~, 4.46 (1 H, dd, J 14.6, 5.9, CHNH), 5.94 (1 H, br s, NH), 6.26 and 6.40 (each, 1 

H. d. J 2.9, CH=). 7.33/5H (m, Ar); 8~ (100 MHz; CDC13) 43.67 (CH2N). 49.01 (CfICO). 51.46 WCO). 

51.84 (Me), 127.44 (U/7.94, 128.58, Ar), 136.35 (CHe), 138.37 (CH=)), 169.55 (CONH), 171.40 (CXW 

m/z 0 245 (M+, l%)j 186 (41, 140 (7), 106 (lOO), 91 (671.80 (8). 

Methyl (lR. 2R)-(- j2-&nzylcarbamoyl-3cyclobutene carboxylate 6. 

To a solution of methyl/hydrogen (lR, 25’) (+)-cis-3-cyclobutene-1,2-dicarboxylate 3 (136 mg, 0.87 mmol) in 
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anhydrous CLKI3 (1 ml) was added 1, l’carbonyldi-imidazole (230 mg, 1.42 mmol). There was a rapid 

evolution of m. After 1 h the c&:huns ratio of imidaxolide was 10~90 (by integration of the signals due to the 

methyl groups). Beuxyhtmine (160 mg, 1.5 mmul) was added. The sokmt was temovai under re&tced 

pressure and the product was purifkd by flash chromatography using etheclight petroleum (21) as eluent to 

give methyl (1R. 2R)-(-)-2-benxylcarbamoyl-fcyclobutene carbnxylate 6 as colotuless platelets, 139 mg 

(65%).mp. 79-8OoC (CHC!l&@t petroleum) (Found: C!, 68.8; H, 6.0; N. 5.8. C!r&$J@ requires C, 68.5; 

H. 6.2~ N, 5.7); [a]$) -255 (c 0.88 in CHC13); vIllax (nest) /cm-t 3270 (m, NH), 3100 (w, NJ-Q.2950 (w. 

W.1740 (m. GQOMe),WO (s, GQNH); iLmaT. (MeOH)/nm 229 (r&n5 mol-1 cm-f 180). 249 (116), 254 

(139). 260 (158). 265 (144). 269 (118); 8&00 MHz; CW13) 3.66 (I H, s, OMe), 3.71(1 H, br s, CHON), 

3.76 (1 H, br s, CHCO2). 4.37 (1 H. dd, f 514.7, 5.6, CHNH), 4.42 (1 H, dd, J 14.7, X7),6.21 (I H, J 

2.8, CH=). 6.24 (1 H, J 2.8, CH=)). 6.27 (1 H, br s, NH), 7.27 (5 H, m, Ar); &c (100 MHz; CDCl3) 43.44 

(CH2N), 49.15 (GHCON), 50.50 CHCOz), 51.85 (CH30), 127.34 (127.55, 128.51, Ar), 137.33 (C=), 

137.42 (C=), 170.21 (COW, 171.70 (CO2); n&r (EQ 245 (M+, 8%), 186 (8). 140 (9). 106 (l(B), 91(32), 80 

(12). 

((lR,4s)-4-Hydroxymethyl-2-cyclobutenyl)methyl ethanoate 8. 

Method (a). using porcine pancreatic lipase. 

To ((tR,4s)-4-ethanoylox~~yl-2~yclo~~yl~~yl ethanoate 27 (199 mg, 1.0 mmoJ) in ~~~ buffer 

@H 7.0,67 mM, 5 ml) containing N&cl (0.4 M) was added with stirring porcine pancreatic lipase (Steqsin, 

260 U). The pH was maintained by adding NaOH (0.1 M) containing NaCl(O.4 MI using the autotitrator and 

pH stat After the addition of one mole equivalent of alkali (43 h). the reaction mixture was exkcted with ethyl 

acetate (3 x 25 ml). The extracts were combined dried (MgSO4) and the solvent was mmoved tmder teduced 

pressure to give ((lR,4Sj4-hydroxymethyl-2-cyclobutenyl)methyl ethauoate 8 110 mg (as a mixture with 

starting diacetate aud dial (85:7:8). The monoacetate 8 was isolated by flash chromatography using ethyl acetate 

as &tent to give 80 mg (51%). 16% ee as detemkd by *H n.m.r. in the pmsence of (~-(+~~~-~~l- 

(9-anthtyl@hanol. Spectroscopic data as for the mamrial ptepaed usibg the lipase from Pseudomonas 
jltorescens , below. [a]Dm 1.26 (c 2.0 in CHC13 (16% a)). 

((~R,~-Hy~ox~~yl-2~yclobu~nyl~~yl ethanoate 8. 

Method (b). using the lipase from Pseudomonasfhorescens. To the diacetate 2 (495 mg, 2.5 mmol) in 

phosphate buffer @H 7.0,67 mM, 10 ml) was added with s&ring lipase from P~~~~~~~ (10 

mg, 300 U). The pH was maintained by the addition of NaOH (0.5 M) using an automatic Water and pH stat 

After the addition of 0.8 md equiv. of alkali (18.5 h). the mixtute was extracted with CHzCl2 (3 x 50 ml). ‘Ihe 

aqueous nsidue was satur8tcd with Nail and again extracted with CH$& (2 x 50 ml). The cot&ted extracts 

wcredried(MgSO4)andevoporatedunderreducedp~Theproductwasptlrifiadby~ 

chromatography using CH$lz: diethyl ether (4: 1) as eluent to give the monoacetate 8,293 mg (75%). >97% ee 
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determined as above. (The minor enantiotncr could not be detected until the sample was spiked with racanic 

ma&W. (Found: C. 61.3; H. 7.7; M+, 96.0580. CsH1203 requires C, 61.5; H. 7.75; M+, 96.0575); [a]$0 

6.2 (c 2.0 in cHCI3); vrm~ (neat) /cm-l 3450 (OH), 3050 (w. C-,2900 (m, CH),l740 (s, m); atnax 

(MeOHI/nm 206 (p/dml mol-1 cm-l 303), 264 (93); &&lOO MHz; Ct&) 1.91(3 H. s CH3CO). 3.06 (2 H, m, 

-CHCX.KHCH=), 3.5 (2 H, d, J 7.0, C&CX-I). 4.00 (1 H, dd, J 9.0, 11.4, CHCHgOH), 4.21 (1 H. dd, J 

5.90.11.4. CHCHzOA X 5.97 (2 H, app s, HC=CH): SC (100 MHZ; CDCI3) 20.&6 (CI-I~C~), 44.31 

(CH2OI-b 47.91 ‘a (CH2 AC). 62.04 @ZHCHgOH), 64.00 cHCH2OAc). 137.37 (C=), 138.04 (C=), 170.59 

(co): m/z K!I (NH311 1157 ((M+l)+. 32%),% (lOO), 67 (91). 53 (8). 43 (39). 

(( 1R. 4S)-4-(4-Phenylphenyl)methanoyloxymethyl-2-cyclobutenyl)methyl ethanoate. 

To a Stirrad solution of ((HVS)-4-hydtoxytnethyl-2-cyclobutenyl)methyl ethanoate 8 (242 mg, 1.55 mmol) in 

anhydrous pyridine (2.4 ml) was added 4phenylbenzoyl chloride (408 mg. 1.87 mmol). The mixtute was 

stirred overnight and cohcentrated under reduced pressure The residue was dissolvd in diethyl ether, filtered, 

and the filtrate was evaporated under teduced pressure. The residue was purified by flash chromatography with 

diethy ether: light petdeum (1:2) as elucnt to give (( lR, 4.!+4-(4phcnylphenyl)methanoyJoxymethyl-2- 

cyclobutenyl)methyl etljanoate (521 mg. 99% >97% pure by tH n.m.r.). After recrystallisation (light 

petroleum). 445 mg (8j%), m.p. 6162°C. (Found: C, 74.7; H, 6.1; M+, 336.1334. C21HaO4 requires C, 

75.0; H. 6.0; M+, 336.1362); [a]$’ -11.1 (C 1.0 in CHC13); vmax (neat) /cm-t 3050 (w, C=C), 2950 (w, 

cH).1745 (s, MccO),1720 (s. AxCG); &tsx WOHYnm 204 (&In? mol-l cm-t 33 RIO), 272 (30 500); 

sH(220 MHZ; CMJ13) I.95 (3 H. S, CB3CO). 3.28 (1 H, m, CHCH2). 3.39 (1 H, m. CHCH2). 4.27 (2 H, d, 

J 7. cH20). 4.47 (2 H./d, J 7, CH20). 6.17 (1 H, m, CH=), 6.20 (1 H, m CH=), 7.47 (3 H. m, Ar), 7.70 (4 

H. m, Ar). 8.17 (2 H, d{ Ar); SC (100 MHz; CDC13) 20.80 (Me), 44.37 (CHzOAc), 44.43 (CH2GCGAr), 

63.82 (CH), 64.17 (C ). 126.94 (127.14, 128.02, 128.80, 129.99, Ar), 137.73 (C=C), 137.80 (C=C), 

t 166.13 (Co), 170.81 ( ); m/z 0 336 @I+. 4%), 276 (3). 198 (100). 182 (16). 152 (38). 96 (8). 78 (12). 
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