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A SIbIPLE ROUTE TO A2-BUTENOLIDES FROM CONJUGATED ALDEHYIFIS 

E. J. Corey and Greg Schmidt 

Department of Chemistry, Harvard University, Cambridge, Massachusetts 02138 U. S. A. 

Summaq: A variety of A2-butenolides may be synthesized by oxidation of the 0-trimethylsilylcyauohydrins 

of q/l-unsaturated al&&&s using pyridinium dichromate in dimethylbrmami6. 

I.2 
Pyridinium dichromate (PDC) is an especially useful oxidant for organic synthesis in aprotic media. 

In dimethylformamide (DMF) solution at 0” allylic alcohols are oxidized to cY,6-unsaturated sldshydes but not 

f&&r, although non-conjugated aldehydes are oxidized to carboxylic acida under the same conditions (the 

latter process is especially fast and efficient at 25”). In view of these results it became of interest to iuves- 

tigate the oxidatiou of cysnohydrins derived from ccujugated and non-conjugated aldehydes using PDC in I&IF. 

It was discovered that whereas the cyanohydrins of non-ccajugated aldehydes are oxidized to carboxylic acids 

using PM: in DMF in excellent yields a. l), the cyauohydrins of conjugated aldehydes (as the O-trimethyl- 

RCHCN RCOOH 
I 

OH 
eq. 

silyl derivatives) behaved completely differently, yielding q/3-uusaturated Y-la&ones (A2 -butenolides) as 

major products in those cases in which (a) tbs @-carti was disubstituted and (b) the ‘Y-carbon possessed 

at least one hydrogen. 

The oxidaticn of geranial p) is fairly typical. After formation of the 0-trimethylsilylcyanohydriu of 

geranial bytreatmentwith 1. I equiv. of trimethylsilylcyani& (TMSCN) In methylene chloride at 0” for 15 min. 

in the presence of a catalytic amount of potassium cyanide/I&crown-6 complex, 
3 

camentraticu under reduc- 

ed pressure and treatment with 3 mole equiv of PDC in DMF (12 hr. at 25”), there was obtained a mixture of 
n 

the two isomeric A”-butenoli&s~ anda (ratio 4: 1) in 73% yield m. 2) after extractive workup and chroma- 

tography a. 2). Citral (67:33 mixture of geranisl and neral) mder the same ccnditions afdorded essentially 

Q:? q~[q&q yq 

N 
4i eq. 2 a 

the same mixture of&and& 

Seven other examples of this oxidative lactcuiaatico are presented in Table I. In some cases 

(e.g. 4,5) only a single A2-butenolide unit is produced. The tendsncy for oxygenation at t-methvl vs 

v -metbyke is alao apparent. Since the A2-butenolide unit is found in a large number of naturally occurring 
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substances having a wide variety of physiological properties, 599 and since there are several practical routes 

to the requisite (Y,P-unsaturated aldehydes,’ the synthesis of A’*butenolides reported here may be advan- 

tageous in certain instances. In the antithetic sense a target A2-butenolide may be disccuuected to simpler 

precursors as shown in a. 3. 

RR% * $bCHo * RR’CHCOCH, 

eq. 

The scope of the oxidative conversion of 0-trimethylsilyl-cyauohydrfns of cu,+unsaturated aldehydes 

to A2-buteuolides is subject to limitations. Under the conditions outlined above for A2-butenoli& formation, 

no A2-butenolide could be detected from the 0-trimethylsilyl-cyanohydrins of the aldehydes 2, 2 and 12. 

n_C I-I 
9 19 

CH=CH(CH3)CH0 C9H5CH2CH=CHCH0 t-Bu-@C” 

10 11 2 

With regard to mechanism, it seems reasonable that the initial stage couldbe desilylation and oxidation 

of the chromate ester of the cyanohydrln to an acyl cyani&. Experimental evidence suggests that this is 

indeed the case. Treatment of the 0-trimethylsflyl cyanohydrin of gerauial with 1.5 equlv. of PM: Sn 

methylene chlorfds at 23’ results in formation of detectlble amounts of cyanohydrin as well as two new pro- 

ductswhtchare gra~allyconvertedtoamixtureoftheA2-but.enoli&s~~d~. Ifthereactionislnterruptedaffer 

5 hr., a mixture of isomeric E and z acyl cyanides can be isolated in 58% yield together 

with 25% of a mixture of the isomeric A’-butenolides &and 3 @CJ. 2). The acyl cyanides8 are obtained in 

pure form by rapid chromatography cn silica gel. Upon treatment with 3 equiv. of PDC fn DMF at 23. for 39 

mm. they are oxidized smoothly into a mixture of A2-butenolides 2 and& (ratio 3: 1) in 91% yield. The g & acyl 

cyani&s ati converted to haad& in methylene chloride at 23’ using 3 equfv. Of PM: but the reaction is 

cmsiderably slower thau in DMF and requires c& 36 hr. (82% yield of 1 andAm a ratio of 58:42). Other 

conjugated acyl cyanides can be prepared similarly usfng methylene chloride as solvent and 1.5 equiv. of PDC 

at 23”, however the oxidation is not generally efficient since A2-butenolide and other by-products am usually 

formed in addition to acyl cyanide, as indicated by the example in a. 4. 
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Table I. Canvereim of ru,fl-Du3aturated Aldehydee to ~~~~~~~~~~~~ 

HO 

HO 

HO 

W, HO 

WHO 

R3ttiOb 

fE:,:z_, ProducteC 

68:22 

W 
59:41 

I!. 

R&iOb Isolated 
@:W Yield, % 

C 69 

71 

63:37 ‘3?& cHq jg 36:64 

FcH5 

69:97 c3q 3e cHq lLb 77:23 

79:21 cH% ~ CT: .95:5 

-- $: ‘9 89 54:46 

54 

68 

75 

50 

(a) All reacthis were performed following the etaodard proceche described In the text. 
(b) Determfue$by lntegrath of the aupropriate resonances In the pmr spectra. 
(C) Iaome~o A -htenollde not Mecuble by pmr aoalyele. 
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uhcoajugated cyanohydrlns themselves are not satlsfaotory substrates for the synthesis of ecyl cyanide 

using PDC ln methylene chloride, since they seem to add to the Initally formed acyl cyanides leading ulti- 

mately to cyauohydrin esters as outlined fn 3. 5. 
9 

0 

RCHCN + 
bH 

RCOCN % RIOCHCN 
RFHCN 

OH 
B 

ea. 5 - 
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