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1-,3-CYCUUDDITION REACTIONS OF 'CAREONYL YLIDES' PESITLT~O 

FROM THE MILD TRXRMOLYSIS OF A% ,3,4-OXADI~OLINES*. 

P. Rajagopt+lan and B.G. Advani 

CIRA Research Centre, Goregaon Set, Bombay 63, India. 

(Received 8 hay 1967) 

One route to traneient and reactive 1,3-dipoles is through the pyrolysie 

of suitable heterocyclic compounds as has been well illustrated by Huiegen 

and coworker8 by their elegant work involving 2,5-diphenyltetrazole (I) and 

I-phenyl-C-methylsydnone (2) as the source of a 'nitrile imine' and an 'azo- 

methine imine' respectively (3). 

A recent publication by Hoffmann and Luthardt (4) on the preparation of 

A3 -1,3,4-oxadiazolines of the type I and their thermal breakdown to the 

compounds of the type II and III stimulated us to explore whether the inter- 

me&iates in the primary decomposition of the oxadiazolines (II) could be the 

1,3-dipolar 'carbonyl ylides' (IV) and, if so, whether they could be trapped 

by reactive dipolaraphiles as in the ca8e of tetracyanoethyleneoxide (V) the 

many facile addition reactions of which (5) can be rationalised on the basis 

of its ability to exist as the 'carbonyl glide' (VI) under suitable conditione 

(6). 

* contribution Ro.99 from CIU Research Centre, Bombay 63. 
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Accordingly, 2-acetyl-5,5-pentsmethylene-2-phenyl- LJ3 -1,3,4-oxadiazoline 

(VII) was prepared by the method of Hoffmann and Luthardt (4) and decomposed 

in the presence of a molar equivalent of l?-phenylmaleimide in anhydrous 

benzene medium. Vigorous evolution of nitrogen took place even at 60-65O and 

the product isolated, after the decomposition was complete, was not the cxpsc- 

ted IX (molecular formula C,sH25N05) but one which analysed for C,$2,N03 

c"J A OH 330 my (ES= 15,780), 244 my (ES 10,810) 226 9 (ES 16,300) and 
max 

206 y (c= 25,830) . 
1 

A comparison of the molecular formulas of expected 

compound (IX) with that of the one actually obtained immediately revealed 

that the latter could, in all probability, have resulted from the former by 
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the loss of the elements of acetic acid and that it could have the structure 

N-Phenylmaleimide 

V 

I 

X IX 

The infrared and NMR spectra of the product are consistent with this 

StIUCtLlr8 (x). The former, in nujol, exhibits a pair of strong absorptions 

at 1758 and 1692 cm" corresponding to an *,fi-unsaturated five-membered 

cyclic lmide function (7) and a strong absorption at 1628 cm 
-1 

indicative of 

a styrene type of dOUbZ8 bond (7) while the latter (8) carries signals at 

68.45 - 7.23 ppm (multiplet corresponding to ten aromatic protons),64.24 ppm 

(one proton singlet) and 62.35 - 1.34 ppm (multiplet corresponding to ten 

alicyclic protons). 

That acetic acid was indeed eliminated during the course of the reaction 

was confirmed by the vapour phase chromatographic examination of the mother 

liquor obtained after the removal of i. It is evident, then, that IX which 

ShoUld have been the primary product resulting from the l,3-dipolar addition 
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of the ‘carbonyl ylide’ (VIII) to N-phenylmaleimide had split off the elements 

of acetic acid spontaneously to yield X, the driving force of the reaction 

being the formation of the double bond in conjugation with the phenyl group on 

one side and the carbonyl function on the other. 

Other N-phenylmalelmides afforded similar derivatives (see Table) of the 

novel 3-oxa-7-aeablcyclo b ,3 ,O]octane system. Likewise structure XI could be 

asblgned to the product obtained by the thermolysis of 2-acetyl-2,5-diphenyl- 

%methyl- n3-1 ,3,4-oxadiazoline (II; R, = ‘SR5 ’ R2 = 5) in the presence of 

N-phenylmaleimide ana this is borne out by its molecular formula (C25~,9~03), 

infrared spectrum in nujol (similar to that of X with strong absorption at 

1765, 1710 and 1650 cm”) and NMR spectxum (8) which carries signals at 88.44 - 

7.17 ppm (multlplet corresponding to the fifteen aromatic protons), 64.68 ppm 

(one proton singlet) and 51.74 ppm (singlet corresponding to the three protons 

of the methyl group). 

“65 

XI XII 

a: FL= 
co5 

b:E=H 

XIII 

l!he thermal decomposition of VII in the presence of dimethyl acetylene- 

dicarboxylate was rather unusual. The pmduct, isolated in good yield, 

analyeed for C,9H2206 which is short of that of the expected compound (XIIa) 

by 02820. Its ultraviolet spectrum (in methanol) haa maxima at 226 7 (f I 

8,190) and 206 qm (CI 16,700) and an inflection at 218 mu (ES 8,849) and its 
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infrared spectrum (in nujol) exhibits absorptions at 3500 cm" (strong), 

i738 cm" (strong), 1706 cm" (strong), 1655 cm-' (moderate), 1288 cm" 

(strong) and 1142 cm -' (strong). The last two of the infrared absorptions, 

in conjunction with usual ester carbonyl absorptions (at 1738 and 1706 cm"), 

are indicative of the presence of a substituted maleate or a fumarate moiety 

(7) while the absorption at 3500 cm" clearly suggests the presence of a 

hydroxyl function in the molecule. This is confirmed by its NlYR spectrum 

(8) tibich carries signals at 57.77 - 7.26 ppm (multiplet corresponding to 

five aromatic protons), $3.85 ppm (three proton singlet corresponding to 

ester methyl protons), 6 3.66 ppm (three proton singlet corresponding to 

ester methyl protons), 6 3.53 ppm (singlet corresponding to one exchangeable 

proton) and 6 2.21 - 1.41 ppm (multiplet corresponding to ten alicyclic pro- 

tons). These analytical and spectral data are consistent with the hesiketal 

structure XIIb for this product. The possibility of it existing in the open 

keto form XIII seems to be remote in that such a compound might dehydrate 

readily and in that the infrared spectrum is not quite consistent with it. 

The mechanism of formation of XIIb seems, at present, to be obscure. 

The likelihood that XIIa which is first formed gets readily hydrolysed to 

XIIb was precluded by the use of anhydrous materials and strict exclusion 

of moisture during the reaction. The other attractive possibility is the 

extrusion of the elements of ketene during the decomposition of VII for which 

a mechanism can easily be envisaged. Rut attempts to trap ketene, if it is 

formed at all, with suitable reagents have thus far not been successful. 

Acknowledaement : we thank Dr. T.R. Qvindachari for his interest in 

this, problem and encouragement and Dr. S. Selvavinayekam end his associates 

for the elemental analyses and spectra. 
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