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EXPERIMENTAL TEST OF AN ALTERNATIVE HYPOTHESIS FOR ISOTOPE-POSITION 

SCRAMBLING IN THE PHOTOCHEMICAL WOLFF REARRANGEMENT OF AZIBENZIL 

Michael A. Blaustein and Jerome A. Berson* 

Department of Chemistry, Yale University, Box 6666, 

New Haven, Connecticut 06511 

Photolysis of azibenzil- 13C0 in methanol gives partially scrambled methyl 
diphenylacetate and unscrambled recovered azibenzil. 

The photochemical (and occasionally, the thermal) Wolff rearrangement of an 

appropriately labeled e-diazoketone (l) gives a ketene (2) (or a product derived 

from a ketene) in which part of the label is at C-l and Tart at C-2. This scram- 

bling has been attributed to reversible formation of an oxirene intermediate (3_), 

either from the a-ketocarbene (4) or directly during deazetation of ll,'. A 
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further position-marking experiment that implicates an oxirene intermediate is 

the observation3 that gas-phase photolysis of "CI12=C=0 gives some "CO. More- 

over, an ab initio SCF MO calculation using a double zeta basis set shows that -..p 
oxirene (2, R=H) is protected by a barrier of 7.3 kcal/mole from rearrangement 

to formylcarbene (A, R=H)', which suggests that oxirene should suffer thermal de- 

composition only slowly (tl,2 Q 20 min.), even at temperatures as high as lOOK. 

It is therefore remarkable that the literature does not contain any direct spec- 

troscopic observations of oxirenes, despite efforts in several laboratories to 

create such species at cryogenic temperatures in matrix isolation. 

The present paper reports a test of an alternative hypothesis for position- 

scrambling in the product of photolysis of an e-diazoketone, azibenzil (5)5. 

Structural equivalence of the carbonyl and diazo carbons might be achiev:d by 

formation of the bicyclic intermediate (A), which could be imagined to result 

from an intramolecular 1,3-dipolar addition of the diazoalkane function to the 

carbonyl group (Scheme I). This species might produce diphenylketene without 

passing through oxirene. 

direct deazetation ofJ, 

If irreversible formation of2 were competitive with 

the labeling experiment would not distinguish this 
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mechanism from one involving diphenyloxirene, However, if the reaction S&6 
N-U 

were reversible, partially scrambled starting material would be formed. 

Scheme I 
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Azibenzil-13C06, 15% isotopically enriched, was thermally decomposed in 

bailing methanol to give specifically labeled methyl diphenylacetate-l-‘3Cg). 

The location of the label was determined with the Hewlett-Packard Model 5985 sys- 

tem by chemical ionization mass spectrometric observation of the intensities of 

the (C6Hs) 2CH+(167) and [C6H5) 2 ‘3CHc(168) fragment ions compared to those of un- 

labeled compound 8. This result agrees with the previous report6that little or 

no scrambling occyrs in the thermal Wolff rearrangement of azibenzil at 65”. 

Photolysis of azibenzil-13C, 90% enriched, in methanol solution was effec- 

ted by irradiation at 2537i. The course of the reaction was monitored by UV 

spectrophotometry of the azibenzil (~~~~~=6200). Aliquots of the reaction mix- 

ture consisting of methyl diphenylacetate and recovered azibenzil were concen- 

trated and treated in ether solution with zinc and acetic acid to convert the 
azibenzil to desoxybenzoin (9). 

h 
The resulting mixture ofAand&was analyzed 
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by gas chromatography-CI-MS using a 2% Carbowax 20M column. The overall 13C con- 

tent of product $, as measured by the relative intensities of the MS peaks of 

m/e 227 and 228, was 9O%, corresponding to that of the starting material. The 
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location of the label, determined as before, showed extensive scrambling in the 

Wolff rearrangement product, 8. It was easy to obtain misleading values for the 

amount of scrambling unless tye temperature was carefully controlled during pho- 

tolysis, because any thermal decomposition would lead to unscrambled 8. This 

artifact manifested itself as a steady growth in the observed percent of scram- 

bling with larger % conversions in runs at 35’ or even at 15-20°C. Apparently, 

at low conversions, the product was made up of a larger fraction of thermally 

derived , unscrambled material. When the photolysis was carried out at S-10’, 

however, the % scrambling was invariant with % conversion: conversions of 6.6, 

22, 31, 47, and 60% gave, respectively, scramblings [2(%2-2-13C)] of 36.2, 41.9, 

39.1, 41.0, and 43.2%. The experimental error in the % scramblings was estima- 

ted to be +4% absolute. 

The distribution of the label in the desoxybenzoin (L), corresponding to 

that in recovered starting material (S), was determined from the intensities of 

the m/e C6H5CH+(90) and C6H513 CH+(91)-fragment ion peaks. Control experiments 

showed that desoxybenzoin-90%-‘3 CO gave a mass spectrum indicative of 8% scram- 

bling of the label. That this scrambling probably occurred in the mass spectro- 

meter was suggested by the observation that the scrambling of desoxybenzoin-90%- 

‘3CO-70%-a-d2 was only 4%. The isotope effect kH/kI, 2 2.8 for the scrambling. 

Analysis of the desoxybenzoin samples derived from azibenzil-13C recovered 

from photolysis showed only 8% scrambling of the label, essentially all of which 

was accounted for by the mass spectral scrambling just described. Thus, no addi- 

tional chemical scrambling of azibenzil occurred during photolysis. 

We conclude that any actual or time-averaged symmetrical species (including 

hut not limited tok) that is formed in the photolysis ofA (Scheme I) does not 

revert to2 at a rate competitive with its rearrangement to diphenyl ketened. 

An oxirene (3, R=Ph) therefore remains the most economical explanation for the 

observed scrymbling of the label in the photolysis ofL7. 
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