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S-ary. Methylketene was identified during the pyrolysis of acetone, and 

proved to be much more reactive than ketene : METHYL-$-LACTAMS were the 

dominant cycloaddition products when imines are reacted with the pyrolysis 

gas of acetone at ROOM TEMPERATURE. 

In an attempt to synthesize analogues of clavulanic acid 1 (l), a custom- 

built "ketene lamp" was used in order to produce ketene during the pyrolysis 

of acetone (2,3). The pyrolysis gas was then reacted in a second vessel with 

imine derivatives like benzylidene aniline 2 and diazepine 5 (2). The corres- 

ponding azetidinones 2 and 2 were obtained, but rather unexpectedly, the 

major cycloaddition products proved to be the METHYL-AZETIDINONES 4 and 1 

respectively. hzetidinone 4 was a known R-lactam (4) having the right H-3/H-4 

coupling constant in its NMR spectrum (J-2.5 Hz). As to the structure of z, 

it could easily be deduced from its IR [(CHC13) v (C=O) 17701 and from its 

'H NMR spectrum (5) [(CDCl3) 6 1.40 (CH3 at C-8 ; d; J-7.5 Hz), 2.66 (H-8;qd; 

Jx2.0 and 7.5 Hz), 4.1 (H-7; m)]. Furthermore azetidinone z could be obtai- 

ned independently by letting react diazepine 5 with propionic acid chloride - 

in the presence of triethylamine (albeit in 18% yield only). 

If 
ml 

N\ 
Ph 

602Et 

s 

Pyrolysis gas 

of acetork 

Ph 

r”Y 

o4+h\ 
B 

Ph 

Pyrolysis Gus 

of acetone 

Me 

4 

+ 

Ph 



4504 

To our best knowledge the formation of methyl-azetidinones has not been des- 

cribed so far when the pyrolysis gas of acetone was reacted with imine deri- 

ratives (6). Staudinger synthesized the non-methylated azetidinone 3 by this 

method and did not isolate the corresponding methyl-$-lactam 4 (7); it should 

be noted however that, benzilidene aniline 2 had been heated up to 200°. In 

our experiment the pyrolysis gas of acetone was flushed through a melt of 2 - 

kept at 54’. With these latter experimental conditions we obtained a 4/3 -- 
ratio of 1.5 (overall yield : 25 $). Furthermore when the pyrolysis gas of 

acetone was introduced into a hexane solution of diazepine l, the ratio of 

the two azetidinones ui was 2.6 (overall yield 88%) at room temperature and 

0.45 (overall yield 87%) at 55’. Results obtained with other diazepines at 

various temperatures led to similar results : non methylated azetidinones 

were the major products at higher temperatures, whereas the methylated azeti- 

ninones became the predominant ones when the temperatures were lowered. 

Eventually when Staudinger's experiment was reproduced B 200° azetidinone 3 

was obtained almost exclusively, 4 being formed only in trace amounts as 

determined by RPLC (8). 

The question then arises as to the origin of the methyl group in 4 and in 2, 

The four-carbon atom diketene was a most unlikely precursor. Indeed reaction 

of diketene with diazepine _I. in the presence oftriethylamine at 20° gave 

oxazinone 8 (60% yield) as the only detectable adduct (9,10). Furthermore the 

pyrolysis gas of diketene, when reacted with diazepine 5 gave only the non- 

methylated B-lactam 3. The most likely candidate was methyl-ketene. This was 

indeed the case and shown as follows. The pyrolysis gas of acetone was 

flushed into a CH2C12 solution of aniline which is known to react quickly 

and quantitatively with any ketene (II). It turned out that only acetanilide 

was formed at the beginning of the pyrolysis. After two hours though propio- 

nanilide was detected by HPLC, the relative amounts of acetanilide and of 

propionanilide being 99.6 $ and 0.4 k. 

How could only trace amounts of methylketene lead to the formation of 

the predominant methyl-$-lactams when reacted with imines at the lower tempe- 

ratures and which product is the precursor of methylketene ? 

Butanone proved to be the answer to the second question : i) butanone 

was detected by HPLC, in the refluxing acetone; it was separated from acetone 

by distillation and thence characterized; HPLC showed that the concentration 

of butanone built up with time; ii) pyrolysis of pure butanone by means of 

our ketene lamp, followed by trapping of the pyrolysis gas with aniline, led 



to a 7/3 mixture of acetanilide and of propionanilide (12);iii) when the 

pyrolysis gas of butanone was reacted with 2 at 213~ as above,ONLY THE 

p-LACTAM-ADDUCT 2 was formed (yield : 81%) (13). This last experiment gives 

already part of the answer to the first question which we $i.sed above : 

AT ROOM TEMPERATURE METHYLKETENE REACTS AT A MUCH PASTER RATE WITH IMINES 

THAN KETENE DOES. This conclusion could be corroborated by the experiment 

depicted in SCHEME 1 : the pyrolysis gas of butanone, after condensation of 

SCHEME 1 

,the remaining butanone in the ice-trap, was flushed through reaction vessel 

B containing- a hexane solution of an imine at room temperature and thence 

through reaction vessel 2 which contained a CHzClz solution of aniline. It 

turned out that methyl-B-lactams were formed in vessel B only whereas vessel 

C contained acetanilide but no propionanilide. Obviously methylketene 

reacted to completion in vessel B whereas ketene did not. - - 

The radical chain fragmentation patterns of acetone leading to ketene 

are known (6) 0 

CH3- t! - CH3 
A 

CO + 2 tH3 

0 

CH3-LCH3CFH3 - 
Q 

CH3 - c -cti2+ CH4 

:: 
CH3 - C - CH; - CM2 =C ==O + kH3 

We conclude that methyl-ketene is formed in trace amounts as a result, 

i) of a chain terminating step, i.e. recombination of an acetone radical 

and of a methyl radical, and ii) of a hydrogen abstraction followed by a 

fragmentatio6 according to the mechanistic scheme depicted below : 

CH3 - : - CH; + l CH3 
B 

CH3 -C-CH2-CH3 

P 
0 

CH3 - C - CH2- CH3+kH3 - CH3-8 - $H - CH3 + CH4 

CH3 - E - ;H - CH3 - CH3- CH = C=O +tH, 
At room temperature methyl-ketenc is enormously more reactive than 

ketene with imines. When the temperature of these two-step cycloaddition 
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reactions is raised, 

ketene diminishes. 

the difference in reactivity between methyl-ketene and 

Although type g zwitterionic intermediates are usually postulated to 

occur on the reaction pathway leading from imines to the corresponding 

azetidinones (14), we tend to conclude from our experiments that the methyl- 

E-lactams are formed via a type A diradical intermediate whose stability and 

therefore reactivity should be greatly enhanced when compared with those 

of _B* (15). 
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