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cordingly, we synthesized diazo compound 3 from the 
appropriate pyruvate and studied its decomposition. 
In this case the anticipated products of intramolecular 
reaction were l-carbomethoxycyclobutene (4) and 
methyl propiolate, the former produce by ring ex
pansion and the latter by fragmentation. 

The direct irradiation of 3 in benzene gave 67 % 4 and 
18% methyl propiolate. A benzophenone sensitized 
decomposition under the same conditions reduced the 
amounts of products to 14% 4 and 16% propiolate. 
Cyclobutene 4, however, is rapidly polymerized on sen
sitized irradiation in benzene (but not by unsensitized), 
and the yield of 4 is a minimum value. In isobutylene 
solvent direct irradiation gave 3% propiolate, 20% 4, 
and 8.5 % of an adduct 5. When the decomposition in 
isobutylene was sensitized with benzophenone, the 
yield of 5 increased to 33 %, propiolate was unchanged, 
and the yield of 4 fell to 11 % (again this is a minimum 
value). Thus, intermolecular reaction can be increased, 
but the intramolecular reactions cannot be as efficiently 
suppressed as in the case of 1. 
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In summary, we have shown that intramolecular 
reactions of alkylcarbomethoxycarbenes can be reduced 
by generation of the triplet state and that this reduction 
is less efficient when the model free radical reactions are 
efficient ones. 
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Photolysis of ./V-Methyl-2-pyrro]idone 

Sir: 
The photochemistry of carbonyl compounds, espe

cially ketones and aldehydes, has been the subject of 
intensive investigation for some time. 1^ One of the 
areas that has received relatively little attention is the 
photochemistry of lactams and, while there have been 
studies carried out on the solution photochemistry of 
several N-phenyl derivatives,34 the vapor-phase photo
chemistry of simple lactams has been neglected. 
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We initiated our work on lactams by studying the 
vapor-phase photodecomposition of N-methylpyrrol-
idone (1). This molecule was a particularly attractive 
candidate since the photochemistry of cyclopentanone, 
which we intended to use as a model system, had been 
studied in great detail.6'6 

Irradiation7 of 1 (Hg sensitized) led, in addition to 
extensive polymer formation, to the products listed 
below. 
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The mechanism of formation of most of these products 
is clearly analogous to the cyclopentanone case in
volving either a stepwise8 (via 2) or concerted9 loss of 
carbon monoxide to give diradical 3.10 This species 
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could either cleave to ethylene and jV-methylimine, 
isolated and characterized as its known trimer 1,3,5-
trimethylhexahydro-s-triazene (7), or close to afford the 
azetedine 4. Alternatively, 5 and 6 might arise from a 
thermal reaction of "hot" 4.5 A decision could be 
arrived at on the basis of the results from photolysis of 
la.11 If cleavage of 3a were the major process oc
curring, 5a and 6 (isolated as 7) should be obtained. 
However, if 4a was an important intermediate a mixture 
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of 5, 5a, 6, and 6a isolated as 7 and 7a was expected; 
i.e., 4a has two equivalent cleavage pathways: A, 
which would lead to 5a and 6, and B, which would lead 
to 5 and 6a. 

An infrared spectrum of the ethylene obtained on ir
radiation of la showed absorptions at 3017, 2230, 1585, 
1384, 943, and 751 cm-1, identical with those reported12 

for 5a. In addition, the nmr spectrum of the s-triazene 
obtained was identical with that of 7 indicating that 
there was no deuterium incorporation. Clearly, under 
these experimental conditions 4 is not an important 
intermediate to the formation of 5 and 6. 

Of particular interest is jV-methylpyrrole (13) forma
tion which formally corresponds to dehydration of 1. 
vV-Pbenylpyrrole (13b) has been reported3 as the sole 
product isolated from irradiation of 8b in solution but 
its mode of formation was not commented on. The 
close analogy to the photochemistry of cyclopentanone, 
which affords 4-pentenal as a major product, led us to 
speculate on the absence and possible fate of the ni
trogen analog of this material, 10, in the present case. 
In fact, the route 10 -»• 13 appeared to be an attractive 
one for the formation of pyrrole. 

Photolysis of material labeled in the 5 position pro
vided a critical test for the intermediacy of 10 since this 
mechanistic scheme requires deuterium transfer (in 8a 
or 8c) from C5 to C>. Subsequent dark steps would re
sult in a,a '-labeled pyrroles 13a or 13c. 
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The nmr spectrum of the volatile condensate ob
tained on direct irradiation of 8a13 showed the expected 
resonances at r 6.59 (NCH3) and 4.05 (j3 H) but the 
resonance at r 3.65 present in the spectrum of 13 (a H) 
was absent. Similarly, the spectrum of the JV-phenyl-
pyrrole isolated from irradiation of 8c in 2-propanol 
showed resonances at r 2.72 (C6H5) and 3.85 (/3 H). 
These data are only consistent with the formation of 
13a and 13c from 8a and 8c, respectively, and clearly 
demonstrate the intermediacy of 10 in the formation of 
13. 

The vapor-phase photochemistry of JV*-meth.yl-2-
pyrrolidone, at least with respect to product formation, 
is strikingly similar to that of cyclopentanone. 

(12) W. J. Lehman, / . MoI. Spectrosc, 7, 3 (1961). 
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ing amine and butyrolactone-<M-c?2 (prepared by LiAlD1 reduction of 
succinic anhydride14) in sealed tubes. 
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Whether this close analogy holds for the quantitative 
aspects of this reaction is a question which must await 
the results of further studies. 
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Reactivity of Tricarbonyl(diene)iron Compounds 
toward Electrophiles and Charge Distribution in 
Tricarbonyl(7r-allyl)iron Cations 

Sir: 

Tricarbonyl(diene)iron compounds undergo facile 
Friedel-Crafts acylation to give cis- and trans-tricar-
bonyl(dienone)iron compounds.1-3 Acetylation of tri-
carbonyl(butadiene)iron (1) was shown to proceed via 
the isolable ionic intermediate 2.2a Lack of substi
tution at internal diene carbons is attributable to the 
relative instability of the requisite tricarbonyl(7r-ho-
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moallyl)iron cation intermediate.2 '4 Rate-determining 
electrophilic attack of the methyloxocarbonium tetra-
chloroaluminate ion pair5 should proceed via a transi
tion state which resembles a tricarbonyl(ir-allyl)iron 
cation.6 Substituent effects on electrophilic reac
tivity of the diene complexes7 would provide a basis for 
determining charge distribution in tricarbonyl(7r-allyl)-
iron cations and for evaluating the general synthetic 
utility of the acylation reaction. 

We have assessed the relative reactivity in acylation of 
several substituted diene complexes by allowing each to 
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