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Abstract: The formation of 1,3dimethylquinol-2-one (6a) by reaction of N-methyl-N-phenyl-Zoxopropana- 
mide (la) with diethyl (diazomethyl)phosphonate (2), an apparent C-H insertion by an alkylidenecarbene, is 
shown to involve a stepwise rather than a concerted reaction pathway. 

We earlier reported maction of N-methyl-N-phenyl-2-oxopropanamide (la) and diethyl (diazomethyl) 

phosphonate (2, DAMP) in acetonitrile as a novel method for the preparation of cyclohepta[b]pyrrol-2-one (3a).3 

We have now found that rebetition of the reaction, but with methanol as solvent, yields 3a accompanied by N- 

methylaniline (probably derived by alcohol.ysis of la), pyrrolone 4a and butynamide Sa (cql). The latter two 

compounds are products characteristic of reaction of 2 with N, N- dialkylpropanamides in acetonitrile as solvent.4 

Unexpectedly, 1,3-dimethylquinol-2-one (6a) is also produced in modest yield, and the mechanism of its forma- 

don is the subject of this communication. 
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The alkylidenecarbene 7a, two conformations of which are shown in Scheme 1, is a key transient inter- 

mediate anticipated5 to be generated under our reaction conditions, and products 3-6 are all derivable from it, as 

indicated in the scheme. Conversion of 7a to 6a is fortnulfy the result of an intramolecular 1,6-insertion of the 

carbenic center into an aromatic C-H bond (path a, Scheme 1). However, formulation of this step as a concerred 

process begs precedent. To the extent that aliphtic systems can serve as models for the present system, it is 

known that reaction conditions like those leading to 6a give 1,s C-H insertion products, to the exclusion of the 

analogous 1,6 process.6 Moreover yields of products from the 1,5 mode of reaction in aliphatic systems are 

inversely related to the dissociation energy of the C-H bond undergoing insertionPd Assuming that I,6 C-H 

insertion reactions, were they to occur at all, would show the same trend, the high (103 kcal/mola) bond dissocia- 

tion energy of an aromatic C-H bond would militate against such a process since 10 aliphatic C-H bonds, with 

their lower bond dissociation energies of cu. 98 kcal/mol.a are unreactive to alkylidenecarbenes under our 

conditions. 
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Alternative mechanisms for the generation of 6a were therefore considered. In the most attractive of 

these, we posit a stepwise sequence that passes through the zwitterlonic intermediate Sa (Scheme 1). This 

zwitterion might arise directly from interaction between the electmphilic~ carbene 7a and the aromatic ring (path b) 

or indirectly by heterolytic cleavage of the norcaradiene. 9a, that could result from intramolecular [2+1]- 

cycloaddition of 7a to the ring (path c). lo 
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Scheme 1. Maohuristk Pathway to Rationalize Products from Reactkn ot 1 and 2. 

Evidence for a stepwise mechanism was sought by careful examination of the reaction between la and 2 

in aprotic media. Formation of quinolone 6a necessitates a proton transfer from the postulated zwitterion I3a, and 

its yield should be diminished in aprotic solvents, owing to a lowered efficiency of the key prototropic step(s) 

(Scheme 1, path b); presumably, the yield of 3a would increase as a consequence.11 Indeed, when the reaction 

was performed in THF or acctonitrile the yield of 6a decreased to 2% and 0%,12 respectively, and that of 3a 

incmased czmmmitsntly (Table 1). 

Compound 

3 

4 

5 

6 

N-Methyl- 
aniline 

MeOHa THFa MeCNb 

53 64 82 

14 8 - 

10 9 - 

20 2 - 

5 15 - 

aIsolated yield (%) based on amount of 1 consumed by reaction with 2. 

bIsolated yield (?6) based on recovered starting material. 

Table 1. Product Distribution as Function of Solvent. 



4729 

More compelling evidence for a stepwise mechanism was obtained from the reaction of DAMP (2) with N- 

methyl-N-(2,4.6-trideuteriophenyl)-2-oxopropanamide (lb). If quinolone 6 were formed by concerted 1,6 C-H 

insertion of the alkylidenecarbene (Scheme I, path a), trideuterhdted product 6b would result. Were solvent- 

assisted proton transfer obligatory to the formation of 6 (Scheme 1, path b), however, one deuterium atom would 

potentially be lost to bulk solvent and 6c would result. 

Experimentally, reaction between 1 b and DAMP in methanol afforded the same spectrum of products as 

those derived from la (eq. l).t3 Analysis of the appropriate spectral data (mass; t H- and t3C-NMR) showed that 

the level of deuteriation of compounds 3b-5b matched that of the starting propanamide lb. This result was 

consistent with the outcome of a prior control experiment that proved that base-catalyzed H-D exchange in la 

involved only the acetyl methyl group. 16 Jt also precluded such exchange in any of the precursors. e.g., 9b, of 

these products. 

In contrast, the data obtained for the quinolinone that was isolated dictated its assignment as 6c. Analysis 

by mass spectmmetry proved that this product contained only nyo deuterium atoms, and their location at C-6 and 

C-8 was signalled by its t3C-NIMR specmtm, wherein resonances for these carbon atoms appeared as triplets (tJ 

C,D = 28.0 and 26.0 Hz, respectively). The presence of protium at C-4 was evident from both t H- and *SC-NMR 

spectral data.17 The results of a control experiment demonstrated that 6c did rrotot undergo H-D exchange under 

the reaction conditions, thus ensuring that the presence of protium at C-4 was nor the result of selective exchange 

phenomena. 

The complete loss of one deutetium atom in the conversion of 1 b to 6c clearly cannot be reconciled with a 

concerted insertion reaction. Conversely, the results observed are entirely consistent with a stepwise sequence by 

way of the zwitterionic intermediate 8. 18 The loss of deuterium, as noted earlier, would occur during the collapse 

of 8b to 6c (Scheme 1, path b). 

The details of this final stage of the mechanism are presently unclear. It is conceivable that the process 

represents an example of a “conducted tour” of a proton, wherein a single methanol molecule abstracts a hydrogen 

(deuterium) atom from C-5 of 8 in concert with delivery of its original proton to C-4 of the zwitterion. 

Stereoelectronic considerations make synchroneity of such a process highly improbable, yet the complete absence 

of any deuterium label at C-4 of 6b would seem to require precisely this if a conducted tour is operative. A more 

probable scenario, in our opinion, is delivery of protium and abstraction of deuterium by different solvent 

molecules.t9+2u 
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