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Hydrolysis of the cycloaddition product derived from tosyl 
cyanide and cyclopentadiene was investigated using 1 8 0  
label incorporation experiments; thus, sulfonyl imine 2 was 
transformed into 1 8 0  labelled lactam 3 with 1 8 0  labelled 
acetic acid, which is consistent with the intervention of 
intermediate 6 during the hydrolysis. 

Nitriles have been used as reactive dienophiles for a wide range 
of hetero-Diels-Alder reactions. 1 In particular, tosyl cyanide 1 
has been useful for the construction of several pyridine and 
hydropyridine analogues.2.3 This includes reaction with cyclo- 
pentadiene [eqn. (l)] to give 2-azabicyclo[2.2.l]hept-5-en- 
3-one (y-lactam 3) after hydrolysis of the initially formed 
cycloadduct 2.4 Recently, lactam 3 has become important for 
the synthesis of several carbocyclic nucleosides based upon 
derivatives of 4.3b-5 
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As part of a program examining new methods for the 
asymmetric control of hetero-Diels-Alder reactions, we exam- 
ined the reaction of tosyl cyanide 1 and cyclopentadiene in the 
presence of various Lewis-acid catalysts.6 The yields obtained 
of lactam 3 from these reactions were highly dependant upon 
the work-up conditions employed. A study was therefore 
undertaken to ascertain exactly what mechanism was operative 
in the conversion of 2 to 3, since this clearly would be relevant 
not only to system 2, but to other sulfonyl cyanide cycloadducts. 
Here we report the probable mechanism for the conversion of 2 
to 3, as determined by use of 1 8 0  labelling experiments. 

The accepted mechanism for the conversion of 2 to 3 involves 
the addition of water across the sulfonyl imine function of 2 in 
the presence of acetic acid, to give tetrahedral intermediate 5,  
which might be expected to cleave at the C-N bond to relieve 
ring strain. However, if structure 5 intervenes in the hydrolysis 
of 2, subsequent collapse would involve expulsion of tolyl 
sulfinic acid to afford lactam 33b (Scheme 1). It was assumed 
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Scheme 1 

therefore that the effect of the acetic acid was purely to 
protonate imine 2, i.e. to catalyse addition of water across the 
imine function (affording 5). 

In contrast, several attempts to hydrolyse adduct 2 (directly 
from the reaction mixture of tosyl cyanide 1 and cyclopenta- 
diene) with water alone or in the presence of base (NaOH) were 
unsuccessful. However, addition of acetic acid36 results in rapid 
and clean conversion of 2 to 3, whether in the presence or 
absence of water. 

To probe this matter further, hydrolysis of adduct 2 was 
carried out both with acetic acid in 1 8 0  labelled water and with 
1 8 0  labelled acetic acid alone in CDC13. It was found to our 
surprise that the 1 8 0  label was not incorporated in lactam 3 
using acetic acid in 1 8 0  labelled water, but was incorporated7 
into the carbonyl group of lactam 3 using the 1 8 0  labelled acetic 
acid in CDC13 (Scheme 2). The insoluble byproduct from the 
reaction was removed by filtration and identified by mass 
spectrometry as a mixture of acetyl tolyl sulfinate 7 and an 
addition product of 7 with cyclopentadiene, probably possess- 
ing structure 8 .8  This was not our expectation, since the 
byproduct originally rep0rted3~ for this reaction was tosyl tolyl 
sulfinate 9; however this was not unambiguously charac- 
terised. 

None of the experiments carried out in these laboratories 
have resulted in the isolation of 9 to date. Indeed, hydrolysis of 
the crude filtrate, i.e. a mixture of 7 and 8, results in the sole 
isolation of compound 10.9 Whilst it is possible that 10 results 
from 9 by disproportionation, it is perhaps more likely that it 
derives directly from tolyl sulfinic acid9 after hydrolysis of 
product 7. 

Overall, these results may be interpreted as outlined in 
Scheme 2, i.e. electron deficient imine 2 reacts rapidly with 
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acetic acid to give a transientt tetrahedral intermediate 6. 
Elimination of acetoxy tolyl sulfinate 7 provides lactam 3. The 
lactam 3 is therefore produced because of the unusual properties 
of sulfur; being able to readily reduce from Svl to SIv, as 
demonstrated by the elimination of 7 from intermediate 6 
(Scheme 2). 

We thank the EPSRC for a studentship to (P. M.) and 
Chiroscience for additional funding. 

Footnote 
7 Acetic acid adduct 6 can not be observed by NMR. Addition of acetic acid 
to 2 results in immediate conversion to 3. 
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