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The thermolysis of S-aryl sulfinimines is shown to generate 

1,2-disulfoxides and disulfides via initial Cope elimination, 

dimerisation of the produced sulfenic acid to a thiosulfinate, 

and subsequent disproportionation of the thiosulfinate. 

The nitrogen-carbon double bond (imine group) is a versatile 10 

moiety in synthetic organic chemistry, which is able to act as an 
electrophile, nucleophile or in concerted cycloadditions. Chiral 
sulfinimines have come to the fore as one of the most useful 
imine derivatives. Introduced over 20 years ago,1 they have found 
extensive use both in academia and industry. Their practicality is 15 

conferred by the electron-withdrawing nature of the chiral 
sulfinyl group that is also able to dictate the stereochemical 
outcome of transformations, such as the asymmetric synthesis of 
α-branched amines, allylic, homoallylic and propargylic amines, 
tertiary carbinamates, highly substituted aminoacids, 1,2 20 

aminoalcohols, 1,2 and 1,3 diamines, and aziridines among 
others.2 Herein we report a surprising thermal degradation of 
sulfinimines, which may have implications for those working 
with certain types of sulfinimine, for example in pharmaceutical 
manufacture.  25 

As part of a study to extend the scope of reactivity of sulfinimine 
derivatives, and due to our on-going interest in the synthesis of 
heterocycles,3 we started an investigation into the hetero Diels-
Alder reaction4 between crotonsulfinimine 1aa and an equimolar 
amount of ethyl vinyl ether as dienophile. Our attempts to 30 

perform the desired transformation were unsuccessful; however, 
two unexpected products were isolated that were identified as the 
disulfoxide 4a and the corresponding disulfide 3a. The reaction in 
the absence of the dienophile did not afford any change in the 
reaction overcome previously detected. Due to the previously 35 

mentioned importance of sulfinimine derivatives in industrial 
processes, and routine organic synthesis, we decided to study this 
transformation further, to assess the generality of this reaction.  
Initially, we screened different solvents and conditions observing 
clear differences in the ratio of the two products depending on the 40 

experimental procedure followed. In general, benzene proofed to 
be the best solvent and the reaction showed a clear dependence 
on the concentration.5 We next screened to determine whether 
modification of the starting material either by replacement of the 
croton unit or the p-toluensulfonyl moeity in the nitrogen would 45 

Scheme 1. Thermal degradation of sulfinimines. 
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Table 1. Thermal degradation of different sulfinimines. 
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have an effect on the generality of this transformation (Table 1). 
The observed transformation proves to be general to a range of 
sulfinimines bearing either aryl or alkyl group affording the 
above mentioned disulfoxide in moderate yields (Table 1, entries 
1-5). Furthermore, the sulfinimine bearing a mesityl group on the 5 

sulfur atom led to the corresponding mesityldisulfoxide albeit in 
lower yield, presumably due to instability of this compound in 
solution (Table 1, entry 6), whereas the corresponding tert-butyl 
substituted sulfinimine did not (Table 2, entry 7).  
Thermal degradation of sufinimines was reported by Davis et al. 10 

in 1974 for the thermolysis of N-alkylidenarenesulfinamides6 
although, based on previously reported studies,7 they proposed 
the corresponding disulfide and thiolsulfonate as reaction 
products. Davis’ pioneering work presents the formation of the 
corresponding nitrile by a Cope-type elimination, giving rise to 15 

arylsulfenic acid that undergoes dimerisation to generate a 
thiolsulfinate intermediate that then disproportionates to disulfide 
3a and thiosulfonate 2a products (Scheme 1a). Davis was able to 
trap the sulfenic acid intermediates but were unable to isolate the 
thiolsulfinate. To test whether our transformation proceeds 20 

through a mechanistic pathway similar to the one described 
previously by Davis, we carried out a series of control 
experiments (Scheme 2). 

We synthesised the thiolsulfinate 5, suggested by Davis as an 
intermediate towards the formation of thiolsulfonate 2a, and 25 

immediately submitted it to the optimised reaction conditions. In 
our hands disulfoxide 4a and disulfide 3a were given as products 
of this transformation. We also wanted to confirm the 
involvement of radical species in our transformation. To that end, 
we carried out the transformation in the presence of the radical 30 

inhibitor butylated hydroxytoluene (BHT) and observed the 
formation of compounds 3a and 4a in slightly lower yields, 
although no products of radical trapping were isolated.8 
Experiments involving amine 1’ab and ketimine 1’’ab, and the 
isolation of the non volatile 2-naphthonitrile (Table 1, entry 3), let 35 

us to propose a mechanism that implies initial formation of 
thiolsulfinate 5, via tolylsulfenic acid, through a Cope type 
elimination, in agreement with Davis seminal report.6 Then 
homolytic cleaveage of S-S bond and subsequent recombination 
of the radical pair takes place inside the solvent cage to generate 40 

the disulfoxide and its reduced counterpart9 (Scheme 3). 

1,2-Disulfoxides have been broadly studied due to their 
involvement as intermediates in important biological processes10 
and their use as ligands in metal catalysed transformations.11 1,2-
Disulfoxides have been characterised as unstable, non isolable 45 

compounds that tend to isomerise to the corresponding 
thiolsulfonate.121 Hitherto, only cyclic 1,2-disulfoxides have been 
isolated and their structure studied by X-Ray analysis.13 (Figure 
1).  

At this point we turned our attention towards the study of the 50 

structure of the isolated disulfoxide. Attending to the 
spectroscopic data, 1,2-disulfoxide is isolated from our reaction 
conditions as a stochastic mixture of diastereomers. Racemic C2 
symmetric disulfoxide, (R,R)-4a (and its antipode), and the meso 
compound were identified by 1H-NMR and 13C-NMR 55 

spectroscopy. Isolation of suitable crystals allowed us to perform 
X-Ray diffraction analysis although just the meso compound 
afforded crystals suitable for the above mentioned analysis 
(Figure 2). For comparative purposes, already known disulfide 3a 

Figure 1. Previously isolated disulfoxides. In brackets S-S bond 
length in Å. 

Figure 2. X-Ray structures of disulfoxide 4a and 4b. 
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Scheme 2. Control experiments. 

Scheme 3. Proposed mechanism of diulfoxide 
formation. 
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was crystallised and analysed under the same conditions.13  
The compound meso-4a has a bond length between the sulfur 
atoms of 2.110 Å, the sulfur oxygen bond is 1.261 Å with a O-S-
S-O dihedral angle of 180º to minimise dipole repulsion. 
Comparing to related disulfoxides, disulfoxide 4a presents a 5 

shorter bond distance between sulfur atoms that could explain the 
unusual stability observed for our compound. Calculations 
previously reported on similar substrates predicted the same 
spatial disposition in order to minimise the dipole-dipole 
interaction together with a bond length for the S-S bond of 2.30 10 

Å.  
As previously observed for disulfoxide 4a, although 4b was 
isolated as a mixture of rac-(R,R)-4b and meso 4b, only the non 
chiral molecule afford crystals suitable for X-Ray analysis. 
Compared to the analogous 4a, the more electron rich disulfoxide 15 

4b bears a longer sulfur-sulfur bond length of 2.128 Å and a 
sulfur-oxygen atom distance of 1.392 Å. The longer sulfur-sulfur 
distance could be explained by the lower electron withdrawing 
effect of mesityl group, compared to tolyl, on the sulfur atom and 
could also be an explanation for the lower stability in solution 20 

noticed for this compound. Furthermore, the two oxygen atoms in 
the molecule display an antiplanar disposition in order to 
minimise dipole-dipole repulsion (O-S-S-O dihedral angle of 
180º). Our results show again that such instability was 
overestimated and vicinal disulfoxides are the actual compound 25 

obtained, together with disulfide and the corresponding nitrile, on 
the thermal decomposition of sulfinimines. 

Conclusions 

We have unambiguously confirmed the structure of the products 
obtained from the thermolysis of sulfinimines as vicinal 30 

sulfoxides. Furthermore the isolation and characterisation of these 
novel species opens the door to studies of the reactivity of these 
structures and the design and synthesis of new ligands for 
transition metals. Studies along these lines are ongoing in our 
laboratories. 35 
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