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A PERSISTENT 1,4-BENZOTHIAZINYL RADICAL 
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Abstract. ESR characterisation of a "capto-dative" stabilised 'i,4_benzothiazi- 

nyl radical is reported. 

Oxidation of phenothiazines by various oxidising systems has been exten- 

sively studied and the cation and the neutral radicals involved in such pro- 

cesses have been characterised by ESR spectroscopy 
1-4 . Analogous species from 

1,4-benzothiazines, which are expected to be less stable owing to the reduced 

extent of conjugation in the n-system, have not been detected so far. However, 

some of us have previously invoked a benzothiazinyl radical to explain the beha- 

viour of differently substituted benzothiazines on autoxidation 5,6 . 

In the present report we give ESR evidence for the spontaneous formation 

of a persistent neutral radical $I& from the 2,3-dimethoxycarbonyl-4H-1,4-benzo- 
7 

thiazine I . ?r 

Solution of & in CHC13, immediately after preparation, gave an ESR spectrum 

consisting of a broad 1:l:l triplet due to the nitrogen splitting (a=4.90G). 

This resonance gradually became more intense and at the same time each triplet 

component exhibited a complex hyperfine structure. The spectrum of Figure ll 

was recorded after ca. 2 hours and remained unchanged for a very long time 

(several days). Analysis of this spectrum, reported below, appears straight- 

forward for radical II. However, 
%% further unequivocal support to such an iden- 

tification was successfully achieved upon generating the suspected radical by 

methods which have been found to afford neutral radicals from related systems 2,3 . 

Thus, when & was treated in vacuum with dimethyl sulfoxide-acetic anhydride 

or with a benzene solution of diphenylpicrylhydrazyl (DPPH), spectra similar 

to 1% were obtained. 

The complex hyperfine structure of spectrum Q was analysed with the aid 

of the simpler resonance observed in CBCl 3 from the corresponding perdeutero- 
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a) 

b) 

Figure 1. ESR spectrum of radical ;&: (a) observed; (b) simulated with 

a line-width of 0.21G. 

dimethoxy derivative8 wherein three proton coupling constants are easily measu- 

red besides the nitrogen splitting: 1.80, 1.18 and 0.3G. An excellent computer 

simulation (Figure lb) of spectrum le was therefore obtained on the basis of 

the following hyperfine splitting constants: aN=4.87, ah=0 28 , 

az=0.12, 
H 

aE=1.80, ay=1.19, 8 . 

aCH =0.41G (quartet). The methyl coupling can be undoubtedly assigned 

to the carbox?ethoxy at C-2 which is the only capable of conjugatively partici- 

pating in the unpaired electron delocalisation. 

Proton-assignments are consistent with spin densities calculated by the 

XcLachlan' modification of the HMO method. The parameters we have utilised for 

the nitrogen and the sulfur are those suggested by Gilbert et ~1.' for the 

phenothiazinyl radical: hN=0.8, kCN=l.O; hS=1.25, kCS=0.57. As far as the carbo- 
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methoxy groups are concerned, parametrisation has been made by analogy with 

the radical anion of dimethyl phthalate 
10 : h6=1.5, kC=G=1.6; h0=2.0, kC_G=0.8. 

Furthermore, according to this model, the resonance integral of the ring-carbo- 

methoxy bond was assumed to be kCC,=Bcos't3, where 0 is the angle by which each 

ester group would be twisted with respect to the heterocyclic nucleus as a con- 

sequence of the steric hindrance exerted by the adjacent substituent. While the 

carbomethoxy at C-2, contributing to the hyperfine pattern, was assumed to be 

cooplanar (e=O") with the rest of the molecule, different values of 8 were tes- 

ted for the carbomethoxy at C-3. The results which best match the experimental 

data, reported in the Table, were obtained for 0=90", that is for the carbome- 

thoxy at C-3 not contributing to the n-system. 

Table. Calculated and Experimental Spin Densities 
for Radical II. %?i 

position 
a 

Pcalcd Pexptl 

2 0.334 

4 0.306 0.295 

5 0.071 0.067 

6 -0.014 (-)0.004 

7 0.067 0.044 

8 -0.020 (-)O.OlO 

a) Calculated from experimental coupling constants 

using the following Q-values': QH=-27, QN=16.5G. 

Compared to the phenothiazinyl radical', the species &;E. shows smaller aro- 

matic protons and nitrogen splitting constants and a larger g-value (2.0062). 

These trends are in agreement with the fact that, in the radical ;E&, a consi- 

derable fraction of the spin density is localised on the C-2 (see Table) bea- 

ring a carbomethoxy substituent. In terms of valence bond structures, this 

situation is conveniently interpreted by the limiting stfucture I$+ where the 

stabilising effect due to a "capto-dative" substitution of the radical centre 

appears particularly evident. 
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