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PPIOTOLYSIS OF 1,3,2,4-Dl'IWADIAZOLYL R e  RADICALS AND THEIR 
CONCERTED PWOTOCHEMC 
TO 1.2.3,5-DR€lUMAZOLYL 
S AND N ATOMS 

NEIL B W O R D ,  JACK PASSMORE. AND XlAOPlNG SUN 
Departmem of Chemistry, University of New Brunswick, Fredericton. New 
Brunswick. Canada. E3B 6E2. 

Absm 1,3,2,4ditlhTiamIyl R e  radiis undergo two pbtochernii processes, 
i.e. the unimolecular - i n  to RCN and SNS'; and dime* rearrangement to 1,2,3.5- 
dithiadiszolyl Rt!sm. 

SNS' undergoes cyclditions wifh various nitriles to give 6r 1,3,2.4-dithiadiazolium R-+. 
which on reduction give 7r  1,3,2,4dithk&ilyl R e  radicals. Several pure R e  
(R-CH,, Bu', Ph, p-02NC&I,) have been isolatedlJ. However, we have feud that for a variety of 

stable 1,2,3.5-dibriadiazolyl R-N' by the net exchange of two adjaceat S and N atom. Several 
R m '  (R-But, CF3, Ph, 3,5-(0&CJ13) were pqxued m essentially quantitative yield by the 

facile rearrangemem. In solution, this nearmqgement proceeds in the dark for electromgative 
derivatives (eg. for R=CF,, 3,5-(0&C&), and only in the light for electropositive derivatives 

(eg. for R-Bd, Ph). In addition. we have discovered a unimolecular photochemical dissociation of 
R e  to RCN and SNS'. 

PHOTOLYSIS OF Bu- to WCN and SNS' 

On irradiation at 254 mn. Bu- underwem photolysis to give WfCN ('H and I3C NMR) and 
S, F-Raman). The ESR kinetic study showed that on pbotolysis at this wavelength, the 

CollcenQation of WNSNS'  (mpmated by the peak height (h) of fhe ESR spectra) decayed as the 
function of t h e  (a linear relatiomhip between lgh and t). showing the photolysis to be a fvst order 

prucess with respect to Buw commtion.  This is consistent with a dissociation Occurring 

via a ~oncerted unimolecnlar pathway (Eqn. 1) 

. 

B&NSNS' -----> RCN + SNS* 

is photochenlically syrmneay allowed. 

0 
This photolysis likely proceeds via a high energy dissociative state of we)* (Snr3G). and 
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STUDIES OF R- AND lTS REARRANGEMENT TO 

The W-Vi spectnun of F%&& exhibited several bands at 250,280,360,376, and 480 nm. 
The absorbances at 280, 360, 376, and 480 nm are proportional to the square of the radii 
concentralion m W l 2 ,  unambiguously showing the dimerization of Ph-' in solution 

dzia 

Thus all the four bands at 280,360,376, and 480 nm originate from the radical dmer absorptions. 

The dimerization enthalpy and entropy were determined (AHd=-19 kJ/mol, ASd=-66.5 J/mol) by 

a variable temperature ESR study, based on which the dimerization of Phm' (0.02 M) at room 
temperature is ca. 3%. The photolytic study showed that direct irradiation at (Ph-), dmer 

absorption (376 nm) effected fast rearrangement of PhCNSNS' to the disuifide isomer PhCNSSN', 

suppOrting that this rearrangement proceeds via the excitation of an intermediate radical dimer 

n n 

n 
(Eqn.3) 

-* * (PhC&3'), -- > (PhCNSNS )2 - > (F'hCNSSN*)2 
The umearranged radical dimer (PhCNSNS'), most likely possesses a head-to-tail configuration (see 

- 5 in ref.1). which allows the rearrangement to proceed in a concerted pathway with minimal 

movement of all the atoms, leadiig to another head-to-tail dimer ( P h m N ' ) ,  (see in ref. 1). This 

m e m e n t  was shown (CNDO) to be photochemically symmetry allowed. The W-Vis 

spectroscopic studies also showed that the absorbances of dimer (R = F'h, p-O,NC&, 

3,5-(QN),C$i,. and CF,) at 376 nm at 0.02 M R- solutions are directly proportional to the 

ionization energy of the corresponding RCN which reflect the electronegativity of R. It appears that 

the extent of R M '  dimerization was greater the higher the electronegativity of R, consistent 

with the observed qualitatively faster rearrangemene of radicals with electronegative R. 
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