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Abstract The 4-substituted 1,2,4-trlazollne-3,5-dlones( 2 1 afford with sulfldes( 1 ) 
havmg acldlc Cc-hydrogens the 1,4-dlsubstltuted urazoles( 3 )- Reactlvlty of the trlazolme- 
dlone shows smllarlty m possible reactlon modes with 'cnst of slpglet oxygen 

The 4-substituted 1,2,4-trlazollne-3,5-dlone( TAD ) should be an interesting 

and useful substrate for exploring [ 2+4 I cycloaddltion, [ 2+2 ] cycloaddltlon, 

and ene reaction of oleflns. 1,2) Although its reaction modes resemble those of 

singlet oxygen{ lo2 ), such data are little for sulfur compounds 3) which klln3 

react with 102.4) Consequently, the study on the reaction of TAD with sulfur 

compounds provides an excellent opportunity for detail lnvestigatlon of the 
1 
O2 

oxidation of sulfur compounds. 

We have investigated reactivity of sulfides toward TAD in comparison with 
1 
O2 oxldatlon Diphenyl sulfide is unreactive toward TAD, while alkyl 

substituted sulfides lead to an interactable product mixture. 5) However, on 

treatment with TAD at 25OC in appropriate solvent, benzyllc and 8-ketosulfldes 

gave the adducts, 1.e. 1,4-dlsubstltuted urazoles 3, In moderate ylelds( eq 1, 

Table 1 ). 

To a solution of benzoylmethyl methyl sulfide( E, 2 mmole ) m dry 

acetonltrlle( 10 ml ), 4-phenyl-1,2,4-trlazollne-3,5-dlone( &, 1 mmole ) In dry 

acetonltrlle( 8 ml ) was added dropwlse at room temperaturec at ca 25OC I and 

the mixture was stirred for 14 h under N2. After usual work-up and separation 
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Table 1. Adducts In the Reactlon of TAD( 2a ) with Sulfldes( 1 Ja) - 

Substrate Solventc ml ) Tlme[ h I Isolated 
Yield of 2[ % lb) 

PhCH2SCH2Ph la CHC13( 7 ) 2 23 - 

,, (1 CH3CN( 20 ) 14 41 

PhCOCH2SCH3 - lb CH3CN( 18 ) 14 73 c) 

slit 

CH3CN( 21 ) 20 16 

PhCH2SPh Id CH2C12( 17 ) 48 13 - 

PhCH2SCH2Ph la CH3CN( 18 1 40 18 d) - 

a) The reaction was carried out by such a procedure as described III the text b) Usually 
product 2 was accompanied with high molecular weight substance which mainly consists of TAD 
Yields of 3 were based on the amount of TAD c) As for the structure, see ref 6 
d) TAD( 2b, R"= Me ) was used 

of the products by column chromatography, 3( R= C(O)Ph, R'= Me, R"= Ph, 73% ) 6) 

was obtalned as a malor product with being accompanied with polymeric white 

powder( 27 mg ), 4-phenyl urazole( trace ), and recovered sulflde( 127%, based 

on TAD ) Other sulfldes( 3, lc and Id ) also gave the corresponding products - - 

( 2 ) In yields ranging from 13 to 41% In various solvents, CH2C12 etc. The 

formation of 2 was hardly affected by light. 7) 

Scheme 1 

+ 
R-CH2-S-R 

TAD 2 

/ 
- 

R-CH2-S- 

7a - 

TAD 2 - 
Polymerization Products of TAD( + RCH2SR' ) 

6b - 
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Table 2 The Reactions Of p,p '-Disubstltuted Dlbenzyl Sulfides 

( (~-x-c~H~CH~)~S ) with TAD( & ja) and 
1 b) 
O2 

Substrate With TAD c,e) With '0 d'f) 7 
L 

x= 3 4 8 - - 9 l(recovery) 

Me0 le 0% 0% -4) -9) 0% - 

Me If 21 38 46% 11% 0 - 

H la 41 51 39 8.5 trace - 

Cl lg 27 28 49 8.9 7.5 - 

a) The reaction was carried out as described in the text b) The oxldatlon was employed using 
zinc 5,10,15,20-tetraphenylporphyrln( 3 mg ) and substrate( 0 1 mmole ) m CDC13( 0 4 ml ) at 
25OC wrth bubbling oxygen under lrradlatlon by Xenone lamp( 2 kw ) for 30 min. c) Isolated 
yields based on the amounts of the sulfides used d) NMR yxlds based on the amounts of the 
sulfides used e) Most sulfide other than that Incorporated Into the products( 2 ) was 
recovered However, TAD was not recovered but gave polymeric product and urazole(eXcept forIs) 
( note h) and ref 5 ) f) Both sulfoxldes and sulfones were completely unreactive toward 0 
under the condltlons applied g) The products were sulfoxlde and sulfone, but the yields cou d 3 
not be well determined h) No reactlon( most of TAD and sulfides was recovered ) 

While usual organic sulfides react with 1 o2 to afford the corresponding 

sulfoxides and sulfones, 4) alkyl benzyl sulfides afford products( 4 and 2 ) via 

C-S bond cleavage, besldes the usual S-oxidation products( Scheme 1 ). 8) 

Meanwhile, inspection of data in Table 2 reveals the similar reactlvlty of TAD 

and 
1 
o2 in the formations of the adducts 3 and C-S bond cleavage products 4, by - 

comparing the electronic effects on p,p'-dlsubstituted dlbenzyl sulfides. 

Therefore, the adduct 3 and possible lntermedlates( 6a and 6b ) seem to resemble - - 
likely intermedlates( 7a, 7b and 2, respectively ) suggested In the reaction of 

benzyllc sulfides with 
-i- 

02, as shown in Scheme 1. For these electronic effects 

in the formations of 3 and/or 4, important is a mixed effect of two factors - 
controling the reaction paths and products, 1.e the electron density on sulfur 

and the acidity of a-hydrogen of sulfide. For example, increasing electron 

density on sulfur of the sulfide by substitution of electron-donating group, 

increases the rate of the reaction with TAD( or pollmerization of TAD ), but 

decreases the formatlon of 2 because of less acidic a-hydrogen. 
1 
O2 

also shows 

the similar reactlvlty sequence for the reaction with sulfides. The reaction 

of sulfide with 
1 

1 
o2 proceeds more readily in more electron-rich sulfide, while 

O2 
tends to promote the aldehyde( 4 ) formation in lncreaslng acldlty of - 

a-hydrogen of sulfide by substitution of electron-withdrawing group, though the 

reaction rate with the sulfide decreases. 
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Thus, the studies using TAD are expected to provide the more detail 

lnvestlgatlon of 
1 
O2 oxldatlon of sulfur compounds 
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