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THE THIEN0[3,4-c]-1,2,5-OXADIAZOLE SYSTEM, 
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Diphenylthieno[3,4-c]-1,2,5-oxadiazole, a new nonclassical 

107-electron heterocycle, was prepared by two routes starting 

from dibenzoylfurazane. Cycloadditions of maleimides, dimethyl 

fumarate and maleate occurred across the thiocarbonyl ylide dipole, 

giving the corresponding adducts. 

Tetraphenylthieno[3,4-clthiophene, prepared in 1969, was the first example 

of an isolable nonclassical condensed thiophene.' Syntheses of several stable, 

nonclassical 107-electron condensed thiophenes have since been reported in the 

literature. These compounds containing tetravalent sulfur are of considerable 

practical and theoretical interest.' In this regard, 

we wish to report the preparation of diphenylthieno- 
/N$ I 9 [3,4-c]-1,2,5-oxadiazole (J), a new nonclassical 107- N ry 

electron heterocycle, and its cycloaddition reactions. 
Ph 

Preparation of The heterocycle J, was prepared by two routes starting 
3 from the readily available dibenzoylfurazane (3 (Scheme 1). Borohydride re- 

duction of afforded an epimeric mixture of the corresponding diols &, mp 



94.5-96.5OC, which i n  tu rn  was converted w i h  phosphorus t r ibromide i n t o  the 

dibromides i, pale yel low o i l .  Conversion of 3 wi th  sodium su l f ide i n t o  the 

c i s  s u l f i d e 2 ,  mp 122.5-123.5°~, followed by oxidat ion o f 5 w i t h  m-chloroper- 

benzoic ac id  gave the corresponding sul foxide 6, mp 178.5-179.5'~ (ca. 24% 

overa l l  y i e l d  from 3. 4 

*MCPBA: m-chloroperbenzoic ac id  

Scheme 1 

Dehydration o f  $ i n  acet ic  anhydride afforded a 40% y i e l d  o f  i, mp 161- 

165'~ dec, as blue crys ta ls .  The heterocycle !, (30% y i e l d )  could also be ob- 

ta ined i n  a s ing le  operation by the d i r e c t  react ion of z w i t h  phosphorus 

pentasulf ide i n  re f lux ing pyr id ine.  Though nmr and uv spectra o f  J could not 

be measured due t o  i t s  i n s o l u b i l i t y  i n  ordinary solvents, i t s  mass spectrum 

showed major peaks a t  m/e 278 (M', 87%), 139 ( M ~ ' ,  9x1, and 121 (P~cs', loo%), 

r e f l e c t i n g  the s t a b i l i t y  o f  J, as was observed w i th  other te t rava lent  s u l f u r  

compounds. Addi t ional  evidence i n  support o f  s t ruc ture  !,comes from the fo r -  

mation of cycloadducts described below. 

Cycloaddit ion Reactions. When a mixture of equimolar amounts o f  ?,and N- 

phenylmaleimide (2) i n  benzene was re f luxed under ni t rogen f o r  12 hr,  two 1 : l  

adducts, &and & were obtained i n  40 and 34% y ie lds  r e ~ p e c t i v e l y . ~  On 
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treatment w i t h  sodium methoxide in  methanol, both ag and a were readily con- 

verted in to  the same benzo[cloxadiazole derivative IQ by loss  of hydrogen 

sulfide.  I t  i s  thus evident t h a t  7& adds across the thiocarbonyl y l ide  di- 

pole of L. Such an addition i s  consistent with t h a t  observed previously in 

o ther  te t ravalent  su l fu r  systems. 2 

8a: mp 214-216.5'~ dec, colorless prisms; i r  (K8r) 1720 cm-' (C=O) ; nmr - 
(OMSO-d6) 6 4.68 (ZH, s ,  ;Ctl), 7.25-8.0 (15H, m); mass spectrum m/e (re1 . 
i n t ens i ty  %) 451 (M+, 44), 417 (M+ - H ~ S ,  37), 278 ( loo) ,  121 (79). 

9a: mp 184-185.5O~, colorless needles; i r  (KBr) 1720 cm-I (C=O); nmr (DMSO- - 
d6) 6 5.41 (2H, s ,  3CH-), 6.8-7.1 (ZH, m ) ,  7.4-7.95 (9H, m), 7.95-8.3 (4H, m); 

mass spectrum m/e ( r e l .  in tensi ty  %) 451 (M+, 13),  417 (M+ - HzS, I ) ,  278 

( l o o ) ,  121 (59).  

E: mp 244-245'~, yellow needles; i r  (KBr) 1720 cm-' (C=O); nmr (CDC13) 6 

7.35-7.95 (m, ArN; mass spectrum m/e 417 (M', base peak). 

NaOMe in MeOH 
8a or %a ,@$ ,., N-Ph 

72% (from 8 d  

81% (from 9,.$ Ph 0 
2. 

Scheme 2 



The major isomer 8;jwas assigned the exo s t ruc ture  and the minor isomer 

was assigned the endo s t ruc ture  on the basis of nmr data. Thus, the protons 

a t o  the imide carbonyls o f  & appear a t  higher f i e l d  (6 4.68) than the cor- 

responding protons o f  (6 5.41), because o f  the deshielding effect of the 

s u l f u r  bridge. Analogous e f fec ts  have been noted fo r  other re la ted exo-endo 

adducts pa i r s  containing a s u l f u r  bridge. 6 

S imi lar ly ,  J afforded the corresponding exo adducts, &-&, and endo 

adducts, 9&z, i n  the react ion wi th  maleimides 2-2 under the same con- 

d i t ions.  The resu l t s  are summarized i n  Table 1. The r a t i o  o f  ex0 a d d u c t 2  

t o  endo adduct 2 i n  each crude product was estimated by nmr spectroscopy, and 

the value was also given i n  Table 1. Though the exo a d d u c t g  was only iso-  

Table 1 

Adduct Y ie ld  
4: Mp., OC 

~ m r , ~ )  6 ppm exo/endo 
>ru 

b)  
-- 

% ( e x ~ )  40 214-216.5 dec. 4.68 

9a(endo) - 34 184-185.5 5.41 
8/5 

%(exo) 31 207-208 dec. 4.61 
9b(endo) 32 

1/1 - 218-219.5 5.38 ........................................................................ 
& ( e x ~ )  43 218-219.5 dec. 4.53 
9c(endo) 26 158-159 5.30 

8/5 .-- ........................................................................ 
% e x ~ )  37 210-211 dec. 4.43 

%(endo) 38 195.5-196 5.20 
2/3 

........................................................................ 
8e(exo) - 38 204-205.5 dec. 4.35 

9e(endo) 25 206-208.5 dec. 5.17 
2/1 .... 

z ( e x o )  51 193-194 dec. 4.88 
- 1111 

2 5.56 
a) Measured i n  DMSO-d6. 

b) Estimated by nmr spectroscopy using the methine protons signals. 
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l a t e d  from the react ion of L w i t h  maleic anhydride (a, an estimation o f  nmr 

spectroscopy showed the formation of endo adduct a. 
Next, we invest igated the react ion o f  1 wi th  dimethyl fumarate and maleate. 

When a mixture o f  equimolar amounts of J and fumarate i n  benzene was re f luxed 

under ni t rogen f o r  8 hr, the corresponding 1:l cycloadduct lJ, mp 125-126'~, 

as color less prisms was obtained i n  15% y ie ld ,  w i th  29% recovery of 2.  A 

s im i la r  react ion of A w i t h  maleate af forded a 4% y i e l d  of exo cycloadduct g, 
mp 198.5-199~~, as color less needles; 84% of &was recovered. Thus i t  may be 

concluded tha t  the cycloaddi t ion react ion proceeds stereospeci f ical ly.  Struc- 

t u r a l  e luc idat ion o f  lJ and l L w a s  accomplished on the basis o f  spectral  data. 

11 : i r  (KBr) 1740 cm-' (C=O) ; nmr (CDC13) 6 3.32, 3.49 (each 3H, s, OC3), 
r* 

3.77, 4.82 (each lH, s, Xu, 7.3-8.15 (lOH, m) ; mass spectrum m/e (re1 . 
i n t e n s i t y  %) 422 (M', 49), 278 (loo), 121 (93). 

g i r  (KBr) 1740 cm-l; nmr (DMSO-+,I 6 3.30 (6H, s, O C ~ ) ,  4.55 (2H, s, 

iCti), 7.35-7.55 (lOH, m); mass spectrum m/e ( r e l .  i n t e n s i t y  %) 422 (M', 46), 

However, the react ion of J,with fumarate or  maleate for  a long time gave a 

mixture o f  several products whose structures are not y e t  established. 

Study on cycloaddi t ion reactions using other o le f ins  and acetylenes i s  now 

i n  progress. 
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