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Abstract - 1,4-Benzadithiin 1,1,4,4-tetraoxide undergoes the Diels- 

Alder reaction with a series of dienes under mild conditions to 

provide the corresponding adducts in excellent yields. The adduct 

with anthracene is desulfonated to afford dibenzobarrelene, thus 

showing that the title compound functions as an acetylene equivalent. 

A number of ethylenc and acetylene equivalents have recently been developed to 

circumvent the drawbacks of the low reactivity of unadorned ethylene and 

acetylene as dienophilic reagents. Among them, of particular interest and 

synthetically important are the olefinic dienophiles that are activated by sulfur 

functionalities such as sulfoxides and sulfones. Paquettc et al. developed 

1 acetylene equivalents (1) and ( 2 j 2  and an ethylene equivalent ( 3 )  ,3'4 while 
Uc Lucchi et al. reported that the doubly sulfonyl-activated ( q l S j 7  and ( 5 1 ~ ' '  
which have higher dienophilic reactivity serve as acetylene equivalents. Herein 

wc report that the cyclic disulfone, 1,4-benrodithiin 1,1,4,4-tctraoxide ( $ 1 ,  
8  

is a much stronger dienophile than any other reagents described above and 

functions as an acetylene equivalent. g,10 



Scheme 1 

'8 1) KOH, MeOCHZCHzOH, refl. ~ ; X L  c-dichlorobenzene reflux 86% a:" 21 8rCH2CHp 70% 

R = CH2CH2CHMe2 

1) S02C12, CH2C12 

2) quinoline, 150 "C H202, AcOH , ref1 . 
76% 71% 

The known sulfane c8 was most conveniently prepared from easily accessible 
Z - i s o p e n t y l a r y - l , 3 - b e n ~ o d i t h i a l e ~ ~  as the starting material (Scheme 1). 

The cyclic sulfone 6 smoothly undergoes the Dicls-Alder reaction with a series 

of dienes under mild conditions to provide the corresponding adducts nearly 

quantitatively. Tetraphenylcyclopentadienone exceptionally resists reaction 

with 6 probably because of the electron-deficient nature of the bath reactants. - 
The procedure of the reaction is very simple; a solution of 6 and a dienc in an - 
appropriate solvent was allowed to stand at ambient temperature o r  heated and 

the adducts vcre easily isolated by column chromatography an silica gel. Tbc 

results arc summarized in Table 1. 

The sulfone $ is a much stranger dienophile than compounds 1-5. lleating (1 and 

anthracene (1.1 equiv) in refluxing toluene for 4 h affords t h c  lliels-.Alder 

adduct in 93% yield (entry 1). 'The Dicls-Alder reaction of anthracene with 

compounds 1 - 2  requires more forced conditions; the conditions employed far the - 
reaction of anthracene with 1, 2 (trans), 3, 4, and 5 arc 130 OC for 120 h ,  1 - .  - - 
IhO 'C  far 1 155 O C  for 100 h,3,4 170 "C for 24 h , 7  and 160 " C  for 18 h , '  

respectively. Similar comparison with other dienes leads to the same conclusion. 

An equimalar mixture of anthracene, 6 ,  and mnleic anhydride in toluene was 
refluxed for 0.5 h. In that time, about 60% of anthracene was cansumcd and the 

adducts of anthraccne with 6 and maleic anhydride were formed in nearly equal 

amounts, thus suggesting that tho dienophilic reactivity of 6 toward anthracene - 
is nearly equal to that of maleic anhydride. 

When trans-1,Z-dichloro-l,2-dihydroben~0~y~lohutene was heated with 6 in rcflux- - 
ing o - d i c l l l o r o b e n z e n e ,  under the conditions of which the farmer undergoes the 

ring-opening reaction leading to the o-quinodimcthane form, the reaction afforded 
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CH2C12 
3  99 183.5-184.5 

25 h  

CH2ClCH2C1 160 (dec . )  d, 
4 50 " C  96 184-187 

10 h  

5  95 278-279 (dec . )  

1  h  

6  301-309 (dec.)  50 " C  95 
10 h  

7 98 212-221 

8  98 214-221 

Table 1  D ie l s -A lde r  React ion of 1 ,4 -Benzod i th i in  1  ,1 ,4,4-Tetraoxide 

w i t h  a  Ser ies o f  Dienes 
cond i t ions  

9  wph 1 
a) u!&e) ~ ~ 2 ~ 1 2  

Ph \ / r.t. 
20 h  

99 261-262 (dec.)  

C l  

230-234 (dec.) 9) 
83 345-348 (dec.) 

6.5 h  

e n t r y  

a) 1.1 Equiv of d ienes were used. b )  These dienes were used i n  l a r g e  excess (5-10 equ i v ) .  
C )  2  Equiv o f  d ienes were used. d )  Two isomers were i s o l a t e d  by column chromatography i n  
n e a r l y  equal amounts, one of which decomposes above 160 "C, and t h e  o the r  me l t s  a t  184-187 " C .  
e )  Endo adducts were e x c l u s i v e l y  formed. f )  Stereochemistry o f  these compounds i s  unknown. 
g )  Th i s  compound me l t s  a t  230-234 'C w i t h  e v o l u t i o n  o f  gas, s o l i d i f i e s ,  and reme l t s  a t  
345-348 " C .  The l a t t e r  me l t i ng  p o i n t  corresponds t o  t h a t  o f  compound 2 which has mp o f  
348-353 'C. I n  one case, the dehydroch lo r ina ted  compound 1 was d i r e c t l y  ob ta ined i n  87% y i e l d  
under the  app l i ed  cond i t i ons .  

d iene adduct ( so l ven t ,  y i e l d  mp o f  adduct 
temperature, ( I )  
t ime)  

("C) 

1  93 367-369 (dec . )  

4h 

CH2C1CH2C1 

2  
)  

50 'C 98 158-159 

10 h  



thc Iliels-nlder adduct in 83% yield (entry 101. Treatment of the adduct with 

triethylamine affords compound 7 quantitatively. . 
Finally the adduct of 5 with anthracene was desulfanylated by 1.3% sodium 
amalgam in MeOll-Tlll' (2:l) in thc presence of sodium dihydrogen phosphate at room 

temperature. This resulted in the formation of dibcnroharrelerre (8) in 66% 

yield,'' thus suggesting that 6 functions as an acetylene cqnivalcnt. - 
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