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m- The cyc l oadd i t i on  r eac t i on  of a  s t ab le  N-methylide, t h i azo l i um  

N-dicyanornethylide, w i t h  a c y c l i c  o l e f i n i c  d i po l a roph i l es  such as dimethyl  

fumarate, rnaleate, and trans-l,2-dibenzoylethylene proceeded i n  a  stereo- 

s e l e c t i v e  manner t o  g i ve  on l y  the  corresponding endo-[3 + 23 cycloadducts, 

a l l  of which were s t ab le  i n  b o i l i n g  te t rahydro fu rn .  I n  the  r eac t i on  of  the  

methy l ide  w i t h  N-subs t i tu ted  maleimides, however, a  m i x tu re  of endo- and exo- 

13 + 21 cycloadducts, whose r e l a t i v e  y i e l d s  changed w i t h  the  r eac t i on  t ime, 

was formed. The endo cycloadduct  was found t o  isomerize i n t o  the  ex0 cyc lo -  

adduct i n  te t rahydro fu ran  even a t  room temperature. 

A few cyc l oadd i t i on  r eac t i ons  o f  N-methylides i n  t h i azo l i um  system have been i nves t i ga ted .  Po t t s  

1  and h i s  co-workers have repo r t ed  t h a t  4-methyl th iazol ium N-phenacylide reacted w i t h  N-phenyl- 

maleimide t o  g ive  the  cycloadduct  whose stereochemistry was n o t  f u l l y  establ ished,  whereas no 

i d e n t i f i a b l e  cycloadducts were obtained i n  the r eac t i on  w i t h  o ther  o l e f i n i c  d i po l a roph i l es .  We 

have recen t l y  found t h a t  benzothiazol ium N-phenacylide, generated i n  s i t u  from 3-phenacylbenzo- 

t h i azo l i um  bromide and t r i e t hy l am ine ,  added t o  a  v a r i e t y  of  o l e f i n i c  d i po l a roph i l es  w i t h  one ex- 

2  
cep t i on  o f  m a l e o n i t r i l e  t o  g i ve  the  corresponding endo-cycloadducts i n  good y i e l d s  . I t  has a l so  

been demonstrated t h a t  an unstable methyl ide,  4-methyl th iazol ium ~Wphenacy l ide l ,  and a s tab le  one, 

t h i azo l i um  ~ - d i c ~ a n o m e t h ~ l i d e ~ ,  gave a  pyrrolo[2,1-c][l,4]thiazine and t h i apy r roco l i ne  throug;? an 

i somer i r a t i on  o f  the  corresponding i n i t i a l  cycloadduct  r espec t i ve l y ,  i n  the  r e a c i i o n  w i t h  d imethyl  

ace ty lened icarboxy la te .  

However, the  cyc l oadd i t i on  r eac t i on  o f  a  s t ab le  t h i azo l i um  N-methylide w i t h  o l e f i n i c  d ipo la ro-  

p h i l e s  has n o t  been repor ted  so f a r .  I n  t h i s  paper we wish t o  r e p o r t  t h e  cyc l oadd i t i on  r eac t i on  

of t h i azo l i um  N-dicyanomethylide ;with a c y c l i c  and c y c l i c  o l e f i n i c  d i po l a roph i l es .  

3  A  s o l u t i o n  of  equimolar  amounts o f  the methy l ide  I, mp 20g0c ( l i t .  mp 202.203~~) .  prepared from 



t h i azo le  and tetracyanoethylene oxide according t o  the  repor ted  method3, and dimethyl  fumarate 2 
i n  d r y  te t rahydro fu ran  (THF) was s t i r r e d  a t  room temperature f o r  25 h u n t i l  2 disappeared. The 

reac t i on  mix tu re  was concentrated i n  vacuo, and the  res idue was chromatographed on s i l i c a  ge l  

us ing  chloroform as an e l uen t  t o  a f f o r d  a 1 : l  adduct 2 as the  so l e  product  i n  70% y i e l d .  Oimethyl 

maleate ?_b and trans-l,2-dibenzoylethylene & exh ib i t ed  r a t h e r  low r e a c t i v i t y  toward the  methy l ide  

1. Under s i m i l a r  cond i t ions  f o r  120 o r  98 h u n t i l  the  o l e f i n  was completely consumed, L reac ted  - 
w i t h  the  o l e f i n  & o r  .& t o  a f f o r d  on ly  the  corresponding 1 : l  adduct o r  & i n  41 and 45% y i e l d ,  

4 r espec t i ve l y  (Scheme 1 ) .  

b : R'= R% C O ~ M ~  ; R&H - 
2 : R1=Hj R2=R3=c0~h 

Scheme 1 

A l l  the  adducts were assigned as endo-[3 t 21 cycloadducts, 3 (6-H,7-H-trans-7-H,7a-H-cis), & 
5 

(6-H,7-H,7a-H-all c i s ) ,  and ,& (6-H,7-H-trans-7-H,7a-H-cis) on the  b a i s  of  spec t ra l  data . 
-1 1 2: Color less  needles; mp 130-131'~ (dec);  i r  (KBr) 2230, 1740 cm ; H nrnr (acetone-d6) 6 3.77, 

3.89 (each 3H, s ) ,  3.95 ( lH ,  dd, m, 5-7.0, 11.0 Hz), 4.47 ( lH ,  d, u, J=11.0 Hz), 5.82 ( lH ,  d, 

7a-H, 5-7.0 Hz), 6.14, 6.42 (each lH, d, Z-J, 3-J. 5-5.0 Hz); nrnr (CDC13) 6 51.1 ( t e r t .  C). 

53.3, 53.8 (each CH3), 55.6 ( t e r t .  C), 58.1 (quat .  C),  73.1 ( t e r t .  c), 110.3, 112.3 (each LEN), 

117.1, 123.0 (each =CH), 165.4, 168.5 (each F O ) ;  mass spectrum mle 293 (~ '1 .  
-1 1 

3b: Co lo r less  needles; mp 92-93% (dec); i r  (KBr) 2240, 1730 cm ; H nmr (acetone-d6) 6 3.75, " 
3.83 (each 3H, s ) ,  4.18 ( lH ,  dd, m, J-7.0, 7.0 Hz), 4.50 ( lH ,  d, M, 5-7.0 Hz),  6.00 ( lH ,  d, 

z, 5-7.0 Hz), 6.10, 6.30 (each lH ,  d, u, c, J-5.0 Hz); 13c nmr (acetone-dg) 6 53.7, 53.8 

(each CH3), 56.1, 56.4 (each t e r t .  C), 60.1 (quat. C), 73.2 ( t e r t .  C), 112.7, 115.3 (each C=N), 
t 

116.1, 124.6 (each =CH), 167.6, 169.0 (each C=O); mass spectrum mle 293 ( M  ) .  
-1 1 

3c: Co lo r less  needles; mp 136-137% (dec) ;  i r  (KBr) 2240, 1670 cm ; H nrnr (CD3CN) 6 5.16 ( lH ,  - 
d d , u ,  5.7.0, l l . O H z ) , 5 . 5 0 ( 1 H ,  d , m ,  J = l l . O H z ) ,  5.67 ( lH,d,* ,  J=7 .0Hz ) , 6 .08 ,6 .30  

(each lH, d, 2-J. 3-J, Jz5.0 Hz), 7.30-8.20 (]OH, m); 13c nmr (COC13) 6 54.6, 56.5 (each twt. C) ,  

58.9 (quat .  C),  73.9 ( t e r t .  C). 73.9 ( t e r t .  C), 110.1, 112.8 (eachCsN),  116.3, 127.3 (each =CH), 
t 

191.5, 194.5 (each F O ) ;  mass spectrum mle 385 ( M  ) .  
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Next, the react ion  of the methyl ide ? w i t h  N-methylmaleimide @was invest iga ted under s i m i l a r  

cond i t ions  ( i n  THF a t  room temperature). When 1 was allowed t o  reac t  w i t h  f o r  24 h u n t i l  49 

was completely consumed, a mix ture  o f  two stereoisomeric cycloadducts, endo 2 and exo isomer &, 

was i so la ted  i n  78% y i e l d .  Although i t  was very d i f f i c u l t  t o  separate e i t h e r  of them from the 
1 

mixture,  the s t ruc tures  of @ and d were confirmed on the basis o f  inspect ion  O f  H nmr spectrum 

(acetone-d6) of the mixture;  the  methine protons i n  % appeared a t  6 4.50 ( t ,  @, J=8.0 Hz), 

4.78 (d, m, 5 ~ 8 . 0  Hz) and 6.14 (d, Q, 5 ~ 8 . 0  Hz), whereas those i n  & a t  6 4.32 (dd, m, 
5-2.0, 8.5 Hz), 4.70 (d, w, J=8.5 Hz) and 5.89 (d, u, 5-2.0 Hz). 

As described l a t e r ,  i t  has become apparent t h a t  the endo isomer a i s  predominantly formed i n  an 

i n i t i a l  reac t ion  stage. A f t e r  ca re fu l  chromatographic p u r i f i c a t i o n  (Si02, CHC131 of the react ion  

mix ture  obtained from the reac t i on  f o r  5 h, we have succeeded i n  the i s o l a t i o n  of pure as co lor -  

less  prisms, mp 129-130% (dec),  i n  31% y i e l d  [ ir  (KBr) 2330, 1700 cm-'; 'H nmr (acetone-d6) 6 

6.14, 6.24 (each d, 2, c, J-5.0 Hz) besides signals described above; mass spectrum mle 260 

(Mt)l. 
1 

The react ion  o f  J wi th  Q i n  THF was fo l lowed by H nrnr spectroscopic analyses of the react ion  

1 mix ture .  The H nrnr s igna ls  of a and @. i n  THF are as fo l lows:  a 6 2.93 (5, N-Cb),  4.11 (dd, 

8a-H, J-8.5, 9.5 Hz), 4.46 (d, u, J-9.5 Hz), 5.96 (d, g, 5 4 . 5  Hz), 6.13, 6.34 (each d, u, - 
z, Jz4.5 Hz); Q 6  2.96 ( s ,  N-C!3), 4.16 (dd, e, J=2.0, 8.0 Hz), 4.50 (d, a, J=8.0 Hz), 

5.84 (d,  3, J=2.0 Hz), 6.14, 6.61 (each d, Z-J, 3-J, Jz4.5 Hz). The quan t i t a t i ve  es t imat ion  of 

the react ion  mix ture  was ca r r i ed  out  using the key s ignals a t  6 2.88 (5, N-Cb) and 6.73 ( s ,  =CHI 

for  2, a t  6 2.93 (5) and 5.96 (d) f o r  2, and a t  6 2.96 ( s )  and 6.61 (d) f o r  5, respect ive ly .  

The selected r e s u l t s  are shown i n  the fo l lowing tab le .  They i nd i ca te  t h a t  the endo isomer & i s  

Table. Reaction o f 1  w i t h  i n  THF a t  room temperature 

Reaction Unreacted endo 2 ex0 6a 
time 4a, % % - 

1 h 60 40 t race  

2 h 47 53 t race  

3.5 h 33 67 t race  

24 h 0 75 25 311 

2 d 0 63 37 513 

3d 0 58 42 312 

4 da 0 39 61 213 

a ~ h e  react ion  mix ture  was contaminated w i t h  small amounts 

o f  an un iden t i f i ed  decanposed product. 



i n i t i a l l y  formed, and bo th  t h e  isomers inc rease  i n  y i e l d s  w i t h  t h e  e lapse o f  t ime  u n t i l  f o r  about  

24 h. Subsequently, an inc rease  o f  & and a decrease o f  2 a r e  observed a l though  t h e  bo th  a r e  

ve ry  slow, and a t  l a s t  the  r a t i o ,  La/@, i n  the  r e a c t i o n  m i x t u r e  a f t e r  f o r  4 d reverses  the  s i t u -  

a t i o n  

r.t. N - R v 3  .., in THF 
0 

Scheme 2 

Under s i m i l a r  c o n d i t i o n s ,  I r e a c t e d  w i t h  N-phenyl- % o r  N-(p-methoxypheny1)maleimide t o  g i v e  a 

m i x t u r e  of the  corresponding endo and exo isomer, r e s p e c t i v e l y .  Thus, t h e  r e a c t i o n  of L w i t h  4b 

f o r  45 h ( u n t i l  c& disappeared)  gave a m i x t u r e  o f  endo and ex0 isomer a (ca. 1 : l )  i n  87% y i e l d ,  

I n  the  r e a c t i o n  f o r  24 h, however, pu re  endo isomer ,ij, mp 145-146'~ (dec) ,  as c o l o r l e s s  needles 

1 
was i s o l a t e d  i n  57% y i e l d .  The s t r u c t u r e s  of Q and @ were con f i rmed on t h e  b a s i s  of H nmr 

1 spec t ra  (acetone-d6) :  2 H nmr 6 4.48 ( lH ,  t, @, 5-8.0 Hz), 4.83 ( l H ,  d, u, M 3 . 0  Hz), 

6.15 ( lH,  d, e, 5 ~ 8 . 0  Hz) ,  6.25, 6.65 (each l H ,  d, H, LJ, 5-4.5 Hz); mass spectrum mle 322 

(M'). 2 'H nmr S 4.43 (dd,  M, 5-2.8, 9.0 Hz) ,  4.77 (d,  u, 5-9.0 Hz), 6.07 (d,  w, 5-2.8 

Hz), 6.19, 6.46 (each d, H, a, 5 ~ 4 . 5  Hz). I n  the  r e a c t i o n  of J w i t h  95. f o r  94 h ( u n t i l  

d isappeared]  a m i x t u r e  of endo and exo isomer @ (ca .  1 : l )  was ob ta ined  i n  56% y i e l d .  Al though 

i s o l a t i o n  o f  each isomer i n  a pure form was a l s o  ve ry  d i f f i c u l t ,  t h e  s t r u c t u r e s  were conf i rmed on 

1 the  bas is  o f  H nmr spectrum (acetone-d6)  showing methine p ro tons  a t  S 4.52 (dd, E, 5-8.5, -9.3 

Hz), 4.84 (d, m, 5-9.3 Hz) and 6.18 (d, m, 5 4 . 5  Hz) f o r  r, and a t  6 4.40 (dd, w, 5-2.4, 

8.5 Hz), 4.87 (d, w, J-8.5 Hz) and 6.12 (d ,  e, 5 ~ 2 . 4  Hz) f o r k .  

Al though t h e  mechanism f o r  t h e  i s o m e r i z a t i o n  of endo i s o m e r 2  i n t o  ex0 one & i s  n o t  ev iden t ,  i t  

6 seems t o  occur  v i a  a r e t r o - c y c l o a d d i t i o n  r e a c t i o n  . However, t h e  endo isomers L w e r e  unchanged 

i n  THF even under r e f l u x  
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