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Abstract-  I n  the cyc loadd i t ion  react ions of a b ipe r i f unc t i ona l  compound, 

1,3,6-triphenylimidaro[l,2-~]thia'~zole, t o  a v a r i e t y  o f  unsymmetrically subst i -  

tu ted o l e f i n i c  d ipo laroph i les ,  one of the  two per iphera l  th iocarbonyl  y l i d e s  has 

exc lus i ve l y  cont r ibu ted a f fo rd ing good y ie lds  of the reg iose lec t ive  [3 t 21 

cycloadducts. 

An a t t r a c t i v e  b ipe r i f unc t i ona l  compound, 1,3,6-triphenylimidazo[l,2-~lthia'~zole i, has been 

1 recen t l y  synthesized . This ni t rogen-br idged te t rava len t  su l fu r  compound reacts w i t h  N - (p - to l y l  ) -  

maleimide not on ly  as an azomethine y l i d e  but a l so  as a th iocarbonyl  y l i d e  1,3-dipole t o  g ive  the  

fou r  isomeric [3 t 21 cycloadducts which undergo r e t r o  1.3-dipolar cyc loadd i t ion  react ions .  It 

has been a lso  suggested t h a t  a l l  o f  the 1,3-dipolar cycloaddi t ions and the r e t r o  react ions  proceed 

i n  concerted manners, on the basis o f  the  stereochemical i nves t i ga t i ons  using acyc l i c  o l e f i n i c  d i -  

2 polaroph i les  . 
Each two d ipo la r  forms w i t h  opposite d i rec t i ons  of d ipo le  are poss ib le  f o r  the azomethine y l i d e  ( 

A and 1) and the thiocarbonyl  y l i d e  1.3-dipole & and 0) o f  the imidazothiazole 1. The y l i d e  - 

character of the ra re  compound 1 may be wel l  understood by seeing which forms of the above two 

1 - A - B - C - D - 

Aromethine Yl ide Thiocarbanyl  Yl ide 



y l i d e s  w i l l  con t r i bu te  t o  the o r i e n t a t i o n  of [3 t 21 cycloadducts obtainable from the react ions  

w i t h  unsymnetr ical ly subst i tu ted d ipo laroph i les .  

I n  the cyc loadd i t ion  react ions  o f  1 t o  unsymnetr ical ly subst i tu ted o l e f i n i c  d ipo laroph i les  ( 

XCH=CHY), it i s  expected t o  form the thermodynamically more s tab le  cycloadducts E and/or f t o  the  

3  
th iocarbonyl  y l i d e  1,3-dipole . Regardless of the format ion of thermodynamically con t ro l l ed  pro- 

ducts i n  t h i s  case, the  regiochemistry of cyclo- 
Ph Ph 

adducts must r e s u l t  from the con t r i bu t i on  o f  the 

phc@: ph<ay more predominant d ipo la r  form C o r  s ince l i t t l e  
X 

Ph Ph d i f f e rence  of the  s t e r i c  hindrance may be present 

E - F - between the two regioisomeric cycloadducts E and 

4 F .  - 

This comnunication describes the h i g h l y  reg iose lec t i ve  and a l so  pe r i se lec t i ve  [3 t 23 cycloaddi-  

t i o n  react ions of 1,3,6-triphenylimidaz0[l,2-c]thia~~zole 1 t o  a  v a r i e t y  o f  unsymmetrically sub- 

s t i t u t e d  e lec t ron -de f i c i en t  o l e f i n s  

The react ion o f  1 w i t h  c i t r acon i c  anhydride 2 i n  benzene under r e f l u x  gave the s i n g l e  1:l adduct 3 
1 i n  73 % y i e l d .  The H-NMR spectrum o f  3 shows an o l e f i n  s i n g l e t  a t  6.85 ppm and a  methine s i n g l e t  

a t  3.82 ppm which i s  cha rac te r i s t i c  t o  the methine hydrogen a t  the 8a-endo p o s i t i o n  i n  the  s i m i l a r  

cycloadduct t o  maleic anhydride5, i nd i ca t i ng  t h a t  3 i s  assignable t o  be the exo [3 + 21 cyclo- 

adduct t o  the  th iocarbonyl  y l i d e  o f  1 w i t h  the  methyl group a t  the  5a-endo pos i t i on .  The molecular 

model of 1 shows t h a t  the r o t a t i o n  of phenyl subst i tuent  a t  the 5-pos i t ion  i s  hindered by the  ad- 

jacent carbonyl group so t h a t  the methyl group a t  the 5a-endo pos i t i on  can be deshielded (1.36 ppm). 

The extremely high r e g i o s e l e c t i v i t y  o f  the  above react ion  i s  noteworthy s ince s t e r i c  s t a b i l i t y  may 

be comparable between the two possible regioisomers as mentioned above. The weak p o l a r i z a t i o n  of 

double bond of !  induced by the methyl subst i tuent  may have exc lus i ve l y  selected the on ly  one 

6  regiochemical course leading t o  3 . 
Although no react ion  occurred under r e f l u x  i n  benzene, methyl crotonate 4, an unsymnetrical t rans  

o le f i n ,  a lso  y ie lded the [3 + 21 cycloadduct 5 t o  the th iocarbonyl  y l i d e  of 1 as the so le  product 

7 when ref luxed i n  toluene. The exo and t rans s t ruc tu re  of 5 i s  e a s i l y  assigned on the basis of 

1 the H-NMR spectrum which e x h i b i t s  a  small coup l ing  constant between the two methine hydrogens ( 
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Table 1). The regiochemistry as wel l  as stereochemistry i s  determined by the c lose resemblance of 

1 i t s  H-NMR spectrum t o  t h a t  o f  a  s i m i l a r  cycloadduct of 4 t o  1,3-diphenylthia1Vzolo[3,4-a]benz- 

imidazole8 as shown above. Thus, 5 i s  the exo 13 t 21 cycloadduct t o  the th iocarbonyl  y l i d e  o f  1 
w i t h  the methyl and es ter  groups a t  the 6-endo and 7-exo posi t ion,  respect ive ly .  

The h i g h l y  reg iospec i f i c ,  a lso  pe r i se lec t i ve  and stereospeci f ic  i n  t h i s  case, formation of cyclo- 

adduct o f  1 t o  4 means t h a t  the the thiocarbonyl  y l i d e  1,3-dipole C has exc lus ive ly  pa r t i c i pa ted  i n  

the cyc loadd i t ion  react ion .  

Me reflux 
1 + -  - 

- E  
- Ph 

in benzene 

Silica gel 
8 - 

or AcOH 

Ph 

I + = = ,  r e f l u x -  .<+J - 
E in benzene 

Ph 
11: E=COOMe - 
12: E=CN 13: E=COOMe (89  %) 
- - 

1'4: E=CN (80 %I - 



The react ion of 1 w i t h  methyl methacry late 6 i n  benzene under r e f l u x  gave the  th iocarbony l  y l i d e  

cycloadduct 8 i n  a good y i e l d .  The s t r u c t u r e  o f  8 i s  e a s i l y  conf i rmed t o  be the  endo [3 t 21 cyc lo -  

1 adduct w i t h  t h e  two subs t i t uen t s  a t  the  7 -pos i t i on  on the  bas is  of t h e  H-NMR spectrum and i t s  

chemical conversion. Of t h e  two d i as te reo top i c  methylene hydrogens observed as each doub le t  a t  

2.21 and 4.14 ppm, t h e  exo hydrogen a t  4.14 ppm e x h i b i t s  a remarkable nuc lear  Overhauser e f f ec t  on 

9 i r r a d i a t i o n  a t  the  ad jacent  methyl s i n g l e t  i n d i c a t i n g  t h a t  the  methyl subs t i t uen t  i s  l o ca ted  exo . 
When chromatographed over s i l i c a  gel  o r  t r e a t e d  w i t h  a c e t i c  ac id ,  8 was q u a n t i t a t i v e l y  converted 

i n t o  i t s  isomer 10, mp 184.5-187 'C, which was determined as a 2-(4-phenyl-2-imidazoly1)-2,3-di- 

10 hydrothiophene d e r i v a t i v e  on t h e  ground of the  spec t ra l  data . The isomer 10 can be der ived  by a 

bond cleavage between the  4- and 5-pos i t ions  o f  8 fo l lowed by a hydrogen migra t ion .  

S im i l a r l y  m e t h a c r y l o n i t r i l e  1 y i e l d e d  the  r e g i o s p e c i f i c  endo [3 + 21 cycloadduct  9 as a s i n g l e  pro-  

duc t  under t h e  same cond i t i ons .  The format ion of the  endo [3 t 21 cycloadducts $ and 2 i s  the  on l y  

except ion i n  the se r i es  o f  r eac t i ons  o f  i w i t h  unsymnet r i ca l l y  subs t i t u t ed  o l e f i ns .  

Table 1. The Me l t i ng  Po in ts  and Spectra l  Data of  the  [3 t 21 Cycloadducts between the  Unsymnetri- 

c a l l y  Subs t i t u t ed  O l e f i n i c  D ipo la roph i les  and t h e  Thiocarbonyl Y l i d e  o f  1. 

'H-NMR i n  CDC13 (6 ppm, Hz) b )  I R K+ 

Compds. M ~ ( O C ) ~ )  3-H 6-ex0 6-endo 7-ex0 7-endo J(A-B) (cm-l )  (m/e 

3 - 194-196 6.85' 1.36' 3 . 8 ~ ~  1845 464 
(5a-Me) (8a-H) 1780 

5 104.5-105 - -') 4 . 1 5 ~  0 . 8 6 ~  3.27' 2 . 9 ~ ~  4.5(6ex-7en) 1730 452 
(Me) (COOMe) 7.0(6ex-Me) 

8 - 187-191 6.85' 4 . 1 4 ~  2,21d 1.05' 3.32' lZ.O(gem) 1730 452 
(Me) (COOMe) 

9 202.5-206 6.82' 3 . 8 ~ ~  2 . 4 0 ~  1 . 2 1 ~  - 12.0(gem) 2220 419 
(Me) (CN) 

13 - 136-139 6.84' 3.54dd 2.70dd 3.28' 3.4Lldd 5.0(6ex-7en) 1740 438 
(COOMe) 8.0(6en-7en) 

lZ.O(gem) 

14 - 185-186 6.76' 3.44dd 2.76 dd . 3.35dd 4.5(6ex-7en) 2220 405 
(CN) 9.0(6en-7en) 

13.O(qem) 

a)  A l l  the compounds m e l t  w i t h  decomposit ion. 

b) The chemical s h i f t s  a re  g iven f o r  hydrogens otherwise shown i n  parentheses. 

C )  The s i gna l  i s  over lapp ing  w i t h  the  aromatic s igna ls .  

.Methyl a c r y l a t e  11 r e a d i l y  reacted w i t h  1 under r e f l u x  i n  benzene t o  g i v e  the  s i n g l e  1:l adduct 13 
i n  an exce l l en t  y i e l d .  The u p f i e l d  (endo) and downf ie ld methylene hydrogens (exo) couple w i t h  the  

adjacent methine hydrogen w i t h  the  coup l ing  constants o f  8.0 and 5.0 Hz, r espec t i ve l y ,  showing t h a t  
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13 i s  the  ex0 [3 + 21 cycloadduct t o  the  th iocarbonyl  y l i d e  of 1 (Table 1). The regiochemical - 
1 assignment of 1_? i s  based on the comparison of the  H-NMR spectrum w i t h  t h a t  o f  the  confirmed cyclo- 

8 adduct o f  11 t o  1,3-diphenylthia'vzolo[3,4-a]benzimidazole . 

The s i m i l a r  cycloadduct 14 was obtained i n  a good y i e l d  i n  the reac t i on  o f  1 w i t h  a c r y l o n i t r i l e  12. 

As shown above, the cyc loadd i t ion  react ions  of 1,3,6-triphenylimidazo[l,2-~lthia'~role 1 t o  a 

v a r i e t y  of unsymnetr ical ly subs t i t u ted  o l e f i n i c  dipolarophi les form the h i g h l y  reg iose lec t i ve  [3 t 

21 cycloadducts t o  the  th iocarbonyl  y l i d e  of i n  s p i t e  of the comparable s t a b i l i t y  between the 

two possible regioisomers. It would be concluded that  t h i s  extremely h igh r e g i o s e l e c t i v i t y  resu l t s  

from the se lec t i ve  con t r i bu t i on  o f  the d ipo le  g. 
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