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A CONVENIENT SYNTHESIS OF 2-ALKYL- and 2 - A R Y L A M I N O - 4 - A R Y L - 5 - C Y A  

NOTHIAZOLES 

A n t o n i n o  Corsa ro  

~ i ~ ~ ~ t i ~ ~ ~ t ~  d i  sc ienze c h i r n i c h e ,  u n i v e r s i t a  d i  c a t a n i a ,  v i a l n  

A . D o r i a  8, 95125 Ca tan ia ,  l t a l y  

G iovann i  P u g l i s i  

l s t i t u t o  d i  Ch imica Fa rmaceu t i ca  e T o a a i c o l o g i c a ,  U n i v e r s i t h  d i  

C a t a n i a ,  V i d e  A .Oor ia  8, 95125 Ca tan ia ,  I t a l y  

A b s t r a c t  - The r e a c t ~ o n s  o f  a s e r i e s  o f  p a r a - s u b s t i t u t e d  3-amino- 

3 - a r y l - p r o p e n e n i t r i l e s  la-! w i t h  N-phenyl- ( 2 a )  and N-methyl-S- .- 
c h l o r o i s ~ t h i ~ c a r b a m o ~ l  c h l o r i d e  ( Z b ) ,  f o l l o w e d  by t r i e t h y l a m i n e  ," 
t r e a t m e n t ,  p r o v i d e  2 -pheny l -  and 2 - m e t h y l - 4 - a r y l - 5 - c y m t h i a ~  

l e s  3 a - i .  N -Monosubs t i t u ted  e n a m i n o n i t r i l e s  l g , h  r e a c t  w i t h  22 
& u 

4 ---  a f f o r d i n g  3 - s u b s t i t u t e d  2 - p h e n y l i m i n o - A - t h ~ a z o l i n e s  6a,b, b u t  -+. " 
~n v e r y  p o o r  y i e l d s .  A mechanism which accoun ts  f o r  t h e  format ion 

o f  t h i a z o l e  and t h i a r o l i n e  s t r u c t u r e s  i s  p r e s e n t e d .  

P u r s u i n g  ou r  c o n t i n o u s  i n t e r e s t  i n  e x p l o r i n g  t h e  p o t e n t i a l ,  scope and l i m i t a t i o n s  
1-5 

o f  3 - a m i n o - 3 - a r y l p r o p e n e n i t r i l e s  i n  h e t e r o c y c l i c  s y n t h e s i s ,  ~n t h i s  pape r  we 

w i sh  t o  rOPo~ t  0"" r e c e n t  , n v e s t i g a t , o n s  on t h e  r e a c t i o n s  o f  a s e r i e s  o f  - para-sub  

s t i t u t e d  e n a m i n o n i t r i l e s  lala: w i t h  N-phenyl-  (Za )  and N - m e t h y l - S - c h l o r o i s o t h i o c a r  

barnoyl c h l o r i d e  (2b )P  The work d e v e l o p s  a nove l  s y n t h e t i c  approach t o  2 - a r y l -  
-5 

and 2 - a l k y l a m ~ n o - 4 - a r y l - 5 - c y ~ ~ 0 t h i a z 0 1 ~ s  3, wh i ch  appear  t o  be o f  p h a r m a c e u t i c a l  .. 
i n t e r e s t .  

T y p i c a l l y  t h i a z o l e s  3  w e r e  i s o l a t e d  b y  column chromatography o f  crudes d e ~ i v e d  frm - 
t h e  r e a c t i o n  m i x t u r e s  o f  w i t h  2 f a l l o w e d  by  t r e a t m e n t  w i t h  t r i e t h y l a m i n e .  Optimum 

yields ( T a b l e )  were o b t a i n e d  by  a d d i n g  t o  a n  i c e - c o o l e d  s o l u t i o n  of ? i n  chloroform 

a n  e q u i m o l a r  amount o f  f r e s h l y  p r e p a r e d  2  i n  t h e  same s o l v e n t  undor s t i r r i n g  and " 
an atmosphcrc  O F  n i t r o g e n .  A 2 : l  r a t i o  o f  2h t o  1 was however r e q u i r e d  because o f  

6  
*- ?. 

t h e  low s t a b i l i t y  o f  tb. 
The s t r u c t u r e s  o f  t h i a z o l e s  3 r e 1  i e d  upon e lemen ta l  a n a l y s i s ,  i r ,  'H n m r  and  m a s s  

s p e c t r a .  I n  a d d i t i o n  t o  t h e  bands o f  a r o m a t i c  C=C and C=N bonds o f  pheny l  a n d t h i t  
- 1  

.o le  r i n g s  i n  t h e  r e g i o n  1620-1515 cm , i r  s p e c t r a  e x h i b i t e d  t h e  N-H band a round  
- 1  - 1 

3300 cm and C I N  band a round  2200 crn . ' H  nmr s p e c t r a  o f  d e r i v a t i v e s  3 a - f  c o n s 1  -- ., 
s i e d  o f  t h e  t r i v i a l  s i g n a l s  r e l a t i v e  t o  me thy l  p r o t o n s  o f  pheny l  s u b s t i t u e n t s  and 

pheny l  p r o t o n s .  Those o f  d e r i v a t i v e s  3g - i .  b c s i d e s  t h e  p h e n y l  s u b s t i t u e n t  and php - 
n y l  p r o t o n s ,  showed a d o u b l e t  a round  3 .0  d f o r  methy lamino p r o t o n s  w h i c h  c o n v e r t e d  



i n t o  a s i n g l e t  upon t r e a t m e n t  D,O. The amino n r o t o n  was obse rved  o n l y  i n  t h e  " 
case  o f  d e r i v a t i v e  39 a s  a b r o d d  s i g r > a l  i n  t h e  a r o m a t i c  r e g i o n ,  w h i l e  i n  a l l  t h c  

.,* 
o t h e r  cases  i t  was  e v d e n c e d  by  d i f f e r e n t i a l  i n t o g r a t i o n  of a r o m a t i c  s i g n a l s  b e f o r e  

and a f t e r  t h e  i s o t o p i c  e x c h a n g e . ~ a s s  s p e c t r a  e x h i b i t e d  m o l e c u l a r  i o n s  a s  base peaks 

and t w o  i n t e n s e  peaks c o r r e s p o n d i n g  t o  (AFCINH)' i ons  and t o  t h i i r e n i u m  i o n s  d e r i  

w ing  from t h e  f t s s i o n  o f  t h e  n u c l e u s  a t  1.2- and 3.4-bonds. The mass s p e c t r a  o f  2- 

~ h ~ n y l a r n i n o  d e r i v a t i v e s  3a - f  w e r e  c h a r a c t e r i z e d  by  t h e  presence o f  a r e l a t i v e l y  .,* .% 

abundant s i g n a l  a t t r i b u t a b l e  t o  ( P ~ C N S ) ~  i on ,  w h i l e  t h o s e  o f  2 -methy lamino d e r i ~ a t i  
+ 

v e s  3 g - i  showed c h a r a c t e r i s t i c  (N-28)  i ons ,  wh i ch  p r o b a b l y  a r i s e  f r o m  t h e  l o s s  o f  -- 
t h e  CH N r a d i c a l  f r om t h e  methy larn ino s i d e  c h a i n T r 8  

2 
T h i a z o l e s  s t r u c t u r e s  3a w e r e  c o n f i r m e d  by  t h e  H a n t r s c h ' s  s y n t h e s i s  based on 1 - b r o  ,,, 9 
mo- l -cyanoacetophenonr  and N-phenyl-  and N- rne thy l t h i ou reas .  T h e i r  y i e l d s  w e r  how$ 

v e r  l o v e r  t h a n  t h o s e  i s o l a t e d  by  t h e  above procedure .  

~ a s e d  on t h e  accumula ted ev idences  on t h e  r e a c t i v i t y  o f  1 3 r 4  and t h e  c h e m i s t r y  o f  
,- 

2, wh ich  p a r a l  1 4 %  t h a t  o f  s u l f e n y  l  c h l o r i d e ~ , ~  t h e  F o r m a t i o n  o f  t h i s r o l e s  3 i s  con - 
s i s t e n t  w i t h  a n  i n i t i a l  s u b s t i t u t i o n  a t  t h e  s u l f e n y l  s u l p h u r ,  y i e l d i n g  t h e  c a t i o n s  

4. O e p r o t o n a t i o n  o f  4 upon t r e a t m e n t  w i t h  t r i e t h y l a m i n e  causes  a n  i n t r a m o l e c u l a r  c y  
w * - 

4 c l i z a t i o n  o f  5 t o  g i v e  t h e  A - t h i a z a l i n e s  6 .  These l a t t e r  e x i s t  p r e d o m i n a n t l y  i n  
w ,. 

t h e  t a u t o r n e r i c  t h i a z o l e  f o r m s  3  i n  agreement w i t h  t h e  found and a v a i  l a b l e 9  e x p c r i  
.v - 

menta l  d a t a  (Scheme). A l l  a t tc rnps t o  i s o l a t e  c a t i o n s  4 w e r e  u n s u c e s s f u l ;  i n  a l l  ca 
w - 

s e s  c a t i o n s  4 fragmented i n t o  complex  m i x t u r e s  o f  p r o d u c t s .  ,. 

6 
," 

3  * 
R =  H .  C6H5, C6Hll; R ' =  C6H5, CH3; X =  H, CF3, C I ,  CH3, 0CH3, N(CH3)2 
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 he p o t e n t i a l  o f  t h i s  s y n t h e t i c  app roach  w a s  f u r t h e r  e x p l o r e d  F o r  t h e  c o n s t r u c t i o n  

4  o f  3 - a r y l -  and 3 - a l k y l - s u b s t i t u t e d  A - t h i a z o l i n e s  6 .  Thus N-phenyl-  and N-cyclohexyl- .., 
s u h s t t t u t e d  enamines l g , h  w e r e  a l l o w e d  t o  r e a c t  w i t h  2.3 under  t h e  same e x p e r i m e n t a l  ..- ., -- 
c o n d i t i o n s  used f o r  l a - f .  The e x p e c t e d  t h i a i o l i n e s  6a.b w e r e  i s o l a t e d ,  b u t  i n  v e r y  

."% - ,,- * 
poor  y i e l d s ,  t o g e t h e r  w i t h  u n r e a c t e d  s t a r t i n g  enamines and m i x t u r e s  o f  numerous 

p r o d u c t s .  T h i s  f a c t  suggested t h a t  t h e  low y i e l d s  o f  6a.b cou ldbe  a s c r i b e d  t o  s t %  -* * 
r i c  e f f e c t s  r e t a r d i n g  t h e  r i n g  c l o s u r e  o f  u n i s o l a b l e  in ter rned ia te .5 .  -. 
The s t r u c t u r e  o f  t h i a z a l  i n e s  6a.b w e r e  s u p p o r t e d  by  e lemen ta l  a n a l y s i s ,  i r ,  'H n m r  

..% * - 1  
and m a s s  s p e c t r a .  Ir s p e c t r a  showed a b s o r p t i o n s  around 2200 c m  f o r  t h e  CEN hond 

-I 
and i n  t h e  range  1620-1560 cm f o r  t h e  e x a c y c l i c  C=N im ino  bond and C=C bonds of 

~ h e n y l  and t h i a z o l  i n e  r i n g s .  'H nmr s p e c t r a  o f  6a showed o n l y  a r o m a t i c  s i g n a l s  i n  ..- 
t h e  range  7 .2-8 .16 , w h i l e  t h a t  o f  6b showed t h e  s i g n a l s  f o r  c y c l o h e x y l  p r o t o n s  i n  *- 
t h e  r.ange 1 . 1 - 1 . 9 6 ,  i n  a d d i t i o n  t o  t h o s e  o f  ~ h e n y l  p r o t o n s  a t  7 .3 -7 .56  . The mass 

s p e c t r a  o f  t h i a r o l i n e s  6a,b gave  m o l e c u l a r  i o n s  a s  base peaks a n d a s e r i c s  o f  f r a g  
I r  ., 

ment i o n s  wh i ch  was  dominated by  i ons  fo rmed by  f i s s i o n  o f  t h e  n u c l e u s  a t  t h e  2.3- 

and 4.5-bonds. 

Our s y n t h e t i c  approach t o  N -monosubs t i t u ted  2-amino-4-aryl-5-cyanothiai~Ie~ 3, ap " 
p e a r s  a s  useFul  and c o n v e n i e n t  a l t e r n a t i v e  r o u t e  t o  t h e  c l a s s i c a l  H a n t z s c h ' s  synthe 

s i s .  I t  a f f o r d s  m o r e  s a t i s f a c t o r y  y i e l d s  and a l l o w s  f o r  s p a r i n g  t h e  c o n v e r s i o n  a f  

i s o t h i o c y a n a t e s  i n t o  N -monosubs t i t u ted  t h i o u r e a s  which a r e  r e q u i r e d  f o r  t h e  H a n t r  

s c h ' s  p ~ ~ ~ e d ~ ~ e _  

M e l t i n g  p o i n t s  w e r e  o b t a i n e d  an a K o f l e r  h o t  s t a g e  appa ra tus ,  and a r e  u n c o r r e c t e d .  

l r  s p e c t r a  w e r e  r u n  on a Pe rk in -E lmor  281 spectophotorneter  u s i n g  K B r  d i s c s .  ' H  N m r  

s p e c t r a  w e r e  r e c o r d e d  on a B r u k e r  WP 80 FT spec t rome te r  u s i n g  a m i x t u r e  o f  CDCl - 
3  

DWSO-d6 a s  s o l v e n t  and Me S i  a s  i n t e r n a l  s t a n d a r d .  Mass s p e c t r a  w e r e  o b t a i n e d  w i t h  
4  

a LKB 9000 S s p e c t r o m e t e r  a t  7 0  eY u s i n g  a d i r e c t - i n l e t  system. E lemen ta l  a n a l y s e s  

w e r e  p e r f o r m e d  on a C a r l o  Erba E lemen ta l  Ana l yze r  mod. 1106, and w e r e  w i t h i n  20.4% 

o f  t h e  t h e o r e t i c a l  v a l u e s .  F o r  t h i n - l a y e r  and column chromatography s i l i c a  g e l  

GFZS4 was used. 

E n a m i n a n i t r i l e  l a  and pheny l -  and me thy l  i s o t h i o c y e n a t e  w e r e  c o m m e r c i a l l y  a v a i l a b l e  .... 
( A l d r i c h l .  Enamines l b - h  w e r e  p r e p a r e d  a c c o r d i n g  t h e  p r e v i o u s l y  d e s c r i b e d  p r o c e d s  

1 . 2  
&* * 

"es. 

4 Genera l  p r o c e d u r e  f a r  t h i a z o l e s  ( 3 a - i )  a n d  A - t h i a z o l i n e s  (6a .b ) .  -.. +. -* - 
To a s t i r r e d  and  i c e - c o o l e d  s o l u t i o n  o f  l a - f  ( 1  rnmole) i n  d r y  and e t h a n o l - f r e e  -- - 
C H C I ~ ~ ~ ( ~ ~  m l l  a s o l u t i o n  o f  f r e s h l y  p r e p a r e d  Za b  ( 1  mmole f o r  Za and 2 mrnoles f o r  

c*'., +%. 

Zb) i n  t h e  same s o l v e n t  ( 1 0  m l l  was added d r o p v i s e  under  an atmosphere of n i t r o g e n .  -* 
When a d d i t i o n  was  comp le te  t h e  m i x t u r e  was s t i r r e d  f o r  15 min and  t h e n  a s l i g h t  

excess  o f  t r i o t h y l a m i n e  i n  CHCI3 ( 5  rn l )  w a s  added d ropw ise  under s t i r r i n g .  A f t e r  



65 207-9 3280 (N-H), 2203 ('EN) 

1605, 1555 (CS, EN) 

55 183-4 3280 (N-H), 2210 (CZN) 

16m, 1570 (w, C=N) 

52 187-8 3290 (N-H), 2205 (CW) 

1610, 1565 (CX, EN) 

63 1 8 2 3  3290 (MI, 2203 (CZN) 

1610, 1550 (M, C=N) 

67 180-1 3280 (N-H), 2203 

16m, 1540 C=N) 

94 177-8 3303 (H), 2XX) (CFN) 

IMn, 1570 (=, C=N) 

6.7-8.2 (m, phwryl and mi- 

m H) 

6.7-8.4 (m. ml and ani- 

no H) 

6.84.4 (m, -1 and mi- 

no H) 

2.4 (s,  mmyl H), 6.7-8.1 

(m, -1 m2.m H) 

3.8 ( s ,  m m w l  H), 6 . 6  

7.9 (m, phenyl and mim H) 

3.0 ( s ,  dimthylanino H), 

6 .67.9  (m, phew1 and an- 

m H) 

3.1 (d,b m m l  H, J=5 Hz), 

7.4-8.0 (m, phewl H), 7.8 

(br ,  anino H, D20 
b 

3.1 (d ,  mthyl H, J=5 Hz), 

7.7-8.1 (m, phewl and mi- 

m H) 

3.0 ( s ,  dimWlamino H), 

3.1 mmyl H, J=5 Hz), 

6.6-7.2 (m, phewl and mi- 

m H) 

1.1-1.9 (m, cyclohexyl H), 

7.2-7.5 (m, phew1 H) 
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k e e p i n g  t h e  r e s u l t i n g  m i x t u r e  a t  room tempera tu re  For  2  h,  t h e  s o l v e n t  and t h e  e x  

cess o f  t r i e t h y l a m i n e  was e v a p o r a t e d  under  reduced p r e s s u r e .  Column chromatography 

o f  t h e  r e s i d u e  gave t h i a r o l e s  3  a l o n g  w i t h  u n r e a c t e d  s t a r t i n g  enamines and m i x t u r e s  

o f  s m a l l  amounts of u n i d e n t i f i e d  by -p roduc ts .  Y i e l d s ,  mp and i r  and 'H nmr s p e c t r a l  

d a t a  o f  t h i a z o l e s  3a - i  a r e  g a t h e r e d  i n  t h e  Tab le .  T h i a z o l e s  3a.g w e r e  i d e n t i c a l  
** L a- * 

(m ixed  rnp and supe r imposab le  i r  s p e c t r a )  w i t h  samples o b t a i n e d  by  t h e  Han tzsch ' s  

p r o c e d u r e  g i v e n  be low .  

T h i a z o l i n o s  6a.b wore  o b t a i n e d  From enamines 1g,h and 2a f o l l o w i n g  t h e  above p r o c t  
A.. * A.. h cv 

dure .  T h e i r  y i e l d s ,  mp, and i r  and ' H  nmr s p e c t r a l  d a t a  a r e  g i v e n  i n  t h e  Tab le .  

Han tzsch ' s  s y n t h e s i s  o f  t h i a z o l e s  3.3,s. 
* ,, 

A r e c e n t  procedure was employcd.^A s o l u t i o n  o f  8 r  ( 0 . 4  m l )  i n  CHCl ( 5  m l )  w a s  
2 3 

added d u p i n g  10 min  t o  a s t i r r e d  s o l u t i o n  o f  I -cyanoacetophenane ( 1 . 5  g )  i n  CHCI 
3 

(15  m l ) .  A f t e r  45 m i n  t h o  s o l u t i o n  was washed w i t h  aqueous Na C O  d raed ,  and e v a  
2  3 '  

p o r a t e d  t o  g i v e  a n  o i l  ( 2 . 4  g )  shown by  ' H  n m r  t o  c o n t a i n  I -b romn- I -cyanoacetnpheno 

ne (85%) .  Condensat ion  o f  t h i s  o i l  w i t h  an e q u i v a l e n t  amount o f  N - ~ h ~ n y l t h i o u r e a  9% 

v e  t h e  t h i a z o l e  3a ( 0 . 6  9; 38%).  The t h i a r o l e  39 was s i m i l a r y  o b t a i n e d  in a 35% 
_ Y  *.. 

y i e l d  f rom 1-bromo-1-cyanoacetophenone and N- rne thy l t h i ou rea .  
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