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S Y N T H E S I S  AN0 P R O P E R T I E S  OF SOME S - D E R I V A T I V E S  OF 1 - B E N Z Y L  ANC 

1 - 1 2 - P Y R I D Y L M E T H Y L I - 5 - S U B S T I T l l T E l l  2 - M E R C A P ~ O I N I D A L O L E S ~  

t 
f i i c a r d o  ~ o s s i o .  S r e f a n o  M a r c a c c i n i ,  a n d  R o b e r t o  P e o i n a  

C R R, Centro d i  s t u d i o  su2Za chimica e l a  s t m t t u r a  d e i  composti e t e r o c i c l i -  

c i  e l a r o  appzicazioni,  Dipartinicnco d i  Chimica Orgotiea "Ugo Schif;"', Uni- 

aer.si td d i  Firenee, u i a  G.Capponi 9, 50121 i i r e n z e ,  I t a l y  

nbscract- T h e  s y n t h e s i s  o f  i m i d a i o l - 2 - y l t h i c  d e r i v a t i v e s  I I a - d  

b y  r e n c t i n g  I - b e n r y l  a n d  1 - ( Z - p y r i d y l m e t h y l l - 5 - ~ ~ b ~ t i t u t e d  2 -  

m e r c a p t o i r n i d a r a l e s  I I I a - d  w i t h  c h l o r o a c e t i c  a c i d  i s  d e s c r i b e d .  

T h e  i n r e r e s t i n g  i r n i d a r a l - 2 - y l t h i o  d e r i v a t i v e s  V i , b , d  a n d  V I  

w e r e  o b t a i n e d  a n  h e a t i n g  I I a - d  w i r h  a c e t i c  a n h y d r i d e .  T h e  r e a c -  

t i o n  b e t w e e n  I I I a  a n d  2 - c h l o r o n i c o t i n i c  a c i d  c h l o r i d e  w a s  a l s o  

i t u d i s ~ .  T h e  s t r u c t u r e s  o f  a l l  o f  t h e  c o m p o u n d s  w e r e  d e t e r m i n e d  

n y  i r  a n d  ' 1 4 - n m r  s p e c t r o s c o p y .  C o m p o u n d s  Vb a n d  Vd w e r e  a l s o  

o h r a i n e d  b y  u n e q u i v o c a l  s y n t h e s i s  t o  s u p p o r i  o u r  i n t e r p r e t a t i o n .  

I n  n p r e v i o u s  p a p e r  w e  r e p o r t e d  t h e  c y c l i r a t i o n  o f  2 - m e r c a p t o - 1 - ( 2 - p y r i d y l l n e t h y l l -  
1  

1 H - i m i d a r o l e - 5 - c o r b O h y 1 i C  a c i d  W i t h  a c e t i c  a n h y d r i d e  . 
C o n t i n u i n g  o u r  s t u d i e s  c o n c e r n i n g  t h e  s y n t h e s i s  o f  n o v e l  h e t e r o c y c l i c  r i n g  s y s t e m s  

1 - G  
h a v i n g  a f u s e d  i r n i d a r o l e  o r  b e n r i r n i d a r o i e  r i n g  . w e  d e c i d e d  t o  a t t e m p t  t h e  s y n -  

t h e s i s  o i  a f u s e d  1 . 3 . 5 - t h i a d i a z o c i n e  (11  b y  c y c ~ i r a t i o n  o f  j i - e t h a x y c a r b o n y l - I -  

i 2 - p y r i d y i m e t h y l l - l ~ - i m i d a ~ 0 i - 2 - y l t h i 0 ] a ~ e t i c  a c i d  [ I I a l  w i t h  s c e r i c  a n h y d r i d e .  

I I l a 

T h e  5 - e t h o x y c a r b o n y l  d e r i v a t i v e  I I a  w a s  e m p l o y e d  t o  a v o i d  a p r o b a b l e  c y c l i r a t i o n  

l e a d i n g  t o  t h e  f o r m a t i o n  o f  1 0 H - 1 0 - o x o - i r n i d a r a [ 1  , 5 - a ]  p y r i d o  [ I  , 2 - d ] p y r a ~ i n  r i n g  

~ h i c h  w a s  o b s e r v e d  b y  t r e a t i n g  s o v e r a l  5 - c a r b o x y - l - l 2 - p y r i d y l m ~ t h y l l - 1 H - i m i d a a ~ l ~  

1 
d e r i v a t i v e s  w i t h  a n h y d r i d e s  . A l t h o u g h  a t t e m p t s  t o  o b t a i n  I were  u n s u c c e s s f u l ,  we 

V D e d i c a t e d  t o  t h e  r n s m o r y  o f  o u r  c o - w o r k e r  E l e n b  B e l g o d e r e  



noted a n  unexpected b e h a v i o u r  of IIa toward s c e t i c  a n h y d r i d e .  In fact, o n  t r e a t -  

m e n t  o f  IIa w i t h  a c e t i c  anhydride. a c o n d e n s a t i o n  involving t w o  m o l e c u l e s  o f  I I a  

occurred leading to t h e  f o r m a t i o n  o f  [ ~ - e t h o x y c a r b o n y l - l - L 2 - p y r i d y l m e t h y l l l H - i m -  

idazol-2-ylthio]ethanethioic acid S - [ 5 - e t h o x y c a r b a n y l - l - ~ ~ p y r i d y l m e t h y l l l H - i m i d -  

a r o l - 2 - y ~ l e s t e r  Va. 

In o r d e r  to e v a l u a t e  t h e  possibility o f  e x t e n d i n g  t h i s  v e r y  i n t e r e s t i n g  r e a c t i o n ,  

w e  prepared same i m i d a i o l e  d e r i v a t i v e s  s t r u c t u r a l l y  a n a l o g o u s  t o  I I a  and tested 

t h e i r  behaviour toward a c e t i c  a n h y d r i d e .  T h e  r e a c t i o n s  are summarized i n  t h e  f o l -  

lowing s c h e m e .  

S c h e m e  1 

R, R, 
CH, !Hz 

CI CH,COOH - R ' O O C ~ ~ S C H J O O H  

No,CO, D M F  
o R = 2-1"" R ' =  Et  

On t h e  s y n t h e s i s  o f  c o m p o u n d s  IIa-d s o m e  remarks c a n  be m a d e :  a l l  of t h e  c o m p o u n d s  

I I a - d  w e r e  obtained s t a r t i n g  f r o m  t h e  c o r r e s p o n d i n g  2 - m e r c a p t a  d e r i v a t i v e s  I I I a - d  

an treatment w i t h  c h l o r o a c e t i c  acid. c o m p o u n d s  I1b.d were prepared i n  h i g h e r  y i e l d s  

o n  treatment of 1IIb.d w i t h  chloroacetyl c h l o r i d e  followed by h y d r o l y s i s  o f  t h e  acid 
7 

c h l o r i d e s  1Vb.d . T r e a t m e n t  of 3 - l 2 - p y r i d y l m e t h y l l - 1 H - i m i d a ~ o 1 ~  d e r i v a t i v e s  1IIa.c 

with c h l o r o a c e t y l  c h l o r i d e  give o n l y  u n c r y s t a l l i z a b l e  tars. 

C o m p o u n d s  1Ib.d showed a behaviour i d e n t i c a l  t o  that of I I a  undergoing a n  a n a l o g o u s  

c o n d e n s a t i o n .  
1 

T h e  s t r u c t u r e  o f  c o m p o u n d s  Va,b.d w a s  a s s i g n e d  o n  t h e  basis o f  t h e i r  ir and H - n m r  

d a t a .  T h e  i r  s p e c t r a  o f  Va.b showed t h r e e  C O  s i g n a l s  at about 1670. 1 7 2 0  and 1 7 4 0  

- 1 
cm a t t r i b u t a b l e  to t h e  t h i o l e s t e r  carbon61 g r o u p  and to t h e  e s t e r  c a r b a n y l  g r o u p s  

linked to t h e  n u c l e i  x and y r e s p e c t i v e l y .  T h e  i r  s p e c t r u m  of Vd g a v e  n o  useful 
1 

i n f o r m a t i o n s  s i n c e  o n l y  a broad CO s i g n e l  is d e t e c t a b l e .  T h e  H - n m r  s p e c t r a  o f  
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V i , b , d  s h o w e d  i s i n g l e t  a t  6 4 . 5 5 - 4 . 9 8  d u e  t o  t i m e  S - C H 2  g r o u p .  T h e  s i n g l e t s  a t  6 

5 . 5 0 - 5 . 6 0  a n d  1 . 6 9 - 5 . 8 0  w e r e  a s s i g n e d  t o  t h e  N-CH2 g r o u p s  l i n k e d  t o  t h e  n a n d  y i m -  

i d s z o l e  n u c l e i  r e s p e c t i v e l y .  

I n  e n c h  c a s e  t h e  s i n g l e t  s i g n a l s  d u e  t o  t h f  H - 4  o f  t h e  y  i m i d a z o l e  n u c l e u s  were 

d e t e c t e d  a; a l o w e r  f i e l d  t h a n  t h e  c o r r e s p o n d i n g  p r o t o n s  of t h e  x o n e .  T h i s  b e -  

h a v i o u r  c a n  b e  e x p l a i n e d  b y  t h e  e l e c t r o n - w i t h d r a w i n g  e f f e c t  o f  t h e  S C O  g r o u p .  

F u r t h e r  e v i d e n c e  f o r  t h e  s t r u c t u r e o f  c o m p o u n d s  V b , d  w a s  p r o v i d e d  b y  t h e i r  u n e q u i v o -  

c a l  s y n t h e s i s  s t a r t i n g  f r o m  c a r b o x y l i c  a c i d  c h l o r i d e s  1 V b . d  a n o  m o r c a p t o  d e r i v a -  

t i v e s  I I I b , d :  

W i t h  r e g a r d  t o  t h e  f o r m a t i o n  o f  V a , b , d  a p o s s i b l e  r e a c t i o n  p a t h w a y  i s  r e p o r t e d  i n  

s c h e m e  2 .  

T h e  f o r m a t i o n  o f  t h e  i n t e r m e d i a t e  c y c l i c  i o n  c a n  e x p l a i n  t h e  r e a c t i v i t y  o f  t h e  

8 - C H 2  b o n d  a n d  t h e  f a c i l e  n u c l e o p h i l i c  a r t i c *  o n  t h e  C = O  g r o u p .  

1 
A s  e x p e c t e d  . c o m p o u n d  I I c  g a v e  a r i n g - c l o s u r e  r e a c t i o n  i n v o l v i n g  t h e  c a r b o x y l i c  

g r o u p  l i n k e d  a t  t h e  5 - p o s i t i o n  o f  t h e  i r n i d a z o l e  r i n g  a n d  t h e  p y r i d i n e  n i t r o g e n ,  

g i v i n g  ( ? O H - 1 0 - 0 x 0 - i m i d a r o [ l  .+a] p y r i d a [ l  , 2 - d ]  p y i - 2 1 t h i 1 t i  a c i d  I V I I .  

1 
T h e  structure o f  c o m p o u n d  V I  w a s  c o n f i r m e d  b y  m e a n s  o f  i t s  H - n m r  a n d  i r  s p e c t r a l  

d a t a .  I n  + a c t  i n  t h e  ' ~ - n r n r  s p e c t r u m  a s i n g l e t  s i g n a l  a t  6 0 . 1 5  d u e  t o  t h e  H - 4  i s  
- 1  

d e t e c t a b l e .  F u r t h e r m o r e ,  i n  t h e  i r  s p e c t r u m  a p e a k  a t  1 6 4 0  c m  , d u e  t o  t h e  N - C O  

g r o u p .  a p p e a r s .  



S i n c e  we d i s c o v e r e d  d i f ? e r e n c e s  i n  t h e  c h e m i c a l  b e h a v i o u r  o f  c o m p o u n d s  I11 t o w a r d  

c h l o r o a c e t y l  c h l o r i d e ,  we d e c i d e d  t o  i n v e s t i g a t e  t h e  b e h o v i o u r  o f  I I I a  t o w a r d  2- 

c h l a r o n i c o t i n i c  a c i d  c h l o r i d e .  T h i s  c h o i c e  w a s  m a d e  c o n s i d e r i n g  t h e  i n t e r e s t i n g  

r e a c t i o n  b e t w e e n  I I I b  a n d  2 - c h l o r a n i c o t i n i c  a c i d  c h l o r i d e ;  c o m p o u n d  I I I b  b e s i d e s  

t h e  S - s u b s t i t u t i o n ,  u n d e r w e n t  t h e  d e t a c h m e n t  o f  t h e  b e n z y l  g r o u p  g i v i n g  3 - e t h o n y -  

c a r b o n y l - 5 8 - 5 - 0 x 0 - i m i d a z o  [ 2 . 1 - b l p y r i d a  [ 3 , 2 - e ]  [ 1 . 3 ] t h i a i i n e 2  w h e r e a s  c a m p o u n d  I I I a  

u n d e r w e n t  o n l y  S - s u b s t i t u t i o n  g i v i n g  2 - [ S - e t h a x y c a r b a n y l - l H - 1 - 1 2 - p y r i d y l m e t h y l l i m -  

i d a z o l - 2 - y l t h i o ] n i c o t i n i c  a c i d  c h l o r i d e ,  a v e r y  h y g r o s c o p i c  s o l i d  w h i c h  w a s  c h a r -  

a c t e r i z e d  b y  c o n v e r s i o n  i n t o  t h e  c o r r e i a o n d i n g  c a r b o x y l i c  a c i d  V I I  a n d  t o r t - b u -  

t y l a m i d e  V I I I  ( s c h e m e  31 

S c h e m e  3 

EtOOC , N;rS 

L N  d 
EXPERIMENTAL 

M e l t i n g  p o i n t s  we re  o b t a i n e d  i n  o p e n  c a p i l l a r y  t u b e s  a n d  o r e  u n c o r r e c t e d .  T h o  i r  

s p e c t r a  w e r e  m e a s u r e d  o n  a P e r k i n - E l n e r  2 8 3  s p e c t r o p h o t o m e t s r  f o r  p o t n i i i u n  b r o m i d e  

1 
d i s c s .  T n e  H - n m r  s p e c t r a  we re  r e c o r d e d  w i t h  o P e r k i n - E l m e r  R 3 2  i n s t r u m e n t  ?or 

ONSO-d  s a t u r a t e d  s o l u t i o n s ;  c h e m i c a l  s h i f t s  a r e  e n p r e s s c d  i n  ppm I 6 1  f r o m  T m S .  
6 

A l l  o f  t h e  c o n ~ p o u n d i  g a v e  c o r r e c t  m i c r o a n a l y i e i .  

[ 5 - E t t ~ o ~ y ~ a r b a n y l - 1 ~ 1 - I 2 - p y r i d y l m e t h y l l i m i d a ~ ~ e t i c  A c i d  i I I a 1  
P _ _ Y _ _ n _ Y - V U - ? "  ~ m ~ m m %  

R s u s p e n s i o n  o f  I I I a .  C I C H q C O O H ,  a n d  Na C 0 3  I r n o l b r  r a t i o  l : l : 2 I  i n  DMF w a s  r e f l u x e d  
2  

f o r  2 h .  R c m o v a l  o f  t h e  s o l v e n t  l e f t  a r e s i d u e  w h i c h  w a s  d i s s o l v e d  i n  w a t e r .  On 

a c i d i ? i c a t i o n  of t h e  a b o v e  d e s c r i b e d  s o l u t i o n  w i t h  d i l .  H C 1 ,  c o m p o u n d  I I a  i e p a -  
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- 1 
rated out. Mp 144-145 OC fram EtOH [yield 70%1; ir: 1720 [ c m  I ;  'H-nmr: 7.78[s, 

1H.H-4 imidaralel, 5.65[s.2H,NCH21, 4.00[s,ZH,SCH I .  2 

---- 

This compound [IIcl w a s  obtained as described far IIa except that molar ratio IIIc: 

C 1 C H 2 ~ o O ~ :  ~ a ~ C 0 ~  w a s  1 ; 1 : 3  and the reaction time w a s  lh. Mp 214-215 O C  from EtOH 

-1 1 
(yield 75%1; ir: 1700 l c m  I; H-omr: ?.75[s,lH,H-4 imidbzole!. 5.70(s,LH,NCH2!. 

4.001i.ZH.SCH 1. 
2 

~ 5 - E t h o x y c a r b o n y l - l H - 1 - b s n z y l i m i d a i 0 l - 2 - y l t h i o j a e t i  Acid IIIbI 

This compound IIIbl w a s  obtained starting from IIIb following the procedure d e -  
- 1 

scribed For IIa. Mp 116-117 OC r r o m  EtOH (yield an%!; ir: 1720 Lcm I ;  '~-nrnr: 

7 . a n [ s , 1 ~ . ~ - 4  i m i d a r o ~ e l .  I . ~ ~ [ s . ~ H . N c H ~ ~ .  ~ . U ~ [ S , ~ H , S C H  1 .  
2 

1 5 - C a r b o x y - 1 , 7 - 1 - b e n r y l i m i d a ~ ~ 1 - 2 - y 1 t h i i 1 a ~ e t i  Acid IIIdl --- 
This compound [IIdl w a s  prepared starting from IIId following the procedure d e -  

- 1 
scribed for IIc. Mp 205-206 OC fram EtOtl [yield 80%1; ir: 1710 l c m  I ;  ' ~ - n m r :  

7.301e,lH.H-4 irnidaialel. 5.85[s,ZH.NCH I. 4.05[s.2H,SCH 1 
2 2 ' 

Alternative Synthesis of IIb a n d  I I d  A mixture of IIIb and ClCH CLlCl (molar ratio 
2 

?:I1 i n  dry benzene w a s  heated at 4 0  OC for Ih. On cooling a white product sepa- 

rated o u t  which w a g  collected by filtration. The analytical and physical data of 

this product could not be determined because of its hygroscopicity. The a b o v e  d e -  

scribed product w a s  stirred with water for 1 5  min and the crude IIh Iyield 9 0 % )  

collected by fi1:rstion. In the i i m e  manner compound IId w a s  obtained in 92% yield. 

A solution of IIa in Ac O w a s  refluxed for 10  mi". Removal of the solvent under 
2 

reduced p r e s s u r e  left a residue which was wished with Et O/acetone 1:l t o  give t h e  
-1 - 1 

crude V a .  Mp 190-191 "C fram NeCN Iyield Y0%1; ir: 1740 [ c m  I, 1720 i c rn  I ;  
1 
H-nmr: 8.73~s.lH.H-4 imidazole yl. 7.90ls.lH.H-4 irnidazole X I ,  5.80[s.2H,NCH2 yl. 

5.601s,2H.NCH2 XI, 4.98Ls.ZH.SCH I .  
2 

Method A- A solution o f  IIb in Ac C w a s  heated at 9 0  oC for 3 0  min. Removal of 
2 

the solvent left s residue which w a s  washed with Et 0 t o  give the crude Vb. Np 
-1 

2 
-1 -1 1 

1 8 5 4 8 6  OC from MeCN [yield 70%1; ir: 1740 Lcm I, 3110 [cm I, 1680 I cm I; H-nmr: 

8.681s,IH.H-4 imidarole yl, 7.50[s.lH.H-4 imidbzole X I ,  5.69Ls,2H.NCH2 yl. 5.5OLs. 

2H,NCH2 XI, 4.691s,2H,SCH21. 

Method a A n  equirnolecular mixture of IIIb a n d  ClCH COCl in dry benzene w a s  heated 
2 



at 40 OC for lh. The calculated a m o u n t  o f  IIIb and a n  e x c e s s  o f  NEt3 w e r e  added 

under stirring to the a b o v e  described solution. T h e  resulting suspension w a s  re- 

fluxed for 3 0  min. then cooled and filtered. The collected solid product w a s  dried. 

washed with water and dried again to give the crude Ub [yield 70%1. 

~ 5 - C a r b o x y - 1 H - l - b e n ~ y 1 i m i d ~ z 0 1 - 2 - y l t h i o l e t h n t h i 0 i c  Acid S - ( 5 - C a r b a x y - 1 f l - 1 - b e n z y l -  
-!vvVwL 
imidarol-2-yliester (Vdl 

Method A- A solution of IId in A c  O w a s  heated at 6 0  OC f o r  30 rnin and then cooled 
2 

in an ice bath. The solid product that separated out w a s  collected and then dii- 

solved in hot AcUH. The above described solution w a s  cooled and the c r u d e  Vd s o p i -  
- 1 

rated out. Pip 202-203 OC from DMF/acetone/H O [?:?:I1 [yield 45%1; ir: 1700 L c m  I: 
1 

2 
H - n m r :  8.551s.lH.H-4 irnidarole yl, 7.7Ols,lH.H-4 irnidaiole X I .  5.701s.2tl.NCH2 yl. 

5.551a.2H,NCH2 X I ,  4.55[s,2H,SCH J .  
2 

method 8- A n  fquimolecular mixture of IIId a n d  ClCH COCl in dry benzene was heated 
2 

at 4 0  OC for lh. The calculated amount of IIId and an e x c e s s  o f  NEt were added 
3 

under stirring to thz a b o v e  described solution. The collected solid product w a s  

dried, washed with water nnd dried again to give the crude Vd Iyield 60%). 

110H-10-Oxo-iinidazo[l.5-a]pyrido~1,2-d]pyrarin-2-ylthiolacetic Acid [VII 
w v V " ' b v P P  

A solution o f  IIc in Ac 0 was rsfluxed f o r  3 0  rnin. On caniing yellow crystals o f  
2 

- 1 -1 
VI separated out. Mp 205-206 OC from OMF Iyield 80%); ir: 1680 lcm 1, 1640 [cm I; 
1 
H-nmr: 8.15[s,lli.H-41, 7.801s.lH.1i-1l1, 4.0015.2tI.SCH I .  

2 

2 - [ 5 - ~ t h o x y c a r b o n y l - ~ H - l - l 2 - p y r i d y l m e t h y l l i i d z o l - 2 - y l t h i ] n i o t i n i c  Acid IVIII 

An equirnoleoular mixture o f  2-chloronicotinic acid chloride and I I I a  in dry b e n z e n e  

w a s  refluxed for 2h. The solid product which separated out w a s  collected and treat- 

ed with water to give the crude VII. Mp 211-212 OC from EtOH Iyield 45%); ir: 1710 
- 1 

[ c m  I ltl-nmr: 7.92Is,lH.H-4 imidarolei, 5.68Is.2H.NCH I .  
2 

2 -  [ 5 - ~ t ~ ~ ~ ~ ~ ~ ~ b o n y 1 - 1 ~ - 1 - ~ 2 - p y r i d y 1 m e t h y 1 1 i m i d a z a 1 - 2 - y 1 t h i o ] n i c o t i n i c  ~ c i d  tert-BU- ----- 
tylamide IVIIII 

An equirnalecular mixture of 2-chluronicatinic acid chloride and IIIi in dry b e n z e n e  

w a s  refluxed f o r  2h. After cooling a n  e x c e s s  o f  tert-butylarninn w a s  added to the 

reaction mixture. The solid product which separated out was collected. washed with 

water and then dried. Mp 110-111 OC from ligroine [bp 80-120 oC1 [yield 40%1; ir: 
- 1 - 1 - 1  1 

3 2 6 0  [ c m  1 ,  1720 Icm I, 1660 lcm 1; H-nmr: 7.90Ls,lH,H-4 imidaialel, 5.70[s,ZH, 

NCH21. 1.391s.9H.Me I .  
3 
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