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XL.* REACTION OF MERCAPTODERIVATIVES OF AZOLES 

WITH HALOQUINONES 

A. hl. Simonov and V. N. Komissarov UDC 547.785.5 

M e r c a p t o  d e r i v a t i v e s  of b e n z i m i d a z o l e  a n d  i m i d a z o l e  unde rgo  c o n d e n s a t i o n  with 2 . 3 - d i c h l o r o -  
1 ,4 -naph thoqu inone  to g ive  1 .4 -naph thoqu inony l  d e r i v a t i v e s ,  which  can  be c y c l i z e d  to dioxo d e -  
r i v a t i v e s  of  condensed  a z o l e  s y s t e m s .  

Up to now, the reaction of mercapto derivatives of nitrogen heterocycles with haloquinones has not been 
studied. We therefore subjected mercapto-substituted benzimidazoles and imidazoles to reaction with 2.3- 
dichloro-l,4-naphthoquinone (1) , chloranil (If), and 2,3-dichloro-5.6-dicyano-l,4-benzoquinone (Ill). 

The azole mercapto derivatives react with I at the mercapto group. 2-Mercaptobenzothiazole and 2- 
mercaptobenzoxazole form sulfides IV and V, the structures of which are confirmed by the IR spectral data. 
The reaction of I with 2-mercaptobenzimidazole. 2-mercapto-4.5-diphenylimidazole, and 4,5-phenylmercapto- 
imidazoledoes not stop at the step involving the formation of the sulfides but leads to polycyclic quinones VI- 
VIII, respectively, which are red relatively high-melting substances that are insoluble in dilute acids and alkalis. 
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When they  a r e  hea ted  with z inc  in a c e t i c  a n h y d r i d e  they  a r e  r e d u c e d  to hyd roqu inones .  
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We w e r e  unable  to r e a l i z e  s i m i l a r  t r a n s f o r m a t i o n  with qu inones  II and III; a m i x t u r e  of d a r k l y  c o l o r e d  
s u b s t a n c e s  tha t  a r e  not  a m e n a b l e  to p u r i f i c a t i o n  is f o r m e d  as  a r e s u l t  of the  r e a c t i o n .  The  r e a c t i o n  of 2 - m e r -  

c a p t o b e n z o t h i a z o l e  with lI l e a d s  to d i ( 2 - b e n z o t h i a z o l y l )  d i s u l f i d e .  

We a l so  c a r r i e d  out e x p e r i m e n t s  on the s y n t h e s i s  of p o l y c y c l i c  qu inones  s t a r t i n g  f rom 2 - a m i n o  d e r i v a t i v e s  

of b e n z i m i d a z o l e .  As in [2], qu inones  IXa,  b w e r e  ob ta ined .  

O O 

il i 0 R O R 
IX a ,  b % 

IX aR=C~Hs;  b R=CH2C~H ~ 

* See [2] for  c o m m u n i c a t i o n  XXXIX. 
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Quinone x was obtained when LKa was refluxed in glacial acetic acid. Reaction of 2-amino-4-phenylthia- 
zo le  wi th  I gave  XI, which  cannot  be c y c l i z e d  even when it is r e f l u x e d  for  many  hour s  in g l a c i a l  a ce t i c  ac id ,  
o - x y l e n e ,  and d i e thy l ene  g lyco l .  
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The  IN s p e c t r a  of m i n e r a l  o i l  s u s p e n s i o n s  of the compounds  w e r e  r e c o r d e d  with a UR-20 s p e c t r o m e t e r .  

2 - ( 2 - B e n z o t h i a z o l y l t h i o ) - 3 - c h l o r o - l . 4 - n a p h t h o q u i n o n e  (IV). A m i x t u r e  of 1.67 g (10 mmole)  of 2 - m e r -  
c a p t o b e n z o t h i a z o l e .  2.27 g (10 mmole )  of I, and 0.90 g (11 mmole )  of anhyd rous  s o d i u m  a c e t a t e  in 20 m l  of a l -  
cohol  was s t i r r e d  and r e f l u x e d  fo r  1 h, and the r e s u l t i n g  p r e c i p i t a t e  was r e m o v e d  by f i l t r a t i o n  and washed  s u c -  
e e s s i v e l y  with a l coho l ,  w a t e r ,  and s e v e r a l  t i m e s  with a l c oho l  to  g ive  2.70 g (75%) of r ed  p r i s m s  with mp 177-  
178 ~ ( f rom d i o x a n e - a l c o h o l ) .  IN s p e c t r u m :  1680 and 1665 cm - t  (CO); the a b s o r p t i o n  band of the  C = S  bond was  
absen t .  Found:  C 57.4; H 2.7;  C 1 9 . 8 ;  S 17.6%. Ct;HsC1NO2S 2. C a l c u l a t e d :  C 57.1;  H 2.3; C19 .9 ;  S 17.9%. 

2 - ( 2 - B e n z o x a z o l y l t h i o ) - 3 - c h l o r o - l . 4 - n a p h t h o q u i n o n e  (V). Th i s  compound  was  ob ta ined  by the method  used  
to p r e p a r e  IX;. Workup  gave  2.06 g (60%) of sh iny  r e d - o r a n g e  p l a t e s  with mp 194-195 ~ ( f rom d ioxane  con ta in ing  
a lcohol ) .  IN s p e c t r u m :  1680 and 1668 (CO); the  a b s o r p t i o n  band of the C = S bond was  absen t .  Found:  C 60.2; 
H 2.7; C1 10.1: S 9 .8q .  C17HsC1NO3S. C a l c u l a t e d :  C 59.9; H 2.4;  C l 1 0 . 4 ;  S 9.4%. 

B e n z i m i d a z o [ 2 , 1 - b ] n a p h t h o [ 2 , 3 - d ] t h i a z o l e - 7 . 1 2 - d i o n e  (VI). A 1.8-g (12 mmole )  s a m p l e  or 2 - m e r c a p t o -  
b e n z i m i d a z o l e  and 1.8 g (22 mmole )  of anhyd rous  sod ium a c e t a t e  w e r e  added  to a hot so lu t i on  of 2.27 g (10 
mmole )  of I in 200 m l  of a lcohol ,  and the m i x t u r e  was s t i r r e d  and r e f l u x e d  for  1.5 h. The r e s u l t i n g  p r e c i p i t a t e  
was r e m o v e d  by f i l t r a t i o n ,  washed  with 5 ml  of a l coho l ,  and d r i e d  to g ive  2.15 g (70.7%) of d a r k - o r a n g e  n e e d l e s  
with mp 250-251 ~ ( f rom d ioxane  con ta in ing  a l coho l :  the compound  so f t ened  2 ~ be low i ts  m e l t i n g  point) .  The  p r o -  
duct  was i n s o l u b l e  in a l k a l i s  and d i lu te  a c i d s  but qu i te  s o l u b l e  in c o n c e n t r a t e d  s u l f u r i c  ac id  and hot c o n c e n t r a -  
ted  h y d r o c h l o r i c  ac id .  IR s p e c t r u m :  1665 c m  -1 (CO). Found:  C 67.5: H 2.9; N 8.9:  S 10.6%. C17HsN202S. 
C a l c u l a t e d :  C 67.1; H 2.7:  N 9.2;  S 10.5%. 

2 . 3 - D i p h e n y l i m i d a z o [ 2 , 1 - b ] h a p h t h o [ 2 , 3 - d ] t h i a z o l e - 5 , 1 0 - d t o n e  (VII). A so lu t i on  of 2.27 g (10 m m o l e )  of I, 
2.25 g (10 mmole )  of 2 - m e r c a p t o - 4 . 5 - d i p h e n y l i m i d a z o l e .  and 1.8 g (22 mmole )  of anhydrous  sod ium a c e t a t e  was 
r e f luxed  in 100 ml  of a l coho l  fo r  2.5 h, a f t e r  which  the  m i x t u r e  was coo led ,  and the r e s u l t i n g  p r e c i p i t a t e  was 
r e m o v e d  by f i l t r a t i o n  and washed  with a l c o h o l  and w a t e r  to g ive  2.73 g (67~) of d a r k - r e d  ne e d l e s  with mp 286-  
287: ( f rom d ioxane  con ta in ing  a lcohol ) .  IN s p e c t r u m :  1660 and 1650 cm -1 (CO). Found:  C 73.4; H 3.3; N 8 . 5 ;  
S 7 .5~.  C.2sHHN.20.:S. C a l c u l a t e d :  C 73.8; H 3.5; N 8 . 7 ;  S 7.9%. 

3 - P h e n y l i m i d a z o [ 5 , 1 - b ] n a p h t h o [ 2 , 3 - d ] t h i a z o l e - 5 . 1 0 - d i o n e  (VIII). A 4.54-g (20 mmole )  s a m p l e  of I was 
added  to a hot s o l u t i o n  of 3.52 g (20 mmole )  of 4 . 5 - p h e n y l m e r c a p t o i m i d a z o l e  in 120 ml  of a l coho l  and 4 m l  of 
c o n c e n t r a t e d  h y d r o c h l o r i c  ac id ,  and the m i x t u r e  was s t i r r e d  and r e f l u x e d  fo r  30 min.  A 6 . 5 6 - g ( 8 0 m m o I e ) s a m -  
p ie  of anhyd rous  s o d i u m  a c e t a t e  was added ,  and the m i x t u r e  was r e f l u x e d  fo r  ano the r  2 h. It was then  coo led ,  
and the r e s u l t i n g  p r e c i p i t a t e  was r e m o v e d  by f i l t r a t i o n  and washed  with 100 m l  of w a t e r  to g ive  4.2 g (64%) of 
f ine d a r k - r e d  p l a t e s  with mp 248-249 ~ ( f rom i s o p r o p y l  a l coho l  con ta in ing  c h l o r o f o r m ) .  IN s p e c t r u m :  1660 c m  -1 
(CO). Found:  C 68.9:  H 3.0; N 8.9:  S 9.2%. CLgHIoN20,S. C a l c u l a t e d :  C 69.1: H 3.1; N 8 . 5 ;  S 9.7%. 

Quinones  IXa. b m~d Xi w e r e  ob ta ined  by the fo l lowing method .  A so lu t ion  of 0.05 m o l e  of the  c o r r e s p o n d -  
ing 2 - a m i n o  d e r i v a t i v e s  of b e n z i m i d a z o l e  o r  t h i a z o l e  and 0.05 mo le  of I in 150 ml  of a l coho l  was  r e f luxed  fo r  
20 h. du r ing  which 2 g of a n h y d r o u s  sod ium a c e t a t e  was  added  e v e r y  4 h. At  the  end of th i s  p e r i o d ,  the  a l coho l  
was r e m o v e d  by d i s t i l l a t i o n ,  and the r e s i d u e  was  d r i e d  and d i s s o l v e d  in c h l o r o f o r m - b e n z e n e  (1 : 1) and c h r o m a -  
t o g r a p h e d  with a c o l u m n  f i l l ed  with a l u m i n u m  oxide .  Two f r a c t i o n s  - a ye l low f r a c t i o n  (Rf 0.9) and a v io l e t  
f r a c t i o n  (Rf 0.5) - w e r e  c o l l e c t e d .  The  so lven t  was r e m o v e d  f rom the v io l e t  f r a c t i o n  by d i s t i l l a t i o n  to g ive  q u i -  
nones  LXa. b and XI; r e m o v a l  of the s o h ' e n t  f r o m  the ye l low f r a c t i o n  by d i s t i l l a t i o n  y i e l d e d  2 - a c e t o x y - 3 - c h l o r o -  
1 .4 -naph thoqu inone  with mp 98-99:  ( f rom hexane)  [3]. 

2 - t l - E t h y l - 2 - b e n z i m i d a z o l y l a m i n o ) - 3 - c h l o r o - l , 4 - n a p h t h o q u i n o n e  (IXa). Th i s  compound was ob ta ined  in 

43~ y i e ld  as  v i o l e t  p r i s m s  with mp 195-196 ~ ( f rom o - x y l e n e ) .  Itt s p e c t r u m :  1672 and 1658 c m  -1 (CO). Found:  
C 64.8;  H 4.4;  C1 9.9; N 12.0%. C19Ht~C1N302. C a l c u l a t e d :  C 64.8: H 4.0; C l 1 0 . 0 ;  N l l . 9 ~ .  

655 



2-(1-Benzyl -2-benzimidazoly lamino)-3-chloro- l ,4-naphthoquinone  (IXb). This compound was obtained in 
40~ yield as violet p r i sms  with mp 174-175 ~ (from o-xylene). IR spectrum: 1670 and 1660 cm -1 (CO). Found: 
C 69.7; H 3.7; C18.6;  N 11.6%. C2aHt6C1N302. Calculated: C 69.7: H 3.9; C18.6; N 11.6~. 

2- (4-Phenyl -2- th iazoly lamino)-3-chloro- l ,4-naphtoquinone  (XI). This compound was obtained in 36% 
yield as violet p r i sms  with mp 217-218 ~ (from o-xylene). Found: C 62.2: H 3.4; C1 9.5; N 7.8; S 8.5%. 
C19HllC1N202S. Calculated: C 62.2; H 3.0; C1 9.7; N 7.6; S 8.7%. 

5-Ethylbenzimidazo[1,2-a]naphtho[2,3-d]imidazole-7,12-dione (X) Hydrochloride.  A solution of 1.3 g 
(3.7 mmole) of IXa in 10 ml of glacial acetic acid was refluxed for 4 h, after which it was cooled, and the r e -  
sulting precipi tate  was removed by filtration and washed with ether  to give 0.7 g (77%) of X. IR spectrum: 
1660 and 1643 cm -t (CO). Found: C 64.8; H 4.4; C1 10.2%. CtgH13N302"HC1. Calculated: C 64.8: H 4.0: 
C1 10.0%. 

Di(2-benzothiazolyl) Disulfide. A 3.34-g (20 mmole) sample of 2-mercaptobenzothiazole  was added to a 
hot solution of 2.14 g (10 mmole) of I In 40 ml of alcohol and 40 ml of dioxane, and the mixture was refluxed for 
1 h. The initially da rk - red  solution became lighter, and color less  needles precipitated.  The solution was 
cooled, and the precipi ta te  was removed by fil tration to give 1.5 g of a product with mp 182-184 ~ (from dioxane 
containing alcohol). The product was insoluble in alkalis but soluble in dilute sulfuric acid. The IR spectrum 
did not contain the absorption bands of functional groups. The melting point was in agreement  with the l i tera-  
ture  value [4], and the resul ts  of e lementary analysis were in agreement  with the values calculated for di(2- 
benzothiazolyl) disulfide. Found: C 51.0; H 2.6; N 8.7%. CI~HsN2S ~. Calculated: C 50.6: H 2.4; N 8.4%. 
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A number of cyanopyrroles  were synthesized. The nitri le group was created by t reatment  of 
pyr ro lecarboxyl ic  acids with p-toluenesulfonamide and phosphorus pentachloride.  It was found 
that the pyr ro le  ring is rapidly N-methylated in the presence of diazomethane when it contains 
three e lec t ron-accep tor  substituents. 

One of the most  complex problems that ar ise  in the synthesis of heme a - t h e  prosthet ic  group of cy to-  
chromoxidase - is the introduction of a formyl  group in the 8 position of the macrocycle .  The preparat ion of 
porphyrins with a nitrile group and their  subsequent reduction to formylporphyrins  may serve  as a possible 
approach to the solution of this problem. A recent ly  proposed method [1] makes it possible to select ively reduce 
the nitr i le group in the p resence  of vinyl and keto groups,  and this is par t icular ly  valuable in the synthesis of 

compounds s imi la r  to heme a. 
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