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A new condensed s y s t e m  - imidazo [4 ,5 ,1 -k , / ]pheno th i az ine  - w a s  synthes ized  by the r e a c -  
t ion of 1-aminophenothiazine with fo rmic  acid.  The reac t ion  of 1-aminophenothiazine with 
t r i f luo roace t i c  acid resu l ted  in the fo rmat ion  of 1 - t r i f luo romethy l imidazo[4 ,5 ,1 -k , / ]pheno-  
thiazine.  The cycl izat ion of 1 - a c e t a m i d o -  and 1-benzamidophenothiaz ines  in the p r e s e n c e  
of hydrochlor ic  acid gave 1 - m e t h y l -  and 1-phenyl imidazo[4 ,5 ,1-k , / ]phenoth iaz ines .  

Continuing our s e a r c h  for  pharmaco log ica l ly  active compounds in the subst i tuted phenothiazine s e r i e s ,  
we have synthes ized  a f o u r - m e m b e r e d  he te rocyc l ic  s y s t e m  that  includes an imidazole  r ing.  

We used  1-aminophenothiazine (I) as the s ta r t ing  compound for  the synthes is  of imidazo[4 ,5 ,1-k , l  ]- 
phenothiazine (iI) and its de r iva t ives .  I t  was ,  of course ,  expected that the s ame  reac t ions  that a re  pecul ia r  
to o - a ry l ened i ami nes  [2] would also be cha r ac t e r i s t i c  for  I.  Acids were  used  as the second component  in 
the synthes is  of II .  

The reac t ions  of I with organic  acids p roceed  at different  r a t e s .  The acidity constant  of the react ing  
acid apparent ly  has a decis ive  effect  on the reac t ion  r a t e .  Thus,  for  example ,  heating of I with fo rmic  or  
t r i f luo roace t i c  acid leads ,  r e spec t ive ly ,  to imidazo  [4,5,1-k,l  ]phenothiazine (II) and 1 - t r i f l uo rome thy t imid -  
azo [4,5,1-k,l  ]phenothiazine (III). At tempts  to obtain 1 -methy l imidazo  [4,5,1-k,l  ]phenothiazine (IV) and 1- 
phenyl imidazo[4,5 ,1-k , l  ]phenothiazine (V) by the reac t ion  of I with acet ic  acid, acet ic  anhydride,  and benzo-  
ic acid were  unsuccessfu l :  1-acetamidophenothiaz ine  (VI) and 1 -ace tamido-10-ace ty lpheno th iaz ine  (VII), 
r e spec t ive ly ,  were  obtained.  Compounds VI and 1-benzoylaminophenothiazine (VIII) were  obtained via the 
S c h o t t e n - B a u m a n n  reac t ion  of I with acet ic  anhydride or benzoyl chlor ide .  We were  able to obtain IV by 
heating VI in 10% hydrochlor ic  acid.  Compound VIII could be cyct ized  to V in low yield by prolonged hea t -  
ing in 25% hydrochlor ic  acid; the low yield is apparent ly  due to the deact ivat ing effect  of the phenyl group 
on the carbonyl  group.  An a t tempt  to obtain V in analogy with 2-phenylbenzimidazole  [3] by heating I with 
benzoic acid in the p r e s ence  of 25% hydrochlor ic  acid did not give the expected  r e su l t s .  

H NHCOR NH 2 
VI, VIII I It, 111 

1HCI I(CH3CO)~ O IH202(CH3COOH) 

IV, V Vtl IX 

IV, VJ R=CH3; V, VIII R=C6H5; II,IX R=H; Ill R=CF 3 

* See [1] for  communica t ion  XXVIII. 
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The new h e t e r o c y c l i c  s y s t e m  - i m i d a z o  [4, 5 , l - k , / ] p h e n o t h i a z i n e  - i s  r e s i s t a n t  to p r o l o n g e d  he a t i ng  and 
to  the  ac t i on  of a l k a l i s  and a c i d s .  Hea t ing  th i s  compound  u n d e r  s e v e r e  cond i t i ons  o v e r  a n i c k e l  c a t a l y s t  did  
not  g ive  1 - p h e n y l b e n z i m i d a z o l e  - the  p r o d u c t  of the  r e d u c t i v e  d e s u l f u r i z a t i o n  of I I .  Howeve r ,  II  i s  r e a d i l y  
ox id i zed ,  and,  depend ing  on the  ox ida t i on  c o n d i t i o n s ,  f o r m s  an oxide  o r  d iox ide .  

As  c o m p a r e d  wi th  pheno th i az ine ,  a b a t h o c h r o m i c  sh i f t  of the  l o n g - w a v e  m a x i m u m  and a h y p s o c h r o m i c  
sh i f t  of the  m o r e  i n t e n s e  s h o r t - w a v e  m a x i m u m  a r e  o b s e r v e d  in  the  UV s p e c t r u m  of I I .  In addi t ion ,  s ix  f ine 
s t r u c t u r e  bands  a r i s e  at  240-320 r im; t h e s e  c h a r a c t e r i z e d  the  e n t i r e  s y s t e m  as  one wi th  m o r e  p r o n o u n c e d  
a r o m a t i c  p r o p e r t i e s .  When  the  UV s p e c t r a  of  II  in n e u t r a l  and ac id  m e d i a  a r e  c o m p a r e d ,  in the  l a t t e r  c a s e  
one o b s e r v e s  a sh i f t  of 10 n m  in  the  band of the  be nz e ne  a b s o r p t i o n  of  the  phe no th i a z ine  r i n g  to s h o r t e r  
w a v e l e n g t h s .  A sh i f t  of the  l o n g - w a v e  m a x i m u m  i s  a l s o  o b s e r v e d  in the  UV s p e c t r u m  of  IV in a c i d  m e d i a .  

Bands  tha t  cou ld  be  a s s i g n e d  to  the  v a l e n c e  v i b r a t i o n s  of the  NH bond a r e  absen t  in the  IR s p e c t r u m  
of II  f r o m  3100-3500 c m  - l .  In  add i t i on  to the  bands  at  1600 and 1573 c m  -~ due to the  be nz e ne  r i ng  of the 
p h e n o t h i a z i n e  r i n g ,  t h e r e  i s  a band  a t  1630 c m  -~ tha t  i s  a p p a r e n t l y  a s s o c i a t e d  wi th  the  v i b r a t i o n  of  the  C ----N 
bond  in the  i m i d a z o l e  r i n g .  In  c o m p a r i n g  the IR s p e c t r u m  of II  wi th  the  s p e c t r u m  of pheno th i az ine ,  i t  should  
be  n o t e d  tha t  the  bands  at  1502 and 1492 c m  -1 a r e  sh i f t e d  to 1480 and 1465 c m  -1 whi le  r e t a i n i n g  the  s a m e  
r e l a t i v e  i n t e n s i t i e s ,  wh i l e  the  1438 c m  -1 band  of  II i s  sh i f t ed  to  1385 c m  -1 in  p h e n o t h i a z i n e .  In addi t ion ,  
t h e r e  a r e  i n t e n s e  bands  at  1287 and 1270 c m  -1 in  t he  s p e c t r u m  of II t ha t  to s o m e  d e g r e e  m a y  a l s o  c h a r a c t e r -  
i ze  the  f o r m a t i o n  of  a new c o n d e n s e d  s y s t e m .  

The  i n t r o d u c t i o n  of a C F  3 g r o u p  into  the  i m i d a z o l e  r i n g  l e d  to  a sh i f t  in the  C ----N band to 1625 cm-1 ;  
the  band  at  1573 c m  -1 o v e r l a p s  the  band at  1600 c m  -1 and,  in  p l a c e  of the  i n t e n s e  band  at a p p r o x i m a t e l y  
1500 c m  -1 in  I I ,  a doub le t  a p p e a r s  a t  1520 and 1480 c m  -~ . An i n t e n s e  band ,  a p p a r e n t l y  r e l a t e d  to  the  a s y m -  
m e t r i c a l  d e f o r m a t i o n  v i b r a t i o n  of  the  C F 3 g roup  [4], can  be i s o l a t e d  in  the  s p e c t r u m  of  HI.  

EXPERIMENTAL 

Imidazo[4,5,l-k,/]phenothiazine (II). A mixture of 2.14 g (0.01 mole) of I and 5 ml of 85% formic acid 
was refluxcd for 4 h. The reaction mass was poured into a dilute solution of sodium hydroxide, and the re- 
sulting precipitate was recrystallized from aqueous alcohol to give 1.8 g (72v/c) of a colorless substance 
with mp 164-165 ~ that was soluble in alcohol, toluene, and ether. UV spectrum (in alcohol): ~max 225,248, 
262,288, 300, 320, 326-336 nm; log s 4.40, 4.10, 3.98, 3.88, 3.66, 3.80, 3.80. Found %: C 69.2; H 3.6; N 
12.4; 12.7; S 14.2, 14.3. CI3HsN2S. Calculated%: C 69.6; H 3.6; N 12.5; S 14.3. The hydrochloride, ob- 
tained by dissolving the base in hydrochloric acid, was isolated after cooling the solution and drying the pre- 
cipitate and melted at 248-250 ~ Found %: C1 13.6, 13.6; N 10.7, 10.9. C13HsN2S �9 HCI. Calculated %: C1 
13.6; S 10.7. UV spectrum (in alcohol): ~max 224, 318-322 nm; loge 4.64, 3.79. 

l-Trifluoromethylimidazo[4,5,l-k,/]phenothiazine (III). A mixture of 1.07 g (0.005 mole) of I and 3 ml 
of trifluoroaeetic acid was refluxed for 17 h. The reaction mass was then poured into dilute sodium 
hydroxide, and the precipitate was fleered and washed with water. Two crystallizations from aqueous alco- 
hol gave 0.75 g (52%) of a substance with mp I00-I01 ~ . (Starting amine I was isolated by dilution of the 
filtrate with water.) Found %: N 9.6, 9.6; S 11.3, 11.2. CI4HTF3N2S. Calculated %: N 9.6; S II.0. 

l-Acetamidophenothiazine (VI). Acetic anhydride (3 ml) was added to a solution of 0.84 g (0.004 mole) 
of I in 5 ml of pyridine, and the mixture was stirred at 30-35 ~ for 40 rain and diluted with water. The re- 
sulting precipitate was filtered to give 0.85 g (85%) of a substance which melted at 178-179 ~ after recrystal- 
lization from toluene. Found%: N Ii.I, II.I; S 12.5, 12.4. C14HI2N2OS. Calculated%: N II.0; S 12.5. 

l-Benzamidophenothiazine (VIII). Under the conditions of the Schotten-Baumann reaction, 0.71 g 
(75%) of a substance with mp 209-210 ~ (from alcohol) was obtained from 0.63 g (0.003 mole) of I, 0.5 g 
(0.0033 mole) of benzoyl chloride, and 0.35 g of sodium bicarbonate in I0 ml of ethanol. The light-yellow 
crystalline product was quite soluble in most organic solvents. Found %: N 8.9, 9.1; S I0.I, I0.I. 
C19HI4N2OS. Calculated %: N 8.8; S I0.I. 

l-Acetamido-10-acetylphenothiazine (VII). A total of 0.43 g (0.002 mole) of I was refluxed in 5 ml of 
acetic anhydride for 1 h. The reaction mass was then poured into water, and the precipitate was recrystal- 
lized first from aqueous alcohol and then from toluene to give a colorless, crystalline substance with mp 
204-205 ~ Found %: N 9.1, 9.2; S I0.I, 9.8. CI6HI4N202S. Calculated %: N 9ol; S 10.1. 
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1-Methyl imidazo[4 ,5 ,1-k , / ]phenoth iaz ine  {IV). A total  of 0.76 g (0.003 mole) of VI was ref luxed with 
s t i r r i ng  for  2 h in 50 ml  of 10% hydrochlor ic  acid; VI gradual ly  d issolved.  Heating was stopped, and dilute 
sodium hydroxide was added to the reac t ion  m a s s  until it was alkal ine.  The resu l t ing  prec ip i ta te  was 
f i l t e red  and washed with wa te r  to give 0.5 g (70~) of a substance  with mp 130-135 ~ that me l t ed  at 135-136 ~ 
a f t e r  r ec rys t a l l i z a t i on  f rom aqueous alcohol.  Found %: N 11.9, 11.7; S 13.8, 13.7. C14HIoN2S. Calcula ted  ~ :  
N 11.8; S 13.5. The base ,  which d isso lved  on heating in dilute hydrochlor ic  acid, fo rmed  a hydrochlor ide  
with mp  222-224 ~ Found %: C1 12.9, 13.0. CI4H10N2S �9 HC1. Calcula ted  ~ :  C1 12.9. UV spec t rum of the 
base  in alcohol with 0.1 N HCI: }tma x 230,292,  312-314 nm; l oge  4.54, 3.84, 3.87. 

1-Phenyl imidazo[4 ,5 ,1-k , / ]phenoth iaz ine  (V). P roduc t  VIII [0.4 g (0.0012 mole)] was ref luxed with 
s t i r r i ng  in 30 ml  of 25~c hydrochlor ic  acid for  20 h; VIII d issolved par t i a l ly .  The addition of sodium hydrox-  
ide to the acid f i l t ra te  gave 0.15 g of a substance  with mp 115-116 ~ (from aqueous alcohol).  Found ~c: N 9.3, 
9.1; S 10.8, 10.7. C19HI2N2S. Calcula ted ~c: N 9.2; S 10.8. 

Imidazo[4 ,5 ,1-k , l  ]phenothiazine S,S-Dioxide (IX). Hydrogen peroxide (1.5 ml  of a 30% solution) was 
added to a solution of 0.66 g (0.003 mole) of II in 5 ml  of glacial  acet ic  acid, and the mix tu re  was ref luxed 
for  3 h. The reac t ion  m a s s  was then poured into a dilute sodium hydroxide,  and the resu l t ing  prec ip i ta te  
was r e c r y s t a l l i z e d  f rom alcohol to give 0.6 g (78%) of a substance  with mp 240-242 ~ Found ~c: N 11.0, 11.1; 
S 12.3, 12.4. C13HsN202S. Calculated~c:  N 10.9; S 12.5. 

1o 

2. 
3. 
4. 

LITERATURE CITED 

V. V. Shavyrina and S. V. Zhuravlev ,  Khim. Getero ts ik l .  Soedin., 42 (1971). 
I .  Wright ,  Chem.  Rev. ,  48, 397 (1951). 
B. A. Pora i -Kosh i t s ,  O. F.  Ginzburg,  and L. S. ]~fros, Zh. Obshch. Khim.,  1__~7, 1768 (1947). 
A. C r o s s ,  Introduction to P r a c t i c a l  IR Spec t roscopy [Russian t rans la t ion] ,  IL, Moscow (1961). 

717 


