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1 ,2-Dihydroimidazo [4,5,1 -n ,m]phenoth iaz ine- l - th ione  (III) was synthes ized by the reac t ion  
of 1-aminophenothiazine (II) with sulfur  and carbon  disulfide or  po tass ium ethylxanthogen-  
ate.  The oxidation of III with hydrogen peroxide  in alkal i  and acid media  leads to imidazo-  
[4,5,1-n,m]phenothiazine (i) and imidazo[4,5 ,1-n,m]phenothiazine 6,6-dioxide (VI), r e s p e c -  
t ively .  Severa l  S-a lkyl  and S -a ra lky l  der iva t ives  of IH ffVa-d) were  obtained by the action 
of alkyl and a ra lky l  hal ides;  the oxidation of IVa-d  in acet ic  acid gave 1 ,2 -d ihydro imidazo-  
[4,5,1-n,m] -1 -phenothiazone 6, 6-dioxide {VII). 

In [2] we desc r ibed  the synthes is  of imidazo[4,5 ,1-n,m]phenothiazine (i), a r ep resen ta t ive  of a new 
he te rocyc l i c  s y s t e m .  

In this r e s e a r c h  we have synthes ized  1 ,2-d ihydro imidazo[4 ,5 ,1-n ,m]phenoth iaz ine- l - th ione  (III) and 
have studied some  of i ts  t r a n s f o r m a t i o n s .  

It is known that many  m e r c a p t o  compounds have d ive rse  physiological  act iv i t ies  and low toxic i t ies .  
This  m a k e s  it poss ib le  to suppose that  de r iva t ives  III m a y  be used  to obtain compounds with psychotropic  
act ivi ty and act ivi ty on the ca rd i ovas cu l a r  s y s t em.  Mercaptoimidazophenothiaz ine  is also of in te res t  f rom 
a chemica l  point of view, s ince it has  th ree  reac t ion  cen te r s  (the m e r c a p t o  group and the cycl ic  ni t rogen 
and sulfur  a toms) .  
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*See [1] for communica t ion  XXXI. 

Inst i tute  of Pha rmaco logy ,  Academy of Medical Sciences  of the USSR, Moscow. T rans l a t ed  f rom 
Khimiya Gete ro t s ik l ichesk ikh  Soedinenii, No. 6, pp. 770-772, June,  1971. Original  a r t ic le  submit ted  
October  5, 1970. 

�9 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved: This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

718 



The react ion of 1-aminophenothiazine (II) with sulfur and carbon disulfide or  potassium ethylxanthogen- 
ate yielded 1 ,2-dihydroimidazo[4,5 ,1-n,m]phenothiazine- l - th ione (HI), which was purified by t rea tment  of 
its sodium salt with dilute hydrochlor ic  acid. 

The IR spec t ra  of III in minera l  oil. and in KBr blocks contain an intense absorption band at 3150 cm -1, 
which we assigned to the valence vibration of the NH group. The absorption band charac te r i s t i c  for the SH 
group (2500-2600 cm -~) is absent. These resul ts  indicate that III exists in the thione form in the solid state,  
while, as expected, the band cha rac te r i s t i c  for  the NH group vanishes in the alkylated products.  Under the 
influence of alkalis, III readi ly  forms salts,  the aqueous solutions of which react  with alkyl halides and 
aralkyl halides to form the corresponding S-alkyl and S-aralkyl  derivat ives (iVa-d). These derivat ives  
were isolated as the hydrochlor ides ,  which are readi ly hydrolyzed in polar solvents.  

The oxidation of III with hydrogen peroxide proceeds  in different ways as a function of the react ion 
medium. In alkaline media the sodium salt  of the sulfinic acid (V) is formed and is decomposed on acidifi-  
cation with hydrochlor ic  acid to give imidazo[4,5,1-n,m]phenothiazine {I). We obtained a s imi la r  compound 
via another route in [2]. The oxidation of HI in acetic acid gives imidazo[4,5,1-n,m]phenothiazine 6,6-di-  
oxide (VI), which is identical to the compound previously obtained by the oxidation of I [2]. Absorption bands 
of the SO 2 group were observed at 1320, 1118, 1134, and 1164 cm -1 in the IR spec t rum of VI (in mineral  oil). 

The oxidation of IVa-d with hydrogen peroxide in acetic acid gives 1 ,2 -d ihydro imidazo[4 ,5 ,1 -n ,m]- l -  
phenothiazone 6,6-dioxide (VII), as conf i rmed by analytical data and the IR spect rum.  An intense absorp-  
tion band at 1733 cm -1, which we assigned to the vibrations of the C -~O group, is observed in the IR spec-  
t rum of VII [in minera l  oil or  in dioxane solution (c 1 0  -2 1Y[, l 0.25 mm)].  The broad absorpt ion bands at 
3055, 3115, and 3180-3250 cm -t are charac te r i s t i c  for the NH group in amides.  The absorption bands at 
1142 and 1338 cm -1 charac te r i ze  the presence  of an SO 2 group. 

Although benzimidazo-2- thione readi ly  forms a Mannich base [3], we could not c a r r y  this reaction out 
for III. 

The pharmacological  data on III and IV indicate that they have sedative action. 

E X P E R I M E N T A L  

1,2-Dihydroimidazo[4,5 ,1-n,m]phenothiazine- l - thione (III). A. A mixture of 1.07 g (0.005 mole) of 1- 
aminophenothlazine, 0.18 g (0.0055 mole) of powdered sulfur, and 2 ml of carbon disulfide was heated for 
4 h in a steel cyl inder  at a bath tempera ture  of 180-190 ~ C. The excess  carbon disulfide was evaporated at 
the end of the react ion.  The residue was dissolved in dilute sodium hydroxide, and the insoluble residue 
was f i l tered.  The fi l trate,  containing the sodium salt of III, was t rea ted  with dilute hydrochlor ic  acid. The 
result ing l ight-yel low precipitate was f i l tered to give 0.96 g (76%) of III with mp 280-281 ~ (from aniline); 
the product was slightly soluble in most  organic solvents.  Found %: N 11.03; S 24.95. C~3HsN2S 2. Calcu-  
la ted%.  N 1 0 . 9 2 ; S  25.02. 

B. A 0.86 g (0.004 mole) sample of l -aminophenothiazine was dissolved in 10 ml of alcohol, and 0.4 g 
(0.0042 mole) of carbon disulfide and 0.25 g (0.0044 mole) of potass ium hydroxide in 2 ml of water  were 
added with s t i r r ing .  The mixture was refluxed for 5 h, cooled, and acidified with dilute hydrochlor ic  acid. 
The resul t ing precipi tate  was f i l tered to give 0.8 g (80%) of a substance with mp 275-277 ~ It melted at 
280-282 ~ after  recrys ta l l i za t ion  f rom aniline. Found %: N 11.01; S 25.05. C~3HsN2S 2. Calculated %: N 
10.92; S 25.02. UV spec t rum (dioxane, c 10 -4 M), ~max,  nm ( toga):  244 (4.567, 300-302 (4.26). 

1-Methylmercaptoimidazo[4,5,1-n,m]phenothiazine (IVa). Methyl iodide (1 ml) was added in the course  
of 1 h at room tempera tu re  with s t i r r ing  to 1.2 g (0.004 mole) of III dissolved in dilute sodium hydroxide.  
The solution was cooled, and 0.85 g of a substance with mp 123-124 ~ (from isopropyl alcohol) was isolated. 
The l ight -gray  c rys ta l s  were soluble in most  organic solvents and insoluble in water .  Found ~ :  N 10.26; 
S 23.45. C14H10N2S a. Calcula ted%: N 10.39; S 23.30. 

A hygroscopic  hydrochlor ide that was hydrolyzed in aqueous solutions and had mp 136 ~ (decomp.) was 
obtained f rom the e ther  solution of base IVa by the action of a sa turated ether  solution of hydrogen chloride.  
Found %: C1 11.64. C i 4 H I o N 2 S  2 �9 HC1. Calculated %: C1 11.60. 

Products  IVb, IVc, and IVd were s imi la r ly  obtained. 

719 



( Imidazo[4,5 ,1-n,m]- l -phenothiazinyt)mercaptoacet ic  Acid (IVc). The sodium salt  of IVc was isolated 
from 0.51 g (0.002 mole) of HI and 0.45 g of bromoacet ic  acid and was converted in 85% yield (0.53 g) to IVc 
with mp 199-200 ~ (from aqueous alcohol) by the action of an alcohol solution of hydrogen chloride.  Found %: 
N 8.96; S 20.11. C15H10N202S 2. Calculated %: N 8.96; S 20.05. 

1-Benzylimidazo[4,5,1-n~m]phenothiazine (IVd). A. A total of 0.55 g (80%) of base with mp 122-123 ~ 
(from alcohol) was obtained f rom 0.51 g (0.002 mole) of III and 1 ml of benzyl chloride.  The product was 
co lor less  needles that were soluble in hot alcohol and slightly soluble in cold alcohol. Found %: N 8.34; S 
18.33. C20HI3N2S2. Calcula ted%: N 8.08; S 18.51. 

A hydrochlor ide with mp 237-238 ~ that was readi ly hydrolyzed by water and alcohol was obtained f rom 
an e ther  solution of the base by the action of a saturated ether  solution of hydrogen chloride.  Found %: C1 
8.89; N 7.49. C20HI4N2S 2 �9 HC1. Calculated %: C1 9.30; N 7.27. 

B. A mixture of 0.26 g (0.001 mole) of III and 1.5 ml of benzyl chloride was refiuxed for 3 h in 3 ml 
of o-dichlorobenzene to give IVd with mp 121-122 ~ (from alcohol). This product did not depress  the melting 
point of the compound obtained by method A. 

1-(f l -Dimethylaminopropyl)mercaptoimidazo[4,5,1-n,m]phenothiazine (IVb). The oily precipitate ob- 
tained by the react ion of 1.02 g (0.004 mole) of IH and 1.2 g (0.004 mole) of the hydrochIoride of ~ -d ime thy l -  
aminopropyl chloride and aqueous alkali was extracted with toluene. The toluene ex t rac t  was washed with 
water  and dried with magnes ium sulfate, and an ether  solution of hydrogen chloride was added to give 1 g 
(72%) of IVb with mp 205-206 ~ (from isopropyl  alcohol). The white c rys ta l s  were soluble in water  and hot 
alcohols.  Found %: C1 9.75; S 17.40. C18HIoN2S 2 �9 HC1. Calculated %: C1 9.75; S 17.62. 

Imidazo[4,5,1-n,m]phenothiazine (I). A. A 0.51 g (0.002 mole) sample of III was refluxed for 4 h with 
excess  nickel catalyst  in 30 ml of alcohol. The catalyst  was fil tered, and water  was added to the fi l trate to 
give a white precipi tate  with mp 162-164 ~ (from aqueous alcohol). This product did not depress  the melting 
point of the compound obtained by the method in [2]. Found %: S 14.25. CI3HsN2S. Calculated %: S 14.30. 

B. A 0.51 g (0.002 mole) sample of III was dissolved in dilute sodium hydroxide, 3 ml of 30% hydro-  
gen peroxide was added with s t i r r ing ,  and the mixture was s t i r red  at room tempera ture  for 30 min. The 
substance that precipi tated f rom the acidified react ion mass  dissolved on heating, and a solution of sodium 
hydroxide was added until the mixture gave an alkaline react ion.  The result ing precipitate was fi l tered to 
give 65% of a product with mp 161-162 ~ (from aqueous alcohol). This product did not depress  the melting 
point of the compound obtained by method A. Found %: S 14.42. C13HsN2S. Calculated %: S 14.30. 

Imidazo[4,5,1-n,m]phenothiazine 6,6-Dioxide (VI). A 0.52 g (0.002 mole) sample of HI was dissolved 
in 15 ml of glacial  acetic acid, 3 ml of hydrogen peroxide was added, the mixture was s t i r red  at 50-55 ~ for  
2 h, and water  was added until the mixture became turbid. It was then t rea ted  with charcoal  and fil tered, 
and a l ight-yel low crysta l l ine  precipi tate  with mp 239-240 ~ (from alcohol) formed f rom the f i l t rate.  Accord -  
ing to its melting point and chromatogram,  it was identical to the compound obtained in [2] with mp 240-242 ~ 
[2] and Rf 0.75 [ a l coho l - ch lo ro fo rm (1:4)] .  Found %: N 10.90; S 12.38. C13HsN202S. Calculated %: N 
10.94; S 12.25. UV spec t rum (in dioxane, c 10 -5 M), ~max,  nm {loge): 260-262 (4.15), 304 (4.06), 312 (4.14). 

1 ,2-Dihydroimidazo[4,5 ,1-n ,m]- l -phenothiazone 6,6-Dioxide (VII). A 0.52 g (0.002 mole) sample of 
IVa was dissolved in 15 mI of glacial  acetic acid, 3 ml of hydrogen peroxide was added, and the mixture was 
s t i r r ed  at 50-55 ~ for  2 h. The result ing precipitate was f i l tered and washed with water  and alcohol to give a 
product  with mp 320-322 ~ (from alcohol). Found %: N 10.00; S 11.91. CI3HsN203S. Calculated %: N 10.15; 
S 11.80. UV spect rum (in dioxane, c 10 -4 M), ~max,  nm (log~): 248 (4.17), 281 (3.98), 310 (3.98). 

The IR spec t ra  were recorded  with a UR-10 spect rophotometer ,  while the UV spect ra  were recorded  
with an SF-4 spec t rome te r .  
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