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The 7-amino (IV) and 7-acetamido (I) derivatives of thiazolino[3,2-a]benzimidazole were 
synthesized.  The IR spect ra  of I, its deutero derivative,  and a number of intermediates  
were studied. 

Thiazolino[3,2-a]benzimidazole derivatives are  compounds to which little study has been devoted, 
whereas  they may be of definite interest ,  since substances with considerable ant ispasmodic activity i t ]were  
recently detected among them. 

The syntheses of 7-amino-  and 7-acetamidothiazolino[3,2-a]benzimidazoles and several  of their  de- 
r ivat ives are  descr ibed in this paper ,  and the IR spect ra  of the synthesized compounds are  also studied. 
The synthesis of 7-acetamidothiazolino[3,2-a]benzimidazole (I) was accomplished start ing f rom N - ~ - h y -  
droxyethyl) -2-amino-4-ni t roani l ine  [3] via the following scheme:  
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The condensation of N-~-hydroxye thy l ) -2 -amino-4-n i t roan i l ine  with carbon disulfide or potassium ethyl-  
xanthate converted it to 1-(f i -hydroxyethyl)-5-ni t robenzimidazole-2- thione (II), f rom which III was obtained 
by t rea tment  with excess thionyl chloride.  The reduction of III with hydrazine hydrate in the presence of 
a Raney nickel catalyst  gave amine IV, the acetylation of which produced the 7-acetamido derivative (I). 

The s t ruc tures  of the substances were confirmed by spectral  data. When it was difficult to identify 
them, the ass ignment  of the bands in the IR spec t ra  of the compounds was made by means of a study of the 
deuterated derivat ives.  

The IR spec t rum of III contains two bands that pertain to the asymmet r ica l  and symmetr ica l  v ib ra -  
tions of the NO 2 group. There are bands at 3245 and 3198 cm-1 in the spec t rum of I that are  affiliated with 
the stretching vibrations of the NH group participating in a hydrogen bond. After deuteration, the band of 
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the ND group appea red  at 2300 cm-1, while the bands of the CH bonds, which a r e  hidden in the s p e c t r u m  
of undeute ra ted  I, a re  d i sp layed  d is t inc t ly  at  2970 and 2895 cm -1. There  a r e  a number  of bands c o r r e s p o n d -  
ing to the v ib ra t ions  of a secondary  amide group in the mul t ip le  bond absorp t ion  region:  1698 cm-1 (vCO 
of amide  I) and 1563 cm-1 (amide 1-I); the band at 1258 cm -1 is probably  amide band HI. Af te r  deutera t ion ,  
vCO (amide I) was shif ted to 1685 cm -1, amide band II vanished,  and a new band appea red  at  1407 cm-1, 
which may se rve  as a conf i rmat ion  of the fact  that  6NH makes  a l a r g e  contr ibut ion to the v ib ra t ion  at 1563 
cm-1.  

A number  of bands at 1595-1635 and 1438-1480 cm -1 a r e  obse rved  in the s pe c t r a  of I, HI, and th i azo-  
l ino[3 ,2 -a ]benz imidazo le  (V) [2] and a re  apparent ly  c h a r a c t e r i s t i c  for  this  so r t  of t h r e e - r i n g  sys t em.  

7 -Ace tamido th iazo l ino[3 ,2 -a ]benz imidazo le  (I) was a lso  obtained by another  m e t h o d -  by r ing  c losu re  
of 1 - ( f i -hyd roxye thy l ) -5 -ace t amidobenz imidazo le -2 - th ione  (VI) on t r ea tmen t  with thionyl ch lor ide .  The r e -  
duction of II by i ron in the p re sence  of ca ta ly t ic  amounts of hydroch lo r i c  ac id  gives 1- ( f l -hydroxyethyl ) -  
5 -aminobenz imidaz  o le -2 - th ione  (VII). 

The se lec t ive  acyla t ion  of only one amino group to give VI was c a r r i e d  out in aqueous ace t ic  ac id  in 
the p r e s e n c e  of sodium ace ta te .  The hydrochlor ide  of I was obtained smoothly by t r e a t m e n t  of VI in d i -  
me thy l fo rmamide  with thionyl ch lor ide .  Base I and i ts  hydroch lor ide ,  obtained by the two rou tes ,  had iden-  
t i ca l  mel t ing points and IR s p e c t r a .  A substance,  to which the s t ruc tu r e  of the t r i a c e t y l  de r iva t ive  (VIII) 
was a s s igned  on the bas i s  of the r e s u l t s  of e l emen ta ry  ana lys i s  and the IR s p e c t r a ,  was i so la ted  f rom the 
r eac t i on  of VII with ace t ic  anhydr ide .  

The IR s p e c t r u m  of VIII contains a band at 3344 cm -1 (VNH) , which was shif ted to 2300 cm -1 (VND) 
a f te r  deutera t ion .  The band at 1727 cm-1 may be s imul taneous ly  r e l a t e d  to vCO of an e s t e r  group and VCO 
of a t e r t i a r y  amide group a t tached to N 1. This  a s s ignment  of vCO of a t e r t i a r y  amide  group was made on 
the bas i s  of the fact  that  a s i m i l a r  band was obse rved  at  1715 cm-1 in the s p e c t r u m  of 1 -ace ty l -2 - ( /~ -ch lo ro -  
e thy lmercap to )benz imidazo le .  The high absorpt ion  of the amide group CO in the l a t t e r  compound is ev i -  
dence that  this  group is more  l ike ly  a ketone CO than an amide CO, s ince the e l ec t ron  pa i r  of n i t rogen that  
en t e r s  into the fo rmat ion  of the a r o m a t i c  benz imidazole  s y s t e m  in t e rac t s  weakly with the carbonyl  group.  
The VCO band of a secondary  amide group (amide band I) appea r s  at  1684 cm -1, while amide band II is  found 
at 1558 cm-1. On deutera t ion,  the vCO bands of the e s t e r  and t e r t i a r y  amide  groups a r e  spl i t  (1743 and 
1733 cm-1); the vCO band of the secondary  amide group (amide II) was shif ted to 1668 cm-1, while the band 
at  1558 cm-1 vanished,  and a new band appea red  at 1478 cm -1. As in the prev ious ly  examined compound 
(I), 5NH makes  a l a rge  contr ibut ion to the v ib ra t ion  at this  f requency.  

In the s p e c t r u m  of VI, the v ib ra t ions  of the NH and OH groups that  pa r t i c ipa te  in hydrogen bonds ap-  
pea r  as  a broad ,  in tense absorp t ion  at 3100-3300 cm-1 and a re  shif ted a f te r  deutera t ion  to 2450 and 2310 
cm-1 (rOD and VND). As compared  with the amide band in the s p e c t r a  of VIII and I, the amide band of the 
secondary  amide group was shif ted to 1665 cm-I  (VCO , amide I), while the amide If band was r a i s e d  to 1568 
cm -1. Af te r  deutera t ion ,  the bands at  1665 and 1626 cm -1 merged  into one band at 1651 cm -1, the 6NH ab-  
sorp t ion  band (amide II) vanished,  and two new bands appeared  at 1508 and 1405 cm-1. The bands at 1626, 
1525, and 1478 cm-1 in the s p e c t r u m  of VI and at 1635 and 1506 cm-1 in the spec t rum of VIII apparent ly  
c h a r a c t e r i z e  the v ib ra t ions  of the benzimidazole th ione  s y s t e m  as  a whole.  

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

N-( f l -Hydroxye thy l ) -2 ,4 -d in i t roan i l ine  [3], N-{ f i -hyd roxye thy l ) -2 -amino -4 -n i t roan i l i ne  [3], and th iazo-  
l ino[3 ,2 -a ]benz imidazo le  [2] we re  obtained by l i t e r a t u r e  methods.  1 - A c e t y l - 2 - ( f i - c h l o r o e t h y l m e r c a p t o ) -  
benz imidazo le  was obtained f rom 2- ( f i - ch lo roe thy lmercap to )benz imidazo le  and ace t ic  anhydride in pyr id ine  
and had mp l06-107~ (from aqueous alcohol) .  Found: S 13.0; N 11.0; C1 13.9%. CllHIlC1N2OS. Calculated:  
S 12.6; N 11.0; C1 13.9%. 

1 - ( f i -Hydroxye thy l ) -5 -n i t robenz imidazo le -2 - th ione  (ii). A 1 g (0.005 mole) sample  of N-( f i -hydroxy-  
ethyl)-4-nitro-o-phenylenediamine dissolved in a solution of 0.28 g of potassium hydroxide in 20 ml of al- 
cohol was stirred with 1.15 g (0.015 mole) of carbon disulfide, and the mixture was refluxed for 10 h. The 
precipitated potassium salt of the mercaptan was removed by filtration and dissolved in water. The aqueous 
solution was acidified with dilute hydrochloric acid to give 1.1 g (92%) of a product with mp 230-231 ~ (from 
alcohol). Refluxing a mixture of 1.67 g of the diamine and 2 g of potassium ethylxanthate in 40 ml of aque- 
ous alcohol (1 : 3) also gave II in 73% yield. Found: N 17.8; S 13.2%. C9HgN303S. Calculated: N 17.6; S 
13.4%. 
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7-Nitrothiazolino[3,2-a]benzimidazole (HI). A 1 g (0.004 mole) sample of II was added in small por -  
tions to 4 ml of thionyl chloride,  and the mixture was refluxed for 10 min. The excess  thionyl chloride was 
removed by vacuum distillation, and the residue was t rea ted  with 10% sodium bicarbonate solution. The 
precipitate was removed by fil tration and washed with water  to give 0.9 g (90%) of a product  with mp 229- 
230 ~ (from dimethylformamide).  Found: N 18.7; S 14.5%. CgHyN302 S. Calculated: N 19.0; S 14.5%. 

7-Aminothiazolino[3,2-a]benzimidazole (IV). A total of 25 ml of 80% hydrazine hydrate was added 
dropwise at 50-60" to a suspension of 8.8 g (0.04 mole) of 7-nitrothiazolino[3,2-a]benzlmidazole (HI) in 200 
ml of alcohol and 20 g of Raney nickel catalyst .  After 15 ml of hydrazine hydrate had been added to the 
react ion mixture,  another 10 g of catalyst  was added. The remaining hydrazine hydrate was added drop-  
wise,  and the mixture was refluxed for 30 min and fil tered. The solid was washed with alcohol and hot 
water .  The fil trate and wash waters  were concentrated to a small  volume, and the precipitate was removed 
by fi l tration to give 4.3 g (57%) of a product with mp 229-230 ~ (from water).  Found: C 56.4; H 4.6; N22.0; 
S 16.7%. C9HgN3 S. Calculated: C 56.5; H 4.7; N 29.0; S 16.8%. 

1-(f i -Hydroxyethyl)-5-aminobenzimidazole-2-thione (VII). A total of 5.6 g of reduced iron and 4 ml 
of 3% hydrochlor ic  acid were  added simultaneously in small portions to a refluxing suspension of 4.5 g 
(0.018 mole) of 1-(f l -hydroxyethyl)-5-ni t robenzimidazole-2- thione (II) in 80 ml of 50% alcohol. The mixture 
was refluxed for 2-3 h and fi l tered,  and the fi l trate was evaporated to give 3.7 g (95%) of the amine with 
mp 164-165 ~ ( recrys ta l l ized twice f rom isopropyl alcohol). Found: N 20.3; S 15.4%. CgHllN3OS. Calcu- 
lated: N 20.1; S 15.3%. The hydrochloride had mp 219-220 ~ (from alcohol). Found: C1 14.7%. CgHllN3OS �9 
HC1. Calculated: C1 14.5%. 

1-(f i -Hydroxyethyl)-5-acetamidobenzimidazole-2- thione (VI). A 7 ml sample of acetic anhydride and 
a solution of 7.7 g of sodium acetate in 30 ml of water  were added dropwise simultaneously to a solution 
of 7 g of 1-(f l -hydroxyethyl)-5-aminobenzimidazole-2- thione hydrochloride (VII) (0.03 mole) in 56 ml of 
glacial acetic acid and 100 ml of water .  The mixture was s t i r red  for 2 h, and the result ing precipitate was 
removed by filtration, washed with water ,  and dried to give 5 g (70%) of a product with mp 278-279 ~ (dec., 
f rom dimethylformamide).  Found: N 16.7; S 12.8%. CllH13N302S. Calculated: N 16.8; S 12.8%. 

1-( f l -Acetoxyethyl) -3-acetyl -5-acetamidobenzimidazole-2- th ione (VIII). A 0.2 g sample of VII in 5 
ml of acetic anhydride was refluxed for 30 rain. The precipitate that formed on cooling was removed by 
fi l trat ion and washed with water  to give 0.1 g (83%) of VIII with mp 179-180 ~ (from absolute alcohol). Found: 
N 12.7; S 9.3%. C15H17N304S. Calculated: N 12.6; S 9.6%. 

7-Acetamidothiazolino[3,2-a]benzimidazole (I). A) A 1.2 g (0.011 mole) sample of thionyl chloride 
was added dropwise to a cooled (to 10-15 ~ solution of 2.5 g (0.01 mole) of 1-(f i -hydroxyethyl)-5-acetamido-  
bcnzimidazole-2- thione (VI) in 45 ml of DMF. The result ing precipitate was removed by filtration and 
washed with e ther  to give 2.2 g (81.5%) of the hydrochloride of I with mp > 300 ~ (from aqueous alcohol). 
Found: N 14.4; S 11.4; C1 12.5%. CllHllN3OS.HCl'H20. Calculated: N 14.4; S 11.1; C1 12.4%. 

Trea tment  of an aqueous solution of the hydrochloride with solid sodium bicarbonate gave base I with 
mp 243-245 ~ (from water ,  dried at 100 ~ for 3-5 h). Found: N 18.4; S 13.7%. CllHllN3OS. Calculated: N18.0; 
S 13.7%. 

B) A 3 g sample of 7-aminothiazolino[3,2-a]benzimidazole (IV) in 25 ml of acetic anhydride was r e -  
fluxed for 1.5 h, and the mixture was poured into water .  The aqueous mixture was made alkaline with con- 
centrated ammonium hydroxide, and the resulting precipitate was removed by fil tration and dried to give 
3.5 g (~ 100%) of I with mp 243-245" (from water).  A sample of this product did not depress  the melting 
point of the sample obtained by method A. 

The IR spec t ra  of mineral  oil suspensions or  KBr pellets of the compounds were recorded  with a UR- 
10 spec t romete r .  Deuterated samples were  obtained by refluxing a solution or suspension of the compounds 
in D20 for 30 rain and fil tering off the precipitate that formed on cooling. 
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