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Substituted thioureas containing 2-thiazole, 2-pyridine, pyridylthiazolylmethane, and 6-amino- 
penicillanie acid residues, which exhibit tubereulostatic action, were produced. Among the 
compounds studied, five highly active ones were detected; however, their activity decreases 
substantially in the presence of blood serum. 

In recent years, a number of compounds with pronounced tubereulostatic properties in experimental 
tuberculosis of white mice and guinea pigs have been detected among diaryl-substituted thioureas (thio- 
carbanilides). The most active (ethoxide, isoxyl, cyambutazine) are now used for the treatment of tuber- 
eulosis and leprosy [1-7]. When one aromatic nucleus is replaced by a heteroeyclic nucleus or a residue 
of a different nature, the antitubercular activity is retained in a number of cases. 

This work describes the production of certain new thiourea derivatives and a study of their bacterio- 
static effects with respect to tuberculosis mycobacteria. In the compounds described, one or both benzene 
rings are replaced by heteroeyclic radicals (pyridine, thiazole) or by 2- or 4-pyridylthiazolylmethane 
residues. 

We produced compounds I-IV by the reaction of arylisothioeyanates with 2-aminopyridine and 2- 
aminothiazole. Compounds V and VI were produced by the same method, on the basis of the corresponding 
amine (2-pyridyl-2'-thiazolylmethylamine) and 4-carbethoxy- and 4-butoxyphenylisothiocyanates. Com- 
pounds VII-IX were produced analogously and were described in our earlier works. Substituted thioureas 
X-XIV were produced in the form of triethylammonium salts by condensation of 6-aminopenicillanie acid 
with arylisothiocyanates [8]. Among these compounds, only compound XII proved highly active. We also 
studied the tubereulostatie activity of derivatives of imidazo[5,l-b]thiazole XVIa, XVIb, and imidazo[l,5- 
a]pyridine XVII, which we had synthesized earlier. 

Of the investigated substituted thioureas and their derivatives, five substances possess high tuber- 
culostatic activity (II, Ill, VI, VII, and XII, Tables 1 and 2); however, their activity is sharply reduced in 
the presence of serum. (2,4'-Dipyridyl)methylisocyanate (XV, Table 3) proves to be weakly active in the 
presence of serum, just like cyclic derivatives of thiourea (XVI, XVII, Table 3), formed as a result of 
splitting out of the corresponding anilines from methylarylthioureas, substituted with the 2-thiazole or 
2-pyridine residue: 
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A comparison shows that 7-(3'-pyridyl)-5-mercaptoimidazo[5,1-b]-thiazole (XVIb) is more active 
than the corresponding (4'-pyridyl)- substituted XVIa. 

EXPERIMENTAL 

N-2-Pyridyl-N'-carbethoxyphenylthiourea (1). A solution of 0.5 g p-carbethoxyphenylisothiocyanate 
in 5 ml dry benzene was boiled for 50 rain with 0.23 g 2-aminopyridine and cooled; 0.63 g of a substance 
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with m.p.  171-172.50 ( f rom absolute alcohol) was obtained. Found %: C 59,89; H 5.21; N 14.16. CidHldN302$. 
Calculated %: C 59,78; H 5, 02; N 13. 94. 

N - 2 - P y r i d y l - N ' - p - b u t o x y p h e n y l t h i o u r e a  (II) was produced analogously  f rom 2-aminopyr id ine  and p-  
butoxyphenyl isothiocyanate  by boiling fo r  4 h. Co lo r l e s s  c rys ta l s ,  m.p.  143-144 ~ (from absolute  alcohol).  
Found %: N 13.71~ S 10.60. Ci6HIgN3OS. Calcula ted %: N 1.3.94; S 10.62. 

N - 2 - T h i a z o l y l - N ' - p - c a r b o m e t h o x y p h e n y l t h i o u r e a  (III) was produced analogously f rom 2-aminoth iazo le  
and p-ca rbe thoxyphenyl i so th iocyana te .  T r a n s e s t e r i f i c a t i o n  o c c u r r e d  during r e c r y s t a l l i z a t i o n  f rom methanol .  
Co lor less  c rys t a l s ,  m.p .  169-170 ~ ( f rom methanol) .  Found %: C49.04; H4. 15; N 14.18; $2I.  64. C12HIiN302S2. 
Calcula ted %: C 49.13; H 3. 78; N 14. 33; S 21.86. 

N - 2 - P y r i d y l - N - 2 - t h i a z o I y l t h i o u r e a  (IV) was produced analogously  f rom 2-pyr idy l i so th iocyana te  [9] 
and 2-aminoth iazole ,  Co lo r l e s s  c rys t a l s ,  m.p.  193-194 ~ (from methanol) .  Found %: C 46.20; tt 3,49; 
N 23.80; S 26.31. CgHsN4S 2. Calcula ted  %: C 46.16; H 3.41; N 23.71; S 27.13. 

N- (2 -P~( r idy l -2 ' - th i azo ly l ) rne thy l -N ' -p -ca rbe thoxTpheny t th iourea  (V) was produced analogously f rom 
(2 -py r idy l -2 ' - t h i azo l y l )m e t hy l am i ne  and p-ca rbe thoxyphenyl i so th iocyana te .  Co lo r l e s s  c rys t a l s ,  m.p .  
147.5-1490 (f rom absolute  alcohol).  Found %: N 14,03; S 16.21. C19H18N402S 2. Calcula ted  %: N 14.06; 
S 16.09. 

N-2 (Pyr idy l -21 : th i azo ly l )me thy l -N ' -p -bu toxypheny l th iou rea  (VI) was produced analogously  f rom (2- 
p y r i d y l - 2 ' - t h i a z o l y l ) m e t h y l a m i n e  and p-butoxyphenyHsothiocyanate .  - C o l o r l e s s  c rys t a l s ,  m.p .  120-121 ~ 
( f rom absolute alcohol).  Found %: C 59.94; H 5.37; N 14.23; S 16.08. C20H22N4OS 2. Calcula ted %: C 60.27; 
H 5.56; N 14. 06; S 16.09. 

Production. of Th iocarbamoyl  Der iva t ives  of 6-Aminopenic i l lanic  Acid (X-XIV). To a suspens ion  of 
1,62 g 6 -aminopenic i l l an ic  acid in 5.7 ml  d ime thy l fo rmamide  (DMFA), cooled to 0~ added 3.75 g t r i e th -  
y lamine ,  and then a solution of 1.35 g p -methoxyphenyl i so th iocyana te  [10] in 5 ml DMFA. The mix tu re  was 
mixed at 0 ~ for  30 rain and for  3 h at  20 ~ The yel lowish-brown solution was f r eed  of mechan ica l  impur i t i e s  
through a dense f i l t e r  and poured out into 300 ml  of absolute  ether ,  ground with ether ,  and 2.26 g of the 
t r i e t hy l ammon ium sa l t  of P -me thoxypheny l th ioca rbamoyl -6 -aminopen ic i l l an i c  acid f i l t e red  off in the fo rm 
of an amorphous  yel lowish powder,  spar ing ly  soluble in wa te r  and alcohol.  Other  th ioca rbamoyl  de r iva t ives  
w e r e  produced analogously,  The pe rcen t  content  was de te rmined  by iodomet r i c  t i t r a t ion  for  2 -py r idy l -  
t h ioca rbamoy l -6 -aminopen ic i l l an i c  acid (83.2%). 

(2 ,4 ' -Dipyr idy l )methy l i so th iocyana te  (XV). To a solution of 2 g (2 ,4 ' -d ipyr idy l )methy lamine  in 5 ml  
of dry  benzene,  cooled to 0 ~ we slowly added 0.66 ml carbon disulfide and 2 mI  t r i e thy lamine .  The reac t ion  
m i x t u r e  was mixed for  3 h, and 3.7 g of the d i th ioca rbamic  sa l t  f i l te red  off. The p rec ip i t a t e  was dissolved 
in 7 ml  of ch lo roform,  cooled 0 ~ and 1.5 ml  of ch lorocarbonic  e s t e r  gradual ly  added. The reac t ion  mix tu re  
became  b lue-b lack .  Then it  was mixed for  1 h at  0 ~ and for  2 h at 18-20 ~ About 2 g of the subs tance  was 
f i l t e red  off, m.p .  230-232 ~ ( f rom alcohol).  Found %: S 14.05; N 18. 18. Ci2H~N3S. Calcula ted  %: S 14.10; 
N 18.49. 

LITERATURE CITED 

i. M.N. Shchukina, ZhVKhO, i0, 637 (1965). 

2. A.A. Kaminskaya, Transactions of the Central Tuberculosis Institute [in Russian], Vol. 13 (1964), 
pp. 62-66. 

3. L. u Klopenko, T. A. Ivanenko, A. I. Khobiya, et al., Collection of Scientific Works of the Kazakh 
Leprosorium [in Russian], Vol. i, Astrakhan' (1961), p. 83. 

4. V.K. Loginov, A. M. Letichevskaya, R. A. Aksanova, and G. N. Khrykov, Scientific Notes of the 
Institute for the Study of Leprosy [in Russian], Vo[. 3 (8), Astrakhan' (1962), p. 15. 

5. K . I .  Nazarov,  A. M. Let ichevskaya ,  G. N. Khrykov, e t  al., Collect ion of Scientific Works  of the Kazakh 
L e p r o s o r i u m  [in Russian],  Vol. 1, (1961), p. 89. 

6. A . K .  Poleshchuk  and I. E. Fedorova ,  T ransac t ions  of the Centra l  Tubercu los i s  Inst i tute  [in Russian] ,  
Vo[. 13 (1964), pp. 66-73. 

7. J .  Zar rogue ,  R. Dacuias,  P. Hardel ,  and B. Grange r -Vey ron ,  Revue de [a Tuberculose ,  29, 466 (1965). 
8. Y . G .  Pe r ron ,  W. F. Minor, L. B. Gras t ,  and L. C. Cheney, J. Org.  Chem.,  2_~6, 3365 (196"~. 
9. A . E . S .  Fairfu[1 and D. A. Peak,  J.  Chem. Soc., 798 (1955). 

10. J . E .  Hodgkins and W. P. Peeves ,  J.  Org. Chem., 2_.99, 3098 (1964). 

19 


