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The reaction of 3- and 4-aminopyridines with some isocyanates and 
isothiocyanates has been studied, and it has been shown that in the ma- 
jority of cases aryl isothiocyanates form symmetrical diaryl- and di- 
pyridylthioureas. The hypothesis has been put forward on the possible 
occurrence of the reaction of the isothiocyanates with 3- and 4-amino- 
pyridines. 

As compared  with 2 - a m i n o p y r i d i n e  [1] and p y r i d y l -  
ethylated amines  [2], the r eac t i on  of 3- and 4 - a m i n o -  
py r id ines  (1) and (I1) with i socyana tes  and,  p a r t i c u l a r l y ,  
i so th iocyana tes  takes  p lace  in a c o n s i d e r a b l y  m o r e  
complex  m a n n e r .  The r e a c t i o n  of p r i m a r y  a m i n e s  with 
i socyana tes  gene ra l l y  takes  place in the following way: 

RN H~ + OCNR'-->RN H CON HR' 

I so th iocyana tes  r e ac t  analogously .  However ,  when I 
and IT reac ted  with p - to ly l  i so th iocyana te ,  in each case  
only  N, N ' - d i ( p - t o l y t ) t h i n u r e a  was isola ted.  With o- 
to ly l i so th iocyana te ,  I gave N, N ' -d i (o - to ly l ) t h iou rea  and 
II a r e s i n o u s  product  f rom which it was imposs ib l e  to 
i so la te  individual  subs t ances .  With phenyl i so th iocya-  
na te ,  I in benzene  gave N - p h e n y l - N ' - 3 - p y r i d y l t h i o u r e a ,  
which it  was i m p o s s i b l e  to pur i fy  by r e c r y s t a l l i z a t i o n .  
The pure  product  was obtained by fus ing  the r e a c t a n t s .  
In both  analogous c a s e s ,  II gave only N , N ' - d i p h e n y l -  
th iourea .  F r o m  the p roduc t s  of the r e a c t i o n  of I with 
m - t o l y l  i so th iocyana te  in benzene  we i so la ted  N - m -  
t o l y l - N ' - 3 - p y r i d y l t h i o u r e a  and N, N ' - d i ( m - t o l y l ) t h i o u -  
t e a .  However,  when the s ame  r e a c t a n t s  were  fused ,  
pure  N - m - t o l y l - N ' - 3 - p y r i d y l t h i o u r e a  was obtained.  At -  
t empts  to obtain N - m - t o l y l - N ' - 4 - p y r i d y l t h i o u r e a  by an 

ana logous  method and also a change in the o r d e r  of 
mix ing  of the components  or  a d e c r e a s e  in the r eac t ion  
t ime  did not lead to the des i r ed  r e su l t .  In the l a t t e r  
case ,  and also in the analogous expe r imen t  with phenyl 
i so th iocyana te ,  the in i t ia l  II was r ecove red .  In the 
o ther  cases  it was poss ib le  to i so la te  only N , N ' - d i ( m -  
to ly l ) th iourea .  

F r o m  the products  of the r eac t ion  of II with ~ -  and 
f l -naphthyl  i so th iocyana tes  the co r r e spond ing  s y m m e t r i -  
cal  d inaph thy l th inureas  were  obtained.  The d inaphthyl -  
t h iou rea  was a lso  obtained by the r eac t ion  of I with fl- 
naphthyl  i so th iocyanate .  However ,  c~-naphthyl i so th io-  
eyanate  and ! gave N - ( ~ - na ph t hy l - N ' - 3 - py r idy l t h iou rea .  
Among the products  of the r eac t ion  of o -methoxyphenyl  
l so th iocyana te  with II, 26% of N, N ' -d i (o -me thoxypheny l ) -  
th iourea  was found. The l a t t e r  was a lso  obtained by 
fus ing I with o-methoxyphenyt  i so th iocyanate .  After  
r eac t ion  in benzene ,  on the o ther  hand,  N , N ' - d i ( 3 -  
py r idy l ) th iourea  was isolated.  

T h e r e  is in fo rmat ion  in the l i t e r a t u r e  on the t h e r -  
mal  ins tab i l i ty  of u n s y m m e t r i c a l  u r e a s  and th ioureas .  
Davis [3] has shown that t h iou reas  and N - a l k y l - N ' -  
a r y l u r e a s  a re  conver ted  at the me l t i ng  point and above 
into the s y m m e t r i c a l  compounds.  In K u r z e r ' s  opinion 
[4], a m i n e s  and i socyana tes  a re  i n t e r m e d i a t e s  in th is  
convers ion .  A s i m i l a r  point  of v iew has been  m a i n -  
ta ined  by  Capps [5], who obse rved  a m a r k e d  lower ing  
of the me l t i ng  points  of a ry l  t h iou reas  in repea ted  de-  
t e r m i n a t i o n s  in one and the s a m e  cap i l l a ry .  Our r e -  
su l t s  a re  in  h a r m o n y  with the D a v i s - K u r z e r  scheme.  

R--NHCNH--CsH4N(Y) 
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C6Hs 
o-CICaH4 
o-C1C~H4 
m-C1C6H4 
m-CIC6H4 
p-CHaOCaH4 
v-CHaOC6H4 
m-NO=CeH4 
m-NO~C~t"14 
p-NO2C6H4 
a-CloHr 
~-CLoHr 
C=H~ 
C=Hs 
m-CHaC~H4 
a-C~oH7 
CaH~ 

Mp, ~ 
(from ethanol) 

186 
197 --198 
163 --164.5 
184 --185 
222 --223 
155 --156 
166,5--168 
215 --21 v 
230 --232 
222 --223 
234.5--236,5 
237 --241 
123 --124 
252 --2531. 

152 
197,5--198.5 
195 --196 t* 

Empirical 
formula 

C~2HliNaO 
C~eHtoClNaO 
C~2HtoC1N~O 
CI2HtaC1NaO 
C:2HLoCINaO 
CIaHi3NaO~ 
C~3H~aNaO~ 
Ci2HtoN402 
CI2HloN402 
CI~H~oN402 
C~HI3NaO 
CjsHIaN30 
CsHuNaO 
C~HIgN706 
ClaHxaNaS 
CIsHI4NaS 
CIgHtgNTOsS 

N, % 

found 

19,72 
17,01 
16,73 
16.60 
16,70 
17.41 
1725 
21,72 
21.82 
21.44 
15.94 
16.09 
25.33 
22.72 
17.062* 
14.80 a * 
21.464. 

calcu- 
lated 

19.71 
16.97 
16.97 
16.97 
16.97 
17,27 
17.27 
21.71 
21.71 
21.71 
15.96 
15.96 
25,14 
22.83 
17,27 
15,04 
21 A3 

1 * In the form of the picrolonate. 
2* Found,  %: S 13.07%. Calculated: S 13.18%. 
3* Found,  %: S 11.49%. Calculated: S 11.48%. 
4* Found,  %: S %16%. Calculated: S 7.00%. 

Yi~ol d ' 

10o 
lO0 
90 

100 
9,3 

100 
88 
80 
55 
67 
96 
95 
90 

17o 
70 
90 
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As noted above, when I reacts  with aryl isothiocya- 
nares, both unsymmetr ical  arylpyridylthioureas and 
symmetr ical  diaryl-  and dipyridylthioureas are formed. 
The presence of these products in the reaction mixture 
gives grounds for assuming that in the reactions of I 
and II with isothiocyanates arylpyridylthioureas are 
f i rs t  formed which then undergo conversions analogous 
to those found previously for arylureas .  The driving 
force of such a conversion is the different basici t ies of 
the aminopyridine and the arylamine,  on the one hand, 
and the different reactivit ies of the pyridyl isothiocya- 
nate and aryl isothiocyanate formed,  on the other. It 
is worth noting tha t  in the cases  that we studied, the 
conversion took place at the boiling point of the benzene 
solutions, or  on heating in a water bath. 

In the reaction of aryl  and alkyl isocyanates with I, 
in all the cases  studied a ry l -  and a lkyl-3-pyr idylureas  
were isolated. Some complications were observed in 
the reactions with 11. Thus, in the products of the r e -  
action with phenyl isocyanate only N,N'-diphenylurea 
was isolated. In addition, the purification of N-ethyl-  
N ' -4 -pyr idy l -u rea  proved to be difficult, and it was 
character ized in the form of the picrolonate. 

EXPERIMENTAL 

The reaction of 3- and 4-aminopyridines with isocyanates (isothio- 
eyanates) was carried out a) by boiling a mixture of equimoleeular 

amounts (0.02 mole each) in 20 ml of benzene for 8-8 hr, b) without 
a solvent with heating in the water bath for 2-8 hr. The characteristics 

of the compounds obtained are given in the table. 
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