
A S T U D Y  OF N I T R O G E N -  AND S U L F U R - C O N T A I N I N G  

H E T E R O C Y C  LES  
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The catalytic hydrogenation of N-~-cyanoacylureas and 1-alkyl-3-~-cyanoacylureas in 
the presence of hydrochlorides of aromatic amines has given N-f l -arylaminoacryloyl- ,  
1-alkyl-3-fi -arylaminoacryloyl- ,  N- ~-alkyl-fi -arylaminoacryloyl- ,  and 1-a lkyl-3-~-  
alkyl-f l -arylaminoacryloylureas.  The action of N-fi-phenylaminoacryloyl- and 1-methyl- 
3-fl-phenylaminoacryloylureas of ethanolic hydrogen chloride has given uracil and 1- 
methyluracfl .  

It has been reported previously [2, 3] that the reductive cyclization of cyanoacetylureas in the pres -  
ence of acetic acid has given uracil and 1-alkyl- and 1,5-dialkyluracils, In continuation of an investigation 
[3] having the aim of determining the sequence of the reactions leading to uraekls, we have studied the r e -  
duction of the cyanoacetylureas I-X in the presence of hydrochlorides of aromatic amines [4]. 

It has been shown that the hydrogenation of the cyanoacetylurea (I} and of 1-methyl-,  1-ethyl-,  and 
1-isobutyl-3-cyanoacetylureas (II-IV) in water in the presence of aniline hydrochtoride and Raney nickel 
at 40-50~ forms fi-phenylamiaoacryloylurea (IX) and 1-alkyl-fi-phenylaminoacryloylureas (XII-XIV) 
(see Table 1). 
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The reduction of I-IV and of 1-isopropyl- and 1-fi-ethoxyethyl-3-cyanoacetylureas (V, VI} in the pres- 
ence of toluidine hydrochloride has given the fi-toluidinoacryloylureas XV-XX. Similarly, the hydrogena- 
tion of a-cyanopropionyl-  and a-cyanovaleroylureas  (VII and VIII) and of 1-methyl- and 1-ethyl-3-cyano- 
propionylureas (IX and X) in the presence of the hydrochlorides of aniline, toluidine, and ethyl p-amino- 
benzoate has given the arylaminoacryloylureas XXI-XXVI. The production of XI-XXVI is facilitated by the 
fact that, because of their low solubility in water,  they separate out as precipitates as they are formed. 

* For  Communication IX, see [1]. 

Ordzhonikidze All-Union Chemical and Pharmaceutical  Scientific-Research Institute. Novokuznets 
Chemical and Pharmaceutical  Factory.  Translated f rom Khimiya Geterotsiklicheskikh Soedinenii, Vol. 6, 
No. 6, pp. 847-850, June, 1970. Original art icle submitted June 17, 1968. 

�9 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 g/est 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. 

787 



T
A

B
L

E
 

1 

R
_

 N
 H

_
C

O
_

N
 H

--
C

O
--

C
R

'=
C

H
--

 N
 H

--
C

6H
4-

-W
J-

 P
 

C
o

m
- 

po
un

d 
R

" 
M

p,
 ~

 
(f

ro
m

 

et
h

an
o

l)
 

E
m

p
ir

ic
al

 
fo

rm
u

la
 

F
ou

nd
, 

%
 

C
 

H
 

C
al

cu
la

te
d

 
%

 

C
 

H
 

N
 

u v
v s

_~
 etr

_u
_n

~ 

)'
m

ax
" 

. 
[Y

ie
ld

, 
n

m
 

lo
g 

s 
1

%
 

X
I 

X
II

 

X
II

I 

X
IV

 

X
V

 

X
V

I 

X
V

H
 

X
V

II
I 

X
IX

 

X
X

 

X
X

I 

X
X

II
 

X
X

II
I 

X
X

IV
 

X
X

V
 

X
X

V
I 

H
 

C
H

3 

C
3H

5 

i-C
4H

9 

H
 

C
H

3 

C
2H

5 

i-C
aH

7 

i-C
4H

9 

~-
C

2H
4O

C
2H

s 

H
 

H
 

H
 

H
 

C
H

a 

C
~H

5 

H
 

H
 

H
 

H
 

H
 

H
 

C
H

a 

C
H

a 

C
H

a 

n-
C

aH
7 

C
H

a 

C
H

a 

20
8-

-2
09

 

17
8-

-1
79

 
,(

fr
om

 m
et

h
an

o
l)

 
15

3-
-1

54
 

16
5-

-1
66

 

19
9 

19
7-

-2
00

 

18
9-

-1
90

 

18
8-

-1
89

 
(~

o
m

a
c

e
to

n
e

) 
12

4 

13
7~

13
8 

15
6-

-1
57

 

14
0-

-1
41

 

18
9-

-1
9l

 

16
0-

-1
61

 

17
0-

-1
71

 

14
9-

-1
50

 

C
to

H
nN

aO
2 

C
nH

la
N

aO
2 

C
i2

H
l~

N
aO

2 

C
14

H
Ig

N
aO

2 

C
nH

la
N

sO
2 

C
l~

H
ls

N
aO

~ 

C
~a

H
I7

N
~O

~ 

C
,4

H
m

N
aO

2 

C
lsH

21
N

~O
~ 

C
~s

H
21

N
aO

a 

C
uH

ta
N

aO
2 

C
I2

H
Is

N
aO

2 

C
I4

H
iT

N
aO

4 

C
t4

H
lg

N
aO

2 

C
la

H
tT

N
aO

2 

C
l4

H
Ig

N
aO

2 

55
 

59
 

53
 

51
 

17
 

60
 

34
 

54
 

22
 

50
 

21
 

52
 

58
 

55
 

27
 

27
 



Because of this,  XI-XXVI escape f rom the reac t ion  sphere and are not hydrogenated fur ther .  The a roma t -  
ic amines were  used in this reac t ion  in the f o r m  of the hydrochlor ides  for  the same purpose as acet ic  acid 
[3] - to bind the ammonia  l iberated in the hydrolys is  of the intermediate  imines a to the a - f o r m y l a c e t y l -  
ureas  b and, consequently,  to prevent  the cyclizat ion of the cyanoacetylureas  I-X into 6-aminouraci l  de- 
r iva t ives  [3]. The format ion  of the ~ - fo rm y l ace ty lu r ea  derivatives XI-XXVI shows that the reduct ive cy-  
cl izat ion of the cyanoacety lureas  may  take place via the stage of the format ion of the ~ - fo rmy lace ty l -  
ureas  b (see scheme).  

In o rder  to find conditions for  pass ing  f rom the f i - a ry laminoacry loy lureas  to uraci l  and its N-alkyl 
de r iva t ives ,  we studied the behavior  of these substances to acidic agents.  Thus, it was shown that the 
action of an ethanolic solution of hydrogen chloride on f l -phenylaminoacryloylurea  (X1) and 1 -me thy l -3 - f l -  
phenylacry loylurea  (XID forms uraci l  and 1-methylurac i l ,  respect ively .  

The s t ruc ture  of the f i - a ry laminoacry loy lu reas  XI-XXVI was confirmed by their  UV and PMR spec-  
t r a .  Thus, in the PM_R spec t rum of XXIV taken in CDC13 there are  the lines of the signals of olefinic p r o -  
tons:  a doublet with a chemical  shift of 5.03 ppm with a coupling constant of 8 Hz; the lines of a second 
doublet are  shifted s t rongly  in the downfield direct ion and a re  overlaid by the signals of the protons of the 
benzene ring.  F u r t h e r m o r e ,  the spec t rum contains the signals of the protons of an isobutyl group: a 
t r ip le t  corresponding to the signals of the protons of the > CH2, interacting with the protons of the > CH 
and - N H  groups;  the multiplet re la t ing to the > CH proton,  and the signals of the protons of two methyl 
groups.  The absence of the signals of the protons of the - CH 2- CH = N -  f ragment  indicates that compounds 
XI-XXVI exist predominant ly  in the fo rm d and not as the Schiff 's bases  c. 

The UV spec t ra  of compounds XI-XXVI show st rong absorption in the 330-335-nm region,  probably 
due to the p resence  of a sys tem of conjugated bonds in the molecule,  which is the case to a g rea t e r  extent 
in s t ruc ture  d than in c. 

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

The synthesis  of the initial compounds I -X has been descr ibed previously  [3]. 

General  Method of P repar ing  Compounds XI-XXVI. To a suspension of 0.04 mole of a cyanoacety l -  
a lkylurea and 0.044 mole of an arylamine hydrochlor ide in 200-250 ml of water  was added 5-15 g of a 
mois t  paste of Raney nickel,  and the mixture was hydrogenated at 40-50~ and a tmospher ic  p r e s s u r e  until 
0.04 mole of hydrogen had been absorbed.  The react ion mixture was cooled to room tempera tu re ,  and the 
precipi ta te  of B-a ry l aminoac ry loy lu rea ,  together  with the catalyst ,  was f l t e r e d  off, washed with water ,  
and extracted with ethanol or acetone.  The ethanotic (or acetonic) ex t rac t  was evaporated to smal l  volume, 
and the fl - a ry l aminoac ry loy lu rea  that had separa ted  out was f i l tered off and rec rys ta l l i zed  f rom the ap- 
propr ia te  solvent.  Evaporat ion of the mother  solution gave an additional amount of f l - a ry laminoacry loy lu rea .  
Compounds XI-XXVI a re  color less  crysta l l ine  substances .  

Uracil .  A mixture of 0.9 g (0.0044 mole) of XI and 2.5 ml of an 8.5% solution of hydrogen chloride 
in anhydrous ethanol was left at 0-4~ for  3-4  days. The precipi ta te  that had formed was f i l tered off, 
washed with 0.5 ml of ethanol, and t rea ted  with 20 ml of 15% ammonia solution. The insoluble residue 
was f i l tered off and washed with 15% ammonia  (2 x 1 ml),  and the combined fi l trates were acidified with 
60% sulfuric acid to pH 3. The mixture was cooled to 5~ and the precipitate was f i l tered off, washed with 
3 ml of wate r ,  and dried.  This gave 0.26 g of product  with mp 315-319~ Evaporat ion of the mother  solu- 
tion gave an additional 0.12 g with mp 309-315~ After r ec rys ta l l i za t ion  f rom water ,  mp 331-333~ Ac- 
cording to the l i t e ra tu re  [5], mp 335~ Total yield 0.38 g (77.3%). A mixture with an authentic sample of 
uraci l  gave no depress ion  of the melt ing point. 

1-Methyluraci l .  This was obtained in a s imi la r  manner  to uraci l  f rom 2.5 g (0.0114 mole) of XII 
and 5.9 ml of an 8.5~o solution of hydrogen chloride in ethanol. Yield 1.48 g (80%), mp 231-232~ (from 
water) .  According to the l i t e ra ture  [6], mp 232~ A mixture with an authentic sample of 1-methylurac i l  
gave no depress ion  of the melting point. 

The PMR spec t rum was taken on a JNM-4H-100 ins t rument  in CDC13, with TMS as internal standard.  
The UV spec t ra  were taken on an SF-4  spec t rophotometer  in ethanol. 
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