
P Y R I M I D I N E S  

XLVII.* NEW METHOD FOR THE SYNTHESIS OF 2-AMINOPYRIMIDINES 

V .  P .  M a m a e v  a n d  A.  L .  V a i s  UDC 547.853.7.07 

A method for  the prepara t ion  of 2-amino(acetamido)pyrimidines by condensation of 
~,fi-unsaturated carbonyl compounds with guanidine (acetylguanidine) was developed. 

The extensive use of 2-aminopyrimidines  in the synthesis  of highly effective medicinal  prepara t ions  
[2-4] and other  pyr imidine der ivat ives  has st imulated the development of methods for  the i r  preparat ion;  
however, most  of these methods ei ther  involve many steps or  s ta r t  f rom compounds that a re  difficult to 
obtain in [5, 6]. Condensation of ~,fl-unsaturated carbonyl  compounds with amidines (guanidine) might have 
been one of the s implest  methods for  the synthesis  of 2-substi tuted pyr imidines .  However, at tempts to 
use benzalacetone,  m-ni t robenzalacetone,  dibenzalacetone, benzalacetone dibromide,  ethyl s tyryl  ketone, 
isopropyl s tyry l  ketone, cinnamaldehyde, a*-bromocinnamaldehyde, and acrole in  in the condensation with 
benzamidine were unsuccessful  [7]. Only 2,4,6-tr isubst i tuted pyr imidines  could be obtained by condensa- 
tion of benzamidine with chalcones in the p resence  of alcoholic alkali [7]. In addition, it has been shown 
that the condensation of mesi tyl  oxide with benzamidine and guanidine gives 2-phenyl-  and 2-amino-4,4,  6- 
t r imethyl -4 ,5-d ihydropyr imidines ,  which, however, cannot be dehydrogenated to the corresponding py r im-  
idines because  of the p resence  of two methyl groups bonded to the 4 carbon atom [8, 9]. 

We proposed to synthesize 2-aminopyrimidines  f rom various ~,fl-unsaturated carbonyl compounds 
by using molecular  s ieves (zeolites), which a re  catalysts  for  react ions of amines with carbonyl compounds 
and a re  also good dehydrating agents [10], to facil i tate the formation of the pyr imidine ring. The dihydro- 
pyr imidine  that is probably formed during the react ion can be dehydrogenated by various methods.  

In fact, 2-acetamido-4,6-diphenylpyr imidine  was obtained when benzalacetophenone was condensed 
with acetylguanidine in the p resence  of molecular  sieves in dimethyl sulfoxide (DMSO), which has oxidative 
p roper t i es  [11], when dry  a i r  was bubbled into the react ion mixture  (see Table 1). The synthesized p y r im-  
idine was identical to a sample obtained by acetylat ion of 2-amino-4,  6-diphenylpyrimidine.  
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The react ion evidently begins with nucleophilic attack by guanidine at the activated double bond of 
t he  ~/3-unsaturated carbonyl compound (Michael addition) with subsequenr ring closing, dehydration, and 
oxidation of the result ing dihydropyrimidine.  

We investigated the behavior  of a number  of other  ~,/3-unsaturated carbonyl compounds (particularly 
aldehydes) in analogous condensations.  It was found that cinnamaldehyde reac t s  with acetylguanidine to 

*See [1] for  communication XLVI. 

Novosibirsk Institute of Organic Chemistry,  Siberian Branch of the Academy of Sciences of the USSR. 
Trans la ted  f rom Khimiya Geterotsikl icheskikh Soedinenii, No. 11, pp. 1555-1559, November, 1975. Origi-  
nal ar t ic le  submitted August 26, 1974. 

�9 76 Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission o f  the publisher: A copy o f  this article is available from the publisher for $15.00. 

1322 



T
A

B
L

E
 

1.
 

2
-A

m
in

o
(a

ce
ta

m
id

o
)p

y
ri

m
id

in
e 

C
om

po
un

d 

I II
 

II
I 

IV
 

V
 

V
I 

V
II

 
V

II
I IX
 

X
 

R
t 

C
O

C
H

3 

C
O

C
tt3

 
C

O
C

H
a 

C
O

C
H

3 

C
O

C
H

3 

C
O

C
H

3 
C

O
C

H
3 

H
 

H
 

H
 

R
~ 

C
sH

s 

C
6H

s 
C

6H
5 

p-
(C

H
3)

~N
C

6I
t4

 

p-
N

O
2C

6t
t4

 

C
[-I

3 
1t

 
C

6H
5 

C
6H

6 
C

~F
t~

 

C
st

J~
 

C
H

~ 
H

 

H
 

H
 

H
 

H
 

C
6H

5 
C

H
3 

H
 

ra
p,

 "
C

 

22
6-

-2
27

 

14
5 

-1
46

 a 
22

0-
-2

21
 

25
5-

-2
56

 

27
3-

-2
75

 

15
3-

-1
54

 b 
14

6.
--

14
7~

 
13

5-
-1

37
 

17
4-

-1
75

 e 
16

5f
 

E
m

pi
ri

ca
l f

or
m

ul
a 

C
ls

ttl
s,

 N
aO

 

C
E~

II
nN

aO
 

C
I~

H
I6

N
~O

 

C
~2

H
to

N
40

3 

Fo
un

d,
 %

 

G
 

H
 

N
 

74
,6

0 
5

,3
1

 
14

,3
6 

67
,5

8 
5

,2
1

 
19

,7
4 

65
,3

8 
6,

21
 

22
,0

1 

55
,9

2 
3

,8
8

 
21

,8
6 

C
al

cu
la

te
d 

C
 

H
 

74
;7

2 
5,

23
 

67
.5

0 
5,

20
 

65
,6

0 
6,

29
 

55
,8

1 
3,

90
 

%
 

14
,5

3 

19
,7

2 

21
,8

6 

21
,7

0 

~
.a

x.
 n

m
 (

Ig
e)

 

20
5 

(4
,4

9)
; 

22
3 

(4
,4

6)
 

25
4 

(4
,5

4)
; 

31
4 

(4
,4

2)
 

20
8 

(4
,1

3)
 s

h,
 2

21
 (

4.
24

) 
24

6 
(4

,3
4)

; 
28

1 
(4

,0
0)

 
20

8 
(4

,2
6)

 s
h,

 2
32

 (
4,

39
) 

35
6 

(4
,4

9)
 

20
9 

(4
,3

1)
; 2

46
 (

4,
30

) 
27

2 
(4

,2
6)

;3
O

3 
(4

,1
5)

 

o 
b 

o 
c 

aA
cc

o
rd

in
g

 
to

 
[1

2]
, 

th
is

 
co

m
p

o
u

n
d

 
h

as
 

ra
p

 
1

4
6

 
A

cc
o

rd
in

g
 

to
 

[1
4

],
 

th
is

 
co

m
p

o
u

n
d

 
h

as
 

rn
p

 
1

5
2

-1
5

4
 

A
cc

o
rd

in
g

 
to

 
[1

5]
, 

th
is

 
co

re
- 

d 
" 

o 
e 

" 
p

o
u

n
d

 
~/

as
 m

p
 

1
4

5
-1

4
6

 ~
 

A
cc

o
rd

in
g

 
to

 
[1

6
],

 
th

is
 

co
m

p
o

u
n

d
 

h
as

 
na

p 
1

3
5

-1
3

7
 

. 
A

cc
o

rd
in

g
 

to
 

[1
2]

, 
th

is
 

co
m

p
o

u
n

d
 

h
as

 
m

p
 

1
7

3
 ~

 
fA

c-
 

co
rd

in
g

 
to

 
[1

3]
, 

th
is

 
co

m
p

o
u

n
d

 
h

as
 

ra
p

 
16

5 
~ 

Y
ie

ld
, 

%
 43

 

41
 

67
 

34
 

;3
7 16
 6 40
 

43
 

39
 

29
 

b~
 



give 2 -ace tamido-4-pheny lpyr imid ine  (III), the hydrolysis  of which with sulfur ic  acid gives 2 - a m i n o - 4 -  
phenylpyr imidine  (X) in quanti tat ive yield.  It is in teres t ing  to note that the p r e s e n c e  of dimethylamino and 
n i t ro  groups in the p a r a  posi t ion of the benzene ring of c innamaldehyde leads to a d e c r e a s e  in the yields of 
the corresponding pyr imid ines  (IV, V) by a fac tor  of approx imate ly  two. 

2 -Ace t amid o -4 -m e t hy l -6 -pheny l -  (II), 2 - a c e t a m i d o - 4 - m e t h y l -  (VI), and 2 -ace tamidopyr imid ine  (VII), 
respect ive ly ,  we re  obtained by condensation of benzalacetone,  crotonaldehyde,  and acro le in  with ace ty l -  
guanidine. 

Thus it was shown for  the f i r s t  t ime  that it is poss ib le  to obtain 2 -aminopyr imid ines  f r o m  ~, fl-un- 
sa tura ted  aldehydes.  

~ , f l -Unsaturated carbonyl  compounds a lso  undergo condensation with f r ee  guanidine and i ts  sa l ts .  
2-Amino-4,6-diphenyl  (VIII) and 2~amino-4-phenylpyr imidine  (X), respec t ive ly ,  a r e  fo rmed  in the reac t ion  
of benzalacetophenone and cinnamaldehyde with guanidine carbonate .  S imi lar  r esu l t s  were  also obtained 
with guanidine aceta te .  2 -Amino-4 -me thy l -6 -pheny l  (IX) and 2 -amino-4-pheny lpyr imid ine  (X), respec t ive ly ,  
were  obtained by condensation of benzalacetone and cinnamaldehyde with f r ee  guanidine. 2 -Aminopyr im-  
idines were  obtained in a number  of cases  when guanidine was used, but it is p r e f e r a b l e  to use  ace ty lgua-  
nidine because  it gives higher yields of the des i red  products .  

EXPERIMENTAL 

The IR spectra of KBr pellets of the compounds (c 0.25%) were recorded with UR-10 and UR-20 spec- 
trometers. The UV spectra of ethanol solutions of the compounds (2.5-5 �9 I0 -3 M) were recorded with a 
Specord UV-Vis spectrophotometer. The course of the reactions and the individuality of the compounds 
were monitored by thin-layer chromatography (TLC) on Silufol UV-254 plates in an ether-methanol (8 �9 i) 
system. The molecular weights were determined with an MS-3301 spectrometer. The melting points, re- 
sults of elementary analysis, and the UV spectral data for the compounds obtained in this study are pre- 
sented in Table 1. 

The compounds obtained in this study that were also previously described in the literature were 
identified by means of authentie samples from their IR and UV spectra, chromatographic behavior, and 
mixed melting-point determinations. 

General Method for the Preparation of 2-Aeetamido(amino)pyrimidines. A solution of 0.010 mole 
of the ~,fl-unsaturated carbonyl compound in 5 ml of DMSO and 4 g of freshly ealcined molecular sieves* 
were added slowly with shaking to a solution of 0.011 mole of acetylguanidine (guanidine or its salts) in i0 
ml of DMSO, after which the mixture was heated at the appropriate temperature for 8-9 h in a stream of 
dry air. The resulting brown solution was decanted from the sieves and allowed to stand for 3-4 days. 
Subsequent workup of the reaction mixture and isolation of the 2-acetamido(amino)pyrimidines were ac- 
complished by various methods depending on their properties. 

2-Acetamido-4,6-diphenylpyrimidine (I). A) This compound was obtained from acetylguanidine and 
benzalacetophenone at a bath temperature of 130-140 ~ The precipitate was removed by filtration. An 
additional amount of product was isolated by vacuum evaporation of the filtrate and treatment of the residue 
with a small amount of cold acetone. The substance was recrystallized twiee from ethanol prior to analysis. 

B) A mixture of 1.24 g (0.005 mole) of 2-amino-4,6-diphenylpyrimidine and 4-5 ml of acetic anhydride 
was heated on an oil bath at 120 ~ for 2 h, after which it was cooled, and the precipitated crystals were re- 

moved by filtration to give 1 g (6970) of product. 

2-Acetamido-4-methyl-6-phenylpyrimidine (II). This compound was obtained from acetylguanidine 
and benzalacetone at a bath temperature of 135 ~ Half of the solvent was removed by vacuum evaporation, 
and the residue was poured into 250 ml of water. The aqueous solution was extraeted with five 50-ml por- 
tions of chloroform, the extract was dried over magnesium sulfate, and the chloroform was evaporated. 
Acetone (4-5 ml) was added to the residue, the mixture was allowed to stand for a long time in a refrigera- 
tor, and the resultin~ precipitate was removed by filtration to give 0.93 g of the product, which was re- 

crystallized from ethanol. 

*Grade 4A and 5A molecu la r  s ieves  in the fo rms  of granules  act ivated by heating at 350 ~ for  6-7 h were  
used in this study. 
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2-Acetamido-4-phenylpyr imidine  (III). A) This compound was obtained f rom acetylguanidine and 
cinnamaldehyde at a bath t empera tu re  of 130-140 ~ The product was isolated as in the preparat ion of I 
and was rec rys ta l l i zed  twice f rom ethanol p r io r  to analysis .  

B) A mixture  of 0.87 g (0.005 mole) of 2-amino-4-phenylpyr imidine  and 3 ml of acetic anhydride was 
heated on an oil bath at 120 ~ for 2 h. The precipi tated needles of III were removed by fil tration to give 
0.89 g (75~0) of product .  

2-Acetamido-4-(p-dimethylaminophenyl)pyr imidine {I-V). This compound was obtained f rom acetyl-  
guanidine and p-dimethylaminocinnamaldehyde at a bath tempera ture  of 135 ~ and was isolated by the meth-  
od used to isolate I. The product was recrys ta l l i zed  three  t imes f rom ethanol p r io r  to analysis.  

2-Acetamido-4-{p-ni t rophenyl)pyrimidine (V). This compound was obtained f rom acetylguanidine and 
p~nitrocinnamaldehyde at a bath t empera tu re  of 135 ~ and was isolated by the method used to isolate I. The 
product  was sublimed at a bath t empera tu re  of 200-230 ~ and 1 mm (mercury standard) and recrys ta l l ized  
twice f rom ethanol p r io r  to analysis .  

2 -Acetamido-4-methylpyr imid ine  (VI). This compound was obtained f rom acetylguanidine andcro ton-  
aldehyde at a bath t empera tu re  of 120-130 ~ A sample was selected f rom the reaction mixture and analyzed 
for  its VI content by GLCo* The react ion mixture was poured into 300 ml of water, and the aqueous solu- 
tion was extracted with five 50-ml port ions of chloroform.  The extract  was dried over  magnesium sulfate, 
the ch loroform was evaporated, and the residue was crys ta l l ized by storing in a vacuum des icca tor .  It 
was then rec rys ta l l i zed  f rom benzene.  

2-Acetamidopyrimidine (VII). This compound was obtained f rom acetylguanidine and f resh ly  distilled 
acrolein at a bath t empera tu re  of 110 ~ The yield was determined by GLC. The product was isolated by 
the method used to isolate VI and recrys ta l l i zed  f rom ethyl acetate.  

2-Amino-4,6-diphenylpyrimidine (VIII). This compound was obtained f rom guanidine carbonate and 
benzalaeetophenone at a bath tempera ture  of 130 ~ The react ion mixture was poured into 300 ml of water, 
and the aqueous mixture was extracted with five 60-ml portions of chloroform.  The extract  was dried 
over magnesium sulfate, the ch loroform was evaporated, and the residue was chromatographed with a 
column filled with si l ica gel and elution by ether.  

2 -Amino-4-methyl -6-phenylpyr imidine  {IX). This compound was obtained f rom guanidine {from 1.05 
g of guanidine hydrochloride and an equivalent amount of sodium ethoxide in alcohol with subsequent evapo- 
ration of the alcohol) and benzalacetone at a bath t empera tu re  of 110 ~ The react ion t ime was 4 h. The 
product was isolated by the method used to isolate VIII and was recrys ta l l i zed  f rom benzene. 

2-Amino-4-phenylpyr imidine  (X). A) This compound was obtained f rom guanidine andcinnamalde-  
hyde at a bath t empera tu re  of 130-140 ~ The bulk of the DMSO was vacuum evaporated, and the residue 
was dissolved in 15~ HC1. The result ing solution was t reated with four 40-ml port ions of ether to remove 
impuri t ies ,  made alkaline to pH 9 with 570 NaOH solution, and extracted with chloroform.  The yield was 
0.67 g. 

B) Guanidine carbonate was condensed with cinnamaldehyde via the method described above to give 
0.48 g of X. 

C) A 2.13-g (0.010 mole) sample of III was hydrolyzed by reflux[rig in 50 ml of 15% HC1, after  which 
the solution was cooled, made alkaline to pH 9 with dilute NaOH solution, and extracted with four 50-ml 
port ions of chloroform.  Removal of the chloroform by distil lation gave 1.70 g (~ 100%) of X. 

1. 
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PEPTIDES OF AMINONUCLEIC ACIDS 

POLYPEPTIDES OF fl-(I-PYRIMIDYL)-~'-AMINO ACIDS 

M. YU. Lidak, I. Zh. Lulle,  
M. G. Pla ta ,  R. A. Pa~gle, 
a n d  V .  /~. K r i s h a n e  

UDC 547.854.4'466 

Polyamino acids with degrees  of polymer iza t ion  on the o rde r  of 9-10 were  obtained by 
polymer iza t ion  of p-ni t rophenyl  e s t e r s  of/3- (1-pyrimidyl)-c~-alanines. The i r  hybridiza-  
tion with RNA is demonstra ted.  

In o rde r  to c r ea t e  po lymer ic  physiologically active substances capable of forming associa tes  with 
nucleic acids we developed methods for  the synthesis  of polypeptides of/3- (1-pyrimtdyl)-~-amino acids 
and studied the i r  p rope r t i e s .  

To synthesize the poly[/3-(1-uracilyl)-a~alanines] we chose polymer iza t ion  of the i r  p-nitrophenyl 
e s t e r s .  It is well known that the method of activated es te r s ,  which makes it possible  to obtain polypeptides 
of r egu la r  s t ruc ture ,  has found broad application in recent  yea r s  in peptide chemis t ry  [1]. We have p r e -  
viously descr ibed  the prepara t ion  of N-carbobenzoxy-DL-Wil lardi ine  [fl- (1-uracilyl)-~-alanine] p-  n i t ro-  
phenyl e s t e r  [2]. A s imi la r  method was used to obtain N-carbobenzoxy-f l - (1- thyminyl)-~-alanine p -n i t ro -  
phenyl e s t e r .  The carbobenzoxy group of the compounds is split out with 33~0 HBr in glacial acetic acid. 
The hydrobromides  of the p-ni t rophenyl  e s t e r s  of (1-uracilyl)amino acids a re  ex t remely  hygroscopic com- 
pounds, and they a re  the re fo re  used in the polymer iza t ion  react ion immediately af ter  the i r  prepara t ion .  
Small amounts of acetic acid impuri ty  do not in te r fe re  with the polymer iza t ion  and catalyze the aminolysis  
of the p-nitrophenyl e s te r s .  The polymer iza t ion  was ca r r i ed  out in 5 days at room t empera tu re  in dimeth- 
y l formamide  (DMF) solution (with the addition of a definite amount of t r ie thylamine)  by the methods in 
[3, 4]. The polypeptides were  precipi ta ted f rom solution by the addition of methylene chloride.  In an in- 
vest igation of the effect of different amounts of t r ie thylamine  on the polymer iza t ion  and on the molecular  
weight of the po lymer  obtained it was established that it is not possible to change the degree  of po lymer iza -  
tion substantially in this way. 
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