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, 

.
.  1,1- -

 1,2- -
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 1,1- . 
, 

 NOESY
1 . 

, 
 N-C-N-

. -
. , 

 CD3ONa -(d4). , 
, 

. 
 ( ) . 

, ,



4

-
, . -

 6- -5H-[1,3] [3,2- -
. ,   –   2- -

. ,  6- -5H-[1,3] -
[3,2- , , -

.
.

 6- -5H-[1,3] [3,2- . 

. 
, 

, 
, . 

 “ ” 
, ,

.
.  8

 8- .
. :

 “RESC Collaboration in Chemistry, Biology and
Medicine”, , 2008 .; III  “ -

, K -2010”, , 2010 .; III 
 ( ) “

”, , 2012 .; 2nd International Conference of Young
“Chemists Today ICYC-2012”, Tbilisi, 2012; II  “

”, a 2012 .; III -
 ( ) «   –

», , 2013 .; III, IV  VI 
 ( ) , , 2008, 2009, 2011 .

.   134
, ,

, , 1 , 6 , ,
 (269 ) .

*
1. 

 (3- -5-
1-3  5- -1,2,4- )  3- . 

 150-160
 (70-80 %) [1,5-a] . 

, 
 (

______________________________
 13-1D334  13RF-087.
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  1 , 
), . 

 89 %
, 
 NOESY.

N
H

N
NH2

R

N
N N

CH3NH2

R

N
N N

CH3NH2

R

CH3

I

N
N N

NH2CH3

R

CH3-C(NH2)=CH-CN

CH3I
+

1-3

4-6 7, 8

1, 4, 7. R = Me;
2, 5, 8. C6H5;
3, 6. o-C6H4-Cl.

  ,  N-
, 

. , 
NOESY. , 7
(NOE)  N- , , 

   [ (5)-Me  N-Me]. 
, 

 3-
 – (N-Me) (2)- , 

, ,  7  5. 
 NOESY , 

 6-  C(5)-Me  6- . 
 N-   8.

N
N

7
6

5

N4

CH3NH2

CH3

CH3

H

H

I

+

7

2 3
1 N1 N N

CH3NH2

C6H5

CH3

H

H

I

+

8
, -

 NOESY , 
-

, -
4 5.

, 
, , .

 3- -1,2,4-  3- -
 80 %  1,2,4- [1,5-a] 9.

N
H

N
N

NH2

N
N

N N

CH3NH2

N
N

N N

CH3NH2

CH3

I
CH3-C(NH2)=CH-CN CH3I

+

9 10
2. 

-
,  2-
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.  (76%) 
, 

,  2-  (11)  
 (12) .

S

N

NH2

S

N

N
H

EtO2C COMeCHOEt

S
N
H

N

COOEt
N

S
N

N
H

COOEt
NCHOEt

11
MeCOCCO2Et

12
NCCCO2Et

1 13 .  11
, 

 88:12 ( 1 ).
 -N , 

. , 
, 

, , , 
, , -

. , -
-

 N  – .

 2- . 
  1 13 12 ,

 = -N , , 
. , 1

12
),  93:7.

12  N ,
, , 

. ,  2330 -1

 ( ) , 
 N- … :N , .

-
 ( ). 12 ( .  1)  

 ( . 2). , 
12

N-H … NC.

      . 1. 12.                               . 2. 12.
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12  65%  
13 – 5- -6- -5H-[1,3] [3,2- -

, , 
1 , 

H=  N = .

S
N

N

COOEtNH

S
N
H

N

COOEt
N

S
N

N
H

COOEt
N

12 13
11 , 

.
,  1 13 , -d6, 

11,  
, , - , 

 ( ). 14
 6- -5H-[1,3] [3,2- -5- (15).

15  (
) , .

, 
14 14b).

S

N

N

CH3

OH

H

OC2H5O

N

NS

O
COCH3

N

NS

KO COOC2H5
CH3

N
H

NS

O COOC2H5

CH3

N

CO2C2H5

CH3

OK

S

N

KOH

15
14a

- C2H5OH

H2O

H+

- C2H5OH

14b

H2O

H +

11

14 NOESY

86%

 (NOE) 
 7-H,

14 . 
14b, 

14,  6- -5H-
[1,3] [3,2- -5- (15). 

 ( ). 15

16-18  19.

N2H4
NH2- X

N

NH2S

N

NS

O

N-X

CH3

N

NS

O O

CH3

15t oC
16 - 19

X = NR  R  : 16. R = R = H;    17. R = H, R = Ph;    18. = R = R = Ph.   19. X = OH.
11 1 22 21 2

, 
 2- .
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, [3,2-
, -

.  6-[1-(2- ]-5 -[1,3] -
[3,2-a -5-  (17). A  6-[1-( -

]-5 -[1,3] [3,2-a] -5-  (19)  – 6-[1-(2,2-
]-5 -[1,3] [3,2-a] -5- (18)  6-(1- -

)-5 -[1,3]- [3,2-a -5-  (16).

3. 
1-

 1 , 
, 

, , 
,  N-C-N

[1,5-a .
 1 

[3,4-b .

, .
 5- -1- -3(2H)-  (20), 

 1-  – 2-(51 -31 -1 -11 )-4,6- -
 (21) . -

 1- 20 , -
[3,4-b

(22-24), .

C
H

N
N

Me Me

NH2
H

O

(MeCO)2CH2

MeCOCH2COOEt

Me-C-C-COOEt

CH-OEt

O

N
N

N

O
OH

H
Me

CH(Me)2

N
N

N

O
Me

H
Me

CH(Me)2

CH(Me)2

N
N

N

O
Me

H

COOEt20

24

23

22

78%

75%

20
 – 25 26, -

 ( 1 ).

C
H

N
N

Me Me

NH2
H

O

N
N

N

O
OH

CN

H

CH(Me)2

N
N

N

O
NH2

H

CH(Me)2

CO2Et
CN-C-COOEt

CH-OEt

20 25

+

26

+

1 24-26 -
.

 1- -5-
,  2- -4,6- -
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 3- ,   2-(5`- -1`-
)-4,6-  (21)  89% 

, , -
, .

(MeCO)2CH2

N N

Me Me

N
N NH2

Me

N

N

Me

Me

N
N

Me

N

Me

OH
Me

N

N

Me

Me

N
N

Me

N

O

H CN

N

N

Me

Me

N
N

Me

N

Me

COOH

N

N N

Me Me

N
N

Me
OH

Me

N N

Me Me

NHNH2

CN-CH2COOEt

MeCOCH2COOEt

21

27

28

29

30

MeC(NH2)=CH-CN+

89%

1 27  (13.11  .  .)  
. 

, 
, .

[3,4-b 28.
28

29, , . ,
, , 

.
21

, 
, 30,

. , 
 (21, 27-30) -

 6.74 ( 21)  7.01-7.10 . ..

4.  1,4,6- -
2-(

 XX  “
”, 
, , 

.

 1,4,6- -2-(  (31) -
 1,1- . , 

31  1- -1- -  1,1-
4,6-  ( 32 33 ), 

 2 . 
 2- -4,6- -

 (34)  (4,6- -2-  (35).  
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, ,

 (  34).

N

N

Me
Me

Me

COOEt

N

Me

Me NH-

COOEt

N
R

Ph

H2N-N
R

Ph

N

Me

Me NHMe

COOEt

N

N

Me

Me COOEt

+

-I
31 3432,33 3532. R = Me; 33. R = Ph.

+ +

31
 “ ”. 34,

35 36.  2- -4,5-
.

N

Me

Me

COOEt

NHMe N
H

Me

Me

COOEt

O

(CH3)2N CH2CONHNH2

N
H

N

NHNH2

N

Me

Me

COOEt

NHMe

N

N

Me
Me

Me

COOEt N

N

Me

Me COOEt

36

+

34

+

34
+

-I

31

35

31  1-(3- . 
 2-[3-(1 -1- ]-4,6-  (37),  

34 36.

N

Me

Me

COOEt

N
H

(CH2)3

N
N

N
H

Me

Me

COOEt

O

N
N

(CH2)3-NH2

N

Me

Me

COOEt

NHMe

N

N

Me
Me

Me

COOEt

31
36

37

34+

+

-I

:

N

N

Me

Me

Me

NHR
COOEt N

NR

Me

Me

NHMe

H
H

COOEt

NHRN
H

Me

Me NMe
COOEt

N

H
Me

NHMe

Me NHR
COOEt

N

Me

Me NHR

COOEt

N

O

Me

Me

NHMe

H
H

COOEt
N OH

Me

Me

NHMe
H
COOEt

N OH

Me

Me

COOEt

NMe

Me

NHMe
COOEt

NR

H H
NMe

Me

NHMe

COOEt
NR

H
H

NMe

Me

NHMe

COOEt
NHR

H

NMe

Me

N Me

COOEt

NHR

NMe

Me

N Me

COOEt
I -

+

N

Me

Me NHMe

COOEt

N O

Me

Me

COOEt

H

MeNH2-

RNH2

H2O

RNH2

RNH2
-

MeNH2- B

A

 B1

B2

31
36

34
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 ( -
 – ),  “
”  ( 1), , 

 ( 2). , 
.

5.  1,2- -
2- -1,4,6-

 1,4,6- -2-( -
(31) [1,5-a] , -

.

N

N

Me
Me

Me

COOEt N
N

N

Me

Me

R

COOEt

31

+

-I

R-CONHNH2

, 

, 
 – . 
 1,2- -2- -1,4,6-

(38)  ( ).
, 

 – 4,6- -2- -
 (39).  8-

38 . 
 ( ) . , 

,
, 

. , , 
 6 38,   2,  

. , 
-2 31

 2.

N
N

N

N

Me

Me

R

N

Me

Me

Me

N

NH

RCONHNH2

N

Me

Me
Me

N
NHNHCOR

NH

H

-MeNH2

N

N

Me

Me NH2

Me

Nu

N

N

Me

Me NH2

Me

Nu

N

N

Me

Me NHMe

Me NH
Me

Me

N

NH

NHNHCOR

Me

Me

N

NNHCOR

NH2

HN

Me

N

N

Me

Me NH2

Me I

R= N

Nu = RCONHNH2 , NH3

Nu-

N

N

Me

Me NH2
Me

Nu

+

.38 HI

Nu

..

+

38
39

Nu
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6. 

-
. 

 1,4,6- -
-2-  (31) .

,  3- -5-
34 -

 ( e 40), 
, 

2- -5- -7- [1,5-a]-1,3,5-  (41). -
 (8%)   2- -5,7- [1,5-a] -

 (42),  –  3- -5-
.

N

Me
Me

Me

COOEt
N

NN

H
NH2

Ph NHMe N
N

NN

Ph

Me COOEt
N

Me

Me

COOEt

NH N N

H

Ph

N

Me

Me

COOEt N NN

Ph

Me Me

NN

H
NH2

Ph
+

I
+-

31

34

40

41

42

CH2(COMe)2

19 % 58 %

41 42, , 

 –  2  6 . 
2  N1-C2,

, 

41. , 
 N1-C6-C5  (N-C-N) .

N
Me

Me

Me

COOEt
N

N
N

H
NH2

Ph

N
Me

Me

Me

COOEtN

N
H

N

HN
Ph

NHMe

Me Me

COOEt

N

NH
N

N

Ph

NN

N

N

Me

COOEt
Ph

NHMe

Me
Me

COOEt

NH
N

N N

Ph

+

- Me2C=NMe

+

31

41

I-

42
 6,  N1-C6

 4 , 
 N1-C2-N3  N-C-N .
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N
Me

Me

Me

COOEt
N

N
N

H
NH2

Ph

NN

N

Me

MePh

N
H

N
NH

Ph

N
Me

Me

Me

COOEt
N

N
NH

N NHMe

Me

Me

COOEt
N

Ph

N
N

N

Me

Ph

Me

N

MeNH
COOEt

H
H

NH

MeNH
CH2COOEt

+
+

42-

31
I -

 3- -5-

[1,5-a]-1,3,5- , 
 2,5,7- [1,5-a]  (43), 

 N-C-N 
 2,7- -5-( -

[1,5-a]-1,3,5-  (44).

N
Me

Me

Me

COOEt
N

N
N

H
NH2

Me

NHMe
N

N

N
N

Me

Me COOEt N

Me

Me

COOEt

N N
N

Me

Me Me

N
N

H
NH2

Me

+

I
+

-

31 3444

43

CH2(COMe)2

+

, 
. 

, 
 N-C-N- .

7. 

, 
, 

) , 
. 

, , .

, 
, 

- -
. 1 , 

.
, 1  1,2- -

2- -1,4,6-  (38)  D3OD 
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, , 
, . , , -

D3ONa
, , 

 (
2-5 , , 

6  77-84 %, 
4  30-70 %). 

. , 
5-  N-

 ( . ) . 
1  NH 3

, D3O-  NH 
, , 

, .

N

N

NH

CH3

CH3

CH3

N

N

N

CH3

CH3

CH3

N

N

CH3

CH3
CH3

ND

CD3OD
CD3OH

N

N

CH3

CH2
CH3

ND

N

N

CH3

DH2C
CH3

ND N

N

CH3

DHC
CH3

ND

CD3OD

N

N

ND

CD3

D3C
CH3

CD3O-

-
_

CD3O-

CD3O-

-

38 HI

381

2-( )-1,4,6-  ( 45) 
. 1  10 

,   ,     53   90  %,   24  
, 

. , 
 CD3ONa, 45 , 

.  (
, 

). , 45
46.

N

N

N
H

CH2C6H5

CH3

CH3
CH3I -

N

N

N CH2C6H5

CH3

CH3
CH3

+

45

KOH

46
45 1 .  

, 46
, , 

45 (7.01 . .),  5-  (5.59 . .).
 5-

1 ,  5- ,
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 CD3OD, 
.

N

N

N
H

CH2C6H5

CH3

CH3
CH3I- N

N

N CH2C6H5

CD3

D3C
CH3

N

N

N CH2C6H5

CH3

CH3
CH3

DI-

+

45

+
CD3OD CD3ONa

D3ONa 
1  –  2-

7- -4,5- [1,5-a] 7 8. 
, , 

 5- 3
1

).

N1 N

7
6

5

N4

CH3NH2

R

CH3

I

R =Me, Ph

N
N N

CH3NH

R

CH3

H

H

OCD3
N

N N

CD3DN

R

CH3

H

H

+

7 , 8 71, 81

2 3

HI

, - 
5 . 38  45,

 (3-  6- , 
, , 

 – 2- 6 5  2- 3) . D3ONa/ D3OD
7 8.

7 8   . 
, 71 81

 ( )  N-Me  C5-Me, 
5-Me  6-H,  NOESY 
7 8. 71 (R=Me)   

2-Me   3- ,   3-  N-Me,  
-5, 

. 
8 (R  =  6 5), 

.

I

R = Me, Ph

OCD3
N

N N

CD3DN

R

CH3

H

H

N
N N

CH3NH

R

CH3

H

H
N

N N

CH3NH2

R

CH3

H

H

+

7 , 8
71, 81

HI

381 ,  71 81 -
. , 

71  177, 178, 179  180  ( ++1),
++2), ( ++3)  ( ++4), , 

. , + = 176
47 [ – HI], -



16

7 .  1 -
47 , ). , 

7- , 48, 
.

N1 N

7
6

5

N4

CH3NH2

CH3

CH3

I
N

N N

CH3O

CH3

CH3N
N N

CH3NH

CH3

CH3
OC2H5+ H2O

7 47 48

2 3

1

, , 
, 

. , 
, , 

, 

.

, , 
N1,N2 (4,6- -2- -1,2- (49 ) –  N1,N2 – -
(1`,4`,6`- -2`- -1,2- (50 ).

N

N

CH3

CH3
N
H

(CH2)2

CH3

N

N

N
H

CH3

CH3
CH3I-

I -

N

N

CH3

CH3
N
H

(CH2)2N

N

N
H

CH3

CH3

+ +

50a49a

CH3I

, 
CD3OD  CD3ONa  5-7 

 ( ,  20  40%,
 2,5 

. , , 
, ,

 (  75%), 
, 

-
.  (

) 
.

D3ONa 
, –

6- -5H-[1,3] [3,2- -5- 15).  ,  
,  (55%) 
,  (

10  80%,  2,5 ). 
1 , D3OD, 
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(7,5  8,25 .)  (8,73 .) . 
D3ONa , .

1  ( D3OD)
D3ONa 

1- -4,6- -2,3- -1H [3,4-b -3-  (22).  -
, -

 ( ) ,
, , 

, . 
 ( ) .

,  ( ,
4 5, 2- -4,6- , 
49 ). 

.
, 

, 
. , , 

, 
, , 

, , 
, .

8. 

49 50
 4, 6- -2-

49
. 

–  N1,N6 (4,6- -2- -
1,6-  (49b) –   N1,N6 (1`,4`,6`- -

-2`- -1,6-  ( 50b). , 

. 1 49a 49b
. 50a 50b

, 
. , 

,  (  c 50a
50b ).

N

N

CH3

CH3
N
H

(CH2)n
CH3

N

N

N
H

CH3

CH3
CH3

N

N

CH3

CH3
N(CH2)n

CH3

N

N

N

CH3

CH3
CH3

N

N

CH3

CH3N(CH2)n
CH3

N

N

N

CH3

CH3
CH3

I I

N

N

CH3

CH3N
H

(CH2)nN

N

N
H

CH3

CH3

N

N

CH3

CH3 Cl

NH2(CH2)nNH2
+ +CH3I

n = a) 2; b) 6. 50 a, b
- -

51 a, b

49 a, b76-90%

60-70%
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, 50 50b
.

50
51 ,  1

  .

N

N

CH3

CH3
N
H

(CH2)2

CH3

N

N

N
H

CH3

CH3
CH3I -

I -

N

N

CH3

CH3
N(CH2)2

CH3

N

N

N

CH3

CH3
CH3

+ +
KOH

50a 51a

-KI

–  (4,6- -2- -1,6- -
 (52)  (4,6- -2- )-

 (35) 
2:1. 35

 1:2), 
53, 52.

N

N

CH3

CH3
COOC2H5

NH2(CH2)6NH2

N

N

CH3

CH3

O

N
H

N

N

CH3

CH3

O

NH(CH2)6

N
H

N

N

CH3

CH3

O

NH2(CH2)6

52

53

2 : 1

1 : 235

58%

57%

, 
, 

,
, 

. , 
, 

.

1. ,  6- -5H-
[1,3] [3,2- -5-  5- -6- -5H-[1,3] -
[3,2-

.
2. ,  ( -

)  1,1- .
3. 

 CD3ONa -
-(d4). , 

.
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4. 
, 

 NOESY 1 .
 5. 

 1,3,5- , 

.
6. .

, 
.

7. ,  6- -5H-[1,3] [3,2- -
, -

.

:
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SUMMARY

The urgency of research in recyclizations including pyrimidine rearrangements
is defined by the fact that synthesis of new compounds is aimed at the development
of basically novel routes for obtaining important classes of compounds that will
eventually expand the stock of synthetic methods rather than at replacement of
certain atoms and functional groups.  The present work is devoted to the research
of methods for the synthesis and modification of bicyclic azines including a
bridged nitrogen atom, study of pyrimidinium systems transformations under the
influence of nucleophilic reagents (including deuterated).

The reaction of 2-aminothiazole with ethyl ethoxymethylideneacetoacetic ester
resulted in ethyl 2-thiazolyl-iminomethylideneacetoacetic ester which was then
cyclized into 5 -[1,3]thiazolo[3,2-a]pyrimidine derivative. Spectral studies
showed that the intermediate non-cyclic product contained intramolecular
hydrogen bonds between the conjugated carbonyl and NH groups. By the reaction
of the obtained 6-acetyl-5H-[1,3]thiazolo[3,2-a]pyrimidin-5-one with hydrazines
and hydroxylamine the appropriate hydrazones and oxime with antioxidant activity
were synthesized.

Recyclizations of ethyl 1,4,6-trimethyl-2-(ethoxycarbonyl)methylpyrimidi-
nium iodide under the influence of 1-methyl-1-phenyl-, 1,1-diphenylhydrazine
and 1-(3-aminopropyl)imidazole were studied. It was shown that in all cases,
except the demethylation product of the initial salt and the product of classic
enamine rearrangement - 4,6-dimethyl-2-methylaminonicotinic ester, rearrange-
ment  products with transamination, namely, ethyl esters of the corresponding
2-(1,1-disubstituted hydrazin-2-yl) and 2-[3-(1H-imidazol-1-yl)propylamino]-4,6-
dimethylnicotinic acids were generated.
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An original method for identification of the structure of azine heterocycles
combining alkylation of pyridinium nitrogen atom and further application of the
NOESY method for 1  NMR spectroscopy has been developed and suggested.

Synthesis of the investigated bicyclic models of azolo[1,5-a]pyrimidines was
carried out by interaction of the appropriate 5-aminoazoles with 3-amino-
crotononitrile. Position of the amine group in pyrazolo[1,5-a]pyrimidines was
proved by NMR spectra according to NOESY method based on spectra of
alkylation products.

By registering 1  NMR  spectra  it  was  revealed  that  under  the  influence  of
deuterated sodium methylate in deuteromethanol  the basic deuterium exchange of
protons proceeded easily,  quantitatively and selectively only in  -methyl groups
of pyrimidinium  salt in mono and bicyclic systems.

The selective deuterium exchange of protons of the pyrimidine ring methyl
groups,  proved  in  the  work,  can  be  used  as  a  specific  marker  of  the  most
electrophilic position of the molecule accepting a nucleophilic attack. The effect of
deuterium exchange can be used as a tool for structure research as well as for
purposeful isotope exchange in heterocycles aimed at introduction of not only
deuterium atoms but also those of tritium into the molecule. This is especially
important in study of drug metabolism.

A new type of nucleophilic rearrangement of pyrimidinium salts into deriva-
tives of bicyclic 1,3,5-triazine proceeding at the expense of substitution of a
triatomic fragment of a pyrimidine ring with a fragment of -aminopyrazoles was
revealed.

The reactions of 4,6-dimethyl-2-chloropyrimidine with ethylenediamine and
hexamethylenediamine were studied. It was shown that the reactions resulted in the
corresponding bis-pyrimidinyl derivatives irrespective of the reagents ratio.
Similarly, alkylation proceeds by the excess of methyl iodide at the expense of two
pyrimidine rings. Bis-pyrimidinyl salts have antioxidant activity. The corres-
ponding anhydro bases are formed by interaction of pyrimidinylaminoalkanes with
alcoholic alkali.


