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S Y N T H E S I S  A N D  D E T E R M I N A T I O N  OF 

O F  P Y R R O L O [ 1 , 2 - c ] P Y R I M I D I N E S  

V. B .  I v a n o v ,  V.  S. R e z n i k ,  
a n d  Y u .  Y a .  E f r e m 0 v  

T H E  S T R U C T U R E  

UDC 542.91+541.6:547. 855.7 

The reaction of 4 ,6 -d ime thy l - l -oxoa lky l -2 -oxo- l , 2 -d ihydropyr imid ines  (I) with such agents as hydrazine ,  
phenylhydrazine,  hydroxylamine,  semicarbazide ,  t r ie thylamine,  alkali metal a lcoholates ,  and aqueous alkali 
and distillation of (I) all yield the same products ,  namely,  6 -subs t i tu ted- l -oxopyrro lo[1 ,2-c]pyr imid ines  (IIa-c).  

Me 
[ 0 Me 

~ \  II , , 

11 tl 
(I) 0 (II) 

il = Me (Ia), (IIa); Ph (Ib), (lib); NO~Ph (Ic), (lid). 

The react ion of 1 ,2 -d ihydro-1 ,4 ,6 - t r ime thy l -3 -phenacy l -2 -oxopyr imid in ium iodide (III) with MeONa 
yields 1 ,2 -d ihydro-2 ,3 -d imethy l -6 -pheny l - l -oxopyr ro lopyr imid ine  (IV) 

Me 
[ 0 Me 

( N--CH~--C--Ph MeONa ~Ph 

Me~'~2\0  M 
1 O 

Me 
(nI) I- (IV) 

p M s ~ e ~  

The same product is obtained in the react ion of sodium salt of (IIb) with dimethyl sulfate or MeI. 

The IN spectra  of (I) and (IV) have a broad medium-intensi ty band at 1650 cm -1 related to the C----C and 
C = N  aromat ic  bond sys tem,  a band at 1700 cm -1 (vC =O) ,  and bands at 3010-3200 and 3250 cm -1 (vNH). A 
narrow peak at 3480 cm -1 is found in the spectrum taken in CC14 solution with concentrat ion C ," 10-3mole / l i te r .  
The position of this band var ies  with dilution and change in tempera ture .  The PMR spect ra  of these  compounds 
have a ser ies  of signals whose chemical shifts correspond to methyl protons and three aromat ic  protons.  

The mass  spectra  of (IIb) and (IV) were studied. The fragmentat ion of these compounds is given in 
Schemes 1 and 2. The major  mass  spectral  peaks for  (IIb) are  found at 225 (23), 224 (15), 181 (10), 180 (7.7), 
155 (35), 154 (50), 153 (14), 112 (5.5), 77 (12), 42 (40). 

A. E. Arbuzov Institute of Organic and Physical  Chemist ry ,  Kazan Branch,  Academy of Sciences of the 
USSR. Translated f rom Izvest iya Akademii Nauk SSSR, Seriya Khimicheskaya,  No. 10, pp. 2364-2369, Oc- 
tober ,  1983. Original ar t ic le  submitted December  30, 1982. 
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Scheme 1 

" T"  
+ 224('100) 22305) 

H -(HNCO) I ',~ . . -(%B~NHCO) 
42(40) ~ ~_(C~H2NttCO ) ~. 

u 

--w-O' l G 
~8i(t0) :15.5(35) ~[54(50) 77(12)~ 

Scheme 2 

Me 
1 
~1 56(30) N 

Me 

M e ~  ~ -~e ~ [M__ CH3]+ I-M--HI + 223(9) . 

Me ] ~  X 238('00) 237(7,5' 

-(c3H~Nco) \ ' 

\ 7 + 

153(4) 154(2,7) N(6) 

The formation of (II) probably occurs by the following scheme 

Me ~N~O Nu 

(v) 

OH 

M Me N ~ 0  
(VII) 

In all likelihood, the nucleophile attacks the carbonyl carbon atom in (V) in the f irst  step and then a proton is 
lost f rom the methyl group at C-4 of the pyrimidine ring. The methylenic anion formed attacks the carbonyl 
carbon atom in (V). However,  such react ions r a re ly  stop at the "aldol condensation" step but ra ther  proceed 
fur ther  with the loss of a water molecule [1]. The formation of (II) may be explained by the tau tomer i sm of 
(VII) and (II). The pyr ro le  ring in (VII) is in the dihydro form.  The transi t ion from the dihydro form to the 
fully a romat ic  form in the pyr ro le  ring requires  23 kcal /mole  wktle the difference in energy between (II) and 
(VII) is 3 kca l /mole .  Since the last step of the react ion is a tautomeric  t ransi t ion,  we became interested in 
whether there is a tautomeric  t ransi t ion in oxopyrrolopyrimidines  (II) and (IV) themselves .  

The PMR spect ra  of these compounds have three signals for the aromat ic  protons ,  methyl groups, and 
substi tuents.  Signals of other tautomeric  forms were not observed in the PMR spect ra  at f rom 30 ~ to 150~ 
and only broadening of the peaks due to rapid proton exchange was noted. We then studied the isotope exchange 
of these compounds with D20 by mass  spec t romet ry .  Upon mixing (II) with D20 at 40~ with subsequent pump- 
ing in vacuum, the molecular  ion peak of (II) was shifted by three units towards higher m a s s ,  indicating the ex- 
change of three  hydrogen atoms by deuterium atoms.  This resul t  unequivocally demonstra tes  that in there  is 
an equilibrium (II) ~- (II') ~-- (II") in aqueous medium. If there  were ei ther  only the (ID -~- (II") or  (II') ~-(II") 
equil ibrium, only two protons would be exchanged. The exchange of three protons by deuterium may be ex- 
plained only by the (II) ~ (II') ~ (IT") equilibrium 

2131 



Me Me Me 
",,,//\ ~ \ / %  \ / %  

HNX/N\~/\ \ /  \ / \ R  \ /  \iX" 
II R N II It 
o o o 

(II) (II') (II.) 

The dissociation energy of the deuterated compounds also indicates the existence of a t r iple  tau tomer ism 
of these compounds. Since HNC = O and M e -  CH = N -  C ---- O fragments  are  lost upon dissociative ionization 
(see Tables 1 and 2), the remaining part  of the molecule has two deuterium a toms ,  which indicates the exchange 
of two hydrogen atoms by deuterium atoms in the pyrro le  fragment .  

We might have assumed that there  should be no tau tomer i sm or much slower proton exchange in the case 
of methylated pyrrolopyrimidines  which lack a labile NH group hydrogen atom. However,  a study of the i so-  
tope exchange of N-methylated pyrrolopyr imidines  showed that the exchange of hydrogen by deuterium occurs  
at approximately the same rate as in the nonmethylated analogs. 

Mixing with D20 gave a shift in the mass  spectral  [M +] peak for (IV) by two units towards g rea te r  mass .  
This finding is probably explained by the fact that in the medium D20(H20) in the f i rs t  stage of this p rocess  an 
attack of a water  molecule occurs  at C-5 or C-7 of the ring. The next step is r ea r rangement  of the aromat ic  
sys tem with charge t ransfer  to the nitrogen atom 

Me Me Me 
\ / \ ~  V \  . \ / % _ _  
D :~ I ~ +~ ~ II ~ dr ~ / 

/ \ /  \ / / \ P h  / \ /  \ / ~ P h  Me II Me 11 M e l  . \ / \ p h b /  
o o o 

(IV) (IV,) (IV") 

We also studied the protonation of (IIa-c) and (IV). Systems s imilar  to our compounds such as pyrrolo  
[1,2-a]pyrimidines are  protonated not at the nitrogen atom but at the a - c a r b o n  atom of the pyrro le  ring [2-5]. 
The protonation of oxopyrrolopyrimidines has not been studied. 

The PMR spectra  of pyrrolopyr imidines  were found to have three aromat ic  proton peaks.  Methylenic 
proton peaks appear in the PMR spectra  of (IIa-e) and (IV) taken in CF3CO2H. The ratio of the integral  inten- 
sities of the methylenie proton peak and the peak for the protons of the methyl group at C-4 is 2:3, indicating 
that pyrrolopyr imidines  exist in a form with the a -carbon atom completely protonated. 

Since attack at both C-5 and C-7 in the ring is possible in our case ,  it is very  difficult to make anunequiv- 
ocal determination of the site of protonation. We may only assume that the observed methylenic proton peak 
is an averaged peak of both methylenic groups due to rapid proton exchange between the two si tes .  

The protonation of (IIa-c) and (IV) may be given by the following scheme 

M e \ j \ ~  +H Me Me ' 
\ / % ~  --+ \ / \  +~ 

:~ :~ i --,4% +~ ~ II ~- ~ I =... y ..ix= ..ix= 
0 0 0 

R = Me, Ph, NO,Phi R' ~ H, Me. 

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

The LR spect ra  were taken on a UR-20 spec t rometer .  The solids were prepared  as vaseline oil mulls.  
The spectra  of the solutions were taken in CCl 4 with solvent compensation. The UV spectra  were taken on a 
Specord UV-VIS spectrophotometer .  The PMR spectra  were taken on a Varian T-60 spec t rometer .  The col-  
umn chromatography was ca r r i ed  out on alumina with grade II activity.  The columns were consecutively 
eluted with 70~=I00 rnl petroleum ether ,  e ther ,  benzene,  and chloroform.  Physical  indices of the compounds 
prepared  are  given in Table 1. The spectral  data are  given in Table 2. 

1 ~ 2 -Dihydro- l -oxo-3 ,6 -d imethy lpyr ro lo  [1,2-c]pyrimidine (IIa). A sample of 5.26 g (Iat was added with 
stirring to MeONa obtained from 0.67 g sodium and 30 ml abs. methanol, heated at reflux for 10-15 rain, and 

then, I. 67 ml acetic acid was added. The precipitate formed was filtered off. A sample of I00 ml distilled 

water was added to the filtrate and the precipitate was again filtered off. Both precipitates were eombined and 

recrystallized from benzene to yield 4.9 g (93%) (IIa) with mp I04-I05~ (from benzene). 

2132 



T
A

B
L

E
 

1.
 

S
o

m
e 

P
h

y
si

ca
l 

In
d

ic
es

 
o

f 
S

y
n

th
es

iz
ed

 
P

y
rr

o
lo

 
[1

,2
-c

]p
y

ri
m

id
in

es
 

i 
nl

 
, 

=l
,,

 
~L

 
.

.
.

.
 

C
om

po
un

d 
Y

ie
ld

, 
%

 

93
 

90
 

73
 

93
 

m
p,

 ~
 

1o
4-

to
5 

26
6 

(c
 p

aa
a,

) 

27
5 

(c
 p

aa
~.

) 

2t
0-

21
1 

(I
Ia

) 

(n
b)

 

(I
Ie

) 

(i
v)

 

C
he

m
ic

al
 f

or
m

ul
a 

C
,H

t0
N

~.
0 

C
it,

 H
is

N
20

 

C
~s

H
I~

N
02

 

~
-
 

F
ou

nd
/c

al
cu

la
te

d,
 

%
 

C
 

II
 

66
,t 

7 
5,

80
 

86
,6

6 
6,

t6
 

74
,7

3 
5,

46
 

75
,0

O
 

5,
35

 
58

,3
6 

4,
68

 
58

,5
4 

4,
53

 
75

,0
2 

6,
t2

 
75

,6
3 

5,
80

 

N
 

L 
t7

,3
8 

t7
,2

8 
~J 2

,6
 3 

t2
,5

0 
14

,4
9 

i4
,6

3 
it

,5
8 

It
,7

6 

T
A

B
L

E
 

2.
 

S
p

ec
tr

al
 

D
at

a 
f
o
r
 

S
o

m
e 

P
y

rr
o

lo
 

[1
,2

-c
]p

y
ri

m
id

in
es

 PM
R

 s
pe

ct
ru

m
 (

5,
 p

pm
) 

" 

C
F

~
C

O
O

t'
I 

C
D

C
13

 

C
om

po
un

d 
O

H
3 

CH
~ 

It
--

C
py

r 
CH

~ 
H

~,
 ~I

 5 
H

 7 

(II
a)

 

(li
b)

 

(H
c)

 

O
v)

 

2,
43

, 
2,

20
 

2,
26

 

2,
83

 

2,
76

, 
3,

83
 

5.
'O

3 

5,
5 

5,
86

 

5,
56

 

6,
26

, 
6,

70
 

6,
95

, 
7,

t4
 

7,
5,

 
7,

t3
 

6,
93

, 
7,

t3
 

2,
23

 

2,
23

, 
3,

46
 

5,
93

 

6,
1,

 
6,

36
 

59
 ~

 

b
~

 



I, 2-Dihydro-l-oxo-3-methyl-6-phenylpyrro[o [I, 2-c]pyrimidine (lib). A sample of 2.44 g (Ib) was added 

with stirring to MeONa obtained from 0.23 g sodium and 30 ml abs. methanol, heated at reflux for 3-5 rain 

with stirring, cooled to 22~ and neutralized with acetic acid. The precipitate was filtered off. The filtrate 

was diluted with distilled water to I00 ml and the precipitate formed was again filtered off. Both precipitates 

were combined, washed with water, dried, and reerystallized from i:i benzene-methanol to yield 2. ! g (90%) 

(lib) with mp 266~ (dee.). 

B. A solution of 2.44 g (Ib) in 50 ml methanol was added with stirring to a solution of 0. 032 g hydrazine 

in 30 ml methanol. The mixture was heated at reflux for 39 rain. The precipitate formed was separated and 

reerystallized from i: 1 methanol-benzene to yield 1.61 g (73%) (lib) with mp 266~ (dec.). 

C. A sample of 0.5 g (Ib) was heated in a sublimation apparatus in vacuum at 180-200~ to yield 0.45 g 

(90%) (IIb) with mp 266~ (dec.). 

1,2-Dihydro-l-oxo-2,3-dimethyl-6-phenylpyrrolo [i, 2-c]pyrimidine (IV). A sample of 3 g (Ill) was 

added to a solution of 0.17 g sodium in 30 ml abs. methanol. The mixture was stirred for 30 rain at 20~ and 

then I00 ml distilled water was added. The precipitate formed was filtered off, washed with 30 ml water, and 

dried to yield i. 75 g (93%) (IV) with mp 210~ 

i, 2-Dihydro-l-oxo-2,3-dimethyl-6-phenylpyrrolo [i, 2-c]pyrimidine (IV). A sample of 2.24 g (lib) was 

added to a solution of 0.23 g sodium in 50 mi methanol. The mixture was stirred at reflux for 1 h and then 

i. 26 g dimethyl sulfate was added dropwise. The mixture was stirred for an additional 30 rain. Then, the 

reaction mixture was poured into 150 ml water. The precipitate formed was filtered off and washed with water 

to yield 2.15 g (91%) (IV) with mp 210~ 

The reaction of (IIa-e) with hydroxylamine, phenylhydrazine, semiearbazide, triethylamine, and ~hio- 

semicarbazide was carried out by a method analogous to that used for the reaction of (lib) with hydrazine. 

CONCLUSIONS 

i. 1,2-Dihydro-l-oxo-3-methyl-6-substituted pyrrolo [i, 2-e]pyrimidines were obtained for the first 

time. 

2. Deuterium exchange of the hydrogen atoms in D20 was studied by mass spectroscopy. A triple pro- 

totropic tautomerism was shown for i, 2-dihydro-l-oxo-6-substituted pyrrolo [i, 2-c]pyrimidines. 

3. i, 2-Dihydro-3-methyl-6-substituted pyrro[o [I, 2-c]pyrimidines are completely protonated at the ~ - 

carbon atom. 
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