
RESEARCH IN THE PYRIMIDINE SERIES 

XXVI.* CALCULATION OFTHE IN-PLANE NORMAL VIBRATIONS 

OF THE "ENOL" FORMS OF BARBITURIC ACIDS 

N. A. Smorygo and B. A. Ivin UDC 547.854.5 : 543.422.4 

The frequencies and fo rms  of the in-plane normal  vibrations of the "enol" forms of barbituric  
and 5 -ch lo ro -  and 2- thiobarbi tur ic  acids and their  deutero der ivat ives  were c3 lculated for the 
Cs s y m m e t r y  point group. On the b~sis of an analysis of the fo rms  of the normal  vibrations,  
the principal  frequencies observed in the IR spect ra  of 5-substi tuted (methyl, chloro, and 
bromo) and 2- thiobarbi tur ic  acids were assigned with respec t  to the types of vibrations.  The 
force  constants were also determined.  The resul ts  of the calculations also confirm and refine 
the previously proposed interpretat ion of the IR spectra  of crys ta l l ine  samples of the investi-  
gated compounds and make it possible to form a judgment regarding the presence  of tautomers  
in the crysta l l ine  state and in solutions from the IR spectra.  

Barbi tur ie  acid and its C- and N-alkyl  and 5-halo and 2-thio derivatives exist in the t r i ca rbonyl  form 
(A) in solutions in aprotic solvents of low polar i ty  [2, 3]. According to the data f rom the UV and PMR spec-  
t ra  of solutions of these compounds in hydroxyl-containing solvents, these compounds undergo enolization. 
The amount of the "enol" form (B) in solution is determined,  on the one hand, by the polar izabi l i ty  of the 
/~-dicarbonyl f ragment  of the molecule and, on the other,  depends on the nature of the solvent (it increases  
on passing from water to methanol and subsequently to ethanol). Intense bands, which we assigned to the 
absorption of the monoenol form of the barbi tur ic  acids (B), are  observed in the IR spec t ra  of these solu-  
tions at 1500-1800 cm -1 in addition to frequencies  corresponding to the absorption of the t r i ca rbonyl  form 
(A), which a re  readily identified f rom the IR spectra  of nonpolar solutions and the resul ts  of calculations 
[1]. Bands of this sor t  a re  also retained in the IR spec t ra  of crystal l ine samples of some derivat ives (II-V) 
of barbi tur ic  acid (Fig. 1). We therefore  assumed that they also exist as a mixture of two desmotropic  forms 
in the crys ta l l ine  state. However, this conclusion cannot be considered to be a r igorous  one, inasmuch as 
the appearance of new intense bands and a shift of the frequencies of the s tretching vibrat ions of the carbonyl 
groups may be due to a change in the types of hydrogen bonds in the crystal l ine barbi tur ic  acids. In o rder  
to calculate the vibrat ional  spect ra  of the t r icarbonyl  forms of some barbituric acids [1], it was neces sa ry  
to isolate those absorption bands in the IR spect ra  of the barbi tur ic  acids that can be used for the identifi- 
cation of this tautomer.  The calculation of the frequencies  and fo rms  of the normal  vibrat ions of the mono- 
enol forms (B) of the barbi tur ic  acids would make it possible to determine whether the bands that appear 
in_the spec t ra  of the compounds in water,  alcohol, and other solvents,  which do not pertain to the vibrations 
of form A, are  real ly  associated with the vibration of form B in solution, i.e., it would enable one to form 
a judgment regarding the p resence  of one or  severa l  tautomers  of the barbituric acids.  
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* See [1] for communication XXV. 
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Fig. 1. IR spec t ra  of crys ta l l ine  samples  (suspensions in minera l  oil and 
perfluorinated minera l  oil): 1) 2- thiobarbi tur ic  acid, rec rys ta l l i zed  from 
acet ic  acid (form A); 2) 2- thiobarbi tur ic  acid, recrys ta l l i zed  f rom water (a 
mixture of forms A and B); 3) barbi tur ic  acid; 4) 5-methylbarbi tur ic  acid;  
5) 5-bromobarbi tur ic  acid; 6) 5-chlorobarbi tur ic  acid; 7) 5 ,5-d ich lorobar -  
bituric acid. 

Fig. 2. Designation of the natural  vibrational  coordinates of the monoenol 
fo rms  of barbi tur ic  acid. 

The monoenol forms of the barbi tur ic  acids are  none other than 6-hydroxyuraci ts .  For  the calcula-  
tion we therefore  used the same bond lengths and valence angles as in the c~lculation of the vibrational spec-  
t ra  of uraci l  [4] and its derivatives [5]. In so doing, it was assumed that the hydroxyl group is situated in 
the plane of the pyrimidine ring and that the molecule has C s symmet ry .  The force constants of uraci l  and 
its 5-chloro derivat ive were used for  the calculations of the force field within the zero approximation. The 
most  convenient compounds for  the calculation of the spect ra  of the enol fo rms  of barbi tur ic  acid are  5- 
chloro-  and 2-thiobarbi tur ic  acids (III, V).* The fo rmer  exists in the crysta l l ine  state a lmost  entirely in 
the "enol" form [211 whereas the latter af ter  recrys ta l l iza t ion  from water  exists a lmost  ent irely in the form 
of a mixture of the thionedicarbonyl (VA) and monoenol (VB) forms [3]. Thei r  spect ra  differ most  markedly 
f rom the spect ra  of their  t r icarbonyl  fo rms  (model IIIA is 5 ,5-dichlorobarbi tur ic  acid), and we were able 
to obtain pure desmotrope  VA by recrys ta l l iza t ion  from CH3COOH. 

The designations of the natural  vibrat ional  coordinates are  presented in Fig. 2. In the calculations 
the force field was refined in conformity with the derivatives of the frequencies with respec t  to the force 
constants.  As a resul t  we obtained the optimum sets  of force  constants that sa t isfactor i ly  described the 
experimental  spect ra  of the monoenol fo rms  (B) of 5 -ch lo ro -  and 2-thiobarbi tur ic  acids and their  t r ideutero  
analogs. The resul ts  of the calculation of the frequencies of the normal  vibrations a re  presented in Tables 
1-3, and the force constants are  presented in Table 4. 

The force field obtained as a resul t  of the calculation of the in-plane normal  vibrations of IIIB was 
used to c a i c u ~ e  ~he frequencies and forms of the normal  vibrations of the monoenol form of barbituric  
acid (IB). It is evident f rom a compar ison of the frequencies (Table 1) and forms of the normal  vibrations 
of IA and IB that they differ considerably f rom one another and at test  to the absence of the enol in c rys ta ls  

and solutions of barbi tur ic  acids. 

The fo rms  of the normal  vibrations with the participation of multiple bonds and r ing bonds of i somers  
B differ markedly  f rom the forms of the corresponding vibrations of i somers  A. For  these vibrations there  
is g rea te r  s imi la r i ty  to the vibrations of the multiple bonds and the ring bonds of uraci l  and its 5-substituted 
derivatives [4, 5]. The frequencies corresponding to the s tretching and s t re tching-deformat ion vibrations 
of the r ing a re  elevated as compared with A. Moreover ,  the contribution of the vibration of the C 2 = O bond 

* The C = S bond length and force constants of the bonds of the thiourea f ragment  necessa ry  for the calcula-  
tion of the spec t ra  of the "enol" form of 2- thiobarbi tur ic  acid were taken f rom [1], and the bond lengths and 
C ( 6 ) - O - H  angle were assumed to be the same as those for  5-ni t robarbi tur ic  acid [6]. 
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�9 T A B L E  i .  O b s e r v e d  a n d  C a l c u l a t e d  F r e q u e n c i e s  o f  t h e  I n - P l a n e  

N o r m a l  V i b r a t i o n s  i n  t h e  IR S p e c t r a  o f  B a r b i t u r i c  A c i d s  ( c m  -1) 
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T A B L E  2. O b s e r v e d  and C a l c u l a t e d  F r e q u e n c i e s  of the  I n - P l a n e  
N o r m a l  V i b r a t i o n s  of the  Monoeno l  F o r m  (B) of T r i d e u t e r o  D e r i v a -  
t i v e s  of B a r b i t u r i c  A c i d s  HI and IV (cm -1) 
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Fig .  3. IR S P e c t r a  of d ioxane  (a), d i m e t h y l  
su l fox ide  (b), and m e t h a n o l  (c) so lu t i ons  of:  
1) b a r b i t u r i c  ac id ;  2) 5 - m e t h y l b a r b i t u r i c  
a c i d ;  3) 5 - b r o m o b a r b i t u r i c  ac id ;  4) 5 - c h l o r o -  
b a r b i t u r i c  a c i d ;  5) 2 - t h i o b a r b i t u r i c  ac id .  

to the  h i g h e s t - f r e q u e n c y  r i n g  v i b r a t i o n  i n c r e a s e s .  The  i n c r e a s e  in the  i n t e n s i t y  of the  band c o r r e s p o n d i n g  
to th i s  v i b r a t i o n  o b s e r v e d  in the  IR s p e c t r u m  of B is a s s o c i a t e d  with  th i s  to  s o m e  d e g r e e .  The  vC2= O f r e -  

quency  of the  B i s o m e r s  is  l o w e r  than the  vC2 =O f r e q u e n c y  of the  A i s o m e r s ,  w h e r e a s  the  f o r m  is c l o s e  to 

the  f o r m  of vC2 ~- O of u r a c i l .  

The  i n t e n s e  band a t  ~ 1350 cm -1 o b s e r v e d  in the  s p e c t r a  of the  i n v e s t i g a t e d  compounds  (II-V) c o r r e -  
sponds  to the  r i n g  s t r e t c h i n g  v i b r a t i o n  and v C ( 6 ) - O .  In add i t ion ,  6NH and 6CH c o n t r i b u t e  to i t .  The f r e -  

quency  of th i s  v i b r a t i o n  is v e r y  s e n s i t i v e  to a change  in the  magn i tude  of  f o r c e  c o n s t a n t  KC6_C. In p l a c e  

of the  f r e q u e n c i e s  c o r r e s p o n d i n g  to uasC4(6)= O and vsC4(~)= O of f o r m s  A, the s p e c t r u m  of B con ta in s  f r e -  
quenc i e s  c o r r e s p o n d i n g  to the  a n t i p h a s e  and s y n p h a s e  v i b r a t i o n s  of the  C4= O and C = C bonds  in t he  s p e c -  
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TABLE 3. O b s e r v e d  and Ca lcu la ted  F r e q u e n c i e s  of the I n - P l a n e  N o r -  

m a l  V i b r a t i o n s  in the IR Spec t r a  of 2 - T h i o b a r b i t u r i e  Acid and Its 

Deu te ro  D e r i v a t i v e s  (cm -1) 

ob- 
served 

3145 

3100 

2945 

2900 

2840 

1700 

1680 

1630 
1562 

1548 

1525 
1424 

1378 

1357 

1345 

1298 

1245 

1155 

1148 

I038 
995 

928 
898 

725 

635 

628 

520 
470 

278 

__2"Thi~ 7 . . . .  acid* ~tauto-ob- Deutero-2-thiobarbituric acid* 
- ' i tauto- calc. I type of vibration ;mer [served! talc. type of vibration !met 
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6c=o 
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VC~S 

6c=o, 6c-o 

6c=s, 6c-o 

A, B 2340 

A,B B 2300 
2170 

- 

A i7o0 

B 1675 

B 1668 

B 1622 

A 1560 

"VND 

VND 

VOD 

W.~C<4 ' 6; = 0  

u 
~ sC(4 ,  6) ~ O  

WC~C 

Vring 
w ring 
vring Wc~s 

wring 

wring 

Vring , ~c-o, 6•D 

Wring, 6~,6cD, 
~ing, 5S(3~D 

"r 6~D, 6cD. 

v ring, vc=s 

6SD, 5CD, 

v, 6ring 

~N i)b, 6Na )D 

~CD. 

8N0~,6N(~D,  6OD 

vc = s, 5ring 
Vring 8cD 

wc=s. 6ring 
firing, , vc~s 
6c=s, 6c~o 

6dng 
Vc=s 

5c=o, 6c-o 

6c=s, 5c-o 

A, B 

A,B 
B 

A 

B 

A 

B 

A,B 
B 

A 
A 

B 

B 

h 

B 

A 

A 

A 

B, 

B, 

A 

B 

A 

A 

B 

B 

A,B 
B 

A,B 

B 

B 

~ ' R e c r y s t a l l i z e d  f rom H20 and D20 , r e s p e c t i v e l y .  

t r u m  of u r a c i l .  However ,  in the c a s e  of B, in c o n t r a s t  to u r a c i l ,  the con t r ibu t ion  of the C 4 = O bond to the 
an t iphase  v i b r a t i o n  d e c r e a s e s  and that  of the C = C bond i n c r e a s e s .  T h r e e  f r e q u e n c i e s  - 5OH (1160 cm -1) 
and two f r e q u e n c i e s  of the s t r e t c h i n g - d e f o r m a t i o n  v i b r a t i o n s  of the r i ng  (at 1080-1120 em -1) - a r e  found 
at  1100-1200 am -1 in the  ca lcu la ted  s p e c t r u m  of B. F r e q u e n c i e s  c o r r e s p o n d i n g  to the v i b r a t i o n s  of A a r e  
a b s e n t  in th is  r eg ion .  In tense  over lapped  bands  a r e  o b s e r v e d  in th is  r eg ion  in the IR s p e c t r a  of c r y s t a l l i n e  
s a m p l e s  of the b a r b i t u r i c  acid d e r i v a t i v e s .  

In a s tudy of the IR s p e c t r a  of c r y s t a l l i n e  s a m p l e s  of 2 - t h i o b a r b i t u r i c  acid (V) and so lu t ions  of it in 
v a r i o u s  so lven t s  [3] we i so la ted  f r e q u e n c i e s  c o r r e s p o n d i n g  to the v i b r a t i o n s  of C = S bonds and r i n g  bonds 
of VA and VB and p r e s e n t e d  a p r e l i m i n a r y  i n t e r p r e t a t i o n  of them.  An a n a l y s i s  of the  f o r m s  of the n o r m a l  
v i b r a t i o n s  m a d e  it  p o s s i b l e  to r e f ine  th is  i n t e r p r e t a t i o n .  The band at 1540 cm -1 in the s p e c t r a  of VA [1] 
c o r r e s p o n d s  to  r i n g  s t r e t c h i n g  v i b r a t i o n s  with p a r t i c i p a t i o n  of the  C = S bond, and the band at 1562 cm -1 in 
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TABLE 4 

Force constants of the "enol" form of 5-chlorobarbituric acid (in units of 10 ~ cm ~)  

K =K  =t2,oo 
q~ q~ 

K =9,50 
Os 

K = 10,50 
Q~ 

K = 11,50 
Qs 

K%=9,80 

K = 17,30 
ql 

K =8,87 
% 

K =15,60 
q~ 

K =7,40 

K =9,80 
qr, 

K =8 ,H 

K =9,35 

K =2,00 

K = 1 , ~ .  

K =2,30 

K =2,10 

K =2,00 

K =1,90 

K~ = 1,05 

K~, f K  g n=K =K =2,00 

K ~,, = K r = 0,78 

KI~ ' =Kl~, =0,74 

Kfl, = gl~,, = 1,00 

K I ~ , , = K  =0,71 

H =H =l,80 
Qtql q~ql 

H = 2,00 
q~O~ 

/-2". = 0,40 
,~,q, 

q2 - q~ 
A =A =-0,15 

~a (714 

r ~1 
[ =1 =-0 ,01  

l i%=11~ =0,10 

l =l  =--0,25 

l g=0,22 

[ =l  =--0,15 
g~ ~o �9 

I =1 = -0,02 
I~, I% 
~m 

l =0,04 

t = l  = - 0 , 1 0  

l l~ff0,30 

1 =l  =--0,15 

1 =0,35 

H =0,20 
Q,Q~ 

HQ,Q~ =0,80 

He2e~ =0,30 

H = 0,40 
O~O~ 

H = 1,50 
Qzq'l 

H =%40 
Q4Q~ 

HQsQ~ =0,10 

H = 1,50 
qlQ4 

H = 0,80 
qzQ~ 

H = 0,80 
Qsqs 

H = 1,30 
Qsq~ 

HQ~Q =0,30 

Q2 Ol q2 Q~ q~ O~ q6 

q5 Q,~ 
=A =A =0,5 

Qt Q4 Q~ q 6  ql 
A =A =A =A =A =1,20 

Q~ Qs 

A ,  ---A i~ =0,40 

q~ Q~ 
A - A  =1,80 

~I C/o. 

Q~ Q~ Q~ Q~ q~ Os qs 
=A =Aft,,=0,90 A=Afh=Af~" =Af,~ =At~ ' 1~,o 

Qz q3 04 06 % 
A =A =A =A =A =150 

Q6 qs 
A =A =0,40 8 

ql ql q3 q~ 
A --A =A =A =0,80 

ql qa 
A =A =-0,80 

AI~ ' =A~, =A~, =A  0,~0,2o 

c~ 
i =0,55 

l =0,25 

l =I =--0,40 

6C4 
1 =0,15 

I =-0,05 

l =0,60 

1 2 0 6  



T A B L E  4 (cont inued)  

l =0,1O l =--0,50 l =--0,7 
8~ cgt ~4 

8s ~ 
l =0,11 I =-0,35 

87 ~ l  

Force constants of the "enol ~ form of 2-thiobarbituric acid* 
81 �84 ~ K%=11,50 HQ,q=I,40 A =A =0,20 
q4 q~ 

K =4,9 H =H =1,20 ~z, 
q~ Q'q~ ~q~ A = -0,15 

q4 Kq; = 15,60 HO3Q =2,00 8~ 

K =8,80 H =0,50 A Q5=0'90 
q4 QsQ~ 

6 
K =12,00 81 A =0,50 

~ A Q,= 1,35 qs 
- 811 

K =8,10 A =0,80 
qe or �9 Q6 

A = 1,50 8~ K =9,20 Q, 
'J~ A = 0,80 

Qs 
0h 

K% = Kl~: = 1,85 A = -- 1,80 ~5 
q, A =1,00 
Ct2 Qs 

KS:,=Ks,=O'79 A =1,65 [~s 
o~ A =0,10 

K = K = 0,74 8~ 

A =0,50 [~ 
= K 8,:= 031 q~ l I~,: 0,04 

/(8,, 

K =1.00 A =0,80 1 =l ~--0,05 

Force constants of the "enol" form of barbituric acid" 

H =0,80 A =A =0,02 K =Ks, 
~ 0 ~ 7 4  

O~ q~ q4 

K 5 = 1,00 
K = 8,80 ~, 

~ A q4 : --0,15 K , = K  :=0'7I 

* The r e m a i n i n g  f o r c e  c o n s t a n t s  a r e  the  s a m e  as  those  fo r  
5 - c h l o r o b a r b i t u r i c  a c i d .  

the  s p e c t r u m  of VB c o r r e s p o n d s  to r i n g  s t r e t c h i n g  v i b r a t i o n s  but wi thout  p a r t i c i p a t i o n  of  the C =S bond.  V i -  
b r a t i o n a l  f r e q u e n c i e s  wi th  the  p a r t i c i p a t i o n  of the  t h i o c a r b o n y l  g roup  a r e  a b s e n t  in the  IR s p e c t r u m  of VB 
a b o v e  700 cm - j  (Tab le  3). 

U s i n g  the r e s u l t s  of the  c a l c u l a t i o n s  of the v i b r a t i o n a l  s p e c t r a  of IB and IIIB, we a s s i g n e d  the f r e -  
q u e n c i e s  wi th  r e s p e c t  to the  t y p e s  of v i b r a t i o n s  o b s e r v e d  in the IR s p e c t r a  o f  c r y s t a l l i n e  s a m p l e s  of 5 -  
m e t h y l -  and 5 - b r o m o b a r b i t u r i c  a c i d s  (II, IV) and i s o l a t e d  f r e q u e n c i e s  r e l a t e d  to e a c h  of the  f o r m s  (Tab le  1). 

F r e q u e n c i e s  c h a r a c t e r i s t i c  fo r  f o r m s  A and B a r e  a l so  o b s e r v e d  in the  s p e c t r a  of  s o l u t i o n s .  Thus in 
the  IR s p e c t r u m  of a so lu t ion  of 2 - t h i o b a r b i t u r i c  a c i d  in DMSO the  f r e q u e n c i e s  C o r r e s p o n d i n g  to  t he  
r i n g  s t r e t c h i n g  v i b r a t i o n s  of i s o m e r s  VA and VB c o i n c i d e  c o m p l e t e l y  with the  c o r r e s p o n d i n g  f r e q u e n c i e s  
in the  s p e c t r u m  of a c r y s t a l l i n e  s a m p l e  of 2 - t h i o b a r b i t u r i c  ac id  r e c r y s t a l l i z e d  f r o m  w a t e r  [3]. The  ~R s p e c -  
t r a  of  s o l u t i o n s  of 5 - b r o m o - ,  5 - c h l o r o - ,  and 2 - t h i o b a r b i t u r i c  a c i d s  in d ioxane  con ta in  the  f r e q u e n c i e s  of the 
s t r e t c h i n g  v i b r a t i o n s  of the  c a r b o n y l  g r o u p s  and the r i n g  bonds  o n l y o f i s o m e r s  A,  w h e r e a s  the  s p e c t r a  of 
s o l u t i o n s  of III and IV in m e t h a n o l  con ta in  p r i m a r i l y  f r e q u e n c i e s  of eno l s  IIIB and IVB (F ig .  3). 

The  i n t r o d u c t i o n  of a h y d r o x y l  g roup  in t he  6 p o s i t i o n  of the u r a c i l  m o l e c u l e  m a r k e d l y  changes  i ts  
p o l a r i z a t i o n .  Th i s  is  r e f l e c t e d  in the  change  in the  f o r c e  f ie ld  of  6 - h y d r o x y u r a c i l  a s  c o m p a r e d  with u r a c i l .  
The  f o r c e  c o n s t a n t s  of the  N ( 1 ) - C ( 0  and N(3) -C(4  ) bonds  d e c r e a s e ,  and the d e g r e e  of d e l o c a l i z a t i o n  of the  
e l e c t r o n s  in the  O = C(4 ) - C ( 9 - C ( 0 - O H  f r a g m e n t  d e c r e a s e s  (Tab le  4). 

Thus  ou r  c a l c u l a t i o n s  of the  f r e q u e n c i e s  and f o r m s  of the  i n - p l a n e  n o r m a l  v i b r a t i o n s  and the c a l c u l a t e d  
f o r c e  f i e ld  of the  m o d e l  of the m o n o e n o l  f o r m  of  2 -  and 5 - s u b s t i t u t e d  b a r b i t u r i c  a c i d s  c o n f i r m  and r e f i n e  
ou r  p r e v i o u s l y  p r o p o s e d  i n t e r p r e t a t i o n  [2, 3] of the IR s p e c t r a  of c r y s t a l l i n e  s a m p l e s  of t h e s e  c o m p o u n d s ,  
m a k e  i t  p o s s i b l e  to  i s o l a t e  the  f r e q u e n c i e s  c h a r a c t e r i z i n g  the t r i c a r b o n y l  and d i c a r b o n y l  f o r m s  of the in -  
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vestigated compound, and, on the basis of IR spectroscopic  data, make it possible to form a judgment r e -  
garding the s t ruc tures  of the barbi tur ic  acids in solutions. 

EXPERIMENTAL 

The calculations were made with a Minsk-22 computer  with p r o g r a m s  composed by L. A. Gribov and 
co-workers  [7]. The ]1% spectra  were recorded with IKS-14A and Pe rk in -E lmer  457 spec t romete r s .  The 
spectra  were obtained from suspensions of crystal l ine samples in minera l  oil and perfluorinated oil on KBr 
plates.  The spect ra  of solutions of the compounds were recorded in CaF 2 cuvettes.  

1 .  

2. 

3 .  

4. 
5. 
6. 
7. 
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F O R M A Z A N S  OF T H E  ' P Y R I M I D I N E  S E R I E S  

E .  S. K a r a v a e v a ,  N .  P .  B e d n y a g i n a ,  
T .  A.  S h a r k o v a ,  a n d  I .  I .  M u d r e t s o v a  

UDC 547.556.9'854.3 

A ser ies  of 1 - (2 ' -pyr imidy l ) -3 ,5 -d ia ry l fo rmazans  was synthesized. Their  s t ruc tures  were 
studied by means of IR and electronic spectroscopy,  and assumptions regarding the most  
probable tautomeric  forms of the investigated compounds were made. The ionization constants 
of the formazans  were measured.  It was found that 2,5-diphenyltetrazoles are  formed instead 
of the expected te t razol ium salts in the react ion of 1- (2 ' -pyr imidyl) -3 ,5-diphenylformazans  with 
N-bromosuccinimide.  

Of the fo rmazans  of the pyrimidine ser ies ,  3 -u rac i ly l - l ,5 -d ipheny l fo rmazans  are  known. A ser ies  of 
1- (2 , -pyr imidyl) -3 ,5-diphenylformazans  (I-VIII, Table 1) was synthesized in o rde r  to study the effect 
on the s t ruc tures  and proper t ies  of foramazans  of a pyrimidine res idue in the 1 position as compared  
with aryl  and benzazole f ragments .  These compounds were obtained f rom 2-hydrazinopyr imidines  [2] 
by coupling of the arenediazonium salts with benzaldehyde 2-pyr imidylhydrazones  [3] in alcoholic alkali. 

Tke t au tomer i sm of these formazans  envisages a large number of possible forms,  and the most  prob-  
able such f o ~  ~::~ presented in the scheme below. 

One distinct and intense absorption band at 3384-3390 cm -1 (Table 1), which can be assigned to the 
stretching vibrations of both the N - H  bond and the O - H  bond, is observed in the IR spect ra  of formazans  
I-V. In a compar ison of the IR spect ra  of 1 - (6 ' -methy l -4 t -hydroxy-2 ' -pyr imidy l ) -3 ,5 -d ipheny l fo rmazan  
(I) and 1- (6 ' -methy l -2 ' -pyr imidy l ) -3 ,5 -d iphenyl formazan  (VII) at 1400-1700 cm -1 it was observed that the 
spectrum of I contains a PC=O absorption band at 1665 cm -1, which is absent in the case of formazan VII. 
This proves the presence  of a keto group in the 4 position of the pyrimidine ring of I-V and suggests that 
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