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intense bands of s t re tch ing  v ibra t ions  a r e  c h a r a c t e r i s t i c  for  the IR spec t ra  of compounds of 
the pyr imid ine  s e r i e s ,  whereas  s t rong polar ized  bands of the rad ia l ly  s y m m e t r i c a l  v ibrat ions  
of the pyr imidine  skeleton a r e  cha rac t e r i s t i c  fo r  the Raman spec t ra .  The band of the radia l ly  
s y m m e t r i c a l  v ibrat ion at ~, 1000 cm -1 is not observed  in the Raman spec t r a  of pyr imid ines  

having a subst i tuent  in the 5 posi t ion.  

The combined use of IR and Raman s p e c t r o s c o p i e s f o r  a q a r g e ; s e t o f  compounds of the pyr imid ine  s e r i e s  
with al lowance for  the avai lable  in te rpre ta t ion  of the spec t rum of unsubsti tuted pyr imid ine  and some of i ts  
der iva t ives  [1-5] makes  it poss ib le  to expose  bands due to v ibra t ions  of the pyr imidine  skeleton in the spec -  
t r a  of subst i tuted pyr imid ines  and to es tab l i sh  cor re la t ions  of the spec t ra l  c h a r a c t e r i s t i c s  with the s t ruc  ~ 

tu ra l  f ea tu res  of pyr imid ine  der iva t ives .  

According to the data in [3, 5], in substituted pyr imid ines  the ring s t re tching v ibra t ions  (Van, Vsb, Vlgb, 
and riga, according to the Wilson number ing  [2]) p rac t i ca l ly  do not in te rac t  with the s t re tching vibra t ions  
of the C - X  bonds, where X is a substi tuent .  We examined the v ibra t iona l  spec t r a  of ~ 100 substi tuted py-  
r imid ines  differ ing with r e s pec t  to the type and degree  of substi tuion of the pyr imid ine  ring. Atoms and 
groups with var ious  e lec t ron ic  effects  and m a s s e s  iF,  C1, Br,  CH3, C6H~, CCI 3, COOC2H5, SCH3, CN, NO2, 
NH2, and N(CH3) 2] were  used  as subst i tuents .  The analysis  of the spec t r a  of the compounds (see also [6]) 
showed that  the bands cor responding  to the above- indicated r ing vibrat ions  a r e  observed at 1560-1620 (vsa), 
1520-1575 (Vsb), 1400-1480 (Vlsb), and 1330-1420 cm -1 (riga) for  the  overwhelming major i ty  of the pyr imidine  
der iva t ives .  It should be noted that the bands cor responding  to the 8a and 19a v ibra t ions  a re  among the mos t  
intense bands in the IR ~pectra of the pyr imidine  der iva t ives  and can be readi ly  identified f rom the absence  
in this spec t r a l  region of bands  due to v ibra t ions  of the subst i tuents .  These  vibra t ions  a r e  usual ly  weak in 
the Raman spec t r a ,  and only the 8a vibrat ion appea r s  in the fo rm of a med ium- in tens i ty  band. Moreover ,  
one obse rves  a quali tat ive cor re la t ion  of the f requencies  of the indicated Vibrations within the noted in te r -  
va ls  both with r e s p e c t  to the e lec t ronic  nature  of the subst i tuents  and with r e s p e c t  to thei r  m a s s e s .  E l ec -  
t ron-donor  subst i tuents  that display a cons iderable  +M effect  (NH 2 and F) r a i s e  the f requencies  of the in- 
dicated vibra t ions  somewhat  whereas  e l e c t ron -accep to r  and "heavy" (with m a s s e s  g r e a t e r  than 25) substi-t s 
dents lower them.  When s e v e r a l  e l ec t ron -accep to r  and "heavy" subst i tuents  a r e  p re sen t  in the pyr imidine  
~ring, the f requencies  of the r i n g  s t re tching v ibra t ions  a r e  lowered even m o r e  significantly.  

the case  of phenylpyr imidines  one ob se rve s  complicat ion of the IR spec t ra  in the region of the r ing 
s t re tching v ibra t ions .  However,  the absorpt ion bands of the phenyl groups a r e  of low intensity and have 
somewhat  highez" f requencies  than the bands of the pyr imidine  ring. The p resence  of a phenyl group in the 
pyr imidine  r ing can be detected f rom the Raman  spec t ra ,  in which the 8a vibrat ion of the phenyl group ap-  
pea r s  in the form of a ve ry  intense band at 1605 cm -1. Thus the ass ignment  :of the bands at 1560-1620 cm - t  
to the v ibra t ions  of benzene and pyr imidine  r ings  in phenylpyr imidines  s e e m s  unambiguous in the case  of 

the combined use  of IR and Raman  spec t roscopy .  
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We have shown [7] that for  monosubstituted pyrimidines the Raman spect ra  at 600-1300 cm -t ,  over 
which range the radial ly  symmet r i ca l  (the so-cal led "breathing") and deformation vibrations of the ring 
and the in-plane deformation vibrat ions of the C - H  bonds appear,  can be used to establish the position of 
the substituent in the pyrimidine ring. Moreover ,  two intense polarized bands at 1100 cm -1 (the Vga band 
of the C - H  in-plane deformation vibrations) and ~ 1000 cm -1 (the vl2 band of the radially symmet r i ca l  v ibra-  
tions) are  charac te r i s t i c  for 2-substi tuted pyr imidines .  A strong polarized band at ~ 1000 cm -1 (v12) is char -  
ac ter i s t ic  for 4-substi tuted pyrimidines ,  and a band at ~ 1100 cm -1 (Uga) is charac te r i s t i c  for 5-substituted 
pyrimidines .  In addition to the bands noted above, in the Raman spect ra  of all of the monosubstituted py-  
r imidines  one observes  an intense polar ized band at 720-870 cm -1 (v*l) due to interaction of the vl v ibra-  
tions and the vC_ X st re tching vibrat ions;  its position depends on the electronic effects of the substituent 
and on its mass .  All of these bands a re  the mos t  intense b~nds in the Raman spectra,  although their  re la -  
tive intensity may vary.  The intervals over  which the bands charac te r i s t ic  for each type of substitution ap- 
pear  are  noted in Fig. 1. 

A fur ther  study of the vibrat ional  spec t ra  of di- ,  t r i - ,  and te t rasubs t i tu tedpyr imidines  showed that 
r egu la r  changes in the spec t ra  a re  observed  for  these derivat ives  and that both the degree of substitution 
of  the pyrimidine r ing and the mutual or ientat ion of the r ing substituents a re  of impor tance  in this case.  

'2,4- and 4,6-Disubstituted and 2,4,6-Trisubst i tuted Pyr imidines .  

An intense polarized band at ~ 1000 cm -1 (vl2) is charac te r i s t i c  in the Raman spect ra  of these com-  
pounds. In the spectra  of phenyl-substi tuted pyrimidines  this band is usually masked by a very  intense 
band at 1000 cm -1 corresponding to the 12 vibrations of the benzene ring. Another band, which is evidently 
due to the manifestat ion of an interacting vibration (u' l) ,  Is observed at 680-820 cm ~l in the Raman spectra 
of disubstituted pyrimidirms, whereas  it is observed at 400-600 cm -1 in the spectra  of trisubstituted py r im-  
idines. In addition to the bands indicated above, a number of other appreciably less in tense  bands a re  ob- 
served in this region of the spectrum. Only the chloro der ivat ives  have a very  s trong band at ~ 400 cm -1. 
The corresponding bands in the IR spect ra  of these compounds have variable intensities. 

2,5-  and 4,5-Disubstituted, 2,4,5- and 4,5 ,6-Trisubst i tu ted,  

and Tetrasubst i tuted Pyr imidines .  

All of the pyrimidines  having a substi tuent in the 5 position of the pyrimidine ring a re  charac te r ized  
by the absence in their  Raman spect ra  of an intense polar ized band at ~ 1000 cm -1 (u12) (Fig. 1). Inasmuch 
as the radial ly  s y m m e t r i c a l  12 vibration has t r igonal  s y m m e t r y  and is associated in the case of the pyrtrn-  
idine r ing with the vibrat ion of two ring nitrogen atoms and the carbon atom in the 5 position, the presence  
of a substituent in this position leads to a pronounced interaction of u12 and the ~C-X substi tuent s t retching 
vibration [7]. The intense polarized bands observed in their  Raman spect ra  which correspond to the radial ly 
sym met r i c a l  vibrations of the pyrimidine ring interacting with the stretching vibrations of the substituents, 
a re  observed in a lower- f requency region of the spectrum as compared with monosubstituted pyrimidines 
(Fig. 1). In this case ,  the qualitative dependence of the position of these bands in the indicated intervals 
on the electronic nature of the substituents and their  mass  is retained [7]. 

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

The. IR spect ra  of KBr pellets of the solids, CC14 solutions of the liquids, and of the liquids themselves  
were recorded  with a P e r k i n - E l m e r  180 spec t romete r .  The Raman spect ra  were recorded  with a Coderg 
PH-1 spec t rome te r  w i t h a h e l i u m - n e o n  laser  without solvents. The compounds of the pyrimidine ser ies  
were obtained by published methods (see [8] for details). 
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R E S E A R C H  IN T H E  P Y R I M I D I N E  S E R I E S  

XXV.* CALCULATION OF THE NORMAL VIBRATIONS OF BARBITURIC 

AND 2-THIOBARBrrURIC ACIDS 

N.  A.  S m o r y g o  a n d  B.  A.  I v i n  UDC 547:1854.5 : 543.422.4 

The frequencies  and forms of the in-plane normal  vibrations of the t r icarbonyl  forms of ba r -  
bi turic  and 2- thiobarbi tur ie  acids and their  te t radeutero  derivat ives were calculated. The 
calculations were made for  the Czv (or C2v and C s for  barbi tur ic  acid) symmet ry  point group. 
The principal  frequencies observed in the IR spect ra  of these compounds were assigned with 
respec t  to the types of vibrations on the basis of an analysis of the forms of the normal  v ibra-  
t ions. 

Continuing our investigation of the vibrational  spec t ra  of polyhydroxypyrimidines,  we calculated the 
in-plane normal  vibrations of barbi tur ic  and 2- thiobarbi tur ic  acids.  The LR and Raman spectra  of barbituric 
acid and its derivat ives were investigated previously in [2-13]. Pr incipal  attention was directed to an inter-  
pretat ion of the spectra  in the region of the s tretching vibrations of the NH and C = O bonds. Two intense 
bands at ~ 3200 and ~ 3080 em -1 are  observed in the spect ra  of most  of the investigated compounds in the 
VNH region (for example, see Fig. 1) [6]. The �9 of the f i rs t  band is somewhat higher than that of the 
second. These same bands a re  also present  in the spec t ra  of the mono-N-methyl  derivat ives.  For  example, 
two intense bands at 3208, 3098, and 3230,r3130 cm -I are  observed in the spectra  of 1-methylbarbi tur ic  acid 
and 1-methylbarb i ta l  [9]. These same bands were also detected in the spec t ra  of other cyclic amides [14]. 
Miyazawa [14] feels that the band at 3200 cm -1 is due to VNH and that the band at 3080 cm -1 is due to a com-  
bination of vC= O and 5NH and is reinforced by F e r m i  resonance.  However, there are  a number  of examples 
[10] in which the intensity of the band at 3080 cm -1 is higher than that of the band at 3200 cm -1. According 
to x - r a y  diffraction data [15], crysta l l ine  barbi tur ic  acid exists in the t r icarbonyl  form and only two of its 
carbonyl  groups part ic ipate  in the formation of hydrogen bonds. The C(2 ) = O carbonyl group forms a hydro-  
gen bond with the NH group (R=2.909 A). Two acid molecules form a d imer  by means of these hydrogen 
bonds, and the C(4)=O. . .H-N hydrogen bonds (r=2.855 A) cross l ink  the d imers  in ribbons. The third C(6)= 
O carbonyl  group does not part icipate in the formation of hydrogen bonds. Bolton [15] determined the bond 
lengths and the valence angles in the barbi tur ic  acid molecule. 

The hydrogen bonds are  also retained in solutions of barbi tur ic  acid and its derivatives in chloro-  
form and dimethyl sulfoxide (DMSO), but a band at 3400 cm -1, which can be assigned to the vibrations of 

* See [1] for communicat ion XXIV. 
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