
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  

XXI.* CALCULATION OF THE NORMAL VIBRATIONS 

OF SUBSTITUTED URACILS 

N. A. S m o r y g o  a n d  B. A. I v i n  UDC 547.854.4+ 543.422.4 

The frequencies and forms of the normal vibrations of thymine, 5-amino-,  5-f luoro-,  5- 
and 6-chtoro- ,  5-bromo- ,  and 5-ni t rouraei ls  and their  1,3-dideutero analogs were calcu- 
lated, and their  force constants were de te rmined .  The calculated and observed frequencies 
were assigned with respect  to the types of vibrations. The introduction of substituents into 
the 5 and 6 positions of the uracil  ring leads to a change in a whole ser ies  of force constants 
and to redistribution of the forms of the normal xribrations with respect  to natural coord i -  
nates. Despite this, one can isolate those s tructural  fragments of the investigated mole-  
cules whose normal vibrations remain character is t ic  in form. A linear dependence of the 
v N(1)H and vN(3)H frequencies on the force constants of the corresponding bonds was ob- 
served. 

Continuing our study of the vibrational spectra of hydroxypyrimidines, we turned to a calculation of 
the frequencies and forms of the normal vibrations of 5-substituted uracils ,  including thymine - one of the 
bases o f  nucleic acids and of a number of compounds that display biological activity or serve as starting 
materials  for  the synthesis of physiologically active preparations.  We have previously calculated the f r e -  
quencies and forms of the normal vibrations of the p recurso r  of the investigated ser ies  of p y r i m i d i n e s -  
uracil  [1]. The force field obtained as a resul t  of this calculation was used as a zero approximation for 
the calculation of the normal vibrations of H-VIII and their  1,3-dideutero derivatives. Unfortunately, the 
l i terature  does not contain data f rom x - r a y  diffraction analyses of most of the investigated compounds, but 
most of the bond lengths and angles in the thymine [2], 5-f luoro- [3] and 5-nitrouracil  [4] molecules differ 
little from the corresponding paramete rs  of uracil  [5]. A model in which the bond lengths and valence an- 
gles of the pyrimidine ring, NH and C =O groups, and the corresponding external angles are  equal to their  
values in uraci l  was therefore  used for the calculations. Depending on the type of substituents, only the 
C(4)-C(5)-R and C(6 ) = C(5)-R angles changed (Table 1)~ 

O 

R' 
H I -VI I  R'=H; VIII Rt=CI; I ,VII I  R = H :  

l-VIII I I -VI i  R=CH3, NH 2, F, CI, Br, NO 2 

All of the investigated molecules a re  planar, and all of the atoms of the substituents, except for  the 
hydrogens of the methyl groups in thethymine molecule, lie in the plane of the ring. For  the calculations 
within the zero approximation, the force constants of the C-Ha l  bonds and the constants of their in terac-  
tion with the angles were taken from the calculation of the normal vibrations of monohaloethylenes [6]. The 
force constants for  the CH 3, NO 2, and NH 2 groups were taken from calculations of the normal vibrations of 

* See [1] for  communication XX. 
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TABLE i. Bond Lengths (l) and Angles of the q~*\ C(6) /C /5 ) - -X(Y)  n 

F r a g m e n t  of Some 5-Subst i tuted Urac i l s  (II-VIID 

C o N  - 

p o u n d  

I I  
I I I  
IV  
V 

VI  
V I I  

CHa 
NH2 

NO2 

C(5I-X 

1,470 
1,470 
1,294 
1,706 
1,860 
1.427 

x - Y  

1,090 
1,011 

1,230 

C(4)-C(5)-- X 

119~ ' 
119~ ' 

l 121018 / 

V a l e n c e  a n g l e s  

C(6)-C(5) 'X C ( 5 / - X - Y  Y - X - u  
i H- : . . . . . . . . .  

121~ ` t 09~ ` 109~ ' 
121~ ` 125 ~ 110 ~ 

118~ ` 119~ 121~ ` 

I 
:i 
! 

, , , , , , , f i t l r .i 

Fig.  1. IR spec t r a  of c rys ta l l ine  
s a m p l e s  of subst i tu ted u rac i l s  
(continuous lines) and the i r  deu-  
t e ro  analogs  (dash l ines):  15 5- 
aminourac i l  (IID; 25 thymine (IIS; 
3) urac i l  (I); 45 5 - f luorourac i l  (IV); 
55 5 - ch lo rou rac i l  (V); 6) 5 - b r o -  
m o u r a c i l  (VD; 7) 5 -n i t rou rac i l  
(VII); 8) 6 - ch lo rou rac i l  (VIII). 

n i t romethane  [7] and the s imp le s t  amines  [8]. The remain ing  
force  constants  were  a s s u m e d  to be equal to the cor responding  
fo rce  constants  of u rac i l  [1]. In the course  of the calculat ions,  
the force  constants  were  ref ined by the method of l ea s t  squares  
in conformi ty  with the de r iva t ives  of the f requencies  with r e -  
spect  to the fo rce  constants .  The opt imum sets  of fo rce  con- 
s tants  that  sa t i s fac to r i ly  desc r ibe  the expe r imen ta l  spec t r a  of 
the inves t iga ted  5- and 6-subs t i tu ted  u rac i l s  and the i r  1 ,3 -d i -  
deutero  analogs were  obtained in this way. The potential  energy  
constants  that  underwent  changes as compa red  with the i r  values  
for  u rac i l  [1] a r e  p re sen ted  in Table  2. 

An ana lys i s  of the f requenc ies  and fo rms  of the in-p lane  
normal  v ibra t ions  of 5 -subs t i tu ted  u rac i l s  made  i t  poss ib le  to 
a s s ign  the f requenc ies  obse rved  in the IR s p e c t r a  (Fig. 15 with 
r e s p e c t  to the types  of v ibra t ions  and expose some  pecu l ia r i t i e s .  
As in the case  of u rac i l  [1], the v ibra t ions  of the N(isH and N(a)H 
bonds a r e  c h a r a c t e r i s t i c  with r e s p e c t  to fo rm and frequency.  
The i r  f requenc ies  depend main ly  on the magni tude of the fo rce  
constant  of the NH bond (Fig. 25. 

When subst i tuents  with di f ferent  m a s s e s  and geomet r i ca l  
and e lec t ron ic  s t r u c t u r e s  a r e  in t roduced into the u rac i l  m o l e -  
cule, one o b s e r v e s  a change not only in the potential  energy  con- 
s tants  but a l so  a red is t r ibu t ion  of the f o r m s  of the no rma l  Vibra-  
t ions with r e s p e c t  to the natura l  coordinates  of the molecule .  
Neve r the l e s s ,  despi te  this ,  one can i so la te  those v ibra t ions  which 
r ema in  c h a r a c t e r i s t i c  in f o r m  for  definite s t ruc tu ra l  f r agmen t s  
of the u rac i l  molecu les .  As we have p rev ious ly  noted [1], th ree  
bands a r e  found at  1600-1750 cm - I  - the h ighes t - in tens i ty  band 
co r r e sponds  to v C(25 =O, v C(25 -N(1 ), and 6 N(1 ) - H  v ibra t ions ,  
whe reas  the lower  two a r e  r e l a t ed  to the synphase  and ant iphase 

v ibra t ions  of  the mul t ip le  bonds of the conjugated O =C(4)-O(f  5 =C(t)H sys t em.  The c h a r a c t e r i s t i c  nature  
of these  v ibra t ions  with r e s p e c t  to f o r m  is  re ta ined,  but the magni tudes  of the i r  f requencies  depend both 
on the k inemat ic  and e lec t ron ic  p r o p e r t i e s  of the subst i tuents .  Thus,  for  example ,  r e p l a c e m e n t  of the hy-  
drogen a t tached to the C(5 ) a tom of urac i l  by chlor ine or  b romine  does not have a substant ia l  effect  on the 
force  field of the molecu le .  At the s a m e  t ime,  the re  a r e  changes in the f o r m s  of a number  of the no rma l  
r ing v ib ra t ions  and the deformat ion  v ibra t ions  of the C - H  and N - H  bonds. The n o r m a l  v ibra t ions  c o r r e -  
sponding p r i m a r i l y  to 6 C(6)H change pa r t i cu l a r l y  marked ly :  the 8 C(@H f requency  i n c r e a s e s  by m o r e  than 
100 cm -~. Inasmuch  as  the force  f ields of 5 - e h l o r o -  and 5 - b r o m o u r a c i l s  r e m a i n  a l m o s t  unchanged as  c o m -  
p a r e d  with the force  f ield of u rac i l ,  i t  might  be ass t tmed  that  the obse rved  changes in the f requencies  and 
f o r m s  of the Vibrations a r e  due to k inemat ic  fac to rs .  The fact  that  the introduction of chlorine and bromine 
a toms  into the 5 posi t ion of the pyr imid ine  r ing  had a substant ia l  effect  on the d i f ference  (Av) in the syn-  
phase  and ant iphase  Vibrations of the O = C(4 ) - C ( I  5 = C(t 5 f r a g m e n t  proved  to be e x t r e m e l y  interes t ing:  Av 
fo r  u rac i l  i s  51 cm -1, whe reas  Zkv for  ha lourac i l s  i s  35 cm -1. Rep lacemen t  of the hydrogen a tom at tached 
to the C(6 ) a tom by chlor ine  does not a f fec t  the Av value.  This  s e r v e s  as  yet  another  conf i rmat ion  of the 
p r e s e n c e  of a mechan ica l  r esonance  in te rac t ion  between the C(45 =O and C(5)=C(65 group. The changes in 
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T A B L E  2. S o m e  F o r c e  C o n s t a n t s  (K) of  F i v e - S u b s t i t u t e d  U r a c i l s  
( in  l 0  s . e m  -~ un i t s )  

' \  Corn- { 
< pound, 

-KQ~ 

K~ s 

-K% 
K% 
J(q~ 

K% 

t(% 

K% 
J~C/7 

%, 
%, 

H Q~O~ 

H 

H 
H 

Q=Q~ 

H, 

H 
r 

H 
,Q4Q~ 

Ag] 
O~qt 

H 
Q~q~ 

tt Qsr 
q* 

,4~,: 

q, 

Aft, 
q, 

A~ 
Q, 

Aft, 

I I I  

5-H 5-CH:~ 

i0,30 10,30 i0,30 

10,30 9,10 9, t0 

10,30 10,30 10,30 
9,50 9,50 9,50 

14,30 I 14,00 .{ 14,60 
,o,3o.1 1o,3o io,3o 

i 

18,2o t 18 50 18,2o 
[ 

7,980 8,55 8,38 
16,50 16,50 16,50, 

8,80 6,40 8,80 

8,80 8,65 8,80 

9,04 9,40 9,45 

8,40 10,40 

- -  8,40 10,40 

8,40 --  

2,10 3,50 3,50 

0,80 0,80 0,83 
0,80 0,80 0,83 

0,70 1,30 1,30 

0,70 1,30 t ,30 

0,81 0,8t 0,85 

0,81 0,81 0.85 
0,75 0,75 0,85 

0,75 0,75 ! 0,85 

1,20 1,80 1,t0 

0,50 0,00 0,00 

0,t0 0,02 0,02 

1,60 1,60 O,8O 

0, t 0 0,50 0,20 

t ,40 1,40 1,60 

0,40 0,40 0,40 

1,10 0,80 i 0,80 
1 

J 
0,00 1,00 I !20 

0,00 1,00 I t,00 

i " 0,20 0,60 0,40 

0,20 0,20 0,20 

0,90 020 Lfo 

0,50 0,5O 1,50 

0,8O 0,90 O,9O 

0,40 0,50 0,5O 

, .5-NH1 5-F " t 5-C! 

10,30 

10,30 

10,30 

9,50 

13,20 

t0,30 

i 18,20 
7,98 

16,50 
10,00 

8,80 
9,48 

2,t0 

0,80 

0,80 

1,60 

1,60 

0,75 

0,75 

0,75 

0,75 

1,20 

0,50 

0,I0 

t,60 i o,,ol 1,40 

0,40 

1,t0 

0,00 

I 0,00 

I 0,80 

I 0,20 }, 

0,90 

0,60 

0,80 

t" 
I 0,40 

10,30 

10,30 

10,30 

9,50 

t4,30 

10,30 

I7,50 

7,98( 

16,50 
5,80 

8,80 
9,33 

__ i 

2,10 

0,80 
0,80 
1,10 

1,10 

0,8I 

0,8!. 1 
0,75 

0.75 

1,20 

0,50 

030 

1,60 

0,10 

1,40 

0,40 

1,t0 

o, o0 

0,00 

0,80 

0,20 

0,90 

0,60 

0,80 

0,40 

VII 

�9 0,65 

5-NO~ 

t0,30 

10,30 

10,30 
9,50 

14,30 
j 10,30 

�9 17,50 

7;74 8,50 

16,50 16,50 
4,10 8,55 

8,80 "I 8,80 

- I 14,oo 
} 

{ 14,00 
/ 

L I  ,oo 
0,80 I 0,80 

o,8oi o,8o 

0,95 I 1,20 
0,95 I 1,20 

i 
0,81 i 0,81 
0,8t . 0,81 

0,75 -! 0,75 

0,75 i 0,75 
1,20 1,40 

0,50 I 0,00 

0,t0 0,10 

1,69 1,60 

0,10 0,10 

1,40 1,40 

0,40 020 

1,t0 1,10 

0,00 1,50 

0,00 1,50 

0,60 

0,20 

0,90 

0 60 

0,80 

0,40 

10,30 

t0,30 

9,80 

10,30 

t4,10 

10,30 

18,50 

0,20 

0,90 

0,50 

0,96 

0,58 

VII I  

6-CI 

10,30 
10,30 

10,30 
9,50 

"14,3ff 

18,20 

"7,98 

16,50- 

8,80 
4,70 

9,33 

L_ 

230 
O,8O 

0,S0 
0,70 

0,70 

130 
I,I0 
0,75 

0,75  
1,20 

0,50 
0,I0 
i ,60 

030 

1,40 

0,40 

1,I0 

O20 

0,00 

0,20, 

0,80 

0,90, 

0,6@ 

0,50 
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TABLE 2. (Continued) 
CoITi - 

\ \  pound: I 

\ ,  R 

q~ 

Q~ 

AtL 

Q8 , 

Q,~ 

AI~,0 

Q~ 

q6 

QI 

q~ 

Ao;;  

q5 
A(z~ 

q~ 

Q~ 

Ac~ s 

q! 

q4 

A c ~  

' '15 
Acz~ 

1~ 

q~ 
H 

q?,q~ 

q 7 
H 

q$ 

q4 
A ~,) 1,3 - -  0,60 

;4 4 
Aco: - -  --0,6 

q7,8 
A~) ,,3' - -  0,35 

q7,8 
Ato 2 - -  0,35 

Koi,3 - -  1,15 

KtO 2 -- 0,70 

C03 
1(o o - -  - 0,03 

% 
i~3 - -  --0,03 

II 

5-H 5-CH~ 

0,50 0,30 

0,80 0,80 

0,40 0,50 

0,80 0,98 

O,9O 0,80 

0,50 0,50 

1 , 5 0  1 , 5 0  

1,20 1,80 

1,70 2,10 

1,70 1,30 

1,70 1,20 

--0,70 - 1,20 

-0,15 -0,70 

--0,15 --0,15 

0,t4 --0,20 

0,38 0,38 

- 0,02 0,30 

- -  0,2 

- -  0,05 

I l l  IV V 

5-NH2 5-F 5-C1 

0,20 0,50 0,50 

0,80 0,80 0,80 

0,50 0,40 0,40 

1,00 0,80 . 0,80 

0,80 0,9O 0,9O 

0,50 0,50 0,50 

1,90 I 1,50 1,50 

1 , 8 0  1 , 2 0  1 , 2 0  

2,13 1,70 1,70 

1 , 3 0  1 , 7 0  1,70 

t ,20  1 , 7 0  t ,70 

- -  t,20 --0,70 - 0 , 7 0  

--0,70 --0,70 --0,70 

- - 0 , 1 5  - - 0 , 1 5  - - 0 , 1 5  

--0,20 0,40 0,14 

0,30 0,38 0,38 

0,30 +0,01 !" +0,01 

0 , 0 5  - -  - -  

0,08 - -  - -  

0,45 - -  - -  

- 0 , 4 5  - -  - -  

0,47 - -  --: 

I- 
0,40 - -  - -  

1 , 2 2  - -  - -  

0,30 - -  - -  

0,05 - -  - -  

0 , 3 5  - -  - -  

VI VII  VI I I  

5-Br 5-NO~ 6-CI 

0,50 .0,30 0,50 

0,80 0,85 0,80 

0,40 0,30 0,40 

0,80 0,80 0,80 

0,90 0,96 0,90 

0,50 0,30 0,50- 

1 , 5 0  1,50 1,50' 

1,20 0,9201 1,2 

1,70 2,10 1,7 

" 1,70 1,80 I,T 

1,70 1,20 1,7 

-0,70 -:-0,70 --O,T 

--0,55 --0,70 --0,15 

- 0 ,  t5 i ' -0 ,55  -0,15 

0,14 -0,30 0, I4 

0,38 0,38 0,38 

40,01 --0,20 0,01 

- -  0,94 - -  

- -  1 , 6 5  - -  

- -  0,65 - -  

- -  - 0,65 - -  

- -  0,76 - -  

- -  .0,55 - -  

- -  1 , 5 4  - -  

- -  2 , 1 0  - -  

- -  0 ,10  - -  

- -  ~ - 0,06 - -  
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TABLE 4. Obs e rved  and Calcula ted  F requenc ie s  of In -P lane  
Norm a l  Vibra t ions  of 1 ,3 -Dideu te ro -5 - subs t i tu t ed  Urac i l s  (cm -i)  

Type of vibrat ion 

vN(~)--D 
vN(a)--D 
vC(6)--H 
"vC(~)--R v ring 
'vC(a = 0 
vC(~=O, vC=C, 6C(s~--H 
vC(4)=O, vC=C, ~C~6~--.t-I 
v ring, [C<~)-~N<~I, 

Ca>--N(3)] 
v rin~, [C<4)--,N(~), 

C<~7--Qs>] 
v rin~, [C(~)--N(~), 

ring 
v ring, ~N(~)D 
v ring 
~; .ring bN(a)D 
6C(s)R 
6C(~)H, v ring 
6C=0  

ring, 8N(~D 
ring 

v~ND~m 
6 scissors ND(~) 

pendulum, ND(~ 

5-ND2- ] Uracil 5-F-  
Uracil ; Uracil i 

i . . . . . .  5 -  . . . .  i ......... ~ . . . . . . . . . . . . . . .  
obs ~calc , obs. calc obs  !calc. 

I ~ ! L 

2366 1 2265 i 2324 1 2300 12323 
2237 I 2135 1 2186 2140 2323 
3103 I 3065 3088 3064 ]3098 
1304 i3065i3110] 1244 1229" 
t744 ] 1712 1714! 1730 11729 
1689 1680 i 1663 ! I670 11674 
1639 1590 t 1609 1617 i1619 
1419 146011437i - -  1418 

1492 14001 1393 i - -  11404 

5-C1- 5-Br- 
Uracil i Uracil 

' . . . . . .  i . . . . . . . .  

obs. ~calc.i obs. icalc. 

!2299 
12142 

2270 
2190 
3090 
1295 
1730 

i 
1675 
t630 

11428 

i 1488 

1124o!1218 
I ' 
i 970 962 

868 842 
1012 11022 
1125 1144 

- -  1303 
!1380 11382 
i 571 i 591 
i 4301 400 

780l 795 
655 642 
540 ~ 546 

! 2530 }2536 
2390 [2447 I 
i ll00:1108" i 

810! 842 

123811239[1186 H95 

988 i 923' 964 
8201 8t8 1 958 820 821 

1O00 97911244 1229 
11401114911124 1120 
1200]1t89i - -  334 
1400 11417 11330 t322 
5601 559 i 571 
4301 406! - !380 
770~ 7431 7301 738 
6201 659i 670 679 

680! - -  i 560* 740i i 

J 

3040 

t 692 
1665 
1630 
1438 

1387 

24t0i2324 
2t87i2150 
3055 3098 

708' 
1695 t692 
1667 1675 
1628 1630 
1436 i1452 

1430 !1420 
I 

1255 [t250 1235 

930 959 945 
770i 769 727 

1055 i1087 1028 
1148!1162 1145 
- -  i224 - -  

1322 11333 1328 
6251 58t i 580 
438 431 i 410 

8251 780 
~ 0  682! 647 
370 369" i - -  

2324 
!2187 
3098 

688* 
1690 
1665 
162t 
1431 

t393 

!1237 

t 948 
,748 
!1o16 
11153 

172 
1327 
576 
411 
815 
681 
284* 

v,cn~ -I / 

~~176 ~,~.~,,T_, 

3 1  - - - -  

~~176176 ~ / ~_, w_, I/, 
 ,oo 

,/ , , ~""/~ ~ ~  - 

870 9~0 I0~0 

Fig. 2. Dependence of 
the frequencies of the 
s t re tch ing  v ib ra t ions  of 
the NH groups  of sub-  
s t i tuted u rac i l s  (I-vrrr)  
on the force  constants  of  
these  bonds (the num-  
b e r s  bes ide  the points  
co r respond  to the num-  

the posi t ions  of  the f requenc ies  under  d iscuss ion  in the s p e c t r u m  of 5-  
f luorourac i l  depend not only on the k inemat ic  f ac to r s  but a l so  on the pecu -  
l i a r i t i e s  of the e lec t ron ic  p r o p e r t i e s  of the f luorine a tom;  this shows up in 
a d e c r e a s e  in the fo rce  constant  of the C = C bond as  c o m p a r e d  with u rac i l  
and i ts  5 -ch lo ro  and 5 - b r o m o  de r iva t ives  (Table  2), The Av value for  5-  
f luorourac i l  i s  the s a m e  as  for  other  halo der iva t ives .  Thus the d e c r e a s e  
in the Av value in the s p e c t r u m  of 5 - f luorourac i l  with r e s p e c t  to u rac i l  is  
due to a change in the e lec t ron  densi ty  on the C = C bond caused  by the m a x -  
i m u m  capaci ty  of the f luorine a tom for  conjugation. 

When the subst i tuents  d i f fer  nmrked ly  f rom one another  with r e sp ec t  
to the i r  geomet r i ca l  and e lec t ron ic  s t r uc tu r e s  (amino, methyl ,  o r  n i t ro  
groups) ,  i t  i s  imposs ib l e  to c l ea r ly  s epa ra t e  the k inemat ic  and e lec t ronic  
effects ,  inasmuch  as  a change in the e lec t ron ic  p r o p e r t i e s  of the subst i tuent  
has  an effect  not only d i rec t ly  on the force  constant  of the C(5 ) = C(6 ) bond 
and the adjacent  bonds and angles but a lso  on o ther  r e m o t e  ( f rom the sub-  
sfi tuents) r ing  bonds and constants  of  in te rac t ions  of these  bonds. 

In addition to the f requencies  cor responding  to the v ibra t ions  of mu l -  
t iple bonds, t h ree  f requencies  r e l a t ed  to the s t re tch ing  v ib ra t ions  of the 
r ing a r e  a l so  c h a r a c t e r i s t i c  in fo rm.  In a l l  ca ses  the h ighes t  of these  f r e -  
quencies  co r r e sponds  to a r ing v ibra t ion  with p redominan t  par t ic ipa t ion  of 

hers  of the compounds) ,  the r ing  C--N bonds between which the C(2 ) =O group is  included, whereas  
the second co r r e sponds  to a r ing  Vibration with par t ic ipa t ion  of the C(4 ) -  

N(3 ) and C - C  r ing bonds. The th i rd  f requency co r r e sponds  to a r ing s t r e t ch ing  v ibra t ion  in which p r i -  
m a r i l y  the C - N  bonds included between the ca rbonyl  group par t i c ipa te .  I t  should be noted that, as  in the 
case  of urac i l ,  the in -p lane  deformat ion  v ib ra t ions  of  the N - H  bonds make  a cer ta in  contr ibution to the 
l as t  two r ing  v ibra t ions .  

F r o m  the ca lcula ted  f o r m s  of the v ib ra t ions  i t  can be shown that  the Vibrations of exocycl ic  C(5 ) - 
Hal, C ( 5  ) - N ,  and C(5 ) - C  bonds make  a contr ibution to s e v e r a l  f requenc ies  of the n o r m a l  v ibra t ions  r a t h e r  
than jus t  to one. The a s s ignmen t  of only one f requency to vC(5)--R p re sen ted  in Tables  3 and 4 is  t h e r e -  
fo re  a r b i t r a r y .  
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An analysis of the forms of the normal vibrations shows that the stretching symmetrical and asym- 
metrical vibrations of the CH 3 groups in thymine and NH 2 in 5-aminouracil are characteristic in form and 
frequency. The magnitudes of their frequencies are determined by the magnitudes of the force constants 
of the CH and NH bonds and the force constants of interaction between these bonds, whereas Uas NO z and 
u s NO 2 are strongly related to the ring vibrations and are characteristic only with respect to their f re-  
quencies. The vibrations of the ring bonds also contribute to the in-plane deformation vibrations of CH 3, 
NH2, and NO 2 groups. 

Thus our calculations of the in-plane normal vibrations of 5-substituted uracils make it possible to 
reveal a number of.general features characteristic for the IR spectra of these compounds: 1) the stre• 
ing vibrations of the NH and CH bonds are characteristic in frequency and form, and the magnitude of their 
frequencies is determined only by the force constant of the bond; 2) the three frequencies in the multiple 
bond absorption region are characterist ic in form for definite fragments of the uracil molecule [~ 1700 
cm -1 O-C(2 )-N(1 ) -H ,  ~ 1670 and 1600 cm -1 O = C(4 )-C(5 ) = C(6 )] but not for each bond taken individually; 
3) the stretching vibrations of the pyrimidine rings of the investigated compounds are also characteristic 
in form. 

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

The calculation of the matrices of the kinematic coefficients, the recluction of the matrices with re-  
spect to symmetry,  allowance for supplementary relationships, and the construction and solution of the 
secular equations were accomplished with a Minsk-22 computer with a program developed by L. A. Gribov 
and co-workers [1, 6]. The IR spectra of suspensions of the compounds in mineral and perfluorinated min- 
eraI oils on KBr plates were recorded with a P e r k i n - E l m e r  457 spectrometer.  
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