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A n u m b e r  of  5 - n i t r o - 6 - [ ( 5 - s u b s t i t u t e d - 2 - f u r y I ) p o l y e n e ] u r a e i l s  w e r e  

o b t a i n e d ,  and a s tudy was m a d e  of t h e  n a t u r e  of  t h e  i n t r a m o l e c u l a r  

i n t e r a c t i o n  of t h e  f u n c t i o n a l  g roups  in the  a b o v e - m e n t i o n e d  c o m p o u n d s  �9 

on the  bas i s  of  an  i n v e s t i g a t i o n  of t he i r  UV and IR spec t r a ,  

In the p r e s e n t  work ,  a s tudy was made  of the  s p e c -  
t r a  and s t r u e t u r e  of 5 - n i t r o - 6 - [ ( 5 - s u b s t i t u t e d - 2 -  
f u r y l ) p o l y e n e ] u r a c i l s  ( I I a - I I e ,  obta ined by c o n d e n s a -  
t ion of 5 - n i t r o - 6 - m e t h y l u r a c i l  I [1] with a ldehydes  of 
the  fu ran  s e r i e s  in p:yTidine in the  p r e s e n c e  of p i p e r -  
az ine  as  a b a s i c  ca ta lys t~  It was i m p o s s i b l e  to ach ieve  
condensa t ion  with 5 - n i t r o f u r f u r o l  under  the above -  
men t ioned  condi t ions  due to r a p i d  r e s i n i f i c a t i o n  of 
th i s  compound under  the inf luence of a lka l ine  agents .  
The  condi t ions  of ac id  c a t a l y s i s  (AeOH, AcOH + 
+ AcaO, Ac20 + HaSQ),  used  by a numer  of au thor s  
dur ing  condensa t ion  of 5 - n i t r o f u r f u r o l  with o ther  
methy l  p y r i m i d i n e s  [2 ,3] ,  w e r e  a l so  unsu i t ab le .  
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a R = H ;  n = l ;  c R = H ;  n = 3 ;  e R = B r ; n = l ;  
b R = H ;  n = 2 ;  d R = C H a ;  n = l ;  f R = N O 2 ;  /~=1;  

In our e x p e r i m e n t s  i t  was  found p o s s i b l e  to con-  
dense  compound I with 5 - n i t r o f u r f u r o l ,  with a good 
y ie ld ,  in a m e d i u m  of d i m e t h y l f o r m a m i d e  in the  
p r e s e n c e  of m o r p h o l i n e  ace t a t e  as  a c a t a l y s t  at a 
t e m p e r a t u r e  of 6 0 - 6 5  ~ C over  a p e r i o d  of 15 h r .  

Compounds  I I a - I I f  a r e  c o lo r e d  c r y s t a l l i n e  s u b -  
s t a n c e s ,  p o o r l y  so luble  in w a t e r  and a lcohol  and 
r e a d i l y  so lub le  in d i m e t h y l f o r m a m i d e .  On hea t ing ,  
they  d e c o m p o s e  without  me l t ing  (Table  1). 

S p e c t r o s c o p i c  c h a r a c t e r i s t i c s  of these  compounds  
a r e  d e t e r m i n e d  by the p r e s e n c e  of two conjuga ted  
h e t e r o c y e l i e  s y s t e m s ,  u r a c i l  and furan .  The UV 
s p e c t r u m  of 6 - m e t h y l u r a c i l  III is  c h a r a c t e r i z e d  by a 
s ing te  in tens ive  band in the 260 nm reg ion .  In c o m -  
pound I, t h e r e  is  a t r a n s i t i o n  in the 330 nm r eg ion ,  
a p p a r e n t l y  a s s o c i a t e d  with the a b s o r p t i o n  of the un-  
s a t u r a t e d  s y s t e m ,  - - C = C - - C ~ C  - [4]. The o r ig ina l  

1 
NO 2 

compound of the homologous  s e r i e s  II,  5 - n i t r o - 6 -  
f u r y l u r a e i l ,  has  not ye t  been  obta ined ,  and so the 
s p e c t r u m  of 6 - f u r y l u r a e i l  (IV) [5] was used  as  a m o d -  
el .  In addi t ion  to the sp l i t  band at 260 nm, t h e r e  is  an 
i n t ens ive  band at  305 nmo In a p r e v i o u s  r e p o r t  [6], 
t h i s  band is i n t e r p r e t e d  as  a b a t h o e h r o m i e  d i s p l a c e -  
men t  band of u r a c i l ,  conjuga ted  with the fu ry l  r a d i c a l .  
However ,  t h e r e  is  suf f ic ien t  r e a s o n  to c o n s i d e r  that  
it  is  the m a i n  e h r o m o p h o r e  in the  m o l e c u l a r  s y s t e m  
of f u r y l a c r y l i e  ac id ,  g iv ing an in t ens ive  band of 
a b s o r p t i o n  with a m a x i m u m  at 305 nm [7]. Addi t iona l  
weak  bands  at 260 and 270 nm m a y  be a s s o c i a t e d  with 
the  i s o l a t e d  a m i d e  s y s t e m  of the u r a c i l  r ing .  

In compounds  I I a - I I e ,  in which the fury l  r a d i c a l  
is  connec ted  to the  p y r i m i d i n e  m o i e t y  of the m o l e c u l e  
th rough  a s y s t e m  of conjuga ted  e thy lene  bonds ,  the 
a b s o r p t i o n  of the a m i d e  s y s t e m  of u r a c i l  p r o d u c e s  
only a weak shou lde r  at 270 nm in compound IIa ,  and 
in the r e m a i n i n g  II compounds  only one long-wave  
m a x i m u m  is  found, c h a r a c t e r i z i n g  the a b s o r p t i o n  of 
the con juga ted  chain.  

Table  1 

P r e p a r a t i o n  and P r o p e r t i e s  of 5 - N i t r o - 6 - [  ( 5 - s u b s t i t u t e d - 2 - f u r y l ) -  
p o l y e n e ] u r a e i l s  

Conditiorts of 
, .~ ' preparation 

__ ~ ~ Empirical ! 
: o" formula ! 

[ 48.70 : l la  A 100 2,5 i CloHTOsNa 3.05 16,75 48.20 2.8'0 16.86l 332 ]25 
I 270 , 

](melt)i 
, , ,  .,, c 5 1 7 8  52.37 860 3,, 
I lc i A 30 g0 0.5* iCt4HltOsNa 55.12[ 384 13,72 55,81 3.68 13,95 385 ~3'8 
l id  A 70 1.0 ',C~H~,OsNa 50,21 3.56 16.21 50.19 345 1597 344 !24.8 
l ie  A 60 2.0" C~oH6OsN3 i37.05 2,07 12,69 ,7/660! 1,84 12.81] 340 ]26 
[ I f  I B 80--65 15,0 CIeH6OTN4 14088 2.02. 19,27 40.82 2.06 19.05 365 23.1 

i 295 9.6 
ii r I 250 87 

*Reaction under these conditions proceeds incompletely, and under m~re severe conditions, a 
strong resinification is found.  

**Spectra were determined in a solution of ethyl alcohol containing 4% dimethylformamide.  
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For  polymethine derivatives of furan we have 
previously established [8] thelaw, X z = a + kn, where 
X = wavelength of the absorption maximum, n =num-  
ber  of conjugated ethylene bonds, and a and k =con-  
stants, charac ter i s t ic  for each substitute in position 2 
of the furan ring. It is apparent f rom the figure that an 
analogous law is found for compounds IL Constants a 
and k in this case are  equal to 9.6 and 2.02, respec-  
tively. The relationship presented in a previous repor t  
[8] between both constants k = 4.2 - 0.2a occurs  also 
for compounds II within the limits of accuracy of the 
empir ical  formula.  

It is well known that the furan ring is a good con- 
ductor of the intrarnolecular interaction, according to 
its propert ies  approaching the diene system. Thus, 
the substitute in position 5 must  have a definite effect 
on the absorption pattern in general.  Therefore ,  the 
methyl group of compound IId or the bromine of com-  
pound IIe produces a bathochromic displacement of 
the band in the order  of 10 nm. As in the case of 
numerous other furan derivatives,  the 5-ni tro group 
produces a bathochromic displacement of approxi- 
mately 30 nm. In addition, two weak bands are found 
in the spectrum of compound IIf at 295 and 250 nm, 
which is apparently the split "forbidden" band of 
absorption of the nitro group found in the 275 nm 
region [9]. 

By combining data concerning UV absorption spec-  
t r a  of furylvinyluracils ,  it is apparent that the laws 
presented above are sufficiently charac ter i s t ic  for a 
wide range of polymethine-substi tuted heteroaromat ic  
compounds. 

The phenomenon of intramolecular  interaction of 

thefunct ionalgroups(--NO2,--C-~-O,  _~-~_, ) is 

also found in the oscillating spectra  of compounds II 
(Table 2). 

Two oscillation bands of the/3-carbonyl groups of 
uracil  and its derivatives are found in the regions 
1745-1710 and 1688-1660 cm -1, respectively.  The 
presence of two bands of carbonyl absorption has 
been interpreted differently in the l i terature.  The 
generally accepted point of view is presented in one 
repor t  [10]. This phenomenon ar ises  from the non- 
equivalence of both carbonyl groups and the band of 

higher frequency is associated with the 4-carbonyl,  
and the band of lower frequency is related to the 2-  
carbonyl group. However, certain authors [11] con- 
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Dependence of the square of the wavelength 
of the absorption maximum (1) and the co-  
efficient of extinction (2) on the number of 

ethylene bonds in the molecule. 

sider that in uracil  and its derivatives there is a split 
in the oscillation band of the C=O group as a result  
of the interaction of two associated resonating osci l -  
lators ("coupling-effect"). The possibility of such an 
interaction has not been disregarded,  although its 
role cannot be significant as both carbonyl groups are 
conjugated only extremely weakly by means of an 
unshared electron pair  of the amide nitrogen in posi-  
tion 3. In addition, one should note the following 
charac ter is t ics  in relation to the behavior of the high 
frequency oscillation band of the C=O group: 1) in- 
crease  in vCO on conjugation of the 4-carbonyl group 
with the 5-ni tro group during t ransformat ion from 
compound III to compound I [12]; 2) decrease  of vCO 
in the absence of a nitro group and conjugation of the 
4-carbonyl  group by means of the ethylene bond with 
the electron donor furyl radical  in compound IV; 
3) increase in vCO on incorporation of the nitro group 
in compound IIa; 4) decrease  in VCO during the length- 
ening of the conjugation chain in compounds IIb and 
IIe; 5) presence of the oscillation band of C=O in the 
region character is t ic  for saturated earbonyl com-  
pounds. 

The position of the second earbonyl absorption 
band in the 1688-1600 cm -1 region is sufficiently close 

Table 2 

Characteristic Frequencies of Functional Groups in a Number of 
Uracil Derivatives (era -I) 

Com- 
pound 

I 

l Ia  

IIb 
l l c  
I l d  
I Ie  
I I f  

l l I  
IV 

VC~O 

1'688,1~25 

1665,1737 

1675,17!5 
1661,171,0 
1669,1741 
1672, 174,5 
1679, i726 

1665,1720 
1660, I712 

1327 

1321 

1315 
1321 
1325 
1316 
1327 
1347 

~asN O 

1511 

1525 

1513 
1528 
1520 
1525 
1518 
1526 

1465 

1478 
1479 

1460 
1475 

1480 

857 
881 931 
867 
886 925 
857 925 
86~4 938 
867 93!0 
8454 - -  

88,3 940 

VSc-0 C 

1021 

1021 
1017 
1022 
1027 
1020 



810 KHIMIYA GETEROTSIKLICHESKIKH SOEDINENII 

to the abso rp t ion  r eg ion  of the amides  of carboxyl ic  
acids .  The  l a t t e r  c o n f i r m s  the above -men t ioned  i n -  
t e r p r e t a t i o n s  p r e s e n t e d  in a p rev ious  r e p o r t  [10] and 
one should cons ide r  the point of view of c e r t a i n  a u -  
t ho r s  [11] as insuf f ic ien t ly  we l l -g rounded .  

Osc i l l a t ions  of the n i t ro  group a re  of i n t e r e s t  f rom 
the point  of view of the na tu re  of the u r a c i l  r ing .  The 
f r equency  of the s y m m e t r i c a l  o sc i l l a t ions  of the n i t r o  
group in  u r a c i l  de r i va t i ve s  is found in the 1327-  
1315 cm -1 r eg ion ,  (i. e . ,  in  the r eg ion  c l o s e r  to the 
va lues  vNOo, s y m m e t r i c a l  in  s a tu r a t ed  a l iphat ic  
compounds %han in  a r o m a t i c  compounds ,  which is in  
a g r e e m e n t  with the ex is t ing  concepts  conce rn ing  the 
weak a r o m a t i c  n a t u r e  of the u r a c i l  r ing) .  One should 
note the condi t ion in the s p e c t r u m  of compound IIf in  
which, in  addi t ion to the 1327 cm -1 band of the 5-  
n i t ro  group in  the u r a c i l  r i ng ,  t he r e  is  a 1347 cm -1 
band a s soc ia t ed  with the 5 - n i t r o  group of the f u r a n  
r i ng  [12]. 

A n t i s y m m e t r i c a I  osc i l l a t ions  of the n i t ro  group in  
compound I appear  in the fo rm of a n a r r o w  band at 
151i cm -1. Th i s  value is r e l a t i v e l y  low in c o m p a r i s o n  
with data  in  the l i t e r a t u r e  [13], e spec ia l ly  cons ide r ing  
the conjugat ion  of the n i t ro  group with the e l e c t r o n  
acceptor  4 - c a r b o n y l  group. In fu ry l  de r iva t ives  of 
u r ac i l ,  this  band  is s l ight ly  d ispIaced  although it does 
not exceed the l i m i t s  of 1528-1513 cm -I.  During 
conjugat ion of the 5 - n i t r o  group of u r a c i l  with the 
polyene sys t em of bonds in  compounds I I a - I Io ,  the 
pos i t ion  of the band does not m a r k e d l y  a l te r .  When 
two n i t ro  groups  a re  p r e s e n t  in compound IIf the band 
spl i ts  into two c l o s e l y  s i tua ted  peaks at 1526 and 1518 
cm -1. 

It was diff icult  to study the i n t e r ac t i on  be tween  the 
u r a c i l  and fu ran  r ings  in  compounds I Ia - I I f ,  in r e l a -  
t ion  to the d i sp l acemen t  of the c h a r a c t e r i s t i c  bands  
of these  r i n g s ,  because  of the s t rong  over lapping  of 
osc i l l a t ion  bands  of both r i ngs .  Only c e r t a i n  bands  of 
the fu r an  r i ng  a re  f ree  f rom over lapping.  Thus ,  the 
following c h a r a c t e r i s t i c s  of the osc i l l a t ion  bands of 
f u r an  a re  apparent :  o sc i l l a t ions  of the r i ng  in the 
1480-1460 cm -1 reg ion ,  de fo rmat ion  osc i l l a t ions  of 
C - - H  in  the 886-857 and 940-925 cm -1 r eg ions  [14], 
and the band of s y m m e t r i c a l  osc i l l a t ions  of the 
- - C - - O - - C - -  bonds in  the 1027-1017 cm -1 r eg ion  
(the l a t t e r  d i s appea r s  in compound IV, apparen t ly  
because  of a d e c r e a s e  in  in tens i ty) .  

The s l ight  change in  pos i t ion  of the band of the 
f u r a n  r ing  ind ica tes  the ins ign i f i can t  i n t e r ac t i on  b e -  
tween  the fu r an  and u r a c i l  r i ngs  fo rming  an addit ive 
sys tem.  

EXPERIMENTAL 

G. Volynkina participated in the experimental part of this work. 
5-Nitro-6-[(2-furyl)vtnyl]~aeil (tIa). Method A. A 42.8 g quan- 

tity (0.25 mole) of compound I was dissolved in 320 ml of dry pyridine 
by heating in a water bath, 0.8 g piperazine was added, and a solution 
of 26 g (22.4 ml, 0.27 mole) of freshly distilled furfurol in 80 ml 
pyridine was added. The reaction mixture was heated to boiling during 
which it darkened and within 30 min a greenish-yellow precipitate 
began to form. Heating was continued for a further 2 hr after which 
the reaction mixtuxe was cooled to room temperature and the precip[- 

rate was filtered by suction. The mother liquor was poured onto ice 
and neutralized with HC1 (1 : 1) to pH 5. The precipitate was filtered 
by suction. The precipitates were washed on a filter with hot water. 
alcohol, and ether. A 52 g quantity of compound IIa was obtained 
(84% of theoretical calculating for compound I). The compound was 
recrystaUized from dimethylformamide. 

Compound~ IIb-IIe were synthesized in an analogous manner 
(Table 1). 

5-Nitro-6-[(f-Nitro-2-fu~]l)vinyl]uracil (IIf). Method B. 7.78 g 
of quantity (0.045 mole) of compound I was dissolved in 50 ml di- 
methylformamide, a catalyst (1 ml acetic acid, 0,1 ml morpholine, 
and 3 ml dimethylformamide) and then a solution of 7.1 g (0.05 mole) 
of 5-nitrofurfurol in 15 ml dimethylformamide were added, and the 
mixture was heated for 15 hr at a temperature of 60-65 ~ C. On 
cooling, a crystalline precipitate was formed which was filtered by 
suction. The mother liquor was poured onto ice and the resulting 
precipitate was also filtered by suction. The precipitates were washed 
on a filter with alcohol and ether. A 6.0 g quantity of the substance 
was obtained (45% of the theoretical calculating from compound I). 
It was recrystallized from a mixture of ethanol and dimethylforma- 
mide (1 : 2). 

The UV spectra were determined in an SF-4 spectrophotometer. IR 
spectra were determined in a double beam IKS-14 spectrophotometer 
from a suspension of the analytical samples of the substances in vase- 
line oil for the frequency interval of 700-1800 cm -1 and in hexa- 
cMorobutadiene for the frequency interval of 1300-1500 c m  -1. 
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