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A number of 5-nitro-6-[(5-substituted-2-furyl)polyeneJuracils were
obtained, and a study was made of the nature of the intramolecular

interaction of the functional groups in the above-mentioned compounds -

on the basis of an investigation of their UV and IR spectra.

In the present work, a study was made of the spec-
tra and structure of 5-nitro-6-[(5~substituted-2-
furyl)polyeneluracils (Ila—Ile, obtained by condensa-
tion of 5-nitro-6-methyluracil I [1] with aldehydes of
the furan series in pyridine in the presence of piper-
azine as a basic catalyst. It was impossible to achieve
condensation with 5-nitrofurfurol under the above-
mentioned conditions due to rapid resinification of
this compound under the influence of alkaline agents.
The conditions of acid catalysis (AcOH, AcOH +
+ Ac,0, AcyO + H,S80,), used by a numer of authors
during condensation of 5-nitrofurfurol with other
methyl pyrimidines [2, 3], were also unsuitable,
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In our experiments it was found possible to con-
dense compound I with 5-nitrofurfurol, with a good
yield, in a medium of dimethylformamide in the
presence of morpholine acetate as a catalyst at a
temperature of 60—65" C over a period of 15 hr,
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Compounds ITa-IIf are colored crystalline sub-
stances, poorly soluble in water and alcohol and
readily soluble in dimethylformamide. On heating,
they decompose without melting (Table 1),

Spectroscopic characteristics of these compounds
are determined by the presence of two conjugated
heterocyclic systems, uracil and furan. The UV
spectrum of 6-methyluracil III is characterized by a
single intensive band in the 260 nm region, In com-
pound I, there is a transition in the 330 nm region,
apparently associated with the absorption of the un-
saturated system, — ‘——C—C=C— [4]. The original

NO,
compound of the homologous series II, 5~nitro-6-
furyluracil, has not yet been obtained, and so the
spectrum of 6~furyluracil (IV) [5] was used as a mod-
el. In addition to the split band at 260 nm, there is an
intensive band at 305 nm. In a previous report [6],
this band is interpreted as a bathochromic displace-
ment band of uracil, conjugated with the furyl radical.
However, there is sufficient reason to consider that
it is the main chromophore in the molecular system
of furylacrylic acid, giving an intensive band of
absorption with a maximum at 305 nm [7]. Additional
weak bands at 260 and 270 nm may be associated with
the isolated amide system of the uracil ring,

In compounds IIa—Ile, in which the furyl radical
is connected to the pyrimidine moiety of the molecule
through a system of conjugated ethylene bonds, the
absorption of the amide system of uracil produces
only a weak shoulder at 270 nm in compound Ila, and
in the remaining II compounds only one long-wave
maximum is found, characterizing the absorption of
the conjugated chain,

Table 1

Preparation and Properties of 5-Nitro-6-[(5-substituted-2-furyl) -

polyeneluracils
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*Reaction under these conditions proceeds incompletely, and under more severe conditions, a

strong resinification is found.

**Spectra were determined in a solution of ethyl alcohol containing 4% dimethylformamide.



CHEMISTRY OF HETEROCYCLIC COMPOUNDS

For polymethine derivatives of furan we have
previously established [8]thelaw, A = g+ kn, where
A = wavelength of the absorption maximum, n =num-
ber of conjugated ethylene bonds, and ¢ and k =con-
stants, characteristic for each substitute in position 2
of the furan ring. It is apparent from the figure that an
analogous law is found for compounds II. Constants a
and k in this case are equal to 9.6 and 2,02, respec-
tively. The relationship presented in a previous report
[8] between both constants k = 4,2 -~ 0.2a occurs also
for compounds II within the limits of accuracy of the
empirical formula.

It is well known that the furan ring is a good con-
ductor of the intramolecular interaction, according to
its properties approaching the diene system. Thus,
the substitute in position 5 must have a definite effect
on the abgorption pattern in general. Therefore, the
methyl group of compound IId or the bromine of com-
pound Ile produces a bathochromic displacement of
the band in the order of 10 nm. As in the case of
numerous other furan derivatives, the 5-nitro 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-
tra of furylvinyluracils, it is apparent that the laws
presented above are sufficiently characteristic for a
wide range of polymethine-substituted heteroaromatic
compounds, .

The phenomenon of intramolecular interaction of

the functional groups (——NOg, —C=0, [T, ) is
L4

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

Two oscillation bands of the g-carbonyl groups of
uracil and its derivatives are found in the regions
1745-1710 and 1688-1660 cm~!, respectively. The
presence of two bands of carbonyl absorption has
been interpreted differently in the literature. The
generally accepted point of view is presented in one
report [10]. This phenomenon arises from the non-
equivalence of both carbonyl groups and the band of

809

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=0 group as a result
of the interaction of two associated resonating oscil-
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
characteristics in relation to the behavior of the high
frequency oscillation band of the C=0 group: 1) in-
crease in voon conjugation of the 4-carbonyl group
with the 5~nitro group during transformation from
compound IIT to compound I [12]; 2) decrease of yc(
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 v on incorporation of the nitro group
in compound Ila; 4) decrease in Yoo during the length-
ening of the conjugation chain in compounds IIb and
Ile; 5) presence of the oscillation band of C=0 in the
region characteristic for saturated carbonyl com~
pounds.

The position of the second carbonyl absorption
band in the 1688~1600 cm~! region is sufficiently close

Table 2

Characteristic Frequencies of Functional Groups in a Number of
Uracil Derivatives (cm™)
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e | 16611710 1321 1528 1479 857 925 1017
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e | 16721745 1316 1525 1460 867 930 1027
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to the absorption region of the amides of carboxylic
acids. The latter confirms the above-mentioned in-
terpretations presented in a previous report [10] and
one should consider the point of view of certain au-
thors [11] as insufficiently well-grounded.

Oscillations of the nitro group are of interest from
the point of view of the nature of the uracil ring. The
frequency of the symmetrical oscillations of the nitro
group in uracil derivatives is found in the 1327—

1315 cm™! region, (i.e., in the region closer to the
values vy, , symmetrical in saturated aliphatic
compounds zthan in aromatic compounds, which is in
agreement with the existing concepts concerning the
weak aromatic nature of the uracil ring). One should
note the condition in the spectrum of compound IIf in
which, in addition to the 1327 ¢cm~! band of the 5-
nitro group in the uracil ring, there is a 1347 em-!
band associated with the 5-nitro group of the furan
ring [12].

Antisymmetrical oscillations of the nitro group in
compound I appear in the form of a narrow band at
1511 cm~!, This value is relatively low in comparison
with data in the literature [13], especially considering
the conjugation of the nitro group with the electron
acceptor 4-carbonyl group. In furyl derivatives of
uracil, this band is slightly displaced although it does
not exceed the limits of 1528—1513 cm~!, During
conjugation of the 5~nitro group of uracil with the
polyene system of bonds in compounds Ila-Il¢, the
position of the band does not markedly alter. When
two nitro groups are present in compound IIf the band
splitis into two closely. situated peaks at 1526 and 1518
cm™,

It was difficult to study the interaction between the
uracil and furan rings in compounds Ila~IIf, in rela-
tion to the displacement of the characteristic bands
of these rings, because of the strong overlapping of
oscillation bands of both rings. Only certain bands of
the furan ring are free from overlapping. Thus, the
following characteristics of the oscillation bands of
furan are apparent: oscillations of the ring in the
14801460 cm™! region, deformation oscillations of
C—H in the 886~857 and 940—925 cm~! regions [14],
and the band of symmetrical oscillations of the
—C—0—C— bonds in the 1027-1017 em~! region
(the latter disappears in compound IV, apparently
because of a decrease in intensity),

The slight change in position of the band of the
furan ring indicates the insignificant interaction be-
tween the furan and uracil rings forming an additive
system,

EXPERIMENTAL

G. Volynkina participated in the experimental part of this work.

5-Nitro-8~[(2-furyl)vinyljuracil (IIa). Method A. A 42.8 g quan-
tity (0.25 mole) of coi-rlpound 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 mixture was cooled to room temperature and the precipi-
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tate was filtered by suction. The mother liquor was poured onto ice
and neutralized with HCl (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 Ila was obtained
(84% of theoretical calculating for compound 1), The compound was
recrystallized from dimethylformamide.

Compounds IIb-Ile were synthesized in an analogous manner
(Table 1).

5=Nitro-6-[(5-Nitro-2~-furylyvinyljuracil (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 16 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 specirophotometer. IR
spectra were determined in a double beam [KS-~14 spectrophotometer
from a suspension of the analytical samples of the substances in vase-
line oil for the frequency interval of 700~1800 cm-! and in hexa-
chlorobutadiene for the frequency interval of 1300-1500 em™L,
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