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INFRARED SPECTRA OF THIOPHENE ANALOGS OF CHALCONES AND THEIR

VINY LOGS
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The IR spectra of 45 thiophene analogs of chalcones and vinylogs, and
(2-thienyl)phenylketone are determined in the 1700-650 cm™! region,
and frequency assignments made, It is confirmed that the carbony!
group and aliphatic double bond are so situated with respect to one
another that there is approximation to the S-cis form, It is shown that
in the systems studied, 2-thienyl has an electron-donating effect, ex-
ceeding that of 2-furyl, It is also found that for 1-(2-thienyl)-3-aryl~
propen-1-ones the carbonyl group frequency shift due to substituents
tends to correlate with' the Hammett o parameters.

Previous communications have dealt with results
of studies of UV and visible region absorption spectra
[1] and dipole moments [2] of a regular series of ¢,

B unsaturated ketones containing the thiophene ring.
Continuing work on elucidating relationships between
properties and structures of these compounds, we
decided to measure their IR spectra.

The literature information on IR spectra of thio-
phene derivative carbonyl compounds is rather limi-
ted. There are relevant data only for thiophene alde-
hyde, 2-acetothienone, thiophene carboxylic acids,
esters of these, and some other compounds [3—8].
Hitherto the vibration spectra of thiophene analogs of
chalcone and their vinylogs have not been investigated.

We have carried out measurements, generally on
solids, but in some cases on carbon tetrachloride and
chloroform solutions, of the IR spectra of 45 thiophene
analogs of chalcones and of their nearest vinylogs, as
well as, for comparison, (2-thienyl)phenylketone.
Tables 1 and 2 give the characteristic vibration fre-
quencies of the individual groups, and some absorp-
tion plots are given in Fig. 1.

All the @, B unsaturated ketones investigated
showed an absorption band whose intensity varied
from medium to high, characteristic of out-of-plane
deformation vibrations of hydrogens of the vinylene
group trans to the substituents. Generally the band
was at 965 cm ™ [9], but here, as a result of conju-
gation with the carbonyl group, or with the aromatic
and thiophene rings it is displaced in the higher fre-
quency direction, and lies at 9701000 cm™t With
compounds containing two (XXVIII-XLII) and three
(XLIII-XLV) double bonds, this absorption is par-
ticularly intense; it lies in the 990-1015 em™! region,
and sometimes consists of two bands. It is note-
worthy that, as a rule, the intensity of a carbonyl
group valence vibrations band is considerably less
than the intensity of absorption of an aliphatic double
bond (see Fig. 1). It is known that this kind of inten-
sity relationship for the C==0O and C=C bonds bands is
an analytical indicator of their being S-trans to one
another [10-13]. Thus the IR spectra data confirm the

conclusions previously drawn from studies of dipole
moments [2], that the thiophene analogs of chalcones
and their vinylogs studied by us are trans isomers as
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Fig. 1. IR spectra of compounds
i, II, and XLVIL

far as the relative position of substituents and aliphatic
double bond is concerned, while the relative position
of the carbonyl and vinyl groups corresponds to S-cis
conformations. It is of interest that the conclusion
drawn [10] that Av = vo_g — VC=C should be over
60 cm ! for the S-cis form, is not in accord with what
is found for many of our ketones (see Table 1), while
the figure of 75 em™ [14,15] is in even poorer agree-
ment.

All the thiophene ketones investigated show asharp-
ly defined absorption maximum in the 1635-~1670
em™! region characteristic of valence vibrations of
the carbonyl group. In the case of measurements
made in chloroform solution (see Table 2), vo=—0 i
5—11 em™ lower than the corresponding ones in
carbon tetrachloride, in agreement with reported in-
ferences regarding the effect of the hydrogen bond
formed (see [16], p. 393). This confirms a view which
three of us put forward from a study of electronic
spectra, about hydrogen bonding of a, B unsaturated
ketones of the thiophene series in ethanol and chloro-
form solution [1]. In comparison with solutions in
carbon tetrachloride, vo—Q in the solid phase is
lower by 3-8 cm™, which can be put down to a change
in the C=0 bond force constant due to the action of
the crystal field, and to weakening of the dipole orien-
tation (see [16], p. 380).

Replacement of the benzene ring in chalcone
(Va0 = 1669 cm™'; po=C = 1610 cm™) [17] by a
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thiophene one results in decrease in valence vibra-
tions frequency of the carbonyl group and of the ali-
phatic double bond (cf. I-III). This decrease is greater
when thienyl replaces a phenyl substitutent immediately
adjacent to the carbonyl group, and it is particularly
great when both phenyls are replaced by thienyl.

Table 2
Carbonyl Group Characteristic
Frequencies
UC__O: (:1'1'1‘-1
Com-~ i
pound | gpytables | CCl, | CHCl
1 1652 1655 1650

11 1660 1663 1652

111 1640 1648 1640
XXVIII 1642 1645 1639

Hence in these systems the thiophene ring exhibits a
greater electron-donating effect than phenyl, causing
a decrease in electron density at the carbonyl oxygen,
and consequent lowering of vc_; here there is
greater conjugation of thienyl with the carbonyl group
when they are next to one another. This latter fact is
also confirmed by the spectrum of I having more in-
tense absorption bands in the 1200—-1600 em™! region
than II (see Fig. 1).

Comparison of yo—Q for thiophene series o, 8
unsaturated ketones with vo—( for analogous thio-
phene derivative compounds [17], shows that in the
in the former case ve==0 is always lower than in the
latter (by 8—10 em™!). When investigating electronic
absorption spectra of o, § unsaturated ketones con-
taining furan and thiophene rings [1,18,19], it was
established that A, for the long wave band differed
little in the two cases, so that the effects of conjuga~
tion of these two heterocyclic rings is approximately
equal. From a study of bond lengths and dipole mo-
ments of furan and thiophene, Braude and Fawcett
[20] concluded that 2-furyl and 2-thienyl have approx-
imately equal static conjugation effects. Hence it
follows that the appreciably lower value of vo__q for
thiophene ketones in comparison with furan ones,
must not be ascribed to a difference in conjugation
effects. It is best explained as being due to the nega-
tive inductive effect of furyl being greater than that
of thienyl [21], so that the total electron-donating ef-
fect of thienyl exceeds that of furyl. It is of interest
that, on the contrary the total dynamic electrondona-
ting effect of 2-furyl is greater than that of 2-thienyl
[21, 22]. A comparatively low valence vibrations fre-
quency is found for (2-thienyl)-phenylketone (XLVTI)
though it lacks a conjugated double bond, which latter
usually lowers vc—q by about 40 cm™ (cf. [9], p.
426). Possibly it arises, as a result of an increase in
valence angle at the carbonyl group, due to steric
effects, which are known to lead to lowering of the
frequency [23, 24].

In most cases introduction of electron~donating
groups (CHz, CH;0, (CHj),N) into the molecule of the
thiophene analog of chalcone results in appreciable

KHIMIYA GETEROTSIKLICHESKIKH SOEDINENII

lowering of vo—q (see IV=XIII), while on the other
hand electron-accepting groups raise vc—.o (see XIV,
XV, XVII, XIX). This change in yo—0 under the
action of substituents of different electronic nature
tends to run parallel to the Hammett equation ¢ con-
stants, as can be seen, for example, from Fig. 2,
which shows how Avc—q is a function of the McDaniel
and Brown ¢ parameters [25] in the case of 1-(2-
thienyl)-3-arylpropen-1-ones. The lowering of vC—0
is ascribed to the accumulation of vinylene groups in
the ketone molecule, i.e. the transformation from
propenones to pentadienones and heptatrienones is not
accompanied by removal of carbonyl groups from
the heterocyclic ring, e.g. (I, XVIII, XLIII ete. ).
The characteristic vibrations of the aliphatic
double bond for the compounds investigated due to
conjugation with the carbonyl group, are considerably
lowered, in comparison with the usual ones, by the
thiophene and aromatic rings, and occur in the 1575~
1615 cm ™ region. Replacement of phenyls in the
chalcone by thienyls, also gives rise to a 16—35 cm"™
vo—C lowering. An even greater vC—c lowering is
brought about by transition from propenones to penta-
dienones, then further to heptatrienones, and is some-
times accompanied by band splitting. The effects of the
various substituents in the aromatic ring on vo—_c 18
less pronounced than on ve__ however here too there
is a tendency to lowering of vc—c through the action
of neighboring electrons, and to an increase due to
electron-acceptors (cf. IV~-XIX).

1

Avc=0~Ycom  neHy,
1

AocH,),
CH,
oS o
OCH.
2 6
;nz -04 -06-08

+08 406 04 +02

a [®
2

NO;

Fig. 2. AV%O'as a func-

tion of the McDaniel and
Brown o parameter.

The thiophene ring shows up in the spectrograms
of ring in-phase and out-of-phase vibrations in the
~1420, ~1350 and ~1240 em1 regions. The thiophene
ring vibration band, given in [3], and lying at 1523 =
+ 9 cm™! can in most cases be observed only in com-
pounds where the carbonyl groups are directly joined
to the heterocyclic ring; furthermore, in a number of
cases it is hard to differentiate between it and the ab-
sorption due to aromatic systems, However, in the
case of III, where aryl is absent, it can easily be
seen at 1520 cm™! (medium intensity). It should be
noted that chalcone itself shows absorption at the
1340 cm™! region (above medium intensity). All this
goes to show that the thiophene ring vibrations in «,
B unsaturated ketones can be followed most clearly by
bands at 1420 and 1240 cm™.

Thienyl C—H planar deformation vibrations at
1081 + 3 cm ™! [3] are clear only for those of the
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present ketones where the carbonyl group is beside
the heterocyclic ring. Such a band, then, as that
at 1043 cm™! cannot serve to identify the thio-
phene ring, since in the majority of cases it is very
weak, and furthermore in the case of chalcone there
is absorption in the 1035 cm=—! region.

2-Substituted thiophenes can further be identified
by heterocyclic ring C—H out-of-plane deformation
vibrations, lying in the 830—890 ¢m™! region (see
Table 1). There, however, it must be remembered
that not far away are C—H deformation vibrations of
1, 4-disubstituted benzenes at 810-832 cm™ (see [16],
p. 316), of 1, 2,4~trisubstitued benzenes at 805—825
cm'l, and of 1, 2, 4, 6-tetrasubstituted benzenes, which
here appeared at 820830 cm™l. For these reasons
it was difficult to identify with our compounds, the
thiophene ring "breathing" vibrations band, which
according to published [3] data is at 823 + 20 cm ™%,

A paper [3] gives yet another band characteristic of
C—H out-of-plane vibrations of 2-substituted thio-
phenes, at 925 + 8 em™!. We, like Hidalgo [26], did
not find this absorption. 5-Nitro-2-thienyl derivatives
XX-XXVII) have a high~infensity band at 818—830
cem™!, probably owing their origin to out-of-plane co-
phase vibrations of two adjacent C—H bonds. Here
there is also often observed a weak absorption at
880—890 cm-!, which can be assigned to C—N valence
vibrations (see [16], p. 432).

A nitro group at position 5 in the thiophene ring
(XXI-XXVII, XL-XLII) is characterized by highly
intense bands, where the frequency of the antisym-
metric vibrations is appreciably lowered, and lies
in the 1492—1510 cm™ region. This is most probably
bound up with the electron-donating nature of the thio-
phene ring, it being known that conjugation with
donor groups decreases the corresponding frequency
(see [9], p. 426). In this connection it is character-
istic that the nitro group frequency decreases, when
the carbonyl group moves away from the thiophene
ring. With compounds XVIII, XIX, XXXVII-XXXIX,
where the nitro group is in the benzene ring, vyq is
in the usual region at 1515-1533 cm ™. With regard
to the nitro group symmetric vibrations band, it is
usually combined with the absorption due to thiophene
ring vibrations (1354 + 7 em™ [3]) and the absorption
of the chalcone at 1340 cm™, and is distinguished by
an altogether high integral intensity in the 1328-1360
cm ™! region.

Many of the compounds investigated contained a
methoxyl group joined to an aromatic ring (VI-X,
XXIV-XXVII, XXX~XXXVI). Its characteristic vi-
bration frequencies are, agreeing with the results of
other authors [27] in the 1260-1330 cm ™! region;
methyl-oxygen valence vibrations lie at 1020-1040
em™!. The latter band can be identified quite well, and
with accumulation of methoxyl groups in the mole-
cule, its frequency is appreciably raised. Thus when
one methoxyl groupis present it isat 1020-1028 em ™!
(VI-VII), in the case of 1, 3-dimethoxy derivatives at
1027-1033 em™! (VIII, IX), and with 1,3, 5~-trimethoxy
groups, at 1030-1040 em™! (X, XI). It should be noted
that with (2~-thienyl)phenylketone band intensities,
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as compared with the chalcone anaologs'and the viny-
logs, are distinctly lower, and that the number of
bands is less (see Fig. 1).

EXPERIMENTAL

IR spectra were determined, using an IKS-14
instrument, in CCl, and CHCl;, and with a UR-10
instrument tabletted with KBr (1.5 mg compound per
100 mg KBr), over the region 1800-650 cm ™.
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