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The shifts in the frequencies of the strefching vibrations of the hydroxyl group of phenol and
pentachlorophenol that arise during the formation of hydrogen bonds with a number of sub-
stituted acetophenones and 2-acetylthiophenes, 2-acetylfuran, and 2~acetylselenophene and
the frequencies of the stretching vibrations of the carbonyl group of the latter were subjected
to a correlation analysis (with the Hammett, Brown, Taft, Yukawa —Tsuno, and Swain -~ Lupton
equations), and it was shown that the thiophene ring in the investigated molecules in both the
static state and during the formation of H complexes transmits the conjugation effects better
than the benzene ring.

The problem of the transmission of electronic effects by five-membered heterocyclic systems — fu-
ran, thiophene, and selenophene — has recently been attracting a great deal of attention [1, 4]. As far as
the thiophene ring is concerned, the information on its conductivity is quite contradictory. Thus, for ex-
ample, the investigators in [2-4] concluded that the latter transmits substituent effects better than benzene,
whereas Marino [1] presents contradictory data. We have previously investigated the proton-acceptor ca-
pacity of 2-acetylthiophene derivatives and some of its analogs in aqueous sulfuric acid solution [5, 6] and
showed that the thiophene system is a better conductor of electronic substituent effects, particularly direct
polar conjugation, than the benzene ring. It was of interest to ascertain whether this principle is charac-
teristic only for protonation of hetetoaromatic methyl ketones in strongly acidic media or whether it also holds
for other processes in which they participate. This compelled us to investigate the proton-acceptor capac-
ity of substituted acetophenones and 2-acetylthiophenes (see Table 1) during the formation of H complexes
with phenol and a more acidic proton donor — pentachlorophenol. For the characteristics of the hydrogen
bond we used the shifts in the frequencies of the stretching vibrations of the hydroxyl group of the indicated
proton-donor compounds {(Ayopy) that occur during interaction with the carbonyl group of the methyl ke~
tones. In addition. we measured the frequencies of the stretching vibrations of the carbonyl group (vCQ) of
the investigated compounds in carbon tetrachloride solutions in order to obtain information regarding trans-
mission of the electronic substituent effects in the benzene and thiophene systems in the static state.

The experimental data are presented in Table 1. The Apoy values obtained for the H complexes of
ketones with pentachlorophenol are substantially larger than for the corresponding complexes of phenol;
this is a consequence of the formation of a stronger bonds when a more acidic proton donor is used [10].

It is apparent from Table 1 that when the benzene ring in acetophenone is replaced by a selenophene
or furan ring the Av oy values of the H complexes, which characterize their strengths, increase (comparel,
XXII, and XXIII), while the Ay gy values for 2-acetylthiophene (XI) differ only slightly from the values for
acetophenone (I). It follows from this that the electron-donor effect of the investigated hetaryl compounds
increases in the order: phenyl = thienyl < selenienyl < furyl. The same dependence was noted previously in
aninvestigation of the hydrogen bonds of ¢ ,f -unsaturated ketones containing these groupings [10].

A. M. Gor'kii Kharkov State Univers ity. Translated from Khimiya Geterotsiklicheskikh Soedinenii,
No. 7, pp. 918-923, July 1974. Original article submitted July 10, 1973.

©1976 Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No part of this publication may be reproduced,
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming,
recording or otherwise, without written permission of the publisher. A copy of this article is available from the publisher for $15.00.

801



TABLE 1. Data from the IR Spectra of Heteroaromatic Methy!l Ketones
and Their H Complexes with Phenol and Pentachlorophenol

phenol PCP*
No. Compound Avon T, | AvoR - veor cm=t
cm-l cm ™t
1 CsHsCOCH, 197 261 1691, 1
1 4-CH,C4H,COCHj4 207 279 1687,4
1 4-C(CHy) $CeH COCH; 214 283 s
v 4-C4HsCsH,COCH, 197 262 1688,3
v 4-CH;OC;H,COCH, 220 314 1683,1
VI 4-C,Hs0CeH,COCH, 290 313 —
Vil 4-CICeH,COCH; 176 236 1691,8
VI 4-BrCeH,COCH, 177 249 1693,2
IX 4-NO;CsH,COCHj 138 — 17005
X 3-NO,C;H,COCH, 143 — 17007
X1 C4H,SCOCH, 196 9264 16722%
XI1 5-CHyC,H,SCOCH, 208 270 1668,0
X1 5-C,H;CoH,SCOCH,; 210 20} 1666,0
XIv 5-CH;OC,H,SCOCH, 232 337 1660,0
XV 5-CsH5C4sH,SCOCH,3 203 289 1669,0
XVI 5-CIC4H,SCOCH; 186 250 1683,0
XVII 5-BrC,H,SCOCH;,4 183 232 1675,0
XVIII 4-BrC4H,SCOCH;, 174 236 16780
XIX 5-]CH,SCOCH;, 182 253 1675,0
XX 5-NO,C4H,SCOCH; 125 — 1688,0
XXI 4-NO,C4H,SCOCH, 114 — 1687.0
XXil CH;0COCH, 214 285 1687,5%
XX C.H,SeCOCH; 201 273 1666,0

*A value of 3592 cm~!was assumed for vop of the free hydroxyl group
of pentachlorophenol (PCP) in conformity with [7].

tThe v values were taken from [8].

1 The v oo values were taken from [9].

In an investigation of the frequencies of the stretching vibrations of the carbonyl groups of methyl ke-
tones, the heterocyclic groupings are arranged in a different sequence with respect to their effect than that
noted for the Ayqy values: phenyl < furyl < thienyl < selenienyl. However, this is in agreement with anal-
ogous data for heterocyclic analogs of chalcones [10]. This is apparently associated with the fact that other
factors, for example, the reduced mass, differences in conformation [11-14], etc., in addition to the elec-
tronic effects of the groups affect the v oo values of methyl ketones; attention was drawn to this in [15].

The effect of various substituents in the acetophenones and 2-acetylthiophenes on the spectroscopic
characteristics of the investigated compounds and the H complexes corresponds to their electronic nature:
electron-donor substituents increase the proton-acceptor capacity of ketones during the formation of hydro-
gen bonds and lower the v oo values, while electron-acceptor substituents bring about an increase in the
v o values and a decrease in the AvQq values. The somewhat anomalous behavior of nitro derivatives of
2-acetylthiophene in the reaction to form H complexes with phenol was previously discussed in [16].

In order to evaluate the effectiveness of the transmission of electronic substituent effects by thiophene
and benzene rings, we performed a correlation analysis of the Hammett, Brown, and Taft equations [17] and
also of the two-parameter equations ofthe Yukawa—Tsuno[17] and Swain ~Lupton [18] type. The results ob-
tained are presented in Tables 2 and 3.

It is apparent from Table 2 that the Ay values of phenol in the series of acetophenones correlate
best of all with the Hammett ¢ constants (k=0.995). The substituent effect in this system is probably trans-
mitted primarily via an induction mechanism; this is confirmed by the good correlation with the ¢? param-
eters (k=0.983). The correlation coefficient with the ot parameters is highest for 2-acetylthiophenes, and
effects of direct polar conjugation of the substituents with the reaction center consequently play a large role
in this case, while the o® values poorly characterize the effect of substituents on the reactivity of thiophene
derivatives (k=0.909).

The reaction constants (m), which characterize the sensitivity of the systems to the electronic effects
of substituents (Hammett and Brown equations) during correlation of Ay gy of phenol are practically iden-
tical for acetophenone and 2-acetylthiophene derivatives; thus differences in the transmission of the elec-
tronic effects by benzene and thiophene rings are not manifested in this case.

In the series of H complexes with pentachlorophenol, the correlation coefficients are lower with re-
spect to the one-parameter equations than in the preceding series; this is apparently associated with the
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considerable effect of steric hindrance on the formation with it of a hydrogen bond because of the presence
in the ortho, ortho’ positions relative to the hydroxyl group of bulky chlorine atoms, This effect is un-
doubtedly manifested more for 2-acetylthiophenes, which exist primarily as syn conformers [11, 19] (the
carbonyl group and the ring heteroatom are situated on one side of the bond connecting them). Moreover,
one cannot exclude the possibility that substituents of different electron nature have a certain effect on the
conformational state of the thiophene compounds and, consequently, on the degree of steric hindrance in
the H complexes. However, these circumstances should not substantially interfere with the characteristics
of the relative transmissions of the benzene and thiophene systems.

Judging from the correlation coefficients, the undoubtedly great role of effects of direct polar conju-
gation is noticeable in the formation of the hydrogen bond of ketones with pentachlorophenol. In addition,
inasmuch as pentachlorophenol forms stronger hydrogen bonds than phenol, a difference is displayed in the
susceptibility to electronic effects in the benzene and thiophene rings, and this difference is particularly
distinct in the correlation with the o+ parameters (mp*+> mp™) and the magnitude of the transmission fac-
tor (y =mp*/mp*=1.17).

Correlation analyses with the use of the two-parameter equations of the Yukawa — Tsuno (1) [17] and
Swain —Lupton (2) [18] type give the best representation of the role of the various components of the elec-
tronic substituent effects in the benzene and thiophene systems:

Avon = AvouE + mgo® + mror*, (1)

Avor=AvouB+fF+rR, (2)

where o9 are constants that characterize the inductive effect of substituted phenyl, ch+ characterize the
capacity of a substituent for direct polar conjugation with the reaction center, F and R are constants that
characterize the so-called field and resonance effects of a substituent, m,, mp, f, and r are coefficients of
the sensitivity to the above-indicated effects, respectively.

it is apparent from the data in Table 3 that in the series of H complexes of acetophenones with both
phenol and pentachlorophenol these correlation ratios are observed quite satisfactorily, and higher corre-
lation coefficients are obtained when Eq. (2) is used. At the same time, the use of the F and R constants
for 2-acetylthiophenes gives poorer results as compared with Eg. (1). We calculated the corresponding
transmission factors for the thiophene ring from the my, mg, f, and r parameters obtained for the analo-
gous benzene and thiophene series: y,=0.93 yg=1.64, v =1.0, and yy =1.28 for H complexes of phenol;
v¢=1.07, yR =1.33 for the H complexes of pentachlorophénol.* These values indicate approximately iden-
tical transmission of inductive (field) effects in the benzene and thiophene systems, while conjugation effects
are transmitted considerably better by the thiophene ring.

The correlation of the v oo values of 2-acetylthiophenes with respect to the Hammett and Brown equa-
tions is satisfactory, although the correlation coefficients are also lower than in the acetophenone series.
The values correlate poorly with the o % constants.

The application of two-parameter equations of the (1) and (2) type to the frequencies of the stretching
vibrations of the carbonyl group of acetophenones gives good results (k=0.993 and 0.975), but the correla-
tions with respect to these equations are considerably worse in the series of substituted 2-acetylthiophenes.
The low correlation coefficients of the v ¢ values of 2-~acetylthiophenes as compared with the values for
acetophenones are probably due to the effect on the carbonyl frequencies of thiophene derivatives of possible
confor mational changes when substituents are introduced. In addition, as noted in [16, 20], interaction of
the substituents not only with the reaction center but also with the heteroatom occurs in the thiophene ring.

The low correlation coefficients obtained on application of equations of the (1) and (2) type to the vCO
values of 2-acetylthiophenes do not make it possible to form a judgment regarding the transmission of
various components of the electronic substituent effects in the static state by means of the thiophene ring.
However, a comparison of the reaction constants in the Hammett and Brown equations for acetophenones
and 2-acetylthiophenes undoubtedly indicates in this case also the considerably greater effective transmis-
sion of the electron effects of the substituents by the thiophene ring as compared with the benzene ring.

* The Yf and y,. values for the series of H complexes of ketones with pentachlorophenol were not calculated
in view of the low magnitude of the corresponding correlation coeificients.
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EXPERIMENTAL

The investigated methyl ketones were obtained and purified as described in [5, 6]. The measurements

of the Avgy and v o values and the purification of carbon tetrachloride and phenol were accomplished in
accordance with [10]. Technical-grade pentachlorophenol was purified by reprecipitation from alkaline so-
lution by the addition of dilute hydrochloric acid and two recrystallizations from carbon tetrachloride to
give a product with mp 191°, in agreement with the literature value [7]. The correlation analysis was per-
formed by means of the method of least squares.
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