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The transmission of the substituent effect in several series of a,B-unsatu-

rated aromatic compounds was analyzed on the basis of SCF-LCI perturbation
theory. The proposed approach permits not only to calculate theoretically the o

constants of Hammett type correlations between carbonyl stretching frequen-
cies and substituent constants o, but also to assign the actual conformation of
a,f-unsaturated carbonyl compounds.

AHanM3upoBaH MepeHOC BIIMSHUA 3aMECTHTEJIs B HECKOJLKHMX psgax a.f3-
-HEHAaChIIEHHbIX apOMaTHYECKMX COEUHEHHI Ha OCHOBE TEOPHH BO3MYyllle-
Huit SCF-LCI. INpennaraeMbiii nogxop mMo3BOJsSET HE TOJLKO TEOPETHYECKH
BBLIYMCJIMTh BEJIMYHUHBI KOHCTAaHT Q@ B COOTHOILEHHUSX THUna [aMMeTTOBCKMX
Mexay KosiebaTeabHbIMH 4acTOTaMH KapOOHMJILHOM Tpynmbl ¥ KOHCTaHTOH
3aMECTHTEN O, HO TakKXe M ONpelesIuTh HUCTHHHYIO KOHdopMaumio a,f-
-HEHaCbIEHHbIX KapOOHUIBLHBIX COEqUHEHNH.

A number of papers [1—5] were devoted to the theoretical investigation of the
Hammett equation from the point of view of the perturbation theory of substituent
effect.

Recently [6] the simple HMO approach was used to interpret the o constants of
the Hammett type v(C = Q) vs. o correlations for a number of series of unsaturated
carbonyl compounds. The HMO bond-atom polarizabilities as the theoretical
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measure of o constants correlated significantly with experimental o values in
a series including rather different structural types. It was shown that the proposed
approach can be used to predict the g constants as well as the corresponding
transmitting factors for series of carbonyl compounds.

The applicability of the simple HMO approach has, however, some inherent
limitations arising from the neglect of electron repulsion in the HMO theory. Thus,
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for example, it is not possible to account for the differences in the substituent effect
transmission between the pair of s-cis and s-trans conformations in a,-unsatu-
rated carbonyl compounds.

The aim of this paper was to investigate on the basis of recently proposed
SCF-LCI perturbation theory of substituent effect [3, 5] just these subtle effects.

The following series of compounds were investigated : (E)-s-trans-1-phenyl-3-
-(X-phenyl)propenones (I), (E)-s-cis-1-phenyl-3-(X-phenyl)propenones (II), (E)-
-s-trans-1-(X-phenyl)-3-phenylpropenones (III), (E)-s-cis-1-(X-phenyl)-3-phe-
nylpropenones (IV), (E)-1,2-diphenyl-3-(X-phenyl)propenones (V), (Z)-1,2-
-diphenyl-3-(X-phenyl)propenones (VI), and (E)-s-trans-3-(X-phenyl)propenals
(VII). For the sake of comparison substituted benzaldehydes ( VIII) and diphenyl-
ketones (IX) were also included in this study.

Experimental

The carbonyl stretching frequencies of the series [—IX measured in dilute solutions of
CClL, were correlated with “well-characterized” substituent constants taken from collection
of Hansch and Leo [7].

The v(C = O) values of the following compounds were included into the correlations: For
series I and II, X =4-NH,, 4-OCH,, 4-CH,, 3,4-O,CH,, H, 4-F, 4-Cl, 3-Cl, 4-CN, 3-NO,
taken from [8] and X =3-NCS, 4-NCS taken from [9]. For series IIT and IV, X =4-OCH,,
4-CH,, 4-F, 3-OCH,, 4-Cl, 4-Br, 3-Cl, 3-Br, 3-NO,, 4-NO,, H taken from [8] and
X =3-NCS, 4-NCS taken from [10]. For series V and VI, X =4-OCH,, 4-CH,, 4-C¢H;, 4-F,
H, 4-Cl, 4-Br, 4-NO, taken from [11]. For series VII, X=4-N(CH,),, 4-OCH,, 4-CH,,
4-Cl, 3-Cl, 3-Br, 3-NO,, 4-NO, taken from [12], X =3-OCH,, 4-Br, 3-F taken from [13]
and X=H taken from [14]. For series VIII, X=4-N(CH,),, 4-OCH,, 4-CH,, H, 4-F,
3-OCH,, 4-Cl, 4-CN, 4-NO,, 3-NO,, 3-Cl, 4-Br, 3-F, 4-CH(CH.),, 4-OH, 4-N(CHs),,
3-OH, 3-CH;, 3-Br taken from [15], X = 3,4-O,CH, taken from [16], X = 3-aza, 4-aza taken
from [17], X=3,4-Cl, taken from [14] and X =4-C,H; taken from [18].

In the case of diphenylketones IX the results of v(C=0) vs. o correlation were taken
from [19].

Results and discussion

As it was shown in our earlier paper [6] the difference between C = O stretching
vibrational frequency of substituted and unsubstituted carbonyl compounds v(C=
=0),— v(C=0), can be described by the following simple equation

'V(CO)k - V(CO)O = VX(CO)k =t \/ﬂ(CO)o = kﬂco,kAak (1 )
where the %(CO). and x%(CO), represent the C=0 bond force constant of
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a substituted and unsubstituted compound, respectively and 7co, « stands for the
so-called bond-atom polarizability [20]. The validity of this equation is conditioned
by the existence of the relation between the carbonyl stretching frequency v(CO)
and bond crder p(CO) (eqn (2)) [21] verified by a number of authors [22—25].

v(CO)=kp(CO) +4 (2)

Since the proportionality constant k in both eqns (1) and (2) is the same we may
suppose that eqn (1) will be valid irrespective of the type of structural skeleton of
the parent carbonyl compound, at least for derivatives satisfying eqn (2). Eqn (1)
resembles the Hammett type correlation between the carbonyl stretching frequen-
cies (expressed alternatively in terms of wavenumbers v) and the substituent
constants o (eqn (3))

\-’(CO)k = \."(CO)O + o0 (3)

Combining eqns (3) and (1) one can expect the correlation between the
experimental g constants and theoretical bond-atom polarizabilities in a series of
structurally related compounds. The validity of such a correlation was verified in
our recent paper [6] on a rather extensive experimental material.

In the present paper our aim was to investigate the differences in the substituent
effect transmission between s-cis and s-trans conformations of a,3-unsaturated
carbonyl compounds. Since the corresponding subtle variations are crucially
connected with the electron repulsion the simple HMO perturbation theory cannot
be used for such study. For that reason we have used recently proposed SCF-LCI
perturbation theory [3, 5]. Since in the framework of this theory the polarizabilities
cannot be expressed analytically, we have approximated them numerically accord-
ing to the equation

2o, =2P(CO)_p(CO). = p(CO) o6
’ dAoy Aay

In this equation p(CO), represents the C=O bond order in unsubstituted parent
compound and p(CO), the bond order in the same compound perturbed (‘‘sub-
stituted”) in position k by the perturbation Aay. In our case we have used the
perturbation Aa,= —1 eV. Calculations were performed by the standard SCF
method in & approximation complemented by subroutine performing the SCF-LCI
perturbation corrections.

Following parameters were used for calculations: Bcc=2.318 eV, Bco= Pco,
IPc=11.42 eV, IP,=17.7 €V, yoc=10.84 €V, Yoo =15.23 eV. Gamma integrals
were approximated according to Mataga and Nishimoto [26]. Idealized planar
geometry was accepted for all compounds with bond lengths rcc=0.140 nm,
rco=0.125 nm and idealized valence angles 120°.

Calculated polarizabilities together with the corresponding experimental
constants for series I—IX are summarized in Table 1.
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Table 1

Statistical results of v(CO) vs. o correlations and SCF bond-atom polarizabilities for series of
compounds I—IX

Series o°/cm™ r’ n* s‘/em™ ficox/eV™!
I 10.79+0.88 0.968 12 1.2 —0.0015
I 8.22+0.89 0.946 12 1.2 —0.0016
I 9.06 +0.72 0.967 13 0.8 —-0.0014
v 7.50+1.09 0.901 13 1.2 —0.0011
Va 8.83+0.56 0.988 8 0.5 —0.0018
\%¢ 1.53+0.47 0.801 8 0.4 —0.0032/, —0.0014°
\%214 9.94 +0.82 0.968 12 1.2 -0.0014
\%Z11¢ 17.17+1.14 0.955 24 2.6 —0.0025
IX 11.87 +1.24" 0.913" 20" 2.0" —0.0025

a) Slope of ¥(CO) vs.o correlation; b) correlation coefficient; c) number of compounds used in
correlation ; d) standard deviation ; ) bond-atom polarizability relating to the C = O bond and carbon
atom in para position of the substituted benzene ring; f) calculated for s-cis conformation; g)
calculated for s-trans conformation; h) values taken from [19].

Since, as demonstrate the experimental data, the substituent effect transmission
in a,B-unsaturated carbonyl derivatives is considerably influenced by the molecu-
lar conformation, we need to know for our calculations the actual structure of the
investigated compounds. For a majority of studied series (I—IV and VII) both the
configuration and the conformation have been assigned by spectral methods
[8—10, 13, 27—30]. For substituted benzaldehydes VII a planar conformation has
been proved by investigation of dipole moments and molar Kerr constants [31]. For
the remaining compounds V and VI synthesized by Duke and Boykin [11] only
the configuration but not the conformation was known. We have tried therefore to
assign the carbonyl stretching frequencies of (E)-1,2-diphenyl-3-(X-phenyl)prope-
nones (V) (employed in the present study) to the one of the two possible planar
conformations s-cis (Va) and s-trans (Vb) using comparison with available model
compounds.

Comparing ethyl (E)-s-cis-cinnamates (X) with ethyl (E)-s-cis-a-cyanocinna-
mates (XT) (Ref. [32]) we can ascertain that the substitution by the electron-with-
drawing cyano group in the position a causes a significant increase of carbonyl

0 CN ¢
/4 |7
@—c#cn-c\ @—w:c— &
X X
0C2H5 °C2“5
X XI
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stretching frequency (Av(C=0)=14.5—18.0 cm™!). Comparing analogically the
v(C = 0O) values of (E)-1,2-diphenyl-3-(X-phenyl)propenones (V) [11] with those
of one of the conformations of (E)-1-phenyl-3-(X-phenyl)propenones (I or II) [8]
we can expect a similar frequency increase due to the electron-withdrawing effect
of the phenyl group in o position. The comparison with s-cis conformation II
renders a quite opposite result; the v(C = Q) values of compounds V are lower
(Av(C=0)=11.2—13.5 cm™), which is in disaccordance with the significant — I
effect of the phenyl group. The carbonyl stretching frequencies of compounds V
are, however, in harmony with those of s-trans conformation of
(E)-1-phenyl-3-(X-phenyl)propenones (I); the wavenumber increase caused by
the phenyl group being Av(C=0)=6.5—9.7 cm™'. The comparison of inductive
Taft substituent constants, 0*(CsHs)=0.66 with 0*(CN)=3.55 taken from [33]
explains reasonably the difference in the Av(C = Q) values caused by substitution
of o,B-unsaturated ketones in the position o by phenyl and cyano group,
respectively.
It follows from the above discussion that (E)-1,2-diphenyl-3-(X-phenyl)-
propenones ( V) exist prevailingly in s-trans conformation ( Va), which is probably

Va Vb

sterically more advantageous comparing to the s-cis conformation (Vb). It was
demonstrated also in other cases [34, 35] that a-substituted a,B-unsaturated
carbonyl compounds exist exclusively in s-trans conformation, whereby the
corresponding unsubstituted parent compounds usually exhibit an equilibrium
mixture of both s-trans and s-cis conformers.

Now having assigned the structure of investigated compounds we can interpret
the o constants of v(C=0) vs. o correlations using theoretical approximate values
of bond-atom polarizabilities co,.. Fig. 1 documents a satisfactory agreement
between the theory and-experiment. In harmony with the expectation the regres-
sion line passes through the origin. Some points nevertheless deviate from the line
and we have to discuss the origin of these deviations. Besides other factors,
probably the most important requirement for the existence of @ vs. MTcox
correlation is the planarity of the whole conjugated skeleton. This may be the
reason that because of nonplanar structure of diphenylketones IX [36] the
corresponding theoretical quantity (calculated for an idealized planar structure)
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Fig. 1. Plot of experimental o constants of
v(CO) vs. correlations against SCF bond-atom ] ] 1 = .
polarizabilities for series of compounds [—IX. 0.000 0.001 0.002 M, /ev

does not fit the regression line. The same is true in the case of
(Z)-1,2-diphenyl-3-(X-phenyl)propenones (VI) in which the steric interactions
cause significant deviations from coplanarity between carbonyl group and substi-
tuted benzene ring [11]. On the other hand, (E)-s-trans-1,2-diphenyl-3-(X-
-phenyl)propenones ( Vb) fit the regression line in Fig. 1 satisfactorily, which is in
a good agreement with experimental evidences on their nearly planar structure.

The above results demonstrate that the proposed simple theoretical approach is
able not only to predict the ¢ constants of the v(C=0) vs. o correlations with
a reasonable accuracy, but also it can be used to assign the preferred configuration
and conformation of a,B-unsaturated carbonyl compounds.

Acknowledgements. We are indebted to Z. Sustekovi (Institute of Chemistry, Komensky
University, Bratislava), for technical assistance.

References

. Ponec, R., Collect. Czechoslov. Chem. Commun. 41, 1105 (1976).

. Ponec, R. and Milek, J., Collect. Czechoslov. Chem. Commun. 41, 3027 (1976).

. Ponec, R., Collect. Czechoslov. Chem. Commun. 42, 2772 (1977).

. Ponec, R., Collect. Czechoslov. Chem. Commun. 45, 1646 (1980).

. Ponec, R., Collect. Czechoslov. Chem. Commun. 45, 1655 (1980).

. Ponec, R. and Perjéssy, A., Chem. Scripta 20, 224 (1982).

. Hansch, C. and Leo, A., Substituent Constants for Correlation Analysis in Chemistry and Biology.
Wiley, New York, 1979.

8. Perjéssy, A., Chem. Zvesti 23, 905 (1969).

9. Dzurilla, M., Kristian, P., and Gyoryova, K., Chem. Zvesti 24, 207 (1970).

10. Dzurilla, M. and Kristian, P., Collect. Czechoslov. Chem. Commun. 35, 417 (1970).
11. Duke, P. J. and Boykin, D. W,, jr., J. Org. Chem. 37, 1436 (1972).

NS W=

Chem. zvesti 38 (4) 471—478 (1984) 477



12.
13.
14.
15.
16.
17.
18.
19.

20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.

A. PERJESSY, R. PONEC

Yuchnovski, I. N., Dokl. Bolg. Akad. Nauk 20, 33 (1967).

Savin, V. L. and Kitaev, Yu. P., Zh. Org. Khim. 9, 1101 (1973).

Seth-Paul, W. A. and Van Duyse, A., Spectrochim. Acta A28, 211 (1972).

Berthelot, M., Chabanel, M., and Laurence, C., Spectrochim. Acta A32, 1771 (1976).
Perjéssy, A., Frimm, R., and Hrnéiar, P., Collect. Czechoslov. Chem. Commun. 37,3302 (1972).
Perjéssy, A., Tetrahedron 29, 3189 (1973).

Yuchnovski, I. N., Teor. Eksp. Khim. 1967, 123.

Perjéssy, A. and Temkovitz, P., Acta Fac. Rerum Natur. Univ. Comenianae (Chimia) 27, 11
(1979).

Coulson, C. A. and Longuett-Higgins, H. C., Proc. Roy. Chem. Soc. A191, 39 (1947).
Longuett-Higgins, H. C. and Burkitt, H. F., Trans. Faraday Soc. 48, 1077 (1952).

Berthier, G., Pullmann, B., and Pontis, J., J. Chem. Phys. 49, 367 (1952).

Berthier, G., Bandet, J., and Pullmann, B., J. Chem. Phys. 54, 282 (1957).

Kysel, O. and Jany, 1., Chem. Zvesti 28, 70 (1974).

Pople, J. A., Proc. Roy. Soc. A233, 233 (1955).

Mataga, N. and Nishimoto, K., Z. Phys. Chem. (Frankfurt) 13, 140 (1957).

Tsukerman, S. V., Surov, Yu. N., and Lavrushin, V. F., Zh. Obshch. Khim. 38, 524 (1968).
Tsukerman, S. V., Surov, Yu. N., and Lavrushin, V. F., Zh. Obshch. Khim. 38, 2411 (1968).
Tsukerman, S. V., Surov, Yu. N., and Lavrushin, V. F., Zh. Obshch. Khim. 37, 364 (1967).
Silver, N. L. and Boykin, D. W., jr., J. Org. Chem. 35, 759 (1970).

Aw, C. T., Huang, H. H,, and Tan, E. L. K., J. Chem. Soc., Perkin Trans. II 1972, 1638.
Yuchnovski, I. N., Dokl. Akad. Nauk SSSR 186, 878 (1969).

Koppel, I. A., Karelson, M. M., and Palm, V. A., Reakts. Sposobnost’ Org. Soedin. 10,497 (1973).
Hayes, W. P. and Timmons, C. J., Spectrochim. Acta A24, 323 (1968).

Mecke, R. and Noack, K., Chem. Ber. 93, 210 (1960).

Moriconi, E. J., O’Connor, W. F., and Forbes, W. F., J. Amer. Chem. Soc. 82, 5454 (1960).

Translated by A. Perjéssy

478 Chem. zvesti 38 (4) 471—478 (1984)



