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The dipole moments of 24 selenophene analogs of the chalcones
have been measured and have been compared with the data calculated
by a vectorial additive scheme and also with their chemical structures.
Considerations are expressed on the conformational state of the mole-
cules of the compounds investigated. The existence of a correlation
between the dipole moments the intramolecular distances, and the
Hammett's o-parameters has been shown. The applicability of Higashi's

equation to the calculation of p for o, f~unsaturated ketones is pointed
out.

The results of investigations of the dipole moments
of chalecones [1] and their furan [2], thiophene [3], pyr-
role [4], and quinoline [5] analogs have been reported

Fig. 1. 1-(2-Selenienyl)-3-phenyl-

propen-1-one (I): a) syn-s-cis

form; b) anti-s-cis form; ¢) syn-

s-trans form; d) anti-s-trans
form,

previously. Continuing our study of «, S-unsaturated
ketones, we decided to determine the electric moments
of selenophene analogs of the chalcones of types A and
B (table):
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There is information in the literature on values of
4 only for selenophene [6—8] and some of its simplest
derivatives [8]. For the majority of the compounds that
we investigated, the dipole moments for the possible
coplanar conformations were calculated by the vecto-
rial additive scheme. In these calculations, the mo-
ment of the selenophene ring was taken as 0.42 D in
the direction along the axis of symmetry toward the
heteroatom. The angles and interatomic distances in
the selenophene ring were taken from the paper of
Mario et al. [9]. The remaining figures required for
the calculations were those used previously [1-5]. To
evaluate the possible steric effects qualitatively,
schemes of the possible planar conformations were
constructed using the van der Waals and covalent radii
for compounds I and II (Fig. 1).

In a study of the IR spectra of the selenophene ana-
logs of the chalcones [10] it was shown that, with re-
specttothe arrangement of the substituents on the ali-
phatic double bond, they are trans isomers, and the
carbonyl group is in the s-cis position with respect to
the neighboring vinylene group. As can be seen from

-Fig. 1, steric hindrance for the s-cis form is less than

for the s-trans form, which is the reason for the pre-
dominant existance of the cis conformer, Two coplanar
conformations are still possible for the s-cis isomers
of ketones I-XIX, differing from one another by the
fact that the selenium and oxygen atoms are arranged
on the same side (syn form) or on different sides (anti
form) of the bond connecting the selenienyl group tothe
carbonyl group.

From a comparison of the values of ¢ found for Iand
11 with the calculated values for the syn-s-cis and
anti-s-cis forms it follows that they are equally prob-
able and in solution approximately equal amounts of the
two conformers exist. The fact that the experimentally
determined value of ufor the two conformers must be
due to the effect of the interaction of the electron-do-
nating heterocyclic radical [11] with the electron-ac-
cepting carbonyl group. The introduction of substitu-
ents into the aromatic nucleus of the selenophene
chalcones, just as for their thiophene analogs [3], ap-
parently has no effect on the conformational state of
the molecules, and for the isomericketonesthe changes
in the dipole moments due to this lie on a straight
line (Fig. 2).
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Fig. 2. Relationship betweenthe

dipole moments of the isomeric

selenophene chalcones: PR, ™

- “H; for the propen-1-ones;

“R3 _”H3 for the propen-3-
ones.

For the chalcone analogs XX—XXIV containing two
heterocyclic radicals, the existence of four coplanar
conformations is possible: syn-syn, syn-anti, anti-syn,
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Dipole Moments of Selenophene Analogs of the Chalcones

u, D
Type calculated R
Com—d of chal- R @ B Pos, MR, S for the ?nc:(::)d
joun! cm? 3
p cone m cm 5 synT anti | Higashi
[14}
s-cis forms
I A CeHs 17.43| 1.17 | 309.44]65.46} 3.45| 3.08 2.43 | 3.46
11 B CsHs 13.80§ 1.02 |260.6865.46] 3,08 3.08 243 | 3.08
I11 A 4-CH3-C¢H, 18.72( 1.17 | 333.17]70.08| 3.58| 3.3l 265 | 3.59
v B 4-CH;-CgH, 15,011 1.28 | 275.32)70.08] 3.17 3.31 2.65 | 3.21
A A 4-CH;0-C¢H, 22,16} 1.37 | 385.50{71.73} 3.90 3.98 3.20 | 3.91
VI B 4-CHz0-CsH,4 16.10| 1.34 | 294.96|71.73| 3.30 3.98 3.20 | 3,33
VIL A 2,4-(CH30)2-C¢Hs 30.33) 1,46 |510.58)77,99] 4.60 - —_ 4,57
VIl B 2,4- (CH30)2-C¢Ha 24,591 1,42 1427.47177.99| 4,13 — — 4,12
IX A 2,4,6-(CH30)3-CeH, [38.87] 1.54 | 640.89|84.25] 521 -— — 5.16
X B 2,4,6-(CH30)3-C¢H,  |30.22( 1.57 |515.84(84.25| 4.59 — — 4.56
XI A 4-(CH,)oN-CeHy 41.84{ 1.32 1678.13|78.64| 5.41 420 341 {537
XII B 4-(CH,3) yN-CsH, 28,97} 1.30 [489.6878.64| 4.48 4,20 341 | 4.46
XIIT A 4-F-CsH, 12.72§ 1.29 [242.73]65.27| 2.94 242} 240 | 2.9
XI1v A 4-C1-CgH, 13.811 1.46 1259.13]70.33} 3.04 2.50 226 | 3.08
XV B 4-Cl-CgH, 16.60] 1.40 }301.95/70.33} 3,36 2,50 2.26 | 3.38
XVI* A 4-NO,-CsH, 29.11] 1,24 [478,13(71.08| 4.45 3281 366 | —
XVII B 4-NO,y-CeH, 35,28] 1.60 [573.8971.08| 4,95 3.28| 366 [4,93
XVIII A 4-CeHs-CgH, 1716/ 1,58 1318.92189.57] 3.35 3.08] 243 | 3.44
XIX B 4-CeH3-CoHy 15.75] 1.61 297.29(89.57} 3.18 3.08 2.43 | 3.27
XX A 2-C,H;0 17,16} 1.23 |300.22[57.58) 3.44 |a) 3.78 |6)3.09%*| 3.44
c) 2.71{d) 1.93
XXI B 2-C4H,0 15.25| 1,24 1271.86|57,58} 3.23 |a) 3.78v) 3.09 | 3.43
c) 2.71{a) 1.93
XXII A 2-C4H3S 17.09f 1.37 |300.40163.51| 3.40 |a) 3.61|b) 2.92 | 3.43
c} 2.741d) 1,98
XXIII B 2-C;H,3S 17.92] 1.32 |314.12 (63,51} 3.50 ja) 3.61]b) 2.92 | 3,50
c) 2.74]4) 1.98
XX1v A 2-C4H,;Se 16,46| 1.96 1289.15]67.12] 3.29 |a) 3.49|b) 2.80 | 3.38
c) 2.80]a) 2.06

* In dioxane.
**For compounds XX-XX1V calculations were made for the forms: a) syn-syn; b) anti-syn; ¢) syn-
anti; and d) anti-anti.
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and anti-anti., However, it is impossible by comparing
the experimental values of y with those calculated
(table) to give preference to any of the possible conform-
ers.

- N(CH,),
2= Fy oV

a0 04 02 H -g2 -04 05 086

Fig. 3. Relationship between the dipole

moments of the 3-aryl-1-(2-selenienyl )~

propen-3-ones and the g-constants of
the substituents.

If in chalcone (i 3.00 D) or in its derivatives [1] a
phenyl group adjacent to the carbonyl group is replaced
by a 2-selenienyl group (forming a propen-1-one) this
leads to an increase in p by approximately 0.3-0.5 D.
The analogous substitution remote from the carbonyl
group (propen-3-ones) has very little effect on p. Prob-
ably, in the static state the effect of the interaction of
the selenienyl and carbonyl groups is greater when
they are adjacent to one another and are not separated
by a vinylene group. This fact is confirmed by the IR
spectra [10] since the characteristic frequency of the
vibrations of the carbonyl group in the propen-1-ones
is always lower than in the propen-3-ones. In addition
to this, the fact that most frequently the values of pfor
the propen-1-ones are considerably greater than for
their isomers, in particular for compounds XI and XII
containing a dimethylamino group, can probably be
explained in part by the assumption that in these cases
the syn-s~cis conformations predominate somewhat in
solutions.

As a rule the dipole moments of the selenophene
analogs of the chalcones differ little from the values of
u for the corresponding thiophene derivatives but are
considerably higher than for the furan derivatives.
Since all these compounds exist in the same conforma-
tional state and the contribution of the intrinsic mo-
ment of the heterocycle to the over-all moment of the
molecule is insignificant because of its smallness,
which is confirmed by the small differences in the cal-
culated values of u, the high values of p of the seleno-
phene chalcones as compared with their isologs can be
explained by the fact that in the static state the elect-
ron-donating influence of the 2-selenienyl group is
greater than that of the 2-furyl group but close to that
of the 2-thienyl group. This conclusion is also con-
firmed by investigations of the electronic and vibra-
tional spectra of these compounds [11].

The introduction of substituents differing in their
electronic nature into the aromatic nuclei of ketones I
and II generally leads to an increase in y; only in the
case of compounds III and XIV, containing F and C1
atoms is the electron moment somewhat smaller. Be-
tween the changes in i under the influence of substitu-
ents and the Hammett's o-constants there is a fairly
satisfactory observation of a correlation relationship
[5,12] expressed by the formula

KHIMIYA GETEROTSIKLICHESKIKH SOEDINENII

(ur—pu)/(dr —du) =po,

where uR is the dipole moment of the ketone having the
substituent in the aromatic nucleus; ypy is the dipole
moment of the ketone without a substituent; dR is the
distance from the center of the aromatic nucleus to the
center of the charge of the substituent (taken from the
literature [12]); dHis the distance from the center of
the aromatic nucleus to hydrogen (2.48 A) p and care the
constants of Hammett's equation. Fig. 3 showsthis cor-
relation for the 1-(2-selenienyl)-3-arylpropen-3-ones.

The anomalously large value of u appearing for the
furan [2] and thiophene [3] chalcones on the introduc-
tion of methoxy groups into the ortho positions of the
benzene rings has been mentioned previously. A simi-
lar phenomenon is observed for the ketones of the sele~
nophene series (see V-X) where the increase in p is
0.5-0.7 D for each methoxy group. This is possibly
connected, on the one hand, with an increase in the
nucleophilic nature of the aromatic ring and, as a con-
sequence of this, with an increase in the effect of inter-
action with the carbonyl group and, on the other hand,
with the fact that because of steric hindrance to the
free rotation of the methoxy groups arising, the elec-
tric moment of the aromatic radical increases. It is
an interesting fact that an analogous successive intro-
duction of methoxy groups into the anisole molecule
leads to a considerably smaller increase in p (for ani-
sole, uis 1.3 D, for 1,3-dimethoxybenzene 1.6 D, and
for 1,3,5-trimethoxybenzene 1.8 D [13]).

The table gives the values of ufor the compounds
studied calculated by the use of Higashi's empirical
equation [14]: ¢ =K Vo, while K =0.83 [15]. In all cases
the agreement of the values of i is fairly good, andthe
difference between them is in the range 20.05 D. Only
for compounds XVIII and XIX, containing a biphenyl
radieal, and also for 1,3-di(2-selenienyl)propenone
XXIV is the difference somewhat higher, amounting to
0.09 D, This shows the possibility of using Higashi's
equation with satisfactory accuracy for the rapid cal-
culation of dipole moments of chalcone analogs.

EXPERIMENTAL

Compounds 1~XXIV were obtained by crotonic condensation in an
alkaline medium, as described previously [16-18]. The dipole mo-~
ments were measured by Debye's dilute solution method in benzene at
25 + 0.02° C, as previously (8,19]. The error of the measurements did
not exceed +0.04 D. The results of the measurements and the calcula-
ted figures are given in the table.
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