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ELECTRONIC ABSORPTION SPECTRA OF SELENOPHENE ANALOGS OF CHALCONES
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Khimiya Geterotsiklicheskikh Soedinenii, Vol. 2, No. 6, pp. 913-917, 1966

The electronic absorption spectra of 21 1-(selenienyl-2)-3-arylpropen-1-ones and -3 -ones are measured
in hexane and ethanol solution. It is found that the 2-selenienyl group in such compounds is more batho-
chromic and electron -donating than 2-furyl and 2-thienyl. The effects of electron -donating and-accepting
substituents on A, of 2 longwave band are considered. It is shown that Hammett's o can be connected
with shift in absorption frequency when electron-donating substituents are introduced into the aromatic
ring of 1-(selenienyl-2)-3-phenylpropen-1-one. The synthesis of three new selenophene analogs of chal-
cones is described.

Previous publications have dealt with the results of research on the electronic absorption spectra of furan [1], thio-
phene [2,3], pyrrole [4] and quinoline [§] analogs of chalcones. It was of interest to study the electronic spectra of
selenophene chalcones. Only one paper [6]has been published on the electronic spectra of o, 8 -unsaturated ketones con-
taining the selenophene group, and it describes the spectra of 2-selenienylideneacetone and its bromo derivative.

We have measured the UV and visible absorption spectra, in hexane and ethanol, of 1-(selenienyl-2)-3-aryl-

propenones of the type
@‘CO*CH—‘«CH—'R and [' Sej, —CH=CH—CO—R

R—phenyl (I, ), 4-tolyl (1lI, IV), 4-methoxyphenyl (V, VI), 2, 4-dimethoxyphenyl (V1I, VIII), 2,4, 6-trimethoxyphenyl
(IX, X), 4-hydroxyphenyl (XI), 4-aminophenyl (XT), 4-dimethylaminophenyl (XIII, XIV), 4-fluorophenyl (XV}, 4-chlo-
rophenyl (XVI, XVII), 4-nitrophenyl (XVIII, XIX), and 4-xenyl (XX, XXI).

Table 1 gives basic spectral properties of the compounds investigated, and the most characteristic absorption plots

are shown in Figs. 1 and 2.
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Fig. 1. Absorption curves of ketones I, V, VII, Fig. 2. Absorption curves of ketones II, VI,
IX, and XIII in ethanol. X1V, and XIX in ethanol.

The spectra of all the ketones show two or three well-defined absorption bands, The most intense band (& =
= 15000—236 000 is also the longwave one, in the 315-430 my region, and due to m—r" electron transitions in the
longest conjugated chain. It is characteristic that on passing from hexane solutions to ethanol ones, this band {s shifted
by 10-40 my towards the red region because of hydrogen bond formation. The second and third absorption bands are
considerably less intense, and by origin, are conmected with the appearance of semi-independent separate chromo-
phores [7]. An interesting peculiarity of the spectra of 1-(selenienyl-2)-3-arylpropen -3-ones is the presence, in most
cases of a well defined band in the 300-320 mp region, not shown by their isologs, the furan, thiophene, and pyrrole

chalcones.
As compared with the analogous aromatic compounds, the selenophene ketones absorb in a longer wavelength
region of the spectrum. Here replacement of phenyl by 2-selenienyl remote from the carbonyl group in the chalcone

" (A ax in EtOH 312 my) gives rise to a bathochromic effect amounting to 40 my, but the like replacement adjacent to
the carbonyl gives one of 13 myt (see I and I, respectively). It is known that in o, B-unsaturated ketones electron-
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donating groups give rise to a more considerable red shift when remote from the carbonyl group [1, 2, 8]. So 2-selen-
ienyl exhibits an electron-donating effect. It is of interest that, under similar circumstances, 2-furyl and 2-thienyl
give rise to a somewhat less bathochromic shift (28 and 30 ma, respectively). This supports a conclusion which we pre-
viously drew from study of IR spectra and dipole moments [9], that in the static state the positive conjugation effect de-
creases in the order 2-selenienyl > 2-thienyl > 2-furyl and this is ‘probably explained to a considerable extent by the
large polarizability of the selenophene ring as compared with the thiophene and furan ones.

Shift of a éarbonyl group from a less to a more nucleophilic ring should
result in a red shift of the longwave absorption band [1, 21 Considering

o )‘m ax of ketones [-VIII from this point of view, it is seen that 2-selenienyl
S xic,

’ is, in respect to its electronic character, identical, for example, with 4-

Y NH,

¢ v methoxyphenyl.

. = OCH
4 &, = OCH, A i

fr! —X—I) c10%em™
I R

The results in Table 1 show that introduction of an electron -donating

ocn, substituent into the aromatic ring, with the latter remote from the carbonyl
% cHy : group (see I, 11, V, VII, IX, X1, XIII), gives rise to-a bathochromic shift
2 which is greater, the more marked its nucleophilic effect. The value of this
shift in cm™ correlates satisfactorily with the o constants of McDaniel and
Brown [10], Campbell and Gilow’s equation

Fig. 3. Relationship between Mnax
and o constants for 1-(selenienyl-2})-

arylpropen -1-ones. ’ - 1 _ 1) he
Az Ar[23KT ~P%

holding. Table 2 and Fig. 3 give relevant data. The p constant for 1-(selenienyl-2)-3-arylpropen-1-ones is 20.4 £ 0,1
differing comparatively'little from p values calculated for 4-substituted chalcones (22.6 +0.1) [4].

Such correlation shows that the longwave absorption band is basically conditioned by electronic transitions, and
that the more the electron density is displaced from ring A towards the carbonyl group, the more readily transition to the

excited state occurss
. 2o
@cnz{c}-cﬁ—Q

A B

Donor substituents in ring B show a small effect on A,y of the longwave band(see I, IV, VI, VII). Only such a
powerful auxochrome as the dimethylamino group (XIV) gives a 31-50 my bathochromic shift. Pile-up of methoxyl
groups in the aromatic ring (see V -X), i.e., their further
introduction at the ortho position, in the case of the propen= Table 2
1-one.s, 'leads to 'an always (%ecreasing bathochromic effe_ct. Data for Correlationb of Eleétronic Spectra of 1-
Thus if introduction of the first methoxy! (see I and V) dis- A
places Ay ax by 23-30 my, the second one does so by only
12-21 my, and the third by only 3~6 my in all. With propen-

(selenienyl-2 )-arylpropén -1-ones.

3-ones, in the case of X, a hypsochromic effect is even ohserved, : : ] 1
accompanied by a decrease in absorption intensity. All this Aryl S S
indicates that methoxyl group introduced in the ortho position, =
give rise to steric hindrance, which is particularly marked with Phenvl 0 0
propen-3-ones. A similar steric effect is found in the furan and 4- }F\['AO 1 b *'0'%8 éégg
i : ) -Methoxyp eny —0.
; -T t —0.
il segad e slesian s A Ol **?‘?etﬁo*?w el
i g‘gw ey, o We capkary, Skt s shochonic il 44 he“x. o |
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the shsarption. N z
e
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siderable extent the carbonyl group behaves as an isolator of conjugation.

Ex Eerim ental

with the exceptions of XI, XII, and XV, the synthesis of the selenophene analogs of chalcones has been described
in[121.

1-(Selenienyl-2)-3-(4-hydroxyphenyljpropen-1-one(XI)., Equimolecular (0.01 mole) amounts 2-acetylseleno-
phene and 4-hydroxybenzaldehyde were dissolved in 10 ml MeOH, previously saturated at 0° C with HCI gas, and left at
room temperature., After 5 hr the resultant dark solution was poured into 50 ml water, and left overnight. The dark
precipitate was filtered off and recrystallized from 70% aqueous MeOH, using active charcoal, Yield 50%. Yellow
needles, mp 171°C., Found: Se 28.33, 28.29%. Calculated for GygH;OsSe: Se 28.49%.

2, 4-Dinitrophenylhydrazone, mp 248" C, Amax it CHCly 418 my. Found: Se 16.92, 16.95%. Calculated for
C19H15N405Se: Se 17. 27070.

1- (Selenienyl-2)-3<4-aminophenyl)propen-1-one (XII). A mixture of 0.5 g 1- (selenienyl-2)-3-(4-nitrophenyl)
propen-1-one, 2.5 g SnCly, and 2.5 ml concentrated HCl was heated on a water -bath for 30 min. After cooling the
precipitate was filtered off, washed with concentrated HC1, neutralized with ammonia, and recrystallized from MeOH.
Yield 80%. Yellow parallelopipeds mp 161° C. Found: Se 28.44, 28.56%. Calculated for CygiljyNOSe: Se 28,59%.

1 - (Selenienyl -2)-3-( 4~-fluorophenyl) propen-1-one (XV). Prepared by crotonoid condensation of 2-acetylseleno-
phene with 4-fluorobenzaldehyde in the presence of 10% NaOH solution, as described in [12]. Yield 56%. Pale yellow
parallelopipeds, mp 123° C (ex MeOH). Found: Se 28.19, 28.33%. Calculated for CygtgFOSe: Se 28.28% .

2, 4-Dinitrophenylhydrazone: mp 230" C, Aax i CHClg 410 my. Found: Se 17.28, 17.24. Calculated for
C19H13FN4O4882 Se 117. 19070.

The IR and visible region absorption spectra of the compounds under investigation were measured with a SF -4
quartz spectrometer, using a concentration of substance equal to 2-4 X 10-° mole/l . The solvents used ( hexane, EtOH),
were purified as described in [13].
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