ELECTRONIC SPECTRA OF o, -UNSATURATED
KETONES — INDOLE DERIVATIVES
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The electronic spectra of @-indolyl)-, (1-methyl-3-indolyl)~, and (6~nitro-3-indolyl)-sub-~
stituted o, -unsaturated ketones were measured and interpreted. 3~Indolyl and N-methyl-~
3-indolyl substituents have a considerable bathochromic effect as compared with the phenyl
group in the investigated systems as a consequence of the electron-donor effect, which sur-
passes that for 4-anisyl, 2,4-dimethoxyphenyl, 2-furyl, 2~thienyl, and 2-selenienyl and dif-
fers only slightly from 2-pyrrolyl. The introduction of electron-donor substituents into the
p position of the benzene ring of 1~ (3-indolyl)-3-phenyl-1-propenone causes a red shift of
the long-wave absorption band, the difference in frequencies of which correlates with the
Hammett o substituent constants. Except for compounds containing a nitro group, 1-3-
indolyl)-3-aryl-3-propenones and their N-methyl derivatives fluoresce well in alcohol with
Amax > 475nm.

The electronic spectra of o, g ~unsaturated ketones that contain an indole ring have received very
little study. Only quite recently a paper [1] appeared in which the UV spectra of several indole analogs of
chalcones and the effect of the introduction of a methyl group in the & position of the heteroring and length-
ening of the conjugation chain by one vinylene group were discussed.f Some fragmentary information on
the spectra of unsaturated carbonyl compounds of the indole series is contained in [2-4].

We mndertook a systematic investigation of the absorption and fluorescence spectra of isomeric 1-3-
indolyl)-3-arylpropenones with carbonyl groups in various positions in the aliphatic chain as a function of
their chemical structure. In particular, the effects of N-methyl substitution, the introduction of a nitro
group info the 6 position of the heteroring, and of groups that differ with respect to their electronic nature
were evaluated. In the process, the spectra of 2,5-di (3~indolylmethylene)cyclopentanone and 2,6-di (3~
indolylmethylene)cyclohexanone and some indole analogs of p-dichalcone were also studied.

The principal spectral characteristics of the indole analogs of chalcones in alcohel and dioxane solu-
tions are presented in Table 1, while the spectral characteristics of their N-methyl derivatives are given
in Table 2. In the overwhelming majority of cases, two well-expressed and extremely intense bands (&
13,000-30,000), which are quite specific for each compound and can be used to identify them, appear on the
spectral curves. On the basis of their high intensities and behavior toward solvents, they can be assigned
to the T~ * electron transitions in the major chromophore — the basic conjugation chain, which includes a
carbonyl group, since the latter is not a complete insulator of conjugation [5] — and in the guasiautonomous
portion of the molecule ¢the benzoyl or analogous heterocyclic chromophore). On passing from dioxane
solutions to alcohol solutions, the absorption maximum of the long-wave band of the indole chalcones is
shifted to the red region by 12-25 nm, and this shift is considerably greater (almost double) for 3-propen-
ones than for the isomeric 1-propenones (Tablesland 2). A similar phenomenon was also observed for
other «,B -unsaturated ketones [6]. The reason for this phenomenon apparently consists in the fact that in-

dole chalcones to a considerable degree recall merocyanines, for which positive solvatochromism is ob-
{

TThis study became known to us after our research had been completed,
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TABLE 3. Spectral Characteristics of Indole Analogs of Chalcones

Aomax. A (£) Luminesc.,
Comp. . Name A maxr M
ethanol dioxane (in alcohol)
XXX1 1-(6-Niu'o-s-mdoly'l)-s-phenyl-3- 366 (23100}, 353 (21200), -
propenone 268 (14000) 265 (14400)

XXXHI 1 -(6-Nitro-3-indolyl)-3-(4~chloro- 375 (23200), 352 (21980), —

-3-propenone i 273 (15160 272 (17480)
XXXV lﬁﬁgo-gm%%lyl)-s-(4-mtro- 399 (244500{, 387 (20300), —
phenyl)-3-propenone 275 (20300) 282 (18400)
XXXV i2,5-Di(3-indoly methylene)cyclo- 445 (5880), 420 (31690), 545
pentanone 285 (13000) 279 (13890) 5
XXXVI [2,6-Di(3-indolylmethylene)cyclo- 425 (16600), | 395 (15420), | 335

hexanone 289 (106620) 285 (17469)
XXXVII {1,4-Bis{ B~(3-indolyl)acrylyllbenzene | 412 (37250), | 388 (35950}, | —
281 (27060) 275 (34580)

XXXVIII [1,4-Big] B~ (N-methyl-3-indolyl)- 418 (31090), 401 (34890), 414
acrylyilbenzene 280 (21600) 278 (27480}
XXXIX 11,4-Bisf a~(3~indolyl)acrylyllbenzene 363 (48060),
280 (41630),
267 (42500)

served [7] because of the predominance of a nonpolar structure in the ground state and an increase in the
contribution of the dipolar structure in polar solvents:

H==CH—C—R " CH—~CH=C—R
] T — I
N N :
H .H

It is quite apparent from the spectral characteristics of the isomeric 1-@3-indolyl)~3-arylpropenones
I and II, I0 and IV, etc.) and their N-methyl derivatives (XXII and XXIIT, XXV and XXVI) that A py5x of the
long-wave band for ketones in which the carbonyl group is far removed from the indole ring @-propenols)
is shifted to the red region by 24-57 nm) as compared with A y,5x of the isomeric 1-propencnes, It was
previously established in [5] that the colors of o, ~unsaturated ketones of the aromatic and heterocyclic
series are deeper, the further the carbonyl group is from the more electron-donor ring. Consequently, 3-
indolyl and 1-methyl-3-indolyl groups in the investigated systems give rise to a considerable electron-
donor effect, which exceeds that for 4-tolyl, 4-anisyl, and 2,4-dimethoxyphenyl groups and is only some-
what less than that observed for 4-dimethylaminophenyl. Moreover, methylation generally has a relatively
slight effect on the color of the chalcone analogs (see Tables 1 and 2).

It seemed of interest to compare the bathochromic effect of 3-indolyl and 2-pyrrolyl groups in @,B -
unsaturated ketones. A comparison of the spectral data obtained in this study with the corresponding data
on pyrrole chalcones presented in [6] demonstrates that there is no substantial difference in the color of
these compounds.

For the most part, a small hypsochromic shift that does not exceed 10 nm can be noted for indole
derivativées, N-Methylated indole and pyrrole derivatives differ just as little from one another. It can be
assumed that the 3~indolyl group in the static state has somewhat less of a donor effect than the 2-pyrrolyl
group, although according to the pK, values of the conjugate acids of the pyrrole and indole analogs of chal-
cones that we determined {8], the reverse pattern is observed when they are protonated.

The introduction of electron-donor substituents into the benzene ring far removed from the carbonyl
group (I, I, V, VII, and IX) or replacement of a phenyl group by a 2-furyl or 2-thienyl group XVI-XVIHII)
has a considerable effect on the position of A max of the long-wave band of indole chalcones. I this case,
the observed red shifts, expressed in wave numbers (em™!), correlate satisfactorily with the ¢ constants in
the equation

he [ 1 1
23 _ﬁ(,E - IR—),—.pa (r=098),

where A is the absorption maximum of I, and AR is the absorption maximum of the substituted chalcone
analog. The p constant for indole ketones is appreciably smaller than for ordinary chalcones [6]; i.e., the
bathochromic effect induced by identical donor groups is much smaller in the first case than in the second.
Thus, for example, a dimethylamino group in indole ketones leads to a red shift of 55-58 nm, while the cor-
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responding shift in chalcones reaches 105-116 nm [9]. This can be explained by the fact that mmder the in-
fluence of a strong electron-donor effect of the 3~indolyl group, the carbonyl group is already polarized to
a considerable degree, and its further polarization is hindered, which is reflected in the electronic spectra.
Electron~-donor substituents introduced into the phenyl group adjacent to the carbonyl group (I, IV, VI, and
VIII) have almost no effect on the position of the long-wave band. On the other hand, electron-acceptor
groups (chloro and nitro groups) (X-XIII) induce a greater bathochromic shift in 3-propenones than in 1-
propenones, In addition, the introduction of a nitro group into the 6 position of the indole ring, i.e., transi-
tion to 1= (6-nitro-3-indolyl)-3-aryl-3-propenome (compare II and XI with XXXII and XXXIII) (Table 3) leads
to a substantial hypsochromic shift of the long-wave band (10-23 nm), which should be ascribed to weaken-
ing of the nucleophilic character of the indole ring.

The electronic absorption spectra of 2,5-dibenzylidenecyclopentanone, 2,6-dibenzylidenecyclohex-
anone, and several of its heterocyclic analogs were previously examined in [10], and it was demonstrated
that fixing of the carbonyl group in space by means of a cyclopentanone ring creates better conditions for
conjugation than in the case of cyclohexanone derivatives. A similar phenomenon is also observed in a
comparison of the spectra of 2,5-di (3-indolylmethylene)cyclopentanone (XXXV) and 2,6-di (3-indolylmethyl-
ene)cyclohexanone (XXXVI) (Table 3). The cyclopentanone derivatives are more deeply colored than the
cyclohexanone derivatives. However, a comparison of the spectra of 2,6-dibenzylidenecyclohexanone and
2,5-dibenzylidenecyclopentanone with the spectra of indole analogs (XXXV, XXXVI) persuasively demon-
strates that the 3-indolyl group in these systems also gives rise to a considerable electron-donor effect,
and the observed bathochromic effect amounts to 93-105 nm (in alcohol). The same large bathochromic
shift is noted if the phenyl groups at the ends of the molecule in p-dichalcone A 5% 320 nm in dioxane)
are replaced by 3-indolyl groups. '

Two of us [11] have found favorable conditions for the development of fluorescence in o, -unsatu-
rated ketones, the chief of which is the presence of a strong donor-acceptor interaction in their molecules
for a certain length of the chain of conjugation between the electron-donor group and the electron-acceptor
carbonyl group. Proceeding from the data of this study, one should have expected the presence of fluo-
rescence properties fora series of o, -unsaturated ketones that contain an indole ring, In fact, in accord-
ance with [11], all 1- @-indolyl)-3-arylpropenones, except for compounds that contain a nitro group @
nitro group generally completely quenches fluorescence), as well as their N-methyl derivatives and XXXV,
XXXVI, and XXXVIII fluoresce well in alcohol solution with a rather significant Stokesian shift, while A yax
for the fluorescence of the investigated compounds varies from 470 to 545 nm,

EXPERIMENTAL
The synthesis of the unsaturated ketones (indole derivatives) is described in [12].

The spectra of 1-5 - 10~° M solutions were measured with an SF-4A quartz épectrophotometer.
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