J Fluoresc (2008) 18:277-283
DOI 10.1007/s10895-007-0267-0

ORIGINAL PAPER

Spectral-Luminescent Properties of 12-Oximino
Derivatives of 8-AZA-D-Homogona-12,17a-Diones
and their Concentration Dependence

S. A. Bagnich - O. V. Gulyakevich + A. L. Mikhalchuk

Received: 24 February 2005 /Accepted: 24 September 2007 /Published online: 20 October 2007

© Springer Science + Business Media, LLC 2007

Abstract This paper presents the results of the investiga-
tion of the spectral-luminescent characteristics of 12-
oximino derivative of 8-aza-D-homogona-12,17a-dion, its
hydrochloride, and their dependences on the concentration.
It has been shown that the form and position of the
absorption spectrums of 16,16-dimethyl-12-oximino-8-aza-
D-homogona-1,3,5(10),13-tetraene-17a-one in all solvents
used are independent of its concentration. At the same time,
for its hydrochloride in ethanol and water, a strong
dependence of the absorption spectrum on its concentration
has been revealed. On the basis of the experimental data it
has been concluded that in these solvents dimers of
investigated substance, whose bonding force is chelate
hydrogen bonds, are formed. The investigation of the
luminescence has shown that these substances practically
do not fluoresce. Only in ethanol and water we managed to
register a very weak luminescence, whose excitation
spectrum is close to the absorption spectrum.
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Introduction

Along with the 7m—7m- and Coulomb complexes, whose
forming force is, as a rule, Van der Waals interactions
between individual molecules or fragments of macro-
molecules, the attention of researchers is attracted by the
structure and dynamics of molecular aggregates that are
based on hydrogen bonds, since the latter play an
extremely important part in chemistry and biology [1, 2].
The hydrogen bonds forming complexes of low-molecular
compounds are of great importance, since they, first,
largely determine the physico-chemical characteristics and
biological properties of these compounds and, second,
serve as models for investigating the interactions between
pairs of bases in the DNA, separate fragments of protein
molecules, and lipids. Moreover, the proton transfer is one
of the most fundamental and general natural processes
realized through the intermediate formation of hydrogen
bonds [3—6]. The data set of laser-spectroscopic investiga-
tions and quantum-mechanical calculations has contributed
to the progress made in recent years in understanding the
functioning of the most important model and biological
systems: NHs [7], H,O [8], CH3;COOH [9], and pairs of
DNA bases [10].

The simplest and well-studied representatives of chelates
with a hydrogen bond are dimers of carbonic acids [11-14].
The energy of the hydrogen bond of the benzoic acid dimer
is of the order of 6,000 cm ' [15, 16]. As a result, benzoic
acid in aprotic non-polar solvents exists only in the form of
dimers [17, 18], and in crystals—in the form of equilibrium
of prototropic tautomers bonded by hydrogen bonds, that is
due to the proton dynamics [19].

This paper presents the results of the investigation of
the spectral-luminescent properties and their concentra-
tion dependence of solutions of 16,16-dimethyl-12-
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oximino-8-aza-D-homogona-1,3,5 (10),13-tetraene-17
a-one 1 and its hydrochloride 2 (Fig. 1).

Experiment

The derivatives of 8-azasteroids (3,3-dimethyl-13-hydroxi-
mino-2,3,4,6,7,11b,12,13-octahydro-1H-isoquino[2,1-a]
quinoline-1-one and its hydrochloride) 7 and 2, respectively,
have been obtained by the previously developed methods
[20], and, as their synthetic predecessor 16,16-dymethyl-
8-aza-D-homogona-1,3,5(10),13-tetraecne-12,17a-dion (3,3-
dimethyl-2,3,4,6,7,115,12,13-octahydro-1H-izoquino[2,1-a]
quinoline-1,13-dion) [2], they exhibit immune modulating
properties [22].

The electronic absorption spectra of derivatives 1, 2
were recorded on a Cary 500 Scan (Varian) spectropho-

HON (0]

HCl
Et;N

tometer. The luminescence spectra were recorded on an
SDL-2 spectrometer. All solutions were sonicated 30 min to
ensure proper dissolution. In some cases it was done at
temperature of 60 C.

Results and discussion

The structure of hydrochloride 2 given in Fig. 1 reflects
only the salt nature of this compound distinguishing it from
derivative 1 and does not reflect the features of its structure.
Theoretically, for hydrochloride 2 four probable structures
may be supposed. A structure with a proton localized at the
N*-H" atom 3. A structure with a proton located at the
oxygen atom of the C'’*-carbonyl group 2 ©ony and a
structure with a proton located at the nitrogen atom of the
C'-oximino group, which can be represented by boundary

HON (0]

4 5

Fig. 1 Structural formulas of 16,16-dimethyl-12-oximino-8-aza-D-homogone-1,3,5 (10),13-tetraene-17a-one I, its hydrochloride 2, and their
possible dimers
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structures 2yt and 2 (u). Analysis of these structures
and the X-ray data for contiguous 12-oxo- and 12-imino
derivatives of 8-azasteroids [23—-26] permit stating that the
most populated structures for hydrochloride 2 are the
structures 2 (wmyt, 2 iy and 2 opy with the dominating
population of exactly the mesomeric oximino state 2 (uyt.

Absorption spectra

As was shown earlier [20], the absorption spectra of ethanol
solutions of derivatives I and 2, unlike their ketonic
predecessors characterized by the presence of two absorp-
tion bands at A~265 nm and A~300 nm [20, 21], are
characterized by an asymmetric absorption band in the
280-345 nm range with a shoulder on the short-wave slope
of the band. In general, the present investigation of the
absorption spectra of derivatives! and 2 has confirmed
these data and revealed new distinguishing features that
show up as a different dependence of the spectra on the
concentration. Figure 2 shows the normalized absorption
spectra of derivatives I and 2 in various solvents with a
concentration of the investigated substances C=10" M.
Extinction coefficient at maximum of the long wavelength
band is of around 19,000 M 'em™! for all solvents used. It
is well seen that the spectra of compounds 7 and 2 coincide,
on the whole, in case of using water, ethanol or dimethyl
formamide (DMF) as a solvent. However, there is a
considerable difference for solutions in dichlorethane
(DCE). Unlike compound I, whose absorption spectrum
in DCE is characterized by one band with a maximum at
A~330 nm, the spectrum of compound 2 in DCE
demonstrates two bands with maxima at A~280 nm and
A~327 nm. It should be noted thereby that the spectral form
remains unaltered with a concentration in the 10 °~10 M
range. The observed difference becomes clear from the
results of the investigation of the concentration depend-
ences of the absorption spectra obtained for solutions in
other solvents.

Figure 3 shows the spectra of derivative 2 in ethanol at
room temperature for its various concentrations. The
investigation has shown that in the 107°~107> M range of
concentrations the optical density of the derivative 2
solution linearly increases with increasing concentration
without changing the form. In so doing, unlike 8-azasteroid
12,17a-dions [21, 27], the spectrum has only one intensive
band with a shoulder on the short-wave side which is
bathochromically shifted by 3,000 cm ' from the long-
wavelength band of 12,17a-dioxo derivatives. A further
increase in the concentration of 8-azasteroid 2 leads to a
change in the absorption spectrum, and this process occurs
in a narrow range of concentrations (see Fig. 3). The
process of spectrum transformation ceases in the region of
concentrations of 10° M and a further increase in the
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Fig. 2 Absorption spectra of the solutions of compounds 1 (upper
figure) and 2 (lower figure) in ethanol (1), water (2), dimethyl
formamide (3) and dichlorethane (4) at room temperature. Substance
concentration in solutions C=10" M

concentration no longer leads to any further changes.
Importantly, subsequent dilution of the solution returns the
spectrum to its initial form passing through all stages of
changes given in Fig. 3 in the reverse order. This gives
reason to assume that this process is associated with
formation of intermolecular complexes of the compound
being investigated. It should be noted thereby that in the
region of concentrations of > 10> M in the solution already
only complexes are likely to exist. Analysis of the
absorption spectrum of the thin amorphous film obtained
from the solution by the spin-coating process also indicates
that in this case too hydrochloride 2 exists in the form of
complexes (see Fig. 4). A similar behavior is also observed
for the solution in water. But in the latter case the spectrum
transformation begins at a concentration an order of
magnitude larger than in the case of the solution in ethanol.

The most probable motive force for the formation of
such complexes can be the hydrogen bonds and Coulomb
or —t interactions of derivative 2. The coulomb or 77t
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Fig. 3 Absorption spectra of the solution of compound 2 in ethanol at
room temperature for its various concentrations: 1-1073%; 2-3-10"°;
3-10% 4-10° M
interactions as the cause of the observed spectral depend-
ences are excluded, since they should have also appeared in
the case of derivative 1. Consequently, the reason for the
observed spectral manifestations is still the hydrogen
bonds, and the most probable structure of the complexes
is dimers, of the type carbonic acid dimers [11-18].

From Figs. 3 and 4 it may be concluded that in this case
dimers are a kind of an intermolecular compound on which
the association of molecules stops. This points to the
specificity of the forces binding two molecules and
excluding the addition to them of other molecules. Additive
dipole-dipole and dispersion forces do not exhibit such a
property [28]. This gives reason to assume that dimers, as
in the case of benzoic acid [15, 16], result from the
formation of hydrogen bonds between the C=N(H)OH"
group of one molecule and the C'"_carbonyl group of the
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Fig. 4 Absorption spectra of amorphous films of compounds 7 (1)
and 2 (2, 3) obtained from the solution in ethanol (1, 2) and dimethyl
formamide (3)
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other molecule. In principle, for the base of 7, too, one may
admit the formation of intermolecular complexes bound by
hydrogen bonds, e.g. in the form 4. However, the
investigations have shown that in the case of compound 7
the absorption spectrum in ethanol coincides in form and
position with the absorption spectra of low concentrated
solutions of compound 2. In this case, the spectrum form is
independent of the concentration in the 10 °~10™> M range,
and the optical density of solutions linearly changes with
the substance concentration. Moreover, the absorption
spectra of amorphous films of compound 7, unlike those
for compound 2, demonstrate only one asymmetric absorp-
tion band (see Fig. 4). These data point to the fact that in
the case of compound 1 the formation of dimers of 4 or any
other molecular aggregates does not occur. Probably, the
energy of such hydrogen bonds is small, and if even dimers
4 are formed, their population is extremely low and does
not show up in the absorption spectra of either solutions or
films.

Taking into account the structure of derivative 2, it may
be suggested that its dimers, as in the case of benzoic acid,
arise as a result of the formation of hydrogen bonds
between the C=N(H)OH "group of one molecule and the
C=0; group of another molecule, e.g., of 5. And, as in the
case of the hypothetical dimer 4, for each pair of dimer
molecules a pair of such bonds can be formed. However, it
is unlikely that the energy of hydrogen bonds of the dimers
of 5 is higher than in the dimers of 4. Consequently, such
dimers are also unlikely. The most probable for the
investigation conditions seem to be chelate hydrogen-
bonded tautomeric dimers of 6a,b. In this case, the dimer
complex 5 cannot be excluded from the consideration,
assuming it as an intermediate stage in the formation of

10
08 H

06 i}

0,4

Absorption, a.u.

0,2

0,0 I . 1 . 1 ey,
250 300 350 400
A, nm
Fig. 5 Absorption spectra of the solution of compound 2 in ethanol
with a concentration C=10-3 M at room temperature for various
concentrations of triethylamine: 1-0; 2-8-10"%; 3-5-10"* M. Spec-
trum 4 corresponds to the solution with a concentration of compound
2C=10"M
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Fig. 6 Absorption (1, 2), fluo-
rescence (3, 4) and fluorescence
excitation spectra of compound 1
in water (1, 3, 5) and ethanol (2,
4) at room temperature. Aey=
330 nm; Ay =480 nmy
C=10"M

Absorption, a.u.

a.u.

complexes 6a,b. The data given in Fig. 5 additionally
confirm the formation of dimers of 6a,b. This figure
demonstrates the influence of triethylamine (TEA) on the
absorption spectra of the solution in ethanol of derivative 2
with a concentration of 10> M. TEA is a stronger base than
derivative I and, as a consequence, it destroys the salt 2,
regenerating derivative 1. From Fig. 5 it is seen that as TEA
is added to the solution of hydrochloride 12-oximino
derivative 2 the change of the two-band spectrum charac-
teristic of dimers into a single-band spectrum characteristic
of nonaggregated molecules is observed. As the TEA
concentration reaches 5-107° M, the absorption spectrum

400 450 500 550 600

A, nm

of the investigated solution practically coincides with the
absorption spectrum of the low concentrated solution,
which point to the decomposition of both the 6a,b dimers
and the 2 salt.

The next important point is the data obtained for
solutions of derivatives I and 2 in DMF. In this case, the
form of the absorption spectra for both compounds is
practically the same and remains unaltered in the range of
concentrations of 10 °~10* M, and the optical density of
the solutions linearly depends on the concentration. This
argues in favor of the fact that in DMF dimers are not
formed. In all probability, this is due to the polarity and the

Fig. 7 Fluorescence spectra of 1,0
ethanol solutions of compounds
1(1)and 2 (2, 3) with a L
concentration C=10"° M at
room temperature. Concentra- 0,8
tion of triethylamine: 1, 2-0;
3-5-10° M L
0,6 -
3
@© L
04 -
02 |-
0,0
350
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proton-acceptor or electrodonor properties of DMF [1]
capable to solvate both cations H™ and anions CI™ and
destroy the 6a,b salt complexes. At the same time, it is seen
from Fig. 4 that the absorption spectrum of the compound 2
film, obtained from the solution in DMF exhibit two bands
and is close in form and position to the absorption spectrum
of the film obtained from the solution in ethanol, which
points to the formation of 6a,b dimers when the solution of
2 in DMF is supersaturated. On the basis of the data
presented it may be concluded that exactly the chelate
hydrogen bonds in 6a,b are dimer-forming.

While the mechanisms of dimer formation of in the case
of benzoic acid and the 8-azasteroid being investigated are
similar, the properties of the dimers differ considerably.
The benzoic acid dimers, despite the fairly large value of
the molecular binding bond energy in them, represent the
limiting case of a weak exciton interaction that is realized
when the electron interaction between the monomeric units
is a small [14, 29]. In this case, the absorption spectrum of
the dimer can be considered as the spectrum of a slightly
perturbed monomer. Therefore, it is believed that the two
halves of the dimer absorb light independently of one
another and the electron excitation is initially localized on
one monomeric unit. As a result, the spectral-luminescent
properties of the dimers do not differ very widely from
those for the monomers forming them [17, 30]. But in the
case of compound 2, the dimer formation leads to a
considerable change in the absorption spectrum.

Luminescence spectra

The investigation of the luminescence of diluted solutions
of compound I has shown, that in DMF this substance does
not exhibit any fluorescence. In the ethanol solution,
compound I demonstrates a very weak fluorescence
(Fig. 6), which is registered as an excess luminescence in
comparison to the luminescence of the solvent. Unfortu-
nately, the relative fluorescence intensity is small for
recording its excitation spectrum. However, on passing to
the solution in water the fluorescence intensity of com-
pound I increases several times, which permits obtaining
not only the spectrum of fluorescence, but also a spectrum
of its excitation. From Fig. 6 it is seen that, in general, the
fluorescence excitation spectrum coincides with the absorp-
tion spectrum.

To elucidate the influence of “dimerization” on the
luminescent characteristics of derivative 2, we have
investigated the luminescence of ethanol solutions of
compounds 7 and 2 with a concentration of 10> M at
which, as was shown above (Fig. 3), derivative 2 exists
mainly in the form of dimers. From Fig. 7 it is seen that the
passing from compound 7 to compound 2 is followed by a
marked increase in the fluorescence intensity of the
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solution. Upon addition to the solution being investigated
of TDA in a concentration of 5-10> M at which dimers are
destroyed (Fig. 5), the fluorescence of the compound 2
solution becomes close to the fluorescence of the compound
1 solution in both intensity and form of its spectra.

Conclusions

The results of the present investigation show that unlike 8-
azasteroids with an N*~C'*=C"? (—=C'?*=0)-C""*=0 enam-
inodicarbonyl fragment, 8-azasteroid 1 with an N*-C'*=C"?
(—C"*=NOH)-C"'"*=0 fragment has an asymmetric absorp-
tion band with a maximum in the 310-340 nm range
depending on the solvent. The absorption spectrum of 8-
azasteroid I remains unaltered as the concentration changes
from 10°® to 10~* M. In the case of its hydrochloride 2,
analogous spectral characteristics are observed for low-
concentration solutions in protolytic solvents (alcohol,
water, DMF). At the same time, in DCE a two-band
spectrum is observed. And the maxima position of both
bonds thereby differs from the maximum position of the
absorption band of compound I. A similar spectrum takes
place for concentrated solutions in ethanol and water, as
well as for amorphous films. Analysis of the experimental
data permits the conclusion about the equilibrium formation
of dimer molecular complexes 6a,b bound by chelate
hydrogen bonds. The investigation of the luminescence
has shown that the investigated complexes feature small
quantum yields of fluorescence. We managed to register a
weak fluorescence whose excitation spectrum is close to
the absorption spectrum, only in ethanol and in water. The
formation of 6a,b dimers leads to an increase in the
fluorescence of the solutions.
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