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For the estimation of donor/acceptor character of conjugated heterocyclic compounds, the @¢index is used. This parameter is determined
by the relative positions of the frontier molecular orbital energy levels. It is shown that ¢, value of 0.5 means that the donor and acceptor
properties in the conjugated molecule are balanced, while an increase of the index (@, > 0.5) corresponds to increasing of the donor
strength, and, conversely, its lowered value (¢, < 0.5) points to increased acceptor strength. In this work, a series of widely known
heterocyclic compounds, as well as derivatives of oxazole and nucleobases are analyzed in detail. It is shown that change in ¢, index is
connected to the biological activity. As an example, the influence of the conjugated substituents is studied and it is found that the oxazole

derivatives with acceptor substituents inhibit cancer cells.
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Properties and applications of conjugated heterocycles
are largely determined by the common system of n-electrons
in their molecular structure. Conjugated heterocycles are
widely used as terminal groups in some linear conjugated
molecules: polymethine dyes and related compounds,
polyenes.' Conjugated heterocycles containing one or more
nitrogen atoms are particularly important; they are well
known as components of biologically and pharmaceutically
active molecules (pharmacophores).*® Also, some deriva-
tives of polynitrogen heterocycles pyrimidine and purine
are the key constituent parts of nucleic acids (NA): nucleo-
bases guanine, adenine, cytosine, thymine, and uracil.’
Obviously, the biological properties are connected with the
electronic structure features of the conjugated heterocycles.
Presupposing the formation of the stable complex between
the heterocyclic part of the pharmacophore and the inter-
acting part of the active center of the protein by the
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stacking mechanism,’ it may be assumed that the stacking
interaction should stabilize such complex if both interacting
moieties have m-electron systems. For example, it was
established that nucleobases form the stable chain not only
by hydrogen bonds, but also by stacking interaction
between m-clectron systems of such bases; similar
interactions work in biological processes.''

Likewise, besides the stacking interaction, hydrogen
bonds and hydrophobic intermolecular interaction can possibly
stabilize the complex pharmacophore — active site. In this
work, we propose to treat the total sum of the similar inter-
actions in such complex as a biological affinity of the hetero-
cycle. In referring to the estimated m-electron contribution
to this affinity in conjugated heterocycles we will call such
property the m-electron component of biological affinity.

Undoubtedly, the n-electron characteristics should
essentially depend on donor-acceptor properties of the
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conjugated heterocycles, and thus on the relative position
of their frontier molecular orbital energy levels. The
molecular orbital energy level position or/and total
m-energy in any conjugated molecule is determined by its
molecular topology. Numeral indexes based on the graph
theory have been proposed for estimation of the charac-
teristics of molecular topology.'®'7 It was shown that in
the Hueckel approximation, energies of molecular orbitals
(MOs) coincide with the eigenvalues of the bond matrix of
the so-called topological graph representing the molecule;'®
such graph takes correctly into consideration all m-bonds,
their types, conjugated system branching, number of
cycles, type and position of heteroatoms.'’

A new stage in the study of conjugated heterocycles was
provoked by developments of recent quantum-chemical
methods. Nevertheless, the use of topological indices
remains a convenient and effective approach for estimation
of donor/acceptor strength or, in general, relative positions
of the frontier MO levels.” As the donor ability of molecule
is commonly connected with the energy of the highest
occupied MO (HOMO) and the acceptor ability with the
lowest unoccupied MO (LUMO), we propose to apply the
frontier MO energies as proxies for the m-electron
component of total biological affinity.

Investigating the influence of the terminal heterocyclic
residues on the electronic properties of linear conjugated
systems,”'® we have proposed to estimate the donor/
acceptor properties by the frontier MO energy level shift.
Such approach is employed also in the current work.

1. Quantum-chemical estimation of donor/acceptor
affinity. Changes in the donor or/and acceptor ability of
neutral m-electron molecules could be estimated quanti-
tatively by changes of the relative positions of their frontier
MO levels. Earlier,' we have proposed to characterize the
relative positions of the frontier MO energy levels in any
conjugated molecules by the following index @y:

(M

where: g ymo — is the LUMO energy, while eyonmo is the
HOMO energy, and a is the energy of non-bonding n-level,
which corresponds to the energy of the 2p, electron in an
sp*-hybridized carbon atom.

The parameter o can be calculated as a midgap in the
long polyenes or polyacenes; it depends only on the applied
quantum-chemical approximation. In conjugated molecules
that will be used as reference, the donor and acceptor
properties are mutually balanced (@, 0.5), i.e., energy gap
is situated symmetrically in respect to the virtual level a.
A calculation by the nonempirical approximation HF/6-31(d,p)
(package Gaussian 09'°) for the comparatively long polyene
CioHyy gives: g umo —1.296 eV egomo —5.747 eV, therefore
o —3.524 eV; and, consequently, ¢, 0.5. In this case, the
symmetrical disposition of the frontier levels is schema-
tically presented in Figure 1b. In such approach, the shift of
energy gap up (and hence increase of the parameter ¢y > 0.5)
points to the primary donor nature of the conjugated
molecule; this case is pictured in Figure 1c. On the contrary, if
@0 < 0.5, then the frontier levels are shifted down (Fig. 1a),
which attests to the predominately acceptor nature.

Thus, the parameter ¢y obtained by quantum-chemical
calculations could be applied for quantitative estimation of

@0 = (eLumo — @)/(ELumo — €HomO);
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Figure 1. Relative disposition of the frontier level in acceptor (@),
polyene (b), and donor (c¢) conjugated molecules.

the donor/acceptor m-electron component of the biological
affinity of conjugated nitrogen-containing heterocycles.
Hereinafter, all required calculations were performed by
HF/6-31(d,p) method.

2. Simplest conjugated nitrogenic heterocycles. There
are only four simplest neutral monosubstituted cyclic
nitrogen-containing heterocycles, presented by formulae
1-4 (Fig. 2).

It is to be noted that 4- and 6-membered cycles (com-
pounds 1 and 3) are electron-balanced n-systems, while 5-
and 7-membered cycles (compounds 2 and 4) are electron-
excessive systems; in both cases, the replacing of CH group by
the more electronegative nitrogen atom should cause the
shifting of the frontier levels down and hence the increasing of
acceptor properties. The calculated MO energies of
heterocycles 1-4 and indices @, are collected in Table 1.

Indeed, the acceptor heterocycles 1 and 3 have ¢, values
< 0.5; on the contrary, both electron-sufficient heterocycles
2 and 4 are donors and have @y > 0.5.

Azete (1) is antiaromatic, and it is still unknown as a
component of biologically active nitrogen-containing
heterocyclic molecules. Therefore, we will restrict the
further analysis only to the conjugated derivatives of
pyrrole (2) and pyridine (4); both heterocycles are main
components of well-known pharmacophores.

3. Chemical constitution variations.

3a. Introducing of additional heteroatoms. Introduction
of additional nitrogen atoms to the molecular skeleton of
the model heterocycles may be considered as elementary

1 2 3 4
Figure 2. Structures of nitrogen-containing heterocycles 1-4.

Table 1. Frontier MO energies, ¢; (in eV),
and parameters @, of heterocycles 14

Structure EHOMO €LUMO A* Po
1 -8.284 2.024 10.308 0.447
2 -7.757 5.223 12.980 0.601
3 -9.276 3.297 12.573 0.467
4 -7.152 3.111 10.263 0.554

*A= €LuMO — €HomOs O —2.57951 eV.
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method of chemical constitution modification without
changing the m-electrons in electron shell. Additionally, the
replacement of carbon atom (CH group) in 1-methylpyrrole
(2) by oxygen or sulfur atom (at position 3) should be
investigated, since both 1,3-oxazole and 1,3-thiazole are well
known as important components of pharmacophores.™® The
estimation results for the donor/acceptor parameter @
change upon similar chemical transformation for the main
compounds 5-10 (Fig. 3) together with calculated MO
energies are presented in Table 2.

The replacing of the CH group in position 3 of the
electron-sufficient 1-methylpyrrole (2) by the more
electronegative nitrogen atom causes a negligible shifting
down of the HOMO, whereas the LUMO shifts up because
of the shortening of two N=CH bonds in comparison to
CH=CH bonds. As a result, the energy gap shifts and
increases essentially in cycle 5a containing two hetero-
atoms, so that the index ¢, decreases, i.e., the donor
property decreases if compared with the reference com-
pound 2. Introducing the second nitrogen atom (2 — 6a),
as it can be seen from Table 2, is accompanied by further
decreasing of the parameter ¢,. It must be noted that going
from imidazole 5a to 1,3-oxazole 5b or 1,3-thiazole Sc
decreases additionally the value of index ¢,. Similarly, the
parameter @, decreases in the series of heterocycles with
three heteroatoms going from 1,2,4-triazole (6a) to 1,3,4-
oxadiazole (6b) and then to 1,3,4-thiadiazole (6c).

In a manner similar to that of 5-membered electron-
excessive cycles, replacing of the methine CH group by the
nitrogen atom in the 6-membered electron-balanced cycle
leads to shift down of both frontier MO energy levels; such
shift of the energy gap decreases parameter g, i.e., these
cycles become more potent acceptors, although this effect
is small-scale and is approximately equal for all three
isomers (compare the values @, for compounds 7, 8, and 9
in Table 2). At last, the effect of the third nitrogen atom
was shown by the calculation to be somewhat more
pronounced (for example: 8 — 10).

o O Q9
X X \N’N \N) \N \N)
5a—c 6a—c 7 8 9 10
X=NH, O, S

Figure 3. Structures of nitrogen-containing heterocycles 5-10.

Table 2. Frontier MO energies, &; (in eV),
and parameter @, for heterocycles 5-10

Structure X E£HOMO ELUMO A [0}
5a NH —8.388 4.755 13.142 0.558
5b -9.220 3.821 13.041 0.491
5¢ S -9.172 3.161 12.334 0.465
6a NH -9.309 4.124 13.433 0.499
6b (6] —-10.802 3.866 14.668 0.439
6¢ S —-10.104 2417 12.521 0.399
7 —10.024 2.818 12.842 0.420
8 —10.068 2.804 12.871 0418
9 -9.593 2.516 12.110 0.421
10 —11.687 2.442 14.129 0.355
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3b. Enhancement of m-electron system by ring fusion.
Here, we will consider the topological modification, but the
chemical modifications will be not treated. The simplest
enhancement of the conjugated system of the initial hetero-
cycles 2, 4, 5, 7-9 is a conjunction of a benzene cycle
(annulation or fusing). Some well-known nitrogen-
containing heterocycles are presented by structures 11-18
(Fig. 4). The calculated electron and topological effects for
compounds 11-18 are presented in Table 3.

At first, the modification of the starting model hetero-
cycles by ring fusion causes a decrease of the index @, i.e.,
enhances the acceptor property of all fused compounds.
However, the quantitative effects differ appreciably in the
5-membered electron-excessive cycles 11-13 and in the
6-membered electron-balanced cycles 14-18. Attention
should be paid to the fact that the benzo-fusing of
imidazole, 1,3-oxazole, and 1,3-thiazole (5a — 13a,
5b — 13b, S¢ — 13c¢) produces smaller effect than that of
pyrrole (2 — 11). The replacing of the heteroatom X in
series NH — O — 8, as seen from Table 3, is accompanied
by a decrease of the fusing effect. The addition of the second
benzene cycle causes an additional decrease of the
parameter @, but the effect is no additive.

Thus, applying the topological index ¢, enables us to
estimate quantitatively the changes of the donor/acceptor
properties of conjugated heterocycles or, more correctly,
their m-electron affinity upon the modification of their

structure.
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Figure 4. Structures of nitrogen-containing heterocycles 11-18.

Table 3. Frontier MO energies, ¢; (in eV),
and parameter @, of heterocycles 11-18

Structure X €HOMO €LUMO o Ago*
11 —7.500 3.577 0.555 —0.046
12 -7.523 2.825 0.522 -0.079
13a NH -8.079 3.298 0.517 -0.041

13b (0] -8.609 2.870 0.475 -0.016
13c¢ S -8.615 2.734 0.468 0.003

14 —-8.346 2.252 0.456 -0.011
15 —7.524 1.346 0.443 -0.024
16 —8.743 1.902 0.421 +0.001
17 -8.716 1.848 0.419 +0.001
18 -8.796 1.726 0.409 -0.012

* Difference in ¢y value with respect to nonfused parent structure.
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4. Biologically active conjugated heterocycles. As it
was written above, many of the nitrogen-containing hetero-
cycles exhibit biological activities, and it is a reason for
them to be tested as effective pharmacophores. They have
been employed as scaffolds for the construction complex
drug substances. For example, indole core 11 is a promi-
nent structural motif for numerous compounds possessing
anti-inflammatory, analgesic, antifungal, insecticidal, or
anticancer activity.’

Biologically active compounds may contain two or more
cycles of the different types.”® Also purine nucleobases,
adenine and guanine, are constructed from two rings: the
6-membered acceptor pyrimidine, and S5-membered donor
pyrazole.” Besides, pharmacophores may contain addi-
tionally various exocyclic substituents.

Here, we will consider and examine both types of the struc-
ture complications of initial nitrogen-containing heterocycles.

4a. Condensed nitrogen-containing bicycles. At first, we
would like to estimate the donor/acceptor properties and
n-electron affinity of simplest bicyclic nitrogen-containing
heterocycles 19-22, substituted with either methyl or
phenyl groups in both 6-membered cycle and 5-membered
cycle. Compounds with a similar heterocyclic core have
shown biological activities; the close structural similarity
of pyrazolo[1,5-a][1,3,5]triazines to biogenic purines
allows for targeting purinergic signalling receptors and
enzymes.”’ Being the focus of active research as bioactive
molecules with promising therapeutic potential, this hetero-
cyclic system has been established as a privileged scaffold
in medicinal chemistry.”' ** Pyrazolo[1,5-a][1,3,5]triazines
have shown promise for treating proliferative disorders
such as cancer, as well as other kinase-associated condi-
tions including inflammation, pain, and certain immuno-
logical disorders.

We have investigated the n-electron affinity of phenyl-
substituted pyrazolo[1,5-a][1,3,5]triazines 19-22 (Fig. 5).
Calculated HOMO and LUMO energies of compounds 19-22
as well as the parameter @, are presented in Table 4.

As it seen from Table 4, compound 19 with a donor N-5
nitrogen atom (providing lone electron pair in conjugated
system) and three acceptor-type nitrogen atoms should
exhibit cumulative acceptor property, despite of three
donor methyl substituents. Replacement of one methyl
group by the phenyl substituent is accompanied by
decreasing of the parameter @. It is to be noted that the
effect of such chemical modification in position 4
(compound 20) is almost twice more than it is in position 7
(compound 21). However, the calculations do not give the
addition effect of two phenyl groups in molecule 22: the
calculated change of the index ¢gis lower than the sum of
the effects of phenyl group in compounds 20 and 21.

4b. 1,3-Oxazoles with conjugated substituents. The donor/
acceptor properties could be tuned by introducing conju-
gated substituents in the core heterocycle. Study of similar
substituted heterocyclic systems showed that they may
demonstrate biological activity. In particular, 1,3-oxazoles
play a significant role as potential biologically active
compounds: brain-derived neurotrophic factor inducers,
analgesic,”” trypanocidal agents,”® antimitotic agents with
pro—apogtotic activity,” antibacterial and antituberculosis
agents,”’ fungicides,”’ anti-inflammatory agents,”” etc.
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Figure 5. Structures of nitrogen-containing heterocycles 19-22.

Table 4. MO energies, &; (in eV), and parameter @
of compounds 19-22

Structure €HOMO €LUMO ®o
19 —8.468 2.866 0.48
20 -8.320 1.803 0.43
21 —8.432 2.405 0.46
22 -8.337 1.647 0.42

Also, 1,3-oxazole could be considered as perspective
moiety in the design and further synthesis of novel
biologicall;z active compounds that exert anticancer
activity.*

Taking into consideration planar constitution of conjugated
nitrogen-containing heterocycles, it may be assumed that
the increasing of acceptor properties should increase an
affinity to the donor biological active centers of enzymes. We
could also suppose that introducing effective conjugated
substituents will increase such affinity and as a result will
stabilize complex of the potential pharmacophores with the
active centers of biomolecules.

The influence of some donor and acceptor substituents
on the biological activity of substituted 1,3-oxazoles was
also studied in vitro on the example of compounds 23a—j
(Table 5) with donor and acceptor substituents, which have
been screened for anticancer activity in the 60-cell panel in
accordance with the protocol of the NCI, USA.*** The
results of anticancer tests (Fig. 6) of compounds 23f,g*
and 23h—j*' have been published previously, those for
compounds 23a—e are described in the Supplementary
information file to the present article. The results of the
single dose (10 uM) testing are presented as the percent
growth of the treated cells when compared to the untreated
control cells. The negative growth values show the
reduction of the measured amount of the protein at the end
of the drug treatment as compared to that at the beginning
indicating a net loss of cells following the treatment.

The analysis of relationship between pharmacological
activity and molecular structure shows unambiguously that
compounds with the substituents with high acceptor properties
(SO,R) at position 5 (compounds 23f—j) have demonstrated
appreciably higher level of the inhibition of the cell growth
than the analogous 1,3-oxazole derivatives 23a—e which
contain the donor substituents (NHR, SR) at position 5 and
virtually do not affect cell growth, i.e., the biological
activity depends evidently on donor/acceptor properties.
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Table 5. Structures of compounds 23a—j

NC N
I\>—Ar
(0]
R 23
Com- Ar R
pound
23a 4-MCC6H4 l\llle
Ho >N
23b Ph O
Ny
/@)\/N\
Cl
23¢ 4-FCeHy PhS
23d 4-MeCgHy 4-CIC¢H4S
23e Ph 4-BrC¢H,S
23f 4-MeCgHy \ie
HO/\/N\//S<\0
[¢)
23g Ph O
N
N
g~
Cl
23h 4-FCgHy PhSO,
23i 4-MeCg¢Hy 4-CIC¢H4SO,
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OK-562 (Leukemia) @BMOLT4 (Leukemia)
ONCI-H522 (Non-Small Cell Lung Cancer)

Figure 6. Anticancer activity of 4-cyano-1,3-oxazoles 23a-j.
Each value indicates percent growth of the treated cells when
compared to the untreated control cells.

Similar results were obtained by QSAR modeling:
introduction of the acceptor substituents into 1,3-oxazole
cycle increases its inhibitor properties, whereas the donor
substituents causes the growth of the tested cancer cells.*

At the same time, the parameter @, was calculated for
model substituted 1,3-oxazoles 24a—j with some obvious
donor/acceptor substituents. The calculated results for
compounds 24a—j are presented in Table 6.

For the starting model 2-phenyloxazole 24a, the index
¢ois close to the middle value, which means that its donor
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Table 6. Frontier MO energies, ¢; (in eV), and index ¢
of 1,3-oxazole derivatives 24a—j

RN
I »—Ph
rRZ O
24
Structure R! R? £HOMO €LUMO Po
24a H H -7.45 0.22 0.49
24b CN H -8.03 0.33 0.46
24c CO,Me H -7.69 0.17 0.47
24d H NMe, —-6.08 0.64 0.62
24e CN NMe, -6.72 0.12 0.53
24f CN SMe -8.33 2.24 0.54
24¢g CN SPh -8.56 213 0.53
24h SO,C¢HsMe SMe -8.30 2.25 0.55
24i CN SO,Me -9.38 1.43 0.46
24j SO,C¢HsMe SO,Me -9.18 -0.06 0.38

and acceptor properties are balanced. Introducing of the
acceptor groups (CN or CO,Me, compounds 24b,c)
decreases parameter ¢y, while dimethylamino group possessing
the donor properties (compound 24d) increases it.
Molecules 24g,h contain both donor and acceptor substi-
tuents, which leads to a slight decrease of the index ¢, but
the donor nature prevails. On the other hand, simultaneous
presence of two acceptor substituents in one molecule 24i,j
should cause substantial increasing of the acceptor property
as far as @y < 0.4.

When considering the stability of the complex pharma-
cofore—active site, we could assume that conjugated substi-
tuents of acceptor type should additionally stabilize such
complex, in contrast to the donating conjugated groups
which hence, should, decrease its biological activity. Such
assumptions and calculated data are in accordance with
in vitro and in silico (QSAR) performed investigations
discussed above.

5. Heterocyclic nucleic bases as derivatives of hetero-
cyclic systems. At last, let us consider the m-electron
affinities of nucleobases, which are typical heterocyclic
conjugated systems with exocyclic conjugated substituents
In general, the bases in the nucleic acids (NA) play the role
of the polymer subunits that are connected consistently
with five-carbon sugar (ribose or deoxyribose) and phosphate
residues. However, here we will describe the model
heterocylic bases 25-29, when the sugar/phosphate parts
are replaced by methyl group (Fig. 7).

The calculated frontier level energies and other
characteristics of the studied purine and pyrimidine bases
25-29 are presented in Table 7.

The performed calculations clearly show the dependence
of the donor/acceptor character on the chemical consti-
tution of the nucleobases. Thus, three nucleobases cytosine
(C), thymine (T), and uracil (U), like also their respective
methyl derivatives 27-29, consist of 6-membered ring with
the exocyclic oxygen atom giving one 2p, electron in total
conjugated system, whereas cytosine have an exocyclic



Chemistry of Heterocyclic Compounds 2019, 55(4/5), 448-454
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Figure 7. Structures of methylated purine 25, 26 and pyrimidine
27-29 bases.

Table 7. Frontier MO energies, €; (in V), and index ¢o
of the purine 25, 26 and pyrimidine 27-29 bases

Molecule €83MO €HBMO A Po
25 —8.462 3.568 12.027 0.512
26 -8.209 3.447 11.646 0.518
27 —9.898 3.009 12.898 0.434
28 -9.157 3.285 12.436 0.472
29 -9.514 3.164 12.681 0.454

amino group with two electrons included in the w-electron
system, so that each molecule has a stable electron shell.
Because of the electronegative atoms, the heterocyclic
bases C and T should demonstrate the principally acceptor
properties. As regards U, it contains two oxygen atoms
(giving two electrons in the total m-electron system); two
nitrogen atoms give four electrons at the expense of their
lone electron pairs (LEPs). But although bases U, C, T are
electron-sufficient systems, they play a role of acceptors,
due to the presence of the electronegative nitrogen atoms in
their structures.

In contrast, the heterocyclic bases adenine (A) and
guanine (QG), represented by the respective methyl deriva-
tives 25 and 26, contain a 5-membered cycle with the
nitrogen atom (with its LEP) which makes these molecules
to a greater extent donor m-electron systems. Thus, their
¢ parameters are higher than the middle value 0.5.

It is known that in DNA chain molecules, nucleobases make
up the base pairs connected by two or three hydrogen
bonds."" Besides, the pyrimidine bases form pairs with the
purine bases (A-T and G—C ) while possible pairs are less
stable.

We could suppose that donor/acceptor properties expressed
by index @, are related to the charge distribution within
molecule and hydrogen bonding strength. Then it is
interesting to compare the index ¢y of each nucleobase, as
well as compare the difference of the indices of the pair of
the corresponding bases connected by the hydrogen bonding.

One can see that the bonding base pairs are formed
when one of the bases has the index @, > 0.5 (purine) while
@y < 0.5 for the second base (pyrimidine). It may be
pointed out that the base pairs with maximum or minimum
difference of indexes Ay are likely less or not stable.
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Thus, the proposed index ¢, allows to estimate quanti-
tatively the donor/acceptor properties of conjugated hetero-
cyclic compounds. The connection of this index with the
position of the frontier MO enables to treat it as the n-electron
affinity. It was shown that this parameter depends on the
chemical constitution of the heterocycles and their conju-
gated substituents. Taking into consideration that the
n-electron index @ is a component of the general biolo-
gical affinity allows to explain the opposite influence of the
donor and acceptor substituents on the biological activity of
oxazole derivatives, particularly, on the inhibition of cancer
cell growth. The proposed approach can also explain the
donor/acceptor properties of nucleobases.

Experimental

IR spectra were recorded on a Vertex-70 spectrometer in
KBr pellets. 'H and *C NMR spectra were recorded on a
Varian Mercury 400 spectrometer (400 and 100 MHz,
respectively, compound 23a) or Varian Mercury 500
spectrometer (500 and 125 MHz, respectively, compound
23b) with residual solvent signal as internal standard
(6 2.50 ppm (DMSO-dq) for 'H and 39.9 (DMSO-d) and
77.0 ppm (CDCl;) for C nuclei). Mass spectra were
recorded on an Agilent 1100 Series LC-MS system,
equipped with diode array and mass selective detector
Agilent LC/MSD SL (atmospheric pressure chemical ioni-
zation). Elemental analysis was performed in the Analytical
Laboratory of the Institute of Bioorganic Chemistry and
Petrochemistry of the National Academy of Sciences of
Ukraine. Melting points were determined on a Fisher-Johns
apparatus. The reactions were followed by TLC (silica gel,
aluminum sheets 60 F,s;, Merck). Reagents and solvents
from commercial sources were used. Syntheses of com-
pounds 23b—j have been described previously.**™*'

5-[(2-Hydroxyethyl)(methyl)amino]-2-(4-methylphenyl)-
1,3-0xazole-4-carbonitrile (23a). To a solution of N-(2,2-
dichloro-1-cyanovinyl)-4-methylbenzamide (2.55 g, 0.01 mol)
in THF (40 ml), Et;N (3.08, 0.022 mol) and 2-(methyl-
amino)ethanol (0.8 ml, 0.01 mol) were added. The mixture
was stirred at room temperature for 12 h. All volatiles were
removed in vacuo and water was added. The precipitate
was filtered off and purified by recrystallization from
PhMe. Yield 1.80 g (70%), white solid, mp 104-106°C. IR
spectrum (KBr), v, cm™: 1048, 1428, 1634, 2198 (CN),
3446 (OH). 'H NMR spectrum (DMSO-d;), 8, ppm (J, Hz):
2.34 (3H, s, CH3); 3.21 (3H, s, NCH,); 3.54-3.57 (2H, m,
CH,); 3.62-3.65 (2H, m, CHp); 4.92 (1H, t, J = 5.2, OH);
7.29 (2H, d, J = 8.0, H Ar); 7.71 (2H, d, J = 8§, H Ar).
BC NMR spectrum (CDCls), 5, ppm: 21.5; 38.0; 54.0;
59.9; 84.8; 116.8; 123.1; 125.4; 129.5; 140.5; 150.9; 160.5.
Mass spectrum, m/z: 258 [M+H]'". Found, %: C 65.28;
H 5.86; N 16.35. C4H5sN;0,. Calculated, %: C 65.36;
H 5.88; N 16.33.

5-{[2-(4-Chlorophenyl)-2-(piperidin-1-yl)ethyl|amino}-
2-phenyl-1,3-oxazole-4-carbonitrile (23b). To a solution
of N-(2,2-dichloro-1-cyanovinyl)benzamide (2.41 g, 0.01 mol)
in THF (40 ml), Et;N (3.08 ml, 0.022 mol) and 2-(4-chloro-
phenyl)-2-(piperidin-1-yl)ethanamine (2.39 g, 0.01 mol)
were added. The mixture was stirred at room temperature
for 12 h. All volatiles were removed in vacuo and water
was added. The precipitate was filtered off and purified by
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recrystallization from EtOH. Yield 2.77 g, (68%); yellow
solid; mp 174-176 °C; IR spectrum (KBr), v, cm": 1012,
1092, 1447, 1485, 1634, 2206 (CN), 3340 (NH). 'H NMR
spectrum (DMSO-dy), 8, ppm (J, Hz): 1.20-1.21 (2H, m,
CH,), 1.36 (4H, br. s, 2CH,), 2.20 (2H, br. s, CH,), 2.41
(2H, br. s, CHy), 3.50-3.54 (1H, m, CH,), 3.68-3.72 (1H,
m, CH), 3.95-3.98 (1H, m, CH,), 7.29-7.47 (7TH, m, H Ar),
7.78 (2H, d, J = 8.0, H Ar). 8.23 (1H, s, NH). *C NMR
spectrum (DMSO-dy), 9, ppm: 24.6; 26.4; 44.6; 50.9; 68.6;
84.1; 116.3; 125.5; 126.3; 128.3; 129.5; 130.5; 131.0; 132.5;
136.1; 149.8; 162.0. Mass spectrum, m/z: 407 [M+H]".
Found, %: C 67.85; H 5.69; Cl 8.69; N 13.69.
C,3Hy;CIN4O. Calculated, %: C 67.89; H 5.70; Cl 8.71;
N 13.77.

Supplementary information file containing 'H and "C
NMR spectra of compounds 23a,b and anticancer tests data
of compounds 2a-—e, is available at the journal website at
http:/link.springer.com/journal/10593.
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