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New 7-azacoumarin-3-carboxamide phosphonium salts:
cytotoxicity and the Wittig olefination
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New phosphonium salts synthesized from 5-chloromethyl-
8-methyl-7-azacoumarin-3-carboxamides and triphenyl-
phosphine upon the Wittig reaction with aromatic aldehydes
give the corresponding 5-styryl-7-azacoumarin derivatives.
The cytotoxic activity of some phosphonium salts against
cancer cell lines M-HeLa and HuTu-80 is equal to or
superior to that of the reference 5-fluorouracil. The ICs,
and SI values of the leading compounds exceed those for
5-fluorouracil by a factor of 3.7 and 2.2, respectively.

X=Cl
PhsP
’ I: X = PhyP*CI-
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Widespread in nature coumarins exhibit a wide range of
biological activity,' in particular, anticancer activity.*°
A promising synthetic platform among them is coumarin-3-
carboxamide whose derivatives have shown high activity against
various types of cancer cell lines.”~!? Derivatives of coumarin-3-
carboxylic acid were employed for the fluorescent detection!? of
various compounds including cysteine and homocysteine!*
while coumarin-3-carboxamides served as fluorescent probes for
metal ions, e.g. AI¥*, Ba?*, Cd**, Co?*, Cu®*, Fe’*, as well as
B-oxygenated fatty acids.!>!® One of the strategies for creating
biologically active systems is based on modifying the basic
structure of a molecule with known activity to obtain a new
chemotype while maintaining the biological properties of the
original compound.'’~!° The simplest modification of coumarins
by replacing a carbon atom with a nitrogen atom in the ring leads
to their aza analogues, which made it possible to reduce the
susceptibility of the compounds to oxidative metabolism,?
thereby improving their bioactivity profile.

The Schneider’s concept!® was confirmed in our publication?!
on the synthesis of a new biologically active 7-azacoumarin-3-
carboxamide platform. We have obtained a large number of
compounds and have shown that almost all of them have high
antitumor activity and low toxicity.

The presence of an active chloromethyl group in the 7-aza-
coumarin-3-carboxamide platform opens up opportunities for
further functionalization in the search for new substances with
high antitumor activity. Thus, replacing the chlorine atom in the
chloromethyl group with an azido substituent and further
introducing it into the click reaction made it possible to obtain
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the corresponding 1,2,3-triazoles.”> The cytotoxicity of most
of these compounds was comparable to that of the drug
5-fluorouracil, and for some of them it was at the level of the
comparison drug sorafenib. In development of these works on
further functionalization of the 7-azacoumarin-3-carboxamide
platform, it was of interest to introduce a triphenylphosphonium
moiety into this molecule. Analysis of the literature has shown
that in recent years there has been a rapid increase in the number
of publications devoted to phosphonium salts.>> This is due to
their various practically important properties: antibacterial?*2>
and antitumor activity,?0” use as organocatalysts in asymmetric
synthesis,?® as well as in a number of other areas.”® Herein, we
assumed that the introduction of a phosphonium fragment into
the 7-azacoumarin-3-carboxamide molecule could lead to
increased cytotoxic activity.

First, we synthesized 7-azacoumarin-3-carboxamides la—d
by the previously described method.?! The reaction of carbox-
amides with triphenylphosphine was carried out solvent-free
by heating the reaction mixture at 150-170 °C under an argon
atmosphere. New phosphonium salts 2a—-d (Scheme 1) were
obtained with yields of 21-89%. The structures of the obtained
compounds were confirmed by 'H, '3C, 3P NMR, IR
spectroscopy, ESI/MALDI mass spectrometry, and elemental
analysis. In the mass spectra, one signal corresponding to
the molecular ion of the expected product was observed. In the
3P NMR spectra, signals in the region of 23 ppm typical of
compounds with a four-coordinated phosphorus atom were
detected. Characteristic changes occurred with the 5-positioned
methylene group at the pyridine ring whose protons resonated as
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Ph
la-d 2a-d

aR!=Ph,R’=H c¢R'=R?>=Ph

b R!=2-MeOC¢H,, RZ=H dR!' = 4-AcNHSO,Cg¢H,, R? = H

a Ar=Ph
b Ar = 2-HOCgH,

¢ Ar=2-HO-5-0,NCgHj
d Ar = 2-HO-5-CIC¢H;

3a-d

Scheme 1 Reagents and conditions: i, Ph3P, argon, solvent-free, 150-170 °C;
ii, ArCHO, Bu'OK, argon, EtOH, 0 °C.

doublets at  5.7-5.8 ppm with coupling constant Jp; = 15.8 Hz,
while in the original amides 1a—d such protons appeared as
singlets in the region of 5.08-5.29 ppm.

Phosphonium salts are known to be the effective reactants for
the synthesis of unsaturated compounds under the Wittig reaction
conditions.?® To study the synthetic possibilities of the obtained
phosphonium salts, we carried out a reaction of representative
compound 2a with benzaldehydes which provided olefins 3a—d.
The reaction was performed in an alcohol solution under argon
at cooling, the yields were 15-36%. Olefins 3a—d were formed
as Z-isomers.

To study the effect of the phosphonium fragment on the
cytotoxic activity of the synthesized compounds, we tested
a series of compounds la—c and 2a—c against tumor cell lines
of cervical carcinoma (M-HelLa) and human duodenal adeno-
carcinoma (HuTu-80) (Table 1). Analysis of the structure—
activity relationship for the studied compounds showed that in
the initial amides la and 1b, low cytotoxicity was observed
towards M-HeLa cells (IC5, of >100 and 84.4 uM) and
moderate cytotoxicity towards the HuTu-80 and Chang liver
cell lines (ICsy = 59.4 and 56.6 uM for 1a, and IC5, = 55.3 and
46.0 uM for 1b).

Moving from N-phenyl- (1a) and N-(o-methoxyphenyl)-
substituted (1b) derivatives to compound 1¢ with NPh, moiety
led to a significant increase in cytotoxicity against the M-HeLa
and HuTu-80 cancer lines (IC5q=32.0 and 17.4 uM). At the same
time, the activity against the conditionally normal Chang liver
cell line for compound 1c changed insignificantly. Replacing

Table 1 Cytotoxic effect of compounds la—c and 2a—c on cancer and
normal human cell lines.

ICso/uMm?
Compound Tumor cell line Normal cell line
M-HeLa? HuTu-80¢ Chang liver
1a >100 (-) 59.4+48(-) 56.6 4.5
1b 84.4+55(-) 553+£39(-) 46.0+3.2
1c 320+£22(1.5) 174=x132.8) 484 +33
2a 81.7+£29(1.0) 63.6x4.1(1.3) 852+34
2b 70.0+4.7(1.4) 43.1+45(2.3) 101.0 4.1
2c 400+1.2(1.2) 17.2+3.6(2.8) 49.0+4.2
5-Fluorouracil ~ 62.0 4.7 (1.4)  65.2x5.4(1.3) 86.3£6.5

@ Selectivity indices (SI values) are given in parentheses, (—) is non-selective.
»M-HeLa is a human cervix epitheloid carcinoma. ¢ HuTu-80 is a duodenal
adenocarcinoma. The experiments were repeated three times, the results are
expressed as the average + standard deviation.

chlorine atom in the chloromethyl fragment with a phosphonium
group (compounds 2a—c) led to a slight increase in the activity of
derivatives 2a and 2b against cancer cell lines and a decrease in
cytotoxicity towards the conditionally normal Chang liver cell
line by a factor of 1.5 and 2, respectively.

A similar modification of the structure of compound 2¢ had
absolutely no effect on its cytotoxicity against all cell lines. In
the series tested, two lead compounds 1c¢ and 2¢ were identified,
which showed the highest cytotoxic activity against the human
duodenal adenocarcinoma cell line (HuTu-80). The ICs, and
selectivity indices (SI) values of the leading compounds exceed
those for 5-fluorouracil by a factor of 3.7 and 2.2, respectively.

To summarize, new phosphonium salts were synthesized on
the platform of 7-azacoumarin-3-carboxamides. These salts
undergo the Wittig reaction with aromatic aldehydes to form
new types of olefins. The resulting phosphonium salts were
tested for cytotoxicity, and leading compounds were found
among them.
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