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DEVELOPMENT OF AN EFFECTIVE METHOD
FOR SYNTHESIS OF NEW DERIVATIVES

OF INDENOQUINOXALINE CARBOXYLIC ACIDS
WITH ESTERS OF a-, B-AMINO ACIDS

11-Oxoindeno[1,2-b]quinoxaline-6-carboxylic acid was obtained by the cyclization
reaction of 2,3-diaminobenzoic acid with ninhydrin. Five amide derivatives of
indenoquinoxalinecarboxylic acid were first synthesized on its basis and with the use
of esters of o- and P-amino acids. For the introduction of amino acid residues, three
methods of preliminary activation of the carboxyl group were developed: with the help
of dicyclohexylcarbodiimide, by converting it into an anhydride group, and into a mixed
anhydride group with ethyl ester of monochlorocarbonic acid. The latter method showed
significantly increased yields of target compounds and better reproducibility compared to the
other two activation methods. The synthesized compounds were identified and characterized
by the methods of chromatography-mass spectrometry and '"H NMR spectroscopy. The
pharmacological properties of the obtained compounds were predicted by computer modeling
using the PharmMapper software. Analysis of the results showed that they may have the
properties of DNA intercalators and be promising objects for high-throughput screening in
the search for new effective antiviral and anticancer drugs.

Keywords: synthesis, indenoquinoxaline, amino acids, biological activity, DNA intercalator

Viral infections and oncological diseases remain one of the most widespread health care
problems in the world, despite the great successes achieved by biomedical sciences [1].
Uncontrolled replication of genetic material is at the heart of the harmful effects of both
viruses and oncological diseases on the body. Every virus, every cancer cell, regardless
of their genome, necessarily goes through this stage. Considering that the replication of
genetic material is of fundamental importance for the existence of all living organisms, it
is reasonable to consider this process as a target for new potential antiviral and anticancer
agents, and compounds that are able to effectively inhibit the replication process will be key
objects in these studies. One of such compounds can be planar heterocyclic chromophores,
which have the ability to be embedded between the nitrogenous bases of a double helix,
that is, to perform the functions of DNA intercalators [2].

Indenoquinoxaline derivatives are important representatives of nitrogen-containing
heterocycles, which in recent years have attracted considerable attention of researchers
due to their high biological activity. They are able to suppress the reproduction of a wide
range of infectious agents, as a result of which they exhibit antiviral, antibacterial and anti-
inflammatory activity etc., which is explained by the mechanism of their intercalation in
DNA [3-6]. In this regard, the synthesis of new compounds based on indenoquinoxaline,
which could have similar properties, is expedient and relevant. The aim of this work is
to find effective methods for the synthesis of new indenoquinoxaline carboxylic acid
derivatives with amino acid ester residues to improve their bioavailability, with further
study of the possibility of their intercalation into DNA.
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MATERIALS AND RESEARCH METHODS

All reagents used were qualified “for synthesis” by Merck Millipore. Control of reactions
was carried out using thin-layer chromatography on Silufol and Silufol UV-254 plates.
'H NMR spectra were recorded in CDCI, and DMSO-d, solutions relative to TMS on a
Bruker Avance 500 spectrometer (500 MHz). High resolution mass spectra (HRMS) were
obtained on an Agilent 1260 Infinity UHPLC instrument coupled with an Agilent 6224
Accurate Mass TOF mass spectrometer. The melting points of compounds were measured
in a sealed capillary. Computer modeling and calculation of pharmacological properties
were carried out using the PharmMapper program [7-9].

11-Oxoindeno[1,2-b]quinoxaline-6-carboxylic acid (1)

The methodology given in [6] was used as a basis. A solution of 19,59 g (0,1 mol) of
ninhydrin in 30 ml of glacial acetic acid was heated to 70 °C and, with constant stirring,
added to a solution of 17,2 g (0,1 mol) of 2,3-diaminobenzoic acid heated to 70 °C in
35 ml of glacial acetic acid. The reaction mixture was stirred for 1 h, the precipitate that
formed was filtered off, washed first with 50 ml of a mixture of acetic acid and water
(1:1), then with 100 ml of hot (80 °C) water and dried in air, recrystallized from 200 ml
of ethanol. Yield 19.3 g (70%), mp 320°C. MS (TOF), m/z: 276 [M*]. 'H NMR spectrum
S, ppm, MHz: 7,76 t (1H), 7,93 m (3H), 8,12 d (1H), 8,25 d (1H), 8,35 d (1H) (J=8Hz,
arom.); 13,75 br s (1H, COOH).

General method of synthesis of 11-oxoindeno[1,2-b]quinoxaline-6-carboxylic acid
derivatives with amino acid esters.

30 ml of chloroform was added to 1 g (0,0035 mol) of 11-oxoindeno[ 1,2-b]quinoxaline-6-
carboxylic acid (1) and cooled to 0 °C. 0,97 ml (0,07 mol) of triethylamine and 0,34 ml
(0,0035 mol) of monochlorocarbonic acid ethyl ester were added to the cooled mixture.
The mixture was stirred for approximately 1 hour until the substance completely dissolved,
then 0,0035 mol of amino acid ester hydrochloride was added and stirred for 1 day at
room temperature.

Ethyl 2-[(11-oxoindeno[1,2-b]quinoxaline-6-carbonyl)amino]acetate (2).

It was synthesized from 1 g (0,0035 mol) of 11-oxoindeno[1,2-b]quinoxaline-6-
carboxylic acid (1) and 0,49 g (0,0035 mol) of glycine ethyl ester hydrochloride. After
completion of the reaction, the mixture was filtered, the filtrate was extracted with water
(3 times 50 ml each), the organic phase was evaporated to a dry residue. The residue was
dissolved in 20 ml of a mixture of chloroform-acetone, 20:1 and introduced into a column
with silica gel (25x3,5 cm), eluent chloroform-acetone, 20:1. The eluate containing the
product was evaporated to a volume of 15 ml and 40 ml of warm ethanol was added. After
cooling, the precipitated product was filtered off, washed with ethanol (25 mL) and air
dried. Yield 0,76 g (60%), mp 247-249°C. MS (TOF), m/z: 361 [M+]. 'H NMR spectrum
9, ppm, MHz: 1,4 t (3H, CH,); 4,4 m (4H, CH,); 7,68 t (1H), 7.87 q (2H), 7,97 d (1H),
8,40 d (1H), 8,51 d (1H), 8,91 d (1H) (J= 8 Hz, aroma); 11,17 br s (1H, NH).

Methyl 2-[(11-oxoindeno[1,2-b]quinoxaline-6-carbonyl)amino]acetate (3).

It was synthesized similarly to (2) from 1 g (0,0035 mol) of 11-oxoindeno[1,2-b]
quinoxaline-6-carboxylic acid (1) and 0,44 g (0,0035 mol) of glycine methyl ester
hydrochloride. The yield is 0,57 g (47%), mp 222-224°C; MS (TOF), m/z: 347 [M*]. 'H
NMR spectrum 3, ppm, MHz: 3,77 s (3H, CH,); 4,39 d (2H, CH,); 7,78 t (1H), 7,95 m
(3H), 8,38 d (1H), 8,44 d (1H), 8,64 d (1H) (J=8Hz, arom.); 10,64 br s (1H, NH).
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Methyl 3-[(11-oxoindeno[1,2-b]quinoxaline-6-carbonyl)amino]propanoate (4).

It was synthesized similarly to (2) from 1 g (0,0035 mol) of 11-oxoindeno[1,2-b]
quinoxaline-6-carboxylic acid (1) and 0,49 g (0,0035 mol) of B-alanine methyl ester
hydrochloride. Chloroform was used as eluent. The yield is 0,53 g (42%), mp 160-162 °C;
MS (TOF), m/z: 361 [M']. '"H NMR spectrum 8, ppm, MHz: 3,33 s (3H, CH,); 2,75 t,
3,75 m (4H, CH,); 7,76 t (1H), 8,24 m (3H), 8,32 t (2H), 8,55 d (1H) (J=8Hz, arom.);
10,17 br s (1H, NH).

Ethyl 2-[[2-[(11-oxoindeno[2, I-b]quinoxaline-6-carbonyl)amino]acetyl]Jamino]-
acetate (5).

It was synthesized similarly to (2) from 1 g (0,0035 mol) of 11-oxoindeno[1,2-b]
quinoxaline-6-carboxylic acid (1) and 0,69 g (0,0035 mol) of diglycine ethyl ester
hydrochloride. The product fell out of the reaction mass, it was filtered, dissolved in 1
L of boiling chloroform, passed through a layer of A1,O, (2 cm). 500 ml of chloroform
was distilled off, 300 ml of hot ethanol was added, and the solvent was distilled off to a
volume of 40 ml. The precipitated product was filtered, washed with ethanol (40 mL) and
air-dried. The yield is 0,8 g (55%), mp 264-266°C. MS (TOF), m/z: 418 [M*]. 'H NMR
spectrum 6, ppm, MHz: 1,21 t, 4,13 k (5H, CH,-CH,); 4,01 d, 4,26 d (4H, CH,-N); 7,95
brs (1H, NH); 7,75 t (1H), 7,9 m (2H), 8,33 d (1H), 8,51 d (1H), 8,63 d (1H), 8,71 d (1H)
(J=8Hz, aroma); 10,89 br s (1H, NH).

Methyl 2-[(11-oxoindeno[ 1,2-b]quinoxaline-6-carbonyl)amino]-3-phenylpropanoate (6).

It was synthesized similarly to (2) from 1 g (0,0035 mol) of 11-oxoindeno[1,2-b]
quinoxaline-6-carboxylic acid (1) and 0,75 g (0,0035 mol) of B-phenyl methyl ester
hydrochloride a-alanine. A benzene-acetone mixture (20:1) was used as eluent. The eluate
was evaporated to 10 ml and 30 ml of a warm methanol-water mixture (9:1) was added.
The precipitated product was filtered off, washed with aqueous methanol and dried in air.
The yield is 0.61 g (40%), mp 142—145°C. MS (TOF), m/z: 437 [M']. '"H NMR spectrum
9, ppm, MHz: 3,28 d (2H, Ar-CH,); 3,73 s (3H, CH,); 5,11 m (1H, CH); 7,28 m (5H),
7,69 d (1H), 7,73 t (1H), 7,84 t (1H), 7,91 d (1H), 7,97 t (1H), 8,35 d (1H), 8,61 d (1H)
(J=8Hz, arom.); 10,29 br s (1H, NH).

RESULTS AND DISCUSSION

11-Oxoindeno[ 1,2-b]quinoxaline-6-carboxylic acid (1) was synthesized by the
cyclocondensation reaction of ninhydrin with 2,3-diaminobenzoic acid, according to the
method given in [6] (Scheme 1):

Scheme 1
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It follows from theoretical ideas that two isomers can be formed as a result of
condensation, which differ in the position of the carboxyl group: 11-oxoindeno[1,2-b]
quinoxaline-6-carboxylic acid (1) or 11-oxoindeno[1,2-b] quinoxaline-9-carboxylic
acid. However, in practice, the formation of only one compound was observed, which
was confirmed by the methods of chromatography-mass spectrometry and 'H NMR
spectroscopy. In work [6], the compound 6-chloro-11H-indeno[1,2-b]quinoxalin-11-one
was synthesized by a similar method — condensation of 1,2-diamino-3-chlorobenzene
with ninhydrin. Using X-ray structural analysis, the authors proved that only one isomer
is formed as a result of the reaction —a 6-substituted compound. The explanation for this
factor is not provided, although it is worth noting that the formation of the isomer in the
6-position is facilitated by a steric factor: the more distant location of the carboxyl group
(or the chlorine atom) from the carbonyl group in the indene ring, which minimizes the
repulsion between them. Based on these considerations and the results obtained by the
authors of [7], the formation of an isomer with a carboxyl group in position 6 should also
be expected in our case with high probability.

To improve the bioavailability of indenoquinoxaline acid, it is advisable to
combine it with organic substances that are related to biological objects - amino acids.

Therefore, the next stage of the work was the synthesis of
indenoquinoxaline acid derivatives containing amino acid

N
° - residues. For this, methyl and/or ethyl esters of glycine,
\ N/ B-alanine, diglycine and B-phenyl-a-alanine were used.
N>= The classic method of obtaining an amide bond is the
0
N
O

combination of a carboxyl and an amino group. In the
case of amino acids, dicyclohexylcarbodiimide is used to
activate the -COOH group. However, the main (>90%)
product of this reaction turned out to be the corresponding

@) acetylurea (compound (7), and the desired products were
isolated with very low yields - 5-10%.

At the next stage, an attempt was made to activate the carboxyl group of
indenoquinoxalic acid by converting it into chloride anhydride. Acylation of amino
acid esters with indenoquinoxalinecarboxylic acid chloride (1) also turned out to be
ineffective, because it practically did not lead to the formation of target products.
Numerous attempts to add a tertiary amine to a mixture of amino acid hydrochloride
and indenoquinoxaline carboxylic acid chloride led to tarnishing of the reaction mass,
which is probably associated with the destruction of the heterocyclic system.

Later, the activation of the carboxyl group was carried out by treating
indenoquinoxaline carboxylic acid with monochlorocarbonic acid ethyl ester, resulting
in a mixed anhydride. It mildly reacted at room temperature in the presence of
triethylamine with free bases of amino acid esters to form the desired products (2)-(6)
(Scheme 2).

All synthesized compounds are yellow crystalline powders that are poorly soluble
(except for compound 6) in most organic solvents. Their purification was carried out by
the method of preparative column chromatography. The exception was compound (5),
which was purified by recrystallization from a mixture of chloroform and ethanol (1:5).
The yields of final products after purification reached 40-60%, and the technique itself
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was well reproducible, which obviously indicates the effectiveness of this approach to
the synthesis of indenoquinoxaline carboxylic acids, which contain residues of esters of
the corresponding amino acids.

Scheme 2
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2 - Ry=-H, Ry=-CO0-C,Hs (60%)
3 - Ry=-H, Ry=-COO-CHj (47%)

4 - Ry=-H, Ry=-CH,-COO-CHj (42%)

5 - R,=-H, R,=-CO-NH-CH,-COO-CH; (55%)
6 - R;=Ph-CH,, R,=-COO-CH,-CH, (40%)

All synthesized substances were analyzed for the possibility of binding to
potential targets using the PharmMapper database [7-9] — an integrated web server of
pharmacophores, which is based on reverse molecular docking for the identification
of potential targets of small molecules. Those involved in cell replication and division
were primarily chosen as potential targets. The program has identified about 50 potential
targets for binding. The table shows the best binding targets by normalized match score
(Z,)- This measure combines the fit score and its eigenvector in the score matrix and
normalizes them to a vector with a mean of zero and a standard deviation of one. Its
calculation is carried out according to the formula:

Z _ Fab_Fa
ab
SDgq

where F_ is the initial assessment of the suitability of ligand “a” to the pharmacophore
target “b”; F, - the average value of the indicators of the compatibility of ligand *“a” to
all targets; SD,_ - standard deviation of F_ distribution.

The analysis of the synthesized substances showed that the specified compounds can
bind to a large number of potential biological targets, which are primarily involved in the
replication and division of cells with a fairly large normalized index of correspondence,
and therefore, with a high degree of probability, can be DNA intercalators.

Thus, for the first time, amide derivatives with esters of amino acids: glycine,
B-alanine, diglycine and B-phenyl-o-alanine were obtained and identified on the basis
of 11-oxoindeno[1,2-b]quinoxaline-6-carboxylic acid. Production of amide derivatives
was carried out through the stage of activation of the carboxyl group in three ways:
using dicyclohexylcarbodiimide; due to its preliminary transformation into chloride

anhydride, as well as into a mixed anhydride with ethyl ester of monochlorocarbonic

b
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Table 1
The value of the original score (F ) and the normalized indicator (Z ) of the correspondence
of indenoquinoxaline-6-carboxylic acid amides (2)-(6) with amino acid esters to some
pharmacophore targets

iz::ltll:sls:ﬁ(e;: Biological target F, z,
) Transcription regulator, IcIR family 3,02 | 0,76
Protein 1C40, which controls cell division 3,82 0,64

Receptor tyrosine protein kinase 3,00 | 0,75

3 A component of DNA polymerase processivity 2,94 | 0,73
RNA-binding protein 293 | 0,73

4 RNA-binding protein 2,98 | 0,74
Tyrosine protein kinase 2,97 | 0,74

5 Protein 1C40, which controls cell division 3,95 0,66
6 The main DNA-binding protein 3,63 | 0,73
Tyrosyl-tRNA synthetase 3,00 | 0,75

acid. The last method turned out to be the most effective. It reproduces well and allows
obtaining the target products in acceptable yields. Computer modeling of the biological
activity of the synthesized compounds showed their ability to bind biological targets
involved in cell replication and division, which indicates their potential use as DNA
intercalators for the creation of antiviral and anticancer agents.
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PO3POBKA E®CPEKTUBHOI'O METOAY CUHTE3Y
HOBHUX HOXIJHUX ITHAEHOKCAJIITHKAPBOHOBUX
KUMCJIOT 3 ECTEPAMM o-, B-AMIHOKHNCJIOT

Peakuiero r1mkmizanii  2,3-1iaMiHOOEH30MHOT KHCJIOTH 3 HIHTiApHHOM Oyllo OTpHMa-
HO 1 oxapaktepu3oBaHO 11-okcoinneHo[1,2-b|xiHOKcamiH-6-kapOOHOBY KucioTy. Ha i
OCHOBI 13 3aCTOCYBaHHSIM METHJOBOrO Ta/ab0 eTWJIOBOTO €cCTepiB NILHUHY, [-ajaHiHy,
TUITOUHY Ta B-(eHin-o-anaHiHy Brepmie OyJIo CHHTE30BAaHO IT'SITh aMiJHUX MOXiTHHUX
iH/IeHOX1HOKcanmiHkapooHoBoi  kucymotu:  etunn  2-[(11-okcoinaeno[1,2-b]xiHokcaiH-6-
kapOoHinm)aminoJarietar; Metwn  2-[(11-okcoinneHo[ 1,2-b|xiHOKcaniH-6-KapOOHLT)aMiHO |
arerar; metui 3-[(11-okcoingeno[1,2-b]xiHokcaniH-6-kapOOHiT)aMiHO] MPOMAHOAT; €THII
2-[[2-[(11-okcoinmeHO[2,1-b|XiHOKCATIH-6-KapOOHLT)aMiHO |alleTI |aMiHO|  ameTar;  MEeTHIT
2-[(11-oxcoinaeno[ 1,2-b]xiHokcamiH-6-kapOoHiT)amMiHO |-3-(eHiamponaHoar. Cunre3oBaHi
CIIOJTYKH 1IeHTH(IKOBAHO Ta OXapaKTepPHU30BaHO METOAAMHU XpoMaToMac-criekrpomeTpii ta 'H
SIMP-cniekTpockorii.

Jlnst BBEICHHsT aMiHOKHCJIOTHHX 3aJIMIIKIB OyJI0 OHparboBaHO TPU CIOCOOU MONEPEIHBOT
akTuBanii kapOokcwibHOI rpynu. [lepumii — 3a JOMOMOro0 JUIMKIOreKCHIKapOoIiimMizy.
[Noka3aHo, 110 B IIbOMY BHUIAAKy OCHOBHHM (>90%) MpOMyKTOM NaHOI peaxmii BUSBMIACH
BI/IMOBIZHA aneTHICeyOBHHA. JIpyruil crnoci0 nmossraB y mnepeBe/ieHHi KapOOKCHIBHOT Ipy-
1y XJOPAHTIIPUIHY AaIWJIIOBAHHSAM €CTEPiB aMiHOKHCIIOT XJIOPAHTIAPHIOM iHIIEHO-
XiHOKcasliHkapOoHOBOi kucnotu. Lleit croci® Tex BUABMBCS Hee(EKTHBHUM, OCKUIBKH He
NPHUBOJMB 0 YTBOPEHHsI Oa)KaHWX MPOAYKTIB BHACITIIOK PyHHYBaHHS TeTEPOLUKIIYHOL
cucremu. TpetiMm criocoboM Oyino mepeBeieHO KapOOKCHIIbHY IPYIly Y 3MillIaHOAHTIIPHIHY
i3 3aCTOCYBaHHSM ETHJIOBOTO €CTePy MOHOXJIOPBYTiIbHOI KucioTH. OCTaHHIH MeTo[ BHS-
BUB 3Ha4He 30UIbIICHHs BUXO/IB LIILOBUX CIOJYK Ta KPally BIATBOPIOBAHICTH MOPIBHSHO
3 IHIIUMH JBOMa METOAaMHU aKTHBAIlii, TOMY MOKE BBaXKAaTHCS HaWOUTBII €(EKTUBHUM JIJISt
CHHTE3y 3a3Ha4YCHHUX PEUOBHH.

[InsixoM KOMIT'FOTEPHOTO MOJICTIOBAHHS i3 3aCTOCYBAHHSM MPOrPaMHOTO 3a0e3NeueHHs
PharmMapper [y1st OTpUMaHHUX CHOJYK OyJI0 CIPOrHO30BaHO (apMaKoJIOTiuHi BIACTHBOCTI.
AHai3 pe3ysbTaTiB IMOKa3aB, 1110 BOHU MOXYTh MaTH BIAaCTHBOCTI iHTepkansTopiB JJHK Ta
OyTH MEepCHEeKTUBHUMHU 00’ €KTaMH JUTsl BUCOKONPOIYKTHBHOTO CKPHHIHTY y TONIYKY HOBHX
e(heKTHBHUX aHTHBIPYCHHUX Ta MPOTHPAKOBUX Mpenaparis.

KirouoBi ciioBa: cuHTE3, iHAEHOXIHOJIHU, aMiHOKHMCJIOTH, Oioyoriuyda akTuBHIiCTH, JJHK
IHTEPKAIATOPH.
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