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The 1,3-dicarbonyl derivatives of 2-methyl-1,4-dihydroquinoline-4-one have been synthesized by alkylation of
methylene active compounds with 3-dimethylaminomethyl-2-methyl-1,4-dihydroquinoline-4-one. These com-
pounds are the convenient starting material for creating the new chemical libraries in the series of 3-heteryl
substituted 2-methyl-1,4-dihydroquinoline-4-ones. In this work the examples of the synthesis of new quinolone-
pyrazolone systems are presented. Their condensation with hydrazine hydrate resulted in the new derivatives
of 2-methyl-3-[(5-oxo0-4,5-dihydro-1H-pyrazol-4-yl)methyl]-1,4-dihydroquinolin-4-ones. The estimation of novelty
of the compounds obtained in such chemical databases as PubChem, ChemBI u Spresi has shown that these
substances are not present in these sources, and the chemical scaffold — quinolone bound via the methylene
bridge with azoles is new. Determination of 2D similarity of the compounds synthesized by standard molecular
descriptors with the biologically active structures in the ChemBI_20 database has shown the uniqueness of a
new quinolone scaffold and the potential anti-inflammatory activity for compounds of this series. The molecular
similarity has been determined using the ChemAxon software (JKlustor, Instant JChem).

CUHTE3 | KOMITIOTEPHWUUA CKPUHIHIT HOBUX 2-METUJ/IXIHOJIIH-4-OHIB, 3B’SI3AHUX 3 IMIPA30JIOH-
5-OHOBUM ®PAIrMEHTOM

B.0.3y6koe, H.I.Pywak, O.J1. KameHneunbka, I.C.MpuueHko

Knrovoei cnoea: 2-memur-1,4-0uzidpoxiHoniH-4-0H; nipa3on-5-oH; ocHosa MaHixa; monekynspHa nodibHicmb
AnkinysaHHsaMm 3-OumemurnamiHomemun-2-memurn-1,4-0u2iopoxiHomiH-4-0HOM MemuneHakmugHUX criofyk bynu
cuHme3soeaHi 1,3-0ukapboHinbHi noxioHi 2-memurn-1,4-0u2idpoxiHoniH-4-oHy. [aHi crionyku € 3py4YHuUM cmap-
mosum Mamepianom 0551 CMEOPEHHS XiMiYHuUx bibniomek 6 psdy 3-zemepun3damiweHux 2-memuri-1,4-0u-
2i0poxiHoniH-4-oHig. Y pobomi HagedeHi npuknadu cuHmesy HO8UX XiHOMOH-Mipa3onoHosux cucmem. KoHOeH-
caujero arnkinogaHuUx MemusieHaKmueHUX CrioflyK 3 2idpa3uH 2i0pamom ompumaHi Ho8i MoxioHi 2-memur-3-[(5-
okco-4,5-0uzidpo-1H-nipason-4-in)memun]-1,4-0uzidpoxiHosniH-4-oHie. [MposedeHa oyiHKka HOBU3HU OMpPUMaHUX
crionyk 3a ximiyHumu 6asamu PubChem, ChemBl i Spresi noka3ana, wo 0aHi crionyku 308cimM He npedcmaerneHi
8 Uyux dOxepesiax; a XiMidHUU ckaghghorid — XiHOIOH, 3’eOHaHUl Yepe3 MemusieHo8ul MiCmMOoK 3 a3ofiaMu, € HOBUM.
BusHaveHHs1 2D cxoxocmi cuHme308aHuUX pe4o8uH 3a cmaHOapmHUMU MOMeKynspHUMuU deckpunmopamu 3 bio-
J102iyHO akmusHUMU cmpykmypamu 6a3u daHux ChemBI_20 noka3arno yHikarnbHicmb i epcrnekmusHicme HO8o-
20 XiHOI0H0B020 cKaghghoida 8 Au3aliHi JIKapCbKUX PEYOBUH, @ MaKoX IMO8IpHICMb rposisy rnpomusanasnbHoi
akmueHocmi ceped crionyk daHoz2o psidy. MonekynspHy cxoxicmb 6yrno gusHa4eHo 3a O0NMOMO_20K0 Mpo2pamMHO-
20 3abesneyeHHss ChemAxon (JKlustor, Instant JChem).

CUHTE3 U KOMIMbIOTEPHBIA CKPUHUHIT HOBbIX 2-METUJIXUHOJINH-4-OHOB, CBSI3AHHbIX C IU-
PA30J1-5-OHOBbIM ®PArMEHTOM

B.A.3y6koe, H.U.Pywak, O.J1. KameHeukasi, N.C.puyeHKo

Knroyeenie cnosa: 2-memun-1,4-0uaudpoxXuHonuH-4-oH; nupasorn-5-oH; ocHosaHue MaHHuXxa; MoneKynspHoe
rnodobue

AnkunupoeaHuem 3-OumemurnamuHomMemur-2-memuri-1,4-0u2udpoXuHOIUH-4-0HOM MemusieHaKmueHbIX coedu-
HeHul bbiriu cuHme3uposaHbl 1,3-0ukapboHUIbHbIE MPOU3800HbIe 2-memurl-1,4-0uaudpoxuHonuH-4-oHa. [JaH-
Hble coeOuHeHUs S8rsAtmcsi yO0bHbIM cmapmosbiM Mamepuarnom 0nsi co30aHusi bubnuomek 8 psdy 3-eemepurni-
3amMelweHHbIX 2-memuri-1,4-0uaudpoxuHonuH-4-oHos. B pabome npueedeHbl MpUMePbI CUHMe3a HO8bIX XUHO-
JTOH-NUpPa3010Ho8bIx cucmem. KoHOeHcayuel ankunuposaHHbIX MemMuIeHakmueHbIX cOeOUHeHUl ¢ 2udpasuH
2udpamom nosy4YeHbl HO8ble NMPou38o0Hbie 2-memun-3-[(5-okco-4,5-0uaudpo-1H-nupason-4-un)memun]-1,4-
OuaudpoxuHouH-4-oHo8. [TposedeHHasi oueHKa HO8U3HbI MOTYYEHHbIX COeQUHEeHUU Mo Xxumuyeckum 6aszam
PubChem, ChemBI u Spresi nokasana, Ymo daHHble COEAUHEHUSs] co8CeM He rpedcmasrieHbl 8 3mux UCMOoY-
HUKax, a xumu4yeckul ckaghgond — XUHOMIOH, COEOUHEHHbIU Yepe3 MemureHo8bIlU MOCMUK C a3onamu, sessi-
emcs HoebiM. OnpedeneHue 2D nodobusi cuHMe3upo8aHHbIX COEOUHEHUU Mo cmaHOapmMHbLIM MOMIEKYISIPHbIM
deckpunmopam ¢ buonoauyecku akmugHbiMU cmpykmypamu b6a3bl 0aHHbix ChemBI_20 rnoka3ano yHukarsb-
HOCMb U r1epcreKkmugHoOCmb HO8020 XUHOIOHOB8020 ckaghghonda 8 du3aliHe fieKkapCmeeHHbIX 8eUiecms, a mak-
)Xe 8epOosImHOCMb MPOsI8NIEHUST MPomMueogocnanumernbHoOU akmusHocmu cpedu coeOuHeHUl daHHo20 psda.
MonekynsapHoe nodobue 6b1r10 onpedeneHo ¢ noMowbio npoepammHoz2o obecrnedyeHuss ChemAxon (JKlustor,
Instant JChem).
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3-Substituted quinolones are attractive targets in
medicinal chemistry over the past decades. It is con-
nected with their ability to exhibit different types of
the biological activity, and there are many successful
stories of creation of medicines on their basis [1-3].
It was discovered earlier that 3-dimethylaminome-
thyl-2-methyl-1,4-dihydroquinoline-4-ones could be
effective alkylating agents in the reactions with N-
and C-nucleophiles [4-5]. In continuation of our pre-
vious research efforts of increasing the molecular
diversity of 3-substituted quinolones with various
biologically important moieties it has been decided
to expand the range of active methylene compounds
using their reaction with 3-dimethylaminomethyl-
2-methyl-1,4-dihydroquinoline-4-one, and then make
some heterocyclization on the basis of the resulting
products.

It is well known that 1,3-dicarbonyl compounds
are convenient reagents in the synthesis of various
5- and 6-membered heterocycles according to the
“2 +3” and “3 + 3” strategies [6]. In relation to the
objects of our studies, the molecular diversity expan-
sion can be carried out as shown in Fig. 1. In this work
the synthesis of new quinolone-pyrazol systems bound
via the methylene group, namely derivatives of 2-me-
thyl-3-[(5-0x0-4,5-dihydro-1H-pyrazol-4-yl)methyl]-
1,4-dihydroquinolin-4-ones is presented.

To estimate the novelty of the compounds plan-
ned to synthesize the literature search and structural
web-search in such chemical databases as PubChem,
ChemBIl and Spresi were conducted at first [7-9]. The
results obtained have shown that currently such com-
pounds are not present in these chemical databases.
As an example, the structures of the most similar
substances according to 2D similarity methods with
the Tanimoto coefficient for 3-[(3-amino-5-o0x0-4,5-
dihydro-1H-pyrazol-4-yl)methyl]-2-methyl-1,4-dihyd-
roquinolin-4-one are given in Table.

The next step of our chemoinformatic studies was
the preliminary estimation of the pharmacological
potential of 2-methyl-3-[(5-0x0-4,5-dihydro-1H-py-
razol-4-yl)methyl]-1,4-dihydroquinoline-4-ones. To
achieve this purpose, the sdf ChemBI_20 database was
chosen. This database is one of the most powerful tool
of chemo- and bioinformatics and currently contains
1.463.270 distinct compounds, 13.520.737 activities,
and 59.610 source documents. The platform of ChemAxon
under free academic license was used as a software.
The 2D similarity method was used, and considering
the vast number of compounds in ChemBI-20, the clu-
stering of the data was carried out by Bemis-Murcko
algorithm. JKlustor was used for clustering and diver-
sity analysis of chemical sets, JChem 15.2.23.0, 2015,
ChemAxon (http://www.chemaxon.com). The search
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Fig. 1. The “2 + 3” and “3 + 3” strategies for the synthesis of new heterocycles of quinolin-4-ones derivatives.
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Fig. 2. Bemis-Murcko scaffold describing the compounds
synthesized.

of the graph scaffold describing the compounds syn-
thesized (Fig. 2) among Bemis and Murcko frame-
works of the ChemBI database has shown that there
are 1167 substances that correspond to this para-
meter.

For structure database management, search and
analysis of data the Instant JChem software was used
(Instant JChem 15.2.23.0, 2015, ChemAxon, http://
www.chemaxon.com). To determine the molecular
similarity, standard 2D molecular descriptors calcu-
lated using Instant JChem were applied.

Data analysis and visualization were carried out
by constructing combinations of all possible scatter
plots and radar charts. As a result, it has been found
that the most similar compound is 3-substituted quin-
oxaline-2-one, CHEMBL2263312 (Fig. 3) that exhibits
the anti-inflammatory activity on the carrageenan-
induced rat paw edema model [10].

Thus, the data analysis of 2D similarity of 2-me-
thyl-3-[(5-0x0-4,5-dihydro-1H-pyrazol-4-yl)methyl]-
1,4-dihydroquinoline-4-ones with distinct compounds
from the ChemBI database has shown that the bio-
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logical activity of this scaffold has not been studied
yet, and for more accurate determination of similari-
ty with the known ligands it is necessary to perform
the 3D ligand-based virtual screening for these com-
pounds.

The synthesis of the target compounds 3a, b, and
6 was carried out as shown in Scheme. At first, the
active methylene compounds - ethyl cyanoacetate,
ethyl acetoacetate and diethyl malonate were alkyla-
ted with 3-dimethylaminomethyl-2-methyl-1,4-dihyd-
roquinoline-4-one 1 with good yields using the me-
thod recently described [5]. The preliminary quater-
nization of 3-dimethylaminomethyl-2-methyl-1,4-di-
hydroquinoline-4-one with methyl iodide allows to
alkylate the activated C-nucleophiles under mild con-
ditions and in good yields. In this study we did not
isolate the intermediate quaternized quinolone salt
from the reaction medium, the one-pot synthesis was
performed to yield the resulting products 2a-c. Then
condensation of compounds 2a, b with hydrazine hyd-
rate and further intramolecular cyclization in situ to
the corresponding derivatives of pyrazole-5-ones was
carried out [11].

In the case of alkylated diethylmalonate 2¢ the
synthesis of the target pyrazolidine-3,5-dione 6 was
conducted somewhat differently using the method
described by Metwally et al. [12]. Condensation of
the substituted diethylmalonate 2¢ with hydrazine
hydrate occurred ambiguously and led to formation
of the mixture of mono- 5 and dihydrazide 6 in the
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Fig. 3. A graphical representation of the most similar structure from the ChemBI database with the compound studied.
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ratio of approximately 80:20. These products were
separated quite easily due to their different solubi-
lity in ethanol. The subsequent intramolecular cycli-
zation of monohydrazide 5 in the presence of sodium
ethylate led to formation of pyrazolidine-3,5-dione
with a good yield.

Experimental Part

Melting points were determined in open capilla-
ry tubes and were uncorrected. The proton nuclear
magnetic resonance (*H NMR) spectra were recorded
on a Varian Mercury VX-200 (200 MHz) in DMSO-D,
using tetramethylsilane [(CH;),Si] as an internal stan-
dard. Elemental analysis was performed on an Ele-
mentar Vario EI elemental analyzer.

3-Dimethylaminomethyl-2-methyl-1,4-dihydroqui-
noline-4-one 1 was obtained using the method [4].

Ethyl 2-cyano-3-(2-methyl-4-o0xo0-1,4-dihydro-
quinolin-3-yl)propanoate 2a. To 1.08 g (5 mmol)
of 3-dimethylaminomethyl-2-methyl-1,4-dihydroqui-
noline-4-one in 20 ml of absolute ethanol add 0.5 ml
(8 mmol) of methyl iodide and stir the mixture at room
temperature for 15 hours. Then raise the tempera-
ture to 60°C and allow to stand for an hour. Cool the
solution to room temperature, add 0.6 g (5.3 mmol)
of ethyl cyanoacetate, and while mixing thoroughly
add by portions the solution of sodium ethylate pre-
pared from 0.12 g of metal sodium (5.3 mmol) and
10 ml of absolute ethanol. Reflux the reaction mix-
ture until no trimethylamine is evolved. Add water,
acidify the mixture to pH 5. Filter the precipitate ob-
tained, wash and recrystallize from ethanol. Yield -
1.03 g (76%). M.p. - 211-213°C. 'H NMR - §, ppm -
11.57 (s, 1H), 8.04 (dd,/ = 8.1, 1.6 Hz, 1H), 7.61 (ddt,
J=9.2,4.3,2.1 Hz, 1H), 7.49 (d, ] = 7.9 Hz, 1H), 7.38-
7.17 (m, 1H), 4.38 (dd,/=8.9,6.7 Hz, 1H),4.16 (q,] =

7.1 Hz, 2H), 3.13 (td,J = 14.0, 8.1 Hz, 2H), 2.45 (s, 3H),
1.18 (t, / = 7.1 Hz, 3H). Anal. Calcd for C,;H,,N,0,; C,
67.59; H, 5.67; N, 9.85; found: C, 67.73; H, 5.68; N,
9.87.

Compounds 2b, ¢ were synthesized by the same
procedure.

Ethyl 2-[(2-methyl-4-0x0-1,4-dihydroquinolin-
3-yl)methyl]-3-oxobutanoate 2b. The compound was
recrystallized from ethanol. Yield - 0.92 g (64%). M.p. -
148-150°C. 'H NMR, §, ppm, 11.47 (s, 1H), 8.02 (dd, J
=8.0, 1.5 Hz, 1H), 7.58 (ddd, ] = 8.4, 6.8, 1.6 Hz, 1H),
7.45 (d,/=8.0 Hz, 1H), 7.25 (ddd, /] = 8.2, 6.8, 1.3 Hz,
1H), 4.17-3.92 (m, 3H), 2.89 (qd, /= 13.8, 7.3 Hz, 2H),
2.39(s,3H),2.17 (s,3H), 1.05 (t,/ = 7.1 Hz, 3H). Anal.
Calcd for C,,H,,NO,; C, 67.76; H, 6.36; N, 4.65; found:
C, 67.64;H,6.37; N, 3.39.

1,3-Diethyl 2-[(2-methyl-4-0x0-1,4-dihydroqui-
nolin-3-yl)methyl]propanedioate 2c. The compound
was recrystallized from ethanol. Yield - 1.14 g (69%).
The melting point and data of *H NMR spectra coin-
cide with those given in the work [5].

3-[(3-Amino-5-0x0-4,5-dihydro-1H-pyrazol-4-
yl)methyl]-2-methyl-1,4-dihydroquinolin-4-one 3a.
Dissolve 0.5 g (1.76 mmol) of ethyl 2-cyano-3-(2-
methyl-4-oxo0-1,4-dihydroquinolin-3-yl) propanoate
2a while stirring in 5 ml ethanol. Add dropwise 0.1 g
(2.06 mmol) of hydrazine hydrate to the resulting so-
lution and stir at 70°C for 16 hours. Evaporate the sol-
vent under reduced pressure. Treat the residue with
water and 3 ml 1 M of acetic acid. Filter the precipi-
tate obtained, wash and recrystallize from dimethyl-
formamide. Yield - 0.34 g (72%). M.p. > 300°C. 'H
NMR - §, ppm 11.62 (s, 1H), 9.49 (s, 1H), 8.04 (dd, J
=8.0,1.5 Hz, 1H), 7.61 (ddd, J = 8.3, 6.7, 1.5 Hz, 1H),
7.48 (d,/=8.1Hz, 1H),7.28 (t,/]=7.5 Hz, 1H), 4.42 (s,
2H), 3.99 (t,] = 7.6 Hz, 1H), 2.98 (dd, / = 7.6, 2.7 Hz,
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2H), 2.44 (s, 3H). Anal. Calcd for C,,H,,N,O,; C, 62.21;
H, 5.22; N, 20.73; found: C, 62.05; H, 5.21; N, 23.42 .
2-Methyl-3-[(3-methyl-5-0x0-4,5-dihydro-
1H-pyrazol-4-yl)methyl]-1,4-dihydroquinolin-4-
one 3b was prepared by the same procedure and un-
der the same conditions using ethyl 2-[(2-methyl-4-
oxo0-1,4-dihydroquinolin-3-yl)methyl]-3-oxobutano-
ate 2b and hydrazine hydrate. Yield - 0.46 g (57%).
M.p. > 300°C. 'H NMR §, ppm - 11.56 (s, 1H), 9.11 (s,
1H),8.01 (dd,J=7.4,1.6 Hz, 1H), 7.43 (td, /= 7.4, 1.5
Hz, 1H),7.39 (td,J = 7.5, 1.6 Hz, 1H), 7.20 (dd, /= 7.5,
1.5 Hz, 1H), 3.87 (t,/ = 8.0 Hz, 1H), 2.95 (m, 2H), 2.43
(s, 3H), 2.04 (s, 3H). Anal. Calcd for C;;H,;N,0,; C, 66.90;
H, 5.61; N, 15,60; found: C, 67.02; H, 5.60; N, 17.63.
Ethyl 2-(hydrazinecarbonyl)-3-(2-methyl-4-oxo-
1,4-dihydroquinolin-3-yl)propaneate 5. To the so-
lution 0of 0.95 5 g (3.16 mmol) of 1,3-diethyl 2-[(2-me-
thyl-4-oxo0-1,4-dihydroquinolin-3-yl) methyl]propa-
nedioate 2c in 10 ml of ethanol add 0.15 g (3 mmol) of
hydrazine hydrate. Stir the mixture at room temper-
ature for 12 hours, separate dihydrazide 4 (0.13 g)
by filtration. After evaporating the filtrate and treat-
ing the residue successively with methylene chlori-
de and isopropanol obtain monohydrazide 5 and re-
crystallize from ethanol. Yield - 0.62 g (55%). M.p.
-194-196°C.'H NMR §, ppm - 11.40 (s, 1H), 9.06 (s,
1H), 8.03 (dd, J = 8.0, 1.5 Hz, 1H), 7.58 (ddd, J = 8.3,
6.8,1.6 Hz, 1H), 7.44 (d,]/ = 8.0 Hz, 1H), 7.23 (ddd, J =
8.2,6.8,1.5 Hz, 1H), 4.15-3.90 (m, 3H), 2.99-2.85 (m,
2H), 2.42 (s, 3H), 1.06 (t,/ = 7.1 Hz, 3H). Anal. Calcd
for C,;H,,N,0,; C, 60.56; H, 6.03; N, 13.24; found: C,
60.46; H, 6.04; N,11.65.
2-[(2-Methyl-4-0x0-1,4-dihydroquinolin-3-yl)
methyl]propanedihydrazide 4. Yield - 0.13 g (12%)).
M.p. - 281-283°C. 'H NMR §, ppm - 11.45 (s, 1H),
10.32 (br, s, 4H), 9.06 (s, 1H), 9.01 (s, 1H), 8.02 (dd, J
=8.0,1.4 Hz, 1H), 7.58 (ddd, = 8.3, 6.8, 1.5 Hz, 1H),
7.42 (d,/=8.0 Hz, 1H), 7.22 (ddd, / = 8.2, 6.8, 1.4 Hz,
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1H), 3.94 (t,/ = 7.9 Hz, 1H), 2.91 (m, 2H), 2.41 (s, 3H).
Anal.Calcd for C;,H;N;O,; C, 55.44; H,5.65; N, 23.09;
found: C, 55.33; H, 5.66; N, 20.78.

4-[(2-Methyl-4-0x0-1,4-dihydroquinolin-3-yl)
methyl]pyrazolidine-3,5-dione 6. Add slowly the solu-
tion of sodium ethylate prepared from 0.04 g (1.73 mmol)
of sodium metal and 5 ml of absolute ethanol drop-
wise to a cold solution of 0.05 g (1.58 mmol) of 2-
[(2-methyl-4-0x0-1,4-dihydroquinolin-3-yl)methyl]
propanedihydrazide 4 in 10 ml of absolute ethanol.
Leave the reaction mixture overnight in the refrige-
rator, then stir at room temperature for 6 hours and
filter. Add 5 ml of 1 M acetic acid to the filtrate. Fil-
ter the precipitate obtained, wash and recrystallize
from the mixture of solvents DMF - EtOH. Yield -
0.22 g (51%). M.p. > 300°C. 'H NMR §, ppm - 11.60
(s,1H),10.26 (br.s, 2H), 8.02 (dd, /= 8.1, 1.3 Hz, 1H),
7.60 (ddd, J=8.3,6.7,1.4 Hz, 1H), 7.45 (d,] = 8.0 Hz,
1H), 7.27 (t, ] = 7.8 Hz, 1H), 4.02 (t, ] = 7.6 Hz, 1H),
2.97 (dd,]J =7.6, 2.7 Hz, 2H), 2.44 (s, 3H). Anal. Calcd
for C,,H;;N,0;; C, 61.99; H,4.83; N, 15.49; found: C,
61.89; H, 4.84; N, 13.63.

Conclusions

The new derivatives of 1,3-dicarbonyl 2-methyl-
1,4-dihydroquinoline-4-one have been obtained using
3-dimethylaminomethyl-2-methyl-1,4-dihydroquino-
line-4-one as the alkylating agent. These compounds
are a promising scaffold for the synthesis of various
heterocyclic systems with quinolone substituents. By
the example of condensation with hydrazine hydrate
the synthesis of new derivatives of 2-methyl-3-[(5-
ox0-4,5-dihydro-1H-pyrazol-4-yl) methyl]-1,4-dihyd-
roquinolin-4-ones has been shown. Using the tools of
chemoinformatics the novelty of these compounds
has been shown, and determination of 2D similarity
with structures from the ChemBIl 20 database has
been conducted.
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