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THE RESERVED-PHASE HPLC STUDY OF THE COMPLEXATION
OF 5,17-BIS-(N-TOLYLIMINO-METHYL)-
25,27-DIPROPOXYCALIX[4]ARENE WITH AROMATIC
CARBOXYLIC ACIDS
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The Host-Guest complexation of 5,17-bis-(N-tolyliminomethyl)-25,27-dipropoxycalix[4]arene with a number of
aromatic carboxylic acids has been studied by reversed-phase high-performance liquid chromatography. The mobile
phase was acetonitrile-water (80/20, v/v) with addition of 0.1% formic acid. The column was LiChrosorb RP 18,
the UV detector operated at A = 254 nm and at 26°C. The main chromatographic characteristics (retention time
t; and capacity factor k’) of the aromatic carboxylic acids have been determined. The lipophilicity values of log P
of carboxylic acids, as well as the binding constants K, (387-941 M) and Gibbs free energies AG (-14.74 —
-16.94 kJ/mol) of the calixarene complexes with aromatic carboxylic acids have been calculated. The molecular
modelling (Hyper Chem, version 8.0) of the calixarene complexes has revealed the presence of hydrogen bonds
between carboxylic groups of the acids and nitrogen atoms of imino groups at the upper rim or oxygen atoms of
hydroxyl groups at the lower rim of the calixarene macrocycle. The influence of log P lipophilicity of acids on K,
values of the calixarene complexes has been assessed. The linear dependence of the binding constants on the
acid lipophilicity indicates a significant role of solvophobic interactions on the complexation process. The relation-
ship between supramolecular (K,) and physicochemical (molecular weight, log P, pKa) characteristics of acids
has been found. The binding constants K, of the complexes increase with increase of their molecular weight and
log P values.

OBEPHEHO-®A3HE BEPX-4OCIOXXEHHS KOMIMJIEKCOYTBOPEHHA 5,17-BIC-(N-TOJ1ITIMIHOMETUI)-
25,27-AUTNPOINOKCUKATIIKC[4]APEHY 3 APOMATUYHUMW KAPBEOHOBUMU KUCJITIOTAMU
O.l.Kanb4yeHko, A.B.Conoestioe, B.l.Kanb4yeHko

Knroqoei cnoea: kanikc[4]apeH;, obepHeHO-thazHa sucokoeghekmueHa piduHHa xpomamozpadpisi; apoMamuyHi
Kapb0oHO8I Kucromu; MoneKynsipHe MoOereaHHsI; KOMekcoymeopeHHs mury [icmb-locrodap
KomnnekcoymeoperHst murty [icmb-Iocrniodap 5,17-6ic-(N-moninimiHomemurn)-25, 27-0urnpornokcukasikc[4]apeHy
3 HU3KOK apoMamuyHuUx kapboHosux Kucrom 00cnidxeHo memodom 0bepHeHO-gha3HOI 8UCOKOeheKmMuBHOT
piduHHOI xpomamoepadpii. Pyxoma ¢haza — auemonimpuri-eoda, (80/20, 3a o6’emom) 3 dodasaHHsM 0,1% my-
pawuHoi kucriomu. KornoHka — LiChrosorb RP 18, Y® demexkmop npautoeas rpu 00&XuHi xeuri A = 254 Hm 3a
memnepamypu 26°C. BusHa4yeHi OCHO8HI xpomamozpaiyHi xapakmepucmuku (4ac ympumaHrHs t, ma koegiuyi-
eHm emkocmi k’) kapboHosux kucrom. PospaxosaHi 3Ha4yeHHs ninoginbHocmi log P kucrnom, a makox 3Ha4eHHS
KoHcmaHm 38’sa3yeaHHs K, (387-941 M) ma einbHux eHepeili [ibca AG (-14.74 — -16.94 kJ/mol) komnnekcie
KanikcapeHy 3 apomMamuydHumu KkapboHosumu kucriomamu. MonekynapHe modentosaHHs (Hyper Chem, eepcis
8.0) KkanikcapeHo8UX KOMIIIEKCI8 8Ka3ano Ha MpucymHicmb 800HE8UX 38’A3Ki8 MiX KapbOOKCUIbHUMU epyrnamu
Kuc/iom ma amomamu a3omy iMiHO-2pyrn Ha 8epXHbOMY 8iHUi abo amoMamMu KUCHIO 2i0pOKCUMbHUX epyn Ha
HUXHBOMY 8iHUJ KarikcapeHo8020 Makpouyukiy. OuiHeHo ennus ninoginbHocmi log P kucriom Ha 3HadeHHs K,
KanikcapeHosux komnnekcie. JliHiliHa 3anexHicmb KoHcmaHm 38’s3yeaHHs1 K, 8i0 ninoginsHocmi Kuciom ekasye
Ha cymmesy posb corb80hOOHUX 83aeMO0Ill y MPOUECi KOMIMIIEKCOYymMeBopeHHs1. BcmaHo8rneHo 83aeM038’930K
Mix cynpamonekynsapHumu (K,) ma isuko-xiMiYHUMU Xapakmepucmukamu (MonekynspHa maca, log P) Kuc-
nom. KoHcmaHmu 38’s13ygaHHs1 K, KoMriniekcie 3pocmatome 3i 36inbUWeHHSIM MOMEKyspHOI Macu Kucriom ma ix
ninogpinsHocmi log P.

OBPALYEHHO-®A3HOE B3)XXX UCCJIEQOBAHUE KOMITIIEKCOOBPA30OBAHMUA 5,17-6UC-(N-TOJTUITUMU-
HOMETWIN)-25,27-QUTNMPOINOKCUKATINKC[4]APEHA C APOMATUYECKUMW KAPBOHOBBLIMU KUCITOTAMU
O.U.Kank4yeHko, A.B.Conoestios, B.U.Kank4yeHko

Knroueenie cnoea: kanukc[4]apeH; obpaweHHO-ghasHasi 8bICOKO3ghghekmueHasi XUOKOCMHasi XpomMamoepa-
usi; apomamuyeckue kapboHO8bIe KUCIOMbI; MOMEKYIspHoe ModenupogaHue; KoMiiekcoobpasosaHue murna
Focmb-Xo3siuH

KomnnexkcoobpasosaHue mura [ocmb-XossiuH 5, 17-6uc-(N-monunumuHomemunn)-25,27-0unpornokcukanukcl4]ape-
Ha ¢ HeKOMOPbLIMU apoMamu4YecKuMu KapboHo8bIMU Kuciomamu uccriedo8aHo Memodom obpauieHHO-ghasHoU
8bICOKO3hhekmusHoU xudkocmHol xpomamozpaghuu. lNodsuxHas ¢hasa — auemoHumpuri-gooda, (80/20, no
o0b6bemy) ¢ dobaskoli 0,1% mypasbuHol Kucriomsl. KoroHka — LiChrosorb RP 18, Y® demexkmop paboman npu
OrnuHe 8051HbI A = 254 HM u memnepamype 26°C. OnpedesieHbl OCHO8HbIE XpoMamozpaghuyecKue xapakmepucmu-
Ku (8pemsi yOepxueaHUus ty U KOaghgbuyueHm emkocmu k’) apomamuyeckux kapboHo8bIx Kucrom. Paccuumarsi
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3HavyeHus nunogunbHocmu log P kucrnom, a makxe 3HadeHusi KoHcmaHm cesisbigaHusi K, (387-941 M) u ceo-
600HbIX aHepauli [ubbca AG (-14.74 — -16.94 kJ/mol) komrnekcos KanukcapeHa ¢ apoMamu4eckumu KapboHo-
8biMu Kucriomamu. MonekynspHoe modenuposaHue (Hyper Chem, eepcusi 8.0) kanukcapeHO08bIX KOMI/1eKCo8
rokasaro rnpucymcmeue 8000pPOOHbIX cesizell Mex0y KapbOOKCUMbHbLIMU epyrnnamMu KUc/Iom u amomamu asoma
UMUHO-2pyrnn Ha eepxHem 060de unu amomamu Kucriopoda 2uOpOKCUsIbHbIX 2Py Ha HUXHeM 0bode Kasnu-
KcapeHo8020 Makpouyukna. OueHeHo snusiHue nunogunsHocmu log P kucriom Ha 3HadyeHus K, KarukcapeHo-
8bIX Komrinekcos. JluHeliHasi 3a8UCUMOCMb KOHCMaHm cesisbisaHusi K, om nunogunsHocmu Kucrom ceude-
mernbcmeyem O CywecmeeHHOU posiu Conb80GhObHbIX 83aumodelicmeull 8 Mpouecce KOMMIeKcoobpasoeaHusl.
YcemaHoerneHa e3aumocesidb Mex0y cyrnpamonekynapHbiMu (K,) u ¢ou3uKo-xuMmu4yeckuMmu xapakmepucmukamu
(monekynsapHas macca, log P) kucriom. KoHcmaHmbi cesidbieaHusi K, KOMI/IeKco8 pacmym C yeenu4yeHuem mMo-
neKynsipHol Macchl KUC/IOM U MO8bILEeHUEM 3Ha4YeHuUl ux aunogunsHocmu log P.

An important problem in chemistry and biology
is molecular recognition, separation, membrane trans-
port and analytical sensing of biorelevant molecules
by artificial receptors [1-7]. Calixarenes - “macro-
cyclic vases”, which are easily available through the
cyclocondensation of para-substituted phenols with
formaldehyde, — are widely used as molecular plat-
forms for constructing specific receptors capable of
highly selective recognition between fairly similar
substrates [8-10]. Apparently, the outstanding recep-
tor properties of functionalized calixarenes toward
the biorelevant molecules make them highly prom-
ising materials for sensor technologies [11], as well
as Host molecules for drug delivery systems in phar-
maceutical science [5, 6, 8, 12-17].

Aromatic carboxylic acids, such as benzoic, p-couma-
ric, cinnamic, gallic, diphenylacetic acid and their
different derivatives are used in medical practice as
antibacterial and antifungal agents for skin diseases
and mycosis [18-23]. Many naturally occurring phe-
nolic acids and analogues, namely caffeic and gallic

ToIN=CH

acids, are known to exhibit a wide variety of biologi-
cal functions, in addition to their primary antioxi-
dant activity, which are mainly related to modula-
tion of carcinogenesis [24].

The information on the supramolecular Host-Guest
interaction of calix[4]arenes with the aromatic car-
boxylic acids will be useful in the design of artificial
receptors for such biorelevant compounds.

In this paper we reported the Host-Guests com-
plexation study of 5,17-bis-(N-tolyliminomethyl)-25,27-
dipropoxycalix[4]arene (DPCA) with benzoic 1, p-cou-
maric 2, cinnamic 3, caffeic 4, gallic 5, diphenylacetic
acid 6 (Scheme) by the reversed-phase high-perfor-
mance liquid chromatography (RP HPLC) method in
acetonitrile-water solution.

Experimental Part

The RP HPLC study was performed on a Hitachi
chromatograph (Hitachi, Ltd., Tokyo, Japan) consisting
of a high-pressure pump connected to a Rheodyne
sample 7120 injector with a 20 pL loop (Rheodyne,

CH=NTol

HO  COOH @
COOH
-
HO /@ 3

Scheme
4
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Table
Retention times t,, capacity factors k’
of carboxylic acids 1-6, K, and AG values
of their complexes with DPCA
Retention | Capacity p AG?,
Substrate time, t,, min | factor, k’ Ko M kJ/mol
10 4.50 0.50 650+72 -16.02
2 3.68 0.23 692+111 -16.18
3 3.80 0.27 941+£175 | -16.94
4 3.90 0.30 52070 -15.47
5 4.0 0.33 625+88 -15.92
6 448 0.49 387148 -14.74
2AG = RT InK,

®K, was determined in [28]

Berkeley, USA) and an ultraviolet-visible detector.
The column (250x4.6 mm i.d.) was packed with Li-
Chrosorb RP 18 (Merck, Darmstadt, Germany). Ace-
tonitrile was bought from the Acros Organics. Carboxylic
acids were purchased from Sigma-Aldrich (St. Louis,
MO, USA). DPCA was synthesized by the method [25].
The acetonitrile-water (80/20, v/v) mixture was used
as a blank mobile phase. The calixarene based mobile
phases were prepared by dissolving DPCA in aceto-
nitrile-water (80/20, v/v), 0.1% formic acid mixture
to obtain the DPCA concentration of 0.05-0.6 mM.
The analytes for injections were dissolved in the mix-
ture of acetonitrile-water (80/20,v/v) (C=0.01 mM).
The amount of the sample injected was 20 pL. All chroma-
tograms were recorded at 26°C. The UV detector operated
at 254 nm. The dead time t, was measured with NaNO,.
Determination of lipophilicity of log P of acids 1-6
Lipophilicity of log P of acids 1-6 (Table) was calculat-
ed by the HPLC method from equation log P = Kx (log k).

6

The coefficient K being the relationship of log P value
of benzoic acid 1 (1.87) [26] to its log k* was deter-
mined by RP HPLC in this work.

Molecular modelling

Molecular modelling of DPCA complexes with acids
1-6 were carried out using a Hyper Chem, version
8.0 programme [27]. The structures were optimized
by the semi-empirical PM3 method.

Results and Discussion

Calixarene DPCA and carboxylic acids 1-6 in the
given conditions of analysis were registered on the
chromatograms as sharp peaks. The chromatogra-
phic characteristics of carboxylic acids 1-6 (reten-
tion time t,, capacity factor k’), their binding con-
stants K, and free Gibbs energies AG of their com-
plexes with DPCA are presented in Table.

Binding constants of the inclusion Host-Guest com-
plexes of DPCA with aromatic carboxylic acids 1-6
were determined by the RP HPLC method described
in [29] and based on determination of retention fac-
tor k’ of the Guest - carboxylic acids prior to and af-
ter the Host addition to the mobile phase. The DPCA
addition to the mobile phase decreases retention
factor k’ of carboxylic acids 1-6. The linear character
plots of 1/k’vs the DPCA concentration (Fig. 1) in-
dicate formation of the Host-Guest supramolecular
complexes with 1:1 stoichiometry.

In accordance with the data obtained (Table) the
highest K, was observed for cinnamic acid (941 M1),
and the lowest K, was observed for the most bulky
diphenylacetic acid (387 M™!). The binding constants
K, strongly depended on the molecular weight (Fig. 2)
and lipophilicity of log P (Fig. 3) of the acids.

There is the linear dependence of the binding con-
stants K, on lipophilicity of log P of cinnamic, p-coumaric,
gallic, caffeic, benzoic and diphenylacetic acid (Fig. 3).

55

5 A
4.5
A

4

1/k'

25

2

1.5 T T

35 .//X
<
X
3

# Benzoic acid

m Cinnamic acid

A P-coumaric acid

X Gallic acid

X Diphenylacetic acid
® Caffeic acid

0 2 4

[DPCA], x 107* M

Fig. 1. Plots of 1/k’'vs the DPCA concentration (r = 0.98-0.99).
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Fig. 2. The influence of the molecular weight of cinnamic, p-coumaric, gallic, caffeic and diphenylacetic acids

on K, of their complexes (r = 0.98).

The increase of log P values of the acids leads to
increase of K, values of their complexes with DPCA.

To clarify the nature of the supramolecular Host-
Guest interactions the molecular modelling of DPAA
complexes with cinnamic acid and diphenylacetic
acid was carried out (Fig. 4).

Carboxylic acids deeply penetrate in the calixarene
cavity (Fig. 4) with formation of the supramolecular
Host-Guest complexes. The complexes are stabilized by
the intermolecular hydrogen bonds C(0)O-H-OH formed
by carboxylic groups of the Guest molecule with the oxy-
gen atoms of the hydroxyl groups of the Host molecule.

N§ _ COOH
|

1100 -

900 - @(\\ _ COOH B
HO™ T

J

C ’ o
- i COOH _—
5 700 j/ / |
¥<‘ 3 © %k

500 - + |

A i
300 - B
100 T T T T T T
0.41 0.51 0.61 0.71 0.81 0.91 1.01
log P

Fig. 3. Plots of K, vs log P for diphenylacetic, caffeic, gallic, cinnamic and p-coumaric acids (r = 0.83).
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A

B C

Fig. 4. The lowest energy structures of DPCA (A) and its complex with cinnamic (B) and diphenylacetic acid (C).
Intermolecular and intramolecular hydrogen bonds are presented by dotted lines.

1200

NS COOH
J

1000 -
800 -

600 -

Ka, M

400 -

200 -

0 T T T T
2.2 2.3 24 2.5 2.6

2.7 2.8 29 3 3.1 3.2

H-O distance, A

Fig. 5. Plots of K, values vs H-O distances of the intermolecular hydrogen bonds between the Guest carboxylic groups and the Host
hydroxyl groups at the lower rim of the macrocycle for cinnamic, caffeic, benzoic, p-coumaric, gallic and diphenylacetic acids (r = 0.86).

The proportional dependence of the binding constants
of the complexes on the long hydrogen bonds H~O is
observed (Fig. 5). Additionally, the complexes can be
stabilized by the van der Waals stacking and interac-
tions between the Host and Guest molecules (Fig. 4). In
the case of diphenylacetic and benzoic acids the other
hydrogen bonding is observed. Carboxylic groups form
intermolecular bonds with the basic nitrogen atoms of
imino groups (Fig. 4C). Phenyl groups of these acids are
included into the molecular cavity as a result of m-m-
stacking interactions. Plots of K, values vs H~O distanc-
es of the intermolecular hydrogen bonds between the
Guest carboxylic groups and the Host hydroxyl groups
at the lower rim of the macrocycle is presented in Fig. 5.
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THE SYNTHESIS AND ANALGESIC PROPERTIES
OF N-(BENZYL)-2-HYDROXY-9-METHYL-4-0XO-
4H-PYRIDO[1,2-a]PYRIMIDINE-3-CARBOXAMIDES
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Key words: amidation; tricarbonylmethane heterocyclic derivatives; 2-hydroxy-4-oxo-4H-pyrido[1,2-a]
pyrimidine-3-carboxamides; synthesis; bioisosteric replacements; analgesic activity

Continuing the search for new analgesics among derivatives of azahetarylcaboxylic acids by the reaction of ethyl
2-hydroxy-9-methyl-4-oxo-4H-pyrido[1,2-aJpyrimidine-3-carboxylate and benzylamines in boiling ethanol the cor-
responding group of N-(benzyl)-2-hydroxy-9-methyl-4-oxo-4H-pyrido[1,2-a]pyrimidine-3-carboxamides has been
synthesized. The structure of the compounds obtained has been confirmed by the data of elemental analysis
and NMR "H spectroscopy. It is noted that the signals of aromatic protons of pyrido-pyrimidine nuclei are shifted
downfield and generally form a typical AMX spin system. At the same time, the signals of aromatic protons of
benzilamide fragments on the contrary are shifted upfield in all cases and focused on very narrow segments of the
spectra, thereby undergoing strong distortion. According to the results of the primary pharmacological screening
it has been found that using the standard model of “acetic acid writhings” all N-(benzyl)-2-hydroxy-9-methyl-4-
oxo-4H-pyrido[1,2-aJpyrimidine-3-carboxamides without exception have analgesic properties to a greater or lesser
degree. Practically the same regularities of the benzylamide fragment structure —biological effect relationship as in
the case of 4-hydroxyquinolin-2-ones analogues have been found. Based on it the conclusion about bioisosterism
of 4-hydroxyquinolin-2-one and 2-hydroxy-9-methyl-4-oxo-4H-pyrido[1,2-aJpyrimidine nuclei has been made.

CUHTE3 TA AHAJICETUYHI BJTIACTUBOCTI N-(BEH3UIT)-2-I"OPOKCU-9-METWUI1-4-OKCO-4H-MIPUOO[1,2-a]
MPUMIONH-3-KAPBEOKCAMIAIB

I.B.Ykpaineub, T.B.Anekceeea, 0.0.[JasudeHko, B.B.IpiHeHKO

Knrovoei cnoea: amidysaHHs;, 2emepoyuKkiyHi noxioHi mpukapboHinmematy; 2-2idpokcu-4-okco-4H-nipudo
[1,2-a]nipumiduH-3-kapbokcamiou;, cuHme3s; 6ioisocmepuYHi NepeMilueHHs;, aHanzemu4yHa akmueHicmeb
[podoexyrodu nowyk HoBUX aHareemukie ceped NoxiOHUX azacemapurikapbOHOBUX KUCIIOM, peakuiero emurt 2-2i0poKcuU-
9-memur-4-okco-4H-nipudol1, 2-aJnipumioun-3-kapbokcunamy 3 6eH3unamiHamMu y KUriissHoMy emaHosii Mu 30iticHunu
CcUHmMe3 epynu 8idnoesioHux N-(6eH3urn)-2-2idpokcu-9-memur-4-okco-4H-ripudo[1, 2-ajnipumiouH-3-kapbokcamidis. st rio-
meepOxeHHs1 6y0o8uU 00epXKaHUX PeYOBUH 8UKOpUCMaHi erieMeHmHUll aHarniz ma criekmpockonis 'H SIMP. [NomiveHo,
W0 cueHanu apoMamuy4HUX rMPOIMOHI8 nipudo-nipumMiouHo8o20 sidpa 3CyHymi y criabke rorie i 8 YirnoMy ymeoprormb
muriosy AMX criiHogy cucmemy. B moli xe yac cueHasu apoMamuyHUX rpOmoHie beH3unamioHuUx gppazmeHmie Ha-
8raKu 8 ycix sunadkax 3MilieHi y 8i0HOCHO curibHe rose ma 3o0cepedxeHi Ha Oyxe 8y3bKUX 8idpi3kax criekmpis, 3a pa-
XYHOK 4020 niddarombcst 00CUMmb CUbHOMY CIIOMBOPEHHI0. 3a pe3ybmamamu rnep8uHHO20 (hapMaKosIo2idyHO20 CKpU-
HiH2y 8CImaHo8IIeHo, W0 Ha cmaHAapmHIti MOOErTi OUMOBOKUCIIUX «KOpYie» eci 6e3 sukitodeHHs1 N-(6eH3urt)-2-2i0pokcu-
9-memurn-4-okco-4H-nipudo[1, 2-ajnipumiduH-3-kapbokcamiou 8 miti Yu iHWIt Mipi BUSIENSIOMb aHaleemuYHi &rracmueocmi.
lMpu ubomy 3HalOeHi MpakmMu4YHO mi X 3aKkoHOoMIpHocmi erinugy 6ydosu beH3unamioHozo ghpazmeHma Ha bionoaiyHull
echbekm, wo U y sunadky 4-2i0pOKCUXIHOMIH-2-0HO8UX aHarozie. Ha nidcmasi Ub020 3p0brieHO 8UCHOBOK W00 bio-
i3ocmepHocmi 4-2i0pOKCUXIHOMIH-2-0H08020 ma 2-2idpoKcu-9-memuri-4-okco-4H-nipudof1, 2-ajnipumiduHosozo sidep.

CUHTE3 U AHAJTIbFETUYECKNE CBOUCTBA N-(BEH3UI)-2-r'MAPOKCUN-9-METUII-4-OKCO-4H-NMUPULO
[1,2-a]lTAPUMULONH-3-KAPEOKCAMUL4OB

WN.B.YkpauHeu, T.B.Anekceeesa, A.A.[JasudeHko, B.B. puHeHKO

Knroyeesnie crioga: amuduposaHue; eemepoyuKiuyYecKue npou3sodHble mpukapboHunmemaHa,; 2-eudpoKcu-
4-okco-4H-nupudo[1,2-aJnupumuduH-3-kapbokcamudbi; cuHmMe3; buouzocmepuyeckue nepemMeu,eHusl; aHasb-
eemuyeckasi akmusHoOCMb

[podomkasi MoucK HO8bIX aHarbeemuKkog cpedu rMPoU3BOOHbIX azazemapurikapboHO8bIX KUCIOm, peakyuel amurl
2-2u0pokcu-9-memurn-4-okco-4H-nupudof1, 2-ajnupumuduH-3-kapbokcunama ¢ 6eH3unaMuHaMu 8 KUnsuwem amaHore
MbI ocyujecmeunu cuHme3 2pyrrsi coomeemcmayrowjux N-(6eH3un)-2-2udpokcu-9-memun-4-okco-4H-nupudol1,2-aj
nupuMuduH-3-kapbokcamudos. L1t nodmeepx0eHUs1 CMPOEHUST IMOSTyHYeHHbIX 8eULECM8 UCIOMb308aHb! lIEMEHMHbIU
aHarnus u criekmpockornusi 'H SIMP, OmmedeHo, Y4mo cuzHaribl apoMamu4eCcKUX MpomoHos rMupudo-nupumMuouUHO8020
s0pa cOsuHymbI 8 criaboe rnorie u 8 uesiom obpadyrom muru4Hyto AMX criuHosyro cucmemy. B mo e epemsi cugHarbl
apoMamu4eCcKux npomoHo8 beH3unaMudHbIX ghpacMeHmMo8 Haobopom 80 8CEX CrTy4asix CMeWeHb! 8 OIMHOCUMESTbHO
CUrIbHOE riosie U cocpedomOoYEHb! Ha O4EHb Y3KUX OMpe3Kax CrIeKmpos, 3a cHem 4e2o npemepriesarom CurlbHoe UcCKa-
JxeHue. o pe3yrnbmamam rnepeuyHo20 hapMaKoIo2au4eCKo20 CKPUHUHaa YCIMaHOoBIeHo, Ymo Ha cmaHOapmHoU Mo-
Oeru yKCyCHOKUCTIbIX «Kopdell» ece 6e3 uckntodeHusi N-(6eH3ur)-2-audpokcu-9-memur-4-okco-4H-nupudol[1, 2-ajnupu-
MUOUH-3-Kkapbokcamudb! 8 mou urnu uHol cmeneHu obnadarom aHarbeemuyeckuMu ceoticmeamu. [pu amom obHapy-
JKEHbI MPaKMmMU4YeCcKU me e 3aKOHOMEPHOCMU &IUSIHUSI cmpoeHusi 6eH3unamudHo20 ghpaeMeHma Ha buonoaudyeckudl
aghgpekm, ymo u 8 criyqae 4-2udPOKCUXUHOIUH-2-0HOBbIX aHannoeos. Ha amom ocHogaHuu cdernaH ebiso0 0 buou3o-
cmepHocmMu 4-2udPOKCUXUHOMUH-2-0HOB020 U 2-2UudpoKcu-9-memur-4-okco-4H-nupudo[1, 2-ajnupumuduHogozo sioep.
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Among the world population it is almost impos-
sible to find someone who would be unfamiliar with
frightening and something paradoxical sensation of
pain. On the one hand, the pain in its nature has a
specific and necessary role for the survival - it in-
stantly signals the occurrence of external or internal
factors that can cause harm to the body. However,
on the other hand, pain is able to exhaust the re-
sources of the body very quickly and lead to serious
disorders of its vital functions. This explains why the
mankind is searching for means of dealing with pain
throughout the history of its existence, and the de-
sire to create an “ideal analgesic”, which would meet
all modern requirements for efficacy and safety, have
not lost their relevance today [1-6].

The interesting objects of study in this respect are
the numerous N-(benzyl)-4-hydroxy-2-oxo-1,2-dihyd-
roquinoline-3-carboxamides of the general formula
(1) and their heterocyclic analogues studied earlier.
Among them promising lead compounds far exceed-
ing the analgesic effect of narcotic analgesics official-
ly recognized and with a much lower toxicity have
been identified [7-10].

OH ﬁ
N N
R" H R’
Vo
R

Continuing research in this area we considered
replacement of the 4-hydroxyquinoline-2-ones base
with 2-hydroxy-4-oxopyrido[1,2-a]pyrimidine nucle-
us that is similar by its structure as one of the pos-
sible ways to optimize analgesics of formula (1). The
theoretical precondition for such modification was
the methodology of bioisosteric replacements wide-
ly and effectively used by modern medical chemistry,
involving the replacement of one group in the mo-
lecule close to it by the properties [11, 12]. It should
be remembered that the bioisosteric groups are groups
that are the same not only in size or volume, but have
similar physical and chemical properties, and there-
fore, reveal a similar pharmacological effect [13-15].

In other words, the structural similarity of 4-hydroxy-
quinoline-2-ones and 2-hydroxy-4-oxopyrido[1,2-a]
pyrimidine heterocycles itself does not guarantee their
bioisosterism. Only the experimental study will show
whether the compounds synthesized can exhibit the
real analgesic effect.

The synthesis of the objects of research was car-
ried out by the reaction of ethyl 2-hydroxy-9-methyl-
4-0x0-4H-pyrido[1,2-a]pyrimidine-3-carboxylate (2)
and benzylamines in boiling ethanol. As known, py-
rido[1,2-a]pyrimidine esters of type (2) not only form
rather stable salts with the primary amines, but also
lose much in the reactivity [16]. Therefore, for suc-
cessful amidation it is necessary to introduce at least
a double excess of amine in the synthesis and signifi-
cantly increase duration of the reaction.

[t is interesting to note that in contrast to the ini-
tial ester (2) N-(benzyl)-4-hydroxy-2-oxo-1,2-dihyd-
roquinoline-3-carboxamides (3a-n) obtained do not
form stable salts with the excess of the correspond-
ing amine in the reaction mixture (apparently due to
decrease of the 2-OH-group acidity [16]), and no ad-
ditional procedures are required for their isolation.

All N-(benzyl)-4-hydroxy-2-oxo-1,2-dihydroqui-
noline-3-carboxamides (3a-n) synthesized are colour-
less crystals with a sharp melting points (Table 1),
moderately soluble in DMF and DMSO at room tem-
perature, and practically insoluble in water. To con-
firm their structure the data of the elemental analy-
sis and 'H NMR spectroscopy were used (Table 2).

As a characteristic feature of the 'H NMR spectra
of N-(benzyl)-4-hydroxy-2-oxo-1,2-dihydroquinoline-
3-carboxamides (3a-n) it should be noted a great shift
downfield the doublet signals of aromatic protons in
position 6 of the pyrido-pyrimidine ring; it is caused
by the proximity with a cyclic nitrogen atom. Their
nearest neighbours - H-7 and H-8 - also resonate in
the strongly (about 0.7 ppm) distinct areas, generally
forming a typical AMX spin system (see Fig.). At the
same time, the signals of aromatic protons of ben-
zylamide fragments are shifted in a relatively strong
field in all cases and focused on very narrow segments
of the spectra, thereby undergoing strong distortion
(see, for example, almost a singlet signal of the pro-
tons of H-5 ‘and H-6’ piperonylamide 3k).

R
O O R
H,N R | |
Z N N

T 1
- T

N\
TSN 0oH
Me

2

EtOH, 80°C, 48 h

\lH R
NN > oH

Me

3a-n

22.R=H-aR =H;bR =4-F;cR'=2-Cl; d R =4-Cl; e R' = 2-Me; f R’ = 3-Me; g R’ = 4-Me; h R’ = 2-OMeg;
i R"=4-OMe; j R’ = 3,4-(OMe),; k R"=3-O-CH,-0-4. R=Me - IR’ =H, () mR =H, S(-); n R"=H, R(+)

Scheme
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Table 1
Characteristics of benzylamides 3a-n
Empirical C Iioulnd (Oi/o(y o Yield,

Compound formula - alcu Ia-lte , % _ Mp, °C %
3a C,H,N,O, 34 e 22 161-163 89
3b CHFNO, T Pt 12761 190102 %
3¢ C,,H,.CIN,O, ggi ﬁ 1230 187-189 86
3d C,,H,,CIN,O, gg% % % 196-198 92
3e CoHN,O, o33 22 1220 176-178 86
3f C,gH;N;0, 6692 % % 133-135 920
39 CigHi7N5O; % g:—% % 162-164 91
3h C,gH;N;O, 63.80 % % 200-202 83
3i CoH NSO, o8 202 = 171-173 87
3) CisHioN;O; % g:—fg % 168-170 88
3k C,oH,sN;O; s 2 o 195-197 91
3l C,sH,5NL0, % g_;,(g) % 141-144 81
3m* C,H,N,O, % % % 144-146 84
3n** C,sH,,NL0, % % % 144-146 82

*[a]?%, = + 23.2; ¢ = 5; DME.
**[a]®, = -23.2; ¢ = 5; DMF.

All biological experiments were carried out in full
accordance with the European Convention on the Pro-
tection of Vertebrate Animals Used for Experimen-
tal and Other Scientific Purposes and the Ukrainian
Law No. 3447-1V “On protection of animals from se-
vere treatment” (2006).

The analgesic activity of the compounds synthe-
sized was studied on nonlinear white mice weighing

18-23 g (10 animals per each substance tested) using
the standard model of “acetic acid writhings” [17].
The nociceptive effect was reproduced by intraperi-
toneal injection of 0.6% acetic acid solution in the
amount of 0.1 ml per 10 g of the body weight 1 hour
after administration of the test sample. The animals
were observed for 20 min, counting the number of
“writhings”. The analgesic effect was assessed by the

H-6 H-8 H-7 H-2' H-5'.6'
%0 8 g0 75 70 "opm

Fig. The fragment of '"H NMR spectra (signals of aromatic protons) of amide 3k.
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Table 2

'H NMR Spectra of benzylamides 3a-n

Compound Chemical shifts, 6, ppm (J, Hz)

3a 15.89 (1H, s, 2-OH); 9.97 (1H, t, J= 5.9, NH); 8.82 (1H, d, /= 7.0, H-6); 7.97 (1H, d, J = 7.0, H-8); 7.39-7.33 (5H,
m, Ph); 7.28 (1H, t, J = 7.0, H-7); 4.60 (2H, d, J = 5.8, CONHCH,); 2.43 (3H, 5, 9-Me)
15.84 (1H, s, 2-OH); 9.96 (1H, t, J = 5.8, NH); 8.80 (1H, d, /= 7.0, H-6); 7.96 (1H, d, J = 7.0, H-8); 7.40 (2H, dd, J

3b =7.7and 5.4,H-3)5;7.27 (1H,t,J=7.1,H-7); 7.16 (2H, t, = 8.9, H-2,6"); 4.57 (2H, d, J = 5.8, CONHCH,); 2.41
(3H, s, 9-Me)

3c 15.68 (1H, s, 2-OH); 10.03 (1H, t, J= 6.0, NH); 8.83 (1H, d, J= 7.1, H-6); 7.97 (1H, d, J = 6,9, H-8); 7.51-7.24
(5H, m, H-7 + H-34,5'6"); 4.66 (2H, d, J = 6.2, CONHCH,); 2.42 (3H, 5, 9-Me)

3d 15.82 (1H, s, 2-OH); 9.99 (1H, t, /= 6.0, NH); 8.81 (1H, d, /= 7.0, H-6); 7.97 (1H, d, J = 6.9, H-8); 7.41-7.37 (4H,
m, H-2,3'56"); 7.28 (1H, t, J = 7.0, H-7); 4.58 (2H, d, J = 6.0, CONHCH,); 2.42 (3H, 5, 9-Me)

30 15.82 (1H, s, 2-OH); 9.85 (1H, t, J = 5.8, NH); 8.77 (1H, d, J = 6,9, H-6); 7.93 (1H, d, J = 6.9, H-8); 7.29-7.10 (5H,
m, H-7 + H-3/4,5'6"); 4.57 (2H, d, J = 5.8, CONHCH,); 2.40 (3H, s, 9-Me); 2.31 (3H, s, 2'-Me)

3f 15.91 (1H, s, 2-OH); 9.94 (1H, t, J=6.1,NH); 8.80 (1H, d, J= 7.1, H-6); 7.95 (1H, d, J = 7.1, H-8); 7.32-7.04 (5H,
m, H-7 + H-24'5/6"); 4.55 (2H, d, J = 6.1, CONHCH,); 2.41 (3H, s, 9-Me); 2.28 (3H, s, 3'-Me)
15,88 (1H, s, 2-OH); 9,87 (1H, t, J= 5,8, NH); 8,76 (1H, d, J= 7,1, H-6); 7,93 (1H,d, J= 7,1, H-8); 7,25 (1H, t, J =

39 6,9, H-7); 7,20 (2H, d, J=8,0,H-2,6"); 7,13 (2H, d, J = 8,0, H-7 + H-3}5'); 4,52 (2H, d, /= 5,9, CONHCH,); 2,39
(3H, s, 9-Me); 2,25 (3H, s, 4'-Me)
15.93 (1H, s, 2-OH); 9.95 (1H, t, J = 6.0, NH); 8.81 (1H,d, J= 7.1, H-6); 7.95 (1H, d, J = 7.1, H-8); 7.33-7.21 (3H,

3h m, H-7 + H-3)5'); 7.03 (1H, d, J = 8.0, H-6"); 6.91 (1H, t, J = 7.6, H-4'); 4.54 (2H, d, = 6.0, CONHCH,); 3.83 (3H,
s, OMe); 2.41 (3H, s, 9-Me)

3 15,94 (1H, s, 2-OH); 9,87 (1H, t,J= 5,8, NH); 8,78 (1H, d, J= 7,1, H-6); 7,95 (1H, d, J = 7,0, H-8); 7,32-7,20 (3H, m,

H-7 +H-35;6,89 (2H, d, J= 8,7, H-2/6'); 4,50 (2H, d, J = 5,8, CONHCH,); 3,71 (3H, s, OMe); 2,41 (3H, s, 9-Me)

(3H, s, OMe); 2.42 (3H, s, 9-Me)

15.96 (1H, s, 2-OH); 9.89 (1H, t, J= 6.0, NH); 8.80 (1H, d, J= 7,0, H-6); 7.95 (1H, d, J = 7.0, H-8); 7.27 (1H, t, J =
3j 6.9, H-7); 6.99 (1H, s, H-2); 6.92-6.87 (2H, m, H-5/6"); 4.50 (2H, d, J = 6.0, CONHCH,); 3.73 (3H, 5, OMe); 3.71

15.90 (1H, s, 2-OH); 9.89 (1H, t, J= 6.0, NH); 8.80 (1H, d, J = 7.1, H-6); 7.95 (1H, d, /= 7.0, H-8); 7.27 (1H, t, J

m, H-7 + Ph); 5,17 (1H, q, J=7.3, CONHC_),24

3k =7.0,H-7); 6.93 (1H, s, H-2"); 6.88-6.82 (2H, m, H-5'6"); 5.98 (2H, 5, O-CH,-0); 4.48 (2H, d, J = 6.0, CONHCH,);
2.40 (3H, s, 9-Me)

30 15.73 (1H, s, 2-OH); 9.98 (1H, d, J=7.3,NH); 8.82 (1H, d, J = 7.1, H-6); 7.96 (1H, d, J = 7.0, H-8); 7.44-7.28 (6H,
m, H-7 + Ph); 5.17 (1H, q, J = 7.3, CONHCH); 2.41 (3H, 5, 9-Me); 1.53 (3H, d, J = 7.3, CH-Me)

3m 15.73 (1H, s, 2-OH); 9.98 (1H, d, J=7.3,NH); 8.82 (1H, d, J = 7.1, H-6); 7.96 (1H, d, J = 7.0, H-8); 7.44-7.28 (6H,
m, H-7 + Ph); 5.17 (1H, g, J = 7.3, CONHCH); 2.41 (3H, s, 9-Me); 1.53 (3H, d, J = 7.3, CH-Me)

3n 15.73 (1H, s, 2-OH); 9.98 (1H, d, J=7.3,NH); 8.82 (1H, d, J = 7.1, H-6); 7.96 (1H, d, J = 7.0, H-8); 7.44-7.28 (6H,

(

3H, s, 9-Me); 1.53 (3H, d, J = 7.3, CH-Me)

ability of compounds to reduce the number of “writhings”
in the groups under study compared to the control
and expressed in percentage (Table 3). Testing was
carried out in comparison with such known non-nar-
cotic analgesics as Piroxicam (Jenapharm, Germany),
Diclofenac (KRK, Slovenia) and Nabumetone (Smith-
Kline Beecham, Germany). All substances under study
were administered orally in the screening dose of
20 mg/kg as a thin aqueous suspension stabilized with
Tween-80. Medicines were used similarly or as aqueous
solutions in the doses corresponding to their ED,, for
this experimental model [18]. The animals of the cont-
rol group received an equivalent amount of water and
Tween-80. The results of all biological tests were statis-
tically processed using the Student’s t-test [19].

The analysis of the experimental data presented
in Table 3 shows that the replacement of 4-hydroxy-
quinoline-2-one nucleus on the 2-hydroxy-4-oxopy-

12

rido[1,2-a]pyrimidine one was really bioisosteric since
all compounds, without exception, revealed a more
or less pronounced analgesic effect.

A comparative analysis with the parameters of the
corresponding benzylamides of 1H- and 1-allylsub-
stituted 4-hydroxy-6,7-dimethoxy-2-o0xo-1,2-dihyd-
roquinoline-3-carboxylic acids studied under simi-
lar conditions shows approximately the same struc-
tural and biological regularities - the similar effect
of the nature and location of substituents in the aro-
matic ring of the benzylamide moiety of the molecu-
le can be traced in most of the examples (Table 3).
Methylation of the methylene bridge separating phe-
nyl and amide nitrogen - amides 31-n - regardless of
the peculiarities of the spatial structure of the chiral
fragment formed leads to the almost complete loss of
analgesic properties, and therefore, it is undesirable.
Of all groups of the compounds tested N-(benzyl)-
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Table 3
The analgesic properties of benzylamides 3a-n
Analgesic activity
Compound — I
Average number of “acetic acid writhing” %*
3a 39.7+1.3 52.3 (66.6 & 30.9)
3b 56.9+2.2 31.5(44.5&15.6)
3¢ 55.9+1.1 32.7 (45.5 & 14.4)
3d 40.6t£1.4 51.2(54.0 & 56.9)
3e 73.3+£1.8 11.8
3f 68.8+1.6 171
39 69.5+£2.5 16.4 (12.4 &24.3)
3h 60.9+1.2 26.7 (37.7 &10.8)
3i 61.9+£1.4 25.6 (36.5 & 26.3)
3j 47.8+£1.0 424 (53.6 &39.4)
3k 59.0+1.7 29.1 (53.4&15.4)
3l 68.1£1.3 18.2 (40.7 &9.50)
3m 69.1£1.5 16.9
3n 68.6£1.1 17.5
Piroxicam (92 mg/kg) 41.6+1.8 50.0
Diclofenac (5 mg/kg) 40.1£2.3 51.6
Nabumetone (50 mg/kg) 41.0+3.3 50.6
Control 83.2+1.3 -

* In parentheses there are the indices of the analgesic activity of the corresponding benzylamides of 1H- and
1-allylsubstituted 4-hydroxy-6,7-dimethoxy-2-oxo-1,2-dihydroquinoline-3-carboxylic acids studied under similar conditions [20 & 9].

4-hydroxy-2-oxo-1,2-dihydroquinoline-3-carboxamide
(3a) and its 4-chloro-substituted analogue (3d) ex-
hibiting the analgesic activity at the level of Piroxi-
cam and Nabumetone but in much lower dose are of
the most interest.

Experimental Part

The 'H NMR spectra were recorded on a Varian
Mercury-400 spectrometer (400 MHz) in DMSO-d,
solution, the internal standard was TMS. Elemental
analysis was carried out on a EuroVector EA-3000
microanalyzer. Melting points were determined in
capillaries on a SMP10 Stuart digital melting point
analyzer. The values of specific rotation of the opti-
cally active amides 3m,n were determined on a Po-
lamat A polarimeter. These syntheses use commer-
cially S(-)- and R(+)-1-phenyl- and 1-(4-methoxyphe-
nyl)ethylamines from Fluka with the optical purity
of atleast 99.5 and 99.0%, respectively. The starting
ethyl 2-hydroxy-9-methyl-4-oxo-4H-pyrido[1,2-a]py-
rimidine-3-carboxylate (2) was synthesized accord-
ing to the literature procedure [21].
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THE SYNTHESIS OF 4-THIAZOLIDINONE DERIVATIVES USING
2-(4-R-2-FORMYLPHENOXY)-N-(R’-PHENYL)ACETAMIDES AND
THEIR ANTI-INFLAMMATORY ACTIVITY
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Key words: 4-thiazolidinones; NSAIDs; 2-(4-R-2-formylphenoxy)-N-(R’-phenyl)acetamides;
anti-exudative activity

The research is devoted to the rational design of new non-steroidal anti-inflammatory drugs (NSAIDs) using the 4-thia-
zolidinone “core”. A series of 2-(4-R-2-formylphenoxy)-N-(R’-phenyl)acetamides has been synthesized from salicylic
aldehydes for structural modifications of basic heterocycles. The aldehydes obtained are active carbonyl agents and
suitable “building blocks” for the focused synthesis of biologically active compounds. Ylidene derivatives of 2-thioxo-
4-thiazolidinone and 2-(4-hydroxyphenyl)imino-4-thiazolidone have been synthesized in the Knoevenagel reaction
conditions. The one-pot reaction between 3(5)-merkapto-1,2,4-triazoles, chloroacetic acid and the salicylic aldehyde
derivatives synthesized have been used for the synthesis of 5-ylidene-thiazolo[3,2-b][1,2,4]triazol-6-one. Parameters
of acute toxicity and the anti-exudative activity (carrageenin paw edema test) have been studied for the ylidene de-
rivatives synthesized. It has been found that all compounds synthesized demonstrate the anti-exudative activity, and
some “structure — acute toxicity — anti-exudative activity” relationships have been analyzed. Based on the results of
in vivo studies the lead compound — 4-{2-[4-chloro-2-(6-oxothiazolo[3,2-b][1,2,4]triazole-5-ylidenemethyl)-phenoxy]-
acetylamino}-benzoic acid ethyl ester that demonstrates the anti-exudative activity equivalent to the classic NSAID
Diclofenac has been identified, it has a low level of toxicity and can be recommended for the profound study.

CUHTE3 NOXIQHUX 4-TIA3OJIIQUHOHY 3 BUKOPUCTAHHSIM 2-(4-R-2-®OPMIJI®EHOKCH)-N-(R’-PEHIIT)
ALETAMIZIB TA IX MPOTU3ATAJIbHA AKTUBHICTb

C.M.lMonoma, K.€.faHunwok, T.I.OweHko, H.l.Bonowyk, O.B.6inuk, P.6.Jlecuk

Knrovoei cnosa: 4-miazoniduHoHu; HI33; 2-(4-R-2-cpopmingpeHokcu)-N-(R’-¢benin)ayemamiou; aHmuekcyda-
mueHa akmusgHicmb

HocnioxeHHs1 npucessyeHo paujoHarbHOMYy Ou3aliHy HO8UX HeCmepoiOHUX rMpomu3anarnbHuX flikapcbKux 3acobie
(HI33) 3 sukopucmaHHsIM 4-mia30midUHOHOB020 «Kapkacy». [nsi cmpykmypHoi Modudgbikauii Uinbo8o20 eemepoyu-
Ky cuHme3o8aHo psid 2-(4-R-2-chopmingheHokcu)-N-(R’-cbeHin)auemanmiois, siki € akmueHUMU KapOOHIfbHUMU Crio-
nykamu, 3pydHumu «building blocks» 0nsi cripsimoeaHo20 cuHme3sy 6iofioeidHO akmueHUX CriomnyK. B ymoeax peakuii
KHboseHazensi 3 2-miokco-4-mia30niOUHOHOM, 2-(4-2i0poKcucbeHin)imMiHO-4-mia3ormiduHOHOM ma rpu 0OHOpeakmop-
Hiti 83aemo0dii 3 3(5)-Mepkanmo-1,2,4-mpua3oriomM i MOHOX/IOPOYMOBOH KUCIIONMOK ma CUHMEe308aHUMU MOXIOHUMU
caniyunosux anb0eeidie ompumaHo 2pyry 8i0rno8iOHUX ifideHNnoxiOHUX. s CUHmMe308aHuUX inideHo8UX MOXiOHUX
rposedeHi docrniOxeHHsI MapamMempie 20cmpoi MOKCUYHOCMI ma aHmuekcyOamueHOI akmueHOCMI 3 8UKOPUCMaH-
HSIM KapaaeHiHo8oi Modeni 3arnanbHo20 npoyecy. BcmaHoeneHo, wo 6ci cuHme3o8aHi criosyku 0eMOoHCmpPYyomb
aHmuekcydamueHy akmueHicmb ma rpoaHarnisosaHi 0esiKi 3aKOHOMIPHOCMI «CIMPYKMypa — 20cmpa MOKCUYHICMb —
aHmuekcydamueHa akmueHicmby. 3a pe3ynbmamamu in vivo 0ocrnioxeHb ideHmugbikogaHo crionyKy — nidep — emu-
nosuti ecmep 4-{2-[4-xnopo-2-(6-okcomiazono[3,2-bj[1,2,4]mpua3orn-5-inideHMemur)-gheHokcu]-auemunamiHo}-
b6eH30amHoOI Kucriomu, sika OeMOHCIMpPYye aHmMueKcyOamugHy aKmueHicmb, eKeigareHmHy rikapCbKoMmy 3acoby
«[ukrnogheHak» Ha ¢hOHI HU3LKOI MOKCUYHOCMI ma Moxe 6ymu pekomeHdogaHuU Orisi nozanubneHux A0CTiOXeHb.

CUHTE3 NMPON3BOAHbIX 4-TUA3OJIMANHOHA C UCIOJIb3OBAHUEM 2-(4-R-2-&OPMUII®EHOKCH)-
N-(R’-®EHUITALIETAMULOB U UX MPOTUBOBOCITIAJINTEJIbHASA AKTUBHOCTb

C.M.lNonoma, K.E.fanumok, T.U.FOweHko, H.U.Bonowyk, O.B.bunsbik, P.b.Jlecuk

Knrouesnie cnosa: 4-muasonuduHoHsi; HIBC; 2-(4-R-2-¢popmuncgheHokcu)-N-(R’-chbeHun)ayemamudbi; aHmu-
3KccyOamueHasi akmugHOCMb

UccredosaHue nocssiueHo payuoHanbHoMy Ou3saliHy HOBbIX HECMEPOUOHbIX MPOMUBo8oCianumesbsHbIX cpedcmes
(HIMBC) ¢ ucrionb3o8aHuem 4-mua3onuduHOHOB020 «Kapkacay. [rs cmpykmypHOU MoOugUKayuu uernesoeo eme-
poyuKna ucxo0s U3 canuyuossix arnb0eaudos cuHme3uposaH psd 2-(4-R-2-gpopmurnigpeHokcu)-N-(R’-¢berHurn)ayem-
amudos, Komophble A6MSMCcs akKmueHbIMU KapbOHUIMbHbIMU cOeOUHEHUsIMU U yOobHbIMu «building blocks» ons
HarpasieHHo20 cuHme3a buonoau4ecku akmusHbIX coeduHeHul. B ycriosusix peakyuu KnéeeHaeerns ¢ 2-muokco-
4-mua301udUHOHOM, 2-(4-2udpoKcugheHU)UMUHO-4-mua30onuduUHOHOM, a makKxe rpu 00OHOpeaKmopHOM 83auUMo-
Oeticmeuu 3(5)-mepkanmo-1,2,4-mpua3orna, MOHOX/TOPYKCYCHOU KUCIOMbI U CUHME3UPOBaHHbIX MPOU3B0OHbIX ca-
nuyunossbix anb0eaudos rnosyYeHo 2pyry CO0OMeemcmeayruUX unudeHnpou3eooHbIX. [na cuHme3uposaHHbIX
coeduHeHul nposedeHbl uccriedosaHusi napamempos 0cmpol MOKCUYHOCMU U aHMU3KCCydamueHOU akmugHo-
Ccmu ¢ ucronb308aHUeM Kappa2eHUHo8oU MoOesu 8ocnanumeribHo20 rpoyecca. YcmaHo8reHo, 4mo ece cuHme-
3uposaHHble coeOuHeHUsT OeMOHCMPUPYM fMpomugosocnanumernsHoe delicmeaue U rpoaHanu3uposaHb! HEKO-
mopble 3aKOHOMePHOCMU «CMPYKMypa — ocmpasi MOKCUYHOCMb — aHMu3KccydamueHasi akmugHocmb. [1o pe-
3ynbmamam in vivo uccriedogaHuli udeHmuguUUpPo8aHo coeduHeHue — udep: amunosbili aghup 4-{2-[4-xmnop-2-
(6-okcomuasornof3,2-bj[1,2,4]Jmpuasorn-5-unudeHmemuri)-ghbeHoKcu]-auemunamuHo}-6eH30UHOU KUCIOMbI, KOmopoe
OeMoHCMpupyem aHMU3KCCyOamusHYyr akmueHOCMb, SK8UBANIEHMHYI0 flekapcmeeHHOMY cpedcmey «Jukioghe-
Hak» Ha ¢hoHe HU3KOU MOKCUYHOCMU U Moxem bbimb pekoMeHO008aHO 0r1st yaybrneHHbIX uccriedosaHul.
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Non-steroidal anti-inflammatory drugs (NSAIDs)
are one of the oldest and most widely used groups
of drugs today [1]. There are more than 20 original
monocomponent NSAIDs, about 200 generics and a
significant number of combined drugs and their ge-
neric versions at the Ukrainian pharmaceutical mar-
ket [2]. However, the problem of searching and cre-
ating new NSAIDs remains open, primarily to elimi-
nate gastrointestinal, cardiovascular and renovascu-
lar risks in their long-term use [3-5]. Drugs affect the
cellular metabolism of arachidonic acid, which is a
substrate for the synthesis of active intracellular in-
termediates, eicosanoids, leukotrienes and others, and
is the key mechanism for therapeutic and adverse ef-
fects of different classes of NSAIDs [6]. Organic com-
pounds from different classes [7-9], including 4-thi-
azolidinone derivatives [10-13], can change the phos-
pholipase A2 activity blocking the process of arachi-
donic acid releasing from cell membranes phospho-
lipids; selective and non-selective inhibit cyclooxy-
genases types 1 and 2 (COX-1 and COX-2) and thus
prevent the arachidonic acid transformation to eico-
sanoids; inhibit 5-lipoxygenase (5-LOX) preventing
the arachidonic acid conversion to leukotrienes; de-
monstrate multiactivity against the enzyme systems
(COX-2/5-LOX dual inhibitors), etc. According to the
modern concepts PPAR-receptors play an important
role in the cellular mechanisms of inflammatory pro-
cesses [14]. It is known that 4-thiazolidinones are “clas-
sic” high affinity ligands for PPARy-receptors [15].

The systematic research in the field of potential
NSAIDs synthesis and screening among 4-thiazolidi-
none derivatives is the priority direction for the re-
search group of the Department of Pharmaceutical,
Organic and Bioorganic Chemistry at Danylo Halytsky
Lviv National Medical University [16-21]. The quali-
tative and quantitative “structure — antiinflammato-
ry activity” databases obtained for 4-thiazolidinones
allow to carry out the rational structural design of
the 4-thiazolidinone “core” for searching new poten-
tial NSAIDs. The aim of this research was the synthe-

H

sis of 5-ylidene-4-thiazolidinones from 2-(4-R-2-for-
mylphenoxy)-N-(R’-phenyl)acetamides, as well as the
study of their anti-exudative activity and acute toxicity.

Target 2-(4-R-2-formylphenoxy)-N-(R’-phenyl)acet-
amides 1-6 were obtained in the alkylation reaction
of 2-hydroxy- and 5-chloro-2-hydroxybenzaldehydes
(salicylic aldehydes) with chloroacetamide, N-(R’-phe-
nyl)chloroacetamides and 2-chloro-1-[5-(4-methoxy-
phenyl)-3-phenyl-4,5-dihydropyrazol-1-yl]-ethanone
in the ethanol medium in the presence of potassium
hydroxide (Fig. 1).

Compounds 1-6 are useful “building blocks” for
structural modification of 4-thiazolidinone scaffold
in position 5, and they give the corresponding ylidene-
derivatives with high yields in the Knoevenagel re-
action with 2-thioxo-4-thiazolidinone (7-9, 11, 13),
2-(4-hydroxyphenyl)imino-4-thiazolidinone (12) and
the one-pot reaction with 3(5)-mercapto-1,2,4-triazo-
le and chloroacetic acid (10) (Fig. 2).

The structure of the compounds synthesized was
confirmed by 'H-NMR spectra. Protons of CH,-CH frag-
ments in the pyrazoline ring of compounds 6 and 13
form a characteristic AMX system due to their dia-
stereoisomerism. This system appears in 'H-NMR spect-
ra as three duplicate doublets at 3.30-3.40, 4.00-4.15
and 5.70-5.90 ppm with constant J,,, = 17.8-18.0, ],
=10.7-10.9 and J,, = 3.0-3.8 Hz.

The acute toxicity was studied in order to assess
the prospects of the compounds synthesized as bio-
logically active substances. Pastushenko’s express -
method was used for determination of acute toxicity
parameters [22]. White mice of both sexes weighing
20-27 g were used for the experiment. The animals
were kept on a standard diet with a free access to
food and water during the experiment. The test com-
pounds were dissolved in Tween-80 and purified wa-
ter and introduced intraperitoneally. The observation
of the animals was performed for 14 days. The LD,
values determined for the test substances (Fig. 3) were
higher or equivalent to the LD, of the reference drug
Diclofenac and allowed to refer them to moderately

o)

Cl

Fig. 1: a — KOH; b — N-(R’-phenyl)chloroacetamides; ¢ — chloroacetamide; d — 2-chloro-1-[5-(4-methoxyphenyl)-3-phenyl-4,5-dihydropyrazol-

1-yl]-ethanone.
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Fig. 2: e — 2-Thioxo-4-thiazolidinone; f — AcOH, AcONa; j — 3(5)-mercapto-1,2,4-triazole; h — CICH,COOH; i — Ac,0, AcOH, AcONa;

k — 2-(4-hydroxyphenyl)imino-4-thiazolidinone.

toxic (7) and low-toxic (8-13) compounds according
to K. K. Sidorov classification (the IIl and IV class of
toxicity) [23]. In the analysis of the “structure - acute
toxicity” relationship it has been found that higher
levels of LD, have the following compounds: the an-
nelated derivative of 4-thiazolidinone (10) contain-
ing the unsubstituted amide function (11) or the di-
phenylpyrazoline moiety (13) in the ylidene fragment,
while derivatives 7-9, 12 with N-(R’-phenyl)chloro-
acetamides substituents in the molecule are more toxic.

The carrageenin paw edema test was used for the
anti-exudative activity screening of the compounds
synthesized [24]. The inflammatory edema of the paw
was generated by injection of 0.05 ml 1% carrageen-
in solution (Sigma) into the right hind limb of the
mice [25]. The compounds and reference drug were
administered intraperitoneally one hour before the
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Fig. 3. Acute toxicity and the anti-exudative activity of compounds 7-13.

carrageenin injection in the doses of 0.05 LD.,. The
control group of animals was administered an equiva-
lent amount of the solvent. Animals were taken out
from the experiment by the cervical vertebrae dis-
location at 3 hr after injecting carrageenan (at the
peak of action) and limbs masses were measured
and compared after disarticulation at the hip joints.
The anti-exudative activity (AEA) of compounds was
calculated using the equation:

AEA = 100% —Mee Mh.e

Me.c. — Mh.c.
where: Me.e.(c) and Mh.e.(c) are edema and healthy
limbs weight for experimental and control animals,
respectively.

The results of AEA screening (Fig. 3) demonstrate
that all compounds synthesized are active. The range
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of AEA values of the compounds synthesized in re-
lation to the reference drug are from 27.2% (7) to
88.3% (10). Derivatives with a fluorine atom in the
phenylacetamide fragment (7, AEA = 20.8%; 8, AEA
= 23.8%) are characterized by the lowest activity
level. The change of fluorine to the methoxy group
in the p-position of compound 8 causes a significant
increase of the anti-inflammatory effect - 9, AEA =
44.6%. The equivalent effect was obtained by sim-
plifying the O-alkylmoiety in the ylidene fragment to
the unsubstituted amide group (11, AEA = 41.6%),
as well as by structural complication of the diphe-
nylpyrazoline substituent (13, AEA = 43.1%). The pre-
sence of the p-hydroxyphenylimine fragment in po-
sition 2 of the 4-thiazolidinone core (12) causes de-
crease of AEA in relation to thioxoanalogue 9, and is
33.3%. The anelated 4-thiazolidinone derivative 10
shows the highest AEA = 66.3% among the compounds
synthesized and equivalent to the reference drug.

Experimental Part

Melting points were measured in open capillary
tubes on a BUCHI B-545 melting point apparatus and
were uncorrected. The elemental analysis (C, H, N)
was performed using a Perkin-Elmer 2400 CHN ana-
lyzer and was within * 0.4% of the theoretical values.
The 'H-NMR spectra were recorded on a Varian Ge-
mini spectrometer at 400 MHz using the mixture of
DMSO-d,+CCl, as a solvent and TMS as an internal
standard. Chemical shift values are reported in ppm
units with the use of § scale.

The general procedure for the synthesis of
2-(4-R-2-formylphenoxy)-N-(R’-phenyl)acetami-
des 1-6. Reflux the mixture of 5-chloro-2-hydroxy-
(1-5) or 2-hydroxybenzaldehydes (6) (10 mmol),
N-(R’-phenyl)chloroacetamides (1-4), chloroacetami-
de (5) 2-chloro-1-[5-(4-methoxyphenyl)-3-phenyl-
4,5-dihydropyrazol-1-yl]-ethanone (6) (10 mmol) and
potassium hydroxide (10 mmol) for 2 h in the anhy-
drous ethanol medium. Separate the resulting solu-
tion and distill in vacuum. Recrystallize the precipi-
tate from ethanol or isopropanol.

2-(4-Chloro-2-formylphenoxy)-N-(2-trifluo-
romethylphenyl)-acetamide (1). Yield - 82%. M.p.
-154-157°C.'HNMR, §, ppm, (J, Hz): 4.60s (2H, CH,),
6.80d (1H, C;H,,J=8.1Hz), 7.00 d (1H, C,H,, /=8.1 Hz),
7.05d (1H, C,H,, J=2.7Hz), 7.10-7.30 m (4H, C,H,),
10.20s (1H, CHO), 13.90 brs (1H, NH). Calculated, %:
C53.90, H 3.30, N 4.00. C,;H,,CIF;NO,. Found, %: C
53.72,H 3.10,N 3.92.

2-(4-Chloro-2-formylphenoxy)-N-(4-fluoro-
phenyl)-acetamide (2). Yield - 78%. M.p. - 169-171°C.
'H NMR, §, ppm, (J, Hz): 4.55 s (2H, CH,), 6.90 d (1H,
C¢H,,/=8.0Hz),7.00t (1H, C,H,,/=7.6 Hz),7.10d (1H,
C¢H,,/=8.0 Hz), 7.20d (1H, C,H,,/J=2.9 Hz), 7.30 d (1H,
C(H,, J=0.7Hz),7.50t (1H, C,H,, J=7.6 Hz), 7.60 d (1H,
C¢H,, J=0.7 Hz), 9.95 s (1H, CHO), 13.50 br:s (1H, NH).
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Calculated, %: C 58.70, H 3.70, N 4.60. C,;H,,CIFNO,.
Found, %: C 58.55, H 3.60, N 4.55.

2-(4-Chloro-2-formylphenoxy)-N-(4-methoxy-
phenyl)-acetamide (3). Yield - 84%. M.p. - 184-187°C.
'H NMR, §, ppm, (J, Hz): 3.55 s (3H, CH,), 4.55s (2H,
CH,), 6.85 d (1H, C.H,, J=7.8 Hz), 6.95 d (1H, C,H,,
J=7.8 Hz), 7.15d (1H, C,H,, J=2.7 Hz), 7.20 d (2H, C,H,,
J=8.0 Hz), 7.40 d (2H, C,H,, J=8.0 Hz), 10.20 s (1H, CHO),
13.60 brs (1H, NH). Calculated, %: C 60.00, H 4.70, N
4.55. C,,H,,CINO,. Found, %: C 60.10, H 4.41, N 4.38.

4-[2-(4-Chloro-2-formylphenoxy)-acetylami-
no]-benzoic acid ethyl ester (4). Yield - 81%. M.p. -
173-175°C.*HNMR, §, ppm, (J, Hz): 1.20 t (3H, CH,),
4.10 q (2H, CH,), 4.45 s (2H, CH,), 6.90 d (1H, C.H,,
J=8.0Hz),7.20d (1H, C,H,,/=8.0 Hz), 7.30 d (1H, C,H,,
J=2.9Hz),7.50d (2H, CH, J=8.2 Hz), 7.70 d (2H, C,H,,
J=8.2 Hz), 10.20 s (1H, CH), 11.50 br:s (1H, NH). Cal-
culated, %: C 59.70, H 4.60, N 4.00. C,;H,,CINO.. Found,
%: C59.76,H 4.46, N 3.87.

2-(4-Chloro-2-formylphenoxy)acetamide (5).
Yield - 75%. M.p. - 179-181°C. 'H NMR, §, ppm, (/, Hz):
4.40 s (2H, CH,), 6.80 d (1H, C,H,, J=7.4 Hz), 7.00 d
(1H, C,H;,J=2.3 Hz), 7.10 d (1H, C,H,, /=7.4 Hz), 7.20
s (2H, NH), 10.10s (1H, CHO), 13.60 br.s (1H, NH).
Calculated, %: C 50.70, H 3.70, N 6.60. C,H,CINO,.
Found, %: C 50.60, H 3.77, N 6.56.

2-{2-[5-(4-Methoxyphenyl)-3-phenyl-4,5-dihyd-
ro-pyrazol-1-yl]-2-oxoethoxy}-benzaldehyde (6).
Yield - 84%. M.p. - 168-171°C.*H NMR, §, ppm, (/, Hz):
3.30 dd (1H, CH,, J=18.0; 4.0 Hz), 3.75 s (3H, OCH,),
4.00 dd (1H, CH,, J=17.9;10.9Hz), 4.60s (2H, CH,),
5.70 dd (1H, CH,, J=12.6; 3.9 Hz), 6.80 t (1H, C,H,,
J=8.3Hz), 6.85d (2H, C;H,, /=8.7 Hz), 7.15d (2H, C,H,,
J=8.7 Hz), 7.25 d (1H, C{H,, J=0.7 Hz), 7.30-7.40 m
(3H, CH,), 7.65t (1H, C,H,, J=8.3 Hz), 7.75d (1H, C,H,,
J=0.7 Hz), 7.85d (2H, C,H,,J=8.7 Hz), 10.30s (1H, CHO).
Calculated, %: C 72.70, H 5.70, N 6.80. C,;H,,N,0,.
Found, %: C 72.45, H 5.35, N 6.76.

The general procedure for the synthesis of yli-
dene derivatives 7-9 and 11-13. Reflux the mixture
of the appropriate oxocompounds 1-3 or 5-6 (10 mmol),
2-thioxo-4-thiazolidinone (7-9, 11, 13) or 2-(4-hy-
droxyphenyl)imino-4-thiazolidinone (12) (10 mmol)
and anhydrous sodium acetate (15mmol) for 2 h in
a glacial acetic acid (5 ml). Filter the powders ob-
tained, wash with ethanol and recrystallize with the
corresponding solvent.

The procedure for the synthesis of ylidene de-
rivative 10. Reflux the mixture of 1,2,4-triazole-3(5)-
thiol (10 mmol), chloroacetic acid (10 mmol), oxo-
compound 4 (10 mmol) and anhydrous sodium ace-
tate (15 mmol) for 2 h in the mixture of acetic anhy-
dride (5 ml) and glacial acetic acid (5 ml). Filter the
powders obtained, wash with ethanol and recrystal-
lize with acetic acid.

2-[4-Chloro-2-(4-o0x0-2-thioxo-thiazolidin-5-
ylidene)phenoxy]-N-(2-trifluoromethylphenyl)
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acetamide (7). Yield - 67%. M.p. - 236 (with decomp.) °C.
'H NMR, §, ppm, (J, Hz): 4.90 s (2H, CH,), 7.10 d (1H,
C4H,,J=8.2 Hz), 7.30 d (1H, C,H,, J=8.2 Hz), 7.35 s (1H,
C.H,, J=2.9 Hz), 7.40-7.60 m (4H, C,H,), 7.90 s (1H,
CH), 9.50 s (1H, NH), 13.60 br.s (1H, NH). Calculated,
%: C 48.50, H 2.70, N 5.80. C,,H,,CIF,;N,0,S,. Found,
%: C48.26,H 2.56, N 5.92.
2-[4-Chloro-2-(4-0x0-2-thioxo-thiazolidin-5-
ylidene)phenoxy]-N-(4-chlorophenyl)acetami-
de (8).Yield - 71%. M.p. - 242-244°C.'H NMR, §, ppm,
(J, Hz): 4.80 s (2H, CH,), 7.10 d (1H, C(H,, J=7.8 Hz),
7.30d (1H, C,H,, J=7.8 Hz), 7.35d (1H, C,H,, /J=2.6 Hz),
7.00 t (1H, CH,, J=7.6 Hz), 7.40 d (1H, C,H,, J=0.5 Hz),
7.60 t (1H, CH,, J=7.8 Hz), 7.70 d (1H, C,H,, J=0.5 Hz),
7.90 s (1H, CH),10.00 s (1H, NH). Calculated, %: C 51.30,
H 2.80, N 6.70. C,;H,,CIFN,0.S,. Found, %: C 51.12,
H 2.86, N 6.62.
2-[4-Chloro-2-(4-oxo0-2-thioxo-thiazolidin-5-
ylidene)phenoxy]-N-(4-methoxyphenyl)acetami-
de (9). Yield - 74%. M.p. - 248 (with decomp.) °C.
'HNMR, §, ppm, (/, Hz): 3.65 s (3H, OCH,), 4.60 s (2H,
CH,), 7.10 d (1H, C,H,, J=7.5 Hz), 7.15 d (1H, CH,,
J=7.5Hz),7.20d (1H, C;H,, J=2.4 Hz), 7.30 d (2H, C,H,,
J=7.8Hz),7.50d (2H,C/H,,J=7.8 Hz), 7.90 s (1H, CH),
10.00 s (1H, NH), 11.30 br.s (1H, NH). Calculated, %:
C 52.60, H 3.60, N 6.60. C,,H,;CIN,0,S,. Found, %: C
52.47,H 3.48, N 6.44.
4-{2-[4-Chloro-2-(6-oxothiazolo[3,2-b][1,2,4]
triazol-5-ylidenemethyl)-phenoxy]-acetylamino}-
benzoic acid ethyl ester (10). Yield - 83%. M.p. -
176-178°C.'H NMR, §, ppm, (J, Hz): 1.30 t (3H, CH,),
4.30 q (2H, CH,), 4.90 s (2H, CH,), 7.10 d (1H, C.,H,,
J=7.3 Hz), 7.40 d (1H, C,H,, J)=7.3 Hz), 7.50 d (1H, C/H,,
J=2.2 Hz), 7.70 d (2H, C,H,, J=7.7 Hz), 7.90 d (2H, C,H,,
J=7.7 Hz), 8.25 s (1H, CH), 8.50s (1H, CH), 10.40 s (1H,
NH), 11.60 brs (1H, NH). Calculated, %: C 54.50, H 3.50,
N 11.70. C,,H,,CIN,O.S. Found, %: C 54.49, H 3.53,
N 11.55.
2-[4-Chloro-2-(4-oxo-2-thioxo-thiazolidin-5-
ylidene)phenoxy]-acetamide (11). Yield - 63%.
M.p. - 240 (with decomp.) °C. *H NMR, §, ppm, (/, Hz):
4.60s (2H, CH,), 7.00 d (1H, C,H,, J=7.9 Hz), 7.40 d
(1H, C,H,, J=7.9 Hz), 7.50 d (1H, C,H,, J=2.4 Hz), 7.60
s (2H, NH), 7.80s (1H, CH), 13.80 br.s (1H, NH). Cal-
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culated, %: C 43.70, H 2.70, N 8.60. C,,H,CIN,0,S,.
Found, %: C 43.84, H 2.76, N 8.52.

2-{4-Chloro-2-[2-(4-hydroxyphenyl)imino-4-
oxo-thiazolidin-5-yliden]-phenoxy}-N-(4-methoxy-
phenyl)acetamide (12). Yield - 81%. M.p. > 250°C.
'H NMR, §, ppm, (J, Hz): 3.75 s (3H, CH,), 4.75 s (2H,
CH,), 6.80 d (2H, C,H,, J=7.8 Hz), 6.90 d (2H, C,H,,
J=7.8Hz),7.00d (1H, C,H,,/=8.2 Hz), 7.10 d (1H, C,H,,
J=8.2Hz),7.30d (1H, C,H,, J=2.7 Hz), 7.40 d (2H, C,H,,
J=8.1Hz),7.60d (2H, C;H,, J=8.1 Hz), 8.00s (1H, CH),
9.40 s (1H, OH), 9.75s (1H, NH), 11.20 br.s (1H, NH).
Calculated, %: € 59.00, H 3.90, N 8.50. C,.H,,CIN,O.S.
Found, %: C 58.88, H 3.95, N 8.24.

5-(2-{2-[5-(4-Methoxyphenyl)-3-phenyl-4,
5-dihydropyrazol-1-yl]-2-oxoethoxy}-benzeliden)-
2-thioxo-thiazolidin-4-one (13). Yield - 83%. M.p.
- 233-235°C. 'H NMR, §, ppm, (/, Hz): 3.40 dd (1H,
CH,, J=17.8, 3.9Hz), 3.80 s (3H, OCH,), 4.15 dd (1H,
CH,, J=18.1, 10.7Hz), 4.70 s (2H, CH,), 5.90 dd (1H,
CH,,J=12.4,3.8Hz),7.00 t (1H, C,H,, J=8.5Hz), 7.05 d
(2H,C,H,,J=8.7 Hz), 7.20d (2H, CH,,J=8.7 Hz), 7.30 d
(1H, C,H,, J=0.9 Hz), 7.35-7.50 m (3H, C;H;), 7.70 t
(1H, C,H, J=8.5Hz),7.80d (1H, C,H,,/=0.9 Hz), 7.90 d
(2H, C,H,, J=8.7 Hz), 8.50 s (1H, CH), 9.90 s (1H, NH).
Calculated, %: C 63.60, H 4.50, N 7.90. C,;H,;N,0.S,.
Found, %: C 63.50, H 4.38, N 7.93.

Conclusions

1. The effective synthetic method for 2-(4-R-2-for-
mylphenoxy)-N-(R-phenyl)acetamides, which are sui-
table “building blocks” for the structural design of new
potential bioactive 4-thiazolidinones has been deve-
loped.

2. A series of 5-ylidene-4-thiazolidinones from
2-(4-R-2-formylphenoxy)-N-(R’-phenyl)acetamides has
been synthesized and their anti-exudative activity in the
carrageenin paw edema test in mice has been studied.

3. It has been found that all compounds synthe-
sized have a significant anti-inflammatory activity,
and the “lead-compound” - 5-ylidene derivative of
thiazolo[3,2-b][1,2,4]triazole-6-one exhibiting the anti-
exudative activity equivalent to the classic NSAID
Diclofenac with the low acute toxicity level has been
identified.
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THE SYNTHESIS OF 6-R-2,2,4-TRIMETHYL-
1,2-DIHYDROQUINOLINE- AND 6-R-4-R’-2,2,4-TRIMETHYL-
1,2,3,4-TETRAHYDROQUINOLINE-8-CARBOXYLIC ACIDS -
THE STRUCTURAL ANALOGUES OF HELQUINOLINE

S.M.Medvedeva, M.E.Plaksina, Kh.S.Shikhaliev

Voronezh State University
1, Universitetskaya sq., Voronezh, 394006, Russia. E-mail: chocd261@chem.vsu.ru

Key words: pyrrolo[3,2,1-ij]quinoline-1,2-diones; oxidation; 6-R-2,2,4-trimethyl-1,2-dihydroquinoline-
8-carboxylic acid; 6-R-4-R’-2,2,4-trimethyl-1,2,3,4-tetrahydroquinoline-8-carboxylic acid

The peculiarities of the oxidation reaction of substituted (5,6-dihydro)-4,4,6-trimethyl-4H-pyrrolo[3,2, 1-ij] quino-
line-1,2-diones have been investigated. 6-R-2,2,4-trimethyl-1,2-dihydroquinoline-8-carboxylic acids and 6-R-4-
R’-2,2,4-trimethyl-1,2,3,4-tetrahydroquinoline-8-carboxylic acids, which are structural analogues of the natural
antibiotic Helquinoline ((2R,4S)-4-methoxy-2-methyl-1,2,3,4-tetrahydroquinoline-8-carboxylic acid), have been
obtained by oxidation of 8-R-4,4,6-trimethyl-4H-pyrrolo[3,2, 1-jjlquinoline-1,2-diones and their hydrogenated ana-
logues — 8-R-6-R’-4,4,6-trimethyl-5,6-dihydro-4H-pyrrolo[3, 2, 1-ijjquinoline-1,2-diones. It has been shown that
8-R-6-R’-4,4,6-trimethyl-5,6-dihydro-4H-pyrrolo[3, 2, 1-ijlquinoline-1,2-diones and 8-R-4,4,6-trimethyl-4H-pyrrolo
[3,2,1-ijlquinoline-1,2-diones are oxidized similar to isatin with opening of the pyrrole-1,2-dione fragment and
subsequent decarboxylation, and the presence of bulky substituents — gem-dimethyl groups in the second posi-
tion of the hydroquinoline cycle has no steric effect on the process. Moreover, it has been found that oxidation
of 8-R-4,4,6-trimethyl-4H-pyrrolo[3, 2, 1-jjlquinoline-1,2-diones proceeds selectively with opening the pyrrole-1,2-
dione fragment without affecting the multiple bond of the dihydroquinoline cycle, polymerization also does not oc-
cur on it. The structure of 6-R-4-R’-2,2,4-trimethyl-1,2,3,4-tetrahydroquinoline-8-carboxylic acids and 6-R-2,2,4-
trimethyl-1,2-dihydroquinoline-8-carboxylic acids has been confirmed by 'H NMR and "*C NMR spectroscopy,
mass spectrometry and elemental analysis. With the help of mass spectroscopy it has been shown that the
heterocyclic fragment of 6-R-2,2,4-trimethyl-1,2-dihydroquinoline-8-carboxylic acids is more stable compared to
the fragment of 6-R-4-R’-2 2,4-trimethyl-1,2,3,4-tetrahydroquinoline-8-carboxylic acids.

CUHTE3 6-R-2,2,4-TPUMETWNII-1,2-AUTAPOXIHOJIIH- | 6-R-4-R’-2,2,4-TPUMETWNII-1,2,3,4-TETPATIJPO-
XIHOJIIH-8-KAPBOHOBUX KUCJIOT — CTPYKTYPHUX AHAJIOINB HELQUINOLINE

C.M.Medeedeea, M.E.lMnakciHa, X.C.LLixaniee

Knrovoei cnoea: nipon|[3,2, 1-ijjxiHoniH-1,2-0i0H; OKUCHEeHHST; 6-R-2,2,4-mpumemur-1,2-0u2idpoxiHoniH-8-kap6o-
Hosa Kucroma,; 6-R-4-R’-2,2,4-mpumemun-1,2,3,4-mempazidpoxiHorniH-8-kapboHosa Kucrioma

HocnidxeHi ocobriusocmi peakuii OKUCHEHHST 8 psidy 3amiueHux (5,6-0uzidpo)-4,4,6-mpumemun-4H-nipono|3,2, 1-ij]
XiHorniH-1,2-0ioHig. OKucHeHHsIM 8-R-4,4,6-mpumemur-4H-nipono[3, 2, 1-ijjxiHoniH-1,2-0ioHie i ix 2idposaHuUx aHaso-
eig 8-R-6-R’-4,4,6-mpumemun-5,6-0uziopo-4H-nipono[3, 2, 1-ij]xiHoniH-1,2-0ioHie ompumaHi 8idrnosioHo 6-R-2,2,4-
mpumemur-1,2-0ueidpoxiHoniH-8-kapboHosi kucriomu ma 6-R-4-R’-2,2,4-mpumemur-1,2,3,4-mempa2iopoxiHo-
TiH-8-kapbOOoHO8I Kuciomu, w0 € CmpyKmypHUMU aHasio2amu rpupodHo2o aHmubiomuka Helquinoline ((2R, 4S)-
4-memokcu-2-mpumemuri-1,2,3,4-mempaeidpoxiHoniH-8-kapboHoesoi kucriomu). Moka3saHo, wo 8-R-6-R’-4,4,6-
mpumemun-5,6-0uzidpo-4H-nipono[3, 2, 1-ijjxiHoniH-1,2-0ioHu i 8-R-4,4,6-mpumemur-4H-nipono[3,2, 1-ij]xiHosiH-
1,2-0ioHuU OKuCHIOOMbCS MoGibHO i3amuHy 3 PO3Kpummsm niposi-1,2-0ioHo8020 hpazmeHmy i nodanbwum oe-
KapbOKCUMo8aHHSAM, PUYOMy HasigHicmb y Opyeil no3uyii 2idpoxiHONIHO8020 LUKy 06’eMHUX 3acmynHUKI8 —
eeM-OuMemurbHUX 2pyr He YUHUMb CMEepuYyHOo20 8rusy Ha yel npouec. Kpim moeo, ecmaHoernneHo, w0 oKuc-
HeHHs 8-R-4,4,6-mpumemun-4H-nipono[3,2, 1-ij]xiHoniH-1,2-0ioHi8 npomikae cenekmueHO 3 PO3KPUMMSIM Mipori-
1,2-0ioH08020 (hpacmeHmMy, He 3adinaroqu KpamHy 38’s3Ky Ou2iOpOoXiHONIHO8020 YUKy, rnoniMepu3auisi rno Hit ma-
KOX He 8i0bysaembcs. bydosy 6-R-4-R’-2,2,4-mpumemun-1,2,3,4-mempa2iopoxiHorniH-8-kapboHosux Kucriom i
6-R-2,2,4-mpumemunri-1,2-0u2idpoxiHorniH -8-kapboHosux kucriom nidmeepdxeHo daHumu SAMP 'H ma 5IMP 3C
criekKmpocKonii, Mac-criekmpomempii ma enemMeHmHo20 aHarnidy. 3a 0oroMoeor Mac-CrieKmpOoCKoril MoKasaHo,
wo binbworo cmabinsHicmto 8oo0die eemepouuknidHul ppazameHm 6-R-2,2,4-mpumemunrn-1,2-0ueidpoxiHosiH-
8-kapboHOBUX KUC/IOM Y MOPIBHSIHHI 3 hpaemeHmom 6-R-4-R’-2, 2,4-mpumemun-1,2,3,4-mempazidpoxiHosniH-8-
KapboHosux Kucrom.

CUHTES3 6-R-2,2,4-TPUMETWUII-1,2-QUTMOPOXUHOJINH- U 6-R-4-R’-2,2,4-TPUMETWNI1-1,2,3,4-TETPAIU]-
POXWUHOJINH-8-KAPBOHOBbIX KUCJIOT — CTPYKTYPHbIX AHAJIOFOB HELQUINOLINE
C.M.Medeedeea, M.3.MMnakcuHa, X.C.LLuxanuee

Knroueenie cnoea: nuppono[3,2, 1-jjlxuHonuH-1,2-0uoHbl; okucneHue; 6-R-2,2,4-mpumemunrn-1,2-0ueudpoxuHo-
nuH-8-kapboHosasi kucrioma, 6-R-4-R’-2,2,4-mpumemur-1,2,3,4-mempa2udpoxuHonuH-8-kapboHoeas Kucrioma
U3y4deHbl ocobeHHOCMU peakyuu oKucrieHust 8 psidy 3amelweHHbIx (5,6-0ueudpo)-4,4,6-mpumemun-4H-nuppono
[3,2, 1-ijJxunonuH-1,2-0uoHos. OkucnieHuem 8-R-4,4,6-mpumemun-4H-nuppono[3,2, 1-ijjxuHonuH-1,2-0uoHos u ux
2ulpuposaHHbix aHanoeos 8-R-6-R’-4,4,6-mpumemun-5,6-0uaudpo-4H-nupponof3,2, 1-ijjjxuHonuH-1,2-duoHoes rno-
Jly4eHbl coomeemcmeeHHo 6-R-2,2,4-mpumemun-1,2-0u2udpoxuHonuH-8-kapboHosslie kucnomsi u 6-R-4-R’-
2,2,4-mpumemun-1,2,3,4-mempa2udpoxuHonuH-8-kapboHo8kIe KUCIOMbI, SI8/ISIOUUECS CMPYKMYPHbIMU aHa-
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noeamu npupodHoeo aHmubuomuka Helquinoline ((2R,4S)-4-memokcu-2-memun-1,2,3,4-mempaaudpoxuHonuH-
8-kapboHoeol kucriomni). Noka3aHo, ymo 8-R-6-R’-4,4,6-mpumemun-5,6-0ueudpo-4H-nupporno[3, 2, 1-ij]xuHonuH-
1,2-0uoHsbi u 8-R-4,4,6-mpumemun-4H-nuppono[3,2, 1-ijjlxuHonuH-1,2-duoHb! okucisomcsi no006HO uzamuHy
¢ packpbimuem nupporn-1,2-0uoHogozo hpaemeHma u nocnedyrowum 0ekapbokcuuposaHUeM, NnpuvemMm Ha-
Jiudue 80 8MOPOM MOSIOKEHUU 2UOPOXUHOTUHOBO20 UUKIIa 06beMHbIX 3amecmumernell — eeM-0UMemuribHbIX
epyrin He oKasblgaem CmepuyYecKoeo 8usiHUsI Ha amom rnpouyecc. Kpome moeo, ycmaHoerneHo, 4Ymo oKucrie-
Hue 8-R-4,4,6-mpumemun-4H-nuppono|3,2, 1-ijlxuHonuH-1,2-0UuoOHO8 rpomeKkaem CenekmueHO C PackpbImuem
nuppori-1,2-0uoHo8020 hpacmeHma, He 3ampaausasi KpamHyH c853b 0U2UOPOXUHOMUHO8020 UUKNa, MonuMe-
pusayus rno Hell makxe He npoucxodum. CmpoeHue 6-R-4-R’-2,2,4-mpumemun-1,2,3,4-mempa2u0pOXuHOnuH-
8-kapboHoebix kuciiom u 6-R-2,2,4-mpumemuri-1,2-0uaudpoxXuHonuH-8-kapboHO8bIX KUCiom nodmeepxoeHo
OaHHbIMu SIMP "H u SIMP *C cnekmpockonuu, Macc-criekmpomMempuu U sfieMeHmHoeo aHasnusa. C nomowbto
Macc-criekmpoCKonuu rnokasaHo, 4Ymo bonswel cmabunsHocmeto obriadaem eemepoyuknuydeckul oppaemeHm
6-R-2,2,4-mpumemun-1,2-0u2udpoxuHonuH-8-kapb0oHO8bIX KUC/IOM 0 CpasHeHUo ¢ chpaemeHmom 6-R-4-R’-

2,2,4-mpumemun-1,2,3,4-mempaaudpOoxXuHOsuH-8-KapbOHO8bIX KUCIOm.

The fragment of tetrahydroquinoline carboxylic
acid is the structural moiety of a wide range of na-
tural quinoline alkaloids such martinellic acid isolated
from the root bark of the South American plant Mar-
tinella iquitosensis and a new natural antibiotic Helquino-
line ((2R, 4S) -4-methoxy-2-methyl-1,2, 3,4-tetrahyd-
ro-8-quinolinecarboxylic acid) obtained from Jani-
bacter limosus Hel [1-5]. It is also present in the struc-
ture of some synthetic medicinal products (antibiotic
of a new generation virantmycin [6, 7], oxamniquine
[8] used to treat schistosomiasis, etc.). In particular,
hydroquinoline-8-carboxylic acids possess the anti-
rheumatic, antibacterial activity [4, 9]. At the same
time derivatives of 2,2,4-trimethyl-1,2-dihydroqui-
nolines and their hydrogenated analogues - substi-
tuted 2,2,4-trimethyl-1,2,3,4-tetrahydroquinolines
[10-12] exhibit a broad spectrum of the biological
activity. In this connection the synthesis of 2,2,4-tri-
methyl-1,2-dihydroquinoline and 2,2,4-trimethyl-1,2,
3,4-tetrahydroquinoline-8-carboxylic acids being the
structural analogues of the natural antibiotic Helqui-
noline is of interest. In addition, these aromatic ami-
no acids are good building blocks for constructing
new heterocyclic compounds, including with the pro-
perties of surfactants.

One of the most effective methods for the syn-
thesis of substituted anthranilic acids is oxidation of
various 1H-indole-2,3-dione (isatins) with hydrogen
peroxide in the aqueous solution of alkalies [13, 14].
In the cause of this reaction isatins undergo disclo-
sure of the pyrrole ring and are converted into salts
of isatoic acid decarboxylated when reacting with an
oxidizing agent. The structure of various 4,4,6-tri-
methyl-4H-pyrrolo[3,2,1-ij]quinoline-1,2-diones [15]
earlier synthesized by us and the structure of isatin

contain the pyrrol-1,2-dione fragment, which can be
subjected to oxidation, but the presence of gem-di-
methyl groups may create steric hindrance for the
attack of the carbon atom of the amide group by the
hydroxide ion [16]. It has been found that like isatin
the disclosure of the pyrrole-1,2-dione fragment and
decarboxylation occur without difficulty for all 8-R-
6-R’-4,4,6-trimethyl-5,6-dihydro-4H-pyrrolo[3,2,1-ij]
quinolin-1,2-diones 1a-f under the action of hydro-
gen peroxide in the alkaline medium. The subsequent
treatment with dilute hydrochloric acid leads to for-
mation of 6-R-4-R’-2,2,4-trimethyl-1,2,3,4-tetrahyd-
roquinoline-8-carboxylic acids 2a-f undescribed pre-
viously (Scheme 1).

Similar interaction was conducted with hydrogen
peroxide in the alkaline solution of 8-R-4,4,6-trime-
thyl-4H-pyrrolo[3,2,1-ij]quinoline-1,2-diones 3a-e, con-
taining the multiple bond in the heterocycle. It should
be noted that for 1.2-dihydroquinolines polymeriza-
tion is possible [17]. Furthermore, it is known that
N-acyl-1,2-dihydroquinoline are oxidized with per-
oxides to form N-acyl-1,2-dihydroquinoline-3,4-epoxi-
des [18], in which opening of the epoxide ring occurs
under the action of bases [19]. It has been found that
the oxidation reaction of pyrroloquinolinediones 3a-e
occurs selectively without affecting the multiple bond,
and leads to 6-R-2,2,4-trimethyl-1,2-dihydroquinoline-
8-carboxylic acids 4a-e. Formation of polymerization
products in this reaction is not detected (Scheme 2).

The structure of quinolinecarboxylic acid 2a-f and
4a-e has been unequivocally proven by the totality
of the evidence of spectroscopy and spectrometry.
The signals of protons of the secondary amino- and
carboxyl groups are present in the 'H NMR spectra
of compounds 2a-f and 4a-e compared to the spec-

' B R | ,
R R R R
NaOH 1) H,0,
N 2) H N
7 N\ @] HON = :
a
o 0 4 J 0~ "OH ,

1,2 R =H (a), Me (b, f), MeO (c), Et (d), F (e); R"=H (a-e), Ph (f)

Scheme 1
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tra of the starting pyrroloquinolinediones 1a-f and
3a-e. In the mass spectra (EI) of quinolinecarboxylic
acids 2a-f and 4a-e the peaks of molecular ions with
the low intensity (I,,, = 20-25%, I, = 10-17%, respec-
tively) are observed; they are subjected to further
fragmentation with emission of the methyl radical.
The ions formed by sequential cleaving of molecular
ions of the methyl radical and the molecule of H,0
have the maximum intensity (I, = 100%). In the spectra
of 1,2-dihydroquinoline-8-carboxylic acids 4a-e in
contrast to the spectra 1,2,3,4-tetrahydroquinoline-
8-carboxylic acids 2a-f the fragment ions formed by
sequential cleaving of molecular ions of the methyl
radical, the molecule of H,0 and the molecule of CO
(Iy = 15-20%) are present. It indicates a greater stabi-
lity of the 1,2-dihydroquinoline fragment compared
to the 1,2,3,4-tetrahydroquinoline one.

Experimental Part

The 'H NMR spectra and '3C were recorded on a
“Bruker AM-500" device (500 and 125 MHz, respec-
tively) in the pulsed Fourier regime in CDCl,, the po-
sition of signals of the test substances was determi-
ned by the §-scale. The assignment of signals was car-
ried out relative to the residual proton signals of the
deuterium solvent. Mass spectra were recorded on a
FINNIGAN MAT.INCOS spectrometer with the elec-
tron impact of 50 70 evc and direct input of the sam-
ple into the source of ions at 100-150°C and an ac-
celerating voltage of 70 eV. Elemental analysis was
performed on a Perkin Elmer 2400 device. The melt-
ing points were determined on a PTP-M device. Con-
trol of the individual reactants and the compounds
obtained, as well as the course of the reaction was
monitored by thin layer chromatography (TLC) on
Merck TLC Silica gel 60 F254 plates (254-subscript)
in the system of CHCl,-EtOAc, 10:1. The starting com-
pounds 1a-f and 3a-e were synthesized by the pro-
cedure given earlier [15].

The general procedure for oxidation of 8-R-6-R’-
4,4,6-trimethyl-5,6-dihydro-4H-pyrrolo[3,2,1-ij]
quinoline-1,2-diones l1a-f and 8-R-4,4,6-trime-
thyl-4H-pyrrolo[3,2,1-ijjJquinoline-1,2-diones 3a-e.
Allow to stand 0.02 Mol of the corresponding pyr-
roloquinolinedione 1a-f or 3a-e in 20 ml of 20% aque-
ous solution of sodium hydroxide for 30 min, then
while stirring and cooling add 0.04 Mol of hydrogen
peroxide and mix at room temperature for 1.5-2 h.

Pour the reaction mixture into 200 ml of water, neu-
tralize with 10% HCI, filter the precipitate formed,
wash with water, dry, crystallize from CCl, to give slight-
ly yellow powders 2a-f and 4a-e.
2,2,4-Trimethyl-1,2,3,4-tetrahydroquinoline-
8-carboxylic acid 2a. Yield - 2.0 g, 89%. M.p. - 167-
168°C. 'H NMR spectrum, §, ppm: 1.27 (s, 3H, CH,);
1.35 (s, 6H, C (CH,),); 1.37 (d, ] = 6.5 Hz, 1H, CH,);
1.76 - 1.80 (m, 1H, CH,); 2.91-2.96 (m, 1H, CH); 6.58
(t,J=7.5Hz, 1H, H-6 Ar); 7.33 (d, ] = 7.5 Hz, 1H, H-5
Ar); 7.83 (d,] = 7.5 Hz, 1H, H-7, Ar); 9.50-10.20 (br.s.,
1H, NH); 11.20-12.50 (br.s., 1H, OH). 13C NMR spec-
trum, 8, ppm: 20.0, 27.5,29.2,31.5,43.1,49.4,107.2,
113.7,126.9,130.2, 132.0, 148.0, 174.2. MS: m/e (%)
219 ([M*] (19)), 204 ([M-CH,] (50)), 186 ([M-CH,-H,0]
(100)). Found, %: C71.31; H7.79; N 6.47. C;H,,NO.,.
Calculated, %: C 71.21; H 7.81; N 6.39.
2,2,4,6-Tetramethyl-1,2,3,4-tetrahydroquino-
line-8-carboxylic acid 2b. Yield - 2.0 g, 82%. M.p.
-196-197°C. 'H NMR spectrum, 8, ppm: 1.29 (s, 3H,
CH,); 1.35 (s, 6H, C (CH,),); 1.37 (d, ] = 6.8 Hz, 1H,
CH,); 1.80-1.84 (m, 1H, CH,); 2.26 (s, 3H, 6-CH,); 2.95-
2.99 (m, 1H, CH); 7.20 (s, 1H, H-5 Ar); 7.26 (s, 1H, H-7,
Ar); 9.80-10.40 (brs., 1H, NH); 11.30-12.50 (brs., 1H,
OH). BCNMR spectrum, 8, ppm: 20.3, 27.5, 29.0, 31.4,
43.3, 49.4, 107.6, 123.2, 127.4, 129.5, 133.7, 145.6,
174.1. MS: m/e (%) 233 ([M*] (24)), 218 ([M-CH,]
(50)), 200 ([M-CH,-H,0] (100)). Found, %: C 72.15;
H 8.29; N 6.11. C,,H,,NO,. Calculated, %: C 72.07; H
8.21; N 6.00.
2,2,4-Trimethyl-6-methoxy-1,2,3,4-tetrahydro-
quinoline-8-carboxylic acid 2c. Yield - 2.4 g, 92%.
M.p. - 155-156°C.*H NMR spectrum, 8, ppm: 1.31 (s,
3H, CH3); 1.36 (s, 6H, C (CH3)2); 1.37 (d, ] = 6.1 Hz,
1H, CH,); 1.82-1.86 (m, 1H, CH,);); 2.98-3.01 (m, 1H,
CH); 3.78 (c, 3H, OCH,); 7.00 (c, 1H, H-5 Ar); 7.34 (c,
1H, H-7, Ar); 9.40-10.20 (br.s., 1H, NH); 11.40-12.60
(brs., 1H, OH). 3CNMR spectrum, 8, ppm: 20.2, 28.2,
29.4,31.7,43.1,49.5,55.8,107.3,111.0, 123.5, 129.3,
143.0,149.1,173.7.MS: m/e (%) 249 ([M*] (25)), 234
([M-CH,] (40)), 216 ([M-CH,-H,0] (100)). Found, %:
C 67.61; H 7.57; N 5.54. C,,H,,NO,. Calculated, %: C
67.45; H 7.68; N 5.62.
2,2,4-Trimethyl-6-ethyl-1,2,3,4-tetrahydro-
quinoline-8-carboxylic acid 2d. Yield - 2.3 g, 88%.
M.p. - 157-158°C. 'H NMR Spectrum, 8, ppm: 1.21
(t ] = 7.6 Hz, 3H, CH,CH,); 1.27 (s, 3H, CH,); 1.34
(s, 6H, C (CH,),); 1.37 (d, ] = 6.6 Hz, 1H, CH,); 1.77-
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1.81 (m, 1H, CH,); 2.54 (q, ] = 7.6 Hz, 2H, CH,CH,);
2.93-2.96 (m, 1H, CH); 7.21 (s, 1H, H-5 Ar); 7.66 (s,
1H, H-7, Ar); 9.40-10.50 (br.s., 1H, NH); 11.10-12.30
(brs., 1H, OH). 3CNMR spectrum, 8, ppm: 15.8, 20.4,
27.6,27.8,29.1,31.5,43.3,49.4,107.2,127.2,128.3,
129.5, 132.5, 146.3, 174.1. MS: m/e (%) 247 ([M*]
(27)), 232 ([M-CH,] (54)), 214 ([M-CH,-H,0] (100)).
Found, %: C 72.98; H 8.44; N 5.75. C,:H,,NO,. Calcu-
lated,%: C 72.84; H 8.56; N 5.66.
2,2,4-Trimethyl-6-fluoro-1,2,3,4-tetrahydro-
quinoline-8-carboxylic acid 2e. Yield - 2.0 g, 91%.
M.p. - 172-173°C. 'H NMR Spectrum, §, ppm: 1.32
(c, 3H, CH,); 1.37 (s, 6H, C (CH,),); 1.38 (d, ] = 6.2 Hz,
1H, CH,); 1.86-1.90 (m, 1H, CH,);); 2.99-3.02 (m, 1H,
CH); 7.15 (s, 1H, H-5 Ar); 7.53 (s, 1H, H-7, Ar); 9.60-
10.20 (brs, 1H, NH); 11.40-12.70 (brs, 1H, OH). 3C
NMR Spectrum, §, ppm: 20.4, 28.4, 29.2, 31.7, 43.21,
50.8,115.1,116.5,120.9,122.2,131.0, 147.1, 153.2,
173.2. MS: m/e (%) 237 ([M*] (21)), 222 ([M - CH,]
(49)), 204 ([M-CH,-H,0] (100)). Found, %: C 77.81;
H 7.48; N 4.63. C,,H,,NO.. Calculated, %: C 77.65; H
7.49; N 4.53.
2,2,4,6-Tetramethyl-4-phenyl-1,2,3,4-tetra-
hydroquinoline-8-carboxylic acid 2f. Yield - 2.4 g,
77%. M.p. - 205-206°C. 'H NMR Spectrum, §, ppm:
0.89 (s, 3H, C (CH,),); 1.35 (s, 3H, C(CH,),); 1.77 (s,
3H, CHs); 2.06-2.12 (m, 1H, CH,); 2.24 (s, 3H, 6-CH.);
2.38-2.43 (m, 1H, CH,); 7.18 (s, 1H, H-5 Ar); 7.14-7.27
(m, 5H, Ph); 7.79 (s, 1H, H-7, Ar); 8.40-10.00 (br.s.,
2H, NH, OH). 3C NMR Spectrum, §, ppm: 20.2, 27.7,
28.9,31.3,43.3,49.5,107.2,123.4,126.2,127.6,129.0,
129.5,129.7,133.7,137.4, 145.0, 174.3. MS: m/e (%)
309 ([M*] (22)), 294 ([M - CH,] (38)), 276 ([M-CH,-H,0]
(100)). Found, %: C77.72; H7.37; N 4.64. C,,H,;NO,.
Calculated,%: C 77.64; H 7.49; N 4.53.
2,2,4-Trimethyl-1,2-dihydroquinoline-8-carb-
oxylic acid 4a. Yield - 1.9 g, 86%. M.p. - 174-175°C.
'H NMR Spectrum, §, ppm: 1.36 (s, 6H, C (CH,),); 1.98
(s, 3H, CH,); 5.38 (s, 1H, CH); 6.53 (t,] = 7.8 Hz, 1H,
H-6 Ar); 7.19 (d,] = 7.8 Hz, 1H, H-5 Ar); 7.78 (d, ] =
7.8 Hz, 1H, H-7, Ar); 8.90-9.20 (brs, 1H, NH); 10.80-
11.80 (brs, 1H, OH). 13C NMR Spectrum, §, ppm: 19.0,
32.3,52.0,107.2,114.2,122.2,127.4, 128.5, 128.9,
131.3,131.4, 147.7, 174.0. MS: m/e (%) 217 ([M*]
(10)), 202 ([M-CH,] (47)), 184 (|[M-CH,-H,0] (100)),
156 ([M-CH,-H,0-CO] (15)). Found, %: C 72.01; H 7.06;
N 6.40. C,;H,;NO,. Calculated, %: C71.87; H 6.96; N 6.45.
2,2,4,6-Tetramethyl-1,2-dihydroquinoline-8-
carboxylic acid 4b. Yield - 2.0 g, 81%. M.p. - 197-
198°C. 'H NMR Spectrum, §, ppm: 1.35 (s, 6H, C (CH,),);
1.98 (s, 3H, CH,); 2.22 (s, 3H, 6-CH,); 5.39 (s, 1H, CH);
7.03 (s, 1H, H-5 Ar); 7.59 (s, 1H, H-7, Ar); 8.80-9.40
(brs, 1H, NH); 10.50-11.20 (brss, 1H, OH). *C NMR
Spectrum, §, ppm: 19.0, 20.4, 32.0, 51.9, 107.0, 122.4,
123.2,127.5,128.9,130.3,130.6, 130.7, 147.7, 174.0.
MS: m/e (%) 231 ([M*] (17)), 216 ([M-CH,] (50)), 198
([M-CH;-H,0] (100)), 170 ([M-CH;-H,0-CO] (21)).
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Found, %: C 72.82; H 7.52; N 6.13. C14H17NO2. Cal-
culated, %: C 72.70; H 7.41; N 6.06.
2,2,4-Trimethyl-6-methoxy-1,2-dihydroquino-
line-8-carboxylic acid 4c. Yield - 2.2 g, 87%. M.p. -
172-173°C. 'H NMR Spectrum, §, ppm: 1.39 (s, 6H, C
(CH,),); 2.00 (s, 3H, CH,); 3.79 (s, 3H, OCH,); 5.51 (s,
1H, CH); 6.93 (s, 1H, H-5 Ar); 7.30 (s, 1H, H-7, Ar);
9.00-9.20 (brss, 1H, NH); 10.60-11.90 (brs, 1H, OH).
13C NMR Spectrum, 6, ppm: 19.0,31.6,32.3,52.2,55.9,
107.3,111.4,119.4, 124.6,127.4,130.3, 142.6, 149.5,
173.5.MS: m/e (%) 247 ([M*] (14)), 232 ([M-CH,] (58)),
214 ([M-CH,-H,0] (100)), 186 ([M-CH,-H,0-CO] (7)).
Found, %: C 68.11; H 7.07; N 5.53. C,,H,,NO,. Calcu-
lated, %: C 68.00; H 6.93; N 5.66.
2,2,4-Trimethyl-6-ethyl-1,2-dihydroquinoline-
8-carboxylic acid 4d. Yield - 2.1 g, 84%. M.p. - 178-
179°C. 'H NMR Spectrum, §, ppm: 1.21 (t,] = 7.6 Hz,
3H, CH,CH,); 1.37 (s, 6H, C (CH,),); 2.01 (s, 3H, CH,);
2.53(q,] =7.6 Hz, 2H, CH,CH,); 5.41 (s, 1H, CH); 7.08
(s, 1H, H-5 Ar); 7.52 (s, 1H, H-7, Ar); 8.00-8.90 (br:s,
1H, NH); 10.70-11.40 (br.s, 1H, OH). 3C NMR Spec-
trum, §, ppm: 15.8,19.1, 28.0, 32.2,52.1, 107.3, 122.6,
127.6,128.8,129.3,129.5,129.8, 130.2, 145.6, 173.9.
MS: m/e (%) 245 ([M*] (13)), 230 ([M-CH;] (68)), 2128
([M-CH,-H,0] (100)), 184 ([M-CH;-H,0-CO] (15)).
Found, %: C 73.53; H 7.74; N 5.84. C;;H,,NO,. Calcu-
lated, %: C 73.44; H 7.81; N 5.71.
2,2,4-Trimethyl-6-fluoro-1,2-dihydroquinoline-
8-carboxylic acid 4e. Yield - 1.9 g, 78%. M.p. - 169-
170°C. 'H NMR Spectrum, §, ppm: 1.38 (s, 6H, C (CH,),);
1.97 (s, 3H, CH,); 5.48 (s, 1H, CH); 6.96 (s, 1H, H-5 Ar);
7.44 (s, 1H, H-7, Ar); 8.70-9.00 (br.s, 1H, NH); 10.20-
11.60 (brs, 1H, OH). 13C NMR Spectrum, 8, ppm: 19.1,
32.5,52.1,107.0,114.1, 122.4,127.2, 114.1, 129.0,
131.5, 147.6, 161.4, 174.5. MS: m/e (%) 235 ([M*]
(19)), 220 ([M-CH,] (48)), 202 ([M-CH;-H,0] (100)),
174 ([M-CH,-H,0-CO] (23)). Found, %: C 72.82; H 7.52;
N 6.13.C;H,,FNO,. Calculated, %: C 66.37; H 6.00; N 5.95.

Conclusions

1. It has been shown that 8-R-6-R’-4,4,6-trime-
thyl-5,6-dihydro-4H-pyrrolo[3,2,1-ij]quinoline-1,2-
diones and 8-R-4,4,6-trimethyl-4H-pyrrolo(3,2,1-ij]
quinoline-1,2-diones are oxidized with hydrogen per-
oxide in the presence of alkali to form 6-R-4-R’-2,2
4-trimethyl-1,2,3,4-tetrahydroquinoline-8-carboxylic
acids and 6-R-2,2,4-trimethyl-1,2-dihydroquinoline-
8-carboxylic acids, respectively, and the presence of
bulky substituents - gem-dimethyl groups in the se-
cond position of the hydroquinoline cycle has no ste-
ric effect on disclosure of the pyrrole-1,2-dione frag-
ment and the subsequent decarboxylation.

2. It has been found that oxidation of 8-R-4,4,6-
trimethyl-4H-pyrrolo[3,2,1-ij]quinoline-1,2-diones
proceeds selectively with opening of the pyrrole-1,2-
dione fragment without affecting the multiple bond
of the dihydroquinoline cycle.
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The significance of the acylation reaction of amines is presented in the literary reference information. The products
of the reaction of the corresponding amides are important intermediates in obtaining practically useful compounds.
It has been shown that the most common methods of acylfunctionalization of amines are acetylation, trifluoroacety-
lation and formylation, usually acid anhydrides or chlorides are used as acylating reagents in these reactions in the
presence of highly toxic and expensive catalysts. The authors have developed an approach to the synthesis of a
number of N-acylated amino-9, 10-anthraquinones, which is based on the use of a new acylation system consisting
of a strong organic acid and ammonium thiocyanate. It has been determined that 1-amino-9, 10-anthraquinone and
its derivatives in the presence of the two-fold excess of ammonium thiocyanate can be acetylated only by formic
and trifluoroacetic acids. 2-Amino-9,10-anthraquinone additionally can be acetylated by mercaptoacetic and acetic
acids. The scheme of the reaction discovered has been proposed, it involves in situ generation of ammonium ac-
etate from carboxylic acid and ammonium thiocyanate, which serves as the acylating reagent.

N-ALNITIOBAHHSA AMIHO-9,10-AHTPAXIHOHIB CUCTEMOK CUIIbHA KAPEOHOBA KUCJIOTA - TIO-
LIAHAT AMOHIKO

B.l.3sapuy, M.B.Cmacesudy, B.B.JlyHiH, B.I1.Hoeikoe, M.B.Boek

Krnroyoei cnosa: amiHo-9, 10-aHmpaxiHOHU; KapbOoHO8I Kuciomu; mioujiaHam aMOHIt0; auemam aMOHit0; aUusIF08aHHS
HasedeHa iHghopmamueHa nimepamypHa 008i0ka CUHMEMUYHOI 3Ha4UMOCMI peaKuii ayumo8aHHs aMiHig, MpooyK-
mu siKol 8i0roeiOHi amiou € saxxnueumMu iHmepmediamamu rpu ompuUMaHHi 3Ha4Ho20 Macusy NMpPakmu4YHO KOPUCHUX
crionyk. Ha ocHosi aHani3y nimepamypHux 0xepes 8UsieNeHo, WO 8 rnpouecax ayurnghbyHKUioHasizauii amiHie Halro-
wiupeHilumu € Memodu auemuriosaHHsl, mpughmopoauemurliosaHHs1 ma ¢bopMIriO8aHHs, 8 SIKUX, SIK Npasusio, 8 pori
ayunrYUX peazeHmie 8UKOPUCMO8YymbCs aHeiopudu abo xropoaHziopudu KUCIom y rMpucymHOCMi 8UCOKOMOKCUY-
Hux i dopoaux kamarnizamopis. Aemopamu po3pobrieHo ridxid o cuHme3sy HU3ku N-ayurnboeaHux amiHo-9,10-aHmpa-
XIHOHI8, SIKUU 2pyHMYemMbCs Ha 3aCmocy8aHHI HOBOT ayUsIor40l cUCMEMU CullbHa OpeaHiyHa Kucrioma — mioyjiaHam
aMoHito. Ha ripuknadax e3aemodii amiHo-9, 10-aHmMpaxiHOHIg i3 ghopMiamHO0, auemamHoro, mioauemamHoro ma mpu-
gbmopoayemamHor KUcriomamu 8 rpucymHocmi O80KpamHo20 HadmuWKy mioujiaHamy aMOHIk 3’5CO8aHO 811U CIMPYK-
mypu amiHocybcmpamy ma KapboHO80iI Kucriomu Ha riepebie peakuii auunro8aHHs1 i ymeopeHHs1 aHmpaxiHosinami-
dis. BcmaroernieHo, wo 1-amiHo-9,10-aHmpaxiHoH ma (i020 3aMileHi aHanoau 8 nNpucymHoCcmi mioyiaHamy aMoHito
cXusibHi 00 ayusoeaHHs1 MinbKu ¢hopMiamHOK ma mpugbmopoauemamHOo KUciomamu, Hamomicme 2-amiHo-9,10-
aHmpaxiHoH OKpiM ghopmiamHOi ma mpugbmopoayemamHoi Kucriom ymeoproe amiou rid dieto auemamHoi ma mio-
auemamHoi Kucriom. 3anporoHosaHa cxema 3HalodeHol peakuii, sika nepedbadac in situ 2eHepysaHHs i3 kapboHOB80T
Kucriomu ma miouiaHamy aMOHito auemamy aMOHito, KUl 6r1aCHe | BUKOHYE POJib auyUsTiord020 peazeHma.

N-ALMNITUPOBAHUE AMWUHO-9,10-AHTPAXMHOHOB CUCTEMOMW CUJTbHASI KAPEOHOBASI KUCJTOTA —
TUOLMNAHAT AMMOHMUST

B.A.3eapu4, M.B.Cmaceeudy, B.B.JlyHuH, B.[.Hoeukoe, M.B.Boek

Knroyesnie croea: amuHo-9, 10-aHmpaxuHOHbI; KapboHO8bIe KUC/IOMbI; muoyuaHam aMMOHUS; ayunuposaHue
lNpusedeHa uHpopmamueHasi numepamypHasi cripaska CUHMeMmMuUYecKol 3Ha4UMOCMU peaKkyuu ayunupo8aHusi
amMuHos, MpodyKmbl KOmMopoU coomeemcmayrouue amudbl S8MSHMCS 8aXXHbIMU UHMepmMeduamamu rpu rnosyve-
HUU 3Ha4umesibHO20 Maccuea rpaKkmu4ecKu rnonesHbix coeOuHeHUl. Ha ocHose aHanu3a fumepamypHbIX UCTOH-
HUKO8 yCcmaHOBIIeHO, Ymo 8 npoueccax auurngyHKUUoHanusayuu amuHos Haubornee pacrnpocmpaHeHbl Memoob!
auemurnuposaHus, mpugbmop- auemunuposaHusi U ¢hopMUIIUpPO8aHUs, 8 KOMOPbIX, KaK rpasurio, 8 poru ayusnu-
PYHOUWUX pea2eHmMo8 UConb3ytomcsi aHaudpuodbl unu xmnopaHaudpudbl KUCIIOM 8 Mpucymcmaeuu 8bICOKOMOKCUY-
HbIX u 0opoaux Kamarnu3samopos. Aemopamu pa3pabomaH nodxod k cuHme3sy psida N-ayunuposaHHbIX aMUHO-
9,10-aHMpaxuHOHO8, OCHOBaHHbIU Ha NPpUMeHeHUU HO8oU auyunupyrowel cucmeMbl CulbHasi opaaHu4yecKkasi
Kucrnoma — muoyuaHam aMMoHusi. Ha npumepax e3aumodelicmeusi amuHo-9, 10-aHmpaxuHOHO8 ¢ MypasbUHOU,
YKCYCHOU, mMUOYKCYCHOU U mpughmopyKCycHOU Kucriomamu 8 rpucymcmeuu 08yxKpamHozo usbbimka muoyua-
Hama aMMOHUS 8bISICHEHO 8ITUSIHUE CMPyKmypbl aMuHocybcmpamoes u kapboHO80U KUC/IOMbI Ha MpomekaHue
peakyuu ayunuposaHusi u 0bpa3osaHusi aHmpaxuHonunamudos. YcmaHoeneHo, Yymo 1-amuHo-9,10-aHmpaxuHoH
U e20 3aMeweHHble aHarioau 8 rnpucymecmeuu muoyuaHama aMMOHUST MO08ePXKeHb! auuTupO8aHUK MOIbKO My-
pasbUHOU U mpughmopyKCcyCcHOU Kucriomamu, 8 mo epemsi kak 2-amuHo-9,10-aHmpaxuHOH Kpome MypasbuHoU u
mpugbmopykcycHou Kucriom obpayem amudbi nod delicmauem yKcycHol u muoykcycHou kucrom. [pednoxeHa
cxema HaliOeHHOU peakyuu, Komopasi npedycMampusaem in Situ 2eHepuposaHue ¢ KapboHO80U KUCIOMbI U Muo-
yuaHama aMMOHUSI auemama aMMOHUS, KOmOopbIli COBCMBEHHO U 8bIMOMTHAEM Porib auuupyoueso peazeHma.
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Acylation of amines is one of the most common
methods of their structural modifications, and it is
widely used in organic synthesis and medicinal che-
mistry. N-Acyl residues are important protective groups,
and the corresponding amides are effective interme-
diates in various chemical transformations aimed to
obtain practically useful compounds. In the process
of acylfunctionalization of amines the most general-
ly used methods are: acetylation [1], trifluoroacety-
lation [2] and formylation [3-5]. The commonly used
acylating reagents are acetic acid anhydride and chlo-
ride in the presence of highly toxic and expensive ca-
talysts [6-9], trifluoroacetic acid anhydride and other
highly electrophilic derivatives of trifluoroacetic acid
[10-13], complexes of formic acid with carbodiimides
[14, 15] or Lewis acids [16]. Thus, the search for en-
vironmentally benign and technologically convenient
methods of acylation of amines by carboxylic acids
with catalytic addition of cheap reagents is a topic of
great interest [17-19].

N-Acylamino-9,10-anthraquinones became the sub-
ject of increased attention of researchers in recent
years because of identification of 1-acetamide-9,10-
anthraquinone as a new mutagenetic metabolite of
1-aminoanthracene [20]. 2-Trifluoroacetamide-9,10-
anthraquinone was used as a selective colorimetric
sensor for a cyanide anion in aqueous solutions [21].
The synthesis of N-acylamino-9,10-anthraquinones
was carried out via the reaction with acetic [20, 22,
23], trifluoroacetic [21] acid anhydrides, and acetyl
chloride [24].

We have shown that for this purpose a new acy-
lating system consisting of a strong carboxylic acid and
ammonium thiocyanate could be successfully used.
It was found that the structure of aminosubstrate and
carboxylic acid affected the acylation reactions of N-acyl-
amino-9,10-anthraquinones 2a-1 on examples of reac-
tions of 1- and 2-amino-9,10-anthraquinones (AQ-NH,)

1a-f with formic, acetic, mercaptoacetic, and trifluo-
roacetic acids in the presence of the two-fold excess
of ammonium thiocyanate (Table). It was determined
that 1-amino-9,10-anthraquinone 1a and its deriva-
tives 1b-d were acylated only by formic and trifluo-
roacetic acids in the presence of ammonium thiocy-
anate. In the case of diamino-9,10-anthraquinones
1c,d both amino groups took part in the reaction.
2-Amino-9,10-anthraquinone 1e reacted not only with
strong formic and trifluoroacetic acids, but it also gave
amides with mercaptoacetic and acetic acids. On the
contrary, 2-amino-3-chloro-9,10-anthraquinone 1f
underwent only trifluoroacylation, and isomeric 1-ami-
no-2-chloro-9,10-anthraquinone was not acylated by
any of the acids tested.

The regularities found well correlate with the elect-
ronic parameters of amino-9,10-anthraquinones, as
well as with acidity of carboxylic acids. Thus, less ba-
sic 1-amino-9,10-anthraquinones 1a-d gave the cor-
responding amides 2a-g only with relatively strong
trifluoroacetic (pKa = 0.23) and formic (pKa = 3.73)
acids. At the same time more basic 2-amino-9,10-
anthraquinone 1e gave amides not only with such
strong acids as trifluoroacetic and formic acids, but
with weaker mercaptoacetic (pKa = 3.83) and acetic
(pKa = 4.76) acids. However, acylation did not pro-
ceed with propanoic or butanoic acids. The result of
the reaction is quite unexpected because the system
of inorganic (organic) acid and ammonium thiocy-
anate is normally used to generate in situ thiocyanic
acid, which is a thiocarbamoyl reagent for weak ba-
ses [25]. Therefore, in the case of amino-9,10-anthra-
quinones 1 formation of antraquinoylthioureas was
expected. In fact, an alternative reaction - acylation of
amino-9,10-anthraquinones by ammonium carboxy-
late resulted from the reaction of ammonium thiocy-
anate with strong organic acids took place (Scheme).
These results are consistent with the data published

o 0
R OH R ONH,
R =H, Me, HSCH, CF;
0 0
AQ NH, + )J\ —_— > AQ )J\ +  NH4OH
2 R ONH, A NH R
1a-f 2a-1

Scheme
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Products of N-acylation of amino-9,10-anthraquinones 1a-f by the system
of strong carboxylic acid - ammonium thiocyanate

Table

AQNH, Acid reTa'?t‘iir‘]’fh AQNHC(O)R
1 2 3 4
HC(O)OH 6 2
o) NH,
1a
(0]
F,CC(O)OH 1 2b
o NH, o
OH
1b F,CC(O)OH 1 2
(0]
HC(0)OH 6 |2d
o) NH,
1c
o) NH,
F,CC(O)OH 1 2e
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Table continued
2 4
(o)
o HN)J\H
HC(O)OH 2f
o) NH,
H\H/NH (o]
1d 0
(o)
o HN)J\CFS
NH , o]
F,CC(O)OH 29 “O
F3C\”/NH o)
o]
[e]
H Me
o | || OO
(o]
o)
R
SH
HSCH,C(O)OH 2i O‘O \ﬂA
NH,
o)
le IS
R H
5 (L ITT
(o]
(o]
o
N CF3
F,CC(O)OH 2k O‘O \ﬂ/
o
o
NH, N CF4
1f F,CC(O)OH 2l O‘O \ﬂ/
Cl Cl
(o)
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in work [26] on direct acetylation of anilines with
ammonium acetate in acetic acid, as well as the ex-
perimental data on the absence of reactions when
instead of thiocyanate ammonium, thiocyanate po-
tassium or ammonium chloride were used, and di-
rect conversion of 2-amino-9,10-anthraquinone 1e
to amide 2h in the reaction with the excess of am-
monium acetate in acetic acid.

The composition and structure of amides 2a-1 syn-
thesized were confirmed by elemental analysis data,
mass spectrometry, and 'H, *F NMR spectroscopy.

Herein, the new preparative, high yielding method
for the synthesis of N-acylated amino-9,10-anthra-
quinones was introduced.

Experimental Part

'H NMR spectra of the compounds synthesized
were obtained on a Bruker Avance DRX-500 spectro-
meter, the internal standard was TMS. F NMR spec-
tra were registered on a Varian VXR-300 spectrome-
ter, the internal standard was CFCl,. Chromato-mass
spectra were obtained on a Aligent 1100/DAD/HSD/
VLG 119,562 device.

The general method of acylation of amino-
9,10-anthraquinone 1a-f

To 30 ml of the corresponding carboxylic acid
add (0.001 Mol) of amino-9,10-anthraquinone 1a-f,
0.152 g (0.002 Mol) of ammonium thiocyanate (in the
case of compounds 1a,b,f) or 0.304 g (0.004 Mol) of
ammonium thiocyanate (in the case of compounds
1c,d), and heat when boiling for 1-6 h. Cool the reac-
tion mixture, dilute with the 4-fold excess of water,
filter the precipitate, wash with water and dry.

N-(9,10-Dioxo0-9,10-dihydroanthracen-1-yl)for-
mamide 2a. Yield - 91%. M.p. - 210-212°C. 'H NMR,
6, ppm.: 8.08-8.17 m (3H, CH,,); 7.87-7.91 m (3H, CH,);
8.64 m (1H, CH, ); 8.96 br.s (1H, COH); 11.89 br.s (1H,
NH). [M+1]* 252. Found, %: C 71.59; H 3.69; N 5.47.
C,sHyNO,. Calculated, %: C 71.71; H 3.61; N 5.58.

N-(9,10-Diox0-9,10-dihydroanthracen-1-yl)-2,2,
2-trifluoroacetamide 2b. Yield - 95%. M.p. - 182-
183°C."HNMR, §, ppm.: 7.95-8.24 m (6H, CH,,); 8.74
d (1H, J=7.7 Hz, CH,); 13.17 s (1H, NH). F NMR, §,
ppm.: -75.55 (CF,). [M+1]* 319. Found, %: C 60.31;
H 2.43; N 4.31. C, ,HgF;NO,. Calculated, %: C 60.20; H
2.53; N 4.39.

9,10-Dioxo-1-(2,2,2-trifluoroacetamido)-9,10-
dihydroanthracene-2-carboxylic acid 2c. Yield -
92%. M.p. - 287-289°C.'H NMR, §, ppm.: 7.77-7.87 m
(2H,CH,); 8.04-8.12 m (4H, CH,); 11.85 s (1H, NH);
13.03 s (1H, OH). F NMR, §, ppm.: -75.40 (CF,). [M+1]*
364. Found, %: C 56.17; H 2.17; N 3.92. C,,H,F,NO..
Calculated, %: C 56.21; H 2.22; N 3.86.

N,N’-(9,10-Diox0-9,10-dihydroanthracene-1,4-
diyl)diformamide 2d. Yield - 87%. M.p. - 290-292°C.
"HNMR, 8, ppm.: 7.86-8.12 m (5H, CH, ); 8.57 m (1H,
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CH,,); 8.87 br.s (2H, COH); 12.01 br.s (2H, NH). [M+1]*
295. Found, %: C 65.40; H 3.36; N 9.57. C,(H,,N,0,.
Calculated, %: C 65.32; H 3.45; N 9.51.
N,N’-(9,10-Diox0-9,10-dihydroanthracene-1,4-
diyl)bis(2,2,2-trifluoroacetamide) 2e. Yield - 81%.
M.p.-260-261°C.'H NMR, §, ppm.: 7.87 m (2H, CH,,);
8.01 m (2H, CH,,); 8.62 m (2H, CH,); 13.10 br.s (2H,
NH). F NMR, §, ppm.: -75.42 (c, 2CF,). [M+1]* 431
Found, %: C 50.35; H 1.81; N 6.58. C,,H,F/N,0,. Cal-
culated, %: C 50.25; H 1.87; N 6.51.
N,N’-(9,10-Diox0-9,10-dihydroanthracene-1,5-
diyl)diformamide 2f. Yield - 85%. M.p. > 330°C. 'H NMR,
8, ppm.: 7.86-7.95 m (4H, CH,); 8.67 m (2H, CH,);
8.91 br.s (2H, COH); 11.84 br.s (2H, NH). [M+1]* 295.
Found, %: C 65.41; H 3.32; N 9.60. C,;H,,N,0,. Calcu-
lated, %: C 65.32; H 3.45; N 9.51.
N,N’-(9,10-Diox0-9,10-dihydroanthracene-1,5-
diyl)bis(2,2,2-trifluoroacetamide) 2g. Yield - 79%.
M.p. - 242-243°C.'H NMR, §, ppm.: 7.67-7.86 m (4H,
CH,); 8.62-8.64 m (2H, CH,); 12.25 br.s (2H, NH). Y’F NMR,
6, ppm.: -75.43 (¢, 2CF;). [M+1]*431. Found, %: C 50.34;
H 1.79; N 6.54. C,;H4F.N,0,. Calculated, %: C 50.25;
H 1.87; N 6.51.
N-(9,10-Diox0-9,10-dihydroanthracen-2-yl)ace-
tamide 2h. Method A: see the general procedure,
yield - 88%. Method B: to 30 ml of acetic acid add
0.223 g (0.001 Mol) of 2-amino-9,10-anthraquinone
1le, 0.152 g (0.002 Mol) of ammonium acetate and
heat when boiling for 3 h. Cool the reaction mixture,
dilute with the 4-fold excess of water, filter the pre-
cipitate, wash with water and dry. Yield - 87%. M.p. -
258-260°C. 'H NMR, 8, ppm.: 2.12 s (3H, CH,); 7.88 m
(2H, CH,); 8.04-8.15 m (4H, CH,,); 8.39 s (1H, CH,,);
10.57 s (1H, NH). [M+1]* 264. Found, %: C 72.54; H
4.01; N 5.32. C,,H,,NO,. Calculated, %: C 72.45; H
4.18; N 5.28.
N-(9,10-Dioxo0-9,10-dihydroanthracen-2-yl)-
2-mercaptoacetamide 2i. Yield - 89%. M.p. - 232-
233°C.'H NMR, §, ppm.: 3.04 s (1H, SH); 3.81 m (2H,
CH,); 7.81-7.87 m (3H, CH,,); 8.12 m (3H, CH,,); 8.35
s (1H, CH,,); 10.70 s (1H, NH).: [M+1]* 297. Found, %:
C 64.74; H 3.59; N 4.82; C, ,H,,NO,S. Calculated, %: C
64.63; H3.73; N 4.71.
N-(9,10-Dioxo0-9,10-dihydroanthracen-2-yl)for-
mamide 2j. Yield - 93%. M.p. - 282-283°C. 'H NMR, §,
ppm.: 7.84-7.87 m (2H, CH,); 7.96-7.99 m (1H, CH,);
8.08-8.11 m (3H, CH,); 8.36 s (1H, COH); 8.41 s (1H,
CH_,);10.79 s (1H, NH). [M+1]* 252. Found, %: C 71.56;
H 3.67; N 5.50. C,;H,NO,. Calculated, %: C 71.71; H
3.61; N 5.58.
N-(9,10-Diox0-9,10-dihydroanthracen-2-yl)-2,2,
2-trifluoroacetamide 2Kk. Yield - 96%. M.p. - 216-
217°C.'H NMR, §, ppm.: 8.13-8.36 m (4H, CH,,); 8.75-
7.81m (3H, CH,); 13.01 s (1H, NH). °F NMR, §, ppm.:
-75.61 ¢ (CF,). [M+1]* 319. Found, %: C 60.32; H 2.48;
N 4.29. C, HgF;NO.. Calculated, %: C 60.20; H 2.53; N 4.39.
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N-(3-Chloro-9,10-diox0-9,10-dihydroanthracen- Conclusions
2-yl)-2,2,2-trifluoroacetamide 21. Yield - 90%. M.p. > The effective method for the synthesis of N-for-
330°C. 'H NMR, §, ppm.: 7.90-8.25 m (6H, CH,,); myl(acetyl-, mercaptoacetyl- and trifluoroacetyl)ami-
11.69 br.s (1H, NH). ?F NMR, §, ppm.: -75.16 ¢, (CF;). no-9,10-anthraquinones based on the interaction of
[M+1]* 354. Found, %: C 54.27; H 2.10; Cl 10.12; N amino-9,10-anthraquinones with the corresponding
3.91. C,,H,CIF,NO,. Calculated, %: C 54.34; H2.00; CI  carboxylic acids in the presence of the excess ammo-
10.02; N 3.96. nium thiocyanate has been developed.
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Unfortunately, tuberculosis still remains a cause of high mortality in humans and in modern conditions it has become
a global health problem. Continuing the search for new antimycobacterial agents among the amidated derivatives
of 4-hydroxy-2-oxo-1,2-dihydroquinoline-3-carboxylic acids the corresponding group of 1-benzyl-4-hydroxy-2-oxo-
1,2,5,6,7,8-hexahydroquinoline-3-carboxamides has been synthesized by the reaction of ethyl 1-benzyl-4-hydroxy-
2-ox0-1,2,5,6,7,8-hexahydroquinoline-3-carboxylate and anilines or hetarylamines in DMF at 130°C. The chemical
structure of the compounds obtained has been confirmed by the data of elemental analysis, NMR 'H spectroscopy
and mass spectrometry. It has been noted that the TH NMR spectra can reliably confirm the presence of the basic
functional groups by their corresponding chemical shift, the integrated intensity and multiplicity of signals. It has been
shown that under the influence of the electron impact the molecular ions of all the compounds studied undergo the
primary fragmentation in two directions: with breaking the amide bond or the quinolone nucleus — the carbamide moi-
ety bond. According to the data of microbiological tests among 1-benzyl-4-hydroxy-2-oxo-1,2,5,6,7,8-hexahydroquin-
oline-3-carboxamides synthesized the substances that are capable of inhibiting actively the growth of Mycobacterium
tuberculosis H37Rv in low concentration have been identified, and therefore, they are of interest for further research.

CUHTE3 TA NMPOTUTYBEPKYJIbO3HA AKTUBHICTb 1-BEH3WUI-4-INA4POKCU-2-OKCO-1,2,5,6,7,8-'EKCA-
rigPOXIHOJIIH-3-KAPEOKCAMIAIB

0.0.[JagudeHko

Knrovoei cnoea: amiou,; 4-2idpokcu-2-okco-1,2-0u2i0poxiHoriH-3-kapboH08i Kucriomu,; cuHme3; mepmoriis; rnpo-
mumybepKynb03Ha akKmueHicmb

Ha »xarnb, mybepkynb03 00 cb0200HI 3anuuiaemasCsi PUYUHOK 8UCOKOI cMepmHocmi fiodel i 8 CydacHUX yMogax
rnepemesopuscsi Ha 2r10barnbHy npobnemy cucmemu 0xXopoHU 300pos’si. [podo.XyoYU MOWYK HOBUX aHMUMIKO-
bakmepianbHUx 3acobie ceped amidosaHuUx rMoxiOHUX 4-2idpokcu-2-o0kco-1,2-0u2i0poxiHoriH-3-kapboHO8UX KUC-
niom, peakuiero emun 1-6eH3un-4-2idpokcu-2-okco-1,2,5,6,7,8-2ekcaziopoxiHoniH-3-kapbokcunamy 3 aHiniHamu
qyu eemapunamiHamu 8 M®A npu 130°C 6yno cuHme3osaHo 2pyry 8i0rnosioHux 1-6eH3ur-4-2i0pokcu-2-0Kco-
1,2,5,6,7,8-2ekcazidpoxiHoniH-3-kapbokcamidie. XimiuHa bydosa odepxxaHux crionyk byna nidmeepdxxeHa Oa-
HUMU enleMeHmMHoeo aHarni3dy, criekmpockonii AIMP '"H ma mac-crniekmpomempii. BiomiverHo, wo SIMP 'H cnekmpu
003807159t0mb HadiliHO MidmeepOUMU MPUCYMHICMb YCiX OCHOBHUX (hyHKUIOHaNbHUX epyr 3a 8i0nosiOHuUMU iv 3a
XiMIYHUM 3CYy80M, iHmMeepasibHOK IHMEHCUBHICMIO ma MyrbmuriiemHicmio cueHanamu. [okasaHo, wo mid enu-
80M €/1eKMPOHHO20 ydapy MOMEKYspHI iOHU 8cix 00CnidXysaHuUX crionyK niddarombCcsi MEPBUHHIU ¢hpasmeHmauii
3a 0goma HarpsiMKamu: 3 pO3puUBOM aMiOHO20 38’S3KY YU 38’13KYy XiHOMoHose s10po — KapbamioHul gppasmeHm.
3a daHumu mikpobionoaidyHux sunpobosysaHb ceped cuHmesoeaHux 1-6eH3ur-4-2idpokcu-2-okco-1,2,5,6,7,8-
2eKcaziopoxiHoriH-3-kapbokcamidie 8usiereHi pe4o8UHU, 30amHi 8 HU3bKIll KOHUeHmpauii akmueHoO 3ampumysamu
picm Mycobacterium tuberculosis H37Rv i momy npedcmaensoms iHmepec 05151 nodasnbiux 00CTiOXeHb.

CUHTE3 U NMPOTUBOTYBEPKYJIE3HASI AKTUBHOCTb 1-6EH3UI-4-I'iJPOKCU-2-OKCO-1,2,5,6,7,8-F EKCA-
r’MgPOXUHOJINH-3-KAPBOKCAMWOOB

A.A.fJasudeHko

Knrodeesnie cnosa: amulbi; 4-2udpokcu-2-okco-1,2-0uaudpOoXuHONUH-3-kapboHO8bIEe KUCITOMbI;, CUHME3; mep-
monu3s; npomusomybepKyne3Hasi akmugHOCMb

K coxarneHuro, mybepkyne3 00 HacCmosiwe20 8peMeHU 0Cmaemcsi MPUYUHOU 8bICOKOU cMepmHocmu firodel U 8 Co-
8pPEeMeHHbIX yCrio8UsIX rnpespamurics 8 2riobaribHyto npobremy 30pasooxpaHeHus. [Tpodomkast MOUCK HOBbIX aHMUMU-
KkobakmepuaribHbIX cpedcme cpedu amuduUPO8aHHbIX MPOU3BOOHbLIX 4-2udPOKCU-2-0Kco-1,2-0UUudPOXUHOMUH-3-Kap-
6oHo8bIX Kucriom, peakyueli samur 1-6eH3ur-4-2udpokcu-2-okco-1,2,5,6,7,8-eekcacudpoxuHonuH-3-kapbokcunama
€ aHunuHamu unu eemapurn-amuHamu 8 M®A npu 130°C bbina cuHmMe3uposaHa epyrna coomseemcmasyrouwux
1-6eH3urn-4-2udpokcu-2-okco-1,2,5,6,7,8-eekcacudpoxuHonuH-3-kapbokcamudos. Xumu4eckoe cmpoeHue rnosmy-
YeHHbIX coeOuHeHUL 6bir1o MoOmeepx0eHo OaHHbIMU 31IEMEeHMHO20 aHasu3a, cnekmpockonuu SIMP 'H u macc-
crnekmpomempuu. OmmeveHo, Yymo SIMP 'H crnekmpbi no3eornsitom HadexxHo nodmeepdums npucymemeue ecex
OCHOBHbIX ¢hyHKUUOHaIbHbIX 2pyrir 10 CO0OMeemcmeyouUM UM 10 XUMUYECKOMY coguay, UHmeepasibHOU UHMEeH-
cusHocmu U MynbmurnnemHocmu cueHanam. lNokazaHo, 4mo rnod eo3delicmeueM 3reKMPOHHO20 y0apa MOMeKy-
JI5ipHbIE UOHbI 8CEX U3yYaeMbix COeOUHEeHUU rpemeprnesarom nepeuyHyro hpasmeHmayuro rno 08ym HarpaeneHusiM:
C pa3pbi8OM aMUBGHOU C8513U UIIU C8sI3U XUHOI0HOB0E S10p0 — KapbamuOdHbIl ¢ppacmeHm. 1o daHHbIM MUKPO6UOIO-
2u4ecKux ucrnbimaHuli cpedu cuHme3upos8aHHbIx 1-b6eH3ur-4-audpokcu-2-okco-1,2,5,6,7,8-eekcacudpOoXUHOMUH-
3-kapbokcamudos obHapyxeHbl 8eusecmea, criocobHble 8 HU3KOU KOHUEeHmpauyuu akmueHO UHaubuposams pocm
Mycobacterium tuberculosis H37Rv u noamomy npedcmasnstowjue uHmepec 0ns OanbHellwux uccriedosaHul.
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Despite the considerable progress and success
of modern medicine in the fight against many infec-
tious diseases tuberculosis remains one of the main
causes of the high mortality. Unfortunately, in recent
years this dangerous disease has not only returned,
butis also extremely widespread throughout the world,
becoming a global public health problem. One of the
main causes for this situation was the unique ability
of the causative agent - Mycobacterium tuberculosis
- to very rapid mutations and, as a result, there is
immediate distribution of strains that are resistant
to the existing medicines [1-2]. Treatment of such
patients is very difficult, time consuming, with sub-
stantial financial costs and, moreover, is not always
successful. Therefore, in the present circumstances
the fight against tuberculosis is carried out in several
directions simultaneously. Thus, reliable methods of
diagnosis, which allow determining the true patho-
gen rapidly and accurately, and its sensitivity to drugs
are being developed, and it gives the possibility to
start treatment promptly and optimally [3-6]. Deco-
ding of the genome of Mycobacterium tuberculosis and
searching for the genes responsible for production of
drug resistance are very interesting [7]. The search
of completely new biologically active substances of
various chemical classes that can effectively inhibit
the growth of Mycobacterium tuberculosis at all sta-
ges of development do not lose its relevance [8-11].

In this regard 1-R-4-hydroxy-2-oxo-1,2,5,6,7,8-
hexahydroquinoline-3-carboxamides are of undoubted
interest. Among them the highly active anti-tuber-
culosis agents were previously found. At the same
time it is repeatedly indicated that the biological ac-
tivity of these compounds is largely determined by
the nature of the substituent at the cyclic nitrogen
atom of the quinoline nucleus [12-14]. Anilides and
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C(‘Loa BnNH, (I‘L
0 NH
; @9
4
OH O OH
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hetarylamides of 1-furfuryl-4-hydroxy-2-oxo-1,2,5,6,
7,8-hexahydroquinoline-3-carboxylic acids were in-
dicated as promising objects [15]. Continuing research
in this area the replacement of the furan cycle in the
structure of the 1-N-substituent with the phenyl nuc-
leus close to it by its structure and properties is in-
teresting. The methodology of bioisosteric replace-
ments widely and successfully used in modern me-
dicinal chemistry has become the theoretical under-
pinning for this modification, i.e. replacing one of the
fragments of the molecule with another one having
similar physical and chemical characteristics and in-
ducing a similar biological effect [16-18].

The synthesis of the target objects of research -
1-benzyl-4-hydroxy-2-oxo-1,2,5,6,7,8-hexahydroquino-
line-3-carboxamides (1a-k) was carried out by the
reaction of ethyl ester (2) and the corresponding pri-
mary amines in thermolysis conditions (Scheme 1).
Only those anilines and hetarylamines that had al-
ready proven themselves as an excellent base for highly
active anti-tuberculosis agents were involved in the
synthesis. In turn, ester (2) was prepared from com-
mercially available 2-oxocyclohexanecarboxylic acid
ethyl ester (3) easily forming enamine with benzyl-
amine (4). The subsequent acylation by ethyl malo-
nyl chloride gives diester (5), which intramolecular
condensation leads first to sodium salt (6) and fur-
ther to the initial ester (2).

The 1-benzyl-4-hydroxy-2-oxo-1,2,5,6,7,8-hexahyd-
roquinoline-3-carboxamides (1a-k) obtained are co-
lourless crystalline substances with the narrow range
of melting points, when heating they are readily soluble
in DMF and DMSQO, sparingly soluble in alcohol, and
practically insoluble in water (Table 1). Their struc-
ture was confirmed by elemental analysis, 'H NMR
spectra and mass spectra.

o
O\/‘Loa
NHCOCH,COOEt

CIOCCH,COOEt

EtONa, EtOH

P S

1aR=3-F-CiH,; bR =4-F-CH,; ¢ R = 3-CI-CiH,; d R = 2,4-(Cl),-C4H,; e R = 3-Br-C;H,; f R = 3-Py;
g R = 1,3-thiazole-2-yl; h R = 4-(adamantane-1-yl)-1,3-thiazole-2-yl; i R = bebnzothiazole-2-yl;
j R = 6-bromobebnzothiazole-2-yl; k R = 5-methyl-1,3,4-thiadiazole-2-yl

Scheme 1
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Table 1
Characteristics of amides (1a-k)
1a C,.H,,FN,0, o3 28 22| 13133 88 13
b C,.H,,FN.O, % s % 147-149 94 63
1c C,,H,,CIN,0, % % % 126-128 90 28
1d CouHaCLN,0, g2 L 042 | 135137 | 85 7
le C,.H, BN,0, AL L o2 | 150152 92 8
1f C,H,N,0, % % % 144-146 91 90
19 CyoHi1N;0,5 % % } ?:gg 141-143 87 94
1h C,,HL,N,0.5 ks = 298 | 165167 95 10
Ti CouHoN,0. gose paics o5t | 159161 90 66
1j C,.H,,BrN,0,S 22 ot 512 | 188170 93 39
1k C,H,N,0,5 % % % 143-145 86 97

* — The growth inhibition (%) of Mycobacterium tuberculosis H37Rv ATCC 27294 in the concentration of 6.25 pg/ml.

All main functional groups of amides (1a-k) con-
taining protons in 'H NMR spectra are identified without
complications (Table 2). For example, the protons of
4-0OH groups are evident as singlets with integrated
intensity of 1H in the typically weak field range (15.63-
14.11 ppm) as should be expected for enolic hydroxyls.
Singlets of protons of amide groups are regularly slightly
shifted upfield: 13.94-12.54 ppm. Further there is the
“aromatic” area, in which protons of the phenyl nu-
cleus of the 1-N-benzyl substituent resonate, and aro-
matic protons of anilide and hetarylamide fragments.
The methylene bridge separating the cyclic nitrogen
atom and the phenyl nucleus is evident as a singlet
with the intensity of 2H in a relatively strong field:
5.42-5.38 ppm. Methylene units of the hexahydro-
quinoline bicycle have the form of narrow multiplets
in the strongest field of the spectrum, wherein if the
chemical shifts 8-CH, and 5-CH,-groups are signifi-
cantly different, the resonant frequency of 6-CH, and
7-CH,-groups are so close that they are almost im-
possible to be distinguished (Table 2).

An important and useful information on the struc-
ture of 1-benzyl-4-hydroxy-2-oxo-1,2,5,6,7,8-hexa-
hydroquinoline-3-carboxamides (1a-K) is provided
by their mass spectra (Table 2). So, all the compounds
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synthesized under the influence of electron impact
form peaks of molecular ions of low intensity and
multiplicity corresponding to the isotopic composi-
tion [19]. The primary fragmentation of molecular
ion occurs in two directions with approximately equal
probability. The first of them is C(3)-CONHHet(Ar)
bond breaking or the pathway A (Scheme 2), the re-
sult is formation of fragment ions of isocyanate 7 and
benzylquinoline 8. The second direction is destruc-
tion of the molecular radical cation by the carbamide
bond (pathway B), it is the cause of appearance of
highly intense peaks of the released amines (2-ami-
nobenzothiazole 9 in case of amide 1i) in the spectra
and, although it is less intense, but it is common for
all compounds of the fragment ion of ketene 10 with
m/z 281. It is interesting that the loss of the 1-N-ben-
zyl substituent occurs only during the secondary frag-
mentation, and it is not observed in any of the examp-
les studied in the primary decomposition of the mo-
lecular ion.

The anti-tuberculosis activity of 1-benzyl-4-hyd-
roxy-2-oxo-1,2,5,6,7,8-hexahydroquinoline-3-carb-
oxamides (1a-k) was studied by the radiometric me-
thod [20, 21]. A comparative analysis of the experi-
mental data (Table 1) obtained with the results of



XKypHan opraHidyHoi Ta hbapmaueBTUYHOI Ximii. — 2015. — T. 13, Bun. 3 (51)

ISSN 2308-8303

'"H NMR and mass spectra of amides (1a-k)

Table 2

° 'H NMR spectra, Chemical shifts, 8, ppm (J, Hz)

3 Hexahydroquinoline nucleus . . Mass spectra,

2 | 4-0H NH | TN-CH, Proton signals of other functional IMT* (1., %)

S 8-CH 5-CH, | 6,7-(CH,) rerr %0

o | (TH,s) | (1H,s) | (2H,s) 2 2 22 groups

V] (2H, m) | (2H, m) (4H, m)

la | 15.58 | 12.61 5.40 2.66 241 1.65 7.63-6.96 (9H, m, Ph + H arom.) 392 (14)

1b | 15.63 | 12.65 5.38 2.67 242 1.64 7.69-7.11 (9H, m, Ph + H arom.) 392(17)

1c | 15.57 | 12.54 5.41 2.66 2.40 1.67 7.82-7.10 (9H, m, Ph + H arom.) 408/410 (12/3)

1d | 1522 | 1298 | 539 | 271 | 241 169  |8.33-7.32 (8H, m, Ph + H arom.) 442(/9‘}‘6";"1/ )446

le | 1534 | 12.79 5.40 2.68 2.40 1.68 7.52-7.12 (9H, m, Ph + H arom.) 452/454 (13/12)
8.80(1H,s,2-HPy); 8.35(1H, d, /=44,

1f | 1541 | 12.77 5.39 2.69 2.40 1.70 6-H Py); 8.10 (1H, d, /= 8.0, 4-H Py); 375 (18)
7.43-7.12 (6H, m, 5-H Py + Ph)

1g | 14.52 | 13.63 5.38 2.70 2.41 1.69 7.41-7.05 (7H, m, Ph + 4,5-HTh) 381 (15)
7.33-7,12 (5H, m, Ph); 6.88 (1H, s, 5-H

1h | 14.46 | 13.68 5.40 2.70 2.40 1.64 Th); 2.00 (3H, s, y-H Ad); 1.84 (6H, s, 515 (4)
8-H Ad); 1.76 (8H, s, B-H Ad)

Ti 14.17 | 13.92 5.42 2.66 2.39 1.65 7.91-7.10 (9H, m, Ph + H arom.) 431 (10)

. 8.20 (1H, s, 7’-H); 7.70-7.11 (7H, m,
1j 14.00 | 13.89 5.41 2.67 2.40 1.66 Ph + H arom.) 509/511(11/12)
1k | 1411 | 13.94 5.40 2.66 2.41 1.67 7.40-7.12 (5H, m, Ph); 2.72 (3H, s, Me) 396 (19)

1-N-furfuryl-substituted derivatives with the simi-
lar structure shown in similar conditions was per-
formed [15]. It has been found that in the vast ma-
jority of cases the replacement of the furan ring with
the benzene ring is accompanied by a significant in-
crease in antimycobacterial properties and, therefore,
is a good variant of a chemical modification.

The most active compounds of this series - pyri-
dine-3-ylamide 1f, 1,3-thiazole-2-ylamide 1g and 5-me-
thyl-1,3,4-thiadiazole-2-ylamide 3k - in the concen-
tration of 6.25 pg/mL can inhibit the growth of Myco-
bacterium tuberculosis H37Rv ATCC 27294 by more
than 90%, and thus, they are transferred to the next
stage of the microbiological testing as promising an-
timycobacterial agents.

Experimental Part

The 'H NMR spectra were recorded on a Varian
Mercury-400 spectrometer (400 MHz) in DMSO-d,
solution, the internal standard was TMS. Mass spec-
tra were recorded of a Varian 1200L instrument in
full scan mode in the range of 35-700 m/z, with EI
ionization (70 eV) and direct sample introduction.
Elemental analysis was carried out on a EuroVector
EA-3000 microanalyzer. Melting points were deter-
mined in capillaries on a SMP10 Stuart digital melt-
ing point analyzer. The commercial 2-oxocyclohexa-
necarboxylic acid ethyl ester, benzylamine and ethoxy-
malonyl chloride of Fluka company were used in the
synthesis.

Ethyl 1-benzyl-4-hydroxy-2-o0xo-1,2,5,6,7,8-he-
xahydroquinoline-3-carboxylate (2). Stir vigorously
the mixture of 17.02 g (0.1 Mol) 2-oxocyclohexane-
carboxylic acid ethyl ester (3) and 12.00 mL (0.11 Mol)
of benzylamine at room temperature for 1 h. Heat the
reaction mixture to 50°C, and continue to stir for 5 h,
then remove the excess of benzylamine in vacuum.
Dissolve the residue 200 mL of CH,CL,. Distill off about
50 ml of the solvent, while removing azeotropically
the water formed during the reaction of cyclohexa-
none 3 with benzylamine. To the solution of the en-
amine 4 obtained in CH,C, add at first 14 mL (0.1 Mol)
of triethylamine and then while stirring and cooling
15.05 g (0.1 Mol) of ethoxymalonyl chloride. In 5-6 h
add 300 mL of cold water to the reaction mixture and
mix thoroughly. Separate the organic layer, dry over
anhydrous CaCl,. At the end distill the solvent under
reduced pressure. To the residue (amido ester 5) add
the solution of sodium ethoxide [4.6 g (0.2 Mol) of
sodium metal and 150 mL of absolute ethanol], heat
to boiling and allow to stand for 3 h at room tem-
perature. Add 500 mL of cold water, acidify with HCI
to pH4. Filter the precipitate of ester 2 formed, wash
with cold water and dry. Yield - 26.5 g (81%). M.p.
- 87-89°C (EtOH). 'H NMR spectrum, §, ppm, (J, Hz):
13.32 (1H, s, OH); 7.33 (2H, t,/ = 7.8, 3,5-H Ph); 7.24
(1H,t,/=7.6,4-H Ph); 7.10 (2H, d,/ = 8.1, 2,6-H Ph);
5.26 (2H, s, N-CH,); 4.32 (2H, q,/ = 7.0, OCH,CH,);
2.62 (2H, m, 8-CH,); 2.43 (2H, m, 5-CH,); 1.62 (4H,
m, 6,7-CH,); 1.30 (3H, t, /= 7.0, OCH,CH,). Found, %:
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Scheme 2

C 69.80; H 6.53; N 4.21. C,,H,,NO,. Calculated, %: C
69.71; H 6.47; N 4.28.

1-Benzyl-4-hydroxy-2-o0xo-1,2,5,6,7,8-hexahyd-
roquinoline-3-carboxamides (1a-k). The general
procedure. Stir the mixture of 3.27 g (0.01 Mol) of
ethyl ester 2, the corresponding aniline or hetaryl-
amine (0.01 Mol) and 2 ml of DMF and allow to
stand on a metal bath at 130°C for 5 min. Cool the
reaction mixture, add 10 ml of ethanol and triturate
thoroughly. Filter the amide 1a-k precipitated, wash
with alcohol, dry, and recrystallize from the mixture
DMF and EtOH.
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Conclusions

1. The preparative method for obtaining the sub-
stances has been proposed, and the synthesis of a new
series of 1-benzyl-4-hydroxy-2-oxo-1,2,5,6,7,8-hexa-
hydroquinoline-3-carboxamides has been carried out.
Their structure has been confirmed by elemental ana-
lysis, 'H NMR spectra and mass spectra.

2. According to the data of the microbiological te-
sting some substances exhibiting a high anti-tuber-
culosis activity in low concentrations have been iden-
tified and recommended for in vivo studies in the
range of the compounds studied.
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THE SYNTHESIS, COMPUTER PREDICTION OF THE BIOLOGICAL
ACTIVITY AND THE ACUTE TOXICITY OF 1-Ar-4-R-[1,2,4]
TRIAZOLO[4,3-a] QUINAZOLIN-5(4H)-ONES
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Key words: computer prediction; biological activity; acute toxicity; synthesis; 2-hydrazinoquinazolin-4(3H)-
ones; [1,2,4]triazolo[4,3-a]quinazolin-5(4H)-ones

Using the PASS programme computer prediction of the biological activity of 1-Ar-4-R-[1,2,4]triazolo[4,3-a]
quinazolin-5(4H)-ones has been performed; it has allowed to identify the types of the biological activity of the
compounds studied and sort out the most promising compounds 5{1-20} with the potential anti-asthmatic and
anti-allergic activity. Prediction of the acute toxicity of 1-Ar-4-R-[1,2,4]triazolo[4,3-a]quinazolin-5(4H)-ones 5{1-
20} has been carried out by the GUSAR software, which allows to refer them to slightly toxic (toxicity class 4)
or practically nontoxic (toxicity class 5) substances. The synthesis of the most promising compounds 5{1-20}
studied in silico for the biological activity and the acute toxicity has been conducted by interaction of the cor-
responding 2-hydrazinoquinazolin-4(3H)-ones 1{1-5} with imidazolides 3{1, 2} of aromatic acids 2{1, 2}, or with
aromatic aldehydes 4{1, 2} followed by oxidation in the presence of FeCl,. The structure of the compounds 5{1-20}
synthesized has been proven by the data of the elemental analysis and 'H NMR spectroscopy. The compounds
obtained are promising objects for further investigations as slightly toxic or nontoxic substances with the potential
anti-asthmatic and anti-allergic activity.

CUHTE3, KOMITHOTEPHE MPOIrHO3YBAHHS BIONIOMNYHOI AKTUBHOCTI TA TOCTPOI TOKCUYHOCTI
1-Ar-4-R-[1,2,4]TPUA30J10[4,3-a]XIHA3O0J1IH-5(4H)-OHIB

C.10.4arnune4eHko, O.I" pywnsk, C.M.KoganeHko

Knrodoei crioea: kommn’tomepHe rpoeHo3ysaHHs,; bionoziyHa akmueHicmb; 20cmpa MOoKCUYHICMb, CUHME3;
2-2idpasuHoxiHasoniH-4(3H)-oHu; [1,2,4]Jmpua3ono-[4,3-a]xiHa3omniH-5(4H)-oHu

lMposedeHo Komm'rtomepHe NMpo2HO3ye8aHHs bionoaiyHoi akmugHocmi gipmyarnbHoi 6ibriiomeku 1-Ar-4-R-[1,2,4]
mpua3gornof4,3-ajxiHa3zoniH-5(4H)-oHig 3a dornomozot Komm’tomepHoi npoepamu PASS, wo do38onuno susHa-
Yumu Harnpsmok 6iono2iyHol akmusHocmi 00cnidXysaHUX criofyk ma audinumu ceped HUX Halbinbw nepcrek-
mueHi 5{1-20} 3 nomeHUuiliHOIO MpomuacmMamuy4HO ma aHmuarsepaidyHor akmusHicmro. Komm’tomepHe rnpo-
2HOo3y8aHHs 20cmpoi mokcuyHocmi 1-Ar-4-R-[1,2,4]Jmpua3sonof4,3-ajxiHa3oniH-5(4H)-onie 5{1-20} 3dilicHeHo 3a
npoepamHum 3abe3nedeHHsIM GUSAR, w0 0o380nurno gidHecmu ix 00 MaslomOKCUYHUX (4 Knac mokcu4YHocmi)
abo npakmMu4YHO HEMOKCUYHUX pe408UH (5 knac mokcudHocmi). CuHme3 Haubirnbw nepcrnekmueHuUx crosnyk 5{1-
20}, docnidxeHux memodom in silico Ha 6ionoziyHy akmugHiCmb ma 20cmpy MOKcu4Hicmb, bye nposedeHull npu
83aeMo0il 8i0rnosiOHuUx 2-2idpa3uHoxiHasorniH-4(3H)-onie 1{1-5} 3 imidazonidamu 3{1, 2} apomamuy4HuUX KucrOom
2{1, 2} abo 3 apomamuy4Humu anbdezidamu 4{1, 2} 3 HacmynHUM oKucHeHHsM y npucymHocmi FeCl, Bydosy
cuHme3oeaHux crionyk 5{1-20} dosedeHo 3a OOMOMO20t0 erleMeHmMHo20 aHanizy ma daHux 'H MP cnekmpo-
ckonii. OmpumaHi crosnyku € nepcriekmusHuMuU 06’ekmamu 0551 nodasnbwux 00CiOXeHb 1K MarlomoKcuYHi abo
HEMOKCUYHI pe4OBUHU 3 MOMEHUYIUIHOK npomuacmmMamu4yHO ma aHmuanepaiyHor akmueaHicmio.

CUHTE3, KOMIbFOTEPHOE MPOrHO3UPOBAHUE BUOJIOMMYECKOU AKTUBHOCTU U OCTPOU TOK-
CUYHOCTHU 1-Ar-4-R-[1,2,4]TPUA30J10[4,3-a]XUHA3OJINH-5(4H)-OHOB

C.10.[JaHunwyenko, A.I" Opywnsik, C.H.KoeaneHko

Krnroyesnle crioga: KOMIbIOMEPHOE MPO2HO3UposaHue; buornoaudeckass akmugHOCMb, OCmpasi MOKCUYHOCMb,
cuHme3s; 2-2udpas3uHoxuHasonuH-4(3H)-oHel; [1,2,4]Jmpuasonof4,3-ajxuHa3onuH-5(4H)-oHbI

lMposedeHoO KoMMbIOMEpPHOE rnPoeHo3uUposaHuUe buonoaudyeckol akmusHocmu supmyasnbHol 6ubnuomeku 1-Ar-
4-R-[1,2,4]mpua3sonof4,3-a]xuHa3onuH-5(4H)-oHo8 ¢ nomouwibto KomrbromepHoUl rnpozpammel PASS, ymo no-
380s1ur1o onpedenumse HarpasneHue buonoauyecKol akmueHOCMuU uccriedyembix cOeOUHeHUU U 8bI0enumb U3
Hux Haubornee nepcriekmusHbie 5{1-20} ¢ nomeHyuanbHOU pomusoacmmamuyeckol U aHmuariiepaudyeckol
akmusHocmbio. KomnsromepHoe rnpozHo3uposaHue ocmpoul mokcudHocmu 1-Ar-4-R-[1,2,4]mpua3sono[4,3-a]
XUHa3051uH-5(4H)-oHos 5{1-20} nposedeHo 3a cyem ucronb308aHusI npoepammHo20 obecrnieyeHusi GUSAR, ymo
10380/1UST0 OMHECMU UX K MallOmMOKCUYHBIM (4 Kracc mOKCUYHOCMU) Umu Npakmu4yecKu HemoOKCUYHbIM 8e-
wecmeam (5 knacc mokcuyHocmu). CuHmes Haubornee nepcriekmugHux coeduHeHul 5{1-20}, uccnedosaHHbIX
memodoMm in silico Ha 6UOI02UYECKYI0 aKMUBHOCMb U OCMPYI0 MOKCUYHOCMb, bbln nposedeH npu 83aumo-
delicmeuu coomeemcmesyruux 2-2udpasuHoxuHa3onuH-4(3H)-oHoe 1{1-5} ¢ umudasonudamu 3{1, 2} apoma-
muyeckux kucriom 2{1, 2} unu ¢ apomamuyeckumu anbdeaudamu 4{1, 2} ¢ nocnedyroujumM OKUC/IEHUEM 8 Ipu-
cymcmeuu FeCl,. CmpoeHue cuHme3uposaHHbix coeduHeHul 5{1-20} doka3aHo npu noMowu 31eMeHMmMHOo20
aHanu3sa u daHHbix "H SMP-cnekmpockonuu. [Mony4eHHbie cOeOUHEeHUSs SI8/ISIOMCS MEPCNEeKMUBHbIMU 0ObEK-
mamu 0ns danbHeluwux uccredo8aHUl Kak MariomoKCUYHbIe UUu HEeMOKCUYHbIE 8ewyecmea ¢ nomeHyuanbHoU
npomusoacmmamuyeckol U aHmuasnnepaudeckoli akmugHOCMAbH0.
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In recent years domestic and foreign researchers
pay much attention to the targeted synthesis of low
toxic compounds with the expressed biological pro-
perties, and it is an important stage in development
of innovative drug substances. Derivatives of [1,2,4]
triazolo[4,3-a]quinazolin-5(4H)-one, which are re-
presentatives of the important class of condensed he-
terocycles possessing a wide range of the biological
activity, attract particular interest in this direction.
Among their potential pharmacologically significant
properties the H1-antihistaminic [1-11], anticonvul-
sant [12], antibacterial [13-15], antitubercular [13,
15], antifungal [13, 14], anticancer [15], anti-asthmatic
[10, 16], antiHIV [13], anti-allergic [16], anti-inflam-
matory [16, 17] bioactivities should be mentioned.
It determines the prospects for developing synthet-
ic approaches to fundamentally new compounds of
the specified class.

The possibility to synthesize a large amount of
[1,2,4]triazolo[4,3-a]quinazolin-5(4H)-one derivati-
ves leads to understanding of the necessity for the ra-
tional presynthetic selection of the most promising
compounds of this class. One of the effective ways
to solve this problem is computer prediction of vari-
ous properties of [1,2,4]triazolo[4,3-a]quinazolin-
5(4H)-one derivatives, such as the biological activity
[18] and the acute toxicity [19]; it allows to elimi-
nate unpromising substances at the early stages of
the research.

Taking into account the actuality of searching bio-
logical active substances among [1,2,4]triazolo[4,3-a]
quinazolin-5(4H)-one derivatives and modern advan-
ces in software for virtual screening the goal was to
conduct modelling of the virtual library of 1-Ar-4-R-
[1,2,4]triazolo[4,3-a]quinazolin-5(4H)-ones, to deter-
mine the most probable biological activity spectrum
and the acute toxicity of the compounds studied using
the PASS and GUSAR software, sort out the most pro-
mising substances and develop preparative methods
for their synthesis.

Results and Discussion

For design of the virual library of 1-Ar-4-R-[1,2,4]
triazolo[4,3-a]quinazolin-5(4H)-ones two randomi-
zation points in position 1 and 4 of [1,2,4]triazolo-
[4,3-a]quinazolin-5(4H)-one were chosen.

Analysis of the computer prediction results for
the virual library of 1-Ar-4-R-[1,2,4]triazolo[4,3-a]
quinazolin-5(4H)-ones by the PASS software showed
the possibility of searching substances possessing
the anti-asthmatic and anti-allergic activity among
these compounds and allowed to generate the library
of the most promising compounds 5{1-20} for fur-
ther research (Table 1) [18].

The data of computer prediction of the biologi-
cal activity obtained are fully consistent with the
fact that [1,2,4]triazolo[4,3-a]quinazolin-5(4H)-one

derivatives are similar in their chemical structure to
the chemical structures described as promising non-
sedative H1-antihistaminic drugs [1-11].

The research results in silico by the GUSAR soft-
ware gave the possbility to predict the acute toxicity
values for different routes of administration of 1-Ar-4-R-
[1,2,4]triazolo[4,3-a]quinazolin-5(4H)-ones 5{1-20}
(Table 2). The values of LD, in the intraperitoneal ad-
ministration were between 391 to 960 mg/kg, when
introducing intravenously they were between 91 to
251 mg/kg. The values of LD, in the oral administra-
tion were between 556 to 1891 mg/kg, and when in-
troducing subcutaneously - 405 to 2934 mg/kg [19].
The data obtained indicate that compounds 5{1-20}
are slightly toxic (toxicity class 4) or practically non-
toxic (toxicity class 5) [19, 20].

The synthesis of 1-Ar-4-R-[1,2,4]triazolo[4,3-a]
quinazolin-5(4H)-ones without hydroxyls 5{1, 4, 5,
8,9,12,13,16,17, 20} was carried out by interaction
of the corresponding 2-hydrazinoquinazolin-4(3H)-
ones 1{1-5} previously synthesized according to the
improved method [21] with imidazolides 3{1, 2} of
aromatic acids 2{1, 2} preliminary obtained via car-
bonyldiimidazole (CDI). This way allows obtaining
the final products in good yields, but is not suitable
for hydroxyl-containing compounds due to adverse
reactions. Hydroxyl-containing compounds 5{2, 3, 6,
7,10, 11, 14, 15, 18, 19} were synthesized by the re-
action of 2-hydrazinoquinazolin-4(3H)-ones 1{1-5}
with aromatic aldehydes 4{1, 2} followed by oxida-
tion in the presense of FeCl, (Scheme).

The structures of the compounds 5{1-20} obtained
were confirmed by the 'H NMR spectroscopy data
(Table 3). Formation of the [1,2,4]triazolo[4,3-a]quin-
azolin-5(4H)-ones condenced system leads to shift
of H-6 protons signals to 8.22-8.26 ppm, and it is in
good correlation with the known data [22].

Experimental Part

The virtual screening for the biological activity of
the virtual library of the substances studied was per-
formed by the PASS Online web-resource. It enables
to predict more than 4000 types of the biological ac-
tivity with the average accuracy of more than 95%
based on the analysis of the structure - activity re-
lationships in a training set (drug substances, drug
candidates being at various stages of clinical or pre-
clinical trials, pharmacological substances and bio-
chemical reagents, substances with the known spe-
cific toxicity data), which contains information about
the structure and the biological activity of more than
300000 organic compounds [23-25].

Computer prediction of the biological activity spect-
rum of the virtual library of [1,2,4]triazolo[4,3-a]quinazo-
lin-5(4H)-one derivatives was performed with pro-
bability of demonstration of the specific type of the
therapeutic action exceeding 50% (Pa>0.500). It al-
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Table 1
Prediction of the biological activity spectrum of 1-Ar-4-R-[1,2,4]triazolo[4,3-alquinazolin-5(4H)-ones 5{1-10} [18]
Pa | Pi Pa | Pi Pa | Pi Pa | Pi Pa | Pi Pa | Pi Pa | Pi Pa | Pi Pa | Pi Pa | Pi
5{1} 5{2} 5{3} 5{4} 5{5} 5{6} 5{7} 5{8} 5{9} 5{10}
CH,
CH,
H,C._-CH, H.C. _CH g CHy| H,C._-CH, @ ? ?
0 0° : It o o
Biological activity (j\)\ij/ (j:‘LNj/ (j:‘LP/ @\)‘\ij/ { . i N . o
& | G b | ve .
= = = = ”fﬁ S "ﬁ“ ”%:N N A
“ v A ol I v ol I SR DS S IS
OH OH cl N
cf HC~g HC~g OH oH md
cl H,C~0 HC~0 OH
Cl
Anti-asthmatic 0.639 | 0.012 | 0.573 | 0.018 | 0.599 | 0.016 | 0.651 | 0.011 | 0.698 | 0.009 | 0.617 | 0.014 | 0.643 | 0.012 | 0.696 | 0.009 | 0.640 | 0.012 | 0.573 | 0.018
Anti-allergic 0.629 | 0.013 | 0.590 | 0.016 | 0.615 | 0.014 | 0.644 | 0.012 | 0.662 | 0.011 | 0.609 | 0.015 | 0.636 | 0.013 | 0.662 | 0.011 | 0.613 | 0.014 | 0.577 | 0.018
Tumour necrosis factoralpha | _ - - - - - | 0517|0008 | 0579 | 0.005 | - - | 05320007 | 0626 | 0.005 | 0.528 | 0.007 | - -
release inhibitor
CYP2AS8 substrate - - - - - - - - 0.523 | 0.029 - - - - - - - - - -
Tetrahydroxynaphthalene - - - - - - - - - - | 0589|0009 | - - - - - - | 0522|0013
reductase inhibitor
S:O-(4-coumaroyl)-|_3-qy|pate B _ B B B _ _ B 0527 | 0.073 B B B _ B B B _ _ B
3’-monooxygenase inhibitor
Glycosylphosphatidylinositol
phospholipase D inhibitor - N - - - - - - | 051210095 - - - - - - - - - -
Hepatic function stimulant - - - - - - - - 0.500 | 0.097 - - - - - - - - - -
Phobic disorders treatment 0.681 | 0.085 - - - - - - 0.516 | 0.165 - - - - - - - - - -
Phosphodiesterase inhibitor - - - - - - 0.523 | 0.004 - - - - - - - - - - - -
Acety!chollne neuromuscular B _ _ B B _ 0505 | 0.071 B _ _ B B _ _ B B _ _ B
blocking agent
Interferon alpha agonist 0.566 | 0.005 | 0.507 | 0.009 - - 0.533 | 0.007 - - - - - - - - - - - -
Histidine kinase inhibitor - - 0.594 | 0.016 | 0.545 | 0.022 - - - - 0.631 | 0.013 | 0.580 | 0.018 0.584 | 0.017
Gluconate 2-dehydrogenase | _ - | 0505|0197 | 0576 | 0.140 | 0.610 | 0.115 | - - - - | 0541|0167 | 0576 | 0.140 | - - - -
(acceptor) inhibitor
Aspulvmon'e dl.m.ethylallyl- - - - - - - - - - - - - 0.566 | 0.110 | 0.540 | 0.120 - - - -
transferase inhibitor
.Chllor.decone reductase B _ B B B _ _ B B _ _ B 0502 | 0.083 B B B _ B B
inhibitor
Antineurotic - - - - - - - - - - - - - - - - - - - -

€0€8-80€¢ NSSI
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Continuation of the Table 1

Prediction of the biological activity spectrum of 1-Ar-4-R-[1,2,4]triazolo[4,3-alquinazolin-5(4H)-ones 5{11-20}[18]

Biological activity

Pa | Pi

Pa | Pi

Pa | Pi

Pa | Pi

Pa | Pi

Pa | Pi

Pa | Pi

Pa | Pi

5{11}

o
CL

A,
=

ol

H,C~g

CH

5{12}

5{13}

5{14}

5{15}

5{16}

5{17}

5{18}

%f @&?

H,C~0'

Anti-asthmatic

0.599 | 0.016

0.011

0.663

0.606

0.012

0.647 | 0.012

0.581

0.607 | 0.015 0.011

Anti-allergic

0.603 | 0.015

0.013

0.641

0.608

0.013

0.616 | 0.014

0.580

0.605 | 0.015 0.013

Tumour necrosis factor alpha
release inhibitor

0.005

0.548

0.532

0.576 | 0.005

0.534 | 0.007 0.005

CYP2A8 substrate

Tetrahydroxynaphthalene
reductase inhibitor

5-O-(4-coumaroyl)-D-quinate
3’-monooxygenase inhibitor

Glycosylphosphatidylinositol
phospholipase D inhibitor

Hepatic function stimulant

Phobic disorders treatment

Phosphodiesterase inhibitor

Acetylcholine neuromuscular
blocking agent

Interferon alpha agonist

Histidine kinase inhibitor

0.563 | 0.020

0.580 | 0.018

Gluconate 2-dehydrogenase
(acceptor) inhibitor

0.630 | 0.101

0.541 | 0.167

0.576 | 0.140

Aspulvinone dimethylallyl-
transferase inhibitor

0.566 | 0.110

0.540 | 0.120

Chlordecone reductase
inhibitor

0.534 | 0.076

0.502 | 0.083

Antineurotic

0.511 | 0.106

0.551 | 0.089

0.551 | 0.089

(1G) € 'uma ‘g} "1 —'GL0Z — "INIX JoHhM1gaNewded el JoHhIHe1do LreHdAYK
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Table 2
The values of acute toxicity of 1-Ar-4-R-[1,2,4]triazolo[4,3-alquinazolin-5(4H)-ones 5{1-20}
according to the research results in silico studied by the GUSAR software [19]
LD, mg/kg
Compound code Intraperitoneal Intravenous - . Subcutaneous
administration administration Oral administration administration
5{1} 493 130 634 1305
5{2} 631 112 956 1330
5{3} 524 125 1560 935
5{4} 391 91 1891 405
5{5} 424 181 1227 2595
5{6} 790 194 1155 2934
5{7} 614 251 1655 2314
5{8} 548 182 1124 1284
5{9} 633 164 556 2373
5{10} 960 165 1024 2335
5{11} 564 183 1189 2146
5{12} 643 159 1538 1111
5{13} 607 165 597 713.7
5{14} 679 190 734 1109
5{15} 643 222 1172 2354
5{16} 410 150 1010 1515
5{17} 609 161 976.4 1736
5{18} 694 194 851 2225
5{19} 450 239 702 707
5{20} 482 158 972 560

lowed to eliminate unpromising substances at the traperitoneal, intravenous, oral, subcutaneous) was

early stages of the research. carried out by the GUSAR software [19, 26].
Prediction of the acute toxicity of compounds The training set of the programme was develo-

5{1-20} for different routes of administration (in- ped based on SYMYX MDL Toxicity Database contai-

o) o)
CDI
R2—/< —> R2
OH R1 =i-Bu, Bn, 4-MeBn,

0
N

4-OMeBn, 4-FB

R 2012 3012 4\9 R eBn n

I N L R2=4-cIPh, 4-OMePh
N
/
=N

N NH

|
1{1-5)  NH,
R2

5{1,4,5,8,9,12,13,16,17,20}

0 R2. 0 R1 =i-Bu, Bn, 4-MeBn,

(0]
|
R1 - -
N 412 FeCl, ©jLN/ 4-OMeBn, 4-FBn
N/)\NH ﬁN R2 = é—OH-S-CIPh,
/
—N

-OH-4-OMePh
171-5)  NH,

R2
5{2,3,6,7,10,11,14,15,18,19}
Scheme
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Table 3

Properties of 1-Ar-4-R-[1,2,4]triazolo[4,3-alquinazolin-5(4H)-ones 5{1-20}

©
§ v N Molecular | N, %
a3 R T | M.p.,°C formula, Calc./ 'H NMR spectral data §, ppm, J, hz
O (]
£ i~ m.m found
V)
1 2 3| a4 5 6 7
- 0.96d () 7.0, 6H, 2CH,); 2.25-2.40 m (1H, CH); 4.08 d (J 7.0, 2H,
5(1) Rg’_“‘[g‘l‘;h 87 | 246-248 ng’;fg’;“*o 1155'89%/ CH,);7.07d (J 7.8, 1H, H-9); 750 t (J 7.8, 1H, H-7); 7.58-7.78 m
= : 90 | (5H, H-8,2,3,5,6 Ar); 8.23 d () 7.8, TH, H-6)
0.96d (J 7.0, 6H, 2CH,); 2.25-2.40 m (1H, CH); 4.08 d ( 7.0, 2H,
50 R1=i-Bu 66 | 227.220 | CoHCIN.O, 1519/ [CH,); 7.06 d 7.8, 1H, H-9); 718 d (7.8, 1H, H-3 Ar); 7.44-7.60
R2 = 2-OH-5-CIPh 36882 | 15.17 | m (3H, H-7, 46 A); 7.72t () 7.8, 1H, H-8); 822 d (J 7.8, TH, H-6);
10.50 ¢ (1H, OH)
0.96d (1 7.0, 6H, 2CH,); 2.25-2.40 m (1H, CH); 3.80  (3H, OCH,);
53 R1=i-Bu oa | 214915 | CaHeoN.O; | 15.38/[4.08d (17.0,2H, CH,); 6.54-6.68 m (2H, H-3,5 Ar); 7.22d U 7.8,
R2 = 2-OH-4-OMePh 36440 | 15.40 | 1H, H-9);7.36 d () 7.8, TH, H-6 Ar); 7.50 t () 7.8, TH, H-7); 7.70 t (J
7.8, TH, H-8); 8.22.d (J 7.8, 1H, H-6); 10.15 ¢ (1H, OH)
- 0.96 d (J 7.0, 6H, 2CH,); 2.25-2.40 m (1H, CH); 3.86 ¢ (3H, OCH,);
54| oy R1 4f5r5|zph 81 | 233-234 ngﬂg'}'ooz 1166'%%/ 4.08d (J 7.0, 2H, CH,); 7.05-7.26 m (3H, H-9, 3,5 Ar); 7.44-7.76 m
B ' 2 1 (4H,H-7,8,2,6 Ar); 8.22d (J 7.8, TH, H-6)
_ 543 ¢ (2H, CH,); 7.07d ) 7.8, 1H, H-9); 7.22-7.36 m (3H, H-3,4,5
5(5} PR 88 | 296298 | CufheClO | 14481517 44.7.56 m (3H, H-7, 2,6 B); 7.60-7.78 m (SH, H-8,2,3,5,6
= : 45 | An;8.25d (7.8, TH, H-6)
~ 543 ¢ (2H, CH,); 7.11d () 7.8, 1H, H-9); 7.17d (J 7.8, TH, H-3 Ar);
561 | py_ S\t o | 66 | 278280 | CPhsCNO: 1139V17 507 36 m (3H, H-3.4,5 Bn); 7.44-7.58 m (5H, H-7, 4,6 Ar, 26 Br);
= : 88 1781t(17.8, TH, H-8): 826 d (J 7.8, 1H, H-6); 10.50 ¢ (1H, OH)
~ 3.80 ¢ (3H, OCH,); 5.43 ¢ (2H, CH,); 6,54-6,68 m (2H, H-3,5 Ar);
507} | oy 2-RC;H_- f—%MePh 62 | 269-271 nggg':qos 111'%63/ 7.20-7.38 m (5H, H-9, 6 Ar, 3,4,5 Bn); 7.44-7.56 m (3H, H-7, 2,6
= : 03 |Bn); 772t (1 7.8, 1H, H-8); 825 d (J 7.8, TH, H-6); 10.17  (1H, OH)
~ 3.86 ¢ (3H, OCH,); 5.43 ¢ (2H, CH,); 7.07-7.21 m (3H, H-9, 3,5 Ar);
58 | o yonep, | 85 | 282284 nggg'};oz 111'6658/ 7.24-7.38 m (3H, H-3,4,5 Bn); 7.43-7.56 m (3H, H-7, 2,6 Bn): 7.56-
= : 68 1772 m (3H, H-8, 2,6 Ar); 8.25 d () 7.8, TH, H-6)
- 2.24 ¢ (3H, CH,); 5.38 ¢ (2H, CH,); 7.03-7.17 m (3H, H-9, 3,5 Bn);
5(9) RFJZ‘_A;‘_“éprh" 84 | 288-290 CBZ'(;E)CJ;';“‘O 111'9081/ 7.38d (J 7.8, 2H, H-2,6 Bn); 7.52 t (J 7.8, TH, H-7); 7.62-7.78 m
= : 01 | (5H, H-8,2,3,5,6 Ar); 8.25 d (1 7.8, TH, H-6)
- 2.24 ¢ (3H, CH,); 5.38 ¢ (2H, CH,); 7.00-7.22 m (4H, H-9, 3 Ar, 3,5
5010} gy o oeeh | 63 | 268270 | CofrCINO: | 1344 5y 735 4 () 7.8, 2H, H-2,6 Bn); 7.47-7.62 m (3H, H7, 46 An)
= : 4717721 (07.8, TH, H-8); 826 d (J 7.8, 1H, H-6); 10.50  (1H, OH)
2.24 ¢ (3H, CH,); 3.80 ¢ (3H, OCH,); 5.38 ¢ (2H, CH,); 6,54-6,68 m
spp|  R1=4MeBn | ol | N0, | 13.58/| (2H,H-3,5 AN;7.12d (7.8, 2H, H-3,5 Bn); 722d (178, TH, H-9);
R2 = 2-OH-4-OMePh 41244 | 13.60 |7.32-7.45 m (3H, H-6 Ar, 2,6 Bn); 7.50 t () 7.8, 1H, H-7); 7.72 t (
7.8, TH, H-8); 825 d (J 7.8, 1H, H-6); 10.17 ¢ (1H, OH)
- 2.24 ¢ (3H, CH,); 3.86 ¢ (3H, OCH,); 5.38 ¢ (2H, CH,); 7.07-7.21 m
50121 oo aoneon | s | 282283 | ClalliO: 1141315 19 35 Ar3,58n), 7.38d (7.8, 2H, H-26 Bn); 7501 (178,
= : 16 | 1H, H-7): 7.56-7.70 m (3H, H-8, 2,6 Ar); 8.25 d (J 7.8, 1H, H-6)
- 3.70 ¢ (3H, OCH,); 5.34 ¢ (2H, CH,); 6.87 d (J 7.8, 2H, H-3,5 Bn);
s R AN ss | >300 c23;|%§:3|\é402 1344717.06d (17,8, 1H, H-9); 742-7.54 m (3H, H-7, 26 Br); 7.58-7.78 m
= : 42 | (5H,H-8,2,3,5,6 Ar); 8.24 d (1 7.8, TH, H-6)
3.70 ¢ (3H, OCH,); 5.35 ¢ (2H, CH.); 6.87 d (J 7.8, 2H, H-3,5 Bn);
spg| R1=4OMeBn | | oo | Cal,CINO, | 1294/(7.05d (178, 1H, H-9);7.16d (178, TH, H-3 A; 7.42-7.58 m (5H,
R2 = 2-OH-5-CIPh 43286 | 12.93 |H-7,4,6 Ar, 2,6 Bn); 7.72t () 7.8, TH, H-8); 824 d (J 7.8, 1H, H-6);
10.50 ¢ (1H, OH)
3.70 ¢ (3H, OCH, Bn); 3.80 ¢ (3H, OCH,-An); 5.33  (2H, CH,); 6.54-
sps|  RT=40MeBn |l o000l CHNO, | 13.08/(6.68m (2H, H-35 A;6.87d (17,8, 2H, H-35Bn); 7.22d (7.8,
R2 = 2-OH-4-OMePh 42844 | 13.11 | 1H, H-9); 7.34d (J 7.8, TH, H-6 Ar); 7.42-7.58 m (3H, H-7, 2,6 Bn);
7.72t()7.8, 1H, H-8); 824 d (J 7.8, 1H, H-6); 10.48 C (1H, OH)
3.70 ¢ (3H, OCH, Bn); 3.88 ¢ (3H, OCH,-Ar); 5.37  (2H, CH,); 6.87
spg| R1=4OMeBn | ool oo | CUHLN.O, | 1358/|d 078, 2H, H-35Bn); 7.157.26 m (3H, H-9, 3,5 Ar) 7.44-7.54 m
R2 = 4-OMePh 41244 | 1361 | 3H, H-7, 2,6 Bn); 7.58-7.76 m (3H, H-8, 2,6 Ar): 824 d (J 7.8, TH,

H-6)
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Continuation of the Table 3

1 2 3 4 5 6 7
5.43 ¢ (2H, CH,); 7.04-7.22 m (3H, H-9, 3,5 Bn); 7.48-7.60 m (3H,
R1=4-FBn C,,H,,CIFN,O | 13.84/ | > gioad ] !
5{17} RY - 4-ClPh 91 | >300 angr ' | 1389 :-23 2,6 Bn); 7.62-7.78 m (5H, H-8,2,3,5,6 Ar); 8.25d (J 7.8, TH,
. 5.43 ¢ (2H, CH,); 7.08 d (J 7.8, 1H, H-9); 7.14-7.21 m (3H, H-3 Ar,
508 ¢, f12-_oi|-FsB-rc‘:|Ph 70 | >300 Cﬂ'gglgg“oz 1%3’218/ 3,5 Bn); 7.44-7.62 m (5H, H-7, 4,6 Ar, 2,6 Bn); 7.73 t J 7.8, TH,
- : “© | H-8);8.26 d (J 7.8, 1H, H-6); 10.44 ¢ (1H, OH)
3.80 ¢ (3H, OCH.); 5.40 c (2H, CH.); 6.52-6.68 m (2H, H-3,5 Ar);
5019 R1=4-FBn 66 | 206208 | CaHuFN.O, | 13.45/|7.07-7.26 m (3H, H-9, 3,5 Bn); 7.35.d (J 7.8, TH, H-6 Ar); 7.48-7.62
R2 = 2-OH-4-OMePh 416.41 13.48 | m (3H, H-7, 2,6 Bn); 7.72 t (J 7.8, 1H, H-8); 8.24 d (J 7.8, 1H, H-6);
10.17 ¢ (1H, OH)
3.86 ¢ (3H, OCH,); 5.38 ¢ (2H, CH,); 7.07-7.22 m (5H, H-9, 3,5 Ar,
R1=4-FBn C,.H,,FN,0, [13.99/ o3 bl !
520 py_aomepn | 88| >300 00 41 202 3-56;%)' 7.45-7.74 m (6H, H-7,8, 2,6 Ar, 2,6 Bn); 8.24 d (J 7.8, TH,

ning information about the acute toxicity of more than
10000 chemical structures. The baseline information
regarding the acute toxicity of the compounds under
study are presented by LD, values (log 10 (mmol/kg)
and mg/kg) and the toxicity class according to the
OECD classification project of chemical substances
by acute toxicity values [19, 20].

The'H NMR-spectra of compounds 5{1-20} were
recorded on a Varian WXR-400 (200 MHz) spectro-
meter in DMSO-d6 solution with TMS as an internal
standard, chemical shifts were reported in ppm. Mel-
ting points were measured with a Buchi B-520 melt-
ing point apparatus. Elemental analysis was perfor-
med on an Euro EA-3000 apparatus. Starting 2-hyd-
razinoquinazolin-4(3H)-ones 1{1-5} were obtained
according to the method [21].

The general procedure for the synthesis of 1-Ar-
4-R-[1,2,4]triazolo[4,3-a]quinazolin-5(4H)-ones
5{1,4,5,8 9, 12,13, 16, 17, 20). Dissolve the mix-
ture of 1.5 mmol of the corresponding acid 2{1, 2}
and 0.24 g (1.5 mmol) of carbonyldiimidazole (CDI)
in 5 ml of anhydrous DMFA. Heat the solution at 100°C
for 1 h, then add 1 mmol of the corresponding 2-hy-
drazinoquinazolin-4(3H)-one 1{1-5}. Reflux the reac-
tion mixture for 24 h. After cooling dilute the reac-
tion mixture with 10 ml of water. The next day filter
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the precipitate formed, wash with 20 ml of i-propanol
and recrystallize from the mixture of 5 ml of DMFA
and 10 ml of i-propanol. Yields and 'H NMR data are
given in Table 3.

The general procedure for the synthesis of 1-Ar-
4-R-[1,2,4]triazolo[4,3-a]quinazolin-5(4H)-ones
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lin-4(3H)-one 1{1-5} and 1 mmol of the correspond-
ing salicylic aldehyde 4{1, 2} in 5 ml of anhydrous
DMFA at 100°C for 2 h, then add the solution of 0.54 g
(2 mmol) FeCl;6 H,0 in 5 ml of DMFA. Heat the reac-
tion mixture at 130°C for 4 hs. After cooling dilute
the reaction mixture with 10 ml of water. The next
day filter the precipitate formed, wash with 20 ml of
i-propanol and recrystallize from the mixture of 5 ml
of DMFA and 10 ml of i-propanol. Yields and *H NMR
data are given in Table 3.

Conclusions

According to the result of computer prediction of
the biological activity spectrum and the acute toxicity
of 1-Ar-4-R-[1,2,4]triazolo[4,3-a]quinazolin-5(4H)-
ones the selection of slightly toxic or nontoxic sub-
stances with the potential anti-asthmatic and anti-
allergic activity has been performed.
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THE ALKYLATION REACTION OF AROMATIC
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The article describes the study of the alkylation reaction of aromatic acids hydrazides with (t)-cis-3-dichloro-
methyl-1,2,2-trimethylcyclopentancarboxylic acid. The acid mentioned is a new substance obtained by oxida-
tive cleavage of racemic camphor in the tetrachloromethane medium according to the method described earlier
and modified by us. As a result of alkylation of aromatic acids hydrazides, a series of 3-{[2-(R-carbonyl)hy-
drazinylidene]Jmethyl}-1,2, 2-trimethylcyclopentancarboxylic acids has been obtained with the yields of 77-88%.
According to the data of TH NMR spectra almost all products are E-isomers. The reaction of alkylation of an-
thranilic hydrazide proceeds with formation of the 1,2,3,4-tetrahydroquinazolin-4-one cycle and obtaining of
(%)-cis-3-(3-amino-1,2,3,4-tetrahydroquinazolin-4-on-2-yl)-1, 2, 2-trimethylcyclopentancarboxylic acid. The com-
position of the compounds synthesized has been proven by elemental analysis , and their structure has been
confirmed by "H NMR spectroscopy. According to the results of PASS prediction the compounds synthesized are
potential diuretic, antiviral and antibacterial agents. The synthetic studies conducted show the possibility of using
(%)-cis-3-dichloromethyl-1,2, 2-trimethylcyclopentancarboxylic acid as a building block for extension of a number
of biologically active substances synthesized in our previous studies on the basis of (t)-cis-1,2,2-trimethylcyclo-
pentan-1,3-dicarboxylic (camphoric) acid.

JAOCIIOXEHHST PEAKLIT ATKINTYBAHHS IAPA3MOIB APOMATUYHUX KUCJIOT (t)-LNC-3-ANXITOPO-
METWUI-1,2,2-TPUMETUJIUUKITOTTIEHTAHKAPBOHOBOK KUCJIOTOHO

€.0.Lanko

Knroyoei cnoea: (t)-yuc-3-0uxnopomemur-1,2,2-mpumemunyukrnoneHmaHkapboHosea Kucrioma;, 2idpa3udu;
2i0pa30oHu; ankKinyeaHHs1

Pobomy ripucesiyeHo OOCIOXeHHIO peaKuyii arnkinysaHHs eidpa3udie apoMamuyHUX Kucriom (t)-yuc-3-uxmnopomemurt-
1,2, 2-mpumemurnyuknoneHmaHKkapboHO80K KUCIOMOHK. 3a3Haq4eHa KUC/ioma € HOBOH0 CrOJIyKOH, Ky MU ompuma-
J1U OKUCHUM PO3WenieHHsIM paueMidHoOi kamgbopu y cepedosulli mempaxsiopoMemany 3a MemoOUKOH, OMUCaHO0 8
nimepamypi i MoOugbikogaHo Hamu. Y pe3yrnbmami arkinysaHHs 2idpa3udie apoMamu4yHUX KUCIOM HaMu ompuma-
HO psi0 (t)-yuc-3-{[2-(R-kapboHin)zidpasuHinideH]Memur}-1,2, 2-mpumemurnyukioneHmaHkapboHO8UX KUCIOm 3 8U-
x00om 77-88%. 3a daHumu criekmpie "H SIMP ecrmaHoeneHo, wio npakmuy4Ho eci npodykmu € E-isomepamu. Peakuisi
arnkinyeaHHs aHmpaHinoeoeo 2iopa3udy nepebieae i3 3amukaHHaM 1,2,3,4-mempaeiopoxiHa30riH-4-0H08020 UUKITy
ma ymeopeHHsIM (t)-yuc-3-(3-amiHo-1,2,3,4-mempaeiOpoxiHa3oniH-4-0H-2-ir)- 1,2, 2-mpumemurnyukioneHmaHKkapbo-
Hoeoi kucriomu. Ckrad CuUHMe308aHUX pe4o8uH 008ed0eHUl enfeMeHMHUM aHari3oM, a bydosa nidmeepoxeHa Memo-
dom "H SIMP-cnekmpockonii. 3a pesynbmamamu 8ipmyarbHo20 rpozHo3y PASS cuHmesosaHi crionyku € momeHuid-
HUMU OiypemuyHUMU, aHmueIipycHUMU ma aHmubakmepianbHUMU 3acobamu. [NposedeHi cuHmemuYHi 00CiOXeH-
HS1 MOKa3yomb MOXIIUBICMb 8UKOpUCMaHHS (t)-yuc-3-duxmnopomemurt-1,2, 2-mpumemunyukrioneHmaHKkapboHO80i
Kkucnomu sik 6indiHe 610Ky Ornsi po3wupeHHs psidy 6ionoeidHO akmuBHUX PeYO8UH, CUHME308aHUX HaMU y rore-
peOdHix OOCTIOKEHHSIX Ha OCHOBI (t)-yuc-1,2, 2-mpumemuryuknoneHman-1,3-0ukapboHoeoi (kaMgbopHOI) Kucriomu.

UCCIIEQOBAHUE PEAKLUN AJTIKMITUPOBAHWS TMOPA3NL0OB APOMATUYECKNX KUCJIOT (+)-LiNC-3-
ANXTIOPMETWII-1,2,2-TPUMETUIILINKITOTIEHTAHKAPEOHOBOUW KUCITOTOU

E.A.lanko

Knrodeesnbie cnosa: (t)-yuc-3-duxnopmemur-1,2, 2-mpumemurnyukrioneHmaHkapboHosas kucroma; 2udpa3suobl;
2u0pa3oHsbl; ankunuposaHue

Paboma nocssuweHa uccriedogaHuUro peakyuu ankunuposaHusi 2udpa3udos apoMamuyecKux Kuciom (t)-yuc-3-
ouxnopmemun-1,2,2-mpumemunuyukrnoneHmaHkapboHos8ol Kucriomol. YkazaHHas Kucroma si8/1siemcs Ho8bIM
coeOuHeHUEeM, KOmopoe Mbl roy4uiu OKUCITUMErbHbIM paclieniieHueM pauemuyeckol kamgopsbi 8 cpede me-
mpaxsiopmemana rno Memoduke, ornucaHHoU 8 numepamype u ModuguyuposaHHoU Hamu. B pesynsmame anku-
nuposaHusi 2udpa3udos apomMamuyecKux KUcrom Hamu rosyyeH psd (t)-yuc-3-{[2-(R-kapboHur)audpa3uHunudeH]
memun}-1,2, 2-mpumMemunyuknoneHmaHkapboHO8bIX KUc/iom ¢ 8bIxo0oM 77-88%. Mo daHHbIM criekmpos "H SIMP
yCmaHo8/1eHO, YMO fpaKmu4Yecku ece npodykmel siensomest E-usomepamu. Peakyus ankunupogaHusi aHmpaHu-
108020 2udpasuda npomekaem ¢ 3ambikaHuem 1,2,3,4-mempaaudpoxuHa3onuH-4-0H08020 YuKra u obpa3zosaHu-
em (t)-yuc-3-(3-amuHo-1,2,3,4-mempazaudpoxuHa3onuH-4-oH-2-um)-1, 2, 2-mpumemunyuknoneHmaHkapboHogol
kucriomsl. Cocmag cuHmMe3upo8aHHbIX gewecms 0oKa3aH 3/1eMEeHMHbLIM aHarlu3oM, a CmpoeHuUe nodmeepix-
0eHo memodom "H SIMP-criekmpockonuu. Mo pedynbmamam supmyarbHo20 rpoeHo3a PASS cuHmesuposaHHbie
COeOUHEeHUSI I8ITSIFOMCS MOMEeHYUanbHbIMU OUypemuYyeCcKUMU, aHmuUUpPYCHbIMU U aHmubakmepuarbHbIMU cped-
cmeamu. [NpoeedeHHble cUHmMemu4eckue ucciedo8aHusi MoKa3biearom 803MOXHOCMb UCMOMb308aHUs (1)-yuc-
3-0uxnopmemun-1,2,2-mpumemurnyukioneHmaHkapboHo8ol Kuciomsl 8 kadecmee 6unduHe brioka 051 pacuiu-
peHusi pssida buonoau4yecKku akmueHbIX 8eU4ecms, CUHMe3UpO8aHHbIX HaMu 8 rpeobIOyuux uccnedos8aHusX Ha
OCHoee (+)-yuc-1,2,2-mpumemunuyukrnoneHman-1,3-0ukapboHosoli (kamMghopHOU) KUCIOMBbI.
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In previous studies we identified derivatives of
(£)-cis-1,2,2-trimethylcyclopentan-1,3-dicarboxylic
(camphoric acid) with the hypoglycemic [1], anti-
convulsant [2], diuretic [3] activity. In order to de-
velop new approaches to the synthesis of this series
we have obtained 3-dichloromethyl-1,2,2-trimethyl-
cyclopentancarboxylic acid (compound 1, Scheme 1).
Acid 1 and camphoric acid contain the same moiety
of 1,2,2-trimethylcyclopentancarboxylic acid.

Acid 1 was obtained by oxidative cleavage of cam-
phor under the action of alkali in the presence of tert-
butanol in the carbon tetrachloride medium (Scheme 1).
For the first time the synthesis of d-isomer of acid 1
from d-camphor was described by Meyers et al. [4, 5],
but the spectral characteristics of the acid were not
given, and only chlorolactone was described among
its derivatives. We have reproduced and optimized
this method for racemic camphor. When carrying out
the synthesis we excluded the stages of the solvent
stripping and extraction of the product with diethyl
ether, as well as reduced the number of tert-butanol
used. As a result, (#)-acid 1 with the yield of 70%
has been obtained, and it coincides with the results
of authors [5].

Compound 1 is a white crystalline substance that
dissolves in aqueous solutions of alkali and most orga-
nic solvents. In 'H NMR spectrum of acid 1 the cha-
racteristic group of signals of the 1,2,2-trimethylcyc-
lopentan fragment is present, the signal of the dichlo-
romethyl group proton is observed as a doublet at

CClKOH  H+ cooh

t-BuOH
Cl

Cl
camphor 1

Scheme 1

cl 0o

R =CzHs(a),
2-BrCgH,(b),
4-CH,0OC;H,(c),

2-HOCyH,(d),
3-NO,CgH,(e),
3-HOnaphtyl-2(f),

furyl-2(g)
2-NH,CgH,(h)

Scheme 2

6.19 ppm. The mass spectrum of this compound does
not have signals of a molecular ion. The heaviest ion
has m/z - 167. It is probably formed by cleavage of
HCI with the lactone cycle closure and the subsequent
cleavage of another chlorine atom.

There are almost no data published on the use of
dichloromethyl aliphatic derivatives in the prepara-
tive organic synthesis. This fact can be explained by
insufficient accessibility and low reactivity of these
derivatives. Only the compounds with an activated
dichloromethyl group, such as dichloromethyl ether
[6] and dichloromethylphenylsulfoxide [7], were used.

The study of the dichloromethyl group reactivity
of compound 1 was started from the alkylation reac-
tion of aromatic acids hydrazides 2 (Scheme 2). The
reaction was carried out in the aqueous-alcoholic so-
lution in the presence of potassium carbonate. As a
result, a series of 3-{[2-(R-carbonyl)hydrazinylidene]
methyl}-1,2,2-trimethylcyclopentancarboxylic acids
3a-g (Scheme 2) with preparative yields was obtained.
All acids 3a-g obtained are colourless crystalline com-
pounds that are soluble in most organic solvents and
practically insoluble in water. Proton signals of the
expected structural fragments with the correspond-
ing intensity and multiplicity were observed in 'H NMR
spectra of acids 3a-g, the chemical shift of the azo-
metine group proton was about 7.7 ppm. The pro-
ton signal of the NH-group of compounds 3a-g was
observed as one singlet, indicating that the products
consisted of a single geometric isomer. The exception is
acid 3b with the volumetric substituent — bromine in
the ortho-position to the hydrazide group. The inte-
grated intensity of two singlets of NH protons belonging
to E- and Z- isomers of acid 3b is in the ratio of 2:1.

The geometric configuration of compounds 3a-g
was determined on the example of acid 4c using the
homonuclear Overhauser effect [8]. In Fig. the 'H NMR
spectrum of this compound is saturation of the sig-
nal of N=CH proton. As it can be seen, the singlet of

1) K,CO,, 2) H* COOH
=N R
H N%
/
H o
3(a-g)
COOH
NH
e
N
H,N
o
3h
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Fig. The '"H NMR spectrum of ()-cis-3-{(E)-2-[(4-methoxybenzoyl)hydrazineylidene]methyl}-1,2,2-trimethylcyclopentanecarboxylic acid 3¢

with saturation of the signal at 7.76 ppm.

the nearest NH proton (11.32 ppm) is characterized
by the biggest integrated intensity indicating E-con-
figuration of the compound studied. Four other sig-
nals belong to protons of CH, CH, and two CH, groups.
It is obvious that for compounds 3(a-g) E-configu-
ration is more favourable than Z-configuration since
the cyclopentane fragment together with the carboxyl
group can create steric hindrance for Z-configuration.

The result of the reaction between acid 1 and an-
thranilic hydrazide 2h was different from products
3a-g previously discussed (Scheme 2). The product of
the reaction was identified as (*)-cis-3-(3-amino-1,2,
3,4-tetrahydroquinazolin-4-on-2-yl)-1,2,2-trimethyl-
cyclopentancarboxylic acid (compound 3h). The sig-
nals of proton of NH-N=C group were not observed
in the 'H NMR spectrum of acid 3h, while signals of
the amino group and the 1,2,3,4-tetrahydroquinazo-
lin-4-one moiety were present.

The PASS virtual screening [9] for compounds
3(a-g) was conducted. Among the aforementioned
types of the biological activity studied for derivatives
of camphor acid the diuretic activity is predicted for
compounds 3(a-g) with the index P, in the range of
0.40-0.55. The anticonvulsant action (P, = 0.5-0.6) is
expected for compound 3h and its virtual N-acyl de-
rivatives. The cytoprotective and antiviral activities
have the highest values of P, (~0.7) for compounds
3(a-g), whereas analysis of the literature data shows
that hydrazones have antibacterial [10], antiproto-
zoal [11] and fungicidal [12, 13] properties.

48

Experimental Part

According to the homonuclear Overhauser effect
experiment the 'H NMR spectra were recorded on a
Varian Mercury VX-200 (200 MHz) spectrometer, the
solvent was DMSO-d, with TMS as an internal stan-
dard. The mass spectra were obtained on a Varian
1200L spectrometer in full scanning mode in the range
of 35-700 m/z and El at 70 eV. Elemental analysis was
performed on an EuroVector EA-3000 microanalyzer.
Melting points were determined on a Kofler bench.
The purity of the compounds synthesized was con-
firmed by TLC using Silufol UV, plates and the ethyl
acetate - chloroform system (3:2 v/v) as an eluent.

(%)-Cis-3-dichloromethyl-1,2,2-trimethylcyclo-
pentancarboxylic acid (1). To the solution of 3 g
(0.02 Mol) of camphor in 30 ml of tetrachlorometha-
ne add 26 g (0.46 Mol) of a freshly crushed potas-
sium hydroxide. To the obtained mixture add 4 ml
of tert-butanol and stir. Upon completion of the exo-
thermic reaction stirring was continued for 40 min
at 70°C. Cool the mixture and extract potassium salt
of acid 1 by three portions of water with 50 ml each.
Combine aqueous extracts and acidify them with a
dilute sulfuric acid. Filter a white precipitate formed
and recrystallize from aqueous ethanol. The yield is
70%. M.p. - 154-155°C. C,,H,,Cl,0,. '"H NMR, §, ppm:
0.80c (3H, CH,), 1.08c (3H, CH,), 1.19¢ (3H, CH,), 1.23-
1.40m, 1.55-1.72m, 1.81-2.02m, 2.14-2.35m (4H, CH,CH,),
2.44-2.62m (1H, CH), 6.19d (1H, CHCl,, ] = 8 Hz), 12,08s
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(1H, COOH). IE-MS, m/z(I,,,%): 167(25), 121(100),
116(35), 109(34), 87(56), 83(51), 81(41).

The general procedure for the synthesis of
(£)-cis-3-([2-(R-carbonyl)hydrazineylidene]methyl)-
1,2,2-trimethylcyclopentancarboxylic acids (3).
Dissolve 2.4 g (0.01 Mol) ofacid 1 and 1.2 g (0.01 Mol)
of potassium carbonate in 8 ml of 20% ethanol, add
0.011 Mol of the corresponding hydrazide 2 and heat
under the reflux for 2 h. Cool the solution, acidify with
a dilute sulfuric acid. Filter the precipitate formed
and recrystallize from aqueous ethanol.

(+)-Cis-3-{(E)-[(2-benzoyl)hydrazinylidene]
methyl}-1,2,2-trimethylcyclopentanecarboxylic
acid (3a). The yield is 88%. M.p. - 202-203°C. Found,
%:C67.61,H7.29,N 9.39. C,,H,,N,0,. Calculated, %:
C 67.53,H 7.33, N 9.26. 'H NMR, §, ppm: 0.77c (3H,
CH,), 1.05c (3H, CH,), 1.15c (3H, CH,;), 1.33-1.51m
(1H, CH,CH,), 1.68-1.86m (2H, CH,CH,), 2.34-2.45m
(1H, CH,CH,), 2.62-2.79m (1H, CH), 7.40-7.56m (3H,
H-3,4,5), 7.69d (1H, CH=N, ]=4 Hz), 7.85d (2H, H-2,6,
J=4 Hz), 11.44s (1H, NH), 12.16bs (1H, COOH).

(¥)-Cis-3-{2-[(2-bromobenzoyl)hydrazinyli-
dene]methyl}-1,2,2-trimethylcyclopentanecar-
boxylic acid (3b). The yield is 87%. M.p. - 244-245°C.
Found, %: C 53.44, H 5.59, N 7.46. C,,H,,BrN,0.. Cal-
culated, %: C 53.55, H 5.51, N 7.35. 'H NMR, §, ppm:
0.71c (3H, CH,), 1.03c (3H, CH,), 1.15c (3H, CH,),
1.33-1.47m (1H, CH,CH,), 1.56-1.62m (1H, CH,CH,),
1.70-1.85m (1H, CH,CH,), 2.29-2.43m (1H, CH,CH,),
2.63-2.78m (1H, CH), 7.26-7.69m (5H,C,H,+CH=N),
11.54s (1H, NH), 12.14bs (1H, COOH).

(¥)-Cis-3-{(E)-2-[(4-methoxybenzoyl)hydra-
zinylidene]methyl}-1,2,2-trimethylcyclopentane-
carboxylic acid (3c). The yield is 87%. M.p. - 157-
158°C. Found, %: C 65.00,H 7.33, N 8,52. C,4,H,,N,0,.
Calculated, %: C 65.04, H 7.28, N 8.43.'H NMR, §, ppm:
0.77c (3H, CH,), 1.03c (3H, CH,), 1.15c (3H, CH;), 1.33-
1.50m (1H, CH,CH,), 1.67-1.85m (2H, CH,CH,), 2.34-
2.45m (1H, CH,CH,), 2.60-2.77m (1H, CH), 3.80s (3H,
CH,0), 7.00d (2H, H-3,5,]=12 Hz), 7.67d (1H, CH=N,
] =8Hz),7.82d (2H, H-2,6,] =12 Hz), 11.32s (1H, NH),
12.14bs (1H, COOH).

(x)-Cis-3-{(E)-2-[(2-hydroxybenzoyl)hydra-
zinylidene]methyl}-1,2,2-trimethylcyclopentane-
carboxylic acid (3d). The yield is 77%. M.p. - 172-
173°C. Found, %: C 64.15,H 7.03, N 9.01. C,,H,,N,0,.
Calculated, %: C 64.13,H 6.97,N 8.80.'H, NMR, §, ppm:
0.78c (3H, CH,), 1.06c (3H, CH,), 1.15¢ (3H, CH,), 1.34-
1.51m (1H, CH,CH,), 1.70-1.89m (2H, CH,CH,), 2.34-
2.46m (1H, CH,CH,), 2.64-2.80m (1H, CH), 6.84-6.96m
(2H, H-5+CH=N), 7.40t (1H, H-4, ] = 8Hz) 7.72d (1H,
H-3,] = 8 Hz), 7.82d (1H, H-6, ] = 8 Hz), 9.03s (1H,
OH) 11.54s (1H, NH), 12.02bs (1H, COOH).

(x)-Cis-3-{(E)-2-[(3-nitrobenzoyl)hydrazi-
nylidene]methyl}-1,2,2-trimethylcyclopentane-
carboxylic acid(3e). The yield is 86%. M.p. - 188-
189°C. Found, %: C 58.84,H 6.16,N 12.19.C,,H,,N,0..

Calculated, %: C 58.78, H 6.09, N 12.10. 'H NMR, §,
ppm: 0.79¢ (3H, CH,), 1.05c (3H, CH,), 1.15c (3H, CH,),
1.32-1.53m (1H, CH,CH,), 1.69-1.92m (2H, CH,CH,),
2.30-2.45m (1H, CH,CH,), 2.64-2.84m (1H, CH), 7.68-
7.88m (2H, H-3+CH=N), 8.29d (1H, H-2,] =8 Hz), 8.39d
(1H, H-4,] = 8 Hz), 8.69s (1H, H-6), 11.78s (1H, NH),
12.16bs (1H, COOH).

(*)-Cis-3-{(E)-2-[(3-hydroxynaphthalen-2-
ylcarbonyl)hydrazinylidene]methyl}-1,2,2-trime-
thylcyclopentanecarboxylic acid(3f). The yield is
71%. M.p. - 229-230°C. Found, %: C 68.44, H 6.55,
N 7.69. C,,H,,N,0,. Calculated, %: C 68.46, H 6.57,
N 7.60. 'H NMR, §, ppm: 0.79c (3H, CH,), 1.07c (3H,
CH,), 1.17c (3H, CH,), 1.25-1.50m (2H, CH,CH,), 1.74-
1.89m (2H, CH,CH,), 2.70-2.85m (1H, CH), 7.31-7.87m
(7H, CH=N+naphthyl), 8.39s (1H, OH), 11.68s (1H, NH),
12.16bs (1H, COOH).

(x)-Cis-3-{2-[(furil-2-ylcarbonyl)hydrazinylide-
ne]methyl}-1,2,2-trimethylcyclopentanecarboxy-
lic acid(3g). The yield is 88%. M.p. - 203-204°C.
Found, %: C 61.61, H 6.96, N 9.70. C,;H,,N,0,. Cal-
culated, %: C 61.63, H 6.90, N 9.58. 'H NMR, §, ppm:
0.75c (3H, CH,), 1.04c (3H, CH,), 1.14c (3H, CH,), 1.68-
1.90m (2H, CH,CH,), 1.29-1.50m, 2.29-2.51m (2H, CH,CH,),
2.70-2.85m (1H, CH), 6.62-6.66m (1H, H-4), 7.17-7.22m
(1H, H-3), 7.65-7.71m (1H, CH=N), 7.86-7.89m (1H,
H-5),11.42s (1H, NH), 12.16bs (1H, COOH).

(%)-Cis-3-(3-amino-1,2,3,4-tetrahydroquinazo-
lin-4-on-2-yl)-1,2,2-trimethylcyclopentanecarb-
oxylic acid (3h). The yield is 47%. M.p. - 159-160°C.
Found, %: C 64.39, H 7.28, N 13.28. C,,H,,N.0,. Cal-
culated, %: C 64.33,H 7.30, N 13.24.'H NMR, §, ppm:
0.86¢ (3H, CH,), 0.88c (3H, CH,), 1.01c (3H, CH,), 1.13-
1.32m, 1.48-1.70m, 1.76-1.99m (3H, CH,CH,), 2.20-2.43m
(2H, CH,CH),4.68dd (1H, NH, ] = 8 Hz, 4Hz) 4.86s (2H,
NH,), 6.61-6.71m (2H, H-2,6,] =8 Hz), 6.93d (1H, H-8,
] = 4 Hz), 7.22t (1H, H-7,] = 8 Hz), 7.58d (1H, H-5,] =
8 Hz), 12.16bs (1H, COOH).

Conclusions

1. The synthesis of (#)-cis-3-dichloromethyl-1,2,
2-trimethylcyclopentancarboxylic acid has been car-
ried out, and its structure has been confirmed by the me-
thods of '"H NMR spectroscopy and mass spectrometry.

2. As aresult of the alkylation reaction of aroma-
tic acids hydrazides with (%)-cis-3-dichloromethyl-
1,2,2-trimethylcyclopentancarboxylic acid a number
of the corresponding hydrazones has been obtained.
Almost all acids are E-isomers, and it has been con-
firmed by 'H NMR spectroscopy.

3. It has been found that the alkylation reaction
of anthranilic hydrazide with (#)-cis-3-dichlorome-
thyl-1,2,2-trimethylcyclopentancarboxylic acid com-
pletes with formation of the 1,2,3,4-tetrahydroquinazo-
lin-4-one cycle and obtaining of (+)-cis-3-(3-amino-
1,2,3,4-tetrahydroquinazolin-4-on-2-yl)-1,2,2-trime-
thylcyclopentancarboxylic acid.
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The analysis of model samples of the drug Aminazin has been performed, its active substance is chlorpromazine
hydrochloride. These model solutions were subjected to sterilization with previous exposure at room tempera-
ture. It has been found that depending on duration of the exposure during sterilization the degradation of the
drug occurs in two possible ways — with formation of opalescence or without it. The schemes of degradation with
formation of either one product — chlorpromazine sulfoxide, or some products — chlorpromazine sulfoxide, chlor-
promazine N-oxide, nor-chlorpromazine and others have been proposed. It has been found that opalescence
of solutions is caused by formation of degradation products — chlorpromazine N-oxide and nor-chlorpromazine
that are slightly soluble in water. The analysis of model samples was performed using the liquid chromatog-
raphy/mass spectrometry methods developed by the authors. In the course of analysis the molecular weights
corresponding to the abovementioned products were obtained. Therefore, the experimental confirmation of the
schemes of degradation proposed has been obtained. As the result of the research conducted the chromato-
graphic method for detection of impurities using liquid chromatography/mass spectrometry has been developed,
and the main ways of degradation of chlorpromazine hydrochloride in aqueous solutions have been determined.
According to the result of the research the recommendations to the manufacturing process have been devel-
oped, and measures for optimizing the composition of the drug have been proposed.

BUBYEHHS NMPOQYKTIB AOET PALALJIT XJTOPOIMPOMAS3UHY IPOXIIOPUAY METOL4OM PIUHHOI MAC-
CIMEKTPOCKOIMI Y IH’E€EKLIIMHNX MPEMAPATAX

B.A.XaHiH, 0.0.Moiceee, H.b.loH4Yapoea, O.M.KomeHko

Knroyosi cnoea: xnopornpoma3suHy 2i0poxmopud; xraoponpomasuHy cyrnb@okcud; xnopornpoma3suHy N-okcud;
HOP-XJI0PONPOMa3uUH; XpoMamomac-criekmpomempisi; npodykmu dezpadauil

lMpoeedeHull aHani3 ModenbHUX 3paskie npenapamy AMiHa3uH, Oit04O PEYOBUHOK SIKO20 € X/10POrNpPOMa3uHy
2idpoxnopud. BkasaHi MmodesibHi po34uHU Npotwiu cmepustidayito 3 nornepedHbO 8UMPUMKOO MpU KiMHamHiIl
memnepamypi. BcmaHosneHo, wo 3anexHo 8id0 mpusanocmi ekcrio3uyii npu cmepunisayii 0eepadaujis npena-
pamy Mpoxooums 3a 080Ma MOXIIUSUMU WIIXaMu — 3 YmMBOPEHHSIM onanecueHuii abo 6es Hei. bynu 3anporoHo-
8aHi cxemu Oeepadauii 3 ymeopeHHsIM abo 00HO20 rPOdyKMy X0pOonpoMasuHy cyribghokcudy, abo OeKinbKoxX —
XJ10pornpomasuHy cyrbgokcudy, xnopornpomasuHy N-okcudy, Hop-xnonpomasuHy ma iH. byno ecmaHosneHo,
W0 onanecyeHuyiss Po34UHI8 BUKTUKAEMbCST YMBOPEHHSIM 8000HEPO34YUHHUX rpodykmie dezpadayii — xmopo-
rnpoma3uHy N-okcudy, Hop-xnonpomasuHy. AHarni3 ModerbHUX 3pa3Kig npoeoouscs Memodom pPiOUHHOI Xpoma-
momac-criekmpomempii 3@ Memodukoro, po3pobrneHoo asmopamu cmammi. [1id yac aHanizy 6ynu ompumaHi
MOMeKynsapHi Macu, wo 8idnosidarome 8ka3aHUM suwie npodykmam. Takum YUHOM, 6yr10 ompuMaHo eKcriepu-
MeHmarbHe nidmeepOxXeHHs 3anporoHo8aHux cxem 0ezpadauii. Y pedynbsmami npogedeHoi pobomu Hamu byna
pospobrieHa xpomamozpaghidHa Memooduka 8usierieHHs 0OMIWOK MemoOoM PiOUHHOI Xxpomamomac-creKkmpo-
mMempii ma susHa4yeHi 20/108Hi winsxu 0eepadauii xropornpomasuHy 2i0poxopudy y 600HUX po3quHaXx. Takox y
pe3ynbmami nposedeHux AocnidxeHb byru po3pobneHi pekomeHdayii do supobHUHYO20 npouecy ma 3anporo-
HoeaHi 3axo0u 3 onmumu3ayjii cknady npenapamy.

U3YYEHUE MPOLOYKTOB JErPALOALNN XITOPITIPOMA3UHA T'MOPOXJTOPULA METOLOM XWUOKOCT-
HOU MACC-CIEKTPOCKOINMNU B UHBEKLIMOHHbIX NMPEMAPATAX

B.A.XaHuH, A.A.Moucees, H.b.'oH4Yapoea, A.M.KomeHko

Knroyeenie cnoea: xnoprpomasuHa audpoxsopud; xmnoprnpomasuHa cyrnbgokcud; xmnoprpomasuHa N-okcud;
HOP-XJI0PNPOMa3UH; XpoMamomacc-criekmpomempus; npodykmasi degpadayuu

lpoeedeH aHanu3 modesibHbIX 06pa3yoe npenapama AMUHa3uH, delicmsyouuM 8eu,ecmeoM KOmopoeo si8-
nisemcs xrnoprpomasuHa 2udpoxsiopud. [aHHblie ModesibHbie pacmeopbl bbiiu nodeepaHymbl cmepunusayuu
¢ npedsapumersnbHOU 8bI0ePXXKOU Mpu KOMHamHoU memrnepamype. YcmaHo8/1eHo, Ymo 8 3agucumMocmu om
dnumenbHOCMU 3KCO3UyuU npu cmepunusayuu dezpadayusi npenapama rnpoucxooum rno 08yM 803MOXHbLIM
nymsm — ¢ obpa3zosaHueM onanecuyeHyuu nubo 6e3 Hee. bbinu npednoxeHbl cxembl degpadayuu ¢ obpaso-
8aHueM lubo 00Ho20 rMpodyKma XopnpoMa3suHa Cyrbgokcuda, NUbo HECKOMbLKUX — X/I0prpoMasuHa cyrbehokcuda,
xnopnpomasuHa N-okcuda, Hop-xroprpomasuHa u np. bbino ycmaHoeneHo, Ymo onanecyeHyusi pacmeopos 8bi-
3blgaemcsi obpa3ogaHUeM Masio pacmeopuMbix 8 8o0e rpodykmoes Oeepadayuu —xraoprnpomaduHa N-okcuda,
Hop-xs1ornpoma3auHa. AHanu3 MooerbHbix 06pa3yo8 nposodusicsi MemodoM XUOKOCMHOU XpoMamomacc-Ccriekm-
pomempuu no memoduke, paspabomaHHoU asmopamu cmambu. B xode aHanuza 6binu nony4YyeHsbl MOMeKy-
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JIsipHbIE Macchkl, coomeememeyrowue ykasaHHbIM ebie npodykmam. Takum obpa3om, 6bIr10 MoyYeHo acrie-
pumeHmarsnbHoe nodmeepxoeHue rnpedrioXeHHbIX cxem Oegpadayuu. B pesynbsmame rnposedeHHOU pabomabi
Hamu bbinna paspabomaHa xpomamozpagpuyeckas Memoduka obHapyxeHuUs npumecelti MemoOoM KUOKOCMHOU
Xpomamomacc-crekmpomMempuu U onpedeneHbl 0CHO8HbIe nymu despadayuu XoprnpomasuHa audpoxiopuda
8 80OHbIX pacmeopax. Takxe 8 pe3dyribmame rnpoeedeHHbIx uccredosaHuli bbinu paspabomaHbi pekomeHOayuu
K npou3800cmeeHHOMY poueccy U rnpedsioxeHb! Mepbl 10 omumMu3ayuu cocmasa rpenapama.

Today phenothiazine derivatives are widely used
in the pharmaceutical industry. The application of
these substances is stipulated by their neuroleptic,
antihistaminic and anti-arrhythmic effect on the hu-
man body. Chlorpromazine is the first synthesized
neuroleptic (1950), a parent compound of phenothi-
azine drugs (including trifluoperazine, promazine,
fluphenazine, etc.) and the basis for many of antipsy-
chotics and antidepressants. In this regard, drugs with
antipsychotic activity, in which chlorpromazine hyd-
rochloride is the active pharmaceutical ingredient,
are the most widespread at the pharmaceutical mar-
ket. One of the representatives of such drugs is Ami-
nazin, solution for injection.

The substance of chlorpromazine hydrochloride
is described in the articles of such pharmacopoeias
as the European Pharmacopoeia PhEur 8.0 “Chlor-
promazine hydrochloride” (07/2012:0475) [1], Uni-
ted States Pharmacopeia USP37-NF32 ¢.2318 and
State Pharmacopoeia of Ukraine (SPhU) 1.0 [3]. The
USP37-NF32 has also the article [2] containing re-
quirements for the quality control of solutions for
injection. However, even the use of these regulations
to control the quality of the raw material and fini-
shed products is not a guarantee of quality. There are
some reasons for it, in particular because of the quality
of the substance and the technological process of pre-
paration of the solution since this substance is high-
ly reactive, and the slightest deviation from the vali-
dated technologies of the drug production may lead
to the loss of quality of the finished product.

According to the IUPAC classification [5] chlor-
promazine hydrochloride (2-chloro-10-[3-(dimethyl-
aminopropyl)]phenothiazine hydrochloride) being a
derivative of phenothiazine (10H-dibenzo-[b,e]-1,4-
thiazine) belongs to heterocyclic compounds contain-
ing the atoms of sulphur and nitrogen in the cycle.

A high reactivity of phenothiazine and chlorpro-
mazine [5] is a consequence of the presence of easi-
ly oxidizable sulphur atom in the structure of these
substances (Fig. 1).

Under the effect of such strong oxidizers as potas-
sium permanganate, hydrogen peroxide these com-
pounds may form phenothiazine oxide-5 and phe-
notiazine dioxide-5,5 due to oxidation of the sulphur
atom. It is confirmed by the requirements of the USP
article on control of the content of chlorpromazine
sulfoxide in solutions for injection using the thin-
layer chromatography [2].

The tertiary nitrogen in the structure of chlorpro-
mazine hydrochloride can also be oxidized in neutral
or acidic media to N-oxide. In addition, for pheno-
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thiazine and its derivatives the electrophilic substi-
tution reactions, in which these compounds act as
electron donors, are typical [8].

Thus, there is a need of inhibition of the oxida-
tion process of chlorpromazine hydrochloride with
atmospheric oxygen when preparing the solution of
the drug. The solution to this problem was to intro-
duce the substances - sodium metabisulfite, sodium
sulfite absorbing oxygen dissolved in the product in
the composition of the drug by interacting with it
and to purge the solution with nitrogen to displace
oxygen.

However, despite the measures taken to remove
oxygen from the solution of the drug there are cases
of noncompliance of the drug quality to requirements
of the Pharmacopoeia by “Transparency” indicator -
opalescence is observed in solutions [4].

Therefore, manufacture of a drug corresponding
to the requirements of the Pharmacopoeia requires
formation of additional requirements to the techno-
logical process and the quality of the substance; it can
be done knowing the cause of impurities and their
structure. To study the possible degradation products
of chlorpromazine hydrochloride the LC-MS/MS me-
thod has been developed.

In the conditions given bellow the chromatograms
of the full ion current were obtained for the samples
of the solution of chlopromazine sterilized immedi-
ately after preparation and after exposure for 48 h.
The samples were prepared from the substance of
one and the same manufacturer.

The chromatograms and mass spectra of the sub-
stances detected are given in Figures below.

Experimental Part

To study the possible degradation products of
chlorpromazine hydrochloride the model solutions
corresponding to the composition of the drug were
prepared and placed in glass vials similar to those used
in the manufacture of the drug Aminazin. All model

Chlorpromazine Phenothiazine

Fig. 1. The structural formulas of phenothiazine and chlorpromazine.
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Fig. 2. The chromatogram of the full ion current obtained for the sample immediately after sterilization.
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Fig. 3. The chromatogram of the full ion current obtained for the sample sterilized after exposure.
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Fig. 4. The mass spectrum of chlorpromazine sulfoxide and N-oxide (the time of escape peak is 5.184 min).
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Fig. 5. The mass spectrum of nor-chlorpromazine (the time of escape peak is 4.488 min).
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Fig. 6. The mass spectrum of chlorpromazine (the time of escape peak is 9.787 min).

solutions were prepared from the same batch of chlor-

promazine hydrochloride substance of the Indian ma-

nufacturer. All indicators of the substance quality is
fully consistent with the requirements of the article

of the European Pharmacopoeia 8.0.

These solutions were sterilized in the conditions
corresponding to the conditions of the drug produc-
tion. It was observed that solutions sterilized immedi-
ately after preparation, did not meet the requirements
of Pharmacopoeia [2] by “Transparency” indicator -
opalescence appeared in these solutions. However,
those solutions, in which 48 hours passed from their
preparation and sterilization, were fully consistent
with the requirements of the article by “Transparency”
indicator.

Since for the study of the structure of possible
degradation products a highly selective detector is
required, an Agilent 6420 Triple Quad mass spectro-
meter was applied as a detection system. This detec-
tor was used together with an Agilent 1100 liquid
chromatograph equipped with a diode array, four-
channel pump for formation of a low pressure gradi-
ent, an autosampler and a column thermostat. To pro-
cess the measurement results obtained the MassHunter
software version B.05.00 was used.

The procedure of conducting chromatographic
measurements is given below:

e the column with the size of 250x4.6 mm filled
with a sorbent with the bonded phase of octyl
silica gel (L1), the particle size is 5 um, XTerra MS
C18 (Waters) or similar, for which the require-
ments of the section “Chromatographic system
suitability” are met;

o the flow rate - 1 ml/min;

¢ the temperature of the column thermostat -
30°G;

e the mobile phase A: 0.005 M solution of ammo-
nium formate in water R degassed in any con-
venient way;

e the mobile phase B: 0.005 M solution of am-
monium formate in the mixture of acetonitrile
R - water R (90:10) degassed in any convenient
way;

¢ the elution mode - gradient.

54

No. T;nr?s' mg?éli Ingg% The elution mode
1 0-5 100 0 Isocratic
2| 515 | 100—10| 0—90 Linear gradient
311516 | 10—100| 90—0 Linear gradient
4 | 16-20 100 0 Isocratic

¢ the injection volume - 20 pl;

e detector - mass spectrometer (Agilent 6420 Tri-
ple Quad);

e the detector settings:

¢ theionization type: positive, electrospray (+ESI);

¢ the measurement mode: scanning in the mass
range - 10-1000 amu;

¢ the voltage on the fragmentor - 100 V;

¢ the nitrogen temperature - 350°C;

¢ the nitrogen consumption - 10 ml/min;

¢ the nebulizer pressure - 35 PSI;

¢ the voltage on the capillary - 4 kV.

Results and Discussion

After analyzing the solutions on a liquid chroma-
tography-mass spectrometer (Agilent 6420 Triple Quad)
it was found in addition to the main mass of 319 amu
the substances with the masses of 335, 305, 285 and
317 [M+H]* amu were present in solutions. It con-
firms the presence of chlorpromazine sulfoxide, chlor-
promazine N-oxide, nor-chlorpromazine in the solu-
tion [6, 7].

Based on the data obtained it was determined
that degradation of aqueous solutions of chlorproma-
zine during sterilization occurred according to the
scheme given in Fig. 7. Thus, two possible ways of
degradation were considered: with the excess and
the lack of oxygen in the drug solution.

The above diagram explains well how in the case
of the lack of oxygen (between preparation and ster-
ilization enough time has passed and stabilizers are
oxidized removing oxygen from the solution) chlor-
promazine is oxidized to chlorpromazine sulfoxide.
It is a crystalline substance that is readily soluble in
water and does not cause opalescence of the solu-
tion. In the case of the oxygen excess (sterilization
immediately after preparation, the reducing agents
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Fig. 7. The ways of degradation of chlorpromazine hydrochloride in an aqueous solution.

in the solution have no time to interact with oxygen)
chlorpromazine being oxidized forms simultaneously
chlorpromazine sulfoxide and chlorpromazine N-oxide,
which can then be oxidized to chlorpromazine N-S-di-
oxide, and the presence of unused reducing agents
in the solution provides a parallel process of forma-
tion of nor-chlorpromazine and the corresponding
sulfoxide. Since chlorpromazine N-oxide, chlorproma-
zine N-S-dioxide, nor-chlorpromazine and nor-chlor-
promazine sulfoxide are amorphous substances that
are poorly soluble in water, the two-phase heteroge-
neous system is formed in the solution, and it is the
cause of opalescence. Impurities of the chlorproma-
zine substance (for example, chlorphenothiazine) can
also be oxidized to sulfoxides; however, since the Phar-
macopoeia normalizes the content of impurities in
the range of 0.15-0.3%, the contribution of their de-
rivatives to the overall picture of the profile of impu-
rities of the drug is insignificant.

The results obtained are in good agreement with
the work of the British scientists [8], in which the
principal possibility of formation of the impurities
analyzed is shown.

Based on the research results mentioned above
one can judge about the nature of possible degrada-
tion products; it, in turn, has allowed to develop a
number of measures that make possible to obtain the
drug, which fully complies with the requirements of

Pharmacopoeia. Thus, it has been proposed to per-
form the exposure of the solution prepared before its
sterilization during the manufacturing process, it will
allow to remove dissolved oxygen most fully from
the solution. It has been also suggested to optimize
the process of removing oxygen from the solution of
the drug by increasing the purging time and tough-
ening of requirements to the purity of the nitrogen
used. However, changes in the technological process
is not the only way to provide the quality of the drug
prepared. Quite effective way is to optimize the com-
position of the drug. Therefore, it has been proposed
to increase the concentration of substances absorb-
ing oxygen in the composition of the drug, it will re-
duce the risk of its opalescence in formation of oxi-
dation products of chlorpromazine hydrochloride.

Conclusions

As the result of the research conducted the chro-
matographic method for detection of impurities us-
ing liquid chromatography/mass spectrometry has
been developed; the main ways of degradation of chlor-
promazine hydrochloride in aqueous solutions have
been determined; the recommendations for improv-
ing the process of drug manufacture based on the
specified substance have been developed, and meas-
ures for optimizing the composition of drugs based
on chlorpromazine have been proposed.
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THE SYNTHESIS AND PHYSICOCHEMICAL PROPERTIES
OF 2-(5-METHOXY-PHENYL-1H-1,2,4-TRIAZOLE-3-YLTHIO)
ACETONITRILES AND THEIR IMINOETHERS

Yu.G.Sameluk, A.G.Kaplaushenko

Zaporizhzhya State Medical University,
69035, Mayakovsky avenue 26, Zaporizhzhya, Ukraine. E-mail: zsmu@zsmu.zp.ua

Key words: 1,2,4-triazoles; nitriles; iminoethers

With the purpose of further search of biologically active substances among 5-(2-, 3-, 4-methoxyphenyl, 3,4,5-
trimethoxyphenyl)-3-thio-1,2,4-triazoles and their derivatives 10 new compounds have been obtained. Acetonit-
rilothio-1,2,4-triazoles have been synthesized by alkylation of 5-(2-, 3-, 4-methoxyphenyl and 3,4,5-trimethoxy-
phenyl)-3-thio-1,2,4-triazoles with halogenonitriles; the primary computer pharmacological screening has shown
that the class of compounds mentioned can show such types of the pharmacological activity as antitumor, anti-
inflammatory and antioxidant ones. Alkylation of 5-R-1,2,4-triazole-3-thiols has been carried out in the medium of
anhydrous alcohol or aprotic solvents. It has been found that replacement of the alcoholic solvent by the aprotic
one increases the quantitative yield of 5-R-1,2,4-triazol-3-thioacetonitrile; in aprotic solvents the presence of
impurities of alkaline hydrolysis products is not practically observed. Iminoethers of 2-(5-(2-, 3-, 4-methoxyphe-
nyl and 3,4,5-trimethoxyphenyl)-1H-1,2,4-triazole-3-ylthio)acetatic acids have been synthesized by saturation of
2-(5-(2-, 3-, 4-methoxyphenyl and 3,4,5-trimethoxyphenyl)-1H-1,2,4-triazol-3-ylthio)acetonitriles with the flow of
dry in the alcoholic medium when constant cooling the reaction mixture to —5°C. It has been found by the method
of HPLC/DAD-MS that the qualitative yield of the target product depends on the maintenance of the temperature
mode of the reaction mixture. The structure and individuality of the molecules of the substances synthesized
have been proven by the method of 'H NMR-spectroscopy and HPLC/DAD-MS.

CUHTE3 | ®I3UKO-XIMI4YHI BJTACTUBOCTI 2-(5-METOKCU®EHII-1H-1,2,4-TPUA30J1-3-I/ITIO)AJETOHIT-
PUNIB TA IX IMIHOE®IPIB

FO.r.Camentok, A.l KannayweHko

Knroyoei cnoea: 1,2,4-mpuasonu; Himpunu; imiHoegipu

3 memoro nodanbwozo rnowyky 6ionoeiyHO akmueHUX peqyosuH ceped 5-(2-, 3-, 4-memokcucbeHin, 3,4,5-mpu-
memokcucgbeHin)-3-mio-1,2,4-mpua3onie ma ix noxiOHux 6yrno ompumaHo 10 Hosux crionyk. LLinsixom ankinysaHHs
5-(2-, 3-, 4-memokcudpeHin, 3,4,5-mpumemokcugbeHin)-3-mio-1,2,4-mpua3sosnie 2anoceHoHimpunamu b6yu CuH-
me3oeaHi auemoHimpunmio-1,2,4-mpua3onu. Nep8uHHUL KoM 'tomepHUl chapMakonoaiyHUli CKpUHIH2 rokKa3as,
wo yel Krac Crioflyk Moxe rnposisnsimu maki audu ¢hapMakornioaiyHoi akmugHoCmi, K MPOMuUnyXuHHa, Mpomu-
3anarnbHa | aHmuokcudaHmHa. AnkinysarHs 5-R-1,2,4-mpuason-3-miosie npoeodusnu y 6e3800HOMY Crupmoe8o-
My cepedosuuli abo anpomoHHUX PO34YUHHUKaxX. BcmaHoeneHo, wo 3amiHa crnupmogo20o po34yUHHUKa Ha arpo-
moHHuU 36inbuye KinbkicHul suxio 5-R-1,2,4-mpua3orn-3-mioayemoHimpuny; y arnpomOHHUX PO34YUHHUKaX MaKoX
pakmu4YHO He criocmepieacmbCsi MPUCYMHICmb OMILWIOK MPodyKkmig nyHo20 2i0posizy. CUHMe308aHO iMIiHO-
egipu 2-(5-(2-, 3-, 4-memokcucgpeHin, 3,4,5-mpumemoxcugpeHin)-1H-1,2,4-mpua3son-3-inmio)auemamHux Kuc-
JI0M WrsXoM Hacu4eHHs 2-(5-(2-, 3-, 4-memokcucgbeHin, 3,4,5-mpumemokcucpeHin)-1H-1,2,4-mpuasorn-3-inmio)
auemoHimpursie cmpyMOM Cyx020 XJI0puCmo20 800HI0 y 8i0no8iOHOMY CriupmogoMy cepedosuyi npu rnocmiti-
HOMY 0X0500XeHHI peakyitiHoi cymiwi do —5°C. Memodom BEPX/[AMMA-MC ecmaHogneHo, wo 8uxio uirbo8o20
podyKkmy 3anexums 8i0 8UMPUMKU meMrepamypHO20 PEXUMY peakuitiHoi cymiwi. Cmpykmypy i iHOugiOyaris-
Hicmb MOeKy1 CUHMe308aHUX PevoBUH ecmaHoeneHo memodamu "H SIMP-cnekmpockonii i BEPX/MM-MC.

CUHTE3 U ®UINKO-XUMNYECKUE CBOUCTBA 2-(5-METOKCUBEHWII-1H-1,2,4-TPUA30J1-3-UITTUO)ALJE-
TOHUTPUIIOB U UX UMUHO3PUPOB

FO.r.Camenok, A.l KannayweHko

Knroueenie cnoea: 1,2,4-mpua3soribi; HUMpUIbI; UMUHO3QUPbLI

C uernbio GanbHelweeo rnoucka buoocu4ecKU aKmueHbIX seuiecms cpedu 5-(2-, 3-, 4-memokcugbenurn, 3,4,5-mpu-
memokcughbeHus)-3-muo-1,2,4-mpua3onos u ux npou3dsodHbix bbiiu nonyyeHs! 10 HO8bIx coeduHeHul. [Tymem
ankunuposaHusi 5-(2-, 3-, 4-memokcucpenur, 3,4,5-mpumemokrcugheHun)-3-muo-1,2,4-mpua3sonos 2ano2eHHUmMpu-
namu 6biTu cuHme3uposaHbl auemoHumpunmuo-1,2,4-mpua3sonst. [lepguyHbIl KOMIbIOMEPHbIU hapmaKkonoau-
YecKul CKpUHUHe roka3sas, 4Ymo OaHHbIlU Krnacc coeduHeHUU Moxem nposisnsimes makue eudbi ¢hapmakorioauye-
CKoU akmugHOCMU, KaK rMpomugooryXosiesasi, IpomueosocnanumernsHasi U aHmuokcudaHmHas. AnkunuposaHue
5-R-1,2,4-mpua3zon-3-muornos npoeodusnu 8 6e3800HOU Criupmosoli cpede Usu arnpoOmMOHHbIX Pacmeopumersix.
YcmaHoerneHo, Ymo 3aMeHa Criupmogo20 pacmeopumersi Ha arpoOMmOHHbIU yg8ernu4yueaem Kou4ecmeeHHbIU 8bi-
x00 5-R-1,2,4-mpua3on-3-muoauemoHumpura; 8 arpomOHHbIX PaCmeopumMerisix makxe rnpakmu4yecku He Habro-
daemcs npucymcmeue rpumecel rnpodyKmos wesnodyHo2o audposnuia. CuHme3auposaHbl UMUHO3UPb! 2-(5-(2-,
3-, 4-memoxkcugpeHun, 3,4,5-mpumemoxcucpeHun)-1H-1,2,4-mpuason-3-unmuo)auemamHbix KUCI0mM Mymem Ha-
chblwjeHust 2-(5-(2-, 3-, 4-memokcugpeHun, 3,4,5-mpumemoxcugheHurn)-1H-1,2,4-mpua3on-3-unmuo)ayemoHumpu-
J108 MOKOM CyX020 Xriopucmoeo eodopoda 8 coomeemcmeytowieli criupmosol cpede npu MoCMOSHHOM OXJ1ax-
OeHuu peakyuoHHoU cmecu 0o —5°C. Memodom BIOXKX/AMAO-MC ycmaHoeneHo, 4mo 8bixo0 yenegozo npodykma
3agucum om 8bI0ePXKKU meMrepamypHO20 pexuma peakyuoHHol cmecu. Cmpykmypa u uHousudyanbHOCMb
MOJIEKYsT CUHMEe3UpPOo8aHHbIX sewyecms ycmaHoesrneHbl Memodamu 'H SIMP-cnekmpockonuu u BOXKX/AMA-MC.
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A considerable interest is caused by the synthesis
of biologically active compounds; among them there are
substances several times exceeding their out-of-date
analogues by action and, in addition, having lower
indexes of acute and chronic toxicity. One of the classes
of such compounds are derivatives of triazoles [1-
6] used as original drugs with the antibacterial, neu-
roleptic, hypotensive and spasmolytic activity, and
they are cardiac stimulants. The certain interest is
also caused by synthetic medicines containing the
nitrile group such as letrozole, anastrozole [6] used
in modern medical practice as antitumor agents.

At the Physical and Colloidal Chemistry Depart-
ment of the Zaporizhzhya State Medical University
the investigations for searching the biologically ac-
tive substances among 5-(2-, 3-, 4-methoxyphenyl
and 3,4,5-trimethoxyphenyl)-3-thio-1,2,4-triazoles
and their derivatives are being conducted. Earlier the
corresponding 2-hydrazinocarbothioamides were ob-
tained by interaction of hydrazides of 2-, 3-, and 4-
methoxy- and 3,4,5-trimethoxybenzoic acids with po-
tassium thiocyanate in the acidic medium; subsequent-
ly, 2-hydrazinocarbothioamides were cyclized when
heating for 1 h under the action of 2 mole/l sodium hy-
droxide solution; 5-(2-, 3-, 4-methoxyphenyl)-1,2,4-
triazole-3-thiols and 5-(3,4,5-trimethoxyphenyl)-1,2,4-
triazole-3-thiol were obtained with the high yields
[7] (Fig. 1).

At the present stage of our research acetonitrilo-
thio-1,2,4-triazoles have been synthesized by alkyla-
tion of 5-(2-, 3-, 4-methoxyphenyl and 3,4,5-trimeth-
oxyphenyl)-3-thio-1,2,4-triazoles with halogenonitriles;
the primary computer pharmacological screening has
shown that the class of compounds mentioned can
show such types of the pharmacological activity as
antitumor, anti-inflammatory and antioxidant ones.

/O KSCN
R —+> R
NHNH, H

Lo, AL
NHNH—C—NH, N/

Alkylation of 5-R-1,2,4-triazole-3-thiols was carried
out in the medium of anhydrous alcohol or aprotic
solvents with addition of ®-chloroacetonitrile and
the equimolar amount of alkali when heating the reac-
tion mixture to the temperature of 60-65°C; where-
upon forming the precipitate of the expected reac-
tion product was observed. After filtration the pre-
cipitate was washed with ether (Fig. 2).

When studying the conditions of obtaining the
target product the successful attempt of thiol alky-
lation without addition of an alkaline agent was made,
and the corresponding hydrochloric salt was formed.
The pure product was isolated with anhydrous sodium
acetate. Thus, the samples of the compounds synthe-
sized did not give the melting point depression.

Individuality of the corresponding substances has
been proven by the method of HPLC/DAD-MS. De-
scriptions of 'H NMR-spectra of the compounds ob-
tained, some of their physical and chemical proper-
ties and the elemental composition are presented in
Table 1 and 2.

It has been found that replacement of the alco-
holic solvent by the aprotic one increases the quanti-
tative yield of 5-R-1,2,4-triazol-3-thioacetonitrile; in
aprotic solvents the presence of impurities of alka-
line hydrolysis products is not practically observed
(in the case of obtaining the target substances with
the equimolar amount of alkali).

It should be noted that the highest yield was ob-
served for compounds contained the 4-methoxyphe-
nyl and 3,4,5-trimethoxyphenyl substituent at C* atom
of the triazole ring (Table 1, compounds 3, 4). The
lowest yield was observed for compound 2 (Table 1)
with the 2-methoxyphenyl substituent.

In the 'H NMR-spectra of the compounds of 2-(5-
(2-,3-,4-methoxyphenyl, 3,4,5-trimethoxyphenyl)-1H-

N—NH

SH

R = C,H,0CH,-2, C;H,0CH,-3, C;H,0CH,-4, C;H,(OCH,),-3,4,5

Fig. 1. The scheme of obtaining 5-R-1,2,4-triazol-3-thiols.

N——NH

CICH,CN

AL

NaOH

R = C4H,0CH;-2, C;H,0OCH;-3, C;H,0CH,-4, C;H,(OCH,),-3,4,5

Fig. 2. The scheme of obtaining 5-R-1,2,4-triazol-3-thioacetonitriles.
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Table 1

Physical and chemical constants of the compounds synthesized

N——NH

A

No. R, R," M.p., °C

Gross Yield,

formula % 'H NMR (8, m.p., TMS)

1 C,H,OCH,-2 SCH,CN 164-165

7.04-7.95 (4H, m, C,H,), 4.40 (2H, s,

CiHoNOS | 8715 e ) 382 (3H, ¢, O-CH,)

2 C,H,OCH,-3 SCH,CN 178-180

7.02-7.97 (4H, m, C,H,), 443 (2H, s,

CiHGNOS |52 1o ey 377 3H,'s, O-CHy)

3 C,H,0CH,-4 SCH,CN 160-162

7.05-7.93 (4H, m, CH,), 4.44 (2H, s,

CiFoNOS |90 1"y "3.80 (3H, s, 0-CH)

4 | CH,(OCH,),-3,4,5 170-171

6.83 (2H, s, C;H,), 3.98 (2H, s, S-CH,),
3.87 (3H, s, 0-CH,), 3.85 (3H, s,
0-CH,), 3.80 (3H, s, O-CH.)

C.H.N,0,S | 86

5 C,H,OCH,-3 88-90

6.97-7.93 (4H, m, C,H,), 4.35 (2H, s,
S-CH,), 3.87 (3H,'s, 0-CH,), 3.42 (3H,
5, 0-CH,)

C,H.N,0S | 67

6 C,H,OCH,-4 173-175

7,09-7.92 (4H,m, C,H,), 443 (2H, s,
S-CH,), 3.85 (3H, s, O-CH.), 3.34 (3H,
5, 0-CH,)

C.H.N,0,5 | 65

7 C,H,OCH,-4 170-172

7,1-7.87 (4H,m, C,H,), 4.07 (2H, s,
S-CH,), 3.90 (3H, s, 0-CH,), 3.70 (2H,
5, 0-CH,), 1.50 (12H, m, (CH,),), 1.01
(3H,'s, CH)

CH,N,0,5 | 62

8 | C,H,(OCH,),-3,4,5 135-137

6.81 (2H, s, C;H,), 4.01 (2H, s, S-CH,),
3.85 (3H, s, 0-CH,), 3.83 (3H, s,
0-CH,), 3.70 (3H, s, 0-CH,), 3.47 (3H,
5, 0-CH,)

C.H,N,0,S | 72

9 | CH,(OCH,),-3,4,5 200-201

6.84 (2H, s, C,H,), 4.01 (2H, s, S-CH,),
3.84 (3H, s, 0-CH,), 3.40 (3H, s,
0-CH,), 3.45 (3H, s, 0-CH.), 1.35 (2H,
t, 0-CH,), 1.10 (2H, m, CH,), 0.95
(3H,'s, CH,)

C,H,,N,0,5 | 83

10 | CH,(OCH,);-3,4,5 156-158

6.81 (2H, s, C,H,), 4.04 (2H, s, S-CH,),
3.87 (3H,5,0-CH,), 3.85 (3H, s,
0-CH.), 3.57 (3H, s, 0-CH,), 1.52 (2H,
t, 0-CH,), 1.52 (4H, m, CH.),), 0.90
(3H,'s, CH.)

C,H,,N,0,5 | 80

1,2,4-triazol-3-ylthio) acetonitriles synthesized and
their acetimidates (iminoethers) the intense singlets
are fixed in the range of 3.81-3.87 mp, which are the
evidence of the presence of protons of the methoxy
groups in the structure of all compounds [8].
One-proton singlets of the NH-group of N atom
of the 1H-1,2,4-triazole cycle at 13.48-13.55 mp are
also recorded. Proton signals of the aromatic ring of
the compounds with the 4-methoxyphenyl radical are
interpreted by multiplet signals in the range of 7.92-

7.98 mp, unlike singlet signals of the aromatic ring
of the compounds with 3,4,5-trimethoxyphenyl sub-
stituents, which are fixed at 6.83-6.84 mp. The *H NMR-
spectra are also characterized by the presence of the
signal of protons of the methylene group in the range
of 4.01-4.7 mp. The multiplet signals in the range of
0.90-3.46 mp confirm the presence of alkyl (alcohol)
residues in iminoethers.

At the next stage of our research iminoethers (ace-
timidates) of 2-(5-(2-, 3-, 4-methoxyphenyl and 3,4,5-
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Table 2
Elemental analysis of the compounds synthesized
Found, % Calculated, %
Comp. No.
C H N S C H N S
1 53.64 4.09 22.75 13.02 53.66 4.16 22.70 13.07
2 53.64 4.09 22.75 13.02 53.71 413 22.71 13.06
3 53.64 4.09 22.75 13.02 53.71 4.18 22.71 13.06
4 50.97 461 18.29 10.47 50.93 4.58 18.30 10.51
5 51.78 5.07 20.13 11.52 51.82 5.09 20.11 11.49
6 51.78 5.07 20.13 11.52 51.71 5.04 20.21 11.43
7 60.61 7.50 14.88 8.52 60.64 7.53 14.84 8.50
8 49.69 5.36 16.56 9.48 49.51 5.35 16.57 9.41
9 52.44 6.05 15.29 8.75 5241 6.07 15.32 8.71
10 53.67 6.36 14.73 8.43 53.68 6.31 14.75 8.40

trimethoxyphenyl)-1H-1,2,4-triazole-3-ylthio)acetatic
acids were synthesized by saturation of 2-(5- (2-, 3-,
4-methoxyphenyl and 3,4,5-trimethoxyphenyl)-1H-
1,2,4-triazol-3-ylthio)acetonitriles with the flow of
dry hydrogen chloride in the alcoholic medium when
constant cooling the reaction mixture to -5°C.

It has been found by the method of HPLC/DAD-MS
that the qualitative yield of the target product de-
pends on the maintenance of the temperature mode
of the reaction mixture. When increasing the tem-
perature the discrete intensive peak of the impurity
of the unreacted initial 2-(5- (2-, 3-, 4-methoxyphe-
nyl, 3,4,5-trimethoxyphenyl)-1H-1,2,4-triazol-3-ylthio)
acetonitrilerises is observed on the chromatograms
(Fig. 3).

The reaction proceeds in two stages [9] - at the
first stage imine chlorides of acids are formed when
affecting the corresponding 2-(5-R-1H-1,2,4-triazol-
3-ylthio)acetonitrile with hydrogen chloride. Then at

WS DACEME [
desired product

1 admixture of nitril

the second stage the substitution of the alcohol resi-
due for chlorine with formation of hydrochloride of
the corresponding iminoether takes place (Fig. 4).

Experimental Part

2-(5-(2-, 3-, 4-methoxyphenyl, 3,4,5-trimethoxyphenyl)-
1H-1,2,4-triazol-3-ylthio)acetonitrile (1 - 4)

Method A. Boil the mixture of 0.01 Mole of 5-R-
1,2,4-triazol-3-thiol and 0.02 Mole of chloroacetoni-
trile in 50 mL of propanol for 20 min (or until the
complete dissolution of thiol); add anhydrous sodium
acetate to the reaction mixture after complete cool-
ing. Filter the precipitate of 2-(5-(2-, 3-, 4-methoxy-
phenyl, 3,4,5-trimethoxyphenyl)-1H-1,2,4-triazol-3-
ylthio)acetonitrile, wash with diethyl ether and dry.

Method B. Boil the mixture of 0.01 Mole of 5-R-
1,2,4-triazol-3-thiol and 0.02 Mol of sodium hydroxide
in 50 ml of propanol for 20 min (or until the com-
plete dissolution of thiol); add 0.02 Mole of chloro-

MISD)T 36, EXC=000 7380 70 CHEME_ DADATA20M. 02 b4y
WSO 353, EIC=364 7,360 T{DACHEME_ DDATARDHM 02 04

N
r Ty

TS0

Fig. 3. The HPLC/DAD-MS-chromatogram of propyl-2-(5-(3,4,5-trimethoxyphenyl)-1H-1,2,4-triazole-3-ylthio)acetimidate obtained at the

temperature of 2°C.
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N——NH

A

N——NH

HCI /4 )\ ., NH
—N > R N/ scz%
cl

>
I x
52
N——NH
Hz
R N/ S—c % - HCI

O0—AIlk

R= C4H,0CH,-2, C;H,0OCH;-3, C;H,OCH,-4, C;H,(OCH,),-3,4,5
Fig. 4. The scheme of obtaining 2-(5-R-1H-1,2,4-triazole-3-ylthio)acetimidates.

acetonitrile to the reaction mixture, boil the mixture
for 20 min (until the neutral pH). Filter the primary
precipitate of sodium chloride formed (from the solu-
tion heated). After complete cooling filter the precipi-
tate of 2-(5 (2-, 3-, 4-methoxyphenyl, 3,4,5-trimeth-
oxyphenyl)-1H-1,2,4-triazol-3-ylthio)acetonitrile for-
med, wash with diethyl ether and dry.

The yellowish crystalline substances obtained are
soluble in alkaline solutions, as well as in organic sol-
vents and solutions of mineral acids. For further ana-
lysis recrystallize these substances from ethanol.

Alkyl-2-(5-(2-, 3-, 4-methoxyphenyl, 3,4,5-trimeth-
oxyphenyl)-1H-1,2,4-triazol-3-ylthio)acetimidate (5 - 9)

Place the solution of 0.01 Mole of 2-(5-(2-, 3-, 4-
methoxyphenyl, 3,4,5-trimethoxyphenyl)-1H-1,2,4-
triazol-3-ylthio)acetonitrile in 15 mL of chloroform
and 25 mL of absolute alcohol into a Bunsen flask
with the calcium chloride tube bound to its side tube.
Close the flask with a stopper with the glass tube to
the bottom of the flask connected to the drainage
beakers. Cool the mixture in the desiccator filled with
ice to the temperature of -5°C, and pass a flow of dry
hydrogen chloride through the mixture, ultimately
increment of hydrogen chloride is 2 mole with the ex-
cess of 1 mole related to the corresponding 2-(5-(2-,
3-, 4-methoxyphenyl, 3,4,5-trimethoxyphenyl)-1H-
1,2,4-triazol-3-iltio)acetonitrile. After saturation with
hydrogen chloride leave the reaction mixture in the
refrigerator at the temperature of 0°C. On the second
day the light brown crystals, which are soluble in or-
ganic solvents and poorly soluble in water, are pre-
cipitated. Wash the substance with diethyl ether and
dry. For further analysis recrystallize these substan-
ces from ethanol.

The study of some physical and chemical proper-
ties of the compounds synthesized (Table 1) was per-
formed by the methods described in the State Phar-
macopoeia of Ukraine (SPhU, 1st ed.).The melting point
was determined by the capillary method (SPhU, 1st
ed., 2.2.14) on a PTP(M) apparatus.

The molecular mass of substances and the presen-
ce of impurities were determined by the method of

high-performance liquid chromatography under such

conditions:

e device - Agilent 1260 Infinity HPLC System;

e software - OpenLAB;

e column - &4,6x30 mm, reversible phase Zorbax
SB C18, 1,8 um;

e column temperature — 40°C;

e eluentA-H,0-0.1% HCOOH;

e eluent B - CH,CN - 0.1% HCOOH;

e flowrate - 400 pL/min;

e gradient - linear from 5% to 100% of eluent B
for 15 min;

e detector:

1) diode array (A, = 210 nm; A, = 254 nm);

2) Agilent 6120 single-quadrupole mass-spectro-
meter: ion source - API-ES; positive polarity; SIM mode;
fragmentator - 10 V; drying gas - nitrogen (tempe-
rature — 300°C, rate - 10 L /min); nebulizer pressure
40 psig; scanning in the range of m/z 160-1000.

The elemental composition of new compounds (Tab-
le 2) was determined using an ELEMENTAR vario EL
cube elemental analyzer (sulfonamide as the standard).

'H NMR spectra were recorded on a Varian VXR-
300 spectrophotometer of nuclear magnetic reso-
nance (DMSO-D; as a solvent, tetramethylsilane as
the internal standard); the data were decoded with
the ADVASP 143 software.

Conclusions

1. With the aim of further study of 1,2,4-triazoles
with 2-, 3-, 4-methoxyphenyl, 3,4,5-trimethoxyphe-
nyl substituent 10 new compounds have been syn-
thesized.

2. For all compounds the preliminary biological
screening has been carried out using the PASS ON-
LINE software.

3. The optimal synthetic conditions have been se-
lected with the help of modern physical and chemi-
cal methods of analysis.

4. Individuality of the compounds synthesized
has been determined, and their structure has been
proven.
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B3AUMO/JIEUCTBUE UOHOB NMAJIJIAAUA(II) C ACHAPATUHOM

B BOAHBIX PACTBOPAX

A.H.Ko3aukosa, N.I1.Kynenko, H.B.Ilapuk, B.HU.Ilexuso

WHCTUTYT 06111el U HeopraHuyeckoi xumuu uM. B.U.Bepnagckoro HAH Ykpaussl
03142, . Kues, np-t Akagemuka [lannaguna, 32/34. E-mail: complex@ionc.kiev.ua

Karoueswle cnosa: komnaekcwl naanadus(ll); acnapazum; KOHCMAaHmMyvl 06pA308aAHUSI KOMN/AEKCOB;
B8HYMPEeHHs1Is1 KOOPOUHAYUOHHAS chepa KOMNIEeKCo8

Memodamu anekmpoHHoU criekmpockonuu u pH-nomeHyuomempuu uccredosaHo e3aumodeticmeue Pd(ll) ¢ acna-
pacuHom (Asn, HL) e 800HbIX pacmeopax ¢ gusuoroaudeckol KoHueHmpauyuel xnopud-uoHos (0,15 mone/n KC)
8 3asucumocmu om coomHoweHusi Pd(ll): Asn u pH. YcmaHosneHo obpa3osaHue 3K8UMOISPHbIX U bucriuaaHo-
HbIX KOMIIEKCO8, 8 KOMOPbIX MOneKyia Asn KOOpOUHUPOBaHa K UeHmpasbHOMY UOHY Memaria 6udeHmamHo
nubo amomamu azoma aMuHo2pynnbl U Kucriopoda KkapboKcunbHOU epynnbl, 1ubo amomamu azoma aMuHoO-
epynnbl u 0ernpomoHuposaHHol amudHol epynnbi. [pu 6udeHmamHol koopduHayuu Asn 8 KOMIiekcax ¢ co-
omHoweHuem memarnn : nueaHo = 1 : 1 koopOuHayuoHHas cghepa Pd(ll) dononHeHa d8ymsi Xx0pud-UuoHaMU.
Cocmas sHympeHHel KoopOuHayuoHHoU cehepbl kommnekcos Pd(ll) oxapakmepu3zoeaH Ha OCHO8aHUU MOJ10-
JKEeHUSI MaKcuMyMa rosiochkl ro210WeHUsI 8 371eKMPOHHbIX criekmpax pacmeopos. 1o npoepamme PSEQUAD c
y4yemom KOHUeHmpauuu Xropud-uoHo8 paccyumanbl KOHCmaHmbl 0bpa3oeaHusi acrapaguHamHbIX KOMII/IeKCOo8
Pd(ll): IgB [PALCI,} = 19,36 (2); IgB [PdLH ,CIJ* = 13,63 (1); IgB [PdL,] = 25,99 (2); IgB [PdL,H ] = 19,97 (4);
IgB [PAL,H_ > = 12,78 (4). Ha ocHosaHuu ocmpoeHHbIx OuagpaMm pacripedesieHUsi PaBHOBECHbIX KOHUeHmpa-
yul KOMII/IeKCo8 noka3aHo, Ymo rpu ¢hu3uonoeuqdecKkux 3Ha4eHusix pH u KoHueHmpayuu xnopud-uoHo8 0oMu-
HUpyrowumu 8 pacmeopax siensitomesi komnnexco! [PdLH ,CLJ* npu coomHoweHuu memann : nueaHd = 1: 1 u
[PAL,H_J, [PdL,H ,J* npu coomHoweHuu Mmemann : nuaaHo = 1 : 2.

INTERACTION BETWEEN PALLADIUM(I]) IONS AND ASPARAGINE IN AQUEOUS SOLUTIONS
O.M.Kozachkova, I.P.Kutsenko, N.V.Tsarik, V.I.Pekhnyo

Key words: complexes of Pd(ll); asparagine; constants of complex formation; inner coordination sphere of com-
plexes

The interaction between Pd(ll) and asparagines (Asn) in aqueous solutions with the physiological concentration
of chloride ions (0.15 mol/L KCI) has been studied by election spectroscopy and pH potentiometry depending on
the ratio of Pd(ll):Asn and pH. The formation of equimolar and bisligand complexes has been found where the
Asn molecule is coordinated to the central metal ion in a bidentate fashion either by the amine group nitrogen
atom and the carboxyl group oxygen atom or by the nitrogen atoms of the amine group and the deprotonated
amide group. In the case of bidentate coordination of Asn in complexes with the ratio of metal : ligand = 1 : 1,
the Pd(ll) coordination sphere is complemented by two chloride ions. The composition of the first coordination
sphere of Pd(ll) complexes has been characterized on the basis of the position of the absorption band maximum
in the electronic spectra of solutions. By the PSEQUAD programme the formation constants of Pd(ll) asparagi-
nate complexes: IgB [PALCI,} = 19.36 (2); IgB [PdLH ,Cl,J> = 13.63 (1); IgB [PdL,] = 25,99 (2); IgB [PdL,H_J =
19.97 (4); IgB [PdL,H > = 12.78 (4) have been calculated taking into account the concentration of chloride ions.
Based on the equilibrium concentration distribution diagrams constructed for the complexes it has been shown
that at the physiological values of pH and the chloride ion concentration the complexes [PdLH_,Cl,J* in the ratio
of metal : ligand = 1 : 1 and [PdL,H.,}, [PdL,H_J* in the ratio of metal : ligand = 1 : 2 predominate in solutions.

B3A€EMOAIA IOHIB MNMAJIALIKO(I) 3 ACTTAPAHOM Y BO4HUX PO34YNHAX

O.M.Ko3a4koea, I.I1.KyueHrko, H.B.Ljapuk, B.l.[llexHb0

Knrovoei cnosa: komnnekcu nanadiro(ll); acnapaeiH; KOHCmMaHmMU ymeopeHHs1 KOMIIeKCI8; 8HyMPIllHS KOOpOu-
HauiltiHa cghepa KOMIIeKcie

Memodamu enekmpoHHOI crniekmpockonii ma pH-nomeHyiomempii docnidxeHo e3aemodito Pd(ll) 3 acnapaziHom
(Asn, HL) y 800HUX po34yuHax 3 ¢bizionoaidHow KoHUueHmpauieto xnopud-ioHie (0,15 mons/n KCI) & 3anexHocmi
8i0 cniggioHoweHHs Pd(ll):Asn ma pH. BcmaHoerneHo ymeopeHHs eKkgiMonsapHUx ma bicrizaHOHUX KOMIIIeKcis,
8 sIKUX Morsiekyrna Asn Moxe 6ymu koopOuHogaHa 00 yeHmparsbHo20 ioHy memary 6ideHmamHo abo amomamu

asomy amiHo2pynu ma KUCHI0 KapboKcubHOI epynu, abo amomamu azomy amiHoepynu ma 0enpomoHo8aHoi

amiOHoi epynu. Npu 6ideHmamHil koopOuHauii Asn 8 Komriekcax 3i criegiOHoWeHHIM Memarn : nieaHo = 1 : 1
koopduHauitiHa cebepa Pd(ll) donosHeHa deoma xmnopud-ioHamu. Cknad eHympiuwHb0i KoopOuHauitiHoI cghepu
komrinekcie Pd(ll) oxapakmepu3osaHuli Ha OCHO8I MOIOXEHHSI MakCuMyMy CMyau NoeriuHaHHs 8 efleKmpOHHUX
criekmpax pos4yuHia. 3a npoepamoro PSEQUAD i3 8paxysaHHsIM KOHUeHmpauii Xiopud-ioHi8 po3paxoe8aHO KOH-
cmaHmu ymeopeHHsi acniapaziHamHux kommnexcie Pd(ll): ): IgB [PdLCLJ = 19,36 (2); IgB [PdLH_,CLJ* = 13,63 (1);
IgB [PdL,] = 25,99 (2); IgB [PAL,H. ,J = 19,97 (4); IgB [PdL,H > = 12,78 (4). Ha nidcmasi nobydosaHux diazpam
po3modiny pieHOBaXXHUX KOHUeHmpauili KOMIIIEKCi8 NoKa3aHo, Wo 3a ¢hizionoeiyHux 3HayeHb pH ma KoHUeH-
mpaujii xnopud-ioHie domiHyrouuMu 8 posduHax € komrnekcu [PdLH ,Cl,J* npu criegiOHoweHHi Memar : fi2aHo =
1:1 ma [PdL,H_J, [PdL,H J* npu cniggiOHoweHHi meman : nieaHd = 1 : 2.
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[lIupoKkui MHTEPEC K KOMIIJIEKCHBIM COe/JMHEHU-
sIM MeTaJlJIOB IIJIATUHOBOU I'PYMIIbI C GM0JIOTUYECKU
aKTUBHBIMU JINTAH/JaMH BbI3BaH HEOOXOJUMOCTBIO
C03/]aHHs1 HOBBIX 60Jiee 3¢ PEKTUBHBIX U MEHEE TOK-
CUYHBIX TPOTUBOONYXOJIEBBIX MTPENapaToB, YeM MPHU-
MeHsieMble B OHKOJIOTHUYeCKOW NpaKTHUKe coefuHe-
HUSA IJIATUHBL: LUCIJIATUH, KApOOIJIATHH U OKCaJU-
miaTuH [1-3]. BeisiBsieHHas g coenuHenuit Pd (1)
3HAYMTEJIbHO MeHbIllasi TOKCUYHOCTb 110 CPAaBHEHUIO
¢ kommekcamu Pt(Il) ykasbpiBaeT Ha epCcHeKTUB-
HOCTb UX IPUMeHeHUs B MeJiulinHe [4-6]. U3yueHue
koMIiekcoB Pd(1I), miocko-kBasipaTHBINA KOOPAUHA-
LIMOHHBIH y3es1 KOTOPbIX 06pa30BaH pas/IMyHbIMHU Jl0-
HOPHBIMHM aTOMaMU GYHKIUOHAJbHBIX PYIII 6GHO-
JIOTUYECKUX MOJIEKYJI, TO3BOJIUT PACIIUPUTh HpeJ-
CTaBJIEHUs 0 GMOKOOPAMHALMOHHON XUMHUU MeTaJl-
JIOB IJIATUHOBOUW PYNIIBIL.

BHMMaHHe K aMUHOKHUC/I0TaM B KayeCTBe JIMT'aH-
JlI0B 00YCJIOBJIEHO KaK UX OMOJIOTMYECKON POJIbIO, TaK
Y pa3Ho06pa3reM TUIIOB COeUHEHUH C 3STUMU MOJIU-
dyHKIMOHANBHBIMY JUraHjaMu. Haiuyue B coctaBe
psila aMUHOKHC/IOT KPOMe aMUHO- U KapOOKCUJIbHON
Py JOMOJHUTENbHBIX QYHKIMOHAJIbHBIX TPy
06yCI0BJIMBAET BO3MOXKHOCTb 06pa30BaHMsI KOMILIEK-
COB C pa3J/IMYHBIM CIOCO6GOM KOOPAUHALUM JIUTAH-
Ja K uoHy MeTasuia. OAHOU U3 TaKUX aMHUHOKHUCIOT
SIBJISIeTCA acnmaparuH (Asn), cofiepkaiiuii 60KOBYIO
aMU/IHYI0 TPYMIY, KOTOPas MOXKeT KOOPAUHUPOBATh-
cs1 k Pd(II) mpu genpoToOHUpPOBaHHUM aMHUHOTO aTo-
Ma a3o0Ta.

B iuTepatype nprBe/ieHbI IaHHbIE O CHHTE3€E KOM-
miekca Pd(1I) c Asn, B KOTOpOM JiBe MOJIEKYJIbI JIH-
raH/ia KOOpJHMHUPOBaHbI K IeHTPaJIbHOMY UOHY Me-
TaJls1a GUJEHTATHO JIOHOPHBIMH aTOMaMH a30Ta aMU-
HOTPYIIIBI U KUCI0PO/Aa KAPOOKCUIBHOM IpymIbl [7].
B pa6oTax, nocBsIeHHbIX UCCIe/JOBAaHUI0 KOMILIEK-

coo6paszoBanus Pd(Il) c Asn B pacTBopax, BbisiBJje-
HO 06pa30BaHUE KOMILJIEKCOB PU KOOPAMHALUH JIU-
raH/ia aToMaMuy a30Ta aMHUHOTPYIIbI U JIeNPOTOHU-
poBaHHOM aMuAHOU rpymisl [8-10]. U3 ananuza Jiu-
TepaTypHBIX J@HHBIX 10 UCC/IeJ0BAHUIO YCTOMYMBO-
CTH acrmaparviHaTHbIX koMiiekcoB Pd (1) (Tabsuia)
cleayeT, 4To JAJs1 pacyeTa KOHCTaHT 06pa30oBaHus
KOMIIJIEKCOB IPUMEHS1/IY, B OCHOBHOM, ZJaHHble pH-110-
TEHIMOMEeTPUUYECKOr0 TUTPOBAaHUS, 06paboTKa Ko-
TOPBIX Npe/inoJiaraja anpruopHbId BbIGOP cocTaBa
ob6pasyrwouiuxcs KoMiiekcoB. bosiee uHpopmaTuB-
HbIM JIJISl ONIpe/ie/IeHUs] COCTaBa U CTPOEHUST KOM-
miekcoB Pd(I1) siBasieTcss MeToA 3JIEKTPOHHOH CIIEK-
Tpockonuu [11, 12].

TakuM 06pa3om, LieJiblo JAHHOW paboThI SBJSA-
JIOCh HCCIefj0BaHMe KoMIsiekcooOpasoBaHust Pd(11)
¢ Asn MeTozaMu criekTpodpoToMeTpuu U pH-noTeH-
LIJMOMETPHUU B pacTBOpax ¢ GpU3HNO0J0TUIECKON KOH-
HeHTpanuen xaopua-uonon (0,15 mosb/a KCI), BKtO-
yaroliee onpe/iesieHe COCTaBa BHYTPeHHeH KOOp/u-
HalMOHHOM chepbl KOMILJIEKCOB U pacyeT KOHCTAHT
06pa3oBaHUs KOMILJIEKCOB C OZJHOBpEMEHHOH 06pa-
60TKOU JJaHHBIX JIByX METO/OB.

C/I0KHOCTb M3y4YeHUsI KOMIJIEKCOO6Pa30BaHUA
Pd(II) cBsi3ana c MefieHHbIM ruaposuzom [Pd(H,0),]*
B pacTBopax npu pH>1 c o6pa3oBaHueM MajiopacTBoO-
PUMBIX THAPOKCcOKoMILIeKcoB [13]. [Ipu ucnosib3o-
BaHHWU B KayeCTBe UCXO/(HbIX coejuHeHn PACl, nnu
K,PdCl, B pacTBope 06pa3ytoTcs XJI0poaKBaKOMILJIEK-
cbl coctasa [PdCl, (H,0),]™?", rae n = 0-3 [14]. Co-
OTHOILEHHEe PaBHOBECHBIX KOHLIEHTPALUHN pa3iny-
HBIX [10 COCTABY XJIOPOAKBAKOMILJIEKCOB B pacTBOpe
3aBUCUT OT KOHIIEHTPAIUHU XJIOPU/-HOHOB, a 06pa-
3ytoiuecs komimaekcol Pd(Il) MmoryT copepxaTthb B
KOOpPAMHAILMOHHOM chepe MOMUMO JJOHOPHBIX aTo-
MOB JIUTAH/]a MOJIEKYJIbI BOJbI UJIU XJIOPUJ-UOHBI.

Ta6bnuuya
KoHcTaHTbl 06pasoBaHus kommiekcos Pd(ll) c Asn
McxoaHoe % o
coenurenie Pd(ll) MeTtop Cpepa, monb/n ,(°Q) CocTaB KomMekca [o]] NcTouHMK
Na,PdCl, a ~0,02 27 ML, 15,12 8]
MLH 12,11
3,0 MLH, 9,1
Pd(CIO,), 2,0 NaClo, 2 MLHCI 18,29 [
MLH,CI 17,0
0,1 ML 9,15
PdCl, a NaClo, 2 ML, 17,65 [10]
HL 8,89 (3)**
[H,L]* 11,30 (3)
[PALCLT 19,36 (2)
K,Pdcl, a,c %f 20 [PALH.,Cl,J> 13,63 (1) ;'jfb”,e
[PdL,] 25,99 (2) A
[PALH_.T 19,97 (4)
[PdL,H,1* 12,78 (4)

MeToapbl: a — pH-noTeHumomeTpusi, 6 — Cl-— cenekTMBHbIN 3NEKTPOA, C — CNEKTPOdOTOMETPUS.
** — B ckobKkax NpuBeAeHbl CTaHAAPTHbIE OTK/IOHEHUS NOCNEAHEN 3HadyLen Lmdpbl BENMYMHBI IgB.
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Puc. 1. 3Crll-cuctembl K,PdCI,-Asn B 0,15 monb/n KCI: @) (Ceyy = 2,5 - 10°monb/n, C,g, =4 - 10 - 2,6 - 10° monb/n); pH: 1 - 3,58; 2 - 3,37;
3-3,22;4-3,13;5-3,05;6—-2,98;7—-2,93; 8 -2,89; 9 —2,84; 10 — 2,81; 11 - 2,77; 6) (Cpy, = Cp,,=2,5 - 10 monw/n); pH: 1 - 4,82;
2-531;3-552;4-5,67;,5-5,96; 6 —6,09; 7—6,31; 8 — 6,44; 9- 6,55; 10 — 6,61.

[TosTOMy pacyeT KOHCTAHT 06pa30BaHUs KOMILJIEK-
coB Pd(II) Heo6xogMMO POBOAUTH C yYETOM KOH-
CTaHT 06pa30BaHUs XJI0POAKBAKOMIIJIEKCOB, KOH-
[eHTPaLUH XJIOPUJ-UOHOB B PACTBOPE U HATHUYHUSA
XJIOPUZ-UOHOB B COCTABE 06PA3YIOIUXCS KOMILJIEK-
coB. PaHee c BK/IIOUeHHEM B CTAPTOBYIO MOJIEJb XJI0-
poakBakoMiiekcoB Pd(Il) 6b11M paccuuTaHbl KOH-
CTaHTbI 06pa3oBaHusa KoMmiiekcoB Pd (1) ¢ runu-
HoM, L-ayslaHuHOM U L-ructuaudoM [15].

B faHHOl paboTe MpoBe/ieH pacyeT KOHCTaHT 06pa-
3oBaHus koMiiekcoB Pd (1) ¢ Asn no ¢popmysie (1):

p = [M.L,H,CL ]/ [M][L}[H]*[Cl]* (1)

B pacueTax ucnosib30BasiM KOHCTAHThI 06paszo-
BaHUs XJI0poakBaKoMIiekcoB nasiaaus(1l): igBPdCl
=4,47; 1gBPdCl, = 7,76; 1gBPdCl, = 10,17; u IgBPdClL,*
=11,54 (I=1monsb/n HCIO, + NaClO,, T = 25°C) [14].

OnpepeneHue cocTaBa BHyTpeHHeH KOOpAHUHA-
uoHHO# chepnl kommaekcoB Pd(Il) ¢ Asn npoBo-
JIUJIY TI0 CONOCTABJIEHUIO TIOJIOKeHUSI MaKCHUMyMa

d-d noJiockl B 3/71eKTPOHHBIX CIEKTPAX MOIJIOLEHUS
(3CI) (V) €O 3HaUEeHHEM (V , PACCYMTAaHHBIM

o ¢opmyuiie (2):

paccq.)

Vpaccq.zzniNl (2)1
I7ie N, — KOJIMYECTBO JIOHOPHBIX aTOMOB KaXK/[OT'0 THIIA,
Vv, - BeJINUMHA UHKPEeMeHTA JJisi JOHOPHBIX aTOMOB
kaxzoro tuna: v(Cl) =5170 em?, v(N,,,..) = 8460 cm™,
V(0,ps0xc) = 6770 cm, V(N ) =9090 cm™ [12].

B 3CII cepuu pacrBopos K,PdCl, (C=0,0025 mosib /1)
B 0,15 mouib/s1 KCl mpu yBesinueHUH KOHIIEHTPAIUU
Asn (0,0004 - 0,0026 Mosib/1) HAGIOAAJICA CBUT
MaKCHMyMa [10J10Chl NOTJIoMeHus ¢ v, = 21400 cm™,
COOTBETCTBYIOLEN HCXOJHBIM XJI0POAaKBAKOMILIEK-
caM, k 25300 cM?, 4TO MOXKET CBH/eTeJbCTBOBATh
006 06pa3oBaHUH KOMILJIEKCA C COCTaBOM XpoModopa
[PA N, Oapsore. 2C1], 151 KOTOPOTO V. 0, = 25600 CM!
(puc. 1a). Takum 06pa3oM, COCTaB BHYTPEHHEHN KOOp-
JVHALMOHHOU cdepbl 06pa30BaBIIEr0Cs KOMILJIEK-

ca MOXKET ObIThb C(l)OpMI/IpOBaH dTOMaMH a30Ta aMHHO-
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IPYIIIbl U KUCJI0POJAa KapOOKCUIbHOM IpyInbl Asn
U IByMSl XJIOpU/I-HOHaMHU. [Ipy pacyeTe KOHCTAHThI
o6pa3oBaHus KoMmIsiekca coctaBa [PALCL,] ucnosb-
30BaJ/IM 3HAYEHUS BEJIMYMH ONTUYECKUX IIJIOTHOCTEN
Ha 22 4yacToTax Ha y4yacTtkax 26000-24500 cm* u
21300-20500 cm! u 3HaueHus1 pH cepuu pacTBOpoB
(Tabsauna).

HoN H
C__ # “He—C—c—o
/Pd
cl \O/C\o NH;
[PALCL

[Ipu yBesimyenuu pH pacTBOpPOB € COOTHOLLIEHU-
eM K,PdCl,:Asn = 1:1 ot 4,82 g0 6,60 Habr0a/10Ch
JlaJbHelllee cMellleHWe MaKCUMyMa IO0JIOChI MO-
riomieHus ot 25300 cm?! go 28200 cm! (puc. 16).
Takue usmeneus B ICIl MmoryT cBUZeTE/ILCTBOBATH
00 06pa3o0BaHUM KOMILJIEKCA C COCTAaBOM XpoModopa
[PA N, Noypin 2C1] co 3HAYEHHEM vV, , = 27900 cM™!
NPY KOOPJMHAIIUU MOJIEKY/IbI ASn aTOMaMU a30Ta aMU-
HOTPYTIIbI U IENPOTOHUPOBAHHON aMU/JHOU IPYMIIbL

[lo 3HaYeHUSIM ONTUYECKUX IIJIOTHOCTEN Ha 21 ya-
croTe B o6Jsactu 30400-24600 cm u pH cepuu pac-
TBOPOB paccuMTaHa BeJIMYKWHA KOHCTAaHThI 06paso-
BaHUs KoMIsiekca coctaBa [PALH ,CL,|* (Tabauna).

ol HN——CH—COO"

¥
Pd CH,
/\ /
Cl HN*C\O
[PALH_,CL,]*

Ha ocHOBaHMU 3HaUeHUU KOHCTAHT 06pa3oBa-
HUS KOMILJIEKCOB 3KBUMOJIIPHOI'O COCTaBa pacCcyu-
TaHa KOHCTaHTa paBHOBECUS peaKLUuH JepPOTOHU-
pOBaHMS aMUAHOHW FPYNIbI JUTAH/A:

[PALCL]" = [PALH ,CL,]* + [H]* (pK,y, = 5,73).

B 3CII pactBopoB cuctemsl K,PdCl,:Asn = 1:2 npu
yBesimdyeHuu pH ot 2,89 1o 7,46 MOXXHO BbIIEJIUTh
TpH 06Js1acTy pH, /IJ1s KOTOPBIX Ha6JI0]a/10Ch TTOCIe-
JlOBaTeJIbHOe CMellleHHe MaKCUMMyMa I0JI0Chl MOo-
IJVIOLIeHHs], CBU/IETEJILCTBYIONEe 06 06PA30BAHUU
Tpex KOMILJIEKCOB C pa3JIMYHBIM COCTAaBOM XPOMO-
dopa (puc. 2). B obsaactu pH 3,28-5,27 cmeleHue
MaKCHUMyMa MoJIoChl norJionieHus ot 25300 cm? k
31000 cM™ MOXeT ObITb 00YCIOBJIEHO 06pa30BaHUEM
OGUCIUTaHAHOTO KOMILJIEKCA C COCTaBOM XpoModopa
[Pd 2N, 20, 600c] CO 3HAUEHHEM V., = 30500 cM™
(puc. 2a). KoMmmiekc ¢ TakuM cocTaBoM xpoModopa
006pasyeTcs npu buAeHTaTHOH KoopauHanuu K Pd (1)
JIBYX MOJIEKYJ1 ASn aToMaMM a30Ta aMUHOTPYTIIIbI U
KHUCJI0PO/1a KApOOKCUJIbHOM Ipymibl. [1o BesimunHaMm
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ONTUYECKUX IIJIOTHOCTEN cepuu pacTBOPOB Ha 20 ya-
crotax B MHTepBaiax 32400-30200 cm™ u 26600-
24600 cm! v 3HayeHusM pH paccurTaHa KOHCTaHTa
06pa3oBaHus KoMIiekca coctasa [PdL,] (Tabsnua).

H NH2 HZN\ H2
0—C—C—cH A _F HC—C—C=—o0

AN |

NH, C—yg O/C\ NH,
o~ o

[PdL,]

B fasibHeli1eM cTpoeHe KOMILJIEKCOB IIPUBOJUTCS
6e3 y4yeTa BO3MOKHOCTH 00pa30BaHUs1 TPaHC-U30MEPOB.

JlanbHel11ee cMelleHre MaKCHMyMa M0JI0ChI IT0-
riomenust k 32600 cm ! nmpu noBeimienuu pH ot 5,58
110 6,48 1 k 34000 cM ! mpu moBbIeHuu pH oT 6,99 110
8,21 MoxeT CBU/eTe/IbCTBOBATD O IOC/Ie40BaTe b~
HOW KOOPAWHAL WU AeNPOTOHUPOBAHHBIX aMU/HbBIX
TPy JBYX MOJIEKYJ turanja (puc. 26 u 2B). Takoe
NpeAnoJI0XKeHUE C/leJJaHO Ha OCHOBAaHUU COMIOCTAB-
JIEHUS V,, . C V,.ccr, PABHBIM 32800 cM™ a1 XpoMo-
dopa [Pd 2N, O.nsore Nans] 135100 cM™ g1s1 xpo-
modopa [Pd 2N, 2N, |. OTVinyKe 3HAYEHHUSA V .,
OT V,, A xpomodopa [Pd 2N, 2N, ] MoxeT
ObIThb CBSI3aHO KaK CO CJI0KHOCTbIO TOUHOTO OIlpe-
JleJIeHUsI I0JI0KEHH ST MAKCUMyMa OYeHb IHPOKOU
MOJIOCHI MOTJIOIEeHUSs], TAK U, BO3MOXKHO, HEJIOCTa-
TOYHO TOYHBIM 3HaYeHueM V(N,,,. ).

[Ipu pacyeTe KOHCTAaHTbI 06PA30BAHUS KOMILJIEK-
ca [PdL,H ;] ucnosnb3oBasu onTruyeckue Mjiao0THOCTH
Ha 15 yacrorax B uHTepBajie 33200-30900 cm! u Ha
21 yacrote B uuTepBasie 36000-31600 gJ151 KOMILIEK-
ca [PdL,H]* (Tabauna).

H
g BEFT
NH — C—o0 HN\C/
o H™ oo
[PAL,H ]
1) (6]

[PdL,H_]*

PaccunTaHbl KOHCTAHThI paBHOBECHUS peaKIiui
M0C/1eZ0BaTeJbHOTO JeIPOTOHUPOBAHUS AMHUJHbIX
TPYIII ABYX KOOPJMHHUPOBAHHBIX MOJIEKY Asn:

[PdL,] = [PdL,H ] + [H]" (pK,) = 6,02);
[PAL,H ] = [PAL,H_,]* + [H]" (K} = 7,19).
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Puc. 2. 3Cl-cuctemsl K,PdCl,:Asn = 1:2 B 0,15 monb/n KCI (Cpyy = 2,5 - 103, C,, = 5 - 10-°monb/n; pH: a) 1 - 3,28; 2 - 3,44; 3 - 3,66;
4-3,99;5-4,40;6-4,91;,7-5,27,6) 8-5,58;9-5,82; 10-6,12; 11 -6,31; 12-6,59; 13- 6,84; B) 14 - 6,99; 15-7,17; 16 — 7,37;
17 -7,56; 18 —7,71; 19 — 7,95; 20 — 8,21.
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Puc. 3. narpammbl pacnpegeneHuns paBHOBECHbIX KOHLeHTpauuii komnnekcos Pd(Il) ¢ Asn B 0,15 monb/n KCI:
a) K,PdCl, : Asn = 1:1 (Cpyyy = Cpey=2,5 - 10 monb/n); 6) K,PdCI, : Asn = 1:2 (Cpyy = 2,5 - 10° monb/n, Cpg, = 5 - 10° monb/n).

M3 auarpaMm pacrnpe/iesieHHs1 pPABHOBECHBIX KOH-
LleHTpaL Ui KOMIIJIEKCOB CIefyeT, 4TO NpHu Gusuno-
JIOTU4ecKux 3Ha4yeHUsx pH (~7.4) ¥ KOHLIeHTpanuu
xjsopu-uoHoB (0,15 MoJb//1) AOMHUHUPYIOLIUMU
koMriekcamu sBaswTca [PALH,CL]* B cucreme
K,PdCl,:Asn = 1:1 u [PdL,H ,];, [PdL,H,]* B cucreme
K,PdCl,:Asn = 1:2 (puc. 3).

3Kcnepu MEeHTaJibHaA 4acCTb

B KauecTBe HCXOAHBIX BELIECTB UCI0JIb30BaIU
K,PdCl,, nony4yennsiii no Mmetonuke [10], u L-acna-
paruH (Asn, HL) Mapku «4. 1I. a».

pH-TloTeHnroMeTprUyeckoe TUTpoBaHMe Asn Npo-
Bojiusiu 0,1 Mosib /1 pactBopoM KOH, cBo6OiHBIM OT
kap6oHaToB, mpu 20+0,1°C. KoHneHTparus Asn B uc-
X0HOM pactBope coctarJsiyia 0,005 MoJib /1, HaYaIb-
HbIK 00'b€M TUTPYEMOTO PACTBOPA — 25 ML

68

M3ydeHre KOMILJIEKCOOOPA30BaHUS B CHUCTEME
K,PdCl, - Asn npoBoaniu MeToaamu pH-noteHomeT-
pyH U CIeKTPOoPOTOMETPHH J1J1s1 CEPHUH PACTBOPOB C I0-
crosiHHOM KoHleHTpanuei K,PdCl, (0,0025 mMosib/ )
Y mepeMeHHOU KoHIleHTpauuei suragja (0,0004-
0,0026 mosb/n). UccneoBany TakKe ceEpruU pacTBoO-
poB, cogepkauux K,PdCl, u Asn B cooTHolenuu 1:1
U 1:2 B 3aBUCUMOCTH OT KOJIMYECTBA L006aBJIE€HHOTO
KOH. Bce uccnenyembie pacTBOpbI UMeJU NOCTOSIH-
Hyto HoHHyto cuay (I = 0,15 mosab /1 KCI), yTo cooT-
BETCTBOBAJIO GU3U0JIOTUYECKON KOHLEHTPALUU XJI0-
pyuA-voHOB. U3MepeHnud pH ¥ 3a1MCh 3/1IeKTPOHHBIX
cnekTpoB noromienus (ICII) cepuu pacTBOpOB, CO-
Jgepxamux K,PdCl, u Asn, npoBoguiu yepes 24 yaca
MocJie IPUTOTOBJIEHUS.

pH PacTBopoB n3mMepsiiiu Ha pH-MeTpe 827 pH lab
¢dupmbl «Metrohm» mpu 20+£1°C. Kann6posky pH-meT-
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pa NpOBOAMJIY C UCMOJIb30BAaHHWEM CTaHIapTHBIX Y-
¢depHbIx pactBopoB ¢ pH 1,68; 4,01; 6,86 1 9,18 c yueTom
3aBUCUMOCTH UX pH OT TeMnepaTyphbl. JJIEKTPOHHbIE
CIEKTPHI NOTJIOIeHHS 3aMChIBA/IM Ha CIEKTPOdo-
ToMeTpe Specord-M40 B kBapueBoi KioBeTe (1=1 cm).
KoHcTaHTBI 06pa3oBaHusl TPOTOHUPOBAHBIX GOpM
Asn, koHCTaHTBI 06pa3oBaHus KoMIiekcoB Pd(11) ¢
Asn 1 X paBHOBECHbIE KOHIIEHTPALMH PaCcCYUThIBAIU
no mporpamMmme PSEQUAD [16] ¢ vcniosib30BaHUEM JIaH-
HBIX CMIEKTPOPOTOMETPUU U PH-NOTEHI[MOMETPHUH.

BbiBOAbI

1. B pe3y/ibTaTe NpoBeleHHOT0 METOJAMU CIIEKT-
podoTroMeTpuu U pH-moTeHIMOMETPHHU UCCIE[0BA-
HUs1 KoMIlekcoobpasoBaHus K,PdCl, c Asn B pacTBo-
pax ¢ prU3U0JI0rMYeCcKOr KOHLeHTpaLuenl XJI0pus-
roHoB (0,15 mousb/n KCI) ycraHoBIeHO 06pa3oBaHue

JiutepaTtypa

N N

pp-3-5.

KOMIIJIEKCOB 3KBUMOJISIPHOTO U GUCUMTAaHAHOTO CO-
ctaBoB. [lokazaHo, UYTO KOOpAUHALUA MOJIeKYJ1 Asn
K LleHTPaJIbHOMY HOHY MeTaJljla B KOMIIJIEKCaX MO-
»KeT OCYLIeCTBJIATHLCSA KaK aTOMaMH a30Ta aMHUHO-
TpyNIbl U KUCJ0POJA KapOOKCHUIBbHOM IPyNIbl, TaK
Y aTOMaMHM a30Ta aMUHOTPYINIBI U JeIPOTOHUPO-
BaHHOUW aMU/IHOM I'PYyIIIbI.

2. PaccunTaHbl KOHCTaHTB] 00pa30BaHUs KOMILJIEK-
coB Pd(II) c Asn c yueToM KOHIIeHTPaALUU XJIOPU/[I-
HMOHOB B pacTBOpe U Ha/IM4us XJOPHU/J-UOHOB B CO-
cTaBe 00pasyoLIMXCcsl KOMIIJIEKCOB.

3. Ha ocHOBaHHM MOCTPOEHHBIX JUAarpaMM pac-
Ipe/ieJieHHs] pABHOBECHbIX KOHIIEHTpaL i KOMILJIEK-
COB YCTAHOBJIEH COCTAB JJOMUHUPYIOLIUX KOMILJIEK-
coB Pd(II) ¢ Asn, o6pa3yrouuxcs B pacTBOpax Mpu
6JIM3KUX K PU3NOIOTHIECKUM 3HaYeHUsIM pH 1 KoH-
LIeHTPALUH XJIOPU/-UOHOB.
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3PYYHUH MIAXIJ 10 CAHTE3Y 3AMILIEHUX
2-(METUJIAMIHO)XIHOJITH-3-KAPBOKCAMIJIIB

JI.B.My3uuka, 0.5.Cmouiy, L.I.Binenskuu,

0.M.Bacu/ieHKo|

[HCTUTYT GioopraHiuHoi xiMii Ta HadpToximii HAH Ykpainu
02660, M. Kui, Bys1. MypMaHcbKa, 1. E-mail: Smolii@bpci.kiev.ua

Kamwuosi cnosa: koHdeHcayis; nipumido[4,5-b]xinonin-2,4(1H,3H)-dioHu; 5-deaszaasokcasuHu;
2-(memuaamino)XxiHoaiH-3-kKapbokcamiou

70

Poboma npucesiyeHa cuHmesy Hogux rnoxiOHUX 2-(MemurnamiHo)XiHosiH-3-kapbokcamidie wiisaxom 2idponimuy-
HO20 po3WerneHHs nipumMiOuHo8020 YUKy 8 ripumioof4,5-b]xiHoniH-2,4(1H,3H)-0ioHax. B ocHosi 0aHoz0 rnidxo-
Oy nexump 83aemodiss docmyrnHoeo 1,3-0umemur-6-ninepuduHin-5-¢gpopminypayusy 3 apoMamuyHUMU amiHa-
MU, 8 pesyrnibmami 4020 6yr10 cuHMe308aHo Pl 3amiuyeHuUx rnoxiOHuUXx nipumidof4,5-bjxiHoniH-2,4(1H,3H)-0ioHie
3 sucokumu suxoOamu. Peakuis 1,3-0umemur-6-ninepuduHin-5-¢chopminypayusny 3 opmo- ma napa-3amiu,eHumu
apomMamuy4HUMU aMmiHaMmu riepebieae peeioceneKmueHO 3 ymeopeHHsIM noxioHux 1,3-0umemunnipumidoof4,5-b]
XiHoniH-2,4(1H,3H)-dioHie 3 3amicHUKamu 8 nonoxeHHsAX 7 ma 9 eemepoyukny. BukopucmaHHsi 8 peakuii me-
ma-MemokKcu- Yu Mema-gbmopoaHiniHy npugodums 0o cymiwi 6- ma 8-3amiweHux 1,3-0umemunnipumioo[4,5-b]
XiHoniH-2,4(1H,3H)-dioHis, siki npu Oii nyay poswenmorombscs 00 8i0nogiOHUx amidig XiHoMiH-3-kapboHO80I Kuc-
nomu. OmpumaHy cymiw 2-(MemurnamiHo)xiHoiH-3-kapbokcamidie edanocs po3dinumu 3a OMOMO20t0 Xpoma-
moepadpii Ha konoHui. 3acmocysaHHs MemoOuku KopensauitiHoi cnekmpockonii IMP (NOESY, COSY, HSQC,
HMBC) doseornuno docmosgipHo ecmaHogsumu 6ydosy ripodykmie peakuii koHOeHcauili moxioHux 1,3-0umemuri-
5-gpopminypauyuny 3 apomamudHumu amiHamu. lNpu HazgpieaHHi 0o ~120°C mMoxnuea amiHO-iMiHHa npomompo-
ris, Ka roneawye cuH-aHmMuU-maymoMepito 8 MOMOXEHHI 6 NipuMIOUHOB020 KiflbUsi, W0 npueodums 00 Yuknizayil
8 1,3-0umemunnipumioo[4,5-b]xiHoniH-2,4(1H,3H)-0ioH. Cmpykmypa ompumaHux crioslyK 4imko dogedeHa 3 8u-
KkopucmaHHsaMm memodie SIMP "H, "3C-crniekmpockonil, xpomamomac-criekmpomempii ma e1eMeHmHo20 aHarisy.

A CONVENIENT APPROACH TO THE SYNTHESIS OF SUBSTITUTED 2-(METHYLAMINO)QUINOLINE-3-
CARBOXAMIDES

L.V.Muzychka, O.B.Smolii, I.I.Biletskiy,

Key words: condensation; pyrimido[4,5-bJquinoline-2,4(1H,3H)-dione; 5-deazaalloxazine; 2-(methylamino)quinoline-
3-carboxamide

The paper is devoted to the synthesis of new 2-(methylamino)quinoline-3-carboxamide derivatives by the pyrimidine
cycle hydrolytic cleavage of pyrimido[4,5-bJquinoline-2,4(1H,3H)-diones. These later were synthetized in high yields
by interaction of available 1,3-dimethyl-6-piperidinyl-5-formyluracil with aromatic amines. The reactions with partici-
pation of ortho- and para-substituted aromatic amines proceed regioselectively to give 1,3-dimethylpyrimido[4,5-b]
quinoline-2,4(1H,3H)-diones with substituents in positions 7 and 9 of the heterocycle. The use of metha-methoxy-
and metha-fluoroaniline leads to the mixture of 6- and 8-substituted 1,3-dimethylpyrimido[4,5-bjquinoline-2,4(1H,3H)-
diones, which under basic conditions were cleaved into amides of quinoline-3-carboxylic acid. The mixture of
2-(methylamino)quinoline-3-carboxamides obtained was separated by column chromatography. Application of the
correlation NMR spectroscopy method (NOESY, COSY, HSQC, HMBC) has allowed to reliably determine the
structures of 1,3-dimethyl-5-formyluracil derivatives with aromatic amines condensation products. The amino-imino
prototropic tautomerism occurs at 120°C. It facilitates syn-anti-isomerization promoted cyclization and leads to
1,3-dimethylpyrimido[4,5-bJquinoline-2,4(1H,3H)-dione. The structure of the compounds obtained has been proven
using the methods of NMR "H, "*C-spectroscopy, mass-spectra and elemental analysis.

YOBHbIA Nogxod K CUHTE3Y 3AMELLEHHbIX 2-(METUIIAMUHO)-XUHOJINH-3-KAPEOKCAMUOB
J1.B.My3bi4ka, O.b.Cmonut, N.N.Buneukud,

Knrovyeenlie cnoea: koHOeHcauusi; nupumudo[4,5-b]xuHonun-2,4(1H,3H)-0uoHbl; 5-Oea3aannokcal3uHbi; 2-(Me-
musiamMuHo)XUuHonuH-3-kapbokcamudsb!

Paboma nocesweHa CuUHmMe3y HOBbIX MPOU3BOOHbLIX 2-(MemulaMUHO)XUHOMUH-3-kapbokcamudos nymem audporsu-
muYecko20 pacwjennieHusi NUPUMUOUHOB020 YuKIa 8 nupumudo[4,5-bjxuHonun-2,4(1H,3H)-0uoHax. B ocHoge OaH-
HO20 rnodxoda nexum e3aumodelicmeue docmyrnHozo 1,3-0umemun-6-nurnepuduHusn-5-¢gpopmurnypayura ¢ apoma-
muyecKuMU aMuHamu, 8 pesyribmame 4e20 bbli0 CUHMEe3Upo8aHo Psi0 3aMeueHHbIX MPoU3800HbIX NUpUMUdo[4,5-b]
XuHonuH-2,4(1H,3H)-duoHoe ¢ ebicokumu ebixodamu. Peakyus 1,3-0umemur-6-nunepuduHus-5-coopmuriypayuna ¢
0pmo- U napa-3ameweHHbIMU apoMamuyYecKUMuU aMuHaMmu npomeKaem peauocenekmusHo ¢ obpa3ogaHueM rpous-
800HbIX 1,3-Oumemunnupumudof4,5-bjxuHonuH-2,4(1H,3H)-0uoHoe ¢ 3amecmumernsimMu 8 ronoxeHusix 7 u 9 eeme-
pouukna. Vcrionb3oeaHue 8 peakyuu Mema-MemoKcu- Uninu Mema-gmopaHusiuHa rnpueodum K cmecu 6- u 8-3ame-
weHHbIX 1,3-0umemunnupumudo[4,5-bjxuHonun-2,4(1H,3H)-0uoHos, komopsie ripu delicmeuu Wernodu pacuiensisom-
cs1 00 coomeememayouux amudo8 XUHOMUH-3-kapboHo8oU Kucrombl. [1ory4eHHyo cMechb 2-(MemunamuHO)XUHOMUH-
3-kapbokcamudos ydanock pa3deniume C MOMOWbIO XpoMamozpaghuu Ha KOTOHKe. Mcrionb308aHue MemoOuKU Kop-
penayuoHHoU criekmpockoruu SMP (NOESY, COSY, HSQC, HMBC) rio3sonurno 00HO3Ha4HO yCmaHo8UMb CMpOoeHUe
MpodyKkmoe peakyuu KoHOeHcayuu rpou3sodHbix 1,3-0umemur-5-gpopmurtypayuna ¢ apomMamuyeckuMu amMuHamu.
lMpu HaepesaHuu 0o ~120°C 803MOXXHa aMUHO-UMUHHas1 IMPOomomporiusi, Komopasi obriec4aem CUH-aHMU-MaymoMepUio
8 ronoxeHuu 6 nupumuduHO8020 Korbya, Ymo npueodum K yuknusauyuu 8 1,3-0umemunnupumudof4,5-b]xuHonuH-
2,4(1H,3H)-0uoH. Cmpykmypa nomny4eHHbIx coeduHeHuUll cmpogo 0oKasaHa C ucrionb3oeaHuem memodos SMP 'H,
3C-cnekmpocKonuu, XpoMamomacc-CrieKmpoMempuu U 371eEMEHMHO20 aHanusa.



XKypHan opraHidyHoi Ta hbapmaueBTUYHOI Ximii. — 2015. — T. 13, Bun. 3 (51)

ISSN 2308-8303

[HTeHCUBHUMN NOLIYK aHTUMIKPOOHUX Ipenapa-
TiB cepeJ OXiJHUX 4-XiHOJiH-3-KapOOHOBUX KHUCJIOT
y 80-X pokax MUHYJIOTI'0 CTOJIITTA NPHUBIB 10 OTPUMaH-
Hsl BUCOKOe(DEeKTHBHUX aHTHUOIOTHKIB — HOpdJIoKCa-
LIMHY Ta UIpoQoKCcaLUHY.

@)
F COOH
VT
HN \) Et
HopdgpriokcayuH
O
F COOH
ﬁN N
HN_ ] A
L{unpocgpbriokcauyuH

[li npenapaTy BOJIOAIOTH LIMPOKUM CIEKTPOM
AHTUMIKPOOHOI /i, 2 TAKOX HU3bKO 3/IaTHICTIO iH-
JYKYBaTH Y OaKTepil pe3sucTeHTHICTh 10 aHTHUbio-
THKiB. OCOGJINBO Ba)K/IUBI I1i pEYOBHUHHU NPHU JIiIKyBaH-

Hi iHpeKIi}, BUK/IMKAHUX [IITAMAaMH, CTINKUMHU [0 iH-
IIUX JIiIKapCbKUX 3aCO6iB.

[HTepec 10 NOXiJHUX XiHOJIH-3-KapOOHOBUX KUC-
JIOT He 3MEHUIYETHCA i /10 CbOTOAHIIIHbOTO AHA. B ps-
ny N-asikisizamineHUx 4-0KCOXiHOJiH-3-Kap60HOBUX
KUCJIOT BUSIBJIEHI CIOJNYKH, L0 NPOSABJISATD aHTH-
MiKpOOHY aKTHUBHICTb [1-6], aHTUMiKOOaKTepiaib-
Hy Aito [7-9], a Takox € iHri6iTOpaMu inTerpasu BLJI
[10] Ta Bipycy renatuty C [11].

B ocTaHHI pokH yBary JOC/IiIHUKIB II04aJId [IpU-
BepTaTH 3aMillleHi 2-aMiHOxiHO/TiH-3-KapboKcaMiau
SIK MOAYJATOPHU KaJsieBux kaHauiB KCNQ 2/3 [12],
SIKi MOXKYTb OYTHU MePCIEKTUBHUMM /151 JIIKyBaHHS
HEeBPOJIOTIYHUX 3aXBOprOBaHb. KpiM 1iporo, i cmo-
JIYKW € MOTeHLiHHUMHU iHri6iTopamu B-cekpeTasu
(BACE) [13], aueTunxosiHectepasu [14], TUpO3uH-
kiHa3u [15], a TakoX aroHictaMyu KaHHa6iHOIAHUX
penentopiB CB1 Ta CB2 [16-19].

OHUM i3 MOIUPEHUX CIOCO6iB CUHTE3y 2-aMi-
HO3aMillleHUX XiHOJIiH-3-KapboKcaMi/liB € KOHJEH-
calisi 0-aMiHOKapOOHIJIbHUX CHOJIYK 3 MOXiAHUMU
1[iaHOITOBOI KUCA0TH (MoaudikalLis cuHTe3ly Ppij-
JeHepa) [20-22].

Hamu 3anponoHoBaHuM 3py4YHUM crioci6 cUHTe-
3y 2-(MeTu/aMiHO)XiHOJiH-3-Kap6okcaMiziB 4a-u
(cxema 1), 3 BUKOpUCTAHHAM nipuMizno[4,5-b]xino-
JiH-2,4(1H,3H)-niouniB (5-1ea3aanokcasuHiB) 3a-H.

Caip BigMITHUTH, 110 B JIiTEpATypi ONKcCaHi METOAU
CHHTEe3y CNOJIYK 3 3 BAKOPUCTAHHAM 6-apUJlaMiHO-

(? O
=
0 *rlu Cl — 0 rlu r\O
1 R' 2
2
HN R
R3
l (@)
O 3 N OH N ” R3
\N AN R a—) H | h
Py » HN™ N R’
2
) T N ! R | R’
33-u 4a-n

3,4: R'=0Me, R2=R3=H (a); R'=F,

R2=R3=H (6); R'= R3=H, R?= CF, (8);

R'=H, R2=R3= OMe (r); R'=R3=0OMe, R2=H (g); R'=R2=H, R3 = Me (e);
R'=R2=H, R3=Et (x); R'=R2=H, R3=n-Bu (3); R'=R2 = H, R3 = OEt (n).

Cxema 1
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R= OMe (k,m), F(n,H).

Cxema 2

1,3-guMeTHypanuiIiB i peareHTiB (guMeTHIaLEeTATb
N,N-gumMmeTuadopmaMify, TpueTusaopTodpopmiat, 1u-
cysnb®ia ByrUielto, peareHT BisibcMatiepa) 3 HacTym-
HUM BHYTPIilIHbOMOJIEKYJIIPHUM LIUKJIONPUESHAH-
HaM [23-28]. BuxigHot cnosykoo HaMu OYB 06pa-
HU# 1,3-n1uMeTun-5-dpopMin-6-xaopoypanui 1, npu
B32aEMO/Ii1 IKOT0 3 iNEePHUAUHOM MPOXOIUTh HYKJIEO-
disibHe 3aMillleHHs aToMa XJ10py 3 YTBOPEHHSM aJlb-
JleTily 2, SKUM TpUBaJIUH yac 36epiraeTbcs Npu Kim-
HaTHi# TeMmnepatypi. [lepeTBopeHHs 2—3 Big6yBa-
€TbCS IPU KUI'ATiHHI 6-amiHo-1,3-AuMeTHI-5-op-
Misypalu/y i apoMaTUYHUX aMiHiB y 6yTaHoJ1i 3 BUCO-
KoMmM Buxogamu. Ciig 3a3HaduTy, mo 1,3-quMeTusn-
9-meTokcu-nipuMino[4,5-b]xinonin-2,4(1H,3H)-aioH
(3a), 1,3,7-TpuMeTuimnipumizno[4,5-b]xinonin-2,4(1H,
3H)-pioH (3€) i 1,3-auMeTns1-7-eTUanipumino[4,5-b)
xiHoJIiH-2,4(1H,3H)-AaioH (32) 6ys1M cMHTEe30BaHi pa-
Hime iHIIUM MeTo oM [25, 28]. Ham Baasocs Takoxk
BBECTH B peaKLil JUMeTOKCU3aMillleHi apoMaTHUYHIi
aMiHU i OTPUMATH NPOJYKTHU 3 BUCOKUMU BUXOJAMHU.

[Ipu B3aeMogii cnosiyk 3a-u 3i cnUPpTOBUM PO3-
YUHOM TiZI[pOKCUAY HATpiw BIpoAoBxk 1-5 rog Bif-
O6YyBaETHCS PO3LIENJIeHHs NTiPUMiZIUHOBOrO LIUKJIY i
yTBOPEHHs aMiziiB 2-(MeTH1aMiHO)xiHOJIiH-3-Kap60-
HOBUX KUCJOT 4a-u (cxema 1).

Oco6sMBY yBary nMpuBepPTAE peakKllis anab/eriay 2
3 MeTa-3aMilleHUMH apOMaTUYHUMHU aMiHaMH, OCKiJIb-

72

KU B IIPOLECI LMKJIONPUETHAHHS YTBOPIOETHCS Cy-
Milll ABOX pe4yoBHUH - 6- Ta 8-3amiujenux 1,3-gume-
TUINipuMigo[4,5-b]xinonin-2,4(1H,3H)-1ioHiB 3K-H
(cxema 2). [Ipo 1e cBiguaTh aaHi cnektpis AMP 'H
Ta IMP 3C. OTpuMaTH CONyKH B iHAUBIiyaJibHOMY
CTaHi HaM He BJAJIOCsl, TOMY CyMilll NIPOAYKTIB 6y/1a
BBeJleHa B peaklLilo ripoJaiTUYHOTO pO31elIeHHA
MipUMIIUHOBOTrO LUKJY 3 HACTYIIHUM XpOMaTorpa-
biuHMM po3/i/IeHHSIM Ha KOJIOHLI i3 cuitikaresieM (eJsito-
eHT - rekcaH-etuaneTart 1:1). [Ipu npbomy 3 Kijb-
KiCHMM BUX0/I0M O6Y/IM OTPUMaHi cosyky 4K-H.

Catip BiAMITHUTH, 110 IpeJCTaBJeHa HAMHU peak-
Llif iCTOTHO LONOBHIOE ONMCAHI B JiTepaTypi MeTo-
1 oTpuMaHHs N-3aMilljeHuX aMiJiiB 2-aMiHOXiHOJIiH-
3-Kap60HOBUX KUCJIOT, CEpe/] IKUX 3HAUEHI pevo-
BUHH 3 BUPAXKEHOI 6i0JIOriYHOI0 aKTHUBHICTIO0. PazoM
3 TUM BOHA € IepCIIeKTUBHUM METOJ0M OTPUMaHHA
HOBUX MIpe/[CTaBHUKIB XiHOJIIHIB 3 METUJIaMiJJHUMU
Ta METUJIaMiHO3aMiCHUKaMH.

Jnsa pocnipkeHHs peakyii oTpuMaHHs 1,3-auMe-
TUInipumigo[4,5-b|xinonin-2,4(1H,3H)-aioHiB HaMu
OyJsiv IpPOBeJieHi HACTYIHI epeTBOPEHHS, TPeJCTaB-
JeHi Ha cxeMmi 3. Tak, npu B3aeMmogii 1,3-gumeTu-
5-dopmis-6-xs0poypanuiy 1 3 n-ToJyiJUHOM MPO-
XOJUTb 3aMillleHHs aTOMa XJI0PY 3 YTBOPEHHSM aJlb-
Jleriny 5, Askui npu HarpiBaHHi B 6eH30J1i 3 apoMa-
TUYHUMH aMiHaMH TI€EPEeTBOPIOETHCS Ha iMiHU 64, 6.
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R' = H, R2= Me (a); R'= CF,, R2= H (6).
Cxema 3

3apeectpoBaHni cnekTpu SIMP 'H Ta 3C ciosiyk 6 Bu-
SIBUJIMCh JJOCUTb CKJIQJJHUMHU [IJ1s1 OJTHO3HAYHOI iH-
TepnpeTawil, OCKIJIbKYA B pO34YUHI IPOAYKT peaKwil
MO2Ke iCHYBaTH y BUIVISI/II TPhOX TAyTOMepPHUX GopM
A, B, C. 3acTocyBaHHSI METO/iB TOMO- i reTeposifiep-
Hoi KopessaniiHoi criekTpockonii AMP (NOESY, COSY,
HSQC, HMBC) 103B0/11/10 J0OCTOBipHO BCTAaHOBUTH
TayTOMepHi GOPMHU CroNyK 6. 3HAKNIeHi TPU I[bOMY
HaWBaXK/IMBillIi KopesiAllii, Ha OCHOBI IKHUX i OyJIH
3po0JieHi BilHECEHHS CUTHAJIiB, MOKa3aHi Ha pUC.
Ta B TabJ1. 1.

Crnin-cniHoBa B3aemogiss CH-NH (7.3 19.7 T'n), a
TakoK Kpoc-niku B crekrpax NOESY cnoayku 6a
11.8956.38, 7.95, 11.89>13.64, 11.89>8.83,

11.894>7.08 ogHO3HAYHO JOBOASATD, L0 CIIOJIyKa 3HA-
XOJIUThCS B IMHAMIYHIH piBHOBa3i i Ma€ B CBOEMY CKJIa-
ai (5Z,62)-1,3-pumeTtun-5-{[(4-meTundeHin)amino]
MeTUeHO0}-6-[(4-MeTundenin)imino]auriaponipu-
MiauH-2,4(1H,3H)-nioH (nuB. puc.). TayTomMepHoi dop-
mu C pu 1IboMy He 6yJsi0 BCTaHOBJIeHO. [Ipu Harpi-
BaHHi 10 ~120°C MoxK/JIMBa aMiHO-IMiHHA IPOTOTPO-
nif, siKa MoJIerye CHH-aHTU-TayTOMEpIIO B I0JIOXKEH-
Hi 6 NipUMIiZMHOBOTrO LUK/, [0 TPUBOAUTH /10 YTBO-
pPEeHHS CHOJIYKH, 3JaTHOI [0 LUKJi3alil B IPOAYKT
3e 3 BifillleNJIEHHAM N-TOJYiAUHY YU M-(TpUdTOpO-
MeTHUJ1)aHisiny.

CkJiaz i 6y40Ba CHHTE30BaHUX CIOJIYK MiATBEP-
JKeHi pe3y/ibTaTaMu eJIeMEeHTHOI0 aHaJIi3y, a TaK0XK
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Puc. OcHoBHi kopensuii (nokas3aHi cTpinkamu), BigHeCeHHs curHanis (M.4.) y cnektpax AMP 'H i *C cnonyku 6a.

JaHUMU XpoMaToMac-cnekTpomeTpil Ta AMP cnek-
TPOCKOIIII.

ExcnepuMeHTasibHa YaCTUHa

Cnextpu SAMP 'H Ta 3C cuHTE30BaHUX CIOJYK
oTpuMaHi Ha cnekTpoMeTpi Bruker Avance 500 (500

i 125 MI'y BizgnosigHo) B po3unni CDClyuu IMCO-d,
(mn1s1 ciontyk 374, 3:-M), BHY TpiluHii crangapt - TMC.
XpoMmaToMac-ClieKTpU ofep:kaHi Ha npuazi Agilent
1100 LC/MSD SL, meToy ioHi3anii - ximiyHa ioHi3a-
uist npu atmocdepHomy TucKy (APCI), nianasoH cka-
HyBaHHs - m/z 80-1000.

Ta6bnuya 1
Mepenik kopenauin, 3HangeHnx COSY, NOESY, HSQC, HMBC cnonyku 6a
'H, 6 BC 6

'H, &

COSsy NOESY HSQC HMBC
2.29 7.01 7.01,7.15,2.35 20.67 130.07
7.01 2.29,6.38 2.29,2.35 130.07 130.07, 20.67
6.38 7.01 11.89,7.95,8.83,13.64 116.91 116.91
11.89 7.95 6.38,7.95,13.64,8.83,7.08 - 89.24
7.95 11.89 6.38,11.89, 13.64, 8.83,7.08,6.76 149.96 89.24
6.76 7.22 13.64, 8.83,7.95, 3.49, 3.00 116.84 116.84
7.22 6.76 2.39 131.06 131.06, 20.64
2.39 2.39 7.22,7.15 20.64 131.06
3.49 - 6.76, 3.00, 6.88 30.58 -
3.35 - 3.39 27.38 -
2.35 7.15 7.15,7.01,2.29 20.78 129.71
7.15 7222 5% 2.35,2.34, 257 | 129.71,141.46,120.98, 14078, 2075
7.08 7.15 8.83,13.64,7.95,11.89 118.84 118.84, 133.66
13.64 8.83 8.83,7.08, 6.88,6.38,7.95,11.89,6.76 - 92.67
8.83 13.64 13.64,7.08, 6.88,6.38,7.95,11.89,6.76 151.01 141.46
6.88 7.15 13.64, 8.83, 3.00, 3.49 121.94 121.94,135.34
2.34 7.15 7.15,2.39 20.75 129.98
3.00 - 6.88,3.49,6.76 3542 152.42,150.54
3.39 - 3.35 28.00 150.54, 162.81

74



XKypHan opraHidyHoi Ta hbapmaueBTUYHOI Ximii. — 2015. — T. 13, Bun. 3 (51)

ISSN 2308-8303

Tabnuuya 2

Buxoawn, TemnepaTypu nNnaBfeHHA, Mac-CNeKTPW Ta pe3ynbTaTii eflIeMEeHTHOro aHanisy
CUHTE30BaHUX Cronyk 2, 3a-u, 4a-H

. 3HangeHo, % BupaxyBaHo, %
Cnonyka | Buxig, % T.nn., °C [M+1]* ®opmyna
C H N C H N

2 67 104-106 252 5742 | 6.70 | 16.74 C,,H,;N,0, 5736 | 6.82 | 16.72
3a 54 244-245 272 61.95 | 478 | 1554 C,,HsNSO, 61.99 | 483 | 1549
36 61 211-213 260 60.27 | 4.07 | 16.29 C,5H,,FN,0, 60.23 | 3.89 | 16.21
3B 58 209-210 310 5490 | 3.21 | 13.65 Cy5H,0F;5N;0, 5438 | 3.26 | 13.59
3r 73 284-286 302 60.02 | 5.12 | 13.98 CsHisN;O, 59.80 | 5.02 | 13.95
34 81 277-278 302 59.71 | 497 | 14.04 C,sH,sN;0, 59.80 | 5.02 | 13.95
3e 70 226-228 256 6591 | 5.18 | 16.54 C,,H3NS0, 65.87 | 5.13 | 16.46
3X 69 206-208 270 66.78 | 590 | 15.83 C,sHisN;O, 66.90 | 561 | 15.60
33 67 174-175 298 68.75 | 6.55 | 14.18 C,;HsN;0, 68.67 | 6.44 | 1413
3n 75 249-251 286 63.22 | 541 | 1485 C,sH,sN;0, 63.15 | 530 | 14.73
4a 58 215-216 246 63.78 | 598 | 17.30 C,5H,sNS0, 63.66 | 6.16 | 17.13
46 76 120-121 234 6154 | 512 | 17.65 C,,H,,FN,0O 61.79 | 5.19 | 18.02
4B 45 201-202 284 55.01 | 434 | 14.96 C;;H,,F;N;0 55.13 | 427 | 14.83
4r 72 268-270 276 61.18 | 634 | 1548 C,.H;N;0,4 61.08 | 6.22 | 15.26
4n 67 239-240 276 60.90 | 630 | 15.12 C,,H,;N,0, 61.08 | 6.22 | 15.26
4e 65 182-184 230 68.21 | 6.67 | 18.56 C;5H,sN,0 68.10 | 6.59 | 1833
4x 62 219-220 244 69.18 | 6.79 | 17.35 C,,H;;N;0 69.11 | 7.04 | 17.27
43 89 98-100 272 7057 | 7.67 | 15.51 C,¢H,:N;0 7082 | 7.80 | 1548
4n 66 156-158 260 64.97 | 6.78 | 16.53 C,,H,;N;0, 64.85 | 6.61 | 16.20
4K 44 123-125 246 63.58 | 599 | 17.00 C,5H,sNS0, 63.66 | 6.16 | 17.13
4n 48 119-121 234 61.64 | 529 | 1755 C,,H,,FN,O 61.79 | 5.19 | 18.02
4m 52 182-183 246 63.61 | 632 | 17.25 C,;HisN;O, 63.66 | 6.16 | 17.13
4H 49 173-175 234 6187 | 5.16 | 1839 C,,H,,FN;O 61.79 | 5.19 | 18.02
5 79 167-169 274 61.78 | 590 | 15.89 C,,H,sN,0, 61.53 | 553 | 1538
6a 69 118-120 (po3kn.) | 363 70.02 | 6.15 | 15.74 C,,H,,N,O, 69.59 | 6.12 | 15.46
66 74 120-121 (po3kn.) | 417 60.64 | 476 | 13.57 C,,H,4F;N,O, 60.57 | 460 | 13.45

KoHTpoJib 3a nepebirom peakiiii 3iicHIoBaBCs
MeTO/ZI0M TOHKOUIapOBOI XpoMaTorpadii Ha NJIacCTUH-
kax Silufol, UV-254.

®i3uko-XiMiuHi i cneKTpaibHi XapaKTEPUCTUKHU
CUHTEe30BaHUX CI0JIYK HaBeZleHi B TabJ1. 1-4.

1,3-AumMeTn/1-6-ninepuauH-1-is1-5-popmia-
ypanu (2). lo cycniensii 2,0 r (10 MMosib) anbjeri-
Ay 1 B 15 M1 eTaHOJy IPU NepeMillyBaHHi i oxoJio-
mxeHHi 10 5-10°C mogaBanu 1 Ma ninepuauHy. Pe-
aKLiiHY CyMilll BUTpUMYBaJM BNpooB:x 30 XB Ipu
20-25°C. Ocap, uio Bunag, BifAdiJbTPOBYBaIH i 04H-
1jaJ/Id epeKpUCTali3ali€ro i3 2-nponaHoJy.

1,3-AumMmeTuanipumino[4,5-b]xiHonin-2,4-
(1H,3H)-pionu (3a-u). Cymim 10 MMoJb anbjeriny
2 ta 20 MMOJIb BiATOBIJHOTO apOMAaTHUYHOI'0 aMiHYy
B 20 MJ1 6yTaHOJYy KUI'SATHUIX BOPOAOBXK 1-5 rof
(korTposb THIX). Ocaf, 1110 BUNAB MPU 0XOJIOKEH-
Hi, BiiQiNbTPOBYBaIM i OYHILAIK TTIEPEKPUCTATI3A-
niero i3 JIM®DA.

1,3,7-Tpumerunanipumigo[4,5-b]xinonin-2,4-
(1H,3H)-pion (3e) Memod b. 1 MMoJib ofHi€l i3
cnoJyk 6a,6 HarpiBasau npu 120°C 0 po3mniaBy, 3a-
JIMILIAJIU TIPU Til 2Ke TeMIlepaTypi e Ha 15 xB. OxoJ10-
JPKeHUH 3a/1110K 06po6buisaau 10 mua etaHoy. Ocan
BindinpTpoByBasu. Buxin - 90% (3i cnosnyku 6a),
86% (3i crosiyku 66). [Ipo6a 3minryBaHHS 3pa3kKiB,
OTPUMaHUX PI3HUMU METOJaMH, He JjaBaJa Jienpe-
cii TeMIiepaTypu MJiaBJIeHH4.

N-MeTu-2-(MeTIWIaMiHO ) XiHOJTiH-3-KapGoKcaMi-
AU (4a-H). Cymim 10 MMoJib ofHi€] i3 criosiyk 3a-M i
20 MMoJIb TiipoKkcu Ay HaTpito B 20 MJ1 BOJHOTO eTa-
Hosty (1:1) kun’aTUIM BIpoioBxk 1-5 roj (KOHTpPoJIb
TIIX). OxosomxyBany, Aofasaaud 10 M Boau, ocafj,
1110 BUINaB, BiiQibTpoByBasiy, NepeKpUCTati30By-
BaJIY i3 2-PONaHOIY.

N-MeTtui-2-(MeTuaamino)-5-metokcu(¢pro-
po)xiHoJ1iH-3-Kap6okcamiau (4M, H) Ta N-MeTHI-
2-(meTnaamMiHo)-7-MmeToKkcH (PTOpO)XiHOIIH-3-
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Ta6bnuua 3

AMP "H cnekTpwu cnonyk 2, 3a-u, 4a-H, 5

Cnektpu AMP 'H, CDCl,, §, m.u.(J, Tu)

N | Cnonyka

1.69-1.74 (6H, m, 3CH,), 3.11-3.18 (4H, m, 2CH,), 3.31 (3H, ¢, NCH,), 3.44 (3H, ¢, NCH,), 9.91 (1H, ¢, CH=0)

3.51 (3H, ¢, NCH,), 3.86 (3H, ¢, NCH,), 4.08 (1H, ¢, OCH,), 7.18 (1H, g, = 7.5 Ty, CH), 7.44 (1H, 1, J = 7.5 Ty, CH),

7.52(1H,8,J=7.5Tu, CH), 898 (1H, ¢, H°)

3.57 (3H, ¢, NCH,), 3.89 (3H, ¢, NCH,), 7.49 (1H, m, CH), 7.56 (1H, 7, J = 8.0 Ty, CH), 7.77 (1H, a, J = 8.0 Ty, CH),

9.07 (1H, ¢, HY)

3.55(3H, ¢, NCH,), 3.84 (3H, ¢, NCH,), 7.69 (1H, g, J = 8.5 Ty, CH), 8.08 (1H, 8, J = 8.5 Ty, CH), 8.32 (1H, ¢, CH),

9.07 (1H, ¢, H)
(
(
(
(

w
Q

W
(@)

3B

3.35 (3H, ¢, NCH,), 3.65 (3H, ¢, NCH,), 3.92 (3H, ¢, OCH,), 3.99 (3H, ¢, OCH,), 7.28 (1H, ¢, CH), 7.52 (1H, ¢, CH),

30 18.81 (1H, ¢, HY)

35 | 3-36 (3H, ¢, NCH,), 3.66 (3H, ¢, NCH,), 3.90 (3H, ¢, OCH,), 3.99 (3H, ¢, OCH,), 6.94 (1H, ¢, CH), 7.09 (1H, ¢, CH),
A 1881 (1H, ¢, H)

3e | 2.54 (3H, ¢, CH,), 3.52 (3H, ¢, NCH,), 3.81 (3H, ¢, NCH,), 7.64-7.68 (2H, m, 2CH), 7.88 (1H, g, J = 8.5 Ty, CH), 8.90 (1H, ¢, H°)

1.29 (3H,7,J = 7.5 [y, CH,CH,), 2.52 (2H, K, J = 7.5 Iy, CH,CH.), 3.34 (3H, ¢, NCH,), 3.64 (3H, ¢, NCH,),
7.73 (1H, g, J = 8.5 Ty, CH), 7.83 (1H, 5, J = 8.5 [, CH), 7.91 (1H, ¢, CH), 8.92 (1H, ¢, H¥)

0.93 (3H, 1,J =7.5Tu, CH,), 1.32-1.39 (2H, m, CH,), 1.59-1.71 (2H, m, CH,), 2.68-2.76 (2H, m, CH,), 3.33 (3H, ¢, NCH,),

3X

33 1363 (3H, ¢, NCH,), 7.71 (1H, &, J = 8.0 Ty, CH), 7.81 (1H, 3, ) = 8.0 Ty, CH), 7.89 (1H, , CH), 8.91 (1H, ¢, H?)

3, |143 BH,7,J=7.0 T, OCH,CH,), 3.36 (3H, ¢, NCH,), 3.67 (3H, ¢, NCH,), 419 (2H, &, J = 7.0 Ty, OCH,CH,),
752 (1H, 5, J = 8.5 T, CH), 7.58 (1H, ¢, CH), 7.86 (1H, 4, J = 8.5 Ty, CH), 8.95 (1H, ¢, H?)

4a |3:02 (3H, 8, J =45y, NHCH,), 3.18 (3H, A, ) = 4.5 Ty, NHCH), 4.04 (3H, ¢, OCH,), 638 (1H, w. c NH),
7.00 (1H, g, J = 7.5 Ty, CH), 7.12-7.16 (2H, M, CH), 7.74 (1H, w. ¢ NH), 7.94 (1H, ¢, H*)

46 | 295 BH. A, 1 =45 Ty, NHCH,), 3.06 (3H, A, ) = 4.5 Ty, NHCH,), 6.53 (TH, w. c NH), 6.98-7.03 (1H, m, CH),

4g | 305 (3H, 8, =45, NHCH,), 3.13 (3H, 5, J = 45 Ty, NHCH,), 631 (1H, w. c NH), 7.37 (1H, 7, J = 8.0 T, CH),
7.65 (1H, &, J = 8.0 Ty, CH), 7.80 (1H, w. ¢ NH), 7.99 (1H, ¢, CH), 8.00 (1H, ¢, H*)

ar | 2:96 (3H, 8, J = 4.5 T, NHCH,), 3.07 (3H, 3, J = 4.5 T, NHCH,), 3.86 (3H, ¢, OCH,), 3.98 (3H, ¢, OCH),

6.35 (1H, w. ¢ NH), 6.75 (1H, ¢, CH), 7.06 (1H,c, CH), 7.64 (1H, w. ¢ NH), 7.78 (1H, ¢, H*)
2.96 (3H, g, J = 4.5 [y, NHCH,), 3.08 (3H, 3, J = 4.5 ', NHCH,), 3.76 (3H, ¢, OCHS), 3.96 (3H, ¢, OCH.), 6.29 (1H, ¢, CH),

A 6.62 (2H, w. ¢ NH, CH), 7.38 (1H, w. ¢ NH), 7.71 (1H, ¢, HY)

2.43 (3H, ¢, CH,), 3.00 (3H, 1, J = 5.0 T, NHCH,), 3.11 (3H, A, J = 5.0 'y, NHCH,), 6.36 (1H, w. ¢ NH),
7.41 (1H, n, J=8.5Tu, CH), 7.60-7.62 (2H, m, CH, NH), 7.86 (1H, c, H*)

130 (3H,1,J=7.5Tu, CH,CH,), 2.74 (2H, k, J = 7.5 Ty, CH,CH,), 3.01 (3H, o, J = 4.5 Tu, NHCH,), 3.11 (3H, 8, J = 4.5 Ty,
4x |NHCH,), 6.30 (1H, w. ¢ NH), 7.32 (1H, ¢, CH), 7.45 (1H, a, J = 8.5 Ty, CH), 7.60 (1H, w. ¢ NH), 7.64 (1H, a, ) = 8.5 Ty, CH),
7.89 (1H, ¢, HY)

(
0.93 (3H, 1,J =7.5 Ty, CH,), 1.32-1.39 (2H, m, CH,), 1.59-1.66 (2H, m, CH,), 2.65 (2H, T, J = 7.5 Tu, CH,),
43 2.96 (3H, o, J = 5.0 Ny, NHCH,), 3.06 (3H, a, J = 5.0 Ty, NHCH,), 6.45 (1H, w. ¢ NH), 7.23 (1H, ¢, CH),
739 (1H, a,J =8.5Tu, CH), 7.56 (1H, w. ¢ NH), 7.59 (1H, a, ) = 8.5 'y, CH), 7.84 (1H, ¢, HY)

1.47 (3H,7,J=7.5Tu, OCH,CH,), 3.03 (3H, a, J = 4.5 Tu, NHCH,), 3.11 (3H, , J = 4.5 Ty, NHCH,), 4.08 (2H, k, J = 7.5 T,
4n | OCH,CH;), 6.29 (1H, w. ¢ NH), 6.89 (1H, ¢, CH), 7.30 (1H, a, J = 8.5 T, CH), 7.46 (1H, w. ¢ NH), 7.65 (1H, a, J = 8.5 Ty,
CH), 7.87 (1H, ¢, H%)

2.96 (3H, p, J = 4.5 T, NHCH,), 3.08 (3H, 1, J = 4.5 'y, NHCH,), 3.89 (3H, ¢, OCH;), 6.35 (TH, w. ¢ NH),

6.78 (1H, n, J = 8.5 Ty, CH), 7.03 (1H, ¢, CH), 7.35 (1H, a, ) = 8.5 Ty, CH), 7.82-7.87 (2H, m NH, H%)

2.99 (3H, a,J =5.0 Iy, NHCH,), 3.08 (3H, f, J = 5.0 Ty, NHCH,), 6.33 (1H, w. ¢ NH), 6.89 (1H, 7, J = 8.5 'y, CH),
7.29(1H, n,J=8.5Tu, CH), 7.44 (1H,T,J =8.5 Ty, CH), 7.77 (1H, w. c NH), 7.86 (1H, ¢, HY)
(
(

4e

(
(
(
(
(
(
(
(
( 3 3
7.17 (1H, a,J = 8.0 Tu, CH), 7.22-7.26 (1H, m, CH), 7.66 (1H, w. c NH), 7.81 (1H, ¢, H%)
(
(
(
(
(
(
(
(
(

4K

4n

2.99 (3H, 8, J=5.0 Ty, NHCH,), 3.08 (3H, g, J = 5.0 'y, NHCH,), 6.28 (1H, w. ¢ NH), 6.51 (1H, g, J = 8.0 Ty, CH),

7.26 (1H, g, J =8.0 Ty, CH), 7.45 (1H, 1, J = 8.0 'y, CH), 7.86 (1H, w. ¢ NH), 8.38 (1H, ¢, HY
an 3.00 (3H, #, J = 5.0 'y, NHCH,), 3.08 (3H, g, J = 5.0 Tu, NHCH;), 6.42 (1H, w. ¢ NH), 6.80 (1H, 7, J = 8.0 'y, CH),
7.38-7.49 (2H, m, 2CH), 7.82 (TH, w. ¢ NH), 8.19 (1H, ¢, H%)

2.40 (3H, ¢, CH,), 3.04 (3H, ¢, NCH,), 3.40 (3H, ¢, NCH,), 7.02 (2H, #, ) = 7.5 Ty, 2CH), 7.23 (2H, g, J = 7.5 Ty, 2CH),
10.03 (1H, ¢, CH=0), 12.37 (1H, ¢, NH)

4m
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Tabnuua 4
AMP 3C cnekTpu cnonyk 2, 3a-u, 4a-H, 5
©
=
5 Cnektpu AMP *C, CDCl,, §, m.u.(J, T'y)
S
5 [233(CH,),252((CH)),), 27.7 (NCH,), 34.5 (NCH,), 51.5 (N(CH,),), 99.9 (C?), 152.1 (C=0), 160.4 (C°), 163.9 (C=0),
186.5 (CH=0)
34 | 282 (NCH,), 29.7 (NCH), 56.1 (OCH), 110.9 (), 111.2 (CH), 120.6 (CH), 125.6 (C), 125.9 (CH), 139.7 (CH), 141.4(C),
147.6 (C), 151.5 (C), 154.3 (C=0), 161.2 (C=0)
3r 28.3 (NCH,), 29.4 (NCH,), 56.0 (OCH,), 56.3 (OCH,), 105.8 (CH), 106.3 (CH), 108.3 (C), 120.1 (C), 137.0 (CH), 147.4 (C),
147.6 (C), 149.3 (C), 151.4 (C), 155.6 (C=0), 161.6 (C=0)
33 13.8 (CH;), 22.1 (CH,), 28.4 (NCH,), 29.4 (NCH,), 32.9 (CH,), 35.1 (CH,), 110.5 (C), 124.5 (C), 127.1 (CH), 127.7 (CH),
134.7 (CH), 139.2 (CH), 140.4 (C), 147.6 (C), 148.4 (C), 151.3 (C=0), 161.2 (C=0)
3u 14.5 (CH,), 28.1 (NCH,), 29.2 (NCH,), 63.9 (CH,), 106.1 (CH), 110.7 (C), 125.5 (C), 126.6 (CH), 129.5 (CH), 137.9 (CH),
145.8 (C), 146.8 (C), 151.5 (C), 156.4 (C=0), 161.5 (C=0)
4a 26.7 (CH,), 27.9 (CH,), 56.2 (OCH,), 110.4 (CH), 115.9 (C), 120.4 (CH), 121.7 (CH), 122.2 (C), 136.0 (CH), 140.9 (),
153.0 (C), 155.2 (C), 168.9 (C=0)
ar 26.6 (CH,), 27.9 (CH,), 55.7 (OCH,), 55.8 (OCH,), 105.8 (CH), 106.4 (CH), 112.6 (C), 115.1 (C), 134.3 (CH), 146.4 (C),
146.5 (C), 153.6 (C), 155.2 (C), 169.2 (C=0)
4 26.3 (CH,), 27.5 (CH,), 54.9 (OCH,), 55.8 (OCH,), 97.9 (CH), 102.5 (CH), 115.9 (C), 121.6 (C), 134.7 (CH), 136.4 (C),
A 153.4 (C), 153.7 (C), 154.2 (C), 168.7 (C=0)
A 15.5 (CH,), 26.7 (CH,), 28.0 (CH,), 28.4 (CH,), 115.6 (C), 121.3 (C), 125.8 (CH), 125.9 (CH), 132.4 (CH), 135.6 (CH),
137.9 (C), 148.0 (C), 155.4 (C), 169.1 (C=0)
43 13.7 (CH,), 22.2 (CH,), 26.4 (CH,), 27.9 (CH,), 33.4 (CH,), 35.0 (CH,), 115.5 (C), 121.2 (C), 125.7 (CH), 126.6 (CH),
132.5 (CH), 135.4 (CH), 136.4 (C), 147.8 (C), 155.3 (C), 168.9 (C=0)
4K 26.4 (CH,), 27.7 (CH,), 55.4 (CH,), 104.8 (CH), 112.5 (C), 114.3 (CH), 115.9 (C), 129.0 (CH), 135.2 (CH), 151.3 (C),
156.3 (C), 162.5 (C), 168.9 (C=0)
45 |267 (CH,),27.8 (CH,), 109.9 A (CH, Jc = 22.0 Tw), 111.8 A (CH, J = 22.0 ), 1145 (C), 117.9 (C), 129.8 (CH),
135.3 (CH), 150.7 (C), 156.2 (C), 164.7 1 (C, J. = 237.5 Tu), 168.6 (C=0)
4y | 267 (CH,), 27.8 (CH,), 105.6 A (CH, Je = 20.0T), 111.2 4/(C, Je = 15.5 Tw), 115.3 (C), 121.7 (CH), 128.6 (CH),
130.9 (CH), 150.2 (C), 156.1 (C), 156.9 A (C, J . = 250.0 Tu), 168.5 (C=0)
5 20.9 (CH,), 27.8 (NCH,), 35.4 (NCH,), 94.3 (C%), 124.2 (2CH), 130.3 (2CH), 134.7 (C), 137.2 (C), 151.5 (C=0), 157.4 (C5),
162.2 (C=0), 189.1 (CH=0)

Kap6okcamiam (4K, J1) ekcTparyBaJiv 3 BOJJHOT'O pO3-
YHUHY eTWJIalleTaToOM, pO3YMHHUK yIaploBaJH, 3a/1u-
IIOK PO3/i/ISiIM Ha KOJIOHL 3 cCUJIiKareseM (eJI0eHT
rekcaH-etujanerart 1:1).
1,3-IumeTi-6-[(4-meTmndenin)amino]-5-pop-
minypangui (5). [lo cycnensii 2.0 r (10 MMoJib) ajib-
Jerigy 1 B 15 Mu1 eTaHoJ1y Ipy NepeMillyBaHHi i oxo-
JiomkenHi 10 5-10°C goaaBanu cymim 10 MMosIb TpH-
eTuaaMiny Ta 10 MMoJib n-Toayiguny. Peakuiiiny cy-
Mill BUTpUMYyBasiv npoTtsirom 1 rog npu 20-25°C.
Ocag, 10 BUMNaB, BiAQiJbTPOBYBaIH i OUHIIA/IH TTe-
peKpHUCTaJli3alli€lo i3 eTaHoJy.
(5Z,6Z)-1,3-AumeTna-5-[(apuiamiHo)MeTH-
JeHo]-6-[(4-MeTundenin)imino]-aurigponipumi-
AuH-2,4(1H,3H)-pionu (63, 6). Cycnensito 10 MMoJib

JlitepaTtypa

AN NS

asbgeriay 5 ta 10 MMoJib OHOTO i3 aHiHIB B 20 M1
6eH30J1y KUIT'ATHUIM npoTsaAroM 1-2 rox. Ocaf, 1o BU-
nas, BiiQiIbTPOBYBa/IU i OYHILAIU IEPEKPUCTATI-
3ali€lo i3 aLleTOHITpUILY.

BUCHOBKM

1. 3HaliieHo 3pyYHUH MifgxiJ J0 CHHTE3y 3aMi-
HeHuX 2-(MeTuIaMiHOo)XiHO/TiH-3-KapbokcaMifiiB pe-
AKLi€l0 TiPOTITUYHOTO pO3LeNIeHHA NipUMIiAUHO-
BOTO LUKJIy B ipumigo[4,5-b]xinonin-2,4(1H,3H)-
nioHax (5-7lea3aasioKcasuHax).

2. 3a ,0IOMOr00 MeTO/IiB 'OMO- i reTeposilepHOi
KopeJisiLifHoi ciekTpockomii IMP BcTaHOBJIEHO GyzI0-
BY MPOAYKTIB peaklii KoHAeHcalill noxiaHux 1,3-a4-
MeTHJI-5-popMisypariu/y 3 apoMaTUIHUMH aMiHaMH.
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