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The Host-Guest complexation of 5,17-bis-(N-tolyliminomethyl)-25,27-dipropoxycalix[4]arene with benzoic acids
has been studied by reversed-phase high-performance liquid chromatography (RP HPLC) method (the mobile
phase — MeCN/H,0, 86/14 v/v, the column support — LiChrosorb RP 18, UV detector, . = 254 nm). The study
of the chromatographic behaviour of 5,17-bis-(N-tolyliminomethyl)-25,27-dipropoxycalix[4]arene and benzoic
acids, as well as determination of their main chromatographic characteristics — the retention times t; and capacity
factors k’ have been performed. On the basis of the data obtained the lipophilicity log P, as well as the binding
constants and Gibbs free energies of the complexes of 5,17-bis-(N-tolyliminomethyl)-25,27-dipropoxycalix[4]arene
with benzoic acids have been calculated. The binding constants and Gibbs free energies of the complexes of
5,17-bis-(N-tolyliminomethyl)-25,27-dipropoxycalix[4]Jarene with benzoic acids are in the range of 335-910 M-
or -14.38 — -16.85 kJ/mol, respectively. The influence of the benzoic acids lipophilicity log P and pKa values on
the binding constants K, of the complexes has been examined. It has been found that decrease of the log P and
pKa values increases the binding constants K, of the complexes. Molecular modeling of the complexes 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 the hydroxyl groups at the lower rim of the calixarene macrocycle. A linear
dependence of the binding constants from the acid lipophilicity log P indicates a significant role of solvatophobic
interactions during the complexation process.

AOCJIOXEHHST KOMIJIIEKCOYTBOPEHHS 5,17-BIC-(N-TOJIIIIMIHOMETWIT)-25,27-4UTNPOITOKCHKA-
JIIKC[4]APEHY 3 BEH3OUHUMUW KUCJIOTAMU METO4AMU O® BEPX TA MOJIEKYJTAAPHOI'O MOAEJIIO-
BAHHA

O.l.Kanb4eHko, C.0.YepeHok, B.l.KanbyeHko, A.B.Conoetios, B.B.lopb6ayyk

Knrovoei cnoea: kanikcapeHu; 6eH30UHI kucriomu; Memod obepHeHO-¢ha3HOI 8UCOKOEheKMUBHOI PIOUHHOI Xpo-
Mamoezpadbii; KOMIIEeKCU 8KITHOHYEHHS;, KOHCMaHMU 38’13y8aHHSs1

KomnnekcoymeopeHHsi mury licmb-locrnodap 5,17-6ic-(N-moninimiHomemur)-25,27-0unpornokcukanikc[4]apeHy
3 6eH30UHUMU Kucriomamu GocridxeHO MemodoM 0bepHeHO-ghasHOI 8UCOKOeEKMUBHOI PiOUHHOI XpoMamozpa-
i (O® BEPX) (pyxoma ¢baza - MeCN/H,O, 86/14 3a 06’emom, KornoHoYHa Hacadka mapku LiChrosorb RP 18,
Y®-0emexkmop, A = 254 HM). [TposedeHo AocnidXXeHHsI XxpomamoepagiyHoi No8ediHKU ma 8U3Ha4YeHi OCHOBHI
XpomamoepadbiuHi xapakmepucmuku 5,17-6ic-(N-moninimiHomemur)-25,27-0unpornokcukanikc[4]japeHy ma 6eH-
30UHUX Kucriom-cybcmpamie — yac ympumaHHs t, ma koegbiyieHmu emkocmi k'. Ha nidcmaesi ompumaHux 0aHux
pO3paxo8aHo 3Ha4eHHs ninoghinbHocmi log P 6eH300UHUX KUCIIOM, @ MaKoX KOHCmMaHm 38’s3y8aHHs ma 8illbHUX
eHepeil [66ca Komrnekcie kanikcapeHy 3 6eH30UHUMU Kucriomamu. Po3paxoeaHi 3Ha4eHHs1 KOHCmaHm 38’si-
3ysaHHs1 ma einbHUX eHepeil 66ca komrinekcie 5,17-6ic-(N-moninimiHomemurn)-25,27-0unporiokcukanikc[4]ape-
Hy 3 6eH30UHUMU Kucriomamu 3Haxo0simbcsi 8 mexax 335-910 M ma -14.38 — -16.85 k[»x/monb, 8idnosioHo.
HocnidxeHo ennus ninoginbHocmi log P ma pKa 3amiuwieHux 6eH30UHUX KUC/I0m Ha KOHCmaHmu 38’s3yeaHHs K,
Ix Komrinekcie 3 kanikcapeHom. BcmaHoesneHo, wo kKoHcmaHmu 36’a3ysaHHs K, 36inbwyombcsi o Mipi 3HUWKEHHS
3Ha4eHb ninoginsHocmi log P ma pKa 6eH3olHuUx kucriom. [NposedeHo mMonekynsipHe MoOenoeaHHsI KOMIIIEKCig
BKJIIOYEHHSI, SIKE 8Ka3ye Ha Hasi8HICMb B0OHEBUX 38’3Ki68 MiX KapbOoKcunbHUMU 2pynamu 6eH30UHUX Kuc/iom ma
amomamu 800H!0 iIMIHO2PYIT 8EPXHBO20 BiHUS abo amomamu KUCHIO 2i0POKCUbHUX epyn HUXHBO20 8iHUS KarliK-
capeH08020 Makpouukny. JliHiliHa 3anexHicmb KoHCmaHm 38’s3ye8aHHs1 8i0 ninogbinsHocmi log P kucriom exka3ye
Ha MoMimHy poJib coslbe8amoghobHUX 83aemMOoQili NMpu ix KOMIeKcoymeopeHHi 3 5,17-bic-(N-moninimiHomemuri)-
25,27-0unporiokcukarnikc[4japeHom.

HNCCJIEQOBAHUE KOMITIIEKCOOBPA30OBAHMUA 5,17-BUC-(N-TOJTUTTUMUHOMETUIN)-25,27-UTNMPOIMNMOKCH-
KAJINKC[4]JAPEHA C BEH3O0WHbIMU KUCITOTAMU METOLAMMU O® BI)XXX U MOJIEKYJISIPHOIO MO-
HAEJINPOBAHUA

O.U.KanbyeHko, C.A.HYepeHok, B.U.KanbyeHko, A.B.Conoelios, B.B.lop6auyk

Knroyeenie cnoea: kanukcapeHbl; 6eH30UHbIe Kucrnomabl; Memod obpaujeHHOga3Hol 8bICOKO3IhheKmMUBHOU
JKUOKOCmMHOU XxpomMamozpaghuu; KOMIMIIEKChI 8KITOYEHUS, KOHCMaHMb! C853bi8aHUs

KowmninekcoobpasosaHue muna locmb-Xo3suH 5,17-6uc-(N-monunumuHomemur)-25, 27-0unpornokcukanukcl4jape-
Ha ¢ 6eH30UHbIMU KuCriomamu uccriedo8aHo MemoOoM obpalieHHOGa3HOU 8bICOKOIGhHEKMUBHOU XKUOKOCMHOU
xpomamoepagpuu (O® BIXKX) (nodsuxHas paza — MeCN/H,O, 86/14, kornoHoyHas HacaOka mapku LiChrosorb
RP 18, Y®-0emekmop, L = 254 HM). [IposedeHo uccriedosaHue xpomMamoepaghudeckoz2o nogedeHust U orpe-



ISSN 2308-8303

Journal of Organic and Pharmaceutical Chemistry. — 2013. — Vol. 11, Iss. 3 (43)

OereHbl 0OCHOBHbIE XpoMamozpaghudeckue xapakmepucmuku 5,17-6uc-(N-monunumuHomemunn)-25,27-0unpon-
OKcuKarnukc[4]apeHa-peuenmopa u 6eH30UHbIX Kucriom-cybcmpamos — epemeHa yoepxxusaHus t, u Koaghgu-
yueHmsbl emkocmu k’. Ha ocHoge nory4eHHbix aHHbIX paccdumaHbl 3HadeHust nunogunsHocmu log P 6eH3ou-
HbIX KUCITIOM, @ makKXe KOHCmaHm ces3bl8aHusi U c80600HbIx aHepaull [ubbca komnnekcos 5,17-6uc-(N-mo-
nunumuHomemurn)-25,27-dunponokcukanukc[4JapeHa ¢ 6eH30UHbIMU KUC/Iomamu. PaccyumarHblie 3Ha4eHUs KOH-
cmaHm cesi3bieaHus1 U c80600HbIX aHepauli lubbca Haxodsimesi 8 npedernax 335-910 M u -14.38 — -16.85 k[Px/morib,
coomeemcmeeHHo. HccriedosaHo enusiHue nunogunsHocmu log P u pKa 3ameweHHbix 6eH30UHbIX KUciom Ha
KOHCmaHMmbI cesidbieaHusi K, UX KOMITIIEKCO8 C KaluKCapeHOM. YCmaHo81eHOo, Ymo KOHCmMaHmbI cesidbieaHusi K,
gospacmarom o Mepe CHUXeHus 3Ha4eHud nunogunsHocmu log P u pKa 6eH30lHbIx kucriom. [NposedeHHoe
MOneKynsipHoe MoOesiupo8aHUe KOMIT/IEKCO8 r1oKa3aso Hanu4ue 8000pPO0HbIX cesi3eli Mex0y KapboKCUbHbIMU
epynnamu 6eH30UHbIX KUC/I0m U amomamu 8o0opoda UMUHOPyn eepxHeao 060da unu amomamu Kuciopoda
2UOPOKCUIbHbIX epyrnn HUXHe2o 0600a KarukcapeHo08020 Makpoyukna. JluHelHas 3a8UCUMOCMb KOHCMaHmM
ces3bigaHusi om nunogunsHocmu log P kucriom yka3bieaem Ha 3aMemHyto porib cobeamogOobHbIX 83aUMo-
Oeticmeuti rpu Komrnekcoobpasoearuu ¢ 5,17-6uc-(N-monunumuHomemuri)-25, 27-0UnporoKcuKanuKkc[4japeHom.

Molecular recognition, separation, membrane trans-
port and analytical sensing of biorelevant molecules
by artificial receptors constitute an important prob-
lem in chemistry and biology [1-7]. Calixarenes - «mac-
rocyclic vases», which are easily available through
the cyclocondensation of para-substituted phenols
with formaldehyde, are widely used as molecular
platforms for construction of specific receptors ca-
pable of highly selective recognition between fairly
similar substrates [8, 9, 10]. Apparently, the outstand-
ing receptor properties of functionalized calixarenes
toward the biorelevant molecules make them highly
promising materials for sensor technologies [11], as
well as Host molecules for drug delivery systems in
pharmaceutical science [5, 6, 8, 12-17].

In this paper we report about the Host-Guest com-
plexation study of 5,17-bis-(N-tolyliminomethyl)-25,
27-dipropoxycalix[4]arene Host (CA) with a series
of 0-, M-, p-substituded benzoic acids as the Guests
(Chart).

Benzoic acids are widely used as drugs, and their
salts as carriers of specific anions. In medical prac-
tice benzoic acid is used as an antibacterial and an-
tifungal medicine for skin diseases and mycosis. Ben-
zoic acid is a constituent of Whitfield’s ointment, which
is used for treating fungal skin diseases such as tinea,
ringworm, and athlete’s foot [18]. Its esters (from
methyl to amyl) are used in the perfume industry.
Hydrochloride of §-diethylaminoethyl ester of p-am-
inobenzoic acid is known as Novocain drug with a
moderate anesthetic activity and a wide spectrum of

TolN=CH

CA Host

CH=NTol

the therapeutic action. p-Aminobenzoic acid (PABA)
is the growth factor of microorganisms and its de-
rivatives are used as effective antibacterial agents.
PABA has been referred to as Vitamin B,,. Some bac-
teria in the human intestinal tract such as E. coli gen-
erate PABA from chorismate [19].

Information on the supramolecular Host-Guest
interaction of CA with benzoic acids will be useful in
design of calixarene based sensors or drug delivery
systems for the biorelevant acids.

Experimental Part

The RP HPLC study was performed on a Hitachi
chromatograph (Hitachi, Ltd., Tokyo, Japan) consist-
ing of a high-pressure pump connected to a Rheo-
dyne sample 7120 injector with a 20 pL loop (Rheo-
dyne, Berkeley) and an ultraviolet-visible detector.
The column (250x4.6 mm i.d.) was packed with Li-
Chrosorb RP-18 (Merck, Germany). Acetonitrile was
obtained from Acros Organics. Carboxylic acids were
purchased from Sigma-Aldrich. CA was synthesized
by the method [20]. The acetonitrile-water (86:14,
v/v) mixture was used as a blank mobile phase. The
calixarene based mobile phases were prepared by
dissolving CA in the acetonitrile-water (86:14, v/v)
mixture to obtain the CA concentration of 0.05-0.6 mM.
The analytes for injections were dissolved in the same
acetonitrile-water (86:14, v/v) mixture (C = 0.01 mM).
The amount of the sample injected was 20 pL. All chro-
matograms were recorded at 22°C. The UV detector
was operated at 254 nm. The mobile phase contain-

COOH

1-19

Guests

R =H (1), 0-Cl (2), m-Cl (3), p-Cl (4), 0-CH, (5), m-CH, (6), p-CH, (7), 0-NH, (8), m-NH, (9), p-NH, (10),

0-NO, (11), m-NO, (12), p-NO, (13), 0-OH (14), m-OH (15), p-OH (16), 0-COOH (17), m-COOH (18),

p-COOH (19)
Chart
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Table
Retention times t;, capacity factors k; log P of benzoic acids 1-19, K,
and DG values of their complexes with CA
Acid Retention time, t,, min Capacity factor, k’ log P Ky M? AG, kJ/mol
1 4.50 3.50 1.87 650x72 -16.02
2 3.72 2.72 1.05 832+110 -16.63
3 3.74 2.74 1.51 798+89 -16.53
4 3.83 2.83 1.55 560+73 -15.65
5 5.50 4.50 2.25 401142 -14.83
6 4.67 3.67 1.94 448142 -15.10
7 3.83 2.83 1.55 439453 -15.05
8 4.50 3.50 1.87 417+£52 -14.92
9 3.90 2.90 1.59 510+61 -15.42
10 3.75 2.75 1.51 783199 -16.48
1 3.65 2.65 1.46 623193 -15.92
12 3.50 2.50 1.37 910+127 -16.85
13 3.91 2.91 1.60 608+63 -15.86
14 423 3.23 1.75 403138 -14.84
15 3.33 2.33 1.26 335+35 -14.38
16 3.12 2.12 1.12 353142 -14.51
17 4.27 3.27 1.77 749+75 -16.37
18 4.00 3.00 1.64 534+58 -15.53
19 3.80 2.80 1.54 450138 -15.11

ing the CA additive was equilibrated for 3 h before
the analysis. Under these conditions the column was
saturated with the CA additive. The dead time t, was
measured with NaNO,.

Lipophilicity log P of acids 1-19 (Table) was cal-
culated from equation log P = 3.438 (log k). The co-
efficient 3.438 is the ratio of log P value of benzoic
acid 1 (1.87) [21] to its log k* (0.544) determined by
RP HPLC in this work (Table). Free Gibbs energy DG
is determined by the equation DG = -RT In K,.

Molecular modelling of the CA complexes with acids
1-19 were carried out using Hyper Chem, 8.0 pro-
gram [http://www.hyper.com/Download/AllDownloads/
tabid/470/Default.aspx]. The structures were opti-

2

mized by the semi-empirical PM3 method. The RMS
gradient was equal to 0.01 kcal/A mol.

Results and Discussion

Calixarene CA and benzoic acids 1-19 in the giv-
en analysis conditions were registered on the chro-
matograms as sharp peaks. Calixarene CA retention
time ¢, and capacity factor k' were 5.67 min and 0.89,
respectively. A linear isotherm character (Fig. 1) re-
flects reversible adsorption of calixarene CA on the
LiChrosorb-RP18 support.

The chromatographic characteristics of acids 1-19 -
retention times t,, retention volumes V,, capacity
factors k’, their log P, as well as binding constants K,

N
(o]

\

Calixarene adsorption, mkmol/g
o -
[ee] N
\

o

0 20 40

60 80 100

Calixarene concentration, mkmol/ml

Fig. 1. The adsorption isotherm of calixarene (R?=0.99).
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Fig. 2. Plots K, vs log P for o-chlorobenzoic, o-nitrobenzoic, o-hydroxybenzoic, o-aminobenzoic, o-toluic acids (R?=0.84).
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Fig. 3. Plots K, vs log P for m-nitrobenzoic, m-chlorobenzoic, m-aminobenzoic, m-toluic acids (R?=0.80).

and free Gibbs energies DG of their complexes with
CA are presented in Table.

Binding constants of the supramolecular Host-Guest
complexes of calixarene with benzoic acids 1-19 were
determined by RP HPLC method in accordance with
[20]. The method consists of the choice of analysis
conditions of the Host and Guest, determination of
the retention time ¢, and the capacity factor k’ of the
Host, determination of the retention time ¢, and the
capacity factor k’ of the Guest before and after Host
addition to the mobile phase. Addition of calixarene
to the mobile phase decreases the capacity factor k’

1100

values of benzoic acids. The linear character plots of
k’vs the calixarene concentration (R? = 0.95-0.99)
testifies formation of Host-Guest supramolecular com-
plexes with 1:1 stoichiometry [20].

The binding constant K, of the calixarene com-
plex with the Guest molecule (the ratio of 1:1) can
be calculated by equation (1):

1/k'=1/k,/+ K, [CAl/k, (1)

where k,’i k' - are capacity factors of the Guest mole-
cule determined in the absence and the presence of
CA in the mobile phase.

900

700

Ka, M

500

T

300 T T

T T T

45 5 5.5
pKa

Fig. 4. Plots K, vs pKa for m-nitrobenzoic, m-chlorobenzoic, m-aminobenzoic, m-phthalic acids (R?=0.96).
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Fig. 5. Plots K, vs pKa for p-nitrobenzoic, p-chlorobenzoic, p-toluic, p-hydroxybenzoic acids (R?=0.94).

As shown in Table 1, the binding constants K, of
the complexes are in the range of 335-910 M. The
lowest K, values were observed for hydroxybenzoic
acids (335-403 M™) and toluic acids (401-448 M™).
The highest K, values were observed for phthalic
(534-749 M) and nitrobenzoic (608-910 M) acids.
It should be noted that the binding constants of CA
with benzoic acid 1 is higher compared to its complex
with S-cyclodextrin modified by three MeO-groups
[22] (K, =650 M and 550 M, respectively).

Calixarene Host-Guest complexes are stabilized
by various non-valence interactions - hydrogen bonds,
Van der Waals, m-m, C-H...mr, solvatophobic interactions
[8]. It has been found that there are the linear depen-
dence of the binding constants K, from the lipophilicity
log P of o-chlorobenzoic, o-nitrobenzoic, o-hydroxy-
benzoic, o-aminobenzoic, o-toluic acids (Fig. 2), as
well as m-nitrobenzoic, m-chlorobenzoic, m-amino-
benzoic, m-toluic acids (Fig. 3). It is interesting to note
that increase of log P of the acids decreases K, va-
lues of the complexes.

The binding constants K, are strongly depended
on pKa values of benzoic acids. These dependences
for the Host-Guest complexes of meta and para sub-
stituted benzoic acids are demonstrated by Fig. 4 and
Fig. 5, respectively. Unfortunately, for p-substituted
acids such correlation has not been observed.

As it is shown in Fig.4, 5, the increase of pKa val-
ues of the acids decreases K, of their complexes with
CA. Unfortunately, for o-substituted acids such cor-
relation was not observed.

»

AN
(]

,ﬁ/"
Y d

Fig. 6. Energy minimized structures of CA complexes with
benzoic acid.

To clarify the nature of the supramolecular Host-Guest
interactions the molecular modeling of CA complex with
benzoic acid and o-, m-, p-phthalic acids was carried out.
The inclusion complex of benzoic acid 1 shows two ap-
proximately energy equal structures A (AE=-29.38 kcal/
mol) and B (AE=-31.15 kcal/mol) with one hydrogen
bond between the Host and Guest molecules (Fig. 6).

In the structure A the hydrogen bond of the OH
group of benzoic acid 1 with basic nitrogen of the
imino group of CA is observed. In the structure B the
OH group of the acid forms a hydrogen bond with
the oxygen atom at the lower rim of the macrocycle.

Energy minimized structures of CA complexes with
o-phthalic (C), m phthalic - (D) and p-phthalic (E)
acids are presented in Fig. 7.

Calixarene complexes with o-phthalic C and m-phtha-
lic D acids are stabilized by two hydrogen bonds. Thus,
one carboxyl group forms a hydrogen bond with the
imino nitrogen atom, and another with the oxygen
atom of the hydroxyl groups at the lower rim of the
macrocycle. Complex E with p-phthalic acid having
the most distant carboxyl groups is stabilized by two
hydrogen bonds with the distal imino nitrogen atoms.

Fig. 7. Energy minimized structures of CA complexes with
o-phthalic C, m-phthalic D and p-phthalic acid E.
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It should be noted that the Host-Guest complexa-
tion does not change the flattened-cone conformation
of calixarene confirming complementarity of benzoic
acids to the molecular architecture of the calixarene
macrocycle.

Conclusions

5,17-bis-(N-tolyliminomethyl)-25,27-dipropoxy-
calix[4]arene containing two imino groups on the up-

per rim of the macrocycle forms the Host-Guest in-
clusion complexes with benzoic acids, which are cha-
racterized by binding constants 335-910 M in ace-
tonitrile-water solution. The data obtained provide
the basis for creating a highly sensitive sensor for re-
cognition and binding of biologically active benzoic
acids in the biological media. Calixarene is a prom-
ising compound in design of the sensor devices or
drug delivery systems for biorelevant acids.
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SYNTHESIS AND THE ANTIMICROBIAL ACTIVITY OF ETHYL
5-METHYL-2-(ALKYLTHIO)-4-0X0-3,4-DIHYDROTHIENO
[2,3-d]PYRIMIDINE-6-CARBOXYLATES

0.V.Tkachenko, S.V.Vlasov, S.M.Kovalenko, 1.0.Zhuravel’, V.P.Chernykh

National University of Pharmacy
53, Pushkinska str., Kharkiv, 61002, Ukraine. E-mail: kosn@ukrfa.kharkov.ua

Key words: thiophene; pyrimidine; thiourea

By alkylation of the products of diethyl 3-methyl-5-{[(methylthio)carbonothioyl]lamino}-2,4-thiophenedicarboxylate in-
teraction with benzylamines the novel derivatives of ethyl 5-methyl-2-(alkyithio)-4-oxo-3,4-dihydrothieno[2,3-d]pyrimi-
dine-6-carboxylates have been obtained. It has been found that the signal of the CH,-group adjacent to the nitrogen
atom in position 3 of thieno[2,3-d]pyrimidine system is always observed in the range of 5.35-5.40 ppm, while the posi-
tion of the signal of methythylene-group connected with the sulfur atom much depends upon the structure of the radical
attached to this group. IR-spectra of all the compounds contain the intensive C=0 stretching band at 1721-1678 cm’;
the spectra of the compounds with amide function contain bands of stretching N-H of 3280-3263 cm', while nitriles
have the band of stretching C=N vibrations near 2250 cm'. It has been determined that all of the compounds are mostly
active against the strain of Candida aibicans fungi. The most resistant microorganism was found to be the strains of
Staphylococcus aureus. The only exception is the derivative modified with the thioacetic acid residue in position
2 and unsubstituted benzyl in position 3, which appeared to be highly active against Staphylococcus aureus strain.
Amides of thioactetic acid modified in position 3 with 3,4-dichlorobenzyl substituent and thioacetamide substituents
in position 2 are active against Pseudomonas aeruginosa, as well as the compound, which contains 3-chlorobenzy!
substituent in position 3 and p-chlorobenzotiol substituents in position 2 of thieno[2,3-d]pyrimidine.

CUHTE3 TA AHTUMIKPOBHA AKTUBHICTb MNMOXIQHUX ETUIT 5-METWUII-2-(AJIKI/1TIO)-4-OKCO-3,4-AU-
rigPoOTIEHO[2,3-d]MTIPUMIONH-6-KAPBOKCUIIATIB

O.B.TkayeHko, C.B.Bnacoe, C.M.KosaneHrko, I.0.XKypasens, B.I1.HepHux

Knrouoei cnoea: miogheH; nipumiduH;, miocedosuHa

LLinsixom ankinysaHHs1 Mpodykmie esaemodii Oiemun 3-memurn-5-{[(memurnmio)kapboHomioinjamiHo}-2,4-miogpeHOuKap6-
okcunamy 3 beH3unamiHamu ompumani Ho8i noxiOHi emusn 5-memuri-2-(ankinmio)-4-okco-3,4-0uzidpomieHo[2, 3-d]
nipumiduH-6-kapbokcunamie. BcmaHoerneHo, wo e criekmpax 'H IMP cuzHan epynu CH,, 3’€dHaHoi' 3 amomom
HimpoeeHy y nonoxeHHi 3 mieHo[2, 3-d]nipumiduHogoi cucmemu, 05151 yCix KiHUeaux crioflyk 3Haxo0umbcsi 8 Oiana-
30Hi 5,35-5,4 m.u., 8 moli xe Yac ronoxeHHs1 cueHany MmemuneHo8oi epynu 6ins amoma Cyrnbgypy 3Ha4HO 3are-
JKumb 8i0 bydosu padukary, 6e3rnocepedHbo 38’93aH020 3 Heto. B I4-criekmpax Onis ycix criornyk xapakmepHUMU €
iHmeHcueHi cMyeu saneHmHux konueaHb C=0 1721-1678 cm, 055 crionyk 3 aMiOHUM ghpacMeHmMoM HasigHi cMyau
saneHmHux konuearHb N—H 3280-3263 cm', Onst Himpurie criocmepieaembcsi cMyaa 8aneHmHux KonueaHb C=EN
npu 2250 cm'. BcmaHoerneHo, wo eci crionyku Halibinbwe npueHidytoms picm 2pubie Candida aibicans. HalimeHw
akmusHoro binbwicms crionyk susisunack 00 wmamig Staphylococcus aureus. BUKYeHHsIM € nuwe criosyka i3
3anuwKoM miooymoeoi KUC/Iomu y rnosIoXeHHIi 2 ma HesamiuyeHUM BeH3UbHUM 3aMIiCHUKOM Yy MOMOXeHHI 3, sika
rposisuia 3Ha4Hy akmueHicmb 1o 8iOHoweHH0 0o wmamy Staphylococcus aureus. AMidu miooymoeoi kucriomu
3 3,4-0uxs10pobeH3uUnIbHUM 3aMICHUKOM Yy MOJIOXEHHI 3 ma mioauemamiOHUMU 3aMiCHUKaMU Y MOJIOXKEHHI 2 € aK-
mugHuUMU 1o 8idOHoweHH 00 Pseudomonas aeruginosa, mak siK i crionyka, wo micmums 3-x/10p06eH3unbHUl
3aMicHUK y nornoxeHHi 3 mieHo|[2, 3-d]nipumiouHy ma n-xropobeH30mionbHUL 3aMICHUK Y MOMOXEHHI 2.

CUHTE3 U TTPOTUBOMMUKPOBHASI AKTUBHOCTb NMPOU3BOLAHbLIX 3TUJ1 5-METWUII-2-(AJIKUITITUO)-4-
OKCO-3,4-QUrnQPOTUEHO[2,3-d]IMTUPUMULNH-6-KAPBEOKCUJIATOB

E.B.Tka4eHko, C.B.Bnacoe, C.H.KoeaneHko, U.A.XKypaeenb, B.I1.YepHbix

Knrodesnie cnoea: muogheH,; nupumuduH; muoMoYesuHa

TMymem ankunuposaHusi npodykmos e3aumodelicmausi dusmur 3-memun-5-{f(Memunmuo)kapb6oHomuousnjamuHo}-
2,4-muogbeHdukapbokcunama ¢ 6eH3unamuHamu rosy4eHbl HO8ble MPOU3800HbIE 3musl 5-mMemuri-2-(ankunmuo)-
4-0kco-3,4-0ueudpomueHo[2, 3-djnupumuduH-6-kapbokcunamos. YcmaHoeneHo, Ymo 6 criekmpax 'H AMP cue-
Han epynrbl CH,, ces3aHHOU ¢ amoMoM a3oma 6 nonoxeHuu 3 mueHo[2,3-djnupumuduHosoll cucmemsi, 0115 8cex
KOHeYHbIX coeduHeHuUl Haxodumcsi @ uarnasoHe 5,35-5,4 m.0., 8 mo e epemMsi MofoXKeHUe cueHara MemuseHo-
80Ul epyrrbl 803/1e amoMa cepbl 3Ha4UMesIbHO 3a8UCUM om cmpoeHUs padukana, HerocpedCmMeeHHO C8sI3aHHO20
¢ Hel. B VIK-cnekmpax 0t ecex coeOuHeHUU xapaKmepHbIMU S8/ISI0MCS UHMEHCUBHbLIE 0/10Chl 8aNI€HMHbIX
konebaHuli C=0 1721-1678 cm', drnisi coeduHeHUl ¢ aMUuOHbIM ¢hpacMeHMoM MPUCymcmayom Monochk! 8aeHm-
Hbix konebaHuli N-H 3280-3263 cm, 0nsi Humpurioe Habrirodaemcs rosioca saneHmHbIx konebarulti C=EN npu
2250 cmr'. YemaHoeneHo, Ymo ece coeduHeHus1 Hauboree akmueHo rnodaesssitom pocm epubos Candida aibicans.
BbonbwuHcmeo coeduHeHull 0Ka3anocb HaUMeHee akmueHbIM 110 OMHOWEHUK K wmammam Staphylococcus
aureus. VickrnodeHueM U3 3moeo Aensemcs CoeduUHeHUe ¢ 0CMamKoM MUOYKCYCHOU KUCIOMbI 8 MOI0XKeHuUU 2 U
He3aMmeWweHHbIM 6eH3UMbHbIM 3aMecmumerieM 8 NosIoKeHUU 3, Komopoe MposisUIIo 3HaYUMEsbHYH aKmueHOCb
Mo omHoweHuro K wmammy Staphylococcus aureus. AMudbl muoyKcycHoU Kuciomsi ¢ 3,4-0uxmnopbeH3urbHbIM
3amecmumesieM 8 rosIoKeHUU 3 U muoayemamuOHbIMU 3aMeCMUMEesIsIMU 8 NMOSIOKEHUU 2 S8/ISomCcsi akKmueHbIMU
Mo omHoweHuto K Pseudomonas aeruginosa mak xe Kak u coeOuHeHue, cooepxauwiee 3-x10pbeH3urnbHbIl 3a-
mMecmumerb 8 rnonoxeHuu 3 mueHo[2,3-djnupumuduHa u r-x1o0p6eH30muUorbHLIU 3aMecmumerb 8 MoIoKeHUU 2.
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It has been recently published that esters of 5-
methyl-2-thioxothieno[2,3-d]pyrimidine-6-carboxylic
acid display affinity to histamine receptors of 5-HT,
subtype and could be used as medicines for treat-
ment of Bowel disease. They may also bind 5-HT,,
subtype receptors, which make them useful for treat-
ment of stress induced ulcer [1]. As the result of in
vivo investigation of S-glycosides of ethyl ester of 3-
amino-5-methyl-2-thioxothieno|[2,3-d]pyrimidine-6-
carboxylic acid some compounds with a high range
of anti-inflammatory activity have been found [2].
Esters of 2-S-alkylthiothieno[2,3-d]pyrimidine-6-carb-
oxylic acid may also be applied as the intermediates
for preparation of fused systems of heterocycles with
the antimicrobial activity [3].

Since the number of works dedicated to investi-
gations of the biological activity of 5-methyl-2-thioxo-
thieno[2,3-d]pyrimidine-6-carboxylic acid is not enough,
we devoted our work to the synthesis and research
of the antimicrobial activity of some derivatives of
ethyl 5-methyl-2-(alkylthio)-4-oxo-3,4-dihydrothieno
[2,3-d]pyrimidine-6-carboxylate.

Synthesis of the target compounds has been car-
ried out by cyclization of the starting dithiocarba-
mate 1 [4,5], with primary, amines [4]. Mostly amines
of benzyl type were used. The above mentioned pro-
cedure resulted in the corresponding 3-R-5-methyl-
4-oxo0-2-thioxo-1,2,3,4-tertrahydrothieno[2,3-d] pyri-
midine-6-carboxylates 2 as the crude products, which
were suitable for further use without additional pu-
rification.

Target molecules 3 were prepared by alkylation
of intermediates 2 with different alkyl halides (like
benzyl chlorides and derivatives of chloroacetic acid).
The radicals R and R? and physicochemical proper-
ties of compounds 3 are listed in Table 1.

The structures of all compounds 3 were deter-
mined by *H NMR and IR-spectral data (Tables 2 and
3). In all 'H NMR-spectra of compounds 3 the signal
of the methyl group is observed in the range of 2.65-
2.85 ppm together with the signals of the carbethoxy-
group protons as a triplet of CH, at 1.15-1.38 ppm
and a quartet of CH,-group at 4.2- 4.6 ppm. The sig-
nal of the CH,-group adjacent to the nitrogen-atom
in position 3 of thieno[2,3-d]pyrimidine system is
always observed in the range of 5.35-5.40 ppm. The
position of the methythylene-group attached to the
atom of sulfur much depends upon the structure of
R%; for example, for benzylated derivatives its position

o)
H,C OEt H,C
H,NR 0
o) ]\ — 74
NH

S EtO ]
EtO //K s

1 S !

CH

Scheme
10

islocated in the range of 4.43-4.47 ppm, for compounds
with the benzoyl-group attached to CH, it is shifted
downfield to 4.78-4.85 ppm. For compounds 3h, 3Kk,
3p and 3q with the carbethoxy-group this signal is
found at 3.8-4.05 ppm, nitriles 3g and 3m - 4.20-
4.35 ppm, carboxamides 3d, 31, 3r-3u - 3.85-4.1 ppm;
for acid 3e the signal CH,COOH is located at 4.03 ppm.
For compounds 3t and 3u with the phenylethyl frag-
ment two signals of methylene-groups are present -
4.2 (2H, t, NCH,CH, Ph) and 3.03 (2H t,, NCH,CH,Ph).
The integral intensity of all the signals present in
the region the aromatic protons resonance well cor-
relates with the number of protons in the structure
of compounds 3. For compound 3e the signal of the
carboxyl-group OH-proton is observed at 12.8 ppm;
amides 3d, 31, 3r-3u show the signals of NH-proton
in the range of 7.9-8.7 ppm.

IR-spectra of all compound 3 show the stretch-
ing bands of C-H in the region of 3091-2853 cm};
for all of these compounds the intensive C=0 stretch-
ing band is present at 1721-1678 cm™. The spectra
of compounds 3 with the amide function contain bands
of stretching N-H 3280-3263 cm, while nitriles have
the band of stretching C=N vibrations near 2250 cm™.

The antimicrobial activity of compound 3 were
investigated by the agar well diffusion method [6, 7].
The antimicrobial effect was measured by the diameter
of the growth inhibition zone based on the known
data about active antibiotics applied for the well dif-
fusion method against susceptible microorganism strains
[7, 8]. To evaluate the antimicrobial activity the fol-
lowing criteria were used: in the case of the inhibition
zone absence or its diameter was less than 10 mm
either the bacteria strains were considered to be re-
sistant or the concentration of the compound tested
was rather low for the inhibition effect; the diameter
of the inhibition zone was 10-15 mm - the low sen-
sitivity of the bacteria strain to the compound in the
given concentration; the diameter of the inhibition
zone of 15-25 mm was considered as the sign of the
substance activity against the microorganism strain;
the diameter of the inhibition zone of 25 mm or more
was considered as the evidence of the high antimic-
robial activity of the compound tested. The results of the
antimicrobial activity assay are presented in Table 4.

All of compounds 3 possessed the antimicrobial
activity, but they were mostly active against the strain
of Candida albicans fungi. The most antifungal activity
was displayed by compounds 3e, 30 and 3s, which

0 H,C o)
-RRiHal o) R
N N
SE-BYa®
AT e A
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Physicochemical properties of ethyl
5-methyl-2-(alkylthio)-4-oxo-3,4-dihydrothieno[2,3-d]pyrimidine-6-carboxylate derivatives 3

Table 1

Mol. formula . Yield %, . N%
Compound R R’ M, in the alkylation | M.p., °C “calc.
step found

3a o cH, s 76 w0 |2
3b Bn CH,COPh Casflalli0:3: 87 150161 | 20
3¢ B p-CiBn s s |11 | 58
3d Bn CH,CONH(Cyclohexyl) Czszggg""gg‘*sz 94 261-262 %
3e Bn CH,COOH Craflials0:5; 61 192193 | 282
3f 4-FBn CH,COPh Czﬂgg\éf"sz 82 176-178 g%
39 4-FBn p-CIBn C24H25°§£(')\'220352 89 162-164 %
3h 4-FBn CH,COOEt Calf :5: 70 17779 | 293
S chcorn | St | s emes | 3
39 2-ClBn CH,CN CrsFe 05, 68 166168 | 220
3k 2-ClBn CH,COOEt CarFln 05, 73 128130 | 252
3| 2-ClBn CH,CONHBn CaCIL0:5, 93 175176 | 273
3m 3-ClBn CH,CN CrsFisc 055, 62 183185 | 008
il >Cen CH,COPh e 85 164165 | 5
30 3-ClBn p-CIBn CataM0,5; 78 140145 | 239
3p 3-ClBn CH,COOEt CaFln 055, 82 152155 | 252
3q 3,4-diCIBn CH,COOEt C21H§°1C5'f2'50552 88 191-193 %
3r 3,4-diCIBn CH,CONHBN Cap N0 93 25217 | 12
3 34-diCIBn | CH,CONH(Cyclohexyl) C25H§76C;f2'§0452 90 218-220 %
3t CH,CH,Ph CH,CONHBN CaflNi9:3: 78 212-213 8.0
3u CH,CH,Ph | CHCONH(Cyclohexy) | Caeflali0:: 83 197198 | 518

showed the most diameters of the growth inhibition
zones. The most resistant microorganisms were de-
termined to be the strains of Staphylococcus aureus
and Proteus vulgaris. The only exception was the de-
rivative 3e modified with the thioacetic acid residue in
position 2, which appeared to be highly active against

Staphylococcus aureus strain. Amides of thioactetic
acid modified in position 3 with 3,4-dichlorobenzyl
substituent 3r and 3s were active against Pseudomo-
nas aeruginosa, as well as compound 30 with 3-chlo-
robenzyl substituents in position 3 and p-chloroben-
zotiol substituents in position 2.

11
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Data of '"H NMR-spectra of ethyl
5-methyl-2-(alkylthio)-4-oxo-3,4-dihydrothieno[2,3-d]pyrimidine-6-carboxylate derivatives 3

Table 2

Chemical shift, §, ppm.

Compound NH CH, OCH,CH,8 aliphatic protons aromatic protons
OH GH,s) |GH,t.+2H,q) phaticp P
1 2 3 4 5 6
] 2.58 (3H, t, SCH,) ]
3a 23 1374433 | 23700 ) 7.30 (5H, m., Ar-H)
7.30 (5H, m., Ar-H)
] 5.3 (2H, 5., NCH,Ph) 7.55 (2H, t, H-5"+ H-3)
3b 278 135443 1 485H,s. SCH,COPh) 7.68 (1H, t, H-4)
8.02 (2H, d., H-2'+ H-6)
] 5.25(2H, s, CH,Ph) ]
3c 2.83 137443 | ety | 730 OH m, ArH)
1.1-1.8 (10 H, m., cyclohexyl)
3.89 (2H, 5., SCH,CO) )
3d 797 (NH) | 283 13443 |23 b NCHLBh) 7.30 (5H, m., Ar-H)
3.52 (1H, m., NHCHcyclohexyl)
4.03 (2H, 5, SCH,COOH) ]
3e 128(0H) | 285 1224432552 o0 TNCH Py 7.30 (5H, m., Ar-H)
7.06 (2H, t, H-2 + H-6)
7.46 (2H, q., H-3 + H-5)
3f : 2.75 115+425 g.gz(z(ghs.;s%ﬁcap_péh» 7.55 (2H, t, H-5'+ H-3)
32 (2H, s, NCH, 7.64 (1H, t. H-4)
8.07 (2H, d., H-2' + H-6)
738 (2H, d, H-3'+ H-5)
] 443 (2H,s,SCHA-CIPh)  |7.31(2H,q. H-3 + H-5)
39 e 115+4.32 155 2H, s, NCH,(4-FPh)) 7.27 (2H, d. H-2'+ H-6)
7.0 (2H, t, H-2 + H-6)
n ] a3 125+42 |3.8(2H,s, SCH,COOEY) 7.46 (2H, q. 3-H + 5-H)
: 135+44 |53 (2H, s, NCH,(4-FPh)) 7.06 (2H, t, 2-H + 6-H)
6.88-7.48 (4H, m., 2-CIPh-H)
. ] 4.78 (2H, s, SCH,COPh) 7.54 (2H, t, H-5'+ H-3)
3i 28 1354475 15 4. 2H, 5, NCH,(2-CIPh)) 7.64 (1H, t. H-4)
8.07 (2H, d., H-2' + H-6)
_ 420 (2H, s, SCH,CN) ] ]
39 2.83 14432 (oS e ey |688748 (4, m, ArH)
125+42 |3.92(2H, s,5CH,COOEY) ] ]
3k 285 135+44 |537(2H,s, NCH,2-ClPh)) | 77> (4H m. ArH)
53 (2H, 5., NCH,(2-CIPh))
31 86(NH) | 285 142+435 |41 (2H,s, SCH,CO) 6.9-7.5 (9H, m., Ar-H)
4.32 (2H, s, NHCH,Ph)
] 435 (2H,s, SCH,CN) ] ]
3m 2.83 1344431 (03 o ey |72 74 m. ArH)
] 427 (2H, s, SCH,COPh) ] ]
3n 2.81 138446 | L) Ol s N by | 68581 OH m, ArH
] 4.45 (2H, s, NHCH,(4-CIPh)) ] ]
30 2.84 1384422 | 23200 S NCh Bapry | 710745 @ m. ArH
] 125+42 |3.98(2H, s, SCH,COOEY) ] ]
3p 2.79 137443 |53 (2H, s, NCH.(3-CIPh)) 7.2:7.4 (4H, m., Ar-H)
] 125+43 |405(2H, s, SCH,COOEY) ] ]
39 265 135444  |532(2H, s, NCH,(3,4-diCl-Ph)) | /376 BH m. ArH)
4.05 (2,5, SCH,CO)
3r 87(NH) | 282 142443 [532(2H, s, NHCH,Ph) 7.2-7.65 (5H, m., Ar-H)

4.3 (2H, s., NCH,(3,4-diCI-Ph))

12
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Table 2 continued

5

6

3s

7.9(NH)

2.8

1.32+4.3

1.1-1.8 (10 H, m., cyclohexyl)
3.85 (2H,s., SCH,CO)
5.3 (2H, s., NCH, Ph)
3.55 (1H, NH-CH cyclohexyl)

7.37-7.65 (3H, m., Ar-H)

3t

8.62(NH)

2.81

1.38+4.3

4.07 (2H, s., SCH,CO)
4.22 (2 H,t, NCH,CH, Ph)
4.34 (2H, s, NHCH, Ph)
3.03 (2H t., NCH,CH,Ph)

7.30 (10H, m., Ar-H)

3u

7.95(NH)

2.83

1.3+4.2

1.1-1.9 (10 H, m., cyclohexyl)
3.97 (2H,s., SCH,CO)

4.22 (2 H, t., NCH,CH, Ph)

3.03 (2H, t,, NCH,CH, Ph)

3.55 (1H, m., NHCH cyclohexyl)

7.3-7.4 (5H, m., Ar-H)

Data of IR-spectra of ethyl
5-methyl-2-(alkylthio)-4-oxo-3,4-dihydrothieno[2,3-d]pyrimidine-6-carboxylate derivartives 3

Table 3

Wavenumber, v, cm™’
Compound v N-H v C-H v C=N v(C=0 vC=N
v C=C
1 2 3 4 5 6
1537 1540 1470
3a ; 3832 38?2 ;ggé - 1711 1683 1390 1377 1363
1336 1324
1595 1579 1509
3b . 3063 3034 3007 . 1686 1467 1381 1365
2083 2914
1338
3063 3033 2992 1594 1540 1509
3¢ - 2969 2930 2919 - 1718 1686 1471 1406 1388
2868 2709 1372 1358 1335
1561 1516 1468
3091 3033 2989 1715 1681
3d 3277 S - > 1393 1376 1363 1339
1309
1586 1538 1508
3e s - 1744 1697 1469 1374 1335
2738 2677
1302
1510 1469 1449
3f - 2981 2909 - 1719 1688 12 1358 12
1603 1540 1509
3g ; 2991 2972 2933 - 1715 1686 1490 1471 1444
1433 1406 1387
1604 1540 1510
1470 1434 1388
3h - 3067 2978 2935 - 1722 1692 A aliies
1319
1579 1537 1509
3i ; 3059 2973 2924 1715 1686 1467 1448 1365
1326 1293 1251
3062 2977 2941 1594 1591 1469
39 - 2902 2250 1718 1443 1376 1334
1537 1511 1468
3K - 3064 2980 2936 - 1719 1691 1443 1402 1385
1368 1335 1315
3064 3029 2989 1517 1468 1443
3l 3288 2929 2872 - 1717 1678 1391 1376 1332
3m - 2991 2942 2250 1710 1687 1517 }g;g 1434

13
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Table 3 continued

1 2 3 4 5 6

3m - 2991 2942 2250 1710 1687 1517 1;;2 1434
1597 1579 1509

3n . 3083 3904 2980 . 1683 1464 1435 1396
1378 1370 1355

1595 1573 1537

1510 1493 1468

30 - 2979 2937 - 1719 1692 1436 1412 1376
1358 1334 1314

1298
1542 1510 1473
3p - 229932 2298?;?5 - 1721 1693 1437 1388 1377 1366
1336 1309

1560 1537 1509

39 - 2981 2931 2873 - 1719 1689 1469 1432 1400
1562 1538 1511

3r 3263 3080 393 ! . 1717 1681 1469 1431 1399
1366 1350 1331

3093 2986 1562 1517 1470

3s 3273 2933 2854 ) 1717 1680 1394 1375 1352
3066 3027 2990 1604 1586 1552

3t 3271 2932 2869 2285 - 1715 1681 1533 1511 1468
1561 1516 1468

3u 3980 309209;’202248524986 - 1718 1687 1453 1396 1377
1366 1337 1303

Table 4
Antimicrobial properties of ethyl
5-methyl-2-(alkylthio)-4-oxo-3,4-dihydrothieno[2,3-d]pyrimidine-6-carboxylate derivartives 3
The growth inhibition zone diameter, mm
experiments were performed in triplicate, n=3
Compound i
P Stap (% ﬁz(;ccus Escherichia coli Pf;it;g;m?;s Proteus vulgaris | Basillus subtilis gﬁ)’;g;ii
ATCC 25923 | ATCC25922 | arccazgsy | ATCC4636 ATCC6633 | AtcC 653/885

3a 15,16, 15 15,14,15 17,17,16 16,15, 14 17,16, 16 20,19,18
3b 14,15, 14 16,17,16 17,17,16 15,16, 16 18,19,18 17,16,17
3c 14,15,14 14,15,14 13,12,13 12,12,13 17,17,17 20, 21, 22
3d 14,15,14 14,15, 14 13,12,13 12,12,13 17,17,17 20, 21, 22
3e 25,22,23 15,15,16 17,18,18 16,15,16 18,19, 20 24,22,22
3f 15,15,14 14,13, 14 16,16,17 15,14,14 16,16, 16 14,14, 14
39 15,14,15 18,17,17 16,17,16 15,15,15 18,19,19 20, 21,20
3h 17,18,18 13,13,14 15,15,15 13,14,13 15,16, 16 17,18,17
3i 14,15,15 12,13,13 13,12,13 12,12,13 15,15,15 19,18, 18
39 18,18, 19 16, 15,15 16,18,17 15,15,16 17,18,18 16,16, 17
3k 14,15,15 17,18,17 15,17,17 13,14,14 16,15, 16 16,17,17
3l 15,15,15 16,15,16 14,13,14 12,13,13 14,15,14 20,19,19
3m 18,17,18 16,16,17 16,16, 16 15,16, 14 19,18,18 17,16,16
3n 14,15,15 13,13,13 14,13,14 14,13,13 16,15,16 19, 20,19
30 14,14,15 16,17,17 22,21,20 17,17,18 18,19,19 23,24,23
3p 15,15,15 13,14,14 15,16, 16 14,13,14 15,16,17 18,19, 19
3q 14,15,15 14,13,14 14,14,14 12,13,12 15,17,16 14,15, 14
3r 15,16, 15 14,13,13 20,18, 19 16,17,16 16,15,16 18,19, 19
3s 15,16, 15 14,14,13 20, 20, 21 15,16, 16 15,16,17 22,21,22
3t 15,14,14 14,13,14 16,17,16 15,14,14 15,16, 16 20,19,19
3u 15,14,15 14,14, 14 15,14,14 13,13,13 16,17,16 17,18,17

14
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Thus, it is obvious that introduction in position 3
of chlorinated benzyl substituents or the derivative
of thioacetic acid in position 2 of ethyl 5-methyl-4-
oxo0-3,4-dihydrothieno[2,3-d]pyrimidine-6-carboxy-
late increases the antimicrobial properties of the com-
pound. It is noteworthy that ethers of thioacetic acid
(namely compounds 3h, 3k, 3p, 3q) show a low ac-
tivity, which indicates the importance of the OH or
NH-acid fragment for compound 3 to be active as an
antimicrobial agent.

Experimental Part

Chemical research

The melting points (°C) were measured with a
Koeffler melting point apparatus and were not cor-
rected. IR spectra were recorded on Bruker Tensor
27 spectrometer in KBr. 'H NMR spectra were record-
ed on Bruker DRX-500 (500 MHz) spectrometers in
DMSO-d, using TMS as an internal standard (chemi-
cal shifts are in ppm).

Diethyl methyl-5-{[(methylthio)carbonothioyl]
amino}-2,4-thiophenedicarboxylate 1 has been ob-
tained by the known method [4, 5].

General method for synthesis of compounds 3

To 2g (0.0028 mol) of diethyl methyl-5-{[(methyl-
thio)carbonothioyl]amino}-2,4-thiophenedicarboxy-
late 1 0.004 mol of the corresponding primary amine
was added. The mixture was diluted with DMF and
stirred at reflux until the release of methylthiol oc-
curred (about 2-5 hours). Then the reaction mixture
was cooled and diluted with water. The mixture ob-
tained was acidified with 1 mL of the concentrated hy-
drochloric acid and the precipitate formed was filtered
and thoroughly washed with a lot of water. Product 2
was additionally purified by reflux in 2-propanol.

References

To compound 2 0.9 mmol of DMF, 1 mmol of tri-
ethylamine were added together with 1 mmol of an
alkylating agent and the mixture was stirred at 70°C
for 8-12 hours. After that the reaction mixture was
cooled and diluted with water. The precipitate of
product 3 formed was filtered and crystallized form-
ing 2-propanol.

Research of the antimicrobial activity

According to the WHO recommendations [6, 7]
the following test-strains were used: Staphylococ-
cus aureus ATCC 25923, Esherichia coli ATCC 25922,
Pseudomonas aeruginosa ATCC 27853, Proteus vul-
garis ATCC 4636, Bacillis subtilis ATCC 6633, Candida
albicans ATCC653/885. The bacterial concentration
was 107 CFU/mL (determined by McFarland standard).
Overnight cultures kept for 18-24 h at 36°C + 1°C were
used. The bacterial suspension was inoculated onto the
entire surface of a Mueller-Hinton agar (Dagestan Sci-
entific Research Institute of Nutrient Media). The com-
pounds were introduced to the wells in the form of
DMSO solution in concentrations of 100 ug/mL; the
open wells were filled with 0.3mL of the solution.

Conclusions

The synthesis of novel derivatives of ethyl 5-me-
thyl-2-(alkylthio)-4-oxo-3,4-dihydrothieno[2,3-d]py-
rimidine-6-carboxylates has been carried out and the
compounds obtained have been screened for the an-
timicrobial activity. As the result, it has been found
that introduction of chlorinated benzyl substituents
in position 3 of thieno[2,3-d]pyrimidine system or
the moiety of thioacetic acid in position 2 promotes
the antimicrobial activity, while OH- or NH-acidic
fragment of thioacetic acid derivative increases the
antimicrobial activity of a molecule.
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SYNTHESIS AND DIURETIC PROPERTIES OF N-ARYL-
6-HYDROXY-2-METHYL-4-0X0-2,4-DIHYDRO-1H-PYRROLO
[3,2,1-ij]QUINOLINE-5-CARBOXAMIDES WITH ELECTRON-
ACCEPTOR SUBSTITUENTS IN THE ANILIDE FRAGMENT

[.V.Ukrainets, M.Yu.Golik, O.L.Shemchuk, V.M.Kravchenko

National University of Pharmacy,
53, Pushkinska str,, Kharkiv, 61002, Ukraine. E-mail: uiv-2@mail.ru

Key words: anilides; 4-hydroxy-2-oxo-1,2-dihydroquinoline-3-carboxamides; pyrroloquinolines; amidation;
hydrolysis; diuretic activity

In numerous studies of 4-hydroxy-2-oxo-1,2-dihydroquinoline-3-carboxamides it has been convincingly shown that ami-
dation of quinoline-3-carboxylic acids esters with alkyl-, aryl- and hetarylamines is the best way to obtain these com-
pounds. As a rule, syntheses proceed smoothly and efficiently under rather mild conditions. However, in those cases
when for formation of amides the temperature of 120-150°C and above is applied, partial destruction of the ester frag-
ment may occur and, as a result, it pollutes the target products with specific impurities — the corresponding 4-hydroxy-1,2-
dihydroquinolin-2-ones or their analogues. Application of "H NMR spectroscopy allows to prove that the cause of ester
fragments destruction, which sometimes can be observed when alkyl 4-hydroxy-2-oxo-1,2-dihydroquinoline-3-carbox-
ylates react with amines under harsh conditions, is water presented in the reagents or in the solvents. It becomes
clear from this study that at the temperature of 95°C and higher the sensitivity of 4-hydroxy-2-oxo-1,2-dihydroquinoline-
3-carboxylic acids esters in a solution or a melt to hydrolysis increases significantly. Simple methods to minimize this
undesirable process have been proposed — if the synthesis of N-substituted amides based on them requires such severe
condlitions, water should be removed from the reagents and solvents in order to avoid contamination of the final products
with 4-hydroxy-1,2-dihydroquinolin-2-ones. The results of the diuretic properties study of new substituted anilides of
6-hydroxy-2-methyl-4-oxo-2,4-dihydro-1H-pyrrolo[3, 2, 1-ijjquinoline-5-carboxylic acid are discussed.

CUHTE3 TA 4IYPETUYHI BJTACTUBOCTI N-APUI1-6-I'IJPOKCU-2-METUI1-4-OKCO-2,4-OUIN4PO-1H-MIPOJ10[3,2,1-ij]
XIHOJMIH-5-KAPEOKCAMIAIB 3 EJIEKTPOHO-AKLIETTTOPHUMU 3AMICHUKAMU B AHITTIQHOMY ®PAIMEHTI
1.B.Ykpaineub, M.FO.lMonik, O.J1.LLlem4yk, B.M.KpaeyeHko

Krnroyoei cniosa: aHinidu; 4-2i0pokcu-2-okco-1,2-0uziopoxiHoniH-3-kapbokcamiou, miponoxiHomiHu, amidyeaHHs;
2idponis; diypemuyHa akmueHicmb

Y npoueci yucneHHux 0ocidXeHb, MPUCBSHEHUX 4-2i0poKcu-2-okco-1,2-0uzidpoxiHoniH-3-kapbokcamioam, byrio ne-
[PEKOHIIUBO OKa3aHo, WO Kpawum memoOoM 00epxaHHs MmaKuX CriofyK € amilyeaHHs ecmepig XiHOMiH-3-kapboHo8UX
Kucriom arkin-, apus- Yu eemapuniamMiHamu. 5K npasusio, cuHme3u rnpoxodsme 2nadko ma egheKmusHo 8 Oocumb
m’sikux ymoeax. O0Hak y mux sunadkax, Kornu 01151 hopMyeaHHs1 amidie mompibHa memnepamypa 120-150°C i suuye,
MOXIIUge Yacmkose po3kriadaHHs eCmMepHo20 ghpazMeHmy i SiK pe3yribmam 3abpyOHeHHs Uinbogux rnpodykmie crie-
uugbivHUMU domilukamu — 8idrnoeiOHUMU 4-2idpokcu-1,2-0ueidpoxiHoriH-2-oHamu abo ix aHano2amu. 3a Go0roMOo20r0
crnekmpockonii IMP 'H dogedeHo, wio npu4uHo0 decmpykuii ecmepHUx gopaemMeHmis, sika iHKouU criocmepizaemi-
cs npu e3aemodii arnkin 4-2idpokcu-2-okco-1,2-0ueidpoxiHonin-3-kapbokcunamie 3 amiHamu 8 XXOPCMKUX yMosax, €
MPUCYMHST 8 peaceHmax Yu po34UHHUKY eoda. 3 rposedeHoz20 AocridxeHHsT 8UOHO, wo rpu memnepamypi 95°C i
suwe Yymrusicme 0o 2idpornidy ecmepig 4-2i0pokcu-2-okco-1,2-0ueiOpoxiHorniH-3-kapboHosux Kuciom, siki nepeby-
8armb y PO34UHI YU po3riiasi, cymmeso 3pocmae. 3arnporoHos8aHi Mpocmi crnocobu MiHimizayii ybo2o HebaxxaHo20
rpouecy — sKW0 cuHmMe3 Ha ix ocHoei N-3amiuieHux amidie mompebye XopcmKux ymos, mo 0551 3arobieaHHs 3a-
6pyOHEHHIO KiHUesUX rPodykmig 4-2idpokcu-1,2-0ugiOpoxiHoriH-2-oHamu HeobxiOHO sudansmu 800y 3 peazeHmig
ma po34uHHuUKig. Ob2080PHOHMBLCS Pe3yribmamu 8usHeHHs1 OiypemuyHUX erracmueocmel HO8UX 3aMilieHUX aHirnidig
6-2idpokcu-2-memur-4-okco-2,4-0ue2iopo-1H-niporno[3, 2, 1-if]xiHorniH-5-kap6oHo8oI Kucriomu.

CUHTE3 U INYPETUYECKUE CBOUCTBA N-APUJI-6-rMPOKCU-2-METWUI-4-OKCO-2,4-OUIrNaPO-1H-ITNP-
POIJ10([3,2,1-ij]XMHOJINH-5-KAPEOKCAMUL4OB C SJIEKTPOHOAKLIENNTOPHbLIMU 3AMECTUTEJISIMUA B
AHUINTUQHOM ®PArMEHTE

U.B.Ykpauneu, H.FO.MNonuk, A Jl.LLlem4yyk, B.H.KpagyeHko

Knroveenle cnoea: aHunudbi; 4-2udpokcu-2-okco-1,2-0uaudpoxXuHonuH-3-kapbokcamudbl, MUPPOIOXUHOUHBI;
amuduposaHue; 2udponus; OuypemudecKkasi akKmugHOCMb

B nipouecce MHo204UCIeHHbIX UCCIe008aHUL, NOCBSUEHHbIX 4-2UGPOKCU-2-0Kco-1, 2-0uaulpoXuHOUH-3-Kapbokcamu-
Oam, 66110 y6edumeribHO MoKasaHo, Ymo Jly4uwumM MemodoM MoryYeHUs makux coeQuHeHuUl sensemcsi amudupo-
8aHuUe CII0XKHbIX 3QhUpO8 XUHOMUH-3-KapboHO8bIX KUCIOmM alikur-, apur- u eemapunamuHamu. Kak rnpasurno, cuH-
me3bi npoxodsm anadko U aghghekmusHo 8 A080rILHO MsieKux ycrosusix. OOHaKo 8 mex criydasix, koeda Onsi hop-
muposaHusi amudos mpebyemcsi memnepamypa 120-150°C u ebiwie, 803MOXHO Yacmu4yHOe pa3pyuieHUe CrioXHO-
3¢hupHO20 chpaeMeHmMa U KaK pe3ynbmarm 3agpsi3HeHuUe Uenesbix npodyKmos crneyuguyecKuMu npumMecsimu — co-
omeemcmeyrouumu 4-eudpokcu-1,2-0u2udpOXUHONUH-2-0HaMmu unu ux aHanoaamu. C noMouwbro CrieKmpocKonuu
SMP "H dokazaHo, 4mo rpu4uHol OecmpyKuuU CHOXHO3GUPHbBIX hpazmeHmos, uHoz20a Habndatowelics pu e3a-
umodelicmeuu ankus 4-2udpoKcu-2-okco- 1, 2-0uaudpOXuHONUH-3-kapboKcuIamos ¢ aMuHamu 8 XXECMKUX yCII08USIX,
se/1silemcs npucymemaeyroujasl 8 peazeHmax usu pacmeopumere 8oda. M3 nposedeHHO20 uccriedosaHus credyem,
uymo ripu memnepamype 95°C u ebiwie Hy8cmeaumessHOCMb K 2udporu3y Haxo0sWUXCS 8 pacmeope Uru pacrinase
CIIOXHbIX 3¢hupo8 4-2udpoKcu-2-0KCco-1,2-0u2udpPOXUHONUH-3-KapbOHOBbIX KUCIOM CyWecme8eHHO go3pacmaem.
lNpednoxeHb Mpocmele crnocobbl MUHUMU3AUUU 3IM020 HEXernamesibHO20 Mpoyecca — ec/iu CUHMEe3 Ha UX OCHO-
8e N-3amewéHHbIX amudos mpebyem cmorib XeCmKUX ycriosuli, mo 60 udbexaHue 3a2psA3HEHUS] KOHEYHbIX PO-
Oykmoe 4-2udpokcu-1,2-0ucudpOoXUHONUH-2-0Hamu HeobxoOuMo ydarnsimb 800y U3 peazeHmos U pacmeopumered.
O6cyx0aromces pesyribmamal U3yYeHusi OUypPemuYecKux ceolicma HOB8bIX 3aMelUEHHbIX aHUMU008 6-2udpoKcu-2-
memur-4-okco-2,4-0uaudpo-1H-nuppornof3, 2, 1-ijjxuHonuH-5-kapboHoeol Kuciomesil.
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In numerous studies of 4-hydroxy-2-oxo-1,2-di-
hydroquinoline-3-carboxamides it has been convin-
cingly shown that amidation of quinoline-3-carboxy-
lic acids esters with alkyl-, aryl- and hetarylamines
is the best way to obtain these compounds [2-6]. As
a rule, syntheses proceed smoothly and efficiently
under rather mild conditions. However, in those cas-
es when for formation of amides the temperature of
120-150°C and above is applied, partial destruction
of the ester fragment may occur and, as a result, it
pollutes the target products with specific impurities -
the corresponding 4-hydroxy-1,2-dihydroquinolin-2-
ones or their analogues [7-10]. This effect is the most
significant for amines with low nucleophilicity, for
example, anilines with electron-accepting substitu-
ents in the aromatic ring.

Simple experiments carried out directly in the am-
poule of the NMR spectrometer were used to deter-
mine the cause of this undesirable reaction. At first,
to solve the problem the H NMR spectra of the sub-
stances most readily undergoing destruction, namely
methyl esters of 4-hydroxy-2-oxo0-1,2,5,6,7,8-hexa-
hydro- [7] and 4-hydroxy-6,7-dimethoxy-2-oxo-1,2-
dihydro- [10] quinoline-3-carboxylic acids, as well
as ethyl ester of 6-hydroxy-2-methyl-4-oxo-2,4-di-
hydro-1H-pyrrolo[3,2,1-jj]quinoline-5-carboxylic acid
[8] and its 2-methyl-substituted analogue 1 [9], were
registered in DMSO-d, at the room temperature. These
data served as the initial control.

Then temperatures of the samples were increased,
kept at the same range for a certain period of time,
and a new 'H NMR spectrum was registered. After-
wards the next measurement at higher temperature

OH O

was performed. The experiment lasted until the evi-
dence of the ester fragments destruction appeared in
the 'H NMR spectrum.

The behaviour of all esters tested is similar - they
are quite stable in DMSO-d, at 80°C. However, at 95°C
during 5-25 minutes of heating the first signs of the
ester groups decomposition are detected: along with
the initial esters, methyl or ethyl alcohols and relat-
ed quinolinecarboxylic acids type 2 are registered
in the reaction mixture. It is a well-known fact [11]
that they are extremely unstable and rapidly decarb-
oxylize to 4-hydroxy-1,2-dihydroquinolin-2-ones in
solution as evidenced by instant appearance of H-3
protons characteristic singlets in the 'H NMR spec-
tra at 5.40-5.80 ppm. With the further increase of the
temperature the process of esters decomposition
accelerates significantly, and it is almost complete in
20-30 seconds at 150°C.

The fact that the intermediate quinolinecarboxy-
lic acids are formed at relatively low temperatures
indicates that most likely the real cause for appear-
ance of the undesirable 4-hydroxy-1,2-dihydroquin-
olin-2-ones as by-products in the reaction between
alkyl 4-hydroxy-2-oxo-1,2-dihydroquinoline-3-carb-
oxylate with aromatic amines is hydrolysis of the ester
groups, but not their pyrolytic decomposition as pre-
viously supposed. The repetitive experiment carried
out with ethyl 6-hydroxy-2-methyl-4-oxo-2,4-dihyd-
ro-1H-pyrrolo[3,2,1-ij]quinoline-5-carboxylate (1) has
confirmed this conclusion. The only difference from
the previous experiment is that instead of the hygro-
scopic DMSO-d,, toluene-d, - the solvent with delib-
erately much lower water content is used. According

X OEt
N~ 0

Me

1

HN/Q
R

2

OH ?
N N
H R
N (0]
Me

4a-p

OH O
H2O AN OH
- EtOH N 0
Me
2

-CO,

Me
3

4: aR =2-C=N; bR = 2-COMe; c R = 2-COOH; d R = 3-COOH; e R = 4-COOH; f R = 2-COOMg;
g R = 4-COOMe; h R = 4-COOEt; i R = 4-COOPr; j R = 4-COOBu; k R = 2-CONH,; I R = 2-CONHMe;
m R = 2-SO,NH,; n R = 5-CI-2,4-(SO,NH,),; 0 R = 4-NO,; p R = 4-NH,.

Scheme. The synthesis of pyrroloquinoline-5-carboxanilides 4.
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Table 1
Physicochemical Characteristics of Anilides 4a-p
Empirical C W‘V o . Diuretic
Compound formula - alcu I::te , % N Mp, °C Yield, % activity, %**

4a C,H, N, Bl | 22 | 122 | 167169 78 4
4b C,H.N,O, % % ;:—%‘ 158-160 76 +26
4c C,H. N0, % % % 232-234 80 +152
Ad CooHioN;0; 8001 | 222 | I | as52s7 85 +95
4e C,H, N0, 0385 | 235 | 280 | 281283 88 +110
af C,H, N0, So/3 | 288 1 332 1 488190+ 79 1
49 C,H,N.O, % % ;:—;‘g 187-199% 87 110
ah C,H, N0, 8723 | 202 1 200 | 476178 90 167
ai CH,NO, eyl R B IR E VR E 89 10
4j C,H,NO, 80> | 283 83 | yp5qap 83 +27
4k C,H.N,O, % i% % 259-261 77 43
4l C,H N0, gg% % % 203-205 75 +37
4m CH N,0.S % % % 227-229 78 114
an C,H, CIN,O.S, M| 2 2| 3537 72 £17
40 C,H..N.O, % ﬁ % 231-233 85 +20
4p C,oH N0, % ;’:% % 210-212 91 +5

Hydrochlorothiazide +53

* Recrystallized from ethyl acetate, the remaining material is the mixture of DMF and ethanol.
** «+» Indicates increase and «—» inhibition of diuresis when compared with the control taken as 100%.

to the 'H NMR spectral data boiling of tricyclic ester
1 in toluene-d, (~110°C) for 10 minutes does not
cause any significant changes in its structure. But af-
ter adding D0 to the test solution decomposition of
the initial ester 1 to 6-hydroxy-2-methyl-4-oxo-2,4-
dihydro-1H-pyrrolo[3,2,1-ij]quinolin-4-ones (3) has
been observed by approximately 50% after boiling
for 3 minutes (Scheme).

It becomes clear from this study that at the tem-
perature of 95°C and higher the sensitivity of 4-hy-
droxy-2-oxo-1,2-dihydroquinoline-3-carboxylic acids
esters in solution or a melt to hydrolysis increases
significantly. Therefore, if the synthesis of N-substi-
tuted amides based on them requires such severe

18

conditions, water should be removed from the rea-
gents and solvents in order to avoid contamination
of the final products with 4-hydroxy-1,2-dihydro-
quinolin-2-ones. This fact is of particular relevance
while working with amines of the low reactivity when
hydrolysis can be a significant competitive process
for amidation or even become the main direction of
the reaction.

Practically, it is sufficient to dry 4-hydroxy-2-oxo-
1,2-dihydroquinoline-3-carboxylic acids esters to the
constant weight at 50°C before amidation. Sometimes
it must be done in a vacuum desiccator over P,0,,
because some of them might form crystal hydrates
[12]. Water is removed from amines by various con-
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ventional methods depending on their structures
and physical conditions. According to our observa-
tions xylenes (or their mixtures), and bromobenzene
are the most suitable solvents: they are stable, have
a good solvent ability, have relatively high boiling
points, can be easily dried and regenerated.

According to these easy-to-implement recommen-
dations we have obtained a series of new N-aryl-6-
hydroxy-2-methyl-4-oxo-2,4-dihydro-1H-pyrrolo
[3,2,1-ij]quinoline-5-carboxamides 4a-p with elec-
tron-accepting substituents in the anilide fragment of
the molecule (Table 1 and Table 2) with good yields.
4-Amino derivative 4p in this series, of course, is not
included, but to identify its structural and biologi-
cal regularities we decided to consider it together
with 4-nitroanilide 40. In the 'H NMR spectra of the
crude anilides 4a-p obtained in compliance with the
conditions offered the impurity of pyrrolo|[3,2,1-ij]
quinolin-4-ones 3 has not been detected. Therefore,
if the undesirable hydrolysis of ester 1 takes place,
it is very insignificant. For comparison, an attempt
to use the commercial anthranilonitrile (i.e. the one
which does not require additional drying) in the syn-
thesis while all the other conditions were equal led
to formation of a mixture of the target 2-cyananilide
4a and pyrrolo[3,2,1-ij]quinolin-4-one 3 in the ratio
of ~ 2:3 according to the 'H NMR spectral data.

The screening of the diuretic properties of all ani-
lides 4a-p synthesized was conducted in white rats
weighing 180-200 g according to the standard method
[13]. The compounds tested were introduced orally
in a fine aqueous suspension stabilized with Tween-
80. The dose was 10 mg/kg. One of the most famous
diuretic - Hydrochlorothiazide [14] in its effective
dose of 40 mg/kg was used as a reference drug.

The analysis of the results of biological screen-
ing given in Table 1 shows that N-acyl derivatives of
amino-benzoic acid 4c-e deserve special attention
among all the tested compounds. Though their dose
is much lower, their diuretic activity is 2-3 times
higher than that of the reference drug. Moreover,
there is a well-defined relationship between the level
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of their diuretic effect and the position of the carb-
oxyl group in the anilide ring: 2 > 4 > 3. The trans-
formation of acids 4c,e to their esters has a mixed
influence on their biological properties. For example,
the activity of para-substituted methylbenzoate 4g
remains at the same level as of its acid 4e, while its
closest homologues 4h-j lose the ability to increase
urine output up to appearance of the antidiuretic pro-
perties of propyl ester 4i. Modification of 2-carboxyl
group is more categorical: its esterification (methyl
ester 4f) and amidation (amides 4k,l) should be con-
sidered as unreasonable. Despite the expectations,
sulphonamides 4m,n were not active either. In com-
parison with the previously studied unsubstituted
phenylamide of 6-hydroxy-2-methyl-4-oxo-2,4-dihyd-
ro-1H-pyrrolo[3,2,1-if]quinoline-5-carboxylic acid [9],
nitro- and amine groups in the para-position of the
anilide ring (amides 40,p) contribute to appearance
of diuretic properties, but in general, their positive
impact is insignificant.

Experimental Part

The 'H NMR spectra of the anilides 4a-p synthe-
sized were recorded on a Varian Mercury-400 spec-
trometer (400 MHz) in DMSO-d,. Investigation of sta-
bility of esters of quinoline-3-carboxylic acids to hy-
drolysis was carried out with the help of the same
device, the solvent was DMSO-d, or toluene-d,. TMS
served as the internal standard in all cases. Ethyl
ester of 6-hydroxy-2-methyl-4-oxo-2,4-dihydro-1H-
pyrrolo[3,2,1-ij]quinoline-5-carboxylic acid (1) was
obtained according to our previous procedure [9].

6-Hydroxy-2-methyl-4-o0xo0-2,4-dihydro-1H-pyr-
rolo[3,2,1-ijf]quinoline-5-carboxylic Acid Anilides
4a-p (General Method). Mix a pre-dried mixture of
2.73 g (0.01 mol) of ethyl ester 1, the corresponding
aniline (0.01 mol) and 2 ml of xylene and allow to
stand on a metal bath at 130°C for 20-30 minutes.
Cool the reaction mixture, add10 ml of ethanol and
triturate thoroughly. Filter the precipitated anilide
4a-p, wash with alcohol, dry, and recrystallize from
the suitable solvent (see Table 1).
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CUHTE3 HITPUJIIB IT1IPA30./1-4-KAPBOHOBHUX KUCJ/IOT
TEPMIYHOIO AETTAPATALIIEIO OKCUMIB
INIIPA30J/1-4-KAPBAJIBJIET'1A1B
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Kamwuosi caoea: okcumu hipaszon-4-kapbaavdezidie; Himpuau nipas3on-4-kapb6oHo8ux Kucaom;
mepmiyHa dezidpamayisi; dumemuagopmamio
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lposedeHo OemarnbHul fimepamypHuli aHania memodie CUHMe3sy, XiMiyHUX i 6ionoaiyHux ernacmueocmedl Himpu-
nie 4-nipa3onkapboHo8uUX KUCIOM, SKi € 8aXTUBUMU CUHMemMUYHUMU 6r1okamMu Onsi CripsiMo8aHo20 OmpUMaHHS
psAdy cbyHKUioHanbHUX noxiOHUX nipa3sosny. Po3pobneHo npocmul i eghekmueHUl Memod OmpuMaHHs CUHMemuy-
HO ma thapmakoroziyHo nepcrnekmueHUX Himpurie 4-nipa3onnkapboHO8UX KUCIOM, SKUl fonseae y mepmidHid
Oeeidpamauji 8 dumemurighopmamioi okcumie docmynHuUx nipa3osn-4-kapbanseeidie. BcmaHoeneHo, wo ix 3-2o-
OuHHe HazpisaHHs 8 kurnsyomy JM®A € docmamHim Orisi nepemeopeHHs Ha nipa3ori-4-kapboHimpuriu 3 suxoda-
Mu 56-86%. 3’sicosaHo, W0 MOpieHSIHO 3 anithamu4yHUMU ma apoMamuyHUMU aribOOKCUMaMUu Mid8UW,eHHS memMrie-
pamypu peakuitiHoeo cepedosuwia 0o KuniHHs (Ha 17°C) y sunadky okcumie ripasorn-4-kapbanbdezidie do3eorsie
cKopomumu 4ac peakuii 8 16 pasie i mum camum 3pobumu (i020 EKOHOMIYHO €OEKMUBHUM i MEXHOI02IYHUM.
lNoka3aHo, wio 8 daHoMy nepemeopeHHi dumemurichopmamio gidiepae posib 0OHOHaCHO PO3HUHHUKA ma peazeH-
ma. 3anpornoHoe8aHo MexaHi3m 3Hali0eHoi Oezidpamauji, sKul eKrroqae nocnidoeHe enimMiHysaHHs OumemurnamiHy
ma ¢ghopmiamHoi kucriomu 3 iHmepmediamy, 2eHEPOBaHO20 HyKIIeOiNbHUM rMPUEeOHaHHSIM OKCUMHO20 2i0pOoKcurty
0o enekmpoinbHo20 yeHmpy dumemurichopmamioy. Cknad ma cmpykmypa cuHmesosaHux Himpuriie nidmeep-
OKeHi Memodamu efleMeHMHo20 aHarnidy, xpomamomac-criekmpomempii, I4- i AMP 'H-crnekmpockonil.

SYNTHESIS OF PYRAZOL-4-CARBONITRILES BY THERMAL DEHYDRATATION OF PYRAZOL-4-CARB-
ALDEHYDE OXIMES

M.K. Bratenko, N.V. Panasenko, M.V. Vovk

Key words: pyrazol-4-carbaldehyde oximes; 4-pyrazolcarboxylic acids nitriles; thermal dehydratation; dimethylformamide
A detailed literary analysis of the methods for synthesis, chemical and biological properties of 4-pyrazolcarboxyl-
ic acids nitriles, which are important synthetic building-blocks for purposeful obtaining of functional derivatives of
pyrazole, has been conducted. A simple and effective method of obtaining of synthetically and pharmacologically
perspective nitriles of 4-pyrazolecarboxylic acids has been developed. They are obtained by thermal dehydrata-
tion of oximes of easily available pyrazole-4-carbaldehydes in dimethylformamide. It has been determined that
heating of these compounds in the boiling dimethylformamide for 3 hours is enough to produce pyrazole-4-car-
bonitriles with 56-86% yields. It has also been found that in comparison with aliphatic and aromatic aldoximes
increase of the temperature of the reaction medium till it boils (by 17°C) in case of oximes of pyrazole-4-carbalde-
hydes allows to reduce 16 times the reaction time, thus making this synthesis to be economically effective and
technological. It has been shown that in this transformation DMFA simultaneously plays roles of the solvent and
reagent. The mechanism of the dehydratation discovered has been proposed. It includes consecutive elimination
of dimethylamine and formate acid from the intermediate generated by nucleophilic addition of oximic hydroxyl
to the electrophilic centre of dimethylformamide. The composition and structure of the nitriles synthesized have
been confirmed by elemental analysis, chromatomass-spectrometry, IR- and 'H NMR spectroscopy.

CUHTE3 HUTPUIIOB MUPA30J1-4-KAPEOHOBbIX KUCJIOT TEPMUYECKOU OErMOPATALIMEA OKCUMOB
TMNPA30J1-4-KAPBAJIbOEr4oB

M.K.BpameHko, H.B.[laHaceHko, M.B.Boek

Knroyesnie cnoea: okcumbi nupa3sosn-4-kapbansdeaudos; HUMPUIbI rupasosn-4-kapboHOB8bIX KUCIOm; mepMu-
yeckasi decuBpamauusi; dumemurghopmamud

COdernaH nodpobHbIl numepamypHbIl aHannu3 Memo0o8 cuHme3a, XUMU4eckux u buonoaudeckux ceoticme HUMpU-
1108 rnupa3or-4-kapboHO8bIX KUCIIOM, KOMOPbIE AGIMSAMCS 8aXHbIMU CUHMemu4Yeckumu briokamu 0ns yerneHa-
rpaesieHHo20 rosyyYeHus psida QbyHKUUOHabHbIX MPOU3800HbIX nupa3sona. PaspabomaH npocmoli u sghchekmue-
HbIl Memod Mosy4eHUss CUHMEeMUYECKU U (hapMakosi02u4decKuU rnepcrnekmueHbIX HUmpuos 4-nupasonnkapboHosux
Kucrom, KomopabiU 3aKr4aemcsi 8 mepmuyeckol Oeaudpamayuu 8 dumemurighopmamude OKCUMO8 O0CMYHbIX
nupasor-4-kapbanb0eaudos. YcmaHoerneHo, 4Ymo ux 3-yacoeoe HazpesaHue 8 kursuwem JM®A sensemcst docma-
MmoyYHbIM Oris rMpespaueHusi 8 nupasorn-4-kapboHumpursl ¢ ebixodamu 56-86%. BbisicHeHO, 4mo o cpasHeHuUto ¢
anughamuyecKuMu U apoMamuyecKuMu anbO00KCUMaMU MosbILUEHUE MeMiepamypbl peakyUoHHOU cpedbl 00 Kure-
Husi (Ha 17°C) e criyyae okcumoe rnupasor-4-kapbanb0e2udoe 10360s1siem cokpamumb epemsi peakyuu 8 16 pa3 u
mem cambIM cOenlamb €20 IKOHOMUYECKU 3GhgbEKMUBHBIM U mexHorioaudeckuM. lokazaHo, 4mo 8 0aHHOM npeob-
pasosaHuu dumemurighopmamud uzpaem posib 0OHO8PEMEHHO pacmeopumersi U peazeHma. [pedroxeH MexaHu3Mm
HalideHHoU deaudpamauuu, KomopbIl exko4aem rocredosameribHoe MUMUHUpO8aHuUe dumemuramuHa u ¢hopmu-
amHol Kucrnomsi ¢ UHmepmeduama, 2eHePUPOBaHHO20 HyKIeoghUIIbHbLIM MPUCOEOUHEHUEM OKCUMHO20 2UOPOKCUsa
K anekmpoguribHoMy yeHmpy oumemurngpopmamuda. Cocmas u cmpyKkmypa CUHmMe3upo8aHHbIX HUMPUII08 nod-
meepxx0eHbI Memodamu 1eMeHMHO20 aHarnu3a, XpoMmamomacc-criekmpomempuu, UK- u SIMP 'H cnekmpockonuu.
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Hitpunu nipazos-4-kap60HOBUX KUCJIOT € Npej-
CTaBHHUKaMU BaXKJIMBOTO TUIY 4-dyHKIliOHaA/i30Ba-
HUX Nipa30JiiB, iKMW XapaKTepU3YEThCA LINPOKUM
Jiara3oHoOM 6ioJIOTiYHUX Ta XIMIYHUX BJIACTUBOCTEHM.
30kpeMa, B pAAYy HAUOGIBII JOCTiPKEHUX HITPUJTIB
1,3-au3aMilieHux mipasoJi-4-KapOoHOBUX KUC/IOT 3HAH-
JleHi pe4OBUHHU 3 BUPaXKeHOI0 baKTepuluaHow [1, 2]
Ta NpoTH3ananbHoo [3] aieto. OkpiM 11bOT0, HASAB-
HICTb B IX CTPYKTYPi CHHTETUYHO NPUBa6JIUBOI Ijia-
HOTPYINHU A03BOJISIE 3/IICHIOBATH CIPSIMOBaHY QYHK-
L[ioHaJIi3aLil0 ipa30JbHOrO A/pa pi3HOMaHITHUMU
ALMKIIYHUMU Ta TETEPOLUKIIYHUMU dparMeHTaMu.
Ha ix ocHOBIi po3po6JieHi cnoco6u ofepxaHHs 6io-
NepcreKTUBHUX 4-Tiokapbamoi- [4], 4-Tiazouria- [5,
6] Ta 4-TpuasuHin-[7] nipaso.is. HasiBHi B siTepa-
Typi BapiaHTH CUHTe3Y 4-1liaHoNipa30.J1iB, AK IPpaBU-
JIO, ITPYHTYIOThCA Ha JBOX CYTTEBO BiAMiIHHUX MiJ-
X0JlaX, TaKUX K 1) dopMyBaHHSA LiaHOGYHKITiai-
30BaHOT0 g/pa [MKJOKOH/EHCALIEI0 HITPUJIIMIiHIB
i3 eHaMiHOHiTpUIamu [8] a6o dymapoHiTpuIoM [9];
2) periapararnis mipa3oJi-4-ajabJ0KCHUMIB Mif Ai€to
ol TOBOrO aHriapuay [1, 2, 5], xiopokucy pocdopy
[3] 260 KoMILIEKCY XJIOPUCTOTO TiOHIJIY 3 AUMETUI-
dopmaminom [10]. B cuny npenapaTUBHOI AOCTYII-
HocTi 4-popminmnipasois [11] came ocTaHHIM mif-
XiJi € 6inb11 nomupeHuM. [Ipy 1bOMY BapTO 3a3HaYH-
TH, 110 BUKOPUCTAHHS BUCOKOTOKCHUYHHUX Ta Ciipo-
JIITUYHO HECTAbiIIbHUX peareHTiB € HOT0 CYTTEBUM
HeJios1ikoM. CaMe TOMY 0CO6JIMBOTO 3HAYEHHS HA0Y-
BAa€ MOIIYK €KOJIOriYHO 6e3Me4YHHUX Cloco6iB OTpHU-
MaHHS HITpUJIiB Nipa3oJji-4-KapboHOBUX KHCJIOT.

HemonaBHo aBTopu [12] nokasaJiy, 1110 Jerigpa-
Tallisl aJIbJJOKCUMIB J|0 HITPUJIiB MOe BiJ|0yBaTUCH
NpU MiJIBUILEHIN TeMIepaTypi B PO3UYUHI AUMETHUII-
dopmaminy (AM®PA), i BcTaHOBUJIY, 1110 iX HarpiBaH-
Hsl BOpoAoBx 48 rog npu 135°C i3 33/10BiIbHUMU Ta
BHUCOKHMMH BUXOJ[aMU NPUBOAUTH [0 alipaTUUHUX,
ApOMaTUYHUX i I0YaCTU reTEePOLUKIIIYHUX HITpHU-
JiB. HaM Bu1aBas1och JOLIJIbHUM NOIUPHUTH LieH Cro-
ci6 i Ha omepkaHHS HITPUIIIB pAAY Mipa3oJy.

[Ipu feTanbHOMY JAOC/IAKEHHI TEPMIYHOI TOBe-
JNiHKW OKCHUMIiB 3-apuJi-1-deHin-4-nipasoskapbasib-
JeriaiB 1a-K 3Hal/ieHo, 1110 iX TPUTOJAMHHE HarpiBaH-
HA B kumasyomy JIM®A € noctaTHiM AJis1 mepeTBO-
peHHs Ha nipa3oJ-4-kapboHiTpuau 2a-K i3 BUXo/a-
MU 56-86%. [lopeyHo BiZjl3HAYUTH, 110 TOPIiBHSHO 3
anidaTUYHUMU Ta aPOMATUUYHUMU albJOKCUMaMHU
NiABULEHHSA TEMIIEPATYPHU peaKLiliHOro cepe0BU-
1a go ioro kuniHusA (Ha 17°C) y BUNaZKy OKCUMIB
1a-K [03BOJIIE€ CKOPOTUTH 4Yac peakxnii B 16 pasis
i TUM caMUM 3pOGUTH HOr0 EKOHOMIYHO epEeKTHB-
HUM | TEXHOJIOTIYHHUM.

OTprMaHi HaMU pe3yJIbTaTH Y3roKyTbCA 3 BUC-
HOBKOM aBTopiB [12], 3riagHo 3 sikum IM®PA Bucty-
Ta€ fIK y poJii KaTaJlizaTopa, TakK i pO3YMHHHUKA NIPO-
necy Aerigparanii aqbJ0KCMMiB. 3aIpONIOHOBAaHUMI
HUMU MeXaHi3M JieriipaTalii, 04eBUHO, HOCUTD 3a-

raJlJbHUM xapakTep i € clipaBeJJIMBUM JJI1 OKCUMIB
pany nipasosy. BiH nepes6ayae nepBUHHY aTaky
riAPOKCUIBHOI IPYNd OKCUMY Ha eJIeKTPoPiabHUN
Kap6oHinbHUH HeHTp [IM®A i yTBOpeHHs TayToMep-
Hux iHTepMmeiaTiB A Ta B. OcTaHHi#l B yMOBax pe-
aKLil 3a3Ha€ pAAy NOCAiJOBHUX eJIMIHYIOYUX ITepe-
TBOpPeHb: IEPBUHHOTO BiJlllellJIeHHA JUMeTHU/1aMi-
Hy i uepe3 0-popMisokcUMHUH iHTepMefiaT B - my-
pallNHOI KUCJIOTH (cxeMa).

[HAMBIAYaNBHICTE Ta CKJIaJ, CHHTE30BaHUX HITPH-
JIiB 2a-K y3TO/DKYIOThCA 13 pe3y/ibTaTaMU eJleMeHTHO-
ro aHaJli3y Ta XxpoMaToMac-ClIeKTPpOMeTpil, a ix CTpykK-
Typa nigrBepmxkena [4Y- ta AMP 'H cnektpamu.

ExcnepuMeHTasibHa YaCTUHa

[Y-cnekTpu crosiyk y Tabsnetkax KBr 3anucaHi Ha
npuiazi UR-20. Cniektpu SIMP 'H BuMipsHi Ha npu-
jaai Varian Mercury-400 (399.960 MI'u) y po3uuni
AMCO-d, (BuyTpiwHii crangapt TMC). Xpomatomac-
cnekTpu ofepkaHi Ha npusaaai PE SCXAPI 150 EX,
Bukopucrati fetektopu UV (250 um) Ta ELSO]J.

(E+Z)-Oxcumu 3-apui-1-¢penin-1H-nipazon-4-
Kapo6asbjeriay la-k orpumani metogom [13].

(E+Z)-Okcum 3-(4-pTopodenin)-1-dpenin-1H-
nipasoJi-4-kap6anbjeriay 16. Buxig - 82%. T -
162-164°C.14-cnextp, v, cm™: 1650 (C=N), 3285 (O-H).
Cnextp SAMP 'H, §, Mm.4.: 7.36-8.14 m (10H, 9H,,, +
HC=), 8.83 ¢, 9.14 c (1H, H®), 11.15 ¢, 11.86 c (1H,
OH). 3naiizeHo, %: C 68.62; H4.21; N 14.74.C, H,,F-
N.O. BupaxyBano, %: C 68.32; H 4.30; N 14.94.

(E+Z)-Oxcum 3-(4-etwidenin)-1-dpenin-1H-ni-
pa3ou-4-kap6anbaeriay le . Buxig - 76%. T.m. -
144-146°C.14-cniekTp, v, cMm: 1645 (C=N), 3280 (O-H).
Cnektp AMP 'H, §, m.u.: 1.23 1 (3H, CH,, J 7.4 T'y),
2.67 x (2H, CH,, J 7.4 Tu), 7.32-8.15 m (10H, 9H_,,, +
HC=),8.83 ¢,9.14 c (1H, H*), 11.09 ¢, 11.79 ¢ (1H,0H).
3naizaeno, %: C 74.02; H 5.79; N 14.67. C,;H,,N,O0.
BupaxyBano, %: C 74.21; H 5.88; N 14.42.

(E+Z)-Oxcum 3-(2,3-aurigpo-1,4-6eH308i0KCHH-
6-i1)-1-Penin-1H-nipasos-4-kapo6aabgeriay 1:xk.
Buxig — 84%. T.o. — 178°C. [Y-cnekTp v, cM!: 1645
(C=N), 3275 (0-H). Cnektp AAMP 'H, §, m.u.: 4.32 c
(4H, 2CH,), 7.02-8.10 m (9H, 8H,,,, + HC=), 8.80 c,
9.09 c (H®), 11.08, 11.76 c (1H, OH). 3natiaeno, %: C
67.07; H 4.89; N 14.72. C,iH,,N,0,. BupaxysaHo, %:
C67.28; H4.71; N 14.94.

(E+Z)-Oxcum 3-(5-meTmia-2-¢pypui)-1-Ppeni-
1H-nipa3on-4-Kap6anbaeriay 13. Buxig — 53%. T -
174°C.Y-cnekrp, v, cm™: 1650 (C=N), 3270 (O-H). Cnextp
AMP 'H, 6, m.4.: 2.44 ¢ (3H, CH,), 6.37 1 (1H,,,..,J 2.9 '),
6.91 1 (1H,,,,,/ 2.9 Tn), 7.27-7.48 m (5H,,,,,), 7.94 ¢,
8.07 ¢ (1H,HC=),8.86¢,9.11 c (1H,H®),11.14 ¢, 11.73 ¢
(1H, OH). 3naigeHo, %: C 67.65; H 4.68; N 15.95.
C,sH,5N;0,. BupaxysaHo, %: C 67.41; H 4.90; N 15.72.

(E+Z)-Oxcum 3-(1-6ensodypan-2-in)-1-penin-
1H-nipazon-4-kap6ansgerigy 1i. Buxig - 65%. Tt -
214°C. I4-cnekTp v, cmt: 1655 (C=N), 3310 (O-H).
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1,2, Ar=Ph (a), 4-FCH, (6), 4-CIC,H, (B), 4-BrC,H, (r), 4-MeC,H, (n), 4-EtCH, (e), 4-MeOCH, (€),
2,3-purigpo-1,4-6eH3oaiokcnH-6-in (k), 5-MeTun-2-dypun (3), 1-6eH3odypaH-2-in (i), 5-xnopo-2-TieHin (k)

Cxema

Cnextp AMP 'H, §, Mm.u.: 7.41-8.04 m (11H, 10H,,,,,
+ HC=),8.93 ¢,9.21 c (1H, H%), 11.79 mr.c (1H, OH).
3HaigeHo, %: C 67.11; H 4.85; N 15.12. C,;H,:N,0,.
BupaxyBano, %: C 67.28; H 4.71; N 14.94.

(E+Z)-Oxcum 3-(5-xs10po-2-tienin)-1-gpenin-1H-
nipa3soui-4-kap6aabgeriay 1k. Buxin - 78%. T.. -
151°C. [9-cnekTp, v, cMmt: 1650 (C=N), 3290 (0-H).
Cnextp AMP 'H, §, mu.: 7.23 A (1H,04e, J 4.8 Tm),
7.38-7.58 m (6H,,,,,), 7.79 ¢, 8.05 ¢ (1H, CH=), 8.97 c,
9.14 ¢ (1H, H%),11.18 ¢, 11.92 ¢ (1H, OH). 3HaiieHo,
%: C 55.61; H 3.44; N 13.67. C,,H,,N,0S. BupaxyBsa-
HOo, %: C 55.36; H 3.32; N 13.83.

Hitpuau 3-apui-1-¢eninmipasos-4-kap6oHo-
BOi Kuc10TH 2a-K. 0,003 Mousib okcumy 1a-K B 10 M
JAM®A kun’sITU/IM BIPoLoBXK 3 rof. PeakuifiHy cyMiru
0XO0JIO/PKYyBaJIv, BUJIMBaIU B 50 MJ1 KpUxKaHOI BOJHY,
yTBOpPeHUH ocaj BiadinpTpoByBay, NpOMHUBaJIHU BO-
Jo1o (3x10 MJ1), CyUIHJIY | KpUCTaTi3yBaJId 3 €TAHOJTY.

Hitpun 1,3-audenin-1H-nipason-4-kap6oHo-
BOi KUCJA0TH 2a. Buxig - 69%. T.mr. - 109-110°C.
(JIit. [1]. T - 110-111°C).

Hitpun 1-penin-3-(4-propodenin)-1H-nipa3oi-
4-Kap60HOBOi KUCJI0TH 26. Buxin - 64%. T.ot. - 137-
139°C. I4-cniekTp, v, cm™: 2235 (C=N). Cnextp SIMP 'H,
o, Mm.u.: 7.33-7.48 m (4H,,,,), 7.60 T (2H,,,,, ] 7.8 T'n),
7.94-8.14 m (3H,,,,), 946 c (1H, H® , .,,). 3HaiiieHo,
%: C72.75; H3.74; N 16.20. [M+1]* - 264. C,(H,,FN..
Bupaxysano, %: C 72.99; H 3.83; N 15.96. M - 263.28.

Hitpun 1-gpenin-3-(4-xn1opodenin)-1H-nipa3o-
4-kap60HOBOi KUCA0TH 2B. Buxig - 56%. T.it. - 155-
156°C. (Jlit. [10]. T.mt. — 156°C).

HiTpun 3-(4-6pomodenin)-1-penin-1H-nipa3oii-
4-Kap60HOBOI KUCJI0TH 2r. Buxig - 78%. T — 152-
153°C. (Jlit. [7]. T.o. - 152-154°C).
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Hitpwn 3-(4-Tonin)-1-¢penin-1H-nipa3oi-4-kap-
60HOBOI KMC/I0TH 21, Buxin - 81%. T - 122-123°C.
(JIiT. [10]. T, - 124°C).

Hitpun 3-(4-etwidenin)-1-penin-1H-nipaso-
4-kap60HOBOi KuCa0TH 2e. Buxig - 73%. Tt - 144-
145°C. I4-cnektp, v, cm*: 2235 (C=N). Cextp SMP 'H,
6, M. 1.24 1 (3H,CH,,/ 7.0 '), 2.69 k (2H, CH,, J 7.0 T'wy),
7.36-7.95 (9H,,,,.), 943 c (1H, H° ; ..,.,). 3Haiineno, %: C
79.26; H5.45; N 15.21. [M+1]* - 274. C;,;H, N, Bupaxy-
BaHoO, %: C 79.10; H 5.53; N 15.37.M - 73.34.

Hitpun 3-(4-metokcudenin)-1-dpenin-1H-mi-
pa301-4-Kap60HOBOI KUCJAO0TH 2€. Buxia - 86%.
T - 141-142°C. (Jlit. [10]. Tt - 142°C).

Hitpun 3-(2,3-guriapo-1,4-6eH304i0KCUH-6-
i1)-1-Ppenin-1H-nipa3os1-4-Kap60HOBOI KHCIOTH
2. Buxig - 63%. .o, - 171°C. [Y-cnekTp, v, cMt:
2235 (C=N). Cnextp SIMP 'H, §, m.u.: 4.32 c (4H, 2CH,0),
7.05 a (1H,,,,,J 8.4 Tu), 7.24-7.61 M (6H,,,,), 9.25 1
(2H,,,,,J 8.2 T'n), 9.40 ¢ (1H, H® .,,). 3HaiAeHo, %:
C 71.56; H 4.18; N 14.07. [M+1]* - 304. C,;H,;N,0,
BupaxyBano, %: C 71.28; H 4.32; N 13.85.M - 303.32.

Hirpun 3-(5-meTna-2-pypwun)-1-¢penin-1H-mi-
pa30J1-4-Kap60HOBOI KHUCJIOTH 23. Buxia - 58%.
T - 104°C. [Y-cnektp, v, cm™: 2240 (C=N). Ciextp
AMP 'H, 6, m.4.: 2.40 ¢ (3H, CH,), 6.34 1 (1H,,,... J
2.8Tn),6.96 n(1H,,,,,J 2.8 Tu), 744 T (1H,,,,,/ 7.2 '),
7.58 T (2H,,,,,J 7.6 T'u), 7.89 1 (2H,,,,., J 8.2 I'n),
9.39 (1H, H®,,,.,,,)- 3Ha#aeno, %: C 72.05; H 4.21; N
16.72. [M+1]* - 250. C,;H,;N,0. Bupaxysano, %: C
72.28; H4.45; N 16.86. M - 249.27.

Hitpuna 3-(1-6en30dypan-2-in)-1-dpenin-1H-
nipa30J1-4-Kap60HOBOI KMCJI0TH 2i. Buxing - 62%.
T — 184°C. [9-cniekTp, v, cM': 2240 (C=N). CiekTp
AMP 'H, §, mu.: 7.36 T (1H, .., J 7.6 T1w), 7.43-7.67 m

apom.!
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(5H,,0.), 7.73 0 (1H,,,,,/ 8.0 T), 7.81 a (1H,,,,, ] 7.8
I'n), 7.95 n (2H,,,,,/ 8.2 '), 9.51 (1H, H® ,.,,). 3Ha-
nnaeno, %: C 76.06; H 3.64; N 14.94. [M+1]* - 286.
C,gH,;N;0. Bupaxysano, %: C 75.78; H 3.89; N 14.75.
M - 285.31.

Hitpua 3-(5-xs10po-2-tieHin)-1-¢penin-1H-mi-
pa301-4-Kap60HOBOI KMCJI0TH 2K. Buxin - 57%.
Tt - 156°C. I4Y-cnekTp, v, cm': 2235 (C=N). Ciektp
AMP H, 6, m.u.: 7.27-7.59 ™ (5H_ ), 7.85 n (2H

apom. apom.’

Nitepatypa

O 0N R NR

~ =
S

C. 287.

J7.6Tu),9.42 (1H, H° .,,)- 3Haizeno, %: C 59.09; H
2.65; N 14.82. [M+1]* - 286. C,,H,CIN,S Bupaxysa-
HO, %: C 58.85; H 2.82; N 14.70. M - 285.76.

BUCHOBKM

3anponoHOBaHO CNOCI6 OTPUMaHHS HITPUIIIB Mi-
pa30Ji-4-Kap60HOBUX KUCJIOT, IKUW 6a3yEThCS Ha Jie-
rifparariii OKCHMIiB Mipa30J1-4-Kap6abJeriJiiB y KUII-
JITY0My AUMeTUIdOopMaMifi.
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REACTIVITY OF PHENYLANTHRANILIC ACIDS DERIVATIVES.
XXIII. SYNTHESIS AND ACID-BASE PROPERTIES
OF 4,5-DYMETHOXY-N-(2'-CARBOXYPHENYL)ANTHRANILIC ACIDS

S.G.Isaev, 0.M.Sviechnikova*, A.0.Devyatkina, T.A.Kostina, T.N.Svyatska*

National University of Pharmacy
53, Pushkinska str,, Kharkiv, 61002, Ukraine. E-mail: medchimia@mail.ru
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Key words: synthesis; reactivity; N-phenylanthranilic acid

The alternative ways of synthesis of new 4,5-dymethoxy-N-(2 -carboxyphenyl)anthranilic acids have been con-
sidered nad new ways for their obtaining have been suggested. The structure of the compounds synthesized
has been proven by the elemental analysis, IR- and NMR-spectroscopy. The purity has been controlled by the
method of thin-layer chromatography. The reactivity of 4,5-dymethoxy-N-(2 -carboxyphenyl)anthranilic acids has
been researched by studying the acid-base properties in the binary solvent of dioxane-water (60 vol% of dioxa-
ne). It has been found that the substances synthesized are dibasic subacids, which strength depends upon the
nature and position of substituents. The quantitative assessment of the influence of substituents on two reactive
centres of the acids synthesized has been carried out by the method of correlative analysis according to the
Gamete equation. It has been proven that the reactive centres sensitivity is substantially different and dependent
on the substituent distance. In addition, appearance of another reactive centre does not practically influence on
sensitivity of the first one. It has been determined that the substances synthesized reveal the anti-inflammatory,
analgesic, diuretic, bacteriostatic, and fungistatic effects. According to the classification by K.K. Sydorov the
substances synthesized when introducing intragastrically belong to low-toxic compounds (DL;,>3000 mg/kg).

PEAKLJIMHA 30ATHICTb MTOXIQHUX N-®EHITAHTPAHIIOBUX KUCJIOT. XXiil. CAHTE3 TA KNCJIOTHO-OCHOB-
HI BIACTUBOCTI 4,5-QUMETOKCU-N-(2"-KAPEOKCU®EHIJAHTPAHIJIOBUX KNCJ1IOT

C.lIcaee, O.M.CseyHikoea, A.O.[JeessmkiHa, T.A.KocmiHa, T.H.Cessmcbka

Knrouoei cnoea: cuHmes; peakmugHicms; N-gbeHinaHmpaHinosa Kucrioma

Po3sanisiHymi anbmepHamueHi eapiaHmu cuHme3sy Hosux 4,5-0umemokcu-N-(2 -kapbokcugbeHin)aHmpaHinosux
Kucrom ma 3arporoHo8aHi Hosi criocobu ix odepxaHHs. bydosy cuHmesosaHux pe4yoguH 0oeedeHo daHuMuU
enemeHmHoeo aHanisy, I14- ma NMP-cnekmpockonii. Yucmomy koHmporsntosanu MemodoM MOHKOWapOosoi Xpo-
Mamoepadbii. [ocnioxeHo peakuitiHy 30amHicmb 3amiweHux N-(2°-kapbokcugbeHin)aHmpaHinogux Kucom wiisi-
XOM 8UBYEHHST KUCITIOMHO-OCHOBHUX griacmusocmel y 6iHapHoMy po34UHHUKY OiokcaH-800a (60 06% OiokcaHy).
BcmaHoeneHo, ujo cuHme308aHi pe4o8uHU € criabkumMu O800CHOBHUMU KUC/IOMaMu, cusia sIKux 3anexums eio
npupodu ma rosIoKeHHs1 3amicHUKie. Memodom KopernsyiliHo2o aHaridy rnpoeedeHo KinbKICHY OUiHKY ernniugy
3aMiCHUKi8 Ha 08a peaKkUiliHUX UeHmpu cUHmMe308aHux Kucrom 3a pieHsaHHAM [ammema. [JosedeHo, wjo yyminu-
sicmb peakuiliHUX yeHmpie cymmeso 8i0pi3HAembCsl ma 3anexums ei0 siddaneHocmi 3amicHukig. Mpu ybomy
rosisa Opye0e0 peakuiliHoeo UueHmpy nMpakmu4yHo He ernnusae Ha Yymueicmb nepwoeo. byno ecmaHoeneHo,
W0 CUHMe308aHi PEYO8UHU MPOSIBAIOMb Npomu3aanarsnbsHy, aHaneemuyHy, OiypemuyHy, bakmepiocmamuyHy
ma ¢pyHeicmamu4Hy akmusHicmb. 3a knacucpikauiero K.K.Cudoposa cuHmesogaHi pe4o8uHU rpu 8HymMpiluHbO-
wiIryHKo8oMYy 88e0eHHI Hanexame 00 Kriacy MarnomokcuyHux cronyk (d/1,,>3000 me/ke).

PEAKLINOHHAS CITOCOBHOCTb INMPOU3BOAHbIX N-®EHUITAHTPAHUJTIOBbLIX KUCJIOT. XXIll. CUHTE3
U KNCJIOTHO-OCHOBHBIE CBOACTBA 4,5-JUMETOKCU-N-(2-KAPEOKCU®EHWUIT AHTPAHUITIOBbIX KUCIIOT
C.lUcaes, E.H.Cee4yHukoea, A.A. [leesmkuHa, T.A.KocmuHa, T.M.Cessmckasi

Knroyeenle crioga: cuHme3s; peakmusHocme; N-ghbeHunaHmpaHunosas Kucroma

PaccmompeHsl anbmepHamueHble 8apuaHmbl CUHMe3a Hosbix 4,5-0umemokcu-N-(2°-kapbokcughbeHurn)aHmpaHu-
J108bIX KUCIIom U rnpedrioxeHbl Hogble criocobbl ux nomnydeHusi. CmpoeHuUe cuHmMe3uposaHHbIX seuwecms dokasa-
HO OaHHbIMU 351ieMeHmHoe0 aHanusa, UK- u NMMP-cnekmpockonuu. Yucmomy KoHmponuposanu mMemodoM IMOH-
KocroliHoU xpomamoepachbuu. MccriedoeaHa peakyUoHHasi criocobHocmb 3ameuleHHbIx N-(2 -kapbokcughbeHurn)-
aHmpaHu1080U KUCIomsl rymem U3y4yeHusi KUCITOMHO-OCHO8HbIX ceolicme 8 buHapHoM pacmeopumerie Ou-
okcaH-800a (60 06% OuokcaHa). YcmaHo8/eHo, 4mo CUHMe3uposaHHbIe sewecmasa s18somes crnabbimu 08yx-
OCHOBHbIMU KUC/I0mamu, cusia Komophbix 3asucum om npupodsl U rnonoxeHusi 3amecmumenel. Memodom kop-
PEeNAYUOHHO0 aHarnu3a rnpoesedeHo KOTUYECMBEHHY OUEHKY 8rusiHUsI 3amecmumereli Ha 08a peakUUOHHbIX
ueHmpa CUHMe3UpoB8aHHbIX KUC/I0M COoanacHo ypasHeHuto amMmema. [JokazaHo, Ymo 4ysecmeumernnsHOCMb
PeaKUUOHHbIX UeHMpOo8 CyWecmeeHHO omiu4daemcs u 3agucum om ydaneHHocmu 3amecmumened. [pu amom
rosigreHue 8mopo20 PeakuyUoOHHO20 UeHmpa rnpakmu4yecKku He eriusiem Ha 4ye8cmaeumesibHocmb nepgoeo. buiio
yCmaHo8/1eHO, YmMO CUHME3UpOo8aHHbIE 8eujecmea rposiensom MpomueosocnanumernbHyro, aHanbeemuye-
CKyto, Ouypemuyeckyto, bakmepuocmamuyeckyto u ghyHaucmamudeckyto akmusHocms. [1o knaccugbukayuu
K.K.Cudoposa cuHme3suposaHHbie geujecmea npu eHympuxenydodHoM egedeHuuU criedyem OmHOCUMb K Krac-
CYy MasomoKcu4HbIx coeduHeHul (H/15;,>3000 me/ka).

* Post XXII see [15]
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Analysis of the research data [1-11] indicates the
widespread use of derivatives of N-phenylanthranil-
ic acids in medicine, pharmacy, industry and various
fields of science. N-phenylanthranilic acids deriva-
tives have a wide synthetic and pharmacological po-
tential [1-3, 8-11]. The circumstances above caused
the necessity to carry out the synthesis of new 4,5-
dymethoxy-N-(2'-carboxyphenyl)anthranilic acids,
study of their reactivity and biological activity. It will
allow to optimize the search for new biologically ac-
tive compounds of this series and forecast their bio-
logical effect.

Substituted 4,5-dymethoxy-N-(2"-carboxyphenyl)
anthranilic acids have been obtained by the Ullmann
reaction by the interaction of 4,5-dymethoxy-chloro-
benzoic acids (1) with o-halogenbenzoic acid (me-
thod 1) and by arylation of 4,5-dymethoxyanthranilic
acid by o-halogenbenzoic acid (method 2) in the me-
dium of N-amylalcohol (method 1A, 2A), DMF (me-
thod 1B, 2B), without a solvent (method 1C, 2C) in
the presence of copper or copper (II) oxide [1-3].
The same as a counter synthesis of 4,5-dymethoxy-
N-(2’-carboxyphenyl)anthranilic acids (5) conden-
sation of N-acetyl-4,5-dymethoxyanthranilic acids (3)
with substituted o-halogenbenzene acid follow by
hydrolysis of N-acyd derivatives has been used (Me-
thod 3). In order to increase solubility of copper ions
in the aprotic low-polar phase to accelerate the ary-
lation reaction various solvent (Tween-80, sodium
salt of oleic acids, stearic acid) added to the reaction
mixture in the amount of 3-5 weight percent have
been used. The use of sodium oleate as a phase trans-

H;CO COOH HN
::1::::::1:: KzCC&}CU()
HsCO Cl

method 1

fer catalyst allows to accelerate 1,4 times the aryla-
tion reaction (Scheme 1).

The structure and identity of 4,5-dymethoxy-N-
(2’-carboxyphenyl) anthranilic acids have been con-
firmed by elemental analysis, IR-, NMR-spectrosco-
py, chromatographic analysis and qualitative reac-
tions (Table 1, 2, 3).

IR-spectra of 4,5-dymethoxy-N-(2"-carboxyphenyl)
anthranilic acids (5a-f) are characterized by a num-
ber of intense bands, which correspond to the main
structural fragments of molecules of the substances
synthesized, v, cm™: 3362-3258 (vy), 1709-1659 (v._,),
1591-1570 (8yy), 1235-1206 (v ). The strong bands of
nitrogroup v % no, 1523 cm™ and v ,, 1351-1350 cm™
are also characteristic for the spectra of compounds (5a-f).

In the NMR-spectra of acids (5a-f) signals of aro-
matic protons in the range of 6.50-7.90 ppm have been
identified. The proton signals of the secondary amino
group appear as a broad singlet in the region of 8.05-
11.18 ppm. The proton signals of the methoxy group
are one or two singlets at 3.60-3.80 ppm (Table 3).

As a continuation of a number of papers [4, 12-
19] related to the study of reactivity of biologically
active substituted N-phenylanthranilic acids, disso-
ciation of 4,5-dimetoxy-N-(2"-carboxyphenyl)anthra-
nilic acids (5a-f) has been examined according to the
equation.

Ionization constants of 4,5-dymethoxy-N-(2"-carb-
oxyphenyl)anthranilic acids have been determined
by potentiometric titration in the binary solvent of
dioxane-water (60 vol% of dioxane) at 25°C (Scheme 2)
[18, 19]. The given method allows to obtain concen-

=
Hal” Y H;CO COOH
COOH
KQ(:Ck’CU()
H;CO NH,
method 2 2

B

N method 3

P

COOH

R
H;CO COOCH Hal
B E—
:©i Cu
H;CO NHCOCH;,

3

Scheme 1

HaCO COOH
:@i H,0
HsCO NCOCH;
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Table 3
The proton chemical shift value of 4,5-dymethoxy-N-(2"-carboxyphenyl)anthranilic acids
H3;CO COOH
g R
H5CO NH
COOH
The chemical shifts (pph)
Compound R
COOH (TH, s) NH (TH,w.s) (OCH,), ArH
5a H 12.95 10.65 3.71 (6H,s) 6.80-7.85(6H,m)
5b 4"-Br 12.93 10.72 3.75 (6H,¢) 6.69-7.80(5H,m)
5c 5-Cl 12.90 10.80 3.80 (6H,s) 6.72-7.55(4H,m)
5d 6’-NO, 13.01 10.70 3.65 (6H,s) 6.88-7.90(5H,m)
s 3.72(3H,s)

5e 4°,6"-Br 12.98 8.05 3.60(3H.5) 6.50-7.30(5H,m)
5f 4°,6"-NO, 13.20 11.18 3.80 (6H,s) 7.10-8.70(5H,m)

tration of pKa only. However, 0.M.Svechnikova has
proven that these data do not differ practically from
thermodynamic pKa [20]. The results obtained are
presented in Table 2.

It has been found while pre-studying the titration
curves of compounds (1 a-f) obtained by the electro-
metric method that N-phenylantranilic acids under
research are dibasic subacids, ApKa (pKa(II) - pKa(I))
less than 4. It allowed to use the Noies’s method [21]
to calculate pKa.

Analysis of the structure of compounds of the iso-
structural series has demonstrated that dissociation
of 2’-carboxyphenylic radical is stronger comparing
with the ionogenic carboxyl group of the anthranilic
fragment of the molecule (A) due to the presence of
strong acceptor substitutes (NO,, Cl, Br) in the ring
(B), and two donor methoxygroups in the ring (A).

The data presented in Table 2 testify that the na-
ture and position of substitutes have influence upon
the acid-base balance of both 4,5-dymethoxy-N-(2"-

carboxyphenyl)anthranilic acids. Introduction of elec-
tron-acceptor substitutes strengthens dissociation of
acids due to the greater anion stabilization. Electron
donor substitutes cause an opposite effect. However,
the reactive centres sensitivity to the influence of sub-
stitutes differs greatly. For balance (I) -pKa(6) = 1.23,
and for balance (II) - pKa(1) - pKa(6) = 0.40, i.e. the
carboxyl group sensitivity in the ring (B) of 4,5-dy-
methoxy-N-(2’-carboxyphenyl) anthranilic acids mo-
lecules to the influence of substitutes is much greater
than sensitivity of the same ionogenic group in the
anthranilic fragment (A).

The quantitative assessment of the influence of
substitutes in the nonanthranilic fragment of 4,5-dy-
methoxy-N-(2"-carboxyphenyl)anthranilic acids (5a-f)
molecule has been carried out in the range of the
principle of linear free energy (LFE) by the Gamete
equation (Fig.).

The pKa indices of all compounds studied were
used for correlation because schemes of pKa(lI) - f(o),

H,CO COOH
o oKa(l) HeCO COOH
AR 7
R— SR =~——
H3CO NN Equilibrium | H;CO N |
COOH oo
pKa(ll) H,CO COoO
—_—
- /
Equilibrium I B 4R
quilibrium HsCO N—Ls

Scheme 2
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Fig. Dependence of pKa(I) — f(o), pKa(Il) - f(o) for 4,5-dymethoxy-N-(2 "-carboxyphenyl)anthranilic acids in the binary solvent

of dioxane-water (60% vol. dioxane) at 25°C.

pKa(Il) - f(o) dependence testify their closeness to
linearity.

The equations I and Il obtained have statistically
significant parameters:

Balance |
pKa(I) = (6.43 £ 0.06) - (1.78 £ 0.06)c (1)
n=6 s=0.182 r=0.997
Balance II
pKa(Il) = (6.98 - 0.05) - (0.78 - 0.05)c (2)
n=6 s=0.154 r=0.991

Comparison of the reaction constants p,=1.78 and
p,=0.78 shows that sensitivity of the reactive centre |
(carboxyl group in the ring B) is 2.3 times higher than
sensitivity of the reactive centre II (carboxyl group
in the ring A). Probably, it is connected with the dif-
ferent distance between carboxyl groups and substi-
tutes in the ring B. It should be noted that appear-
ance of another reactive centre does not practically
influence upon sensitivity (within the limits of expe-
rimental error p, corresponds to p from the other iso-
structural series of N-phenylanthranilic acids) [12,
13, 18-20]. For balance I sensitivity of the reactive
centre is sufficiently high because of closeness of
substitutes.

It has been found that the substances synthesized
have the anti-inflammatory, analgesic, diuretic, bac-
teriostatic and fungistatic activity. According to the
classification by K.K. Sydorov the substances synthe-
sized when introducing intragastrically belong to low-
toxic compounds (DL, > 3000 mg/kg).

Experimental Part

Melting points (°C) were measured with the Koeff-
ler’s point apparatus and were not corrected. IR-spect-
ra were recorded by the FT-IR Bruker Tensor 27 spec-
trometer in KBr. 'H NMR-spectra were recorded by
the Varion Mercury 200 (200 Mhz) spectrometer in

30

DMSO-d, using TMS as an internal standard (chemi-
cal shifts are reported in ppm).

The derivatives of 4,5-dymethoxy-N-(2’-carboxy-
phenyl)anthranilic acid were synthesized by a modi-
fied Ullmann reaction [1, 3]. The compounds obtained
were recrystallized three times from ethanol and
dried to 105°C up to the constant weight. The purity
of the compounds was checked by thin-layer chro-
matography.

Reagents. Dioxane used («oscillating») was not
purified additionally.

For preparing mixed solutions a fresh boiled bi-
distillate liberated from CO, was used [21].

The methods of measurements were similar to
those described in [21]. 0.05 M aqueous solution of
KOH purified from CO, served as a titration agent. The
concentration of titration solutions was 0.005 mol/1.
Potentiometric titration was conducted at 25°C on
an EV-74 ionometer using a glass electrode ESP-43-
074 and a silver chloride electrode EVL-1 M. The pKa
of acetic acid in the binary solvent of dioxane-water
solution (60 vol% of dioxane) was determined as a
standard (pKa exp. = 7.50; 5.52; 7.49).

The pKa measurements were conducted for each
compound independently. The accuracy of the results
obtained was estimated by the methods of mathemati-
cal statistics (with the reliability level of 0.95) [22].

Conclusions

1. The preparative methods for synthesis of 4,5-
dymethoxy-N-(2"-carboxyphenyl)anthranilic acids in
the solid phase and in the aqueous medium with the
use of a phase transfer catalyst - sodium oleate have
been developed.

2. Reactivity of 4,5-dymethoxy-N-(2"-carboxyphe-
nyl) anthranilic acids (6 compounds) has been in-
vestigated by studying the acid-base balance of these
compounds in the binary solvent of dioxane-water.

3. It has been found that 4,5-dymethoxy-N-(2"-
carboxyphenyl) anthranilic acids are dibasic subacids,
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which strength depends upon the nature and posi-
tion of substitutes.

4. The quantitative assessment of the influence
of substitutes on two reactive centres of the acids syn-
thesized has been carried out by the method of cor-
relation analysis according to the Gamete equation.

5. It has been proven that sensitivity of the reac-
tive centres substantially differs and depends on the

References

distance of the substitutes. Herewith, appearance of
another reactive centre does not practically influence
on sensitivity of the first centre.
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pyrrolo[3,2,1-ij]quinolines; 3-(1-quinolinyl)propanenitriles» «green chemistry»
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One of the most convenient methods for obtaining ethyl of N-substituted 4-hydroxy-2-oxo-1,2-dihydroquinoline-3-car-
boxylates and their tricyclic analogues at present is condensation of the corresponding anilines with triethyl methanet-
ricarboxylate. In spite of the fact that there are many methods describing the successful performance of this reaction
in conditions of laboratory, but unfortunately, all of them appeared to be completely unusable for large production for
a variety of reasons. The study of quality of the esters of 4-hydroxy-2-oxo-1,2-dihydroquinoline-3-carboxylic acids by
HPLC has shown that all of them contain from 2.4 to 5.6% of specific admixtures of 4-hydroxy-1,2-dihydroquinolin-
2-ones. In laboratory conditions these amounts can be neglected, but for industrial manufacture they can turn into
great losses. The source of admixtures of 4-hydroxy-1,2-dihydroquinolin-2-ones appearing in crude esters can be
only the esters themselves. It is obvious that ester grouping is partially destroyed not in the process of separation of
the final products, but during the course of the basic reaction. It has been experimentally proven that the cause of
contamination of the target products with the admixtures of the corresponding 4-hydroxy-1,2-dihydroquinolin-2-ones
is water, which is present in reagents. Applying the principles of «green chemistry» the alternative for carrying out the
syntheses of ethyl 4-hydroxy-2-oxo-1,2-dihydroquinoline-3-carboxylates adapted for industrial manufacture has been
suggested on the basis of N-substituted anilines and triethyl methanetricarboxylate.

«3EJIEHWA» CUHTE3 ETUJIOBUX ECTEPIB 4-I|JPOKCH-2-OKCO-1,2-AUrIPOXIHOJIH-3-KAPEOHO-
BUX KUCI1oT

|.B.YkpaiHneub, O.B.l'opoxoea, K.B.AHOpeeea, M.FO.onik

Knroyoei cnoea: ecmep 4-2idpokcu-2-okco-1,2-0ueidpoxiHoniH-3-kapbokcunamis; nipudo[3,2, 1-ij]-xiHomiHu, ri-
pono[3,2, 1-ij]-xiHoniHu; 3-(1-xiHoniHin)nponaHHIMpuUnu; «3eneHa Ximisi»

OdHuUM 3 Halibinbw 3py4HUX criocobie odepxxaHHs1 emunosux ecmepie N-3amiuieHuUx 4-2idpokcu-2-okco-1,2-0ueiopo-
XiHOMIH-3-KapBOHO8UX KUCIOM ma iX MPUUUKIIYHUX aHaso2ie Ha menepilHiti yac 3anuwaemscs KoHOeHcauis 8ioro-
8IOHUX aHiniHie 3 mpuemunMemaHmpukapbokcunamom. Hesgaxaro4u Ha me, Wo Memodi8 yCriHO20 NPo8edeHHs
uiei peakyii 8 nabopamopHux ymosax orucaHo docums baeamo, 6ci 80HU, Ha Xarb, 3 Pi3HUX MPUYUH 8USBUNUCH
308cim HerpudamHumu O macwmabHo20 8upobHuUUmea. BusueHHs1 sskocmi o0epxxysaHux ecmepig 4-2idpokcu-2-
0Kco-1,2-0uzidpoxiHoniH-3-kapboHosux Kucriom memodom BEPX nokasarno, uio eci 60HU micmsime 6i0 2,4 do 5,6%
crieyughidHux Oomiwok 4-gidpokcu-1,2-0ueiOpoxiHoniH-2-0Hig. Y nabopamopHili npakmuui makuMu KinbKocmsimu
MOXHa 3Hexmysamu, ane Ofisi MPOMUCI08020 8UPOBHULMEa 80HU MOXYmb 06epHymuCsi 3Ha4YHUMU empamamu.
[xeperiom nosisu 8 HeoduweHUX ecmepax 0OMiIlLOK 4-2i0pokcu-1,2-0u2iOpoXiHOrMiH-2-0Hi8 MOXYmb 6ymu minbKu
cami yi ecmepu. O4e8UOHO ecmepHe y2pyry8aHHs1 YacmKo8o po3skiadaemisCs He rpu sUdiNeHHI KiHueaux rnpodykmig, a
wie 8 npouyeci nposedeHHs1 0OCHOBHOI peakuii. EkcriepumeHmarnsHo 008e0eHO, WO NPUYUHO 3abpyOHEeHHS Uinbosux
rpodykmig crieyuchidyHUMU OOMiiKamUu 8i0rosiOHUX 4-2i0pokcu-1,2-0uiOpOXiHOIiH-2-0Hi8 € NPUCYMHS 8 peazeHmax
800a. Kepyroduck nMpuHyunamu «3en1eHoi Ximii», Mu 3arporoHysasnu adanmosaHull id npomMuciose 8UupobHULUMEo
8apiaHm nposedeHHs1 CUHMe3ie emuriogux ecmepig 4-2i0pokcu-2-okco-1,2-0uziopoxiHoniH-3-kapboHo8uUX KUCiom
Ha ocHoei N-3amiweHux aHiniHise ma mpuemunMemaxmpukapbokcunamy.

«3EJIEHbIA» CUHTE3 3TUJTIOBbIX 3®UPOB 4-rMOPOKCH-2-0OKCO-1,2-ANTrNgPOXNHOJINH-3-KAPEO-
HOBbIX KUCIIOT

WN.B.YkpauHeu, O.B.l'opoxoea, K.B.AHOpeeea, H.FO.lonuk

Knrodeenie cnoesa: sgpup 4-2udpokcu-2-okco-1,2-0uaudpoxuHonuH-3-kapbokcunamos; nupudof3,2, 1-ijj-xuHonu-
Hbl; nuppornol[3,2, 1-ij]-xuHonuHbi; 3-(1-XUHOMUHUIT)MPONaHHUMPUIbl, «3e1eHas XUMusi»

OdHuUM u3 Hauboriee yOobHbIX criocobo8 rory4YeHus1 amurnoabix 3¢ghupos N-3ameléHHbIX 4-2udpoKcu-2-okco-1,2-0u-
2UOPOXUHOIUH-3-KapbOHOBbIX KUC/IOM U UX MPUUUKITUYECKUX aHario208 8 Hacmosiuee epemMsi ocmaémcs KOHOeH-
cayusi coomeemcmeyrwux aHUMUHo8 ¢ mpusmunMemaxmpukapbokcunamom. Hecmompsi Ha mo, 4Ymo mMemodo8
yCcrewHoz2o rnposedeHust amol peakyuu 8 n1abopamopHbIX YCr108UsIX ornucaHo ocmarmoYyHO MHO20, 8Ce OHU, K CO-
JKareHuro, no pasHbIM MPUYUHaM OKa3aslluCh COBEPUIEHHO HernpuaoOHbIMU Orisi KpYNHO20 rnpou3sodcmea. M3ydeHue
Kayecmea rory4aemMbiX C/IOXHbIX 3¢hupo8 4-2u0poKcu-2-0KCo-1,2-0u2udpoxXuHonuH-3-kapboHO8bIX KUCIom mMemo-
Oom B3)KX nokasarno, 4mo ece oHu codepxkam om 2,4 do 5,6% crieyugbudeckux rnpumeceli 4-2udpokcu-1,2-duaud-
[POXUHO/IUH-2-0HO8. B nabopamopHoU npakmuke amumu Korudecmeamu MOXHO npeHebpedb, HO Ors MPOMBIUIEHHO20
rpou3eodcmea OHU Mo2ym 0bepHYMbCS 3Ha4UMebHbIMU MomepsiMu. ICMOYHUKOM MOSI8NIEeHUST 8 HEOHUUWEHHbIX
agbupax npumecel 4-2udpokcu-1,2-0u2udpPOXUHOUH-2-0HO08 Mo2ym bbimb MOsIbKO camu 3mu 3¢pupbl. O4esudHO
CITOXKHO3GhUPHAS epyrnupo8Ka Yacmu4yHO paspyuiaemcs He npu ebi0eieHUU KOHEYHbIX NMPodyKmos, a ewé 8 npo-
yecce nposedeHuUs1 OCHOBHOU peakyuu. dKcriepuMeHmasibHO 00Ka3aHO, YImo MPUYUHOU 3a2ps3HEHUS UeneabIX rpo-
OyKmoe npumecsiMu coomaemcmeyroujux 4-auépokcu-1,2-0uaudpoxXuHOmnuH-2-0HO8 sersiemcs npucymemsyowast
8 peazceHmax 800a. Pykogsodcmeysichb rpuHyunamu «3enéHol Xumuuy, Mbi npednoxunu adanmuposaHHbili nod rpo-
MbILWIIEHHOE MPOoU3800CME0 8apuaHm MposedeHUs1 CUHME308 3musosbix 3¢hupos 4-2udpokcu-2-okco-1,2-0ueud-
POXUHOMNUH-3-KapboHO8bIX KUCI0m Ha ocHoge N-3amewéHHbIX aHUMUHOo8 U mpuamunmMemaHmpukapbokcunama.
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The scientific direction «green chemistry» appe-
ared only at the end of the XX-th century, but it has
already found a lot of followers in the world chemi-
cal community. And this is not surprising since by
now environmental protection from the negative ef-
fect of chemical enterprises has been changed from
initially fashionable trend into vital necessity. Even a
shallow analysis of the principles declared by «green
chemistry» [1-2] shows that their implementation
(even partial) while synthesizing any given chemi-
cal product affect positively the various sides of the
industrial production - from economic to ecological
ones. Therefrom our interest is in the topic imposed
by the prospect of entering some new medicines of
the range of 4-hydroxy-2-oxo0-1,2-dihydroquinoline-
3-carboxamides at the pharmaceutical market.

The initial products for obtaining such compounds
are, as a rule, lower alkyl esters (more often ethyl) of
the corresponding quinolinecarboxylic acids [3-5].
Amidation of the acids themselves is possible [4-6].
However, due to their high tendency to decarboxy-
lation (especially in solution) [7] such methods are
used in practice in very rare cases.

One of the most convenient methods for obtain-
ing ethyl of N-substituted 4-hydroxy-2-oxo-1,2-di-
hydroquinoline-3-carboxylates 1 and their tricyclic
analogues 2 at present is condensation of the cor-
responding anilines 3 or 4 with triethyl methanetri-
carboxylate (Scheme).

In spite of the fact that there are many methods
describing the successful performance of this reac-
tion in conditions of laboratory, but unfortunately,
all of them appeared to be completely unusable for
large production for a variety of reasons. That is why
we have proposed the modified method constituting
a gradual addition of N-substituted aniline into the
solution of triethyl methanetricarboxylate in diphe-
nyl oxide heated up to 215-220°C [8]. This modifica-

R EtO OEt

EtO )

4a-c

OH
‘.~ COOEt
_ L +
NH N" 0
) )

tion allows working with great loads and basically
can be easily reproduced industrially. At the same time
the necessity of using diphenyl oxide as the «weak-
est link» of the whole synthetic chain can become an
extremely serious problem with time. On the one hand,
this thermal medium has excellent characteristics of
thermal and chemical stability. Its benefits are also
low toxicity for many animals [9, 10] and human [11].
But on the other hand, it should be remembered that
even with all things considered diphenyl oxide is add-
ed to the list of chemicals that are hazardous for the
environment. It is inflammable, can form high-toxic
decomposition products and smoke when burning.
Finally, ingress of this material into waste water and
water supply is not absolutely permissible because
of its high toxicity for aquatic life. In other words,
the risk of occurrence of different emergency situa-
tions and environmental threats stipulated by use of
diphenyl oxide will be kept constant without regard
to the strictest control over production.

A durable solution of this problem can be one of
the approaches of «green chemistry», namely to re-
fuse to use of potentially toxic solvents. In case of the
reaction considered its practical implementation is
rather easy since one of the main reagents (triethyl
methanetricarboxylate) is perfectly acceptable as an
alternative to diphenyl oxide by its physical proper-
ties. In fact, addition of N-substituted anilines 3-4
into triple excess of triethyl methanetricarboxylate
heated to 215-220°C gives ethyl esters of the cor-
responding quinolinecarboxylic acids 1-2 with high
yields. It is true that therefrom the additional task ap-
pears - regeneration of triethyl methanetricarboxy-
late taken in excess. However, we have found that
upon completion of condensation the excess of this
expensive reagent is rather easily returned to pro-
duction with losses not exceeding 5% (see Experi-
mental Part).

OH OH
N COOEt N
+
\"o \o
R R
1a,b 5a,b

OH
X
N (0]
R /
6a-c

2a-c

1,3,5:aR=Me; bR =-CH,CH,C=N
2,4,6:aR=-CH,CH,-; bR =-CH,CH(Me)-; ¢ R = -CH,CH,CH,-
Scheme. The synthesis of ethyl 4-hydroxy-2-oxo-1,2-dihydroquinoline-3-carboxylates 1 and 2.
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It should be noted that removal of diphenyl oxide
from the synthetic scheme is imposed not only with
production and ecological safety. The study of qua-
lity of the esters 1 and 2 by HPLC has shown that all
of them contain from 2.4 to 5.6% of specific admix-
tures of 4-hydroxy-1,2-dihydroquinolin-2-ones 5 or 6.
In laboratory conditions these amounts can be ne-
glected, but for industrial manufacture they can turn
into great losses. It is worth remembering one more
principle of «green chemistry» - the tendency to in-
troduction of technologies allowing to reduce the yields
of undesirable by-products.

The source of admixtures of 3H-quinolines 5-6
appearing in crude esters 1-2 can be only the esters
themselves. Our tentative assumption that their par-
tial hydrolysis and subsequent easily proceeding de-
carboxylation [7] occur at the stage of separation (when
treating with a hot aqueous solution of sodium car-
bonate [8]) or in the process of drying has not been
confirmed. In the experiments carried out under con-
ditions that exclude contacts with water the similar
results have been obtained. It is obvious that ester
grouping is partially destroyed not in the process of
separation of the final products, but during the course
of the basic reaction. A strong argument in favour of
such conclusion is the fact that ethyl esters of 4-hy-
droxy-2-oxo-1,2-dihydroquinoline-3-carboxylic acids
begin to reveal anomalously high sensitivity to water
and rapidly decompose at 95°C [12]. It is clear that
at 215-220°C all water, which present in the reac-
tion mixture, will be inevitably involved in hydroly-
sis of the resulting cyclic ester 1 or 2. Therefore, the
less water is in initial reagents, the lower is the yield
of by-products of 4-hydroxy-1,2-dihydroquinolin-2-
ones 5 and 6. This fact has just become another in-
centive for refusal of diphenyl oxide use as an addi-
tional potentially possible source of water.

To remove water from the main components of
the reaction - N-substituted anilines and triethyl me-
thanetricarboxylate — can be done by various ways.
We believe that it is expedient to use commercially
available molecular sieves as drying agents. They have
a good desiccant ability, readily regenerate, and, of
no less importance, they are environmentally harm-
less. Finally it should be noted that with introduction
of reagents dried in such way into the synthesis the
undesired process of 3H-quinolines formation can
be completely suppressed. In our experiments their
content in crude esters 1-2 did not exceed 0.1%.

Thus, based on detailed study of peculiarities of the
reaction of N-substituted anilines with triethyl metha-
netricarboxylate the method, which is simple in perfor-
mance and at the same time highly effective and suita-
ble for large scale production, for obtaining ethyl esters
of 4-hydroxy-2-oxo-1,2-dihydroquinoline-3-carboxylic
acids and their tricyclic analogues has been suggested.
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Experimental Part

Identification of the esters 1 and 2 synthesized
is confirmed by NMR *H spectra recorded on a Varian
Mercury-400 spectrometer (400 MHz) in the solution
of DMSO-d,, the internal standard TMS by compar-
ing with the similar spectra of the known samples
[8, 12-15]. Their quantitative analysis is carried out
by HPLC using a Waters Alliance 2695 liquid chro-
matograph with a Waters PDA 2998 diode matrix
spectrophotometric detector. The chromatographic
conditions are: the analytical column - Agilent Zor-
bax SB-CN with the size of 4.6x250 mm; the particle
size of the sorbent - 5 pm; the flow rate of the mobile
phase - 1 ml/min; the column temperature - 30°C;
the injection volume - 20 pcl; detection at wavelength
of 235 nm. The composition of the mobile phase is the
mixture of 0.05 M phosphate buffer solution with
pH 3.0 and acetonitrile (55:45). In chromatographic
studies as tracking substances the known samples
of esters 1 and 2, as well as 3H-quinolines 5 and 6
are used.

Ethyl 4-hydroxy-2-o0xo0-1,2-dihydroquinoline-
3-carboxylates 1-2 (General Method). In 69.67 g
(0.3 Mol) of triethyl methanetricarboxylate heated
to 215-220°C add dropwise while stirring 0.1 mol
of the corresponding N-substituted aniline 3 or 4
taking into account the temperature of the reaction
mixture, which should be maintained in the range of
215%5°C. In case of solid amines (for example, 3-ani-
linepropanenitrile 3b) to 0.2 Mol of triethyl metha-
netricarboxylate add 0.1 Mol of aniline solution in
0.1 Mol of triethyl methanetricarboxylate. Remove
ethanol liberating in the course of the reaction via
a suitable reflux condenser without entrainment of
initial reagents. After addition of all aniline, mix the
reaction mass for 1 h at 220°C to complete the re-
action. Then cool it to ~ 150°C, change the reflux con-
denser to the descending condenser and distill the
excess of triethyl methanetricarboxylate under re-
duced pressure (2-5 mm Hg). On the average 44.3 g
of triethyl methanetricarboxylate, which is available
for resynthesis without additional purification, is ob-
tained. While stirring add 200 ml of hexane to the
residue cooled to ~ 70°C. Gradually while decreas-
ing the temperature the viscous reaction mass is cry-
stallized. Sometimes, for example, in case of ethyl
6-hydroxy-2-methyl-4-oxo-2,4-dihydro-1H-pyrrolo
[3,2,1-ij]quinoline-5-carboxylate (2b) to accelerate
crystallization it is useful to add inoculation. Filter
the light-yellow precipitate formed, wash with hex-
ane and dry. The yields are 86-97% with the content
of the active substance not less than 94%. The tech-
nical esters 1 or 2 obtained in such way are suitable
for the majority of further chemical transformations
without additional purification.
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CARBON-CARBON AND CARBON-HETEROATOM CONJUGATE
ADDITION OF N-SUBSTITUTED MALEIMIDES TO 4H-1,2,4-
TRIAZOL-3-THIOLES, 2-AMINO-1,3-THIAZOLES, 1H-IMIDAZOLE
AND 2-PHENYLINDOLIZINE CATALYZED BY LEWIS ACIDS
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Key words: Michael addition; catalyst; maleimide; Lewis acids; succinimide, regioselectivity

In the paper the cheap and effective method of the synthesis of 3-heteryl substituted succinimides via catalytic
Michael addition are presented. Lewis acids have been found to be effective catalysts for conjugate addition of
N-aryl substituted maleimides to the heterocycles with donor-heteroatoms or CH-active function. Catalytic reac-
tions proceed in mild conditions without formation of by-products that are often present in the classical Michael
reaction. The compounds synthesized are promising and interesting substrates for biological evaluation since
numerous natural products, drugs and drug candidates bear the succinimide core. Moreover, regioselectivity
of addition of ambident heterocyclic nucleophiles such as 4H-1,2,4-triazole-3-thiole, 1H-imidazole and 2-ami-
no-1,3-thiazole to maleimides have been investigated. Lewis acids such as aluminium chloride, zinc chloride and
lithium perchlorate have been tested on different heterocyclic substrates as catalysts. Interestingly, depending
on nucleophilicity of the substrate different Lewis acids have shown significantly varying efficacy. In this respect
aluminium chloride was identified as the most effective catalyst for C—C addition among the Lewis acids tested.
Lithium perchlorate appears to be the most efficient in the case of C—N addition with the endocyclic nitrogen atom
of the hererocycle. Zinc chloride shows a good catalytic efficacy in addition of maleimides to the exocyclic amino
group of 2-aminothiazole. Finally, the advantages of the catalytic approach developed such as mild reaction con-
ditions, easy handling, low toxicity of the catalysts and their low cost make this method useful for the synthesis of
new 3-heteryl substituted succinimides, which, in turn, are interesting substrates in medicinal chemistry.

KATAJTITUMHE KAPEOH-KAPBOH TA KAPBOH-TrETEPOATOM CIIPSI>KEHE NPUEOHAHHSA N-3AMILLE-
HUX MAJIEIHIMIQIB 4O 4H-1,2,4-TPUA30J1-3-TIOJIIB, 2-AMIHO-1,3-TIA30J1IB, 1H-IMIJA30/1Y TA 2-®E-
HINNIHAOMI3NUHY B MPUCYTHOCTI KUCJIOT J1bIOICA

T.B.Mameitok, M.B.lNopiyko, K.Jlep6em, M.Banbmac, 3.B.BolimeHko

Kmroyoei cnioea: npuedHaHHS 3a Mixaenem; kamanisamop; MmaneiHimio; kucriomu Jlbroica; CyKUuHIMIO; pezioce-
NeKmueHicma

B 0@aHil ny6nikayii npedcmaeneHuli npocmuli ma eKoHOMHUU Memod cuHmesy rnoxiOHux 3-eemepun3amilyeHux
niponidun-2,5-0ioHie 3a dornomoezoto kamanimu4yHoi peakuii Mixaens. B skocmi kamanizamopie 6ynu sukopuc-
mamHi kucriomu Jlbroica, siKi mokasanu 8uCOKy Kamarnimu4Hy eghbekmusHicmb y peakuisx npuedHaHHs N-apun
3amiweHux maneiHimiois do doHopHux ma CH-akmusHuUx 2emepouukrnie. [NpedcmasneHi peakuii nepebiearoms 8
OCHOBHOMY pU KiMHamHit memnepamypi i M’SKux ymMoegax, uio 00380/19€ YHUKHY MU ymeopeHHsI HebaxaHux ro-
6idHux npodykmie. CuHmMe308aHi PEYOBUHU € YiKaguMu ma nepcriekmueHuUMu ob’ekmamu 3 moyku 30py meduy-
HOI' Ximil, OCKinbKuU 8iO0MO, W0 CriomnyKU i3 CyKUUHIMIOHUM s0poM riposienstome aHmubakmepianbHy, npomumy-
6epKynb03Hy ma aHmueninenmuyHy akmueHicmb. Bidomi makox npupoOHi cronyku 3 niponiouH-2,5-0ioHosum
gpaemeHmMom, WO 8UKOPUCMOBYHOMbLCS sIK ecbeKmueHi ma cesiekmueHi aHmubiomuku. Y 0aHiti pobomi 6yno
docridxeHO peziocenekmusHicmb rpuedHaHHs1 MarneiHimidie 00 eemepoyukniyHUX cybecmpamie 3 08oma arb-
mepHamusHUMU OOHOPHUMU UeHmpamu. B skocmi kamanizamopie 6ynu eukopucmaHdi xropudu amomiHito ma
UUHKY, @ makox fiimito nepxmopam. byno susieneHo, wo surnpobyesaHi kucriomu Jlbtoica rnposiensiroms pisHy kama-
NiMUYHy akmueHicmb Ha pi3Hux cybcmpamax, wo eo4esudb 3anexums 8i0 HyKneoinbHOCMi 2emepoyuKIy.
Halb6inbw egpekmusHum kamarnizamopom 0na C—C npuedHaHHSI 8USIBUBCS arlloOMiHito x1opud. Y ceoto Yepey,
Jimito nepxsiopam riokasas 8UcoKy kamanimudHy akmueHicmse 0151 C—N npuedHaHHs, a YUHKY xiopud bys i0eH-
mucgpikosaHul, sk Halibinbw egpekmusHuUl y aunadky npuedHaHHA ManeiHiMiOHo20 Kinbusi 00 eK30UUKIiYHOI
amiHoapynu 2-amiHomia3osny. [Nepesazamu daHO20 KamanimuyHo20 MemoOly € M’Ki peakuiliHi yMo8uU, HU3bKa
MOKCUYHICMb Kamariidamopie ma ix Hu3bka yiHa, uo pobums daHuli midxid cuHmemu4Ho 8u2i0HUM Orisi ompu-
MaHHs1 3-2emepun3amiuw,eHux niponiouH-2,5-0ioHis.

KATAJIMTUYECKOE YITIEPOL-YITIEPOAQ U YTTIEPOA-TETEPOATOM COIlNPAXEHHOE NMPUCOEQUHE-
HUE N-3AMELEHHbBIX MAJIEUHUMULOB K 4H-1,2,4-TPUA30J1-3-TUOJTAM, 2-AMUHO-1,3-TUAIOJIAM,
1H-UMULA30I1Y U 2-®EHUTTUHAOJIN3NHY B NMTPUCYTCTBUU KUCIIOT JIbFOUCA

T.B.Mameurok, M.B.lopuuyko, K.Jlep6em, M.banbmac, 3.B.BolimeHko

Knroueenie crnosa: npucoeduHeHue no Muxaanto,; kamanudamop; maneuHumud; kucriomsi Jlsrouca; CyKyuHUMUO;
peauocenekKmusHoCMb

B Hacmosiweti cmambe npedcmaerneH npocmol u 3¢bghbeKmuHbIl 3KOHOMHbIU Memod cuHmesa 3-eemapurn3ame-
WEeHHbIX NUpPOonuUduH-2,5-0uoHO8 ¢ NoMowbro Kamanumudeckol peakyuu Muxaans. B kauecmee kamanusamo-
pos bbinu ucnornb3o08aHbl KUCI0mbI JIbrouca, Komopble roka3sasnu 8bICOKYH Kamanumu4yecKyr akmueHOCb 8 pe-
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akyusix npucoeduHeHusi N-apunsameweHHbIX ManeuHuMuoo8 Kk OOHOPHLIM eemepouyukniam. [pedcmaeneHHbie
peakuyuu npomekatrom 8 60/bWUHCMEe Crlydaes npu KOMHamHol memnepamype U MsigKux ycrogusix, 4mo no-
38o719em u3beeampb 0bpa3osaHusi HexenameribHbIX MO60YHbIX NPodykmos. CuHme3suposaHHble coOeOUHeHUs
S6M1SI0MCS IEPCEKMUBHBIMU 8 obriacmu MeOUUUHCKOU XUMUU, MOCKOSbKY XOPOLWO U38ECMHO, YMO MpoU3800HbIe
nuponuduH-2,5-0uoHos obnadarom aHmubakmepuarnbHoU, aHmuanuaenmu4eckol u npomusomybepkynesHol
akmusHocmbto. Takxke u3secmHbl podyKmbl MPUPOOHOZ0 MPOUCXOXOeHUs], codepxaujue CyKUUHUMUOHoe s0po,
Komopble 568515t0mcsi 3¢hgheKmMUBHBIMU U CENEKMUBHLIMU aHmubuomukamu. B npedcmasneHHol pabome bbina
uccrnedosaHa peauoceneKmugHOCMb NMPUCOEOUHEHUST ManeuHUMudo8 K eemepoyuknudyeckum cybecmpamam. B
Kayecmee kamasiu3amopoes 6bliiu UCroib308aHb! XiI0pudbl armoMUHUS, UUHKa u nepxnopam numusi. Okasanocs,
4mo anpobuposaHHble Kuciomsl Jlbouca umMerom pasHyro Kamanumu4ecKyro akmueHOCMb Ha pasHbIx cybcmpa-
max, 4mo, 8eposimHo, 3agucum om HykieogpunbHocmu eemepoyukna. Haubonee schgpekmusHbIM Kamarusa-
mopom 0nsi C—C nipucoeduHeHus1 oka3arcsi x/i0pud antoMuHuUsi, moada Kak nepxsiopam Aumus rnokasas 8biCo-
Kyro kamanumuydeckyto akmueHocms rpu C—N rnpucoeduHeHuUU, a X1opud YUHKa Mo360s1UsT MOyYUMmb 8bICOKUE
8bIx00bI a00yKmMoe8 8 criy4ae rnpucoedUHEHUsT ManeuHUMUO08 K 3K30UUKIUYeCcKoU aMuHo2pyrnne 2-aMuHomua-
3ona. lMpedcmaeneHHsbili 30ecb 0ONMUMU3UPO8aHHbIU Kamanumu4yeckuli Memod no3eosisiem cuHme3uposama
Hosble 3-eemapurn3ameuieHHble NUPPOUOUH-2,5-0UOHbI.

ISSN 2308-8303

Michael and conjugated addition reactions are well
known as efficient methods for the construction of
carbon-carbon and carbon-heteroatom bonds with
wide applications in organic synthesis [1, 2]. These
reactions have been widely used in the synthesis of
pharmaceutical intermediates, peptide analogues, an-
tibiotics, and other drugs [3-5]. On the other hand,
maleimides are an important class of substrates, which
have been successfully used in the wide range of or-
ganic transformations. They have emerged as excellent
dienophiles/dipolarophiles in cycloaddition reactions,
as well as Michael acceptors. Traditionally, conjuga-
te additions are performed under the influence of
strong bases, but basic conditions often lead to for-
mation of undesirable side products by polymeri-
zation, self-condensation, and other reactions.

Due to the presence of two carbonyl groups con-
jugated with a double bond and nitrogen imide atom
maleimides have excellent opportunity to formation
of complexes with heavy Lewis acids. In this context
the search of new and efficient catalysts for various
organic transformations is a relevant area of research
nowadays. Various alternative catalysts, such as pha-
se-transfer catalysts, transition-metal complexes, lan-
thanides, alumina [6], have been proposed [1, 7]. Despi-
te the broad research and scientific attention to this
field only a few catalysts can be used for a prepara-
tive synthesis due to high costs, difficulties related
to their recovery and reuse, and often a complicated
procedure of synthesis. Thus, development of new
methods using cheap, commercially available, non-
toxic catalysts capable of generating products in good
yields is of paramount importance.

In the course of our previous study of Michael
reaction on heterocyclic substrates with maleimides
as electron-deficient dienophiles [8-11] we were try-
ing to expand the boundaries of this reaction and find
the optimal experimental conditions. Herein we re-
port results of our research on conjugate addition of
maleimides to nucleophilic heterocyclic substrates
under the mild catalytic conditions. In this respect,
we used Lewis acids because of their efficacy, low
cost, ease of handling and low toxicity. Only a few
examples of using aluminum chloride, as well as other

Lewis acids were reported for the activation of ma-
leimides [12] and the potency of those catalysts in
the field of Michael addition has not been developed
yet. Our interest on maleimides as Michael acceptors
is also specified because of a large number of reported
pharmaceutical substances bearing the pyrrolidine-
2,5-dione fragment. For example, Phensuximide and
Suclophenide are already more than 40 years in use as
effective anticonvulsant and antiepileptogenic drugs
[13, 14] and they are still actual nowadays (Fig. 1).
Moreover, succinimide is the core structural unit found
in natural products. [15, 16]. Since Komura and co-
workers in 1987 reported isolation of Andrimid as
a new and highly specific antibiotic, 1,3-substituted
and 3,4-disubstituted succinimides emerged as a new
class of natural products with the important biolo-
gical activity [17]. Andrimid and Moiramide B (Fig.)
exhibit a potent antibacterial activity against methi-
cillin-resistant Staphylococcus aureus and a number
of other antibiotic-resistant human pathogens. Those
natural antibiotics have been described in the tar-
get fatty acid biosynthesis system (FAS) that is the
primary target for antitubercular drugs [18]. Futher-
more, Hirsutellone A, a natural product bearing the
succinimide ring (Fig. 1) displayed a significant growth
inhibitory activity against Mycobacterium tuberculo-
sis [19]. Due to the wide spectrum of bioactivity of
pyrrolidine-2,5-dione derivatives we have synthesi-
zed a number of new 3-heteryl substituted succin-
imides using the optimized catalytic conditions.

Results and Discussion

In our research we have used N-aryl maleimides
as electron-deficient reactants in conjugate addition
with 4H-1,2,4-triazole-3-thioles, 2-amino-1,3-thiazo-
les, 1H-imidazole and 2-phenylindolizine. The reactions,
in general, proceed smoothly at the room tempera-
ture, and the products are in good yields. C-C, C-N
and C-S adducts have been synthesized using alu-
minum chloride, lithium perchlorate and zinc chlo-
ride as catalysts. Regioselectivity of maleimide addi-
tion in the presence of two alternative nucleophilic
centres in a heterocyclic substrate has been inves-
tigated. For example, addition of 4H-1,2,4-triazole-
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Suclophenide

Hirsutellone A

Moiramide B (n=1), Andrimid (n=2)

Figure. Structures of anticonvulsant drugs (Phensuximide and Suclophenide), natural antibiotics (Moiramide B and Andrimide)

and antimycobacterial alkaloid Hirsutellone A.

3-thiol (1) with maleimides gives the conjugated pro-
ducts via a highly nucleophilic mercapto group as
a single type of products (Scheme 1) in good yields
(Table 1). In the case of the blocked mercapto func-
tion (compound 3) the reaction proceeds via the 4-
NH-position of the heterocycle forming only one pro-
duct 4a,b, respectively.

Regioselectivity of Michael addition of maleimides
to 2-amino-1,3-thiazoles has been also investigated.
Recently we have reported the double conjugate ad-
dition of maleimides to 2-amino-1,3-thiazole and 3-
substituted-2-aminopyridines in the presence of the
catalytic amount of lithium perchlorate [19]. In con-
trast, the presence of the catalytic amount of zinc
chloride leads to formation of C-N mono Michael ad-
ducts (6a,b) via the exocyclic nitrogen atom of the
heterocycle (Scheme 2, Table 2). Aluminum chloride
appears to be not effective catalyst in this reaction.
Only the trace amounts of mono addition products
were isolated. In this case regioselectivity of the reac-
tion depends on the catalyst used. N-Acylated deriva-

N_

{

=
wn

N SH I<<<N—R
H N,
1 o) 3 R sat
cat. AICl,
T N—N

dioxane, 10h, r.t. ( \
N

N
H )\ 0] o)\
3 R’ N o 4a,b

Scheme 1. Carbon—heteroatom conjugate addition of maleimides to
4H-1,2,4-triazole-3-thiol 1 and its acetyl derivative 3.
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tive of 2-amino-1,3-thiazole (7) reacts with maleimide
via C-5 ring position forming C-C adduct 8. The reac-
tion proceeds in the presence of aluminum chloride.
After refluxing of the reaction mixture for 5 hours, com-
pound 8 was isolated as a single product in 76% yield.

Subsequently imidazole has been selected as a
substrate for our further investigation of catalytic con-
jugate addition since it combines the imido group and
a CH-active fragment as alternative reactive positions
in one ring. The addition occurs on the nitrogen atom
of the heterocycle forming carbon-heteroatom adducts
10a-c in good yields (Scheme 3, Table 3). The reaction
proceeds at the room temperature in the presence
of the catalytic amount of lithium perchlorate with
full conversion of the starting products in 2 hours.
Aluminum and zinc chlorides appear to be not ap-
propriate catalysts, mixtures of hardly identified pro-
ducts were isolated in both cases.

Thereafter 2-phenylindolizine (11) was selected
as a less reactive substrate that contains only CH-ac-
tive fragment. Unlike previously used conditions, this

Table 1
The compounds synthesized
Cmpd R Yield %
2a p-(NO,)CH, 80
2b m-(NO,)CH, 60
2c p-(OCH,)C.H, 63
2d m-(Br)C,H, 80
2e ~CH, 62
2f —CH,-Ph 50
4a p-(NO,)C,H, 57
4b p-(OCH,)C.H, 40




Journal of Organic and Pharmaceutical Chemistry. — 2013. — Vol. 11, Iss. 3 (43)

ISSN 2308-8303

o Table 2
téN‘R 0 The compounds synthesized
0 -
N cat. ZnCl N N—R Cmpd R Yield %
[ \ .- - [ \ 6a CHs 44
S 2 dioxane, r.t. s N _
overnight H 0 6b CH,-CHs 38
5 6a,b
o}
N
N | N /
& 2 "
S
S)\NH o N
cat. AICI, o) 1)
O - (o]
O dioxane, r.t. \
\  overnight
7 8
Scheme 2. Michael addition of maleimides to 2-aminothiazoles 5 and 7.
Table 3 ?
The compounds synthesized [‘/EN_R "
o /
i [0)
C:r:)pd CRH Yleglg % [T cat. LiClO, N
a
e s N) dioxane, 2 h, r.t. 0
10b C,H,—p(OCH,) 92 H N
10c CH,-p(NO,) 20 9 o R
10a-c

reaction requires refluxing of the reaction mixture
for 6 hours. The products 12a,b were isolated in good
yields only when aluminum chloride was used as a
catalyst (Scheme 4, Table 4).

Experimental Part

All chemicals were obtained from Aldrich or Ac-
ros Organics and used without further purification.
All solvents were distilled before use. Compounds
3, 7 and 11 have been synthesized according to the
literature procedures and completely characterized
using 'H and *C NMR, MS and C,H,N analysis with all
the results obtained fitting the previously reported
literature data (details are not reported here) [22,
23, 24]. Nuclear magnetic resonance spectra were
recorded on a ‘Mercury 400’ Varian spectrometer
(*H and '*C NMR), TMS signal was used as an inter-

Scheme 3. Synthesis of imidazole derivatives 10a-c.

nal standard for calibration of spectral data. Melting
points were measured on a Mettler Toledo MP50
melting point system and are uncorrected.

General procedure for the synthesis of derivatives
2a-f, 4a,b and 8: 100 mg (0,99 mmol) of 4H-1,2,4-
triazole-3-thiole (1) or 143 mg (0,1 mmol) of S-(4H-
1,2,4-triazol-3-yl)ethanethioate (3) and 1 mmol of
N-substituted maleimide were dispersed in a dry
dioxane. The mixture was stirred for 15 minutes for
dissolving of maleimide. Thereafter 2,0 mg of anhy-
drous aluminum chloride (0,015 mmol) was quickly
added. The reaction mixture was stirred at the room
temperature for 10 hours. The progress of the re-
action was monitored by TLC. After its completion
the solvent was evaporated. Then the residue was
washed two times with distilled water and the crude
product was purified by crystallization.

? Table 4
| N-R The compounds synthesized
Z—
0 s N/ Cmpd R Yield %
C@_@ cat. AICI, 12a CH, 84
N -
x dioxane, reflux, 6 h (o) 12b CH,-CH; 71
N o
11 R
12a,b

Scheme 4. Synthesis of 2-phelylindolizine derivatives 12a,b.
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1-(4-Nitrophenyl)-3-(4H-1,2,4-triazol-3-ylsulfanyl)-
2,5-pyrrolidinedione (2a)

A crude product was crystallized from methyl al-
cohol to give a purple powder. Yield 80%; m.p.: 165-
166°C.'H NMR (400 MHz, DMSO-d,), §, ppm: 2.94 dd
(1H,]18.4 Hz,] 3.6 Hz,); 3.45 dd (1H,] 18.4 Hz,] 9.6 Hz);
4,62 dd (1H,] 3.6 Hz,] 9.6 Hz); 7.60 d (2H, ] 8.2 Hz);
8.34d (2H,] 8.2 Hz); 8.45s (1H); 14.16 br. s (1H). 3C
NMR (100 MHz, DMSO-d,), §, ppm: 36.5,41.6,128.1,
145.2,145.8,158.0,159.8,162.5,174.5,174.8.

1-(3-Nitrophenyl)-3-(4H-1,2,4-triazol-3-ylsulfanyl)-
2,5-pyrrolidinedione (2b)

A crude product was crystallized from methyl al-
cohol to give a white powder. Yield 60%; m.p.: 171-
173°C (dec.). '"H NMR (400 MHz, DMSO0-d,), 8, ppm:
2.93dd (1H,] 18.4 Hz,] 4.6 Hz); 3.57 dd (1H, ] 18.4 Hz,
] 9.6 Hz); 4.72 dd (1H, ] 4.6 Hz,] 9.6 Hz); 7.78-7.82 m
(2H); 8.19 s (1H); 8.31d (1H, ] 8.2 Hz); 8.42 s (1H);
14.17 s (1H).

1-(4-Methoxyphenyl)-3-(4H-1,2,4-triazol-3-ylsulf-
anyl)-2,5-pyrrolidinedione (2c)

A crude product was crystallized from isopropyl
alcohol to give light yellow crystals. Yield 63%; m.p.:
162-163°C."H NMR (400 MHz, DMSO-d,), §, ppm: 2.93
dd (1H,] 16.8 Hz, ] 2.4 Hz); 3.40 dd (1H, ] 16.8 Hz, ]
9.4 Hz); 3.82 s (3H); 4.54 dd (1H, ] 2.4 Hz, ] 9.4 Hz);
6.98d (2H, ] 8.2 Hz); 7.19 d (2H, ] 8.2 Hz); 8.04 s
(1H);14.17 br. s (1H).

1-(3-Bromophenyl)-3-(4H-1,2,4-triazol-3-ylsulfanyl)-
2,5-pyrrolidinedione (2d)

Yield 80%; m.p.: 178-180°C (dec.). 'H NMR (400 MHz,
DMSO0-d,), 6, ppm: 2.93 dd (1H, ] 18.4 Hz, ] 4.6 Hz);
3.57dd (1H,] 18.4 Hz,] 9.6 Hz); 4.72 dd (1H, ] 4.6 Hz,
] 9.6 Hz); 7.80-7.83 m (2H); 8.19 s (1H); 8.31 d (1H,
] 8.2 Hz); 8.42 s (1H); 14.16 br. s (1H).

1-Phenyl-3-(4H-1,2,4-triazol-3-ylsulfanyl)-2,5-pyr-
rolidinedione (2e)

Yield 62%; m.p.: 154-155°C. *H NMR (400 MHz,
DMSO0-d,), 6, ppm: 2.92 dd (1H, ] 18.0 Hz, ] 4.8 Hz);
3.42dd (1H,] 18.0 Hz,] 9.6 Hz); 4.67 dd (1H, ] 4.8 Hz,
] 9.6 Hz); 7.26 d (2H, ] 7.2 Hz); 7.40-7.53 m (3H);
8.56 s (1H); 14.08 br. s (1H). *C NMR (100 MHz,
DMSO0-d,), §, ppm: 36.5, 41.3, 127.0, 128.5, 128.9,
132.8,145.8,155.4,174.3,174.8.

1-Benzyl-3-(4H-1,2,4-triazol-3-ylsulfanyl)-2,5-pyr-
rolidinedione (2f)

A crude product was crystallized from isopro-
pyl alcohol to give a white powder. Yield 62%; m.p.:
154-155°C. 'H NMR (400 MHz, DMSO0-d,), 8, ppm:
2.92dd (1H,] 18.4 Hz,] 4.0 Hz); 3.27 dd (1H, ] 18.4 Hz,
] 9.6 Hz); 4.56-4.58 m (3H); 7.24-7.28 m (5H); 8.58 s
(1H); 14.12 br. s (1H).

S-{4-[1-(4-Nitrophenyl)-2,5-dioxo-3-pyrrolidinyl]-
4H-1,2,4-triazol-3-yl} ethanethioate (4a)

A crude product was crystallized from ethanol
to give white crystals. Yield 57%; m.p.: 183-184°C.
'H NMR (400 MHz, DMSO0-d,), §, ppm: 2.80 s (3H);
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2.90dd (1H,]18.0 Hz,] 4.8 Hz); 3.36 dd (1H, ] 18.0 Hz,
] 9.6 Hz); 4.65 dd (1H, ] 4.8 Hz, ] 9.6 Hz); 7.03 d (2H,
] 8.8 Hz); 7.16 d (2H, ] 8.8 Hz); 8.56 s (1H). *C NMR
(100 MHz, DMSO-d,), 8, ppm: 37.2, 41.2, 55.4, 114.15,
125.3,128.2,145.4,152.7,159.0,174.5,174.9, 175.4.

S-{4-[1-(4-Methoxyphenyl)-2,5-dioxo-3-pyrrolidi-
nyl]-4H-1,2,4-triazol-3-yl} ethanethioate (4b)

A crude product was crystallized from ethanol
to give a light yellow powder. Yield 40%; m.p.: 167-
169°C. 'H NMR (400 MHz, DMSO-d,), 6, ppm: 2.82 s
(3H); 3.37 dd (1H, ] 18.4 Hz, ] 3.6 Hz); 3.80 dd (1H,
] 18.4 Hz,] 9.6 Hz); 3.81 s (3H); 4.53 m (1H); 6.99 d
(2H,] 8.8 Hz); 7.18 d (2H, ] 8.8 Hz); 8.44 s (1H).

N-{5-[1-(2,5-Dimethylphenyl)-2,5-dioxo-3-pyrro-
lidinyl]-1,3-thiazol-2-yl}-4-methoxybenzamide (8).

A crude product was crystallized from the mix-
ture of isopropyl alcohol and ethyl acetate (1:1) to
give a white powder. Yield 62%; m.p.: 138-139°C (dec.).
'H NMR (400 MHz, DMSO-d,), 6, ppm: 2.48 s (3H);
2.58 s (3H); 291 dd (1H, ] 18.0 Hz, ] 1.2 Hz); 3.17 s
(3H); 3.23dd (1H, ] 18.0 Hz, ] 9.2 Hz); 4.56 dd (1H, ]
1.2 Hz,] 9.2 Hz); 3.57 s (3H); 7.22-7.28 m (7H); 8.29 s
(1H); 11.08 br. s (1H).

General procedure for the synthesis of derivatives
6a, b: 80 mg (0,80 mmol) of 1,3-thiazol-2-amine was
dissolved in 7 mL of dry dioxane. Then N-substituted
maleimide (0,82 mmol) was added to the solution.
The resulting mixture was stirred for 10 min for com-
plete dissolution of the reagents. Thereafter 2,0 mg
(0,015 mmol) of anhydrous zinc chloride was quick-
ly added and the flask was fitted with a calcium chlo-
ride tube. The reaction mixture was stirred overnight
at the room temperature. After the solvent was eva-
porated, to the residue 8 mL of brain was added. The
mixture was extracted 3 times with ethyl acetate.
Combined organic layers were dried with sodium
sulphate, filtered and the solvent was evaporated. A
crude product was then purified by crystallization.

1-Phenyl-3-(1,3-thiazol-2-ylamino)-2,5-pyrrolidine-
dione (6a)

A crude product was crystallized from the small
amount of isopropyl alcohol to give a creamy pow-
der. Yield 44%; m.p.: 119-120°C. 'H NMR (400 MHz,
DMSO0-d,), 6, ppm: 2.85 dd (1H, ] 18.0 Hz, ] 3.6 Hz);
3.31dd (1H,] 18.0 Hz,] 9.2 Hz); 4.53 dd (1H, ] 3.6 Hz,
]9.2 Hz); 6.78-7.38 m (6H); 7.41d (1H,] 4.8 Hz); 8.01 s
(1H).*C NMR (100 MHz, DMSO0-d,), §, ppm: 38.9, 54.9,
115.6,125.6,127.3,133.0,138.9,165.0,169.6,170.3,172.2.

1-Benzyl-3-(1,3-thiazol-2-ylamino)-2,5-pyrrolidine-
dione (6b)

A crude product was crystallized from the small
amount of isopropyl alcohol to give a creamy pow-
der. Yield 38%; m.p.: 138-140°C. 'H NMR (400 MHz,
DMSO0-d,), 6, ppm: 2.91 dd (1H, ] 18.4 Hz, ] 4.0 Hz);
3.27dd (1H,] 18.4 Hz,] 9.2 Hz); 4.27 s (2H); 4.58 dd
(1H,] 4.0 Hz, ] 9.2 Hz); 6.73 d (1H, ] 7.6 Hz); 7.22 d
(1H,] 7.6 Hz); 7.24-7.33 m (5H); 8.12 br. s (1H).
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General procedure for the synthesis of derivatives
10a-c: 80 mg (1,18 mmol) of imidazole was dissolved
in 7 mL of dry dioxane. After that N-substituted ma-
leimide (1,18 mmol) was added. The resulting mix-
ture was stirred for complete dissolution of the re-
agents. Then the catalytic amount of lithium perchlo-
rate 2,0 mg (0,019 mmol) was added and the reac-
tion mixture was stirred for 2h at the room tempera-
ture. Then 18 mL of distilled water was added. The
precipitate obtained was filtered and washed with
isopropyl alcohol and diethyl ether to give a white
powder.

3-(1H-Imidazol-1-yl)-1-phenyl-2,5-pyrrolidinedi-
one (10a)

Yield 95%; m.p.: 161-163°C. 'H NMR (400 MHz,
DMSO0-d,), 6, ppm: 3.16 dd (1H, ] 16.8 Hz, ] 6.4 Hz);
3.40dd (1H,] 16.8 Hz,] 9.2 Hz); 5.68 dd (1H, ] 9.2 Hz,
] 6.4 Hz); 6.92 s (1H); 7.36-7.49 m (5H); 7.57 s (1H);
7.80 s (1H). 'H NMR (400 MHz, CF,C0,D), §, ppm:
2.9dd (1H,] 16.8 Hz,] 6.4 Hz); 3.26 dd (1H, ] 16.8 Hz,
] 9.2 Hz); 5.38 dd (1H, ] 9.2 Hz, | 6.4 Hz); 6.54-6.57
m (2H); 6.80-6.88 m (3H); 6.9 s (1H); 7.08 s (1H);
7.51 s (1H). *C NMR (100 MHz, DMSO0-d,), 6, ppm:
36.88, 54.79, 118.56, 127.3, 128.59, 128.93, 129.34,
132.47,137.96,172.94,173.35.

3-(1H-Imidazol-1-yl)-1-(4-methoxyphenyl)-2,5-pyr-
rolidinedione (10b)

Yield 92%; m.p.: 154-155°C. 'H NMR (400 MHz,
DMSO0-d,), 6, ppm: 3.18 dd (1H, ] 16.8 Hz, ] 6.8 Hz);
3.37 dd (1H, ] 16.8 Hz, ] 4.2 Hz), 3.83 s (3H); 5.64
dd (1H, ] 4.2 Hz, ] 6.8 Hz); 6.94 s (1H); 7.00-7.26 m
(4H); 7.40 s (1H); 7.83 s (1H).

3-(1H-Imidazol-1-yl)-1-(4-nitrophenyl)-2,5-pyrro-
lidinedione (10c)

Yield 90%; m.p.: 170-171°C. *H NMR (400 MHz,
DMSO0-d,), 6, ppm: 3.16 dd (1H, ] 17.6 Hz, ] 8.8 Hz);
3.36dd (1H,] 17.6 Hz,] 9.2 Hz); 5.63 dd (1H, ] 8.8 Hz,
] 9.2 Hz); 6.92 s (1H); 7.27 d (2H, ] 7.2 Hz); 7.33 d
(2H,] 7.2 Hz); 7.38 s (1H); 7.80 s (1H).

General procedure for the synthesis of derivatives
12a,b: 2-Phenylindolizine 100 mg (0,52 mmol) was

References

O 0 NS N R

~
S

Nez. - P. 190-196.

dispersed in dry dioxane. Then 0,53 mmol of N-sub-
stituted maleimide was added. The mixture was stirred
for 15 minutes. After that the catalytic amount of alu-
minum chloride 1.5 mg (0,011 mmol) was added. The
reaction mixture was refluxed for 6 hours. The reaction
progress was monitored by TLC. After completion, the
solvent was evaporated and the crude product was
purified by crystallization.

1-Phenyl-3-(2-phenyl-3-indolizinyl)-2,5-pyrrolidi-
nedione (12a)

The crude product was recrystallized from ab-
solute ethanol. Yield: 84%; mp: 210-212°C. *H NMR
(300 MHz, DMSO-d,), §, ppm: 3.06 dd (1H, ] 6.9 Hz, ]
17.7 Hz); 3.36 m (1H); 5.13 t (1H, ] 6.9 Hz); 6.60-7.54
m (14H); 7.97 d (1H, ] 6.6 Hz). 13C NMR (75 MHz,
DMSO0-d,), §, ppm: 33.6,37.4,99.6,111.3,114.5,117.5,
119.1,122.8,126.9,127.1,128.4,128.7,128.9, 129.0,
129.8,132.3,132.5,135.7,174.5,175.8.

1-Benzyl-3-(2-phenyl-3-indolizinyl)-2,5-pyrrolidi-
nedione (12b)

The crude product was recrystallized from ab-
solute ethanol. Yield: 71%; mp: 192-194°C.'H NMR
(300 MHz, DMSO0-d,), 8, ppm: 3.14 dd (1H, ] 6.3, Hz,
] 16.8 Hz); 3.35 m (1H); 4.12 s (2H); 5.07 m (1H);
6.67-7.53 m (14H); 7.95 d (1H, ] 6.9 Hz). 13C NMR
(75 MHz, DMSO-d,), §, ppm: 33.6, 37.5, 46.6, 99.8,
111.5,114.3,117.1,118.9,122.8,124.9,126.4, 127.1,
128.4,128.7,128.9,129.0,129.8,132.3,132.5, 135.7,
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Conclusions

We have demonstrated that Lewis acids can be
effective catalysts for carbon-carbon and carbon-he-
teroatom Michael addition. The advantages of this
method such as mild reaction conditions, simple ex-
perimental procedure, low toxicity of the catalysts
and their low cost can make this method syntheti-
cally useful. Moreover, it is an easy way to synthesize
3-heteryl substituted pyrrolidine-2,5-diones, which
are attractive synthetic compounds in the field of
medicinal chemistry.
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CUHTE3 I JOCJIIXKEHHA BASOAKTHUBHUX BJIACTUBOCTEH
HOBUX ®O0CPOPUJIbOBAHUX IIEIITUAOMIMETHUKIB

[.H.AxoBeHkKo, O.I./lykamyk, K.M.Konapatiok, O.B.I'osioByenko, B.B. 2 KupHos,
B.C.bpoBapenpb

[HcTUTYT GioopraniyHoi ximil Ta HadToxiMii HAH Ykpainu
02660, M. KuiB, Bys1. MypmaHchKa, 1. E-mail: brovarets@bpci.kiev.ua

Kawouosi cno8a; Kpo8OHOCHI cyduHu; 6i01021YHO AKMUBHI pe4o8UHU; ea3oduiamamopu;
nenmudomimemuKu

B pobomi npedcmaesneHutll cuHme3 Hogux ¢hocghopuribogaHux nenmudomimemukie ma rnpogedeHa ouiHka bio-
102i4HOI akmueHocmi cuHme3o8aHux crosnyk. [lokazaHa MOXugicmb 8UKOPUCMAaHHS MOXiOHUX diemunogux
ecmepig 5-amiHo-2-¢pmanimioo-1,3-okcason-4-ingpocghoHosux kucnom 08 cuHme3sy gpocchopuribo8aHuUX nen-
mudomimemucis, siKi Micmsmb ecepeduHi nenmudOHO20 flaHuro2a 3anuwiok hocgoHoeniyuHy. 3 uiero Memoro
nidibpaHi onmumaribHi yMO8U pO3UerniieHHs1 OKCa30/IbHO20 KinbUs y Kucriomy cepedosuuwi. Bsaemodieto diemu-
7108UX ecmepie 2-amMiHoarKin-5-ankinamiHo-1,3-okca30:1-4-ingpbocghoHOBUX KUCIOM 3 HEHacU4YeHUMU asfiakmo-
Hamu cuHme3oeaHi (hocghopuribosaHi nenmudomMiMemuku, siki micmsime ¢hpaeameHmu 0ezidpoamMiHOKUCIom.
Po3pobrieHuli Memod cuHme3y € 3py4YHUM ma rpenapamusHUM, OCKIllbKU MepemeopeHHs1 Mpoxodsimb Y MSKUX
yMosax, Wo 00380/1€ YHUKHYMU ymeopeHHs1 HebaxkaHux nobiyHux npodykmis, a nenmuooMiMemuKu ompumy-
tomb i3 8UCOKUMU 8uxo0amu b6e3 3acmocy8aHHs1 XpomamozpagidHUX KOTOHOK. BionozidHi QocioxeHHs susisu-
11U 8a300uniamyrody akmueHiCmb HOBUX MOXiIOHUX ¢hbocghopunbo8aHUX nenmudoMiMemukie y 3anexxHocmi 8id ix
XimidHoi cmpykmypu nipu Oif Ha i3011b08aHy aopmy wypis. Y cmammi 062080pH0IOMbCS MOXIIUBI MOMEKYSPHI
MexaHi3mu ix 6ionoeiyHoi akmueHocmi 3a yyacmi Ca?*-kaHarie nnaamamuyHux MembpaH 25ia0eHbKOM 1I308UX
KnimuH cyOuH. HasedeHi OaHi arnusy Ha moHyc cyOuH iHeibimopa nomeHujan-3anexHux Ca®*-kaHanie L-mumny
HimpeHAuUNiHy, 8CMaHO8/IEHO, W0 KOHUeHmMpauilHi 3anexHocmi ea3o0unamyo4yoi akmugHoOCmi cuHMe308aHuX
Hamu Giemunosux ecmepig 5-ankinamiHo-2-{N-[N-6eH30ir1-(4-memunbeH3unideH)aniyunjamiHomemur}-1,3-okca3sorn-
4-ingpocghoHosux Kucrom i HiIMpeHAUNiHy CXOXi, WO MOXe c8id4umu Mpo 38’430K 8UABIEHO20 8a300uiamyto-
4020 echekmy OaHuX CriofnyK 3 MPUaHiYeHHSM Kasbuiegoi cucmemu cuzHarnizauii. [JocnidxeHHs cgid4ampb rpo
be3rnocepedHill 8nnue cuHMe308aHUX CriolyK Ha M’1308i KIimuHU CyOUH.

THE SYNTHESIS AND INVESTIGATION OF VASOACTIVE PROPERTIES OF NEW PHOSPHORYLATED
PEPTIDOMIMETICS

I.N.lakovenko, O.l.Lukashuk, K.M.Kondratyuk, A.V.Golovchenko, V.V.Zhyrnov, V.S.Brovarets

Key words: blood vessels; biologically active substances; vasodilatators; peptidomimetics

The paper presents the synthesis of new phosphorylated peptidomimetics and their action on the isolated rat
aorta. It has been shown that derivatives of diethyl 5-amino-2-phthalimidoalkyl-1,3-oxazol-4-ylphosphonates can
be employed in the synthesis of phosphorylated peptidomimetics containing a phosphonoglycine residue. For
this purpose derivatives of 1,3-oxazol-4-ylphosphonates were decomposed hydrolytically in the acidic medium.
The reaction of diethyl 5-alkylamino-2-aminoalkyl-1,3-oxazol-4-ylphosphonates with unsaturated azlactones was
used to obtain phosphorylated peptidomimetics with dehydroamino acid groups. The method developed is very
convenient and preparative because reactions proceed in mild conditions without formation of undesirable by-
products. Peptidomimetics are isolated with high yields and their separation does not require chromatography.
Biological research has revealed the vasodilating activity of new derivatives of phosphorylated peptidomimetics
depending on their chemical structure when acting on the rat’s isolated aorta. The possible molecular mecha-
nisms of this activity with participation of the plasma membrane Ca?*-channels of vascular smooth muscle cells
are discussed. The data of impact of an inhibitor of voltage-dependent Ca?-channels of L-type of nitrendipine
on the vascular tone are reported. It has been found that the concentration dependences of the vasodilating
activity of the diethyl esters of 5-alkylamino-2-{N-[N-benzoyl-(4-methylbenzylidene)glycyllaminomethyl}-1,3-o0x-
azol-4-ylphosphonates synthesized and nitrendipine are similar. It can testify about the indirect detection of the
vasodilatory effect of these compounds associated with inhibition of the calcium signal system. The study shows
a direct effect of the compounds synthesized on the muscle cells of blood vessels.

CUHTE3 U UCCJIEQOBAHUE BA3OAKTUBHbIX CBOACTB HOBbIX ®OC®OPUITUPOBAHHbIX MEMTU-
HAJOMUMETUKOB

W.H.5lkoeeHko, E.U.Jlykawyk, K.M.KoHOpamtok, O.B.lonoesyeHko, B.B.)KupHos, B.C.Bposapey
Knrodeeble crnoea: KposeHOCHbIE coCyObl; BUOMO2UHECKU aKmUBHbIE sewjecmea, 8a3oduamamopsl; nenmu-
domumemuku

B daHHOU pabome npedcmaeneH cuHmMe3 Hosbix ¢hocghopunupo8aHHbIX NenmudoMuUMemuKkos8 u nposedeHa
oyeHka buonoauyeckoli akmueHOCMU CUHMe3upo8aHHbIX coeduHeHUl. Toka3aHa 803MOXHOCMb UCMOMb308a-
HUS1 POU3B800HbIX AU3MUIIOB8bIX 3¢hupos 5-amuHo-2-cpmarnumudoarnkun-1,3-okca3on-4-unghocgoHos8bIX KUCIom
011 cuHme3sa ghocghopunIupoBaHHbIX MenmMuUOOMUMEMUKO8, KOmopble codepxam 6 cepeduHe nenmudHoU uenu
ocmamok ¢hocghoHoanuyuHa. C amou yernbto nodobparsl onmumMarbHbIE yCro8Us PaclyeniieHuUs1 OKCas3onbHO20
KonbUya e kucnol cpede. Bzaumodelicmauem Ouamusiosbix 3¢bupos 2-aMuHoankun-5-ankunamuHo-1,3-okca3sorn-
4-unghocghoHOBbIX KUCIIOM C HEHAChIUEHHbIMU a3/1aKmoHaMu CUHMe3uposaHbl ¢hocchopunuposaHHbIe nenmu-
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domumemuku, cooepxauiue gppaemeHmsl decudpoamuHokucriom. PazpabomaHHbil Memod cuHmesa siernsiem-
cs1 yOOBHbIM U rpenapamusHbIM, makK KaK rnpespaw,eHusi npoucxodssim 8 Msiekux yCrio8usix, Ymo no3eosnsiem
usbexxamb 0bpa3osaHusi HexernamerbHbiX M0O0YHbIX POJyKMos, nenmudoMUuMemuKU 8bi0e1eHbl C 8bICOKUMU
ebixo0amu 6e3 rnpumeHeHUs: xpomamoepaghu4ecKux KOIoHOK. buonoaudeckue uccriedosaHusi 0bHapyxuu ea-
300unamupyrouyo akmueHOCMb HOBbIX MPOU3BOOHbIX (hOCCHOPUNUPOBaHHbLIX NEMMUAOMUMEMUKO8 8 3a8UCU-
Mocmu om ux Xxumudeckol cmpykmypbl rpu 0elicmeuu Ha U30IUPO8aHHYK aopmy KpbiC. B cmambe 0bcyx-
0aromcs 803MOXHbIE MOMEKYSPHbIE MeXaHU3MbI UX buonioaudeckol akmusHocmu ¢ yyacmuem Ca?*-kaHaos
rnnasmamuyeckux MembpaH 2ra0KoMbIWEYHbIX Kiemok cocydos. [pusedeHb! OaHHbIE 8USIHUST HA MOHYC COCY-
008 uHaubumopa nomeHyuan-3asucumbix Ca*-kaHanoe L-muna HumpeHAUnuHa, ycmaHo8/1eHo, Ymo KOHUEH-
mpayuoHHbIe 3agucuMocmu eazodunamupyroweli amueHOCMU CUHME3UPOB8aHHbLIX HaMu OU3MUIIO8bIX 3¢hupos
5-ankunamuro-2-{N-[N-6eH3ourn-(4-memunbeH3sunudeH)aenuyujamuHomemur}-1,3-okca3on-4-ungocghoHO8bIX
Kucriom u HUMpeHAUnuHa rnoxoxu, 4Ymo Moxem ceudemernnbcmeosams O KOCBEHHOM ObHapyxeHuu sasodura-
mupyrowe2o aghgbekma OaHHbIX coeduHeHul, cesi3aHHo20 nodasneHuUeM Kanbueeol cucmembl cugHanu3ayuu.
UccnedosaHusi caudemenibcmayom 0 HEMOCpPedCmMeeHHOM 8MUSIHUU CUHME3UpPOBaHHbIX COeOUHEHUU Ha Mbl-

weyHble Kremku cocydos.

CuHTe3 Ta BUBUEHHS 6i0JI0TiYHOI aKTUBHOCTI HO-
BUX XIMIYHHUX CHOJIYK 3 MeTOM0 iX MOJa/bIIOTO 3a-
CTOCYBaHHS B MeJJU4YHil NPaKTULi € OAHHUM i3 OCHOB-
HUX HanpsAMKiB papMakoJiorii. MeTow HallUX JOCTi-
JDKeHb OYJIM CUHTE3 Ta OljiHKa 6io/IoTiYHOl aKTUB-
HOCTi HOBUX $0chOPUIbOBAHUX NENTUIOMIMETUKIB
i3 BUKOPUCTAHHAM XUBOI TECT-CUCTEMU OPraHHOI
KYJIbTYPH i30JIbOBAHUX CETMEHTIB a0pTH LypiB 3a
BIIJINBOM Ha IX TOHYC.

Jis onepkaHHS HOBUX GocPOpUIbOBAHUX METI-
TUAOMIMETUKIB MU BUKOPUCTAJ/IU BJIACTUBICTb OKCa30-
JILHOTO KiJIbLifl PO3LIEIJII0BATUCh Y KUCJIOMY cepe-
JIOBUIIIi 3 YTBOPeHHsIM aMifiiB pocdoHorminuny [1,
2]. CuHTe3 AoCaiKeHUX CoayK 6yJ10 3iHCHEHO 3a
cxemoro 1.

Tak, npu HarpiBaHHi ¢TaNiMiJHUX NOXiAHUX 2-
amiHoaJsikin-1,3-okcazos-4-indpochoHoBux KucaoT 1
[3] y 70%-ii1 BogHi# ouTOBIN KHCAOTI BiiOyBa€Th-
€ PO3KPUTTA OKCA30JIbHOTO KiJbLif, B pe3yJbTaTi
4YOro 3 BUCOKMMHU BUXOZAMHU OTPUMYIOTh ¢pTanimizo-
3axuleHi pochoHonentTuaoMmiMeTrkH 2. [Ipu 06p06-
1i IX CHUPTOBUM PO3YMHOM Tiipa3uHriApaTy BifOyBa-
€TbCA 3HATTS GTANIMIJHOTO 3aXUCTY 3 YTBOPEHHAM
nentuaomimMeTukiB 3. el nigxig 10 cuHTE3y TaKUX
CTOJIYK 3pY4YHUU THM, 1110 IepeTBOPEHHS NPOXOAUTD
y M'IKUX yMOBAX, a NI06IYHUI IPOAYKT peakil - pTa-
JIa3u/[i JIETKO BiJiIiIIEThCSA 3 peaKliiiHol cyMinii.

5-AMiHo-1,3-0kcazosu 1 6y/1M 3aCTOCOBaHI AJist
oTpuMaHH:A $0ocHOPUIbOBAHUX NENTULOMIMETHUKIB
Gi/IbII CKIAAHOL CTPYKTYPH. 3 LIi€I0 METOI HAMU OYJIU
3jilicHeHi nepeTBopeHHs 1 — 4 — 5 — 6. [Ipu gaii
rizpasuHrigparty Ha cnojayku 1 coyaTky 6y/au BU-
JliJieHi AieTU/I0BI ecTepu 2-aMmiHOaJIKiI-5-aMmiHo-1,3-
okcazoJi-4-iipocdonoBoi Kuca0TH 4, SIKi pU B3ae-
Mol 3 4-(4-MeTHUI6eH3WTIIeH )-2-beHin-4H-0Kca3o1-
5-0HOM /J1al0Th OKCa30JI0BMICHI IMOXiJIHi Jlerigponern-
THUJOMIMETHKIB 5 K pe3yJIbTaT PO3KPUTTS asJjak-
TOHHOTO LUKY. Po31ienseHHsa 0Kca30/1bHOI0 KiJb-
1151 3 YTBOPeHHAM $pocHOpHUIbOBAHUX NENTULOMI-
MEeTHUKIB 6 MPOBOJAWUIN HarpiBaHHSAM NPOAYKTIB 5y
70% BOAHIM OLITOBIM KHUCJIOTI.

Cksaz Ta 6yZ0Ba CIOAYK 2-6 Y3TOKYETHCS 3
JIaHUMU eJleMeHTHoro aHaJsisy, [4- i AMP H Ta 3!P
cnekTpiB (Tab.. 1, 2).
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Crnektpu MP orpumaHni Ha npusiagax Bruker
AVANCE DRX-500: 'H (500 MI'n), 3'P (202 MTI'n) B
po3uuni CDCl,, ximMiyHi 3cyBU HaBeJeHi BiHOCHO
TMC (BHyTpilHiN cTaHgapT) a6o 85% docdopHoi
KHUCJ0TH (30BHIiIIHIN cTaHgapT). [Y-cnekTpu cno-
JIYK 3anucyBa/id Ha cnekTpoMeTpi Vertex 70 B KBr
abo guxsopoMeTtaHi. TemnepaTypu nJaBJieHHs BU-
3Haudasiu Ha npuiaaji Fisher Johns. KonTposs 3a me-
pebirom peakiiiii 3iiicHIOBau 3a gonoMoroto THIX
(esr0OeHT — AUXJIOpOMETaH-MeTaHoJI, 95:5).

Anxinamigu N-(¢ranimigoanerni)ieTokcu-
dochopunrininuny 2a-B. Pozuun 0,01 Mok onHi€l
i3 cmosiyk 1a-B B 50 MJ1 cyMmimii onToBa KucJjora-
Bojia (5:1) HarpiBasu BnpoaoB:x 7 rog npu 75°C Ha
BO/IsIHI}M 6aHi, pO3YMHHUK BUJAJSAIN y BaKyyMi. 3a-
JINILIOK 06po6Jisin 5% po3uuHoM coau (20 mu), ekc-
TparyBaJiu auxjaopomeTaHoM (3x50 M), eKkcTpakT
BUCylyBaau Hag MgSO, 1 po3YMHHUK BUAAJIAIN IPU
MOHIXKeHOMY TUCKY. CrloJIyKu 2a-B aHaJsi3yBaiu 6e3
J0JaTKOBOI OYMCTKHU.

Ankinamign N-(B-¢Tanimigonponionins)ai-
eTokcudochopuaminuny 2r,4 6yau OTpUMaHi 3
0Kca30J1iB 1r,4 moAi6HO 0 CIOJIyK 2a-B.

Anxinamigu N-(miimwn)aietokcndocdopunrii-
nuHy 3a-B. [lo po3duny 0,01 Moub ofHiel i3 cionyk
2a-B B 50 Mu1 eTaHouy gogaBasu 1,2 mu (0,012 Mouib)
TiipasuHripary, cyMill Harpisa/iv BIpoLoBx 1-2 rog
npu 50-55°C (koHTposb TIIX). Ocan dTanasugy Bia-
binpTpoBYBay, QiNbTPAT BUAAAAIN IPU TIOHKXKe-
HOMY THCKY, OJINBONOJiOHUN 3a/IMLLIOK PO3YUHAIU
y 20 MJ1 IUXJI0pOMETaHY, oca/] BipiibTpoByBaIHy,
binbTpaT BUAASAIN TPU IOHMKEHHOMY THCKY i crio-
Jiyku 3a-B aHaJli3yBasiu 6e3 J10JaTKOBOI OUMCTKHU.

Ankinamiau N-(B-ananin)aieTrokcudpocpopui-
miinuHy 34 6y oTpuMaHi i3 cnosyk 264 nofi6-
HO /10 IPOAYKTIB 3a-B.

JdieTnioBi ecrepu 5-ankisiamino-2-{N-|[N-6eH-
301J1-(4-MeTHIGeH3WTi leH ) TinuJI |aMiHOMe THT } -
1,3-0kca3o-4-i1pocPoHoBOI KMCI0TH 5a-B. /lo
po3uuny 0,015 Mosb ofHi€i i3 criosiyk 4a-B B 50 M1
6e3BogHOTO GeH3oJy aofaBaau 2,6 r (0,01 Moub)
4-(4-meTtunbensunifen)-2-odenin-4H-okcazos-5-0Hy,
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AcOH/H,0 7 \ N,H, -H,0
C A 2114 7T
= NR'R?
PhtN
1a-g
P(O)(OE),
H
PhtN/Hn\ﬂ/ N NR'R2 J/‘)J\&
(0] P(O)(OEt -
2a-n ( )( )2 4a-p
CgH,Me-4
N,H, -H,0 PhJ\‘i

CHMe-4

P(O) OFt),

H 0 0 | \
HzN/Hﬁ(N\(lLNI# R? )J\ M NR'R?
5a-n

3a-g
H H Q
Ph N N AcOH/H,0
\”/ | NR'R2
o) O  P(O)(OEt),
CH,Me-4
6a-a

o)
n=1,NR,= N%“a - 6a), N//\\// (16 - 66), NHCHPh(18 - 68B);

,~—0
n=2, NR,= N~/ (1r - 6r), N~/ (1A - 6a).

Cxema
Ta6nuusa 1
XapaKkTepucTuKky Cnonyk 2-6
. 3HangeHo, % BupaxyBaHo, %
Cnonyka ®opmyna Buxin, % T.nn., °C
N P N P
2a C,,HxN,0O,P 95 191-192 9.09 6.63 9.03 6.65
26 CyoH,sN;O, P 93 185-187 8.98 6.62 8.99 6.63
28 C,3H,xN, O, P 88 197-198 8.51 6.28 8.62 6.35
2r C,,H;oN;O,P 96 176-178 6.50 8.69 8.76 6.46
2n C,HyN, O, P 20 195-196 6.45 8.72 8.73 6.43
3a C;3H,N;O5P 75 OnuBa 12.50 9.26 12.53 9.24
36 C,,H,,N,O,P 76 OnuBa 123 9.14 12.46 9.18
3B C;sH,,N,O,P 78 OnuBa 11.79 8.59 11.76 8.67
3r C,,H,xN;O,P 77 Onuea 12.06 8.85 12.03 8.87
34 C,sH,sN;O4P 78 OnuBa 11.99 8.81 11.96 8.82
5a CyoHyN, Ol P 86 69-71 9.68 5.41 9.65 533
56 CyyH;sN,O,P 83 79-80 9.65 533 9.62 532
58 C;,H3N, O P 92 83-85 9.29 5.03 9.30 5.14
5r C,,H;,N,O.P 85 75-77 9.48 5.24 9.42 5.21
54 C;oH;,N,O,P 79 65-66 9.34 5.16 9.39 5.19
6a C3oHsoN, O, P 88 86-87 9.39 5.11 9.36 5.17
66 C,oH;,N,O,P 87 94-96 9.36 5.25 9.33 5.16
68 C;,H, N, O,P 88 93-95 9.19 5.11 9.14 5.06
6r CyoH3N,O5P 79 77-78 9.15 5.03 9.12 5.04
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Ta6bnuua 2

HaHi Y-, AMP, "H T1a 3'P-cneKkTpiB CMHTE30BaHMX CNONYK

(cmyra i3 nneuem), 1578
(C=N), 1518 (C-N), 1283
(P=0), 1025 (P-O-C),
966 (P-O-C-C)

Cnektp AMP
Cno- IS-cnektp 31p (CDCL,), Cnektp AMP 'H (CDCL,), 8, m.u.
nyka v, cm (KBr) 5 M.y
1 2 3 4

2a |3285(N-H), 1727,1677, 17.2 1.32 m (6H, 20CH,CH,), 3.53 m (2H, NCH,, mopdoniH), 3,66 m (2H, NCH,,
1638 (C=0), 1254 mopdoniH),3.76 m (4H, O(CH,),, mopdonin), 4.17 m (4H, 20CH,CH,), 4.48
(P=0), 1026 (P-0-Q), c(2H,CH,),5.52 op (1H, CH, %), 18.0 Ty,%J,, 8.6 Tu), 7.75, 7.88 m (4H,

955 (P-O-C-C) 0-CiH,),7.83 o (1H,NH,*J,,,8.6 T)

26 [3331(N-H), 1725-1656 17.0 1.25m (6H, 20CH,CH.), 4.13 m (4H, 20CH,CH,),4.44-4.50 m (4H, CH, rniuuH,
(C=0), 253 (P=0), 1025 CH, 6eH3unamin), 5.11 aa (1H, CH, 2J,, 19.0 Ty, 3J,,, 7.3 T), 7.01 g (1H, NH,
(P-O-C), 961 (P-O-C-C) *Jyn 7.3 Tw), 7.16 w.c (1H, NH), 7.28 m (5H, CH,), 7.23-7.86 m (4H, 0-C,H,)

2B |3256 (N-H), 1717, 1634 19.2 1.29 m (6H, 20CH,CH,), 1.62-1.66 m (6H, 3CH, ninepuaun), 2.73 m (2H, CH,),
(C=0), 1266 (P=0), 3.51 m (1H, N-CH ninepugwuH), 3.57 m (2H, N-CH ninepngunH), 3.72 m (1H,
1017 (P-O-QC), 977 N-CH ninepugwnH), 4.02 m (2H, CH,), 4.11 m (4H, 20CH,CH,), 5.59 ga (1H, NH,
(P-O-C-C) 2)»18Tu,%),,8.6M),731a(1H,NH, ), 8.6 Tu), 7.72-7.84 m (4H, 0-CH,)

2r |3403(N-H), 1717, 1644 17.6 1.28 m (6H, ZOCHZCHg), 2.73m(2H, CH,), 3.56 m (2H, NCH,, mop¢onin), 3.66
(C=0), 1245 (P=0), M (TH, NCH, mopdonin), 3.75 m (5H, NCH, mopdoniH, O(CH,), mopdoniH),
1023 (P-O-C), 977 4.00 m (2H, CH,), 4.12 m (4H, 20CH,CH.), 5.57 ap (1H, CH, %, 19.0 Ty, *J,,,,
(P-O-C-Q) 9.0Tu), 7.63 o (1H, NH, ?J,,, 9.0 T'yw), 7.72-7.83 m (4H, 0-C,H,)

2n | 3401 (N-H), 1720,1651 17.6 1.34 m (6H, 20CH,CH,), 1.59-1.66 m (6H, 3CH, ninepuguH), 1.97 w.c (2H,
(C=0), 1245 (P=0), NH,), 3.42 c (2H, CH,), 3.60 m (3H, CH,NC-H ninepuawnH), 3.68 m (1H, NC-H
1026 (P-O0-C) ninepuguH), 4.18 m (4H, 20CH,CH,), 5.56 pa (1H, CH, 2, 17.0 Ty, *J,, 7.3

u), 8.13 a(1H,NH, %), 7.3 Tu)

3a |3298 (N-H), 1638 (C=0), 18.1 1.33 m (6H, 20CH,CH,), 3.04 ww.c (2H, NH,), 3.44 c (2H, CH,), 3.54-3.81 m (8H,
1233 (P=0), 1049 4CH, mopodoniH), 4.18 m (4H, 20CH,CH,), 5.53 aa (1H, CH, 2, 17.0 Ty,
(P-0-C), 947 (P-O-C-C) %) 6.2Tu),8.13 o (1TH, NH, °J,,,, 6.2 )

36 [3329 (N-H), 1649 (C=0), 17.3 1.29 m (6H, 20CH,CH,), 2.40 ww.c (2H, NH,), 3.44 c (2H, CH,), 4.08 m (2H,

1241 (P= ) 1026 OCH,CH,), 4.20 m (2H, OCH,CH.), 444 on (1H, CH, 2J,,,, 15.0 T, *Jy,, 5.2 T),
(P-O-C), 965(P-0-C-Q) 4.54 pp (1H, CH, %, 15.0 Ty, °J,,,, 6.0 Tw), 5.18 g (1H, 2, 20.0 'y,
), 8.3Tu), 7.32 m (5H, CH,; TH, NH), 8.03 g (1H, NH, 3J,,, 8.3 Tw)

38 [3309 (N-H), 1675 (C=0), 17.1 1.31 m (6H, 20CH,CH,), 1.57-1.64 m (6H, 3CH, ninepuawH), 2.61 m (2H, CH,),
1247 (P=0), 1025 3.13m(2H,CH,), 3.56 m (4H, N(CH,), ninepungwn), 4.15 m (4H, 20CH,CH.,),
(P-0-Q), 977 (P-O-C-C) 548 ppn(1H,CH, 2, 17.0 Ty, *J,,, 6.8 Tu), 8.01 g (1TH, NH, °J,,, 6.8 T'y), 8.17 w.c

(2H,NH,)

3r |3301(N-H), 1663 (C=0), 18.5 1.31 m (6H, 20CH,CH,), 2.64 m (2H, CH,), 3.14 m (2H, CH,), 3.52-3.76 m (8H,
1242 (P=0), 1028 4CH, mopdoniH), 4.16 m (4H, 20CH,CH,), 5.48 m (1H, CH), 6.28 w.c (2H, NH,),
(P-O-C), 963 (P-O-C-Q) 8.18 M (1H, NH)

30 3291 (N-H), 1652 (C=0), 18.2 1.30 m (6H, 20CH,CH.), 1.63 m (6H, 3CH, ninepnawH), 2.33 ¢ (3H, CH,), 3.48 m
1231 (P=0), 1026 (4H, N(CH,), ninepnawH), 4.08 m (4H, 20CH,CH,), 4.53 a (2H, CH,,°J,,,, 6 Tw),
(P-O-C), 966 (P-O-C-QC) 7.13-7.90m (9H, C(H,, n-C,H,), 7.30 c (1H, CH), 7.38 w.c (1H, NH), 8.20 w. c

(TH, NH)

5a |3250 (N-H), 1652 (C=0), 14.2 1.31 m (6H, 20CH,CH.), 2.34 ¢ (3H, CH,), 3.58 m (4H, N(CH,), mopdorniH),
1625 (C-N), 1517 (C- 3.78 m (4H, O(CH,), mopdoniH), 4.10 m (4H, 20CH,CH,), 4.56 g (2H, CH,,

N), 1278 (P=0), 1024 *Jun 5.2 ), 7.05 w.c (1H, NH), 7.15, 7.34, 7.48, 7.58, 7.87 m (9H, C,H,,
(P-O-C), 966 (P-O-C-QC) n-C4H,), 7.24 c (1H, CH), 7.94 w.c (TH, NH)

56 |3258(N-H), 1662 (C=0), 13.0 1.27 m (6H, 20CH,CH,), 1.63 m (6H, 3CH, ninepnawH), 2.33 c (3H, CH,), 2.89
1623 (C-N), 1578 (C=N), M (2H, CH,), 3.46 m (4H, N(CH,), nineprguH), 3.75 m (2H, CH,), 4.05 m (4H,
1517 (C-N), 1271 (P=0), 20CH,CH,), 7.10-7.91 m (11H, CH,, n-C,H,, CH, NH), 8.20 w.c (1H, NH)
1024 (P-O-C), 967
(P-O-C-C)

58 |3246 (N-H), 1626 (C=0) 14.1 1.27 m (6H, 20CH,CH,), 2.32 ¢ (3H, CH,), 2.90 m (2H, CH,), 3.53 m (4H, N(CH,),

mopdoniH), 3.72 m (2H, CH,), 3.77 m (4H, O(CH,), mopdoniH), 7.02 w.c (1H,
NH), 7.12- 7.88 m (10H, C,H,, n-C,H,, CH), 8.16 w.c (1TH, NH)
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lpodoesxxeHHs mabn. 2

1 2 3 4

5r |3255 (N-H), 1604 (C=0) 13.4 1.25 m (6H, 20CH,CH,), 2.34 c (3H, CH,), 292 m (2H, CH,), 3.76 m (2H, CH,),
(cmyra 3 nnevem), 1579 4.02 m (4H, 20CH,CH,), 447 o (2H, CH,,*J,,,, 5.7 Tu), 6.32 T (1H, NH, J,,,, 5.7 Tw),
(C=N), 1519 (C-N), 1275 6.97-7.86 m (16H, 2C,H,, n-C;H,, CH, 2NH), 7.56 w.c (1TH, NH)

(P=0), 1025 (P-0-Q),
967 (P-O-C-C)

50 |3249 (N-H), 1637 (C=0) 14.5 1.29 m (6H, 20CH,CH,), 1.55-1.63 m (6H, 3CH, ninepuawH), 2.33 ¢ (3H, CH,),
(cmyra 3 nnevem), 1519 3.54m (4H, N(CH,), ninepungwn), 4.15 m (6H, 20CH,CH,, CH,), 5.54 oa (1H,
(C-N), 1281 (P=0), 1024 CH, %, 17.6 Ty, *J,,,8.3Tw)?,7.13-7.94 m (12H, CH,, n-C;H,, 2NH), 8.21 ¢
(P-0-Q), 967 (P-O-C-C) (TH, NH)

6a |3402 (N-H), 1644 (C=0), 17.5 1.31 m (6H, 20CH,CH,), 2.34 ¢ (3H, CH,), 3.48-3.76 m (8H, 4CH, mopdoniH),
1249 (P=0), 1023 4.16 m (6H, 20CH,CH,, CH,), 549 pa (1H, CH, 2, 16.4 Tu, *J,, 7.5 Tu), 7.16-
(P-0-0), 976 (P-O-C-C) 7.91 m (12H, C,H,, n-C;H,, CH, 2NH), 8.01 c (1H, NH)

66 |3283(N-H), 1651 (C=0), 17.0 1.20 m (6H, 20CH,CH,), 1.54-1.65 m (6H, 3CH, ninepuawH), 2.32 ¢ (3H, CH,),
1252 (P=0), 1026 2.50m (1H, CH), 2.60 m (1H, CH), 3.53 m (4H, N(CH,), ninepngun), 3.64 m (1H,
(P-0-Q), 975 (P-O-C-C) CH), 3.71 m(TH, CH), 4.08 m (4H, 20CH,CH,), 545 pa (1H, CH, 2., 17.6 Tu, *J,,,

8.3Tu), 7.11-7.95 m (12H, CH,, n-C,H,, CH, 2NH), 8.55 w.c (1H, NH)

68 |3250 (N-H), 1627 (C=0), 18.3 1.26 m (6H, 20CH,CH,), 2.33 c (3H, CH,), 2.58 m (2H, CH,), 3.49-3.75 m (10H,
1260 (P=0), 1025 4CH, mopdoniH, CH,), 4.09 m (4H, 20CH,CH,), 543 oa (1H, CH, %), 17.7 Ty,
(P-0-Q), 966 (P-O-C-C) %) 8.0 ), 7.04-7.93 m (12H, CH,, n-C,H,, CH, 2NH), 8.23 w.c (1H, NH)

6r [3286 (N-H), 1649 (C=0), 17.0 1.32 m (6H, 20CH,CH,), 3.53 m (2H, NCH,, mopdonin), 3,66 m (2H, NCH,,
1250 (P=0), 1025 mopdoniH),3.76 m (4H, O(CH,),, mopdoniH), 4.17 m (4H, 20CH,CH,),
(P-0-0), 974 (P-O-C-C) 4.48 c (2H,CH,), 5.52 pa (1H, NH, 2J,, 18.0 T'y,%J,,, 8.6 I'u), 7.75, 7.88 m (4H,

0-CH,),7.83 o (1H,NH,*J,, 8.6 Ty)

MpumiTka: I4-cnektpu cnonyk 3a-g 6ynu 3anucaHi y posunni CH,Cl,

cyMil HarpiBasiu BOpoJoB:x 5-6 rog npu 60-65°C
(kouTposb TIIX), 6eH30J1 BUAASIN Y BaKyyMi, 3a-
JIMIIOK PO34UHAIU B 20 MJ1 6EH30J1y Ta J0JaBaJIU
7 mJ1 netpoJieiinoro edipy (70-100°C), cymim 3a1u1-
maJiv Ha 2-3 rox npu 5-10°C, po34uH AeKaHTyBaJH,
PO3YMHHUKU BUAAJISAIM Y BaKyyMi i cnosyky 5a-B
aHaJli3yBaJI¥ Ta BUKOPUCTOBYBAJ/IM Y HACTYITHUX I1e-
peTBOpPeHHsX 6€e3 J10aTKOBOI OYMCTKHU.

JieTnoBi ecrepu 5-askiiamino-2-{N-[N-6en-
30i1-(4-MeTUI6eH3WTiAeH) Vinu/I|aMiHOeTU T }-
1,3-0kKca30.1-4-i1pocPoHOBOI KUC/IOTH 5T, 7, 6yiu
OTpUMaHi i3 cnosyk 41,4 NoAi6HO /10 COJYK 5a-B.

Ankimamigun N-{N-[N-6eH30i1-(4-MeTH/16€H-
swiigeH)minui|inuialaierokcudocdopunmi-
IMHY 6a-B 6yJid OTPUMaHi i3 crosyk 5a-B nozi6Ho
Jl0 IPOAYKTIB 2a-B.

Ankinamigu N-{N-[N-GeH30i1-(4-MeTHU/16€H-
3awaigeH)mrinuia)-p-ananin}aierokcugpocpopu-
MIILUHY 6L, O0y/iM OTpUMaHI i3 CoJyK 5nA nojio-
HO 10 IPOAYKTIiB 2a-B.

ExcnepumeHTanbHa 6ionoriyuHa yactMHa

KinbLeBi cerMeHTH aopTH LLypiB AiaMeTpoM 2,5 MM
Ta IOBXKUHOI0 2 MM QiKCyBa/JUCh i30MEeTPHUYHO B Ka-
Mepi 3 ¢iziosoriunum 6ydepom Kpebca Mixk cTase-
BUM CTalliOHApHUM r'auykKOM Ta i30MeTPHUYHUM Nepe-
TBOpPIOBauYeM, 3'€/JHAHUM 3 caMmomnucieM. Excriepu-
MeHTaJIbHy KaMepy 3 CyAUHaMU Mepdy3yBaiu Npu
37°C 6ydepom Kpebca, sskuit mictus (B MM): NaCl -
133; KCl - 4,7; CaCl, - 2,5; MgCl, - 1,2; NaHCO, - 10;
NaH,PO, - 1,38; rnroko3y - 7,8; HEPES - 10 (pH 7,4).

BriuB cnoJsiyk Ha TOHYC CYAMH AOCIIPKYBaJIU Ha 10-
nepeJHbO CKOPOYEHHX arOHICTOM o -aJipeHoperen-
TopiB peHinepprunom (1-10° M), piBeHb KOT0 IpU-
masiu 3a 100%, 5K 1€ 6yJI0 OIIMCAaHO HAMU paHilie
[4]. AocaimpkyBaHi CrIOJIyKHA PO3YHHSAIHA B JUMETHUII-
cyabdokcui (JIMCO) Ta BHOCHIU B Tepdy3yrounit
cyAuHHUH cerMmeHT 6ydep Kpebca. 06'em IMCO Bia-
NOBIJJHUX MAaKCMMaJIbHUX aJIiKBOT CIIOJIYK He Ilepe-
BuiyBaB 0,05% Ta B KOHTPOJIbHUX eKCIIepUMeHTax
JIOCTOBIpHO He BIJIMBaB HAa TOHYC CYAMH.

JocaigxkeHHs BUSIBUIY Ba30AUJIATYIOUY aKTUB-
HICTb CIOJIYK Y 3aJI€XKHOCTI BiJi IX XIMIYHOI CTPYKTYpH
(Tab6.1. 3). Hait6inbily akTUBHICTb BUSIBUJIN CIIOJIYKH
5a Ta 5B, sKi, MOUMHAaOYM 3 IOPiBHSAHO HU3bKOI KOH-
neHTpanii (1-10° M), focToBipHO 3MeHILyBaJX TO-
HYC aKTUBOBaHUX ¢eHinepprHoOM cyauH. [Hui cro-
JIYKW BUSIBUJIM aKTUBHICTb B OPiBHSAHO GiJbII BU-
COKHMX KOHIeHTparliax: 5:10° M - 6r ta 1:10° M -
2a, 56, 66 Ta 6. Cnoaiyku 3a, 3B Ta 2/ HA TOHYC Cy-
JVH He BILIMBaJM. B Ta6s1. 3 Takok HaBeAeHi gaHi
BIJINBY Ha TOHYC CyAUH iHTi6iTOpa NoTeHIiaa-3a-
JgexxHux Ca®*-kaHasiB L-Tuny HiTpeHuIiHy. K BUT-
HO 3 TabJl. 3, KOHLIEHTpAallilHi 3a/7IeXXHOCTi Ba3oAu-
JIaTyt0401 aKTUBHOCTI CHHTE30BaHUX HAaMU CIIOJYK
5a Ta 5B i HiTpeHAUNIHY CX0Xi, 1[0 MOXKe CBiAYUTH
PO ONOCEpPeKOBAaHICTb BUABJIEHOTO Ba30AUIATY-
10490T0 epeKTy JaHHUX CIOJIYK NPUTHIiUeHHSM KaJlb-
LiEBOI CUCTEMHU CHUTHaJI3aIlil.

BpaxoBy0ouM KJII0Y0BY pOJib €HJOTEJI0 B pery-
JIALil TOHYCY Cy[IMH 3a PaxyHOK eH/loTe lia/IbHUX Ba-
304M/1aTy04MX PaKTopiB (IPOCTALUKIIIHY, OKCUAY
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BnnvB HOBUX CNONYK Ha TOHYC NonepeaHbo ckopoueHnx deHinedprHom (1-10° M)

i30/1bOBaHNX CErMeHTIB aopTy LWypiB*

Ta6bnuua 3

KoHueHTpauia, M
Cnonyka ®opmyna % BiJl CKOpPOUEHHS, BUKNMKaHoro ¢eHinedprHom
1-10° 5-10°% 1-10°
q 0
2a Phtl Nj/‘\N% - - 77,4428
O  P(O)(OEt),
H (0]
Phtl N
©  Po)oeY,
O
§
3a H2N %N% _ — —
(0] P(O)(OEt)2
OEt
4-MeCcH, P(O)(OEt),
o N
5a IR 4\ T 90,3+2,7 43,5+2,5 22,2+1,0
Ph)J\N NVAo N
"0
4-MeCgH, P(O)(OEY),
@) N
o
56 I /ﬁ AN - - 81,2427
Ph)J\H AN
o}
4-MeCgH, P(O)(OEt),
o}
58 Ph)LNl “v«o\ H/\Q 89,142,8 333422 27,1411
H
/~—0
66 \[( /\n/ ﬁ/lk - - 71,242,5
O  P(O)OEY),
4- MeCH
6r | & - 70,6+2,8 45,2418
4- MeCH
N o
64 - - 85,2+2,9
4- MeCH
Hitpengunin 89,0+2,7 33,2+2,6 29,1+1,9

MpumiTku. MokasHukn (M+m; n = 3) po3paxoBaHi sk BiACOTOK Bia NpuiHATOro 3a 100% CKOpOYeHHS!, BUKIMKaHOro deHinedpuHom (1-10° M);

* — HaBefeHi 3HaYeHHs, sIKi AOCTOBIPHO BiAPI3HAKOTLCS BiA koHTponito (p<0,05).
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KoHTponb HitpeHannin Cnonyka 5a Beskanbuiesui bydep
2r
5 xB
dE OE SE ®E

Puc. TunoBa AavHaMika iHiuiioBaHoro ceHinedpuHoM (OE, 1°10-° M) CKOPOYEHHS i30/1bOBaHMX CEFMEHTIB aOpTy LyPIiB Y KOHTPOSi
Ha coHi aii HiTpeHauniHy (1°10°> M) abo cnonyku 5a (110 M) B ctaHaapTHoMy bBydepi Kpebca Ta B 6e3kanbuieBoMy bydepi Kpebcea.

a30Ty Ta eH/I0Te lia/IbHOTO Tinepnoyisipu3yovoro dak-
TOpA), IKi CHHTE3YI0ThCS KJIITHHAMHU €HJ0TEiI0 IPU
36i/bLIeHH] B X IMTO30J1i KOHLleHTpallii Ca?*, HaMH
OyJI1 POBe/IeH] 10JaTKOBI IOC/Ti/PKeHHS BIUIUBY Hak-
6i/IbII aKTUBHOI CIOJIYKU 5a Ha TOHYC CETMEHTIB
A0PTH 1ypiB 3 BUJAJIEHUM €HO0TeJIIEM MOPIBHAHO
3 iIHTaKTHUMH cyguHaMu. EHpoTenill monepejHbo
BU/JIAJISIJIA MeXaHIYHOI 06pOOKOI0 BHYTPIIIHBOI MO-
BEpXHIi apTepili 6aBOBHAHUM TAaMIIOHOM 3 MO/aJ/b-
LIMM KOHTpPOJIEM BiZICYyTHOCTI Ba3oAuJIaTaLii Ha ale-
TUJIXOJIiH, KA € eHJ0TeJil-onocepeJKOBAHOIO, IK
onucaHo HaMmu paHiute [5]. JocaigxkeHHs He BUSIBU-
JIW CYyTTEBUX PO36IKHOCTEH Ba30U/IaTy0490i aKTHUB-
HOCTI costykH 5a npu 1i Ail Ha cyaMHY 3 BUAAIEHUM
€HJIOTeJIIEM MOPiBHAHO 3 IHTAKTHUMH, L0 CBiJYUATH
npo 6e3mocepeHil BIVIMB CHHTE30BaHUX CIIOJIYK Ha
M’s130Bi KJITHUHU Cy[IUH.

Ak BiIOMO, CYIUHU CKOPOYYIOTHCA 3a PaXyHOK
MiJBUIEHHA B IUTO30JI1i MiOLUTIB BMICTYy BHYTpilll-
HbOKJIITUHHOTO Ca?* B pe3y/ibTaTi 36i/bIlIeHHs HOT0
Bxo/y uepe3 Ca**-kaHa v JITa3MaTUYHUX MeM6PaH, a
TaKOX BUBIJIbHEHHS 3 BHYTPILIHBOKJIITUHHUX JEIIO.
[lokazaHo, 110 TOYAaTKOBUH TPAH3UTOPHUM KOMIIO-
HEHT Ba30KOHCTPUKII B OCHOBHOMY 06YMOBJIEHU
BUBiIbHEHHAM Ca?* capKoIlJIa3MaTUYHUM PETUKYITY-
MOM, a MOJaJbIINH CTINKUH TOHIYHUH KOMIIOHEHT
CKOpPOYEeHHS onocepeJKOBAHUMN 36i/bIIEHHSIM BXO-
[y 30BHIIIHbOKJITHHHOTO Ca?* yepes mja3MaTH4Hi
MeM6paHH [6]. ToMy TOHIYHHUI KOMIIOHEHT, Ha BiJI-
MiHy BiJj TPaH3UTOPHOTI'0, HE CIIOCTEePIraeThCcA Npu
nepdysii i3o/1b0BaHUX CyAUH 6ydepoM, 10 He Mic-
tiTh Ca? [6]. 151 6isbIl fieTaIbHOTO aHaJIi3y MoJie-
KYJISPHOTO MeXaHi3My Ba3ojuaaTaliiiHoro epekTy
CUHTE30BaHUX CII0JIYK Ha KaJIbLliEBY CUCTEMY CUTHA-
Ji3alii HaMM J0JaTKOBO JO0CJiJKeHa AMHaMiKa iHi-
nifioBaHoro ¢eHinepprHOM CKOPOYEHHS CYAHH B 6e3-
KasbiieBoMy 6ydepi Kpebca, a Takoxk Ha ¢oHi Aii
HITpeH/HUIiHY, AieTHIOBOTO ecTepy 5-ajKisaMiHO-
2-{N-[N-6eH301/1-(4-MeTHI6eH3 Ui IeH ) TJTi K| aMi-
HoMeTuJ}-1,3-0Kcazos-4-i1pochoHOBOI KMC/IOTH 5a

y ctaHzapTHoMy 6ydepi Kpebca. [Ipu ibomMy cyguHu
nonepeAHbo npoTsarom 30 XB A0 akTuBauii peHisn-
eppunom (1°10° M) nepdysyBanu 6ydepom Kpeo-
ca 3 HiTpeHauninom (1:10° M) a6o 3 pocponaToM
5a (1:10° M). Ik BUAHO 3 PUCYHKA, 6JIOKyBaHHS 110~
TeHIjja/13a/1e)KHUX KaJIbI[iEBUX KaHaJliB IJIa3MaTHY-
HUX MeMOpaH HiTpeHAUNIHOM, {K i Ais cnosiyku 5a,
MaJio BIJIMBAIOTh HA NOYAaTKOBUN TPaH3UTOPHUH
KOMIIOHEHT CKOPOY€HHS CYAUH, BUK/JIMKAIOUH CYyTTE-
Be MPUTHIYEeHHS TOHIYHOrO KOMIIOHEHTa. AHa/IO0Ti4-
Ha /IMHaMiKa iHinifioBaHoi peHinePpruHOM Ba30KOH-
CTpUKLii ciocTepirasack 3a ymoB nonepeHboi (30 xB)
nep¢ysii cermeHTIiB aopTH 6e3KasbLieBUM 6ydepom
Kpeb6ca (puc.). OTpumaHi AaHi cBif4aTh NPO MOXKJIH-
By OIlOCEpe/IKOBAHICTb BUSABJIEHOI Ba30AW/1aTy040]
aKTUBHOCTI CUHTE30BaHUX NMeNTUJ0MIMeTHKIB iHTi-
OyBaHHSIM NOTeHIlia/l-3a1exxHUX Ca’*-KaHaJliB IJa3-
MaTUYHUX MeEMOPaH I/1aZleHbKOM 30BUX KJITHH Cy-
JUH. [leTanbHi MexaHi3Mu 6e310cepeHbOr0 abo OI1o-
cepe/ikoBaHOro MoAudikalli€elo BHYTPIlIHbOKJIITHH-
HUX PETYAATOPHUX CUCTEM iHTiGYBaHHS CUHTE30Ba-
HUMHU criosiykaMu Ca?*-KaHauliB CyAMHHUX MiOIUTIB
MOXYyTb 6YyTH NpeJMeTOM NOoJalbLINX AOCHiKEHD.

BUCHOBKM

1. CunTe30BaHi Ta gocaimpKkeHi HOBI noxigHi dpoc-
bopuIbOBaHUX MENTHAOMIMETHKIB, Cepe/] IKUX 3HAM-
JleHi 6i0/10TiYHO aKTHUBHI CIIONYKH, Kl y Jiana3oHi
koHueHTpauii 1:10°-1-10° M BUKJHUKAIOTh Ba30u-
JlaTalilo i30JIbOBaHUX CETMEHTIB a0PTH LLYPiB.

2. Haii6inbiy Ba3oguaTy04y akTUBHICTb cepe/
JOCTiPKEHUX CIIOJIyK BUABJISAIOTH JieTUJIOBI ecTepu
5-ankinamino-2-{N-[N-6eH301/1-(4-MeTUI0eH3UIi/IEH)
riinuialamiHoMeTu}-1,3-okcason-4-iidpochoHoBoi
KHUCJIOTH.

3. [lapiHHA TOHYCY KPOBOHOCHUX CYAWH NpPU Ail
HOBUX $ochHOpUILOBAHUX NMENTUAOMIMETHKIB MOX-
JIUBO OIOCEPeIKOBaHe iHriOyBaHHAM akTUBHOCTI Ca?*-
KaHaJliB M1a3MaTUYHUX MeMOPaH I/1aJleHbKOM s130-
BUX KJIITHH.
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CTPOEHUE U BUOJIOTUYECKHE CBOMCTBA (4-TUIPOKCH- .
1-METWJI-2-0KCO-1,2- AUTUAPOXUHOJINH-3-NJ)YKCYCHOU
KHUCJIOTHI U EE C/1I0KHBIX 39PUPOB

W.B.Ykpaunen, E.B.Mocnanosa*, T.B.AnekceeBa

HanuoHasnbHbIN papMaLeBTUIECKUNA YHUBEPCUTET

61002, r. XapbkoB, ya. [lymknHckas, 53. E-mail: uiv@kharkov.ua

* UHCTUTYT XMMHUUYECKUX TEXHOJOTUNA BOCTOYHO-YKPAaWnHCKOr0 HAllMOHA/JBHOI0 YHUBEPCUTETA
uM. Bnagumupa lana

Karoueswle cnosa: 4-2udpokcu-2-okco-1,2-0uzudpoxuHoauHbl; 2emapu/aykcycHble KUCA0Mbl; CAONCHbIE
adupbsl; peHmeeHoCmpyKmypHblil AHA/U3; NPOMu8osocnalumesibHoe delicmsaue; AHA 1bzemu4ecKkas
aKmMueHOCMb

lMpodomkas nouck HoebIx aghghekmueHbix U 6e3onacHbIx cpedcme 60pbbbi ¢ 60sb10 8 psiIdy pa3HOObpPasHbIX
rPOU3800HbIX 4-2UOPOKCUXUHOIUH-2-0HO8, 8 Kpye U3y4YaeMbiX HamMu 06bekmos bbiiiu eoerneyeHbl (4-2udpokcu-1-
memuri-2-okco-1,2-0u2udpPOXUHOIUH-3-Ur)yKCYyCHas Kucrioma U CEepUsi ee CIIOXHbIX alnKkuosbix aghupos. Bece ghap-
Makos102u4ecKuUe 3KCrepuMeHmbI 10 U3yYEeHUH Mpomueo8ocnanumeribHoU U aHanbeemu4eckol akmugHOCMu CUH-
me3uposaHHbIX gewecms bbinu rnocmaerneHbl Ha beslbix Mbllax C UCMO0b308aHUEM CmMaHOapMHbIX CKPUHUHE08bIX
moderieli — «KappaceHUHO8bIU OMEK» U «YKCYCHOKUCIIbIE KOPYU» COOMBEMCMEEHHO. BbisieneHbl cOeOUHEHUs, He
ycmynaroujue 8 aHmuakccydamusHoM u obesbornusarowem delicmeuu U38eCmMHOMY HeCmepoUdHOMY MPoMmuUeo8oc-
nanumensHomMy cpedcmey — dukriogheHaky. Kpome moeo, 0bHapyXeHbl 8aXHble CmpPYKmMypHO-buonoauyeckue 3a-
KoHoMepHocmu, rpedcmaensouue uHmepec Ons danbHelwUux rnoucKosbix uccriedosaHull 8 Kayecmse UcXo0H020
6a3uca. C noMouibro peHmaeHoCmpyKmypHO20 aHanu3a udy4eHbl 0COOEHHOCMU MPOCMPaHCMEEHHO20 CMPOEHUS
HEeKOMOpbIX CUHMe3Upo8aHHbIX MPodykmos. [NposedeH demarbHbIl cpagHUMErbHbIU aHanu3 peHmaeHOuppaK-
UUOHHbIX 0aHHbIX Hauboriee aKmuHbIX aHallb2emUuKOo8, 8bISi8NIeHHbIX cpedu nodsepaHymbiX MEeCmMuUpPO8aHUIo 8e-
wecmes — memuri-(4-audpokcu-1-memuri-2-okco-1, 2-0uaudpoxuHonuH-3-us)ayemama u e2o 3musibHO20 aHasoza.
UHcmpymeHmarneHo 0okasaHo, 4mo amu dea CoeOUHeHUsT UMEeom rpakmu4yecKu UdeHmMuUYHoe rpocmpaHCmMeeHHoe
cmpoeHue, 0OHOMUIHYO CUCMEMY MEXMOIEKYNSPHbIX 8000P00HbIX Cas3ell U 00UHaK08YH Kpucmariiudyeckyto yna-
koeky. Mpu amom oHu nposiensitom obe3bonusarowiuti 3ghghexkm rpubnusumeribHo 00HO020 YPOBHS, OOHAKO CUSILHO
pasnuyaromcesi 1o 8bIPaxeHHOCMU OKa3blgaeMbiX MPomMuUeo8ocnanumerbHbix ceoticms. 1o pe3yrnbmamam rpose-
OEHHO20 KOMIMIIEKCHO20 aHarumuko-buonoaudeckoeo uccriedosaHusi coenaH ebi1800 0 MoM, Ymo rpu ecell ceoell
6e3ycrio8HOU 8aXXHOCMU KpUCMAIITUYECKOE CIMpPOoeHUe 8eecms — amo 0aneko He eOUHCMBEHHbIU (hakmop, OKa-
3bigaroWuli Cyu,ecmeeHHoe 8uUsIHUE Ha UX ghapMakorioaudeckue ceolicmea.

THE STRUCTURE AND BIOLOGICAL PROPERTIES OF (4-HYDROXY-1-METHYL-2-OX0O-1,2-DIHYDRO-
QUINOLIN-3-YL)ACETIC ACID AND ITS ESTERS

L.V.Ukrainets, O.V.Mospanova, T.V.Alexeeva

Key words: 4-hydroxy-2-oxo-1,2-dihydroquinolines; hetarylacetic acids; complex esters; X-ray diffraction analy-
sis; anti-inflammatory action; analgesic activity

Continuing the search of new effective and safe means for pain relief in the range of different derivatives of 4-hy-
droxyquinoline-2-ones (4-hydroxy-1-methyl-2-oxo-1,2-dihydroquinolin-3-yl)acetic acid and series of its alkyl esters
have been involved in the objects of our research. All pharmacological experiments in studying the anti-inflammato-
ry and analgesic activity of the compounds synthesized have been carried out in white mice using standard screen-
ing models — «carrageenan edema» and «acetic acid writhing», respectively. Compounds that are not inferior to
the anti-exudative and analgesic action of the known non-steroidal anti-inflammatory drug Diclofenac have been
identified. In addition, the important structural and biological regularities, which are of interest for further research
as a starting basis have been found. With the help of X-ray analysis the peculiarities of the spatial structure of some
products synthesized have been studied. A detailed comparative analysis of X-ray diffraction data of the most active
analgesics identified among the tested substances — methyl (4-hydroxy-1-methyl-2-oxo-1,2-dihydroquinolin-3-yl)
acetate and its ethyl analogue has been performed. It is instrumentally confirmed that these two compounds have a
substantially identical spatial structure, the same type of the intermolecular hydrogen bonds system and the same
crystalline packing. However, they exhibit an analgesic effect approximately of the same level, but vary greatly in in-
tensity of their anti-inflammatory properties. According to the results of the comprehensive analytical and biological
studies the conclusion has been made that for all its undoubted importance the crystalline structure of substances
is not the only factor that has a significant impact on their pharmacological properties.

BY/[JOBA | BIOJIOII4HI BJIACTUBOCTI (4-rgPOKCHU-1-METUJ1-2-OKCO-1,2-ANTIQPOXIHOJIH-3-1/T) OL4-
TOBOI KNC/IOTU TA IT ECTEPIB

I.B.Ykpaineub, O.B.MocnaHoea, T.B.Anekceeea

Knrovoei cnosa: 4-2idpokcu-2-okco-1,2-0u2iOpoxiHoniHu;, eemapurioymosi Kucriomu; ckrnadHi ecmepu,; peHm-
2eHocmpyKmypHuUU aHani; npomu3sanarnbHa Ois; aHarneemuyHa akmugHicmb

[Mpodoexyroyu nowyk Hosux eghekmusHuUX ma besrneyHux 3acobie 6opombbu 3 6oriem y psdy pi3HOMaHIMHUX ro-
XiOHUX 4-2i0poKcuxiHOMiH-2-0Hi8, 8o Kona docnidxysaHux ob6’ekmig, Hamu 6ynu 3any4eHi (4-2i0pokcu-1-memurn-
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2-o0kco-1,2-0uezidpoxiHoniH-3-in)oymoesa Kucrnoma ma cepis ii ankinosux ecmepis. Yci chapmakonoezidHi ekcrie-
PUMEHMU 3 8UBYEHHS Mpomus3anasnbHOi ma aHanzemu4yHoi akmugHOCMIi CUHMe308aHUX pe4yosuH Bynu nocmas-
nieHi Ha binux Muwax 3 BUKOpUCMaHHAM cmaHOapmHUX CKpuUHiHeosux modenel — «kapazeHiHosul Habpsiky ma
«oymosokucHi Kop4i» 8i0rnosidHo. Busieneri crionyku, wo 3a aHmuekcydamugHoo ma 3Hebosoyoto dieto He
rnocmynarombcsi 8i0OMOMY HecmepoiOHOMy npomu3anarnbHoMy 3acoby — duknogeHaky. Kpim moeo, 3HaldeHi
saxxriusi cmpykmypHo-bionoeiyHi 3akoHoMipHOCMI, wo npedcmasnsaome iHmepec 015 NodanbwWux MowyKosux
docnidxeHb sk 8uxioHul 6asuc. 3a oMoMOz0t0 peHMeeHOCMPYKMYPHO20 aHanidy eus4eHi ocobnueocmi rpo-
cmopoeoi 6ydosu desikux cuHmMe3sosaHux npodykmis. [lposedeHo demaribHUU MOPIBHSNIbHUU aHasli3 PeHMaeH-
OugbpakyitiHux daHuUx HaubinbW akmusHUX aHaneemukis, susieneHuUx ceped niddaHux mecmyeaHHI0 Peqyo8UH —
memuri-(4-2idpokcu-1-memuri-2-okco- 1, 2-0uziopoxiHoniH-3-in)ayemamy ma (io2o emusibHO20 aHasoeaa. IHempy-
MeHmarnbHo 0osedeHo, Wo yi 08 crnonyku Marme MPakmMu4yHo ideHmu4YHy npocmoposy bydosy, 0OHOMUMHY
cucmemy MiKMOIEKynsipHUX 800He8UX 38’A3Kie ma 00HaKoa8y KpucmariyHy ynakoeky. [1pu uybsomy 80HU Nposiens-
tomb 3Heboso4ull eghekm npubu3Ho 0OHO20 PieHS, ane CUrbHO 8iOPI3HSIOMbCS 3@ 8UPA3HICMIO CIPUYUHEHUX
rnpomus3sananbHUX enacmusocmeu. 3a pe3ynsmamamu rnposedeHo020 KOMIIeKCHO20 aHanimuko-6iono2iyHoeo
docnidxeHHs1 3pobrieHO BUCHOBOK PO me, W0 rpu &cil ceoili 6e3ymMosHill 8axxnueocmi kpucmariyHa 6ydoea

peyosuH — ye 0aneko He eOQUHUL ¢hakmop, WO Cymmeeso 8riusac Ha ixHi chapmakosozidHi enacmugocmi.

BoJib ¥ BocnasieHHe OTHOCSITCSI K HauboJiee pac-
MPOCTPAHEHHBIM CUMIITOMAaM, KOTOPbIE COMTPOBOXK-
JIal0T MHOT'OYMC/IeHHbIe 3260JIeBaHUs U AaTOJIOTH-
YyeCcKHe COCTOSAHUSA. /1 ycTpaHeHHUs 3TUX NpOosIBJie-
HUH B HacTosLlee BpeMs IUPOKO UCIOJIb3YIOTCS Jie-
KapCTBeHHbIE NpenapaThl U3 IPyNNbl HECTEPOUAHBIX
IPOTUBOBOCHAIUTENBHBIX CPEACTBA, CPEAY KOTOPBIX
Ba)KHOE MECTO 3aHHWMAIOT IPOXU3BO/IHbIE apHUJI- U Te-
TapUJIYKCYCHBIX KUCIOT - JlukiodeHak, Aueknode-
Hak, UHmomeTanuH, Kinunopui, 3Togonak u ap. [1,
2]. llpuHrMasi BO BHUMaHUe 3TOT QaKT, a TAKKe yUU-
ThIBasi BbICOKHME aHa/IbTeTHYeCKHe U IPOTHBOBOCHA-
JINTEeJIbHbIE CBOMCTBA MHOTOYHC/IEHHBIX 4-T'U/IPOKCHU-
2-0KC0-1,2-TUTruipOXUHOJNH-3-KapObOHOBBIX KUCJIOT
Y X IPOU3BOAHBIX [3-9], BOBJIeUeHHE B KPYT MPOBO-
JIMMOT'0 HAMH [TOMCKA HOBBIX 3¢ QEKTUBHBIX CPEJICTB
60pBOBI € 60JbI0 (4-TUAPOKCH-1-MeTHA-2-0KCO-1,2-
JUTUPOXUHOINH-3-1)yKCYCHOM KUC/IOTHI U ee CJI0XK-
HbIX 3QUPOB NpeACTaBJISAETCS JIOTUYHBIM U 3aKOHO-
MepHBIM.

CuHTe3 UCcxoAHOMU (4-TUIPOKCU-1-MeTHII-2-0KCO-
1,2-AUruApOXUHOMMH-3-UJ)YKCYCHON KUCAOTHI (1)
OCYILeCTBJ/IEH allUJIMPOBaHUEM MeTUJI-N-MeTHUIaHT-
paHuJaTa 3-MeTOKCUKapOOHHUI-NPONHMOHUIXJI0PU-
JIOM C TIoc/Ieytonei 06paboTKON MPOMEKYTOIHO-
ro aHWJIM/la HATPUS METHUJIATOM B METHUJIOBOM CITHP-
Te. O6pasyrouascs B MpoLecce 3TON peakLu CMecCh
METUJIOBBIX 3QHUPOB (XMHOJIUH-3-HJ1)YKCYCHOM U OeH3-
as3enuH-4-KapboHOBOM KHUCJIOT NpU 06paboTKe BO-
AHbIM pactBopoM KOH nmoasepraetcst rufipo/insy u
pPEeLUKJIN3alUH B O/IUH U TOT K€ KOHEUHbIHN NPOAYKT —
1|eJIeBYI0 (XMHOJINH-3-1)yKCycHy10 KucaoTy 1 [10].
Katanusupyemasi KucjaoTaMu 3TepudpuKalusa 3Toro
coeJIUHEeHHUS MEPBUYHBIMU aTUPATUUECKUMU CIIUP-
TaMHU C BBICOKHMHU BBIXOJIJaMH JIae€T COOTBETCTBYIOLIHE

aJIKWI-(4-rufipokcu-1-meTuI-2-0Kco-1,2- Auru;poxu-
HOJIMH-3-WJ1)aneTarsl (2a-i), npeAcTaBasoLie UH-
Tepec A1 $papMaKoJIOrMueCKUX UCIbITAHUH (cxeMa).

TecTrpoBaHNe NPOTUBOBOCTIAJIMTE/IBHBIX CBOMCTB
CUHTEe3WPOBaHHBIX COeIUHEHUH NTPOBeJileHO Ha MO-
JleJIV KappareHMHOBOTO OTeKa y Mblliel [11], no3Bo-
JIS0Led CyIUTDb O BAUSHUU UCCIeyeMbIX BelleCTB
Ha 3KCCYyaTUBHY!O (a3y OCTPOro acelTUIeCKOro BOC-
najeHus. B kauecTBe npenapaTa cpaBHeHUs UCIOJIb-
30BaHO KJacCUYeCcKoe HeCTepoUHOe NPOTUBOBOC-
MaJIMTe/IbHOE CPEAICTBO — AUKI0(DEHAK B Jlo3e 8 MI /KT,
cooTBeTcTBylOWEen ED,, aToro npenapara Ha JaH-
HOW 3KCNIepUMeHTa/NbHOU Mozenu [12]. U3ydyaemble
BelleCTBa BBOAW/INCH IEPOPAJIbHO B BU/Ie TOHKUX BO/JI-
HBIX CYCIIeH3UH, CTaOUIM3UPOBAHHBIX TBUHOM-80,
B 9KBUMOJISIPHBIX ANKJI0(QEHaKy [103aX U B 06'béMax
He 6oJiee 0,3 mu1 Ha 10 r Macchl )KUBOTHOTO. [Tosy-
YeHHble IIPY 3TOM pe3y/IbTaThl I0Ka3bIBaIOT, YTO HC-
X0/iHas (XMHOJIMH-3-WUJ)yKCyCcHas KUca0Ta 1 B 9KBU-
MOJISIpPHOM IUKJI0deHaKy o3e CI0COH6HA CHIKATD Be-
JINYMHY KappareHUHOBOTo oTeka Ha 23,1% (Tab.1. 1).
Heckousbko 60Jiee yjladHO Ha aHTUIKCCYLaTUBHBIX
CBOMCTBax OTpa3uJiach aTepudrKaLys KapoOKCUIb-
HoH rpynnsl. Tak, cpey U3yyeHHbIX 3¢UpoB 2a-i 06-
Hapy>KeHbl BellleCTBa MPUMEPHO OAHOTO yPOBHS aK-
THUBHOCTH C JUKJIOQEHAKOM, PUUEM [IEPEX0]] OT CO-
eIMHeHWH C HOpMaJIbHBbIMHU O-aJIKWUJIBHBIMU Liels-
MU K [IPOM3BOAHBIM U30-CTPOEHHNA IPUBOJUT K I10Y-
TH NOJIHOU yTpaTe NPOTUBOBOCHAJUTENBHOIO 3¢-
dekrTa.

A BOT JJ151 aHa/IbIe€TUYeCKUX CBOMCTB (XUHOJINH-
3-uy)yKCcycHOU KUCA0THI 1 U ee CI0XHBIX 3QUPOB
2a-i aTa CTPYKTypHO-6HOJOrHyecKas 3aKOHOMep-
HOCTb y>Ke He XapakTepHa. X0Ts U 3/ieCb O0JIbILINH-
cTBO 3$UPOB 0Ka3aJ0Ch ropa3f0 aKTUBHEE UCXO/-

OH OH
SO _Fenn N
—_—
o) o)
Nigie} N ~o
Me Me
1 2a-i

Cxema
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Ta6bnuua 1

Brionornyeckme cBOMCTBA (XMHOMMH-3-1)yKCYCHON KUCNOTbI 1 1 ee CNOXKHbIX 3G1pPOoB 2a-i

MNpotmnBoBOCNanuTenbHas AHanbretTnyeckasa akTMBHOCTb
CoepuHeHue R AKTUBHOCTb (ymeHbLUeHMe KonnyecTsa

(cHMXeHne oTeKa, %) «YKCYCHOKMCIbIX KOopueiny, %)
1 - 23.1 28.5
2a Me 12.7 64.2
2b Et 455 54.4
2c All 525 241
2d Pr 20.4 339
2e i-Pr 3.1 39.3
2f Bu 46.2 50.2
29 i-Bu 27.3 50.2
2h CH,, 445 35.9
2i i-CH,, 9.6 22.1

AuknodeHak (8 mr/kr) 49.8 -

AuknodeHak (5 mr/kr) - 51.6

HOU KHCJI0THI. B akclieprMeHTax Mcnosib30BaHa KJlac-
cuyecKas MOJieslb «YyKCYCHOKHCJBIX Kopuei» [11].
HcnpiTyeMble BelljecTBa BBOAUJINCh IEPOPAJIBHO B
BU/JIe TOHKOW BOJHOH CyClleH3UH, CTabUJIN3UPOBaH-
Holi TBUHOM-80 B /103e 5 MI'/KT, COOTBETCTBYIOII e
ED., sukiodenaka [12].

PeHTreHOCTPYKTYpHOE HCC/leloBaHHe TPOCTPaH-
CTBEHHOTO CTPOEHHUS CaMOT0 MOILHOTO aHaJIbIeTH-
Ka U3 MpeJCcTaBJIeHHOM IPYIIbl CI0XKHBIX 3QUPOB -
MEeTUIXUHOJMHUIALeTaTa 2a M03BOJIUJIO0 yCTaHO-
BUTb, YTO XMHOJIOHOBOE /IO B MOJIEKYJle 3TOTO CO-
e/JMHeHUs He BIIOJIHE IIJIaHApHO: TOPCUOHHBIN yToJl
C(1)-N(1)-C(9)-C(8) cocTaBasieT -5.8(2)° (puc. 1,
TabJ1. 2, 3). [Ipy TOM BO3HUKAET YKOPOUEHHbIN BHYT-
puMonekyaapHbIi koHTakT H(5)...0(2) 2,40 A (cym-
Ma BaH-/lep-BaalbCOBBIX paguycoB [13] 2,46 A). Me-
TOKCUKApOOHUJIbHBIN pparMeHT 3aMeCTUTES TPH
atoMme C(8) pacrnoJsiokeH OPTOTOHAJIBHO IJIOCKOCTH
OGULIMKJIA U HECKOJIBKO Pa3BEPHYT OTHOCHUTE/IBHO CBSI3U
C(8)-C(10) [Topcuonnsie yribt C(7)-C(8)-C(10)-C(11)
93,9(1)° u C(8)-C(10)-C(11)-0(3) -19,7(2)°]. MeTun.1b-
Hasl Tpynma 3Toro ¢gparMeHTa HaXOUTCS B Ap-KOH-

Puc. 1. CtpoeHue Moneky bl METUAXMHONUHMAUETaTa 2a
C HyMepaLuveii aTOMOB.

dopmanuu oTHOocuTebHO cBA3u C(10)-C(11) [Top-
cuoHHbIN yroa C(12)-0(4)-C(11)-C(10) cocTaBas-
et 178,3(1)°].

Mexx iy aToMaMU MeTU/IbHOM IPyNIbl IPY aTOMe
N(1), cocenHeit kapboHuabHoM rpynmnoi C(9)-0(1)
M aTOMOM BOJ0POJa B nepu-noJioKeHUU 6eH30J1b-
HOM 4aCTHU XMHOJIOHOBOT'O KOJIbLia 0OHAPY>KEHO [10-
CTaTOYHO CUJIBHOE OTTaJIKUBaHUE, O YEM CBU/IETEb-
CTBYIOT yKOPOYEHHbIE BHYTPUMOJIEKYJISIPHbIE KOH-
taxtel H(2)...C(13) 2,53 A (2,87 A), H(2)...H(13¢) 2,27 A
(2,34 A), H(13c)..C(2) 2,74 A (2,87 A) n H(13a)...0(1)
2,24 A (2,46 R).

B kpucTasie MoJieKysabl MeTHUI0BOro adupa (4-
TUAPOKCH-1-MeTUI-2-0KCo-1,2- AUTUIPOXUHOJINH-3-
WJI1)YKCYCHOM KHCJIOTHI (2a) 06pa3yoTcst 6eCKOHeu-
Hble 3Ur3aroo6pasHble LeNnoYKH (pUc. 2) BA0JIb KpU-
crtasorpadpuyeckoro HanpasseHus [0 0 1] 3a cueT
MeXMOJIEKY/ISIPHON BofopoAHoM cBs3u 0(2)-H...0(1)
(x,0,5-,0,5+z) H..0 1,76 A, 0-H...0 160°. O6pa-
30BaHUe 3TON BOJIOPOJAHOM CBSI3H, I0-BUAHUMOMY, 00-
ycioBIMBaeT yaHeHue ceasu C(9)-0(1) zo 1,251(1) A
110 CPaBHEHHIO C ee CPeJHUM 3HadeHueM [14] 1,210 A.

Puc. 2. beckoHeuHble Lenoykun, obpa3oBaHHbIe B KpucTanne
MOMeKyaMm METUIXMHONMHWUNALeTaTa 2a. MyHKTUPHbIMU
NINHMAMM 0603HaYEHbI MEXXMOEKYNSPHbIE BOAOPOAHbIE CBSA3M.
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Ta6bnuua 2

o

OnunHbl ceasen (A) B cTpyKType
METUNXMHONMHWNaLeTaTa 2a

Ta6bnuua 3

BaneHTHble yrnbl (rpag.) B CTPYKType
MEeTUNXMHONMHWNaLeTaTa 2a

Cesi3b I A Cesi3b 1A BaneHTHbIN yron | o, rpaa. | BaneHTHbIl yron | o, rpaa.
N(1)-C(9) 1.375(2) N(1)-C(1) 1.394(2) C(9)-N(1)-C(1) | 122.2(1) | C(9)-N(1)-C(13) | 117.9(1)
N(1)-C(13) 1.465(2) O(1)-C(9) 1.251(1) C(1)-N(1)-C(13) | 119.9(1) | C(11)-O(4)-C(12) | 116.5(1)
0(2)-C(7) 1.345(1) O(3)-C(11) 1.196(1) N(1)-C(1)-C(6) | 119.3(1) | N(1)-C(1)-C(2) | 121.6(1)
O(4)-C(11) 1.335(1) 0O(4)-C(12) 1.438(2) C(6)-C(1)-C(2) | 119.1(1) | C(3)-C(2)-C(1) | 119.9(1)
C(1)-C(6) 1.400(2) C(1)-C(2) 1.402(2) C(2)-C(3)-C(4) | 121.1(1) | C(5)-C(4)-C(3) | 119.9(1)
C(2)-C(3) 1.377(2) C(3)-C4) 1.379(2) C(4)-C(5)-C(6) | 120.7(1) | C(1)-C(6)-C(5) | 119.4(1)
C(4)-C(5) 1.366(2) C(5)-C(6) 1.405(2) C(1)-C(6)-C(7) | 118.7(1) | C(5)-C(6)-C(7) | 121.9(1)
C(6)-C(7) 1.433(2) C(7)-C(8) 1.357(2) 0(2)-C(7)-C(8) | 125.3(1) | O(2)-C(7)-C(6) | 113.6(1)
C(8)-C(9) 1.437(2) C(8)-C(10) 1.502(2) C(8)-C(7)-C(6) | 121.2(1) | C(7)-C(8)-C(9) | 119.8(1)
C(10)-C(11) 1.498(2) C(7)-C(8)-C(10) | 124.2(1) | C(9)-C(8)-C(10) | 116.1(1)
O(1)-C(9)-N(1) | 119.5(1) | O(1)-C(9)-C(8) | 121.8(1)
Tak>ke B KpucTa/l/ie 0GHApYKeHa CUCTeMa MeXMO-
nekyasapHbix C-H...mt BomopoaHbix cBs3ei: C(12)- N()-CO-C®) | 1187(1) | C(11)-C(10)-C(8) | 114.0(1)
H(12a)..C(5)’ (x,0,5-y,-0,5+2z)H..m2,78 4, C-H..m | OB)-C(11)-04) | 124.1(1) | OB)-C(11)-C(10) | 125.9(1)
172°% C(13)-H(13a)..C(11)' (%, 0,5-y,-0,5 +z) H..m | O(4)-C(11)-C(10) | 110.0(1)
2,84 A, C-H..m138°u C(13)-H(13b)..C(5)' (-x, 1 -y,
1-z)H..m2,81 A, C-H..m 148°. 11982 orpaxeHuii (3335 HezaBUCHUMBIX, R, = 0,031)

CpaBHHUTeJ/IbHBINA aHAJIN3 peHTreHAupaKLHOH-
HbIX JaHHBIX METUJXWHOJHUHUJIALeTaTa 2a U ero
M3y4EeHHOT0 paHee 3TUJIbHOro aHasiora 2b [15] o6Ha-
pY>KHBaeT YAUBUTEJbHOE CXOACTBO He TOJIbKO 0CO-
6eHHOCTel MPOCTPAHCTBEHHOT'O CTPOEHHSI 3TUX COeU-
HEHUH, HO U UX KPUCTA/NIMYECKOH YIIaKOBKH. B cBs-
31 C 3TUM U C yYeTOM ONMCAaHHBIX paHee IPUMepPOB
CyI1leCTBEHHOTO BJIMAHHUS KPUCTAIINYECKOIO CTpoe-
HUS 4-TUPOKCUXUHOJIMH-2-0HOB Ha UX 6roJsioruyec-
KYI0 aKTUBHOCTb [16-18] 6/1M3Kue aHaIbreTuYecKue
CBOMCTBa MeTu-(4-rufipokcu-1-meTun-2-okco-1,2-
JUTUPOXUHOJIMH-3-Ui)aneTaTa (2a) U ero sTU/lb-
HOro aHasiora 2b npecTaB/IsSIIOTCS BIOJHE 3aKOHO-
MepHbIMU. BMecTe ¢ TeM, 3HauUTeIbHbIE PA3/JIUYUS B
O0Ka3bIBaEMOM 3THMH BellleCTBaMU IPOTHBOBOCHA-
JINTEJIbHOM JIeMCTBUM CJIyKaT yoeJUTeJbHbIM [0-
Ka3aTeJIbCTBOM TOTO, YTO KPUCTAJIMYECKOE CTpoe-
HHe XOTb U BaXKHbIH, HO Ja/IeKO He eJMHCTBEeHHBIN
dakTop, BaUAIIUNK HAa papMaKoJOoTUYecKrue CBOM-
CTBa CyOCTaHIIUU.

3Kcnepu MEHTaJibHaA 4acCTb

[lonpo6Hble MeTOAMKY NOJyYeHUs], PU3UKO-XU-
MUYEeCKHe U CIeKTpaJibHble XapaKTepUCTHUKU (4-
TUJIPOKCU-1-MeTUI-2-0KC0-1,2-AUTUAPOXUHOIUH-3-
WUJ1)YKCYCHOM KuCA0THI (1) U ee coKHbIX 3pUpPOB
2a-i npuBezeHbl B paboTe [10].

PeHTreHOCTpYKTYpHOe ucciaeaoBanue. Kpucras-
JIbl METUJIXWHOJIMHUJIALETATa 2a MOHOKJIMHHEBIE (Me-
TU0BBIH ciiupT), ipu 20°C a =9,079(1), b=11,490(1),
c=11,407(1) A, £=105,27(1)°, V=1147,9(3) A3, M. =
247,24, 7 = 4, npoctpaHcTBeHHas rpynna P2, /c, d, .=
1,431 r/cm?, u(MoK,) = 0,107 mm?, F(000) = 520. ITa-
paMeTphl 3JleMEHTAPHON sTYeKU U UHTEHCUBHOCTH
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rn3MepeHsl Ha gudpaktomeTpe Xcalibur-3 (MoK, u3-
aydyenue, CCD-geTeKTOp, rpadUTOBBIH MOHOXpOMa-
TOp, W-CKaHUpoBaHue, 20, = 60°).

CtpykTypa pacuimdpoBaHa NpsIMbIM METOA0M I10
komiiekcy nporpamMM SHELXTL [19]. [TonoxxeHus
aTOMOB BOZI0PO/ia BbISIBJIEHBI U3 PA3HOCTHOTO CUH-
Te3a 3JIeKTPOHHOH MJIOTHOCTU Y YTOYHEHBI IO MO-
Jenu «HaesgHuka» c U, . =n U, (n=1,5 nna metu-
JIbHBIX Y TUJIPOKCUJIBHOM Fpyni U n = 1,2 17151 ocTasb-
HbIX aTOMOB BOZ0p0oZa). ATOM BOZ0PO/a, y4acTBY-
IOLIMI B 06pa30BaHHUU BOJOPO/HON CBSI3H, yTOYHEH
n30TponHo. CTPYKTypa yToyHeHa 1o F? mosHoMaT-
pruHbiM MHK B aHH30TpONHOM IPUOGJIMKEHUH AJIS
HEBOZOPOJHbIX aTOMOB 10 WR, = 0.082 o 3295 otpa-
»eHusIM (R, = 0,035 mo 1454 otpaxeHusim ¢ F > 4. (F),
S=0,723). MexxaTOMHbI€e PaCCTOSIHUS U BaJIeHTHbIE
yIJIbl IPUBEJEHBI B Ta6J1. 2 U 3 COOTBETCTBEHHO.

[TonHas kpuctaiorpadpudeckass “HGopmalus o
CTPYKType MeTuJoBoro a¢upa (4-rujjpokcu-1-me-
TUWI-2-0KCO- 1,2-AUTUAPOXUHOJIUH-3- U )yKCYCHOM KUC-
JIOTHI (2a) npuBesieHa B paboTe [20].

BbiBOAbI

1. U3y4eHbl NpOTHBOBOCHAIATEbHASA U aHAJIbre-
TUYeCKasi akTUBHOCTD (4-TUAPOKCU-1-MeTu1-2-0KCo-
1,2-AUTrUAPOXUHOJIMH-3-1J1)YKCYCHONU KUCJIOThI U Ce-
pHU ee CI0KHBIX 3PUPOB.

2. JKCTIepUMEHTAJIbHO JI0Ka3aHo, YTO UMes MpaK-
TUYECKU UJIeHTUYHbIe IPOCTPAHCTBEHHOE CTPOEHHE,
CUCTEMY MeXMOJIEKY/ISIPHBIX BOJOPOAHBIX CBSA3eH U
KPUCTA/VIMYECKYI0 YIIaKOBKY, HEKOTOPbIe U3 aJIKUJI-
(4-ruapoxcu-1-MeTuI-2-0KCo-1,2-TUTUAPOXUHOINH-
3-ui)aneTaToB MOTYT JOBOJIBHO CUJIBHO pas3/NyaTh-
cs1 B GMOJIOTUYECKHX CBOMCTBAX.
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TETEPOLIMKJII3ALIII HA OCHOBI ETHJI
1-APWJI-4-(BPOMALETUJ/I)-5-METUJI-1H-ITIPA30.J1-

3-KAPBOKCHUJIATIB

M.A.IloronHuk, B.C.MaTiituyk, M./[.O6ymak

JIbBIBCHKMI HalliOHaJIbHUU yHiIBepcUTET iM. IBaHa PpaHka
79005, m. JIbBiB, Bys1. Kupusa i Medogis, 6. E-mail: obushak@in.lviv.ua

Kawuosi caosa: nipason; 1-apuanipaszoau; cemepoyukaizayii; miazon; imidasof1,2-aJnipuduH;
imidaso[2,1-b][1,3]mia3on; [1,2,4]mpuaszono[3,4-b][1,3,4]miadiazun

Femepouuknizauismu emun 1-apun-4-(6pomauemur)-5-memun-1H-nipason-3-kapbokcunamie 3 miobeH3amioom,
(6-memunnipuduH-2-inn)mioce4o8uHor abo 2yaHidumioce4o08UHOK, 2-aMiHOMPUOUHOM, 2-aMiHomia3osnom ma
4-amiHo-5-apurn(eemapun)-2,4-duzidpo-3H-1,2,4-mpuason-3-mioHamu cuHme3oeaHo emun 1-apun-5-memun-4-
(2-R-1,3-mia3on-4-in)-1H-nipason-3-kapbokcunamu, emusn 1-apun-4-(imidaso[1,2-ajnipuduH-2-in)-5-memun-1H-
nipason-3-kapbokcunamu, emun 1-apurn-4-(imidaso[2,1-bj[1,3]Jmia3on-6-in)-5-memur-1H-nipason-3-kapbokcuna-
mu ma emun 1-apun-4-{3-apun(zemapun)-7H-[1,2,4]Jmpua3ono[3,4-b][1,3,4]miadia3uH-6-in)}-5-memurn-1H-nipa3on-
3-kapbokcunamu 8idrnosioHo.

HETEROCYCLISATION ON THE BASIS OF ETHYL 1-ARYL-4-(BROMOACETYL)-5-METHYL-1H-PYRAZO-
LE-3-CARBOXYLATES

M.A.Potopnyk, V.S.Matiychuk, M.D.Obushak

Key words: pyrazole; 1-arylpyrazoles; heterocyclisations; thiazole; imidazo[1,2-a]pyridine; imidazo[2,1-b][1,3]
thiazole; [1,2,4]triazolo[3,4-b][1,3,4]thiadiazine

Ethyl 1-aryl-5-methyl-4-(2-R-1,3-thiazol-4-yl)-1H-pyrazole-3-carboxylates, ethyl 1-aryl-4-(imidazo[1,2-ajpyridin-2-
yl)-5-methyl-1H-pyrazole-3-carboxylates, ethyl 1-aryl-4-(imidazo[2,1-b][1,3]thiazol-6-yl)-5-methyl-1H-pyrazole-3-
carboxylates, ethyl 1-aryl-4-{3-aryl(hetaryl)-7H-[1,2,4]triazolo[3,4-b][1,3,4]thiadiazin-6-yl}-5-methyl-1H-pyrazole-
3-carboxylate have been synthesized by heterocyclisations of ethyl 1-aryl-4-(bromoacetyl)-5-methyl-1H-pyrazo-
le-3-carboxylates with thiobenzamide, 1-(6-methylpyridin-2-yl)thiourea or 1-carbamidoyithiourea, pyridin-2-ami-
ne, 1,3-thiazol-2-amine and 4-amino-5-aryl(hetaryl)-2,4-dihydro-3H-1,2,4-triazole-3-thiones, respectively.

FETEPOUUKITU3ALINN HA OCHOBE 3TWUI1 1-APWUJ1-4-(BPOMALIETUI)-5-METWJ1-1H-INTUMPA30J1-3-KAPB-
OKCUIJIATOB

M.A.MomonHsbik, B.C.Mamuliiyyk, M.[.06ywak

Knro4eenle croea: nupa3osn; 1-apunnupasorsl; 2emepoyukniu3ayuu; muasors; umudaso[1,2-ajnupuduH; umudaso
[2,1-b][1,3]mua3on; [1,2,4]Jmpua3sono[3,4-bj[1,3,4Jmuadua3uH

Femepouuknuzayusmu amun 1-apun-4-(6pomauemurn)-5-memun-1H-nupa3son-3-kapbokcunamos ¢ muobeH3amu-
dom, (6-mMemunnupuduUH-2-un)muUoMO4Ye8UHOU UNu 2yaHuouUImuoMoYe8uHoU), 2-aMUHONUPUOUHOM, 2-aMUuHOMu-
asorniom u 4-amuHo-5-apun(zemapur)-2,4-0uaudpo-3H-1,2,4-mpua3orn-3-muoHamu rnosyyYeHsbl amur 1-apun-5-me-
mun-4-(2-R-1,3-mua3son-4-un)-1H-nupason-3-kapbokcunamsl, amun 1-apun-4-(umudasono[1,2-ajnupuduH-2-usn)-
5-memun-1H-nupa3on-3-kapbokcunamsi, amun 1-apusn-4-(umudaso[2, 1-b][1,3]Jmuason-6-un)-5-memun-1H-nupa3orn-
3-kapbokcunamsi u amusn 1-apun-4-{3-apun(zemapun)-7H-[1,2,4]Jmpua3son[3,4-b][1,3,4]muadua3uH-6-umn)}-5-me-
murn-1H-nupa3son-3-kapbokcunambl COOMEemMcmeeHHO.

OyHKLioHaMi30BaHi 1-apumipa3o/iy HUPOKO BU-
KOPHCTOBYIOTH SIK IPEKYPCOPH B CUHTE3i 6ioJjioriyHO
aKTUBHUX NpemnapartiB [1-8]. ¥ ausaiiHi nipasoJio-
BMiCHUX reTEPOLMKIIIYHUX CUCTEM BaK/IMBE 3HAYEH-
Hsl Ma€ BBeJIeHHs B Mipa30JibHE KiJiblle TaKUX QPYHK-
I[ioHa/IbHUX I'pyT, sKi 31aTHI dopmyBaTu papmako-
dopHi pparmeHTH. B 11bOMY KOHTEKCTI, HAa HAlI TO-
VIS, CHHTETUYHO NPHUBabJIUBUMHU € 1-apui-4-6pom-
aleTU/Iipasosiu.

B nonepezHix npansAx MU okasaJy, 1o 1-apu-
4-6poMalieTHJIIPa30JIH € 3pYIYHUMH AJIKITIOIYUMHA
peareHTaMH B peakllisix 3 O- Ta S-HykJieodisamu [8-
10]. ITpeaMeToM 11i€l po6OTU OY/I0 AOCTIPKEHHS €TU
1-apu-4-(6pomarieTun)-5-mMetu-1H-nipa3os-3-kapo-
okcuaTiB (2) y npouecax retepouukiisanii. Bu-
XiZiHI pe4OBUHU MU OTPUMaJIH 32 JIONIOMOTO0 KHC-
JIOTHO-KaTaJliTUMHOTO 6pOMyBaHHA eTuJ 1-apui-4-
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aneTwi-5-metui-1H-nipasos-3-kap6okcuiaris (1a-r)
(cxema 1).

BizoMo, 1110 B peakIiisix TioamiziiB abo Tioce4oBHH 3
o-raJloreHOKeTOHaMHU YTBOPIOIOTHCA MOXiIHI Tia3o-
ay [11, 12]. Mu gocnifuau B3aEMo/1it0 6pOMKETOHIB

O O\ O O
EtO Me EtO
7\ Br,, H,SO, I\ B
N\N Me # N\N Me
AcOH
> >
1a-r 2a-r

1,2: R=H (a), 3-Cl (6), 4-Cl (B), 4-Br (r)

Cxema 1
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N (ans 2a) o\
N
N Me
R g ]
HNT N N,
6a-B 5 HNYNHZ 7
o S _NH
\ /)
EtO N
7\
N\N Me
R
8a-r

6, 8: R = H (a), 3-Cl (6), 4-Cl (8), 4-Br (r)

Cxema 2

2 3 Tiobensaminom (3), (6-MeTuAMipUAUH-2-11)Tio-
ceyoBUHOW (4) Ta ryaHiguaTtioceyoBuHoto (5). Ti-
a30JIbHUM LIMKJI yTBOPIOETHCA B yCiX BUIIAJIKaX, B pe-
3yJIbTATi YOTO OTPUMAHO HU3KY 3aMileHnx 1-apui-
4-(1,3-tia3os1-4-i1)-1H-nipasonaiB 6a-B, 7 Ta 8a-r
(cxema 2).

B3aemozig a-raoreHOKeTOHIB 3 2-aMiHOTIpUU-
HOoM (9) Ta 2-amiHOoTia3zosioM (10) cynpoBOMKYETD-
4 aHeJII0BaHHSAM iMiia30JIbHOTO LIMKJIY Ta YTBOPEH-
HAM noxigHux iMigaso[1,2-a]nipuguny [13, 14] Ta
imizazo[2,1-b][1,3]Tiazony [15, 16] BignoBigHO. MU
3’sicyBaJiy, 110 B peakiii 1-apun-4-6pomManeTuimni-
pasoJiiB 2a Ta 2r 3 aMiHaMu 9 Ta 10 yTBOPIOIOTHCA
eTu 1l-apun-4-(imigazo[1,2-a]nipuaus-2-in)-5-me-
Tua-1H-nipasoJs-3-kap6okcuaatu (11a, 6) Ta eTua
1-apun-4-(imigaso[2,1-b][1,3]tiaz0s1-6-i1)-5-MeTHI-
1H-nipa3oui-3-kap6okcuatu (12a, 6) (cxema 3).

N
O N N —
_ N~ “NH,
EtO

7\ <—9 2a,r

NJ Me
N
R
11a,6

11,12: R = H (a), 4-Br (6)

Cxema 3

[lepcrieKTUBHUMH peareHTaMHU Jij1s1 KOHCTPYIOBaH-
Hs ¢papMakoPOPHUX reTepOIUKIIUHUX PparMeHTIB €
4-amiHo-2,4-nurinpo-3H-1,2,4-Tpuason-3-tionu [17-
19]. llpu B3aemoaii nux 6iHyk/aeo0diyniB 3 a-rajaore-
HOKETOHaMH yTBOPIOIOThCA NoxiaHi [1,2,4] Tpraszosio
[3,4-b][1,3,4]Tiagiazuny [19, 20]. Hawi gocaigxeHn-
HsI [T0OKA3aJIH, L0 COJIYKHY (2a-T) pearyioTh 3 4-ami-
Ho-5-apuJi(retapui)-2,4-aurigpo-3H-1,2,4-Tpuasos-
3-tionamu (13-15) i3 popmyBaHHAM 1,3,4-Tiagia3u-
HOBOTO IUKJY. [I[polyKTaMHy Takoi LiMKJIi3alii € eTUJI
1-apun-4-{3-apun(rerapuu)-7H-[1,2,4]Tpuasoo
[3,4-b][1,3,4]TiafgiasuH-6-i1)}-5-MeTua-1H-nipazo-
3-kap6okcuiatu (16-18) (cxema 4).

BapTo 3a3HauuTy, o cnoayky 18a-r xapakre-
pu3yThcAa GioIeTOBUM 3a6apBJIEHHSM.

TakuM 4YMHOM, NPOBeJeHi AOCHiPKeHHS TOKa3a-
JIU IIUPOKi CHHTETUYHI MOXJIUBOCTI 1-apuJji-4-6poM-

& ;
s?o\NHz EtO
~ N/\N\ Me
R
12a,6
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N—N
+ Ar(Het)/ﬁN)%S

NH,

13-15

13, 16: Ar = 3-Br-CgH,;

14, 17: Het = 3-meTun-2-cpypun;
15, 18: Het = 2-meTun-3-cypun;

—_—

16-18: R = H (a), 3-Cl (6), 4-Cl (B), 4-Br (r)

Cxema 4

aueTUJIiPasoJiiB Y KOHCTPYIOBaHHI CIOJIYK 3 HOBU-
MU aHCAMOJISIMU reTEPOIHKIIIB.

ExcnepuMeHTasibHa YaCTUHa

CnexTtpu IMP H Ta IMP 3C oTpuMaHMX CIOJYK
3anucyBasiy Ha npuaazax Varian Gemini 200 Dual
Ta Varian Mercury 400 (po6o4i 4acTOTH JJisl ClIEK-
TpiB AMP 'H - 200 Ta 400 Ml'u, ass cnektpis AMP
13C-50Ta 100 MI'y BiznoBifgHO). PosunHHuK — CDC,
a6o IMCO-d,. BuyTpiwHii crangapt - TMC, a6o x
XiM3MillleHHA HaBOAMWJIM BIJHOCHO CUTHAJIy pO34YHUH-
Huka (CDCl; - 7,27 Tta 77,0 Mm.u. s cnektpi IMP
H ta AMP 3C Bignosigxo, IMCO - 2,50 ta 39,5 M.4.
Juist cnektpiB AMP 'H ta AMP 3C BignoBigHo). Kon-
CTaHTH CITiH-CIiHOBOI B3aeEMO/Iii (/) HaBe/ieHi B repriax.

CuHTe3 et 4-(6poManeTa)-5-meTusa-1-Ppe-
His-1H-nipa3o.-3-kap6okcuaarty (2a). [lo po3uu-
Hy 1,05 r (3 MMouib) criosiyku 1a y 80 MJ1 KprkaHOi
OLITOBOI KMCJIOTH A0/laBaJIv TPU KpaIljii KOHIIeHTPO-
BaHOI cysibdaTHOI kucaoTu. [IpukpanyBanu 1,55 M
(3 MmMousib) 6pomy, po3urHeHoro B 20 M AcOH. ITic-
Jisl 3aBepIIeHHS J0JaBaHHs PO3UMHY 6pOMy CyMill
MPO/I0BXKYBaJIU epeMIlllyBaTH I1lie BIPOJOBXK 5 ro/,.
Hopanu 300 Ms1 BOAHU i eKCTparyBavd MeTUJIEHXJI0-
pugoM (3x300 mu). OprasiyHy ¢pa3y npoMUBaIH BO-
Jl010, PO3YMHOM Kap6oHaTy KaJliio Ta XJIOpUAY HaT-
pito. Cymiu cynb$aToM MarHito, KOHILEHTPYBaJIH i
OYMINA/IM 32 0IIOMOI0I0 KOJIOHKOBOI XpoMaTorpa-
oii. EnroeHT: rekcan-etusanerar, 8:1. Buxia - 82%.
T. 1. - 65°C. Cextp SIMP 'H NMR (400 MI'n, CDCl,),
6: 1,43 (t,J 7,1, 3H, CH,CH,), 2,43 (c, 3H, CH,), 4,47
(x,/ 7,1, 2H, CH,CH,), 4,60 (c, 2H, CH,Br), 7,41-7,56
(M, 5H, Ar), CnexTtp C AMP (100 MI'n, CDCL,), &:
12,1, 14,2, 35,6, 62,0, 119,3, 125,9 (2C), 129,4 (2C),
129,5, 137,8, 141,9, 145,3, 162,4, 190,1. 3HaiigeHo,
%: C 51,18; H 4,39; N 7,84. C,.H,.BrN,0.. O6uucie-
Ho, %: C51,30; H4,31; N 7,98.

CuHTe3 i XapaKTepUCTHKA CIOJIYK 206, B OIIMCaHi
B cTaTTi [7]. 3a aHAJIOTIYHOI0 METOLHUKOI0 OTPUMY-
BaJIU CIIOJIYKY 2T.

ETw 4-(6pomanietin)-1-(4-6pomodeHin)-5-me-
TI-1H-nipa3o0.1-3-Kap60-Keuiat (2r). Buxig - 77%.
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T. ma. - 149°C. Cnextp SAMP 'H (200 MTI'n, CDCL,),
6: 1.44 (t,] 7,2, 3H, CH,CH,), 2,43 (c, 3H, CH,), 4,47
(x,J 7,2, 2H, CH,CH,0), 4,58 (c, 2H, CH,Br), 7,33 (&,
] 8,4, 2H, Ar), 7,67 (n, ] 8,4, 2H, Ar). 3HaliaeHo, %: C
41,72; H3,31; N 6,57. C,;H,,Br,N,0,. O6uuncneno, %:
C41,89; H 3,28; N 6,51.

3arajibHa MeTOAUKA CUHTe3y CIoJIyK 6-8, 11,
12, 16-18. [lo po3uuHy 6poMKeTOHY 2a-T (1 MMOJIb)
B 10 Ms1 eTaHOJy JlofjaBau Tio6eHsamin 3, (6-me-
TUJIIPUAUH-2-11) TioceuoBUHY 4, 1-Kap6amigoinTi-
0Ce4YO0BUHY 5, 2-aMiHomipuanH 9, 2-amiHoTiazou 10,
4-amiHO0-5-(3-6pomodenin)-2,4-pgurigpo-3H-1,2,4-
Tpuazoi-3-TioH 13, 4-amiHo-5-(3-MeTHAdypaH-2-i1)-
2,4-nurinpo-3H-1,2,4-Tpuasoi-3-TiodH 14 a6o 4-ami-
HO-5-(2-MeTuadypan-3-in)-2,4-gurigpo-3H-1,2,4-
TpuazoJi-3-TioH 15 (1 MMoJIb) | KUIT'ATUIU IPOTS-
roM 3-4 rog. Ilicas oxosiomxeHHs gogaBaau 20 ma
BoAM i 2% po3unH amiaky o pH~8. YTBopenuii ocaz
Bi/IGIIBTPOBYBaJIU i NEPEKPUCTATIZ0BYBAJIH 31 CIUPTY.

Etnn 5-metun-4-(2-¢penin-1,3-riazon-4-i1)-1-
denin-1H-nipason-3-kap6okcuiaar (6a). Buxig -
68%. T. 1. — 124°C. Cnektp SIMP 'H (400 MI'n, CDCL,),
6: 1,34 (1] 7,1, 3H, CH,CH,), 2,50 (c, 3H, CH,), 4,39
(x,J/ 7,1, 2H, CH,CH,), 7,38-7,74 (v, 8H, Ph), 7,74 (c,
1H, H-Ttiazou), 8,01 (x4, J 2,1, 7,7, 2H, Ph), Ciektp
AMP 3C NMR (100 MT'n, CDCL,), 6: 12,3, 14,2, 61,0,
117,5,118,2,125,9 (2C), 126,4 (2C), 128,8,128,9 (20C),
129,2 (2C), 129,9, 133,7, 139,0, 140,5, 141,0, 1474,
162,7,166,4. 3HangeHo, %: C 67,67; H4,86; N 10,91.
C,,H,,N,0,S. O6uncneno, %: C 67,85; H4,92; N 10,79.

Etnn 5-metun-4-(2-¢penin-1,3-riazon-4-i1)-1-
(3-xs10podenin)-1H-nipa3os-3-kap6okcuaar (66).
Buxig — 81%. T. 1. — 107°C. Ciektp AMP H (200 MTI'n,
CDCl,), 6:1,34 (t,/ 6,8, 3H, CH,CH,), 2,53 (¢, 3H, CH,),
4,39 (x,] 6,8, 2H, CH,), 7,44 (1. ¢, 6H, Ar), 7,57 (c, 1H,
Ar), 7,74 (c, 1H, Ar), 7,97-8,06 (M, 2H, Ar), 3Haiige-
HOo, %:C62,61; H4,16; N 9,78. C,,H,,CIN,0,S. O64uc-
seHo, %: C 62,33; H4,28; N 9,91,

ETun 5-metuin-4-(2-¢enin-1,3-riazon-4-i1)-1-
(4-xn1opodenin)-1H-nipa3o.1-3-Kapookcuaar (6B).
Buxin - 71%. T. 1. - 99°C. Cniektp SAMP 'H (200 MTI1,
CDCl,), 6:1,33 (1,/ 7,1, 3H, CH,CH,), 2,50 (¢, 3H, CH,),
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4,38 (x,/ 7,1, 2H, CH,), 7,36-7,54 (M, 7H, Ar), 7,73 (c,
1H, H-Tiazon), 7,96-8,04 (M, 2H, Ar). Cnektp AMP 3C
NMR (50 MI'n, CDCL,), 6: 12,3, 14,2, 61,1,118,3,126,4
(2C€), 127,0 (2C), 128,3,128,9 (2C), 129,4 (2C), 129,9,
133,6,134,7,137,5, 140,5, 141,4, 147,1, 162,5, 166,5,
3nangeHo, %: C 62,18; H4,19; N 9,83. C,,H,;CIN,0,S.
O6uucneno, %: C 62,33; H 4,28; N 9,91.

Etnn 4-{2-[(6-mMeTwanipuauH-2-i)amino]-1,3-
Tia3zoJs-4-in}-5-meTna-1-¢penin-1H-nipazon-3-
Kap6oxcuaar (7). Buxizg - 70%. T. 1. - 163°C. Ciektp
AMP 'H (400 MI'y, DMSO-d,), &: 1,19 (1,] 7,0, 3H,
CH,CH,), 2,40 (c, 3H, CH,), 2,47 (c, 3H, CH,), 4,23 (k,J
7,0, 2H, CH,CH,), 6,77 (z,] 8,1, 1H, nipuaun), 6,89 (4,
J 8,1, 1H, nipuaun), 7,06 (c, 1H, tiazon), 7,50-7,63
(M, 6H, Ph + mipugun), 11,21 (¢, 1H, NH). 3HaiigeHo,
%: C 63,17; H5,13; N 16,45. C,,H,,N.0,S. O6uucie-
Ho, %: C 62,99; H 5,05; N 16,69.

ETui 4-(2-kap6amigamigo-1,3-riazos-4-in)-5-
MeTWI-1-PpeHin-1H-nipa3os-3-kap6okcuaar (8a).
Buxig — 72%. T. 1. - 247°C. Cnextp AMP 'H (400 MI'n,
DMSO0-d,), 6: 1,21 (1,J 7,0, 3H, CH,CH,), 2,35 (c, 3H,
CH,), 4,23 (x,] 7,0, 2H, CH,CH,), 6,77 (c, 1H, Tiazox),
6,85 (1. ¢, 4H, NH), 7,49-7,63 (M, 5H, Ph), 3HaiigeHo,
%: C 55.03; H 4.97; N 22.82. C,,H,4{N,0,S. O6uuncne-
Ho, %: C 55,12; H 4,90; N 22,69.

Etui 4-(2-kap6amigamino-1,3-tiazon-4-ix)-5-
MeTua-1-(3-xsopodenin)-1H-nipazo-3-kap6-
okcusar (86). Buxig - 87%. T. mi. - 203°C. CiekTp
AMP 'H (200 MI'y, CDCL,), 8: 1,32 (1,J 7,2, 3H, CH,CH,),
2,37 (¢, 3H, CH,), 4,35 (x,J 7,2, 2H, CH,), 6,68 (1. c,
4H, NH), 6,91 (c, 1H, Tiazoxn), 7,34-7,50 (M, 3H, Ar),
7,53 (¢, 1H, Ar). 3naigeno, %: C 50,26; H 4,12; N 20,57.
C,,H;,CIN,O,S. O64ncneno, %: C 50,43; H 4,23; N 20,76.

Etnia 4-(2-kap6amigamigo-1,3-tiazosn-4-i1)-5-
MeTua-1-(4-xnopodenin)-1H-nipazon-3-kap6-
okcwiaar (8B). Buxig - 72%. T. 1. - 218°C. Ciextp SIMP
'H (200 MI'y, DMSO-d,), 6: 1,22 (1,J 7,1, 3H, CH,CH,),
2,37 (¢, 3H,CH,), 4,24 (x,] 7,1, 2H, CH,), 6,79 (c, 1H, Ti-
azou), 6,86 (1. ¢, 4H, NH), 7,65 (c, 4H, Ar). Ciektp IMP
13C (50 MI'y, DMSO-d,), &: 11,8, 14,0, 60,4, 106,2, 117,7,
127,0 (2C),129,4 (2C), 133,2,137,5,138,8,140,6, 141,6,
156,9,162,5,174,2. 3HaiigeHo, %: C 50,65; H4,14; N 20,61.
C,;H,,CIN,O,S. O6uuncneHo, %: C 50,43; H 4,23; N 20,76.

Etuna 1-(4-6pomodenin)-4-(2-kapéamigamizo-
1,3-Tia3o1-4-i1)-5-MeTua-1H-nipa3oJi-3-kKap6-
okcuaar (8r). Buxig - 79%. T. 1. - 207°C. Cnextp AMP
'H (200 MI'y, DMSO-d,), 6: 1,21 (1,/ 7,0, 3H, CH,CH,),
2,36 (c, 3H, CH,), 4,23 (x,J 7,0, 2H, CH,), 6,78 (c, 1H,
tiason), 6,82 (m. ¢, 4H, NH), 7,57 (g, ] 8,2, 2H, Ar),
7,78 (n,] 8,2, 2H, Ar). 3naieno, %: C 45,21; H 3,93;
N 18,47. C,;H,,BrN,0,S. O6uucneno, %: C 45,44; H
3,81; N 18,70.

Etun 4-(imigaso[1,2-alnipuaun-2-i1)-5-metu-
1-peHin-1H-nipa3ou-3-kap6okcuar (11a). Bu-
xig— 61%. T. . — 133°C. Cnektp AMP H (200 MTI'n,
CDCl,), 6:1,38(t,J 7,1, 3H, CH,CH,), 2,59 (¢, 3H, CH,),
4,42 (x,]J 7,1, 2H, CH,), 6,77 (m.A.1, ] 6,8, 6,8, 1,1, 1H,
nipuaus), 7,15 (a.4.4, J 6,8, 6,7, 1,1, 1H, nipugus),

7,42-7,64 (M, 6H, Ph, nipuaun), 8,16 (a.1,/ 6,8, 1,1,
1H, nipuaun), 8,20 (c, 1H, imigazon), Cnexktp AMP
13C (50 MTI'y, CDCL,), 6: 12,4, 14,3, 60,9, 112,0, 113,0,
117,2, 124,0, 125,5, 125,8, 125,9 (2C), 128,7, 129,1
(2C), 137,3,139,1, 140,6, 140,8, 144,4, 162,9. 3Ha-
npeno, %: C 69,61; H 5,12; N 16,03. C,,H,;N,0,. 06-
yucaeHo, %: C 69,35; H 5,24; N 16,17.

Etua 1-(4-6pomodenin)-4-(imigaso[1,2-a]mi-
pUAMH-2-i1)-5-MeTua-1H-n1ipa3oJ-3-Kap6oKCcu-
aat (116). Buxig - 73%. T. 1. - 105°C. Cnektp AMP
'H (200 MI'y, DMSO-d,), 8: 1,25 (1,/ 7,2, 3H, CH,CH,),
2,56 (c, 3H, CH,), 4,29 (x, ] 7,2, 2H, CH,), 6,90 (&.z,
J 7,0, 6,8, 1H, nipugun), 7,23 (a.4, J 7,0, 8,8, 1H, mi-
puaun), 7,57 (g, J 8,8, 1H, nipugun), 7,61 (z, J 8,0,
2H, Ar), 7,80 (z, / 8,0, 2H, Ar), 8,28 (c, 1H, imizasou),
8,62 (1,/ 6,8, 1H, nipuaun). 3naigeno, %: C 56,65; H
4,16; N 13,02. C,,H,,BrN,0,. O64ucneno, %: C 56,48;
H4,03; N 13,17.

Etun 4-(imigaso[2,1-b][1,3]Tia30/1-6-i1)-5-Me-
THia-1-Ppenin-1H-nipason-3-kap6okcuiar (12a).
Buxiz - 58%. T. 1. - 135°C. Cnektp SIMP 'H (200 MTI',
CDCl,), 6:1,38(T,J 7,1, 3H, CH,CH,), 2,54 (¢, 3H, CH,),
4,41 (x,J7,1,2H,CH,), 6,81 (7, 4,4, 1H, Tiazon), 7,42-
7,56 (M, 6H, Ph + Tiazou), 8,09 (c, 1H, imizazoun), CiekTp
AMP 3C (50 MI'n, CDCLy), 6: 12,4, 14,3, 60,9, 112,0,
113,0, 116,8, 118,5, 125,8 (2C), 128,7, 129,1 (2C),
138,6, 139,1, 140,2, 140,3, 148,6, 162,9. 3HaigeHo,
%: C 61,03; H 4,65; N 15,77. C;H,N,0,S. O6uuce-
Ho, %: C 61,35; H 4,58; N 15,90.

Etun 1-(4-6pomodenin)-4-(imigaso[2,1-b][1,3]
Tia30J1-6-i1)-5-MeTn1-1H-nipa3oJi-3-Kap6oKcH-
jat (126). Buxig - 67%. T. 1. - 139°C. Cnextp AMP
'H (200 MTI'y, CDCL,), 6: 1,38 (T,J 7,1, 3H, CH,CH,),
2,54 (c, 3H, CH,), 4,41 (x,J 7,1, 2H, CH,), 6,82 (z,
J 4,4, 1H, tiazon), 7,38 (1,/ 8,5, 2H, Ar), 7,45 (1, ] 4,4,
1H, Tia3oun), 7,64 (1,] 8,5, 2H, Ar), 8,08 (c, 1H, imigazoun).
Cnektp AMP 3C (50 MI'y, CDCL,), 8: 12,4, 14,3, 61,0,
112,1, 113,14, 117,1, 118,5, 122,5, 127,3 (2C), 132,3
(2C), 138,0, 138,3, 140,2, 140,5, 148,6, 162,7. 3naii-
neHo, %: C 50,37; H 3,39; N 13,14. C,4,H,.BrN,O,S.
O6yucneHo, %: C50,13; H 3,51; N 12,99.

Etun 4-{3-(3-6pomo¢enin)-7H-[1,2,4]Tpuaso-
a0[3,4-b][1,3,4]Tiagia3un-6-i1)}-5-meTna-1-de-
HisI-1H-nipa3sou-3-kap6okcuiaat (16a). Buxia - 78%.
T. m. - 206°C. Cnexktp AMP 'H (400 MTI'u, CDCl,),
8: 1,41 (t,J 7,0, 3H, CH,CH,), 2,41 (c, 3H, CH,), 3,98
(c, 2H, CH,S), 4,45 (x, ] 7,0, 2H, CH,0), 7,33 (1,] 7,9,
1H, Ar), 7,43-7,60 (M, 6H, Ar), 8,02 (z,] 7,9, 1H, Ar),
8,24 (c, 1H, Ar). Cnektp AMP 3C (100 MI'y, CDCL,),
6: 12,2, 14,3, 27,5, 61,9, 118,0, 122,4, 125,8 (2C),
126,7,127,9, 129,5 (2C), 129,6, 130,1, 130,7, 133,1,
138,1, 141,6, 142,1, 143,4, 151,1, 151,4, 162,0. 3Ha-
nuaeHo, %: C 52,93; H 3,57; N 16,18. C,;H,,BrN,0O,S.
O6uucneno, %: C52,78; H 3,66; N 16,06.

Etuna 4-{3-(3-6pomodenin)-7H-[1,2,4]Tpnaso-
J0[3,4-b][1,3,4]Tiagia3un-6-i1)}-5-MeTri-1-(3-xs10-
podeHnin)-1H-nipa3on-3-kap6okcuaar (166). Bu-
xig — 85%. T. m. — 196°C. Cnektp AMP H (200 MTI'n,
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CDCl,), 6:1,43 (,J 7,1, 3H, CH,CH,), 2,45 (¢, 3H, CH,),
4,00 (c, 2H, CH,S), 4,47 (x,J 7,1, 2H, CH,0), 7,30-7,63
(M, 6H, Ar), 8,03 (z, J 7,0, 1H, Ar), 8,25 (c, 1H, Ar).
3unaigeHo, %: C 49,39; H 3,40; N 14,93. C,;H,;BrCl-
N,O,S. O6uucneno, %: C 49,52; H 3,25; N 15,07.

Etun 4-{3-(3-6pomodenin)-7H-[1,2,4]Tpuaso-
J0[3,4-b][1,3,4]Tiagia3un-6-i1)}-5-MeTHI-1-(4-X710-
podeHnin)-1H-nipa3o-3-kap6okcuaar (168). Bu-
xig - 71%. T. 1. - 203°C. Cnextp AMP 'H (200 MTI'L,
CDCl,), 6:1,43 (t,J 7,2, 3H, CH,CH,), 2,42 (¢, 3H, CH,),
3,98 (c, 2H, CH,S), 4,47 (x,] 7,2, 2H, CH,CH,), 7,34 (T,
J7,9,1H, Ar), 7,39-7,63 (m, 5H, Ar), 8,03 (1,/ 7,4, 1H,
Ar), 8,24 (¢, 1H, Ar). Cnextp AMP *C (50 MI'y, CDCL,), 6:
12,2,14,4,27,6,62,1,118,3,122,4, 126,7,127,0 (2C),
127,9,129,7 (2C), 130,1, 130,7, 133,1, 135,6, 136,6,
141,9, 142,1, 143,3, 151,12, 151,14, 161,8. 3natie-
Ho, %: C 49,67; H 3,16; N 15,19. C,,H;BrCIN,O,S.
O6uuncneno, %: C49,52; H 3,25; N 15,07.

Etii 1-(4-6pomodenin)-4-{3-(3-6pomodenin)-
7H-[1,2,4]Tpnasouno[3,4-b][1,3,4]Tiaaia3un-6-i1)}-
5-meTus1-1H-nipa3o-3-kap6okcuaar (16r). Bu-
xig — 89%. T. mu. — 208°C. Cnektp AMP H (200 MTI'n,
CDCl,), 6:1,43 (1,/ 7,0, 3H, CH,CH,), 2,44 (c, 3H, CH,),
4,03 (c, 2H, CH,S), 4,47 (x,] 7,0, 2H, CH,0), 7,32-7,55
(m, 3H, Ar), 7,60 (n,] 7,3, 1H, Ar), 7,69 (1, ] 7,8, 2H,
Ar), 8,04 (. c, 1H, Ar), 8,25 (¢, 1H, Ar). 3HaiigeHo,
%: C 46,08; H 3,14; N 13,77. C,,H,4Br,N,0,S. O64uc-
aeno, %: C45,87; H 3,01; N 13,95.

Etun 4-{3-(3-meTundypan-2-in)-7H-[1,2,4]tpu-
asouio[3,4-b][1,3,4]Tiagia3un-6-i1)}-5-MeTra-1-gpe-
Hi-1H-nipa3soJi-3-kap6okcuiat (17a). Buxia - 74%.
T. . - 167°C. Cnextp AMP 'H (200 MI'y, CDCL,), &:
1,42 (1, 7,1, 3H, CH,CH,), 2,39 (c, 3H, CH,), 2,46 (c,
3H, CH,), 3,97 (¢, 2H, CH,S), 4,46 (x,J 7,1, 2H, CH,0),
6,42 (0, J 1,6, 1H, 4-H-¢ypan), 7,40-7,62 (M, 6H, Ph,
5-H-¢ypan). Cnexp SIMP 3C (50 MI'y, CDCL), 6: 11,1,
11,8, 14,3, 27,6, 61,8, 114,6,117,9, 124,9, 125,8 (20),
129,4 (2C), 129,5, 136,9, 138,2, 141,5, 142,2, 1424,
143,6, 146,2, 150,9, 161,6. 3naiigeno, %: C 58,71; H
4,56; N 18,56. C,,H,,N.0,S. O6uucneno, %: C 58,92;
H 4,49; N 18,74.

Etun 4-{3-(3-meTundypan-2-in)-7H-[1,2,4]tpu-
aszouio[3,4-b][1,3,4]Tiagiazun-6-i1)}-5-MeTn-1-
(3-xs10podenin)-1H-nipa3o-3-kap6okcuaar (176).
Buxin - 84%. T. 1. - 183°C. Cnektp IMP 'H (200 MTI',
CDCly), 6:1,42 (t,J 7,1, 3H, CH,CH,), 2,40 (¢, 3H, CH,),
2,48 (¢, 3H, CH,), 3,96 (¢, 2H, CH,S), 4,47 (x,/ 7,1, 2H,
CH,0), 6,44 (m, J 1,6, 1H, 4-H-bypan), 7,35-7,55 (M,
5H, Ar, 5-H-¢ypan). 3Haitzeno, %: C 54,48; H 3,86; N
17,62. C,,H,,CIN(O,S. O6uucseno, %: C 54,71; H 3,97;
N 17,40.

Etun 5-metui-1-(4-xaopodenin)-4-{3-(3-me-
tundypan-2-in)-7H-[1,2,4]rpuasono|3,4-b][1,3,4]
Tiagia3uH-6-i1)}-1H-nipa3o0.1-3-kap6okcuaar (178).
Buxijg — 85%. T. 1. - 147°C. Cnextp AMP H (200 MI'n,
CDCly), 6:1,42 (1] 7,2, 3H, CH,CH,), 2,40 (¢, 3H, CH,),
2,46 (c, 3H, CH,), 3,96 (¢, 2H, CH,S), 4,46 (x,/ 7,2, 2H,
CH,0), 6,43 (z, ] 1,6, 1H, 4-H-dypan), 7,43 (&, ] 9,0,

60

2H, Ar), 7,45 (. ¢, 1H, 5-H-¢ypan), 7,52 (g,/ 9,0, 2H,
Ar). Cnextp AMP 3C (50 MI'y, CDCL,), 8: 11,1, 11,8,
14,3,27,6,62,0,114,6,118,2,125,1,127,0 (2C), 129,6
(2C), 135,5,136,7,136,9, 138,3, 142,2, 142,4, 143,6,
146,2,150,8, 161,8. 3natigeHo, %: C 54,53; H 4,09;
N 17,16. C,,H,,CIN.O,S. O64yucneno, %: C 54,71; H
3,97; N 17,40.

Etun 1-(4-6pomodenin)-4-{3-(3-metnidpypan-
2-in)-7H-[1,2,4]Tpnasosno|3,4-b][1,3,4]Tiagiazun-
6-i1)}-5-meTna-1H-nipasoi-3-kap6okcuaar (17r).
Buxig — 73%. T. 1. - 178°C. Ciextp AMP 'H (200 MI'L,
CDCl,), 6:1,42 (1,/ 7,1, 3H, CH,CH,), 2,40 (c, 3H, CH,),
2,46 (c, 3H, CH,), 3,96 (¢, 2H, CH,S), 4,46 (x,/ 7,1, 2H,
CH,0), 6,43 (u. c, 1H, 4-H-dbypan), 7,37 (1, 7,6, 2H,
Ar), 7,46 (u c, 1H, 5-H-dypan), 7,68 (1,] 7,6, 2H, Ar).
3uaiizeHo, %: C49,89; H 3,75; N 15,78. C,,H,,BrN,0.S.
O6uucneno, %: C 50,10; H 3,63; N 15,94.

Etun 4-{3-(2-metundypan-3-in)-7H-[1,2,4]tpu-
asouio[3,4-b][1,3,4]Tiagia3un-6-i1)}-5-meTHir-1-(3-
xynopo¢enia)-1H-nipa3on-3-kap6okcuiar (18a).
Buxin - 75%. T. 1. - 162°C. Cnektp IMP 'H (400 MTI',
CDCLy), 6:1,42 (t,J 7,1, 3H, CH,CH,), 2,40 (c, 3H, CH,),
2,68 (c, 3H, CH,), 3,95 (¢, 2H, CH,S), 4,46 (x,/ 7,1, 2H,
CH,CH,), 6,87 (n,] 1,9, 1H, ¢ypan), 7,33 (,/ 1,9, 1H, dy-
paH), 7,46-7,58 (M, 5H, Ph). Ciektp IMP 3C (100 MT'1,
CDCL),6:12,0,13,8,14,3,27,7,61,8,107,0,109,9, 118,3,
125,7 (2C),129,4 (2C), 129,5,138,2,140,6,141,2,141,5,
141,9, 148,3, 150,4, 154,4, 162,0. 3naiigeHo, %: C
58,71; H 4,56; N 18,59. C,,H,,N,0,S. O6uucneno, %:
C58,92; H4,49; N 18,74.

Etni 4-{3-(2-metundypan-3-in)-7H-[1,2,4]tpu-
asousio[3,4-b][1,3,4]Tiagia3un-6-i1)}-5-MmeTHI-1-(3-
xysopo¢eHin)-1H-nipa3zos-3-kap6okcuiar (186).
Buxig — 83%. T. 1. — 158°C. Ciektp AMP H (200 MTI'L,
CDCly), 6:1,42 (1,J 7,1, 3H, CH,CH,), 2,42 (¢, 3H, CH,),
2,68 (¢, 3H, CH,), 3,95 (¢, 2H, CH,S), 4,46 (x,/ 7,1, 2H,
CH,0), 6,86 (1, 1,7, 1H, 4-H-dbypan), 7,34 (n,] 1,7,
1H, 5-H-bypan), 7,36-7,55 (M, 4H, Ar). 3naiigeHo, %:
C54,53; H4,09; N 17,26. C,,H,,CIN,O,S. O64ucieHo,
%: C54,71; H3,97; N 17,40.

Etun 4-{3-(2-meTundypan-3-i1)-7H-[1,2,4]tpu-
asouio[3,4-b][1,3,4]Tiagia3un-6-i1)}-5-MmeTHII-1-(4-
xsopo¢enia)-1H-nipa3os-3-kap6okcuiar (188).
Buxig — 75%. T. 1. - 178°C. Ciextp AMP 'H (200 MI'1,
CDCL), 6: 1,42 (T, 7,1, 3H, CH,CH,), 2,40 (c, 3H, CH,),
2,67 (¢, 3H, CH,), 3,94 (c, 2H, CH,S), 445 (x,/ 7,1, 2H,
CH,0), 6,85 (1. ¢, 1H, 4-H-dypan), 7,27-7,60 (M, 5H, Ar,
5-H-¢ypan). Cnexktp AIMP 3C (50 MI'y, CDCL), 6: 11,8,
13,8,14,3,27,7,61,9,96,9,107,0,109,9,118,6,126,9 (2C),
129,6 (2C),135,5,136,7,140,6,141,1,141,9, 148,3,150,2,
154,4, 161,7, 3nakgeno, %: C 54,95; H 4,18; N 17,02.
C,,H,4CIN,0,S. O6uucneno, %: C 54,71; H 3,97; N 17,40.

Etun 1-(4-6pomodenin)-4-{3-(2-metnidpypan-
3-in)-7H-[1,2,4]Tpuasouno|3,4-b][1,3,4]Tiagia3nn-
6-i1)}-5-meTnn-1H-nipa3soun-3-kap6okcuaar (18r).
Buxig — 72%. T. . — 196°C. Ciektp SIMP 'H (200 MT'L,
CDClL,), 6: 1,42 (1,] 7,1, 3H, CH,CH,), 2,40 (c, 3H, CH,),
2,68 (c, 3H, CH,), 3,95 (¢, 2H, CH,S), 4,45 (x,/ 6,8, 2H,
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CH,0), 6,86 (. c, 1H, 4-H-dypan), 7,33 (w. ¢, 1H, (6-MeTuanipuauH-2-in)TioceyoBUHOI0, 1-ryaHiani-
5-H-dypan), 7,38 (1,] 8,2, 2H, Ar), 7,68 (1,/ 8,2, 2H, Ar).  Tioce4oBHHOM, 2-aMiHOMiPUIUHOM, 2-aMiHOTia30/10M,
3naizgeHo, %: C50,26; H 3,78; N 15,81. C,,H,,BrN,0,S.  4-amino-5-apus(retapuni)-2,4-gurigpo-3H-1,2,4-tpu-
O6uucneno, %: C 50,10; H 3,63; N 15,94. a30J1-3-TioHaMU ofiepkaHo 1-apuinipa3o.u 3 Tiazo-
BUCHOBKM JIbHUMHY, iMiZ1a30[1,2-a]nipuguHoBuMy, imigaso[2,1-b]
[1,3]TiazonpHuMY, [1,2,4] TpHaszono[3,4-b][1,3,4]Tia-

B3aemogieto eTus 1-apui-4-(6pomaneTusi)-5-Me-  [Aia3MHOBUMM 3aMiCHUKaMHU y N0JIOXKEHHI 4 nipa3osib-
Tu-1H-nipasosi-3-kap6okcuaaTiB 3 TiobeH3aMiZloM, HOTO LIUKJIY.
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AOCTIANKEHHA 3B’A3KY MIXK CTPYKTYPOIO
4-TIA30JIIIUHOHIB TA iX MPOTUNYX/IMHHOIO
AKTHUBHICTIO 3A 10ITIOMOTI'010 BATATOBUMIPHHUX
AJAIITUBHUX PETPECIMHHUX CIIVIAUHIB

O.T.JleBinak™*, P.b./lecuk

JIbBiBCbKMI HalliOHAJIbHUK MeJUYHUN YHiBepcUuTeT iM. Jlanusa [aaunbKoro
79010, m. JIeBiB, By [lekapceka, 69. E-mail: dr_r_lesyk@org.lviv.net
* [lep>kaBHUM BULIMHM HAaBYaJbHUH 3aKIa/, «YKTOPOACHKUN HAallilOHAJIbHUM YHIBEPCUTET»

Kawuosi cnosa: 4-miazoniduHoHu; npomunyxauHHa akmusHicme; QSAR; 6azamosumipHi adanmueHi
pezpeciiiti cnaatinu; MARS; moseKyaspHi deckpunmopu

Bukopucmosytodu kombiHysaHHs1 MemoQy bezziHey ma 6bazamosumipHux adanmueHUX peapecitiHux cralHie
ompumaHo KommnekcHy QSAR-modernb npomunyxnuHHOI akmugHocmi 4-mia3oniouHoHis, ska micmums 200 cy6-
modenel i nepesullye npoeHoCMuYHy 30amHicme icHyro4ux modened. IHmeprpemauisi Halibinbw 3Ha4umux Oe-
ckpunmopie QSAR-modeni gusiguna nepcriekmusHi wabnoHu 05151 du3aliHy CrionyK i3 MPomunyxuHHOK aKkmue-
Hicmio. 1idmeepdxxeHo paHiwe odepxkaHUli BUCHOBOK, WO HEBESTUKI PO3MIpU MOMEKyT ma 8i0CymHicmb 38’°53Kie,
SKi Xapakmepu3yrmbCsi CUbHUMU QUMNOMbHUMU MOMeHmamu, nidsullyoms WwaHcu ujo0o nposi8y npomuryx-
JIUHHOI akmueHocmi 8 psidy 4-mia3oniduHoHie. BcmaHoeneHo ennue 3HavyeHb 3D-MoRSE Oeckpunmopie Ha
30amHicmb crionyk 00 iH2ibyeaHHs1 pocmy KiimuH MyXuHU.

THE STUDY OF THE STRUCTURE — ANTICANCER ACTIVITY RELATIONSHIP OF 4-THIAZOLIDINONE DE-
RIVATIVES USING MULTIVARIATE ADAPTIVE REGRESSION SPLINES

O.T.Devinyak, R.B.Lesyk

Key words: 4-thiazolidinones; anticancer activity; QSAR,; multivariate adaptive regression splines; MARS; mole-
cular descriptors

Combining the bagging method with multivariate adaptive regression splines the complex QSAR-model that in-
corporates 200 submodels has been developed. The predictive ability of the new model has the superiority over
already known 4-thiazolidinones anticancer activity models. The interpretation of the most significant descriptors
used in the model reveals promising templates for the design of new anticancer agents. The earlier conclusion
that small sizes of molecules together with the absence of bonds with high dipole moments increase the antitu-
mor activity has been confirmed. The influence of 3D-MoRSE descriptors values on the capability of compounds
to inhibit the cancer cells growth has been found.

UCCJIELJOBAHME CBSI31 MEXX[]Y CTPYKTYPOU 4-TUA3OJIMOQUHOHOB M1 UX l'lPOTMBOOI'IY)fOﬂEBOﬂ
AKTUBHOCTbBHIO C ITOMOLLUbKO MHOIMOMEPHbIX AQAIMNTUBHbLIX PETPECCUOHHbIX CITJIAMHOB
O.T.[eeuHsik, P.b.Jlecbik

Knrodeesnlie cnosa: 4-mua3onuduHOHbI; pomugoonyxonesasi akmusHocmb, QSAR,; 6aezamomepHbie adanmus-
Hble peepeccugHbie crinaliHbl; MARS; MonekynspHbie 0ecKkpunmopsbl

Ucronb3ysi kKombuHUposaHuUe Memoda 6322uHea U MHO20MEPHbIX adarnmueHbIX PeepecCUOHHbIX criialiHo8 no-
IyqyeHo komnekcHyto QSAR-modernb, komopasi codepxum 200 cybmodeneli u npesbiliaem npo2HOCMUYECKYHo
crnocobHocmb U38eCmHbIX MoOerell MPomMueooIyxoneeol akmusHocmu 4-mua3onuduHoHo8. ViIHmeprnpemauyusi
Haubornee 3Ha4yumbix deckpurimopos QSAR-modenu obHapyxuna rnepcrekmueHbie wabroHb! 011 du3aliHa co-
eOuHeHul ¢ npomusopakosbim delicmauem. [loOmeepxdeH paHee nory4YeHHbIU 861800 0 MOM, 4Ymo Hebonbwue
pa3mepbl MOMIEKyI U omcymcmeue cesi3el, YImo Xxapakmepu3syrmcs CUilbHbIMU OUMOIbHLIMU MOMEHMamu, ro-
8biWaom wWaHchl rposieneHull npomueoonyxonesoli akmusHocmu 8 psdy 4-mua3onuduHOHO8. YcmaHo8reHo
enusiHue 3HadeHuli 3D-MoRSE deckpunmopog Ha criocobHocmb coeduHeHUl K uHaubuposaHuUto pocma Kremok
onyxonu.

TiazosifuHOBE AP0 € NEPCIEKTUBHOK MaTpH-
1|e10 /11 CTBOPEHHS HOBUX CIOJIYK i3 BUCOKUM IO-
TeHIIia/IoM 6i0JIoTiYHOI aKTUBHOCTI [1-4], B TOMY 4uC-
JIi 3 MPOTUNYXJIMHHUM edeKToM [5-9]. 3aBAsiku yuc-
JIEHHUM J0CJTiIPKEHHSIM HayKoBIIiB kKadeipu 6ioop-
raHiyHoi, opraHiyHoi Ta papmaleBTHU4HOI ximii IHMY
iMm. Jlanusia l'anunbKoro BAasiocs 3i6paTy 3Ha4Hy 3a
06csiroM 6a3y AaHUX «CTPYKTypa-Ais» cepef 4-Tia-
30J1iUHOHIB Ta Ix noxigHux. lli pesysbTraTu cTanu
NiIrPYHTAM AJisl psily 004U CII0BAIbHUX HAYKOBUX
npailb, 0 CTOCYIThCA iZieHTUIKaIlil MOXKINBUX Me-
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XaHi3MiB npoTUnyxJuHHOI akTuBHOCTI [10], Moze-
JIIDBaHHS MMoBipHOI papmakodopHoi rpynu [11]
Ta B3aEMOJIii 3 6i1kaMu-MimeHsAMH [5, 12], a Takox
QSAR-aHanizy [13-17]. Po3riagarodu NUTaHHS OTH-
Cy 3B’fI3KiB MiXK CTPYKTYpPOIO Ta NPOTUIYXJUHHOIO
aKTHBHICTIO 4-Tia30J1iIUHOHIB, MU BCTAaHOBMJIH, 1110
anpoKcHMallisi 3B’13KiB JIiHIHHUMU QYHKIIAMU € afie-
KBaTHOIO JIJI1 OKpeMUX KJaciB cnouayk [13-15], ox-
HaK He MiJIX0/IUThb Y BUNIa/IKy BUKOPUCTaHHS BCi€l J10-
CTYIHOI 6231 JAHUX NPOTUIYX/JIMHHOI aKTUBHOCTI [16].
[IpoBegeHi QSAR-Moie/1I0BaHHS i3 BAKOPUCTAHHAM
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IHYy4YKHX /IFOPUTMIB, Takux ik Random Forest [16] Ta
perpecis ayciBcbkux npoteci [17] nokasa/iu cBo
CIIPOMOKHICTb Ta IPOTHOCTUYHY 3JaTHICTb, OHAK
OTpHMaHi MoJIeJTi MiCTATh JlesiKi 0OMeXKeHHS J1Jis 3a-
crocyBaHHA. Tak, kaacudikariiHa Mogesnb Random
Forest 31aTHa Jivllle IPOTHO3yBaTH HAasABHICTb YM Bif-
CYTHICTb IPOTUNYXJUHHOI aKTUBHOCTIi 6€3 MOoBi/OM-
JIEHHS1 HaBiTh NPUOJU3HOrO ii 3Ha4eHHs, a MOJe/b
['ayciBCbKUX MpOLECiB XapaKTEPU3YETHCS IOMIPHOIO
TOYHICTIO, 1[0 AA€ MOXJIMBICTD [JIS IOJAJIBbIIOTO y/I0-
CKoHaJleHHs1. ToMy MeTO10 1aHOi pOGOTH € CTBOPEHHS
Ta iHTepnpeTauiq HesiHiHOI QSAR-Mopei, 34aTHOI
IIPOrHO3yBaTH YiTKe 3Ha4eHHA NPOTUIIYXJIUHHOI aK-
THUBHOCTI i B TOM e 4ac XapaKTepu3yBaTUCh Kpa-
UMMM CTATUCTUIHUMHU IOKa3HUKAMH, HDXK iICHyI04a
Moze b ['ayciBCbKUX NIpoLieciB.

1. CrBopeHHsa Mmopgeni

J1s1 fOoCSITHEHHS OCTABJIEHOI MeTH 6YJ10 BUPi-
IIEHO 3/[iIHCHUTH KOMOIHYBaHHS CUJIbHUX CTOPiH pa-
Hillle BUKOPUCTOBYBaHUX AJITOPUTMIB — Random Fo-
rest Ta perpecii ['ayciBcbkux nporueciB. Random Fo-
rest - aJITOPUTM MallMHHOTO HaBYaHH#, 3allpOIO-
HoBaHul Jleo bpeiimanoM i Axenb Katiep, 110 mno-
JISITA€ y BUKOPUCTAHHI KOMiTeTy (aHCcaM6J110) AepeB
pimeHs [18]. KoxkHe 3 fepeB pillleHb OYAYETHCA Ha
BUIIaIKOBIM cy6BUGipIli, oTpUMaHi 3 BUXiHOI BU-
6ipKH 3a J0MOMOTO00 CIIOJTYYEeHHS 3 TOBTOPEHHSI MU
(Taka mpoleAypa Ha3suBa€eTbCs Gy TCcTpanoMm, boot-
Strap) Ha OCHOBi BUKOPHCTAHHS JIMIIE 0OMEXKEeHOr0
nignpocropy ¢akTopis, npruioMy Mo6YyA0Ba TPHUBAE
Jl0 TOBHOTO BUYepIlaHHs CyOBUOIpKH i oTpuMaHe Jie-
peBo He mijJsArae npoueRypi nifpizanus (pruning).
Knacudikaiiiss 06'€KTiB MpoOBOAUTLCS HIJIIXOM I'0JI0-
CYBaHHS: KOXKHe JlepeBo aHCaMOJIi0 BiJHOCUTB [J10-
CAiPKyBaHHUM 06’€KT [0 OJHOTO 3 KJIaciB, i nepema-
ra€ KJac, 3a IKM{ MporoJiocyBajio Halbiiblile Yuc-
Jio fepeB. TAKMM YUHOM, X04Y OJUHUYHE JIepeBo pi-
meHHs (0COBJIMBO Te, 1[0 He 3a3HaJI0 Mifipi3aHHs)
€ CJIabKOI0 MOJIEJIJIIO, y3araJbHEHHS OaraTbox cJab-
KUX MoJeJiel, OTpUMMaHUX LIJISIXOM OYTCTpany BU-
xifiHOT BUGIPKH, J03BOJISIE IOCATTH BUCOKOI TOYHO-
cTi. Taku# NifxiJ € CUJIBHOI CTOPOHOIO aJITOPUTMY
Random Forest i HOCUTb Ha3BY «BerTiHr», [0 € CKO-
POYEHHSM CJIOBOCIOJIyYEHHS aHIVTINCBKO0: bootstrap
aggregating — bagging. Kpim Toro, npoueaypa 6er-
TiHTY [4,03BOJISIE BCTAHOBUTHU MPOTHOCTUYHY 3/JaT-
HiCTb aHCaMO6JII0 Ha CHOJIYKaX, 1110 He GyJIN BKJIIO-
YyeHi y psiJ OKpeMUX Oy TCTpanoBUx Mojieseit (out-
of-bag). Taki cTaTUCTU4YHI TOKa3HUKU 3a3BUYaH € J10-
CUTb MOAIGHUMMU 10 pe3yJAbTaTiB 30BHIIIHBOTO Te-
CTYBaHHS i MOXYTb BUKOPUCTOBYBATUCh JJisl BUOO-
py napaMeTpiB Mozei. 3 iHIoro 60Ky, 3aMicThb Jepe-
Ba pileHb Ik 6a30B0i Mo/ies1i aHCaMOJ1I0 MOYXKHA BU-
KOPHUCTATH pi3Hi HesMiHINHI perpeciiiHi MozeJi, o
JacTb 3MOTY OTPUMYBATH KiJIbKICHUM NPOTHO3 aK-
THUBHOCTI. Y SIKOCTi 6a30BOr'0 aJITOPUTMY B IAHOMY J10-

caigxeHHi 6y/10 BUOpaHO 6araToBUMIipHi afjalTUB-
Hi perpeciitHi ciaiinu (multivariate adaptive regres-
sion splines — MARS). lle#1 MeToJ, 3/1TaTeH OMUCATH CKJIaJ-
Hi HeJIiHIWHI 3B’I3KW MiXK CTPYKTYPOIO MOJIEKYJI Ta
iX aKTHBHICTIO i IOBiB CBOIO epeKTUBHICTDb y 6araTbox
JocaimpkeHHsax [19-23]. Anroputm MARS cTBOpIOE
aIUTUBHY HeJIiHIHHY Mo/ie/Ib HACTYNTHOT O BUTJIAAY:

M
.j) = aO + zamBm (X),
m=l

Jle: y — IpOrHo30BaHe 3Ha4eHHs aKTUBHOCTI; d,, — 3CYB
MoJei; M € KinbKicTio 6a3ucHux QyHKLiH, a B, Ta
a,, € m-o1o0 6a3ucHoI0 pyHKIi€ro Ta Il KoedinieHTOM
[24]. KoxxHa 6a3ucHa QyHKLis, B CBOIO Yepry, € JBO-
CTOPOHHBOIO CTYTIEHEBOIO QYHKIII€I, 1[0 OMUCYETh-
CA pIBHAHHAMMU:

[+(x_t)]q: (t—x), axwo x =1,

0, y iHwomy unaoky

[ (x t)]q _Jt=x)", axwyo x <t,
T o0, y IHWOMY 8UNAOKY

Jle: t € KOOPAMHATOIO By3J1a (TOYKU cripshkeHHs ), (20)
€ CTyIleHeM CIIakHY, a 3anuc [], 03Havae J[0/JaTHIO
yacTHUHY aprymeHTy. CTBopeHHA Mogesi MARS 3pikic-
HIOETHCA 3a JOIOMOTOK JBOX IPOXOAIB: NPAMOrO i
3BopoTHoOTO. [1iJf Yac npsAMOro Npoxoay eCKpUIITO-
PHY 10Jal0ThCS B MOJIe/b «KaAi6HUM» YMHOM (MiK-
JIYIOYMCB JIMILIE [P0 ONTUMaJIbHICTb HACTYITHOT'O KPO-
KY), 1110 CTBOPIOE MOJIeJIb, 3aHAATO MiJlirHaHy mif ga-
Hi. B moganpmomMy 114 MoZiesib CIpPOLIY€EThCA IPH 3BO-
POTHOMY NPOXO/i IIJIIXOM BUJIYYeHHsI MaJlO3HaA4YH-
MUX JIECKPUINITOPIB Ta CTBOPEHUX Ha iX OCHOBI 6a3uc-
HUX QyHKIiN. [leTani po6oTH anroputmy MARS Mox-
Ha [MOYEePIHYTH 3 0CHOBOIIOJIOXKHOI po60TH J. Friedman
[24] a6o iHKX, 6inbll cydacHUX Jxepe [19, 22, 23].

Jnsa npoBefeHHsA QSAR-aHai3y NPOTUITYXIMH-
HOI aKTMBHOCTI 4-Tia30JIiIMHOHIB 3a I0MMOMOTOI0 6a-
raTOBUMIpHUX aJlalTUBHUX perpeciiHuX CIJIalHiB
BUKOPHUCTOBYBAJIUCh 694 CIOJIYKH, MIPOTUPAKOBA aK-
THUBHICTb AKHUX OyJia mepeBipeHa in vitro Ha 60 JiiHi-
X paKOBUX KJIITHH Y paMkax nporpamu DTP Hauio-
HasnbHOro [HCcTUTYTY Paky CIIA (NCI). BusHaueHHs
aKTUBHOCTI IPOBOJMJIOCH 32 CTAaHAAPTHOIO Ipolie-
aypoto NCI meTosioM duiyopeclieHTHOTO 3adap6oBy-
BaHH# (6apBHUK - cynbdopoaamin B) [25, 26] i BU-
paxkasoch y dpopmi BicoTkiB pocty GP 60 pizHux Ji-
Hill pakoBUx KiTUH (NCI-60 panel) nopiBHSIHO i3 KOHT-
POJIBHUM A0CaifoM. Buxonsa4u i3 BUMipAHUX 3Ha4eHb
ONITUYHOI T'YCTUHU Ha OYaTKy ekcniepuMeHTty (T,), on-
TUYHOI TYCTUHU Y KOHTpoJIbHOMY focaiai (€) Ta go-
CJ1iZly B MPUCYTHOCTI pEUOBHUHHU Y KOHIeHTpalii 10°M
(T), 3naueHHs GP 6yu o64yurcieHi 3a popMysiaMu:

LT 100%, sxmo T2T,

z

63



ISSN 2308-8303

Journal of Organic and Pharmaceutical Chemistry. — 2013. — Vol. 11, Iss. 3 (43)

& x100%, axwmo T,<T,
TZ

TakuM ynHOM, 3HadyeHHSA GP=100% cBiguuThb PO
BiZICy THICTBb Oy b-SIKOTO BIJIMBY Ha PiCT 3a3Ha4Y€HOI
JiiHil, 3Ha4yeHHs GP=0% no3Ha4ae NOBHY 3yIIMHKY pO-
CTy KJIITHH NYXJWHY, a yci 3HaueHHsA GP<0% o3Ha-
YalTb 3MEHLIEHHH KiJIbKOCTi paKOBUX KJIITHUH I10-
PIBHAHO 3 IXHBOIO KiIJIBKICTIO HA IIOYATKY eKCIepu-
MeHTY. fIK 3a/1ekHa 3MiHHa, 1110 OTIKCYE aKTUBHICTb pe-
YOBUHH, BUKOPUCTOBYBAJI0Ch Cepe/HE apudMeTHY-
He BizicoTkiB pocrty, GP. Bins 5,2% maHux 11010 Bij-
COTKIiB pocTy 6yau BifcyTHi. lli 3HaueHHs 3a3HaIU
Bi/IHOBJIEHHS LILJITIXOM 6araTOBUMIipHOI0 IONTOBHEH-
Hf 3a IOIIOMOTOR0 JIAHIIOTOBUX PiBHAHB (Multiva-
riate Imputations by Chained Equations - MICE) [27].
Bisibie 1600 MoJIeKy/IAPHUX AECKPUNITOPIB 06YHC-
JIIOBAJIMCh /5 JOCAiJXKYBaHUX CHOJYK 3 BUKOPHU-
ctaHHsAM E-DRAGON [28] 3 nmonepeiHbOIO ONITUMI3a-
Liero reoMeTpii MoJsiekyJ1 nporpamoro CORINA. Bpa-
XOBYI0YH A0CBiA nonepeanHix QSAR-ananizis [15, 17],
HaMH 6yJ10 10/IJaHO 10 MACUBY JIECKPUIITOPIB 11ie 0/I-
HY IHAVMKaTOPHY 3MiHHY, 1Ka JOPiBHIOE OAVMHULY, AK-
1110 KIJIBKICTh CAaMOTIOBEPTAOYUX 00X0/iB 9-ro nopsij-
Ky nopiBHioe 3006, i Hy/10 B iHIIOMY BUNAAKY. JlaHi
pPO3MOLIJIAINCH HA HABYAJIbHY Ta TECTOBY BUOIpKU
3 METOH NepeBipKU MPOTrHOCTUYHOI 3aTHOCTI Maii-
6yTHBOI QSAR-Mozesi. Po3mozin 3asexxHoi 3MiHHOI
€ CUWJIbHO aCHMEeTPUYHUM i3 BilTHOCHO MaJIOXO KiJb-
KiCTI0O BUCOKOAKTUBHUX MoJieKyJ1. Tomy, 106 36eper-
TU AOCTATHbO CIOJIYK-XiTiB y HaBYa/bHiN BUOIpII],
MPOIOpIIisl po3MipiB HABYA/IbHOI /10 TECTOBOI BUGIp-
KU Oy/1a BCTaHOBJIeHA Ha piBHi 4:1. Po3nofin Ha BU-
6ipKH MPOBOAMBCS BUNAJIKOBUM YMHOM. Y TaKUH Co-
ci6 po3Mip HaBYasbHOI BUGiIpKU cKky1aB 555 croayk,
atectoBoi — 139. Bci nojianbiii 064KcaeHHs MPOBO-
JWJIKACh y CepeZlOBULLI AJId CTATUCTUYHOIO aHaJli3y
R 3.0.1 [29] i3 BUKOPUCTAHHSAM [A0JaTKOBUX MaKe-
TiB «caret» [30] Ta «earth» [31]. KinbkicTb 6yTCTpa-
MOBUX MoJeJiell y aHcaM6J1i ckiiagasa 200. 3 meTor
CYTTEBOI eKOHOMii 06YHMCIF0BAJIBHOTO Yacy MMPOBO-
JIUJIach Ipoueaypa nonepeaHboro Big6opy 50 Haii-
6iJIbIll BIJIMBOBUX JleCKPUNTOPIB. s 11boro 6y/10
BUKOPHUCTAHO Gi/IbII MBUAKUN aJroputMm Random
Forest. [Ipoueaypy no6yaoBu aHCcaMO6J1t0 6yJ10 BUKO-
HaHO NpHU Pi3HUX 3HAYEHHSX CTYNeHs CIJIalHy Ta
MaKCHMaJbHOI KiJIbKOCTi 3MiHHUX Y CIPOLIeHid MO-
JleJii sIK BXiIHUX napaMeTpiB aaroputmy MARS. Bu-
6ip kpauoi koMb6iHaLii napaMeTpiB NPOBOAMBCS Ha
OCHOBI OL[IHKY OKa3HUKa K, ;.- [I0piBHIOKOYHM OTpH-
MaHi KOMIJIEKCHI MOZieJTi, MM BCTAHOBWJIY, 110 JIIHIN-
HUH CIJIAMH Ma€ NepeBary HaJ, KBaJpaTU4HUM. Haii-
kpamia QSAR mogenb (puc. 1), mo € aHcaMbJ1eM i3
200 6araToBUMipHMX aZIAlITUBHUX PErpeciiHUX CILIak-
HiB, 6yJ1a OTpYMaHa MPHU CTYIEeHi crylaiiHy g=1 Ta KiJib-
KOCTi 3MiHHUX y CIIpolieHil MoAei nprune=5 i xa-
pPaKTepu3y€eETbCSA HACTYIHUMU CTATUCTUYHUMU TI0-
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Puc. 1. CnocTepexyBaHi Ta NpOrHO30BaHi 3a A40NOMOro
QSAR-Mofeni 3Ha4yeHHs cepefHiX BiACOTKIB POCTY K/ITUH NYXUHU
npw aii 4oCNiAKYBaHMX CNONYK.

KasHuKaMu: R*=0,687, R?,,, ,1,,,=0,572, R?,,=0,675.
Bka3aHi 3HaueHHS NlepeBaXal0Tb NOKa3HUKU MO/je-
ai layciBcbkux npoueciB (R?=0,656 ta R?,,=0,602
mic/st BUAAJEHHS AEKJIbKOX BUKUIB) i MiATBEPIKY-
I0Th 11 IPOTHOCTHUYHY 3/aTHICTb.

2. AHani3 Ta iHTepnpeTauia moaeni

[Ipu 3ziMicCHEHH] 3BOPOTHOTO NPOXOAY aJTrOpPUT-
My MARS Ha KO>KHOMY KpOLi BUAAIAETbCA HAUMeHII
3HAYMMMH JeCKPUIITOP i3 THX, L0 3a/IMIIU/INCh Y MO-
Aeii. CIpoIyIouM KOKHOI'0 y4aCHUKa aHCaMOJI10 —
6yTcTpanoBy Moesb MARS i3 KiJibKiCTI0 3MiHHUX,
piBHOIO 5, 10 BUJIy4eHHsI OCTAHHBOTO JeCKPUIITOPA,
MOXKHa MiipaxyBaTH KiJbKICTb cyoMoAeel, y AKUX
36epiraeTbcsl KOXKeH 3 leCKpUNTOPiB — nsubsets. Tax,
JLJ1S IepILOro AeCKPUNTOopa, AKUHM 6y/ie BUKJIIUYEHO
i3 6yTcTpanoBoi moaeni nsubsets=1, fis ipyroro - 2,
a IeCKpUNTOP, 10 3a/IMIIMTBCA OCTAHHIM, OTpUMaE
3Ha4yeHHs hsubsets=5. CyMma noKa3HUKIB nsubsets st
OKpEeMOro JAeCKpUIITOpa NPY CHpPOLyBaHHI KOXHOI
Oy TCTpanoBoi MoZesli aHCaMOJTI0 MOXKe CTyTyBaTH IO-
Ka3HUKOM BiJJHOCHOI BaXKJIMBOCTI [JbOT'0 JeCKPHUIITO-
pa [24]. Ockinbku aHcaM6J1b MicTUTB 200 6yTCTpa-
IIOBUX MOJieJiel], MaKCHMaJibHe 3Ha4eHHs nsubsets,
SIKOT'0 MOXKe IOCATTH JlecKpunTop, piBHe 5x200=1000.
A 3a J0IIOMOT0I0 YaCTKU LbOI0 JeCKpUIITOpa y 3a-
rajibHil cymi nsubsets Bcix JeCKpUNTOPIB, 1110 6y/IU
BUKOpHCTaHi xo4a 6 B 0JiHi{ GyTCTpamnoBiit Mojei,
MOKHa OLiHUTH BiJHOCHUH BKJIQJl KOXKHOTO JIECKPUII-
Topa (TabJ1. 1).

J1s1 TOro, 1106 OLiHUTH HANPSIM Ta CUJIY BILIUBY
JleCKPUIITOPiB Ha aKTUBHICTb, OyJ1a MPOBeJeHa Mo-
OoymoBa AomaTKoBoi oxHiel moaesi MARS i3 TUMU K
JEeCKpUIITOpaMH Ta llapaMeTpaMU aJITOPUTMY i BUKO-
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Ta6bnuua 1
BaxxnusocTi Ta BKNagm ton-10 geckpunTtopis y oTpumaHy KomnnekcHy QSAR-mopenb
Heckpuntop nsubsets YacTka, %
SRW09=3006 (iHpMKaTOpHa 3MiHHa) 919 37.14
nArCO (KinbKicTb apoMaTUYHUX KETO-Fpyn) 479 19.36
EEig02d (ppyre BnacHe 3HaYeHHs MaTpuLi CYyMiP>KHOCTI pebep, 3BaXKeHOi AUMNONbHUMMA 158 6.39
MOMEHTaMM) .
Mor12v (3D-MoRSE peckpunTop i3 napameTpom po3citoBaHHa 11 A, 3BaxeHuin 153 6.18
BaH-Aep-BaanbcoBrMmM 06'eMamum aToMiB) ’
Mor11v (3D-MoRSE peckpunTop i3 napameTpom poscitoaHHa 10 A, 3saxennit 140 566
BaH-gep-BaanbcoBrMu 06’emamu aTomis) ’
MATS4m (aBToKOpenAuinHui KoeodilieHT MopaHa i3 3cyBoMm 4, 3Ba>KeHUN aTOMHUMU 101 4.08
Macamm) ’
R8v (aBTOKOpenAUinHuiA KoedilieHT R i3 3cyBoM 8, 3BaxeHWIn BaH-Aep-BaanbcoBumn 82 331
o6’emamm aTomiB) ’
Mor12u (3D-MoRSE neckpunTop i3 napameTpom poscitoBaHHa 11 A, He 3BaxeHNir) 65 2.63
Mor16e (3D-MoRSE fecKpvnTop i3 napamMeTpoM po3ciloBaHHA 15 A, 3BaxeHnii aToMHUMY 63 254
eneKkTpoHeratmBHocTAMM CaHgepCcoHa) ’
EEig03d (TpeTe BnacHe 3HauyeHHA MaTpuLi CyMi>KHOCTI pebep, 3BaXKeHOi AUNONbHUMN 58 234
MOMEHTaMW) ’
pUCTaHHSM BCi€l HaBYasibHOI BUGipKHU (TabJ. 2). La Ta6bnuuysa 2

MO/JleJIb MiCTUTD 4 IeCKPUNITOPHU i Ma€ CTaTUCTHUYHI
nokasHuku R?=0,546, R?, =0,638, AKi € HXKYUMHU 32
MOKa3HUKU aHCaMOJIIo, 10 MiJTBEPAKYE YCHiLIHICTh
BUOpaHoi cTpareril wox0 6errinry 6araTbox Moje-
e MARS.

Haii6inbiu BaXKJIMBUM J1€CKPUNITOPOM BUSIBUJIACH
iHAuMKaTopHa 3MiHHa «SRW09=3006» i3 nsubsets=919
(Ta6. 1), mo y3roKy€eThCs i3 monepeaHiMHU J0CTi-
MmxeHHsAMHU [15, 17]. KinbKicTh camMomnoBepTauux
06x0/1iB 9-Tr0 MOPSAAKY € TONOJIOTIYHUM JeCKPUIITO-
pOM i 3a/1eXKUTh Bi/i BBAEMHOI'0 PO3TalllyBaHHS Ta JIO-
KaJIbHOT'0 OTOYEeHHA LIUKJIIB 3 HellapHOI0 KiJIbKICTIO
aToMiB (y HalIOMy BUNAJKY — I'ATUWIEeHHUX). Crie-
nudivyHa KiJIbKiCTh caMoIoBepTaluuX 06X0/iB 9-ro
nopsaaky - 3006 Bio6pakae CTPYKTYPHUH 1a6JI0H,
HaBeJleHUH Ha puc. 2. Llel cTpyKTypHUH Wa6JI0H
3yCTpivYaeThCs ¥ psAAY KOH IOraTiB 4-Tia3o/1iAuHOHY,
izaTuHYy Ta Aiapua3aminieHoro nipasostiny (puc. 3),
SIKi y GIJIBIIOCTI BUNIAIKIB NMPOSIBJISIIOTH BUCOKY MPO-
TUNYXJIMHHY aKTUBHICTb.

JpyruM fecKpUnTOpOM 3a BaXKJIUBICTIO € KiJib-
KiCTh apOMaTHYHUX KETO-TPYI Y CTPYKTYPi MOJIEKY-

Puc. 2. MiHiManbHWii CTPYKTYPHWIA LWA6oH, LWo 3abe3nevye
SRWO09 pisHuii 3006.

CrpykTypa mogeni MARS ana Bu3HayeHHA
BM/IMBY AeCKpunTopis

BbasucHi dyHKuii KoediuieHT
3cyB 93.61571
«SRW09=3006» -117.621
[+ (narcoy-1]. -54.9801
[- (EEig02d —3,641)]. -38.3857
[+ (Mor12u —0,085)]. -43.5887
[+ (EEig02d - 4,347)]. 18.55004

Jin. Tak, 3riiHo 3 Tabu1. 1 BiACyTHiCTb LMX rpyn abo
HasBHICTb OJIHI€l FPyNIX HE YUHUTD iCTOTHOTO BILJIU-
BY Ha aKTUBHICTb, TOAI AAK CIIOJIyKH 3 IBOMa KeTO-
rpynamMu MaloTb 3HaUHUH [IPUPICT aKTUBHOCTI (1Ipo-
rHO30BaHUM cepe/iHill BiICOTOK POCTY KJITHH MyX-
JIMHU 3MeHIIyeThbcA Ha 54,98). Cepen nocaigxkysa-
HOI 6i6J1i0TeKH CMoJIyK JBOMa apOMaTUYHUMU KETO-
rpyInaMy BOJIOLIIOTE JeKiJbKa MOXiJHUX TioNipaHo

Puc. 3. CninbHa ocHoBa KOH'toraTiB 4-Tia30MiAnHOHY, i3aTUHY
Ta Aiapun3amileHoro nipa3oniHy, sika sonogie SRW09=3006.
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Puc. 4. MepcneKkTUBHWIA CTPYKTYPHWUI WABMoH NOXiaHUX
TionipaHo[2,3-d][1,3]tia3on-2-0Hy.

[2,3-d][1,3]Tia30./1-2-0HiB, 1110 € iHIINM NePCIeKTHUB-
HUM IIa06JI0HOM JiJ15l TIOLIYKY BUCOKOAKTUBHUX NIPO-
TUNYXJIUHHUX 3ac06iB (pHc. 4).

HacTynHuM 3a Ba)KJIUBICTIO AECKPUITOPOM €
EEig02d - ppyre BjlacHe 3Ha4eHHs MaTPHUL CyMixk-
HOCTi pe6ep, 3BaKeHOi AUMOJIbHUMHU MOMEHTaAMU.
Lle¥i neckpunToOp BifjirpaBaB iCTOTHY poOJib Y MOJeJi
['ayciBCcbKUX NpoLeciB, 3TifjHO 3 AKOX MOJIEKY/HU 3
MeHLIMMU 3HaueHHAMU EEig02d nposiBIsAIOTE Kpally
NPOTHUIYXJUHHY aKTUBHICTb [17]. Y Ta6s. 1 EEig02d
3yCTpivaeTbCsd Y ABOX 6a3UCHUX QYHKIAX. 3TiAHO 3
dyHKIIiERO [— (EFEig02d — 3,641)]1+ Ta ii KoediLieHTOM,
10 fopiBHIOE -38,3857, sikiio 3HaueHHs1 EEig02d meH-
uie 3,64, To KOXKHa OAUHUILIS PiSHUIL Mi>K TOTOYHUM
3HaueHHAM EEig02d ta uuciaoM 3,64 3MeHILyE Npo-
rHO30BaHUM cepe/iHill BiICOTOK POCTY KJIITHH MyX-
JauHU Ha 38,39. ko x € EEig02d criocTepiraeTbcs
6isbIIUM, Hi>k 3,641, TO 3MiHU aKTUBHOCTI He Bi/|0yBa-
€Tbcs. [HII1a 6a3rcHa QyHKLIA [+ (EEig02d — 4,347)]i
Mae JoaaTHil koedinienT 18,55. lle o3Hauag, 1o AK-
o 3HaueHHs EEig02d nepeBuiyye 4,347, To 3a KOX-
HY OJJMHUIII0 IepeBULIeHHA NPOrHO30BaHMUH Bifco-
TOK POCTY KJIITHH MYXJHWHU 30i1bp11yeThCs HA 18,55.
Y3arasbHIOI04M 001/1Bi 6a3MCHI QyHKIIIT, MOXKHa 3a-
3HAYHUTH, 1[0 TPU HU3bKUX 3HaYeHHsAX EEig02d ak-
TUBHICTb CNIOJIYKU MiJBULIYETHCSA, IPU CepeiHiX 3Ha-
YeHHSX — He 3MIHIOEThCS, @ IPU BUCOKHX 3HAYEHHSX
EFEig02d npoTunyxJWUHHA aKTUBHICTb 3MEHIYEThCS.
TakuM yKMHOM, Llell BUCHOBOK CHiBNaJac€ i3 pe3y/b-
TaToM perpecii ['ayciBCbKUX NPOLECIB, 1110 3aCBiYy€E
y3ro/PKeHicTb 060X Mojiesielt. B cBoo yepry, HU3bKI
3HaueHHs1 EEig02d noB’si3aHi 3 HEBEJIMKUMU pO3Mi-
paMu MoJIEKYJ Ta BifcyTHicTIO 3B’13KiB, sIKi Xapak-
TEpPU3YIOTbCA CUJIBHUMU JUIOJbHUMHA MOMEHTaMHU.

YeTBepTHii 32 Baxk/uBicTio pakTop - Morl2v e
NnoTpanuB A0 Mogesi MARS nyii BU3SHa4eHHS BILJIU-
BY JIECKPUIITOPIB, OIHAK BiH TiCHO MOB’sA3aHMH (i KO-
peaboBaHuil: r= 0,860) i3 Mor12u. O6uasa pakTo-
pU HazexaTb L0 kJjaacy 3D-MoRSE peckpunTopis i
MaloThb CIIJIBHUI IapaMeTp pO3Cil0BaHH4, JIUIIe J10-
JlaHKU Jeckpunrtopa MorlZ2v 3BakeHi BaH-/lep-BaaJib-
ciBCbKUM 006’€MOM aTOMiB, a Aeckpuntopa MorlZu
MaloTh OIHAKOBY Bary, piBHi OAWHUL 11 BCiX aTOMIB.
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3D-MoRSE peckpunTtopu 6a3yoThbcsl Ha ifei oTpu-
MaHHA iH$opmMalii i3 3D-koopAUHAT aTOMIB y MoJie-
KYyJ1i, BAKOPUCTOBYIOYH TpaHcPopMaliiro, HoAi6HY 10
Ti€l, 110 3aCTOCOBYETHCA NPU JOCJIJPKEHHAX eJIeK-
TpoHHOI fudpakuii [32-34]. i zeckpunTopu o64uc-
JIIOI0TbCA 32 GOPMYJIOLO:

N i-l sinsrij
I(s) = ZZA[Aji,
i=2j=1 kY2

i

Jle: S € TapaMeTpoM pPO3Cit0BaHHS, 1110 MOXKe HabyBaTU
LiJI0YKCeIbHUX 3HaYeHb Big 0 10 31 A (To6TO LM D-
pa 12 y 3anuci Mor12y Bifjo6pakae mapaMeTp po3-
citoBaHHsa 11 A'l); r; € EBKJIIZIOBOIO BiACTAaHHIO MK
[-uM Ta j-uM aToMaMu; N - 3arajibHa KiJIbKiCTb aTO-
MiB; A; Ta A; € pi3HMMH XapaKTEPUCTUKAMU aTOMIB,
AKI BUKOPUCTOBYIOTBCH SIK Baru J0J4aHKiB. TakUM 4u-
HOM, 3D-MoRSE 1eCKpUNITOPH BiI0GPaKalOTh B3aEM-
He [IPOCTOPOBE PO3MillleHHSI aTOMIB Y TPUBUMIipHii
MOJIEKYJISIPHIN cTpyKTYypi. Bin'eMHuii koedinieHT 6a-
3ucHOI QyHKIiI [+ (Mor12u — 0,085)]1, 110 JIOPiBHIOE
-43,59, cBifYMTh, 110 MeHIi 3Ha4yeHH BKa3aHOTr o
3D-MoRSE peckpunTopa (i, Tak camo, AecKpunTopa
Morl12v, oCcKiZIbKM MiK HUMU iCHY€E CUJIbHA MO3U-
TUBHA KOpeJisiLis) NifBUILYIOTb 3JaTHICTb CIOJIYKU
iHri6yBaTH picT KJIITHH NYXJIUHU.

BucHoBKM

1. 3a gfonomoror KOMO6iHyBaHHS MeTOAy GerriH-
ry Ta 6araTOBUMipHUX aJlalTUBHUX perpeciiHux
CIJIaHIB OTpUMaHO KOMIIEKCHY QSAR-Mofesb 3 BU-
COKOI0 MPOTHOCTUYHOK 3JaTHICTIO, Ka J,03BOJISIE
YAOCKOHAJIMTH MiAX04U A0 pallioHaJlbHOTO AU3all-
Hy NOTEHLiHHUX NIPOTUMYXJUHHUX areHTiB cepe/,
4-Tia30JIiIUHOHIB Ta IX NOXiAHUX.

2. lnTepnperTalis Hall6iIbLI 3HAUUMUX JJ€CKPUII-
TOpPiB MOJeJii BUSBUJIA, KPiM BiJlOMOI'0 NepCreKTUB-
HOT0 CTPYKTYPHOTO 11a6JIOHY, Tpe/icTaBaeHoro 3-[2-
(3,5-piapun-4,5-gurigpomipasoui-1-in)-4-okco-4,5-1u-
rigpo-1,3-tiazon-5-inigen]-2,3-gurigpo-1H-ingo-2-
OHOM, 1ie OZJHY MaTPHLIO [/ AU3aNHY CIIOJIYK i3 ITpo-
TUNYXJIMHHOI aKTUBHICTIO — TiomipaHno[2,3-d][1,3]
Tia30s1-2-0HOBUH PparmMeHT.

3. [ligTBepAKeHO, 1110 HEBEJIUKI po3Mipu MoJie-
KyJI Ta BiZICyTHICTb 3B’SI3KiB, IKi XapaKTepHU3YIOTbCS
CUJIbHUMU JUII0JIbHUMU MOMEHTAaMHU, i BUILYIOTh
IIAHCH W00 POSABY NPOTUIIYXJIUHHOI aKTUBHOCTI
B pAAy 4-Tia30J1iAUHOHIB.

4. BcranossieHo BIIUB 3D-MoRSE fieckpunTopis
i3 mapamMeTpoM po3citoBaHHA 11 A na 3gartHicTb
4-Tia30/1iIUHOHIB Ta iX MOXiIHUX /10 iHTi6yBaHHS po-
CTY KJIITUH NYXJAHU.
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YIK 547.362 + 547.751 + 547.759.32
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Kamwouosi caoea: iHdos; kap6aso; H-6ymuaaimill; cunmes; 1-(mpuemusicunin)-3-[4-(zemapusn)perin]-

5-(mpumemuaacunin)nenma-1,4-0iin-3-ox

Po3pobrieHo Mmemod cuHme3sy 1-(mpuemurcusnin)-3-[4-(eemapus)geHin]-5-(mpumemurncunin)neHma-1,4-0iiH-3-
onig, wjo 6azyemnbcs Ha 83aemodii nimiegux rnoxioHux 1-(4-6pomogpeHin)-1H-iH0ony ma 9-(4-6pomocpeHin)-9H-
kapb6asony 3 1-(mpuemurcunin)-5-(mpumemurncunin)neHma-1,4-0iiH-3-oHom.

THE SYNTHESIS OF 1-(TRIETHYLSILYL)-3-[4-(HETARYL)PHENYL]-5-(TRIMETHYLSILYL)PENTA-1,4-DIYN-
3-0LS

laroslav Baglai, Valérie Maraval, Z.V.Voitenko, Yu.M.Volovenko, Remi Chauvin

Key words: indole; carbazole; n-butyllithium; synthesis; 1-(triethylsilyl)-3-[4-(hetaryl)phenyl]-5-(trimethylsilyl)penta-
1,4-diyn-3-ol

The method of synthesis of 1-(triethylsilyl)-3-[4-(hetaryl)phenyl]-5-(trimethyilsilyl)penta-1,4-diyn-3-ols based on the
interaction between 1-(triethylsilyl)-5-(trimethylsilyl)penta-1,4-diyn-3-one and lithium derivatives of 1-(4-bromo-
phenyl)-1H-indole or 9-(4-bromophenyl)-9H-carbazole has been developed.

CUHTE3 1-(TPUISTUIICUIINI)-3-[4-(TETAPUIT)®EHNIT]-5-(TPUMETUIICUTTUIT)TIEHTA-1,4-QUNH-3-OJ10B
S1.B.baznali, B.Mapaeanb, 3.B.BoiimeHko, FO.M.BonoeeHko, P.LLloeeH

Knroveenle cnoga: uHdorn; kapbasorn,; H-6ymunnumud; cuimes; 1-(mpusmuscunun)-3-[4-(2zemapursn)beHus]-5-
(mpumemuncunumn)neHma-1,4-0uuH-3-on

Paspaboma+ memod cuime3sa 1-(mpuamuricunurn)-3-[4-(eemapun)peHun]-5-(mpumemuncunun)neHma-1,4-0uuH-
3-01108, 0OCHOBaHHbIU Ha 83aumodelicmeuu TuMmMuesbIx MPou3eo0HbIx 1-(4-6pomepeHur)-1H-uHdona u 9-(4-6pom-

¢eHun)-9H-kapbasona ¢ 1-(mpusmurncunun)-5-(mpumemurncunurn)neHma-1,4-0uuH-3-oHom.

AueTueHOBUN QparMeHT AaBHO BUKOPHUCTOBY-
€THCA SIK BOXKJIMBUU QYHKIIIOHAbHUU iIHCTPYMEHT
y CHHTETHUUYHIN opraHiuHii Ximii. 3a ocTaHHi poku
BiH HaOyB CTaTyCy 0COGJMBOTO CTPYKTYPHOTO eJjie-
MeHTa B XiMil noJlialleTUJIeHy, K 4iTKO BU3HA4Y€eHOl
o6JiacTi HaykoBUX Jlocaimxkens [1]. [IpupoaHi are-
TUJIEHOBI CIIUPTH Ta iXHi NOXifHi, 1110 6y BUJi/IeH] 3
rpubiB, 0BOYiB Ta MOPCbKUX 6e3XpebeTHHUX, T0Ka3a-
Ji1 1ikaBi ximMiuni Ta papmakosI0oriuHi BJIaCTUBOCTI,
30KpeMa, aHTUMIKPOOHi, IUTOTOKCHUYHI, IPOTUILYX-
JINHHI, IPOTUBIPYCHIi, iMyHOlenpecaHTHi [2-6]. Je-
AKI 3 HUX BUSIBUJIM IPOTUINIYXJIMHHI BJIACTUBOCTI 110
BiJHOIIIEHHIO /10 KJITUH KUILeYHUKa JIAUHU. Bigo-
Mi [MoJ1ialleTUJIeHOBI CIIUPTH, Ki € IOTYKHUMHU iH-
ribiTopamu a-TJIIOKO3UAAa3u i MOXKYTb COPUSATH 06-
MEeXXeHHIO pPO3BUTKY AiabeTy 3a paXyHOK 3HUKEHHS
nepeTpaB/OBAaHHS i BCMOKTYBaHHS BYTJIeBOAIB [7].

Y cBo1o 4epry noxigHi iHA01y BXOAATH A0 CKJa-
[y 6araTboX BaXKJIMBUX TepaleBTUYHUX Npenapa-
TiB: IPOTUNYXJIMHHUX, aHTUOKCUIAHTHUX IPOTHUPEB-
MaTHUYHUX, NPOTUBipycHUX [8-11]. [lesiki 3 HUX, 30-
KpeMa, MeJIaTOHIH Ta CEpOTOHIH € aHTUOKCHU/IaHTa-
MM, SIKi BilirpaloTh BaKJIMBY POJib B IMyHHIl CHCTe-
Mi [12-14]. [ToxigHi kap6a30J1y TaKOXK MPOSBIAITh
pi3HOMaHITHY 6i0JIOTiYHY aKTUBHICTb; HAIPUKJIAJ,
BOHU YHMHATH NPOTUJENIPECAHTHY, IPOTU3ANAJIBHY,
NPOTHUCYOMHY, Kap/liOTOHIYHY Ta 3HE60JII0I0YY Jil0,
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a TaKOXX XapaKTepU3yIThCA 6aKTepULUIHUMH, IPO-
THUBiPpYCHUMU Ta HIPOTUTPUOKOBUMU BJAACTUBOCTS-
U [15-17]. TakuM YUHOM, MOKHa CTBEPAKYBaTH,
1110 CHOJIYKH, SIKi 0/IHOYACHO MICTATh y CBOEMY CKJIa-
Jli TeTEpOLIMKJIIUHI Ta alleTU/IEHOBI GparMeHTH, € nep-
CIIeKTUBHUMH K AJIA XiMIYHHUX, TaK i A1 6iosoriy-
HUX OOCJiIKEHb.
1-(Tpuetuacuuin)-3-[4-(retapui)denin]-5-(Tpu-
MeTHJICUIin)neHTa-1,4-iiH-3-0/11 € nepcneKTUBHU-
MU CUHTETUYHUMH GJIOKAMH i MOXKYTb BUCTyNaTH
nonepejHWKaMHU JJis OTPUMaHHA NoJialeTU/IeHIB 3
4-(retapuj)peHiTIbHUMHU 3aMiCHUKaMU. XapaKTep-
HO10 0COGJIMBICTIO IIUX CIIOJIYK € HAsABHICTb pi3HUX
3aXHWCHUX I'py 6i1g NOTpiHUX 3B’S3KiB, 1110 CTBO-
PIO€E MepeayMOBHU AJs1 iX KOHTPOJIbOBAHOTO 3HATTS
[18,19], To6TO, moAasbiia Moudikallis Moxe Bif0y-
BaTUCh SIK OJIHOYACHO MO 060X alleTUJIEHOBHUX 3B’s13-
Kax, TaK i moc/Ii/JoBHO, 106y/I0BYIOYU KOXKEH 3 HUX.
HasBHicTb NOTpPiliHUX 3B’SI3KiB € BaXKJINBOIO YMOBOIO
[ IX y4dacTi B peakuigax Jlinbca-Anbzepa ta Mixa-
e [20, 21].

B siTepaTypi onucaHi NIpUKIaAu CUHTE3y TaKo-
ro TUIy alleTUJIeHOBUX CIMPTIB B3aEMO/I€I0 peak-
TUBiB ['puHbspa [22-27] a6o peHitiTiio [27] i3 ane-
TUJIeHIIKeTOHaMU. Haiii cnpo6u oTpuMaTH peakTUB
['puHbsIpa Ha ocHOBI 9-(4-6pomodeHin)-9H-kapbHa3o-
Jly He MaJlu yclmixy, i came ToMy 6yB po3po6JieHU
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CxeMa 1. Cxema cuHTe3y 1-(Tpuetuncunin)-5-(tTpumeTtuncunin)nenta-1,4-aiiH-3-oHy 1.

nifxiza, AKUil 6a3yeETbCS HA BUKOPUCTAHHI JiTiEBUX
noxigHux 1-(4-6pomodenin)-1H-ingoay ta 9-(4-6po-
ModeHin)-9H-kapbazoy.
1-(Tpuetuacunin)-5-(TpuMeTuacuiain)neHra-1,4-
JiiH-3-0H 1 O6YB ofiep>kaHUN 3 BUCOKUM BUXO/IOM Y
JBi cTazil i3 koMepLilHO JOCTYNHUX 3-(TpUMETHI-
CUJIiJ1)-2-nponiHaJ/iio Ta (TpUeTHIICUIiN)aleTHIeHY
3a OMMCAaHUMHU paHiule MeTogukaMu [18] (cxema 1).
JlitTieBi moxigHi deniningoay 3a ta peHinkap6-
asosy 3b 6ysin cuHTe30BaHi pu B3aEMO/Ii Biao-
BisHO 1-(4-6pomodeHin)-1H-inmouy 2a Ta 9-(4-6po-
ModeHi1)-9H-kap6azosy 2b i3 2,5 M po3unHOM H-6Y-
TUJLIITIIO B TeTparizpodypani B aTMmocdepi aprony
npu -78°C i BUKOPUCTAHI in situ g peakliii 3 KeTo-
HoM 1. [loganbiiuii rifpoJiis peakuiiiHoi cyMimti Ha-
CMYEHUM PO3YMHOM aMOHit xaopuay npu -10°C npu-
BO/IMB JI0 yTBOpeHHA 1-(Tpuetuicuiin)-3-[4-(reta-
pun)denin]-5-(Tpumerusacuiia)nenTa-1,4-aiin-3-oiB
5a,b i3 Buxogamu 54-65% (cxema 2). Caig Big3na-
YHUTH, 110 PO3PO6JIEHUN METO/] € 3arajIbHUM i MOXKe
Oy TH YCHIIIHO BUKOPUCTAHUM /151 CHHTE3Y IIUKJIO-

oKTazeka-2,5,8,11,14,17-rekcain-1,10-giosiB 3 reTe-
POLIMK/IIYHUMH 3aMicCHUKaMH [28].

ByznoBa cuHTe30BaHUX pe40BHH OyJia JoBe/ieHa 3a
nonomoroto SIMP HTa'3C cnekTpockomnii, Mac-crekT-
pomeTpii Ta [4-cnekTpockomii. ¥ cnekrpax AMP 'H
cnosayk 5a,b mpu 7.98-8.08 m.u. cioctepiraerbcs Ly6-
JIeT iHTeHCUBHIcTIO 2H, skuli BignoBifgae apomaTtuy-
HUM Opmo-npoToHaM Jo Kap6ony (C-OH), Ta cun-
et npotoHa OH-rpynu npu 2.94-3.02 m.u. (puc.).

[ligTBEpmKeHHAM Nepebiry peakiiii € BiICyTHICTb
y cnekTpax SIMP 13C cnosiyk 5a,b xapakTepHCcTHYHO-
ro CUrHaJly KapboHy KapbOOHIJIbHOI IpyNy BUXiAHO-
ro ketoHy 1 npu 159.8 M.u. i nosiBa curHasy yeTBep-
TUHHOTO0 aToMa kap6oHy (C-OH) npu 65.2-65.3 m.4.,
a TaKOX BiAcyTHicTb B [Y-criekTpax iHTEHCUBHOI CMy-
I'Yl IOTJIMHAHHS KapOoHibHOI rpynu npu 1629 cm.

ExcnepuMeHTasibHa YaCTUHa

Bci peakiiii 6ysiu mpoBefieHi B aTMocdepi aprony
3 BUKOpPUCTaHHAM KoJ164 lllsieHka Ta BakyyM-apro-
HoBoI JiHil. KosloHKoBa xpomaTtorpadis 6ysa mpoBe-

(0]
41%

n-BuLi Me,Si SiEt,
Het Br — Het Li >
2a,b 3a,b
Het Het
H,O+
OLi — OH
= XX = X
Me,Si SiEt, Me,Si SiEt,
4a,b 5a,b
“ D O
N\ N
(a) | (b)

Cxema 2. Cxema cuHTesy 1-(TpueTtuncunin)-3-[4-(retapun)deHin]-5-(TpumeTuncunin)nenra-1,4-aiil-3-onis 5.
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Puc. Cnektp H SIMP cnonyku 5a.

JleHa Ha cuiikaresi (60P). [lepe6ir peakuiii Ta epek-
TUBHICTb PO3/iiJIeHHS IPOAYKTIB KOHTPOJIIOBA/IU Me-
togoM TIIX Ha niiactunHax (60F,,) B cucTeMi rentas-
etusaneTtat (8:2). Cnexktpu AMP 'H ta *C B CDCl,
BUMIipsiHi Ha npusazi Bruker Avance 400, BHyTpiLi-
Hi¥ cra"ggapTt - TMC. [Y-cnekTpu criosiyk 6yJsiu 3a-
nucani Ha npunazi PerkinElmer GX FTIR. Mac-criekT-
pu ozepkaHi HAa mpusazi Quadrupolar Nermag R10-
10H cnektpomeTp.
1-(TpueTniacuuin)-3-[4-(rerapua)deni]-
5-(TpumeTnacuaisi)nenrta-1,4-aiin-3-oam  5a,b.
84 (0,21 mMoub) MikpoaiTpa 2,5 M po34uHy H-0y-
tusitito B THF foganu fo po3uuny 1-(4-6pomode-
Hin)-1H-ingony (60 mr, 0,22 MMoJab) a6o 9-(4-6po-
Moodenin)-9H-kap6azo.y (71 mr, 0,22 MMoJib) B 15 M
THF npu Temneparypi -78°C Ta nepemimyBaHHi. Pe-
aKLiMHY CyMill nepeMillyBa/y BIPOLOBXK OJHI€] ro-
JVHU IpU TeMIlepaTypi -78°C i foAaBanu po3uuH Ke-
ToHy 1 (53 mr, 0,2 MMosib) B 3 mu1 THF. Peakuifiny
CyMill nepeMilllyBaJ/id BIPOJOB:XK 3 rof, y 6aHi 3 alle-
TOHOM (TeMIlepaTypa MPOTAroM 3 rofi HOBiJIbHO MijI-
BUIIyBasiach 70 -10°C), nmoTim goganu 3 Ms1 Hacude-
Horo BoaHoro po3uuHy NH,Cl. Cymim ekctparyBa-
JIU [lieTUJIOBUM eTepoM, OpTraHiYHUM ap NpoMHu-
Ba/IM HacHu4yeHUM BoJHUM po3unHoM NaCl, Bogo1o,
BUcylyBaau Hag MgS0,. PO3YUMHHUK BUITapU/IY IpH
3HI)KEHOMY TUCKY, 3a/IMLI0K OYMCTUIIM 32 JONOMO-
ro0 KOJIOHKOBOI XxpoMaTtorpadii Ha cuitikareJi (esto-
eHT IeHTaH — eTuaaueTar (9:1)).
1-Tpuetnncunin)-3-[4-(1H-ingos-1-i1)penin]-
5-(TpuMeTuacuiin)nenTa-1,4-aiin-3-o1 (5a). Bu-
xig - 65% (60 mr). R, (EtOAc/C,H,, =2/8) = 0.41.
4 (ATR): v,,=3467 cM?, v_=2160 cm™. 'H NMR (CDCL,):
6=0.26 (s,9H,TMS), 0.7 (q,] 7.8 I'y, 6 H, 3*CH, - TES),
1.06 (t,] 7.8 I'y, 9 H, 3*CH; - TES), 2.94 (s, 1 H, OH),
6.72 (d,] 3.25 Ty, 1 H, H;-inpon), 7,17-7,28 (m, 2 H,
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H,, H,-ingon), 7.38 (d, ] 3.25 'y, 1 H, H,-ingon), 7.56
(d,]8.4 Ty, 2 H, 0-N-Ar), 7,63 (d,] 8.4 I'y, 1 H, H,-in-
non),7.72 (d,] 8.4 'y, 1 H,H,-inzon), 7.99 (d,] 8.4 I'y,
2 H, m-N-Ar). 3C NMR(CDCL,): § =-0.30 (TMS), 4.28
(CH,, TES), 7.47 (CH,, TES), 65.22 (C-OH), 88.43,90.40
(C-TMS, C-TES), 103.90 (C(H,)-inmou), 104.48, 105.86
(C=C-TMS, C=C-TES), 110.58 (C(Hg)-ingo.), 120.51,
121.18,122.50 (C(H,), C(Hs), C(H,)-inmon), 123.98
(C-0-N-Ar), 127.52 (C-m-N-Ar), 127.82 (C(H,)-ingon),
129.43 (C-yeTB. iHgo0u), 135.76 (C-ueTB.-N-iHg0.1),
139.47 (C(Ar)-C-OH), 140.08 (C(Ar)-N). HRMS (DCI-CH,):
m/z po3paxoBaHo a4 C,zH, NOSi, [MH]*: 458.2335.
3HangeHo: 458.2348.

1-(Tpuetwicuiain)-3-[4-(9H-kap6a30.1-9-i1) pe-
HiJI]-5-(TpuMeTnicwiia) nenra-1,4-aiin-3-oa (5b).
Buxig - 54% (55 mr). R, (EtOAc/C,H,,=2/8) = 0.33.
Voy=3518cm?, v_=2162cm ™. 'H NMR(CDCL,): 6 = 0.29
(s,9H,TMS),0.72 (q,] 7.8 'y, 6 H, 3*CH, - TES), 1.08
(t,J 7.8 Ty, 9 H, 3*CH, - TES), 3.02 (s, 1 H, OH), 7.29-7.36
(t,] 7.2 'y, 2 H, H,,H,-xap6asoun), 7,41-7,52 (m, 4 H,
H,H,H,H,-kap6a3zon), 7.63 (d,] 8.4 'y, 2 H, 0-Ar-N),
8.08 (d,] 8.4 I'y, 2 H, m-N-Ar), 8.18 (d,] 79 I'y, 2 H,
H, H.-kap6azou). 3C NMR (CDCL,): § = -0.28 (TMS),
4.29 (CH,, TES), 7.49 (CH,, TES), 65.32 (C-OH), 88.60,
90.53 (C-TMS, C-TES), 104.47, 105.89 (C=C-TMS, C=C-TES),
109.85 (C(H,), C(Hy)-kap6azosn), 120.07, 120.33 (C(H,),
C(H,), C(Hy), C(H,)-xapba3ou), 123.48 (C-yeTB.-Kap6-
asou), 126.00 (C-o0-N-Ar), 126.83(C(H,), C(H,)-kap6-
azou), 127.78 (C-m-N-Ar), 138.06 (C-yeTB.-N-kap6-
azou), 140.39 (C(Ar)-C-OH), 140.75 (C(Ar)-N). HRMS
(DCI-CH,): m/z po3paxoBano gus C,,H,,NOSi, [MH]*:
508.2492. 3uakgeHo: 508.2494.

BUCHOBKM

Po3po6sieHo MeToA cHHTE3Y 1-(TpUeTUICHILI)-
3-[4-(reTapwi)peHiu]-5-(TpuMeTHacuIi)ieHTa-1,4-
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JiiH-3-041iB, 1110 6a3y€ThCsI HAa B3aEMOJi 1iTieBUX o-  ModeHin)-9H-kap6azo.y 3 1-(Tpuetusicuiin)-5-(tpu-
xigHux 1-(4-6pomodenin)-1H-ingoay Ta 9-(4-6po- MeTuJcuaia)neHTa-1,4-AiiH-3-0HOM.
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* HTK «IHcTuTyT MOHOKpUCcTaniB» HAH Ykpainu

Katouosi caoea: imidazoniouH-2-oHu; 00HOpeakKmMopHUll cuHme3s; maymomepisi; miobap6imypoea Kucioma;

apuJjzaiokcai; ce408UHU

TpuKkoMnoHeHMHOI KoHOeHcauiero 2idpamie apurneniokcasie, miobapbimypoeoi Kuciomu i Ce4o08UH CUHME30-
8aHO MOXiOHI iMida30MiduUH-2-0Hy i3 3aIUWKOM MipUMIOUHMIOHHOZ20 chpacMeHmy 8 rosioxeHHi 4. BcmaHoerneHo,
wo ompumaHi cromnyku icHyroms y po3duHi JMCO-dg sik cymiw 080X maymomepHuUx ¢popm: O npodykmis,
o0epkaHux Ha ocHosi N-3amiujeHuUx ce4o8uUH, rnepeesaxae imidasoniouHosa chopma, modi siK y eurnadky ce4o8UHU
imidasoniduHosa ma imida3orniHosa hopmu rnpuUcymHi y criiegidHoweHHi 1:1.

ONE-POT SYNTHESIS OF THE SUBSTITUTED IMIDAZOLIDIN-2-ONES WITH PARTICIPATION OF THIO-
BARBITURIC ACID, UREAS AND ARYLGLYOXALS

N.M.Kolos, L.L.Zamigaylo, N.V.Chechina

Key words: imidozoline-2-ones; one-pot synthesis; tautomerism; thiobarbituric acid; arylglyoxals; ureas
Derivatives of imidozoline-2-ones containing the pyrimidinthionic moiety in position 4 have been synthesized by
three-component one-pot condensation of thiobarbituric acid, arylglyoxal hydrates and ureas. It has been found
that these compounds exist in the solution of DMSO-d as a mixture of two tautomeric forms: for products ob-
tained from N-substituted ureas the imidazolidin form predominates; and in the case of urea the imidazolidin and
imidazolin forms are present in the ratio of 1:1.

OL4HOPEAK TOPHbIA CUHTE3 3AMELYEHHbBIX NMULA30/INQNH-2-OHOB C YYACTUEM TUOBAPEH-
TYPOBOU KUCIIOTbI, APUITTTTIMOKCAJIEN U MOYEBUH

H.H.Konoc, J1.J1.3amuezatino, H.B.Ye4uHa

Knrodesnie cnoea: umuda3onuduH-2-oHbl; 0OHOPeakmopHbIl cuHmMe3; maymomepusi; muobapbumyposas Kuc-
Jioma; apurnauoKcanu; Mo4Ye8uHb!

TpexxkomnoHeHMHoU KOHOeHcayuel muobapbumyposoll Kucriomsl, 2uépamos apuranuokcanelt U MOYe8UH CUH-
me3uposaHbi Mpou3eodHbIe UMUOa30nudUH-2-0Ho8, codepxaujue ocmamok nUPUMUOUHMUOHHOZ0 (hpagMeH-
ma e ronoxeHuu 4. YcmaHoeneHo, 4mo amu coeduHeHus1 cywecmayrom e pacmeope [MCO-d, e sude cmecu
08yx maymomepHbIx ¢hopm: 05151 MPoOyKMos, nosyYeHHbIX Ha 0cHoge N-3ameuweHHbIX MOYEBUH, rpeobradaem
umudasonuduHosasi hopma, moada Kak 8 crlyyae MOYe8UHbl uMuda3onuduHoeass u umudal3onuHosass hopMabl

npucymemeyrom 8 coomHoweHuu 1:1.

[ToximHi iMiga30/1y BXOAATH 10 CKIaAy 6iosoriyu-
Ho BaxksiuBux cucteM ([JHK, PHK, 6inkiB). IMizazosb-
HUU TeTEPOLMKII € CKJIa/I0BOI0 6AaraThOX JiKAPChKHUX
npenapariB pisHOMaHiTHOI Aii: aHanareTHkiB [1-3],
Kap/lioBacKyJIsipHUX [4], aHTUBipyCHUX, aHTUMiKpO6-
HUX [5-8] i npoTUnyxAMHHUX 3ac06iB [9-11], aHTH-
JenpecaHTiB [12]. Paa noxigHux imigasosnigyH-2-oHy
NPOSIBJISIIOTh JIOKA/IbHY aHECTe3y4uy i aHTHapUTMiu-
Hy Aii [13], BUcTynawoTh iHribiTopaMmu MyckapuHO-
BUX pelenTopiB [14] i npoTeiHoBUX KiHa3 [15, 16].

PaHiule Hamu 6ysid po3po6JieHi 3pyyHi one-pot
cuHTe3! 4,5-1u- i 1,4,5-Tpusamimenux imMmigasoJtin-
2-OHIB Ha OCHOBI UKJIIYHUX B-AUKeTOHIB (1,3-1uU-
MeTHU16ap6iTYpOBa KUCI0TA, LUKJIOreKCaHAioH-1,3,
4-TiIPOKCUKYMapHH ), apUJIIJIiOKcasliB i cedoBuH [17,
18]. [lsist BUBYEHHS i pO3IIUPEHHS CHHTETUYHOTO I10-
TeHIlia/ly 3HaleHoTo nigxoay A0 GyHKIlioHaJi30-
BaHUX NOXiTHUX iMifa30JiHy Ta 3’sicyBaHHS BIJIHU-
BY B-AHKapOOHiNIbHOI KOMIIOHEHTH Ha Mepeobir pe-
aKLil MU JOCAIAWIN TPOAYKTU TPUKOMIIOHEHTHOI
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KOH/JleHcalii Tiobap6iTypoBoi kucaoTu 1, rizparis
apuartiokcaniB 2a-h i cevoBun 3a-f. Bsaemois Bu-
XiIHUX KOMIIOHEHT 3/l CHIOBa/IaCh LIJISIXOM KHIT §I-
TiHHSI €KBiMOJIIDHUX KiJIbKOCTel peareHTiB B eTa-
HOJIi 3 KaTaJiTUYHUMHU JoMilikaMu AcOH npoTtsarom
30-40 xB o0 o4YaTKy BUllaZiHHA ocaay. CUHTe30Ba-
Hi IpoAyKTH 4a-S BUSBUJINCS BUCOKOILJIABKUMU KpHU-
CT/IIYHUMHU CIIOJIYKaMU 61J10r0 KOJIbopy A06pe po3-
YUHHUMH B NOJSIPHUX PO3YUHHUKAX.

ByzioBy croJiyk 4a-s BCTAHOBJIEHO 3 BUKOPUCTaH-
HAAM CIeKTpaJbHUX METOZAIB i JJaHUX €JIeMEHTHOI0
aHaunizy. Tak, y ciektpax AMP 'H npoaykris 4a-j Bu-
SIBJISIIOTbCS MYJIbTUIIJIETU IPOTOHIB apOMaTUUYHUX
sazaep wiokcasneBoro i N-apusicedoBUHHOTO pparmeH-
TiB, CHHIJIET METHHOBOT'O TPOTOHY ITpH 6.85-7.04 M.4.,
pPO3IIKUPEHUH CUHIVIET 0OMIHHOTI'O MPOTOHY B 06.1a-
cti 12.30 M.4., a TaKOXX ABONPOTOHHUM cuHIIeT NH
IPOTOHIB NipUMIJUHTIOHOBOTO LUKJIY B 06/1aCTi Oi/IbIL
CUJILHOTO T0JISl, TOAi fIK Y BUNA/JIKy CNONYK 4i-n Ha
CIEKTpOrpaMax CoCTepiraloThbCs JiBa CUHIVIETHI CUT-
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2a-h: Ar = Ph (a), 4-MeCgH, (b), 4-OMeCgHy, (c), 4-FCgH, (d), 4-CICgH,4 (e), 4-BrCgH, (f), 4-ICgH4 (9),

4-NO,CgH4 (h); 3a-f: R =Ph (a), 2-FCgH4 (b), (CH,),0Me (c), Me (d), H (e),CH3CO(f);

4a-h: R =Ph, Ar = Ph (a), 4-MeCgH4 (b), 4-OMeCgHy (c), 4-FCgH, (d), 4-CICgH,4 (e), 4-BrCgHy (f),
4-1CgH4(g), 4-NO,CgHy (h); 4ij: R =2-FCgHy4, Ar = Ph (i). 4-BrC¢Hy4 (j);

4k,l: R = (CH,),0OMe, Ar = Ph (k). 4-BrC gH, (I); 4m,n: R = Me, Ar =4-MeCgH,4 (m). 4-CICgH,4 (n);
40-s: R =H, Ar = Ph (0), 4-MeCgHy4 (p), Ar = 4-FCgHy4 (r), 4-BrC gHy4 (s).

Cxema

Hasy NH npoToHiB 3aiuuiky Tio6ap6iTypoBoi Kuc-
JIOTH, @ OAHONIPOTOHHUH CUHIJIET METUHOBOI'O PO-
TOHY 3MiILy€eTbCS B 06J1aCThb 6i/IbLI CUIBHOTO MOJIA.
Cnextpu AMP 3C cBiuaTh npo 36epekeHHs BCiX aTo-
MiB Kap6OHY B KiHI|€Bill MOJIeKyJli, a BUKOPHUCTaH-
Hs npoueaypu JEPT-135 103BoJIM/IO BCTAHOBUTH
HasIBHICTb TPETHHHOTO Sp° ri6pUAHOr0 aToMa Kap-
60HY 6JIM3bKO 65-66 M.Y. i BUKJIIOYUTH i3 CIEKTPIB
yeTBEPTUHHI aToMU Kap6oHy. OTpuMaHi pe3ysbTa-
TH, @ TAKOX J]aHi eJleMEeHTHOI'0 aHaJli3y J03BOJIUIU
HaM izeHTHdiKyBaTH crnosyku 4a-n gk 1-apui(an-
Kis)-5-apusiMifiazontiinH-2-0HH, 10 BMIILYIOTh ¥ MO-
JIOXKeHHi 4 3a/1111I0K Tio6apb6iTypoBoi kucaoTu. Ha-
SIBHICTb apUJIbHOT'O 3aMiCHMKaA caMe B M0JI0XKEHH] 5
LUKJY NigTBepAxeHa 3a gonomorow AEO, npose-
JeHoro a4 iMigasoniguny 4n. HacuyeHHd cursany
IIPOTOHIB N-MeTUJIbHOI TPyl NPUBOLAUTH [0 Bif-
KJIUKY Ha Opmo-NIpoTOHax 6poModeHiIbHOTO paju-
KaJla, 1[0 CBiAYUTH PO iX MIPOCTOpPOBe 30/IMKEHHS.
3a3HauuMo, 110 XiMiUHUH 3CYB C/1a6ONOJBHOIO 06-
MiHHOT'0 IPOTOHA 6/1M3bKO 12,3 M.4. B cnioyiyKax 4a-n
IIPaKTUYHO He 3MiHIOETHCA BiJ XapaKTepy 3aMiCHU-
KiB y 0JIO3keHHAX 1 4 5 HUKJLY, 1110 MU NIOB’I3yEMO
3 iCHyBaHHAM BHYTPILIHBOMOJIEKYJIAPHOI O BOAHe-
BOI'0 3B’I3KY B LIUX MOJIEKYJ/IaX.

YTBOpEHHA IMila30JIbHOTO LIUKJ/Y B TPUKOMIIO-
HEHTHUX KOHJeHcallisiX 3a y4acTo [-AuKapOOoHib-

HUX CIIOJIYK, apuirjaiokcasiB Ta 1,3-6iHykaeodinb-
HUX peareHTiB 6yJ10 06roBOpeEHO paHillle i BKJIOYaE
dbopMyBaHHS NPOMIXKHOTO A-TiJPOKCUKETOHY A a60
OpOAYKTY Horo jerifpaTauii - peHanuaifeHnoxiz-
Horo B. Taki noxigHi 6y/su onvcaHi HamMu paHilie A5
1,3-puMeTuN6ap6iTypoBoi kKucaoTu [19]. OgHak A
Tio6ap6iTYpOBOI KUCIOTH OiJIbII XapaKTEPHUM €
YTBOPEHHS B CJ1a6OKHUCIOMY 260 HEUTpPaJIbHOMY Ce-
penoBUILax bic-afyKTiB ckyaagy 2:1 [20]. [loganbiie
HyKJleodiJibHe 3aMillleHHS 32 YYacTIo HaUGIIbII HYK-
JieodiabHOTO EeHTpPY | KOH/leHcallis BeAYyTh /10 YTBO-
peHHs iMifa3osioHiB Tuny 4 (TayroMmepHa ¢popma C).
Tpancdopwmatiis B TayToMmepHy dopmy [l peanizyeThb-
csl B pe3ysibTati 1,5-curMaTpoIHOro 3cyBy aToMa BOJ-
H10. TakU{ NpoLec € TepMOJUHAMIYHO BUTIJHUM,
OCKiJIbKM HOBa TayToMepHa ¢opMa BMilye pparMeHT
CIpsKeHOI a,3-KapOoHIIbHOI COMYKH 1 104aTKOBO
cTabisizoBaHa BHYTPIIIHbOMOJIEKYJIIPHUM BOJHE-
BUM 3B’sI3KOM. biin3bka 3a 6yA0BOI0 TayTOMepHa
dopma 6ysa 3adpikcoBaHa HAMU B KPUCTAJTIUHOMY
ctaHi (gani PCA) naig imigasoniguH-2-TioHiB, ogep-
KaHUX y peakyil MOHOMETHU/ITIOCEYOBUHY, TiipaTiB
apuarmiokcaniB i 1,3-AuMeTH16ap6iTYPOBOI KUCIOTH,
TOAI K Y PO3YUHAX Lii CIIOJIYKH iICHYIOTb IPAKTUYHO
NOBHICTIO B iMiJ1a30J1iH-2-TiobHIN popmi [21] (cxeMa).

BoxHouac Ha cnektporpamax SMP 'H npoayk-
TiB 4a-n, ofep>kaHNUX Ha OCHOBI N-3aMilleHux ceqo-
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Tabnuua

XimiuHi 3cyBu NH npoToHiB TaytomepHoi ¢popmu C Ta cniBBigHOWEHHA TayToMepHux popm Ci I

CvrHanu NpoToHiB MiHopHoI ¢opmun C BigcoTku
Cnonyka R Ar cnonyk 4a-l TayTOMEpHUX GOpM
5 (NH) S(Nuﬁapa) 8(NH6ap6) A:C (%)

4a Ph Ph 10.12 11.58 11.89 95:5

4b Ph 4-Me-CH, 10.07 11.57 11.90 95:5

4c Ph 4-MeO-CH, 10.13 11.58 11.90 95:5

4d Ph 4-F-CH, 10.02 11.20 11.97 90:10
4e Ph 4-CI-CH, 10.21 11.60 11.98 90:10
4f Ph 4-Br-CiH, 10.18 11.59 12.00 95:5

4qg Ph 4--CHH, 10.16 11.60 11.97 90:10
4h Ph 4-NO,-C,H, 10.42 11.41 11.98 75:25
4i 2-F-CH, Ph 10.07 11.62 11.95 70:30
4j 2-F-CH, 4-Br-C,H, 10.10 11.58 11.97 65:35
4k (CH,),0OMe Ph 9.90 11.55 11.92 90:10
4] (CH,),OMe 4-Br-CiH, 9.92 11.60 11.90 90:10

BUH, IPOSIBJISIOTBCS TAKOX J0JATKOBI CUTHAIN 00-
MiHHUX IPOTOHIB B 06J1aCTi C/1TaGKOr0 MoJIs, 1110 CBif-
YUTb NPO HasABHICTB y po3unHax [MCO-d, i MmiHOD-
Hoi TayToMepHoi ¢popmu C. Ix iHTerpyBanHs 03Bo-
JINJIO OL[IHUTH BiJICOTOK Iii€ei popMu. Ak BUAHO 3 Aa-
HUX Tab6JI., B GI/IBIIOCTI BUNIA/IKiB BMiCT TayTOMep-
Hol ¢opmu C cknazae 5-10%. OfHaK, HAsABHICTb CUJIb-
HUX eJIEKTPOAKLENTOPHUX IPyN B apUJIbHOMY a60
aMilHOMy ¢parMeHTax MOJIEKY/IU CYTTEBO MiJBU-
miye ii BizcoTok (cnmosayku 4h-j). Tak, o-dTopode-
HIJIBHUU paZivKas y CoJayKax 4i,j cipusie Kpaiomy
COPSKEHHIO 5-apU/IbHOI IPYIH 3 TI-CUCTEMOIO MOJle-
KYJIH, [0 TPUBOAUTD 10 nosABU 30-35% MiHOpHOTO
TayToMepa B po34yuHi. LllikaBo, 1110 A1 NpOAYKTIB
4m,n, CHHTE30BaHMX 3a Y4aCcTI0O MOHOMETHUJICEYOBU-
HY, B pO3YMHAaxX NPUCYTHS BUKJIIOYHO iMiZla30J1iau-
HoBa ¢popma .

BukopucTaHHs B OZHOPEaKTOPHOMY TPUKOMIIO-
HEHTHOMY CUHTe3i Ce4OBUHU 200 alleTUJICEYOBUHU
3f (cuHTE3 CroJyK 4r-S) NIPUBOAUTD /10 MPOAYKTIB
40-s, ki icHytoTb y po3uuHi JMCO-d, sik cymiw gBOX
tayroMepHux ¢opm Ci [y cniBBigHoueHHi 1:1. Ta-
KHM YMHOM, y BUNaZ Ky N-aneTU/ce40BUHU MPOCIif-
KOBYETbCSI IPOLIeC JlealluII0BaHHS BUXiHOro 1,3-6i-
HykJsieooiny. Tak, y cnektpax AMP 'H crosnyk 40-s
OKpiM CHUTHaJIiB IPOTOHIB, XapaKTEPHUX AJIfl TAyTO-
MepHoi popmu I, HassBHi OHONIPOTOHHI CUHIJIETH
NpOTOHIB B 06J1acTi 9.70-9.87110.35-10.51 M.4,, ki
BigHeceHi Ao NH rpyn ¢popmu C. Take BifHeceHHs
NOSICHIOETHCSA OGiIbLINM BIJINBOM €JIEKTPOHHOTI'O Xa-
paKTepy 3aMiCHHKa B apyUJbHOMY pajuKaJi Ha Xi-
MiYHi 3CYBU CUTHAJIiB IPOTOHIB IMIHOTpYIl LUKJIY
[18], npuvomy sikpas curnasn N*H npoToHy BusiBJs-
€TbCSI HAWOI/bII YyTIMBUM (MOPiBHAN CHONMYKHU 40
i 4r). CUrHaJ NpOTOHY Ti/pOKCUJIbHOI TPyH Tay-
ToMepHOi popmu C He BUABJISIETHCS B CIEKTPi BHA-
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CJIiJIOK IBUAKOTO 06MiHY 3 BOZ,010, IPUCYTHBOIO B
JleTepOpO3YNHHUKY. Take ABUIIlE € XapaKTepPHUM
JIJIsl CAHTe30BaHUX paHinie TiazoniB [22] i iMiga3o-
JIiB, OZlep>KaHUX aHAJIOTIYHO 3 BUKOPUCTAHHAM 4-Tif-
pokcukyMapuHy [17] a6o aumenony [18], rizpaTiB
ApUJIJIIOKCaliB i CEYOBHUH.

3a3HauuMo, 1110 B KOH/IEeHCcal[isIX 32 Y4acCTIo Ju-
MeJloHY a60 4-TiAPOKCUKYMapUHY, TiipaTiB apui-
rlioKcasiB i ce40BUH OysM ofiepaHi BUKJIIOYHO iMi-
Jla30J1-2-oHU (TayToMepHa popma C), 1110 3yMOBJIEHO
icHyBaHHAM BifnoBigHUX B-AUKApPOOHIJBHUX CIO-
JIYK IepeBa>KHO B EHOJIBbHIN popMi.

Paniuie Hamu 6yJsio oKa3aHo, 0 GOpPMyBaHHSA
CIIOJIYK TUMY 4 He MOXKe 6YTH HACHiJKOM MPOMiK-
HOT'0 YTBOPEHHS TiJaHTOIHY — IPOAYKTY B3aEMOZIl
rIioKcasiiB 3 cedHoBMHAMMU [23], Tak sK HaBiTb npu
JIOBFOTPUBAJIOMY KUII'ITIHHI OCTAHHBOTO 3 JIUMe-
JloHoM [18] a6o 1,3-auMeTH16ap6iTypOBOIO KHCIO-
To10 [19] LiNIbOBI MPOAYKTU He BYJIU OJlep>KaHi.

ExcnepumMeHTasibHa YacTUHa

Cnextpu AMP 'H 3anucani Ha mpusiaai Varian
VX-200 Mercury (200 MI'n), cnektpu AMP 13C - Ha
cnektpoMeTpi Bruker AM-400 (100 MI'y) B po3uu-
Hax DMSO-d,, BHyTpiuHi crangapt - TMC. Mac-cniekT-
pu BuMipsni Ha npuiagi Hewlett-Packard LC/MSD
1100 meTo0M ioHi3aIii eJIeKTPOHHUM yZ1apoM (1mo-
TeHIliaJ ioHi3alii — 70 eB). ExeMeHTHHH aHaJi3 BU-
koHaHo Ha npusagi LECO CHNS-900. TemnepaTtypu
IJIaBJIeHHHS BU3Ha4yeHi Ha cTosinKy KodJuiepa. KoHT-
poJIb 3a epebiroM peakliii i YUCTOTOW OJepPKaHUX
NPOAYKTIB 3AikicHIOBaBcA 3a AonoMoroto THIX Ha nta-
cruHkax Silufol UV-254 B cuctemax: Tos1yoJ1/eTu-anle-
tat (1:1), CH,Cl,/i-PrOH (10:1), nposiBHUK - Iapu HoAy.

3arajibHa MeTOAMKa CUHTe3Y NOoXiJHUX iMigazo-
JIiAVH-2-0HiB (4a-s). ExBiMo.1sipHY cyMil (1o 1 MMoJib)
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Kucaotu 1, rigpaty apuiaraiokcaito 2a-h i ceuoBu-
HU 3a-f B 10 Ms1 eTaHOJy BUTPUMYBAJ/IU IPU TEM-
nepaTtypi kuniHHs BupooBxk 30-40 xB. PeakniiHy
CyMilll OXOJIOZPKYBaJId, YTBOPEHU ocaj, BiadinpTpo-
BYBaJIH, NOCTiJOBHO mpoMuBasy 20 MJ1 Bogu i 5 Mt
eTaHoJIy, BiAdibTPOBYBa/IH Ta CYIINUIIH.
5-(2-0kco-1,5-audeninimigaszoniguu-4-imi-
AeH)-2-tiogurigponipumigunn-4,6(1H,5H)-pion
(4a). Buxig - 82%. T. mi. >300°C. Cnektp SIMP 'H,
8, M.4.: 6.89 c (1H, C°H), 7.08-7.32 m (8H,,,,), 746 &
(2H,,,,,J 7.6 Tw), 11.98 ¢ (2H, NH), 12.29 ¢ (1H, N°*H).
CnexTtp AMP 13C, §, m.u.: 66.5 (C°), 91.8 (C%), 122.7,
125.3 (2C), 128.0, 128.4 (2C), 128.7 (2C), 131.5
(2C), 134.5, 135.0 (C,,,,), 151.8 (C*), 159.3, 169.2,
169.9 (C=0), 177.3 (C=S). 3naitaeHo, %: C 60.36; H
3.68; N 14.75. C,,H,,N,0,S. BupaxysaHo, %: C 60.31;
H 3.73; N 14.81.
5-(2-0Okco-1-peHin-5-(4-MmeTundeHia)imi-
AAa30JiAuH-4-i1iaeH)-2-TioguriaponipumiauH-
4,6(1H,5H)-gioH (4b). Buxiz - 79%. T. na. >300°C.
Cnektp AMP 'H, §, m.u.: 2.15 ¢ (3H, CH,), 6.86 c (1H,
C°H), 7.06-7.11 m (3H,,,,), 7.19 n (2H,,,,, J 8.2 '),
7.29 n(2H,,,,/8.2Tu),7.47 n(2H,,,,/8.0),11.98 ¢
(2H, NH), 12.28 ¢ (1H, N3H). CnekTp AMP13C, §, M.u.:
20.6 (CH,), 66.2 (C%),91.7 (C*),122.5,125.4 (2C), 128.2,
128.5 (2C), 128.8 (2C), 131.4 (2C), 135.0,137.8 (C,,,..),
151.7 (C%), 159.2, 163.0, 169.4 (C=0), 177.3 (C=S).
3naitgeno, %: C 61.36; H 4.18; N 14.35. C,,H,N,0.S.
BupaxyBano, %: C 61.21; H4.11; N 14.28.
5-(2-0Okco-1-PpeHin-5-(4-meTokcudpeHin)imi-
AAa30JiAuH-4-iiaeH)-2-TioguriaponipumiauH-
4,6(1H,5H)-gioH (4c). Buxig - 69%. T. ma. >300°C.
CnexTtp AAMP 'H, §, m.u.: 3.63 ¢ (3H, OCH,), 6.75 g
(2H,,,, /8.2 Tn), 6.85 c (1H, C°*H), 7.06-7.11 m (1H,,,,),
7.22-7.33 ™ (4H,,,,), 748 n (2H,,,,, /] 8.2T1), 11.99 ¢
(2H, NH), 12.29 c (1H, N3H). CnekTp AMP13C, §, M.u.:
57.2 (OCH,), 66.0 (C®), 91.6 (C*), 122.5, 125.4 (20),
128.4, 128.9 (2C), 129.1 (2C), 131.6 (2C), 135.1,
138.0 (C,,,,), 151.4 (C*), 159.1, 163.0, 169.0 (C=0),
177.2 (C=S). 3naigeno, %: C 58.92; H 4.03; N 13.80.
C,,H(N,0,S. Bupaxysano, %: C 58.81; H 3.95; N 13.72.
5-(2-0Okco-1-PpeHin-5-(4-propodeHia)imi-
AAa30JiAuH-4-i1iaeH)-2-TioguriaponipumiauH-
4,6(1H,5H)-gioH (4d). Buxizg - 88%. T. . >300°C.
Cnektp AMP 'H, §, m.u.: 6.90 c (1H, C°H),7.03 T (2H
J 7.6 Tu), 7.06-7.11 ™ (1H,,,,), 7.26-7.36 M (4H,,,,),
7447 (2H,,,,J] 7.6 'n),11.97 c (2H, NH), 12.28 ¢ (1H,
N3H). 3naitzeno, %: C 57.53; H 3.29; N 4.11. C,,H,;FN,O,S.
BupaxyBano, %: C 57.57; H 3.31; N 14.13.
5-(2-0Okco-1-¢peHin-5-(4-xaopodenin)imi-
Aa3oiguH-4-i1igeH)-2-riogurizponipumisuH-
4,6(1H,5H)-aion (4e€). Buxizg - 65%. T. m1. >300°C.
Cnexrp IMP 'H, §, m.4.: 6.90 ¢ (1H, C°H), 7.09 T (1H,,,,
] 7.6 T'w), 7.24-7.37 m (6H,,,,), 747 1 (2H,,,,,J 7.8 T'y),
12.02 ¢ (2H, NH), 12.32 c (1H, N3H). 3naiaeno, %: C
55.32; H 3.23; N 13.64. C,,H,,CIN,O,S. BupaxyBaHo,
%: C55.28; H3.17; N 13.57.

apom,

5-(2-Okco-1-peHnin-5-(4-6pomodenin)imi-
Aa3oiguH-4-i1igen)-2-rioguriazponipumisuH-
4,6(1H,5H)-gion (4f). Buxin - 87%. T. ma. >300°C.
Cnexrp SIMP 'H, §, m.4.: 6.85 ¢ (1H, C°H), 7.11 T (1H,,,,
J7.2Tu), 7.22-7.30 m (4H,,,,), 740 & (2H,,,, J 8.0 'y),
7.46 n(2H,,,,,]8.0),12.00 c (2H, NH), 12.30 ¢ (1H, N°H).
3namzgeno, %: C 49.87; H 2.83; N 12.21. C,,H,,BrN,0,S.
BupaxyBano, %: C 49.90; H 2.87; N 12.25.
5-(2-Okco-1-dpeHin-5-(4-ogodenia)imi-
Aa3ojiguH-4-inigeH)-2-rioguriazponipumisuH-
4,6(1H,5H)-gioH (4g). Buxig - 85%. T. m1. >300°C.
CnekTtp SIMP H, §, m.u.: 6.88 c (1H, C°H), 7.10-7.15
™ (3H,,,), 7.26-7.33 m (2H,,,), 7.46 n (2H,,,, ] 7.9
I'n), 7.56 n (2H,,.»J 7.9), 11.98 ¢ (2H, NH), 12.28 c
(1H, N®H). 3naitaeno, %: C 45.27; H 2.63; N 11.21.
C,oH,;IN,0,S. BupaxyBaHo, %: C45.25; H2.60; N 11.11.
5-(2-0Okco-1-¢peHin-5-(4-Hitpodpenia)imi-
Aa30JiAuH-4-i1iaeH)-2-TioguriaponipumiauH-
4,6(1H,5H)-gioH (4h). Buxig - 80%. T. ns1. >300°C.
Cnektp AMP 'H, §, m.u.: 7.04 ¢ (1H, C°H),7.26-7.34
M (3H,,,,), 748 4 (2H,,,,, ] 7.2 Tn), 7.62 A (2H,,,,
]8.0), 8.04 n (2H,,,,, J 8.0), 12.03 c (2H, NH), 12.34
¢ (1H, N3H). Cnektp AMP 13C, §, m.u.: 65.7 (C%), 92.7
(C%),123.2(2C),126.7 (2C), 129.0,130.2 (2C), 134.5
(2€),141.1,147.1,149.4 (C,,,,), 151.8 (C*), 161.3,163.0,
167.6 (C=0), 177.4 (C=S). Mac-cnekTtp, m/z (1,%):
432 (M*,100). 3naigeno, %: C53.87; H3.03; N 16.51.
C,oH,5N:O.S. Bupaxysano, %: C 53.90; H 3.09; N 16.54.
5-(2-0Okco-1-(2-¢pTopodeHin)-5-peniaimi-
AAa30JiAuH-4-i1iaeH)-2-TioguriaponipumiauH-
4,6(1H,5H)-gioH (41i). Buxizg - 88%. T. mu. >300°C.
Cnektp IMP 'H, §, m.u.: 6.67 ¢ (1H, C°H), 7.17-7.27 m
(6H,,,.), 7.26-7.33 m (2H,,,,), 744 T (1H,,,, ] 7.6 T'1),
11.97 ¢ (1H,NH), 12.07 ¢ (1H, NH), 12.32 c (1H, N3H).
Mac-cnektp: m/z (1,%): 396 (M*, 100). 3HaizeHo,
%: C 57.53; H 3.38; N 14.06. C,,H,,FN,0.S. Bupaxy-
BaHO, %: C57.57; H3.31; N 14.13.
5-(2-Okco-1-(2-pTOopodeHin)-5-(4-6pomo-
deninimigaszonigun-4-itigeH)-2-rioaurigponipu-
miguH-4,6(1H,5H)-aioH (4j). Buxin - 83%. T. i1 >300°C.
CnekTtp AMP H, §, m.u.: 6.66 c (1H, C°H), 6.83-6.87
m (1H,,,), 7.14 n (2H,,,, ] 8.2), 7.16-7.28 M (2H,,,,),
740 n (2H,,,,/8.2Tn),7.481(1H,,,,J7.6 '), 11.98c
(1H,NH), 12.04 c (1H, NH), 12.35 ¢ (1H, N*H). CiexTp
AMP13C, §, m.u.: 66.0 (C°),91.7 (C*), 117.0,121.8,122.5,
125.6, 130.0, 130.5 (2C), 132.0, 132.3 (2C), 137.8,
160.4 (C,,,), 151.3 (C*), 159.2,162.9, 170.2 (C=0),
177.2 (C=S). Mac-cnektp, m/z (1,%): 474 (M*, (100),
476 (98). 3naitgeno, %: C 48.13; H 2.38; N 14.06.
C,oHsFBrN,O,S. BupaxyBaHo, %: C 48.01; H 2.54; N
11.79.
5-(2-Okco-1-(2-MmeToKcieTH.1)-5-peninimi-
Aa30JiguH-4-i1igeH)-2-TioguriazponipumiauH-
4,6(1H,5H)-aion (4K). Buxig - 83%. T. m1. - 244-
246°C. CunekTtp AAMP H, §, m.u.: 2.74 ax (2H, CH,),
3.28 ¢ (3H, OCH,), 3.54 ax (2H, CH,), 6.21 c (1H, C°H),
7.28-7.32m (5H,,,,), 11.71 c (1H, NH), 11.85 c (1H,

apom.
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NH), 12.09 c (1H, N3H). Cnektp AMP 13C, §, m.u.: 39.4
(CH,), 58.0 (OCH,), 66.1 (C%), 69.4 (CH,), 91.8 (C*),
128.5,128.9 (2C), 130.3 (2C), 134.6 (C,,,,), 153.1 (C*),
159.3,162.9, 170.0 (C=0), 177.3 (C=S). 3HaiigeHo,
%: C 53.35; H4.50; N 15.51. C, .H,,N,0,S. BupaxyBa-
HO, %: C52.32; H 4.47; N 15.55.
5-(2-0Okco-1-(2-MeToKcieTns)-5-(4-6pomo-
denin)inimigazonigun-4-inigen)-2-riogurigpo-
nipumiaun-4,6(1H,5H)-gion (41). Buxig - 80%.
T. a1 - 264°C. Cnektp AMP H, §, m.u.: 2.70 n (2H,
CH,), 3.17 ¢ (3H, OCH,), 3.52 a1 (2H, CH,), 6.18 ¢
(1H, C°*H), 7.21 n (2H,,,,,J 8.0), 7.53 a (2H,,,,, J 8.0),
11.77 ¢ (1H,NH), 11.93 ¢ (1H, NH), 12.24 c (1H, N*H).
Cnextp AMP 3C, §, m.u.: 39.4 (CH,), 57.9 (OCH,), 66.3
(C%), 69.4 (CH,), 91.9 (C*), 122.0, 130.7 (2C), 132.1
(2€), 137.4 (C,,,,), 153.2 (C*), 161.0, 163.0, 170.0
(C=0), 177.4 (C=S). Mac-cnektp, m/z (1,%): 438 (M*,
100, 440 (98). 3naigeHo, %: C43.73; H3.50; N 12.71.
C,,H;sBrN,O,S. BupaxysaHno, %: C 43.75; H 3.44; N 12.75.
5-(1-MeTu1-2-0KC0-5-(4-MmeTuadeHin)imi-
Aa3oaiguH-4-inigeH)-2-Tiokcoaurigponipumi-
AuH-4,6 (1H,5H)-gioH (4m). Buxig - 81%. T. . -
232-234°C. CnekTtp SIMP 'H, §, Mm.u.: 2.25 c (3H, CH,),
3.42 c (3H, N-CH,), 6.22 c (1H, C°H), 7.15 n (2H,,,,, ]
8.0), 7.38 n (2H,,,, / 8.0), 11.70 ¢ (1H, NH), 11.87 ¢
(1H,NH), 12.21 ¢ (1H, N*H). 3naiizneno, %: C 54.73; H
4.40;N 16.71. C;;H,,N,0,S. BupaxyBaHo, %: C 54.53;
H 4.27; N 16.96.
5-(1-MeTunJji-2-0Kco-5-(4-x10podeHia)imi-
Aa3o0JiguH-4-igigeH)-2-Tiokcoaurigponipumi-
AuH-4,6 (1H,5H)-aioH (4n). Buxig - 79%. T. m. -
237-238°C. Cnextp SAIMP *H, §, m.u.: 3.40 c (3H, N-CH,),
6.25 ¢ (1H, C°H), 7.20 1 (2H,,,,, J/ 7.8), 7.40 1 (2H,,,,,
J 7.8),11.68 c (1H, NH), 11.85 c (1H, NH), 12.20 ¢
(1H, N®H). 3naitaeno, %: C 47.73; H 3.10; N 15.71.
C,,H;,CIN,O,S. BupaxysaHo, %: C47.94; H3.16; N 15.97.
5-(2-Okco-5-deHinimigasonignn-4-iiigeH)-2-
Tiokcoaurigponipumigus-4,6(1H,5H)-gion (40).
Buxig — 70%, T. 1. - 213-214°C. Cnektp AMP !H,
8, m.u.: 7.14-7.34 M (5H,,,,), TayToMepHa dopma C:
9.74 c(1H,N'H), 10.35 ¢ (1H N3H), 11.57 c (1H, NH),
11.87 c (1H, NH); TayromepHa ¢opma [;: 6.16 c (1H,
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C°H),9.15 ¢ (1H, N'H), 11.99 ¢ (2H, NH), 12.19 c (1H,
N3H). 3naiizeno, %: C 51.73; H 3.20; N 18.71. C,;H,,N,O.S.
BupaxygBano, %: C 51.65; H 3.33; N 18.53.

5-(2-0Okco-5-(4-meTuadenin)imizasonigun-
4-inigeH)-2-riokcoauriaponipumigun-4,6(1H,
5H)-aioH (4n). Buxing - 72%, T. na. - 217-218°C.
Cnextp AMP'H, §, m.u.: 2.22 c (3H, CH,), 7.05-7.21
M (4H,,,,), TayromepHa ¢popma C: 9.70 c (1H, N'H),
10.31 ¢ (1H, N3H), 11.55 ¢ (1H, NH), 11.86 c (1H,
NH); Taytromepna ¢popma J: 6.11 ¢ (1H, C°H), 9.11 ¢
(1H, N*H), 11.96 c (2H, NH), 12.21 c (1H, N3*H). 3Ha-
npeHo, %: C53.13; H3.70; N 17.61. C,,H,,N,0,S. Bu-
paxyBano, %: C 53.16; H 3.82; N 17.71.

5-(2-0kco-5-(4-pTopodenin)imigazonigun-
4-inigeH)-2-tiokcogurigponipumiaun-4,6(1H,
5H)-pioH (41). Buxin - 75%, T. 1. - 218-219°C. Ciextp
SAMP 'H, §, m.u.: TayToMepHa ¢opma C: 7.10-7.25 m
(4H,,,,), 9.87 ¢ (1H, N'H), 10.51 ¢ (1H, N°H), 11.56 ¢
(1H, NH), 11.88 c (1H, NH); TayTromepHa ¢dopma A;:
7.23-7.35 m (4H,,,,), 6.17 ¢ (1H, C°H), 9.14 c (1H,
N'H), 11.98 c (2H, NH), 12.22 c (1H, N3H). 3naiize-
Ho, %: C 48.63; H 2.70; N 17.61. C,3H,FN,0,S. Bupa-
xyBaHo, %: C 48.75; H 2.83; N 17.49.

5-(2-0kco-5-(4-6pomodeHnin)imigazonigun-
4-inigen)-2-tiokcogurigponipumiagun-4,6(1H,
5H)-pioH (4s). Buxig - 78%. T. 1. - 225-226°C. CnekTp
AMP 'H, §, Mm.4.: TayTOoMepHa ¢opma C: 7.26 1 (2H,,,,,
]7.8),7.60 x(2H,,,J 7.8),9.81 c (1H, N'H), 10.39 c
(1H, N3H), 11.60 c (1H, NH), 11.90 c (1H, NH); Tay-
TomepHa ¢opma JI: 6.14 ¢ (1H, C°H), 7.17 1 (2H,,,,,
8.0), 7.44 n (2H,,,, J 8.0), 9.13 ¢ (1H, N'H), 11.95 ¢
(2H, NH), 12.20 c (1H, N3*H); 3uaiigeno, %: C 40.63;
H 2.70; N 14.61. C;;H,BrN,0O,S. Bupaxysano, %: C
40.96; H 2.83; N 14.70.

BUCHOBKM

3anponoHoBaHO HOBUM OIHOCTAIiHHUI MeTO[,
CHUHTe3y noxiHux 5-(2-okco-5-apunimigazonigus-
4-ininen)-2-tioguriaponipumigun-4,6-aiony. [loka-
3aHo, 1o B po3unHax JIMCO-d, cuHTe30BaHi cnoJy-
KU iCHYIOTB fK CyMilll iMifia30J1iiMHOBOI Ta iMifaso-
JIOHOBOI TayTOMepHUX GOpM.

Bellina F., Cauteruccio S., Rossi R. // Tetrahedron. - 2007. - Vol. 63, Ne22. - P. 4571-4624.

Sharma D., Narasimhan B., Kumar P. et al. // Eur. . Med. Chem. - 2009. - Vol. 44, N°6, - P. 2347-2353.
Puratchikodya A., Doble M. // Bioorg. Med. Chem. - 2007. - Vol. 15. - P. 1083-1090.

Malhotra V.,, Pathak S.R,, Nath R. et al. // Bioorg. Med. Chem. Lett. - 2011. - Vol. 21, Ne3. - P. 936-939.
Gupta P, Hameed S, Jain R. // Eur. ]. Med. Chem. - 2004. - Vol. 39. - P. 895-814.

Sharma S.D., Hazarika P., Konwar D. // Tetrahedron Lett. - 2008. - Vol. 49, Ne14. - P. 2216-2220.
Khalafi-Nezhad A., Soltani M.N., Hakimelahi G.H., Mokhtari B. // Tetrahedron. - 2002. - Vol. 58, Ne52. -

8. Robert].H., Sabourina C.,, Alvarez N. et al. // Eur. ]. Med. Chem. - 2003. - Vol. 38. - P. 711-718.
9. Ozkay Y, Iskar 1, Incesu Z., Akalin G. // Eur. ]. Med. Chem. - 2010. - Vol. 45. - P. 1-9.
10. Refaat H.M. // Eur. J. Med. Chem. - 2010. - Vol. 45. - P. 2949-2956.

76



Journal of Organic and Pharmaceutical Chemistry. — 2013. — Vol. 11, Iss. 3 (43) ISSN 2308-8303

11. Congiu C, Cocco M.T.,, Onnis V. // Bioorg. Med. Chem. Lett. - 2008. - Vol. 18, Ne3. - P. 989-993.

12. Hadizadeh F., Hosseinzadeh H., Motamed-Shariaty V. et al. // Iran. J. Pharm. Res. - 2008. - Vol. 7, Ne1. -
P. 29-33.

13. Librowski T., Filipex B., Czamecki R. // Act. Pol. Pharm. — 2000. - Vol. 57, Ne5. - P. 391-396.
14. Peretto I, Fortani R, Fossati G. et al. // ]. Med. Chem. - 2007. - Vol. 50, Ne7. - P. 1693-1697.
15. Jablonowski AJ, Ly K.S.,, Bogenstaetter M. et al. // Bioorg. Med. Chem. Lett. - 2009. - Vol. 19, Ne3. - P. 903-907.
16. Laufer S.,, Hauser D., Stegmiller T. et al. // Bioorg. Med. Chem. Lett. - 2010. - Vol. 20, N°22. - P. 6671-6675.

17. 17 Kolos N.N., Gozalishvili L.L., Sivokon E.N., Knyazeva LV. // Russ. J. Org. Chem. - 2009. - Vol. 45, Ne1. -
P.119-125.

18. 3amizaiino J1.J1., Kosaoc H.M. // Bichuk XHY im. B.H.Kapasina. - 2008. - Ne820. - Bun. 16 (39). - C. 241-245.
19. Gozalishvili L.L, Beryozkina T.V. et al. // Tetrahedron. - 2008. - Vol. 64. - P, 8759-8765.

20. Moskvin A.V., Polcovnikova LI, Ivin B.A. // Russ. . Org. Chem. - 1998. - Vol. 68. - P. 801-805.

21. Kosaoc H.H., 3amueatino J/1./1, Yewuna H.B. u dp. // XI'C. - 2012. - Ne12. - C. 1461-1467.

22. Kosoc H.H., 3amueatino J1, Mycamos B.H. // XI'C. - 2009. - Ne8. - C. 1220-1226.

23. Fisher H.J., Ekeley |.B., Ronzio A.R. // ]. Am. Chem. Soc. - 1942. - Vol. 64. - P. 1434-1436.

Hagiina go pegaxkuii 02.04.2013 p.

77



ISSN 2308-8303 Journal of Organic and Pharmaceutical Chemistry. — 2013. — Vol. 11, Iss. 3 (43)

YIK 582.573.16:547.918:547.022.1

HOBUWM CTEPOITHUHA IVTIIKO3UJL CYTIIIAb ALLIUM CYRILLII

H.BTonkauoBa, O.C.lllamkos*, B.A.YupBa**

HikiTcbkuii 60TaHiyHUE caj; — HanioHaIbHUI HAayKOBUM LIEHTP, YKpaiHa,
98648, Ykpaina, AP Kpum, m. flirta, cen. Hikita. E-mail: tolkacheva_n@mail.ru
* [HcTUTYT opraniuHoi xiMmii iMm. M./l.3enincekoro PAH, Pocis

** TaBpiicbKMH HallioHaJIbHUH YHiBepcuTeT iM. B.I.BepHazcekoro, Ykpaina

Kawuosi caosa: cynaidds Allium cyrillii Ten.; cmepoidHi eaiko3udu; kombiHayii deosumipHuUx cnekmpis
TOCSY i COSY

78

CmepoidHi eniko3udu € 8erlUKUM K1acoM MpupoOHUX CriOofyK i3 epyrnu caroHiHie, siKi npueepmarome ygazy 0o-
cnidHukKie 3a8dsKu wWupokomy criekmpy b6ionoziyHoi akmueHocmi ma ekomnoaidHit 6e3neyi. [NepcnekmugHumu
8 nnaHi nowyky carnoHiHoamicHuUx sudie € pocruHu pody Allium, ski eupocmaroms y Kpumy. Y pesynbmami 0o-
cnidxeHHs1 cmepoiOHUx aniko3udie cynnidb Allium cyrillii Ten. eudineHo Hosul criipocmaHonosull eniko3ud. [aHi
'H- ma 3C SMP-cnekmpie ceid4amb npo me, Wo criosiyka € rnoxioHow psidy cnipocmaHdy. llicns KUcrnomHo20
eidponi3y 3a donomoeoro TLLUX winsixom ropieHsIHHS 3 Hareped sidoMuMu 3pa3kamMu MoHocaxapudig byrno iOeH-
mugbikogaHO MirnbKu 2/1toKko3y. XiMidHi 3Cy8u 8CixX nPomoHie 8y2r1ee00H020 3auwKy byu ecmaHoerseHi 3a oro-
Mozor KombiHauii 0sosumipHux criekmpie TOCSY i COSY. C-ximidHi 3cysu cueHaris ixHix 8idrnogidHuUx amomie
00HO3Ha4HO cniggidHeceHi 3a dornomozoto dsosumipHozo criekmpa HSQC. 3’sicysaHHs NonoXeHHs 2i0poKcurlb-
Hux epyn npu C-2 i C-6 amomax aanikoHy 6yrio 8UKOHaHO WIISIXOM aHari3y XiMiYHUX 3cysie cueHasy C-amoma
MOPIBHSIHO 3 flimepamypHUMU OaHUMU Oris1 He3aMileHUX a2iiKOHHUX YacmuH ma 3 ypaxyeaHHsIM 3Ha4YHUX o3u-
mueHuXx a-egbekmie 2i0pOKCUMOBaHHS | He8esUKUX, 3a3auyali HeeamuegHux, B-eghekmis. AHani3 cnekmpie SMP
3C gudineHoi crionyku ma 24-2idpokcunoxioHux 3aceioyus, Wo cuzHan C-24 3a3Hae napamazHimHo20 3MilieHHSI
Ha +10,8 m.4. Takox criocmepicaembCsi CUnbHOMOMbHUU 3cy8 cueHarnie C-23 i C-25. Kopensayia Mix cuzHarnom
aHoMepHO&20 NMpomoHa anoko3u ma C-24 aanikoHy y cnekmpi HMBC nidmeepoxye micue npuedHaHHS 3amuluKy
2/1toKko3u 0o aernikoHy. Takum YuHoM, aniko3ud, sudineHud i3 cynniob Allium cyrillii, sensie coboro (24S,25S)-5a-
criipocmar-2a, 3B, 6, 24-mempaorni-24-0--D-entokonipaHo3ud i € HOBOK CriOMYKOI.

NEW STEROIDAL GLYCOSIDE OF ALLIUM CYRILILII RACEMES

N.V.Tolkachova, O.S.Shashkov, V.Ya.Chyrva

Key words: Allium cyrillii Ten. racemes; steroidal glycosides; combination of two-dimensional TOCSY and
COSY spectra

Steroidal glycosides are the vast class of natural compounds from the group of saponins that attract attention of
researchers due to the wide spectrum of their biological activity and ecological safety. Plants from Allium genus
growing in the Crimea are promising as to search of species with saponins. As a result of research of steroidal
glycosides of Allium cyrillii Ten. racemes a new spirostanol glycoside has been isolated. The 'H- and *C-NMR
spectral data testify that this compound is a derivative of spirostan series. After acidic hydrolysis with the help
of TLC only glucose has been identified by comparing to the samples of monosaccharides known beforehand.
The chemical shifts of all protons of the carbohydrate residue have been determined by means of combination
of two-dimensional TOCSY and COSY spectra. The "*C-chemical shifts of signals of their corresponding atoms
are simply taken by means of the HSQC spectrum. The hydroxy groups position at C-2 and C-6 atoms of agly-
cone have been determined by the analysis of chemical shifts of C-atom signal comparing to the literary data for
unsubstituted for aglycon parts and taking into account considerable positive a-effects of hydroxylation and little,
usually negative, B-effects. Analysis of NMR "*C spectra of the compound isolated and 24 hydroxy derivative
has shown that the signal of C-24 undergoes paramagnetic displacement in +10.8 ppm. The strong field change
of signals of C-23 and C-25 also takes place. Correlation between the signal of the anomeric proton of glucose
and C-24 aglycone in the HMBC spectrum confirms the site of addition of the glucose residue to aglycone.
Thus, the glycoside isolated from Allium cyrillii racemes is (24S,25S)-5a-spirostan-2a,30, 6, 24-tetraol-24-O-f3-
D-glucopyranoside and it is a new compound.

HOBbIA CTEPOUHbIA MIMKO3MA COMIOANA ALLIUM CYRILILII

H.B.Tonka4éea, A.C.lLawkoe, B.51.Hupea

Knroveenie cnoea: connodus Allium cyrillii Ten.; cmepoudHble anuko3udbl; KOMbUHaUuU 08yMEPHbIX CIIEKMPO8
TOCSY u COSY

CmepoudHble 2uKko3udbl A6nsMCcs 0O6WUPHBIM KITacCoOM rpUpOOHbIX COeOUHeHUU U3 epyrrbl CaroHUHO8, KO-
mopeble rnpuenekarom eHUMaHue uccriedosamerneli briaeod0apsi WUPOKOMY criekmpy buoroau4yeckol akmugHo-
cmu u aKonoeau4eckol bezonacHocmu. NepcrieKmugHbIMU 8 riaHe rnoucka carloHUHOHOCHBIX 8UO08 A6Mslmces
pacmenusi poda Allium, npouspacmarowjue 8 Kpbimy. B pesynbsmame uccredogaHusi CmepoudHbIX 2/1UKo3Uudos
connodud Allium cyrillii Ten. ebideneH Hoebili criupocmaHosnosbili enuko3ud. arHHsie 'H- u *C SMP-cniekmpos
ceudemernibcmayrom 0 moM, Ymo coeduHeHuUe 518r1siemcs rnpou3eo0HbIM psida criupocmaHa. llocne kuciom-
Ho20 eudpornu3a ¢ nomowbto TCX nymem cpasHeHUs C 3apaHee u3gecmHbiMU obpa3yamu MOHocaxapudos
6bina udeHmucghuyuposaHa MornbLKO 2/110Ko3a. XuMudeckue cOsuau ecex MpomoHO8 yarie800H020 ocmamka
6bI1U ycmaHoerneHb! ¢ MoMowbio KomMbuHayuu 08ymepHsbix criekmpos TOCSY u COSY. *C-xumuyeckue cosuau
Cu2Haro8 ux coomeemcmeyruiUX amomMos 00HO3Ha4YHO OMHECEHbI C MoMoWbio 08ymepHo20 criekmpa HSQC.
YcmaHoeneHue nonoxeHusi 2uOPOKcurbHbIX epynn y C-2 u C-6 amomoeg aziukoHa 6b1/10 8bINMoIHEHO ymem
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aHanu3a xumu4eckux cosueos cueHana C-amoma 8 cpasHeHuUU ¢ numepamypHbIiMU OaHHbIMU 07151 He3aMeU|eH-
HbIX @2/luUKOHHbIX Yacmel U C y4emom 3HadumersibHbIX MOIOXUMesIbHbIX a-3¢hghekmoa 2udpPOKCUIUPO8aHUSs
u Heborbwux, 06bIYHO ompuuyamerbHbiX, $-agpgpekmos. AHanus criekmpos SIMP *C ebideneHHo20 coeduHe-
HUS1 U 24-2u0poKcunpou3eo0HbIX nokasars, Ymo cuzHan C-24 ucnbimbigaem napamazHUMHoOe cMeweHue Ha
+10,8 m.0. Takxxe umeem Mecmo CusribHOMOsbHbIU cOsue cueHanos C-23 u C-25. Koppernsayus Mexdy cusHanom
aHOMEepPHO20 MpPomoHa amoko3bl u C-24 aznukoHa e cnekmpe HMBC nodmeepxxdaem mecmo rnpucoeduHeHUs
ocmamka 2/1t0K03bl K a2lukoHy. Takum obpa3om, 21uko3ud, 8bideneHHbit u3 cornnoduli Allium cyrillii, npedcmas-
nisem cobol (24S,25S)-5a-cnupocman-2a,30,68,24-mempaorn-24-0-B-D-antokonupaHo3ud u se1s1emcsi Ho8biM

coeOuUHEeHUeM.

CrepoifHi IiKO3UU € BEJIMKUM KJIACOM NPUPOJ-
HUX CIIOJIYK i3 IpyIIH CAllOHIHIB, AKi IPUBEPTAOTh
yBary AOCAiAHUKIB 3aBAsKHU LLIUPOKOMY CIIEKTPY Oi-
0JIOTiYHOI aKTUBHOCTI Ta eKoJIoriyHiil 6e3neni [1].

ExcTpakTH 3 pi3HUX POC/IUH, IKi Ha/lexXaTb [0
ponuH Amaryllidaceae, Dioscoreaceae, Alliaceae, Scro-
phulariaceae, Solanaceae, 1m0 MicTSTb cTEpOiHI TJTi-
KO3U/JH, BUKOPUCTOBYIOTbCS B TpaJULiMHIN Meu-
LMHI K NPOTUNYXJUHHI, QyHTrinu/HI, KOHTpaLen-
TUBHI, aHTUBIPYCHIi Ta HUTOTOKCHUYHI 3aco6u [2-6].
BizoMo TakoX, 10 Lii CIIOJIYKH 3HUKYIOTh PiBEHb XO-
JIECTEPHHY B KPOBi Ta MalOThb aHTUOKCU/IAHTHY aK-
TUBHICTb [7, 8]. KpiM Toro, CTUMYJIIOBaHHS POCTY i
$iTOIMyHITETY POCJIMH CTEPOIJHUMHU IJ1iKO3UAaMU
JI03BOJISIE PO3ISAATH 1ii peYOBUHHU SIK MPUPOAHI ajiar-
ToreHH [9].

[lepcrieKTUBHUMU B IJIaHi NOLIYKY CallOHIHOBMIcC-
HUX BU/IIB € pociiuHu poay Allium, siki BUpOCTaloTh
y Kpumy, 5o Toro x y JsiiTepaTypi AaHi npo ctepoig-
Hi I1iKO3UAM 6IIbLIOCTI BUAIB KPUMCbKOI MOy Bij-
cyTHi. CaMe ToMy BUBYEHHS XiMiYHOI CTPYKTypH CTe-
POiIHMX MTIKO3U/IiB Npe/IcTaBHUKIB poauHu Alliaceae
€ aKTyaJIbHUM.

[IpofoBxKy0ur BUBYEHHS CTEPOIJHUX TJIIKO3U-
niB nu6ysai Kupuia (36inbimenoi) Allium cyrillii Ten.
[10, 11], My Buginuau i3 cymaige 0,015 r xpomartorpa-
¢$iYHO YMCTOTO0 MIKO3UAY CipOCTaHOJI0BOTO PALY.
[Ticsia kucsoTHoro rigpoJisy 3a gornomoror TIIX muisa-
XOM MOpPIiBHSHHA 3 Hanepe/ Bi/[loMUMU 3pa3KaMu MO-
HocaxapuaiB 6yJio iIeHTU(DIKOBAHO Ti/IbKH IJTIOKO3Y.

CnekTp crionyk MicTuTh 27 curHasiB aToMiB Kap-
60HYy amtikoHy (Tabu. 1): 4 metunbHux (13,5; 14,9;
16,6; 17,6), 8 MeTusieHOBUX, 20 METHHOBUX Ta 3 YET-
BepTUHHUX (37,7; 40,9; 111,6) aToMiB.

Jani *H- Ta 3C AMP-crekTpiB cBig4aTh mpo Te,
1110 CIIOJIyKa € MOXiJTHOIO PAAY CIipOCTaHy, BeJIUYHU-
Ha 13C ximiuHOro 3cyBy AJis aToMa C-22 nopiBHIOE
111,6 m.y. Beanuunu ximiuHux 3cyBiB C-5 (6 48,5)
C-9 (54,8) i C-19 (17,6) cBimuaTh Npo Yyuc-cnoay4eH-
Hs Kisenb A i B.

Y cnektpi [IMP rnikosuzy B 06J1acTi CU/IBHOTO
[10J11 YiTKO BUPI3HAKTBHCA CUTHAJIU YOTUPbOX Me-
TribHUX rpyte: § 0,79 (3H, s, Me-18), 1,43 (3H, s, Me-19),
1,14 (3H,d,/=6,6 Hz, Me-27)11,07 (3H,d,/=7,2 Hz,
Me-21), BiznoBigHo. TakoX € OAWH CUTHAJI aHOMEP-
Horo npoTtoHa 3 § 4,91 (1H, d, J = 7,8 Hz). XimiuHi
3CyBH BCiX IPOTOHIB BYTJIE[IeBOTO 3aJHILKY OYJIH
BCTAHOBJIEHI 3a /IONOMOTrO0 KOMOiHaIil JBOBUMIp-
Hux crekTpiB TOCSY i COSY. 3C-ximiuHi 3cyBU cur-

HaJliB iXHiX BiJIOBiJHHUX aTOMiB OJJHO3HA4YHO CIIiB-
BiZJHeCEHI 3a JOIOMOT 010 JBOBUMipPHOTO CIIEKTpa
HSQC. Lli naHi, HaBegeHi B TabJ1. 2, cCBigYaTh Npo Ha-
SIBHICTb OJJHOT0 3a/IMLIKY B-D-TutoKonipaHo3u.

Y HMBC-cnekTpi criocTepira€tbcs KopeasLis Mbx
curHajsioM atoma [igporeny npu § 1,14 m.u. (Me-27)
Ta 3HaYEeHHAMU CUTHaJTiB aToMiB Kap6ony C-24 (81,5),
C-25 (38,2) i C-26 (65,1). XimiuHi 3cyBu ay6seta CH,-27,
a TaKOX ABOX CUTHaJIiB METUJIEHOBUX IPOTOHIB 3
6 3,57 (1H, H-26a) i 3,63 (1H, H-26€) ogHo3Ha4YHO
BKa3ylOTb Ha eKBaTopia/ibHy opieHTauito CH,-27. Ta-
KUM YHHOM, aIJIiKOH HAJIEXKUTD [0 CIlipocTaHiB (255)-
psaay. Kpim Toro, 25S-koHdiryparnis niaTBepaKy€eThb-
€4 3Ha4YeHHAMM XiMiyHUX 3CyBiB C-20, C-21, C-23, C-24,
C-25iC-27 B mopiBHSIHHI 3 IiTEpaTypHUMU JAHUMU
[12, 13]. 5a-Koudirypariito 6y/10 BU3Ha4YeHO 3a [10-
NIOMOTO10 KopeJssLii Mixk curHasoM atoma ligpore-
Hy nipu 6 1,43 m.u. (Me-19) Ta 3HaYeHHSIMU CUTHA-
JiB atomiB Kap6ony npu & (m.4.) 37,7 (C-10), 54,8
(C-9),48,5 (C-5)i48,1 (C-1) y sBOBUMipHOMY CIEKTPI
HMBC. Pe3onaHncHuit curnas npu 4,01 M.4. y cCliekT-
pi [IMP BignoBizae npotoHoBi npu C-24, akuil fia-
KCiaJIbHO B3aEMO/ i€ 3 MPpOoTOHOM Ipu C-25, a TaKoX
JiaKcCiaJIbHO Ta aKCiaJbHO-eKBaTOpiaJbHO — 3 IIPO-
ToHaMu npu C-23. lle migTBepKy€EThCA BeJIMYHUHA-

Ta6bnuusa 1

XimiuHi 3cyBun aTOMiB Byrneuo rnikosngy

C-atom | XimiyHnin3cys | C-atom | XimiyHWUI 3cyB
1 48,1 18 16,6
2 73,2 19 17,6
3 77,4 20 42,2
4 35,0 21 14,9
5 48,5 22 111,6
6 70,4 23 40,9
7 40,9 24 81,5
8 30,0 25 38,2
9 54,8 26 65,1
10 37,7 27 13,5
11 21,5
12 40,2 Glc-1 106,5
13 40,9 2 75,7
14 56,3 3 78,7
15 32,1 4 71,7
16 81,6 5 78,1
17 62,9 6 62,9
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Ta6bnuua 2
HaagHi kopensAuii B cnektpax HSQC i HMBC rniko3ungy
N2 atoma 6, HSQC HMBC N2 atoma 6, HSQC HMBC
1a 2,27 dd C-2,3,5,10 16 4,54 m C-13,17
1b 1,36 m C-2,9,10,19 17 1,80t C-13,16, 18, 21
2 4,18 m 18 0,79s C-12,13,14,17
3 3,96 m C-2 19 1,43s C-1,5,9,10
4a 2,54 q C3,5 20 1,94 m C-17,21,22
4b 2,10 m C-2,3,5,10 21 1,07d C-17,20,22
5 1,41 m C-1,4,9,10 22
4,08 m c-8,10 23e 2,64 dd C-22,24,25
7a 2,02m 23a 1,951 C-22,24
7b 1,22m C-5 24 4,01 m C-25,C-1Glc
8 2,19m 25 1,91 m C-23,24
9 0,82 m C-12,14 26e 3,63dd C-22,24,25
10 26a 3,57t C-24
11a 1,65m c9 27 1,14d C-24, 25,26
11b 1,44 m Cc-19 1'-Glc 491d C-24
12a 1,68 m 2 4,07 m c-1,3
12b 1,12m C-13,17,18 3 4,22 m c-2,4
13 4 4,27 m C-3,5,6
14 1,13 m C-13,17,18 5 3,87 m c-2
15a 2,04 m C-13,17 6'a 4,52 m c-4'
15b 1,38 m C-14,16 6'e 4,39dd C-5'

mu KCCB H-23:1,95 (1H,t,/=12,2 Hz, H-23a) i 2,64
(1H, dd, J = 4,7, 12,2 Hz). OTxe, npoToH npu C-24 €
akcianbHUM, a XipanbHul neHTp C-24 Mae S-koHi-
ryparito.

3’sicyBaHHS NOJIOKEHHS TPOKCUIBHOI IPYITH IPH
C-2 aToMi arylikoHy 6y/10 BUKOHAHO LILJISIXOM aHaJli-
3y XiMi4HUX 3CyBiB curHany C-aToMa NOPiBHSAHO 3 JIi-
TepaTypHUMH AaHuUMHU [14, 15] ang He3aMimeHUX
arIiKOHHUX YaCTUH Ta 3 YpaXyBaHHAM 3HaYHUX I10-
3UTUBHUX a-eEKTIB ripokcutoBatHHA (10 10 m.u.)
i HeBeJIMKUX, 3a3BUYal HeraTUBHUX, -edeKTiB. 2a,3[3-
Kondirypauii Bu3HaueHi Ha nijicTaBi aHa/1i3y KOH-
CTaHT CIiH-CIiHOBOI B3aEMO/il NIPOTOHIB IIPU aToO-
max C-2 i C-3 3 npoToHaMu npu cycigHix C-aTomax.

Y 13C AMP-cnekTpi rniko3uay atom C-3, AKUi Mae
BTOPUHHY TiIPOKCUJIbHY TPyIly, pe3oHye 3a 77,4 M.4.,
110 J03BOJISIE TOBOPUTHU PO BiZICYTHICTH ByIJele-
BOT'0 3aJIMIIKY, 3B’51I3aHOT0 3 arJliKOHOM 4epe3 L0
rizpokcurpyny (cxema).

PaHimie 6yJ10 MoKasaHo, 1110 B IIUOYJ/ISX BUSBJIEH]
24-rigpokcunoxiaxi (255)-pyckoreniny [16], rokka-
reHiny [15], ansyporeniny A [13], a Takox 24-0-3-
D-rirokomipaHo3uu: kapaTtaBio3us F [17], canoHin
3 A. giganteum [18], chinenoside VI [19], canoHinu
9,10 [12] Ta an3ypo3ug, [13]. BHacaigok nopiBHSIH-
HA nux crnektpiB AMP riiko3uay Ta 3a3HavyeHUX ca-
[IOHiHIB BUABJIEHO, 1110 BEeJIMYUHU XIMIYHUX 3CYBIiB
aTOMIB ByTIJIelo, IKi yTBOPOIOTE Kiible F, € mpak-

Cxema

80



Journal of Organic and Pharmaceutical Chemistry. — 2013. — Vol. 11, Iss. 3 (43)

ISSN 2308-8303

THUYHO ileHTUYHUMHU. KpiM TOro, aHani3 creKkTpiB
AMP 3C BugineHoi cnosyku Ta 24-rijpokcunoxiz-
HUX 3aCBi4uB, 10 curHas C-24 3a3Ha€ napamarHiT-
HOro 3MileHHd Ha +10,8 M.u. Takox cnocTepiraets-
€Sl CUJIbHOTIOJIbHUH 3CcyB curHautiB C-23 1 C-25 Ha 1,0
i 1,8 M.y, BignoBigHo. Kopeslis Mixk CHrHaJIOM aHO-
MepHOro NpoToHa IoKo3u (6 4,91) Ta C-24 arriko-
Hy (6 81,5) y cnektpi HMBC nmigTBepAKye Miclie npu-
€/lHAHHS BYTJIELIEBOTO 3aJIMILKY J10 aryikoHy. OTxe,
MOJIEKYJIA [JIIOKO3U B IVIIKO3U/Ji MPUEAHYETHCS [0
rifpokcurpynu npu C-24.

TakuM 4YMHOM, [J1iIKO3UJ, BUAIJIEHUH i3 CyIIifb
Allium cyrillii, aBnsie co6o1o (24S,25S)-5a-cnipocran-
20a,3[3,63,24-TeTpaos-24-0-B-D-rarokonipaHo3u i €
HOBOIO CIIOJIYKOIO.

ExcnepuMeHTasibHa YacTUHa

06’ekTOM JOCIIIXKEHHS C/IyTyBaB CAllOHiH, BUJI-
JgeHuit 3 cymiap Allium cyrillii Ten. (pog. Alliaceae),
3i6paHoro Ha miBHiYHO-cXiiHOMY cxuJi ropu [lapa-
riibmeny 2011 p.

Ceixko3i6paHi Ta noapi6bHeHi cymaigas (850 r)
Tpudi ekcrparysaiu 70%-HUM eTUJIIOBUM CIIUPTOM.
ExcTpakiio TpoBOU/IM LIJISIXOM HarpiBaHHS CUPO-
BUHM Ha BOJSIHIN 6aHi 31 3BOPOTHUM XOJIOJUIbHHU-
KOM NIPOTSATrOM TPbOX roJiuH. OTpUMaHUM eKCTPaKT
BUIIapIOBAJIM Ha POTOPHOMY BulapoByBaui 3a 50°C
Jl10 BOZHOTO 3aJ/IMIIKY, 3 IKOTO A06yBaJid CyMy CTe-
pPOIHUX [V1iKO3UAIB H-6YTUI0BUM ciupTOM. byTa-
HOJIbHUM €KCTPaKT BUNIAPIOBaJIH [0 CyXOro 3aJIHIL-
ky. TIIX nmpoBoauu B cucTeMax Xjopodopm-meTa-
HoJs1-Boja (65:35:7) Ta xsmopodopm-MeTanou (7:3).
Jlist xpoMaTorpadii BAKOPUCTOBYBa/IM CUJTIKare ibHi
mactuHkY Sorbfil A®-B, ToBuHa mapy - 110 MkM.
XpoMaTorpaMu oGNpPUCKYyBaau peakTUBoM EpJixa
[20] Ta peakTuBOM CaHbe [21], micsis yoro HarpiBa-

NiTtepatypa

au o 120°C. KucnoTHUM rifiposi3 BUKOHYBaJIU Ta-
KHWM YUHOM: 10 MT YMCTOT0 IVIiKO3WAY HarpiBasu 3a
110°C B 5 MJ1 1%-HOro po34uHy Cy/1bGaTHOI KUCJIO-
TH B €TUJIOBOMY CIIUPTI BIIPOZ0Bx 2 rof. Ilicaa oxo-
JIOJ>KEHHS TiApoJii3aT pO3BOAUIN BOZOI0 Ta EKCTpa-
r'yBaJIM arvIiKoH xjopodopmoM. EkcTpakT npomuBa-
JIV BOJIOI0 [0 HEUTpaJIbHOI peakliii Ta KOHLLEHTPY-
BaJId Y BaKyyMi [0 cyxoro 3ajuiiky. Boguui 3anu-
IIOK HEeWTpasi3yBasu aHiOHITOM i ynaproBaid. Mo-
HOcaxapuu iieHTudikyBaiu B cUCTeMi OYTaHOJI-
aneToH-BojAa 4:5:1. Jly>kHUH rigpoJiiz npoBoAUIH
1sixoM 06po6ku 10 mr ririko3uy 10 ma 10%-Horo
po3uuny NaOH npoTtsarom 2 rog 3a 50°C. FigpoizaT
HelTpaJsi3yBaJu KaTiOHITOM, IPOMUBAJIU MeTaHO-
JIOM Ta ynaproBaiu. TIX-aHasi3 npoBOgWIN B CUCTe-
Mi pO3YMHHUKIB eTaHOJI-aMOHiak-Boza (1:1:2), mpo-
saBHUK — 0,05%-HUU po34rH GPOMKpE30TY.

KosioHKOBY xpoMaTtorpadiro 6ysi0 IpoBeieHO IpU
BUKOpUCTaHHI kosioHKH 100 MM i3 ¢pazoro Supelcoc-
lean C18 (150-200 MkM, Supelco). BEPX-po3aineHus
npoBojuiocs Ha xpoMmaTorpadi Agilent 1100, o6s1aa-
HaHOMY JIeTEKTOPOM 3a cBiTIopo3citoBaHHAM (ELSD)
Ta KoJIoHKo Zorbax SB-C18 (150x2,1 mm). AMP-ekc-
NepUMEeHTH 3/JIiCHIOBA/INCA 31 3pa3KaMu, pO3uuHe-
HuMH B 0,6 M1 gedTeponipuauny (400 MI'y gss 'H;
100 MTI'y ass 3C) Ha npunaai Varian AS 400, ctaH-
JapT - TMC.
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ABTOpU BUCNOBNIOIOTL Noasky npodecopy 0.0.KHipento (I0X PAH, Mockea) 3a KpUTUYHI 3ayBaXKeHHst A0 CTaTTi.
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