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The strategies of the search of novel effective anticancer agents via optimization of [(2-R-quinazoline-4-ylydene)
hydrazonojcarboxylic acids and their esters are summarized in this article. To develop the most efficient syn-
thetic approaches of initial substances the available information about chemical properties of [(2-R-quinazoline-
4-ylydene)hydrazono]carboxylic acids and their derivatives has been generalized and systematized. The basic
approaches for optimization of the initial substances structure included variation of substituents in position 2,
creation and removal of conformational constraints and introduction of substituents into the cyclisation products.
It has been shown that (3H-quinazoline-4-ylydene)hydrazine easily interacts with a, 3, y-ketocarboxylic acids
and their esters with formation of the corresponding hydrazonoderivatives. The given compounds are multicenter
reagents, which are able to cyclize into the corresponding 3-R-2H-[1,2,4]triazino[2,3-c]quinazoline-2-ones. 3-R-
2H-[1,2,4]triazino[2,3-c]quinazoline-2-ones are a class of electron-deficient heterocyclic systems and may be
cleaved under the action of strong nuleophiles, in particular hydrazine, followed by formation of the correspond-
ing 3-(2-aminophenyl)-6-R-1,2,4-triazine-5(2H)-ones or 3’-(2-aminophenyl)-3-R-spiro[pirazoline-5,6’(1’H)-1,2,4-
tiazine]-5°(4’H)-ones. A comparative description of spectral characteristics of the compounds synthesized has
also been presented. The highest anticancer activities have been shown by compounds 2c¢, 3b and 3c against
leukemia cell lines CCRF-CEM (logGl,, = —6.10; 6.05; 5.81, respectively), compound 3b and 3c against breast
cancer cell lines HS 578T (logGl,, = -5.83; -6.43, respectively). The results of SAR-analysis have been dis-
cussed and directions of further modification of the structures studied have been proposed.

CTPYKTYPHA ONMTUMI3ALIA [(2-R-XIHA3OJIH-4-ITIQEH)MAPA3OHOJKAPBOHOBUX KUCJIOT TA ECTE-
PIB - rigxig 4o CTBOPEHHS HOBOI'O KJTACY CIr10OJ1YK 3 TIPOTUPAKOBOK AIEO
O.10.BockoboliHik, O.B.KapneHko, C.l.KoeaneHko, I.I.bepecm, B.B.lguyk, B.M.LlIgeyb

Knrovoei cnoea: xiHa3orniHu; cmpykmypHa onmumi3zauisi; npomupakosull; 83aeM038’s130K CmpyKkmypa — akmue-
Hicmb

Y3aeanbHeHi cmpameeii nowyKy Ho8UX egheKmuBHUX Npomupako8ux azeHmig, 3acCHO8aHi Ha cmpyKmypHit
onmumizauyii [(2-R-xiHa3oniH-4-inideH)2idpa3oHo]kapboHo8UX Kuc/iom ma ix ecmepis. s po3pobku Halbinbuw
e eKmuBHUX CUHMEeMUYHUX HanpsiMKie Modubikauii auxiOHUX CrioyK MpoaHani3o8aHo ma cucmemMamu308aHO
HasieHUl Mamepian wodo ximidyHux enacmusocmeli [(2-R-xiHa3oniH-4-inideH)2iopa3oHo]kapboHosux Kuciom ma
ix noxiOHux. OCHOBHI HanMpsMKU onmumisauii cmpykmypu euxiOHUX CriosyK rofiseanu y eapitosaHHi 3aMiCHUKI8
y MOMIOXKeHHI 2, HaknadaHHi ma yCyHeHHi KOHghopmauiliHux obmexeHb ma 88e0eHHI 3aMiCHUKI8 y Mpodykmu ix
uuknisauii. NMokasaHo, wo 3H-xiHa3omiH-4-inideHai0pa3uH neako e3aemodic 3 a, B, y-kemokapboHO8UMU KUCIIO-
mamu ma ix ecmepamu 3 ymeopeHHSIM 8i0rMogiOHUX 2i0pa30HOMNOXIOHUX. 3a3HadyeHi CrionyKu s1ensitome coboto
MynbmuyeHmposi peaeceHmu ma 30amui 00 yuknisauiti y 6idnoesidHi 3-R-2H-[1,2,4JmpuasuHo[2, 3-c]xiHa30:iH-2-
OHU. 3-R-2H-[1,2,4]Jmpua3uHo[2,3-c]xiHa3oriH-2-0Hu siensiromb cob0ot0 ennekmpoHoOehiyumHy eemepoyuKiyHy
cucmeMy ma po3weniomscs nid Giero cunbHUX HyKeoirie, 30Kpema 2i0pa3uHy, 3 ymeopeHHSIM 8i0rno8idHUX
3-(2-amiHogbeHin)-6-R-1,2,4-mpua3uH-5(2H)-oHie abo 3’-(2-amiHogbeHin)-3-R-cripofnipa3oniH-5,6°(1°'H)-1,2,4-mpu-
asuH]-5’(4’H)-onie. [pedcmasneHo nopigHsNbLHUL OnuUC CriekmparnbHUX XxapakmepucmuK 00epxXaHUX peqosuH.
Haub6inbwy npomupakosy akmueHicmb riokasasnu crionyku 2c, 3b ma 3¢ no 8iOHoWweHH 00 KiimuH neltkemii
niHii CCRF-CEM (logGl,, = —6.10; 6.05; 5.81 8idnosidHo), crionyku 3b ma 3¢ — paky mono4Hoi 3arno3u HS 578T
(logGl;, = —5.83; -6.43 gidnoeioHo). ObzosopeHi pedynbmamu SAR-aHani3y ma 3arnpornoHoeaHi nepcrneKkmusHi
HanpsmMKku Modudbikauii onucaHuUX CrioslyK 3 Memor CMBOPEHHST 8UCOKOEhEKMUBHUX MPOMUPaKosux azeHmis.

CTPYKTYPHAST ONTUMWN3ALUA [(2-R-XUHA3OJTNH-4-UTTMQEH)rMAPA30OHO]JKAPBEOHOBbBLIX KUCJIOT
N 3®UPOB - rnogxonq K CO3AHNKO HOBOIO KITACCA COE,QMHEHMﬂ C MIPOTUBOPAKOBOM AKTUB-
HOCTbKO

A.FO.BockoboliHuk, A.B.KapneHko, C.U.KoeaneHko, I.I.Bepecm, B.B.Us4yk, B.H.llleey

Knroyeenle crioea: xUuHa30/1UHbLI; CMPYKMypHasi onmumMu3ayusi; npomueopaxkossill; 83auMocesidb CmpyKkmypa —
aKkmueHoCcmb

0O606uweHbl cmpameauu Moucka HOB8bIX 3¢hheKMUBHBIX MPOMUBOPAKOBbLIX a2EHMO8, KOMOPbIE OCHOBaHbI Ha
cmpykmypHoU onmumu3sayuu [(2-R-xuHa3onuH-4-unudeH)2udpa3zoHo]kapboHO8bIX Kuciom u ux agpupos. ns
paspabomku Haubornee aghgheKmMuBHbIX CUHMEeMUYeCKUX HarpasneHuli MoOughukayuu UCXOOHbIX 8eyecms rnpo-
aHanu3uposaH u cucmemamu3suposaH umerouulicss Mamepuasa OMmHOCUMEbHO XUMUYecKUx ceoticms [(2-R-xu-
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Ha30/1UH-4-unudeH)2udpa3oHo]kapboHOo8kIX Kucriom u ux npou3godHbix. OCHOBHbIe HarpaseHuss onmumu3a-
Uuu cmpyKkmypbl UCXOOHbIX 8€ULECME 3aK/TrYauch 8 8apbUpO8aHUU rpupodbl 3aMecmumerisi 8 MofoXeHuU 2,
HaroXeHUU U CHIMUU KOHGhOpMayUOHHbIX 02paHu4eHuUl u egedeHuu 3amecmumerel 8 NpodyKmbi UX UUKIu3a-
yuu. Noka3aHo, Ymo 3H-xuHa3onuH-4-unudeH)2udpa3uH neako 83aumodelicmayem c a, B, y-KemokapboHo8bIMU
Kucriomamu u ux agpupamu ¢ obpasogaHueM COOmeemcmeyruux eudpasoHoNnPouU3eo0HbIX. [aHHbie coedu-
HeHus npedcmasrisitom cobol MyfibmuyeHmpo8bie peaceHmbl U CriocobHbI UUKIU308ambCs 8 COOM8eMcmeyio-
wue 3-R-2H-[1,2,4Jmpua3uHo[2,3-c]xuHa3omnuH-2-oHbl. 3-R-2H-[1,2,4]mpua3uHo|2, 3-c]xuHa30ruH-2-0HbI rpeo-
cmaernsiom cobol 351ekKmpoHoOeuUUUMHbIE CUCMEMbI U pacuensisiomcs nod delicmeueM CUslbHbIX HYK/1eo-
¢unos, 8 YacmHocmu a2udpa3suHa, ¢ obpasosaHuemM coomgemcemayouux 3-(2-amuHogpeHun)-6-R-1,2,4-mpu-
asuH-5(2H)-oHoe unu 3’-(2-amuHogpeHun)-3-R-cnupo[nupasonuH-5,6'(1’H)-1,2,4-mpua3uH]-5’(4’H)-oHos. Nped-
cmaesieHo cpasHUMesibHOe OrnucaHue CriekmpasbHbIX Xapakmepucmuk rosly4eHHbIX sewecms. Haubornbuwyro
IpPoOMmMuUBOPaKo8y0 aKmueHOCMb rokasasnu coeduHeHusi 2¢, 3b ma 3¢ Mo omHowWeHUr K Krnemkam neldkemuu
CCRF-CEM (logGl,, = —6.10; 6.05; 5.81 coomeemcmeeHHo), coeduHeHus 3b u 3¢ — paka mono4Hou xene3bi HS
578T (logGl,, = —5.83; -6.43 coomeemcmeeHHo). O60bweHb! pe3ynbmamsl SAR-aHanu3a u npednoxXeHsl nep-
CcrieKmueHble HarnpaeneHust MoOuguUKayuu OnucaHHbIX COeOUHEeHUU C Uerbo c030aHUsI 8bICOKO3GhhEKMUBHbIX

rnpomusopaKko8biX aceHmaos.

Quinazoline derivatives have always attracted at-
tention as a promising object of investigations aimed
at designing novel effective medicines. This fact may
be explained by a high biological activity of natural
and synthetic quinazolines and wide possibilities of
chemical modification of the given heterocyclic sys-
tem. During last twenty years the interest to the class
of compounds mentioned above has significantly in-
creased as a result of revealing the anticancer activi-
ty among substituted 4-anilinoquinazolines [5, 6, 15,
18]. Now members of the series mentioned are well
known as a reversible EGFR-mediated tyrosine ki-
nase inhibitor and widely used in the treatment of
non-small cell lung cancer, pancreatic cancer and some
other oncology diseases. Obviously the medicines pre-
sented, as well as other anticancer drugs are far from
perfect, there are a lot of side effects, contraindica-
tions and administration details that constrain their
application in therapeutic regimens, therefore, the
further design of quinazoline based anticancer agents
with improved characteristics is of significant interest.

It is known that the search of novel bioactive agents
among structural analogues of the existing drugs is
a commonly used approach. Thus, we decided to search
a new class of substances with the anticancer activi-
ty among 4-substituted quinazolines, namely [(2-R-
quinazolin-4-ylidene)hydrazono]carboxylic acids and
derived products. Our choice is based on the suppo-

sition that combination of hydrazones of alkyl-(aryl-,
heteryl-)carboxylic acids with the quinazoline frag-
ment in one molecule, especially taken into account
the broad antitumour potential of the latter, [1, 2, 12,
13] is a promising approach of finding new biologi-
cally active compounds.

Thus, the aim of this work is the purposeful search
of anticancer agents in the range of [(2-R-quinazo-
lin-4-ylidene)hydrazono]carboxylic acids based on
the principles of the structural optimization of the
molecule (Scheme 1) for detailed elaboration of the
database and correlation of the “structure - antitu-
mor activity”.

Results and Discussion

Chemistry

At the first stage [(2-R-3H-quinazolin-4-ylidene)
hydrazono]carboxylic acids and their esters (2a-2i,
3a-3g, Fig.) were synthesized by the interaction of
(3H-quinazolin-4-ylidene)hydrazine (1.1) with a-oxo-
carboxylic acids and their esters in propan-2-ol with
short-term heating or at room temperature. Similarly,
the reaction of compound 1.1 with y-oxocarboxylic
acids and their esters, namely the formation of hy-
drazones 2j-21, 3h-3m, occurs (Scheme 2). Whereas,
to obtain the corresponding acid, in case of the failu-
re with -ketoglutaric acid, regardless of the tempe-
rature conditions of the reaction (transient heating,

O

\ Ne_Re NH,
\r p— H
N N_ O
| N O | H
N, Ne N
Ry NN
o)
Ry

Scheme 1. Structures of quinazoline-based compounds and their medicinal chemistry optimization.
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2a R=CHj R¢=H; 3aR=CH3 R{=C3Hs;

2b R=CH,CH,COOH,R=H

2c¢ R=Bn,R=H; 3bR=Bn,R=C,H5

2d R=4-NO2Bn, Ri=H; 30R=4-NOan, R=CoHs
2e R=Ph,R=H; 3d=R=Ph,R;=C,Hg

2f R=4-CH,Ph, R;=H; 3eR=4-CH3Ph,R,=C,Hs 2j-21
2g R=4-CH30Ph,R¢=H; 3eR=4-CH30Ph,R{=C,H5 3h 3m
2h =1,3,5-trimethylpyrazol-4-yl,R41=H;

2i =thiophen-2-yl, R=H; 3gthiophen-2-y|,R=C,Hg

N\N

3h R=CH3Y R»|=C2H5Y n=1

3j R=furan-2-yl,Ry=C,H5 n=1
2j R=Ph,R4=H, n=2

3k R=Ph,R{=C,H5 n=2

2k R=4-CH4Ph, R=H, n=2
COOR1 31 R=4-CH3Ph,Ry=C,Hs n=2
21 R=4-CH,Ph, R;=H, n=2
RC(O)(CHoNCOOR,; M R=4CH;0Ph, R=CoHs n=2
propanol-2

N N
X N X
WNH RC(O)COOR; N (O)C(CH,COOH), WNH
| R propanol-2 NH propanol-2 |
2a2i N | 4a  N_
3a-g N\NH2 N
0 (CH3),CO
R:O HCI
RC(0)CH,C(O)COOR;
2m R=4-CHsPh, R,=H propanol-2
3n R=Ph,R{=CH,
30 R=4-CH3Ph, R1=CH3 N\
3p R=4-CH3OPh,R1=CH3
3q R=thiophen-2-yl,R{=CHj NH
| COOR;
2m N\N_
3n-3q
(6]
R

Scheme 2. Interaction of (3H-quinazolin-4-ylidene)hydrazine (1a) with oxocarboxylic and 2,4-diooxocarboxylic acids and their esters.

room or 0-10°C temperature) and the reaction me-
dium (ethanol, ethanol - water (1:1), propan-2-ol)
N-Isopropylidene-N'-(quinazolin-4(3H)-ylidene)hyd-
razine was the product of the reaction (4a, Scheme 2).

Under the given conditions hydrazine 1a reacts
with 4-aryl-(heteryl-)-2,4-dioxobutanoic acids and
their esters on the carbonyl group at C(2) atom, with
the formation of the corresponding hydrazones (2m,
3n-3q). It is important to note that these reactions
should be carried out at room temperature because
in more severe conditions a mixture of products is
formed: the corresponding hydrazones 3n-3q and
products of their heterocyclization - 3-[2-(het)aryl-
2-oxoethyl]-2H-[1,2,4]triazino[2,3-c]quinazolin-2-
ones (8a-8d).

The quinazoline moiety was replaced by the quin-
azoline-2-one cycle in order to enhance the antitu-
mour activity of the compounds synthesized and guided
by the principles of the molecule optimization. The
abovementioned reconstruction of the molecule esti-
mates involving all functional groups, which are con-
tacting with the biological target, in the initial state,
and at the same time it leads to a new polar molecule
fragment that can participate in the formation of hy-
drogen with the active conformation of the protein.

[t is important that the reactivity of 4-hydrazo-
no-1H-quinazolin-2-one (1b) with a-, - and y-oxo-
carboxylic acids and their esters in alcohols was slightly
reduced and required acid catalysis. The low reacti-
vity of compound 1b was apparently due to the de-
crease of nucleophilic properties of the hydrazine
group caused by the electron-electron withdrawing
effect of the carbonyl group at position 2. Appropria-
te 2-R-[(2-0x0-2,3-dihydro-1H-quinazolin-4-ylidene)
hydrazono]carboxylic acids and their esters were the
products of the reaction (5a-5h, 6a-6j, Scheme 3).
Interaction of compound 1b with 4-aryl-(heteryl-)-
2,4-dioxobutanoic acids and their esters occurred in
more severe conditions (DMF acetic acid, 1,4-dioxane
and the reaction time 1-2 h) and regardless of the
solvent used the corresponding hydrazones were
formed (5i, 6k-6p, Scheme 3).

Conformational constraints were selected as the
next step of the structural optimization implemented
by one of the most common ways, namely cycliza-
tion, allowing to transform open side chains into cyc-
lic fragments. The abovementioned modification ex-
plicitly led to significant changes in the spatial reor-
ganization of the molecule. Therefore, it was logical
to study cyclocondensation reactions of [(quinazo-

5
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5a R=CHj3 R=H; 6aR = CH3 R{=C,H5;

5b R=CH,CH,COOH,R=H

6b R=Bn,R=C,Hs

5¢ R=4-NO,Bn, R1=H; 6¢ R=4-NO,Bn, Ri=C,H5s
5d R=Ph, R=H; 6d=R=Ph, Ri=C,H5 |
5e R=4-CH;Ph,R{=H; 6e R=4-CH3;Ph,R=C,H5

5f R=4-CH;0Ph,R=H; 6f R=4-CH;0Ph, R{=C,Hs
5g=1,3,5-trimethylpyrazol-4-yl, R;=H;
5h=thiophen-2-yl,R;=H; 6g thiophen-2-yl, R;=C,Hj

H
N

6h R=CH3Y R1=C2H5Y n=1
6i R=Ph,R=C,H5 n=1
6j R=furan-2-yl,R=CyH5 n=1

(0]

NH

; R
6h-6j N_\—
COOR¢
n

RC(O)(CH,)nCOORy;
propanol-2

N__o N.__o N o
\N(H RC(O)COOR; Y RC(O)CH,C(O)COOR,
| R propanol-2 NH propanol-2 NH
5a-5h N I . | COORy
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Scheme 3. Interaction of 4-hydrazono-1H-quinazolin-2-one (1b) with oxocarboxylic and 2,4-dioxocarboxylic acids and their esters.

lin-4(3H)-ylidene)hydrazono]carboxylic acids (2a-2m),
esters (3a-3q) and [(2-0x0-2,3-dihydroquinazolin-
4(1H)-ylidene)hydrazono]carboxylic acids (5a-5i),
esters (6a-6p) for their further study as potential
anticancer agents.

Esters 3a-3g, 3n-3q quite easily gave cyclocon-
densation in the medium of glacial acetic acid with
formation of 3-R-2H-[1,2,4]triazino[2,3-c]quinazo-
lin-2-ones (7a-7g) and 3-[2-(het)aryl-2-oxoethyl]-
2H-[1,2,4]triazino[2,3-c]quinazolin-2-ones (8a-8d),
respectively (Scheme 4) [7, 8]. In the case of esters
6a-6p, cyclocondensation was impossible due to re-

duction of nucleophilicity of the quinazoline N,-atom
caused by the electron-electron withdrawing effect
of the neighbouring carbonyl group. Thus, we used a
different strategy, namely the cyclocondensation of
acids (5a, 5d-5f, 5h, 2¢-2g, 2i) in the corresponding
3-R-2H-[1,2,4]triazino[2,3-c]quinazoline-2,6(7H)-
diones (9a-9e) and 3-R-2H-[1,2,4]triazino[2,3-c]quin-
azoline-2-ones (7a-7g), via activating the carboxyl
group with CDI in anhydrous dioxane or DMF (Sche-
me 4) [11, 16].

Following the above strategy of purposeful search
of anticancer agents, we made further changes in the

N R2 H
o A N_ _O 9aR=CHj;
carbonyldiimidazol NH carbonyldiimidazol \( 9b R=Ph;
dioxane, if R,=H . i if Ro= Ny 9c4-CHgPh;
2 2c-2g, 2i Nl\N dioxane, if R,=OH ono | I\I 9f 4-CH,OPh:
5a,5d-5f,5h | o a-Je N\H)\R 9g thiophen-2-yl
R 0
7a R=CHj; 7b R=Bn; )
7cR=4-NO,Bn; 7d R=Ph;
7e4-CHyPh; 7f 4-CH;OPh; 8aR=Ph:
79 thiophen-2-yl 8b 4-CH,Ph;
8c 4-CH30Ph;
8d thiophen-2-yl
N N N
A X ﬁ
a7q | N aceticacid | acetic acid ga8d J |
a-7g N = 3a-3g N—y o if R=CH,C(O)Ar(Het) N\H)\/LR
3n-3q J\ﬁ/)/“\
o} R n TORq ©

Scheme 4. Cyclocondensation of [(quinazolin-4(3H)-ylidene)hydrazono]carboxylic acids (2¢c-2g, 2i), esters (3a-3g, 3n-3q)

and [(2-oxo-2,3-dihydroquinazolin-4(1H)-ylidene)hydrazono]carboxylic
6

acids (5a, 5d-5f, 5h).
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Scheme 5. Nucleophilic degradation of 3-R-2H-[1,2,4]triazino[2,3-c]quinazoline-2-ones (7a-7g) and 3-[2-(het)aryl-2-oxoethyl]-2H-[1,2,4]

triazino[2,3-c]quinazolin-2-ones (8a-8d).

molecule conformation of 3-R-2H-[1,2,4]triazino[2,3-c]
quinazoline-2-ones (7a-7g) and 3-[2-(het)aryl-2-oxo-
ethyl]-2H-[1,2,4]triazino|[2,3-c]quinazolin-2-ones (8a-
8d). To solve this problem the well known methods
[17], namely nucleophilic degradation of compounds
7a-7g, 8a-8d by hydrazine hydrate in propan-2-ol
(Scheme 5), were used. The corresponding 3-(2-ami-
nophenyl)-6-R-1,2,4-triazin-5(2H)-ones (10a-10e)
were obtained as a result of interaction of compounds
7a-7g with the given nucleophile, while compounds
8a-8d formed 3’-(2-aminophenyl)-3-R-spiro[pyrazo-
line-5,6'(1’H)-1,2,4-triazin]-5’(4’H)-ones (11a-11d)
[7]- It should be also noted that for the corresponding
3-R-2H-[1,2,4]triazino[2,3-c]quinazoline-2,6(7H)-
diones (9a-9e) the reaction indicated failed.

The structure and purity of the compounds syn-
thesized were confirmed by elemental analysis, H
and 3C NMR, LS-MS and EI-MS data. Chromatogra-
phy-mass spectrometry studies of compounds (2a-
2m, 3a-3q, 4a, 5a-5i, 6a-6p, 7a-7g, 8a-8d, 9a-9e,
10a-10g, 11a-11d) in the “soft’ ionization (APCI)
allowed to register in each case the peak of a quasi-
molecular ion [M+1], which had a high intensity and
clearly demonstrated the individuality of the com-
pounds synthesized.

According to the 'H-NMR spectra a broad singlet
of NH-proton at low-field at 13.84-11.43 ppm and
a set of signals of quinazoline protons were charac-
teristic for compounds 2a-2m and 3a-3q; it allowed
to describe the substances studied as 3H-tautomeric
forms. It is important that enhydrazine-hydrazone
tautomerism was characteristic for compounds 3a-
3¢, 3h-3j in DMSO-d,. Thus, compound 3i had signals
of =NNH- and =CH-groups at 12.13 and 4.28 ppm,
respectively, indicating its existence in the enhydra-
zine form. At the same time 'H NMR spectra of com-
pounds 3a-3c, 3j were characterized by a distinct sin-
glet of CH, signals at 3.96 and 3.94 ppm, respectively,
suggesting the existence of the only hydrazone form
of these compounds. Signals of enhydrazine and hy-
drazone forms in spectra of compound 3h in the ratio
(1:1) were registered. Interestingly that compounds
3n-3q in DMSO-d, existed as hydrazones, but with

the characteristic different type of tautomerism -
keto-enol one. Thus, 'H NMR spectra of compounds
3n-3q were characterized by a one-proton singlet of
the =CH-group for the enol form at 5.96-5.88 ppm
and a two-proton singlet of -CH,-groups for the keto
form at 4.56-4.55 ppm. In addition to these signals
characterizing this tautomerism one could observed
a one-proton singlet at low-field of the =C-OH group
at 13.72-13.44 ppm, doubled singlets of the imide
proton (3-NH) and doubled singlets of aliphatic pro-
tons (the ratio of tautomers (1: 1).

Broad singlets in the low-field spectrum of two-
NH protons at 11.07-10.76 ppm (N-1) and 10.72-
9.49 ppm (N-3) were observed for compounds 5a-
5i, 6a-6p characterizing these compounds as-1H,
3H-tautomers. In addition, a diamagnetic shift of ar-
omatic protons of the quinazoline cycle through the
screening effect of the ureide moiety was observed
for 2-oxoderivatives 5a-5i, 6a-6p. It is important that
compounds 5a-5i, 6a -6p exist as hydrazones, and only
in case of compound 6h doubled signals of CH/CH,-
and =N/NH-groups have been recorded, indicating
the enhydrazine-hydrazone tautomerism. It is inter-
esting that introducing into the second position the
acceptor group (oxygen) affects the keto-enol tauto-
merism of compounds 6K-6p in such a way that they
exist only as keto derivatives.

'H NMR spectra of compounds 7a-7h obtained
by alternative methods had a characteristic singlet of
H-6 proton at 9.09-8.80 ppm and a doublet of H-11
at 8.67-8.52 ppm. It clearly confirms their structure
and significantly differ them from compounds 3a-3f.
'H NMR spectra of compounds 8a-8d had a similar
pattern and were characterized by a singlet of pro-
ton H-6 in the region of 8.99-8.98 ppm and by a one-
proton doublet of H-11 at 8.55-8.59 ppm, whereas
compounds 9a-9e had a one-proton doublet of H-11
due to the deshielding effect of the ureide fragment,
which resonated in a weaker field at 8.29-8.27 ppm.
Additionally, the compounds synthesized were charac-
terized by a one-proton singlet of the phenacyl CH,
group at 4.58-4.52 ppm (compounds 8a-8d), by a
broad singlet of the NH-group at 12.43-11.97 ppm

7
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(compounds 9a-9e). The *C NMR spectra were also
in good agreement with the assigned structures of
7a-7h, 8a-8d and 9a-9e.

Comparing data of '"H NMR-spectra of compounds
7a-7h and 8a-8d with compounds 10a-10fand 11a-
11d it should be noted the disappearance of a low-
intensive singlet of proton H-6 and the appearance
of a two-proton signal of the NH,-group, which clearly
indicated the pyrimidine ring degradation. The sig-
nals of the amino-group appeared as a broad two-
proton singlet at 9.5-8.44 ppm (10a-10g) and 6.32-
6.31 ppm for compounds 11a-11d. The signal of NH-
proton of triazine and pyrazoline systems for com-
pounds 11a-11d was detected in some cases as low
intensive broad singlets. The diastereotopic hydro-
gens of the CH,-group of the pyrazoline ring (11a-
11d) appeared as two distinct doublets with 3/, =
17.6 Hz in the range of 2.89-3.07 and 3.77-4.04 ppm.

Signals in 13C NMR spectra correspond exactly to
the proposed structure of the compounds synthesi-
zed 10a-10g. Characteristic signals caused by the C5
atom of the triazine system were detected at 160.6-
149.8 ppm. Signals of the spiro C-atom in *C NMR
spectra of compounds 11a-11d were registered at
77.84-77.58 ppm serving as a reliable evidence of
the spiro-heterocycles formation. The imine carbon
C(3) of the pyrazoline ring was subjected to the in-
fluence of substituents in the het(aryl) ring and its
signal was consequently predictably shifted in '3C
NMR spectra (148.26-147.58 ppm). The atom C(10)
of the amide group was observed almost in the same
region (163.45-164.08 ppm) as the corresponding
one in the starting triazinoquinazolines.

The MS (EI) pattern is typical for this class of the
heterocyclic system and is concerned mainly with
the following processes. The basic direction of the
molecular ions fragmentation of compounds 7d-7i
was associated with the fragmentation of the C(2)-
C(3) and N(4)-N(5) and formation of fragments with
m/z 171. The aryl(heteryl)acyl moiety of compounds
8c and 8d was ruptured at the first stage, forming
the characteristic ArC=0"* ions. The second stage was
concerned with C(2)-C(3) and N(4)-N(5) bond breaking
of triazinoquinazoline, which gave the fragment ion
withm/z 171 (8c) or m/z 170 (8d). The mass spec-
trum of compound 9a had a similar fragmentation
of the molecular ion with compounds 7d-7h forming
the ion m/z 187 due to the rupture of the C(2)-C(3)
and N(3)-N(4).

Evaluation of the anticancer activity in vitro

Newly synthesized compounds were selected by
the National Cancer Institute (NCI) Developmental
Therapeutic Program (www.dtp.nci.nih.gov) for the
in vitro cell line screening to investigate their anti-
cancer activity. Anticancer assays were performed
according to the US NCI protocol described elsewhere
[3, 4, 14]. Compounds were firstly evaluated at one

8

dose primary anticancer assay relative to approxima-
tely 60 cell lines (the concentration was 10 pM). The
human tumour cell lines were derived from nine dif-
ferent cancer types: leukemia, melanoma, lung, colon,
CNS, ovarian, renal, prostate and breast cancers. In
the screening protocol, each cell line was inoculated
and preincubated for 24-48 h on a microtiter plate.
Test agents were then added at a single concentra-
tion, and the culture was incubated for further 48 h.
End point determinations were made with a protein
binding dye, sulforhodamine B (SRB). Results for each
agent tested were reported as the percent growth of
the treated cells comparing to the untreated control
cells. The preliminary screening results are shown
in Tab. 1.

The screening of the compounds synthesized in
the concentration of 10 pM showed that individual
cell lines had different sensitivity to the compounds
synthesized. Thus, significant antitumour activity among
the substances studied revealed compounds 2c, 3b
and 3¢, which turned out to be active against most can-
cer cell lines (the mean growth, 62.92, 45.37, 47.94%,
respectively). Among these compounds, ethyl 3-phe-
nyl-2-[quinazolin-4(3H)-ylidene-hydrazono]propa-
noate (3b) possessed a high cytotoxic effect against
cell lines (CCRF-CEM, K-562, MOLT-4, RPMI -8226)
of leukemia and a proliferative effect against cell li-
nes (HL-60 (TB), SR) of leukemia (Fig.). In addition,
these compound 3b had a wide spectrum of the an-
titumour activity in comparison with compounds 2¢
and 3c (Tab. 2).

According to the standard procedure the dose-de-
pendent action in 5 concentrations of NCI at 59 cell
lines of 9 types of cancer (100uM-0.01uM) was stu-
died for compounds 2¢, 3b and 3c. Three dose-depen-
dent parameters were calculated during our study:
1) GI;, - the molar concentration of the compound
that inhibited 50% net cell growth; 2) TGI - the mo-
lar concentration of the compound leading to total
inhibition of the cell growth; 3) LC,, - the molar con-
centration of the compound leading to 50% net cell
death. If logarithmic data of the parameters studied
(log GI;,, log TGI and log LC;,) were less than - 4.00,
compounds were marked as active.

Parameters of the compound activity against the most
sensitive cell lines are shown in Table 2 (log GI;,<-5.60).
[t is necessary to mention the selective activity of com-
pounds 2c, 3b and 3c against cell lines of leukemia
(CCRF-CEM), NSC lung cancer (NCI-H226). So, sub-
stances 2¢, 3b and 3c revealed the high level of inhibi-
tion against cell line CCRF-CEM of leukemia (log GI,, =
-6.10; -6.05; -5.81, respectively). It is important that
compounds 3b and 3c effectively inhibited the growth
of cell lines HS 578T of breast cancer (log Gl;, =-5.83;
-6.43, respectively).

[t is important that among the substances under
research compound 3.2 has a high anticancer acti-
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Anticancer screening data in the concentration of 10 uM

Table 1

60 Cell lines assay in 1-dose 10uM conc.

Active (selected

Compound Mean Range of The most sensitive | Growth % of the most | for 5-dose 60 cell lines
growth % growth % cell line? sensitive cell line assay)
2b 111.15 82.86 to 149.71 RPMI-8226/L 82.86 Inactive
2c 62.92 -24.95 to 123.65 SR/L -24.95 Active
2e 97.84 -4.81t0 174.14 HS 578T/BC -4.81 Inactive
2h 90.09 28.89 to 247.08 OVCAR-3/0V 28.89 Inactive
2i 100.48 53.43t0 154.20 RXF 393/RC 53.43 Inactive
2m 105.64 79.30 to 140.70 HOP-92/nscLC 79.60 Inactive
3b 45.37 -30.08 to 85.34 SR/L -30.08 Active
3c 47.94 -0.68 to 90.84 BT-549/BC -0.68 Active
3f 102.05 66.50 to 135.41 786-0/RC 66.50 Inactive
3j 94.90 23.66 to 130.35 MDA-MB-468/BC 23.66 Inactive
30 99.47 60.99 to 159.34 IGROV1/0V 60.99 Inactive
3p 105.67 48.38 to 208.57 SNB-75/CNSC 48.38 Inactive
3q 109.96 25.14 to 140.72 SR/L 25.14 Inactive
5h 101.98 16.80 to 138.20 UACC-257/M 16.80 Inactive
5i 107.02 45.11t0 131.70 HOP-62/nscLC 45.11 Inactive
6j 102.20 214910 157.22 MDA-MB-468/BC 21.49 Inactive
6l 110.69 -39.43t0 159.85 786-0/RC -39.43 Inactive
6m 107.26 78.70 to 143.99 RPMI-8226/L 78.70 Inactive
6n 108.96 77.16to0 148.43 RPMI-8226/L 77.16 Inactive
7a 99.23 69.07 to 170.33 IGROV1/0V 69.07 Inactive
7b 95.04 10.25to 16.54 NCI-H522/nscLC 10.25 Inactive
7c 112.28 82.17 to 150.83 HL-60(TB)/L 82.17 Inactive
7d 93.73 -9.11t0 167.26 HS 578T/BC -9.11 Inactive
7f 94.80 43.38-138.34 RXF 393/RC 43.38 Inactive
79 92.99 41.66 - 134.16 IGROV1/0V 41.66 Inactive
8a 100.64 70.10 - 146.04 RXF 393/RC 70.10 Inactive
8c 102.44 68.90 - 163.27 IGROV1/0V 68.90 Inactive
%a 101.64 77.81-128.07 HOP-92/nscLC 77.81 Inactive
9% 105.44 85.91-137.18 SNB-75/CNSC 85.91 Inactive
9c 103.30 61.69 - 138.32 EKVX/nscLC) 61.69 Inactive
od 105.10 64.32 - 183.56 HL-60(TB)/L 64.32 Inactive
%e 106.53 73.83 -298.40 HL-60(TB)/L 73.83 Inactive
10a 100.06 67.17 - 125.28 RPMI-8226/L 67.17 Inactive
10b 96.27 69.88 - 115.45 RPMI-8226/L 69.88 Inactive
10c 109.03 69.48 - 143.11 HL-60(TB)/L 69.48 Inactive
10e 102.36 23.98 - 129.53 UACC-257/M 23.98 Inactive
10f 100.91 27.48 - 133.38 UACC-257/M 27.48 Inactive
109 103.34 63.19 - 146.15 CAKI-1/RC 63.19 Inactive
11c 93.86 54.54-128.15 RPMI-8226/L 54.54 Inactive
11d 93.38 35.69 - 125.01 HCC-2998/ColC 35.68 Inactive

a — L — leukemia, nscLC — non-small cell lung cancer, ColC — colon cancer, CNSC — CNS cancer, M — melanoma, OV- ovarian cancer, RC — renal
cancer, PC — prostate cancer, BC — breast cancer.




ISSN 2308-8303

Journal of Organic and Pharmaceutical Chemistry. — 2014. — Vol. 12, Iss. 4 (48)

Table 2

The effect of compounds 2¢, 3b and 3c on the growth of individual tumour cell lines (log Gl,,<-5.60)

Compd Disease Cell line log Gl log TGI Log LC,,
. CCRF-CEM -6.10 -4.48 >-4.00
Leukemia
HL-60(TB) -5.64 -5.11 >-4.00
2c NSC lung cancer NCI-H226 -5.64 -4.11 >-4.00
Ovarian Cancer OVCAR-3 -5.68 -5.08 >-4.00
Prostate Cancer DU-145 -5.86 >-4.00 >-4.00
CCRF-CEM -6.05 -5.06 >-4.00
Leukemia MOLT-4 -5.66 -4.15 >-4.00
SR -5.78 -4.47 >-4.00
3b NSC lung cancer NCI-H226 -5.61 >-4.00 >-4.00
Colon Cancer HCT-15 -5.77 >-4.00 >-4.00
Ovarian Cancer IGROV1 -5.70 >-4.00 >-4.00
Renal cancer UO-31 -5.83 >-4.00 >-4.00
Breast Cancer HS 578T -5.83 -5.11 >-4.00
3 Leukemia CCRF-CEM -5.81 >-4.00 >-4.00
C
Breast Cancer HS 578T -6.43 -5.29 -4.26
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Fig. The effect of compound 3.2 on the growth of individual tumour cell lines.
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Table 3

The anticancer selectivity pattern
(the average value of LogGl,,) of the most active
compounds 2¢, 3b and 3¢

. Compound
Disease
2¢ 3b 3c
MGMID (N)* | -5.14 (59) -5.30(59) -5.13(59)

L -5.49 -5.66 -5.29
nscLC -5.17 -5.31 -5.13
ColC -5.18 -5.30 -5.11
CNSC -5.05 -5.27 -5.15
M -5.06 -5.25 -4.99
ov -5.23 -5.18 -5.04
RC -5.03 -5.23 -5.05
PC -4.26 -4.81 -4.97
BC -5.27 -5.40 -5.36

* — N —is the number of sensitive cell lines against which the
compound possessed a considerable growth inhibition according
to the parameters log GI,, log TGI and log LC;, < 4.00.

vity against cell lines of leukemia (the average data
LogGl;, = -5.66), NSC lung cancer (the average data
LogGl,, = -5.31), colon cancer (the average data
LogGl;, = -5.30) and breast cancer (the average data
LogGl;, = -5.40) (Tab. 3, Fig.).

SAR Discussion

The analysis of relationships between the chemi-
cal structure and the anticancer activity of the com-
pounds synthesized showed that in most cases che-
mical modification aimed to the conformational con-
strains in molecules had a negative effect on the ex-
pression of the cytotoxic action. The transformation
mentioned above allow changing significantly the sen-
sitivity spectrum of compounds. However, the cycli-
zation of [(2-R-3H-quinazolin-4-ylidene)hydrazono]
carboxylic acids and their esters into the correspon-
ding 3-R-2H-[1,2,4]triazino[2,3-c]quinazoline-2-ones
in some cases had no effect on the antitumour action
against HS 578T/BC (breast cancer) cell line. [t may
be explained by a determinative role of the presence
of the quinazoline fragment for this type of action.
Nucleophilic cleavage of the pyrimidine ring of 3-R-
2H-[1,2,4]triazino[2,3-c]quinazoline-2-ones also cause
the change of the activity spectrum. Thus, the most sen-
sitive to 3-(2-aminophenyl)-6-R-1,2,4-triazin-5(2H)-
ones cell lines are RPMI-8226/L (Leukemia) and
UACC-257/M (Melanoma).

Experimental Protocols

Materials and Methods

Melting points were determined in open capillary
tubes and were uncorrected. The elemental analyses
(G, H, N, S) were performed using an ELEMENTAR
vario EL cube analyzer (USA). Analyses were indi-

cated by the symbols of the elements or functions
within +£0.3% of the theoretical values. IR spectra
(4000-600 cm™) were recorded on a Bruker ALPHA
FT-IR spectrometer (Bruker Bioscience, Germany)
using a module for measuring attenuated total re-
flection (ATR). 'H NMR spectra (400 MHz) and '3C
NMR spectra (100 MHz): were recorded on Varian-
Mercury 400 (Varian Inc., Palo Alto, CA, USA) spectro-
meters with TMS as an internal standard in DMSO-d,
solution. LC-MS were recorded using chromatogra-
phy/mass spectrometric system consisting of an “Agi-
lent 1100 Series” high performance liquid chroma-
tograph (Agilent, Palo Alto, CA, USA) equipped with
a diode-matrix and an “Agilent LC/MSD SL’” mass-se-
lective detector (atmospheric pressure chemical ioni-
zation - APCI). Electron impact mass spectra (EI-MS)
were recorded on a Varian 1200 L instrument at 70 eV
(Varian, USA). The purity of all the compounds ob-
tained was checked by 'H-NMR and LC-MS.
Substances 1a and 1b were synthesized according
to the reported procedures [10, 11]. Other starting
materials and solvents were obtained from commer-
cially available sources and used without additional
purification.
Chemistry
The general method of synthesis of [(quinazolin-
4(3H)-ylidene)hydrazono]carboxylic acids (2a-2m).
Add oxocarboxylic acid (0.005 Mol) to the suspen-
sion of 0.8 g (0.005 Mol) of (quinazolin-4(3H)-ylide-
ne)hydrazine (1.1) in 15 ml of propan-2-ol, boil the
resulting mixture for 10-15 min (in case of y-oxo-
carboxylic acid add 1 drop of hydrochloric acid and
boil for 45-60 min; in case of 2,4-oxocarboxylic acids
allow to stand at room temperature for 30 min). Cool
the mixture and dilute with water. Filter the precipi-
tate formed and dry.
2-[Quinazolin-4(3H)-ylidenehydrazono]propanoic
acid (2a). Yield - 82.6%. M.p. - 206-208°C; 'H-NMR,
d: 2.26 (s, 3H, CH,), 7.53 (t, 1H, H-7), 7.62 (d, 1H,
H-8), 7.78 (t, 1H, H-6), 8.13 (s, 1H, H-2), 8.33 (d, 1H,
J=8.2 Hz, H-5), 12.00 (s, 1H, 3-NH); LC-MS, m/z=230
[M+1]; Anal. calcd. for C;;H,,N,0,: C, 57.39; H, 4.38;
N, 24.34. Found: C, 57.38; H, 4.37; N, 24.38.
2-[Quinazolin-4(3H)-ylidenehydrazono]pentane-
dioic acid (2b). Yield - 87.7%. M.p. - 232-234°C; 'H-
NMR (400 MHz) &: 2.12 (d, 4H, -(CH,),-), 7.43 (t, 1H,
H-7),7.55 (d, 1H, H-8), 7.68 (t, 1H, H-6), 7.93 (s, 1H,
H-2), 8.03 (d, 1H, H-5), 12.34 (s, 1H, 3-NH); LC-MS,
m/z=289 [M+1]; Anal. calcd. for C;;H,,N,0,: C, 57.17;
H, 4.20; N, 19.44; Found: C, 57.18; H, 4.17; N, 19.43.
3-Phenyl-2-[quinazolin-4(3H)-ylidenehydrazono]
propanoic acid (2c). Yield - 78.4%. M.p. - 207-209°C;
'H-NMR, o: 4.18 (s, 2H, CH,), 7.14 (t, 1H, J=7.0 Hz,
H-4 Ph), 7.23 (t, 2H, J=7.4 Hz, H-3, H-5 Ph), 7.29 (d,
2H,J=7.4 Hz, H-2, H-6 Ph), 7.53 (t, 1H, J=7.4 Hz, H-7),
7.61 (d, 1H,/=8.2 Hz, H-8), 7.77 (t, 1H, J=7.8 Hz, H-6),
8.12 (s, 1H, H-2), 8.38 (d, 1H, J=8.0 Hz, H-5), 12.35
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(s, 1H, 3-NH); LC-MS, m/z=307 [M+1]; Anal. calcd.
for C,,H,,N,0,: C, 66.66; H, 4.61; N, 18.29. Found: C,
66.68; H, 4.63; N, 18.31.
3-(4-Nitrophenyl)-2-[quinazolin-4(3H)-ylidene-
hydrazono]propanoic acid (2d). Yield - 85.5%. M.p.
- 196-200°C; 'H-NMR, 6: 4.33 (s, 2H, CH,), 7.56 (m,
3H, H-7 Quin, H-2, H-6 Ph), 7.64 (d, 1H, /=8.2 Hz,
H-8),7.78 (t, 1H, /=8.0 Hz, H-6), 8.10 (d, 2H, J=7.6 Hz,
H-3, H-5 Ph), 8.17 (s, 1H, H-2), 8.36 (d, 1H, /J=7.8 Hz,
H-5); LC-MS, m/z=352 [M+1]; Anal. calcd. for C;;H,;N.0,:
C,58.12; H, 3.73; N, 19.93. Found: C, 58.14; H, 3.75;
N, 19.91.
Phenyl-[quinazolin-4(3H)-ylidenehydrazono]ace-
tic acid (2e).Yield - 92.5%. M.p. - 208-210°C; 'H-NMR,
0:7.45-7.35 (m, 4H, H-7 Quin, H-3, H-4, H-5 Ph), 7.50
(d, 1H,/=8.2 Hz, H-8), 7.63 (t, 1H, J=6.8 Hz, H-6), 7.85
(s, 1H, H-2), 7.95-7.90 (m, 2H, H-2, H-6 Ph), 8.23 (d,
1H, J=7.6 Hz, H-5), 12.26 (s, 1H, 3-NH); LC-MS, m/z
=293 [M+1]; Anal. calcd. for C,,H,,N,0,: C, 65.75; H,
4.14; N, 19.17. Found: C, 65.74; H, 4.15; N, 19.19.
(4-Methylphenyl)-[quinazolin-4(3H)-ylidenehydra-
zonoJacetic acid (2f). Yield - 88.1%. M.p. - 194-196°C;
'H-NMR, 6: 2.38 (s, 3H, CH,), 7.34 (d, 2H, J=7.9 Hz,
H-3, H-5 Ph), 7.47 (t, 1H, J=7.7 Hz, H-7), 7.55 (d, 1H,
J=7.7 Hz, H-8),7.71 (t, 1H, J=7.5 Hz, H-6), 7.84 (d, 2H,
J=8.1 Hz, H-2, H-6 Ph), 7.93 (s, 1H, H-2), 8.13 (d, 1H,
J=7.7 Hz, H-5), 11.83 (s, 1H, 3-NH); LC-MS, m/z=307
[M+1]; Anal. calcd. for C;,H;,N,0,: C, 66.66; H, 4.61;
N, 18.29. Found: C, 66.67; H, 4.59; N, 18.27.
(4-Methoxyphenyl)-[quinazolin-4(3H)-ylidenehyd-
razonojacetic acid (2g). Yield - 86.8%. M.p. - 184-
186°C; 'H-NMR, o: 3.85 (s, 3H, OCH,), 7.08 (d, 2H, J=
8.9 Hz, H-2, H-6 Ph), 7.46 (t, 1H, J=7.7 Hz, H-7), 7.53
(d, 1H, J=8.3 Hz, H-8), 7.69 (t, 1H, /=7.9 Hz, H-6), 7.86
(d, 2H, J=8.9 Hz, H-3, H-5 Ph), 7.91 (s, 1H, H-2), 8.11
(d, 1H,/=7.5 Hz, H-5),11.81 (s, 1H, 3-NH); LC-MS, m/z
=323 [M+1]; Anal. calcd. for C,,H,,N,O,: C, 63.35; H,
4.38; N, 17.38. Found: C, 63.34; H, 4.36; N, 17.35.
[Quinazolin-4(3H)-ylidenehydrazono](1,3,5-tri-
methyl-1H-pyrazol-4-yl)acetic acid (2h). Yield - 80.1%.
M.p. - 168-170°C; 'H-NMR, &: 2.50 (s, 6H, 3,5-(CH,),,
3.72 (s, 3H, N-CH,), 7.75-7.35 (m, 3H, H-6, H-7, H-8),
8.08/7.99 (d, 1H, J=7.5 Hz, H-5), 8.47/8.28 (s, 1H,
H-2); LC-MS, m/z=325 [M+1]; Anal. calcd. for C, H,N,O:
C, 59.25; H, 4.97; N, 25.91. Found: C, 59.24; H, 4.96;
N, 25.89.
[Quinazolin-4(3H)-ylidenehydrazono](2-thienyl)ace-
tic acid (2i). Yield - 80.5%. M.p. - 166-168°C; 'H-NMR,
0: 7.18 (t, 1H, J=4.4 Hz, H-4 Th.), 7.60-7.48 (m, 2H,
H-6 Quin, H-5 Th.), 7.65 (d, 1H, J=2.5 Hz, H-8), 7.75
(d, 1H,H-3 Th.), 7.70 (t, 1H, J=7.1 Hz, H-6),8.47 /7.91
(d, 1H, J=8.9 Hz, H-5), 8.71/8.20 (s, 1H, H-2); LC-MS,
m/z=299 [M+1]; Anal. calcd. for C,,H,,N,0,S: C,56.37;
H, 3.38; N, 18.78; S, 10.75. Found: C, 56.34; H, 3.36;
N, 18.75; S, 10.74.
4-Phenyl-4-[quinazolin-4(3H)-ylidenehydrazono|bu-
tanoic acid (2j). Yield - 62.5%. M.p. - 196-198°C; LC-MS,
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m/z=321 [M+1]; Anal. calcd. for C;;H,,N,0,: C, 67.49;
H, 5.03; N, 17.49. Found: C, 67.51; H, 5.06; N, 17.52.

4-(4-Methylphenyl)-4-[quinazolin-4(3H)-ylidene-
hydrazono]butanoic acid (2K). Yield - 77.6%. M.p. -
208-210°C; 'H-NMR, 6: 2.47 (t, 2H, J=8.3 Hz, CH,CH,-),
2.35 (s, 3H, CH;), 3.29 (t, 2H, J=7.6 Hz, CH,-CH,-),
7.26 (d, 2H, J=8.3 Hz, H-3, H-5 Ph), 7.45 (t, 1H, /J=8.1 Hz,
H-7),7.52 (d, 1H, /=7.8 Hz, H-8), 7.66 (t, 1H, J=7.3 Hz,
H-6), 7.98 (m, 3H, H-2 Quin, H-2, H-6 Ph), 8.24 (d, 1H,
J=7.6 Hz, H-5), 11.96 (s, 1H, 3-NH), 12.06 (s, 1H, COOH);
LC-MS, m/z=335 [M+1]; Anal. calcd. for C,;H,4N,0,:
C, 68.25; H, 5.43; N, 16.76. Found: C, 68.27; H, 5.46;
N, 16.78.

4-(4-Methoxyphenyl)-4-[quinazolin-4(3H)-ylidene-
hydrazono]butanoic acid (21). Yield - 77.7%. M.p. -
228-230°C; LC-MS, m/z=352 [M+1]; Anal. calcd. for
C,oH,gN,0.: C,65.13; H, 5.18; N, 15.99. Found: C, 65.10;
H, 5.16; N, 15.93.

4-0x0-4-(methylphenyl)-2-[quinazolin-4(3H)-ylide-
nehydrazono]butanoic acid (2m). Yield - 91.9%. M.p.
- 222-224°C; LC-MS, m/z=349 [M+1]; Anal. calcd. for
C,oH(NO,: C,65.51; H, 4.63; N, 16.08. Found: C, 65.52;
H, 4.64; N, 16.07.

The general method of synthesis of methyl
(ethyl)[(quinazolin-4(3H)-ylidenehydrazono]carb-
oxilate (3a-3q).

Add ethyloxocarboxilate or methyl 2,4-dioxocarb-
oxilate (0.005 Mol) to the suspension of 0.8 g (0.005 Mol)
of (3H-quinazolin-4-ylidene)hydrazine (1a) in 15 ml
of propan-2-ol, boil the resulting mixture for 45-60 min
(in case of methyl 2,4-dioxocarboxilate keep at room
temperature with stirring for 45-60 min). Cool the
mixture dilute with water. Filter the precipitate for-
med and dry.

Ethyl 2-(quinazolin-4(3H)-ylidenehydrazono)pro-
panoate (3a). Yield - 49.3%. M.p. - 128-130°C; 'H-NMR,
6: 1.38 (t, 3H, J=6.8 Hz, OCH,CH,), 2.31 (s, 3H, CH,),
4.9 (q, 2H, J=7.0 Hz, OCH,CH,), 7.36 (t, 1H, J=7.4 Hz,
H-7),7.50 (d, 1H, /=7.6 Hz, H-8), 7.60 (t, 1H, J=8.4 Hz,
H-6), 7.86 (s, 1H, H-2), 8.32 (d, 1H, /=7.0 Hz, H-5),
11.43 (s, 1H, NH); LC-MS, m/z=259 [M+1]; Anal. calcd.
for C,;H,,N,0,: C, 60.46; H, 5.46; N, 21.69. Found: C,
60.43; H, 5.44; N, 21.65.

Ethyl 3-phenyl-2-[quinazolin-4(3H)-ylidenehydra-
zono[propanoate (3b). Yield - 64.3%. M.p. - 118-120°C;
'H-NMR, &: 1.25 (t, 3H, J=6.8 Hz, OCH2CH,), 4.23 (m,
4H, -CH,Ph, -OCH,CH,), 7.51 (m, 5H, H-2, H-3, H-4,
H-5, H-6 Ph), 7.50 (t, 1H, J=7.0 Hz, H-7), 7.57 (d, 1H,
J=7.4 Hz, H-8), 7.73 (t, 1H, J=6.8 Hz, H-6), 7.94 (s, 1H,
H-2), 8.35 (d, 1H, J=7.4 Hz, H-5), 11.53 (s, 1H, NH);
LC-MS, m/z=335 [M+1]; Anal. calcd. for C,;H,4N,O,:
C, 68.25; H, 5.43; N, 16.76. Found: C, 68.26; H, 5.46;
N, 16.80.

Ethyl 3-(4-nitrophenyl)-2-[quinazolin-4(3H)-ylide-
nehydrazono|propanoate (3c). Yield - 55.2%. M.p. -
108-110°C; 'H-NMR, &: 1.26 (t, 3H, J=7.4 Hz, OCH,CH.,),
4.24 (q, 2H, J=6.0 Hz, OCH,CH,), 4.37 (s, 2H, CH,Ph),
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7.53 (m, 3H, H-7 Quin, H-2, H-4 Ph), 7.60 (d, 1H, J=
7.8 Hz, H-8), 7.76 (t, 1H, J=6.4 Hz, H-6), 7.97 (s, 1H,
H-2),8.33 (d, 2H, J=8.0 Hz, H-3, H-5 Ph), 8.33 (d, 1H,
J=7.6 Hz, H-5), 11.69 (s, 1H, NH); LC-MS, m/z=380
[M+1]; Anal. calcd. for C,yH,,N.O,: C, 60.15; H, 4.52;
N, 18.46. Found: C, 60.12; H, 4.51; N, 18.43.

Ethyl phenyl-[quinazolin-4(3H)-ylidenehydrazono]
acetate (3d). Yield - 78.8%. M.p. - 182-184°C; '"H-NMR,
6: 1.45 (s, 3H, OCH,CH,), 4.29 (q, 2H, OCH,CH,), 7.52-
7.44 (m, 5H, H-7, H-8 Quin, H-3, H-5 Ph), 7.71 (t, 1H,
H-6),7.92-7.85 (m, 2H, H-2, H-6 Ph), 7.94 (s, 1H, H-2),
8.12 (d, 1H, H-5), 11.86 (s, 1H, NH); LC-MS, m/z=321
[M+1]; Anal. calcd. for C;;H,,N,0,: C, 67.49; H, 5.03;
N, 17.49. Found: C, 67.47; H, 5.01; N, 17.47.

Ethyl (4-methylphenyl)-[quinazolin-4(3H)-ylide-
nehydrazono]acetate (3e). Yield - 86.1%. M.p. - 146-
148°C; '"H-NMR, &: 1.44 (t, 3H, J=7.2 Hz, OCH,CH,),
3.42 (s, 3H, CH,), 4.45 (q, 2H, J=6.9 Hz, OCH,CH,),
7.22 (d, 2H, J=7.7 Hz, H-3, H-5 Ph), 7.33 (t, 1H, /=7.9 Hz
Hz, H-7), 7.47 (d, 1H, J=8.5 Hz, H-8), 7.57 (t, 1H, J=
7.2 Hz, H-6),7.72 (d, 2H, J=7.2 Hz, H-2, H-6 Ph), 7.89
(s, 1H, H-2),8.12 (d, 1H, J=8.4 Hz, H-5), 11.80 (s, 1H,
NH); LC-MS, m/z=335 [M+1]; Anal. calcd. for C,;H,;N,O,:
C, 68.25; H, 5.43; N, 16.76. Found: C, 68.27; H, 5.47;
N, 16.74.

Ethyl (4-methoxyphenyl)-[quinazolin-4(3H)-ylide-
nehydrazono]acetate (3f). Yield - 65.1%. M.p. - 196-
198°C; 'H-NMR, &: 1.35 (t, 3H, J=7.1 Hz, OCH,CH.),
3.83 (s, 3H, OCH,), 4.42 (q, 2H, J=7.1 Hz, OCH,CH,),
7.04 (d, 2H,J=8.4 Hz, H-3, H-5 Ph), 7.43 (t, 1H, /J=6.8 Hz,
H-7),7.51 (d, 1H, J=8.1 Hz, H-8), 7.67 (t, 1H, J=7.6 Hz,
H-6),7.81 (d, 2H,/=8.8 Hz, H-2,H-6 Ph), 7.82 (s, 1H, H-2),
8.06 (d, 1H, J=7.8 Hz, H-5), 11.58 (s, 1H, NH); LC-MS,
m/z=351 [M+1]; Anal. calcd. for C,,H,;4N,O,: C, 65.13;
H, 5.18; N, 15.99. Found: C, 65.12; H, 5.17; N, 15.94.

Ethyl [quinazolin-4(3H)-ylidenehydrazono](2-thie-
nyl)acetate (3g). Yield - 75.5%. M.p. - 100-102°C;
'H-NMR, &: 1.37 (t, 3H, /=7.1 Hz, OCH,CH,), 4.41 (q,
2H, J=7.2 Hz, OCH,CH,), 7.19 (t, 1H, J=4.0 Hz, H-7),
7.59 (m, 3H, H-8 Quin., H-4, H-5 Th.), 7.77 (t, 1H,
J=7.2 Hz, H-6), 7.94 (m, 2H, H-2 Quin, H-3 Th.), 8.49
(d, 1H,J=7.1 Hz, H-5), 11.88 (s, 1H, NH); LC-MS, m/z
=327 [M+1]; Anal. calcd. for C,(H,,N,0,S: C, 58.88;
H,4.32; N, 17.17, §, 9.82. Found: C, 58.85; H, 4.29; N,
17.14; S, 9.79.

Ethyl 3-[quinazolin-4(3H)-ylidenehydrazono]bu-
tanoate (3h). Yield - 91.8%. M.p. - 168-170°C; H-NMR,
8: 1.17 (t, 3H, CH,-CH;), 2.12 (s, 3H, CH;), 4.12/3.99
(q,2H, CH,-CH,), 4.42/4.12 (s, 1H,CH/CH,), 7.61/724
(t, 1H,H-7),7.38/7.12 (d, 1H, H-8), 7.72/7.43 (t, 1H,
H-6), 8.18/7.88 (s, 1H, H-2), 8.06/7.81 (d, 1H, H-5),
11.46/11.22 (s, 1H, 3-NH), 13.84 (s, 1H, =NNH); LC-MS,
m/z=272 [M+1]; Anal. calcd. for C,,H,(N,0,: C, 61.75;
H, 5.92; N, 20.57. Found: C, 61.78; H, 5.96; N, 20.59.

Ethyl 3-phenyl-3-[quinazolin-4(3H)-ylidenehydra-
zono[propanoate (3i).Yield - 83.3%. M.p.- 192-194°C;
'H-NMR, 6: 1.26 (t, 3H, CH,-CH,), 4.28 (q, 2H, CH,-CH,),

4.38 (s, 1H, =CH), 7.50-7.30 (m, 5H, H-5, H-6 Quin,
H-3, H-4, H-5 Ph), 7.58 (t, 1H, H-6); 7.98 (s, 2H, H-2,
H-6 Ph), 7.82 (s, 1H, H-2), 8.21 (d, 1H, H-5), 11.43
(s, 1H, 3-NH), 12.13 (s, 1H, =NNH); LC-MS, m/z=335
[M+1]; Anal. calcd. for C;qH,(N,0,: C, 68.25; H, 5.43;
N, 16.76. Found: C, 68.27; H, 5.46; N, 16.79.

Ethyl 3-(2-furyl)-3-[quinazolin-4(3H)-ylidenehyd-
razono]propanoate (3j). Yield - 55.5%. M.p. - 158-
160°C; 'H-NMR, &: 1.10 (t, 3H, /=7.1 Hz, OCH,CH,),
3.96 (s, 2H, CH,), 4.03 (q, 2H, /=7.1 Hz, OCH,CH,), 6.67
(t, 1H, J=1.7 Hz, H-4 Fur), 7.21 (d, 1H, J=3.2 Hz, H-3
Fur), 7.42 (t, 1H, J=8.0 Hz, H-7), 7.49 (d, 1H, J=8.1 Hz,
H-8),7.65 (t, 1H,/=8.1 Hz, H-6), 7.84 (s, 1H, H-5 Fur),
7.88 (s, 1H, H-2), 8.13 (d, 1H, /=8.1 Hz, H-5), 11.54
(s, 1H, 3-NH); LC-MS, m/z=325 [M+1]; Anal. calcd.
for C,,H,(N,0;: C, 62.95; H, 4.97; N, 17.27. Found: C,
62.93; H,4.92; N, 17.24.

Ethyl 4-phenyl-4-[quinazolin-4(3H)-ylidenehydra-
zonoJbutanoate (3K). Yield - 52.3%; oil; LC-MS, m/z
=349 [M+1]; Anal. calcd. for C,,H,,N,O,: C, 68.95; H,
5.79; N, 16.08. Found: C, 68.97; H, 5.81; N, 16.11.

Ethyl 4-(4-methylphenyl)-4-[quinazolin-4(3H)-yli-
denehydrazono]butanoate (31). Yield - 48.0%. M.p. -
166-168°C; 'H-NMR, 6: 1.11 (t, 3H, J=7.1 Hz, OCH,CH.,),
2.49 (t, 2H, J=7.8 Hz, CH,CH,CO), 2.54 (t, 2H, J=7.8 Hz,
CH,CH,CO), 2.58 (s, 3H, CH,), 4.00 (q, 2H, J=7.1 Hz,
OCH,CH,), 6.98 (d, 2H, J=8.8 Hz, H-3, H-5 Ph), 7.41 (t,
1H, J=7.6 Hz, H-7),7.47 (d, 1H,J=7.6 Hz,H-8), 7.63 (t, 1H,
J=7.8 Hz, H-6), 7.83 (s, 1H, H-2), 8.00 (d, 2H, J=7.3 Hz,
H-2,H-6 Ph), 8.20 (d, 1H, J=7.8 Hz, H-5), 11.40 (s, 1H,
NH); Anal. calcd. for C,,H,,N,0,: C, 69.59; H, 6.12; N,
15.46. Found: C, 69.57; H, 6.10; N, 15.43.

Ethyl 4-(4-methoxyphenyl)-4-[quinazolin-4(3H)-
ylidenehydrazono]butanoate (3m). Yield - 52.9%.
M.p. - 162-164°C; 'H-NMR, &: 1.12 (t, 3H,, /=7.1 Hz,
OCH,CH), 2.49 (t, 2H, J=7.8 Hz, CH,CH,-C0O), 2.54 (t,
2H, J=7.8 Hz, CH,CH,CO), 3.53 (s, 3H, CH;), 4.00 (q,
2H, J=7.1 Hz, OCH,CH,), 7.24 (d, 2H, J=7.6 Hz, H-3,
H-5Ph), 7.42 (t, 1H, J=7.6 Hz, H-7), 7.48 (d, 1H, J=7.6
Hz, H-8), 7.64 (t, 1H, /=7.8 Hz, H-6), 7.83 (s, 1H, H-2),
7.95 (d, 2H, J=8.8 Hz, H-2, H-6 Ph), 8.20 (d, 1H,/=7.8 Hz,
H-5),11.40 (s, 1H, NH); LC-MS, m/z=379 [M+1]; Anal.
calcd. for C,,H,,N,0.: C, 66.65; H, 5.86; N, 14.80. Found:
C, 66.61; H,5.83; N, 14.78.

Methyl 4-oxo-4-phenyl-2-[quinazolin-4(3H)-ylide-
nehydrazono]butanoate (3n). Yield - 65.9%. M.p. -
120-122°C; 'H-NMR, &: 3.91/3.81 (s, 3H, -OCH,), 4.59
(s, 2H, -CH,), 5.98 (s, 1H, =CH-), 7.31/7.27 (t, 1H, J=
7.6 Hz, H-7), 7.45/7.23 (d, 1H, J=8.3 Hz, H-8), 7.56-
7.49 (m, 3H, H-3, H-4, H-5 Ph), 7.67 (t, 1H, J=7.3 Hz,
H-6), 7.93/7.85 (d, 2H, , /=8.1 Hz H-2, H-6 Ph), 8.03
(d, 1H, J=8.1 Hz, H-5), 8.11 (s, 1H, H-2), 11.94/11.74
(s, 1H, 3-NH), 13.72 (s, 1H, HO-C=); LC-MS, m/z=349
[M+1]; Anal. calcd. for C;yH,(N,0;: C, 65.51; H, 4.63;
N, 13.78. Found: C, 65.55; H, 4.65; N, 13.81.

Methyl 4-oxo-4-(4-methylphenyl)-2-[quinazolin-
4(3H)-ylidenehydrazono]butanoate (30). Yield - 58.1%.

13
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M.p. - 110-112°C; '*H-NMR, &: 2.39/2.34 (s, 3H, -CH,),
3.91/3.81 (s, 3H, -OCH,), 4.56 (s, 2H, -CH,-), 5.95 (s,
1H, =CH-), 7.93-7.20 (m, 8H, H-5, H-6, H-7, H-8 Quin,
H-2, H-6, H-3, H-5 Ph ), 8.09 (s, 1H, H-2), 11.91/11.70
(s,1H, 3-NH), 13.66 (s, 1H, HO-C=); LC-MS, m/z=363
[M+1]; Anal. calcd. for C,,H,;N,0;: C, 66.26; H, 5.01;
N, 15.46. Found: C, 66.23; H, 4.98; N, 15.42.

Methyl 4-oxo-4-(4-methoxyphenyl)-2-[quinazolin-
4(3H)-ylidenehydrazono]butanoate (3p). Yield - 61.0%.
M.p.-152-153°C; 'H-NMR, 6: 3.81/3.80 (s, 3H, Ph-OCH,),
3.90/3.85 (s, 3H, -0CH,), 4.55 (s, 2H, -CH,-), 7.07 (d,
2H, J=8.8 Hz, H-3, H-5 Ph), 5.93 (s, 1H, =CH-), 7.21/6.99
(d, 1H, J=8.8 Hz, H-8), 7.30 (t, 1H, J=6.6 Hz, H-7), 7.51
(t, 1H, J=8.6 Hz, H-6), 7.93/7.73 (d, 1H, J=7.8 Hz, H-5),
8.00/7.90 (d, 2H, J=8.8 Hz, H-2, H-6, Ph), 8.07 (s, 1 H,
H-2),11.67 (s, 1H, 3-NH), 13.60 (s, 1H, HO-C=); LC-MS,
m/z=379 [M+1]; Anal. calcd. for C,,H,4,N,0,: C, 63.49;
H, 4.79; N, 14.81. Found: C, 64.51; H, 4.81; N, 14.82.

Methyl 4-oxo0-2-[quinazolin-4(3H)-ylidenehydra-
zono|-4-(2-thienyl)butanoate (3q). Yield - 48.6%. M.p.
- 181-183°C; 'H-NMR, o: 3.91/3.82 (s, 3H, -OCH,),
4.55 (s, 2H, -CH,-), 5.88 (s, 1H,=CH-), 7.30/7.15 (t, 1H,

J=5.1 Hz, H-4 Th.), 7.30/7.22 (d, 1H, J=7.6 Hz, H-6),
7.68/7.52 (t,1H,J=7.1 Hz, H-7), 7.79 (d, 1H, J=4.6 Hz,
H-5Th.), 8.03/7.84 (d, 1H, J=8.1 Hz, H-5), 7.94 (s, 1H,
H-2),8.12/8.07 (d, 1H, J=3.7 Hz, H-3 Th.), 11.91/11.74
(s, 1H, 3-NH), 13.44 (s, 1H, HO-C=); LC-MS, m/z=355
[M+1]; Anal. calcd. for C;,H,,N,0,S: C,57.62; H, 3.98;
N, 15.81; §, 9.05. Found: C, 57.59; H, 3.96; N, 15.79;
S,9.02.

The general method of synthesis of N-izopro-
pylidene-N'-(quinazolin-4(3H)-ylidene)-hydra-
zine (4a).

Method A. Add 3-oxocarboxylic acid (0.01 Mol)
to the solution of 1.6 g (0.01 Mol) of 4-hydrazino-
quinazoline (2.3) in 15 ml of propan-2-ol and allow
to stand at room temperature. During the reaction
carbon monoxide is released. At the end of the pro-
cess (2 h) filter the precipitate and dried.

Method B. To 2.3 g (0.014 Mol) of 4-hydrazino-
quinazoline (2¢) add 20 ml of acetone and 2 drops of
the concentrated hydrochloric acid and boil for 90 min.
Cool the solution, filter the precipitate and dry.

N-izopropylidene-N'-(quinazolin-4(3H)-ylidene)hyd-
razine (4a). Yield - 50.4%. M.p. - 166-168°C; '"H-NMR,
d: 2.09 (s, 3H, CH,), 2.14 (s, 3H, CH,), 7.24 (t, 1H, J=
7.6 Hz, H-7), 7.38 (d, 1H, J=8.1 Hz, H-8), 7.47 (t, 1H,
J=7.1Hz, H-6),8.17 (d, 1H, /=8.1 Hz, H-5), 7.65 (s, 1H,
H-2), 10.7 (s, 1H, 3-NH); LC-MS, m/z=201 [M+1]; Anal.
calcd. for C;;H,,N,: C,65.98; H, 6.04; N, 27.98. Found:
C,65.96; H, 6.02; N, 27.96.

The general method of synthesis of [(2-0x0-2,3-
dihydroquinazolin-4(1H)-ylidene)-hydrazono]
carboxylic acids (5.1-5.9).

To the suspension of 0.88 g (0.005 Mol) of 4-hyd-
razino-1H-quinazolin-2-one (1b) in 10 ml of metha-
nol add 0.005 Mol of the appropriate a-oxocarboxy-
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lic acid and 1.03 g (0.005 Mol) of 4-(4"-methylphe-
nyl)-2,4-dioxobutanoic acid, 1-2 drops of the concen-
trated hydrochloric acid and boil for 15 min, cool, and
filter the precipitate.
2-[(2-0x0-2,3-dihydroquinazolin-4(1H)-ylidene)
hydrazono]propanoic acid (5a). Yield - 77.2%. M.p.
- 252-254°C; 'H-NMR, &: 2.26 (s, 3H, CH,), 7.16 (m,
2H, H-6, H-8), 7.55 (t, 1H, J=7.6 Hz, H-7), 8.18 (d,
1H, J=8.2 Hz, H-5), 11.05 (s, 1H, 3-NH), 11.40 (s, 1H,
1-NH), 12.37 (s, 1H, COOH); LC-MS, m/z=247 [M+1];
Anal. calcd. for C;;H,,N,O,: C, 53.66; H, 4.09; N, 22.75.
Found: C, 55.63; H, 4.03; N, 22.73.
2-[2-0x0-2,3-dihydroquinazolin-4(1H)-ylidene)
hydrazono]pentanedioic acid (5b). Yield - 72.4%.
M.p. - 242-244°C; 'H-NMR, 6: 2.98 (t, 2H, J=7.8 Hz,
-CH,-CH,-COOH), 3.33 (t, 2H, -CH,-COOH), 7.13 (d, 1H,
J=8.1Hz, H-8), 7.53 (t, 1H, /=7.8 Hz, H-7), 7.58 (t, 1H,
J=6.8 Hz, H-6), 8.10 (d, 1H, J=8.1 Hz, H-5), 11.03 (s,
1H, 3-NH), 11.36 (s, 1H, 1-NH), 12.28 (s, 1H, COOH);
LC-MS, m/z=305 [M+1]; Anal. calcd. for C;H,,N,O.:
C,51.32; H, 3.98; N, 18.41. Found: C, 51.36; H, 4.01;
N, 18.43.
3-(4-Nitrophenyl)-2-[(2-o0xo0-2,3-dihydroquinazo-
lin-4(1H)-ylidene)hydrazono]propanoic acid (5c). Yield
-81.7%. M.p. - 250-252°C; LC-MS, m/z=368 [M+1];
Anal. calcd. for C;;H,;N;O.: C, 55.59; H, 3.57; N, 19.07.
Found: C, 55.54; H, 3.53; N, 19.03.
Phenyl-[2-0x0-2,3-dihydroquinazolin-4(1H)-yli-
dene)hydrazono]acetic acid (5d). Yield - 77.6%. M.p.
-280-282°C; '"H-NMR, &: 7.13 (m, 2H, H-7, H-8), 7.51
(m, 5H, H-6 Quin, H-2, H-3, H-5, H-6 Ph), 8.04 (m, 2H,
H-5 Quin, H-4 Ph), 11.06/10.62 (s, 1H, 3-NH), 11.56/10.85
(s, 1H, 1-NH), 12.63 (s, 1H, COOH); LC-MS, m/z=309
(80:20) [M+1]; Anal. calcd. for C,;H,,N,0,: C, 62.31;
H, 3.92; N, 18.17. Found: C, 62.35; H, 3.93; N, 18.21.
(4-Methylphenyl)-[(2-o0x0-2,3-dihydroquinazolin-
4(1H)-ylidene)hydrazono]acetic acid (5e). Yield - 87.0%.
M.p. - 266-268°C; 'H-NMR, &: 2.35 (s, 3H, CH,), 7.10
(m, 2H, H-7, H-8), 7.44 (d, 2H, J=8.0 Hz, H-3, H-5 Ph),
7.53 (t, 1H, J=7.0 Hz, H-6), 7.91 (d, 2H, H-3, /=8.4 Hz,
H-5 Ph), 7.98 (d, 1H, /=7.6 Hz, H-5), 11.09/10.59 (s,
1H, 3-NH), 11.60/10.82 (s, 1H, 1-NH), 12.66 (s, 1H,
COOH); LC-MS, m/z=323 (50:50) [M+1]; Anal. calcd.
for C;;H,,N,0,: C, 63.35; H, 4.38; N, 17.38. Found: C,
63.35; H,4.39; N, 17.38.
(4-Methoxyphenyl)-[(2-oxo0-2,3-dihydroquinazolin-
4(1H)-ylidene)hydrazono]acetic acid (5f). Yield - 82.8%.
M.p. - 280-282°C; 'H-NMR, &: 3.84 (s, 3H, OCH,), 7.03
(d, 2H, H-3, H-5 Ph), 7.15 (m, 2H, H-7, H-8), 7.53 (t, 1H,
J=7.5 Hz, H-6), 7.98 (m, 2H, H-5 Quin, H-3, H-5 Ph),
11.03/10.47 (s, 1H, 3-NH), 11.42/10.77 (s, 1H, 1-NH),
11.49 (s, 1H, COOH); LC-MS, m/z=339 (50:50) [M+1];
Anal. calcd. for C;,H,,N,0,: C, 60.35; H, 4.17; N, 16.56.
Found: C, 60.39; H, 4.21; N, 16.58.
[2-0x0-2,3-dihydroquinazolin-4(1H)-ylidene)hyd-
razono]-(1,3,5-trimethyl-1H-pyrazol-4-yl)acetic acid (5g).
Yield - 74.7%. M.p. - 252-254°C; '"H-NMR, 6: 2.30 (s,
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3H, 5-CH,), 2.42 (s, 3H, 3-CH,), 3.73 (s, 3H, N-CH,),
7.14 (m, 2H, H-6, H-8), 7.53 (t, 1H, J=6.8 Hz, H-7),
7.92/7.86 (d, 1H, J=8.1 Hz, H-5), 9.22 (s, 1H, 3-NH),
10.92 (s, 1H, 1-NH), 12.55 (s, 1H, COOH); LC-MS, m/z
=341 (50:50) [M+1]; Anal. calcd. for C,(H,,N,O,: C, 56.47;
H, 4.74; N, 24.69. Found: C, 56.45; H, 4.73; N, 24.65.

[(2-0x0-2,3-dihydroquinazolin-4(1H)-ylidene)hyd-
razono](2-thienyl)acetic acid (5h). Yield - 85.9%. M.p.
- 206-208°C; 'H-NMR, 5: 7.31-7.11 (m, 3H, H-7, H-8
Quin, H-4 Th.), 7.65/7.56 (t, 1H, J=7.3 Hz, H-6),
7.80/7.49 (t, 1H, H-5), 7.93 (d, 1H, J=5.2 Hz, H-3 Th.),
8.38 (d, 1H, J=4.4 Hz, H-5 Th.), 10.94 (s, 1H, 3-NH),
11.20 (s, 1H, 1-NH), 11.63 (s, 1H, COOH); LC-MS, m/z
=314 (50:50) [M+1]; Anal. calcd. for C,,H,,N,O,S: C,
53.50; H, 3.21; N, 17.82;S, 10.20. Found: C, 53.45; H,
3.17; N, 17.79; S, 10.17.

4-(4-Methylphenyl)-4-oxo-2-[(2Z)-(2-0xo0-2,3-dihyd-
roquinazolin-4(1H)-ylidene)hydrazono]butanoic acid
(5i). Yield - 73.1%. M.p. - 224-228°C; 'H-NMR, &: 4.50
(s, 2H, CH,), 6.97 (t, 1H, J=7.6 Hz, H-7), 7.09 (d, 1H,
J=8.3 Hz, H-8),7.33 (d, 2H, J=8.1 Hz, H-3, H-5 Ph), 7.52
(t, 1H,J=7.1 Hz, H-6),7.72 (d, 1H, J=7.3 Hz, H-5), 7.89
(d, 2H, J=8.1 Hz, H-2, H-6 Ph), 11.07 (s, 1H, 3-NH),
11.45 (s, 1H, 1-NH), 12.55 (s, 1H, COOH); LC-MS, m/z
=363 [M+1]; Anal. calcd. for C,;H,,N,0,: C, 62.63; H,
4.43; N, 15.38. Found: C, 62.59; H, 3.17; N, 17.79; S,
10.17.

The general method of synthesis of methyl
(ethyl) 2-R-2-{[2-0x0-2,3-dihydroquinazolin-4(1H)-
ylidene]hydrazono}carboxylic acids (6a-6p).

To the suspension of 0.88 g (0.005 Mol) of 4-hyd-
razino-1H-quinazolin-2-one (1.2) in 15 ml of pro-
pan-2-ol add 0.005 Mol of the corresponding oxo-
carboxylic ester or 2,4-dioxo-4-aryl(heteryl)butano-
ic acid, 1-2 drops of the concentrated hydrochloric
acid and boil for 1 h. Cool the suspension, filter the
precipitate formed and dry.

Ethyl 2-[(2-0x0-2,3-dihydroquinazolin-4(1H)-yli-
dene)hydrazono]propanoate (6a). Yield - 65.7%. M.p.
- 248-250°C; LC-MS, m/z=275 [M+1]; Anal. calcd.
for C;;H,,N,0,: C, 56.93; H, 5.14; N, 20.43. Found: C,
56.90; H, 5.11; N, 20.39.

Ethyl 2-[(2-0x0-2,3-dihydroquinazolin-4(1H)-yli-
dene)hydrazono]-3-phenylpropanoate (6b). Yield -
57.1%. M.p. - 192-194°C; LC-MS, m/z=351 [M+1];
Anal. calcd. for C,;H,;4N,0.: C, 65.13; H, 5.18; N, 15.99.
Found: C, 65.10; H, 5.15; N, 15.96.

Ethyl 3-(4-nitrophenyl)-2-[(2-0x0-2,3-dihydroquin-
azolin-4(1H)-ylidene)hydrazono]propanoate (6¢). Yield
- 79.9%. M.p. - 242-244°C; LC-MS, m/z=396 [M+1];
Anal. calcd. for C;,H,,N.O:: C,57.72; H, 4.33; N, 17.71.
Found: C, 57.76; H, 4.38; N, 17.79.

Ethyl [(2-0x0-2,3-dihydroquinazolin-4(1H)-ylide-
ne)hydrazono](phenyl)acetate (6d). Yield - 62.3%.
M.p. - 266-268°C; 'H-NMR, &: 1.36 (t, 3H, J=7.0 Hz,
-OCH,CH,), 4.44 (q, 2H, J=7.0 Hz, OCH,CH,), 7.12 (m,
2H, H-7, H-8 Quin), 7.51 (m, 4H, H-6 Quin, H-3, H-4,

H-5 Ph), 7.95 (d, 1H, J=7.8 Hz, H-5), 8.00 (d, 2H, J=
6.4 Hz, H-3, H-5 Ph), 10.72 (s, 1H, 3-NH), 10.89 (s,
1H, 1-NH); LC-MS, m/z=337 [M+1]; Anal. calcd. for
CgH,16N,0,: C, 64.28; H, 4.79; N, 16.66. Found: C,
64.26; H, 4.81; N, 16.69.

Ethyl (4-methylphenyl)[(2-oxo-2,3-dihydroquinazo-
lin-4(1H)-ylidene)hydrazono]acetate (6e). Yield - 40.0%.
M.p. - 257-259°C; 'H-NMR, &: 1.33 (t, 3H, J=7.0 Hz,
-OCH,CH,), 3.31 (s, 3H, CH;) 4.43 (q, 2H, J=7.0 Hz,
OCH,CH,), 7.09 (m, 2H, H-7, H-8 Quin), 7.29 (d, 2H,
J=7.8 Hz, H-2, H-6 Ph), 7.52 (t, 1H, J=7.6 Hz, H-7),
7.89 (m, 3H, H-5 Quin, H-3, H-5 Ph), 10.65 (s, 1H,
3-NH), 10.84 (s, 1H, 1-NH); LC-MS, m/z=351 [M+1];
Anal. calcd. for C;4H,4(N,0O;: C, 65.13; H, 5.18; N, 15.99.
Found: C, 65.16; H, 5.20; N, 16.05.

Ethyl (4-methoxyphenyl)[(2-oxo-2,3-dihydroquin-
azolin-4(1H)-ylidene)hydrazono]acetate (6f). Yield -
71.0%. M.p. - 264-266°C; 'H-NMR, &: 1.43 (t, 3H, J=
7.0 Hz, OCH,CH,), 3.85 (s, 3H, OCH,), 4.44 (q, 2H, J=
7.2 Hz, OCH,CH,), 6.97 (d, 2H, J=8.7 Hz, H-3, H-5 Ph),
7.03 (t, 1H,/=8.2 Hz, H-7),7.10 (d, 1H, /J=8.0 Hz, H-8),
7.40 (t, 1H, J=8.0 Hz, H-6), 7.80 (d, 2H, J=8.6 Hz, H-2,
H-6 Ph), 7.96 (d, 1H, J=7.4 Hz, H-5), 9.83 (s, 1H, 3-NH),
10.76 (s, 1H, 1-NH); LC-MS, m/z=367 [M+1]; Anal.
calcd. for C,(H,;4N,0,: C, 62.29; H, 4.95; N, 15.29. Found:
C, 62.32; H,4.98; N, 15.32.

Ethyl [(2-0x0-2,3-dihydroquinazolin-4(1H)-ylide-
ne)hydrazono](2-thienyl)acetate (6g). Yield - 52.6%.
M.p. - 218-220°C; 'H-NMR, 6: 1.36 (t, 3H, J=7.0 Hz,
OCH,CH,), 4.40 (q, 2H, J=7.2 Hz, OCH,CH,), 7.26-7.14
(m, 3H, H-7, H-8 Quin, H-4 Th.), 7.60 (t, 1H, /=7.0 Hz,
H-6 Quin), 7.70 (d, 1H, J=3.1 Hz, H-5 Th.), 7.95 (d, 1H,
J=4.9 Hz, H-3 Th.), 8.30 (d, 1H, J=7.6 Hz, H-5), 10.00
(s, 1H, 3-NH), 11.07 (s, 1H, 1-NH); LC-MS, m/z=343
[M+1]; EI-MS, m/z (1., %) = 344 (3.5), 343 (12.7),
342 (53.8), 271 (5.9), 270 (14.9), 269 (100.0), 145
(6.7),144 (5.6),132(9.1),125(13.9),118 (6.8), 117
(5.4),110 (6.4), 105 (8.6), 90 (15.3); Anal. calcd. for
C,,H,,N,0.S: C,51.13; H, 4.12; N, 16.36; S, 9.37. Found:
C,51.16; H, 4.15; N, 16.39; S, 9.40.

Ethyl 3-[(2-0x0-2,3-dihydroquinazolin-4(1H)-yli-
dene)hydrazono]butanoate (6h). Yield - 48.6%. M.p.
- 192-194°C; 'H-NMR, 6: 1.22/1.14 (t, 3H, J=7.1 Hz,
OCH,CH,), 2.10 (s, 3H, CH,), 3.60/3.49 (s, 2H, CH/CH,),
4.13/4.03 (q, 2H, J=7.1 Hz, OCH,CH,), 7.07 (m, 2H,
H-7, H-8), 7.49 (t, 1H, J=7.6 Hz, H-6), 8.00/7.95 (d,
1H, J=7.6 Hz, H-5), 9.39 (s, 1H, 3-NH), 9.49 (s, 1H,
=NNH), 10.71 (s, 1H, 1-NH); LC-MS, m/z=289 [M+1];
Anal. calcd. for C;,H,(N,0O;: C, 58.33; H, 5.59; N, 19.43.
Found: C, 58.36; H, 5.61; N, 19.46.

Ethyl 3-[(2-ox0-2,3-dihydroquinazolin-4(1H)-ylide-
ne)hydrazono]-3-phenylpropanoate (6i). Yield - 57.0%.
M.p. - 216-218°C; LC-MS, m/z=351 [M+1]; Anal. calcd.
for C,oH,4N,0;: C, 65.13; H, 5.18; N, 15.99. Found: C,
65.16; H,5.21; N, 16.02.

Ethyl 3-(2-furyl)-3-[(2-ox0-2,3-dihydroquinazolin-
4(1H)-ylidene)hydrazono]propanoate (6j). Yield - 52.9%.
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M.p. - 230-232°C; 'H-NMR, &: 1.11 (t, 3H, /J=7.1 Hz,
OCH,CH,), 3.94 (s, 2H, CH,), 4.04 (q, 2H, J=7.1 Hz,
OCH,CH,), 6.65 (t, 1H,/=1.5 Hz, H-4 Fur), 7.08 (d, 1H,
J=7.6 Hz, H-8),7.13 (t, 1H, J=7.6 Hz, H-7), 7.42 (d, 1H,
J=3.2 Hz, H-3 Fur), 7.50 (t, 1H, J=7.6 Hz, H-6), 7.85
(s, 1H, H-5 Fur), 8.00 (d, 1H, J=7.6 Hz, H-5), 9.77 (s,
1H, 3-NH), 10.84 (s, 1H, 1-NH); LC-MS, m/z=341
[M+1]; Anal. calcd. for C;,H,,N,O,: C, 60.00; H, 4.74;
N, 16.46. Found: C, 60.06; H, 4.76; N, 16.51.

Methyl 4-oxo-2-[(2-oxo-2,3-dihydroquinazolin-4(1H)-
ylidene)hydrazono]-4-phenylbutanoate (6K). Yield -
65.9%. M.p. - 228-230°C; '"H-NMR, &: 3.80 (s, 3H, -OCH,),
4.57 (s, 2H, -CH,-), 6.97 (t, 1H, J=7.6 Hz, H-7), 7.08 (d,
1H, J=8.3 Hz, H-8), 7.67 (t, 1H, J=7.1 Hz, H-6), 7.56-
7.50 (m, 3H, H-3, H-4, H-5 Ph), 7.71 (d, 1H, J=8.1 Hz,
H-5), 8.01 (d, 2H, J=8.1 Hz, H-2, H-6 Ph), 9.62 (s, 1H,
3-NH), 11.07 (s, 1H, 1-NH); LC-MS, m/z=365 [M+1];
Anal. calcd. for C;(H,(N,0,: C, 62.63; H, 4.43; N, 15.38.
Found: C, 62.67; H, 4.47; N, 15.41.

Methyl 4-(4-methylphenyl)-4-oxo-2-[(2-o0xo0-2,3-di-
hydroquinazolin-4(1H)-ylidene)hydrazono]buta-
noate (61). Yield - 58.1%. M.p. - 235-237°C; 'H-NMR,
d: 2.39 (s, 3H, -CH,), 3.80 (s, 3H, -OCH,), 4.53 (s, 2H,
-CH,-), 6.97 (t, 1H, J=7.6 Hz, H-7), 7.09 (d, 1H, /=8.3
Hz, H-8), 7.34 (d, 2H, J=8.1 Hz, H-3, H-5 Ph), 7.51 (t,
1H, J=7.1 Hz, H-6), 7.72 (d, 1H, J=7.8 Hz, H-5), 7.90 (d,
2H, J=8.1 Hz, H-2, H-6 Ph), 9.53 (s, 1H, 3-NH), 11.05
(s, 1H, 1-NH); LC-MS, m/z=379 [M+1]; Anal. calcd.
for C,,H,,N,0,: C, 63.49; H, 4.79; N, 14.81. Found: C,
63.52; H, 4.83; N, 14.84.

Methyl 4-(4-methoxyphenyl)-4-oxo-2-[(2-0x0-2,3-
dihydroquinazolin-4(1H)-ylidene)hydrazono]buta-
noate (6m). Yield - 61.0%. M.p. - 222-224°C; '"H-NMR,
8:3.79 (s, 3H,-0CH,), 3.85 (s, 3H, -0OCH,), 4.52 (s, 2H,
-CH,-), 6.99 (t, 1H,J=7.6 Hz, H-7), 7.05 (d, 2H, J=8.6 Hz,
H-3, H-5 Ph), 7.07 (d, 1H, j=8.6 Hz, H-8), 7.52 (t, 1H,
J=7.3 Hz, H-6), 7.77 (d, 1H, J=7.8 Hz, H-5), 8.00 (d,
2H, J=8.8 Hz, H-2, H-6 Ph), 9.60 (s, 1H, 3-NH), 11.06
(s, 1H, 1-NH); LC-MS, m/z=394 [M+1]; Anal. calcd.
for C,,H,,N,O.: C, 60.91; H, 4.60; N, 14.21. Found: C,
60.89; H, 4.58; N, 14.18.

Methyl 4-(4-chlorophenyl)-4-oxo-2-[(2-0x0-2,3-di-
hydroquinazolin-4(1H)-ylidene)hydrazono]buta-
noate (6n). Yield - 45.1%. M.p. - 238-240°C; 'H-NMR,
d: 3.81 (s, 3H, -OCH,), 4.55 (s, 2H, -CH,-), 6.97 (t, 1H,
J=7.8 Hz, J’=1.2 Hz, H-7), 7.06 (d, 2H, J=8.6 Hz, H-3, H-5
Ph), 7.07 (d, 1H, J=8.3 Hz, H-8), 7.52 (t, 1H, J=7.3 Hz,
J?=1.5 Hz, H-6), 7.69 (d, 1H, J=7.8 Hz, H-5), 8.01 (d,
2H, J=8.6 Hz, H-2, H-6 Ph), 9.59 (s, 1H, 3-NH), 11.08
(s, 1H, 1-NH); LC-MS, m/z=399 [M+1]; Anal. calcd.
for C,,H,sCIN,O,: C, 57.22; H, 3.79; Cl, 8.89; N, 14.05.
Found: C, 57.26; H, 3.81; C], 8.92; N, 14.08.

Methyl4-(2-furyl)-4-oxo-2-[(2-0x0-2,3-dihydroquin-
azolin-4(1H)-ylidene)hydrazono]butanoate (60). Yield
- 56.5%. M.p. - 224-226°C; 'H-NMR, o: 3.81 (s, 3H,
-OCH,), 4.37 (s, 2H, -CH,-), 6.76 (d, 1H, /J=1.7 Hz, H-3
Fur), 7.01 (t, 1H, H-6, J*=0.7 Hz, J=7.3 Hz), 7.09 (t, 1H,
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J=8.3 Hz, H-7), 7.56 (d, 1H, J=3.4 Hz, H-5 Fur), 7.67
(dd, 1H, J=8.1 Hz, J*=1.0 Hz, H-5), 7.94 (t, 1H, H-6,
J?=1.5 Hz, J=7.3 Hz), 8.02 (d, 1H, /J=1.0 Hz, H-3 Fur),
9.65 (s, 1H, 3-NH), 11.07 (s, 1H, 1-NH); LC-MS, m/z
=355 [M+1]; Anal. calcd. for C,,H,,N,O.: C, 57.63; H,
3.98; N, 15.81. Found: C, 57.66; H, 4.02; N, 15.83.

Methyl 4-(2-thienyl)-4-oxo-2-[(2-0x0-2,3-dihydro-
quinazolin-4(1H)-ylidene)hydrazono]butanoate (6p).
Yield - 48.6%. M.p. - 240-241°C; 'H-NMR, &: 3.81 (s,
3H, -0CH,), 4.52 (s, 2H, -CH,-), 6.98 (d, 1H, J=7.6 Hz,
H-7),7.09 (d, 1H, /=7.8 Hz, H-8), 7.28 (t, 1H, J=4.4 Hz,
J?=1.0 Hz, H-4 Th.), 7.52 (t, 1H, J=7.6 Hz, J°’=1.2 Hz,
H-6),7.67 (d, 1H, J=7.6 Hz, H-5), 8.03 (d, 1H, /J=7.3 Hz,
J?=1.5 Hz, H-5 Th.), 8.11 (d, 1H, H-3 Th), 9.63 (s, 1H,
3-NH), 11.07 (s, 1H, 1-NH); LC-MS, m/z=371 [M+1];
Anal. calcd. for C;,H,,N,0,S: C,55.13; H, 3.81; N, 15.13;
S, 8.66. Found: C, 55.16; H, 3.84; N, 15.19; S, 8/69.

The general method of synthesis of 3-R-ZH-
[1,2,4]triazino[2,3-c]quinazolin-2-ones (7a-7g).

Method A. Heat esters 3a-3g (0.005 Mol) in 10 ml
of glacial acetic acid for 6 h. Remove the solvent un-
der the vacuum, add 5 ml of methanol to the residue,
filter the precipitate, wash on the filter with diethyl
ether and dry.

Method B. Add carbonyldiimidazole (0.0055 Mol)
to the suspension of the corresponding 2-aryl-2-
{(3H-quinazolin-4-ylidene)hydrazono}acetic acid (2c-
2f, 2i) (0.005 Mol) in 10 ml of anhydrous dioxane or
DMF. Heat the mixture at 80°C for 1 h, cool, filter the
precipitate formed and dry.

3-Methyl-2H-[1,2,4]triazino[2,3-c]quinazolin-2-
one (7a).Yield - Method A, 62.9%; method B, 82.6%.
M.p. - 242-244°C; 'H-NMR, &: 2.50 (s, 3H, CH,), 7.79
(t, 1H, Jj=7.6 Hz, H-10), 7.90 (d, 1H, J=8.0 Hz, H-8),
8.02 (t, 1H, /=7.8 Hz, H-9), 8.53 (d, 1H, /=7.8 Hz, H-11),
8.94 (s, 1H, H-6); 3C-NMR, &: 18.1; 120.2, 125.8,128.2,
129.5,135.8, 144.3, 144.5, 152.1, 156.5, 161.3. LC-MS,
m/z=213 [M+1]; Anal. calcd. for C;;HgN,O: C, 62.26;
H, 3.80; N, 26.40. Found: C, 62.25; H, 3.79; N, 26.37.

3-Benzyl-2H-[1,2,4]triazino[2,3-c]quinazolin-2-
one (7b). Yield - Method A, 86.8%; method B, 89.3%.
M.p. - 195-196°C; 'H-NMR, &: 4.08 (s, 2H, CH,), 7.37-
7.24 (m, 5H, H-2, H-3, H-4, H-5, H-6, Ph), 7.76 (t, 1H,
J=7.4 Hz, H-10), 7.90 (d, 1H, J=7.2 Hz, H-8), 8.00 (t,
1H, J=7.4 Hz, H-9), 8.52 (d, 1H, J=7.2 Hz, H-11), 8.90
(s, 1H, H-6); LC-MS, m/z=289 [M+1]; Anal. calcd. for
C,,H;,N,0:C,70.82; H, 4.20; N, 19.43. Found: C, 70.85;
H, 4.23; N, 19.44.

3-(4-Nitrobenzyl)-2H-[1,2,4]triazino[2,3-c]quinazo-
lin-2-one (7c). Yield - Method A, 85.1%; method B,
84.7%. M.p. - 266-268°C; 'H-NMR, 6: 4.29 (s, 2H, CH,),
7.66 (d, 2H,J=7.8 Hz, H-2, H-6 Ph), 7.78 (t, 1H, J=7.2 Hz,
H=10),7.91 (d, 1H,/=7.6 Hz, H-8), 8.01 (t, 1H, /=8.4 Hz,
H=9), 8.15 (d, 2H, J=8.4 Hz, H-3, H-5 Ph), 8.55 (d, 1H,
J=8.4 Hz, H-11), 8.80 (s, 1H, H-6); LC-MS, m/z=335
[M+1]; Anal. calcd. for C;,H,;N.O,: C, 61.26; H, 3.33;
N, 21.01. Found: C, 61.25; H, 3.30; N, 20.99.
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3-Phenyl-2H-[1,2,4]triazino[2,3-c]quinazolin-2-one
(7d). Yield - Method A, 72.9%; method B, 80.7%.
M.p. - 246-248°C; 'H-NMR, &: 7.58 (m, 3H, H-3, H-4,
H-5 Ph), 7.83 (dt, 1H, 3/=8.0 Hz, /=0.8 Hz, H-10), 7.95
(d, 1H, /=8.0 Hz, H=8), 8.05 (dt, 1H, 3/=8.2 Hz, ¥=1.3
Hz, H-9), 8.21 (d, 2H, ¥/=8.2 Hz, %J=1.2 Hz, H-2, H-6
Ph), 8.59 (dd, 1H, 3/=8.1 Hz, 4/=0.8 Hz, H-11), 9.09
(s, 1H, H-6); *°C NMR, 6: 119.8, 125.9, 128.2, 128.7,
129.7,129.8,131.7,132.2,135.9, 144.2, 144.7, 151.3,
151.7, 160.4; LC-MS, m/z=275 [M+1]; EI-MS, m/z
(Iep %) = 275 (4.7), 274 (2.1), 248 (4.3), 205 (3.3),
172 (9.8), 171 (100.0), 143 (3.7), 129 (14.2), 103
(11.1), 102 (6.2), 77 (3.3), 76 (19.5), 75 (6.3), 74
(2.7), 64 (5.5), 63 (20.3), 62 (11.2), 61 (3.0), 52
(4.9), 51 (5.5), 50 (6.9); Anal. calcd. for C;;H,,N,O:
C, 70.07; H, 3.67; N, 20.43. Found: C, 70.05; H, 3.63;
N, 20.45.

3-(4-Methylphenyl)-2H-[1,2,4]triazino[2,3-c]quin-
azolin-2-one (7e). Yield - Method A, 83.2%; method
B, 80.7%; 'H-NMR, &: 2.46 (s, 3H, CH,), 7.28 (d, 2H,
J=8.2 Hz, H-3, H-5 Ph), 7.77 (t, 1H, J=7.8 Hz, H-10),
7.89 (d, 1H,/=7.9 Hz, H-8), 7.97 (t, 1H, /=8.0 Hz, H-9),
8.22 (d, 2H, Jj=8.2 Hz, H-2, H-6 Ph), 8.67 (d, 1H, J=8.1
Hz, H-11), 8.81 (s, 1H, H-6); LC-MS, m/z=289 [M+1];
EI-MS, m/z (1., %) =172 (8.4),171 (100), 143 (5.5),
129 (50.2), 117 (33.4), 116 (45.7), 103 (5.9), 102
(27.1); Anal. calcd. for C,,H;,N,0: C, 70.82; H, 4.20;
N, 19.43. Found: C, 70.83; H, 4.20; N, 19.43.

3-(4-Methoxyphenyl)-2H-[1,2,4]triazino[2,3-c]
quinazolin-2-one (7f). Yield - Method A, 49.3%; me-
thod B, 86.4%. M.p. - 247-248°C; 'H-NMR, 6: 3.85 (s,
3H, OCH,), 7.11 (d, 2H, J=8.2 Hz, H-3, H-5 Ph), 7.81
(t, 1H, J=7.8 Hz, H-10), 7.94 (d, 1H, J=7.9 Hz, H-8),
8.03 (t, 1H, J=7.8 Hz, H-9), 8.31 (d, 2H, J=8.2 Hz, H-2,
H-6 Ph), 8.57 (d, H,/=7.8 Hz, H-11), 9.06 (s, 1H, H-6);
LC-MS, m/z=305 [M+1]; EI-MS, m/z (1., %) = 304
(3.1),276(8.1),190 (7.4), 187 (5),172 (8.8), 171 (100),
169 (7.7),134 (6.6), 133 (58.8),132 (7.2), 129 (33.9),
111 (5.7), 102 (13.4); Anal. calcd. for C;,H;,N,0,: C,
67.10; H, 3.97; N, 18.41. Found: C, 67.13; H, 4.01; N,
18.43.

3-(2-Thienyl)-2H-[1,2,4]triazino[2,3-c]quinazo-
lin-2-one (7g). Yield - Method A, 71.4%; method B,
83.0%. M.p. - 279-280°C; 'H-NMR, &: 7.31 (t, 1H, J=
4.3 Hz, H-4 Th.), 7.98 (d, 1H, J=5.0 Hz, H-3 Th.), 7.82
(t, 1H, /=7.8 Hz, H-10), 7.94 (d, 1H, J=8.1 Hz, H-8),
8.04 (t, 1H, J=7.8 Hz, H=9), 8.40 (d, 1H, J=3.2 Hz, H-5
Th.), 8.58 (d, 1H, /J=8.1 Hz, H-11), 9.04 (s, 1H, H-6);
13C-NMR, 6: 120.0, 125.9, 128.3, 128.6, 129.7, 133.0,
133.6,134.4,135.8,144.1, 144.4,146.7,151.1, 159.4;
LC-MS, m/z=281 [M+1]; EI-MS, m/z (Irel, %): 254
(7.0), 227 (13.6), 213 (12.7), 211 (16.6), 173 (7.6),
172 (88.5), 171 (93.9), 143 (27.7), 130 (13.5), 129
(100.0), 116 (6.1), 110 (5.1), 109 (58.1), 103 (6.2),
102 (35.7); Anal. calcd. for C,,H¢N,0S: C, 59.99; H,
2.88; N, 19.99; S, 11.44. Found: C, 60.01; H, 2.91; N,
20.03; S, 11.46.

The general method of synthesis of 3-[2-0x0-2-
ethyl]-2H-[1,2,4]triazino[2,3-c]quinazolin-2-ones
(8a-8d).

Heat esters 6a-6d (0.005 Mol) for 6 h in 10 ml
of glacial acetic acid. Remove the solvent under the
vacuum, add 5 ml of methanol to the residue, filter
the precipitate, wash on the filter with diethyl ether
and dry.

3-(2-Phenyl-2-oxoethyl)-2H-[1,2,4]triazino[2,3-c]
quinazolin-2-one (8a).Yield - 74.4%. M.p. - 286-288°C.
'H NMR, &: 4.58 (s, 2H, CH,), 7.54 (t, 2H, /=7.8 Hz,
H-3'5),7.72 (t, 1H,J=7.8 Hz, H-4’), 7.82 (t, 1H,/=7.8 Hz,
H-10), 7.94 (d, 1H, J=8.0 Hz, H-8), 8.04 (t, 1H, /=7.8 Hz,
H-9),8.09 (d, 2H,/=8.0 Hz, H-2'6"),8.31 (d, 1H,/=8.0 Hz,
H-11),8.99 (s, 1H, H-6). *C NMR (100 MHz) & = 41.70,
120.11,125.91,128.30,128.89 (2C), 129.34 (2C), 129.62,
134.29,136.04, 136.49, 144.29, 144.37,152.32, 155.40,
160.60, 195.41. LC-MS, m/z=317 [M+1]. Anal. calcd
for C,gH,N,0,: C, 68.35; H, 3.82; N, 17.71. Found: C,
68.41; H, 3.75; N, 17.79.

3-[2-(4-Methylphenyl)-2-oxoethyl]-2H-[1,2,4]tri-
azino[2,3-c]quinazolin-2-one (8c). Yield - 51.5%. M.p.
- 236-238°C. 'H NMR, 6: 2.41 (s, 3H, CH,), 4.54 (s,
2H, CH,), 7.39, 7.98 (d, 2H, J=8.0 Hz, H.,,,), 7.82 (¢,
1H, J=7.8 Hz, H-10), 7.94 (d, 1H, /=8.0 Hz, H-8), 8.05
(t, 1H, J=7.8 Hz, H-9), 8.57 (d, 1H, J=8.0 Hz, H-11),
8.99 (s, 1H, H-6). *C NMR (100 MHz) § = 21.72, 41.59,
120.15,125.93,128.32,129.01 (2C), 129.63, 129.87
(2C), 134.06, 136.04, 144.33, 144.40, 144.79, 152.34,
155.47,160.62,194.87. LC-MS, m/z=331 (MH*). Anal.
calcd for C,;H,,N,0,: C, 69.08; H, 4.27; N, 16.96. Found:
C, 69.19; H, 4.21; N, 16.98.

3-[2-(4-Methoxyphenyl)-2-oxoethyl]-2H-[1,2,4]tri-
azino[2,3-c]quinazolin-2-one (8c). Yield - 71.5%. M.p.
- 276-278°C. 'H NMR, &: 3.88 (s, 3H, OCH,), 4.52 (s,
2H, CH,), 7.10 (d, 2H, J=8.1 Hz, H-3’5’), 7.82 (t, 1H,
J=7.8 Hz, H-10), 7.94 (d, 1H, J=8.0 Hz, H-8), 8.05 (m,
3H, H-9,2°6"),8.58 (d, 1H, J=8.0 Hz, H-11), 8.98 (s, 1H,
H-6). *C NMR, 6: 41.38,56.14, 114.53,120.15, 125.92,
128.31, 129.45,129.63,131.29, 136.05, 144.33, 144.41,
152.32,155.57, 160.63, 164.09, 193.68. LC-MS, m/z
=348, 347 [M+1]. EI-MS, m/z (1., %) = 346 (M*, 13.8),
175(5.2),172(6.1),171 (40.4), 136 (10.9), 135 (100.0),
129 (17.8), 102 (5.2), 92 (5.2). Anal. calcd for C,,H;,N,O.:
C, 65.89; H, 4.07; N, 16.18. Found: C, 65.95; H, 3.92;
N, 16.31.

3-[2-Thiophen-2-yl-2-oxoethyl]-2H-[1,2,4]triazi-
no[2,3-c]quinazolin-2-one (8d). Yield - 72.9%. M.p. -
256-258°C. 'H NMR, 8: 4.52 (s, 2H, CH,), 7.31 (t, 1H,
J=4.0 Hz, H-4"), 7.79 (t, 1H, J=7.8 Hz, H-10), 7.91 (d,
1H, /=7.9 Hz, H-8), 8.03 (t, 1H, /=8.0 Hz, H-9), 8.09 (d,
1H, J=4.9 Hz, H-3’), 8.18 (d, 1H, J=3.2 Hz, H-5"), 8.55
(d, 1H, J=8.0 Hz, H-11), 8.97 (s, 1H, H-6). *C NMR,
8:42.02,120.10,125.93, 128.29, 129.41, 129.62, 135.23,
136.05, 136.24, 143.36, 144.29, 144.38, 152.33, 154.73,
160.57, 188.00. LC-MS, m/z=323 [M+1]. EI-MS, m/z
(Iep %) = 325 (5.2), 324 ([M + 2]*, 13.4), 322 (M*,
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34.5),321 (100.0),170 (13.1), 168 (6.3). Anal. calcd
for C,(H,,N,0,S: C,59.62; H, 3.13; N, 17.38. Found: C,
59.70; H, 3.21; N, 17.29.

The general method of synthesis of 3-R-2H-
[1,2,4]triazino[2,3-c]quinazoline-2,6(7H)-dione
(9a-9d).

Add carbonyldiimidazole (0.0055 Mol) to the su-
spension of the corresponding 2-R-[2-o0x0-2,3-dihyd-
roquinazolin-4 (1H)-ylidene)hydrazono]acetic acid
(5.1,5.4-5.6,5.8) (0.005 Mol) in 10 ml of anhydrous
dioxane or 0.9 g of DMF. Heat the mixture at 80°C for
1 h, cool, filter the precipitate formed and dry.

3-Methyl-2H-[1,2,4]triazino[2,3-c]quinazoline-2,6
(7H)-dione (9a). Yield - 78.9%. M.p. >320°C; 'H-NMR,
8: 2.33 (s, 3H, CH,), 7.50 (m, 2H, H-9, H-8), 7.74 (t, 1H,
J=7.6 Hz, H-10), 8.29 (d, 1H, J=8.1 Hz, H-11), 11.97
(s, 1H, 7-NH); LC-MS, m/z=229 [M+1]; Anal. calcd.
for C,,HgN,0,: C, 57.89; H, 3.53; N, 24.55. Found: C,
57.90; H, 3.54; N, 24.57.

3-Phenyl-2H-[1,2,4]triazino[2,3-c]quinazoline-2,6
(7H)-dione (9b). Yield - 91.9%. M.p. >320°C; 'H-NMR,
6: 7.29 (d, 1H, J=8.0 Hz, H-8), 7.35 (t, 1H, /J=7.8 Hz,
H-9), 7.55 (m, 3H, H3,H*H® Ph), 7.75 (t, 1H, J=7.4 Hz,
H-10), 8.19 (d, 2H, H-2, H-6 Ph, J=7.4 Hz), 8.29 (d,
1H, J=8.0 Hz, H-11), 12.37 (s, 1H, 7-NH); *C-NMR, &:
160.4,154.4, 149.6, 145.3,138.8,136.1, 132.7, 131.4,
129.6,128.7,126.9,124.0,116.0, 113.5; LC-MS, m/z
=291 [M+1]; EI-MS, m/z (1., %) = 290 (7.7), 263 (6.3),
188 (12.6), 187 (100), 171 (6.3), 159 (30.6), 145 (20.8),
144 (8.8),117 (9.9), 103 (23.4); Anal. calcd. for C,;H,,N,O,:
C, 66.20; H, 3.47; N, 19.30. Found: C, 66.23; H, 3.51;
N, 19.35.

3-(4-Methylphenyl)-2H-[1,2,4]triazino[2,3-c]quin-
azoline-2,6(7H)-dione (9c). Yield - 99.5%. M.p. >320°C;
'H-NMR, 6: 2.39 (s, 3H, CH,), 7.30 (d, 1H, /=8.0 Hz,
H-8),7.35 (t, 1H, H-9), 7.39 (d, 2H, /J=8.0 Hz, H-3, H-5
Ph), 7.76 (t, 1H, J=7.8 Hz, H-10), 8.13 (d, 2H, /J=8.2 Hz,
H-2, H-6 Ph), 8.28 (d, 1H, /=7.8 Hz, H-11), 12.36 (s,
1H, 7-NH); LC-MS, m/z=305 [M+1]; Anal. calcd. for
C,,H,,N,0,: C,67.10; H, 3.97; N, 18.41. Found: C, 67.08;
H, 3.95; N, 18.39.

3-(4-Methoxyphenyl)-2H-[1,2 4]triazino[2,3-c]quin-
azoline-2,6(7H)-dione (9d). Yield - 99.5%. M.p. >320°C;
'H-NMR, &: 3.84 (s, 3H, OCH,;), 7.07 (d, 2H, J=8.9 Hz,
H-3, H-5 Ph), 7.30 (d, 1H, J=8.2 Hz, H-8), 7.35 (t, 1H,
J=7.4 Hz, H-9), 7.75 (t, 1H, J=7.4 Hz, H-10), 8.27 (m,
3H, H-11 Quin, H-2, H-6 Ph), 12.35 (s, 1H, 7-NH); LC-
MS, m/z=321 [M+1]; Anal. calcd. for C,,H,,N,O;: C,
63.75; H, 3.78; N, 17.49. Found: C, 63.78; H, 3.81; N,
17.41.

3-(2-Thienyl)-2H-[1,2,4]triazino[2,3-c]quinazo-
line-2,6(7H)-dione (9e). Yield - 91.2%. M.p. >320°C;
'H-NMR, &: 7.27 (t, 1H, J=4.9 Hz, H-4 Th.); 7.32 (d,
1H,/=8.0 Hz, H-8), 7.37 (t, 1H, /J=7.8 Hz, H-9), 7.78 (¢,
1H, J=7.4 Hz, H-10), 7.93 (d, 1H, J=4.5 Hz, H-5 Th.),
8.29 (d, 1H,/=8.1 Hz, H-11),8.32 (s, 1H, H-3 Th.), 12.43
(s, 1H, 7-NH); LC-MS, m/z=297 [M+1]; Anal. calcd. for
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C,,HgN,0,S: C,56.75; H, 2.72; N, 18.91; S, 10.82. Found:
C,56.79; H, 2.74; N, 18.94; S, 10.84.
The general method of synthesis of 3-(2-ami-
nophenyl)-6-R-1,2,4-triazin-5(2H)-ones (10a-10g).
Add hydrazine hydrate (0.025 Mol) to the suspen-
sion of the corresponding substituted 3-R-2H-[1,2,4]
triazino[2,3-c]quinazolin-2-one (7.1-7.7) (0.005 Mol)
in 15 ml of propan-2-ol and reflux for 1 h. Cool the
reaction mixture, acidify with hydrochloric acid to
pH=4-5. Filter the precipitate formed, wash with wa-
ter and dry.
3-(2-Aminophenyl)-6-methyl-1,2 4-triazin-5(2H)-one
(10a). Yield - 46.5%. M.p. - 240-241°C; 'H-NMR, 6&:
2.19 (s, 3H, CH,), 6.60 (t, 1H, J=7.9 Hz, H-5), 6.80 (d,
1H, J=8.1 Hz, H-3), 7.25 (t, 1H, J=8.3 Hz, H-4), 7.71 (d,
1H, J=8.0 Hz, H-6), 8.44 (brs., 2H, -NH,); *C-NMR, §:
17.6,110.2,115.7,115.7,117.5,117.5,128.7, 133.4,
133.4,150.2; LC-MS, m/z=203 [M+1], Anal. calcd. for
C,0H;,N,0: C,59.40; H,4.98; N, 27.71. Found: C, 59.42;
H, 4.99; N, 27.74.
3-(2-Aminophenyl)-6-benzyl-1,2,4-triazin-5(2H)-
one (10b). Yield - 92.4%. M.p. - 282-284°C; 'H-NMR,
6:3.93 (d, 1H, J=6.2 Hz, CH,), 6.59 (t, 1H, J=7.8 Hz,
H-5),6.80 (d, 1H, /=8.0 Hz, H-3), 7.22 (t, 1H, J=6.6 Hz,
H-4), 7.30 (m, 5H, H-2/, H-3’, H-4’ ,H-5", H-6' Ph), 7.60
(d, 1H,/=8.2 Hz, H-6),9.12 (brs., 2H, -NH,); *C-NMR,
6:36.7,109.9,115.7,117.5,126.9, 128.6, 128.7, 128.7,
128.7,129.8,129.8,129.8,129.8,133.5,137.1, 150.4;
LC-MS, m/z=279 [M+1], Anal. calcd for C,;H,,N,0: C,
69.05; H, 5.07; N, 20.13. Found: C, 69.08; H, 5.09; N,
20.15.
3-(2-Aminophenyl)-6-(4-nitrobenzyl)-1,2,4-triazin-
5(2H)-one (10c). Yield - 82.5%. M.p. - 264-266°C;
'H-NMR, &: 4.10 (s, 1H, CH,), 6.59 (t, 1H, J=7.4 Hz, H-5
Ph), 6.80 (d, 1H, J=8.4 Hz, H-3 Ph), 7.23 (t, 1H, J=7.2
Hz, H-4 Ph), 7.60 (m, 3H, H-6 Ph, H-2’, H-6’ Ph), 8.18
(d, 2H, J=8.0 Hz, H-3’, H-5' Ph), 9.18 (br:s., 2H, -NH,);
BC-NMR, &: 36.03,109.17,115.12,116.97, 123.23, 128.06,
130.63, 132.97, 145.05, 146.18, 149.84; LC-MS, m/z=
324 [M+1], Anal. calcd. for C,;H,;N:O,: C, 59.44; H,
4.05; N, 21.66.17. Found: C, 59.45; H, 4.06; N, 21.69.
3-(2-Aminophenyl)-6-phenyl-1,2,4-triazin-5(2H)-one
(10d). Yield - 58.7%. M.p. - 290-292°C; 'H-NMR, §&:
6.64 (t, /=7.4 Hz, 1H, H-5 Ph), 6.84 (d, 1H, J=8.5 Hz,
H-3 Ph), 7.26 (t, 1H, J=7.4 Hz, H-4 Ph), 7.50 (m, 3H,
H-3’, H-4, H-5’ Ph), 7.72 (d, 1H, J=7.8 Hz, H-6 Ph), 8.14
(d, 2H, J=4.1 Hz, H-2’H-6’ Ph,), 9.5 (br.s., 2H, -NH,);
13C-NMR, 6: 109.7,115.7, 117.5, 128.6, 128.6, 128.6,
128.8,128.8,128.9,128.9,128.9, 130.4, 133.5, 133.6,
150.6; LC-MS, m/z=265 [M+1], Anal. calcd. for C;;H;,N,O:
C, 68.17; H, 4.58; N, 21.20. Found: C, 68.20; H, 4.59;
N, 21.24.
3-(2-Aminophenyl)-6-(4-methylphenyl)-1,2,4-tri-
azin-5(2H)-one (10e).Yield - 52.2%. M.p. - 258-260°C;
'H-NMR, &: 2.36 (s, 3H, CH,), 6.63 (t, 1H, /=7.4 Hz, H-5),
6.83 (d, 1H, J=8.2 Hz, H-3), 7.26 (t, 1H, J=7.4 Hz, H-4),
7.28 (d, 2H, J=8.2 Hz, H-3", H-5"), 7.69 (d, 1H, J=8.4 Hz,
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H-6), 8.06 (d, 2H, J=8.2 Hz, H-2'H-6’ Ph), 9.17 (brs,,
2H, -NH,); *C-NMR, é: 21.01, 109.16, 115.12, 116.95,
128.19, 128.60, 130.12, 132.96, 139.64, 149.92; LC-
MS, m/z=279 [M+1], Anal. calcd. for C,;H,,N,0: C, 69.05;
H, 5.07; N, 20.13. Found: C, 69.09; H, 5.11; N, 20.18.

3-(2-Aminophenyl)-6-(4-methoxyphenyl)-1,2,4-tri-
azin-5(2H)-one (10f) Yield - 74.8%. M.p. - 265-266°C;
'H-NMR, 6: 3.82 (s, 3H, OCH,), 6.63 (t,/=7.8 Hz, 1H, H-5
Ph), 6.83 (d, J=8.4 Hz, 1H, H-3 Ph,), 7.06 (d, J=8.9 Hz,
2H, H-3’, H-5’' Ph), 7.25 (t, /=8.0 Hz, 1H, H-4 Ph), 7.70
(d,J=8.2 Hz, 1H, H-6 Ph), 8.18 (d,/=8.8 Hz, 2H, H-2’ H-6’
Ph),9.20 (br.s., 2H, -NH,); *C-NMR, 6: 55.22,109.23,
113.47,115.11,116.93,125.23,128.16, 129.88, 132.89,
149.87,160.61; Anal. calcd. for C,(H,,N,0,: C, 65.30;
H, 4.79; N, 19.04. Found: C, 65.33; H, 4.81; N, 19.11.

3-(2-Aminophenyl)-6-(thienyl-2)-1,2,4-triazin-
5(2H)-one (10g). Yield - 25.8%. M.p. - 296-297°C;
'H-NMR, &: 6.62 (t, J=7.8 Hz, 1H, H-4 Ph), 6.82 (d,
J=8.1 Hz, 1H, H-6 Ph), 7.25 (t, /=7.8 Hz, 1H, H-5 Ph),
7.31(t,J=4.2 Hz, 1H,H-4 Th.), 7.67 (d, J=7.8 Hz, 1H, H-3
Ph), 7.78 (d, J=4.9 Hz, 1H, H-5 Th.), 8.21 (d, J=3.4 Hz,
1H, H-3 Th.), 9.26 (brs., 2H, -NH,); *C-NMR, &: 150.4,
135.7,133.5,131.2,130.6,130.6, 128.8, 128.8, 128.3,
117.5,115.8, 109.9; LC-MS, m/z=269 [M+1], Anal.
calcd. C;;H,,N,0S: C,57.76; H, 73; N, 20.73. Found: C,
57.76; H, 3.73; N, 20.73.

The general method of synthesis 3’-(2-amino-
phenyl)-3-R-spiro[pyrazoline-5,6°(1’H)-1,2,4-tri-
azin]-5’(4’H)-one (11.1-11.4).

Add hydrazine hydrate (0.40 Mol) to the appro-
priate 3-[2-o0x0-2-R-ethyl]-2H-[1,2,4]triazino[2,3-c]
quinazolin-2-ones (8a-8d) (0.10 Mol) in 15 ml of
propan-2-ol, reflux the resulting mixture for 6-8 h.
After cooling filter the precipitate and wash with
propan-2-ol.

3’-(2-Aminophenyl)-3-phenyl-spiro[pyrazoline-
5,6'(1’'H)-1,2,4-triazin]-5'(4’H)-one (11a). Yield - 87.5%.
M.p.-236-238°C.'"HNMR, 6: 2.95,3.84 (d, 1H,/=17.6 Hz,
CH,), 6.32 (br.s, 2H, NH,), 6.55 (t, 1H, /=7.6 Hz, H-5’),
6.71 (d, 1H, J=7.8 Hz, H-3"), 7.05 (t, 1H, J=7.8 Hz, H-4"),
7.35 (d, 1H, J=7.6 Hz, H-6’), 7.40 (t, 3H, J=7.6 Hz,
H-3,4,5), 7.65 (d, 2H, J=7.4 Hz, H-2,6), 8.22, 8.14 (s,
1H, NH), 10.84 (s, 1H, NH). *C NMR, &: 39.01, 77.72,
113.16,115.29, 116.04, 125.64, 125.86, 127.86, 128.77,
129.01,129.42,129.87,133.31, 140.31, 147.59, 148.10,
163.97. LC-MS, m/z=322, 321 [M+1]. Anal. calcd for
C,,H;(N,O: C,63.74; H, 5.03; N, 26.23. Found: C, 63.88;
H,5.12; N, 26.11.

3’-(2-Aminophenyl)-3-(4-methylphenyl)-spiro
[pyrazoline-5,6'(1'H)-1,2,4-triazin]-5’(4’"H)-one (11b).
Yield - 68.8%. M.p. - 206-208°C.'H NMR, &: 2.92, 3.80
(d, 1H, J=17.6 Hz, CH,), 6.32 (br. s, 2H, NH,), 6.54 (¢,
1H,/=7.6 Hz, H-5"), 6.70 (d, 1H, J=8.1 Hz, H-3’), 7.04 (t,
1H, J=7.8 Hz, H-4"), 7.20 (d, 2H, J=8.1 Hz, H-3,5), 7.41
(d, 1H, J=7.8 Hz, H-6"), 7.54 (d, 2H, /=8.1 Hz, H-2,6),
8.13,8.10 (s, 1H, NH), 10.82 (s, 1H, NH). *C NMR, &:
21.43,39.10, 77.58, 113.13, 115.25, 116.00, 125.85

(2€),127.83,129.59 (2C),129.83,130.59, 138.24, 140.25,
147.58,148.23,164.02. LC-MS, m/z=335 [M+1]. Anal.
caled for C;H ;N.O: C, 64.66; H, 5.43; N, 25.13. Found:
C,64.77; H,5.51; N, 25.05.

3’-(2-Aminophenyl)-3-(4-methoxyphenyl)-spiro
[pyrazoline-5,6'(1'H)-1,2,4-triazin]-5(4’'H)-one (11c).
Yield - 91.3%. M.p.- 214-216°C.'"H NMR, &: 2.91, 3.80
(d, 1H, J=17.6 Hz, CH,), 6.32 (br. s, 2H, NH,), 6.54 (t,
1H,/=7.6 Hz, H-5'), 6.70 (d, 1H, /=8.1 Hz, H-3"), 6.95 (d,
2H,J=8.5 Hz, H-3,5), 7.04 (t, 1H, /=7.8 Hz, H-4"), 7.41
(d, 1H, J=7.8 Hz, H-6"), 7.59 (d, 2H, J=8.5 Hz, H-2,6),
7.97,8.11 (s, 1H, NH), 10.81 (s, 1H, NH). 13C NMR,
8: 39.28, 55.68, 77.58, 113.16, 114.46 (2C), 115.26,
116.01,126.00,127.38 (2C), 127.82,129.83, 140.25,
147.58,148.26,159.96, 164.08. LC-MS, m/z=351 [M+1];
EI-MS, m/z (1., %) = 351 ([M + 1]*, 13.7), 350 (M*,
100.0), 344 (9.8), 334 (16.4), 333 (26.8), 332 ([M -
H,0]*,71.1),331 (27.6),321 (10.7), 319 (34.8), 200
(22.9), 198 (24.9), 197 (5.9), 159 (16.3). Anal. calcd
for C,gH,gN(O,: C, 61.70; H, 5.18; N, 23.99. Found: C,
61.79; H, 5.25; N, 23.85.

3’-(2-Aminophenyl)-3-(thienyl-2)-spiro[pyrazo-
line-5,6’(1’H)-1,2,4-triazin]-5'(4’'H)-one (11d). Yield -
68.6%. M.p. - 256-258°C. 'H NMR, &: 2.95, 3.83 (d,
1H, J=17.6 Hz, CH,), 6.31 (br. s, 2H, NH,), 6.53 (t, 1H,
J=7.6 Hz, H-5), 6.69 (d, 1H, J=8.1 Hz, H-3’), 7.04 (t,
1H, J=7.8 Hz, H-4"), 7.08 (dd, 1H, J;,, s = 5.1 HZ, Jiyy 115
= 3.6 Hz, H-4), 7.24 (d, 1H, /., = 3.6 Hz, H-3), 7.40
(d, 1H,/=7.8 Hz, H-6"), 7.50 (d, 1H, J;4s_y, = 5.1 Hz, H-5),
8.13,8.16 (s, 1H, NH), 10.84 (s, 1H, NH). *C NMR, &:
39.53,77.84,113.08,115.26, 116.02, 126.94, 126.97,
127.83,128.04, 129.87, 136.94, 140.30, 144.55, 147.58,
163.78.LC-MS, m/z=327 [M+1]. Anal. calcd for C,.H,,N,OS:
C, 55.20; H, 4.32; N, 25.75. Found: C, 55.32; H, 4.44;
N, 25.70.

Cytotoxic activity against malignant human
tumor cells

The primary anticancer assay was performed at
human tumour cell lines panel derived from nine neo-
plastic diseases in accordance with the protocol of
the Drug Evaluation Branch, National Cancer Insti-
tute, Bethesda. The compounds tested were added
to the culture at a single concentration (10° M), and
the cultures were incubated for 48 h. End point de-
terminations were made with a protein binding dye,
sulforhodamine B (SRB). Results for each compound
tested were reported as the percent of growth of the
treated cells when compared to the untreated control
cells. The percentage growth was evaluated spectro-
photometrically versus controls not treated with test
agents. The cytotoxic and/or growth inhibitory ef-
fects of the most active compounds selected were te-
sted in vitro against the full panel of about 60 human
tumour cell lines at 10-fold dilutions of five concen-
trations ranging from 10* to 10® M. A 48-h conti-
nuous drug exposure protocol was followed and the
SRB protein assay was used to estimate cell viability

19



ISSN 2308-8303

Journal of Organic and Pharmaceutical Chemistry. — 2014. — Vol. 12, Iss. 4 (48)

or growth. Using seven absorbance measurements
[time zero, (T,), control growth in the absence of a
drug (C), and test growth in the presence of a drug
at the five concentration levels (T,)], the percentage
growth was calculated at each of the drug concen-
trations levels. The percentage growth inhibition was
calculated as:
[(T,-T,)/(C-T,)] x 100 for concentrations for which
T.2T,
[(T,-T,)]/T,] x 100 for concentrations for which T, < T,.
Three dose response parameters were calculated
for each compound. The growth inhibition of 50%
(Gl,) was calculated from [(T,- T%)/(C-T,)] x 100 =
= 50, which was the drug concentration resulting in
50% lower net protein increase in the treated cells
(measured by SRB staining) compared to the net pro-
tein increase seen in the control cells. The drug con-
centration resulting in the total growth inhibition (TGI)
was calculated from T, = T,. The LC;, (the concen-
tration of the drug resulting in 50% reduction in the
protein measured at the end of the drug treatment
compared to that at the beginning) indicating a net
loss of cells following treatment was calculated from
[(T,-T,/T,] x 100 =-50. Values were calculated for
each of these three parameters if the level of activity
was reached; however, if the effect was not reached
or was exceeded, the value for that parameter was
expressed as greater or less than the maximum or
minimum concentration tested. The log GI.,, log TGI,
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Karouosi caosa: 2idpaszoH; enekmpodinbHi ma HyKaeodinbHi peazeHmu; maymomepis;
sp?-eibpuduzosaHuli amom gya/eyio; cemepoyuxaizayis

Briepwe cucmemamu3soeaHi nimepamypHi 0aHi, wo cmocyrombcsi peakuili N-ankinzidpa3oHie anighamuyHux
KemowHis. BudineHi Moxnuei peakuiliHi ueHmpu 2i0pa3oHie ma eu3Ha4yeHi OCHOBHI HarpsMKU amaku ef1ekmpo-
inbHUX Mma HykneoginbHUX peazeHmis. [JocnidxeHi 8idmMiHHocmi 8 peaky,itiHiti 30amHocmi N-ankin- ma apurn-
eidpa3soHis. PosensHymi eudu maymomepii 2i0pa3oHie ma ix ennue Ha peakuyitiHy 30amHicmsb. binbwicms pe-
akuit, wo nepebizatomp Mo sp?-eibpudusosaHoMy amomy 8yaneuto, npusodsims 00 ymMeOoPEeHHS a30CronyK, SKi
30ebinbuwoeo € dxepesioM anighamuyHux padukarnie abo iHiyiamopamu padukanbHUX rpouecie. BusyeHo 83a-
emo0ito 2idpa3oHie 3 OKUCHI08a/IbHUMU peazeHmamu, sika rnpueodums 00 8i0nosidHuUx bicaszocrnonyk. [ns psady
N-ayunboeaHux 2id0pa3oHie onucaHa Kirnb4amo-riaHyro2oea maymomepisi, HacrioOKoM sIKOI € iX iCHy8aHHS 8 Uu-
KTiYHUX ma ayukriqHux ¢oopmax. PosansHymi 3a2anbHi Memodu nobydosu 2emepoyuKIidYHUX CrOMyK Ha OCHOBI
N-arnikineidpa3oHie anichamuyHux KemoHi8 3a paxyHOK Yukrizauil 2i0pa3oHig 3 bighyHUiOHanbHUMU peazeHmamu
5K Mo 060x amomax azomy, mak i no amomy azomy ma eyaneuto. [ns 2i0pa3oHie anithamuyHux KEMOHig, y IKUX
HasigHa a-MemurieHosa epyna, npumamaHHa 2idpa3oH-eHeidpa3uHHa maymomMepis, W0 3yMO8ITHE 0OHOYaCcHY
amaky bienekmpocpinie Ha sp’-2i6pudusosaHull amom 8yareyro ma amom azomy 2idpa3oHy i Moxe 6ymu eu-
KopucmaHa 0nsi nobydosu noxidHux nipudasuHie ma ripa3orie, a 3acmocysaHHs1 8 pori biernekmpogbinie crionyk
gocghopy ma cuniyito npusodums Ao ymeopeHHs1 ¢pocghodialzonie ma cunanipaloriHie 8idrnosioHo. Po3ansHymi
peakuyii gidHoeneHHss C=N 38’sa3ky N-ankineidpa3oHie kemoHie anighamuyHo2o psdy.

REACTIONS OF N-ALKYLHYDRAZONES OF ALIPHATIC KETONES

B.B.Kurpil’, S.P.lvonin, D.M.Volochnyuk

Key words: hydrazone electrophilic and nucleophilic reagents; tautomerism; sp?-hybridized carbon atom; heterocyclisation
For the first time data concerning the reactions of N-alkylhydrazones of aliphatic ketones have been systema-
tized. The possible reaction centres of hydrazones and the main lines of attack for electrophilic and nucleophilic
reagents have been distinguished. Differences in the reactivity of N-alkyl and N-arylhydrazones have been stud-
ied. The types of tautomerism of hydrazones and their impact on the reactivity of these compounds have been
considered. Most reactions occurring on the sp?-hybridized carbon atom lead to formation of azocompounds,
which are generally aliphatic radical sources or initiators of radical processes. The interaction of hydrazones with
oxidising reagents leading to the corresponding bisazocompounds has been studied. For a number of N-acylation
hydrazones the ring-chain tautomerism has been described, as a result these compounds exist in cyclic and
acyclic forms. The general methods for construction of heterocyclic compounds based on N-alkylhydrazones of
aliphatic ketones due to cyclization of hydrazones with bis-functional reagents on both nitrogen atoms, as well
as the nitrogen atom and the carbon atom have been considered. Hydrazone-enhyidrazine tautomerism is inher-
ent to hydrazones of aliphatic ketones with the a-methylene group; it causes a simultaneous attack of dielec-
trophiles on the sp®-hybridized carbon atom and the nitrogen atom of hydrazone and can be used to construct
derivatives of pyridazine and pyrazole, and the use of compounds of phosphorus and of silicon as dielectrophiles
results in formation of phosphodiazoles and silapyrazolines, respectively. Reduction reactions for C=N bond of
N-alkylhydrazones of aliphatic ketones have been studied.

PEAKLINU N-ATIKUITTMQPA30HOB AJTM®ATUYECKUX KETOHOB

B.5.Kypnunsb, C.[N.UeoHuH, [].M.Boso4yHOK

Knroyeenle crnoea: 2udpa3soH, 3riekKmpousibHbIE U HYKIIeoUIIbHbIE peaseHmbl; maymomepusi; Sp?-eubpudu-
3UpoBaHHbIlU amomMm yerepoda; eemepoyuKknu3ayust

Briepsbie cucmemamu3suposaHbi numepamypHble 0aHHbIe, Kacarowuecs peakyuti N-ankuneudpa3oHos anuga-
MuYeCKUX KemoHo8. BbiOereHbl B03MOXHbIE peaKyUOHHbIE UeHMPbI 2uOPa3oHo8 U orpedesieHbl OCHOBHbIE Ha-
rpasrneHusi amaku 351eKmpoghuribHbIX U HyKIeogurbHbIX peazeHmos. ViccriedosaHb! pa3nuyusi 8 peakyuoHHOU
crocobHocmu N-ankun u apunaudpa3oHos. PaccmompeHb! 8udbi maymomepuu 2u0pa3oH08 U UX 8/UsHUe Ha
peakuyUOHHYH crnocobHoCMb. bonbWwuHCME8o peakyul, MPoxodswux no sp?-eubpududuposaHHOMy amomy yarne-
poda, npusodsm Kk obpazosaHur a3ocoeduHeHUl, KOmopble S8MsMCcs UCMOYHUKaMU anugamuyeckux padu-
Karoe unu uHuyuamopamu padukarbHbIX rnpoyeccos. M3ydeHo e3aumodelicmaue 2udpa3oH08 C OKUCTUMErlb-
HbIMU peazeHmamu, Komopoe npusodum K coomeemcmsyrouum bucazocoeduHeHusm. [nsa psda N-ayunupo-
8aHHbIX 2UOPa30HO8 orucaHa Kosb4Yamo-yernHas maymomMepus, pesynbmamoM KOmopoU sS16r19emcs ux cyuie-
CmeogaHuUe 8 UUKIUYECKUX U ayuKinu4yeckux gpopmax. PaccmompeHbl obujue memoodbl nocmpoeHus eemepo-
Uuknu4yeckux coeduHeHuli Ha ocHoge N-afkunaudpa3oHo8 anugamuyecKux KemoHo8 3a cyem yuknusayuu
2u0pa3oHo8 ¢ bughyHKUUOHalbHbIMU peazeHmamu Kak rno oboumM amomam a3oma, mak u ro amomy asoma u
yanepoda. [ins eudpa3oHos anughamu4eckux KemoHo8, 8 KOmopbIix UMeemcs a-MemusieHosasi 2pynna, npucy-
wa audpasoH-eHaudpa3uHHasi maymomepusi, 4Ymo obycrosrnugsaem 0OHOBPEMEHHY amaky buanekmpogurios
rno sp3-eubpudusosaHomy amomy yanepoda u amomy azoma 2udpa3oHa u Moxem b6bimb ucronb308aHa Onsi
1OCMPOEHUSs MPOU3BOOHbIX Nupudal3uHa u nupasona, a MpuUMeHeHuUe 8 Kkadecmeae buanekmpoguios coeduHe-
Hul ¢pocghopa u KpemHus1 Mpusodum K obpasosaHuro ¢hocghoduasosnos U cunanupasonuHo8 COOMEemMCcmMaeHHO.
Paccmompetbi peakyuu soccmarosneHusi cess3u C=N N-ankunaudpa3oHos kemoHo8 anugamuyeckoeo psoa.
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Bizomo, 1m0 rifpa3oHu € 3py4HUMHU BUXIJHUMU
peyoBHHAMMU JJis1 NOOGYJ0BU CKJIAAHILIMX OpraHiy-
HUX CIIOJYK, 30KpeMa retepouukJis. llle B 1883 p.
dimepomM i /HkopAaHOM apUITiApa30HU 3aIPONIOHO-
BaHi fIK ONepeHUKH /i1 OTPUMaHHA iHJ0JbHUX
CHUCTeM, AKi CKJIaZJHO CHHTe3yYBaTH iHLIMMHU CIOCO-
6amu [1]. 3okpeMa, Ha OCHOBI peHiMeTUATiApa30-
Hy MipOBUHOTPaiHOI KUCAO0TH 1 6yB CHHTE30BaHUH
ingon 2 (cxema 1). JlaHa peaxliisi Jisrjia B 0OCHOBY
IIMPOKO PO3MOBCIO/)KEHOTO METO/ly CHHTE3Y iH/10-
JiB o dimepy [2, 3].

OnurcaHa TakoX BeJIMKA KiJIbKICTh MPUKJIAZIB I10-
Oy/I0BH Mipa30JIbHOTO Kisblis 6 i3 apuiriipasoHis 5,
110 MiCTATH KapbOKCUIBHY ab0 clopifiHeHi rpynu
6iJisT -MeTUJIeHOBOI IPYIHU Ti/[pa30oHy i € MPOAYK-
TaMM B3aEMOJI1 BiZIIOBIJHUX KETOHIB i3 apuJrigpa-
3uHaMH (cxema 2). s peakuist 3Hal1L/1a LIMPOKE BU-
KOPUCTAHHS B MeJUIIMHI PH CTBOPEHHI TaKUX IMpe-
napariB K aHa/IbTiH, amiHodeHa30H Ta iHi [4, 5].

Ha puc. 1 npescraB/ieHa 3arajibHa KapTHHA CIIiB-
Bi/IHOIIEHHS KiJIbKOCTI My6JIiKaliil pisHuxX KJ1aciB ria-
pas3oHiB 3a octaHHi 10 pokiB. MoxxHa 106a4uuTH, 1110
OCHOBHA YacTHUHa Ny6Jikanii crocyeTbcs N-apuii-
rifpasoHiB (81%), xoua 3 iHIIOr0 6OKY, 32 OCTaHHI
20 pOKiB KUJIBKICTb OCUJIAHB, 1110 CTOCYETHCS aIKIiJI-

HCI (6]
I
AcOH N OH

Cl
N/N\T)LOH
|
1

rifipasoHiB 3Ha4HO 3pocJa. OKpiM Toro, aakiarigpa-
30HU Bifj3HA4YalOTHCA BULLOK PeaKLiiiHO0 3JaTHi-
CTHO i BiITOBiTHO HEOAHO3HAYHUMMU BJIACTUBOCTSIMU
I10 BIJHOLIEHHIO /10 Pi3HUX peareHTiB. ToMy aKTyaJlb-
HHUM € PO3IJISJ XiMiYHUX BJAacTUBOCTeN N-askiaria-
pa30HiB.

MouJieKky/1a riipa3oHy BiZl3Ha4a€TbCA HASABHICTIO
JeKiIbKOX peaKI[ilHUX LIeHTPiB: aMiHO- Ta a30MeTHU-
HOBUX aTOMIB a30TY, 5IKi € 06’eKTaMu eJieKTpodinb-
HOI aTaku; Sp>-Tri6pHUIM30BaHUM aTOMOM BYTJIEIIIO,
SIKUU € LIEHTPOM SIK eJIeKTPOoiIbHUX, TaK i HYKJIEO-
dinbHUX aTak. 0co6/1MBO 1iKaBi rijpazonu anidaTuy-
HUX KETOHIB 3 10/laTKOBUM pPeaKLilHUM [IEHTPOM —
0-MEeTHJIEHOBOIO I'PYIIOI0, Ha SIKYy MOXe 6YTH cIpsi-
MOBaHa aTaka esieKTpodiiB (puc. 2).

[IpoTe, OKpiM aTaku M0 OJHOMY peaKLiiHOMY LIeHT-
py, BifloMa 3Ha4Ha KiJIbKiCTb peakiiiii rigpa3oHiB oa-
pasy Mo JieKiJIbKOX peaklilHUX [eHTpaXx, 1110 3yMOB-
JIIOE YTBOPEHHSA LIMKJIIYHUX NPOAYKTIB. BianoBigHo
Jlo Takol ki1acudikanii peakiilHUX IIEHTPIiB CTPYK-
TypoBaHa iHpopMallis B JaHOMY OIS, JiTepaTyp-
Hi /pKepesia IKoro y3araJyibHeHi 710 2013 p. BKJIIOUHO.

1. Peakuii 3a yyacTro Ha sp?-ri6puansoBaHoro
aTtoMa Byrneuo rigpasoHy

[Toni6Ho g0 N-apuirigpasoHiB, o/iHi€l0 i3 Hall-
6i/IbII PO3MOBCIOMKeHUX peakiin N-ankiarigpaso-
HiB aJipaTHUYHUX KETOHIB € aTaka Ha Sp>-Tibpuau-
30BaHUU aTOM BYIJIELIO Ti/ipa30Hy, BaJIeHTHUU CTaH
SIKOI'0 3YMOBJIIOE IIJIaHApHY OYZJ0BY peaKL{iliHOro 11eHT-
Py, @ OTKe 1 JIETKOLOCTYIHICTb [Ji aTaK eJeKTpPo-
¢iniB Ta HyKJ1eodiiB.

Cxema 1
R3 R3 R3 R1
1 .
R’ NH 2&}% acid
R U S
(0] Ar HN” N
y A
3 4 5 6
R2=COOR, CN, COR X=0H, NH,, R
Cxema 2

N-ankinrigpasoHu
18%

N-ankinrigpasoHu
anid. KeToHiB;

N-apunrigpasoHu
81%

Puc. 1. 3aranbHa kapTuHa cniBBiAHOLLEHHS KiNIbKOCTi Nybrikauin pisHMX knacis rigpa3oHris 3a octaHHi 10 pokis (3a nepioag 2003-2013 pp.).
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H/m

R1

2

| R
N
HN™
F‘{3

Puc. 2. lgpa3oHn anidaTuyHMX KETOHIB 3 4OAATKOBMM peakUinHuM
LEHTPOM — A-METUIIEHOBOIO FPYrOH0.

But I‘Bu‘
l\‘lH Br, N
N- > N
Py A<
7 8

Cxema 3

OpHiero 3 nepLIMX peakL il TaKOro TUIY 6YJI0 OIHU-
caHe 6poMyBaHHs N-mpem-6yTHUITiIpa3oHy aLeTo-
Hy 7 3a [J0TIOMOT0}0 MOJIEKYJIIPHOT0 6pOMYy; i, IK Ha-
CIiJI0K, OTpUMaHHS 3 BUX0J0M 97% crosnyku 8 [6]
(cxema 3).

B3aeMozia MOJIeKy/IIpHOTO XJI0py 3 Trifjpa3oHa-
MU B JIiTepaTypi He OIMCcaHa, IPOTe BiJlOMi IPUKJIAAU
XJIOPYBaHHS TiJipa3oHiB asidaTuyHOTO pAAY 3a A0-
IOMOT'010 mpem-0y TUITINMoX/I0puTY (cxema 4). [Ipo-
AYKTH XJopyBaHHA 10 BUKOPUCTOBYBAIUCA K BU-

XiZiHI peYOBUHHU /i1l OTPUMAHHA KaTioHiB 1-a3a-2-
a3oHilaJieHiB, 1[0 BCTYNaJH B peaklil IpuesHaHHA
i3 i3oTionianaTamu [7] 3 yrBopeHHsM 1,3,4-Tianiazo-
JlieBUX a60 i3 HiTpuaamu [8] uu kapb6ogiimigamu [9]
i3 oTpUMaHHSAM TpUa30JieBUX cosied. Croayku 13,
14 apoMaTHu3yI0ThCA 3aBAAKHU [1,2]-asKigHOMY 3Cy-
By rpymnu R% Cnosyku 10 Takok 3HAWILJIHN 3aCTOCY-
BaHHS JJis BUBUEHHS peakliil TepMoJi3y i poToi-
3y azoaskaHiB [10-12].

Ha BiamiHy Big mpem-6yTUATiNOXJIOPUTY, Tillo-
XJIOPUT HATPIil0 B3aEMOZIE 3 a/IKI/ITiIpa3oHaMU 3 yTBO-
peHHsAM cnupTiB 17 [13-14], ujo MoKHa NOSCHUTH
rigposizom cnosyk 10 (cxema 5).

Ha sp?-ri6puan3oBaHuil aTOM BYIJIELIO TiZipaso-
HY B YMOBax ONPOMiHEHHs TaKOX MOKe 6y TH Crpsi-
MOBaHa aTakKa KHCHIO, BHACJiJOK 4YOT0 YTBOPIOIOTh-
4 TiAponepoKCUaY, IKi BAKOPUCTOBYBAJINCH [ Te-
HepyBaHHs Trigpokcupaaukasis [15-18] (cxema 6).

[Ile ofHUM NPHKJIAJLOM OKHUCHEHHA TiIPpa30HIB €
B3a€EMO/Iifl 3 HaZIOITOBOIO KHUCJIOTOIO 3 YTBOPEHHSIM
azookcuay 20 [19] (cxema 7).

Ha BiaMiHY BiJj OKUCHEHHSI KUCHEM OKHCHEHHS
nepMaHraHaTOM KaJlilo riipa3oHy 7 NPUBOJAUTD 10
yTBOPEHHSA 6icazocnoJyku 22, UMOBipHO, yepe3 Au-
MepHu3alito NPOMIXKHUX paJJUKaJIbHUX YaCTUHOK 21
[20] (cxema 8).

Ha oco6siBYy yBary 3ac/jayroByrTb peakuii aj-
KiJlyBaHH{ 1O Sp?-aToMy ByrJelo. /ljis rigpa3oHis
XapaKTepHa TayToMepid TUILY Ii/jpa30H-a30CIo0Jy-

e N SbCly~

_NH ButOCI N SbCls N
N\k —_— N/C| —_— N~
R? "R R2)<R1 R2)+\R1
9 10 11
57 - 95%
R',R2=Me, Pri, Et, (CH,), Ad;
RZ
N, .t
R ONRT
4
RINCS s—{ sy,
> N
R’4
12 _
B i SbCT,
R4CN R N°N+'R3 ll\l+ R
1" R? sbc., — 1/</ N7
_ 6 R
N/(R‘t N_;( .
R
13 15
— R2
R#N=C=NRS R NeyR® | _ - l\\liN/Ra_
—— | R S0 ———= R shay,
N—T 5 N—N
R N-R R N-R®
14 16

Cxema 4
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Eru‘
_NH NaOCI
’\l‘ —_—
-
9
R',R2=Me, (CHy)s
Cxema 5
1 2 2
R O.
Ry R 0,, hv > oH
R
-N _— //N
9 18
R",R?=Me, (CH,)s
Cxema 6
| — Ne)
_N _N. -
" "
19 20
15%
Cxema 7

Ka [21-22] i ToMy y BUNaAKy B3aeMo/il 3 JyiTiHiop-
FaHIYHUMU peareHTaMU yTBOPIOKTHCA TayTOMEpPHI
aHIOHH, AKi MOXKYTh B3aEMOIATHU 3 eJieKTpodisamMu

o

KMnO4
N/NH
/k
7 21
Cxema 8
R._R’
\\f RLi
_N
HN — >
és
Cxema 9
Y Br
\
;'\L/N + Hig
23
7 Hig=Br, |
Cxema 10

24

‘BU‘ _ ‘But
OH
NN —_— =N
A X
R, Cl L
R2 R R2 OH
10 17
87-94%

SIK [10 aTOMY a30TY, TaK i 10 Kap6aHIOHHOMY LIEHTPY
[23] (cxema 9). OueBU/IHO, TaKa peaklis mignopsj-
KOBYETbCS 3aPsAJ0BO-0pP6iTaIbHOMY KOHTPOJIIO.

Peakuii asnikinyBaHHs, 3a3BU4aii, € opbiTasbHO
KOHTPOJIbOBAHUMU i epebiraloTh M0 aTOMy ByTIJIe-
110 rigpasony. Hanpukiaz, rajoreHo6eH3UIbHI T0-
XiAHI 23 BCTYNaloTh B peaklilo ajJKiJyBaHHA 3 Tif-
pa3oHOM 7, yTBOPIOOYH as3ocnoayku 24 [24] (cxe-
Mma 10).

B siiTepaTypi onucaHo asiKiJlyBaHH4 Tifjpa3ony 7
mpem-6yTUa-6-H040TeKCAHOATOM, SIKE i3 BUXOJ,0M
52% npuBOAUTH J10 a30moxigHoI 25, ska 3HauIa
BUKOPUCTAHHS JI/1s 6ipaZiuKaabHOro iHiliaTopa s
roJiiMepu3aliii pisHOMaHITHUX OXIHUX CTUPOJIY CUH-
Te3y [25] (cxema 11).

BigHoBJ/IeHHS cioJiyKU 26, siKa € TPOAYKTOM aJl-
KisyBaHHS rigpasoHy 7, TpUOyTUACTAHYMTiPUAOM
y IPUCYTHOCTI paiuKaJbHOTO iHiiaTopa a3o6icizo-
6ytuponiTpuay (AIBN) npuBOAUTH A0 LUKJIIYHUX
27, 28 Ta auuKJiYHOrO 29 NpoAyKTiB y CHiBBiHO-
meHHi 4:1:1,2 [26] (cxema 12). Takuii pe3ysibTaT MOX-
Ha MOSICHUTH GiJIbILIOI0 CTAbI/IbHICTIO N'ATUYJIEHHO-

PR

22
1 2
R1 Rz R-—R
N T
N‘N7 B S N\\N
R R
Hig
BulLi
—
-.N
Py
24
38-42%



>KypHan opraHivHoi Ta chapmaueBTuyHOI Ximii. — 2014. — T. 12, Bun. 4 (48)

ISSN 2308-8303

1 MeLi, THF
2 HMPTA

H 3 I(CH,);COOtBu
Y ]

7

Cxema 11

<

-N
N~

I _~_cooBut

25

1 BuLi WCI % )V
N 2cicH,)0 HSnBu",, AIBN N-NH N N
N N
H

N
=l
7 26

Cxema 12

ro JUKJIY 3 OJHUM reTepoaToMOM IIOPiBHAHO 3 L1eC-
THUYJIEHHUM i3 JBOMa reTepoaTOMaMHU.

AJsKinlyBaHHS TiZipa3oHy 7 NOXiIHUMH aKpHUJIOBOI
kucaoTy 30 3a 10MOMOromo JiTiHopraHiyHUX peareH-
TiB [23, 27] npuBoAUTD A0 croyyk 31, NpoAyKTH Ie-
peectepudikallii SKUX IpU TEPMOJIi3i IIUKIII3YIOTh-
¢4 1o mipas3oJ1iB, a npy ¢poToisi esiMiHyIOTh a30KOM-
noHeHTy [28] (cxema 13).

[lle oHUM THIIOM eJIeKTPOdIIIB, SIKi MOXKYTb 32il-
CHIOBATH aTaKy Ha Sp*-TiGpUAN30BaHHUI aTOM ByTJIe-
I[}0 TiJIpa3oHy, € coJti JiazoHir. Tak, /s cuHTE3y Gic-
azaasikaHy 34 Gysia 3acToCOBaHa peakliis TeTpadpTop-
6opaty ¢eHingiazoHito 3 N-MeTHJITiIpa30HOM alje-
ToHy 33 [29] (cxema 14). Cnosiyka 34 HecTiliKa i po3-
kJagaeTbcs npu 30°C, B cuily 4oro Moxke 6yTH BU-
KOpHUCTaHa K iHiliaTop paJiIuKaJbHUX MPoI1ieCiB. 3a-
MiHa METHUJILHOTO 3aMiCHHKa 6iJis aToMa a30Ty TiJi-
pa3oHy Ha GeHIIbHUHN NPUBOJUTH A0 306i/1bllIeHHS
CTabiJIbHOCTI i, 1K HAaCJIiJJOK, 10 3MEHIIeHHS aKTHUB-
HocTi (TeMmnepaTypa po3kJazeHHs 62°C).

AK y»xe Bif3Ha4asocd inco-aToM ByTJIELIO Tifpa-
30HY MOXe 6yTH MicLeM Hyk/eodinbHOI aTaku. Ha

+

P

T
+
=z

27 28 29

cxeMi 15 npezacrasiieHi peakiii N-MeTHJITiIpa30HiB
i3 ¢propuaom Hozy. [IpoagyKTaMu TakUx epeTBOPEHb
MOXXYTb 6yTU AUPTOpONOXiAHI KeToHiB 36 Ta AudTO-
pomoHouoaonoxiaHi 37 [30, 31]. BignoBigHo g0 Ha-
BeJIeHOI'0 MeXaHi3My peakllii aToM Moy sIK eJIEKTPO-
¢bin aTakye aToM a30Ty rijipa3ony, a Hykjaeodin (F
a6o OH") aTakye sp?-ri6puiM30BaHUN aTOM BYyTJie-
0. BHacnigok nofanbmoro esiMiHyBaHHS MOJIEKY-
JIM a30TY YTBOPIOIOTHCSI AUPTOPO- a60 KETOCIOJY-
KU BignoBigHo. [Ipu HagABHOCTI y BUXiHUX Tifpa3o-
HiB aKTHBHHUX 0-METHUJIEHOBHUX IPYI MOKJIHUBE YTBO-
pEeHHs IPOMIXKHOI'0 aJ/IKeHY Ha CTa/il eJliMiHyBaHHA
MOJIEKYJIU a30TY, AKHUH, B CBOIO YePTy, IPUEJHYE MO-
JieKkyny GTopuay Hoay, Aadd JUPTOPOMOHOMO010-
CHOJIYKH.

2. Peakuii 3a yyacTio aMiHHOro aTtomMa a3oTy

BizoMo, 1110 a30METUHOBI CIIOJYKHU LIXPOKO 3a-
CTOCOBYIOTBCS B PEAKIIifIX 3 eJIeKTPODiIbHUMU pea-
reHTaMU 10 aTOMY a30TY 3 HENOAIJIEHOK eJIEKTPOH-
HOI0 Mapolo B Sp?-ribpuausoBaHomy cradi [3]. B rig-
pa3oHax HasABHI /jBa aTOMU a30Ty: a30MeTUHOBUH

R
T 1 R RSLi
. + R~ (0] -N
HN \/\H/ —>= NT 070
0 t-Bu R?
. 31 32
R', R2=Me, Et; 3R=Bu", Me 58 - 70%
Cxema 13
Y Et,N N @
N *  PhNSBF, T \‘/ N
HN DMF N
\ N~
33 34, 64%
Cxema 14
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I N-H “ N-
GNHF N - Mel Nu N IF N”N -HL N, Nu_Nu
1 | > | —_— /\l\Rz —_— u > .
RJ\RZ R1\)\R2 R R* R' R
R1
36
35 CHIN, 65-85%
R', R?=Me, (CH,),, (CH,)1, CgHy7 CigHy - H*
F IF T F
g — A
R’ R
37
5-15%
Cxema 15
e NaOH )\\ N._O H* N__O  HNO,
-N N HN t
;,\L + PhC(O)ClI —_— - . —> Bu'N;
40, 23%

Cxema 16

Ta amiHHUM. [lo ocTaHHBOMY BJIACHE i TepebiraroTh
Bci peakii 3 esekTpodibHUMU peareHTaMu. B Jiite-
paTypi onrcaHa 3Ha4yHa KiJIbKICTb IPUKJIa/iiB B3aEMO-
Jii esleKTpodiIbHUX peareHTIiB 3 aMiHHUM aTOMOM
a30TYy rijpa3oHy, IpoTe B Oi/bIIOCTI 3 HUX OJJHOYACHO
Bi/IOYBa€ETHCA aTaKa i 10 iHIIKX PeaKIiiHUX eHTPaX,
BHACJIiIOK YOr0 IPOMIXKHI IPOAYKTH He 3aBXK/JU BJa-
€TbCS BUAVIUTH (PUK/IaU TaKUX PEAKIil OyayTh po3-
[JISHYTI B HACTYHUX po3/inax). CaMe peakiiil, B IKUX
aTaka eJeKTpodisy Moxke peanizyBaTHUCS MO aTOMY
a30TYy Trifpa3oHy, € IpeLMeTOM JaHOTO0 PO3Liay.

38, 76%

39, 40%

Haii6inbu1 BijloMO0 B3aEMOAIEI0 TAKOI0 THUIY €
allMJTIOBaHHS TiZIPa30HiB MOXiJHUMU KApOOHOBUX KHC-
JIOT. B3aemoyisi rigpasony 7 3 6eH301IXJI0pUI0M, OITH-
caHa e y 1958 poti, npuBOgUTB 0 YTBOPEHHS allU-
JiboBaHOTro NpoAyKTy 38 [32-34] (cxeMa 16). Aijuiibo-
BaHUH riipasoH 38 O6yB B/la/i0 BUKOPUCTAHUN il
OTpUMaHHA mpem-6yTunasuny 40.

l'igpasup 42, oTpuMaHyi allMJIFOBaHHAM Tifpa-
30HY 7 XJIOpaHTipuioM KUCI0TH 41, 6YB BJlaJio BU-
KOPHCTAHWH SIK BUXi[IHA pe4OBUHA /i1 CUHTEe3Y GeH3-
Tpuaseniny 45 [35] (cxema 17).

. +O 0. +O 0. +O
< Oy Oﬁ NEL o T " N oNM-|2
AN @Am T @g’t - @éK
N cl cl cl
7 41 42, 70% 43, 92%
H,/Pt-C

O>T
Cl N

N
H

Cxema 17

26

CH4COCOCI NH, O NH
/{NH -~ >I\L 2
0]
Cl

45, 87%

44, 75%
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NaHCO,

g 0

_N |
HN * CI/J\O/\

>

HY [H] o

=L

7 46, 64% 47
Cxema 18
0 0
I
~ Q NEt, 0 T RNH, \/ILN/ Ng
- I [
an Y + Br/lg/ —_— \/lk,? - NH N -~ N_ _NH
| Br Br R )\ R X
33 48 49, 62% 50 51
Cxema 19
\ NL
" A
N~ Cl N~
- T — N
o} /K o}
33 52 53, 55%
Cxema 20
)\ )\ \ ~
Cl N
hd 1 NEt, N He I wn coc, )\
_N = ~ . N S \N N/ s N N
HN + N N —_— N N | \
)\ )\ | | )\ )\ 4<
54 55 56, 98% 57, 96% 58, 89%
Cxema 21

ABTopu [36] onucanu anuIOBaHHS TiPa3oHy
eTWIXJI0podopMiaTOM i3 yTBOPEHHSM Tijipa3uty 46,
Bi/JHOBJIEHHSIM SIKOT'O OTPUMAaJIH TifipasuH 47, SKUM
MOXKe BUKOPHUCTOBYBATHCH SIK KaTaJli3aTop peakiiii
Jinbca-Anbaepa (cxema 18).

Y niTepatypi onucaHa i B3aEMogid rizpasony 33
3 a-6pommponioHiixiopuaom 48, 110 IPUBOAUTD 10
alMJbOBAHOTO NPOAYKTY 49, AKUM Nif Ai€r0 aMiHiB
Jae crosiyky 50 i3 TUIOBOIO KiJIbI[€BO-JIAHI[IOTOBOI)
TayToMepieto [37] (cxema 19).

HemopmasHo [38] gocrimkeHe anuioBaHHSA Me-
TUJITIAPA30HY alleTOHY XJIOPaHTiAPU0M BaJsepia-
HOBOI KHCJOTH i3 BUKOPUCTAHHAM SIK OCHOBU T'eK-
caMeTHJIIUCHITIaMiay JiTiro (cxema 20).

OkpiM rasoreHaHriApyuAiB KAPpOOHOBUX KUCJIOT
epeKTUBHUMU allUJIIOIOUUMHU peareHTaMU BUCTYIIa-
I0Th i noXifiHi xopdopmamifnHiB. TakuM nigxomom
i3 rifpaszoHy 54 6y/1a oTpUMaHa croJjyka 56, sika Bu-
KOpHUCTaHa /IJIsl CUHTe3y Me30i0HHOI CTPYKTypH 58
[39] (cxema 21).

B3aeMozieto MeTuriApa3oHy alaMaHTaHOHy 59
i3 peninizorionjanaTom 6yB oTprMaHu# TioceMikap-
6a3un 60 3 BuxogoM 71% [40] (cxema 22).

[IpoayKTOM peaklii METUJTIPA30HY alleTOHY
33 i3 eTokcuMeTU/IeHalLleTUAaLleTOHOM 61 € nmoxif-
Ha 62 3 3axMIIeHOI0 IiipasvHOMETUJIIEHOBOIO I'Py-
1010, IKy HaJaJli IUKJi3yBaau Ao nipasony 63 [41,
42] (cxema 23).

['iapasonu 64, B iKUX B 3-10J102KeHH] asnidaThy-
HOT'0O 3aMiCHUKA HasiBHA TiIpOKCUTPYIIa, BCTYNAKTh
y peakuiro 3 dopMaiblerioM no aTomMy asory 3
YTBOPEHHSM [IPOMIXKHOT'O NPOAYKTY 65, AKUM K-
JIi3YEThCS 3 YTBOPEHHSM OKcZiazeniHy 66 [43] (cxe-
Ma 24).

[Ile oxHKMM BHMA0OM B3a€EMOJII ripa3oHiB 1O aTo-
My a30Ty € IPUEJHAHHS 10 NOTPIHHOTO 3B’SI3KY aK-
THBOBaHMUX alleTU/eHiB [44-46] (cxema 25).

PhNCS

Ph-N

S \
Ja—_
\

59 60
Cxema 22
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\ O 0
NH AN \ HCI PN
N~ + \/O _ 5 N/N = _— > N /
P P | ~CH,COCH, N
0 /
33 61 62, 84% 63, 96%
Cxema 23
OH
R. N N Ly,
H § N-N
OH R
66
64 65
R=Et, Pr", Pri, Bu", Bu' 62-78%
Cxema 24
R R’ i RR,
N e S N
N fooyT NN R*
ok Iy T\
! Q
R o}
67 68 69
R'=Me, Pri; R4R3=Me, (CH,),, (CH,)s; R*=OMe, Ph 68-90%
Cxema 25

Ha cxeMi 26 npeacTaB/ieHUN CHHTE3 alleTU/IEeH -
3aMilleHux nipasoJiiB 73, nepuiowo CTali€r0 IKOTO €
npUeAHaHHA rifpa3oHiB 70 go ketony 71 [47].

ATtaka 1o aToMy a30Ty MOe 3/1iliCHIOBAaTUCh i 3
BUKOPHUCTAaHHAM N-MeTHUaMiHOXJIOPOCY/1bGOHOBOI
KUCJO0TU. TakUM YMHOM, Tipa3oH 19 6yB nepeTBoO-
peHUl Ha NPOAYKT 74, AKUM € BUXiZJHOK CIOJIYKOIO

R> R®
Uosos
HN l
=3 ©
70 71
R'=Me, Et, Bu"; R2,R3=Et, (CH,),
Cxema 26
? Et,N
N oot ——
N H O
H
19
Cxema 27

28

JUISI OTPUMAHHS asIKiTipasuHcynbpamigy 75 [48]
(cxema 27).

Bigomuil Takox NMpUKJaJ, apuat0OBaHHSA Tipa3o-
Hy 19, 2,4-nuniTpodTopobeH3o0yioM 76, IKUU JlaE
npoaykT 77 [49] (cxema 28).

3a3Buyal Npu CUHTE3I aJIKI/Iripa3oHiB i3 kap-
GOHIJIbHOIO IPYIIOI0 B O-TIOJIOXKEHHI He BJJAETHCS BU-

4

Il R _R* H \
\\r —_— / N
0> >N _R2COR3 N
I‘Q1 R’
72 73
63-78%
\ V \ Q
0. N-N (H] 0. N-N
O NH O NH
/ /
74, 37% 75
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(0]
19 76
Cxema 28
"
0 N‘/
(0] OK
78
?oc Boc
|
Ny Ph AcOH NS Ph
—_—
L/ o \ 0
HN™ O N=-N
R R
81 82,
R=Me, But 74-85%
Cxema 29

JiUTH TPOMIXKHUHI Tifpa3oH, OCKiJIbKK Ma€ Miciie
yTBOPEHHH Mipa3oJy. Pa3oM 3 TUM BifioMi JleKiJIbKa
NPUKJIA/IiB CTAbGiIbHUX aJIKIITi[pa30HiB, IKi IUKJIi-
3y10ThCs B KUCAUX yMoBax [50, 51] (cxema 29).

[lipazosiu 82 € BUXilHUMU PeYOBUHAMHU B CUH-
Te3i NOXiJHUX NPOoJIOHTaTOpa Ail TOPMOHIB POCTY
KanpoMopeJiny 83.

3. Peakuii 3a yuyacrtio 060x aToMiB a3oTy
riapasoHy

B niTepaTypi onucaHi ivile JeKiJibKa NpUKJIa-
JliB 0JTHOYACHOI aTaku eJeKTpodiyiiB mo o60x aTo-

R? 0

() L

+ —_
N O-N' N"©
HN 0

N
- o. o
~ + N+¢

77, 59%

AN AN
N—N N—N
\ \

CF,COOH N N
+
_—
N N
N H H
= 0 OK

79, 9% 80, 68%

83

Max a30Ty aJKIrigpazoHy. OHHUM i3 HUX € B3aEMO-
Jis ankiarifpasoHiB 84 3 aueTooLTOBUM eCTEPOM
y npucyTHocTi xsopuay ¢ocdopy(Ill) i3 nepepax-
HUM YTBOPEHHSI mpaHc-i3oMepiB cosiyk 85 [52]
(cxema 30).

BigowMmi Takox peakuii N-meTuirigpasoHis 86 i3
JIMXJIOPOAHTiApUIaMu KapOOHOBUX KUCJIOT 87 3 yTBO-
PEeHHSIM NPOAYKTIB IuKJi3alii 88 [53, 54] (cxema 31).

OfHUM i3 IpUKJIaJiB B3aEMO/III aJIKI/ITipa3oHiB
anidaTUYHUX KETOHIB MO0 06H/IBOX aTOMaX a30Ty €
YTBOPEHHS KOMIIJIEKCHUX CIIOJIYK 60POKCOia30Ti-
OuHIiB 92 [55], AKi € HeMJIaHAPHUMM i3 HE3BUYHO

1 0
K(R . )i 1. 2PCl, I/(
2
N —_ > N/ R
Y 00 2 Hl l\‘l f
H 3.Na,SO, R
84 85
R!, R2=Me, Et, Ph, Pr, Allyl 55-70%

Cxema 30

29
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;
R2 R R2
R \ + | n| N—N R
N o] O
M n 0
86 87 88
R', R2 R3=H, Me, Pri, Ph; n=1,2,3,4 68-75%
Cxema 31
+N
oNe g
R\N/N\T/ .\ B + AO S
H i
o @
89 92
R=Me, Et 90 91 55 - 68%
Cxema 32
i ‘
R “HI R’
Y '\\IH \NARZ . \N+N\//
N+ SgThR? R'._N - PN -
HN N HI N
2 H
\ R
93 94 95 96
R'=Me, Pri R2=Me, Ph
Cxema 33
MaJIuM KyToM Mix aToMamMu N3-B2-01, mo ctaHo-
BUTBH 95,8° (cxema 32).
KNCO
4. Peakuii 3a yyacTio sp>-ri6puansosaHoro —_——
aTtoMa Byrseyro Ta atomMa a3oTty
OnHoyacHa aTaka Ha JiBa peaKIilHi eHTpH rif-
Pa30HY YaCTO BUKOPUCTOBYETHCS JJ1s TOOY/I0BH re- R R?
Tepoqnxnqunx cucTeM. Y TaKoro THITy peaKllisix eseK- WN/ KSCN
TpodinbHa KOMIIOHEHTA PeareHTy aTakye aToM aso- HN”
Ty (MepeBaKHO aMiHHMUM ), a HyKJIeodisbHA — SP*-Ti6- R
pUM30BaHUM aTOM ByIJIeLt0. B 3anexxHOCTI Bij TUIY
peareHTiB BJA€ETbCA OTPUMATH Pi3HOMAHITHI rere- 97
POLMKJIIYHI CHCTEMH. R, R?=Me, (CH,)s
HacnizikoM anm/iroBaHHs aMiHHOT0 aTOMa a30Ty R®=Me, Bu' cs,
riipazony TioimMijaTaMu 94 € yTBOpeHHS NPOAYK- —
TiB 95, 1/ AKUX NpUTaMaHHa KiJibY4aTO-JIaHIIOr0-
Ba TayTOMeDis i mepeBaXkHe icHyBaHHA y GOpMi TpHU-
asoJtieBUx cosiet 96 [56-58] (cxema 33).
OnuvcaHa Tako» B3aEMO/is rifjpa3oHiB 97 i3i30-  Cxema 34
niaHatoM KaJito [59], poganigom kadito [60] Ta cip- y
KoByTJIeleM [61], ska MPUBOJUTD /10 a30JIbHUX CIIO- HN =Y

Jyk 98-100 (cxema 34).

[likaBUMH € IPUKJIAZAW YTBOPEHHS MOXIAHUX Ti-
azosiy 103 B3aemogieto rigpasonis 101 i3 Tiorsiko-
JieBow kucsiotoro 102 [62] (cxema 35).

B Toii ’ke yac moxiaHi TiorsikosieBoi kucsaotu 105
y HIPUCYTHOCTI TeTpabyTuaaMoHiiTOpUAy peary-

30

R', R?=(CH,),, (CH,)s

101

Cxema 35

102

103
83-85%



>KypHan opraHivHoi Ta chapmaueBTuyHOI Ximii. — 2014. — T. 12, Bun. 4 (48)

ISSN 2308-8303

0]
2
hoR Q NBuF R _
N /)\ + HS ’\\l
N R’ OTMS S NH
3 ><
R A
104 105 106
R!, R>=Me, (CH,)5 R3=H, Me 33-67%
Cxema 36
CNO | NO, \ NO,
Y I ) oM
HN/N — HN ‘N )TN‘
| #O’ T
NO,
33 107 108 109
60% 20%
Cxema 37

_N
HN HO-N
\
19 110 111
47-58%
Cxema 38

I0Th i3 Tiipa3oHaMu 3 yTBOPEHHAM JUTigpoTionipu-
JfasuHoHiB 106 [63] (cxema 36).

[Ipuennannsa HiTpuaokcuay 107 no noABiHOMY
C=N 3B’s3Ky riipasony 33 npoTiKkaEe HeCeJIEKTUBHO
i mpuBogUTH A0 cyMmimi isomepiB 108 Ta 109 [64]
(cxema 37).

HaTowmicTb npu reHepalii HITpUJIOKCUAIB In situ
3 rigpokcamoinxyopuaiB 110 mig giero TpueTUIaMi-
HY BOHU B3a€EMO/JiI0Tb 3 METHUJITI[PAa30HOM IIUKJIO-
rekcaHoHy 19 i3 oTpuMaHHSM NOXiJHUX TeTparij-
pookcotpuasuny 111 [65] (cxema 38).

3acTocyBaHHA 15 106Y0BU TeTparigporeTpa-
3uHOBOI cucteMu 114 3Hal11a B3aEMO/id rigpaso-

HiB 112 i3 rizpasoHoinxiaopugamu 113 [66, 67] (cxe-
Ma 39).

[lle oiHUM BapiaHTOM MOGY/IOBHU IIECTUYJIEHHO]
reTeponukJaidHol cucteMu 116, Aka iCHye B piBHO-
Basi 3 Il HeuMKJIIYHUM TayToMepoM 117, € B3aeEMo-
Jisirinpasony 115 3 okcugoM etuseny [68] (cxema 40).

ABTopu [69] onucany peakiiito MeTHUITIIPa30Hy
anetoHy 33 3 aguiizorionianaTom 118, sska npuso-
JIUTh J10 oKcoTpuaseniny 119, skuii HeCTIKKUN B KU C-
JIMX YMOBAaX 1 BILEIJIIO€ alleTOH i3 yTBOPEHHAM TPU-
asositiony 120 (cxema 41).

5. Peakuii 3a yyacTio sp3-ri6pumansosaHoro
aTtoMa Byr/ieuro Ta aMmiHHOro aroma a3oTty

i rigpa3oHiB anipaTUYHUX KETOHIB, ¥ IKHX Ha-
sIBHAa 0-MeTUJIEHOBA IpyIla, IpUTaMaHHa Triipa3oH-
€EHTi/pa3WHHA TayTOMepid, 1[0 3yMOBJIIOE OJHOYAC-
HY aTaKy 6ieJleKTpodiiB K 1o Sp3-ribpuanu3oBaHo-
My aTOMy BYTIJIELl0, TaK i 10 aTOMy a30TY TiZipa3oHy
(cxema 42).

OpHuM i3 NpuKIaAiB Takoi peakuii € B3aeMozis
rizpasonis 121a,b i3 xsiopaHriApUA0M XJ10POCYJib-

ci A g
R R Et.N N
T Ay L WOER
XN o
_N + ! /k _NH
HN _NH X
\ Ar \
112 113 114
R'=R2=Me, (CH,),, (CH,)s, (CH,)s X=CO,Me; COAr 50-70%
Cxema 39
H
HN/ 0 H
Et OH
115 116 117
Cxema 40
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un-Y T SCN
\
33 118
Cxema 41
2
1 R R2
Rﬁ) R1j%
_N S ——
HN -~ HN/NH
|
R® |‘Q3
Cxema 42

¢deHoBoi kucaotTu 122, sike NpUBOAUTH [0 Tionipu-
JasuHoHiB 123a,b, a B pasi rigpasony 121a mox-
JIUBe He3HaYHe yTBOpPeHHA TionmipuaasvHoHy 124a
[70] (cxema 43).

B sliTepaTypi Tako» onyMcaHa B3aEMOJid rifpaso-
Hy 125 3 apusrniokcunxjaopuaaMmu 126, BHac1iIok
AKOI yTBOPIOIOTHCA NOXiAHI nipuaasuHony 127, mo
€ pe3y/IbTaTOM aTaku biesiekTpodiny no aTomy aso-
Ty i METUJIEHOBIH rpyni rigpasony [71] (cxema 44).

Ha ocHOBI peakljiif Takoro TUIY oNucaHa Moo6y-
Jl0Ba Mipa3oJyibHUX chucTeM. OHUM i3 METOAIB CUH-
Te3y OCTaHHIX € B3aeMo/isd ¢pocHopubOBaHUX Tif-
pa3oHiB 128 3 TpueTusoprodpopmiatom [72] (cxe-
Ma 45).

BizoMa HH3Ka poO6iT, IKi CTOCYIOTbCS B3aEMOZII
rijpa3oHiB 3 peakTUBOM BinbcMaliepa-Xaaka. Bcra-
HOBJIEHO, 10 y BUNIAZKy N-aJIKuITriipa3oHiB aneTo-
Hy 130 cniocTepiraeTbcs yTBOPEHHSA CyMillli CIIOJIYK
131 ta 132 [73] (cxema 46).

B cBoto uepry N-ankinrigpasonu aaipaTUUHUX Ke-
ToHiB 133a-c y nofi6Hil peakuii 3 peareHTOM Bisb-

NE
Ph S%N

H
N, _N

\
+ /N S
H HNiN\/&

70
% Ph

Ph
119, 75% 120, 52%
R? O
s.P” )
R H/RZ o R
+ /]
‘ CH(OEt),, H REP SN
_N —_—> /3 \ H
HN R
R' R
128 129
R',R?=Me, Pri, Bu", (CH,),CN
R3=Ph, OEt, OPri, OBun, OBus
Cxema 45
R
| o R
R YIS Ny O NN IS
oo™ N+ N
)\ POCI, N N
\R \R
130 131 132
R = Me, Pri, But 72-83% 7-12%
Cxema 46

cMaiepa-Xaaka yepe3 iHTepMmeziaTu A a6o B faroTb
noxigHi nipazony 136 Ta 137, cniBBiIHOLIEHHS MiX
SIKUMH HaBeZleHo y Tabsuni [74] (cxema 47).

[likaBOrO B CHHTETUYHOMY aClleKTi BUJAETbCA pe-
aknisa BinbcMmaiiepa-Xaaka rigpasonis 138 noxigHux
ninepuioHy-4, B pe3y/abTaTi fikoi B [ABi cTafil 6yau
OTpPUMaHI KOHZEHCOBaHI reTepoLUKIiYHI CUCTEeMU
140 [74, 75] (cxema 48).

R? R®
1 R1
SnNs R _s_cCl ﬁ)\s " Hj/QN
N s ety ——— L I
2 °N ~
R 0] ‘ @) Y
(0]
121a, R'=Me, R?=n-C.H,, 122 123a,b 124a
121b, R'=Pr, R2=Et 31-42% 5%
Cxema 43
o \
N S XN
\N/ \7/\8/ + Ar)%u o ‘ N
H o) Ar ‘ ~
(0]
125 126 127
Cxema 44

32



XKypHan opraHidyHoi Ta hapmaueBTUYHOI Ximii. — 2014, — T. 12, Bun. 4 (48) ISSN 2308-8303

_NHR

.

HN (R Me) N/ —

/K/RZ /K/R /ij
134 MF 133a-c DMF 135

D
\\Qscg Poib//
RHNANH  R? R
AN
““ﬁr W/ A

\ R
136 A B 137

Cxema 47

B pasi rizpasony 141 BAaeTbcsi OTpUMaTU TPU- Ta6bnuus
UKJIIYHY criosiyky 142, sika € iHri6iTOpoM aneTus- R o v B %
Co-A xap6okcuiasu [76-78] (cxema 49). XA, 7o

TakuM yMHOM, peaktiis N-ankinrigpasonis anida- Me Me Me | 136a (15%), 137a (74%)
TUYHUX KETOHIB 3 peareHTOM BinbcMaliepa-Xaaka B Me Me Pri 136b (76%)
3aJIeKHOCTI BiJ, 3aMICHUKIB IPUBOAUTDL [0 YBOPEH- Me (CH,), 137¢ (81%)

H4 1,3,4-TpH3aMillleHUX HeCUMEeTPUYHUX Mipa30JIiB.
30KpeMa, cy6CTpaTy i3 MpoCcTOpPOBO-A0CTYNHOK O-CH,-
Ipyno yTBOproTh 1,3,4-Tpuasnkinnipasonu. [iapa-

30HH i3 a-CH,-rpynoto i npocTopoBo-3aTpyAHEHUM z ” DMADMF
a-CH,-¢parmenTom patotsb 1,3-aiankinnipasosio-4- >
Kapbasbaeriz. 5
Ha cxemi 50 npe/icTaB/IeHUI CHHTE3 KOHJIEHCOBa-
HUX ipa30o/bHUX cucTeM 144, IKUH nepe/i6adae BHYT- 143 144
PILIHBOMOJIEKYJISIPHY LIMKJTi3aLlito aJIKIrigpa3oHiB 1,3- Fr{1=_l\1lle2 Et 52-66%
rekcat- Ta 1,3-renTaH/jioHiB i3 BUKOPUCTAHHAM AHMe- T
TuaneTano aumetuadopmamiay (DMADMF) [79]. Cxema 50
(0]
_N DMF, POCI 4 )k
RHN™ . 0 °N =\
N._O A
bl "
0 139 HCI
138
R = Me, Pr!
N 2HCI
SN
N—R
HN =
140
79-83%
Cxema 48
Cbz.
N Cbz< N
DMF, POCI ,
—_——
| \
HN ﬂ/ Nﬁ/
141 142, 65%
Cxema 49
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3 1
R1 R2 R R
PCI >_<
WN/ 3’ P/ \N
H’Tl/ \N’
\
145 146
R',R?=Me, Prn, (CH,), CH,P(O)Ph, 53-68%
Cxema 51
cl
cl—P /
= ]\
R=H P. N
E—— N
YR ‘
‘ 2PCl, 148, 63%
HITIK
R=Me /CI
oo
P. .N + I\
N P. .N
* '
149, 58% 150, 34%
Cxema 52

B3aemopgieto rigpasonis 145 i3 xnopuaom doc-
dopy (III) orpumani pocdoaiazonu 146, ki Bijj3Ha-

P

YalTbCSl BUCOKOIO TEPMOJAUHAMIYHOIO CTabi/NbHICTIO,
HEe3BUYHOM0 /14 CIIOJIYK i3 IBOKOOPAUHOBAHHUM aTo-
moMm dpocdopy [80-84] (cxema 51).

BapTo BiZj3HauMTH, 1110 TP BUKOPUCTAHHI TO/BIN-
HOT'0 HAJJTMLIKY TPUXJ0PpUY docdopy yTBOPIOIOTh-
cs1 conyku 148, 150, sKi € Hac/iIKOM HOT0 aTaku
Ha MEeTHJIbHI IpymHu riipasoHiB 147 (cxema 52).

[Togi6bHa peakuis rizpa3onis 151 Takox NpuBo-
auTb 1o pocdoaiazoni 152, aki npu B3aemogii i3 1ie
onHuM ekBiBasieHTOM PCl, Ta KeTOHOM BiANOBigHO-
ro riipasoHy 3a3HaloTh pelyKJisalii i nepeTBoplo-
10Thcs Ha niposin 153 ta 154 [85] (cxema 53).

Bzaemopis ¢ochopoBMicHux rifpazonis 155a-d
3 peareHToM JloyccoHa 156 npuBogUTH 0 MOXiAHUX
docdoniazoninis 157a-d. [Ipu ubomy B pasi rigpa-
3oHy 155b BinbyBaeTbcs TionyBanHs P=0 rpynu [86]
(cxema 54).

Hacmigkom peakiii rizpasoniB 158 i3 moxigHu-
MU JudTopocuaiaHiB abo TpudTopocusiaHiB 159 €
YTBOPEHHS CUJIIJIbOBaHUX NOXiAHUX 160, AKi pu Aii
Ha/AJIMILIKY CUJIbHOI OCHOBU IIUKJIi3YIOThCSA 10 CUJIa-
JiazoniHiB 161 [87-89] (cxema 55).

[Toni6bHa peakuist N-askinrigpaszony 162 i moxij-
Hux 60py(11l) BusBuIach epekTHBHO0 GopoAia30i-
Hy 165 [89] (cxema 56).

o Ph Ph.  Ph Ph.  Ph
R™ pci L__g? PCl, PhCH,COR?
‘ —3> P / > P / \ 2 + 2 / \ Py
N } R R R R
HN~ N-N N N
r R! F‘{1 l-‘|
R
151 152 153 154
R', R2=Me, PhCH,
Cxema 53
R1
; O\\ _R ﬁ R2
R PR S P)gﬂ
5 S 5 ll\l / —x
R ‘ + MeO P. ,P\@OMe — N=N R”«P'
_N s S R
N o
H
155a-d 156 157a-d, 51-64%
(a) R=Ph, R'=R2=H, X=0 (b) R=OCH,C(CH,),CH,0, R'=R?=H, X=S
(c) R=Ph, R'=Ph, R?=H, X=0 (d), R=Ph, R'=R2=CH,, X=0
Cxema 54
. 1 2R 1
7 'm 2g  Buli RET Bull it
N + °Si — L, _.Si N — >
HN FI \F R N ‘Ni
|
R R
158 159 160 161
R=Me, Pri, But R!', R2=Me, Pri, Ph, F 56-86% 11-62%
Cxema 55
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BunLi

N F - . )N
HN” + B > /" B-N(SIM N
I N(SiMe,), % £ (SiMe,), B

162 163
Cxema 56
-N NH
G
54 166
Cxema 57
1. NaBH,
40 2. NaBH,CN OH
3. HCI x HCI
HN__ HN__
167 168, 43%
Cxema 58

6. IHwi peakuyii N-ankinrigpasoHiB anipaTnyHnx
KETOHIB

Peakuiil BiflHOBJIEHHS BIepile 6yJik anmpo6oBaHi
Npy nepeTBopeHHi N-izonponiyiriipasoHy ayeToHy
54 no N,N’-giisonpominrigpasuny 166 i3 BUKopuc-
TaHHSIM BO/IHIO Ha IJIATUHOBOMY KaTaJiizaTopi [90]
(cxema 57). Ha »asib, BuXiz caraB Bcboro 2% i ioro
BAJIOCS MiABULIUTHU 10 56-63%, 3aCTOCOBYIOYHU SIK

0
O-p_
., — F
‘N o
SN <
H
19 169
Cxema 59
Y \\N+
Nt e = Dy
N T )
115 171 172, 10%
Cxema 60

L, LK

>T

-
N-N ButLi

|
N(SiMe,),

164, 24% 165, 26%

BilHOBJIIOIOYUH peareHT aAubopad [91] abo JiTii-
asmoMoriapug [92].

B siTepaTypi TakoX onMcaHe CTEpeOCeeKTHUB-
He OTPUMaHH4A rifjpasuHocnupTy 168 BilHOBIEeHHAM
BiINOBIZHOTO KeToriZpa3oHy 167 i3 BUKOPUCTAHHAM
6oprigpuay Ta nianob6opriapuy Hatpito [93] (cxe-
Ma 58).

Cepep iHIINX peaKLil TiApa30HiB 3aCayroBye Ha
yBary riapodochoputoBaHHs B MPUCYTHOCTI [TeTpa
(mpem-6yTua)dranouiaHin]aaoMiHi0 XJIOpUAY K
kaTasizaTtopa (PctAlICI) [94] (cxema 59).

[IpukiazoM B3aEMOJII i3 y4acTIo BCiX peaKLiii-
HUX LEHTPIB riipasoHy € peakuis N-eTuarigpasony
anetoHy 115 3 1,1-gieTunamidnonitpenom 171 [95],
B fIKill mopsz i3 cnosiykowo 172 gk NpoAyKTOM aTaKu
1o sp*-ribpuAM30BaHOMY aTOMY BYTIJIELIO Tiipa3o-
HY YTBOPIOIOTHCA NPOJAYKTH aTaKy 10 aTOMax a30-
Ty rigpa3oHy 173 ta 174, a TakoX AUMep HITpeHY
175 (cxema 60).

BUCHOBKM

CucremMaTH30BaHi JliTepaTypHi JAaHi, 1110 CTOCYIOTh-
cd peakuii N-ankinriipasoniB anipaTUYHUX KeTO-
HiB. BujiiieHO MOJIMBI peakIiliHi IeHTpU rifpaszo-
HiB Ta BU3HA4Y€eHi OCHOBHI HANPSAMKHU aTaKU eJIeK-
TPodiJIbHUX Ta HYKJe0DiJIbHUX PeareHTiB.

\
PC!AICI e
c -0
HN PO
ij -
170, 50%

y C
DN
+ N + I N—
N N-N

) ) _J

173, 7% 174, 9% 175, 52%
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CUHTE3 U AHAJIBTETUYECKAA AKTUBHOCTD
N-(BEH30THA30.J1-2-U1)-4-TUAPOKCU-1-METWUJI-2,2-TUOKCO-
1H-21°%1-BEH30TUA3UH-3-KAPBOKCAMU/10B
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HarroHanbHBIN papManeBTUYECKUN YHUBEPCUTET
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Katouesvle cao8a: 2-amuHobeH30muasovl; 2,1-6eH30muasuHtbsl; 2emapuiamudsl; CUHMe3;
aHa/bzemu4eckasi akmusHoCmsb

lMpodomxas nouck HOB8bIX 3¢hheKMUBHbIX aHabeemu4YecKux cpedcmes ¢ yry4yweHHbIMU ceolicmeamu, 83au-
modelicmsueM Memuio8oeo aghupa 4-2udpokcu-1-memun-2,2-0uokco-1H-2A%, 1-6eH3omua3uH-3-kapboHosol
Kucriomsl ¢ 2-amMuHobeH3omua3sonamu 8 KUrMsiem Kcusorne cuHmesuposaHbl coomeemcmeayroujue N-(6eH3o-
mua3son-2-us)-4-2udpokcu-1-memur-2, 2-0uokco-1H-2A8, 1-beHzomua3suH-3-kapbokcamudbl. CmpoeHue nosy4YeH-
HbIX 8eujecme nodmeepxx0eHo OaHHbIMU 31EMEHMHO20 aHasusa, criekmpockonuu SIMP '"H u macc-cnekm-
pomempuu. Obcyxdaromcesi ocobeHHOcmMu UHmMepnpemayuu apomamuyeckol obrnacmu e cnekmpax SMP "H
u3y4aemoe20 Knacca xumudeckux coeduHeHul. [Moka3aHo, Ymo rnpu UOHU3aUUU 371eKMPOHHBIM yOapoM nepsuy-
Hasi ppaemeHmauusi MoneKynsipHbIx uoHoe N-(6eHaomuasor-2-un)-4-eudpokcu-1-memun-2,2-0uokco-1H-2A,1-
b6eH30mua3suH-3-kapbokcamudos HeoXXudaHHO MpoucxoOum pasHbIMU Mymsamu. Y He3ameu,eHHo2o 8 6eH3omu-
asornbHoU Yacmu MoneKyrnsl amuda u e2o 6-MmemuribHO20 aHasoea oHa HaduHaemcs ¢ ebibpoca SO, moeda
Kak Orsi 2afo2eH3aMeuw,eHHbIX NpoOyKmoe xapakmepeH Mep8uyHbIl pa3pbie mepMuHaibHoU KapbamudHOU
€853U unu ympama 2asnoeeHa. 1o pesynbmamam ghapmMakono2udeckux ucrsimaHud, nposedeHHbIX Ha Mooenu
mepmMuYecKo20 pasdpakeHusi KoHYuka xeocma (tail-flick), episeneH N-(6-6pombeH3omua3sorn-2-usn)-4-2udpoKcu-
1-memun-2,2-0uokco-1H-2A%, 1-6eH3omua3uH-3-kapbokcamud, rnposiensowull aHanbeemu4yeckul aghghekm Ha
ypO8HE MeroKcuKama.

SYNTHESIS AND ANALGESIC ACTIVITY OF N-(BENZOTHIAZOL-2-YL)-4-HYDROXY-2,2-DIOXO-1H-2A%,1-
BENZOTHIAZINE-3-CARBOXAMIDES

I.V.Ukrainets, L.O.Petrushova, S.P.Dzyubenko, L.O.Grinevich

Key words: 2-aminobenzothiazoles; 2,1-benzothiazines; hetarylamides; synthesis; analgesic activity
Continuing the search of new effective analgesics with improved properties the corresponding N-(benzothiazol-
2-yl)-4-hydroxy-2, 2-dioxo-1H-2A%, 1-benzothiazine-3-carboxamides have been synthesized in boiling xylene by
the interaction of methyl ester of 4-hydroxy-1-methyl-2,2-dioxo-1H-2A%, 1-benzothiazine-3-carboxylic acid with
2-aminobenzothiazoles. The structure of the substances synthesized has been confirmed by the data of elemen-
tal analysis, NMR "H spectroscopy and mass-spectrometry. The peculiarities of the aromatic region interpreta-
tion in NMR "H spectra of the structural class studied have been discussed. It has been shown that in ionization
by electron impact the primary fragmentation of molecular ions of N-(benzothiazol-2-yl)-4-hydroxy-2,2-dioxo-
1H-2A°%, 1-benzothiazine-3-carboxamides surprisingly occurs in a variety of ways. It starts with SO, release in
amide unsubstituted in the benzothiazole moiety of the molecule and its 6-methyl analogue, while for halogen-
ated products the primary breaking of the terminal carbamide bond or the loss of halogen are characteristic.
According to the results of the pharmacological research performed on the model of tail-flick procedure, N-(6-
bromobenzothiazol-2-yl)-4-hydroxy-2, 2-dioxo-1H-2A°®, 1-benzothiazine-3-carboxamide has been determined,; it
exhibits the analgesic effect at the level of Meloxicam.

CUHTE3 TA AHAJIFCETUYHA AKTUBHICTb N-(BEH3OTIA30J1-2-111)-4-I'4POKCU-1-METWII-2,2-]I0OKCO-
1H-2A5,1-6EH30TIA3UH-3-KAPEOKCAMIAIB

1.B.YkpaiHneys, J1.0.llempywoea, C.I1.[j3t06eHko, J1.0.[piHesuy4

Knroyoei cnoea: 2-amiHobeH3omia3onu; 2,1-6eH3omia3uHu; eemapunamiou; CUHme3; aHarieemuy4yHa akmus-
Hicmb

lMpodoexyro4u nowykK HogUX eheKmMuUBHUX aHarlbeemuyYHUX 3acobie 3 MoKpaweHUMU 8/1acmueocmsiMu, 83ae-
modieto Mmemuriogo2o ecmepy 4-2idpokcu-1-memun-2,2-diokco-1H-2A%, 1-6eH3omia3uH-3-kapboHo8oi Kucriomu
3 2-amiHob6eH30mia3onamu y KUrasg4oMy Kcusnosi cuHmesoeaHi 8ionoesioHi N-(6eH3omia3on-2-in)-4-2i0pokcu-1-
memur-2,2-0iokco-1H-2A%, 1-6eH3omia3uH-3-kapbokcamiou. bydosa odepxxaHux pedosuH rniomeepdxxeHa 0aHu-
MU enneMeHmHo20 aHarniady, cnekmpockonii AMP '"H ma mac-cnekmpomempii. Obeogoprorombcsi ocobnugocmi iH-
mepnpemauii apomamuyHoi obnacmi e cniekmpax SAMP 'H docnioxysaHoeo knacy ximiyHux crionyk. lNMoka3aHo,
Wo rpu ioHisauii enekmpoHHUM yOapoM nepeuHHa hpazcmeHmauiss MoneKynsipHuUx ioHie N-(6eH3omia3on-2-in)-
4-2idpokcu-1-memun-2,2-diokco-1H-2A°, 1-6eH30mia3uH-3-kapbokcamioie HecriodieaHo nepebieae pisHUMU Wirisi-
xamu. Y He3zamiujeHoeo 8 6eH30mia30rbHili YacmuHi Monekynu amidy ma io2o 6-MemuribHo20 aHaroz2a 8oHa
rnoquHaemscs 3 sukudy SO, modi ik Ons eanozeH3amiujeHuUx npodykmie xapakmepHul nepeuHHUl po3pus
mepmiHanbHo20 KapbamiOHO20 38°A3Ky abo empama 2anozeHy. 3a pe3dynbmamamu ¢hapMakonoziyHux eu-
rnpobosysaHb, MposedeHuUx Ha Moderii mepMi4HO20 nodpa3HeHHs KiHYuka xeocma (tail-flick), eusieneHo N-(6-
b6pombeHsomiaszon-2-in)-4-2idpokcu-1-memun-2, 2-0iokco-1H-2A%, 1-6eH30mia3uH-3-kapbokcamiod, skull nposie-
nsi€ aHanzemuyHull egpekm Ha piHi MerioKcukamy.
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BeH30THa30J1 U ero MHOTOYHCJIeHHble TPOU3BO-
JHble HalllJIM IIMPOKOe MPUMEHEHHE B CAMbIX pas-
JIMYHBIX OTPAC/sX HAyKU U TexHUKHU. Ho HanboJtee
IJIOZIOTBOPHO 3Ta reTEPOLMKINYECKasi CUCTEeMA UC-
[OJIb3yeTCsI MeAULMHCKON XUMHUEHN B CO3JJaHUH HO-
BbIX JIEKAPCTBEHHBIX MPENapaToB, YEMY CIOCOOCT-
BYIOT KaK MHOTOOGpa3ue MposiBJisieMbIX GUOJIOTH-
YeCKUX CBOWCTB, TaK U OYeHb BaXKHbIU AJis paboT
TAKOTO THIA NPAKTUYECKU HEOTPAHUYEHHbIH CUH-
TEeTUYeCKUH noteHIyasn. K HacTosinmeMy BpeMeHHU
Ha OCHOBe GE€H30THAa30J1a CO3/[aHbl BbICOKOAKTHUB-
Hble COe/IUHEHUS C IPOTUBOOIYX0JIEBbIM [1], aHTH-
MHUKPOOHBIM [2-4] U IPOTUBOBOCNAJIUTENBHBIM [5]
JleicTBHEeM. XOpOILOo 3apeKoMeH/J0BaJIU cebsi ero Mmpo-
M3BO/IHbIE B KAYECTBE aHTU/ENPECCAHTOB [6], UHTH-
o6uTopoB Ca?'/kaIbMOIYTHH3aBUCHMBIX TIPOTCHHKHUHA3
[7], anTHKOHBY/IbCAHTOB [8], a Takke 3P PEKTUBHBIX
CpeAcTB 60pbObI C MOCKUTaMU [9], anuuencueii [10],
60J1e3HbI0 AsblireiiMepa [11] U1 MHOTUMU APYTUMU
He/lyraMu.

Oco6bIl UHTEpeC Mpe/ICTaBJIsSIET aKTUBHO U T1JIO-
JIOTBOPHO HcCJieiyeMasl B ocjieiHee BpeMs MHO-
rMMU HayYHBIMU KOJIJIEKTUBAMH CIIOCOGHOCTD 3a-
MelleHHbIX 6€H30THa30J10B 3QPEKTUBHO NOJABIATh
6011 ¥ 60JIeBbIe CUHAPOMBI Pa3JIMYHOMN 3THOJIOTUH
[12-21]. [IppuHMMas BO BHUMaHUeE 3TOT $aKT, B KPyT
MPOBOJIMMBIX HAMU TTOMCKOB HOBBIX MEPCIEKTUBHBIX
aHAIbIeTUKOB BIIOJIHE 3aKOHOMEPHO BOBJIEYEHBI CO-
e/lMHeHUs], 00beJUHSAOLIYE B OJJHOW MOJIeKyJie GeH-
30THA30JIbHBIN U JIPYTOH, TaKKe CIIOCOOCTBYOINN
IPOSIBJIEHHIO 06360/ IMBAIOIINX CBOMCTB reTEPOIUKII
- 2,1-6eH30THa3uH [22-24].

CuHTe3 1eJiIeBbIX 06'bEKTOB UCCJIeIOBAHUS OCY-
IeCTBJIEH B3aUMO/IENCTBUEM METUI-4-TUAPOKCH-
1-meTun-2,2-nuokco-1H-21%1-6eH3THa3nH-3-Kapo-
okcusaTa (1) ¥ COOTBETCTBYOIIUX 2-aMUHOOEH30-
THa30J10B 2a-d B kunsuieM kcusoJie (cxema 1). AMu-
JUpOBaHHUE NPOXOAUT 6e3 BUJMMBIX OCJI0KHEHUH,
npuBos K N-(6eH30THa301-2-1J1)-4-rugpokcu-1-me-
TUI-2,2-10Kco-1H-21%1-6eH30THa3uH-3-Kap6oKC-
amMugaM 3a-d ¢ XOpOLUIMMHU BbIXOJJAMHU U YHCTOTOM.

Bce nosryyeHHble HaMu N-(6eH30THA30J1-2-1J1)-
amubl 3a-d npeACcTaB/ISAIOT COO0U 6esible C XKeaTo-
BaTbhIM OTTEHKOM KPHUCTA/JINYECKUE BEIECTBA, pas-
JIaralolUecs MPH JOCTHXKEHUH TeMIlepaTyp IJIaB-
JIeHUs], TIPU KOMHATHOU TeMIlepaType yMepeHHO pac-

TBOpUMble B JIM®A u IMCO, npakTU4ecKU He pac-
TBOPHMbIe B HU3IIUX aJKHUJIOBBIX CIIUPTAX U BOJIE.
CTpoeHUe CHHTE3UPOBAHHbBIX COeJHUHEHUH NOATBEp-
»KJI€HO JaHHBIMU 3JIEMEHTHOI0 aHa/Iu3a (CM. sKcIe-
PUMEHTaIbHYIO YacTh), cieKTpockonuu AMP 'H u
Macc-CNeKTPOMETPUH.

Curnanbl npotoHoB 4-OH v NH-rpynn Bcaencr-
BHe GbICTPOTro JeldTepoo6MeHa B ciekTpax AMP 'H
Bcex N-(6eH30THa30.1-2-1i)-4-TUpOKCU-1-MeTHI-
2,2-nuokco-1H-22%1-6eH30THa3MH-3-KapbOKCAMK/I0B
3a-d He nposBiasawTcs. 1-N-MeTuUnbHbIE TPYIILI pe-
30HUPYIOT B CUJILHOM T0JIe ¥ C OTHECEHUEM UX CUT-
HaJIOB TPyZHOCTel He BO3HUKaeT. boJiee JjeTaibHO-
r'0 pacCMOTpPeHUs TPebyeT «apoMaTUYecKast» 06/1acTb.
B npuHLHMIIe, 3/jeCh TaKXKe yAaeTcsl JOCTaTOYHO JIer-
KO UJIeHTUPHULHMPOBATH GOJIBLIMHCTBO TPOTOHOB KaK
6eH30THAa3MHOBOM, TaK U OEH30THA30/IbHOM YacTen
MoJsieKyJibl. OJHaKO B HEKOTOPBIX CIy4assx KOHKPET-
HO€ OTHECEHUE OT/AE/IbHBIX CHTHAJIOB IPOCTO HEBO3-
MOKHO, TOCKOJIbKY B CIIEKTPE OHU U3-3a HEGOIBILION
pPa3HUIbl B XUMUYECKUX CABUTaX CJUBAIOTCA B OAUH
MYJIbTUILIET 00111e UHTEHCUBHOCTBIO 2H (cM. akc-
NepUMEHTaJbHYIO YacCTh).

OTAebHO OCTAaHOBHUMCSI HA CUTHasIe mpoToHa H-7’
6eH30THa30/IbHOTO ¢pparMeHTa. [lOHATHO, YTO C BBe-
JleHueM 6’-MeTHIbHOro 3aMecTuTes (amug 3b) atot
CUTHaJl BU/JIOU3MEHSIEeTCSl B CUHIVIET U [0 CPaBHEHHUIO
C He3aMelleHHbIM aHaJIoroM 3a npeTepreBaeT 3a-
METHBIN AMaMarHUTHBIHN cABUT. [lof BJIMSHUEM 3/1€KT-
poOTpUILaTeNbHBIX 3aMeCTUTeeN — aTOMOB XJiopa
u 6poma (amubl 3¢ 1 3d COOTBETCTBEHHO) CUTHAJ
npotoHa H-7" Hao6opoT cMeliaeTcs B c1aboe moJie.
B cniekTpe 6’-6pomnpousBogHoro 3d Hab01aeTcs
HEOXXH/IJaHHOE BbIPOXK/IeHHEe CUT'HAJIOB 6EH30THA30J1b-
HbIX poToHOB H-4" 1 H-5’ (puc.) B oAuH 0611, He-
CKOJIbKO YIIMPEHHbIN CUHIJIET, YTO YCIAOXKHSET OJI-
HO3HA4YHOe OTHeCeHUe CUHIJIETHOrO CUr'HaJsla Ipo-
ToHa H-7".

Jl1s1 pelieHUs1 TaKKX 33724 YL06HO UCTIO/Ib30BaTh
3MIUpHUYECKHe KOHCTAHThI 3aMecTuTesen S (J), uiu
MHKpPEMEHTHI, KOTOpPbIe B 061eM [T03BOJISIIOT XOPO-
1110 MPe/ICKa3bIBaTh Pe30HAHCHBIE YaCTOThI TEX UJIU
HWHBIX NPOTOHOB [25]. Tak, HanpuMep, NpuBeAeH-
Hble B TabJ1. 1 JaHHbIe OKAa3bIBAIOT, UTO pe3yJibTa-
ThI PacyeTOB XMMUYECKUX C/IBUTOB NpOTOHOB H-7’
6€eH30THa30/1bHbIX GParMeHTOB 3aMeleHHbIX aMHU-

i Va

OH |O H,N S Ol (l) I\’ R
2a-d
oS OMe X N/k S
= H

N/S\\_O Kcunon, 150°C, 1 4 N/S\\t

() Y0
Me Me

1 3a-d

2-3:aR=H;bR=Me;cR=Cl;dR =Br

Cxema 1
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Puc. ®parmeHT cnektpa AMP 'H (curHansl apomaTmyeckmx npotoHoB) N-(6'-6pom6eH3oTrason-2-un)-amvaa 3d.

JoB 3b-d oTiim4yHO coryiacyloTCsl CO 3HAYEHHUSIMH,
Hali/IeHHbIMHU 3KCcIiepuMeHTa bHO. Cie/]oBaTeIbHO,
cZieJJaHHble HA UX OCHOBE OTHECeHHs] COMHEHUH He
BbI3bIBAIOT. [Ipy HEO6XOIMMOCTH aHAJIOTHYHbBIE pac-
YeThbl Pe30HAHCHBIX YaCTOT MOXKHO MPOBECTH U JIJIS
JIPYTUX apOMaTUYeCKUX MPOTOHOB.

N-(BeHzoTunazos-2-ui)-amMmuzi 3a U ero 6-MeTuJI-
3aMelleHHbIH aHajsior 3b oKasa/Jichb JJOCTAaTOYHO
YCTOMYMBBIMH COEJUHEHUSIMU U B TOJIYYEHHBIX MO/
BO3/IeMCTBHEM 3JIEKTPOHHOTO yapa Macc-CleKTpax
JIAaI0T BBICOKOMHTEHCUBHbBIE MUKW MOJIEKYJISTPHBIX
HOHOB (cxeMa 2). A BOT rajioreHupoBaHue 6eH30-
THA30JIbHOTO ¢pparMeHTa 3HaYMTEJbHO MOBBILIAET
TEPMOJIabUIBHOCTD BELECTB IPU UX NepeBo/ie B ra-
30By10 ¢a3y. Kak pe3yabTaT — MHTEHCUBHOCTD IH-
KOB MOJIEKYJIIPHBIX HOHOB rajJioreH3aMelneHHbIX N-
(6en3oTHazos-2-ui)-amuzoB 3¢ u 3d yxxe He OCTH-
raet u 10%.

Kak npaBuJio, Macc-ClIeKTPbI POJICTBEHHBIX COe-
JIMHEHUH HMEeIT MHOTO 00IUX YEPT U 3aKOHOMED-
HOCTEH, [0 KpalHel Mepe, IPU NepBUYHON Ppar-
MEHTAlMU MOJIEKYJIIPHBIX HOHOB. OZJHAKO B CIy4ae
N-(6eH30THa30.J1-2-1J1)-4-TUAPOKCU-1-MeTHI-2,2- 11~
okco-1H-2%1-6eH30THa3uH-3-kap6okcaMu10B 3a-d
HEOXKU/IAHHO HAGJTIOAAI0TCS COBEPIIIEHHO Pa3HbIe My TH
IEPBUYHOI0 PacIa/ia, onpe/iesisieMble 3aMeCTUTes-

MU B 6€H30THA30/IbHON YacTH MOJIEKYJIbl. B yacT-
HOCTH, ECTPYKIMS MOJIEKYNSAPHBIX KATUOH-PaAu-
KaJioB aMu/i0B 3a U 3b HaunHaeTcs ¢ Bei6poca SO,
(myThb A), 0 UeM CBU/IETEAbCTBYIOT MUKW OCKOJIOY-
HbIX MIOHOB 3-TH/IPOKCUUH/I0JI-2-KapboKkcaMu/10B 4a,b
c¢m/z 323 u 327 cooTBeTCcTBEHHO. Heobxoaumo oT-
METUTb, UYTO B 6OJIbIIEN CTENEeHU TaKOU nyThb dpar-
MeHTal U XapaKTepeH s N-retapusi-4-ruJijpoKcu-
2,2-nuokco-1H-21°%1-6eH30THa3UH-3-Kap6GOKCaMHU-
JlOB, CYLIIECTBYIOIIUX B BU/IE BHYTPEHHUX coJieit [24].
B To ke BpeMsl, TUIMYHBIN AJI1 COeIUHEHUN TaKOTO
Tumna [23] nepBUYHBIN pa3pblB TEPMHUHAJIBHOH Kap-
6aMuiHOU cBs3M (yTh B) He dukcupyeTcs BoBce. C
Iepexo/loM K rajioreHsaMelleHHbIM NPOU3BOJHBIM
3c¢,d kapTHHa MeHsIeTCs Ha IPSIMO IPOTUBOIOJIOXK-
HYI0 U Telepb Y>Ke MOJIEKY/ISIPHbIE MOHBI pa3pylia-
I0TCS UCKJIIOUUTEJIBHO 0 NyTH B, T.e. ¢ pa3ppiBoM
cBs3u C(3)CO-NHHet npu a6Cco/IIOTHOM OTCYTCTBUH
3kcTpy3uu SO,, Ha YTO yKa3bIBAIOT MMKH, COOTBET-
CTByIOLI[HE 0061eMY /Jisi 000MX 06pa3I[0B KETEHY 5
Y UHJWBUYaJbHBIM JJIs1 KQXK/,0T0 U3 HUX KaTUOH-
pasiuKasiaM 2-aMUHOO6EeH30THa30J10B 6¢ v 6d.
TpeTuit TN NepBUYHON pparMeHTaALUH MoJIe-
KYJISPHOTO MOHA, 3aKJIIOYAIOIIMICA B IOBOJIBHO 06bIY-
HOH J1J15 TaJIoreH3aMellleHHbIX OpraHu4ecKUX Coe/Iu-
HeHUI U3HaYa/IbHOU noTepe aToMa rajiorena (nytsb C),

Ta6bnuua 1

PacueTHble 1 3KCnepUMeHTanbHble 3HaUYEHNA XMMUYECKUX CABMIOB NPOTOoHa H-7’ 6eH30TMa30MbHOroO
¢dparmeHTa B 3aMeLlEHHbIX N-(6eH30Tra3on-2-1n)-4-rmapoKcun-1-meTnn-2,2-4noKco-
1H-2\%,1-6eH30TMa3nH-3-kapbokcammpaax 3b-d

CoepuHeHne %aeﬂigmgig;: S (9) PacueTHoe 3HaueHue d(H-7), m.a. 3HK;S:£;§§(T_|T_?)H:AO§
3a H - - 7,91
3b 6'-Me o-Me -0,17 0(H-7)=791-017=7,74 7,73
3c 6'-Cl o-Cl+0,02 6(H-7)=7,91+0,02=7,93 7,99
3d 6'-Br 0-Br+0,22 0(H-7)=7,91+0,22=8,13 8,13
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T+.
R
C

3a [M]* mz 387 (100%)
3b [M]* mz 401 (50.7%)
3¢ [M]* m/z 421/423 (5.7/3.0%)
3d [M]* m/z 465/467 (8.1/11.1%)
R=H,Me | -S0,
_I +e
OH N
H
<
s R
N O
\
Me

4a m/z 323 (24.1%)
4b m/z 337 (9.8%)

Cxema 2

OTMeYeH TOJIbKO B MacC-ClleKTpe 6-6pOMIPOU3BOJ-
Horo 3d.

AHanbreruyeckoe gericrBue N-(6eH30THA30J1-2-
WJ1)-4-TUAPOKCU-1-MeTHa-2,2-auokco-1H-2A°%1-6eH-
30THAa3UH-3-KapbokcaMu/10B 3a-d U3y4yeHO B [I0JIHOM
COOTBETCTBUHU C MOJIOXKEHUAMU EBpomneickoil KOH-
BEHIIMU 110 3alUTe T03BOHOYHbIX }KUBOTHBIX, UCIIOJIb-
3yeMBbIX [IJIs1 9KCIIepUMEHTANbHBIX U APYTUX HAY4-
HbIX Ilesied U 3akoHa Ykpaunbl Ne3447-1V «O 3amu-
Te )XUBOTHBIX OT KECTOKOTO0 nmoBeAeHusi» (2006).

TecTupoBaHuMe NpoBe/leHO HA GesIbIX HEJIUHEN-
HBIX [10JI0BO3PEJIbIX KpbIcax-camiiax BecoM 180-200 r
(o 7 Mo 0NBITHBIX YKUBOTHBIX HA KAXK/j0€ COeIUHE-
HUeE, IpenapaT CPaBHEHUsSI U KOHTPOJIb) C UCIOJIb-

T
OH (o] N~ g >
@HI\ /L
Br N N S
H
N/iv\o
UNENo)
Me

+ o

R
—_——

7d [M]* m/z 387 (3.9%)

R=ClL Br

S¢ m/z 237 (5.2%)
5d m/z 237 (31.0%)

6c m/z 184/186 (100/39.4%)
6d m/z 228/230 (86.0/100%)

30BaHUEM 0OLIeNPHUHATON MOJeIU TEPMUYECKOTO
pasapakeHus KoHYMKa xBocTa (tail-flick) [26]. Uc-
NbITyeMble BelllecTBa U pedepeHc-npenapaTsl (Me-
JIOKCHKaM U MUPOKCUKaM) BBOAUJIU NEPOPAIbHO B
BU/le CTabUIN3MPOBAaHHBIX TBUHOM-80 TOHKHX BOJ-
HbIX cycrieH3ul B fio3e 20 Mr/Kr. KoHTpoJsibHas rpym-
Ta )KMBOTHBIX M0JIy4Ya/ia 9KBUBAJEHTHOE KOJIMYECT-
BO Bo/ibl ¢ TBUHOM-80. 06e360uBatouii 3¢ dpekT
(B %) oueHMBaJIY 110 BeJIMYUHE JIATEHTHOTO IePUO-
Jla yepes 1 yac nocJie BBeJeHUs UCCIelyeMbIX Be-
I1EeCTB.

CpaBHUTE/IbHBINA aHAIM3 MOJIYYeHHbIX HAMH 3KC-
NepUMeHTaJbHbBIX JAHHBIX (Ta6JI. 2) c mOKa3aTess-
MU M3yYeHHbIX paHee POJCTBEHHBIX [10 CTPOEHHUIO

Tabnuua 2

AHanbreTnyeckas akTmBHOCTb N-(6eH30Trazon-2-un)-amngos 3a-d Ha mogenu «tail-flick» y Kpbic

CoennHenve R JlaTeHTHbIN Nepuopg vepe3 1VL| nocne N3meHeHne gnuTtenbHOCTM naTeHTHorco)
BBeEHMA coeanHEHNN, C nepuopa no CpaBHEeHUIO C KOHTponem, %

3a H 4,03%+0,10* + 28,4
3b Me 4,05+0,13% + 29,1
3c Cl 3,42+0,14 +9,0
3d Br 4,68+0,15*% +48,9

Menokcrnkam 491+0,17* + 56,3

MNMupokcnkam 3,96+0,15* + 26,1

KoHTponb 3,14+0,14 -

* — pa3nnums AOCTOBEPHbI Npn p<0,05 MO CPaBHEHMIO C KOHTPOSEM.

41



ISSN 2308-8303

Journal of Organic and Pharmaceutical Chemistry. — 2014. — Vol. 12, Iss. 4 (48)

N-(Tuazosn-2-uia)-4-ruipokcu-1-meTu-2,2-1M0KCO-
1H-22%1-6eH30THa3uH-3-Kap6oKkcaMu0B [23] mo-
Ka3bIBaeT, UTO B LeJIOM aHHeJIMPOBaHHE THA30JIb-
HOTO IIMKJIa 6€H30JIbHBIM S1ZJpOM NPUBOAUT K HEKO-
TOPOMY CHWXKEHMIO aHA/IbIe TUYeCKUX CBOWCTB.

BMmecTe ¢ TeM He06X0/JMO BCE ke OTMETHUTD, 4TO
aKTUBHOCTb OOJIBIIMHCTBA COeJUHEHUH OCTaeTcs J10-
CTAaTOYHO BbICOKOM — HAa YPOBHE NMPOKCHKaMa. A Bbl-
pakeHHbIH, CTATUCTUYECKU JJOCTOBEPHBIN U NPaK-
THUYeCKU He YCTYNalUi MeJoKCUKaMy 06e360J11-
Baroluil 3pdeKT, npojieMoHCTpHUpPOBaHHbINA N-(6-
6poMb6eH30THA30J1-2-U)-aMmuioM 3d, CBUIETENBCT-
ByeT O BbICOKOM IIOTEeHIIMajle U3yyaeMbIX MOJIEKY-
JISIPHBIX CUCTEM [IJIs1 CO3/JaHUsI HOBbIX 3QPEeKTHUB-
HbIX aHA/IbI'€THKOB.

OKcrnepuMeHTasibHasi YacTb

CnekTpsl IMP 'H cuHTEe3UpOBaHHBIX COe/IMHE-
HUM 3anucaHbl Ha npubope Varian Mercury-400 (pa-
6o4ast yactora 400 MI') B pactBope JIMCO-d,, BHYT-
peHHui ctravaapT TMC. Macc-crieKTpbl 3aperucTpu-
poBaHbl Ha npub6ope Varian 1200L B pexxume noJi-
HOTO CKAaHUPOBaHU4 B AuamnaszoHe 35..700 m/z, vo-
HU3aLHus 3JIEKTPOHHBIM yzapoM 70 3B nipu npsaMom
BBO/le 06pas1ja. JJieMeHTHbIN aHa/IU3 BbINIOJIHEH Ha
MukpoaHasusarope EuroVector EA-3000. Temnepa-
TYpBI JIAaBJIEHUS ONpe/iesIeHbl B KaUIsipe Ha ud-
POBOM aHa/IM3aToOpe TOYKU I1aBaeHuss SMP10 Stuart.

N-(ben3oTrunasoJi-2-uj)-4-ruipokcu-1-me-
TUI-2,2-Au0Kco-1H-2151-6eH30THAa3UH-3-Kap6-
okcamuy (3a). Cmecnh 2,69 1 (0,01 Mosb) MeTHJIO-
Boro adupa 1 u 1,50 r (0,01 Mosip) 2-aMmruHOGEH30-
THaszoJ1a (2a) B 5 MJI cyX0ro KCUJIoJ1a BbIZIEP>KUBAIOT
Ha MeTaJiiMnyeckoil 6aHe npu 150°C B TeueHue 1 y,
10CJIe Yero peakKLlMOHHYI0 CMeCh OXJIXKAAI0T, TPHU-
6aBJisA0T 10 MJ1 3TaHOJIAa U TUATENBHO Pa3MellrBa-
10T. BeigiennuBInecss kpuctaniabl N-(6eH30THA301-
2-una)-amujia 3a oTOUJIBTPOBBIBAIOT, IPOMBIBAIOT
XOJIOJIHBIM 3TaHO0JI0M, cymaTt. Beixos - 3,08 r (91%).
T. . - 261-263°C paz. (AM®A-3TaHo, 1:5). Cnektp
AMP H, §, m.a. (J, Tu): 8.04 (1H, 1, / = 7.2, H-5 6eH-
3oTrasuHa); 7.91 (1H, 5,/ = 7.2, H-7 6eH3oTHazo1a);
7.65-7.58 (2H, m, H-7 6eH3oTuasuHa + H-4 6eH3o0-
Tuazoua); 7.48 (1H, T, ] = 7.3, H-5 6eH3oTHaszosna);
7.35 (1H, 1,/ = 7.4, H-6 6eH3oTunazoua); 7.29-7.21 (2H,
M, H-6,8 6en3oruasuHa); 3.38 (3H, ¢, NCH,). Macc-
cnektp (3Y,703B), m/z (1., %): 387 [M]* (100), 323
[M -S0,]* (24.1), 163 (15.1), 134 (20.8), 132 (23.8),
108 (21.6), 106 (68.9), 105 (85.8), 104 (73.8), 77
(86.0). Hatigeno, %: C52,61; H 3,49; N 10,94; S 16,46.
C,,H;3N;0,S,. Beruucieno, %: C 52,70; H 3,38; N
10,85; S 16,55.

Amvuzipl 3b-d nosiydeHsbl 10 aHaJIOTUYHOM MeTO-
JIUKeE.

JiutepaTtypa

4-Tuapokcu-1-metni-N-(6-MeTU/1I6€eH30THA30J1-
2-wi)-2,2-aAnuokco-1H-21%1-6eH30THa3UH-3-Kap6-
okcamu/, (3b). Beixos - 88%. T. 1. — 286-288°C pas.i.
(AM®A-sTaHou, 1:5). Cnextp AMP 'H, §, m.z. (J, ['n):
8.03 (1H, x,J = 7.5, H-5 6en3oTnasuna); 7.73 (1H, c,
H-7 6en3oTnazosna); 7.61 (1H, T,/ = 7.5, H-7 6eH30TH-
asuHa); 7.48 (1H, x,/ = 8.1, H-4 6en3oTHasosa); 7.31
(1H, #,] = 8.2, H-5 6eH3oTunazona); 7.26-7.21 (2H, m,
H-6,8 6ensoTnasuHa); 3.35 (3H, ¢, NCH,); 2.46 (3H,
¢, 6’-CH;). Macc-cnektp (3Y, 70 aB), m/z (1,,,, %):
401 [M]* (50.7), 337 [M - SO,]* (9.8), 237 (46.2),
211 (19.4), 178 (59.7), 150 (54.8), 146 (54.7), 122
(25.8),117 (67.4),91 (100), 60 (45.8). Haitneno, %:
C 55,76; H 3,68; N 10,39; S 16,08. C;;H,;N;0,S,. BrI-
yucseHo, %: C 55,85; H 3,77; N 10,47; S 15,97.

4-Tuapokcu-1-metusi-N-(6-xJ10p6eH30THA30JI-
2-un)-2,2-auoKco-1H-21%1-6eH30THA3UH-3-Kap6-
okcamu/, (3c). Beixon - 94%. T. 1. > 310°C pa3a.
(AM®A-3tanou, 1:5). Cnektp AMP 'H, §, m.z. (J, 'm):
8.03 (1H, n, J = 7.9, H-5 6en3oTunasuHa); 7.99 (1H,
¢, H-7 6ensoruasona); 7.63-7.57 (2H, m, H-7 6enso-
THasuHa + H-4 6eH3otuasona); 7.43 (1H, g, ] = 8.2,
H-5 6ensotuasona); 7.27-7.21 (2H, m, H-6,8 6eH30-
TthasuHa); 3.35 (3H, ¢, NCH,). Macc-cniextp (3Y, 70 3aB),
m/z (L, %):421/423 [M]" (5.7/3/0),237 (5.2),184/186
(100/39.4), 150 (11.2), 117 (10.8), 91 (15.7). Haiizne-
HO, %: C48,51; H 2,77; N 10,03; S 15,14. C,,H,,CIN,0,S,.
Brruucaeno, %: C 48,40; H 2,87; N 9,96; S 15,20.

N-(6-BpoM6GeH30THA30JI-2-UJ)-4-TUAPOKCH-
1-meTnia-2,2-guokco-1H-22°1-6eH30THAa3UH-3 -
kap6okcamujg, (3d). Beixog - 92%. T. 1. > 310°C
pasJ. (IM®A-asTaHou, 1:5). Cnexktp AMP H, 6, M.z,
(/, T): 8.13 (1H, ¢, H-7 6en3oTuasosna); 8.03 (1H, #,
J = 7.8, H-5 6enzoruasuHa); 7.61 (1H, 1, = 7.4, H-7
6eHszoTuasuHa); 7.54 (2H, c, H-4,5 6ensotruazona);
7.27-7.21 (2H, m, H-6,8 6en3zotunasuna); 3.36 (3H, c,
NCH,). Macc-cniextp (3¥, 70 3B), m/z (1,,,, %): 465/467
[M]* (8.1/11.1), 387 [M - Br]* (3.9), 237 (31.0),
228/230 (86.0/100), 150 (13.3), 146 (19.5), 117
(26.1),106 (32.3),91 (34.6), 77 (47.7). Haiigeno, %:
C43,66;H2,50;N9,12;S13,68.C,,H,,BrN,0,S,. BrI-
yucyaeHo, %: C 43,79; H 2,59; N9,01; S 13,75.
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CHUHTE3 TA JOCIIPKEHHSA AHTUMIKPOBHOI AKTUBHOCTI
N-AJKUI(AMMETHUIAJIKOKCIALLETUJIAMOHINX/IOPUA)-
N'-[4-(T1APOKCUMETW.JI)-1H-TIIPA30J1-3-1JI]CEYOBUH

M.K.BpaTtenko, M.M.bapyc, L.I1.Bypaentok, M.B.BoBk*

ByKOBUHCBHKUI [lep:KaBHUH MeIUYHUH YHiBEpCUTET
58000, m. YepHisij, 1. TeaTpasibHa, 2. E-mail: bratenko@gmail.com
* [HcTUTyT opraniunoi ximii HAH Ykpainu

Kamwouosi caoea: N-dumemunaaminoankin-N'-[4(zidpokcumemu.)-1H-nipazon-3-iaJcevoguHu; ecmepu
Xxs0pooymoegoi kucaomu; N-aakia(dumemuaaskokciayemuaamoHitixaopud)-N'-[4-(eidpokcumemus)-1H-
nipasos-3-isnjceyo8uHuU; AHMUMIKPOOHA AKMUBHICMb

OmpumaHa Hu3ka paHiue HegidoOMUX Yeme8ePMUHHUX aMOHIUHUX corell Ha OCHO8I MosnichyHKUiOHaIbHUX nipa-
3071118, y CMpPyKMypi SIKUX Hasi8Hi 8UCOKOMOISAPHI aMoHiliHa, ypeiOHa ma 2idpokcumemurbHa epynu. CuHme3s ui-
Ibo8uUX criosnyK 30ilicHeHO winsixoM keamepHisauii N-OumemurnamiHoarnkin-N"-[4-(eidpokcumemunn)-1H-nipa3or-
3-injcedosuH ecmepamu xr10pooymMo8oi KUCIomu, siki Micmsimae inogbinbHI crupmosi 3amuKu pidHoi O08XKUHU.
bydoea odepxxaHux pedosuH cmpoeo dosedeHa pe3yribmamamu sumipie efleMeHmHo20 aHanisy, 14- ma AMP'H-
crniekmpig. Npu MikpobionoziyHoMy OOCIOKEHHI CUHMEe308aHUX CrOyK Ol KOXHOI 3 HUX 8USIBNIEHO WUPOKUU
criekmp aHMuUMIKpobHoi akmugHocmi. Tlpu ybomy binibw sucoka Yymsugicms 00 iHeibyrodoi dii npenapamis
XxapakmepHa 0718 epaMrno3umusHUX MIKpoopeaaHiamie, 0cobnueo 0ns Kokosoi epynu 6akmepil. Kyrnsmypa Opix-
0x0nodibHux epubie pody Candida ablicans € meHw 4ymnugot. 3Ha4HO HUXYY aKmueHicmb rpossuiu Yyem-
8EPMUHHI aMOHIlHI cori o 8iOHOWeHHI0 00 epamMHe2amusHUX bakmepil eHmepusbHoi epynu: E. coli, Proteus
vulgaris ma Pseudomona saeruginosa. AHari3 3anexHocmi «cmpyKmypa-akmueHicmb» 0511 00CidxXysaH020
psidy crionyk 00380r1s5€ 3p0buMU BUCHOBOK, W0 Ha aHMUMIKPOBHY akmueHicmb HalcurbHilwe 8rusae 008XuUHa
arnkokciauemursbHo20 ¢hpaemeHma binsi aMoHiliHo20 ueHmpy. B mol e yac 6ionoziyHuli echekm npakmuy-
HO He 3anexumb 8i0 sidcmaHi Mix ypeiOHUM ma amiOHUM amomMaMu a3omy eK30UUKITIYHO20 hpasMeHma.

OaeaHHi rnocigHUx 003 mecm-Kynnbmyp St. aureus rnokasarso ix KyMmynsimugHO 8UCOKY bakmepuyudHy 30amHicme.

SYNTHESIS AND STUDY OF THE ANTIMICROBIAL ACTIVITY OF N-ALKYL-(DIMETHYLAMINOALKOXY-
ACETAMMONIUMCHLORIDE)-N"-[4-(HYDROXYMETHYL)-1H-PYRAZOL-3-YL]JUREAS

M.K.Bratenko, M.M.Barus, I.P.Burdenyuk, M.V.Vovk

Key words: N-dimethylaminoalkyl-N'-[4-(hydroxymethyl)-1H-pyrazol-3-yl]-ureas; chloroacetic acid esters; N-alkyl
(dimethylalkoxyacetammonium chloride)-N"-[4-(hydroxymethyl)-1H-pyrazol-3-yljureas; antimicrobic activity

A number of the quaternary ammonium salts previously unknown with polyfunctional pyrazole base have been
obtained. The structure of these pyrazoles contains highly polar ammonium, ureide and hydroxymethyl groups.
The compounds under study were synthesized by quaternization of N-dimethylaminoalkyl-N~-[4-(hydroxymethyl)-
1H-pyrazol-3-ylJureas by chloroacetic acid esters containing the lipophilic alcohol residue of various length. The
structure of the substances obtained has been strictly confirmed by the data of elemental analysis, as well as
by IR- and NMR'H-spectral measurements. A wide range of the antimicrobic action for each substance synthe-
sized has been found in their microbiological study. Gram-positive microorganisms, in particular coccal bacteria
group, revealed the highest sensitivity to the inhibiting action of the substances. The culture of yeast-like fungi
of Candida genus was less sensitive. Quaternary ammonium salts had less expressed action on gram-negative
bacteria of enteritis group, e.g. E. coli, Proteus vulgaris and Pseudomona saeruginosa. Analysis of the structure-
activity relationship of a number of compounds makes clear that the length of the alkoxyacetyl fragment near
the ammonium centre has the greatest effect on the antimicrobic action. At the same time there is virtually no
dependence of the biological effect from the distance between ureide and amide nitrogen atoms in the exocyclic
fragment. The study of the antimicrobic action depletion of the most active substances by tenfold addition of
inoculation doses of test cultures of St. aureus has shown their cumulatively high bactericidal action.

CUHTE3 U UCCIIEQOBAHUE AHTUMUKPOBHOWU AKTUBHOCTU N-AJIKUIT(QUMETUITAJIKOKCUALIE-
TUITAMMOHUUXITIOPUL)-N--[4-(TUQPOKCUMETUJI)-1H-NMUPA30JI-3-UITIMOYEBUH

M.K.BpameHko, M.M.Bapyc, WU.I1.6ypdeHtok, M.B.Bogk

Knroveenie cnoea: N-dumemunamuHoarnkurn-N~-[4-(zudpokcumemunn)-1H-nupasorn-3-unjmo4esuHsi; 3¢bupbi Xop-
yKcycHol kucriomsi; N-ankun(Oumemurnankokcu-auemunammorutixiiopud)-N~-[4-(zudpokcumemunr)-1H-nupa3sor-
3-urnjMoyesuHbI; aHMUMUKPOOHas akmueHOCMb

lMonyyeH pss0 paHee HeU38ECMHbIX HemM8epMUYHbIX aMMOHUE8bIX Ccorell Ha OCHO8e MOonuUhyHKUUOHabHbIX Mu-
pasoros, 8 CMpyKMype KOmopbIX MpUCymcmeyrom 8bICOKOMNOMSAPHbIE aMMOHUUHasi, ypeudHas u 2udpoKcume-
murnbHas epynnel. CuHmMe3 yerneabix cCoeOUHeHUU 8bINoIHeH Mymém keamepHu3sayuu N-OumemunamuHoasnkus-
N"-[4-(2udpokcumemun)-1H-nupa3son-3-unjmodyesuH achupamu XIIOPyKCyCHOU KUCIOMbI, KOmopblie cooepxxam
nunogurbHbIe Crupmossie ocmamku pa3Hol OnuHbl. CmpoeHuUe MonyYeHHbIX 8ewecmas cmpozo noomeep-
0XeHo pe3ynbmamamu usmepeHuli anemeHmHo20 aHanusa, K- u AMP*H-cnekmpos. lNpu mukpobuonoeu-
YecKoM uccrie0o8aHUU CUHME3UpPO8aHHbIX COeOUHEeHUU O Kax0020 U3 HUX 06HapyXeH WupoKul criekmp
aHmMuMukpobHou akmusHocmu. [Npu amom Hauboree 8bicoKas 4y8cmeumernbsHOCMb K uHaubupyrouwemy oeu-
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cmeuro rpenapamos xapakmepHa 0715 2paMMIIoNIoXUMebHbIX MUKPOOp2aHU3Mo8, 0COBeHHO O KOKKO8OU
epynnbl 6akmepud. Kynbmypa 0poxxernodobHbix epubos poda Candida ablicans 6bina meHee 4yyecmeumersib-
HoU. SHa4umeribHO MeHee HU3KYI0 akmueHOCMb MPosS8UIu YemeaepmuYHbie aMMOHUUHbIe COMU 10 OmHouwe-
HUK K epaMmMompuyamernsHbiM bakmepusm s3HmepunsHoU epynnsi: E. coli, Proteus vulgaris u Pseudomona
saeruginosa. AHanus 3agucuMoOCmU «CMpPyKmMypa-akmueHocmb» 011 uccriedoeaHHo20 psida coeOuHeHul ro-
3eor15em cdeniame 8b1800, YMO Ha aHMUMUKPOBHYI0 akmugeHocmb Haubosiee curbHO erusiem OnuHa afKoKcu-
auemurbHO20 chpaemeHma y aMMOHUUHO20 yeHmpa. B mo xe spems 6uonoauyeckuli aghghekm rnpakmuyecku
He 3asucum om paccmosiHUsi Mex0y ypeuOHbIM U aMMOHUUHbIM amoMaMu a3oma 9K30UUK/TUYeCKo20 (hpacMeH-
ma. MccnedosaHusi Mepbl UCMOWeHUss aHmuMukpobHoeao delicmausi Hauboriee akmueHbIX npernapamos npu
10-mu kpamHom npubaeneHuu nocesHbix 003 mecm-Kynbmyp St. aureus nokasasno ux KyMynsimu8HO 8bICOKYH

bakmepuyudHyto criocobHoCMkb.

MacuiTabHe 3acTOCyBaHHSI B MeJJUUHIN IPaKTH-
1[i aHTUOIOTUKIB Ta aHTHUMIKPOOGHUX ITpenapaTiB CTa-
JIO IPUYMHOIO OB Ta INUPOKOTO PO3NOBCIO/X)KEH-
HS CTIMKMX J10 il aHTUCENTHUKIB ITaMiB MaTOTreH-
HUX Ta YMOBHO IIAaTOT€HHUX MIKPOOPTaHi3MiB, AKi €
THUIMOBUMHM 30yTHUKAMU IHiHO-3anaJbHUX iHpeK-
it [1-3]. AHTHGIOTUKOPE3UCTEHTHI IITAMU BiiI3HA-
YalOThCA MiJABUIIEHOI BipyJI€HTHICTIO, 8 BUKJIMKa-
Hi HUMHU 3aXBOPIOBAaHHA XapaKTEePU3YIOThCA BXKKUM
nepebirom i moraHo niggarThes aikyBaHHO [4]. i
$aKTH HAaO4YHO CBiJlYaTh NpPO Te, L0 YCHiX OpraHi-
3anil Ta npoBeJieHHs ePpeKTHUBHUX 3aX0/[iB O0POTh-
6u 3 iHdeKIisIMU, CHPUYHNHEHUMU Pe3UCTEHTHUMU
MiKpoopraHisMaMH, 3aJIeXKUTh He TiJIbKHU BiJ pawio-
HaJIbHUX METO/IB XiMioTeparii, ajie i Bif MOCTiKHO-
ro NMOIIYKY HOBUX aHTUCENTUYHUX JIIKapCbKUX 3a-
co6iB.

3 ypaxyBaHHSIM TOTO, 1110 CepeJ, CIONYK, K Mi-
CTSAATb CTPYKTYPHi ¢pparMeHTH YeTBEPTUHHUX aMO-
HIHMX coJiel, BUsIBJIeHI eheKTUBHI aHTHUCENTUYHI
npenaparu (eToHiH, IeKaMeTOKCHH, pokas) [5], oauH
i3 cyyacHuUX BapiaHTiB AU3aliHy OaKTepPHULIUAHUX CII0-
JIyK nepejbavyae cipsiMoBaHy MoAudikallito Ha3Ba-
HUMU pparMeHTaMu GpapMakoPOPMHUX reTePOIUK-
JIIYHUX Axep. BaxinBo, 110 4eTBepTUHHI aMOHINHI
coJii 3 1OBruM JinodisbHUM ByTr1€BOJHEBUM JIaH-
L[}OTOM 3aB/ISIKU CBOEMY 6idi/IbHOMY XapaKTepy Mo-
»KYTb B3aEMOJIsITH 3 MeMOpaHaMU KJIITHH i TUM ca-
MHUM BIJIMBATH Ha iX QyHKILI.

Paniiie [6] HaMu Gysia MoKa3aHa MepCIeKTUBHICTb
TAaKOTO NiAX0AY Ha NIPUKJIAJI CUHTEe3y YeTBEepTUH-
Hux cosiert N,N-aumetusi-N-(mipasoJiiji)MeTniaMiHiB
i3 BUpakeHOI0 MeMOpaHOoCTabi1i3yt0uoto Ta 6baKTe-
puuuaHo0 Ai€to. [[peiMeTOM OJAHOTO JOCAIIKEH-
HSl € CHHTE3 paHille HeBijoMux nosipyHKIioHATb-
HUX Nipa30/J0BMICHUX CUCTEM, B IKUX YeTBEPTHUHHI
aMOHilHI 3aMiCHUKY, 1110 MiCTATH riApodpo6Hi ByTe-

OH
H H
MezN N N o
X
Mn If ‘ + CI\)LOR“
R
1a-r 2a-r

BO/IHEBI JIAHKH, 3B’s13aHi 3 T€TEPOLUK/IIYHUM SpOM
yepes ypeiaHui pparmeHT, Ta iX 6i0CKPUHIHT Ha BU-
sIBJIEHHS] aHTUMIKPOOHUX BJIaCTUBOCTEM.

BazoBuMU 06’€eKTaMHU /151 TOAAJIBIIOT KBATEPHI-
3anii 6ysiv o6paHi HeloAaBHO [7] cHHTe30BaHi HAMU
N-pumetunaaminoasnkin-N'-[4-(rizpokcumeTtn)-1H-
nipasoui-3-iy]ceyoBUHHU 1a-T, HAsIBHICTb y CTPYKTY-
pi AIKUX TiIPOKCUMETHUIBHOIO Ta yYpeiAHoro yrpy-
NOBaHb MOe iCTOTHO BIJIMBATH [iJif HAJlaHHA IM
KoMILJIeKcy 6iosioriyHol akTUBHOCTI [8-11]. Ak an-
KiJIylo4di peareHTU BUKOPUCTOBYBAJIM €CTEPU XJIO-
POOILTOBOI KUCJIOTH 2a-T i3 JinodiIbHUMU CIUPTO-
BUMU 3aJIMLIKaMU, KIJIbBKICTb aTOMiB BYIVIELIIO B AKHUX
cksaziana Bij 7 1o 14. BctaHoB/eHo, 1110 5 rof Harpi-
BaHHA peareHTiB B KUIJIAYOMY aleTOHITpUIII NpU-
BOJIUTb JI0 YTBOPEHHS i3 BUxoJjaMu 56-61% N-ankin
(AuMeTunanKoKcianeTuaaMoHinxnopun)-N'-[4-(riz-
pokcuMeTuJ)-1H-nipa3os-3-isijcedoBuH 3a-U - HO-
BUX KaTiOHOreHHUX PYHKI[IOHAJTIbHUX MOXIJHUX ITi-
pasouy.

AMoHilHi cosi 3a-U - 6e36apBHi, BOJJOPO34YUH-
Hi, rirpockoniyHi Ha NoBiTpi (B cU/y 4OoTo He BAa-
€TbCS TOUHO BU3HAYUTH TeMIlepaTypHU [J1aBJeHHS )
PEYOBHHH, CKJIAJ, Ta OYA0BA IKUX Y3TO/KYIOThCS 3
pe3y/bTaTaMu BUMIpIiB eJleMeHTHOr0 aHasizy, [4- Ta
AMP 'H-cniektpiB (Ta6u. 1, 2). Ix IY-cnexTpu xapak-
TEPU3YIOTbCS IHTEHCUBHUMU CMYyTraMU NOTJIMHAHHSA
rpyn C=0 ectepHoro (1720-1730 cm™) Ta ypeinHo-
ro (1685-1695 cm!) pparmenTis, a Takox rpyn N-H
(3265-3280 cmt) i O-H (3455-3475 cm1). ¥ ciekTpax
AMP 'H nopsif i3 My/IbTUIVIETAMU METUJIEHOBUX ITPO-
TOHIB €eCTEPHOro 3aJulIKy Ta N-aJIKiJIbHOTO 3aMic-
HUKa MicTATbCcA gBa cuHIIeTU N,N-JUMeTUI1bHUX
(3.18-3.27 Ta 3.24-3.29 M.4.) i oAWH CUHIVIET Tifgpo-
KCUMeTUIbHUX (4.30-4.40 M.4.) rpym.

Anani3 Mikpo6ioJIoTiYHOTr0 1OC/Ti/>KEHHS] CUHTe-
30BaHMX CIOJYK (TabJ1. 3) MoKa3aB HAsIBHICTb Y KOXK-

Cl- OH

O Me H H

JLENG NN
R10 ‘MnT ‘ N
Me o) NfN\R

3a-u

1, R=Me, n=2(a), 3(6); R=Ph, n=2(B), 3(); 2, R'=C;H;5(a), C;oH,(6), C1,;H,5(B), C1,Hy(r);
3, n=2; R=Me, R'=C,,H,,(a), C,,H,s(6); R=Ph, R'=C,H,(B), C,,H,(r); n=3, R=Me,
R'=C;oH,(n), CiHas(€); R=Ph, R'=C;H,5(€), C1oH,(k), C1oHo5(3), CiaHae(h).

Cxema
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Ta6bnuua 1
Buxopgw Ta pe3ynbratii eneMeHTHOro aHanily CMHTe30BaHMX CNonyK 3a-un
Cronyka R R N BV:;GA, 3HangeHo, % Dopmyna BupaxyBaHo, %
0 C H N C H N
3a Me C,oH,, 2 68 55.29 9.00 1490 | C,,H,CINSO, | 55.44 8.82 14.70
36 Me C,Hys | 2 64 57.33 8.91 14.08 | C,H,CINSO, | 57.12 9.12 13.88
3B Ph CH,; 2 59 58.31 7.56 14.29 | C,,H,CIN,O, | 58.05 7.66 14.11
3r Ph C,Hy | 2 64 61.65 8.65 1218 | C,H,CINO, | 61.46 8.48 12.36
3n Me C,oH,, 3 69 56.05 9.08 14.08 | C,;H,CINO, | 56.31 8.98 14.28
3e Me C,Hys | 3 56 57.68 9.41 13.70 | C,H,CINSO, | 57.89 9.26 13.51
3e Ph CH,s 3 70 517 8.00 13.91 C,sH,CIN,O, | 58.81 7.84 13.72
3X Ph C,oH,, 3 61 60.74 8.17 12.53 C,sH,CIN,O, | 60.85 8.33 12.68
33 Ph C,Hy | 3 71 61.84 8.72 1226 | C,H,CIN,O, | 62.04 8.62 12.06
3n Ph CHy | 3 57 62.94 9.02 11.29 | G,H,,CINSO, | 63.12 8.88 11.51

HOI 3 HUX LIMPOKOTI'0 CIEKTPA aHTUMIKPOOHOI aKTUB-  3UTUBHUX MiKpOOPraHi3MiB, 0CO6GJIUBO JJIsI KOKOBOI
HocTi. [Ipy nboMy 6i7b1I BUCOKA YYTJIMUBICTD J10 iH-  rpynu 6akTepiil. 30kpeMa, MiHiMa/bHI KOHLEHTpa-
ribyrodoi fiii mpenapaTiB XxapakTepHa JJisl rpaMno-  Lii CnoJyK, iKi iHri6yBasiu picT TecT-Ky/IbTyp St. Aure-

Ta6bnuya 2
I4- Ta AMP'H-cnekTpwu cnonyk 3a-u
g [Y-cnekTp, KBr, v, cm™
5 Cnektpu AMP'H, AMCO-d,, 6, m.u. (J, ')
5 | C=0 | N-H | O-H
1690 0.83 1 (3H, CH,, J=6.8), 1.11-1.57 m (16H, CH,), 3.21 c (3H, CH,), 3,29 ¢ (3H, CH,), 3.38-4.08 m
3a 3280 | 3460 |(11H, CH,, CH,), 4.35 c (2H, CH,0OH), 4.63 w.c. (1H, OH), 7.44 c (1TH, NH), 7.63 w.c. (1H, NH),
1730 5
8.63 c(1H, H?)
1695 0.84 1 (3H, CH;, J=7.0), 1.13-1.55 m (18H, CH,), 3.22 c (3H, CH,), 3.28 ¢ (3H, CH,), 3.30-4.07 m
36 3275 | 3455 |(11H, CH,, CH,), 4.31 ¢ (2H, CH,0OH), 4.62ww.c. (1H, OH), 7.42 c (1H, NH), 7.59 w.c. (1H, NH),
1730 k
8.53 c (1H, H?)
1685 0.80 T (3H, CH,, J=6.8), 1.09-1.56 (10H, CH,), 3.27 c (3H, CH,), 3.31 ¢ (3H, CH,), 3.36-4.32 m
3B 1725 3265 | 3460 |(8H, CH,), 4.30 c (2H, CH,0OH), 4.87 ¢ (1H, OH), 7.25-7.74 m (6H, 5Hapom+NH), 8.32 ¢ (1H,
H®), 8.72 c (1H, NH)
1690 0.84 1 (3H, CH,, J=6.8), 1.06-1.58 m (20H, CH,), 3.23 ¢ (3H, CH,), 3.28 c (3H, CH,), 3.39-4.28
3r 1730 3270 | 3455 [m(8H, CH,), 4.35 c (2H, CH,0H), 4.82 c (1H, OH), 7.21-7.64 m (6H, 5Hapom+NH), 8.39 c (1H,
H®), 8.64 c (1H, NH)
1685 0.82 T (3H, CH,, J=7.0), 1.07-1.52 m (16H, CH,), 3.19 c (3H, CH,), 3.22 ¢ (3H, CH,), 3.37-4.22 m
3n 1730 3280 | 3460 |(11H, CH,, CH,), 4.37 c (1H, CH,0OH), 4.81 ¢ (1H, OH), 7.55 c (1H, NH), 7.63 w.c. (1H, NH), 8.45
c (1H, H?)
1685 0.85 1 (3H, CH,, J=6.8), 1.11-1.49 m (18H, CH,), 3.21¢(3H, CH,), 3.26 ¢ (3H, CH,), 3.32-4.17 m
3e 1730 3280 | 3470 [(11H, CH,, CH,), 4.40 c (1H, CH,0H), 4.87 ¢ (1H, OH), 7.49 c (1H, NH), 7.69 w.c. (1H, NH), 8.45
c (1H, H°)
1690 0.83 1 (3H, CH,, J=7.0), 1.17-1.92 m (10H, CH,), 3.22 ¢ (3H, CH,), 3.25 ¢ (3H, CH,), 3.36-4.12 m
3€ | 1730 | 3270 | 3465 |(10H, CH,), 4.36 c (1H, CH,OH), 4.81 c (1H, OH), 7.22-7.74 m (6H, SHapom+NH), 8.36  (1H,
H°), 8.68 ¢ (1H, NH)
1685 0.84 1 (3H, CH,, J=6.8), 1.14-1.94 m (16H, CH,), 3.22 c (3H, CH,), 3.24 c (3H, CH,), 3.35-4.12 ™m
3K 1720 3275 | 3475 [(10H, CH,), 4.38 c (1H, CH,OH), 4.89 c (1H, OH), 7.25-7.76 m (6H, 5Hapom+NH), 8.36 c (1H,
H®), 8.72 ¢ (1H, NH)
1675 0.87 T (3H, CH,, J=7.0), 1.12-1.88 m (20H, CH,), 3.23 ¢ (3H, CH,), 3.27 ¢ (3H, CH,), 3.37-4.08 m
33 | 1795 | 3265 | 3470 |(10H, CH,), 4.38 ¢ (1H, CH,0H), 4.73 c (1H, OH), 7.21-7.64 m (6H, SHapom+NH), 8.30 ¢ (1H,
H%), 8.67 c (1H, NH)
1680 0.87 T (3H, CH,, J=6.8), 1.14-1.62 M (24H, CH,), 3.18c(3H, CH,), 3.24c(3H, CH,), 3.35-4.11m
3n | 1730 | 3270 | 3465 | (10H, CH,), 4.36 c (TH, CH,0H), 4.82 ¢ (1H, OH), 7.28-7.72 m (6H, SHapom+NH), 8.42 ¢ (1H,
H?), 8.63 ¢ (1H, NH)
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Ta6bnuua 3
AHTUMIKPOOHa aKTUBHICTb Cnonyk 3a-un
TecT-KynbTypu JOCNIAXKYBaHNX MIKPOOPraHi3miB
g\ IHriGytoui picT MiKpoopraHi3miB KOHLeHTpaLii npenapaTis (MMonb/n)
::, St. aureus > BI;,?EETO_ E. coli 5&?;2:12 Psaeel:ggm g?aas B. anthracoides gﬁ;gii
MBcK | MBuK | MBbcK | MBuK | MBcK | MBuK | MBcK | MBuK | MBcK | MBuK | MBcK | MBuK | MOcK | MOuK

3a | 0.131 | 0.263 | 0.066 | 0.131 | 0.525 | 1.050 | 0.525 | 2.100 | 0.525 | 2.100 | 0.263 | 0.525 | 0.263 | 0.525
36 | 0.496 | 0.992 | 0.248 | 0.496 | 0.992 | 1.983 | 1.983 | 1.983 | 1.983 | 1.983 | 0.496 | 0.992 | 0.248 | 0.496
38| 0.126 | 0.252 | 0.063 | 0.126 | 0.504 | 1.008 | 0.504 | 1.008 | 0.504 | 1.008 | 0.252 | 0.504 | 0.252 | 0.504
3r | 0.221 | 0.442 | 0.110 | 0.221 | 0.883 | 1.766 | 1.766 | 1.766 | 1.766 | 1.766 | 0.442 | 0.883 | 0.442 | 0.883
3n0| 0.255 | 0.510 | 0.128 | 0.255 | 1.020 | 2.040 | 2.040 | 2.040 | 1.020 | 2.040 | 0.510 | 1.020 | 0.255 | 0.510
3e | 0.241 | 0.482 | 0.121 | 0.241 | 0.482 | 0.965 | 0.965 | 1.930 | 0.482 | 0.965 | 0.241 | 0.482 | 0.121 | 0.241
3e | 0.490 | 0.980 | 0.245 | 0.490 | 1.960 | 1.960 | 1.960 | 1.960 | 1.960 | 1.960 | 0.490 | 0.980 | 0.245 | 0.490
3x | 0.028 | 0.057 | 0.007 | 0.014 | 0.113 | 0.226 | 0.226 | 0.453 | 0.226 | 0.905 | 0.113 | 0.226 | 0.057 | 0.113
33 | 0.054 | 0.108 | 0.013 | 0.027 | 0.108 | 0.215 | 0.215 | 0.862 | 0.215 | 0.862 | 0.215 | 0.431 | 0.215 | 0.431
3n| 1644 | 1644 | 0.822 | 1.644 | 1.644 | 1.644 | 1.644 | 1.644 | 1.644 | 1.644 | 0.822 | 1.644 | 0.822 | 1.644

us ta S. f-haemolyticus, 3Haxoauauch B Mexxax 0,007-
1,644 MMouib/J1. B TO# e 4ac KyJbTypa ApixK/Ko-
noZiibHUX rpubiB pony Candida 6ysia MeHIUI Yy TIHU-
BOIO [10 Ail JOCaiIpKyBaHUX NTOXIAHUX MTipa3oJiy, Mi-
HiMa/IbHi QyHTicTaTUYHI KOHLIEHTpaLlii AKX CTaHO-
Buwiu 0,057-0,822 MMouib /1. BapTo Bij3HAYUTH i 4y T-
JIUBICTb BereTaTUBHOI GOPMU CIIOPOYTBOPIOIOYOTO
TecT-MiKpoopraHiamy - B. anthracoides, n151 sikoi 6ak-
TepiocTaTH4Ha is npenapartis csraia 0,822 MMoJib/ 1.
3Ha4YHO HWXKYY aKTHUBHICTb NPOSABUJIM JOCTIKyBa-
Hi YeTBEpTUHHI aMOHI#HI coJii BiAHOCHO rpaMHera-
TUBHUX 6aKTepi eHTepuabHOi rpynu: E. coli, Pro-
teus vulgaris Ta Pseudomonas aeruginosa. MiHiMasnb-
Hi KOHIIeHTpallil CNOJYK, AKi IPUTHIYyBaJIU PiCT LUX
MiKpoopraHiamis, craHoBuIM 0,215-1,983 MMoJib/ 1.
AHani3 3a/1e)KHOCTI «CTPYKTYpa-aKTUBHICTb» AJIs1
JLOCJIIKEHOTO PSAAY CIIOJYK [J03BOJISIE 3pOOUTH BUC-
HOBOK IIPO Te, 1110 pPiBeHb iX aHTUMIiKpOOHOI il BU3Ha-
YAEThCS JOBXKUHOIO aJIKOKCialleTUIbHOIo pparmeH-
Ta 6i/11 aMOHIMHOT0 LIEHTPA, BificTaHHIO MiX ypein-
160

HUM Ta aMOHIiMHHUM aTOMaMH a30Ty Ta MPUPOAOI0
3aMiCHHMKa B MOJI0KeHHI 1 mipa30JbHOro LUKJY. 30-
KpeMa, HalBHIlla aKTUBHICTb AJis1 BCiX TUIIB MiKpoO-
OpraHi3MiB cepes, CIIONYK, AKi Bijpi3HAOTbLCA TiJlb-
KU JJOBXXMHOIO aJIKOKCialleTUJIbHOIL Ipynu 3€,%,3,4,
BUSIBJIEHA [IJIs1 aMOHINHOI couti 32K, B sIKill Taka rpyna
MictuTb 10 aTomiB Byriento. HaouHo 1e npogeMoH-
CTPOBAHO Ha PUCYHKY, HAa IKOMY 3a/Jisl Kpalyoi Ha-
OYHOCTI Ha OCi OpAUHAT Bi/iK/a/leHa 06epHEeHaA Be-
aunyrHa MBcK. Illo cTocyeThcst npupo U 3aMicHUKA
B II0JIO>KeHHI 1 mipa3o/ibHOrO s1/1pa, TO BULLY aKTHB-
HicTb B napax 34, 33k Ta 3e, 33 MoKa3ylThb CIIOJYKU
3 peHiTbHUM 3aMicHUKOM 33K,3. B TOM ke 4yac MeHII
SICKpaBO BUSBJISIETHCS 3a/1€XKHICTh aHTUMIKPOOHOT
AKTHMBHOCTI BiJi IOBX)KMHU METUJIEHOBOT'O MiCTKa MiK
aToMaMHu HiTporeHny. B oqHux Bunajikax (napu 36,
3e Ta 33, 3r) aKTUBHICTb CIIOJYK i3 TpbOMa METH-
JIEHOBUMHU IpyNaMU BULIA 338 aKTUBHICTb aHAJIOTIB
i3 IBOMa MeTUJIEHOBUMU I'pyNaMy, a B iHIuX (mapu
3a, 34 1a 31, 3e ), HaBNaKU, HUXKYa.

140
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—m— S.B-haemolyticus

—A— E.coli
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Puc. 3anexHicte aHTMmikpobHoi akTueHoCTi (1/MBcK) Bif AOBXUHM ankokciaueTunbHOro gparmeHTa (KiflbKOCTi aToMiB BYIIeLo).
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HaliBiporigHilue, 1o MexaHi3M [iii CHHTE€30BaHHUX
aMOHIMHUX coJiel MOB'I3aHUM i3 BiJHOCHO JIETKUM
MPOHUKHEHHSM JIiNo}i/IbHOrO aJIKOKCU/IBHOTO ppar-
MEHTa B CTPYKTYpPy KJIITUHHOI MEMOPaHH, 1110 3yMOB-
JIIOE HarpoOMa/P)KeHHs KaTiIOHHUX LeHTPIB Ha Il 1o-
BepxHi. lle, B CBOIO uepry, Npu3BOAUTH [0 IOPYILIEH-
HS1 IPOCTOPOBOI OYA0BU GITKOBUX MOJIEKYI i, BifiMO-
BiZIHO, 11iJlicHOCTI MeM6paHU (1osiBa «mop»). Take npu-
NyLIleHHA 3HaX0AUTDb MiATBepKEeHHA B KOpesIALil MK
reMoJ1i30M Ta aHTUMIKPOOHOI0 aKTUBHICTIO aMOHiH-
HUX coJsiel [12].

[I03MTUBHUM y XapaKTEpPUCTHULi pi3HUX KJaCiB
aHTUMIKPOOGHUX NpenapariB € 3JaTHICTb iX po34u-
HiB 6araTopasoBo 3Ty6HO JisiTH Ha MiKpoOpraHis-
MU, HEUTpasli3y4yu NPOTUAII0 3aXUCHUX PpaKTOpiB
6akTepii. JlocaikeHHsI Mipy BUCHAXKeHHS aHTHU-
MiKpo6HOI aKTUBHOCTI npemnaparTiB 32k Ta 33 npu
10-TH pa3oBOMy J10/laBaHHI IOCIBHUX 03 TECT-KYJIb-
Typ St. aureus nokKasaJiu ix KyMyJIAITUBHO BUCOKY 6aK-
TEePULLMAHY aKTUBHICTD.

ExcnepuMeHTasibHa YaCTUHa

[Y-crieKTpy CUHTE30BaHUX CIIOJIYK 3allMCaHi Ha
cnektpodotomeTpi UR-20 B Ta6.s1. KBr. Cniektpu AMP
'H 3apeectpoBaHi Ha cniekTpodoTomeTpi Varian-Ge-
mini (300 MI'n) B po3uuni IMCO-d,, BHyTpiluHil
CTaHJApPT — TeTpaMeTUJ/ICUJIaH.

CunTte3 N-anKiji-(AuMeTHIaIKOKCial e THIaMo-
Hixyiopuj)-N'-[4-(rizpokcumeTna)-1H-niipaso-
3-in]cevyoBuH (3a-u). /lo po34nHy 5 MMOJIb CE4OBHU-
Hu (1a-r) B 10 M1 aLieTOHITpUIY A0AaBaId 25 MMOJIb
ecTepy XJIOPOOLTOBOI KUC/I0TH (2a-r) i HarpiBaiu npu
KUIT SITIHHI BIPOJIOBXK 5 roJi. PeakiifiHy cyMilil 0xoJ10-
JPKyBaJlv, YTBOPeHUH ocaf BiAdinbTpoBYBay, npo-
MUBaJIM AieTUI0BUM eTepoM (2x10 mJ1), reKcaHOM
(15 ma) i cyluman y BakyyM-ekcukaTtopi Hag P,O..

JocnigkeHHA aHTUMIKPOGHOI aKTUBHOCTI. B 3a-
JIEXKHOCTI BiJj BUZIB TeCT-KyJIbTYP MIKpOOpraHi3MiB
3aCTOCOBYBaJId METOAUKY JIBOKPATHUX MOC/iJOBHUX
CcepiliHUX PO3BeeHb CHOYK Y PiAKUX IOKUBHUX Ce-
pepoBuax [13]. [ 611b110CTI HEBUMOIVIMBHX rpaM-
MO3UTHUBHUX Ta FPaMHEraTUBHUX 6aKTepill BUKOPH-

JlitepaTtypa

croByBas1 1%-HUi M’'sico-nienToHHUM 6y/1bioH (MI1B)
(pH 7.2-7.3); pna S. B-haemolyticus - 1%-Hu# nyK-
poBuit MIIB, a nns apixpronoi6HUX rpubiB pogy
Candida - piake cepegoBuie Cabypo (pH-6.8).

PesysibTaTul A0CIAIB BpaxoByBasu yepe3 18-24 roa
TepMocTaTyBaHHA npu 37°C. OcTaHHE pO3BEEHHA
npenapariB, IPU IKOMY He CIIOCTepiraBcsi BUAUMUHN
pICT Ky/IbTYpH, IPUKMaJ/IH 3a MiHiMaJIbHY 6aKTepio-
cratuuHy (MbcK) a6o pyuricratuuny (MPcK) kon-
neHTparito. MiniManbHo0 6akTepunugHoto (MBuK)
a60 x ¢yHrinuaHoto (MO1K) KoHIeHTpalliIMU Mpe-
napaTiB 6y/14 IX Hal6iNbLII po3BeieHHS, TPU BUCIBi
3 AKMX Ha BiANOBIJHI TBep/i N0KUBHI cepesoBUILA
yepe3 20-24 rop (2-7 pi6) nepebyBaHHsI B TEPMO-
ctaTi 6yB BiJiCyTHiH picT MikpoopraHiamis.

Bu3HaYeHHA BUCHAXKyBaHOCTi 6aKTepiaibHOL
AKTUBHOCTI npenapariB. BucHakyBaHicTb 6akTe-
piaJibHOI aKTUBHOCTI NpenaparTiB NPy MOBTOPHOMY
KOHTAKTI 3 iHbeKIiHHMM MaTepiajioM, AOCTi>KyBa-
HUM 3a MeToAuKotwo [14]. Jasg uporo go 10 mu po3s-
YUHY J0CAiP)KyBaHOTO MpenapaTy neBHOI KOHIleH-
Tpauii gogaBaau 0,1 M 3aBucy J060Boi arapoBoi
KYJbTypH St. aureus — 3 inTepBasioM 10 XB; 4yepe3 XBU-
JIMHY MicJ/Isl KOXKHOTO JI0/laBaHHs poousiu BUciB 0,1 Mt
cyMilli npenapary 3 Mikpo6Hoto cycneHsiero B 10,0 M
I[yKPOBOTO M’sICO-TIENTOHHOTO OYJIbHOHY 3 HEUTpaA-
jizatopoM. [lociBu iHKy6yBasu B TepMocTaTi npu
TemnepaTypi 37°C npoTsArom cemu J1i6. AKTUBHICTb
npenapary OLiHIBaJIX 3a MaKCMMaJIbHOIO KiJIbKicC-
TIO 0/laBaHb MiKpOGHOTO 3aBUCY, L0 HE JIaJIH POC-
Ty MIKPOOPTaHi3MiB Y NO>KMBHOMY CEpPEOBUIIL.
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BATATOKOMIIOHEHTHA KOHAEHCALIA Y CUHTE3I
3AMINIEHHUX 2-AJIKUVICY/Ib®AHLI-4,6- AIAPUIINIPUANH-
3-KAPBOHITPHUJIIB TA IX ITIOXIJHUX

[.B./IqyeHKO

Jlyrancbkuid HanjioHa/IbHUM yHiBepcuTeT iM. Tapaca llleBueHka
91011, m. JlyraHchk, By/1. 060poHHa, 2. E-mail: ivladya87 @e-mail.ua

Karouosi caosa: 6azamokomnoHeHMHa KoHOeHCayisi; XaAKOHU; MAJIOHOHIMPUJ; AAKIA2a102eHIOU;

cipkogodenv; N-memuamopgoin; yianomioayemamid; peakyis Mixaeas; 2-aakijacyab@aniinipudutu;

mieHo[2,3-b[nipudunu; nipudo[3,2’:4,5]mieHo[3,2-d[nipumidur

bazamokomnoHeHmMHa KoHOeHcauisl XafiKoHi8, MasloHOHIMpuUIy, asnkinaanozeHidie, cipkogodHo ma N-memurn-
MOPQOIIiHY 3aKiHYyeMbCS1 ymBOPEeHHSIM 2-ankKincynbghaHin-4,6-0iapunnipuduH-3-kapboHimpuriie, BUKOpUCMaHuUx
y cuHmesi 3amiweHux 1,4-6ic(6’-memokcugpeHin-4’-¢peHin-3-yiaHonipuduH-2-inmio)bymany, 3-amiHo-4,6-Giapur-
2-R-mieHo[2,3-bjnipuduHy ma nipudo[3’,2’:4,5]mieHo[3, 2-d]nipumidury. B xodi peakuii npu e3aemodii cipkoeod-
HIO 3 MarloOHOHIMPUIIOM ymeoproembcs yiaHomioauemamio, sskuli 83aemodie 3 XxaslkoHOM 3a peakuiero Mixaersi.
BidnosidHutli adykm eHympiluHbOMOIIEKYSPHO UUKII3yembcsi 00 3amilyeHo20 nipuduH-2-mionamy N-memusimop-
¢oniHito. OcmanHill in situ 30ameH ankinneamucs askineanozeHidamu 3 ymeopeHHSIM 8Ka3aHUX sUWe 2eme-
POUUKNIYHUX cucmeM. 3amiuweHi 2-ankincynbaHinnipuduHu 3 pyxoMum amomom 800H0 y chpazmeHmi SCH,
30amHi'y ny>xxHomMy cepedosuwi 00 yukrizayii 3a Toprion-Liuanepom y HanpsiMKy 6HympiulHbOMOIEKYspHOI 83a-
emo0ii 3 8iuHaNIbHO PO3MILLEHOIO 10 BIOHOWEHHIO 00 MemureHcynbghaHirbHO20 hpacMeHmy uiaHO2Py ot y ri-
PUOUHOBOMY Kinbyi. 3-AMiHO-6-(4-MemokcugeHin)-4-cheHin-2-uiaHomieHo[2,3-bJnipuduH npu Kumn’ssmiHHi y ¢gpop-
mamidi neeko ymeoptoe paHiwe Hegidomuli 4-amiHo-7-(4-memokcugbeHin)-9-gbeHinnipudo[3’,2’:4,5]mieHo[3,2-d]
nipumiduH. Cknad ma 6ydosy ernepuwe cuHme308aHuUX pe4o8uH 008e0eHO 3a OMOMO20K erleMEeHMHO20 aHarlisy,
iHgbpayepsoHoI criekmpockKonil, I0epHO20 Maz2HIMHO20 pe3oHaHcy Ha npomoHax (AMP 'H) mac-cnekmpomempii.

THE MULTI-COMPONENT CONDENSATION IN THE SYNTHESIS OF THE SUBSTITUTED 2-ALKYLSULPHANIL-

4,6-DIARILPYRIDINE-3-CARBONITRILES AND THEIR DERIVATIVES
L.V.Dyachenko

Key words: multi-component condensation; chalcones; alkylhalides; hydrogen sulphide; N-methylmorpholine; cyano-
thioacetamide; Michael reaction; 2-alkylsulphanilpyridines; thieno[2,3-bjpyridines; pyrido[3’,2’:4,5]thieno[3, 2-d]Jpyrimidine
The multi-component condensation of chalcones, malononitrile, alkylhalides, hydrogen sulphide and N-methyl-
morpholine completes with forming 2-alkylsulphanil-4,6-diarylpyridine-3-carbonitriles, which are used in the synthe-
sis of the substituted 1,4-bis(3-cyano-6’-methoxyphenyl-4’-phenyipyridin-2-ylthio)butane, 3-amino-4,6-diaryl-2-R-
thieno[2,3-b]pyridine, pyrido[3’,2’:4,5]thieno[3, 2-d]pyrimidine. During the reaction the interaction of malononitrile with
hydrogen sulfide forms cyanothioacetamide, which is reactive with chalcone by Michael reaction. The corresponding
adduct intramolecularly cyclizes into the substituted pyridine-2-thiolate N-methylmorpholinium. The latter can be
alkylated in situ by alkyl halides into the aforementioned heterocyclic ring systems. The substituted 2-alkylsulphanil-
pyridines with a labile hydrogen atom in the SCH, fragment are capable to cyclize by Thorpe-Ziegler under alkaline
conditions in direction to the intramolecular interaction with the cyano group of the pyridine ring vicinally located towards
the methylensulphanil fragment. 3-Amino-6-(4-methoxyphenyl)-4-phenyl-2-cyanotieno[2,3-b]pyridine in refluxing
in formamide easily forms 4-amino-7-(4-methoxyphenyl)-9-phenylpyrido[3’,2°:4,5]thieno[3, 2-d]pyrimidine previous-
ly unknown. The composition and structure of the newly synthesized compounds have been confirmed by elemen-
tal analysis, infrared spectroscopy (IR), nuclear magnetic resonance of protons (1H NMR) and mass spectrometry.

MHOIOKOMIMTOHEHTHAST KOHOEHCALINSA B CUHTE3E 3AMELLEHHbBIX 2-AJIKUTICYTIb®AHWNI1-4,6-0U-

APUITINPULONH-3-KAPBOHUTPUIIOB U UX TPOU3BOAHbIX
WN.B.[jss4yeHkKoO

Knroyeenlie crioea: MHO20KOMITOHEHMHas1 KOHOEHCayUsl;, XankoHbl;, ankunaanoeeHuobl; cepogodopod; N-memurn-
MopghonuH; yuaHomuoauemamuo; peakyus Muxaans,; 2-ankuncynbgaHunnupuOuHbl; mueHo[2,3-bJnupuduHsi;

nupudo[3’,2°:4,5]mueHo[3, 2-d]nupumuduH

MHoz2oKkoMnIoHeHMHasi KOHOeHcayusi XarkoHo8, MarloHOHUMpUna, ankunzanoeeHuoos, ceposodopoda u N-memur-
MopghboriuHa 3akaH4Yu8aemcsi obpasogaHuUeM 2-ankuncybgaHusn-4,6-0uapunnupuduH-3-kapboHUMpPUos, UcMorb-
308aHHbIX 8 cUHMe3e 3ameuleHHbIX 1,4-6uc(6’-memokcucheHun-4’-chbeHurn-3-yuaHonupuduH-2-unmuo)bymaHa, 3-
amuHo-4,6-0uapur-2-R-mueHo([2,3-bjnupuduHa u nupudo[3’,2’:4,5]jmueHo[3, 2-dJnupumuduHa. B xode peakuyuu rpu
83aumodelicmauu ceposodopoda ¢ MasioOHOHUMPUIOM obpadyemcsi yuaHomuoauemamud, Komopbil 83aumodeli-
cmeyem ¢ xarnkoHoM o peakyuu Muxaana. Coomeemcmeyroujuli addyKm 8HYmMPUMOIEKYSPHO UUKIU3yemcs 8
3ameuwieHHbIU nupuduH-2-muonam N-memunmopgbonuHus. lNocnedHul in situ criocobeH ankunuposamsCsi ankusi-
2arnozeHuUdamu ¢ obpazosaHUeM yKa3aHHbIX 8bILLIE 2eMepPOUUKITUYECKUX cucmeM. 3aMmelieHHble 2-anKuncynbga-
HUNAMUPUOUHbI ¢ MOO8UXHLIM amomom eodopoda 8 ¢hpaemeHme SCH, criocobHb! 8 wieno4Hol cpede K YuKu3a-
yuu ro Topny-L{uenepy 8 HanpaeneHuu 8HymMpPUMOIIEKYISIPHO20 83auMOOelicmaeusi C 8UYUHaTbHO pasMeweHHOU
10 OMHOWEHUI0 K MemuseHcynbghaHUIbHOMY ¢hpaaMeHmy yuaHozpynnol 8 nupuduHo8oM Konbuye. 3-AMUHO-6-
(4-memokcugbeHun)-4-cheHun-2-yuaHomueHo[2,3-bjnupuduH npu KunsyeHuu 8 ghopmamude rieeko obpasyem pa-
Hee Heu3e8eCcmHbIl 4-aMuHo-7-(4-memokcugheHun)-9-gpeHunnupudo[3’,2°:4, 5]mueHo[3, 2-dnupumuduH. Cocmas u
CMpOeHUe 8riepabie CUHME3UPOBaHHbIX seuyecmas 0oKkasaHb! C MOMOWbIO 3IeMEHMHO20 aHasu3a, UHgppakpac-

Hol criekmpocKornuu, s0epHo20 Ma2HUMHO20 pe3oHaHca Ha npomoHax (SIMP "H) u macc-cnekmpomempuu.
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[lepcrieKTUBHOO CY4YaCHOX CTPATETIE OpraHiyv-
HOI'0 CUHTe3Y € IPOBeJleHHs peaKLiil B O4HOMY pe-
akTopi (one-pot reactions, kacka/iHi, TaHAeMHi, 01-
HOpeakTOpHi cuHTe3u) [1-4]. Takuil BapiaHT KOH-
JleHcalii 6yJ10 po3po6seHo AJisI OfepKaHHs, mepe-
Ba)KHO, MPUPOJIHUX CIOJIYK CKJIaAHOI 6ynoBu [5]. Ha
TenepilllHiil yac Taka CUHTETHYHa CTpaTeris Haby-
Ba€ MOMYJSAPHOCTI y 3B’A3KYy 3 MOXJIUBICTIO OTPU-
MyBaTH CKJIaJiHi [[iIbOBi CTPYKTYpU - «Oy/iBebHI
6J10KU» JJ1s1 GI0CKPHUHIHTY, BUXOJ YU 3 POCTHUX PO-
MUCJI0BO JOCTYIHUX CY6CTPATIB Ta peareHTiB.

Y paHoMy pocaipkeHHI BUBYeHO HOBY 6araTo-
KOMIIOHEHTHY KOH/ieHcallito 6as1koHiB la-d, maso-
HoHiTpuay II, ankinranorenizis Illa-t, cipkoBogH0
IV ta N-meTunmopdouniny V B erano.i npu 20°C.

PIMOBipHO, Ha nepIuii crajii peakiii yTBOPOETh-
ca nianotioaneTramin VI. Hagani octanHii B3aeMo-
Jie 3 6askoHamu I 3a MixaesieM, 1110 TPUBOAUTD [0
BUHUKHEeHHS BignoBigHux aaykriB VII Ta ix nogasnb-
110l reTepolMKIIi3alii i apomartu3atii B coJii VIIL YTBo-
PEeHHsI OCTaHHIX JIETKO JOBOJAUTHCS BBEJEHHSIM Y pe-
aKLiMHY cyMill aJKiI0I04YMUX peareHTiB. Tak, mpu BU-
kopuctaHHi 1,4-nu6pom6byTtany IX pesysbraTom Ha-
BeJIeHOI KOHJleHcallil € BianoBigHun 1,4-nutioetep X,
3a/Iy4eHHs 10 peakiii amiay a-xiaopodeHisonToBoi
kucsaotu XI npussoauTs fo tioetepy XII, a anki-
rasiorenizis Illa-t - 1o 2-ankincynbdanin-4,6-giapui-
nipuauH-3-kap6onitpuiis XIlla-n. Cnoayku XIlla-e
NepeTBOPIIOTHCA Mif Ai€to yry 3a TopnoM-Lurie-
poM 4depe3 KHMoBipHi iHTepMeaiaTu XV-XVI Ha Bigmno-
BiZiHI KOH/leHCOBaHIi MoxifHi — 3aMileHi TieHo[2,3-b]
nipuaunu XIVa-e. Lli ciosiyku € nepcieKTUBHUMU
NpU CTBOpPeHHI papMaleBTUUHUX NTpenapaTiB 3 He-
HpoTponHolo [6] Ta aHTHOaKTepiaJbHOW aKTUBHIC-
Ti0 [7, 8], a TakoX fIK iHri6iTOopu pepmeHTIB [9].

3a3Ha4YMMO, 1[0 BBEJIEHHS B OMKCAHy 6araToOKOM-
IIOHEHTHY KOH/IeHCaL|il0 HITpUJIy XJIOPOLTOBOI KHC-
jgotu Ille Ta noganpuie KUM'ATIHHA 11 IPOJAYKTY B
dopmamiai npuBesio o yTBOpeHHs 4-amiHo-7-(4-
MeTokcudeHin)-9-¢peninnipuao[3,2":4,5]tieHo|3,2-d]
nipumignay XVIL Horo cuHTe3 cTaB MOMX/IMBHM 3a-
B/ISIKM YTBOPEHHIO B peaklilHiil cymili BianoBigHUX
TioeTepy XVIII ta rieHonipuauny XIX. Came octan-
Hill 3]aTeH B3aEMOZISATH IPU KUIT'ATiHHI 3 popMaMi-
JIOM y HanpsAMKY ¢popMyBaHHS NipUMiZJMHOBOIO I[UK-
ay [10].

CkJ1a/; Ta OYA0OBY CUHTE30BaHUX CIIOJYK J0Be/ie-
HO MeTOJIaMHU eJieMeHTHOro aHanisy, [4-, AMP 'H Ta
Mac-cnekTtpockornii (Ta6J. 1, 2). Tak, B [Y-cnekTpax
TioeTepis XIIla-X € xapakTepUCTUYHI CMYTH NIOTJIU-
HaHHSA BaJIEHTHUX KOJIMBAHb CYNPSKEHOI HITPUJIb-
HOI rpynu npu 2218-2228 cm™, 10 XxapakTepHO 151
Takux cucteM [11-13]. Y To# e yac npu a”Haisi
[U-cnekTpiB cnosiyk XIVa-e Bka3aHi BUlle CUTHa-
JIM 3HWKaITh. HaToOMicTh 3’4BASAI0OTHCA CMYyTH NO-
IJIMHaHHS BaJIEeHTHUX KOJIMBaHb aMiHOTPYIIU IpU
3228-3418 cm™.
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XapaktepHuM Jid ciektpiB IMP 'H cunTe3oBa-
HUX CIIOJIYK € HafABHICTb CUT'HaJIIB IPOTOHIB apoMa-
TUYHUX 3aMiCHUKIB Ta ajipaTU4YHUX GparMeHTIB y
BiimoBigHMX nisisHKax cnekTpa (Ta6J. 1, 2). Bigmi-
THMO CHUTHaJs¥ npoToHiB rpyn SCH, fs TioeTepis
XIIla-x Ta NH, nyia tienHonipuaunis XIVa-e y Buris-
Ji cuHreTy npu 6 4.15-5.06 M.4. Ta HIUPOKOT0 CUH-
ety npu 6 6.06-7.01 M.4. BiANIOBIZHO, 1110 Y3TO/KY-
€THCSA 3 IAHUMHU JIiTEPATYPH AJIS i30CTPYKTYPHUX
aHaJsioriB [14-16].

ExcnepuMeHTasibHa YaCTUHa

[Y-cniexkTpu ozepxani Ha npunazgi «MKC-40» y Ba-
3eJiiHOBIH ouil. Ciektpu SIMP 'H 3apeecTpoBaHni Ha
npuaai «Bruker AM-300» (300,13 MI'n) y po3uu-
Hax JMCO-d,, BHyTpiwHi# ctangapt - TMC. Mac-
cnexTp crnosayku Xllle 3anrcanuii Ha cieKTpoMeTpi
«Kratos MS-890» (70 eB) i3 npsiMuM yBeileHHSIM pe-
YOBHMHHM B iI0HHe JKepeJio. TemnepaTypu IJaBJIeH-
Hs BU3HavaJsu Ha npuctpoi Kodsepa. KoHTposs 3a
nepe6iroM peakijii Ta YUCTOTOIO OJleP>KAaHUX CIO-
JyK 3aikcHoBasiM MeToioM TIIX Ha miacTUHKaX «Si-
lufol UV-254» B cucTeMi anieToH-remnTaH, 3:5, mposiB-
HUKU — apu hoay Ta YP-onpoMiHeHHS.

1,4-Bic(6’-meTokcudeHin-4’-penin-3-niano-
nipuauH-2-iaTio)6yran X. /lo po3uuny 10 MMosb
MasioHoHiTpuy Il B 25 M1 eTanosy B ko161 Epsien-
Melepa JoaaTh 3 KparmanHu N-Metuamopdostiny V
i npoAyBalTb CIpKOBOZEHD 10 IOYATKY YTBOPEHHHA
KpucTtaiiB LiaHotioaneramiay VI (xpomaTtorpadiy-
HHUW KOHTPOJIb), 0XOJI0/KYIOTh JIbOZSHOI0 GaHEeo, po-
JoBXytoun npoaysatu H,S e Bnpoposx 0,5 roz. Ilo-
TiM A0 peakuiiiHol cymimi gogaoTb 10 MMoJIb Xas-
koHy I Ta 10 MMoJsib N-MeTuMopdoutiny V, nepemi-
y0Th BpoAoBxk 1 rox npu 20°C i 1oAa0Th 5 MMOJIb
1,4-nu6poMOyTaHy, IepeMilllyl0Th NPOTIATOM 2 TO-
JIVH [ p03BOAATb PiBHOMW KijbKicTIO Bogu. Ocaz Bif-
biNbTPOBYIOTH, TPOMUBAIOTH BO/I0I0, ETAHOJIOM Ta
rekcaHoM. Buxig - 77%. T. ni1. - 206-208°C (BuOH).
[Y-cnektp, v, cmt: 2222 (C=N). Cnektp SAMP 1H, §,
m.u4.: 8.15 1 (4H, H,,,,,, /] = 7.04); 7.82 ¢ (2H, 2C°H mi-
puauny); 7.76 a (4H,H,,,,,/ = 6.95); 7.12 1 (4H, H,,,,,,
J=7.02); 6.93 n (4H, H,,,, ] = 6.88); 3.86 c (6H, ZMe);
3.75 c (6H, 2Me); 3.42 m (4H, 2SCH,); 1.99 m (4H, 2CH,).
3naiaeno, %: C 70.22; H 5.02; N 7.34. C,,H;,N,0,S,.
O6uucneno, %: C 70.38; H 5.10; N 7.46.

4,6-Iu(4-meTokcudeHnin)-2-(1-kapoamoin-1-
denin)meruacynbpaHinnipugun-3-KkapooHiT-
pu XII ogeprkany aHasoriyHo cnosyui X, Bifnosig-
HO BUKopHUcTaBuixd 10 MMoJsb aMify a-xsopodeHin-
ouroBoi kucsaotu XI. Buxig - 81%. T. mi1. - 268-270°C
(AcOH). [Y-crexTp, v, cm™: 3412, 3331 (NH,); 2218
(C=N). Cnextp AMP 'H, §, mu.: 8.29 1 (4H, H,,,,., ] =
7.08); 8.01 ur.c (1H, NH,); 7.02-7.78 m (11H, H,,,, Ta
NH,); 5.84 ¢ (1H, SCH); 3.85 ¢ (6H, 2Me). 3naiige-
Ho, %: C 69.77; H 4.78; N 8.66. C,,H,;N,0.S. O64uc-
JeHo, %: C 69.84; H 4.81; N 8.73.
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Ta6bnuua 1
Buxogu, Temnepatypu nnaBneHHA Ta faHi enemMeHTHOro aHanisy cuHtesoBaHux cnonyk Xllla-x, XIVa-e
(] Y 0,
E‘ B o T. 1, °C (PO3UMHHIK 3HangeHo/O6uncneHo, %
s nxia, % I bpyTTO-popmyna
2 OnA KpucTanisadii)
5 C N H
Xllla 89 247-249 (AcOH) 61.02/61.14 3.72/3.80 7.80/7.92 C,,H,0BrN,0,S
b 76 181-184 (AcOH) 62.72/62.81 3.60/3.77 5.04/5.23 C,sH,,CLN,0O,S
c 79 186-188 (BUOH) 72.71/72.85 5.13/5.30 5.49/5.66 CyoH,6N,0.5
d 84 229-231 (BuOH) 59.92/60.01 3.81/3.96 7.43/7.50 C,sH,,BrN,0.S
e 71 170-172 (AcOH) 72.33/72.48 4.95/5.03 5.70/5.83 C,oH,,N,0.5
f 75 143-145 (BuOH) 74.18/74.31 5.21/5.35 6.06/6.20 C,sH,,N,0,5
g 79 178-180 (EtOH) 69.97/70.14 475/4.87 5.59/5.64 C,H,,N,0,S
h 64 85-87 (MeOH) 72.03/72.19 6.47/6.52 6.38/6.48 C,eH,sN,0,5
i 71 91-92 (PrOH) 70.62/70.74 5.54/5.68 6.98/7.17 C,;H,,N,0,5
j 89 213-215 (BuOH) 75.19/75.26 4.77/4.83 5.03/5.16 C,,H,,N,0.S
k 72 175-177 (BuOH) 71.92/72.08 4.61/4.75 5.87/6.00 C,gH,,N,0,S
| 85 213-215 (BUOH) 65.63/65.74 4.07/4.14 8.12/8.21 C,eH,,N;0.S
m 77 196-197 (MeCN) 61.52/61.66 3.75/3.88 5.06/5.14 C,sH,,BrN,0.S
n 92 209-211 (BuOH) 67.08/67.13 4.09/4.22 5.44/5.59 C,sH,,CIN,O,S
o 80 165-167 (MeOH) 69.43/69.59 4.92/5.01 8.78/8.85 C,,H,sN,0,5
P 71 102-104 (EtOH) 70.99/71.11 5.04/5.19 7.01/7.21 C,3H,N,0,5
q 85 123-125 (EtOH) 70.12/70.19 5.28/5.36 7.33/7.44 C,,H,,N,0,5
r 89 190-192 (AcOH) 64.92/65.01 4.35/4.46 6.70/6.89 C,,H,:N,0,S
s 74 191-192 (BUOH) 68.14/68.20 4.29/4.42 10.72/10.85 C,,H,;N,0,S
t 68 131-133 (i-PrOH) 68.70/68.86 3.95/4.07 5.82/5.95 C,,H,,CIN,0,5
u 71 167-169 (PrOH) 65.18/65.32 4.41/4.53 6.50/6.62 C,;H,,CIN,0,5
242-244
v 87 (BUOH:IM®A, 1:1) 68.33/68.44 3.19/3.37 5.34/5.50 C,oH,,CIN,0,S
w 82 183-185 (ACOH) 71.95/72.08 4.60/4.75 5.88/6.00 C,sH,,N,0.5
X 88 244-246 (ACOH) 53.82/53.91 2.88/2.96 7.13/7.25 C,H,,Br,N,0S
XIVa 70 215-218 (BUOH) 61.02/61.14 3.74/3.80 7.85/7.92 C,,H,,BrN,0,S
b 74 186-188 (ACOH) 62.69/62.81 3.60/3.77 5.08/5.23 C,eH,,CLN,0.S
c 63 143-145 (BUOH) 72.71/72.85 5.19/5.30 5.44/5.66 C,,H,N,0.5
d 71 128-130 (PrOH) 59.87/60.01 3.82/3.96 7.35/7.50 C,gH,,BrN,0,S
e 85 164-166 (BUOH) 72.30/72.48 4.88/5.03 5.69/5.83 C,H,,N,0.S
Ta6bnuua 2
CnekTpanbHi xapaktepuctmkun cnHtesoBaHux cnonyk Xllla-x, XIVa-e
g | IY-cnexmp, Criektp AMP 'H, 8, m.u., KCCB *J ()
> V, CM
@]
2 | C=N,NH,, | SCH,,c, .
9] =0 NH, .c MeO, ¢ IHWi curHanm
1 2 3 4 5
10.60 w.c (1H, NH); 8.18 5 (2H, H, .., /=8.02); 7.81 c (1H, CH nipnawnny);
Xllla| 1672,2225 | 431 379 16.42-674m (9, H,,,,); 680 4 H, H, ., J=8.02)
826 ¢ (1H,H,,,);7.62-8.14m (7H,H,...); 7.12 4 (2H, H, .., J=8.09);
b [1711,2218 4.99 3.87,3.81 6.78 1 (2H, Ha‘:)omj /-8.02) p p
7.80-7.95m (4H,H,_,); 7.58-7.76 m (3H, H__); 7.02-7.33 M (3H, H, _,.);
¢ | 22201708 | 488 | 388,382 | 675 6.95m (2H, H..o): 2.37 ¢ (3H, Me); 2.23 ¢ (3H, Me) ’
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lpodosxxeHHs mabi. 2

1 2 3 4 5
10.61 w.c (1H, NH); 8.16 g (2H, H J 8.07);7.52-7.81 m (7H, H

apom.);

d 2219, 1668 4.29 3.86, 3.79 7147 (2H, Hapow 18.07);6. SOA? pom apow 811
7.97 B (2H, H,,,, /=7.40); 7.79 A (2H, H,,,,., J=8.88); 7.62 p (2H, H,.,, J=7.40);
e |2227,1703 | 483 |3.87,3.79 |7.54c(1H, CH nipuauhy); 7.32 p (2H, H,,,,., /=8.46); 7.05 A (2H, H, ., J=8.46);
6.69 A (2H, H, ., J=8.88); 2.47 c (3H, Me)
825 (2H, H,, ... /=8.07); 7.78 c (1H, C*H nipuawnny); 7.68 g (2H, H, ., /=8.48);
| 220 469 | 383,380 15517 48 m (M, H,,,,.); 6.99-7.28 M (6H, H, ) 2.39 c 3H,Me)
8.14 p (2H, H., o J=8.42); 7.63 ¢ (1H, C°H nipnanHy); 7.61 g (2H, Hapoms J=8.14);
g |22251734| 433 |386,3.79 |7.33¢(5H, Ph); 7.13 4 (2H, Hapour /=8.14);6.91 A (2H, H,,,,., J=8.42);
5.15c (2H, OCH,)
3327 8.20 o (2H, Hapoms J= 8.48); 7.73 c (1H, C*H nipuguny); 7.69 g (2H, Hapoms J= 8.04);
h 2224 714 | 384,381 (7.085(2H H,, . J=8.48);6.95 1 (2H, H, ., J=8.04); 1.61-1.84 m (2H, CH,);
- 1.14-1.46 m (6H, 3CH,); 0.85 T (3H, Me, J=7.19)
3347 822 A (2H, H,y,,., /=8.39); 7.71 c (1H, C°H nipuamHy); 7.68 A (2H, H,,,, /=8.06);
i 2220 708 | 384,382(7.225(2H H,,,,, J=839);6.08 A (2H, H,p,, J=8.06); 2.62-2.91 m (2H, CH,);
- 1.06 T (3H, Me, J=7.49)
. 8.20 & (2H, H, ., J=8.41); 7.92 p 2H, H,.,.,, J=7.99); 7.43-7.75 M (10H, H,.,..);
j | 2223,1695 5.02 3.85,3.62 7137 (H, Ha:w,stm); 6.65 1 (2H. HaZomlJ 7.99) P
8.14 4 (2H, H, ., J=8.37); 7.87 p (2H, H,,,.,, J=7.96); 7.52-7.77 M (5H, H,.,.);
k | 22281696 | 502 | 386,375 ;437 op Ham, J=7.96); 6.68 1 (2H, HapOM,J 7.99) ’
8.24-843Mm (4H,H,_);7.82 A (2H,H, .., J=8.43); 7.61-7.75M (3H, H,_..);
|| 22251699 506 386,376 1713 0 0K, H,,., J28.04);6.77 1 (2H, Hong,, J=7.97) "
8.03 g (2H, Ha o J=8.35); 7.59-7.91 m (7H, H,,..); 7.11 A (2H, H, ., /=8.09);
m | 2220,1690 | 496 | 384,376 | 'cat on) H 1=7.98) p p
8.10 & (2H, H,,,,, J=8.52); 7.53-7.94 M (7H, H,y,,.); 7.12 A& (2H, H,,,,, J=8.52);
n 2218, 1696 4,97 3.85,3.78 6.74 1 (2H, Ha::ow 1=7.97) P p
o 2225 2.73 3.86,3.81 (8.23 o (2H,H,,,,,/=8.01);7.54-7.82m (3H,H,,,); 6.95-7.22 m (4H,H_ )
405 8.21 n (2H, H., s J=8.04); 7.76 ¢ (1H, C°H nipnauHy); 7.69 1 (2H, H,poms /=8.1 2);
P 2226 e 5‘; 3.84,3.82 [8.19 (2H, H, ., J=8.04); 7.01 i (2H, H,,,,,, J=8.12); 5.81-6.22 m (1H, CH=);
- 537 A (1H, CH,=, J,0,.=1741); 5.14 4 (TH, CH,=, J,,.=9.53)
— . 5 H .
q 2228 3;34 K, 3.83, 3.80 8.20 o (2H, Hapons 1:8.01)f 7.72 ¢ (1H, C°H nipngunny); 7.67 o (2H, Hapoms /=8. 18);
J=7.22 7.19 A (2H, H,,,,,, /=8.01); 7.08 & (2H, H,,,.. /=8.18); 1.40 T (3H, Me, J=7.22)

apom.” apom.’

12.89 w.c (1H, OH); 8.21 g (2H,H J=8.05); 7.75 ¢ (1H, C°*H nipugunny);

apom.”

r | 2221,1755 4.15 3.84,3.82

7680 (2H,H,,,, J=8.29): 7.15 s (0H, H,,,,, J=8.05); 6.91 i (2H, H,,,,,, J=8.29)
8327 (2H, H, ., J/=8.06); 7.90  (1H, C*H nipwauny); 7.74  (2H, H,___, /=8.43);
S| 22542219 449 | 386,383 |55 o WP 1_8.06): 7.03 4 QH, H._ J=8.43) i

apom.” apom.”

J=7.23);7.31-7.84m (11H,H,,..);

t 122231734 427 - 7.28 ¢ (1H, CcH nipnamnny); 5.15 ¢ (2H, CH,)

B 826 A (2H,H,, ows J=8.54); 7.97 ¢ (1H, C*H nipnauny); 7.43-7.82 m (7H, H,.....);
u | 2218,1730 | 4.26 4.07 7 (2H, OCH,, J=7.15); 1.33-1.72 m (2H, CH,); 1.15 T 3H, Me, J=7.19)

(
(
829 2 (2H, H,y,,, J=8.19); 7.98 A (1H, H,.,..
(
(

v 2225,1699, 4.99 - 8,60 c (1H, C*H kymapwHy); 8.09 g (2H, H

1718 J=8.54);7.21-7.89 m (12H, H

apom.’ apom.)

8.16 o (2H,H,,,,., /=8.42); 7.82 c (1H, C°H nipuawnHy); 7.51-7.79 m (5H, Ph);
7.31 c (5H, Ph) 6.91 4 (2H,H,,,,,/=8.42);5.16 c (2H, CH,)

10.59 w.c (1H, NH); 8.43 c (1H,H,,.,.); 8.21 g (2H,H J=7.85)
X 2219,1674 433 - 7.99 c (1H, C°*H nipunguny); 7.14-7'?88 m (10H, H

w | 2226,1736 4.31 3.81

apom.”

apom.

2335 3390 9.60 u.c (1H, NH); 8.17 4 (2H, H,,..,, J=8.48); 7.72 A (2H, H, .., J=7.56);
Xiva | 333> 3390|607 3.82  |7.49 c (1H, C*H nipwauny); 7.59 ¢ (5H, Ph); 7.48 & (2H, H, ., J=7.56);
7030 QHH,,,, J=8.48)
3228, 3412, 8194 (2H, H, .., J=8.18);7.92c (1H, H.__ );7.39-7.83 m (5H, H___ );
b 1694 699 | 388,384 15087 2am(BH. H,,,..) " "
3333, 3418,
c o 6.58 | 3.85,3.82 |7.58-8.22m (6H,H,,,,); 6.84-7.22 m (6H, H,,,,); 2.35 C (3H, Me); 2.14 ¢ (3H, Me)
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lpodosxxeHHs mab. 2

1 2 3 4 5
3285, 3399, 9.62 w.c (1H,NH); 8.17 5 (2H, H, ., J=8.08); 7.41-7.82 m (7H, H___);
d 1669 613 1382379 1683720 m(aH, H,,,,) ’ "
3330, 3412 8141 (2H, H,,,, J=8.04); 7.68 1 (2H, H,,,,., J=8.18); 7.64 ¢ (1H, C*H nipnany);
e teoa | 701 | 385,380 |7.58A(2H, Hyp, J=7.72);7.31 4 (2H, H,p,,, J=7.72);7.13 5 (2H, H,y,,,, 1=8.04);
7.01 8 (2H, H, o, J=8.18); 2.37 c (3H, Mé)
2-AsiKincynbganin-4,6-aiapuanipuguH-3-Kap- Mac-cnektp cnoayku XIlle, m/z (1, %): 481
6oniTpuu XIlla-x ozepkyBanu aHajoriudo cno-  (4) [M+1]%, 480 (9) [M], 479 (6) [M-1]*, 361 (43)

ayui X, Bukopuctapwu 10 MMoJIb BiAIOBIIHOTO aJI-
kinranorenigy Illa-t (ta6s. 1, 2).

[M-4-MeC,H,CO]*, 119 (100) [4-MeC,H,CO]*, 91 (38)
[PhCH,]*, 77 (4) [Ph]", 65 (7), 44 (4).

Ar' NMe
7 v CN
+ CHy(CN), + Hig” R + H,S =~ L -
Ar~ =0 ? g/\ ? EtOH H,N™ =S
la-d I lla-t \Y VI
Ph
Ar' \_CN OMe
CN |N/ TN /N
- R |
Ar” SO HNTSS Me NCY
VIl X Ph
Br/\/\/Br
-Hle IX
-2[H] Ph
Ar1 S CN
L on Cl IIIeCN \/ Ph  NH,
[ T . (\NHMe - N">SSCN N _en
Ar"NTYS o Me SNO~S
Vil Ve XIX
IIIa—tl HCONHzlA
AI'1 Ph N;
X CN ~ | \ /N
Ar” NS TR N NH,
Me
Xllla-x XVII
KOH DMF .
AT NH AT NH,

20 | A R 7~ | N R
S/\R N/ S \N S
Me Me
XlIVa-e

XVI

I, Ar = 3-BrC4H,, Ar' = Ph (a); Ar = 4-CIC,H,, Ar' = Ph (b); Ar = Ar' = 4-MeOC¢H, (c); Ar = 4-MeOC¢H,, Ar' = Ph (d).

I, Hig = CI, R = 4-BrC;H,NHCO (a); Br, 3 4 Cl,C,H,CO (b); Br, 2,4-Me,CH, CO (c); Br, 4-MeCzH CO( ); Cl, CN (e); Cl, COOCH,Ph (f);

Cl, COOPr (g); Br, 3-kymapunoin (h); Cl, COOH (i); I, Me (j); Br, CH=CH, (k); I, H (I); Br, 4-CIC,H,CO (m); Br, 4-BrC,H,CO (n);

Br, 4-NO,C4H,CO (0); Br, PhCO (p); Br, 4-PhC,H,CO (q); I, Et (r); I, (CH,),Me (s); Br, 2-MeC4H, (t).

XIIl, X1V, Ar = 4-MeOC4H,, Ar' = Ph, R = 4- BrC H NHCO (a); Ar = Ar' = 4-MeOCH,, R = 3,4-CI,C,H,CO (b); Ar = Ar' = 4-MeOCH,,

R =2,4-Me,C,H,CO (c); Ar = Ar' = 4-MeOC4H,, R = 4-BrC;H,NHCO (d); Ar = Ar' = 4-MeOCH,, R = 4 MeCH,CO (e); Ar = Ar' = 4-MeOCH,,
R =2-MeC¢H, (f); Ar = Ar' = 4-MeOCH,, R = COOCHZPh (9); Ar =Ar' = 4-MeOC4H,, R = (CH2)4Me (h); Ar = Ar' = 4-MeOC¢H,, R = Et (i);

Ar = Ar' = 4-MeOCyH,, R = 4-PhC¢H,CO (j); Ar = Ar' = 4-MeOC4H,, R = PhCO (k); Ar = Ar' = 4-MeOC¢H,, R = 4-NO,C,H,CO (l);
Ar = Ar' = 4-MeOCH,, R =4-BrC,H,CO (m); Ar = Ar' = 4-MeOC4H,, R = 4-CIC,H,CO (n); Ar = Ar' = 4-MeOC.H,, R = H (0);
Ar = Ar' = 4-MeOC4H,, R = CH=CH, (p); Ar = Ar' = 4-MeOC.H,, R = Me (q); Ar = Ar' = 4-MeOC¢H,, R = COOH (r); Ar = Ar' = 4-MeOC4H,,

R =CN (s); Ar = 4- CIC H,, Ar' = Ph, R = COOCH,Ph (t); Ar = 4 CICsH,, Ar' =
R = 3-kymapwuHoin (v); Ar = 4-MeOCH,, Ar' =

Cxema

Ph, R = COOPr (u); Ar = 4-CIC4H,, Ar' = Ph,
Ph, R = COOCH,Ph (w); Ar = 3-BrC¢H,, Ar' = Ph, R = 4-BrC;H,NHCO (x).
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3-AmiHO-4,6-aiapui-2-R-tieno[2,3-b]nipugn-
HU XIVa-e. [lo po3uuny 10 mmouib TioeTepy XIlla-e
y 15 ma AM®A npu 20°C, nepemiuiyrodu, J04aI0Th
5,6 M1 (10 Mmouib) 10%-Boro BogHoro po3ynHy KOH,
IPOJOBXYIOTh IlepeMilllyBaTH BIPOJOBX 2 IroJi, po3-
BO/ISITh PiBHOIO KUJIBKICTIO BOAY i BiAQiIbTPOBYIOTh
ocaf (TabJ. 1, 2).

4-AMiHO-7-(4-MeTOKcueHin)-9-peHinnipuao
[3%2":4,5]Tieno[3,2-d|nipumigun XVII onep:xanu aHa-
JIOTi4HO cnosiyni X npy BiZilIOBiJHOMY BUKOPUCTAH-
Hi 10 MMoJ1b HiTpUILy a-xsiopouToBol kuciaoTi Ille Ta
4-roIMHHOMY KUIT'ITIHHI MPOAYKTY peakuii B 15 M
dopmaminy. Buxin — 68%. T. 1. — 277-280°C (JM®DA).
[Y-cniextp, v, cm™*: 3480, 3335,3211 (NH,); 1647 (6NH,).
Cnextp AMP 'H, 6, m.u.: 8.25 ¢ (2H, H,,,., / = 7.85);
811c(1H,H,,,); 7.84 c (1H,H,,,,); 7.69 uLc (2H, NH,);

apoM apom

JlitepaTtypa

7.45-7.52 m (5H, Ph); 7.06 1 (2H, H,,,,, ] = 7.85); 3.84
¢ (3H, Me). 3HaiizneHo, %: C 68.67; H 4.14; N 14.42.
C,,H,(N,0S. O6uncneno, %: C 68.73; H4.20; N 14.57.

BucHoBKM

1. BaraTokoMMnOHeHTHA KOH/IeHcallisl XaJKOHIB,
MaJIOHOHITPHJLY, aJIKI/IraJIOTeHI/iB, CIDKOBOJHIO Ta
N-MeTuMop¢oTiHy NIPUBOAUTH 0 YTBOPEHHS 2-aJI-
KisicynbdaHisi-4,6-giapuinipuauH-3-KapOoHITPUITIB.

2. 2-Ankincynbdanin-4,6-giapuanipuauH-3-Kap-
OGOHITPUI/IM € 3pYYHUMHU HANiBIPOAYKTAMU /151 CUH-
Te3y NMOTEHLiMHO 6i0/I0rYHO aKTUBHUX reTEPOIUK-
JiyHuX cucteM: 1,4-6ic(6’-MeTokcudeHin-4"-penin-
3-uiaHonipuuH-2-inTio)6yTany, 3-amiHo-4,6-Aiapui-
2-R-tieHo[2,3-b]nipuguny Ta nipuao[3,2":4,5]TieHo
[3,2-d]nipuminuny.
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CUHTE3 BUCPOCPOHATHBIX AHAJIOI'OB HYKJIEOTHU /OB -
[MPOU3BOAHBIX (a-®PEHUI) (a-PTOP)METUJIEHEUCPOCPOHOBbBIX
KHUCJ0T

C.B.3acyxa, A.N.I'y3bipp, A.ILT'ya3s, 10.I.lllepmosioBUY

HuCcTUTYT oprannydeckoit xumMun HAH YkpauHbl
02094, r. Kues, yi1. MypmaHckas, 5. E-mail: sherm@ioch.kiev.ua

Karoueswle cnosa: 6uchocgponamei; 1,2,3-mpuazoel; Hykaeo3udsl; HyKaeomudbl;, hypaHo3udol

PaspabomaHbl Memodbl cuHmesa ¢hmopcodepxawjux MUMemukos8 Hykrneo3ud-ougocghamos Ha 0CHO8e Mpo-
u3800HbIX (a-gheHur)(a-gbmop)memurneHbucghocghoHo8oU Kucriomsl, codepxauwux ocmamku 2-{1-[4-nepgbmop-
ankun-5-(monun-4-cynsgoHun)-[1,2,3Jmpuason-2-unj-amokcuj}-amuneHa u {2,2-0umemur-6-[4-(monun-4-cyns-
¢poHun)-5-neHmagpmopamur-[1,2,3Jmpuason-2-unj-mempaaudpoqpypo[3,4-dj[1,3]0uokcorn-4-un}-memurneHa 8 Ka-
yecmee CrIOXHOIhUPHBIX 3amecmumernel. CenekmusHoe MOHO- U QudearikunuposaHue MemoKcuepyrn 8 mem-
pamemusiosom achupe (a-gbeHun)(a-gpmop)memuieHbUCEhocghoHO8oU KucIombl 0aém 803MOXHOCMb MOMYHYUMb C
8bICOKUMU 8bIX00aMu mpUMemuriosbil U CUMMempUYHbIL OuMemusiossil aghupbl, codepxxawjue 00Hy nubo dee
€80600HbIe peakyUOHHOCMIOCObHbIE hyHKUUOHarbHbIE 2pyrbl pOChOHOB8bIX Kuciom. [1onyyeHHbIe MOHO- U
cummempuyHasi dughocghoHOBbIE KUCIOMbI 18719t0mcsi yOObHbIMU UCXOOHbIMU 8ewjecmeamu 07151 CUHmMe3a cMme-
waHHbIX achupos (a-gheHur)(a-gbmop)memurneHbucghocghoHO8OU KUCIOMbI MymémM amepugbukayuu KUCITOMHbIX
epynn 8 ycrosusix peakyuu MuyyHoby ¢ npumMeHeHUeM Kak rnpocmaix anughamudecKkux crupmos (H-bymaHona),
mak u aHanoz208 Hykneo3udos, codepxaujux nepe8uYHyr crnupmosyto epynny: 2-{1-[4-nepgpmoparnkurn-5-(mo-
nun-4-cynegporun)-[1,2,3Jmpuasorn-2-unj-amokcu}-asmaHosos u {2, 2-0umemus-6-[4-(monu-4-cynbgoHur)-5-reH-
macgpmopamur-[1,2,3Jmpuasorn-2-unj-mempazaudpogpypol3,4-dj[1,3]0uokcon-4-un}-memaHorna 6 kadecmee peazeH-
mos. Cmpykmypa norny4yeHHbIX coeOuHeHUl 0oka3aHa ¢ ucriosib3o8aHuem memodos K-, MP ('H, "3C, '°F, 3'P)
CMEeKMPOCKOMNUU, Macc-CreKmpoMempuu U 371IeMeHmMHo20 aHanu3a. LjlumomokcudHocmb U aHmugsupycHasi ak-
MmuBHOCMb CUHME3UpPOBaHHbIX coeduHeHuli bbinnu uccrnedosaHbl Ha Modenu supyca dnwmeltiHa-bappa. O6-
HapyxeHo coeduHeHue, obnadaruwee 3Ha4umMernbHbIM UH2UBUPYIOWUM 8r1USHUEM Ha pernpodyKyuo supyca
AnwmedHa-bappa.

THE SYNTHESIS OF BISPHOSPHONATE ANALOGUES OF NUCLEOTIDES — DERIVATIVES OF (a-PHENYL)
(a-FLUORO)METHYLENEBISPHOSPHONIC ACIDS

S.V.Zasukha, O.1.Guzyr, G.P.Gudz, Yu.G.Shermolovich

Key words: bisphosphonates; 1,2,3-triazoles; nucleozides; nucleotides; furanozides

The synthetic methods of fluorine-containing mimetics of nucleozide-diphosphates based on the derivatives of
(a-fluoro)(a-phenyl)methylenebisphosphonic acid containing the residues of 2-{1-[4-(toluene-4-sulfonyl)-5-per-
fluoroalkyl-[1,2,3]triazol-2-yl]-ethoxy}-ethelene and {2,2-dimethyl-6-[4(toluene-4-sulfonyl)-5-pentafluoroethyl-[1,2,3]
triazol-2-yl]-tetrahyro-furo[3,4-d][1,3]dioxol-4-yl}-methylene as ester groups have been developed. Selective mono-
and bis- dealkylation of methoxy- groups in the tetramethyl ester of (a-fluoro)(a-phenyl)methylenebisphosphonic
acid allows to prepare in high yields the corresponding trimethyl or symmetrical dimethyl esters containing one or
two free reactive phosphonic acids groups. These compounds are convenient starting materials for the synthesis
of mixed esters of (a-fluoro)(a-phenyl)methylenebisphosphonic acid by esterefication of acidic functionalities
using simple aliphatic alcohols (n-butanol) and such analogues of nucleosides as 2-{1-[4-(toluene-4-sulfonyl)-
5-perfluoroalkyl-[1,2, 3]triazol-2-yl]-ethoxy}-ethanols and {2, 2-dimethyl-6-[4(toluene-4-sulfonyl)-5-pentafluoroethyl-
[1,2,3]triazol-2-yl]-tetrahyro-furo[3,4-d][1,3]dioxol-4-yl}-methanol. The structure of the compounds obtained has
been proven using the methods of IR, NMR ('H, "3C, °F, 3'P) spectroscopy, mass-spectra, and elemental analy-
sis. The cytotoxicity and antiviral activity of the compounds synthesized have been studied on the model of the
Epstein-Barr virus. The compound possessing a significant inhibitory effect on the Epstein-Barr virus reproduc-
tion has been found.

CUHTE3 BIC®OCPOHATHUX AHAJIOIB HYKITIEOTUAIB — MOXIOQHUX (a-®PEHIN)(a-®TOP)METUJIEH-
BIC®OCPOHOBUX KUCIIOT

C.B.3acyxa, O.I.Ty3up, I.MN.lyd3b, O.l".LLlepmonioeuy

Knrodoei cnoea: bicchocchoHamu; 1,2,3-mpuasonu; Hykneo3udu, Hykneomudu; ¢pypaHo3udu

Po3pobrneHi Memodu cuHmesy ¢hmoposMIiCHUX MiMemukie HyKrneo3ud-dughocghamie Ha OCHO8I MoXiOHUX (a-ghe-
Hin)(a-gpmop)memurneHbicghocgpoHO8OI Kuciomu, Wo mMicmsms 3anuwku 2-{1-[4-nepgpmoparnkin-5-(monin-4-
cynbghoHin)-[1,2,3Jmpuasorn-2-inj-emokcu}-emuneHy ma {2,2-0umemuri-6-[4-(monin-4-cynbgoHin)-5-neHmaghmop-
emurn-[1,2,3]mpua3on-2-in]-mempaziopogbypo[3,4-d][1,3]0iokcorn-4-in}-memuneHy e sikocmi ecmepHux epyr. Ce-
JIleKmueHe MOHO- ma OudearKinoeaHHs MemoKcuepyn y mempamemunogomy ecmepi (a-¢beHin)(a-¢gpmop)me-
murneHbicghocghoHO8OI Kuciomu dae MOXIIUBICMb ompuMamu 3 8UCOKUMU suxodamu 8i0nosidHi mpumemu-
nosuli ma cumempuyHuli dumemurnosull ecmepu, siki Micmsimb 00HUH abo 08a 8iflbHUX peakyiliHo30amHuXx
yHKUiOHanbHUX 3anuwku ghocgoHosux kucriom. OmpumaHi MOHO- ma cuMempuyHa OughocgOHO8I KUCIomu €
3pyYHUMU 8UXIOHUMU crioflykamu Ori cUHme3sy 3miluaHux ecmepis (a-gpeHin)(a-gpmop)memurneHbicgpocghoHosor
Kucromu winsixom emepucbikauii Kucrnomsux epyn 8 ymoseax peakuii MiyyHoby i3 3acmocy8aHHsIM K npocmux
anichamuyHux criupmie (H-6ymarony), mak i aHanoeie Hykneo3udis, sKi MiCmsamb Nep8UHHY CRUPMOBY 2pyry:
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2-{1-[4-nepgpbmoparnkin-5-(monin-4-cynbghoHin)-[1,2,3]Jmpuason-2-inj-emokcu}-emaHornie ma {2,2-0umemun-6-[4-
(monin-4-cynbghoHin)-5-neHmaghmopemurn-[1,2,3Jmpua3sorn-2-inj-mempaziopogpypo[3,4-dj[1,3]0iokcorn-4-in}-me-
maHory 8 poni peazeHmis. Cmpykmypa ompumaHux crosnyk 6yna dosedeHa 3 sukopucmaHHaM memodig Y-,
SAMP ('H, 3C, °F, 3'P) cnekmpockorii, Mac-criekmpomempii ma eneMeHmHoz20 aHarisy. Ljumomokcuy4Hicms i aH-
mueipycHa akmueHicmb CUHMe308aHuUX criosyk 6yru 0ocnidxeHi Ha moderi gipycy EnwmelHa-bappa. SHatideHa
criofnyka, wo YuHUmse 3Ha4Hul iHe2ibyrodul ennue Ha penpodyKuito sipycy EnwmeliHa-bappa.

WHdek1uy, BbI3bIBaeMble BUpycamu renatuta C u
B, a Take BUPYCOM UMYHHO/IepUIIUTA YeJIOBEKA, SB-
JISTIOTCSI IPUYMHAMU CephEé3HbIX 3a00JieBaHUM. Hau-
6oJiee pacIpoCTpaHeHHbIMU JIEKapCTBAMH, TPHUMe-
HsIEMbIMH J1JIs1 JIedeHHUsI ITUX 3a00JIeBaHUH, SABJISTIOT-
€Sl HYKJIEO3U/THBIE Y HEHYKJIE03U/JTHbIE HHTUOUTOPBI
06paTUMOM TPAHCKPUIITAa3bl U HHTHOGUTOPI IPOTEA3.
[Toc/ie NPOHUKHOBEHHS B KJIETKY HYKJI€03U/ bl WX
HX aHa/I0TH GOCHOPUIUPYIOTCA 10 HYKJI€03U/ -5 -
MOHO-, ii- WK TpupocdaToB. B 6osbIMHCTBE CI1y-
4yaeB TpudocdaThl MPeACTABAAIT COO0N UMEHHO Te
CTPYKTYPBbI, KOTOpble UHTMOUPYIOT cuHTe3 JIHK mn
PHK 3a cuéT 6JI0KMpPOBaHUS MOJMMeEPA3 U MYTEM
BHe/IpeHUsI MOAUPHUIMPOBAHHBIX HYKJIEOTH/IOB B MO-
sekyabl JIHK v PHK. 3ddekTrBHOCTH UCTIO/IB3Y-
eMbIX B HaCTosIllee BpeMsi HYKJIEO3U/THBIX JIEKAPCTB
3aBUCHUT OT UX aKTHUBAIWU B KJIETKe HYKJIEO3UHbI-
Mu (MpeBpallleHue HYKJIe03u/a B HYKJIEOTH/T) U HYK-
JIEOTH/AHBIMU KWHa3aMU ([peBpalleHue MOHOHYK-
JIeOTU/A B 2- UM 3-HYKJIeOTH/[]) KWHa3aMH. [{jist us-
6exxaHus TpyAHOCTEN pU GochOopUINPOBAHUM He-
HaTypaJbHBIX HYK/J€03U/0B B KJIeTKe KaK aJbTep-
HAaTHUBHbBIE JIeKapCTBeHHbIE GOPMbI IPUMEHSIOTCS
yxe pochopuMpoBaHHBIE HYKI€03U/ bl (HYKJIEO-
TUbl) [1-3]. C4KTaETCs, YTO MPOU3BO/HbIE HYKJIEO-
3u-MoHOdOCPaATOB ABJAOTCA 3HAYUTENBHO 60Jiee
JUNOQUIBHBIMUA U MOTYT TPOHUKATD Yepe3 KJIeToY-
Hble MEMOPAHBI U 0CBOGOXK/AATh HYKJI€03U/[-MOHO-
docdat BHyTpH KJIeTKH, 06X0/Is1 TAKUM 06pa3oM Mep-
BY10 cTaguio $pochopuimpoBaHus KUHa3aMHU, KOTO-
pasi yacTo 6bIBaeT HauboJsiee TPYLHOU cpefu TPEX
ctaauit pochopunupoBaHUs HeHATYPaJIbHbIX HYK-
Jieo3u/10B [4]. HauboJiee cyuiecTBeHHBIM HEIOCTAT-
KOM HeHaTypaJIbHbIX HYK/J1e03ua0B, dochopuiupo-
BaHHBIX 0OBIYHBIMH (HaTypasbHbIMH) pocdaTamy,
SIBJISIETCSI HECTAOU/IBHOCTD MOC/AEJHUX 10 OTHOLIe-
HHUIO K XHMUY€ECKOMY U 9H3UMATHU4YeCKOMY T'U/IPOJIH-
3y. [l11 cTabunm3anyu HyKJIe0TUA0B ObLJIN UCCe-
JIOBaHbl MUMETHUKU HYKJIEO03U/ IU- U TpUPocPhaToB
[5]. OnuH M3 NO0AXOA0B K CHHTE3y TaKUX MUMETHU-
KOB 6a3upyeTcsl Ha MOAUUKALIMM MOCTUKOBOTO I10-
JoxkeHus1 u- U Tpudocdartos [6-9]. B yacTHOCTH,
MeTWJIEH- U TaJIOTEHMETHUJIEH, IU- U TpudochaTHbIe
MHUMETUKH 60Jiee CTAOUIbHBI K XUMHUYECKOMY U 3H-
3MMaTUYECKOMY I'U/IPOJIU3Y.

PaHee MbI co061a/n 0 CHHTE3€ HOBBIX PpTOpPCO-
JlepKallMX aHAJI0TOB HYKJIE03W/I0B, IPOSIBISAIOIUX
AHTHUBUPYCHYIO akTUBHOCTB [10], u pTOpcoaepxka-
IIMX TPOU3BOAHBIX METHUIeHOUCPOCPOHOBBIX KHC-
JoT [11]. Llesibto HacTosAIIEr0 MCCAeJOBAaHUS CTala
pa3paboTKa METO/IOB CHHTe3a GTOPCOJEPKALIUX MH-
METHKOB HYKJIe03U-IUP0ochHaTOB U3 ITUX COEJIUHE-
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HUH /15 IOCJIeAYIOIero U3y4eHus UX aHTUBUPYC-
HOW aKTHBHOCTH.

B kauecTBe UCX0IHbIX PpocPopopraHUIecKux coe-
JIUHEHUW Mbl UCIIOJIb30BaIM TPUMETHUIIOBBIN 3dup 2
Y CUMMETPUYHbBIN IUMeTU10BbIN 3dup 3 (a-dbeHun)
(a-dTop)MeTreHO6MCcHOCHOHOBON KUCAOTHL. YKas3aH-
Hble BellecTBa OblJIM HAMU CUHTE3UPOBaHbI CeJlek-
THUBHBIM MOHO- U AUJeaJIKUJIMPOBaHUEM TeTpaMe-
TUoBOr0 3dupa (a-benun)(a-prop)meTuseHOUC-
dochoHOBOM KUCIOTHI 1 C KCTTO/Ib30BAaHHUEM PACTBO-
pa floanaa HATPUSA B alleTOHE B KAYeCTBEe peareHTa.
Tak, coeguHeHHe 2 C BbIXoJIoM 91% 6bLI0 MOJTy4de-
HO TIPU Me/IJIEHHOM /106aBJIEeHUH PacTBOPA OJHOTO
3KBUBAJIEHTA HOAM/Ia HATPUS B alleTOHE K TeTpa-
MeTuJIoBOMY 3¢upy 1 npu KOMHATHOU TeMIlepaTy-
pe v nocsneaywieM kaTuoHHOM (H+) o6MeHe o6pa-
3yI0LLelcs MOHOHATPUEBOU COJIU.

Kunsyenue coefuHenusda 1 ¢ AByMs S5KBUBaJIEH-
TaMU WoJW/la HaTpUs B alleTOHe NPUBOAUT K 06pa-
30BaHMUIO C NPAaKTUYECKU KOJIUYECTBEHHBIM BbIXO-
JlOM CHMMETPHUYHON JUHATPUEBOH COJIM, KOTOpas
6bl1a nepeBeieHa B 1UP0ocHOHOBYIO KUCAOTY 3 my-
TéM KaThuoHHOro (H*) o6meHa (cxema 1).

[loslyueHHbIE TAKUM 06pa30M TPH- U AUMETUIIO-
Bble 3puphl (a-penun)(a-dTop)MeTraeH6ucdocdo-
HOBOU KUCJIOTHI 2 U 3 IPe/CTaBASAIOT COO0U yCTOM-
YHBbIE B HOPMaJIbHBIX YCIOBUSX BEIIECTBA, PACTBO-
pUMble B OpTaHUYECKUX PACTBOPUTESIX. Bo3aMoxk-
HOCTb CUHTE3a U3 3THUX COeJJUHEHUN CMellaHHbIX
3dupoB BHavase Oblyia IpOBepeHa 3TepuPpUKaIen
H-OyTaHOJIOM TPUMETHJIOBOTO U IMMETUJIOBOTO 3pU-
poB 2 1 3 B YC/IOBUSIX peakuu MUIYHOOGY C UCIIOJ/Ib-
30BaHHEM B KayeCTBe peareHToB TpudpeHunpocdhu-
Ha ¥ Auu3onponuiaguasonrnkapookcunarta (DIAD)
(cxema 1). TpuMeTHUIOBBIN-H-6YTHUJIOBBIN 3)Up 4 U
CUMMETPUYHBIN JJUMETHU/IOBbIN-/TU-H-Oy THIOBBIN 3pUp
5 6bLIM HAMU NOJIYYEHbI B BU/Jle CMECH IUaCTepeon-
MepoB ¢ BbixogaMu 21% u 44% coOTBeTCTBEHHO.
CnexTpbl IMP '°F u 3'P coeguHeHus1 4 npeacTaB/isi-
10T C0O60H MHOTOKOMIIOHEHTHbIE MYJIbTUILIETHI (PU
-192 m.A. 1 13 M.I. COOTBETCTBEHHO), 00pa3yoLU-
ecsl BCJIe/ICTBUE HAJIOXKEHUs CUTHAJIOB sijiep ¢dTopa
u docdopa c pa3IMYHBIMU XUMUYECKUMH CIBUTA-
mu. Cniexktp SAIMP '°F coenunenus 5 npexacrapisieT
co6oil mynbpTUIIeT npu -190.6 m.A. BBugy 61u30-
CTU 3HAYEHUN XUMHUYECKUX CABUTOB CUTHAJIBI Si/Iep
docdopa Bcex racTepeoMepoB MposiBistoTcs B AMP
31P criekTpe B Bu/ie Ay6sieta mpu 12 m.a. ¢ KCCB 2/(31PYF)
paBHo# 66 ', CnekTpbl AMP 2°C coequHenuii 4 u 5
coiep>aT ABOMHbIe HAGOPbI CUTHAJIOB AJis anuda-
TUYECKUX U apOMATHYECKUX SJIep YIIePO/ia, KpoMe
CUTHAJIOB JIJISl YIJIEPO/IOB METOKCHU- U OKCUMETHJIE-
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Cxema 1

HOBOM T'pyII, a TAKXKe YeTBEPTUUHBIX P YI/IEPO-
Jla, CBSI3aHHBIX € aTOMOM $TOpa U JBYMsl aTOMaMHU
docdopa, KoTopble MPOSIBJASIOTCS AJISI 000UX COe/IU-
HEeHUH B BUJie MYJbTUIIETOB NIpU ~ 55 M.a. (OCH,),
~ 68 m.A4. (OCH;) u ~ 96 m.z4. (CF) cooTBeTCTBEHHO.
UK-cniekTphl coeuHeHul 4 U 5 xapaKTepU3yrTCs
WHTEHCUBHBIMU [T0JIOCAMU TOTJIOIEHHUS BaJIEHTHbIX
kosie6anuii P=0 rpynmnet mpu 1021 (4) u 1017 cm? (5).

AHaJIOTUYHBIM 06Pa30M PearupyroT ¢ TPU- U JU-
MeTU/JI0BbIMU 3dupamu (a-peHwn)(a-pTop)MeTuieH-

/ \ OMe
Ph ) F
DIAD, PhsP, TT'®

6ucdochoHOBOM KUCIOTHI 2, 3 U coAeprKalle peak-
IIMOHHOCIOCOOHY0 CIMPTOBYI0 Irpynny ¢ropcojep-
’Kall[ie aHaJIOTU HYKJ1e03u10B: 2-[1-4-(n-ToJIuICy/Ib-
doHmn)-5-(neporopankui)-2H-1,2,3-Tpuazon-2-ui)
3TOKcH|3TaHOJbI 6a,b (cxeMa 2).

AHanu3 cocTaBa MPOAYKTOB, MOJYYeHHBIX [TOC/Ie
06pabOoTOK peaKIMOHHbIX CMecel ¢ nomolibio IMP
31P, F 1 'H cneKTpocKomuy, MokasaJj, YTo MOHO3a-
Mell[eHHbIA 0cTaTKOM 2-[1-4-(n-TonuacyabpoHua)-
5-(nep¢ropankuin)-2H-1,2,3-rpuazosna adup 7 u cum-
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MeTpHUYHbIe 1u3aMelleHHble 3GUphI 8a,b ABag0TCA
OCHOBHBIMU MPOAYKTaMH peakiuu MunyHooy, oj-
Hako coefiuHeHUs 7 U 8a,b 6bLIM HAMU Bbl/I€/IEHBI
Cc He60bIIMMU BbixofaMU (25-30%) BBUAY UX 4a-
CTUYHOTO pasJioKeHHUs NPU xpoMaTorpapuieckon
OYMCTKE Ha KOJIOHKe C cuiukareseM. CoeguHeHus 7
1 8a,b npejcTaB/sAIOT CO60M XOPOLIO PaCTBOPHUMbIE
B MOJISIPHBIX OPraHUYeCKUX PacTBOPHUTEJISIX MacJa.
OHU 6bLIM OXapaKTepU30BaHbI KaK JjuacTepeoMep-
Hble cMecHU ¢ noMolbo MeTofoB AMP. /Iy MoHO3a-
MelIEHHOI0 aHa/Iora HyKJieo3u/ia 7 CUTHaJl B CIEKTPe
SIMP 3P nposiBaisieTcs B BU/e Ay6JieTa npu 12.3 M.j.
(¥ = 67 T'y). Cnextp AMP °F cofiepsKUT rpymiibl CUT-
HaJIOB B XapaKTEePHBIX 06J1aCTAX MOTJIOLEHUS AJis
saapa ¢Topa y UeTBEPTUYHOT0 aTOMa yIyiepoa (MyJib-
TUILJIET NpU -191.7 M.J1.) ¥ cUTHaJBI AJid eHTadTop-
3TUJILHOTO 3aMeCTHUTeJIS [CUHIVIEThI pu -108.6 m.[.
(CF,) u-83.6 m.z. (CF,)]. XuMHuuyeckue cABUTH, UHTE-
rpajibHasi MHTEHCUBHOCTb U MYJIbTUILJIETHOCTb CUT-
HasioB B cnekTpe IMP 'H HaxoasTCs B MOJIHOM co-
OTBETCTBUHU C IPEJJIOKEHHOU CTPYKTYPOH coeiuHe-
Hus 7. [logo6HO coeiHeHHUIO 6 pearupyeT ¢ pocdo-
HOBBIMHU KHCJOTaMU 2 ¥ 3 U 2-(2°,3"-0-usonpomnu-
aupeH-F-D-pubodypanosu)-4-(n-toauacyabdo-
HUJI)-5-(neHtadTopmeru)-2H-1,2,3-tpuazon 9 ¢
o6pasoBaHueM coeuHeHu# 10 1 11, KoTopble ObLIN
HaMU Bbl/iejieHbl B UHAUBU/IyaJlbHOM COCTOSIHUM C
MOMOIIBI0 KOJIOHOUYHOU XpoMaTorpaduu B BUJE CMe-
cv AvactepeoMepoB. (cxema 3).

B ciyvae coegunenuii 10 u 11 Ham yzaasiocs no-
JIy4YUThb TPU UHJUBUYAIbHble PpaKLUY C pa3HbI-
MU 3HadeHUAMHU R;. Kak u B ciyvae coegunenuit 7
u 8a,b, ciektprl AMP 3'P, 1F coequnennit 10 u 11
coJlep>KaT aHaJIOTUYHbIe TPYIIbl CHTHAJIOB B 06.1a-
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CTAX MOTJIOIIEHUS], XapaKTePHBIX A4 aapa docdo-
pa ¢ochoHaTHOU rpynnel (Aybaet npu ~12 m.4.),
sa/ipa $pTOpa, CBI3aHHOTO C YeTBEPTUYHBIM aTOMOM
yriepoja (MyJabTHUILIET NpU ~ -192 M.1.) ¥ neHTa-
dTOpaTKUJIBHOTO 3aMeCTUTeJIs (CUHIIETHI TPpU -109
v -84 m.71.). BBUly Ha/IM4YHsi HECKOJIbKUX IUACTEPEO-
MepoB B fIMP 3C cnekTtpax coenunenuit 10 u 11
HabJII01aI0TCS HECKOJIBKO IPYII CUTHAIOB KaK JAJIs
anndaTUYeCcKUX, TaK U AJ1s1 apOMaTHUYECKHUX sifiep yr-
sepopa. B UK-cnekTpax BasieHTHBIE KosiebaHust P=0
IpyII Npe/CcTaBJIeHbl MHTEHCHUBHBIMU M10JI0CAMU I10-
IoIeHud B o6Jactu 1027-1035 cm™.
JleankuiupoBaHUEe METOKCU-TPYIN B COe/JUHE-
HUU 11 U cHATHUE U30NMPONEHUIbHOU 3alUThI TH-
JIPOKCUJIbHBIX TPYNI GblJIO HAMU OCYIECTBJIEHO In
situ mocJjief0BaTeAbHbBIM IEUCTBUEM U30bITKA TPU-
MeTUJI6pOMCUIaHa U BOJIHOTO MeTaHO0JIa Ha ero pa-
CTBOD B XJIOPHUCTOM MeTHJIeHe (cxeMa 4). PeareHTOM
JIJIsl CHSITHUS MU30MPONEeHU/IbHOM 3aluThl [15] B AaH-
HOM CJIy4Yae BbICTyIaeT GPOMUCTBIN BOAOPOJ, 06pa-
3YIOLMICS PU IeCTBUX BOJJHOTO MeTaHOJ/Ia Ha Ha-
XOJISIMIKCS B pEAKIIMOHHOM cMecH U36bITOK Me,SiBr.
CoenuHeHre 12 6b110 0OXapaKTEPU30BAHO C MO-
Molibio AMP cnekTpockonuu Ha siapax ‘H, 3C, F u
31P, Tak, cnekTtp SIMP 3'P npeacraBiisieT co60H MyJib-
TUIJIET B 06J1aCTH NoTJoleHud siaep docdopa doc-
¢doHOoBbIX KUCIOT (8.54 M.11.). B ciektpe AMP *F s
sa/ipa ¢Topa y 4ETBEPTUUHOI'0 aToMa yIyieposia Ha-
6J/1I0/1aeTCs TaKXKe MyJIbTUILIET npu -185.2 m.z., Tor-
Jla KaK CUTHaJIbI JJ1s1 TeHTaQTOP3TU/ILHOTO 3aMECTH-
TeJis IPONUCBIBAIOTCA CUHIVIeTaMHU NpH -108.69 M. 1.
(CF,) u -83.59 m.z1. (CF,) coorBeTcTBeHHO. CIEKTP
AMP 3C coeguHenus 12 B oTIMYME OT UCXOAHOIO
coefrHeHUd 11 He COAEPXKUT CUTHAJIOB YIJIEPO/IOB
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Cxema 4

METWIbHBIX Py U30MPONEHUIbHON 3alHUThI B a/IU-
daTuyeckoit obJiacTy norjoieHus (~ 25 m.4.) u cur-
HaJIOB, XapaKTEePHbIX /151 METOKCU-Tpyn (~ 55 M.z.).

[JUTOTOKCUYHOCTb U aHTUBUPYCHAsl aKTUBHOCTb
CUHTE3UPOBAHHbBIX COE/JUHEHUN ObIJIU HCCIe0Ba-
Hbl B UHCTUTYTe MUKPOOUOJIOTUU U BUPYCOJIOTUU
uM. /l.3a6osoTrHoro HAH Ykpaunbl Ha Mozesu BU-
pycoB dnmteiiHa-bappa (BEB), azeHoBupyca deso-
BeKa U BUpyca npocToro repneca 1-ro tuna. I[losy-
YeHHbIe Pe3y/IbTaThl OYAYT NPeAMETOM OTAEIbHOU
ny6auKauyy. B HacTosiel paboTe TObKO OTMETHUM,
YTO MCCJIeJOBaHUE BJIUAHUA coeuHeHus 11 Ha pe-
npoaykuuyio BEB, BeinosiHeHHOe 110 MeToAy Real-time
PCR c ucnosibzoBanueM tect-cucreMbl «IBAPIIOJ -
PB» Ha npu6ope qTOWER 2.0/2.2 Analytik Jena (T'ep-
MaHHUsl), I0Ka3aJs0, YTO B KOHIeHTpanuu 10 MKr/mu
OHO UHTUOUPYET PenpoAyKIH1Io BUpyca Ha 65%. Yuu-
ThIBasi HEBbICOKUH YPOBEHb TOKCUYHOCTH 3TOTO COe-
JuHeHUs (864 MKr/MJ) U, COOTBETCTBEHHO, BbICO-
KUH TIoKa3aTesIb HH/eKca cesieKTUBHOCTH (SI 86) Moxk-
HO cJies1aTh NpeABAPUTENbHbBIM BbIBOJ, O MepCIeK-
TUBHOCTHU 00Jiee eTaIbHOT0 U3y4eHNs] aHTUBUPYC-
HOW aKTUBHOCTH COeJUHEHUU JaHHOTO TUIA.

JkcnepuMeHTasibHas 4yacTb

Bce s3kcneprMeHTHI C BellleCTBAMU, YyBCTBUTEIb-
HBIMH K BJIare BO3/yxa, IPOBOJUJINCh B aTMOChepe
CYXOr0 aproHa C MCI0Jib30BaHUEM CTaHJAPTHOU Tex-
HUkH lllneHka. AHasioru HykJieo3uzoB 6a, 6b, 9 no-
JIy4deHbl 110 METO/JaM, OMCaHHBIM paHee [10, 12, 13].
s coeiluHeHUs 9 TUAPOKCU/IbHBIE FPYIIBI B MOJIO-
*keHUH 2,3 $ypaHO3HOTO 1UKJIA GbUIH 3alUIleHb] BBe-
JleHueM U30IPOTeHUJIbHOT0 3aMECTUTEIS [0 U3BECT-

Hoii MeToauKke [14]. AMP 'H (299.94 1 400.13 MTI'n),
13C (100.62 MI'w), F (188.14 MTI'ny), u *'P (80.95 MI'wr)
CIEKTPHI ObLIM 3alMCaHbl HA cieKTpoMeTpax Varian
VXR-300, Bruker Avance 400 u Varian Gemini-200
NPy KOMHATHOM TeMIlepaType C UCI0Jb30BaHUEM
TMS kak BHyTpeHHero ¥ H,PO, kak BHelllHero cTas-
JlapToB. B kauecTBe BHyTpeHHEro cTaHJapTa Ha f/-
pax °F ucnosansoBascs CF, (8; = -162.9 m.4. oTHO-
cutesbHO curnajia B CCL,F), 3HaYeHnsa XuMHU4eCKUX
CZIBUTOB IpuBeJeHbI B LiKase § oTHocutenbHO CCLF.
/151 KOJIOHOYHOU XpoMaTorpadpuu UCI0Ib30BaJICS
cunvkaresab Mapku Merck 60 (0.063-0.2 mkm). s
TOHKOCJIOMHOM XpoMaTorpadpuu UCI01b30BaINCh I/1a-
ctrHKY Mapku Macherey-Nagel; Polygram® Sil G/UV254.
s noHoo6MeHHOUM XpoMaTorpaduy NpUMeHSJICS
KaTUOHUT Mapku KY-2-8rC B H* popme. Macc-cniekT-
PbI ObLIY CHATHI € Mciosib3oBaHueM Agilent 1100 Se-
ries HPLC npu6opa, ocHalleHHOTO AUOJHOU MaTpU-
et u Agilent LC/MSD SL macc ce/leKTUBHBIM JIETEK-
TopoM (MoHU3aMOHHbIN MeTo;: API-ES). Macc-criekT-
pel FAB peructpupoBajiu Ha Macc-CIeKTpoMeTpe
7070 EQ VG Analytical (sHeprus ny4yka aprosa 6 3aB),
JIJIs1 IOBBILIEHUS] HOHU3ALMU COeJUHEHUN ,06aBIIs-
s KI. UK-criekTphl 3anvcanbl Ha crieKTpoMeTpe Bru-
ker Vertex 70. TemnepaTypbl IJiaBJeHHUS oNpee-
JISLIUCH Ha cTosinke Koduiepa. sieMeHTHBIN aHAINU3
ObLJI MPOBe/IEH B MUKPOAHAJUTHYECKOH JlabopaTo-
puu UHCcTUTyTa opraHudeckoit xumuu HAH Ykpau-
Hbl. PacTBopuTeM npeiBapUTENbHO aOCOTIOTU3HU-
POBAJIKCh MO CTAHAAPTHBIM METO/IUKAM.
2-[1-(4-(n-Tomicynbponmni)-5-(nearadpropo-
atui)-2H-1,2,3-Tpua30/1-2-ui1)3TOKCU]|3TaHOJ 6a
noJiy4yeH no Metozy [10] us 0,34 r (1 mmosib) NH-Tpu-
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azosa, 0,11 r (1,2 MMoJib) BUHUJIOKCUITaHOA. JKest-
Toe MacJio. Beixog - 0,21 1 (50%). R;= 0.6 (aTunane-
Tar/rentaH, 4:1). Cnextp AMP 'H (CDCL,, §, m.1.): 1.82 11
(*/us=6.0 I'n, 3H, CH,CH), 2.45 ¢ (3H, CH,-C,,,), 3.37-
3.41wm (1H, CH,CH,0),3.62-3.71 ™M (3 H, OCH,, CH,CH;0),
5.87 kB (*,,=6.0 T'y, 1H, CHN), 7.37-7.93 m (4H, H,,,,,,)-
CnexTp SIMP ¥F (CDCL,, 8, m.z1.): -109.50 m (2F, CF,),
-84.30 M (3F, CF,). Cuektp AMP 3C (CDC,, 6, m.1.):
20.70 ¢ (CH,CH), 21.89 ¢ (CH;-C,,,,,), 61.40 ¢ (CH,0H),
71.45 c (CH,0), 92.88 c (CHN), 108.90-120.11 M (C,F.),
128.82 ¢ (C,,,), 130.10 ¢ (C,,,,), 136.32 T (¥:=32.0 ',
CF,-C.,), 13630 ¢ (C,,,,), 146.00 ¢ (C,,,,), 149.03 ¢ (C,,).
Haitpeno, %: C 41.92, H 3.73, N 9.82. C,.H,,F.N,0,S.
Beruyucieno %: C 41.96,H 3.76, N 9.79.
2-[1-(4-(n-Tommncynbdponmn)-5-(renradpropo-
nponui)-2H-1,2,3-Tpuasosi-2-1uaI)3TOKCU|3TaHOI
6b mosiyyen nmo metony [10] u3 0,39 r (1 MMoJIb)
NH-tpuasosa, 0,11 r (1,2 MM0JIb) BUHUJIOKCH3TAHO-
ja. XKenroe maciso. Beixon - 0,25 r (53%). R;= 0.55
(atunanerat/rentas, 4:1). Cnextp AMP 'H (CDCl,,
6, m.a.): 1.82 1 (3,,=6.0 'y, 3H, CH,CH,), 2.45 c (3H,
CH,-C,,..), 3.37-3.41 m (1H, CH,CH,0), 3.62-3.71 M
(3H, CH,0, CH,CH0), 5.88 kB (*],;=6.0 I'y, 1H, CHN,),
7.37-7.92 ™ (4H, H,,,,.). Cnextp AMP *F (CDCl,, §, m.z1.):
-126.41 m (2F, CF,),-107.60 M (2F, CF,), -81.22 m (3F,
CF,). Haiizeno, %: C40.12, H 3.37, N 8.85. C,H,F,N;0,S.
Brruucneno, %: C 40.09, H 3.36, N 8.87.
2-(2’,3’-0-U3onponuauaeH-fB-D-puéopypaHo-
3u1)-4-(n-roauacynbPpoHu)-5-(nearagpropome-
Tua)-2H-1,2,3-Tpua3zos1 9 nosydeH rno metoay [14]
u3 0,47 r (1 MMoJib) HyKJIE03HU/1a, 15 MJI cyxoro arje-
ToHa u 0,1 ma konn,. H,SO,. BeciBeTHBII NOPOILOK.
Boixoz - 0,46 1 (90%). R;= 0.65 (s3TH/aLieTaT/TeKcaH,
1:1). Cnextp AMP 'H (CDCl,, §, Mm.1.): 1.36 c (3H, CH,),
1.58 ¢ (3H, CH,), 2.46 ¢ (3H, CH;-C,,,,), 3.66 a1 (J;=4-4,
12.6 Tu, 1H, 5-H), 3.81 a1 (J=2.8,12.6 I'n, 1H, 5"-H),
4.57 m (1H, 4’-H), 4.95 nm (1H, 3’-H), 5.06 am (1H,
2’-H), 6.27 5, (J4,=1.5 Ty, 1H, 1'-H), 7.38-7.92 m (4H,
H,,,.). Cnextp AMP "F (CDCl;, §, m.x.): -109.61 m
(2F, CF,), -84.20 m (3F, CF,). Cnextp SIMP 3C (CDCl,, 5,
M.4.): 21.81 ¢ (CH;-C,,,), 25.10 ¢ (CH,), 27.02 ¢ (CH,),
63.11 ¢ (CH,0H), 81.78 c (CHO), 85.67 c (CHO), 89.90 c
(CHCH,0H), 100.39 c (CHN), 114.30 ¢ (0C0), 108.70-
119.67 m (G,F5), 128.89 ¢ (C,,,,), 130.30 ¢ (C,,,,), 136.00 ¢
(Copon)» 136.28 T (°]=33.0 'y, CF,-C,.,), 146.40 ¢ (C,,,,),
149.70 c (C,,,). Haizeno, %: C 44.48, H 3.95, N 8.16.
C,oH,oF;N;0O,S. Beruucneno, %: C 44.45, H 3.93, N 8.18.
TpumeTusioBslii 3¢up (a-pennn)(a-prop)me-
TU/1eHOoHUCPOoCcPOHOBOM KUCIOTHI 2. B peakinoH-
HYI0 KOJIOY B aTMocdepe CyXoro aproHa npu KoMm-
HaTHOU TeMIlepaType NOMEILA0T PacTBOp TeTpaMe-
TUsoBoro adpupa (a-dbennn)(a-prop)MeTueH-6HC-
docdonoBou kucaoTel 1 (2,211, 6,77 MMoJIb) B 9 M
cyxoro anetoHa. [Ipy nepemeniMBaHuY NPU KOMHAT-
HOH TeMIepaType npukKanbiBarT pactBop Nal (0,51,
3,40 MMoJb) B 4.5 MJI CyXOTo0 aleTOHA B TeYeHHE
10 MuUH. PeaklMOHHY10 CMECH BblJepKHUBalOT 50 MUH
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Jlo 06pa3oBaHUs 6eCIIBETHOT'O 0CaJIKa U MPUOABJIS-
0T I10CJIe/J0BATEbHO C MHTEPBAJIOM B 1 4 pacTBOPEI
0,25 (1,67 mmousb) Nal B 4,5 mu1 auetona u 0,13 ¢
(0,87 mmousib) Nal B 4,5 M1 arjeToHa. PeakiinoHHYO
CMecCh OCTaBJISIIOT HA HOYb IIPU KOMHATHOU TeMIle-
paType, 0caJloK OTGUABTPOBBIBAIOT, IPOMBIBAIOT HA
GUIBTpe alleTOHOM U CylIaT B BaKyyMe MacJsIHOTO
Hacoca. [losrly4eHHY0 HATPUEBYIO COJIb PACTBOPSIIOT
B He6GOJIbIIIOM KOJINYECTBE BOJIbl U MPOIMYCKAIOT Ye-
pe3 KOJIOHKY C KaTHOHUTOM. BoJly oTroHs10T, ocTa-
TOK CylIaT B BakyyMe. K MacjisiHUCTOMY OCTaTKy Mpu-
6aBJIAIOT XJ10podopM (3 MJI) U OCTABJAIOT Ha 5 iHeH
pyu KOMHaTHOU TeMnepaTtype. OcaZjok oTGUIBTPO-
BBIBAIOT, MPOMBIBAIOT Ha QUIBTPE XJI0poPOopMOM,
buabTpaT ynapuBarT, OCTATOK CyIIaT B BBICOKOM
BakyyMe (0.02 MM pT. cT). MacJio 6J1e/JHO->KEITOr0
nBeta. Boixox - 1,68 r (91%). UK-cnekTp, KBr, cm:
1052 (P=0), 3423 (OH). Cextp AAMP 'H (CDCl,, 6, m.1.):
3.59 1 (}/,,=10.5 ', 3H, OCH,), 3.66 x (3/,,=10.5 T'yy,
3H, OCH,), 3.89 1 (3/,,=10.5 'y, 3H, OCH.,), 7.36-7.71
™ (5H, H,,,,), 11.10 ym (1H, OH). Cnektp SIMP *'P
(CDCl,, 8, m.1.): 10.80 M (¥,=68.2 'y, 1P), 13.30 M
(¥=68.2 I'y, 1P). Cuexktp AMP °F (CDCl,, §, m.1.):
-192.60 T (¥:=68.2 I'y). Ciexktp AMP *3C (CDCl,, §,
M.1.): 54.92 1 (¥J=6.5 'y, OCH,), 55.31 m (OCH,),
95.74 m (Y,=156.9 I'y, YJ,=190.6 I'y, CF), 125.17 m
(Copor)» 128.27 ¢ (C,,,,), 128.56 ¢ (C,,,,), 132.20 aim
(J=19.2 Ty, C,,,,)- MS: m/z (%): 313.2 (100) [M"].
Haiipeno, %: C 38.48, H 4.84, P 19.84. C,,H,.FO.P,.
Brruucieno, %: C 38.75, H 4.65, P 20.05.

P, P’-IumeTusioBblil 3¢pup penui(a-prop)me-
THUIeHoucPpocPoHoBo KMCI0ThI 3. B peakiiyoH-
HOU KoJi6e B aTMocdepe CyXoro aproHa pacTBopsi-
10T cBexkenpokasieHHbid Nal (1,84 1, 12,2 MMoJib) B
30 mu cyxoro anetoHa. K nosyyeHHOMy pacTBOpy
MpUOGaBJSIOT OAHOM nop1yel 2 T (6,13 MMOJIb) TET-
pameTusioBoro adupa denun(a-drop)MeTuieH-6uc-
¢dochoHOBOM KUCIOTHI 1 U peaKkLMOHHYIO CMeCh KU-
HSATSAT B TeYeHHe 2 4 € 06paTHBIM X0JI0UIbHUKOM.
Ocaziok oTPUIBTPOBBIBAIOT, IPOMBIBAIOT Ha PHUJIBT-
pe aleToOHOM M cywaT B BakyyMe. [losiydeHHy0 Au-
HaTPHUEBYIO COJIb PACTBOPSIOT B HEGOJIBIIOM KOJIH-
YeCTBe BO/Ibl M POIMYCKAIOT Yepe3 KOJIOHKY C KaTHO-
HUTOM. BoJly OTTOHSIIOT, OCTAaTOK CylIaT B BaKyyMme
MacsIsiHOTro Hacoca. TBepzioe BelecTBO 6J1e/JHO-KE-
Toro uBeta. Boixos - 1,73 r (94%). T. 1. - 142°C.
HUK-cnektp, KBr, cmt: 993 (P=0), 3209 (OH). CriekTp
AMP 'H (CDCL,, 6, m.1.): 3.62 ™ (6H, OCH,), 7.40-7.80
M (5H, H,,,,), 11.70 ym. (2H, OH). Cnextp AMP *'P
(H,0, §, m.x.): 11.80 f (¥,;=69.3 T'n). CnexTp AMP
YF (H,0, §, m.x.): -186.90 T (¥/»=69.3 I'n). CexTp
AMP 3C (DMSO-d,, §, m.z1.): 53.80 m (OCH,), 96.40
M (Y=148.7 'y, J;=190.2 T'y, CF), 125.20 ™ (C,,,,),
127.60 c (C,,,,), 128.00 M (C,,,,), 134.60 am (¥ =
17.90Twy, C,,,,).- MS: m/z (%): 297.0 (100) [M*]. Hai1-
neHo, %: C 36.26, H 4.39, P 20.78. C,H,;FO,P,. Br-
yucaeHo, %: C 36.75, H 4.05, P 20.50.
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O61as MeToAMKa noJiydyeHus a¢pupos 4, 5, 7,
8,10, 11. B koui6e lllneHka B aTMocdepe cyxoro ap-
rona K pactopy Ph,P B cyxom TT'® npu 0°C npuka-
nbeiBatoT DIAD. Ilocie o6pa3oBaHusi B peakMOHHON
cMecH 6ecLBETHOTO 0Ca/iKa MPUKAIbIBAIOT PAacTBOP
cnupTa (H-6yTaHOJ AJisl coeJuHeHUH 4, 5; HyKJieo-
3uj 6 nais 7, 8; Hykseo3us 9 auis 10, 11) B cyxom
Tr'®. PeakninoHHy10 cMech BblAepKuBaloT 10 MUH,
NpPUKAMNbIBAIOT PacTBOP KUCIOThI 2-3 B cyxoM TI'P,
OCTaBJISIIOT HA HOYb, yIIAPUBAIOT B BaKyyMe, 106aB-
JISIIOT HEe6GO0JIbII0OE KOJIUYeCTBO AUITUI0BOr0 3durpa
(n1s1 coenHeHUM 4,5 UCMOB3YIOT reKCaH) U CHOBA
OCTaBJISIIOT HA HOYb B MOPO3UJILHOU KaMepe X0JI0-
AuabHUKa. OcaZloKk OTOUIBTPOBBIBAIOT, TPOMbIBA-
I0T XO0JI0HbIM 3$HpoM (rekcaHoMm), ¢uabTpaT yna-
PUBAIOT, OCTATOK XpOMaTOTPadUPYIOT Ha KOJIOHKE C
CUJINKareJyeM.

ByTiwITpuMeTUI0BbIN 3¢up (a-penun)(a-¢prop)
MeTH1eHoMCcPOocPOoHOBOM KUCIOThI 4. [losiydeH u3
0,42 r (1,60 Mmmosib) Ph,P B 8 Ma TT'®, 0,28 r (1,60 MMouib)
DIAD, 0,12 r (1,60 MMouib) H-6yTanoua, 0,50 T (1,60 MMosb)
2 B 7 mJ1 TI'®. Macsio 6J1egHO-XeaTOTrO0 1iBeTa. BbI-
x0z - 0,121 (21%). 9dup ouuniyeH xpomatorpapuye-
CKH C UCI0JIb30BaHUEM T0CJIeI0BATENBHOTO I'pajiu-
€HTHOTO 3JIIOMPOBAHUS CMECSIMU 3TUJIALlETAT/TeKCaH
(1:9 => 1:1 => yucTbli 3TUIaLeTaT). R, = 0.8 (3TUN1aLE-
tar). UK-cnektp, KBr, cm™*: 1021 (P=0). Ciektp SIMP
'H (CDCl,, §, m.1.): 0.82 T (*),,,=7.1 T, 3H, CH,), 091 T
(*J4y=7.1Tn, 3H, CH,), 1.23 M (2H, CH,), 1.41 M (4H,
CH,), 1.66 m (2H, CH,), 3.61-4.24 m (22H, OCH,, OCH,),
7.35-7.73 m (6H, H,,,,). Cuektp AMP *'P (rekcaH,
6, m.1.): 12.80 m. Cnektp AMP F (rekcaH, §, Mm.1.):
-191.6 m (CF). Cnextp AMP *C (CDCl,, §, m.1.): 13.41
c (CH,), 13.50 c (CH,), 18.37 c (CH,), 18.50 c (CH,),
32.20 1 (Y=5.5Tn, CH,), 32.45 n (Y,=5.6 I'yy, CH,),
55.00 m (OCH,), 68.40 M (OCH,), 95.76 M (Y,=155.3 Ly,
Y+=193.4 Ty, CF), 125.04 1 (3 ,=4.1 'y, ¥/ ,=10.6 I'y,
Copon)» 128.24 ¢,y (C,,,), 128.43 ™ (C,,,,), 132.18 M
(Copon)- MS: m/z (%): 369.2 (100) [M*]. Haiigeno, %:
C45.66,H6.29, P 16.82. C;,H,,FO,P,. Beruncaeno, %:
C45.51,H6.17,P 16.75.

P, P’-buc(MeTu16yTHI0BBIH) 3dup (a-peHus)
(a-pTop)MeTHIeH-6UCHPOCHPOHOBOIM KHUCJIOTHI 5
nosydeH u3 0,88 r (3,36 mmouib) Ph,P B 15 Ma TI'Q,
0,68 r (3,36 mmouib) DIAD, 0,25 r (3,36 MMoJ1b) H-0Y-
Tanosa, 0,5 r (1,68 Mmosb) 3 B 15 mu TI'®. Macsio
6saeHO-)enToro 1BeTa. Beixos - 0,30 r (44%). Ouu-
IeH XpoMaTorpapruyiecKu C UCI0JIb30BaHUEM CMe-
CU 3THJIaLeTaT/rekcaHa (4:1) B kauecTBe 3J/II0EHTA.
R;=0.54 (atunayerart/rekcay, 4:1). UK-cnextp, KBr,
cmt: 1017 (P=0). Cnextp AMP 'H (CDCl,, 8, m.1.):
0.76 m (3H, CH,), 0.85 m (3H, CH,), 1.16 m (2H, CH,),
1.30 m (2H, CH,), 1.37 m (2H, CH,), 1.58 m (2H, CH,),
3.59 m (3H, OCH,), 3.83 M (3H, OCH,), 3.95-4.19 m
(4H, OCH,), 7.27-7.65 m (5H, H,,,,). Cnektp SIMP *'P
(rekcan, 6, m.a.): 12.00 g (*/,=68.5 T'y). Cnextp AMP
F (rekcaH, 8, M.21.): -190.60 m. Cnextp IMP *C (CDCI,,

6, m.1.): 13.20 c (CH,), 13.28 ¢ (CH,;), 18.14 c (CH,),
18.16 c (CH,), 18.27 c (CH,), 18.29 c (CH,), 32.00 m
(CH,), 32.23 m (CH,), 54.64 m (OCH,), 68.10 m (OCH,),
95.50 m (CF), 124.82 11 (}Jp=4.4 Ty, */=10.6 Ty,
Copor)» 127.93 M (C,,,,), 128.30 M (C,,,,), 132.00 M
(J=18.2 Ty, C,,,,). MS: m/z (%): 411.2 (100) [M*].
Haupgeno, %: C 49.76, H 7.12, P 15.10. C;,H,,FOP,.
Beruuciaeno, %: C49.87,H 7.01, P 14.79.
TpumeTtu (2-{1-[4-[(4-MeTHAPenna)CyTBDO-
HUWJI]-5-(nenradpropoatua)2-H-1,2,3-Tpuaso-
2-wia]atokcu}atuia)|[penuna(a-prop)MeTnsieH]
oucdocponar 7 noayyen us 0,49 r (1,87 mmouib)
Ph,P B 10 M1 TT®, 0,32 r (1,87 mmoub) DIAD, 0,80 r
(1,87 mmosib) 6a B 5 a1 TT'®, 0,58 r (1,87 MMosb) 2
B 5 Ms1 TT'®. Macso 6J1eHO-KEATOTO 11BETA. BhIXO,
- 0,36 T (27%). OuynieH XxpoMaTorpaduIeCKH C UC-
[10/1b30BAaHUEM TNOCTE[0BATENBHOTO I'PAJUEHTHOTO
3JIIOMPOBAHUS CMECSIMU 3TUaNeTaT/rekcad (1:9 =>
1:1 => yucThid aTunaneTaT). R, = 0.55 (3Trnanerar).
[IpoaykT comepxxan npuMecb Ph,P=0, koTopyto oT-
JeJUIU XpoMaTorpadupoBaHUeM OCHOBHOU dpak-
I[MH 0CJIe TEPBOW KOJIOHKU CMeChlo 3TUaleTatT/
xsiopodopM (3:2). R; = 0.26 (aTunanerar/xopodopy,
3:2). UK-cniekTp, KBr, cmt: 1027 (P=0). Cnextp AMP
'H (CDCl,, §, m.1.): 1.76 M (3H, CH,), 2.45 c (3H, CH,-
Copon)s 3-38-4.38 m (4H, OCH,), 3.65 M (3H, OCH,),
3.89 m (6H, OCH,), 5.66-5.91 m (1H, OCHN), 7.36-
7.94 m (9H, H,,,,). Cnextp AMP *'P (CH,Cl,, 6, m.1.):
12.30 am (¥,=67.1 I'y). Cnexktp AMP °F (CH,CL,, §,
M.A4.): -191.70 m (CF), -108.63 ¢ (2F, CF,), -83.60 c
(3F, CF,). CnexTtp AMP 3C (CDCl,, §, m.a.): 20.10 ¢
(CH;-C,,,,), 20.17 ¢ (CH;-C,,,,), 20.20 ¢ (CH;-C,,,,),
21.67 ¢ (CH,), 55.05 m (OCH,), 66.47 m (OCH,), 66.56
I (4p=7.6 Ty, OCH,), 68.43 1 (*J,=7.6 'y, OCH,),
68.71 m (OCH,), 68.86 1 (¥J,=7.6 'y, OCH,), 92.27 ¢
(CH),92.43 ¢ (CH), 92.58 ¢ (CH), 92.64 c (CH), 95.60
M (Yp=154.7 I'y, Y:=193.9 I'y, CF), 109.36 TKB (¥ =
39.9Ty, Y=254.6 'y, CF,), 118.24 kBT (¥ =36.1 L,
Y=286.9 'y, CF,), 125.00 ta (}/;=5.6 I'y, 3] -=10.4 I'y,
Cpon)» 128.35 ¢ (C,,,), 128.70 ¢ (C,,,,), 128.82 ¢ (C,,,)s
130.10 ¢ (C,,,,), 131.68 am (¥J=18.2 'y, C,,,,), 135.65
T (J=31.9 Iy, C,), 136.27 ¢ (C,,), 146.00 ¢ (C,,,,),
148.93 ¢ (C,,,,)- MS: m/z (%): 762 (100) [M+K].
AumeTtn 6uc(2-{1-[4-[(4-MeTU/1dPeHUT)Cy/b-
¢onma]-5-(nenradproposrun)-2-H-1,2,3-Tpu-
a30J1-2-ui|3Tokcu}atua)|penus(a-prop)meru-
neH|6ucdocdonart 8a nosnyyen us 0,77 r (2,94 MMouib)
Ph,P B 25 M1 TT'®, 0,54 r (2,94 mmoab) DIAD, 1,26 T
(2,94 mmouip) 6a B 5 ma1 TT'®, 0,44 r (1,48 mmosib) 3
B 10 ms1 TT'®. MacJio 6J1e{HO-KeJTOr0 IiBeTa. BbIxo
- 0,41 r (25%). OunieH xpomaTorpapuyecku c uc-
[10J1Ib30BaHMEM I10C/I€/[0BATENbHOI0 IPAIUEHTHOTO
3JIIOMPOBAHUS CMECSIMU 3TUaneTaT/rekcad (1:9 =>
1:1 => yucTblii aTUNaLeTaT), R, = 0.12 (3Tnnanerar/
rekcat, 1:1). [IpoaykT copepxas npumechb Ph,P=0,
KOTOPYIO OTJeJTU/IN XpoMaTorpadprupoBaHUEM OCHOB-
HOH ppaki MU nocJjie NepBor KOJIOHKU CMeChIo TU-
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aTu10BbIN 3dup/aneTtoH (1:1). R, = 0.82 (gusTtuio-
BbIl 3adup/aneroH, 1:1). UK-cnektp, KBr,cm™: 1031
(P=0). CnexTp AMP 'H (CDCL, §, m.z.): 1.75 m (6H,
CH,), 2.44 c (6H, CH,-C ), 3.36-4.40 m (8H, OCH,),
3.64 M (3H, OCH,), 3.86 m (3H, OCH,), 5.70 m (1H,
OCHN), 5.85 m (1H, OCHN), 7.35-7.92 m (13H, H,,,,,,)-
Cnextp AMP3'P (CH,Cl,, 6, m.1.): 11.80 1 (¥,;=67.2 T'n1).
Cnextp AAMP F (CDCL,, 6, m.z.): -192.10 M (1F, CF),
-109.30 c (4F, CF,),-84.10 c (6F, CF,). Cnextp AMP 3C
(CDCl,, 8, m.z1.): 20.14 ¢ (CH,-C, ), 20.21 ¢ (CH;-C,,,,),
20.25 ¢ (CH;-C,,,,), 21.71 ¢ (CH,), 55.10 m (OCH,),
66.60 M (OCH,), 68.46 11 (¥,=7.6 'y, OCH,), 68.76 M
(OCH,), 68.92 11 (¥J,=7.6 'y, OCH,), 92.31 c (CH), 92.48
c(CH),92.62 c(CH),92.68 c (CH),95.50 M (Y,=156.4 Ty,
YJw=195.1Tn, CF),109.37 TkB (¥J=39.7 'y, Y =254.6 'y,
CF,), 118.28 kBT (¥/=36.0 I'y, J,=285.6 'y, CF,), 125.03
M (C,pon)s 128.43 ¢ (C,,0), 128.72 ¢ (C,,,,), 128.93 ¢
(Copon): 130.12 ¢ (C,,,,.), 131.65 am (=182 T, C,.,,),
135.68 T (¥J=31.9I'y, CF,-C. ), 136.26 c (C..,), 146.00
€ (C,pon) 149.00 ¢ (C,,,,)- MS: m/z (%): 1159 (100)
[M+K].

AumeTtna 6uc(2-{1-[4-[(4-meTH1PpeHNT)CY/Ib-
¢oumal-5-(renradptoponponui)-2-H-1,2,3-Tpu-
a3oJi-2-wi|aTokcu}atia)[penna(a-prop)mern-
JaeH]6ucdocdonar 8b nosyyen uz 0,29 r (1,10 MmoJb)
Ph,P B 8 ma1 TT'®, 0,18 r (1,10 mmouab) DIAD, 0,51 r
(1,10 mmosb) 6b B 3 M1 TT'®, 0,16 T (0,54 MMoJIb)
3 B 4 ma TI'®. Macso »esnToBaToro 1peTta. Beixos -
0,20 r (30%). OuniieH xpoMaTorpadpuIeCcKH C UCTIOb-
30BaHUEM I0CJIE/[0BATENBHOI0 IPAJJMEHTHOrO 3JIOH-
POBaHMS CMeCsIMU aTuJaleTaT/rekcad (1:9 => 1:1 =>
YUCTBIM 3TUNAaLeTaT), R = 0.12 (aTunaleTaT/reKkcas,
1:1). UK-cnekTtp, KBr, cm™: 1029 (P=0). Cniektp AMP
'H (CDCl,, §, m.x.): 1.75 M (6H, CH,), 2.44 c (6H, CH,-
C.pon)s 3.35-4.36 M (8H, OCH,), 3.64 m (3H, OCH,),
3.86 M (3H, OCH,), 5.71 m (1H, OCHN), 5.86 m (1H,
OCHN), 7.34-7.91 m (13H, H,,,,). Cnextp AMP *'P
(CH,CL,, §, m.1.): 11.80 1 (¥/,;=68.6 I'n). CnekTp SAMP
F (CH,CL,, §,m.1.): -192.60 M (1F, CF),-125.60 c (4F,
CF,), -106.70 m (4F, CF,), -80.50 c (6F, CF,). CnekTp
AMP C (CDCl,, 6, m.a.): 20.24 ¢ (CH;-C,,,,), 20.31 c
(CH;-C,,,,), 20.35 ¢ (CH,-C, ), 21.80 ¢ (CH,;), 55.13
M (OCH,), 66.60 m (OCH,), 68.50 m (OCH,), 68.80 m
(OCH,), 68.94 m (OCH,), 92.39 c (CH), 92.56 c (CH),
92.71 ¢ (CH), 92.77 c (CH), 95.65 ™ (}J,=155.1 'y,
YJ=195.2 'y, CF), 105.80-122.10 m (C,F,), 125.11
M (C,pon)s 128.49 ¢ (C,,,), 128.84 ¢ (C,,,,), 129.00 c
(Copon)» 130.14 ¢ (C,,,,,), 131.81 ;am (=182 I'y, C,,,,),
135.72 T (¥ 4=31.5Tn, CF,-C,,,), 136.47 c (C.,,), 146.00
C (Copon)s 149.30 ¢ (C,,,,,)- MS: m/z (%): 1259 (100)
[M+K].

Tpumetu (2-(2',3"-0-usonponwiugeH-£-D-puéo-
dypano3wi)-4-(n-TomuncynbPonus)-5-(neuradpro-
poatui)-2H-1,2,3-rpuaso)|(a-penuns)(a-prop)
MeTuwieH]|6ucpocponat 10 nosyyen us 0,24 r (0,88
MMoJib) Ph,P B 6 Ma TT'®, 0,16 r (0,88 Mmonb) DIAD,
0,46 (0,88 MM0os1b) 9 B3 M TI'D, 0,28 r (0,88 MMoIb)
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2 B 3 Ma1 TI'®. OuuiieH xpomaTorpapruiecku ¢ uc-
M0JIb30BaHUEM OC/IE/IOBATENBLHOTO I'PAIUEHTHOTO
3JIIOMPOBAHUS CMECSIMU TUALeTaT/rekcaH (1:1 =>
yucTbId 3TUaneTar). R;= 0.08 (aTunanerar/rekcas,
1:1). IpoaykT copepxan npuMech Ph,P=0, koTopyto
OT/leJINJIM XpoMaTorpadprpoBaHHEeM OCHOBHOW ppak-
I[1H [T0CJIe IEPBOU KOJIOHKH C UCII0JIb30BAHUEM CMeE-
CY IUA3TUJIOBBIN adup/aneToH (4:1) B KauecTBe 3J110-
eHTa. [IpoayKT BbIAesieTCsa 3-Ms1 OT/IeJIbHbIMU ppaK-
nusamu. 06uui Beixos — 0,16 T (22%).

I dpaknus. Macsio 6/1e1HO->)KeTOro 1[BeTa. Bbi-
xoz - 0,04 r (6%). R;=0.73 (zuatuioBblii 3dpup/ane-
TOH, 4:1). Ciextp AMP 'H (CDCl,, §, Mm.1.): 1.36 ¢ (3H,
CH,), 1.55 ¢ (3H, CH,), 2.45 ¢ (3H, CH;-C,,,,), 3.54 1
(%J;p=10.2 'y, 3H, OCH,), 3.64 1 (}/,;y=10.1 'y, 3H, OCH,),
3.86 1 (}/,p=10.1 I'u, 3H, OCH,), 4.12 m (2H, OCH,),
4.59 ™ (1H, OCH), 4.90 1 (*/,;,;=5.6 T'y, 1H, OCH), 5.19
(}Jyy=5.6 T, 1H, OCH), 6.27 ¢ (1H, OCHN), 7.35-7.96 M
(9H, H,,,,). Cnextp AMP *'P (CDCl,, §, m.z1.): 12.00
(¥,=69.8 I'n). Cnextp AMP *F (CDCL,, 6, m.1.): -192.24 T
(¥p=69.8 T, CF),-109.44 c (2F, CF,),-84.06 c (3F, CF,).

II ppakus. Macsio 6JieiHO-KeJITOTrO 1[BETA. BbI-
xo - 0,081 (11%). R;= 0.65 (zuatusioBblii adup/aLe-
ToH, 4:1). Ciextp AMP 'H (CDCl,, §, m.z1.): 1.35 ¢ (3H,
CH,), 1.54 ¢ (3H, CH,), 2.43 ¢ (3H, CH;-C,,,,), 3.51 1
(%]Jp=10.3 T, 3H, OCH,), 3.65 1 (}/,;,p=10.3 'y, 3H, OCH,),
3.85 1 (}/,y=10.5 I'u, 3H, OCH,), 4.25 m (2H, OCH,),
4.60 ™ (1H, OCH), 4.98 1 (*/,;,=5.7 T'y, 1H, OCH), 5.16
(}Jyu=5.7Tn, 1H, OCH), 6.22 ¢ (1H, OCHN), 7.32-7.91 ™M
(9H, H,,,,,,). Cnextp AAMP *'P (CDCl;, §, m.1.): 11.91 m.
Cnextp SIMP F (CDCl,, §, Mm.1.): -192.24 T (¥/,,=69.2 'Ly,
CF),-109.29 c (2F, CF,), -84.00 c (3F, CF,). CnexTtp AAMP
C (CDCly, 8, m.1.): 21.80 ¢ (CH;-C,,,,,), 25.30 ¢ (CH),
26.88 c (CH,), 55.19 m (OCH,), 66.84 1 (*/,=6.4 I'y,
OCH,), 81.83 c (CH), 84.83 c (CH), 87.35 c(CH),87.42 ¢
(CH),95.81 ™M (Y,=152.9 I'y, YJ;=193.0 I'y, CF), 99.03
c (CH), 109.31 kB (¥ =40.2 I'y, YJ=254.0 I'y, CF,),
114.48 c (OCN), 118.31 kBT (¥=36.1 'y, YJ;,=286.9 I'yy,
CF,), 125.08 T (*J»=4.5 'y, *Jx=10.9 'y, C,,,,,.), 128.47
¢ (Copon)» 128.93 ¢ (C,,,), 130.25 ¢ (C,,,,), 131.71 M
(J5=182Tn,C,,,,), 136.14 c(C,,), 136.34 T (}=33.2 'y,
CF,-C,.,), 146.17 ¢ (C,,.\), 149.78 ¢ (C,,.)-

III ppakuusa. Macsio 6/1eHO-KeJITOTrO 1iBeTa. Bbi-
xon - 0,041 (6%). R;=0.58 (guatuioBeiii adup/ane-
ToH, 4:1). Ciextp AMP 'H (CDCl,, §, m.1.): 1.30 c (3H,
CH,), 1.51 ¢ (3H, CH,), 2.45 ¢ (3H, CH;-C,,,,), 3.65 M
(3H, OCH,), 3.87 m (6H, OCH,), 4.05 m (2H, OCH,),
4.39 M (1H, OCH), 4.58 1 (*/,;;,=5.3 Ty, 1H, OCH), 4.98
(}Jyu=5.5Tn, 1H, OCH), 6.16 c (1H, OCHN), 7.35-7.94 m
(94, H,,,,). Cnextp AMP *'P (CDCl,, §, m.z1.): 12.04 1
(¥,¢=69.4 I'n). Cnextp AMP *F (CDCL, §, Mm.11.): -192.24 T
(¥p=69.4 Ty, CF),-109.37 ¢ (2F, CF,),-84.04 c (3F, CF,).

AumeTtni 6uc([2-(2°,3"-0-u3onponuimaeH-3-
D-pu6odypanosuna)-4-(n-roaunacyabPoHu)-5-
(nentadTopoatuin)-2H-1,2,3-tpuason])[(a-de-
HuiI)(a-¢prop)metuinen|orcpocdonar 11 nonyyeH
u3 0,79 r (3,01 mmoab) Ph,P B 24 mn TI'®, 0,52
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(3,01 mmouis) DIAD, 1,53 r (3,01 MmMosib) 9 B 9 Ma1
Tr'®, 0,45 r (1,51 mmosb) 3 B 12 M TT'D. OuuineH
XpoMaTorpaduyecKkH ¢ UCI0JIb30BaHHUEM MOCTIE/0-
BaTEeJbHOI'0 IPaIMEHTHOTO 3JIIOUPOBAHUS CMECAMHU
atuanerar/rekcat (1:9 => 1:1) npoayKT BblJeJs-
eTcs 3-Mf OTAeJbHBIMU PpakuuaAMU. OGN BbI-
xoz, - 27%.

I dpakuus. beciiBeTHOe TBEp/I0€e BellleCTBO. Bbl-
xon - 0,04 r (2%). T. ma1. - 75°C. R, = 0.62 (atunane-
taTt/rekcaH, 1:1). UK-cniekTp, KBr, cm: 1027 (P=0).
CnexTtp AMP 'H (CDCL,, §, m.1.): 1.31 c (3H, CH,),
1.34 ¢ (3H, CH,), 1.50 c (3H, CH,), 1.54 c (3H, CH,),
2.44 c (6H, CH;-C,,,,), 3.56 M (3H, OCH,), 3.77 m (3H,
OCH,), 3.88 m (2H, OCH,), 4.14 m (2H, OCH,), 4.34 M
(1H, OCH), 4.56 m (1H, OCH), 4.65 1 (3/,;,;=5.6 T'y, 1H,
OCH),4.85 1 (*/,4=5.6 T'y, 1H, OCH), 5.07 1, (}/,,,=5.6 ',
1H, OCH), 5.17 n (%J,,=5.6 I'y, 1H, OCH), 6.20 c (1H,
OCHN), 6.25 ¢ (1H, OCHN), 7.35-7.94 ™ (13H, H,,,,)-
Cnextp SIMP 3'P (CH,Cl,, 6, m.z1.): 12.00 1 (¥,;=68.6 I'nr).
Cnextp AMP ¥F (CH,CL, §,m.1.): -191.61 T (¥,=68.6 'y,
CF), -108.77 c (2F, CF,), -108.71 c (2F, CF,), -83.50 ¢
(6F, CF;). Cnextp AMP 3C (CDCl,, §, m.z.): 21.80 c
(CH;-C,,,,), 25.23 ¢ (CH;), 25.26 ¢ (CH;), 26.82 ¢ (CH,),
55.05 1 (¥J=5.7 I'y, OCH,), 55.18 1 (¥»=5.6 'y, OCH,),
66.64 11 (*,=5.6 I'y, OCH,), 66.80 1 (¥=5.3 'y, OCH,),
81.45 ¢ (CH), 81.70 c (CH), 84.67 c (CH), 84.77 c (CH),
87.50 c (CH), 87.55 c (CH), 87.61 c (CH), 87.66 c (CH),
95.52 ™ (Y,=156.9 'y, Y ,=194.6 I'y, CF), 98.60 c (CH),
98.81 c (CH), 109.31 TkB (¥J=40.7 'y, }J.=254.9 I'y,
CF,),114.46 ¢ (0C0), 114.48 ¢ (0CO), 118.40 kBT (¥ =
35.7 I'y, YJx=286.6 'y, CF,), 125.10 T4 (*/,,=4.4 I'L,
*J=10.9 Ty, C,,.,), 128.50 ™ (C,,,,,), 128.96 ¢ (C,,,.)
129.00 ¢ (C,,,,), 130.20 ¢ (C,,,,), 131.73 oM (¥ =18.2 'y,
Copon)» 136.19 ¢ (C,,.,), 136.44 1 (*];=32.8 'y, CF,-C..),
146.10 c (C,,,,), 149.86 c (C,,,,)- MS: m/z (%): 1327
(100) [M+K].

II ppakuus. BeciieTHOE TBEPAOE BellleCTBO. BhI-
xon - 0,241 (13%). T. . - 78°C. R;= 0.54 (atunane-
taT/rekcas, 1:1). UK-cnektp, KBr, cm™: 1033 (P=0).
Cnektp AMP 'H (CDCl,, §, m.x.): 1.34 c (6H, CH,), 1.54
¢ (6H, CH,), 2.43 ¢ (6H, CH;-C,,,,), 3.55 M (6H, OCH,),
422 m (4H, OCH,), 4.58 M (2H, OCH), 4.86 1 (*],;4,=5.7 'y,
1H, OCH), 4.92 1 (*/,;=5.6 T', 1H, OCH), 5.12 1 (3=
5.6 I'y, 1H, OCH), 5.16 x (3/,,=5.6 'y, 1H, OCH), 6.23
c (1H, OCHN), 6.25 ¢ (1H, OCHN), 7.34-7.94 m (13H,
H,,,)- Cnextp AMP *'P (CH,Cl,, §, m.11.): 11.50 1 (¥/p=
69.4 I'y). Cnextp AMP °F (CH,Cl,, §, m.1.): -191.44 T
(¥:p=69.4 'y, CF), -108.80 c (2F, CF,), -108.71 c (2F,
CF,),-83.53 c (6F, CF;). CnexTp AMP 3C (CDCl,, §, Mm.11.):
21.77 ¢ (CH;-C,,,,,,), 25.21 ¢ (CH;), 25.25 ¢ (CH,), 26.80
¢ (CH,), 26.85 ¢ (CH,), 55.13 1 (*),=6.5 'y, OCH,), 55.36
I (*J,=6.5T'y, OCH,), 66.64 1 (¥ »=6.8 ', OCH,), 66.87
I (Y=6.8T1, OCH,), 81.70 c (CH), 81.75 c (CH), 84.76
c (CH), 84.80 c (CH), 87.34 c (CH), 87.40 c (CH), 87.58
c (CH), 87.63 ¢ (CH), 95.58 ™M (Y =154.7 T, .=
193.7 I'y, CF), 98.76 ¢ (CH), 98.95 ¢ (CH), 109.30 TkB
(¥=39.8Tn, Y=254.3 'y, CF,), 114.44 ¢ (0CO), 114.50

pom

c (0€0), 118.30 kBT (¥J=36.4 I'y, YJ=287.1 I'y, CF,),
125.05 Tz (¥}/p=4.4 T, *] =109 I'y, C,,,,), 128.43 ¢
(Copo)» 12892 ¢ (C,,,,), 129.98 ¢ (C,,,,.), 130.17 ¢ (C,,,,,.);
130.24 ¢ (C,,,,), 131.57 am (¥J=18.6 I'y, C,,,,), 136.09
c(C.) 136.16¢c(C.), 13632 T (¥,4=33.2Ty, CF,-C..),
13641 T (¥4=33.2 I'y, CF,-C,,), 146.10 c (C,,,,), 146.20
¢ (Cpon)r 149.77 ¢ (C,,,,), 149.83 ¢ (C,,,.,)- UK-ciexTp, KBrr,
cvt: 1033 (P=0). MS: m/z (%): 1327 (100) [M+K].

III ppaxums. becriBeTHOE TBEP/0€ BellleCTBO. Bbl-
xon - 0,281 (15%). T. . - 68°C. R;= 0.39 (atunane-
taTt/rekcaH, 1:1). UK-cnektp, KBr, cm: 1035 (P=0).
CnexTtp AMP 'H (CDCL,, §, m.a.): 1.30 c (3H, CH,),
1.35 ¢ (3H, CH,), 1.51 c (3H, CH,), 1.54 c (3H, CH,),
2.44 c (6H, CH;-C,,,,), 3.54 M (3H, OCH,), 3.85 ™ (3H,
OCH,), 4.09 m (2H, OCH,), 4.24 m (2H, OCH,), 4.39 m
(1H, OCH), 4.61 m (2H, OCH), 4.98 m (2H, OCH), 5.15
I (]Jy4=5.7 'y, 1H, OCH), 6.17 c (1H, OCHN), 6.22 ¢
(1H, OCHN), 7.36-7.93 m (13H, H,,,,). Cnektp AMP
31p (CH,Cl,, §, m.n.): 11.50 1 (¥,:=67.8 I'y). CnexTp
AMP ¥F (CH,Cl,, §, m.1.): -191.57 T (¥,,=67.8 'y, CF),
-108.72 c (4F, CF,), -83.53 c (6F, CF;). Cnextp AMP
BC (CDCl, 8, m.1.): 21.72 ¢ (CH;-C,,,,,), 25.16 ¢ (CH,),
26.77 c (CHy), 55.27 1 (¥J=6.1 'y, OCH,), 55.31 g
(¥p=6.3T1, OCH,), 66.45 1 (}J,=6.3 'y, OCH,), 66.84
I (% p=6.4T1, OCH,), 81.52 ¢ (CH), 81.70 c (CH), 84.60
c (CH), 84.75 c (CH), 86.91 c (CH), 87.00 c (CH), 87.23
c (CH), 87.30 c (CH), 95.60 m (Y =154.6 T, Y=
195.1 I'y, CF), 98.68 ¢ (CH), 99.00 ¢ (CH), 109.23 TkB
(¥=40.2 T, Y ,=254.0 T'y, CF,), 114.40 ¢ (0CO), 114.48
¢ (0€0),118.23 kBT (¥J=36.1 T'y, YJ,=286.9 I'y, CF,),
125.00 Tz (%Jp=4.5 Ty, 3 ;=10.7 I'y, C,,,,), 128.45 ¢
(Copor)» 12890 ¢ (C,,,,), 129.00 ¢ (C,,,,), 130.20 ¢ (C,,,),
13145 am (¥=18.2Ty, C,,,,), 136.00 ¢ (C,.,), 136.19 T
(¥4=329Tn, CF,-C.,),136.27 T (J=32.9 I'y, CF,-C..),
146.17 ¢ (C,,,,,), 146.18 ¢ (C,,,,,.), 149.66 ¢ (C,,,,), 149.71
¢ (C,pon)- UK-cextp, KBr, cM™: 1035 (P=0). MS: m/z
(%): 1327 (100) [M+K].

Buc([2-(2°,3 -ruapokcu-B-D-puéodpypano-
3u)-4-(n-toauacyab@Ponuna)-5-(nenradpropo-
atua)-2H-1,2,3-rpuason])[pennn(a-prop)me-
TuIeH]|pocPoHoBasa kucaora 12. B kosbe llneH-
Ka B aTMocdepe cyxoro aproHa pacropstor 0,17 r
(0,13 mmouib) Hyksaeotuga 11 B 3 ma cyxoro CH,CL,.
[Ipy kOMHaTHOM TeMNepaType npukanbiBatoT 0,34 r
(2,22 mMouib, u36bITOK) Me,SiBr 1 nepememinBaoT
v TedeHud 10 4. K nosyyeHHOUM peakliIMOHHOH cMe-
cu npu6baBJsaoT 10 MJI MeTaHOJIa U TTepEMEIIMBAIOT
1 4 npy KOMHaTHOU TeMInepaType. PeakinoHHy0
CMeCh YIapuBaloT B BaKyyMe, CbIpOH NPOAYKT OUU-
matT ¢Jeni-xpomMatorpadreid Ha KOJIOHKE C CUJIH-
KareJyieM C UCI0JIb30BaHHEM I10CJ/Ie/10BATENbHO XJI0-
podopma 1 MeTaHOJIa B Ka4eCTBe 3JIIDEHTOB. TBep-
JbId OCTAaTOK PacTBOPSIIOT B MUHUMaJIbHOM 00 bEMe
MEeTaHO0JIa U BbICAXKUBAIOT NPOAYKT J06aBJIeHUEM
HECKOJIbKUX KaleJb BoJbl. Ba3dkoe Macso. Beixog
- 0,081 (50%). Cnextp AMP 'H (DMSO-d,, 6, m.1.):
2.39 ¢ (6H, CH,-C,,,), 3.60-4.27 m yu (12H, CH, CH,,
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OH), 5.71 ¢ (1H, OCHN), 5.90 ¢ (1H, OCHN), 7.08 ¢
ym (OH), 7.53-7.88 m (13H, H,,,,). CnexTp SIMP *'P
(CH,0H, 6, m.1.): 8.54 M (¥,;=67.0 I'n). Cnextp SAMP
19F (CH,OH, 8, M.z1.): -185.20 M (1F, CF), -108.69 ¢ (4F,
CF,), -83.59 c (6F, CF,). Cnextp SAMP 3C (DMSO-d®,
8, 1) 21.18 ¢ (CH,-C,,,.), 66.36 M (OCH,), 70.51c
(CH), 74.42 ¢ (CH), 85.03 M (CH), 97.72 ¢ (CH), 95.60
M (Yp=154.6 Ty, J,=195.1 'y, CF), 108.99 TKB (Y =
252.0 'y, ?J,=40.0 I'y, CF,), 117.85 kBT (J,=287.9 I'y,
2] =34.9 1y, CF,), 126.52 ¢ (), 127.07 ¢ (Copon)s
12823 ¢ (C, ), 12938 ¢ (C, ), 13041 ¢ (C,,,,,), 13415
T (J4=36.0 T, C,.-CF,), 135.30 ¢ (C.,.-SO,), 146.28

(C,pon)> 148.26 ¢ (C,

BbiBOAbI

pOM)'

1. [lokazaHa BO3MOXXHOCTb IPUMEHEHUS TPUMe-
THUJIOBOT'O U CHMMETPHUYHOTO JUMETUI0BOro 3dpu-

JlutepaTtypa

poB (a-denmn)(a-¢pTop)meTunen6rMchochoOHOBOM KUC-
JIOTBI B Ka4eCTBE UCXO/IHbIX COeIUHEHUHN MJIsl CUH-
Te3a CMeIlllaHHbIX 3QUPOB B YCIOBUSAX peakuu Mu-
LyHOGY.

2.Pa3paboTaH MeTo/i CHHTEe3a epPBbIX IIPE/CTa-
BUTeJIEH aHAJIOTOB HYKJIEOTH/IOB Ha OCHOBe (a-de-
Hu) (a-dpTop)MeTUIeHOUCPOCHOHOBOM KHUCIOTHI, CO-
JlepKalyx MPOU3BO/JIHbIE 4-T0O3WJI-5-oudTopa-
KuJ-1,2,3-TpUazo/10B € alMKJIUYECKUMU U YIJIEBO/ -
HBIMU 3aMECTUTEJISIMHU B KaueCTBE CJI0’KHO3DHUPHBIX
OCTAaTKOB.

3. O6Hapy»keHa BbICOKAs CIIOCOGHOCTb AUMETH
6uc([2-(2°,3"-0-uzonponunuieH-S-D-pubodypaHo-
3u1)-4-(n-TonuacyabpoHu)-5-(meHTadpTopoaTHI)-
2H-1,2,3-tpuazou])[(a-benun)(a-drop)MeTnneH]|
6ucdocdonara 11 HrHOGHMPOBATH PENPOAYKLIMIO BU-
pyca dnuTteiiHa-bappa.
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EH3UMATHUYHE PO3AIVIEHHA 2-ITUKJ/IOAJIKIJIETAHOJIIB

0.B.Kyuep, A.0.KosnogsixkHa, 0.6.Cmouin

[HCcTUTYT GioopraniuHoi xiMmii Ta HadpToximii HAH Ykpainu
02660, M. KuiB, Bys1. MypMaHchbKa, 1. E-mail: smolii@bpci.kiev.ua

Karouosi croea: 2-yukaoaakiiemaHos; eH3UMamuyvHull kamasnis; eHaHmioceaekmueHicms; Burkholderia

Cepacia Lipase; Candida Antarctica Lipase B

KiHemuyHe eH3uMamuy4He po30iNeHHs € 3pyYHUM Cy4YacHUM MemoOOM OMpPUMaHHSI ONMUYHO YUCMUX CrIOyK.
Hamu 6yno docnidxeHo nosediHKy 2-yuknonponin- ma 2-yuknobymunmemurikapbiHorie 8 ymosax peakuil 6io-
Kamanimu4yHoeo ayustosaHHs. 30ilicHeHO nopieHsIbHUU aHasia eghbekmusHocmi eH3umie Burkholderia Cepacia
Lipase (BCL) ma Candida Antarctica Lipase B (CAL-B) npu ayuntogaHHi 8 npucymHocmi eiHinauemamy ma 2io-
ponisi 3 6ychepHUM pozduHom. KoHmporb nepebiey peakyil 30ilicHio8ascs winsixom aHanidy 'H-AMP cnekmpig
peakuyitiHoi cymiwi. BcrnaHoerneHo, ujo rpu KoHeepcii, ika cmaHosums 50%, cenekmugHicmb ayutogaHHs1 060x
2-yukrnoarkinemaxorie y npucymHocmi eH3umy BCL € Hegucokoro i 3pocmae npu 36inbUWeHHI YUKy, Wo € Ha-
CMiOKOM He3Ha4yHOI pi3HuUUi 8 po3mipi ankinbHUX 3amicHukie 6ins xipanbHo2o amoma KapboHy. 3a donomozoro
biokamaniay Hamu 6ynu ompumani (2-4uKknonponin)- ma 2-4uknobymumnemaHosnu 8 ormu4Ho Yucmomy (ee = 95%)
suensdi. LLnaxom nopieHsIHHS ompuMaHux 0aHux 3 slimepamypHUMU 8CMaHOB/IeHO, WO peakuil ayunoeaHHs
ma OeauyustogaHHs nepebicarompb 32i0HO 3 ripasusiom Kasnayckaca, sike nocmyrioe ayuno8aHHs NepegaxHo
(R)-eHaHmiomepa criupmy i, 8idrnosidHo, deayumntosaHHs (R)-auemamy. [Jnsi eug4eHHsI nepcriekmus 3acmocy-
8aHHS1 OmpuMaHux criosnyk beanocepedHbo sk 6indiHe-6mokig 6yno 30ilCHeHO eHaHmMIioceneKmueHUl CUHMe3
(2-yuknobymun)emunamiHie (S)- ma (R)-koHiaypauil 3 sukopucmaHHam peakyii MiyyHoby 3 asudo8odHe8or
Kucnomoro Ha Krro4osit cmadii. OnmuyHy Yucmomy ompumMaHux criofyk 6yro 8U3Ha4YeHo WIISIXOM aHarsidy
crnekmpig "°F-5IMP ix noxiOHuUx, ymeopeHux y pesynbmami 83aemodii 3 xriopaHziopudom kucriomu Mowepa.

ENZYMATIC RESOLUTION OF 2-CYCLOALKYLETHANOLS
O.V.Kucher, A.O.Kolodiazhna, O.B.Smolii

Key words: 2-cycloalkylethanol; enzymatic catalysis; enantioselectivity; Burkholderia Cepacia Lipase; Candida

Antarctica Lipase B

Kinetic enzymatic resolution is a convenient modern method for obtaining optically pure compounds. The behav-
iour of 2-cyclopropyl- and 2-cyclobutyl methylcarbinols under conditions of the biocatalytic acylation reaction has
been investigated. The comparative analysis of efficiency of enzymes of Burkholderia Cepacia Lipase (BCL) and
Candida Antarctica Lipase B (CAL-B) in the reactions of acylation in the presence of vinyl acetate and hydrolysis
in the buffer solution has been carried out. The progress of the reaction was monitored by 'H-NMR. It has been
found that in 50% conversion the selectivity of enzymatic acylation of both 2-cycloalkylethanols in the presence
of BCL is low and increases with increasing the cycle ring due to the small difference in size between alkyl!
substituents at the chiral carbon atom. By using biocatalysis (2-cyclopropyl) — and 2-cyclobutylethanols in an
optically pure (ee 2 95%) form have been synthesized. The comparison of the results obtained with the literature
data shows that reactions of enzymatic acylation and deacylation proceed in accordance with Kazlauskas rule
stating the predominant acylation of (R)-enantiomer and deacylation of (R)-acetate. To study the possibilities of
application of the compounds obtained as building blocks the enantioselective synthesis of both enantiomers of
(2-cyclobutyl)ethylamine has been conducted using Mitsunobu reaction with hydrazoic acid at the key stage. The
optical purity of the compounds studied has been determined by analyzing the *F-NMR spectra of their deriva-

tives obtained as a result of interaction with Mosher’s acid chloride.

SH3NMATUYECKOE PA3SLEJIEHUE 2-LIUKITOAJIKUIT9TAHOJIOB
A.B.Kyuep, A.O.KonodsixxHas, O.b.Cmonul

Knrodeeble crnoesa: 2-U4ukrioarnkuinamaHorsl; SH3UMamu4Yeckull Kamarnu3a; aHaHmuocenekmusHocms, Burkholderia

Cepacia Lipase; Candida Antarctica Lipase B

Kunemuyeckoe aH3umamuyeckoe pasoerneHue sigrigemcs yOOOHbIM CO8PEeMEHHbIM MemoOOM MOyYeHUs on-
muyecku Yucmabix coeduHeHul. Hamu 6bino uccrnedosaHo nosedeHue 2-Yuknonponusn- u 2-yuknobymunme-
munkapbuHoo8 8 ycrosusix peakyuu buokamanumu4yeckoao ayunuposaHus. OcywecmenéH cpagHUmMerbHbIl
aHanus agpgpekmusHocmu sH3uMos Burkholderia Cepacia Lipase (BCL) u Candida Antarctica Lipase B (CAL-B)
8 ayusnuposaHuUU 8 rpucymcmeuu suHunauyemama u audponuse ¢ bygepHbim pacmeopom. KoHmporss npome-
KaHus peakyuu nposodusicsi nymém aHanusa 1H-SMP crnekmpos peakyuoHHOU cMecu. YcmaHOo8/IeHo, Ymo npu
KoHeepcuu 8 50% cenekmueHoOCMb ayunuposaHusi 060oux 2-YUKI0anKuinamaHono8 8 npucymcmeuu sH3uma
BCL Heebicoka u eospacmaem fpu ysenudeHuU Yukia, Ymo s1ensgemcsi criedcmeueM He3HadumeribHoU pa3Huubl
8 pasmepax ankurnbHbIx 3amecmumerel 803/1e XxuparnbHo20 amoma yernepoda. C nomowbro buokamasnusa Hamu
ObIIU osTyYeHbI (2-UUKonponusI)- U 2-4ukinobymusiamaHosibl 8 ONmMuYecku Yucmom (ee = 95%) sude. ymém
CpaBHEHUSI MOTyYEHHbIX PE3ybmamos ¢ iumepamypHbIMU 0aHHbIMU YCMaHOoBIEHO, YMO peakyuu ayunupo-
8aHus U OeayusnuposaHusi MPoxodsm 8 coomeemcmauu ¢ rnpasusniom Kaanayckaca, nocmynupyowum rnpeumy-
wecmeeHHoe ayurnuposaHue (R)-aHaHmuomepa u, coomeemcmeeHHo, OeayunuposaHue (R)-auemama. Ansa
U3y4YeHusi rnepcrekmue nPUMEeHeHUsI foslyYeHHbIX COeOUHeHUU HernocpedcmeeHHO 8 kadecmeae bunduHz-6510Kk08
6b11 ocyuwecmenéH sHaHmMUOCeneKmueHbIl cuHme3s (2-yuknobymus)amunamuHos (S)- u (R)-koHgueypayul
C ucrnonb3oeaHuem peakuyuu MuuyHoby ¢ a3udoeodopodHoU Kucriomoli Ha Krtodesol cmaduu. OnpedeneHue
onmuyeckol Yucmomal MosTly4YeHHbIX COeOUHEHUU ocyuecmensnu nymém aHanusa crnekmpos "*F-SMP ux ripo-

U3800HbIX, romny4YeHHbIX 8 pe3yribmame e83aumodelicmausi ¢ xnopaHaquuOOM kucnomsl Mowepa.
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CnenndivyHi BJIaCTUBOCTI IMKJIOMPOMAHOBOIO Ta
[IUKJI06YTaHOBOr0 ¢pparMeHTiB TPUBAIUH Yac € Npef-
METOM SIK XiMiYHMX, TaK i 6i0JIOTiYHUX JOCTiPKeHb.
BizioMo, 1110 COJIYKHY, sIKi MiCTATh pparMeHTH MaTuX
LUKJIiB, TPOSIBJISIIOTH Pi3HOIJIAHOBY 6i0JIOTiYHY aK-
THUBHICTb. TaK, IUKJIONPONiIbHUN 3aMiCHUK BXOJUTb
Jl0 CKJIaZly IPUPOJHUX Ta CHHTETUYHUX MiPETPOifiB
[1], anTUGiOTHKIB XiHO/MIHOBOTO psaAAy [2] Ta iHTi6i-
TopiB ricrouaemMetunasu KDM1A [3], piziosoriuna
aKTHUBHICTb IKMX BU3HAYAEThCS a6COTIOTHOIO KOH-
dirypauieto xipanbHoro atoma Kap6oHy B IUKJIiu-
HOMy ¢parmeHTi. Y nipeTpoizis, 30kpeMa, B Led.y-
TpuHYy (R)-i30Mep B COTHI pa3iB akTUBHiu# 3a (§)-
isomep.

B ocTaHHI pOKH 3HA4YHY yBary NpyUBepTAOTh CII0-
JIYKH, B CTPYKTYPi AKUX LUKJI0AJKIIbHUNA GparMeHT
3HAXOAUTbCS 6e3nocepeHbO 61/ XipaJbHOTO LieH-
Tpy. /laHu# iHTepec NoB’sA3aHUH 3 LIMPOKUM CIIEKT-
poM 6i0JIOTiYHHX BJACTUBOCTEMN TaKUX PeUYOBHH. Tak,
onvcaHui pparMeHT 3yCTPivyaeThCs B MOJIEKYJIAX Ce-
JIEKTUBHUX iHTi6iTOpiB JAK-2- Ta JAK-3-THpO3UHKI-
Ha3 [4, 5] (cosiyku A Ta B), aHTaroHicTiB penenTto-
piB CRF-1 [6] (cnosyka C), aroHicTiB onioiHuX pe-
nenTtopis [7] (cnosiyka D), cTpykTypa AKUX MOKa3a-
Ha Ha puc. 1.

2-lluksioankizieTaHo/IM — HAUNPOCTILi MpeJCcTaB-
HUKHU PAAZY CHOJYK 3 IUKJI0AJIKIIbHUM GparMeHToOM
nopyd 3 aCUMeTpUYHUM aToMoM Kap6oHy. Bonu €
CUHTETUYHUMHU eKBiBaJleHTaMH JJ1s1 XipaJbHOT'O CUH-
TOHY (pHC. 2), TPUCYTHICTb IKOTO B MOJIEKYJIi 3yMOB-
JIIOE 6i0J10TiYHY aKTHUBHICTb IIMPOKOTO KoJia peyo-
BUH, BKJIIOYHO 3 BUIlle3rajaHuMu. CaMe 11g o6cTa-
BUHA € NePEKOHJIUBUM apryMEHTOM Ha KOPUCTh He-
006XiAHOCTi pPO3POOGKU CUHTE3Y ONTUYHO aKTUBHUX
U KJI0AJIKIJIMETHUIKApOiHOJIiB.

Ha cporozHiliHii AeHb ONKMCaHO JIMLIe OJUH PU-
KJIa/l, eHaHTiOoCe/JeKTUBHOIO CUHTE3Y 2-LIUKJI00YTH-
JietaHoJsy [8]. B cBoto yepry, BifjoMi MeTOgU OTpPH-
MaHHA 2-IMKJIONpPONiJeTaHOJIiB MOXXHa YMOBHO T10-
JIJINTU HA TpU rpynu: a) ¢pisuko-ximivuHi; b) ximiuni
Ta ¢) 6ioximMivHi. /lo nepioi rpyny HaJIeXKUTb METO/

—
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eHaHTiOMepHOTO 306aradeHHs 3a paXyHOK KpPHUCTa-
Ji3anii paleMidyHoro CIUMpTY 3 ONITUYHO aKTUBHUM
niosiom TADDOL [9]. OCHOBHHMM MiJIX0/IOM JIJISI CUH-
Te3y 2-1UKJIONPONiJeTaHoJIiB € XiMiuHe eHaHTioce-
JIEKTHBHE Bi/IHOBJIEHHsI/OKUCHEHHS BiZITIOBIIHNX Ke-
TOHIB/CNUPTIB Yy MPUCYTHOCTI XipaJIbHUX KaTasli3a-
TopiB [10-12]. [IpoTe, He3BaXkal0Yu HA 3HAYHY KiJib-
KICTb BiANIOBIAHOI JiTepaTypH, BilOMi JiMllle OAUHUY-
Hi BUIa/IKKU OTPUMaHHSA 6aXKaHUX CIOJYK 3 ee > 90%.
OcTanHil BiIoMUI MeTO/] CUHTE3Y IIUKJONpOoMiiMe-
THUJIKApOiHOJIIB — eH3UMaTUYHE BiIHOBJIEHHS KEeTO-
HiB [13, 14]. BukopucTaHHs peiyKTa3 J03BOJISIE JI0-
cartu ee > 95%. B Tol ke yac AJisg 060X OCTaHHIX
MiAXOAIB XapaKTepHUU CyTTEBUU HeJOJIK - iX 3a-
CTOCYBaHHS IPUBOJUTH [0 YTBOPEHHS JIMLIE OJHO-
r'o 3 IBOX MOXKJIMBMX €HaHTiOMePiB. [ AKI1[0 y BUlTaZiKy
KaTa/IiTUYHOIO BiJHOBJIEHHS /11 OTPUMAHHSA iHILIOTO
eHaHTioMepa CUHTe3yBaTH XipaJbHUI KaTaJli3aTop
NPOTUJIEKHOT ONITUYHOI KOHIirypauii, npruHaiMHi,
MOXJIMBO, TO Y BUIIAIKy €H3UMY Lie BUKJIIOYEHO.

Hamu 6ys10 po3po6sieHO 3py4YHUN eHaHTioce/leK-
TUBHUUN MeTOJ, pO3/iiJIeHHS palneMiYHuX 2-IJUKJI0-
aJIKiJIeTaHoJIiB Ha ONITUYHI aHTUIIOAHU 3 ee > 95% gk
nns (S)-, Tak i gnis (R)-eHaHTioMepiB IIJISIXOM allu-
JIDBAHHA CIUPTIB y NIPUCYTHOCTI J1il1a3 Ta eH3UMa-
THUYHOTrO rifpoJidy. OkpiM nporo, JaHuM nigxiz go-
3BOJISIE OTPUMYBATHU HEOOXi/|HI CIIOJIYKU B MYJIbTH-
rpaMoOBUX KiJIbKOCTSX, 110 pi3KO BiZipi3HSAE HOTO Bif,
OINMCAaHUX y JiTepaTypi i nepeBOAUTH 10 KJacy mnpe-
[IapaTUBHUX.

OCHOBOIO 111 OTPUMAHHA ONTUYHO aKTUBHUX
2-1UKJIOAJIKIJIKap6iHOJIIB € peaklliss eH3UMaTUYHO-
ro aliuJIl0BaHHS KOMePIiiHO JOCTYNHOTO paleMiy-
HOI'0 COIUPTY BiHIJIaLeTaTOM y IPUCYTHOCTI JIilla3u.

OH
=

n=1,2

Puc. 2. CUHTETUYHUI eKBiBaneHT Ta MOro CUHTOH.

P

n

C D

Puc. 1. MNprknaan 6ionoriyHo akTMBHUX PEYOBMH, LLIO MICTATb LIMKIOANKaHOBUIN hparMeHT.
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la,2a:n=1 (S)-1a,b (R)-2a,b
1b,2b: n=2
Cxema 1. EH3uMaTn4He aumnioBaHHs paueMivyHmx cnvpTie 1a, b B npucytHocTi Burkholderia Cepacia lipase.
Ta6nuusa 1

XapaKTepUCTUKN eH3UMATUYHOTO aLUIloBaHHA paueMivyHmx cnvpTiB 1a, b
B npucyTHocTi Burkholderia Cepacia lipase

PeyosuHa t,°C PosunHHuk | Yac, rog nigggz?:?;gfoe;;:;, . | Kowsepcis, % (S)_ci':'ﬂx‘;ﬂy, op | €8 %
1a 25 Et,0 11 1/15 50 67
25 Et,0 15 1/8 67 11,0 96
1b 25 Et,0 15 1/10 50 85
25 Et,0 22 1/10 57 31,3 95

B siKocTi KaTas1izaTopa HaMH 6YJ10 TPOTECTOBAHO iM-
Mob6inizoBaHi ensuMu Burkholderia Cepacia Lipase
(BCL) Ta Candida Antarctica Lipase B (CAL-B), ujo
IIMPOKO BUKOPHUCTOBYIOThCS 30KpeMa /11 PO3/iiJieH-
Hsl BTOPUHHUX cUPTIB [15, 16]. A6costoTHI KOHPIry-
pauii cnupTiB BU3HAYaJIUCA Ha OCHOBI NpaBuJia Kas-
sayckaca [17]. [lpoBesienHs peakuii 3i cnuptom 1a
B npucyTHocTi BCL no3Bosinio otpumatu (S)-cnupT
3 ee = 96% npu koHBepcii B 67% (cxema 1). Buko-
puctanHa CAL-B B akocTi kaTasizaTopa B iZjeHTU4-
HUX YMOBaX MPU3BOJAUJIO [0 Mai>Ke MOBHOTO aLlU-
JIIOBaHHA paLeMary, 0 CBIJYUTh PO BiZICYTHICTb
CeJIeKTUBHOCTI. Ha OCHOBI OTpUMaHUX JaHUX JJ1s
olep>KaHHSI ONITUYHO aKTUBHUX cnupTiB (S)-1a, b
BUKOpHCTOBYyBaJacd Jinasa BCL (Ta6.1. 1).
KpuTepieM 3akiHueHHs npoliecy 6yB eHaHTioMep-
HUU HaJJIUILIOK ee 2 95% JJis CIUPTY, 1110 He aluJIio-

7249
7231

7210 -72.20 -72.30

Puc. 3. "F-CnekTtpu noxigHux (S)-1a ta (S)-1b 3 (S)-(+)-MTPA-CI.

BaBcs. [Jis HOro MOHITOPUHTY GYJ/10 3aCTOCOBAHO Jie-
puBaTU3aLiiHUN MeToa Molepa, 10 6a3yEThCS HA
B3aEMO/II COUPTY 3 XJIOPAHTIAPUAOM BiJNOBigHOI
kucaotu {(S)-(+)-MTPA-Cl} [18]. KouTposb npoxo-
JDKeHHs peaklii 3/jilicHIOBaBCs 32 J0IIOMOTI010 aHa-
qi3y 'H- Ta F-{IMP cnekTpiB BiZjOBiHUX ecTepiB.
[licas 3aBeplIeHHS alUJIOBaHHA ciupTH (S)-1a i
(S)-1b 6ynu BinzisneHi Bix ayeraris (R)-2a, b uuis-
xoM xpoMaTorpadii Ha Kos1oHI. K BUAHO 3 Ta61. 1,
npu koHBepcii B 50% cesleKTUBHICTb B 060X BUIIA/]-
KaX € J0CTaTHbO HU3bKOIO, 1[0 MOSICHIOETHCS HE3HAY-
HOI0 pi3HHUIIEI0 B pO3Mipax 3aMiCHUKIB IIpU XipaJb-
HoMy atoMi Kap6ony. [1pu 36i1bI1eHHI ITUK/TY Ha OJTHY
JIAaHKY CeJIEKTUBHICTb MOMITHO 3pocTae (67% ee (1a)
npotu 85% ee (1b) npu 50% KoHBepcii i B mofib-
HUX YMOBax), [0 MiATBEP/PKYE JaHe NMPUIYIIEHHS.
B pesysibTaTi onTHUMi3anii yMOB aljd/I0BaHHSA CIIUP-

-72.07
-72.143

-72.05

-7210
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O

Candida Antarctica lipase B

=

~ e

n phosphate buffer pH = 7,2 n
(R)-2a,b (R)-1a,b
la,2a:n=1
1b, 2b:n=2
Cxema 2. EH3uMaTn4HuiA rigponi3 eHaHTioMepHo 3b6arayeHux auetaris 2a, b B npucytHocTi Candida Antarctica lipase B.
Ta6bnuua 2
XapaKTepuCTKM eH3MaTUYHOTO riiponi3y eHaHTioMepHO 36arayeHux aueTarTis 2a, b
B npucyTHocTi Candida Antarctica lipase B
PeyoBunHa t, °C Po3unHHuMK Yac, rog .CmBB'EHomeHHﬂ: KonBepcisa, % Buxia ee, %
ninasa, r; PeYoBUHa, I (R)-cnupTy, %
2a 25 Et,0/H,0 16 1/10 50 8,0 95
2b 25 Et,0/H,0 42 1/7 83 36,5 95

* —yepe3 20 roanH pH 3 4,6 foBoAMIM A0 7,2 WASXOM AoAaBaHHS po3unHy KOH.

TH (§)-1ai (S)-1b 6ys0 oTpumMano 3 ee 96% Ta 95%
BiamoBizgHO (puc. 3).

[ OTpUMaHHS ONTHYHO AKTUBHUX CIUPTIB
(R)-xoHiryparnii eHaHTiOMepHO 36araJyeHi aneraTu
(R)-2a-b BBOAMIU B peakliito eH3UMATHUYHOTO Tif-
pouisy. EkciepuMeHTa/IbHUM IIJISIXOM 6yJ10 3Hakie-
HO, 10 3a 16 roauH rigposis (R)-2a B IpuUCyTHOCTI
CAL-B npoxoautb Ha 50%, B TOM 4ac K 3 TPUKpAT-
HUM Haz koM Jina3u BCL koHBepcis 3a 1006y cTa-
HOBUTb Bcboro 4%. B nopanbuomy CAL-B 6y/10 Bu-
KOPHCTaHO /J1s1 OTpUMaHHs Takox (R)-2b (cxema 2).

[Ipu rigpo.isi aneTrarTiB AJ14 NiABUILEHHA BUXO-
Jly CIIUPTIB KOHBEPCisl JOBOIWJIACS 10 3HAYEHHST, OJIN3b-
KOTO /10 TEOPETUYHOTO BMIiCTy 6a)KaHOTO eHaHTio-
Mepa B 306aradyeHii cymimi. CaMme TOMy npu TiZipoJi-
3i (R)-2b yepe3 20 roauH (koHBepcis 67%) rigpoJis
6y/10 npoA0BXKeHO (TabJ1. 2). Bucoka cesleKTUBHICTh

7249
7231

7240
Puc. 4. *F-Cnektpu noxigHux (R)-1a 1a (R)-1b 3 (S)-(+)-MTPA-CI.
68

MPOLEeCY TiAPOJIi3y L03BOJIKJIA OTPUMATH ONTUYHO
aKTUBHI criupTH 3 ee = 95% (puc. 4).

BBesleHHSA B MOJIEKYJly XipaJIbHOTO CUHTOHY —
CUHTETUYHOTO0 eKBiBaJIeHTY IIUKJIOAJKiJIKap6iHOTY
(puc. 2) nepenbavae iHBepcito XipaJbHOr0 aToMa
Kap6oHy i 06epHeHHs1 KOHIrypallii, 1[0 Maixke 3a-
BX/IM CYTIPOBO/KYETHCS YaCTKOBOIO palieMisalli€to.
CaMe TOMy eHaHTiOMepHa YUCTOTA BUXi/JHOT'O CIIUP-
Ty € BU3HAYaJIbHUM NIapaMeTpOM NP IJIaHYBaHHI
JlaHOTO NepeTBOpeHH:. /il OLjiHKK eHaHTioceJeK-
TUBHOCTi HaMH 6YJI0 IPOBeJIeHO CUHTEe3 ONTHYHO aK-
THUBHUX (2-LUKJI00YTHJI)eTHUIaMiHIB 3 BAKOPHUCTAH-
HSIM Ha KJIFOYOBiH cTafii peakuii MinyHo6y sk 3pyy-
HOTO cCUHTeTH4YHOoTro MeToxay [19] (cxema 3).

Ananis YF-SIMP crnieKTpiB aMifiiB, yTBOpeHUX BHa-
CJIiIOK B3aEMOZ|1 TiAPOXJIOPHU/IiB ONTUYHO aKTUBHUX
aMiHiB 3 XJIOPaHTiAPUI0M KUCJ0TH Moliepa, noka-

-FRO7
-FEA3

7200 205 7200 7215
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(S)-4b/(R)-4b (S)-5b/(R)-5b

Cxema 3. EHaHTiocenekTBHa TpaHcdopmalLlisi ONTUYHO aKTUBHUX 2-(LMKnobyTun)eTaHoniB B aMiHM 3 06epHEHHAM KoHdirypauii

Ha npuknagi (R)-1b.

3aB BiICYTHICTb NOMITHOI panemisauii B JaHOMYy Ile-
peTBOpPEHHI.

Taky¥M YMHOM, Ha IPUKJIA/] ONTUYHO aKTUBHUX
cnupTiB (S)-1b i (R)-1b 6ysi0 mpoaeMOHCTPOBAHO mep-
CIIEKTUBU eHaHTioce/IeKTUBHOI MoauiKamii Xipasib-
HOT'0 3aMiCHHKaA, 1110 MiCTUTb LIMKJIOAJIKaHOBUH dpar-
MEHT, a TAKOXK 3alIPOIIOHOBAHO aJIbTepHAaTUBHUM OIU-
CaHOMY MeTO/ CHHTe3y eHaHTIOMepPHO YUCTHUX (S)-
Ta (R)-(2-uuknobyTui)etunaminis [20].

ExcnepuMeHTasibHa YaCcTuHa

'H-SIMP criekTpu 6ysiv 3anvcaHi Ha CIEKTPOMET-
pi Bruker Avance DRX 500 (nmpu 500 MHz), *F-AMP
cnekTpu — Ha Varian UNITY Plus 400 (npu 376 MHz).
3HaueHHs KyTa ONTUYHOr0 06epTaHHS OYJIU OTPH-
MaHi Ha nosisipuMeTpi JASCO J-20 3 50-MM KI0BETOM0O
npu 20°C ta 589 uMm (D-sninis Hatpiro). Ximiuna uu-
CTOTa OTPUMAaHUX €HAaHTiOMepiB BU3HAYaJIacsd LLJId-
X0oM nopiBHAHHA ix 'H-AMP cnekTpiB 3 XxapakTepH-
CTMKaMU, HaBeJIeHHMH B JIiTepaTypi AJis paleMaTiB
ab0 ONTUYHO aKTUBHUX CNOJYK. [lepuBaTHU3alis 3a
yuacri (S)-(+)-MTPA-Cl 3xificHIoBas1acs 3riIHO 3 OINU-
caHoo npoueaypoto [21, 22]. 3HayeHHsa eHaHTioMep-
HUX Ha/[JIMIIKIB BUSHAYAIMCS HA OCHOBI aHasizy *°F-
CIEKTPiB NOXiIHUX KUCAO0TU Mouiepa. A6Cco0THI
KoHiryparii oTpuMaHuX CIUPTIB OYJIU CliBCTaBJIe-
Hi 3 JliTepaTypHUMHU JAaHUMM i NiATBEPAXKYIOTh IIpa-
BuJio Kassayckaca.

(S)-(2-yukaonponin)emaro (S)-1a. o po3uuny
panemiunoro cnupty [23] (140 1, 1,63 Mouib) B ai-
eTusioBoMy etepi (1 71) JofaroTh BininaneTtat (450 mi,
3 exB.) Ta BCL (16,5 1, 1/8 Big Mmacu pauemary). Cy-
Milll IepeMilyIoTh ¥ TepMocTaTi mpHu 25°C BIposoBxK
15 rog. Ilicsist boro peakiiiiHy macy QiJibTpyOTb,
yNaploTh IPU aTMOCPEpHOMY THUCKY i XpoMaTorpa-
¢ytoTh Ha kosioHL| (cucteMa — Et,0:CH,CL,). Buxin -
13,6 T (11,0%, TeopeTnuyno — 50%). [a]*®,= +17.0 (¢
3.22, CHCL,) psis 96% ee {uit.: [a]*, = -7.55 (CHCL,)
Juis (R)-eHaHTiomepa 3 ee = 44%} [9].

(S)-(2-yukao6ymusa)emanos (S)-1b. Jlo po3uuny
pauemiyHoro cnupty [24] (78 1, 0,78 Mouib) B mieTu-

JioBoMy eTepi (700 mu1) ofar0Th BiHitareTar (212 mu,
3 exB.) Ta BCL (7,8 1, 1/10 Bix Macu panemary). Cy-
Mill mepeMilyoTh B TepMocTaTi npy 25°C BOPOAoBK
22 rog. [licns uboro peakuiiiny macy QifbTpyIoTh,
yNapIo0Th IPU aTMOCcEpPHOMY THUCKY i XpoMaTorpa-
byI0Th Ha KOJIOHII] (CMcTeMa — INXJIOPOMETaH:reKCaH ).
Buxin - 24,4 r (31,3%, TeopetruHo - 50%). [a]?®, =
+27.0 (c 6.45, CHCL,) n1s 95% ee.

(R)-(2-yuxaonponin)emaro (R)-1a. lo po3uuny
eHaHTioMepHoO 36aradeHoro aleTaty (R)-2a (42,2,
0,33 Mousb) B aieTrsioBomy etepi (330 mut) 1ofatoTh 6y-
depnuii poszuuH KH,PO, (pH = 7.2, 330 mu1) Ta CAL-B
(4,2 1,1/10 Big Macu auetaty). CyMill nepeMilyoThb
B TepMocTaTi npu 25°C Bpogosx 16 roa. [licas npo-
ro peakuiiiHy Macy QinbTpy0Th, BOAHUH Iap eKC-
TParywTh JieTuaoBuM etepoM (2 x 200 mu), opra-
HiYHy ¢a3y cymaTb cyibdaToM HATPil0, yNapro0Th
npu aTMochepHOMY THUCKY i xpoMaTorpadyoTb Ha
koJsioHIi (cucteMa - Et,0:CH,CL,). Buxig - 11 r (8%,
TeopeTn4yHo - 50%). [a]*®,=-17.0 (¢ 3.22, CHCL,) nnisa
95% ee{nit.: [a]*,=-7.55 (CHCL,) nn1s (R)-eHaHTiO-
Mepa 3 ee = 44%} [9].

(R)-(2-yurxaob6ymua)emanoa (R)-1b. lo po3uuny
eHaHTioMepHo 36aradeHoro anetaty (R)-2b (63 T,
0,44 Mouib) B fiieTuaoBoMy eTepi (650 mMu1) jofa0Th
6ydepHuii posunn KH,PO, (pH = 7,2, 650 mu1) Ta CAL-B
(91, 1/7 Bix macu ayetarty). Cymil nepeMimyoThb
B TepMmocTaTi npu 25°C Bnpogosx 20 roz. Kousep-
ciga - 67%. JJosoaaTte pH g0 7,2 wasaxom go/aBaH-
HA HacudeHoro po3yuHy KOH go cymiui i nepemi-
myoTh Aadi. [licis nporo peakuiiiny Macy QiabTpy-
10Tb, BOAHUH 1IAp eKCTParyTh JieTHI0BUM eTepOM
(2 x 200 M), opraniyny ¢asy cymathb CysbPaToOM HAT-
pito, yIIaproloTh NPU aTMOCPEPHOMY THCKY i XpoMaTorpa-
dy10Th Ha KOJIOHI] (cHcTeMa — IUXJI0POMETaH:TeKCaH ).
Buxig - 28,5 r (36,5%, Teopetuuno - 50%). [a]*, =
-27.1 (c 6.45, CHCL,) ps1s1 95% ee.

3azanbHa Memoduka ompuMaHHs XipaabHuUXx ami-
Hig 5b. lo po3uuny cnupty (26,67 r,) Ta TpudeHin-
¢docodiny (84, 1.2 exB.) B TT'D (350 mu1) pu oxoJio-
JKeHHI 710 -5°C MpUJIMBalOTh PO34YMH a3UI0BOIHEBOI
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KUCJI0TH B AuxaopoMeTaHi (15% po3uuH, 1,2 exB.),
nicist yoro npukanytoTb DEAD (9,33 mu, 1,2 ekB.).
Cymiwm nepeMimyoTs npoTAroM Hodi. Po3ynH yna-
PIOIOTH IPYU 3HMXKEHOMY THCKY, 3a/IMBAIOTh EKCAHOM
(500 mu1), yTBOpeHUU ocaz GpinbTPYIOTH i MPOMHUBA-
I0Tb rekcadHoM (2 x 300 mu1). QinbTpaT ynapoiThb,
3aJIMIIOK XpoMaTorpadyoThb Ha KOJOHILI YUCTUM
rekcaHoM. CUpUH IPOAYKT PO3YHUHAIOTH Y MeTaHOJIi
(350 M), nomaroth Pd Ha Byrinni (5%-uii Bmict Pd
Ha KaTtaJsizaTtopi, 5% Mac.) Ta Boc-aurigpug (2 exs.),
I1icJI YOro NpH NepeMilllyBaHHI B pO34YUH MIPOIYyCKa-
10Tb H, (koHTpOJb 10 'H-AMP). [Ticsis npoxomxeHHs
peakxuii po34uH QinbTPy0Th, GiABTPAT yHIapOOTH,
CUpUH NPOAYKT neperaHsaoTb (~90°C npu 2 MM PT. CT.).
OTpuMaHy cyMmiw Boc-aHriApuay Ta IpoAyKTY po3-
YUHSIOTH y MeTaHoui (150 Mu1) i mpu/IMBaioTh /10 po3-
yuHy HCl B MeTaHO1i, TPUrOTOBAHOIO LIJISIXOM IPH-
KalyBaHHs B MeTHJIOBUM criupT (400 MJ1) alle TU/IXJI0-
puay (42 mn). llepeMilyoTh BOpoA0BK HOYi. CyMmiIn
yHaploTh i YTBOPEHHUU TiAPOXJI0pUA 06pOO6IISIOTh
B arjeToHiTpui [20].

Jlitepatypa

(S)-(1-yurknobymun)emunamin (S)-5b. Buxig - 8,1 r
riapoxsopuay (22,5%). [a]*,=+62.0 (c 0.65, EtOH)
aJig 949% ee.

(R)-(1-yuxnobymusa)emunamiu (R)-5b. Buxin -89
riapoxsopuay (28,6%). [a]**,=-60.0 (¢ 0.65, EtOH)
aJis1 94% ee.
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CUHTE3 TA AEAKI IEPETBOPEHHA AJIKLJ/I N-(2-APUJI-3-HITPO-
1,1,1-TPUPTOPOIIPOIIAH-2-IJ/T) KAPBAMATIB

B.M.Tkauyk', H.B.Menbunuyenko?!, K.B.KoBanbuyk?!, B.A.Cykau!, M.B.BoBk!, B.[.HeHai1eHK0?

THcTuTyT opraHiyHoi ximii HAH Ykpainu
02660, M. KuiB, Bys1. MypMaHcbKa, 5. E-mail: mvovk@i.com.ua
2 MocKOBCbKHH Jiep:kaBHUH yHiBepcuTeT iM. M.B.JloMoHOCOBa

Kawouosi caosa: 2,2,2-mpugpmopoemunidenkapbamamu; N-(3-nimpo-1,1,1-mpugpmoponponaH-2-ia)
kap6amamu, N-(3-amino-1,1,1-mpugpmoponponau-2-is)kap6amamu; 4-mpugmopomemuaimioazoniouH-
2-oHu; 3,3,3-mpugmoponponau-1,2-diamiHu

Poboma npucesiseHa ompumaHHK ma 00CTiOXXEeHHIO MepemeopeHb HOBUX MOMighyHKUIOHaIbHUX oMOpPO8MICHUX
cuHmes-6rnokig — ankin N-(3-Himpo-1,1,1-mpugbmoponponaH-2-in)kapbamamis. s ix odepxaHHs 3arpornoHo-
8aHa KamarizoeaHa mpuemurnamiHoMm peakuis aza-leHpi 2,2,2-mpughmopoemunioeHkapbamamie i3 Himpome-
maHom. CmpyKkmypa CuHme308aHuXx crioslyk HadiliHo doeedeHa KOMIMIEKCOM criekmpasbHUX memodis, ceped
AIKUX Halbinbw dokazosumu € cniekmpu SIMP °C, 8 sikux HogoymeopeHuli cmepeo2eHHUl amom 8yaneuto ik-
cyembcs y auensidi keapmemy npu 63 m.4. [Noka3saHo, wio npu 0ii Ha ankin N-(3-Himpo-1,1, 1-mpughmoponponaH-
2-in)kapbamamu 6opoziopudy Hampito 8 npucymHocmi eksimonspHoi kinbkocmi NiCl,6H,0 ei0bysaembcs ce-
TNieKmueHe 8i0HO8MEHHS Himpoeapynu i ymeopeHHs 8idnosioHux asnkin N-(3-amiHonponaH-2-in)kapbamamis. Ha-
sI8HiCMb 8 iX CMpPYKMypi aMiHo2pynu cymmeego rMo3Ha4aembCcsi Ha XiMiYHUX 3cysax diacmepeomornHuUx Mmemurie-
HOBUX MPOMOHie, siki 8 ciekmpax SAMP 'H 3miweHi 8 obnacms cunbHO20 Morst nPUbU3HO Ha 2 M.Y. MOpPI8HSIHO
3 HimpornoxiOHumu. Ankin N-(3-amiHonponaH-2-in)kapbamvamu rpu Kurn’asmiHHi 8 monyoni & npucymyocmi ABY
niddarombcs 8HympPilUHbOMOIEKYAPHIU LuKIoKoHOeHcauii 8 4-mpugpmopomemunimidasoniouH-2-oHu. B ceoro
yepeay, npu o0bpobuyi mpem-6ymun N-(3-amiHonponaH-2-in)kapbamamie x110po8odHeM y dioKcaHi criocmepiaa-
€MbCA fleeke 3HAMmMs 3axucHoi Boc-epynu i ymeopeHHs 3,3,3-mpughmoponponar-1,2-OiamiHis.

SYNTHESIS AND SOME TRANSFORMATIONS OF ALKYL N-(2-ARYL-3-NITRO-1,1,1-TRIFLUOROPROPAN-
2-YL)CARBAMATES

V.M.Tkachuk, N.V.Mel’nichenko, K.V.Koval’chuk, V.A.Sukach, M.V.Vovk, V.G.Nenaidenko

Key words: 2,2, 2-trifluoroethylidecarbamates; N-(3-nitro-1,1,1-trifluoropropan-2-yl)carbamates; N-(3-amino-
1,1, 1-trifluoropropan-2-yl)carbamates; 4-trifluoromethylimidazolidin-2-ones; 3,3, 3-trifluoropropan-1,2-diamines
The paper is devoted to preparation and study of the transformations of novel multifunctional fluorinated synthetic
building blocks — alkyl N-(3-nitro-1,1, 1-trifluoropropan-2-yl) carbamates. In order to obtain them in high yields the
aza-Henry reaction of 2,2, 2-trifluoroethylidencarbamates with nitromethane catalyzed by triethylamine has been pro-
posed. The structure of the compounds obtained has been confirmed by spectral methods. Essential elements of
the structure corroboration are *C NMR spectra, in which a signal of the newly formed stereogenic carbon atom is
found as a quartet at 63 ppm. It has been shown that the interaction of sodium borohydride with alkyl N-(3-nitro-1,1,1-
trifluoropropan-2-yl)carbamates in the presence of the equimolar amount of NiCl, 6H,O leads to selective reduction of
the nitro group and formation of the corresponding alkyl N-(3-aminopropan-2-yl)carbamates. The presence of amino
group in their structure considerably affects the chemical shifts of diastereotopic methylene protons. Their signals in
the 'TH NMR spectra are upfield (about 2 ppm difference in comparison with nitro derivatives). Alkyl N-(3-aminopropan-
2-yl)carbamates in refluxing toluene in the presence of DBU were easily transformed into 4-trifluorometylimidazolidyn-
2-ones by intramolecular cyclization. In its turn, tert-butyl N-(3-aminopropan-2-yl)carbamates when treating with
hydrogen chloride in dioxane readily gave 3,3,3-trifluoropropan-1,2-diamines through Boc protecting group cleavage.

CUHTE3 U HEKOTOPBIE NMPEBPALYEHUS AJIKUIT N-(2-APWUJ1-3-HUTPO-1,1,1-TPUDPTOPOITPOITAH-2-UJT)
KAPBAMATOB

B.M.Tka4yk, H.B.MenbHu4eHko, K.B.Koeanbuyk, B.A.Cyka4, M.B.Boek, B.I.HeHalideHko

Knroueenie criosa: 2,2,2-mpugpmopoamurnudeHkapbamamsi; N-(3-Humpo-1,1, 1-mpugpmoponponaH-2-us)kap-
6amamei; N-(3-amuHo-1,1, 1-mpugbmoponponaH-2-u)kapbamamsi; 4-mpucbmopomMmemunumudadonuOuH-2-0Hbl;
3,3,3-mpugpmoponponar-1,2-OuamuHsbi

Paboma rocesiuweHa rony4eHuro u uccredosaHuto rpeobpa3osaHuli HO8bIX MOMUPYHKYUOHaIbHBIX ¢hmopco-0ep-
JKaujux cuHmes-brokos — ankun N-(3-Humpo-1,1,1-mpugmoponponaH-2-un)kapbamamos. [ns ux nony4eHust
npednoxXeHa Kamarusupyemasi mpusmunamMuHoM peakyusi aza-leHpu 2,2,2-mpugpmopoamurniudeHkapbamvamos
€ HumpomemaHoM. CmpoeHue cuHMe3upoB8aHHbIX COEOUHEHUU HadexHO NoOmeepxO0eHO KOMIMIIEKCOM CrieKkm-
parbHbIX MeMoO08, cpedu Komopbix Haubonee dokazamesibHbIMU sierisitomesi criekmpbl AMP °C, 8 Komopbix HO-
8006pa308aHHbIL cmepeoeeHHbIU amom yerepoda ¢hukcupyemcsi 8 eude keapmema rpu 63 m.d. [NokazaHo, Ymo
npu 8o3deticmeuu Ha ankurn N-(3-Humpo-1,1, 1-mpugpmoponponaH-2-umn)kapbamamsi bopaudpuda Hampusi 8 Npu-
cymcmeuu akeumorsipHoeo Konudecmsa NiCl,6H,0 npoucxodum cenekmusHoe 80cCmaHo8/IeHUe HUMpPOoa2py bl
u obpasosaHue coomeemcmeyrowux ankun N-(3-amuHonponaH-2-un)kapbamamos. Hanuvue 8 ux cmpykmype
amMUuHoepynnbl CyU,eCme8eHHO CKa3bleaemcsi Ha XUMUYECKUX cogueax duacmepeomornHbIX MemusieHo8bIX fpo-
moHos8, komopsle 8 criekmpax SIMP 'H cmeuwjeHb! 8 obnacme curibHOZ0 Morsi MPUMEPHO Ha 2 M.O. 110 CPaBHEHUK
€ HUMPOnpou3go0HbiMu. N-(3-AmMuHonponaH-2-un)kapbamamai fMpu KUMs4YeHuUU 8 mosyorne 8 npucymcmeuu ABY
rnodsepaaromcsi 8HympuUMONeKynapHoU yuknusayuu 8 4-mpughmopomemunumudasonuiuH-2-oHsl. B cgoro ode-
peldb, npu obpabomke mpem-6ymun (3-amuHonponaH-2-un)kapbamamos xs1opucmbeiM 8000p00OM 8 QUOKCaHe
npoucxodum feekoe cHamue 3auum-ol Boc-gpynnbl u obpasosaHue 3,3,3-mpughmopornponaH-1,2-duamuHos.
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[IpueaHaHHA HITpOAJIKAHIB 0 IMiHOCIIONYK, Bi-
JloMe MiJi Ha3Bolo peakuii aza-T'enpi abo Himpo-MaH-
Hixa, € epeKTUBHUM BapiaHTOM oJiep>KaHH: (B-HiT-
pOaMiHiB - BaXKJIMBUX CyGCTPATiB TOHKOTO OpraHiy-
Horo cuHTe3y [1-5]. B ocTaHHi 1Ba AeCATHIITTA Ipe-
MeTOM 0COBJIMBOI YBaru AOCAIJHUKIB cTau iX a-pTo-
pOaJIKiJIOBMICHI aHa/JIOTH — YHiKaJIbHI CHUHTETHYHI
6J10KU AJ11 TOOY10BU Pi3HOMAaHITHUX THIIB GTOPO-
BaHHUX aMiHOCIOJIYK [6-8]. OnucaHi B jliTepaTypi miji-
X0/ J10 iX OTpHMMaHHS 3a3BUYail 6a3y0ThCA Ha PU-
€/lHaHHi amiHocnoayk Ao 3,3,3-TpudTopo-1-HiTpo-
nponeny (peakiiis aza-Mixaens) [9-13]. Hemoas-
HO 3’SIBUJIMCB Teplii MOBiZJOMJIEHHS PO MOKJIMBICTb
BUKOPUCTAHHA [Ji4 L€l Ll peakuil a3a-I'eHpi 3a yya-
cTio GTOpoasKizIoBaHUX iMiHOCIIO/TYK, 30KpeMa, N-3a-
MiljeHuX TpudpTopomMeTunaabiMiHiB [14] Ta dpTo-
poaskisi-a,[3-HeHacuueHUX N-mpem-0y THACyIbQiHiI-
KeTiMiHiB [15]. B IbOMy KOHTEKCTi BBe/IeHHS B pe-
ak1ito a3a-I'eHpi HOBUX TPUPTOPOMETUIOBMICHUX
iMiHOCTIONIYK BUAAETHCS BaXKJIMBOIO CUHTETHUYHOIO
3a/1auelo.

B poJii MojiesIbHUX 06’EKTIB 0OC/iI>KEHHSI HAMU
6ysir 06paHi askin 1-apui-2,2,2-tpudTopoeTuiijieH-

F,C i BN FC_—No,
=N or * MeNO, IMCO A OR
A r N
r H \\(
(0]
1a-¢ 2a-€

R = Me, Ar = 4-FC4H, (a), 4-MeC¢H, (6); R = Et, Ar = Ph (B),
4-FCgH, (r), 4-MeOC,H, (a); R = t-Bu, Ar = Ph (e),
4-MeCH, (¢).

kap6amaTtu la-€ [16-17] - opuriHa/ibHi a30MeTHHO-
Bi cucTeMHU, BUCOKA eJIeKTPOPiIbHICTb IKUX 3yMOB-
JleHa B3a€EMHUM BILJINBOM aKLeITOPHUX TPUPTOPO-
MEeTHJIbHOI Ta aJIKOKCUKapO6oHibHOI rpy1. [Tokasa-
HO, 110 CNOJIYKHY 1a-€ ceJIeKTUBHO pearyroTh i3 HiTpo-
MeTaHoOM y po34uHi JIMCO B npucyTHOCTI KaTaJi-
TUYHUX KiJIbKOCTEH TpUeTHIaMiHy i3 YTBOPEHHSIM
auikin N-(2-apui-3-HiTpo-1,1,1-TpudToponponan-2-
in)kap6amMaTiB 2a-€ 3 Buxogamu 82-90%. JlopeyHo
3a3HAYMTH, 1110 KPUTEPieM nepebiry 3HalieHoi pe-
akuii € enektpodinbHicTh 3B’s13Ky C=N. Take npu-
MyIeHHS TiTBEPAKYETHCS MPUKJIAAAMU He3aeX-
HUX €KCIIePHUMEHTIB i3 BUKOPUCTAHHSM Y PoJIi Cy6-
crpatiB N-He3aMillleHUX apUaTpUTOPOMETUNKETIMi-
HiB, AKi B aHAJIOTIYHUX YMOBax He pearyloTh i3 HiT-
pomeTtaHoM (cxema 1).

Pe3ynbTaTH eleMeHTHOr0 aHasli3y Ta CleKTpaJib-
HUMX BUMIpIB NiATBEP/PKYIOTh CKJIAJ, i CTPYKTYPY CHH-
Te30BaHUX croJyk (Taou. 1-3). Tak, [Y-cnekTpu xa-
paKTepU3yThCS IHTEHCUBHUMU CMyTaMU MOTJIMHAH-
Hs rpyn C=0 (1740-1750cm?) Ta N-H (3350-3450 cm?).
B cnektpax AMP 'H giacrepeoTonHi MeTH/IEHOBI Tpo-
TOHU HITPONPONaHOBOT0 pparMeHTa NPOSIBAAIOTh-
cs1 ABoMa ay6sietamu AB crucTtemu B fiianasoHax 5.38-
5.44 ta 5.51-5.60 m.u. i3 KCCB 12.0-12.4 Ty ¥ cnek-
Tpax IMP 3C TeTpakoopAHHOBaHKH aTOM BYTJIELIO,
3B’13aHUH i3 TPUPTOPOMETHUILHOIO rpyMoto, QiKcy-
€TbCA IPU 63.2-63.6 M.4. y BU/AAl kBapTeTy i3 KCCB
27.5-28.8 I'n.

Buxojsiuu 3 TOrO, 10 3-HITPOAMiHU € 3pYYHU-
MM CyOCTpaTaMHu JJisl CHHTe3y BillMHAJbHUX JliaMi-
HiB [1, 2], HaMu OyJia JoC/i/PKeHa peakllis BiJHOB-

Cxema 1 JIEHHsI CTI0JIyK 2a-€. BcTaHOBJIEHO, 1110 TPH Ail 60po-
Ta6nuua 1
Buxoawn, Temnepatypu NnaBneHHA, Mac-CNeKTpy Ta pe3ynbratu
efleMeHTHOrO aHari3y CMHTe30BaHUX CMOSyK 2a-€, 3a-€
Cnonyka | Buxig | T.nn,°C | [M+1]* 3HaiaeHo, % ®opmyna Byipaxyeato, %
C H N C H N

2a 84 116 31 4267 | 3.28 9.01 C,H,oFN,O, | 4259 | 3.25 9.03
26 86 114 307 | 4690 | 4.29 9.1 C,H:F:N,O, | 47.06 | 4.28 9.15
2B 90 92 307 | 4722 | 4.26 9.17 C,H,FN,0, | 47.06 | 4.8 9.15
2r 82 76 325 44,51 3.72 8.62 C,,H,,F,N,O, 44.45 3.73 8.64
2a 84 74-75 337 | 4637 | 451 8.35 C,HFsN,O, | 4643 | 450 8.33
2e 85 88 335 | 5045 | 5.15 8.35 C,.H,,F;N,0, | 5030 | 5.3 8.38
2¢ 86 78 349 | 5155 | 552 8.01 C.H.F.N,O, | 5172 | 550 8.04
3a 81 88 281 4730 | 433 1004 | C,H,FNO, | 4715 | 432 | 1000
36 86 | 120-122 | 277 | 5203 | 548 | 1010 | C,H.FNO, | 5217 | 547 | 10.14
3B 86 | 117-120 | 277 52.35 5.45 10.17 C,,H,sF;N,0, 5217 | 547 10.14
3r 81 88-90 295 | 4881 4.82 9.56 C,H.F.N,O, | 4898 | 480 9.52
3a 88 78-80 307 | 5079 | 5.58 9.17 CH,F.N,O, | 5098 | 559 9.15

3e 84 78 305 | 5538 | 6.27 9.25 C,HF.N,O, | 5526 | 6.29 9.21

3¢ 82 9 319 | 56.80 | 6.68 8.78 C,sHyFN,O, | 5659 | 6.65 8.80
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Tabnuuya 2
I4- Ta AMP "H cnekTpwu cnonyk 2a-€, 3a-€
g IY-cnekTpw, KBr, v, cm™
8 Cnektpu AMP 'H, CDCl,, 6, m.u.
S| No, [c=0| N-H
“rer |3.73C3H, CH,), 5.39 4 (1H, CH, J= 122 1), 5.53 A (TH, CH, J = 12.2 Tw),
2a | 1575 17501 3360-3450 | 5 65 ¢ (14, NH), 7.12 7 (2H,,,,,, J = 8.0 1), 7.35- 7.42 m (2H, ).
1370 o |235¢(3H, CH,), 3.73 c (3H, CH,), 5.38 A (1H, CH, J = 12.4 Ty, 5.50-5.70 m (2H, CH+NH),
26 | 1575 | 1735 3350-3450 1553 p (M, . =84 Tw), 7.30 4 (2H,,.,,, J = 84 T1).
1320 ] 1277 (3H, CH,, J= 6.8 Tw), 4.11-4.17 m (2H, OCH,), 5.44 A (1H, CH, J = 12.0 Tw),
28 | q5g0 | 17°0 | 3380-3430 |5 58 ¢ (1H, NH), 5.60 1 (1H, CH, J = 12.0 Ty}, 7.36-7.48 m (5H,,,,).
1340 ] 1287 (3H, CH,, J= 6.8 ), 4.12-4.17 m (2H, OCH,), 5.41 4 (1H, CH, J= 124 TW), 5.51 A
20| 1575 | 175033503450 | (14 cp =124 ), 5.56  (1H,NH), 7.12 T H, ..., J= 8.0 T1y), 7.38-7.43 m (2H,_).
1320 1297 (3H, CH,, J= 6.6 ), 3.82 ¢ (3H, OCH,), 4.13-4.18 m (2H, OCH,), 5.41 A (1H, CH,
23 1740 | 3380-3450 | J=12.3 ), 5.58 ¢ (1H, NH), 5.59 & (1H, CH, J= 12.3 Twy), 6.95 i (2H...,.., J= 8.7 Tw),
1590 ,
7350 (2H,y,,, J=8.1Tu).
2e | 1373|1735 | 33503450 | 144 .C (9H, 3CH,), 5.30-5.60 M (3H, NH + CH,), 7.40-7.42 m (5H,,,).
1370 ] 1.44 ¢ (9H, 3CH,), 2.34 ¢ (3H, CH,), 5.38 ¢ (1H, NH), 5.43 & (1H, CH, J= 12.0 1),
2€ | 1575 | 174033503450 | 5 o5 1 (1M, CH, J=12.0Tw), 7.2 (2H,,,,, J= 8.0 W), 7.29 4 (2H ,.,,.,J= 8.0 W),
] 142 Ww.c. (2H, NH,), 3.19 4 (TH, CH, J = 12.8 Ty), 3.55-3.70 m (4H, CH, + CH), 6.02 w.c.
3a 1735 3300-3420 | (1 NH),7.07 7 (2H,,,,,, )= 8.6 T, 7.37-7.42 m (2H, ).
] 144 w.c. (2H, NH,), 2.35 ¢ (3H, CH,), 3.25-3.29 m (TH, CH), 3.60-3.80 m (4H, CH,+CH),
36 1740 3300-3420 | 5 91 1 ¢ (1H,NH), 7.20 4 H,.,,,, J=7.0T), 733 8 2., J = 7.5 Tu).
] 1227 (3H, CH,, J=7.2T), 1.45 w.c. 2H, NH,), 3.27 4 (1H, CH, J = 13.8 [y), 3.68 4 (1H,
38 1740 3300-3420 | \_ 43 g1)), 410 k (2H, CH,, J= 7.2 ), 5.90 w.c. (1H, NH), 7.30-7.55 m (5H,,,).
1237.(3H, CH,, J= 7.2 Tw), 1.42 w.c. (2H, NH,), 3.23 & (1H, CH, J= 13.0 ), 3.64 & (1H,
3r 1740 | 3300-3420 | CH, J= 13.0 [), 4.1 K (2H, CH,, J=7.2 [y, 6.01 w.c. (1H, NH), 7.08 T (2H,,,., J = 8.5 ),
728736 M (2H,,,).
1227 (3H, CH,, J= 7.2 Tw), 1.47 w.c. (2H, NH,), 3.26 & (1H, CH, J = 14.0 Ty, 3.66 & (1H,
35 1735 | 3300-3420 | CH, J= 14.0 1), 3.79 ¢ (3H, CH,), 4.09 k (2H, CH,, J=7.2 Ty, 5.77 w.c. (1H, NH), 6.89 &
(2M, ., J=88T), 734 (2H, ., J=8.8 ).
] 1.20-1.60 m. (11H, 3CH, + NH,), 3.27 & (1H, CH, J= 14.1 Tw), 3.65 & (1H, CH, J = 14.1 Tw),
3e 1740 | 3300-3420 | 5 69 1 c. (1H, NH), 7.32-7.58Mm (5H,,,.,).
] 138 ¢ (9H, 3CH,), 1.45 w.c. (2H, NH,), 2.32 ¢ (3H, CH,), 3.24-3.28 m (1H, CH), 3.61-3.65
3¢ 17401 3300-3420 |\ (14, CH), 5.59 wi.c. (1H, NH), 7.17 3 (2H, .., /= 8.0 T), 7.30 7 (2H,,,,, J= 8.0 Tw).

riipuAy HaTpilo y MPUCYTHOCTI €KBIMOJIAPHOI KiJb-
kocTi xnopuay Hikeso(Il) HiTporpyna ryagko nepe-
TBOPIHOETHCA Ha aMiHorpyny. lle fano 3mory pospo-
O6UTU 3pYYHUH METO/, CUHTEe3y HOBUX MoJ1ipyHKIio-
HaJIbHUX peareHTiB - ankia N-(3-amino-2-apun-1,1,1-
TpudToponponaH-2-ij)kapbamaris 3a-€ (Tab. 1-3).
HasiBHiCTB B iX CTpyKTypi amMiHO- Ta aJIKOKCHUKap6o-
HIJIbHOI IPYII CTBOPIOE CIPUATIUBI IIepelyMOBU JJi
NpoleCy BHYTPIITHbOMOJIEKY/ISIPHOI LIUKJIi3allil, AKUM
BJIAE€THCA BiJITHOCHO JIETKO peasli3yBaTy NpU 2-TOLUH-

HOMY KHUIT'SITiHHI B TOJ1yoJli B IPUCYTHOCTI Aia3abi-
nukaoyHzaeneny (ABY) sk katasizaTopa. B pesyiib-
TaTi 3 Buxoiamu 82-88% 6ysiv orpuMaHi 4-apus-4-
TpudTOpOMETUNIMiZIa30/TiIUH-2-0HU 4a-T. 3a3HAYU-
MO, LI[0 paHillle OAUH i3 IpeJCTaBHUKIB [bOI'0 TUILY
croayk (Ar = Ph) 6yB cuHTe30BaHUM TPUCTALIMHUM
IIepeTBOPEHHAM i3 BijlIOBIHOIO Q-aMiHOHITPUJY
[18] (cxema 2).

HagBHicTb y cnosiykax 3a-€ aMiHOTPYIH CyTTE-
BO [I03HAYaA€EThCA Ha XiMi‘IHI/IX 3CyBax JAicTepeoTol-

G —No, NeBH, R —NH, gy, 110%C o0
N OR NiCl,-6H,0O Ar” N OR Tonyon /ﬁ
N N F,C

O O
2a-¢ 3a-e 4a-r

3 a-¢, R = Me, Ar = 4-FCH, (a), 4-MeC,H, (6); R = Et, Ar = Ph (8), 4-FC.H, (1), 4-MeOCH, (a);
R = -Bu, Ar = Ph (e), 4-MeC,H, (€).4 a-€, Ar = Ph (a), 4-FC.H, (6), 4-MeC,H, (8), 4-MeOCH, (r).

Cxema 2
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Ta6bnuua 3

AMP °F Ta "*C cnekTpu cnonyk 2a-€, 3a-€

o
¥ | Cnektp AMP CnekTp AMP *C,CDCl,, §, m.u.
£ | “kcpal,
Sl &mu CF, c CH, | c=0 | R Ar
115.90 & (U, = 22.5Tw), 127.57 1
7632 ¢ (CF 123.22 63.29 cr
2a _1122§(C(F3)) U =283|§|'U.) o e | 72:64 | 15455 | 5266 | (op=2.50w), 12784 4 (e, =87 Tu),
: cr = 283. cr =27 162.94 1 (1, = 250.0 ).
26 |-76.27 ¢ (CF)| 1332'32'8@ y 6f'§;gm) 7256 | 15461 | 52.55 |  20.66,125.51,128.73, 129.51, 139.67,
cF = : cF = 40.
26 | 7625 (CFy) | 1332'22'3@ o 63'%2@ 7260 | 154.16 | >0 125.69, 128.76, 129.48, 131.87
= : cF = 40. :
11587 8 (Jo, = 22.5 ), 127.7
5 |7616C(CF)| 12332k 6328k |50 lisa19] 1397 | =125”|_ PRy L3‘J =87”|_
T 1-11219¢(F) | (U, =283.8T0) | (U, =288T)| 121 6181 | (Jer=125T),127.85 A (e, = 8.7 Tu),
: cr = 283, cr = 28. : 162.90 4 (1., = 248.8 )
28 | 7633¢(CF) | ) 1532‘22'3@ o 63‘%2@ 725815419 | (3270 | 54.95,114.09,123.55,127.05, 160.09
= : cF = 40. :
2e |-76.18(CF)| 1532'223 rwle 6325;'; | 7277 15321 g'ﬁ 125.76,128.64, 129.33, 132.22
[ . cF= 4/, .
2¢ |-7622¢(CF)| 1332'55;;&”) o 63";3;@ 7266 [15325| 2772 | 2064,12561,129.15,129.36,139.42
cF = - cF = 40. .
] 115211 (Je, = 21.25 W), 127.82 A
3a _7121'228§ (CC(FFs)) 0 1352'22';” 6420 | 46.48|154.77| 5204 (Jey = 7.5TW), 131.04,162.15 1
. s =286.3T (U, = 247.50 )
125.64 K
36 [7247¢(CF)| ) 'Zhog | 6462 |45.96|15482| 5199 | 20.59,125.74,129.02,132.13,137.98
[ .
36 |-7284¢(CF)| 1352'216';@ o 6?3253@ 46.32 | 154.46 ég'gf 125.87, 128.08, 128.25, 135.29
= . cF = 49, .
11518 8 (U, = 21.3 1), 127.84
3 [7270C(Ch) | 12550k | 6AATK g 45| 15439 1400 e =A7F5?{n), 131.15L,l)162.15;;ﬂ
11486 ¢ (F) | (U, = 286.3Tu) | (2, = 25.0 Tw) 60.98 e a3 1)
38 | 7296 ¢ (CF) | 1_23'261;@ o 6f'gggm) 459115445 | (402 | 5487,113.65,127.00,127.20,159.14
= 286. =25, .
3e |-7251¢(CF)| 1552228@ 6494 | 46.40|153.72 %ﬁ 125.94,127.92,128.11, 135.60
[ . .
3¢ [-7259¢(CF)| 1552'22';@ o 6f'§23m) 459615370 | 5077 | 2060,125.85,128.88, 132.51,137.80
cF = . cF = 42, :

HUX METUJIEHOBUX ITPOTOHIB, fKi B criekTpax IMP 'H
3MilieHi B 06/1aCTh CUJIBHOTO ITOJIsI MPUOJU3HO HA
2 M.4. IOPiBHAAHO 3 HITpONoXiAHUMHU 2a-€. B criekT-
pax SAMP 13C Texx mpOCTEKYETHCS BUPaXKEHUH BILJIUB
aMIiHOTPyNY Ha XiMiYHi 3CYBH aTOMIB BYTJIEL[}0 FPYIIH
CH,, Aki moryiMHaOTh y Aiana3oHi 45-46 M.4. Y cBoto
yepry, imifjazosionu 4a-r B ciektpax AMP 'H xapak-
TEpPU3YIOThCA JBOMa 1y6J1eTaMy MeTHUJIEHOBUX MPO-
TOHIB BiinoBigHOo npu 3.62-3.76 Mm.u. Ta 3.97-4.01 M.u,,
a B ciektpax SMP 3C - cuHrIeTaMmu aToMiB ByrJIe-

F3C>(NH2 HCI F3C>(NH2
Ar NWO*Bu—t piokcaH Ar” NH, - 2HCI
O
3a,e 5a,6
5 a,6, Ar = Ph (a), 4-MeCH, (6)
Cxema 3
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o npu 47 m.4. (C°) ta 161 m.u. (C?), a TakoX KBap-
TeTamMu npu 63-64 m.u. (C*).

Kap6amaru i3 O-mpem-6yTHJIbHUM 3aMiCHUKOM
3e,€ MOKHaA po3rgaaTH 9K csoro poay N-Boc-mo-
HO3axHWllleHi MoXiJHi i Ipu il HACUYEHOT 0 XJI0PO-
BO/IHEM PO3YUHY ZIiOKCAaHy BOHU JIETKO IEPETBOPIO-
I0ThCS HA JUTiAPOXI0PUAU 2-apuJi-3,3,3-TpudTopo-
npomnaH-1,2-giaminy 5a,6, cnekTpaJibHi XapaKTepu-
CTUKH SIKUX NMiATBEP/KYIOTH iX 6y/10BY. 3allpONOHO-
BaHUU CHOCI6 o/iep:KaHHS CMOJIYK TaKOTo TUIY Ba-
rOMO JIONOBHIOE ONIMCAHUH B JIiTepaTypi MiJxiJl, AKUN
nepen6avyae OKUCHEHHS BiZIMOBIAHUX 2-(2-Ti[pOKCH-
1-¢eninerunamino)-3,3,3-TpudToponponis aminiB
TeTpaaleTaToM cBUHLO [19] (cxema 3).

ExcnepuMeHTasibHa YaCTUHa

[Y-crieKTpy CUHTE30BaHUX CIIOJIYK 3allMCaHi Ha
cnexktpodporomeTpi UR-20 B TabsieTkax KBr. CnekTpu
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SAIMP "°F 3apeecrpoBaHi Ha criektpoMetpi Varian VXR-300,
BHyTpilHiK crangapt CFCL,. Cnexktpu AMP 'H, *C IMP
oTpuMaHi Ha criekTpomeTpi Bruker Avance DRX-500,
BHyTpimHiN ctanAapt TMC. XpoMaToMac-cieKTpHu
ozeprkaHi Ha mpustazi Aligent 1100/DAD/HSD/ VLG
119562.

Aunkin N-(2-apun-3-HiTpo-1,1,1-TpudpToponpo-
naH-2-i)kap6amartu (2a-€). [lo posuuny 1,1 ma
(0,02 Monn) HiTpomeTaHny Ta 0,055 M (0,4 MMoJIb)
TpueTUIaMiHy B 6 M1 6e3BoiHoro JIMCO nojaBaiu
4 mmosb N-ankinigenkap6amaty la-€ i 3anuinanu
IpU KiMHaTHIN TeMmiepaTypi Ha 12 rog. Peakyiiiny
cyMill BunMBaau y 30 MJ1 BOAM Ta eKCTparyBaiu
XJIOPUCTUM MeTHUsIeHOM (2x15 mu1). OpraHiuHu# wap
BucywyBaau Na,SO,, ynaproBa/iy, 3a/JIMII0K O9HUIIA-
JIM KpUcTaJisalierw i3 cymimi rekcaH - isonpona-
HoJI, 6 : 1 (pedyoBUHU 2a-4) ab0 3 reKcaHy (pedyoBH-
HU 2€,€).

Aunkin N-(3-amino-2-apui-1,1,1-Tpudproponpo-
naH-2-is1)kap6amatu (3a-€). /1o 0X0J10/5KeHOr 0 10
0°C po3uuHy 2 MMoJib Kapb6aMaTy 2a-€ B 10 M1 MeTa-
HoJly ocaifjoBHO AoaaBaiu 0,48 r (2 MMoJIb) KOM-
miekcy NiCl,-6H,0 ta 0,38 r (10 mmosip) NaBH, i ne-
pemimyBasiv BrpogoBx 30-40 xB. PO3YnHHUK BuIa-
pIOBa/Iv NIpY KIMHATHIN TeMIlepaTypi, 0 3a/IMIIKY
JozaBau 20 mi 15%-Horo BOAHOIO pO34KHY aMiaky
i ekcTparyBaJiv XJIOpPUCTUM MeTUJIeHOM (3x15 mu).
Opraniynuii mwap npomuBaau 10 mui 15%-Horo Bog-
HOT0 po34MHy amiaky, 20 M1 Boay, BUcyyBaau Na,SO,,
yHaploBaJy, 3aJIMIIOK KPUCTaJIi3yBaJy i3 TeKCaHy.

4-Apun-4-(TpudropomeTus)imigasostiguH-
2-oHH (4a-r). [lo po3ununy 0,7 MMoJib Kapb6aMaTy
3a-€ B 5 Ma1 Toayoay pogasasau 0,02 mmoub JABY i
KUII'ITUJIM BIPOZOBX 2 roj,. PeakuiliHy cyMill oxo-
JIOZKyBaJlv, yTBOpeHUH oca/, BifdisbTpoByBaiu Ta
BUCYLIYBAJIU Ha NOBITPI.

4-®enin-4-(rpudropomeruna)imizasonisun-
2-0H (4a). Buxizn - 87% (i3 kapbamaty 3B), 90% (i3
kap6amary 3e). T. 1. > 230°C (i3 po3k/1aZieHHsM).
[Y-cnextp, v, cMm™: 1750 (C=0); 3220-3320 (NH). CriexTp
AMP 'H, IMCO-d,, §, m.u.: 3.66 1 (1H, CH, J = 10.4 T'ry),
4.01 1 (1H, CH,/=10.4T'n), 6.77 w.c. (1H, NH), 7.36-
7.60 m (5H,,,,), 8.29 m.c. (1H, NH). Cnextp AMP *C,
AMCO-d,, §, m.a.: 47.61(C®), 64.33 k (C* ¥, = 27.5 '),
125.80 x (CF;, Y. = 285.0 I'y), 126.75, 128.42, 128.75,
137.09 (C,,,,), 161.21 (C=0). Cnextp AMP *°F, IMCO-d,,
6, M.u.: -79.15 ¢ (CF,). 3naigeHo, %: C 52.01, H 3.96,
N 12.14. [M+1]* 231. C,,H,F;N,0. BupaxyBano, %: C
52.18,H3.94,N 12.17. M 230.2.

4-(4-PTopodenin)-4-(rpudropomeTna)imi-
JAAa30J1iAUH-2-0H 46. Buxin — 90% (i3 kapbamaty 3a),
88% (i3 kap6amary 3r). T. mia. > 220°C (i3 poskia-
geHHsM). [Y-crektp, v, cm!: 1740 (C=0); 3240-3320
(NH). Cnektp AMP 'H, IMCO-d,, 6, m.u.: 3.65 1 (1H,
CH,/=10.4Tn), 4.00 g (1H, CH,/=10.4T'n), 6.79 w1.c.
(1H, NH), 7.28 x (2H,,,,, / = 8.0 Tu), 7.53-7.56 M
(2H,,,,,), 8.30 ur.c. (1H, NH). Cnexp AMP **C, IMCO-d,

8, M.u.:47.70 (C%), 64.12 k (C* ¥ =27.5Tu), 115.44 1
(C-F pows JJor = 21.3T1y), 125.75  (CF,, Y. = 283.8 T'y),
129.19 1 (C-F 0 YJer = 8.8 T,), 133.40 g (C-F ..,
Yer = 2.5 I'm), 161.21(C?), 162.24 n (C-F,,,,, Ycr =
245.0 T'y,). Cnextp AMP °F, IMCO-d,, §, Mm.u.: -79.71
c (CF,), -114.17 c (F). 3unaiigeno, %: C 48.25, H 3.26,
N 11.32. [M+1]* 249. C,,HgF,N,0O. BupaxyBano, %: C
48.40,H 3.25,N 11.29. M 248.2.

4-(4-Metundenin)-4-(rpudpropomeTna)imi-
Aa30JiAuH-2-0H (4B). Buxig - 92% (i3 kapbamaty
36), 90% (i3 xkap6amaty 3€). T. . > 230°C (i3 pos-
kaajeHHam). [UY-cnekrp, v, cm™: 1740 (C=0); 3140-
3320 (NH). Cnektp AMP 'H, JMCO-d,, §, m.u.: 2.30 ¢
(3H, CH;), 3.62 1 (1H, CH, J = 10.0 I'y), 3.97 1 (1H,
CH, J = 10.0 I'y), 6.72 urc. (1H, NH), 7.23 1 (2H,,,,.,
J= 6.8Tu), 7.36 n (2H,,,,, /= 6.8 I'n), 8.22 w.c. (1H,
NH). CnekTp AMP 3C, IMCO-d,, 8, m.u.: 20.67 (CH,),
47.71(C%), 64.23 k (C*, ., =27.5T1), 125.91 k (CF,, Y
=283.8Ty,), 126.71, 129.04, 134.21, 138.27 (C,,,,.),
161.33 (C?). Cnektp AMP *F, IMCO-d,, §, m.u.: -79.47 ¢
(CF,). 3naiigeHo, %: C 54.31, H 4.56, N 11.44. [M+1]*
245. C,,H,,F;N,0. Bupaxysano, %: C 54.10, H 4.54, N
11.47.M 244.2.

4-(4-MeTtokcudenin)-4-(rpudpropomMmeTii)imi-
Aa30J1ignH-2-0H (4r1). Buxig - 82% (i3 kap6amaTty
3a). T.n. > 230°C (i3 po3kyageHHaM). [U-criekTp, v,
cm : 1740 (C=0), 3150-3320 (NH). Cnextp AMP 'H,
AMCO-d,, §, m.u.: 3.62 g (1H, CH, J =10.4 T), 3.76 ¢
(3H,CH,), 3.97 1 (1H, CH, /= 10.0 I'y), 6.73 mr.c (1H,
NH), 6.97 1 (2H,,,,.,J= 7.6 Tw), 741 0 (2H,,,,,,,J= 7.6 T'),
8.22 m1.c (1H, NH). Cnextp SIMP 3C, §, IMCO-d,, M.u.:
47.73 (CH;0), 55.22 (C%), 63.98 k (C* %/ = 28.8 I'y),
113.81(C,,,,.), 125.91 x (CF,, ., = 283.8 I'n), 128.11,
128.95,159.42 (C,,,,), 161.32 (C?). Cnextp AMP *F,
AMCO-d,, §, Mm.u.: -79.23 c (CF,). 3naiigeHo, %: C 50.94,
H 4.25, N 10.81. [M+1]* 261. C,,H,,F;N,0,. Bupaxy-
BaHo, %: C 50.77, H 4.26, N 10.77. M 260.2.

Aurigpoxnaopug 2-apui-3,3,3-Tpudroponpo-
naH-1,2-aiaminy (5a,6). o 0,5 MMoJsib kKapb6aMaTy
(3e,€) momaBav 2 MJT HACUYEHOT'O XJIOPOBO/IHEM JIi-
OKCaHy 1 mepeMillyBajid BIPOLOBXK 4 roAuH. YTBO-
peHui ocaj BiAdinbTPOBYBa/IM Ta BUCYLIYBa/IU IPH
3HMXKEHOMY THUCKY.

Aurigpoxaopug 3,3,3-tpudTopo-2-deHniimpo-
naH-1,2-giaminy (5a). Buxig - 90%. T. 1. ~ 170°C (i3
po3kJaieHHsAM). [Y-criekTp, v, cmt: 3320-3420 (NH).
Cnektp SAIMP 'H, JIMCO-d,, 6, m.u.: 3.55 1 (1H, CH, J
=13.4Tn), 3.88 1 (1H, CH, J = 13.6 I'y), 3.80-6.00 m.
(6H, 2NH,"), 7.45-7.51 m (3H,,,,,), 7.66 -7.71 ™M (2H,,,,,)-
Cnektp AMP 3C, IMCO-d,, 6, m.u.: 41.39 (C), 61.22
K (C% ¥.=27.5Tn), 124.94 x (CF,, Y. = 285.0 '),
127.51,128.74,129.50, 13143 (C,,,,,)- Cnextp SIMP *°F,
AMCO-d,, 6, m.u.: -75.77 c (CF,). 3Haiigeno, %: C 38.85,
H 4.76,N 10.16. [M+1]* 205. C,H,;CL,F;N,. Bupaxysa-
HO, %: C39.01,H4.73,N 10.11. M 277.11.

Aurigpoxaopug 3,3,3-TpudTopo-2-(4-MmeTui-
denin)nponan-1,2-aiaminy (56). Buxing - 88%.
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T. . ~ 180°C (i3 posksageHHsaM). [Y-ciekTp, v, cMm™:
3310-3420 (NH). Cnextp AMP *H, IMCO-d,, §, Mm.4.:
2.33 ¢ (3H, CH,), 3.61 g (1H,CH,J=15.0Tu),3.95 &
(1H, CH, J = 15.0 T'), 4.05 - 7.10 ur.c (6H, 2 NH,"),
7.32 n (2H,,,,,J= 7.8 Tw), 7.57 n (2H,,,,, J = 8.0 T'n).
Cnextp AMP 3C, IMCO-d,, 5, m.u.: 20.66 (CH,), 41.31
(CY), 61.30 k (C?% ¥, =28.8Tn), 125.99 k (CF,, Y =
285.0Ty,),127.55,128.01,129.44,139.26 (C,,,,,.). CniexTp
AMP PF, AIMCO-d,, §, M.u.: -76.04 ¢ (CF,). 3naiiieHo,
%:C41.36,H5.22,N9.57. [M+1]* 219. C,,H,;CL,F,N,.
BupaxyBano, %: C 41.25, H5.19, N 9.62. M 291.14.
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CUHTE3 U AHTUPE3UCTEHTHAA AKTUBHOCTD
AIIUJINPOBAHHBIX U CYITPAMOJIEKY/IAPHBIX
INTPOU3BOAHDBIX 3JI/IA'OBOU KHUCJIOTbI
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61057, r. XapbkoB, ya. [lymkuHckas, 14. E-mail: imiamn@ukr.net

Katoueesvle caosa: annazo8as Kucaoma; ayuauposaue; CykyuHuauposarue; BIXKX; AMP 'H;
aHmMubakmepua/abHsle c80licMmea; NPpomuso2pubKosble ceolicmea

Llensto uccnedosaHull 66110 Mony4YeHuUe Hosbix, boree pacmeopumMbix U 6UOMO2UYECKU aKMUBHbIX MPOU380-
OHbIX 3151a20800 KUCIOMbI Yepe3 ayunuposaHue heHObHbIX 2UOPOKCUII08 U MOoyYeHue CyrnpamMoneKynsp-
HbIX KOMIIEKCO8 C UUKITOOEeKcmpUHamu, udyyeHue criocobHOCmMU CUHME3UPO8aHHbIX MPOU3BO0OHbIX CHUMamb
pe3uCmMeHMHOCMb MUKPOOP2aHU3MO8 K aMUHO2/IUKO3UOHbLIM aHmubuomukam (Ha npumepe eeHmamuyuHa). B
pabome npedcmasrneHbl pesyibmamal Uccredo8aHUl CUHME3UPOB8aHHbIX auusiupO8aHHbIX MPOU3BOOHbIX 3ria-
2080U1 KUCIOMbI U ee CynpaMOoneKyasipHbIX NPou3e00HbIX ¢ B-yuknodekcmpuHoM. Cmpykmypa cuHme3uposaH-
HbIx coeduHeHul nodmeepxdeHa SIMP 'H-criekmpockonuyecku u ¢ npumeHeHuem BIOXKX ¢ MyrnbmugosiHo8bIM
Y®-0emekmopom. NokazaHo, Ymo & cybaghghekmuesHbix KoHUeHmpauyusx (0,001% pacmeop) npu omcymemeuu
MPSIMbIX @aHMUMUKPOBHbIX U aHmMu2pubkosebix ceolicme mempacykyuHui-ouaannosas kucnoma (5) nposieu-
J1a crnocobHocmb 8occmaHasnueams 4y8cmeumeribHOCMb K 2eHMaMUUUHY y Noaupe3ucmeHmHbixX WmamMmos
MUKPOOP2aHU3Mo8 U 4y8cmeumerilbHOCMb K HUCMamuHy y pe3ucmeHmHbIX K Hemy epubos. NokazaHo, 4mo
KrampamHble KOMMIEKCbl 31azomaHuHa ¢ B-yukinooekcmpuHoMm He obriadanu aHmupe3ucmeHmHol akmue-
HOCMbIO PasHoO Kak u Opyaue ayunuposaHHble npou38o0HbIe 3/11a2o080l KUCIOMBbI.

SYNTHESIS AND THE ANTIRESISTANT ACTIVITY OF ACYLATED AND SUPRAMOLECULAR DERIVATIVES
OF ELLAGIC ACID

Alhussein Mustafa Ali, A.V.Martynov

Key words: ellagic acid; acylation; succinylation; HPLC (high-performance liquid chromatography); NMR 'H
(nuclear magnetic resonance); antibactirial properties; antifungal properties

The aim of our research was to obtain new, more soluble and biologically active derivatives of ellagic acid
through acylation of phenol hydroxyls and obtaining supramolecular complexes with cyclodextrins, as well as to
study the ability of the derivatives synthesized to eliminate the microorganism resistance to aminoglycoside an-
tibiotics (by the example of gentamicin). The article represents the research results of the acylated derivatives of
ellagic acid and its supramolecular derivatives with 3-cyclodextrins. The structure of the compounds synthesized
has been confirmed by NMR'H -spectroscopy and HPLC with a multiwave ultraviolet-detector. It has been shown
that in sub-effective concentrations (0.001% solution) in the absence of direct antimicrobial and antifungal prop-
erties, tetrasuccinyl-digallic acid (5) reveals the ability to reduce sensitivity to gentamicin in polyresistant strains
of microorganisms and sensitivity to nystatin in fungi resistant to it. It has been found that clathrate complexes of
ellagotanin with B-cyclodextrins have no antiresistant activity, as well as other acylated derivatives of ellagic acid.

CUHTE3 | AHTUPE3UCTEHTHA AKTUBHICTb ALNTIbOBAHUX TA CYTIPAMOIJIEKYIISIPHUX MNMOXIQHUX
EJIAFOBOI KMCoTn

Mycmadba Ani AnbxycceliH, A.B.MapmuHog

Knrovoei cnoea: enazosa kucroma; ayunogaHHs; CykyuHinmoeaHHsi; BEPX; AMP 'H; aHmubakmepianbHi enac-
musocmi; npomuepubkosi enacmusocmi

Memoto docnidxeHHs1 6yr10 ompumaHHs Ho8UX, binbw po34UHHUX ma 6iono2iyHO akmuBHUX MOXIOHUX enaz2oeoi
Kucromu yepe3 ayurmto8aHHs1 heHONNbHUX 2i0POKCUITi8 | OmpuUMaHHS CyrnpaMoneKynspHUX KOMIIIEKCI8 3 YUKITO-
deKkcmpuHamUu, 8UB4eHHs1 30amHOCMi CUHMe308aHUX MOXIOHUX 3HIMamu pe3ucmeHmHICmb MikpoopaaHiamie 00
amiHo2riko3uoOHUX aHmubiomukig (Ha rpuknadi eeHmamiyuHy). Y pobomi npedcmasreHi pesyrnsmamu 00CniOXeHb
CUHMe308aHUX ayuibo8aHUX roxiOHUX eslazo80i Kucaomu ma ii cyrnpamoneKkynsapHUX noxioHux 3 B-yukro-
dekcmpuHom. Cmpykmypa cuHme3o8aHux criofiyk niomeepoxeHa SIMP "H-crniekmpockoniyHumMu ma i3 3acmo-
cysaHHsIM BEPX 3 mynbmuxsunbosum Y®-0emekmopom. [Toka3aHo, wo 8 cybeghekmugHUX KOHUEeHmMpauisx
(0,001% po34uH) npu 8idcymHocmi npsiMux aHmMuMiKpobHUX ma aHmuzpubkosux enacmueocmeli mempacyKyu-
Hin-Ouearnosa kucrioma (5) nposisuna 30amHicme 8iOHo8Mo8amu Yymsugicms 00 2eHmaMiyuHy y pesucmeHm-
HUX Wwmamig MikpoopaaHiamie ma Jymisugicms 00 HicmamuHy y nonipeaucmeHmHux 0o Hb020 epubis. [Noka3aHo,
W0 KrampamHi KOMIIeKcU eriaeomariHy 3 B-UUuKioO0eKCmpuHOM He 80100iru aHmMupe3UuCMeHMHOK aKmueHic-
mr mak camo SIK i iHWi ayubo8aHi rnoxioHi ennazoeoi Kucrnomu.

JJ1aroBasi KUCJI0TA NPe/CTaBJsIeT CO60H MOJIH-
deHoJIbHOE COeIMHEHNE, COCTOsIIIee U3 JIBYX OCTAT-
KOB rayizioBo# kucJjoThl [1]. B dopme pa3Hbix nmpo-
W3BO/IHBIX C FaJIJIOBON KUCJIOTOU U ITMKO3U/IOB OHA
BXOJIUT B COCTaB MHOTHX JIEKAPCTBEHHBIX PACTEHUH,

ocobeHHO ceMelcTBa MUPTOBLIX 2, 3, 4]. Buosioru-
YyecKast aKTUBHOCTb TJIMKO3HU/[0B 3J1JIar0OBOX KUCJIO-
ThI IOBOJIbHO XOPOIIIO U3y4YeHA: OT aHTUMUKPOOHOH,
IPOTUBOBUPYCHOM, IPOTUBOPAKOBOM /10 aHTHUOKCH-
JIAHTHOU Y KapAuONpoTeKTopHOH [5, 6, 7]. B Ykpau-
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He MJIAHUPYETCS K BBIMYCKY MpenapaTt Ha OCHOBE 3J1-
JIaroBoU Kuc/10ThI JirauuH [8]. B ovinyue ot u3sBe-
CTHBIX MPUPOHBIX MPOU3BOIHBIX 3JIJIaTOBOM KHUC-
JIOTBI JJITAllMH NpeACTaBJseT COO0M aryInKOH UJIU
YHCTYI0 3/1JIaroBY10 KUca0TY. [IpobsieMoii c BHeApe-
HHUEM JJaHHOTO Ipenapara cTaja IpaKTU4eCKH M0JI-
Hasl ero HepacTBOPUMOCTD B JJOCTYNHBIX JJisl IPU-
MeHEeHHUs YeJI0BEKY XKUJJKOCTSAX U COOTBETCTBEHHO
HHU3Kasi 6M0I0CTYNHOCTb. Ho lake 3TOM HU3KOM 610-
JIOCTYITHOCTH 0Ka3aJI0Ch JOCTATOYHO /1J151 IPOsIBJIe-
HUSI aHTUOKCU/IJAHTHOU U KapJUOIMPOTEKTOPHOH aK-
TUBHOCTH ero TabjeTupoBaHHOU PpopMbl. C TOYKU
3peHUsI XUMUU MPEJCTABJISIOT UHTepeC GpeHOoIbHbIE
TUIPOKCHUJIBI 3J1JIarOBOM KUC/IOThI, BECbMa PeaKIMOH-
HOCIIOCOOHBIE U JIOCTYIHbIE JIJIs1 3aMeleHUs B pe-
AKIUSIX AlWIMPOBAHMSA U aJIKUJIMPOBaHUs1. PaHee mpo-
BeJleHHble HaMU HCCIeJ0BaHUSA TOATBEPAUIUN yMe-
PEHHY0 aHTUMHUKPOOHY0 aKTHBHOCTb BBICOKOMO-
JIEKYJISIPHBIX IPOU3BO/JHBIX 3J1JIalOBOM KUCJIOThIL YBe-
JIMYUTb PAaCTBOPHUMOCTD 3/1JIaTOBOM KHUCJIOTHI MOXK-
HO JINOO MyTeM alluJIMPOBaHUs 4aCcTH GpeHOJIbHbBIX
TUJIPOKCHJIOB U /WJIH MOJIyYeHUs] CypaMoJIeKyasip-
HbIX KOMILJIEKCOB C LIUKJI0/leKcTpuHaMu. [locieiHee
HampaBJIEHUE UCC/IeZIOBAHUN SIBJISIETCS BECbMA Tep-
CMEKTUBHBIM, T. K. IMEHHO TJIMKO3HU/IbI 3JIJIar0BOH
KHUCJIOTHI POSIBUJIN MAKCUMAJIbHYI0 GM0JIOTHYECKYTO
AKTHUBHOCTb.

LlesibIo McciieJo0BaHUM ObLIO OJIyYeHHE HOBBIX,
60J1ee paCTBOPUMBIX 1 GUOJIOTMYECKH aKTUBHBIX MTPO-
M3BO/IHBIX 3JIJ1alOBOW KHUCJIOTHI Yepe3 alluJINpoBa-
HUe QeHOJIbHBIX TUPOKCUJIOB U IOJIyYeHUEe Cynpa-
MOJIEKYJITPHBIX KOMILJIEKCOB C IUKJIOAEKCTPUHAMY,
M3y4YeHUe CIIOCOOHOCTH CUHTE3UPOBAHHBIX IPOU3-
BO/IHBIX CHUMAaTb Pe3UCTEHTHOCTb MUKPOOPraHU3-
MOB K aMUHOTJINKO3U/IHbIM aHTUOUOTHKAM (Ha pU-
Mepe reHTaMUIUHA). JTAllMH B YUCTOM BUJE ObLI
JIF0OE3HO TPeJIoCTaBJIeH Jis uccienoBanuil [1AT «bop-
IIaroBCKUIM XUMdapM3aBOa».

Ha puc. 1 npuBeieHa cxeMa CUHTe3a MPOU3BO/I-
HBIX 3JIJIarOBOX KUCIOTHI 4, 5. B ciiy4yae peaknuu B
cpezie 1eAHOW YKCYCHOM KUCJIOTHI B pe3y/ibTaTe CUH-
Te3a 00pa30BbIBAINCH JIU3aMell|eHHbIe TPOU3BOJHBIE
4a u 4b, HO TOJILKO MO Mapa-noJoKeHusM. B ciy-
Yyae, ecJld peaknys npoucxoauiaa B cpefe MDA B
NPUCYTCTBHUU T'HAPOOKCHA HATPUs, HA0JII0/1a/10Ch
YaCTUYHOE PACKPBITHE I[UKJIA 3JJIar0BOM KUCJIOTHI,
Y MPOAYKT peaKIMU B BUJle HATPUEBOM COJIH Mocjie
alMJINPOBAHUSA JlaBaJl Ve MPOJIYKT C YeThIpbMs 3a-
MellleHHbIMU Ipynnamu 5a u 5b. buc-cyknuuuau-
pPOBaHHBIN U 6GMC-MaJleUJIMPOBAHHbBIN NPOAYKTHI 4a
Y 4b 6p1TM MeHee pacTBOPUMBI B MOJISIPHBIX PAaCTBO-
puTensx (BoJie, MeTaHOJIE U 3TAHOJIE), UEM TETPa-
CYKLIMHUJINPOBAaHHBIN U TeTpa-MaJeuJINPOBaHHBIN
npoaykKT 5a u 5b. Takke cienyeT 06paTUTb BHUMA-
HUe Ha TOT QaKT, 4YTO UCXoAHOe coejuHeHUe 1 ObLI0
NpaKTU4YeCKU HePaCTBOPHUMO B NOJIIPHBIX PaCTBO-
putessax, B T. 4. JIMCO u IM®A. [lns npoBeneHus pe-
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AKIIMY MbI ObLIN BBIHYKJI€HbI PaCTBOPUTH 1 B cMe-
cu JM®A u s1eisTHOM YKCYCHOM KUC/IOTHI IPU Harpe-
BaHUU. [IpH 3TOM MPOAYKT YaCTUYHOTO PACKPBITHS
[MKJIa 3JIJIaTOBOX KUCJIOTHI 2 JIETKO PaCTBOPAJICH B
BOJle U MeTaHoJIe U UMeJl KpacHYI oKpacky. Mcxo-
JIa us gaHHbix HPLC, coenyHeHus 4 ¥ 5 He ABISIUCD
VH/VBUAYaJIbHBIMU XUMHUY€ECKU YUCTBIMU BeEIleCT-
BaMH, a [Ipe/ICTaBJIsAIN CO60M KOMOUHATOPHYIO CMECh
OT 3aMelleHHOT0 TOJIbKO 110 OHOM U3 TPy [0 M0JI-
HOCTBI0 3aMeleHHOr0 M0 BCEM I'PyIINaM MPOU3BO/I-
Horo. Ha puc. 1 npe/icTaB/ieHbI TOJTHOCTBIO 3aMellleH-
Hble MPOX3BO/HbIe. [laxke PY 3HAYUTETHHOM U36bIT-
Ke aljMJINPYIoLero areHTa peakiiusi oJIHOro 3aMe-
IIeHNEe BCeX JOCTYMHBIX GeHObHBIX TPYIII HEe HU/IET.
Ha puc. 2 nokazana PHLC [9] xpomaTorpamma Ko-
HEYHOro NpoAyKTa 5 npu 255 HM, MakcuMyMa, xa-
paKTepHOro /11 NPOU3BOAHBIX JUTAJI0OBON KUCJIO-
ThI (CM. pUCyHOK Y®-crieKTpa 3J1J1ar0BOU KUCIOTHI
[10]). B pacTBopax, 0cOGEHHO MOJISIPHBIX, CYIIECTBY-
eT paBHOBeCcHe MeX/y 3/11aroBoil kucaotou (1) u
ee coJIsIMHU (2) U, BEpOSITHO, UCXOAHBIM COEJIUHEHU-
eM 1. /laHHbIN GpeHOMEeH XxapaKTepeH He TOJIbKO JJisl
3JIJIarOBOM KHUCJIOThI, HO W /151 TAJIJIOBOU U JIJISl UX
60Jiee BLICOKOMOJIEKYJISIPHBIX TPOU3BOAHBIX — TaH-
HU/[0B.

CuHTe3UpOBaHHbIE CHCTEMBI JJOBOJIbHO XOPOLIO
uaeHTUPUIupytotcsa AMP'H cieKTpoCKONUYEeCKH,
XOTs U NIPE/ICTABJISAIOT COOOU CJIOKHBIE Hepa3/iesu-
Mble Ha/IMOJIEKYJIIpHbIE CUCTEMBL.

Jlpyroi BapuaHT MoJiy4eHus pactBopumoro 1 co-
CTOUT B MOJIYyYEHUU €ro KOMIJIeKca BKJIIOYEHUS C
B-uuknoaekctpuHom (B-1/1). Ha puc. 2 npeacraB-
JIeH pe3yJibTaT MO/leJIMPOBaHUS KOMILJIEKCa BKJIIO-
YEeHHs C 3JJIar0BOM KUCJIOTOH C UCIIOJIb30BAHUEM I10-
JIySMIIUPUYECKOr0 aJroputMa Bio+ nocse ontumu-
3anuu MM2. /lanHOe Mo/ieiMpoBaHue GblJI0 HEOO-
XOJIUMO [1J151 OTIpeiesIeH s 1eJ1IeCO0OPa3HOCTH Aab-
HeM1Iero NoMcKa MeToJ0B CUHTe3a KOMILJIeKca BKJIIO-
yeHus mexay 1 u 3-11/]. Kak BuiHO U3 puc. 2, aJia-
roBasi KUCJIOTA BIIOJIHE COOTBETCTBYET pa3Mepy ru/i-
podoOHOM MOJIOCTH B-IUKJIOeKCTPHHA. B CBsI3M C
TeM, YTO B-I[UKJIO/IEKCTPUH PaCTBOPUM TOJIBKO B BOJE,
a 1 HepacTBOpPHM B BO/ie BOOGIIle, BOSHHKJIA TpobJie-
Ma oJIydyeHUsl KOMILJIeKca BK/IoYeHHs. Hamu 6110
pe/JIOKeHO HECKOJIBKO METO/I0B CUHTE3a KOMILJIEK-
COB BKJIIOYEHHUSI: BIIPbICKUBaHUe pacTBopa 1 B nu-
puguHe B 1% BozaHbIN pacTBop -1/ c nocieayromum
oxJlaxkaeHueM pactBopa Jio 5°C. [Ipu aTom HabJt0-
Jlajlacb KpUCTA/LJIM3aLUs Ha JHe KOoJ1Obl KOMIJIEK-
ca BKJIIOUEHUS], YTO MOATBEPHK/AIOCh €ero pacTBo-
PHUMOCTBIO B BOJle BIJIOTh 10 2% NpU COXpaHEeHUH
uaeHTU4Horo 1 cnekrtpa Y®-norsouenus. Jpyroi
€roco6 cocTosis B 06aBJIEHUN CyXOT0 U3MeJsbueH-
Horo 1 k pactBopy B-11/] c mocieaywied o6paboT-
KOU pacTBOpa yJIbTPa3ByKOM U KOH/ieHcaljuel KOM-
IJIeKCa BKJIIOUEHHs OXJIaXAeHneM pacTtBopa Ao 5°C.
B nocsiejHeM ciyyae BbIX0J, KOHEYHOTO MPOAYKTA,
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Puc. 1. CuHTe3 aunnmpoBaHHbIX NPOU3BOAHbIX 3111aroBov KUCMOTbI.

pPacTBOPUMOTrO B BOJle, 0KA3aJICsl 3HAUUTEJbHO HUXKe
(12+3%) xak nutanupyemoro (70£10%), Tak U BbI-
X0/la IPOoAyKTa B iepBoM MeTojie (52+7%). B ito6om
cilydae, MeTo/], 1 MO3BOJINJI MOJIYYUTh MOJTHOCTBIO pa-
CTBOPHMBIH B BOJIEe 3JIJIATOTAHUH B BU/IEe KOMILJIEKCA
BKUIIOUeHUs € 3-11/] c BOSMOXKHOCTBIO CO3/]aHUs pac-
TBOPOB CO CTAOU/IbHBIMU KOHLIEHTPALUSIMU BILJIOTh
1o 2%. Kommiekcsr 1 ¢ 3-11/] oTin4anuch oT 4YUCTO-
ro 1 ToJIbKO MOBBILIEHHOM paCTBOPUMOCTBIO B BOJIE, A
[IpU MOMNBITKE UX pacTBopeHus B yuctoMm JJMCO pas-
pylIaarch 10 06pa3oBaHMs 6esbIX KpUCTaLIoB 3-11/]
v pactBopa (1). Y®-cnekTp nosy4eHHOTO pacTBopa
COOTBETCTBOBAJI CIIEKTPY 3JIJIar0BOX KUCIOTHI.
AHTHpe3UCTEeHTHAsA aKTUBHOCTb U3y4asach B Cy0-
3} PeKTUBHBIX J103aX, KOI/Ia BEIlleCTBO He NMPOsIBJIs-
eT NIPOTUBOMHUKPOGHOU U MPOTUBOrPUOKOBOM aK-
TUBHOCTHU, HO 3HAYUTEJILHO IOTEHI[UPYET JIeUCTBUE

mV

200 +

150 -

100 4

Puc. 2. ®parmeHT HPLC-xpomaTtorpammbl u Y®-cnektp
annarotaHHuHa (1); HaTpueBas Conb AWUranyoBOn KUCMOThI (2);
TeTpacyKkuuHungurannosas kucnora (5).
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Puc. 3. Pesynsrat MogenvmpoBaHusi BKITIOYEHUS MOFEKY bl
annarotaHHWHa B komnnekc ¢ B-UA.

MPOTUBOMHUKPOOHBIX CPEJICTB JIN60 «OTMEHSIET» YCTOM-
YHUBOCTb MUKPOOPraHU3MOB K paclnpoCTpaHEHHBIM
AHTUOMOTHKAM M aHTUMUKPOOHBIM NpenapaTtam. s
HCC/IeJOBAaHUS aHTUMUKPOOHBIX CBOMCTB MCI0J1b30-
Ba/IM TeHTAMULIMH U Pe3UCTeHTHbIE K HeMy LITaM-
Mbl MUKPOOPIaHU3MOB JIab0paTOPUM KJIUHUYECKON
MUKpPOOHOJIOTUH U JIabOPaTOPUU OUOXUMUN MUKPO-
opraHu3MoB Y nutaTtesbHbIX cpef ['TT «<UMU HAMH»
mraMMel S. aureus poly-2008, P. aeruginosa Port 293, a
TaK)Ke Pe3UCTeHTHbIe K HUCTAaTUHY C. albicans rts232,
A. niger rs33. AHTUPE3UCTEHTHAst U aHTUMUKPOOHast
aKTUBHOCTb U3Y4a/IMCh COTJIACHO METO/a CEPUMHBIX

pa3BeleHU M.

OKCcnepuMeHTasibHas YacTb

JlJ11 leTaqibHOTO M3yYeHHs KayeCTBEHHOTI0 CO-
CTaBa MPHUMEHSIU MeTO/, BbICOK03bPEKTUBHOM KU/ -
KoCcTHOHM xpoMaTorpaduu (BIXKX) kak ouH u3 ca-
MbIX HaZIeXKHbIX JJIsl ONlpeJiesleHUsI UHAMBH/yallb-
HbIX QeHOJIbHbIX coeuHeHu [12]. s uaentrdu-
Kalnuu GeHObHBIX COeJUHEHNH UCII0Ib30BaJIN CTaH-
JlapTHble 06pa3iibl GpeHoJIoKUCI0T. Kputepusamu a1

Ta6bnuua 1
MpoTMBOMMKPOOHaA akTMBHOCTb reHTamuLrHa 0,1% B OTHOLLEHUN
pPe3nCTEHTHbIX POPM MUKPOOPTraHN3MOB
JKcnosmnuya TpeboBanua EP-2012 KonnuectBo mmnkpoopraHnsmos, KOE/mn
B NPUCYTCTBUN - ;
MUKPOOPraHM3MoB | KOMMUeCTBO konuuecteo | S.aureuspoly- | P.aeruginosa C. albicans A. nigerrs33
(1 mn pacTBOpa 6aKTep|/||Z rpV|6OB 2008 Port 293 rts232
Ha 5 Mn cpeabl) KOE/mn KOE/mn 8,90%105 5,90%105 1,50%10° 1,80%10°
2 aHA HP HP 8,21*10° 5,50*10¢ 1,11*10° 1,11%10°
7 OHen HP HP 1,59*10* 1,47*10* 5,00%10* 1,70*10*
14 gHen HP HP 1,50%103 6,56%10? 6,50*10? 7,00%10°
28 pHen HP HP 5,70*10° 1,15%10? 3,20*10? 2,70%10°
* — HaBeaeHo Anst KOHTPOSIIO BiICYTHOCTi aHTUIPUOKOBMX BNACTUBOCTEN Y KOMMO3MLLL.
Ta6bnuya 2

MpoTBOMMKPOOHAA 1 MPOTUBOrPUOKOBasA aKTUBHOCTb COOTBETCTBEHHO 0,1% reHTaMmumHa

1 0,1% HuctatmHa B npucytcteum 0,001% aHTUPE3NCTEHTHOIO KOMMOHEHTa (5a%)

Ha pe3ncTeHTHble GOPMbl MUKPOOPraHN3MOB

oKcnosnuna TpeboBaHua EP-2012 KonunyectBo mmnkpoopraHusmos, KOE/mn
B MPUCYTCTBIM
MUMKPOOpPraH1n3mos Kggr:eec;;o K01r1|/|:6e;;30 S. aureus poly- | Paeruginosa C. albicans A. niger
(1 mn pacteopa KOE /p K%E / 2008 Port 293 rts232 rs33
Ha 5 Mn cpeabl) Mn mn
JleHb BHeceHus - - 8,00%10° 5,00%10° 1,00%10° 1,11*10°
2 oHA HP HP HP HP HP HP
7 nHen HP HP HP HP HP 1 HP
14 pHel HP HP HP HP HP HP
28 gHel HP HP HP HP 1,20%10? 1,10¥10?

* — [pepBapuTenbHble AaHHbIE CKPUHUHIA APYrMX NPOU3BOAHbIX NMOKasanu: coeanHenuns 4a,6; 56 n komnnekc 1 ¢ B-UA B cy6apdekTuBHbIX
KOHLIEHTPALMsIX He NPOSIBUIN @aHTUPE3UCTEHTHBIX CBOMCTB.
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HJleHTHPUKAIIMK KOMIIOHEHTOB ObLJIM BpEMeHa yaep-
»KUBaHUS UCC/IelyeMbIX BellecTB, Y D-crieKTphbl, 6a3bl
JlAaHHBIX ¥ 0030PHbIE CTAaTbU 10 OCHOBHBIM CIIEKT-
pabHBIM XapaKTePUCTUKAM JIyOUIbHBIX KUCIOT [13].
AHasii3 mpo6 BBINOJIHSIM Ha aHAJIUTHIeCKor BIKX-
CUCTEME, COCTOSAIEN U3 KUIKOCTHOTO XpoMaTorpa-
¢da «Agilent 1200» ¢ AMOAHO-MaTPUYHBIM JAETEKTO-
POM U cUCTeMbl AJis1 c6bopa U 06pabOTKU XpOMaTO-
rpadudeckux gaHHbIX ChemStation. /luoiHO-MaTpUy-
HbIU IETEKTOP MO3BOJIMJI OCYIIECTBUTD J€TEKTUPO-
BaHUe U 3aMUCh CIIEKTPOB MOTJIOIeHUs B JUaNa30-
He JJ1MH BoJiH 255-370 M [14]. Pasnenenue ocy-
I1eCTBJISJIM Ha KoJI0HKe Zorbax SB-C18 pasmepom
4,6x150 MM C uaMeTpOM YacTUL, 5 MKM [IpH Ipaju-
E€HTHOM peXXHMe 3JII0MpoBaHusl. B nogBmxHoH daze
coZiepKaHue MeTaHoJ1a B BOAHOM pacTBope opTodoc-
¢dopHoit kucnotsl (0,1%) nsmensiiock ot 50 10 52%
3a 18 MmuH. CKOpOCTh IIOTOKA 3JIt0eHTa — 1 MJ1/MUH.
06bem BBOAUMOU Npo6bl — 5 MKJI. TeMnepaTypa Ko-
JioHKU - 27°C. [leTekTupoBaHue — npu A360 (ariuko-
Hbl) [15]. [lepen ucmosb30BaHUEM MOABUKHYIO Basy
dbusnbTpoBau Uepe3 MeMOpPaHHbIA QUABTD C Ua-
MeTpoM nop 0,45 MKM. /l/ist TpUTOTOBJIEHUS TIOJBUXK-
HbIX (a3 UCMOJIb30BaJIU MeTaHoJI, opTodochopHyIO
KHUCJIOTY, OUAUCTU/IJIMPOBAHHYO e MOHU3MPOBaH-
Hy10 BoAy. CTaHZapTHbIE pacTBOPbI TOTOBUJIU B KOH-
neHTpauuu 10 mxr/ma [16].

SAMP 'H criekTp coegnHeHU# 4 U 5 3anucbiBaIu
Ha cnekTpoMeTpe Bruker WM (300 MTI'1y); pacTBO-
putenb JMCO-d,.

TeTpacyKIMHUJI-AUTA/IJIOBOYA KUCJIOTHI AU-
HaTpueBas coJb (5a). B nupuuHOBbIA pacTBOp
0,005 Mounb (1) go6aBasau 0,01 Mosab NaOH B nu-
pUArHE, 0CaJI0K PaCcTBOPSJICS, U pacTBOp NpHobpe-
TaJl KpacHy0 oKpacky. K mosiyueHHOMY pacTBOpy MpH-
6aBssiin 0,02 Mouib (3), pacTBOp nepeMennBamu 10
pacTBOpeHus ocaZika 3, Bbliep>kuBaiu 20 MUHYT Ha
BoAsiHOM GaHe npu 100°C, oxytaxkjaau, 106aBJISIN
JIBYKpaTHBIN pacTBop 3TaHo.j1a. Yepes 60 MUHYT 06-
pasoBbIBasICcs 0cafoK (5a), KOTOpbIF OTPUIBTPOBLI-
Basd. Beixog - 60%. T. 1. - 175-200°C. NMR'H 6,
m.a. 5,37 (s, 2H, Ph-OH), 11,6 (s, 4H, -COOH), 7,65 (s,
2H, Ar-H), 2,72 (s, 8H, -CH,-).

JucyKnuHUI-3/1J1aroBasi Kucjaora (4a). B ne-
JISTHYI0 YKCYCHYIO KHCJIOTY BJIMBAIOT MPeiIBAPUTEIb-
HO pacTtBopeHHbIN B nupuauHe 0,005 Mouib (1), Bcb-
natT 0,01 Mouib (3), rperoT ¢ 06paTHBIM X0JI0Ub-
HUKOM 30 MUHYT, paCTBOP OXJIXJAIOT. BeinmaBmumn
0cafiok (4a) oTGUABTPOBBIBAKOT. Beixos - 62%. T. m.
-175-200°C. NMR'H §, m.z. 5,35 (s, 2H, Ph-OH), 11,6
(s, 2H,-COOH), 7,84 (s, 2H, Ar-H), 2,72 (s, 4H, -CH,-).

TeTpamMasieMHUJI-JUTANJ10BON KUCJIOTHI JU-
HaTpueBas coub (5b). B nupuanHOBBINA pacTBOp

JiutepaTtypa

0,005 Moub (1) go6assasiiu 0,01 Mosib NaOH B niu-
pUIMHE, 0CaJIOK PACTBOPSJICS, U pacTBOp NpHob6pe-
TaJl KpacHy0 oKpacky. K nmosiyyeHHOMy pacTBOpy NpH-
6aBssisiv 0,02 Mouib (6), pacTBOp NepeMennBaIH 10
pacTtBopeHHus1 ocajika (6), BbiagepkuBaiu 20 MUHYT
Ha BoJisiHOM 6aHe npu 100°C, oxyiaxkaaiu, 106aBJIs-
JIY IBYKPATHbIN pacTBOp 3TaHoJa. Yepe3 60 MUHYT
06pas3oBbiBaJics 0caJiok (5b), koTopblil OTPUIBTPO-
BbIBaJM. Beixog - 43%. T. ma. - 175-200°C. NMR'H
6, m.4. 5,37 (s, 2H, Ph-OH), 11,8 (s, 4H, -COOH), 7,63
(s, 2H, Ar-H), 6,35 (d, 4H, -CH=), 6,50 (d, 4H, -CH=).

JumanenHuna-3/1aroBas kuciaora (4b). B se-
JAHYIO YKCYCHYIO KHMCJIOTY BJIMBAIOT NIpeiBApUTEIb-
HO pacTBopeHHbIN B nupuauHe 0,005 Mosb (1), Bebl-
nawT 0,01 Mouib (6), TperoT ¢ 06PAaTHBIM XOJIO U b-
HUKOM 30 MHUHYT, pacTBOp OXJIaXK/Jal0T. BeimaBIIni
0caJiok (4b) ordunbTpoBbIBatOT. Boixon — 47%. T. mL.
-175-200°C. NMR'H §, m.1. 5,35 (s, 2H, Ph-OH), 11,6
(s,2H,-COO0H), 7,84 (s, 2H, Ar-H), 6,35 (d, 4H, -CH=),
6,51 (d, 4H, -CH=).

Metop, 1: kommiekc (1) u B-IJ. B 1% BogHbIN
pactBop 0,01 Moub -1/ BnpbicKMBaIu Npu nepe-
MemnBanuu 0,01 Mosb (1) B nupuavHe, 3aTeM pa-
CTBOD oxXJIaxJaJau J10 +5°C, BbIMaBLUIUH 0CaJIOK KOM-
nJjiekca OTGUIbTPOBBIBAIYU U BBICYIIUBAJIH, OTMbI-
BaJIM 3TAHOJIOM OT MUPUJMHA U CHOBA BbICYLIHUBA-
Ju. Beixog — 52%. PacTBopuMocCTb ocajika — 10 2%
B Bozie. UV (mn): 255, 370.

MeTop, 2: komiiekc (1) u B-IA. B 1% BogHbIH
pactBop 0,01 Mousb B-11/] Bcblmasiu mpe/iBapuUTeb-
HO M3MeJibueHHbIH B NblIb 0,01 Mosib (1) u mousy-
YeHHbIU pacTBOP 06pabaThiBalu YJIbTPa3BYKOM C
yactoTo 44 kI'y MmoiHocThI0 900BT Ha ycTaHOBKE
Y3H-2T 15 MuHyT. 3aTeM pacTBOp OTGUJIbTPOBHI-
BaJIM Yepes CKJIaI4aThbli QUIBTP «KpacHasi JIEHTa»,
HEBKJIIOYEHHbIN B KOMILJIEKC 0CaJI0K OTOPaChIBAJIU.
HazocazouHy0 )XUAKOCTb OXJIaxkAaau /10 +5°C, BbI-
naBLIMK 0CaJlOK KOMIIJIeKca OTOUABTPOBBIBAIN U
BBICYlIHMBaIH. Beixog — 12%. PactBopuMocTs ocaa-
ka - 10 2% B Bozie. UV (mn): 255, 370.
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