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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-



ISSN 2308-8303

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

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
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Ry NN
o)
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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
6a-6g N~NH, e N
¢} 6k-6p
R4O 1b o
R

5i R=4-CH3Ph,R4=H

6k R=Ph,R=CHjz

6l R=4-CH3Ph,R=CHj;

6m R=4-CH;0Ph,R=CHj;
6n R=4-CIOPh,R=CHj,

60 R=furan-2-yl, R;=CHjz

6p R=thiophen-2-yl, Ri=CH3

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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NH, ﬁ

NH,;NHo*H ,0 N

propanol-2

H
: T N N
|
10a-10g PJ\H)\R
i (0]

7aR=CHj3;7bR=Bn;
7¢R=4-NO,Bn; 7d R=Ph;
7e4-CH4Ph; 7f 4-CH;OPh;
7gthiophen-2-yl

NH,
NH,NH »*H ,0 N o
| ropanol-2 | N
7a-7g N _ Prop 11a-11d N
8a-8d \H)\R if R=CH,C(O)R1 N\H /\N
R4
8a R=Ph;
8b 4-CHyPh;
8¢ 4-CH,OPh;

8d thiophen-2-yl

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
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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
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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.
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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%.
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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-

14

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
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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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