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It has been found that 6-[(8-dialkylaminoethylthio]-3-R-2H-[1,2,4]triazino[2,3-c]quinazolin-2-ones exhibit
the antiviral activity against respiratory and the biodefence virus panel (EC,, 3.2-36.0 mg/ml) and the
influenza type A and B (EC,, 1.1-18.0 mg/ml) in the visual (viral CPE) and neutral red dye uptake
increasing tests. The high inhibitory activity of compound 1.5 against the strain Flu B (EC, 1.1-5.3 mg/mi)
has been revealed. It has been suggested that the antiviral effect of compound 1.5 is comparable
with Ribavirin. It has been shown that the planar [1,2,4]triazino[2,3-c]quinazoline system causes
antiviral properties additionally determined by the b-dialkylaminoethylthiol fragment and depends on

the nature of the substituent in position 3.

The expansion of the mankind activity in the planet
ecosystem causes the counter evolution of viruses spe-
cializing in exploiting the human organism resources.
Today more than 1500 viral genotypes are known; they
may strike human cells to cause different diseases, such
as encephalitis, influenza, hepatitis, AIDS, etc. Moreo-
ver, virus diseases especially that often occur recently
(Ebola virus disease, Marburg virus diseases) may cause
menaces for the global safety, and this fact demands in-
tensification of the search for new antiviral agents.

Drugs used for treating and preventing virus disea-
ses are presented by different classes of compounds: vac-
cines, interferons, abnormal nucleosides, adamantan deri-
vatives, thiosemicarbazones and other compounds with
the virucidal action [2]. Among others, one of the most
promising class is inductors of endogen interferon such
as Amixin (Tilorone) (1), Cyclopheron (2), Neovir (3),
Umifenovir (Arbidol) (4), etc. (Fig. 1) [5]. In most cases,
the compounds mentioned above are planar polynuclear
carbo- or heterecyclic systems with alkylamine, alkyl-
carboxyle and alkylcarboxamide fragments, and, as a rule,
they are able to inhibit reproduction of the virus. The
studies previously conducted showed reasonability of the
strategy proposed for creating novel antiviral agents. It
was shown that indoles (5), pyrrolo[3,2-f][ 1,3 ]benzoxa-
zines (6), benzo[4,5]imidazo[ 1,2-c]quinazolines (7), chro-
meno[2°,3:4,5]pyrimido[2,1-b][ 1,3 ]thiazines (8), benzo
[delisoquinolines (9), imidazo[2,1-b]thiazole, indolo[2,3-5]
quinoxalines, benzo[4,5]indolo[2,3-b]quinoxaline, phenyl-
benzoimidazoles, benzoimidazo| 1,2-c]quinazolines, naphto
[1,2-b]furanes, phenanthroindolizidine, acridines, fluo-
renes and other planar polycyclic compounds were effi-
cient inductors of interferon and antiviral agents (Fig. 1)
[1,3,4,6,7,9-11, 13, 14, 17-19, 21-24].

Our study describes the strategy for the synthesis of
novel antiviral agents based on the “hybrid — pharmaco-

phore” approach. According to the strategy mentioned
above the planar [1,2,4]triazino[2,3-c]quinazoline sys-
tem (10) was attached to the N,N-dialkylethylamine frag-
ment. Compounds synthesized according to the pathway
proposed already revealed a high antiviral activity against
FluAHN,, FluAH;N,, FluAHN,, FluB (EC,, 3.1 —>
100 pg/ml) strains (Fig. 2) [16].

Thus, considering the latter fact that 6-thio-substi-
tuted-2H-[1,2,4]triazino[2,3-c]quinazolin-2-ones revea-
led the antiviral activity and were quite possibly capable
for DNA-intercalation, their modification aimed to the
synthesis of novel antiviral drugs was quite reasonable.
Hence, it was decided to modify 6-thioxo-3-R-2H-[1,2,4]
triazino[2,3-c]quinazoline-2-ones via introduction of S-dal-
kylaminoethyl moieties to evaluate their potential.

Experimental Part

Chemistry

Previously 6-[(f-dialkylaminoethylthio]-3-R-2H-[1,2,4]
triazino[2,3-c]quinazolin-2-ones (1.1-1.9) were discus-
sed concerning their structure and anticancer activity
(Fig. 2) [8].

Biological Activity

Rapid screening assay of the antiviral activity

The primary antiviral assay was performed using the
respiratory viruses panel (Flu A H,N, (California/07/2009/
MDCK), Flu A H;N, (Perth/16/2009/MDCK), Flu A HN,
(Vietnam/1203/2004H/MDCK), Flu B (Florida/4/2006/
MDCK), respiratory syncytial virus (A,/MA,,,), SARS
coronavirus (Urbani/Vero 76), venezuelan equine ence-
phalitis virus (TC-83/Vero)) and the biodefence viruses
panel (Tacaribe virus (TRVL 11573/Vero), Rift Valley
Fever virus (MP-12/Vero 76), Dengue virus type 2 (New
Guinea C/Vero 76) with a protocol of the NIAID’s anti-
microbial acquisition and coordination [12, 15, 20]. The
results for each compound tested were reported, the virus-
inhibitory concentration, 50% endpoint (EC;, ng/ml),
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Fig. 1. Inductors of endogen interferons and promising polycyclic planar compounds with the antiviral activity.

or 90% effective concentration (EC,, pg/ml) and cell-
inhibitory concentration, 50% endpoint (CC,, pg/ml) were
determined. The general selectivity index (SI;,) was cal-
culated as a ratio of (EC,,)/(CCs,). The SI;, of 3 or gre-
ater indicates that confirmatory testing is needed.

Inhibition of the viral cytopathic effect (CPE)

This test performed in 96 well flat-bottomed micro-
plates was used for the initial antiviral evaluation of com-
pounds. In this CPE inhibition test, four log,, dilutions of
each test compound (e.g. 1000, 100, 10, 1 pg/ml) were
added to 3 cups containing the cell monolayer within 5 min.
Next the virus was added, and the plate was sealed and
incubated at 37°C. The CPE was read microscopically
when untreated infected controls developed 3 to 4+ CPE
(approximately for 72 to 120 h). A known positive control
drug was evaluated in parallel with test drugs in each test.
This drug was Ribaverin for Rift Valley Fever, respiratory
syncytial influenza type A and B and viruses Tacaribe;
Infergen for viruses Dengue type 2, venezuelan equine
encephalitis, “M,8.,,” — for SARS coronavirus virus. The
data are expressed as 50% effective concentrations (EC).

Increase in the neutral red (NR) dye uptake

This test was performed to validate the CPE inhibition
observed in the initial test, and it used the same 96-well
microplates after the CPE was read. When neutral red
was added to the medium cells that were not damaged
by virus, a greater amount of dye was placed on a com-
puterized microplate autoreader. The EC,, was determi-
ned from this dye uptake.

Decrease in the virus yield assay (VYR-test)

Compounds considered to be active by the CPE inhi-
bition and by the NR dye uptake were re-tested on re-
duction of the virus yield by assaying frozen and thawed
eluates from each cup for the virus titre by serial dilu-
tion onto monolayers of susceptible cells. Development
of the CPE in these cells was the indication of the pre-
sence of the infectious virus. The same as in the initial
tests, a known active drug was used in parallel as a posi-

4-CH;0C4H,, Ry=R,=CHy;
CHj, R4=R,=C,Hs;

CeHs, R1=R2=C2Hs;
4-CH3CgHy4, R1=Ro=C,Hs5;
4-CH30CgH,, Ry=Rp=C,Hs;
CH3 R1 R2—I C3H7

R= CGH5 R1 R2 IC3H7

Fig. 2. The general structure of 6-[(8-dialkylaminoethylthio]-3-R-
2H-[1,2,4]triazino[2,3-c]quinazolin-2-ones (1.1-1.9).
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tive control. The 90% effective concentration (EC,,), being
the drug concentration inhibiting the virus yield by 1 log,,
was determined from these data.

Methods for cytotoxicity determination

In the CPE inhibition tests, two wells of uninfected
cells treated with each concentration of the test compo-
unds were run in parallel with the infected treated wells.
At the time the CPE was determined microscopically. The
toxicity control cells were also examined microscopi-
cally for any changes in the cell appearance compared
to normal control cells in the same plate. These changes
may be enlargement, granularity, cells with ragged edges,
filmy appearance, rounding, detachment from the sur-
face of the well, or other changes. The changes were
given the designation of T (100% toxic), PVH (partially
toxic-very heavy —80%), PH (partially toxic-heavy — 60%),
P (partially toxic —40%), Ps (partially toxic-slight —20%),
or 0 (no toxicity — 0%), conforming to the degree of
cytotoxicity observed. The 50% cell inhibitory (cyto-
toxic) concentration (IC,,) was determined by regres-
sion analysis of these data.

Results and Discussion

The mean values of the antiviral activity basic pa-
rameters, namely EC;,, pg/ml, CC,,, ng/ml and SI;, are
presented in Tab. 1.

It was found that compounds 1.5 and 1.6 (EC,
3.2-5.6 pg/ml, SI 2.7-4.7) were the most active against
SARS virus according to the viral CPE and increase in the
neutral red dye uptake increasing tests. At the same time,
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Table 1
The antiviral activity of the compounds synthesized against respiratory viruses and biodefence viruses
Compound* Virus Assay EC.,, mg/ml CC,,, mg/ml Slg,
1.1 Tacaribe 36 >100 >2.8
1.2 neutral red 13 21 1.6
venezuelan equine encephalitis 9.7 17 1.8
viral CPE 3.2 15 4.7
1.5 SARS neutral red 3.2 15 4.7
16 viral CPE 5.6 15 2.7
neutral red 21 34 1.6
1.7 venezuelan equine encephalitis viral CPE 10 32 3.2
1.8 neutral red 10 43 43
viral CPE <0.1 >100 >1000
M85, SARS neutral red <0.13 >100 >770
Tacaribe viral CPE 5.6 >1000 >180
neutral red 6.7 >1000 >150
Ribavirin respiratoty syncytial viral CPE 10 >320 >32
neutral red 9.3 >320 >34
. viral CPE 8.2 >1000 >120
Rift Valley Fever neutral red 7.2 >1000 >140
venezuelan equine encephalitis viral CPE 0.00002 >0.01 >500
Infergen ne.utral red 0.00002 >0.01 >500
Dengue viral CPE 0.00005 >0.01 >200
neutral red 0.00004 >0.01 >250
* —The table presents the results of the antiviral activity against strains for which the selectivity index > 1.5.
Table 2
The antiviral activity of the compounds synthesized against type A and B influenza
Compound* Virus Assay EC.,, mg/ml CC,,, mg/ml Sly,
1.2 viral CPE 10 32 3.2
Flu AH,N, ne.utral red 42 17 4
Ribavirin viral CPE 12 >100 >8.3
neutral red 11 >100 >9.1
viral CPE 7.9 28 3.5
1.9 neutral red 6.3 37 5.9
Flu A H,N, -
Ribavirin viral CPE 3.6 >100 >28
neutral red 3.2 >100 >31
1.4 neutral red 18 33 1.8
1.6 neutral red 33 55 1.7
Ribavirin FluAHN, viral CPE 5.7 >100 >18
neutral red 5.9 >100 >17
viral CPE 1.1 24 22
neutral red 1.4 34 24
1.5 Sficrgl"gslgy 5.2 14 2.7
Secondary 53 16 3
Flu B neutral red
viral CPE 3.6 >100 >28
neutral red 3.1 >100 >32
Ribavirin secondary 0.19 100 530
viral CPE
e 1

* —The table presents the results of the antiviral activity against strains for which the selectivity index > 1.5.
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compounds 1.2, 1.6-1.8 revealed the high antiviral ac-
tivity against venezuelan equine encephalitis virus (EC,,
9.7-21 pg/ml, SI 1.8-4.3) according to increase in the
neutral red dye uptake increasing test. Compounds 1.1 and
1.2 were also active against Tacaribe (EC,, 13-36 ng/ml,
ST 1.6-2.8).

However, inhibitory properties of compounds 1.1-1.9
against other biodefence viruses were not significant (SI
0-4.7), and were less comparing to the reference drugs
Ribavirin (SI>32), Infergen (SI>250) and M,,8., (SI>770).
Thus, they could not be considered as promising anti-
viral agents.

The results of the study of 6-[(f-dialkylaminoethyl)
thio]-3-R-2H-[1,2,4]triazino[2,3-c]quinazolin-2-ones
(1.1-1.9) for their effect on respiratory viruses were more
interesting. Thus, compound 1.2 in the viral CPE and the
neutral red dye uptake increasing tests showed EC,,
4.2-10 pg/ml and the cell-inhibitory concentration (CCs,,
17-32 ug/ml). Besides the fact that the antiviral activity of 1.2
was comparable with Ribavirin (ECs, 11-12 pg/ml, CC,>
100 pg/ml), the last one had a higher selectivity index (Tab. 2).

The results obtained for compound 1.9 were similar
and competed with the virus-inhibiting concentration of
Ribavirin, and the cell-inhibitory concentration against
Flu A H;N, was inferior by the selectivity index. Subs-
tances 1.4 and 1.6 were the most active against Flu 4
H N, virus. Thus, according to the neutral red dye up-
take increasing test their virus-inhibiting concentration
EC,, were 18 and 3.3 pg/ml, respectively. However, the
values of selectivity indexes for the compounds mentio-
ned were in the range of 1.7-1.8; therefore, they were
too low to be the promising antiviral agents. The high
antiviral activity against Flu B was found for 6-[(f-di-
ethylaminoethyl)thio]-3-phenyl-2H-[1,2,4]triazino

[2,3-c]quinazoline-2-one (1.5). Its EC,, was 1.1 pg/ml
in the viral CPE test and 1.4 pug/ml in the increase and
neutral red dye uptake increasing test (SI;, 22-24). The
advanced tests conducted demonstrated higher effecti-
veness of Ribavirin (SI,, 100-530).

It is interesting to note that according to the viral CPE
and the increase and neutral red dye uptake increasing
tests the activity of other compounds (1.1, 1.3, 1.7 and 1.8)
against Flu 4 H,N,, Flu 4 H;N,, Flu A H,N, and Flu B
was not significant, and the selectivity indexes Sl, were
in the range of 0-1.5. Meanwhile, the reference drug Ri-
bavirin under the same conditions had much higher se-
lectivity indexes in the range of 8.3-32.

CONCLUSIONS

Summing up the results presented allows to suggest
that the presence of the planar 3-R-2H-[1,2,4]triazino
[2,3-c]quinazoline-2-one system has determined the anti-
viral activity against biodefence and respiratory viruses.
The SAR-analysis conducted has shown that it is also
influenced by the presence of the lipophilic f-dialkyl-
aminoethantiol fragment and the nature of substituents
in position 3. The most active were compounds which
contained aryl moieties in the following series: Me<Ph<
4-MeOCH, <4-MeCH,. In our opinion, the promising
approaches for further modification of the planar as-tria-
sino[2,3-c]quinazoline system and for purposeful syn-
thesis of novel antiviral agents are functionalization of
the substituent in position 3, including introduction of
benzene cycles with different substituents (alkyl-, alkoxy-,
halogen-, trifluormethyl-), functionalization of position
6 of the thioalkyl fragment change to oxo, alkyl, aryl,
heteryl, or amino groups and introduction of halogens,
trifluoromethyl and alkoxy groups to positions 8-11 aimed
to increase the lipophilicity.
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6-TIO3AMILLEHI 2H-[1,2,4]TPUA3UHOI[2,3-c]XIHA3OJ1IH-2-OHU 3 AIANKINAMIHOETUNBHUM
®PACMEHTOM - HOBUU KINAC NPOTUBIPYCHUX ATEHTIB

0./0.BockoboliHik, I.l.Bepecm, I.C.HocyneHko, JI.M.AHmuneHko, O.B.Kpueowell,
B.M.lleeub, C.l.KoeaneHko

Knroyoesi crioea: 6-[B-OiankinamiHoemunmio]-3-R-2H-[1,2,4Jmpua3uHo[2, 3-c]xiHa30:iH-2-0HU;
0cobnuso HebesrneyHi 8ipycu; pecripamopHi 8ipycu; MPoOmMugipycHa akmusHicmb

BcmanoeneHo, wo 6-[(B-OiankinamiHoankinmio]-3-R-2H-[1,2,4]mpua3uHo[2, 3-c]xiHa305iH-2-0HuU rpo-
S6/11Iomb fPOMuBIpycHy akmueHicmb y gidyanbHomMy mecmi (viral CPE) i mecmi nidsuweHHs 3a-
xeamy 6apeHuUKka HelmparibHo20 4ep8oHo20 (neutral red) wodo pecnipamopHux i ocobnueo Hebes-
neqHux sipycise (EC,, 3.2-36.0 mg/ml) ma sipycy epuny A&B (EC,, 1.1-18.0 mg/ml). BusierieHa sucoka
iHeibytouya KoHyeHmpauis y crionyku 1.5 wjodo wmamy sipycy epuny B (EC,, 1.1-5.3 mg/ml), sika
KOHKYpYe 3 npernapamom riopisHsiHHA Pubasepurom (EC,, 0.19-1.0 mg/mi). lNoka3aHo, wo nnaHapHa
[1,2,4]Jmpua3uHo[2,3-c]xiHa3oniHoga cucmema € HOCIeM MPOomuegipyCcHOI akmueHoCmi, sika 00amKo-
80 8U3Ha4YaembCs ninoginsHUM b-diankinamiHoemusimiosibHUM ¢hpaeMeHmMoMm i 3anexxums 8id bydo-
8U apusibHO20 3aMiCHUKa y mpembOMy MOMIOXEHHI.

6-TUO3AMELLEHHbIE 2H-[1,2,4]TPUA3UNHO[2,3-c]XUHA3OJINH-2-OHbI

C ONANKUNAMUHOSTUNBbHLIM ®PATMEHTOM — HOBbIU KITACC NPOTUBOBUPYCHbIX
ArEHTOB

A.F0.BockoboliHuk, I.I.Bepecm, N.C.HocyneHko, J1. H.AHmuneHko, O.B.Kpueowel,
B.H.llleey, C.N.KoeaneHKko

Knroyeesie cnoea: 6-[3-0uankunamuHosmunmuo]-3-R-2H-[1,2,4Jmpua3uHo[2, 3-c]xuHa30muH-2-
OHbl; 0COBEHHO OnacHbIe 8UPYChI; PECIUPAMOPHbLIE 8UPYChI; NPOMUBO8UPYCHAasT aKmuU8HOCMb
YcmaHoeneHo, ymo 6-[(B-OuankunamuHoankunmuo]-3-R-2H-[1,2,4]mpua3uHo[2, 3-C]xuHa30/1uH-2-0HbI
rposiensaom rnpPOMmMU8O8UPYCHYIO akKmueHOCMb 8 gu3yanbHoM mecme (viral CPE) u mecme ysenuue-
Hus 3axgama Kpacumerisi HelimparbH0o20 KpacHoeo (neutral red) k pecriupamopHbiM, 0cobeHHO onac-
HbiM supycam (EC,, 3.2-36.0 mg/ml) u eupycam epunna A&B (EC,, 1.1-18.0 mg/ml). BbisierieHa ebicokasi
UHeubupyrowast KoHUueHmpauus seujecmea 1.5 k wmammy supyca epurina B (ECs, 1.1-5.3 mg/mil), KoHKypu-
pyrowas ¢ npenapamom cpasHeHusi PubasepuHom (EC;, 0.19-1.0 mg/mi). lNoka3aHo, Ymo raHapHasi
[1,2,4]Jmpua3suHo[2,3-c]xuHa3onuHoeast cucmema s8r9emcs Hocumesnem rnpomueosupyCcHOU akmueg-
Hocmu, Komopasi 00noIHUMebHO ornpedensemcs unouIIbHbIM b-duankunamuHoIMUAMuUOIbHbIM
gbpaamMeHmMOoM U 3agucuIm Om CIMPOEHUS apUIibHO20 3aMeCmUMmerisi 8 MpemseM MoSIOKeHUU.



