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Alkylation of potassium 9-R'-10-R?-3-R-2-oxo-2H-[1,2,4]triazino[2,3-c]quinazolin-6-thiolates by N-cycloalkyl-(cyc-
loalkylaryl-)-2-chloracetamides and interaction of [(9-R’-10-R?-3-R-2-ox0-2H-[1,2,4]triazino[2, 3-c]Jquinazolin-6-yl)
thiojacetic acids imidazolides and chloranhydrides with carcass amines yielded the corresponding amides. The
structures of the compounds synthesized have been confirmed by 'H, *C NMR, LC-MS and EI-MS analysis.
The features of 'H, *C NMR, LC-MS and EI-MS spectra have been described, and characteristic signals have
been identified. The compounds synthesized have been studied for their antiviral activity. The results of the an-
tiviral assay have shown that some compounds exhibit a moderate and high activity against the strains studied.
The correlation between the structure and the antiviral action has been also discussed. According to the data
obtained the conclusion can be made that the combination of carcass amine moieties with the fragment of little
known [(9-R-10-R?-3-R-2-oxo0-2H-[1,2,4]-triazino[2,3-c]quinazolin-6-yl)thio]acetic acid results in compounds with a
high antiviral activity. High indicators of the antiviral activity of compounds 3.2 and 3.14 against Influenza Type
A H3N2 allow to suppose the expediency of further chemical modification of [1,2,4]triazino[2,3-c]quinazoline
directed to obtaining new antiviral agents.

CUHTE3 TA AHTUBIPYCHA AKTUBHICTb OXIQHUX [(9-R'-10-R?-3-R-2-OKCO-2H-[1,2,4]-TPUA3NHO[2,3-c]
XIHA3OIJ1IH-6-1/T) TIOJALUETAMIOIB 3 ®PATMEHTAMU KAPKACHUX AMIHIB

I.C.HocyneHko, O.FO0.BockoboliHik, I.I.Bepecm, C.Jl.CagpoHok, C.l.KoeaneHko, A.M.Kaues, P.C.CuHsiK,
B.O.lManb4yukoe

Knroyoei cnoea: 2-[(9-R'-10-R?-3-R-2-[(3-R-2-okco-2H-[1,2,4]Jmpua3uHo[2, 3-c]xiHa3oriH-6-ir)) mioJauemamidu;
KapkacHi amiHu; sipyc wmamy Flu A&B; aHmusipycHa akmugHicmb

AnkinysaHHs Kaniti 9-R'-10-R?-3-R-2-okco-2H-[1,2,4]Jmpua3uHo[2,3-c]xiHa3oniH-6-mionamig N-yuknoankin-(4uk-
noarnkinapun-)-2-xnopayemamioamu ma e3aemoOisi imidazonidie ma xnopaHaiopudis [(9-R’-10-R?-3-R-2-okco-2H-
[1,2,4Jmpua3suHo[2, 3-c]xiHa3orniH-6-ir)mioJoymosux Kuciom 3 KapKkacHUMU aMmiHamu rpu3sesiu 0 ymeopeHHs
8i0rnogidHuUx amiois. Cmpykmypy ma 4ucmomy CUHME308aHUX CIO/yK 8CMaHOBIEHO 3@ OOMMOMO20K KOMIIIEK-
cy opisuko-ximidHux memodis, 3okpema 'H, *C-NMR, LC—MS ma EI-MS aHanizom. Ocobnueocmi 'H, *C NMR,
LC-MS ma EI-MS criekmpig 6ynu ob2o8opeHi, makox 6yrnu ideHmucbikosaHi xapakmepucmuyHi cueHanu. CuHme-
3086aHi crionyku 6ynu OocnioxXeHi Ha HasieHiCMb aHMUBIPYCHOI akmueHocmi. BcmaHosneHo, wo okpemi rnpeo-
CMasHUKU CUHMEe308aHUX CI1OyK 8USABIISOMb MOMIPHY ma 8UCOKY aHmueipyCHy akmueHicmb Mo 8iOHOWEHHIO
0o wmawmie, wo docnidxysanucb. Kopensuis e3aemoss’sa3kie «bydoea-0is» byna obzosopeHa. BidnogioHo 0o
odepxaHux 0aHuUX MU 3pobusu 8UCHOBOK, W0 KOMbBIHayis 3anuwWKy KapKkacHUX aMiHie 3 goppaemeHmamu Masio-
gidomux [(9-R-10-R?-3-R-2-okco-2H-[1,2,4]-mpua3uHo[2, 3-c]xiHa3oniH-6-ir1)mioJoymosux Kucsiom 0o38osisie 00ep-
)Kamu criofiyKu 3i 3Ha4HOK aHmueipyCHOK akmueHicmio. Bucoki inHOukamopu aHmusipycHoOi' akmugHocmi no
gi0HoweHHto 0o wmamy Influenza Type A H3N2 crionyk 3.2 ma 3.14 doseonsiroms nepedbaqyumu nepcrekmus-
Hicmb nodanbwoi ximiyHoi Mmodudpikauii [1,2,4]mpua3suHo[2,3-c]xiHa3oniHy 3 Memoro fMowyKy HO8UX aHMusipyc-
HUX azeHmig.

CUHTE3 UTTPOTUBOBUPYCHASI AKTUBHOCTb INMPOU3BOAHbIX [(9-R'-10-R?-3-R-2-OKCO-2H-[1,2,4] TPU-
A3UHO[2,3-c]XUHA3O0JINH-6-UIT) TUOJAUETAMULOB C ®PATMEHTAMU KAPKACHbBIX AMUHOB
WN.C.HocyneHko, A.FO.BockoboliHuk, .. Bepecm, C.Jl.CaghpoHtok, C.U.KoeaneHko, A.M.Kauee, P.C.CuHsiK,
B.A.lManb4ukos

Knroueenle cnoea: 2-[(9-R'-10-R?-3-R-2-[(3-R-2-okco-2H-[1,2,4]JmpuasuHo|2, 3-c[xuHa3onuH-6-um)muojauemamudbl;
KapkacHble aMuHbl; supyc wmamma Flu A&B; npomugosupycHasi akmueHOCMb

Ankunuposarue kanutl 9-R'-10-R?-3-R-2-okco-2H-[1,2,4]mpua3uHo[2, 3-c]xuHa3onuH-6-muosiamoe N-yukrioankusi-
(uuknoankunapun-)-2-xmnopayemamudamu u 83aumodelicmsue umudasonudos u xnopaHaudpudos [(9-R’-10-R?-
3-R-2-okco-2H-[1,2,4]Jmpua3uHo(2, 3-c]xuHa3onuH-6-u)muo]yKcyCHbIX KUCITOM C KapKacHbIMU aMuHamu eedem
K obpasosaHuro amudos. Cmpykmypy U 4UCmomy CUHME3UPOBaHHbLIX COeOUHEeHUU yCMaHOB8IEHO KOMIT/IEKCOM
gusuko-xumudeckux memodos, 8 yacmHocmu, 'H-, PC-NMR, LC-MS u EI-MS aHanusom. Takxe 6binu onuca-
Hbl ocobeHHocmu 'H-, SC-NMR, LC-MS u EI-MS cnekmpoe u udeHmughuyuposaHbl xapakmepucmu4yecKkue
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cueHarnbl. CuHme3uposaHHble coedUuHeHUs bbinu uccnedosaHbl Ha Hanu4ue rpomugo8upPyCHOU aKmueHOCMU.
YcemaHoeneHo, Ymo omoernbHble npedcmasumernu Knacca CUHMe3upo8aHHbIX coeQUHeHUU nposiensirom yme-
PEHHYI0 UIU 8bICOKYIO IPOMUBO8UPYCHYH aKmueHOCMb M0 OMHOWEHUIO K udydaembim wmammam. ObcyxoeHa
Koppensyus «cmpykmypa-0eticmeue». CoanacHo rnonyYeHHbIM 0aHHbIM MOXHO coenamp 8b1800, Ymo KoMbu-
Hauyusi cmpyKkmypbl KapKacHbIX aMUHO8 ¢ ghpacMeHmoM ManoudsecmHbix [(9-R'-10-R?-3-R-2-okco-2H-[1,2,4]-
mpua3uHo[2, 3-c]xuHa3onuH-6-urm)muojyKcyCHbIX KUCIIOM [0380/5em Mnofly4yums eeuwjecmsa ¢ 8bICOKOU rpomu-
808UPYCHOU aKmMueHOCMbI0. Bbicokue uHOUKamopb! MPomueo8uUpPyCcHOU aKmu8HOCMU M0 OMHOWEHUI0 K Wumam-
my Influenza Type A H3N2 coedureHuli 3.2 u 3.14 darom 803MOXHOCMb PO2HO3UPO8aMb MePCreKmu8HOCMb
OanbHeliwel xumudeckol modugbukayuu [1,2,4Jmpua3uHo[2,3-c]xuHa3onuHa, HanpaeneHHoU Ha rnonyYyeHue

HO8bIX NpoMmMue0o8UPYCHbIX a2eHImaos.

Despite the fact of the centuries-old contact of
mankind with influenza and significant breakthrough
in studying and treating it and the similar (parain-
fluenza and rhinovirus) diseases during last decades
there are a lot of unresolved problems in this field.
So, according to statistical data, upper respiratory
tract infections take a first place among infectious
diseases by the level of morbidity. Virus infections in
a season epidemic period strike about 20% of the po-
pulation and more than five hundred thousand people
die, as a result of complications. For prevention and
treatment of infectious diseases caused by viruses dif-
ferent classes of compounds are used. Among antivi-
ral drugs it should be mentioned vaccines, interferon,
inductors of interferon, abnormal nucleosides, ada-
mantine thiosemicarbasones derivatives and viru-
cidal agents [1, 2]. At the same time, appearance of
new high pathogenic strains, problems in antiepide-
mic control and decrease of the immunodefence level
cause the necessity of searching new highly effective
antiviral agents, which can affect both the cause and
pathogenesis of the disease.

Recent publication describe the strategies of an-
tiviral drug creation based on chemical modification
of aliphatic polycyclic systems (adamantane, norbo-
rane, bicyclo[2.2.0]hexane, bicyclo[2.2.1]heptane, pen-
tacycloundecane, etc.) by introduction of pharmaco-
phore groups or their combinations with cyclic, aro-
matic or heterocyclic fragments [2-7]. Following the
strategy mentioned we decided to combine the car-
cass amine fragment with the planar [1,2,4]-riazino
[2,3-c]quinazoline system, and it, in our opinion, yielded
the compounds with a high antiviral activity. Our ex-
pectations also encouraged by the proved anticancer
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Scheme. Synthesis of N-(1-adamantyl-)-,
2H-[1,2,4]-triazino[2,3-c]quinazolin-6-yl)thiolacetamides (3.1-3.19).
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activity among substituted [1,2,4]-triazino[2,3-c]quin-
azolines [8, 9, 10].

So, our work was aimed at the synthesis of [9-R*-
10-R?-3-R-2-0x0-2H-[1,2,4]-triazino[2,3-c]quinazolin-
6-yl)thio]acetamides with the fragments of carcass ami-
nes and evaluation of their antivirus activity against
viruses Flu A&B.

Results and Discussion

1. Chemistry

Synthesis of amides 3.1-3.18 was conducted by
alkylation of potassium 9-R!-10-R?-3-R-2-ox0-2H-[1,2,4]
triazino-[2,3-c]-quinazolin-6-thiolates (1.1-1.11) by
the corresponding chloracetamides in propanol-2 or
propanol-2 - water mixture (Method A). The corres-
ponded amides 3.1-3.10 were also synthesized by
aminolysis of chloranhydrides (Method B) or imidazo-
lides (Method C) of acids 2.1-2.11. Our experiments
showed that the reactivity of chloranhydrides and
imidazolides generated in situ were enough for com-
plete conversion of initial compounds into the cor-
responding amides. As specificity of methods B and
Citis worth mentioning the necessity of using anhy-
drous solvents.

Purity of the compounds synthesized was deter-
mined by LC-MS (APCI) method, the structure was
confirmed by elemental analysis, IR-, *H, 1*C and mass-
spectra.

LC-MS-spectra (APCI) of compounds 3.1-3.19 are
characterized by positive ions [M+1] and [M+3], the
last one shows the “isotope profile” of sulfur [11].
Mass-spectra (EI) of compound 3.9 and 3.12 are cha-
racterized by the absence of molecular ions as a re-
sult of their low stability. The primary fragmentation

o
Method B,C R NYS\)I\OH
N.
R; N
2127 N\H)\R
0

Method A: propanol-2 or propanol-2 - water, CICH,C(O)NHR 4
Method B: SOCI,, dioxane, NH,XAd

Method C: CDI, dioxane, NH, R4

R,=H,F, Br; R,=H, Cl, Br, I; X=0, 1,4-phenylene

N-(4-(1-adamantyl)phenyl-)-, N-(3-ethylbicyclo[2.2.1]heptan-2-yl-)-2-[(9-R'-10-R?-3-R-2-oxo0-
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Table 1
Physicochemical properties of the compounds synthesized
Comp. R R, | R, M.p, °C Yields, % Formula
A B C

3.1 CH, H H 160-162 89.2 | 483 | 643 C,5H,sN,0,5
3.2 CH, H H 214-216 913 | 563 | 774 C,6H,N0,5
33 4-CH,C,H, H H 218-220 9242 | 726 C,oH,oN.0,5
3.4 4-FCH, H H 257-259 78.5 80.2 C,sHFN.O,S
35 CH, F H 245-247 80.4 76.5 C,sH,FN.O,S
3.6 4-FCH, F H 282-284 324 73.9 C,sH,sF,N.0,S
3.7 4-FCH, H cl 294-296 673 | 64.8 C,sH,.CIFN,0,S
38 CH, H H 225-227 973 | 720 | 812 C,oH,oN,0,5
3.9 C,H. H H 314-318 945 | 784 C.,H;,N,0,5
3.10 4-CH,CH, H H 266-268 99.9 84.3 C,H,;sN.0,5
3.11 4-CH,OCH, H H 259-262 932 | 647 C,H,;N.0,S
3.12 CH, H H 217-219 846 | 369 | 813 C,,H,.N.0,5
3,13 4-CH,CH, H H 248-250 873 | 673 C,eH,oN,0,5
3.14 4-CH,0CH, H H 230-233 89.6 73.8 C,sH,,N0,5
3.15 4-CH,0CH, F H 272-274 88.24 | 73.2 C,sHpsFN,0.S
3.16 4-FCH, F H 264-266 4272 68.2 C,,H,sF,N,0,S
3.17 4-FCH, Br H 284-286 7879 | 739 C,,H,,BrFN,0,5
3.18 4-FCH, H Br 264-266 66.67 73.5 C,,H,,BrFN,0,5S
3.19 4-FCH, H [ 272-274 80.41 84.2 C,,H,FIN,0,S

of amolecular ion is caused by cleavage of the amide
bond (m/z=347 and 285) and degradation of as-tri-
azinoquinazoline system on C(2) - C(3) and N(4) -
N(5) (F; m/z=244) bonds, which have the highest in-
tensity in spectra. Hereafter F,eliminates parts of CO,
SCH,, CNO, which is typical for this class of hetero-
cyclic compounds [11]. Fragment ions caused by the
presence of the adamantane moiety are also observed
in mass-spectra of compound 3.9 [12].

Two proton singlet of -SCH, group, which chemi-
cal shift depends on the electronodonor effect of the
cycloalkyl fragment, is characteristic for amides 3.1-
3.19. Thus, for amides 3.1-3.7 and 3.12-3.19 this
signal is observed at 4.00-3.93 ppm, whereas for ami-
de 3.8-3.11 it is located at low field (4.25-4.21 ppm);
this fact may be explained by introduction of the phe-
nyl fragment between the amide group and the ada-
mantine moiety. The chemical shift of a singlet sig-
nal caused by - C(O)NH-group also depends on the
nature of a substituent. Thus, for amides with the
adamantine fragment 3.1-3.7 the signal is observed
at 7.88-7.68 ppm, for amides with 3-ethylbicyclohep-
tyle fragment 3.12-3.19 it is at 8.18-8.05 ppm. At the
same time in 'H NMR - spectra of compounds, which
contain 4-(1-adamantyl)phenyl fragment the signal
of amide proton is observed at 10.40-10.36 ppm, it
is characteristic for anilides [13]. In 'H NMR-spectra
of amides 3.1-3.11 in the high field two six-proton
signals caused by protons at secondary carbon atoms

are observed at 1.73-1.62 ppm (H-4", 6”, 10") and
1.98-1.84 ppm (H-2’, 8’, 9). Three proton singlet
at 2.05-2.01 ppm (H-3°, 5%, 7°) characterize protons
located at tertiary carbon atoms of the adamantine
fragment [13]. More intricate multiplicity is observed
in 'H NMR-spectra of amides 3.12-3.19. Axial and
equatorial protons of these compounds are caused
the appearance of signal series at 1.51-0.92 ppm,
2.16-2.09 ppm, 2.67-2.60 ppm and 3.55-3.39 ppm
[12]. All signals of the triazinoquinazoline system are
also present in 'H NMR-spectra of the compounds
synthesized. The location and multiplicity of these
signals are caused by the nature of the substituent in
position 9 and 10.

13C NMR-spectra of amides 3.1, 3.3, 3.12 corres-
pond to the structure proposed and confirm S-regio-
selectivity of the reaction. The carbon atom of -SCH,
group is observed at 36.79-35.78 ppm, signals of the
secondary carbon atoms are at 36.49 ppm (4', 6", 10)
and 41.43 ppm (2, 8", 9), signals of the tertiary ones
(3,5, 7) - at 29,30-29.23 ppm [12]. Signals of ali-
phatic carbons of 3-ethylbicyclo[2.2.1]heptane moiety
(3.12) are located in the high field and correspond
to the structure of the compounds synthesized. Sig-
nals caused by deshielded carbons in position 2, 6
and amide carbon are also present in the low field of
13C NMR-spectra of compounds 3.1, 3.3, 3.12. The
signals mentioned are observed at 155.20-155.16,
161.02-160.13 and 166.39-166.17 ppm, respectively.
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Table 2
Results of the antiviral activity (Flu A H3N2) for the compounds studied

Comp. | Conc.Range (ug/mL) Assay Virus EC,, EC,, CC,, Sls, Slg,
31 0.1-100 PV Flu A H3N2 32 - 32 1 -
' 0.1-100 PNR Flu A H3N2 3.0 - 3.6 1.2 -
0.1-100 PV Flu A H3N2 3.2 - >100 >31 -
0.1-100 PNR Flu A H3N2 4.1 - >100 >24 -
0.032-100 SV Flu A H3N2 6.5 - >100 >15 -
32 0.032-100 SNR Flu A H3N2 12 - >100 >8.3 -
0.032-100 TNR Flu A H3N2 12 - >100 >8.3 -

0.032-100 TVYR/NR Flu A H3N2 - 45 >100 - >2.2
0.1-100 PV Flu A H3N2 32 - >100 >3.1 -
33 0.1-100 PNR Flu A H3N2 27 - >100 >3.7 -
0.1-100 PV Flu A H3N2 15 - 28 1.9 -
38 0.1-100 PNR Flu AH3N2 25 - 33 1.3 -
0.1-100 PV Flu A H3N2 32 - 32 1 -
39 0.1-100 PNR Flu A H3N2 31 - >100 >3.2 -
3.10 0.1-100 PV Flu A H3N2 60 - >100 >1.7 -
0.1-100 PNR Flu A H3N2 65 - >100 >1.5 -
311 0.1-100 PV Flu AH3N2 >19 - 19 0 -
0.1-100 PNR Flu A H3N2 31 - 78 2.5 -
312 0.1-100 PV Flu A H3N2 32 - 32 1 -
0.1-100 PNR Flu A H3N2 33 - >100 >3 -
313 0.1-100 PV Flu A H3N2 32 - >100 >3.1 -
0.1-100 PNR Flu A H3N2 33 - 85 2.6 -
0.1-100 PV Flu A H3N2 4.2 - >100 >24 -
314 0.1-100 PNR Flu A H3N2 3.1 - 43 14 -
0.032-100 SV Flu A H3N2 18 - 52 29 -
0.032-100 SNR Flu A H3N2 25 - 88 35 -
0.1-100 PV Flu A H3N2 12 - >100 >8.3 -
0.1-100 PNR Flu A H3N2 11 - >100 >9.1 -
Ribavirin 0.032-100 SV Flu A H3N2 55 - >100 >18 -
0.032-100 SNR Flu A H3N2 7.1 - >100 >14 -
0.032-100 TNR Flu A H3N2 7.1 - >100 >14 -

0.032-100 TVYR/NR Flu A H3N2 - 23 >100 - >43

* The table presents the results of the antiviral activity compounds against strains for which the selectivity index SI, > 1.

2. Evaluation of the antiviral activity

The antiviral activity of substances 3.1-3.19 was
determined against respiratory viruses using stan-
dard AACF screening assay protocols [16-17]. The
research was conducted on the most virulent and
pathogenic strains for human Flu A HIN1, Flu A H5N1,
Flu A H3N2 and less genetically various strain Flu B.

The results of preliminary tests for PV (inhibi-
tion of the viral cytopathic effect) and PNR (increase
in NR dye uptake) showed that amides 3.1-3.7 with
the adamantine moiety were effective against Influ-
enza Type A H3NZ (Tab. 2). Thus, N-(1-adamantyl-)-
2-[(3-methyl-2-o0x0-2H-[1,2,4]-triazino| 2,3-c]quinazo-
lin-6-yl)thio]Jacetamide (3.1) in these tests exhibited
20

a moderate antiviral activity (EC;, 32 and 3 pg/ml,
respectively) and was inferior comparing to Ribavi-
rin (EC,, 12 and 11 pg/ml, respectively). The chemi-
cal modification of a molecule by introduction of the
phenyl fragment in position 3 of 1,2,4-triazino|[2,3-c]
quinazoline system (compound 3.2) led to increase of
the antiviral activity. Thus, compound 3.2 possessed
the lowest virus-inhibiting concentration (EC,,=3.1
and 4.2 pg/ml, respectively) in the tests mentioned
and the high selectivity index (SI;,>31). Substitution
of the phenyl fragment by 4-methylphenyl (3.3), 4-
fluorophenyl (3.4) moieties and introduction of fluo-
rine in position 9 (3.6) or chlorine (3.7) in position
10 did not lead to increase of the activity (SI;,>1).
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Table 3
Results of the antiviral activity (Flu A H5N1) for the compounds studied

Comp. Conc. Range (ng/mL) Assay Virus EC,, EC,, CC,, Slg, Slgo
0.1-100 PV Flu A H5N1 3.6 - >100 >18 -
0.1-100 PNR Flu A H5N1 33 - >100 >30 -
0.032-100 PV Flu A H5N1 43 - >100 >47 -
0.032-100 PNR Flu A H5N1 9.7 - >100 >21 -
32 0.064-200 Y Flu A H5N1 4.1 - >100 >49 -
0.064-200 SNR Flu A H5N1 55 - >100 >36 -
0.064-200 TNR Flu A H5N1 55 - >100 >36 -

0.064-200 TVYR/NR Flu A H5N1 - 18 >100 - >11
0.1-100 PV Flu A H5N1 3.2 - >100 >31 -
0.1-100 PNR Flu A H5N1 3.2 - >100 >31 -
0.032-100 PV Flu A H5N1 6.5 - >100 >15 -
. 0.032-100 PNR Flu A H5N1 5.7 - >100 >18 -

Ribavirin

0.064-200 SV Flu A H5N1 0.68 - >100 >150 -
0.064-200 SNR Flu A H5N1 1.7 - >100 >59 -
0.064-200 TNR Flu A H5N1 1.7 - >100 >59 -

0.064-200 TVYR/NR Flu A H5N1 - 2.8 >100 - >36

Additional tests (SV, SNR and TNR) and VYR-test (de-
crease in the virus yield assay) for compound 3.2 show-
ed that Ribavirin in this case was more effective anti-
cancer agent. Thus, EC,, for Ribavirin was 2.3 ng/ml
(SI,,>43), while ECy,level for most active compound
3.2 was 45 pg/ml (SI>2.2, Tab. 2). In the given tests
compound 3.14 (SI;,>2.9-3.5) was also less effective
comparing to Ribavirin (SI;,>18).

Aimed to intensify the antiviral activity among
the compounds synthesized we also introduced a
phenyl “spacer” between the amide group and ada-
mantine (compounds 3.8-3.11). Unfortunately, this
optimization disappointed us; N-[4-(1-adamantyl)
phenyl]-2-[3-methyl-2-0x0-2H-[1,2,4]triazino[2,3-c]
quinazolin-6-yl)thio]acetamides (3.8-3.11) showed
only a moderate antiviral action (SI;, > 1-3.7, Tab. 2).
Replacing adamantane (3.1-3.7) and 4-(1-adaman-
tyl)phenyl (3.8-3.11) moieties with 3-ethylbicyclo
[2.2.1]heptane fragment (3.12-3.19) allowed to pre-
pare highly effective compounds (Tab. 2). So, com-
pound 3.14 in PV and PNR-tests exhibited a high an-
tiviral action (EC,, 4.2 and 3.1 pg/ml, respectively,
and SI;,>24). The following SV and SNR-test showed
that compound 3.14 exceeded by EC;, level (EC;, =
18-25 pg/ml, SI;,=3.5) was inferior to the activity of
Ribavirin (EC,, = 5.5-7.1 ug/ml, SI;,>18).

Compound 3.2 was also assayed for its activity
on other strains of Flu A viruses. The preliminary
screening conducted (PV) on Flu A HN, strain showed
that compound 3.2 possessed the virus inhibitory
concentration (EC;, 3.6 pg/ml) at the same level as
Ribavirin (EC;, 3.2 pg/ml, Tab. 3). The additional
VYR-test confirmed a high antiviral activity of com-
pound 3.2 (EC,, 18 pg/ml; SI;,>11), but according to

EC,, value, the virus inhibitory activity of the com-
pound mentioned was lower comparing to Ribavirin
(ECqp 2.8 ug/ml; SI,>36).

The similar results were observed in the process
of assay for the virus inhibitory activity of compound
3.2 against Flu A H1N1 strain (Tab. 4). Thus, compound
3.2 in VYR-test demonstrated the virus inhibitory ef-
fective concentration (EC,,) of 18 ug/ml (Sl,,>2.6),
while the concentration of Ribavirin was 4.9 pg/ml
(SIy>36).

The preliminary screening (PV- and PNR-test) con-
ducted for 3.1-3.19 against Flu B showed that the
moderate antiviral activity were observed for com-
pound 3.1 (SI;,>1.2), 3.11 (SL;,>1.3) and 3.13 (SI;,>1.3).
Chemical modification did not lead to increase of the
antiviral action, all other compounds were inactive
(SI;,>1) against Flu B and substantially inferior to
Ribavirin (SI;,>34).

So, the conclusion has been made that combina-
tion of carcass amine moieties with fragments of in-
sufficiently known [9-R!'-10-R?-3-R-2-0x0-2H-[1,2,4]-
triazino[2,3-c]quinazolin-6-yl)thio]acetic acid results
in the compound with a significant antiviral action.
High indicators of the antiviral action of 3.2 and 3.14
against Influenza Type A H3NZ allow to suppose the
expediency of further chemical modification of [1,2,4]
triazino[2,3-c]quinazoline aimed at the rational search
of antiviral agents.

Experimental Part

1. Chemistry

Melting points were determined in open capil-
lary tubes and were uncorrected. Elemental analy-
ses (C, H, N) performed at the ELEMENTAR vario EL
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Table 4
Results of the antiviral activity (Flu A HIN1) for the compounds studied

Comp. | Conc.Range (ug/mL) Assay Virus EC,, ECq, CC,, Sl Slg,
0.1-100 PV Flu AHTN1 3.2 - >100 >31 -
0.1-100 PNR Flu AHTN1 3 - >100 >33 -
0.032-100 PV Flu AHTN1 25 - >100 >4 -
35 0.032-100 PNR Flu AHTN1 6.8 - 32 4.7 -
' 0.064-200 SV Flu AHTN1 8.5 - >100 >24 -
0.064-200 SNR Flu AHTN1 5.7 - >200 >35 -
0.064-200 TNR Flu AHTN1 5.7 - >200 >35 -

0.064-200 TVYR/NR Flu AHTN1 - 77 >200 - >2.6
0.1-100 PV Flu AHTN1 3.2 - >100 >31 -
0.1-100 PNR Flu AHTN1 49 - >100 >20 -
0.032-100 PV Flu AHTN1 5.7 - >100 >18 -
0 0.032-100 PNR Flu AHTN1 5.9 - >100 >17 -

Ribavirin

0.064-200 SV Flu AHTN1 6.2 - >100 >16 -
0.064-200 SNR Flu AHTN1 6.2 - >100 >16 -
0.064-200 TNR Flu AHTN1 6.2 - >100 >16 -

0.064-200 TVYR/NR Flu AHTN1 - 49 >100 - >20

Cube analyzer (USA) were within + 0.3% from 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 reflection (ATR). 'H NMR
spectra (400 MHz) and 3C NMR spectra (100 MHz):
were recorded on a Varian-Mercury 400 (Varian Inc,,
Palo Alto, CA, USA) spectrometer with TMS as an in-
ternal standard in DMSO-d, solution. LC-MS were re-
corded using the chromatography / mass spectromet-

ric system consisting of an “Agilent 1100 Series” high
performance liquid chromatograph (Agilent, Palo Alto,
CA, USA) equipped with a diode-matrix and “Agilent
LC/MSD SL” mass-selective detector (atmospheric
pressure chemical ionization - APCI). Electron im-
pact mass spectra (EI-MS) were recorded on a Varian
1200 L instrument at 70 eV (Varian Inc., Palo Alto,
CA, USA).

Substances 1.1-1.12 and 2.1-2.7 were synthe-
sized according to the reported procedures [16, 17].

Table 5
Results of the antiviral activity (Flu B) for the compounds studied
Comp. | Conc. Range (ug/mL) Assay Virus EC,, EC,, CcC,, Slg,
0.1-100 PV Flu B 3.2 - 3.2 1
31 0.1-100 PNR FluB 3 - 3.7 1.2
3.9 0.1-100 PV FluB 32 - 32 1
311 0.1-100 PV Flu B >24 - 24 0
0.1-100 PNR FluB 28 - 35 1.3
0.1-100 PV FluB >18 - 18 0
3.12 0.1-100 PNR FluB 17 - 17 1
0.1-100 PNR FluB >33 - 33 0
0.1-100 PV Flu B 32 - 32 1
313 0.1-100 PNR FluB 23 - 27 13
314 0.1-100 PV FluB 32 - 32 1
0.1-100 PNR FluB 30 - 34 1.1
Ribavirin 0.32-320 PV Flu B 10 - >320 >32
0.32-320 PNR FluB 9.3 - >320 >34

* The table presents the results of the antiviral activity of compounds against strains for which the selectivity index SI>1
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Other starting materials and solvents were obtained
from commercially available sources and used with-
out additional purification.

General procedure for synthesis of N-(1-adamantyl-)-,
N-(4-(1-adamantyl)phenyl-), (3-ethylbicyclo[2.2.1]hep-
tan-2-yl-)-2-[(9-R*-10-R?-3-R-2-0x0-2H-[1,2,4]-tri-
azino[2,3-c]quinazolin-6-yl)thio]acetamides (3.1-3.18)

Method A. N-cycloalkyl-(cycloaralkyl-)-2-chloro-
acetamides (0.011 mol) were added to the suspen-
sion of potassium salt of 9-R!-10-R?-3-R-6-thio-6,7-
dihydro-2H-[1,2,4]triazino[2,3-c]quinazolin-2-ones
(1.1-1.11) (0.01 mol) in 20 ml of propanol-2, water-
propanol-2 (1:2) and refluxed for 60-90 min. The mix-
ture was cooled and poured in water. The precipitate
was filtered, dried and recrystallized from dioxane-
water (1:1).

Method B. Thionyl chloride (1.2 g, 0.011 mol) was
added to the solution of proper acid (2.1-2.5) (0.01 mol)
in 10 mL of anhydrous dioxane with subsequent add-
ing of 2-3 drops of DMF. The mixture was heated on
the water bath at 60-80°C till complete elimination
of hydrochloric acid. Then proper amine (0.01 mol)
was added to the resulting mixture with stirring and
refluxing for 2-3 h. The mixture was poured into wa-
ter, neutralized to pH 6-7 by acetic acid. The precipi-
tate was filtered, dried and recrystallized from dioxa-
ne-water (1:1).

Method C. N,N’-carbonyldiimidazole (1.95 g,
0.011 mol) was added to the solution of proper acid
(2.1-2.4, 2.6, 2.9) (0.01 mol) in 10 mL of anhydrous
dioxane or DMF and heated on the water bath at 60-
80°C for 1 h with a calcium chloride tube. The prop-
er amine (0.01 mol) was added with stirring to the
resulting mixture and refluxed for 5-6 h. The mix-
ture was poured in water, neutralized to pH 6-7 by
acetic acid. The precipitate was filtered, dried and
recrystallized from dioxane-water (1:1).

N-(Adamantyl-1)-2-[(3-methyl-2-ox0-2H-[1,2,4]
triazino[2,3-c]quinazolin-6-yl)thio]acetamides (3.1).
IR (cm™): 3516, 3358, 3259, 3077, 2907, 2849, 1676,
1663, 1585, 1558, 1505, 1470, 1425, 1388, 1360,
1344, 1306, 1286, 1265, 1210, 1165, 1139, 1103,
1045, 998, 956, 885, 862,813,773, 687, 633, 608;
'H-NMR (400 MHz) &: 1.62 (s, 6H, H-4, 6", 10" Ad),
1.96 (s, 6H, H-2', 8%, 9" Ad), 2.01 (s, 3H, H-3", 5", 7°
Ad), 2.39 (s, 3H, 3-CH,), 3.94 (s, 2H, -S-CH,-), 7.67
(t, 1H,J = 7.7 Hz, H-10), 7.74 (d, 1H, ] = 7.9 Hz, H-8),
7.84 (s, 1H,-NH), 7.98 (t, 1H,J = 7.7 Hz, H-9), 8.46 (d,
1H, J = 7.9 Hz, H-11); *C-NMR (100 MHz) &: 18.18
(CH,), 29.23 (3,5, 7" Ad), 36.49 (4°,67,10" Ad), 36.68
(-SCH,), 41.43 (2,87, 9" Ad), 51.72 (1" Ad), 118.55
(11a), 126.05 (8), 126.65 (10), 127.88 (11), 136.03
(9),144.24 (11b), 151.94 (3), 154.94 (7a), 155.16 (6),
161.02 (2), 166.17 (CONH); LC-MS, m/z = 436 [M+1],
438 [M+3]; Anal. calcd. for C,;H,:N.0,S: C, 63.43; H,
5.79; N, 16.08; S, 7.36; Found: C, 63.42; H, 5.79; N,
16.08; S, 7.34.

N-(Adamantyl-1)-2-[(3-phenyl-2-ox0-2H-[1,2,4]
triazino[2,3-c]quinazolin-6-yl)thio]acetamides (3.2).
IR (cm™): 3287, 3067, 2904, 2848, 1674, 1644, 1590,
1555, 1509, 1487, 1469, 1455, 1359, 1337, 1310,
1286, 1269, 1242, 1183, 1161, 1136, 1102, 1020,
988, 939, 878, 844, 811, 782, 773, 753, 688, 668,
653, 615; 'H-NMR (400 MHz) &: 1.63 (s, 6H, H-4",
6, 10" Ad), 1.97 (s, 6H, H-27, 8°, 9" Ad), 2.01 (s, 3H,
H-3°, 5%, 7" Ad), 3.99 (s, 2H, -S-CH,-), 7.64-7.57 (m,
3H, H-3", 4%, 5" 3-Ph), 7.69 (t, 1H, ] = 7.7 Hz, H-10),
7.76 (d, 1H, ] = 7.8 Hz, H-8), 7.88 (s, 1H, -NH), 8.01
(t, 1H,J = 7.7 Hz, H-9), 8.28 (d, 2H, J = 8.1 Hz, H-2’,
6" 3-Ph), 8.49 (d, 1H,J = 7.9 Hz, H-11); LC-MS, m/z =
498 [M+1], 500 [M+3]; Anal. calcd. for C,;H,,N.0,S:
C,67.58; H, 5.47; N, 14.07; S, 6,44; Found: C, 67.58;
H, 5.47; N, 14.09; S, 6.46.

N-(Adamantyl-1)-2-[(3-(4-methylphenyl)-2-oxo-
2H-[1,2,4]triazino[2,3-c]quinazolin-6-yl)thio]acetami-
des (3.3). IR (cm™): 3318, 3065, 3037, 2972, 2905,
2849, 1682, 1658, 1588, 1562, 1538, 1496, 1470,
1453, 1399, 1377, 1359, 1339, 1321, 1304, 1285,
1269, 1240, 1182, 1164, 1154, 1139, 1119, 1089,
1045, 989,939, 876, 831, 810, 784, 770, 710, 701,
685, 653, 641, 625; 'H-NMR (400 MHz) &: 1.63 (s,
6H, H-4", 6%, 10" Ad), 1.98 (s, 6H, H-2", 8%, 9" Ad), 2.01
(s,3H,H-3%,5%, 7" Ad), 2.42 (s, 3H, 3-(4-CH,Ph)), 3.99
(s, 2H, -S-CH,-), 7.39 (d, 2H, H-3’, 5" 3-(4-CH,Ph)),
7.68 (t, 1H, J = 7.7 Hz, H-10), 7.82-7.74 (m, 2H, H-8,
-NH), 7.98 (t, 1H, J = 7.7 Hz, H-9), 8.24 (d, 2H, H-2,
6" 3-(4-CH,Ph)), 8.48 (d, 1H, J = 7.9 Hz, H-11); 3C-
NMR (100 MHz): 6: 21.66 (CH,), 29.30 (3,5, 7" Ad),
36.49 (4', 67, 10" Ad), 36.79 (-SCH,), 41.43 (2°, 8", 9’
Ad), 51.74 (1" Ad), 118.25 (11a), 126.09 (8), 126.73
(10),127.93 (11), 129.32 (1” Ph), 129.53 (27, 6" Ph),
129.78 (3,5 Ph), 135.99 (9), 142.20 (4" Ph), 144.20
(3), 149.29 (11b), 150.80 (7a), 155.20 (6), 160.13
(2), 166.17 (CONH); LC-MS, m/z =512 [M +1], 514
[M +3]; Anal. calcd. for C,,H,,N:0,S: C, 68.08; H, 5.71;
N, 13.69; S, 6.27; Found: C, 69.00; H, 5.71; N, 13.70;
S, 6.27.

N-(Adamantyl-1)-2-{[3-(4-fluorophenyl)-2-oxo-
2H-[1,2,4]triazino[2,3-c]quinazolin-6-yl]thio}acetami-
des (3.4). IR (cm™): 3358, 2905, 2888, 2846, 1745,
1675, 1660, 1587, 1562, 1547, 1511, 1492, 1465,
1408, 1357, 1338, 1317, 1297, 1267, 1230, 1183,
1171, 1157, 1135, 1099, 1072, 1015, 992, 940, 894,
840, 813, 803, 769, 714, 704, 694, 676, 669, 637,
619; 'H NMR 6: 1.67 (brs., 6H, H-4, 4%, 6, 6, 10, 10°
Ad), 1.99 (brs., 6H, H-2,2%, 8,8, 9,9" Ad), 2.06 (brs,,
3H, H-3, 5,7 Ad), 3.94 (s, 2H, S-CH,-), 7.32 (t, ] = 7.7
Hz, 2H, 3-Ph H-3',5"), 7.67 (m, 2H, -NH, H-10), 7.76
(d,] = 7.8 Hz, 1H, H-8), 7.94 (t, ] = 7.8 Hz, 1H, H-9),
8.53(d,J=5.5Hz, 2H, 3-Ph H-2,67),8.53 (d,/=7.8
Hz, 1H, H-11); LC-MS, m/z =516 [M +1], 518 [M +3];
Anal. calcd. for C,;H,,FN.0,S: C, 65.22; H, 5.08; F, 3.68;
N, 13.58; S, 6.22; Found: C, 65.20; H, 5.08; F, 3.68; N,
13.55; S, 6.25.
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N-(Adamantyl-1)-2-[(9-fluoro-2-oxo-3-phenyl-
2H-[1,2,4]triazino[2,3-c]quinazolin-6-yl)thio]acetami-
des (3.5). IR (cm™): 3309, 3080, 2905, 2850, 1673,
1649, 1591, 1566, 1556, 1512, 1479, 1443, 1346,
1317, 1283, 1259, 1213, 1193, 1165, 1129, 1102,
988, 971, 927, 881, 860, 841, 811, 753, 704, 686,
653, 625; 'H NMR &: 1.67 (brs., 6H, H-4, 4", 6, 6', 10,
10°Ad); 1.98 (brs., 6H, H-2, 27, 8, 8%, 9, 9" Ad), 2.06
(brs., 3H, H-3, 5, 7 Ad), 3.93 (s, 2H, S-CH,-), 7.82-7.21
(m, 6H, H-8, 10, 3-Ph H-3%,4°,5%,-NH),8.33 (d,/=7.1
Hz, 2H, 3-Ph H-2", 67), 8.61 (dd, / = 7.7, 5.9 Hz, 1H,
H-11); LC-MS, m/z =516 [M +1], 518 [M +3]; Anal.
calcd. for C,4,H,,FN.0,S: C, 65.22; H, 5.08; F, 3.68; N,
13.58; S, 6.22; Found: C, 65.23; H, 5.08; F, 3.68; N,
13.59; S, 6.20

N-(Adamantyl-1)-2-{[9-fluoro-3-(4-fluorophenyl)-
2-0x0-2H-[1,2,4]triazino[2,3-c]quinazolin-6-yl]thio}
acetamides (3.6). IR (cm™): 3271, 3069, 2903, 2850,
1673, 1657, 1620, 1598., 1585, 1570, 1555, 1510,
1501, 1483, 1471, 1445, 1413, 1368, 1344, 1324,
1298, 1279, 1262, 1242, 1227, 1175, 1159, 1128,
1100, 1093, 1070, 10456, 1015, 994, 973, 960, 930,
909, 869, 859, 822, 799, 761, 730, 714, 696, 678,
655, 637, 620; 'H NMR 6: 1.67 (brs., 6H, H-4, 4°, 6,
6°,10,10" Ad), 1.98 (brs., 6H, H-2, 27, 8,8, 9,9 Ad),
2.06 (brs., 3H,H-3, 5,7 Ad), 3.94 (s, 2H, S-CH,-), 7.34
(t,J=8.0 Hz, 2H, 3-Ph H-3",5), 7.56-7.41 (m, 2H, H-8,
H-10), 7.69 (brs, 1H, -NH), 8.51-8.32 (m, 2H, 3-Ph
H-2%, 67, 8.65-8.52 (m, 1H, H-11); LC-MS, m/z =534
[M +1], 536 [M +3]; Anal. calcd. for C,;H,.F,N.0,S:
C, 63.03; H,4.72; F 7.12; N, 13.12; S, 6.01; Found: C,
63.06; H,4.72; F 7.12; N, 13.11; S, 6.00.

N-(Adamantyl-1)-2-{[10-chloro-3-(4-fluorophenyl)-
2-o0x0-2H-[1,2,4]triazino[2,3-c]quinazolin-6-yl]thio}
acetamides (3.7). IR (cm™1): 3271, 3052, 2902, 2849,
16734, 1657, 1585, 1550, 1539, 1509, 1497, 1467,
1411, 1368, 1360, 1336, 1324, 1310, 1281, 1256,
1232,1213, 1164, 1136, 1120, 1104, 1089, 1046,
1013, 990, 954, 908, 894, 857, 830, 821, 800, 769,
744,731,708, 691, 671, 638, 623; 'H NMR 6: 1.67
(brs., 6H, H-4, 4%, 6, 6, 10, 10" Ad), 1.98 (brs., 6H,
H-2,2,8,8,9,9" Ad), 2.03 (brs,, 3H, H-3, 5, 7 Ad),
3.93 (s, 2H, S-CH,-), 7.33 (t, /] = 8.4 Hz, 2H, 3-Ph
H-3',5%), 7.68 (s, 1H, -NH), 7.77 (d, ] = 8.6 Hz, 1H,
H-9),7.92 (d,] = 8.3 Hz, 1H, H-8), 8.45 (m, 3H, H-11,
3-Ph H-2%, 67); LC-MS, m/z =551 [M +1], 553 [M +3];
Anal. calcd. for C,4H,.CIFN.0,S: C, 61.14; H, 4.58; C],
6.45; F, 3.45; N, 12.73; S, 5.83; Found: C, 61.17; H,
4.58; Cl, 6.45; F, 3.45; N, 12.72; S, 5.81.

N-[4-(1-Adamantyl)phenyl]-2-[(3-methyl-2-oxo-2H-
[1,2,4]triazino[2,3-c]quinazolin-6-yl)thio]acetamides
(3.8). IR (cm™): 3251, 3184, 2897, 2845, 1655, 1583,
1558, 1503, 1466, 1449, 1433, 1405, 1393, 1361,
1332, 1315, 1286, 1259, 1220, 1206, 1190, 1163,
1131, 1101, 1046, 1016, 969, 955, 832, 807, 772,
715, 699, 685, 630, 607; 'H-NMR (400 MHz) &: 1.73
(s, 6H, H-4', 6", 10" Ad), 1.84 (s, 6H, H-2", 8%, 9" Ad),
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2.05 (s, 3H, H-3%, 5%, 7" Ad), 2.39 (s, 3H, 3-CH;-),
4.21 (s, 2H, -S-CH,-), 7.30 (d, 2H, /= 8.5 Hz, H-3", 5°
-NHC.H,-Ad), 7.55 (d, 2H,] = 8.5 Hz, H-2’, 6" -NHCH,-
Ad), 7.66 (t, 1H,] = 7.7 Hz, H-10),7.70 (d, 1H, /= 7.9
Hz, H-8), 7.95 (t, 1H, J = 7.7 Hz, H-9), 8.45 (d, 1H,
J=7.9 Hz, H-11), 10.36 (s, 1H, -NH); LC-MS, m/z =
512 [M+1], 514 [M+3]; Anal. calcd. for C,,H,,N.0,S:
C, 68.08; H, 5.71; N, 13.69; S, 6.27; Found: C, 68.10;
H,5.71; N, 13.70; S, 6.29.
N-[4-(1-Adamantyl)phenyl]-2-[(3-phenyl-2-oxo-2H-
[1,2,4]triazino[2,3-c]quinazolin-6-yl)thio]acetamides
(3.9). IR (cm™): 3349, 3047, 2982, 2899, 2849, 1678,
1657, 1596, 1587, 1564, 1546, 1519, 1498, 1486,
1470, 1444, 1407, 1380, 1341, 1331, 1311, 1287,
1263, 1246, 1237,1187,1171, 1138, 1100, 1076,
1033,1017,1002, 988,963,941, 895,877, 848, 836,
810, 779,768,751, 706, 687, 665, 654, 636; 'H-NMR
(400 MHz) 6: 1.73 (s, 6H, H-4", 6", 10" Ad), 1.84 (s, 6H,
H-27, 8%, 9" Ad), 2.05 (s, 3H, H-3", 5", 7" Ad), 4.25 (s,
2H,-S-CH,-),7.31(d, 2H, J=8.5Hz H-3",5"-NHC H,-
Ad), 7.56 (d, 2H, J = 8.5 Hz, H-2", 6" -NHC,H,-Ad),
7.77-7.59 (m, 5H, H-3", 4, 5" 3-Ph, H-8, 10), 7.98 (t,
1H,J/=7.7 Hz,H-9),8.30 (d, 2H,/ = 7.3, H-2", 6" 3-Ph),
8.49 (d, 1H,J = 7.9 Hz, H-11), 10.40 (s, 1H, -NH); EI-
MS, m/z (1., %) = 396 (6.3), 395 (5.7), 348 (16.9),
347 (73.5), 346 (49.1), 345 (16.1), 339 (7.2), 316
(5.4), 307 (8.7), 302 (15.9), 301 (64.8), 269 (16.0),
268 (5.2),258(5.1), 254 (13.8), 253 (57.9), 252 (10.8),
246 (7.0),245 (16.1),244 (99.9), 243 (26.4), 240 (5.4),
228(5.8),227 (49.5),226 (8.0), 218 (25.8), 217 (29.8),
216 (58.8), 213 (8.9), 212 (7.1), 211 (7.0), 210 (16.6),
197 (9.5), 196 (55.8), 195 (5.6), 189 (5.4), 188 (9.0),
186 (7.2),185(20.9),184 (11.2),183 (7.0), 182 (8.6),
180 (6.1),179(8.3),178 (43.2),170 (42.5), 161 (5.0),
160 (5.6),159 (17.8), 158 (9.6), 157 (9.0), 156 (20.0),
155 (8.7),154 (9.4),153 (12.0), 152 (9.6), 148 (21.9),
145 (8.0), 144 (7.8),143 (16.9), 142 (7.5), 141 (6.0),
135(22.4),134 (8.4),133 (24.1),132 (32.9),131 (12.6),
130 (16.0),129 (22.9),128 (18.2),127 (12.5),119 (10.4),
118(21.9),117 (22.4),116 (18.3),115 (12.5),106 (5.3),
105 (7.2), 104 (14.4), 103 (80.9), 101 (12.8), 95 (7.0),
94 (27.6), 93 (34.4), 92 (12.9), 90 (12.7), 89 (10.5),
86 (13.8), 79 (26.3), 77 (10.2), 75 (5.4), 67 (16.5),
66 (7.4),65 (21.6),64 (14.3),63 (15.4),56 (14.9), 55
(19.1),53 (6.1),47 (9.2), 43 (15.2), 41 (21.1)LC-MS,
m/z =574 [M+1],575 [M+2], 576 [M+3]; Anal. calcd.
for C,,H;,N.0,S: C, 71.18; H, 5.45; N, 12.21; S, 5.59;
Found: C, 71.19; H, 5.45; N, 12.23; S, 5.61.
N-[4-(1-Adamantyl)phenyl]-2-[(3-(4-methylphe-
nyl)-2-oxo-2H-[1,2,4]triazino[2,3-c]quinazolin-6-yl)
thioJacetamides (3.10). IR (cm™): 3344, 2982, 2915,
2898, 2882, 2849, 1675, 1655, 1584, 1562, 1542,
1517, 1490, 1469, 1451, 1406, 1368, 1340, 1329,
1308, 1285, 1264, 1237, 1189, 1139, 1125, 1106,
1071,1036,1017,989,961,942, 893, 875, 834, 807,
779,768,708, 686, 665, 643, 624; '"H-NMR (400 MHz)
d: 1.73 (s, 6H, H-4', 6, 10" Ad), 1.84 (s, 6H, H-2", 8/,
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9" Ad), 2.05 (s, 3H, H-3", 5%, 7" Ad), 2.42 (s, 3H, 3-
(4-CH,Ph)), 4.25 (s, 2H, -S-CH,-), 7.31 (d, 2H,] = 8.5,
H-3’, 5" -NHCH,-Ad), 7.41 (d, 2H, J= 7.9 Hz, H-3’,
5" 3-(4-CH,Ph)), 7.56 (d, 2H, J = 8.5 Hz, H-2', 6’
-NHCH,-Ad), 7.68 (t, 1H, J = 7.7 Hz, H-10), 7.74 (d,
1H,/=7.8 Hz, H-8), 7.99 (t, 1H, ] = 7.7 Hz, H-9), 8.25
(d, 2H,J = 7.9 Hz, H-2’, 6" 3-(4-CH,Ph)), 8.49 (d, 1H,
J=7.9 Hz, H-11), 10.39 (s, 1H, -NH); LC-MS, m/z =
588 [M+1], 590 [M+3]; Anal. calcd. for C;;H;;N.O,S:
C, 71.53; H, 5.66; N, 11.92; S, 5.46; Found: C, 71.53;
H, 5.66; N, 11.92; S, 5.44.
N-[4-(1-Adamantyl)phenyl]-2-[(3-(4-methoxyphe-
nyl)-2-oxo-2H-[1,2,4]triazino[2,3-c]quinazolin-6-yl)
thioJacetamides (3.11). IR (cm™): 3346, 2982, 2898,
2849, 1678, 1654, 1597, 1563, 1538, 1518, 1504,
1490, 1469, 1452, 1406, 1370, 1341, 1315, 1304,
1255, 1244,1177,1140, 1117, 1050, 1036, 1016,
989,942, 879,843,808, 780,769, 722,701, 687, 665,
643, 621; '"H-NMR (400 MHz) 6: 1.73 (s, 6H, H-4', 6’,
10" Ad), 1.84 (s, 6H, H-2", 8%, 9" Ad), 2.05 (s, 3H, H-3,
5, 7" Ad), 3.88 (s, 3H, 3-(4-CH,0Ph)), 4.25 (s, 2H,
-S-CH,-), 7.17 (d, 2H, ] = 8.3, H-3", 5" 3-(4-CH,0Ph)),
7.31 (d, 2H, ] = 8.5 Hz, H-3", 5" -NHC/H,-Ad), 7.56
(d, 2H,] = 8.5 Hz, H-2’, 6" -NHC H,-Ad), 7.68 (t, 1H,
] = 7.7 Hz, H-10), 7.74 (d, 1H, ] = 7.8 Hz, H-8), 7.97
(t, 1H,] = 7.7 Hz, H-9), 8.39 (d, 2H, ] = 8.3, H-2", 6
3-(4-CH,0Ph)), 8.49 (d, 1H, ] = 7.9 Hz, H-11), 10.40
(s, 1H, -NH); LC-MS, m/z = 604 [M+1], 607 [M+3];
Anal. calcd. for C;H,,N.0,S: C, 69.63; H, 5.51; N, 11.60;
S, 5,31; Found: C, 69.64; H, 5.51; N, 11.61; S, 5.32.
N-(3-Ethylbicyclo[2.2.1]hept-2-yl)-2-[(3-methyl-2-
oxo-2H-[1,2,4]triazino[2,3-c]quinazolin-6-yl)thio]acet-
amides (3.12). IR (cm™): 3287, 2944, 2866, 1667,
1636, 1584, 1558, 1538, 1509, 1469, 1454, 1418,
1386, 1360, 1337, 1287, 1261, 1208, 1173, 1133,
1102, 1045, 955, 880, 856, 768, 698, 685, 630, 607;
'H-NMR (400 MHz) &: 1.48-0.94 (m, 11H, 3-CH,CH,-,
3-CH,CH,-, 5,5, 6,6, 7, 7" bicyclo[2.2.1]heptyl), 2.16-
2.09 (m, 2H, H-3, 4 bicyclo[2.2.1]heptyl), 2.38 (s, 3H,
3-CH,), 2.66 (m, 1H, H-1 bicyclo[2.2.1]heptyl), 3.50-
3.39 (m, 1H, H-2 bicyclo[2.2.1]heptyl), 3.96 (s., 2H,
-S-CH,-), 7.66 (t,1H,] = 7.7 Hz, H-10), 7.73 (d, 1H, ] =
7.9 Hz, H-8), 7.97 (t, 1H,] = 7.7 Hz, H-9), 8.05 (d, 1H,
J =8.5 Hz, -NHC(0)-), 8.46 (d, 1H, J = 7.9 Hz, H-11);
13C-NMR (100 MHz): 6: 18.17 (CH;), 18.79 (CH,CH,),
20.70 (67), 28.87 (CH,CH,), 30.33 (5), 35.78 (-SCH,),
36.33 (77),36.85 (1), 38.95 (47), 48.51 (37), 49.37
(29, 118.50 (11a), 125.99 (8), 126.70 (10), 127.90
(11),135.91 (9), 144.21 (3), 151.92 (11b), 154.74
(7a), 155.16 (6), 160.98 (2), 166.39 (CONH); EI-MS,
m/z (1, %) =303 (7.2), 302 (45.1), 285 (31.8), 246
(7.9), 245 (24.1), 244 (100.0), 143 (16.3), 218 (5.6),
217 (17.7),216 (51.5), 188 (4.9),179 (6.3),170 (7.9),
148 (12.6),143 (7.7),129 (7.0), 123 (5.9), 122 (9.0),
95 (24.4), 93 (14.0),91 (5.3),90 (8.6), 81 (11.8), 67
(20.2), 57 (8.7), 56 (9.4), 55 (12.9); LC-MS, m/z =
424 [M+1], 426 [M+3]; Anal. calcd. for C,,H,N.0,S:

C, 62.39; H, 5.95; N, 16.54; S, 7.57; Found: C, 62.40;
H, 5.95; N, 16.54; S, 7.58.
N-(3-Ethylbicyclo[2.2.1]hept-2-yl)-2-[(3-(4-methyl-
phenyl)-2-oxo-2H-[1,2,4]triazino[2,3-c]quinazolin-6-yl)
thioJacetamides (3.13). IR (cm™): 3285, 3078, 2950,
2868, 1668, 1633, 1589, 1562, 1549, 1501, 1468,
1454, 1391, 1372, 1335, 1308, 1270, 1239, 1183,
1135, 1104, 1019, 991, 939, 830, 782, 770, 712,
699, 684, 641, 626; '"H-NMR (400 MHz) 6: 1.51-0.94
(m, 11H, 3-CH,CH,-, 3-CH,CH,-, 5,5, 6, 6", 7, 7" bi-
cyclo[2.2.1]hepty], 2.16-2.09 (m, 2H, H-3, 4 bicyclo
[2.2.1]heptyl), 2.42 (s, 3H, 3-(4-CH;Ph), 2.67 (m, 1H,
H-1 bicyclo[2.2.1]heptyl), 3.60-3.41 (m, 1H, H-2 bi-
cyclo[2.2.1]heptyl), 4.00 (s., 2H, -S-CH,-), 7.41 (d, 2H,
] = 7.5 Hz, H-3, H-5 4-CH,Ph), 7.68 (t, 1H, /] = 7.7 Hz,
H-10),7.76 (d, 1H,/=7.9 Hz, H-8),7.98 (t, 1H,] = 7.7
Hz, H-9),8.07 (d, 1H,J = 8.5 Hz, -NHC(0)-), 8.24 (d, 2H,
J=7.5Hz, H-2, H-6 4-CH,Ph), 8.48 (d, 1H, /= 7.9 Hz,
H-11); LC-MS, m/z = 500 [M+1], 502 [M+3]; Anal.
calcd. for C,;H,4N:0,S: C, 67.31; H, 5.85; N, 14.02; S,
6.42; Found: C, 67.31; H, 5.85; N, 14.02; S, 6.42.
N-(3-Ethylbicyclo[2.2.1]hept-2-yl)-2-{[3-(4-methoxy-
phenyl)-2-oxo-2H-[1,2,4]triazino[2,3-c]quinazolin-6-yl)
thioJacetamides (3.14). IR (cm™): 3274, 3067, 2945,
2866, 1668, 1643, 1590, 1563, 1545, 1500, 1469,
1454, 1421, 1372, 1340, 1317, 1306, 1288, 1272,
1259,1238,1174,1137,1105, 1049, 1016, 989, 965,
940, 878, 840, 810, 766, 723, 700, 684, 641, 622;
'H-NMR (400 MHz) 6: 1.47-0.92 (m, 11H, 3-CH,CH,-,
3-CH,CH,-, 5,5, 6,6°,7,7 bicyclo[2.2.1]heptyl), 2.16-
2.11 (m, 2H, H-3, 4 bicyclo[2.2.1]heptyl), 2.60 (m, 1H,
H-1 bicyclo[2.2.1]heptyl), 3.55-3.43 (m, 1H, H-2" bi-
cyclo[2.2.1]heptyl), 3.87 (s, 3H, 3-(4-CH,0Ph), 4.00
(s, 2H, -S-CH,-), 7.16 (d, 2H, J = 7.9 Hz, H-3, H-5
4-CH,0Ph), 7.68 (t, 1H,J = 7.7 Hz, H-10), 7.76 (d, 1H,
J =79 Hz, H-8), 7.98 (t, 1H, ] = 7.7 Hz, H-9), 8.08
(d, 1H, ] = 8.5 Hz, -NHC(0)-), 8.37 (d, 2H, ] = 7.9 Hz,
H-2, H-6 4-CH,0Ph), 8.48 (d, 1H, J = 7.9 Hz, H-11);
LC-MS, m/z =516 [M+1], 518 [M+3]; Anal. calcd. for
C,gH,N:0.S: C, 65.22; H, 5.67; N, 13.58; §, 6.22; Found:
C, 65.24; H, 5.67; N, 13.56; S, 6.20.
N-(3-Ethylbicyclo[2.2.1]heptan-2-yl)-2-[(9-fluoro-3-
(4-methoxyphenyl)-2-oxo-2H-[1,2,4]triazino[2,3-c]
quinazolin-6-yl)thioJacetamides (3.15). IR (cm™): 3289,
3072, 2954, 2869, 1667, 1634, 1591, 1564, 1546,
1502, 1477, 1455, 1443, 1422, 1392, 1350, 1323,
1285, 1259, 1217, 1176, 1164, 1131, 1104, 1071,
1023,992,974,926, 872,841, 808,779, 766, 723,
694, 681, 641, 619; 'H NMR §: 1.74-0.64 (m, 11H,
3-CH,CH,-, 3-CH,CH,-, 5,5, 6, 6, 7, 7" bicyclo[2.2.1]
heptyl), 2.12 (m, 1H, H-3 bicyclo[2.2.1]heptyl), 2.18
(m, 1H, H-4 bicyclo[2.2.1]heptyl), 2.69 (m, 1H, H-1
bicyclo [2.2.1] heptyl), 3.46 (s, 1H, H-2 bicyclo[2.2.1]
heptyl), 3.91 (s, 3H, 0-CH,), 3.94 (s, 2H, S-CH,-), 7.08
(d,J=8.4 Hz, 2H, 3-Ph H-3%, 5°), 7.51-7.42 (m, 1H,
H-10), 8.17 (s, 1H, H-8), 8.41 (d,] = 8.2 Hz, 2H, 3-Ph
H-27, 67, 8.66-8.52 (m, 1H, H-11); LC-MS, m/z =534
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[M +1], 536 [M +3]; Anal. calcd. for C,;H,,FN.0,S: C,
63.02; H, 5.29; F, 3.56; N, 13.12; S, 6.01; Found: C,
63.05; H, 5.29; F 3.56; N, 13.10; S, 6.03.
N-(3-Ethylbicyclo[2.2.1]hept-2-yl)-2-{[9-fluoro-
3-(4-fluorophenyl)-2-oxo-2H-[1,2,4]triazino[2,3-c]
quinazolin-6-yl]thio}acetamides (3.16). IR (cm™): 3270,
3073, 2954, 2871, 1672, 1644, 1586, 1555, 1510,
1498, 1483, 1445, 1412, 1375, 1347, 1321, 1297,
1279,1262,1229,1159, 1132, 1101, 1070, 1015,
995, 973, 929, 869, 858, 847, 823, 761, 715, 696,
679, 657, 637,621; 'H NMR 6: 1.66-0.64 (m, 14H,
3-CH,CH,-, 3-CH,CH,-, H-1, 3,4,5,5', 6,6, 7, 7" bi-
cyclo[2.2.1]heptyl), 3.67-3.40 (m, 1H, H-2 bicyclo
[2.2.1]heptyl), 3.95 (s, 2H, S-CH,-), 7.33 (t,/ = 8.9 Hz,
2H, 3-Ph H-3',57), 7.57-7.42 (m, 2H, H-8,10), 8.18 (s,
1H, NH), 8.52-8.39 (m, 2H, 3-Ph H-2", 67), 8.61 (dd, J
=10.6, 5.4 Hz, 1H, H-11); LC-MS, m/z =522 [M +1],
524 [M +3]; Anal. calcd. for C,,H,.F,N.0,S: C, 62.17;
H, 4.83; F 7.28; N, 13.43; S, 6.15; Found: C, 62.19; H,
4.83; F, 7.28; N, 13.45; S, 6.14.
N-(3-Ethylbicyclo[2.2.1]heptan-2-yl)-2-[(9-bro-
mo-3-(4-fluorophenyl)-2-oxo-2H-[1,2,4]triazino[2,3-c]
quinazolin-6-yl)thio]acetamides (3.17). IR (cm™): 3275,
3072, 2949, 2868, 1670, 1639, 1583, 1556, 1498,
1458, 1424, 1411, 1392, 1373, 1339, 1312, 1296,
1270,1237,1179, 1161, 1149, 1103, 1075, 1060,
991, 968, 939, 895, 845, 820, 765, 715, 681, 647, 615;
'H NMR 6: 1.66-0.78 (m, 12H, 3-CH,CH,-, 3-CH,CH,-,
H-3,5,57, 6,6, 7, 7" bicyclo[2.2.1]heptyl), 2.25-2.03
(m, 2H, H-1, 4 bicyclo[2.2.1]heptyl), 3.61-3.42 (m, 1H,
H-2 bicyclo [2.2.1]heptyl), 4.04-3.81 (m, 2H, S-CH,-),
7.32 (t,J 7.6 Hz, 2H, 3-Ph H-3",5"),7.77 (d,] = 7.6 Hz,
1H, H-10), 8.07-7.82 (m, 2H, H-8, NH), 8.53-8.34 (m,
3H, H-11, 3-Ph H-2", 67); LC-MS, m/z =582 [M +0],
586 [M +4]; Anal. calcd. for C,,H,BrFN.0,S: C, 55.67;
H, 4.33; Br, 13.72; F, 3.26; N, 12.02; S, 5.50; Found:
C,55.69; H, 4.33; Br, 13.72; F, 3.26; N, 12.00; S, 5.53.
N-(3-Ethylbicyclo[2.2.1]heptan-2-yl)-2-(10-bro-
mo-3-(4-fluorophenyl)-2-oxo-2H-[1,2,4]triazino[2,3-c]
quinazolin-6-yl)thio]acetamides (3.18). IR (cm™): 3278,
2952, 2868, 1668, 1644, 1588, 1556, 1496, 1466,
1412, 1377, 1336, 1283, 1261, 1236, 1218, 1175,
1161,1139,1121,1103,1077, 1064, 1015, 991, 952,
896, 845, 773,730,717, 691, 669, 656, 635, 624; 'H
NMR 6:1.67-0.59 (m, 12H, 3-CH,CH,-, 3-CH,CH,-, H-3,
5,5%,6,6%, 7, 7" bicyclo[2.2.1]heptyl), 2.29-1.98 (m,
2H, H-1, 4 bicyclo[2.2.1]heptyl), 3.61-3.32 (m, 1H,
H-2 bicyclo[2.2.1]Theptyl), 3.96 (s, 2H, S-CH,-), 7.34
(t,J=8.5Hz, 2H, 3-Ph H-3',5%),7.70 (d,/ = 6.4 Hz, 1H,
H-9), 8.11-7.96 (m, 2H, H-8, NH), 8.43 (d, ] = 6.5 Hz,
2H, 3-Ph H-2", 67), 8.58 (s, 1H, H-11); LC-MS, m/z =582
[M +0], 586 [M +4]; Anal. calcd. for C,,H,;BrFN.0,S:
C,55.67; H, 4.33; Br; 13.72; F 3.26; N, 12.02; S, 5.50;
Found: C, 55.69; H, 4.33; Br, 13.72; E, 3.26; N, 12.00;
S, 5.51.
N-(3-Ethylbicyclo[2.2.1]hept-2-yl)-2-{[10-iodo-3-(4-
fluorophenyl)-2-oxo-2H-[1,2,4]triazino[2,3-c]quinazo-
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lin-6-yl]thio}acetamides (3.19). IR (cm™): 3274, 3080,
2946, 2866, 1667, 1641, 1585, 1555, 1495, 1462,
1410, 1374, 1331, 1280, 1261, 1234, 1216, 1158,
1138,1101, 1074, 1013, 988, 946, 843, 771, 717,
688, 646, 633, 622; 'H NMR 6: 1.58-0.82 (m, 12H,
3-CH,CH,-, 3-CH,CH,-, H-3, 5,5, 6, 6, 7, 7" bicyclo
[2.2.1]heptyl), 2.28-2.00 (m, 2H,H-1, 4 bicyclo[2.2.1]
heptyl), 3.63-3.33 (m, 1H, H-2 bicyclo [2.2.1]hep-
tyl), 3.95 (s, 2H, S-CH,-), 7.33 (t,/ = 8.1 Hz, 2H, 3-Ph
H-3',5%), 7.55 (dd, / = 8.3, 1.8 Hz, 1H, H-8), 8.08 (m, 1H,
NH), 8.18 (d,/ = 8.2 Hz, 1H, H-9),8.46 (t,/ = 5.6 Hz, 2H,
3-Ph H-2', 67), 8.79 (s, 1H, H-11); LC-MS, m/z =630
[M +1], 632 [M +3]; Anal. calcd. for C,,H,.FIN.O,S:
C,51.52; H, 4.00; E 3.02; [, 20.16; N, 11.13; S, 5.09;
Found: C, 51.55; H, 4.00; F, 3.02; [, 20.16; N, 11.10;
S, 5.08.

2. Methods for assay of the antiviral activity

A. Rapid Screening Assay

The primary antiviral assay was performed at a
respiratory viruses panel (Flu A H1N1/California/07/
2009/MDCK, Flu A H3N2/Perth/16/2009/MDCK, Flu
A H5N1/Vietnam/1203/2004H/MDCK, Flu B/Flori-
da/4/2006/MDCK) with the protocol of the NIAID’s
Antimicrobial Acquisition and Coordination [27-29].
This drug was ribavirin for Flu A HIN1, Flu A H3N2,
Flu A H5N1, Flu B.

Results for each compound tested were report-
ed as the virus-inhibitory concentration, 50% end-
point (EC;, pg/ml), or 90% effective concentration
(ECy, ng/ml) and the cell-inhibitory concentration,
50% endpoint (CC;, ug/ml) were determined. The
total selectivity index (SI;,) was calculated as a ra-
tio of (EC;,)/(CC,,). The SI;, of 3 or greater indicates
that confirmatory testing is needed.

2.1. Inhibition of the Viral Cytopathic Effect (CPE)

This test, run in 96 well flat-bottomed micropla-
tes, 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 Eg/ml)
were added to 3 cups containing the cell monolayer;
within 5 min. At the next step the virus was added
and the plate was sealed and incubated at 37 °C. The
CPE read microscopically when untreated infected
controls developed a 3 to 4+ CPE (approximately 72
to 120 h). The known positive control drug was eval-
uated in parallel with test drugs in each test.

2.2. Increase in Neutral Red (NR) Dye Uptake

This test was run to validate the CPE inhibition
seen in the initial test, and utilized the same 96-well
microplates after the CPE had been read. When neu-
tral red was added to the medium, cells that were not
damaged by virus took up a greater amount of dye
displayed on a computerized microplate autoreader.
The EC;, was determined from this dye uptake.

2.3. Decrease in the Virus Yield Assay (VYR-test)

Compounds considered active by CPE inhibition
and by NR dye uptake were re-tested on reduction
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of the virus yield by assaying frozen and thawed elu-
ates from each cup for a virus titer by serial dilution
onto monolayers of susceptible cells. Development
of CPE in these cells is indication of the presence of
an infectious virus. Similarly as in the initial tests, a
known active drug were run in parallel as a positive
control. The 90% effective concentration (EC,,), be-
ing the drug concentration inhibiting the virus yield
by 1 log,,, was determined from these data.

2.4. Methods for assay of cytotoxicity

In the CPE inhibition tests, two wells of uninfec-
ted cells treated with each concentration of the test
compounds was run in parallel with the infected, treat-
ed wells. At the time CPE was determined microscopi-
cally. The toxicity control cells were also examined mic-
roscopically for any changes in cell appearance com-
pared to normal control cells run in the same plate.
These changes may be enlargement, granularity, cells
with ragged edges, filmy appearance, rounding, detach-
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