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The synthesis and antiviral activity of 1-(4-chlorophenyl)-
4-(para-tolyl)-5,6,7,8-tetrahydro-2a,4a-diazacyclopenta[cd]-
azulene-2-carboxylic acid derivatives

Aim. To synthesize, prove the structural framework and study the antiviral activity of 1-(4-chlorophenyl)-
4-(para-tolyl)-5,6,7,8-tetrahydro-2a,4a-diazacyclopenta[cd]azulene-2-carboxylic acid derivatives.

Results and discussion. The antiviral activity of 1-(4-chlorophenyl)-4-(para-tolyl)-5,6,7,8-tetrahydro-2a,4a-
diazacyclopenta[cd]azulene-2-carboxylic acid (4-methoxyphenyl)amide was determined in the Southern Research
Institute (SRI, Birmingham, Alabama). The efficacy of this compound was expressed by EC,,, IC,, and Sl values
determined in vitro within a range of concentrations of 0.1-100 pg/mL. The antiviral drug Ribavirin (Sigma) and
the active substance of Amizon — 4-(N-benzyl)aminocarbonyl-1-methylpyridinium iodide were used as the refer-
ence drugs.

Experimental part. Condensation of 2-methoxy-3,4,5,6-tetrahydro-7H-azepine with a-amino-4-methylaceto-
phenone hydrochloride led to 3-(4-methylphenyl)-6,7,8,9-tetrahydro-5H-imidazo[1,2-a]azepine. By boiling the latter
with a-bromo-4-chloroacetophenone in ethyl acetate 1-[2-(4-chlorophenyl)-2-oxoethyl]-3-(para-tolyl)-6,7,8,9-tet-
rahydro-5H-imidazo[1,2-a]azepin-1-ium bromide was isolated, which in aqueous alkali solution was converted into
1-(4-chlorophenyl)-4-(para-tolyl)-5,6,7,8-tetrahydro-2a,4a-diazacyclopenta[cd]azulene. The latter while reacting
with the corresponding aryliso(thio)cyanates in a dry benzene gave 1-(4-chlorophenyl)-4-(para-tolyl)-5,6,7,8-tet-
rahydro-2a,4a-diazacyclopenta[cd]azulene-2-carboxylic acid (thio)amides. 'H NMR-spectra for the compounds syn-
thesized were recorded on a Bruker VXR-300 spectrometer (Germany) with the operating frequency of 299.945 MHz,
and also on a Bruker DRX300 (Germany) spectrometer with the operating frequency of 500.13 MHz, in DMSO-d,
using tetramethylsilane (TMS) as an internal standard. The melting points were measured using a RNMK 05 appa-
ratus (VEB Analytik, Dresden).

Conclusions. The series of new 1-(4-chlorophenyl)-4-(para-tolyl)-5,6,7,8-tetrahydro-2a,4a-diazacyclopen-
ta[cd]azulene-2-carboxylic acid (thio)amides has been synthesized. The antiviral activity of 1-(4-chlorophenyl)-
4-(para-tolyl)-5,6,7,8-tetrahydro-2a,4a-diazacyclopenta[cd]azulene-2-carboxylic acid (4-methoxyphenyl)amide
has been studied in the Southern American Research Institute (SRI, Birmingham, Alabama), and the high level
of the antiviral activity has been found against Flu A H1N1 California/07/2009 virus.

Key words: 1-(4-chlorophenyl)-4-(para-tolyl)-5,6,7,8-tetrahydro-2a,4a-diazacyclopenta[cd]azulene-2-carbo-
xylic acid substituted (thio)amides; Ribavirin; Amizone; antiviral activity; Flu A H1N1 California/07/2009 virus
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T [nemumym ¢hapmakonoeii ma mokcukonoeii HAMH YkpaiHu, YkpaiHa

2 HixxuHcbkuli OepxasHull yHisepcumem imeHi Mukonu lozons, YkpaiHa

3 IHemumym 6ioopeaHidHol ximii ma Hagpmoximii imeni B. 1. Kyxapsi HAH YkpaiHu, YkpaiHa

CuHTe3 Ta NPOTUBIPYCHA aKTUBHICTb noxigHux 1-(4-xnopodeHin)-4-(napa-ronin)-5,6,7,8-
TeTparigpo-2a,4a-aiazaumknoneHralcd]a3yneH-2-kapboHOBOI KUCIOTU

MeTa po6otu. CuHTesyBat, OBECTM CTPYKTYPY Ta AOCNIONTM MPOTUBIPYCHY aKTUBHICTb 3aMilleHnX amigiB
1-(4-xnopodeHin)-4-(napa-tonin)-5,6,7,8-teTparigpo-2a,4a-aiasaumknoneHTalcd]lasdyneH-2-kapboHOBOI KNCOTW.

Pesynbkraty Ta ix o6roBopeHHs1. BuaHaueHHsi NpoTuBIpyCHOI akTUBHOCTI (4-MeTokcudpeHin)amigy 1-(4-xnopo-
deHin)-4-(napa-tonin)-5,6,7,8-TeTparinpo-2a,4a-aiasaumnknoneHrtalcdlasdyneH-2-kapboHOBOI  KMCMOTW 3AJNCHEHO Y
MiBaenHomy gocnigHomy iHcTuTyTi CLUA (Southern Research Institute — SRI, Birmingham, Alabama). Edektuns-
HICTb 3a3Ha4YeHoi cnomnyku Bupaxanu nokasHnkamm EC, 1C,, Ta Sl, Aki Bu3Havanu B gocnigax in vitro B gianaso-
Hi KoHueHTpauin Big 0,1 go 100 mMkr/mn. AK CNONyKM NOPIBHSAHHA BUKOPUCTaHO MPOTUBIPYCHWI 3acib PrnbasipuH
(Sigma) Ta pitouy pevoBuHy npenapaty AMi3oH — 4-(N-6eH3un)amiHokapOoHin-1-meTunnipuamnHito hoaua.

ExcnepumeHTanbHa YactuHa. KoHgeHcauieto 2-meTtokeun-3,4,5,6-TeTparigpo-7H-a3eniHy 3 rigpoxnopvaomM
a-amiHo-4-MeTunnaueToeHoHy ogepxaHo 3-(4-metundeHin)-6,7,8,9-tetparigpo-5H-imigaso[1,2-alaseniH. Mpun
KMM'ATIHHI OCTaHHBOTO 3 a-6poMo-4-xnopoaLeToeHOHOM B eTunaueTaTi BugineHo 1-[2-(4-xnopodeHin)-2-okco-
etun]-3-(napa-tonin)-6,7,8,9-tetparigpo-5H-iminaso[1,2-alaseniHito-1 6Gpomia, kUi y BOGHOMY PO3YMHI Nyry LMK-
nigyetbca y 1-(4-xnopodeHin)-4-(napa-tonin)-5,6,7,8-teTparigpo-2a,4a-aiasaumknoneHtalcdlasyneH. Mpu B3ae-
MoZii OCTaHHbOrO 3 apuni3o(Tio)uiaHaTamu B cyxoMy BeH3eHi oaepxaHo (Tio)amian 1-(4-xnopodeHin)-4-(napa-
Tonin)-5,6,7,8-TeTparigpo-2a,4a-piasaumnknoneHTalcd]adyneH-2-kapboHoBoi kucnotu. 'H AMP-cnekTpu cnHTeso-
BaHWX cronyk 6yno 3anuncaHo Ha cnekTpomeTpi Bruker VXR-300 (HimeyuuHa), poboda yactota — 299,945 Ml
Ta Ha cnekTpomeTpi Bruker DRX300 (HimeyunHa), poboya yactora — 500,13 MI'u, B8 DMSO-d,, BUKOPUCTOBYOYM
SIK BHYTPILWHiN cTanaapT Tetpametuncunad (TMS). Temnepatypu nnaBneHHsA BUMIptoBanv 3a AOMOMOro npu-
ctpoto RNMK 05 (VEB Analytik, Dresden).
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BucHoBku. CrHTE30BaHO psif HOBKX 3aMileHux (Tio)amigis 1-(4-xnopodeHin)-4-(napa-tonin)-5,6,7,8-tetpa-
rigpo-2a,4a-piasauuknoneHtalcd]asyneH-2-kapboHoBOI KMCNOTU. MpOTMBIPYCHY akTUBHICTb (4-MeTokcudpeHin)amigy
1-(4-xnopodoeHin)-4-(napa-tonin)-5,6,7,8-teTparigpo-2a,4a-aiazaumnknoneHrtalcdlaszynen-2-kapboHoBoi  KMCNoTH
BMBYeHo Y MNisaenHomy pgocnigHomy iHctutyTi CLLUA (Southern Research Institute — SRI, Birmingham, Alabama) Ta
BCT@HOBITEHO BUCOKMIA PiBEHb 3a3Ha4YeHOoi akTMBHOCTI oo Bipycy Flu A H1N1 California/07/2009.

Knroyoei cnoea: 3amilleHi (Tio)amign 1-(4-xnopodpeHin)-4-(napa-tonin)-5,6,7,8-tetparigpo-2a,4a-giasauuk-
noneHTa[cd]asdyneH-2-kapboHOBOI KMCNOTW; pnbaBipvH; ami3oH; NPOTMBIPYCHA akTUBHICTb; Bipyc Flu A H1N1
California/07/2009
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" MInecmumym ¢papmakonoauu u mokcukonoauu HAMH YkpauHbi, YkpauHa
2 HexxuHekuli 2ocydapcmeeHHbIl yHusepcumem umeHu Hukonasi lozons, YkpauHa
3 MHcmumym 6uoopeaHuyeckol xumuu u Hecbmexumuu umeHu B. 1. Kyxaps HAH YkpauHbl, YkpauHa

CuHTEe3 N NPpOTUMBOBUPYCHAsA aKTUBHOCTb NpPou3BoAHbIX 1-(4-xnopdeHun)-4-(napa-
Tonun)-5,6,7,8-TeTparnpgpo-2a,4a-guasauuknoneHTajcd]asyneH-2-Kap60HOBON KUCIOTbI

Lenb pa6oTtbl. CHTE3MpOBaTh, JoKa3aTb CTPOEHUE U UCCMeaoBaTh NPOTUBOBUPYCHYH akTUBHOCTb 3ame-
LWeHHbIX (Tno)amugos 1-(4-xnopderun)-4-(napa-tonun)-5,6,7,8-teTparnapo-2a,4a-guasauuknoneHTalcdlasynen-
2-kapbOHOBOW KNCMOTHI.

PesynbTaTthl n nx obecyxaeHune. OnpeaeneHvie NpoTMBOBUPYCHOW akTUBHOCTU (4-MeToKcndeHun)ammaa
1-(4-xnopdenun)-4(napa-tonun)-5,6,7,8-teTparngpo-2a,4a-avasaunknoneHTtalcdlasyneH-2-kapboHoBoW KMCo-
Tbl NpoBeaeHo B KOxHoMm mccneposatensckoM nHctutyTe CLUA (Southern Research Institute — SRI, Birmingham,
Alabama). 3 deKkTMBHOCTbL faHHOTO coeanHeEHNs Bbipaxanu nokadatensamm EC,,, IC, u Sl, koTopble onpegensanu
B onbITax in vitro B AvanadoHe KoHueHTpauuin ot 0,1 go 100 mkr/mn. B kayectse npenapaToB CpaBHEHUSA UC-
nonb3oBaHbl NPOTMBOBUPYCHOE cpeacTBo PubasrpuH (Sigma) n aencTBytoLLee BeLLecTBO npenaparta AMU30H —
4-(N-6eH3un)ammHokapOoHWM-1-MeTUNMMPUANHNSA Noaua.

OkcnepumeHTanbHas YacTb. KoHaeHcaumen 2-meTtokcn-3,4,5,6-teTparmgpo-7H-a3enmHa ¢ CONsiHOKUCTIbIM
0-aMUHO-4-MeTUNaLeToPeHOHOM CuUHTe3npoBaH 3-(4-meTundexun)-6,7,8,9-tetparngpo-5H-umnaasol1,2-al-
asenviH. MNpwn kMNgYeHun nocnegHero ¢ a-6pom-4-xnopaueTodeHOHOM B aTunaueTaTe BbigeneH 1-[2-(4-xnop-
deHun)-2-okcoatun]-3-(napa-tonun)-6,7,8,9-tetparnapo-5H-ummaasol1,2-alazennHusa-1 6pomua, KOTOpPbIA B
BOOHOM pacTBope Lienoyn umknuayetcsa B 1-(4-xnopdenun)-4-(napa-tonun)-5,6,7,8-tetparngpo-2a,4a-amasa-
uuknoneHTalcd]asyneH. Mpu B3aumMoaencTBUM NOCNEAHEr0 C COOTBETCTBYOLLMMY apunnso(Tuo)umaHatamu B
cyxom 6eH3one nonyyeHbl (Tuo)amuabl 1-(4-xnopdenun)-4(napa-tonun)-5,6,7,8-teTparngpo-2a,4a-gnasa-
umkroneHTalcd]asyneH-2-kap6oHoBol kucnotbl. 'H AMP-cnekTpbl CUHTE3UPOBaHHBLIX COEAMHEHWI ObINK 3anu-
caHbl Ha cnekTpomeTpe Bruker VXR-300 (Fepmanus), paboyast yactota — 299,945 My u cnektpomeTtpe Bruker
DRX300 (Fepmanus), paboyas yactota — 500,13 MI'y, B DMSO-d,, ncnonb3ys B Ka4ecTBe BHYTPEHHErO CTaH-
napta TeTpametuncunad (TMS). TemnepaTypbl nnasneHns n3mepsanu ¢ nomollbio yctporictea RNMK 05 (VEB
Analytik, Dresden).

BbiBogbl. CHTE3MpoBaHa cepusi HOBbIX(TUO)amuaoB 1-(4-xnopdennn)-4(napa-tonun)-5,6,7,8-tetparngpo-
2a,4a-gnasauuknoneHTalcd]asyneH-2-kapboHoBon kncnotbl. B KOxxHoM nccnegosatensckom nHetutyte CLUA
(Southern Research Institute — SRI, Birmingham, Alabama) nsy4eHa npoTMBoBMpYCHas akTMBHOCTb (4-METOKCK-
denun)amuga 1-(4-xnopdpenun)-4(napa-tonun)-5,6,7,8-tetparnapo-2a,4a-auasauuknoneHTalcd]lasyneH-2-kap6o-
HOBOW KUCAOTbl WU YCTAHOBMEH BbICOKUA YPOBEHb YyKa3aHHOW akTUMBHOCTWU B OTHOweHun Bupyca Flu A H1N1
California/07/20009.

Knroyesnie cnoea: 3amellénHble (Tuo)amuabl 1-(4-xnopdennn)-4-(napa-tonun)-5,6,7,8-tetparngpo-2a,4a-
AvaszauumknoneHTalcdlasyneH-2-kapboHOBOW KUCNOTbI; pubaBUpPYH; aMU30H; NPOTUBOBUPYCHAs akTUBHOCTL; BUPYC
Flu A H1N1 California/07/2009

ISSN 2518-1548 (Online)

The HIN1 virus strain, the influenza A [1] virus
subtype, caused the epidemic of Spanish fluin 1918,
became the cause of influenza outbreak in 2005/2006
and 2009/2010 seasons. According to the data of
the Ministry of Health of Ukraine, just only within
the period of influenza and acute respiratory viral
infections outbreak (as from October 2009 until May
2010) more than 7.7 million of people or 16.87 % of
population contracted the disease in Ukraine.

The level of children hospitalization during in-
fluenza epidemic is significantly higher (84-93 %)
than that of adults [2]. According to the evaluation of
the WHO experts the pandemic of 2009/2010 years
led to the death of more than 500 thousand people.
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During this period, 1128 of those lethal cases were
registered in Ukraine. Over 80 % of deaths from in-
fluenza characterizing the Californian strain were re-
gistered in the age category of 18-50 years.

At the background of accompanying conditions
(obesity, diabetes, chronic lung diseases, cardiovascu-
lar diseases, etc.) the fatal double hemorrhagic pneu-
monia is reliably observed [3].

Flu A H1N1 virus was first discovered in 1931 by
the American scientist Richard Shope, and was later
classified as endemic zoonosis [5, 6].

The strain of pandemic HIN1 (“Pandemic (H1N1)
09 Virus”) became known as “Swine Influenza” in me-
dia [1]. A/California/04/2009 (H1N1) and A/Cali-
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fornia/07/2009 (H1N1) influenza virus strains were
registered in California in 2009 and spread by means
of aerosol and contact transmissions.

Modern antiviral medications are classified by
the mechanism of action as those that directly damage
the replication of virus, and those that modulate the im-
mune system of the host organism. The group of drugs
of this action registered and allowed to use in Ukraine
includes Amizon, Amantadin, Arbidol, Zanamivir, Ino-
zin pranobecs, Ozeltamivir, Rimantadin, etc. [8-15].

In Ukraine for curing conditions caused by the strain
of HIN1 virus, 4-(N-benzyl)aminocarbonyl-1-methyl-
piridinium iodide (Amizon) is currently used. It was
developed by the Institute of Pharmacology and Toxi-
cology of Ukraine. Amizon possesses the anti-inflam-
matory, analgesic and antipyretic effects [11]. The anal-
gesic effect is manifested with participation of the re-
ticular formation of the brain stem [12]. Amizon has
interferonogenic properties, causes the inhibiting ef-
fect on influenza viruses, and increases the body re-
sistance to viral infections [14]. All these make Ami-
zon a promising drug for prevention and treating
different virus diseases [13].

However, from position of evidence-based medi-
cine, there is no single opinion regarding indubitable

effectiveness of certain drugs (Arbidol, Amixin, Amizon,
Kagocel, Inmunofam, etc.) used as immunomodula-
tors with the anti-influenza activity [15].

Therefore, the search for new antiviral compounds
is still relevant.

A series of amide and thioamide derivatives of
1-(4-chlorophenyl)-4-(para-tolyl)-5,6,7,8-tetra-
hydro-2a,4a-diazacyclopentalcd]azulene-2-car-
boxylic acid by interaction of 1-(4-chlorphenyl)-4-
(para-tolyl)-5,6,7,8-tetrahydro-2a,4a-diazacyclo-
pentalcd]azulene with the corresponding aryliso-
(thio)cyanates in a dry benzene (Scheme) has been
synthesized.

The antiviral effect of 1-(4-chlorophenyl)-
4-(para-tolyl)-5,6,7,8-tetrahydro-2a,4a-di-
azacyclopenta[cd]azulene-2-carboxylic acid
(4-methoxyphenyl)amide 9d was compared to that
of active compounds of Amizon and Ribavirin used
for the treatment of infections caused by the respir-
atory syncytial virus, hepatitis C virus, etc. [16].

Among the side effects of Ribavirin there is dose-
dependent anemia. In the case of kidney, cardiovas-
cular diseases, this medication must be used only af-
ter thorough examination [17], which makes search
for new antiviral compounds even more relevant.
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9a Ar = Ph, 9b Ar = 2-MeO-C;H,, 9¢c Ar = 3-MeO-C;H,, 9d Ar = 4-MeO-C;H,, 9e Ar = 3-Me—C¢H,,
9f Ar = 4-Me-C_H,, 9g Ar = 2-CI-C,H,, 9h Ar = 3-CI-C.H,, 9i Ar = 4-CI-CH,, 9j Ar = 3,4-di-CI-CH,,
10k Ar = Ph, 10l Ar = 4-Me-C4H,, 10m Ar = 4-CI-C;H,
Scheme. The synthesis of 1-(4'-chlorophenyl)-4-(para-tolyl)-5,6,7,8-tetrahydro-2a,4a-diazacyclopenta[cd]azulene-2-carboxylic acid

derivatives 9a—j, 10k—-m
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Table

The antiviral activity of 1-(4-chlorophenyl)-4-(para-tolyl)-5,6,7,8-tetrahydro-2a,4a-
diazacyclopenta[cd]azulene-2-carboxylic acid (4-methoxyphenyl)amide 9d against
Flu AH1N1 California/07/2009 virus strain

Compound Structure Type of virus EC,, mg/mL | 1Cg, pg/mL S|
Flu AHINT
9d California/07/2009 3.4 >100 >29
\©\o/
Me
(0]
)NHZ
Ribavirin "N FluAHIN1 8.7 320 537
Lg”v/ California/07/2009 :
(0]
) Flu AHINT
© N N
Amizone | @ H/\O California/07/2009 47 >100 >2.1
Me”

Notes: EC,, — the effective concentration determined by the dose/effect curve, and is a compound concentration, in which effect is observed
in 50% of the population after a definite period of time passed, ug/mL;
IC,, — the concentration, in which inhibition of cells by a compound is 50 %, pg/mL;
SI — the index of selectivity, which is the indicator of the compound efficacy, expressed in IC;, to EC, ratio

The antiviral activity of compound 9d against
virus Flu A H1IN1 California/07/2009 was studied
in the Southern Research Institute (SRI, Birming-
ham, Alabama). The results obtained are given in Table
below. The efficacy of compounds was expressed with
EC;,, IC;, and SI values determined in the experiments
in vitro when studying the effects of compounds.
Compounds were dissolved in dimethyl sulfoxide within
a range of concentrations of 0.1-100 pg/mL. Together
with the compound declared for studying the antivi-
ral activity we sent the active compound of Amizon
to the Southern Research Institute. The research re-
vealed the high level of the antiviral activity of com-
pound 9d against Flu A HIN1 California/07/2009
virus strain.

The results obtained indicate that the antiviral
activity of 1-(4-chlorophenyl)-4-(para-tolyl)-5,6,7,8-
tetrahydro-2a,4a-diazacyclopenta[cd]azulene-
2-carboxylic acid (4-methoxyphenyl)amide 9d is ob-
served in 2.56 times lower dose than that for Ribavi-
rin substance and in 13.8 times lower dose than for
Amizon substance. The selectivity index of the com-
pound under research appeared to be more than 29
and IC;,> 100 pg/mL. At the same time, the selectiv-
ity index of Ribavirin was more than 37 and IC, >
320 pg/mL. It should be noted that if IC, for those
40

two compounds was the same, then SI for amide 9d
would be three times higher and would be equal to
SI>92.8.

Experimental part

2-Methoxy-3,4,5,6-tetrahydro-7H-azepine 1 was
obtained by alkylating caprolactam with dimethyl
sulfate using the method [18]. a-Amino-4-methyl-
acetophenone hydrochloride salt 2 was obtained by
the interaction of a-bromo-4-methylacetophenone
with hexamethylenetetramine using the method [19].
3-(4-Methylphenyl)-6,7,8,9-tetrahydro-5H-imidazo
[1,2-a]azepine 3 was obtained by the method de-
scribed in [20].

'H NMR spectra for compounds 9a-j were
recorded using a Bruker VXR-300 (Germany) spec-
trometer with the operating frequency of 299.945 MHz
and a Bruker DRX300 (Germany) spectrometer with
the operating frequency of 500.13 MHz for com-
pounds 101-m; DMSO-d, was used as a solvent; te-
tramethylsilane (TMS) was used as an internal stan-
dard. Chemical shifts were reported in ppm using
the & scale.

The melting points were measured on a small-
sized heating table with a RNMK 05 observation de-
vice (VEB Analytik, Dresden).
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The synthesis of 1-[2-(4-chlorophenyl)-2-oxo-
ethyl]-3-(para-tolyl)-6,7,8,9-tetrahydro-5H-imi-
dazo[1,2-a]azepin-1-ium bromide 5. To the solution
of 3-(4-methylphenyl)-6,7,8,9-tetrahydro-5H-imidazo-
[1,2-a]azepine 3 (9.04 g, 0.04 mole) in 150 mL of
ethyl acetate add a-bromo-4-methylacetophenone 4
(9.43 g, 0.04 mole). Reflux the reaction mixture for
1 hour. After cooling filter the solid product 5, wash
with ethyl acetate, then dry in air. Yield - 16.0 g (87 %).
M. p. 239-240°C (from ethanol). Anal. Calcd. for
C,;H,,BrCIN,0, %: N 6.09. Found, %: N 6.16.

The synthesis of 1-(4-chlorophenyl)-4-(para-
tolyl)-5,6,7,8-tetrahydro-2a,4a-diazacyclopenta-
[cd]azulene 6. To the suspension of 1-[2-(4-chloro-
phenyl)-2-oxoethyl]-3-(para-tolyl)-6,7,8,9-tetrahydro-
5H-imidazo[1,2-a]azepin-1-ium bromide 5 (4.60 g,
0.01 mole) in 50 mL of water add 5 % NaOH in 20 mL.
Reflux the reaction mixture for 3 hours. After cooling
filter the solid product 6, wash with water, then dry
in air and recrystallize from benzene. Yield - 1.73 g
(48%). M. p. 216-218°C. Anal. Calcd. for C,;H,,CIN,, %:
N 7.76. Found, %: N 7.62.

The general procedure for the synthesis of
1-(4-chlorophenyl)-4-(para-tolyl)-5,6,7,8-te-
trahydro-2a,4a-diazacyclopenta[cd]azulene-2-
carboxylic acid arylamides 9a-j. Reflux the mixture of
1-(4-chlorophenyl)-4-(para-tolyl)-5,6,7,8-tetrahydro-
2a,4a-diazacyclopenta[cd] azulene 6 (0.005 mole)
and the appropriate arylisocyanate 7a-j (0.005 mole)
in 50 mL of a dry benzene for 2 hours. After cooling
filter the solid products 9a-j, wash with benzene, then
dry in air and recrystallize from benzene or propanol-2.

1-(4-Chlorophenyl)-4-(para-tolyl)-5,6,7,8-
tetrahydro-2a,4a-diazacyclopenta[cd]azulene-
2-carboxylic acid phenylamide 9a. Yield - 1.90 g
(79%). M. p. 212-213°C (from benzene). Anal. Calcd.
for C,,H,,CIN,0, %: Cl1 7.40, N 8.75. Found, %: C1 7.56, N
8.53.'H NMR (300 MHz, DMSO0-d,), §, ppm: 1.88-2.01
(2H, m, CH,), 2.03-2.11 (2H, m, CH,), 2.42 (3H, s,
CH,), 2.39-2.70 (2H, m, CH,), 3.80-4.08 (2H, m, CH,),
6.97 (1H, s, NH), 6.89-7.24 (5H, m, C;H.), 7.31 (2H, d,
J=8.3Hz CH,), 7.43 (2H, d, ] = 8.3 Hz, C,H,,), 7.47
(2H,d,J=8.8 Hz,CH,), 7.56 (2H, d,/ = 8.8 Hz, C,H,),
7.84 (1H, s, 3-CH).

1-(4-Chlorophenyl)-4-(para-tolyl)-5,6,7,8-
tetrahydro-2a,4a-diazacyclopenta[cd]azulene-
2-carboxylic acid (2-methoxyphenyl)amide 9b.
Yield - 1.76 g (69 %). M. p. 230-231°C (from ben-
zene). Anal. Calcd. for C;;H,,CIN,0,, %: C1 6.96, N 8.24.
Found, %: C1 6.81, N 8.39. 'H NMR (300 MHz, DMSO-d,),
8, ppm: 1.87-1.98 (2H, m, CH,), 2.03-2,15 (2H, m,
CH,), 2.43 (3H, s, CH;), 2.35-2.64 (2H, m, CH,), 3.50
(3H, s, OCH,), 3.85-4.05 (2H, m, CH,), 7.45 (1H, s, NH),
6.75-8.43 (4H, m, C,H,)), 7.31 (2H, d, ] = 8.3 Hz, C,H,),
7.56 (2H, d, ] = 8.3 Hz, C,H,), 7.48 (2H, d, ] = 8.8 Hz,
C,H,),7.56 (2H,d,/ =8.8 Hz, C,H,), 7.91 (1H, s, 3-CH).

1-(4-Chlorophenyl)-4-(para-tolyl)-5,6,7,8-
tetrahydro-2a,4a-diazacyclopenta[cd]azulene-
2-carboxylic acid (3-methoxyphenyl)amide 9c.
Yield - 1.86 g (73 %). M. p. 203-204°C (from ben-

zene). Anal. Calcd. for C;,H,;CIN;0,, %: C1 6.96, N 8.24.
Found, %: C17.08,N 8.41."H NMR (300 MHz, DMSO-d,),
S (ppm): 1.89-1.99 (2H, m, CH,), 2.04-2.14 (2H, m,
CH,), 2.43 (3H, s, CH,), 2.40-2.70 (2H, m, CH,), 3.72
(3H, s, OCH,), 3.82-4.12 (2H, m, CH,), 6.43-7.06
(4H,m, C,H,), 7.01 (1H,s,NH),7.31 (2H, d,/ = 7.8 Hz,
CH,), 745 (2H, d, J = 7.8 Hz, C,H,), 7.48 (2H, d,
J=83Hz CH,), 7.59 (2H, d, ] = 8.3 Hz, C,H,), 7.86
(1H, s, 3-CH).
1-(4-Chlorophenyl)-4-(para-tolyl)-5,6,7,8-
tetrahydro-2a,4a-diazacyclopentafcd]azulene-
2-carboxylic acid (4-methoxyphenyl)amide 9d.
Yield - 1.94 g (76 %). M. p. 202-204°C (from ben-
zene). Anal. Calcd. for C;,H,;CIN;0,, %: C1 6.96, N 8.24.
Found, %: Cl 6.85, N 8.33.'H NMR (300 MHz, DMSO-d,),
S, ppm: 1.85-1.95 (2H, m, CH,), 2.02-2.13 (2H, m, CH,),
2.43 (3H,s,CH,), 2.41-2.74 (2H, m, CH,), 3.71 (3H, s,
OCH,), 3.81-4.18 (2H, m, CH,), 6.97 (1H, s, NH), 6.74
(2H,d,/=9.3 Hz,CH,), 7.06 (2H, d,/ =9.3 Hz, C,H,),
7.30 (2H, d, = 8.3 Hz, C,H,), 7.44 (2H, d, ] = 8.3 Hz,
CH,),7.48(2H,d,/=8.8HzCH,),7.56 (2H,d,/=8.8 Hz,
C,H,), 7.84 (1H, s, 3-CH).
1-(4-Chlorophenyl)-4-(para-tolyl)-5,6,7,8-
tetrahydro-2a,4a-diazacyclopenta[cd]azulene-
2-carboxylic acid (3-methylphenyl)amide 9e. Yield -
1.70 g (69%). M. p. 218-219°C (from benzene). Anal.
Calcd. for C,,H,4CIN,O, %: C1 7.19, N 8.50. Found, %:
Cl7.28, N 8.64. 'H NMR (300 MHz, DMSO-d,), §, ppm:
1.88-1.97 (2H, m, CH,), 2.02-2.13 (2H, m, CH,),
2.26 (3H, s, CH,), 2.43 (3H, s, CH;), 2.42-2.72 (2H,
m, CH,), 3.81-4.12 (2H, m, CH,), 6.71-7.05 (4H, m,
CsH,), 6.97 (1H, s, NH), 7.31 (2H, d, ] = 8.3 Hz, C;H,),
7.45 (2H, d, ] = 8.3 Hz, CH,), 7.48 (2H, d, ] = 8.8 Hz,
C,H,), 7.58 (2H, d,/ = 8.8 Hz, C,H,), 7.85 (1H, s, 3-CH).
1-(4-Chlorophenyl)-4-(para-tolyl)-5,6,7,8-
tetrahydro-2a,4a-diazacyclopentacd]azulene-
2-carboxylic acid (4-methylphenyl)amide 9f. Yield -
1.65 g (67%). M. p.221-223°C (from benzene). Anal.
Calcd. for C;,H,4CIN,O, %: C1 7.19, N 8.50. Found, %:
C17.28,N 8.64.'H NMR (300 MHz, DMSO-d,), 6, ppm:
1.87-1.98 (2H, m, CH,), 2.01-2.12 (2H, m, CH,),
2.25(3H,s,CH,), 2.42 (3H, s, CH;), 2.39-2.68 (2H, m,
CH,), 3.80-4.10 (2H, m, CH,), 6.97 (2H, d, ] = 8.3 Hz,
CH,),7.01 (2H,d,J=8.3 Hz, C,H,), 6.98 (1H, s, NH), 7.30
(2H,d,J=8.3 Hz,CH,), 7.44 (2H, d, ] = 8.3 Hz, C,H,),
7.47 (2H, d, J = 8.3 Hz, C;H,), 7.56 (2H, d, ] = 8.3 Hz,
CcH,), 7.85 (1H, s, 3-CH).
1-(4-Chlorophenyl)-4-(para-tolyl)-5,6,7,8-
tetrahydro-2a,4a-diazacyclopenta[cd]azulene-
2-carboxylic acid (2-chlorophenyl)amide 9g. Yield -
1.88 g (73 %). M. p. 202-203°C (from propanol-2).
Anal. Calcd. for C;yH,;CI,N;0, %: Cl 13.80, N 8.16.
Found, %: CI 13.50, N 8.24. 'H NMR (300 MHz,
DMSO0-dy), 8, ppm: 1.85-1.95 (2H, m, CH,), 2.03-
2.13 (2H, m, CH,), 2.43 (3H, s, CH,), 2.35-2.63 (2H,
m, CH,), 3.82-4.12 (2H, m, CH,), 6.87-8.51 (4H,
m, C,H,), 7.39 (1H, s, NH), 7.31 (2H, d, ] = 7.8 Hz,
CH,), 7.45 (2H, d, J = 8.8 Hz, CH,), 7.46 (2H, d,
J=83Hz CH,), 7.53 (2H, d, ] = 8.3 Hz, C,H,), 7.90
(1H, s, 3-CH).
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1-(4-Chlorophenyl)-4-(para-tolyl)-5,6,7,8-
tetrahydro-2a,4a-diazacyclopenta[cd]azulene-
2-carboxylic acid (3-chlorophenyl)amide 9h. Yield -
1.98 g (77 %). M. p. 205-206°C (from propanol-2).
Anal. Calcd. for C,H,;CI,N;0, %: Cl 13.80, N 8.16.
Found, %: Cl 13.50, N 8.24. 'H NMR (300 MHz, DM-
SO-d,), 8, ppm: 1.82-1.98 (2H, m, CH,), 2.01-2.13
(2H, m, CH,), 2.39 (3H, s, CH;), 2.37-2.67 (2H, m,
CH,), 3.78-4.08 (2H, m, CH,), 7.47 (1H, s, NH),
6.86-7.60 (12H, m, 3xC.H,), 7.82 (1H, s, 3-CH).
1-(4-Chlorophenyl)-4-(para-tolyl)-5,6,7,8-
tetrahydro-2a,4a-diazacyclopenta[cd]azulene-
2-carboxylic acid (4-chlorophenyl)amide 9i. Yield -
2.08 g (81%). M. p. 245-246°C (from propanol-2).
Anal. Calcd. for C;,H,.CI,N,0, %: Cl 13.80, N 8.16.
Found, %: Cl 13.50, N 8.24.'H NMR (300 MHz, DMSO-d,),
S, ppm: 1.85-1.95 (2H, m, CH,), 2.03-2.15 (2H, m, CH,),
2.41 (3H,s,CH;), 2.35-2.65 (2H, m, CH,), 3.80-4.10 (2H,
m, CH,), 7.37 (1H, s, NH), 7.32 (2H, d, ] = 7.8 Hz, CH,),
7.46 (2H,d,J=7.8Hz CH,),7.45 (2H,d,/=8.3 Hz,CH,),
7.53 (2H, d, ] = 8.3 Hz, C,H,), 7.51 (2H, d, ] = 8.6 Hz,
CH,), 7.61 (2H,d,] = 8.6 Hz, C,H,), 7.89 (1H, s, 3-CH).
1-(4-Chlorophenyl)-4-(para-tolyl)-5,6,7,8-
tetrahydro-2a,4a-diazacyclopenta[cd]azulene-
2-carboxylic acid (3,4-dichlorophenyl)amide 9j.
Yield - 2.08 g (87 %). M. p.250-251°C (from pro-
panol-2). Anal. Calcd. for C;,H,,Cl,N;0, %: Cl 13.8,
N 8.16. Found, %: Cl 13.5, N 8.24. 'H NMR (300 MHz,
DMSO0-d,), 6, ppm: 1.81-1.93 (2H, m, CH,), 1.98-2.12
(2H, m, CH,), 2.39 (3H, s, CH;), 2.36-2.64 (2H, m,
CH,), 3.78-4.06 (2H, m, CH,), 7.48 (1H, s, NH), 7.34
(2H,d,J = 7.8 Hz, C,H,), 7.56 (2H, d, ] = 7.8 Hz, CH,),
6.97-7.79 (7H, m, C,H,+C,H,), 7.81 (1H, s, 3-CH).
The general procedure for the synthesis of
1-(4-chlorophenyl)-4-(para-tolyl)-5,6,7,8-tetra-
hydro-2a,4a-diazacyclopenta[cd]azulene-2-carbo-
thioic acid arylamides 10k-m. Reflux the mixture
of 1-(4-chlorophenyl)-4-(para-tolyl)-5,6,7,8-tetrahy-
dro-2a,4a-diazacyclopenta[cd]azulene 6 (0.005 mole)
and the appropriate arylisothiocyanate 8k-m
(0.005 mole) in 50 mL of dry benzene for 2 hours.
After cooling filter the solid precipitates 10k-m,
wash with benzene, then dry in air and recrystallize
from benzene or propanol-2.
1-(4-Chlorophenyl)-4-(para-tolyl)-5,6,7,8-
tetrahydro-2a,4a-diazacyclopenta[cd]azulene-
2-carbothioic acid phenylamide 9Kk. Yield - 2.03 g
(82%). M. p. 196-197°C (from propanol-2). Anal.
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Calcd. for C4,H,(CIN,O, %: N 8.47. Found, %: N 8.65.
'H NMR (500 MHz, DMSO-d,), §, ppm: 1.80-1.92
(2H, m, CH,), 1.98-2.06 (2H, m, CH,), 2.24 (3H, s,
CH,), 2.44-2.66 (2H, m, CH,), 3.94-4.14 (2H, m,
CH,), 7.22-791 (13H, m, C,H,+ CH,+C,H.), 8.58
(1H, s, 3-CH), 8.99 (1H, s, NH).

1-(4-Chlorophenyl)-4-(para-tolyl)-5,6,7,8-
tetrahydro-2a,4a-diazacyclopenta[cd]azulene-
2-carbothioic acid (4-methylphenyl)amide 9l.
Yield - 1.96 g (77 %). M. p. 219-220°C (from benze-
ne). Anal. Calcd. for C;,H,4CIN,S, %: N 8.24. Found, %:
N 8.06. 'H NMR (500 MHz, DMSO-d;), §, ppm:
1.82-1.94 (2H, m, CH,), 2.01-2.11 (2H, m, CH,), 2.21
(3H, s, CH,;), 2.43 (3H, s, CH,), 2.36-2.64 (2H, m, CH,),
3.81-4.17 (2H, m, CH,), 6.97 (1H, s, NH), 6.96 (2H, d,
J = 7.8 Hz, C,H,), 7.11 (2H, d, ] = 8.1 Hz, CH,), 7.32
(2H,d,/=7,8Hz,CH,), 7.44 (2H,d,J=8,1 Hz, C,H,),
7.36 (2H, d,J = 8.4 Hz, C,H,), 7.48 (2H, d, ] = 8.4 Hz,
CcH,), 8.52 (1H, s, 3-CH), 8.75 (1H, s, NH).

1-(4-Chlorophenyl)-4-(para-tolyl)-5,6,7,8-
tetrahydro-2a,4a-diazacyclopenta[cd]azulene-
2-carbothioic acid (4-chlorophenyl)amide 9m.
Yield - 2.12 g (80 %). M. p. 216-217°C (from pro-
panol-2). Anal. Calcd. for C,;;H,;CL,N,S, %: N 7.92.
Found, %: N 8.08. 'H NMR (500 MHz, DMSO-d,),
S, ppm: 1.88-1.96 (2H, m, CH,), 2.01-2.13 (2H,
m, CH,), 2.19 (3H, s, CH;), 2.38-2.68 (2H, m, CH,),
3.84-3.14 (2H, m, CH,), 7.21 (4H, s, C;H,), 7.29 (2H,
d,J=7.9Hz CH,),7.41 (2H,d,] = 7.9 Hz, C,H,), 7.36
(2H,d,/=8.1Hz, C,H,), 7.51 (2H,d,J=8.1 Hz, C,H,),
7.36 (2H, d, /= 8.4 Hz, C,H,), 7.48 (2H, d, ] = 8.4 Hz,
CH,), 8.57 (1H, s, 3-CH), 9.11 (1H, s, NH).

Conclusions

1. A series of new 1-(4-chlorophenyl)-4-(para-to-
lyl)-5,6,7,8-tetrahydro-2a,4a-diazacyclopenta[cd]-
azulene-2-carboxylic acid arylamides and 1-(4-chloro-
phenyl)-4-(para-tolyl)-5,6,7,8-tetrahydro-2a,4a-di-
azacyclopenta[cd]azulene-2-carbothioic acid arylami-
des have been synthesized.

2. The high level of the antiviral activity for 1-(4-chlo-
rophenyl)-4-(para-tolyl)-5,6,7,8-tetrahydro-2a,4a-
diazacyclopenta[cd]azulene-2-carboxylic acid (4-me-
thoxyphenyl)amide against Flu A H1N1 California/
07/2009 virus strain (Southern American Research In-
stitute, Birmingham, Alabama) has been found.
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