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2. REVIEW OF LITERATURE

Syntheses of small molecules possessing the vicinal diaryl scaffold as a privileged
substructure has received wide attention in the field of medicinal chemistry.! Molecules
incorporating this scaffold have demonstrated biological activity of varying nature, especially

as antiplatelet agents® and COX inhibitors.>

2.1. Substituted diaryl heterocycles as antiplatelet agents

There are several reviews that focus mainly on the molecular and functional basis of the
inhibition of COX enzymes by non-selective and selective COX-2 inhibitors. Some
compounds such as E-5510 (2.1), KBT-3022 (2.2) and itazigrel (2.3) have been reported to
inhibit cyclooxygenase reversibly.* Structural analysis of these compounds have shown that

the bis(4-methoxyphenyl) moiety is essential for potent cyclooxygenase inhibition.
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2.1.1. Substituted 1,4-diazepine derivatives

Previous findings from our laboratory® indicated that substituted 1,4-diazepine
derivatives (2.4) exhibited antiplatelet activity comparable to aspirin. Various substituents
like amino, nitro, methyl and chloro were introduced into one of the aryl groups of the diaryl

system on 1,4-diazepine ring.
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Among these compounds, it was found that 4-chloro and 4-fluoro groups as

substituents on aryl rings imparted better activity than aspirin.

2.1.2. 2-Substituted 4,5-bis(4-methoxyphenyl)pyrimidines

In order to obtain novel aspirin-like antiplatelet agents, Tanaka and Motoyama
synthesized a series of 2-substituted 4,5-bis(4-methoxyphenyl)pyrimidines.*® Among them,
4,5-bis(4-methoxyphenyl)-2-morpholinopyridines (2.5e¢) and 4,5-bis(4-methoxyphenyl)-2-
(3,5-dimethylmorpholin-4-y)pyrimidine (2.5f) showed potent inhibitory activity on
malondialdehyde (MDA) produced in vitro (73.4 % inhibition at 10® M and ICso = 1.4 X 10
M, respectively).

R1 =
MeO
O (a) CHa,
XN (b) NH,,
\ Y (c) NHCN,

O N” R,  (d)4-Pyridyl,
(e) Morpholino,
MeO (f) 3,5-Dimethylmorpholino,
(g) 1,2,3,6-Tetrahydro-1-methylpyridine

4,5-Bis(4-methoxyphenyl)pyrimidine (2.5)

The ex vivo studies on these compounds showed that compounds (2.5e and 2.5g)
exhibited potent and long-lasting antiplatelet activity induced by arachidonic acid and
collagen even after 6 hr of oral administration at 3.2 mg/kg in guinea pigs (100 and 97 %
respectively). These results indicated that the ex vivo activity of (2.5e and 2.5g) is more than
three times that of aspirin. Aspirin showed 81 % and 5 % inhibitory activity on platelet
aggregation induced by arachidonic acid and collagen respectively, 6 hr after oral

administration of 10 mg/kg.
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2.1.3. 2-Guanidino-4,5-bis(4-methoxyphenyl)thiazole

Some of the diarylthiazoles were reported to be potent antiplatelet agents with
vasodilatory action.® This study helped to conclude that guanidine moiety present in those
structures had a major role in vasodilatation. L-Arginine, (S-2-amino-5-
guanidinopentanoicacid), is a well-known essential amino acid which acts as a vasodilator
through nitric oxide dependent pathway (NO donors).” Moreover, agamatine (4-aminobutyl
guanidine)® and its derivatives like GYKI-14766 (D-methyl-phenylalanylprolylarginal)® were
accessed as experimental medicines in anticoagulant and antithrombotic therapy. Timegadine
a trisubstituted guanidine derivative and some other acyclic guanidines'® possess potent

vasodilatory actions.
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Aspirin (1.1) and itazigrel (2.3) provide antiplatelet activity by COX inhibition
mechanism without causing vasodilation. Timegadine (2.6) showed inhibition of COX and
vasodilation activity. Fusion of these two kinds of compounds (ltazigrel and Timegadine) has
been attempted to obtain potent platelet aggregation inhibition through COX inhibition with
vasodilatory  activity offering  2-guanidino-4,5-bis(4-methoxyphenyl)thiazole  (2.7).
Introduction of a methyl group onto the guanidino moiety provided with an increase of the
COX inhibition activity with moderate vasodilatory activity. Substitution with morpholine

showed potent inhibition of COX with weak vasodilatory activity.

2.1.4. 2,4,5-Triaryl imidazole derivatives

Fenflumizole [2-(2,4-difluorophenyl)-4,5-bis(4-methoxyphenyl)-1H-imidazole] (2.8)
has shown good antiplatelet activity. It was found to possess potent cyclooxygenase
inhibitory activity. It is 170 times weaker as an inhibitor of PGIl, generation in the rat
stomach mucosa ex vivo as compared to indomethacin. Anti-aggregatory effect was found in

patients of unstable angina. Fenflumizole effectively inhibited in vitro collagen-induced
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platelet aggregation and ex vivo ADP-induced platelet aggregation. Fenflumizole (2.8)

possesses a potent antithrombotic activity and a relatively low gastro-ulcerogenicity in rats.!

MeO

MeO
(2.8)

Fenflumizole was given to dogs in a single oral dose of 3 or 10 mg/kg. The plasma
concentrations of fenflumizole and the two metabolites (mono and di-demethyl forms)
attained the peak level within 1-2 hr after dosing of fenflumizole, returning to near the
predose levels 8 hr after dosing. Fenflumizole (10 mg/kg) when given orally, significantly
inhibited collagen and ADP-induced platelet aggregations ex vivo over 4 hr after the dosing.
Fenflumizole effectively inhibited in vitro collagen-induced platelet aggregation, but failed to
prevent ADP-induced aggregation. The mono-demethyl form of fenflumizole inhibited in
vitro ADP and collagen-induced aggregations, but the di-demethyl form was found to be
ineffective. However, fenflumizole seems to have retained therapeutic activities with reduced
side effects, when compared to the actions of other non-steroidal anti-inflammatory drugs,

particularly on the gastrointestinal tract.

2.1.5. 3-Substituted 5,6-bis(4-methoxyphenyl)-1,2,4-triazines

1,2,4-Triazine scaffold has been associated with diversified pharmacological
activities, such as antiplatelet,*? anticancer,'® thromboxane synthetase inhibition,** anti-
inflammatory®® and antimalarial.'® Further, the diaryl system attached to 1,2,4-triazine
heterocycle has been reported to be a potent anticytokine, mediating through the inhibition of
p38 MAPK signaling pathway.!” Recent studies on 5,6-diaryl triazines showed
neuropharmacological applications of this moiety, such as adenosine Aza antagonism in
Parkinson’s disease,*® anti-neuroinflammatory activity in Alzheimer’s disease!® and as
neuroprotectants.?> More recently, potent neuroprotective action of some 1,2,4-triazines by

activating Wnt/b-catenin signaling pathway has been demonstrated by our research group.?
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Some patents have also disclosed the topical anti-inflammatory and antithrombotic activity of
diaryltriazines.??

Tanaka et al. reported 3-substituted-5,6-bis(4-methoxyphenyl)-1,2,4-triazines (2.9) as
antiplatelet agents.'? Amongst these compounds, substituted piperazine compounds exhibited
potent COX inhibition with vasodilatory activity. The ex vivo potency of substituted
piperazine compounds was more than that of aspirin. Moreover, the reported triazines were

found to be devoid of Gl side effect which is the main drawback of aspirin.

MeO
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| Me,
N*/N piperazino,
morpholino,
MeO COOEt
(2.9)

2.2. Benzoxazinones as antiplatelet agents

2-Substituted benzoxazinones were reported as mechanism-based inhibitors of
standard serine proteases of the chymotrypsin superfamily that inhibit the enzyme by
formation of an acyl-enzyme complex through attack of the active site serine on the carbonyl
group. Benzoxazinones showed significant inhibition of thrombin and tissue factor VIla.?® It
is also mentioned in this study that they also prolonged thrombin-induced fibrinogen clotting

times.

(2.10)

Some 2,8-disubstituted benzoxazinone derivatives (2.10) were reported having potent
antiplatelet aggregation property. These derivatives were substituted with various groups like
methoxy, methyl and chloro at C-8 position and 4’-bromophenyl, 2’-chlorophenyl, 2’-
bromophenyl, 2’-fluorophenyl, 2’-methoxyphenyl and 2’-methylphenyl at C-2 positions.?*
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2.3. Vicinal diamides as antithrombotic agents

Various research groups have reported anthranilamides and diamidobenzenes to
possess antithrombotic activity. Efforts in this area include contributions from Berlex and
Lilly research groups.

2.3.1. 1,2-Dibenzamidobenzenes

Diamidobenzenes, the compounds structurally resembling anthranilamides were
reported in literature with potent antiplatelet activity, particularly as FXa inhibitors. By high
throughput screening of a library of compounds, compound (2.11) was identified as a potent
FXa inhibitor with a K; value of 1.6 pM.
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The best activity has been observed in substituted 1,2-dibenzamidobenzenes wherein
the aromatic ring of one benzoyl group (A-ring) was substituted in the 4-position with a
relatively small lipophilic group such as methoxy, vinyl or chloro and aromatic ring of the
other benzoyl group (B-ring) was substituted in the 4-position with a larger lipophilic group
such as tert-butyl or dimethylamino. The central phenyl ring (C-ring) tolerated a wide variety
of substituents, but methoxy, methanesulfonamido, hydroxyl and carboxyl substituents
produced slightly higher levels of activity than other substituents when present in
combination with favourable B-ring substituents. Methylation of the amide nitrogen atoms
was found to greatly decrease the activity. Compound (2.12) is the highest affinity FXa

inhibitor in this group of compounds, having K; value of 39 nM.%
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To increase the potency of 1,2-dibenzamidobenzenes, an amidine substituent was

incorporated on one of the benzoyl side chains of compound (2.12) to obtain highly potent

compounds (2.13 and 2.14).%
t-Bu OMe
AT oI
N
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t-Bu
Cr O )
NH H @NH
(@] 9] o
| N
HoN™ “NH HoN™ S NH =N
(2.13) (2.14) (2.15)

The amidine in compound (2.13) (FXa Kas = 250 X 10° L/mol, FXa Ki = 4 nM)
enhanced the potency by about 250-fold, and incorporation of carboxylic group in compound
(2.14) (FXa Kass = 470 X 10° L/mol, FXa Ki = 2.2 nM) further doubled the potency of
compound (2.13). Both compounds demonstrated good in vitro clotting activity PTox = 0.96
uM and PTax = 0.83 uM respectively.

Other diaminobenzene analogs devoid of the amidine moiety, such as compounds
(2.15) (FXa Kass = 9.2 X 10° L/mol, FXa Ki = 108 nM), (2.16) (FXa Kass = 2.3 X 108 L/mol,
FXa Ki = 434 nM) and (2.17) (FXa Kass = 100 X 10° L/mol, FXa Ki = 10 nM ) were also
reported to have moderate FXa inhibitory activity.?’

Cl
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2.3.2. Anthranilamides

To improve oral absorption, researchers at Lilly discovered structurally more diverse
leads which were proposed to serve as newer leads for the development of FXa inhibitors.

These studies resulted into identification of compound (2.18) having a high affinity for FXa.
:
D&
H
NH
O

(2.18)

Replacement of one of the amide moieties with an ether linkage resulted into
compound (2.19) with reduced activity (FXa K; = 100 uM). Substitution of the scaffold of
compound (2.18) with phthalamide in compound (2.20) led to complete loss of activity.
Further Modifications of anthranilamides led to discovery of compound (2.21) [FXa Kass

(~1/Kj) = 57.9 x 10° L/mol, K;=11.5 nM] as the most potent analog in the anthranilamide

series.?8
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Researchers at Berlex identified compound (2.22) (FXa Ki = 11 nM) as a novel
anthranilamide through high throughput screening. Replacement of the fluoroanilide with a
chloroanilide moiety resulted into compound (2.23) with a 34-fold improvement in binding
affinity toward FXa (Ki = 0.32 nM).?® However, compound (2.23) showed poor in vitro

anticoagulant activity due to its high lipophilicity. To improve the activity, further
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optimization led to the discovery of a series of compounds exemplified by compound (2.24)
(FXa Ki = 1 nM, ECoxpr = 12 uM).* Incorporation of methoxy group at C-3 position and
replacement of chloroaniline with a chloroaminopyridine in compound (2.24) resulted into
compound (2.25) (FXa Ki = 0.16 nM, ECoxpr = 1.6 pM) with improved activity. Further

modifications at P4 of compound (2.25) resulted into a series of compounds (2.26-2.28).3!

cl
o v
HN C'@o
Me\@o NH

NH o S
0 S Ly —\
\ c N N—Me
cl __/
(2.22)R=F (2.24)
(2.23) R=Cl
N7 | Cl NZ | Cl
HNT Y HNS
Cl o cl o)
NH NH
MeO o S MeO 0 S
| |/
—\ Cl
cl N  N-Me NH
__/ Me
(2.25) (2.26)

Researchers at Lilly reported anthranilamides using t-butylbenzoyl as P4 motif as
represented by compound (2.29) (FXa Kass (~1/Ki) = 42 x 10° L/mol, Ki = 23.8 nM).
Introduction of 3-aminopropanol at C-2 of the t-butylbenzoyl resulted into compound (2.30)
(FXaKass (~1/Ki) = 1,440 x 108 L/mol, Ki = 0.69 nM) with increased potency. Replacement

of the t-butyl with a 1,4-diazepine resulted into highly active compound (2.31) (FXa Kass
(~1/Kj) = 8970 x 10° L/mol, Ki=0.11 nM).*?
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Inspired by the results obtained from apixaban, Bristol Meyers Squibb employed
phenylpiperidinone and phenylpyridinone as P4 motifs in the anthranilamide scaffold, which
led to the discovery of highly potent compounds (2.32) (FXa Ki = 1.2 nM, ECoxet = 4.6 uM)
and (2.34) (FXa Kj = 0.14 nM, ECoxpt = 2.6 uM). Installation of 3-methoxy and 5-chloro
substituents on the anthranilamide scaffold resulted into compounds (2.33) (FXa Ki = 0.057
nM, ECapr = 1.5 pM) and (2.35) (FXa Ki = 0.013nM, ECapr = 1.4 pM) with greatly
improved activity.®

Researchers at Portola reported anthranilamide derivatives containing biaryl as P4
groups, e.g. compounds (2.36 and 2.37) (FXa K;= 0.1 nM).3 To overcome the issue of high
lipophilicity and to lower the protein binding, compounds (2.36 and 2.37) were further
modified by incorporating polar amino alkyl P4 motif to provide highly active compound
(2.38) (FXa Ki=1.3nM).®
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Replacement of dimethylamino group of compound (2.38) with 2-iminooxazolidine
and acyclic amidine resulted into compounds (2.39) (FXa Kj = 1.5 nM) and (2.40) (FXa Ki =
0.6 nM) respectively. The SAR of this anthranilamide series was further extended by

incorporating N,N-dialkylbenzamidine as P4 group in compound (2.41).%
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It was found that many of the benzamidine-containing compounds showed potent
hERG inhibitory activity. Compounds (2.41-2.43) demonstrated good FXa inhibitory activity
with some degree of hERG inhibitory activity. From this series, compound 1.10 (Betrixaban)

showed good profile and was selected for clinical advancements.
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Researchers at Zydus Research Centre also reported some of the anthranilamide
based compounds.®” Replacement of highly basic amidine group (S4 ligand) of betrixaban
(1.10) by a much less basic sulfoximine resulted into a series of active compounds.
Compound (2.43) displayed 76 % inhibition of FXa at 0.1 puM. Effect of different
substituents on nitrogen of sulfoximine group indicated that anticoagulant activity of any
compound was a function of its hydrophilicity and plasma-protein binding. Compound (2.44)
bearing methoxyacetyl group on the nitrogen of sulfoximine group has been observed with
increased polarity, improved anticoagulant activity (PTctx= 7.2 uM for compound (2.43)

and 3 uM for compound 2.44). Replacement of methoxy group of compound (2.44) with
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different acylimides resulted into identification of highly potent compound (2.45) (100 %
inhibition at 0.1 uM and PTcT2x = 0.68 uM).
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Compound (2.45) and its metabolite (2.46) were found to have higher selectivity
(FXa Ki = 1.1 and 1.5 resp.) and lesser effect on CYP3A4. Compound (2.45) demonstrated

good in vivo antithrombotic efficacy in thrombosis model.

Page 38



REVIEW OF LITERATURE

2.4. References

1.

(@) Rynbrandt, R. H.; Nishizawa, E. E.; Balgoyen, D. P.; Mendoza, A. R.; Annis, K. A.,
Synthesis and platelet aggregation inhibitory activity of 4,5-bis(aryl)-2-substituted
thiazoles. Journal of medicinal chemistry 1981, 24 (12), 1507-1510; (b) Talley, J. J.,
Selective inhibitors of cyclooxygenase-2 (COX-2). Progress in medicinal chemistry
1999, 36, 201-34.

Almansa, C.; de Arriba, A. F.; Cavalcanti, F. L.; Gomez, L. A.; Miralles, A.; Merlos,
M.; Garcia-Rafanell, J.; Forn, J., Synthesis and SAR of a new series of COX-2-
selective inhibitors: pyrazolo[1,5-a] pyrimidines. Journal of medicinal chemistry 2001,
44 (3), 350-361.

(@) Campillo, N.; Garcia, C.; Goya, P.; Paez, J. A.; Carrasco, E.; Grau, M., Novel
arylpyrazino[2,3-c][1,2,6]thiadiazine-2,2-dioxides as inhibitors of platelet aggregation.
Synthesis and pharmacological evaluation. Journal of medicinal chemistry 1999, 42
(10), 1698-1704; (b) Meanwell, N. A.; Rosenfeld, M. J.; Wright, J. J.; Brassard, C. L.;
Buchanan, J. O.; Federici, M. E.; Fleming, J. S.; Gamberdella, M.; Hartl, K. S;
Zavoico, G. B., Nonprostanoid prostacyclin mimetics. Derivatives of 2-[3-[2-(4,5-
diphenyl-2-oxazolyl)ethyl]phenoxy]acetic acid substituted alpha to the oxazole ring.
Journal of medicinal chemistry 1993, 36 (24), 3871-83; (c) Qiao, J. X.; Wang, T. C;
Ruel, R. j.; Thibeault, C.; L’Heureux, A.; Schumacher, W. A.; Spronk, S. A.; Hiebert,
S.; Bouthillier, G.; Lloyd, J., Conformationally constrained ortho-anilino diaryl ureas:
Discovery  of  1-(2-(1'-neopentylspiro[indoline-3,4’-piperidine]-1-yl)phenyl)-3-(4-
trifluoromethoxy)phenyl)urea, a potent, selective, and bioavailable p2yl antagonist.
Journal of medicinal chemistry 2013, 56 (22), 9275-9295.

(@) Fujimori, T.; Harada, K.; Saeki, T.; Kogushi, M.; Akasaka, K.; Yamagishi, Y.;
Yamatsu, I., Pharmacological properties of the novel anti-platelet aggregating agent 4-
cyano-5,5-bis(4-methoxyphenyl)-4-pentenoic acid. Arzneimittelforschung 1987, 37
(10), 1143-1148; (b) Seko, N.; Yoshino, K.; Yokota, K.; Yamashita, A.; Ito, K;
Tsukamoto, G. In symposium papers, 9th Symposium on medical chemistry, Tokyo,
1988, 131; (c) Yokota, K.; Yamamoto, N.; Morimoto, Y.; Yamashita, A.; Oda, M.,
Effect of KBT-3022, a new diphenylthiazole derivative, on platelet functions. Journal
of pharmacy and pharmacology 1995, 47 (9), 768-774; (d) Tanaka, A.; Motoyama, Y .;

Page 39



REVIEW OF LITERATURE

10.

11.

Takasugi, H., Studies on antiplatelet agents. IV. A series of 2-substituted 4,5-bis(4-
methoxyphenyl)pyrimidines as novel antiplatelet agents. Chemical and pharmaceutical
bulletin 1994, 42 (9), 1828-1834.

Ramajayam, R.; Giridhar, R.; Yadav, M.; Balaraman, R.; Djaballah, H.; Shum, D.;
Radu, C., Synthesis, antileukemic and antiplatelet activities of 2,3-diaryl-6,7-dihydro-
5H-1,4-diazepines. European journal of medicinal chemistry 2008, 43 (9), 2004-2010.
Tanaka, A.; Sakai, H.; Motoyama, Y.; Ishikawa, T.; Takasugi, H., Antiplatelet agents
based on cyclooxygenase inhibition without ulcerogenesis. Evaluation and synthesis of
4,5-bis(4-methoxyphenyl)-2-substituted-thiazoles. Journal of medicinal chemistry
1994, 37 (8), 1189-1199.

Bode-Boger, S. M.; Boger, R. H.; Galland, A.; Tsikas, D.; Frolich, J. C,
L-arginine-induced  vasodilation in  healthy  humans:  pharmacokinetic-
pharmacodynamic relationship. British journal of clinical pharmacology 1998, 46 (5),
489-497.

Steinmetzer, T.; Batdorsdhjin, M.; Kleinwachter, P.; Seyfarth, L.; Greiner, G.;
Reillmann, S.; Stlrzebecher, J., New thrombin inhibitors based on D-cha-Pro-
derivatives. Journal of enzyme inhibition and medicinal chemistry 1999, 14 (3), 203-
216.

Sudo, Y.; Lucchesi, B. R., Antithrombotic effect of GYKI-14766 in a canine model of
arterial and venous rethrombosis: a comparison with heparin. Journal of cardiovascular
pharmacology 1996, 27 (4), 545-555.

Xian, M.; Li, X.; Tang, X.; Chen, X.; Zheng, Z.; Galligan, J. J.; Kreulen, D. L.; Wang,
P. G., N-Hydroxyl derivatives of guanidine based drugs as enzymatic NO donors.
Bioorganic and medicinal chemistry letters 2001, 11 (17), 2377-2380.

(a) Dahl-Puustinen, M. L.; Corell, T.; Koch, K.; Puustinen, T., Effects of repeated oral
doses of fenflumizole on platelet aggregation and thromboxane formation in man ex
vivo. Prostaglandins, leukotrienes, and essential fatty acids 1988, 31 (2), 101-6; (b)
Vinge, E.; Corell, T.; Andersson, K. E., Effects of fenflumizole on aggregation ex vivo
of human platelets and formation of thromboxane B2 and 6-keto-prostaglandin-F1
alpha. European journal of clinical pharmacology 1984, 26 (6), 711-7.

Page 40



REVIEW OF LITERATURE

12.

13.

14.

15.

16.

17.

18.

19.

(@) Tanaka, A.; Sakai, H.; Ishikawa, T.; Motoyama, Y.; Takasugi, H., Studies on anti-
platelet agents. V. Synthesis and structure-activity relationship of 3-substituted 5,6-
bis(4-methoxyphenyl)-1,2,4-triazines. Chemical and pharmaceutical bulletin 1994, 42
(9), 1835-40; (b) Konno, S.; Kokubo, T.; Amano, M.; Yoshida, N.; Sagi, M.
Yamanaka, H., Studies on as-triazine derivatives. XVIII. Synthesis of 5,6-diaryl-1,2,4-
triazine derivatives as blood platelet aggregation inhibitors. Yakugaku zasshi: Journal
of the pharmaceutical society of Japan 1992, 112 (10), 729-741.

El-Gendy, Z.; Morsy, J.; Allimony, H.; Ali, W.; Abdel-Rahman, R., Synthesis of
heterobicyclic nitrogen systems bearing the 1,2,4-triazine moiety as anti-HIV and
anticancer drugs, part I11. Die pharmazie 2001, 56 (5), 376-383.

Monge, A.; Palop, J.; Ramirez, C.; Font, M.; Fernandez-Alvarez, E., New 5H-1,2,4-
triazino[5,6-b]indole and aminoindole derivatives. Synthesis and studies as inhibitors of
blood platelet aggregation, anti-hypertensive agents and thromboxane synthetase
inhibitors. European journal of medicinal chemistry 1991, 26 (2), 179-188.

O'rourke, M.; Lang Jr, S.; Cohen, E., 3-Aryl-as-triazines as potential antiinflammatory
agents. Journal of medicinal chemistry 1977, 20 (5), 723-726.

Ban, K.; Duffy, S.; Khakham, Y.; Avery, V. M.; Hughes, A.; Montagnat, O.; Katneni,
K.; Ryan, E.; Baell, J. B., 3-Alkylthio-1,2,4-triazine dimers with potent antimalarial
activity. Bioorganic and medicinal chemistry letters 2010, 20 (20), 6024-6029.
Khoshneviszadeh, M.; Ghahremani, M. H.; Foroumadi, A.; Miri, R.; Firuzi, O.;
Madadkar-Sobhani, A.; Edraki, N.; Parsa, M.; Shafiee, A., Design, synthesis and
biological evaluation of novel anti-cytokine 1,2,4-triazine derivatives. Bioorganic and
medicinal chemistry 2013, 21 (21), 6708-6717.

Congreve, M.; Andrews, S. P.; Doré¢, A. S.; Hollenstein, K.; Hurrell, E.; Langmead, C.
J.; Mason, J. S.; Ng, I. W.; Tehan, B.; Zhukov, A., Discovery of 1,2 4-triazine
derivatives as adenosine A2A antagonists using structure based drug design. Journal of
medicinal chemistry 2012, 55 (5), 1898-1903.

Ansari, N.; Khodagholi, F.; Ramin, M.; Amini, M.; Irannejad, H.; Dargahi, L.;
Amirabad, A. D., Inhibition of LPS-induced apoptosis in differentiated-PC12 cells by
new triazine derivatives through NF-kxB-mediated suppression of COX-2.
Neurochemistry international 2010, 57 (8), 958-968.

Page 41



REVIEW OF LITERATURE

20.

21.

22.

23.

24,

Irannejad, H.; Amini, M.; Khodagholi, F.; Ansari, N.; Tusi, S. K.; Sharifzadeh, M.;
Shafiee, A., Synthesis and in vitro evaluation of novel 1,2 4-triazine derivatives as
neuroprotective agents. Bioorganic and medicinal chemistry 2010, 18 (12), 4224-4230.
Sinha, A.; Tamboli, R. S.; Seth, B.; Kanhed, A. M.; Tiwari, S. K.; Agarwal, S.; Nair, S.;
Giridhar, R.; Chaturvedi, R. K.; Yadav, M. R., Neuroprotective role of novel triazine
derivatives by activating Wnt/B catenin signaling pathway in rodent models of
Alzheimer’s Disease. Molecular neurobiology 2014, 1-15.

(a) Lacefield, W. B., 5,6-diaryl-1,2,4-triazines as topical antithrombotic agents. U. S.
Patent 4 1982, 318,911; (b) Lacefield, W. B., 5,6-Diaryl-1,2,4-triazines. U. S. Patent 4
1977, 190,725; (c) Wong, D. T.; Lacefield, W. B., 1,2,4-Triazine derivatives. U. S.
Patent 4 1986, 585,861; (d) Leach, M.; Harbige, L.; Riddall, D.; Barraclough, P.,
Medical use of triazine derivatives. U. S. Patent 2009/0291954 A1, 2012.

(@) Hedstrom, L.; Moorman, A. R.; Dobbs, J.; Abeles, R. H., Suicide inactivation of
chymotrypsin by benzoxazinones. Biochemistry 1984, 23 (8), 1753-1759; (b) Krantz,
A.; Spencer, R. W.; Tam, T. F.; Liak, T. J.; Copp, L. J.; Thomas, E. M.; Rafferty, S. P.,
Design and synthesis of 4H-3,1-benzoxazin-4-ones as potent alternate substrate
inhibitors of human leukocyte elastase. Journal of medicinal chemistry 1990, 33 (2),
464-479; (c) Ponchet, M.; Favre-Bonvin, J.; Hauteville, M.; Ricci, P., Dianthramides
(N-benzoyl and N-paracoumarylanthranilic acid derivatives) from elicited tissues of
Dianthus caryophyllus. Phytochemistry 1988, 27 (3), 725-730. (d) Jakobsen, P.;
Pedersen, B. R.; Persson, E., Inhibitors of the tissue factor/factor Vlla-induced
coagulation: synthesis and in vitro evaluation of novel specific 2-aryl substituted 4H-3,
1-benzoxazin-4-ones. Bioorganic and medicinal chemistry 2000, 8 (8), 2095-2103;
(e) Jakobsen, P.; Horneman, A. M.; Persson, E., Inhibitors of the tissue factor/factor
Vlla-induced coagulation: synthesis and in vitro evaluation of novel 2-aryl substituted
pyrido [3,4-d][1,3]-, pyrido[2,3-d][1,3]-, pyrazino[2,3-d][1,3]-, pyrimido[4,5-d][1,3]-,
pyrazolo[3,4-d][1,3]-, thieno[3,2-d][1,3]- and thieno[2,3-d][1,3]-0xazin-4-0nes.
Bioorganic and medicinal Chemistry 2000, 8 (12), 2803-2812.

Hsieh, P. W.; Hwang, T. L.; Wu, C. C.; Chang, F. R.; Wang, T. W.; Wu, Y. C., The

evaluation of 2,8-disubstituted benzoxazinone derivatives as anti-inflammatory and

Page 42



REVIEW OF LITERATURE

25.

26.

27.

28.

29.

30.

31.

anti-platelet aggregation agents. Bioorganic and medicinal chemistry letters 2005, 15
(11), 2786-2789.

Herron, D. K.; Goodson, T.; Wiley, M. R.; Weir, L. C.; Kyle, J. A.; Yee, Y. K.; Tebbe,
A. L,; Tinsley, J. M.; Mendel, D.; Masters, J. J., 1,2-Dibenzamidobenzene inhibitors of
human factor Xa. Journal of medicinal chemistry 2000, 43 (5), 859-872.

Wiley, M. R.; Weir, L. C.; Briggs, S.; Bryan, N. A.; Buben, J.; Campbell, C.;
Chirgadze, N. Y.; Conrad, R. C.; Craft, T. J.; Ficorilli, J. V., Structure-based design of
potent, amidine-derived inhibitors of factor Xa: evaluation of selectivity, anticoagulant
activity, and antithrombotic activity. Journal of medicinal chemistry 2000, 43 (5), 883-
899.

Masters, J. J.; Franciskovich, J. B.; Tinsley, J. M.; Campbell, C.; Campbell, J. B.; Craft,
T. J.; Froelich, L. L.; Gifford-Moore, D. S.; Hay, L. A.; Herron, D. K., Non-amidine-
containing 1,2-dibenzamidobenzene inhibitors of human factor Xa with potent
anticoagulant and antithrombotic activity. Journal of medicinal chemistry 2000, 43
(11), 2087-2092.

Yee, Y. K.; Tebbe, A. L.; Linebarger, J. H.; Beight, D. W.; Craft, T. J.; Gifford-Moore,
D.; Goodson, T.; Herron, D. K., Klimkowski, V. J.; Kyle, J. A. N-2-
Aroylanthranilamide inhibitors of human factor Xa. Journal of medicinal chemistry
2000, 43 (5), 873-882.

Chou, Y.-L.; Davey, D. D.; Eagen, K. A.; Griedel, B. D.; Karanjawala, R.; Phillips, G.
B.; Sacchi, K. L.; Shaw, K. J.; Wu, S. C.; Lentz, D., Structure—activity relationships of
substituted benzothiophene-anthranilamide factor Xa inhibitors. Bioorganic and
medicinal chemistry letters 2003, 13 (3), 507-511.

Kochanny, M. J.; Adler, M.; Ewing, J.; Griedel, B. D.; Ho, E.; Karanjawala, R.; Lee,
W.; Lentz, D.; Liang, A. M.; Morrissey, M. M., Substituted thiophene-anthranilamides
as potent inhibitors of human factor Xa. Bioorganic and medicinal chemistry 2007, 15
(5), 2127-2146.

Ye, B.; Arnaiz, D. O.; Chou, Y.-L.; Griedel, B. D.; Karanjawala, R.; Lee, W.;
Morrissey, M. M.; Sacchi, K. L.; Sakata, S. T.; Shaw, K. J., Thiophene-anthranilamides
as highly potent and orally available factor Xa inhibitors. Journal of medicinal
chemistry 2007, 50 (13), 2967-2980.

Page 43



REVIEW OF LITERATURE

32.

33.

34.

35.

36.

37.

Mendel, D.; Marquart, A. L.; Joseph, S.; Waid, P.; Yee, Y. K.; Tebbe, A. L.; Ratz, A.
M.; Herron, D. K.; Goodson, T.; Masters, J. J., Anthranilamide inhibitors of factor Xa.
Bioorganic and medicinal chemistry letters 2007, 17 (17), 4832-4836.

Corte, J. R.; Fang, T.; Pinto, D. J.; Han, W.; Hu, Z.; Jiang, X.-J.; Li, Y.-L.; Gauuan, J.
F.; Hadden, M.; Orton, D., Structure-activity relationships of anthranilamide-based
factor Xa inhibitors containing piperidinone and pyridinone P4 moieties. Bioorganic
and medicinal chemistry letters 2008, 18 (9), 2845-2849.

Zhang, P.; Bao, L.; Zuckett, J. F.; Goldman, E. A.; Jia, Z. J.; Arfsten, A.; Edwards, S.;
Sinha, U.; Hutchaleelaha, A.; Park, G., Design, synthesis, and SAR of anthranilamide-
based factor Xa inhibitors incorporating substituted biphenyl P4 motifs. Bioorganic and
medicinal chemistry letters 2004, 14 (4), 983-987.

Zhang, P.; Bao, L.; Zuckett, J. F.; Jia, Z. J.; Woolfrey, J.; Arfsten, A.; Edwards, S.;
Sinha, U.; Hutchaleelaha, A.; Lambing, J. L., Design, synthesis, and SAR of
anthranilamide-based factor Xa inhibitors with improved functional activity.
Bioorganic and medicinal chemistry letters 2004, 14 (4), 989-993.

Zhang, P.; Bao, L.; Fan, J.; Jia, Z. J.; Sinha, U.; Wong, P. W.; Park, G.; Hutchaleelaha,
A.; Scarborough, R. M.; Zhu, B. Y., Anthranilamide-based N,N-dialkylbenzamidines as
potent and orally bioavailable factor Xa inhibitors: P4 SAR. Bioorganic and medicinal
chemistry letters 2009, 19 (8), 2186-2189.

Pandya, V.; Jain, M.; Chakrabarti, G.; Soni, H.; Parmar, B.; Chaugule, B.; Patel, J,;
Jarag, T.; Joshi, J.; Joshi, N.; Rath, A.; Unadkat, V.; Sharma, B.; Ajani, H.; Kumar, J.;
Sairam, K. V.; Patel, H.; Patel, P., Synthesis and structure-activity relationship of
potent, selective and orally active anthranilamide-based factor Xa inhibitors:
application of weakly basic sulfoximine group as novel S4 binding element. European
journal of medicinal chemistry 2012, 58, 136-52.

Page 44



