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INTRODUCTION  

Thrombosis is a leading contributor to global diseases like ischemic heart diseases, stroke 

and venous thromboembolism (VTE).[1] As per the impact report published by the International 

Society on Thrombosis and Hemostasis (ISTH), 1 in 4 deaths worldwide is due to thrombosis, 

and up to 60 % of VTE are reported during hospitalization.[2] Thrombosis is obstruction of blood 

in the arterial and venous circulation. Depending upon the site of formation of thrombus, 

thrombosis is classified as arterial or venous thrombosis. Different types of antithrombotic drugs 

are used to treat both arterial and venous thrombosis depending on their pathological 

differences.[3] Arterial thrombosis is generally treated by antiplatelet agents because the 

condition is associated with platelet aggregation and activation induced by ruptured 

atherosclerotic plaque, leading to MI and ACS.[4] Obstruction of veins is in the form of deep vein 

thrombosis (DVT) or pulmonary embolism (PE) which can be treated by anticoagulant agents.[5] 

The current antithrombotic therapy includes vitamin K antagonists, coagulation enzymes’ 

inhibitors and heparins such as unfractionated heparins (UFHs), low molecular weight heparins 

(LMWHs) or fractionated heparins.[3b, 6] Although these drugs have proved their efficacy in 

clinical practice but they have been found to be associated with several problems. Warfarin, a 

vitamin K antagonist is the most widely used antithrombotic drug. Unfortunately warfarin has a 

narrow therapeutic window, causes undesirable interactions with food and drugs and possesses 

risk of bleeding.[7] Debigatran etexilate, an oral thrombin inhibitor was found to have 

uncontrolled bleeding which could prove fatal.[8] Other anticoagulants like UFH, LMWHs, direct 

thrombin inhibitors (Argatroban, Hirudin derivatives) and indirect factor Xa (FXa) inhibitor 

(Fondaparinux) require parenteral administration which is responsible for clot formation at the 

site of injection limiting their use in clinical practice. Heparin analogs are associated with 

thrombocytopenia, immunological reactions and certain other serious side effects.[9] These 

shortcomings in the existing drugs motivate researchers to discover new orally bioavailable 

antithrombotic drugs with better safety profile.  



 

Figure 1. The cascade model of coagulation 

To prevent or reduce clotting, currently there is a focus on certain vital enzymes which 

modulate the coagulation process. Over the last decade, two serine proteases, factor Xa (FXa) 

and factor IIa (FIIa or thrombin) attracted the attention of medicinal chemists. Out of these two, 

thrombin is responsible for fibrin formation and it also plays vital roles in several other 

physiological processes like platelet activation, platelet aggregation and development of new 

blood vessels. Factor X, a vitamin K-dependent serine protease is secreted in blood as an inactive 

zymogen. This inactive form is converted into the active form FXa by the factor TF-VIIa 

complex through the extrinsic pathway or by factor IXa-VIIIa complex through the intrinsic 

pathway (Figure 1). FXa is the key enzyme in the blood clotting pathway which converts 

prothrombin to thrombin. On the surface of the phospholipid membrane of activated platelets, 



FXa forms a complex with prothrombinase and factor Va in the presence of calcium ions.[8] 

Thus, FXa plays a central role in the enzymatic activation of blood coagulation cascade and 

controls hemostasis by regulating thrombin generation and formation of fibrin subsequently in 

both the models i.e. cascade model (Figure 1) as well as the cell-based model (Figure 2). 

Compared to thrombin, inhibition of FXa is more specific and involves lower bleeding risks as it 

does not affect the existing levels of thrombin.[9] Several preclinical studies suggested that FXa 

could be a better target for anticoagulation therapy as compared to thrombin.[12] One molecule of 

FXa is responsible for the generation of more than 1000 thrombin molecules.[13] Due to its 

upstream position in amplification cascade, inhibiting FXa could prove to be a better strategy 

than direct inhibition of thrombin.  The latest results indicated that the use of indirect FXa 

inhibitors and recently approved direct FXa inhibitors had been associated with lower bleeding 

risks. Thus, FXa is considered to be an attractive target for the development of antithrombotic 

drugs. 

 

Figure 2. Cell-based model of coagulation 

 

Currently U.S. Food and Drug Administration (FDA) has approved four orally active, 

selective FXa inhibitors, Rivaroxaban[14] 1, Apixaban[15] 2, Edoxaban[16] 3 and Betrixaban[17] 4 

(Figure 3). These novel FXa inhibitors displayed higher specificity, better oral bioavailability 

and lesser food and drug interactions compared to the conventional anticoagulant agents. 

However, they still have many drawbacks like drug-drug interactions, narrow clinical indications 

and lack of specific antidote for preventing bleeding.[18] These inhibitors are not recommended to 



the patients suffering from acute hepatic and renal impairment[19], and patients with artificial 

heart valves.[20] So, there is a need to further develop novel and safer FXa inhibitors to advance 

their clinical use. 
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Figure 3. Some well-known FXa inhibitors. 

 

Literature Review 

As per the inputs obtained from the enzymatic studies and the available crystallographic 

structure of FXa, three pharmacophore units i.e. P1 moiety, P4 moiety and a central scaffold are 

required to be present in potential FXa inhibitors. A large number of FXa inhibitors containing 

various scaffolds such as anthranilamide[21], diamidobenzene, pyrrolidine[22], pyrazole[23], 

oxazolidinone, isoxazole[24], piperazine, indole[25], indazole, dihydropyrazolopyridinone, 

tetrahydroisoquinoline[26], coumarin[27], arylsulfonamidopiperidone[28] and amino acids (eg. 

glycine, proline)[29] have been reported by various research groups. 



Among these, anthranilamide (5, 6) and diamidobenzene (7, 8a, 8b) based FXa inhibitors 

have been explored extensively for developing orally active antithrombotic drugs. These vicinal 

diamide-based FXa inhibitors with U or V shape of the molecule demonstrated good binding to 

FXa.  The thiophene/benzothiophene substituted anthranilamides (5) and (6) have been reported 

to inhibit human FXa with potent oral anticoagulant activity. Darexaban, a 1,4-

diazepanylbenzamide (7) has been reported to be a potent orally active FXa inhibitor. Favourable 

pharmacokinetic profile and metabolic stability with high potency promoted darexaban as a 

clinical candidate. 
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Aims and objectives 

The review of literature reveals that for selective FXa inhibitory activity, the following structural 

features are necessary: 

• S1 subsite binding ligand  

• S4 subsite binding ligand  

• A basic scaffold (linker) that connects S1 subsite binding ligand with S4 subsite binding 

ligand and builds the final U or V shape structure that can be best accommodated in to 

the active site. 

So designing the ligands in such a way that fulfill all above mentioned requirement is our 

primary goal. Synthesis of those designed ligands and biological evaluations are other objectives 

of this work. The work has been discussed into two parts. 

Part-1: 2-Aminobenzamide-based Factor Xa Inhibitors 

Inspired by the favourable biological profile of anthranilamide based FXa inhibitors, we 

selected betrixaban 4 as a lead molecule for further chemical modifications. It was planned to use 

anthranilamide as the central scaffold to connect it to the two different hydrophobic arms (S1 

binding ligand and S4 binding ligand). The neutral haloaromatics, particularly the chlorinated 

ones have proven their worth as successful S1 binding ligands as they bind effectively to Tyr228 

of S1 pocket by Cl-π interaction, improving selectivity and oral bioavailability.[30] The highly 

basic amidine group, initially used as successful S1 and S4 binding ligand, has been reported to 

be the culprit for poor oral bioavailabilty.[31] 

To develop orally active antithrombotic agents, it was contemplated to introduce alkyls, 

benzyls, biphenyls or substituted piperazines as S4 binding ligands in the anthranilamide scaffold 

as the replacements of highly basic amidine group of betrixaban 4 and maintain the 5-chloro-2-

pyridyl group as such, as the S1 binding ligand as represented in Figure 4. 



 

Figure 4. Anthranilamide derivatives possessing novel S4 binding ligands. 

Results and discussion 

Chemistry 

The designed anthranilamide derivatives were synthesized by adopting Schemes I and II. 

The compounds 13a-13m were prepared from commercially available isatoic anhydride in two 

steps. In the first step, isatoic anhydride 9 was reacted with alkyl/arylalkyl halides in presence of 

some organic base to obtain N-substituted isatoic anhydrides 10a-10l.[32] The N-substituted 

isatoic anhydrides 10a-10l were subjected to ring opening by reacting with 2-amino-5-

chloropyridine to afford the desired substituted 2-amino-N-(5-chloropyridin-2-yl)benzamides 

13a-13l. 

 The synthetic routes for the preparation of compounds 15a-15f and 16a-16i are also 

illustrated in Scheme I. Commercially available 2-nitrobenzoic acid 11 was used as the starting 

material to obtain the targeted 2-aminobenzamide 13m. Controlled condensation of 2-

nitrobenzoic acid 11 with 2-amino-5-chloropyridine gave intermediate 12 which was reduced 

with SnCl2 to get the aniline derivative 13m. The 4-bromomethyl-1,1’-biphenyls 18a-18i, 

prepared from 17a-17i as per Scheme II, were used to obtain compounds 16a-16i. Suzuki 

reaction was used to get biphenyls 17a-17i from aryl halides and phenylboronic acids.[33] The 

key intermediate 13m was reacted with chloroacetyl chloride to offer the intermediate 14. The 

chloro group of the intermediate 14 was displaced by different substituted piperazines to get the 

desired piperazinyl compounds 15a-15f. 

 



Scheme I 

 

Scheme I: Synthetic route for the preparation of compounds 15a-15f and 16a-16i. Reagents and conditions: (i) 

Alkyl/arylalkyl halide, DIPEA, DMA, rt; (ii) 2-Amino-5-chloropyridine, pot. tert-butoxide, THF, rt (Method A); 

(iii) POCl3, dry pyridine, 0-5 °C, 3 hrs (iv) SnCl2.2H2O, EtOAc, reflux; (v) Chloroacetyl chloride, K2CO3, dry DCM, 

0-5 °C; (vi) Substituted piperazines, DMF, 120 °C, 4-6 hrs (Method B);; (vii) K2CO3, DMF, 18a-18i, 120 °C, 4-6 hrs 

(Method C).  

 

 



Scheme II 

 

Scheme II: Synthetic route for the preparation of compounds 18a-18i. Reagents and conditions: (i) K2CO3, 

Pd(OAc)2, PEG 4000, H2O, 50 °C, 30 mins (ii) N-Bromosuccinimide, AIBN, CCl4, reflux, 20 h. 

Biology 

In vitro FXa and thrombin inhibition assays 

In vitro enzyme inhibition assays for FXa and thrombin were performed for the 

synthesized compounds at a concentration of 100 µM by using a chromogenic substrate 

(Spectrozyme TH for thrombin and S-2222 for FXa) as per the previously reported procedure. 

The residual enzyme activity was determined from the change in the absorbance at 405 nm with 

hydrolysis of the substrate by the enzyme. Those compounds with less than 60 % of the residual 

FXa activity were chosen for determination of their IC50 values. Compounds 13e-13g, 13i-13k, 

15e and 16a, 16c-16f, 16h and 16i showed inhibition of FXa in the preliminary screening (Figure 

5). All the synthesized compounds showed more than 50 % thrombin residual activity (Figure 6). 

All the selected compounds demonstrated good selectivity for FXa over thrombin (IC50 values of 

>100 µM). Table 1 represents IC50 of compounds 13e-13g, 13i-13k, 15e and 16a, 16c-16f, 16h 

and 16i against both the enzymes. 

 

 



 

Figure 5. FXa residual activity (%) after treatment with the synthesized compounds. Experiments were performed at 

100 µM in duplicate. Mean of % FXa residual activity values are represented (SE < 20 %). 

 

 

Figure 6. Thrombin residual activity (%) after treatment with the synthesized compounds. Experiments were 

performed at 100 µM in duplicate. Mean of % FXa residual activity values are represented (SE < 20 %). 

Ex vivo PT prolongation and clotting time  

Compounds showing significant inhibition of the enzyme in the preliminary screening 

were evaluated further using ex vivo measurements of prothrombin time and clotting time (for 

more details, refer supporting information). The PT prolonging activity and clotting time of 

compounds 13e-13g, 13i-13k, 15e and 16a, 16c-16f, 16h and 16i along with control group and 

standard drug apixaban were determined at 2 h after oral administration in rat (30 mg/kg dose) 

and the data are shown in Table 1. Most of the tested compounds indicated slightly higher 



prolongation in prothrombin time than that of control (7.7 sec). Compounds 16c (9.8 sec), 16d 

(9.9 sec), 16f (10.1 sec) and 13j (9.9 sec) showed significant change in the prothrombin time. 

The selected test compounds also showed much higher clotting time than the control (12.5 sec). 

Compound 16f (45 sec) exhibited significant change in clotting time offering the highest value 

among the selected compound. However, this was lesser than the standard drug apixaban (60 

sec). 

In vivo FeCl3 induced arterial thrombosis  

Based on in vitro FXa inhibitory activity and ex vivo PT prolongation time of compound 

16f, it was selected for in vivo evaluation of antithrombotic potential by FeCl3 induced arterial 

thrombosis model in rats. The reduction in thrombus weight was considered as a preventive 

measure for in vivo efficacy of a compound. Compound 16f reduced thrombus weight by 46 % at 

30 mg/kg in rats. In the case of standard drug (apixaban) at dose of 30 mg/kg, the reduction in 

thrombus weight was found to be 69 %. (Figure 7) 

 

Figure 7. Effect of 16f and apixaban (30 mg/kg) on thrombus weight (FeCl3 induced arterial thrombosis model).  

 

 

 

 

 



Table 1.  IC50 values, PT time and Clotting time for the test compounds 

Compound 
 IC50 value (µM)a 

PT time (sec)b 
Clotting time 

(sec)b 
FXa Thrombin 

13e 23.7 ± 3.4 >100 9.2 15 

13f 18.4 ± 2.6 >100 8.7 30 

13g 11.5 ± 1.3 >100 8.9 30 

13i 41.0 ± 3.2 >100 8.6 30 

13j 48.3 ± 2.9 >100 9.9 30 

13k 23.2 ± 8.4 >100 9.4 37.5 

15e 57.5 ± 8.6 >100 9.4 30 

16a 35.3 ± 2.3 >100 8.8 35 

16c 5.4 ± 1.0 >100 9.8 40 

16d 1.3 ± 0.8 >100 9.9 40 

16e 12.5 ± 2.2 >100 9.1 35 

16f 0.7 ± 0.2 >100 10.1 45 

16h 30.0  ± 6.4 >100 8.7 30 

16i 52.5 ± 5.7 >100 9.5 35 

Apixaban 0.35 ± 0.1 >100 12.8 60 

Control - - 7.7 12.5 

aIC50 values shown are the mean of duplicate or triplicate measurements. 

b The ex vivo PT time and Clotting time were determined 2 h after oral administration of the test compounds to 

rats at a dose of 30 mg/kg (n = 3). 

 

 

 

 



Part-II: 1,3,4-Thiadiazole based FXa inhibitors 

The multireceptor based virtual screening approach was employed to identify novel FXa 

inhibitors. After multi-stage virtual screening several hits were generated from Zinc library. 

Based on persistent high performance, novelty and synthetic feasibility, compound (A) was 

selected as the hit compound. To generate lead molecule (B), p-chlorophenyl was inroduced at 

S1 binding site of the enzyme as a neutral haloaromatic group, particularly the chlorinated ones 

have proven their worth as successful P1 motifs. 

 

 

Figure 8. Designing of 1,3,4-thiadiazole derivatives as Factor Xa inhibitors 

 

Considering the activity observed for the lead compound (B), it was contemplated to introduce 

substituted benzyls, biaryls or amidoalkyls as S4 binding ligands in novel 1,3,4-thiadiazole 

scaffold and maintain the chloroaromatic group as such as the S1 binding ligand as represented 

in Figure 8. 

 



Chemistry 

The designed 1,3,4-thiadiazole derivatives were synthesized by adopting Schemes I-III. 

The key intermediate 3 required for the synthesis of final compounds were prepared as per the 

reported procedure.[34] The intermediate 3 was further reacted with different benzyl halides in the 

presence of base in DMF to get the aspired compounds 4-10 (scheme I). The intermediates 14a-

16c and 20-25 were synthesized by reacting acid chloride with various primary and secondary 

amines. These intermediates 14a-16c and 20-25 were reacted with compound (3) to get the 

desired 5-thiosubstituted thiadiazoles 17a-19c and 26-31 (Scheme II). 
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SCHEME I: Reagents and Conditions: (a) Carbon disulphide, sodium hydroxide, DMF, 20-30 °C, 2-3 hrs; (b) 

Hydrazine hydrate,70 °C, 2-3 hrs; (c)  Carbon disulphide, potassium hydroxide, methanol, 2M HCl, Reflux, 5-6 hrs. 

(d) Substituted benzyl halides, potassium carbonate, DMF, rt, 3-4hr. 

 

 

 

 

 

 

 

 

 

 

Scheme II 
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SCHEME II: Reagents and Conditions: (a) Substituted anilines/cyclic amines, anhydrous potassium carbonate, dry 

DCM, rt, 6-7 hrs; (b) Compound (3), potassium carbonate, DMF, rt, 3-4 hrs. 

 

 

 

 



The synthetic routes for the preparation of compounds 35a-35e are also illustrated in 

Scheme III. Commercially available secondary amides were used to obtain intermediates 32a-

32e as per the reported procedure.[35] Hydrogenation of compounds 32a-32e was done using 

hydrazine hydrate (80 %) and Pd/C (10 %) in ethanol to get the aniline derivatives 33a-33e 

which were further acylated to obtain 34a-34e. These acylated intermediates 34a-34e were used 

to get desired compounds 35a-35e (Scheme III). 

Scheme III 
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SCHEME II: Reagents and Conditions: (a) Hydrazine hydrate (80 %), Pd/C (10 %), EtOH, reflux 1.5 hrs; (b) 

Chloroacetyl chloride, anhydrous potassium carbonate, dry DCM, rt, 6-7 hrs; (b) Compound (3), potassium 

carbonate, DMF, rt, 3-4 hrs 

 
 
 

All the synthesized compounds were characterized by IR, NMR and Mass spectroscopy 

and evaluated for their antithrombotic activity. 
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