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Abstract : The chemical optimisation of CGH1668 1 is described employing an in vivo model of absorption to
determine the influence on bioavailability of single point modifications to five key molecular templates. The

discovery of an orally bioavailable and selective thrombin inhibitor, 24, highlights the utility of this approach.
© 1998 Elsevier Science Ltd. All rights reserved.

The coagulation cascade is a critical mechanism by which haemostasis is maintained on vascular injury.
Thrombin is the final enzyme in the cascade and plays a central role where its principal actions are to convert
soluble fibrinogen into insoluble fibrin which forms a mechanical matrix for the developing blood clot and the
activation and aggregation of blood plz;telets. Thrombin also mediates a number of other events such as tissue
remodeling and perhaps most importantly its own self amplification leading to an explosive increase in the
generation of enzyme locally at the site of injury 2. With the pivotal role played by thrombin in haemostasis the
enzyme has become a principal target in the search for new anticoagulants which have potential for the
treatment and prevention of cardiovascular disorders such as deep vein thrombosis, myocardial infarction and

stroke >,

Existing treatments for thrombotic disease such as oral warfarin °, subcutaneous injections of heparins 6
and hirudin 7 have a number of limitations associated with patient compliance and adverse side effect profiles.
There is a clear need to develop thrombin inhibitors which are safe, effective and can be administered orally to
give maximal benefit. Although the field has seen intense interest over a number of years the holy grail of
discovering orally active thrombin inhibitors still remains elusive 9. From the archetypal reversible thrombin
inhibitor MD805 '° our efforts have lead to the discovery of a highly potent competitive thrombin inhibitor
CGH1668 1 bearing a weakly basi(.; aminophenylalanine in P1 and a unique “pyridyl” pharmacophore in P3 "
12 Further optimisation of the P3, P1 and P2 pharmacophores using five key molecular templates to provide

compounds with enhanced pharmacokinetic profiles is described.

Synthetic access to the compounds described in this series is exemplified by the synthesis of 1 (Scheme
1). Standard peptide coupling conditions using 2-(1H-benzotriazol-1-yl)-1,1,3,3-tetramethyluronium
tetrafluoroborate (TBTU) on a BOC protected p-nitrophenyl alanine 2 followed by acidic deprotection provided
3. Coupling of 3 with 4-chloro-pyridine-3-sulfonyl chloride §, itself generated by PCls/POCI; chlorination of 4-
¢ mail keith.menear@pharma.novartis.com Fax +44 (0) 1403 323307

0960-894X/98/$ - see front matter © 1998 Elsevier Science Ltd. All rights reserved.
PII: S0960-894X(98)00640-4



3584 J. Ambler et al. / Bioorg. Med. Chem. Lett. 8 (1998) 3583-3588

hydroxy-pyridine-sulfonic acid 4, gave 6 in good overall yield. Finally, coupling of the chloropyridine analog 6
with L-phenylalaninol followed by hydrogenation of the nitro group furnished 1 in 61% overall yield from 2.
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Scheme 1

Elaboration of the P3 pharmacophore in 1, as exemplified by the synthesis of 8 (Scheme 2), was readily
achieved by mesylation of the alcohol 7 followed by displacement under refluxing conditions by the requisite

amine. Subsequent hydrogenation of 8 furnished the desired p-anilino-phenylalanine derivatives,
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Scheme 2
A study of the structure activity relationships of derivatives at P3, P1 and P2 was conducted and in
tandem the influence of structure on the absorption of compounds was measured. The in vitro potency of
compounds was evaluated as the inhibition constant (K;) determined against human thrombin. The influence of

compounds on the doubling of a human clotting time assay (activated partial thromboplastin time, APTT) was
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also determined. Additionally, compounds were dosed intra duodenally (3mg/kg) in PEG400 to anesthetised

Sprague-Dawley rats and samples of blood taken from the hepatic portal vein and carotid artery over a 2hr

period. The compound concentration in each of the blood samples was determined by HPLC, and the area under

curve (portal vein), AUCp and the area under curve (carotid artery), AUCc calculated as indicators of

bioavailability.
Table 1
|
R3 u’g/' 0
SO,NH
2 YLLU/\
o F
HNT N
Compound R1 R2 R3 Ki(nM) APTT (uM) AUCp AUCc
1 OH H H 39 2.5 113 18
9 OH OMe H 19 2.9 24 4
10 H OMe H 15 9.0 102 7
11 H H H 18 7.1 45 7
12 NHMe H H 35 2.4 0 0
13 OH OMe OMe 49 2.5 45 7

The subtle influence of substitutions at R1, R2 and R3 in P3 is illustrated by the derivatives 1, 9 and 10

(Table 1). Placing a methoxy substitution at R2 in 1 to give 9 maintains in vitro potency however absorption is

dramatically reduced. Removal of the hydroxyl in R1 leads to derivative 10 where absorption, at least into the

hepatic portal vein, is increased however with a reduction in APTT. Substitution of a basic residue in R1 to give

12 still provides a compound with good potency in both K; and APTT terms however all potential for

absorption is abolished.

Table 2
Qs
|
NJ;P 0
H SoNH_I
N
o F
HN
Compound R1 Ki(nM) _ APTT(uM) __AUCp __ AUCe
14 OH 18 2.6 91 4
15 NHMe 33 2.8 5 0

Increasing the lipophilicty of the aryl ring in P3 to the cyclohexyl derivative 14 (Table 2) results again in

compounds with high ir vifro potency. Whilst absorption in to the hepatic portal vein is modest (AUCp, 91)

systemic values as determined by AUCc are low indicating extensive first pass clearance for both 14 and 15. As

with derivative 12 incorporation of a methylamino group in R1 to give 15 reduces absorption.
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Table 3
QL
N
H o]
ol F
HN
Compound R1 Ki (nM) APTT(uM) AUCp AUCc
16 o ~~OH 49 25 45 7
12 NHMe 35 24 0 0
17 N(CH3), 24 3.4 80 9
18 NHEt 99 32 6 6
19 NHnPr 47 3.3 43 2
20 NHnBu 43 5.1 - -
21 N(CH,CH3), 45 3.56 93 11
22 48 3.4 91 12
b
23 ,O 25 6.1 139 11
24 N 22 2.9 107 21
L_o

25 NH - OH 72 2.0 5 2

|
26 [0 19 3.7 124 8

N/\/O\

N
27 O\ 19 1.73 21 1

OH
N
28 /\NH 90 2.43 6 1
(e]

N

29 9 24 2.4 83 10

The influence of changes at P3 was further explored in a series of compounds with restricted

modifications at R1, entries (16-29) (Table 3). Despite the poor availability of 12 the amine series was pursued

because of favorable solubility characteristics. Formation of the tertiary dimethyl amine 17 encouragingly gave

an increase in relative absorption vis a vis 12. This trend is also observed with 21, 22 and 23 although as

lipophilicity increases so too does the relative APTT value. This trend can also be seen in the homologous series

of secondary amines 12, 18, 19, and 20 where APTT values rise from 2.4uM to 5.1pM. Incorporation of a polar

functionality at the terminus of the side chain in R1 appears to compensate for the loss of APTT as witnessed by
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a comparison of ethyl amine 18 (APTT 3.2uM) and hydroxyethyl amine 25 (APTT 2.0uM). A similar
observation can be noted with entries 24, 26, 27-29 with 24 giving good absorption characteristics in respect of
both the AUCp and AUCp values.

Table 4
SSes
N o
R0 N L
® F
RO NF
Compound R Ki (nM) APTT(M) AUCp AUCc
29 H 100 11.5 - -
1 NH; 39 25 113 18
30 OH 41 1.91 28 3
31 OMe 36 8.1 - -
32 F 65 11.7 126 9
33 NHMe 12 4.1 119 2

A limited study based on P1 modifications at the para position of the phenylalanine ring highlighted a
number of potent derivatives (Table 4). Remarkably even the phenylalanine derivative 29 itself demonstrated
good potency (K; 100nM), an observation which is atypical of many thrombin inhibitors which require a basic
residue in S1 to maintain potency °. Other neutral or weakly basic P1 substituents were also tolerated illustrating
that in this series a basic residue in S1 is not esential. The trend in activity follows a simple Craig analysis
where optimum potency is observed with substituents having -c and -n values 1% In parallel with our previous
observations the best APTT values were found with the more polar substituents exposed at the surface of the

molecule for example in 1, 30 and 33.

Table 5
OH ~\
QLT
N 0
" so Ne L
2 ; N
o “
H,N
Compound R1 Ki (nM) APTT (uM) AUCP AUCc
1 F 39 2.5 113 18
34 OH 634 7.4 0 0
35 Cl 27 4.4 62 0
36 H 110 5.5 55 1

Improvement of the pharmacokinetic profile of 1 by variations at P2 were unsuccessful with only the
chloropiperidine 35 and ethylpiperidine 36 showing moderate absorption (Table 5). With reference to the AUCc

values, none of the compounds with the exception of 1 showed any systemic availability.
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In conclusion, based on a potent and well absorbed lead compound CGH1668 1 we have used a template
strategy to explore derivatives at the P3, P1 and P2 positions on the molecule. From this approach we have
discovered a number of structure absorption and structure activity relationships which have been applied in the
design of more potent and orally bioavailable thrombin inhibitors. One such compound, 24, demonstrates
improved pharmacokinetics in the rat over 1 with an absolute bioavailability of 61% after p.o. administration
(10 mg/kg). In i.v. dosing studies with 24, at 3 mg/kg, plasma clearance is approximately 110 ml/min/kg with

an elimination half-life of 59 min. and a volume of distribution of 5092 ml.

References and Notes

1. Takada, Akikazu; Takada, Yumiko; Urano, Tetsumei. The physiological aspects of fibrinolysis. Thromb. Res.
(1994), 76(1), 1-31.

2. Kaiser Brigitte. Thrombin and factor Xa inhibitors. Drugs of the Future. (1998), 23(4), 423-436.

3. Turpie, Alexander G. G.; Weitz, Jeffrey 1.; Hirsh, Jack. Advances in antithrombotic therapy: novel agents.
Thromb. Haemostasis (1995), 74(1), 565-571.

4. Fenton, J. W., I[; Ofosu, F. A.; Moon, D. G.; Maraganore, J. M. Thrombin structure and function: why
thrombin is the primary target for antithrombotics. Blood Coagulation Fibrinolysis (1991), 2(1), 69-75.

5. Ammar, H. O.; Ghorab, M.; El-Nahhas, S. A.; Makram, T. S. Improvement of the biological performance of
oral anticoagulant drugs. Part 1. Warfarin. Pharmazie (1997), 52(8), 627-631.

6. Hirsh, J. Heparins. Fibrinolysis (1995), 9(Suppl. 1), 66-68.

7. Fareed, Jawed; Walenga, Jeanine M.; Hoppensteadt, Debra; Ahsan, Ahmed; Murphy, Rosemary; Weber,
Stephanie; Pifarre, Roque. Pharmacological profile of low molecular weight heparins: implications in
prophylaxis and the treatment of thrombotic disorders. Low Mol. Weight Heparins Clin. Pract. (1992), 63-84.
Editor(s): Doutremepuich, Christian. Publisher: Dekker, New York, N. Y.

8. Kimball, S. D. Challenges in the development of orally bioavailable thrombin active site inhibitors. Blood
Coagulation Fibrinolysis (1995), 6(6), 511-519.

9. Ripka, William C.; Vlasuk, George P. Antithrombotics/serine proteases. Annu. Rep. Med. Chem. (1997), 32,
71-89.

10. Kikumoto, Ryoji; Tamao, Yoshikuni; Ohkubo, Kazuo; Tezuka, Tohru; Tonomura, Shinji; Okamoto,
Shosuke; Hijikata, Akiko. Thrombin inhibitors. 3. Carboxyl-containing amide derivatives of Na-substituted L-
arginine. J. Med. Chem. (1980), 23(12), 1293-1299.

11. For convenience pharmacophores residing in the S9 pocket, also known as the distal or aryl pocket, of
thrombin are referred to as P3.

12. Studies relating to the discovery of CGH1668 in press. Bioorg. Med. Chem. Lett.

13. Craig, Paul N. Interdependence between physical parameters and selection of substituent groups for

correlation studies. J. Med. Chem. (1971), 14(8), 680-684.



