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Potent 4-amino-5-azaindole factor VIIa inhibitors
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Abstract—The 4-amino-5-azaindole as an amidino-benzimidazole replacement is described. A series of potent and selective analogs
were discovered and showed desirable ex vivo efficacy as measured by PT.
� 2006 Elsevier Ltd. All rights reserved.
The development of novel anticoagulants with improved
therapeutic indices is an attractive goal in the pharma-
ceutical industry. The activated factor VIIa-tissue factor
complex (fVIIaÆTF), which exists in the extrinsic path-
way of the coagulation cascade, has been an appealing
molecular target for the treatment of various thrombosis
related disorders.1–4

We have previously reported on the discovery and devel-
opment of small molecule fVIIaÆTF complex inhibi-
tors.5–7 Many of these described inhibitors contain an
amidino moiety, which forms a salt bridge with Asp
189 in the S1 pocket of fVIIa providing increased bond-
ing and potency. The amidino compound 1 (Fig. 1) has a
0.013 lM inhibition Ki for fVIIaÆTF and good selectivity
(>200-fold) versus primary antitargets fXa, thrombin,
and trypsin. The strongly basic amidino group, howev-
er, is considered to be a major limitation to oral bio-
availability. We have studied the oral bioavailability of
various amidine and amidine prodrugs in our biaryl
scaffold.8 These compounds suffer from low oral bio-
availability due to low absorption or low conversion
of prodrug to parent amidine. In an effort to replace
the 5-amidino-benzimidazole, we explored less basic P1
elements including 5-azaindoles9,10 and 4-chloro-5-
azaindoles10 as well as others.9 The 5-azaindole com-
pound 2 (Fig. 1) has a potency of 0.22 lM for fVIIa
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and >10-fold selectivity against the antitargets. Most
recently, we identified the 4-amino-5-azaindole (1H-pyr-
rolo[3,2-c]pyridin-4-ylamine) moiety as another viable
amidine replacement. Compound 3, which was made
as a direct comparison of 2, has further improved poten-
cy (fVIIa Ki = 0.081 lM) and selectivity (>400-fold
against antitargets). The 4-amino-5-azaindole analogs
retained desirable potency10 and ex vivo efficacy in hu-
man plasma as monitored by the coagulation assays
PT (prothrombin time) and aPTT (activated partial
thromboplastin time).11 In this communication, we dis-
close our discovery of analogs with good ex vivo efficacy
based on the 4-amino-5-azaindole.

We have discovered in our 5-amidino-benzimidazole
analogs that substituents bearing an acid moiety at the
C5 0 position of the central aryl ring improved potency
against fVIIa by interacting with Lys 192 of the en-
zyme.5 Starting from 3, we installed various acid substi-
tutions at the C5 0 position in order to achieve more
desirable potency (compounds 4 and 5, Table 1). The
C5 0 benzoic acid 4 gave the best potency against fVIIa,
as well as ex vivo efficacy, as measured by the fVIIaÆTF
dependent clotting assay PT. However, compound 4 was
also quite active in the fVIIaÆTF independent clotting as-
say aPTT, possibly by inhibiting proteases along the
intrinsic coagulation pathway. Compound 5, although
less potent compared to 4, has moderately differentiated
the PT and aPTT. To target more specifically the
fVIIaÆTF complex, which is associated with the extrinsic
and common coagulation pathway, we choose the po-
tent compound 5 as a starting point to further optimize
our analogs for an improved PT profile.
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1 0.013 2.7 90 3.6 
2 0.22 30 1.0 X 102 12
3 0.081 54 99 38 

Figure 1. Potency for fVIIaÆTF and selected antitargets in amidino and non-amidino scaffolds.
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In our effort to improve the potency and selectivity of
the 5-azaindole series, we had identified substituted phe-
nylureas as the optimal S1 0 substitution.9 In the 5-azain-
dole series, the para-benzoic acid-substituted phenylurea
gave desirable potency and decreased lipophilicity,
which is believed to lower binding to serum albumin
and therefore improve the PT. The same SAR transfers
to the current series where the corresponding compound
6 (Table 2) retained potency against fVIIa and ex vivo
efficacy with a greater differentiation between PT and
aPTT. The 2,6-difluorophenylurea moiety was also
found to provide further improvement to fVIIa potency
and selectivity in 5-azaindole series.9 Accordingly, com-
pound 7 showed an increase in potency against fVIIa by
�10-fold as well as selectivity against other trypsin fam-
ily enzymes. The PT profile was further improved to
2.4 lM, while aPTT was greater than 20 lM. This 4-
amino-5-azaindole series marks an improvement in the
PT and the differentiation between the intrinsic and
extrinsic coagulation pathways when compared to the
5-azaindole series.

Synthesis of analog 7 is outlined in Scheme 1). Methyla-
tion of commercially available 4-methoxyphenylacetonit-
Table 1. SAR at the C5 0-position of central aryl ring12

N

N
H HO

RNH2

Compound R fVIIaÆTF Ki (lM) 2· PT (lM)

3 H 0.081 12

4 COOH 0.0013 4.5

5 C(CH3)2CO2H 0.015 6.4

a Thrombin Ki (lM)/fVIIaÆTF Ki (lM) = fold selectivity.
b fXa Ki (lM)/fVIIaÆTF Ki (lM) = fold selectivity.
c Trypsin Ki (lM)/fVIIaÆTF Ki (lM) = fold selectivity.
rile 8 followed by hydrolysis of the nitrile, deprotection of
the methyl ether, and finally esterification provided ester
9. Compound 9 was selectively ortho-formylated with
paraformaldehyde and MgCl2.13 The resulting salicylal-
dehyde was brominated with N-bromosuccinamide in
DMF, followed by benzyl protection of the phenol to af-
ford ether 10. Suzuki coupling between bromide 10 and
the boronic acid 11 led to biaryl compound 12. Subse-
quent treatment of aldehyde 12 with the diazophospho-
nate Ohira reagent14,15 generated alkyne 13. The
4-chloro-5-azaindole ring was established via a Sonagash-
ira reaction between 13 and mesylate 1416 to form a tran-
sient biaryl alkyne, which cyclized spontaneously to form
the N-mesyl indole. The indole was subsequently treated
with NaOH/MeOH to induce cleavage of the sulfonamide
and hydrolysis of the ester providing compound 15. The
chloro-substituted indole 15 was treated with NH4OAc
in melting phenol to displace the 4-chloro group providing
the 4-amino-5-azaindole. The boc and benzyl protecting
groups were removed upon treatment with 6 N HCl(aq)
followed by hydrogenation with Pearlman’s catalyst to af-
ford 16. The amine 16 was treated with 2,6-difluoroisocy-
anate 17 under basic conditions followed by purification
on reverse phase HPLC provided 7 as a mono HCl salt.
HN

O

OH

2· aPTT (lM) Selectivity for fVIIa versus

Thrombina fXab Trypsinc

22 1.2 · 103 6.7 · 102 4.7 · 102

3.7 4.0 · 104 5.0 · 103 3.5 · 103

17 >1.0 · 104 2.8 · 103 3.2 · 103



Table 2. SAR on distal aryl ring12

N

N
H HO HN

O

R

NH2
O

OH

Compound R fVIIaÆTF Ki (lM) 2· PT (lM) 2· aPTT (lM) Selectivity for fVIIa versus

Thrombin fXa Trypsin

5
OH

0.015 6.4 17 >1.0 · 104 2.8 · 103 3.2 · 103

6

H
N

OH

O

0.020 5.8 >20 >7.5 · 103 5.5 · 103 5.5 · 103

7

H
N

F

F

0.0026 2.4 >20 >5.8 · 104 2.8 · 104 2.9 · 104
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In conclusion, we have identified potent and selective
fVIIaÆTF inhibitors in a novel non-amidino scaffold
which differentiates between the intrinsic and extrinsic
coagulation pathways. This series was dropped in lieu
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Scheme 1. Reagents and conditions: (a) t-BuOK, MeI, THF, rt; (b) KOH, eth

(e) MgCl2, anhydrous paraformaldehyde, Et3N, CH3CN, reflux; (f) NBS, DM

(i) Ohira’s reagent, K2CO3, MeOH; (j) 14, PdCl2(PPh3)2, CuI, Et3N, CH3CN,

6 N HCl, reflux; (n) 20% Pd(OH)2 on carbon (Pearlman’s catalyst)/H2, EtO
of pursuing a more attractive series and absorption data
were never obtained. We would like to suggest that from
a potency standpoint, the 4-amino-5-azaindole is a suit-
able surrogate for the benzamidine and that others con-
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sider such a moiety in their drug development programs,
especially in the challenging arena of developing fVIIa
inhibitors.
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