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Abstract—A novel isonitrile derivative was synthesized and used in an Ugi four component coupling reaction to explore aryl group
substitution effects on inhibition of the coagulation cascade serine protease factor Xa.
# 2003 Elsevier Science Ltd. All rights reserved.
Discovery of new agents for the treatment and modera-
tion of thrombotic disorders is an area of intensive
research within the pharmaceutical and biotechnology
communities.1 Presently, thrombosis related compli-
cations are the leading cause of death in the industrial
world.2 Current therapies suffer from an unfavorable
margin of safety which requires the blood of patients to
be frequently monitored to prevent excessive pharma-
cology, namely life-threatening bleeding.3 It is well
understood that thrombus formation is dependant upon
activation of the coagulation cascade which ends in the
thrombin mediated conversion of soluble fibrinogen to
insoluble fibrin. Once formed, fibrin then combines with
activated platelets to form the thrombus. The serine
protease enzyme factor Xa is central to both the intrin-
sic and extrinsic coagulation pathways and represents a
promising target for the regulation of thrombin generation
and thus control of clot formation.4

Our team recently discovered a series of non-covalent
inhibitors of factor Xa derived from d-phenyl glycin-
amide and we wished to explore the effect of substitu-
tion on the central phenyl ring. In order to accomplish
this quickly, we desired a synthetic route that would not
require the individual synthesis of each newly desired
central amino acid. The Ugi four component coupling
(4CC) reaction represented an intriguing approach to
our scaffold and offered the potential advantage of
enabling us to draw upon the commercial availability of
a wide variety of aryl aldehydes as the requisite starting
materials (Scheme 1).
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Scheme 1. General scheme for the 4CC approach to phenyl glycin-
amide derived factor Xa inhibitors.
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Our initial efforts focused on two interconvertible iso-
nitriles that are reported in the literature.5 After some
experimentation, we found that development of a new
isonitrile that already contained much of our desired S4
functionality, offered us the most flexibility with respect to
tolerance of the starting aryl aldehyde component. Iso-
nitrile formation from N-tert-butoxycarbonyl-4-amino-
methyl-piperidene 2 was straightforward and could be
performed on large scale.6,7 Isonitrile 3 was isolated as a
white solid which could be stored for prolonged periods in
the freezer without significant decomposition (Scheme 2).8
With multigram quantites of isonitrile 3 in hand, the
4CC route proved to be adequate for the investigation
of a variety of aryl substituents. Although not indivi-
dually optimized, purified yields for the Ugi reaction
with aryl aldehydes, isonitrile 3, p-methoxybenzoic acid,
and 2,4-dimethoxybenzyl amine ranged from 15–78%
providing compounds of type 4. Subsequent removal of
the Boc and 2,4-DMB protecting groups with tri-
fluoroacetic acid provided, after basic workup, products 5
which were generally taken on as crudematerial through a
final reductive amination with acetone to afford the final
products 6 in acceptable yields (Scheme 3).9,10

The effects of ortho-substitution on the central phenyl
ring of 1 are shown in Table 1.11 A variety of ortho-
substituted aryl aldehydes served as diversity elements
for the Ugi reaction and the 4CC products were carried
on to the corresponding inhibitors of type 7 (Table 1).
Many of the surveyed ortho-substituents provide an
increase in binding affinity for factor Xa.12 Electron-
withdrawing groups such as Cl, and Br provide appar-
ent association constants (Kass) of 5.1 and 4.6 million
L/mol, respectively. Interestingly, electron-donating
groups such as methyl and methoxy boost binding affi-
nity as well. The results in Table 1 also illuminate factor
Scheme 2. Preparation of isonitrile 3.
Scheme 3. The Ugi 4CC route to glycinamide factor Xa inhibitors.
Table 1. Effect of ortho substitution on binding to factor Xa
Compd
 R
 Kass
(106 L/mol)a
% Yield of
4CC Reaction
7a
 H
 0.71
 —

7b
 CH3
 2.5
 42

7c
 CF3
 3.1
 32

7d
 F
 2.0
 72

7e
 Cl
 5.1
 61

7f
 Br
 4.6
 50

7g
 I
 4.1
 65

7h
 OH
 1.3
 51b
7i
 OMe
 1.9
 60

7j
 OEt
 2.8
 66

7k
 OBn
 2.6
 51

7l
 OCF3
 4.1
 56

7m
 OPh
 1.3
 69

7n
 NO2
 4.2
 56

7o
 NH2
 0.75
 —c
7p
 NMe2
 1.1
 —d
7q
 SMe
 2.9
 74

7r
 S-tBu
 1.7
 78
aKass is the apparent association constant reported in units of 10
6 L/

mol and is approximately equal to 1/Ki. Kass values were obtained by
the method of Smith et al.14 and are the result of a single experiment
(performed in triplicate at each of four to eight inhibitor concentra-
tions).15
bTwo step yield obtained from deprotection (H2, Pd/C, quantitative
yield) of 2-benzyloxybenzaldehyde 4CC adduct 4k.
cCompound 7o was obtained in quantitative yield from 7n (H2, Pd/C).
dCompound 7p was obtained in 31% yield from 7o ((CH2O)n,
NaCNBH3, HOAc).
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Xa’s ability to accommodate increasing steric bulk at
this position on inhibitors of type 7.13

Heterocyclic and bicyclic replacements for the central
aryl ring are shown in Table 2. Heterocycles such as
2-thiophene and 2-furan are tolerated, but provide no
additional boost in binding affinity toward factor Xa.

The scope of the Ugi methodology was readily applic-
able to the preparation of derivatives containing the
more potent 3-chloroindole S1 binding element found in
compound 9 (Fig. 1).16,17

For example, the 4CC reaction of 3-chloroindole-6-car-
boxylic acid with 1-naphthaldehyde, 2,4-dimethoxy-
benzylamine, and isonitrile 3 provided 10a in 53%
isolated yield (Scheme 4).18

Compounds 10a–d were then converted in straightfor-
ward fashion under the same conditions shown in
Scheme 3, replacing acetone with cyclopentanone to
afford compounds 11a–d (Table 3). It should be noted
that despite the moderate yield (24%) of the 4CC reac-
tion to form 10d, we found the Ugi route to be superior
to alternate approaches involving the synthesis of
2-thiazolyl glycine for multigram preparation of 11d.19

In conclusion, a previously unknown isonitrile 3 was
synthesized and used to develop an Ugi four component
coupling reaction for the synthesis of reversible factor
Xa inhibitors. It was discovered that ortho-substitution
on the central phenyl ring with either electron with-
drawing or electron donating groups provided a sig-
nificant increase in binding affinity. The Ugi 4CC
reaction allowed rapid access to a variety of sub-
stitutuents and heterocyclic replacements for the central
aryl unit and enabled us to readily scale-up compounds
for further evaluation.
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Figure 1. A factor Xa inhibitor with a 3-chloro-6-indolyl S1 unit.
Table 3. 3-Chloroindolyl S1 factor Xa inhibitors

Compd R K 2XPT
ass

(106 L/mol)
 (mM)17
11a
 1-Naphthalene
 250
 3.8

11b
 2-Naphthalene
 79
 4.1

11c
 3-Quinoline
 0.2
 —

11d
 2-Thiazole
 380
 0.79
Scheme 4. Isolated yields for the Ugi 4CC reaction with 3-chloroindole-6-carboxylic acid.
Table 2. Effect of heteroaromatic substitution on binding to factor

Xa
Compd
 R
 Kass,
(106 L/mol)
%Yield of 4CC
Reaction
7a
 C6H5
 0.71
 —

8a
 2-Furan
 0.36
 17

8b
 3-Furan
 0.20
 15

8c
 2-Thiophene
 1.1
 15

8d
 3-Thiophene
 0.88
 32

8e
 2-Imidazole
 0.21
 30

8f
 4-Quinoline
 1.3
 21

8g
 3-Quinoline
 0.05
 25
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