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Abstract—The discovery of a sulphonamide by-product with VLA-4 antagonistic activity led to a series of potent, small molecule
VLA-4 antagonists. Synthesis, SAR and in vivo evaluation of the selected compound will be presented.
# 2003 Elsevier Ltd. All rights reserved.
Integrins comprise a large family of cell-surface recep-
tors that bind to the extracellular matrix proteins, such
as fibronectin (FN), vitronectin, fibrinogen, collagen,
laminin and invasin, and to the cell-surface ligands such
as vascular cell adhesion molecule-1 (VCAM-1) or
intercellular adhesion molecules (ICAMs) to mediate
cell-matrix and cell-cell interactions. These interactions
are important for the regulation of cell migration.
Integrins are large membrane glycoproteins consisting
of two subunits, a and b. VLA-4 (CD49d/CD29), which
consists of a4 and b1 subunits, is a member of b1 or
VLA subfamily. It is expressed on monocytes, T- and B-
lymphocytes, basophils and eosinophils.1 VLA-4 med-
iates both the initial tethering as well as firm adhesion of
cells to the walls of the inflamed vessels through the
interaction with cytokine-inducible vascular cell adhe-
sion molecule VCAM-1.

VLA-4 antagonists inhibit leukocyte migration into
lung tissues during inflammatory responses and lym-
phocyte trafficking. Hence, these agents may reduce tis-
sue damage caused by inflammation and could
potentially be effective therapies for asthma. Animal
studies also indicate that antagonists of a4-containing
integrins may have utility in the treatment of other
inflammatory diseases, including multiple sclerosis,
rheumatoid arthritis, heart failure and inflammatory
bowel disease.2�6
VLA-4 has received considerable attention as a target
for the design of small molecule anti-inflammatory
therapeutics.7 Our initial effort to identify a potent
VLA-4 antagonist was based on the belief that we could
mimic the LDV motif in the CS-1 segment of FN8 or the
IDS motif in the C-D loop of VCAM-19 using our pep-
tide secondary structure mimetic scaffolds.10

However, during the course of our work we discovered
that the 2-naphthylsulphonyl amide 1, a minor byproduct
in a tested crude material, was a potent VLA-4 antagonist
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with an IC50 of 180 nM in the RAMOS/CS-1 cell-adhesion
assay.11 This discovery prompted us to further explore a
series of sulphonylated dipeptides. Herein, we disclose the
SAR and the identification of the potent VLA-4 antago-
nist 6 that is orally available in cynomologous monkey and
efficacious in the murine model of asthma.

One of the early modifications involved the introduction
of a para-substituent at the phenylalanine aromatic ring.
Several groups have reported12 a dramatic potency
enhancement achieved by linking an aryl group to that
position. The obvious choice was to utilize tyrosine to
introduce diversity at that site. This selection was moti-
vated by the ease of synthesis of analogues, for example,
by alkylation (Scheme 1) or Mitsunobu reactions. We
favored using an ether linkage at that position (vs amide
or ester linkage) due to the benign nature (i.e., resistance
to esterases or amidases) and that could be advantageous
in terms of ‘drug-likeness’. To our satisfaction, the
introduction of the 2,6-dichlorobenzyloxy moiety led to
compound 2 which was 90-fold more potent than 1.
In the attempt to reduce the number of hydrogen-bond
donors and to restrict some of the flexibility of the
molecule, we synthesized compound 3 which is the N-
methyl sulfonamide analogue of compound 2. This
compound displayed a 2-fold increase in activity over
compound 2. Importantly, the replacement of the
naphthyl moiety in 3 by a smaller, phenyl substituent
produced compound 4 that was 10-fold more potent
(IC50 0.1nM) than 3. To ascertain the stereoselectivity
of the interaction the compound with d-isomer at the
tyrosine moiety was also synthesized and was found to
be 50-fold less active than the l-isomer (4) at that posi-
tion. The synthesis of compound 4 (Scheme 2) exem-
plifies the methodology we had used in the synthesis of
analogues (Table 1).

In further optimization we investigated the influence of
the proximity of the N-terminal carboxyl group to the
phenyl moiety on the activity. The replacement of the
glutamic acid with the aspartyl moiety led to compound
5 and a significant decrease in potency.
Scheme 1.
Scheme 2.
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Interestingly, transposition of the aspartic acid side
chain to the sulphonamide nitrogen produced com-
pound 6 with the potency almost in the same range as
for compound 4. Additional advantages of compound 6
are the elimination of one center of chirality and sim-
plification of the synthesis (see Scheme 3). Several other
analogues (i.e., 7, 8, and 9) in which the sulphonamide
aryl group was varied, were also prepared and were
found to be almost equipotent to compound 6. This was
a pleasant discovery since one can potentially utilize this
part of the molecule to improve the PK profile without
compromising the potency of the compound.
Compound 6 displayed sufficiently good in vitro
ADME properties (pH, plasma and microsomal stabi-
lity, as well as no inhibition of several CYP450 isoforms
up to 50 mM) to warrant in vivo efficacy study in murine
asthma model and pharmacokinetic study in primate.
The murine asthma model (with sensitization by oval-
bumin and dexamethasone as a control) data is shown
in Table 2. Compound 6 reduced eosinophil influx by
50% at 10 mpk (in) and by 69% at 10 mpk (po). It also
reduced leukocyte infiltration into BALF by 39 and
59%, respectively (data not shown). The pharmacoki-
netic study in cynomologous monkey (Table 3) revealed
that although 6 had acceptable oral availability, it suf-
fered from high clearance and a very short elimination-
phase half life, both of which were detrimental to
further in vivo study in monkey.

In summary, we have developed SAR around the sul-
phonamide chemotype of VLA-4 antagonists and
devised an expedient synthesis of the most promising
compound (6) in the series. This compound has shown
good in vivo efficacy as indicated by inhibition of eosi-
nophil and leukocyte lung infiltration in the murine
asthma model.
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10%FBS IC50 (nM)
1
 180
 ND

2
 2
 ND

3
 1
 ND

4
 0.1
 2

5
 2
 ND

6
 0.6
 8

7
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 10

8
 1.5
 10

9
 0.8
 10
FBS, fetal bovine serum; ND, not determined.
Table 2. Compound 6 inhibition of eosinophil infiltration in the
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Saline
 OVA
 in-5
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 po-25
 DEX-ip-1
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 2.16
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EOS inhibition (%)
 —
 —
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 50
 69
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Scheme 3.
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CL
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(L/kg)
F
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 0.303
 26.9
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