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Terephthalic acid based derivatives containing b- and
g-amino acid residues were prepared as antagonists of
the leukocyte cell adhesion process that is mediated
through the interaction of the very late antigen 4 (VLA-4)
and the vascular cell adhesion molecule 1 (VCAM-1).
The compounds 2, 10–12, 14, and 16–17 inhibited
the adhesion in a cell based assay in the low and sub
micromolar range.
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INTRODUCTION

Adhesive interactions between the leukocytes and
endothelial cells play a critical role in leukocyte
trafficking to sites of inflammation.1,2 These events
are essential for normal host defense against
pathogens and repair of tissue damage, but can
also contribute to the pathology of a variety of
inflammatory and autoimmune disorders.3 – 5 Vascu-
lar cell adhesion molecules such as the a4b1 integrin
are currently investigated as targets for novel
therapeutic treatments of chronic inflammatory
diseases such as atherosclerosis, asthma, chronic
obstructive pulmonary disease (COPD), inflamma-
tory bowel disease (IBD) and multiple sclerosis
(MS).6,7

A number of steps in cell adhesion have been
identified and characterized to date. Among them,
inhibiting the interaction between vascular cell

adhesion molecule 1 (VCAM-1) and very late antigen
4 (VLA-4, a4b1 integrin) has attracted the attention of
recent medicinal chemistry programs.8 Recently, we
have described a sub micromolar VLA-4 antagonist 1
(Scheme 1).9 The latter contains a para-substituted
amino benzoic acid headgroup decorated with (L)-
leucine and a urea moiety. Herein, (L)-leucin may be
replaced by a set of versatile a-amino acids. While
a-amino acids are known for their tendencies to
cause unwanted side reactions and to suffer from
poor stability in a physiological environment,
replacing the latter by b or g-amino acids might
significantly improve the pharmacokinetic
profile.10,11

In this contribution, we describe a novel class of
a4b1 integrin antagonists derived from terephthalic
acid as exemplified by 2. In a formal way, the latter
can be envisioned as a retro amide analogue in the
head group connecting functionality with a com-
bined inversion and positional shift of the urea
linkage when compared to the prototype series
exemplified by 1.

MATERIALS AND METHODS

Cell Adhesion Assay

All activity data were collected using a cell adhesion
assay. Ramos cells (American Type Culture Collec-
tion, Clone CRL-1596) were cultured in RPMI 1640
medium (Nikken Bio Medical Laboratory, CM1101)
supplemented with 10% fetal bovine serum
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(Hyclone, A-1119-L), 100 U/mL penicilin (Gibco
BRL, 15140-122) and 100 mg/mL streptomycin
(Gibco BRL, 15140-122) in a humidified incubator
at 378C with 5% CO2. Ramos cells were incubated
with phosphate balanced solution (PBS, Nissui,
05913) containing 25mM of 5- (and -6)-carboxyfluo-
rescein diacetate, succinimidyle ester (CFSE, Dojindo
Laboratories, 345-06441) for 20 min at room tem-
perature while gently swirling every 10 min. After
centrifugation at 1000 rpm for 5 min, the cell pellet
was resuspended with adhesion assay buffer at a cell
density of 4 £ 106 cells/mL. The adhesion assay
buffer was composed of 24 mM Tris–HCl (pH 7.4),
137 mM NaCl, 27 mM KCl, 4 mM glucose, 0.1%
bovine serum albumin (BSA, Sigma, A9647) and
2 mM MnCl2.

Complementary DNA (cDNA) encoding the
7-domain form of VCAM-1 (GenBank accession
#M60335) was obtained using Rapid-ScreenTM
cDNA library panels (OriGene Technologies, Inc) at
Takara Gene Analysis Center (Shiga, Japan). Recom-
binant human VCAM-1 (extracellular domains 1–3)
was dissolved at 1.0mg/mL in PBS. Each well of the
microtiter plates (Nalge Nunc International, Fluoro-
nunc Cert, 437958) was coated with 100mL of
substrate or for background control with buffer
alone for 15 h at 48C. After discarding the substrate
solution, the wells were blocked using 150mL per
well of block solution (Kirkegaard Perry Labora-
tories, 50-61-01) for 90 min. The plate was washed
with wash buffer containing 24 mM Tris–HCl
(pH 7.4), 137 mM NaCl, 27 mM KCl and 2 mM
MnCl2 just before addition of the assay.

The assay solution containing each test compound
or 5 mg/mL anti-CD49d monoclonal antibody
(Immunotech, 0764) was transferred to the VCAM-1
coated plates. The final concentration of each test
compound was 10mM or various concentrations
ranging from 0.0001 mM to 10 mM using a
standard 5-point serial dilution. The assay solution
containing the labeled Ramos cells was transferred to
the VCAM-1 coated plates at a cell density of 2 £ 105

cells per well and incubated for 45 min at 378C.

The non-adherent cells were removed by washing the
plates 3 times with wash buffer. The adherent cells
were broken by addition of 1% Triton X-100 (Nacalai
Tesque, 355-01). Released CFSC was quantified by
fluorescence measurement in a fluorometer (Wallac,
ARVO 1420 multilabel counter).

Preparation of the VLA-4 Antagonists 2, 10–12, 14,
and 16–17

The para-substituted amino benzoic acid head-
group in 1 previously had a major impact on
establishing a convincing activity against a4b1

integrin and, in this work, was replaced by a
terephthalic acid moiety. This replacement rep-
resents an inversion of the head group linking
amide, thus requiring a second inversion combined
with a positional shift of the urea linkage in order to
generate chemically stability and still retain isosteric
analogues such as 2. To introduce spatial flexibility,
we decided to use the 1,4-diamino benzene based
urea 8 and its homologue 9.

The intermediates 6 and 7 were prepared using the
corresponding b-amino ester 3 or 4 and terephthalic
tbutyl mono ester under standard peptide coupling
conditions (EDCI and HOBT) followed by a selective
LiOH induced ester hydrolysis.12 The desired series
of compounds 2 and 10–12 was obtained in a
coupling reaction using EDCI and HOBT on 6 and 7
with the ureas 8 and 9 (prepared as described in
Ref. [9]) using standard peptide coupling conditions
with EDCI and HOBT followed by final ester
cleavage using trifluoracetic acid (Scheme 2). In a
similar fashion, 14 was prepared starting from 13 by
peptide coupling with EDCI and HOBT with the
amino ester 5 and subsequent selective saponifica-
tion of the methyl ester with LiOH in aqueous THF.
The intermediate was reacted with the urea 9 using
EDCI and HOBT as coupling agents and sub-
sequently deprotected under acidic conditions
using trifluoracetic acid to yield the terephthalic
acid derivative 14. Starting from the g-amino ester
15, the condensation with 5 using EDCI and HOBT as
coupling agents and subsequent LiOH induced
selective hydrolysis of the methyl ester yielded a
suitable intermediate for further coupling with the
ureas 8 or 9, respectively. The latter was again carried
out using EDCI and HOBT as coupling agents
and after treatment with trifluoroacetic acid,
the terephthalic acid derivatives 16 ðn ¼ 0Þ and
17 ðn ¼ 1Þ were obtained carrying the sterically
constrained g-amino acid 15.13,14

RESULTS AND DISCUSSION

Activity data were generated using Ramos whole
assay conditions, inhibition values where determined

SCHEME 1 Structures of 1 and 2.
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were at a concentration of 10mM, and IC50’s are given
for the most active compounds only. It was found that
compounds 11, 12, 14, and 17, which contained the
benzylamino urea 9, showed a moderate affinity to the
a4b1 integrin with an IC50 . 10mM:However, binding
to the VLA4 was strongly enhanced when the benzylic
methylene group was omitted in 8. The sterically
constrained g-amino acid derivative 16 had a medium
activity ðIC50 ¼ 8:30mMÞ; while 2 ðIC50 ¼ 0:133mMÞ

and 10 ðIC50 ¼ 0:200mMÞ showed a strongly improved
affinity to the a4b1 integrin, being some orders of
magnitude higher than that of the analogues 11 and 12
(Table I). Most interestingly, the more lipophilic
3,4-dimethoxy substituted compound 10 showed a
slightly reduced affinity compared to 2.

With the discovery of the potent a4b1 integrin
antagonist 2, we became interested in its selectivity
against other, homologous integrins such as a9b1 and

avb3 integrin. Selectivity screening against a9b1

(20% inhibition at 10mM) and avb3 ðIC50 ¼ 100mMÞ

integrins showed that compound 2 was highly
selective for a4b1 integrin, since it binds several orders
of magnitude stronger to a4b1 integrin (Table II).

Thus, the para-substituted benzoic acid deriva-
tives such as 1, 2, and 10 seem to form a unique
pharmacophore arrangement for binding to the a4b1

integrin, while the distance between the benzoic acid
headgroup and the urea moiety and their spatial
arrangement are rather sensitive to slight changes in
their molecular geometry.

CONCLUSION

In conclusion, we have identified a new class of
selective, non-peptidic and potent antagonists of

SCHEME 2 Preparation of compounds 2, 10–12, 14, 16, and 17, reagents and conditions*: (a) EDCI, HOBT, DMF/MeCN (1:1), 258C, 24 h;
(b) 1.1 eq. LiOH, THF/H2O (1:1), 258C, 24 h; (c) EDCI, HOBT, DMF/MeCN (1:1), 258C, 24 h; (d) TFA (20% in CH2Cl2), 0 ! 258C; 2 h;
(e) 5 followed by EDCI, HOBT, then 13; (f) 1.1 eq. LiOH, THF/H2O (1:1), 258C, 24 h; (g) EDCI, HOBT, then 9, DMF/MeCN (1:1), 258C, 24 h;
(h) TFA (20% in CH2Cl2), 0 ! 258C; 2 h; (i) 5 followed by EDCI, HOBT, then 15; (k) 1.1 eq. LiOH, THF/H2O (1:1), 258C, 24 h; (l) EDCI, HOBT,
then 8 or 9, DMF/MeCN (1:1), 258C, 24 h; (m) TFA (20% in CH2Cl2), 0 ! 258C; 2 h.

*We wish to express special thanks to Dr. Andreas Schoop for the preparation of the building block 3.
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the a4b1 integrin. Further improvements and struc-
tural modification of 2 leading to promising results will
be presented in a forthcoming publication.
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TABLE I VCAM/VLA-4 binding inhibition

Compound % inhibition at 10mM Ramos cell IC50mM*

2 100 0.133
10 99 0.200
11 20 .10
12 5 n.d.
14 9 n.d.
16 55 8.30
17 15 .10

* Values are means of three experiments.

TABLE II Integrin selectivity assay

IC50mM* a4b1 a9b1 avb3

2 0.133 20% inhibition at 10mM 100

* Values are means of three experiments.
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