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The adherence of leukocytes to vascular endothelium 
is essential to the pathogenesis of inflammation.1 This 
adhesion process precedes the transendothelial migration 
of leukocytes into surrounding tissue and ensuing tissue 
damage. The various adhesion molecules present on 
leukocytes are recognized by complimentary molecules 
on endothelial cells. Two of the key adhesion molecules 
found on the endothelium, E-selectin (ELAM-1, endo­
thelial leukocyte adhesion molecule-1)2 and ICAM-1 
(intercellular adhesion molecule-1),3 are upregulated by 
inflammatory stimuli. A compound with the ability to 
inhibit this upregulation would hinder leukocyte adhesion 
and transmigration, thereby providing an antiinflamma­
tory drug with a novel mechanism of action. Current 
therapies for the treatment of arthritis such as nonsteroidal 
antiinflammatory drugs (NSAIDs) and disease modifying 
antirheumatic drugs (DMARDs) are only palliative, pro­
viding symptomatic relief to patients. Inhibitors of cell 
adhesion may actually inhibit the initiation of the disease. 

An in vitro assay has been used to identify compounds 
that prevent the upregulation of adhesion molecules. 
Human umbilical vein endothelial cells (HUVECs) are 
stimulated with a cytokine such as tumor necrosis factor-a 
(TNF-a) in the presence of the compounds of interest. 
After a 4-h incubation, 61Cr-labeled human neutrophils 
are added to the HUVECs and allowed to adhere. At this 
timepoint E-selectin expression is maximal and significant 
levels of ICAM-1 are also present on the surface of control 
cells.4 
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Initial screening in our laboratories identified that 
5-methoxy-3-(l-methylethoxy)-iV-(l.r7-tetrazol-5-yl)ben-
zo[6]thiophene-2-carboxamide (CI-959, 1) blocked the 
adhesion of neutrophils to HUVECs (ICw = 49 jtM).8 After 
investigating several analogs of 1, it was determined that 
the primary carboxamide derivative 2 was 1 log order more 
potent than 1 (IC50 = 3.8 juM) in inhibiting cell adhesion 
(see Table 1). Using 2 as a prototype, additional amides 
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were prepared as depicted in Scheme 1. The previously 
reported benzo[b]thiophene-2-carboxylic acids6 were con­
verted to the corresponding imidazolides. Subsequent 
reaction with aqueous ammonium hydroxide gave the 
desired primary carboxamides 2-7, 10, and 12-14 while 
reaction with a primary amine resulted in formation of 
the secondary amides 16-18. Two exceptions are amide 
15, which was prepared from the corresponding acid 
chloride, and compound 11, which resulted from reaction 
of the analogous methyl ester with lithium amide. The 
5-amino compound 8 was obtained by reduction of the 
5-nitro analog 6; while the 5-hydroxy compound 9 was 
obtained by hydrogenolysis of the 5-benzyloxy analog 7. 

In compounds 3-9, the nature of the substituent at C-5 
was varied to include hydrogen, chloro, methyl, nitro, 
benzyloxy, amino, and hydroxy. The most active com­
pound was 9 which contains a 5-hydroxy group. Inter­
estingly, 7, the 5-benzyloxy precursor to 9, was not active. 
Analogs of 2 where the aromatic methoxy group is now at 
position 7 or 6, compounds 10 and 11, respectively, had 
weak activity. Compound 13, where the C-3 isopropoxy 
group of 2 is replaced by tcrt-butoxy, showed good activity, 
while the C-3 methoxy, benzyloxy, and phenoxy analogs 
12, 14, and 15 were equipotent and less effective than 2. 
Substitution on the amide nitrogen decreased the activity 
in relation to the size of the substituent. The methyl-
substituted amide 16 was more potent than the ethyl analog 
17, and the phenyl analog 18 was the least active. 
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Table 1. Inhibition of Adhesion by 
3-Alkoxybenzo[b]thiophene-2-carboxamides 

Table 2. 
ELISA 
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49 
3.8 
60% 
72% 
61% 
40% 
NA< 
49% 
6.4 
35% 
24% 
60% 
97% 
57% 
59% 
15 
64% 
12% 
8.7 
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" Data reported as IC50 QiM) or as the percent inhibition at a dose 
of 100 ̂ M. Each percentage value is from a single assay that was run 
in triplicate. The mean standard error is < 5 % . b No. = number of 
experiments.c NA = less than 4% inhibition at 100 11M. 
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" (a) NJV-Carbonyldiimidazole; aqueous ammonium hydroxide or 
a primary amine (b) 19: 30% H202/HOAc/room temperature/8 h; 
20: 30% H2Oi!/HOAc/reflux/6 h. 

By varying the reaction conditions, it was possible to 
oxidize 2 with hydrogen peroxide in acetic acid to obtain 
either the sulfoxide 19 or the sulfone 20 derivative as the 
major product. While the sulfone 20 was not active, the 
sulfoxide 19 inhibited adhesion with an IC50 of 8.7 juM. 

To evaluate potential adverse effects, morphological 
evaluation of compound treated HUVECs was performed 
by light microscopy. No effect on cell structure or 
monolayer integrity was noted. In addition, 1, 2, and 19 
did not induce release of lactate dehydrogenase, a cyto­
plasmic enzyme, demonstrating that the compounds lack 
cytotoxic activity under the conditions employed. 

To determine which adhesion molecules were being 
effected in the functional assay, several analogs were 
evaluated in an ELISA-based detection system for the 
expression of E-selectin and ICAM-1 on the surface of 
TNF-a-activated HUVECs. Table 2 shows that those 
compounds active in the functional assay, namely 2,9,16, 
and 19, inhibited the expression of both E-selectin and 
ICAM-1. The results of the ELISA assay for compounds 
10 and 20 also reflect the findings of the functional assay. 

The reverse passive Arthus reaction (RPA) is an immune 
complex induced model of inflammation that is charac-

ock 
(O)n 

compd n Ri RAT ESEL" ICAM" no.' 

2 
9 

10 
16 
19 
20 

H 
H 
H 
Me 
H 
H 

5-OMe 
5-OH 
7-OMe 
5-OMe 
5-OMe 
5-OMe 

0.70 MM 

3.3 MM 

NA1* 
1.4 MM 

6.6 MM 

NA<* 

0.39 MM 
3.5 iM 
NA* 
6.6 MM 

4.0 nM 
NAd 

" ELISA for E-selectin, data reported as ICJO 0*M) or as the percent 
inhibition at a dose of 30 MM. * ELISA for ICAM-1, data reported 
as IC50 (MM) or as the percent inhibition at a dose of 30 /11M.c No. 
= number of experiments. d NA - less than 30 % inhibition at a dose 
of 30 MM. 

terized by neutrophil accumulation.7 RPA has been 
utilized in the rat to demonstrate in vivo activity of drugs 
that block neutrophil migration.8 In this model, an oral 
dose of 10 mg/kg of 19 inhibited the accumulation of both 
neutrophils (93%) and exudate (68%) into the pleural 
cavity. We are currently evaluating additional analogs in 
RPA and continuing to investigate 19 in other models of 
inflammation. 

Acknowledgment. We thank the Parke-Davis Ana­
lytical Chemistry Department for the spectral data and 
elemental analyses, W. Cetenko for the preparation of 3 
and the original preparation of 2, M. Mullican for the 
preparation of 15, P. Unangst for the preparation of 18, 
and U. Saxena, E. Ferguson, and K. Imre for assistance 
in establishing the ELISA assays. 

Supplementary Material Available: Experimental pro­
cedures, including, yields, melting points, and combustion data, 
the protocols for the adhesion assay, the ELISA assays, and the 
reversed passive Arthus reaction (12 pages). Ordering infor­
mation is given on any current masthead page. 

References 
(1) For reviews, see: Cronstein, B. N.; Weissmann, G. The Adhesion 

Molecules of Inflammation. Arthritis Rheum. 1993,36,147-157. 
Mackay, C. R.; Imhof, B. A. Cell Adhesion in the Immune System. 
Immunol. Today 1993,14 (3), 99-102. McEver, R. P. Leukocyte-
Endothelial Cell Interactions. Cur. Op. Cell Biol. 1992,4,840-849. 
Springer, T. A. Adhesion Molecules of the Immune System. 
Nature 1990, 346, 425-434. 

(2) Bevilacqua, M. P.; Pober, J. S.; Mendrick, D. L.; Cotran, R. S.; 
Gimbrone, M. A. Identification of an Inducible Endothelial-
Leukocyte Adhesion Molecule. Proc. Natl. Acad. Sci. U.S.A. 1987, 
84, 9238-9242. 

(3) Dustin, M. L.; Rothlein, R.; Bhan, A. K.; Dinarello, C. A.; Springer, 
T. A. Induction by IL 1 and Interferon-7: Tissue Distribution, 
Biochemistry, and Function of a Natural Adherence Molecule 
(ICAM-1). J. Immunol. 1986,137 (1), 245-254. 

(4) Pober, J. S.; Gimbrone, M. A., Jr.; Lapierre, L. A.; Mendrick, D. 
L.; Fiers, W.; Rothlein, R.; Springer, T. A. Overlapping Patterns 
of Activation of Human Endothelial Cells by Interleukin 1, Tumor 
Necrosis Factor, and Immune Interferon. J. Immunol. 1986,137 
(6), 1893-1896. 

(5) Ferin, M. A.; Conroy, M. C; Wright, C. W. Inhibition of Neutrophil 
Adhesion to TNF-Stimulated Human Umbilical Vein Endothelial 
Cells by CI-959. FASEB 1991,5, A526. 

(6) Connor, D. T.; Cetenko, W. A.; Mullican, M. D.; Sorenson, R. J.; 
Unangst, P. C; Weikert, R. J.; Adolphson, R. L.; Kennedy, J. A.; 
Thueson, D. O.; Wright, C. W.; Conroy, M. C. Novel Ben-
zothiophene, Benzofuran and Naphthalenecarboxamidotetrazoles 
as Potential Antiallergy Agents. J. Med. Chem. 1992,35,958-965. 

(7) Chang, Y.-H.; Otterness, I. G. Effects of Pharmacologic Agents on 
the Reversed Passive Arthus Reaction. Eur. J. Pharm. 1981, 69, 
155-164. 

(8) Burch, R. M.; Connor, J. R.; Bator, J. M.; Weitzberg, M.; Laemont, 
K.; Noronha-Blob, L.; Sullivan, J. P.; Steranka, L. R. NPC 15669 
Inhibits the Reversed Passive Arthus Reaction in Rats by Blocking 
Neutrophil Recruitment. </. Pharmacol. Exp. Ther. 1992,263 (3), 
933-937. 


