
DOI: 10.1002/cmdc.200600288

Virtual Screening Leads to the Discovery of an
Effective Antagonist of Lymphocyte Function-
Associated Antigen-1
Miyuki Shoda,[b] Takeo Harada,[b] Kazuo Yano,[b] Florence L. Stahura,[c]

Takeshi Himeno,[b] Satoshi Shiojiri,[b] Yuji Kogami,[b] Hiroyuki Kouji,[b] and
J"rgen Bajorath*[a]

Introduction

LFA-1 is a member of the integrin family of cell surface pro-
teins that are expressed on normal and also leukemia T cells.[1]

The integrin LFA-1 consists of a-subunits (known as aL or
CD11a) and b-subunits (known as b2 or CD18).

[2] LFA-1 binds to
intercellular adhesion molecules ICAM-1, -2, and -3 on the sur-
face of different cell types and promotes a variety of homotyp-
ic and heterotypic cell adhesion events in the course of normal
and also pathologic immune responses.[3] The LFA-1/ICAM-1 in-
teraction plays a critical role in mediating cell adhesion, leuko-
cyte transmigration, and augmentation of T-cell receptor sig-
naling.[3] Small molecule antagonists of integrin–ligand interac-
tions are thought to have significant therapeutic potential in
the prevention of graft rejection after transplantation[4] and in
the treatment of chronic inflammatory diseases such as psoria-
sis or rheumatoid arthritis.[5]

The a-subunit of LFA-1 contains a 200 amino acid domain
known as the I-domain,[6] which is directly involved in the in-
teraction with ICAM-1.[7] Several allosteric antagonists of LFA-1
function have been identified (Figure 1),[8] most of which bind
to the I-domain (compounds 2 to 5 in Figure 1),[8] and the
structural basis of their antagonistic effects has been ex-
plored.[9] Binding of diverse small molecule antagonists to a hy-
drophobic cleft within the I-domain prevents conformational
changes that are essential for ICAM-1 binding and stabilizes
the I-domain in its inactive conformation.[9–12] However, the cur-
rently most potent antagonist of the LFA-1/ICAM-1 interaction
with a reported IC50 value of 1.4 nm for in vitro binding (com-
pound 1 in Figure 1)[13] acts by another mechanism. Although
it was originally designed to mimic the LFA-1 binding epitope
of ICAM-1 by mapping side-chain functionality onto a small
molecule template,[13] compound 1 and related active mole-

cules[14,15] (also known as a/b I-like antagonists) do not bind to
the ICAM-1 binding site in the I-domain but rather to a site at
the interface between the a and b subunits of LFA-1. These
compounds also function as allosteric antagonists,[13–15] albeit
by a different mechanism than the known I-domain antago-
nists.
We set out to search compound databases for antagonists

of the LFA-1/ICAM-1 interaction that are structurally distinct
from those reported thus far. Although much has been learned
about the structural foundations of LFA-1 antagonism, the
spectrum of allosteric control of LFA-1 activation and interac-
tion appears to be rather complex and structure-based design
produced compounds that were active for reasons other than
those expected.[13] Given this complexity, we have applied a
ligand-based virtual screening approach using molecular simi-
larity methods. These methods are based on a holistic molecu-
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lar view and do not take structure-based design elements or
pharmacophore information into account.[16] Our studies have
led to the identification of a series of novel LFA-1 antagonists
that were subjected to SAR analysis, leading to the generation
of a lead compound that effectively blocked LFA-1 mediated
cell adhesion.

Computational Methods

Using compound 1 as a template for virtual screening, we
searched a compound database containing ~2.5 million virtu-
ally formatted compounds collected from catalogues of various
chemistry vendors. For these calculations, a previously de-
scribed small 2D fingerprint termed MFP (MiniFingerPrint) was
used which consisted of fewer than 100 bits and combined
value-range encoded property descriptors with binary structur-
al fragment descriptors.[17] MFP belongs to a class of minifin-
gerprints, a family of molecular
fingerprints originally designed
to recognize distant similarity
relationships.[17] Database com-
pounds were ranked according
to their Tanimoto coefficient (Tc)
values relative to compound 1.
Tc is defined as b(ab)/(b(a)+b(b)-
b(ab)), with b(a) being the
number of bits set on in finger-
print a, b(b) the number of bits
set on in b, and b(ab) the

number of bits shared by both fingerprints.[18] The
top-ranked 50000 database compounds were prese-
lected as a subset for further analysis. After addition
of compound 1 as a “bait” molecule, the preselec-
tion set was subjected to cell-based partitioning cal-
ACHTUNGTRENNUNGculations[19] using five different combinations of 1D/
2D molecular descriptors that were previously found
to perform well in classifying compounds having di-
verse biological activities.[19] Database compounds
that fell into the same cells as compound 1 were se-
lected as candidates.
Our intermediate selection set combined all data-

base compounds that matched compound 1 with a
Tc value greater than 0.8 and compounds that fell
into cells containing compound 1 in at least two of
five independent partitioning analyses using differ-
ent descriptor sets. Each descriptor combination pro-
duces a different compound distribution and, there-
fore, recurrent copartitioning of database com-
pounds with template compound 1 makes these
molecules attractive candidates for further study. In-
termediate compound selections were further ana-
lyzed using a scaffold analysis algorithm[20] to identi-
fy scaffold families or series of closely related ana-
logues. This scaffold analysis algorithm removes sub-
stituents from ring systems of molecules, but does
not break bonds between rings. Thus, it isolates
ring-containing core structures. In addition, inter-

mediate compound selections were filtered for rule-of-five
compliance[21] and the presence of desired pharmacophore-
like[22] and undesired reactive groups.[23] Database compounds
passing these filters constituted our final VS selection set. Pro-
grams required for similarity searching, cell-based partitioning,
and compound filtering were implemented in the Molecular
Operating Environment (MOE).[24] Molecular descriptors were
also calculated with MOE. After a novel hit was identified a hit
expansion set was selected from the in-house compound data-
base by substructure searching using a dehydro-amino acid
amide as a query.

Results

We used compound 1 as a single template for MFP searching
and arbitrarily preselected the top ranked 50000 compounds
based on Tanimoto similarity to 1 for partitioning calculations.

Figure 1. Structures of LFA-1/ICAM-1 antagonists. Compound 1[13, 14] was used as a single
template for virtual screening. It targets a site in LFA-1 different from BIRT-377,[10] lovasta-
tin,[9] compound 4,[12] and antagonist A 286982.[11]

Figure 2. Compounds representative of the virtual screening selection set. Exemplary compounds representing
scaffold families one and two are shown together with one of four singletons.
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Candidate compounds were
chosen if they mapped to the
same cell as 1, in at least two of
five different partitioning calcu-
lations. This led to the selection
of 19 candidate compounds. In
addition, 27 compounds that
matched template compound 1
with a Tc value above 0.8 were
selected on the basis of finger-
print search calculations only.
Seven candidate compounds
were selected by both partition-
ing and fingerprint calculations.
Thus, on the basis of our VS
analysis, only 39 candidate com-
pounds were selected from the
source library containing ~2.5
million compounds. Moreover,
only 25 of these 39 candidate
molecules could be acquired for
experimental evaluation. The
test set contained molecules
belonging to two scaffold fami-
lies and four singletons. Repre-
sentative compounds are
shown in Figure 2 (and all com-
pounds are provided in the
Supplementary Information).
Like the original selection, the
reduced test set also contained
molecules selected on the basis
of similarity searching, partition-
ing, or both.
Figure 3 summarizes the hit

identification and expansion
process. Among the selected compounds, 6 had a dehydro-ala-
nine core structure and showed reproducible LFA-1/ICAM-1 an-
tagonistic activity with an IC50 of 70 mm. Compound 6 be-
longed to scaffold group one in Figure 2. Other compounds in
the test set sharing this scaffold did not show measurable ac-
tivity (Table 1). Compound 6 was among the 27 molecules se-
lected on the basis of fingerprint search calculations but was
not found by partitioning analysis. Comparing compounds 1
and 6 using a fingerprint consisting of the set of 166 publicly
available MACCS structural keys[27] gave a Tc value of 0.74 re-
flecting limited structural similarity.
Based on compound 6, a dehydro-amino acid amide sub-

structure search was carried out in an in-house compound da-
tabase that identified 41 analogues of 6 for hit expansion. Out
of those 41 compounds, seven compounds showed at least
weak LFA-1/ICAM-1 antagonistic activity. Table 2 summarizes
the results for all active and a subset of inactive analogues.
Among these, compound 16 was most potent having an IC50

of 34 mm (Figure 3). The alternative stereoisomer of this com-
pound was subsequently tested and found to be of compara-
ble potency (Table 2). In three cases including compound 16,

Figure 3. Summary of the strategy applied in the search for novel LFA-1/ICAM-1 antagonists.

Figure 4. ELISA binding assay comparison of compound 63 and BIRT-377. “%
of control” reports the antagonistic activity of 63 (black dots) in micromolar
concentration relative to BIRT-377 (open triangles) as a positive control.
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we found that stereoisomers
had comparable potency. Thus,
this series of antagonists was
stereochemically permissive,
suggesting that the stereocenter
was not crucial for activity.
Assaying the hit expansion set

revealed initial SAR data. We
found that the combination of
methoxy- or 4-toluoyl- groups at
R1, halogenated aryl-furanyl
groups at R2, and hydroxypropyl,
imidazolylpropyl, or pyridylmeth-
yl groups at R3 were required for
LFA-1/ICAM-1 antagonistic activi-
ty (Table 2).
On the basis of these observa-

tions, 120 dehydro-amino acid
analogues were designed with
combinations of methyl-, meth-
ACHTUNGTRENNUNGoxy-, or halo-benzoyl groups at
R1, halogenated aryl-furanyl-
groups at R2, and alkyl-pyridyl-,
alkyl-tertiary-amino-, or alkyl-
imid ACHTUNGTRENNUNGazolyl-groups at R3. Repre-
sentative assay results for these
series of analogues are reported
in Table 3 and Table 4. Ten of
these analogues displayed fur-
ther increased potency with IC50

values <10 mm. CLogP values re-
ported in Figure 1 revealed an
unusually low value of com-
pound 1 compared to other
known antagonists that have
CLogP values more comparable
to those of our active com-
pounds, as reported in Figure 3.
Among the active analogues in
Table 3 and Table 4, the most
potent one was compound 63
displaying an IC50 value of
4.3 mm in the direct binding
assay (Table 3, Table 4, and
Figure 4). Compound 63 also
had considerable activity in a
Jurkat cell adhesion assay, with
an IC50 value of 5.3 mm.

Discussion

Finding small molecule modula-
tors or antagonists of protein–
protein interactions continues to
be a difficult task[8] and natural
or induced allosteric regulatory
sites in proteins[28] might often

Table 1. Antagonistic activity of dehydro-alanine derivatives.

Compd R1 R2 R3 Stereoisomer Binding[a]

6 4-methoxybenzoyl 5-(2,5-dichlorophenyl)-2-furanyl 3-hydroxypropyl E 44.4
7 2-chlorobenzoyl 2-furanyl 3-carboxypropyl E 101.1
8 2-chlorobenzoyl 2-furanyl 2-carboxyethyl E 102.9
9 2-chlorobenzoyl cinnamyl 2-carboxyethyl E 108.7
10 2-furanoyl 4-chlorophenyl 2-carboxyethyl Z 101.8
11 2-chlorobenzoyl piperonyl 2-carboxyethyl Z 94.8
12 2-bromobenzoyl piperonyl 2-carboxyethyl Z 103.2
13 4-bromobenzoyl piperonyl 2-carboxyethyl E 107.7
14 benzoyl 4-chlorophenyl 2-carboxyethyl Z 103.0

[a] Binding refers to the LFA-1/ICAM-1 ELISA assay and the values given refer to % residual binding compared
to wild type at 100 mm compound concentration.

Table 2. Potency of hit analogues with dehydro-amino acid amide core structure.

Compd. R1 R2 R3 Stereoisomer Binding[a]

15 4-toluoyl 5-(2,5-dichlorophenyl)-2-furanyl 3-(1-imidazolyl)prop-
yl

Z 34.3

16 4-toluoyl 5-(2,5-dichlorophenyl)-2-furanyl 3-(1-imidazolyl)prop-
yl

E 30.5

17 4-methoxybenzo-
yl

5-(2,5-dichlorophenyl)-2-furanyl 3-(1-imidazolyl)prop-
yl

Z 58.1

18 4-methoxybenzo-
yl

5-(2,5-dichlorophenyl)-2-furanyl 3-(1-imidazolyl)prop-
yl

E 50.5

19 4-toluoyl 5-(4-bromophenyl)-2-furanyl 3-(1-imidazolyl)prop-
yl

E 131.7

20 4-toluoyl 2-furanyl 3-(1-imidazolyl)prop-
yl

Z 114.1

21 4-toluoyl 5-(3-nitrophenyl)-2-furanyl 3-(1-imidazolyl)prop-
yl

Z 126.7

22 4-toluoyl 5-(2-nitrophenyl)-2-furanyl 3-(1-imidazolyl)prop-
yl

Z 125.6

23 3,4-xyloyl 2-furanyl 3-(1-imidazolyl)prop-
yl

Z 98.9

24 4-methoxybenzo-
yl

5-(3-trifluoromethylbenzoyl)-2-fur-
anyl

3-(1-imidazolyl)prop-
yl

Z 60.3

25 4-chlorobenzoyl 5-(3-trifluoromethylbenzoyl)-2-fur-
anyl

3-(1-imidazolyl)prop-
yl

Z 53.4

26 4-chlorobenzoyl 5-(4-chlorophenyl)-2-furanyl 3-(1-imidazolyl)prop-
yl

E 83.7

27 4-methoxybenzo-
yl

5-(3,4-dichlorophenyl)-2-furanyl 3-(1-imidazolyl)prop-
yl

E 67.5

28 benzoyl 5-(4-fluorophenyl)-2-furanyl 3-(1-imidazolyl)prop-
yl

Z 123.6

29 benzoyl 2-furanyl 3-hydroxypropyl E 98.0
30 4-toluoyl 5-(2,5-dichlorophenyl)-2-furanyl cyclohexyl Z 129.3
32 4-toluoyl 5-(2,5-dichlorophenyl)-2-furanyl 2-furanylmethyl Z 121.4
33 4-toluoyl 5-(2,5-dichlorophenyl)-2-furanyl benzyl Z 86.0
34 4-toluoyl 5-(2,5-dichlorophenyl)-2-furanyl 2-methoxyethyl Z 55.7
35 4-toluoyl 5-(2,5-dichlorophenyl)-2-furanyl phenethyl Z 94.9
36 4-toluoyl 5-(2,5-dichlorophenyl)-2-furanyl methyl Z 91.3
37 4-toluoyl 5-(2,5-dichlorophenyl)-2-furanyl 4-pyridylmethyl Z 33.6
38 4-methoxybenzo-

yl
5-(3-chlorophenyl)-2-furanyl 3-(1-imidazolyl)prop-

yl
Z 113.1

39 4-toluoyl 5-(2,4-dichlorophenyl)-2-furanyl 3-hydroxypropyl Z 62.2

[a] Binding refers to the LFA-1/ICAM-1 ELISA assay and the values given refer to % residual binding compared
to wild type at 100 mm compound concentration.
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present more promising targets for small molecule interven-
tion than large and complex protein–protein interfaces.[8] From
this point of view, LFA-1 presents a more suitable target for
the inhibition or modulation of receptor–ligand interactions
using small molecules than other single-path transmembrane
immune cell surface receptors that lack allosteric control.
Herein, we have applied ligand-based VS techniques to

search for LFA-1 antagonist candidates. Given the availability
of I-domain antagonists and a/b I-like antagonists, we had to
decide whether to base our in silico screening calculations on
multiple reference compounds (I-domain antagonists) or a
single (a/b I-like) antagonist. Combining these antagonists into
one template set was not appropriate because they target dif-
ferent sites. Multiple reference compounds typically provide
more information than single molecules and thus using I-
domain antagonists as templates would have been a reasona-
ble choice. However, we decided to use the only known a/b I-
like LFA-1 antagonist (compound 1 in Figure 1) as a single tem-
plate because we considered the interface between the a- and

b- subunits of LFA-1 a particular-
ly attractive target site. The high
potency of compound 1 did not
influence this decision because
other LFA-1 antagonists were
nearly as potent. Furthermore,
VS hits are most often active in
the micromolar range, if a transi-
tion from an optimized com-
pound to an alternative active
scaffold has successfully been
made.[29]

It has been observed that
small molecules binding to the
same protein site can elicit their
effects through different interac-
tions[30] and even very similar
structures might display differen-
ces in binding modes.[31]

Through the choice of our tem-
plate compound we indirectly
targeted the a/b interface in
LFA-1 but VS calculations did
not take any additional protein
structure, pharmacophore, or
mechanistic information into ac-
count. In fact, the complications
associated with the structure-
based design and the prediction
of binding interactions of com-
pound 1[13] could be considered
as another reason to subject this
molecule to global similarity
analysis in the search for new
active compounds.
From ~2.5 million database

compounds, we selected a total
of only 39 candidates on the

basis of our computational analysis. Twenty five of these com-
pounds could ultimately be acquired and tested, and among
them was a hit structurally distinct from known LFA-1 antago-
nists. The initially identified antagonist belonged to a scaffold
family for which multiple members were selected as candi-
dates. Within this set, related analogues were found to be inac-
tive, which emphasizes the importance of thorough analogue
evaluation in VS[16] and compound library design.[32]

Substructure searching identified compound 16, a slightly
more potent analogue than our original hit 6. The series was
further advanced through SAR analysis that yielded lead com-
pound 63 having an IC50 value of 4.3 mm in a direct binding
assay and comparable potency in a cell adhesion assay. SAR
analysis also revealed chemical requirements for LFA-1 binding.
In our binding assay, the new lead compound was only ap-
proximately tenfold less potent than BIRT-377.

Table 3. Results of SAR analysis.[a]

Compd R2 R3 Binding
assay

Cell adhesion
block

IC50 [mm] IC50 [mm]

40 5-(2-chloro-5-trifluoromethylphenyl)-2-
furanyl

3-(1-imidazolyl)propyl 7.0 20.8

41 5-(2-chloro-5-trifluoromethylphenyl)-2-
furanyl

4-pyridylmethyl 10.2 12.5

42 5-(2-chloro-5-trifluoromethylphenyl)-2-
furanyl

3-pyridylmethyl 10.3 85.5

43 5-(2-chloro-5-trifluoromethylphenyl)-2-
furanyl

2-(4-pyridyl)ethyl 19.8 >100

44 5-(2-chloro-5-trifluoromethylphenyl)-2-
furanyl

3-(diethylamino)propyl 13.2 32.6

45 5-(2-chloro-5-trifluoromethylphenyl)-2-
furanyl

2-(diethylamino)ethyl 12.4 33.4

46 5-(2-chloro-4-trifluoromethylphenyl)-2-
furanyl

3-(1-imidazolyl)propyl 15.0 21.7

47 5-(2-chloro-4-trifluoromethylphenyl)-2-
furanyl

4-pyridylmethyl 9.6 18.4

48 5-(2-chloro-4-trifluoromethylphenyl)-2-
furanyl

3-pyridylmethyl 22.7 26.4

49 5-(2-chloro-4-trifluoromethylphenyl)-2-
furanyl

2-(4-pyridyl)ethyl 16.9 13.6

50 5-(2-chloro-4-trifluoromethylphenyl)-2-
furanyl

3-(diethylamino)propyl 14.5 19.2

51 5-(2-chloro-4-trifluoromethylphenyl)-2-
furanyl

2-(diethylamino)ethyl 25.6 35.5

52 5-(2,4-dichlorophenyl)-2-furanyl 3-(1-imidazolyl)propyl 12.2 26.8
53 5-(2,4-dichlorophenyl)-2-furanyl 4-pyridylmethyl 18.0 19.2
54 5-(2,4-dichlorophenyl)-2-furanyl 3-pyridylmethyl 22.5 23.2
55 5-(2,4-dichlorophenyl)-2-furanyl 2-(4-pyridyl)ethyl 23.5 15.2
56 5-(2,4-dichlorophenyl)-2-furanyl 3-(diethylamino)propyl 22.0 39.5
57 5-(2,4-dichlorophenyl)-2-furanyl 5-(2,5-dichlorophenyl)-2-fur-

anyl
>100

[a] In Table 3 and 4, the potency of analogues was evaluated by determination of IC50 values for antagonism in
the ELISA assay and for blocking cell adhesion.
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Conclusions

Through a combination of virtual compound screening, ana-
logue design, and SAR analysis, we have identified a novel an-
tagonist of the LFA-1/ICAM-1 protein–protein interaction that
has considerable potency. The initial hit was identified by test-
ing of only 25 compounds taken from a large library contain-
ing ~2.5 million molecules. These findings illustrate the poten-
tial of VS to aid in the identification of novel active molecules.

Experimental Section

Compounds tested during the first and second stage were pur-
chased from various vendors and those tested during the third
stage were custom-synthesized on the basis of our SAR consider-
ation by ASINEX (Moscow, Russia). Candidate compounds from vir-
tual screening were evaluated using a competitive ELISA binding
assay and a cell-based adhesion assay. For ELISA assays, Maxisorb
(Nunc) 96-well immunoplates were used. ICAM12Fc, a chimeric
protein consisting of human ICAM-1 domains one and two fused
to the Fc region of human IgG1, and recombinant LFA-1 were pre-
pared as described previously.[25] A goat-antihuman IgG Fc anti-
body and horse radish peroxidase (HRP) conjugated anti-LFA-1
monoclonal antibody (HB244 mAb, directed against the LFA-1
alpha subunit), were obtained from the American Type Culture Col-

lection. For the LFA-1/ICAM-1 bind-
ing assay, 50 mL of antihuman-Fc
antibody (5 mgmL�1) in HBS buffer
(0.15m NaCl/10 mm HEPES, pH 7.4)
were used to coat wells of 96-well
microtiter plates overnight at 4 8C.
The wells were then washed five
times with assay buffer (AB: 2 mm

MgSO4/2 mm CaCl2/HBS) and incu-
bated with 50 mL of ICAM-Fc
(2 mgmL�1)/1% BSA/AB) overnight
at 4 8C. After washing with AB,
serial dilutions of compounds and
purified LFA-1 in 1% BSA/AB (total
volume 50 mL) were incubated for
4 h at 25 8C to test for antagonistic
activity. After washing with AB,
50 mL of antiLFA-1 mAb-HRP conju-
gate (0.5 mgmL�1) were added to
the wells to detect bound LFA-1.
Incubation proceeded for 2 h at
25 8C. The wells were washed and
100 mL thymolphthalein mono-
phosphate (TMB) were added.
After incubation for 20 min at
room temperature, 100 mL of 2n
H2SO4 was added and absorbance
at 450 nm (A450) was measured.
The percent inhibition of each
compound was calculated using
the following equation:

% inhibition=100 ((1�(A450 with
compound minus background)/
(A450 without compound minus
background)), where background
was A450 in the presence of
25 mm EDTA which inhibited bind-
ing of LFA-1 to ICAM-Fc.

The ICAM-1/Jurkat cell adhesion assay was carried out according to
Rothlein et al. ,[26] with some modifications. For measurement of an-
tagonistic activity in the cell-based adhesion assay, 96-well micro-
titer plates were coated with 50 mL of human ICAM-Fc fusion pro-
tein at a concentration of 10 mgmL�1 in HBS overnight at 4 8C. The
wells were then washed twice with HBS and blocked by addition
of 50 mL of 1% BSA/HBS by incubation for 2 h at 25 8C. Jurkat cells
were suspended in BGH (0.1% BSA/2 mgmL�1 glucose/HBS) and
added to the wells (20N104 cells/well). Serial dilutions of test com-
pounds were also added to the wells. The cells were stimulated by
0.5 mm MgSO4. Microtiter plates were incubated for 1 h at 37 8C.
After addition of 50 mL of 50% percoll/HBS, the wells were gently
shaken and washed twice with 200 mL of HBS. Cells adhering to
the wells were measured by acid phosphatase activity of the cells.
Assay buffer (200 mL of 6 mgmL�1 4-nitrophenyl phosphate/1%
Triton X-100/50 mm sodium acetate (pH 5.0)) was added to the
wells and incubated for 5 min with shaking at room temperature.
To stop the reaction, 50 mL of 5n NaOH were added. The differ-
ence of the absorbance between 405 nm and 650 nm (A405–A650)
was measured. The percent inhibition of each compound at each
given concentration was calculated using the following equation:

% inhibition=100 ((1�(A405–A650) with compound minus back-
ground)/((A405–A650) without compound minus background))
where background was (A405–A650) with nonstimulated Jurkat
cells.

Table 4. Results of SAR analysis.

Compd R2 R3 Binding
assay

Cell adhesion
block

IC50 [mm] IC50 [mm]

58 5-(2-chloro-5-trifluoromethylphenyl)-2-furan-
yl

4-pyridylmethyl 16.3 22.0

59 5-(2-chloro-5-trifluoromethylphenyl)-2-furan-
yl

3-pyridylmethyl 8.2 12.4

60 5-(2-chloro-5-trifluoromethylphenyl)-2-furan-
yl

2-(4-pyridyl)ethyl 12.2 9.2

61 5-(2-chloro-5-trifluoromethylphenyl)-2-furan-
yl

3-(diethylamino)-
propyl

14.5 49.3

62 5-(2-chloro-5-trifluoromethylphenyl)-2-furan-
yl

2-(diethylamino)ethyl 20.8 43.7

63 5-(2-chloro-4-trifluoromethylphenyl)-2-furan-
yl

3-(1-imidazolyl)propyl 4.3 5.3

64 5-(2-chloro-4-trifluoromethylphenyl)-2-furan-
yl

4-pyridylmethyl 8.5 10.1

65 5-(2-chloro-4-trifluoromethylphenyl)-2-furan-
yl

3-pyridylmethyl 14.0 >100

66 5-(2-chloro-4-trifluoromethylphenyl)-2-furan-
yl

2-(4-pyridyl)ethyl 10.9 9.2

67 5-(2-chloro-4-trifluoromethylphenyl)-2-furan-
yl

3-(diethylamino)-
propyl

4.3 37.0

68 5-(2-chloro-4-trifluoromethylphenyl)-2-furan-
yl

2-(diethylamino)ethyl 9.4 28.5

69 5-(2,4-dichlorophenyl)-2-furanyl 3-(1-imidazolyl)propyl 6.7 20.4
70 5-(2,4-dichlorophenyl)-2-furanyl 4-pyridylmethyl 8.8 19.9
71 5-(2,4-dichlorophenyl)-2-furanyl 3-pyridylmethyl 13.8 30.4
72 5-(2,4-dichlorophenyl)-2-furanyl 2-(4-pyridyl)ethyl 5.3 42.0
73 5-(2,4-dichlorophenyl)-2-furanyl 2-(diethylamino)ethyl 14.3 39.7
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Supporting Information. Molecular descriptors used for com-
pound partitioning are reported in Supporting Information Table 1
and candidate compounds selected from virtual screening calcula-
tions are provided in Supporting Information Figure 1.
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