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Abstract—We describe the synthesis and SAR of a new class of CCR2 antagonists based on a 2-mercaptoimidazole scaffold. The
initial lead 1a was optimized to the 3,4-disubstituted analogues 1p-(S) and 1q-(S), which have ICs, values in the MCP-1 induced

Ca-flux below 0.01 uM.
© 2004 Elsevier Ltd. All rights reserved.

1. Introduction

Monocyte chemoattractant protein-1 (MCP-1) and its
receptor (CCR2) have been implicated in a number of
inflammatory and autoimmune diseases,' in particular,
by affecting monocyte infiltration. So antagonists of
the CCR2 receptor are potential therapeutic agents for
various pathological conditions such as rheumatoid
arthritis,” multiple sclerosis,” COPD* and athero-
sclerosis.>

Recently a number of small molecule antagonists of this
receptor have been described®!! and a common charac-
teristic of their binding site was proposed.'?

In a high throughput screening based on MCP-1 in-
duced GTPyS binding in human CCR2B-CHO cell
membranes, we identified the mercaptoimidazole 1a as
a new promising lead compound, its activity was con-
firmed in an assay based on MCP-1 induced calcium flux
in THP-1 cells'* ICsy: 0.2 pM.

Herein we describe the SAR in this new class of CCR-2
antagonists.

2. Chemistry

The mercaptoimidazoles were synthesized as described in
Scheme 1. Starting ketones and amines were prepared by
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literature procedures, previously undescribed ketones
could be obtained by Friedel-Crafts reactions of an acyl-
chloride with the appropriate substituted benzene deriva-
tive. Enantiomers were obtained similarly using optically
pure amines synthesized as described in Scheme 2.!3

4,5-Disubstituted imidazoles can be prepared following
Scheme 1 but using dimethyloxalate rather than methyl-
formiate in step f. When chloroacetonitrile is used
in step d, the corresponding 5-nitriles are obtained
although in lower yields than the esters.

The 5-esters can be hydrolyzed by NaOH (1 N) at reflux
and the corresponding acids were reacted with SOCl, to
give the acid chlorides. Reaction of these with amines
gave the 5-amides shown in Table 3. Also reduction of
the 5-ester 1la with superhydride in THF afforded the
alcohol 3r in good yield.

In the 4,5-diester series, the ester in the 4-position can be
selectively hydrolyzed to the 4-acid 5-ester under mild
conditions (I N NaOH, rt), however, the 5-ester is much
more resistant to hydrolysis and when the temperature is
raised, decarboxylation became predominant.

We could obtain low yields of diamides 3l and 3m by

heating the diester 1p in concentrated NH4,OH solution
or in methanol saturated with methylamine.

3. Structure-activity relationship

Analysis of the high throughput screening data pointed
to the importance of the 3,4-dichloro substitution on the
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Scheme 1. Synthetic route to 2-mercaptoimidazoles. Reagents and conditions (yields for R;/R, = Cl): (a) NH,OH-HCIl, NaOAc, MeOH [rt, 18 h]
(100%); (b) hydrogenation over RaNi/thiophene in MeOH/NH3 (85%); (c) methylglycinate/Pd/C 5% methanol, thiophene (80%); (d) methylbromo-
acetate, TEA, DMF [rt, 3 days] (80%); (¢) HCOOH, xylene [reflux, 6 h] (100%); (f) HCOOMe, NaO¢-Bu, THF [rt, 20 h]; (g) KSCN, HCI-H,O,

MeOH [60 °C, 20 h] (70% over f+g).
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Scheme 2. Stereospecific synthesis of 1-(3,4-dihalo-phenyl)-1-amino-
propane. Reagents and conditions (yields): (a) Zn(CH,CH3),, Ti(i-
PropO),, catalyst, toluene, —78 °C (100%); (b) diphenylphosphoryl-
azide, DBU, toluene (75%); (c) PdC (10%), H,, methanol (75%).

phenyl ring. Analogues with other substituents on the
phenyl (mono- or di-methyl or methoxy, and mono-halo
or phenoxy) were less active. The mercapto group
seemed essential for activity, desulfurized analogues
were devoid of activity. Also variation in the length of
the benzylic spacer led to compounds with markedly re-
duced potency.

To get a better idea about the SAR in this series a set of
new analogues was synthesized and their biological
activity was evaluated in the MCP-1 induced calcium
flux assay in THPI-cells, results are summarized in
Tables 1-4.

The results shown in Table 1 confirm the importance of
the 3,4-dihalo (or CF3) substitution, more importantly
we also found that the introduction of a second ester
in the 4-position of the imidazole substantially enhanced
the activity and an ICsq of 10 nM or below was obtained
with a number of these di-substituted compounds, in
particular, 1p and 1q.

Table 1. Substitutions on the phenyl ring

i
I F
Ra
Hs_«iZ/COOCH3
N
X
Compd R, R> X pICso”
la 3-Cl 4-Cl H 6.7
1b H H H <5
1c 2-Cl H H <5
1d 3-Cl H H <5
le 4-Cl H H <5
1f 4-CF; H H <5
1g 3-O-phenyl H H <5
1h 3-F 4-F H 5.9
1i 3-Br 4-Br H 6.6
1j 3-F 4-CF; H 5.7
1k 3-CF; 4-F H 6
1 3-OCH; 4-OCHj;3 H <5
1m 3-CH; 4-CH;, H <5
In 3-F 5-F H <5
1o 3-Cl 5-Cl H <5
1p 3-Cl 4-Cl COOCH; 8
1q 3-F 4-F COOCH; 8
Ir 3-F 4-CF; COOCH; 7.7
1s 3-CF; 4-F COOCH; 7
1t 3-Cl 4-Cl CH; 6.6

" Standard deviation <0.24.

Next we evaluated the role of the benzylic alkyl side
chain. Both smaller and larger groups, acyclic and cyclic,
were tolerated as shown in Table 2. An aromatic substi-
tuent at this position gave less potent compounds. With-
in the synthesized series the ethyl group seemed optimal.

Table 3 summarizes the results obtained with variations
of the ester moieties, in particular nitriles and amides.
Again compounds with 4-,5-disubstitution had the high-
est activity with the exception of the monoamide 3a, that
showed a surprisingly high activity.
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Table 2. Variations of the alkyl substituent

Cl
Ra
cl R
N (0]
o

Compd R, R, pICso”
2a H Methyl 6.6
2b H Propyl 6.8
2¢ H >— 5.7
2d H /O\/“HL 6.5
2e H Cyclohexyl 5

2f H 3,4-Di-Cl-phenyl <5

2¢g H Thienyl <5

2h CH; CH; <5

*Standard deviation <0.15.

Table 3. Variations of the ester groups
R
JO

N
HS X

Compd R X Y pICso”
3a Cl CONH, H 7.3
3b Cl CONHCH; H 6.5
3c Cl CN H 6.2
3d F COOEt H 6.5
3e Cl COOQ:i-Prop H 6.5
3f F CONH, H 6.3
3g F CONHCH; H 5.7
3h F CONBut H <5
3i F )\/H H <5
CcO

3j F @ H <s

CcO
3k Cl COOCH;3 COOH <5
31 Cl CONHCHj3; CONHCHj; 6.4
3m Cl CONH, CONH, 7.2
3n Cl CN CONH, 6.9
30 Cl CN COOCH; 7.4
3p Cl CONHCHj3; CH; <5
3q Cl COOH H <5
3r Cl CH,OH H <5
3s F { N—-CO H <5
3t F Q N—CO H <5
_/

" Standard deviation <0.40.

Alkylated amides, the acids, both in 4- and 5-position
(3q and 3k) and the alcohol 3r were less active than
the corresponding primary-amides and esters.

Table 4. Stereospecificity of the activity

Compd pICsy”
la Racemic 6.7
S 6.9
R 5.8
1p Racemic 8.0
N 8.1
1q Racemic 8.0
S 8.1
R 5.7
3a Racemic 7.3
S 7.4
R 5

* Standard deviation <0.24.

Finally we investigated the stereco specificity of the
CCR2 antagonistic activity and the S-isomers were
found to be active whereas the R-isomers showed only
weak activity as shown in Table 4. Again the mono-
amide 3a-(S) was very active, whilst the S-isomers of
the di-esters 1p-(S) and 1q-(S) were the most potent
compounds obtained within this series.

These three compounds were evaluated for their effects
on MCP-1 induced chemotaxis in human monocytes.'>
The amide 3a-(S) has only a moderate activity (pICsg
1 uM), more in agreement with the expected activity of
monosubstituted compounds, but the two di-esters 1p-
(S) and 1q-(S) were also highly active in this test with
an ICsq value below 0.1 uM.

The effect of 3a-(S) and 1p-(S) on Ca-flux induced by
stimulation of other chemokine receptors was evaluated.
They showed a selectivity of >100 for the effect seen with
CCR2 stimulation versus the effects seen with stimul-
ation of CCR1, CCR3, CCR5, CXCR1, CXCR3 and
CXCR4 receptors.

In conclusion, we have identified a new class of CCR2
receptor antagonists, structurally unrelated to other
described classes. In particular, 1p-(S) and 1q-(S) were
potent and selective antagonists and showed good func-
tional activity. Further modifications of these structures
and their in vivo activity will be the subject of future
publications.
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Human THP-1 cells (monocytic cell line, ATCC TIB-202)
were cultured in RPMI 1640 medium supplemented with
10% foetal calf serum (FCS), 1% vr-glutamine, penicillin
(50 U/mL) and streptomycin (50 g/mL) (all GIBCO BRL,
Gent). After centrifugation, cells were loaded for 30 min
with the Ca®' sensitive fluorescent dye Fluo-3 AM
(Molecular Probes, Leiden, Netherlands) (2 million cells/
mL in RPMI medium containing 4 uM Fluo-3 AM,
20 mM HEPES, 0.1% bovine serum albumin (BSA) and
5mM probenecid). Excess dye was removed by 3-fold
washing with buffer (5§ mM HEPES, 140 mM NacCl, 1 mM
MgCl,, 5mM KCl, 10 mM glucose, 2.5 mM probenecid,
1.25mM CaCl,, 0.1% BSA; all further incubations were

15.

done in this buffer). Cells were plated at a density of
150,000 cells/well in dark-wall 96-well plates (Costar,
Cambridge, MA) and sedimented by centrifugation
(1 min). The cells were pre-incubated for 20 min with test
compound. Then, 107 M hMCP-1 (Bachem, Bubendorf,
Switserland) was added. Changes in intracellular free Ca>*
concentration were measured using the Fluorescent Imag-
ing Plate Reader (FLIPR, Molecular Devices, Munich,
Germany). Fluorescence was recorded every second from
10 s before the addition of the MCP-1 untill 2 min after
the addition (first minute: 60 records with 1s intervals,
second minute: 20 records with 3 s intervals). The maximal
fluorescence obtained during this time frame was used for
further calculations.

Mononuclear cells from human heparinized peripheral
blood were isolated using Ficoll-Paque gradient centrifu-
gation (Amersham Biosciences). Assays of chemotactic
responsiveness were performed using disposable 96-well
chemotaxis chambers (ChemoTx, Neuro Probe, Cabin
John, MD) with 5 um pore size polycarbonate gPVP-free)
filter membranes. Mononuclear cells (5x 10” cells/mL)
were fluorescently labeled with 5 pg/mL Calcein-AM
containing 0.05% F-127 (Molecular Probes, Eugene, OR)
at 37 °C for 30 min. Labeled cells were washed twice and
resuspended at 5 x 10° cells/mL in Hanks’ Balanced Salt
Solution (Gibco) supplemented with 0.2% bovine serum
albumin. Subsequently, cells were pre-incubated for
10 min at room temperature with serial dilutions of the
compounds in DMSO (final DMSO concentration of
0.2%). Bottom wells of the chemotaxis chamber were
loaded with 28 nL. medium containing 10 or 30 ng/mL
recombinant hMCP-1 (R&D) or medium only. Pre-treated
cells (100,000 cells) were added in triplicate to the topside
of the filter (20 uL) and incubated at 37 °C in humidified
air containing 5% CQO,. After 2 h incubation, the non-
migrated cells were removed from the top of the filter by
gently wiping the filter with a tissue. The migrated cells
were measured using a fluorescent plate reader (excita-
tion, 485nm; emission, 538 nm). The chemotactic
response is expressed as chemotactic index (CI), being
the ratio of the means of migrated cells in the presence of
MCP-1 and the means of migrated cells in the absence of
chemokine.
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