
2,4,5-Trisubstituted Imidazoles:
Novel Nontoxic Modulators of P-glycoprotein Mediated

Multidrug Resistance. Part 11

Sepehr Sarshar,* Chengzhi Zhang,y Edmund J. Moran,{ Sonja Krane,x

Jennifer C. Rodarte, Khalid D. Benbatoul,{ Ross Dixon and
Adnan M. M. Mjallik

Ontogen Corporation, 6451 El Camino, Real Carlsbad, CA 92009, USA

Received 6 June 2000; accepted 7 September 2000

AbstractÐN-4,5-Di-(4-dialkylamino)phenyl imidazoles (A) are potent modulators of P-glycoprotein mediated multidrug resistance.
This manuscript describes the discovery and lead optimization of this novel class of inhibitors. # 2000 Elsevier Science Ltd. All
rights reserved.

The emergence of tumor cell resistance to chemotherapy
and subsequent patient relapse is a major hurdle in the
treatment of cancer.2 Resistance may occur either at the
initial presentation of the disease (intrinsic resistance) or
at the time of relapse (acquired resistance). Both phe-
nomena, commonly referred to as multidrug resistance
(MDR), are often associated with the over-expression of
P-glycoprotein (Pgp), a transmembrane ATP-dependent
e�ux pump.3 Pgp actively extrudes a wide variety of
structurally unrelated compounds, including a full range
of antineoplastic drugs. The level of expression of Pgp
correlates directly with the degree of resistance.4 This is
evidenced by reduced membrane permeability and
increased removal of drug from the cell resulting in
overall lower intracellular drug accumulation. Another
ATP-dependent membrane e�ux pump, the product of
the MRP gene, has also been implicated in the MDR
phenomenon,5 as have other ATP-dependent and enzy-
matic mechanisms.

To date, a number of compounds have been identi®ed
that can partially or sometimes completely resensitize
resistant tumor cells.2a However, the clinical toxicity
associated with these agents has limited their use.
Simultaneously, a lack of structural information on the
substrate and ATP binding sites of Pgp has hampered
rational drug design in this ®eld.

We now wish to report the successful application of
combinatorial chemistry to the discovery and initial lead
optimization of a novel class of potent and nontoxic
modulators of Pgp mediated MDR. Previously, we
described the ®rst solid-phase synthesis of imidazoles
using functionalized Wang resin (Fig. 1).6 This method-
ology provides an e�cient route to large libraries of
tri- and tetra-substituted imidazoles. In this manner,
high purity material may be prepared rapidly and used
directly in a variety of biological assays.

The exploratory imidazole library for the MDR project
was designed around structural characteristics of known
Pgp substrates and modulators: hydrophobic com-
pounds with multiple amine groups. As such, a number
of hydrophobic aldehydes, amines and 1,2-diaryldiones
with Lewis basic substituents (dialkyl amines, methoxy)
were chosen as initial reagents. Following our pub-
lished protocol,6 a 500-member library was prepared
and screened in various MDR potentiation assays using
the CEM/VLB1000 cell line.7 To our delight, the screens
uncovered a number of active compounds. Structure±
activity relationships (SARs) outlined a speci®c
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trend: weakly acidic (CO2H) or neutral polar sub-
stituents (OH) at the 2-position combined with Lewis
basic functional groups (Me2N, OMe) at the 4- and
5-positions of the imidazole ring were necessary for
activity (Table 1).

Preliminary solution-phase SAR optimization also
revealed that the lack of substitution at the 1-position
and a cinnamic methyl ester at the 2-position increased
activity dramatically (Table 1, entries 2, 4, and 6).
Armed with this knowledge, a number of ester
analogues of 6 were prepared [Et (11), i-Pr (12), tert-Bu
(13), PhCH2- (14)] but no change in activity was
observed.

Although initial in vitro metabolism suggested that
these compounds had some degree of metabolic
stability,8 ester hydrolysis was deemed an unnecessary
liability. To this end, a number of ester-free ana-
logues were prepared and in fact the allylic ethyl
ether stood out as indicated by its higher potency
and acceptable oral bioavailability (Table 2, entry
18).9

Replacement of the ethyl ether moiety of 18 with other
functional groups resulted in no gain or loss of potency
(Table 3).

These modulators are at least an order of magni-
tude more potent than Verapamil against a variety of
resistant cell lines (Table 4).10 In fact, compound 18
completely resensitizes both cell lines even in the
presence of Taxol.

In conclusion, we have described the successful application
of combinatorial chemistry to the discovery and opti-
mization of novel, potent and nontoxic11 modulators of
Pgp dependent multidrug resistance.12

Figure 1. Solid-phase synthesis of tetra- and tri-substituted imidazoles.

Table 1. Modulation of Pgp mediated multidrug resistance in CEM/

VLB 1000 cells

Compound R1 R2,a ED50, mMb

1 H CO2H 60
2 H CO2CH3 0.6
3 n-Hexyl CO2H 2
4 n-Hexyl CO2CH3 6
5 H CH�CHCO2H 10
6 H CH�CHCO2CH3 0.3
7 H OH 5
8 Phenethyl OH 1
9 Phenethyl CO2H 10
10 Phenethyl CH�CHCO2H 20

aEntries 5, 6, and 10 have the E con®guration.
bED50 is de®ned as the compound concentration that causes 50%
inhibition of cell growth.

Table 2. Modulation of Pgp mediated multidrug resistance in CEM/

VLB 1000 cells

Compound Ra ED50, mMb

6 CH�CHCO2CH3 0.30
15 CH2CH2CO2CH3 1.00
16 CH�CHCN 0.60
17 CH�CHCN2OMe 0.13
18 CH�CHCH2OEt 0.08
19 CH2CH2CH2OMe 0.30
20 CH2CH2CH2CH2OMe 1.10

21 0.31

aEntries 6, 16, 17, and 18 have the E con®guration.
bED50 is de®ned as the compound concentration that causes 50%
inhibition of cell growth.

Table 3. Modulation of Pgp mediated multidrug resistance in CEM/

VLB 1000 cells

Compound R ED50, mMa

18 OEt 0.08
22 OBu 0.11
23 OCH2CH2OMe 0.09
24 OCH2Ph 0.30
25 OPh 0.45
26 OC(O)NEt2 0.88
27 OC(O)Bu 0.48
28 NMe2 1.30
29 N-Piperidine 0.96
30 N-Morpholine 0.32

aED50 is de®ned as the compound concentration that causes 50%
inhibition of cell growth.
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Table 4. Sensitization of various MDR cell linesa

Compound MCF7/ADRb MES-SA/DX5c

Vinblastine Taxol Doxorubicin Taxol

Wild type 0.025 0.025 0.11 0.009
No modulator 1 11.9 6.8 4.6
Verapamil 0.251 2.5 3 2.5
12 0.028 0.15 0.34 0.13
18 0.01 0.036 0.089 0.024

aNumbers refer to ED50 of antitumor agents in mg/mL. ED50 is de®ned
as the compound concentration that causes 50% inhibition of cell
growth.
bMCF7/ADR is a MCF7 (human breast carcinoma) derived cell line
that overexpresses Pgp and is selected for Doxorubicin resistance.
cMES-SA/DX5 is a MES-SA (human uterine carcinoma) derived cell
line that overexpresses Pgp and is selected for Doxorubicin resistance.
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