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In this and previous studies we investigated the importance of partial structures of Telmisartan on PPARc
activation. The biphenyl-4-ylmethyl moiety at N1 and residues at C2 of the central benzimidazole were
identified to be essential for receptor activation and potency of receptor binding. Now we focused our
attention on positions 5 and 6 of the central benzimidazole and introduced bromine (3b–5/6, 3c), phenyl-
carbonyl (3d–5/6), hydroxy(phenyl)methyl (3g–5/6), hydroxymethyl (3h–5/6) and formyl (3i) groups.
The selection of these moieties was inspired by the structure of Losartan and its metabolite EXP3179.
In order to increase the hydrophobicity of the central part of the molecule, the benzimidazole was
exchanged by a naphtho[2,3-d]imidazole (5). The compounds 3a–3i and 5 were tested in a differentiation
assay using 3T3-L1 preadipocytes and a luciferase assay using COS-7 cells, transiently transfected with
pGal4-hPPARcDEF, pGal5-TK-pGL3 and pRL-CMV, as established models for the assessment of cellular
PPARc activation. An enhanced effect on PPARc activation could be observed if lipophilic moieties are
introduced in these positions. 40-[(2-Propyl-1H-naphtho[2,3-d]imidazol-1-yl)methyl]biphenyl-2-carbox-
ylic acid (5) was identified as the most potent compound with an EC50 of 0.26 lM and the profile of a full
agonist.

Together with compounds of the former structure–activity relationship study (position 2-substituted
benzimidazole derivatives 4a–4j), the binding mode of Telmisartan and its derivatives have been ana-
lyzed in 3D pharmacophore-driven docking experiments.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

The Peroxisome Proliferator-Activated Receptor c (PPARc) is a
major regulator of adipogenesis and also involved in glucose
homoeostasis, cell differentiation and inflammation.1,2 The recep-
tor belongs to the nuclear receptor superfamily of ligand-activated
transcription factors.3–6 Glitazones or thiazolidinediones, such as
Pioglitazone or Rosiglitazone, are high affinity ligands and full ago-
nists for this receptor and are currently used in the treatment of
type 2 diabetes mellitus. Because of the side effects of glitazones
such as weight gain, edema and fluid retention, the characteriza-
ll rights reserved.
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tion of new PPARc ligands that retain metabolic efficacy without
exerting adverse actions plays a central role in the development
of new therapeutic strategies for insulin resistance and type 2 dia-
betes mellitus.7 A promising new group of such ligands are selec-
tive PPARc modulators (SPPARcMs), compounds that activate
only a subset of the functions induced by cognate ligands or act
in a cell-type selective manner.8 It has been shown that a subgroup
of angiotensin II receptor blockers (ARBs) induced PPARc activity,
among which Telmisartan showed the highest activating proper-
ties.9,10 In addition, there is accumulating evidence for Telmisartan
and Irbesartan to act like SPPARcMs.11

We already demonstrated in a previous study that a ‘backbone’
part of Telmisartan containing the basic scaffold of the 1-(biphe-
nyl-4-ylmethyl)-1H-benzimidazole seems to be absolutely neces-
sary to maintain PPARc activation (Fig. 1).12 Furthermore, the
alkyl chain in position 2 of the benzimidazole core, especially the
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Figure 1. Central 1-(biphenyl-4-ylmethyl)-1H-benzimidazole structure of Telmi-
sartan as a basis for new PPARc ligands with the focus of interest on position 5 and
6 of the benzimidazole.
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Figure 2. One step of Losartan metabolism and derivation of compounds 3d–5, 3g–5,
3h–5 and 3i.
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propyl group, was important for potency and activation.13 In con-
tinuation of our studies we investigated the significance of the
positions 5 and 6 of the benzimidazole for PPARc modulating
activity.

First hints on the meaning of these positions gave the results of
our first structure–activity relationship (SAR) study: compounds
with a benzimidazole at position 5 or 6 were less active than
Telmisartan. An additional N-methyl group at this substituent led
to PPARc agonists even more potent than Telmisartan.12 Therefore,
we decided to evaluate the importance of these positions more de-
tailed using also partial structures of Losartan and its metabolite
EXP3179.14,15 As depicted in Figure 2 and Table 1 bromine, carbinol
and carbonyl derivatives were selected to study the hydrophobic
interactions as well as possible H-donor and H-acceptor binding
at the receptor. Bromine was favoured because of the large binding
pocket (see 3D modelling SAR studies) and the higher hydropho-
bicity compared to chlorine and fluorine.
2. Results

2.1. Chemistry

Compounds 1a–1f were commercially available. Cycloconden-
sation of the respective 1,2-benzenediamine (1a–1f) with tri-
methyl orthobutyrate by dropwise addition of concd HCl
(Scheme 1) yielded the 2-propyl substituted benzimidazoles 2a–
2f. The products 3a–3g were generated by N-alkylation of the
benzimidazole derivatives 2a–2d with 40-(bromomethyl)biphe-
nyl-2-carbonitrile in dry DMF and NaH, with a following nitrile
saponification with KOH in ethylene glycol at 185 �C. Under these
conditions a reduction of the carbonyl function to the hydroxyl
group took place resulting in compound 3g–5/6.

Prior to the N-alkylation yielding the compounds 3h–5/6 and 3i,
the intermediate 2e was reduced with LiAlH4 in dry THF at �10 �C,
and the nitrile group of 2f was converted to a formyl group with
Ni–Al alloy (Raney Nickel) in formaldehyde at 95 �C.16

Finally, compound 5 was obtained in the same way starting
with the cyclocondensation of 2,3-diaminonaphthalene with tri-
methyl orthobutyrate as described above (Scheme 2).17

Separation of the regioisomers was carried out by a combina-
tion of silica gel column chromatography and fractional crystalliza-
tion. The separation failed in the case of compound 3i (ratio of the
5- to the 6-regioisomer: 6:4), also using preparative HPLC. Com-
pounds 3d–6 and 3g–6 could only be obtained as a 33% enriched
6-regioisomer. Compounds 3d–5 and 3g–5 were isomerically pure.

The assignment of the moieties to the position 5 or 6 (3b–5/6,
3d–5/6, 3g–5/6 and 3h–5/6) was performed by differential 1H
NMR Nuclear Overhauser Effect experiments (NOE-Diff), on the ba-
sis of a saturation transfer from the C-7 positioned proton (H-7) at
the central benzimidazole to the benzylic methylene group (see
Figs. S1–S16 at Supplementary data).
2.2. In vitro SAR studies

Compounds were evaluated for PPARc activation in vitro.
PPARc is known as the ‘master regulator’ of adipocyte differentia-
tion. Its activity closely correlates with the degree of differentiation
analyzed by Oil Red O-staining. Therefore, 3T3-L1 pre-/adipocyte
differentiation was chosen as an established model for the assess-
ment of cellular PPARc activation (absorption bar chart in Figs. 3B
and 4B, concentrations of each compound: 1 and 10 lM; vehicle
(V): DMSO; positive controls: Pioglitazone (P) and Telmisartan
(T)). All test compounds were also investigated in a luciferase
transactivation assay, using COS-7 cells transiently transfected
with pGal4-hPPARcDEF and pGal5-Tk-pGL3 (Figs. 3A and 4A).
Pioglitazone, as a full PPARc agonist, was used as a positive control
and its maximum activation was defined as 100%. The results of
both assays are summarized in Table 1 (EC50-values, percentage
of maximum luciferase activation and maximum adipocyte differ-
entiation). Additionally, a column with calculated log D-values
(ACD/Chemsketch 3.6) at physiological pH 7.4 was included, which
is helpful for interpretation of the receptor activity.



Table 1
Overview of the in vitro data of the compounds 3a–3i and 5

Compounda R1 R2 clog D (pH 7.4)b EC50
c (lM) Amax

c (%) Max. diff. at 10 lMd (%)

Pioglitazone — — 2.06 0.14 100 100
Telmisartan — — 4.46 3.4 47 70
3a H H 2.37 1.9 49 67
3b–5 Br H 3.01 0.4 104 103
3b–6 H Br 3.03 0.47 79 102
3c Br Br 3.64 0.4 73 74

3d–5

O

H 3.21 0.58 92 104

3d–6 H

O

3.22 0.62 79 97

3g–5

OH

H 2.86 2.9 58 100

3g–6 H

OH

2.81 3.5 51 88

3i Isomeric mixture of 5-/6-CH@O 1.68 10 37 45

5 3.61 0.26 109 105

a Compounds 3d–6 and 3g–6 were tested as isomeric mixtures. Compounds 3h–5/6 were inactive
b clog D-values were calculated with ACD/ChemSketch 3.6.
c Data for EC50 and maximum activation (Amax) values were taken from the graphs of Figures 3A and 4A, calculated with GraphPad Prism 4.
d Data for maximum differentiation values were taken from the bar chart of Figures 3B and 4B.
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For the evaluation of the significance of the modifications com-
pound 3a was used for comparison. Its PPARc activating property
was described recently.13

Figure 3 illustrates the results of compounds 3a, 3b–5, 3b–6, 3c
and 5 in the luciferase assay and the adipocyte differentiation as-
say. Compounds 3h–5 and 3h–6 showed no relevant effects (data
not shown). If a bromine substituent is attached to compound 3a
in position 6 (3b–6), the lipophilicity rises from a clog D value of
2.37 (3a) to 3.03 (3b–6), which also led to a higher potency
(EC50 = 0.47 lM). However the profile of a partial agonist as dem-
onstrated for 3a (max. activation of 49%) is shifted more to that
of a full agonist (3b–6 max. activation of 79%). Adipocyte differen-
tiation reached 100%. The shift of the bromine substituent from po-
sition 6 to 5 (3b–5) increased the max. activation in the luciferase
assay to 104% but let the potency nearly unchanged
(EC50 = 0.4 lM). Compound 3c with bromine substituents in both
positions was more lipophilic (clog D = 3.64) and caused results
(EC50 = 0.4 lM; max. activation of 73%) like 3b–6 in the luciferase
assay. Replacing the benzimidazole scaffold of 3a by an 1H-naph-
tho[2,3-d]imidazole yielded the most potent compound (5) in this
series (EC50 = 0.26 lM; max. activation of 109%). The activation
curve and the adipocyte differentiation behaviour were compara-
ble to Pioglitazone.

It is obvious from the results depicted in Figure 4 that the effi-
cacy is stronger in the case of benzophenone derivatives (3d–5 and
3d–6) compared to the carbinol congeners (3g–5 and 3g–6). The
effect is nearly independent on the position (5 or 6) of the substi-
tuent: 3g–5 (EC50 = 2.9 lM, max. activation: 58%) < 3d–5
(EC50 = 0.58 lM, max. activation: 92%), 3g–6 (EC50 = 3.5 lM, max.
activation: 51%) < 3d–6 (EC50 = 0.62 lM, max. activation: 79%).
Replacement of the phenyl ring by H reduced the activity drasti-
cally: 3h–5/6 (no measurable activity, data not shown) < 3i
(EC50 = 10 lM, max. activation: 37%).

With substituents at position 5 it is possible to reach a higher
activation level than with those in position 6, keeping in mind that
3d–6, 3g–6 and 3i are isomeric mixtures. The concentration activ-
ity curves in the luciferase assay correlate well with the adipocyte
differentiation assay, indicating a higher potency with a lower dif-
ferentiation level for the 6 positioned compared to the 5 positioned
moieties (Fig. 4B, Table 1). Because the binding mode of Telmisar-
tan and related compounds is unknown we used these data and
those of previous papers for 3D modelling SAR studies.

2.3. 3D modelling SAR studies

PPARc is a challenging target for molecular modeling due to
several reasons: (i) the active site is huge and consists of three
arms of which only two have to interact with the ligand to show
biological activity, (ii) the binding is considered flexible, that is,
especially side chains are known to move significantly upon ligand
binding, (iii) the binding site is highly lipophilic, which represents
a challenge for structure-based approaches.18–20 On the other
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Figure 3. (A) Compounds tested in luciferase activation assay using COS-7 cells
transiently transfected with pGal4-hPPARcDEF and pGal5-Tk-pGL3. Firefly lucifer-
ase activity was measured after 36 h and normalized with activity of cotransfected
renilla luciferase. Points expressed are the means ± SD of threefold determination in
a single experiment. Activation (%) of the luciferase gene in COS-7 cells by
Pioglitazone (5 lM was defined as 100%), Telmisartan and the synthesized
compounds 3a–3c and 5. (B) Lipid accumulation in 3T3-L1 cells after nine days of
differentiation, ± the indicated compounds at 1 and 10 lM, was assessed by the
quantification of Oil Red O after staining in isopropanol (OD515). DMSO as vehicle
(V), Pioglitazone (P) and Telmisartan (T) as positive controls.
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185 �C.
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hand, there is a large amount of published experimental data and
successful molecular modeling studies available. For example Chit-
tiboyina et al. and Mizuno et al. published a study involving molec-
ular docking to facilitate their research for Telmisartan
analogs.21,22 Their docking study was focused on a single ligand–
PPARc complex and relies on docking scores for compound rank-
ing, while here several structures and pharmacophoric information
are used to perform modeling studies.

55 PPARc structures with different co-crystallized ligands have
been deposited in the PDB at the time of submission of this paper.
Moreover, several successful modeling applications for PPAR have
been published that focus on known pharmacophoric patterns.23–

26 Based on this large amount of available experimental data, we
were able to apply a more sophisticated docking work-flow.

In order to address the difficulties and to profit from the large
amount of experimental data, 83 single chains were extracted from
55 partly polymeric PDB structures. For all of these chains, re-dock-
ing experiments were performed using CCDCs software GOLD.28 If
the ligand was geometrically placed within a root mean square
deviation (RMSD) of below 4 Å to the co-crystallized conformation
by the program, it was considered for further examination. From
this set those structures were selected, in which the re-docked li-
gand showed the same chemical interactions as the experimentally



Figure 4. (A and B) Showing compounds 3d–5, 3d–6, 3g–5, 3g–6 and 3i. Methodical
details are described in the legend of Figure 3.

Figure 5. PDB structures as described in Table 2 after the backbone alignment
procedure and removal of all ligands. Although the backbone can be overlaid
without major deviations in most parts, there is still considerable side chain
flexibility. Side-chains of arm I are colored in green, important arm II residues in
orange, and arm III residues in yellow. Visualization was performed using VMD.27

Table 2
Selected PDB structures for docking experiments

PDB code Chain identifier RMSD (Å) of re-docked ligand

2fvj A 0.83
2g0g A 1.58
2g0h B 0.44
2g0h A 0.95
2om9 B 1.10
2om9 A 1.44
2om9 C 1.93
2q5s A 0.46
2q61 B 1.17
2q6s B 1.58
3b3k A 0.87
4prg A 1.42

All re-docked structures reproduce the important pharmacophoric interactions that
can also be observed for the co-crystallized ligand.
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determined pose. This procedure resulted in a high quality set of
protein chains for subsequent docking experiments. Despite this
quite restrictive selection, the chosen structures still cover a broad
range of side chain movements and different ligand poses (Fig. 5).
All resulting poses that fulfill all important pharmacophoric inter-
actions were below 2 Å RMSD compared to the co-crystallized li-
gand (Table 2).

As a next step, the backbones of the isolated and selected chains
were three-dimensionally aligned using the tool MUSTANG29 in or-
der to obtain a common coordinate frame. All compounds were
docked into all of these aligned chains without further restrictions.
Built-in scoring algorithms for ranking ligand poses are unapt to
estimate binding energy, while it is common understanding that
the resulting pose ensemble covers ligand conformational space
in a reasonable way.30

Since Telmisartan was the lead structure for this study, we first
tried to find an adequate binding mode for this compound. We
compared all generated poses from the parallel docking experi-
ments and selected the most plausible by visual inspection consid-
ering known important interactions from previous studies.23

Telmisartan most likely forms hydrogen bonds to Ser342 at the
carboxylic acid moiety, and shows at the same time a relevant
charge transfer interaction with Arg288. These chemical features
anchor the compound in arm II allowing hydrophobic contacts
with Met348, Ile341, and Phe264. The central benzimidazole acts
as a linker stabilizing the lipophilic parts of the molecule that point
into arm I (Ile326, Leu469, Leu453) and arm III (Ala292, Leu333), so
that the lipophilic part of the molecule can fill the hydrophobic
portions of the pocket (Fig. 6). This predicted pose is in correspon-
dence with the assumptions of Benson et al.,10 although the charge
transfer with Arg288 has not been described in detail. However,
this interaction seems to be relevant, since also the endogenous
PPARc ligand alkylglycerophosphate was observed at this
location.31

To further analyze and understand the mechanism of receptor
activation by the synthesized compounds, a structure–activity
relationship with a 3D pharmacophore-driven molecular model-
ling study has been performed. All the in vitro tested compounds
from this (compounds 3a, 3b–5, 3b–6, 3c, 3d–5, 3d–6, 3g–5, 3g–
6, 3i, and 5) and a former study (2-substituted benzimidazoles
4a–4j) have been included13 (compound 3a is consistent with
4a). From the pose shown in Figure 6, a three-dimensional phar-
macophore model was derived using the software LigandScout.32,33

All molecules were docked into the 12 selected structures and sub-
sequently scored by a three-dimensional search using the Telmi-
sartan 3D pharmacophore model built in LigandScout. The
surmised binding poses are shown in Figure 7. Additionally, each
resulting compound conformation is depicted separately in the
Supplementary data.



Figure 6. The putative binding mode of Telmisartan was used as a starting point.
The LigandScout 3D pharmacophore consists of 5 lipophilic features (yellow
spheres), a hydrogen bond (red arrow) and a charge transfer interaction (3D
depiction on the top (A) and 2D illustration below (B) visualized with LigandScout).

Figure 7. Overlay of structures 4a–4j after parallel docking and 3D pharmacophore
scoring in the PPARc binding pocket (shown using PDB entry 2FVJ). All structures
show the same anchoring point of the carboxylic acid moiety, while the lipophilic
regions are mainly distributed between arms I and III.

Figure 8. Compound 4j potentially traps a water molecule between His323, His449,
and Tyr327, which is entropically unfavourable. Red and green arrows indicate
hydrogen bonding.
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2.3.1. SAR of position 2 of the central benzimidazole13

As mentioned above, alkyl chains such as propyl substituents at
position 2 of the benzimidazole moiety are of special interest for
potent PPAR agonists. Also other scaffolds for PPAR agonists con-
taining such hydrophobic substituents have been published.34,35

To rationalize the importance of propyl and other hydrophobic
moieties at this position, we predicted the binding modes for com-
pounds 4a–4j (see Supplementary data) comprising different
hydrophobic substituents at position 2. These binding poses ex-
plain the increase of activity from propyl to butyl (4a and 4b) sub-
stituents, since the hydrophobic contact area is increased. The
slight decrease in activity for compounds 4c and 4d could be re-
lated to hydrophobic contacts that can only be formed at the tran-
sition between arms I and III. Thus, the ligands cannot reach out to
Tyr327 that interacts with 4a and 4b. The aromatic substitutions in
4e and 4g also permit lipophilic contacts with Met348, which leads
to an increase in activity. The phenyl ring in compound 4f shows
an unfavorable conformation for the linear geometry of arm I
and forms no hydrophobic contacts, whereas the chlorine substitu-
tion in compound 4h can interact with Leu228 in arm III. The
methoxy group in compound 4i reaches out to arm III, potentially
even forming a weak hydrophobic interaction with Tyr327.

An explanation for the decreased activity of phenol substitution
in compound 4j compared to the methoxyphenyl moiety of com-
pound 4i could be that the top scored pose is likely to trap a water
molecule between the side chains of His323, His449, and Tyr473,
which is entropically unfavorable. Although this hypothesis would
have to be proved in more detailed theoretical studies, the geom-
etry that was produced by rigid docking allows for plausible water
placement using a simple MMFF94s force field minimization in
LigandScout as shown in Figure 8.

2.3.2. SAR of positions 5 and 6 of the central benzimidazole
The increase in activity observed for the bromine substituted

compounds 3b–5, 3b–6, and 3c in comparison to the unsubstituted
compound 3a can be easily explained by the rising lipophilicity and
the larger area of hydrophobic contact possibilities. Compounds
3d–5 and 3d–6 both show a linear geometry that nicely binds into
both arm I and III. The carbonyl group of the phenone moiety of
3d–5 not only forms hydrogen bonds to Tyr327, but also to
Ser289 (Fig. 9), a PPAR residue which is known to be important
for full agonistic activity.18 The docking pose determined for
3d–6 is not able to form such hydrogen bonds. This could be an



Figure 9. Compound 3d–5 (left) interacts with Tyr327 and Ser289 (illustrated by red vectors) resulting in full agonistic activity, while 3d–6 (right) cannot form these
hydrogen bonds due to its different orientation.
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explanation for the fact that in contrast to 3d–6, 3d–5 acts as a full
agonist.

The lack of biological activity determined for 3i could not be ex-
plained by the docking studies in this work. One plausible explana-
tion could be that the formyl moiety of 3i acts as an ‘electrophilic
warhead’, which could form a covalent bond with a residue located
at the entrance of the PPAR ligand-binding pocket, such as known
for PPARc antagonists that bind covalently to Cys285.36 Thus, com-
pound 3i could be forced into a conformation that does not allow
proper ligand–protein interactions necessary for PPARc activation.
Compound 5, finally, shows a perfect complementarity to the arm
I/III binding pocket with a high degree of rigidity, which reflects its
biological activity (Fig. 10). Each docking pose is provided as a sep-
arate image in the Supplementary data for further details.

3. Discussion and conclusion

In this SAR study some new benzimidazole derivatives could be
characterized as PPARc ligands and it has been shown that substi-
Figure 10. Overlay of structures 3a, 3b–5, 3b–6, 3c, 3d–5, 3d–6, 3g–5, 3g–6, 3i and
5 in the PPARc binding pocket. All structures show the same anchoring point of the
carboxylic acid moiety, while the lipophilic regions are mainly distributed between
arms I and III.
tuent changes at the 5- and 6-positions play a major role in recep-
tor activation. On the one hand, the results demonstrate the
importance of lipophilicity and on the other hand the direction of
these positions, so that one could assume that the shift from posi-
tion 6 to 5 leads from a partial to a full agonist. Thus, this needs to
be elucidated in further studies. The partial to full agonism shift
could also be seen for the exchange of the hydroxyl by a carbonyl
function, that is, 3g–5?3d–5, which could be explained by hydro-
gen bonds of the carbonyl oxygen with Tyr327 and Ser289. Above
all, the rigidity and geometry of the structures have a positive
influence on potency and maximum receptor activation, which is
exemplified in the following row: 3g–6 < 3d–6 < 5, where the most
rigid compound 5 emerged as the most efficacious one
(EC50 = 0.26 lM, max. activation: 109%), which could also be dem-
onstrated in the modeling study.

The 3D pharmacophore-driven docking of both the 2-substi-
tuted and the 5/6-substituted benzimidazoles with the PPARc cor-
related nicely with the in vitro data. It has been shown that a linear
elongation with lipophilic moieties (4e and 4g) results in better
receptor activity. An interference of this linearity (4f and 4h) de-
creased the activity, while a hydrophilic group (i.e., hydroxyl) in
this position leads almost to inactivity (4j). Similar conclusions
can be drawn for the 5/6-positioned substituents. These com-
pounds only give a little insight to the possible opportunities of
modulating the receptors activation by certain moieties (fine-tun-
ing), which could be able to release a distinct conformational
change and therefore a specific gene expression profile.

4. Experimental section

4.1. Chemistry

All reagents and solvents were purchased from Acros Organics,
Sigma–Aldrich, Alfa Aesar or Merck. All reactions were monitored
by TLC, performed on silica gel plates 60 F254 (Merck, Darmstadt/
Germany). Visualization on TLC was achieved by UV light. Column
chromatography was performed with Merck Silica Gel 60H, grain
size <0.063 mm, 230 mesh ASTM (Darmstadt/Germany). Melting
points: B 545 Büchi (Flawil/Schweiz) capillary melting point appa-
ratus. 1H NMR: Avance DPX-400 spectrometer (Bruker, Karlsruhe/
Germany) at 400 MHz (internal standard: TMS). Elemental analy-
ses: Microlaboratory of the Freie Universität Berlin with Elemen-
taranalysator Vario EL (Elementar, Hanau); the analytical results
are within 0.4% of theoretical values. EIMS spectra: CH-7A-Varian
MAT, 70 eV (Melbourne/Australia). Microplate Reader FLASHScan
S12 (Analytik Jena AG, Jena/Germany) Microlumat: Victor2 1420
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Multilabel Counter (Wallac, Perkin–Elmer, Life sciences, Turku/
Finnland).

Compounds 1a (1,2-benzenediamine), 1b (4-bromo-1,2-
benzenediamine), 1c (4,5-dibromo-1,2-benzenediamine), 1d
(3,4-diaminobenzophenone), 1e (3,4-diaminobenzoic acid), 1f
(3,4-diaminobenzonitrile) were commercially available.

4.2. General procedure for the preparation of 2-substituted 1H-
benzimidazoles

To a stirred suspension the appropriate 1,2-benzenediamine
(10 mmol) in the trimethyl orthobutyrate (6.4 mL, 40 mmol) at
room temperature concentrated HCl was added dropwise till the
suspension was cleared up and started an exothermic reaction. A
5%-NaHCO3 solution (50 mL) was transferred to the reaction mix-
ture at pH 8 and extracted with CHCl3 (3 � 25 mL). The organic lay-
ers were combined and dried over NaSO4. After filtration, the
solvent was removed under reduced pressure, and the resulting
crude product was purified by chromatography on silica gel with
CH2Cl2/methanol (95:5).

4.2.1. 2-Propyl-1H-benzo[d]imidazole (2a)
From 1,2-benzenediamine (1 g, 9.24 mmol) and trimethyl ort-

hobutyrate (5.9 mL, 37 mmol). Colorless solid, 89%. 1H NMR
(DMSO-d6): d = 12.05 (s, 1H), 7.48–7.35 (m, 2H), 7.13–6.93 (m,
2H), 2.75 (t, J = 7.5 Hz, 2H), 1.77 (tq, J = 7.5 Hz, J = 7.4 Hz, 2H),
0.91 (t, J = 7.4 Hz, 3H).

4.2.2. 6-Bromo-2-propyl-1H-benzo[d]imidazole (2b)
From 4-bromo-1,2-benzenediamine (2 g, 10.7 mmol) and tri-

methyl orthobutyrate (6.9 mL, 43 mmol). Brown solid, 93%. 1H
NMR (DMSO-d6): d = 12.36 (s, 1H), 7.65 (s, 1H), 7.42 (d, J = 8.4 Hz,
1H), 7.24 (dd, J = 8.5 Hz, 1.9 Hz, 1H), 2.77 (t, J = 7.5 Hz, 2H), 1.77
(tq, J = 7.5 Hz, J = 7.4 Hz, 2H), 0.93 (t, J = 7.4 Hz, 3H).

4.2.3. 5,6-Dibromo-2-propyl-1H-benzo[d]imidazole (2c)
From 4,5-dibromo-1,2-benzenediamine (1 g, 3.76 mmol) and

trimethyl orthobutyrate (3 mL, 18.8 mmol). Brown solid, 90%. 1H
NMR (DMSO-d6): d = 12.49 (s, 1H), 7.87 (s, 2H), 2.78 (t, J = 7.5 Hz,
2H), 1.77 (tq, J = 7.5 Hz, J = 7.4 Hz, 2H), 0.93 (t, J = 7.4 Hz, 3H).

4.2.4. Phenyl(2-propyl-1H-benzo[d]imidazol-6-yl)methanone
(2d)

From 3,4-diaminobenzophenone (1 g, 4.7 mmol) and trimethyl
orthobutyrate (3 mL, 18.8 mmol). Colorless solid, 85%. 1H NMR of
the tautomeric mixture (DMSO-d6): d = 12.61–12.54 (m, 1H),
7.89–7.80 (m, 1H), 7.75–7.72 (m, 2H), 7.69–7.63 (m, 2H), 7.60–
7.55 (m, 3H), 2.87–2.80 (m, 2H), 1.87–1.76 (m, 2H), 0.99–0.93
(m, 3H).

4.2.5. 2-Propyl-1H-benzo[d]imidazole-6-carboxylic acid (2e)
From 3,4-diaminobenzoic acid (1 g, 6.57 mmol) and trimethyl

orthobutyrate (4.2 mL, 26.3 mmol). Colorless solid, 94%. 1H NMR
of the tautomeric mixture (DMSO-d6): d = 12.68–12.54 (m, 1H),
12.55–12.47 (m, 1H), 8.10–8.00 (m, 1H), 7.78–7.73 (m, 1H), 7.58–
7.46 (m, 1H), 2.85–2.77 (m, 2H), 1.84–1.75 (m, 2H), 0.98–0.92
(m, 3H).

4.2.6. 2-Propyl-1H-benzo[d]imidazole-6-carbonitrile (2f)
From 3,4-diaminobenzonitrile (1 g, 7.5 mmol) and trimethyl

orthobutyrate (4.8 mL, 30 mmol). Colorless solid, 96%. 1H NMR of
the tautomeric mixture (DMSO-d6): d = 12.80–12.71 (m, 1H),
8.07–7.93 (m, 1H), 7.69–7.58 (m, 1H), 7.55–7.48 (m, 1H), 2.86–
2.79 (m, 2H), 1.84–1.75 (m, 2H), 0.92–0.89 (m, 3H).
4.3. General procedure for N-alkylation with 40-
(bromomethyl)biphenyl-2-carbonitrile

To a stirred solution of the appropriate secondary amine
(1 mmol) in dry DMF (3 mL) NaH (2 mmol) was added at 0 �C
(ice cooling). After approx. 30 min (or after no more visible emer-
gence of hydrogen) 40-(bromomethyl)biphenyl-2-carbonitrile
(0.3 g, 1.1 mmol) was added slowly and first stirred for 1 h at
0 �C and then 2–5 h at room temperature. The reaction mixture
was poured in 6 N HCl (1 mL) with crushed ice (25 g) and extracted
with CHCl3 (3 � 15 mL). The organic layers were combined and
dried over Na2SO4. After filtration, the solvent was removed under
reduced pressure, and the resulting crude product was purified by
chromatography on silica gel with stepwise gradient elution
(CH2Cl2/methanol 99:1, 98:2, 95:5).

4.4. General procedure for saponification of carbonitriles

A stirred solution of the respective carbonitrile (1 mmol), KOH
(0.28 g, 5 mmol) in H2O (0.055 mL, 1 mmol) and ethylene glycol
(4 mL) were heated at 185 �C. Every hour of the reaction time per-
iod some H2O (1 mmol) has to be added cautiously. After 5–6 h the
reaction mixture was cooled to 100 �C, and H2O (8 mL) was added
subsequently. The solution was acidified with 6 N HCl (pH 5–6)
and stirred for 15 min to complete the precipitation. The obtained
solid was purified by chromatography on silica gel with stepwise
gradient elution (CH2Cl2/methanol 95:5, 9:1, 8:2) and recrystalliza-
tion from methanol.

4.4.1. 40-[(2-Propyl-1H-benzo[d]imidazol-1-yl)methyl]biphenyl-
2-carboxylic acid (3a)

N-Alkylation of 2a (0.5 g, 3.12 mmol) with 40-(bromo-
methyl)biphenyl-2-carbonitrile (0.933 g, 3.43 mmol). The resulting
40-[(2-propyl-1H-benzo[d]imidazol-1-yl)methyl]biphenyl-2-car-
bonitrile (91%, 1 g, 2.85 mmol) was treated with KOH (0.785 g,
14 mmol) as described for general procedure for saponification to
give a colorless solid, 43% (39% total); mp: 255 �C; 1H NMR
(DMSO-d6): d = 12.74 (s, 1H), 7.69 (d, J = 7.7 Hz, 1H), 7.60–7.58
(m, 1H), 7.54–7.49 (m, 2H), 7.43 (t, J = 7.5 Hz, 1H), 7.33 (d,
J = 7.7 Hz, 1H), 7.29 (d, J = 8.2 Hz, 2H), 7.18–7.16 (m, 2H), 7.12 (d,
J = 8.1 Hz, 2H), 5.54 (s, 2H), 2.84 (t, J = 7.5 Hz, 2H), 1.79 (tq,
J = 7.5 Hz, J = 7.4 Hz, 2H), 0.96 (t, J = 7.4 Hz, 3H); MS (EI, 225 �C):
370 [M+�]. Anal. Calcd for C24H22N2O2: C, 77.81; H, 5.99; N, 7.56.
Found: C, 77.86; H, 6.17; N, 7.59.

4.4.2. 40-[(5-Bromo-2-propyl-1H-benzo[d]imidazol-1-yl)methyl]-
biphenyl-2-carboxylic acid (3b–5)

N-Alkylation of 2b (1 g, 2.85 mmol) with 40-(bromo-
methyl)biphenyl-2-carbonitrile (0.844 g, 3.1 mmol). After isomer
separation on silica gel chromatography the resulting 40-[(5-bro-
mo-2-propyl-1H-benzo[d]imidazol-1-yl)methyl]biphenyl-2-carbo-
nitrile (0.5 g, 1.16 mmol) was treated with KOH (0.325 g, 5.8 mmol)
as described for general procedure for saponification to give a color-
less solid, 73%; mp: 248 �C; 1H NMR (DMSO-d6): d = 12.70 (s, 1H),
7.78 (d, J = 1.8 Hz, 1H), 7.69 (dd, J = 7.6, J = 1.2 Hz, 1H), 7.53 (td,
J = 7.6, J = 1.4 Hz, 1H), 7.50–7.46 (m, 1H), 7.42 (td, J = 7.5, J = 1.2 Hz,
1H), 7.32–7.25 (m, 4H), 7.12–7.07 (m, 2H), 2.83 (t, J = 7.5 Hz, 2H),
1.75 (tq, J = 7.5 Hz, J = 7.4 Hz, 2H), 0.93 (t, J = 7.4 Hz, 3H); MS (EI,
180 �C): 448 [M+�]. Anal. Calcd for C24H21BrN2O2: C, 64.15; H, 4.71;
N, 6.23. Found: C, 64.22; H, 4.97; N, 6.23.

4.4.3. 40-[(6-Bromo-2-propyl-1H-benzo[d]imidazol-1-yl)methyl]-
biphenyl-2-carboxylic acid (3b–6)

N-Alkylation of 2b (1 g, 2.85 mmol) with 40-(bromo-
methyl)biphenyl-2-carbonitrile (0.844 g, 3.1 mmol). After isomer
separation on silica gel chromatography the resulting 40-[(6-bro-
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mo-2-propyl-1H-benzo[d]imidazol-1-yl)methyl]biphenyl-2-carbo-
nitrile (0.5 g, 1.16 mmol) was treated with KOH (0.325 g,
5.8 mmol) as described for general procedure for saponification
to give a colorless solid, 81%; mp: 258 �C; 1H NMR (DMSO-d6):
d = 12.71 (s, 1H), 7.81 (d, J = 1.8 Hz, 1H), 7.69 (dd, J = 7.8,
J = 1.2 Hz, 1H), 7.55–7.51 (m, 2H), 7.42 (td, J = 7.5, J = 1.3 Hz, 1H),
7.33–7.27 (m, 4H), 7.12–7.02 (m, 2H), 5.54 (s, 2H), 2.79 (t,
J = 7.5 Hz, 2H), 1.75 (tq, J = 7.5 Hz, J = 7.4 Hz, 2H), 0.93 (t,
J = 7.4 Hz, 3H); MS (EI, 200 �C): 448 [M+�]. Anal. Calcd for
C24H21BrN2O2: C, 64.15; H, 4.71; N, 6.23. Found: C, 64.10; H,
5.03; N, 6.43.

4.4.4. 40-[(5,6-Dibromo-2-propyl-1H-benzo[d]imidazol-1-yl)-
methyl]-biphenyl-2-carboxylic acid (3c)

N-Alkylation of 2c (1 g, 3.15 mmol) with 40-(bromo-
methyl)biphenyl-2-carbonitrile (0.944 g, 3.47 mmol). The resulting
40-[(5,6-dibromo-2-propyl-1H-benzo[d]imidazol-1-yl)methyl]-
biphenyl-2-carbonitrile (87%, 1.4 g, 2.75 mmol) was treated with
KOH (0.772 g, 13.75 mmol) as described for general procedure for
saponification to give a colorless solid, 81% (71% total); mp:
318 �C; 1H NMR (DMSO-d6): d = 12.73 (s, 1H), 8.09 (s, 1H), 8.02
(s, 1H), 7.71 (dd, J = 7.7 Hz, 1.3 Hz, 1H), 7.55 (td, J = 7.6 Hz,
J = 1.4 Hz, 1H), 7.44 (td, J=7.6 Hz, J = 1.3 Hz, 1H), 7.34 (dd,
J = 7.7 Hz, J = 1.0 Hz, 1H), 7.31–7.28 (m, 2H), 7.11–7.07 (m, 2H),
5.57 (s, 2H), 2.81 (t, J = 7.5 Hz, 2H), 1.75 (tq, J = 7.5 Hz, J = 7.4 Hz,
2H), 0.93 (t, J = 7.4 Hz, 3H). MS (EI, 250 �C): 526 [M+�]. Anal. Calcd
for C24H20Br2N2O2 � 0.25H2O: C, 54.11; H, 3.88; N, 5.26. Found:
C, 54.34; H, 4.01; N, 5.16.

The compounds 3d–5, 3d–6, 3g–5 and 3g–6 were prepared by
general procedure for N-alkylation of 2d (1.05 g, 4 mmol) with
40-(bromomethyl)biphenyl-2-carbonitrile (0.944 g, 3.47 mmol).
The resulting isomeric mixture (90%, 1.6 g, 3.6 mmol) of 40-[(5-
(phenylcarbonyl)-2-propyl-1H-benzo[d]imidazol-1-yl)methyl]-
biphenyl-2-carbonitrile and 40-[(6-(phenylcarbonyl)-2-propyl-1H-
benzo[d]imidazol-1-yl)methyl]biphenyl-2-carbonitrile was treated
with KOH (0.772 g, 13.75 mmol) as described for general proce-
dure for saponification to give all four compounds as a colorless
solid after silica gel column chromatography and recrystallization.
For compounds 3d–6 and 3g–6 the isomeric ratio of the 5- to the
6-regioisomer is 4:6.

4.4.5. 40-[(5-(Phenylcarbonyl)-2-propyl-1H-benzo[d]imidazol-1-
yl)methyl]biphenyl-2-carboxylic acid (3d–5)

Colorless solid, 8% (7% total); mp: 216 �C; 1H NMR (DMSO-d6):
d = 12.74 (s, 1H), 7.95 (s, 1H), 7.77–7.65 (m, 6H), 7.59–7.52 (m,
3H), 7.44 (td, J = 7.6 Hz, 1.2 Hz, 1H), 7.36–7.30 (m, 3H), 7.17–7.12
(m, 2H), 5.62 (s, 2H), 2.88 (t, J = 7.5 Hz, 2H), 1.79 (tq, J = 7.5 Hz,
J = 7.4 Hz, 2H), 0.97 (t, J = 7.3 Hz, 3H). MS (EI, 200 �C): 474 [M+�].
Anal. Calcd for C31H26N2O3 � 0.125H2O: C, 78.09; H, 5.55; N,
5.88. Found: C, 78.07; H, 5.78; N, 5.85.

4.4.6. 40-[(5-/6-(Phenylcarbonyl)-2-propyl-1H-benzo[d]imidazol-
1-yl)methyl]biphenyl-2-carboxylic acid (3d–6), isomeric ratio is
4:6

Colorless solid, 5% (4% total); 1H NMR of the isomeric mixture
(DMSO-d6): d = 12.49 (s, 1H), 7.97–7.93 (m, 1H), 7.77–7.49 (m, 9H),
7.46–7.41 (m, 1H), 7.35–7.31 (m, 3H), 7.18–7.11 (m, 2H), 5.62 (s,
2H), 2.96–2.87 (m, 2H), 1.86–1.77 (m, 2H), 1.01–0.95 (m, 3H). MS
(EI, 200 �C): 474 [M+�]. Anal. Calcd for C31H26N2O3 � 0.25H2O: C,
77.72; H, 5.58; N, 5.85. Found: C, 77.91; H, 5.69; N, 5.73.

4.4.7. 40-[(5-(Hydroxy(phenyl)methyl)-2-propyl-1H-benzo[d]im-
idazol-1-yl)methyl]biphenyl-2-carboxylic acid (3g–5)

Colorless solid, 9% (7% total); mp: 208 �C; 1H NMR (DMSO-d6):
d = 12.72 (s, 1H), 7.69 (dd, J = 7.7 Hz, J = 1.2 Hz, 1H), 7.57 (d,
J = 1.4 Hz, 1H), 7.53 (td, J = 7.6 Hz, 1.4 Hz, 1H), 7.43 (dd, J = 7.6 Hz,
J = 1.3 Hz, 1H), 7.41–7.38 (m, 3H), 7.32 (dd, J = 7.7 Hz, J = 0.9 Hz,
1H), 7.30–7.25 (m, 4H), 7.20–7.16 (m, 2H), 7.11–7.07 (m, 2H),
5.82 (d, J = 4.0 Hz, 1H), 5.78 (d, J = 4.0 Hz, 1H), 5.49 (s, 2H), 2.81
(t, J = 7.5 Hz, 2H), 1.75 (tq, J = 7.5 Hz, J = 7.4 Hz, 2H), 0.94 (t,
J = 7.4 Hz, 3H). MS (EI, 300 �C): 476 [M+�]. Anal. Calcd for
C31H28N2O3: C, 78.13; H, 5.92; N, 5.88. Found: C, 78.27; H, 6.14;
N, 6.06.

4.4.8. 40-[(5-/6-(Hydroxy(phenyl)methyl)-2-propyl-1H-benzo[d]
imidazol-1-yl)methyl]biphenyl-2-carboxylic acid (3g–6),
isomeric ratio is 4:6

Colorless solid, 5% (4% total); 1H NMR of the isomeric mixture
(DMSO-d6): d = 12.76 (s, 1H), 7.71 (td, J = 7.7 Hz, J = 1.2 Hz, 1H),
7.62–7.23 (m, 11H), 7.21–7.08 (m, 4H), 5.91–5.77 (m, 2H), 5.54–
5.47 (m, 2H), 2.84–2.77 (m, 2H), 1.82–1.71 (m, 2H), 0.98–0.89
(m, 3H). MS (EI, 250 �C): 476 [M+�]. Anal. Calcd for
C31H28N2O3 � 1.5H2O: C, 73.94; H, 6.20; N, 5.56. Found: C, 73.61;
H, 6.15; N, 5.68.

4.4.9. 40-[(5-(Hydroxymethyl)-2-propyl-1H-benzo[d]imidazol-1-
yl)-methyl]biphenyl-2-carboxylic acid (3h–5) and 40-[(6-(hy-
droxymethyl)-2-propyl-1H-benzo[d]imidazol-1-yl)methyl]biphe-
nyl-2-carboxylic acid (3h–6)

To a stirred solution of 2e (1 g, 4.9 mmol) in dry THF (30 mL)
LiAlH4 (0.56 g, 14.7 mmol) was added over 10 min under ice cool-
ing. After stirring for 30 min on ice the reaction mixture was stirred
at room temperature for 2 h and then heated under reflux for an-
other 1 h. H2O was added slowly till no more visible emergence
of hydrogen was observed. After filtration, the solvent was re-
moved under reduced pressure, and the resulting crude product
was purified by chromatography on silica gel with stepwise gradi-
ent elution (CH2Cl2/methanol 98:2, 95:5). The resulting (2-propyl-
1H-benzo[d]imidazol-6-yl)methanol (54%, 0.5 g, 2.63 mmol) was
N-alkylated by general procedure with 40-(bromomethyl)biphe-
nyl-2-carbonitrile (0.79 g, 2.9 mmol). The resulting isomeric mix-
ture of 40-[(5-/6-(hydroxymethyl)-2-propyl-1H-benzo[d]imidazol-
1-yl)methyl]biphenyl-2-carbonitrile (33%, 0.33 g, 0.87 mmol) was
treated with KOH (0.244 g, 4.35 mmol) as described for general
procedure for saponification to give a colorless solid. The 5-/6-
regioisomers were separated by silica gel column chromatography.

Compounds 3h–5: colorless solid, 31% (6% total); mp: 175 �C;
1H NMR (DMSO-d6): d = 12.76 (s, 1H), 7.69 (d, J = 7.2 Hz, 1H),
7.54–7.50 (m, 2H), 7.44–7.40 (m, 2H), 7.34–7.27 (m, 3H), 7.14 (d,
J = 8.3 Hz, 1H), 7.11–7.09 (m, 2H), 5.52 (s, 2H), 5.12–5.09 (m, 1H),
4.57 (d, J = 3.9 Hz, 2H), 2.83 (t, J = 7.4 Hz, 2H), 1.78 (tq,
J = J = 7.5 Hz, J = 7.4 Hz, 2H), 0.96 (t, J = 7.3 Hz, 3H). MS (EI,
200 �C): 400 [M+�]. Anal. Calcd for C25H28N2O5 � 2H2O: C, 68.79;
H, 6.47; N, 6.42. Found: C, 68.99; H, 6.36; N, 6.28.

Compounds 3h–6: colorless solid, 22% (4% total); mp: 200 �C;
1H NMR (DMSO-d6): d = 12.73 (s, 1H), 7.69 (d, J = 7.2 Hz, 1H),
7.56–7.51 (m, 2H), 7.46–7.40 (m, 2H), 7.33 (d, J = 8.3 Hz, 1H),
7.31–7.26 (m, 2H), 7.13 (dd, J = 8.3, J = 1.5 Hz, 1H), 7.11–7.07 (m,
2H), 5.52 (s, 2H), 5.16 (t, J = 5.1 Hz, 1H), 4.57 (d, J = 4.8 Hz, 2H),
2.81 (t, J = 7.5 Hz, 2H), 1.77 (tq, J = 7.5 Hz, J = 7.4 Hz, 2H), 0.95 (t,
J = 7.3 Hz, 3H). MS (EI, 225 �C): 400 [M+�]. Anal. Calcd for
C25H28N2O5 � 0.65H2O: C, 72.85; H, 6.19; N, 6.80. Found: C,
72.86; H, 6.41; N, 7.13.

4.4.10. 40-[(5-/6-Formyl-2-propyl-1H-benzo[d]imidazol-1-
yl)methyl]biphenyl-2-carboxylic acid (3i), isomeric ratio 6:4

To a solution of 2f (1 g, 5.4 mmol) in 60 mL formic acid and
20 mL of H2O, Ni–Al alloy (4 g) was added in several portions.
The reaction mixture was heated at 95 �C for 4 h. The hot mixture
was filtered with the aid of Celite and washed thrice with water.
The solution was concentrated and the pH was adjusted to 9 by
the dropwise addition of 2 N NaOH. The product was obtained by
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extraction with CH2Cl2 (3 � 50 mL). The organic layers were com-
bined, dried over Na2SO4, concentrated in vacuo and purified by
silica gel column chromatography to give a colorless solid. The
resulting 2-propyl-1H-benzo[d]imidazole-6-carbaldehyde (35%,
0.36 g, 1.89 mmol) was N-alkylated by general procedure with 40-
(bromomethyl)biphenyl-2-carbonitrile (0.57 g, 2.08 mmol). The
resulting isomeric mixture of 40-[(5-/6-formyl-2-propyl-1H-
benzo[d]imidazol-1-yl)methyl]biphenyl-2-carbonitrile (84%, 0.6 g,
1.58 mmol) was treated with KOH (0.44 g, 7.9 mmol) as described
for general procedure for saponification to give a colorless solid,
71% (21% total); 1H NMR of the isomeric mixture (DMSO-d6):
d = 12.73 (s, 1H), 10.05–10.01 (m, 1H), 8.20–8.15 (m, 1H), 7.80–
7.69 (m, 3H), 7.55 (td, J = 7.6 Hz, J = 1.3 Hz, 1H), 7.44 (td,
J = 7.6 Hz, J = 1.1 Hz, 1H), 7.35–7.27 (m, 3H), 7.21–7.09 (m, 2H),
5.68–5.61 (m, 2H), 2.92–2.81 (m, 2H), 1.85–1.75 (m, 2H), 0.99–
0.94 (m, 3H). MS (EI, 200 �C): 398 [M+�]. Anal. Calcd for
C25H28N2O5 � 0.75H2O: C, 72.89; H, 5.75; N, 6.80. Found: C,
72.94; H, 5.50; N, 6.71.

4.4.11. 40-[(2-Propyl-1H-naphth[2,3-d]imidazol-1-yl)methyl]-
biphenyl-2-carboxylic acid (5)

From 2,3-diaminonaphthalene (0.5 g, 3.2 mmol) and trimethyl
orthobutyrate (2 mL, 12.8 mmol) as described for general procedure
for the preparation of 2-substituted 1H-benzimidazoles. The result-
ing 2-propyl-1H-naphth[2,3-d]imidazol (94%, 0.63 g, 3 mmol) was
N-alkylated by general procedure with 40-(bromomethyl)biphenyl-
2-carbonitrile (0.898 g, 3.3 mmol). The resulting 40-[(2-propyl-1H-
naphth[2,3-d]imidazol-1-yl)methyl]biphenyl-2-carbonitrile (88%,
1 g, 2.6 mmol) was treated with KOH (0.73 g, 13 mmol) as described
for general procedure for saponification to give a colorless solid, 91%
(74% total); mp: 271 �C; 1H NMR (DMSO-d6): d = 12.71 (s, 1H), 8.15
(s, 1H), 8.04–7.97 (m, 2H), 7.96–7.92 (m, 1H), 7.70 (dd, J = 7.6 Hz,
J = 1.1 Hz, 1H), 7.53 (td, J = 7.5 Hz, J = 1.2 Hz, 1H), 7.43 (td,
J = 7.6 Hz, J = 1.1 Hz, 1H), 7.40–7.27 (m, 5H), 7.17 (d, J = 8.2 Hz, 2H),
5.64 (s, 2H), 2.92 (t, J = 7.5 Hz, 2H), 1.85 (tq, J = 7.5 Hz, J = 7.4 Hz,
2H), 1.00 (t, J = 7.4 Hz, 3H). MS (EI, 230 �C): 420 [M+�]. Anal. Calcd
for C28H24N2O2: C, 79.98; H, 5.75; N, 6.66. Found: C, 80.14; H, 5.99;
N, 6.62.
5. Biology

Telmisartan and Pioglitazone were obtained from the pharmacy
extracted with CHCl3 and purified by chromatography on silica gel
and recrystallized from methanol.

5.1. Differentiation assay

Murine 3T3-L1 preadipocytes were cultured in DMEM (+10%
FCS) and differentiated by a modified previously described proto-
col:9 after two days postconfluent preadipocytes were treated for
three days with complete medium containing 1 lM Dexametha-
sone and 0.17 lM insulin. After medium replacement they were
incubated for further three days with insulin (0.17 lM), and for
the last three days with only complete medium. Cells were treated
the whole time period with either vehicle (DMSO) as negative con-
trol, Pioglitazone and Telmisartan as positive controls or the syn-
thesized compounds until day 9 of differentiation, after which
the cells were washed with phosphate-buffered saline and stained
with Oil Red O.9 For quantification, the dye was extracted with iso-
propanol (80% V/V) and the absorption was measured at 515 nm.

5.2. PPARc transactivation assay

Transient transfection (Invitrogen) and luciferase assays (Pro-
mega) were performed as described in the manufacture protocol.
COS-7 cells (8 � 105/well in a 96-well plate) were seeded the day
before and transfected for each well with the use of 0.25 lL Lipo-
fectamine 2000 (Invitrogen) with 4.5 ng pGal4-hPPARcDEF, 45 ng
pGal5-TK-pGL3 and 3 ng pRL-CMV in 25 lL Opti-MEM (Gibco).37

After 4 h, a sixth part of the transfection medium volume of DMEM
(+10% FCS) plus the compounds or vehicle (DMSO) was added;
luciferase activity was measured after 36 h.
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