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Enhanced FTase activity achieved via piperazine interaction
with catalytic zinc
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Abstract—Benzocycloheptapyridine tricyclic compounds with piperazine or substituted piperidine moieties extending either from
the 5- or 6-position of the tricyclic bridgehead exhibited enhanced FTase activity: this resulted from favorable binding of the ligand
nitrogen with the catalytic zinc found in the FTase. A single isomer at C-11 with piperazine adduct extending from the 6-position, com-
pound 24, exhibited excellent FTase activity with IC50 = 0.007 lM, soft agar IC50 = 72 nM, and Rat AUC(PO, 10 mpk) = 4.0 lM Æ h.
X-ray of (�)-[8-chloro-6-(1-piperazinyl)-1H-benzo[5,6]]cyclohepta[1,2-b]pyridine-11-yl]-1-(methylsulfonyl)piperidine 24 bound to
Ftase revealed favorable interaction between piperazine nitrogen and catalytic zinc atom.
� 2005 Elsevier Ltd. All rights reserved.
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Inhibition of farnesyl protein transferase (FTase), an en-
zyme that plays a critical role in regulating tumor cell
growth, remains a favorable target in pursuit of non-
toxic antitumor agents.1 Tremendous progress has been
achieved in this area and several compounds have ad-
vanced to various stages of clinical trials.2 These com-
pounds have demonstrated good efficacy in pre-clinical
studies in rodents and shown encouraging efficacy in
some early phase trials in humans beings.2 Clinical activ-
ity of FTase inhibitors remains to be demonstrated in
Phase III trials.

A benzocycloheptapyridine tricyclic compound,
lonafarnib� (SCH 66336, compound 1, Fig. 1), has been
advanced for clinical trials from our laboratories.3 This
compound was found to bind with high affinity to the
FTase with IC50 = 2 nM. The binding of compound 1
was greatly enhanced by presence of halogens at 3, 8,
and 10 positions of the tricyclic ring system. Through
X-ray structural studies of 1 bound to the FTase, it
was established that a great part of the activity was con-
tributed by the existence of the bromide group at posi-
tion 10 through the fact that this moiety locked the
conformation of the tricyclic ring system in a pseudoax-
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ial position and made significant hydrophobic contacts
with FTase.

Recently, we sought for a way to enhance the binding of
our FT inhibitors by introducing motifs that could inter-
act with catalytic zinc that exists in the enzyme. This
interaction was anticipated to provide potent com-
pounds as demonstrated by various other groups.4 We
successfully prepared very potent inhibitors which pos-
sessed either a pyridyl or imidazole appropriately teth-
ered from a piperidine ring system as shown by
compound 25 (Fig. 1). Although compound 2 lacked
the amide carbonyl, a moiety present at the bottom of
the 4-position of the piperidine ring attached to the
tricyclic ring in lonafarnib�; nevertheless, it was still a
very potent molecule with activity in single digit
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Scheme 1. Reagents: (a) potassium tert-BuO, (b) piperazine or

piperidine bases.
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nanomolar range (FTase IC50 = 4 nM).5 After careful
evaluation of how compounds 1 and 2 were bound to
the enzyme (Fig. 2), it was clear that one could also
reach the catalytic zinc via an appropriately appendaged
moiety off the 5 or 6 position of the bridge of the tricy-
clic ring system.

It was envisioned that if a strong bonding was achieved
between the zinc and the ligand, a more potent inhibitor
could be obtained: optimum interaction with zinc could
also make it possible to eliminate some of the halogens
in our previous lead molecule 1 and to substantially sim-
plify the nature of our inhibitors.

This report describes successful efforts in introducing
piperazine and piperidine adducts at the 5- and 6- posi-
tion of the bridgehead of the benzocycloheptapyridine: a
feature that allowed us to realize very potent FTase
inhibitors that were devoid of the 3 and 10-bromo
moieties.

Compounds prepared in this study were tested for their
ability to inhibit the FT catalyzed transfer of [3H]farnesyl
moiety from farnesyl pyrophosphate to H-Ras-CVLS as
previously described.6 Initial efforts concentrated on
screening for potential piperazine or substituted piperi-
dine compounds that would interact with the catalytic
zinc found in the active site of FTase. Studies with closely
related compounds4 established that possibilities existed
of reaching the zinc atom either from the 5- or the 6-
position of the bridgehead through an appropriate zinc
coordinating ligand (Fig. 2). Since it was not clear which
adducts, arising from either of these positions, would be
the appropriate ones, we decided to assess the various
mixtures that resulted from reactions outlined in Scheme
1. Thus, 5- bromo dehydro tricyclic compound of type 33c

was treatedwith potassium tert-butoxide to give �benzyne�
type of intermediate 4 which, in presence of either
Figure 2. Structure of 2 bound to FPT (blue surface—FPP, white

surface—FPT, orange sphere—zinc, white sticks—lonafarnib� yellow

sticks—2).
substituted piperidine or piperazine base, furnished
enamines of type 5 with the nucleophilic amine, adding
to both 5- and 6-position of the bridgehead in a ratio of
approximately 20:60 as established by 1H NMR. The
resulting compounds were evaluated as mixtures with
the aim of further resolving those mixtures that demon-
strated superior activity. FTase activity of the various
piperazine and piperidine derivatives are outlined in
Table 1.

We initially investigated the effect of various substitu-
ents off the piperazine group at position 5 or 6 on the
bridgehead, retaining the �distal� piperidine (Scheme 1)
as ethyl carbamate. Thus, having a free amino group
as exemplified by compound 7 provided one of the best
binding (IC50 = 0.04 lM). Capping the amino group of
7 with such groups as acetyl (compound 8), sulfonylurea
(compound 9), led to loss of activity. However, when the
piperazine was capped as urea, a weakly binding
inhibitor (IC50 = 0.72 lM), compound 10 was obtained.
Having uncapped bridgehead piperazine and modifying
the bottom piperidine provided the following SAR;
the uncapped piperazine, with unsubstituted distal
piperidine, compound 11 was inactive at 1 lM range.
Introducing a methyl group at this position gave com-
pound 12 that was not active even at 1.5 lM range.

Introducing an acetyl group or urea moiety (compounds
13 and 14) did not improve FTase activity. However,
inhibitory activity was greatly enhanced by introduction
of a sulfonyl group as exemplified by compound 15 that
had FTase inhibitory activity with IC50 = 0.02 lM.

Retaining the sulfonamide capping at the distal piperi-
dine and exploring some 4-substituted piperidines
off the bridgehead provided limited improvement in
FTase activity, thus, whereas the ethanol-substituted
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Table 1. FTase activity of bridgehead modified analogs.
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compound, 17, was inactive the corresponding methanol
adduct, compound 16, was weakly active with
IC50 = 0.10 lM in this series. Some enhancement in
activity was observed with the 4-piperidinylacteic acid,
compound 18, which had an FTase activity
IC50 = 0.04 lM.

Now that it was evident that piperazine adduct with a
free amino group extending from the 5- or the 6-posi-
tions of the bridgehead was desirable for FTase activity,
we set out to investigate in greater detail, the residency
of FTase activity of the sulfonamide, compound 15.
This entailed separation of all the possible regio- and
stereo isomers of mixture 15 as outlined in Scheme 2.8

Thus, vinyl bromide 19 was separated using a chiral col-
umn to give the two enantiomers 20-(+) and 20-(�) in
equal ratio. As in the previous cases, 20-(+) was treated
with potassium tert-butoxide in the presence of pipera-
zine to give the addition products at both 5 and 6 position
in a ratio of �20:60, respectively. The two regioisomers
were separated on a chiral AD� column to give the 5-iso-
mer as compound 21 and the 6-isomer as compound 22.
Similarly, 20-(�)-isomer under identical conditions, pro-
vided the 5-piperazine adduct, compound 23, and the 6-
substituted analog, compound 24.

Whereas compound 22 inhibited 29% of FTase at
0.2 lM, the corresponding 5-isomer, compound 21,
was more potent with IC50 = 0.15 lM, suggesting that
with C-11 R-isomers, the molecule had to flip in such
a way that allowed the bridgehead piperazine to effec-
tively interact with catalytic zinc. These activities were
essentially lower than those derived from the original
sulfonamide 15 mixture (IC50 = 0.02 lM).



F. G. Njoroge et al. / Bioorg. Med. Chem. Lett. 16 (2006) 984–988 987
Evaluations of compounds derived from 20-(�)-isomer
revealed that these inhibitors were substantially more
active than their 20-(+) counterparts. However, unlike
the (+)-isomer case, where the 5-substituted piperazine
derivative 21 was more active than the 6-substituted
piperazine 22, in this case, the 6-isomer analogue, com-
pound 24, was the more potent with IC50 = 0.007 lM.
The corresponding 5-isomer, compound 23, was 10 times
less active with FTase activity of 0.076 lM. Compound
24 was orally administered to rats and found to have
good exposure with AUC = 4.0 lM Æ h. It also had good
cellular activity with soft agar6 IC50 = 0.070 lM, which
was comparable to that of lonafarnib�, the clinical
candidate.

To better understand the mode of binding of these
bridgehead modified inhibitors to FTase, X-ray crystal
structure of compound 249 bound to the enzyme was
solved.7 As shown in Figure 3, 24 was bound to the same
FTase site as lonafarnib� but was flipped in such a way
that the 7-chloro on the tricyclic ring interacted with
tyrosine-166a and the nitrogen of the piperazine formed
a favorable interaction with catalytic zinc which was
3.4 Å away. The binding of the piperizinyl ligand to
the zinc resulted in enhanced activity that was demon-
strated by compound 24.

From the X-ray structure, the stereochemistry of the
C-11 was established to be �S� with the distal piperidine
assuming a pseudoaxial orientation.
Figure 3. Structure of 24 bound to FPT (blue surface—FPP, white

surface—FPT, orange sphere—zinc, and white sticks—lonafarnib�

yellow sticks—24).
In summary, we have successfully introduced a pipera-
zine adduct extended from the 6-position of the benzo-
cycloheptapyridine core that resulted in enhanced
binding to FTase through a favorable binding to cata-
lytic zinc in the enzyme. Unlike our previously reported
trihalogenated inhibitors, compound 24 was monohalo-
genated but acquired the extra binding through the
favorable interaction of the piperazine moiety with zinc
as demonstrated by its X-ray structure bound to the
FTase. Compound 24 was orally bioavailable and had
potency profile similar to that of our clinical compound
lonafarnib�. Future work directed toward exploiting
discoveries in this report is currently in progress.
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