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Abstract—Successful efforts to make farnesyl transferase (FT) inhibitors with appropriately tethered ligands designed to interact
with a catalytic zinc that exist in the enzyme have been realized. Thus, by introducing either a pyridylmethylamino or propylami-
nolimidazole amide moieties off the 2-position of the piperidine ring, FT inhibitors with activities in the picomolar range have been
achieved as exemplified by compounds 12a and 12b. An X-ray structure of 11b bound to FT shows the enhanced activity is a result

of interacting with the active-site zinc.
© 2004 Elsevier Ltd. All rights reserved.

It has become evident that intervention of the signal
transduction process in tumor cells facilitated by farne-
syl protein transferase (FT), can lead to discovery of
novel noncytotoxics drugs some of which have been
advanced into clinical trials.!

SARASAR® (SCH 66336), a drug that was discovered at
Schering—Plough Research Institute is nonpeptidic tri-
halocycloheptabenzopyridine that inhibits the activity
of FT at 2nM concentration. Preclinical studies results
established that SARASAR® was bioavailable in mon-
keys, dogs, and rodents and was thus advanced for clin-
ical trials in humans? (Fig. 1).
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Figure 1. SARASAR®, SCH 66336.
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Preliminary results from Phase I and II have demon-
strated SARASAR® to be safe and tolerable in patients.
In some cases efficacy has been observed and thus has
prompted recommendation of SARASAR® to be ad-
vanced to Phase III clinical trials.?

Elucidation of the X-ray structure of SARASAR®,
bound to FPTase revealed the following interesting
observations: (1) the benzocycloheptapyridine tricyclic
ring presented itself in a ‘butterfly’ conformation, with
the ethano bridge puckered forward and the two aryl
groups extending toward the convex phase of the mole-
cule, (2) the proximal piperidinyl moiety extended up-
wards in a pseudoaxial orientation, firmly locked in
position by the bulky bromine group at the 10 position,
(3) the amide carbonyl interacted with structural
water—an interaction that resulted in enhanced activity
from the resulting inhibitor and was critical to the activ-
ity of this compound, and (4) the distal piperidinyl moi-
ety extended out into the solvent providing a useful
appendage for attaching a variety of moieties that would
be important for enhancing solubility or improving
pharmacokinetic profile.

From the bound structure of SARASAR® to FT (see
Fig. 2), it was evident that there was a catalytic zinc in
close proximity to the piperidyl group off the C-11 of
the tricyclic ring system. The zinc is ~9A from the
C-11 atom, allowing moderately sized groups to reach
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Figure 2. Structure of SARASAR® bound to FPT (blue surface—FPP,
white  surface—FT, orange sphere—zinc, yellow  sticks—
SARASAR®).®

it. The major challenge, therefore, was to introduce an
appropriately tethered functionality that would effec-
tively interact with this zinc. This interaction was antici-
pated to provide potent compounds as demonstrated by
various other groups.*

A study to investigate the effect of tethering a pyridyl or
imidazole moieties via an amide linkage was carried out.
Evaluation was done for both the di- and tri-halogen-
ated tricyclic compounds.

1. Chemistry

Compounds prepared in this study are shown in Tables
1 and 2. Starting from previously reported azaketone
1,% reduction with NaBH, gave the alcohol 2 that was
subsequently converted to chloro derivative 3 using
thionyl chloride in methylene chloride. Reaction of the
chloride with either p-pipecolinic acid methyl esters in
presence of triethylamine in CH,Cl, gave the corre-
sponding C-11 tricyclic pipecolinate 4 as diastereomeric
mixtures that were readily separable on normal silica gel
column using 1% ethyl acetate—dichloromethane as elu-
ent. The less polar isomer 5 was arbitrarily designated as
isomer I while the more polar isomer compound 6 were
designated as isomer II. Hydrolysis of compounds 5 and
6 using LiOH afforded the corresponding carboxylic
acids that were, without further purification, coupled
to the appropriate amine to provide target compounds

Table 1. Inhibition of FT with compounds in the diahalotricyclic series
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Table 2. Inhibition of FT with compounds in the trihalotricyclic series
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Scheme 1. Reagents and conditions: (a) NaBH;~MeOH; (b) SOCl,; (c)
methyl pipecolinate; (d) separation of diastereomers using 1% EtOAc—
CH,Cl,; (e) LiOH, then amine coupling.

7a,” and b, 8a,” and b. Table 1 summarizes biological
data obtained from the analysis of the dihalo analogs
(Scheme 1).

Similarly, reaction of the chloro compound 3 with L-
pipecolinic ethyl ester, followed by separation of the dia-
stereomers on silica gel with subsequent ester hydrolysis,
and amidation afforded compounds 9a and b from iso-
mer [ and 10a and b from isomer II.

10a,10b

Synthesis of 3,10-dibromo 8-chlorotrihalo analogs was
carried out in a similar manner to that described for
the dihalotricyclic series starting from ketone 1b.?
However, analogs in this series were only prepared from

D-pipecolinic acid as will become clear in the SAR
discussion. In this series, compounds 11a and b with a
3-pyridylmethylamino moiety and 12a and b with pro-
pylamino imidazole moiety were prepared and are
shown in Table 2.

Br- ESS Cl

2. Results and discussions

Compounds prepared in this study were tested for their
ability to inhibit the FT catalyzed transfer of [3H]-farne-
syl moiety from farnesyl pyrophosphate to H-Ras-
CVLS as previously described.> We first investigated
the effect of introduction of various pyridines groups,
tethered off the amide functionality by a methylene
spacer: modeling of tricyclic compounds bound to FT
had previously shown that this type of tethering could
lead to analogs that were within the interaction range
with the existing catalytic zinc.

As shown in Table 1, the 4-pyridylmethylamino analogs
prepared, compounds 7a, 8a, 9a, and 10a did not show
any inhibitory activity even at 100 uM range in both the
S- and R-pipecolinic acid series. In the case of 3-pyridyl-
methylamino substituted analogs, compounds in R-
pipecolinic acid series, that is 9b and 10b were also
found to be inactive at the concentration range tested.
However, 3-pyridylmethylamino derivatives in the S-
pipecolinic acid series exhibited weak FT inhibitory
activity, thus, compound 7b from isomer I had an
ICs50 = 0.3uM while the corresponding derivative from
isomer II, compound 8b, was slightly more active with
an ICso = 0.16 uM.

From results obtained from the dihalotricyclic series, it
was clear that the S-pipecolinic moiety and 3-pyridine
substitution were required for FT potency and this
information was useful in determining compounds to
be prepared in the trihalotricyclic series.

As expected, in the trihalotricyclic series, the 3-pyridyl
derivative, compound 11a, from isomer I showed an
inhibitory activity of 0.08 uM against FT. The 3-pyridyl
derivative from the corresponding isomer 11, compound
11b, was about 20 times more potent than 11a with FT
inhibitory ICsy = 0.004 pM.

Further evaluation of other zinc biding ligands revealed
that an imidazole ring tethered to the 2-position of the
of the piperidyl ring by a three carbon spacer, gave
very potent compounds. Thus, compound 12a, the
analog derived from isomer I had an 1Csq = 0.0009 uM
while the corresponding derivative from isomer II,
compound 12b, was slightly more potent with an
IC50 = 0.0004 uM.

To better understand the mode of binding of these
inhibitors to FT, the X-ray crystal structure of com-
pound 11b bound to FT was solved.® As shown in Fig-
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Figure 3. Structure of 11b bound to FPT (blue surface—FPP, white
surface—FPT, orange sphere—zinc, white sticks—SARASAR®, yel-
low sticks—11b).

ure 3, 11b binds to the same FT site as SARASAR®,
even though it lacks the distal piperidinyl group. The
benzocycloheptapyridine tricyclic rings are virtually
superimposable. The 3-pyridylmethylamino group
reaches over the benzocycloheptapyridine tricyclic rings
and interacts with the zinc. It is 2.2 A away from the cat-
alytic zinc, a relationship that results in a very favorable
interaction between the inhibitor and the zinc atom. The
rest of the tricyclic ring system orients in the same way
as SARASAR® with the piperidine ring assuming a
pseudo axial geometry. This binding of the pyridyl
ligand to the zinc results in the enhanced activity that
is demonstrated by these series of compounds.
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. Preparation of compounds 7a and 8a: 3-Bromo-8-dichloro-

6,11-dihydro-5H-benzo[5,6]cyclohepta[l,2-b]pyridine (1.10 g,
3.0mmol) and L-pipecolinic acid ethyl ester hydrochloride
(1.34g, 6.98 mmol), triethylamine (2.91 pL, 21 mmol) were
dissolved in 20mL of dry CH,Cl, and the mixture stored at
25°C under nitrogen for 72h. The reaction mixture was
washed with NaHCOs3, H,O, brine and then filtered, and
dried. The product was chromatographed on silica gel
column using 1% ethyl acetate—dichloromethane eluent to
give diastereomeric isomers 5 and 6. Ester 5 (0.26¢g,
0.6mmol) was dissolved in 6mL of ethanol and 1.4mL of
1M LiOH (1.4mmol) was added. The reaction mixture was
heated in an oil bath at 80°C for 10h, then cooled and
1.5mL of HCI was added to adjust pH to ~4.5. Solvents
were evaporated and the resulting acid was dissolved in
3mL DMF and NMM (184mL, 1.6mmol), 4-(amino-
ethyl)pyridine (74 uM, 0.078 g, 0.73mmol) HOBT (0.098 g,
0.72mmol), DEC (0.139g, 0.72mmol) were then added.
The reaction mixture was stirred at room temperature for
16h and then worked up. Purification using flash chroma-
tography eluting with 3% (10% NH4OH-MeOH)-CH,Cl,
solvent system gave compound 7a. Compound 8a was
obtained from isomer 6 using a similar method. Other
compounds reported in this paper were prepared in a
similar manner.
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