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Farnesyl protein transferase (FPT) is a promising target for the development of cancer
chemotherapeutics because it is responsible for the farnesylation of oncogenic p21 Ras proteins
which are found in nearly 30% of all human cancers and necessary for cellular development
and growth. The recent discovery and progression to phase II clinical trials of trihalobenzo-
cycloheptapyridine Sch-66336 as a potent inhibitor of FPT with oral, in vivo efficacy in mice
have spawned extensive structure-activity relationship studies (SAR) of this class of
compounds. Of the many trihalobenzocycloheptapyridine analogues prepared, we have identified
several which inhibit FPT and cellular proliferation at single-digit nanomolar concentrations
and which have good pharmacokinetic properties in mice.

Introduction
The discovery of the Ras-mediated signal transduction

pathway has led to an explosion of efforts aimed at
understanding the mechanisms by which Ras com-
municates with intracellular components.1 In recent
years, these efforts have focused on the prenyl-transfer
event of Ras protein, a process which is required for the
inactive, cytosolic Ras to bind to cellular membranes and
constitutively signal cellular growth.2 In vitro and in
vivo studies have shown that the inhibition of farnesyl
protein transferase (FPT),3 an enzyme which catalyzes
the transfer of the farnesyl group from farnesyl pyro-
phosphate (FPP) to the CaaX motif of Ras,3,4 reduces
cellular proliferation in Ras-transformed rodent fibro-
blasts and in Ras transgenic tumors in mice.5 Subse-
quently, a diverse array of FPT inhibitors including
stable FPP mimics and competitive inhibitors of the
CaaX motif (i.e., peptidomimetics, imidazole derivatives,
and benzocycloheptapyridines) were identified and found
to have antitumor properties in vitro and in vivo.6

Our initial discovery of Sch-44342 as a potent, non-
peptidic, nonsulfhydryl, selective inhibitor of FPT7

prompted an investigation which culminated in the
development of Sch-66336 (5), a trihalobenzocyclohep-

tapyridine currently undergoing phase II clinical trials

in humans.8,9 Some of the structure-activity relation-
ships (SAR) that have been observed for this class, and
which were used to identify a suitable antitumor agent
for further evaluation in humans, have been recently
reported.8 Subsequent studies have centered on expand-
ing the scope of the SAR and identifying additional
molecules within this class of FPT inhibitors which not
only had good in vitro potencies and good pharmaco-
kinetic properties but may also have different physical
properties (i.e., crystallinity and solubility). We have
discovered that modification of the substituent R at-
tached to the terminal piperidine in 1 affected the
biological properties of trihalobenzocycloheptapyridines.
Herein, we report the details of our biological and
pharmacokinetic studies of urea-, sulfonamide-, car-
boxamide-, and alkyl-substituted analogues of 1 (Table
1).

Chemistry

Most of the compounds listed in Table 1 were pre-
pared in good yield as illustrated in Scheme 1 whereby
piperidine 18 was condensed with sulfonyl halides,
isocyanates, or activated carboxylic acids. Whereas the
condensation of 1 with dimethylsulfamoyl chloride af-
forded dimethylsulfonylurea 14 in excellent yield, the
conversion of 1 to sulfonylurea 13 upon treatment with
sulfamoyl chloride10a and triethylamine (TEA) at 0 °C
was inefficient. Presumably a TEA-mediated or 1-medi-
ated dehydrohalogenation of sulfamoyl chloride gener-
ating, concomitantly, N-sulfonylamine (HNdSO2) was
competitive with sulfonylation of the piperidine amine
in 1.10b We have found, however, that sulfonylurea 13
could be prepared in good yield by stirring piperidine 1
in an aqueous mixture of sulfamide at reflux.

Aqueous acid hydrolysis of the ethyl ester function
in 9, prepared from ethyl isocyanatoacetate and 1, gave
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acetic acid 7 (44%) which was converted further to
carboxamide 8 using 1-(3-(dimethylamino)propyl)-3-
ethylcarbodiimide hydrochloride (DEC) and ammonium
chloride.

Carbodiimide-mediated coupling of 1 with 3,5-py-
ridinedicarboxylic acid afforded 21 in 56% isolated yield.
A subsequent DEC-mediated coupling of acid 21 with
ammonium chloride in the presence of NMM afforded
the desired nicotinamide 22.

Amino acid analogues of 5 were prepared from N-
BOC-glycine, N-BOC-D-alanine, and N-BOC-L-alanine
and 1 using DEC and 1-hydroxybenzotriazole (HOBt)
(Scheme 2). Trifluoroacetic acid (TFA)-mediated depro-
tection of the resulting carbamates 2a-c afforded the
desired 2-aminoacetamide analogues 15-17, respec-
tively.

Acylation of 1 with chloroacetyl chloride afforded
2-chloroacetamide 3 which was transformed further to
the corresponding 2-pyrrolo- and 2-triazoloacetamide
analogues 18 and 19, respectively (Scheme 3). The
complexity of the 1H NMR spectrum of 19, isolated as
a single spot via preparative plate chromatography, may
be indicative of regioisomeric triazole formation follow-
ing sodium triazolide displacement of chloride 3 at 100
°C in DMF. However, a variable temperature 1H NMR
experiment caused partial coalescence of several reso-
nances at 90 °C suggesting that the spectral complexity
of 19 may be a result of rotameric isomerism.

Scheme 4 illustrates the synthesis of oxalamide and
acetamide analogues of 5. Acylation of 1 using ethyl
oxalyl chloride in TEA and dichloromethane afforded
ethyl oxalamide 4, which could be further converted to
oxalamide 25 by aminolysis under aqueous conditions
(42%). Alternatively, oxalyl chloride treatment of 1
afforded an intermediate chloro oxalamide (not isolated)
which similarly underwent aminolysis to afford 25.
Dimethyl oxalamide 26 could be prepared from 1 via a
carbodiimide-mediated coupling using dimethyloxamic
acid. Acetamides 27-29 were prepared by alkylation of
the piperidine amine nitrogen atom in 1 with several
haloacetamides as listed in Scheme 4.

Biological Methods

The FPT activity of the compounds listed in Table 1
was determined by measuring the transfer of [3H]-
farnesyl from [3H]farnesyl pyrophosphate to TCA-pre-
cipitable His6-H-Ras-CVLS. Experimental details of the
FPT assay used in our study have been previously
recorded by Bishop et al.7a The effect of compounds on
Ras processing in Cos-1 monkey kidney cells transiently
expressing either H-Ras-Val12-CVLS or H-Ras-Val12 was
performed according to the protocol disclosed previously.7a

Anchorage-independent soft agar growth assays were
performed on selected FPT inhibitors as has been
previously described for 5.8 Pharmacokinetic evaluation
of selected compounds listed in Table 2 was made
according to the procedures already reported.8,11

Results and Discussion

The biochemical and pharmacokinetic SAR leading to
the discovery of 5 has recently been reported.8 We have
identified additional molecules within this class of
compounds which have good binding affinities for FPT,
inhibit FPT-mediated cellular growth of Cos cells with
single-digit nanomolar potencies, inhibit tumor colony
formation on soft agar media, and demonstrate good
pharmacokinetic stability in nude mice. These struc-
tures differ in the substituent attached to the piperidi-
nylacetamide nitrogen atom in 1 and include sulfonyl,
amido, oxalyl, and 2-acetamide analogues of 5. A list of
the compounds prepared and evaluated is provided in
Table 1 and described in detail herein.

Ureas. Some of the urea derivatives of 5 (7 and 8)
listed in Table 1 were found to inhibit FPT-mediated
farnesylation of Ras at picomolar concentrations. How-
ever, carboxylic acid 7 was found to be 15-fold less
potent in the Cos cell assay compared to its acetamide
analogue, 8, possibly as a result of poor cellular pen-
etration commonly exhibited by carboxylic acids. Good
cellular potencies could be reinstated by conversion to
the ethyl ester 9. Of the modified ureas prepared, only
6 significantly inhibited tumor colony formation on soft
agar.

Sulfonamides and Sulfonylureas. Sulfonylurea 13
inhibited Ras-mediated transformation of Cos cells
slightly less effectively compared to 5, while dimethyl-
sulfonylurea 14 was just as effective as 5 on a cellular
level albeit with a decrease in FPT potency. Steric
effects near the sulfonyl moiety are detrimental to the
binding affinity of these compounds as is evidenced by
the drastic differences observed for methylsulfonamide
10 (IC50 ) 2.0 nM) and phenylsulfonamide 11 (IC50 )

Scheme 1

Scheme 2
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76 nM). Extension of the phenyl substituent by one
methylene unit reinstates the FPT potency; however,
the cellular potency of benzylsulfonamide 12 is signifi-
cantly affected.

Amides. Modification of the piperidinylamine 1 with
amino acids afforded compounds with reasonably good
FPT binding affinities but generally with decreased
cellular potencies.12 An exception was demonstrated by
glycyl analogue 15. Interestingly, R-methyl substitution
of the glycyl moiety had profoundly different effects in

cell assays. Whereas D-alanyl 16 exhibited Cos cell
activities similar to that of 15, inhibition of tumor colony
formation in soft agar media was diminished. The other
stereoisomer, L-alanyl 17, was significantly less effective
against Cos cell growth demonstrating an IC50 of 140
nM.

R-Imidazole- and R-pyrrole-substituted acetamides
demonstrated good biological profiles. Of the many
substituted analogues prepared, pyrrole 18 and triazole
19 were found to be the optimal derivatives with the

Scheme 3

Scheme 4
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Table 1. Biological Data of Trihalobenzocycloheptapyridine Analogues

a Data shown are the mean of two experiments. A standard FTI (related to the compounds described) was run with each set of compounds.
The range of IC50 values for this compound was 0.8-2.2 nM over 33 separate determinations on different days. The mean IC50 for this
compound was 1.5 ( 0.4 nM (mean + standard deviation). The coefficient of variation for the assay (comparing no inhibitor control
values) was typically on the order of 6.8%. b Single-point determinations. c See ref 8a.
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desired enzyme and cellular potencies. The soft agar
assay potency of 19 was found to be better, and hence,
this compound was evaluated further in a pharmaco-
kinetic screen. Substitution of the R-carbon with a cyano
group also afforded a potent FPT inhibitor (20) with
good cellular potencies.

Nicotinamides. Nicotinic acid analogues of 5, exem-
plified by 21 (IC50 ) 0.8 nM), were some of the most
potent FPT inhibitors prepared in this study. As with
other carboxylic acids, the Cos cell growth inhibition was
poor (IC50 > 1 µM) but could be restored by conversion
to nicotinamide 22. Neither of these compounds, though,
were found to inhibit growth of NIH-3T3 cells in the
soft agar assay. The removal of the 3-carboxyl function
and oxidation of the pyridyl nitrogen atom of 22 gave
compounds with good enzyme and Cos cellular activities
and with good H-Ras soft agar potencies. N-Oxides 23
and 24 were equipotent, inhibiting FPT with IC50
concentrations of approximately 2 nM. Their potencies
in the Cos cell assay and their tumor colony growth
inhibitory properties warranted their further study in
vivo.

Oxalamides and Acetamides. Oxalamides 25 and
26 were found to be potent FPT inhibitors and to possess
good cellular growth inhibitory properties. The similar-
ity in enzyme and cellular data between the NH2 and
N(Me)2 oxalamides was surprising considering the dif-
ferences in lipophilicity of each moiety. Other substi-
tuted oxalamides prepared in our laboratories (not
shown) had good FPT binding affinities but did not

inhibit tumor colony growth on soft agar at low concen-
trations. Reduction of one carbonyl moiety in 25 to a
methylene unit afforded acetamides represented by 27
whose in vitro biological profile was nearly identical to
that of 5. Disubstitution of the nitrogen atom of the
acetamide (i.e., diethylacetamide 28 or morpholino 29)
resulted in a slight reduction in enzyme potency as well
as a decrease in potency in the soft agar assay. Other
compounds prepared within this series demonstrated
similar activity profiles.

Pharmacokinetic Studies. Of the many compounds
prepared in this study, several potent FPT inhibitors
that had the desired cellular potencies in both the Cos
cell and the soft agar assays were evaluated further for
pharmacokinetic stability. The results of this study
(Table 2) show significant differences between bioavail-
ability and oral AUC among the 12 compounds studied
despite the fact that these structures differ only by the
substituent on the piperidinylacetamide nitrogen. The
poorest oral bioavailability in mice was seen with all
sulfonyl-containing compounds studied (10, 13, 14),
although sulfonylurea 13 had a significantly greater
AUC than its dimethyl derivative 14 which may be
related to their solubility differences (not determined).
A similar effect was noted for dimethyl oxalamide 26
and its dihydrido analogue, 25. The greater oral bio-
availability of 25 (166%) is unusual, yet not unprec-
edented.14 Although the exact mechanism for this
phenomenon is not known, it is possible that saturation
and subsequent inhibition of liver cytochrome P450s by

Table 2. Pharmacokinetic Data of Trihalobenzocycloheptapyridine Analogues of 5

a Run time ) 7 h. b Micronized sample. c HPâCD, 20% aqueous hydroxypropyl-â-cyclodextrin; MC, 0.4% aqueous methyl cellulose.
Compounds were administered to nude mice at a dose of 25 mpk, and serum was collected over a 24-h period (or 7 h where indicated).
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orally administered 25 could diminish metabolic deg-
radation of this compound relative to the more-dilute
concentrations of 25 that the liver would be exposed to
following iv administration. Urea 5 is known to be a
P450 inhibitor (CYP3A4 IC50 ) 300 nM),8a and 25, being
similar in structure, might be expected to share a
similar inhibitory activity (not measured). The overall
profile of 25 is good, although a small percentage of the
product resulting from oxalamide hydrolysis (1) was
detected in the serum. The major metabolite identified
in mice treated with 25 was its pyridyl N-oxide ana-
logue.

Acetamide 27 was 60% bioavailable in nude mice with
an oral AUC of 12.2 µM‚h over a 24-h period. This
compound, having a nearly equivalent in vitro profile
compared to 5, had a lower oral Cmax while maintaining
a 3-fold better serum half-life contributing to a phar-
macokinetic profile that was slightly inferior to that of
5. Transposition of the carbonyl function of 27 closer to
the piperidinylamine nitrogen atom afforded glycin-
amide 15 which had a higher iv Cmax (80 µM), but poor
bioavailability. Substitution of the amino function, as
in 19, with triazole improved the bioavailability slightly.
However, the half-life of this compound was 5 times less
than that of its glycine precursor.

Nicotinamide N-oxide 23 was found to be the most
promising compound, having an overall in vitro profile
nearly equivalent to that of 5 and having better phar-
macokinetic properties in mice. Piperidyl N-oxides 23
and 24 were depleted from the sera of nude mice at the
same rate as 5, while the bioavailability of the p-N-oxide
24 was found to be 115%. m-N-Oxide 23, with an oral
bioavailability of 113%, had an oral AUC of 70 µM‚h
over 24 h in nude mice using HPâCD as vehicle. When
the vehicle was replaced with methyl cellulose, however,
the oral bioavailability and AUC values for both N-
oxides were significantly decreased. The overall phar-
macokinetic profile improved when a micronized sample
of 23 was suspended in methyl cellulose suggesting that
the poorer profile of this compound using this vehicle
over HPâCD is related to solubility. Pharmacokinetic
evaluation of 23 in mice using other vehicles has not
been studied. The greater than 100% bioavailability
observed for 23 and 24 may be due to variability
between individual animals during the pharmacokinetic
study as each time point is a determination based on
sera collected from different animals.

Conclusion

We have discovered urea-, sulfonamide-, carbox-
amide-, and alkyl-substituted derivatives of 1 (Table 1)
which have good cellular and enzyme potencies against
FPT-mediated farnesylation of Ras. Although many of
the differentially substituted analogues listed in Table
1 share similar FPT inhibitory potencies, these modi-
fications greatly influence tumor colony formation as
demonstrated by the range of soft agar activities ob-
served for these compounds. These substituents also
modulate the pharmacokinetic properties of the mol-
ecules. Whereas all of the sulfonylurea, sulfonamide and
N-acylacetamide analogues of 5 listed in Table 2 showed
poor pharmacokinetics in mice, nicotinamides 23 and
24, oxalamide 25, and alkylamide 27 were better
absorbed and maintained good serum levels in mice

when treated orally. In vivo evaluation of these and
other compounds for tumor growth inhibitory properties
will determine whether these compounds will be pro-
gressed further as therapeutic agents.

Experimental Section
General Methods. All reagents were used without further

purification. Melting points were determined using an Elec-
trothermal digital melting point apparatus and are uncor-
rected. Elemental analyses were performed on either a Leeman
CE 440 or a FISONS EA 1108 elemental analyzer. 1H and 13C
NMR spectra were recorded on either a Varian VXR-200 (200
MHz) or a Varian Gemini-300 (300 MHz) NMR spectrometer
using Me4Si as an internal standard. For 13C NMR, a Nalorac
Quad nuclei probe was used. FT-IR spectra were recorded
using a BOMEN Michelson 120 spectrometer. Mass spectra
were recorded using either EXTREL 401 (chemical ionization),
JEOL or MAT-90 (FAB), or VG ZAB-SE (SIMS) mass spec-
trometers. Microanalyses were performed by the Physical-
Analytical Chemistry Department at Schering-Plough Re-
search Institute.

(+)-1,1-Dimethylethyl 2-[4-[2-[4-(3,10-Dibromo-8-chloro-
6,11-dihydro-5H-benzo[5,6]cyclohepta[1,2-b]pyridin-11-
yl)-1-piperidinyl]-2-oxoethyl]-1-piperidinyl]-2-oxoethyl-
carbamate (2a). A mixture of 1 (149 mg, 0.25 mmol), N-BOC-
glycine (87.3 mg, 0.50 mmol), HOBt (67.4 mg, 0.50 mmol), DEC
(95.6 mg, 0.50 mmol), and dry DMF (5 mL) was stirred at 25
°C for 12 h. The mixture was concentrated in vacuo, diluted
with CH2Cl2, washed with 1 M HCl, washed with 1 M NaOH
(aq), and dried over anhydrous MgSO4 to afford the product
as a white solid: 159 mg, 85%; mp ) 116-123 °C; 1H NMR
(200 MHz, CDCl3) δ 0.81-1.95 (m, 7H), 1.42 (overlapping s,
9H), 1.99-2.50 (m, 6H), 2.63 (m, 1H), 2.74-3.12 (m, 4H), 3.25
(m, 1H), 3.51-4.06 (m, 3H), 3.92 (overlapping s, 2H), 4.57 (m,
2H), 4.90 (d, 1H, J ) 10 Hz), 5.54 (m, 1H), 7.16 (s, 1H), 7.50
(s, 1H), 7.53 (s, 1H), 8.45 (s, 1H); MS (FAB) m/z 751 (MH+,
16%), 753 (MH+ + 2, 33%), 755 (MH+ + 4, 24%), 651 (MH+ -
BOC, 50%), 653 (MH+ + 2 - BOC, 90%), 655 (MH+ + 4 -
BOC, 66%); HRFABMS calcd for C33H42N4O4Br81BrCl Mr

753.1241 (MH+), found 753.1212.
(+)-1,1-Dimethylethyl 2-[4-[2-[4-(3,10-Dibromo-8-chloro-

6,11-dihydro-5H-benzo[5,6]cyclohepta[1,2-b]pyridin-11-
yl)-1-piperidinyl]-2-oxoethyl]-1-piperidinyl]-1(R)-methyl-
2-oxoethylcarbamate (2b). Prepared as for 2a using N-BOC-
D-alanine: white solid; 104 mg, 81%; mp ) 135.1-142.3 °C;
1H NMR (200 MHz, CDCl3) δ 0.92-1.64 (m, 6H), 1.24 (over-
lapping d, 3H, J ) 7 Hz), 1.39 (overlapping s, 9H), 1.78 (m,
2H), 1.96-2.47 (m, 5H), 2.57 (m, 1H), 2.69-3.12 (m, 4H), 3.20
(m, 1H), 3.57 (m, 1H), 3.76 (m, 2H), 4.53 (m, 3H), 4.85 (d, 1H,
J ) 10 Hz), 5.53 (d, 1H, J ) 7 Hz), 7.09 (s, 1H), 7.44 (d, 1H,
J ) 2 Hz), 7.50 (s, 1H), 8.39 (d, 1H, J ) 2 Hz); [R]22.8

D )
+32.38° (10.0 mg/2 mL, CH2Cl2); MS (FAB) m/z 765 (MH+,
16%), 767 (MH+ + 2, 31%), 769 (MH+ + 4, 22%); 665 (MH+ -
BOC, 19%), 667 (MH+ + 2 - BOC, 37%), 669 (MH+ + 4 -
BOC, 26%); HRFABMS calcd for C34H44N4O4Br81BrCl Mr

767.1397 (MH+), found 767.1372.
(+)-1,1-Dimethylethyl 2-[4-[2-[4-(3,10-Dibromo-8-chloro-

6,11-dihydro-5H-benzo[5,6]cyclohepta[1,2-b]pyridin-11-
yl)-1-piperidinyl]-2-oxoethyl]-1-piperidinyl]-1(S)-methyl-
2-oxoethylcarbamate (2c). Prepared as for 2a using N-BOC-
L-alanine: off-white solid; 95.3 mg, 74%; mp ) 135.0-142.0
°C; 1H NMR (200 MHz, CDCl3) δ 0.8-1.58 (m, 6H), 1.24
(overlapping d, 3H, J ) 7 Hz), 1.38 (overlapping s, 9H), 1.77
(m, 2H), 1.94-2.45 (m, 5H), 2.58 (m, 1H), 2.69-3.12 (m, 4H),
3.20 (m, 1H), 3.56 (m, 1H), 3.78 (m, 1H), 4.55 (m, 3H), 4.85 (d,
1H, J ) 10 Hz), 5.52 (d, 1H, J ) 7 Hz), 7.09 (s, 1H), 7.45 (s,
1H), 7.49 (s, 1H), 8.40 (s, 1H); [R]22.5

D ) +44.41° (10.0 mg/2
mL, CH2Cl2); MS (FAB) m/z 765 (MH+, 14%), 767 (MH+ + 2,
28%), 769 (MH+ + 4, 19%); 665 (MH+ - BOC, 19%), 667 (MH+

+ 2 - BOC, 37%), 669 (MH+ + 4 - BOC, 25%); HRFABMS
calcd for C34H44N4O4Br81BrCl Mr 767.1397 (MH+), found
767.1379.

(+)-1-[[1-(Chloroacetyl)-4-piperidinyl]acetyl]-4-(3,10-
dibromo-8-chloro-6,11-dihydro-5H-benzo[5,6]cyclohepta-
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[1,2-b]pyridin-11-yl)piperidine (3). A solution of 1 (3 g, 5
mmol), anhydrous CH2Cl2 (50 mL), triethylamine (1.4 mL, 10
mmol), and chloroacetyl chloride (0.4 mL, 5 mmol) was stirred
at room temperature for 3 h. The mixture was diluted with
CH2Cl2, washed with 1 M HCl, washed with 1 M NaOH (aq),
and dried over anhydrous MgSO4 to afford a light-yellow
solid: 2.84 g, 84%; mp ) 124.0-134.5 °C; 1H NMR (200 MHz,
CDCl3) δ 1.04-1.68 (m, 6H), 1.86 (m, 2H), 2.03-2.54 (m, 5H),
2.57-3.41 (m, 6H), 3.63 (m, 1H), 3.84 (m, 2H), 4.09 (m, 2H),
4.60 (m, 2H), 4.93 (d, 1H, J ) 10 Hz), 7.17 (s, 1H), 7.52 (br s,
1H), 7.58 (s, 1H), 8.48 (s, 1H); [R]21.3

D ) +54.0° (6.15 mg/2 mL,
CH2Cl2); MS (FAB) m/z 670 (MH+, 42%), 672 (MH+ + 2, 100%),
674 (MH+ + 4, 91%).

(+)-Ethyl 4-[2-[4-(3,10-Dibromo-8-chloro-6,11-dihydro-
5H-benzo[5,6]cyclohepta[1,2-b]pyridin-11(R)-yl)-1-pipe-
ridinyl]-2-oxoethyl]-r-oxo-1-piperidineacetate (4). At 0
°C, a solution of 1 (1.5 g, 2.5 mmol), anhydrous CH2Cl2 (40
mL), triethylamine (0.6 mL, 4.3 mmol), and ethyl oxalyl
chloride (0.4 mL, 3.6 mmol) was prepared and then allowed
to stir at room temperature for 3 h. The mixture was diluted
with CH2Cl2, washed with saturated NaHCO3 (aq), washed
with brine, and dried over anhydrous Na2SO4 to afford a
residue which was purified by flash column chromatography
(silica gel) using 30-80% EtOAc-hexane: 1.2 g, 69%; 1H NMR
(200 MHz, CDCl3) δ 1.06-1.69 (m, 9H), 1.85 (m, 2H), 2.03-
2.52 (m, 4H), 2.61-3.36 (m, 7H), 3.60 (m, 2H), 3.79 (m, 1H),
4.32 (m, 2H), 4.55 (m, 2H), 4.90 (d, 1H, J ) 10 Hz), 7.15 (s,
1H), 7.50 (d, 1H, J ) 2 Hz), 7.55 (s, 1H), 8.45 (d, 1H, J ) 2
Hz); MS (FAB) m/z 694 (MH+, 51%), 696 (MH+ + 2, 100%),
698 (MH+ + 4, 70%). Anal. (C30H34N3O4Br2Cl‚0.5TEA‚1.3H2O)
C, H, N.

(+)-4-[2-[4-(3,10-Dibromo-8-chloro-6,11-dihydro-5H-
benzo[5,6]cyclohepta[1,2-b]pyridin-11(R)-yl)-1-piperidi-
nyl]-2-oxoethyl]-N-methyl-1-piperidinecarboxamide (6).
To a solution of (+)-1 (75 mg, 0.13 mmol) in anhydrous
dichloromethane (1.5 mL) was added methyl isocyanate (0.01
mL, 0.17 mmol). After stirring at 25 °C for 12 h the solution
was poured into dichloromethane and washed with aqueous
sodium bicarbonate (saturated solution) and brine. The organic
phase was dried over anhydrous MgSO4 and concentrated in
vacuo to give a white solid: mp ) 92.5-95.8; 1H NMR (mixture
of rotamers, 400 MHz, CDCl3) δ 1.12-1.58 (m, 5H), 1.78 (m,
2H), 2.03 (m, 1H), 2.23 (m, 2H), 2.39 (m, 2H), 2.81 (overlapping
s, 3H), 2.73-2.92 (m, 5H), 3.02 (m, 1H), 3.31 (m, 1H), 3.62
(m, 1H), 3.88 (m, 4H), 4.62 (m, 1H), 5.0 (m, 1H), 7.16 (s, 1H),
7.52 (s, 1H), 7.62, 7.68 (two s, 1H), 8.49, 8.50 (two s, 1H); MS
(FAB) m/z 651 (MH+, 49%), 653 (MH+ + 2, 100%), 655 (MH+

+ 4, 74%).
(+)-[[[4-[2-[4-(3,10-Dibromo-8-chloro-6,11-dihydro-5H-

benzo[5,6]cyclohepta[1,2-b]pyridin-11(R)-yl)-1-piperidi-
nyl]-2-oxoethyl]-1-piperidinyl]carbonyl]amino]acetic Acid
(7). A solution of ethyl carboxylate 9 (0.56 g, 0.75 mmol)
dissolved in 6 M HCl (aq, 4 mL) was stirred at room temper-
ature for 72 h. Water was added to adjust the molarity of the
solution to 1 M, and the resultant mixture was stirred with
dichloromethane and concentrated in vacuo. The residue was
diluted with 50% MeOH-HOAc and purified by reverse-phase
chromatography (C-18 reverse-phase silica equilibrated with
10% MeOH (0.1% HOAc)-H2O) using 50% MeOH (0.1%
HOAc)-H2O (1 L) and 90% MeOH (0.1% HOAc)-H2O (1 L) to
give the product as a white solid: 232 mg, 44%; mp ) 123.4-
125.8 °C; 1H NMR (mixture of rotamers, 400 MHz, CDCl3) δ
1.13-1.58 (m, 5H), 1.77 (m, 2H), 2.05 (m, 1H), 2.25 (m, 2H),
2.40 (m, 2H), 2.86 (m, 4H), 3.0 (m, 1H), 3.28 (m, 1H), 3.62 (m,
1H), 3.73-4.13 (m, 6H), 4.61 (m, 1H), 4.89 (dd, 1H, J ) 10
Hz, J ) 10 Hz), 5.35 (m, 1H), 7.15 (s, 1H), 7.50 (s, 1H), 7.56,
7.59 (two s, 1H), 8.47, 8.53 (two s, 1H); MS (FAB) m/z 695
(MH+, 47%), 697 (MH+ + 2, 100%), 699 (MH+ + 4, 72%). Anal.
(C29H33N4O4Br2Cl‚H2O‚0.5CH2Cl2) C, H, N.

(+)-N-(2-Amino-2-oxoethyl)-4-[2-[4-(3,10-dibromo-8-chlo-
ro-6,11-dihydro-5H-benzo[5,6]cyclohepta[1,2-b]pyridin-
11(R)-yl)-1-piperidinyl]-2-oxoethyl]-1-piperidinecarbox-
amide (8). A mixture of 7 (60 mg, 0.09 mmol), ammonium
chloride (28 mg, 0.52 mmol), HOBt (17 mg, 0.13 mmol), DEC

(25 mg, 0.13 mmol), N-methylmorpholine (0.015 mL, 0.13
mmol), and dry DMF (1 mL) was stirred at 25 °C for 12 h.
The mixture was diluted with water (10 mL), and after 1 h,
the resulting precipitate was filtered and dried in vacuo. The
product was isolated as a white solid: mp )144.8-149.8 °C;
1H NMR (200 MHz, CDCl3) δ 1.03-1.90 (m, 7H), 2.05 (m, 1H),
2.22 (m, 2H), 2.40 (m, 2H), 2.72-3.12 (m, 5H), 3.27 (m, 1H),
3.51-4.08 (m, 7H), 4.60 (m, 1H), 4.90 (d, 1H, J ) 10 Hz), 5.24
(m, 1H), 5.42 (m, 1H), 6.36 (m, 1H), 7.15 (br s, 1H), 7.50 (br d,
1H, J ) 2 Hz), 7.56 (br s, 1H), 8.45 (br d, 1H, J ) 2 Hz); MS
(FAB) m/z 694 (MH+, 47%), 696 (MH+ + 2, 100%), 698 (MH+

+ 4, 70%); HRFABMS calcd for C29H35N5O3Br81BrCl Mr

696.0775 (MH+), found 696.0777. Anal. (C29H34N5O3Br2Cl‚
1.0H2O) C, H, N.

(+)-Ethyl [[[4-[2-[4-(3,10-Dibromo-8-chloro-6,11-dihy-
dro-5H-benzo[5,6]cyclohepta[1,2-b]pyridin-11(R)-yl)-1-
piperidinyl]-2-oxoethyl]-1-piperidinyl]carbonyl]amino]-
acetate (9). To a solution of (+)-1 (90 mg, 0.15 mmol) in
anhydrous dichloromethane (1.5 mL) was added ethyl isocy-
anatoacetate (0.04 mL, 0.36 mmol). After stirring at 25 °C for
3 h, the solution was poured into dichloromethane and washed
with aqueous sodium bicarbonate (saturated solution) and
brine. The organic phase was dried over anhydrous MgSO4

and concentrated in vacuo to give a residue which was purified
by flash column chromatography (silica gel) using methanol-
dichloromethane (2%, 1 L; 4%, 1 L): white solid; 45 mg, 40%
yield: mp ) 126.4-128.2 °C; 1H NMR (400 MHz, CDCl3) δ
1.10-1.82 (m, 8H), 1.29 (overlapping t, 3H, J ) 7 Hz), 2.03
(m, 1H), 2.23 (m, 2H), 2.40 (m, 2H), 2.86 (m, 4H), 3.0 (m, 1H),
3.28 (m, 1H), 3.63 (m, 1H), 3.83 (m, 1H), 3.92-4.03 (m, 4H),
4.22 (q, 2H, J ) 7 Hz), 4.61 (m, 1H), 4.93 (m, 2H), 7.15 (br s,
1H), 7.51 (s, 1H), 7.57 (m, 1H), 8.47 (s, 1H); MS (FAB) m/z
723 (MH+, 43%), 725 (MH+ + 2, 100%), 727 (MH+ + 4, 77%).
Anal. (C31H37N4O4Br2Cl‚H2O) C, H, N.

(+)-4-(3,10-Dibromo-8-chloro-6,11-dihydro-5H-benzo-
[5,6]cyclohepta[1,2-b]pyridin-11-yl)-1-[[1-(methylsulfonyl)-
4-piperidinyl]acetyl]piperidine (10). A solution of 1 (0.11
g, 0.185 mmol), anhydrous CH2Cl2 (10 mL), triethylamine (0.04
mL, 0.28 mmol), and methanesulfonyl chloride (0.02 mL, 0.22
mmol) was stirred at room temperature for 12 h. The mixture
was diluted with CH2Cl2, washed with 1 M HCl, washed with
1 M NaOH (aq), and dried over anhydrous MgSO4 to afford
the product as a white solid: 0.1 g, 80%; mp ) 133-136 °C;
1H NMR (200 MHz, CDCl3) δ 1.10-1.60 (m, 5H), 1.60-2.08
(m, 3H), 2.12-2.50 (m, 4H), 2.51-3.10 (m, 6H), 2.72 (overlap-
ping s, 3H), 3.22 (m, 1H), 3.58 (m, 1H), 3.74 (m, 3H), 4.55 (m,
1H), 4.86 (d, 1H, J ) 10 Hz), 7.09 (br s, 1H), 7.46 (d, 1H, J )
2 Hz), 7.50 (br s, 1H), 8.40 (d, 1H, J ) 2 Hz); 13C NMR (75.5
MHz, CDCl3) δ (mixture of rotamers) 29.71, 30.74, 31.05, 31.32,
31.38, 31.52, 31.63, 31.71, 31.85, 31.94, 33.88, 38.59, 41.33,
41.43, 41.52, 41.69, 45.22, 45.34, 45.77, 57.60, 57.69, 118.48,
128.70, 128.77, 130.63, 130.70, 140.92, 141.06, 142.11, 142.23,
146.91, 147.02, 154.33, 168.87; [R]25

D ) +23.8° (2.35 mg/2 mL,
DMSO); MS (FAB) m/z 672 (MH+, 53%), 674 (MH+ + 2, 100%),
676 (MH+ + 4, 72%); HRFABMS calcd for C27H33N3O3SBr2Cl
Mr 672.0298 (MH+), found 672.0283. Anal. (C27H32N3O3SBr2-
Cl) C, H, N.

(+)-4-(3,10-Dibromo-8-chloro-6,11-dihydro-5H-benzo-
[5,6]cyclohepta[1,2-b]pyridin-11-yl)-1-[[1-(phenylsulfonyl)-
4-piperidinyl]acetyl]piperidine (11). A solution of 1 (0.10
g, 0.17 mmol), anhydrous CH2Cl2 (10 mL), triethylamine (0.04
mL, 0.26 mmol), and benzenesulfonyl chloride (0.03 mL, 0.21
mmol) was stirred at room temperature for 12 h. The mixture
was diluted with CH2Cl2, washed with 1 M HCl (aq), washed
with 1 M NaOH (aq), and dried over anhydrous MgSO4 to
afford the product as a white solid: 0.11 g, 89%; mp ) 102-
105 °C; 1H NMR (200 MHz, CDCl3) δ 1.02-1.58 (m, 6H), 1.72
(m, 3H), 1.92-2.43 (m, 6H), 2.65-3.05 (m, 3H), 3.20 (m, 1H),
3.56 (m, 1H), 3.72 (m, 3H), 4.51 (m, 1H), 4.83 (d, 1H, J ) 10
Hz), 7.10 (s, 1H), 7.40-8.09 (m, 7H), 8.40 (s, 1H); 13C NMR
(75.5 MHz, CDCl3) δ (mixture of rotamers) 29.71, 30.73, 31.11,
31.20, 31.37, 31.49, 31.61, 31.69, 31.74, 31.86, 38.56, 38.61,
41.29, 41.46, 41.51, 41.65, 45.20, 45.33, 45.95, 57.61, 57.68,
118.46, 126.52, 127.17, 128.53, 128.70, 128.77, 129.25, 130.62,
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130.67, 132.26, 134.68, 134.81, 140.91, 141.06, 142.12, 146.89,
146.99, 168.85; [R]25

D ) +18.7° (3.85 mg/2 mL, DMSO); MS
(FAB) m/z 734 (MH+, 45%), 736 (MH+ + 2, 100%), 738 (MH+

+ 4, 72%); HRFABMS calcd for C32H35N3O3SBr2Cl Mr 734.0454
(MH+), found 734.0448. Anal. (C32H34N3O3Br2ClS‚0.7CH2Cl2)
C, H, N.

(+)-4-(3,10-Dibromo-8-chloro-6,11-dihydro-5H-benzo-
[5,6]cyclohepta[1,2-b]pyridin-11-yl)-1-[[1-[(phenylmeth-
yl)sulfonyl]-4-piperidinyl]acetyl]piperidine (12). A solu-
tion of 1 (0.10 g, 0.17 mmol), anhydrous CH2Cl2 (10 mL),
triethylamine (0.04 mL, 0.26 mmol), and phenylmethane-
sulfonyl chloride (43 mg, 0.23 mmol) was stirred at room
temperature for 12 h. The mixture was diluted with CH2Cl2,
washed with 1 M HCl (aq), washed with 1 M NaOH (aq), and
dried over anhydrous MgSO4 to afford the product as an off-
white solid: 87 mg, 69%; mp ) 116-132 °C; 1H NMR (200
MHz, CDCl3) δ 0.95-1.55 (m, 7H), 1.65 (m, 1H), 1.84 (m, 1H),
2.12 (m, 2H), 2.22-2.63 (m, 4H), 2.67-3.08 (m, 3H), 3.22 (m,
1H), 3.56 (m, 3H), 3.75 (m, 1H), 4.16 (s, 2H), 4.54 (m, 1H),
4.85 (d, 1H, J ) 10 Hz), 7.11 (s, 1H), 7.35 (s, 5H), 7.45 (s, 1H),
7.50 (s, 1H), 8.40 (s, 1H); 13C NMR (75.5 MHz, CDCl3) δ
(mixture of rotamers) 30.24, 31.26, 31.90, 32.16, 32.23, 32.33,
32.49, 32.58, 39.13, 41.84, 42.02, 42.06, 42.21, 45.75, 45.88,
46.39, 56.85, 58.13, 58.21, 118.99, 127.22, 127.34, 128.77,
128.82, 129.01, 129.06, 129.22, 129.29, 130.74, 131.17, 131.22,
133.26, 135.19, 135.34, 137.11, 137.38, 141.42, 141.55, 142.65,
142.75, 147.45, 147.55, 154.78, 154.89, 169.46; [R]23.7

D ) +42.6°
(3.38 mg/2 mL, CH2Cl2); MS (FAB) m/z 748 (MH+, 47%), 750
(MH+ + 2, 100%), 752 (MH+ + 4, 73%). Anal. (C33H36N3O3Br2-
ClS) C, H, N.

(+)-4-[2-[4-(3,10-Dibromo-8-chloro-6,11-dihydro-5H-
benzo[5,6]cyclohepta[1,2-b]pyridin-11(R)-yl)-1-piperidi-
nyl]-2-oxoethyl]-1-piperidinesulfonamide (13). To a so-
lution of 1 (0.298 g, 0.50 mmol) dissolved in anhydrous CH2Cl2

(5 mL), anhydrous acetonitrile (10 mL), and triethylamine
(0.22 mL, 1.5 mmol) cooled to 0 °C was added dropwise a
solution of sulfamoyl chloride (0.12 g, 1 mmol) dissolved in
acetonitrile (2 mL). The resulting mixture was stirred at 0 °C
for 1 h and then at 25 °C for 48 h. The mixture was
concentrated in vacuo, diluted with CH2Cl2, washed with 1 M
HCl, washed with 1 M NaOH (aq), and dried over anhydrous
MgSO4. The tan residue was purified by preparative plate
chromatography (silica gel) using 5% MeOH-CH2Cl2 saturated
with NH4OH to afford the product as a white solid: 47 mg,
14%; mp ) 151.5-155.6 °C; 1H NMR (200 MHz, CDCl3) δ
1.12-1.58 (m, 5H), 1.71-2.02 (m, 3H), 2.20 (m, 2H), 2.35 (m,
2H), 2.50-3.05 (m, 6H), 3.22 (m, 1H), 3.45-3.89 (m, 4H), 4.32
(s, 1H), 4.56 (m, 1H), 4.87 (d, 1H, J ) 10 Hz), 7.11 (s, 1H),
7.47 (d, 1H, J ) 2 Hz), 7.51 (s, 1H), 8.41 (d, 1H, J ) 2 Hz);
[R]22.5

D ) +47.7° (5.37 mg/2 mL, CH2Cl2); MS (FAB) m/z 673
(MH+, 47%), 675 (MH+ + 2, 100%), 677 (MH+ + 4, 72%);
HRFABMS calcd for C26H32N4O3SBrClBr81 Mr 675.0230 (MH+),
found 675.0232. Anal. (C26H31N4O3Br2ClS‚H2O) C, H, N.

Alternate Procedure for 13. A mixture of 1 (100 mg, 0.17
mmol), sulfamide (0.16 g, 1.7 mmol), and water (20 mL) was
stirred at reflux for 5 days. The mixture was concentrated in
vacuo, diluted with CH2Cl2, and purified by preparative plate
chromatography (silica gel) using 5% MeOH-CH2Cl2 saturated
with NH4OH to afford the product as a white solid: yield 65%
based on recovered 1 (50 mg).

(+)-4-[2-[4-(3,10-Dibromo-8-chloro-6,11-dihydro-5H-
benzo[5,6]cyclohepta[1,2-b]pyridin-11-yl)-1-piperidinyl]-
2-oxoethyl]-N,N-dimethyl-1-piperidinesulfonamide (14).
A solution of 1 (0.20 g, 0.34 mmol), anhydrous CH2Cl2 (10 mL),
triethylamine (0.08 mL, 0.50 mmol), and dimethylsulfamoyl
chloride (0.04 mL, 0.40 mmol) was stirred at room temperature
for 12 h. The mixture was diluted with CH2Cl2, washed with
1 M HCl (aq), washed with 1 M NaOH (aq), and dried over
anhydrous MgSO4 to afford the product as a white solid: 220
mg, 93%; mp ) 107.4-109.5 °C; 1H NMR (200 MHz, CDCl3) δ
1.12-1.66 (m, 5H), 1.78 (m, 2H), 1.95 (m, 1H), 2.21 (m, 2H),
2.38 (m, 2H), 2.71-3.10 (m, 6H), 2.80 (overlapping s, 6H), 3.24
(m, 1H), 3.50-3.90 (m, 4H), 4.58 (m, 1H), 4.88 (d, 1H, J ) 10
Hz), 7.12 (s, 1H), 7.48 (s, 1H), 7.52 (s, 1H), 8.42 (s, 1H); 13C

NMR (75.5 MHz, CDCl3) δ (mixture of rotamers) 29.72, 30.72,
30.78, 31.38, 31.50, 31.63, 31.72, 32.14, 37.77, 38.75, 41.32,
41.51, 41.55, 41.71, 45.29, 45.41, 46.13, 57.60, 57.67, 118.46,
128.68, 128.75, 130.65, 130.71, 140.86, 141.00, 142.09, 142.22,
146.92, 147.04, 169.03; [R]25

D ) +29.3° (4.64 mg/2 mL, DMSO);
MS (FAB) m/z 701 (MH+, 46%), 703 (MH+ + 2, 100%), 705
(MH+ + 4, 72%); HRFABMS calcd for C28H36N4O3SBr2Cl Mr

701.0563 (MH+), found 701.0547. Anal. (C28H35N4O3Br2ClS‚
H2O) H, N; C: calcd, 46.65; found, 44.83.

(+)-1-[[1-(Aminoacetyl)-4-piperidinyl]acetyl]-4-(3,10-
dibromo-8-chloro-6,11-dihydro-5H-benzo[5,6]cyclohepta-
[1,2-b]pyridin-11-yl)piperidine (15). A solution of 2a (0.145
g, 0.19 mmol) dissolved in CH2Cl2 (10 mL) and trifluoroacetic
acid (2 mL) was stirred at 25 °C for 12 h. Aqueous NaOH (50%)
was slowly added until the reaction mixture was basic followed
by brine, and the mixture was extracted with CH2Cl2. The
organic phase was dried over anhydrous MgSO4, filtered, and
concentrated in vacuo to afford a white solid: 86 mg, 68%; mp
) 131-138 °C; 1H NMR (200 MHz, CDCl3) δ 0.98-1.62 (m,
5H), 1.82 (m, 2H), 1.95-2.51 (m, 9H), 2.64 (m, 1H), 2.74-3.13
(m, 4H), 3.28 (m, 1H), 3.42-3.93 (m, 4H), 4.58 (m, 2H), 4.89
(d, 1H, J ) 10 Hz), 7.15 (s, 1H), 7.51 (d, 1H, J ) 2 Hz), 7.55
(s, 1H), 8.45 (d, 1H, J ) 2 Hz); 13C NMR (75.5 MHz, CDCl3) δ
(mixture of rotamers) 29.70, 30.71, 30.76, 31.35, 31.50, 31.61,
31.70, 31.82, 32.08, 32.67, 38.77, 38.88, 41.30, 41.50, 41.60,
41.67, 41.96, 43.88, 45.26, 45.38, 57.59, 57.68, 118.45, 126.79,
128.69, 130.61, 130.68, 132.69, 132.73, 134.65, 134.81, 134.83,
136.53, 136.84, 140.88, 141.01, 142.08, 142.22, 146.88, 147.01,
154.20, 154.35, 168.93; [R]25

D ) +33.8° (6.34 mg/2 mL, MeOH);
MS (ZAB) m/z 651 (MH+, 52%), 653 (MH+ + 2, 100%), 655
(MH+ + 4, 70%); HRFABMS calcd for C28H34N4O2Br2Cl Mr

651.0737 (MH+), found 651.0746. Anal. (C28H33N4O2Br2Cl‚
2H2O) C, H, N.

(+)-1-(2(R)-Amino-1-oxopropyl)-4-[2-[4-(3,10-dibromo-
8-chloro-6,11-dihydro-5H-benzo[5,6]cyclohepta[1,2-b]py-
ridin-11(R)-yl)-1-piperidinyl]-2-oxoethyl]piperidine (16).
Prepared as for 15: off-white solid; 56 mg, 64%; mp ) 103 °C
dec; 1H NMR (200 MHz, CDCl3) δ 0.75-1.59 (m, 6H), 1.20
(overlapping d, 3H, J ) 7 Hz), 1.62-2.48 (m, 10H), 2.57 (m,
1H), 2.69-3.11 (m, 4H), 3.13-3.40 (m, 1H), 3.57 (m, 1H), 3.76
(m, 2H), 4.55 (d, 2H, J ) 12 Hz), 4.86 (d, 1H, J ) 10 Hz), 7.11
(s, 1H), 7.46 (d, 1H, J ) 2 Hz), 7.51 (s, 1H), 8.41 (d, 1H, J )
2 Hz); [R]22.7

D ) +44.8° (3.48 mg/2 mL, CH2Cl2); MS (FAB)
m/z 665 (MH+, 45%), 667 (MH+ + 2, 100%), 669 (MH+ + 4,
69%). Anal. (C29H35N4O2Br2Cl‚0.25CH2Cl2) C, H, N.

(+)-1-(2(S)-Amino-1-oxopropyl)-4-[2-[4-(3,10-dibromo-
8-chloro-6,11-dihydro-5H-benzo[5,6]cyclohepta[1,2-b]py-
ridin-11(R)-yl)-1-piperidinyl]-2-oxoethyl]piperidine (17).
Prepared as for 15: off-white solid; 53.2 mg, 68%; mp ) 122.7-
128 °C dec; 1H NMR (200 MHz, CDCl3) δ 0.7-1.1 (m, 9H),
1.64-2.46 (m, 10H), 2.58 (m, 1H), 2.70-3.11 (m, 4H), 3.21 (m,
1H), 3.58 (m, 1H), 3.78 (m, 2H), 4.56 (m, 2H), 4.84 (d, 1H, J )
10 Hz), 7.11 (s, 1H), 7.46 (s, 1H), 7.50 (s, 1H), 8.40 (s, 1H);
[R]23.1

D ) +45.5° (4.84 mg/2 mL, CH2Cl2); MS (FAB) m/z 665
(MH+, 50%), 667 (MH+ + 2, 100%), 669 (MH+ + 4, 74%);
HRFABMS calcd for C29H36N4O2BrClBr81 Mr 667.0873 (MH+),
found 667.0886. Anal. (C29H35N4O2Br2Cl‚0.5CH2Cl2) C, H; N:
calcd, 7.90; found, 6.90.

(+)-4-(3,10-Dibromo-8-chloro-6,11-dihydro-5H-benzo-
[5,6]cyclohepta[1,2-b]pyridin-11(R)-yl)-1-[[1-[(1H-pyrrol-
1-yl)acetyl]-4-piperidinyl]acetyl]piperidine (18). To a
mixture of pyrrole (0.07 mL, 1.1 mmol) and sodium hydride
(0.05 g, 1.1 mmol, 60% dispersion in mineral oil) in anhydrous
DMF (8 mL) was added 3 (150 mg, 0.22 mmol), and the
resulting mixture was stirred at 80 °C for 12 h. After cooling
to 25 °C and diluting with CH2Cl2, the mixture was filtered
and the filtrate concentrated in vacuo. Purification by prepara-
tive plate chromatography (silica gel) afforded an off-white
solid: 58.1 mg, 37%; mp ) 123.4 °C dec; 1H NMR (200 MHz,
CDCl3) δ 0.8-1.9 (m, 8H), 1.97-2.50 (m, 4H), 2.62 (m, 1H),
2.73-3.16 (m, 4H), 3.25 (m, 1H), 3.48-3.89 (m, 4H), 4.56 (m,
2H), 4.69 (s, 2H), 4.90 (d, 1H, J ) 10 Hz), 6.16 (br s, 2H), 6.65
(s, 2H), 7.15 (s, 1H), 7.50 (d, 1H, J ) 2 Hz), 7.55 (br s, 1H),
8.44 (d, 1H, J ) 2 Hz); [R]25

D ) +35.5° (1.1 mg/2 mL, MeOH);
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MS (FAB) m/z 701 (MH+, 54%), 703 (MH+ + 2, 100%), 705
(MH+ + 4, 78%). Anal. (C32H35N4O2Br2Cl) C, H, N.

(+)-4-(3,10-Dibromo-8-chloro-6,11-dihydro-5H-benzo-
[5,6]cyclohepta[1,2-b]pyridin-11(R)-yl)-1-[[1-[(1H-1,2,4-
triazol-1-yl)acetyl]-4-piperidinyl]acetyl]piperidine (19).
A mixture of 1,2,4-triazole (sodium derivative, 81.3 mg, 0.89
mmol) and 3 (200 mg, 0.30 mmol) in anhydrous DMF (10 mL)
was stirred at 80 °C for 24 h. After cooling to 25 °C and diluting
with CH2Cl2, the mixture was filtered and the filtrate concen-
trated in vacuo. Purification by preparative plate chromatog-
raphy (silica gel) using 5% MeOH-CH2Cl2 saturated with
NH4OH afforded the product as a white solid: 173 mg, 83%;
mp ) 125.3 °C dec; 1H NMR (mixture of rotamers, 300 MHz,
DMSO-d6) δ 0.91-1.33 (m, 5H), 1.43 (m, 1H), 1.71 (m, 2H),
1.94 (m, 1H), 2.23 (m, 2H), 2.41 (m, 1H), 2.60 (m, 2H), 2.80-
3.13 (m, 4H), 3.35 (m, 1H), 3.59 (m, 1H), 3.86 (br d, 2H, J )
10 Hz), 4.25 (br d, 1H, J ) 12 Hz), 4.37 (m, 1H), 4.75 (d, 1H,
J ) 8 Hz), 5.23 (m, 2H), 7.46 (s, 1H), 7.65 (d, 1H, J ) 2 Hz),
7.85 (s, 1H), 7.94 (s, 1H), 8.03 (s, 0.4H), 8.41 (s, 1H), 8.46 (d,
1H, J ) 2 Hz), 8.83 (s, 0.4H); [R]24.7

D ) +41.5° (1.64 mg/2 mL,
MeOH); MS (FAB) m/z 703 (MH+, 46%), 705 (MH+ + 2, 100%),
707 (MH+ + 4, 74%); HRFABMS calcd for C30H34N6O2BrClBr81

Mr 705.0778 (MH+), found 705.0775. Anal. (C30H33N6O2Br2Cl‚
H2O‚NH3) C, H, N.

(+)-1-[[1-(Cyanoacetyl)-4-piperidinyl]acetyl]-4-(3,10-di-
bromo-8-chloro-6,11-dihydro-5H-benzo[5,6]cyclohepta-
[1,2-b]pyridin-11-yl)piperidine (20). Prepared as for 2a
using cyanoacetic acid: white solid; 0.24 g, 43%; mp ) 124.8-
125.6 °C; 1H NMR (200 MHz, CDCl3) δ 1.04-1.60 (m, 6H), 1.80
(d, 1H, J ) 12 Hz), 1.91 (d, 1H, J ) 12 Hz), 2.05-2.47 (m,
5H), 2.67 (dt, 1H, J ) 12 Hz, J ) 3 Hz), 2.75-3.06 (m, 3H),
3.10-3.32 (m, 2H), 3.39-3.88 (m, 5H), 4.57 (m, 2H), 4.90 (d,
1H, J ) 10 Hz), 7.14 (s, 1H), 7.50 (d, 1H, J ) 2 Hz), 7.56 (br
s, 1H), 8.45 (d, 1H, J ) 2 Hz); 13C NMR (75.5 MHz, CDCl3) δ
(mixture of rotamers) 24.94, 30.07, 31.07, 31.13, 31.68, 32.01,
32.07, 32.27, 32.34, 32.42, 32.71, 32.82, 38.88, 38.91, 38.99,
39.02, 41.71, 41.90, 41.97, 42.18, 42.87, 45.62, 45.71, 46.77,
57.68, 57.71, 113.98, 118.93, 127.10, 127.24, 129.10, 129.16,
131.08, 131.15, 131.20, 133.21, 141.67, 141.71, 141.75, 141.87,
142.37, 142.40, 142.43, 142.57, 147.03, 147.06, 147.09, 147.13,
159.57, 169.11, 169.18; MS (FAB) m/z 661 (MH+, 47%), 663
(MH+ + 2, 100%), 665 (MH+ + 4, 81%). Anal. (C29H31N4O2Br2-
Cl‚0.3H2O) C, H, N.

4-[2-[4-(3,10-Dibromo-8-chloro-6,11-dihydro-5H-benzo-
[5,6]cyclohepta[1,2-b]pyridin-11(R)-yl)-1-piperidinyl]-2-
oxoethyl]piperidinyl]carbonyl]-3-pyridinecarboxylic Acid
(21). A mixture of 1 (200 mg, 0.34 mmol), 3,5-pyridinedicar-
boxylic acid (284 mg, 1.7 mmol), HOBt (69 mg, 0.51 mmol),
DEC (163 mg, 0.85 mmol), N-methylmorpholine (0.06 mL, 0.54
mmol), and dry DMF (3 mL) was stirred at 25 °C for 1.5 h.
The mixture was diluted with water, and the solid was filtered
and purified by flash column chromatography (silica gel) using
5-10% MeOH- CH2Cl2 saturated with NH4OH to afford a
white solid which was dried in vacuo: 143 mg, 56%; mp )
183.7-185.9 °C; 1H NMR (400 MHz, CDCl3) δ 1.0-1.91 (m,
7H), 2.11 (m, 1H), 2.11-2.53 (m, 4H), 2.6-3.11 (m, 6H), 3.30
(m, 1H), 3.62 (m, 1H), 3.80 (m, 1H), 3.98 (m, 1H), 4.53 (m,
1H), 4.63 (m, 1H), 4.88 (d, 1H, J ) 10 Hz), 7.13 (s, 1H), 7.46
(s, 1H), 7.57, 7.66 (two s, 1H), 8.17, 8.34 (two s, 1H), 8.45 (s,
1H), 8.51, 8.75 (two br s, 1H), 8.98, 9.13 (two br s, 1H); MS
(FAB) m/z 743 (MH+, 46%), 745 (MH+ + 2, 100%), 747 (MH+

+ 4, 72%). Anal. (C33H33N4O4Br2Cl‚1.6H2O‚NH3) C, H, N.
(+)-5-[[4-[2-[4-(3,10-Dibromo-8-chloro-6,11-dihydro-5H-

benzo[5,6]cyclohepta[1,2-b]pyridin-11(R)-yl)-1-piperidi-
nyl]-2-oxoethyl]piperidinyl]carbonyl]-3-pyridinecarbox-
amide (22). Prepared as in 8 using 21: off-white solid; 1.49
g, 82%; mp ) 81.8-83.9 °C; 1H NMR (200 MHz, CDCl3) δ
1.03-1.65 (m, 5H), 1.67-2.51 (m, 7H), 2.59 (m, 1H), 2.75-
3.36 (m, 6H), 3.52-3.93 (m, 3H), 4.51-4.82 (m, 2H), 4.90 (d,
1H, J ) 10 Hz), 5.82 (m, 1H), 6.43 (m, 1H) 7.15 (br s, 1H),
7.52 (s, 1H), 7.57 (br s, 1H), 8.20 (br s, 1H), 8.45 (d, 1H, J )
2 Hz), 8.78 (s, 1H), 9.08 (s, 1H); MS (FAB) m/z 742 (MH+, 43%),
744 (MH+ + 2, 100%), 746 (MH+ + 4, 76%). Anal. (C33H34N5O3-
Br2Cl‚2DMF) C, H, N.

(+)-4-(3,10-Dibromo-8-chloro-6,11-dihydro-5H-benzo-
[5,6]cyclohepta[1,2-b]pyridin-11(R)-yl)-1-[[1-(3-pyridinyl-
carbonyl)-4-piperidinyl]acetyl]piperidine N1-Oxide (23).
Prepared as in 21 using nicotinic acid N-oxide: white solid;
137 mg, 57%; mp ) 157.2 °C dec; 1H NMR (mixture of
rotamers, 200 MHz, CDCl3) δ 1.02-1.65 (m, 5H), 1.75-2.54
(m, 8H), 2.72-3.39 (m, 6H), 3.64 (m, 2H), 3.82 (m, 1H), 4.63
(m, 2H), 4.94 (d, 1H, J ) 10 Hz), 7.18 (s, 1H), 7.30 (m, 2H),
7.52 (br s, 1H), 7.60 (m, 1H), 8.23 (br s, 2H), 8.48 (br s, 1H);
[R]23.2

D ) +48° (1.75 mg/2 mL, MeOH); MS (FAB) m/z 715
(MH+, 47%), 717 (MH+ + 2, 100%), 719 (MH+ + 4, 70%). Anal.
(C32H33N4O3Br2Cl‚2H2O) C, H, N.

(+)-4-(3,10-Dibromo-8-chloro-6,11-dihydro-5H-benzo-
[5,6]cyclohepta[1,2-b]pyridin-11(R)-yl)-1-[[1-(4-pyridinyl-
carbonyl)-4-piperidinyl]acetyl]piperidine N1-Oxide (24).
Prepared as in 21 using isonicotinic acid N-oxide: white solid;
144 mg, 60%; mp ) 151.3 °C dec; 1H NMR (mixture of
rotamers, 200 MHz, CDCl3) δ 1.05-1.66 (m, 5H), 1.89 (m, 2H),
2.09-2.53 (m, 6H), 2.76-3.42 (m, 6H), 3.52-3.94 (m, 3H), 4.61
(m, 2H), 4.97 (d, 1H, J ) 10 Hz), 7.18 (s, 1H), 7.36 (d, 2H, J )
7 Hz), 7.53 (d, 1H, J ) 2 Hz), 7.62 (m, 1H), 8.25 (d, 2H, J ) 7
Hz), 8.49 (s, 1H); [R]23.6

D ) +38.7° (4.65 mg/2 mL, CH2Cl2);
MS (FAB) m/z 715 (MH+, 45%), 717 (MH+ + 2, 100%), 719
(MH+ + 4, 72%); HRFABMS calcd for C32H34N4O3BrClBr81 Mr

717.0666 (MH+), found 717.0658. Anal. (C32H33N4O3Br2Cl‚
2H2O) C, H, N.

(+)-1-[[1-(2-Amino-1,2-dioxoethyl)-4-piperidinyl]acetyl]-
4-(3,10-dibromo-8-chloro-6,11-dihydro-5H-benzo[5,6]-
cyclohepta[1,2-b]pyridin-11-yl)piperidine (25). To a cooled
solution of oxalyl chloride (1.0 mL) in CH2Cl2 (10 mL) was
added pyridine (0.08 mL) followed by a solution of 1 (0.205 g,
0.34 mmol) in CH2Cl2 (10 mL). After the mixture stirred at 0
°C for 5 min, concentrated NH4OH (excess) was added drop-
wise and the resulting basic mixture (pH paper) was stirred
at 25 °C overnight. The mixture was diluted with CH2Cl2 and
washed with water and then brine. The organic phase was
washed with 1 M HCl, 1 M NaOH (aq), and brine and dried
over anhydrous MgSO4 to afford a solid. Purification by
preparative plate chromatography (silica gel) using 5% MeOH-
CH2Cl2 saturated with NH4OH afforded a white solid: 86 mg,
37%; mp ) 152.8 °C dec; 1H NMR (200 MHz, CDCl3) δ 0.80-
1.61 (m, 6H), 1.68-2.5 (m, 7H), 2.57-3.37 (m, 6H), 3.43-3.92
(m, 2H), 4.30-4.82 (m, 3H), 4.89 (d, 1H, J ) 10 Hz), 5.70 (br
s, 1H, exchangeable w/ D2O), 6.95 (br s, 1H, exchangeable w/
D2O), 7.16 (s, 1H), 7.50 (s, 1H), 7.55 (s, 1H), 8.45 (s, 1H); [R]23.4

D

) +32.8° (2.99 mg/2 mL, CH2Cl2); MS (FAB) m/z 665 (MH+,
42%), 667 (MH+ + 2, 100%), 669 (MH+ + 4, 70%). Anal.
(C28H31N4O3Br2Cl‚0.7CH2Cl2) C, H, N.

Alternate Procedure for 25. A mixture of 4 (150 mg, 0.22
mmol) was stirred with concentrated NH4OH (aq, 2 mL) at
25 °C for 12 h, then concentrated in vacuo , diluted with CH2-
Cl2, washed with saturated NaHCO3 (aq), and dried over
anhydrous Na2SO4. The organic phase was filtered and
concentrated in vacuo to afford 25 (61.2 mg, 42%).

(+)-4-[2-[4-(3,10-Dibromo-8-chloro-6,11-dihydro-5H-
benzo[5,6]cyclohepta[1,2-b]pyridin-11(R)-yl)-1-pip-
eridinyl]-2-oxoethyl]-N,N-dimethyl-r-oxo-1-piperidineacet-
amide (26). Prepared as in 21 using dimethyloxamic acid:13

white solid; 95.3 mg, 81%; mp ) 95.0 °C dec; 1H NMR (200
MHz, CDCl3) δ 1.05-1.63 (m, 6H), 1.69 (m, 1H), 1.82 (br d,
2H, J ) 12 Hz), 2.22 (m, 2H), 2.38 (m, 2H), 2.61-3.36 (m, 6H),
2.98 (overlapping br s, 6H), 3.60 (m, 2H), 3.81 (m, 1H), 4.45-
4.69 (m, 2H), 4.89 (d, 1H, J ) 10 Hz), 7.15 (s, 1H), 7.50 (s,
1H), 7.55 (s, 1H), 8.44 (s, 1H); [R]24.5

D ) +64.2° (2.15 mg/2 mL,
10% MeOH/CH2Cl2); MS (FAB) m/z 693 (MH+, 47%), 695 (MH+

+ 2, 100%), 697 (MH+ + 4, 72%); HRFABMS calcd for
C29H34N4O4BrClBr81 Mr 697.0615 (MH+), found 697.0605. Anal.
(C30H35N4O3Br2Cl‚0.4CH2Cl2) C, H, N.

(+)-4-[2-[4-(3,10-Dibromo-8-chloro-6,11-dihydro-5H-
benzo[5,6]cyclohepta[1,2-b]pyridin-11(R)-yl)-1-piperidi-
nyl]-2-oxoethyl]-1-piperidineacetamide (27). A mixture of
2-bromoacetamide (27.4 mg, 0.2 mmol), Na2CO3 (anhydrous,
40 mg, 0.4 mmol), and 1 (113 mg, 0.19 mmol) in anhydrous
DMF (2 mL) was stirred at 25 °C for 12 h. Water was added,
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and the resulting precipitate was filtered and washed with
water, then dissolved in CH2Cl2, and dried over anhydrous
MgSO4. The filtrate was concentrated in vacuo to afford the
product as an off-white solid: 84 mg, 68%; mp ) 131 °C dec;
1H NMR (200 MHz, CDCl3) δ 1.10-1.62 (m, 6H), 1.78 (m, 3H),
2.05-2.51 (m, 6H), 2.68-3.10 (m, 5H), 2.95 (overlapping s, 2H),
3.23 (m, 1H), 3.61 (m, 1H), 3.82 (m, 1H), 4.57 (br d, 1H, J )
12 Hz), 4.89 (d, 1H, J ) 10 Hz), 5.59 (br s, 1H, exchangeable
w/ D2O), 7.06 (br s, 1H, exchangeable w/ D2O), 7.12 (s, 1H),
7.48 (s, 1H), 7.52 (s, 1H), 8.42 (s, 1H); 13C NMR (75.5 MHz,
CDCl3) δ (mixture of rotamers) 30.18, 31.24, 31.29, 31.84,
32.11, 32.19, 32.27, 32.42, 32.53, 39.59, 41.79, 41.99, 42.18,
45.91, 46.05, 54.19, 58.11, 58.17, 61.64, 118.96, 127.18, 127.30,
129.19, 129.26, 131.11, 131.19, 133.18, 133.24, 135.17, 135.36,
137.02, 137.38, 141.43, 141.59, 142.57, 142.74, 147.36, 147.51,
154.70, 154.92, 169.99, 173.57; MS (FAB) m/z 651 (MH+, 44%),
653 (MH+ + 2, 100%), 655 (MH+ + 4, 77%); HRFABMS calcd
for C28H34N4O2Br2Cl Mr 651.0737 (MH+), found 651.0743. Anal.
(C28H33N4O2Br2Cl‚0.3CH2Cl2) C, H, N.

(+)-4-[2-[4-(3,10-Dibromo-8-chloro-6,11-dihydro-5H-
benzo[5,6]cyclohepta[1,2-b]pyridin-11(R)-yl)-1-piperidi-
nyl]-2-oxoethyl]-N,N-diethyl-1-piperidineacetamide (28).
Prepared as in 27 using 2-chloro-N,N-diethylacetamide: white
solid; 78.7 mg, 62%; mp ) 110-114 °C; 1H NMR (200 MHz,
CDCl3) δ 0.98-1.60 (m, 11H), 1.71 (m, 3H), 1.98-2.52 (m, 7H),
2.7-3.06 (m, 5H), 3.13 (s, 2H), 3.19 (m, 1H), 3.33 (m, 4H), 3.60
(m, 1H), 3.82 (m, 1H), 4.57 (br d, 1H, J ) 12 Hz), 4.88 (d, 1H,
J ) 10 Hz), 7.11 (s, 1H), 7.47 (s, 1H), 7.51 (s, 1H), 8.12 (s,
1H); [R]22.5

D ) +48.5° (5.32 mg/2 mL, CH2Cl2); MS (FAB) m/z
707 (MH+, 46%), 709 (MH+ + 2, 100%), 711 (MH+ + 4, 71%).
Anal. (C30H37N4O3Br2Cl‚0.5H2O) C, H, N.

(+)-4-(3,10-Dibromo-8-chloro-6,11-dihydro-5H-benzo-
[5,6]cyclohepta[1,2-b]pyridin-11(R)-yl)-1-[2-[1-[2-(4-mor-
pholinyl)-2-oxoethyl]-4-piperidinyl]acetyl]piperidine (29).
Prepared as in 27 using morpholinochloroacetamide: white
solid; 63.2 mg, 52%; mp ) 126.9-131.9 °C; 1H NMR (200 MHz,
CDCl3) δ 1.12-1.62 (m, 5H), 1.76 (m, 3H), 2.02-2.51 (m, 7H),
2.68-3.38 (m, 6H), 3.19 (overlapping s, 2H), 3.63 (br s, 9H),
3.82 (m, 1H), 4.60 (br d, 1H, J ) 12 Hz), 4.90 (d, 1H, J ) 10
Hz), 7.15 (s, 1H), 7.52 (s, 1H), 7.55 (s, 1H), 8.45 (s, 1H); 13C
NMR (75.5 MHz, CDCl3) δ (mixture of rotamers) 30.21, 31.24,
31.29, 31.90, 32.13, 32.20, 32.31, 32.60, 39.63, 41.77, 41.95,
42.04, 42.22, 45.91, 46.04, 46.20, 53.61, 58.12, 58.20, 61.44,
67.05, 118.95, 127.20, 127.32, 129.17, 129.25, 131.13, 131.20,
133.19, 133.23, 135.14, 135.31, 137.08, 137.41, 141.39, 141.54,
142.57, 142.73, 147.40, 147.53, 154.78, 154.97, 168.1, 170.02;
[R]24.2

D ) +39.7° (1.16 mg/2 mL, CH2Cl2); MS (FAB) m/z 721
(MH+, 50%), 723 (MH+ + 2, 100%), 725 (MH+ + 4, 66%). Anal.
(C32H39N4O3Br2Cl‚0.5H2O) C, H, N.
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