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BENZ0(5,6)CYCLOHEPTA(l,2B)PYRIDINE DERIVATIVES USEFUL FOR INHIBITION OF 
FARNESYL PROTEIN TRANSFERASE 

BACKGROUND 

WO 95/10516. published April 20, 1995 discloses tricyclic 
compounds useful for mhibtting famesyl protein transferase. 

In view, of the current interest in inhibitors of famesyl 
10 protein transferase, a welcome· contribution to the art would be 

compounds useful for the inhibition of famesyl protein 
transferase. Such a contribution is provided by this invention. 

SUMMARY OF THE INVENTION 
15 This invention provides compounds useful for the 

20 

inhibition of famesyl protein transferase (FPT}. The compounds 
of this invention are represented by the formula: 

R2 

C) R4 (LO) 

I 
T 

or a pha:rmaceutically acceptable salt or solvate thereof, 
wherein: 

a represents Nor NO·: 
Rl and :R3 are the same or different and each represents 

halo; 
R2 and R4 are each independently selected from H and 

25 halo, provided that at least one of R2 and R4 is H; 
each dotted line (---)represents an optional bond: 
Xis N, C when the optional bond to X is present, or CH 

when the optional bond to X is absent; 
T is a substituent selected from: 
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)J.)~ ~ )v()~ 
R R 

Z represents 0 or S; 

R represents -C(O)N(R10
) 2 , -C~C(O)N(R10)2 , -S02R10, 

-S02N(R1°)2 , -C(O)R11 , -C(O)-O~R11 , alkyl, aryl, aralkyl, cycloatkyl, 

5 heterocycloalkyl or heteroaryl; 

R5 represents alkyl, aryl. · aratkyl. heteroaryl, 

heteroarylalkyl, cycloalkyl, OR12, NR12H, SR12
, SOR12 (where R12 

is not H}, or S02R12 (where R12is not H); and 

each R10 independently represents H. alkyl, aryl, or aralkyl 

10 (e.g., benzyl): 
R11 is alkyl. aryl. araJkyl. heteroaryl or heterocycloalkyl; 

R12 is selected from· H. alkyl. aryi. aralkyl, heteroaryl, . 

heteroarylalkyl, or heterocycloalkyl. 

The compounds of this invention: (1) potently inhibit 

15 farnesyl protein transferase, but not geranylgeranyl protein 

transferase I, !n D:tm: (ii) block the phenotypic change induced 

by a form of transforming Ras which is a farnesyl acceptor but not 

by a form of transforming Ras engineered to be a geranylgeranyl 

acceptor; (111) block intracellular processing of Ras which is a 

20 farnesyl acceptor but not of Ras engineered to be a 

geranylgeranyl acceptor; and (iv) block abnormal cell growth in 

culture induced by transforming Ras. 

The compounds of this invention inhibit fam.esyl protein 

tra.nsferase and the farnesylation of the oncogene protein Ras. 

25 Thus. this invention further provides a method of inhibiting 

farnesyl protein transferase, (e.g., ras famesyl protein 

transferase) in mammals, especially humans, by the 

administration of an effective amount of the compounds of 

formula LO. The administration of the compounds of this 

30 invention to patients, to inhibit farnesyl protein transferase, is 

useful in the treatment of the cancers d,escribed below. 

This invention provides a method for inhibiting or treating 

the abnormal growth of cells, including transformed cells, by 

administering an effective amount of a compound of this 

,35 invention. Abnormal growth of cells refers to cell growth 

. ;. 

Ii 
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independent of normal regulatory mechanisms. (e.g .• loss of 
contact inhibit.ton). ThiS includes the abnormal growth of: (1) 

tumor cells (tumors) expre~sing an activated Ras oncogene; (2) 

tumor cells .in which the Ras protein is activated as a result_ of 
5 oncogenic mutation in another gene; and (3) benign and 

malignant cells of other proliferative diseases in which aberrant 
Ras activation occurs. 

Tb.is tnyenUon also provides a method for inhibiting or 
treating tumor growth by administering an effective amount of 

10 the compounds of formula 1.0 to a mammal (e.g., a human}·in 
need of such treatment. In particular. this invention provides a 
method for inhibiting or treating the growth of tumors 
expressing an activated Ras oncogene by the administration of an 
effective amount of the above described compounds. Examples of 

15 tumors which may be inhibited or treated include, .but are not 
limited to, lung cancer (e.g •• lung adenocarcinoma), pancreatic 
cancers (e.g .• pancreatic carcinoma such as, for example, 
exocrine pancreatic carcinoma), colon cancers (e.g .• colorectal 
carcinomas, such as, for example. colon adenocareinoma and 

20 colon adenoma), myeloid leukemias. (for example, acute 
myelogenous leukemia (AML)), thyroid follicular cancer, 
m:relodysplasttc syndrome (MDS), bladder carcinoma, epidennal 
carcinoma, breast cancer and. prostate cancer. 

It is believed. that this invention also provides a method for 
25 inhibiting or treating proliferative diseases, both benign and 

malignant, wherein Ras proteins are aberrantly activated as a 
result of oncogentc mutation in other genes--i.e., the Ras gene 
itself ts not activated by mutation to an oncogentc form--with said 
inhibition or treatment being accomplished by the 

30 adniinistration of an effective amount of the compounds of 
formula 1.0 to a mammal (e.g., a human) in need of such 
treatment. For example, the benign. proliferative disorder 
neurofibromatosis, or tumors in which Ras is activated due to 
mutation or overexpression of tyrosine kinase oncogenes (e.g~. 

35 neu, src, abl, lck. and fyn), may be inhibited or treated by the 
compounds of fonnula 1.0. 

The compounds of formula 1.0 useful in the methods of 
this invention inhibit or treat the abnormal growth of cells. 
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Without Wishing. to be bound by theocy. it is believed that these 

compounds may function through the inhibition of G-protein 

function. such as ras p2 i. by blocking G-protein isoprenylation. 

thus m&king them useful in the treatment of proliferative 

5 diseases such as tumor growth and cancer. Without wishing to 

be bound by theoiy, it ts believed that these compounds inhibit · 

ras famesyl protein transferase, and thus show antlproliferattve 

activity a~t ras tr8nsformed cells. 

10 DETAILED DESCRIPTION ·oF THE INV'ENTION 

As used herein. the follmving tern.ls are used as ddined 

below 1inless otherwise il:ldtcated: 
MH+-i-epresents the molecular ton plus hydrogen of the 

molecule in the mass spectrtun; . 
15 Et (or ET)-represents ethyl (C2Hs): 

alkyl-represents straight and branched carbon chains that 

contain. from one to twenty carbon atoms, preferably one to six 

carbon atoms;· 
-halo-represents fluoro, chforo, bromo and iodo; 

20 ' cycloalkyl-representS saturated carbocyclic rings . 

branched or unbranched of from 3 to 20 carbon atoms, preferably 

3 to 7 carbon atoms: 
heterocycloalkyl-represents a saturated, branched or 

unbranched carbocylic rtrig ·containing from 3· to 15 carbon 

. 25 atoms, :preferably from 4 to 6 carbon atoms, which carbocycltc 

ring is interrupted by· i.·to 3 hetero groups ·selected from -0-. -S­

or - NRl2.;;(suitable heterocycloalkyl groups including 2- or 3-

tetrahydrofuranyl, 2- or 3- tetrahydrothienyl, 2-, 3- · or 4-

piperidinyl. 2- or 3-pyrrolidtnyl, 2- or 3~piperizinyl, 2- or 4-

30 dioxanyl, etc.); . 
aryl (includiri.g·the aryl.portion ·of aryloxy and aralkyl)­

represents a carbocyclic group containirig from 6 to 15 carbon 

atoms and having at least one aromatic ring (e.g.' aryl is a phenyl 

(Ph) ring), with all· available substitutable carbon atoms of the 

· 35 carbocyclic group being intended as possible points of 

attachment. said carbocyclic group being optionally substituted 

(e.g., 1 to 3) with one or more of halo, alkyl, hydroxy. alkoxy. 
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phenoxy. CF3, amino, alkylamino, dialkylamino, -COQRlO or-N02; 

and 
heteroaryl-represents cyclic groups, optionally substituted 

with RlO, having at least one heteroatom selected from o. S or_N, 
5 said beteroatom interrupting a carbocyclic ring structure and 

having a sufficient number of delocalized pi electrons to provide 
aromatic character. With the aromatic heterocyclic groups 
preferably co:ptaining from 2 to 14 carbon atoms. e.g •• triazolyl, 
2-. 3- or 4-pyridyl or pyridyl N'-oxide (optionally substituted with 

10 R3 and R4), wherein pyridyl N-oxide can be represented as: 

() C) 
N N 

~() 
+ ' ' 0 0 .. 
0 

The following solvents and reagents are referred to herein 
by the abbreviations indicated: ethanol (EtOH); methanol (MeOH); 
acetic acid (HOAc or AcOH); ethyl acetate (EtOAc); N,N-

15 dimethylfonnamtde (DMF); trtfluoroacetic acid (TFA): trifluoro­
acetic anhydride (TFAA); 1-hydroxybenzotriazole (HOBT); 1-(3-. 
dimethylaminopropyl)-3-ethyl carbodiimide hydrochloride (DEC); 
trimethylsilyl OMS); m-chloro-peroxybenzotc acid (MCPBA); 

lithium diisopropylamide (LDA); dimethylsulfoxide (DMSO); 
20 sodium borohydride (NaBf4); diisobutylaluminum . 

hydride(DIBAL); and 4-methylmorpholine (NMM). 

The positions in the trtcyclic ring system are: 
5 6 

Those skilled in the art will also appreciate that the S and 
25 R stereochemistry. for the C-11 position of the trlcyclic ring 

when Xis CH or N is as follows: 

. -~ 
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Preferred halo atoms for Rl, R2, Rs. and R4 in formula I.O 

are selected from: Br, Cl or I, with Br and Cl being preferred. 

Compounds of fonnula 1.0 include compounds of the 

formula 

I 

c) 
N. 

(1.0a) 

o~~ 
RS 

or 

I 

6 
o,l_Q 

Rs 

(1.0b) 

wherein Rl and R3 are the same or different halo and a. X. R5 , R 

.. and the dotted lines are as defined above. Preferably, for these 

dihalo compounds. Rl and R3 are independently selected from 

10 Br or Cl, and more preferably Rl is Br and. R3 is CI. Preferably. X 

ts CH or N, with CH being more preferred. 

15 

Compounds of formula 1.0 include compounds of formulas 

I.la and l.lb and formulas l.2a and 1.2b: 

(1.1 a) or (1.1 b) 

Iii 
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I -(1.2a) c) 
0~'"1 

or (1.2b) c) 
o~ Rs Rs 

wherein RI. R3 and R4 iri formulas I.la and I.lb are halo. and Rl, 

R2 and R3 in formula l.2a and l.2b are halo and wherein a. X. R. 
5 R5. and the dotted lines are as defined above.· Compounds of 

formulas I.la and I.lb are preferred. 
Preferably, in formulas l.la and 1.lb. Rl is Br. R3 is Cl. and 

R4 is halo. More preferably. in formulas I.la and I.lb. Rl is Br. 
R3 is Cl. and R4 is.Br. 

10 Preferably, in formulas l.2a and l.2b, Rl is Br. R2 is halo, 
and R3 is Cl. More preferably, in formulas l.2a and l.2b. Rl is Br. 
R2 is Br. and R3 is Cl. 

Preferably. for compounds of formulas I.la, I.lb, l.2a and 
l ."2b. X is CH or N. For compounds of formulas I. la and 1.1 b, X 

15 is preferably CH. 
Preferably, for the compounds of this invention, the 

optional bond between positions 5 and 6 (i.e., C5-C6) in the 
tricyclic system is absent. 

Also, preferably, for the compounds of this inVention, 
20 substituent a in ring I represents N and the optional double bond 

at position 11 :is absent. 
Those skllled in the art will appreciate that compounds of 

formula 1.0 include compounds of formulas 1.3 and 1.4: 
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C) R4 
N 
I 
Ts 

(1.3) OR' 
N 
I 
T 

(1.4) and 

wherein X is CH or N , with compounds of 1.3 being preferred 

for compounds of formula 1.1. and with compounds of formula 

5 1.4 being preferred for compounds of formula 1.2. 

The preferred T groups for use in the present invention 

include: 

NJv• 
' 0 Hz NOC 

0 0 

11 
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Certain compounds of the invention may exist in different 
isomeric (e.g~. enantiomers and diastereoisomers) forms. The 
invention contemplates all such. isomers both in pure form and in 
admixture, including racemic miXtures. Enol forms are al~o 

5 included. 
Certain compounds of formula 1.0 will be acidic in nature, 

e.g. those compounds which possess a carboxyl or phenolic 

hydroxyl gro1iP· These compounds may form pharmaceutically 
acceptable salts. Examples of such salts may include sodium. 

10 potassium, calcium, aluminum, gold and silver salts. Also 
contemplated are salts formed With pharmaceutically acceptable 
amines such as ammonia, alkyl amines, hydroxyalkylamines, N- ·· . 
methylglucamine and the like~ 

Certain basic compounds of formula 1.0 also form 
15 pharmaceutically acceptable salts, e.g .• acid addition salts. For·· 

example, the pyrtdo-nitrogen atoms may form salts with strong 
acid, while compounds having basic substituents such as amino · 
groups also form salts With weaker acids. Examples of suitable 
acids for salt formation are hydrochloric. sulfuric. phosphoric, 

20 acetic, citric, oxalic, malonic, salicylic, malic, fumar.lc, succlnic, · 
ascorbic. maleic. methanesulfonic and other mineral and 
c~boxylic acids well lmown to those in the art. The salts are 
prepared by contacting the free base form with a sufficient 
amount of the des~ed acid to produce a salt in the conventional 

25 manner. The free.base forms may be regenerated by treating the 
salt with a suitable dilute aqueous base solution such as dilute 
aqueous NaOH, potassium carbonate, ammonia and sodium 
bicarbonate. The free base forms differ from their respective salt 
forms somewhat in certain physical properties, such as solubility 

30 in polar. solvents, but the acid and base salts are otherwise 
equivalent to their respective free base forms for. purposes of the 
invention. 

All such acid and base salts are intended to be 
pharmaceutically acceptable salts within the scope of the 

35 invention and all acid and base salts are considered equivalent to 
the free forms of the corresponding compounds for purposes of 
the invention. 
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· Intermediates usefl.11 in the preparation of compounds of 

the invention may be prepared acc6rding·to the procedures· 

described in WO ·95/10516 published April 20. 1995. in WO 

96/30363 published October 3. 1996. in U~S. Patent No. 

5 5,151.423 and by the methods described below. 

Compounds of the invention can be prepared according to 

the ·reaction: 

. ' . 

(13.0) () .. 
• 
H 

R3WH .. ·. N-R 
·· or. 

+ . . . 

Z · Rs 

(l4.0) 

I 

(y~.11) 
N .. 
I 
T 

OH 
N·R 

(14.1) 

In the reaction. the carboxylic acid (14~0 or 14.1) (which may 

.10 also be aµ alkali me~ salt such as a lithium salt of 14.0 or 14.1 

or- an acid halide of the acid) is coupled to ·the ·trtcyclic amine 

(13.0) using amide bond forming conditions well lmown to those 

skilled in the art. The substituents are a8 defined ·ror formula 

1.0. For example, carbodiimide coupling methods (e.g .• DEC) can 

15 be used. For example, the carboxylic acid (14~0 or 14.1) can be 

reacted with the tricyclic amine (13.0) ·using DEC/HOBT/NMM 

in DMF at about 25°C for a sufficient period of time, e.g., about 18 

hours, to produce a compound of formula 1.0. 

The carboxylic acids (14.0 and 14.1) are prepared by 

20 methods well lmown in the art. 

The general procedures described below can be used to 

prepare the compounds;of foimulas 14.0 and 14.1 above. In the 

schematics shown below, the 4-piperdtnyl group is illustrated, 

but a 3-piperdinyl group can be employed in essentially the same 

25 manner. The compound offonnula 16.0 is commercially 

available from Aldrich. The 3-piperdinyl analog of formula 16.0 is 

l·i 
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described in A. Terclnet. Bull. Soc. Chem. France 11. p. 500 
(1944). 

I\ r"\ 0 

0 R•Y•trEAJCH2Cl2 0 H3o+ 6 or a Protecting Reagent 
I such as p-N02- PhS02Cl ' 

I 

H R• R' 
16.0 17.0 18.0 

5 When R is group R.', wherein R' is -802 R10
• -802 N(R10

) 2 , 

alkyl. aryl. aralkyL cycloalkyl, heterocycloalkyl or heteroaryl. the 
R' group can be placed on the piperdinyl nitrogen in the first 
step, i.e., by reaction of formula 16.0 with a compound RY', 
where Y is halo such as Cl, Br, or I in the case of S02R10

, 

10 -S02N(R10
)2 , alkyl. aralkyl, cycloalkyl; heterocycloalkyl ·or 

heteroaryl, and Y' is I in the case of aryl (using a Pd catalyst and 
tetrabutyl ammonium bromide in DMF}. 

Alternatively, R' can be a protecting group (Pro} such as a 
p-nitrobenzenesulfonate or benzyl group, which can be placed on 

15 the piperdinyl nitrogen in the first step by reaction of p­
nitrobenzenesulfonyl or benzyl chloride in the presence of TEA 
m C~Cl2 With the compound of formula 16.0 or its 3-piperdinyl 
analog. In this case,· R' will represent Pro in formulas 17 .O and 
18.0 above. If R' is a protecting group (Pro), it can be replaced 

20 with a suttable R group as described later below. 
To prepare compounds of formulas 14.0 and 14.1 wherein 

R5 is R5awhich represents alkyl, aryl, aralkyl, heteroaryl, 
heteroarylalkyl or cycloalkyl. the following reaction scheme can 
be employed, wherein R' is as described above: 
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0 0 6co,c:H,CHa NCdc:o.cH,cHo 
6 NC00Et I RsaMgBr RSa 

Na,EtOH N CuCI N I 

R' . ' I 
R' R' 

18.0 19.0 20.0 

d~H o: d~ 1. OH" 
Asa DMF cone. HCI 

Rsa 

' 
2. H3o+ N Heat . N N 

I I I 

R' R' R' 

21.0 22.0 23.0 

If R' is a protecting group (Pro). it can be replaced with a 

suitable R group a.S described later below. These reactions are 

illustrated in Preparative Examples 10-16 below. The protecting 

5 group in 23.0 where R' is Pro can be removed by catalyic 

hydrogenation in the case of Pro = benzyl or by treatment with 

NaSMe in the case of p-nttrobenzenesulfonyl. 
To prepare compounds of formulas 14.0 and 14.1 wherein 

R5 is SR12
• SOR12 or S02R12

, the following reaction scheme can be 

l 0 . employed. wherein R' ts as described above: 
O C02CH2CH3 6 TMS-CH2CO,Et .1- R12n1a• 

~ LDA (NJ 
RI I 

R' 
18.0 24.0 

i~02CH~Ha C~H. c..r" !. OH' 8R12 
·~ · 25.0 2. H30+ N 

I 

A' R' 

26.0 

~H 

Excess MCPBA o~12 

N 
I 

R' 
28.0 

Iii 
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In the first step, treabnent of compound 18.0 with the 
anion of ethyl trimethylsilyl acetate affords 24·.o, followed by 

Michael addition of the sodium thiolate affords 25.0. the ester of 
which can be saponifled with aqueous sodium hydroxide to aff~rd 

5 26.0 following protonation with aqueous acid. Oxidation of 26.0. 
With excess MCPBA affords 28.0. For compounds wherein R5 is 
SOR12

, the group SR12 in formula 26.0 above can be oxidized by 

using 1 eqUivjllent of MCPBA in C~Cl:z at room temperature. 
· To prepare compounds of formulas 14.0 and 14.1 wherein 

IO R5 is OR12
, the following reaction scheme can be employed, 

wherein· R' ls as described above: 

24.o· 

j R120"Na+ 
R12= aryl 

34.0 

29.0 

35.0 

C02CH2CH3 c5C02H 

OH l.NaOH OH 

N 2. H30+ N 
• • 
R' R' 

3QO 31~ 

l
l.NaH 

2. R 12Y ~ 12 not H or aryl) 
Y-halo C02H 

8
~C~CH3 !~R12 
OR

1
2 1. NaOH ( •. J 

2. H30+ N 
' . 

t;I R' 
R' 33.0 

32.0 
Treatment of 24.0 with basic hydogen peroxide affords 

15 epoxide 29.0, which can be reduced using catalytic 
hydrogenation to gtve 30.0. Hydrolysis of the ester in 30.0 yields 
31.0 following protonatlon. Treatment of 30.0 with sodium 
hydride and a suitable alkylating agent affords 32.0, which can be 
saponifted and protonated similarly as above. Alternatively, 

20 treatment of 24.0 with the sodium salt of R120H affords 34.0, 
which when saponified and protonated gives 35.0 . 

25 

. To prepare compounds of formulas 14.0 and 14.1 wherein 
R5 ts NHR12

• the following reaction scheme can be employed, 
wherein R' is as described above: 
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c3
. C0:2CH2CH3 

. NR12 

.·· l. H~/Pd/C 
N 2.LiOH 
f 

R' 

24.0 36.0 37.0 

(3+21 Dipolar cycloaddition of 24.0 With R12azi.de in 

refluxing dioxane gives 36.0, which can be reduced using 
catalytic nydiogenatlon followe9- by saponification with LiOH to 

5 give 37.0. 

10 

15 

20 

Compounds of Formula 13.0 can be prepared from 
compounds of formula 13.0a: 

I 
I 

(13.0a) c0 Ro 

.. '& .R 

wherein R6 is H, aJkyl, carboalkOXy or any other group that can be 
. . 

converted into a ~up T. The compounds of formula 13.0a are 
prepared· by methods known in the art. for example, by methods 
disclosed iil in WO 95/10516 published April 20, 19~5, in WO 
96/30363 published October 3, 1996, iri U.S. Patent No.· 
5,151,423 and by the methods described below. Compounds of 
Formula 13.0a wherein Xis C (when the double bond is present) 
or CH and ·the· C~3 position of the pyridine ring In the trlcyclic 

. . 

structure is substituted by bromo (i.e., Rl is Br) can also be 
prepared by a procedure comprising ·the following steps: 

(a) reacting an amide of the fonnula 

. &~o 
Nf\5bR6b 

wherein R5b is hydrogen and R6b is C 1-Ca alkyl, aryl or heteroaryl; 
R5b is C1-Cs alkyl. aryl or heteroaryl and R6b ls hydrogen; R5b and 
R6b are independently selected from the group consisting.of C1-
c6 alkyl and aryl; or R5b and R6b. together With the nitrogen to 

Ii 
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which they are attached, form a ring comprising 4 to 6 carbon 
atoms or comprising 3 to 5 carbon atoms and one hetero moiety 
selected from the group consisting of -0- and -NR9b-. wherein 
R9b is H, C1-Cs alkyl or phenyl; 

5 with a compound of the formula 
R2 

~-q~ 
. R4 

wherein R2, R3, and R4 are as defined above and R7b is Cl or Br, 
in the presence of a strong base to obtain a compound of the 
formula 

0 
10 . NR5bR6b R' 

15 

· (b) reacting a compound of step (a) with 
(1) POCls to obtain a cyano compound of the formula 

R2 
Br 

I 
N ; or 

(ii) DIBALH to obtain an aldehyde of the formula 
R2 

Br 

H 

(c) reacting the cyano compound or the aldehyde with a 
pipertdine derivative of the formula 

0 
I 

CH3 

wherein L is a leaVing group selected from the group consisting 
20 of Cl and Br, to obtain a ketone of the formula below: 
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Br. 

or 

I 
Ct-b CHs 

(d)(i) cyclizing the ketone with CF3S03H to obtain a 
' compound of Formula 13.0a wherein the dotted line represents a 

double bond and wherein R6 .fs methyl; or 

. 5 (d)(U) cyclizing the alcohol with polyphosphoric acid to 
obtain a compound of Formula 13.0a wherein the dotted line 
represents is absent (i.e., represents a single bond) and wherein 

R6 ts methyl. The R6 methyl group can be converted to H by 

treatment With ethyl chloroformate in rfluxing toluene, followed 
10 by acid hydrolysis with refluxing. hydrochloric acid. 

15 

Methods for preparing compounds of Formula 13.0a 

disclosed in WO 95/10516. U.S. 5,151,423 and described below 

employ a tricyclic ketone intermediate. Such intermediates of 

the formula 

R4 
wherein Rl, R2~ R3 and R4 are as defined above, can be prepared 

by the following process comprising : 
(a} reacting a compound of the formula 

R1"0CHs 
~ I 

Br 

20 (i) with an amine of the formula NHR5aR6a, wherein R5a and R6a 

are as defined in the process. above; in the presence of a 

palladium catalyst and carbon monoXide to obtain an amide of the 

formula: 

R1yyCH3. 

~~o 
Nff5t>R6b; or 

l·i 
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(ii) with an alcohol of the formula RlObQH, wherein RlOb is C1-Ca 
lower alkyl or Cs-C6 cycloalkyl, in the presence of a palladium 

catalyst and carbon monoxide to obtain the ester of the formula 

R~ 
OR10b 

5 followed by reacting the ester with an amine of formula 
NffR5bR6b tor obtain the amide; 

(b) reacting the amide with an iodo-substituted benzyl 
compound of the formula 

. R2 

RTh~~ 
R4 

1 O wherein R.2. R3, R4 and R7b are as defined above. in the presence 
of a strong base to obtain a compound of the formula 

R2 

01 R4 
NR5bR6b ; and 

(c) cyclizing a compound of step (b) with a reagent of the 
formula R8hMgL, wherein R8b is C1-Cs alkyl. aryl or heteroaryl 

15 and L is Br or Cl, provided that prior to cyclization, compounds 
wherein R5b or R6b is hydrogen are reacted with a suitable N­
protecting group. 

Compounds of the. formula 13.0c below 

() (13.0c) . 
COO Et 

20 are disclosed in WO 95/10516 published April 20, 1995, in WO 
96/30363 published October 3, 1996, and in U.S. Patent No. 
5,151,428. These compounds may be used as intermediates to 
prepare compound of the formula 1.0 having a double bond 
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between positions 5 and 6 of the tricyclic ring by the reactions 

mustrated below. 

R1 Ra 

I I 
I )lllP I 

() () ,.. 
(13.0c) (13.0d) 

., I 

COO Et COO Et 

. 
() (13.0e) 

I 

COOEt 

I I 
I I 

. R4 • ' 4 

C) (13.0g) () R(13.llh) 

I I 

COO Et H 

A compound of formula 13.0c can be treated with 

5 concentrated sulfuric acid and then KN03 to give the compound 

of formula 13.0d. The 9-nttro group can then be converted into a 

9-amino group by reduction with Fe and CaCl2. The compound of 

formula 13.0e can be halogenated 1n the IO-position by addition 

of chlorine or bromine in HOAc. 'I'he 10-iodo compound can be 

10 prepared by treatment of 13.0e with iodine in ethanolic silver 

sulfate. The 9-amino group can be removed by treatment with t­

butylnitrite. DMF and heat to give a compound of formula 13.0g, 

which can be treated with concentrated HCl and heat to give the 

desired compound of formula 13.0h. 

15 Compounds of formula 13.0e above can also be used to 

prepare compounds of formula 13.0 wherein R2 i~ halo and there 

is a double bond between the 5 and 6-positions of the tricyclic 

ring by the reaction scheme described below: 

Ii 
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COO Et 
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I 
I x 

(N) (13.0m) 

H 

I 
I 

(13.0i) 

PCTJUS98/11498 

ex) (13.0k) 

N • 
COO Et 

The compound of formula 13.0e is treated with 

concentrated sulfuric acid. cooled and then treated with 1.3-
dihalo-5,5-dimethyl-hydroantoin or other appropriate 

5 halogenatlng agent. The product of formula 13.0i is reduced 
With CaCl2 and Fe to give the 7-halo-9-amino compund offonnula 

13.0j. The 9-amino group can be removed by tratement with 
NaN02 and concentrated HCI arid then HsP02. The product of 

formula 13.0m can be treated with concentratedHCl to produce 
10 the desired intermediate of formula 13.0m. 

The compounds of formulas 13.0h and 13.0n wherein 
there is a double bond at the I I-position and Xis C can also be 
used to prepare compounds of formula below by treatment with 
CHsCN/H20 and then NaI04 and Ru02. Reduction of the ketone 

15 with sodium borohydride in methanol followed by treatment with 
tbionyl cblortde and then piperazine gives an intermediate of 
formula 13.0p below: 
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(13.0h or 13.0m) 

Compofuids of Formula 1_.0, wherein substituent a is NO 
(Ring I) and X is C or CH. can be· made from compounds of 
Formula 13.0a using procedures well known to those skilled in 

5 the art. For example the compound of Formula 13.0a can be 
reacted with m-chloroperoxybenzoic acid in a suitable organic 
solvent, e.g., dichloromethane (usually anhydrous) or methylene 
chloride, at a suitable temperature, to produce a compound of 
Formula 13.0b 

~N I 

I ~x "" 0 

1...i:) (13.0b) 
I 

10 H 

Generally, the ~rganic solvent solution of Formula 13.0a is cooled 
to about 0°c before the m-chloroperoxybenzotc acid ts added. 
The reaction is then allowed to warm to room temperature 
durfu.g the reaction period. The des~d product can be 

15 recovered by standard separation means. For example, the 
reaction mixture can ·be washed with an aqueous solution of a 
suitable base, e.g .• saturated sodium· bicarbonate or NaOH (e.g., 
IN NaOH), and then dried over anhydrous magnesiulli sulfate. 
The solution containing the product can be concentrated in 

20 vacuo. The product can be purified by standard means, e.g., by 
chromatography using silica gel (e.g., fl~h column 
chromatography). 

Alternatively. compounds of Formula LO, wherein 
substituent a is NO and Xis C or CH, can be made from 

11 
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compounds of Formula 1.0, wherein substituent a is N, by them­
chloroperoxybenzoic acid oxidation procedure described above. 

Also, alternatively, the compounds of Formula 1.0. wherein 
substituent a is NO and Xis C or CH, can be made from tricycl!c 

5 ketone compounds 

ro 
0 R4 

using the oxidation ·procedure with m-chloroperoxybenzoic acid. 
The oxidized intermediate compounds 

R2 

(II) 

0 R" 

1 O are then reacted by methods lmown in the art to produce 
compounds of the invention. 

Those skilled in the art will appreciate that the oxidation 
reaction can be conducted on racemic nllxtures and the isomers 
can then be separated by lmow techniques. or the isomers can be 

15 separated first and then oxidized to the corresponding N-oxide. 
Those skilled in the art will appreciate that it is preferable 

to avoid an excess of m-chloroperoxybenzoic acid when the 
oxidation reaction is carried out on the compounds having a 

· C-11 double bond to piperldine Ring IV. In these reactions an 
20 excess of m-chloroperoxybenzoic acid can cause epoxidation of 

the C-11 double bond. 
(+)-Isomers of compounds of Formula 13.0a. wherein X is 

CH and R6 is H. can be prepared with high enantioselecttvity by 
using a process comprising enzyme catalyzed transesteriftcation. 

25 Preferably. a racemic compound of Formula 13.0a. wherein X ts 
· C, R6 is H. the double bond is present and R4 is not H, is reacted 
with an enzyme· such as Toyobo UP-300 and an acylating agent 
such as trifiuoroethly isobutyrate; the resultant (+)-amide is then 
hydrolyzed, for example by refluxing with an actd such as H2S04, 

30 to obtain the corresponding optically enriched (+)-isomer 
wherein X is CH and R3 is not H. Alternatively, a racemi,c 
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compound of Formula 13.0a, wherein Xis C, R6 is H, the double 
bond ts present and R4 is not H, is first reduced to the 
corresponding racemic compound of Formula 13.0a wherein X is 
CH and then treated with the enzyme rroyobo LIP-300) and _ 
acylating agent as described above to obtain the (+)-amide, which 
is hydrolyzed to obtain the optically enriched (+)-isomer. 

Compounds of the invention, wherein· a is NO and Xis N, 
can be prepared from the tricyclic ketone (IQ described above. 
Ketone (II) can be converted to the corresponding C-11 hydroxy 
compound which in tum can be conyerted to the corresponding 
~-11 chloro compound 

OH R4 
and . (IV) can then be reacted with piperazine· to produce the 
intermediate 

~N 

' 
°(~)R' 

N 
. I 

15 H 
· Intermediate M can then be reacted With the reagents, using 
techniques well known in the art, which will. provide the desired 
compound. 

Compounds of formUla 1.0 wherein Z is S can be prepared 
20 from compounds of fomiula 1.0 wherein Z is 0 by treatment With 

a suitable sulfur transfer reagent such as Lawsson's reagent. 
Compounds of the invention having ·asymmetrtc carbons 

(e.g., compounds of the invention wherein X is CH or N have an· 
asymmetric carbon at the C-11 position of the the tricyclic ring) 

25 can be separated into enantiomers by techniques known in the 
art e.g .• by chiral salt resolution or by chiral HPLC. 
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Compounds useful in this invention are exemplifted by the 
following examples, which should not be construed to limit the 
scope of the disclosure. 

Step A: 

Cl 

Cl 

lA(i) 

N 
I 
C02Et 

Cl 

lA{ii) 

Combine 14.95 g (39 mmol) of 8-chloro-11-(1-ethoxy-
l 0 carbonyl-4-pipertdinyl)- l 1H-benzo(5, 6)cyclohepta[l ,2-b]pyridine 

and 150 mL of CH2Cl2. then add 13.07 g (42.9 mmol) of 
(nBu).iNN03 and cool the mixture to 0°C. Slowly add (dropwlse) 
a solution of 6.09 mL (42.9 mmol} of TFAA in 20 mL of CH2Cl2 

over 1.5 hours. Keep the miXture at 0°C .overnight, then wash 
15 successively with saturated NaHC03 (aqueous). water and brine. 

Dry the organic solution over Na2S04. concentrate in vacuo to a 

residue and chromatograph the residue (silica gel, EtOAc/hexane 
gradient) to give 4.32 g and 1.90 g of the two product 
compounds lA(i) and lA(ii). respectively. Mass Spec. for 



! . 

W098/57962 PCT/US98/11498 

- 24 -

compound lA(i): MH+ = 428.2. Mass Spec. for compound lA(ll): 

Mff+ = 428.3. 
Step B: 

Cl 

5 Combine 22.0 g (51.4 inmol) of the product lA(i) from 

$tep A, 150 mL of 85% EtOH (aqueous), 25.85 g (0.463 mole) of 
Fe powder and 2.42 g (21.8 mmol) of CaCl2, and heat at reflux 

overnight. Add 12.4 g (0.222 mole) of Fe powder and 1.2 g .uo.a 
mmol) of CaCl2 and heat at reflux for 2 hours. Add another 12.4 

10 g (0.222 mole) of Fe powder and 1.2 g (10.8 mmol) of CaCl2 and 

heat at reflux for 2 hours more. Filter the hot mixture through 

celite®, wash the celite® with 50 mL of hot EtOH and 

concentrate the filtrate in vacuo to a residue. Add 100 mL of 

anhydrous EtOH, concentrate to a residue and chromatograph 
15 the residue (silica gel, MeOH/CH2Cl2 gradient) to give 16.47 g of 

the product compound. 
Step C: 

I 
co~ 

Br 

Cl 

Br 

. I 

°'2Et 

I 
CO~t 

Cl 

lC(i) 

Cl 

lC(ii) 

Ii 
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Combine 16.47 g (41.4 mmol) of the product from Step B, 
and 150 mL of 48% HBr (aqueous) and cool to -3°C. Slowly add 
(dropwise) 18 mL of bromine, then slowly add (dropwise) a 
solution of 8.55 g (0.124 mole) of NaN02 in 85 mL of water. Stir 

5 for 45 minutes at -3° to 0°C, then adjust to pH= 10 by adding 
50% NaOH (aqueous). Extract with EtOAc, wash the extracts 
with brine and diy the extracts over Na2S04. Concentrate to a 

residue and ~matograph (silica gel, EtOAc/J:iexane gradient) 
to give 10.6 g and 3.28 g of the two product compounds lC(i) 

10 and lC(ii). respectively. Mass Spec. for compound lC(i): MH+ = 
461.2. Mass Spec. for compound lC(ii): MH+ = 539. 
Ste.p D: 

Cl Br Cl 

N 
I 
·co~ 

Hydrolyze the product 3C(i) of Step C by dissolving in 

15 concentrated HCl and heating to about 100°C for@ 16 hours. 

20 

Cool the mixture, the neutralize With 1 M NaOH (aqueous). 
Extract with CH2Cl2. dry the extracts over MgS04, filter and 

concentrate in vacuo to the title compound. Mass Spec.; MH+ = 
466.9. 

PREPARATIVE EXAMPLE 2 
·Br 

Cl 
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Step A: 

Cl Br 

Combine 25.86 g (55.9 inmol) of 4-(8-chloro-3-bromo-5,6-
dihydro-11H-benzol5,6]cyclohepta[l,2-b]pyrldin-ll-ylidene)-1-

5 piperldine-1-carboxylic acid ethyl ester and 250 mL of 
concentrated H2S04 at -5°C, then add 4.8 g (56.4 mmol) of 
NaN03 and stir for 2 hours. Pour the mixture into 600 g of ice 
and basify with concentrated Nl40H (aqueous). Filter the 

mixture, wash with 300 mL of water, then extract with 500 mL 
10 of CH2Cl2 .. Wash the extract with 200 mL of water, dry over 

MgS04, then filter and concentrate in vacuo to a residue. 
Chromatograph the residue (silica gel, .10% EtOAc/ CH2Cl2) to 

give 24.4 g (86% yield) of the product. m.p. = 165-167°C. Mass 
Spec.: MH+ = 5,0.6 CCU. Elemental analysis: calculated -C. 52.13; 

15 H, 4.17; N. 8.29; found - C, 5~.18; H. 4.51; N. 8.16. 
Ste.p B: 

Br 

Br Br Cl 

~ N 

0 OCH2CH3 OAOC~CH3 
Combine 20 g (40.5 mmol) of the product of Step A and 

200 mL of concentrated H2S04 at 20°C, then cool the mixture to 

20 0°C. Add 7.12 g (24.89 mmol) of l.3-4!bromo-5,5-dimethyl­
hydantoin to the mixture and stir for 3 hours at 2C>°C. Cool to 
0°C, add an additional 1.0 g (3.5 mmol) of the dibromohydantoin 
and stir at 20°C for 2 hours. Pour the mixture into 400 g of ice, 
bas~ with concentrated Nl40H (aqueous) at 0°C. and collect the 
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resulting solid by filtration. Wash the solid with 300 mL of water. 
slurry in 200 mL of acetone and filter to provide 19.79 g (85.6% 

yield) of the product. m.p. = 236-237°C, Mass Spec.: MH+ = 
584 (CQ. Elemental analysis: calculated - C, 45.11; H, 3.~; N, 

5 7.17: found - C, 44.95; H, 3.57; N. 7.16 

. Step C: 
Br 

Br Cl Br 

N N 

Br 

oAocH2CH3 oAoc~cH3 

Cl 

Combine 25 g (447 mmol) of Fe ftltngs, 10 g (90 mmol) of 
CaCl2 and a suspension of 20 g (34.19 mmol) of the product of 

10 Step B in 700 mL of 90: 10 EtOH/water at 50°C. Heat the 
mixture at reflux overnight. filter through Celite® and wash the 
filter cake with 2 X 200 mL of hot EtOH. Combine the filtrate 
and washes, and concentrate in vacuo to a residue. Extract the 
residue with 600 mL of CH2Cl2. wash.with 300 mL of water and· 

15 dry over MgS04. Fllter and concentrate in vacuo to a residue, 
then chromatograph (silica gel, 30% EtOAc/CH2Cl2l to give 11.4 

g (60% yield) of the product. m.p.::: 211-212°C, Mass Spec.: 
MH+ = 554 (Cl). Elemental analysis: calculated - c. 47.55; H. 
3.99; N. 7.56; found - C, 47.45; H, 4.31; N, 7.49. 

20 Step D: 
Br Br 

Br Cl Br Cl 

N A . 
0 OCH2CH3 

Slowly add (in portions) 20 g (35.9 mmol) of the product of 
Step C to a solution of 8 g (116 mmol) of NaN02 in 120 mL of 

·. 
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concentrated HCI (aqueous) at -10°C. Stir the resultirig mixture 

at 0°C for 2 hours. then slowly add (dropwise) 150 mL (l.44 
mole) of 50% l13P02 at 0°C over a l hour period. Stir at 0°C for 

3 hours, then pour into 600 g of ice and basify With concentrated 
5 NH40H (aqueous). Extract with 2 X 300 inL ofCH2Cl2. chy the 

extracts over MgS04, then filter and concentrate in vacuo to a 

residue. Chromatograph the residue (silica. gel, 25% EtOAc/ 

hexanes) to ~ve 13.67 g (70% yield) of the product. m.p. = 163- · 

165°C, Mass Spec.: Mff+ = 539· (CI). Elemental analysis: 
10 calculated - C, 48.97; H. 4.05; N, 5.22; found - C, 48.86; H. 

3.91; N, 5.18. 

Step E: 
Br Br 

Br Cl Br Cl 

N 

A . 
O· OCH2CH3 

Combine 6.8 g (12.59 inmol) of the product of Step D and 

15 100 mL of concentrated HCl (aqueous) and sttr at S5°C overnight. 

Cool the mixture, pour it into 300 g of ice and bastfy with 
concentrated NH40H (aqueous). Extract with 2 x 300 inL of 

CH2Cl2. then chy the extracts over MgS04. Filter, concentrate in 

vacuo to a residue. then chromatograph (silica gel, 10% 
20 MeOH/EtOAc + 2% Nff40H (aqueous)) to give 5.4 g (92% yield) 

of the title compound. m.p. = l 72-l 74°C, Mass Spec.: MH+ = 
467 (FAB). Elemental analysis: calculated - c. 48.69; H. 3.65: N, 

5.97; found - C, 48.83; H. 3.80; N, 5.97 
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PREPABATIVE .EXAMPLE 3 

Step A: 

Cl Br Cl 

Hydrolyze 2.42 g of 4-(8-chloro-3-bromo-5,6-dihydro- l lH-
5 benzo(5,6)cyclohepta( 1 ,2-b)pyridin-11-ylidene)- l-piperidine-1-

carboxylic acid ethyl ester via substanttally the same procedure as 
described in Preparative Example 1, Step D, to give 1.39 g (69% 

yield) of the product. 

15 

StepB; 

Br 

N 
H 

Cl Br Cl 

Combine 1 g (2.48 mmol) of the product of Step A and 25 
mL of dry toluene, add 2.5 mL of 1 M DIBAL in toluene and heat 

··the mixture. at reflux. After 0.5 hours, add an.other 2.5 mL of 1 M 
DIBAL in toluene and heat at reflux for 1 hour. (The reaction is 
monitored bY TLC using 50% MeOH/CH2Cl2 +Nl40H (aqueous).) 

Cool the mixture to room temperature, add 50 mL. of 1 N HCl · 
·(aqueous) and stir for 5 min .. Add 100 mL of 1 N NaOH 
(aqueous). then extract with EtOAc (3 X 150 mL). Dry the 
extracts over MgS04, filter and concentrate in vacuo to give 1.1 g 

20 of the title compound. 
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PBEPABAnvE. EXAMPLE 4 
Br 

Br 

() 
N 
I 
H 

(racemic as well as (+)- and (-}-isomers] 

Br 

N 

oAocH2CH8 

Cl Br 

0 

Br 

Cl 

Combine 16.6 g (0.03 mole} of the product of Preparative 
Example 2. Step D. with a 3: 1 solution of CH3CN and water 
(212.65 mL CHsCN and 70.8 mL of water) and stir the resulting 

slurry overnight at room temperature. Add 32.833 g {0.153 
10 mole) of Nal04 and then 0.31 g (2.30 mmol) of Ru02 and stir at 

room temperature give 1.39 g (69% yield) of the product. (The 
addition of RuO is accompanied by an exothennic reaction and 
the temperature climbs from 20° to 30~C.) Stir the mixture for 
1.3 hrs. {temperature returned to 25°C after about 30 min.). then 

15 filter to remove the solids and wash the solids with CH2Cl2. 

Concentrate the filtrate in vacuo to a residue and dissolve the 
residue in CH2Cl2. Filter to remove insoluble solids and wash the 
solids with CH2Cl2. Wash the· filtrate with water. concentrate to a 

volume of about 200 mL and wash with bleach, then with water. 
20 Extract with 6 N HCl (aqueous). Cool the aqueous extract to 0°C 

and slowly add 50% NaOH (aqueous) to adjust to pH = 4 while 
keeping the temperature <30°C. Extract twice with CH2Cl2. dry 
over MgS04 and concentrate tn vacuo to a residue. Slurry the 

residue in 20 mL of EtOH and cool to 0°C. Collect the resulting 

i 
Ii 
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solids by filtration and dry the solids in vacuo to give 7.95 g of 
the product. lH NMR (CDC13. ~00 MHz): 8.7 (s. IH): 7.85 (m. 

6H): 7.5 (d, 2H); 3.45 (m. 2H); 3.15 (m, 2H). 
Stel) B: 

Br Br 

Cl Br Cl 

0 OH 

Combine 21.58 g (53.75 mmol) of the product of Step A 
and 500 mL of an anhydrous 1: 1 mixture of EtOH and toluene. 
add 1.43 g (37.8 mmol) of NaBH4 and heat the mixture at reflux 

for 10 min. Cool the miXture to 0°C. add 100 mL of water, then 
adjust to pH= 4-5 with 1 M HCl (aqueous) while keeping the 
temperature <10°C. Add 250 mL of EtOAc and separate the 
layers. Wash the organic layer with brine (3 X 50 mL) then chy 
over Na2S04. Concentrate in vacuo to a residue (24.01 g) and 
chromatograph the residue (silica gel. 30· % hexane/CH2Cl2) to 

give the product. Impure fractions were purified by 
rechromatography. A total of 18.57 g of the product was 
obtained. lH NMR (DMSO-da, 400 MHz): 8.5 (s, lli); 7.9 (s, 

lH); 7 .5 (d of d, 2H); 6.2 {s, IH); 6.1 (s, lH); 3.5 (m. IH); 3.4 

Cm. lHl; 3.2 cm. 2Hl. 
Step C: 

Br 

Br Br Cl 

A 
Cl N 

() 
N 

OH 

H 

Combine 18.57 g (46.02 mmol) of the product of Step B 
and 500 mL of CHCl.s. then add 6. 70 mL (91.2 mmol) of SOCI2. 

and stir the mixture at room temperature for 4 hrs. Add a 
25 solution of 35.6 g (0.413 mole) of piperazine in 800 mL of THF 

over a perioq of 5 min. and stir the mixture for I hr. at room 
temperature. Heat the mixture at reflux overnight. then cool to 
room temperature and dilute the mixture with I L of CH2Cl2. 
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Wash with water (5X 200 mL), and extract the aqueous wash 
with CHCl3 (3 X 100 mL). Combine all of the organic solutions, 

wash with brine (3 X 200·mL) and diy over MgS04. Concentrate 

in vacua to a residue and chromatograph ·(silica gel, gradient of 
5 5%, 7.5%. 10% MeOH/~H2Cl2 + NB40H) to give 18.49 g of the 

title compound as a racemic mixture. 

Step D - Separation of Enantiomers: 

Br Cl 
Br 

Br Cl 

() 
() N 

H 
Br 

N 
H Cl 

() 
N . 

H 

The racemic title compound of Step C is separated by 

10 preparative chiral chromatography (Chiralpack AD, 5 cm X · 50 

cm column. fl.ow rate 100 mL/min .• 20% iPrOH/hexane + 0.2% 

diethylamine), to give 9.14 g of the (+)-isomer and 9.30 g of the 

(-)-isomer. 

15 
Physical chemtcal data for (+)-isomer: m.p. = 74.5°-77.5°C; 

25 . 
Mass Spec. MH+ = 471.9: [a)o = +97.4° (8.48 mg/ 2mL MeOH). 

Physical chemical data for (-)-isomer: m.p. = 82.9°-84.5°C: 
25 

Mass Spec. MH+ = 471.8; [a]n = -97.4° (8.32 mg/ 2mL MeOH). 
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Step A: 

Br Cl Br 

N N 

o~oCH:aCHs oAoc~cH3 
5 Combine.15 g (38.5 mmol) of 4-(8-chloro-3-bromo-5.6-

dihydro-11H-benzo[5,6]cyclohepta( l ,2-b]pyridin-11-ylidene)-l­
piperidine-l-carboxylic acid ethyl ester and 150 mL of 
concentrated H2S04 at -5°C, then add 3.89 g (38.5 mmoU of 
KN03 and stir for 4 hours. Pour the mixture into 3 L of ice and 

10 basifywith 50% NaOH (aqueous). Extract with CH2CI2. diy over 
MgS04, then filter and concentrate in vacua to a residue. 

Recrystallize the residue from acetone to give 6.69 g of the 
product. lH NMR (CDCl3, 200 MHz): 8.5 (s, lH); 7.75 (s, lH); 

7.6 (s, lH); 7.35 (s, lH); 4.15 (q, 2H); 3.8 (m. 2H); 3.5-3.1 
15 (m, 4H); 3.0-2.8 (m, 2H); 2.6-2.2 (m, 4H); 1.25 (t, SH). 

Step B: 

Br Cl Br 
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Combine 6.69 g (13.1 mmol) of the product of Step A aild 
100 mL of 85% EtOH/water, then add 0.66 g (5.9 mmol) of CaCl2 

and 6.56 g (117.9 mrilol) of Fe and heat the mixture at reflux 

ovemtght. Filter the hot reaction mJxture through celite® and_ 
5 rinse the filter cake with hot EtOH. Concentrate the filtrate in 

vacuo to give 7.72 g of the product. Mass Spec.: MH+ = 478.0 

StcpC: 

Br Br 

Combine 7. 70 g of the product of Step B and 35 mL of 
10 HOAc, then add 45 mL of a SQlution of Br2 in HOAc and stir the 

mixture at room temperature overnight. Add 300 mL of 1 N 
NaOH (aqueous) • then 75 mL of 50%, NaOH (aqueous) and . 
extract with EtOAc. Dry.·the extract over MgS04 and concentrate 

tn vacuo to a residue. Chromatograph the residue (silica. gel, 
15 200A>-30% EtOAc/hexane) to give 3.47 g·ofthe product (along 

with another_ 1.28 g of partially purified product). Mass Spec.: . 

MH+ = 555.9. 
lH NMR (CDC}s. ·ooo MHz): 8.5 (s, lH); 7.5 (s, lH); 7.15 (s, 

lH); 4.5 (s. 2H); 4.15 (m, 3H); 3.8 (br s, 2H); 3.4-3.1 (m, 4H); 

· 20 9-2.75 (m, lH); 2.7-2.5 (m, 2H); 2.4-:2.2 (m, 2H); 1.25 (m, 

SH). 
Ste.p D: 

Cl 
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Combine 0.557 g (5.4 mmol) of t-butylnitrite and 3 mL of 
DMF, and heat the mixture at to 60°-70°C. Slowly add 
(dropwise) a mixture of 2.00 g (3.6 mmol) of the product of Step 
C and 4 mL of DMF, then cool the mixture to room temperat~. 

5 Add another 0.64 mL of t-butylnitrite at 40°C and reheat the 
mixture to 60°-70°C for 0.5 hrs. Cool to room temperature and 
pour the mixture into 150 mL of water. Extract with CH2Cl2. dry 
the extra.ct o'!er MgS04 and concentrate in vacuo to a residue. 

Chromatograph the residue (silica gel, 10%-20% EtOAc/hexane) 
10 to give 0.74 g of the product. Mass Spec.: MH+ = 541.0. 

15 

20 

25 

lH NMR (CDC13, 200 MHz): 8.52 (s. lH); 7.5 (d, 2H); 7.2 (s, 
lH); 4.15 (q, 2H); 3.9-3.7 (m. 2H); 3.5-3.l (m, 4H); 3.0-2.5 
(m, 2H); 2.4-2.2 (m, 2H); 2.1-1.9 (m, 2H); 1.26 (t, 3H). 
Step E: 

Br Cl Br Cl 

~ 
0 OCH2CH3 

Combine 0. 70 g (1.4 mmol) of the product of Step D and 8 
mL of concentrated HCl (aqueous) and heat the mixture at reflux 
overnight. Add 30 mL of 1 N NaOH (aqueous), then 5 mL of 50% 
NaOH (aqueous) and extract with CH2Cl2. Dry the extract over 
MgS04 and concentrate in vacuo to give 0.59 g of the title 

compound. Mass Spec.: M+ = 468.7. m.p. = 123.9°-124.2°C. 

[racemic as well as (+)- and (-)-isomers] 
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Step A: 

Br Cl Br Cl 

Prepare a solution of 8.1. g of the title compound from 
Preparative Example 5. Step E, in toluene and add 17.3 inL of a 

5 lM solution of DIBAL in toluene. Heat the mbrttlre at reflux and 
slowly add (dropwise) another 21mLof1 M DIBAL/toluene 
solution over a period of 40 mm. Cool the reaction mixture to 
about OOC and add 700 mL of 1 M HCl (aqueous). Separate and 
discard the organic phase. Wash the aqueous p~e with CH2Cl2, 

10 discard the extract, then basify the aqueous phase by adding 50% 
NaOH (aqueous). Extract with CH2Cl2. dry the extract over 

15 

MgS04 and concentrate in vacuo to give 7.30 g of the title 

compound, which is a racemic mixture of enantiomers. 
Step B - Separation of Enantiomers: · 

Br 

Br Cl 

Br 

H 

Cl 

Cl 

The racemic title compound of Step A is separated by 
preparative chiral chromatography (Chiralpack AD, 5 cm X 50 
cm column, using 20% iPrOH/hexane + 0.2% diethylamine), to 
give the (+)-isomer and the (-)-isomer of the title compound. 

Ii 
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Physical chemical data for (+)-isomer: m.p. = 148.8°C; 
25 

Mas$ Spec. MH+ = 469; [a.]0 = +65.6° (12.93 mg/ 2mL MeOH). 

Physical chemical data for (-)-isomer: m.p. = l 12°C; 
25 

Mass Spec. MH+ = 469; [a.10 = -65.2° (3.65 mg/ 2mL MeOH):-

Step A: 

Br 

Br 

() Br 

N 
I 
H 

Cl 

(racemic as well as (+)- and (-)-isomers] 

Cl 0 

0 
Br 

0 

Cl 

Cl 

Combine 40.0 g (0.124 mole) of the starting ketone and 
200 mL of H2S04 and cool to 0°C. Slowly add 13. 78 g (0.136 
mole) of KN03 over a period of 1.5 hrs .• then warm to room 

temperature and stir overnight. Work up the reaction using 
15 substantially the same procedure as described for Preparative 

Example 2, Step A. Chromatograph (silica gel, 20%, 30%, 400/o, 
50% EtOAc/hexane, then 100% EtOAc) to give 28 g of the 
9-nitro product, along with a smaller quantity of the 7-nitro 
product and 19 g of a mixture of the 7-nitro and 9-nltro 

20 compounds. 
Step B: 
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Cl Cl 

0 0 

React 28 g (76.2 mmol) of the 9-nitro product of Step A, 
400 mL of 85% EtOH/water, 3.8· g (34.3 mmol) of CaCl2 and 

38.28 g (0.685 mole) of Fe using substantially the same 

5 procedure asr described for Preparative Example 2. Step c. to 

give 24 g of the product 
Step C: 

Br 

Combine 13 g (38.5 mmol) of the product of Step B, 140 

10 mL ofHOAc and slowly add a solution of2.95 mL (57.8 mmoU of 
Br2 in 10 mL of HOAc over a period of 20 min. Stir the reaction 

mixture at room temperature, then concentrate in vacuo to a 
residue. Add CH2Cl2 and water, then adjust to pH = 8-9 with 

50% NaOH (aqueous). Wash the organic phase with water, then 
15 brine and dry over Na2S04~ Concentrate in vacuo to give 11.3 g 

of the product. 
StepD: 

Br Cl Br Cl 

Br Br 

Cool 100 mL of concentrated HCl (aqueous) to 0°C, then 
20 add 5.61 g (81.4 mmol) of NaN02 and stir for 10 min.. Slowly 

add (in portions) 11.3 g (27.1 mmol) ofthe product of Step C 

and stir the mixture at 0°-3°C for 2.25 hrs. Slowly add 
(dropwise) 180 mL of 50% H3P02 (aqueous) and allow the 

mixture to stand at 0°C overnight. Slo~ly add (dropwise) 150 

25 mL of 50% NaOH over 30 min., to adjust to pH = 9, then extract 
with CH2Cl2. Wash the extract with water, then brine and dry 

over Na2S04. Concentrate in vacuo to a residue and 

I .' ; ! 
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chromatograph (silica gel, 2% EtOAc/ CH2Cl2) to give 8.6 g of the 

product. 
Step E: 

Br Cl Br 

5 Combine 8.6 g (21.4 mmol) of the product of Step D and 
300 mL of MeOH and cool to 0°-2°C. Add 1.21 g (32.1 mmol) of 
NaBH4 and stir the mixture at -0°C for 1 hr. Add another 0.121 
g (3.21 mmol) of NaBH4, stir for 2 hr. at 0°C, then let stand 

overnight at 0°C. Concentrate in vacuo to a residue then 
I 0 partition the residue between CH2Cl2 and water. Separate ·the 

organic phase and concentrate in vacµo (50°C) to give 8.2 g of 
the product. 
Step F: 

Br Cl 

Br Cl 

H 

15 Combine 8.2 g (20.3 mmol) of the product of Step E· and 
160 mL of CH2Cl2. cool to 0°C, then slowly add (dropwise) 14.8 
mL (203 mmol) of SOCl2 over a 30 min. period. Warm the 

mixture to room temperature and stir for 4.5 hrs., then 
concentrate in vacuo to a residue, add CH2Cl2 and wash with 1 N 

20 NaOH (aqueous) then brine and dry over Na2S04. Concentrate in 

vacuo to a residue, then add dry THF and 8. 7 g (101 mmol) of 
piperaztne and stir at room temperature ovem.ight. Concentrate 
in vacuo to a residue, add CH2Cl2. and wash with 0.25 N NaOH 
(aqueous), water, then brine. Dry over Na2S04 and concentrate 

25 in vacuo to give 9.46 g of the crude product. Chromatograph 
(silica gel, 5% MeOH/CH2Cl2 + NH3) to give 3.59 g of the title 
compound, as a racemate. lff NMR (CDC13, 200 MHz): 8.43 (d, 

lH); 7.55 (d, lH); 7.45 (d, lH); 7.11 (d, lH); 5.31 (s, lH); 
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4.86-4.65 (m. IH); 3.57-3.40 Cm~ IH); 2.98-2.55 Cm. 6H); 

2.45-2.20 Cm. 5H). 
Step G - Separation of Enantiomers: 

Br 

5 The racemic title compound from Step F (5. 7 g) Is 

chromatographed as described for Preparative Example 4, Step 

D, using 3oo/o iPrOH/hexane + 0.2% diethylamine. to give 2.88 g 
of the R-(+)-isomer and 2.77 g of the S-(-)-isomer of the title 

compound. 

10 Physical chemical data for the R-(+)-isomer: Mass Spec. 
25 

MH+ = 470.0; (a] 0 = +12.1° (10.9 mg/ 2mL MeOH). 

Physical chemical data for the S·+).;.isomer: Mass Spec. 
25 . 

MH+ = 470.0; [a]0 = -13.2° (11.51 mg/ 2mL MeOH). 

15 PREPARATIVE EXAMPLE 8 

Br 

N 
I 
H 

Br 

Cl 

(racemic as well as (+)- and (-)-isomers] 

I 1 
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Step A: 
Br Br 

Cl Br Cl 

Combine 13 g (33.3 mmol) of the title compound from 

Preparative Example 2. Step E. and 300 mL of toluene at 20°C, 
5 then add 32.5 mL (32.5 mmol) of a 1 M solution of DIBAL in 

toluene. Heat the mixtilre at reflux for 1 hr., cool to 20°c. add 
another 32.5 mL of 1 M DIBAL solution and heat at reflux for 1 
hr. Cool the mixture to 200C and pour it into a mixture of 400· g 
of ice, 500 mL of EtOAc and 300 mL of 10% NaOH (aqueous). . 

10 Extract the aqueous layer with CH2Cl2 (3 x 200 mL), dry the 
organic layers over MgS04, then concentrate in vacuo to a 
residue. Chromatograph (silica gel, 12% MeOH/CH2Cl2 + 4% . 
NH40H) to give 10.4 g of the title compound as a racemate. Mass 
Spec.: MH+ = 469 (FAB). Partial lH NMR (CDC}s, 400 MHz): 

15 8.38 (s, lH); 7.57 (s, lH); 7.27 (d, lH); 7.06 (d. lH); 3.95 (d, •. 
lH). 

·Step B - Separation of Enantiomers: 
Br 

Br 

Br 

Br Cl Cl 

H 
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The racemic title compound of Step A is separated by 

preparative chiral chromatography (Ch:iralpack AD. 5 cm X 50 

cm column, using 5% iPrOH/hexane + 0.2% diethylamine), to 
give the (+)-isomer and the (-)-isomer of the title coinpound. _ 

Physical chemical data for (+)-i$omer: Mass Spec. 

MH+ = 469 (FAB): [a]~5 = +43.5° {c=0.402. EtOH); partial l H 
NMR (CDCls. 400 MHz): 8.38 (s, · lH); 7.57 (s, lli); 7.27 (d, 

lH); 7.05 Cd. lH); 3.95 (d, lH). 

Physical chemical data for (-)-isomer: Mass Spec. 
25 . 

MH+ = 469 (FAB); (a]n = -41.8° (c=0.328 EtOH); partial lff 

NMR (CDCl3. 400 MHz): 8.38 (s, lH); 7.57 (s, lH); 7.27 (d, 

IH); 7.05 (d, lH); 3.95 (d, lH). 

C) 
I 
H 

[racemic as well as R-(+)- and S-(-)-isomers] 

The compound 

Br 

() 
r 
H 

is prepared according to the procedures of Preparative Example 

20 40 of WO 95/10516 (published April 20, 1995), by following the 

procedures desc:rlbed in Example 193 of WO 95/10516. 
The(+)- and (-)-isomers can be separated by following 

essentially the same procedure as Step D of Preparative Example 

4. 
25 Physical chemical data for the R-(+)-isomer: 13C NMR 

(CDCl3}: 155.8 (C); 146.4 (CH); 140.5 (CH); 140.2 (C); 136.2 

I '' I I 
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(C); 135.3 (CJ: 133.4 (C): 132.0 (CH); 129.9 (CH); 125.6 (CH); 
119.3 (C); 79.1 (CH); 52.3 (CH2): 52.3 (CH): 45.6 (CH2): 45.6 

(CH2l: 30.0 (CH2); 29.8 (CH2). (cx}~5 = +25.8° (8.46 mg/2 mL 

MeOH}. . 
5 Physic:al chemical data for the S-(-)-isomer: 13C NMR (CDC}s): -

155.9 (C); 146.4 (CH); 140.5 (CH): 140.2 (C): 136.2 (C); 
135.3 (C); 133.3 (C); 132.0 (CH); 129.9 (CH); 125.5 (CH): 
119.2 (C); 79.1 (CH): 52.5 (CH2); 52.5 (CH); 45. 7 (CH2): 45. 7 

(CH2): 30.0 (CH2): 29.8 (CH2). [cx]~5. = -:27.9° (8.90 mg/2 mL 
10 MeOH). 

PBEPARATIVE.EXAMPLE 10 

8 8 
I I . . 

H S02CH3 

To a solution of l,4-dioxa-8-azasptro(4,5)decane (14.3 mL. 
15 0.112 mol) dissolved in anhydrous dichloromethane (300 mL) 

was added trtethylamine (23.5 mL, 0.168 mol} and 
methanesulfonyl chloride (8.68 mL, 0.112 moll at 0 °C. The 
reaction mixture was warmed to room temperature and stirred 
overnight. Aqueous NaH2P04 (10%) was added to the mixture· 

20 and stiITed for 1 hour. The phases were separated and the 
aqueous phase was extracted with dichloromethane. The 
combined organic phases were washed with brine, dried over 
anhydrous MgS04, filtered and concentrated in vacuo to afford 

l,4-dioxa-8-(methylsulfonyl)azaspiro-(4,5)decane (22.9 g, 92%). 
25 

PREPARATIVE EXAMPLE 11 
I\ 0 

0 6 
~ I 

S02CH3 SOaCH3 

A mixture of the compound from Preparative Example 10 
(22.9 g. 0.103 mol), tetrahydrofuran-water {1:1 v/v. 600 mL} and 

30 oxalic acid (228 g, 2.53 moU was refluxed for 1 hour. Acetic acid 
(60 mL, 1.048 mol) was added and the resultin~ mbrture was 
refl~d ·for an additional 3 hours. The reaction mixture was 
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concentrated in· vacuo. diluted '\Vfth dichloromethane and wa8hed 

With aqueous sodi11In bicarbonate· (saturated solution). The 

organic phase was washed with brine.· dried· over anhydrous 
MgS04. filtered and concentrated in vacuo to afford 4-(1-· 

5 (methylsulfonyl))ptpertdone. (14.04 g. 77%. FAB-MS 178 (MH+, 

100% )J. 

PREPARATIVE EXAMPLE ·12 

6 
I 

S02CHs 
6 

~ 
S02CHs 

10 A mixture of the title compound from Preparative Example 

11 (12.9 g, 73 mmol), ethyl cyanoacetate (11.7 mL. 0.11 mot), 

ammonium acetate (0.88 g, 14.7 mmol). acetic acid (3.4 mL. 59 

mmol) arid benzene (250 mL) was refluxed in a round-bottom 

flask attached with a Dean-Stark trap overnight~ The reaction 

15 mixture was cooled' to room temperature, concentrated in vacuo, 
diluted with dicbloromethane and washed with saturated 

aqueous sodium bicarbonate solution. The organic phase was 

dried over anhydrous MgS04, filtered and concentrated in vacuo 

to· afford a solid which was combiiied with diethylether (200 mL) 

20 and filtered to provide ethyl 4-[l~ 

(methylsulfonyl)piperidinylidenyl]cyanoacetate (16 g. 81%, FAB­

MS 273 (MH+. 100%)]. 

25 

30 

PREPARATIVE EXAMPLE 13 

NCXC02CH2CH3 NCX~02CH2CHs 

CJ CJCHa 
~ ' ~ 
S02CH3 SO~Hs 

To a mixture of Cu(I)Cl (350 mg) in anhydrous 

tetrahydrOfunin (2 inL) at 0°C was added dropwise 

methylmagnestum iodide (2.5 mL of 3.0 M solution In 

diethylether). The title c~mpound from Preparative Example 12 

dissolved In tetrabydrofuran (THF, 150 mL) ·Was added vta 

Ii 
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cannula over 1 hour. The ice-water bath was removed and the 
mixture was stirred at room temperature for 2 hours. The 
reaction mixture was poured into a mixture of 10% sulfuric acid 
(50 mL) and ice (50 g), then extracted with cichlorometh~e. 

5 The organic phase was dried over anhydrous MgS04, filtered and 

10 

concentrated in vacuo to afford ethyl 4-[4-metbyl-1-
(methylsulfonyl)-piperidinyl)cyanoacetate (1.49 g, 1000/o, FAB­
MS 289 (MH: • 100%)). 

PREPABATIYE EXAMPLE 14 

NCX.~02CH2CHs NCx.~~H 

(JCHa CJCHo 
N . N 
I I 

S02CH3 S02CH3 

A mixture of the title compound from Preparative Example 
13 (3.06 g. 10.6 mmol) and 10% aqueous sodium hydroxide (10· 
mL) was stirred at room temperature under nitrogen overnight. -

15 The reaction mixture was washed with diethylether. 
dicbloromethane. and ethyl acetate and the aqueous phase was·. 

acidified with 10% hydrochloric acid to a pH Of 1.0. The volume 
of water was reduced in vacuo. brine was added and the 
remaining mixture was extracted with dichloromethane. The 

20 organic phase was dried over anhydrous MgS04, filtered and 

concentrated in vacuo to afforded 4-(4-methyl- l­
{methylsulfonyl)-piperldinyl)cyanoacetic acid (0.80 g, 29%, FAB­

·- MS 261 (MH+,38%), 283 (M+ Na+, 100%)). 

25 PREPARATIVE txAMPLE 15 

No= o~ 
I ~ 
~CH3 S02CH3 

The title compound from Preparative Example 14 (0.60 g, 
2.3 mmol) dissolved in anhydrous N, N-dimethylformamide (20 
m.L) was stirred at 130°C overnight. Concentration in vacuo 

30 afforded 4-cyanomethyl-4-methyl-l-(methylsulfonyl)-peiperidine 
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which was used directly· in Preparative Example 16 (FAB-MS 289 
(MH+ • 100%)]. 

PREPARATIVE EXAMPLE 16 
CN . i~02H 

8~---- CJCl!o 
N N, 
I 
S~CH3 S02CH3 

A mixture of the title compound from Preparative Example 
15 and concentrated hydrochloric acid (10 :inL) was stirred at 
reflux for 3 days. The reaction mixture was concentrated tn 
vacuo. diluted with dichloromethane and washed with saturated 
aqueous sodium bicarbonate. The organic phase was dried over 
anhydrous MgS04, filtered and concentrated in vacuo to afford 4-
[4-methyl-1-(inethylsulfonyl)-piperidinyl]acetic acid (90 mg, 
17%, FAB-MS 236 (MH+ ~ 100%)).). . 

PBEPABATivE EXAMPLE 17 

cS=P~ 

7 
S02CH3 

To a cooled °{-78°C) solution. of lithium diisopropylamide 
(0.5 mL. 1 mmol) in 0.5 mL THF was added tert­
butyltrimethylsilyl acetate (0.22 mL, 1 mmol). After stirring for 
10 min, the title compound from Preparative Example 11 (0.18 

g, 1 mmol) dissolv~d in THF (1 mL) was added dropwise and the 
reaction mixture was allowed to wann to room temperature and 
stir for several hours. The reaction was quenched with 10% 
hydrochloric acid, extracted with dichloromethane. dried over 
anhydrous MgS04, filtered and concentrated in vacuo. The 

residue was purified by prep plate chromatography (silica) using 
25% ethyl acetate-hexane to give ethyl 4-( 1-
(methylsulfonyl}piperidinylidenyl]acetate [0.14 g, 50%, CI-MS 
276 (MH+)]. 

1.; 
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. . .PREPARATIVE EXAMPLE 18 

cS~CH2~ 07~ 

~ ~ 
S02CH3 S02CH3 

Dissolve the title compound from Preparative Example 17 
(1 mmol)in methanol (10 mL) and to tt add 30% hydrogen 

5 peroxide (3 mmol) and aqueous sodium hydroxide (1.5 mmol). 

10 

Stir the reaction mixture at room temperature over night. Dilute 
the reaction with dichloromethane, wash with brine, dry over 
anhydrous MgS04, filter and concentrate in vacuo to give ethyl 4-

( 1-(methylsulfonyl)ptperidinyldenyl]-a,p-epoxyacetate. 

PBEPABATIVE EXAMPLE 19 

o~oCHs 6~~oCH· 
f . I 
S02CH3 S02CH3 

Dissolve the title compound from Preparative Example 18 
(l·mmol) in methanol (10 mL), combine with 10% Palladium on 

15 carbon and shake m a Parr hydrogenator under hydrogen· gas 
abnosphere. Filter and concentrate of the filtrate to afford ethyl 
4-hydroxy-4-11-(methylsulfonyl)piperidinylidenyl]acetate. 

PREPARATIVE EXAMPLE 20 

J;.~oClf2CH3 . *~2CH3 
c.J°H l)OMc 

f I 
20 S02CH3 S02CH3 

Dissolve the title compound from Preparative Example 19 
(1 mmol)in DMF Cl<? mL) and to thts solution add sodium 
hydride (l mmol). After gas evolution ceases, add methyl iodide 
and stir the reaction mixture at room temperature for several 

25 hours. Concentrate in vacuo, dilute with dichloromethane and 
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wash with water to·give ethyl 4-hydroxy-4-[l-(methylsulfonyl)­
piperldinylidenyl)acetate. 

PBEPABATIVE EXAMPLE 21 

cSco,cH2Cffa 

N 
I 
S02CH3 S02CHs 

Stir the title· compound from Preparative Example 17 (1 
mmol) in DMSO (10 mL) with sodtulll cyanide (1 mmol) and 
heat at 50°C for several days. Cool to room temperature, pour 
into water, acidify. to pH· .4 with glacial acetic acid,. ~d extract 
with dichloromethane. Concentrate. in vacuo. dty over anhydrous 
MgS04, filter and concentrate in vacuo to give ethyl 4-cyano-4-

[ 1-(methylsulfonyl)-piperldinyldenyl)acetate. 

PREPARATIVE EXAMPLE 22 

i:~CHs 
(JCN 

N . 
I 

,.(~ 
(Jco,u 

f 
. S02CH3 S02CH3 

Stir the title compound from .Preparative Example 21 (1 
mmol) in 3M aqueous potassium hydroxide (5 mmol) at 50-100. 

°C for several days. Cool to room temperature, acidify to pH 4 
with IM HCI, and concentrate tn vacuo to give 4-carboxy-4-[l­
(methylsulfonyl)piperdinylidenyl)acetic acid. 

PREPARATIVE EXAMPLE 23 

!~2CH3 ·i:~ 
C...JCN C...JCN 

. N · N 
I I 
S02CH3 S02CH3 

Stir the title compound from Preparative Example 21 (1 
mmol) in aqueous lithium hydroxide (I mmol) at 25 °C for 

Ii 



W098/57962 PCT/US98/ll498 

5 

-49 -

several hours. Cool to roo~ temperature, acidify to pH 4 with 
lM HCl. and concentrate in vacuo to give 4-cyano-4-11-
(methylsulfonyl)piperdinylidenyl)acetic acid. 

~H 

6~ 
N 
I 

S02CH3 

Br. 

+ 

Br 

Cl 

Cl 

oW-80,,pHa 
H3C 

To the title compound from Preparative Example 16 (90 
mg. 0.38 mmol) dissolved in anhydrous N.N-dimethylformamtde 
(DMF, 3 mL) was added 1-hydroxybenzotriazole hydrate (52 mg. 

10 o._38 mmol), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide 
hydrochloride (73 mg, 0.38 mmol), (+)-3, 10-dibromo-8-chloro-
6, l l-dihydro-l l-(4-piperidinyl)i-5H-benzo[5,6]cyclohepta[l ,2-

b]pyridine from Preparative Example 6 (100 mg, 0.21 mmol) 
and N-methylmorpholtne (0.042 mL, 0.38 mmol) and the 

15 resulting mixture was stirred at room temperature under 
nitrogen overnight. Concentration in vacuo provided a residue 
which was diluted with dichloromethane, washed with lM 
hydrochloric acid and 1 M aqueous sodium hydroxide and brine, 

. then dried over anhydrous magnesium sulfate. Filtration and 
20 concentration in vacuo afforded (+) -4-(3,10-dibromo-8-chloro-

6,ll-dihydro-5H-benzo(5,6]cyclohepta[l.2-b]pyridin-ll {R)-yl)-1-
((4-methyl-l-(methylsulfonyl)-4-pyridinyl]acetyllpipertdtne (43 
mg, 30%, mp = 105-109 °C; FAB-MS 688 (MH+ , 100%)1. 
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EXAMPLE 2 
Br Br 

Cl . 

+ 

H 

Cl 

O~-S02CHs 
H~C 

7 

Dissolve the title compound from Preparative Example 22 

(1 mmol) in anhydrous N,N-dimethylfonnamide (DMF, 10 mL) 

and add 1-hydroxybenzotriazole hydrate (1 mmol), 1-(3-

dtmethylaminopropyl)-3-ethylcarbodUmide hydrochloride ( 1 
mmol). (+)-3, 10-dibromo-8-chloro-6, l l-dihydro-l l-(4-

piperidtnyl)-5H.:.benzo[5,6)cyclohepta( l ,2-b )pyridine from 

Preparative Ex8.mple 6 (1 mmol) and N-metbylmorpholine (1 

mmol). Stir the resulting mixture at room temperature under 
nitrogen overnight. Concentrate in vacuo to provide a residue 

and dilute with dichloromethane, wash with lM hydrochloric 
acid and bnne~ then dry over anhydrous magnesium sulfate. 
Filter .and concentrate in vacuo to afford (+) -4-(3, 10-dibromo-8-

chloro-6, 1 l-dihydro-5H-benzo(5,6)cycloheptal l,2-b]pyridin-

11 (R)-yl)- l-[[4-carboxy:..1-(methylsulfonyl)-4-

pyridinyl)acetyl]piperdine. 

Br: 

Cl 
Cl 

N 
O~N-S02CH3 

NC 

Dissolve the title compound from Preparative Example 23 

(1 mmol) in anhydrous N,N-dimethylfonnamide (DMF, 10 mL) 

and add 1-hydroxybenzotrlazole hydrate (1 mmol), 1-(3-

dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride ( 1 

25 mmol). (+)-3, 1 O-dibromo-8-chloro-6, l l-dihydro-11-(4-

pipertdinyl)-5H-benzo[5,6)cyclohepta[l ,2-b]pyridine from 

Ii 
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Preparative Example 6 (I mmol). Stir the resulting mixture at 
room temperature under nitrogen overnight. Concentrate tn 
vacuo to provide a residue and dilute with dichloromethane, 
wash with IM hydrochloric acid and brine, then dry over . 

5 anhydrous magnesium sulfate. Fllter and concentrate in vacuo 

affords (+) -4-(3, l O-dibromo-8-chloro-6, l l-dihydro-5H­
benzo(5,6]cyclohepta(l ,2-b]pyridin- l l (R)-yl)-l-[[4-cyano-l­
(methylsulfonyl)-4-pyridinyl}acetyl]piperidine. 

. ' . 

10 EXAMPLE 4 
Br 

Cl Cl 

7-- r-'-N-S02CH3 _:! · r-'°N-S~CH3 
o~ o~ 
HO~ . H2NOC 

Dissolve the title compound from Example 2 (1 mmol) in 

anhydrous N,N-dimethylformamide (DM:F, 10 mL) and add 1-
hydroxybenzotriazole hydrate (1 mmol), 1-(3-dimethylamino-

15 propyl)-3-ethylcarbodiimide hydrochloride (1 mmol). ammonium · 
c~oride (1 mmol) and N-methylmorpholine (1 mmol). Stir the 
resulting mixture at room temperature under nitrogen overnight. 
Concentrate in vacuo to provide a residue and dilute with 

dichloromethane, wash with IM hy~chloric acid and brine, 
20 then chy over anhydrous magnesium sulfate. Filter and 

concentrate in vacuo to afford (+) -4-{3.10-dibromo-8-chloro-
6,ll-dihydro-5H-benzo(5, 6)cyclohepta[l ,2-b)pyridin- l l (R)-yl)- l­

[[4-cyano- l-(methylsulfonyl)-4-pyridinyl]acetyl]piperidine. 

25 ASSAYS 
FP'f ICso (inhibition of famesyl protein transferase, in vitro 

enzyme assay) and COS Cell ICso (Cell-Based Assay) were 

determined following the assay procedures described in WO 
95/10516, published Aprll 20, 1995. GGPT ICso (inbibiUon of 

30 geranylgeranyl protein transferase. in vitro enzyme assay), Cell 
Mat Assay. and anti-tumor activity (in vivo anti-tumor studies) 
could be determined by the assay procedures described .in WO 
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95/10516. The disclosure of WO 95/10516 is incorporated 
herein.by reference thereto. The compound of Example 1 above 
demonstrated a FPr ICso of 19 nM and a COS Cell ICso of 22 nM. 

Additional assays can be cariied out by following essentlaJ!Y 
5 the same procedure as described above. but with substitution of 

alternative indicator tumor cell lines in place of the T24-BAG 
cells. The assays can be conducted using either DLD-1:-BAG 
human colon, carcinoma cells expressing an activated K-ras gene 
or SW620-BAG human colon carcinoma cells expressing an 

10 activated K-ras gene. Using other tumor cell lines known in the· 
art, the activity· of the compounds of this invention against other· 

types of cancer cells could be demonstrated. 
Soft Agar Assay: 

Anchorage-independent growth is a characteristic of 
15 tumorigenic cell lines. Human tumor cells are suspended in 

growth medium ,containing 0.3% agarose and an indicated 
concentration of a farnesyl transferase inhibitor. The solution is 
overlayed onto growth medium solidified with 0.6% agarose 
containing the same c9ncentratlon of farnesyl transferase 

20 :inhibitor as the top layer. After the top layer is solidified, plates 
are incubated for 10-16 days at 37'°C under 5% C02 to allow 

colony outgrowth. After incubation, the colonies are stained by 

overlaying the agar with a solution of MIT (3-[4.~dimethyl­
thiazol-2-ylJ-2,5-diphenyltetrazOlium broniide, Thiazolyl blue) (1 

25 mg/mL in PBS}. Colonies can be counted and the ICso's can be 

determined. 
For preparing pharmaceutical compositions from the 

compounds described by this invention. inert, phannaceutically 
acceptable carriers can be either solid or liquid. · Solid form 

30 preparations include powders, tablets, dispersible granules, 
capsules, cachets and suppositories. The powders and tablets 

may be comprised. of from about 5 to about 70 percent active 
ingredient. Suitable solid earners are known in the art, e.g. 
magnesium carbonate, magnesium stearate, talc, sugar, lactose. 

. 35 Tablets, powders, cachets and capsules can be used as solid 
dosage forms suitable for oral administration.· · 

For preparing suppositories, a low melting wax such as a 
mixture of fatty acid glycerides or cocoa butter is first melted, 

. . 
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and the active Ingredient is dispersed homogeneously therelri as 
by st1rrtng. The molten homogeneous mixture is then poured 
into convenient sized molds, allowed to cool and thereby solidify. 

Liquid form preparations include solutions, suspensions _ 
5 and emulsions. As an example may be mentioned water or water­

propylene glycol solutions for parenteral injection. 
Liquid fonn preparations may also include solutions for 

intranasal administration. 
' 

Aerosol preparations suitable for inhalation may include 
10 solutions and solids in powder form, which may be in 

combination with a pharmaceutically acceptable carrier, ~ch as 
an inert compressed gas. 

Also included are solid form preparations which are 
intended to be converted, shortly before use, to liquid form 

15 preparations for either oral or parenteral administration. Such . · 
liquid forms include solutions. suspensions and emulsions. 

The compounds of the invention may also be deliverable 
transdermally. The transdermal compositions can take the form .. 

of creams. lotions. aerosols and/ or emulsions and can be 
20 included in a transdermal patch of the matrix or reservoir type 

as are conventional in the art for this purpose. 
Preferably the compound is administered orally. 
Preferably. the pharmaceutical preparation is in unit 

dosage form. In such form, the preparation ls subdivided into 
25 unit doses containing appropriate quantities of the active 

component, e.g .• an effective amount to achieve the desired 
purpose. 

The quantity of active compound in a unit dose of 
preparation may be varied or adjusted from about 0.1 mg to 1000 

30 mg, more preferably· from about l mg. to 300 mg, according to 
the particular applicatton. 

The actual dosage employed may be varied depending upon 
the requirements of the patient and the severity of the condition 
being treated. Determination of the proper dosage for a 

35 particular situation .is within the skill of the art. Generally, 
treatment is initiated· with smaller dosages which are less than 
the optimum dose of the compound. Thereafter, the dosage is 
increased by small increments until the optimum effect under 



W098/57962 PCT/US98/11498 

- 54 -

the circumstances is reached. For convenience, the total daily 

dosage· may be diVided · and administered in portions during the 

day· if desired.· 

The amount and frequency of administration of the 

5 compounds of the invention and the pharmaceutically acceptable 

salts thereof will be regulated· accorctlll.g to the· judgment of the 

attending clinician considering ·such 'factors as age, condition and 

size of the PB;tlent as well as severity of the symptoms being 

treated. A typical recommended dosage reginlen is oral 

10 administration of frolll 10 mg to 2000 mg/ day preferably 10 to 

1000 mg/day, in two to four divided doses· to block tumor 

growth. The compounds are non-toxic when administered within 

this dosage range. 
The following are examples of pliarmaeeutical dosage 

15 forms which contain a ~onipound of the invention. The scope of 

the invention in its pharmaceutical composition aspect is not to 

be limited by the examples provided. 

20 

No~ 

1. 

2. 

3. 

4. 
5. 

Phaxmaceutical Dosage Fann Examples 

·EXAMPLE A 

Tablets 

IIi.JCredtents mt!../ tablet 

ActiVe compound 100 

Lactose USP 122 

Com Starch, Food Grade, 30 

as a 10% pas~ in 
Purified Water 

Com Starch; Food Grade 45 
MW!nesium Stearate ~ 

Total 300 

Method of Manufa.cture 

me:/ tablet 

500 

113 

40 

40 

--1 
700 

Mix Item Nos. 1 and 2 in a suitable mixer for 10-15 

minutes. Granulate the mixture with Item No. 3.. Mill the damp 

granules through a coarse screen (e.g .• 1/4". 0.63 cm) if 

25 necessmy. Diy the damp granules. Screen the dried granules if 

I; 
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necessary and mix with Item No. 4 and mix for 10-15 minutes. 
Add Item No. 5 and mix for 1-3 minutes. Compress the mixture 

to appropriate size and weigh on a suitable tablet machine. 

No. 

1. 

2. 
3. 
4. 

EXAMPLEB 
Capsules 

lnR:redient mg/cansule 

Active comoound 100 

Lactose USP 106 

Corn Starch, Food Grade 40 

Mallnesium Stearate NF --1 
Total 253 

Method of M&nufacture 

mf!./ cansule 

500 

123 
70 

--1 
700 

10 Mix Item Nos. l, 2 and 3 in a suitable· blender for 10.;.15 
minutes. Add Item No. 4 and mix for 1-3 minutes. Fill the 
mixture into suitable two-piece hard gelatin capsules on a suitable ·· 
encapsulating machine. 

15 While the present invention has been described in 

conjunction with the specific embodiments set forth above, many 
alternatives, modifications and variations thereof will be apparent 
to those of ordinary skill in the art. All such alternatives, 
modifications and variations are intended to fall within the spirit 

20 and scope of the present invention. 
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WHAT IS CLAIMED IS: 

1. A compound of the formula: 

. 

(
"" R4 
.. ) (1.0) 
N 
I 
T 

5 or a pharmaceutically acceptable salt or solvate thereof, wherein: :· 

a represents Nor NO-; 

Rl and RS are the same or diffe~nt and each represents 

halo; 
R2 and R4 are each independently selected from H and 

10 halo, provided that at least one of R2 and R4 is H; 

15 

each dotted line (---)represents an optional bond: 

Xis N, C when the optional•bond to Xis present. or CH 

when the optional bond to X is absent; 

· T is a substituent selected from: 

I ("~-R or I . ("lN-R 
z~ z~~ 

R R 

Z represents 0 or S: 
R represents -C(O)N(R10) 2 , -C~C(O)N(R1°)2 , -S02 R10• 

-S02 N(R10) 2 • -C(O)R11
, -C(0)-0-Rll, alkyl, aryl. aralkyl. cycloalkyl. · 

heterocycloalkyl or heteroaryl: 

20 R5 represents alkyl. aryl, a.rylalkyl, heteroaryl. 

heteroarylalkyl, cycloalkyl, OR12
, NR12H, SH, SR12, SOR12 (where 

R12 is not H), or S02 R12 (where R12 is not H); and 

each R10 independently represents H, alkyl. aryl, or aralkyl; 

R11 is alkyl, aryl, aralkyl, heteromyl or heterocycloalkyl: 

25 R12 is selected from H. alkyl, aryl, aralkyl, heteroa.ryl, 

heteroarylalkyl, or heterocycloalkyl. 

I 1 
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2. The compound of Claim 1 selected from: 
(1) 

I 

c) 
O~R 

RS 

(1.0a) or 

I 

c) 
oJvQ 

Rs 

(1.0b) 

whereiil R 1, R2, R3, R4, a, X. Rs, R and the dotted lines are as 

5 defined in claim 1; 

10 

(2) 

(1.1 a) or 

I 

(1.1 b) 6 
oJvQ 

Rs 

wherein R 1, R2, R3. R4, a, X. Rs, R and the dotted lines are as 

defined in claim 1; 

--
1 ~Ill~ ml~ lllJI 111(1111111 
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or 

I 

6 
o~ 

Rs 

(1.2b) 

wherein Rl, R2, R3, R4, a, X. R5
, R and the dotted lines are as 

defined in claim 1: or 

(4) 

---(1.3) and o~ (1.4) 

T + 
wherein Rl, R2. R.3, R4. a and T are as defined in claim 1 and X 

is Nor CH. 

3. The compound of Cla:im 2 wherein said compound is a 

compound of formula l.Oa or l.Ob wherein Rl is bromo. R3 is 

chloro, a is N, and Rand R5 are as defined in claim 1. 

15 4. The compound of Claim 2 wherein wherein said 

compound is a compound of formula I.la or I.lb wherein Rl is 

bromo, RS is chloro, R4 is bromo, a is N, and Rand RS are as 
defined in claim 1. · · 

· 20 5. The compound of Claim 2 wherein wherein said 

compound is a compound of formula 1.2a or 1.2b wherein Rl is 

Ii 
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bromo. R2 is bromo, R3 is chloro, a is N, and Rand R5 are as 
defined in claim 1. 

6. The compound of Claim 2 wherein wherein said 
5 compound is a compound of formula 1.3 or 1.4 wherein Rl ls 

bromo, R2 ls H or bromo, RS is chloro, R4 is H or bromo. a is N, X 
is CH or N. and R5 and R are as defined in claim 1. 

7. The compound of Claim 6 wherein X is CH. 

10 
8. The compound of Claim 6 wherein X is N. 

9. The compound of Claim 7 wherein T is selected from: 

0 0 

"3C H:sC 

0 

0 N~ 0 

H3C 
H2NOC 

0 

0 NAo• 0 

H2NOC . \, 

15 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ 
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10. The compound of Claim 8 wherein T is selected from: 

0 0 

llJC H3C 

0 

0 NAQ• 
"3C . \i H2NOC 

0 

0 NAoo 
0 

llJNOC . \, 

0 

11. A method of treating tumor cells expressing an 

5 . activated ra.s oncogene comprising administering an effective 

amount of a compound of Claim 1. 

12. The method of Claim 11 wherein the tumor cells 

treated are pancreatic . tumor cells, lung cancer cells, myeloid 

10 leukemia tumor cells, thyroid follicular tumor cells, 

myelodysplastic tumor cells, epidermal carcinoma tumor cells. 

bladder carcinoma tumor cells, colon tumors cells, breast tumor 

cells and prostate tumor cells. 

15 13. A method of treating tumor cells wherein the Ras 

protein is activated as a result of oncogenic mutation in genes 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ ''" * C L·M S 
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other than the RaS gene, comprising administering an effective 
amount of a compound of Claim 1. 

14. A method of inhibitil;lg farnesyl protein transferase 
5 comprising the administration of an effective amount of the 

compound of Claim 1. 

15. A pharmaceutical composition for inhibiting farnesyl 
protein transferase comprising an effective amount of compound 

10 of Claim 1 in combination with a pharmaceutically acceptable 
carrier. 

15 

16. The use of a compound of Claim 1 for the 
manufacture of a medicament for use in treating tumor cells. 

17. The use of a compound of Claim 1 for treating tumor 
cells. 

11111111111111111111111111 IHI -
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