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BENZQ( S5, 6) CYCLOHEPTA( 1, 2B) PYRI DI NE DERI VATI VES USEFUL FOR | NHI BI TI ON OF
FARNESYL PRGik3sd7ddfANSFERASE 5 BACKGROUND WO 95/ 10516, pubtrabedidpril 20,
1995 discloses tricyclic conmpounds useful for inhibiting farnesyl protein
transferase. In view of the current interest in inhibitors of farnesyl 10
protein transferase, a wel cone- contribution to the art would be conpounds
useful for the inhibition of farnesyl protei n transferase. Such a
contribution is provi ded by this invention. MVARY OF THE | NVENTI ON.15
Thi s | nEBAEY B GEER, PR ot AOYRITIOY oF FARMGHE AR |
protein transterase (FPI) The conpounds of this invention are represented
by the forngla: or a pharnmaceutically acceptable salt or solvate thereof,
wherein. 20 represents Nor NO; R and R3 are the same or
different and nts halo; R2 and R4 are the same or different and
each I's sel ected frWOMRBSIOFIE, QuipisheddApril 24, 1899 disclosesectridycliz and R4

s H 25 colnpoidss HRetl FoC RihiBRIEE athebyOProttR rahsferase.
In view of the current interest in inhibitors of farnesyl
10 protein transferase, a welcome contribution to the art would be
compounds useful for the inhibition of farnesyl protein
transferase. Such a contribution is provided by this invention.

15 Thls invention provides compounds useful for the inhibition
' of farnesyl protein transferase {FPT). The compounds of this

invention are represented by the formula:
R2

or a pharmaceutically acceptable salt or solvate thereof, wherein:
20 a represents N or NO~;
R! and RS are the same or different and each represents
halo;
R2 and R4 are the same or different and each is selected
from H and halo, provided that at least one of R2 and R4 is H;
25 T is a substituent selected from SO,R or

R;
z (CHz)n
ZisOorS;
n is zero or an integer from 1 to 6;

R is alkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl,
30 cycloalkyl, heterocycloalkyl, or N(R®),;

I://"



[err] Zis Oor S; nis zero or an Integer froml to 6; Ris alkyl, aryl,
aryl al kyl, heteroaryl, heteroarylal kyl, 30 cycl oal kyl, heterocycl oal kyl, or

N(R err] -2- [err] is H alkyl, aiyl, heteroaryl or cycloal kyl. The
conpounds of WPB#E9#vention: (1) potently inhibit farnesylPQEuSeas1s7
transferase, but not geranyl geranyl protein transferase I, in vitro; (ii)

bl ock the phenotypic change induced 5 bg-a formof transform ng Ras which
is a farnesyl acceptor but not by a formof transform ng Ras engineered to

be a geranyl geranyl RfciscHi an;yl(éjyﬂ)heﬂwowyﬂnrrcgcbhllqﬂar processi ng of Ras

whi ch is a famesyl aﬁfaee&?, lasnett sRthCuliAbR
ger anyl geranyl acceptor; |v1) b o k norrra owh in culture
induced 10 by BFBESIRLH stergze %QWE%PE RIS on i nhi bi t

farnesyl prot eltrahs&maéeimmmi (hhé)hbek ke \phemiotypiof clidregeoimhgreke protein
Ras. Thus, 5 Spyi QUSRN S trhHEfRing KA WaRhAS B FIDEsP add¥ptd buf %ot
by a form of transforming Ras engineered to be a geranylgeranyl
acceptor; (iif) block intracellular processing of Ras which is a
farnesyl acceptor but not of Ras engineered to be a geranylgeranyl
acceptor; and (iv) block abnormal cell growth in culture induced

10 by transforming Ras.

The compounds of this invention inhibit farnesyl protein
transferase and the farnesylation of the oncogene protein Ras.
Thus, this invention further provides a method of inhibiting
farnesyl protein transferase, (e.g., ras farnesyl protein transferase)

15 in mammals, especially humans, by the administration of an
effective amount of the compounds of formula 1.0. The
administration of the compounds of this invention to patients, to
inhibit farnesyl protein transferase, is useful in the treatment of
the cancers described below.

20 This invention provides a method for inhibiting or treating
the abnormal growth of cells, including transformed cells, by
administermg an effective amount of a compound of this
invention. Abnormal growth of cells refers to cell growth
independent of normal regulatory mechanisms {e.g., loss of

25 contact inhibition). This includes the abnormal growth of: (1)
tumor cells (tumors) expressing an activated Ras oncogene; (2)
tumor cells in which the Ras protein is activated as a result of
oncogenic mutation in another gene; and (3) benign and
malignant cells of other proliferative diseases in which aberrant

30 Ras activation occurs.

This invention also provides a method for inhibiting or
treating tumor growth by administering an effective amount of the
tricyclic compounds, described herein, to a mammal {e.g., a
human) in need of such treatment. In particular, this invention

35 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 compounds of formula 1.0. Examples of
tumors which may be inhibited or treated include, but are not



farnesyl protein transferase, (e.g.. ras farnesyl protein transferase) 15
in mammal s, especially humans, by the adm nistration of an effective anount
of the conpwow#s7’ast fornula 1.0. The administration of thecgosaauds of
this invention to patients, to inhibit farnesyl protein transferase, is
useful in the treatnment of the cancers dgscribed below 20 Thi s

I nvention provides a nethod for inhibiting or treating the abnormal growth

of cells, inclyghited tbaRsdP caRCerCR). és,luQF ﬁyﬁ&hﬁlﬁéﬂ?} E‘Qnef Bt gt | ve anount

of a compound of this,|nvention. norrra to cell
growt h i ndepen§@Rfe® Bt 6@ RED % ﬁ's} eex@mplFoss of 25

cont act i nhi bi thgqx)inemrcaﬁcmmhmgcmﬁmgofcolm:)cwumr cells
(tunors) expregardfotas? shichdLd R@ﬁaﬂ?ﬂ@ EAvEdh I in which the
Ras protein_is a |\? ed g a_r % lpﬁ q?lsgrﬁ@c%:ho tatl%?slinﬁdanother gene;
and (3) benPgn® Qfﬂi’ﬂa MH“%’&&{@ 5 892%5 % 51?‘9 &i seases in which
aberrant 30 Rmyelogenous lankesniar AMIN; thynm&oﬂionlan eangerovi des a net hod

for inhi bltlngneyelaa Ih%WoﬂémsP%mP'&%b%a%ﬁ%%%'ve

anount of the trl I ¢ ,conpounds cribed herein, to a e.g., a

human) in need“8F 1?: P Brostale £ANCENi s | nvention 35
provi des a met hod fIiriSlbﬁlieMEd |thgt @hlst inwention alse provides aoinethodrfor

10 inhibiting or treating proliferative diseases, both benign and
malignant, wherein Ras proteins are aberrantly activated as a
result of oncogenic mutation in other genes--i.e., the Ras gene
itself is not activated by mutation to an oncogenic form--with said
inhibition or treatment being accomplished by the administration

15 of an effective amount of a compound of formula 1.0 to a mamrnal
(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., neu, src, abl, Ick, and fyn), may

20 . be inhibited or treated by the tricyclic compounds described
herein.

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

25 compounds may function through the inhibition of G-protein
function, such as ras p21, by blocking G-protein isoprenylation,
thus making them useful in the treatment of proliferative diseases
such as tumor growth and cancer. Without wishing to be bound
by theory, it is believed that these compounds inhibit ras farnesyl

30 protein transferase, and thus show antiproliferative activity
against ras transformed cells.

AlL E T I NTION
As used herein, the following terms are used as defined
35 Dbelow unless otherwise indicated:
MH+-represents the molecular ion plus hydrogen of the

molecule in the mass spectrum;
Et (or ET)-represents ethyl (CoHs);



expressing an activated Ras oncogene by the adm nistration of an effective
anount of the conpounds of fornula 1.0. Exanples of tunors which may be
inhibited or treated include, but "are not -3- limted to, lung cancer
(e.g.. |ung Vé@&8&4r ci nonm), pancreatic cancers (e.g., pafEr@8¥1d4%ar ci noma
such as, for exanple, exocrine pancreatic carcinom), colon cancers (e.g.,
col orectal carcinomas, such as, for exampte, colon adenocarci noma and 5

col on adenoma), nyel oid | eukem as (for exanple. acute nyel ogenous | eukem a

(AML)), thyroid fol | aligiiaeprescots strajditoand prarehed corbnmebatnepat bl adder

carcinoma, epi ¢gnfih f8h oA WS twehfpshrbuH ARims"Praféablylonectdgigr - It is
bel i eved t hat thlé{fln ention also provides a nethod for 10 inhibiting or

treating proli fEFat &% Pseases, both beni gn and malignant, wherein Ras
proteins are aberranthajo-zepiesentsoflaera ¢hderg.tbromeandgiadiot nutation in

ot her genesg-i.e., t Bagq,g,q-e dsehitd batwrated casboorliedrifgs Mut ati on to an
oncogeni c fgr - W Eﬂggh%%ﬁ%%%g&? tsr gc?bge%khgglﬁ ag?:qgg?%iﬁﬁggd by the
yotmnt ’ \ 1.0 to a

adm ni stration
manmal 3 to 7 carbon atoms;
heterocycloalkyl-represents a saturated, branched or
unbranched ;:arbocylic ring containing from 3 to 15 carbon

10 atoms, preferably from 4 to 6 carbon atoms, which carbocyclic
ring is interrupted by 1 to 3 hetero groups selected from -O-, -S-
or - NR9- (wherein R9 can be, for example, -C(OIN(R'?),,
-CH, C(O)N(R"Y),, -SO,R, -SO,N(R!9),, -C(O)R", -C{O)-O-R",
alkyl, aryl, aralkyl, cycloalkyl, heterocycloalkyl or heteroaryl;

15 each R' independently represents H, alkyl, aryl, or aralkyl (e.g..
benzyl); and R is alkyl, aryl, aralkyl, heteroaryl or "
heterocycloalkyl) - (suitable heterocycloalkyl groups include 2-
or 3-tetrahydrofuranyl, 2- or 3- tetrahydrothienyl, 2-, 3- or 4-
piperidinyl, 2- or 3-pyrrolidinyl, 2- or 3-piperizinyl, 2- or 4-

20 dioxanyl, etc. - with preferred heterocycloalkyl groups being 2-,
3- or 4-piperidinyl substituted with R10 on the piperidinyl
nitrogeny);

' aryl (including the aryl portion of aryloxy and aralkyl)-
represents a carbocyclic group containing from 6 to 15 carbon

25 atoms and having at least one aromatic ring (e.g., aryl is a phenyl
ring), with all available substitutable carbon atoms of the
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,

30 phenoxy, CF3, amino, alkylamino, dialkylamino,

-COOR!1 or -NO2 (wherein R!! is H, alkyl, aryl, heteroaryl or
cycloalkyl); and

heteroaryl-represents cyclic groups, optionally substituted
with R3 and R4, having at least one heteroatom selected from O, S

35 or N, said hetercatom interrupting a carbocyclic ring structure
and having a sufficient number of delocalized pi electrons to
provide aromatic character, with the aromatic heterocyclic
groups preferably containing from 2 to 14 carbon atoms, e.g.,




(e.g., a human) in need of such treatnment. For exanple, the benign
proliferative disorder neurofibromatosis, or tunors in which Ras is
activated dwodsareaut ati on or overexpression of tyrosine kp&pgssaippoenes
(e.g., neu, src, abl, Ick, and fyn), may 20 be inhibited or treated by the
tricyclic corrpounds descrl bed herein. corrpounds of formula 1.0 wuseful
in the nmethods of this invention inhi b|t or treat the abnormal growth of
cells. Wthoutﬁ%%] (/A8 Gy L t hat these 25
conpounds mnay uBc _Jygn t(t?r%g theﬁnohrlt N%}daé (Qﬁhb ém§unq | on, such
as ras p2l, bySHPSH ‘@‘ﬁ'rug et q‘@ﬂﬁdg éﬁ%ﬂ?ﬂ?{ t‘?‘ﬁ PR m usef ul
in the treat necandse pcpnesénfhedtasxe di seases such as tunor growth and cancer.

Wt hout wishing to be bound by theory it bel i eved that these conpounds
Eetansf

—t

inhibit ras farnesyl 30 prote t hus show
antiproliferative activity aga nst cells. DETAILED
DESCRI PTI ON OF THE | NVENTI ON ollowing terns are used
as defined 35 bel ow unl ess ot herw se [ n li cat ed represents t he
nol ecul ar i on plus hydrogen of t®e nol Bule in mass spectrum Et (or
ET)-represents ethyl (C2HS);

5 . 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-

dimethyl-formamide (DMF); trifluoroacetic acid (TFA); trifluoro-

acetic anhydride (TFAA); 1-hydroxybenzotriazole (HOBT); 1-(3-
10 dimethylaminopropyl)-3-ethyl carbodiimide hydrochloride (DEC});

diiscbutylaluminum hydride(DIBAL); and 4-methylmorpholine

(NMM).

The positions in the tricyclic ring system are:

. 55
9O¢;
2 \? "o ° .
15 Those skilled in the art will also appreciate that the S and
R stereochemistry for the C-11 position of the tricyclic ring is as

follows:
2CoEEaCe
=N" : R =N S
VAN

[VavaVaVy Vol

5

Preferred halo atoms for R1, R2, R3, and R4 in formula 1.0
20 are selected from: Br, Cl or I, with Br and Cl being preferred.
Compounds of formula 1.0 include compounds of the
formula:



-4- al kyl -represents straight and branched carbon chains that contain from
one to twenty carbon atons, preferably one to six carbon atons; '
hal o-represents fluoro, chioro, brono and | odo; 5
cycl oal kyl - r¥BPEFEH s saturated carbocyclic rings branche®CBUSEMIMnched of
from3 to 20 carbon atons, prefiably 3 to 7 carbon atons:
heterocycloalkyI-represents a saturated,6branched or unbranched carbocylic
ring containing from3 to 15 carbon 10 atons, preferably from4 to 6
carbon atons, which carbocyclic {lno | 2 uptgd by 1 to 3 hetero groups
sel ected fron1 0-, -S or - NROB<#he ar®e, for exanple,
-C(ONRerr] [err] al kyl, aryl, oal kyl, heterocycl oal kyl or
heteroaryl; 15 each R err] indepent&nt¥ly represents H al kyl, aryl, or
aral kyl (e.g., benzyl); and Rerr]"’ i 805 kyI aryl, aral kyl, heteroaryl or
het er ocycl oal kyl ) - (suitable heterocyglfos 5 gégups |nclude 2- or
3-tetrahydrofuranyl, 2- or 3- tetrahydyoth en - or 4- ’

wherein R! and R3 are the same or different halo and a and T are
as defined above. Preferably, for these dihalo compounds, R1 and
R3 are independently selected from Br or Cl, and more preferably
5 RlisBrandR3is Cl
Compounds of formula 1.0 include compounds of forrnulas
1.1 and 1.2:

and 1.2).
|

T
wherein R!, RS and R% in formula 1.1 are halo, and R1, R2 and R3
10 in formula 1.2 are halo. Compounds of formula 1.1 are preferred.
Preferably, in formula 1.1, R! is Br, R3 is Cl, and R¢ is halo.
More preferably, in formula 1.1, Rl is Br, R3 is Cl, and R¢ is Br.
Preferably, in formula 1.2, R? is Br, R2 is halo, and R3 is Cl.
More preferably, in formula 1.1, R! is Br, R2 is Br, and R3 is CL
15 Also, preferably, for the compounds of this invention,
substituent a in Ring I represents N.
T is preferably -SO,methyl or a group

A~

(CH2)y,
wherein R is a 3-pydinyl N-oxide, 4-pyridinyl N-oxide, 4-
20 piperdinyl, 3-piperdinyl or 3-pyrrolidinyl group, wherein the 4-
piperdinyl, 3-piperdinyl or 3-pyrrolidinyl groups may be
substituted on the piperindinyl or pyrrolidinyl nitrogen with a




pi peridinyl, 2- or 3-pyrrolidinyl, 2- or 3-piperizinyl, 2- or 4- 20

di oxanyl, etc. - with preferred heterocycl oal kyl groups being 2-, 3- or
4- pi peridi nwosssrsdsi tuted with Rlerr] on the piperidinyl mctmsgsanysy aryl
(including the aryl portion of axyloxy and aral kyl)- represents a
carbocyclic group containing from®6 to.%5. carbon 25 atons and having at
| east one aromatic ring (e.g., aryl is a phenyl ring), with all available

subst H ut abl et gﬁg@l}(&i{@ﬁ& Qﬁntm_fgﬂrehﬁfgﬂé.i f(_:(g))lv(m"ggbn_g int e{lgjed ials
possi bl e poin @l d carbocyclic group being optionally
substituted (eagg,b(éwﬁ(ng?\%?hﬁ

ohe or nore of hal o, al kyl. hydroxy,

al koxy. 30 pheS@xy(R'®:3 -CIARIb, -CIOIgR i allsyl. Al iaraBsrlneyclo |1 or -NO2

(wherein R11 i petdrogydy r §t hefigbaryiar sdcloR'T sdeprenidently and
het er oaryl -x epresent '

“ _ _ .
G IR il Ik N iy o0 ™

havi ng at | asfel?fﬁgeﬁ

het er oat om i nt erylugrakigyl,chetarassyl, er iheterogyclealsylt ure and having a
sufficient nunber ofhead skmleizadtHY aft! Wil bppfedistePiiRiti ciinpoeasiof
character, Wi tpLho o BT G EhaAGHEL of cAAS PESLE F24Y contai ning from

R2

2 to 14 car bon'¥fy

RZ

10 with compounds of 1.3 being preferred for compounds of formula
1.1, and with compounds of Formula 1.4 being preferred for
compounds of formula 1.2.

Thus, compounds of the invention include compounds of
the formulas:

15 Br

N N
)\/Cncnzcomi 2 wucu 2CONH 2
Y o



-5- triazolyl, 2-, 3- or 4-pyridyl or pyridyl N-oxide (optionally
substituted with R11 as defined above), wherein pyridyl N oxidde can be
represent ed as: Lerr] 5 The foll owi ng solvents and reagents are
referred toWWR¥&M#4by t he abbreviations indicated: ethanoPCT/E$%M497 met hanol
(MeOH): acetic acid (HOAc or AcOH); ethyl acetate (EtOAc); NN

di ret hyl -formam de (DVF); trifluoroaceti&-acid (TFA); trifluoro- acetic
anhydride (TFAA); 1-hydroxybenzotrlazole (HOBT); 1-(3- 10

di met hyl ammi nopr opyl ) - 2 thyI car bodi i m de hydrogh or| o
di | sobut yl al umpgpumzhyd
positions in the '
the art will also's

(DEQ);

MV). The

ose skilled in
stry f.or the CG11
erred halo atons,  for R1,
Br, C or 1, with Br
Iude(bb%ounds of the

R2. R3, and R4 in fornu Q.are sel ect ed f'&
and C being preferred. d@of formula 1.Q i

N N
) NCONH 2 0 NCONH »
Br
Br \ a Br ) a
HO Br HO
a.an (1.12)
N - ——
N-0
o Y/
Br / a)
WO | oo
(1.13)
\
S0,CH3

S05CH3
Certain compounds of the invention may exist in different
5 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 also
included.

Certain compounds of formula 1.0 will be acidic in nature,
10 e.g. those compounds which possess a carboxyl or phenolic
hydroxyl group. These compounds may form pharmaceutically
acceptable salts. Examples of such salts may include sodium,
potassium, calcium, aluminum, gold and silver salts. Also
contemplated are salts formed with pharmaceutically acceptable



forml a: wherein [err] are the sane or different halo and a and T are as
defined above. Preferably, for these dihalo conpounds, [err]1l and [err] are
i ndependent b ssahagt ed from Br or O, and nore preferabl ypormBissnsoBr and
[err] Compounds of fornula 1.0 include conpounds of fornulas 1.1 and 1.2:
wherein [err] in formula 1.1 are halo, _.apd [err] 10 in formula 1.2-are

hal 0. Conpounds of forrmula 1.1 are preferred. Preferably, in formula 1.1,

[err] is halo. %Q}xﬂ-ﬂom aBfyNdniinks 1hy iMamined)Mef erably, in
formula 1.2, [er‘re hal an%léherfd( More preferably, in formula 1. 1,
[err] is Br, arfd g P aﬁ”&I Al so, eferabl for the corrpounds
of this invention, e@mmm cqnpnumﬁgffom oI | g preferably

- S@2met hyl or ?}%&% @c@eptﬁbﬁe Salby|d. glylaci&sddﬁmx dalpyr Parnyl N-oi de,

4- 20 pi
pi per dlonsler x&%@fr dy%l @ K °g‘y%t°?'1‘§ %%yts”%%@s o strdng e
acid, while compounds having basic substituen such as amino
groups also form salts with weaker acids. Examples of suitable
acids for salt formation are hydrochloric, sulfuric, phosphoric,
acetic, citnc, oxalic, malonic, salicylic, malic, fumaric, succinie,
10 ascorbic, maleic, methane-sulfonic and other mineral and
carboxylic acids well known to those in the art. The salts are
prepared by contacting the free base form with a sufficient
amount of the desired acid to produce a salt in the conventional
manner. The free base forms may be regenerated by treating the
15 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
in polar solvents, but the acid and base salts are otherwise
20 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
invention and all acid and base salts are considered equivalent to

25 the free forms of the corresponding compounds for purposes of
the invention.

Intermdiates useful in the preparation of the compounds of
the invention may be prepared according to the procedures
described in WO 95/10516 published April 20, 1995, in WO

30 96/30363 published October 3, 1996, in U.S. Patent No.
5,151,423 and by the methods described below.

Compounds of the invention can be prepared according to

the reaction:



substituted on the piperindinyl or pyrrolidinyl nitrogen with a -7 group
RO which can be, for exanple, -C(ONRerr], - [err] [err] -CCOORerr],

al kyl, aryl, aral kyl, cycloal kyl, heterocycl oal kyl or heteroaryl; each
[err] indepg’l’?d’é/ﬁﬁ‘%// 5 represents H alkyl, aryl, or aral kcTgsssne97 benzyl ) ;
anid Rerr] is alkyl, aryl, aralyl, heteroaryl or heterocycloal kyl. Those
skilled in the art wll appreciate that10cenmpounds of fornula 1.0 inelude
conpounds of fornmulas 1.3 and 1.4: 10 with conpounds of 1.3 being preferred
for conmpounds of fornmula 1.1, andg®ith conpounds of Fornula 1.4 being
preferred for conpoynds of nmul/a l.g. Thus, conpounds of the invention

I ncl ude conpounds
+ o)\ A or XSO,R

142y

In the reaction, the carboxylic acid (14.0) is coupled to the
tricyclic amine (13.0) using amide bond forming conditions well
known to those skilled in the art. The substituents are as defined

5 - for Formula 1.0. For example, carbodiimide coupling methods
{c.g., DEC) can be used. For example, the carboxylic acid (14.0)
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.

10 When T is SO,R, X is halo, preferably, chioro.
R2 R?
! R o R! R3
T Base N
g TR—S—d HO 4
f g (1.0a).

N 13.0) l’?
H SO.R

The tricyclic piperadine compound is dissolved in an appropriate
solvent such as DMF of THF. A base is added such as
triethylamine, and the appropriate alkylsulfonylchloride,

15 prepared by methods known in the art, is added to the reaction
mixture at 0 °C to ambient temperature with stirring. After 1-24
hours, the reaction mixture is added to water and the product



Certain conmpounds of the invention may exist in different 5 isoneric
(e.g., enantioners and di astereoi soners) fornms. The invention contenpl ates
all such i soWe¢51¥ét h in pure formand in adm xture, incl uiTgss/s@emni c

m xtures. Enol fornms are also included. Certain conmpounds of fornmula 1.0
will be acidic in nature, 10 e.g. thosejganpounds whi ch possess a carboxyl
or phenolic hydroxyl group. These conpounds may form pharmaceutically

accept abl e sal t extrhtetpwith Dbustable selvent styh iascéthgicetstelThe@heds um

For mod wi ¢ h phattastidl Prafbeier Bler Be'crol BRI B B SRl BT 2° 1 1y

am nes, hydroxy&?‘k-‘ﬂlﬁm nes, N nethyl glucam ne and the like. Certain basic
corrpounds of formul Wmﬂ@nmﬂardmﬂvbeaiahybampé@al e salts, e.g.,

acid additi s ,ﬁo exanpl e, the pyrido-nitrogen atons may form
salts with strong aci whi | e conpounds having basic substliuents such as
am no groups al so for al tR" wi t h weaker aci ds. Exa sui tabl e

|| Base =N
+ (ns)zn—ﬁ—a HO'| g4
. o (1.0a).
N~ (130 N
H SO,N(R%),

wherein the R® groups may be the same or different and each is as
defined above. In this reaction, the tricyclic piperadine
compound is dissolved in an appropriate solvent such as DMF of

10 THF. A base is added such as triethylamine, and the appropriate
alkylaminosulfonylchloride, prepared by methods known in the
art, is added to the reaction mixture at 0 °C to ambient
temperature with stirring. After 1-24 hours, the reaction mixture
is added to water and the product extracted with a suitable

15 solvent such as ethylacetate. The crude reaction product can
then be chromatographed on a silica gel column. :

The carboxylic acids (14.0) and the sulfonates (14.2) are

generally known in the art or can be prepared by methods well
known in the literature.

20 Compounds of Formula 13.0 can be prepared from
compounds of formnula 13.0a:

wherein R® is H, alkyl, carboalkoxy or any other group that can be
converted into a group T. The compounds of formula 13.0a are
25 prepared by methods known in the art, for example, by methods



acids for salt formation are hydrochloric, sulfuric, phosphoric, acetic,
citric, oxalic, malonic, salicylic, malic, fumaric, succinic, 10 ascorbic,
mal ei ¢, met T fonic and other mneral and carboxylic_acids well known
to those in the art. The salts are prepared by contacti ndTHEVHEY pase
formwi th a sufficient amount of the desired acid to produce a salt in the
conventional manner. The free base form¥2 may be regenerated by treating the
15 salt with sui tabl e_di | ut eous _base, sol ution such as dilute
aqueous NaOH, m@@gépﬁgdﬁmag%ﬁ? uhlished Qriobee. The free
base forns di f 8Bed2P6oim {thi Patersplos 51515428 ainak tisoseodesuritied beloer.t ai n

physi cal properti eSrhe UelibRSbSM WPthe tc¥ni ﬂmas%fﬁﬂnmtmw%nt@% acid and

base salts are_othe se . 20.. equivalent to {heir respective fre ase forns
for purposes o?le?ﬁ%é\igx\@ﬂaﬁ%‘?ﬁq%gr'%ﬁ@w Qiqtlhﬁﬂﬁ%?? G xﬁF&’eiEntended to

be phar macdut i 8didlgwate gpeatbiecketanes ofiformula b8.0sbelow:of the i nventi on and
all acid and base salts are considered equivatfent to 25 the free forns of
the correspondi ng conpounds for pu s W heg¥ nventi on. |nterndi ates
useful in the preparation of th8 <y he I nvention nay be prepared
according to the procedures descri beg =95/ 10516 published April 20,
1995, in WO .0
15.0 .
Compounds of Formula 13.0a wherein the C-3 postion of the
pyridine ring in the tricyclic structure is substituted by bromo
(L.e., Rl is Br) can also be prepared by a procedure comprising the
10 following steps: '
(a) reacting an amide of the formula
Br
7

N

O
NRSapte
wherein R52 is hydrogen and R62 js C;-Cg alkyl, aryl or heteroaryl;

~ R5ais C;-Cg alkyl, aryl or heteroaryl and R6a is hydrogen; R52 and
15 R52 are independently selected from the group consisting of C)-
Cs alkyl and aryl; or R52 and R62, together with the nitrogen to
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 -O- and -NR92-, wherein
20 R92is H, C)-Cg alkyl or phenyl;

with a compound of the formula

A2
3
R7a R

R
wherein R2, R3, and R4 are as defined above and R72 is Cl or Br,
in the presence of a strong base to obtain a compound of the
25 formula



30 96/30363 published Cctober 3, 1996, in U S. Patent No. 5,151,423 and by
t he nmet hods descri bed bel ow. Conpounds of the invention can be prepared
accordi ng t evg damrdsgact i on: In the reaction, the carboxyttosmaiadr (14. 0)
is coupled to the tricyclic amne (13.0) using am de bond form ng
conditions well known to those skilled.hg the art. The substituents—are as
defined 5 for Fornula 1.0. For exanple, carbodlinide coupling nmethods
(e.g., DEC) can be used. For exanple, the caqppxyllc acid (14.0) can be
reacted with the tricyclic aning (13.0) u3|ng HOBT/ NMM i n DVF at about
25[err]C for a sufficient perio [ about 18 hours, to produce
a conpound of Fornula 1.0. 10 SO2R X is hal o, preferably,
chloro. [err] The tricyclic plperad| e FoMpouhd is dissolved in an
appropriate solvent such as DWMF of THF. NAR2RRSR? | s added such as

triethylamne, and (B)el-eaaﬁﬁgryc ahkﬁyéfsstbi)qaywm BOQI% to bbtawy £par ed by
nmet hods known in the art, ‘f f%go he reaction mxture at 00Cto
ambi ent t enper £&YBRe CRABOU] P

1- 24
& , R
SN
-
; or
5 (c) reacting the cyano compound with a piperidine
derivative of the formula
MgL
Q
CHg

wherein L is halo selected from the gfoup consisting of Cl1 and Br,
to obtain a ketone of the formula below:

R2
Bra .~ R3
x> l (o]
N
R4
N
}
10 CHa

(d)i) cyclizing the ketone under acid conditions (e.g.,

aluminum chloride, triflic acid, or sulfuric acid) to obtain a
compound of Formula 13.0a wherein R® is methyl, which can be
cleaved to give the compound of formula 15.0,

15 Methods for preparing compounds of Formula 13.0a
disclosed in WO 95/10516, in WO 96/30363 published October
3, 1996, in U.S. Patent No. 5,151,423 and described below
employ a tricyclic ketone intermediate. Such intermediates of

the formula



hours, the reaction mxture is added to water and the product - 11 -
extracted with a suitable solvent such as ethylacetate. The crude reaction
product can VP(FS’H)S %g chromat ographed on a silica gel colum.
Al kyl am nosu Ofani'do derivatives can be prepared 5 sini PEFUSPE1]497 1]
wherein the R err] groups may be the same or different and each is as
defined above. In this reaction, the triléyclic piperadi ne conpound+s
di ssolved in an appropriate solvent such as DMF of 10 THF. A base is added
such as triethylam ne, and the appropriate alfyl am nosul fonyl chl ori de,
prepared by met hods known in the  art,J Jodd JR¥ the reaction mixture at 0
[err]C to anbient tenperature w ' fter 1-24 hours, the reaction
m xture is added to water and the p acted with a suitable 15
sol vent such as ethyl acetate. The crude peag#i on product can then be
chr omat ogr aphed on a silica gel colum. 1§*lf carboxylic acids (14.0) and the
sul fonates (14. Q are y

wherein R!, R2, R3 and R? are as defined above, can be prepared

by the following process comprising :

(a) reacting a compound of the formula

R1UCH3
5 Br
(i) with an amine of the formula NHR5aR62, wherein
R52 and Rf2 are as defined in the process above; in the presence

of a palladium catalyst and carbon monoxide to obtain an amide of
the formula:

R\ A\ CHs
.
&
10 NR®R%, or
@) with an alcohol of the formula R1020H, wherein
R10a is C;-Cg lower alkyl or C3-Cg cycloalkyl, in the presence of a
palladium catalyst and carbon monoxide to obtain the ester of the

fomula
Rms
]
O

15 OR'%
followed by reacting the ester with an amine of formula NHR52R6a
to obtain the amide;
(b) reacting the amide with an jodo-substituted benzyl
compound of the formula

R2
R3

R7a

1
20 R4
wherein R2, R3, R* and R72 are as defined above, in the presence
of a strong base to obtain a compound of the formula



generally known in the art or can be prepared by nethods well known in the
literature. 20 Conmpounds of Fornula 13.0 can be prepared from
conpounds of WP&R/AIM4A 13.0a: R6 wherein [err] is H, alkyl, REZUSSUIKRY XY or
any other group that can be converted into a group T. The conpounds of
formula 13.Ca are 25 prepared by nethodsigknown in the art, for exanpte, by
nmet hods - 12 - disclosed in WD 95/10516, in WO 96/ 30363 published
Cctober 3, 1996, in U S. Patent No. 5,151,438 and those descri bed bel ow
The doubl e bond in the compou can be cl eaved by

oxi dation, e.g., by the netho anple 5 3 below, to give

t he ketones of fornula 15.0 bel oy of Formul a 13. Ca wherein the
C-3 postion of the pyridine ring '%%clic structure is substituted
by bronmo (i.e., Rl is Br) can also bg d by %%grocedure conpri sing

the 10 followi ng steps: (a) reacting an am de of 't formul a
81) cyclizing a compound of step (b) with a reagent of the

formula R8aMgL, wherein R8a is C1-Cg alkyl, aryl or heteroaryl and
L is Br or Cl, provided that prior to cyclization, compounds

5 wherein R5a or R6a is hydrogen are reacted with a suitable N-
protecting group. N

Compounds of Formula 1.0 wherein substituent a is NO
(Ring I) can be made from compounds of Formula 13.0a using
procedures well known to those skilled in the art. For example,
10 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
R2

R' R3
0
(13.0b)
N
]
H
15 which can then be cleaved to provide a compound of formula 15.0

above.
Generally, the organic solvent solution of Formula 13.0a is cooled
to about 0°C before the m-chloroperoxybenzoic acid is added.
The reaction is then allowed to warm to room temperature
20 during the reaction period. The desired product can be
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., 1N
NaOH), and then dried over anhydrous magnesium sulfate. The
25 solution containing the product can be concentrated in vacuo.
The product can be purified by standard means, e.g., by



Br [err] wherein R err] is hydrogen and [err] alkyl aryl or heteroaryl
[err] alkyl, aryl or heteroaryl and R6a is hydrogen; R err] and 15 R6a are

i ndependently selected fromthe group consisting of CJerr]- (ferr] alkyl
and aryl ; orx’P@P’ﬂ"“‘toget her with the nitrogen to which tHREGI/E¥1I4YY ached,
forma ring conprising 4 to 6 carbon atons or conprising 3 to 5 carbon
atons and one hetero noiety selected frodBt-he group consisting of -9- and
-NR9a-, wherein 20 err]a is H [err] alkyl or phenyl; with a compound of
the formula wherchr eraphy arsingsiligaegelsledior flashi cabus and R7a is CL or

Br, in the preswmftographwng base to obtain a conpound of the 25 formul a

e v AT

conmpound of the for e
a pi peridine substituent a is NO, can be made from compounds of ormula 1.0,

5 wherein substituent a is N, by the m-chloroperoxybenzoic acid
oxidation procedure described above.

Those skilled in the art will appreciate that it is preferable
to avoid an excess of m-chlorcperoxybenzoic acid when the ”
oxidation reaction is carried out on the compounds of formula

10 13.0a. In these reactions an excess of m-chloroperoxybenzoic can
cause oxidation of the C-11 double bond.

Compounds of formula 1.0 whérein Z is S can be prepared
from compounds of formula 1.0 wherein Z is O by treatment with
a suitable sulfur transfer reagent such as Lawsson’s reagent.

15 - Compounds of the invention having asymmetric 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)
can be separated into enantiomers by techniques known in the
art, e.g., by chiral salt resolution or by chiral HPLC. :

20 Compounds useful in this invention are exemplified by the
following examples, which should not be construed to limit the
scope of the disclosure.

Q.O ° Q.O ;

)
25 CHy
3,10-dibromo-8-chioro-6,11-dihydro-11-one-5H-
benzo{5,6]-cycloheptyl-[1,2-b]pyridine (2gm, 4.98 mmol) was
dissolved in 20 m! of dry tetraiiydrofuran under a dry nitrogen
atmosphere. 5ml of a 1.5 molar solution of N-methyl-piperidine-
30 4-magnesium chloride was added and the reaction stirred for 18
hours. The reaction mixture was washed with saturated
ammontum chloride, dried over magnesium sulfate, filtered and




derivative of the fornmula ML [err] wherein L is halo selected fromthe
group consisting of C and Br, to obtain a ketone of the fornmula bel ow 10
[err] (d)(i)wsysnhdadi ng the ket one under acid conditions (epcpusssaklam num
chloride, triflic acid, or sulfuric acid) to obtain a conpound of Fornul a
13-Ca wherein [err] is methyl, which caps,be cleaved to give the conpound of
formula 15.0, 15 Met hods for preparing conpounds of Fornula 13.Ca

di sclosed in V%gﬁé%@ ﬂrr)% g‘gﬁﬁgﬁwggmﬁrgmo 013,31-11&96, in U S.
Patent No. 5,1 CrLI | cI|c one
i nt er nedi at e. gstlé‘ﬁi‘?&? npr‘h%& \ﬁﬁ‘ F 'r] are as
defined above, obtainbe2.Alegmr &5 %yOf Bew-dibmmw@ ﬁﬂb@@'&.%tﬁ@b’@ﬂg (a)
reacting a comyqupflnfdtniyla-pifeRtityd-5H-benzof5,6lcycloheptylf1,2- [err]

5 blpyridin-11-ol. FABMS (M+H)=501

Q
I NO>
A
_ o)\ocuzcaa 07 "OCH(Hj3
10 Combine 25.86 g (55.9 mmol) of 4-(8-chloro-3-bromo-5,6-

dihydro-11H-benzo{5,6]cycloheptall,2-b]pyridin-11-ylidene)-1-
piperidine-1-carboxylic acid ethyl ester and 250 mL of
concentrated HpSO4 at -5°C, then add 4.8 g (56.4 mmol) of
* NaNOs3 and stir for 2 hours. Pour the mixture into 600 g of ice -
15 and basify with concentrated NH4OH (aqueous). Filter the
mixture, wash with 300 mL of water, then extract with 500 mL of
CHsClp. Wash the extract with 200 mL of water, dry over MgSO4,
then filter and concentrate in vacuo to a residue. Chromatograph
the residue (silica gel, 10% EtOAc/ CHzClp) to give 24.4 g (86%
20 yield) of the product. m.p. = 165-167°C, Mass Spec.: MH* = 506
(CD. Elemental analysis: calculated - C, 52.13; H, 4.17; N, 8.29;
found - C, 52.18; H, 4.51; N, 8.16.




(1) with an amine of the fornmula NHR err], wherein [err] are as defined in
the process above: in the presence of a palladium catalyst and carbon
nonoxi de to obta;g an am de of the formula: 10 -

[err] (ii) W4 al cohol of the formula Rlerr]OH, wher ePRTPEBAIMY ovner

al kyl or C3-C6 cycloalkyl, in the presence of a palladiumcatal yst and
carbon nonoxide to obtain the ester of-18Be fornula 15 -

[err] followed by reacting the eater with an amne of formula NHR[err] to
obtain the anide; (&Pmtine20hg {t0S mmel ofiths prednstief Sier# apded benzy' |

_corrpgund of thQOD]?mhmécmentEﬁfsdrﬂﬁBg@,m.dhdnmsl 4he roixtoed tm:ad above,
In the presencees! gadt793 B8 M ,3-4B8P&RAY0S 55 ormil a
EHNCE e Sei da ClOR R ﬁi’iﬂ
5 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,
basify with concentrated NH4OH {aqueous) at 0°C, and collect the
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%
10 yield) of the product. m.p. = 236-237°C, Mass Spec.: MH* = 584
(CI). Elemental analysis: calculated - C, 45.11; H, 3.44; N, 7.17;
found - C, 44.95; H, 3.57; N, 7.16

OCHCH3 0

15 Combine 25 g {447 mmol) of Fe filings, 10 g (90 mmol) of
CaClg and a suspension of 20 g {34.19 mmol) of the product of
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,

20 and concentrate in vacuo to a residue. Extract the residue with
600 mL of CH2Clp, wash with 300 mL of water and dry over

MgS04. Filter and concentrate in vacuo to a residue, then
chromatograph (silica gel, 30% EtOAc/CHz2Clp) to give 11.4 g
(60% yield) of the product. m.p. = 211-212°C, Mass Spec.: MH* =

25 554 (CI). Elemental analysis: calculated - C, 47.55; H, 3.99; N,
7.56; found - C, 47.45; H, 4.31; N, 7.49.

OCH,CH3



formula Rl err] MgL, wherein [err] alkyl, aryl or heteroaryl and L is Br or
Cl, provided that prior to cyclization, conpounds 5 wherein [err] is
hydrogen arwomeswsed with a suitable N- protecting group. PRTHRIULIAYS of
Formula 1.0 wherein substituent a is NO (Ring 1) can be made from conpounds
of Fornula 13.0a using procedures well- kgown to those skilled in the art.
For exanple, 10 the conmpound of Fornula 13.0Ca can be reacted with m

chl or oper oxybegtép B:acid in a suitable organic solvent, e.g..

di chl oronet hane (usual |y anhydr oBrs) or nethylene chloride.gat a suitable

tenperature, to produceg d of Formula 13. Cb 5\ Wwhich can then be
cl eaved to provi d@rs Gul a 15.8p-ap ¢ the organic
sol vent sol ution of & g fis cooled to W before the

m chl or oper oxybenzoi ¢ aWi d The reacti OnNls 1 | owed to warm
to roomtenperature 20 dupfQg the réacttonm—p®riod. TRe desired product can
be recovered by standard § ' the reaction

m xture can be washed w t ANap/ aqueous sol ution of a abl e base, e.g.,
saturated sodi um bi carbonat® or NaCH (e.g., |N NaCH), Nand then dried over
anhydr ous magnesi um sul f at The 25 sol ution contai n).q t he product can be
concentrated in vacuo. 0" "OCH2CH, OCHCH 3

Siowly add (in portions) 20 g {35.9 mmol) of the product of
Step C to a solution of 8 g {116 mmol) of NaNOg in 120 mL of
5 concentrated HCI (agueous) at -10°C. Stir the resulting mixture
at.0°C for 2 hours, then slowly add (dropwise) 150 mL (1.44
mole) of 50% HgPOg at 0°C over a 1 hour period. Stir at 0°C for 3
hours, then pour into 600 g of ice and basify with concentrated
NH40H (aqueous). Extract with 2 X 300 mL of CH2Cly, dry the
10 extracts over MgSOy4, then filter and concentrate in vacuo to a
residue. Chromatograph the residue (silica gel, 25% EtOAc/
hexanes) to give 13.67 g (70% yleld) of the product. m.p. = 163-
165°C, Mass Spec.: MH* = 539 (CI). Elemental analysis:
calculated - C, 48.97; H, 4.05; N, 5.22; found - C, 48.86; H,
15 3.91; N, 5.18.

o)\ocuzch

Combine 6.8 g (12.59 mmo)) of the product of Step D and
100 mL of concentrated HCl (aqueous) and stir at 85°C overnight.

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

CHsCl,, then dry the extracts over MgSO4. Filter, concentrate in

vacuo to a residue, then chromatograph (silica gel, 10%
MeOH/EtOAC + 2% NH40H (aqueous)) to give 5.4 g {(92% yield) of



The product can be purified by standard neans, e.g., by - 16-

chromat ography using silica gel (e.g., flash columm chromat ography)

Al ternativel conpounds of Formula 1. 0, wherein substituent a-is NO

be nade fron‘xgé’ ds of Fornula 1.0, 5 wherein substit u&FI/USY IR by the
m chl oroperoxybenzm c acid oxidation procedure described above. Those
skilled In the art will appreciate that 20t-is preferable to avoid an excess
of m chl or oper oxybenzoi ¢ aci d when the oxidation reaction is carri ed out on
t he conpounds dheftilegpmpognd; 3pR. = W3 Hd4LCr Massipee-aMBEL 4670

m chl or oper oxy qEAB)I Elementduamlpsisdedleaiated - a1 8269; HIBES; ENbond

Conmpounds of fcggyl?nz‘]n yﬁelrse§re§gl§8§ Cﬁnﬁtga] prepared from conpounds of

formula 1.0 whereih ment th™a suitable sul fur transfer
reagent such as Lawsson's reagent. 15 Conmpounds of the lnvention
havi ng asyngetri c carbons (e.g. .PreparativedExafnlée i nvention wherein X is CH
or N have an asymmetric carbon atmthe C 1 position of the the tricyclic

ri ng)

OCH,CH 3

Combine 16.6 g (0.03 mole) of the product of Preparative
Example 3, Step D, with a 3:1 solution of CH3CN and water

(212.65 mL CH3CN and 70.8 mL of water) and stir the resulting
10 slurry overnight at room temperature. Add 32.833 g (0.153
mole) of NalO4 and then 0.31 g (2.30 mmol) of RuOg and stir at
room temperature give 1.39 g (69% yield) of the product. (The
" addition of RuO is accompanied by an exothermic reaction and
the temperature climbs from 20° to 30°C.) Stir the mixture for
15 1.3 hrs. (temperature returned to 25°C after about 30 min.), then
filter to remove the solids and wash the solids with CH,Cls.
Concentrate the filtrate in vacuo to a residue and dissolve the
residue in CH5Cls. Filter to remove insoluble solids and wash the
solids with CHaCly. Wash the filtrate with water, concentrate to a
20 volume of about 200 mL and wash with bleach, then with water.
Extract with 6 N HCI {aqueous). Cool the aqueous extract to 0°C

and slowly add 50% NaOH {aqueous) te adjust to pH = 4 while
keeping the temperature <30°C. Extract twice with CHyClg, dry

over MgS04 and concentrate in vacuo to a residue. Sharry the
25 residue in 20 mL of EtOH and cool to 0°C. Collect the resulting

solids by filtration and dry the solids in vacuo to give 7.95 g of the
product. 1H NMR (CDCl3, 20CG MHz): 8.7 (s, 1H); 7.85 (m, 6H);

7.5 {d, 2H); 3.45 (m, 2H); 3.15 (m, 2H).



can be separated Into enantionmers by techni ques known in the art, e.g., by
chiral salt resolution or by chiral HPLC. 20 Conmpounds useful in
this invention are exenplified by the foll ow ng exanpl es, which should not
be construe®A®W5/4i t the scope of the disclosure. Prepar RETUESEMApl e 1 25
3, 10-di brono-8-chloro-6,1 1-di hydro-1 1-one-5H

benzo[ 5, 61-cycl oheptyl -[1, 2-b] pyri di ne ZRgm 4.98 mmol) was di ssolved in 20
n of dry tetrahydrofuran under_a dry nltrogen atnosphere. 5m of a 1.5

mol ar sol ution of N-methyl - pi peEreRAALUVEERAIRAILES| um chl ori de was added
and the reactiggepairred for 18 hours. The reaction nixture was washed with
saturated amoni um chl or| d dr i ed over magnesi um filtered and

- 17 - evaporated ? \ was Beh silica gel
usi ng 2. 5% nmet hanol / nay |de as the ain 2.11 gm 85
% of 3, 10-di brono-8-c gFnydr o-

!3H— benz

11- (1- net hyl - 4- pi per i di nyl ) - o[.5. 6]lcyclghept yLIZ, NO2

0 )\ D)\ OCH,(H3

Combine 15 g {88.5 mmol) of 4-(8-chloro-3-bromo-5,6-

5 dihydro-11H-benzo[5,6]cycloheptall,2-b]pyridin-11-ylidene)-1-
piperidine-1-carboxylic acid ethyl ester and 150 mL of
concentrated HoSO4 at -5°C, then add 3.89 g (38.5 mmol) of
KNOg and stir for 4 hours. Pour the mixture into 3 L of ice and -
basify with 50% NaOH (aqueous). Extract with CH2Clg, dry over

10 MgSOy4. then filter and concentrate in vacuo to a residue,
Recrystallize the residue from acetone to give 6.69 g of the
product. 1H NMR (CDClz, 200 MHz): 8.5 (s, 1H); 7.75 (s, 1H);

. 7.6 (s, 1H); 7.35 (s, 1H); 4.15 (g, 2H); 3.8 (m, 2H); 3.5-3.1 (m,
4H); 3.0-2.8 (m, 2H); 2.6-2.2 {m, 4H); 1.25 (t, 3H).

15 ;

OCH CH3 0)\ OCHzCH;
Combine 6.69 g (13.1 mmol} of the product of Step A and
100 mL of 85% EtOH/water, then add 0.66 g (5.9 mmol) of CaCly
and 6.56 g (117.9 mmol) of Fe and heat the mixture at reflux
20 overnight. Filter the hot reaction mixture through celite® and
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



5 Dblpyridin-11-ol. FABMS (MtH) =501 Preparative Exanple 2 Step A® 10

Conbi ne 25.86 g (55.9 nmmol ) of 4-(8-chloro-3-brono-5,6- dihydro- 1

1H benzo[ 5, 6] cycl ohepta[l, 2-b] pyridin- 11 -ylidene)-1-

pi peridi ne- lw&agfeugy! i ¢ acid ethyl ester and 250 niL of cop?ﬁ,ﬂggsm@d H2SO4

at -5[err]C, then add 4.8 g (56.4 mmol) of NaNG3 and stir for 2 hours. Pour

the mxture into 600 g of ice 15 and _bgai_fy W th concentrated NH40H

(aqueous). Filter the m xture, wash with~300 nL of water, then extract with

500 nmL of {err] h the extract with 200 nL of water, dry over MySO4,

then filter and concentrate, din vacuo to a residue. @a~pMatograph the

residue (silica gel bl 4 to gi R0 i eld) of the

product. mp. = 1627 f)'ec.: él\‘/‘leil+\: 5 @ Ig'?/nent al

anal ysis: cal cul ated - NS EONA . 8 X0/ Tyt , 52.18; H,

4.51; N 8.16. - 18 - "Conifi ne 20 gHx 40.5 mmol ) of he.Erolﬁuct of Step A
2\ Bhe mixture to

)\ o)\ocuzcna

0 OCHaCH3
Combine 7.70 g of the product of Step B and 35 mL of
HOACc, then add 45 mL of a solution of Brg in HOAc and stir the
5 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 MgSO4 and concentrate in
vacuo to a residue. Chromatograph the residue (silica gel, 20%-
30% EtOAc/hexane) to give 3.47 g of the product {along with
10 another 1.28 g of partially purified product). Mass Spec.:. MH* =
555.9. 1H NMR (CDCl3, 300 MHz): 8.5 (s, 1H); 7.5 (s, 1H);, 7.15
(s. 1H); 4.5 (s, 2H); 4.15 (m, 3H): 3.8 (brs, 2H); 3.4-3.1 (m,
" 4H); 9-2.75 (m, 1H); 2.7-2.5 (m, 2H); 2.4-2.2 (m, 2H); 1.25
(m, 3H).

15 StepD:

OCHCH3 O)\ OCH2CH 3

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

20 of DMF, then cool the mixture to room temperature. Add another
0.64 mL of t-butylnitrite- at 40°C and reheat the mixiure to 60°-

70°C for 0.5 hrs. Cool to room temperature and pour the mixture
into 150 mL of watér. Extract with CHaClg, dry the extract over
MgSO4 and concentrate in vacuo to a residue. Chromatograph the

25 residue (silica gel, 10%-20% EtOAc/hexane) to give 0.74 g of the



Oferr]C. Add 7.12 g (24.89 mmol) of 1, 3-dibrono-5.5-dinethyl- hydantoin to
the m xture and stir for 3 hours at 20[err]C. Cool to 5 O0C, add an

addi ti onal &,Olg @.5 mol ) of the di bronbhydantoin and stir at 20[err]C
for 2 hours"P83P* he nixture into 400 g of ice, basify W EHUPIN Mt r at ed
NHAOH (aqueous) at OC, and collect the resulting solid by filtration. Wash
the solid with 300 nL of water. slurry 28 200 nL of acetone and filTer to
provide 19.79 g (85.6% 10 yield) _of the product. mp. = 236-237[err]C, WMass
Spec.: M+ = sgrodest) Mass@necs) MALFRR4L0. cal culated - C 45.11; H, 3.44;
N, 7.17; foundlH SMR4CDEI3H200.MHz):N8.52 1§, 1H)r [7.89d, 2H); 7Z@nfsi ne 25 ¢

(447 mol ) of Fiji . . Jal(c I f &2 d sugpenst on of 20 g
(34.19 mmol) oﬁ?ﬁphe‘i'&r%gghg}ﬁbfsggb E |')r121-9?0 m g'lo?ﬁgﬁ%}%{&cﬁ%mter at
50[err] C. Heat ®h@Hh x2&€-Zalmy ZHyx2dvdrhign 2t i 1228 & $Bugh celite and
wash the fibteStepe with 2 X 200 nL of hot EtOH Conbine the filtrate and
washes, 20 and concentrate~R vacua to a residue. £Xtxact the residue with
600 nmL of [err], wgsh '
concentrate in vacuo th a
Et CAc/ CHerr] to give iy
211-212[err] C, Mass Spec.:
calculated - C. 47.55; H, ¢

#yi el d) of the™g
25 554 (Cl). El emep#

N
H

O)\ OCH CH3

Combine 0.70 g (1.4 mmol} of the product of Step D and 8
mL of concentrated HCI1 (aqueous) and heat the mixture at reflux

overnight. Add 30 mL of 1 N NaOH (aqueous), then 5 mL of 50%
10 NaOH (aqueous) and extract with CH2Clz. Dry the extract over

MgSO4 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.
The title compound can be cleaved by the methodology of
Preparative Example 3 to prepare the corresponding 11-ketone
15 having 3,10-dibromo-8-chloro substituents. '

Preparative Example 5
Step A:
NO»
Br = a]
\
N
Br = a / o
\
N \
0 Br \
20 Combine 40.0 g (0.124 mole) of the starting ketone and

200 mL of H2SO4 and cool to 0°C. Slowly add 13.78 g (0.136
mole) of KNO3 over a period of 1.5 hrs., then warm to room

temperature and stir overnight. Work up the reaction using



7.56; found - C, 47.45; H 4.31; N 7.49, Slowy add (in portions) 20 g
(35.9 mmol) of the product of Step Cto a solution of 8 g (116 mmvl) of
NaNC2 in 120 mL of 5 concentrated HC (aqueous) at -10C. Stir the

resul ting mw Yi®oeat . 00C for 2 hours, then slowy add (dr

(1.44 nol e) 50% H3P02 at O[err]C over a 1 hour peri od. @ rsa}é’t [err]C
for 3 hours, then pour into 600 g of icg,and basify with concentrated NH4OH
(aqueous). Extract with 2 X 300 nL of CHerr], dry the 10 extracts over
MySO4, then fi P&.ﬂ%gg CE fﬁ.cl:' C rorrat ograph the
residue(mhc% téc%rﬁéﬁ xan ,x,)ae%lg IV gﬂ |eld) of the
product. mp. xﬂ?@kﬁfﬁtépr% Ohrematpgraph ?aﬂica:gsb,s’% at al

anal ysi s: cal cgboes miOAc%e:ééthRheH, IGO%EtdlL‘\cﬁtoZ@IvefZBI@betHé 94!&1:&5 H 15

%t 2; DNang 180p cor{ge&% ter%ﬁ%% aque%ﬂgs‘é and s#rlg}at&%gfg{rr?gm °

over ni ght . @(ﬁ)F’fFH@ﬁFFPX?Q the fspitre and - niyergnpeunds. and basify with

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 CaCls and

10 38.28 g (0.685 mole) of Fe using substantially the same procedure
as described for Preparative Example 2, Step C, to give 24 g of
the product

Br —~Q
————— \ y. i
N
° e
15 Combine 13 g (38.5 mmol) of the product of Step B, 140

mL of HOAc and slowly add a solution of 2.95 mL (57.8 mmol) of
Brg 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 CHgClp and water, then adjust to pH = 8-9 with

20 50% NaOH (aqueous). Wash the organic phase with water, then
brine and dry over NagSO4. Concentrate in vacuo to give 11.3 g of

the product.

Step D:
Brey’ = c Bry’ a
\_~ — L
N N
NH

25 Cool 100 mL of concentrated HCI (aqueous) to 0°C, then
add 5.61 g {81.4 mmol) of NaNOg3 and stir for 10 min. Slowly add
{in portions) 11.3 g (27.1 mmol) of the product of Step C and stir

the mixture at 0°-3°C for 2.25 hrs. Slowly add (dropwise) 180 mL
of 50% H3PO2 (aqueous) and allow the mixture to stand at 0°C



concentrated NH40H (aqueous). Extract with 2 x 300 nL of CH2A 2, then dry
the extracts over MgSO4. Filter, concentrate in vacuo to a residue, then
chr omat ogr losj cCa gel, 10% MeOH Et OAc + 2% NH40H (aqueQus to give 5.4
g (92%yi el g) 9(%’?'9“ -20 - the title conpound. mp. = 172- 5)@ ¥¥ Mass
Spec.: M+ = 467 (FAB). Elenental analysis: calculated - C. 48.69: H 3.65;
N. 5.97; found - C, 48.83; H 3.80; N- 2297 5 -

P ti Ex | ' 0 | f duct_ of

b onarat i ve BOERERE S Gatl(dipbise Thd Ry beRosh Nagh deraing v er
(212.65 nL CH™®IN-} tnadinst#o pH M 9othemmediraclawith«CHaClhe Wash the ng 10

s| grm ovgrgilgd)dtrautz ;vﬂbhlwaltenpﬂff egubﬁﬁe ?&iﬂ?ﬁoﬁfﬁ:l\lﬁzsmgﬁéoﬁ&éﬁaﬁ_ Nal ?439
an en 0. .30, ol ). .0 an iT oom tenperature give 1.
g (69% yi el d) '%f'g qﬁr%&?ﬁ%‘f’?‘eﬁﬁ&&&r‘f‘%&ﬁaﬁ (ﬁil‘eai t"aé%oﬁfég?zdgby an
exot her i ¢ 9r edctpble) 4aEIYHE-€ &R5dhatnrredusti nbs from 20 to 30[err]C.) Stir

the mxture for 15 1.3 hrs. (tenperature returned to 25[err]C after about
30 min.). then filter to renove theiolidﬁ ind wash the solids with CH2O 2.

N
o
10 - The compound from Preparative Example 1 (0.95 gm,
1.9mmol) was dissolved in 34 ml of toluene. Triethylamine (1ml)
and ethylchloroformate (1.82ml, 10eq.) were added and the
. reaction mixture refluxed for two hours. The reaction mixture
was cooled to ambient temperature and evaporated to an oil. The
15 oil was chromatographed on silica gel using 15 to 20%
ethylacetate/hexanes to obtain 0.77 gm of ethyl 4-(3,10-dibromo-
8-chloro-86,11-dihydro-11-hydroxy-5H-benzo[5,6]cycloheptal1,2- .
blpyridin-11-yl)-1-piperidinecarboxylate. FABMS (M+H)=559

Step B
Br ct Br { a
HO N
Br . HO Br
. N _ .
o~ H

20 o
The compound from Preparative Example 2 (0.37 gm) was

dissolved in 5 ml of concentrated hydrochloric acid and refluxed
for 18 hours. The mixture was evaporated to a brown solid of the
compound 4-(3,10-dibromo-8-chloro-6,11-dihydro-11-hydroxy-

25 5H-benzo[5,6]cycloheptall,2-b}pyridin-11-yl)-1-piperidine and
used without chromatography.




Concentrate the filtrate in vacua to a residue and di ssolve the residue in
CH2C 2. Filter to renove insoluble solids and wash the solids with CHd 2..
Wash the filtrate with water, concentrate to a 20 volune of about 200 niL
and wash wi o daspash, then with water. Extract with 6 N Hidrhagyqeus). Cool
t he aqueous extract to O[err]C and slowy add 50% NaOH (aqueous) to adjust
to pH = 4 while keeping the tenperatureg30[err]C. Extract tw ce with
CH2C12, dry over MyS04 and concentrate 1nh vacuo to a residue. Slurry the 25
residue in 20 Et OH and cool to O[err]C. Collect the resulting solids
by filtration an ry the solids in vacuo to give—X£. 95 g of the product. 1H

NVR (CDC13, 200 MHz)Br 3 &b (Br-&F d.ceH); 3.45 (m 2H);
3.15 (m 2h). [err] Qg g (38.5 L - chl or o- 3- br ono- 5, 6-
5 dihydro- 1 1H benzo 15K Foheptal 1 ,2- din- 11 -ylidene)-1 -

pi peri di ne-I|-carboxylic adl B et 5f concentrated H2S04
at -5C, then add 3.89 g (38{5 pgmol) of KNOB and for 4/)Q>urs. Pour the
m xture into 3 L of ice and t{_fasify wi th 50% NaOH TaqugbduN". Extract with
CH2d 2, dry over o

The compound of Preparative Example 3 (100 mg, 0.206
mmol) was dissolved in 2 ml of N,N-dimethylformamide. 4-

5 Pyridylacetic acid-N-oxide (126mg, 0.82mmol), 1-{3-
dimethylaminopropyl}-3-ethylcarbodiimide hydrochloride (DEC)
(0.079 mg, 0.5 mmol)), 1-hydroxybenzotriazole (HOBt) (0.056
gm, 0.5 mmol), and N-methylmorpholine { 0.23 ml, 2.0 mmol)
were added and the reaction mixture stirred at ambient

10 temperature. After 24 hours, the reaction mixture was added to
brine and extracted with 3X15 ml of ethylacetate. The combined
ethylacetate washes were combined and the solvent evaporated
under vacuo to give a gum. The gum was chromatographed flash

- silica gel using 10% methénol/methylenechloﬁde as the eluent to

15 obtain 0.076 gm of 4-(3,10-dibromo-8-chloro-6,11-dihydro-11-
hydroxy-5H-benzo[5,6]cyclohepta|1,2-b}pyridin-11-yl)-1-(4-
pyridinylacetyl)piperidine N1-oxide. FABMS (M+H}=622

Example 2
20 Step A:
Br a  Br \ (]
=N N
HO Br —_— HO Br

==
o]
;;
[+ ]
o
o

The procedure of Example 1 above was followed replacing
4-pyridylacetic acid-N-oxide with N-Boc-4-piperadineacetic acid
to obtain 4-(3,10-dibromo-8-chloro-6,11-dihydro-11-hydroxy-5H-

25 benzo[5,6]cycloheptall,2-b]pyridin-11-yl)-1-(N-BOC-4-
piperdinylacetyl)piperidine in 85% yield. High resolution MS:
observed=712.0975



10 MgSO4. then filter and concentrate in vacuo to a residue. Recrystallize
the resi due from acetone to give 6.69 g of the product. 1H NVR (CDC13, 200

8.5 ( 7.75 (s, 1H); 7.6 (s, 1H; 7.35 (s, ?])P 4. 15
38(m 2%1)%"%}@7 41 (m 4H): 3.0-2.8 (m 2H): 2.6-2.2 ( ”’*59%5“
3H). [err] Conbine 6.69 g (13.1 nmmol) of _the product of Step A and 100 nL
of 85% Et O/ water. then add 0.66 g (5.92%fol) of CaCl2 and 6.56 g (1l7.9
mol ) of Fe ang!heg‘ the m xture at reflux 20 overnight. Filter the hot
reaction m xtu ough cel ites and rinse the fllter cake with hot EtOH.
Concentrate the filteale . \‘ @wve g 72 9.9 d(gct Mass
Spec.: M+ = 478.0 [ . flucy
m. of HOAc, then add 45 0f g rad |
m xture at roomterrperatur"borgp ght. Add 300 rHOg
then 75 nL of 50% NaOH (aqugoug) and extTact with{EtAC. Dry the extract

over MgSO4 and concentrate i Mvac tBooa resi due. G ograph t he residue
(silica gel, 20% "K/C J\/FEL/'
o

The compound of Step A above (0.21gm) was dissolved in
50% trifluoroacetic acid/methylenechloride and stirred for 1
5 hour. The reaction mixture was evaporated to obtain an oil which
was dissolved in 2 ml of methylenechloride to provide 4-[2-[4-
(8,10-dibromo-8-chloro-6,11-dihydro-11-hydroxy-5H-benzol5,6]}-
cyclohepta(l,2-b]pyridin-1 1-yl}-1-piperdinyl]-2-oxoethyl}-1-
piperidine.

Br > Br a
i \
HO 2r — Br
NH2
N N N—(

o 0

Trimethylsilylisocyanate (234ul, 1.47 mmol) was added and the
reaction mixture stirred at ambient temperature for 15 hours.
The solvent was evaporated and the crude product

15 chromatographed on silica gel using 7.5%
methanol/methylenechloride to obtain 100mg, 62% of 4-[2-[4-
(3,10-dibromo-8-chloro-6, 1 1-dihydro-11-hydroxy-5H-
benzol5,6]cycloheptall,2-b}pyridin-11-yl)-1-piperdinyl)-2-
oxoethyl]-1-piperidinecarboxamide. High resolution MS:

20 observed=655.0509

_' NaOH (aqueous) ,

10



300% Et OAc/ hexane) to give 3.47 g of the product (aI ong with 10 anot her
1.28 g of partially purified product). Mass Spec.: M 555.9, 1H NMWVR
(cbA 3, 300 MHz): 8.5 (s, 1H); 7.5 (s, 1H; 7. 15(s 1H) 4.5 (s. 2H); 4.15
(m 3H: 3. 2H): 3.4-3.1 (m 4H); 9-2.75 (m 1H); m 2H);
2.4-2.2 (mgvzdl-#{swsl‘?% (m 3H). [err] Conbine 0.557 g (5.4 P&, 793/115;?‘;
t-butylnitrite and 3 nL of DMF, and he% the mxture at to 60- 70C Slowy
add (dropwi se) a mxture of 2.00 g (37 ) of the product of Step C and
4 m. 20 of DW, then cool the m xt %éger%omterrperature Add anot her
0.64 nmL of t-butynitrite_at 40[err] eat the mxture to 60- 70C for
0.5 hrs. Cool gtQ_rgen
water. Extract wt
vacuo to a residue.’ s :
Et OAc/ hexane) to gi vegyJ.
541.0. 1H NWR (CDC13,

z#aph the 25 gel, 10% 20%

“of the - 23 - A Mass Spec.: MH =
0 8.52 (s JIH); B, 7.2 (s,

The compound of Example 2 Step A above (0.069g,
0.113mmol) was dissolved in 2ml of N,N-dimethylformarnide.

5 Sodium carbonate (0.036g, 0.34mmol} and bromoacetamide
{0.023g, 0.17mmol) were added and the reaction mixture stirred
at-ambient temperature for 24 hours. The mixture was added to
brine and extracted with ethylacetate. The ethylacetate layer was
dried over magnesium sulfate, filtered and evaporated to obtain a

10 crude solid. The crude solid was chromatographed on silica gel
using 5% methanol/methylenechloride to obtain 4-{2-[4-(3,10-
dibromo-8-chloro-6,11-dihydro-11-hydroxy-5H-

- benzo[5,6]cyclohepta-[1,2-B]pyridin-11-yl)-1-piperidinyl}-2-
oxoethylj-1-piperidineacetamide. High resolution MS:

15 observed=669.0666

- The following compounds can be prepared utilizing
the procedure of Example 1 above and substituting the followmg
carboxylic acids for 4-pyridylacetic acid-N-oxide.



1H); 4.15 (q, 2H): 3.9-3.7 (m 2H); 3.5-3.1 (m 4H); 3.0-2.5 (m 2H);
2.4-2.2 (m 2H); 2.1-1.9 (m 2H); 1.26 (t, 3H). [err] Conbine 0.70 g (1.4
mol ) of the product of Step D and 8 nL of concentrated HCI ueous) and
heat the mY‘i‘fﬂ“@ reflux overnight. Add 30 m_L of 1 N Nabt$F 3’& t hen
5 mM of 50% 10 NaCH (aqueous) and extract wth CH2A 2. Dry the extract over
MpSO4 and concentrate in vacuo to give 2959 g of the title conpound. Mass
Spec.: M+ = 468.7. mp. = 123.9-124.2C. The title conmpound can be cl eaved
by the nethodol odiarkerviloAsihr at i ve ExanplaifomuadOcpare the corresponding 1
1- ketone 15 having 3, 10-di brono-8-chloro substituents. Preparative Exanple
5 Step A: 20 HOQBEHGANHE0. 0 g (0.-O2LHa@OMN2 of the starting ketone and
200 nL of H2SO4 and cool to OC. Slowy add 13.78 g (0.136 nole) of KNO3

over a period of 1.5 hrs. hen warmto room tepperature and stir
overni ght. Work Hgoe¢K, ~Kact) on using .occpybRt antially the sanme procedure
as described for Preparatb—we )—N

o

HOOCCH,GO.H -OCCH,CO2H

Hooc—O——nuz ._O_
HOOC—/O _/O(

X= 0,802, S, or SMe X= 0,802, §, or SMe
HooC -0C

R=CONH2, COCH3 R=CONH2, COCH3

Ry R4
o or
HOOC -0C
" R'=CONH2, COCH3 R'=CONH2, COCH3
HOOCCH,NH2 -0CCHsNH2

HOOCCH—N__; -OCCH, —n o



Exanple 2. Step A. Chromatograph (silica gel, 20% 30% 40% 50% ,
Et CAc/ hexane, then 100% Et QAc) to give 28 g of the 9-nitro product, along
with a smaller quantity of the 7-nitro product and 5 19 g of a m xure of

the 7-nitrowyokdYefdi tro conmpounds. [err] React 28 g (76. 2paiobysngdort he
9-nitro product of Step A, 400 nL of 85% Et OH/ 'water, 3.8 g (34.3 nmol) of

CaCl2 and 10 38.28 g (0.685 nole) of _F@gsi ng substantially the sane
procedure as described for Preparative anple 2. Step C, to give 24 g of

the product [err] 15 %&ﬁ%%ﬁ 13 g (38.5 n%ﬁ,m?_@e product of Step
B, 140 nL of HOAc and slowy add a solution of 2.95 nL (57.8 mol) of Br2
in 10 nL of HOAc over a period of 20 mn. Stir the reaction m xture at room
tenperature, then concentrate i acuo to a regpdue¢/ Add CH2Cl 2 and water,
then adjust to pH = 8-9 W?ﬁﬂO% NaOH (aqueous) sh the organi c phase

with water, then brine and dry ovex_Na2SO4. Concentrat®.in vacuo to give
11.3 g of the product. Step D. 25 o Cool 100 nL of concentrat-ed HO

(aqueous) to Jerr]C then add .61 g (81.4 nmol) o N2 and stir for 10
mn. Slowy add HOOC N—O -0C N—0O

'HOOCCH;-COOH . -OCCH,-COOH

o o
Hooc——(; ’ko : oc——(; '&o

Hooc—{io | -0C _(":io

v e

ASSAYS -
FPT ICsp (inhibition of farnesyl protein transferase, in vitro
5 enzyme assay) and COS Cell ICsg (Cell-Based Assay) were
determined following the assay procedures described in WO
95/10516, published April 20, 1995. GGPT ICs50 (inhibition of
geranylgeranyl protein transferase, in vitro enzyme assay), Cell
Mat Assay, and anti-tumor activity (in vivo anti-tumor studies}

10 could be determined by the assay procedures described in WO
95/10516. The disclosure of WO 95/10516 is incorporated
herein by reference thereto.

Additional assays can be carried out by following essentially
the same procedure as described above, but with substitution of

15 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
activated K-ras gene. Using other tumor cell lines known in the



(in portions) 11.3 g (27.1 mmol) of the product of Step C and stir the

m xture at Of[err]- 3[err]Cfor 2.25 hrs. Slowy add (dro]pvm se) 180 nlL of 50%
H3P2 (aqueows)saask al l ow the mixture to stand at O[err]C

overnight. Slowy add (dropw se) 150 nmL of 50% NaOH ove_r GT‘%S%B?"“PO adj ust
to pH = 9. then extract with CH2Cl 2. Wagh the extract with water, then
brine and dry over Na2SO4. Concentrate i vacuo to a residue and

chr omat ogr aph I %g{ Q. Q. of, t he
pr oduct . g p (] *\P?éagﬁlﬁ rompﬁreg atlveg'l':“ﬁm i eggaj('%t

1. 9nmol ) was diYBEP cgpld b onstrateday| amine (1m) and

’-

et hyl chl or of or mat e Xedr Asdpy. ) were added and the reaction m xture

{rﬁfeﬁfeh i ent

t g];rlpg;(gtju]; gr anmeco%ﬁht -ér to a %@nﬂﬁf&%ﬁ g’ﬁ%@ﬁao?ggr aphed on

silica gel dsi 113;‘ ‘3‘3 ‘E‘ﬁ @é‘t"’&%‘é st%ﬂ*oﬁ}%ﬁ?eﬂl@dm gng of et hyl

4- (3, 10-dibr grgmmh ahédin.m @pnﬂaﬂinixtg Dy3kbagatose and an indicated

1- hydr oxy- SH sfer s s

TRy v i o
containing the same concentration of farnesyl transferase

10 inhibitor as the top layer. After the top layer is solidified, plates
are incubated for 10-16 days at 37°C under 5% CO3 to allow
colony outgrowth. After incubation, the colonies are stained by
overlaying the agar with a solution of MTT (3-[4,5-dimethyl-
thiazol-2-yl]-2,5-diphenyltetrazolium bromide, Thiazolyl blue) (1

15 mg/mL in PBS). Colonies can be counted and the ICs5¢'s can be
determined.

The compounds of Examples 1 Step C, 2 Step A, 2 Step B,
2 Step C and 3 had an FPT IC,, within the range of <0.002pM and
0.042uM.

20 For preparing pharmaceutical compositlons from the
compounds described by this invention, inert, pharmaceutically
acceptable carriers can be either solid or liquid. Solid form
preparations include powders, tablets, dispersible granules,
capsules, cachets and suppositories. The powders and tablets

25 may be comprised of from about 5 to about 70 percent active
ingredient. Suitable solid carriers are known in the art, e.g.
magnesium carbonate, magnesium stearate, talc, sugar, lactose,
Tablets, powders, cachets and capsules can be used as solid
dosage forms suitable for oral administration.

30 For preparing suppositories, a low melting wax such as a
mixture of fatty acid glycerides or cocoa butter is first melted,
and the active ingredient is dispersed homogeneously therein as
by stirring. The molten homogeneous mixture is then poured
into convenient sized molds, allowed to cool and thereby solidify.

35 Liquid form preparations include solutions, suspensions and
emulsions. As an example may be mentioned water or water-
propylene glycol solutions for parenteral injection.




20 The conpound from Preparative Exanple 2 (0.37 gm was dissolved in 5 m
of concentrated hydrochloric acid and refluxed for 18 hours. The m xture
was evaporated to a brown solid of the conpound 4-(3, 10-dibrono-8-chloro-
6,11 -di hydwossrdreds hydr oxy- 25 5H benzo[ 5, 6] cycl ohept a [ PCTAISPEUAYDI n- 11
-yl')-1-piperidine and used without chromatography. The coppound of
Preparative Exanple 3 (100 ng, 0..206 m®p) was dissolved in 2 m of-

N, N-di met hyl formami de. 4- 5 Pyridylacetic acid-Noxide (126nmg, 0.82mmmol),
1- (3- di met hyl ani nomggmkané pRtpatatneotiay Hise inldde sohsisme f¢rDEC) (0. 079

ng. 0.5 mmol)) Loxybe zoIe(HCBt) (0.056 gm 0.5 mmol ), and
%w@éé%? were added and the reaction m xture

N- et hyl nor phofrftﬁ%n%
stirred at ambient msobm@ﬁﬁés snmabie for inbaglation may; EwdS, i xture
was added to bgbRfioHRtaeX kbBAS 86 powderFsim, Which mayPednet at e. The conbi ned

et hyl acet at re gﬂgp ggﬁ]g r vacuo to
give a gumgThg réﬁ?ﬁ‘%ﬁ%ngﬁﬁb%grap e g%]c\égﬁﬁbgé ge u?r%&n%%%
net hanol / met hy Rpricert epmpressedigas. el uent to

Also included are solid form preparations which are

intended to be converted, shortly before use, to liquid form
preparations for either oral or parenteral administration. Such

10 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 ereams, lotions, aerosols and/or emulsions and can be included
in a transdermal patch of the matrix or reservoir type as are

15 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 is subdivided into unit doses
containing appropriate quantities of the active component, e.g.,

20 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
mg,. more preferably from about 1 mg. to 300 mg, according to
the particular application.

25 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
particular situation is within the skill of the art. Generally,
treatment is initiated with smaller dosages which are less than

30 the optimum dose of the compound. Thereafter, the dosage is
increased by small increments until the optimum effect under the
circumstances is reached. For convenience, the total daily dosage
may be divided and administered in portions during the day if
desired.

35 The amount and frequency of administration of the
compounds of the invention and the pharmaceutically acceptable
salts thereof will be regulated according to the judgment of the
attending clinician considering such factors as age, condition and



15 obtain 0.076 gm of 4-(3, 10-di brono-8-chl oro-6, 11-di hydro-11-
hydr oxy- SH benzo[ 5, 6] cycl ohepta[ 1, 2-b] pyri di n-1I -yl ) -1-(4-

pyri di nyl ac%xl %,y eridine N1-oxide. FABMS (MH) =622 Exazgﬁg,#saé‘qﬁ?s: ep. A
etic

The procedure 8 anpl e 1 above was foll owed repl aci ng
aci d- N-oxi de wi th N-Boc- 4-pi peradi neacetic acid to obtain
4- (3, 10-di brono-8-chl oro-6, 11-dI hydro 183 h’ydroxy 5H— 25

b 5,6 | ohept d -
i por tt hyl acet TG RAERY Rs Sl o3 Srterds o e Somiionss bptne
observed=712. Ogﬂe'ated m@pmmcmnmer&@pdaswpenzs@mlms di ssol ved in

50% tri fl uor oaGRighinistchHbARERdANES b g [Referablyl18 tohour . The
reaction m xtur eV, ed .t as “di ssol.yed in 2
i of et hyl endObREISa7 ol BB, tadols éﬁ%ﬁa qoses 30 ls?%ﬁar@r&no ‘6,1
1- di hydro- 81- fijnér compdungde rare| Bowtoxicywheh eardministered vty tﬁxis 11 -yl- 1
- pi perdi nyl | -Zdagggé%ée 1- piperidine. 10 Step C
The following are examples of pharmaceutical dosage forms
which contain a compound of the invention. The scope of the
invention in its pharmaceutical composition aspect is not to be
10 limited by the examples provided.

Pharmaceutical Dosage Form Examples
EXAMPLE A
Tablets

1. Active compound 100 500
2. Lactose USP | 122 113
3. Com Starch, Food Grade, 30 40

as a 10% paste in

Purified Water
4, Corn Starch, Food Grade 45 40
5. Magnesium Stearate _3 - 4

Total _ 300 700

Method of Manufacture
15 ~ 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
necessary. Dry the damp granules., Screen the dried granules if
necessary and mix with Item No. 4 and mix for 10-15 minutes.

20 Add Item No. 5 and mix for 1-3 minutes. Compress the mixture
to appropriate size and weigh on a suitable tablet machine.



Trimethyl silylisocyanate (234ul, 1.47 mmol) was added and the reactign
m xture stirred at anbient tenperature for 15 hours. The sol vent was
evaporated and the crude product 15 chromatographed on silica gel using
7. 5% nmet hangyd ¢grbday! enechl oride to obtain 100ny, 62% of 4pdRusednies.

10- di br omo- 8- chl oro-6, 11-dihydro- 1 1-hydroxy-5H benzo[5, 6]cycloheptall
, 2-bipyridin- 11 -yl)- 1-piperdinyl]-2-q0xo0ethyl]-I-piperidinecarbaxam de.
Hi gh resolution Ms: 20 observed=655. 05(%P ~The conpound of Exanple 2 Step
A above (.0.069g, 0.11 3mmol) was di &0 2m of N, N-di net hyl f or mam de.

5 Sodi um carbonate (0.036g, 0.34mvl) and bronpacet anm de (0.023g,
0.17mmol ) were added and the reacti o=t e stirred at anbient
tenperature for 24 hours The mixture was added to brine and exracted with
et hyl acet at e. ) A PARSRLHEARYl f at e,
filtered and -~~»~f~;-~—~;-~«"-~-~~-=~:»~:'~--~*~‘~—-~~~—-~~~~—-—~—~~«~ww*WW"*"’" ~~~~ | i d was
chr omat ogr aph i | iActiveetomapound5% net HandPPnet hy '

4-12-14- (3,10 :dl br q ”D'I&c%gé)f)%‘PG 11 -di hyldrgggll - h drpz(- 5H
3. Corn Starch, Food Grad¢ 40 70
4, Magnesium Stearate NF R 4 4
Total = 253 700

5 Method of Manufacture
Mix Item Nos. 1,2and 3ina 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.
10
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,
15 modifications and variations are intended to fall within the spirit
and scope of the present invention. :



benzo(5, 6] cycl ohepta-11, 2-Bl pyridin-1]-yl)-1|-piperidinyl]-2-

oxoet hyl ] - 1- pi peri di neacet am de. Hi gh resolution Ms: 15 observed=669. 0666
The fol | ow wpsssmpounds can be prepared utilizing the proSEARIYIES7 Exanpl e
1 above and substituting the follow ng carboxylic acids for 4-pyridytacetic

Roodie  codboate © ™ 5% e e YNNI

farnesyl prot esyHATS BMED IS) vitro 5 enzyme assay)

| err] (Cell-Based Assay) were determ ned foll owi ng the assay procedures
described in WO 95/10516, published 1995. GGEPT I(err](inhibition
of geranyl ger anyl plote|4ﬂ|°9m%m é‘p *Wq?ro enzyme assay). Cell

5 or a pharmaceutically acceptable salt or solvate thereof wherein:”
a represents N or NO-; |
Rl and R3 are the same or different and each represents

halo;
R2 and R% are the same or different and each is selected

10 from H and halo, provided that at least one of RZ and R4 is H;
T is a substituent selected from SO,R or
R;
z (CH2)qn
ZisOorS;
n is zero or an integer from 1 to 6;
15 R is alkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl;
cycloalkyl, heterocycloalkyl, or N(R®),:
R® is H, alkyl, aryl, heteroaryl or cycloalkyl.

2. The compound of Claim 1 selected from:
20 (1)

wherein a, T, R! and RS are as defined in Claim 1;
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Mat Assay, and anti-tunor acW i-tunor studies) 10 could .
be determ ned by the assay proﬁﬂ“‘lﬁ %‘ﬂﬁ%ﬁ& in WO 95/10516. The

di scl osure of WD 95/10516 is i n by reference thereto.

Addi ti onal WOH@¥:an be carried olt by follow ng essent i B S HEsane
procedure as descri bed above, but with substitution of 15 alternative

i ndi cator tumor cell lines in place of 3he T24-BAG cells. The assays can be
conducted using either DLD- 1-BAG hunan col on carcinonma cells expressing an
activated K-ras gene or SWA&IBAG human col on carci nona cel |'s expressing an
activated K-ras gene. Using oter g QL] ines known in the - 31 -
art, the activity of the conpoUnge et | on agai nst ot her types of
cancer cells could be denonstrat ey Assay: Anchor age-i ndependent
growh is a characteristic of 5 tu ) cell lines. Human tunor cells
are suspended in growth medi um containi jg 8*3% agarose and an i ndicated
concentration of a farnesyl transferagt Mhi blut(I); The solution is

5 (3)

wherein a, T, R, R2 and R? are as defined in Claim 1;

(4)
Rz

R‘/\ Rs"'

—
a

HO
R4

(1.3)

\
10 T
wherein a, T, R1, R2, R3 and R4 are as defined in Claim 1; or

This Sheet Has Been Replaced
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overl ayed onto growth nedi um “m\mnmnr . 6% agar ose containing the
sane concentration of far nesysﬁu“ r“ I nhibitor as the top | ayer.
After the twpobisseetr is solidified?’ plat ®s are incubated fetrdddsrdRerays at
37[err] C under 5% C02 to all ow coI ony outgrowth. After incubation, the
colonies are stained by overlaying thegggar with a solution of MT _
(3-14,5-dinethyl - thiazol-2-yl]-2,5-di phenyltetrazolium brom de, Thiazolyl
blue) (1 15 ng/nL in PBS). (69! onies can be counted and the ICerr]'s can
be determ ned.. The conmpounds of Exanples 1 Sgep C, 2 Step A, 2 Step B, 2
Step C and 3 had an FPT I(Jerr] w thi Re rpange of <0.002[err]M and
0.042[err]M 20 For prepar eeayt igPal conpositions fromthe
conmpounds described by this inve pharmaceutical |y acceptable
carriers can be either solid or e f orm preparations include
powders, tablets, dispersible granul BB,: capsul es, cachets and ;

suppositories. The powders and tabl et may be conpri sed of from about 5
to about 70 percent active ingredientf Su]taljgegsolid carriers are known in
the art, e.g. magnesi um carbonate, um stearate, tale, sugar,

| act ose. Tabl ets, powders, cachets and '?:apsul es can be used as solid dosage
forms suitable for oral adm nistration.y

wherein a, T, R], R2, R3 and R% are as defined in Claim 1.

5 3. The compound of Claim 2 wherein:
(1) for the compound of formula 1.0a R! is bromo
and RS2 is chloro;
(2) for the compound of formula 1.1 Rl is bromo, RS
is chloro and R4 is bromo; and
10 (3) for the compound of formula 1.2 Rl is bromo, R2
is bromo and R3 is chloro.

4. The compound of Claim 3 wherein, for the
compounds of formulas 1.0a, 1.1 and 1.2, T is -SO,methyl or a

15 group
)\ e

{CH2),
wherein R is a 3-pyridinyl N-oxide, 4-pyridinyl N-oxide, 4-

piperdinyl, 3-piperdinyl or 3-pyrrolidinyl group, wherein: the 4-
piperdinyl, 3-piperdinyl or 3-pyrrolidinyl groups may be

20 substituted on the piperindinyl or pyrrolidinyl nitrogen with a
group R3; R? is selected from -C{O)N(R'),, -CH,C(OJN(R9),,
-SO,R'", -SO,N(R"),, -C(O)RY, -C(O)OR*!, alkyl, aryl, aralkyl,
cycloalkyl, heterocycloalkyl or heteroaryl; each R
independently represents H, alkyl, aryl, or aralkyl; and R is

25 alkyl, aryl, aralkyl, heteroaryl or heterocycloalkyl.

5. The compound of Claim 4 wherein, for the
compounds of formulas 1.0a, 1.1 and 1.2, the carbon in the C-11
postition is in the R-configuration.
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30 For preparing supposi ting wax such as a mxture,
of fatty acid glycerides or cociﬂ @@“m “ ['(ﬂ[iit nelted, and the active
i ngredient is dispersed honpgen by stirring. The nolten

honbgeneouswo9stsiad¢ i s then poured into convenient sized PEHERSMHPT oned to

cool and thereby solidify. 35 Li quid form preparations include
sol utions, suspensions and emul sions. -A38an exanple may be nentioned water
or water- propylene glycol solutions for parenteral injection. -32 -

Li qui d form prepar asi onsnmycommnmof Claims ¢ wherein. farthent r anasal
adm ni stration jﬂﬁﬂ S&ﬁﬂéé‘i su 3 ¢.4, dheidaifBdérathdhe @) 1 ncl ude
sol uti ons and soﬁﬁ; n rf G,

HB lch may be in 5 conbination with a
phar maceut i cal IBPSKEQ?E e ®n as an inert conpressed gas. Also
i ncluded are solid form preparatlons whi ch are intended to be converted,

shortly befgre use, 7t o | A G, hg)&ﬂ{dfbpcwﬁfﬁthmﬂ%fcﬁ‘MMQf oral or
. parenteral “adm ni stration. ch 10 Iliquid fornms |ncl usre sol utions,

suspensi ons an% e b/ \
a.s) (1.6)
N

NCONH A/Cncomiz
4]

Br_/ \ a Br/ )
=N
Ho Br '
a.n or
N
)\/Cucuzconh _ )\/Cnm'zcomz
)
Br

Br/\ Cl

—_—

N
HO

or {1.10)

A A )
o’ NCONH 2 OWCON“ 2

—_—_—
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The conmpounds of the |m m'uwumm be deliverable transdermally. The
transdernmal conpositio ormof creans, |otions, aerosols

and/or enul NOWEH4d can be I'hcl®uddd Tn a transder nal

or reservoir type as are 15 conventional in the art for this purpose.
Preferably the conmpound is adm ni steredggrally. Preferably, the
preparation Is in unit dosage form In such form the

phar maceuti cal
preparation is subdivi---
of the active @p 4
desi red purpose.
preparati on may bd& N2

preferably from aboutyg
25

appl i cation.
upon the requirenents{of the ;ﬂt'l'ént aff the seyeriyy of (t.h® condi’ti on

being treated. Deter
situation is within t

% 28 an effecti
Oi active 9

Cdose of

to 300 ng, accordiNng A & particul ar

Raif on of the proper dosage for a particular

[ [ [ i t hi heskl | 1/0F\t he art. General Ny. iti
with smal |l er dosages gl; sOthan 30 the gptimdm dogg of the
conmpound. Thereafter, @& he dos I's increased by”s ncfzement s unti |

opti mum ef fect under the circunstances is reached. For cgpvenlence
daily dosage

t ot al

10

15

20

S0,CH; S0CH5

8. A method of tréating tumor cells expressing an

activated ras oncogene comprising administering an effective
amount of a compound of Claim 1.

"9,  The method of Claim 8 wherein the tumor cells

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

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.

e T

10. A method of treating tumor cells wherein the Ras
protein is activated as a result of oncogenic mutation in genes
other than the Ras gene, comprising administering an effective
amount of a compound of Claim 1.

11. A method of inhibiting farnesyl protein transferase

.comprising the administration of an effective amount of the

e 'qé?mpoux;d of Claim 1.
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into unit doses containing apgopriate quantities

to 1000 ng, nore

o Bet ual dosage enpl oy gy be varied depending

tr nt is initiated
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may be divi ded and adni ni stered ““mﬁmlm m' Ilng the day if desired. 35
The anpunt and frequency of adm ,e conpounds of the
invention and the pharmaceutical |y dccéptfble salts thereof will be

regul ated e UPHg to the judgnent of the attending cli RCEMUSIIa4Msi deri ng
such factors as age, condition and - 33 - size of the patient as well as
severity of the synptonms being treatee40A typical recomended dosage
regimen is oral administration of from10 ng to 2000 ngy/ day preferably 10
to 1000 ng/day. inlewo Adhasmaceuticadgompsosition foy indubitingfarpesyk h. 5 The

conpounds aremteihom-aﬁsmb Eaﬁdeﬂédthlerhxhbuﬁto@ umdge. The

follow ng are whi ¢ ontalna
conmpound of tk?g)@%}\yé |on %@%3‘“@ Plﬂﬁ%{ﬁ? ?‘f?ep?asbﬁhar maceut i cal

conposition afPEBETi s not to be 10 linited by the exarrpl es provided.
Phar maceut gcal Dosage Form Exanpl es EXAPLES A

13. The_ use of a compound of Claim 1 for the
manufacture of a medicament for use in treating tumor cells.

14. 'fhe use of a compound of Claim 1 for treating tumor
10 cells.
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Tabl et s No. | ngredi ents ' ng/ t ablyeggm@ @)l@;ﬂ,q Active

cqnpound 100 500 2. Lact oSe’ 122
113 3. Corn Starch, Food G ade, 30 d(ﬂjﬁsfww% paste in
Purified Water 4. Corn Starch, Food G ade 40 5

Magnesi um St ear at e 7 Tot al

Met hod of Manufacture 15 M x Itemaﬁos 1 and 2 in
for 10-15 mnutes. Granulate the mxture with Item No. 3 llm LW'
granul es t hr ougWWHATdS SEABMEBS: (e. g., 1/4', 0.63 cnm) i

the danp granul es. Screen the dried granul es if necessary and mx with Item
No. 4 and mx for 10 15 m nut es. 5 ?ﬂ %WTNO 5 and mx for 1-3 m nutes.
Conpress the mixturelto abFPBBPRALSILhs fo avgel gh on a suitable tabl et
machi ne. EXAMPLE; -

5 or a pharmaceutically acceptable salt or solvate thereof wherein:
a represents N or NO-;
R1 and R3 are the same or different and each represents
halo;
R2 and R# are the same or different and each is selected
10 from H and halo, provided that at least one of R2 and R% is H;
T is a substituent selected from SO,R or

N

(CH2)n
ZisOorsS;
n is zero or an integer from 1 to 6;
15 R is alkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl,
cycloalkyl, heterocycloalkyl, or N{R%),;
R® is H, alkyl, aryl, heteroary!l or cycloalkyl.

2. The compound of Claim 1 selected from:
20 (1)

R! /\ g3

a
HO

(1.0a)

N

l
T

wherein a, T, R! and R3 are as defined in Claim 1;
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Capsul es No. | ngr edi ent ng/ capsul e ng/cap
o6 - 125 s, Com Starch, Food G ade La‘“°“Hllﬂﬂcm|ﬂ|||l||||l|\|||||
Magnesi um Stearate NF 7 7 Tot al 253 %00 5

Met hod of Manufacture Mx ItemNos. 1, 2 and 3 in a suitable blender for
10-15 mnutes. Add Item No. 4 and mx 88 -1-3 mnutes. Fill the mXture
into suitable two-piece hard gelatin capsules on a suitable encapsul ating
machi ne. 10 Wil e the present(2inventi on has been described in conjunction
with the specific embodiments sef fort , many alternatives,
modi fi cations and variations thB oot /& AppBit ent to those of ordi nary
skill in the art. Al such altern & mydi fications and vari ations
are intended to fall within the sprra yCcope of the present invention.

(1.1

wherein a, T, R], R3 and R are as defined in Claim 1;

5 (3)
R2
R! 74 \ R?

a
HO

(1.2)
N

I

T
wherein a, T, Rl, R2 and R are as defined in Claim 1;

(4)

10
wherein a, T, R1, R2, R3 and R4 are as defined in Claim 1; or

REPLACEMENT SHEE.T
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5 or a pharmaceutically acceptable salt or solvate thereof, wherein: a

represents N or NO-; [err] are the same or different and e 2
hal o; R2 and R4 are the sane or different and each is sel e?ﬂi}!i@@iﬂﬁ BLI!I'
and hal o, provided that at least one of R and R4 is H T i c |

selected fromSO2R or [err] Zis Oor S, nis zero or an integer from1l to
6; 15 Ris alkyl, aryl, arylal kyl37 heteroaryl, heteroaryl al kyl ;

cycl oal kyl, heterocycloal kyl, or Nerr] Rerr] is H alkyl, aryl,

heteroaryl or cycloal kyl. 2. {5)The conpound of Claim1 selected from
wherein a, T, RL and R3 are as defined in C ag 1; 5 3. The
conpound of Cl aim 2 wherein:

R‘!

HO'Z 4

Y o

N
|
T
wherein a, T, R}, R2, R3 and R4 are as defined in Claim 1.

5 3. The compound of Claim 2 wherein:
(1) for the compound of formula 1.0a R! is bromo
and RS is chloro;
(2) for the compound of formula 1.1 R! is bromo, R3
is chloro and R4 is bromo; and
10 (3) for the compound of formula 1.2 R! is bromo, R2
is bromo and R83 is chloro.

4.  The compound of Claim 3 wherein, for the
compounds of formulas 1.0a, 1.1 and 1.2, T is -SO,methyl or a

15  group

S (o 73
wherein R is a 3-pyridinyl N-oxide, 4-pyridinyl N-oxide, 4-

piperdinyl, 3-piperdinyl or 3-pyrrolidinyl group, wherein: the 4-
piperdinyl, 3-piperdinyl or 3-pyrrolidinyl groups may be

20 substituted on the piperindinyl or pyrrolidinyl nitrogen with a
group R9; RS is selected from -C{O)N(R),, -CH,C(O)N{R'),,
-SO,R!, -SO,N(R!9),, -C(O)R", -C(O)OR", alkyl, aryl, aralkyl,
cycloalkyl, heterocycloalkyl or heteroaryl; each R'
independently represents H, alkyl, aryl, or aralkyl; and R'! is

25 alkyl, aryl, aralkyl, heteroaryl or heterocycloalkyl.

5.  The compound of Claim 4 wherein, for the
compounds of formulas 1.0a, 1.1 and 1.2, the carbon in the C-11
position is in the R-configuration.
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(1) for the conmpound of fornmula 1.0a Rl is bronmo and R3 is chl oro;
for the conpound of formula 1.1 Rlerr] is bronp, Rlerr] jiﬂ’l (H lﬂmﬂliﬂl“l
br ono; and 10 (3) for the conmpound of formul

bronpo, R2 is bronp and R3 is chloro. 4. The conpound of Cla|m3 whereln
for the conpounds of fornmulas 1.0a, 1.1 and 1.2, T is -S02nethyl or a 15
group [err] wherein Ris a 3-pyridinyl _Ngxide, 4-pyridinyl N-oxide, 4-

pi perdinyl, 3-piperdinyl or 3-pyrrolidinyl group, wherein: the 4-

pi perdi nyl, 3-piperdenyl ’pﬁe Bompbﬁﬁhldjl(ﬂ}(hng!fﬂmﬁelﬂﬁkrmeZO substi t ut ed on
t he plperlndlnyl ogegn _$1sel ected
from-J[err] [errﬁO%lpqq‘é{# Ofl'r ias EQ 991?1\(‘31 h%am? g‘ggterog)%ldoa kyl or
heteroaryl; eactportion Js il’hﬂlfpﬁ yatﬂ@pr esents H, alkyl, aryl, or

ar al kyl ; and Rlerr] is 25 alkyl, aryl ar al kyl , heteroaryl or

het er ocycl oal.kyl . 5. or the conpounds
of form{I as y 1. Z andffg?%ﬁ g%ﬁ%&;‘ m@éﬂg@ﬁméltlon S |m; t he

R-configurati on
Br. / \ Br / \
Br
(1.9) (1.6)

u
i-l

1

NCONH 2 conuz
o
Br v
\
a.7) 1.8
N
NCH,CONH 2 NCH,CONH
o o
Br
Br. 74 \ (4] Br. va \ Cl
\N \N
HO Br HO
(1.9) or (1.10)

KA )
0 NCONH ow«conn 2

14 DEC onny |




- 38 - 6. The conpound of C-aim 4 wherein, for the conpounds of fornulas
|.Ca,~1.1 and 1.2, the carbon in the G 1|1 positionis in the

S configuration. 5 7. A conpound of Cl aim 1 having ﬂ “nl(lmu”m '
-39 - 8. A conpound of claim1 having the fornula: Br prulmu Iﬂ]

medi cament for the treatment of tunmor cells expressing an activatéd fas® *
oncogene. 10. The use of claim9 wheréfn the tunor cells treated are
pancreatic tunmor cells, lung cancer cells, nyeloid | eukem a tunor cells,
thyroid follicular tunor cells, nyelodysplastic tunor cells, epidernal

carci noma tunor cefls, Alcagigeundadickinqrmaving iy foeilh:s, col on tunor cells,
breast tunor cells and prostate tunor cells.

Iir/\ a

N
HO

Br
(1.11) or

9. The use of an effective amount of a compound of claim 1 for the
preparation of a medicament for the treatment of tumor cells expressing an

activated ras oncogene.

10.  The use of claim 9 wherein the tumor cells treated are pancreatic
tumor cells, lung cancer cells, 1nyeloid leukemia tumor cells, thyroid follicular
tumor cells, myelodysplastic tumor cells, epidermal carcinoma tumor cells, bladder
carcinoma tumor cells, colon tumor cells, breast tumor cells and prostate tumor

cells.

-
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-40 - 11. The use of an effective amobunt of a conmpound of ciaim I for—the
preparation of a nedicanent for the treatnent of tunor ce”mm/mm :u
Ras protein is actiivated as a result of oncogenic nutati ohl nlm ml
than the Ras gene.: 12. The use of an effective amount of "t he d¢onfouhd *of
claim1l for the preparation of a nedicaggnt for inhibiting farnesyl protein

transferase. 13. A pharmaceutical conposition for inhibiting fanesyl
protein transferase conprising an effective anmount of conpound of claim1
in combination with a pharmaceutically acceptable carrier. 14. The use of

a conpound of cl aibh 1 Fherusered amentisptiver amamy of a comppendnefhelaiol foxsthei n
treating t um)ﬁreﬁa%ttko%’ of a medicament for the treatment of tumor cells wherein the Ras

protein is activated as a result of oncogenic mutation in genes other than the Ras

gene.

12.  The use of an effective amount of the compound of claim 1 for the

preparation of a medicament for inhibiting farnesyl protein transferase.

13. A pharmaceutical composition for inhibiting farnesyl protein
transferase comprising an effective amount of compound of claim 1 in combination

with a pharmaceutically acceptable carrier.

14.  The use of a compound of claim 1 for the manufacture of a

medicament for use in treating tumor cells.
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{57) Abstract

Novel compounds of formula (1.0) or & pharmaceutically acceptable salt or solvate thereof, wherein: a represents N or NO— R! and
R3 are the same or different and each represents halo; R? and R* are the same or different and each is selected from K and halo, provided
that at least one of R? and R4 is H; T is a substituent selected from SOz R or (A); Z is O or §; n is zero or an integer from 1 to 6; R
is alky), aryl, arylalkyl, heteroaryl, heteroarylalkyl, cycloalkyl, heterocycloalkyl, or N(R%)2; R3 is H, alkyl, aryl, heteroaryl or cycloalkyl.
Also disclosed are methods of inhibiting farnesyl protein transferase and methods for treating tumor cells,




