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PHENYL- TT |IBITOF FARNESY]- -

BACKGROUND = R - .

Patent applicatio.n WO 95/00497 published 5 January 1995 under the
Patent Cooperation Treaty (PCT) describes compounds which inhibit the
enzyme, farnesyl-protein transferase (FTase) and the farnesylation of the
oncogene protein Ras. Oncogenes frequently encode protein components of
signal transduction pathways which lead to stimulation of cell growth and
mitogenesis. Oncogene expression in cultured cells leads to cellular. .
transformation, characterized by the ability of cells to grow in soft agar and the
growth of cells as dense foci lacking the contact inhibition exhibited by non-
transformed cells. Mutation and/or overexpression of certain oncogenes is .
frequently associated with human cancer.

To acquire transforming potential, the precursor of the Ras oncoprotein
must undergo farnesylation of the cysteine residue located in a carboxyi-
terminal tetrapeptide. Inhibitors of the enzyme that catalyzes this modification,
farnesy! protein transferase, have therefore been suggested as anticancer
agents for tumors in which Ras contributes to transformation. Mutated, -
oncogenic forms of Ras are frequently found in many human cancers, most -
notably in more than 50% of colon and pancreatic carcinomas (Kohl et al.,
Science, Vol. 260, 1834 to 1837, 1993). -

In view of the current interest in inhibitors of farnesyl protein transferase,
a welcome contribution to the art would be additional compounds useful for the

inhibition of famesyl protein transferase. Such a contribution is provided by this
invention.

SUMMARY OF THE INVENTION

inhibition of farnesyl protein transferase by tricyclic compounds of this .
invention has not been reported previously. Thus, this invention prOVides a
method for inhibiting famesyl protein transferase using tricyclic compounds of
this invention which: (i) potently inhibit farnesyl protein transferase, but not
geranylgeranyl protein transferase I, in vitre; (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; (jii) block
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intracellular processing of Ras which is a famesyl acceptor but not of Ras

engmeered to be a geranylgeranyl acceptor, and. (lV) block abnormal cell

growth in culture induced by transforming Ras.

This invention provides a method for mhsbltmg the abnormal growth of
cells, including transformed cells, by administering an effective amount of a
compound of this invention. Abnormal growth of cells refers to cell growth
independent of nhormal regulatory mechanisms (e g., loss of 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: mahgnant
cefls of other proliferative diseases in which aberrant Ras activation occurs.

* Compounds useful in the claimed methods are represented by Formula 1.0:

(1.0)
or a pharmaceutically acceptable salt or'sdlvat_e therebf, Wh'éfei_n;
A represents N or N-oxide;

X represents N, CH or C, su_ch that _whén-.x is N or CH, there is a single bond to
carbon atom 11 as represented by the solid line; or when X is C, there is a
double bond to carbon atom 11, as represented by the solid and dotted lines;

R1 is hydrogen, bromo, chloro, trifluoromethyl, acyl, alkyl, bycioalkyl, amino,'
acylamino or alkoxy, '

R2 is hydrogen, halo, trifluoromethyi, alkyl, alkoxy, -OCF3, hydroxy, amino or
acylammo

R3is hydrogen, bromo, chioro, alkoxy, -_OCFQ or hy_droxy;_
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R4 is hydrogen, halo, trifluoromethyl, alkyl or alkoxy;

provided that at least one of R2 or R3 or ﬁ“ is alliyl or alkoxy and

provided that at Ieast two of R1, R2, R3 or R4 are substituents other than
hydrogen; -

Q is hydrogen when there is a single bond to carbon atom 11, or Q is hydrogen
or hydroxy when there is a single bond to carbon 11 and X is CH, or Qis not a

substituent when there is a double bond to carbon 11;

R5, R6, R7 and R®8 independently represent hydrogen, alkyl or -CONHRS0
wherein RS0 can be any of the values. represented for R, below ;

Y is -C-R or -SO,-R, wherein ;

Zis =0 or =S; and

R is aryl, aralkyl, cycloalkyl cycloalkylalkyl heteroalkyl ‘heteroaryl,
heteroarylaikyi heterocycloalkyl or heterocycloalkylalkyl

Preferably in compound (1 0), there isa smgle bond or a double bond at

- carbon atom 11; Xis N,CHorC; RtisH, halo alkyl, cycloalky! or alkenyt; R2

is H, halo, alkoxy, or alkyl; R3 is H, halo, alkoxy, hydroxy or alkyl; and R4 is H,

~ halo or alkyl; RS, R6, R7 and R8 are hydrogen; Y is -SO2CHg or -COR wherein R -

is heteroarylalkyl, preferably pyridinyl N-oxide-methyl or-heterocycloalkylalkyl,
preferably ;piperidinyl-inethyl When R1 is other than hydrogen, preferably the
halo moiety is bromo, the alkyl is methy! or ethyl the cycloalkyl is cyclopropyl or
the alkenyl is vinyl. When R2 is other than hydrogen preferably the alkoxy
moiety is methoxy, the halo moiety is bromo or the alkyl is methyl. When R3 is
other than hydrogen, preferably the alkoxy moiety is methoxy, the halo moiety
is bromo or the alkyl is methyl. When R4 is other than hydrogen, preferably the
halo moiety is chloro or the alkyl is methyl. Pfef_erred title compounds include
those of Examples 1-10 and 14-37, preferably those of Examples 1, 2, 3, 6, 7,
8, 10, 18, 18, 19, 21, 22, 24; 26, 27, 29, 33, 34, 35, 36 and 37, more preferably
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* those of Examples 3, 21, 22, 24 and 33, disclosed hereinafter.

in another embodiment, the present invention is directed toward a

| pharmaoeutloal composmon for lnhlbltrng the abnormal growth of cells

comprising an effectwe amount of compound(1.0) i in combrnatlon with.a-

: pharmaceutlcally acceptable carrier.

In another embodiment, the present. mventlon is directed toward a:

method for inhibiting the abnormal growth of cells, mcludmg transformed cells,

comprising administering an effective amount of compound (1.0) to a mammal
(e.g., a human) in need of such treatment. Abnormal growth of cells refers to -

cell growth independent of normal regulatory mechanisms (e.g., loss of 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; (3) benign and
malignant cells of other proliferative diseases in which aberrant Ras activation
occurs, and (4) benign or malignant cells that are activated by mechanisms
other than the Ras protein. Without wishing to be bound by theory, it is believed
that these compounds may function either 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, or through inhibition of ras farnesy! protein transferase, thus making
~ them useful for their antiproliferative activity against ras transformed cells.

The cells to be inhibited can be tumor cells expressing an activated ras
oncogene. For example, the types of cells that may be inhibited include -
pancreatic tumor cells, lung cancer cells, 'myeloid leukemia. tumor-cells, thyroid
follicular tumor cells, myelodysplastlc tumor cells, epldermal carclnoma tumor
cells, bladder carcinoma tumor cells, prostate tumor cells, breast tumor cells or
colon tumors cells. Also, the inhibition of the. abnormal growth of cells by the
treatment with compound (1 0) may be by inhibiting ras farnesy! protein
transferase. The inhibition may be of tumor cells wherein the Ras protein is
activated as a result of oricogenic mutation in genes other than the Ras gene.
Alternatively, compounds (1.0) may inhibit tumor cells activated by a protein
other than the Ras proteln |

This invention also provides a method for mhtbltlng tumor growth by
administering an effective amount of,compound (1.0) to a mammal (e.g., a
human) in need of such treatment. In particular, this invention provides a
method for inhibiting the growth of tumors expressing an' activated Ras
oncogene by the administration of an effective amount of the above described
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compounds. Examples of tumors which may -be inhibited 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

adenocarcinoma and colon adenoma), myeloid leukemias (for example, acute
myelogenous leukemia (AML)), thyroid follicular cancer, myelodysplastic.
syndrome (MDS), bladder carcinoma, prostate carcinoma and breast
carcinoma and epidermal carcinoma. . _

It is believed that this invention also provides a method for inhibiting -
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 being accomplished by the administration of an effective amount of:
the N-substituted urea compounds (1.0) described herein, 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., neu, src, abl, ick, and
fyn), may be inhibited by the N-substituted-urea compounds (1.0).

In another embodiment, the present invention is directed toward a
method for inhibiting ras farmnesyl protein transferase and the farnesylation of -
the oncogene protein Ras by administering an effective amount of compound

- (1.0) to mammals, especiailly humans. The administration of the compounds of
- this invention to patients, to inhibit farnesyl protein transferase, is useful in the

treatment of the cancers described above.

ETALED D lPl F THE INVE |
As used herein, the foIIowmg terms are used as defined below unless

otherwise indicated:

M+ -represents the molecular ion of the molecule in the mass spectrum;

MH+ -represents the molecular jon plus hydrogen of the molecule in .
the mass spectrum,; '

Bu-represents butyl

Et-represents ethyl;

Me-represents methyl;

Ph-represents phenyl;
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benzotriazol-1-yloxy represents

1-methyl-tetrazol-5-ylthio represents -
- N=N

N

- alkyl-(including thé alkyl portions of alkoxy, alkylamino and

dialkylamino)-represents straight and branched carbon chains and contains -

from one to twenty carbon atoms, preferably one to six carbon atoms; for -
example methyl, ethyl, propyl, iso-propyl, n-butyl, t-butyl, n-pentyl, isopentyl,

hexyl and the like; wherein said alkyl group may be optionally and-
independently substituted with one, two, three or more of the following: halo
(i.e. trifluoromethyl), alkyl, aryl, cycloalkyl, cyano, -CF3, oxy (=O), aryloxy, -OR10. -

(i.e. hydroxymethyl, hydroxyethyl), -OCFs, heterocycloalkyl, heteroaryl, -
 NR1OR12, -NHSO,R19, -SO2NH2; -SO2NHR19, -SO2R10, -SOR10, -SR10, -
NHSO,, -NO5, -CONR10R2, -NR12COR19, -COR10, -OCOR1?, -OCO2R10 or - -

COORT10, wherein R10 and R12 can independently represent hydrogen, aikyl
alkoxy, aryl, aralkyl, heteroaryl, heteroarylalkyl cycloalkyl cycloalkylalkyl
heterocycloalkyl or heterocycloalkylalkyl; ' e .
acylamino- refers to the moiety CONR1OR12 wherein R10 and R12 are '
defined hereinbefore; : o : . _
alkoxy-an alkyl moiety of one to 20 carbon atoms 'cdvaiently bonded to” -
an adjacent structural element through an oxygen atom, for example, methoxy, - ~
ethoxy, propoxy, butoxy, pentoxy, hexoxy and the Ilke, wherein said alkoxy
group may be optionally and independently substituted with alkyl aryl,
cycloalkyl, cyano, -CF3, oxy (=0), aryloxy, -OR19, -OCF3, heterocycloalkyl,
heteroaryl, -NR10R12, -NHSOZR") -SOzNHg, -SOgNHR10 -SOgR1° -SOR19, -
SR10, -NHSOg; -NO2, -CONR10R12, -NR12COR10, -COR19, -OCOR10, -
OCO,R10 or -COOR?10, wherein R10 and R12 are as defined hereinabove;
aryl (including the aryl portion of aralkyl)-represents a carbocyclic
group containing from 6 to 15 carbon atoms and havmg at Ieast one aromatic
ring (e.g., aryl is phenyl), wherein said aryl group optlonally can be fused with
aryl, cycloalkyl, heteroaryl or heterocycloalkyl rings; and wherem any of the
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available substitutable carbon and nitrogen atoms in said aryl group and/or
said fused ring(s) may be optionally and independently substituted: with one,. .
two, three or more of the following: halo, alkyl, aryl, cycloalkyl, cyano, -CF3, oxy -

(=0), aryloxy, -OR19, -OCF3; heterocycloalkyl, heteroaryl, -NR10R12,-
~ 'NHSO2R10, -SO2NH3, -SO2NHR10, -SO,R10, -SOR10, -SR10, -NHSO», -NO3, -

CONR10R12, -NR12COR?10, -COR10, -OCOR19, ~OCO2R10 or -COOR10 wherein

'R10 and R12 are as defined hereinabove;

aralky! - represents an alkyl group, as defined above, wherein one or
more hydrogen atoms of the alkyl moiety have been substituted with one or
more aryl groups; wherein said aralkyl group may be optionally and
independently substituted with one, two, three or more of the following: "halo,
alkyl, aryl, cycloalkyl, cyano, -CF3,.oxy (=O), aryloxy, -OR10, -OCFj, .
heterocycloalkyl, heteroaryl, -NR10R12, -NHSO2R190, -SOoNHj, -SO2NHR10, -

.SO2R19, -SOR19, -SR10, -NHSO3; -NO2, -CONR1%R12, -NR12COR190, -COR10, -

OCOR19, -OCO2R10 or -COOR19, wherein R0 and R12 are as defined
hereinabove; : : :

aryloxy - represents an aryl group, as defmed above, wherein said aryl :
group is covalently bonded to an adjacent structural element through an

‘oxygen atom, for example, phenoxy, wherein said aryl group optionally can be

fused with aryl, cycloalkyl, heteroaryl or heterocycloalkyl rings; and wherein any
of the available substitutable carbon and nitrogen atoms in said aryloxy group
and/or said fused ring(s) may be optionally and independently substituted. with
one, two, three or more of the following: -halo, alkyl, aryl; cycloalkyl, cyano, -
CFa, oxy (=0), aryloxy, -OR19, -OCF3, heterocycloalkyl, heteroaryl, -NR10R12, -
NHSO2R10, -SO2NHg, -SO2NHR10, -SO,R10, -SOR10, -SR10, -NHSO3, -NO2, -
CONF{WF{12 -NR1ZCOR1° -COR19, -OCOR109, -OCO2R10 or -COOR19, wherein
R1° and R?2 are as defined herelnabove ,
~cycloalkyl-represents saturated carbocyclic rings branched or

unbranched of from 3 to 20 carbon atoms, preferably 3 to 7 carbon atoms;
wherein said cycloalkyl group may be optionally and independently substituted
with one, two, three or more of the following: halo, alkyl, aryl, cycloalkyl; cyano,
-CF3, oxy.(=0), aryloxy, -OR10, -OCF3, heterocycloalkyl, heteroaryl, -NR10R12, -
NHSOZHW, -SO2NHg2, -SOoNHR19, -SO,R19, -SORT19S, -SR19, -NHSO», -NO», -
CONR10R12, -NR12COR?10, -COR19, -OCOR19, -OCO2R10 or -COOR19, wherein
R10 and R12 are as defined hereinabove;

cycloalkylalky! - represents an alkyl group, as defined above, wherein
one or more hydrogen atoms of the alkyl moiety have been substituted with one
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or more cycloalky! groups; wherein-said cycloalkylalkyl group may be optionally
and independently substituted with one, two, three or more of the following:

~ halo, alkyl, aryl, cycloalkyl, cyano, -CF3;, oxy (=0), aryloxy, -OR10, -OCFj, .
heterocycloalkyl, heteroaryl, -NR10R12, ~-NHSO2R19, :SO2NHg, -SO2NHR10, -

SO2R19, -SOR19, -SR10, -NHSOg, -NO,, -CONR10R?2, -NR12COR?0, -COR10, -
OCOR?19, -OCO,R10.or -COOR?9, wherem R1° and R12 are as defmed
hereinabove; : _ :
halo-represents fluoro, chloro, bromo and iodo; o
heteroalkyl-represents straight and branched carbon chains containing
from one to twenty carbon atoms, preferably one to six carbon atoms
interrupted by 1 to 3 heteroatoms selected from -O-, -S- and -N-; wherein any of
the available substitutable carbon and nitrogen atoms in said heteroalkyl chain

- may be optionally and independently substituted with one, two, three or more of

the following: halo, alkyl, aryl, cycloalkyl, cyano, -CF3, oxy (=0), aryloxy, -OR19,
-OCF3, heterocycioalkyl, heteroaryl, -NR10R12, -NHSO,R19, -SOzNHz, -
SO2NHR19, -SO,R19, -SOR10, -SR10, -NHSO, -NO2, -CONR10R12, -
NR12COR19, -COR19, -OCOR?19, -OCO,R19 or -COOR10, whereln R1° and R12
are as defined hereinabove; ;- : ' .

heteroaryl-represents cyclic groups having at least one heteroatom
selected from O, S and N, said heteroatom(s) interrupting a carbocyclic ring
structure and having a sufficient number of delocalized pi- electrons to provide
aromatic character, with the aromatic heterocyclic groups containing from 2 to
14 carbon atoms,wherein said heteroaryl group‘optio'r_n_ally can be fused with '
one or more aryl; cycloalkyl, heteroaryl or heterocycloalkyl rings; and wherein
any of the available substitutable carbon or nltrogematoms in said heteroaryl
group and/or said fused ring(s) may be- optlonally and mdependently
substituted with one, two, three or more of the followm_g halo, alkyl, aryl,
cycloalkyl, cyano, -CF3, oxy (=0), aryloxy, -OR19; -OCF3, heterocycloalkyl,
heteroaryl, -NR10R12, -NHSO2R19, -SO2NH>, -SOsNHR10, -SO,R10, -SOR10; -
SR10, .NHSO, -NO3, -CONR10R12, -NR12COR10, -COR‘O, -OCOR!10, -
OCO2R10 or -COOR19, wherein R10 and R12 are as defined hereinabove.

Represen’tativé heteroaryt grbups can include, for example, furanyl, -
imidazoyl, pynmndmyl triazolyl, 2-, 3- or 4-pyridyl or 2-, 3- or 4-pyr|dyl N-oxide:
wherein pyridyl N-oxide can be represented as:
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heteroarylalkyl - mpreéénts an aikyl group, as defined above, wherein

- one or more hydrogen atoms have been replaced by one or more heteroaryl

groups; wherein said heteroarylalkyl group may be optionally and
independently substituted with one, two, three or more of the following: halo,
alkyl, aryl, cycloalkyl, cyano, -CF3, oxy (=O), aryloxy, -OR19, -OCF3, :
heterocycloalkyl, heteroaryl, -NR10R12, -NHSO2R19, -SO2NHz; -SO2NHR10, -
SO2R10, -SOR10, -SR10, -NHSO2, -NO2, -CONR19R12, -NR12COR19, -COR10; -
OCOR?19, -OCO2R10 or -COOR19, wherein R10 and R12 are as defined '
hereinabove; - - B
heterocycloatkyl-represents a saturated, branched or unbranched
carbocylic ring containing from 3 to 15 carbon atoms, preferably from 4 to 6-
carbon atoms, which carbocyclic ring is interrupted by 1 to 3 heteroatoms
selected from -O-, -S- and -N- , wherein optionally, said ring may contain one or
two unsaturated bonds which do not impart aromatic character to the ring; and
wherein any of the available substitutable carbon and nitrogen atoms. in the’
ring may be optionally and independently substituted with one, two, three or
more of the following: halo, alkyl, aryl, cycloalkyl, cyano, -CF3, oxy (=0),
aryloxy, -OR19, -OCF3, heterocycloalkyl, heteroaryl, -NR10R12, -NHSO2R10, - -
SO2NH3, -S02NHR10, -SO,R 10, -SOR19, -SR10, -NHSO,, -NO2, -CONR10R12,
-NR12COR19, -COR?0, -OCOR19, -OCO2R10 or -COOR19, wherein R10 and F12
are as defined hereinabove. Representative heterocycloalkyl groups can
include 2- or 3-tetrahydrofuranyl, 2- or 3- tetrahydrothienyl, 1-, 2-, 3- or 4-
piperidinyl, 2- or 3-pyrrolidinyl, 1-, 2- or 3-piperizinyl, 2- or 4-dioxany|,

_-CN-Rno —N 'S0}

morpholinyl, or | wherein R10 is defined
hereinbefore and tis 0, 1 or2.

heterocycloalkalkyl- represents an alkyl group, as defined above,
wherein one or more hydrogen atoms have been replaced by one or more
heterocycloalkyl groups; whérei_n optionally, said ring may contain one or two
unsaturated bonds which do not impart aromatic character to the ring; and
wherein said heterocycloalkylalkyl group-may be optionally and independently

-9-
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substituted with one, two, three or more of the following: halo, alkyl, aryl,

cycloalkyl, cyano, -CF3, oxy (=0), aryloxy, -OR19, -OCF3, heterocycloalkyl,
- heteroaryl, -NR10R12, -NHSO2R10, -SOsNHy; -SOoNHR10, -SO2R 10, -SOR10, -

SR10, -NHSO,, -NO5, -CONROR12, -NR12COR?19, -COR19, -OCORT0, -

OCO2R19 or -COORT19, wherein R10 and R12 are as defined hereinabove.

The following solvents and reagents are referred to herein by the
abbreviations indicated:_-tetrahydrofuran'(THF); ethanol (EtOH); methanol
(MeOH); acstic acid (HOAc or AcOH); ethyl acetate (EtOAc); N,N- -
dimethylformamide (DMF); trifluoroacetic acid (TFA); trifluoroacetic anhydride -

" (TFAA); 1-hydroxybenzotriazole (HOBT); m-chloroperbenzoic-acid (MCPBA);:

triethylamine (Et3N); diethyl ether. (Et20); ethyl chloroformate (CICO2E?); lithium -
di-isopropylamide (LDA) and 1- (3-d|methylammopropyl)-s-ethyl carbodumlde L

~ hydrochloride (EDCI or DEC). -

Reference to the positlon of the substituents Fﬂ R2 R3 and R4 is based
on the numbered ring structure: :

(l 0)

Certain compounds of the mventlon may exlst in dlfferent stereoisomeric
forms (e.g., enantiomers, dlasteremsomers and atroplsomers) The invention
contemplates all such stereo:somers both in pure form and in mixture, including
racemic mixtures. For example, the carbon atom at the C-11 position can be in

‘the S or R stereoconfiguration.

- Certain tricyclic compounds will be acidic in natute, 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, potassnum, calcium, alummum gold and sﬂver salts.
Also contemplated are salts formed with pharmaceutlcally acceptable amines
such as ammonia, alkyl amines, hydroxyalkylamlnes N-methylglucamine and
the like. :

-10-
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‘Certain basic tricyéiic compounds also form phérr'naceutically acceptable
salts, e.g., acid addition salts. For example, the pyrido-nitrogen atoms may form
salts with strong acid, while compounds having basic substituents suct as
amino groups also form salts with weaker acids. Examples of suitable acids for
salt formation are hydrochloric, sulfuric, phosphoric, acetic, citric, oxalic,
malonic, salicylic, malic, fumaric, succinic, ascorbic, maleic, methanesulfonic
and other mineral and carboxylic acids well known to those skilled 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 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 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 equ:valent to the free forms of the corresponding compounds for’
purpopses of the invention. -

Compounds of the present invention can be prepared accordmg to the
following Schemes |, Il or |li wherein

Scheme I

(11, 11.3, 13d, 13.3d, 19, 19.3, 20, 20.3) 1.0a 1.0b

- A, R1, R2, R3, R4, RS, RS, R7, R8, Y, the solid and dotted lines are as defined

hereinbefore.

-11-
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il
Y'=—C-.

In Scheme |, compound t 0 whereln and Z-O wherern R is -

.' | _deflned herernbefore, can be prepared by acylatlng compound (11 :11.3), (19
| 19.3) or (20, 20.3) with a carboxylrc acid of the formula. RCOOH (30.0) wherein -
Ris deflned herelnbefore. in an aprotrc solvent at temperatures ranging from. ..

about 0° to 20°C, using about 1 to 2 moles of carboxylrc acid (30. 0) ‘per mole of
compound (11, 11.3), (19, 19, 3) or (20, 20.3). '

Alternatively, compound 1.0 wherern Y = SOzR, can be prepared by
reactrng compound (11, 11 3) (19 19 3) or (20, 20. 3) wrth a sulfonyl chloride of

the formula RSO2Ct (20.7) wherem Risas deflned before, in a solvent such a
pyridine and a base such as 4-d|methylam|nopynd|ne or trrethylamme using 1
to 3 moles of sulfonyl chloride (20 7) per mole of compound (11, 11.3), (19,

19.3) or (20, 20.3). The amount of base can range from (catalytic to about 1.5 .
moles per mole of compound (11, 11.3), (19, 19.3) or (20 20.3).

The compounds. of formula (1.0) wherein A is N-O (i.e. the N-oxrde), can be
prepared by treating compound (1.0) whereln AisN wrth ‘metachloroperbenzoic

. acld (MCPBA) in an aprotrc solvent such as methylene chlonde at temperatures
"ranging from about 0° to 25°C usrng 110 2 equrvalents of MCPBA per mole of
'compound (1.0). '

The sulfur-contarmng compounds of formula (1 0) wherern Z=S, can be

_ ltreatrng compounds (1 O) wherem Z-O with a sulfuratrng agent such as

Lawesson's Reagent ina suitable aprotlc solvent such as toluene at about

' 100°C to give the thloamlde (1.0). Altematrve sulfuratrng reagents include bis-

(1 5~cycIooctanedtarylboryl)sulﬂde in hexane at -78°C; or phosphorous

_pentasulflde (P2Ss, also of the formula P4S10) i in toluene at reflux

temperatures, or in THF usmg ultrasound at 40°C; or bls-(9-
Borabrcyclo[s 3. 1]nonane)sulfrde ((Q-BBN)ZS) in heptane at reflux

temperatures.

Compounds of formula (1.0) can be isolated frorri the reaction mixture
using conventional procedures such as, for example, extraction of the reaction
mixture from water with organlc solvents, evaporatron of the organic solvents,
followed by chromatography on silica gel or other surtable chromatographic
media. Alternatively, compounds (1.0) can be dissolved in a water-miscible .

_solvent, such as methanol the methanol solution is added to water.to

precipitate the compound and the precipitate is isolated by filtration or
centrifugation. '
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- Compounds of formula 1.0, 1.0a and 1.0b in Schiéme |, wherein X is CH
or N may be racemates. These racemates can be resolved into their (+) and ()
enantiomers by HPLC procedures on Chiralpak columns (Daicel Chemical
Ind.).. Altematively, (+)-Isomers of compounds of formula (19, 19.3, 20, 20.3)
wherein X is CH can be prepared with hrgh enantroselectlwty by using a
process comprising enzyme catalyzed transestenfcatron Preferably, a racemic
compound of formula (19, 19.3, 20, 20.3), wherein X is C, the double bond is
present and X3 is not H, is reacted with an enzyme such as Toyobo LIP-300
and an acylating agent such as trifluoroethly iscbutyrate; the resultant (+)- |
amide is then hydrolyzed, for example by. refluxing with an acid such as HxSOy,
to obtain the corresponding optically enriched (+)-isomer wherein X is CH and
R8 is not H. Altematively, a racemic compound of formula (5.0, 6.0 and 10.9),
wherein X is C, the double bond is present and R3 is not H, is first reduced to
the corresponding racemic compound of formula (19, 19.3, 20, 20.3) wherein X
is CH and then treated with the enzyme: (Toyobo LIP-300) and acylating. agent
as described above to obtain the (+)-amide, which is hydrolyzed to obtain the
optically enriched (+)-isomer.

Compounds of the present invention and preparative starting materials
thereof, are exemplified by the following examples, which should not be
construed as limiting the scope of the disclosure.

Example 1. 1-(3-Bromo-6,11-dihydro-8,10-dimethoxy-5H- :
benzo[5,6]cycloheptal1,2- b]pyndrn-1 1-yl)-4-(4-pyr|dmylacetyl)plperazme
N4-oxide : :

Example 1, Step 1.
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Br ' _
_ (o) L.BuLi/i-Pr,NH
N . a _
: H3CT CH;, > b 0CH3 o H C I cn

H3C

To a solution of dusopropylamme (2. 28 ml) in THF (10 ml) at -78°C undera
nitrogen atmosphere, 2.5 M Buty! lithium i nn hexanes (6.5 ml) is added dropwise.
After stirring the mixture for 10 mins, a solution of compound A (2.0 g) in THF

(10 ml) is added. The resulting purple reaction mix'tU'f__e is stirred for 10 mins -

before adding a solution of 3,5-dimethoxy benzyl chloride (2.07 g) in THF (10
ml). The reaction mixture is stirred at -78°C for 15 mins, 1hrat 0°C and then at -
room temp for 1hr. The pale burgundy color reaction is diluted with ice/water

_and extracted with dichloromethane. The ciude product obtained on
~ evaporation of the organic extract is evaporated and flash chromatographed on

silica gel (200mi). Elution wnth 10% ethylacetate-hexane affords the title

) compound B as an oil (2.3 g, 75% yield): MS mle 421, 423(MH)

' Example 1, Step 2.

Phosphorous oxychloride (12 ml) is added dropwise to a solution of B (2.3g) in
toluene (20ml). The mixture is heated in an oil bath (115°C). After one hour a
droplet of DMF is added, the solution is heated for an additional 4 hrs and is
then cooled to-room temp before evaporation under reduced pressure. The
residual oil is dissolved in ethylacetate (50 mi) and ice/water (20ml) and stirred
while adding 10% sodium hydroxide until the aqueous phase is basic. The
basic solution is extracted with ethylacetate, the organic extracts are combined,
washed with brine, dried and evaporated. The crude product is dissolved in -
ethylacetate and filtered through a silica gel plug. The colorless filtrate is

-14 -
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concentrated under reduced pressure and diluted slowly with hexane to afford

" the title compound C as a crystalline solid (1.62g, 85%): m.p; 1086-107°C; MS
m/e 347, 349 (MH). o -

Example 1, Step 3.

H3CO.
OCHg o
B OCH,
Br _ 5 eq.AlCly
P oN DCE /r.t./1 b L oo
C 70% D

- Aluminum Chloride (1.0 g) is added in small lots _during 10 minutes to a well
..stirred solution of C (1.16 g) in dichloroethane (100 ml). The pale yellow

solution is stirred at room temperature for 1 hr and is then worked up by the
addition of ice/water and 10% sodium hydroxide to pH 10. The mixture is
extracted several times with dichloromethane, and the crude product obtained
on evaporation of the combined extracts is flash chromatographed on silica gel
(100ml). Elution with 10% methanol-2% ammonium hydroxide-ethylacetate
affords the intermediate imine D (0.89g).

L)

OCH, o oty
2ZNHCI . N

- 100%1.5hr. = . O OCHy - -
D | 90% E |

Br B .

NH OCH,

. Product D of Step 3 is dissolved in 2N hydrochloric acid. The solution is heated
~ in an oil bath (120°C) for 1.5hrs, cooled, made basic with 10% sodium

hydroxide and extracted with dichloromethane (4 x 50 mi portions). The crude
product is obtained by concentration of the combined extract filtered through a
silica gel plug; evaporation of the filtrate affords the title ketone E as an
amorphous solid (0.81g, 91%). MS m/e 348, 350 (MH)".

Example 1, Step 4.
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B OCHa .- - B ~
N  BHy

O OcH,  98% )

E ) | . F

'_ Sodium borohydride (0.09g) is added in portions, with stirring, to a solution=of _
ketone E (0.8 g) in methanol (20 mli) at 0°C. The reaction is then stirred at room

temperature for one hour, acidified with acetic acid-water and most of the
solvent is removed by evaporation under reduced pressure. The residual
mixture is made basic with 10% sodium hydroxlde to pH 10 followed by -

‘extraction with ethylacetate (4x50m|) The comblned extract is filtered through a
plug of silica gel and the filtrate is evaporated to afford product F asa resm puft.

(0.79g). MS m/e 350, 352 (MH).

'~ Example 1, Steps 5 and 6.

Phosphorous oxychloride (2.0ml) is added dropwise to a solution of product F
(0.45 g) in dichioromethane (5 ml) under nitrogen. The reaction mixture is
stirred at room temperature for one hour and is then evaporated under reduced
pressure at 45°C. The dark residual gum is azeotroped with toluene (2 x10 mi) -
and is then dissolved in acetonitrile (15 ml) 'containing" pipera‘zine (0.5 g). The
reaction mixture is stirred at room temperature for 2 hrs and is worked up by
evaporating under reduced pressure and diluting with water followed by
addition of 10% sodium hydroxide(5 ml). The product is extracted with
dichloromethane (5 x 20 mi) and flash chromatographed on silica gel. Elution

with 10% methanol-2% ammonium hydroxide-dichlo'romethane_ affords product

G as a tan puff (0.22g). MS m/e 418, 420 (MH).

Example 1, Step 7.

-16-
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Br:

=\,_OCHg
ArCOOH: coupling

¢ N |
| | racemate

. A solution of product G (0.2 g), 1-hydroxybgnzofﬁazole (0.13 g) and 4-pyridyl
acetic acid N-oxide (0.15 g) in dimethylformamide (3.0 ml) is cooled in ice and
. treated with N-(3-dimethyl "_amin_op_ropyl)-N’-_et_hylcarbodiimide hydrochioride
5  (0.18 g) followed by N-methyl morpholine (0 .3 ml). The mixture is allowed to
- warm tcj room temperature ovemight and is then evaporated under reduced
pressure. The residual gum is stirred with 10% sodium carbonate and extracted
with dichloroethane. The crude product obtained by evaporation of the extract
is flash chromatographed on silica gel (30 ml). Elution with 5% methanol-2%
10 ammonium hydroxide-dichloromethane affords product H as a pale tan foam
(0.25 g). MS m/e 553, 555 (MH).

Example 2. 4-(6,1 1-dihydio-1 O-methoxy-s,8-dimethyl-5H-
benzo[5,6]cyclohepta[1,2-b]pyridin-11-yl)-1-(4-pyridinylacetyl)piperidine N1-
15 oxide |

Example 2, Step 1.

HsCO
CH, 1.BuLi/i-PryNH
HaC /o | CHa
' - Br o
L ALP° Ha Ci
N 2. CHs (o]

NH#-Bu _ N

‘HsCO : NH&Bu
A - B
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Using similar reaction conditions as described in Step 1, Example 1, reagent A
(5-methyl-t-butyl amide) is first treated with di-isopropylamine and butyl lithium,

~then reacted with benzylbromide 2 to gwe compound B

Example 2, Step 2.

Hg - :
POCly
85%

NHEBU --C-.N-- CN

B
Using similar reactzon condmons as descnbed in Step 2 Example 1, the crude
product B is reacted with phosphorous oxychlonde to afford compound C: m.p.

188-190 °C, MS: m/e 301 (MH).

Example 2, Step 3.
Hac

CHs
a - HaO\
o — 1.CFjSO3H .« - Y 3.
Nitrile compound C (1.65g) is added with stirring to cold (0°C) triflic acid (30 ml).
The solution is stored ovemaght at room temperature, diluted with ice/water (50

Ha

‘mi) and heated in an oil bath (120 °C) for 4 hrs. The reaction mixture is then

cooled, neutrallized with 50% sodium hydroxide and the crude product is
extracted with dichloromethane (6 x 50 ml) and flash chromatographed on silica
gel (300 mi). Elution with 1:1 ethylacetate-hexane followed by crystallization
from ethylacetate-hexane affords compound D (1.54g): MS m/e 302 (MH).

Example 2, Step 4.

_ Cl
Ha CHg
Cl _
Hg CHy ——————s N'IO OCHj
N ' MgCl
D . CH
E l.\l . F 3
CHj
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A solution of £ (0.8M, 13.2 ml) in THF is added with stirring under nitrogen to a

- cold (ice bath) solution of D (1.6g) in THF ( 30ml). The reaction is stirred for 30
" min and is then diluted with ice/water followed by extraction with

dichlorometrhane (3 x 50 mi). The crude product obtained by evaporation of the
extract is flash chromatographed on silica gel (100 mi). _The column is first
eluted with 10% methanol-dichloromethane to remove impurities; elution with
10% methanol-3% ammonium hydroxidel-dighloromethane_ affords compound
F as an amorphous solid (1.6g): MS m/e 401 (MH).
Example 2, Step 5. '

Cl E
Hy CHy  Hd

N-lo OCHg ClCOOEt

p CHa o COOH
A solution of ethylchloroformate (1.5ml) in toluene (20 ml) is added dropwise
during 10 min. with stirring to a solution of compound F (1.5 g) and
triethylamine (0.9 ml) in toluene (30 ml) heated in an oil bath at 85°C. The
reaction is heated for an additional 45 min and is then cooled and stirred with
ice-water, followed by washing with 10% sodium carbonate. The crude product
is isolated by extraction with ethylacetate and is flash chromatographed on
silica gel to afford compound G. MS m/e 459 (MH).

Example 2, Step 6.

o - -
Ha CHs ~ Hg CHg

Mol ocH, Hy /P Niod_ochs,

o - y
G COoEt g COOEt
A solution of compound G (1.2g) in ethanol (40ml) and 10% palladium-carboh‘
is hydrbgenated in a Parr flask at 50 psi for 6 hrs. The catalyst is removed by
filtration and the filtrate is evaporated. The residue is dissolved in ethylacetate
and the solution is washed with 10% sodium carbonate The organic layer is
evaporated to afford compound H.

Example 2, Step 7.
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g COORt SRR ; COOEt -

A paste obtained by :compihing_comp_ouhd H (0.58g) with polyphosphoric acid
(PPA) (1.5ml) is heated in an oil bath ;a'_t' 100°C for 30 min. The dark brown
liquid is cooled and stirred with ice-water (10 ml), the resulting solution is made

. basic with 50% sodium hydroxide and then extracted with dichloromethane (5 x -

30 ml). The extract is filtered through a plug of silica gel which is then eluted
with 10% methanol-dichloromethane. The combined fnltrates are evaporated
and chromatographed on silica gel (50mi). Elutlon with. -
5%methanol-dichloromethane affords: compound 1 as atan SOlld

MS m/e 407 (MH).

Example 2, Step 8.
._C"_'a

| ocH, _ 4NHCI

; COOEt

A solution of compound | (O.Sg) in 4 N hydrochloric acid (20ml) is heated in an

‘oil bath (130°C) for 14 hrs. The reaction is cooled and made basic with 50%.

sodium hydroxide to pH 8 and extracted with dichloromethane. The extract is
dried over sodium sulfate and evaporated to dryness to a_ff_ord-_comp'ound J.

Example 2, Step 9.

CHgsl

OCHs

Diisobutylaluminum hydride (DIBAL H) (1M solution in toluene, 4.8ml) is added
dropwise with stirring to a solution of compound J {0.45 g) in dry toluene (10
mi) at 15°C. The reaction mixture is stirred at room temperature for 2 hrs and is
then quenched by addition of water (10 ml) and 10% sodium hydroxide. The
mixture is extracted with dichloromethane and the crude product is
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chromatographed on silica gel (30ml). Elution with 10‘%3'fr'r'\ethanol-2%

" ammonium hydroxide-dichloromethane affords compound J: MS m/e 337

(MH).
Example 2, Step 10.

CHa Hs CH3

H3C. )
OCH3 ArCOOH coupling OCHj3
S
D ) _
3 " K © racemate

- A solution of product J (0.2 g), 1-hydr05<'ybenzotriazole (0.13 g) and 4-pyridyl

acetic acid N-oxide (0.15 g) in dimethylformamide (3.0 ml) is cooled in ice and
treated with N-(3-dimethyl aminopropyl)-N'-ethylcarbodiimide hydrochloride
(0.18 g) followed by N-methyl morphoiine (0.3 ml). The mixture is allowed to
warm to room temperature overight and is then evaporated under reduced
pressure. The residual gum is stirred with 10% sodium carbonate and extracted
with dichloromethane. The crude product obtained by evaporation of the
extract is flash chromatographed on silica gel (30 ml). Elution with 5%
methanol-2% ammonium hydroxide-dichloromethane affords product K as a

pale tan foam. MS a7 (C)) 472.

Example 3. (+,-)-4-(3-Bromo-10-methoxy-8-methyl-6,11-dihydro-5H-
benzo[5,6]cyclohepta[1,2-b)pyridin-11-yl)-1-(4-pyridinylacetyl)piperidine N1-
oxide - :
Br ( == . CH3
N
QCHg

I
o)

racemate H

o

Example 3, Steps 1 & 2.
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Br.

© 1LBuLi/i-P;NH .
-.*

N
NH£Bu B Br

2. CHg
Ha.CO' NH tBu

NHEBU

| Following the procedures as described in Example 1, Steps 1 and 2, .éxcept"

that reactant 2 is substituted for reactant 2 of Example 1, gives intermediate -
compound_s BandC. | _ | K

Example 3, Step 3.

H3C MgCl
CHa
| N
. N
Br. . CH,
N CN C 2.H*

A 0.5M solution of 1-methyl-4-piperidyl magnesium chloride in THF (28 ml) is
added dropwise to a solution of compound C (4.8 g) in THF (60 ml) under
argon. The dark color reaction is heated at 55°C for 15 min., cooled in an ice
bath, quenched with water and extracted with ethylacetate (4 x 50 ml}. The
combined extract is dried over sodium sulfate and evaporated under reduced
pressure. The resulting intermediate is dissolved in 4N HCI (40 mi) and
methanol! (20 ml) and the solution is heated on a steam bath for 1 hour, cooled
in an ice bath and made basic with 10% NaOH followed by extraction with
ethylacetate. The extract is evaporated and flash chromatographed on silica’
gel. Elution with 10% ethylacetate-hexane affords compound D (2.7g): MS m/e
431 (MH).
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Example 3, Step 4.

CHs3 .
. Triflic acid (55 ml) is added with stirring to compound D (2.9 g) and the dark
5 syrupy solution is stored ovemight at 4°C. The reaction mixture is worked up by
| pouring on ice, making basic with 50% NaOH, followed by extraction with
dichloromethane (3 x 50ml). The extract is evaporated under reduced pressure
‘and the crude product is flash chromatographed on silica gel. Elution with 5%
methanol-dichloromethane affords compound E (1.37g); MS m/e 413 (MH). -

10 Example 3, Step 5.

F

COOEt
Following the procedure as described in Example 2, Step 5 gives intermediate
compound F. SR

15 Example 3, Steps 6 & 7.

Br- — CHa.
3N HCI
F COOEt
Br CHj Br CHg
N | \ N
DIBA
och, _DIPALH OCH,

Following the procedures as described in Example 2, Steps 8 and 9, gives
intermediate compounds G and H. Compound H is resolved into its (+) and (-)
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enatiomers by dissolving 0.580 g in i-propanol/hexane (0.2%dea) containing
EtOH with heating on a steambath. The solution is applied to a preparative

HPLC chiralpac AD, 5 by 50cm column (Daicel Chemical Ind.), and eluted with :

i-propanol/hexane (0.2%DEA) with a flow rate at 20 ml/min and collecting
500ml fractions. After the first peak is eluted the solvent is changed to 25/75

i-propanol/hexane (0.2%DEA) at a flow rate of 40 mV/min. The (+) enantiomer - -+ -

(0265 g) is obtained in fraction 2. Optical rotation =+2.69 at concentration of
(5.2 mg/2ml EtOH) at 20.5 °C. The (-) enantiomer (0.2280 g) is obtained from '
fractions 7 to 8. Both the (+) and (-) enantiomeré_ are determined pure by
analytical HPLC on a chiralpak AD 0.46 cm by 25 cm column.

~ Example 3, Step 8.

racemate

Followmg the procedures as descnbed in Example 1, Step 7 glves the desnred
title compound |, a racemate. -

Example 4. (+,-)-4-(6,11-dihydro-1 0-methoxy-8-methyi-5H-

benzo[5,6]cyclohepta(1 2-b]pynd|n-11-yl) -1- (4-pynd|nylacetyl)plpendme N-1
oxide

= CHg

racemate H

-24 -
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| 1.BuLi/i-Pr;
- 3 :
q{\r° L
2. H
 NHtBu - c 8
H3CO
A
H3CO
H3CO
CHg
Cl CHs
o POCI3 Cl
8
NH#Bu % N CN
B : C
H3C
CHj Cl
cl (‘f‘%,cn3
1. CF3SO3H
N~ CN L N & oon,
c 2.H,0 D
cl
cl Y CHs
CHy ——— o
w > MgCH OCH,
O OCHg .
D
CHy
Cl . ' Ci
CH; CHg
%ol ocn, cicoor:  MNigd oo,
p CH ¢ COOEt
cl
CHs CHs
Yol oo,  myp NioT_OcHs
G COOE g COOEt
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" racemate

Following the procedures as described in Example 2, Steps 1-9, except that
reactant 2 is substituted for reactant 2 in Example 2, gives intermediate
compounds A-K, and the desired title compound L, a racemate.

Example 5. (+,-)-4-(7-Chloro-5,6-dihydro-8-methyl-10-methoxy-11H-
benzo[5,6]cyclohepta[1,2-b]pyridin-11-ylidene)-1-(4-pyridinylacetyl)piperidine
N1-oxide - . ) .
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By substituting 3-methyl-2-chloro-5-methoxybenzyichloride for reagent 2 and 3-
methyl-2-t-butyl carboxamidopyridine for compound A in Example 3, Step 1,

and by following Example 3, Steps 1-8 but omitting Example 3, Step 7 with
DIBALH, the title compound is obtained.

Example 6. (+,-)-4-(3-Bromo-10-hydroxy-8-methyl--5,6-dihydro-11H- . |
benzo[5,6]cyclohepta[1,2-b]pyridin-11-ylidene)-1-(4-pyridinylacetyl)piperidine
N1-oxide o

CHgs

Y O
. ] :
(o) .

By starting with 5-bromo-3-methyl-2-t-butyl carboxamido pyridine and by
following Example 3, Step 1-6 gives compound A, below.

Br. e CH3

CFaSOsH, A I y

OH

H B

Compound A (500mg,1.34mmol) is stirred in triflic acid (3 ml) at 80°C, for 2

hours, then cooled to room temperature. The reaction mixture is diluted with ice
(20 g), basified with 10% sodium carbonate, then extracted with CH2Cl2 (2 x

60ml). The organic layer is separated, dried over MgSO4, filtered, and
evaporated solvent, to yield an oil, which chromatographs on silica gel eluting .
with 7%(v/v) methanol-methylene chloride containing 2% ammonium
hydroxide, yielding Compound B, as a white solid. Using the procedure of
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10

15

20

WO 98/57950 PCT/US98/11509

Example 1, Step 7, substituting an equivalent amount of Compound B for
Compound G, gives the title compound. FABS 519 MH. | '

Example 7. 4-(5, 6-dlhydro-1 O-methoxy-3 8-dimethyl-1 1H-
benzo[5,6]cyclohepta[1,2-b]pyridin-11-ylidene)-1- (4-pyr|dmylacetyi)pxpendlne
N1-oxide

By substituting 3—methyl-5-methoxybenzylchlonde for reagent 2 and 3,5-
dimethyl-2-t-butyl carboxamldopyndme for compound Ain Example 1, Step 1
and by following Example 1, Steps 1-7, the title compound is obtained.

Example 8. (+,-)-4-(3-bromo-1 O-methoxy-a-methyl-s 6-dihydro-11H-
benzo[5,6]cyciohepta[1 2-b]pyr|d|n-1 1-ylidene)-1-(4-pyridinylacetyl)piperidine -
N1-oxide

By starting with intermediate G of Example 3, Step 6 and by following Example '
1, Steps 1-7, the title compound is obtained.

Example 9. (+,-)-4-(3-Bromo-1 O-hydroxy-B-methyl--s 6-dihydro-11H-
benzol[5,6]cycloheptal1 2-b]pyr|d|n—11-yl) -1-(4-p yndmylacetyl)plpendlne
N1-oxide
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By following the procedure of Example:6, except that the procedure of Example

2, Step 9 is carried out prior to the procedure of Example 1, Step 7, to give the -

title compound.

Example 10. (+,-)-1-(3-Bromo-10-methoxy-8-methyl-6,11-dihydro-5H-
benzo[5,6]cycioheptaf1,2-b]pyridin-11-yl)-4-(4-pyridinylacetyl)piperazine

N4-oxide

Br CHs

\ _
N
I:Nj OCH3 -
By substituting 3-methyl-5-methoxybenzylchloride for reagent 2 in Example 1,
Step 1, and by following Example 1, Steps 1-7, the title compound is obtained.

Example 14. (+,-)-1 (3-Bromo-7-methyl-6 11-dihydro-5H-
benzoi5,6]cycloheptal1 2-b]pyr|d|n-1 1-yl)-4-(4-pyr|dmylacetyl)plperazme

N4-oxtde
\ N
Y gy
o ’

By substituting 2-methylbenzyichloride for reagent 2 in Example 1, Step 1, and |

by following Example 1, Steps 1-7 (except for Steps 3 and 3a), and by

substituting the procedure of Example 2, Step 3 in place of Example 1, Step 3
and 3a, gwes the title compound.

Example 15. (+,-)-1-(3-Bromo-7,10-dimethyl-6,11-dihydro-5H-

benzo[5,6]cyclohepta[1,2-b]pyridin-11-yl)-4-(4-pyridinylacetyl)piperazine
N4-oxide
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By substituting 2,5-dimethylbenzyl chloride for reagent 2 in Example 1, Step 1,
and by following Example 1, Steps 1-7 (except for Steps 3 and 3a), and by
substituting the procedure of Example 2, Step 3 in place of Example 1, Step 3
and 3a, gives the title compound.

Example 16. (+,-)-1-(3-Bromo-8-methyl-6,11-dihydro-5H- |
benzol[5,6]cycloheptaf1,2-bjpyridin-11-yl)-4-(4-pyridinylacetyl)piperazine

N4-oxide
B,/ CH
. N
Y oy°
Ot S

By éubstituting 3-methylben_zylchlorid§ for reégent_ 2 in Example 1, Step 1, and
by following Example 1, Steps 1-7 (except for Steps 3 and 3a), and by

substituting the procedure of Example 2, Step 3 in place of Example 1, Step 3
and 3a, gives the title compound.

Example 17. (+,-)-1-(3- Bromo-6, 11-d1hydro-8-methoxy—5H- S
benzo[5,6]cyclohepta[1,2-b)pyridin-11-yl)-4- (4-pyndmylacetyl)p|perazme

N4-oxide _ .
: Br\m,OCHa
_ N

[:) & N’O
S

By substituting 3-methoxybenzylchloride for reagent 2 in Example 1, Step 1, and
by following Example 1, Steps 1-7 (except for Steps 3 and 3a), and by
substituting the procedure of Example 2, Step 3 in place of Example 1, Step 3
and 3a, gives the title compound.
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Example 18. (+,-)-1 -(3-Bromo~'6,i 1-dihydro-8,10-dimethyl-5H-
benzof5,6]cycloheptal1,2-b]pyridin-11-yl)-4-(4-pyridinylacetyl)piperazine

N4-oxide _ ,
' - ~N\ CHs '
O™ o
| | o‘l\_/@ |
By substituting 3,5-dimethylbenzylbmmiae for reagent 2 in Example 1, Step 1,
and by following Example 1, Steps 1-7 (except for Steps 3 and 3a), and by

substituting the procedure of Example 2, Step 3 in place of Example 1, Step 3
and 3a, gives the title compound.

Example 19. (-) 1-(3-Bromo-10-methoxy-8-methyl-6,11-dihydro-5H-
benzo[5,6]cyclohepta[1,2-b]pyridin-1 1—yl)-4-(4-pyndmylacetyl)pnperazme
N4-oxide, (-) enantiomer

o

(-) enantiomer
The racemic title compound of Example 10 (67 mg) is dissolved into 50/50
i-propanol/hexane containing 0.2% diethylamine and the solution is injected
into a preparative high performance liquid chromatography column, chiralpak
AD 5 by 50cm column (Daicel Chemical Ind.). Elution with ethanoal
(EtOH)/Hexane (containing 0.2% diethylamine or DEA) at 20 m{/min for two
hours, then changing the eluting phase to 7% EtOH/Hexane (0.2%DEA) and
increasing the flow rate to 40 ml/min (500 mi fractions are collectéd) gives:
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fractions 10-12, 30.9 mg of tltle compound of Example 19: [a]|323 -18. 8°(c 0.32,
ethanol), mp=111-116°C.

Example 20. (+)-1-(3-Bromo-10-methoxy-8-methyl-6,11-dihydro-5H-
benzof5,6]cyclohepta[1,2-b]pyridin-1 1-yl)-4-(4-pyr|d|nylacetyl)plperazme
N4-oxnde, (+) enantiomer

(+) enantiomer -

Following the preparative high pérforrhance liquid chromatography procedure
described in Example 19, the title compound is obtained: fractions 14-16, the
tittle compound of Example 20: [o}p23 +19.6°(c. 0.28, ethanol), mp=110-117°C.

Example 21. (+,-)-1-(3,10-Dibromo-6,11-dihydro-8-methyl-5H-

~ benzo[5,6]cyclohepta[1,2-b]pyridin-1 1-yl)-4-(44p'yridinylacetyl)pipe‘razirie

N4-oxide
Br. D CH3
l P
N
E:j Br

racemate

By substituting 3-methyl-5-bromobenzyl bromide for reagent 2 in Example 1,
Step 1, and by following Example 1, Steps 1-7 (except for Steps 3 and 3a), and
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‘by substituting the procedure of Example 2, Step 3 in place of Example 1, Step

3 and 3a, gives the title compound.

Example 22. (+,-)-1-(3,8-Dibromo-6,11-dihydro-10-methyl-5H-

. benzo[5,6]cyclohepta1,2-blpyridin-11-yl)-4-(4-pyridinylacetyl)piperazine |

N4-oxide

[.:j s

13

_ . o]

By substituting 3-bromo-5-methyl-benzyl bromide for reagent 2 in Example 1,
Step 1, and by following Example 1, Steps 1-7 {except for Steps 3 and 3a), and
by substituting the procedure of Example 2, Step 3 with heating to 60°C for 4

hours with triflic acid, in place of Example 1, Step 3 and 3a, gives the title
compound.

 Example 23. (+,-)-4-[6,11-dihydro-3-(1-hydroxy-1-methylethyl)-1 0-methoxy-8-

methyl-5H-benzo(5,6]cyclohepta[1,2-b]pyridin-11-yi]-1-(4-
pyridinylacetyl)piperidine N1-oxide
OH

Step 1:
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A . BOC

B BOC

A nitrogen blanketed solution of the compound A of Example 27, Step 1 (0.4g) -

in tetrahydrofuran (8 ml) is cooled to -78°C and then treated with 2.5M solution
of butyl lithium in hexanes (0.4 ml). After stirring for 5 minutes, acetone (0.4 mi)
is added and after 5 minutes the reaction mixture is evaporated under reduced
pressure to yield an oil that is flash chromatographed on silica gel (50 mi).

- Elution with 3% methanol-dichloromethane affords B as white powder (0 13 g)

MS(CI) 479.

Step 2:
o

Product B from Step 1 is converted to intermediate C by following the
procedures described in Steps 3 and 4, Example 27. Tan powder, MS(CI)381.

Step 3:

H . o Ha
Step 3

N OCHa
e, | E,D
y
C ] . D o

racemate
Product C from Step 2 is converted to the titie compound D by following the
procedure described in Example 1, Step 7. White powder, MS(Cl) 516.

Example 24. (+)-4-(3-Bromo-10-methoxy-8-methyl-6,11-dihydro-5H-
benzo[5,6]cyclohepta[1,2-b]pyridin-1 1-yl)-4-(4-pyndmylacetyl)pupendme
N1-oxide, (+) enantiomer
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(+) enantiomer

By substitdting 3-methy|-5-methoxy-bénzylbromide for reagent 2 in Examplé 3,
Step 1, and by following Example 3, Steps 1-8 and using the resolived (+)
enantiomer H of Step 7, the title compound is obtained. Optical rotation:
+31.9° at concentration of 5.7 mg/2 ml ethanol at 22°C (sodium D line).

Example 25. (-}-4-(3-Bromo-10-methoxy-8-methyl-6,11-dihydro-5H-
benzo[5,6]cyclohepta[1,2-b]pyridin- 11-yl) -4- (4-pyr|dmylacetyl)plperldme
N1-oxide, (-) enantiomer

() enantiomer

By substituting 3-methyl-5-methoxy-benzyibromide for reagent 2 in Example 3,
Step 1, and by following Example 3, Steps 1-8 and using the resolved (-)
enantiomer H of Step 7, the title compound is obtained. Optical rotation:

-31.6° at concentration of 6.2 mg/2 mi ethanol at 22.4°C (sodium D line).
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Example 26. (+,-)-1-(3-Bromo-8-methoxy-10-methyi-6,11-dihydro-5H-

benzo[5, 6]cyclohepta[1 2-b]pyr|dm-1 1-yl)-4~(4-pyndmylacetyl)plperzazme

N4-oxide :
OCH;

5 By substituting 3-methoxy-5-methyl-benzylbromide for reagent 2 in Example 1,
Step 1, and by following Example 1, Steps 1-7 (except for Steps 3 and 3a), and
by substituting the procedure of Example 2, Step 3 in place of Example 1, Step
3 and 3a, glves the title. compound.

10 Example 27. 4-(3-Ethenyl-6,11-dihydro-1 0-methoxy-8-methyl-5H- -
benzo[5,6]cyclohepta[1,2-b]pyridin-11-yl)-1-(4-pyridinylacetyl)piperidine
N1-Oxide

CHa

Step 1. 1,1-Dimethylethyl-d-(3-bromo-5,6-dihydro-10-methoxy-8-methyl-11H-
15 benzo[5,6]cyclohepta[1,2-bJpyridin-11-ylidene)-1-piperidinecarboxylate
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Add di-tert-butyldicarbonate (2.0 g,9.16 mmol) in methylene chloride (5 mi) to a
solution of the intermediate compound G of Example 3, Step 6 (1.0 g; 2.51
mmol) in methylene chioride (15 mi) at 20°C, then stir hour at room:
temperature. The solvent is evaporated, and the residual oil is
chromatographed on silica gel eluting with 15% (v/v) ethyl acetate-hexanes
yielding the product as a white solid (1.1 g, 92%yieid).

MS (Cl) 499, MH.

Step 2. 1,1 -Dimethylethyl-4-(3-ethenyl-5,6-dihydro-'-1 0-rﬁethoxy-8-met_hyl-1 1H-
benzo[5,6]cyclohepta[1,2-b]pyridin-11-ylidene)-1-piperidinecarboxylate.

_CHg

Vinyl Tributyltin,
/Pd(dba)s /Tri-2-furoyiphosphine

Toluens,100°C

Add tributylvinyltin (3mt,10.26mmol) to a solution of the title compound of Step 1
(950 mg, 1.90 mmol), lithium chloride (1.0 g, 23.6 mmol),
trus(dlbenzyludeneacetone)dlpalladlum (180 mg), and tn-2-furoyl phosphine (90
mg, 0.38 mmol) in toluene (6 ml) at room temperature, then stir at 100 °C
overnight. The reaction is cooled, extracted with ethyl acetate (100 ml), washed
with water (50 ml), dried over magnesium sulfate, filtered and the solvent
evaporated, yielding an oil, which chromatographs on silica gel eluting with

-40%(v/v) ethylacetate-hexanes yielding the product as a white solid (800 mg,

95% yield). MS (Cl) 447,MH.

Step 3. 4-(3-Ethenyl-5,6-dihydro-10-methoxy-8-methyl-11H-
benzo[5,6]cycliohepta[1,2-blpyridin-11-ylidene)-1-piperidine
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" A 20% solution of trifluoroacetic acid iri'methylene’ chloride (10 ml) is added to

the title compound of Step 2 '(400m_g,0.89mmo_l)_ at room temperature, then
stirred for 1/2 hour at 20°C. Water(20ml), methylene chioride (20ml), and 1IN

NaOH (3 ml) are added, and the organic layer is sepa'ra'ted dried over MgSO4, .

filtered, and the solvent evaporated yleldlng a solid (305 mg, 98% yleld)
MS(CI) 347,MH.

Step 4. 3-Ethenyl-6,1 1-Dlhydro-10-Methoxy-8-Methy|—1 1-(4-P|pendmyl)-5H-
Benzo[5, 6]Cyclohepta[1 2-b]Pynd|ne :
_CHg

A1M solutibn of DIBAL in toluene (3 ml,3 mmol) is added dropwise to-a

solution of the title compound of Step 3 (310 mg, 0.89 mmol) in toluene(2 ml) at.

20 °C, then stirred 45 mlnutes ‘Water (15 ml), EtOAc (30 ml) and 1N NaOH (5 .
ml) are added. The organic layer is separated, dried over MgSOg, filtered, and -

the solvent evaporated to yield an oil, which chromatographs on silica: gel

eluting with 10% methanol-methylene chloride contammg 2% NH4OH, yielding.

the product asa white solid. (200mg,6 5% yleld) MS (FABS) 349,MH. -
Step 5. 4-(3-Ethenyl-6, 11-dihydro- 'o-methoxy-a-méthyl-SH-'

benzo[5,6]cyclohepta[1,2-b]pyridin-11-yl)-1- (4-pyr|d|nylacetyl)plpendme .
N1-Oxide.
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COOH

HOBT,EDCI,NMM,OMF

EDCI (50 mg,0.26 mmol),1-hydroxybenzotriazole, monohydrate (40 mg, 0.29
mmol) and 4-methyl morpholine (0.5 ml, 4.5 mmol) are added to a solution of
the title compound: of Step 4 (50 mg, 0.14 mmol) and 4-pyridyl-N-oxide acetic. -

| acid (50 mg, 0.326: mmol) in dimethylformamide (anhydrous,2 mi) at 0°C, then

stirred at room temperature overnight. The solvent is evaporated, and the -
residue extracted with methylene chloride (60 mi), and water (25 ml). The

organic layer is separated, washed with saturated sodium carbonate (2 x15ml),
dried over MgSO4, filtered and the solvent evaporated to yield an oil which-

chromatographs on silica gel eluting with 10% MeOH-MeCl2 containing 2%
NH4O0H yielding the product as a white solid (55 mg,79% vield), MS (FABS)
484, MH. ' '

Example 28. 4-(3-Ethenyi-6,1 1-dihydro-1 0-methoxy-8-methyil-5H-

benzo[5,6]cyclohepta[1,2-b]pyridin-11-yl)-1-(methylsulfonyl)piperidine
HEP NS CHj
CH3S0,Cl I P

Pyridine, DMAP OCHs

. . ‘SoacHa_
Methanesulfony! chioride (0.5 ml, 6.46 mmol) is added to a solution of the title
compound of Example 27, Step 4 (30 mg, 0.086 mmol) in anhydrous pyridine (2
ml) at 0°C, then 4-dimethylaminopyridine (10 mg, 0.08 mmol) is added, and the

solution stirred overnight at 20°C. The solvent is evaporated, water (30 ml) and
CH2Cl2 (60 ml) are added. The organic layer is separated, dried over MgSQ4,

filtered, and solvent evaporated to yield an oil, which chromatographs on silica
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gel eluting with 70% v/v EtOAC-hexanes yielding the product as a white solid -
(30 mg, 69% yield), MS(CI) 427 MH

Example 29. 4-(3-Ethy}-6,11-dihydro-10-methoxy-8-methyl-5H-
benzo[5,6]cyclohepta[1,2-b)pyridin-11-yl)-1 -(4-pyr|d|nylacetyl)p|pendme
N1-Oxide

~ Step 1. 3-Ethyl-6 11-d|hydro-1 0-methoxy—8—methyl-11-(4-p|pend|nyl)-5H-

benzo[5 6]cyclohepta[1,2-blpyridine

CHs .
2 10% Pd/C, MeOH

OCH '
8 HCOONH;, A

{
H

Ammonium formate (200 mg, 2.08 mmol) and 10% Pd/C(20mg) are added to a
solution of the title compound of Example 27, Step 4 (90 mg, 0.258mmol) in
methanol (5 ml) at 20°C, then refluxed for 4 hours. Methanol (20 mi) is added,

and the reaction is filtered through a celite pad, then washed with methanol (10
mi) and CH2Cl2 (3 x 20ml). The filtrate and wash are combined, concentrated,

and the residue extracted with CH2Cl2 (50 ml) and water (25 ml). . The organic
layer is separated, dried over MgSO4, filtered and solvent removed yielding a

white sohd (75mg, 84% vyield).

Step 2. 4-(3-Ethyl-6,11-dihydro-10-methoxy-8-methyl-5H- |
benzol[5,6]cycloheptal1 2-b]pyr|d|n-11-yl) -1- (4-pyndmylacety|)p|per|d|ne
N1-Oxide
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HaC

LT oD
7 N W COOH

OCH;,

© EDCIHOBT,NMM,DMF

EDCI (75 mg, 0.39 mmol), HOBT (70mg, 0.51 mmol) and NMM (0.5 ml, 4.5
mmol) are added to a solution of the title compound of Step 1 (75 mg, 0.214
mmol) and 4-pyridyl N-oxide acetic acid (75 mg, 0.48 mmol) in DMF(anhydrous,
3 mi) at 0°C, then stirred at room temperature overnight: The solvent is
evaporated, and the residue extracted with CH2Cl2 (60 mi) and water (25 ml),

the organic layer separated, washed with 10% Na2CO3 (2 x 20ml), dried over
MgSO04, filtered, and the solvent evéporated to yield an oil, which
chromatographs on silica gel eluting with 7% v/v MeOH:methylene chioride
(MeCl2) containing 2% NH4OH vyielding product as white solid (75mg,76%
yield), MS (FABS) 486(MH). :

Example 30. (+,-)-4-(3-Bromo-6,11-dihydro-8,10-dimethyl-5H-
benzo[5,6]cyclohepta[1,2-blpyridin-11-yl)-1 -(4-piperidinylacetyl)piperazine
B/ CHa,

\_ 4
N

E CH,
L

| o "
By substituting 3,5-dimethylbenzylbromide for reagent 2 and by substituting the
corresponding 5-bromo-t-butyl amide for reagent A in Example 1, Step 1, and
by following Example 1, Steps 1-6 (except for Steps 3, 3a and 7), and by
substituting the procedure of Example 2, Step 3 with heating to 60°C using triflic
acid, in place of Example 1, Step 3 and 3a, gives the 8,10-dimethyl analog of

Example 1, Step 6, compound G. By following the procedure of Example 1,
Step 7, substituting 4-pyridyl acetic acid N-oxide with-an equivalent amount of
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N-BOC-4-piperidyl acetic acid, then removing the BOC group with tnﬂuoroacetlc
acid, the title compound is obtained.

Example 31. (+,-)-4-(3-Bromo-6, 11-’dihydro-8 10-dimethyl-5H-
benzof5,6]cycloheptal1,2-b)pyridin-11-yl)-1- (4-p|pend|nylacetyl-N-
carboxamido) piperazine -

B,/ CH
“
CHg o
X Cr
o? s |

Starting with the title compound of Examble 30, and ireating with 3 equivalents
of trimethyisilylisocyanate in methylene chloride at 25°C,.t_hén removing the silyl

- group with excess sodium bicarbonate, the title compound is obtained.

Example 32. (+, -)-4-(3-cyclopropyl-6 11-d|hydro-10-methoxy-5H-

. benzo[5,6]cyclohepta[1 ,2-b]pyridin-11-yl)-1- (4-pyr|d|nylacetyi)plpendlne

A IBOC

B BOC

Ethereal diazomethane generated from Diazald (15 g) is added dropwise with
stirring to a solution of compound A (0.11 g) from Example 27 (Step 2), and
palladium acetate (7 mg) in benzene (1 ml) until a TLC sample showed
completion of the reaction. Evaporation under reduced pressure affords
compound B as a white powder. MS(CI) 461.
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Step 2.

B BOC .. ‘c. H

procedures described in Steps 3 and 4, Example 27. Tan powder, MS(Cl) 362

Step 3:

HaF

OCH3
EE/O' i
D ¢
- racemate

The product € from Step 2 is converted to the title compound D by following..f
the procedure described in Example 1, Step 7. White powder, MS(Cl) 498.

Step3

Example 33. (+) 4-(3-Bromo-6,11-dihydro-10-bromo-8-methyl-5H-

~ benzo[5,6]cyciohepta(1 ,2-b]pyridin-11-yl)-1-(4-pyridinylacetyl)piperidine

N1-Oxide

By substituting 5-bromo-t-butyl amide for reagent A and 3-methyl-5-
bromobenzyl bromide for reagent 2 in Example 2, Step 1 and by following

‘Example 2, Steps 1-10 - except in step 3, the reaction with triflic acid is carried

out at 60°C for 4 hours, and by omitting step 6, the title compound is obtained as
a racemate. MS(FABS) m/e 584(MH). The racemate is resolved into its

-43-



10

15

20

25

WO 98/57950 PCT/US98/11509

enantiomers using a preparative HPLC chiralpak AD column (Daicel Chemical

Industries, ) and eluting with 30% |sopropano|-hexanes (0.2% DEA).: The

desired (+) enantiomer elutes Iast ‘MS (FABS)m/e 584(MH) Rotation =
+51.7°@20°C, ¢ = 0.211. :

Example 34. (-) 4-(3-Bromo-6,11-dihydro-10-bromo-8-methyl-5H-
benzo[5,6]cyciohepta[1 2-b]pyr|dm-1 1-yl)- -(4-pyndmy|acetyl)plpendlne
N1-Oxide

Essentially the same procedure is followed as in Example 33 except that the (-)
enantiomer is also collected MS (FABS)m/e 584(MH) Rotation = - 47.5°@20°C,
¢ =0.2125. Co

Example 35. (+) 4-(3-Bromo-6,11-dihydro-1 1-hydr‘oxy-1 0-bromo-8-methyl-5H-
benzof5,6]cycloheptal1 2-b]pyndm-11-yl)—1 (4-pyr|d|nylacetyl)plpendme
N1-0>c|de ' '

By fo'llowing the procedures used to prepare
title compound of Example 33,- steps 6,7 and 9, from example 2 are omitted-
the title compound is obtained, as a racemate (+,-). FABS MS m/e 599.9(MH).
The racemate is resolved using the same procedure as Example 33. The
(+)enantiomer elutes first MS (FABS)m/e 599.9(MH), Rotation = +10.4°@20°C, ¢
=0.1155. '

Example 36. (-) 4-(3-Bromo-6,11-dihydro-1 1-hydroxy-10-bromo-8-methyl-5H-
benzol5, 6]cyclohepta[1 2- b]pyndm-11-yl) -1- (4-pyndmylacetyl)plpendme
N1-Oxide
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- Essentially the same procedure is followed as in Example 35, except thatthe (-)

enantlomer elutes second MS (FABS)m/e 599.9(MH) Rotation = -7.3°@20°C,
c=0.1375.

_ Example 37. -(3-Bromo-5,6-dihydro--10-bromo-8-methyl-11H-

benzo[5,6]cyclohepta[1,2-b]pyridin-11-ylidene)-1-(4-pyridinylacetyl)piperidine

- N1-Oxide

By folloWing procedurés used to prepare the title compound of Example 33-

_steps 6, and 9- from example 2 are omitted, the title compound is obtained. MS

(FABS)m/e 582(MH).

W- -

Starting materials useful in preparing the compounds of the present invention
are exemplified by the following preparative examples, which should not be
construed to limit the scope of the disclosure. The pyridyl and phenyl
compounds used as starting materials, such as compounds (1, 1.3, 3, 3.5),
inorganic and organic bases, and alcohols can be prepared using known
methods in the art, such as taught in See J. K. Wong et al., Bioorganic &
Medicinal Chemistry Letters, Vol. 3, No. 6, pp. 1073-1078, (1993); U.S. Patents
5,089,496; 5,151,423, 4,454,143; 4,355,036; PCT /US94/11390 (WO95/1 0514);
PCT/US94/11391 (WO 95/1 0515); PCT/US94/11392 (WO95/10516); Stanley R.
Sandier and Wolf Karo, Organic Functional Group Preparations, 2nd Edition,
Academic Press, Inc., San Diego, California, Vol. 1-3, (1983), and in J. March,
Advanced Organic Chemistry, Reactions & Mechanisms, and Structure, 3rd
Edition, John Wiley & Sons, New York, 1346 pp. (1985). Alternative
mechanistic pathways and analogous structures within the scope of the
invention may be apparent to those skilled in the art.
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H ‘DiBAH f B 3w
R4 o R4 RG/‘]?’\RS K
RI /= qé,ﬂ R! ﬁ@,w ] H 203
LA AN NV
N l . +
Ry H . Ry
RS—— =-R? Se= . ~R? RCOOH -
Re-< M g I Re“< M g 10
\ - 193 K
COOEt 153 H

wherein for Schemes Il and Iit,

R1, R2, R3, R4, RS, RS, R7 and R8, the sdlid and dotted lines are as defined

hereinbefore.

. In Schemes Il and I, respectively, for Step A, compound 5 and 5.3 is
- prepared by alkylating compound 1 and 1.3 with an electrophile compound 3
and 3.3 employing a base such as lithium di-isopropylamide (LDA)-in an aprotic
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solvent such as THF, toluene, benzene, ether and the like, at temperatures
ranging from about -78° to 20°C, using about 1 to 1.5 moles of electrophr!e
compound 3 per mole of compound 1 and 1 3. P

In Step B, compound 7 and 7.3 is prepared by treatlng compound 5 and
5.3 with a dehydrating agent such as phosphorus oxychloride (POCIg)or
thionyl chioride in an aprotic solvent, at temperatures ranging from about 80° to
120°C, using about 3 to 10 moles of dehydratlng agent per mole of compound 5
and 5.3. -

In Step C, compound 7.5 and 7.53 is prepared by treating compound 7
and 7.3 with a Lewis acid such as triflic acid (CF3SO3H) or aluminum chloride
(AICl3). The reaction can be 'practised neat (i.e. no additional solvents)
Optlonally, when AICl3 is used, a solvent such as dlchloroethane can be

employed. The reaction can be conducted at temperatures ranging from about

20° to about 175°C, using about 3 to 10 moles of the Lewis acid per mole of

compound 7 and 7.3.
In Step D, compound 8 and 8.3 is prepared by treatlng compound 7.5 and
7.53 with a dilute acid such as aqueous “hydrochloric or aqueous sulfuric acid,

at temperatures ranging from about 20°C to reflux of the reaction mixture, using
' about 20 to 100 volumes of the aqueous acid per mole of compound 7.5 and

7.53.
in Step E, compound 13a and 13.3a is prepared by treating compound 8

~and 8.3 with a Grignard reagent 12 derived from N-methyl-4—chlorop|per|dme in

an aprotic solvent, at temperatures ranging from about 0° to 50°C, using about
1 to 1.5 moles of Grignard reagent 12 per mole of compound 8 and 8.3.

In Step F, compoun'd-‘lsb'and 13.3b is prepared by treating compound .
13a and 13.3a with ethylchloroformate in an aprotic solvent, at temperatures
ranging from about 60° to 90°C, using 5 to 10 moles of ethylchloroformate per
mole of compound 13a and 13.3a. - :

in Step G, compound 13c is prepared by subjecting compound 13b to
catalytic hydrogenation at pressures ranging from atmospheric (ambient) to 50
pounds per square inch (psi) using hydrogen (Hz2) and 10% palladium
(Pd)/Carbon (C) as a catalyst. - Altemnatively, compound 13c can be prepared by
treating compound 13b with a hydrogen source such as ammonium formate,
using 10% Pd/C as a catalyst at atmospheric pressure, at temperatures ranging
from 50° to 70°C, optionally using a protic solvent such as methanol or ethanol.

In Step H, compound 15 and 15.3is prepared by treating compound 13c
and 13.3c with an acid such as polyphosphoric acid (PPA). The reaction can
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be practised neat. The reaction can be conducted at temperatures ranging from
about 60° to 100°C, using about 5 to 10 volumes of polyphosphoric acid. per

mole of compound 13c and 13.3c. Altemnatively, in Step H, compound 13d and

13.3d can be prepared by treating compound 13c and 13.3b with aqueous
hydrochlonc acid (Hel) or aqueous sulfuric acid (H2S04) such as 2 N to

. concentrated hydrochloric acid at temperatures ranging from about 80° to

100°C, usmg 5to 10 volumes of the aqueous acid per mole of compound 13c
and 13.3b. :

In Step |, compound 19 and 19.3 is prepared by treating compound 15 and
15.3 with an aqueous acid such as 3 N to concentrated hydrochloric acid (HCI),
at temperatures ranging from about 80° to 100°C, using 5 to 10 volumes of the
aqueous acid per mole of compound 15 and 15.3.

In Step J, compound 20 and 20.3 is prepared by treating compound 19
and 19.3 with a reducing agent such as diisobutyl aluminum hydride (DBAHAI)
in an aprotic solvent, at temperatures ranging from about 0° to 20°C, using 1 to
4 moles of reducing agent per moles of compound 19 and 19.3.

In Step EE, alcohol compound 9 and 9.3 is prepared by reducing
compound 8 and 8.3 with a reducing agent such as as sodium borohydride
(NaBHy) in a protic solvent such as methanol, ethanol and acetic acid, at
temperatures ranging from 0° to 20°C, using one to three moles of the reducing
agent per mole of compound 8 and 8.3.

In Step FF, compound 10 and 10.3 is prepared by treating alcohol
compound 9 and 9.3 with a chlorinating agent such as thionyl chloride or

- phosphorous oxychloride (POCIg) in an aprotic solvent such as 1,2-

dichoroethane or methylene chloride, at temperatures ranging from 0° to 25°C,
using one to two moles of the chiorinating agent per mole of compound 9 and
9.3

In Step GG, compound 11 and 11.3 is prepared by reacting compound 10
and 10.3 with a piperazine compound 12 and 12.3 in a solvent such as
acetonitrile, toluene or methylene chloride at temperatures ranging from 0° to
60°C, using one to 10 moles of plperazme compound 12 and 12.3 per mole of
compound 10 and 10.3. _ _

in Step K, the desired compound of formula 1.0 can prepared from

compounds (11, 11.3), (13d, 13.3d), (19, 19. 3) or (20, 20.3) as described in
Scheme } descnbed herelnbefore
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wherem for Scheme IV :
R1, R2, R3, R4, R5, RS, Ft7 and R8 the solid and dotted Ilnes are as defined
hereinbefore.

In Scheme IV, in Steps A and B, compounds 5 3 and 7.3 are prepared as
descnbed in Scheme 1lI, hereinbefore. : :

In Step L, compound 25 is prepared by reacting compound 7.3 wrth a
Grignard reagent 12 denved from N-methyl-4-chloroplpendme in an aprotic
solvent, at temperatures ranging from about 0° to 50°C, using about 1 to 1 5
moles of Grignard reagent 12 per mole of compound 7.3.

In Step M, compound 26 is prepared by treating compound 25 with a dilute
acid such as aqueous .hydrochlonc or aqueous sulfuric acid, at temperatures.
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ranging from about 20°C to reflux of the reaction mixture, using about 20 to 100
volumes of the aqueous &cid per mole of compound 25:

in Step N, compound 27 is prepared by treating compound 25 witha =
Lewis acid such as triflic acid or aluminum chloride (AICl3). The reaction can

‘be practised neat (i.e. no additiohal solvents). When triflic acid is used, the - -

reaction can be conducted at temperatures rangihg from 0° to 70°C, using 5'to -
100 moles of triflic acid per mole of compound 25. Optionally, when AICls is
used, a solvent such as dichloroethane can be employed. The reaction can be
conducted at temperatures ranging from about 20° to about 175°C using about
3 to 10 moles of the Lewis acid per mole of compound 25. -

In Step O, compound 28 is prepared by treating compound 27 with
ethyichloroformate in an aprotic solvent, at temperatures ranging from about -
60° to 90°C, using 5 to 10 moles of ethylchloroformate per mole of compound
27. | :

in Step P, compound 29 is prepared by treating compound 28 with an
aqueous acid such as 3 N to concentrated hydrochioric acid (HCI), at
temperatures ranging from about 80° to 100°C, using 5 to 10 volumes of the -
aqueous acid per mole of compound 28. :

In Step Q, compound 30 is prepared by treating compound 29 with a -
reducing agent such as diisobutyl aluminum hydride (DIBALH) in an aprotlc o
solvent, at temperatures ranging from about 0° to 20°C, using 1 to 4 moles of -
reducing agent per moles of compound 29.

In Step K, compound 30 is converted to desired compound (1.0) as-
described in Scheme |, described hereinbefore.

-51-



10

15

20

ASSAYS

WO 98/57950 PCT/US98/11509

1, angmg__ais_aygFPT ICsp (inhibition of fameoyl protein. ‘-
transferase, in vitro enzyme assay) are determined by the methods disclosed in
WO/10515 or WO 95/1 0516. The data demonstrate that the. compounds of the

invention are inhibitors of Ras-CVLS farnesylation by partially punfled rat brain -

faresyl protein transferase (FPT). The data also show that thereare -
compounds of the invention which can be consudered as potent (IC59 <10 uM)
inhibitors of Ras-CVLS famesylation by partially purif_iéd rat brain FPT. . - -

2. Cell-based assay. COS ICsp values refer to the COS cells activity
inhibition of Ras processing, are determined. by the methods disclosed in -
WO/10515 or WO 95/1 0516

Exampl FPT I_Cso - Exampl FPTICsg
e (M) e (@M
1 0.0670 - 21 - . 0.0048
2 0.0340 22 0.0099
3 0.0032 23  >0.200
4 0.1400 - 24 0.0036
5 >02 25 .0.2200
6 10.0450 - 26 0.058
7 0.0600 27 0.0590
8 0.0300 o - 28 0.1320
9 0.1200 29 - 0.0740
10 ' 0.0160 30 -
14 0.1100 31 - - 0.2000
15 0. 130_0 ' ' 32 - »0.200
16 0.0640 : 33 0.0012
17 _ 0.2900 34 >0.016
18 0.0430 35 0.0108
19 0.0042 36 0.0054
20 >0._1.80 37 0.0054

For preparing pharmaceutlcal compositions 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 may be comprised of from about 5 to about 70 percent active ingredient.
Suitable solid carriers are known in the art, e.g. maghesium carbonate,
magnesium stearate, talc, sugar, lactose. Tablets, powders, cachets and
capsules can be used as solid dosage forms suitable for oral administration.
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For preparing suppositories, a low melting wax such as a mixture of fatty. -
acid glycerides or cocoa butter is first melted, and the'i{ﬁ?ii'ﬁive ingredientis - -
dispersed homogeneously therein as by stirring. The molten homogeneous -
mixture is then poured into convenient sized molds, allowed to cool and thereby
sohdlfy - :
Liquid form preparatlons mclude solutions, suspensnons and emulsmns
As an example: may be mentioned water or water-propylene glycol solutions for
parenteral injection.

- Liquid form preparations may also include solutions for intranasal
administration.. :

Aerosol preparations suitable for inhalation may include solutions and
solids in powder form, which may be in combination with a pharmaceuﬂcally
acceptable carrier, such as an inert compressed gas. :

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 liquid forms lnolude solutions, suspensnons
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 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 is subdivided into 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 mg, more preferably from about 1
mg. to 300 mg, according to the particular application.

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 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.
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‘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 size of the patient as well as severity of the symptoms being. - -
treated. A typical recommended dosage regimen is oral administration of from -

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 pharmaceutical dosage forms which

_contain a compound of the invention. The scope of the invention in its -

pharmaceutical composition aspect is not to-be limited by the examples - -
provided. ' [P o i
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1. Actlve compound o 1000 © | 500
{ 2. | Lactose USP | 122 113
3. Corn Starch, Food Grade, 30 40
as a 10% paste in
Purified Water
4. Corn Starch, Food Grade | 45 40
5. Magnesium Stearate | 3 7
Total | 300 700

Method of Manufacture
Mix ltem 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 ltem 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 machlne

Ingredient

1. Active compound
2. . Lactose: USP: - | 106 _ 123
3. Corn Starch, Food Grade 40 70
4. Magnesium Stearate NF -7 | 7
Total 253 700

Method of Manufacture

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

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
and scope of the present invention.
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"WHAT IS CLAIMED
"1. A compound of the formula: -

| (1.0

- or a pharmaceutically ac;ceptabl'e salt or solvate thereof, wherein:
. A represents N or N-oxide';

X represents N, CH or c, such that when Xis N or CH, there is a single bond to -

carbon atom 11 as represented by the solld line; or when X is C, there is a-
double bond to carbon atom 11 as represented by the solid and dotted lines;

“Rlis hydrogen, bromo chloro, tnﬂuoromethyl acyl alkyl cycloalkyl amlno,
acylamino or alkoxy, o

R2is hydrogen halo, tnfluoromethyl alkyl alkoxy, -OCF3, hydroxy, amino or
acylamino;

R3 is hydrogen, bromo, éhloro,'alkdxy. -OCFQ or hydroxy;
R4 is hydrogen, halo, trifluoromethyl, alky! or alkoxy;
provided that at least one of R2 or R3 or R4 is alky! or alkoxy and

provided that at least two of R1, R2, R3 or R4 are substituents other than
hydrogen; ' -

RS, RS, R7 and R8 independently repre_sent hydrogen', alkyl or -CONHRS0
wherein RS0 can be any of the values represented for R, below;

* c L M s *
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Q is hydrogen when there is a single bond to carbon atom 11, or Q is hydrogen
or hydroxy when there is & single bond to carbon 11 afid X is CH, or Q is not a
substituent when there is a double bond to ca_rbon,' 11;

Y is -C-R or -SO,-R, wherein ;
Zis=Oor =S; and

R is aryl, aralkyl, cycloalkyl, cycloalkylalkyl, heteroalkyl, heteroaryl,
heteroarylalkyl, heterocycloalkyl or heterocycioalkylalkyl.

2. The compound of claim 1 wherein R is H, halo, alkyl, cycloalkyl or alkenyl; |
R2 is H, halo, alkoxy, or alkyl; R3 is H, halo, alkoxy, hydroxy or alkyl and R4is H,
halo or alkyl and RS, RS, R7 and R8 are hydrogen

3. The compound of claim 2 wherein Y is -SOgCHa.

4. The compound of claim 2 wherein Y is -COR wherein R is heteroarylalkyl,
or heterocycloalkylalkyl. :

5. The compound of claim 2 wherem R1 is bromo, methyl ethyl, cyclopropyl or
vinyl. :

- 6. The compound of claim 2 wherein R2 is methoxy, bromo or methyl.

7. The compound of claim 2 wherein R3 is methoxy, bromo or methyl.
8. The compound of claim 2 wherein R4 is chloro or methyl.

9. The compound of claim 1 selected from any of the tittle compounds of
Examples 1-10 and 14-37.

10. The compound of claim 1 selected from any of the title compounds of

Examples 1, 2, 3, 6, 7, 8, 10, 16, 18, 19, 21, 22, 24, 26, 27, 29, 33, 34, 34, 36

and 37. -_—
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11.. The compound of claim 1 selected from any of the title compounds of

- .. Examples 3, 21, 22, 24 and 33. .

.12. A pharmaceutical conipbsition for inhibiting the abnormal growth of cells

comprising an effective amount of compound of claim 1 in combination with a
pharmaceutically acceptable carrier. -

13. A method for inhibiting the abnormal growth of cells comprising
administering an effective amount of a compound of claim 1.

14. The method of Claim 13 wherein the the cells inhibited are tumor cells
expressing an activated ras oncogene.

. 15 Thé method of Claim 13 wherein the cells inhibited are pancreatic tumor

cells, lung cancer celis, myeloid leukemia tumor cells, thyroid follicular tumor
cells, myelodysplastic tumor cells, epidermal carcinoma tumor cells, bladder
carcinoma tumor cells or prostate tumor cells, breast tumor cells or colon

tumors cells.

16. . The method of Claim 13 wherein the inhibition of the abnormal growth of

cells occurs by the inhibition of ras famesyl protein transferase.

17. The method of Claim 13 wherein the inhibition is of tumor cells wherein the

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

[ ARR L
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