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G-PROTEIN FUNCTION AND FOR TREATMENT OF
BROLIFERATIVE DISEASES

BACKGROUND
international Publication Number WO82/11034, published July 9,

1992, discloses a method of increasing the sensitivity of a tumor to an
antineoplastic agent, which tumor is resistant to the antineoplastic agent,
by the concurrent administration of the antineoplastic agent and a
potentiating agent of the formula:

i 1B

N

)
Y

wherain Y' is hydrogen, substituted carboxylate or substituted sulfonyl.

Examples of such potentiating agents include 11-{4-piperidylidene)-5H-

benzol[5,6]cyclohepta]1,2-b]pyridines such as Loratadine.

To acquire transforming potential, the precursor of the Ras
oncoprotein must undergo farmnesylation of the cysteine residue located in
a carboxyl-terminal tetrapeptide. Inhibitors of the enzyme that catalyzes
this modification, famesyl protain transferase, have therefors 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 (Kohi et al., Science, Vol. 260, 1834 to 1837,
1993).

A welicome contribution to the art would be compounds useful for
the inhibition of farnesyl 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 farnesy! protein transferase using tricyclic
compounds of this invention which: (i} potently inhibit farnesy! protein
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transferase, but not geranyigeranyl protein transferase 1, in vitro: (ii) block
the phenotypic change induced by a form of transforming Ras which is a
famesy! acceptor but not by a form of transforming Ras engineered to be a
geranyigeranyl acceptor; (iil) block intracellular processing of Ras which is
5 afamesyl acceptor but not of Ras engineered to be a geranyigeranyl
acceptor; and (iv) block abnormal cell growth in culture induced by
transforming Ras.
This invention provides a method for inhibiting the abnormal growth
of cells, including transformed cells, by administering an effective amount
10 of a compound of this invention. 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
15 gene; and (3) benign and malignant cells of other prollferatwa diseases in
which aberrant Ras activation occurs.
The compounds useful in the claimed methods are novel

compounds represented by Formula (1.0)
=W,

R! (1.0)
20 wherein:
A and B are independently selected from H, halo or C1-Cg alkyl;
ZisNorCH;

W is CH, CHa, O or S, wherein the dotted line to W reprasents a
double bond which is present when W is CH;
25 X is C, CH or N, wherein the dotted line connecting X to the tricyclic
ring system represents a double bond which is present when X is C;
R is selected from:
1) a group of the formula:
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Yk/sn \n/k/mz
\)\/Nﬂz
or disulfide dimers thereof;
2) a group of the formula:

CHy COR*

o

3) agroup of the formula:
sn r“'\)\/sn

wherein W, A and B are as defined abova.

4) a group of the formul?;

480

c (159.0)
y
N

10 5) a group of the formula:
IRw /
~ ﬁ/'\/s S

wherein R0 is selected from H or -C(O)OR®0 wherein R is a C1-Cs alkyl
group (e.g., -C(CHa)s), and R85 is a C4-Cg alkoxy group (e.g., p-OCHa);
and

15 ' " 6) a group of the formula:
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Rl
—_ % R®2

Rl (a0

wherein:

(a) Tis selected from:
§ -—E—N— ]
—C— H | =—C~0— .80, or a single bond;

(b) xis0,1,2,3,4,50r6; .

{c) each Ra and each RP is independently selacted from H,
aryl, alkyi, alkoxy, aralkyl, amino, alkylamino, heterocyloalkyi, -COORSO?,
-NH{C(O)}.R60 (wherein z is 0 or 1), or -(CH)wS(O)mRE0 (wherein wis 0, 1,
20r3, ard mis 0, 1 or 2); or R® and RP taken together can represent
cycloalkyl, =N-O-alkyl, =O or heterocycloalkyl; with the proviso that for the
same carbon, R Is not selected from alkoxy; amino, alkylamino or
-NH{C(0)}R60 when RP is selected from alkoxy, amino, alkylamino or
-NH{C(0));R89; and with the proviso that when T is a single bond, for the
first carbon containing R and RP, R and RP are not selected from alkoxy,
alkylamino, amino or -NHRSO {i.e., -NH{C(O)};R6° wherein z is 0) (i.e., R2
and RP on the first carbon bound to T, when T is a singie bond, are not
alkoxy, alkylamino, amino or -NHR®9); and

(d) R92 can represent H, alkyl, aryl, aryloxy, aryithio,
aralkoxy, aralkyl, heteroaryl or heterocycloalkyl;

RS0 represents H, alkyl, aryl or aralkyl;

R4 is H or C1-Cg alkyl;

R2 is selected from: H, -C(O)ORS, -C(O)NRSR?, C4-Cg alkyl, C2-Cs
alkenyl, C2-Cg alkynyl, substituted (C1-Cg)alkyl, substituted
{C2-Cpg)alkenyl, substituted (C2-Cg)alkynyl, wherein said substituted
groups have one or more substituents selected from:

1) aryl, arylalkyl, heteroarylalkyl, heteroaryl, heterocycloalkyl,
B-substituted aryl, B-substituted arylalkyl, B-substituted heteroarylalkyl,
B-substituted heteroary! or B-substituted heterocycloalkyl, wherein B is
selected from C4-C4 alkyl, ~(CH2),ORS, -(CH2),NRSR7 and halo;

2) Ca-Cg cycloalkyl;

3) -ORS;

4) -SH or -S(O)RS;

5) -NRSR7;
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6) -N(RS)-C(O)R7;

7) -N(R6)-C(O)NR7R12;

8) -O-C(O)NRER7;

9) -O-C(O)ORS;

10) -SO2NRSR7;

11) -N(R®)-80--R7;

12) -C(O)NRSR7;

13) -C(O)ORS; and
provided where R1 is D, R2 is not H, and where R1is D and R2is C1-Cg
alkyl, the substituents on said alky! group are not substituents 3), 4), 5), 9).
or 13); D is -C(0)-CH2-RS5, -C{0)-0-R5 or -C(O)-NH-R5, wherein RS is
pyridyl, pyridyl N-oxide, '

-N,_\o —N/_\so
NS /"
or a piperidinyl group of the formula
O\

. < N_Rll

wherein R11 represents H, C4-Cg alkyl, haloalkyl or -C(0)-R® wherein R®
is C1-Cg alkyl, C1-Cg alkoxy or -NH(R10) wherein R10 is H or alkyl, or the
group -C(O)-R® represents an acyl radical of a'naturally occurring amino
acid;

RS, R7 and R12 are independently selected from H, C1-C4 alkyl,
(C3-Ce)cycloalkyl, aryl, arylalkyl (i.e., aralkyl), heteroaryl, heteroaryialkyl,
heterocycloalkyl, substituted {C1-C4)alkyl, substituted (C3-Cg)cycloalkyl,
substituted aryl, substituted arylalkyl, substituted heteroaryl, substituted
heteroarylalkyl or substituted heterocycloalkyl, wherein said substituted
groups have one or more substituents (e.g., 1-3) selected from: C1-C4
alkoxy, aralkyl, heteroarylalkyl, -NO2, C3-C1o-alkoxyalkoxy (e.g..-O-(C1-
Ca4)alkyl-O-(C1-Cgq)alkyl), (C3-Cs) cycloalkyl (e.g., cyclopropyl or

~ cyclohexyl), aryl, -CN, nitrophenyl, methylenedioxy-phenyl, heteroaryl,

heterocycloalkyi, halo, -OH, -C(O)R4, -C(O)NRER7?, -N(RS)C(O)R4,
-S(OxR14 (8.g., -S-(C1-Cq)alkyl and -SOoR14) or -NR®5R1S; provided that

RS, R7 and R12 are not -CH20H or -CH,NR%5R1S when said RS, R7 or R12

is directly bonded 1o a heteroatom, and further provided that R is not H for
groups 4) and 9), and R7 is not H for group 6);
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optionally, when R® and R7 are bound to the same nitrogen, RS and
R7 together with the nitrogen to which they are bound, foma5to 7
membered haterocycioalkyl ring which optionally contains O, NRS, or
S{Ox whereintis 0, 1 or 2;

optionally, when R7 and R'2 are bound to the same nitrogen, R7
and R12 together with the nitrogen to which they are bound, form a 5 to 7
membered heterocycloalkyl ring which optionally contains O, NRS, or
S(O) whereintis 0, 1 or2;

R%5 and R15 are independently H, C1-C4 alkyt or arylalkyl;

R4 is C1-C4 alkyl, aryl or arylaikyl;

n=0,1,2 30r4;and

t=010r2;
or pharmaceutically acceptable salts thereof.

This invention also provides a method for inhibiting 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 provides a method for inhibiting the growth of
tumors expressing an activated Ras oncogene by the administration of an
seffective amount of the above described 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), mysloid leukemias (for example, acute myelogenous
leukemia (AML)), thyroid follicular cancer, myelodysplastic syndrome
(MDS), bladder 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 tricyclic compounds 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 tricyclic
compounds described herein.



WO 56/31478

10

15

20

25

30

35

.7-

The compounds of this invention inhibit famesyl protein transferase
and the famesylation of the oncogene protein Ras. This invention further
provides a method of inhibiting ras farnesy! protein transferase, in
mammals, especially humans, by the administration of an effective amount
of the tricyclic compounds described above. 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.

The tricyclic compounds useful in the methods of this invention
inhibit the abnormal growth of cells. Without wishing to be bound by
theory, it is believed that these 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 tamesyl protein
transterase, and thus show antiproliferahve activity against ras
transformed cells.

DETAILED DESCRIPTION OF THE INVENTION

All of the publications cited herein are hereby expressly
incorporated in their entirety by reference.

As used herein, the following terms are used as defined below
unless otherwise indicated:

“MS" represents Mass Spec;

“MH*" represents the molecular ion plus hydrogen of the
molecule in the mass spectrum;

“Bu” represents butyl;

“Et” represents ethyl;

“Tr" represents trityl, (i.e., triphenyimethyl);

“Me" represents methyl;

“Ph" represents phenyl;

*BOC" represents t-butoxycarbonyi;

*FMOC" represents 9-fluorenyimethoxycarbonyl;

“alkyl” (including the 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; said alkyl group optionally being substitued with one, two or three
groups independently selected from hydroxy, alkoxy, halo {(e.g.. -CFs),
amino, alkylamino, dialkylamino, N-acylalkylamino, N-alkyl-N-acylamino,

PCT/US96/04172
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or -S(O)m-alkyl (wherein m is 0, 1 or 2), and wherein the alkyl portion of
said optional groups are as defined above;

“alkeny!” represents straight and branched carbon chains having
at least ona carbon to carbon double bond and coritaining from 2 to 12
carbon atoms, preferably from 2 to 6 carbon atoms and most preferably
from 3 to 6 carbon atoms;

“alkynyi” represents straight and branched carbon chains having
at least one carbon to carbon tripie bond and containing from 2 to 12
carbon atoms, preferably from 2 to 6 carbon atoms;

“aralkyl” represents an alkyl group, as defined above, wherein
one or more hydrogen atoms of the alkyl moiety have been replaced by
one or more aryl groups, as defined below (e.g., benzy! and
diphenyimethyl);

“aryl” (including the aryl portion of aryloxy and aralkyl) represents
a monocyelic, bicyclic or tricyclic carbocyclic group containing from 6 to 15
carbon atoms and comprising at least one aromatic ring, such as phenyl,
naphthyl, phenanthryl, tetrahydronaphthy! or indanyl, with all available
substitutable carbon atoms of the carbocyclic group being intended as
possible points of attachment, said carbocyclic group being optionally
substituted with one or more, preferably 1 to 3, substituents,
independently selected from: (1) halo, (2) alkyt {e.g., C1 to Cg alkyl), (3)
hydroxy, (4) alkoxy (e.g., Cy to Cg alkoxy), (5) -CN, (6) phenyl, (7)
phenoxy, (8) -CF3, (8) amino, (10) alkylamino, (11) dialkylamino, {12) aryl,
(13) aralkoxy, {14) aryloxy, {15) -S{O)m-aryl (wherein m is 0, 1, or 2), (16)
-COORS0 (RS0 js as defined above), {17) -NO2, or (18) substituted C1-Cg
alkyl wherein said alkyi group is substituted with 1, 2, or 3 groups
independently selected from (a) amino, (b) alkylamino, (c) dialkylamino,
(d) aryl, (e) N-acylalkyl-amino, (f) N-alkyl-N-acylamino, (g) N-aralkyl-N-
acylamino, (h) hydroxy, (i) alkoxy, (j) haio (e.g., CF3), or (k)
heterocycloalkyl, provided that when there are two or more hydroxy,
amino, alkylamino or dialkylamino substituents on the substituted Ci-Cs
alkyl group, the substituents are on different carbon atoms; or alternatively
said aryl group may be fused through adjacent atoms to form a fused ring
containing up to four carbon and/or heteroatoms {e.g., methylene
dioxyphenyl, indanyl, tetralinyl, dihydrobenzoturanyl);

“aralkoxy” - represents an aralkyi group, as defined above, in
which the alkyl moiety is covalently bonded to an adjacent structural
element through an oxygen atom, for example, benzyloxy;
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“aryloxy” - represents an aryl group, as defined above, covalently
bonded to an adjacent structural element through an oxygen atom, for
example, phenoxy;

“aryithio” - represents an aryl group, as defined above, covalently
bonded to an adjacent structural element through a sulfur atom, for
example, phenyithio; '

“cycloalkyl” represents a saturated or unsaturated nonaromatic
carbocyclic ring of from 3 to 8 carbon atoms, preferably 3 to 6 carbon
atoms;

“halo® represents fluoro, chioro, bromo and iodo;

“heterocycloalky!” represents a saturated or unsaturated
nonaromatic carbocyclic ring containing from 3 to 15 carbon atoms,
preferably from 4 to 6 carbon atoms, and from 1 to 3 heteroatoms selected
from O, S, -SO2- or NR85 (suitable heterocycloalkyl groups include
tetrahydrofuranyl, tetrahydropyranyl, dihydropyranyi, tetrahydrothienyl,
piperidinyl, pyrrolidinyl, piperazinyl, dioxanyl, morpholino, diaza-2,2,2-
bicyclooctane etc.), wherein any of the available substitutable carbon and
nitrogen atoms in the ring are optionally substituted with one, two, three or
more groups independently selected from Cy-Cg alkyl, aryl, aralkyl,
haloalkyl, amino, alkylamino, dialkylamino, -S{O)m-aryl (wherein m is O, 1
or 2 and aryl is defined above), -C(O)R® (wherein R® is defined above) or

an acyl radical of a naturally occuring amino acid; and

“heteroaryl” (including the heteroaryl portion of heteroarylalkyl)
reprasents a monocygclic, bicyclic or tricyclic group containing from 2 to 14
carbon atoms and comprising one or more, (preferably 1 to 3),
heteroatoms selected from O, S or N, said heteroatoms interrupting a
carbocyclic ring structure and having a sufficient number of delocalized pi
electrons to provide aromatic character, such as triazolyl, pyridyl,
imidazolyl, thienyl, furanyi, imidazolyl, quinolyl, isoquinolyl, benzofuranyl,
benzopyranyl, benzothienyl, thiazolyl, indolyl, naphthyridinyl, or pyridyl N-
oxide, wherein pyridyl N-oxide can be represented as:

OO0
5 &

with all available substitutable carbon and heteroatoms of the cyclic group
being intended as possible points of attachment, said cyclic group being
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optionally substituted with 1, 2, 3 or more groups independently selected
from halo, alkyl, aryl, aralkyl, heteroaryl, hydroxy, alkoxy, phenoxy, -NO2,
.CF3, amino, alkylamino, dialkylamino, and -COOR°° wherein RS0 is as
defined above (e.g., benzyf).

As used herein, the term “tertiary amine base” means DMAP,

. pyridine or a trialkylamine, such as EtgN or Hinigs base; and

*hydride reducing agent” means a metal hydride reagent, such as
NaBH4, Red-Al, DIBAL-H, L-Selectride, Vitride, LiBH,, LiAlHg,
LIAI(OtBu)sH, NaCNBH3, DMAB, zinc borohydrids, calcium borohydride,
sodium triacetoxyborohydride, a combination of LiBH4 and ZnBrp, or a
combination of NaBH4 and LICI.

The term “acyl radical of a naturally occurring amino acid” means a
group of the formula -C(0)-R2®, wherein R2? is a group of the formula

wherein R30 and R3? are the residual portions of said amino acid. For
example R30 and R3! can be independentiy selected from H, alky! or
M-substituted alkyl, wherein M is HO-, HS-, CHaS-, -NH3, phenyi,
p-hydroxyphenyi, imidazolyl or indolyl, such that HO-C(0)-R2® is an amino
acid selected from alanine, glycine, valine, leucine, isoleucine,
phenylalanine, tryptophan, methionine, sering, threonine, histidine,
cysteine or tyrosine.

The foliowing solvents and reagents are referred to herein by the
abbreviations indicated: tetrahydrofuran (THF); ethanol (EtOH); methanol
(MeOH); acetic acid (HOAc or ACOH); ethyl acetate (EtOAc); N,N-dimethyl-
formamide (DMF); trifluoroacetic acid (TFA); trifiuoroacetic anhydride
(TFAA); 1-hydroxybenzotriazole (HOBT); m-chioroperbenzoic acid
(MCPBA); triethylamine (EtsN); diethyl ether (Et20); ethyl chioroformate
(CICO2EY); 1-(3-dimethylaminopropyl)-3-ethyl carbodiimde hydrochloride
(DEC); N,N'-carbonyldiimidazole (CDI); 1,8-diaza-bicyclo[5.4.0Jundec-7-
ene (DBU); [O-(7-azabenzotriazol-1-yl)-1,1,3,3-tetramethyluronium
hexafluorophosphate (HATU); tetrabuytlammonium fluoride (TBAF);
dicyclohexylcarbodiimide (DCC); N,N-dimethylamino-pyridine (DMAP);
diisopropylethylamine (Hinigs base); [2-(t-butoxy-carbonyloxyimino)-2-
phenylacetonitrile] (BOC-ON}); 8-fluorenyimethyl chloroformate
(FMOC-CI); sodium bis(2-methoxyethoxy)aluminum hydride (Red-Al);
diisobutyl-aluminum hydride (DIBAL-H); lithium tri-sec-butyiborohydride

PCT/US96/04172



10

15

20

25

30

35

WO 96/31478 PCT/US96/04172
-11- |
{L-selectride); dichloromethane (DCM); diisopropyicarbodiimide (DIC);
and N,N-dimethylacetamide (DMA).

Lines drawn into the ring systems indicate that the indicated bond
may be attached to any of the substitutable ring carbon atoms.

Certain compounds of the invention may exist in different isomeric
(e.g., enantiomers, diasterecisomers or geometric isomers) forms. For
example, compounds of the formula (1.0) wherein X is CH or N can have a
chiral center at C11 of the tricyclic portion of the molecule, which C11
carbon can have the S or R absolute configuration, and various
substituent groups, e.g. R1, R2, can also comprise chiral centers. The
invention contemplates all such isomers both in pure form and in
admixture, including racemic mixtures. In the particular case of
compounds of formula (1.0) where R2 is other than H, the carbon atom to
which said R2 group is attached can exist in the R or S configuration.
While only one configuration is generally shown for such compounds of
formula (1.0), the invention contemplates alt such isomers both in pure
form and in admixture, including racemic mixtures. Enol forms are also
included, as are both the E and Z isomers of compounds containing a
double bond, (e.g. compounds wherein R2 is an alkeny! group).

Certain tricyclic compounds will be acidic in nature, 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
acceptabie amines such as ammonia, alkyl amines, hydroxyalkylamines,
N-methyiglucamine and the like.

Certain basic tricyclic compounds also form pharmaceutically
acceptable salts, e.g., acid addition salts and quatemary salts. For
example, the pyrido-nitrogen atoms may form salts with strong acid, while
compounds having basic substituents such as amino groups also form
saits with weaker acids. Examples of suitable acids for salt formation are
hydrochioric, sulfuric, phosphoric, acetic, citric, oxalic, malonic, salicylic,
malic, fumaric, succinic, ascorbic, maleic, methanesulfonic 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 salt with a suitable dilute
aqueous base solution such as dilute aqueous NaOH, potassium
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carbonate, ammonia and sodium bicarbonate. The free base forms differ
from their respective salt forms somewhat in certain physical properties,
such as solubliity 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 acld 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 the free forms of the corresponding
compounds for purposes of the invention.

Those skilied in the art will appreciate that when x in formuia 82.0
is greater than 1 (e.g., 2, 3, 4, 5 or 6) each R® and each RP is
independently selected for each carbon to which they are bound. Thus,
each Ra and RP on adjacent carbons can be the same or different.

Examples of R, wherein R1 is a group of formula (82.0), include
compounds of group D, wherein D is -C(0O)-CHz-R5, -C(0)-O-R5 or
-C(0)-NH-R5, wherein RS is pyridyl, pyridyl N-oxide,

-—N,—-\O —N,_\SO
S
or a piperidinyl group of the formula

\r—\ 11
NV

wherein R11 represents H, C4-Cg alkyl, haloalkyl or -C(O)-R® wherein R®
is C1-Cs alkyl, C1-Cg alkoxy or -NH(R10) wherein R19 is H or alkyl, or the
group -C(0)-R9 represents an acyi radical of a naturally occurring amino
acid. '

R’ substituents include those substituents for formula (82.0)
wherein:

(a) T is selected from -C(0)-, -SO2, or -C(0)-C(O)-;

(b) xis0,1,0r2(eg..00r1);

(c) Raand RP are independently selected from: (1) H; (2)
NH{C(0)}:R° wherein zis O or 1 (e.g., zis 1), and RS0 is alky! (e.g.,
methyl); (3) -({CH)wS(O)mRé° wherein wis 0, 1,2 0r3(a.g..wis 0, 1,0r2,
for example wis 2), mis 0, 1 or 2 (e.g., O or 2), and RE0 is alkyi (e.g.,
methyl); (4) alkyl (e.g., methyl); or (5) C1-Cg alkoxy (e.g., -OCHz); or R®
and Rb taken together represent cycloalkyl (e.g., cyciopentyl or
cyclopropyl), or =O; and
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(d) R92 is selected from (1) H; (2) aryl (e.g., phenyl or naphthyl);
(3) substituted aryl, for example, ary! having substituents independently
selected from (i) alkoxy (e.g., -OCH3), (ii) methylenedioxy, iii) aralkoxy
(e.g.. benzyloxy), (iv) aryloxy {(e.g., phenoxy-i.e., CeHgO-), (v) alkyl (e.g.,
-CH(CHa)z2), (vi) halo (e.g., Cl), {vil) aryl (e.g., phenyl) or (viii} alkyl
substituted with a heterocycloalkyi ring

N\
(0.9.. g;-n o Or —g:NO);

(4) aralkyl {e.g., benzyl and diphenyimethyl); (5) aryloxy (e.g., phenoxy);
(6) aryithio (e.g., CgHsS-); (7) alkyl (e.g., methyl); (8) heteroaryl (e.g.,
pyridyl N-oxide, indolyl, thienyl, quinolinyl, benzothienyl and pyridyl); {(9)
substituted heteroaryl, for example, heteroaryl having substituents
independently selected from (i) aryl (e.g., phenyl), (ii) alkyl (e.g., methyl),
(iif) alkoxy (e.g., methoxy), (iv) amino (e.g., -NHz), or (v) aralkyl (e.g.,
benzyl); (10) substituted heterocycloalkyl, for example, heterocycloalky!
having substituents independently selected from (i) aryl (e.g., phenyl) or
(ii) -S(O)m-aryl wherein (e.g., m is 2 and aryl represents phenyl substitued
with methyl); or (11) substituted alkyl, for example, alkyl having
substituents independently selected from -S(O)m-alkyl whereinm is 0, 1,
or 2 (e.g., ethyl substitued with -SO2CH3 or -SCHg).

Examples of substituted aryl groups for R82 include methoxyphenyt,
dimethoxyphenyl (i.e., (CHa0)2CgH4), methylenedioxyphenyl,
benzyloxyphenyl, phenoxyphenyl (i.e., CeHs0CgH4), CeH4CH(CH3)2,

- chlorophenyl, dichiorophenyl, and phenyliphenyl (i.e., biphenyl,

CsHsCgHa)-

Examples of substituted heteroaryls for R92 include thiazole
substituted with a phenyl group and a methy! group, thiazole substituted
with -NH2 and indole substituted at the nitrogen with benzyl.

Examples of substituted heterocycloalky! groups for R92 include the

substituent:
5O
02 .

Preferably, R is selected from: (1) a group of the formula
-C(0)-CH2-R5 wherein RS is -

PCT/US96/04172
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(2) a group of formula (82.0) wherein T is -C(O)-, x is 1 or 2 and R92 is aryl
or heteroaryl.
Examples of R1, wherein R1 is a group of formula (82.0), also
5 include groups of the formula:

A0 QT 3OO

Examples of R1, wherem R1is a group of formula (82.0), also

include groups of the formula:
ff i o
H’c\l'c‘cns HC ™ _ C,CH\,‘( “CH
S
HC n,c': H,C Hy
CH, CH, CH,
‘l: ] i
N N o’/c\ AN
aoro (10200 (1030) = (1040
H,c
CHg fﬁs
O=%= ?
(CHo)g {CHY), SY'N

c}ls L. I
10 (1050) (1060) ~ (1070) ~  (1080) (1090)
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N
@ No2° @@2
CH H ! [
Aol O %
c':ns /50 IR Iy 7Y,
a100) | 20, @130 (150), (117.0), (118.0),
N+
|
Q0 .
cla a HsCO'
on g
/% 2 S TV
(119.0) , (1200 (210) (1220) (123.0)
OCH, '
o=p=0
HyC o=s-o o==s=o o=s—o
H,C | '
& o=s=o
o &u
(1240)  (1250) | (127.0) , (128.0) (1290) (131.0)
H,C H,c HQC CH,

|
/5, /°\ /°\\o / \\o / \\ ‘
(132.0) , (1350)' (136.0)' (137.0)' (138. 0) (139.0)
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o
H,(': HSC\ 'cas
CH
CH, B (> " e
C
/7 C\‘o / c*‘o CH, 7o 7 c"\o
(140.0)' (141.0) , (142.0) , (143.0) , (145.0)

¢ .
OF \g, ~

/%20
147.0) (143 0) (149 0)

(146.0)
</
\ CH
; é\ Xy
0, /C\\o /5

(1500) o as.0 | (1520), (1530).
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a H Hy
O \ffzo
HC
CH, cn, CH, CH, HC
¢ ' L ¢ s
PR /C\\ /S Ry 7% @)
(154.0) (155.0), (156.0) A (157.0) (158.0) (160.0)
\Fo"
HoC
Os
and (161.0) .
Examples of R1 also include groups selected from
0\\ ,OH \\ _,OCH;
c“s
N ,l\ L,\©
\\ OC(CHg)3
' OCHj
NH,
|
o ,or

Examples of R2 groups include: (1) -C(O)NRSR" (for example see
formula 84.0 below), and (2) substituted alkyl wherein the substituent is
-C(O)NRBRY? (e.g., -CH2C(O)NRERY7, for example, see formula 86.0 below).
Examples of RS and R7 for these groups include: (1) H; (2) substituted

10 alkyl, for example, alky!l having substituents independently selected from
() -CN, (ii) cycloalkyi {e.g., cyclopropyl and cyclohexyl), (ili) alkoxy (e.g.,
methoxy), (iv)-S-alky! {e.g., -SCHa), (iv) aryl (e.g., phenyi and naphthyl),
(v) substituted aryl (e.g., chlorophenyl, nitrophenyl and methoxyphenyl),
(vi) heterocycloalkyl (e.g., tetrahydrofuranyl), (vii) methylenedioxyphenyl,

15  (viii) -O-alkyl-O-alky! (e.g., -O(CHz2)20CHa); (3) alkyi (e.g.. methyt,
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isopropyl, -CH2CH(CHa)2, and n-butyl), (4) cycloalkyl (e.g., cyclopropyl),
(5) heteroarylalkyl (e.g., -CHa-pyridyl, -(CH2)s-imidazolyl, -CHa-thienyl,
and -CHax-furanyl), and (6) aralkyl wherein said aryl group is substituted
(e.9.. -(CH2)2CeH4OCH3 and -(CH2)2CgH4{OCHa)2).

5 - Examples of substituted alkyl groups for the above RS and R?
groups include: -(CH2)2CN, -CHa-cyclopropyl, <(CH2)20CH3,
-(CH2)sOCH3, -(CH2)28CHg, -CH2CH(CeHs)2, -(CH2)2CeHs,
~{CH2)4CgHs, -CH2CgHs5, -CHa-naphthyi, -(CH2)2CeH4Cl, -CH2CgH4Cl,
-CHo-tetrahydrofuranyi, -CHz-cyclohexyl, -(CH2)30(CH2)20CHa,

_c_.csj (i.e.,-CHy-methylenedioxyphenyl),
10 Hy '

and -CHa-nitrophenyl.
Preferably, R2 is selected from -C{O)NRBR7? or -CHzC(O)NRSR?
wherein, preferably, RS and R7 are independently selected from H, alkyl, .
cycloalkyl, heteroarylalkyl or heteroaryl, and most preferably RS and R7
15 are independently selected from H, alkyl, cycloalkyi or heteroarylaikyl.
Examples of R2 include groups having the formula:

H,
~—C=—R% Of  —CiCmp
(84.0) (86.0)

wherein R85 in formulas (84.0) and (86.0) are selected from:

(201.0) (202.0) (203.0) (2040)  (2050) & (206.0) (207.0)

I
mopom
Cogy ¥y (G @ O .
OCH; OCH; SCHy cl OCHg

20 (208.0) (209.0) (210.0) (211.0) , Q120) | 2130) (214.0)
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(215.0) , (216. ). (217.0) (219.0) , (220.00 (221.0) (222.0)
| |
NH NH
) | | |
h moEoT N
2 (CHy)s CH; CH,
Z | N N
o] S o)
JUO O L O
(223.0) , (224.0) (225.0) (226.0) , (227.0)‘ (228.0) . (229.0)‘
| |
W
CHy (‘fﬁa‘s
(Fl'lﬂz
ocH, - ©
OCHg CH,y
@300 o @310),

Examples of R2 groups also inciude: (1) alkyl, (2) substitued alky),
5 for example, alky! having substituents independently selected from (i) aryl,
(i) -ORS, (jii) -S(O}RS, and (iv) -N(R6)-C(O)R7; and (3) -C(O)ORS.
Examples of such R2 groups include the groups: CH3(CH2)s-, CeHsCHaz-,
CH30(CH2)2-, CH3S(CHz)2-, CH3O(CHg)s-, n-C3H70(CHz)z-,
CHaCON::(CHz)ﬁ-. -CH20H, -C(O)OC2H;5,

2 2
SNA 0N 22\ H, H,
gz 0’ g ' \CIC\SICGH-': \CIC\OA
10 N, B 0  H , and
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Examples of R2 groups also include

HsC CH
CH; 3 \CH' 3.

]
- ~_N
l?’ C ﬁ, LS CHa
NO, and O
Those skilled in the art will recognize that the dlsulfide dimers for R1
can be rapresented by the formulas:
%

N el
2
5 o \)\/ ‘). ,and \)\’NH’ :
Certain compounds of the formula (1.0) comprise sulfhydryl groups,
(i.e., -CH2SH), which sulfhydryl groups are capable of reacting to form
disulfide bonds resulting in dimeric compounds. An example of such
dimers are disulfides of the formula (la). Said sulfhydryl groups can also
10 form disulfides with other thiols such as giutathione. Disulfides including
but not limited to disulfides of formula (Ia) are within the scope of the

invention and are encompassed by the structure of formuta (1.0).
w

A B

Compounds of the formuila (1.0) can generally be prepared from an
15 amine of the formula (2.0) as shown in Reaction Scheme 1.
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For compounds of the formula (1.0) wherein R! and the nitrogen
atom to which it is attached together comprise an amide, e.g. where R1 is
-C(0)-CH2-R5, the amine (2.0) is reacted with a carboxylic acid of the
formula R20.C(0)-OH, wherein R20-C(O)- is R1, in the presence of a

- coupling agent such as DEC,CDI or DCC. The reaction is typically carried

out in a suitable organic solvent such as DMF, THF or CH2Cl; ata
temperature of -10° to 100°C, preferably at 0° to 50°C, and most
preferably at about room temperature. When the coupling agent is DCC
or DEC, the reaction is preferably conducted in the presence of HOBT and
N-methyimorpholine.

Alternatively, the amine (2.0) can be reacted with a compound of
the formula R1-L, wherein R! is as defined above and L is a leaving group.
such as Cl, Br, I, -0O-C{0)-R40 wherein R4 is C4-Cg alky! or phenyl, ora
sulfonate group of the formula -OS02-R20, wherein R20 is selected from
C1-Ce alkyl, phenyl, CF3, tolyl and p-bromophenyl, to form a compound of
the formula (1.0). The reaction is carried out in the presence of a base,
preferably a tertiary amine base, such as EtaN, DMAP, pyridine or Hinigs
base.

For preparing compounds of the formula (1.0) wherein R and the
nitrogen atom to which it is attached together comprise an amine, e.g.
where R! is a group of the formula

\)\/ \)\/“‘*2

the amine (2.0) is reacted with an aldehyde of the formula R21-CHO
wherein R21 is selected such that R corresponds to R21-CHz-, e.g. an
aldehyde of the formula

NH,
SH
°w*/s" 0’)\/!%
, H oo H
to form an imine of the formula (3.0), wherein R21 is as defined abovs, as
shown in Reaction Scheme 2. The -NH2 and -SH groups of such
aldehydes are typically protected, e.g. as the N-BOC and S-Tr groups ’
respectively. The imine (3.0) is reduced under suitable reaction

conditions to form a compound of the formula (1.0). Preferably the
reduction is carried out using a hydride reducing agent, such as sodium
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triacetoxyborohydride or NaCNBH3, preferably in the presence of
molecular sieves.

When conducting the reactions described above, where R!
comprises a chemically reactive group, such as amine thiol group, such
groups must generally be protected with a suitable protecting group,
which can later be ramoved to complete the synthesis of a compound of
formula {(1.0). For example, amines can preferably be protected with the
BOC protecting group, while thiols can be protected with the trityl (i.e.,
triphenyimethyl) protecting group. Deprotection, i.e., the removal of these
protecting groups is then generally the final step in the synthesis of such
compounds of formula (1.0).

For preparing compounds of the formula (1.0) wherein R1 is
-C(O)-NH-R5, a compound of the formula (2.0) is reacted with an
isocyanate of the formula RS-N=C=0, in a suitable solvent such as DMF,
THF or CH2Clz using methods well known in the art.

Alternatively, an amine (2.0) is reacted with phosgene to form a
chioroformate intermediate of the formula (4.0), as shown in Reaction
Scheme 3. The chloroformate (4.0) is generally not isolated and is
reacted with an amine of the formula R8-NH», wherein RS is as defined
above, to form a compound of the formula (1.0), wherein R1 is
-C(O)-NH-RS.
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Compounds of the formula (1.0) wherein R1 is -C{0)-O-R5 can be
prepared by reacting a compound of the formula (2.0) with a chioroformate
of the formula R5-0-C(0)Cl, wherein RS is as defined above, in the
presence of a base, such as a tertiary amine bass, to form a compound of
fomula (1.0). Altematively, a compound (1.0) wherein R1 is -C(0)-O-R®
can be prepared by reacting a compound of formula (4.0) with an aicohol
of the formula R5-OH _

Certain compounds of formula (1.0) can ba converted to other
compounds of the formula (1.0) using standard reaction conditions. For
example, compounds of the formula (1.0) wherein R2 is -CO2H, (i.e.,
-C(O)OR® and RS is H), can be prepared by ozonolysis of a compound of
formula {(1.0) wherein R2 is CH2=CH-, followed by oxidation of the
resulting aldehyde. :

Compounds of the formula (1.0) wherein R2 is -C(O)ORS, where RS
is other than H, can be prepared from a compound of the formula (1.0)
wherein R2 is -CO2H by treating with SOCIz or oxalyl chioride, then with
an alcohol of the formula R60OH, wherein RS is as defined above.
Similarly, compounds of formula (1.0) wherein R2 is -C(O)NRER? can be
prepared from a compound of the formula (1.0) wherein R2 is -CO2H via
essentially the same method but substituting and amine of the formula
RSR7NH for the alcohol RBOH. Alternatively, compounds of formula (1.0)
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wherein R2 is -C(O)NRSR7 can be prepared by reacting a compound of
the formula (1.0) wherein R2 is -CO2H with an amine RSR7NH in the
presence of a coupling agent, such as DCC or DEC.

In an analogous manner, compounds of formula (1.0) wherein R2 is
aliyl substituted by a group of the formula -C(O)ORE or -C(O)NRER? can
be prepared via substantially the same procedures as described above to
form compounds wherein R2 is -CO2H, -C{O)OR® or -C{O)NRSR?, by
replacing the compound of formula (1.0) wherein R2 is CHa=CH- with an
appropriate alkenyl group, (i.e., a group of the formula -(CHz)p-CH=CHp,
whereinpis 1, 2, 3, 4, etc.).

Compounds of the formula (1.0) wherein R2 contains a substituent
of formula -S(OXRS, wherein t = 1 or 2, can be prepared by oxidation of an
analogous compound of the formula (1.0) wherein R2 contains a
substituent of formula -S(OxR8 , wherein t = 0, using a suitable oxidizing
agent, such as a peracid, preferably MCPBA.

One skilled in the art will recognize that the above transformations
may, in certain instances, such as where R1 is a group of the formula

NH, SH
"‘r\)\/s“ or "J\)\/“’*z
require that the oxidation be carried out prior to introduction of the R1
group to formula (1.0).

Amines of the formula (2.0) can be prepared in optically active form
using appropriate chiral starting materials or alternatively can be prepared
using racemic starting compounds to give a mixture of sterecisomeric
compounds which can then be separated by resolution or chiral HPLC to
give the dasired compound (2.0). For example, compounds (2.0) and
(2.10) are sterecisomeric amines which can be separated by classical
resolution techniques using a suitable resolving agent, such as a chiral
acid. Chiral acid resolving agents are well known in the art and include
such compounds as D- or L-malic acid, D- or L-tartaric acid, di-p-toluoyl-D-
tartaric acid, di-p-toluoyl-L-tartaric acid, di-benzoyi-D-tartaric acid and di-
benzoyl-L-tartaric acid. Altematively, the sterecisomeric amines (2.0) and
(2.10) could be separated using a chiral HPLC column via standard
methods.

PCT/US96/04172
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For example, in the case of compounds of the formula (2.0) and
(2.10) wherein X is N or CH, at least four stereoisomers of said
compounds can exist, i.e., compounds of formula (2.20), (2.21), (2.22) and
5 (2.23).

sznj 222) Y

H H

Diasteraomers, such as compounds (2.20) and (2.22), or (2.21) and (2.23)
can typically be separated using conventional methods, such as

10 chromatography. Resolution methods are required for separation of
enantiomers, such as compounds (2.20) and (2.21), or (2.22) and (2.23).

Amines of the formula (2.1), i.e., an amine of the formula (2.0)

wherein X is N, can be prepared from a piperazine derivative of the
formula (5.0), wherein R2 is as defined above, and a compound of the

15 formula (6.0), wherein L is a leaving group as defined above and A, B, W
and Z are as defined above, via the process shown in Reaction Scheme 4.
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Beaction Scheme 4
W
A B
s W
Z B
) A
— z
N
(5.0) RV S |
~ClCHg OJ\ ~C(CHyly

£ s

in the process of Reaction Scheme 4, the piperazine (5.0) is
5 reacted with compound (6.0) in the presence of a base, such as a tertiary
amine base, to form a compound of the formula (7.0). Compound (7.0) is
then hydrolyzed using a suitable acid, such as TFA, HCl or H2804, ina
solvent such as dioxane or CH2Cla, to form the amine (2.1).
Amines of the formula (2.2), i.e., an amine of the formula (2.0)

10 wherein X is C or CH, can be prepared by hydrolysis of a carbamate
compound of the formula (8.0), wherein R22 is C1-Cg alkyl, preferably
ethyl or t-butyl, and R2, A, B, W and Z are as defined above. The
hydrolysis is carried out using a suitable acid, such as HC), in a solvent
such as dioxane.

15
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Amines of the formula (2.3), i.e., an amine of the formula (2.0)
wherein X is CH, can be prepared by reduction of an amine of the formula
(2.4), i.e., an amine of the formula (2.0) wherein X is C. The reduction is
typically carried out using a suitable reducing agent, such as DIBAL-H or

5 LiAlHy, in a solvent such as THF or toluene, preferably at a temperature of

30° to 100°C.
W
A B A B
Z
——————
4 (2.3)
R? N @4 R? N
H H

‘Carbamates of the formula (8.0) can be prepared by reacting a
N-methy! compound of the formula (9.0) wherein X is C or CH, and A, B, W
10 and Z are as defined above, with an alkyl chioroformate of the formuia
R220C(0)C!, wherein R22 is C4-Cg alkyi, preferably ethyl, following
substantially the same procedures as described in U.S. Patents 4,282,233

and 4,335,036.
W
A B
z -
L
J (9.0)
R? N _
CHs oo K
15 . Compounds of the formula (9.1), i.e., a compound of the formula

(8.0) wherein X is C, can generally be prepared via methods disclosed in
U.S. Patent 3,326,924, and in PCT International Publications
WO0/92/20681 and WO93/02081.
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Compounds of the formula (9.1) can be prepared from a Grignard
reagent of the formula (12.0) and a ketone of the formula (14.0), wherein
A, B, W and Z are as defined above, via the process shown in Reaction
Scheme 5.

r2 N (9.1)
CHs
in the process of Reaction Scheme 5, the Grignard reagent (12.0) is
reacted with the ketone (14.0) to form a compound of the formula (15.0).
10 The reaction is generally performed under anhydrous conditions in an
inert solvent, such as THF, Et20 or toluene, at a temperature of 0° to 75°C,
with hydrolysis of the resulting intermediate, typically using an agusous
acid, such as aqueous HCI, to form the aicohol (15.0). Alternatively,
another organometallic reagent can be used in place of the Grignard
15 reagent, such as an organolithium reagent, (i.e., a compound of formula
(12.0) wherein MgX? is replaced by L)..
Compound (15.0) is dehydrated, e.g. by treating with an acid, such
as H2S0y4, to form a compound of the formula (9.1).
Ketones of the formula (14.0) are known or can be prepared by the
20 procedures described in J, Med. Chem., 4238 (1992), U.S. Patent
5,089,496, and in PCT International Publications WO92/20681 and
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W093/02081. For example, intramolecular cyclization of a nitrile of
formula (11.0), as defined below, using a strong acid, such as CFaSOsH,
at a temperature of -15° to 100°C, to form an imine intermediate which is
hydrolyzed with water or aqueous acid to form the ketone (14.0).

W W
N Gs BT oy
z’ CN Z
. . |
(11.0) (14.0)

Alternatively, intramolecular Friedel-Crafts acylation of an acid
chioride of formula (16.0) may also provide the desired ketone of formula
(14.0). The reaction may be carried out under usual Friedel-Crafts
conditions in an inert solvent and in the presence of a Lewis acid such as
aluminum chioride.

W
W B
CC. U f@@r
Cl —
o) _ 0O

(16.0) (14.0)

Ketones of the formula {14.1), i.e., a compound of the formula (14.0)
wherein W is CH, can be prepared by heating a compound of the formula
(14.3), i.e., a compound of formula (14.0) wherein W is CHz, with SeO2 in
acetic acid.

A B A _ B
se———————
Z. Z
o

o
(14.3) (14.1)
Acid chlorides of formula (16.0) can be obtained by hydrolysis of a
compound of formula (11.0) to the corresponding carboxylic acid typically
by heating with an aqueous acid (e.g., agueous HCI), followed by

conversion of the acid to the acid chiloride of (16.0) under standard
conditions well known to those skilled in the art {(e.g., by treating with

SOCI2 or oxalyl chloride).

Compounds of the formula (11.1), i.e., compounds of the formula
(11.0) wherain W is CHz, are known or can generally be prepared by the
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process shown in Reaction Scheme 6. According to the process of
Reaction Scheme & a solution of a compound of the formula {(17.0),
wharein A is as defined above, in t-butanol is heated in the presence of
concentrated H2804 to forma t-butylamide of the formula (18.0). The
5 t-butylamide (18.0) is reacted with an alkylithium reagent, such as

n-butyllithium, at -100° to 0°C, preferably at -80° to -20°C, then treated
with NaBr and a benzyl halide of formula (19.0), wherein X! is CI, Bror,
and B is as defined above, to form a compound of the formuila {41.0).
Compound (41.0) is treated with POCla in a suitabel solvent, such as

10 toluene at 30° to 120°C, preferably at refiux, to foom compound (11.1).

Beaction Schema 6
A CHy A CHj
T — 7
N oN N NHCI{CHg3)3
(17.0) (18.0)
A CHgy
N NHC(CHg)g
o] A

A .
A B
z ° —
2z’ CN
HN

~C(CH.
o (1L.1)
{41.0)
15 Compounds of the formula (9.1) can also be prepared by cyclizing

a ketone of the formula (30.0), wherein R2, A, B, Z and W are as defined
above. The cyclization is conducted by treating compound (10.0) with a
super acid, such as HF/BFs, CFaSOaH or CHaSO3H/BF3. The reaction
~ can be performed neat or in the presence of a suitable inent solvent such
20 as CH2Clo. Where HF/BF3 is used for cyclization, the reaction is generally
carried out at -80° to 10°C, preferably at -50° to 5°C, and the reaction time
is controlled to minimize side reactions caused by reaction of HF with the
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product (9.1). Where the super acid is CF3SOgH, the reaction is typically
carried out at 25° to 150°C, preferably at 40° to 120°C. An excess of
super acid is generally used, typically 1.5 equiv. to 30 equiv

o

10.
R2 ' (10.0)
CH,

5 Compounds of the formula (10.0) can be prepared by reacting a
compound of the formula (11.0), wherein A, B, Z, and W are as defined
above, with a Grignard reagent of the formula (12.0), wherein X! is Cl, Br
or 1, and R2 is as defined above. The reaction is generally performed
under anhydrous conditions in an inert solvent, such as THF, Et20 or

10 toluene, at a temperature of 0° to 75°C, with hydrolysis of the resulting
intermediate, typically using an aqueous acid, such as aqueous HC|, to
form the ketone (10.0). Alternatively, another organometallic reagent can
be used in place of the Grignard reagent, such as an organolithium

reagent.
Y oo
(11.0) , o U
—
Mex! |
(10.0)
0 ey, "
i (12.0) e
cx,

15 _
The Grignard reagent (12.0) can be prepared from the

corresponding halo compound (13.0), wherein X1 is Cl, Bror I, and R2 is
as defined above, using Mg metal via standard procedures known in the
art. Similarly, the analogous organolithium compounds can be prepared

20 from the halides (13.0) via standard methods, e.g. via transmetallation
using an alkyllithium compound, such as t-butyllithium.



WO 96/31478 ' PCT/USI6/04172
-32.

xl

I | (13.0)
R’ i

CHs

Amines of the formula (2.5), wherein X2 is Br or I, (i.e., amines of
the formula (2.0) wherein A is Br or I, and X is CH or C), can be prepared
via the process shown in Reaction Scheme 7.

- Beaction Scheme 7

Step A:

10 StepC:
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Step D:
W W
X3 B x2 B
(2.5)
(8.2)
" X "
o o’Rzz H

in Step A of Reaction Scheme 7, a compound of the formula (B.1),
i.e., a compound of formula (8.0) wherein A is H, is reacted with a
tetraalkylammonium nitrate, such as tetrabutylammonium nitrate, and
TFAA in a suitable solvent, such as CH2Clg, at -30° to 20°C, preferably at
about 0°C, to form a compound of the formula {20.0), wherein R22, B, W, Z
and R2 are as defined above.

In Step B, compound (20.0) is heated with a suitable reducing
agent, such as a combination of Fe and CaCla, in a polar solvent, such as
a C1-C4 aicohol, preferably EtOH, at a temperature of 40° to 100°,
preferably at 50° to 80°C, to form a compound of formula (21.0), wherein
R22, B, W, Z and R2 are as defined above.

in Step C, compound (21.0) is converted to the halide (8.2).
wherein X2 is Br or I, and R22, B, W, Z and R2 are as defined above. For
forming a compound of formula (8.2) wherein X2 is Br, compound (21.0) is
treated with Brs and HBr at a temperature of -30° to 15°C, preferably at
-10° to 10°C, to form the bromide, (i.e., a compound (8.2) wherein X2 is
Br). For preparing a compound of formula (8.2) wherein X2 is I,
compound {21.0) is treated with 12 in a suitable solvent, such as benzene,
at a temperature of 30°t0 100°C, preferably at 50° to 70°C, to form the
iodide, (i.e., 2 compound {8.2) wherein X2 is I).

In Step D, the amine (8.2) is hydrolyzed via substantially the same
process as described above for compounds (8.0) and (7.0), to give an
amine of the formula (2.5).

Compounds of the formula (6.0) can be prepared from ketones of
the formula (14.0) by the process shown in Reaction Scheme 8.
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In the process of Reactlon Scheme 8, the ketone {14.0) is reduced
using a hydride reducing agent, preferably LiAlHs, NaBH,4, LiBH4 or
NaCNBHg3;, in a suitable solvent, such as THF, Ei20, or a C4-C4 alcohol, at
a temperature of -80° to 80°C, preferably at -40° to 60°C, with the '
temperature and solvent used being selected in accordance with the
particular reducing agent empioyed, to form the aicohol (22.0). in general,
boron hydrides, such as NaBH4 and NaCNBHg3, are used in conjunction
with alcohol solvents at-a temperature of 0° to 50°C, while the more
reactive aluminum hydrides, such as LiAlH4, are used in solvents such as
THF or Et20 at a temperature of -40° to 60°C.

The alcohol {22.0) is converted to a compound of formula (6.0). For

- preparing compounds of formula (6.0) wherein L is halo, the alcohol (22.0)

is reacted with a halogenating agent, such as PCls, PCls, POCls, SOCla,
SOBry, Iz, PBrs, PBrs, or a combination of PhaP and either I or Bra. For
preparing compounds of formula (6.0) wherein L is a group of the formula
-OC(0)-R40 or -OS(0)2R22, the alcohol (22.0) is reacted with an acid
chioride of the formula R40C(Q)CI or an anhydride of the formula
R40C(0O)OC(O)R40, or a sulfonyl chioride of the formula R22§(0)2Cl,
respectively, in the presence of a base, preferably a tertiary amine base.

Compounds of the formula (5.0) can be prepared via substantially
the same methods described in PCT International Publication
WO95/00497.

Reaction Scheme 12 describes the synthesis of 2-substituted
piperazines wherein R2 is H, alkyl, alkenyl, or alkynyl, as well as the
synthesis of 2-substituted piperazines wherein R2 is alkyl, alkenyl, or
alkynyl which are substituted with substituent groups 1), 2), 3), 5), 6) and
4), wherein { = 0, as defined above, with the exception that R® and R7 can
not be a group that is substituted with -C(O)R14 or -SO2R14.
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in Scheme 12, the starting BOC-protected amino acids (32.0) are
available commercially or can be made by procedures well known in the
art. The amino acids (32.0) can be coupled to N-benzyiglycine ethyl ester
10 using a coupling agent such as DCC or DEC in a sultable solvent (e.g.,
DMF, CHCI3 or CH2Cl) to produce a compound of Formula (33.0).
Generally, this reaction is conducted at 0° to 35°C, preferably at about
25°C.
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The BOC protecting group of compound (33.0) is hydrolyzed via
standard methods, such as treatment with an acid, preferably TFA or HCI,
in a suitable soivent such as CHCIs or dioxane at 0° to 50°C, preferably at
about 25°C and the deprotected dipeptide is cyclized by treatment with

5 base 10 produce the compound of formula (34.0).

Compound (34.0) is reduced using a hydride reducing agent,
preferably LiAlH4 in refluxing Et20 or THF to give a piperazine of formula
(35.0). The piperazine (35.0) is protected with a BOC group by

~ procedures well known in the art o give the compound of Formula (36.0).
10 The N-benzyt group of compound (36.0) is removed by catalytic
hydrogenation (e.g., using Pd/C and hydrogen gas under pressure of 1 to
100 psi, preferably at about 60 psi, to give the compound of Formula (5.0).
Compounds of Formula 5.0, wherein R2 represents alkyl, alkenyl or
alkyny! substituted with substituent groups 1), 3), 5) or 4), whereint = 0,
15 wherein R® or R7 are substituted with -C{O)R4 or -S(0)2R14 are made
according to the process shown in Reaction Scheme 13. Compounds of
Formula 5.0, wherein R2 represents -C{O)NRSR? or -C(O)ORS, or wherein
R2 represents alkyl, alkenyi or alkynyl substituted with a group 6), 7), 8),
9), 10}, 11), 12), 13) or 4), where t = 1 or 2, as defined above, are also
20 made according to the process of Scheme 2.
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O (38.0) (40.0)
R38 R3®
- BOC=N N
H=N N \ /
(40.0) (41.0)
R28 p28
BOC—N\_/N % BOC==N N-=H
\—/
(41.0) (5.10)

in Reaction Scheme 13, the starting amino acids of formula (37.0),
wherein R27 ig an alkyl, alkenyi or alkynyl group substituted by an -OH
group or a -COOH group (or its corresponding ester) are available
commercially or can be made by procedures known in the art. Compound
(37.0) is reacted according to the procedures described for the first four
steps of Reaction Scheme 12 to produce a compound of Formula (40.0)
wherein R28 is a hydroxy substituted alkyl, atkeny! or atkynyl group.

Compound (40.0) is then protected with a BOC group and then
debenzylated according to the procedures described for steps 5 and 6 of
Reaction Scheme 12 to produce a compound of Formula (5.10), i.e., &
compound of formuia (5.0) wherein R2 is a hydroxy substituted alkyl,
alkenyl or alkynyl group.

A compound of the formula (5.10) where R28 is -CH2OH can be
oxidized to produce the corresponding carboxyl group, i.e., where R2 is
-COOH. This carboxyl group can then be esterified to produce
compounds wherein R2 is -C{O)ORS, or converted to an amide to produce
compounds wherein R2 is -C(O)NRER7 by procedures well known in the
an.

The hydroxy group of R28 of a compound of formula (5.10) can be
converted to a leaving group, such as chloro, mesyloxy or tosyloxy, by
techniques well known in the art. The leaving group can then be
displaced by various nucleophiles, to produce other compounds of
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formula (5.0) For example, reaction with: an organometaliic reagent to
produce a compound where R2 is substituted by a substituent 1); a thiol to
produce a compound where R2 is substituted by 4) where t = 0; a sulfenyl
reagent to produce a compound where R2 is substituted by 4) where t = 1;
a sulfinyl reagent 1o produce a compound where R2 js substituted by 4)
where =2, or by a substituent 10); an amine to produce a compound
where R2 is substituted by 5); or an alcohol to produce a compound where
R2 is substituted by 3). The hydroxy group on R28 of compound (5.10) can
aiso be: acylated, e.g. with a suitable chioroformate compound, to produce
a compound (5.0) wherein R2 is substituted by 8) or 9), respectively; or
alkylated to produce a compound (5.0) wherein R2 with is substituted by
3). When R28 js alkyl having more than one carbon atom, or alkenyl or
alkynyl, the hydroxy group can be oxidized, as discussed above, to
produce the corresponding carboxyl group (i.e., substituent 13) wherein
REis H. This carboxyl group can be esterified to produce compounds
wherein substituent 13) is -C(O)ORS wherein RS is other than H, or
converted to amides to produce R2 with a 12) substituent, by procedures
well known in the art. When the leaving group is displaced by an amine
(e.g., HNRER7?) to produce a substituent 5) as described above, for those
substituents wherein at least one of R€ or R7 is H, the resulting amine
substituent 5) can subsequently be converted to R2 substituted by 6}, 7) or
11) by reacting, with an acyl halide, a carbamyl halide or a sulfonyi halide,
respectively, by procedures well known in the ant.

Compounds of the formula (5.1), (i.e., racemates of compounds of
the formula (5.0) wherein R2 is -C{O)NRSR? ), can be prepared from
2-piperazinecarboxylic acid via the process shown in Reaction Scheme 9.

Beaction Scheme 9

O B

HO,C
,CICH,),

R°R'NH 13
/E] @0 R‘R’NYEJ @4.0)

5 ,thna!a o OJ\o,cqcu,),
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In the process of Reaction Scheme 9, 2-piperazine carboxylic acid
is treated with FMOC-C! in the presence of a hydroxide base, preferably
NaOH or KOH, in a suitable solvent, such as a mixture of dioxane and

5 water, then with BOC-ON under substantially the same conditions to form
the differentially protacted compound (23.0).

Compound (23.0) is reacted with an amine of the formula RSA7NH,
wherein RS and R7 are as defined above, in the presence of DEC or DCC
in a suitable solvent, such as DMF or CH2Cla.

10 . Compound (24.0) is selectively deprotected by treatmg with TBAF
or piperidine in a suitable solvent, such as DMF, to form a compound of
the formula (5.1).
Compounds of the formula (5.2), wherein E is -ORS or -NRSR?, (i.e.,
racemates of compounds of the formula (5.0) wherein R2 is a methyl group
15 substituted by a group of the formula -C(O)ORS or -C{O)NR®R7), can be
: prepared via the process shown in Reaction Scheme 10.
Beaction Scheme 10
Ph

Ph
C 3'\/\/°°2°“3

C — C l,co,cns

NH
L (235.0)
Ph
Ph
CO,CH, CO.CHs
H (26.0)

Ph
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( N)\,co,cna - (:j\,co,u
)
; .
EN E j\/
- C(O}E
NJ\/cozn 5(2
FMoc (28.0) rmoc -2

in the process of Reaction Scheme 10, N.N'-dlbenzylethylene-
diamine is reacted with methyl 4-bromocrotonate and a tertiary amine
base, such as EtaN, in a suitable soivent, such as toluene, to form the
N,N'-dibenzylpiperazine derivative (25.0).

Compound (25.0) is hydrogenated over a catalyst, such as Pd/C, to
form piperazine derivative (26.0). The 4-amino group of compound (26.0)
is then protacted with a suitable amine protecting group, such as a BOC
group to form compound (27.0).

Compound (27.0) is hydrolyzed using a hydroxide base, such as
NaOH or KOH, and the free amino group Is protected as the FMOC
derivative using FMOC-CI to form compound (28.0).

Compound (28.0) is reacted with an amine of the formula RER7NH
using a coupling agent, such as DEC, in a sultable soivent, such as
CH2Clz or DMF, then deprotected using TBAF in DMF to form a compound
of the formula (5.2), wherein E is -NRE6R7. Alternatively, compound (28.0)
is esterified by reacting with cyanuric fluoride in the presence of a tertiary
amine base to form an acid fluoride which is reacted with an alcohol of the
formula RSOR, then deprotected by treating with TBAF or piperidine in
DMF to form a compound of the formula (5.2) wherein E is -ORS.

Halide compounds of the formula (13.0) can be prepared as the
racemates (13.1), wherein X! and R2 are as defined above, [except for
compounds where R2 is alkyl, alkenyl or alkynyl substituted by a
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substituent selected from 6), 7), 8), 8), 10), 11), 12), 13) or 4), wherein t=1
or 2}, via the process shown in Reaction Scheme 11. :

Beaction Scheme 11
e
N - PR

) \
CHg CHg
OH x1
6Ly — f\) 13.1
,,,Jfb LI
CH, CHg

In the process of Reaction Scheme 11, 4-methoxypyridine is
reacted with a Grignard reagent of the formula R2MgX1, wherein R2 and
10 X! are as defined above, or alternatively with an organolithium compound
of the formula R2Li, wherein R2 is as defined above, and with a
chioroformate of the formula R250C(0)Cl, wherein R25 is phenyi or
benzyl, to form a compound of the formula (29.0), wherein R2 and R?5 are
as defined above. The reactions are carried out via substantially the same
15 procedures as described in Comins, et al, Tet. Lett., 27, (38) 4548-4552
(1986). _
Compound (20.0) is converted to a compound of the formula (30.0).
For compounds of the formula (29.0) wherain R25 is benzyi, this
transformation comprises hydrogenation of compound (29.0) using a
20 suitable catalyst, such as Pd/C, followed by N-methylation using a suitable '
methylating agent, such as methyl iodide, in the presence of a base, such
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as NaH, to form the compound (30.0). Compounds of the formula {29.0)
wherein R25 is phenyl, are converted by hydrolysis of the
phenyicarbamate using either aqueous acid or base to form the free
amine, which is methylated, e.g. using methyl iodide and NaH, then
reduced, e.g. by hydrogenation using a suitable catalyst, such as Pd/C, to
form the compound (30.0).

Compound (30.0) is reduced using a hydride reducing agent, such
as NaBH4 or NaCNBHg, to form the alcohol (31.0). The alcohol (31.0) is
then converted to the halide (13.1) by treating with a halogenating agent,
such as PCls, PCis, POCli3, SOCI2, SOBr3, I, PBrs, PBrs, ora
combination of PhaP and either I2 or Bra.

Optically active compounds of the formula (13.0) can be prepared
via substantially the same process as described above for compounds of
the formula (13.1) by carrying out a resolution step at a suitable
intermediate in the process. For example, resolution of a compound of the
formula (30.0) using an suitable resolving agent, such as a chiral acid,
would give compounds of the formula (31.1) and (31.2), wherein R2 is as
defined above. The compound (31.1) could then be carried through the
remaining steps of Reaction Scheme 11 to form a compound of the
formula (13.0).

0o

oy R (312)

CH,4 c':n3
Compounds of the formula (17.0) and (18.0) are known in the art or

can readily be prepared by standard methods.

An altemnative method for preparing compounds of the formula
{1.1), i.e., compounds of formula (1.0) wherein X is N, is shown in Reaction
Scheme 14.
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In Reaction Scheme 14, a compound of the formula (6.0) is reacted
with a compound of formula (42.0), wherein R and R2 are as defined
5§ above for compound (1.0), in a suitable solvent, such as THF, in the
presence of a base, such as a tertiary amine base or DBU, with DBU
being preferred, to form a compound of formula (1.1).
Compounds of formula (42.0) are prepared as shown in Reaction

Scheme 15.
10 Beaction Scheme 15
BoC BOC
N N
— L
YN wso RYNT w0
FMOC -
BOC BOC
N
L — O
N R?
g 440 N (43.0)
Toc H
N . '
—————
e N) 43.0) R @wo
& | R!

in Reaction Scheme 15, compound (45.0), wherein R2 is as defined
15 above for compound (1.0), the FMOC protecting group is selectively
deprotected, e.g. by reacting with TBAF or piperidine in a suitable soivent,
such as DMF, to form a compound of formula (44.0), which is then
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converted to a compound of formula (43.0) via substantially the same
methods as described above for conversion of compounds of formula (2.0)
into compounds of formula (1.0). Compound (43.0) is then deprotected,
e.g. by reacting with an acid, such as TFA, in a suitable solvent, such as
CH2Cl, to form a compound of the formula (42.0).

Compounds of the formula {45.0) can be prepared via substantially
the same procedures as described above for preparation of compounds of
the formula (24.0), (28.0), by switching the order in which the protecting
groups BOC and FMOC are applied, or by similar procedures as those
described above for praparing compounds of formula (5.0} by adding
additional protection/deprotaction steps as necessary.

An encoded combinatorial library of compounds of formula (1.0),
wherein X is N and R2 has a suitable functional group, can be prepared
using combinatorial methods on a solid phase as described in WO
94/08051 (published April 14,1994), and can be prapared as described in
Reaction Scheme 16 below.

Beaction Scheme 16
@-F ATLTB F~L>B
(50.0)
2R)-'\
~-F~L*~B +Pl—N -p2 ——» (52.0) /E ]
(60.0) \-—)‘( 51.0) ARt
Pz
k
(52.0) /( J Deprotect P, (SS/E j
@-F‘-‘-Lﬁ-nﬂ‘ N @-F—L g2
p! H
¥
N

—m ’;

21 j Deprotect P2 (55‘/[
@-F—L R? @-Fﬁr}—n’
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in Scheme 16, a resin, e.g. (resin)-F, is selected which contams a
functional group, (-F), which can couple, or form a covalent bond with a
suitable linker (A-L-B). Suitable functional (-F) groups include primary
and secondary amines, hydroxy, thiol, carboxylic acid, halide and the like.
The linker (A-L-B) can be any compound having (a) a complementary
functional “A-" group (e.g. amine, hydroxy, thiol, carboxylic acid, halide
and the like) which can couple, or form a covalent bond with (resin)-F; (b}
a functional *-B" group (e.g. hydroxy, primary or secondary amine, thiol,
carboxylic acid and the like) capable of forming a covalent bond with a
suitable functional group in R2 of a substituted, N-protected piperazine
(51.0), such as an amide or carboxylic acid group in RZ; and (c) an organic
or inorganic moiety “L" capable of having bound to it functional groups “A”
and "B". Representative linkers include, but are not limited to
4-(bromomethyl)-3-nitrobenzoic acid and 4-(hydroxymethyl)phenol. The
linker can be coupled to (resin)-F in a suitable solvent (e.g. DCM or
methanol), optionally in the presence of a catalyst suitable for the
particular coupling reaction.

Reagents and reaction conditions for protecting and deprotecting
compounds is well known, as described, for example, in T.W. Greene and
P. Wuts, Protective Groups in Organic Synthesis, 2nd Ed., Wilsy
Interscience, N.Y. 1991, 473 pages. In addition to having a suitable
functional group in its R2 group, piperazine (51.0) has protecting groups,
P1 and P2 orthogonal to each other and to the linker. Suitable protecting
groups include but are not limited to BOC, FMOC, CBZ, allyloxycarbonyl
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(ALLOC), benzyl, o-nitrophenyl and the like. The resin/linker (50.0) can be
coupled to N-protected piperazine (51.0) in the presence of a suitable
soivent, optionally in the presence of a catalyst suitable for the particular
coupling reaction to give the coupled piperazine (52.0). The “A” in
moieties such as R2", F* and L* indicate that at least one functional group
in that moiety is covalently bonded to ancther functional group.

Protecting group P! can be removed by treatment with a suitable
deprotecting agent or process, including but not limited to TFA, piperidine,
hydrogenolysis, photolysis and the like to give partially deprotected
piperazine (53.0). Piperazine (53.0) can then be reacted with compound
R1Y1, wherein R1is as defined before and Y1 is a suitable leaving group,
in a suitable solvent, optionally in the presence ot a catalyst suitable for
the particular reaction, to give partially protected piperazine (54.0).
Compound (54.0) can be deprotected as described above to give
deprotected compound (55.0). Compound (55.0) can be alkylated with
compound (56.0), wherein A, B, W and Z are as defined for formula 1.0,
and Y2 is a suitable leaving group, to give compound (57.0).

Compound (1.1) can be prepared by cleaving the coupling
between the linker and R2" using a sultable reagent or process suitable for
the particular bond coupling,.e.g. photolysis, acidolysis, hydrolysis and the
like.

in the above processes, it is sometimes desirable and/or necessary
to protect certain R! and R? groups during the reactions. Conventional
protecting groups are operable as described in Greene, T.W., "Protective
Groups In Organic Synthesis,® John Wiley & Sons, New York, 1981. For
example, see the groups listed in Table 1 on page 60 of WO 95/10516
{published April 20, 1995).

Compounds useful in this invention may be prepared by the
methods disciosed in WO 95/10516, and by the methods described in the
examples below. The following preparative examples should not be
construed as limiting the scope of the disclosure. Altemative mechanistic
pathways and analogous structures within the scope of the invention may
be apparent to those skilled in the art.
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P >

O OEt

_ COmbme 60 (15.11 mmol) of the titie compound of Preparative
5 Example 47B, of WO 95/10516, and benzene, and add 2.3 g (9.06 mmol)
of iodine. Heat the mixture at reflux for 3 hours, cool, then dilute with 50
‘mL of CH2Cl2. Wash the organic phase with 5% NaHSO3(aqueous) (3 x
80 mL), then with 1M NaOR (aqueous) (2x 80 mL), and dry over MgSO4.
Concentrate to a residue chromatograph (silica ge!, 30% EtOAc/hexanes),
10 to gwe 3.2 g (42% yield) of the product iodo compound. MS, MH+ = 509

R il

0 OEt

The product of Step A is hydrolyzed via substantlally the same
procedure as described in Example 358, Step A, of WO 95/10516, to give
15 the iodoamine product in 89% yleld.

PREPARATIVE EXAMPLE 2
Br a Br cl
N | . N |
. N - N
H

A om



WO 96/31478 PCT/US96/04172
- 48 -

The product of Preparative Example 47, Step C, of WO 95/10516,
(2.42 g) is hydrolyzed via substantially the same procedure as dascribed
in Example 358, Step A, of WO 55/105186, to give 1.39 g (69% yield) of the
bromoamine product.
5 PBEPARATIVE EXAMPLE 3

Step A |
C%m C%
N N
it————
N N
H H

Combine 82.0 g (0.26 mole) of the product of Preparative Example
1, Step G, of WO 95/10516, and 1 L of toluene, then add 20.06 g (0.53
10 mole) of LiAlH4 and heat the reaction mixture at reflux ovemight. Cool the
mixture to room temperature and add ~1 L of Etz0, foliowed by dropwise
addition of saturated NaSO4 (aqueous) until a precipitate forms. Filter
and stir the filtrate over MgSO4 for 30 minutes, then concentrate in vacuo
to give the product compound in 83% yleld. Mass Spec.: MH* =313

15 PREPARATIVE EXAMPLE 4
Br Cl
N
N
H
Step A:
Cl Cl
N N
————

N . N
H .
A
Combine 24.32 g (74.9 mmol) of the Product from Praparative
20 Example 3, Step A, 500 mL of toluene, 83 mL of EtaN and 65.9 mL of ethyi
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chioroformate and heat the mixture at reflux overnight. Cool to 25°C, pour
into 200 mL of water and extract with EtOAc. Dry the extract over MgSQOq,
concentrate in vacuo to a residue and chromatograph (silica gel, 50%
EtOAthexane) to give 15 g of the product compound. MS: MH* =

e

o)

Dissolve 3.2 ¢ (1 0.51 mmol) of tetra-n-butylammonium nitrate in 25 mL of
CH2Clz and add 2.2 g (10.51 mmol, 1.5 mL) of TFAA. Cool to 0°C and
add the mixture (via cannula) to a solution of 3.68 g (9.56 mmol) of the
product of Step A in 50 mL of CH2Cl2 at 0°C, then stir at 0°C for 3 hours.
Allow the mixture to warm to 25°C while stirring overnight, then extract
with saturated NaHCO3s (aqueous) and dry over MgSO4. Concentrate in
vacuo to a residue and chromatograph (silica gel, 30% EtOc/hexane) to
give 1 2 g of the product compound. MS: MH+ = 430.

e

0

Combine 2.0 g (4.7 mmol) of the Product of Step B and 150 mL of
85% EtOH (aqueocus), add 2.4 g (42 mmol) of Fe filings and 0.24 g (2.1
mmol) of CaCla, and heat at refiux for 16 hours. Filter the hot mixture
through a bed of celite®, wash the celite® with hot EtOH. Concentrate the
filtrate in vacuo to give a 100% vyield of the product compound. MS: MH+
= 400. .

PCT/USI604172
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Step I:

H,N cl Br cl

) Y
CO.Et CO,Et
Combine 2.0 g (5.2 mmol) of the Product of Step C and 20 mL of
48% HBr, cool the mixture to -5°C. Stir the mixture at -5°C for 15 minutes
§ and slowly add a solution of 1.07 g (15.5 mmol) of NaNO2 in 10 mL of
water. Stir for 45 minutes, then quench with 50% NaOH (aqueous) to pH
~10. Extract with EtOAc, dry the combined extracts over MgSO4 and
concentrate in vacuo to give the product compound. MS: MH* = 465
Cl

10 COEt | A

Hydrolyze 4.0 g of the Product of Step D via substantially the same
process as described for Example 358, Step A, of WO 85/10516, to give
1.38 g of the product compound. MS: MH+ = 382

PBEPABATIVE EXAMPLE S
NO,
cl
N H
N
H

15
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Step A

(i)

CoEt
Combine 14.95 g (39 mmol) of the Product of Preparative Example
34A, of WO 95/10516, and 150 mL of CH2Clp, then add 13.07 g (42.9
5 mmol) of (nBu)4NNO3 and cool the mixture to 0°C. Slowly add (dropwise)
& solution of 6.09 mL (42.9 mmol) of TFAA in 20 mL of CH2Clz over 1.5
hours. Keep the mixture at 0°C ovemight, then wash successively with
saturated NaHCO3 (aqueous), water and brine. Dry the organic solution
over NazS0y4, concentrate in vacuo to a residue and chromatograph the
10 residue (silica gel, EtOAc/hexane gradient) to give 4.32 g and 1.90 g of the |
two product compounds 5(i) and 5(ii), respectively. MS (5(i)): MH* =
428.2; MS (5(ii)): MH+ = 428.3

Step B:
NO, NO,
cl a
H _ N
5(id)
EI N
CO,Et H
15 The compound 5(ii) from Step A (0.20 g) is hydrolyzed via

substantially the same procedure as described for Example 358, Step A,
of WO 95/10516, to give 0.16 g of the product compound.
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Using the starting compound indicated and substantially the same
procedure as described in Preparative Example 5, Step B, the following

_product compounds are prepared:
nting ‘Analytical
Compound Compound D:tta
Preparative -
Example 5,
Step A,
compound
5(i)
Preparative Examge 5A
Preparative N H MS: MH+ = 466.9
Example 6,
Step B,
compound
6(i)
Preparative Example 5C
PREPARATIVE EXAMPLE 6
Step A
OoN cl H,N Cl
Ame——
\ v
CO.Et CO,Et

Combine 22.0 g (51.4 mmol) of the product 5() from Preparation 5,
Step A, 150 mL of 85% EtOH (aqueous), 25.85 g (0.463 mole) of Fe
powder and 2.42 g (21.8 mmol) of CaCly, and heat at reflux overnight.
Add 12.4 g (0.222 mole) of Fe powder and 1.2 g (10.8 mmol) of CaClz and
heat at reflux for 2 hours. Add another 12.4 g (0.222 mole) of Fe powder
and 1.2 g (10.8 mmol) of CaClp and heat at reflux for 2 hours more. Filter
the hot mixture through celite®, wash the celite® with 50 mL of hot EtOH
and concentrate the filtrate in vacuo to a residue. Add 100 mL of
anhydrous EtOH, concentrate to a residue and chromatograph the residue
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(silica gel, MeOH/CH2Cl2 gradient) to give 16.47 g of the product
compound.
Step B:
Br Cl

6()
N
I

HoN cl COgEL
. -
' Br Q
y ,
COgEL 6Gi)
| Y
COLEt

5 Combine 16.47 g (41.4 mmol) of the product compound from Preparative
~ Example 6, Step A, and 150 mL of 48% HBr (aqueous) and cool to -3°C.

Slowly add (dropwise) 18 mL of bromine, then slowly add (dropwise) a
solution of 8.55 g (0.124 mole) of NaNOs in 85 mL of water. Stir for 45
minutes at -3° to 0°C, then adjust to pH = 10 by adding 50% NaOH

10 (aqueous). Extract with EtOAc, wash the extracts with brine and dry the
extracts over Na2SO4. Concentrate to a residue and chromatograph
(silica gel, EtOAc/hexane gradient) to give 10.6 g and 3.28 g of the two
product compounds 6(i) and 6(ii), respectively. MS (6(i)): MH* = 461.2;
MS (6{ii)): MH* = 539

15 PBEPARATIVE EXAMPLE 7

Br Cl

T2
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Step Al
O;N a
N
a 7Gi)
N P
- NO,
Cl
A Bt
o? ~o N

7Gi)

N
OJ\ O,Et
Combine 1.07 g (3.52 mmol) of tetrabutylammonium nitrate, 4 mL of
anhydrous CH2Cl2 and 0.743 g.(3.52 mmol) of TFAA, and add the
5 resulting mixture to a solution of 1.22 g (3.20 mmol) of the title compound
of Preparative Example 37, of WO 95/10516, in 8 mL of anhydrous
CH2Cl2 at room temperature. Stir at room temperature overnight, then -
wash with 20 mL of saturated NaHCO3 (aqueous) and 20 mL of brine, and
dry over MgS0O4. Concentrate in vacuo and chromatograph the resulting
10 residue (silica gel, EtOAc/hexane) to give 0.216 g of the product
compound 7(i) and 0.27 g of the product compound 7(ii). MS: (7(i)) MH* =
426, m.p. (7(i)) 97.5° - 99.2°C.

Step B:
O,N a HoN cl
N | N |
————T—
, )
i P
o)\orm : o
15 Reduce the product 7(i) from Step A via essentially the same

procedure as described in Preparative Example 47, Step B, of WO
95/105186, to give the product compound. MS: MH+ = 386
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Step C:

HN N—-C1 Br a
N '
—————sfi

N
l ~Et (o] O’Et
o) 0O

React the product from Step B with HBr and Brz via essentially the
same procedure as dascribed in Preparative Example 47, Step C, of WO
5 95/10516 to give the product compound. MS: MH* = 459

Br Cl
Br Cl
N
v———— .
N

JEt
o) o)
Hydrolyze 0.83 g of the product from Step C by combining the
product with anhydrous EtOH and concentrated HCI and stirring at reflux.
10  Cool the reaction mixture to about 0°C and basify by adding KOH. Extract
with CHaClp, dry the extract over MgSO4, and concentrate in vacuo to give
0.56 g of the product compound. MS: MH+ = 387

PREPARATIVE EXAMPLE 8

Ci C

o
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Step Al

Cl Cl
Cl
o]
N
!
CHj3

Combine 7.3 g {26.4 mmol) of the starting ketone (see J. Med.
Chem., 4238 (1992)) and 230 mL of THF and cool to 0°C. Add a solution
of 32.2 mmol) of N-methyl-piperidine-4-magnesium bromide in 26 mL of
THF and stir at 0°-5°C for 4 hours. Add 400 mL of EtOAc, wash with
saturated NH4Cl (aqueous), and dry over MgSO4. Concentrate in vacuo
to a residue, add ~200 mL of CH2Clz and stir for 0.5 hours. Filter to collect
the resulting solid and concentrate the filtrate to a volume of ~100 mL and
let sit at 5 °C for 18 hours. Filter and combine the solids to obtain a total of
7 g (19.4 mmol) of the product compound. m.p.=153.7°-158 °C; MS: (Ci)
MH+ =376

Slep B:
m‘@,m c:\@,m
OH
—————
Y | N

Combine 5 g of the product from Step A and 30 mL of TFA at
ambient temperature and stir for 1 hour. Concentrate in vacuo to a
residue, dissolve the residue in CH2Clz and wash with a saturated
NaHCOs3 (aqueous). Concentrate in vacuo to give 4.64 g of the product
compound. m.p.= 138.7°-138°C; MS: (FAB) MH* = 358.1
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X X
CH, P

Combine 0.6 g {1.75 mmol) of the product of Step B and 25 mL of

toluene, add 0.73 mL (5.27 mmol) of EtzN and 1.34 mL (14 mmol) of

5 CICO2Et, and heat to 80°C for 2 hours. Add 0.7 mL more of CICO2Et, heat
for 1 more hour, then cool to 25 °C and concentrate in vacuo to a residue.
Dissolve the residue in EtOAc and wash with 1N NaOH (aqueous) -
followed by brine. Dry over MgSOy4, concentrate in vacuo to a residue and
chromatograph (sllica gel, 10% EtOAc/hexanes) to give 0.55 g of the

10 product compound. MS: (FAB) MH*+ = 416.2

Step D

i

o
Dissolve 5 g (12.5 mmol) of the product of Step C in 30% HBr in HOAc
and heat at 40°C for 24 hours, then cautiously add the mixture to cold 25
15 % NaOH (aqueous). Extract with CH2Cl2 (3 X 100 mL), concentrate the
extracts to a residue and chromatograph (silica gel, 5% 10 30 %
MeOH/CH2Clp) to give 2.18 g of the product compound. m.p.= 159.5°-
160.8°C; MS: (FAB) MH+ = 344.1
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PBEPARATIVE EXAMPLE 9
Cl cl
N
N
H
Step A
Cl Cl
N
HjN c
N —————
F
N
A E -

o "0

N
o)‘o’Et

5 Combine 16.25 g (40.83 mmol) of the product of Preparative Example 47,
Step B, of WO 95/10516, and a slurry of 7.14 g (61.11 mmol) of NOBF4 in
100 ml. of CH2Cla and stir the mixture for 3 hours. Add 100 mL of
o-dichliorobenzene and heat for 5§ hours, distiling the CHzCl2 from the
mixture. Concentrate in vacuo to a residue, add 200 mL of CH2Cl2 and

10 wash with water (2 X 200 mL). Dry over MgSOy, concentrate in vacuoto a

residue, and chromatograph (silica gel, 20% EtOAc/hexane) to give 4.1 g
of product compound 9{i) and 4.01 g of Product compound 9(ii). MS (9(i)):
MH* = 418, MS (9(ii)): MH* = 401
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StepB: -
o] Cl o
| ‘ SI IZ 7 m\(j E),a
N
— N
9(i) '
' N
OJ\ant H

Hydrolyze the product 9 (i) from Step A via essentially the same
process as described for Example 358, Step A, of WO 85/10516, to give
5 the product compound. MS: MH+ = 346

PREPARATIVE EXAMPLE 10
o)
HO
™
o
Step A
0 o]
o EtO
P
N
) +
o-
10 Combine 10 g (60.5 mmol) of ethyl 4-pyridylacetate and 120 mL of

dry CH2Cl2 at -20°C, add 10.45 g (60.5 mmol) of MCPBA and stir at -20°C
for 1 hour and then at 25°C for 67 hours. Add an additional 3.48 g (20.2
mmoles) of MCPBA and stir at 25°C for 24 hours. Dilute with CH2Cl» and
wash with saturated NaHCOs (aqueous) and then water. Dry over MgSOa,

15 concentrate in vacuo to a residue, and chromatograph (silica gel, 2%-
5.5% (10% NH4OH in MeOH)/CHzCla)to give 8.12 g of the product
compound. MS: MH* = 182.15



WO 96/31478 PCT/US96/04172

T-t» 'l‘+
0o- 0-
Combine 3.5 g (19.3 mmol) of the product of Step A, 17.5 mL of
_ EtOH and 96.6 mL of 10% NaOH (aqueous) and heat the mixture at 67°C
5 for2 hours. Add2 N HCI (aqueous) to adjust to pH = 2.37 and
concentrate in vacuo to a residue. Add 200 mL of dry EtOH, filter through
celite® and wash the filter cake with dry EtOH (2X50 mi). Concentrate the
combined filtrates in vacvo to give 2.43 g of the title compound.

Ouncoocua NHCOOCH,
— Q’

Combine 10 g (65.7 mmol) of 3-methoxycarbonyiaminopyndme
and 150 mL of CHzCla, cool to 0°C and siowly add (dropwise) a soiution
of 13.61 g (78.84 mmol) of MCPBA in 120 mL of CH2Cl2 at 0°C over a
period of 1 hour. Stir the mixture at 25°C for § days, then wash with
15 saturated NaHCO3 (aqueous), then water and dry over MgSOyq.
Concentrate in vacuo to a residue and chromatograph (silica gel, 2%-5%
(10% NH4OH in MeOH)ICHzCI2) to give the product compound. MS: MH+

= 169
PREPARATIVE EXAMPLE 12
CON3
- N ¢
+
I\ o-

10

20
Combine 5 g (36.0 mmol) of isonicotinic acid 1-N-oxide and 150 mL.

of anhydrous DMF, add 5.5 mL (39.6 mmol) of EtsN and stir at 0°C for 0.5

hours. Slowly add (dropwise) 8.5 mL (39.6 mmol) of diphenyiphosphoryl

azide at 0°C over 10 minutes, stir at 0°C for 1 hour and then at 25°C for 24
25 hours (as generally described in Pavia, et al, Journal of Madicinal
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Chemistry, 33, 854-861 (1990). Concentrate in vacuo to a residue and
chromatograph (silica gel, 0.5%-1% MeOH/CH2Clz) to give 5.9 g of the
product compound. _

Using nicotinic acid 1-N-oxide and substantially the same
procedure as described for Preparative Example 12 the following
compound was prepared:

Hydrogenate 25 g (144 mmol) of 3-pyridylacetic acid hydrochloride
for 144 hours using the procedure described in Preparative Example 15,
of WO 95/10516, to give 20 g of the product compound. MS: MH+ = 144.
Step B:

HO HO
NH — N
CGOOC(CHs)s

React 12 g (83.8 mmol) of the product of Step B for 148 hours using
the procedure described in Preparative Example 13, Step B, of WO
95/10516, to give 17.5 g of the product compound. MS: MH* =244.25

PREPARATIVE EXAMPLE 14

Cj/ NHCOOCHg

v
CHy
Combine 25 g (164.4 mmol) of methy! 3-pyridylcarbamate and
163.3 mL of 1N HCI (aqueous), stir until all of the solid dissolves, then

PCTIUS96/04172
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hydrogenate over 10% Pd/C at 25°C at 55 psi for 220 hours. Filter, wash
the solids with water and treat the combined filtrates with 150 mL of
BioRad AG1X8 lon exchange resin (OH"). . Filter, wash the resin with water
and concentrate the filtrate to 2 volume of 100 mL. Add 16.43 mL (197.3
mmol) of 37% formalin and hydrogenate over 10% Pd/C at 25°C at 55 psi
for 89 hours. Filter, wash the solids with water and concentrate in vacuoto
give 24.3 g of the title compound. MS: MH+ = 173.2

PBEPABATIVE EXAMPLE 15
cl Br ' cl
. N
o

Cool 50.0 g (20.5 mmol) of 8-chloro-5,6-dihydro-11H-
ben2o[5,6]cycloheptal1,2-b)pyridin-11-one to 0°C, slowly add 75 mL
(93.69 mmol) of sutfur monochloride over 20 minutes, then slowly add 25
mL (48.59 mmol) of Br2 over 15 minutes. Heat at 95°C for 20 hour, add
12.5 mL (24.3 mmol) of Brz and heat for a another 24 hours. Cool the
mixture, and slowly add:to a mixture of CH2Cl2 and 1N NaOH (aqueous)
at 0°C. Wash the organic phase with water, dry over MgSO4 and
concentrate in vacuo to a residue. Chromatograph the residue (silica gel,
500 mL CH2Cla then 0.2%-5% (10% NH4OH in MeOH)/CH2Clo), then
chromatograph again (silica gel, 3%-8.5% EtOAc/hexane) to give 8.66 g of
the product compound. MS: MH* = 322

PREPARATIVE EXAMPLE 16
CH,

N

Y .

o s H
Dissoive 0.16 g (0.46 mmol) of 4-(8-methyl-5,6-dihydro-11H-
benzo[5,6]cyciohepta[1,2-blpyridin-11-ylidine)- 1-ethoxycarbonyl-
piperidine, in 2 mL EtOH and add 4 mL of 12 N HCI. Heat the solution for
3 hours at B5°C, then cool to 25°C. Adjust to pH = 10 with 50% NaOH
(agqueous) and extract several times with 50 mL of EtOAc. Combine the
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organic layers, dry them over MgSQ4, and concentrate in vacuo to give
the product compound.
PREPARATIVE EXAMPLE 17
cl
cu,tca,)a/(;)
CH,
5 SIEPA
OCHj,
O -
N CH3(CHJ)s I.Q

COOCgH5

4-Methoxypyridine is reacted with n-butyl Grignard and
phenyichloroformate via substantially the same procedure as described in
Comins, et al,, Tet, Lelt., 27, (38) 4549-4552 (19886), to form the desired
10 unsaturated ketopiperidine product.
STEPB:

| ——
CHy(CHgly” CHg(CHg)3 g

COOCgHs5
The product of Step A is hydrolyzed via substantially the same
procedure as described in Preparative Example 34C, of WO 85/10518, to

15 give the amine product.
Cﬂs(c}hls/é
CH

The product of step B is methylated by reacting with methyl iodide
and NaH at room temperature to form the N-methyl product.

CH,{CH)g K
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SIEPD:
—
CHylCHa)s™ "N CHlCHgls™ N
CH3 CHS
The product of Step C is hydrogenated using 10% Pd/C to form the
product compound.
5 SIEPE
OH
—~ 0O
CHS(CHZ)S ? Cﬁs(cﬂzls ?
: CH3 CHa

The product of Step D is reacted with NaBH4 in EtOH at room
temperature 1o form the alcohol product.

SIEPE:
OH ' Cl
— O
CHy(CHg)s™ N CHylCHg)s™ N
10 ' CHy CH,
The product of Step E is treated with an excess SOCl» in pyridine to
give the 4-chloropiperidine.

Following substantially the same procedure as described in
Preparative Example 17, Steps A-F, and using the appropriate Grignard
15 reagent in place of n-butyl Grignard, the following compounds can also be

prepared:
: a
#Q
CHg
IF_reparative?iample NO.W R |
18 CgHic_Hz-
19 CH3OCH2CH;-

20 CH3zO(CH
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21 n-CgH70CHoCHa-
22 CHaSCHaCH-
23 [>—ocH.cn,-
25 QHQSOgCHzCHg-
26 [>—cu,s0,0m,08,-
27 ____CH3CONH(CHg)4-
EXAMPLE 1
Br Cl

ol
V\(m, Hyirochorde sl
fQCr fQ:r

O
The title compound from Preparative Example 40, of WO 95/10516.
(1 equivalent) (1.0g.) in dry methylene chioride (11.85ml.) was treated with
trifluoroacetic acid (30.5 equivalents) (5.92ml.) and the solution was
stirred at 25°C for 0.5h. The mixture was evaporated to dryness and then
resvaporated to dryness to give the trifluoroacetic acid salt. The latter was

dissolved in dry DMF (15ml.) and triethylamine was added dropwise until
the pH reached 6.2. Sodium triacetoxyborohydride (1.81 equivalents)

b
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(0.98g.) and crushed, activated 4 Angstrom molecular sieves (1.48g.)
were added and the mbxture was stirred under argon at 0°C. A solution of
2(R)-N-tert -butoxycarbonylamino-3-triphenyimethyi-propanal (0.91
equivalents) (1.037g.) in dry DMF (8ml.) was added dropwise over 40 min.
The mixture was allowed to warm to room temperature over a period of 2h.
The mixture was filtered and evaporated to dryness and the residue was
taken up in ethyl acetate and washed with saturated aqueous sodium
bicarbonate. The organic layer was dried over magnesium sulfate, filtered
and evaporated to dryness. The residue was chromatographed on a silica
ge! column using 0.5-4%(10% concentrated ammonium hydroxide in
methanol)-methylene chloride as the eiuant to give a diastereomeric
mixture of isomer A and isomer B. Yield: 0.9073g., MH+ 825.2.

The N-formyl derivative of the starting reactant was also isolated
(Yield: 0.4945g). Use of dichloroethane as the solvent in the above
reaction instead of DMF avoids the formation of the N-formyl derivative.

The mixture of diasterecisomers A and B (0.683g.) was separated
on a silica gel column using 5% acetone in methylene chioride as the
eluant to give pure samples of isomer A (89.2mg.) and isomer B (66.4mg.)
together with an overlapping mixture of both isomers (384.1mg.).

“c“"”“ %""’

By essentially the same procedure as described in Example 21
Step B, the title compound (Isomers A and B) from Step A above (1
equivalent) (1.024g.) was reacted with triethylisilane (0.088ml.) and
trifluoroacetic acid (1.043ml.) in methylene chioride (10.24ml.) to give the
title compound as the hydrochioride sat. Yield: 0.5303g.; MH+ 483.0.
PMR data (D20): aromatic proton signals at: 7.28, 7.37 (2H), 8.23, 8.68.
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S=)p
The title compound from Example 1B (as the free base) is dissolved

in MeOH containing iodine and stirred at 25°C for 30 mins. the solution is

5 evaporated to dryness and the CH2Clz is taken up in CH2Cl> and washed
in saturated aqueous NaHCO3 and then brine. The CHzCl2 layer is dried
over MgS04 filtered and evaporated to dryness to give the title compound.
The title compound is purified on a silica ge! column using 3% (10%
concentrated NH4OH in MeOH)-CH2Cl» to give the title compound.

10 EXAMPLE 3

Br Cl

STEPA:
Br Cl

Br & N
L ;
N s ]
4 e
boc

The 11-hydroxy intermediate (1 equivaient) (1g.) prepared in
15 Preparative Example 40, of WO 95/10516 was reacted as described in
Preparative Example 7B, of WO 95/10516, to give the 11-chloro
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intermediate. The latter was reacted with 1-tert -butoxycarbonyl-2(S)-n-
butylpiperazine (1.1equivalents) (1.1314g.), prepared as described in
Example 3C of PCT international Publication WO95/00497, by essentially
the same procedure as described in Preparative Example 7C, of WO

5 95/105186, to give the title compound. Yield: 1.7862g.; MH* 550.

Br cl Br - cl
N
N — N
CH, N CHj, N
BOC H
The titie compound from Step A above (1.6406g.) in methanol
(16.4m).) was treated with 10% (v/v) concentrated sulfuric acid in dioxane
10 (41ml.) and the mixture was stirred at 25°C for 4h. The solution was
neutralized with BioRad AG1X8 (OH") resin and filtered. The resin was
washed with methanol and methylene chioride and the combined filtirates
were evaporated to dryness. The residue was chromatographed on a
silica gel column using 1% (10% concentrated ammonium hydroxide in

15 methanol)}-methylene chioride as the eluant to give the titie compound.
Yield: 1.24519 MH+ 450.

fQCfoCf

CHy(CHg)s n CH,(CH,]s NHBOC

S-Tr

The title compound from step B is reacted as described in Example
20 1A above to give the titie compound. The latter is purified on a silica ge!
column using 0.5%-1% (10% concentrated NH4OH in MeOH) -CH2Cl2 to
give the title compound. '
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cu,,(cn,), CHleHz! NEL
2
S-Tr SH

The title compound from Step C above is reacted as described in
Example 1B above to give the title compound as its HC! salt.

5 EXAMPLES 4-8
H

: -
“°/\,(¥'j -—»HO/J]'QJ
BOC BOC

R

NC —*A,(J

The title compound from Example 13A of WO 95/00497 is reacted
with benzyloxycarbonyl chloride under standard conditions known to one
skilled in the art, to give the N-Cbz protected alcohol shown above. After

10 purification in the usual way the latter may be reacted with a variety of
reagents shown in Column 1 of Table 1 to give the corresponding N-Cbz
protected intermediates where R is as defined in Column 2 of Table 1.
After purification in the usual way the latter may be deprotected using mild
catalytic hydrogenation procedures known in the ar, to give after suitable

15 purification, the final desired intermediates shown in Column 2 of Table 1.
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I Column 1 i Column 2 F

Cl

- (Nj"°

Preparad as described in Example
14A of WO 95/00497.

Example 4.

CeHsSSCeHs + (n-Bu)P

_ SO,
-

Prepared as described in Example

20B and 20C of WO 95/00497.
Exampile 5.
@ > 0" Non, I >—o-
* Prepared :: described in
|
Hg(OAc) Examples 26A and 26B of
+ WO85/00497.
CH3COOH
() CH3lz + EtZn Example 6
() EXOCON=NCOOEt
+ R=
! >— CH;S0,-
(CsHs)aP
N Eos PO, 598 and 26C of
m an o
CH,COSH WOB5/00497.
(ii) NH; + CH30H
. D__ CHBr Exampie 7
(i) Mg
acid + CH30H
n-CaHyl + NaH R = n-CaH70-
Prepared as described in Example
13C of WO 95/00497. :

Example 8
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Boc Boc
e e
NG N
— J—= ]
NH, N CH3CONH N7
H _ H
Chz
—
CHSCONH _: cuscorm

The title compound from Example 27D of WO 95/00497 is
converted by the scheme shown above, using standard procedures
§ known to one skilled in the art, into 1-BOC-2(S)-(4-acetylaminobutyl)-
piperazine.

EXAMELES.J.&JS.
By essentially the same procedures as set forth in Example 3 above

- but using the compounds set forth in Column 1, Table 2 (below), in place
10 of 1-BOC-2(S)-n-butylpiperazine, one can obtain compounds of the
formula:

e
@

wherein R2 is as listed in Column 2, Table 2
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F Column 1 i Column 2 ' l
H
N
[ j A2 = CgHsCHa-
CetisCHy |'q
_ BOC Example 10
Prepared as described in Example
6C of WO 95/00497.
H
N
[ j R2 = CHzOCHZCHa.
1'300 Example 11
Prepared as described in Example
7D of WO 95/00497.
o H
N
[ j R2 = CH3SCH2CH2.
CH3SCH,CHy N Example 12
BOC -
Prepared as described in Example
8C of WO 95/00497.
H
N 2
e [ :| R2=CH30(CH2)3-
N Example 13
BOC
Prepared as described in
Example18D of WO 95/00497
H
" N
’\/E j o g
O™
N BOC
Prepared as described in Example
4 at Example 14
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- H
N
’\/E ] Re  CH80,7\7
CetigSO, N
BOC Example 15
Prepared as described in Exampie
5 above
. H
N
Ris
A /\/E ) Ao’\/
° v
_ BOC
Prepared as described in Example Example 16
6 above
H
N
R2=
VR
. BOC
Prepared as described in Example Example 17
7 above
H
N
J R2 = n-C3H7O(CHz)2-
i ":%' example 15
BOC Xamp
Prepared as described in Example
B above
- H
/\/\/'( :) R2 = CHaCONH(CH2)4-
CH3CONH _
BoC Example 19
Prepared as described in Example
9 above
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B — O

o' ’E
S,

5 The title compound from Preparative Example 40, of WO 95/10516,

(1 equivalent) (1 g), N,N-bis-BOC-L-cystine (0.45 equivalents) (0.501 g),
DEC (0.9 equivalent) (0.4366 g), HOBT (0.9 equivaient) (0.3078 g) and
N-methyimorpholine (0.9 equivalent) (0.2304 g) were dissoived in
anhydrous DMF (25 mL) and the mixture was stirred at 25°C under argon

10 for 68 hours. The mixture was evaporated to dryness and taken up in
CH2Cl2 and washed with saturated aqueous NaHCOg3 and then water.
The CH2Cly layer was dried over MgSOy4 filtered, and evaporated to
dryness. The residue was chromatographed on a silica gel column (60 x
2.5 cm) using 0.5% -1% (10% concentrated NH4OH in MeOH) -CH2Cl> to

15 give the title compound. Yield: 1.09 9. MH+ 1189.7.
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Q =«

O o NH,

S S-),

The title compound from Step A above {1 equivalent) (0.944 g) was
added to MeOH (10 mL). A 10% (v/Av) concentrated HaSO4 in dioxane
- 5 solution (20 mL) was added and the solution was stirred at 25°C under
argon for 2 hours. The mixture was neutralized with BioRad AG1X8(OH")
resin. The resin was fitered:off ung washedawithoMeOMN et CH O 7Pe<vCAC| 7
combined filtrates were evaporated to dryness and the residue was
chromatographed on a silica ge! column (110 x 2.5 cm) using 5% (10%
10 concentrated NH4OH in MeOH)-CH2Cl2 to give the title compound. Yield:
0.6879 g, MH* 989,
CMR data (8¢ (CDCI3)) for the product of Step B was: (1) tricyclic:
(a) CH2: 31.3, 31.4, (b) CH: 147.9, 142.1, 133.3, 127.1, 131.4, 79.7, and
(c) C: 120.9, 141.7, 135.0, 136.1, 137.6, 156.3; (2) piperazine: (a) CH2:
156 48.2, 52.6, 52.0, 43.0; and (3) Piperazine N-substituent: (a) CH2: 45.0, (b)
CH: 51 0 and C: 172.2.

OGO

O —
e *

SH
The title compound from Step B above is dissolved in a mixture of
20 anhydrous MeOH and THF and NaBHy is added the mixture is stirred
under argon at 25°C for 2 hours. The solution is evaporated to dryness

and the residue is taken up in CH2Cla and washed with water. The
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CH2Cl2 layer is dried over MgSOy, filtered and evaporated to dryness to
give a residue which is purified by substantially the same procedure as
described for Example 1E of WO95/00497 to give the title compound as its
HCI salt.

Alternatively, zinc dust and 1.0N HC! may be used in place of
NaBHy, to effect the above reduction. '

EXAMPLE 21
Br cl

ie
o

fQ&fQ&

S-Tr

The title compound from Preparative Example 40, of WO 95/10516,
{1 equivalent) (1 g), N-BOC-S-trityl-L-cysteine (1.34 equivalents) (1.584 g)
DEC (1.34 equivalents) (1.5 g), HOBT (1.34 equivalents) (0.4618 g), and
N-methyimorpholine (1.34 equivalents) (0.1048 g) (0.114 mL) were
dissolved in anhydrous DMF (25 mL) and the mixture was stirred under
argon at 25°C for 68 hours. The solution was evaporated to dryness and
the residue was taken up in CH2Clz and washed with saturated agueous
NaHCOs and then water. The CH2Cl» layer was dried over MgSOy4,
filtered and svaporated to dryness and the residue was chromatographed
on a silica gel column (80 x 2.5 cm) using 0.5% (10% concentrated
NH4OH in MeOH)-CH2Cla to give the titie compound. Yield: 2.04 g, MH+
837.6.

:I!Z
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STEPB:
Br cl Br Cl

Qo
iR

STy
The title compound from Step A above (1 equivalent) (0.59.)was
dissolved in dry methylene chioride (5ml.) and triethylsilane (4.07
§ equivalents) (282.1mg.) (0.388ml.) was added under an argon

atmosphere. Trifluoroacetic acid (2.5ml.) was added and the solution was
stirred at 25°C for 1h. The solution was evaporated to dryness and the
residue was partitioned between water and hexane. The aqueous layer
was separated and passed over BioRad AG3X4(ClI* ) resin (100ml.) and

10 the resin was washed with water. The combined eluates and wash were
lyophilized to give the titie compound as the hydrochloride salt. Yield:
306.9mg., MH* 497.2. The method dascribed above is essentially the
same as described for Example 1E of W095/00497. H! NMR (D20):
Aromatic proton signalis at: 7.00 (2H), 7.17, 7.50, 8.21.

15 SIEPC:

The title compound from Step A above (1 equivalent) (30 mg) was
dissolved in dry CH2Cl2 (1 mL) and triethyisilane (4 equivalents) (16.93
mg) (0.0233 mL) was added followed by TFA (1 ml). The mixture was
20 stirred at 25°C under argon for 1 hour and then neutralized with BioRad
AG1X8 (OH-) resin. The resin was filtered off and washed with MeOH and
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CH2Cl2. The combined filtrates were evaporated to dryness to give the
title compound

f(Q’:ffﬂb

NH
o 2

SH

5 The title oompound from Step B above is reduced as described in
Example 20 Step C above to give the title compound.

oo o
X e

The title compound from step A above (1 equivalent) (1.2g.) was
10 added to methanol (10ml.) and a solution of 10% concentrated sulfuric
acid in dioxane {v/v) {30ml.) was added. The mixture was stirred at 25°C
under argon for 2h. The mixture was diluted with methyiene chioride and
methano! and neutralized with BioRad AG1X8 (OH") resin. The resin was
fitered off and washed with methanol followed by methylene chioride.
15 The combined filtrates were evaporated to dryness fo give a solid residue
that was chromatographed on a silica gel column using 2% (10%

concentrated ammonium hydroxide in methanol)-methylene chioride as
the eluant to give the titie compound. Yield: 1.0g., MH* 739.2.
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STEP A
N N
—-—* )
N
H N
NHBOC
S-Tx

5 The title compound from Preparative Example 3E, of WO 95/10516,
is reacted under the same conditions described in Example 1A above to
give the title compound, which is purified in the usual way.

N N
NHBOC '\sz
S-Tr SH
10 The title compound from Step A above is deprotected under similar

conditions to those described in Example 1B above to give the title
compound.
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STEP A
o)

CH.O
3 N

5 The title compound from Preparative Example 20A, of WO
95/105186, is reacted with a substituted Grignard reagent from Example 23
above under essentially the same conditions as described in Preparative
Examples 2D and 2E, of WO 95/10516, to give the title compound.

SIEP B
Br
N
CH30

)
CHg

Br.

> Cl
N
CH30

o )

10
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The title compound from Step A above is reacted under essentially
the same conditions as described in Preparative Examples 1F and 1G, of
WO 85/10516, to give the title compound.

SIEPC:
Br
Cl
Br cl
N N
4
CH
Ch 30

Tz

N
X
S-Tr

The title compound from Step B above is reacted as described in
Example 1A above to afford the titie compound.

NHBOC

S-Tr
10 The title compound from Step C above is reacted as described in
Example 1B above to give the title compound.
EXAMPLE 25
Br cl
N

N
:an
' SH
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N
H

The title compound from Example 24B above is reacted with

CF3SOsH as described in Preparative Example 34A, of WO 85/10516, to
5 afford the title compound. '

STEP B
Br Cl Br C1
N N
ﬁv
CH10. N CH0 N
H NHBOC
S-Tx

The title compound from Step A above is reacted as described in
Example 1A above to give the title compound.
10 SIEPC:

Br

SH

. The titlie compound from Step B abova is reacted as described in
Example 1B above to give the title compound.
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SIEP A
Br
N
CHg0
5 - The title compound from Example 24B above is reacted with either
LiAlH4 in refluxing toluene, or preferably with DIBAL-H in refiuxing toluene
to give the titie compound.
STER B
cl
N
N
_ :S-'I‘r
10 The title compound from Step A above is reacted as described in

Example 1A above to give the title compound.
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SIEPC:
' Br
—l
CH.
CH

NH,
) 4

The title compound from Step B above is reacted as descnbed in
Example 1B above to afford the title compound.

S EXAMPLE 27
Br ci
N
caslcn,){c nj
SH
o
NH,

,( )]
e ) J\(&‘?

NHBOC
The titie compound from Example 3B above is reacted with 2-S-
10 trityl-3-N-BOC-iso-cysteine under essentially the same conditions as
described in Example 21A above to give the title compound. The
protected iso-cysteine is prepared by methods known to one skilled in the

cu,gcn,;
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art from iso-cysteine (Gustavson, et al,, Syn. Comm., 21, (2) 265-270
(1991 )) '

fQCf s

mdcn”a STx Cﬂs(mzls sH
o l o” ‘E
NHBOC
5 The title compound from Step A above is reacted as described in
Example 1B above to give the title compound.

EXAMPLE 28
0,

-4 °“’E%f;=
O L

The title compound from Preparative Example 4 of WO89/10369 is

converted into the title compound by methods similar to those described in
WwO085/10369.

10
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o

The title compound from Step A above is reacted with the
substituted piperidine from Example 4 above under similar conditions to
§ those dascribad in WOB9/10369 to give the titie compound.

CQUCQU
Cf" Cf‘

The title compound from Step B above is reacted as described in |
Example 3B above to give the title compound.

'°mccbcr:cr
CF cf -

The title compound from Step C above is reacted as described in
Example 1A above to give the title compound. '
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i
G NI k(m

The title compound from Step D above is reacted as described in
Example 1B above to give the title compound.

EXAMPLE 29
Br Cl
N
N
CH,4(CH,)3
CHj
0

HN COOH
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cn,(cn,)_., N CH5(CH,)s I -
3

The title compound from Example 3B above is reacted with the

acid, _
CHy  COOCH,3
o

(prepared as described in US 4,470,972 and E. M. Smith, et al, L. Mad,
Chem,, 32, 1600 (1989)), under similar conditions to those described in
Example 20A to give the title compound.

fQ:J’fQ”J

Cﬂa(CHz) CH4(CHJ )3
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The title compound from Step A above is reacted with base to afford
the title compound.
EXAMPLE 30

Cl

H
c(c
o)TuYoc( Hyls
o
g\s
CH30

5 Combine 0.5 g of the product of Preparative Exampie 1, Step G, of

WO 95/10516, 0.54 g of N-BOC-S-(p-methoxybenzyl)-L-cysteine, 0.321 g
of DEC, 0.226 g of HOBT, 0.176 g of N-methylmorpholine and 15 mL of .
DMF at 0°C, then stir the mixture:for 3 days at room temperature.
Concentrate in vacuo to a residue which is dissolved in CHzCl> and

10 washed successively with saturated NaHCO3 {(aqueous) and brine. Dry
the organic solution over NaaS04 and concentrate in vacuo to a residue.
Chromatographed (silica gel, 98% CH2Cl2/MeOH + NH4OH) to give the
product compound. MS: MH+ = 634.

EXAMPLE 31

N
NH, ¢ HC1
o
o

CH30
15
Combine 0.1 g of the product of Example 30, 4 mL of THF and 2 mL
of 4N HC! in dioxane and stir the mixture for ovemight at room
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temperature. Concentrate in vacuo to give 0.08 g of the product
compound. MS: MH+ = 534, :

STEP A

poc

H
N | N

O — (X
N Scoon N~ "COOH
H FMOC

Dissoive 5.25 ¢ (25.85 mmol) of 2-piperazine carboxylic acids2HCI
in 160 mL of 1:1 dioxane/H20, and adjust the pH to 11 with 50% NaOH
{aq.). Slowly add (in portions) a solution of 7.21 g {29.28 mmol) of
BOC-ON in 40 mL of 1:1 dioxane/Hz0 while maintaining the pH at 11 with
50% NaOH (aq.) during the addition. Stir at room temperature for 5 hours,

- then cool to 0°C and adjust to pH 9.5 with 50% NaOH(aq.). Slowly add (in
portions) a solution of 7.34 g (28.37 mmol) of FMOC-CI in 40 mL of
dioxane, maintaining a pH of 9.5 during the addition with 50% NaOH (aq.).
Warm the mixture to room temperature and stir for 20 hours. Wash with
Et20 (3 x 150 mL), adjust to pH = 2-3 with 6N HCI (aq), and extract with
toluene (3 x 150 mL). Dry the combined extracts over NazS0O4 and
concentrate in vacuo to a volume of 150 mL. Chill at -20°C overnight, filter
to collect the resulting solids, wash with hexane and dry the solids in
vacuo to give 5.4 g of the product compound.

STEP B: a
NO, NOs
a/ a’n
Br I_q\c}ls

Siowly add 2.0 g (9.26 mmol) of 2-nitrobenzylbromide to 37 mL of a
2 M solution of CHaNH2 in THF, then stir at room temperature for 16 hours.
Dilute with 200 mL of EtOAc, wash with water (3 x 60 mL), then dry the



10

15

20

25

WO 96/31478 PCT/US96/04172
-91-
organic phase over NaSO4 and concentrate in vacuo to give 1.53 g of
the product compound.
STEPC:

BOC T
N NO, CH, N
QL CCh — QRO

N” ~cooH N cHy Y

MOC NO, O FMOC

Combine 2.74 g {6.05 mmol) of the product of Step A, 4.22 mL of
Hinigs base, 2.76 g (7.26 mmol) of HATU, and a solution of 1.00 g (6.05
mmol) of the Product of Step B in 25 mL of CH2Cl2, and stir at room
temperature for 16 hours. Dilute with 75 mL of EXOAc wash successively
with 10% HCI (aqueous) (2 x 40 mL), saturated NaHCO3 (aqueous) (2 x
40 mL) and 40 mL of brine. Dry the organic phase over MgSO4
concentrate in vacuo to a residue and chromatograph (silica gel, 2%
MeDH/CH2Cl2) to give 2.71 g of the product compound.
STEPD:

BOC BOC
f ]
N N
CH3 ] CHS ]
' o '
q l N N
#v i N
NO, O FMOC NO, o H

Combine 1.00 g (1.67 mmol) of the Product of Step C, 8 mL of DMF
and 0.18 mL (1.83 mmol) of piperidine, and stir at room temperature for 4
hours. Concentrate in vacuo to a residue and chromatograph (silica gel,

4% MsOH/CH2Clp) to give 0.34g of the product compound.

SIEPE

Combine 0.30 g (0.789 mmol) of the Product of Step D and 8 mL. of
CHzCla, then add 0.164 g (0.847 mmol) of 3-pyridylacetic acideHCl, 0.116
g (0.947 mmol) of DMAP and 0.195 g (0.847 mmol) of DCC, and stir at
room temperature for 16 hours. Chromatograph (silica gel, 4%
MeOH/CH2Cl2) to give 0.37 g of the Product compound.
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Add 0.5 mL of TFA to a solution of 0.25 g (0.502 mmol) of the
Product of Step E in 5 mL of CH2Cl2, and stir at room temperature for 4
hours. Concentrate in vacuo to a residue, add 60 mL of EtOAc and wash
successively with saturated K2CO3 (aqueous) (2 x 20 mL) and 30 mL of
brine. Dry the organic phase over Na2SO4 and concentrate in vacuo to
give 0.170 g of the Product compound.

DAY — O

Combine 0.096 g (0.242 mmol) of the product of Step F, 0.083 g
(0.242 mmol) of the chioride Product of Preparative Example 40, Step B,
of WO 85/10516, and 1 mL of THF, then 0.037 g (0.242 mmol) of DBU, and
heat at 80°C for 6 hours. Concentrate in vacuo to a residue and
chromatograph (silica gel, 2% to 5% MeOH/CH2Cl) to give 0.035g of the
title compound (Example 32) along with 0.042g of a product of formula:

C1

Example 32-A
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Analytica! data for Example 32: 1H NMR (CDCls): 2.01-3.08 (m,
OH); 3.55-3.88 (m, 4H); 3.90-4.1 0 (m, 2H); 4.21-4.38 (m, 2H); 5.23-5.39
{m, 2H); 7.08-7.31 (m, BH); 7.44 {t, 1 H); 7.527.70 (m, 3H); 8.09 (br. d, 1 H);
8.37-8.52 (m, 3H).

Analytical data for Example 32-A: 1H NMR (CDClg): 1.85-2.21 (m,
3H); 2.44-2.86 (m, 5H); 3.01-3.46 {m, 3H); 3.52-4.50 (m, 5H); 5.01 (br. 5, 1
H); 5.48-5.68 (m, 1 H); 7.07-7.99 (m, 3H); 7.24-7.31 (br. s, 1 H); 7.55-7.65
(m, 2H); 8.32-8.57 (m, 3H).

Using substantially the same procedure as described for Example
32, Steps A-G, but substituting the indicated amine for CHgNH2 in Step B,
and or the indicated acid for 3-pyridylacetic acid in Step E, the foliowing
compounds were also prepared:

Reagents used in Step B and/or Compound
Step E
Br cl
Step B: i-propyl-amine N
N
e
HsC._ N _
N
Y |
CHs O O)\/O‘
' Example 32-B
Step B: i-propyl-amine a
Br
Step E: 4-pyridyl-acetic acid
N
e
HsC\_ N
N
LY
3
Example 32-C

Analytical data for Exampie 32-B: *H NMR (CDClg): 0.9-1.07 (m,
6H); 1.80-2.23 (m, 2H); 2.36-2.89 (m, 3H); 2.97-3.38 (m, 2H); 3.47-4.10 (m,
5H); 4.08-4.18 (m, 1H); 4.41 {br. d, 1H one diasterecisomer); 4.80 (br. s,
1H one diasterecisomer); 5.17-5.25 and 5.60-5.65 (m, 2H); 7.00-7.13 (m,
3H); 7.16-7.23 (br. s, 1H); 7.50-7.60 (m, 2H); 8.27-8.49 (m, 3H). |
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Analytical data for Example 32-C: 'H NMR (CDCls): 0.98-1.11 (m,
6H); 1.82-2.21 (m, 2H); 2.40-2.82 (m, 3H); 3.10 (t, 1H); 3.17-3.40 (m, 1H);
3.50-3.62 (m, 1H); 3.70-4.32 {(m, 5H); 4.49 (br. d, tH one diastareoisor’ner);
4.98 (br. s, tH one diastereoisomer); 5.20-5.36 and 5.61-5.69 {m, 2H);

5 7.05-7.20 (m, 5H); 7.54-7.62 (m, 1H); 8.32-8.38 (m, 1H); 8.52-8.59 {m, 2H).
EXAMPLE 33

Cl

SIEPA:
H | 0oe
N N
O, — (A=
N7 coget Y
8 o
10 Combine 12.05 g (48.5 mmol) of ethyi 1-N-benzyi-2-piperazine-

carboxylate in 100 mL of THF with 10.59 g (48.5 mmol) of di-t-butyl-
dicarbonate and stir at room temperature for 3 hours. Concentrate in
vacuo to give 17.17 g of the product compound.

STER B ~
BOC

lm — (L
O},r Ay

Combine 17.17 g of the product compound from Step A, 150 mL of
MeOH, 7.5 mL of HOAc and 3.4 g of 10% Pd/C, and hydrogenate with Ha
(50 psi) for 18 hours at room temperature. Filter through celite®, wash the
fiter cake with MeOH and concentrate the filtrates in vacuo to a residue.

18
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Dissolve the residue in 300 mL of EtOAc and wash successively with
saturated Na2CO3 (agueous) (2 X 150 mL) and 100 mL of brine. Dry over
MgSO4 and concentrate in vacuo to give 11.54 g of the product

‘compound.

STEP C:
BOC
BOC $

1 N
Ol = oy (A

AN Do

B o |

Combine 0.26 g (1 mmol) of the product compound from Step B, 1

mL of CH2Cl2, 0.174 g (1 mmol) of 3-pyridylacetic acid, 0.147 g (1.2 mmol)
of DMAP and 0.248 g (1.2 mmol) of DCC, and stir at room temperature for
40 hours. Concentrate in vacuoto a residue and chromatograph (silica

gel, 5% MeOH/CH>Cly) to give 0.315 g of the product compound.
STEPD:

BOC H
N N
——————
X X
N o © N o °
Combine 0.198 g (0.521 mmol) of the product compound from
Step C and 0.5 mL of TFA, and stir at room temperature for 40 hours.
Concentrate /n vacuo to a residue, add 50 mL of EtOAc and wash with 10

mL of 1 N NaaCOj3 (aqueous). Dry over NaaSO4 and concentrate in
vacuo to give 0.077 g of the product compound.

JYM e "Ek,O

Combine 0.075 g (0.272 mmol) of the product compound from
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Step D, 0.091 g (0.265 mmol) of the chioride Product of Preparative
Example 40, Step B, of WO 95/10516, 2 mL of THF and 0.40 g (0.265
mmo!) of DBU, and stir at 50°C for 24 hours. Cool to 25°C, concentrate in
vacuo to a residue, and chromatograph (silica gel, 5% MeOH/CH2Cl2) to
give 0.034 g of the product compound. TH NMR (CDCls):1.12 and 1.14 {t,
3H); 1.55-1.82 {m, 1H); 1,82-2,50 2H); 2.53-2.81 (m, 2H); 3.03-3.25 (m,
1H); 3.28-3.45 (m, 1H); 3.53-3.71 (m, 2H); 3.74 (s, 2H); 3.85-4.18 (m, 3H);
4.31 and 4.32 (s, 1H); 5.10-5.1 8 (m,3H). '
EXAMPLE 34

Br cl

e % _

NH  Bro_ - -CO:CH, (:li
————
C. oo,

Combine 12 mL (50 mmol) of N,N'-dibenzylethylenediamine, 14 mL
(100 mmol) of EtsN and 250 mL toluene at 0°C, add 7 mL. (50 mmol) of
methy! 4-bromocrotonate (7 mL, 50 mmol), slowly warm to room
temperature and stir for 24 hours. Filter, concentrate the filtrate in vacuo to
a residue and treat with 10% aqueous HCI (300 mL). Filter again and
wash the filtrate EtOAc (2 X 100 mL). Basify the filtrate with K2COg,
extract with EtOAc (3 X 150 mL), wash the combined extracts with brine,
dry over MgSO4 and concentrate in vacuo to give 13.7g of the product
compound. TH NMR (CDClg) 2.28-2.50 (m, 4H), 2.5-2.75 (m, 4H), 3.1 (bs,

1H), 3.42 (d, 2H), 3.52 (d, 1H), 3.6 (s, 3H), 3.75 (do 1H), 7.15-7.35 (m,
10H).
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STEPB:

&,
A — QUL

of

Combine 13.7 g (40 mmol) of the product of Step A, 150 mL of
MeOH, 50 mL of 1 N HCI (aqueous) and 3 g of 10% Pd/C and hydrogenate
with Hz (50 psi) for 24 hours. Filter, concentrate the filtrate in vacuo to
remove most of the MeOH, and basify with K2CO3 to pH = 9-10. Slowly
add 9.8 g (40 mmol) of BOC-ON at 0 °C and stir at 0° for 1 hour. Slowly
warm up to room temperature, stir 2 hours, and extract with EtOAc (2 X
200 mL). Treat the combined extracts with 50 mL of 10% HCI (aqueous),

1tPL6R421 fiaquaous layer with EIOAC; besify-with KzCOy and extract three™— ——— - —-—-

15

20

25

times with EtOAc. Wash the combined organic layers with brine, dry over
MgSO4 and concentrate in vacuo to give 7.89 g of the product compound.
TH NMR (CDClg): 1.4 {s, 9H), 2.31 (dd, 1H), 2.37 (dd, 1H), 2.55 (b, 1H),
2.69-3.02 (m. 4H), 3.75 (s, 3H), 3.88 (b, 2H).

STEPC:

O, — CUL

Combine 5.2 g (20 mmol) of the product of Step B, 60 mL of THF,
60 mL of 1 N NaOH (aqueous) and stir at room temperature for 6 hours.
Cool to 0°C, add 10% HCI (aqueous) to adjust to pH = 9-10, then add 5.2
g (20 mmol) of FMOC-CI. Stir at room temperature for 6 hours, (adding 1
N NaOH (aqueous) to maintain pH = 9-10), then acidify with 10% HCl to
pH = 1. Extract twice, wash the combined organic layers with brine, dry
over MgSOy4 and concentrate in vacuo to give 8.56 g of the product
compound. 'H NMR (CDCl3): 1.4 (s, 9H), 2.5-3.0 (m, 5H), 3.9-4.2 (m, 6H),
4.5 (m, 1H), 7-25 (t, 4H), 7.32(t, 4H), 7.48(d, 4H), 7.75(d, 4H).
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STERPD:

O, — QUL

Combine 480 mg (1 mmol) of the product of Step C, 5 mL of
CH2Clp, 230 mg (1.2 mmol) of DEC and 130 ulL (1.5 mmol) of

i-propylamine, and stir at 25°C for 6 hours. Treat with 10 mL of 1 N HCI
(aqueous), extract with 30 mL of EtOAc, wash the extract with saturated
NaHCO3 (aqueous) and dry over NapSO4. Concentrate in vacuo to give

454.6 mg of the product compound.
SIEPE:
liaoc
- im N
: LI
CI L 0
| e—— H
N N
) H o)
FMOC

N

Combine a solution of 150 mg (0.3 mmol) of the product of Step D
in DMF with 142 mg (0.45 mmol) of TBAF, and stir at 25°C for 0.5 hours.
Treat with 5 mL of 1 N HCI (aqueous) and wash with 10 mL of EtOAc.
Basify with saturated K2COg, extract three times with EtOAc and dry the
combined extracts over MgSO4. Concentrate in vacuo to a residue. Treat
the residue with 3-pyridylacetic acid via substantially the same procedure
as described for Example 33, Step C, to give 106.2 mg of the product
compound.
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Combine 40 mg (0.1 mmol) of the product of Step E, 2mL of
CH2Ciz and 1 mL of TFA, and stir at 25°C for 0.5 hours. Concentrate in
vacuo to a residue. Combine the residue with 90 L (0.6 mmol) of DBU in

2 mL of THF, add 40 mg (0.12 mmol) of the product of Preparative

Example 40, Step B, of WO 85/10516, and stir at 60°C for 8 hours.
Concentrate In vacuo to a residue and chromatograph to give 48.2 mg of
the product compound.

fQCfoCT
) TR

The title compound from Example 3B above {1equivalent) (0.5g.)
was reacted with the title compound from Preparative Example 10B (1.5
equivalents) (0.2559g.) and DEC (1.5 equivalents) (0.3203g.), HOBT (1.5
equivalents) (0.169¢g.) and N-methyimorpholine (1.5 equivalents)
(0.245ml.) in dry DMF {15ml.) at 25°C for 22h. The reaction was worked up
essentially as described in Example 20A and the product was purified on
a silica gel column using 2.25% (10% concentrated ammonium hydroxide
in methanol)-methyiene chioride as the eluant to give the title compound.
Yield: 609.4mg., MH+ 585.0.

CMR data (8¢ (CDClIg)) for the title compound: (1) tricyclic: (a) CH2:
29.7/20.8/29.9/30.0/30.2/30.4, (b) CH: 146.6/146.7, 140.6/140.9, 132.1,
129.8/129.9/130.0/130.1, 125.9, 78.3/78.4/78.5, and (¢) C: 119.6,
140.2/140.4, 134.6, 136.2/136.3, 136.4, 154.6/154.7/154.9/155.0; (2)
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piperazine: (a) CHg: 13.5/13.8, (b) CHz: 22.0/22.1, 28.7, 27.6/27.9,
37.0/37.1/38.0/38.5, 41.4/41.5, 50.8/51.6, 53.1/53.2/53.5/53.8/53.9, and (c)
CH: 49.0; and (3) piperazine N-substituent: (a) CH2: 51.2, (b) CH: 126.3,
126.3,138.5, 138.5, and (c) C: 133.8, 166.4/166.7.

5 EXAMPLE 37

Br Cl

fQCfoCf
]_—’\/VEJVO

The title compound from Example 3B above (1 equivalent)

10 (0.6589.) was reacted with the titie compound from Preparative Example
17D, of WO 85/10516, (1.3 equivalents) (0.4637g.) and DEC (1.3
equivalents) (0.3654g.), HOBT (1.3 equivalents) (0.2575g.) and N-
methyimorpholine (1.3 equivalents) (0.21ml.) in dry DMF (25ml.) at 25°C
for 25h.- The product was isolated as described in Example 20A and used

15 dlrectly in Step B below.

Br\(:@,c_l—’ R\Q@/m
BeC S naree,

" The title compound from Step A above was dissolved in methanol
{5ml.) and 10% {v/v) concentrated sutfuric acid in dioxane (15ml.) was
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added and the reaction was run and worked up as described in Example
208 to give the title compound. Yield: 0.312g., MH* 575.4.

STEP C:
Br Ci Br

N N
\/\/EN] ———:/\/ENJ R

(o) o :

The titie compound from Step B above (1 equivalent) (0.310g.) was
dissolved in dry methyiene chioride (Smi.) and trimethyisitylisocyanate (6
equivalents) (0.3733g.) (0.439ml.) was added. The mixture was stirred at
25°C for 77h. under argon. Additional trimethylsilylisocyanate (6
equivalents) (0.3733g.) (0.439ml.) was added and the reaction was
allowed to proceed for a total of 106h. The mixture was diluted with
methylene chioride and washed with saturated aqueous sodium
bicarbonate, water and then dried over magnesium sulfate. Filtration
followed by evaporation gave the titie compound that was purified on a
silica gel column using 2%(10% concentrated ammonium hydroxide in
methanol)-methylene chloride as the eluant to give the titie compound.
Yield: 0.17589., MH* 618.2.

CMR data (8¢ (CDC'3))for the title compound: (1) tricyclic: (a) CH2:
20.8, 30.1, (b) CH: 146.6/146.7, 140.8/140.9, 132.1, 125.8/125.9,
128.9/129.9/130.0/130.1, 78.5/78.6, and (c) C: 119.6, 140.2/140.4,
133.7/133.8, 134.7/134.8, 136.2/136.3, 155.0/155.7; (2) piperazine: (a)
CH3: 13.5/13.6, (b) CH2: 40.9/41.0, 51.1/51.4/51.9, 53.2/53.3/53.4/-
§3.9/54.2, 36.5, 22.1/22.2, 27.7/27 .8, and {(c) CH: 48.4; and (3) piperazine

N-substituent: (a) CH2: 44.0, 31.5, 31.5, 44.0, 39.1, (b) CH: 32.6, and (c) C:
157.5, 169.1/169.4.

Cl
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The title compound from Exampie 11B above (1equivaient) (0.4g.)

was reacted with the title compound from Preparative Example 10B (1.5
5 equivalents) (0.2038g.) and DEC (1.5 equivalents) (0.2552g.), HOBT (1.5

equivalents) (0.1346g.) and N-methyimorpholine (1.5 equivalents)
(0.195ml.) in dry DMF (15ml.) at 25°C for 17h. The reaction was worked
up essentially as described in Exampie 20A and the product was purified
on a silica gel column using 3% (10% concentrated ammonium hydroxide

10 in methanol)-methylene chioride as the sluant to give the title compound.
Yield: 539.6mg., MH*+ 587.

CMR data (8¢ (CDCI3)) for the titie compound: (1) tricyclic: (a) CH2:
29.8/30.0, 30.0/30.2, (b) CH: 146.6/146.7/146.8, 140.8, 132.1/132.3,
129.9/130.0, 125.9/126.3, 78.4/78.5, and {(c) C: 119.6, 140.2/140.3, 133.8,

15 134.3/134.4/134.6, 136.2/136.3, 154.6/154.8; (2) Piperazine: (a) CH3:
58.2, (b) CH2: 50.9/51.2/51.6, 54.3/54.4/54.7, 37.4/27.6, 39.3/42.3,
67.6/67.7/89.6, and (¢) CH: 50.0; and (3) piperazin2 N-substituent: (a)
CH2: 36.6/36.8, (b) CH: 138.4/138.5, 126.4, 126.4, 138.4/138.5, and (c) C:
133.8.

20 EXAMPLE 39

Br Cl

)
"“’5\,0

CH3
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fﬁjh_’ fQ:r
~p T OL,O"”"

The title compound from Example 11B above (1 equivalent) (2.7g.)
was reacted with the titie compound from Preparative Example 17D, of
5 WO 95/10516, (1.3 equivalents) (1.89g.) and DEC (1.3 equivalents)

(1.49g.), HOBT (1.3 equivalents) (1.05g.) and N-methyimorphoiine (1.3
equivalents) (0.7876g.) (0.8561ml.) in dry DMF (80mi.) at 25°C for 24h.
The product was isolated as described in Example 20A and
chromatographed on a silica gel column using 0.5%(10% concentrated

10 ammonium hydroxide in methanol)-methylene chioride as the eluant to
give the title compound. Yield: 1.49g., MH* 677.

fQ::r fQ:r
o “’&JQ l “’E\U‘

The title compound from Step A above (1.38¢.) was dissolved in
15 methanol (10ml.) and 10% (v/v) concentrated sulfuric acid in dioxane
(30mi.) was added and the reaction was run and worked up as described
in Example 20B. The product was chromatographed on a silica gel
column using 6-8%(10% concentrated ammonium hydroxide in
methanol)-methyiene chioride as the eluant to give the titie compound.
20 Yield: 0.7175g., MH* 577.

CMR data (5¢ (CDCI3)) for the title compound: (1) tricyclic: (a) CHz:
29.9/30.0, 30.1/30.2, (b) CH: 148.6/146.7, 140.7/140.8, 132.1/132.2,
125.8/125.9, 129.9/130.0, 78.6, and (c) C: 119.5/119.6, 140.3/140.7,
133.7, 134.7/134.8, 136.2/136.4, 155.0/155.1; (2) piperazine: (a) CHa:

25 58.1, (b) CH2: 39.8/39.9/40.9, 51.3/51.5/51.9, 54.3/54.8/55.1, 36.2,

CH,
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67.9/68.0/69.7/69.8, and (¢) CH: 49.7/49.8; and (3) piperazine N-
substituent: (a) CH2: 45.9, 32.7, 32.7, 45.9, 39.0, (b) CH: 32.9; and(c)c
169 7/170.2.

fQCr fQU

The titile compound from Step B above (1 aqunvalant) (0.582g.) was
dissolved in dry methylene chioride (6mi.) and trimethylsilylisocyanate (6
equivalents) (0.6985g.) (0.821ml.) was added. The mixture was stirred at
25°C for 48h. under argon. The mixture was diluted with methylene
chioride and washed with saturated aqueous sodium bicarbonate, water
and then dried over magnesium sulfate. Filtration followed by evaporation
gave the title compound that was purified on a silica gel column using
3%(10%-concentrated ammonium hydroxide in mathanol)-methyliene
chioride as the eluant to give the title compound. Yield: 0.4926g., MH+
620.

CMR data (8¢ {CDCl3)) for the title compound: (1) tricyclic: (a) CH2:
29.9/30.0, 30.1, (b) CH: 146.6/146.7, 140.7/140.8, 132.1/132.2,
125.8/125.9, 130.0, 78.6, and (c) C: 119.5/119.6, 140.3, 133.8, 134.8,
136.2/136.4, 154.9/155.0; (2) piperazine: (a) CM3: 58.1/58.2, (b) CH2:
38.2/38.3, 51.2/51.5/51.8, 54.3/54.7/55.1, 36.2, 67.8/67.9/69.6/69.8, and
(c) CH: 49.7; and (3) piperazine N-substituent: (a) CH2: 43.9/44.0,
40.8/40.9, 40.8/40.9, 43.9/44.0, 39.1, (b) CH: 32.5; and (¢) C: 157.5,
169.3/169.9.

EXAMPLE 40
SIEPA
H Br
O“N"’z — O_Nﬁp‘/n\oz
0 A
To a suspension of Tentagel S® NHz Resin (Rapp Polymere Gmbh,

Germany) (1.0g, 0.28 mmol/g loading, 0.28 mmol) in DCM (10mL}ina
Merrifield reaction vessel was added 4-(bromomethyl)-3-nitrobenzoic acid
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(1.12 mmol, 0.29g), HOBT (1.12 mmol, 0.15g) and DIC (1.68 mmol, 0.21g,
0.26mL). The resin shook at room temperature for 16h and was then
washed with DCM (4 x 10mL} and THF (3 x 10 mL).

STEPB
NO,
N
A ——t o—g)/d\"’»
o B

The resin (0.28 mmol theoretical loading) was suspended in THF
(10 mL) and treated with (aminomethyf)cyclopropane (5.6 mmol, 0.40g,
0.49 mL) at room temperature for 16h. The resin was then washed with
THF (2 x 10 mL).

STEP C: | Boc
. LI
B —= O—N]ﬁ\v) c FMoC

The rasin (0.28 mmol theoretical loading) is suspended in DCM
(10mL) and reacted with 1-N-FMOC-4-BOC piperazina-2-acetic acid (1.12
mmol, 0.52g), HATU (1.12 mmol, 0.43g) and N,N-diisopropyethylamine
(2.24 mmol, 0.299, 0.39mL). The resin shook at room temperature for 16 h
and was then washed with DCM (4 x 10 mL). The resin was then
retreated with the same mixture of reagents in a second coupling cycle of
16h. The resin was then washed with DCM (6 x 10mL.).

STEP D:
_ NO, UN]
. H N l:l
c— O V) P H
o

The resin (0.28 mmol theoretical loading) was washed once with
DMF (10 mL) and was then treated with a 30% solution of piperidine in
DMF (total volume = 10 mL) at room temperature for 30 min. The resin
was then washed with DMF (10 mL), methanol (2 x 10 mL) and DCM (3 x

10 mL).
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N

AL
D —> O—g Iv)nsc% o

o E

The resin (0.28 mmol theoretical loading) was suspended in DCM
(10mL) and treated with (S)-(+)-a-methoxyphenyiacetic acid (1.12 mmol,

5 0.199), HATU (1.12 mmol, 0.43g) and N,N-diisopropylethylamine {2.24
mmo!, 0.29g, 0.39 mL). The resin shook at room temperature for 16h and

was then washed with DCM (4 x 10 mL).
STEPF
M
2.0
10 The resin (0.28 mmol theoretical loading) was treated with a 30%
solution of TFA in DCM (10 mL) at room temperature for th. The resin was
then washed with DCM (2 x 10 mL) and methanol (3 x 10 mL) and then
treated with a 20% solution of triethylamine in methanol (10 mL) for 30

min. The resin was then washed with methanol (2 x 10 mL) and DCM (4 x
15  10mL).

NO,
H
E —> O_N V
o

H
F
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STEP G:

H
F — N J HyCOw, A,

The resin (0.28 mmol theoratic_al loading) was suspended in DMA
(10 mL) in a round-bottomed flask and treated with

Br Cl

_—
"
N
5 Cl
(1.12 mmol, 0.38g), from Preparative Example 40 of WO 95/10516, and
1,2,2,6,6-pentamethylpiperidine (1.12 mmol, 0.17g, 0.20mL). The resin
was stirred gently at 45°C for 16h and was then filtered and washed with
DCM (5 x 10 mL), DMF (3 x 10 mL) and methanol (3 x 10 mL).

10 STEPH:

Br Cl

\
Y
N
N
O
o— XL =
- HN N
Jaaco.,,l o

The resin (0.28 mmol theoretical loading) was washed from the
filter funnel into a 25 mL round-bottomed flask with methano! (10 mL) and
photolysed (UVP Blak-Ray lamp, 360nm) for 3h. The resin was filtered

15 and washed with methanol (3 x 10 mL) and DCM (3 x 10 mL). The solvent
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and washings are combined and evaporated to dryness in vacuo giving

compound H.

By employing the processes described above, as well as the
processes described in WO 94/08051, as exemplified in Example 40,

compounds of the form_ula:

Br /\

§ﬁi N
e
R!

Cl

were prepared wherein R and R2 are defined in Table 3 below.

Example R!

p2
‘H
2 0
(¢)
% \J\ —~
CHy
o H “CHy
H Z |
43 0 YN ™
Q
H
N CH,
3
L v
0 0
) . H
- | \ N\CH
45 Nau 3
O 0O
d \i
46 'O\/k N
o) H
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47 \ \n’ \v
(o] o)
o b
o NO,
N d
50 A
N d
51 a
N ad
54 a
N >
55 ™
NP
56 N
Br / \
—_—

(56A(i))

(56AD) \\(“2
s3HCI

S-H
React the product of Preparative Example 2 following the procedure

of Example 1 Step A to obtain Compound (56A(i)). Compound S6A(i)

(320mg), CH2Cl2 (2mL), TFA (2mL) and (C2Hs)3SiH (249 ulL) were



WO 96/31478 PCT/US96/04172
-110-

charged to a flask. The reaction mixture was stirred at room temperature
for about three hours. All the solvents were removed on a rotavap. HCI
(1N) was added to dissoive the product and the resulting solution was
washed with hexanes. The solution was stripped down on a rotovap and

§ then HCI (1N) was added and the resulting solution was lyophilized to
yield the title compound (58A(ii)). Mass Spec.: M + 1 = 480.

The compounds in Tables 4-7 below exhibited biological activity at
concentrations below about 10uM using an in vitro assay measuring the
inhibition of FPT. Under the test protocols empioyed, there were certain

10 compounds within the scope of the invention which did not exhibit activity.
it is believed that such compounds would exhibit activity under a different
test protocol. For example, certain compounds wherein R! was:

H
N
2 Q N
CQ Hsco == X
e
& HC oy
1140 1160) /N (260) | (130.0)
N, \ f’,o |
N S .CH; ¢ H
>O, (k ? 6
N N g=cC
& C\\N ,QJ Ne=o0 @8
N\ H C
330 %M qmo que | 1620 "Fo o
 H
®
(1630) CH,
C
15 - /o
did not exhibit activity at the concentrations tested.
EXAMPLES §7-210

Compounds of the formula:
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Br/\ cl

Rl
were prepared, by procedures similar to those in Example 40, wherein R?
and R2 are defined in Table 4 below. In Table 4 the numbers in the
column for R1 refer to the formula numbers of the R groups exemplified
above. In Table 4, R2 is -C(O)R®S (i.e., formula (84.0)). The numbersin
the R2 column refer to the formula numbers of the R65 groups exemplified
above. In Table 4, the column labeled “EX" refers to the example number.

78 1203.0] (S)- § 79 |203.0] 118.0
110.0 |
81 |203.0]|120.0] 82 |203.0] 124.0
84 |203.0][137.0] 85 |[203.0] 143.0
87 | 203.0]153.0] 88 |203.0] 154.0
90 |203.0]157.0] 91 |203.0)] 160.0
| e 94 |204.0| 101.0] 95 | 204.0] 102.0
204.0 | 103.0] 97 |204.0] 104.0] 98 | 204.0| 105.0
204.0| 106.0§ 100 |204.0] (R)- | 101 | 204.0| 123.0
110.0
102 | 204.0 | 124.0] 103 | 204.0 | 128.0] 104 | 204.0 | 136.0
105 | 204.0] 137.0] 106 | 204.0} 152.0} 107 | 204.0 | 154.0

80 | 203.0]118.0

83 | 203.0] 125.0
86 | 203.0 | 152.0
89 | 203.0 | 166.0
92 | 203.0}| 161.0

—h—r-T—-'—rH——

88|
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108 | 204.0 e e | e ] e ] e
111 | 205.0 205.0 | 120.0] 113 | 205.0 | 124.0
114 | 205.0 208.0 | 101.0] 116 | 206.0 | 102.0
117 | 206.0 | 206.0 | 1050 119 | 206.0| 122.0
120 | 208.0 208.0 | 1370] 122 | 208.0 | 139.0 |
123 | 206.0 2060 | 15700 —~— | - | —-
126 | 207.0 207.0 | 122.0] 128 | 207.0| 137.0
129 | 208.0 208.0 | 103.0] 131 | 208.0| 104.0
132 | 208.0 208.0 | 112.0] 134 | 208.0 | 124.0
135 | 208.0 208.0 | 152.0] 137 | 208.0| 153.0
138 | 208.0 208.0 | 157.0] 140 | 209.0 | 104.0
141 | 209.0 209.0 | 157.0} 143 [ 210.0] 101.0
144 | 210.0 210.0 | 104.0] 146 | 210.0] 105.0
147 | 210.0 2100 | 124.0] 149 | 210.0] 125.0
150 | 210.0 210.0 | 1370} 152 | 210.0| 149.0
153 | 210.0 2100 | 153.0) 155 | 210.0] 155.0
156 | 210.0 2120} 137.0] 158 | 214.0 | 137.0
159 | 214.0 215.0 | 125.0] 161 | 216.0| 124.0
162 | 216.0 (s)- | 101.0] 164 | (5)- | 103.0
217.0 212.0
165 | (S)- () | 137.0] 167 | (8)- | 138.0
217.0 217.0 217.0
168 | (S) (s)- | 1570} 170 | (S)- | 160.0
217.0 217.0 217.0
—_— | - ®)- | 1220] 173 | R- | 1360
217.0 217.0
174 | R ®)- | 157.0] 176 | ®)- | 161.0
217.0 217.0 217.0
177 | 219.0 220.0 | 157.0] 178 | 221.0] 117.0
180 | 223.0 2250 | 101.0] 182 | 225.0] 102.0
183 | 225.0 2250 | 105.0] 185 | 225.0} 106.0
186 | 225.0 2250 | 108.0] 188 | 225.0 ] 108.0
189 | 225.0 2250] (S)- | 191 |225.0] 112.0
' 110.0 -
192 | 225.0 225.0 | 119.0] 194 | 225.0] 120.0
195 | 225.0 2250 | 137.0] 197 | 225.0] 151.0
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200 | 226.0 { 106.0
203 | 227.0 | 148.0

198 { 225.0 | 152.0} - —vee
202 | 227.0 108.0] 202 | 227.0

206 | 230.0] 131.0
209 | 231.0] 137.0

—— ~one o 205 | 229.0
207 |} 230.0 [ 137.0§ 208 |} 230.0
210 | 231.0] 145.0] 211 ] 231.0

Compounds of the formula:
Br / \ Cl

R‘

were prepared, by procedures similar to those in Example 40, wherein Rt

5 and R2 are defined in Table 5 below. In Table 5 the numbers in the
column for R? refer to the formula numbers of the R? groups exemplified
above. In Table 5 R2 is -CH2C(O)RSS (i.e., formula (86.0)). The numbers
in the R2 column refer to the formula numbers of the R85 groups
exemplified above. in Table5 the column iabeled “EX" refers to the

10 example number.

EX R2 R1
RE5
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241 (R | 102.0] 242 | (R)- | 103.0§ 243 | 218.0| 128.0
217.0 217.0 :
244 | 221.0 1250 —~-- o oo 246 | 226.0 1 103.0
247 | 226.0] 127.0] 248 | 229.0} 1550 - ——— ——
_ EXAMPLES 2449-280
Compounds of the formula:
7 \ cl

=N
3
R? N
\
Rl
were prepared, by procedures similar to those in Example 40, wherein R?
§ and R2 are defined in Table 6 below. In Table 6 the numbers in the
column for R1 refer to the formula numbers of the R? groups exemplified
above. In Table 6 R2is -C(O)R®5 (i.e., (84.0)). The numbers in the R2

column refer to the formula numbers of the R85 groups exempilified above.
in Table 6 the column labeled “EX" refers to the example number.
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- EXAMPLES 281-288
Compounds of the formula:

7 _a

\N N
e
b

were prepared, by procedures similar to those in Example 40, wherein R1
5 and R? are defined in Table 7 below. In Table 7 the numbers in the
column for R? refer to the formula numbers of the R1 groups exemplified
above. in Table 7 R2 is -CH2C{O)R®S (i.e., formula (86.0)). The numbers
in the R2 column refer to the formula numbers of the R6S groups
exemplified above. In Table 7 the column labeled “EX" refers to the
10 example number.

EX R2 Rt EX R2 R?

R65
202.0
284 | 203.0 | 157.0

286 | (S)- | 105.0

287 | 2210} 159.0

Compounds of the formula:

Br 4 \ ~Cl

=N
N
L)
l
Rl

1§ could be prepared, if procedures similar to those in Example 40, were to
be followed, wherain R1 and R2 are defined in Table 8 below. In Tabie 8
the numbers in the column for R1 refer to the formula numbers of the R?
groups exemplified above. in Table 8 R2 is -C(O)RES (i.e., (84.0)) or
-CH2C(O)RES (i.e., (86.0)). The numbers in the R2 column refer to the
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- formula numbers of the R85 groups exemplified above. In Table 8 the
column labeled “EX" refers to the example number.

JABLE S
EX R2 R2 R?
(-C(O)RS8) | (-CH2C(O)RE5)
(RE5) (RES)
289 203.0 - 124.0
290 204.0 - 121.0
291 204.0 - 122.0
292 204.0 - 125.0
293 206.0 — 136.0
294 217.0 — 125.0
295 217.0 = 157.0
296 225.0 - 142.0
207 228.0 . 125.0
298 228.0 — 109.0
299 - 209.0 136.0
300 — 209.0 137.0
301 — 225.0 140.0
302 — 225.0 141.0
ASSAYS

in some assays, FPT ICsg (inhibition of famesy! protein transferase,
in vitro enzyme assay) is determined by the methods described in WO
95/10516. COS Cell ICs0 (Cell-Based Assay) and Cell Mat assay are
determined by the methods described in WO 95/10516. GGPT ICso
(geranylgeranyl protein transferase, in vitro enzyme assay) and in vitro
tumor activity can be determined by the methods disclosed in WO
95/10516.

In some assays, the inhibition of farnesyi protein transferase was
assayed by measuring the transfer of {3H]famesy! from |
[3H}taresylpyrophosphate to bictinylated Ras-peptide {biotin-
KKSKTKCVIM) using the conditions described below for each 96-well
plate to be tested.

An assay buffer is prepared consisting of 40 mM Hepes, pH 7.5; 5
mM dithiothreitol; 20 mM magnesium chiloride and 0.01 (v/v)% lgepal non-
ionic detergent.
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A SPA (scintillation proximity assay) bead suspension is prepared
consisting of 50 mg of Streptavidin SPA beads (Amersham Life-Science)
suspended in 2.5 mL of PBS (phosphate buffered saline). Immediately
prior to running the assay a stop solution is prepared consisting of 480 ulL
of the SPA bead suspension mixed with 6720 uL of a solution consisting
of 250 mM EDTA (pH 8.0) and 0.5% Bovine Serium Albumin (Fraction V,
96-99% aibumin).

in some assays, to determine FPT ICso, an assay mixture is
prepared consisting of 480 ul of assay bufier and 3052.8 ulL of water.
This mixture is vortexed to homogeneity and 48 uL. of the Ras peptide is
added. The mixture is vortexed and 15.36 uL of FPP and 3.84 ul of
[BH]FPP are added and the mixture vortexed again. 37.5 uL of this assay
mixture and 2.5uL of a DMSO solution (at test concentration) of the
compound being tested are then added to each wall of a Costar
polypropylena U-bottom microtiter plate. The plate is sonicated for 15
minutes at 37°C and then shaken for 15 minutes on a plate shaker. 10 uL
of the enzyme {recombinant Human farnesyl protein transferase) is added
to each well using a Backman Biomek 2000. The plate is incubated at
room temperature for 20 minutes and then quenched with 75 uL of the
stop solution. 100 uL of the quenched reaction mixture from each well is
then transferred to a Wallac crosstalk-free microtiter plate using a
Beckman Biomek 2000. Radioactivity is measured in a Wallac 1450
Microbeta plus liquid scintillation counter. Percent inhibition is calculated
relative to an uninhibited control.

in some assays, to determine farnesyl transterase inhibition, an
assay mixture is prepared consisting of 480 uL of assay buffer, 3052.8 L
of water and 240 uL of DMSO.  This mixture is vortexed to homogeneity
and 48 ul of the Ras peptide is added. The mixture is vortexed and 15.36
uL of FPP and 3.84 L of [*H]FPP are added and the mixture vortexed
again. 40 uL of this assay mixture is then added to each well of a Costar
polypropylene U-bottom microtiter plate, each well of which contains a dry
sample of the compound being tested. The plate is sonicated for 15
minutes at 37°C and then shaken for 15 minutes on a plate shaker. 10 puL
of the enzyme (recombinant Human taresyl! protein transferase) is added
to each well using a Beckman Biomek 2000. The plate is incubated at
room temperature for 20 minutes and then quenched with 75 L of the
stop solution. 100 pL of the quenched reaction mixture from each well is
then transferred to a Wallac crosstalk-free microtiter plate using a
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Beckman Biomek 2000. Radioactivity is measurad in a Wallac 1450

Microbeta plus liquid scintillation counter. Percent inhibition is calculated
relative to an uninhibited control.
ures the following results were obtained:

Using the above goeed
Compound

Inhibition CAgsMga'I'I‘s Cell W@mm
Tested ICspinpM | Inhibition of [ yumar Colls | Normal Cells
P RAS ICsoinuM | ICsg in uM
rocessing
{Csp in uM ’
EX t >100 — o eoe
EX 20, Step B 0.01-10 ——— — -
EX 21, Step B 0.01-10 — —ove ot
EX 30 0.01-10 0 >50 >50
EX 31 0.01-10 0 12.5 18
EX 32-A 0.01-10 ——ee veee —
EX 32-B 0.01-10 o—ee emee oo
EX 32-C 0.01-10 — oen o
EX 33 0.01-10 — — oowe
EX 34 0.01-10 o h— —
EX 36 0.01-10 0.01-10 1.6 >25
EX 37, StepC | 0.01-10 0.01-10 3.1 18
|Ex 38 0.01-10 0.01-10 soee euoe
EX 39, Step B 0.01-10 oven m—on =—e
EX 39, Step C 0.01-10 0.01-10 <1.6 >25
EX 41 0.01-10 wo —m— oo
EX 43 0.01-10 oaem vese s
EX 44 0.01-10 e——e aee aves
EX 46 0.01-10 o et anoe
EX 47 0.01-10 — — sove
EX 48 10-100 e —— ——
EX 50 0.01-10 o o ——
EX 51 0.01-10 ——— it e
EX 54 0.01-10 m—— w——- ———
EX 55 0.01-10 o —one eeen
EX 56 0.01-10 amne -een g
EX 56A >100 - i e
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For praparing pharmaceutical compositions from the compounds
described by this invention, inert, pharmacautically 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 ar, e.g.
magnesium carbonate, magnesium stearate, talc, sugar, lactose. Tabilets,
powders, cachets and capsules can be used as solid dosage forms
suitable for oral administration. _

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

_aliowed to cool and theraby solidify.

Liquid form preparations include solutions, suspensions and
emuisions. 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
pharmaceutically acceptable carrier, such as an inert compressed gas.

Also includec' 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 include solutions,
suspensions and emulsions.

The compounds of the invention may also be deliverable
transdermally. The transdermal compositions can take the form of creams,
lotions, aerosols and/or emulsions and can be 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 oraily.

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 eftective amount to
achieve the desired purpose.

PCT/US9604172
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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 paslicular 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.

The amount and frequency of administration of the compounds of
the invention and the pharmaceutically acceptable saits 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 pharmaceutica! 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.

Pharmacautical Dosage Form Examples
EXAMPLE A
Jablets
No. ingredients mg/tablet | m lot
1. Active compound 100 500
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 : p— A
Total 300 700
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| Manufac
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 necassary. Dry the damp granules.

5 Screen the dried granules if necessary and mix with item No. 4 and mix
for 10-15 minutes. Add Item No. 5 and mix for 1-3 minutes. Compress

the mixture to appropriate size and waigh on a suitable tablet machine.

EXAMPLE B
10 )
No. ~Ingredient mg/capsule | mg/capsule
1. Active compound 100 500
2. Lactose USP 106 123
3. Comn Starch, Food Grade 40 70
4. Magnesium Stearate NF - | 7 N -
Total 253 700
Method of Manufacture

Mix ltem Nos. 1, 2 and 3 in a suitable blende: for 10-15 minutes.
Add item No. 4 and mix for 1-3 minutes. Fill the mixture into suitable two-
piece hard gelatin capsules on a suitable encapsulating machine.
15
While the present invention has been described in conjunction with
the specific embodiments set forth above, many alternatives, modifications
and variations thereof will be apparent to those of ordinary skill in the art.
All such alternatives, modifications and variations are intended to fall
20 within the spirit and scope of the present invention.
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WHAT IS CLAIMED IS:
1. A compound of the formula
W
A

y A
L
|
R! (1.0)
5 wherein:
A and B are independently selected from H, halo or Cy-Cg alkyl;
ZisNorCH;
W is CH, CHy, O or S, wherein the dotted line to W represents a
touble bond which is present when W is CH;
10 X is C, CH or N, wherein the dotted line connecting X to the tricyclic
ring system represents a double-bond which is present when X is C;
R?1 is selected from:
1) & group of the formula:

YK/SH Yl\/m‘lz
\)\/SH \)\/m'lz
15 or disulfide dlmers thareof;
2) a group of the formula:

FE

3) a group of the formula:
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. or
wherein W, A and B are as defined above;

4) agroup of the formul%:
,"c\(ISQ-O)

(o}
5 §) a group of the formula:

R
HN Z
\ﬁ)\/s N

wherein R80 is selected from H or -C{O)OR% wherein R0 is a C1-Cg alkyl
group, and R85 is a C-Cg alkoxy group; and
6) a group of the formula:

: b
10 R®Jx  (g20)
wherein:
' (ao) T is selected from:

o] | o]

i —C-N— i
—C=—, H , —C=0— .50, ora single bond;

(b) xis0,1,2,3,4,50r6;

15 (c) each R2 and each RP is independently selected from H,
aryl, alkyl, alkoxy, aralkyl, amino, alkylamino, heterocyloalkyl, -COORS9,
-NH{C(0)}R80 (wherein z is 0 or 1), or -(CH)wS(O)mRE® (wherein w is 0, 1,
2 or 3, and m is 0, 1 or 2); or R2 and RP taken together can represent '
cycloalkyl, =N -O-alkyl, =O or heterocycloalkylwith the proviso that tor the

20 same carbon, R® is not selected from alkoxy, amino, alkylamino or
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-NH{C({0)}:R®° when RP is selected from alkoxy, amino, alkylamino or
-NH{C(0)}zR%9; and with the proviso that when T is a singie bond, for the
first carbon containing R& and RP, R and RP are not selected from alkoxy,
alkylamino, amino or -NHR®9; and '

(d) R92 can represent H, alkyl, aryl, aryloxy, arylthio,
aralkoxy, aralkyl, heteroaryl or heterocycloalkyl;

RE0 represents H, alkyl, aryl or aralkyl;

R4 is H or C1-Cg alky!;

R2 js selected from: H, -C{O)ORS, -C{O)NRSR?, C1-Cg alkyl, C2-Cg
alkenyl, C2-Cg alkyny!, substituted (C1-Cg)alkyl, substituted
(C2-Cg)aikenyl, substituted (C2-Cg)alkynyl, wherein said substituted
groups have one or more substituents selected from:

1) aryl, arylalkyl, heteroarylalkyl, heteroaryl, heterocycloalkyl,
B-substituted aryl, B-substituted arylaikyl, B-substituted heteroarylalkyl,
B-substituted heteroaryl or B-substituted heterocycloalkyl, wherein B is
selected from C4-C4 alkyl, -(CH2)nORS, -(CH2)n,NRER7 and halo;

2) C3-Ce cycloalkyi;

3) -ORS; :
4) -SH or -S(OXRS;
§) -NRSR”:

6) -N(R6)-C(O)R7:

7) -N(R8)-C(O)NR7R!2;

8) -O-C(O)NRSR?;

g) -O-C{O)ORS;

10) -SO2NRER7;

11) -N(RS)-802-R7;

12) -C(O)NRER7;

13) -C(O)ORS; and
provided where R is D, R2 is not H, and where R is D and R2 is C1-Cg
alkyl, the substituents on said alkyl group are not substituents 3), 4), 5), 9).
or 13); D is -C(0)-CH2-RS, -C(0)-O-R5 or -C(0)-NH-RS, wherein RS is
pyridyl, pyridyl N-oxide, -

—N,_.\O —Nﬁsoz
'

or a piperidinyl group of the formula
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N

wherein R1? represents H, C1-Cg alkyl, haloalkyl or -C(O)-R® wherein R®
is C1-Ce alkyl, C1-Cg alkoxy or -NH(R10) wherein R0 is H or alkyl, or the
group -C(O)-R? represents an acyl radical of a naturally occurring amino

- acid;

RS, R7 and R'2 are independently selected from H, C1-C4 alkyl,
(C3-Cs) cycloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl,
heterocycloalkyl, substituted (C1-Ca)alkyl, substituted (Ca-Ceg)cycloalkyl,
substituted aryl, substituted arylalkyl, substituted heteroary!, substituted
heteroarylalky! or substituted heterocycloalkyl, wherein said substituted
groups have one or more substituents selected from: Cy-Cq4 alkoxy,
araikyl, heteroarylalkyt, -NO2, Ca-C1o-alkoxyalkoxy, C3-Cg cycloalkyl, aryl,
-CN, nitrophenyl, methylenedioxy-phenyl, heteroaryl, heterocycloalkyl,
halo, -OH, -C(O)R4, -C{(O)NRSR7, -N(RS)C(O)R4, -S(O)}R4 or -NR9SR15;
provided that RS, R7 and R12 are not -CH20H or -CH2NR5R15 when said
RS, R7 or R12 is directly bonded to a heteroatom, and further provided that
RS is not H for groups 4) and 9), and R7 is not H for group 6);

optionally, when RS and R7 are bound to the same nitrogen, RS and
R7 together with the nitrogen to which they are bound, forma Sto 7
membered heterocycloalky! ring which optionally contains O, NRS, or
S(O)x whereintis 0, 1 c. 2;

optionally, when R” and R12 are bound to the same nitrogen, R?
and R12 together with the nitrogen to which they are bound, forma S5to 7
membered heterocycloalkyl ring which optionally contains O, NRS, or
S(Ox whereintis 0, 10r2;

R95 and R'5 are independently H, C1-C4 alkyl or arylalkyl;

R4 is C1-C4 alkyl, aryl or arylalkyt;

n=0,1,2, 30r4; and

t=0,10r2
or pharmaceutically acceptable salts thereof.

2. The compound of Claim 1 wherein for R1:
{a) T is selected from -C(O)-, -SO2, or -C(0)-C(O)-;
(b) xis0,1,0r2;

- This Sheet Has Been Rerlaced
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(c) Re®and RP are independently selected from: (1) H; (2)
NH{C(0)}2R0 wherein z is 0 or 1, and RS0 is alky!; (3) -(CH)wS(O)mREC
whereinwis 0, 1,2 0r3, mis 0, 1 or 2, and RS0 is alkyl; (4) alkyl; or (5) Cy-
Ce alkoxy; or (6) R® and Rb taken together represent cycloalkyl; and

(d) R92 is selected from (1) H; (2) aryl; (3) substituted aryl; (4)
aralkyl; (5) aryloxy; (6) aryithio; (7) alkyl; (8) heteroary!; (8) substituted
heteroaryl; (10) substituted heterocycloaikyl; or (11) substituted alkyl; and

wherein R2 is selected from: (1) -C(O)NRER?, and (2) substituted
alkyl wherein the substituent is -C(O)NRER7; and

wherein for said R2 groups RS and R7 are selected from: (1) H; (2)

substituted alkyl; (3) alkyt; (4) cycloalkyl; (5) heteroarylalky; and (6) aralkyl
wherein said aryl group is substituted.

3. The compound of Claim 1 wherein R! is a group D, wherein D
is -C(0)-CH2-RS, -C(0)-0-R5 or -C(0)-NH-R5, wherein RS is pyridyl,
pyridyl N-oxide,

—N 0 —N SO
a piperidinyl group of the formula

NC\
N

wherein R represents H, Cy-Cg alkyl, haloalky! or -C{O)-R? wherein R?
is C1-Cg alkyl, C1-Cg alkoxy or -NH(R10) wherein R10 is H or alkyl, or the
group -C(O)-R® represents an acyl radical of a naturally occurring amino
acid.

4. The compound of Claim 1 wherein R? is a group selected
from a group of the formula: 101.0, 102.0, 103.0, 104.0, 105.0, 106.0,
107.0, 108.0, 109.0, 110.0, 112.0, 113.0, 115.0, 117.0, 118.0, 119.0,
120.0, 121.0, 122.0, 123.0, 124.0, 125.0, 127.0, 128.0, 129.0, 131.0,
132.0, 135.0, 136.0, 137.0, 138.0, 139.0, 140.0, 141.0, 142.0, 143.0,
145.0, 146.0, 147.0, 148.0, 149.0, 150.0, 151.0, 152.0, 153.0, 154.0,
155.0, 156.0, 157.0, 158.0, 159.0, 160.0, or 161.0.

5. The compound of Claim 1 wherein R! is a group selected

from:
This Sheet Has Been RTlaced
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6. The compound of Claim 1 wherein 22 is a group of formula
H
—'c':—n“ o —cli_ps
5 (84.0) (86.0)

wherein RS5 is selected from a group of the formula: 201.0, 202.0, 203.0,
204.0, 205.0, 206.0, 207.0, 208.0, 209.0, 210.0, 211.0, 212.0, 213.0,
214.0, 215.0, 216.0, 217.0, 218.0, 219.0, 220.0, 221.0, 222.0, 223.0,
224.0, 225.0, 226.0, 227.0, 228.0, 229.0, 230.0, or 231.0; or

10 R2 is selected from a group of the formula:CH3(CHz)3-, CeH5CH2-,
CH30(CHg)2-, CH3S(CH2)2-, CH30(CH2)3-, n-CaH70(CH2)2-,
CHaCONH({CHa2)4~, -CH20H, -C{O)OC2Hs,

CHy ¢ |
N \ ,C\
\r ~c N o \O \ ,C ,CGH,,
| H
O 2 NOg
\C‘H
H Hy Hy N
NS Nty e
Ha , H O .and ©O

15
7. The compound of Claim 4 wherein R2 is a group of formula

- Hy II

(84.0) (86.0)
wherein R85 is selected from a group of the formula: 201.0, 202.0, 203.0,
204.0, 205.0, 206.0, 207.0, 208.0, 209.0, 210.0, 211.0, 212.0, 213.0,
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214.0, 215.0, 216.0, 217.0, 218.0, 219.0, 220.0, 221.0, 222.0, 223.0,
224.0, 225.0, 226.0, 227.0, 228.0, 229.0, 230.0, or 231.0.

8.  The compound of any of Claims 1-7 wherein A is selected
from H or halo, B is halo, and Z is N. '

9. The compound of Claim 8 wherein Ais Hand Bis Cl, or A is
Brand B is Cl.

10. The compound of Claim 9 whersin W is -CHa.

11. A compound selected from a compound of example: 20 Step
B, 21 Step B, 30, 31, 32, 32-A, 32-B, 32-C, 33, 34, 36, 37, 38, 39 Step B,
39 Step C, 41, 43, 44, 46, 47, 50, 51, 54, 55, or 56 Step B.

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

13. The method of Claim 12 wherein the celis inhibited are tumor
cells exprassing an activated ras-oncogene.

14. The method of Claim 12 wherein the celis inhibited are
pancreatic tumor cells, lung cancer cells, myeloid leukemia tumor cells,
thyroid follicular tumor cells, myelodysplastic tumor cells, epidermal
carcinoma tumor celis, bladder carcinoma tumor celis or colon tumors
cells.

15. The method of Claim 12 wherein the inhibition of the
abnormal growth of cells ocours by the inhibition of tarnesyl protein
transferase.

16. The method of Claim 12 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.

17. A phamaceutical composition for inhibiting the abnormal
growth of cells comprising an effective amount of compound of Claim 1 in
combination with a pharmaceutically acceptable carrier.

18. The use of a compound of Ciaim 1 for inhibiting the
abnormal growth of cells.

19. The use of a compound of Claim 1 for the manutacture of a
medicament for the inhibition of the abnormat growth of cells.
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W is CH, CHg, O or S, wherein the dotted line to W represents a
double bond which is present when W is CH;

X is C, CH or N, wherein the dotted iine connecting X to the tricyclic
ring system represents a-double bond which is present when X is C;

R1 is selected from:

1) a group of the formula:

Yo \r)\’ \)\/mz

or disulifide dtmers thereof;
2) a group of the formula:
CH; CO.R*

T

3) a group of the formuta:

SG
0 Description : paged ... to paged .5..
| B Claim(s) :paged }33to paged 1!
0 Drawing(s) : paged .=, to paged .%. -
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1. A compound of the formula
ll
R (1.0)
wherein: :
A and B are independentiy selected from H, halo or C4-Cg alkyl;
ZisNorCH;
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wherein W, A and B are as defined above;
4) a group of the formula:

: | N
O O REPLACEMENT SHEET

. 05 0CT 1008
C. (159.0)
0// N :
5 5) a group of the formula: _
/7
/ .
~N C/‘\/S S

i

o
wherein R80 is selected from H or -C(O)OR90 wherein R90 is a C1-Cg alkyl -
group, and _R85 is a C1-Cg alkoxy group; and

6) a group of the formula:
- Ra -
' .
T—fC—1—R*®%
L o
10 LR Ix  (g20)
wherein:

(a) T is selected from:
fo!

0 I o)
il —C—N— i
—C—, H |, —C=0— .80;-, or a single bond;
(b) xis0,1,2,3,4,50r6;
15 (c) each R2 and each RP is independently selected from H,

aryl, alkyl, alkoxy, aralkyl, amino, alkylamino, heterocyioalkyl, -COOR60,

-NH{C(0)}zR®0 (wherein z is 0 or 1), or -(CH)WS(O)mRGO (whereinwis 0, 1,

2 or 3, and mis 0, 1 or 2); or R2 and RP taken together can represent

cycloalkyl, =N -O-alkyl, =O or heterocycloalkylwith the proviso that for the
20 same carbon, Ra is not selected from alkoxy, amino, alkylamino or
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-NH{C(0)},R5° when.Rb is selected from alkoxy, amino, alkylamino or .
-NH{C(0)}R69%; and with the proviso that when T is a single bond; forthe *
first carbon containing R2 and RP, R2 and RY are not selected from alkoxy,
alkylammo amino or -NHRS%; and
5 (d) R92can represent H, alkyl, aryl, aryloxy. aryithio,
aralkoxy, aralkyl, heteroaryl or heterocycioalkyl;
RE0 represents H, alkyl, aryl or aralkyt;
R4 is H or C4-Cg alkyl;
. R2 is selected from: H, -C(O)ORS, -C(O)NRSR7, Cy-Cg alkyl; C2-Cs
10  alkenyl, C2-Cpg alkynyl, substituted (C1-Cg)alkyl, substituted
(C2-Cs)alkenyl, substituted (C2-Cg)alkynyl, wherein said substituted
groups have one or more substituents selected from: -
1) aryl, arylalkyl, heteroarylalkyl, heteroaryl, heterocycloalkyl,
B-substituted aryl, B-substituted arylalkyl, B-substituted heteroarylatkyl,
15  B-substituted heteroaryl or B-substituted heterocycloalkyl, wherein B is
selected from C1-C4 alkyl, -(CH2),ORS, -(CH2)nNRER7 and halo;
. 2) C3-Cs cycloalkyl;
3) -ORS;, .-
4) -SH or -S(OxRS;
20 5) -NRSR7;
6) -N(R6)-C(O)R7;
7) -N(RS)-C(O)NR7R12; .
8). -O-C(O)NRSRY?;
8) -O-C(O)ORS;
25 © 10) -SO2NRER7;
11) -N(R®)-S02-R7;
12) -C(O)NRSR7;
13) -C(O)ORS; and
provided where R1 is D, R2 is not H, and where R is D and R2 is C1-Cg
30 al«yl, the substituents on said alkyl group are not substituents 3), 4), 5). 9).
or 13); D is -C(O)-CHz-RS5, -C(0)-0-RS or -C(0)-NR-R5, wherein RS is
pyridyl, pyridyl N-oxide,
/_\
N/ u o

or a piperidinyl group of the formula ACEMENT SHEET

o 50CT 1995
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( N—R!
wherein R" represents H, C,-C; alkyl, haloalkyl or -C(O)-R® wherein R® is
C,-C, alkyl, C,-C, alkoxy or -NH(R'?) wherein R" is H or alkyl, or the group -
C(0)-R? represents an acy! radical of a naturally occurring amino acid;

R®, R” and R" are independently selected from H, C,-C, alkyl, (C,-C,)
cycloalkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocycloalkyl,
substituted (C,-C,) alkyl, substituted (C,-C¢)cycloalkyl, substituted aryl,
substituted arylalkyl, substituted heteroaryl, substituted heteroarylalkyl or
substituted heterocycloalkyl, wherein said substituted groups have one or
more substituents selected from: C,-C, alkoxy, aralkyl, heteroarylalkyl, -NO,,
C;-C,o-alkoxyalkoxy, C,-C, cycloalkyl, aryl, -CN, nitrophenyl,
methylenedioxy-phenyl, heteroaryl, heterocycloalkyl, halo, -OH, -C(O)R", -
C(O)NR°R’, -N(R®)C(O)R™, -S(O)R" or -NR**R'®; provided that R®, R” and
R™ are not -CH,OH or -CH,NR*R' when said R, R or R is directly
bonded to a heteroatom, and further provided that R® is not H for groups 4)
and 9), and R’ is not H for group 6);

optionally, when R® and R’ are bound to the same nitrogen, R®.and
R’ together with the nitrogen to which they are bound, form a 5 to 7
membered heterocycloalkyl ring which optionally contains O, NR®, or S(O),
wherein tis 0, 1 or 2; |

optionally, when R” and R'? are bound to the same nitrogen, R” and
R'? together with the nitrogen to which they are bound, form a 5 to 7
membered heterocycloalkyl ring which optionally contains O, NR®, or S(0),
whereintis 0, 1 or 2;

R* and R" are independently H, C,-C, alkyl or arylalkyl;

R™ is C,-C, alkyl, aryl or arylalkyl;

n=0,1,2,30r4,and

t=0,1o0r2
wherein, unless otherwise indicated, alkyl represents C, to C,, alkyl, aryl

R
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represents Cg to Cis. aryl aralkyl represents (C —C15)ar(C Czo)alkyl .
. cycloalkyl represents C, to C8 cycloalkyl heterocycloalkyl represents C;to. .

C,s heterocycloalky!, and heteroaryl represents C, to C,, heteroaryl;

or pharmaceutically acceptable salts thereof.

2. The compound of Claim 1 wherein R':

(@ T is selected from -C(O)-, -SO,, or -C(0)-C(0)-;

(b) xis0, 10r2;

(¢) R®* and R® are independently selected from: (1) H; (2)
NH{C(0)},R* wherein z is 0 or 1, and R* is alkyl; (3) -(CH),,S(0),,R*®
whereinwis 0, 1, 2 0r 3, mis 0, 1 or 2, and R* is alkyl; (4) alkyl; or (5) C,-
C, alkoxy; or (6) R* and R® taken together represent cycloalkyl; and

(d) R%is selected from (1) H; (2) aryl; (3) substituted aryl; (4)
aralkyl; (5) aryloxy; (6) arylthio; (7) alkyl; (8) heteroaryl; (9) substituted
heteroaryl; (10) substituted heterocycloalkyl; or (11) substituted alkyl; and

wherein R? is selected from: (1) -C(O)NR°R’, and (2) substituted alky!
wherein the substituent is -C(O)NRR’; and

wherein for said R? groups R® and R’ are selected from: (1) H; (2)
substituted alkyl;-(3) alkyl; (4) cycloalky!; (5) heteroarylalkyl; and (6) aralkyl
wherein said aryl group is substituted.

3. The compound of Claim 1 wherein R' is a group D, wherein
D is -C(0)-CH,-R®, -C(0)-O-R® or -C(0)-NH-R®, wherein R® is pyridyl, pyridyl
N-oxide, I\ I\
\ — o
. REPLACEMENT SHEET
a piperidinyl group of the formula
N\ 050CT %998
( N—R!! -
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wherein R” represents H, C,-C, alkyl, haloalkyl or -C(0)-R? wherein R is
C —C alkyl C,-C, alkoxy or -NH(R“’) wherein R™is H or alkyl, or the group -
C(0)-R’ represents an acyl radical of a naturally occurring amino acid.

4. The compound of Claim 1 herein R is a group selected from:
o)
HsC” “cny HZC\N/C\ b HO T SH_ 7 Son,
] i 3 I HsC ]
HoC H,C H,C HoC
?Hz (l:Hz ol:H2 (IJH,_
C
AN RN FN AN
(101.0) (102.0) (103.0) (104.0)

SFs

CH, CHg
© @ 0'.:‘? =0 l?
(CHa)p (CHy)y SCYN
A D >

\ﬁ/ N - ,/0 \ﬁi \N\ //0 HoC CH,
/C\ 0/ C\ (o] H ? o] H ? . (l:::o
CH, CH, |
(105 0)  (106.0) (107.0) ' (108.0) . (109.0)
H
N
N =20 )
P .7
o C,,o (qu, O (HzC)z H,,(‘?C H,cg*:
cns | ‘\o N

(110.0) (1120). (113.0) , (115.0), (117.0)  (118.0)
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H,C
CHy 2 é; \c=o Hzi 25
/c\\o ' /7 \\o HSC/ /7 \\o / C\\O
(119.0) , (1200)  (121.0) _(1220) (123.0)
OCH, |
ombeo
R S |
HyC 0=5=0 0=8$=0
i R -
c =T
/o CHg .
(124.0)  (1250) (127.0) = (1280) | (129.0)
. o
. |
AN
S s o ) . O |
0=S=0 >O/ NF 4 &
é H2C|: Hz? Hz? HaC 'CHQ
o C C
/C\\o SNy S I, /C\\o
(131.0) (1320)  (1350) (1360), (137.0),  (138.0),

REPLACEMENT SHEET
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AN
,/ C,
HiC, ,CHg
CH
N
i
o=s$=0
\ / CH2 Hzc
P :
o’ /S /S
o CH, o

(139 0) (140 0), ( 141. 0) (142.0) , (43.0)

s % <
eg %

(145 0) , (146 , (147.0) | (148.0)
N\ ?//0
& @ IS
PN
o s c\\o

(149.0) (1500) , (1510) . (1520)
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cl OCH, Cl
c1\© c1© H4CO. ;  HsCO. i
lCHz ?H2 ?Hz lCH2 lCI'{z
7 c\_\o /5% ar -/ C\\o 7
(153.0)' (154.0)' (155.0)' (156.0) , (157.0)
Iy Y
Hzc
Hzc
OF
(1580) (160.0) op (1610)
REPLACEMENT SHEET
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5. The compound of Claim 1 wherein R' is a group selected from:

NN Q0. .

OCH,
Y o O
6 The compound of Claim 1 wherein R? is a group of formula
7 H
——C—RE5 or —-'C-z-g—RGS
(84.0) (86.0)
wherein R® is selected from:
| |
| | NH | H |
P ! HN CH.
NH CH, \ 72 {
[CHan ' A A SH CH (lCH9)3
HC” “CHy HsC' CH;  CH,
(201 0) (202 0) (203.0) (2040)  (2050) ~  (2060)  (207.0)

l

| | 2 (CH9)2
o
(lCHg)g (?Hz)a (CHg),

OCH; OCH; SCHy
(208.0), (209.0) (210.0) (2110) (2120) (213 0)_

~5-g—

|
‘.‘Hl,m"

(CHy,
OCH,

(2140) | (2150) = (2160) (217 0)' (2190) ' (2200)_

adssh
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NH l;IH l ‘

CH CH NH NH l |

CHJa  Nu 2 i ) NH MM

c cH

CH, Hy 2 (CHy)s CH,
Z

|
4 N
l @) O
cl o~../0 \N I N (_2 S

(221.0)  (2220)  (2230) _ (2240)  (2250) | (2260) | (227.0),

|
]i‘n‘[ NH

l
v 1
cHyp | CH, (CHps

DIIH |

cn, P

(FHz)z

OCH, OCH, CH,
(228.0)  (2290), (230.0) or 2310). o

R2 is selected from a group of the formula: CH3(CH2)3-.
CeH5CH2-, CH30(CH2)2-, CH3S(CH2)2-. CH3O(CH2)3-, n-
- C3H70(CH2)2-, CH3CONH(CH2)4-. -CH20H, -C(OJOC2HS..

(I:Ha Hy Hy
\C/N\C \C/C\O/C Z l
H H2 Hg H2
~. /c\ /CGH5 \c,C\o \C,C\ ,C
H2 O, HZ . HZ Oy :
H,C_ ' ,CHs
\C ,N\c REP LACBMENT SHEET
i s l .
or 0 050CT 1098
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7. The compound of Claim 4 wherein R? is a group of formula
H
_g_Rss ' or _ci_lc‘;_Rss
(84.0) (86.0)
wherein R* is selected from :
l |
I NH | NH I
I | ' NES
o, o
(CH2)2 oH - CH (?H?)s
CH3 Hac CH3 . H3C CH3 CH 3
(201 0)  (202.0) (203.0) (2040), (2050) ,  (206.0) | (207.0)
ke
| l |
II\IH N CH,-
| | | Fﬂz (CHQZ
oo

I

CHgp (CHs (?Hzlz

OCHg OCH; SCHj3 Cl
(208.0) (209.0) (210.0) (211 0) , 21200 Q2130

REPLACEMENT SHEET
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I

NH

ICHz | I
T ?’H NH
Pzl H CH2

ae @

(2140)  (2150)  (2160) (2170)

l |

NH | x?m

(CHz’z - M

) 5Q,

2
2220)  (223.0)

(221.0) | , (224.0)  (225.0) (226.0) A (227.0)
l l I
o

(CH l CH, (CHgs

NH 1

&H P

(CHgy
OCH4 OCHg CHg
(2280)  (229.0) (230.0) _or (231.0)
REPLACEMENT SHEET|

95—

f‘nd{? &

|
o

CH,
7 N
-\l

219.

. (2200)

cn2
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8. The compound of any of Claims 1-7 wherein A is selected from

H or halo, B is halo, and Z is N.

9. The compound of Claim 8 wherein Ais Hand Bis Cl, or A is

Br and B is Cl.

10. The compound of Claim 9 wherein W is -CH,.

11. A compound selected from :

Br i a B/ { a
=N =N
O
N )
OJ\ENHz ' o)\[NHz
sy SH
Example 20, Step B

Example 21, Step B

IREPLACEMENT SHE

Br~ /7 \ c Br~y/ \ a {
=N =N ! L 05 OCT 1998
o (7 o [ P .
YIO v
NO, ° . N . o N
Example 32 Example 32-A
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1
Br 7 \ “ Br /4 \ Cl
. =N -

N
‘ |
CH3 O o \ N CHg 0o o .

Example 32-B | ) Example 32-C
Br—/ \ . Cl Ny, \ o
) N
Y e 1 )
0o e . o N |
Example 33 ple 34
e dh a REPLACEMENT SHEET
o 05 0CT 1998
N | .
Hs \/\/EN] 4 F/O.
Fo) N
Example 36
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j\/om ) N NHZ'

Example 39, Step B Example 39, Step C

or a compound of the formula:

Br\</ 'j [ )/Cl
B
R2 N
I8

wherein for each compound R} and R2 are:
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44 j\

0
46 d l \j\NICHS
S o H ;
H
47 N \ N
S D @V,
o) o ;
. NP \/OH
50 ‘
D
o)
51 Ne l \/ﬁ\N/CHS
N o H
Z
54 N\ | \)LN/A
o] H :
REPLACEMENT SHEET.
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55
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12. A use of an effective -amount of a compound of claim 1 in a
preparation of a medicament for inhibiting the abnormal growth of cells.

13.  The use of Claim 12 wherein the cells inhibited are tumor cells
expressing an activated ras oncogene.

14.  The use of Claim 12 wherein the cells inhibited 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 or colon tumors cells.

15. The use of Claim 12 wherein the inhibition of the abnormal
growth of cells occurs by the inhibition of farnesyl protein transferase.

16. The use of Claim 12 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.

17. A pharmaceutical composition for inhibiting the abnormal
growth of cells comprising an effective amount of compound of Claim 1 in
combination with a pharmaceutically acceptable carrier.

18. The compound of Claim 1 wherein R? is selected from : -
C(O)NR®R or substituted (C,-C,), wherein said substituted group has one
or more substituents selected from C(O)NR°R’.

19. The compound of Claim 1 wherein :

R? is selected from : -C(O)OR®, -C(O)NR®R’, C,-C, alkenyl, C,-C;
alkynyl, substituted (C,-C;)alkyl, substituted (C,-C,)alkenyl, substituted (C_-
Cy)alkynyl, wherein said substituted groups have one or more substituents

selected from: ' REPLACEMENT SHEET

05 OCT 1998
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1) aryl, arylalkyl, heteroarylalkyl, heteroaryl, heterocycloalkyl, B-
substituted aryl, B-substituted arylalkyl, B-substituted heteroarylalkyl, B-
subsfituted heteroaryl or B-substituted heterocycloalkyl, wherein B is
selected from C,-C, alkyl, -(CH,),OR®, -(CH,),NR°R” and halo;

2) C,-C, cycloalkyl;

3)  -N(R®-COR’;

4) -N(R®)-C(O)NR'R";

5)  -O-C(O)NR°R’;

6) -SO,NR°R’;

7)  -N(R®-SO,-R’; or

8) -C(O)NR°R’.

REPLACEMENT SHEET

05 OCT 1998
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