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SUBSTI TUTED BENZOCYCLOHEPTAPYRI DI NE DERI VATI VES USEFUL FOR | NHI BI TI ON OF

FARNESYL PROTEI N TRANSFERASE 5 BACKGROUND WO 95/ 10516, published April 20,
1995 discloses tricyclic conpounds useful for inhibiting farnesyl protein
transferase. In view of the current interest in inhibitors of farnesyl

protein 10 transferase, a melcone.contrlbutlon to
conpounds use‘?gg UTEL 3 el 3k S‘Eﬁ H‘g} U%ﬁ% gg-&gn%ﬂ?a
contribution OV 1Dy I'S |nvent|on SUNNARY OF THE | NVENTI ON 15
This invention provides conpounds useful for the inhibition of farnesyl

protein t r ansPer ase (FPT). The conpounds of ‘this invention are represented
by the formula: [ armaceutically acceptable salt or solvate
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anbeaﬁh %215 § ndepenfanen,odd Sifieht) Fé%&‘“"k‘%‘f“s{aﬁ s Fotencach
(e.g., -OCH &6r] )trans[e]qsog Al welceR[eacmtnputlgn to theaptwelidbricompounds useful

- gga[g rlcertid faa EW(@. Wér]nﬁﬁ Bt t\‘(*}?af\lrg[f@rds]ek[ssel?cl] & Riygbutinds:
-OC(OR{err], cqrmdleﬂ[ NaTHoR [ R er 1], - ON, - NHG(ORferr],
-NHSO err] R err], CO\IHR[err] CO\IHCI—l[err]CI—l[err]O—l,

Y OF NVENTI
15 This invention provides compounds useful for the inhibition of
farnesyl protein transferase (FPT). The compounds of this invention are
represented by the formula

: or a pharmaceutically acceptable sait or solvate thereof, wherein:

20, oneofa,b, cand d represents N or NR? wherein R® is O, -CH3 or
-(CH2)nCO2H wherein n is 1 to 3, and the remaining a, b, ¢ and d groups
represent CR' or CR2; or

each of a, b, ¢, and d are independently selected from CR? or CR2;
each R and each R2 is independently selected from H, halo, -CF3,

25 -OR10 (e.g., -OCHg), -COR10, -SR10 (e.g., -SCH3 and -SCHzCgHs),
-S(O)xR11 (wherein tis 0, 1 or 2, e.g., -SOCHg and -S02CHa), -SCN,
-N(R10),, -NR10R11, -NO,, -OC(O)R10, -CO2R10, -OCO2R11, -CN,
-NHC(O)R10, -NHSO2R10, -CONHR19, -CONHCH2CH20H,
-NR10COORT11,.
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[err] -SRerr]C(OOR[err] (e.qg.,
_-SCH[err]CCIerr]CH[err]),'-SR[err]N(R[err]),[éerr] wher ei n each Rlerr] is
I ndependently selected fromH and -C(OOR[err] (e.qg.,

-S(CH err])[err] NHC(O O t-butyl and -S(CH err])[er r]NH[err])
benzotriazol -1-yloxy, 5 tetrazol-5-ylthio, or st i t ut ed

tetrazol-5-ylthio (e.g., alkyl substituted te -

1-nethyl -tetrazol -5-ylthio), alkynyl, ghken
al kenyl group optionally being substituyfed

-CJerr]Rerr]; Rerr] and Rerr] are } fferent and each
i ndependently 10 represents H, any of t fisti tuents of R{err] and

Rerr], ordR[C[err] and R[err] tgken t oget her r@present a saturated or
unsat urate err rr to_the b
Rlerr], Rerr], %Br%e §ﬁrqu Hgﬁ g né§§$w4£%9%%mc§‘l l Igdh R75
(Crlerr], - OR eig] bty <8 lé&edﬁ%hd}-?éﬂfdl-c @pl,i onal |y being
substituted wi I
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-N(Rlerr])[err], -S
-CJerr]Rerrg, QP&mIFS-?{tBbc br sub8litated tetrazobshylthis (evg:, falikyl subptituted

O R er ] r opr JStAPE-Syhblorgidn 43 1ERBHYEEAAE- RS ol KBRS T Of
represents al kyl alkylarsgid aligi or alkenykgrayp epbma!lw\belug{ sy.bsmutegd. with IRay
contain an opti onHRﬂpbpbeRw’
R3 and R4 are the same or different and each independently
10 represents H, any of the substituents of Rt and R2, or R3 and R4 taken
together represent a saturated or unsaturated Cs-C7 fused ring to the
benzene ring (Ring III); _
RS, R6, R7 and R8 each independently represents H, -CFs3, -COR10,
alkyl or aryl, said alkyl or aryl optionally being substituted with -OR10,
16 -SR10, -S(OxR11, -NR1CCOOR11, -N(R1°)§, -NO2, -COR19, -OCOR19,
-OCO5R11, -COR10, OPO3R10 or RS is combined with RS to represent =O
or =S and/or R7 is combined with R8 to represent =0 or =S;
R10 represents H, alkyt, aryl, or aralkyi (e.g., benzyl);
R11 represents alkyl or aryl;
20 X represents N, CH or C, which C may contain an optional double
bond (represented by the dotted line) to carbon atom 11;
the dotted line between carbon atoms 5 and 6 represents an
optional double bond, such that when a double bond is present, A and B
independently represent -R19, halo, -OR'1, -OCO2R11 or -OC(O)R10, and
25 when no double bond is present between carbon atoms 5 and 6, A and B
each independently represent Hz, -(OR11)2; H and halo, dihalo, alkyl and
H, (alkyl)2, -H and -OC(O)R19, H and -OR10, =0, aryl and H, =NOR10 or
-0-(CHg)p-O- wherein p is 2, 3 or 4; and
W represents a %roup selected frogx:

5-ylthio such as
R4l kyl, said al kyl or
ith halo, -OR[err] or

H H 12 H
"E:E:CHOH <|:CNR lCCN/Y z:—c O—R!4
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wherein:



bond (represent ed by the dotted line) to carbon atom 11; the dotted |ine
bet ween garbon atons 5 and 6 represents an optional double bond, such that
when a doubl e ya9bgliledo Present, A and B i ndependently represent pdRigsdrliso0s
hal o, -OR[err], -OCOJerr]Rerr] or -OCC(ORerr], and 25 when no double
bond is present between carbon atons 5 and 6, and B each independently
represent Herr], -(ORerr])[err]; H and hal o,” 7 halo, al kyI and H,

(i ter] Hand OO g ot o e u%r4®sﬁtoins St W 2 A s
group selected frommémyrhn%thyl)%r(w aryl (4) BeyIafkyLERSRY _ _
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L S L el b 6 Bl S A
substituents are selstbstitlientsarehgelected foor hyditoxk aadihydrgxyalkyl (e.g.,
hydr oxynet hyl ), for r&ﬁ?&ﬁvﬁeﬂygﬂ&%ﬁﬂle d-gﬁlact&s?ﬂ,ri]e..( 5) aryl; and (6)

, OH .

aral kyl, e.g., benzy

: (5) aryl; and (6) aralkyl, e.g., benzyl;
10 R4 is selected from the group consisting of: (1) H; (2) alkyi (e.g.,
-C(CHa)a); (3) aryl; and (4) heteroaryl;

ring
N/
Y

represents a heterocycloalky! ring wherein Y represents the remainder of
15 the ring, said remainder comprising carbon atoms and optionally a hetero
atom selected from the group consisting of: NH, NR15, O and S, and said
remainder optionally having an aryl ring (e.g., phenyl) fused thereto;
generally the heterocycloalkyl ring contains 4 or 5 carbon atoms and

- usually 4 carbon atoms, examples include: 5
R

(\o ’/\NH (\N'
examples of a heterocycloalkyi ring having a ary! ring fused to the

remainder Y include

- 20

\
)
R1S represents -C(O)OR16; and
25 R16 represents alkyl, preferably -C(CHg)s.
The compounds of this invention: (i) potently inhibit farnesyi protein
transferase, but not geranylgeranyl protein transferase I, in vitro; (ii) block

the phenotypic change induced by a form of transforming Ras which is a
farnesyl acceptor but not by a form of transforming Ras engineered to be a



10 Rlecr] is selected fromthe group consisting of: (1) H (2) alkyl
(e.g., -C(CHerr])[err]); (3) aryl; and (4) heteroaryl; ring [err] . :
repr esent Syg oBgiges ocycl oal kyl ring wherein Y represents thepéﬁﬁgy.,nﬁﬁg of 15
the ring, said remainder conprising carbon atons and optionally a hetero
atom sel ected fromthe group consisting of_:4I_\IH, NR[err], Oand S, and said
remai nder optionally having an aryl ring (e.g., phenyl) fused thereto;
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PCT/ US97/ 15905 further provides a method of inhibiting ras farmesyl protein transferase,
(e.g., ras farnesyl protein transferase) in mammals, especially humans, by
the administration of an effective amount of the tricyclic compounds
10 described above. The administration of the compounds of this invention to
patients, to inhibit famesyl protein transferase, is useful in the treatment of
the cancers described below.

This invention provides a method for inhibiting or treating the
abnormal growth of cells, including transformed cells, by administering an

15  effective amount of a compound of this invention. Abnormal growth of
cells refers to cell growth independent of normal regulatory mechanisms
(e.g., loss of 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

20 mutation in another gene; and (3) benign and malignant cells of other
proliferative diseases in which aberrant Ras activation occurs.

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

25 such treatment. In particular, this invention provides a method for
inhibiting or treating the growth of tumors expressing an activated Ras

~ oncogene by the administration of an effective amount of the above
described compounds. Examples of tumors which may be inhibited or
treated include, but are not limited to, lung cancer (e.g., lung

30 adenocarcinoma), pancreatic cancers (e.g., pancreatic carcinoma such
as, for example, exocrine pancreatic carcinoma), colon cancers (e.g.,
colorectal carcinomas, such as, for example, colon adenocarcinoma and
colon adenoma), myeloid leukemias (for example, acute myelogenous
leukemia (AML)), thyroid follicular cancer, myelodysplastic syndrome

35 (MDS), bladder carcinoma, epidermal carcinoma, breast cancer and
prostate cancer.

it is believed that this invention also provides a method for inhibiting
or treating proliferative diseases, both benign and 'malignant. wherein Ras



-4- geranyl geranyl acceptor; (iii) block intracellular processing of Ras
which is,a farnesyl acceptor but not of Ras engineered to be a

ger anyl ger amwio sgaeeopt or; and (iv) bl ock abnormal cell growt h ipcousstusses

i nduced by transformng Ras. 5 The conpounds of this invention
inhibit farnesyl protein transferase and the_fgarnesyl ati on of the oncogene
protein Ras. Thus, this invention further provides a nethod of inhibiting

ras farnesyl prote bfbténhﬁ’b?&%b%?ﬁanti&ea&waté Pas hagei)! opr%ﬁéHuﬁE o‘ﬁriﬂﬁgﬁ\ﬁ{
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i nvention provi deg,apiRi'8FGLSotein function, such as ras p21, by biocking G-protein

: isoprenylation, thus making them useful in the treatment of proliferative
15 diseases such as tumor growth and cancer. Without wishing to be bound

by theory, it is believed that these compounds inhibit ras famesyl protein
transferase, and thus show antiproliferative activity agamst ras
transformed cells.

20 DETAILED DESCRIPT F THE INVE
' As used herein, the following terms are used as defined below
unless otherwise indicated: '
| MH+*-represents the molecular ion plus hydrogen of the molecule
in the mass spectrum;

25 benzotriazol-1-yloxy represents

CID{\
N
’
N
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1-methyl-tetrazol-5-ylthio represents
N=N
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‘SN

: alkenyi-represents stralght and branched carbon chains having at

30 least one carbon to carbon double bond and containing from 2 to 12
carbon atoms, preferably from 2 to 6 carbon atoms and most preferably
from 3 to 6 carbon atoms;



inhibiting or treating the growh of tunors expressing an activated Ras
oncogene by the adm nistration of an effective anmount of the above .
descri bed Gggeeapes- Exanples of tunmors which may be inhibi tggrpsorhssit ed
i nclude, but are not limted to, lung cancer (e.g., lung 30

adenocar ci noma), pancreatic cancers (e.g., _péu\pcreat I ¢ carcinoma such as,
for exanpl e, exocrine pancreatic carcinom), colon cancers (e.g.,
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bl adder car ci nonaaé?&?hﬁgéflgﬁiy ﬁbm@m,céyﬁgﬁa éncer and prostate cancer.
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It is believed th provi 'a method for inhibiting or

treating proliferative @kykinaludingdhe aliedippitiensiohalkogpaaralkyliandei n Ras
WO 98/11099 g heteroarylalkyl)-represents straight and branchBEdd#56r /chaftitband-
Ot her genes. i - 6. COMAIMKIE N8 1 ReERY FBAYstaRe; BEBEEY ORAa Pt RN
ot her genes-i.e., t 1 ; t an
oncogeni ¢ form widtbmsai d i nhibition or treatnent being acconplished by the
descri bed herein, (o a %&Mﬁgﬁ%ﬁ”ﬂ afl eyl ioipy & Hefisl BERSH 0un 1o e
For exanple, the dkyligroupsas de above, preferably-theralkylgrounti® sChz-,d€.g-uror s
i n which Ras 'Ps XAt ed due to nutation or overexpression of tyrosine

185, Y

ki nase oncog neu, src, abl, lck, and fyn), may be : .
- aryl (including the aryl portion of aralkyl)-represents a carbocyclic

group containing from 6 to 15 carbon atoms and having at least one

aromatic ring (e.g., aryl is a phenyl ring), with all available substitutable

carbon atoms of the carbocyclic group being intended as possible points
15 of attachment, said carbocyclic group beihg optionally substituted (e.g., 1

to 3) with one or more of halo, alkyl, hydroxy, alkoxy, phenoxy, CF3,

amino, alkylamino, dialkylamino, -COOR10 or -NO2;

_ -CHg—imidazolyl represents an imidazoly! group bound by any
substitutable carbon of the imidazole ring to a -CHy-, that is:

o _n
~-p
H N |
such as -CHa-(2-, 4- or 5-)imidazc}:llyl, for example
ey
- H N
halo-represents fluoro, chioro, bromo and iodo;
heteroaryl-represents cyclic groups, optionally substituted with R3
25 and R4, having at least one heteroatom seiected from O, S or N, said
heteroatom interrupting a carbocyclic ring structure and having a sufficient
number of delocalized pi electrons to provide aromatic character, with the
aromatic heterocyclic groups preferably containing from 2 to 14 carbon
atoms, e.g., (2-, 4- or 5-)imidazolyl, triazolyl, 2-, 3- or 4-pyridyl or pyridyl N-

30 oxide {optionally substituted with R3 and R#4), wherein pyridy! N-oxide can
"~ be represented as: '

20



|nh|b|ted or treated by the tricyclic conpounds described herein.

The tricyclic ds useful in the nethods of this inventio r
treat the abnwwqylgowth of cells. Wthout wi shing to be boun?@%ﬁ?éﬁﬁg
it is believed that these conpounds may function through the inhibition of

G protein function, such as ras p21, by bl ocki-ffg- G protein isoprenylation,
thus making themuseful in the treatnent of proliferative 15 diseases such

as tunor growth and cancer. Wt hout Shl ng 0 be bourRd by theory, it is
bel i eved that these conmpounds i nhi b I pro transfer ase and
t hus show antiproliferative act|V|ty agal nst| ras troan formged cells.
DETAI LED DESCRI PTI ON OF THE | NVENTI ei n, foI | ow ng ter ne
are used as defined bel ow unl ess ot her se i ndl cat ed: [err] -represents

t he nol ecul ar ion plus hydrogen of theonol eculd® in the ss spectrum 25
~benzotriazol -1-yl oxy represents N [err] 1- rrethyl-tetra | -5:ylthio

et N Lot o PR IS D A A B RS
to 12 carbon at ons, defingd:abbve, Hound b an alkyl group, as defined abowve; pmfetfahl;aﬂ‘lq
from3 to 6 carbon g§oiEroup is -CHo- (e.g., -CHa-(4- or 5-)imidazolyl);
5 heterocycloalkyl-represents a saturated, branched or unbranched
carbocylic ring containing from 3 to 15 carbon atoms, preferably from 4 to
6 carbon atoms, which carbocyclic ring is interrupted by 1 to 3 hetero
groups selected from -O-, -S- or - NR10-; suitable heterocycloalkyl groups -
include: (1) 2- or 3-tetrahydrofuranyl, (2) 2- or 3- tetrahydrothienyi, (3) 2-,
10  3- or 4-piperidinyl, (4) 2- or 3-pyrrd|idinyl, (5) 2- or 3-piperazinyl, (6) 2- or
4-dioxanyl, (7) tetrahydopyranyl, and (8) substituted tetrahydropyranyl
wherein said substituents are selected from hydroxy and hydroxyalkyl
(e.g., hydroxymethyl), for example, %—galactosyl, e.g.,

HO,, OH
0
OH .,
15 The following solvents and reagents are referred to herein by the

abbreviations indicated: ethanol {EtOH); methanol (MeOH); acetic acid
(HOAc or AcOH); ethyl acetate (EtOAc); N,N-dimethylformamide (DMF);
trifluoroacetic acid (TFA); trifluoroacetic anhydride (TFAA); 1-
hydroxybenzo-triazole (HOBT); 1-(3-dimethylaminopropyl)-3-ethyl
20 carbodiimide hydrochloride (DEC); diisobutyl aluminum hydride (DIBAL);

and 4-methylmorpholine (NMM).

Reference to the position of the substituents R1, R2, R3, and R4 is
based on the numbered ring structure:

5§ 6
M 7
3(:’, )
L I °®
< 9
a
2 " 1} 10

25 - Those skilled in the art will also appreciate that the S and R
stereochemistry at the C-11 bond are:
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al kynyl -represents strai ght and branched carbon chai ns having at | east one
carbon to WaOBAH® i pl e bond and containing from2 to 12 caPEBVSATIALS
preferably from2 to 6 carbon atons; al kyl-(including the alkyl portions of
al koxy, aral kyl and 5 heteroarylal kyl)-repBesents strai ght and branched
carbon chains and contains fromone to twenty carbon atons, preferably one
to six carbon atons; aral kyl -represents an aryl R defined bel ow,
bound to an al kyl group, ageg ayabve, pref epabif | group is
-CHerr]-, (e.g., 1 0 be zylx v [ on of
aral kyl')-represents a car BLye™c~ONe’ cont ai ni =.; 5 carbon
atons and having at |east on€ argmatic ring (e.g., "arylgis a phenyl ring),
with all avail abl e substitutaehafesr bon atons of the™¥MdBcyclic group
bei ng i ntended as posgailble | n 1 f, At ' I c group
bei ng optionally subs@f’ﬁﬁoé‘g'(y(se&}?#ﬁu‘ga'g)'ﬁaﬁpg%g’m%ﬁ#o‘&gé%%%%o,
al kyl , hydroxy, bottampipetidinykgrouprs,a 4rion8:pipetiginghgresp, éieal kyl ani no,
-COOR[err] or -NJerr]; aACH ¢/B]-im dazol yl represent sAgn i njBlazol yl group
' e bon #3 the im dazolg r & - CH ®%]-,

bound by any substki ut ably i.ng
that is: [err] 20 Sus#d CHNer®Y. (2-, 4- or 5-)1 nhds
[err] u%‘\ ,g( )TN

C
\
\ .a/ ‘ \R4 !b- / ' \R4
: or R2 .4 (1.14)
N> A R DK
. |
Ra—_l—i /-".RB 'W G’Q ? 8
N N N
o o v
5 Compounds of Formula 1.0 include compounds wherein R2 and R4

" are H, and R? and R3 are halo (preferably independently selected from Br
or Cl). For example, R1is Brand R8is Cl. These compounds include
compounds wherein R1 is in the 3-position and-R3 is in the 8-position, e.g.,
3-Br and 8-Cl. Compounds of Formula 1.0 also include compounds

10 wherein R2 is H, and R, R3 and R4 are halo (preferably independently
' selected from Br or CJ).
Preferably, compounds of Formula 1.0 are represented by
compounds of Formula 1.1:

15 ° wherein all substituents are as defined for Formula 1.0.
Preferably, R2 is H and R, R3 and R4 are halo; ais N and b, c and
d are carbon; A and B are each Hy; the optional bond between C5 and C6
is absent; X is CH; and RS, RS, R7 and R® are H. More preferably, R1, R3



[err] hal o- represents fluoro, chloro, bronp and iodo; heteroaryl-represents
cyclic gl’Olﬁ@@ B onally substituted with R3 25 and R err], having at
| east one m sel ected fromO, S or N, said heteroat dﬁT’HSﬁ?ﬂS!ﬂSti ng
a carbocyclic ring structure and having a sufficient nunber of delocalized
pi electrons to provide aromatic character,-9th the aromatic heterocyclic
groups preferably containing from2 to 14 carbon atons, e.g., (2-, 4- or

5-)i mi dazol yl, t @ndZR* xte indepefdeatly SelRetdditbmoBr WCI dwios re?feratmﬂﬁs
(optionally subs tm&‘ﬁ%q@@[aqe@rllbgangnﬁn?& ngéct% ?Dlpa¥xd glyl oxi de

can be represent
PCT/ US97/ 15905 -7- [ eiMdrermreéerablyy icampdundsaifdfarmula Hy0 pre egpresented by

het er oar yl group,, kyl group, as defined
above, preferably ﬁﬁﬁ%@%ﬁﬁ“&d é’ﬂgﬂ_ﬁ:&rﬂ}u‘i’é‘z% [err]B(4- or

5-)imdazolyl); 5 ¢ \ '

or unbranched carb
preferably from4 t

by 1 to 3 hetero groups\sevesla -
het er ocycl oal kyl groups |Hclue 2- or 3-tetrahyd

3- tetrahydrothienyl, (3) 2- 3- $r.2}-piperidinyl, (4 (1.3 ™.
3-pyrrolidinyl, (5) 2- or SElp razinyl, (6) 2- or 4- d|o any (7) ‘
t etrahydopyranyl, and (8) s ﬁ\ed Wetrahydr opyr anyl
N .
OJ\/\)

and most preferably, compounds of Formulas 1.4 and 1.5
A B

wherein R1, R® and R# are each independently selected from halo,
preferably, Br or-Cl; and A, B, X and W are as defined for Formula 1.0,

10  More preferably, A and B are each Hp; the optional bond between C5 and
C6 is absent; and X is CH. Most preferably, R! is Br; R3 and R4 are
independently Br or Cl, and still more preferably R3 is Cl and R4 is Br; A-
and B are each Hg; the optional bond between C5 and C6 is absent; X is
CH; and RS, R6, R7 and R8 are H.

15 - When W represents: _
H _RI2
_(I:—ﬁ—N‘ 13
H R

preferably R12 is selected from the group consisting of: H, alkyl (most
preferably methyl or ethyl) and aralkyl (most preferably benzyl); and
preferably R13 is selected from the group consisting of: H, alky} (most

20 preferably methyl or ethyl), alkoxy (most preferably methoxy), aralkyl (most
p_referably benzyl), and heterocycloalkyl (most preferably D-galactosyl).



"wherein said substituents are selected from hydroxy and hydroxyal kyl (e.qg.,
hydr oxynmet hyl ), for exanple, D-galactosyl, e.g., [err] 15 The

foll owi ng seiossniesdand reagents are referred to herein by thRBCHUISIAASPASt | ons
i ndi cated: ethanol (EtOH); nethanol (MeOH); acetic acid (HOAc or AcOH);
ethyl acetate (EtOQAc); N, N-dinethylformam degg DVF); trifluoroacetic acid
(TFA); trifluoroacetic anhydride (TFAA); 1- hydroxybenzo-triazole (HOBT);
1- (3-di net hyl am n 12y, 13 hi 13

di i sobutyl al um nu %P%ﬂl}dé)ﬁ) élABzﬁ ﬁ?ﬁ %tpﬂ‘ﬂg ‘Q ‘ﬁ? é‘;&z@ 'S
Ref erence to the ﬂmxy(gag dﬂeﬂ'm‘ykdﬁkﬁ isalkyl ﬂ{%w% 4“8?@ ’Y?Q R12 andq
Rlerr] is based ogts Wr e loaikyl[(6r,/D lactoslaiiuwéasH
skilled in the art Wi P(ﬂ)in e'(i}?héfei‘ébifc tﬁy(%[(s%;{]nd@_a stere)ochem stry at
the C- 11 bond areor(5) ﬁ&g and

PCT/ US97/ 15905 - 8- [erWhéi@w)mmésents Forrrul alo |ncI ude conpounds wherein
the bottom piperidinyl group is a 4- or 3- PI peri d| nyl group, i.e., [err] 5
" Conpounds of Forrmula 1.0 include corrpounds R[err] and R[err] are H,
and Rlerr] and Rlerr] are halo (preferablyumdepsg ently selected from Br

N
J

preferably is selected from the group c‘ogsisting of:

| -\
o (\NH (\N/u_\o’c(c}la)a :NI)
/N\/' , /N\) , /N\) ‘ | and .

the heterocycloalkyl ring

10
When W represents
—_ é:— c—0—-RM
Pl
Ri4is preferébly alkyl and most preferably -C(CHza)a.
Compounds of Formulas 1.2A and 1 3A 5
15

are breferred when X is CH or N, and R1, R3 and R4 are halo.
The preferred compounds of this invention are represented by the
compounds of Formulas:



or A). For exanple, Rlerr] is Br and Rerr] is C. These conpounds include

conpounds wherein Rlerr] is in the 3-position and R err] is in the

8- posi ti on,wedgniees- Br and 8- . Conpounds of Fornula 1.0 al BOTAUSTVIS90S
conmpounds 10 wherein R err] is H and Rerr], Rerr] and Rlerr] are halo
(preferably independently selected fromBr arqy Cl). Preferably, conpounds of
Formula 1.0 are represented by conpounds of Formula 1.1: [err] 15

wherein all substituents a&g as fined for Fornula 1.0. Prefebably, Rl err]
is Hand Rerr], Rerr] an gte halo; ais Nandf)‘ nddare
carbon; A and B are _gach & & optisonal bonq bet ag

Clerr] is absent; XRs~gH ' %err]

More preferably, Rerr], 6 A 98/ 11099
PCT/ US97/ 15905 - 9 - and T arg mependently sel ected™Nro

preferably, Rerr] is Br, an;jf?irr] d1dA] err] are indepeph
nd

Most

y sgj:bﬁct ed
fromd and Br. Mre prefera |y, Jconpounds of a8Hml a 1. 0fare repl( ted
by conpounds of Forrula 1.2 orrrulaw 3: [err] and no&t pdJeferablw

conpounds of Fornulas 1.4 and N.5 “Wherein Rerr], R eNr] d err]
are each independently selectefl fr m h@l o, preferably, Br of G} and A B,
X and Ware as defined for F% I g

wherein R1, R3 and R4'are halo and the remaining substituents are as
defined above, with the compounds of Formula 1.5A being more

preferred.
5 Representative compounds of Formula 1.0 wherein W is
i e
—?_ﬁ‘—N‘Rxs
H O
include:

10



10 More preferably, A and B are each H2; the optional bond between C5 and
C6 is absent; and X is CH Mst preferably, Rerr] is Br; Rerr] and R'err]
are i ndepermorssityooBr or Cl, and still nore preferably R err] PCEUSh/s085
Rlerr] is Br; A and B are each H2; the optional bond between C5 and C6 is
absent; Xis CH and Rerr], Rerr], Rerr]_.pnd Rerr] are H 15

When Wrepresents: [err] preferably Rlerr] is selected fromthe group _
consisting of: H, alkyl (nopst preferab or ethyl) and aral kyl (nost
preferably benzyl); and prefegab 8 eﬂ ted fromthe group
consisting of: H, alkyl (nost 20 or ethyl), alkoxy
(nost preferably nethoxy), aralk DS Prele ably benzyl), and
het er ocycl oal kyl (nost preferably g Jy WO 98/ 11099

PCT/ US97/ 15905 -10- Preferably: (1) R12™age R[éflrQ) areé—li_,’ ) Rerr] is

al kyl (e.g., nethyl), and R13 is al koxy (4.g9., netho 3 Rerr] is

1

al kyl and R err] is alkyl (e.g, both R w éﬁ'i “}eq:[hyl); (4) '
Rlerr] is heterocycl oal kyl (e.g., D-gal ndiR13T%"® or (5) Rerr]
Owhen Wrepresents [err]

is aral kyl (e.g., benzyl) and Rerr] i .
the heterocycloal kyl ring preferably i@ s¥ ected fromthe group consisting
of: [err]

and

include:

10



10 When Wrepresents [err] Rl4 is preferably al kyl and nost preferably
-C(CH err])[err]. Conpounds of Fornmulas 1.2A and 1.3A: [err] 15 are
preferred when Xis CHor N, and Rlerr], Rerr] and R err] are halo. The
preferred conpounds of this invention are represented by the conpounds of
For mul as: W%’Wllogg. PCT/US97/15905

PCT/ US97/ 15905 - 11 - [err] wherein Rl, R3 and R4 are halo and the _
refmi ni ng substituents are as defined above,33th the conpounds of Fornul a .
1. 5A being nore preferred. 5 Represent ati ve conpounds of Formula 1.0
wherein Wis [err] include: 10

Br

and

Representative compounds of Formula 1.0 wherein W is
H
{
— ?... |(|:- O—R4
HO
10 include:



WO 98/ 1109 PCT/ US97/ 15905 - 12- [err]
i nclude: [err] 10 WO 98/ 11099 '

PCT/ US97/ 15%fthesniiée [err] 5 Representative conpounds of For mRCHUS9TI59ser ei n
Wis [err] 10 incl ude: WD 98/ 11099

PCT/ US97/ 15905 -14 - [err] Representative cofgpounds of Fornula 1.0 include:
[err] 5 The conpounds of this invention also iInclude the 1-N-oxides--i.e,

Br = Cl

Representative compounds of Formula 1.0 include:
Brw /7 \ Cl
Sy,

N H (20.0)

The compounds of this invention also include the 1-N-oxides--i.e,
for example, compounds of the the formula:

wherein WV represents the remainder of the compound, or
10 pharmaceutically acceptable salts or solvates thereof.
Optical rotation of the compounds ((+)- or (-)-} are measured in
methano! or ethanol at 25°C.



for exanple conmpounds of the the formula: [err] wherein [err]
represents the remai nder of the conpound, or 10 pharmaceutically

accept abl e sawiososmnomol vat es thereof. Optical rotation of the perasnises
((+)- or (-)-) are neasured in nmethanol or ethanol at 25[err]C. WO
98/ 11099 PCT/ US97/ 15905 -15 -
This invention includes the above conpounds in the anor phous state or

| ndi cat od bond may be. ar TS ERbhBiet e e e idinde Ifﬁ'%t@gbﬂﬁ*mﬂ" )
atoms. 5 Cerstaterorinithe eytitalline statepr esent i nvention may exist i n
different | sorrerl ¢ for msLn(iés Qrawﬁ %Btthgrfﬁfgisﬁeﬂb%%%@qh%?fﬁé ﬁ'?dné?l dit

atropl soners (I e., conp ound IS ILNh a

conf or mati on such tRaYy bﬁrﬂtafhfdéarﬂftyrpféf"&rﬁ%"m PiNNILATROR FOMB- el ow t he
pl ane of the fused bezn@mémrmnﬁbtmdsnonhé Qéﬁﬁﬁ@eﬂiorﬁmh@*ém@mﬂ different

substituent). The i.nventiqn contenpl SOners ure form
and in adnixture, iSRIPEHF 23"?%2%9? (,eqﬁ'ﬁm% oréﬁﬁtef%‘?&mﬁﬁg “é?lya' Ghcl uded.
Certain tricyclic awrupisordersifile., compoundswhereinithe @-membered oing isdmzofixed
o Possect o U b ok s S
the plane of the fused beznene rings due to the presence of a 10-bromo

10 substituent). The invention contemplates all such isomers both in pure
form and in admixture, including racemic mixtures. Enol forms are also
included.

' Certaln tricyclic compounds will be acidic in nature, e.g. those
compounds which possess a carboxy! or phenolic hydroxyl group. These

15 compounds may form pharmaceutically acceptable salts. Exampies of
such salts may include sodium, potassium, calcium, aluminum, gold and
silver salts. Also contemplated are salts formed with pharmaceutically
acceptable amines such as ammonia, alkyl amines, hydroxyalkylamines,
N-methylglucamine and the like.

20 Certain basic tricyclic-compounds also form pharmaceutically
acceptable salts, e.g., acid addition salts. For example, the pyrido—
nitrogen atoms may form salts with strong acid, while compounds having
basic substituents such as amino groups also form salts with weaker
acids. Examples of suitable acids for salt formation are hydrochioric,

25 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

30 regenerated by treating the salt with a suitable dilute aqueous base
solution such as dilute aqueous NaOH, potassium carbonate, ammonia
and sodium bicarbonate. The free base forms differ from their respective
salt forms somewhat in certain physical properties, such as solubility in
polar solvents, but the acid and base salts are otherwise equivalent to

35 their respective free base forms for purposes of the invention.

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



such salts may include sodium potassium calcium alum num gold and
silver salts. Also contenplated are salts formed with pharmaceutically

~accept abl ewgyysne®osuch as ammoni a, al kyl am nes, hydroxyal kydfikiaseos

N- et hyl gl ucam ne and the |ike. 20 Certain basic tricyclic conmpounds
al so form pharmaceutically acceptable saltgg._e.g., acid addition salts. For
exanpl e, the pyrido- mtrogen atons may formsalts with strong acid, while

W Lh veaker - ac| SERERE AR o@%ﬂ"@aﬁ*ﬁ 2 e R B B hRESGHAG
hydrochl ori c, 25=onmunr3; for pureesesofithe invantion, CI tric, oxalic, malonic,
other i neral and ca ca o mm’ f{'&f‘&f 83@/ o gj";?f,r ; %%“‘ﬁér'hé and
salts are pr eparFEGc es din S Published APHI 20s199%.ci ent
amount of thg deﬂmphedtsomsibrtamuw-tm 483 Jiléd MarthAQdeanpﬂoétlde&ﬁh!

Ui table di 1 ut o N RAL7 821 Med CRERNEA 2%, s, il aBAniiifed dnalbidior

pot assi um car bor8arial Non#i6 t5,760 filed MarchilSariB864now atandaned) & f or ns
di ff f th fe t

e [7om e ssent et S TSN ool aR Sl
salts are other \ﬁ@@'éﬁﬁjl%’ﬁzﬁﬁﬁ‘lcﬁf%o&m&?ﬁo Application Serial ngﬂﬁ/?bi 925 or

pur poses of 4phe ﬂlé&’ﬂé’ptélﬁbel‘“lb ws@ aﬁdvk ?ﬂéaﬁ&?Seﬁéi B, emmsaﬂﬁm to be .

phar maceut i cal |y acc& gﬁ dt rP dﬁventl gn and all

acid and base 1 ERYg dhe |sc|osures of each bel g mcorporate herein

PCT/ US97/ 15905 reference thereto; and according to the procedures described below.
Compounds of the invention can be prepared by reacting a

compound of the formula:

15 | .
wherein all substituents are as defined for Formula 1.0, with the
appropriate protected piperidinyl acetic acid (e.g., 1-N-t-butoxy-
carbonylpiperidiny} acetic acid together with DEC/HOBT/NMM in DMF at
about 25°C for about 18 hours to produce a compound of the formula:

20

The compound of Formula 13.0 is then reacted either with TFA or 10%
sulfuric acid in dioxane and methanof followed by NaOH to produce the
compound of Formula 14.0



-16 - salts are considered equivalent to the free forns of the
correspondi ng *conpounds for purposes of the invention. Conpounds of the

i nvention rwp9bAr1gee epared according to the procedures describeriussr/igéds
95/ 10516 published April 20, 1995, 5 Application Serial No. 08/410, 187
filed March 24, 1995, Application Serial Noy 7 C 08/ 577,951 fil ed Decenber 22,
1995 (now abandoned) Application Serial No. 08/ 615,760 filed March 13,
1996 (now abandoned), WO 97/ 23478 publ |_/§hed Juil y 3, 1997 which discl oses
t he subject matter of Seri al and 08/4615, 760, Application
Serial No. 08/711,925 10 filed SBS{ and Application Serial
No. 08/877,453 filed June 17, 1997;¢ bsf®es of each being

i ncor por at ed herein by ref erence th%r g N\ acgorgtng to the procedures
descri bed bel ow. Conmpounds of the |n ot i m ca be prepared by reacting a

conpound of the formula: [err] 15 re| s bstltuents are as defined
for Formula 1.0, with the approprlat@ Q)di nyl acetic acid

(e.g., 1-N-t-butoxy- carbonyl piperi dirg y‘l"‘ac}l"‘r aC| d together with

DEC/ HOBT/ NVMM i n DMF at about 25[err]C for bo 1& hours to produce a
compound of the fornula: [err] 20 WHd of Formula 13.0 is
then reacted either with TFA or 10% sul f g i n di oxane and net hanol

foll owed by NaOH to produce the conpound of Formul a 14.°0
For example, the compound of formula
A

can be prepared by reaction of a compound of Formula 12.0 with 1-N-t-
5 butoxy-carbonylpiperidinyi-4-acetic acid as described above.

For Example, compounds of Formula 15.0 include the compounds:
Br

\ q PBr = Cl
LA |
LT J\/OH

0

EJ
»\/O““




WO 98/ 11099 PCT/ US97/ 15905 -17-
[err] [err] For exanple, the conpound of fornmula [err] can be prepared by
reacti on of wossmpesund of Formula 12.0 with 1 -N-t- 5 PCT/US97/15905
but oxy- car bonyl pi peri di nyl -4-acetic acid as descri bed above. For Exanpl e,
conpounds of Fornula 15.0 include the conpoujgls: Br WO 98/ 11099

PCT/ US97/ 15905 [err] [err] Br The preparation of these conpounds are
described in Preparative Exanpl eg—3 0, 11, 12 and 13,
respectively, below 10gy
prepared by reacting a confl

_ o .
The preparation of these compounds are described in Preparative
Examples 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 and 13, respectively, below.
10 ~ The compounds of the invention can be prepared by reacting a
compound of the formula:



WO 98/ 11099 PCT/ US97/ 15905 - 19-
[err] with the appropriate protected piperidinyl acetic acid (e.qg., 1-Nt-
but oxycar bony W 981099 nyl acetic acid together w th DEC HOBT/ NWTVUSIDNED0A L
about 25[err]C for about 18 hours to produce a conpound of the 5 formula:
[err] The conpound of Fornmula 13.1 is then regged either with TFA or 10%
sul furic acid in dioxane and net hanol followed by NaOH to produce the
conmpound of Forrmula 15.1 10 The am de conpoupds~of this invention,
represented by Fornula 1.7 WO 98/g}109¢8 Ql

PCT/ US97/ 15905 -20- [err] can be prepar§d by @ t he conpound of
Formula 15.1 with the appropriate carbo N the presence of a
coupl i ng agent such as DEC and HOBT i n di et h am de. Alternatively,
the conpound of 5 Fornula 15.1 can be reacted w tBr an fm d chloride or
anhydride in a solvent such as pyridine.

with the appropriate protected piperidiny! acetic acid (e.g., 1-N-t- _
butoxycarbonyipiperidinyl acetic acid together with DEC/HOBT/NMM in
DMF at about 25°C for about 18 hours to produce a compound of the

5 formula: B

N NJ'L
08

o .
The compound of Formula 13.1 is then reacted either with TFA or 10%
sulfuric acid in dioxane and methanol followed by NaOH to produce the
compound of Formula 15.1 '

10 .
_ The amide compounds of this invention, represented by Formula
17 '



Compounds having an 1-N-O group: [err] can be prepared fromthe

correspondi ng pyridyl conpounds: 10 by oxidation with '
met a- chl orwpasaxgbenzoi c acid. This reaction is conducted |iRCTAUSITISHWS| e
organi ¢ solvent, e.g., dichloronmethane (usually anhydrous) or nethyl ene

chloride, at a suitable tenmperature, to proggice the conpounds of the

invention having the N-O substituent at position 1 of 15 Ring I of the

tricyclic ring system Generally, the orgasic solvent solution of the

starting tricyclic reactant is. @ abod C before the

m chl or oper - oxybenzoic acid is a . e reg f is then allowed to warm

to roomtenperature during the reaciao 'o he q§§®red product can be

recovered by standard WO 98/11099 N

PCT/ US97/ 15905 -21 - separation neans. S Bnple the reaction m xture

i i .U|table base, e.g., saturated

sodi um bi carbonate or NaCH (e.g., 1N NaO ried over anhydrous
quct can be 5

d/by standard neans, e.g.,

nagnesiun1su|fafe The sol uti on contai nin
concentrated in vacuo. The product can be

by chromat ography using silica gel (e.g .07f13&sh col um chr omat ogr aphy) .
Al ternatively, NeghGeprepartd B?'Pei’é}irim donpourit 8f FBRh@ke15.1 with the
appropriate carboxylic acid in the presence of a coupling agent such as
DEC and HOBT in dimethylformamide. Alternatively, the compound of
5 Formula 15.1 can be reacted with an acid chloride or anhydride in a
solvent such as pyridine. '
Compounds having an 1-N-O group:

10
by oxidation with meta-chloroperoxybenzoic acid. This reaction is

conducted in a suitable organic solvent, e.g., dichloromethane (usually
anhydrous) or methylene chloride, at a suitable temperature, to produce
the compounds of the invention having the N-O substituent at position 1 of
15 - Ring | of the tricyclic ring system.
Generally, the organic solvent solution of the starting tricyclic

- reactant is cooled to about 0°C before the m-chloroper-oxybenzoic acid is
added. The reaction is then aliowed to warm to room temperature during
the reaction period. The desired product can be recovered by standard



[err] 10 by the above oxidation procedure with mchloroperoxybenzoic acid
and [err] wher'ein Qis a protecting group, e.eg., BOC After oxidation the
protecting WWopasm109 renoved by t.echniques well known in the RCT/USPHsINSO
internmedi ate are then reacted further to produce the conpounds of the 1 5
I nvention. Conpounds of Formula 12.0 includep4be conpound of Fornula 12.1:
[err] The conpound of Forrmula 12.1 is prepared by nethods known in the art,

20 f le b ' ' '
90 98/ 11090" ¢ Y sEpAratien mibars. OF6Fekdmiie, 1Ré Foaction Miktb’reScS%r?l.:%g\g%éS}?e_%zg{ﬂﬁ

. . PCT/
those described b8N@ARUSPHE SRHHIAD ‘Pfrﬁ§PMP£a§e®8rﬂro§ﬁﬂ"ﬁt§Hsoﬂ ¥be prepared
by a procedure copieaitsride OPNSOH! (evs.NININEDH), 4Ad themdticd dvan anhydrousd t he

f I 5 wh ' is B LS. i

GLerr] qlorr] al KPGRERHYm st FagspluioRdanpaifind HedBpufl ban b, | | °

aryl or het er dar ytorsehtrated ir} vasudy Thegqradudy can be putifie dyr standard means,

I ndependently sel g : § St 'ﬁlr?” al kyl and

aryII;o or R[e?/r] aﬁ?&?ﬁ%@%@%ﬁ%ﬁﬁgﬁ%eé&ng?%g@ﬂ%J"“ I'ch ]they zlre

attached, form a chiegnategmphylng 4 to 6 carbon atons or conprising 3 to 5
Altematively, N-O compounds can be made from intermediate:

Br /\ Cl
_—

N

A Y

o Br (12.1A)

10 by the above oxidation procedure with m-chioroperoxybenzoic acid and

wherein Q is a protecting group, e.eg., BOC. After oxidation the protecting
* group is removed by techniques well known in the art. The N-O
intermediate are then reacted further to produce the compounds of the
15 invention.
Compounds of Formula 12.0 include the compound of Formula
oo 12,1 '

The compound of Formula 12.1 is prepared by methods known in the art,
20 for example by methods disclosed in WO 95/10516, in U.S. 5,151,423 and



10 carbon atons and one hetero noiety selected fromthe group consisting
of -O and -NR[err]-, wherein Rerr] is H derr]-Cerr] alkyl or phenyl;
with a conpowods/®e92 he fornula [err] wherein R err], R err], rRrase}/sosl
Rlerr] are are independently selected fromthe 15 group consisting of
hydrogen and halo and Rlerr] is C or Br, iipgdhe presence of a strong base
to obtain a conpound of the fornmula [err] (b) reacting a conpound of step

() with (i) PO iidd déseribiPbdlon. CRIRBbSARALIHedIELE SmbBUAY can( 4156 be20

(ii) DIBALH to obtain aa al dehyde of the formyl a WO 98/ 11099

PCT/ US97/ 15905 - 2Preparepy ﬁwng?imwnw%@"em&%wsm the al dehyde

with a piperidine deri{g)reaeting anfemiderdfithe fomnuia 5 wherein L is a |eaving

group selected fromthe group consi stie@ga of C and Br, to obtain a ketone
pes

or an al cohol of the formula below,. r . [err] (d)(i) cyclizing
the ketone with CF[err]SOerr]H to obtain cdinpound of
N O
NRSeRSe
5 wherein R11a is Br, R52 is hydrogen and R62 is C¢-Cg alkyl, aryl or
heteroaryl; R5a is C1-Cg alkyl, aryl or heteroaryl and R62 is hydrogen; R52
and R62 are independently selected from the group consisting of C1-Cg
alky! and aryl; or R52 and R4, together with the nitrogen to which they are
attached, form a ring comprising 4 to 6 carbon atoms or comprising 3 to 5
10 carbon atoms and one hetero moisty selected from the group consisting of
-O- and -NR9%a-, wherein R®2 is H, C1-Cg alkyl or phenyl;
with a compound of the formula

R1a
R?a R
Raa
R
wherein R13, R2a, R3a and R42 are are independently selected from the
15 group consisting of hydrogen and halo and R72 is Cl or Br, in the presence

of a strong base to obtain a compound of the formula
R‘la
B~ ’ R2
o] R3a
NRSeRoe R
(b) reacting a compound of step (a) with
(i) POCI3 to obtain a cyano compound of the formula
R1a
R2a

N W R
20 | N Ris » or
(ii) DIBALH to obtain an aldehyde of the formula



Forrmul a 13.0a wherein the dotted |ine represents a double bond; or 10
(d)(ii) cyclizing the al cohol wi th pol yphosphoric acid to obtain an

| nt er nedi at ewomsnesssd wherein the dotted |ine represents a si PGTASOMISIDS
Met hods for preparing the Internedi ate conpounds disclosed in WD 95/ 10516,
U'S. 5,151,423 and described bel ow enpl oy a _tgd cyclic ketone internediate.
Such internediates of the fornula [err] 15 wherein Rierr], Rerr], Rerr],
Rlerr] and Rlerr] are independently selected fromthe cgwoup consi sting of
hydrogen and hal o, can be prepared by the follow ng prd¥&ss conprising: (a)
reacting a conpound of the formnul a 20 Br R2a [err]
WO 98/ 11099 / US97/ 15905 - 24-

(i) with an am ne of the fornula NHR5aR6a, 'd?S &ﬂerr] are as
X catalyst and
carbon nonoxide to obtain an am de of the fornul & [er

defined in the process above; in the presence of {a pal | gdi
(ii) with an al cohol of r%
c} l?é’aét ac 0 ¢ %%ﬁ‘@)g kyé] W\hﬁha iperidin

Cerr]-Clerr] |ower al err epreeceo
pal | adi um cat al ystde;waﬂuam@ne ade to obtain the ester of the fornula
[err] Mol

@

5 wherein L is a leaving group selected from the group consisting of Cl and
Br, to obtain a ketone or an alcohol of the formula below, respectively:
Rta . Rla

(d)(i) cyclizing the ketone with CF3SO3H to obtain a compound of

Formula 13.0a wherein the dotted line represents a double bond; or
10 (d)Xii) cyclizing the alcohol with polyphosphoric acid to obtain an

Intermediate compound wherein the dotted line represents a single bond.

Methods for preparing the Intermediate compounds disclosed in
WO 95/10516, U.S. 5,151,423 and described below employ a tricyclic
ketone intermediate. Such intermediates of the formula

Rn

R11b 7 \ R

15 | "o pa R°

o wherem R11b, R1a R2a, R3a and R42 are independently selected from the
group conssstmg of hydrogen and halo, can be prepared by the following
process comprising :

(a) reacting a compound of the formula
R‘Hb

TI

20 N “Br



foll owed by reacting the ester wwth an amne of formula NHR err] R err] to
10 obtain the amde; (b) reacting the amde with an iodo-substituted
benzyl conp¥0nR819®the formula [err] wherein R err], R err] POXusoriseoR err ]
and Rlerr] are as defined above, in the presence 15 of a strong base to
obtain a conmpound of the formula [err] (c).gyclizing a conpound of step (b)
with a reagent of.the formula R err] MjL, wherein Rlerr] is (err]-Cferr]

cyol i pati o °LORSE)5L8‘;‘%;?@W'Z affing ot {la tointjel REgho=Rth, BibeRin Bta and
reacted with a siR fearecasudpfinacin thegrocessabous; -mil@ereresaﬂcedzfrq;pauamum

Formul a 12. 2 \Q? a%f &arbon monoxide to obtain an amide of the formula:
PCT/ US97/ 15905 -2 err] can be pregF\re hi gh enanti osel ectivity by.

using a process conprising enzyme calta ransesterlflcatlon
Preferably, a racem c conpound of Fornmulg 1®.3 [err] 5 is reacted with an
enzyne such as Toyobo LIP-300 and an acyl &t @Qgent such as trifluoroethly
i sobutyrate; the resultant (+)-amde is then NRSaRGa; or
5 (i) with an alcohol of the formula R1020H, wherein R102 js-
C1-Cg lower alkyl or C3-Cg cycloalkyl, in the presence of a paliadium

catalyst and carbon monoxide to obtain the ester of the formula
Rﬁb

#
<

O
0R1Oa

followed by reacting the ester with an amine of formula NHRS53R6a to
10 - obtain the amide; : -
(b) reacting the amide with an iodo-substituted benzyl compound of
the formula

wherein R1a, R23, R3a, R4a and R7a are as defined above, in the presence
15 of a strong base to obtain a compound of the formula

R‘Ia
11b

4

o1 R

NHsaRGa R : and

(c) cyclizing' a compound of step (b) with a reagent of the formula
R8aMgL., wherein R8a is C4-Cg alkyl, aryl or heteroaryl and L is Br or C|,
- provided that prior to cyclization, compounds wherein R52 or Ra is
20 - hydrogen are reacted with a suitable N-protecting group.
(+)-Isomers of compounds of Formula 12.2



I solated formthe (-)-enantoneric am ne by techniques well known in the
art, and-then the (+)-amde is hydrolyzed, for exanple by refluxing with an
10 acid suchwesim®] SO err], and the resulting conpound is tReWUSeTIISOBS]
with DI BAL by techniques well known in the art to obtain the corresponding
optically enriched (+)-isomer of Fornula 12.2gpsAlternatively, a racemc
compound of Formula 12.3, is first reduced to the corresponding racemc
conpound of Fornmula 12.2 and then treated wi he enzyne (Toyobo LIP- 15
300) and acylating agent as descri &e (+)-am de, which
I's hydrolyzed to obtain the optically € gomer. Those skilled in

the art will appreciate that the conpouRss g6 1. 0 havi ng ot her
Rlerr], Rerr], Rerr], and R4 substituents nhy bg made bé t he above enzyne
process. 20 To produce the conpounds oBrmul d wherein Wis

[err] the conpounds of Fornmulas 14.0 or 15.9 are reacted with the
appropri ate hal oacet am de or hal oacet at e: V 98/ 11099

PCT/ US97/ 15905 -26 - H [err] respectively,
wherein X is halo (e.g., Br or CI) to al kyIathhe am ne nitrogen of the

piperidine ring. T a?l bé %d'ﬂtﬁﬁ@ﬁ%ﬂggﬁgﬁb’tﬁi@% ttﬁénﬁé%cﬁ%éﬁé wel |

known in the art. or ex E:,as 14 0 or 15.0

are reacted wth t FOMPASAGengyme tataly @Mﬁmesmf&aﬂon referably, a racemic
compound of Formula 12.3

is reacted with an enzyme such as Toyobo LIP-300 and an acylating

agent such as trifluoroethly isobutyrate; the resultant (+)-amide is then

isolated form the (-)-enantomeric amine by techniques well known in the

- art, and then the (+)-amide is hydrolyzed, for example by refluxing with an

10 acid such as HQSO4, and the resulting compound is then reduced with

DIBAL by techniques well known in the art to obtain the corresponding

optically enriched (+)-isomer of Formula 12.2. Alternatively, a racemic

compound of Formula 12.3, is first reduced to the corresponding racemic

. compound of Formula 12.2 and then treated with the enzyme (Toyobo LIP-

15 300) and acylating agent as described above to obtain the (+)-amide,

which is hydrolyzed to obtain the optically enriched (+)-isomer.

Those skilled in the art will appreciate that the compounds of
formula 1.0 having other R?, R2, R3, and R4 substituents may be made by
the above enzyme process.

20 To produce the compounds of Formula 1.0, wherein W is
H 12 H H .
i R i I
—C—C—N_ -—C—C-—N Y — = C—0O~R4
il RI13 ! || N 1l
HO ~ ,  H oo HO

the compounds of Formulas 14.0 or 15.0 are reacted with the appropriate
haloacetamide or haloacetate:



sui tabl e organic solvent (e.g., DW) with a suitable base (e.g.,

Na[err]CJ err]). For exanple, reaction of the conpound of the fornmula [err]
with the helowsnagéen des or hal oacetates [err] 10 wherein X per/dserseds . i n
DMF with Na2CO3 yi el ds conmpounds of the fornulas [err] WO 98/ 11099

PCT/ US97/ 15905 -27 - [err] respectively. Sagonmpounds of the invention are
exenplified by the follow ng exanples, which should not be construed to
limt the scope of the disglosure. 10 H PREPARATI VE
EXAMPLE 1 [err] Conbine 10fg (60,8 Zmol ) of e I 4- pyri dyl acef ate and 120
m. of 15 dry CHerr]C Per ]-(,‘a'r <2 SFTPTCN 4%"@2-(5—?005'&m|) of MCPBA
and stir at -20[err]C for tqpur Rnd thﬂn(ﬁt 2 ec;rr]C}fom 67 hours. Add an
additional 3.48 g (20,2 mmuol es) of MCPBA and Stlé F [err C fqQr 24 hours.
Dilute with CH eqe}sgpft@fqu wherein X is halo (e.g., Br or l)toaky te the amine

nitrogen of the piperidine ring. This reaction is conducted according to
~ procedures well known in the art. For example, the compounds of
5 Formulas 14.0 or 15.0 are reacted with the appropriate haloacetamide in a
suitable organic solvent {e.g., DMF) with a suitable base (e.g., Na2CO3).
For example, reaction of the compound of the formula

12 H
I - JRY ¢ / {
X=C=C=N_.__ X=C=C—N_.Y X—=-C~C—0~RM
Vi ‘Rl3 I B ~ L ||
10 HO , H O or HO ,

wherein X is Br or Cl, in DMF with NaxCOg3 yields compounds of the
formulas




wash with saturated NaHCJ err] (aqueous) and then water. Dry over MySO4,
concentrate in'vacua to a residue, and chromatograph (silica gel, 2% WO
98/ 11099 WO 98/11099 : PCT/ US97/ 1580HUsSPH15905
5.5% (10% NH err]OH in MeOH)/CH err]Cl[err])to give 8.12 g of the product
conpound. Mass Spec.: MAerr] = 182.15 Step Byylerr] S Combine 3.5 g
(19.3 mol ) of the product of Step A 17.5 nL of EtOH and 96.6 nL of 10%
NaOH (aqueous) and heat the m xture at rr]C for 2 hours. Add 2 N HC

(aqueous) to adjust to pH = 2. g _andgy hehe | gy vacuo to a residue. Add
200 mL of dry EtOH, filter throug \cel l@’ the filter cake with dry
M e trates in vacuo to give '

 EXJVPLE 2 [err] The title

EtOH (2X50 nml). Concentrate the 10\_c¢#
2.43 g of the title conpound. PREPARA
conpound i s prepared via the process di
Publ i cati on No. WD05/10516. PREPARATI VH

Ve

, and

respectively.
5
Compounds of the invention are exemplified by the following
examples, which should not be construed to limit the scope of the
disclosure.
10 PREPARATIVE EXAMP LE
O
SIQE. e;

— o |
NO—\C%& "I com

Combine 10 g (60.5 mmol) of ethy! 4-pyridylacetate and 120 mL of
15  dry CH2Clg 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 CH2Clo and
wash with saturated NaHCO3 {aqueous) and then water. Dry over MgSQ4,
concentrate in vacuo to a residue, and chromatograph (silica gel, 2%-



WO 98/ 11099 PCT/ US97/ 15905 -29 -
Step A: [err] Conbine 14. 95 g (39 mml) of

8- chl oro- 11-whesnttesxy- car bonyl - 4- piperidinyl)-11 PCT/US97/15905

H benzo[ 5, 6] cycl ohepta[ 1, 2-b] pyridine and 150 nL of 5 CHerr]dJ[err], then
add 13.07 g (42.9 mmol) of '(nBu)[err]Nqurr%Band cool the mxture to OC.
Slowy add (dropwi se) a solution of 6.09 nmL T42.9 mmol) of TFAA in 20 nL of

wash success velySu P 104 HHAOH RGO ELs &?aﬁ?ﬁ@?emf%@ RS o ) e

organi ¢ sol ution compoMafeMassBpees Midtmc . 18te in 10 vacuo to a residue

and chromat ogr aph gresidue (silica gel, EtQOAc/hexane gradient) to gi ve
4.32 g and 1.90 g0 e two product corrpounds 3A(i) and ||)
respectively. Mass Spec. f ""C npound 3A(i): err] ﬁ Mass Spec.
for compound 3A(ii): S 3. 15 [er‘h neN22.0 g
(51.4 mmol) of the product ) frm;ETst ep A 150 n1_ of Et OHCQPaBueous) ,

25.85 g (0.463 nole) of Fe powder an
PCT/ US97/ 1590% - 30 - gcpmblaeraa%g)ﬂ&ﬁ w@ll ef the, Pf@ﬁucmaSteatA,rH BumL of

overnight. Add 12pgfOH driti 884 mL of 10% NaOH (aqueous) and heat the mixture at 67°C
for 2 hours. Add 2 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 ml). Concentrate the
10  combined filtrates in vacuo to give 2.43 g of the titie compound.

VE EXAMPL

o) ' CO,H

The title compound is prepared via the process disclosed in PCT
15  International Publication No. WO95/10516.




mol e) of Fe powder and 1.2 g (10.8 rrrml) of CaCI[err] and heat at refl ux
for 2 hours. Add another 12.4 g (0.222 nole) of Fe powder and 1.2 g (10.8
mol ) of CaGwpasnhosand heat at reflux for 2 hours nore. Filterrdingsonmessos

m xture 5 through celite[err], wash the celite[err] with 50 nL of hot EtCOH
and concentrate the filtrate in vacuo to a resgdue. Add 100 nL of anhydrous
Et OH, concentrate to a residue and chromat ograph the residue (silica gel,
MeOH CH err] d [er:%!%i ent) to give 16.47 g of the product conpound. Step
C. [err] 10 Conbi 7 g (41.4 mmol ) of the product_from Step B, and 150
m. of 48% HBr (aqueous) and cool to -3C. Slowy agd (A 18 nL of
brom ne, then slowy add (dropw se) a sol ut PaN-e M-l e) of
NaNO2 in 85 nL of water. Stir for 45 mnutes at t hen adj ust
to 15 pH = 10 by adding 5 : (aqueous) Ext ray ey BFOAC, wash t he
extracts with brine and g ct@[ over Na2SO4. GRpcentrate to a

resi due and chromatogr§ GAc/ hexane dfr adi pnt) 3iaqi)gi ve 10.6
g and 3.28 g of the t unds 3C(i) and 3 , respectively.
20 Mass Spec. MH err] = 461.1®: Mass Spec. for
conmpound 3C(ii): MHerr] WO 98/ 11099
PCT/ US97/ 15905 -31 - : ’

t
CO,Et

Combine 14.95 g (39 mmol) of 8-chloro-11-(1-ethoxy-carbonyl-4-

piperidinyl)-11H-benzo[5,6]cyclohepta[1,2-bJpyridine and 150 mL of
5 CHaClgp, then add 13.07 g (42.9 mmol) of (nBu)4NNO3 and cool the
mixture to 0°C. Slowly add (dropwise} a solution of 6.09 mL (42.9 mmol)
of TFAA in 20 mL of CH2Cl2 over 1.5 hours. Keep the mixture at 0°C
overnight, then wash successively with saturated NaHCOg3 (aqueous),
water and brine. Dry the organic solution over NazSO4, concentrate in
10 vacuo to a residue and chromatograph the residue (silica gel, |
- EtOAc/hexane gradient) to give 4.32 g and 1.90 g of the two product

compounds 3A(i) and 3A(ji), respectively.

Mass Spec. for compound 3A(i): MH+ = 428.2;

Mass Spec. for compound 3A(ji): MH+ = 428.3.

15 StepB: '

) )
CO,Et : CO,Et

Combine 22.0 g (51.4 mmol) of the product 3A(i) from Step A, 150
mL of 85% EtOH (aqueous), 25.85 g (0.463 mole) of Fe powder and 2.42



Step D [err] Hydrolyze the product 3C(i) of Step C by dissolving in .
concentrated HCI and heating to about 100[err]C for @16 hours. Cool the

mxture, thapbg/geeutralize with 1 M NaOH (aqueous). Extract poirtuse7isoos
CH err]C[err], dry the extracts over I\/gSQerr] filter and concentrate in

vacuo to the title.conpound. Mass Spec.: I\/[g? = 466.9. Step E: [err] 10
Di ssolve 1.160 g (2.98 nmml) of the t|tIe ound fromStep Din 20 nL of

et hyl - mor phol BT ERRIEOECRER R el 3@?6‘*5%&%@5“% 45 BR% o
HOBT, and 0. 8795mylg)Rfde pnwdyr and L&gt(iwtmmmwag;lz wgbsatjahsaf or 2
acetic acid. Stipodde m&hﬂaﬁ\eﬂzwggotz@mﬁb f;srswae:daym 2%@0%6

concentrate in vacuo to_s _resid r@ﬁartltl n the res

CH err]d[err] aﬂ\!"%?épa%ghd gat at el for horrsmores k: pitax t e\tm mixture
saturated Nai( ﬂ‘frbﬂl K 26ined®y %shlﬂafmmupewnﬁ BOlALdf Homewahd eOAcONtrar

Y, oL < B Rt dih ebed, ASG1PDmE SRS LRI 2, ©.

NH err]) to gi vecGfcentraté tg aofesidua amd)dhmatogpaph#meslcﬂm Gilioa gél, Mass

006, N 683 f owﬁﬁﬁ*@%r@%&ﬁhﬂq@%@ ]ia7 8 B Bt st

PCT/ US97/ 15905

|
. CO.Et

Combine 16.47 g (41.4 mmol) of the product from Step B, and 150
mL of 48% HBr (aqueous) and cool to -3°C. Siowly add (dropwise) 18 mL
of bromine, then slowly add (dropwise) a solution of 8.55 g (0.124 mole) of
NaNOy in 85 mL of water. Stir for 45 minutes at -3° to 0°C, then adjust to
15 pH = 10 by adding 50% NaOH (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 3C(j) and 3C(ji),
respectively.
20 ~ Mass Spec. for compound 3C{j): MH* = 461.2;
Mass Spec. for compound 3C{ii): MH* = 539.

10



-32 - Step F: [err] Conbine 1.67 g (2.7 mmol ) of the product of Step E and
20 mL of CH err]C[err] and stir at OC. Add 20 nmL of TFA, stir the m xture
for 2 hours,wboesntees basify the mxture with 1 N NaCH ( agueouBLT/USS /15908
with CHerr]dJ[err], dry the organi c phase over MgSO&4, filter and
concentrate in vacuo to give 1.16 g of the pmgduct. mp. =

140. 2-140. 8[err] C, Mass Spec.: MHerr] = 516.2. PREPARATI VE EXAMPLE 4 [err]

10 Step A [err] ie 25.86 g (55.9 nmol) of

4-(-8-chl oro-3-bro - di hydro- 11 H benzo[5, 6]cyc|ohepta[1 2- b]pyr|d|n 1
1 -ylidene)-1- plperldlne 1 .arboxyllc acid ethyl es mL_ of
concentrated H err] S 5 T TNG—~Chen add BB~g NO3
and stir for 2 hours. Fnbr L ¢ into 600 g of i o W th
concentrated NH err] OH (.:”-ou-* O 98411080 i

PCT/ US97/ 15905 -33 - Filter thd M xture, wash with 300 nL ofAater, then
extract with 500 nL of CHergf'CZherr]. Wash the extract wi {h 230 nL of
water, dry over MgSO4, then fliltgr and concentrate in vacug_toJa residue.

Chr omat ogr aph t he resi due N :
}
CO,Et

Hydrolyze the product 3C(i) of Step C by dissolving in concentrated
HCl and heating to about 100°C for @ 16 hours. Cool the mixture, the
5 neutralize with 1 M NaOH (aqueous). Extract with CHxClp, dry the extracts
over MgSOQy, filter and concentrate in vacuo to the title compound.
Mass Spec.: MH* = 466.9.

10 Dissolve 1.160 g (2.98 mmol) of the title compound from Step D in
20 mL of DMF, stir at room temperature, and add 0.3914 g (3.87 mmol) of
4-methyl-morpholine, 0.7418 g (3.87 mmol) of DEC, 0.5229 g (3.87 mmol)
of HOBT, and 0.8785 g (3.87 mmol) of 1-N-t-butoxycarbonyl-piperidinyl-4-
acetic acid. Stir the mixture at room temperature for 2 days, then

15 concentrate in vacuo to s residue and partition the residue between
CH2Cly and water. Wash the organic phase successively with saturated
NaHCO3 (aqueous), 10% NaH2PO4 (aqusous) and brine. Dry the organic
phase over MgSOy, filter and concentrate in vacuo to a residue.

. Chromatograph the residue (silica gel, 2% MeOH/ CH2Cl2 + NH3) to give

20 1.72 g of the product. m.p. = 94.0-84.5°C, Mass Spec.: MH* =616.3,

| " elemental analysis: calculated - C, 60.54; H, 6.06; N, 6.83
| found - C, 59.93; H, 6.62; N, 7.45.



(silica gel, 10% EtOAc/ CH2CI 2) to give 24.4 g (86%yield) of the product.
5 mp. = 165-167[err]C, Mass Spec.: MHerr] =506 (C), elenental

anal ysis: eombodsiageed - C 52.13; H 4.17; N, 8.29 found-C, PETAB97/15905!. 51;
N, 8.16. Step B: [err] 10 Conmbi ne 20 g (40.5 nmmol) of the product of
Step A and 200 nL of concentrated H[err]Sq_qg%l at 20[err]C, then cool the
m xture to O[err]C. Add 7.12 g (24.89 mmol) o

1, 3-di brono- 5, 5- dj yl -hydantoin to the m xture and stir for 3 hours at
20[err]C. Cool to ]C, add an additional 1.0 g (3.5 mml

di bronohydantoin and stir at ZOC\ oL, 2 hours. Pour the < o0 400 g

15 of ice, basify wBrkgoOnce 6] OH ( Broeglis) ; —Glnd

collect the resulting so\id 3 ion. Wash the 9plig mL of

water, slurry in 200 nL O g md filtesr—to—pe-ovidN 19[F 85. 6%

yield) of the product. mp. = 2R6-8H_c C Mass Spec.: 84 (d),
C, 45.1

el enental analysis: calculatfed - ? H 3.44; N, 7[17 40

found - C, 44.95. H 3.57; NL7.1b. Sep &k Br [err] . W _
PCT/ US97/ 15905 - 34- Combi ne 25°Ny (447 midl ) @f Fe filings, N0 g (90 NHol)
of CaCl[err] -

o} o)
Combine 1.67 g (2.7 mmol) of the product of Step E and 20 mL of
CH2Cl2 and stir at 0°C. Add 20 mL of TFA, stir the mixture for 2 hours,
5 then basify the mixture with 1 N NaOH (aqueous). Extract with CH2Clp,
dry the organic phase over MgSOg, filter and concentrate in vacuo to give
1.16 g of the product. m.p. = 140.2-140.8°C, Mass Spec.: MH+ =516.2.

PREPARATIVE EXAMPLE 4

Br

#0CH,CH,4 0" "OCH,CHj

O

_ Combine 25.86 g (55.9 mmol) of 4-(8-chloro-3-bromo-5,6-dihydro-
11H-benzol5,6]cyclohepta[1,2-b}pyridin-11-ylidene)-1-piperidine-1-
15 cafboxylic acid ethyl ester and 250 mL of concentrated H2SO4 at -5°C,
then add 4.8 g (56.4 mmol) of NaNOg3 and stir for 2 hours. Pour the
mixture into 600 g of ice and basify with concentrated NH4OH (aqueous).



and a suspension of 20 g (34.19 mmol) of the product of Step B in 700 nL of
90: 10 EtOH wat'er at 50[err]C. Heat the m xture at reflux overnight, filter .
t hrough Cel WQ@P#11099 and wash the filter cake with 2 X 200 ni RET/HSANEWBH. 5
Conbine the filtrate and washes, and concentrate in vacuo to a residue.
Extract the residue with 600 nL of CHerr]C.[gys], wash with 300 nL of
wat er and dry over MgSO4. Filter and concentrate in vacuo to a residue,

t hen chromat ogr aptritad theSixére, w%@%ﬁﬁ%é(gghla r%ﬁ{ér]éxﬁ'ébtghws ggﬁ'ﬂ]

60% yi el d) of the = 211-2
{ 554’ (A1), el ener@ 28&1%%& %HPEW&% OfAMatss f¥|°V§P %S‘Rn
found - C, 47.45; fiteréndicorsentrated in Facyo 18 a [résidlie 1 Thromato ﬁphvﬂw)e reeitue n

porLions) 20,9, (o) 65 AR e 20 i e L ot

-10[err]C. Stib t m.p.es165-167°Cj Mass=Spec.0[MH+=508/(Cl, hours, then slowy

add (dropw se) 15 of ¢ t err] ver a l
hour(per:ood )Stl r%I 8&1 fﬁé}l‘,{@'&)s hours&&i%ﬁaed;ljet%ug 1%1 ﬁ %88 &?Ce and
basify 20 with concentrated NH err] G—fOQIHQUéblﬁi}‘IS:Ektﬁaﬁz‘t. MBHGZ X 300 mL

of CHerr]dJ[err], the extracts over MgSO err], then filter and
concentrate in vacuo to a residue. Chromatograph the resi due (SI mbca gel ,
25% Et OAc/ hexanes) to give 1 g (70%yield) of the pro
163- 165[err] C, Mass ?ec 70 39 ay, 25B ¢ :
calculated - C, 48.9 und - C™7
NO,
—————
N .
- O)\OCHchs o)\ OCH,CHg4
10 Combine 20 g (40.5 mmol) of the product of Step A and 200 mL of

concentrated H2SO4 at'20°C, then cool the mixture to 0°C. Add 7.12g
(24.89 mmol) of 1,3-dibromo-5,5-dimethyl-hydantoin to the mixture and stir
for 3 hours at 20°C. Cool to 0°C, add an additional 1.0 g (3.5 mmol) of the
dibromohydantoin and stir at 20°C for 2 hours. Pour the mixture into 400 g

1§ of ice, basify with concentrated NH4OH (aqueous) at 0°C, and coliect the

~ resulting solid by filtration. Wash the solid with 300 mL of water, slurry in
200 mL of acetone and filter to provide 19.79 g (85.6% yield) of the
product. m.p. =236-237°C, Mass Spec.: MH+ =584 (Cl),
elemental analysis: calculated - C, 45.11; H, 3.44; N, 7.17
20 found - C, 44.95; H, 3.57; N, 7.16.




WO 98/ 11099 PCT/ US97/ 15905 -35 -
Step E: [err] Conbine 6.8 g (12.59 mmol) of the product of Step D and 100
nmL of concewosdmoedHCl (aqueous) and stir at 85[err] C over ni gietrrusegeseos he 5
m xture, pour it into 300 g of ice and basify with concentrated NH err] CH
(aqueous). Extract with 2 x 300 niL of CH errdfll [err], then dry the extracts
over MgS err]. Filter, concentrate in vacuo to a residue, then

chromat ograph (silica : Q r ) gi ve -
5.4 g (92%yield) of tﬁghl?'@?gsﬁgbﬁﬂw %3L?éﬁm%§,gd]§[189?f%ﬁ®@s%a§ ecC. :
M err] = 467 1 Oand R/s)spension:0fi20 g4a4/19snmol) etthepraduet of Sep4 ing00mL
3.65 N 5 697 fouagbton@a@-u&%ieﬂét 5'b°@Q?H§ht the Hixture! dt FeflBO oPSRgH! ﬁllléry the
compound T om St clraua Caie® and s the Mar pake with 2 X 260 . of ot E10H
gk t- qut méyﬂatr tpnyCpimbsine thenfiltrate andtwashies, anticancedtrate rheacuoneoa nesidaes |
t ep . ol 1 oW ng | I I r |

20 Exanple . bol EATaCHDe eole I B AR BE GG, adh SR 30 g PRGN A
yield the title cdryonsrdMg8Or: drillenand comsantrate /n.vacuo to a residue, then

chromatograph (silica gel, 30% EtOAc/CH2Clo) to give 11.4 g (60% yield)

of the product. m.p. =211-212°C,

10 Mass Spec.: MH* =554 (Cl),
elemental analysis: calculated - C, 47.55; H, 3.99; N, 7.56
' found - C, 47.45; H, 4.31; N, 7.49.

o)\owzcns o)\ OCH,CHg

16 Slowly add (in portions) 20 g (35.9 mmol) of the pfoduct of Step C
to a solution of 8 g (116 mmol) of NaNO> in 120 mL of concentrated HCi
(aqueous) at -10°C. Stir the resulting mixture at 0°C for 2 hours, then
slowly add (dropwise) 150 mL (1.44 mole) of 50% H3PO2 at 0°C over a 1
hour period. Stir at 0°C for 3 hours, then pour into 600 g of ice and basify

20 with concentrated NH4OH (aqueous). Extract with 2 X 300 mL of CH2Clo,
dry the extracts over MgSQg, then filter and concentrate in vacuoto a
residue. Chromatograph the residue (silica gel, 25% EtOAc/ hexanes) to
give 13.67 g (70% yield) of the product. m.p. = 163-165°C, Mass Spec.:

- MH*+=539 (ClI),

25 elemental analysis: calculated - C, 48.97; H, 4.05; N, 5.22

found - C, 48.86; H, 3.91; N, 5.18.



WO 98/ 11099 PCT/ US97/ 15905 -36 -

PREPARATI'VE EXAMPLE 5 [err] 5 Hydrol yze 2.42 g of

4- (18- chl or o- 3MEr28Me093, 6- di hydro- 114 benzo[ 5, 6] cycl ohept a[ 1, 2- tx](mmsginm 1
-ylidene)-1 -piperidine-1-carboxylic acid ethyl ester via substantially the
same procedure as described in Preparative Exag@le 3, Step D, to give 1.39
g (69%yield) of the product. Step B: [err] 10 Conbine 1 g (2.48 mvl) of

t he product of Ste;%ét%gfl 25 nL of dry toluene, add 2.5 nL of 1 MD BAL in
t ol uene and heat th ture at reflux. _After 0.5 hours, add another 2.5 nL
of 1 MDIBAL in toluene and heat refPux for 1 hour. (The react Bpn S
noni tored by TLC using 20% Laxl\k ' ]CI[err] +NH[err

Cool the m xture to roo s o)\ m_ofar - afd
stir for 5 mn. Add 100 niL A _dqueous), the Et CAc
(3 X 150 nL). Dry the extract® ovef MySO err], filter %s ein

PCT/ US97/ 15905 - 37 -

}_.

0% “OCH,CH,.

Combine 6.8 g (12.59 mmol) of the product of Step D and 100 mL
of concentrated HCI (aqueous) and stir at 85°C overnight. Cool the
5 mixture, pour it into 300 g of ice and basify with concentrated NH4OH
(aqueous). Extract with 2 x 300 mL of CHaCla, then dry the extracts over
MgSQg4. Filter, concentrate in vacuo to a residue, then chromatograph
(silica gel, 10% MeOH/EtOAc + 2% NH4OH (aqueous)) to give 5.4 g (92%
yield) of the title compound. m.p. = 172-174°C, Mass Spec.: MH* = 467

10 (FAB),
elemental analysis:  calculated - C, 48.69; H, 3.65; N, 5. 97
| found - C, 48.83; H, 3.80; N, 5.97.
Step F:

Following essentially the same procedure as Step C of Preparative
15 Example 5 below, the titte compound from Step E above is reacted with 1-
. N-t-butoxycarbonylpiperidinyl-4-acetic acid to produce the compound

Following essentially the same procedure as Step D of Preparative
20 Example 5 below, the title compound from Step F above is deprotected to
yield the title compound of Preparative Example 4. '



Step C. [err] H Conmbine 0.501 g (1.28 nmol) of the title conpound of Step B
and 20 nL of dry DMF, then add 0.405 g (1.664 mmol) of 1-N-t- 5

but oxycar beygyégpitpey i di nyl -4-acetic acid, 0.319 g (1.664 molprraisekifoes 0. 225
g (1.664 mmol) of HOBT, and 0.168 g (1.664 mmol ). of 4- nethyl norphol i ne and
stir the mxture at roomtenperature overnight. Concentrate the mxture in
vacuo to a residue, then partition the residue between 150 nL of CH2Cl 2 and
150 nL of saturated NaHCO3 (aqueo aqueous phase with
anot her 150 nL of CHerr]C[err]. e over MgSO™4, and
concentrate in vacuo to a residue, residue (silica gel,
500 nL hexane, 1 L of 1@6N@CH/CH[@F Fﬁerr]CH (aqueous),
(aqueous)) to give

. Mass Spec.: MHerr] =

of the product of Step C and
p OC. Add 15 nlL of TFA and

0.575 g of the product. mp. = 115- 15 "N25[E
616. Step D. [err] Conbine 0.555 g (0.9
15 mL of CHerr]d[err] and cool the mxture t
stir at OC for 20 2 hours. Concentrate in\ya g 45[err]Cto a
residue, then partition the residue between %50 {nL CHerr]dJ[err] and
100 nL of saturated NaHCOB8 (aqueous). Extragf t agueous | ayer with 100 niL
of CH2Cl 2, conbine the extracts and dry ove SOA7 Concentrate in vacuo to
give 0.47 g of t noduct. 25 mp. = 140[err]-150[err]C, Mass Spec.: M

= 516. '

o

0% “OEt

5 ... . Hydrolyze 2.42 g of 4-(8-chioro-3-bromo-5,6-dihydro-11H-
benzo[5,6]cyclohepta[1,2-b)pyridin-11-ylidene)-1 -pspendme-1-carboxyhc
acid ethyl ester via substantially the same procedure as described in
Preparative Example 3, Step D, to give 1.39 g (69% yield) of the product.

10
Combine 1 g (2.48 mmol) of the product of Step A and 25 mL of dry

toluene, add 2.5 mL of 1 M DIBAL in toluene and heat the mixture at reflux.
After 0.5 hours, add another 2.5 mL of 1 M DIBAL in toluene and heat at

... reflux for 1 hour. (The reaction is monitored by TLC using 50%

15 MeOH/CH2Clz +NH40H (aqueous).) Cool the mixture to room
" temperature, add 50 mL of 1 N HCI (aqueous) and stir for 5 min. Add 100

mL of 1 N NaOH (aqueous), then extract with EtOAc (3 X 150 mL). Dry the
extracts over MgSQy, filter and concentrate in vacuo to give 1.1 g of the
titte compound.
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PREPARATI.VE EXAMPLE 6 [err] [racemc as well as (+)- and (-)-isoners] Step
A [err] 5 Covboe®1m0896 g (0.03 nole) of the product of PreparaPCTRISENESS e
4, Step D, with a 3:1 solution of CH3CN and water (212.65 nL CH3CN and 70. 8
m. of water) and stir the resulting slurry ovegni.ght at roomtenperature.
Add 32.833 g (0.153 nole) of NalJerr] and then 0.31 g (2.30 10 nmol) of

Ruderr] and stir a ntenperature give 1.39 g (69%yield) of the
product. (The addit RuO i s acconpani ed by an exotherpic reaction and
the tenperature clinbs from20 tg 30[err]C ) Stir the 1.3 hrs.
(tenmperature returned to 25L&yl : abo%;t_| 30BN ' -
renove the solids and [ err] rate the
filtrate in 15 vacuo to a : dh ssol ve the réd dug i n XTH2C! 2.

Filter to renpve insoluble st¥ids|and wash the solids w tpAQH dCHRGCRerr].
Wash the filtrate with water, o a vol tne of fabolx 200 ni @nd

wash with bl each, then with watfr. tract with 6 N HCl (aqugous the
aqueous extract to O[err]C and §oyy add 50% NaOH (aqueoudN tofad]
pH = 4 20 while keeping the terrp@rature <30[err]C. Extracj"\tvm/@tﬁh
CHerr]C[err], dry over
Combine 0.501 g (1.28 mmol) of the title compound of Step B and
20 mL of dry DMF, then add 0.405 g (1.664 mmol) of 1-N--
5 butoxycarbonylpiperidinyl-4-acetic acid, 0.319 g (1.664 mmol) of DEC,
0.225 g (1.664 mmol) of HOBT, and 0.168 g (1.664 mmot) of 4-
methylmorpholine and stir the mixture at room temperature overnight.
Concentrate the mixture in vacuo to a residue, then partition the residue
between 150 mL of CH2Clz and 150 mL of saturated NaHCO3 (aqueous).
10  Extract the aqueous phase with another 150 mL of CH2Clz. Dry the
organic phase over MgSO;4, and concentrate in vacuo to a residue.
Chromatograph the residue (silica gel, 500 mL hexane, 1 L of 1%
MeOH/CH2Clz + 0.1% NH40H (aqueous), then 1 L of 2% MeOH/CH2Cl> +

0.1% NH40H (aqueous)) to give 0.575 g of the product. m.p. = 115°-
15 125°C; Mass Spec.: MH* = 616.

Br =~ cl Br =~ Ci
I \
N N
(CHgaC

- Combine 0.555 g (0.9 mmol) of the product of Step C and 15 mL of
o CH2C|2 and cool the mixture to 0°C. Add 15 mL of TFA and stir at 0°C for
20 2 hours. Concentrate in vacuo at 40-45°C to a residue, then partition the
residue between 150 mL of CHzClz and 100 mL of saturated NaHCO3
(aqueous). Extract the aqueous layer with 100 mL of CH2Clo, combine

the extracts and dry over MgSO4. Concentrate in vacuo to give 0.47 g of
the product.

25 mp.=140°-150°C; Mass Spec.: MH* =516.



MgSO err] and concentrate in vacuo to a residue. Slurry the residue in 20
m. of EtOH and cool to O[err]C. Collect the resulting solids by filtration
and VO Qi deiie BETAISEATHIHI05 -
39 - dry the solids in vacuo to give 7.95 g of the product [err]H NWMR

(e ferr], 200 MHz): 8.7 (s, 1H); 7.85 (r:r1386_|—|) 7.5 (d, 2H); 3.45 (m 2H);
3.15 (m 2H). Step B: [err] Br 5 Conbi ne
21.58 g (53.75 mmol ) of the produ of an anhydrous
1:1 m xture of EtOH and tol uene, &t~ e of NaBH err] and
heat the m xture at reflux for 10 mn. xture to O[err]C, add 100
nm. of water, then adjust to pHerr] 4-asl HCl éiaqueous) whi | e

keepi ng the tenperature <10[err] 1t )T and separate
the | ayers. Wash.the organic Iayer with & c /50 nL) then dry over
Na2SO4. Concentrate in vacuo to a residie (44.01g) and chronmat ograph the
residue (silica gel, 30 % hexane/CH err]d ) to give the product.

| mpure fractions were purified by rechro togj]aphy. A total of 18.57 g of
t he product was obtained. 1H NVR (DMSO d[ 1\% 4 VHz): 8.5 15 (s, 1H);
7.9 (s, 1H); 7.5 (d of d, 2H); 6.2 (s, 1H); 6. 1{(s, ; 3.5 (m 1H); 3.4
(m 1H); 3.2 (m 2H). Step C [err] H

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

Br

o)\ OCH,CH,4

Combine 16.6 g {0.03 mole) of the product of Preparative Example
4, Step D, with a 3:1 solution of CH3CN and water (212.65 mL CH3CN
and 70.8 mL of water) and stir the resulting slurry overnight at room
temperature. Add 32.833 g (0.153 mole) of NalOy4 and then 0.31 g (2.30
10 mmol) of RuOg and stir at room temperature give 1.39 g (69% yieid) of the
* product, (The addition of RuO is accompanied by an exothermic reaction
and the temperature climbs from 20° to 30°C.) Stir the mixture for 1.3 hrs.
(temperature retumed to 25°C after about 30 min.), then filter to remove
the solids and wash the solids with CH2Clz. Concentrate the filtrate in
15 vacuo to a residue and dissolve the residue in CH2Cla. Filter to remove
N insoluble solids and wash the solids with CHoClo. Wash the filtrate with
‘water, concentrate o a volume of about 200 mL and wash with bleach,
~then with water. Extract with 6 N HCI (aqueous). Cool the aqueous
,  extract to 0°C and slowly add 50% NaOH (aqueous) to adjustto pH =4
. 20 while keeping the temperature <30°C. Extract twice with CH2Cly, dry over
MgSO4 and concentrate in vacuo to a residue. Slurry the residue in 20
mL of EtOH and cool to 0°C. Collect the resulting sofids by filtration and



Combi ne 18.57 g (46.02 mml) of the product of Step B and 500 20 nL of
CHCl [err], then add 6.70 nL (91.2 mmol) of SOCl[err], and stir the mxture
at room t enpewsxgsneodor 4 hrs. Add a solution of 35.6 g (0.413 ral/g§97u8905
-pi perazine in 800 nL of THF over a period of 5 mn. and stir the m xture
for 1 hr. at roomtenperature. Heat the m xturggat reflux overnight, then
cool to roomtenperature and dilute the mxture with 1 L of CHerr]dJerr].

Wash with 25 t
Gl rerr] (3 x“’?o?ﬁ‘%ﬁ@ﬁ’é)"aﬁ”?@!"” f‘%ﬁfcﬁ%g chids, SN (CDOJe, 200

brine (3 X 200 niL) r8]7 (s H)FRE (MoBhD = 29 (d.2Hh 345 den, 2h)a 3r§1f8u8H)
and WD 98/ 11099 _ PCT/ US97/ 15905
-40 - chronmat ograph 'ca gel, gradignt of 5% 7.5% 10%

MeOH CH err]Cl[err] + NH err] O
racem c m xture. Step o

En@ tlorrers
racemc title conpoun e

20% i PrOH hexane + 0. 2% di et hyl am®i ne), to give 9.14 g of e (+)-| oner énd
9.30 g of the (-)-isomer. Physic#& chenical data for (+)-isom®H mp. =

(5 45 gl ani MBGH) . phycRBHing A7 g (s mymgh pf fne bparct of Syép & and 500
82.9-84.5C, Mass Spmt of\di enhydroud 7it1 Snixfurerdf EtOH) and|teluehe( 8d83.43)4 (378
MeCH) . -mmol) of NaBH4 and heat the mixture at reflux for 10 min. Coo! the
mixture to 0°C, add 100 mL of water, then adjust to pH= 4-5 with 1 M HCI
(aqueous) while keeping the temperature <10°C. Add 250 mL of EtOAc
10 and separate the layers. Wash the organic layer with brine (3 X 50 mL)
then dry over NagSO4. Concentrate in vacuo to a residue (24.01 g) and
chromatograph the residue (silica gel, 30 % hexane/CH2Cly) to give the
product. Impure fractions were purified by rechromatography. A total of
18.57 g of the product was obtained. 1H NMR (DMSO-ds, 400 MHz): 8.5
15 (s, 1H); 7.9 (s, 1H); 7.5 (d of d, 2H); 6.2 (s, 1H); 6.1 (s, 1H); 3.5 (m, 1H);
3.4 (m, 1H); 3.2 (m, 2H).

Step C:
Br
= Cl
-
N
)
N
H

Combine 18.57 g (46.02 mmol) of the product of Step B and 500
20 mL of CHClas, then add 6.70 mL (91.2 mmol) of SOClz, and stir the mixture
-~ - at room temperature for 4 hrs. Add a solution of 35.6 g (0.413 mole) of
piperazine in 800 mL of THF over a period of 5 min. and stir the mixture for
1 hr. at room temperature. Heat the mixture at reflux overnight, then cool
~ to room temperature and dilute the mixture with 1 L of CH2Cl2. Wash with
25 water (5 X 200 mL), and extract the aqueous wash with CHCI3 (3 X 100
- mL). Combine all of the organic solutions, wash with brine (3 X 200 mL)
and dry over MgSQ4. Concentrate in vacuo to a residue and



Step E: [err] N 15 Conmbine 3.21 g (6.80 mml) of the (-)-isoner
product of Step D and 150 nmL of anhydrous DMF. Add 2.15 g (8.8 mmol ) of
1-N-t- W0 9324099099 PCT/US7/15905
PCT/ US97/ 15905 -41 - but oxycarbonyl pi peridi nyl -4-acetic acid, 1.69 g (8.8
mml) of DEC, 1.19 g (8.8 mmol) of HOBT andy§.97 nL (8.8 mml) of

N- et hyl mor phol i ne and stir the mxture at room t enper at ure overni ght.

(adueousy. Extr s OmABORRRY '*F%Dggﬁ?j}“ GLeot i O ROHARIR LV

with 50 ni of brNh‘h%HooB'ye COmRAB; 358 JAFMILRIMUIS o

MeOH CH err]Cl[err] + 10%

NH[err]C]—l) to glve. g . mp. =75 7[err]-78. Sggrr]c Mass
Spec.: M err] 697; [err] = -5.5[err] (6.6 ng/2 nL MeOA=—10 tep F:
[err] Conblne4709(6 74 mol ) of the producth £ " L3N\ NL
MeCH, then add 50 niL of 10%H[err]§gerr]/d| oxane TY 10 o IS over a
1 hr. period. Pour the m xt ntd 50 nL of water &g 8 of 50% 15
NaOH (aqueous) to ggius pH[ € 0-:dl. Filter to ; [
solids and extract the\i ate CHerr]d[err] (2
Concentrate the
e
O
N
H Br
5 The racemic title compound of Step C is separated by preparative

chiral chromatography (C_hiralpack AD, 5 cm X 50 cm column, flow rate
100 mL/min., 20% iPrOH/hexane + 0.2% diethylamine), to give 9.14 g of
the (+)-isomer and 9.30 g of the (-)-isomer. '
: Physical chemncal data for (+)-isomer: m.p. =74.5°-77.5°C; Mass
10 Spec MH*+ = 471.9; [a}D = +97.4° (8.48 mg/ 2mL MeOH). )
Physical chemical data for (-)-isomer. m.p. = 82.9°-84.5°C; Mass
Spec. MH* = 471.8; [a]> = -97.4° (8.32 mg/ 2mL MeOH).

Step E:
Br
Br \\ al
Br N/
N (cus)sc

- N N\
N .
- (-)-isomer [Nj N )\/O
' H

15 Combine 3.21 g (6.80 mmol) of the (-)-isomer product of Step D and
~ 150 mL of anhydrous DMF. Add 2.15 g (8.8 mmol) of 1-N-t-



aqueous | ayer in vacuo to renove the MeOH and extract again with 250 nL of
CH err]d.err].. Dry the conbined extracts over MgSO err] and concentrate in

vacuo to gi vewdwgmpeduct. mp. = 128.1 -131.5C, Mass Spec.: M—&gi-m]gg-"fsgép
597, [err] = -6.02 (9.3 ng/2 nL MeOH). PREPARATI VE EXAMPLE 7 [err]

98/ 11099 - 41 - PCT/ US97/ 15905 42 St ep
A. Conbine 15 g (38.5 mmol) of 4-(8-chl oro- 3- brom) 5, 6-di hydro-

Carbouyt o helo ot peEivar R nI-b e Aol ey 520,119
-5[err]C, then add (8.89ngol)3d HOBToand O:9% ) (a 8]mm¢¢) oft ylmommhae and
Pour the mxture ingg dtﬁetmmu-h% gggén ﬂﬁﬁg&gﬁl |‘[i\‘tete A?vgﬂﬁm'g@ér{c&ﬂﬂawm vacuo to

Extract with CH2Cl 2, e nc rate I n vacuo
to a residue. Recr y%ﬁ'ﬁ‘P‘r’? ﬁ@ bﬁ%?@g adeb50 ks of satusated Nalja% astpousH E?‘Ffé‘?t

gr-gdt(Jgt : 1[ a;_r] ?513g with’CK (E@(EBO mLf) Wikh thdektraéts witt 50 fnll of bﬁneJarid)dry

3028 (m 2H: 2. 865 MGSQu,Eprbintdte in vagiyd e tabipud bt shrolitograph

Conbi ne 6.69 g (13 (silicange!, 2% MeOld/CldaCly o1 0% diHOHNtd give 4175 of ofthie product.

Bt O vater, then adg, 9. 595g(Fg 86 MdsLEpcA MEF L 6874 [§22E -8 8-1(b'6 thg/2 mL
MeOH).

10 StepF:-
Br

Cl

o _ s)
Combine 4.70 g (6.74 mmo'l) of the product of Step E and 30 mL of
MeOH, then add 50 mL of 10% HgSOddioxane in 10 mL aliquots over a 1
hr. period. Pour the mixture into 50 mL of water and add 15 mL of 50%

15 NaOH (aqueous) to adjust to pH= 10-11. Filter to remove the resulting
solids and extract the filtrate with CH2Clz (2 X 250 mL). Concentrate the
aqueous layer in vacuo to remove the MeOH and extract again with 250
mL of CHaCla. Dry the combined extracts over MgSO4 and concentrate in
vacuo to give the product. m.p. = 128.1°-131.5°C; Mass Spec.. MH* =

20  587; [a]s =-6.02° (9.3 mg/2 mL MeOH).




mmol ) of Fe and heat the m xture at reflux overnight. Filter the hot
reaction mxture through celite [err] and rinse the filter cake with hot

Et OH Concembrgiimes he filtrate in vacuo to give 7.72 g of thscnussuesos Mass
Spec.: 20 MHerr] = 478.0. WO 98/ 11099

PCT/ US97/ 15905 -43 - Step C. [err] Conbi ne% 70 g of the product of Step B
and 35 nL of HOAc, then add 45 nL of a solu?on of Br2 in HOAc and stir the

m xture at room nperature overnight. Add 300 mL of 1 N NaCH (aqueous),
then 75 nL of 50 (aqueous) and extract with EtOAc. Dry the extract
0 to a residue. p ph t he residue

over MgSO4 and concentrate_ i n A3
(SI lica gel, 20% 30%Hrt(Qb \.@

= 555. 9, [err]H NMR ( CDCl .5 (s, 2 7.15
(s, 1H; 4.5 (s, 2H): 4.15(m H); . : |17}°29275
(m 1H); 2.7-2.5 (m 2H); 2.4 (m 2H); 1.25 (m 3H) - [err] 15
Corrblne0557g(54mml)oft bytylnitrite and 3 nL ot DM}, and
N N
0% ‘ocnzcﬂs 0 “OCH,CHg

Combine 15 g (38.5 mmol) of 4-(8-chloro-3-bromo-§,6-dihydro-
11H-benzo[5, B]cyclohepta[1,2-bjpyridin-11-ylidene)-1-piperidine-1-

5§ carboxylic acid ethyl ester and 150 mL of concentrated HaSO4 at -5°C,
then add 3.89 g (38.5 'mmol) of KNO3 and stir for 4 hours. Pour the
mixture into 3 L of ice and basify with 50% NaOH (aqueous). Extract with

- CH2Clp, dry over MgSOy4, then filter and concentrate in vacuo to a residue.
Recrystallize the residue from acetone to give 6.69 g of the product. 1H
, 10 NMR (CDCls, 200 MHz): 8.5 (s, 1H); 7.75 (s, 1H); 7.6 (s, 1H); 7.35 (s,
" 1H); 4.15(q, 2H); 3.8 (m, 2H); 3.5-3.1 (m, 4H); 3.0-2.8 (m, 2H); 2.6-2.2
“(m, 4H); 1.25 (t, 3H).

o)\ OCH,CHj )\OCHZCH:’.
15 Combine 6.69 g (13 1 mmol) of the product of Step A and 100 mL of
85% EtOH/water, then add 0.66 g (5.9 mmol) of CaClz and 6.56 g (117.9
~ mmol) of Fe and heat the mixture at reflux ovemight. Filter the hot reaction
mixture through celite® and rinse the filter cake with hot EtOH.
Concentrate the filtrate in vacuo to gwe 7.72 g of the product. Mass Spec.:
20 MH+=478.0.



heat the m xture at to 60[err]-70[err]C. Slowy add (dropw se) a m xture of
2.00 g (3.6 mmol) of the product of Step C and 4 nL of DWMF, then cool the
m xture to roggpdgager at ure. Add another 0.64 ni of t-butyl nitrpdRusdisess
40[err]C 20 and reheat the m xture to 60[err]-70[err]C for 0.5 hrs. Cool
to roomtenperature and pour the m xture into_&gQ m. of water. Extract with
CH2Cl 2, dry the extract over MgSO err] and concentrate in vacuo to a

resi due. Chronat ogr bhe residue (silica gel, 10% 20% Et OCAc/ hexane) to
give 0.74 g of the t. Mass Spec.: MHerr] = 541.0. WO 98/ 11099
PCT/ US97/ 15905 -44 - [err]H NWR 3, 200 VHz) : 8. / . 2H) ;
7.2 (s, 1H); 4.15 (q, 2B« 2O ‘ Q-C3. 5-3Br

2Hy; 2.4-2.2 (m 2H); 211\9(' 6 (t, 3H). 5
Oorrblne0709(14mml) o] odbeQf Step D ana trated
HCl (aqueous) and heat the mixturellat refl ddzovernight. N

NaCH (aqueous), then 5 nL of 509 _
CH err]C[err]. Dry the extract jover] MgSg err] and concent ate in 10 vacuo

to give 0.59 g of the title conpOygd. Mass Spec.: Merr] : mp. =
123.9[err]-124. 2[err] C | _ ]
0~ TOCH,CH4 0% > ocH,CH,

Combine 7.70 g of the pfoduct of Step B and 35 mL of HOAc, then

add 45 mL of a solution of Brz in HOAc and stir the mixture at room

5 temperature ovemnight. Add 300 mL of 1 N NaOH (aqueous) , then 75 mL
of 50% NaOH (aqueous) and extract with EtOAc. Dry the extract over
MgS0Oy4 and concentrate in vacuo to a residue. Chromatograph the
residue (silica gel, 20%-30% EtOAc/hexane) to give 3.47 g of the product
(along with another 1.28 g of partially purified product) Mass Spec.: MH*

10 =555.9.
14 NMR (CDCls, 300 MHz): 8.5(s, 1H); 7.5 (s, 1H); 7.15 (s, 1H); 4.5 (s,

2H); 4.15 (m, 3H); 3.8 (brs, 2H); 3.4-3.1 (m, 4H); 9-2.75 (m, 1H); 2.7-2.5
(m, 2H); 2.4-2.2 (m, 2H); 1.25 (m, 3H).

)\ ' o)\ OCH,CH4

0” “OCH,CH,4

Combine 0.557 g (5.4 mmol) of t-butyinitrite and 3 mL of DMF, and
~ heat the mixture at to 60°-70°C. Slowly add (dropwise) a mixture of 2.00 g
~ (3.6 mmol) of the product of Step C and 4 mL of DMF, then cool the
mixture to room temperature. Add another 0.64 mL of t-butyinitrite at 40°C
20 and reheat the mixture to 60°-70°C for 0.5 hrs. Cool to room temperature
and pour the mixture into 150 mL of water. Extract with CHaClo, dry the
extract over MgSO4 and concentrate in vacuo to a residue.
Chromatograph the residue (silica gel, 10%-20% EtOAc/hexane) to give
0.74 g of the product. Mass Spec.: MH+ =541.0.

15



Step F: [err] React 6.0 g (12.8 mml) of the title conpound from Step E and
with 15 3.78 g (16.6 mml) of 1-N-t-butoxycarbonyl pi peridinyl-4-acetic-
aC| d usi ngwggmmtlally t he sane procedures as descri bed fmrlﬁssauasostlve
nple 5 tep C, to give 8.52 g of the product. Mass Spec.: MHerr] =
6940 (FAB). [err]H NMR (CDCl [err], 200 M-m_ 8.5 (d, 1H); 7.5 (d, 2H); 7.2
(d, 1H); 4.15-3.9 (m 3H); 3836m1 3.5-3.15 (m 3H); 2.9 (d, 2H);

) 352150(?] m 4|2_DH)1H NMACDEIS, 20OMPIE: 8]52 1Byl Ps th, A1 724, 8y 5 (a,

PCT/ US97/ 15905 Qﬂ;j 3§Bep(rﬁ. 2HEr 815-8dnfon,4H)3. J0-2)5 ¢, h); bR (mo2HEt ep F
and 60 nL of CH { Oﬂ?n@ err]Cand add 55 nL of TFA. Stir the
m xture for 3 h ?l('.l:f g 5 '500 nmL of 1 N NaOH (aqueous)
fol |l owed by 30 @gp_ﬁSO%NaO—I (aqueous). Extract with CHerr]d[err], dry
over Ngsq err] and concentratg vacuo to give 7.86 g \he roduct Mass
Spec.: Merr] = 593.9 X

7.52 (d of d, 2H): Pre . . .
3.5-3.05 (m 5H); 3.0-2.\b ‘ 10 1.6 (W . L (m 2H).

N
H

0)\ OCH,CHg
Combine 0.70 g (1.4 mmol) of the product of Step D and 8 mL of
concentrated HCI (aqueous) and heat the mixture at reflux overnight. Add
- 30 mL of 1 N NaOH (aqueous), then 5 mL of 50% NaOH (aqueous) and
extract with CHa2Clo. Dry the extract over MgSO4 and concentrate in
10  vacuoto give 0.59 g of the title compound. Mass Spec.: M+ =468.7. m.p.

| =123.9°124.2°C.

_ React 6.0 g (12.8 mmol) of the title compound from Step E and with
15 3.78 g (16.6 mmol) of 1-N-t-butoxycarbonylpiperidinyl-4-acetic acid using
substantially the same procedures as described for Preparative Example
- . 5, Step C, to give 8.52 g of the product.  Mass Spec.: MH* = 694.0 (FAB).
1H NMR (CDCls, 200 MHz): 8.5 (d, 1H); 7.5 (d, 2H); 7.2 (d, 1H); 4.15-3.9
_ (m, 3H); 3.8-3.6 (m, 1H); 3.5-3.15 (m, 3H); 2.9 (d, 2H); 2.8-2.5 (m, 4H);
20 2.4-1.8 (m, 6H); 1.8-1.6 (brd, 2H); 1.4 (s, 9H); 1.25-1.0 (m, 2H).



[racemic as well as (+)- and (-)-isoners] 15 Step A: [err] Prepare a
solution:-of 8:1 g of the title conpound from Preparative Exanple 7, Step E,
in tol uene wuolosaridesl7.3 nL of a 1 M solution of DI BAL WO 9BERARP 15905
PCT/ US97/ 15905 -46 - in toluene. Heat the m xture at reflux and slowy add
(dropwi se) another 21 nL of 1 M DI BAL/tol ueng solution over a period of 40
mn. Cool the reaction m xture to about O[errf’C and add 700 nL of 1 M HC

(aqueous) . Separa di scard the organi c phase. Wash the aqueous phase
with 5 CHerr]d = di scard the extract, then basify the agueous phase
by addi ng 50% NaOH (aqueous) ract with CHerr]CdJ[err], he extract
over MgSO4 and conceyt r aj/exd ' Lwe 7.30 of S epound,
which is a racenc (rané}x jre o ! rsl. Step Bq?r g EF

Enantioners: [err] 10 ThRe_ r4 e conpound of St /

preparative chiral chromatUgraghy (Chiral gt@H)AD, 5 cm (

usi ng 20% i PrOH hexane + 0. 2% et Byl am né’), to give the (ty

(-)- isomer of the title conpound. 15 I Phystca™ chenf cal
(o)

(+)-isomer. mp. :. 148. 8C, w
(o)

Combine 8.50 g of the product of Step F and 60 mL of CHxClo, then

cool to 0°C and add §5 mL of TFA. Stir the mixture for 3 h at 0°C, then add
5 500 mL of 1 N NaOH (aqueous) followed by 30 mL of 50% NaOH
(aqueous). Extract with CH2Cla, dry over MgSO4 and concentrate in
vacuo to give 7.86 g of the product. Mass Spec.: M+ = 593.9 (FAB). 1H
NMR (CDCla, 200 MHz): 8.51 (d, 1H); 7.52 (d of d, 2H); 7.20 (d, 1H); 4.1-
3.95 (m, 2H); 3.8-3.65 (m, 2H); 3.5-3.05 (m, 5H); 3.0-2.5 (m, 6H); 2.45-
10 1.6 (m, 6H);1.4-1.1 (m, 2H).

PREPARATIVE EXAMPLE 8
Cl

wn
(o]

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

Br ==
\
N

Cl

Br

N
H

- Prepare a solution of 8.1 g of the title compound from Preparative
Example 7, Step E, in toluene and add 17.3 mL of a 1M solution of DIBAL




Mass Spec. MH err] = 469; [err] = +65.6[err] (12.93 ng/ 2nL MeOH). Physical
chem cal data for (-)-isonmer: mp. = 112[err]C, Mass Spec. MHerr] = 469;

[err] = -65v@efp00d N/ 2nmL MeCOH). WO 98/ 11099 . PCT/US97/15905
PCT/ US97/ 15905 -47-- Step C. [err] React 1.33 g of the (+)-isonmer of the

title conpound of Preparative Exanple 8, St e_p4§B, with 1.37 g of
c

1- N-t - but oxy- car bonyl pi peridinyl -4- 5 acetic acid using substantially the

578 5 of the pr odh doi0efa: Hfegidhe mihitein bl SN Gwiyadd fliopyie} sfipter
(5.45 ng/ 2 ni, Me@)mLafepMDIBALADIuBOE solution avesa perigd of 40fminheCpobiinect
ol S " Srep DRIy RO% 8867 D1 AR oo SRS 1 HeNglonlEr. T e
Spec.: M err] = $3ppargte and discagd Ape organic phasepgiVashithe pauepus phase with
PREPARATI VE EX&MPIGHICI,E discald the axREty tiven babify éfe Aqueous'phase by edtii@]
50% NaOH (aqueous). Extract with CHoClz, dry the extract over MgSOy4
and concentrate in vacuo to give 7.30 g of the title compound, which is a
racemic mixture of enantiomers.
1 - ti f Enantiomers:

10
The racemic title compound of Step A is separated by preparative
chiral chromatography (Chiralpack AD, 5 cm X 50 cm column, using 20%
iPrOH/hexane + 0.2% diethylamine), to give the (+)-isomer and the (-)-
isomer of the titie compound. |
15 Physical chemical data for (+)-isomer: m.p. = 148.8°C;
Mass Spec. MH* = 469; [a]3 = +65.6° (12.93 mg/ 2mL MeOH).
Physical chemical data for (-)-isomer: m.p. = 112°C;
~ Mass Spec. MH* = 469; [0}’ = -65.2° (3.65 mg/ 2mL MeOH).



WO 98/ 11099 PCT/ US97/ 15905 -48- .
Step A [-err] «Conbine 40.0 g (0.124 nole) of the starting ketone and 200 nL
of H err] SOwomwgnmee cool to Oferr]C. Slowy add 13.78 g (0. 13¥g1gde®issa
KNO3 over a 5 period of 1.5 hrs., then warmto roomtenperature and stir
overni ght. Wrk up the reaction using substantially the same procedure as
descri bed for Preparative Exanple 4, Step A romat ogr aph (silica gel,

20% 30% 40% 50% ¢/ hexane, then 100% Et QAc) to give 28 g of the
9-nitro product, %th a smaller quantity of the 7-nitro product and
19 g of a 10 m xture of the '
React 28 g (76.2 mvlg,.0of /TRy
EtOH/ water, 3.8 g (34.3
Fe using substantially the ' 5

Exanple 4, Step C, to give Ihe product Step C Jerr]s Combiry
(38.5 mol ) of the product of Br 140 nL of 20 HOfC a dB§I oWy add a

solution of 2.95 nL (57.8 mmo|) off Br[err] in 10 nL of HO4c ovgr ajperiod
of 20 min. Stir the reaction Mytlre at roomtenperaturd” thegnh canc rate
in vacuo to a residuel{t)rigemen efir]C[err] and

o

ro and 9-nitro coupglind? ep B: [err]
) €185%

React 1.33 g of the (+)-isomer of the title compound of Preparative
Example 8, Step B, with 1.37 g of 1-N-t-butoxy-carbonylpiperidinyl-4-
5 acetic acid using substantially the same procedures as described for
Preparative Example 5, Step C, to give 2.78 g of the product. Mass Spec.:
MH* = 694.0 (FAB); [o]2° = +34.1° (5.45 mg/2 mL, MeOH).

10 Treat 2.78 g of the product of Step C via substantially the same
procedure as described for Preparative Example 5, Step D, to give 1.72 g
of the product. m.p. = 104.1°C; Mass Spec.: MH+ = 594; [algs =+53.4°
(11.42 mg/2 mL, MeOH}.

15 P

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



water, then adjust to pH = 8-9 with 50% NaCOH (aqueous). Wash the WO

98/ 11099 : PCT/ US97/ 15905 -49 -

or gani ¢ phasg, fog9at er, then brine and dry over Na[err] S( e

Concentrate w?ly\t/#alcuo to give 11.3 g of the product. Step D. [err %7/15905
Cool 100 nL of concentrated HCl (aqueous) to Ogerr]C, then add 5.61 g (81.4
nmol) of NaNJ err] and stir for 10 m n. Slowr add (in portions) 11.3 g
(27.1 mml) of the product of Step C and stir the mixture at O[err]-3[err]C
for 2.25 hrs. Slo (dropwi se) 180 nL of 50% H err] PO err] (aqueous)
and allow the m xture to stand at O[err]C overnight. Sl ovay add (drNwi se)
150 10 m. of 50% NaOH over 30 mn., to adjust to pH =9, eftract
with CHerr]CJ[err]. Wash the extract “with wat er,
Na[err] SO err]. Concentrate in_vacuo to a reS|due and - QL 0g (silica

gel, 2% Et OAc/ CH[erréCI @.
D Y
kool _of -2[err]C Add 1.21 g (32.1 nmmol) of
!

15

D and 300 nL of MeCH and

NaBH err] and stir the m xt®We gt ~Oferr]C for 1 hr. Add angither 0.121 ¢
(3.21 mmol ) of NaBH err], stir foor 2 hr. at O[er'r]g, 2 3
overnight at O[err]C Concentrate in vacuo to a T

@l 4 mmol) of the product of Step

. Combine 40.0 g (0.124 mole) of the starting ketone and 200 mL of
H2804 and cool to 0°C. Slowly add 13.78 g (0.136 mole) of KNO3 over a
5 - period of 1.5 hrs., then warm to room temperature and stir overnight. Work

up the reaction using substantially the same procedure as described for

Preparative Example 4, Step A. Chromatograph (silica gel, 20%, 30%,

40%, 50% EtOAc/hexane, then 100% EtOACc) to give 28 g of the 9-nitro

product, along with a smaller quantity of the 7-nitro product and 19 g of a
10.  mixture of the 7-nitro and 9-nitro compounds.

Step B:
Br = Cl Br
\ —_
N

o

React 28 g (76.2 mmol) of the 9-nitro product of Step A, 400 mL of
85% EtOH/water, 3.8 g (34.3 mmol) of CaClz and 38.28 g (0.685 mole) of
15 Fe using substantially the same procedure as described for Preparative
Example 4, Step C, to give 24 g of the product |

Ql

N
o Br Ha

Combine 13 g (38.5 mmol) of the product of Step B, 140 mL of
20 HOACc and slowly add a solution of 2.95 mL (57.8 mmol) of Brz in 10 mL of
HOAc over a period of 20 min. Stir the reaction mixture at room
temperature, then concentrate in vacuo to a residue. Add CH2Clz and
water, then adjust to pH = 8-9 with 50% NaOH (aqueous). Wash the



20 residue then partition the residue between CHerr]C [err] and water.
Separat e ‘t he ergani ¢ phase and concentrate in vacuo (50[err]C) to give 8.2
g of the prodwotes/i®esp F. [err] WD 98/ 11099 PCT/US97/15905
PCT/ US97/ 15905 -50 - Combine 8.2 g (20.3 mmol) of the product of Step E and
160 mL of CHerr]C [err], cool to O[err]C, theg s_I owly add (dropw se) 14.8
m. (203 mmol ) of SOCI[err] over a 30 m n. perlo V\armthe m xture to room

tenperature and sti R '

add G20 2 and 5 voanc Bhaso i wati treR e i aly bUANE: G, Ciitentitte
Na[err]SQerr]. Con%‘fﬂ%@ Q'He\ﬂéc@g efdhg P"@gu%e then ‘add dry THF and 8.7
g (101 nmol) of pipgtegzpoe and stir at room tenperature overnight.

Concentrate in vacuo to a residue. add CHerr]C[err], and wash.with 0.25 N
NaCH (aqueous), water, over Na[err] Qer : tractle
in vacuo to give 9.46 »~pFbduct . t '

gel, 5% MeOH CH err]d[er N[ o+ 0 gi ve—3—59»g of
conpound, as a racemate. 200 MHz) X
(d, 1 H; 7.45 (d, 1H)'711(dpl ; . (s,lH) 4.86-4.65 (g .
3.57-3.40 (m 1 _H); 298255& 5220S H. 15 Step G -

Separ ati on of Eﬁant i OI'TEI'QOOI M—) ]'TIL Of concentrated HC (aqueOUS) to 0°C, then add 5.61

g (81.4 mmol) of NaNO2 and stir for 10 min. Slowly add (in portions) 11.3
g (27.1 mmol) of the product of Step C and stir the mixture at 0°-3°C for
2.25 hrs. Slowly add (dropwise) 180 mL of 50% HzPO» (aqueous) and
allow the mixture to stand at 0°C overnight. Slowly add (dropwise) 150

10 ml of 50% NaOH over 30 min., to adjust to pH = 9, then extract with

: CH2Clz. Wash the extract with water, then brine and dry over NazSO4.
Concentrate in vacuo to a residue and'chromatograph (silica gel, 2%
EtOAc/ CH2Cly) to give 8.6 g of the product.

15 OH Br

Combine 8.6 g (21.4 mmol) of the product of Step D and 300 mL of
MeOH and cool to 0°-2°C. Add 1.21 g (32.1 mmol) of NaBH4 and stir the
mixture at ~0°C for 1 hr. Add another 0.121 g (3.21 mmol) of NaBHg, stir
for 2 hr. at 0°C, then lst stand ovemight at 0°C. Concentrate in vacuoto a
20 residue then partition the residue between CH2Clo and water. Separate
the organic phase and concentrate in vacuo (50°C) to give 8.2 g of the
product.

Cl




The racemc title conpound from Step F (5.7 g) is chronatographed as

descri bed for Preparative Exanple 6, Step D, using 30% i PrOH hexane + 0.2%
di et hyl am {Ryogfifosdi V€ 2.88 g of the R-(+)-isoner and 2.77 gpefrnissensis
S-(-)-isonmer of the title corrpound. Physi- cal cherri cal data for the
R-(+)-isoner Mass Spec. MHerr] = 470.0; = +12.1[err] (10.9 ng/ 2m
MeCH) . Physical chemcal data for the S-(- sorrer Mass Spec. MHerr] =

FCT Usov) 15605 -51 - Gogibl &éh%sl@&h@@@!‘éﬂﬁeamﬂ%w%@%mmt of
Prepar ative ExanQHpClp, ciolfte OEDambr[B!owweaddc(dmpWISBl 1438cmb1:(aoadnmol) of

B o kL M ik LA o
R

(+)-isoner of thstitfor bﬁrpﬁ!ﬂmopmcﬂféfﬁmaﬁw B(ﬁﬁﬁ'gug- "I’Q
respectively.g PR@&W it/ t@ﬂﬁ@'-l'i Qeb@s) thehbrine and dry over NabB@yeri ¢ as

Conbi e 13 g (S3CoNGRBNSIEH vauelio s ek D s Ay % k7.9 (101 mmd

of piperazine and stir at room temperature overight. Concentrate in
vacuo to a residue, add CHaoClp, and wash with 0.25 N NaOH (aqueous),
* water, then brine. Dry over NagSO4 and concentrate in vacuo to give 9.46
10 g of the crude product. Chromatograph (silica gel, 5% MeOH/CH2Cl2 +
- NHa) to give 3.59 g of the title compound, as a racemate. TH NMR
(CDCls, 200 MHz): 8.43 (d, 1H); 7.55 (d, 1H); 7.45(d, 1H); 7.11 (d, 1H);
5.31 (s, 1H); 4.86-4.65 (m, 1H); 3.57-3.40 (m, 1H); 2.98-2.55 (m, 6H);
2.45-2.20 (m, 5H). '
15 - Step G - Separation of Enantiomers:

N -
NT s

The racemic title compound from Step F (5.7 g) is chromatographed
as described for Preparative Example 6, Step D, using 30% iPrOH/hexane
+ 0.2% diethylamine, to give 2.88 g of the R-(+)-isomer and 2.77 g of the
20 S-(-)-isomer of the title compound.
Physical chemical data for the R-(+)-isomer: Mass Spec. MH* =
470.0; [o)> = +12.1° (10.9 mg/ 2mL MeOH).

Physical chemical data for the S-(-)-isomer: Mass Spec. MH* =
470.0; [o]= = -13.2° (11.51 mg/ 2mL MeOH).



Example 4, Step E, and 300 nL of toluene at 20[err]C, then add 32.5 nL 15
(32.5 mul) of a 1 Msolution of DIBAL in toluene. Heat the m xture at
reflux for 1yihogn@e®! to 20[err]C, add another 32.5 nL of 1 Nb@‘]r%ﬁbmsos
solution and heat at reflux for 1 hr. Cool the mxture to 20[err ancf pour
It into a mxture of 400 g of ice, 500 nmL of 3105\0 and 300 nmL of 10% NaOH
(aqueous). Extract the aqueous layer with CHZA'2 (3 x 200 nlL), dry the 20
organi c | ayers over, U, then concentrate in vacuo to a residue.

Chr omat ogr aph (si | iﬂ%ﬂg 12% MeOH CH err]d[err] + 4% NH err]OH) to give
- 10.4 g of the title comfoliowing essentisllythe sarmepropedure a4 Preparativé®xample

e 7 2r a1k P SHepRC 4infD. g rheeii g Eompd Al dr Propaliative Barnble & is
PCT/ US97/ 15905 - 52.obtaingd rom the sacamisrcarmpenad of Step £: Sienilarly-using thac(e)gioc
it d of ] ' I RE h raphy

bt Saromeunt 81 P Padof 586Sial 6148 (0f GRRNLANEY ey Lo PBL AU F
di et hyl ami ne), to #HirepatativeExample@is ghtained respectivalyrer of the title
conpound. Physical chem cal data for (+)-isomer: Mass Spec. MHerr] = 469
(FAB); [err] = +43.5 (c=0.402, EtOH), Br | eé CDCl [err], 400
MHz): 8.38 (s, 1 H; 7.57 (s, 1H); & ¥ — 1 H; 3.95 (d,

10 , | [rabemic as well as (+)- and (-)-isomers]

Step A:

Br

= Cl

I 2

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

Example 4, Step E, and 300 mL of toluene at 20°C, then add 32.5 mL

15 (32.5 mmol) of a 1 M solution of DIBAL in toluene. Heat the mixture at
reflux for 1 hr., cool to 20°C, add another 32.5 mL of 1 M DIBAL solution
and heat at reflux for 1 hr. Cool the mixture to 20°C and pour it into a
mixture of 400 g of ice, 500 mL of EtOAc and 300 mL of 10% NaOH
(aqueous). Extract the aqueous layer with CH2Clp (3 x 200 mL), dry the

20  organic layers over MgSQg4, then concentrate in vacuo to a residue.
Chromatograph (silica gel, 12% MeOH/CH2Cls + 4% NH4OH) to give 10.4
g of the title compound as a racemate. Mass Spec.: MH*+ = 469 (FAB).
partial TH NMR (CDClg, 400 MHz): 8.38 (s, 1H); 7.57 (s, 1H); 7.27 (d,
1H); 7.06 (d, 1H); 3.95 (d, 1H).



10 1H). Physical chem cal data for (-)-isonmer: Mass Spec. MHerr] = 469
(FAB) ; [err] = -4]1. 8[err] (c=0.328 EtOH); partial [err]H NWR (CDCI[err]

400 MHz) : 8(1%9 7.57 (s, 1H); 7.27 (d, 1H); 7.05 (d, Pryﬂ)"

1H). 15 St ep ol | ow ng the procedure of Preparative Exa tep H
the racem c conmpound, the (+)-isoner or thbé )-1somer of the t|tIe
conpound of Preparative Exanple 10 can be o 2 ned. WO 98/ 11099

PCT/ US97/ 15905 - 53 P PARATI VE AMPLE 11 [err] [racemic as well as
R-(+)- and S-(-) -6 : atign.af Snantiomers: 5 | 5 prepared according to the
procedures of Prepar atlve Exarrpl e 40 of WD 95/ 10516 (publi sl?rred April 20,
1995), by follow ng the procedures described in
The (+)- and «(-)-isoners can be separated By
sanme procedure as Step D of Preparative Exanpl &
for the R (+)-isoner: [err]C NVR (CDCl [err]):

F&Lly 10 the
chem cal data

The racemic title compound of Step A is separated by preparative
chiral chromatography (Chiralpack AD, 5 cm X 50 cm column, using 5%
5 iPrOH/hexane + 0.2% diethylamine), to give the (+)-isomer and the (-)-
“-isomer of the title compound.
Physical chemical data for (+)-isomer: Mass Spec.
MH+ = 469 (FAB); [a]ﬁs = +43.5° (c=0.402, EtOH); partial TH NMR (CDCls,
400 MHz): 8.38 (s, 1H); 7.57 (s, 1H); 7.27 (d, 1H); 7.05 (d, 1H); 3.95 (d,
10 1H).
Physical chemical data for (-)-isomer: Mass Spec.
MH* = 469 (FAB); [ct]ﬁ5 = -41.8° (c=0.328 EtOH); partial TH NMR (CDClg,
400 MHz): 8.38 (s, 1H); 7.57 (s, 1H), 7.27 (d, 1H); 7.05 (d, 1H); 3.95 (d,
1H). '
15 StepC:
Following the procedure of Preparative Example 9, Step H, the
“racemic compound, the (+)-isomer or the (-)-isomer of the title compound
of Preparative Example 10 can be obtained.



155.8 (C); 146.4 (CH); 140.5 (CH); 140.2 (C; 136.2 (O; 135.3 (O ; 133.4
(C; 132.0 (CH); 129.9 (CH); 125.6 (CH; 119.3 (O, 79.1 (CH); 52.3 (CH);
52.3 (CH); wawmm®derr]); 45.6 (CHerr]); 30.0 (CHerr]); 2%Grisnsses) ).
15 [err] = +25.8[err] (8.46 ng/2 nL MeOH). Physical chenical data for the
S-(-)-isoner: [err]C NVR (CDCl [err]): 155.9 (5? 146 4 (CH) 140.5 (CH);
140.2 (C); 136.2 (CO); 135.3 (O); 1333(C) 2.0 129.9 (CH); 125.5
(CH); 119.2 (Q; 79.1 (CH); 52.5 (GRephRA 9.7 (CHerr]); 45.7
(CHerr]); 30.0 (CHerr]); 29.8 (CHert -=27.9[err] (8.90
ng/2 mL MeOH). Foll ow ng essenti all S Preparative
Exanple 5, Steps C and D, the race r or (-)-isoner of
the title conpound of Preparative Exarrp e arN\be bt ai ned fromthe
correspondi ng racem ¢ conpound, (+)-isomeN orlé )-Tsomer of the 25
conmpound WO 98/ 11099

PCT/ US97/ 15905 - 54 - [err] EXAMPLE 1 (16. O)E Jp [err]
5 The conpound of Fornula 16.0 [err] NPreparalive Exanple 8) (0.11
g, 0.19 mmol), anhydr.ous di nethyl fornmam de (2)\/@ noacet am de (0.027

g, 0.2 mmol) and

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

Br

E]

is prepared according to the procedures of Preparatwe Example 40 of WO
95/10516 (published April 20, 1995), by following the procedures
described in Example 193 of WO 95/10516.
The (+)- and (-)-isomers can be separated by following essentially
10 the same procedure as Step D of Preparative Example 6.
| Physical chemical data for the R-(+)-isomer: 13C NMR (CDCl3):
155.8 (C); 146.4 (CH); 140.5 (CH); 140.2 (C); 136.2 (C); 135.3 (C);
133.4 (C); 132.0 (CH); 129.9 (CH); 125.6 (CH); 119.3 (C); 79.1 (CH);
52. 3 (CH2); 52.3 (CH); 45.6 (CH2); 45.6 (CHg2); 30.0 (CHp); 29.8 (CHz)
15 [a]D = +25.8° (8.46 mg/2 mL MeOH).
Physical chemical data for the S-(-}-isomer: 13C NMR (CDCls):
155.9 (C); 146.4 (CH); 140.5 (CH); 140.2 (C); 136.2 (C); 135.3 (C);
133.3 (C); 132.0 (CH); 129.9 (CH); 125.5 (CH); 119.2 (C); 79.1 (CH);
" B2, 5 (CHo); 525 (CH); 45.7 (CHp); 45.7 (CHy); 30.0 (CH3); 29.8 (CHy).
- 20 [a]D = -27.9° (8.90 mg/2 mL MeOH).
' Following essentially the same procedure as Preparative Example
5, Steps C and D, the racemic compound, (+)-isomer or {-)-isomer of the
titlte compound of Preparative Example 11 can be obtained from the
corresponding racemic compound, (+)-isomer or (-)-isomer of the
25 compound o



anhydr ous sodi um carbonate (0.04 g, 0.38 mmol) were stirred at room 10
tenperature overnight. The m xture was diluted with water, filtered and'the
sol i ds wash@gp #d/f1gggrat er. The solids were diluted with dlCh|Qﬁgﬁ§§hﬁgﬁs
dried over anhydrous magnesium sulfate, filtered and concentrated in vacuo
to afford the compound of Fornula 2.0 as a sch<j (0.084 g, 68% nmp 131
[err]C). 15 WO 98/ 11099 }

PCT/ US97/ 15905 -55 - EXAMPLE 2 [err] Step A
solution of norpholine (1.62 ni, 18.5_mol
18.8 mml) in anhydrous diethyl ether BF1of
chloride (1.5 nmL, 1.02 eq) dissolved in dAgth)
After stirring for 0.5 hours, water and 1 Vthdr-chI- Ic acid were added
and the m xture was shaken. The organic 10 phasB was separated and washed
with brine and 1 N aqueous sodi um hydroxi de, then ¢iri ed over anhydrous
magnesi um sul fate. Filtration and concentratioly i pJvacuo afforded the title
conmpound (0.05 g) as a light oil. Step B: [err]

5 To a stirred
zneLhyl am ne (2.62 ni,

(Preparative Example 8) (0.11 g, 0.19 mmol), anhydrous
dimethyiformamide (2 mL), 2-bromoacetamide (0.027 g, 0.2 mmol) and
anhydrous sodium carbonate (0.04 g, 0.38 mmol) were stirred at room
10 temperature ovemight. The mixture was diluted with water, filtered and
the solids washed with water. The solids were diiuted with
- dichloromethane, dried over anhydrous magnesium sulfate, filtered and
concentrated in vacuo to afford the compound of Fommula 2.0 as a solid
(0.084 g, 68%, mp 131°C).
15



15 A m xture. of the conpound of Fornula 16.0 (Preparative Exanple 8)
(0.10 g, .0.17.mmol ), anhydrous dinethylformam de (4 nL), the title conpound
fromStep Ay égg;;ﬁﬁpl e 2 (0.051 g, 0.31 nmol) and anhydr ous sqdjmgmsgos
carbonate (0. 0.34 mmol) were stirred at room tenperature overnight.
The m xture was dlluted with water, filtered d the solids 20 washed with
water. The solids were diluted wt h di chl or ol hane, dried over anhydrous
magnesi um sul fate, filtered and concentraMuo to afford a solid
(0.077 g). Purification by preparative pI t ogr aphy WO 98/ 11099
PCT/ US97/ 15905 -56 - (silica ge% 7o I chl or onet hane and
concentrated amoni um hydr oxi de ' dichl or onet hane and

g, 52% np 126.9-131.9[err]C). 5 E Av‘t‘ Step A [err] 10 To
a stirred solution of t-butyl-1-piperazi ngRga; (?/b?te( g, 11.4 mol)
and triethylamne (1.62 nL, 11.6 mol) i di ethh ther (100 i)
was added chl oroacetyl chloride (0.92 SS i n diethyl
ether (10 nL) at O[err]C After stirring mr Of dlur vva er and 1 M
o)
o
' ' o
/\ .
01\)L + o o
Cl - '
5 To a stirred solution of morpholine (1.62 mL, 18.5 mmol) and

tristhylamine (2.62 mL, 18.8 mmol) in anhydrous diethyl ether (100 mL)
was added chloroacetyl chioride (1.5 mL, 1.02 eq) dissolved in diethyl
ether (10 mL) at 0°C. After stirring for 0.5 hours, water and 1 M
hydrochloric acid were added and the mixture was shaken.. The organic
10 phase was separated and washed with brine and 1 N aqueous sodium
hydroxide, then dried over anhydrous magnesium sulfate. Filtration and
concentration in vacuo afforded the title compound (0.05 g) as a light oil.

Step B:

o]

(16.0) ;Cl\)l\,,/\l — (7.0) ,/\:?

k/o . /YN
N N
ISR
_ o

15 A mixture of the compound of Formula 16.0 {Preparative Example
8) (0.10 g, 0.17 mmol), anhydrous dimethylformamide (4 mL), the titie
compound from Step A of Example 2 (0.051 g, 0.31 mmol) and anhydrous
sodium carbonate (0.036 g, 0.34 mmol) were stirred at room temperature
overight. The mixture was diluted with water, filtered and the solids

20 washed with water. The solids were diluted with dichloromethane, dried

over anhydrous magnesium sulfate, filtered and concentrated in vacuo to
afford a solid (0.077 g). Purification by preparative plate chromatography



hydrochl oric acid were added and the m xture was shaken. The organic 15
phase was separated and washed with brine and 1 N aqueous sodi um hydroxi de,
then dried Quwssgrgdy drous nmagnesium sul fate. Filtration and Cﬂ_ciggggﬁlggdson
in vacuo afforded the title conmpound (2.37 g) as a light oil.

98/ 11099 6.- PCT/ US97/ 15905 57 - Step
B: [err] A mxture of the conpound of Forrrulz? 16.0 (Preparatlve Exanpl e 8)

Comount 17 om 5t efolicd BSH Ui % TbMHac otaerbaiRel Jnd SeAeied <o um

car bonat e (0.053 gmraohiumrthyldroxide aising SP/ednethanobdlchlmpmeﬁnane ander ni ght .

The m xture was di

wat er. The solids c@?g&dgﬁ%@ﬂvﬁ‘ﬁm&%ﬁﬁoro q%l&nég’et r| e’ﬂﬁ%@@é te’zmh;‘/&fa,?'}(i)bus
magnesi um sul f at 7.9 {00683} 52%, apnt26:Lr369° Qh vacuo to 10 afford a solid
(0296 g). Purigication by preparative plate chronatography (silica gel)

usi ng 5% net hanol - di chl or onet hane and conm anmoni um hydr oxi de using
5% net hanol - di chl or omet hane and concentr a um hydr oxi de provi ded

t he conpound of Fornmul a 8.8 (0. 17 ¢ ~ p 139.1-141.2[err]C). 15 EXAMPLE
4 [err] r == Cl

O CHg
CH,3

Cl N

a Y CHg Y CH,g

O CHy O CH,

.10 To a stirred solution of t-butyl-1-piperazine carboxylate (2.12 g, 11.4

" mmol) and triethylamine (1.62 mL, 11.6 mmol) in anhydrous diethyl ether
(100 mL) was added chioroacetyi chloride (0.92 mL, 1.02 eq) dissolved in
diethyl ether (10 mL) at 0°C. After stirring for 0.5 hours, water and 1 M
hydrochloric acid were added and the mixture was shaken. The organic

15 phase was separated and washed with brine and 1 N aqueous sodium

hydroxide, then dried over anhydrous magnesium sulfate. Filtration and
concentration in vacuo afforded the title compound (2.37 g) as a light oil.



To the conpound of Forrmula 8.0 (Exarrplle 3) (0.12 g) dissolved in anhydrous
di chl oronet hame (25 nL) was added trifluoroacetic acid (1 nL) 20 and the
resul ting solwlogieesss stirred at roomtenperature for 2 hour. PeANS97/13605

98/ 11099 PCT/ US97/ 15905 -58 -
Aqueous sodi um hydr oxi de was added slowy fol Iiy\ed by di chl or onet hane and
brine. The m xture was shaken well, the organi'C phase was washed with

wat er, separated agﬁ cnéﬁd over anhydrous magnesi um sul fate. Filtration and
concentration in v ovided a 5 residue which yas purified by
preparative plate chromatography (silica gel) using 5%)

met hanol - di chl or onet hane and concentrated amo@ de using 5%

met hanol - di chl or omet hane and concent r@tg@) angoni uth hy ;gﬁhde af fording the
conmpound of Forrmula 9.0 (0.07 g, 71% np 130 3-135. 2 CHePLE 5
[err] A mxture of the conpound of Fornula 16.0 ( reparativ Ex 8. 8)
(0-51 g, 0.85 mml), anhydrous di nethyl formam de (10 ni), teapt- 3

but yl bronoacetate (0.13 nL, O. 89 and anhydr us sodi um carbonate (0.18
g, 1.7 mmol) were stirredB >Q@vefni ght. The m xture was
diluted with water, filtered mashed wth %@teéﬂ The solids
were diluted with dichloronet 3

CHg

Br (8.0) (\NJLo)((—:Hs

A mixture of the compound of Formula 16.0 (Preparative Example
8) (0.25 g, 0.41 mmol), anhydrous dimethylformamide (5 mL), the title
5 compound from Step A of Example 3 (0.12 g, 0.46 mmol) and anhydrous
sodium carbonate (0.053 g, 0.50 mmol) were stirred at room temperature
ovemight. The mixture.was diluted with water, filtered and the solids
washed with water. The solids were diluted with dichloromethane, dried
over anhydrous magnesium sulfate, filtered and concentrated in vacuo to
10 afford a solid (0.296 g). Purification by preparative plate chromatography
(silica gel) using 5% methanol-dichloromethane and concentrated
ammonium hydroxide using §% methanol-dichioromethane and
concentrated ammonium hydroxide provided the compound of Formula
8.0 (0.17 g, 49%, mp 139.1-141.2°C).
15

XAMP

To the compound of Formula 8.0 (Example 3) (0.12 g) dissolved in
anhydrous dichloromethane (25 mL) was added trifluoroacetic acid (1 mL)
20 and the resulting solution was stirred at room temperature for 2 hour. 50%



anhydr ous magnesium sul fate, filtered and concentrated in vacuo to afford
20 the conpound of Forrmula 11.0 as a solid (0.47 g, 79% np

107-112[ er g4 gesAVPLE 6 [err] WD 98/ 11099 PCT/US97/15905
PCT/ US97/ 119(%0' 59 - Followi ng procedures simlar to those of Exanple 1,

the conmpound of Formula 16.0 was reacted wth_
2- chl or o- N- met hoxy- N- et hyl acet ami de to progduce a conpound of Fornula 3.0.
(Yield 40% nmp 116- 120

Fol | ow ng proced Wt’ydf%g% was g%%lsgovily f{)“%w%% b ﬁﬁ\'c\i/Pl(;F I7:o£ renrJIrL
1153 go\r/vanal ; ezcg e?dmmromnam anl, bring. eThe Imeixtrawas: shaken wellcthexoganiound
Br ocedures siml ébg%%v% ggﬁ?&%%@reééé% %&ognw d_gv%oé’% de@l l o ng
reacted with N cmagrmwmaulfatmzl]'lmqrbaod c@ncegt@gon in vacuo provage& a
ggf}/g c g:oorlggf'%%[ eér\éri WHISH WD pliffiedl By préparativaarccirbniznogrphyS(sficaYi el d
gel) 'uging 5% methanol-dichioromethane and concentrated ammonium
hydroxide using 5% methanol-dichloromethane and concentrated
ammonium hydroxide affording the compound of Formula 9.0 (0.07 g,
71%, mp 130.3-135.2°C).
10

(16.0,______', Br (11.0)

A mixture of the compound of Formula 16.0 (Preparative Example

8) (0.51 g, 0.85 mmol), anhydrous dimethylformamide (10 mL), tert-

15  butylbromoacetate (0.13 mL, 0.88 mmol) and anhydrous sodium
carbonate (0.18 g, 1.7 mmol) were stirred at room temperature overnight.
The mixture was diluted with water, filtered and the solids washed with
water. The solids were diluted with dichloromethane, dried over
anhydrous magnesium sulfate, filtered and concentrated in vacuo to afford

20  the compound of Formula 11.0 as a solid (0.47 g, 78%, mp 107-112°C).

EXAMPLE 6




WO 98/ 11099 _ PCT/ US97/ 15905 -60 -
EXAMPLE 9:[err} Follow ng procedures simlar to those of Exanple 1, the
conmpound of {@)éEM199916. 0 was reacted with 1-Dbronpacetan do- 1- dperwsewasods- D-
5 gal actopyranose to produce a conpound of Fornmula 6.0 (Yield 23% np
187.0-189.9[err]C). EXAMPLE 10 [err] 10 9F__ol | owi ng procedures simlar
to those of Exanple 2, the conpound of Forrrul'g 16.0 was reacted with

1-(2-chl | )-indold d f E 0. .
11 Fert] 15 A mxt ur o of et RiAFed st IpaRoge of %@?i’éﬁtg@%ﬁ
di chl or omet hane ( 16f Foymatal16:0 Waedeaatest with £:clilofa-Nvmethexy-bliinethylacatamiden
tenperature for 10:48¥Squcks compotnt dFEomRtiab! ?g%@%gpﬁ/r%g‘é‘fofséhzwd)p

98/ 11099

5 EXAMPLE 7

Following procedures similar to those of Example 1, the compound
of Formula 16.0 was reacted with 2-chloro-N,N-diethylacetamide to
produce a compound of Formula 4.0 (Yield 62%, mp 110-114°C).

10 ' '

EXAMPLE 8

Following procedures similar to those of Example 1, the compound
of Formula 16.0 was reacted with N-chloroacetyl-benzylamine (i.e.,

N\
01/\( H
15 (o)

N-chloroacetyl-N-benzylamine) to produce a compound of Formula 5.0
(Yield 39%, mp 112-116°C).



-61 - 1 N NaCH (aq), diluted with nethanol and concentrated in vacuo. the
solids were washed with absolute ethanol, filtered and the filtrate was’
concent r at egye g/Mgeo0. Di chl or onet hane saturated with hydr ogepefrisafissts
(gas) was added to the resulting creamcol ored foamand after 5 stirring
for 30 mnutes at roomtenperature, the mxt%roe was filtered and the solid
dried under vacuumto provide the conmpound 6f°%Formula 11.1 (1.0 g, MHerr]
= 652) along with sodiumchloride as an i XAMPLE 12 [err] 10

Di ssolve 1.0 equivalent of the (+) producMrative Exanpl e 8, Step
D, in dichloronethane containing 1. % < of gI yci dol and stir for
48 hr. Concentrate under vacuum and~t g I due Olbl_ﬁi lica gel

tz:}X'&:I[err]

of famesyl protein transferase, in vitr o~y
(Cel |l -Based Assay) were determined follow ng
in WO 95/10516, publi sﬂl@dO)qu-r-r-r—?e—tf) 199Y.
geranyl geranyl protein transferase, in vitrdg.en
and anti-tunor activity (in vivo anti-tunor sthNidi (beHdet er ropped by
the assay procedures described in WO 95/10516.) The| di s¢l osgire of WO
95/10516 is incorporated here| n by referenceqg Addi ti onal
assays can be carried Oly llo né%rcl)g V&urgses?n% toa{ho)ée or}eExample 1, the compound

of Formula 16.0 was reacted with 1-bromoacetamido-1-deoxy-§-D-
5 galactopyranose to produce a compound of Formula 6.0 (Yield 23%, mp
187.0-189.9°C). '

10 Foliowing procedures similar to those of Example 2, the compound
of Formula 16.0 was reacted with 1-(2-chloroacetyl)-indoline to produce a
compound of Formuia 10.0.

(11.0) ————— (11.1)

15
A mixture of the compound of Formula 11.0 (Example 5) (0.40 g),
dichloromethane (10 mL) and trifluoroacetic acid (1 mL) was stirred at
room temperature for 10 days. The mixture was neutralized to pH 7 with



sanme procedure as described above, but with substitution of alternative

i ndi cator- tunor cell lines in place of the T24-BAG cells. The assays can be
conduct ed uwigwg/gogsher DLD- 1- BAG hunman col on carci noma cel|'s gop{8sfisogg an
activated K-ras gene or SW520- BAG human colon 30 carcinoma cells
expressing an activated K-ras gene. Using other tunor WO 98/ 11099

PCT/ US97/ 15905 -62 - cell lines known in the art, the activity of the

conpounds of thi cou
dembnst rat ed. 30?1'“E’f@“@%z@&mﬁéh%@%ﬁ%%@%m°§@%%ﬁ?+ vaght e
characteristic ofsal eigwashed with abselutesethaneh filtered anddhe Jiltsate was
suspended in grovadhmam%% 8! Wichio ?%ihgﬂﬁr Meé%tﬂ‘ﬂxﬂﬂig%ﬂ

n It over | ayed

concentration of fa transferase | e solutio
onto growth medi mr’m aaﬁ)e\aaﬁﬁdﬁed te%agas*d@egmmlqmw@dt ms and after

concentrati onsof stiring Yor 80 maﬁwsa@t&obnhtém &vatdr®, IR niibré W' filtePbd and! he

37 err] C under SRR dtediEfervaedin 19 %&v@eiﬁf iFompa b ESmANIAGH 11 he

col oni es are st ai{idighMH ¢r852)ialgng withesodium ¢iitordes astdn impurity MI T
(3-[4,5-dinmethyl-thiazol-2-yl]-2,5- dlphenyltetrazol|un1bron1de Thi azol yl
blue) (1 nmg/nmL in PBS). Colonies can be counted and the I(err]'s can be
determ ned. 15 Conmpounds 2.0, 3.0EXAMPLEI2 6.0, 7.0, 8.0, 9.0,
10.0, 11.0 and 20.0 had an FPT ICJerr] s) within the range of 1.8 to
28nM (nanonol ar) . Br

(20.0)

| | m/\l/\(m

Dissolve1.0 equivalent of the (+) product of Preparative Example 8,
Step D, in dichloromethane containing 1.1 equivalents of glycidol and stir
for 48 hr. Concentrate under vacuum and chromatograph the residue on
silica gel to obtain the produce as a white solid.
15

ASSAYS

FPT ICsp (inhibition of farnesyl protein transferase, in vitro enzyme
assay) and COS Cell IC5¢ (Cell-Based Assay) were determined foliowing
the assay procedures described in WO 95/10516, published April 20,

20 1995. GGPT ICsp (inhibition of geranyigeranyl protein transferase, in vitro
enzyme assay), Cell Mat Assay, and anti-tumor activity (in vivo anti-tumor
studies) could be determined by the assay procedures described in WO
95/10516. The disclosure of WO 95/10516 is incorporated herein by
reference thereto.

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

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

30 carcinoma cells expressing an activated K-ras gene. Using other tumor



Compounds 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0 and 9.0 had an FPT I (Jerr]
(K-ras) within the range of 8.6 to 51.9nM Conpounds 2.0, 3.0, 4.0, 5.0,

6.0, 7.0, Bwodhiges 10.0 and 20.0 had a 20 Cos Cell I([err] pit, bglmg
range of 6 to 840 nM Conpounds 2.0, 3.0, 4.0, 6.0, 7.0, 8. Owélg 20.0

had a Soft Agar FPT IC[err] within the range@%f 60 to >500nM For _prepar! ng
phar maceuti cal conpositions from t he conmpoun®$ "descri bed by this invention,

i nert, pharmaceutical.l e carriers 25 can be either solid or,
i quid. pSoI id for ﬁ?@&'@éﬁ% "'ﬁ(ﬁ'tudée of the,gompaunds opthis inyestion

granul es, capsul eagambﬂia'typdssﬂbaneextmltseeoulafbv’e demdasgary] tablets may
be conprised of from aww 70 percent active ingredient.

Suitable solid carrier n the art, e..g. magnesi um car bonate,
magnesi um st ear at e, t alAhchomge-independent growtheissa characgperistior of tmmrigﬂmc and
capsul es can be Uééﬁllﬁéssﬂdrﬁaﬁ‘?ﬁﬁﬁ?cEﬂé'H?e%r':’s ?ﬁ&@d lrf’pr&ﬁﬂ medium

adm ni stration. reparin suppositori es such as a
m xture of fatty aenﬁﬂyng&ﬁg}qiegamse(:QManbnmceked §on¢er§ta o @fe%l famesyk he

active ingredient traﬁsfbréwwﬁsmoﬂme%aﬁkﬁrMstdWrﬂde%ﬁt@ r&WtH Frié&g: m'he

2| owed to cool _aRaHdifies 4t b&eh agearose Bonisiing thesame i famesy
PCT/ US97/ 15905 - 6&anslerase ihHibiton s theatopt lages  Aftel thietopalayér ivsolidified, plates
suspensi ons afl  are jncubated for 10-16 days at 37°C under 5% COj to allow colony
outgrowth. After incubation, the colonies are stained by overlaying the
agar with a solution of MTT (3-[4,5-dimethyl-thiazol-2-yl]-2,5-
diphenyltetrazolium bromide, Thiazolyl blue) (1 mg/mL in PBS). Colonies
can be counted and the ICsp's can be determined.
15 Compounds 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 8.0, 10.0, 11.0 and 20.0
had an FPT ICsp (H-ras) within the range of 1.8 to 28nM (nanomotar).
Compounds 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0 and 9.0 had an FPT ICsp
= (K-ras) within the range.of 8.6 to 51.9nM
o Compounds 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0 and 20.0 had a
20 Cos Cell ICsq within the range of 6 to 840 nM.
] Compounds 2.0, 3.0, 4.0, 6.0, 7.0, 8.0, 9.0, and 20.0 had a Soft
Agar FPT ICsq within the range of 60 to >500nM
For preparing pharmaceutical compositions from the compounds
described by this invention, inert, pharmaceutically acceptable carriers
25 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. Tablets,
30 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

35 homogeneous mixture is then poured into convenient sized molds,
allowed to cool and thereby solidify.



emul sions. As an exanple may be nentioned water or water-propylene glycol
solutions for 'parenteral injection. Liquid form preparations nay al so

i ncl ude sol woestHedDr i ntranasal 5 admi nistration. Aerosol prepgnabi/esoss
suitable for inhalation may include solutions and solids in powder form
whi ch may be in conbination with a pharmaceuytgocal ly acceptable carrier,
such as an inert conpressed gas. Al so included are solid form preparations

: : ] iauid f
breparati ons for i tnetiad b EPaRtork Aekidé al g, SiteeBiers s "
forms include sol emuaionss A$ansaxamplamay be meotiened natenopwaterspropyldne
invention may al sgnRe! g%mtmgafg}Pa}émg&qqﬁm{i?m The transder nal

conpositions can fake e farmof creanms, 15 tions, aerosols and/ or

emul si ons and can be iﬁxswdgaﬂnrprsw%m&énﬁma?%t ds seiytiongfer ipteanasal
reservoir typesasadnsinistrationt i onal in the art for this purpose. Preferably
t he conpound is adm ni or al

| v.. Pref, blLy,. th h i | .
preparation is in unit ergg PR t'%rse‘l"%rtgﬁéﬁr*%\a?ﬁtm'r@'%ﬁ%%a?%w?@
subdi vi ded into uand sbiidssn powderforrg, whivhomaydiecimcombiration with ghe active

., - e
Goant ity of “acti v BRafihaCebtcei UEMRabig Bffer ¥oh 15 OF MarPLofHrBee ot
adj usted from abg_ut 0. Alaglnqiquarergphmllm preparationy whichvaps intanded to beg.
300 , : !
to ng, acger bBﬁvéﬁe&,%cgJﬂ%‘bb%ads R igGre fogr?x ne%jégﬁgé’lﬁrﬁ%t 2 r etR@P8ral or

enpl oyed may be vari ed u at1ent and

depe upon er .
the severity of t Rér%ﬁ@%‘ﬁwnléﬁﬁﬁnt réﬂ?@&qﬂ'd 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,

15 lotions, aerosols and/or emulsions and can be included in a transdermal
patch of the matrix or reservoir type as are conventional in the art for this
purpose.

Preferably the compound is administered orally.

Preferably, the pharmaceutical preparation is in unit dosage form.

20 In such form, the preparation is subdivided into unit doses containing
appropriate quantities of the active component, e.g., an effective amount to
. achieve the desired purpose.

The quantity of active compound in a unit dose of preparation may

be varied or adjusted from about 0.1 mg to 1000 mg, more preferably from
25 about 1 mg. to 300 mg, according to the particular application.

The actual dosage employed may be varied depending upon the
requirements of the patient and the severity of the condition being treated.
Determination of the proper dosage for a particular situation is within the
skill of the art. Generally, treatment is initiated with smaller dosages which

30 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.
N The amount and frequency of administration of the compounds of
35 the invention and the pharmaceutically acceptable salts thereof will be
regulated according to the judgment of the attending clinician considering
such factors as age, condition and size of the patient as well as severity of
the symptoms being treated. A typical recommended dosage regimen is



Determ nati on of the proper dosage for a particular situation is wthin the

skill of the art. Cenerally, treatnent is initiated with snmaller dosages
whi ch 30 arv@o&ﬁﬁ% han the opti mum dose of the compound. Thepepttensodshe
dosage is 1 ncreased by small increnents until the optinmum effect under the

circunstances is reached. For convenience, the total daily dosage may be
divided and adm nistered in portlons during € day if desired. The annunt

The pharmaceut | cabid) aiaeien Srerd tEBEER 200 ?@é@@éﬁ?fﬁl‘&ﬁié?@

to Ejhe judgm;nt ofng/]c ,ahttwmctorfguctilwﬂed dosestosblvekitupos growthadher s as age
t t
Con 1,00, 409 1 2oblck a5 13 Ve BT Yol i cueaboamobel

PCT/ US97/ 15905 - 64 - oral adm nistration of from 10 ng to 2000 ny/ day
preferably 10 g0 1000 "ﬂ{edfb\lowcﬁ%hwekanfﬂég oflpMafndcelticas dosa msm

grow h. The conpounds _are non-t |og m nist er ed V\A{hl n_t |ts dos.
range. 5 Tieentain |aRMBOUR i"éﬁrfﬂ"@@ 1gp. ferRe ot the Inyrtion Nty

whi ch contain a cenagvadegficdl tompostion aspedtiis riotdp bedimiték by nhelelxamp!esn
Its pharmaceuti cal co.gg%sition aspect is not to be limted by the exanples
provi ded. 10 il Phar maceuti cal Dosage Form Exanpl es EXAMPLE A -

Tabl et s No. - Ingredients ng/ tabl et ng/tabl et
10 Pharmaceutical Dosage Form Examples
EXAMPLE A - Tablets
__Ingredients __mg/tablet
1. Active compound 100
2. Lactose USP . 122 113
3. Corn Starch, Food Grade, - 30 40
as a 10% paste in
Purified Water
4. Corn Starch, Food Grade 45 40
5. Magnesium Stearate 3 4
Total 300 700
Method of Manufacture

Mix item Nos. 1 and 2 in a suitable mixer for 10—-15 minutes.
Granulate the mixture with item No. 3. Mill the damp granules through a
coarse screen (e.g., 1/4", 0.63 cm) if necessary. Dry the damp granules.
15 Screen the dried granules if necessary and mix with item No. 4 and mix
for 10-15 minutes. Add ltem No. 5 and mix for 1-3 minutes. Compress
the mixture to appropriate size and weigh on a suitable tablet machine.

Ing sule | mg/capsule
1. Active compound 100 __500
2. Lactose USP 106 123
3. Com Starch, Food Grade: 40 70
4. Magnesium Stearate NF - 4 - 4
Total 253 700




1. Active conpound ' 100 500 2. - Lact ose USP

122 . 113 3. Corn Starch, Food G ade, 30 ° 40 as a 10%
paste in Pukyd ogfiodhat er 4. Corn Starch, Food G ade CT/US915905

40 5. Magnesi um St ear at e 3 7 Tot ar

300 700 Met hod of Manufacture Mx lte Nos. 1 and 2 in a suitable

m xer for 10-15 minutes. Granulate the m xtu with ltemNo. 3. MII the

danp granul es thrgﬁgg a &Sirs& Sﬁreen (e.g., 1/4", 0.63 cm if necessary.

Dry the danp gran . he dried granules if necessary and m x

with Item No. 4 and m Mikdteri OlokS 1pR2ranid8 .in Adslitablerblended famD-T6minutes,- 3

m nut es. Conpress ' r ¢ z | e
! NOAtdmtéH\ﬁﬂf' faﬁgl RGP '3 ffifutas: %ll%@gg& ipto Quitabib WS

t abl et machi ne. ngr e

nmg/ capsul e 1. pnecepl@@rq,ge!agnmules on a suitabl@@ncapsulatingooachine.
Lactose USP 5 106 123 3. Corn Starch, Food

G ade 40 W esjum St earate NE ) .

7 Tot al 253 hile the pwent u%@rglgnl hasobeen described in conjunction with

PCT/ US97/ 15905 - 6the 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
10  within the spirit and scope of the present invention.



Met hod of Manufacture Mx Item Nos. 1, 2 and 3 in a suitable blender for
10-15 mnutes. Add Item No. 4 and mx for 1-3 mnutes. Fill the m xture

into suitablwolwgreepi ece hard gelatin capsules on a suitable ppeRiR§H{s8éd NO
machine. 5 Wiile the present invention has been described in conjunction

with the specific enbodi nents set forth ab0\£e6 many alternatives,

nodi fi cations and variations thereof will be gpparent 'a@,!!aiﬁe of ordinary

skill in the art. Ahves, nodifications u
i ntended to fall AT, t' irit and scope of t ﬂ mﬂﬂ,umron
WO 98/ 11099 | PCT/ Us97/ 15905 *66 -

eéeof, wherei n: one of a, b,
“I's O,g-CHerr] or

b, ¢ and d groups
represent CRlerr] or CRlerr]; or eache f?, and d are independently
selected fromCR err] or CRlerr]; 10 Y ¥ spd each R2 is
i ndependent|ly selected fromH, halo, Rz Rlerr], -CORerr],
-SRerr], -S(OTJerr err wherein t 0_.X.0 , -SCN, -N(R err err],

Rierr] (Oferr]Rerr] ( R%\/ \/R%)(I.O) (Rlerr])I _]
N
A
@\ /\ /
o c
_ H H
5 or a pharmaceutically acceptable salt or solvate thereof, wherein:
one of a, b, c and d represents N or NR? wherein R? is O~, -CHg or
~(CH2)nhCO2H wherein n is 1 to 3, and the remaining a, b, ¢ and d groups
represent CR? or CR2; or '_
each of a, b, ¢, and d are independently selected from CR?! or CR2;
10 . each R1 and each R2 is independently selected from H, halo, -CFs3,
~ -OR19, -COR?10, -SR10, -S(O}R11 (wherein t is 0, 1 or 2), -SCN, -N(R19),,
-NR10R11, -NOo, -OC(O)R19, -CO,R10, -OCO2R11, -CN, -NHC(O)R10,
-NHSO2R10, -CONHR10, -CONHCH2CH20H, -NR10OCOOR11,

WHAT IS CLAIMED IS 1. A ¢ EHW' f
pharmaceutical ly accept‘ébl e R;;‘EP or ng’o?ﬁ/tgg
c and d represents N or NR err] wherein
-(CH2) nCO2H wherein nis 1 to 3, an®{ el

féﬁﬁﬂ?éka: [err] HH5 or a
e
Il

OCH
I ocn,
H O

15 -SRYIC(O)ORT11, -SR11IN(R75), wherein each R75 is independently
selected from H and -C(O)OR11, benzotriazol-1-yloxy, tetrazol-5-ylithio, or
substituted tetrazol-5-ylthio, alkynyl, alkenyl or alkyl, said atkyl or alkenyl
group optionally being substituted with halo, -OR10 or -CO2R10;

R3 and R4 are the same or different and each independently

20 represents H, any of the substituents of R1 and R2, or RS and R4 taken
together represent a saturated or unsaturated Cs-C7 fused ring to the
benzene ring (Ring III);

RS, R8, R7 and R8 each independently represents H, -CF3, -COR10,
alkyl or aryl, said alkyl or aryl optionally being substituted with -OR10,

25 -8SR10,-S(OxR11, -NR1OCOOR11, -N(R10)3, -NO5, -COR19, -OCOR?19,



-NR[err]Rerr], -NJ er+}; LMU)rqerrJ -Cderr]Rerr], -CCJerr]Rerr],
-CN, -NHC(OHRerr], -NH HR[ err], -CONHCH err] CH err] OH,
-NR[err] COG?[Wb@hmds@”] ORlerr], -SR err] N(R efdtudennsdes
wherein each R75 is ind n eo ed fromHand -C(OOR err],
benzotri azol - 1-yl oxy, tetrazol yIthlo or substituted tetrazol-5-ylthio,

al kynyl, al kenyl or alkyl, said al kyl or alkenyl group optionally being
substituted with hal e rr t
same or different a Qagﬂu %dﬂ@?hlﬂ’r F‘gd?gg !éé%%ﬁﬁqr%m%é&t 25
substituents of Rl gmeS Add/anrRRE conbiRed with R8 togepresentsld ose®; a

saturated or unsaturat eda¢g Mg | r .the benzene ring (R ng
[11); Rerr], Rerr], d’grr ’hﬁ 'Il Ikgpgﬂlﬁ?lﬂgﬁél ently represents H,

_CFlerr], -COR[err], al k@" aspr&sgn S Qlﬁylcpfaﬂmljl or aryl optionally being
SKI%[S; £ th ed Wle£ 3 OR[N?V rX Xore f Fosent NS OH or COMAIER 'C hidyeédntain an ogpg?al double
98/ 11099 Onﬂfepf dented lJ)’ thygoﬂed] line) 5 Cé%ﬂflnﬂmgl i15905 67-

-OQCderr]Rerr], -CJ errthg dottdd hﬁ?ﬁeﬂvééerﬂfb'oh Sonig Brdrid ssepwﬁenfsadnw th

represent < 0 or = agtoggL APblechor ich il AR & Saulle Baps pressh

represents al kyl orindegenddntly represent-B1Pchalof OR!1,GOGO2B1 wlnr-OE(O) 8, and
contain an opt ll nal kol Rocadiiiig bﬁhﬁ%?’?&%ﬁ%&ﬁmﬁh}%ﬂaﬁ F‘a@or’nb'%én& B, 2LRE'B

I
atom 11; the do ted” Ine b Wken car
each independently represent Ha, (OR N H and halo, duhalo, atkyl and

H, (alkyl)2, -H and -OC(O)R19, H and -OR10, =0, aryl and H, =NOR10 or

-0-(CH2)p-O- wherein p is 2, 3 or 4; and

W represents a group selected from:
H

H H 2 H " H
ER R 1 R 1 / i
—C—C—CH,0H —c-—c—N ~——C~C~N_Y — C—C~0—R}
l i I ‘“gris tll N 11
15 H OH , H O o, H O or H O
wherein: . .
R12 is selected from the group consisting of: (1) H; (2) alkyl; (3) aryl;
(4) arylaikyl;

R13 is selected from the group consisting of: (1) H; (2) alkyl; (3)
20 alkoxy; (4) heterocycloalkyl; (5) aryl; and (5) aralkyl;
R14 is selected from the group consisting of: (1) H; (2) alkyl; (3) ary};
and (4) heteroaryl;
/
—N \Y)

ring
25 represents a heterocycloalkyl ring wherein Y represents the remainder of
the ring, said remainder comprising carbon atoms and optionally a hetero
atom selected from the group consisting of: NH, NR15, Q and S, and said
remainder optionally having an aryl ring fused thereto;
R15 represents -C(O)OR16; and
30 R16 represents alkyl.

2, The cbmpound of Claim 1 wherein R?2 is H; R1 is selected
‘from the group consisting of: Br and Cl; R3 is selected from the group
consisting of: Br and Cl; R4 is selected from the group consisting of: H, Br



optional doubl e boMMMaLMen_a doubl e bond is present, A and B

I ndependently represent - err halo -ORlerr], -OCJerr]Rerr] or :

- OC( O R ek¥d osriiigéh 10“ bond i's present betwe 5PAdogat OB 5
and 6, A and B each ' resent Herr], -(m[erri)ierr?' H and
hal o, di hal o, al kyl and (aIkyI)[err] and OC(O)R[err], H and
-ORerr], = 0O aryl and H =NOR[ err] or -OPCH[err])[err] O wherein pis

2, 3 or 4; and Wrepr gzelhks r sel ect ed,f om .n. R err]
is selected froﬁpgﬁ' ?0&%‘ 52%‘@#?%9%&%?% %&aﬁky%“d% §{r'?ﬁa' (4)
aryl al kyl ; R[ er bpnd betweentCs ahddd6 tisrabsent. p consi st i ng of: (1) H (2) ,
al kyl ; (3) 20 al koxy; (4) heterocycloal kyl; (5) aryl; and (5) aral kyl; R14
is selected fromthe group consisting of: (1) H (2) aIk | ; \XI aryl; and
(4) heteroaryl; ring3ferr[Thescomppu @ﬁagyapfr@a@ns)dy&wb@mw risisglactedei n Y
represents tfie gg {ngg dﬁc&rﬁ‘s‘?sﬁ gf: said renmni nder conprising carbon
atons and optrona ero ato seI ected fromthe group consisting of:

NH, NR[err], O and S avit! sai d renmi nder_optionally having an aryl ring
fused thereto Rlerr] represents -C(O)OQVerr] Rh"bl 30 Rlerr]
represents al kyl. 2. The conpound of—G:Ca-rcn—N wherein Rlerr] is H Rerr]
Is selected fromthe group consisting of 1 I% anr Rlerr] is selected

fromthe group H
wherein:
_ (1) R12 js selected from the group consisting of: H, alkyl and
10 “aralkyl; and

(2) R13 is selected from the group consisting of: H, alkyl,
alkoxy, aralkyl, and heterocycloalkyl

(B)
H
—é-c-n’y)
i N/
H O

15 wherein the heterocycloalkyl ring

: _N/
\Y

is selected from the group consisting of:

o

: )L _CICHg)s
o (\NH (\N o
/N\) i /N\) . /N\)

and

20 (©

wherein R14 is H or alky!l.

4 The compound of any of Claims 1-3 wherein R4 is H.
5.  The compound of any of Claims 1-3 wherein R4 is selected
from the group consisting of: Clor Br.



consisting of: Br and : ' el ected fromthe group consisting of:
H, Br WO 98/ 11099

e e leﬂﬂmm!mumrga 5 o T CpeRipfhos o

absent. 3. The conpound of any "of *Aains 1- wherein Wis selected 5 from
the group consisting of: (A) [err] wherein: R12 is selected fromthe
group consisting of: H, alkyl and 10 aral kyl; and (2) R13 is

selected fromthe group consisting of: H, alkyl, alkoxy, aralkyl, and

het erocycl oal kyl; (B) [&rr] 'llh'ecompounmifrmyrbftcbhuhgﬂ%WWXWCHl ng
[err] is sel ected fromthe group consisting of: [err] 20 (O

wherein Rerr] is Hor alkyl. 4 The conpound of any of Clains 1-3
wherein Rlerr] is H 7.  The compound of any of Claims 1-6 wherein R12 and R13

5 are independently selected from: H, methyl, ethyl, methoxy, benzyl,
OH

HO,, OH

_ . OH ; and
R14 represents H or -C(CHa).

8. The compound of any of Claims 1-7 selected from:

10

wherein R?, R3 and R? are each independently selected from halo; and A,
B, X and W are as defined in Claim 1.

9. The compound of any of Clatms 1-8 wherein R1is Br; and R3
15 isCl;and R4isBr.

10.  The compound of any of Claims 1-9 wherein said compound
is a compound of the formula:




25 5. The conpound of any of Clains 1-3 wherein Rlerr] is selected from
the group consisting of: C or Br. WO 98/ 11099 ' .
PCT/ US97/ 15900 9841099 6. The conpound of any of Clains 1-5 wheppiusetisess CH.
7. The conpound of any of Clainms 1-6 wherein Rerr] and Rlerr] 5 are

i ndependently selected from H, nethyl, ethy o -Tet hoxy, benzyl, [err]

Rl err] represents Hor -C(CH err]). 8. The " Conpound of any of Clains 1-7

sel ected from [err] ""“lelre' rggéﬁéﬁaﬁ&%*a'ﬁp%%éﬂf%ﬁ ngcihned in Claim

i ndependent |y sel ected f
cgrr] is Br; and Rlerr]

1. 9. The conpound of any of i s L
15is Cd; and Rerr] is Br. 10. The Con

sai d corrpound is a conpound of the \)r
PCT/ US97/ 15905

T O AR




-70- 11. The conpound of Claim1l selected from [err] WO 98/ 11099

PCT/ US97/ 25905--71 - Br [err] -72 - [err] -73-
12. A phar neWeAs1ae49 conposition for inhibiting the abnormal g, wt hof
cells conprising an effective ambunt of a compound of any of C 897715995 ; |y
conbi nation with a pharnmaceutically acceptable carrier. 13. The use of a
conpound of any of Clains 1-11 in an effectiv 5 amount for the

manuf acture of a medicanent for the treatment of tunmor cells. 14. The use
of Claim 13 wherein the cellsgireg pancreatic tunmor cells, lung '
cancer cells, myeloid | eukemia t drld fol 1i gyl ar

U




tunmor cells, nyelodysplastic tunmor cells, epidermal carcinoma tunor cells,
‘10 bl adder carcinoma tunor cells, colon tunors cells, breast tunor cells
or prostatg fambgcells. 15  The use of a conpound of any g H¥opsd- 11
in an effegﬁ ve ggrmunt for the manufacture of a nedi canent for t#’

I nhibition of farnesyl protein transferase.

E
REPLACED N

as Been Replaced : (20.0)

"l n

12. A method of treating tumor cells comprising administering an
10 effective amount of a compound of any of Claims 1-11.



WO 98/11099 PCT/US97/15905

10

16

20
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-73-

13. The method of Claim 12 wherein the cells treated are
pancreatic tumor cells, lung cancer cells, myeloid leukemia tumor cells,
thyroid follicular tumor cells, myelodysplastic tumor cells, epidermal
carcinoma tumor cells, bladder carcinoma tumor cells, colon tumors cells,'
breast tumor cells or prostate tumor cells.

14. A method of inhibiting farnesyl protein transferase
comprising the administration of an effective amount of a compound of any
of Claims 1-11.

15. A pharmaceutical composition for inhibiting the abnormal
growth of cells comprising an effective amount of a compound of any of
Claims 1-11 in combination with a pharmaceutically acceptable carrier.

16. The use of a compound of any of Claims 1-11 for the
treatment of tumor cells.

17. The use of a compound of any of Claims 1-11 for the
manufacture of a medicament for the treatment of tumor cells.

18. The use of a compound of any of Claims 1-11 for the
inhibition of farnesyl protein transferase.

19. Theuseofa compound of any of Claims 1-11 for the
manufacture of a medicament for the inhibition of farnesyl protein
transferase.
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