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di scl oses tricyclic conpounds useful for inhibiting farnesyl protein
transferase. In view of the current interest in inhibitors of farnesyl 10
protein transferase, a welcone contribution to the art woul d be conpounds
useful for t P aYa T aVi g SHEBTAPYRIDANESD Mk QisEFe1 INHiB
contributi on%wm mp.séent I on. éSkljgll\/llf\‘\/IA\RY %j: THE%EI\I‘I-’I%’?L?F
This invention provides conpounds useful for the inhibition of farnesyl
protein transferase (FPT). The conpounds of this invention are represented
by the formga: [err] or a pharnmaceutically acceptable salt -or solvate .

t her eof V\herei&@é&qﬁ&i& a, b, c and d represents N or NR err] wherein
Rlerr] is O, - CH err])nCJerr]H wherein nis 1 to 3, and the
remaining a, b, ¢ andW® @5ik3516ppeblishedRApril] 20; 1995 discloses axidydiic a,
b, ¢, and d are ] i ] 3

each R err] and de gﬁgﬁ?l%£¥%ﬁ?ﬁ§§%§ﬂ8‘%€%§%§&@?ﬁ;ﬁ4%%%'
-CFlerr], -ORerr] (dmgview oftihe euyrentciyterest) in inhjhiters of farnesydcH err]
and - SCH[ er1 & girokéhit transfers$) & Aweicdnié contyibRitidn to the Art Wdllld’be®- - -
-SCCH[ err] and -qsq%er]&l_ﬁ-i[err e - SCN, | - errM err -I}l%@%r]R_err],
“Nofer 1], - G oREEpPpidsapehil fer e mbiEHPR: ¢ feroicky! Prote

-NHC(O Rlerr], -thisleraseRSuch a copidiBition is provided by this invention.

E ION
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 salt or solvate thereof, wherein:
20 oneof a, b, c and d represents N or NR® wherein R9® is O-, -CHs

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 CR1
or CR2;

25 each R! and each R? is independently selected from H,
halo, -CF3, -OR10 (e.g., -OCH3), -CORI0, -SR10 (e.g., -SCH3 and
-SCH2CgHs), -S(O)tR1! (wherein t is O, 1 or 2, e.g., -SOCH3 and
-S02CHg), -SCN, -N(R10),, -NR1OR!1, -NOg, -OC{O)R10, -CO3R10,
-OCOg2R!1, -CN, -NHC(OJR10, -NHSO2R10, -CONHRI10,

30 -CONHCH2CH20H, -NRI1OCOOR11,



30 -CONHCHerr]CH err]OH, -NRerr]COOR[err], WO 98/11100

PCT/ US97/ 15906 -2- [err] -SRerr]C(OORerr] (e.aq.

-SCH err] [err]), -SRerr]N(Rerr])[err] vvhereln e

I ndependent f/\srnée ected fromHand -C(OORerr] (e.g., Wﬁ;
-S(CH err])[err] NHC(O O t-butyl and - ( err])[err]NH err]),
benzotriazol-1- 5 vyloxy, tetrazol-5-yltth¥fd, or substituted

tetrazol -5-ylthio (e.g., alkyl substituted tetrazol-5-ylthio such as
1-net hyl -tetrazol -5-ylthio), alkynyl, alke Qr al kyl, said al kyl or
al kenyl group optionally being substituted hal o, -OR[err] or
-CdJerr]Rerr]; R3 and R4 are the s or_-H erent and each 10

Cerr]-Cerr] fused ring to the benze iffg (Rng 111); Rerr], Rerr],
Rlerr] and R err] each independently preeents H. -CF[err], -COR[err],
al kyl or aryl, sajd al kyl or aryl tional l ei n sub ituted 15 wth
ol oo st} @i} Loz SCHCOHo) SRUBIRID), whiren sager 1,

e PR A e B
Qerr]R[err] or t.0 sen =S and/ or
Rlerr] is coni G{*@p‘] e%?g esent s H,
al kyl, aryb, glogyatérbzépsaylthitsey bibsiuted teuazeus- yitens qegn! alRykyl or
aryl; X repr ese titl.\l.liteg_itec{razbl-gh yl{'gio such 4s -%gthari— t' Orialj')-ylﬂuo)
alkynyl, alkenyl or alkyl, said alkyl or alkenyl group optionally
being substituted with halo, -OR10 or -CO2R10;
. R3 and R? are the same or different and each
10 independently represents H, any of the substituents of Rl and R2
or R3 and R* taken together represent a saturated or unsaturated
Cs-C7 fused ring to the benzene ring (Ring III);
R5, R8, R7 and R8 each independently represents H, -CF3,
-CORI0, alkyl or aryl, said alkyl or aryl optionally being substituted
15 with -OR10, -SR190, -S(O);R11, -NRIOCOOR!}, -N(R19)5, -NOg,
-CORI0, -OCORI0, -OCO2R1!, -CO2R10, OPO3R10 or RS is combined
with R6 to represent =0 or =S and/or R7 is combined with R8 to
represent =O or =S;
R10 represents H, alkyl, aryl, or aralkyl (e.g., benzyl);
20 R11 represents alky! or aryl;
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
25 present, A and B independently represent -R10, halo, -OR!1,
-OCO2R11 or -OC(O)R10, and when no double bond is present
between carbon atoms 5 and 6, A and B each independently
represent Hz, -(OR11)s; H and halo, dihalo, alkyl and H, (alkyl)z,
-H and -OC(O)R19, H and -OR!9, =0, aryl and H, =NOR!1©? or -O-
30 (CHg)p-O- wherein p is 2, 3 or 4; and
W.represents a group selected from: -SOgR12 or
-P(O)R13R14;
R12 js selected from the group consisting of:

or .R3 and R4 taken toget he’r I epr ese rg
;



doubl e bond (represented by the dotted line) to carbon atom 11; the dotted
| i ne betweenh carbon atoms 5 and 6 represents an opti onal double bond, such
t hat when a WowBtHebond is 25 present, A and B independent|ypCeusensdbs
-Rlerr], halo, -OR[err], -OCOerr]Rerr] or -OC(O R err], and when no
doubl e bond is present between carbon atons .and 6, A and B each

I ndependently represent Herr], -(ORerr])[err]; H and hal o, dihalo, alkyl

d H | kyl -H an ch],f[,( aﬂfﬂiﬁ{: 1 (5&h pgp.h
g&m[ergia Oy?[Oerr] rr err ﬁiéthrelnpls ?]yor(4 Zénéld}\/?
Pom

represents a gr of® -Sqerr]R[err] or -P(ORerr]Rerr];
Rlerr] is selected from (Zjemhyp e.gnshenzylp of : WO 98/11100

PCT/ US97/ 1506 -3 - (1) a yég rrethyl ethyl and propyl (such as
n-propyl and i so- propyl)téj dg’m benzyl; (3) cycloalkyl: 5

(4) aryl, e.d, phenyl; (4)ay: ergaap,hqn}d , pyridyl, thienyl and

i m dazol yI (e.g., 4- or Fgé I ( 8t & ein
sai d heteroaryl is as de@ne ove an% ?ﬁ&gﬁﬁ' ﬁd g’%%‘éﬁg”
from (a) 10 het &roex @-imddazolylyri dyl, and i ni dazol yl), (b) alkyl (e.g.,
net hyl), (6) substituted heteroaryl wherein said heteroaryl is as

defined above and said substituents are selected from: (a)

10 heteroaryl (e.g.. pyridyl, and imidazolyl), (b) alkyl (e.g., methyl),
(c) aryl (e.g., phenyl), (d) aralkyl (e.g., benzyl), (e) -OR19, and (f)
N(R10);

(7) camphor, e.g..

15 (8) -NR15R1€ wherein R15 and R16 are independently
selected from the group consisﬁng of: (a) H, (b) alkyl (e.g.,
methyl), (c) aryl (e.g., phenyl), (d) aralkyl (e.g., benzyl), (e)
heteroaryl (e.g., pyridyl), and (f) heterocycloalkyl {e.g.,
piperidinyl), and preferably, R15 and R!€ are the same; and

20 R13 and R14 are independently selected from the group
consisting of:

(1) H;
(2) alkyl, e.g., methyl;
(3) aryl, e.g., phenyl;
25 {4) aralkyl, e.g., benzyl; and
(5) -OR13 wherein R13 is as defined above;
preferably R13 and R14 are the same.
The compounds of this invention: (i) potently inhibit

: farnesyl protein transferase, but not geranylgeranyl protein

30 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 geranylgeranyl
acceptor; (iii) block intracellular processing of Ras which is a
farnesyl acceptor but not of Ras engineered to be a geranylgeranyl



(c) aryl (e.g., phenyl), (d) aralkyl (e.g., benzyl) (e) -OR[err], and (f)
N(R[err])[err]; (7) canphor, e.g., [err] or ;and 15 «8) =
-NR[err]RLerr] wherein R err] and R16 are |ndependently selected fromthe
group con$i Po%1: (a) H (b) alkyl (e.g., nethyl), (c) ZCHUSIH1506
phenyl), (d) aralkyl (e.g., benzyl), (e) heteroaryl (e.g., pyridyl), and
(f) heterocycl oal kyl (e.g., pi perldi nyl)s 4and preferably, Rlerr] and Rferr]
are the sane; and 20 e and R[err] are independently sel ected
fromthe gr oupamptnn amgl (iv) blogk labrianmal kell, grawth imenilttire @Afueed!

e.g., phenyl; aral kyl, e.g., benzyl; and (5) -OR[err]
wher ei n R[err] s as *lngc}&%ove égreferably R[errl and R err] are the

sane. The conpoundsIBe qqmﬁoum%pf is gnyepiionnmhjb mfamesyl amobein
protein tranSf&mrdyétaﬂ&tﬂﬁef 36N lof Atk GhEo proféil B8, |, i n

Fas i ch Ps. atRuen B TRty ﬁw’éﬁ”ﬁwn 2°% Py ?n&abéﬁ”?a%rm”g

engi neered to ﬁawrmsybpmtdige&ramydfemseer(exg ras lfajnéé)dcﬂirotem trahsidrase)
processi ng of #mhg '%sﬁef:ﬂlﬂﬁﬁﬂmﬁﬁgeﬂﬁ%ebﬁanﬁﬂisﬁﬁgﬁ fG&QI neered t.o
y

be a geranylgeran
effective amount of the tricyclic compounds described above.

The administration of the compounds of this invention to
10 patients, to inhibit farnesyl 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 effective amount of a compound of this

15 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

20 oncogenic 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

25 the tricyclic compounds, described herein, to a mammal (e.g., a
human) in need of such treatment. In particular, this invention
provides a method for inhibiting 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

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

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




WD 98/ 11100 PCT/ US97/ 15906 - 4-
acceptor; and (tv) block abnormal cell growmh in culture induced by

t ransf or m nGveRa/111¥Ne conpounds of this invention inhibit farreNssPIsede N
transferase and the farnesylation of the oncogene protein Ras. 5 Thus,
this invention further provides a nethod of- $rhibiting farnesyl protein
transferase, (e.g., ras farnesyl protein transferase) in manmal s,

tes!oeciia!ly hurrans by Rhﬁlﬁélgévédstﬁﬁm&ﬁiv@ma?fﬂfél vfmwatnie‘ thb@efor f'
rrcyciic co OU [1.nDed apov mn ratl undas o
t hi syi nvent i gﬁ t ﬁ%ég %Pﬁ#‘ﬁ?&yﬁr% Oﬁ?@'ﬂ q1§ ggaase is
useful in the trenﬂgnmthvﬂiwehaﬁaprdﬁnmﬁe&bmta:ﬂyﬁcﬁvatmbasla)n

d th |1
provi des a et nogelgiy p! H&bheﬁfb Fratdtioh iotis SONELIRE HHWVRELbehiE! | S

I ncl udi ng transforrre mn| stering ecti've
conpound of t#i s ftself iﬁMtﬂ‘ﬁ-ﬁ’atAE ﬁﬁptgﬂ@wt}? an QMCP@ni@fomTWi‘dblslaid

growth i ndependeqmﬂﬁ | treq (0 73 e&hzm‘s Binis
i nhibition). Thi s ilfﬁir& t he gﬂr?gz §vt Het B?'utlJ“?%((:je [gjum)rs)
expressing an actq qég‘eo ﬁ W‘b@? N Q‘Fﬁquc

protein is acti vaieaéimswarmhmaf(e , @huagen) in fded oPsuch ﬁeatxmhtgene

aberr ant Ras.act I EAiag HH8 '% SRR oY ARk sl
i nhi biting ck0 or tumors in which Ras is activated due to mutation or
overexpression of tyrosine kinase oncogenes (e.g.. neu, src, abl,
Ick, and fyn), may be inhibited or treated by the tricyclic
compounds described herein.
The tricyclic compounds useful in the methods of this
15 invention inhibit or treat the abnormal growth of cells. Without
wishing to be bound by theory, it is believed that these
compdunds may function through the inhibition of G-protein
function, such as ras p21, by blocking G-protein isoprenylation,
thus making them useful in the treatment of proliferative diseases
20 such as tumor growth and cancer. Without wishing to be bound
by theory, it is believed that these compounds inhibit ras farnesyl
protein transferase, and thus show antiproliferative activity
against ras transformed cells.

25

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;
30 benzotriazol-1-yloxy represents

@il\l\

N

N
\

[0

-methyl-tetrazol-s—ylthio represents

4 \
BN



treating tunmor gromh by adm nistering an effective anmount of 25 the
tricyclic conpounds, described herein, to a mammal (e.g., a human) ikh need
of such t rrent In particular, this invention provi des a met hod for

i nhi bi ti né’e% B0, ng the growth of tunors expressing an XGHUSIFRAPOR,S
oncogene by the adm nistration of an effective anmount of the above

descri bed conpounds. Exanples of 30 t unbPs- whi ch may be inhibited or
treated include, buteflre not limted to, Iung cancer (e.g | un

adenocar ci norra) pan@leenylcrepresents strajght and branche daﬁ%ﬂ’ 8 as,
for exanple, Sfingat Rt Giié carbeh G0 ©ifbon Asuible %ﬁﬁeéﬁd(&xﬂtaimn

col orectal cargino ch .as for ex co on ade car |nona a 35
col on adenoma)ﬁ:' g‘a&? &% %rpgsmlg rﬁ%&e @doms keni a
(AML)), thyr mahdcrhbstqirefemhhyé’rom@edooﬁmbantammsﬂdr onre (MDS), bl adder
i : id I i ' WO
58 11100 57 °°" ™! aBRyIRPresthil SrdighE Snd BB A Bty | |
bel i eved t hat having at deastoene casbpncta garboen teiple donst anchcontaingngr
treating prol ifr6ik uf 19 eamS6R atomis) PRTCAHI IR 2 6 &carbiif atbidias

D her Bonos e lieiing e SURYL portions oF ASRE PR &8 on o
an oncogenic fleétero hmyl)&dpifhs@ts eﬂ'aight ragrd mahchedmpm:«nﬁbed by
gggcf‘f’g‘egi%t ' aén& %tailnseﬁ-f Fooné to?twen 8&1&&? atta'ng recfera Ogng
six carbon atoms;
aralkyl-represents an aryl group, as defined below, bound
to an alkyl group, as defined above, preferably the alkyl group is
-CHga-, (e.g., benzyl);
15 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 of attachment, said carbocyclic
20 group being optionally substituted (e.g., 1 to 3) with one or more
of halo, alkyl, hydroxy, alkoxy, phenoxy, CF3, amino, alkylamino,
dialkylamino, -COOR!0 or -NOg; |
-CHga-imidazolyl represents an imidazolyl group bound by 3
any substitutable carbon of the imidazole ring to a -CHgz-, that is:
H

i N
-2
H N
such as -CHz2-(2-, 4- or 5-)imidazolyl, for example
N _(/\ NH
-~
H .
cycloalkyl-represents saturated carbocyclic rings

branched or unbranched of from 3 to 20 carbon atoms, preferably
30 3 to 7 carbon atoms;

halo-represents fluoro, chloro, bromo and iodo;

heteroaryl-represents cyclic groups, optionally substituted
with R3 and R4, having at least one hetercatom selected from O,
S or N, said heteroatom interrupting a carbocyclic ring structure

25



herein, to a manmal (e.g., a human) in need of such treatnent. For exanple,
t he benign proliferative disorder neurofibromatosis, 10 or tunors in which
Ras is act i wasdsmioae to nutati.on or overexpression of tyrosi pPeTAEYS06

oncogenes (e.g., neu, src, abl, lIck, and fyn), nmay be inhibited or treated
by the tricyclic conpounds described herei.ny _-The tricyclic conpounds usef ul
in the methods of this 15 I nvention inhibit or treat the abnormal growth

of cells. Wtho Mﬁ% r}ﬂ#ﬂb izl Y&5h t these
conpounds may ftj%nct n t réogum‘:iﬁgﬂl n |b€trh&palé oc rgﬁﬁéle?cuncté Iiﬁ such
as ras p21, by lﬂrB ?\@I@‘tﬁ'g?é?&??"a%ﬁ @Snarqfﬁﬁgcnhﬁ L‘ﬁ\ usef ul
in the treaL mentgr psrpteféragﬁymm wilnigg ¢rorm02 teutd cmg-blbwmtomsowt ﬁnd
cancer. Wt hout NGl O [ i ev ese
conpounds i nhi bltméj;? g%r nesy pr(i)iglli %’W ﬁ?’(%%éal&é 2, qﬁ' gd@?{g@’l%
antiprol i f er®t i pyridyli Nroxideglaptionally subsm:demﬂeﬁ%andm%mherm
DESCRI PTI ON OF .following terns are used
TN G B¢ teprifete

as defined belo cat ed err] -represents the

nmol ecul ar ion plus hydrogen of t nol ec in th ss spectrum 30
benzotri azol - 1-yl oxy represents r 1-fret I-te I-5-y|thio represents
[err] =

+ .z
N

J l_

o

o}

0 .
~ heteroarylalkyl-represents a heteroaryl group, as defined
above, bound to an alkyl group, as defined above, preferably the
10 - alkyl group is -CHga- (e.g:, -CH2-{4- or 5-)imidazolyl);
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-
15 or - NR10-; suitable heterocycloalkyl groups include: (1) 2- or 3-
tetrahydrofuranyl, (2) 2- or 3- tetrahydrothienyl, (3) 2-, 3- or 4-
piperidinyl, (4} 2- or 3-pyrrolidinyl, (5) 2- or 3-piperizinyl, (6) 2-
or 4-dioxanyl, (7) tetrahydopyranyl, and (8) substituted -
tetrahydropyranyl wherein said substituents are selected from -
20 hydroxy and hydroxyalkyl (e.g., hydroxymethyl), for example D-
galactosyl, i.e.,

The following solvents and reagents are referred to herein

by the abbreviations indicated: ethanol (EtOH); methanol (MeOH)
25 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 carbodiimide

hydrochloride (DEC); diisobutylaluminum hydride (DIBAL); and 4-
30 methylmorpholine (NMM). :



WD 98/11100 PCT/ US97/ 15906 -6 -
al kenyl -represents strai ght and branched carbon chai ns having at | east one
carbon to @{’3&(3 oubl e bond and containing from2 to 12 carbon atons,

10§

preferably 0 6 carbon atons and nost preferably f r oS VIPTB5%8 1 bon
atons; 5 al kynyl -represents strai ght and branched carbon chai ns

havi ng at | east one carbon to carbon tripFeé8bond and containing from2 to
12 carbon atons, preferably from2 to 6 carbon atons; al kyl-(including the

al kyl portions of al Refgreneetethespasition:pbthe substituentsBdeR2s R.r ai ght
and branched cargip Ry Baséd or e GRithBeréd PRSctutel Wenty carbon
atonms, preferably one to six carbon atons,s ar@lkyl -represents an aryl
group, as defined bel ow, bound to an ky)yomQupz as defined above, _
preferably the alkyl group is -CH es?- Razyl); 15 aryl
(including the aryl portion of aralk I)f-\ X a carbocyclic group
containing from6 to 15 carbon atom;2 hayl nONET®| east one aromatic ring
(e.g., aryl is a phenyl ring), with alltavailabl® substitutable carbon

attachment . g 0. car ?&&éﬁ%@%% e SCPAT 1 RATRRIE BRCW Bapd |

1 to 3) withBon®Rst epnistey ot theGrllhondsare: al koxy, phenoxy, CFlerr],

am no, al kyl am no, dial kyl am err] or -NJefT] .
-CH err]-imdazolyl repregt §zol yl grgéap—ound Jpoy By
substitutabl e carbon of tfe i ing to a\-CHNerR t is:

Compounds of Formula 1.0 include compouncis wherein the
bottom piperidinyl group is a 4- or 3-piperidinyl group, i.e.,
A B A B

3 \J v

or

10 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, Rl is Br and R3 is Cl1
These compounds include compounds wherein Rl is in the 3-
position and R3 is in the 8-position, e.g., 3-Br and 8-Cl.

15 Compounds of Formula 1.0 also include compounds wherein R2 is
H, and R, R3 and R% are halo (preferably independently selected
from Br or Cl). '

Preferably, compounds of Formula 1.0 are represented by
compounds of Formula 1.1:



[err] 25 such as -CHerr]-(2-, 4- or 5-)imdazolyl, for exanple [err]

cycl oal kyl “represents saturated carbocyclic rings branched or unbranched of
from3 to Hbedpe atons, preferably 30 3 to 7 carbon at onScrmserisses

hal o-represents fluoro, chloro, brono and i odo; heteroaryl-represents
cyclic groups, optionally substituted with err] and R err], having at

| east one heteroatomselected fromO S or N, said heteroatom I nterrupting
a carbocyclic ring structure WO 98/ 14100
PCT/ US97/ 15906 -7- and having a sufficiey_p rrber del ocal i zed pi

el ectrons to provide aromatic cha @ romat I ¢ heterocyclic
groups preferably containing from 2¢ e.g., thienyl, (2-,
4- or 5-)imdazolyl, triazolyl, 2-, ) Ror '5 pyr|dyl N- oxi de
(optionally substltut ed with R3 and qi@ pyridyl N-oxide can be
represented as: [err] heteroaryl al ky?l2 r\%cx a(1l:1pyeroaryl group, as
defi ned above, bound to an al kyl gro &-Hf\’ned above, preferably the 10
alkyl group is -CHerr]- (e.g., -CH &< 420 —OR85- ) iwi dazol yl ) ;

het er ocycl oal kyl -represents a sat urat ed, an N7

e

wherein all substituents are as defined for Formula 1.0.

Preferably, R2 is H and R, R3 and R4 are halo; a is N and b,
c and d are carbon; A and B are each Hj; the optional bond

5 between C5 and C6 is absent; X is CH; and RS, R, R7 and R8 are

H. More preferably, R1, R3 and R4 are independently selected
from Br or Cl. Most preferably, R! is Br, and R3 and R4 are
independently selected from Cl and Br.

More preferably, compounds of Formula 1.0 are

10 represented by compounds of Formula 1.2 and Formula 1.3:

wherein R!, R3 and R4 are each independently selected from
15 halo, preferably, Br or Cl; and A, B, X and W are as defined for



unbranched carbocylic ring containing from3 to 15 carbon atons, preferably
from4 to 6 carbon atons, which carbocyclic ring is |nterrupted bys1l to 3
hetero groups selected from-0O, -S 15 or - NRerr]-; suitable

het erocycl YR M8 oups include: (1) 2- or 3- tetrahydrof ur BR¥USITL5P06>

3- tetrahydrothienyl, (3) 2-, 3- or 4- piperidinyl, (4) 2- or
3-pyrrolidinyl, (5) 2- or 3-piperizinyl, -(8 -2- or 4-dioxanyl, (7)
tetrahydopyranyl and (8) substituted tetrahydropyranyl wherein said
substituents ar Fossdat b@.f Morepreforabl yy Asand k@(ﬂr@@%ﬂlkﬁz (félegoptional

hyd hyl
ydr oxynet hyl), bsaaﬁé&mrﬁggaﬂadégtie% serit; Bnd K36/ CHI"B1dgt debtedibty,

sol vents and reaqgents ar o) here| n' t
i ndi cated: etha is(@?(ﬁ? fiepepdently Br o) €. and S(tﬂbteom AcOH) ;
ethyl acetate ( rékcAbly\R&momhanﬂmMsmmanamFare éaa:ﬁ[l-mrﬂm: tionati d

() ti ot gt ﬁe&%v?s”a“ré 5 CRIR RIS RGFE R Ry i pnd RS

di i sobutyl al um arenHydr i de (DI BAL) and 4- 30 net hyI nmor phol i ne (NM\/p
WO 98/ 11100 - 12 R1% 5¢te
Ref erence to the posi on of e sutsstlst I%ts I&[err ?’?’?% éeipg],
Rlerr] is basedfremtthe gromprconsistingsof (1} alleyl {ecgs jmethy.
propyl or iso-propyl), (2) aryl (e.g., phenyl), (3) heteroaryl (e.g..
10 thienyl), (4) substituted heteroaryl (e.g.,
_ NP
S x™. |

W/
i.e., 2-(pyrid-2-ylithien-5-yl, or N-methylimidazol-4-yl, i.e.,

\(\_“\3

CHa )

(5) aralkyl (e.g.. benzyl) (6} camphor (e g

4 - 4

15 ). and
(7) -NR15R16 wherein R15 and R16 are independently selected
from the group consisting of: H or alkyl (e.g., methyl).

More preferably, R12 is selected from methyl, ethyl, propyl,
isopropyl. N-methylimidazol-4-yl, -NH2 or -N(CHg)2.

20 Preferably, when W represents -P(O)R13R14, R13 and R14
are independently alkyl (e.g., each are the same and each is
methyl).

Compounds of Formulas 1.2A and 1.3A:



Those skilled in the art will also appreciate that the S and 5 R
stereochemstry 'at the C-11 bond are: [err] Conpounds of Formula 1.0
i ncl ude conp¥984118erein the bottom pi peridinyl group is a 4PCYAISI?I5906
3-piperidinyl group, i.e., [err] 10 Compounds of Fornula 1.0 include
conpounds wherein R2 and Rlerr] are H and.Rjecr] and Rlerr] are halo
(preferably independently selected fromBr or C). For exanple, Rerr] is
Br and Rlerr] is d. TheseAponpgndﬁqi ncl ude conpounds ghereig Rlerr] is in
the 3- position and R err] Ye=d € 8-position, e.g., ¥Be&hd 8-C . 15
Conmpounds of Fornuga 1.239 \G 1 RS H,Raand
Rlerr], Rerr] and R € A ; pr ef er abl y i ndegend 5 ed from
Br or C). Preferably, ¥ : :
conpounds of Formula 1.1: Z\D 98/ 11100
PCT/ US97/ 15906 -9- [err] wh %'ju al | {JuBA}ituents are aséz { ®éd f di1.3A)
nd
t

Formula 1.0. Preferably, Rjerr]{is Hand Rerr], Rerr] err] are
halo; a is N and b, ¢ and

catboW A and B are each r 0]
optional bond 5 between C5 dr[éki absent; X is CH, and R[[grﬁN Rerr],
Rlerr] and Rlerr] are H More¢l pnefesably, Rerr], Rerr] Mer ] are '
| ndependently sel ected o o

are preferred when X is CH or N, and R}, R3 and R4 are halo.

The preferred compounds of this invention are represented
by the compounds of Formulas: '
A

wherein R1, RS and R4 are halo and the remaining substituents

are as defined above, with the compounds of Formula 1.5A being
more preferred. '

Representative compounds of Formula 1.0 wherein W is
10 -SO2RI12 jinclude:




fromBr or (. Mst preferably, Rerr] is Br, and R err] and R4 are

i ndependently selected fromdd and Br. Mrre preferably, conpounds of

Fornul a 1. Qugiésfinddd " epresented by conmpounds of Fornula 1.2 and Formufa 1.3:
[err] and nost preferably, conmpounds of Fornulas 1.4 and 1. pcraisénseher ei n
Rlerr], Rerr] and R err] are each independently selected from 15 hal o,
preferably, Br or C; and A B, X and WarE2as defined for WO 98/ 11100
PCT/ US97/ 15906 -10 - Fornula 1.0. More preferably, A and B are each Herr];
the optional bond between CJerr] and gFren] is absent; and X is CH Mbst
preferably, Rerr] is Br; R &~ A :@, e _tndependently Br or O, and
still nore preferably Rerr] is R[ ¢ s Br; A and B .are each
Herr]; the optional 5 bond bet wegy (& i bsent: X is CH and
Rlerr], Rerr], Rerr] and R err] ar d1 V\)‘égresents -Sgerr]Rerr],
Rlerr] is preferably selected fromt p consisting of: (1) alkyl
(e.qg., nethyl, ethyl, n- propyl or i{ opyl ), 0§ 2)C 3 (e.g., phenyl),

(3) heteroaryl (e.g., 10 thienyl), »e%#heteroaryl (e.qg., [err]
i.e., 2-(pyrid-2-yl)thien-5-yl, or N ngt yIzoIQ4-yI, i.e., [err]

_al
(4.0)

O, ., CH,CH,CH,

0 .




(5) aral kyl (e.g., benzyl), (6) canphor (e.g., [err] (7) -NRerr]Rerr]
wherein R ef + ahd Fﬂ6 are independently selected fromthe group consisting
of : H or alﬁg ., methyl). More preferably, Rierr] is selget ,?gn&&&gl

met hyl, ethyl, propyl, i sopropyl, N—nethylinidazol 4-yl, -NHerr
-N(CH[err])[err]. 20 Preferably, 3 VVrepresents
-P(ORerr]Rerr], Rerr] and Rlerr] are independently alkyl (e.g., each
are the sane and each is nethyl). Conp of Formulas 1.2A and 1. 3A:

WD 98/ 11100 Br S PCA{ US97/ 15906 - 11 - [err]
are preferred when X is CH or N, S and Rl err] are halo.

The preferred conpounds of this in ep(rgynted by the conpounds

of Formulas: [err] wherein Rerr], Rl err] hal o and t he
remai ni ng substituents are as defined OWBrwith th ounds of Fornul a
1.5A being nore preferred. Representative oonpouﬁd@ rmula 1.0 wherein
Wis 10 -SOerr]Rerr] include: >S



WO 98/ 11100

PCT/ US97/ 15906 -12 - [err] WO 98/11100 PCT/ US97/ 15906 -13 - [.err] .
98/ 11100 PCT/ US97/ 15906 14 err
Repr esent at 288 8ounds of Formula 1.0 wherein Wis 10 - SCPEF 'e"??‘%

al so i ncl ude: WO 98/ 11100

PCT/ US97/ 15906 - 15 - [err] 5 RepreseMative conpounds of Fornula 1.0
wherein Wis .

~ Representative compounds of Formula 1.0 wherein W is
10 -SO2RI2 also include:



-P(ORerr]Rerr] include: [err] The conpounds of this invention also

include thé 1-N¢ oxides--i.e, for exanple, conpounds of the the fornula:
[err] 10 w¥WOaes/ni00 represents the remai nder of the conpoeCTIUSIINIS90E
pharmaceutically acceptable salts or sol vates thereof. WO 98/ 11100

PCT/ US97/ 15906 - 16 - Optical rotation of the conpounds ((+)- or (-)-) are
measured i n nethanol or ethanol at 25C. This invention includes the above
conpounds in the anorphous state or i cyrstalline state. 5 : Li nes
drawn into the ring systens iBgi{cafs e Ndecat ed bond nmay be
attached to any of the substitutaple n atons. Certain conpounds
of the present invention may exisSkd oerd i Ebkd)ic forms (e.g.,
enanti onmers or diastereoi soners) 10 udi ng atropisoners (i.e.,
conpounds wherein the 7-nmenbered ring #5 W0 a fixed conformati on such that
the 11 -carbon atomis positioned aboje or| bel owPgheCByane of the. fused

beznene rings due to the presence of aN]p<br ﬁ-c&sti tuent). The invention
contenpl ates all such isoners both o :
. ' O .

and
Br = . O Cl
\ N/ (14.2)
N
Eﬁ\])Oifs::“’
o | .

5 Representative compounds of Formula 1.0 wherein W is
-P(O)R13R14 include:

P
o

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

Br/ Cl
1 \

—

N
\

H
o Br (1.6)
)
1 0 SNANANS
wherein YVVVV' represents the remainder of the compound, or
pharmaceutically acceptable salts or solvates thereof,



15 in pure formand in adm xture, including racem c m xtures. Enol forns
are al so included. Certain tricyclic conpounds will be acidic in nature,

t hose g9 Whi ch possess a carboxyl or phenolic hyd roup.
These corrpoungs may form pharmaceutical ly accept able 20 sal tg‘%@gﬁ’ﬁ?@ of
such salts may include sodium potassium cgﬁmum al um num gold and
silver salts. Al so conterrpl ated are salts f d vmth phar maceutical ly

accept abl e am nes suc am nes yaI yl am nes,

N- et hyl gl ucani ne and 9?3“4%%%“ OF}G’C&Q‘PRP y)c)araé'ecorrpounds
al so form phar nacmeasaredinonmethanbl erﬁhhnolatQZS%}rcr d addr tion 3al st] I For
exanpl e, the pyrido-ni ile
conpounds havi ng basi i@%%@'ﬁ:ﬁﬁéﬂ?&%@ ?‘gérj%t% e&%ﬂ?@%@% salts

wi th weaker aci dsampxphoussstste on imthe cyostallinciststd.or sal t for mation are
hydrochl oric, 5su| fur i CLirROPRRN o §y${d:ﬁs ARAFAE (HER G C.

S e e TRl boRi il B oo s o e PmbebSEAbl g
salts are preparechﬂmmammgtl ng the free base form with a sufficient 35
amount of the: dest 0 GeL i BRRRiES ol ot rbehhE sHIBNGH HHShTREIE Ly
dil ute aqueous badiferenttisomeric formsii{¢.gt eenqnéimmeﬁa@-l diasteseoisomers)
carbonate, a’ﬂﬁo”iﬁm‘l‘ﬂﬂﬁg‘gﬁ’&isomers {t.e., compounds wherein the
7-membered ring is in a fixed conformation such that the
11-carbon atom is positioned above or below the plane of the
fused beznene rings due to the presence of a 10-bromo
substituent). The invention contemplates all such isomers both

15 in pure form and in admixture, including racemic mixtures. Enol
forms are also included.

Certain tricyclic compounds will be acidic in nature, e.g.
those compounds which possess a carboxyl or phenolic hydroxyl
group. These compounds may form pharmaceutically acceptable

20 salts. Examples 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-methylglucaxnine
and the like.

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

30 acids for salt formation are hydrochloric, sulfuric, phosphoric,
acetic, citric, oxalic, malonic, salicylic, malic, fumaric, succinic,
ascorbic, maleic, methanesulfonic and other mineral and
carboxylic acids well known to those in the art. The salts are
prepared by contacting the free base form with a sufficient

35 amount of the desired acid to produce a salt in the conventional
manner. The free base forms may' be regenerated by treating the
salt with a suitable dilute aqueous base solution such as dilute
agueous NaOH, potassium carbonate, ammonia and sodium




WD 98/ 11100 PCT/ US97/ 15906 - 17-

bi carbonate. The free base forns differ fromtheir respective salt forns
somewhat i n Wweresaiimwophysi cal properties, such as solubility i rcraisst15906
solvents, but the acid and base salts are otherw se equivalent to their
respective free base forns for purposes of st -5 invention. Al such acid
and base salts are intended to be pharnaceutically acceptable salts wthin

the sc;noet OI t[lﬁ bWeaWhé{ﬂﬁeé%éb@%ﬁg&ﬁﬁéﬂ|ﬁéﬁt§eﬁ ORSpERERE salt f
equivalent to the_free formns,0 e correspondi.-ng_conpoun or _pur, 0
10 the inventionf® h# lph%el%ﬂ#éﬁ ﬂa&%ﬂ'@&’ g‘?’i@%

t he procedures deihx ohuisolve!ﬁsQBﬂtGhbGaddbéndMeﬁpalts e, oﬂ:&?ﬁlise '
Application Seria | I
No. 08/577, 951 fu#%%g’g%éru% '%égé?now %5%58 géo-hsn ﬁ‘?‘pbxoﬁ‘ghbgﬁt‘?ﬁ%*@
Serial No. 08fsi5imentiomed March 13, 1996 (now abandoned), WO 97/23478

publ i shed July 8, 1997 AWdiéh Ucla iR elskSAWRPE tnfEAQ] totheSeri al No.
08/ 577,951 and 08/615 760, and, Appl i cation Seri al 08/7126‘824 filed

Sept ember 13, 199Bharma Iy, peceptahly B‘e“ﬁ&‘i‘h&?m the herein
by reference thergiventedn amet alldacid andtMeosansdmeeome@emheéMt to

Compounds of the {40y $ld P8ehi8of P cBRALS hokisly” S PuaS R0 Pipes' BF
10 the invention. _
Compounds of the invention may be prepared according to
the procedures described in WO 95/10516 published April 20,
1995, Application Serial No. 08/410,187 filed March 24, 1995,
Application Serial No. 08/577,951 filed December 22, 1995 (now
15 abandoned), Application Serial No. 08/615,760 filed March 13,
1996 (now abandoned}, WO 97/23478 published July 3, 1997
which discloses the subject matter of Serial No. 08/577,951 and
08/615,760, and Application Serial No. 08/712,924 filed
September 13, 1996; the disclosures of each being incorporated
20 herein by reference thereto; and according to the procedures
described below.

Compounds of the invention can be prepared by reacting a
compound of the formula: -

25
wherein all substituents are as defined for Formula 1.0, with the

appropriate protected piperidinyl acetic acid (e.g., 1-N-t-butoxy-

carbonylpiperidinyl acetic acid together with DEC/HOBT/NMM in

'DMF at about 25°C for about 18 hours to produce a compound of
30 the formula:



wherein all substituents are as defined for Fornula 1.0, with the
appropriate protected piperidinyl acetic acid (e.g., 1-Nt-butoxy- .

car bonyl plvgﬁg'g,ggwl acetic acid together with DEC/ HOBT/ NWM.i n DME at about
25[err]C foO 18 hours to produce a conpound of 30 t FETEHIPe WO
98/ 11100 PCT/ US97/ 15906 - 18 - [err] The
compound of Formula 17.0 is then reacted” d& ner with TFA or 10% sul furic
acid in dioxane and nmethanol followed by _NaOH to produce the conpound of
Formula 18.0 [err] For exanple, thésco pBund o formula [err] can be

prepared by reaction of a comi%u\ R16.0 with
1- N-t - but oxy- car bonyl pi peri di nyN \d as described 10 - above. For
Exanpl e, conpounds of Fornula 9. gaomp LAy : WD 98/ 11100
PCT/ US97/ 15906 - 19 - b/a
| R;S\/x\/-R?
1 [] 8 O
AN |
)\/ N O CHg
NA X
HgC CHj3

The compound of Formula 17.0 is then reacted either with TFA
or 10% sulfuric acid in dioxane and methanol followed by NaOH
to produce the compound of Formula 18.0

A

Rﬁ——" "~R5
wﬂ
o

can be prepared by reaction of a compound of Formula 16.0 with
1-N-t—butoxy—éarbonylpiperidinyl—4-acetic acid as described
10 above.
' For Example, compounds of Formula 19.0 include the
compounds:



Br [err] Br WD 98/ 11100

PCT/ US97/ 15906 <20 - [err] The preparation of these conpounds are descri bed
in Preparat iwesgnfeanples 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 andrdI3yUs9?/15906
respectively, below. The conpounds of the invention can be prepared by
reacting a conpound of the formula: [err] Hig0- with the appropriate
protected piperidinyl acetic acid (e.g., 1-N t-butoxycarbonyl pi peridi nyl
acetic acid together w th DEC/ HOBT/ NWM in DVF at about 25[err]ﬁ for about

PCT/ US97/ 15906 -21- [eBr
either with TFA

\ Cl Br < Cl
(o A ®
N N




or 10% sulfuric acid in dioxane and net hanol followed by NaCH to produce
the conmpound of Formula 19.1 [err] The am de conpounds of this ,invention,
represented by Formula 1.7 [err] can be prepared by reacting the conpound
of Fornulé”?gzl 0 th 10 the appropriate carboxylic acid BCHUBIAME6ence
of a coupling agent such as DEC and HOBT in dinet hyl f or mam de.

Al ternatively, the conpound of Fornula 1020 €an be reacted with an acid
chl oride or anhydride in a solvent such as pyridine. Conmpounds havi ng an
1- N- O group: WD 98/ 11100

PCT/ US97/ 15906 -22 -Bfeyy
conmpounds: [err] by OX|o=t|9.
reaction 5 is conducted~~N"a X- . g.

di chl oronet hane (usual |y anhydpp us) or nethylene cqloride, at a SU|tabIe
tenperature, to produce the np unds of the invgntipn having the N O
substituent at position 1 of of the tricyglicjring system 10
General ly, the organic solven f the st I N NH

RSpGhdi ng pyri dyl
a-chl g op ‘ c acid. This

O : o : and

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

B~ a
N

(16.1)

N
I
H
10 with the appropriate protected piperidinyl acetic acid (e.g., 1-N-
t-butoxycarbonylpiperidinyl acetic acid together with
DEC/HOBT/NMM in DMF at about 25°C for about 18 hours to

produce a compound of the formula:



tricyclic reactant is cooled to about O[err]C before the mchl oroper-
oxybenzoi c-acidr is added. The reaction is then allowed to warmto room
t enper at ur e wigg/niged he reaction period. The desired product egTN97/15906
recovered by standard separation nmeans. For 15 exanple, the reaction
m xture can be washed with an aqueous solutgpn of a suitable base, e.g.,
saturated sodi um bi carbonate or NaCH (e.g. 1N'NaO—|) and then dried -over
anhydr ous magnesi um sul fate. The sol ui-e cont ai ni ng the product can be
concentrated in vacuo. The pgedu - pory fied by standard neans, e.g.,
by 20 chromatography using sili flash c riz chr omat ography).
S ge? | nt er medi at WO 98/ 11100
PCT/ US97/ 15906 - 23 - [err] by the abovgl Mifdati on procedure with
m chl or oper oxybenzoi ¢ acid and [err] 53 e BEi .n Qig a gﬂgt ecting group,
e.g., BOC. After oxidation the proteqting] group igjre by techni ques
well known in the art. The N-Ointer

g £t e g a further to
produce the conpounds of the invention.} Conmpounds of FoHgula 16.0 incl ude
t he conpounds of

o _

The compoimd of Formula 17.1 is then reacted either with TFA
or 10% sulfuric acid in dioxane and methanol followed by NaOH
to produce the compound of Formula 19.1

The amide compounds of this invention, represented by
Formula 1.7

can be prepared by reacting the compound of Formula 19.1 with
10 the appropriate carboxylic acid in the presence of a coupling '
agent such as DEC and HOBT in dimethylformamide,
Alternatively, the compound of Formula 19.1 can be reacted with
an acid chloride or anhydride in a solvent such as pyridine.
Compounds having an 1-N-O group:



10 fornul as:

98/ 111

00

[err] for exanple, the conpound of fornmula [err] . WD

PCT/ US97/ 15906 -24 - The

conpound of Forrnmula 16.0A or 16.0B is prepared by nethods known in the art,

for ex

anpl ¥/

ods disclosed in WD 95/10516, in U S. 5, PET/USIHIS90G

t hose descri bed bel ow. The above internedi ate conpound can al so be prepared
by a 5 procedure conprising the foll ow ng- 22ps: (a) reacting an am de of
the formula [err] wherein Rlerr] is Br, Rerr] is hydrogen and R err] is

derr]

aryl o

aryl ;

attached, forma ring conprising 4 to 6 pa
atons and one hetero noi ety sel ect®
and -NR[err]-, wherein Rerr] is H,
conmpound of the fornmula [err] wher ety
are are independently sel ected |

car bon
of -O
with a

Rl err]

-Clerr] alkyl, aryl or heteroaryl;
r heteroaryl and R err] isBte Z
I ndependently selected fromthe group

or Rerr]

10

15

is CJerr]-(err] alkyl,
RRQI+L¢1 and Rlerr] are
f Jerr]-(Jerr] al kyl and
Re ogen to which they are
oﬂ&%]tonglgﬁ conprising 3 to 5

t he 'gf oup consisting 15
Cerr]-Cerr] alkyl or phenyl;
Rlerr], Rerr], Rerr] and

(Vo aVaVaVol
can be prepared from the corresponding pyridyl compounds:

A

and Rlerr], together "WN

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 Ring I 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 allowed to warm
to room temperature during the reaction period. The desired |
product can be recovered by standard separation means. For
example, the reaction mixture can be washed with an aqueous

' solution of a suitable base, e.g.. saturated sodium bicarbonate or

20

NaOH (e.g.. 1N NaOH), and then dried over anhydrous magnesium
sulfate. The solution containing the product can be concentrated
in vacuo.. The product can be purified by standard means, e.g., by
chromatography using silica gel (e.g., flash column
chromatography). .

Alternatively, N-O compounds can be made from
intermediate:



fromthe group consisting of hydrogen and halo and R7a is G or 20 Br, in
the presence_of a strong base to obtain a conpound of the fornula [err] (b)
reacting a cORI¥EH®0f step (a) with (i) PO [err] to obtain BCEPSIHS6
conpound of the fornula [err] [err] WO 98/ 11100
PCT/ US97/ 15906 -25 - (ii) DI BALH to obtai n-@8 al dehyde of the fornula [err]
(c) reacting the cyano conpound or the al dehyde with a piperidine
derivative of the fornula [err] 5 wherein a_l eaving group sel ected
fromthe group consisting of C 2F a—ktt one or an al cohol of
the formul a bel ow, respectively: R a [err] ‘10
(d) (i) cyclizing the ketone with CF[ eMN SOF 0 obtain a conpound of -
Fornul a 16. 0A or 16.0B wherein the dottew | @%eli?\ a doubl e bond; or.
id

(d)(ii) cyclizing the alcohol with polyp

by the above oxidation procedure with m-chloroperoxybenzoic
acid and

Br (16.1B)

5 wherein Q is a protecting group, e.g., BOC. After oxidation the
pi'otecting group is removed by techniques well known in the art.
The N-O intermediate are then reacted further to produce the
compounds of the invention.
Compounds of Formula 16.0 include the compounds of
10 formulas:

hﬂo

halo’

(16.0B)



obtain an Internediate conpound wherein the dotted line 15 represents a
single bond. Methods for preparing the Internedi ate conpounds di‘scl osed in

WO 95/ 10516vo Yérii1ed. 151, 423 and descri bed bel ow enpl oy a trlﬂ% 7, ﬁ%one
i nternmedi ate. Such internmediates of the fornmula [err] 20 i

PCT/ US97/ 15906 -26- wherein Rerr], Rerr],,Rerr], Rerr] and R[err] are
i ndependently sel ected fromthe group cons?%tl ng of hydr ogen and hal o, can

be prepared by cess sin reactin conmpound of
the formula [er ??’%S(t‘%rﬂp%&ﬂ oz La ggp(% i gptﬁﬁés ﬁ?’ '? er r],

wherein R err] dakpm iasthhaart;eﬁrlexamplmbycmﬂthaﬂsmsclosemm
presence of a p VS n m de of
the formul a: W ;’IDISQB\?MM Ua% gf%%}{ﬁm @%ﬁrﬁf El err vvherei n
Rerr] is C[err ediate comppupgd can alsg BFW i the
presence of B procedure comprising the following steps:

(a) reacting an amide of the formula
R11a
]

NRSeRta
wherein R1 la js Br, R52 is hydrogen and R62 is C;-Cg alkyl, aryl or
heteroaryl; R52 is C}-Cg alkyl, aryl or heteroaryl and R6a is
10 hydrogen; R52 and R62 are independently selected from the
group consisting of C)-Cg alkyl and aryl; or R52 and R®2, together
with the nitrogen to which they are attached, form a ring
comprising 4 to 6 carbon atoms or comprising 3 to 5 carbon
atoms and one hetero moiety selected from the group consisting
15 of -O- and -NR%2-, wherein R9 is H, C-Cs alkyl or phenyl;
with a compound of the formula

H1a

R7a R2a

R
_ R4a .
wherein Rl2a, R22, R32 and R42 are are independently selected
from the group consisting of hydrogen and halo and R72 is Cl or
20 Br. in the presence of a strong base to obtain a compound of the
formula
Rla

2a
Br/ R

4

o R3a
_ NRSap6a Réa
{b) reacting a compound of step (a) with
{1y POCl3 to obtain a cyano compound of the formula
Ra

2a
Br 2 R

N

I
| Ro
25 N R ; or



pal | adi um cat al yst and carbon nonoxide to obtain the ester of the fornul a
[err] 15 fo reacting the ester with an am ne of for

to obtain thdégﬁﬁﬁa&/ (b) reacting the am de with an i odo- submg nzyI
conmpound of the formula [err] 20 wherein R[gg Rlerr], Rlerr], Rerr] and
Rlerr] are as defined above, in the presericé”of a strong base to obtain a
conpound of the formula [er 8/ 0

PCT/ US97/ 15906 - 27- (c) q@ Pi?ﬁé\%% (ﬁ%‘@gﬂ@%ﬂg?@bdfﬁf%q?@m@agent of
the formula Rlerr] ML, wherein Rlerr] is (err] -Clerml® al kyl, aryl or
heteroaryl and L is Br or O, provided ghat clg2ati on, conpounds
wherein Rba or R6a is hydrogen are reacte e N 5 protecting
group. (+)-Isoners of conpounds of Fornul 31682 [ er be prepared with
hi gh enantiosel ectivity by usi-ng a process catal yzed
transesterification. Preferably, a H Rée .

(c) reacting the cyano compound or the aJdehyde with a

piperidine derivative of the formula
MglL

N
5 L l |
wherein L is a leaving group selected from the group consisting
of C1 and Br, to obtain a ketone or an alcohol of the formula

below, respectively: .

10 (d){) cyclizing the ketone with CF3SOgH to obtain a

| compound of Formula 16.0A or 16.0B wherein the dotted line
represents a double bond; or
| (d)(if) cyclizing the alcohol with polyphosphoric acid to
obtain an Intermediate compound wherein the dotted line

15 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

R1a
R2a
RI1W 7 \
N

3a
| 20 . (o] H4a R



10 racem ¢ conpound of Formula 16.3 [err] is reacted with an enzyne such as
Toyobo LIP-300 and an acyl ating agent such as trifluoroethly isdbutyrate,;
the resul t apogeiecani de is then isolated fromthe (-)-enant ipeiRisofsdgs ne by
15 techni ques well known in the art, and then the (+)-amde is

hydrol yzed, for exanple by refluxing with .acid such as Herr]SOerr],
and the resulting conpound is then reduced with DI BAL by techni ques well

a e res ound 1 . | . .
of For mil & 16 o VR B Ib, REa SRS CRR KA RADAE lipeRiLAlfdedtégtdd O
first reduced t&ramecthe greupsiansis ydregamhand Balg-gram he preparady

then treated w by tﬁ@fgﬂmg(ﬁ@mbg dd,ﬁpﬁgm%and acyl ati ng agent as
descri bed above to Oitf‘i n t,he (a+2: am de vf\@dg‘ }s hﬁ/]drol yzed to obtain the
optically enriched (¥ F g 2 compaynd ¢ lormula

PCT/ US97/ 15906 -28 - Those skilled in RH b1 | appreciate that
conpounds of Formula 1.0 having other R er R2, Rerr] and R err]
substituents may be made by the above enzy cess. To produce the

conpounds ofS Fornula 1.0. the conpounds 5 of F fhulas 18.0 or 19.0 are
reacted with the appropri 4)evithl anramine ofrthecforifular NHR¥RE4) Wwherein

sul farmoyl chl orj 6 r r Co . of
the apptopri at e#;ﬁogﬁﬁﬁg 4 BIrp! dd NSRnRd i the iBRedd bbovSChe theFidehce
olap um catalyst and carbon monoxide to obtain an amide of

the formula:
Hi 1b

4
10 NRS®RS2. or
(ii) with an alcohol of the formula R10aQH, wherein
R10a i5 C}-Cg lower alkyl or C3-Cg cycloalkyl, in the presence of a
palladium catalyst and carbon monoxide to obtain the ester of the

formula
R'! 1b

0
15 OR'0a

followed by reacting the ester with an amine of formula
NHRS5aR62 to obtain the amide;
{(b) reacting the amide with an iodo-substituted benzyl
compound of the formula
R\
R7a A2
) Ra
20 | Rée
wherein R1a, R2a, R3a, R4a and R72 are as defined above, in the
presence of a strong base to obtain a compound of the formula

R1a
H‘Hb R2a

7\

3a
oI R

4a
NR5aRta R : and



(NeH]NeH]WQCH when Wis -P(ORerr]Rerr]. This reaction is
conducted according to procedures well known in the art. For 10 exanpl e,
t he conpouM9%K118br mul as 18.0 or 19.0 are reacted with t hhe BV OHLNse
sul fonyl chloride or sulfanoyl chloride in a suitable organic sol vent
(e.g., dichloromethane) with a suitable ba&&-(e.g., triethylamne). For
exanple reaction of the conpound of the fornuladLSr 15 with
(Rlerr]SJerr]d) or (Ejeyc]iﬁ[rxga]ﬂmmunmoﬁlstﬂp n&thaauereaggnt of the

Vi o1 ds. compoundOrar e, &T ML, PRSkPT Rik J5TCRC AN B17) Snhetérdiyt | am ne

PCT/ US97/ 15906 and L isdry ]och . (AT d\tha} pripr to cyclizatipy, compeunds n of

the compound of whapefrp'RB4 85 Réarid hyﬂfb%a{;@ré]x‘é@[cwd]vﬂthlmsmtdﬁlemet hane
and trlethylsam ne e/c?_ ds con'%ounds of the fornula: [err]

(+)-Isomers of compounds of Formula 16. 2

can be prepared with high enantioselectivity by using a process
comprising enzyme catalyzed transesterification. Preferably, a
10 racemic compound of Formula 16.3

is reacted with an enzyme such as Toyobo LIP-300 and an
acylating agent such as trifluoroethly isobutyrate; the resultant
(+)-amide is then isolated from the (-}-enantiomeric amine by

15 techniques well known in the art, and then the (+)-amide is
hydrolyzed, for example by refluxing with an acid such as H2SO4,
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 16.2. Alternatively, a

20 racemic compound of Formula 16.3, is first reduced to the
corresponding racemic compound of Formula 16.2 and then
treated with the enzyme (Toyobo LIP-300) and acylating agent as
described above to obtain the {+)-amide, which is hydrolyzed to
obtain the optically enriched (+}-isomer.



10 Al ternatively, reaction of the conmpound of Forrmula 23.1 preferably
with an excess of sulfamde in water at about 100[err]C, or WO 98411100
PCT/ US97/ 15 5 - With sulfamide in a nelt at about 150[e or with
sul f am de ig&?g%gl?opanol at about 86[err]C, yields a corrpoun&‘%&’

formula: [err] 5 Conpounds of the in\rlggtion are exenmplified by t he
fol |l ow ng exanpl es, Wnich should not be co fued to limt the scope of the

di scl osure. PREPARATI E,l r] err nbi ne 10 (60.5
mmol ) of ethyl 4-pyri §Ee§ da“ii%?@’iﬂ"bfa@ﬂje GIRpPPY, 50‘0

- 20[errLC hadd ngﬁinna(ﬁo Baving otier RS, Rmeﬁamdddz"smblsﬁtuixy[ﬁ{ Ol%for 1
our and then at addi ti ona g

nmol es) of NCPBA%#W&%gﬁggé %1@%@;@3 Dilute with CHerr]d [err]
and wash with sat urat 7o prodi@iethé qoanpounsls ehFormardavbOe theDcomposm

go s 2% 5&@2863‘@@5@5‘;@’”%@%% al ﬁs@fm& %‘i“f&?%'f
t he product conp ol 2Cl)

. W is -SO2R12, or the appropriate phosphinyl chloride
{(R13R14P(0)C]) when W is -P(O)R33R14. This reaction is
conducted according to procedures well known in the art. For

10 example, the compounds of Formulas 18.0 or 19.0 are reacted
with the appropriate sulfonyl chioride or sulfamoyl chloride in a
suitable organic solvent (e.g., dichloromethane) with a suitable
base (e.g., triethylamine).

For example, reaction of the compound of the formula

O

15 - | |
with (R12S02CJ) or R13R14P(0)Cl in dichloromethane and

triethylamine, or R1SRIENSO2(l in acetonitrile and triethylamine
yields compounds of the formulas:

20



[err] Combine 3.5 g (19.3 mml) of the product of Step A 17.5 25 nL of
Et OH and 96 10% NaOH (aqueous) and heat the WO 98/11100
PCT/ US97/ 1538‘6"%?%"

m xture at 67C for 2 hours. Add 2 N HCIPFQ'Hﬁ &?g‘)‘to

adjust to pH = 2.37 and concentrate in vacuo to a residue. Add 200 niL of
dry EtCH, filter through celite and wash th@9f-i | ter cake with dry EtCOH
(2X50 m). Concentrate the conbined filtrates in vacuo to 5 give 2.43 g of

the title conmpound. PREPARATI VE EXA
prepared via the process di s@osgd™
WDO5/ 10516. PREPARATI VE EXAMPLE ¥
PCT/ US97/ 15906 -32 - Conbine 14.9

10

[err] The title conpound is

pe-€F nat i onal Publication No.
. [err] WO 98/11100

of 8-chl oro-11-(1- et hoxy-

o » O

respectively.
- Similarly, reaction of the compound of the formula:

f,QQ
{23.1)

N

)\D

with R12805C1 in dichloromethane and triethylamine yields
compounds of the formula:

; (23.2)
é\p ,SO,R!2

Alternatively, reaction of the compound of Formula 23.1
preferably with an excess of sulfamide in water at about 100°C, or



car bonyl - 4-pi peridinyl)- 11H benzo[5, 6] cycl ohepta[ 1, 2-bl pyridine and 150 nL
of CHerr]dTJerr], then add 13.07 g (42.9 mml) of (nBu)[err]NNJ err} and
cool the m lof 0C. Slowy add (dropwise) a 5 solution

(42.9 m*rol))%? Tll:iA&oln 20 nL of CH err]C[err] over 1.5 hour?m%é%g’lﬂqg

m xture at O[err] C overnight, then wash suc%ﬁ sively with saturated

NaHCO err] (aqueous), water and brine. e organic soI utlon over
Na2SO4, concentratg,in yac to a_regsi and LQmat o he re5|due
(silica gel. Et O@ﬁhﬁﬁ‘éﬁf@‘nﬁi e "Br%&‘éit%q‘ x}g% Cpd ‘1 amidedn ( he
two product conpdsopreopsiiol)atiaboaf86°LC, yiemsea:tam'ﬁp Hesfsthepfirmala:
conpound 3A(i): MHerr] = 428.2; Mass Spy for conmpound 3A(ii): MHerr] =
428.3. Step B: [err] 15 Conbi neB2, 0 cff the product 3A(i)
fromStep A 150 nL of 85% Et OH (ad g (0.463 nole) of Fe
powder and 2.42 g (21.8 mmol ) of CabSkh ~ 2Rg=heat at reflux overnight.
Add 12.4 g (O. 222 nol e) of Fe powder and 2 g ({1820 nmol ) of
CaCl[err] and heat at reflux for 2 hour anot her 12.4 g (0.222 nol e)
of Fe powder and 1.2 g (10.8 mmol ) of ng r] andggf2 at reflux for 2
hours nore. Filter the hot m xture throu el 6rrls Vash t he
celite[err] with 50 nL of hot EtOH and corjcentfrate}j the filtrate in vacuo to
a residue. Add 100 nlL of 25 anhydrous Et ntrate to a residue and
chromat ograph the residue (silica gel, CH err]C[err]. gradient) to

gi ve 16.47 g of the product conpound.

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

- PREPARATIVE EXAMPLE 1
o=
\_/ - COH

10
Step A:

O, — O
Q‘cozm | S Voo

Combine 10 g (60.5 mmol) of ethyl 4-pyridylacetate and

120 mL of dry CH2Cl3 at -20°C, add 10.45 g {60.5 mmol) of

15 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 CH2Cls and wash with saturated
NaHCOg3 (aqueous) and then water. Dry over MgS0O4, concentrate
in vacuo to a residue, and chromatograph (silica gel, 2%-5.5%

20 (10% NH40H in MeOH)/CHgaClg)to give 8.12 g of the product

_ compound Mass Spec.: MH* = 182.15

e, — O
O — =

Combine 3.5 g (19.3 mmol) of the product of Step A, 17.5
25 mL of EtOH and 96.6 mL of 10% NaOH (aqueous) and heat the
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Step C. [eftr] Conbine 16.47 g (41.4 mmol) of the product from Step B, and
150 nL of 4% gueous) and cool to -3C. Slowy add 5 (CImESSTEPEA8 ni
of brom ne, then slowy add (dropw se) a solution of 8.55 g (0.124 nol e) of
NaNQ err] in 85 nmL of water. Stir for 45 m3btes at -3 to O[err]C, then
adjust to pH = 10 by addi ng 50% NaOH (aqueous). Extract with Et OAc, wash
the extracts wit mixture atr87°@ fort Rcheuts.adickl 3VNIHOR [aquédighleto adjust to

Concentrate to a r eI

gradient) to give 10. duc and
g2 fff&@g SRR i SO

3C(i1i respecti T er jcakes SS

Sg(ec )for Cg”pou ? £ J:nceﬁﬁ%mmtt:%ﬁe c%?éau'?ew[r@ﬂc ]  Padid6 {ya

pr oduct 3(:(|) of Ste q:w ng 1 n concentrat edd eat ng

about 100[ er 3 % title\gomyppundyo

PCT/ US97/ 15906 _

PREPARATIVE EXAMPLE 2

o} CO,H
O
(CHg)gC—O

The title compound is prepared via the process disclosed
10 in PCT International Publication No. W095/10516.

15



-34 - Cool the mxture, the neutralize with 1 M NaOH (aqueous). Extract
with CHerr]CJ[err], dry the extracts over MgSO4, filter and concentrate in

vacuo to tigpégifakgd conpound. Mass Spec.: MHerr] = 466.9. 5p §E #?Bkerr]
Di ssolve 1.160 g (2.98 muol ) of the title corrpound from Step I n

DMVF, stir at roomtenperature, and add 0.3914 g (3.87 mmol) of
4- et hyl - nor pholine, 0.7418 g (3.87 10 "nBl) of DEC, 0.5229 ¢ (3 87 mmol )
of HOBT, and 0.8795

1- N-t - but oxycar bony| q‘?}é%?%ﬁ% 5;{:3? memol) §f 8schlorgsd 1{lethoxy: | oom
tenperature for carbenyl-4-piperidingh: htiebenzob&ﬁbcydohepmﬁldﬂeblpmdine

partition the rgﬂdqudoﬁm\@frm%b T iHerl 864l 19! e organic
phase successi v? M tsgfs d NaH err a
NaH err] PO err] {léﬂjs IW&M
filter and c®nceslutiba mhs\oambtmzae moﬁuefmmawmbf@ﬁ
(P 9 2B R Gl bt P by o
product. mp. enment a
anal ysi s: cal sucgessivelycwitly sam;xr&t,edaNaHC% (ﬁqﬂemfls)u rvda.ter(andsm H
6.62; N, 7.45. m%l
Step E and 20 Z?ﬁpﬂl‘: OE’ﬁer r i @ | err| ? Lere iﬁ'?g%h%dt&
TFA, stir the nirgsigue and chromatograph the residue (silica gel, EtOAc/hexane
10 gradient) to give 4.32 g and 1.90 g of the two product compounds
3A(i) and 3A(ii), respectively.
Mass Spec. for compound 3A(j): MH* = 428.2;
Mass Spec. for compound 3Afl)): MH* = 428.3.

CO,Et

Combine 22.0 g (51.4 mmol) of the product 3A(f) from Step

A, 150 mL of 85% EtOH (aqueous), 25.85 g {0.463 mole) of Fe
powder and 2.42 g (21.8 mmol} of CaCla, and heat at reflux
overnight. Add 12.4 g (0.222 mole) of Fe powder and 1.2 g (10.8

20 mmol) of CaClz and heat at reflux for 2 hours. Add another 12.4 g
(0.222 mole) of Fe powder and 1.2 g (10.8 mmol} of CaClz and
heat at reflux for 2 hours more. Filter the hot mixture through
celite®, wash the celite® with 50 mL of hot EtOH and
concentrate the filtrate in vacuo to a residue. Add 100 mL of

25 anhydrous EtOH, concentrate to a residue and chromatograph the
residue (silica gel, MeOH/CH2Cl, gradient) to give 16.47 g of the
product compound.

15



WD 98/ 11100 PCT/ US97/ 15906 - 35 - for 2
hours, then basify the mxture with 1 N NaOH (aqueous). Extract with

CH err] C [ erwDs9sdimot he organi c phase over MgSQ err], filter pefuseissos
concentrate i n vacuo to give 1.16 g of the product. mp. = 140.2- 140. 8C,

Mass Spec.: MHerr] = 516.2. 5 - 33 - PREPARATI VE EXAMPLE 4 [err]
[err] Conblne 25. 86g (55.9 mml ) of 4-(8-chloro-3-brom-5,6- 10 di hydr o-
11H benzo[ 5, 6] cyc .a[ 1 ,2-b]pyridin- 11 -ylidene)- 1-

pi peri di ne- 1-carboxylic aci d et hyl ester and 250 nL of cgacentrated

Herr]SOerr] at -5[err]C, then add 4.8 g (56. @’\ X\ i:md
stir for 2 hours. Pour the mxture into 600 g o ) t
concentrated NH err] OH (aqueous). Filter the 15 7o 'th 300 nL
of water, then extract with 500 nL of CHerr]C[err]. THe extract with
200 nmL of water, dry over MgSH, then filter and concent [ :%/ uo to a
resi due. Chromatograph the residue (silica gel, 10% Et [err]) '
to give 24.4 g (86%yield) o gasproduct. mp. = 165-1 % Ass Spec. :
MH err] = 506 20 (Cly . el ey 'El calculated -|'C, 52.13; H,
4.17; N, 8.29 found - 28 ‘ B CO,Et

3

)
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. Slowly add
5 (dropwise) 18 mL of bromine, then slowly add {dropwise) a
solution of 8.55 g (0.124 mole) of NaNO2 in 85 mL of water. Stir
for 45 minutes at -3° to 0°C, then adjust to pH = 10 by adding
50% NaOH (aqueous). Extract with EtOAc, wash the extracts
with brine and dry the extracts over NagS04. Concentrate to a
10 residue and chromatograph (silica gel, EtOAc/hexane gradient)
to give 10.6 g and 3.28 g of the two product compounds 3C(i) and
3Cfii), respectively.
Mass Spec. for compound 3C(i): MH* = 461.2;
Mass Spec. for compound 3C(il): -MH* = 539.
15

)
CO,Et

Hydrolyze the product 3C(i} of Step C by dissolving in
concentrated HCI and heating to about 100°C for @ 16 hours.



WD 98/ 11100 PCT/ US97/ 15906 -36 - [err]
Conmbi ne 20 g (40.5 nmmol ) of the product of Step A and 200 nlL of . :
concentrat%%iw S err] at 20[err]C, then cool the mxture to 5
Oferr]C. A . g (24.89 mmol) of 1, 3-di brono-5, 5-di met hyPCURSYA6i n t o
the m xture and stir for 3 hours at 20[err]C Cool to OC, add an additi onal
1.0 g (3.5 mol) of the di bronohydant oi n- -stir at 20[err]C for 2 hours.
Pour the m xture into 400 g of ice, basify with concentrated NH err] OH

(aqueous) at 0[€ee] the snixtuse) the neutralize mdth| k M NaH thguedus)t r at i on.
Wash the sol i d BktracRGRitELCH | Ay @elékirabts 60Er MgSO ag%%r?n&nd filter
to provide 19. 79%5.@?%&i(§d of tw&e aroduct. mp. = 33 -237]err]C, Mass
Spec.: MHerr] €© trats ing 9 the e campoung: oyl ated - C, 45.11; H,
3.44; N, 7.17 1Mass Spec.: MH* =466.9. found - C 44.95; H, 3.57; N 7.16.
Step C [erg] m 25 g (447 mol) of Fe filings, 10 g (90 mmol ) of
CaCl[err] and nsion of 20 g (34.19 mmol) of the product of 20 Step

g xture at refl ux

R gith 2 X 200

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
10 mmol) of DEC, 0.5229 g (3.87 mmol) of HOBT, and 0.8795 g
(3.87 mmol) of 1-N-t-butoxycarbonyl-piperidinyl-4-acetic acid.
Stir the mixture at room teniperatur_e for 2 days. then
concentrate in vacuo to s residue and partition the residue
between CH2Clz and water. Wash the organi¢ phase successively
15 with saturated NaHCOj3 (aqueous), 10% NaHoPO4 (aqueous) and
brine. Dry the organic phase over MgSQy, filter and concentrate
in vacuo to a residue.. Chromatograph the residue (silica gel, 2%
MeOH/ CH3Cl3 + NH3) to give 1.72 g of the product. m.p. = 94.0-
94.5°C, Mass Spec.: MH* = 616.3,
20 elemental analysis: calculated - C, 60.54: H, 6.06; N, 6.83

found - C, 59.93; H, 6.62; N, 7.45.

Combine 1.67 g (2.7 mmol) of the product of Step E and 20
25 mL of CHaClp and stir at 0°C. Add 20 mL of TFA, stir the mixture
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600 nlL of 'CI‘&E}LS,H Cllerr], wash with 300 nL of water and dry over

MgSO err] . nd concentrate in vacuo to a residue, thePCHHBGREMEgr aph
(silica gel, 30% EtQAc/CH err]C[err]) to gl ve 11.4 g (60%y| el d) of the
product. mp. = 211-212[err]C. 5 Mass SpetsSb W err] 554 (Cl), elenental
anal ysi s: calculated - C,_ 47.55; H_ 3.99; N, 7.56 found - C, 47.45; H,
4.31: N, 7.49. foe@ bours,then pasify tlmsmwtyra&dtl@ulnl\lpblaaldr(mmug)(35 9

mol ) of the prggudehe a ‘i’htdl‘gﬂni’é aﬁ;( 40 rr]
in 120 nL of concentrat e%%{m%ueo&gﬁé t -10 T tir rfeilstlé?ﬂl\ﬂrltg
m xture at O[ er CPOCERirate i, vacupnigivieoly 50\5‘565 EB(Prﬁ 140.2,

nol e) of 50% H[qqﬁgetgrmasgtspé@jrm{ﬂwsleﬁ, hour period. Stir at O[err]C
for 3 15 hqurs, then pour into S0 {k9} -u‘ ha 4y W th concentrated
NH err] OH ( ueous) Extract w t3r=2a%36C -l Cl[err], dry the
extracts over MgSerr], then filter and cpn Ate in vacuo to a residue.
Chr omat ogr aph the residue (silica,gel he@nes) to give 13.67 g
(70%vyield) of the product. mp. g , Mass Spec.: MHerr]
= 539 (CA), elenmental analysis: _ 8.97; H, 4.05; N, 5.22
found - C, 48.86; H 3.91; N 5.18.

A

OCH,CH4 o

PR

o)

OCH,CH,

Combine 25.86 g (55.9 mmol} of 4-(8-chloro-3-bromo-5,6-
10 dihydro-11H-benzo[5,6]cyclohepta[l,2-b]pyridin-11-ylidene)-1-
piperidine-1-carboxylic acid ethyl ester and 250 mL of
concentrated HaSO4 at -5°C, then add 4.8 g (56.4 miriol) of
NaNOg3 and stir for 2 hours. Pour the mixture into 600 g of ice
and basify with concentrated NH40H (aqueous). Filter the
15 mixture, wash with 300 mL of water, then extract with 500 mL of
CH2Clz. Wash the extract with 200 mL of water, dry over MgSOy,
then filter and concentrate in vacuo to a residue. Chromatograph
the residue (silica gel, 10% EtOAc/ CH2Clp) to give 24.4 g (86%
yield) of the product. m.p. = 165-167°C, Mass Spec.: MH* = 506
20 (CI), .
elemental analysis: calculated - C, 52.13; H, 4.17; N, 8.29
found - C, 52.18; H, 4.51; N, 8.16.



WD 98/ 11100 PCT/ US97/ 15906 -38 - Step
E: [err] Conbine 6.8 g (12.59 nmol) of the product of Step D and-100 niL of

concent r at egyg gueous) and stir at 85[err]C overnight. gﬁf
ot TR o

m xture, pour it 1nto 300 g of ice and basify with concentrat
(aqueous). Extract with 2 x 300 nL of CHergld[err], then dry the extracts
over MySQ err]. Filter, concentrate in vacu 0 a residue, then

chr omat ogr aph ( si gel 10% MeOH Et OAc + 2% NH[ err] OH (aqueous)) to give
5.4 g (92% yi el d) the title conpound. mp. = 172-174[err]C, Mass
Spec.: MJerr] = 467 (FAB), elenental analysis: cal cul ated - &r48.69; H,
3.65; N, 5.97 found - C, 48 /8 & 80, N 5.97. 15 i
essentially the san®rp fCed X 1of Prep e Cdw,
the title conpound fromySt eg > s reacted with

1- N-t - but oxycar bonyl pi pertMi ny}j- 4- haﬁaci d to prodUue ‘ Br
[err] 20 Step G Followi ng essSqtially the same procedure a8 Step

A

0 “OCH,CH,4 o)\ OCH,CH,

Combine 20 g (40.5 mmol) of the product of Step A and
200 mL of concentrated HSO4 at 20°C, then cool the mixture to
5 0°C. Add 7.12 g (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 of ice,
basify with concentrated NH4OH (aqueous) at 0°C, and collect the
10° 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
(Ch), _
elemental analysis: calculated - C, 45.11; H, 3.44; N, 7.17
15 ' found - C, 44.95; H, 3.57; N, 7.16.

o)\ OCH,CHg4 )\

Combine 25 g (447 mmol) of Fe filings, 10 g (90 mmol) of
CaCls and a suspension of 20 g (34.19 mmol) of the product of
20 Step B in 700 mL of 90:10 EtOH/water at 50°C. Heat the mixture
at reflux overnight, filter through Celite® and wash the filter cake
with 2 X 200 mL of hot EtOH. Combine the filtrate and washes,
and concentrate in vacuo to a residue. Extract the residue with

OCH,CHg4



WO 98/ 11100 . PCT/ US97/ 15906 -39 - above
is deprotected to yield the title conpound of Preparative Exan;%l e 4.
PREPARATI VEORMAMMMSPE 5 [err] Step A: [err] Hydrol yze 2.42 g BFT/USI15906

4- (8-chl or o- 3- brono- 5, 6-di hydro- 11H benzo[ 5, 6] cycl ohept a[ 1, 2- b] pyri di n-
11-yl i dene)- 1-piperidine- 1- 10 carboxyl3&-acid ethyl ester via
substantially the sane procedure as described in Preparative Exanple 3,
Step D, to gi v&QOWgGQWQeMSbMth@QQ saly of waherpasd dryroverls

Conbi ne 1 g (2-161% 1s .'A)mértd}m%%uﬁgﬁ 17 ¢fcvio 8% fesiBuelthehy tol uene,

add 2.5 m.of 1 Ok e AL/ Prtartlal 18 sl b g | o

L in,toluene an
0.5 hours, add GNAIRatograp S’xiﬁalg ,

fﬁrH[ 1 hf& (THSO%?ﬁEid)fbf &W&d BY.pllLC2031-29280% MeOH CH err] A [err]
+NH[ err agqueous . 8 :
PCT/ US97/ 15 OGﬁEGS-SéSS‘I' M&*'Fﬁé%%?@q'o room tenperature, add 50 nL of 1 N
HCI elemental analysis: calculated - C, 47.55; H, 3.99; N, 7.56

found - C, 47.45; H, 4.31; N, 7.49.

A

0% ™ OCH,CH,4

o)‘ OCH,CH,

10 Slowly add (in portions) 20 g (35.9 mmol) of the product of
Step C to a solution of 8 g (116 mmol) of NaNO2 in 120 mL of
concentrated HCl .(agqueous) at -10°C. Stir the resulting mixture
at 0°C for 2 hours, then slowly add (dropwise) 150 mL (1.44
mole) of 50% H3POg at 0°C over a 1 hour period. Stir at 0°C for 3

15 hours, then pour into 600 g of ice and basify with concentrated
NH4OH (aqueous). Extract with 2 X 300 mL of CH2Clo, dry the
extracts over MgSOy4, then filter and concentrate in vacuo to a
residue. Chromatograph the residue (silica gel, 25% EtOAc/
hexanes) to give 13.67 g (70% yield) of the product. m.p. = 163-

20 165°C, Mass Spec.: MH* = 539 (CI),
elemental analysis: calculated - C, 48.97; H, 4.05; N, 5.22

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



(aqueous) and stir for 5 mn. Add 100 nL of 1 N NaCH (aqueous), then
extract with EtQAc (3 X 150 nL). Dry the extracts over MgSJ err ], fllter

and concent acuo to give 1.1 g of the title 5 conpo "{§§5
[err] Conbi @83458%}’ (1.28 mol ) of the title conpound of Step an

of dry DMF, then add 0.405 g (1.664 nol ) o& 1-N- 10
t'- but oxycar bonyl pi peri di nyl 4 acetic acid. 0t §19 g (1.664 mmol) of DEC,

0.225 g (1.664 rrgli gf HOBT, and 0.168 g (1.664 mmol) of
4- et hyl nor phol i stir the mxture at roomtenperature overnight.

Concentrate the mixture in vacuo to BT esi due, then partition e residue
between 150 nL of CHerr]CLle 8

and 150 nL of satur 3 CQerr]
(aqueous). Extract tHr-agfieo j _ \
Dry the organic phase ovd 5 nd concentr .' e i d a
resi due. Chromat ograph the Ne5| ica gel, 5 s N2 L of 1%
MeOH CH err]dJerr] + 0.1% NH CH (aqueous), then }
MeOH CH err]Cl[err] + 0.1% NHferr JOH (aqueous)) to give
product. mp. = 115[err]-125[&rr]Q; Mass Spec.: MHerr] . :
[err] Conbine 0.555 g (0.9 mol N of the product of Step and 25 15 nL of
CH err]d[err] and cool the mxgure to O[err]C. Add 15 nigof TFA
OCH,CH;
Combine 6.8 g (12.569 mmol) of the product of Step D and
100 mL of concentrated HC] (aqueous) and stir at 85°C overnight.
5 Cool the mixture, pour it into 300 g of ice and basify with
concentrated NH4OH (agqueous). Extract with 2 x 300 mL of
CH2Clg, then dry the extracts over MgSO4. Filter, concentrate in
vacuo to a residue, then chromatograph (silica gel, 10%
- MeOH/EtOAc + 2% NH40H (aqueous)) to give 5.4 g (92% yield) of
10 the title compound m.p. = 172-174°C, Mass Spec.: MH* = 467
(FAB),
elemental analysis: calculated - C, 48.69; H, 3.65; N, 5.97
found - C, 48.83; H, 3.80; N, 5.97.

Step Ei

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

20 StepG:
Following essentially the same procedure as Step D of
Preparative Example 5 below, the title compound from Step F



WO 98/ 11100

stir at 0[err]9C

resi due, t g

PCT/ US97/ 15906 -41 - and
r 2 hours. Concentrate in vacuo at 40-45[e (E!]C to a
tion the residue between 150 nL of CH[errl] ’f’%’? f’“ﬁnd

100 nL of saturat ed NaHCJ err] (aqueous). Extract the aqueous layer wth
100 mL of CHerr]C [err], combine the extra'iﬂs and dry over 5 MSJerr].
Concentrate in vacuo to give 0.47 of the product. mp

140[ err] - 150[ er ralgpvess ctm@wH9ld=ﬂmaiﬂ@mmwndEOEMpmmq err]

10
Combi.ne 16.6 g

) | +) - d - St A
E%%Ies we as (+)- and (-)-isoners] ep [err]

) of the product of Preparative Exanple 4, Step D,

wth a 3:1 soI ution of CH err]CN and wat er 15 (212 65 n1_ CH[err]CN and

70.8 nL of water) and stir the r PRE] WV
tenperature. Add 32.833 g (0.153 rml e) of M
mmol) of RudJerr] and stir at roo 2 :

the product. (The addition of RuOIs -.

and 20 the tenperature -clinbs from 2 .
1.3 hrs. (tenperature returned to 25[er
filter to renove the solids and wash the

cp9 9 (69%y| el d) of
f an exotherm c reaction
.) Stir the mxture for
about 30 min.), then
with CHerr]dJerr].

Concentrate the filtrate in vacuo to a redi due] and di ssol ve the

10

15

0 “OEt

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

Step B:
Br == al Br - cl
\ p) . \ V.
N | —— N
N N
H . H

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% MeOH/CH2Cl; +NH4OH (aqueous).)
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residue in CHerr]CJ[err]. Filter to renpove insol uble soli ds and wash the
solids withwebgified! [err]. Wash the filtrate with water, egg}s 5?03
vol ume of about 200 nmL and wash with bl each, then with wat er Wi th
6 N HCO (aqueous). Cool the aqueous extract 40°. O[err]C5 and slowy add
50% NaOH (aqueous) to adjust to pH = 4 whilé Keeping the tenperature

concent fat e i n vazeel 1€ nietlrG o Yool tefporatl, B48'54%E ' LY oty ana

cool to O[err]C. (equleeus)ami sﬁslforusqgnnomdd H)Ofmuafal iNNx2OH (aguedus),

solids in vacuo t rr]
200 MHz): 87(stfl ’iﬁ %&D&i%e
2H). Step B: [ermf e{xg?t EiYFé picﬁiﬂéﬁhﬁfﬁ@ep A
15 and 500 n§ ofeoi uhuﬁrous 1 m xture of EtO-l and toluene, add 1.43 g
(37.8 muol ) of H enr] and heat the m xture at reflux for 10 min. Cool
the mxture to g[aggh-é* add 100 nL of water, then adjust to pH= 4-5 with 1
M HCO (aqueous) whil e keeping the tenper ature <10[ \dd_250 nL of

3 P : R\V#Che (3 X
resi due

rr

on:;cnggg pur| fi ed_
V\a

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-

10 t-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
mmol) 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 CH2Cly

15 and 150 mL of saturated NaHCO3 (agueous). Extract the aqueous
phase with another 150 mL of CH2Cla. Dry the organic phase
over MgSO4, and concentrate in vacuo to a residue.
Chromatograph the residue (silica gel, 500 mL hexane, 1 L of 1%
MeOH/CHaCly + 0.1% NH4OH (aqueous), then 1 L of 2%

20 MeOH/CH2Cls + 0.1% NH40H (aqueous)) to give 0.575 g of the
product. m.p. = 115°-125°C; Mass Spec.: MH* = 616.

Combine 0.555 g (0.9 mimol) of the product of Step C and
25 15 mL of CH2Clz and cool the mixture to 0°C. Add 15 mL of TFA



25 obtained. [err]H NWR (DVMBO-d[err], 400 MHz): 8.5 (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). Wi982131001 100 PRIN/SYBL5906. 5906
-43 - Step C Br [err] OH Conbine 18.57 g (46.02 nmol) of the product of
Step B and 500 nL of CHCl [err], then add 6.49 -nL (91.2 mmol) of SOC12, 5
and stir the mxture at roomtenperature for 4 hrs. Add a solution of 35.6

g (0.413 nole) ohnd SAF atiO*E fot SAbuits. oCohidEneNaE iR PR Ht F0-25°C o and

o ont |t nen' EogE, theptbatARR: B FedhlCpetiatn 150 Bl Crlliar L

CHlerr]Cl [err]. and IMMﬁsam&edMQw(aMOm.d Bm‘aetthem;tmqms)us

ﬁiﬂ x EE glr_lldn[eegg( rin@)6 gir%odgﬁgcgre %g‘g% %’ﬁ%{eﬁﬁt ra?e I“n vacuo

to a residue® Quat CgRSERINALE| incuagg 1 Oﬂ‘éﬁip &ef the product) oo
MeOH CH err] d [e{ﬂ + I‘ﬂhﬁ)@qg@é Mags \ShekS: 4drp 2f5ide 15 title compound

as a racemc mxtu e Step D - Separati on of Enantlomers [err]

PN

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

15 (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 NalO4 and then 0.31 g (2.30 mmol) of RuO2 and stir at
room temperature give 1.39 g (69% yield) of the product. (The
addition of RuO is accompanied by an exothermic reaction and

20 the temperature climbs from 20° to 30°C.) Stir the mixture for
1.3 hrs. (temperature returned to 25°C after about 30 min.), then
filter to remove the solids and wash the solids with CH2Cls.
Concentrate the filtrate in vacuo to a residue and dissolve the
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- The racemc title conpound of Step Cis separated by preparat'ive chiral

chr omat ogr | ral pack AD, 5 cm X 50 cm colum, flow ra [mn., |
20% i Pr OH/ ﬁ‘ékggsﬁie&@ 0.2% di ethyl ami ne), to give 9.14 g of thi’%?i%%%ﬂ@ and
9.30 g of the 5 (-)-isomer. Physical chem_al data for (+)-isonmer: mp. =
74.5[err]-77.5C, 25 Mass Spec. MH err] = 74 .9; [err] = +97.4[err] (8.48

2L N BRSS! B ol TGl Boan e 18,
oL TR EHACH) T e e sttt 30 O
i?l\l- t - but oxycar DSy B@%ﬁ%@&ﬁ%%%@eﬁkmm wiafer
DEC, 1.19 g (8. Exiracy with BONTHCIHagn@ovus). (Codl theaguebuslextract to 0°C
met hyl mor phogi ne, a9 diskdy alBs6%6 NAGHhqURBHS) $IRRGALEES pH = 4 while
keeping the temperature <30°C. Extract twice with CHaClg, 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
solids by filtration and dry the solids in vacuo to give 7.95 g of the
10 product. 1H NMR (CDClg, 200 MHz): 8.7 (s, 1H); 7.85 (m, 6H);
7.5 {d, 2H); 3.45 (m, 2H); 3.15 (m, 2H).

Br
Cl Br === Cl
—  \
N
) OH

Combine 21.58 g (53.75 mmol) of the product of Step A

15 and 500 mL of an anhydrous 1:1 mixture of EtOH and toluene,
add 1.43 g (37.8 mmol) of NaBH, and heat the mixture at reflux
for 10 min. Cool the mixture to 0°C, add 100 mL of water, then
adjust to pH= 4-5 with 1 M HCI (aqueous) while keeping the
temperature <10°C. Add 250 mL of EtOAc and separate the

20 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/CHzClg) to
give the product. Impure fractions were purified by
rechromatography. A total of 18.57 g of the product was

25 obtained. 1H NMR {DMSO-dg, 400 MHz): 8.5 (s, 1H); 7.9 (s,
1H); 7.5(dof d, 2H); 6.2 {s, 1H); 6.1 (s, 1H); 3.5 (m, 1H); 3.4
(m, 1H); 3.2 {m, 2H). '




overni ght. Concentrate in vacuo to renove the DMF and add 50 nL of
saturated NaHCO err] (aqueous). Extract with CHerr]d[err] (2 X 250 nl),
wash the extWeMB8IWOth 50 nl of brine and dry over MySJ err] . PEDUSIV15906
Concentrate in vacuo to a residue and chromatograph (silica gel, 2%

MeOH CHerr]C[err] + 10% NHerr]OH) to give4d.-75 g of the product. mp. =
75.7[err]-78.5[err]C, Mass Spec.: M+ = 697; [err] = -5.5 (6.6 ng/2 nL

MeOH) . WO 98/ 18tép C: PCT/ US97/ 15906
-45 - PBr Br [err] .Conbine 4.70 g (6.74 mmy,) of the
product of Step E and 30 nL of MeOH, then add 50 niL of :

Herr]SJerr]/dioxane in 10 5 nL aligots over g. 1 / I OgFRoulept he
m xture into 50 nL of water ang-add m. of 50% Nat
to pH err] 10-11. Filer A Leeu!l ting solY 7 ar "
filtrate with CHerr]d | 1) . ' rate theqaqueous | ayer in
vacuo to renove the MeOH & ain with 250 rrLo[

CH err]C[err]. Dry the conbi ned. extracts over MgSO err]| andjconcentrate in
vacuo to give the product. mp. ¥ 128.1-131.5C, Mass Spe *N [err] = 597;
[err] = -6.02 (9.3 ng/2 nL MeCOH). PREPARATI VE EXAMPLE 7 [egr] Step A

Combine 18.57 g (46.02 mmol) of the product of Step B
and 500 mL of CHCI3z, then add 6.70 mL (91.2 mmol) of SOCls,
5 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 CH2Cls.

10 Wash with 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 MgSO4. Concentrate

in vacuo to a residue and chromatograph (silica gel, gradient of
5%, 7.5%, 10% MeOH/CH3Clg + NH40OH) to give 18.49 g of the

15 title compound as a racemic mixture.




[err] WO 98/ 11100 PCT/ US97/ 15906
-46 - Conbine 15 g (38.5 mmol) of 4-(8-chloro-3-brono-5, 6- di hydro-

11H benzo[ Yy§ by, hepta[ 1, 2-b] pyridin- 11 -ylidene)- 1-
pi peri di ne- 1- car‘gg‘gyl ic acid ethyl ester and 150 nlL of concgﬁﬂug 15906

Herr]SOerr] at -5[err]C, then add 3.89 g 38.5 mmol) of 5 KNOB and stir
for 4 hours. Pour the mxture into 3 L of e and basify with 50% NaOH

Concent A e tn vacuo The Jareaph NaEd g‘eéﬁ%‘%t?“ﬁioﬁ SRR BYacet one

concentrate in vacuo (5338

to give 6.69 g qbrdp&rapivcoﬂm‘al pmmtmm@@mpackamm&mxm(em

1 7.75 8

2t|)|); AN ( %%Eg:;: 5 figh, féte iUb %ﬁé&-&@x%ﬁ@p (mSt ep
B: [err] Combin .iOrﬁhM:) flgm;fﬁm) cisomelsaag aam qfsthgoo L
of 85% Et OH gat gr)-i§baieradd 0.66 g (5.9 mol )  of CaCI[err] and 6.56 g

117.9 I f F t,t I t it hot
Feaction m xture thr ogeicel cREmiCA defador (BHINRET JBE T Thor B O
Concentrate the Mabsrspec i MH‘tawé7lr9,g|[uh> = 7297.47 (8.48 mgyd2ehL NYeOF).

Spec.: Mierr] 4rs. lghzoicg'i %Pxenﬁch cHta for (-)-isomer: m.p. = 82.9°-84.5°C;
Mass Spec. MH* = 471.8; [a]n = -97.4° (8.32 mg/ 2mL MeOH).

10 Step E:

N (CHalac
— EJ

( O
(-)-isomer . o .

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-butoxycarbonylpiperidinyl-4-acetic acid, 1.69 g (8.8 mmol)
15 of DEC, 1.19 g (8.8 mmol) of HOBT and 0.97 mL (8.8 mmol) of N-
methylmorpholine and stir the mixture at room temperature

overnight. Concentrate in vacuo to remove the DMF and add 50
mL of saturated NaHCO3 (aqueous). Extract with CH2Cls (2 X 250

mlL), wash the extracts with 50 mL of brine and dry over MgSO4.

20 Concentrate in vacuo to a residue and chromatograph (silica gel,
2% MeOH/CH2Cls + 10% NH40H) to give 4.75 g of the product.

m.p. = 75.7°-78.5°C; Mass Spec.: MH* = 697; [ay = -5.5° (6.6
mg/2 mL MeOH).

e




Conbine 7.70 g of the product of Step B and 35 nL of HOAc, then add 45 ni
of a solutign of Br[err] in HOAc and stir the m xture at roomterg;arature
overni ght. XSP%3# of 1 N WD 98/11100 PCT/USI7/15906
PCT/ US97/ 15906 -47 - NaCH (aqueous) , then 75 nL of 50% NaCH (aqueous) and
extract with EtOAc. Dry the extract over My3§err] and concentrate in vacuo
to a residue. Chromatograph the residue (silica gel. 20% 30% Et QAc/ hexane)
to give 3.47 g ofStepproduct (al ong with 5 another 1.28 g of partially
purified product). Mass Spec.: M+ = Bp5.9. 1H NWR (CDCt[err] 13300 VHz) :

8.5 (s, 1H; 7.5 (s. 1H; 7.15 4.5 (s, 2H) 3.8 (br
s, 2H); 3.4-3.1 (m A48k, ‘ MW~ 7- 2 By 2.etm 2H)
1.25 (m 3H). 10 Step D 0557g(5\4

t-butylnitrite and 3 nL ofsNgt, -. the m xt ure<g C. Slowy

add- (dropwi se) a m xture of 2 00y @l ) of the proct of Step C and
4 mL 15 of DWF, then cool ureagso‘r om t enper at Add anot her
0.64 nL of t-butylnitrite at dreheat the m xtur }0 70[err]Cfor
0.5 hrs. Cool to roomtenperat m xture |

water. Extract with CHerr]C[er ] ry the extract over Serr] and
concentrate in vacuo to a resi y tograph the

Combine 4.70 g (6.74 mmol) of the product of Step E and
30 mL of MeOH, then add 50 mL of 10% H2S04/dioxane in 10
5 mL aliquots over a 1 hr. period. Pour the mixture into 50 mL of
water and add 15 mL of 50% NaOH (aqueous) to adjust to pH=
10-11. Filter to remove the resulting solids and extract the
filtrate with CH2Cl; (2 X 250 mL). Concentrate the aqueous layer
in vacuo to remove the MeOH and extract again with 250 mL of
10 CH2Clz. Dry the combined extracts over MgSO4 and concentrate
in vacuo to give the product. mp = 128.1°-131.5°C; Mass Spec.:
MH* = 597; [o]» = -6.02° (9.3 mg/2 mL MeOH).

15




20 residue (silica gel, 10% 20% Et QAc/ hexane) to give 0.74 g of the
product. Mass Spec.: MHerr] = 541.0. [err]HNWR (CDCl[err], 200 MHz): 8.52

(s, 1H); YwoesidieerH); 7.2 (s, 1H); 4.15 (q, 2H): 3.9-3.7 (Fb[%%ﬁl(s?oss_s'l
(m 4H): 3.0-2.5 (m 2H); 2.4-2.2 (m 2H); 2.1-1.9 (m 2H); 1. , 3H).
WD 98/ 11100 : - 46 - PCT/ US97/ 15906 - 48 -
Step E: [err] Conbine 0.70 g (1.4 nmol) o? the product of Step D and 8 nL

- of concentrated HC ' e r 5 .oyxernight.
Add 30 nt. of 1 N Na i‘g&ﬁ%iﬁ%ﬁ%ﬁ@%@ 8 renbre i time g
extract with Cdibydret]Birbenzolp.6leyclaheptallc8<lpywRitnedl-yldénepisent rat e

in vacuo to qi Q | : err = 468. 7.

mp. = 123. 991?§P§!3.aﬁ1%r1r tgggua‘%?ﬁg%m %gte alfésgl‘hg%t i t} e conpound

from Step E angoncentrated HapOy gt rRoF) '-gFﬁla-"Ng 3-8t i‘% Bmaloeher i di nyl -
éFl)- acetic a® céXKNOg anid stirnforad hourse Baﬂr;.hetmﬁftu&'eanaﬁ Sihstémcé%wdaor
reparative - ugt . Ss

Speg. . MH err] 3%4%11(% ﬁapegr@h%sfm#%ga{% .%v?rd, 1H);

7.5 (d, 2H); 7Mg$04.then filtes andconcenttpte Iny@W fora radidus. 5-3. 15 (m

3H: 2.9 (d. 2Hecrgstiiize th¥' resifine from acetone to give 6.69 g of the

product. 1H NMR (CDCls, 200 MHz): 8.5 (s, 1H); 7.75 (s. 1H});
10 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)\c)cx«zcu3 0)\

Combine 6.69 g (13.1 mmol) of the product of Step A and
15 100 mL of 85% EtOH/water. then add 0.66 g (5.9 mmol) of CaCls

and 6.56 g (117.9 mmol) of Fe and heat the mixture at reflux
overnight. Filter the hot reaction mixture through celite® and
rinse the filter cake with hot EtOH. Concentrate the filtrate in
vacuo to give 7.72 g of the product. Mass Spec.: MH* = 478.0

20 StepC:

OCH,CH,4

)\ .o)\ocx—l,,cﬂ3

0% “OCH,CH,4

Combine 7.70 g of the product of Step B and 35 mL of
HOACc, then add 45 mL of a solution of Brg in HOAc and stir the

mixture at room temperature overnight. Add 300 mL of 1 N



2.4-1.8 (m 6H); 1.8-1.6 (br d, 2H); 1.4 (s, 9H); 1.25-1.0 (m 2H). WO
98/ 11100 PCT/ US97/ 15906 -49 - [err]
Conbi ne 8. 50W@9811%e product of Step F and 60 nlL of CH[ err] CPEEUSIT1S086en
cool to O[err]C and add 55 nL of TFA. Stir the mxture 5 for 3 h at
O[err]C, then add 500 nL of 1 N NaCOH (aqueou4T <ol l owed by 30 nL of 500%
NaCH (aqueous). Extract with CHerr]C[err], dry over MgSO4 and concentrate
in vacuo to gi ve NalHg(agueous) pribuemc 75 mlsof 5056 NaOHe(aqueods)3ard (tRict

[1|e-|)r r] z T'V?'? ggD?m[ a’%ﬂ% Et?.gc Mi%)y tﬁe%ﬁfﬂet 3‘\7317 Ni%é@q, icoﬁ’ml%%@%te rgo (d
6H) ;. 2.45-1.6 (m VeFpMotosa f@i@ﬁ ﬂ)ﬂ‘ !PREPMh E(QiliFérgql ,29%-
[racemic as vell 889% BtOAS/héxanelSeigivd 342 6f the' productYa18RE wtHO
PCT/ US97/ 1590% a2 another 1.28 g of partially purified product). Mass Spec.: MH* =
555.9.
1H NMR (CDClg, 300 MHz): 8.5 (s, 1H); 7.5 (s. 1H); 7.15 (s,
1H); 4.5 (s, 2H); 4.15 (m, 3H); 3.8 (br s, 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).
10 :

)\ ' | o)\ OCH,CH,4

0% “OCH,CH,4

Combine 0.557 g (5.4 mmol) of t-butylnitrite and 3 mL of
DMF, and heat the mixture at to 60°-70°C. Slowly add (dropwise)-
 a mixture of 2.00 g (3.6 mmol) of the product of Step C and 4 mL
15 of DMF, then cool the mixture to room temperature. Add another
- 0.64 mL of t-butylnitrite at 40°C and reheat the mixture to 60°-
70°C for 0.5 hrs. Cool to room temperature and pour the mixture
into 150 mL of water. Extract with CHaClp, dry the extract over
MgSO4 and concentrate in vacuo to a residue. Chromatograph the
20 residue (silica gel, 10%-20% EtOAc/hexane) to give 0.74 g of the
product. Mass Spec.: MH+ = 541.0.
1H NMR (CDCI3, 200 MHz): 8.52 (s, 1H); 7.5 (4, 2H): 7.2 (s,
1H); 4.15 (g, 2H); 3.9-3.7 (m, 2H); 3.5-3.1 (m, 4H); 3.0-2.5
{m, 2H); 2.4-2.2 {m, 2H); 2.1-1.9 (m, 2H}; 1.26 (t, 3H).



Prepare a solution of 8.1 g of the title conmpound from Preparative Exanpl e
7. Step E, in toluene and add 17.3 nL of a 1M solution of DI BAL in tol uene.
Heat the wodsHifseat reflux and slowy add (dropw se) anot ;{bogf 1M
Dl BAL/ t ol uene %ﬁmsol ution over a period of 40 m n. Cool t%@éggtlon

m xture to about O[err]C and add 700 m__,qisl M HCO (aqueous). Separate and
di scard the organi c phase. Wash the aqueous phase with CHerr]C[err],

di scard the exmthen basi fy the aqueous phase by addi ng 50% NaCH
(aqueous) . Ext th CHerr]d[err], dry the extract over 10

MyS err] and concentrate ACUQ to g| ve 7. 30 g e corrpound
which is a racem cBf& . 1>

Enantioners: [err] H .
15 preparative chiral ity (Chi ral pack A ¥50 cm col um,
usi ng 20% i Pr OH hexane + 0. 2% el hyl am ne) , g, 1 somer and the

(-)-isonmer of the title cornpouny. 'I'Dhych;aJ._c.h.&rrbcal or (+)-isorrer:

mp. = 148.8[err] C, 25 Mass . MHerr] 469; [err (12 93 ny/
2nL MeOH). 20 Physi cal™nheni cal data for (-)-i sorNar m p.

112[err] C, Mass Spec. MH err]} = 469; [err] = 65.20[errif (3.65 ng/ 2m
MeCH) . WD 98/ 11100 - 0 “OCH,CH, PCT/ US97/ 15906

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
5 overnight. Add 30 mL of 1 N NaOH (aqueous), then 5 mL of 50%
NaOH (aqueous) and extract with CHoCly. Dry the extract over
MgSO4 and concentrate in vacuo to give 0.59 g of the title
compound. Mass Spec.: M* = 468.7. m.p. = 123.9°-124.2°C.

10
React 6.0 g (12.8 mmol) of the title compound from Step E

and with 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

15 product. Mass Spec.: MH* = 694.0 (FAB). 1H NMR (CDCl3, 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);
2.4-1.8 {m, 6H); 1.8-1.6 (br d, 2H); 1.4 (s, 9H); 1.25-1.0 (m,
2H).



- 51 - Step,C. [err] React 1.33 g of the (+)-isoner of the title conpound
of Preparative Exanple 8, Step B, with 1.37 g of 1-N-t-butoxy- 5

car bonyl pi peoisgitrrgb- 4- acetic acid using substantially the saPEr/psIMssisr s
as described for Preparative Exanple 5, Step C, to give 2.78 g of the
product. Mass Spec.: MHerr] = 694.0 (FAB.;g4gerr] = +34.1[err] (5.45 ng/2
m., MeOH). Step D: [err] 10 Treat 2.78 g of the product of Step Cvia
substantial ly thm procedure as described for Preparative Exanple 5,
Step D, to give 1. g of the product. mp. = 104.1C, Mass Spec.: MHerr] =
594; [err] = +53.4 (11.42 ny MeOH) . 15 PRE EXANPLE 9 [err]
. [racemc as well a® Nqi=Yie: ] WO Cl

PCT/ US97/ 15906 -52 - S\ep ‘

Combine 8.50 g of the product of Step F and 60 mL of
.CHaCls, then cool to 0°C and add 55 mL of TFA. Stir the mixture

5 for 3 h at 0°C, then add 500 mL of 1 N NaOH (aqueous) followed
by 30 mL of 50% NaOH (aqueous). Extract with CH2Clg, dry over
MgSO4 and concentrate in vacuo to give 7.86 g of the product.
Mass Spec.: M* = 593.9 (FAB). !H NMR (CDCl3, 200 MHz): 8.51
(d, 1H); 7.52 (d of d, 2H); 7.20 (d, 1H); 4.1-3.95 (m, 2H); 3.8-

10 3.65 (m, 2H); 3.5-3.05 (m, 5H); 3.0-2.5 (m, 6H): 2.45-1.6 (m,
6H):1.4-1.1 {m, 2H).. '

Cl




Conmbi ne 40.0. g (0.124 nole) of the starting ketone and 200 nL of
Herr]Sqerr] and cool to Of[err]C. Slowy add 13.78 g (0.136 5 nvole) of

KNG err] %ﬂrf}lﬂ?rmd of 1.5 hrs., then warmto room t enpeg4 %gg&d stir

over ni ght. up the reaction u3| ng substantlally t he sarre proc re as
descri bed for Preparative Exanple 4, Step Chr omat ograph (silica gel,
20% 30% 40% 50% Et CAc/ hexane, then 100 OA\C) to give 28 g of the 10

9-nitro product, with a I | er nti of .the 7-nitr oduct and
19 g of a nmixture o%ﬂ@r? %?Pf Qﬁoobgthagr%{ gampsy rPerr] 15
React 28 g (76. f&emhtivefExm;ﬂerﬁt g;EOdncﬁolnénéfatﬂ Add4ny. SThﬂQfof &5%

Eg%wgbg;t aﬁf [ Iéfﬁ?'ﬁg’ S ééé dgg?ﬁt%ggd&lﬁg‘ﬁrﬁﬁﬁﬁqo arrpl e

4, Step C, to @glowlpadd (drqpveisp] (amothendzl mbaf CM[RIBALtolaene 13 g

(38 5 rrrml) of 20505 | e a

sol ution of 2 Q%Jiﬁmt_iB F\D‘{’% aniBQO gt(iCigqq e ﬁr@%

PCT/ US97/ 1590 -abput Of¢ dﬁ ueous)y | JepaFate@ndn. Stir
the reaction discard the organic phase Wash the agqueous phase with CH2Cly,

discard the extract, then basify the aqueous phase by adding 50%
NaOH (aqueous). Extract with CHaCly, dry the extract over
10 MgSO04 and concentrate in vacuo to give 7.30 g of the title
' compound, which is a racemic mixture of enantiomers.

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

20 Physical chemical data for (-)-isomer: m.p. = 112°C;
Mass Spec. MH* = 469; [a]D = -65.2° (3.65 mg/ 2mL MeOH]}.



m xture at roomtenperature, then concentrate in vacuo to a residue. Add
CHerr]d[érr] and water, then adjust to pH = 8-9 with 50% NaCH (aqueous).
Wash the orgd¥@88/Hil8ke with water, then 5 brine and dry over PCT/US97/15906
Na[err] SO err]. Concentrate in vacuo to give 11.3 g of the product. Step D:
[err] Cool 100 nmL of concentrated HCO (aqueedd)-to O[err]C, then 10 add
5.61 g (81.4 mmol) of NaNd err] and stir for 10 mn. Slowy add (in
portions) 11.3 g (SfeplComol) of the product of Step C and stir the mxture
at 0-3[err]C for 2.25 hrs. Slowly add (dropwi se) 180 pb—f 50%
Herr]PJerr] (aqueous) a g = :
overni ght. Slowy ad®rtegopwi 4
adjust to pH =9, then eXtrag ] CHl err]d [er N\
wat er, then brine and dry WVer [eYT] SO err]. Condent r
resi due and chromat ograph (silJj ogl, 2%ErS! CHe
8.6 g of the product. Step E: ] 20 Conbine 8.6 g |(21.# mvl) of the
product of Step D and 300 nL Qf [MeOH and cool to Ofer NZl et N 1.21 g
(32.1 mol ) of NaBH4 g;)qs@ﬁérr_tﬁ‘ne m xture at ~O[err]C fpr 1}]hr. JAdd anot her
0.121 g (3.21 nmml) of NaBH errl, stir for 2 hr. at \{peh let stand
25 overnight at O[err]C Concentrate in vacuo to a residue then partition

the residue between CHRe#dtC1[33 'd ofitHeV@)asomeersf the tithe comipounhdrpse
and concentrate | Moy acidnive Eehiipie 8. sty B, %ftn%1 %7 'St 1-N-t-butoxy-
5 carbonylpiperidinyl-4-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); [a]12)5

= +34.1° (5.45 mg/2 mL, MeOH).

10
same procedure as described for Preparative Example 5, Step D,
to give 1.7§5g of the product. m.p. = 104.1°C; Mass Spec.: MH*
= 594; [a]p = +53.4° (11.42 mg/2 mL, MeOH).

15

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



pr oduct . WD 98/ 11100 PCT/ US97/ 15906
-54- [err] Conbine 8.2 g (20.3 mmol ) of the product of Step E and 160 nlL of

CH err] Cvweygghaigeool to OC, then slowy add (dropw se) 14.g~by %5%03
mmol) of SOCl[err] over a 30 min. period. Warmthe m xture to room

tenperature and stir for 4.5 hrs., thendﬁ centrate in vacuo to a residue,

add CHerr]d[err] and wash with 1 N Na ?aqueous) then brine and dry over
Na[err] SO4. Co tfgate in vacuo to a residue, then add dry THF and 8.7 ¢

(101 mol ) of %Eﬁpéperazi ne and stir at roomtenperature overnjght.

Concentrate in vacuo to a residue, add CHerr]dJ[err], ang 1th 0.25 N
NaCH (aqueous), water, then brine. Dry over Na err] [ ¢ ypedcongent rat e

in vacuo to give 9.46 g of the crude product. a gel, 5%
MeOH CH err]C [err] + NH[ to give 3.59 g of t e fonpound, as
a racemate. [err] > 20 M—lz) 8.43 ( (d, 1H);

7.45 (d, 1H); 7.1%F
1H); 2.98-2.55 (m 6
PCT/ US97/ 15906

—) . 4.86-4.65 (m TH): 3.57-3.40 (m
(M) —~By—————#iD 98/ 11100

Br —~ Cl
-
N g NO,

Combine 40.0 g (0.124 mole) of the starting ketone and
200 mL of H2S04 and cool to 0°C. Slowly add 13.78 g (0.136
5 mole) of KNO3 over a 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% EtOAc) to give 28 g of the
10 9-nitro product, along with a smaller quantity of the 7-nitro
product and 19 g of a mixture of the 7-nitro and 9-nitro

compounds.
Cl Br = Cl
—_— \ 4
N
NO, | o NH,

15 React 28 g (76.2"mm01) of the 9-nitro product of Step A,
400 mL of 85% EtOH/water, 3.8 g (34.3 mmol) of CaCly and
38.28 g (0.685 mole} of Fe using substantially the same procedure
as described for Preparative Example 4, Step C, to give 24 g of
the product

20

a

NH
o Br 2

Combine 13 g (38.5 mmol) of the product of Step B, 140
mL of HOAc and slowly add a solution of 2.95 mL (57.8 mmol) of



-55 - Step G - Separation of Enantioners: [err] The racemc title conpound
fromStep F (5.7 g) is chromat ographed as descri bed for Preparative Exanple
6, Step 5 D, WaIJI®0% i Pr OH hexane + 0.2% di et hyl am ne, to giIRENRIBESN6 Of
the R-(+)-isonmer and 2.77 g of the S-(-)-isonmer of the title conpound.

Physi cal chem cal data for the R-(+)-isoner-58kss Spec. M+ = 470.0; [err]
= +12. 1[err] (10.9 ng/ 2nL. MeOH). 10 Physi cal chem cal data for the
S-(-)-soner: MassBigem llHnIrl -of HOAL gverr i peridd® .of 20 ininl mir&ié.rwat&l n
Step H Fol |l ow ng [ : ne Prepar at i e 5,
Steps C and D, ﬁ%"‘%‘n% @@b%ﬁﬁ%ﬁﬁo?ﬂﬁ C&S’F Egg? it 9 is
obt ai ned from't heresidem c 2cﬁnétw@t$‘. theni adgusy topilg 8-9ewith) - or

- f
b bpar s tve Examo2d 1 &o am"i e %%1 Sl §drainné phase it RARA. thell
PCT/ US97/ 15906 - 5@ ®aa Core P“[aﬁﬁé@rﬁ%tw‘ﬁe b3.3 g)of
and (-)-isomers] the product.

Cool 100 mL of concentrated HCl (aqueous) to 0°C, then

10 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% H3PO3 (aqueous) and allow the mixture to stand at 0°C
overnight. Slowly add (dropwise) 150 mL of 50% NaOH over 30

15 min., to adjust to pH = 9, then extract with CHaCls. Wash the
extract with water, then brine and dry over NasS0O4. Concentrate
in vacuo to a residue and chromatograph (silica gel, 2% EtOAc/
CH2Cly) to give 8.6 g of the product.

Step E:
.@ c

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

25 overnight at 0°C.  Concentrate in vacuo to a residue then partition
the residue between CHoCly and water. Separate the organic
phase and concentrate in vacuo {50°C) to give 8.2 g of the
product. - |

20 OH Br



Step A [err] 5 Conbine 13 g (33.3 nmol) of the title conmpound from
Preparative Exanple 4, Step E, and 300 nL of toluene at 20[err]C, then add
32.5 nL ) of a 1 Msolution of DIBAL in tol uen ?lﬁ?%t, m xt ure
at refl ﬂé?géli%ﬁﬁr_1 cool to 20[err]C, add 10 another 3? 11$ﬂ§ M DI BAL
solution and heat at reflux for 1 hr. gﬁ)*_the m xture to 20[err] C and pour
It into a mxture of 400 g of ice, 500 of Et OAc and 300 nlL of 10% NaOH
(aqueous) . Extyactothe aqueous layer with CHerr]d[err] (3 x 200 nL), dry
the organic | ver MgSO err], then concentrate in vacuo to a 15

resi due. Chromatograph (silica gel, 12% MeOH CHO | DNH[ err] OH) to
give 10.4 g of the title ound as a racenaBes W€k ] = 469
(FAB) partial [eé £ V2 400 MHz): 8. 57 (s, 1H);
7.27 (d, 1H; 7. . T wo 98

PCT/ US97/ 15906 -57- . g) at i OT7 0T Eranti oners; n{err The racenic
title conpound of Step™A id segarated by preparative chromat ogr aphy
(Chiral pack AD, 5 cm X 50 @H 5 grcol unm, using 5% i Pr ne + 0.2%

di et hylam ne), to give

Combine 8.2 g (20.3 mmol) of the product of Step E and
160 mL of CH2Cl2, cool to 0°C, then slowly add (dropwise) 14.8
5 mL (203 mmol) of SOCl3 over a 30 min. period. Warm the

mixture to room temperature and stir for 4.5 hrs., then
concentrate in vacuo to a residue, add CHaCly and wash with 1 N
NaOH (aqueous) then brine and dry over Na3S0O4. Concentrate in
vacuo to a residue, then add dry THF and 8.7 g (101 mmol) of

10 piperazine and stir at room temperature overnight. Concentrate
in vacuo to a residue, add CH2Clp, and wash with 0.25 N NaOH
(aqueous), water, then brine. Dry over NagSO4 and concentrate in
vacuo to give 9.46 g of the crude product. Chromatograph (silica
gel, 5% MeOH/CH2Clg + NH3) to give 3.59 g of the title

15 compound, as a racemate. !H NMR (CDClg, 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).



the (+)-isonmer and the (-)-isoner of the title conmpound. Physical chem cal
data for (+)-isoner: Mass Spec. 25 MHerr] = 469 (FAB); [err] = +43.5[err]
(c=0.402, EtMDIIIMO: i a] [err]H NVR (CDO [err], 400 MHz): 8. 3BCFAISIVI$906
7.57 (s, 1H); 7.27 (d, 10 1H); 7.05 (d, 1H); 3.95 (d, 1H). Physi cal
chenical data for (-)-isomer: Mass Spec. 25- @ err] 469 (FAB); [err] =
-41.8 (c=0.328 EtOH); parti al [err]H NI\/R (CDCI[err] 400 WMHz): 8.38 (s,
1H); 7.57 (s, 1H); Depaka ners 95 (d, 1H). 15 Step C
Fol | owi ng the procedure of Preparatlve Exarrpl e 9, Step H jhe '
conpound, the (+)-isoner or the (-)-isonmer of the & T
Preparative Exanpl e 10 can be obtai ned. WO 98/?
PCT/ US97/ 15906 - 58 - PREPARATI VE EXAMPLE 11 [err] [rd&

R-(+)- and S-(-)-isoners] The conpound [err] 5 is prepared 4 Jing to the
procedures of Preparative Exa E ] Br
Br Cl R-(+
N (+)

ok

N S-(-
H -)

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

10 Physical chemical data for the S-(-)-isomer: Mass Spec.
MH+ = 470.0; [a]D = -13.2° (11.51 mg/ 2mL MeOH).
Step H:

Following essentially the same procedure as Preparative
Example 5, Steps C and D, the racemic title compound of
15 Preparative Example 9 is obtained from the racemic compound of
Step F. Similarly, using the (-)- or (+)- isomer from Step G, the
{-)- or (+)-isomer of the title compound of Preparatxve Example 9
is obtained, respectively.



40 of WD 95/10516 (published April 20, 1995), by follow ng the procedures
described in Exanple 193 of WD 95/10516. The (+)- and (-)-isoners can be
separ at eqy@ysAfipb O Ng 10 essentially the same procedure gsuuies sg%of
Preparative Exanple 6. Physical chem cal data for the R (+)-1sonmer: 13C NWR
(CDC[err]): 155.8 (O); 1464(CH) 140. CH) 140.2 (O, 136.2 (O, 135.3
(O; 133.4 (O; 132.0 (CH) 129. (CH) (CH) 15 119.3 (O); 79.1
(CH); 52.3 (CHerr]); 52.3 (CHiped = .8~(CHerr]); 30.0
(CH err]); 29.8 (CH err]). [eryy=aiiins ,'
Physi cal chem cal data for the S-(-) ; [er]C NVR (CDCl [err]): 155.9
(O 146.4 (CH; 140.5 (CH); 149 : (87; 135.3 (C); 133.3
(C; 132.0 (CH); 129.9 (CH); 12 ) T79. 1 (CH) 52.5
(CH err]); 52.5 (CH); 45.7 (CH[err] 45 H err]); 30.0 (CHerr]);

8 (CHerr]). [err] =-27.9 (8.90 r@'z Fol |l owi ng essentially
the sanme procedure as Preparative 25 Exgsple 5, Steps C and D, the racemc
conmpound, (+)-isomer or WO 98/ 11100

PCT/ US97/ 15906 -59 - (-)-isomer of the t\Wl&’c und of Preparative -
Exanpl e 11 can be obtained fromthe correwf%em c conmpound, (+)-
(o)
[racemic as well as (+)- and (-)-isomers]

Br
— Ci
\ ~
N
N
5 H

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 (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
10 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 CHaCly (3 x 200 mL), dry the
organic layers over MgSQOj4, then concentrate in vacuo to a
15 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 1H NMR (CDCl3, 400 MHz2):
8.38 (s, 1H); 7.57 (s, 1H); 7.27 (d, 1H); 7.06 (d, 1H); 3.95 (d.
1H).



I somer or (-)-isomer of the compound [err] 5 [err] To the conpound of
Formula 20.Q [err] 10 (Preparative Exanple 8) (0.10 g, 0.17 mml) and
triethyl ami TEOIHON ., 0.26 mmol) dissolved in anhydrous di FEHPSHEEENe
(10 nmL.) was added benzenesul fonyl chloride (0.03 nL, 1.2 eq). After
stirring at room tenperature overnight, the 88l-ution was diluted with

di chl or onet hane, mashed mnth 1 M hydrochlorlc 15 acid, then washed with 1
N aqueous sodi um REERdy -0RCRATBYG fak SMELSE ous nagne5|un1sulfate
Filtration and concentratlon i n vacuo afforded t he conpoun@rof Fornula 6.0
(0.11 g, 89% np 102- 105[err]CO). WD 98/ 11100
PCT/ US97/ 15906 -60 - EXAMPLE 2 [err] To thBreQepOn
(Preparative Exanple 8) (0.11 g, 0.19 nmol) any
0.28 mmol ) 5 dissolved in anhydrous dichl or ometg
met hanesul fonyl chloride (0.02 nmL, 1.2 eq).
tenperature overnight, the solution was diluted wt

e (0.04 ni,
was added
ring at room

The racemic title compound of Step A is separated by
preparative chiral chromatography {Chiralpack AD, 5 cm X 50 cm
5 column, using 5% iPrOH/hexane + 0.2% diethylamine), to give
the (+)-isomer and the (-)-isomer of the title compound.
Physical chermcal data for (+)-isomer: Mass Spec.
MH* = 469 (FAB); [a}D = +43.5° (c=0.402, EtOH); partial 1H
NMR (CDCl3, 400 MHz): 8.38 (s, 1H); 7.57 (s, 1H); 7.27 (d,
10 1H); 7.05 (d, 1H); 3.95 (d, 1H). '
Physical chemical data for (-}-isomer: Mass Spec.
MH+ = 469 (FAB); [a]D = -41.8° (c=0.328 EtOH); partial 1H
NMR (CDCls, 400 MHz): 8.38 (s, 1H); 7.57 (s, 1H): 7.27 (d,
1H); 7.05 (d, 1H); 3.95 (d, 1H).
15 Step C:
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.



di chl or onet hane, washed with 1 M hydrochloric acid, then washed with 1 N
aqueous sodi um hydroxi de and dried over 10 anhydrous nagnesi um sul f at-e.
Filtrati onyapogageepcentration in vacuo afforded the conpound pehrnfsofiiehg 2. O
(0.10 g, 80% np 133-136C). EXAWMPLE 3 [err] To the conpound of Fornula 20.0
(Preparative Exanple 8) (0.20 g, 0.34 mml)ggand triethylanmne (0.08 ni,

0.50 mmol ) dissolved in anhydrous dichl ororret hane (10 nm) was added NN-

di et hyl sul fanmoyl chl oride (0. O04iepa oo . A BT il ﬁrlng at 20 room
tenperature overni ght, the sol utta e | or onet hane,

washed with 1 M hydrochl oric aci CE aqueous sodi um

hydr oxi de and dried over anhydro g . Filtration and
concentration in vacuo afforded the cApe o/mula 13.0 (0.22 g, 93%
mp 25 107.4-109.50C). WD 98/ 11100

PCT/ US97/ 15906 -61- [err] PROCEDURE 1: Tﬁomound of Formula 20.0
1)

(Preparative Exanple 8) 5 (0.30 g, 0.50 nd triethylamne (0.22 nL, 3

eq) dissolved in anhydrous acetonitrile (2 ' Ol\gl_?rr] C was slow y added
' : o o

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

)
N
|
is prepared according to the procedures of Preparative Example
40 of WO 95/10516 (published April 20, 1995), by following the
procedures described in Example 193 of WO 95/105186.
The (+)- and {-)-isomers can be separated by following

10 essentially the sé;_ne 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);
15 119.3 (C); 79.1 (CH); 52.3 (CHg); 52.3 (CH); 45.6 (CH3); 45.6
(CH2); 30.0 (CH2); 29.8 (CHy). [a]D = +25.8° (8.46 mg/2 mL
MeOH).
Physical chemical data for the S-(-)-isomer: 13C NMR
- (CDCl3): 155.9 (C); 146.4 (CH); 140.5 (CH); 140.2 (C); 136.2
20 (C); 135.3 (C); 133.3 (C); 132.0 (CH); 129.9 (CH): 125.5 (CH);
119 2 (C); 79.1 (CH); 52.5 (CH2); 52 5 (CH); 45.7 (CHa); 45.7
(CHz). 30.0 (CHg); 29.8 (CHa). la]D = -27.9° (8.90 mg/2 mL
MeOH]).
Following essentially the same procedure as Preparative
25 Example 5, Steps C and D, the racemic compound, (+)-isomer or



acetonitrile sol.ution (2 nL) of sulfanmoyl chloride (0.12 g, 2 eq) (Chem
Ber ., Vol . 1339 (1958)). After stirring at O[err]Cfor 1 h, then at
roomtenpe?’%ﬁ B9, 72 h, the nmixture was 10 concentr at ed BGF/USZ/A%$906

di luted with dichl oronet hane, washed with 1 M hydrochloric acid, then
washed with 1 N aqueous sodi um hydroxi de a®®dried over anhydrous magnesi um
sulfate. Filtration and concentration in vacuo_afforded a solid which was
purified by prepbl-isemerplathe title aeompeupdyof Preparative Examnple 9o can

met hanol - di chl orammﬁearﬂoﬁorth@nééﬁ*e% oﬁm'mglxw&mre& d J;E%E' de the
conmpound of For a 14. 40{&*52;9 151 55.6 [err DURE 2:
Anhydr ous pyri di ’?Errﬂ! ]}; ‘EBBPHH n an 20 |ce wat er bat h.
SHJerr]Cf[err] (0.3 m, 38mm|) was ad ‘ i se over about 5 m nutes,
and the resulting mixture was stirr& ywt€5. The conpound of
Formula 20.0 (Preparative Exanple 8) (l,Q / chl or onet hane sol ution
was added dropw se over about one m nute, Mnd xture was stirred at 25

he

about O[err]C for about 10 m nutes. Concentr NH err]OH (40 nL) was
added dropwi se and the m xture was stirred ro m t enperature for about 1
hour. Di chl oronet hane was added and the mxt S stirred at room
tenperature. The phases were separated, and 1 HCI was added to the organic
phase, and the 30 resulting m xture was stirr The phases were separat ed,

and the or gagl ¢ phase was washed wi th 1M HC (aq) and thé phases

10 (Preparative Example 8) (0.10 g, 0.17 mmol) and triethylamine
(0.04 mL, 0.26 mmol) dissolved in anhydrous dichloromethane
(10 mL) was added benzenesulfonyl chloride (0.03 mL, 1.2 eq).
After stirring at room temperature overnight, the solution was
diluted with dichloromethane, washed with 1 M hydrochloric

15 acid, then washed with 1 N aqueous sodium hydroxide and dried
over anhydrous magnesium sulfate. Filtration and concentration
in vacuo afforded the compound of Formula 6.0 (0.11 g, 89%, mp
102-105°C).



WD 98/ 11100 PCT/ US97/ 15906 -62 - were
separated. The organi c phase was washed with saturated NaHCJ err] (aq),
dried over wolsgdimmes MySJ err], filtered and concentrated b The
residue was purified by preparative plate chromatography (SI 17 ca% ’Sg’“ﬁ
500OH CH err]C[err] + NHerr]OHto 5 giveg.the conmpound of Formula 140
(18 ng, 14% . MS-FAB DMSO 673 (MHerr]); np = 151.5 - 155.6[err] C. EXAMPLE
5 [err] 10 To the compound of For (Preparative Exanple 8)
(0.15 g, 0.25 mmmol) and triethylamne ( .0 mmol ) dissolved in
anhydrous di chl oronet hane (5 ni)gwas g hyl &;OSphi nyl chloride
(0:12 g, 4 eq). After stirring at g r 48 h, the solution
was diluted with 15 dichl oronmethand, wa 1 M hydrochloric acid,
then washed with 1 N aqueous sodi um hyNirg d d2i®d over anhydrous
magnesi um sul fate. Filtration and concent 8 ' i
whi ch was purified by preparative plate ghro togrth)cﬁfl lica gel) using
2% et hanol - di chl oromet hane 20 and conclpt pat eghandspi um hydr oxi de to
provi de the conpound of Forrmula 15.0 (0.0Ng, [A8NNE LE 6-14 Fol | owi ng
procedures simlar to those of Exanplel, ng the sul fonyl
chlorides in Colum 1 of Table 1 instead nesul fonyl chloride, the

conpounds of Formil a 24’ the compound of Formula.20.0 (Preparative Example 8)
(0.11 g, 0.19 mmol) and triethylamine (0.04 mL, 0.28 mmol)

5 dissolved in anhydrous dichloromethane (10 mL) was added
methanesulfonyl chloride (0.02 mL, 1.2 eq). After stirring at
room temperature overnight, the solution was diluted with
dichloromethane, washed with 1 M hydrochloric acid, then
washed with 1 N aqueous sodium hydroxide and dried over

10 anhydrous magnesium sulfate. Filtration and concentration in

vacuo afforded the compound of Formula 2.0 (0.10 g, 80%, mp
133-136°C).

15
To the compound of Formula 20.0 (Preparative Example 8)

(0.20 g, 0.34 mmol) and triethylamine (0.08 mL, 0.50 mmol)
dissolved in anhydrous dichloromethane (10 mL) was added N,N-
dimethylsulfamoyl chloride {0.04 mL, 1.2 eq). After stirring at

20 room temperature overnight, the solution was diluted with
dichloromethane, washed with 1 M hydrochloric acid, then
washed with 1 N aqueous sodium hydroxide and dried over
anhydrous magnesium sulfate. Filtration and concentration in
vacuo afforded the compound of Formula 13.0 (0.22 g, 93%, mp

25 107.4-109.5°C).



WO 98/11100 ) PCT/ US97/ 15906 - 63 -
[err] were_obtained wherein Rlerr] is defined in Colum 3 of Table 1. The
number in W%8AEMsis in Colum 3 is the fornul a nunber of PREUSEHIBMA
obtained. 5 TABLE 1 Ex.- Sul fonyl chloride Rlerr] 6

et hanesul fonyl chl oride -Sgerr]CHE~r{CH err] (3.0) Yield:83% np
119-124C 7 1 -propanesul fonyl chloride -SOerr]CHerr]CHerr]CH err]
(4.0) Yield:78% np 111-119C 8 isoprom chl ori de

-Sgerr]CHCH err])[err] (5.0) Yield:437—xp 95-103C 9

phenyl nmet hyl sul f onyl Byg CH err] (9.0) chloride

Yield:69% np 116-123C 10 (1S)-( | fﬁ%b [err] chloride
Yield:60% np 144-152C 1 1 (1R -( ~ NS ul P [err] chloride
Yield: 50% np 143-150C 12 2-(pyrid-2- phene- 5-1l-; : [err]

o, ,N-H

oS
w °
o}
PROCEDURE 1:

To the compound of Formula 20.0 (Preparative Example 8}
5 (0.30 g, 0.50 mmol) and triethylamine (0.22 mL, 3 eq) dissolved
in anhydrous acetonitrile (10 mL) at 0°C was slowly added an
acetonitrile solution (2 ml) of sulfamoyl chloride (0.12 g, 2 eq)
(Chem. Ber.,Vol. 91, p. 1339 (1958)). After stirring at 0°C for 1
 h, then at room temperature for 72 h, the mixture was
10 concentrated in vacuo, diluted with dichloromethane, washed
with 1 M hydrochloric acid, then washed with 1 N aqueous
sodium hydroxide and dried over anhydrous magnesium sulfate.
Filtration and concentration in vacuo afforded a solid which was -
purified by preparative plate chromatography (silica gel) using 5%
15 methanol-dichloromethane and concentrated ammonium- '
hydroxide to provide the compound of Formula 14.0 (0.05 g
14%, mp 151.5-155.6 °C).
PROCEDURE 2:
Anhydrous pyridine (2 mL, 24.8 mmol) was cooled in an
20 ice-water bath. SO2Cl2 (0.3 mL, 3.8 mmol) was added dropwise
over about 5 minutes, and the resulting mixture was stirred for
about 5 minutes. The compound of Formula 20.0 (Preparative
- Example 8) (150 mg} as a dichloromethane solution was added
dropwise over about one minute, and the mixture was stirred at
25 about 0°C for about 10 minutes. Concentrated NH4OH (40 mL)
was added dropwise and the mixture was stirred at room
temperature for about 1 hour. Dichloromethane was added and
the mixture was stirred at room temperature. The phases were
separated, and 1M HCIl was added to the organic phase, and the
30 resulting mixture was stirred. The phases were separated, and
the organic phase was washed with 1M HCI (aq), and the phases



sul fonyl chloride Yield:36% np 135.3[err]C WO 98/11100

PCT/ US97/ 15906 - 64 - TABLE 1 - continued Ex. - Sul fonyl chleride.
Rlerr] 13 <o éyapeenesul fonyl chloride [err] Yield:46% 3o C 14
1- net hyl i m dazol e- 4- [err] sulfonyl chloride Yield: fg?o rré%c

(dec) EXAWVPLE 15 [err] 1-(3-Bronp-8-chl oro_-g 11-di hydro- 5H benzo[ 5, 6] cycl o-
hept a[ I1 2; §)] (pyri di n;j 11-yl)-4-(4-pi peIrDi din P?;:etyl )gl pfara2| ne (g. gg)s f)llved
equi val en re ri ¥ a

' anhydr ous G cﬁﬁéﬁoﬁéﬁﬁﬂi%gzs ,Orgpnic fHate é%g?ﬁa%@ b ppted
(1.211m) (3 equiNat&Ps)lagh dves sanhydsous MghQgefilieredapd (0. 336m )
(1.5 equi val ent s leopichtpdilerty HitoPas! UIfe YEsidid HiAChY R0
for 18h. Additional,meth Vs ?ﬁg or.ggl‘ng1 %5’8’%’ IBTV) .

egtrji val ents)lvv:elgn GB‘E”E aﬁ%@’%ﬁﬁ?r ch%s P g HF/J;ﬁa 3+ rih.
Addi ti onal neBhangeelthengémpolid 0f RitniiRo) 4(0 (1881k) 14%)/5 MSWFAB! ent s)
and triethyl am ngyAR58/ 328 (MH+*); mp = 151.5 - 155.6°C.

10 " To the compound of Formula 20.0 (Preparative Example 8)
(0.15 g, 0.25 mmol) and triethylamine (0.14 mL, 1.0 mmol)
dissolved in anhydrous dichloromethane (5 mL) was added
dimethylphosphinyl chloride (0.12 g, 4 eq). After stirring at
room temperature for 48 h, the solution was diluted with

15 dichloromethane, washed with 1 M hydrochloric acid, then
washed with 1 N aqueous sodium hydroxide and dried over
anhydrous magnesium sulfate. Filtration and concentration in
vacuo afforded an oil which was purified by preparative plate
chromatography (silica gel) using 2% methanol-dichloromethane

20 and concentrated ammonium hydroxide to provide the compound
of Formula 15.0 (0.03 g, 18%)

PLE 6-
Following procedures similar to those of Examplel, but
25 using the sulfonyl chlorides in Column 1 of Table 1 instead of
benzenesulfonyl chloride, the compounds of Formula 24:



(1.211m ) (3 equivalents) were added and the stirring was continued for a
total of 90h. The nixture was diluted wth dichloronethane and washed wth
saturated aNR¥WUIY i um 20 bicarbonate and then with wat er . PCEES15906

di chl oronet hane | ayer was dried over magnesium sul fate, filtered and
evaporated to dryness The resulting product 8%s chromat ographed on a silica
gel colum (60X2.5cm using 1% (10% concentrated amoni um WO 98/11100
PCT/ US97/ 15906 - 65 - hydroxide |n met han the eluant to give the title
conpound (Fornula 14.1) (1.2505g; BYey o6l 1 (MHerr]). [err]c
(CDCl[err]) for Formula 14.1 Tricycli 30.0, 30.1 CH: 146. 6,
140.8. 132.0, 125.8, 130.0, 78.5 C \ =7, 133.8, 134.8, 136.3,
155. 0 Pi perazi ne CHerr]: 41.1, 50.9, : 5 1 Pi per azi ne CH err]
33.9 N-substituent CHerr]: 45.7, 45.7, 3 .3 2448 4 cH 31.9 C

169.0 5 EXAMPLE 16 PROCEDURE 1:

1- (3-Brono-8-chl oro-6, 11-dihydro-5H benzo

. o)
were obtained wherein R17 is defined in Column 3 of Table 1.
The number in parenthesis in Column 3 is the formula number of
the compound obtained.

IABLE 1

Sulfonyl chloride

6 |ethanesulfonyl chloride —SOzCHchs (3.0)
1Yield:83%, mp 119-124°C
7 | 1-propanesulfonyl chloride —S0,CH,CHCH3' (4.0)
| Yield:78%, mp 111-119°C
" 8 |isopropylsulfonyl chloride ——S0,CH(CHy); (5.0)
Yield:43%, mp 95-103°C
9 |phenylmethylsulfonyl —S0,CH,Celi5 (9.0)
chloride Yield:69%, mp 116-123°C
10 |(1S)-(+)-10-camphorsulfonyl _ HaC CHy
| chiloride |
(10.0)
o
Yield:60%, mp 144-152°C
11 [(1R)-(-)-10-camphorsulfonyl HC CH;
chloride
fo, (11.0)
Yield:50%, mp 143-150°C
12 |2-(pyrid-2-yl)thiophene-5- NP
sulfonyl chloride _ S X (8.0)
\_/
Yield:36%, mp 135.3°C



heptal [1,2-b] pyridin- 11 -yl)-4-((4-piperidinyl)acetyl]piperazine 10
(0.5559) (1 equivalent) (prepared as described in Preparative Exanple 11)

and sul f aniygashid39) (10 equivalents) were added to water ¥Cfosgrmssg the
m xture was heated under reflux at 100C for 43h. The resulting solution was
evaporated to dryness. The solid was takengap.in

nmet hanol - wat er - di chl or onet hane and 15 silica gel was added. The m xture

was evaporated to dryness. The resmmwwoduced onto a silica
gel colum (60X2.5cm and the colu uted W 3% increasing to 7%
(10% concentrat ed amyopnj um hydroxide in nethanol). dichlaoronet hanp as_the
eluant to give 2

Mz 596.0 (M) ===

PCT/ US97/ 15906 | 6153- pethqaplxmeaulfoxmscmmde o | i

CH2: 29.3, 29.71 cH |146.4, 141.1, 132.8, 125.B, 130.3, ‘78/ @F)C 119. 5
141.4, 132.8, 1B5.8, |137.1, 155.8 Pi perazine CH2: 41.0, 51.1, 51.7, k5.0
Pi per azi ne do: 44.1, 46.1, 30.8, 30.8. 38.pYieldidfi%i mnpnl14:i2°C C.

169. 2 PROCEDURH 2, ,14(:3 026, 11-di hydr o- enzo[ 5, 6] cycl o-
141 Sl § 0L Nea MN_CHS Jcy
sulfonyl chloride )%/ (12.0)

| Yield:46%, mp 117°C (dec)

[]

»S0,CH
wn w o
5 o (o]

1-(3-Bromo-8-chloro-6, 1 1-dthydro-5H-benzol5,6]cyclo-

hepta[1,2-b] pyridin-11-yl)-4-(4-piperidinylacetyl)piperazine
(1.5g) (1 ecjuivalent) (prepared as described in Preparative
Example 11} was dissolved in anhydrous dichloromethane (50mi)

10 and triethylamine (0.8792g) (1.211ml) (3 equivalents) and
methanesulfonyl chloride (0.498g) (0.336ml) (1.5 equivalents)
were added. The mixture was stirred at 25°C under argon for
18h. Additional methanesulfonyl chloride {0.259g) (0.118ml )
(0.75 equivalents) was added and the stirring was continued for a

15 further 6h. Additional methanesulfonyl chloride (0.259g)
(0.118ml) (0.75 equivalents) and triethylamine (0.8792g)
(1.211ml) (3 equivalents) were added and the stirring was
continued for a total of 90h. The mixture was diluted with
dichloromethane and washed with saturated aqueous sodium

20 Dbicarbonate and then with water. The dichloromethane layer was
dried over magnesium sulfate, filtered and evaporated to dryness
The resulting product was chromatographed on a silica gel
column (60X2.5cm) using 1% (10% concentrated ammonium

—or mul a




5 hepta[l,2-b], pyridin-11-yl)-4-[(4-piperidinyl)acetyl]piperazine (1.25Q)
(1 equival enté repared as described in Preparative Exanple 11) and :
sul f ani de (W Qéfi)u 0 equival ents) were heated at 150[err]C i §97115906
equi pped with a reflux condenser. The solids nelted and the m xture was
stirred for 73h. and then cooled. 10 The s&8d was taken up in

nmet hanol - wat er - di chl or onet hane and silica gel was added. The m xture was

evaporated to dryhxdroxidednrmethang) asothel elaant teo give dhe title campounda gel
col um (60X2. SCW)(Famamempi)umzw&glm‘%f.) FNHMQ?/%EEFW&EH )7% (10%
O -

concentrat ed anmoni um hydr oxi de i n net han 15 dichl oronet hane "as the
' RE

eluant to give t ; %

3. 1-(3-Brono- 8-fchl or o- 6, 11- di hydr o- 5H- Igan1CDE18} e Formifdat b4 1. 2- b]
pyridin-11-yl) - 4={CZprperral aqeryi IR perazine 20 (1. 597 (I

equi val ent) (prd hﬁﬂ hie descr'lg{?d %dp]rgsgiative Exanpl e 11) and sul fan} de
(2. 7ﬁg) (éo egui- val ?Pts) were[Gdeac ﬁm.esmsarmz.olm%.s. 4:80.0h 816Xt u;ie
was heated under} reflux at 86larr] ¢ T IO aV

to dryness. The |seli-g—ipas—tals éﬂp klﬂ’:@?@éﬁ

=

silica 25 gel ipeddgihe Thel GHZ: Jdd 1a 5092 5Ar 41 45;odrnss. The
resulting solid m Iﬂﬁ ducetb t g 3 I'tca gel colum (60X2.5cnm and the
erAziiS o, % |

colum was el ut 9 ncr€aqgi to 7% (10% concentrated anmoni um
hydr oxi de i n net|iNwsubstitsient| JFH2st| 407, 45.7h81eBu3113,:38gt ve the title

conpound 30 (Fqrnmula 14.2) (Pep88d3pPy -

C 169.0
5 EXAMPLE 16
Bre_/ ) Cl Br~/ { cl

=N =N
N - N’
[ ] —_— E ) | Q\S,Nﬂz
Ry s L™
0 o _ |
1-(3-Bromo-8-chloro-6,11-dihydro-5H-benzo|5,6]cyclo-
hepta[1,2-b] pyridin-11-yl)-4-[(4-piperidinyl)acetyl]piperazine
10 (0.555g) (1 equivalent) {prepared as described in Preparative
Example 11) and sulfamide (1.03g) (10 equivalents) were added
to water (20ml) and the mixture was heated under reflux at
100°C for 43h. The resulting solution was evaporated to dryness.
The solid was taken up in methanol-water-dichloromethane and
15 silica gel was added. The mixture was evaporated to dryness.
The resulting solid was introduced onto a silica gel column
{60X2.5cm) and the column was eluted with 3% increasing to 7%
(10% concentrated ammonium hydroxide in methanol}-

dichloromethane as the eluant to give the title compound
20 (Formula 14.2) (0.5282g; 83%), FABMS: m/z 596.0 (MH").
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ASSAYS FPT IJerr] (inhibition of farnesyl protein transferase,” in vitro
enzyme asyayps/enido COS Cell 1 Jerr] (Cell-Based Assay) were o 66!

foll owi ng the assay procedures described in WO 5 95/10516, published April
20, 1995. GGPT IJerr] (inhibition of ger L geranyl protein transferase,
in vitro enzyne assay). Cell Mat Assay, and anti-tunor activity (in vivo
anti-tunor studi es) couI d be deternined by the assay procedures descri bed

i n WO 95/ 1051 6p—Hre—ti-setosthi-e—at—ro-35+05+6—+s—Reorpotaited—3t0—here N by
ref erence therpt o. Addi tional assays den(36-RMSOLfon Formulacldd ng
essentially th 1 oced gﬁa gcr d above, but with substitutipn of
alternative ingdicator tunorjce

I'nes “I'n 1E)Ia e of the T24-BAG cells. [The
assays can be fonducted usi h§¥ki t|H46.8. 341.843 328, A28, I3Q3. #8.6i noha

cells expressijpg an activat pgs K-r aplggjel@[,@vm@,gﬁﬁgampql'om&gc noma

cells expressiig anm actrvate Cne. g O Tt unor cer —1TTes

known in the at} PEMHEt i vl _ZL\f 411 mugrldg ﬂg]Shl s.invention aaaihst

other types of|pgnGazifel | s cuﬂ he. Iiqunptggt@dm)@ 382 Sof t Agar

Assay: Anchoraaﬁ‘ﬁ ng%t{i nden o H é a characteristic of tunorigenic]cell
&

lines. Human t i n growt h medi um cont ai ni ng 0. 3po
agarose and anf i ndi cat ed 1169.2

PROCEDURE 2:
1-(3-Bromo-8-chloro-6,11-dihydro-5H-benzo[5,6]cyclo-

5 heptall,2-b] pyridin-11-yl)-4-[(4-piperidinyl)acetyl}piperazine
(1.25g) {1 equivalent) (prepared as described in Preparative
Example 11) and sulfamide (2.32g) (10 equivalents) were heated
at 150°C in a flask equipped with a reflux condenser. The solids
melted and the mixture was stirred for 73h. and then cooled.

10 The solid was taken up in methanol-water-dichloromethane and
silica gel was added. The mixture was evaporated to dryness.
The resulting solid was introduced onto a silica gel column
(60X2.5cm) and the column was eluted with 2% Increasing to 7%
'(10% concentrated ammonium hyd:roxxde in methanol)-

15 dichloromethane as the eluant to give the title compound
{(Formula 14.2) (0.3788g; 26%).
PROCEDURE 3:

1-(3-Bromo-8-chloro-6,11-dihydro-5H-benzo[5,6]cyclo-

hepta{l,2-b} pyridin-11-yl}-4-[(4-piperidinyl)acetyl}piperazine

20 (1.5g) (1 equivalent) (prepared as described in Preparative
Example 11) and sulfamide (2.79g) (10 equivalents) were added
to isopropanol (100ml) and the mixture was heated under reflux
at 86°C for 241h. The solution was evaporated to dryness. The
solid was taken up in methanol-water-dichloromethane and silica

25 gel was added. The mixture was evaporated to dryness. The
resulting solid was introduced onto a silica gel column
(60X2.5cm) and the column was eluted with 0.5% increasing to
7% (10% concentrated ammmonium hydroxide in methanol)-
dichloromethane as the eluant to give the title compound

30 (Formula 14.2) (0.088g; 5%). '



concentration of a farnesyl transferase inhibitor. The solutionis 25
over | ayed onto ﬂ romh nediumsolidified with 0. 6% agarose cont ai_ni ngqoshe
same concem@ M of far nesyl transferase inhibitor as the §

After the top layer is solidified, plates are incubated for 10 16 days at
37[err] C under 5% COerr] to allow col ony-d®€growth. After incubation, the
col oni es are stained b{ 30 overlaying the agar with a solution of MIT
(3-[4,5-dinethyl -2-yl]-2,5-di phenyl tetrazolium brom de, Thiazolyl

blue) (1 mg/ni in PBSFP'mﬁlmmibmﬂquam& P&ehh&rh&mrﬁhespﬁw
determ ned. The results are)%ndag‘egé%jﬂ @0 (Ceﬁ gablcfAssa%(were 35 .

stands for "Exa
PCT/ US97/ 15906 - d@é&termiitiedEfdlldwing thecssayaphocedures degeribed (IlMWQO COS

Oe{)' I err] g ”'\%qtbfs@l%). published :fgaﬂu 20, 199&'1.3_(8Gﬁ ICs0 (inhibitjon of " Z
4 14. 0 geranylgeranyl protein transferase,3in gitro enzyme @ssay), Cell
Z) l\ga’g%ﬁgsay. and ghti-tumor activity {ir? vivo anti-tumor studfies)
could be determined by the assay procedures described in WO
95/10516. The disclosure of WO 95/10516 is incorporated
10 herein by reference thereto.

Additional assays can be carried out by following essentially
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

15 human colon carcinoma cells expressing an activated K-ras gene
~or SW620-BAG human colon carcinoma cells expressing an
activated K-ras gene. Using other tumor cell lines known in the
art, the activity of the compounds of this invention against other
types of cancer cells could be demonstrated.
20 ~ Soft Agar Assay: -

Anchorage-independent growth is a characteristic of
tumorigenic cell lines. Human tumor cells are suspended in
growth medium containing 0.3% agarose and an indicated
concentration of a farnesyl transferase inhibitor. The solution is

25 overlayed onto growth medium solidified with 0.6% agarose
containing the same concentration of farnesyl transferase
inhibitor as the top layer. After the top layer is solidified, plates
are incubated for 10-16 days at 37°C under 5% COq to allow
colony outgrowth. After incubation, the colonies are stained by

30 overlaying the agar with a solution of MIT (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.

The results are given in Table 1. In Table 1 “Ex. No.”

35 stands for “Example Number”.

ggwonN



9 9.0 17.5, 8.0 350 10 10.0 34.

11 11.0 34.8 12 8.0 34%ar3 nM

---- 13 wogﬁuqoo 20 50 14 PeThY

5.7 400 15 14.1 54 -8?21!59366
14. 2 80 The fol Il owi ng conpounds_ the followng FPT I (Jerr]
[K- ras) results: 2.0, 8. 2nM 3.0, 16.4nM 40, 14.2nM 5.0, 22.9nM 5

10.0, 52.5nM 12.0, 23nM and 13.0, 10nM ml ow ng conpounds had the
follow ng Soft Agar ICerr] results: 2.0, .0, 100nM 4.0, 250nM
7.0, >250nM and_13.0,100nM 10 For 'preg_ri ng_phar maceuti cal

1

conposi tions fro StadRgcri b ) ve
pharmaceutically a%’gqud[:al e carri eras can be_ei t her gol ? é.’gﬁ%" (g'(lylni d
f orm preparati on_jncludk powders. s CHITaskrci bl b aranul capsulps,
cachets and supp5|tr|e . may be _corrprlse Df
fromabout 5 to § e eraef e S A BG-GBt [ S
are known in thel art2 e.j. ' car bonae]l nagnesjum steaBfie, talc
sugar, |actose. [fablgts, pomdﬁ; cadhets an apsul esfcan be ed as so]id
dosage forns sui ubl:§ f—or—arart '?d..; S rreth 7.8 9

4 14.0 2.9 35

6 3.0 3.7 12

7 4.0 5 30

8 5.0 5.8 -——-

9 9.0 17.5, 8.0 350

10 10.0 34.1 | e

11 11.0 34.8 —

12 8.0 34%@73 nM o

13 7.0 20 ' 50

14 12.0 5.7 400

15 - 14.1 54 o

16 14.2 80 -——-

The following compounds had the following FPT ICs0 (K-
ras) results: 2.0, 8.2nM; 3.0, 16.4nM; 4.0, 14.2nM; 5.0, 22.9nM;
5 10.0, 52.5nM; 12.0, 23nM; and 13.0, 10nM.
The following compounds had the following Soft Agar ICsg
results: 2.0, 50nM; 3.0, 100nM; 4.0, 250nM; 7.0, >250nM; and
13.0, 100nM.

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

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



WD 98/ 11100 PCT/ US97/ 15906 -69 - For
preparing su gosmorles a low nelting wax -such as a mxture of fatty acid
gl yceri des oWO&8@8W0hutter is first nelted, and the active i nBFEASEHIS996s
di sper sed honogeneously therein as by stirring. The nolten honbgeneous

m xture is then poured 5 into conveni ent si-z89-nol ds, allowed to cool and
thereby solidify. Liquid form preparations include solutions, suspensions
and enul sions. As an eFampreparing suppositories, iy meltimgwax puchyas ae

glycol solutions | | onsﬁ%ort@g@] at rgﬁ{adeHeé-bﬂ‘ﬂo@oﬁ el%afnaét' ftitdd)Y

al so i ncl ude sol ut stration. Aeroso

preparations suitaBdetl ®actiyeaingredienfals dispersedsbpmogenconsly dherein as
powder form whi chyr@rifg| rrrﬁerihbtt%w ) éhe’bﬂd‘ﬁiiﬂﬁ?é”is%bw paarédt abl e

For m pr epar at fon e ke SR G368 i BW9 10,89 @na&hé’rsiw iy, °
to liquid form pr epar angml fdrm preparations inchpde Qbml:iohsadmspbﬁtsidﬁs and
compounds of e PSR A Aty SRS AR s ByRierted A BE G Hifer- 1
t ransder mal corrpopropyilemcglycohlselutwnsofan parentezak injestiozns, aerosol s
or T eServoi T fype. a5 arlad Vem ﬁﬁéﬁﬂﬂa?% 27, BpEAncAE bofiubs 711!
Preferably tR #ﬁsamsals txalpBd orally. 2 5 Preferably, the
phar maceuti cal pr epar apjepdsdlSpreparationiosaitable for inhalation may include
solutions and solids in powder form, which may be in
combination with a pharmaceutically acceptable carrier, such as
an inert compressed gas.

15 Also included are solid form preparations which are
intended to be converted, shortly before use, to liquid form
preparations for either oral or parenteral administration. Such
liquid forms include solutions, suspensions and emulsions.

The compounds of the invention may also be deliverable

20 transdermally. The transdermal compositions can take the form
of creams, lotions, aerosols and/or emulsions and can be included
in a transdermal patch of the matrix or reservoir type as are
conventional in the art for this purpose.

Preferably the compound is administered orally.

25 Preferably, the pharmaceutical preparation is in unit dosage
form. In such form, the preparation is subdivided into unit doses
containing appropriate quantities of the active component, e.g.,
an effective amount to achieve the desired purpose;

The quantity of active compound in a unit dose of

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

The actual dosage employed may be varied depending upon
the requirements of the patient and the severity of the condition

35 Dbeing treated. Determination of the proper dosage for a
particular situation is within the skill of the art. Generally,
treatment is initiated with smaller dosages which are less than
the optimum dose of the compound. Thereafter, the dosage is




form In such form the preparation is subdivided into unit doses
contai ning appropriate quantities of the active conponent, e.g.,, an:

ef fective vagoaliapd © achi eve the desired purpose. The quantigqy, gﬁ’w
conpound in a unit dose of 30 preparatlon may be varied or a from

about 0.1 ng to 1000 ny, nore preferabl y__?rﬁj)m about 1 ng. to 300 ny,
according to the partlcul ar application actual dosage enpl oyed may be

{he. condi £1 on BcrBaped i sfih iSEEREnts, siotl, B opm i sHet 3BT 0

for a
particul ar sit e oircumstam:es ishreadhedd. d?ortdfmwﬁen&nﬂmrtbtal daitpt nent

Is initiated w e of

t he conpound. er%?# 53; l%haﬁgoég\égeﬁiigl (ﬁh%%fi 1@?@8}8&@%&@ &Pé

PCT/ US97/ 15906 dagp if dpﬁg' sed by small increnments until the optinmum effect
under the cgrcunst anfRe drﬁoh?ﬂcéﬁd fr&i’kﬁeﬁ@%ﬁ'&mﬁsﬁ%ﬁ 8f #hedai l y dosage

may be divided and_admpi s ed ortlo S dur ng the f desir
The anount and 99"BRE é“"c%s ?%& H h@g%?ﬁb&ﬁéy YoRCeeRt %qe
i nvention and téaits)lthenwiévnllcb& Irggalatedtmddowdmg to tﬂ’ieejudgmbnﬂofb&ne

Such factors actipidide chiubi SRR he SuEh Bitord o B PRafi@aT bl | )
of the synpt omsizemfgﬁhe patient as well as severity of the symptoms being .
' 10 treated. A typical recommended dosage regimen is oral
administration of from 10 mg to 2000 mg/day preferably 10 to
1000 mg/day, in two to four divided doses to block tumor growth.
The compounds are non-toxic when administered within this
dosage range.

-

o
—

15 .

The following are examples of pharmaceutical dosage forms
which contain a compound of the invention. The scope of the
invention in its pharmaceutical composition aspect is not to be
limited by the examples provided. '

20 .
Pharmaceutical Dosage Form Examples
‘ EXAMPLE A
Tablets

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

as a 10% paste in

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

Total 300 700

Method of Manufacture

Mix Item Nos. 1 and 2 in a suitable mixer for 10-15
25 minutes. Granulate the mixture with Item No. 3. Mill the damp



10 treated. A typical recomended dosage reginen is oral adm nistration of
from1l0 ng t /day preferably 10 to 1000 ng/day, int to four

di vi ded dose@qzygggwggk tumor growt h. The conpounds are non-t\gﬁFE"!ﬁﬂ'@#m
adm nistered within this dosage range. 15 The_ foll ow ng are exanpl es of

pharmaceuti cal -dosage forns which contain & Hmpound of the invention. The
'scope of the invention in its pharnmaceutical conposition aspect is not to

be linmted by theBEsRWMASthIpULEh @cgoarse serachnleg:i LA . [B63gemIdf m Exanpl es
. EXAMPLE A Tabl et spbigessary. nDrgd B&m);é &rgnules. ScréBh! My afiedOgtARRE if-

Active conpound 0 Lagt ose,. US .
122 113 3, neceiﬁafys?aﬁcmmm No. 4 angh mix for i@'%é minyigsast e

in Purified Wat er Add Item Gio.n5 Strad ahix Faod-Srminutes. Gémpress the mixture
Magnesi um St egr at 300
700 Net hod of ant? ARRIPRFats iee and el Hfla syitable tablep machine, o,

10-15 25 mnutes. Granulate the mxture with ItemNo. 3. MII| the danp

2. Lactose USP 106 123
3. Corn Starch, Food Grade 40 __70
4 Magnesium Stearate NF_| _7 P
Total | 253 700
10
Method of Manufacture

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

15 suitable encapsulating machine.

While the present invention has been described in
conjunction with the specific embodiments set forth above, many
alternatives, modifications and variations thereof will be apparent

20 to those of ordinary skill in the art. All such alternatives,
modifications and variations are intended to fall within the spirit
and scope of the present invention.
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granul es through a coarse screen (e.g., 1/4". 0.63 cm) if necessary. Dry

t he danp wo3sMi®e. Screen the dried granul es if necessary gushnisolth 1tem

No. 4 and m x for 10-15 mnutes. Add Item No. 5 and m x for 1-3 mnutes.

Conpress the mxture 5 to approprlate smF%and wei gh on a suitable tabl et
re

machi ne. EXAMPLE B Capsul es : I ng I ent ng/ capsul e
ng/ capsul e 1. Mwnd 100 500 2.

Lact ose USP 123 3. Corn Starch, Food G ade
40 70 4. Ivagnesi um Stearate NF 7 7 Tot al

253 . 700 10 emNos. 1, 2 and 3 in a

sui tabl e bl ender for 10 %5 m &B%Efw . 4 and mix for 1-3 minutes.
Fill the mxture into swtable t pi Re_lr d ge,%@tin capsules on a 15

sui tabl e encapsul ati ng nachi ne.

BN I nvention has been
Aﬂ&l ments set forth above,
Réreof will be apparent 20

described in conjunction with thecs p
many al ternatives, nodifications
to those of ordinary skill in the &3

H H
5 or a pharmaceutically acceptable salt or solvate thereof
wherein:

one of a, b, ¢ and d represents N or NR® wherein R? is O,

-CHgs or -(CH2),CO9H wherein n is 1 to 3, and the remaining a, b,
¢ and d groups represent CR! or CR2; or

10 each of a, b, c,.and d are independently selected from CR!
or CR2; :

- each R! and each R? is independently selected from H
halo, -CF3, -OR190, -CORI109, -SR19, -S{O);R1! (wherein t is. 0, 1 or
2), -SCN, -N(R10)g, -NRIOR1! .NOg3, -OC(O)R!0, -COgRI10, -

15 -OCO2R!], -CN, -NHC(O)R!S, -NHSO2R10, -CONHR!O,
-CONHCH2CH20H, -NRI1OCOOR11,

o)
/"\N OCH,4
H o ’
-SR11C(0)OR!]}, -SR11IN{R75); wherein each R75 is independently
selected from H and -C(O)OR!1, benzotriazol-1-yloxy, tetrazol-5-
20 ylthio, or substituted tetrazol-5-ylthio, alkynyl, alkenyl or alkyl
~ said alkyl or alkenyl group optionally being substituted with halo,
-OR10 or -CO2RI10;
R3 and R% are the same or different and each
- independently represents H, any of the substituents of Rl and R2,

* [ L M S *



nodi ficatiaons and variations are intended to fall within the spirit and

scope of th&&érﬁég‘% I nventi on. WO 98/11100

PCT/ US97/ 15 WHAT IS CLAIMED I'S: 1. A conpound of thECFUSH{15%6
[err] 5 or a pharnaceutically acceptable salt or solvate thereof,
wherein: one of a, b, ¢ and d represents N=-of3 NR{err] wherein Rerr] is O,
-CHerr] or -(CHerr #[eheééIIerr]H wherein nis 1 to 3, and the remaining
a, b, ¢ and d gro@b together represent: a satumated or unsatusated

b,dc,. ﬁnd d are Cg ded i-m ed:ethbeﬁeﬁtﬁmﬁﬁi RIngMUIKR2;, each Rerr]
" CORLer 1] ,R[‘.”sk][e'rf] e Wé[%fh%‘{?ﬁﬁa ﬁﬁp?npgﬂb?' rengesghts HoGrs, 1
-N(Rerr])[err], ]a&kﬁmr a.tyl\lﬁaidrzilky} ml%pbohanywmgrs]nmamtedw

- %che:L[ ]erR£ ]er c’ar‘r'fgﬁ er Sw r q['grﬁrlkﬂ %r@ kg%) err
_SRlerr] (Rl err] ) {€PR®n 1]- \PrR é%p@mbinsdm
SUbstitured t et arml vy [4 RER ﬁ‘*ynw ’Zﬁé%ya?bgf‘i?ﬁﬁ”“‘g‘gf‘? o R
al kenyl group opt¥¥ QSF\é Ue¢ §l$bst ituted with hal o,
R10 represents H, alkyl, aryl, or aralkyl;
10 R!1 represents alkyl or aryl;
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
15 present, A and B independently represent -R10, halo, -OR11,
-OCO3R!1 or -OC(O)JR190, and when no double bond is present
between carbon atoms 5 and 6, A and B each independently
represent Ha, -(OR11)5; H and halo, dihalo, alkyl and H, (alkyl)z,
-H and -OC(O)R10, H and -OR19, =0, aryl and H, =NOR!10 or -O-
20 (CH2)p-O- wherein p is 2, 3 or 4; and
W represents a group selected from: -SO2R12 or
-P(O)JR13R14;
R12 is selected from:
(1) alkyl;
25 {2) aralkyl;
(3) cycloalkyl;
(4) aryl;
{5) heteroaryl;
(6) substituted heteroaryl wherein said heteroaryl is as
30 defined above and said substituents are selected from: (a)
heteroaryl, (b) alkyl, (c) aryl, (d) aralkyl, (e) -OR19, and (f)
N(R10)3;
(7) camphor; or
(8) -NR15R1€ wherein R15 and R!® are independently
35 selected from the group consisting of: (a) H, (b) alkyl, (c) aryl, (d)
aralkyl, (¢) heteroaryl, and {f) heterocycloalkyl; and
R13 and R14 are independently selected from:

(1) H;
N




-ORlerr] or -CJerr]Rerr]; Rerr] and Rerr] are the same or different and
each independently represents H,. any of the substituents of Rerr] and
err], WwW0983110d 100 PCT/USI7/15%06
S[CT/ U897/ 15906 -73 - or R3 and R4 taken together represent a saturated or
unsaturated Clerr]-Clerr] fused ring to th24benzene ring (Rng I11):
Rlerr], Rerr], Rerr] and R err] each indéependently represents H,
-CF[err], -CCR[err] al ﬁr laryl said al kyl or aryl optionally being
substituted 5 with - € ri,a-’SR[err], -S(OJerr]Rerr],
-NR[err]CooR[err], -N(Rl3t@&xykerr], -NJerr], -CORlerr], OCCR[err],d )
-OCJerr]Rerr], CCIerr[.i 1: @Qerr]R[err] or R[err] I's conmbined wt
R6 to represent =0 or —iﬁfngﬁg err corrbl V\ntki)R[err] to represent
=0 or =S; Rerr] repres Lﬁd-]“ahy? ?‘}Ia ove Rlerr]
represents abkyl or aryl; X representshN CH or C whi ch C may cotnt ai Elan
opti onal doubl e bond 4repr N g'p P g'f om
the dotted |ine bet Weéen car gr'io%ﬁéng ‘g%g?%ﬁ? eé)ﬁ‘péq% ?% n% d% doubl e
bond, such that swlgeteda@m:BrmmEIaR %sqlde%imqﬁ'pm Bnobrag)lnneusndent 11 y
represent - Rl er IdelebPiront e Phils f8 Qe an
when no doubl e bor}gg%fa precgiﬂ on a om;ﬁs an i:%ggn% Ceach
* independent |y r & ¢ op eniCh and 46 1s absent,  al ky|
and H, (alkyD)[err], -H and QI(O)R[err] Hand -OR[err], =0, aryl and H,

=NOR[err] or -0- 3.  The compound of Claim 1 or 2 wherein W is selected
from:

(A) -SO2R12 wherein R12 is selected from the group
consisting of: (1) alkyl, (2) aryl, (3) heteroaryl, (4) substituted
15 heteroaryl, (5) aralkyl, (5) camphor, and (6) -NR15R16; or
(B) -P(O)R!3R14, wherein R13 is alkyl and R4 is alkyl.

4. The compound of any of Claims 1-3 wherein R4 is H.

20 5. The compound of any of Claims 1-3 wherein R4 is
selected from the group consisting of: Cl or Br.

6.  The compound of any of Claims 1-5 wherein X is CH.
25 7.  The compound of any of Claims 1-6 wherein R12 is

selected from the group consisting of: methyl, ethyl, n—propyl
iso-propyl, phenyl, thienyl,

bl S

benzyl, -NHz2 and -N(CH3)2; and R13 and R14 are
30 methyl. |

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

* [+ L M s *



20 (CHerr])[enr]-O wherein pis 2, 3 or 4, and Wrepresents a gr.oup
sel ected fr - rr err] or -P(ORerr]Rerr]; Rerr] is ct ed
from (1) a%@l”l?%&J IR ! (2) aral kyl; (3) cycloal kyl; f‘gf’bg?"%s?“w)

heteroaryl; (6) substituted heteroaryl wherein said heteroaryl is as 30
defined above and said substituents are selef®ed from (a) heteroaryl, (b)
al kyl, (c) aryl, (d) aralkyl, (e) -ORerr] f) N(Rerr])[err]; (7)
canphor; or (8) -NRerr]Rerr] wherein R B M6 are i ndependently 35
selected fromthe group consisting of: f |, (c) aryl, (d)
aral kyl, (e) heteroaryl, and (f) h®&lse R

are independentl.y selected from (1)
PCT/ US97/ 15906 -74 - (2) alkyl; (3) ar

N G

wherein Rl, R3 and R4 are each independently selected from
5 halo.

9. Theconipo_und of any of Claims 1-8 wherein Rl is Br;
and R3 is Cl; and R4 is Br. -

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

11. The compound of Claim 1 selected from:

A O )



(5) -ORlerr] wherein Rlerr] is as defined above. 5 2. The conpound of
Caiml wherein Rlerr] is H Rerr] is selected from Br or O;+ Rerr] is
sel ected fWOHIB000r C; Rlerr] is selected from H, Br or S AsS e
Rlerr], Rerr] and R[err] are H A and B are each H2; and the optional bond
between C5 and C6 is absent. 10 3. The cegpound of Caiml or 2 wherein W
is selected from (A -SOerr]R err] wherein Rerr] is selected fromthe
group consisting of: (1) alkyl, (2) ar 3) heteroaryl, (4) substituted
15 heteroaryl, (5) aral kyl, (5Briang N Ey{err]R[err]; or (B)
-P(ORerr]Rerr], wherein Rerr] ‘EH]iSMKW 4. The
conpourid of any of Clainms 1-3 wher &
of any of Cains 1-3 wherein R4 is s
Cc or Br. 6. The conpound of any of -2
7. The conpound of any of Clains 1-6
group consisting of: nethyl, ethyl, n-p , pSppyI phenyl, thienyl,
[err] benzyl, -NHerr] and - N(CH[err])[e ; fand *ﬂeﬁ)] and R[err] are 30
met hyl . 8. The conmpound of any of Clal 1 sgl ected fronl

‘0 5. The conpound
d ffom t&D)group consisting of:
-~r1 5 wherein Xis CH 25

ein Regr]CHg selected fromthe.

(4.0

Oy ~CHaCH,CH

* C L N s *



WO 93/11100 : PCT/ US97/ 15906 -75 - [err]
or wherein RIWGSS/Hi R4 are each independently selected from5 halo. 9.
The conpound of any of Claims 1-8 wherein Rl is Br; and R err] BCXAG897/189%¢
Rlerr] is Br. 10 10. The compound of an% of Clainms 1-9 wherein said
conpound is a conpound of the fornmula: [err]” 1- The conpound of Claiml
sel ected from - WO 98/ 11100

PCT/ US97/ 15906 -76- [err] [err] Br
[err]

* [ L M S *
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- [err] - 79 - [err] -80- 12. A pharnmaceutical c Lol

conpri sin ffective anount of conmpound of any of Cldﬁﬁgﬁébkkﬂﬁn

conbi naVP %ﬁﬁ3rﬁh a pharmaceutically acceptable carrier. .

The use of a conpound of any of Clains 2811 i.n an effective anount for the
manuf acture of a medi canent for the treatnment of tunor cells. 14. The use
of Claim13 wherein the cells trgaigd are pancreatic tunor cells, lung
cancer. cells, nyeloid | gukenj=s . S,Cthyroid follicular tunor cells,

nyelodysplastlc tunor cell cinonﬂﬁF CHael | s, bl adder 10
carci noma tunor cells, col oN breast tginor cells and prostate

tunmor cells. 15. The use of LORNY ainms 1-11 in an
ef fective amount for the manuf acjdrx medi ¢ for the inhibition of
farnesyl protein . Q@S

N

*

’ * c L M S *
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12. A method of treating tumor cells comprising
10 administering an effective amount of a compound of any of Claims
1-11.
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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

5 cells, epidermal carcinoma tumor cells, bladder carcinoma tumor
cells, colon tumors cells, breast tumor cells and prostate tumor
cells.

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

15. A pharmaceutical composition comprising an
effective amount of compound of any of Claims 1-11 in
15 combination with a pharmaceutically acceptable carrier.

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

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

18. The use of a compound of any of Claims 1-11 for the
inhibition of farnesyl protein transferase.
25 _
19. The use of a compound of any of Claims 1-11 for the
manufacture of a medicament for the inhibition of farnesyl
protein transferase.
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