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TRI CYCLI C IHHI S OF FARNESYL PROTEIN TRANSFERASE

BACJ<G?C1JND‘W9§)J°% WD 95/ 10516, published April 20 Pé%'ﬁ”"s”’

di scloses tricyclic conmpounds useful for inhibiting farnesyl
protein transferase. : In view of the current interest in

I nhi bitors of farnesyl 100 protein transferase, a wel cone
contribution to the art would be conpounds useful for the

i nhibition of farne contribution
I's provided by thi sﬁkﬁgﬁéﬁlﬁsmks OF FAR%@@%EWI ON

15 This invention provides conpounds useful for the inhibition

of farnesgl protein transferase (FPT). The conpounds of this

i nvention ar re t by the forrmula: [err] or a-
pharnaceuticgiéﬁﬁggéggﬂﬁale salt or solvate thereof, wherein: 20 one

of a( Ca[ C ]a;ld d rwmwmssmo ulishied ﬁl a(nt %@esrihscﬂoéégltﬂcgcha{err]
or - err r i e, I.enai_ni

"~ and d groups %1’ @HQ Bﬁ?ﬁ‘ﬁ ro’ﬂ“‘éh%‘é FSy protemng-ans?graSe Bach of a,

b, ¢, and d are i ldepievdaftthe salrmm‘eihtemst @R[ imhipitors of famesydr CR2;

25 h H,

hal o, - ﬁ}o@é@?g‘}ﬁﬂ(&é& a%ggglmb @?ﬁ”&i &é%ﬁ%ﬁl{irﬂé“

- SCH[ er r] andzompounds useftédqprethq @pbibipqprepf farnesylgpreteinR  err] (wherein

t is 0, 1 ort2anéfetase: Bkl #@éntribution is pro%é‘d 'Hycﬂliiy fidventigieN

-N(Rlerr])[err], -NRerr]Rerr], -NJerr], -CC(ORerr], -CJerr]Rerr],

-OCderr]Rerr], -CN, -NHC(O)R[err] -NHSCIerr]R[err] - CONHR10, 30

- CONHCH2CH2 Y ION. :
15 This invention provides compounds useful for the inhxbition

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 one of a, b, ¢ and d represents N or NR® wherein R? is O-, -CH3s
or -(CH2),CO2H wherein n is 1 to 3, and the remaining a, b, c_
and d groups represent CR! or CRZ; or

each of a, b, ¢, and d are independently selected from CRI
or CRZ?;

25 each Rl and each R2 is independently selected from H,
halo, -CF3, -OR10 (e.g., -OCH3g), -CORI0, -SR10 (e.g., -SCH3 and
-SCH2CgHs), -S(O}R11! (wherein tis 0, 1 or 2, e.g., -SOCH3 and
-S02CH3), -SCN, -N(R10), -NRIOR!], -NOg, -OC(O)R10, -CO2R10,
-OCO2R11, -CN, -NHC(O)R10, -NHSO2R!0, -CONHRI19,

30 -CONHCH2CH20H, -NRIOCOOR!},
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-2- [err] -SRerr]C(OOCR err] (e.qg., -SCH errCqO )
-SR err] N RYler rsfl)"ferr] wherei n each Rlerr] is i ndepende%ﬁ,ﬁygﬁéc ed

fromHand -CCOORerr] (e.g., -S(CH err])[err] NHC(O O-t-butyl and
-S(CHerr])[err]NH err]), benzotriazol-12 -5 yloxy, tetrazol-5-ylthio, or
substituted tetrazol-5-ylthio (e.g., alkyl substituted

tetrazol -5-ylthio such as 1-nethyl-tetrazol -/-ylthio), al kynyl ,

al kenyl or alkyl, said alkyl or al kenyl grg pptional ly bei ng
substituted with halo, -ORerr] or -CJ erchR r] R3 and R4

are the sane or different and each © i
the substituents of Rlerr] and Rfer
toget her represent a saturated or ZUnSat’ur ¢ Cerr]-Cerr] fused ring
to the benzene ring (Ring I11); H R[err] Rlerr], Rerr] and
Rl err] each independently represents H, - err] CCR[err] al kyI or

| d al 1 5
- DHIE il ot i Bt Eﬁqif’]‘f@r] ,
Rierr] is comS(CH2)oNHCIO)D-t=b lwmeswngm\lgfz] Beﬁﬁdﬁﬁazcﬁmr-s conbi ned

L G S BB e s substtug o RS BT Sobby

aryl ; substimteﬂ) tetrazbl-SMNylthib such ashil amethybhyetrazbhiSyyhihiopt i onal
the dot ted | 1 SBSALKEAa, %ﬁgﬁﬁtn%a@ iior %lg WetpBbtionatly | oy
doubl e bond, being substimtad withhisle. HORI% er BO2R'%sent, A and B
ey o e o MG st gL 1
5.and 6, nialcg!&%fm ty SEPReRsAYs H, any of égﬁe"s‘é hstifyents o of K R
-(OR{err] ) [ er 61 R3anddR# ahkendidipither aleprbsaitiatsatiataked )dreanbaturated - H
(Ggerr])lorr r%@v&%@#ﬁ & éﬂ 995*?3&’5 ff R B 7, 2 Cents a
heteroaryl, aryl, &1 @k RE oach indepeplemtlx yepresengs H, -CF3,
-COR1°, alkyl or aryl, said alkyl or aryl optionally being substituted
15 with -ORI10, -SR10, -§(O);R11, -NRIOCOOR!!, -N(R10)3, -NO2,
-CORI10, -OCORI10, -OCO2R1}, -CO3R10, OPO3R10 or R5 is combined
with R® to represent =O or =S and/or R7 is combined with R8 to
represent =0 or =S;
R10 represents H, alkyl, aryl, or aralkyl (e.g.. benzyl);
20 R11 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
25 present, A and B independently represent -R10, halo, -OR!1,
-OCO3R11 or -OC(O)R10, and when no double bond is present
between carbon atoms 5 and 6, A and B each independently
represent Hg, -(OR!1)2; H and halo, dihalo, alkyl and H, {alkyl)s,
-H and -OC(OJR10, H and -ORI0, =Q, aryl and H, =NORI10 or -O-
30 (CHg2)p-O- wherein p is 2, 3 or 4; and
W represents a heteroaryl, aryl, heterocyloalkyl or
cycloalkyl group. |

ndently represents H, any of

HR[err] and R[err] taken
SN
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-3 - w098lﬂ_§kﬁ conpounds of this invention: (i) potentl yPé,ﬁ{}gJ),hB’M
farnesyl proteln transferase, but not geranyl geranyl protein

transferase I, in vitro; (ii) block the phenotypic change i nduced by a
formof transforming Ras which is a farn&yl acceptor but not 5 by a form
of transform ng Ras engineered to be a geranyl geranyl acceptor; (iii)

bl ock intracellul aThprmM@S)ﬂfms\thchtmn di) - poteritdy rinigibitaccept or but

not of Ras e ‘a‘iﬁé i v) block
abnormal cel [Egg’gg il“iﬂrzl‘&tci ture 1n ucgg‘i@%k %erany%&?ﬂ‘l&?n n s.( )
The conpoundstransierase ﬁ-vm]m, KH)]MWM%E@?POMi%ﬁhange ll'tdla%}ﬂ erase

and the far nasylaafdren df&rhhﬁfdiﬁﬁi?f@%spﬁ/ﬁi&h is Refarnesyl aﬁaéﬁtoﬁ Bug not

I nventi on_f urt er é)r oz%(des a.net hod i nhj bi ti far nes I‘OﬁEI n
transferaSe, R%3 Tansiugning (g?ae? n@’rna‘?@?a o bs a gerany gﬁ%ﬁ’ﬂ

especi ial |y hLa!mq;toby (itf) ebladki iritsacellular pfocussing off Rastwhickisunt of the
tricyclic co t

conmpounds of '@%ﬁ@gﬁngggﬁiggﬁu@%‘{ of Rﬁse%rg_éiﬁe? g hs%é% égpﬁ{&%&&%{ ein
transf er ase, a@cqp;@ru anidh {ivh block ahn@zmaia ncllogrwhﬁl énrewityre endrutmb

bel ow. traﬂéfo?rﬂi ﬁ%é on provides a nethod for inhibiting or
treatingéé thea or ma rovvth?f cells, |nclud|n ransformed cells, by

admi ni st &¥ing an ebReQompoRRsis o Ghi%i@mﬁgﬁd“lh thiarnesyl profeit i on.
Abnor mal  gr ouraneferese! andether farnesydatiod'sfite onco eﬂé%@téﬁﬂm nor mal

regul atory anl s?!% ont act

i ncl udes the 'ﬂﬁ'r iﬁfs éﬂ%%%o’a%’fﬁfr g‘ov{cfﬁﬁ) H’ga igm@%resm ng an
acti vat ed Rasfamesgbpepte(m)transfenaswr(exgaj tasfarnbs;dhptdteiﬁeatsapsfﬂmsn) is
activated as f X 26 and (3)
beni gn and ifh H‘f\%ht Beﬂwﬁg&%@? p&ac?l |ve %I seases I n which
aberrant15 eff@j:ix@ amemnd of ddwau ticyelic Compounml desenibed| apovg.so

provi des a W@K@erﬁinis@ﬁt%ﬁ'd}gt}% com oﬁﬁﬁ@tdf‘"ﬂl%%rﬂfdﬂ‘tb by

Gescri bed horAtt 2 {RRRA 14igies] mrotein Uniesasc, Grn Dy ie
treatment. | rtrpatmietit! ¢f thé bancersedésaibed belbwow des a nethod for
o X109 OF {1 e AR bl Wit SEETRA 3 GRblig ot
descri bed0cortheuabnormalngtosstioiof cells, inchudinghtramsfaymed celisbbyed or
treated incl lﬁigteﬁh‘g Bfteffectivd &t bP-a bORPANE D Hfis9- - | UNg
adenocar ci noma), pancre

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)

25 tumor cells {tumors) expressing an activated Ras oncogene; (2)
tumor cells in which the Ras protein is activated as a result of
oncogenic mutation in another gene; and (3) benign and
malignant cells of other proliferative dxseases in which aberrant
Ras activation occurs.

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

human) in need of such treatment. In particular, this invention
provides a method for inhibiting or treating the growth of tumors

35 expressing an activated Ras oncogene by the administration of an
effective amount of the above described compounds. Examples of
tumors which may be inhibited or treated include, but are not

limited to, lung cancer (e.g., lung adenocarcinoma), pancreatic
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-4- can ., pancreatic carcinoma such as, for exa

exocri ne pangﬁa% C %arm nona), colon cancers (e.g., colorect ar?&ems”’ls’w
carcinomas, such as, for exanple, colon adenocarci nona and col on
adenoma) , nyel oid | eukern'_as (for exanple~-4&cute 5 nyelogenous |eukem a
(AML)), thyroid follicular cancer, nmyel odyspl astic syndrone (MDS),
bl adder car ci neanceepi{e.g: rpancreatic ararcinoma buehsas.cmcexamptb prostate

cancer . %rﬂﬁ" | S PESI

met hod for exocﬁh-{)e %?‘ﬁ%ér ea (ﬁﬁ%ﬂr@m | era{ﬁ c‘f‘??gse Y)gggﬁalbem gn
and 10 nali gn&ﬁ%’cmﬂi’@ﬁéi ﬁuRHsaqbr reﬁmnml@. e@anadcnpcamimm%@ a
result of oncogelire d&&xmmap hiyedbitPledRERas (fér exhRfHIBAacutee itself

I's not acti ated rrutatl enjc far h sai d :

i nhi bition %ﬁf’“ﬁe %&M’:ﬂe Wfihg BSHi%F GARLETon of an
ef f eclt i \(/e armumyelbdybplasm@ drmeﬁmosst Bﬁf&dt emdré@orhar @mdl ei-mtaﬁ _
mamal (e.g. such t{rea or exanpl e e
beni gn prol i fef a?%q’él S@fggg Sflarﬂ P§98€$§ Cancer., . tunors in which
Ras is activated dudti® hnheacdoﬂ:air this inmﬁtmpﬂm;:romdn‘s aymethod fornase
oncogenes (e. ginhﬂ:ﬁt'inqsbi; tréQiin rol(ijfef' twé'lﬂgé%&% s, B ﬂ@ﬁh Benigh! ﬁaed or

treat ed b tr escr
tricycli c BBk eﬂ'ﬁme %ﬁrmmsmetab@ranﬂy am\éaﬂedoa.smm b| t or

E L eat t het abnormlt%gmhﬁo énitehkﬁtatwﬁ hfildther d%eﬂ\éébi .89 ﬂthfé Rﬁtsbgéﬂ@h ]
eor | I'S ve a e Qqun unc on e
i nhi b|>/t i on of hﬁi[sepﬂi aﬁﬁﬁﬁ?lr (H}Ut%tggﬁ t9-.ap Anepgenig fo tﬁggaj&
Gprotein i sopmhjbmmmnr treatmehut sbeing agcornphisirees by ihe hﬂmi&'ﬁsﬁ’mﬁm of
li ferat
o ohi ng to be Bhaih efftctive adliihedr e SRl tiig Hesciod |\
i'nhibit rdPfa Qi}l toa mpmmil r(etg asshuman) iramedm&suqbvtreatment

anti rollferat n
DETAIIOLED DESCR%I %E\Iéﬂa‘?léYtﬁQ b&@ﬂ”‘o%&ofi&?aﬁv@ afélfrﬁgg gdfé%lllér.?i (El rr? ma%osis

TH
fol | owi ng tern®F af'r“énﬂg%élné’gh{ﬁ? Eﬁ’@d‘s activatad,dugfa-mutation ffse i ndi cat ed:
35 Moverexpressigi ef ayrosirie kivhse uh@bgeﬁesqks%ﬁ imedli, agren b1, t he

mol ecul e in the B3 aSRE5! WY be inhibited or BEI6A rb Afite t:lic}/cﬁxy represents
20 compounds described herein.

The tricyclic compounds useful in the methods of this
invention inhibit or treat the abnormal growth of cells. Without
wishing to be bound by theory, it is believed that these
compounds may function through the inhibition of G-protein

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

30 against ras transformed cells.

L ESCRI F THE 1 N
As used herein, the following terms are used as defined
below unless otherwise indicated:

35 MH+*-represents the molecular ion plus hydrogen of the
molecule in the mass spectrum;

benzotriazol-1-yloxy represents
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1-methyl -tetrazol -
5. yI thio re&%?éh?g [err] - acyl - rEpHESYREYT
represents .-C(O-al kyl, -C(O) -al kenyl, 5 -C(O-al kynyl,
-C(O-cycloal kyl, -C( O) -cycl oal kenyl or --%(O) -
cycl oal kynyl ; al kenyl -represents strai ght and

branched carbon chains haNi ng at | east one carbon to
carbon doubl e bond and cont ai ni ng ‘\N from2 to 12 carbon
atons, preferably from2 to 6 carbo 5 # 10 and nost

preferablyfrom3t06carbon at ons; N

al kynyl -represents strai ght and branched calcbo-n <hai ns
havi ng at | east one car n to car bﬁ : | e bond and cont ai ni ng

from2 to 12 carbon H lsteiraza LERESENESr bon at ons:

al kyl - (i ncl udi ng the aIkyI portlons o koxy, aral kyl and 1
het eroaryl al kyl') -represents straight Nan ranched carbon chains

and contains fromone to twenty carbonlNat o preferably. one to

si x carbon at ons; cH, aralkyl-represents an aryl
group, as defi ned bel ow, bound 8 “+ to an al kyl group, as

((jefi nedbabovle) pr ef eroybinepirbsents yepgesstits SC[O)-alkyl -C(OZthke le”%

e.g., bepzy _ in | he portion

aral kyl , aryI Elo ﬁ&kynyl C(O) cycloalkjgr ypﬁ)k&‘y %’# g} m

car bocycl i ¢ geychoatloymyl; ni ng from6 to 15 carbon atons

havi ng at | east one hen
9 Ak ngz-&'ﬁgf%él%t%a ﬁai% n branched carbon chairf p

ring), with all availa
carbocycl i c ghavpgatigashorsrarhen posgrboa duibklesbend and contammg

?tet achment, gﬁ-b@'n @'tbom ‘E'Jah'ﬁorﬁrea%&inge Qfe'}ﬁbl}f)ﬁ‘iiﬂ:mr gg@ﬁ:b{rﬁ%ﬁdatoms
phe%o%y, 1@[ e#ﬁl ST% 59 ﬁﬁ% X S(EOéQ[ err] gr -NJ err
aroyl - represents @@nﬁ—ybpw&mﬁsmﬁa}@hﬂ andsbrdafdheeticarbon chains 30
?&O\é:zol yl gr oup (}e%st one carbca}‘g i r&rbggd@ﬁﬂ ylé?xﬁg%{rggﬁaﬁaﬁﬁng of t
i m dazol e- ri nffom 2 tOCHE @aﬂ‘pon atoms; preferably from 2 to 6 carbon atoms;
alkyl-(including the alkyl portions of alkoxy, aralkyl and
15 heteroarylalkyl)-represents straight and branched carbon chains
and contains from one to twenty carbon atoms. preferably one to
six carbon atoms;
aralkyl-represents an aryl group, as defined below, bound
to an alkyl group, as defined above, preferably the alkyl group is
20 -CHz-, (e.g., benzyl);
| aryl (including the aryl portion of aralkyl, aryloxy and
arylalkyloxy)-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
25 the carbocyclic group being intended as possible points of
attachment, said carbocyclic group being optionally substituted
(e.g.. 1 to 3) with one or more of halo, alkyl, hydroxy, alkoxy,
phenoxy, CF3, amino, alkylamino, dialkylamino, -COOR!0 or -NOg;
aroyl - represents C(0)-aryl wherein aryl is as defined
30 above;
-CHz-imidazolyl represents an imidazolyl group bound by
any substitutable carbon of the imidazole ring to a -CHs-, that is:

5

of

and

yl
t he

l;

he
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- 6- rr]

cycl oal kyl -represé#ss saturated carbocyclic rings. Pm"f%lsg(r’;lched
or unbranched of from3 to 20 carbon atons, preferably 3
to 7 carbon atons; , -6- cycl oal kenyl - represents a
carbocyclic ring haV| ng from3 to 8 carbon atons and at

| east one carbon to carbon doubl e bond H in the ring;

10 cycl oal kynyl - represents ch Ncyclic ring having at |east

8 carbon atons, preferably 8 to 15 caHacn— and at | east one

carbon to carbontrlple bond in suchrlﬁlg N

hal o-represents fluoro, chloro, brono afid i odo;

het er oar yl - r epsashris -C¥-(2-, gt-oopH-)iopidazolyl, fos example ed

15 with Rlerr] and Rlerr], having at Ie st eteroatom sel ected from O
S or N said heteroatominterrupting _a,_ yl C ring structure

and having a sufficient number of deloca pi electrons to

provi de aromatic character, with the arUrratlc het erocyclic

groups preferably Co%yéldﬁlﬂﬁl “réepfesernte éét\ﬁ%itéﬁrbm,clic rin s - 20
Corg. (2. B, blanthbdioh unbsaprhdaaf from i A0 plrhon dtbmys. pRétBrlbly,
triazol yI |, 3-38nion?-carboh atomspl vyl ); (4) tetrazolyl; (5) substituted

t et |yl h

(:) rgfgl y( 5 ZUC pﬁzn&:&)rcicla(lg?nx} o] @Pr?%ents gscar‘%%ghg 1thg rﬁalwh%fr‘aﬁ?@ S
het er oar yl al kyto Ehearhamadoms and(at leaskone eaxpon fetdarbpn double bond

or (e) substitytqfedpijgvati ves thereof (e.g, wherein said
“NCRLer 1] G ]+ e RT) e S4B STl A0 T L o st
30 substitueng ¢frbbii afOma) efél‘hb@ﬁ &to 3% édn‘bdn atetis ahd(alt lddstone
when Rierr] s 25¥n t%ac':éjrbso‘ﬁ’%npie“%%tné’in(s&ch Pt On the a carbon of
halo-represents fluoro, chloro, bromo and iodo;
heteroaryl-represents cyclic groups, optionally substituted
15 with R3 and R4, having at least one heteroatom selected from O,
S or N, said heteroatom interrupting a carbocyclic ring structure
and having a sufficient number of delocalized pi electrons to
provide aromatic character, with the aromatic heterocyclic
groups preferably containing from 2 to 14 carbon atoms;
20 examples include: (1) thienyl (e.g., 2- or 3-thienyl); (2) imidazolyl
(e.g.. (2-, 4- or 5-) imidazolyl); (3) triazolyl (e.g., 3- or 5- [1,2,4-
triazolyl], 3-amino-1,2,4-triazolyl);' (4) tetrazolyl; (5) substituted

tetrazolyl, such as
-1
N
1:1112
25 wherein R12 represents: (a) aryl (e.g., phenyl}, (b) aralkyl (e.g.,
benzyl, (c) heteroarylalkyl (heteroaralkyl), (d) alkyl (e.g:, methyl),
or (e) substituted derivatives thereof (e.g, wherein said
substituents are selected from the group consisting of: -OR11,
-N(R10),, alkyl, aryl, and heteroaryl), provided that said
80 substituent is not on an a carbon of an alkyl group of (d) (ie.,
when R12 is alkyl said substituent of (e} is not on the o carbon of
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-7- [ yl group); (6) thiazolyl (or thiazyl) (e. g somOF
5- tmggll?%( (7) pyrimdinyl (e.g., 2-, 4- or pyrim icr'lrﬁg;m%?).’ _
pyrazinyl (e.g., 2-pyrazinyl); (9) pyridazinyl (e.g., 3- or 4-
pyridazinyl); (10) triazinyl (e.g., 2-, 47 or 6-[1, 3 5- tr|a2|nyl]) (11)

5 3- or 5-[1,2,4-thiadizol ylé 12 benzoxazolf/ g., 2-benzoxazolyl);
(13) Nsubst.taaddcalkymremly( ) thiag o&mam;ma@ g(egzz 4- or 55-

oxazol yl 1 I

S)L(Ibgt [ %/u% ed(wi%lﬁgzmyw Pﬁms l\%gpgjnl pfrl Qi_I\I-O%I; xgzg%h@ﬂ?' tSﬁ
represent ed aPYTagRy %-(pyrazi %) ﬁ" -8(-19) 9Betizi soxazol yl ;
(18) benzi ni dq;‘gn-lidéZH(ylﬁ)[lﬂ)etriazinyI (eagl), c.al s4d@|rl sqd 3r5m—mmml.(ﬁlg

adeni nyl )5 (28 PESH ot Atiedyy; (12) SEiapiealblR 8 AP Frgrkadbiv

j_) 5523) pyrl(ﬂﬁbw-sz.jbgtitl.(tgezi , 3Ppyrazolyl, (18) oxazplyl @4g., rﬂﬂMhmlﬂ+ nyl (2-,
oxadi a’zolyl (e. ""%5%” ﬁﬁéggad?’g%ﬁg@ 051%1&9{%%%&5 @ %@gﬁolyl and
3-amino-1, 2, 45@39@&#? fatsdywjth R3 and RY), whewetremqmamkqxideepm ts a _

heteroaryl gr@gpregénggﬁ iaged above bound to an al kyl group, as
defi ned above, preferably the .20 group is -CH err]- (e.qg.,

-CH err]-(4- or 5-)imdazolyl ) ocycl oal kyl -represents a
saturated, branched or r a che Ebo y \r~ ng containing froms3

to 15 carbon at ons, pref rau capbon atoms; which
car bocyclic ring is interr ted b to 3 haNero groups selected from
-0, -S-, 25 - NRerr]- (wher nR[er-} Is as flned above) or
-NR[err]-ygherein Rerr] I's selected from the gr oup consi sting of:
(1) heteroaryl, (2) heterocycloal kyl, (3) acyl, (4) aroyl,
(5) al koxycar 6b@) IiSO{‘%?O]XLyi/ bRy bensisnrazaly) d8)| bergimidazolyl; (19) the
carbonyl, (8) rﬁﬂié:—ﬂ@yaeﬁeeﬂ fronp@ &Ehk%e%r 12 ‘M‘@f etbf‘SRi e(gd) e rdficals
selected from 5#%‘}‘6%{38 co Si $t| g I%% { Oﬁ iyso winolinyl (2- or
aral kyl and h F& SHEP? ?‘I”{ q y
-P(O (ORerr] B-Rr (32) wﬂmolmyR[(ﬂt rdr is); tfzm pyﬁablpyraziﬂwl (2-¢.8-.5- or
ethyl)1) 15  74); (24) naphthyridinyl (2-, 4-, 5-, or 7-); (25) isothiazolyl; (26)
furazanyl; and (27) oxadiazolyl {e.g., 1,2,4-oxadiazolyl, 5-amino-
1,2.4-oxadiazolyl, and 3-amino-1,2,4-oxadiazolyl).
heteroarylalkyl-represents a heteroaryl group, as defined
above, bound to an alkyl group, as defined above, preferably the
20 alkyl group is -CHz- (e.g., -CHg-{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-,
25 - NR10- {wherein R!0 is as defined above) or -NR32- wherein R32
is selected from the group consisting of:
(1) heteroaryl, (2) heterocycloalkyl, {3) acyl, {4) aroyl,
(5) alkoxycarbonyl, (6) aryloxycarbonyl, (7) arylalkyloxy-
carbonyl, (8) sulfonyl [e.g., -SO2R14 wherein R!4 is
30 selected from the group consisting of: alkyl, heteroaryl,
aralkyl and heteroaralkyl] and (9) phosphonyl [e.g,
-P(O){OR16),- wherein R16 is, for example, alkyl (e.g.,
ethyl)]),
suitable heterocycloalkyl groups include:




sui tabl e heterocycl oal kyl groups include: WO 98/ 11093
PCT/ US97/ 15 -8

(1) tet rahyggéﬂ(}%{m/l (e.qg., 2- or 3-tetrahydrofuranyl), %CTIUS97/15907
(2) tetrahydrothienyl e.g., (2- or 3- tetrahydrothienyl),

(3) piperidinyl (e.g., 2-, 3- or 4-piperidnyl),

(4) pyrrolidinyl (e.g., 2- or 3-pyrrolidinyl), (5)
pi perazinyl (e.g., 2- otrl)&epraleydmfmrb))yl (e.g.. 2- or 3-tetrahydrofuranym)

di oxanyl (e.g., 2-diox I

t et rahydopyranyl , a@j t?e’trahydrothienyl c. g§8()2 pyran05| dﬂﬁxy?rothien?ryé
radi cal derived from (3) piperidinyl (e.g., 2-, Byramdspipsrid lﬂ}d » exanple a
pyranose (e.g., glucopy g 9.0 - A yranose and

gal act opyr anose) wher elfﬁgﬁfeﬁ&hdmyl (e.g.. 2%r 3 PyrTo LP -OH groups are
acyl ated t® produce an (@rpijperazinyl (e.g.. 2- or 3-piperazifdh epresented as

(GO err] o - OO R clgldickrgl (e 6. 2-dloxamyl). | -OCTHE) group
exa es | nNcl ude e (0] ucosi S
[er?}) >th éeffgﬁyd°m'?‘8¥h Rerr] is al k3| (e.g. et hyl ) :

(9) furanosidyl (i.e., (Blepyrahosidyldi.evethé radical derlved from
furanosides, e.g., ri Sr‘%ai’lo%fﬁ’ésq ?Bxdegc Qoé;ti‘as areeg [ Ylucopyranose, 20

exanpl e a furanose W one “br m)r

acyl ated t® produce ananoopwr@apecrafn@g@actomnmoeehwéme}n one or
group, exanples incl ydgrd DOH ;gg—éﬁg%‘ 8FS acylated {dzgh])duce an
ove, : o}

wherein R err] is as defined
radical fromtrinethylene oxide, e.g., 3- —O—|(|:—R2°
(11) the radical from azetidine;
(also represented as -OCOR20 or -OC(O)R20) (e.g.,

-OCOCH3) group, examples include the glucosides
15 (glucosidyls)

(10) the
oxet anyl ;

OCORZ
2°ROCO,, W\OCOR?°

o
OCOR2?
wherein R20 is alkyl (e.g., methyl);
(9) furanosidyl (i.e., the radical derived from
furanosides, e.g., ribofuranose and deoxyribofuranose), for
20 example a furanose wherein one or more -OH groups are
acylated to produce an -O-(0)CR20 (e.g., -O-(O)CCHz)

group, examples include the furanosides
?COR2°

20RoCO OCOR?0
wherein R20 is as defined above;
25 (10) the radical from trimethylene oxide, e.g., 3-
oxetanyl; -
{11) the radical from azetidine;
(12) 1-azacycloheptanyl;
(13) perhydroisogquincelinyl;
30 (14) decahydroquinolinyl;
"~ (15) 1,4-dioxanyl;



(12) 1-azacycl oheptanyl; (13)

per hydr oi sogy Y| 30 . (14) decahyd | vl
(15) 1,4-di %EQH‘&/ WD 98/ 11093 E’EWUSE’HHW
PCT/ US97/ 15907 _ 9 (16)

1, 3-di oxanyl ; : (17) thiazot8di nyl; and (18)
cyclic guanidines (Y is NRerr]) or Cf/_C| ic amdines [Y S

CH err]) of the formul 416) 1,3-dioxanyl; 5 wherein nis 1 or 2;
Yis ; Ragid | |

-N- and Rééll;;sthéaf?oel(i:ctl%lgl’f'rorgt he rogf consi sting of: H,_ alkyl
aryl and 418 eyclicguapidiness (% Pﬁe%:@ ) er qyshicdarddines (Yde

t he 10 gr oujs CH4) uf th fornauld:err] wherein Y is
-NR[err] and Rerr] is H and nis 1; exarrplns_@(fmgn cyclic .
am di nes include conmpounds wherein Y is G@ nis 1. 15
The followi ng solvents and reagents are r r to herein by the
abbrevi ati®ns indicated: ethanol (EtOH); methahol (MeOH); acetic
acid (HOAc or AcOH); wiielrgin sciy adter QEYORE); N N di met hyl f or mani de
(DVF); trifluoroacetic acid (TFA); t rg#4l uor oaceti c anhydri de (TFAA);
1- hydr oxybenzotri azol e (HOBT); 20 1-(3-di nethyl am nopropyl) - 3-et hyl
carbodi i m de hydrochl ori de (DEC) ; dﬁlgﬁbuta}ldal um num hydri de

(DIBAL); and 4- R241 B! dplt s RVrh e $Fp consisting of: HReABGAWS1L 0 the
position of the substi tuentlgyf[ err ng Rs[e?[tg’ %H\,rrk d and] Iﬁ[eeﬁgé S
based on the nunber e8fli HRIEY} anples of theqyclic ghanidines inclu
10 - group of the formula: '
. N—(CH,),

!

wherein Y is -NR24 and R24 is H, and n is 1; examples of
cyclic amidines include compounds wherein Y is CHg and
nis 1. :

15 The following solvents and reégents are referred to herein
by the abbreviations indicated: ethanol (EtOH); methanol (MeOH);
acetic acid (HOAc or AcOH); ethyl acetate (EtOAc); N,N-
dimethylformamide (DMF); trifluoroacetic acid (TFA);
trifluoroacetic anhydride (TFAA); 1-hydroxybenzotriazole (HOBT);

20 1-(3-dimethylaminopropyl)-3-ethyl carbodiimide hydrochloride
(DEC); diisobutylaluminum hydride (DIBAL); and 4-
methylmorpholine (NMM). :

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

5 6
3 7
ac? :
‘b I °®
-~
_ 2 &2 19 9
25 1 10 .

Those skilled in the art will also appreciate that the S and
R stereochemistry at the C-11 bond are:




25 Those skilled in the art will also appreciate that the S and

R st ereocheg t the G 11 bond are: [err] 93
PCT/ US97/ 1%?’%; tlos3 ) 1(}'%3%/139309
Compounds of Fornula 1.0 include conpounds wherein the bottom
pi peridinyl group is a 4- or 3-piperidifajglp group, i.e., [err]

Conmpounds of Fornula 1.0 include conpounds wherein R2 5 and R err]

arle Hi gn](cj Rlerr] @umpbands of Q?diwlihhﬂld Flt@fiﬁéhiﬂeé cbﬁﬁﬁhﬁidsrﬁlh;reig the
el ecte ro QL 4 € e err] i r..Aan | .
isl'hese corrpou%? Etloﬁ'é-lé:ll &%@‘%é’&ﬁ??%%ﬂe%a ‘ﬁ][%?ﬁ‘}’el'@f“ﬁ‘ Ekggrg] Le,
position and R3 is i he B po;it'on, e.g 3- Br anc]A Qs R3

Compounds of Fo Q. ude compound®t
and Rlerr], Rerrd ‘ 4e hal o (preferab)
fromBr or d). W

10 H,

~~Rpueferably, confo Mprhgel. 0 are
1 -

represent ed by 1"/-a 1 cO¥pounds of Fornula 1.7¥: ' (1.1A)
2 .
R;5 /x\ R7 (101) or RRS /x\ R?
6\'~ - . ~ = s

Compounds of Formula 1.0 include compounds wherein R2
5 and R4 are H, and R! and R3 are halo (preferably independently

selected from Br or Cl). For example, R! is Br and R3 is CL

These compounds include compounds wherein R! is in the 3-

position and R3 is in the 8-position, e.g., 3-Br and 8-Cl

Compounds of Formula 1.0 also include compounds wherein R2 is
10 H, and Rl, R3 and R4 are halo (preferably independently selected

from Br or Cl). | .

| Preferably, compounds of Formula 1.0 are represented by

compounds of Formula 1.1: |

15 wherein all substituents are as defined for Formula 1.0.
Preferably, R2 is H and R, R3 and R4 are halo; ais N and b,
c and d are carbon; A and B are each Ha; the optional bond
between C5 and C6 is absent; X is CH; and R5, R6, R7 and R8 are
H. More preferably, R1, R3 and R4 are independently selected
20 from Br or Cl. Most preferably, R! is Br, and R3 and R% are
independently selected from Cl and Br.



15 wherein all substituents are as defined for Forrmula 1.0.

Pref erably, @b%?ﬂxdds Hand R err], Rerr] and R err] are hal g"%‘g}’#@ﬁ%’qnd

b, d are carbon; A and B are each Herr];

bond between Clerr] and C[err] is absent; X is CH and Rferr],
Rlerr], Rerr] and Rerr] are - H1 More preferably, Rerr], R[err]
and R err] are independently sel ected 20 fromBr or d. Most

preferably, Rl err] Mo prefetablyredmpotirifsof Forneula 1.0 are

i ndependent | y

PCT/ US97/ 15907 B
More preferably, corrpound 0 ‘For Ia 1.0 are epresent ed by
conpounds of Formila Ja OLA

RiLa Jénd §
nost preferably, comgound !
' Rl er \ NpHe

wherein Rerr],
hal o, preferably Br or wand A, B, X and Ware asl‘Heflhed

10

15

fé‘ﬁx"e%%ﬁ‘i!eé er&nﬁ’dl%&é ‘of Formula 1. 2%{?014193& 1.3:

q 3: {r]
N 1.4 andﬁ ) \
are each indepenglen e

wherein R!, R3 and R4 are each independently selected from
halo, preferably, Br or Cl; and A, B, X and W are as defined for
Formula 1.0. - More preferably, A and B are each Hp; the optional
bond between C5 and C6 is absent; and X is CH. Most preférably,
R1 is Br; R3 and R# are independently Br or Cl, and still more
preferably R3 is Cl and R% is Br; A and B are each Ha; the optional
bond between C5 and C6 is absent; X is CH; and R5, R6, R7 and R8
are H.

Examples of preferred heteroaryl groups for W include: (1)
1-phenyl-1H-tetrazol-5-yl; (2} pyridyl (e.g., 2- or 4-pyridyl); (3)
thiazolyl (e.g., 2-thiazolyl); (4) benzoxazolyl (e.g., 2-benzoxézolyl];

(5) pyrimidinyl (e.g., 2-pyrimidinyl); (6) 3-amino-1,2,4-triazolyl
NH,

v A
e
~, 7

N

(7) 5-amino-1,2,4-oxadiazolyl

and



Formula 1.0. More preferably, A and B are each H2; the optional

bond bet weeyofdgfiibds and Clerr] is absent; and X is CH Most &ﬁ;‘g
10 R[err]e?s Br; Rerr] and R err] are independently Br or , arglgp‘i's%ll

nor e preferably Rerr] is d and Rerr] is Br: A and B are each
Herr]; the optional : bond betweed2GFerr] and Clerr] is absent: Xis
CH and Rlerr], Rerr], Rerr] and R err] are H.

Exanpl es of preferred heteroaryl groups f8HaWinclude: (1) 15 1-phenyl -

1Htetrazol -5-yl; (2) pyridyl (e.g., 2-,%4-pyridyl); (3) _

thiazolyl (e.g., 2-thiazolyl); (4) benzoxgolyl (e.g., 2-benzoxazolyl);

(5) pyrimdinyl (e.g., 2-pyrimdinyl); @3-amno-l,2,4-triazolyl [err]
PCT/

WD 98/ 11093 Userd15907

-12- [ er {8) 3-amino-1,2,4-oxadiazolyl , and (8)

3-am no-1, 2, 4- oxadi azol yl [err] NH, Exanpl es of

het erocycl oal kyl groups for Wusual ly incl jde: 5 (1) cyclic

guani di nes, such as [err] "N (2) cyclic am dines, such as
[err] (3) five and six nenbegtd Met erocycl oal kyl rings; and (4)

10 pyranosidyl (from pyranosides), suCh 2, 2,3,4,6-tetra- O acetyl - 1-
bet a- D- gl ucopyr anogfkamiplés of [Hetelocycloalkyl groups for W usually include:
5 (1) cyclic guanidines, such as

N ’>
pa
N
H ;
(2) cyclic amidines, such as

0

(3) five and six membered heterocycloalkyl rings; and (4)
10 pyranosidy! (from pyranosides), such as, 2,3,4,6-tetra-O-acetyl-1-

beta-D-glucopyranosyl, i.e., :
: ' OCOCH,

HgCOCO,, AOCOCH;

OCOCHj

Preferred heterocycloalkyl groups include 2,3,4,6-tetra-O-
acetyl-1-beta-D-glucopyranosyl. - o
15 Examples of cycloalkyl groups for W generally include:
cyclopropane, cyclopentane, and cyclohexane. Thus, W usually
includes cyclopentane. _
Examples of aryl groups for W generally include phenyl.
Compounds of Formulas 1.2A and 1.3A:



Preferred heterocycl oal kyl groups include 2,3,4,6-tetra-0O acetyl -

1 -beta-D-gluco anosyl . 15 Exanpl es of cycl oal kyl groups for
W general Iy W quséd cycl opropane, cycl opentane, and $aMWe.
Thus, Wusually I ncl udes cycl opent ane. - Exanpl es of
aryl groups for Wagenerally include phenyks - Conpounds of
Formul as 1. 2A and 1. 3A WO 98/ 11093

PCT/ US97/ 15907 A B Ra -13 - [erk] B

are preferred when XIS o —A N and Rlerr], Rerr] a érr] are halo.

The preferred c b

3 Vepd i on ar epl epr eagy st he
R ﬁ[err] and

conpounds of For nul 3e: 5
Rlerr] are halo and \ N ng/ subst i t uents s ned above,
with the conpounds of For m;l a 1. 5A bel ng nor e d\lef

E ) C o
o o

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

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 heteroaryl include: '

Br




Represent ative conmpounds of Fornula 1.0 wherein Wis 10 heteroaryl ,
i nclude: - [Wwobdr11003 WO 98/11093

PCT/ US97/ 15907 -14- [err] WD 96/ 11093 PCT/US97/15907
PCT/ US97/ 15907 _15- [err]
' -14 -




Representati ve conmpounds of Forrmula 1.0 wherein Wis 10 heterocycl oal kyl

I ncl ude: 11093
bCr] Uso v/ 158Gt - 16 - [err] PCT/US97/15907

- 15 -

Representative compounds of Fornula 1.0 wherein W is
10 heterocycloalkyl include:



Those skilled in the art will appreciate that Formula 9.3 can al so be

r epr esent ed 10 wherein R err] represents - o
WO 98/ 11093‘ﬂ§9§lﬂ%i PCT/ US97/ 1598&?)‘%%?4’9{’4

and
Br Cl
(9.3)

> HyCOCO
: 8 OCOCH,
N N ‘o OCOCH,4
' OCOCH,4
5 o ,

Those skilled in the art will appreciate that Formula 9.3 can
also be represented as

(9.4}

‘\\ORZS

N N
0 .

10 wherein R26 represents -C(O)CHgs.



- 17 - Representative conpounds of Formula 1.0 wherein Wis

cycl oal kyl " . [err] The conpounds of 1S tion
al so incl udg)atqr%ig‘%-sl\l- 5 oxides--i.e, for exanple, conpounds %&@#@%ﬁg
formula: [err] wher ei n represents the renai nder of the

conpound, or pharmaceutically acceptaldle salts or sol vates thereof.
Optical rotation of the compounds ((+)- or (-)-) are 10 neasured in
net hanol or et hanoRepre8éfitative compouhds éf Fénimda 1.0ciskrein (W mhove

conmpounds in %{?&o . laﬂﬁélﬂ Us state or in the cyrstalline state.

Li nes drawn i g Systens indigate that the I ndi cat ed bond may

be attached to any of the subgfity&al rbon atons.
Certai n conpounds of the presen Ve ?gt in di fferent
i sonmeric fornms (e.g., enantionerspor A soners) i ncl udi ng

atropi soners (i.e., conpounds whereNnHt\ pybered ring is in a fixed
conformation such that the 20 1l1-carb®q Btfomis positioned above or bel ow
t he plane of the fused beznene rifigs due to th resence of a 10-brono

substituent). The invention contenpl atgs A | C Soners both in pure
formand in adm xture, including racem & m ftures. Enol forns are al so
i ncl uded. '

o

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

Br v Cl
)\

—

N
\

Br (1.6)

o H
N
s
wherein YVVYVV' represents the remainder of the compound, or
pharmaceutically acceptable salts or solvates thereof.
Optical rotation of the compounds ({+)- or (-}-) are
10 measured in methanol or ethanol at 25°C.
This invention includes the above compounds in the
amorphous state or in the cyrstalline state.
'Lines drawn into the ring systems indicate that the
indicated bond may be attached to any of the substitutable ring
15 carbon atoms. |
Certain compounds of the present invention may exist in
different isomeric forms (e.g., enantiomers or diastereoisomers)
including atropisomers (i.e., compounds wherein the
7-membered ring is in a fixed conformation such that the
20 1l-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
in pure form and in admixture, including racemic mixtures. Enol
forms are also included.



WO 98/ 11093 PCT/ US97/ 15907
- 18 - - Certain tricyclic conmpounds will be acidic in nature,
e.g. t K22 ﬁg%ounds whi ch” possess a carboxyl or phenol i ECTU$7A5307
group. These conpounds may form pharnaceutically acceptable . salts.
Exanpl es of such salts may include sodi umgpotassium 5 cal cium

al um num gold and silver salts. Al so contenplated are salts forned

wi th pharmaceuti cal Csermnem@dlﬁ aommﬁa@wbe acidmﬁa%urel ky. amines,
rtain

hydr oxyal kyl a m
b36115| c %/I’I czcl @z%g:nﬁ"" 'Josu%“llg Lﬁ%ﬁpggse%grml@&] 9@39@8&%%0&'?; ts,
f e.qg. af: ![ d adt(gmum Skihese cénrpounds anayrfoem pharmadelticilly agesp tt?t?gf ma%/
orm sa S Wi I @38hm ubstituents
such as anino Salfs. gr oupgleﬁ BPE gr%ggﬁ%#% %ﬁih&gﬁ g% Ies of
sui tabl e calchun;, @lumin umorgm and silvenpaltschAlsa contamplated, are
phosphoric, 1Galtfi€etmed with' Bﬁarﬁi@édtﬁic Qab a%ﬁa'éiﬁiﬂé‘s siEh!ds

su

fumaric, succinic orbic, oni c ot her m ner al
and car bARRCNIR,; %@(y \Cﬁyg QTH Iﬁ?e Nyme ueAming e
prepared by canddhenlikehe free base formwith a sufficient anmount of

the desired acid t a i\h the conv 20 nmanner. The free
base forns may be r 5%%3’30‘?% cb (fyq';%ﬁ Fﬂﬁlgqp;n&s S S‘P:'fmvmth a suitable

di | ute aql@ouPhremwaceutically acerptablaishlisce.g., acatadditonaalts. pFoassi um
car bonat e, am@@IﬂPwd@?}mo_ %x'ro:gg‘ﬁaﬁ{&ﬂ t Tﬂﬁ'nfl rs%?tsbaﬁﬁa s‘ﬂ: d| ffer

fromtheir rels’%ﬁg n certain physic

properties, GeMpaynds ar\ﬁngch%ﬁicwhﬁéﬁusnt%u amialcand base
salts are ]9t Pagwtgfs also ﬁﬁfwseat@mm Qvéa{l&érraéﬂ?spﬁﬁédrﬁﬁlefsr@ﬁsﬁﬁﬁﬁlé Olr{rs for
pur poses o i 0 such | e salts are
i nt ended to beaclds fo h%q\ﬁﬁéemtm Iagrea}&f@iﬁqgf’gcsélutl W-tHBHSPﬁQ”&'@ope of
the 30 18bveradedic, aciﬂrml. loxatic] rmalomies salidylie, anahcoﬁsmzlmcgds@émme.l ent to
the free forngQf n ur t he

I nventi on. oriatl]@ %@Eﬁsﬁgﬂﬁgﬁ?,ﬁ\g@ﬁ% %‘?‘l ﬁ%"@g’%g leggfied accordi ng
to the presdbgxylis %@idérwsadmﬂm@&hmm thebarts hThe/galts aze, 35

1995, Appli Catp@a‘i@ﬂ' d&ta@ Phd Ged bhse NRAL Rt a dififeient
Application Serial

77 95 Dece , . 1995 (now
abandoned), AFPPUL % ac{fiﬁeﬁomemseit mrtgﬁ conventionalggg
(now abarﬂi@nedhaﬂﬂéﬂ?ﬂ‘h’éél&&e Libtixke fontis nby Be référderated by treating the

salt with a suitable dilute aqueous base solution such as dilute
aqueous NaOH, potassium carbonate, ammonia and sodium-
bicarbonate. The free base forms differ from their respective salt
forms somewhat in certain physical properties, such as solubility
25 in polar solvents, but the acid and base salts are otherwise
equivalent to their respective free base forms for purposes of the
invention. _ |
All such acid and base salts are intended to be
pharmaceutically acceptable salts within the scope of the
30 invention and all acid and base salts are considered equivalent to
the free forms of the corresponding compounds for purposes of
the invention.

Compounds of the invention may be prepared according to
the procedures described in WO 95/10516 published April 20,
35 1995, Application Serial No. 08/410,187 filed March 24, 1995,
Application Serial No. 08/577,951 filed December 22, 1995 (now
abandoned), Application Serial No. 08/615,760 filed March 13,
1996 {now abandoned), WO 97/23478 published July 3, 1997



WO 98/ 11093, ' PCT/ US97/ 15907

-19 - whi ch di scl oses the subject matter of Serial No.
08/ 577, 951 3HQ98/11093 08/ 615, 760, and. Appl i cati on SEFCTASIREF07
08/ 713,323 filed Sept enber 13, 1996; the disclosures of
each being incorporated - 7grein by reference thereto; and
according to the procedures 5 described bel ow

Conpounds of tyRicH \@BEI0SRs AR Qﬁ QPRI P bf 'Sl NS. D8/577, 951 an

corvound of 1[0\ BEL 2 avsbiihrn S N 084g15,525 e e P 11
appropri at e . pro¢piembepi ¥ ﬂéeﬁyltlm:dﬁsdosards ©of .¢ach bdi\hg ibwo@'pnrated

b I t he DE T,
S ot abone . Jorip BY Hsseedfle thaRGl Mndt Ao RRRE B A Wt sayres
the fornul&: [desdribed below. WO 98/ 11093

PCT/ US97/ 15907 Compounds of the inventior tan be prépdred by reacting a
compound of the formula: :

wherein all substituents are as defined for Formula 1.0, with the
10 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
the formula: '

e (110
i
O, ,CHj
HsC CHy

15 The compound of Formula 11.0 is then reacted either with TFA
or 10% sulfuric acid in dioxane and methanol followed by NaOH
to produce the compound of Formula 12.0:



For exanpl e, the compound of formula [err] can be.
prepared by reaction of a conpound of Forrmula 10.0 with 5
1- Nt - but X848 ny | pi peri di nyl -4-acetic acid as descri bedPFCT/USIT1S80h, e

For Exanpl e, conpounds of Formula 13.0 include: - [err] WO 98/ 11093
PCT/ US97/ 15907 ' -21 -_ pors] WD 98/ 11093
PCT/ US97/ 15907 -22- [err]

can be prepared by reaction of a cofnpound of Formula 10.0 with
5  1-N-t-butoxy-carbonylpiperidinyl-4-acetic acid as described
above. '

For Example, compounds of Formula 13.0 inclulgle:
: T




The preparation of t hese conpounds are described in Preparative Exanpl es
3, 4, 5 6,_ 7 9, 10, 11, 12 and 13, respectively, below. 5 The
conmpounds OWQM MY ention can be prepared by reacti ng a c®OFAIRIH1IM07t he
formula: [err] with the appropriate protected piperidinyl acetic
acid (e.g., 1-N t - but oxycar bonyl pi perg?l _nyl acetic acid together with
10 DEC/ HOBT/ NMM in DVF at about 25[err]C about 18 hours to pr oduce
a conmpound of the fornula: [err] , The conpound of Formula 11.1
is then reacted either with ' 10% sul furic ge I oxane and

met hanol foll owed bBrag \ s Leas | o0113. 1

WO 98/ 11093 ]
- [err]

-23°



The am de conpounds of this invention, represented by Formula 1.7 [err]
can be by reacting the conpound of Fornula 13.1 with t he
WAty

approprl at ¥1ic acid in the presence of a coupling EOHHPI745¥ as
DEC and HOBT in di nethyl f or mam de. Al ternatively, the conpound of
Formula 13.1 can be reacted with an a@gd_chloride or anhydride in a

sol vent such as pyridine. 10 Conmpounds having an 1-N-O group: [err]
can be prepared fromthe correspondi ng py=hdyl conmpounds: [err]

98/ 11093 Br SCT/dyS97/ 15907

-24 - by OX|dat|on wi th neta-gQhlo zoic acid. This reaction

The preparation of these compounds are described in Preparative
Examples 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 and 13, respectively,
below.

5 The compounds of the invention can be prepared by
reacting a compound of the formula:

with the appropriate protected piperidinyl acetic acid (e.g., 1-N-
t-butoxycarbonylpiperidinyl acetic acid together with

10 DEC/HOBT/NMM in DMF at about 25°C for about 18 hours to
produce a compound of the formula:

The compound of Formula 11.1 is then reacted either with TFA
or 10% sulfuric acid in dioxane and methanol followed by NaOH
15 to produce the compound of Formula 13.1 |



is conducted in a suitable organic solvent, e.g., dichloronethane
(usual ly anhﬁgg net hyl ene chloride, at a suitable t enper at ure,
to produce t %méunds of the invention having 5 the N O FEIHIFANT at
position 1 of Ring | of the tricyclic ring system General ly,
the organic solvent solution of the staripgg tricyclic reactant is
cooled to about O[err]C before the mchl oroper- oxybenzoic acid is
added. The reaction is then allowed tg~warm 10 to roomtenperature during-

[ [ [ prodie

e re

a gdpe recovered by standard

separation nmeans. For exanpl ¢, m xture can be washed with
an aqueous. . sol ution of a sui ‘&€ - g., saturated sodi um

bi car bonat e or NaOH (e.g., IN C]—I) Hn t hen (1899 over anhydrous
magnesi um 15 sulfate. The sol ution cprta| Mg the product can be

concentrat ed in vacuo. The producg cap be purified by standard neans,

e.g., by chromat ogr aphy using sil Meg-gel l\ng flash col um
chr omat ogr aphy) . Al ternatively, O cgmpounds can be made from 20
internediate: [err] by the%&m@dati on procedure with

m chl or oper oxybenzoi c acid and [ef)r] 25 wherein Ois a

Temmved by techn quieE T R SR LS Wen“%ﬁ%&?%%@% By e

PCT/ US97/ 1590740

5 can be prepared by reacting the compound of Formula 13.1 with
the appropriate carboxylic acid in the presence of a coupling
agent such as DEC and HOBT in dimethylformamide.
Alternatively, the compound of Formula 13.1 can be reacted with
an acid chloride or anhydride in a solvent such as pyridine.

10 Compounds having an 1-N-O group:

can be prepared from the corresponding pyridyl compounds:
Br—/ \ Cl
—
N
Br (1.8)

H
Ilv
WV V V.V



- 25 - The NNOinternediate are then reacted further to produce the

conpounds of the invention. Conmpounds of Fornula 10.0 include the
conpounds SYO91109% o | as: [err] 5 for exBRHPE7i5Ma
conpound of forrmula [err] The conpound of Fornula 10.0A or
10.0B i s prepared by met hods known _igythe art, for exanple by nethods

di scl osed !n 10 WD 95/10516, in U S. 5,151,423 and those descri bed bel ow.
The above i ntyy Maaﬁencmqﬁét%mafépyaﬁg%ﬁaafceacﬂy his rémgﬁ#ur e

conprisin thefol 0 ste reactin am d

fo?prrul a g Aumgecp gpﬁtqﬁlgrqugairgcgoqute,q.g.? c gthang Rierr]
i ISkCI[ err]- IC[ e(ns}xa;llyi@hhyldrqhsbbr metlglenecchilorideRatra suitableerr] - err }

al ky ary y \ rr] are
|ndependentl nje;ﬁ&e%t(z%éf r%%‘ﬁ;@é B‘Lgr%?ff)'p(?‘ S s??% iﬁbgflggrr i]%["Esn[’g] al kyl
and aryl ;Sor ﬂ{eeNrP substituent att pgsitian 1 of Ringﬂ ﬂm‘trir:ygléq ningwhi ch
they are att glmforma ring 20 conprising 4 to 6 carbon atons or

conprising 3 5 car bon atons and one hetero noiety selected fromthe
group consi sti ng Gengrally; the erganie solvent pelution rf ¢he)stasting

derr]-errtridyelic péadtaenyis cooled to abéhith0eC ATBeE theOin-thiordper| a

oxybenzoic acid is added. The reaction is then allowed to warm '

10 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
NaOH (e.g.. 1IN NaOH), and then dried over anhydrous magnesium

15 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
20 intermediate:

by the above oxidation procedure with m-chloroperoxybenzmc
acid and

Br (10.1B)

25 wherein Q is a protecting group, e.g., BOC. After oxidation the
protecting group is removed by techniques well known in the art.



WD 98/11093
- 26- [err] o
i ndependent I“/’ 81993 o fromthe group consisting of hydr

and Rlerr]

PCT/ US97/ 15907

wherein R err], Rerr], Rerr] and Rerr] are are

‘conpound of the 5 fornul a [err] -25- (b) reacting a
conpound of step (a) with (I') POCl[err] to obtain a cyano

10

(i DI BAL bt.ai n al dehyde of the formul a
(c) reacting tq'f;é“ M%Bﬁﬁﬁ&ﬁa“’&n G al dehyde with a

conpound of tlEhé MN+@limtermediafecaie then reacted further to produce the:

derivative of the fCompeupdsrdf Formula 10.0 include the compounds of

10

15

20

formulas:

halo

(10.0B)

for example, the compound of formula
Br— 7 \ Cl
=N
Br (10.2)

N
|
H

The compound of Formula 10.0A or 10.0B is prepared by
methods known in the art, for example by methods disclosed in
WO 95/10516, in U.S. 5,151,423 and those described below.
The above intermediate compound can also be prepared by a
procedure comprising the following steps:
{a) reacting an amide of the formula
R11a
&
|
N o
NR5aR6a

wherein R!12 js Br, R52 is hydrogen and R62 is C;-Cg alkyl, aryl or

heteroaryl; R52 is C}-Cg alkyl, aryl or heteroaryl and Ré2 is
hydrogen; R52 and R62 are independently selected from the

-group consisting of C;-Cg alkyl and aryl; or R52 and R62, together

with the nitrogen to which they are attached, form a ring
comprising 4 to 6 carbon atoms or comprising 3 to 5 carbon
atoms and one hetero moiety selected from the group consisting
of -O- and -NR9-, wherein R92 is H, C-Cg alkyl or phenyl;

with a compound of the formula

%al o

is d or Br, in the presence of a strong base to obtain a

or
[err]

pi peri di ne



15 wherein L is a leaving group selected fromthe group consisting. .
of C and tain a ketone or an al cohol of the formnul | ow,
respecti veﬁ{'llpg&ﬂlﬁg WO 98/ 11093 §C‘I‘IUS97/159H‘?
PCT/ US97/ 15907 - 27 - [err]

(d)(i) cyclizing the ketones with CFler+28F err]H to obtain a conpound
of Fornula 10. 0A or 10.0B wherein the dotted |line represents a doubl e
bond; or 5 (d)(ii) cyclizing the al ﬁﬁh0| wi t h pol yphosphoric acid to
obtain an Internedi ate conpound wherein the dqgided |ine represents a

si ngl e bond. Met hods for pgrepal ' e | nternmedi ate conmpounds

di sclosed in WD 95/10516, U. S. 5, 151, 423 descri bed bel ow 10 enpl oy a
tricyclic ketone internediate. Such intermgd §3%s of the forrmula [err]
wherein Rerr], Rerr], Rerr], Rerr] andgderr] are independently

| ect ed f th i Sti f _hyd d, hal o,
reparod 15 bYHAEN ORFitls B38 Sad Ha ore e e Riaditly sef@ledl |
conpound of tfrenhdhreugroup consistihgrof] hydrogen and halo angi R73iis iCl_mr am ne
of the forml g N ﬁis%rrrée oﬁ’ggéﬁbﬂg basdt5 obbirTGedhpodhidiel thed 1 n

the process apove; 1n € presen
' formula

R1a

2a
Br/ R

SN | o R
NRSeR62 R
(b) reacting a compound of step (a) with
(i) POCI3 to obtain a cyano compound of the formula

R1a

Br/ :
<

N R ; or
10 (i) DIBALH to obtain an aldehyde of the formula
R1a

2a
Br 7 R

|
o R3a
H R4a

{c) reacting the cyano compound or the aldehyde with a
piperidine derivative of the formula

RZa

N

-
*

MgL

N
l

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



20 of _a pall adium catal yst and carbon nonoxi de to obtain an am de of

the forml a | i) with | cohol of |
R[:rri)rC]T,J %‘e’%g{‘#” Rlerr] is C[err](l-)C[\éMrr] figwgrcgl (Izyl Oorg%[%é&%gggi@rr]

cycloal kyl, in the presence of a WO 98/ 11093
PCT/ US97/ 15907 -27- - 28 - pal | adi um
catal yst and carbon nonoxide to obtain the ester of the formul a [err]

foll owed by reacting the ester vvth1Jg| an amne of fornula 5 NHR[err]Rerr]
to obtain the am deg; (b) reag#ingthe am de with '
| odo-substituted b . Wd 0 NG

wherein R err], Rerrls , grr] and R[er ; ned above, in

[err] (c) P
t he formula R err] My pherein Rerr] is CJerr]gdperr] alkyl, aryl or:
het er oar yl and L is Bryor O, provided that prioN"to cyclization,
conpounds 15 wherein R err] or Rerr] is hydrogen ate reacted with a

suitable N PT @ AF yflzfHg e ketones with CFsSOsH to obtain a
compound of Formula 10.0A or 10.0B wherein the dotted line
represents a double bond; or ' '

5 {(d)(ii) cyclizing the alcohol with polyphosphoric acid to
obtain an Intermediate compound wherein the dotted line
represents a single bond.

Methods for preparing the Intermediate compounds
disclosed in WO 95/105186, US 5,151,423 and described below
10 employ a tricyclic ketone intermediate. Such intermediates of
the formula

0 R4 R3a _
wherein R11b, Rla, R2a, R3a and R42 are independently selected
from the group consisting of hydrogen and halo, can be prepared
15 by the following process comprising :

(a) reacting a compound of the formula
=3R1Y

() with an amine of the formula NHR52R62, wherein
'R52 and R62 are as defined in the process above; in the presence
20 of a palladium catalyst and carbon monoxide to obtain an amide of

the formula:
R11b

7
<
N (o)
NRS#:R%a.
(i) with an alcohol of the formula R1020H, wherein
R10a 5 C}-Cg lower alkyl or C3-Cg cycloalkyl, in the presence of a



(+)-1soners of conpounds of Fornula 10.2 [err] can be prepared
wi th high eggghasms! ectivity by using a process 20 conpri si nq,&wsm7
ound o

catal yzed transesterification. Preferably, a racem c conp

Formul a 10. 3 WD 98/ 11093

PCT/ US97/ 15907 - 28 - -29 - [err]

Is reacted wth an enzynme such as Toyobo LIP-300 and an acyl ating

agent such aspalladium eatalyst iasud caybananorioxide $ol abtain the ester- ofithie i s
then isol at edgdHamahe (-)-enantioneric amne by 5 techniques well known

in the art, and then the (+)-amde is hydrol yzed, for exanple by
refluxing with an acid such as H[erB] 1 and the resulting
conmpound is then reduced with DI BAL by I techni ques well known in the
art to obtain the correspondi ng opt oenriched (+)-isomer of

Formula 10.2. Alternatively, a 10 racem c cggpmund of Fornula 10.3, is

first reduced r respondi ng racem ¢ conmpopnd of ,Fornul a 10. 2
1g @%zfﬁte’?%ﬁbl%‘ Wﬁﬁf?‘a‘ﬁﬂ‘%w ating agent

e

and t hen féﬁ%‘é{gg(}b}wrpﬁg

as deés cr NFSR5aRE? tar obtainathre ameidet) - ani de, which is hydrol yzed to
obtain the opticall | wEs _ ' in the
art will appreciat é%)t ﬁgéégggp%néghoa%%ﬂl a?—lojror%ﬂ guyggﬂﬁgt\"/énlﬂgéllé er Rerr],
Rlerr], R[errFoampowndref the ants may be made by the above enzyne
process. Ra
R7a RZa
! Rda
R4a :

wherein R12, R2a, R3a, R42a and R72 are as defined above, in the
10 presence of a strong base to obtain a compound of the formula

. H1a
1tb 2a
R 2 R

4

o Re
sapea R
NR2R : and
(c) cyclizing a compound of step (b) with a reagent of the
formula R8aMgL, wherein R82 is C}-Cg alkyl, aryl or heteroaryl
and L is Br or Cl, provided that prior to cyclization, compounds
15 wherein R52 or R62 js hydrogen are reacted with a suitable N-
protecting group. | |
{(+)-Isomers of compounds of Formula 10.2

can be prepared with high enantioselectivity by using a process
20 comprising enzyme catalyzed transesterification. Preferably, a
racemic compound of Formula 10.3



To produce the conpounds of Fornmula 1.0, the conpounds of Formula 12.0
or 13.0 ar with the appropriate halo 20 substitute |,
het er ocycl g‘gf’%%i‘g’?‘ cycl oal kyl group in a sui tabl e orgaglcilﬁ}ssgf’g%w
with a suitable base to add the appropriate Wgroup. These
condensati on reactions are conduct-e@9accordi ng to procedures wel |
known in the art. For exanpl e, the conpounds of Fornulas 12.0 or

13.0 are 25 reacted with the appror!al o- heteroaryl (e.g.,
19

Br - het er oaryl or C - het erBracyy” \ @ &€lor gani ¢ sol vent (e.g.,
di net hyl - formam de) with a duit 8t : e.g., sodium bi carbonate)
to produce conpounds of formufN7l. Opwheyern Wis heteroaxyl .

Al so, for exanple, the conmpounds of Fornilla 2.0 gé 3.0 30 are reacted

wi th the appropriate hal o- heterocycl oa I( = cycl oal kyl (e.g.,
Br - het erocycl oal kyl or Br-cycloal kyl) jn ajsuitable organi ¢ sol vent
(e.g., dinethylformam de) with a suitabtg”base WO 98/11093 .
PCT/ US97/ 15907 . } - 30 - (e.0.,
NaH) to produce conpounds of fornula 1. ofwherein Wis

het er ocycl oal ¥eyreacted with an enzymespdumssToyolbo LiB+30Q andaay ein Wi s

[err] acylatf Ofaglézn? %&Qg{ 5% ltgmégfr%.aga;&%b\m&}aﬂwm e:‘ggutl%ta”- For

exanpl e, a copgound "Of; & . ﬂll an be” condensed |
with a suitabhy)-Fridedscthenisalated fromyths; (-kenantiomericzamine;by
pi peri dong, itexhniques wellekhbwn in the art, 2:f%d then the (+)-ashide #d C [err]

and reducing {heg_iqnternmgdi ate w,th Na BHA. _ Co ds of
Formula 1.0 \A#‘X&E?WZWH oraﬁxmgsﬂ)y rgﬁ\lu’“ng Wigbﬁfh??ﬁdnﬁuﬁgt%ﬁ Wéal kyl ,
e.g., andrihe resulting compound is then reduced with DIBAL by

techniques well known in the art to obtain the corresponding
optically enriched (+)-isomer of Formula 10.2. Alternatively, a

10 racemic compound of Formula 10.3, is first reduced to the
corresponding racemic compound of Formula 10.2 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.

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

To produce the compounds of Formula 1.0, the compounds
of Formula 12.0 or 13.0 are reacted with the appropriate halo

20 substituted heteroaryl, heterocycloalkyl or cycloalkyl group in a
suitable organic solvent with a suitable base to add the
appropriate W group. These condensation reactions are
conducted according to procedures well known in the art.

For example, the compounds of Formulas 12.0 or 13.0 are
' 25 reacted with the appropriate halo-heteroaryl (e.g., Br-heteroaryl
or Cl-heteroaryl) in a suitable organic solvent (e.g., dimethyl-
formarnide) with a suitable base (e.g., sodium bicarbonate} to
produce compounds of formula 1.0 wherein W is heteroaryl.
Also, for example, the compounds of Formula 12.0 or 13.0

30 are reacted with the appropriate halo-heterocycloalkyl or halo-
cycloalkyl (e.g., Br-heterocycloalkyl or Br-cycloalkyl) in a suitable
organic solvent (e.g., dimethylformamide) with a suitable base



15 can be prepared by procedures well known in the art by the
al kyl ati on Oﬁ"f” ?3@ound of Fornmula 12.0 or 13.0 with the hal o-
8/1

substituted cloal kyl, e.g., [err] in th%c'ffpﬁg’élﬁ?% of
a suitable base (e.g., NaH) and a suitable solvent 20 (e.g., THF).
Al so, for exanple, the conpounds of Forms/3012.0 or 13.0 are

reacted with the appropriate hal o-cyclic guanidine or hal o-

cyclic amidine {erg.a Nal) ablproshiocecobmipoends R¥foriila 2.0 wherdia Wess
(e.g., Na[err] feré_rogsh i?oﬂgypduce corrpounds wherein Wis a cyclic 25

guanldlne or cycC ‘For exanpl e, reaction of the
conmpound of For nul a Gompgumddswof Fetrnula 1.0Whesihl Vo

PCT/ US97/ 15907 - err] [ prepared as
described in "The Chem stry of the Ca -Ni iIN-egth Doubl e Bond," Saul
Patai, Ed., Chapter 13, pp. 597-662, Joh Wley & Sons (1970) in DW
wth Na[err Cca oungls_ of or nmul 1l or 9

respecti veI% &ﬁ}b‘g@‘gﬁa&;ﬁﬁ)&eﬁp ceeég &P Eﬂ itbg‘}?ﬁ ﬁ?g formul a
[err] ampie, ammpouadmﬂﬁ"mnadlmmcﬁ orbk3i0 candbé corrdensed

het er ocycl oal kydmﬁr a5t 8Bl proficieiwhéh ®1 1€ PR Blb8Eithi 3- or 4-

piperidone, i.e.,

O=CN —Protecting  OT o==<:>N—R’2
group

(0] : 8]

' <\ N—Protecting  OF <‘ N-RI!2
10 group

using TiCly and reducing the intermediate with NaCNBHjy.
Compounds of Formula 1.0 wherein W is an oxygen
containing heterocycloalkyl, e. g

15 can be prepared by procedures well known in the art by the

alkylation of a compound of Formula 12.0 or 13.0 with the halo-
substituted heterocycloalkyl, e.g.,

8)
Br 0
e (e
' Br

in the presence of a suitable base (e.g., NaH) and a suitable solvent
20 (e.g., THF).

' Also, for example, the compounds of Formula 12.0 or 13.0
are reacted with the appropriate halo-cyclic guanidine or halo-
cyclic amidine in a suitable solvent (e.g., DMF) with a suitable base
(e.g., NagCOg) to produce compounds wherein W is a cyclic

25 guanidine or cyclic amidine. For example, reaction of the
compound of Formula 14.0 {below) with



10 formula: [err] wherein Wis as defined for Fornula 1.0.
Corrpounds ‘of the invention are exenplified by the 15 fol | owi ]%aexarral es,
whi ch shoul YO8#1992 construed to 1init the scope of the di

PREPARATI VE EXAMPLE 1 [err] _ WD 98/ 11093

PCT/ US97/ 15907 : -31- - -32 - Step A
[err] Conmbine 10 g (60.5 nmol ) of ethyl 4-pyridylacetate
and 120 nL of dry CH errg err] at -20[ C, add 10.45 g (60.5
mol ) of 5 MCPBA and stir [err forqi;;}ﬂ and then at
25[err] C for 67 hours. jﬂl-dNan ad |t|on (20.2 mol es) of

MCPBA and stir at 25[(3rr]CHf or 24 houtk. Dilute with

Chen it er - DIRFRASEG ASceraTbed ot chpe Fhemistry’ of the (achBr JIHOBES, duc,
and chr onat ogl)mlbl@stnda" Sahil Mﬁa{i Ed., Chaplef 1@ oppd 58716862 John
g/gg:) [CH err] ?Hi@% gl )Sdh@(i’@ﬁgﬁ Iggﬁf wibh [l@éé?%t gives the cofiffBA2HAS of\BSS
Formula 9.1 or 9.2, respectively
For example, reaction of the compound of the formula

with the above mentioned halo substituted heteroaryl,
heterocycloalkyl or cycloalkyl groups yields a compound of the
10 formula: '

wherein W is as defined for Formula 1.0.

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

PREPARATIVE EXAMPLE 1
N/

CO,H



Combine 3.5 g (19.3 nmol ) of the product of Step A 17.5 15 nlL of EtOH

and 96.6 i, 8f 10% NaCH (aqueous) and heat the m Xt %re at %ﬁ&err]c
for 2 hour sWOARA3N Ha (aqueous) to adjust to pH ECyusyn
concentrate in vacuo to a residue. Add 200 niL of dry EtOH, filter
through celite[err] and wash the filter-ggke with dry Et OH (2X50
m ). Concentrate the conbined filtrates in vacuo to 20 give 2.43 g of
the title cong% - PREPARATI VE EXAMPLE 2 [err]
The title conpound is prepared via the process discl

ased 25 in PCT
| nternational Public n No. WO095/10516. A0 98/41093 :
PCT/ US97/ 15907 N g SN
PREPARATI VE EXAMPLE rr] ‘Co,Et Step A [err CO.Et
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
5 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 CHzClz and wash with saturated
NaHCOg3 (agqueous) and then water. Dry over MgSO4, concentrate
in vacuo to a residue, and chromatograph (silica gel, 2%-5.5%
10 (10% NH40H in MeOH)/CH2Clo)to give 8.12 g of the product

compound. Mass Spec.: MH* = 182.15.
Step B:

o — O
\ / CO,Et \_/ CO,H

Combine 3.5 g (19.3 mmol) of the product of Step A, 17.5
15 mL of EtOH and 96.6 mL of 10% NaOH (aqueous) and heat the
mixture at 67°C for 2 hours. Add 2 N HCI (aqueous) to adjust to
pH = 2.37 and concentrate in vacuo to a residue. Add 200 mL of
dry EtOH, filter through celite® and wash the filter cake with dry -
EtOH (2X50 ml). Concentrate the combined filtrates in vacuo to
20 give 2.43 g of the title compouhd.

P, EXAMP 2

o} " CO.H
e 3O
(CHg3C—O

The title compound is prepared via the process disclosed
25 in PCT International Publication No. WO95/105186.



5 . Combine 14.95 g (39 mml) of 8-chloro-11-(1-ethoxy-

car bonyl - 4- r| di_nyl ) 11H benzo[ 5, 6] cycl ohept a[ 1, 2- b] pyri dine

150 nL of Oa—{fjo 1]'%a:’[err] then add 13.07 g (42.9 mol ) of PCTIUS97/15907
(nBu)[err]NN(J err] and cool the m xture to OC. Slowy add (dropwi se) a
solution of 6.09 nL (42.9 mmvl) of TFAA-i3820 nL of CHerr]CJ[err] over 10
1.5 hours. Keep the m xture at O[err]C overn| ght t hen wash .
successively with saturated NaPRBRY g Br and bri ne. Dry

t he organi c solution over Na[err]SQerr] ncentrate in vacuo to a
@
EC .

resi due and chromat ograph the rgsid , _kgq OAc/ hexane

gradient) to give 4.32 g and 1. 90 g bduct conpounds 15 3A(i)

and 3A(ii), respectively. _ 3 ¥ conpound 3A(i): MHerr] =
428. 2; Mass Spec. for conpound 34(1H): MHerr] = 428.3. WO
98/ 11093 PCT/ US97/ 15907

-34 - Step B: [err] : bine 22.0 g (51.4 nmmol ) of the
product 3A(i) from Step A, 150 nL of %queous), 25.85 g (0.463
nole) of Fe 5 powder and 2.42 g (21.8 [err], and heat at
refl ux overnight. Add 12.4 g (0.222 powder and 1.2 g (10.8
mml) of Cal[err] and heat at reflux fd® 2 hours. Add another 12.4 g
(0.222 nol e) @&tepeApowder and 1.2 g (10.8 nmol) of Cad[err] and heat
at reflux for 2 hours nore. Filter the hot m xtureg rough 10 celite, wash

the celite with 50 nL of hot EtOH and

]
CO,Et

5 Combine 14.95 g (39 mmol) of 8-chloro-11-(1-ethoxy-
| carbonyl-4-piperidinyl)-11H-benzo[5,6]cycloheptal1,2-b]pyridine
and 150 mL of CHzCly, then add 13.07 g (42.9 mmol) of
{nBu)4NNO3 and cool the mixture to 0°C. Slowly add {dropwise) a
solution of 6.09 mL (42.9 mmol) of TFAA in 20 mL of CH2Cly over
10 1.5 hours. Keep the mixture at 0°C overnight, then wash
successively with saturated NaHCO3 (aqueous), water and brine.
Dry the organic solution over NagSO4, concentrate in vacuo to a
residue and chromatograph the residue (silica gel, EtOAc/hexane
gradient) to give 4.32 g and 1.90 g of the two product compounds
15 3A() and 3A(ii), respectively.
Mass Spec. for compound 3A(i): MH* = 428.2;
Mass Spec. for compound 3A(ii): MH* = 428.3.



concentrate the filtrate in vacuo to a residue. Add 100 niL of anhydr ous

Et OH, conce e §o a residue and chromat ograph the resi due (silica
gel, MeOH U913 gradient) to give 16.47 g of the pr oBEHUSEIARSATUNd.
15 Step C [err] Conbi ne 16.47 g (41.4 mol)
of the product from Step B, and 150_r44 of 48% HBr (aqueous) and cool to
-3[err]C. Slowy add WO 98/ 11093

PCT/ US97/ 15908tep B; -35 - (dropwi se) 18 niL

of brom ne, then slowy add_Ldropw se) a solution of 8.55 g (0.124

nole) of NaNQerr] . in 3 tir -3 to
O[err]C, then adjdlagt cf"i?ng 2N5G ClExt r act
with Et OAc, wash the &yt ras h brine and dily tpe_ex 5 over
Na[err]Sderr]. Concentrlte resi due and c NJmat n. (silica gel,
Et OAc/ hexane gradi ent) 8\Ji ve 10.6 g and 3.28 g of e two product
conpounds 3C(i) and i respectively.” _ Mays Spec. for

conmpound 3C(i): M err] ;10 Mass Spec. f
MH err] = 539. Step D N N
CO,Et - | CO,Et
Combine 22.0 g (51.4 mmol) of the product 3A(i) from Step
A, 150 mL of 85% EtOH (aqueous), 25.85 g (0.463 mole} of Fe
5 powder and 2.42 g (21.8 mmol) of CaCly, and heat at reflux
overnight. Add 12.4 g (0.222 mole) of Fe powder and 1.2 g (10.8
mmol) of CaCly 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 CaCly and
heat at reflux for 2 hours more. Filter the hot mixture through
10 celite®, wash the celite® with 50 mL of hot EtOH and
concentrate the filtrate in vacuo to a residue. Add 100 mL of
anhydrous EtOH, concentrate to a residue and chromatograph the
residue (silica gel, MeOH/CHaCly gradient) to give 16.47 g of the
product compound. | |

15 Step C:

COzEt

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



[err] Hydrol yze the product 3C(i) of Step C by

di ssol ving Jin concentrated HO and heating to about 100[e[?a] Bg 16
hours. 15 YOMMUMR nixture, the neutralize with 1 M NaOH (a 6‘&9? 90
Extract with CH err]dJ[err], dry the extracts over MgSQerr], filter and

concentrate in vacuo to.the title conpourg® - Mass Spec. : M—l[err] =

466. 9. Step E: [err] Di ssolve 1.160 g (2.98 mmol ) of
Ehe titlte confatopwise) 18 méSbﬁFblefhé%OtHSn %ioWad’ﬁ (drop szg |

enper at ur e, ol i

0.7418 g (3. 8%%%633 of §§ %&1%4 %ﬂ%’%@ﬁ%% g‘ﬂ' e&'ndggi.%?% 9

25 (3.87 mmolfor 45 mmutebtatoe&cm PGy lthenpedjusit ity pH-ackd by addih

WO 98/ 11093 V4
"6, s BN (aaueare) Birrushanth FiOR, wasil 4*?%?#%&%
concentrat® i N’lﬂa&ﬁn CKH@ rqvle!' Naz$0a.- r@@i”@@@ﬁatﬂ tyat veen

mgerrlﬂd[%hkemm %ﬁta SE@A‘ﬁxﬁéi dien ith
saturate rr queou agueous
- brine. Dry thgch‘i rﬁé‘%pﬁé"éa q}{?‘rh'!) %q‘{‘é‘l ?‘ﬁé@eand in
vacuo to a reﬁ@(m& r€bpecﬁkregfaph the residue (silica gel, 2%

Mass Spec. for compound 3C(i): MH* = 461.2;

10  Mass Spec. for compound 3Clii): MH+ = 539,
Step D: :

)
CO,Et |
Hydrolyze the product 3Cli) of Step C by dissolving in

concentrated HCI and heating to about 100°C for @ 16 hours.
15 Cool the mixture, the neutralize with 1 M NaOH (aqueous).

Extract with CH2Clg, dry the extracts over MgS0O4, filter and

concentrate in vacuo to the title compound.

Mass Spec.: MH* = 466.9.

20
Dissolve 1.160 g (2.98 mmol) of the title compound from

Step D in 20 mL of DMF, stir at room temperature, and add

0.3914 g (3.87 mmol} of 4-methyl-morpholine, 0.7418 g (3.87

mmol) of DEC, 0.5229 g (3.87 mmol) of HOBT, and 0.8795 g
25 (3.87 mmol) of 1-N-t-butoxycarbonyl-piperidinyl-4-acetic acid.



MeOH/ CH[err]CI[err] + NH err]) to give 1.72 g of the product. mp. = 94.0-

94. 5C, Mass (% M—|[ err] = 616. 3, el enental analysis: calculated -
C, 60.54; HVOPBHNBN "5 g3 10 found - RETYSHTIHSNTH,
6.62; N, 7.45. Step F: [err] Combine 1.67 g (2.7

rrrml) of the product of Step E and 20 _ggnL of CHerr]d[err] and stir at
O[err]C. Add 20 nL of TFA, stir the mxture 15 for 2 hours, ‘then basify

the m xture w Matthres ra!t::g r]Clerr], dry
t he organic pt%t!ish-eﬁéeler r%e???aﬁ% tFme?e re ot 2) da?esﬂi'?)g e in vacuo to
give 1.16 g of€ to a gesidue and Hmi@f’ér thecresidye Spec. : :
MH err] = 516 tietweéﬁ CH2012 and water. WaSiRRBArgHni dctedsively

@338{ 11093 gg'lth s'&xt\iratec} NaHCOg3 (aqueous), 10% NaH2 43%87/ 15%07 andg o )
of 4-(8-chPor (.hl'lﬂbr davy 3he-organicgphade over MgSOy4, filter and concentrate
11H-benzol 5, ChpWAAIERbA tesidileY Citdinatdgraph h8%Festaue (silica gel, 2%
MeOH/ CH2Cl2 + NH3) to give 1.72 g of the product. m.p. = 94.0-
94.5°C, Mass Spec.: MH* = 616.3,
elemental analysis: calculated - C, 60.54; H, 6.06; N, 6.83
10 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
mL of CH2Clp and stir at 0°C. Add 20 mL of TFA, stir the mixture

15 for 2 hours, then basify the mixture with 1 N NaOH (aqueous).
Extract with CH2Cly, dry the organic phase over MgS0Qy, filter and

concentrate in vacuo to give 1.16 g of the product. m. p = 140.2-
140.8°C, Mass Spec.: MH* = 516.2.

20 PRE 11 E PLE 4




5 piperidi.ne-1-carboxylic acid ethyl ester and 250 nL of concentrat ed
Herr]SOerr -blerr]C, then add 4.8 g (56.4 mmol ) of and
stir for 2 H%B?@?"’g&ur the nixture into 600 g of ice andp%ﬂg’q 596;7'(

concentrated NH err] OH (aqueous). Filter the m xture, wash W|th 300 nL

of water, then extract with 500 nL of 1@ 37CH err]d[err]. Wash the extract

with 200 nL of water, dry over MgS( err], then filter and concentrate

in vacuo to aﬁ@@_e. Chrorratograph the residue (silica gel, 10%

EtOAc/ CH err]dJ[err]) to gixe 24 g (86% the product m p.
S Spg

= 165-167[err] C, NE;
anal ysi .s: cal cul ;o N 8
found - C, 52.18; H, 4 ) Step B: VW er#]
Combi ne 20 g (40.5 nnnl)’bf th e pFoduct of Step A ahd 2 of
: 2

Oferr]C
hydantoin to the
add an

m xture and stir for 3 hourls 20C. CooI to 0[

additional 1.0 g (3.5 mmol) t he di bronmohydantoin and stir at
20[err]C for 2 hours. Pour t m xture into 400 g of | ' WO
98/ 11093 OCH20H3 | 20H,GH907

-38 - ' W th_c trated NH err C]—I (aqueous) at O[err]C,
and col | ect the “Coltbiie E’ésgg 5s%|maﬂ ofi rlﬁaﬁhlﬂro SelarompeS &l i d

with 300 nL ofdilsydno-11H-benzol5, 61!cyu¢h¢pta4@(;>zrdl pytidieet onglidefeflter to
R T
el enent al anaﬁg;ggn raggq HaS -5:°C,4§1qnadq 48 g4(5 mmal) of .
found - C 44198NO3% atibstir Yor 2 hBurs. Pour the mb&dre: inh? "800 g of ice
and basify with concentrated NH4OH (aqueous). Filter the
mixture, wash with 300 mL of water, then extract with 500 mL of
10 CH2Clp. Wash the extract with 200 mL of water, dry over MgSOy,
then filter and concentrate in vacuo to a residue. Chromatogréph
the residue (silica gel, 10% EtOAc/ CHyClo) to give 24.4 g (86%
yield) of the product. m.p. = 165-167°C, Mass Spec.: MH+ = 506
(cn, _
15 elemental analysis:  calculated - C, 52.13; H, 4.17; N, 8.29
found - C, 52.18; H, 4.51; N, 8.16.

PN

0~ TOCH,CH, | o)\ OCH,CH,
Combine 20 g (40.5 mmol) of the product of Step A and
20 200 mL of concentrated H3SO4 at 20°C, then cool the mixture to
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,



10 Conmbine 25 g (447 mml) of Fe filings, 10 g (90 nmml) of
CaCl[err] a QP@@@D%& on of 20 g (34.19 mmol ) of the product of

Step Bin 7 90: 10 EtC]—I/vvater at 50[err]C. Heat the mBARP¥15%07

at reflux overnight, filter through Celite and wash the filter cake

with 2 X 200 nL of hot EtOH Conbine theggltrate and washes, 15 and
concentrate in vacuo to a residue. Extract the residue with 600

%S&f CH][ er Ir: ] l(Btalsify ]ugtwa&ihwritbiafémm QH @éoni’é)daﬁjbyco\ﬁrd collect the

err il ter and c e.inv areS|

chr omat ogr aph | BE ﬁgﬂf?’xoéﬁﬁﬁﬁﬁf Cﬁf 3@(1/31119fmrgter
(60% yi el d) ofs umay m&mﬁtml,rroi)acetdﬁdai‘ll‘lzﬁwdﬂt@ promdezﬁglm @56%

M—I[ grrg]9 N554)égd)) of the producf“l eﬁrlelgt gl 2§l§aig,;4(§ MB §cul at 5 5% 55;

4.31: N, 7549(01) WD 98/ 11093

PCT/ US97/ 1590, tal . 39;
[err] cmen analyssTis %%]cPlatedort | o%%’)l :}%%‘ég 9 I ) of t he
product of Step C to a sol ut i fomngd - g4(119_% BB Nali@€err] in 120

m. of 5 con@tepr@ied HA (aqueous) at -10[err]C. Stir the resulting
m xture '

0)\ OCH,CHg o)\

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

15 and concentrate in vacuo to a residue. Extract the residue with
600 mL of CH2Clz, wash with 300 mL of water and dry over
MgSO4. Filter and concentrate in vacuo to a residue, then
chromatograph (silica gel, 30% EtOAc/CHaCly) to give 11.4 g
{60% yield) of the product. m.p. = 211 212°C

20 Mass Spec.: MH* = 554 (C]),
elemental analysis:  calculated - C, 47.55; H, 3.99; N, 7.56

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

OCH,CHg4



at O[err]C,for 2 hours, then slowy add (dropwi se) 150 nL (1.44 nol e)
of 500 Herr]PJerr] at O[err]C over a 1 hour period. Stir at gjrerr Cfor 3
hour s, then‘Jﬁb?%"P%o 600 g of ice and basify with concentrat BfI/USI715907
NH[ err] OH (aqueous). Extract with 2 X 300 nL of CHerr]C[err], dry the 10
extracts over MgS( err], then filter and ggncentrate in vacuo to a

resi due. Chromatograph the residue (silica gel, 25% Et OAc/ hexanes) to
give 13.67 g (df% wy.el d) of the product. mp. = 163- 165[err] C, Mass
Spec.: MHerr]" = (a), ebgrrent al anal ysis: calculated - C,

found - CBu8.86; H,
Conbi ne 6.8
yat £ht ed HO
pour it

48.97; H, 4.05; N, 5.22 15
3.91; N 5.18. e

g (12.59 mol) of BfY
(aqueous) and stir at
into 300 g of ice and b
Extract wwth 2 x 300 nL of

7 rrj

=T and  Br
cglni ght. 20 Cool
N 2concent r at ed
CH[errPiCI FerTisrhen dr he extracts over

MgSO err]. Filter, concentfratelin vacuo to a residque, }hen

chromat ograph (silica gel, . WO 98/ 11093

PCT/ US97/ 15907 N - 40 - EOH Et OAC -+ 2%
NH err] OH (aqueous)) to givgss.4 g (92% vyi el d) of thg title conpound.
mp. = 172-174C, Mass Spe®@” MICHeEH3= 467 (FAB), © CHECH 3|

anal ysi s: calculated - C, 48.69; H, 3.65; N. 5.97 5

found - C, 48.83; Hlayhoads (ip. portions) 8¢ (35.9 mmol) ofghedpredpct of

essentially thste (e tH'LS6HNION ST StLP1 f6dhmol) JINANGY finel 20 anb! of 5

bel ow, the _title conpougg frﬁ St ep _ﬂg)tga/‘eéﬁ react ed t h

TNt but oRycaPeReERtEALR IHCK fpdushy iad ciHE Hh5IEFRENE X Sound
at 0°C for 2 hours, then slowly add (dropwise) 150 mL (1.44
mole) of 50% HaPO5 at 0°C over a 1 hour period. Stir at 0°C for 3
hours, then pour into 600 g of ice and basify with concentrated
NH40H (aqueous). Extract with 2 X 300 mL of CHaClg, dry the

10 extracts over MgSOy, 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-
165°C, Mass Spec.: MH* = 539 (CI),

elemental analysis: calculated - C, 48.97; H, 4.05; N, 5.22
15 found - C, 48.86; H, 3.91; N, 5.18.
Step E:

A

(o)

Combine 6.8 g (12.59 mmol) of the product of Step D and
100 mL of concentrated HCI (aqueous) and stir at 85°C overnight.
20 Cool the mixture, pour it into 300 g of ice and basify with
concentrated NH4OH (aqueous). Extract with 2 x 300 mL of
CH3Clg, then dry the extracts over MgSOg4. Filter, concentrate in

vacuo to a residue, then chromatograph (silica gel, 10%

OCH,CHg



[err] Step G Fol |l owi ng essentially the sane

procedure as Ste D of Preparative Exanple 5 bel ow, the conpound
from Step g%ove is deprotected to yield the title co ?5%8.8 93:70
Preparative Exanpl e 4. PREPARATI VE EXAMPLE 5 [err]
WD 98/ 11093 - 40 - PCT/ US97/ 15907

-41- Step A [err] Hydrol yze 2.42 g of

4- (8- chl or o-reORELOAT ¢ QW’N’H OH (aqueous)) to give 5.4 g (92% yield) of

car boxy| ?L%eﬁ“ﬂif rlrgiq 35%9'93@&3%';23?@ MassEaBey oM

descri bed i nFABRar at Ive Exanple 3, Step D, to give 1.39 g (69% yi el d).

of the pr Odu%mental%nzﬁyg's [err ]calculated C, 48.69; H, 3.65; N, 5.97

5 found - C, 48.83; H, 3.80: N, 5.97.

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

10 acid to produce the compound o

T

Br = Ql

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

PREPARATIVE EXAMPLE 5

Br = Cl

\
o

N



10 . Conbine 1 g (2.48 mmol) of the product of Step A and 25 mL of

dry tol ueneg aggﬂ 5 n of 1 MDIBAL in toluene and heat the m xture at
reflux. Aft2P0. ours, add another 2.5 nL of 1 M DI BAL FGIPSI8M and
heat at reflux for 1 hour. (The reaction is nonitored by TLC using 50%
MeOH CH err]Cl[err] +NH err] OH (aqueous) 41 45 Cool the mi xture to room
tenperature, add 50 nL of 1 N HC (aqueous) and stir for 5 mn. Add 100
m. of 1 N NaOStepaAgeous), then extract with EtOQAc (3 X 150 nm.). Dry the
extracts over MySH, jilier and concentrate in vacuo to give 1.1 g of
the title Cogpouna 8/ 1(1:993 _

PCT/ US97/ 15907 . Br-42f == Sep C
[err] Aot ™he_2/501 g (1.28 mm\) (0)7 conmpound
of Step B and 20 nP of bry DMF, then add 0.405™uN(1. ) of 1-N-

5 t-butoxycarbonyl pi peridf®yl - 4- acetTC acr o, >0. 319 g ( of
DEC, 0.225 g (1.664 mmol )} of JHOBT, and 0.168 g (1.664 Dl ) of

“4-met hyl nor phol i ne and st\\, #he m xture at room t egper @t ure overni ght.
Concentrate the mxture i nivacuo to a residue, then"Nartition the

resi due between 150 nlL of [err]C[err] 10 and 150 nlL Hf saturated

NaHCO err] (aqueous). ExPr actCFthe aqueous phase wi th another 150 niL of

CHerr]Q[err]. DrHydwIpzad3ue Bhaf A-(8-cHIBFS-3BPohts 5, 6-alydRaaty! at e
'n vacuo to 'ab_re%sélo?g.eslcycloheptall,2-b]pyridin—1l-ylidene)-l-piperidine-l-
5 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.

tep B:

10 Combine 1 g (2.48 mmol) of the product of Step A and 25
mL of dry toluene, add 2.5 mL of 1 M DIBAL in toluene and heat
the mixture at reflux. After 0.5 hours, add another 2.5 mL of 1 M

DIBAL in toluene and heat at reflux for 1 hour. (The reaction is
monitored by TLC using 50% MeOH/CH2Cly +NH40H (aqueous).)

15 Cool the mixture to room temperature, add 50 mL of 1 N HCl
{(aqueous) and stir for 5 min. Add 100 mL of 1 N NaOH {(aqueous),
then extract with EtOAc (3 X 150 mL). Dry the extracts over
MgSOy, filter and concentrate in vacuo to give 1.1 g of the title
compound.



Chr omat ogr aph the residue (silica gel, 500 nL hexane, 1 L of 1%

MeOH CH err]dJerr] + 0.1% NH errOH (aqueous) then 1 L of 2% 15

MeOH/ CH[err}‘@f&é’rlP}-"+ 0.1% NH err] OH (aqueous)) to give 0.575PGI/USINISR07
product. mp. = 115-125C, Mass Spec.: MJerr] = 616. Step D [err]
Combi ne 0.555 g (0.9 mml.) of the produc.t4gf- St ep C and 20 15 nL of
CHerr]C[err] and cool the mxture to OC. Add 15 niL of TFA and stir
at 0C for 2 hog;%u‘goncentrate in vacuo at 40-45[err]Cto a resi due,
then partition the residue between 150 niL of CH[err] err] and 100 ni

of saturated NaHCCIerr] (agueqQus). Extract the gex wi th 100
nmL of CH[err]CI[e 2 e xtr&cts . WSS err] .
Concentrate in va Of "t he proddict WO 98/11093

PCT/ US97/ 15907 N _43-

y
140[ err]-150[err] C; Mas<N Spef. : o
PREPARATI VE EXAMPLE 6 [err] [Tacem c |as well as -

(+)- and (-)-isoners] Step A N N
N

Combine 0.501 g (1.28 mmol) of the title compound of Step
B and 20 mL of dry DMF, then add 0.405 g (1.664 mmol) of 1-N-
5 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 _
10 and 150 mL of saturated NaHCO3 (aqueous). Extract the aqueous
phase with another 150 mL of CH2Clz. Dry the organic phase
over MgS0O4, and concentrate in vacuo to a residue.
Chromatograph the residue (silica gel, 500 mL hexane, 1 L of 1%
MeOH/CH2Clg + 0.1% NH40H (aqueous), then 1 L of 2%
15 MeOH/CHzCls + 0.1% NH4OH (agueous)) to give 0.575 g of the
product. m.p. = 116°-125°C; Mass Spec.: MH* = 616.

Combine 0.555 g (0.9 mmol) of the product of Step C and
20 15 mL of CH2Clz and cool the mixture to 0°C. Add 15 mL of TFA
and stir at 0°C for 2 hours. Concentrate in vacuo at 40-45°C to a
residue, then partition the residue between 150 mL of CH2Clz
and 100 mL of saturated NaHCO3 (aqueous). Extract the aqueous
layer with 100 mL of CH2Cl2, combine the extracts and dry over
25 MgSO4. Concentrate in vacuo to give 0.47 g of the product.



[err] . . Conbine 16.6 g (0.03 nole) of the product of
Preparatlve anple 4, Step D, with a 3:1 solution of CH3CN and wat er

10 (212.65 KP* and 70.8 nL of water) and stir the resul FCHPSI7715907
slurry overnight at roomtenperature. Add 32.833 g (0.153 nol e) of
Nal &4 and then 0.31 g (2.30 mmol) of Rudd@4 and stir at room -
tenperature give 1.39 g (69%yield) of the product. (The addi tion of
RuO i s acconmpam.gd 1 407-250tQpr Massr Speti: oMHEhd= 518. the tenperature
clinmbs from20[err] to 30[err]C.) Stir the m xture for 1.3 hrs.
(tenperature returned to 25[err]Cafter about 30 mn) t hen filter

B & [err].

residue in CHerr]C[err]. Filter to N\Nnsdl ubl e solids and wash the
20 solids with CHerr]d[err]. \Rrsk ; 40 wat er, concentrate to
a vol ume of about 200 nL and We t hen vmth wat er .
Extract with 6 N HO (aqueous). Cool
and slowy add 50% NaOH (aqueous) to adjusi to pH = 4 while

98/ 11093 PCT/ US97/ 15907

-44 - keepi ng the tenperature{<30fjerr]C. Extract twice with
CHerr]CJ[err], dry over MySQ ern Mecentrate in vacuo to a
residue. Slurry the residue in 29 mj of FtOH and cool to O[err]C
Col l ect the resulting SO|IdS b ron and dry the solids in

vacuo to giive 7.95 g of the 5 uct . [errEH NVR (CDCl [err], 200
MHz): 8.7 s, 1H); 7.85 (Hacsmpic as well as (¥)-sand, (-Diigomersl (m 2H): 3. 15

(m 2H). Step Astep B [err]

Br

cl

PN

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

10 (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

15 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 CHyCls.
Concentrate the filtrate in vacuo to a residue and dissolve the
residue in CH2Clz. Filter to remove insoluble solids and wash the

20 solids with CHaCla. Wash the filtrate with water, concentrate to a
volume of about 200 mL and wash with bleach, then with water.
Extract with 6 N HCl (agueous). Cool the aqueous extract to 0°C
and slowly add 50% NaOH (aqueous) to adjust to pH = 4 while

OCH,CH,4



Conmbi ne 21.58 g (53.75 mml ) of the product of Step A 10 and 500 ni.

of an anhy -1 mxture of EtOH and t ol uene, (37.8
mol ) of Na at%’rlﬁ’%and heat the m xture at reflux - 9&’7}@ ’rf?‘??

Cool the mxture to O[err]C, add 100 nL of water, then adjust to
pH err] 4-5 with 1 MHC - (aqueous) whil-e4lgeepi ng the tenperature
<1l0[err]C. Add 250 mL of EtOAc and separate the 15 layers. Wash the

ﬁl; [gam ]Cslqayer keeping mheaéﬁpérﬁﬁmso?en Ektradct twigi vsilthV@H2C12. dry
err err in va a_residue an

chr omat ogr ap hl’Yﬁ@aéspt&u ?s‘quc&l&ﬁﬁe ry baglip L0-a JEBIqUS, %"m e ¢
gi ve the prodresiduenui2® fnlaoflm-lvmd (Imﬂltblmc b>Collect the resulting

[gf?]r anﬁ}v%gz %%g%daﬁ@? ?ﬁaﬁﬁw %’g fﬂ%ﬁ& oduc V@Sgive 7% go&t% ned.

(d of d, . P8O ue§ 131@9 3MHzQ m8. ms 7.85 (m, 6H)im 1H)

3.2 (m 2H) S ] 25 Conbi ne

18.57 g (46. o75 (d, 2H)L= gsﬁ%duct obeg? (m,,2H). and 500 nL of

CHCl [err], th 6.70 nL (91.2 mol) of SOC1[err],- and stir

t he m'xture at roomterrperature Bor 4 hrs. Add a sopgption of 35.6
g (0.413 nol e) of pi p n B00 nL of THF 4 o)

PCT/ Us97/ 15907 Br
of 5 mn. and stir t
mxture at reflux oVve

cra period
1 he—atgo0om d re. Heat the
S S w2 and dilute

and extract the aqueous wash 5 wth cHO [err] (3 X 10 ) Conbi ne al |
of the organic sol @ombine 21.58/g 46375 hmmolpof(thexpoduct of BtepdAy over
MySQ err]po CoRRA5H8' AL of an anhydrous 1:1 mixture of EtOH and toluene,
add 1.43 g (37.8 mmol) of NaBH4 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
15 layers. Wash the organic layer with brine (3 X 50 mL) then dry
over NagS04. Concentrate in vacuo to a residue (24.01 g) and
chromatograph the residue (silica gel, 30 % hexane/CHsClp) to
give the product. Impure fractions were purified by
rechromatography. A total of 18.57 g of the product was
20 obtained. 1H NMR (DMSO-dg, 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).

Step C:
Br _
= Cl
\ 4
N
)
N
: H
25 Combine 18.57 g (46.02 mmol) of the product of Step B

and 500 mL of CHCl3, then add 6.70 mL {91.2 mmol) of SOCly,

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



I n vacuo to,a residue and chromat ograph (silica gel, gradient of 5%
7.5% 10%I\/EO—VCH[err]CI[err] + NHerr]OH) to give 18.49 g of the
title conpourwioasyimes acem ¢ m xture. 10 Step D - Separation oPCTUS9T15907

Enantioners: [err] The racemc title conpound
of Step Cis separated by preparative $h| ral chromat ogr aphy
(Chiral pack AD, 5 cm X 50.cm col um, 1‘ ow rate 100 nL/mn., 20%

i PrOH hexane + O 2%15 d|e |l am n 14 of, the (+)-isomer and

9.30 g of the rﬂatbg Alh"Sha dér %9@8%9‘1.8&85 ]cg'ﬁr @gt%’%r

(+)-isoner: m ptempéﬁaﬁné? Heatr e mixturd/atsrefhec ovitight] thed7dodl to

[[err]][err]D 54

chem cal dat a fo %%t&ﬁe%&%ﬂ%é@-g?@ i gﬁ gfierr gf Eg}ﬁ#gg% Spec.

MAerr] = 471.8W wim [veater (5 gaoa[mu]ape extragl theraqueons wash

\/\0428/ 110935  with CHCI Eabts X 100 mL). Combine all of thePrgd#ie Solb¥idns,

i B Was_lsmt With brine (é 8 Yoo mL) and dry over MgSO4. Concentrate
in vacuo to a residue and chromatograph (silica gel, gradient of
5%, 7.5%, 10% MeOH/CH2Cly + NH4OH) to give 18.49 g of the
title compound as a racemic mixture.

10 - Separation of Enantiome
Br
Br = Cl
\
N et ——t
)
N
H

The racemic title compound of Step C is separated by
preparative chiral chromatography (Chiralpack AD, 5 cm X 50 cm
column, flow rate 100 mL/min., 20% iPrOH/hexane + 0.2%
15 diethylamine), to give 9.14 g of the (+)-isomer and 9.30 g of the
' (-)-isomer.
Physical chemical data for (+)-isomer: m.p. = 74.5°-77.5°C;
Mass Spec. MH* = 471.9; (a5 = +97.4° (8.48 mg/ 2mL MeOH).
Physical chemical data for (-)-isomer: m.p. = 82.9°-84.5°C;
20 Mass Spec. MH* = 471.8; [oJp = -97.4° (8.32 mg/ 2mL MeOH).



(-)-isoner Combine 3.21 g (6.80 mml) of the (-)-isoner

product of Step D and 150 nlL of anhydrous DMF. Add 2.15 g (8.8
nmol ) of WO 98/H093) _ \ 1 - put oxycar bonyl pi peri di nyl -4-aceti c REHUSH/I15M7g
(8.8 nmol) of DEC, 1.19 g (8.8 mmmol ) of HOBT and 0.97 niL (8.8
mmol ) of N _ met hyl nor phol i ne anggstir the mxture at room

t enperat ure overni ght. Concentrate in vacuo to renove the DVF and
add 50 §t§§ng- of saturated NaHC(O err] (aqueous). Extract with
CHerr]dJ[err] (2 X 250 10 nL), wash the extracts witph 50 nL of brine
and dry over MgSJ err]. Concentrate in vacya_to apfesidue and

chromat ograph (silica gel, 2% Me CH 4 + 10%
NH err]OH) to give 4.75 g o he prrduct._ O“;’K' %(

mp. |5 ot . Mass B > 697,
[[err]][err] :-5.?r(7. N SPTL MeCOH) "N .5 Step F: [err]
Conmbine 4.70 g (6.74 dpebduct of Step (CHg)sC, 30 nlL of
MeOH, then add 50 mL of 10% H err]SCIerr]'/‘d‘i‘uWeirEllgl O
aliquots over a 1 hr. periog- ur the mxture into'QQ 0 0 water
and add 15 mL of 50% NaOH (fquedus) to adjust to pH e}] N 010-11.
Filter to renove (dHdsomm&ul ti olids and extract th filtrate
with CHerr]dJerr] (2 X 250 ). Concentrate the adlieo | aYer
in vacuo to renove the MeCH and extract again with 250 nlL of WO
9?1/7 11093 Combine 3.21 g (6.80 mmol) of thB{lJ-i&sther FHdluct of

Step D and 150 mL of anhydrous DMF. Add 2.15 g (8.8 mmol) of
5 1-N-t-butoxycarbonylpiperidinyl-4-acetic acid, 1.69 g (8.8 mmol)

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 NaHCOg3 (aqueous). Extract with CH2Cls (2 X 250

10 ml), wash the extracts with 50 mL of brine and dry over MgSO4.
Concentrate in vacuo to a residue and chromatograph (silica gel,
2% MeOH/CH2Cl2 + 10% NH40H) to give 4.75 g of the product.
m.p. = 75.7°-78.5°C; Mass Spec.: MH* = 697; [a]2 = -5.5° (6.6
mg/2 mL MeOH). | |

15 Step F:
Br
Br = Cl
\
N
N (CH3)3C\ N

Y — (Y

Combine 4.70 g (6.74 mmol) of the product of Step E and
30 mL of MeOH, then add 50 mL of 10% HySO4/dioxane in 10
mL aliquots over a 1 hr. period. Pour the mixture into 50 mL of
20 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 CH3Cly (2 X 250 mL). Concentrate the aqueous layer
in vacuo to remove the MeOH and extract again with 250 mL of



CH err]C [err]. Dry the conmbined extracts over MgSO err] and concentrate

I n vacuo to gl &{o?;? product. mp. = 128.1-131.5C, Mass Spec.: VH[ err]
= 597; [[err‘ﬁ?e? = -6.02 (9.3 ng/2 nL MeOH). 5 PCT/US9T/15907
PREPARATI VE EXAMPLE 7 [err] : Step A [err]

Conbine 15 g (38.5 mmol ) of 4-(8-chl oro-34rono-5,6- 10 di hydro-

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

pi peri di ne- 1- c@HyQGlyl | Drgcilie ebimbirrd extrards lﬁ@r%sm and®86R8GhHAEd
Herr]SOerr] at -g&grtr]égt en agg 3, 89 (38.5 °a]|,% of KNQ err]| and
stir for 4 houVsVasyftogi¥e the produet.o m.0. 511284 1.5°C;p Mass Spreck 50%
NaCH (aqueous)MHRt= 887; wialp GH-6.02T(9:3 thg/IrmIoOMBMOHP MSJ err], then

filter and concentrate in vacuo to a residue. Recrystallize the residue
from acetone to give 6.69 g of the product. [err]H NMR (CDC [err], 200
MHz): 8.5 Bs, 1H); 7.75 (s, 1 P EXAMPLE3Y (s, 1H); 4.15 (q,
2H); 3.8 (m 2H); 3.5-3.1 (m R 2.6-2.2 (m 4H):

1.25 (t, 3H). WD 98/ 11093 gy
PCT/ US97/ 15907

tep A:-
Br =
\

)\ o)\oc:HZCH3 .

0% TOCH,CH,

Combine 15 g (38.5 mmol) of 4-(8-chloro-3-bromo-5,6-

10 dihydro-11H-benzol5,6]cycloheptal1,2-b)pyridin-11-ylidene)-1-
piperidine-1-carboxylic acid ethyl ester and 150 mL of
concentrated HaSO4 at -5°C, then add 3.89 g (38.5 mmol) of
KNOg and stir for 4 hours. Pour the mixture into 3 L of ice and
basify with 50% NaOH (aqueous). Extract with CHClg, dry over

15 MgSOy4, then filter and concentrate in vacuo to a residue.
Recrystallize the residue from acetone to give 6.69 g of the
product. !H NMR (CDCl3, 200 MHz): 8.5 (s, 1H); 7.75 (s. 1H):
7.6 (s, 1H); 7.35 (s, 1H); 4.15 (g, 2H); 3.8 (m, 2H); 3.5-3.1 (m,
4H); 3.0-2.8 (m, 2H); 2.6-2.2 (m, 4H); 1.25 (t. 3H).



Step B: [err] Conbine 6.69 g (13.1 mmol ) of the product

of Step A and 100 m. of 85% EtOH/ water, then add 0.66 g (5.9 mmol) of
CaCl[err] WOBHOB 56 g (117.9 mvl) of Fe and heat the m'xtéﬁ@‘“ﬂw ux .
overnight. Filter the hot reaction m xture through celite and rinse the
filter cake with hot EtOH Concentrate_tg@-filtrate in vacuo to give
7.72 g of the product. Mass Spec.: MHerr] = 478.0 Step C [err]

10 %ﬁfﬁg 7.70 g of the product of Step B and 35 nlL of HOAC,
then add 45 nL of a solution of Br[err] in HOAc and siir the m xture at

room tenperature overnjgh Q0 nmL of 1_N , then 75
mL of 50% NaOH ( ad8fres Wi atFlact over
MySO err] and concent cuo to a resi\duez gr aph the
residue (silica gel, 6 v ¢/ hexane) tNgi v t he

product (along wth 2o0f partially puN

Spec.: MHerr] = . 9. [errFH-AMRLCRCl [erf], $00 MHz): 8.5 (s,
1H); 7.5 (s, 1H); 7.15 (s, . 4.5 (s, 2H); 4.% 3H); 3.8 (br s,
2H): 3.4-3.1 (m 4H); 2.75 (m 1H); 2.7-2.5 (mN2H); 2.4-2.2 (m
oH): 1.25 (m 3H). j\ A

0~ TOCH,CH,4 0" "OCH,CHg

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

5 and 6.56 g (117.9 mmo]) 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

)\ - | | o)\ ocﬁch3

0~ “OCH,CH,

- 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
NaOH (aqueous) , then 75 mL of 50% NaOH (aqueous) and extract
15 with EtOAc. Dry the extract over MgSO4 and concentrate in

vacuo to a residue. Chromatograph the residue (silica gel, 20%-
30% EtOAc/hexane) to give 3.47 g of the product (along with
another 1.28 g of partially purified product}. Mass Spec.: MH* =
555.9.
20 1H NMR (CDCIl3, 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



WO 98/ 11093 PCT/ US97/ 15907

-49 - [err] Conbi ne 0.557 ¢ '92,

t - butyl mtr\"’l‘@‘O QP nL of DVMF, and heat the mixture at t CT’US””‘ 7
60[err]-70[err]C. Slowy add (dropwise) 5 a mxture of 2.00 g (3.6 nmol)
of the product of Step C and 4 niL ot 48E, then cool the mxture to room
t enperature. Add anot her 0.64 nL of t-butylnitrite at 40[err]C and
reheat the m Stepepto 60- 70[err]C for 0.5 hrs. Cool to room
tenperature and pour the mxture into 150 nL of w Extract with

CHerr]d[err], dr 100 MyS S e in_vacuo to
a residue. ChromatBirs ydbk (si PF 0% CAc/ hexane)
to give 0.74 g of the B 0 QA Ss Spec.: M ers [errTH
NVR (CDCl [err], 200M—IzN8 7.5 (d, 2 N7(s 1H); 4.15
(q, 2H; 3.9-3.7 (m 2H); 3.8.3 4 (m EH); 3.0-2.5 15 2.4-2.2 (m
2H); 2.1-1.9 (m 2H); 1. —Step—Enf err] ,
Conmbine 0.70 g (1.4 mol) Dle product of Step D an¥ m L of

concentrated HC (aqueous) aMd heat the m xture at refl x 20 overnight.
Add 30 nL of 1 N NaOH (aqueagys), then 5 nL of 50% g‘b ueous) and
extract with CHerr]dJ[errp Qcmitﬁ-lgzxtract over Oy SOF 3concentrate

in vacuo to give 0.59 of the title npound. Mass Spec. l\/[ert]
468.7. mp. = 123. g{‘,@mqqmg;;qm g (5.4 mmol) of t-butylnitrite and 3mLo

DMF, and heat the mixture at to 60°-70°C. Slowly add (dropwise}
5 a mixture of 2.00 g (3.6 mmol) of the product of Step C and 4 mL
of DMF, then cool the mixture to room temperature. Add another
0.64 mL of t-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 CH2Cla, dry the extract over
10 MgSO4 and concentrate in vacuo to a residue. Chromatograph the
residue (silica gel, 10%-20% EtOAc/hexane) to give 0.74 g of the
product. Mass Spec.: MH+ = 541.0.
TH NMR (CDCI3, 200 MHz): 8.52 (s, 1H); 7.5 (d, 2H); 7.2 (s,
1H); 4.15 (q, 2H); 3.9-3.7 (m, 2H); 3.5-3.1 (m, 4H); 3.0-2.5
15 (m, 2H); 2.4-2.2 (m, 2H); 2.1-1.9 (m, 2H); 1.26 (t, 3H).
Step E: '

PN

0~ “OCH,CH,4

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
20 overnight. Add 30 mL of 1 N NaOH (aqueous), then 5 mL of 50%
NaOH (aqueous) and extract with CH2Cl2: Dry the extract over
MgS0O4 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.



WO 98/ 11093 PCT/ US97/ 15907

- 50- Step F. [err] ' React 6.0 g (12.8 nmol) of the
title conpol@IBHYIMBSt ep E and with 3.78 g (16.6 mmol) of PCT/USY7/15907

1- N-t - but oxycar bonyl pi peridinyl- 5 4-acetic acid using substantially the
sanme procedures as described for Prep Qa_tive Exanple 5, Step C, to give
8.52 g of the product. Mass Spec.: NH? rr] = 694.0 (FAB). [err]H NWR
(cdf[err], 20 F_M—Iz): 8.5 (d, 1H); 7.5 (d, 2H); 7.2 (d, 1H); 4.15-3.9

(m 3H); 33 (m 1H); 35315(m 3H; 2.9 (d, 2H); 2.8-2.5 (m
4H); 10 2418(m 6H) +—8\1.6 (br d, 2H) : . 1.25-1.0 (m
2H) . Step G BeLr) al B product of

Step F and 60 niL of

TFA. Stir the m xture at 0C, then agd 50} 8?3—1
(aqueous) foll owed of 50% NaOH, (aqueousll. tract |v(/|
CHerr]CJ[err], dry over Sﬁqerr] and concentffat® if vacu®©to gi ve
7.86 g of the product. Masfs Spec. : l\/[err] = 593. 9 FAB [der]H NWR
(CDCl [err], 200 MHz): 8.5IN2 (d, 1H); 7.52 (d of W" 2 0o, 1H);
4.1-3.95 (m 2H); 3.8- 365 (m 2H); 3.5-3.05( 5 ; 3J0-2.5 (m 6H);
2.45-1.6 (m _ ' o

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-
5 4-acetic acid using substantially the same procedures as

described for Preparative Example 5, Step C, to give 8.52 g of the
product. Mass Spec._: MH* = 694.0 (FAB). 1H NMR (CDClg, 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);

10 2.4-1.8 (m, 6H); 1.8-1.6 (br d, 2H); 1.4 (s, 9H); 1.25-1.0 (m,
2H). -

Combine 8.50 g of the product of Step F and 60 mlL of

15 CHgaCly, then cool to 0°C and add 55 mL of TFA. Stir the mixture
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 CHaCla, dry over
MgSO4 and concentrate in vacuo to give 7.86 g of the product.
Mass Spec.: M+ =593.9 (FAB). 1H NMR (CDClg, 200 MHz): 8.51

20 (d, 1H); 7.52 (d of d, 2H); 7.20 (d, 1H); 4.1-3.95 (m, 2H); 3.8-
3.65 (m, 2H); 3.5-3.05 (m, 5H); 3.0-2.5 (m, 6H); 2.45-1.6 (m,
6H);1.4-1.1 (m, 2H).



6H;1.4-1.1 (m 2H). WD 98/ 11093

PCT/ US97/ 15 - 51 -

PREPARAT] VE%M? 8 [err] [racem c BETRSIVISEY
(+)- and (-)-isoners] Step A: [err] 5 Prepare a
solution of 8.1 g of the title conpound -fgpm Preparative Exanple 7,
Step E, in toluene and add 17.3 niL of a 1M solution of DIBAL in
toluene. Heat the mxture at r FFRERPARAT] SKAMPLEIE (dropwi se) anot her
21 nL of 1 M DI BAL/tol uene 10 - riod of 40 min. Cool the
reaction mxture to about O ’ Meqof 1 M HGA  (aqueous).
Separate and di scard the organl fhe aqueous phase with
CHerr]dJerr], di scard the ext i fy the aqueous phase by

addi ng 50% NaOH (aqueous). errJ]C[err], dry the extract
over 15 MS(err] and concentrate in vagdoN oBgive 7.30 g of the title
i oners.

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

Prepare a solution of 8.1 g of the title compound from
Preparative Example 7, Step E, in toluene and add 17.3 mL of a
1M solution of DIBAL in toluene. Heat the mixture at reflux and
slowly add (dropwise) another 21 mL of 1 M DIBAL/toluene

10 solution over a period of 40 min. Cool the reaction mixture to
about 0°C and add 700 mL of 1 M HCl (aqueous). Separate and
discard the organic phase. Wash the aqueous phase with CH2Cls,
discard the exiract, then basify the aqueous phase by adding 50%
NaOH (aqueous). Extract with CH2Clg, dry the extract over

15 MgSO4 and concentrate in vacuo to give 7.30 g of the title
compound, which is a racemic mixture of enantiomers.



WO 98/ 11093 PCT/ US97/ 15907

- 52 - Step B - Separation of Enantioners: [err] . ’ '
The racen ¥WQP389%onpound of Step A is separated by pr RCGKHBIT(E0TNi r al
chr omat ogr aphy (Chiral pack AD, 5 cm X 50 cm 5 col um, using 20%

| PrOH hexane + 0.2%diethylamne), to dige_ t he (+)-i sonmer and the
(-)-isoner of the t|tIe corrpound Physi cal chem' cal data for
(+)-isoner: m ‘ oRec. M err] = 469; [[err]][err]
= +65.6 (12.93°1T N St cal chem cal data for
(-)-isorrer: mp. = 112[err]C 5. 40 Ivass Spec.

MH err] = 469; [[err]][err] :-65 2[err] (3. B5~ry 2@ Step C
[err] (+)-i React 1M33 A\ +)-|somer of

the title corrpoLH1d of Wi 1.37 g of
1- N-t - but oxy- Br

N
H

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

(+)-isomer

React 1.33 g of the (+)-isomer of the title compound of
Preparative Example 8, Step B, with 1.37 g of 1-N-t-butoxy-
15 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]D
= +34.1° {5.45 mg/2 mL, MeOH).



15 carbonyl pi peridinyl -4-acetic acid using substantially the sane
procedures as described for Prepar ative Exanple 5, Step C, to _c’| .
g of the pr¥AIBLI0%nss Spec.: M err] = 694.0 (FAB): [[err]] PSHYS? ’15907'

+34. 1[err] (5.45 ng/2 i, I\/EO—I) WO 98/ 11093

PCT/ US97/ 15907 -53- -53 - [err]

Treat 2.78 g of the product of Step C via substantially the sane
procedure as @%%D‘bed for Preparative Exanple 5. St ep D, 5 to give
1.72 g of the product. m p. 104. 1[err] C, Mass Spec.:

25 594: [[e
PREPARATI VE EXAR:
(+)- and (-)-isoners

—~153. 4 (11.42 rrg/2 A

Treat 2.78 g of the product of Step C via substantially the
same procedure as described for Preparative Example 5, Step D,
5 to give 1.72 g of the product. m.p. = 104.1°C; Mass Spec.: MH+
= 594; [0]p = +53.4° (11.42 mg/2 mL, MeOH).

10
Step A:
Br —~
-
N
0 | Br = Cl
\ 4
N v 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
15 mole) of KNO3 over a period of 1.5 hrs., then warm to room
temperature and stir overnight. Work up the reaction using



“Conbi ne 40.0

H[err]SCIer‘r,J-

KNC3 over a

stir overnigh
PCT/ US97/ 1590
sane procedur
Chr omat ogr aph
Et OAc) to giv
quantity of t
and 9-nitro

nmol ) of the

(34.3 mml ) o

g (0.124 nole) of the starting ketone and 200 nL of

t. Work up the reaction using WD 98/ 11093

7 : - 54 .94 - substantially the

e as described for Preparative Exanple 4, Step A

and cool to O[err]C. Slowy add 13.78 g (0. 136 15 nole) of
¥¥3%f 1.5 hrs., then warmto room t enpBETUSIRISHTI

élgl')éﬂaﬁ'ﬂ:%&l?* thgos/ﬁxg%gﬁ?oéélfﬁre as é&@ﬁ_ﬁg\%{' @f@ﬂﬁra{:lggn 100%

ff”exmlpr‘b Step Aod &hr%m@tqgr@bf(sdmﬁ gshrzo% 30%. 740%:r o

SOWEQQJMexane,m BO0G% EtOAC) to give 28 g Bfade 28 ¢ (76 2

OUHS gpaghyafong yalhes sroalisnqumndly of the Gtbp

3.8 ¢

substanti abl y pli'mjwehTmldrb@@ofa mixtase afsitid Pegitrorartd @ aiaol ve Exanpl e

4, Step C, to
Combi ne 13 g

10

15

20

25

SHAKE, t he product Step C [err]
(\_ 0%4‘% of the product of Step B, 140

§§ep B:

React 28 g (76.2 mmol) of the 9-nitro product of Step A,
400 mL of 85% EtOH/water, 3.8 g (34.3 mmol) of CaCl; 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

NH
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
Brz in 10 mL of HOAc over a period of 20 min. Stir the reaction

mixture at room temperature, then concentrate in vacuo to a
residue. Add CH2Clz and water, then adjust to pH = 8-9 with

50% NaOH (aqueous). Wash the‘organic phase with water, then
brine and dry over Na2804.' Concentrate in vacuo to give 11.3 g of

the product.
Cl Br = Cl
—_— \
NH | N
2 o Br

Step D:
Cool 100 mL of concentrated HCl (aqueous) to 0°C, then
add 5.61 g (81.4 mmol} of NaNOg and stir for 10 min. Slowly add

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




m. of .HOAc.,and slowy add a solution of 2.95 nL (57.8 mmol) of Brerr]
in 10 n_L of HOAC over a period of 20 min. Stir the reaction m xture at
room t enper ¥PABEOBhen concentrate in vacuo to a 20 resi due. PEBWS97/15907
CHerr]C[err] and water, then adjust to pH = 8-9 with 50% NaCH
(aqueous). Wash the organi c phase with wg®r., then brine and dry over
Na[err] SO err]. Concentrate in vacuo to give 11.3 g of t he product.

Step D: [err] the mixture at 0C8eC £6202 rﬂsﬁrscosm e (di'e v(rﬁﬁ?' ey) to

S owy add - b of 8897 ard2 (Raudoliand b Ngae” B 5 e 5 G
and stir - oveyniglsi. 1 Slowly add (dropwise) 150 mL of 50% NaOH over 30

PCT/ US97/ 1590]-,1m to adjust to pH xture at
0-3[err]C 25 hrs']uS OV(\)I| adc?( reopvm se gB éﬁzcnlf ?V%%f/tﬂe

Herr] PO e r] e(’%ﬁ%‘éfom’s Frates) mvptmnm anddry ever NmS@mcconcentrate
overni ght. Sl qnl yades!téH Q&Yrﬁ@ Loxi’xfa éﬁéﬁ%h%egelfoz% , 1o
O

wih vater 1 eIt B B g)véi‘hmgfredh oot

err]. Concentrate in
vacuo to a regStépeEand chronmat ograph (silica gel, 2% EtQAc/

CHerr]C[err]) to give 8,469 of the product. Step, EJerr] 10
Conbine 8.6 g (21.4 npe he rog: yct of St§€ =Y 0 f MeOH
and cool to O-2[errr{. 1 mmol) t he

m xture at ~O[err] C Qor anot eT— 0121 ¢
NaBH err], stir for 2 3 O[rr]C then | et standN avefni ght at
O[err]C. Concentrate in vado tgra residue then part|t|or9115 Bf.-he resi due

et 8T LR AR e Rutol St Al of s ec”
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 NaBHy, stir for 2 hr. at 0°C, then let stand
overnight at 0°C. Concentrate in vacuo to a residue then partition

15 the residue between CHaClp and water. Separate the organic

phase and concentrate in vacuo (50°C) to give 8.2 g of the
product. |

- Step F:

= cl

N
. N Br
OH g Ej
N
H

20 Combine 8.2 g (20.3 mmol) of the product of Step E and
160 mL of CHaCly, cool to 0°C, then slowly add (dropwise) 14.8
mL (203 mmol) of SOC]; 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 CH2Cls and wash with 1 N

25 NaOH (aqueous) then brine and dry over NagSO4. Concentrate in
vacuo to a residue, then add dry THF and 8.7 g (101 mmol) of

piperazine and stir at room temperature overnight. Concentrate
in vacuo to a residue, add CH3Clg, and wash with 0.25 N NaOH
(aqueous), water, then brine. Dry over NagSO4 and concentrate in




Step F: [err] 20 Combine 8.2 g (20.3 nmmol ) of the product .of

Step E and 160 mL of CHerr]JdJ[err], cool to O[err]C, then slowy add
(dropwi se) W@S§11093 i (203 Mol ) of Se'e [err] over a 30 ni RCTHEIVSHOT \\ar m
t he m xture to roomtenperature and stir for 4.5 hrs., then

concentrate in vacuo to a residue, add Cegerr]d[err] and wash with 1 N 25
NaCH (aqueous) then brine and dry over NaJerr]SJerr]. Concentrate in

vacuo 10 a reyiciid td of eég?o é b&l’%‘x&t (smca
i perazi ne and st era rni ent 8
\Baguo to a regpgug% *‘%@2 3) %@V@agﬁé%ﬁ ﬁP@hgéi

(aqueous), watempshiad, ks ﬂ&'ac@fﬂa&\/el‘H\NMerﬁj rQOQMI-RPn‘B%Br[@t.e in

WO 98/ 11093 P 97/ 907
e EDi0 755 0 )0 7 45y BB, Tk (odeDi | Seht dRdtdh aph

(si : ica 5 ¢e86-4B5viD,/ IH);er3)57-Be40] (mt, ILIH)erg]D%S-tZJSQ (m, 61-59 @.45-t he
title racenat e. err] H NVR err], 200 MHz): 8.43
(d, E%g%dﬁiﬁ X [ ] 7.11 Ed 1I[—|) ]5 31 (s, 1?—!); 5
486465(m LEP . 22Parg g g 8IS 55 (m 6H); 2.45- 2.20
(m 5H). Step G - Separ atlon of Enantlorrers

NT s
H

The racemic title compound from Step F (5.7 g is
10 chromatographed as described for Preparative Example 6, Step
D, using 30% iPrOH/hexane + 0.2% diethylamine, to give 2.88 g -
of the R-(+)-isomer and 2.77 g of the S-(-)-isomer of the title
compound.
Physical chemical data for the R-(+)-isomer: Mass Spec.
15 MH* = 470.0; [cr.]D = +12.1° (10.9 mg/ 2mL McOH).
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
20 Example 5, Steps C and D, the racemic title compound of
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 Preparative Example 9
is obtained, respectively.
25



The racemic title conmpound fromStep F (5.7 g) is 10 chromatographed as

described f arative Exanple 6, Step D, using 30% i PrO—Vhexane +
OZ%dwthﬁéﬁ?’rEBto give 2.88 ¢ of the R (+)-isoner aRhgT! sﬁo'bf
the S-(-)-isonmer of the title conpound. Physi cal chem cal
data for the R-(+)-isomer: Mass Spec. 1557MH err] = 470.0; [[err]][err] =
+12. 1[err] (10.9 ng/ 2nL MeOH). Physi cal chem cal data for the
S-(-)-isomer: Mass Spec. PREPARATIVE EXAMPLE 10M{ err] = 470.0;
[[err]][err] =-132(11 51 ng/ 2nL I\/EO—I) BiStep H Fol | owi ng

Exanple 5, Steps C and D,

the racemc title conpound of Br aople 9 is obtained from

the racem ¢ compound of Step sing the (-)- or (+)-

i somer fromStep G the (-)- o R f the title compound of
Preparative Exanple 9 I s obtained, rgspectively. 25 _ WO
98/ 11093 PCT/ US97/ 15907

- 57 - PREPARATI VH EXAMPLE 10 [err]
[racemic as well as (+)- and (-)-isomershn NH

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

Br

= Cl

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 CH2Cla (3 x 200 mL)}, dry the

organic layers over MgS0O4, then concentrate in vacuo to a
15 residue. Chromatograph (silica gel, 12% MeOH/CH2Cls + 4%
NH40H) to give 10.4 g of the title compound as a racemate. Mass
Spec.: MH* = 469(FAB). partial 1H NMR (CDCl3z, 400 MHz): 8.38
(s, 1H); 7.57 (s, 1H); 7.27 (d, 1H); 7.06 (d, 1H); 3.95 (d, 1H).



Step A: [err] 5 Combine 13 g (33.3 Mol ) of the

title corrpound from Preparative Exanple 4, Step E, and 300 ni of °
tol uene at YPa¥/11083 then add 32.5 nL (32.5 mml) of PGI/USI15907
solution of DIBAL in tol uene. Heat the m xture at reflux for 1
hr., cool to 20[err]C, add 10 anothergg2. 5 nmL of 1 M DIBAL sol ution and

heat at reflux for 1 hr Cool the mxture to 20[err]C and pour it
into a m xturesSpép4 ' .M. of Et QAc and 300 niL of 10%
NaOH (aqueous). ) Iayer W th CH[err]O[err] (3 x
200 nL), dry the organi c | ayers over BT hen concentrate
In vacuo to a 15 residue. Chromatograp N\ 1%g

MeOH CH err]d[err] + 4% NH[ er } 0 0f the title
conmpound as a racemate. Mass Spec. gO(FAB) . parti al
[err]H NVR (CDCl [err], 400 MHz): 8.38 7.27
(d, 1H); 7.06 (d, 1H); 3.95 (d, 1H).
PCT/ US97/ 15907

Separ ati on of Enantioners: [erél]

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 chemical data for {+)-isomer: Mass Spec.
MH+ = 469 (FAB); [oc]D +43.5° (c=0.402, EtOH); partial !H
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 (CDCl3, 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.



The racemc ti

tl e conpound of Step A is separated by preparative

chiral chro hy (Chiral pack AD, 5 cm X 50 cm 5 colum, using 5%
i Pr OH hexanrewbgg[lg&?dl et hylam ne), to give the (+)-i somePSH 2907

(-)-isomer of the title conmpound. Physi cal chem cal data for
(+)-isonmer: Mass Spec. Mi err] = 46989AB); [[err]][err] = +43.5
(c=0.402, EtOH); partial [err]H NI\/R(CDCI[err] 400 WMHz): 8.38 (s,
1H); 7.57 (s, 1H); 7.27 (d, 10P R g, EXA REO]

Physi cal chem cal data for (- )-|sorrer

25 VH[ err] 469 (FAB); [[eBf 9. 328 EtOH); parti
1H NI\/R(CDCI[err], 400 MHz) : (s, 1H); 7.27 (d,
1H); 7.05 (d, 1H); 3.95 (d, 1H). Fol I owi ng the

procedure of Preparative Exanple 9, Step ,' the racem ¢ conpound,

(+)-isoner or
Exanpl e 10 can
PCT/ US97/ 15907

the (-)-isomer of the conpound of Preparative
be obt ai ned. -WD 98/11 1

PREPARATI VE EXAMPLE 11 [err] x'[lracem c as well as
R-(+)- and S-(-)-isoners] The co 0 rr

10

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

Br

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
essentially the same procedure as Step D of Preparative Example

6.

15

20

25

Physical chemical data for the R-{+)-isomer: 13C NMR
(CDClg): 155.8 {C); 146.4 (CH); 140.5 (CH); 140.2 (C); 136.2
(C); 135.3 (C);' 133.4 (C); 132.0 (CH); 129.9 (CH): 125.6 (CH);
119.3 (C); 79.1 (CH); 52.3 (CHap): 52.3 (CH); 45.6 (CH3); 45.6
(CHgz); 30.0 (CHz); 29.8 (CHz). [ol> = +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
(C); 135.3 (C); 133.3 (C); 132.0 (CH); 129.9 (CH); 125.5 (CH);
119.2 (C); 79.1 (CH): 52.5 (CH3); 52.5 (CH); 45.7 (CHp); 45.7
(CHg); 30.0 (CH); 29.8 (CHa). [a]> = -27.9° (8.90 mg/2 mL
MeOH).

Following essentially the same procedure as Preparative
Example 5, Steps C and D, the racemic compound, (+)-isomer or

al

t he



5 I's prepared according to the procedures of Preparative Exanple - 40
of WO 95/ blished April 20, 1995), by follow ng the ocedur es
descri bedl\gﬁ%&!gﬁ’gl e 193 of WD 95/10516. The (+)_Pgﬁ/als§';/559? SOMer s
can be separated by following 10 essentially the sane procedure as Step D
of Preparative Exanple. 6. - gbhysi cal chem cal data for the
R-(+)-isoner: [err]C NWR (CDCl[err]): 155.8 (O); 146.4 (CH); 140.5
(CH); 140.2 ((Qrisoidér of the tifle cdgipoind)of drative Ekdznpld T1) caﬁ29 9

(cHerr]); 49%obtaihed forh 15 sotyeteonding facsgﬁé“%@pb%ﬂﬂ}r’zfﬁr err)iler]

= +25. 8[ err] isemey oy/(3)-isomer ofbid compound Phy5| cal chemical data for
the S-(-)-isomer: [err]C NWR _ - 9 (O; 146.4 (CH);. 140.5
(CH); 140.2 (O); 136.2 20 (O); ¥ ¢l 132.0 (CH); 129.9

(CH); 125.5 (CH); 119.2 (O); . (CHerr]); 52.5 (CH);
45.7 (CH err]); 45.7 (CHerr]); )y: 29.8 (CHerr]).
[[err]][err] = -27.9 (8.90 ng/2 nL Fol | owi ng
essentially the same procedure as Prepar gli 25 Exanple 5, Steps C and D,
the racem c compound, (+)-isoner or V\D 8/ 11093

PCT/ US97/ 15907 - (-)-isonmer of the title

conpound of Preparative Exanple 11 can g_ﬁeobt ai ned fromthe
correspondi ng racem ¢ conpound, (+)- S r or (-)-tsoner of the
conmpound Herr] 5 EXAMPLE 1 [err]

10 (Preparative Example 8) (0.10 g, 0.17 mmol), anhydrous
dimethylformamide (5 mL), 5-chloro-1-phenyl-1H-tetrazole (0.03
g 0.19 mmol) and anhydrous sedium carbonate {0.04 g, 0.34
mmol) were stirred at room temperature overnight. The mixture
was concentrated in vacuo, diluted with dichloromethane,

15 washed with water and dried over anhydrous magnesium sulfate.
Filtration and concentration in vacuo afforded a yellow oil (0.10
g). Purification by flash column chromatography (silica gel) using
50% ethyl acetate-hexane, followed by 100% ethyl acetate



A m xture of the conpound of Fornula 14.0 [err] 10 (Preparative
Exanpl e 8) 0.17 mol ), anhydrous di met hyl f or mam

5-chloro-1-p e%@*l-gisl—l-tet razole (0.03 g, 0.19 mml) and anﬁ?&?‘?osaghéggai um
carbonate (0.04 g, 0.34 mol) were stirred at roomtenperature
overnight. The m xture was concentrat& tn vacuo, diluted with

di chl oronet hane, 15 washed with water and dri ed over anhydrous nagnesi um
sul f at e. FPrevigiedthe rerapaund ofiFamula 20U0.061 S 4686.amp I 13RIQ |
(0.10 g). RueeNHLcation by flash col um chromatography (silica gel)

usi ng 50% et hyl acet at e- hexane, followed by 100% et hyl acetate

WO 98/ 11093 PCT/ US97/ 15907

-61- provi ded the conpound of FolEXAMPLE 20.06 g, 46% np 133[err]C
(dec)). E

To the compound of Formula 14.0 (Preparative Example 8)

(0.15g, 0.25 mmol), anhydrous dimethylformamide (5 mL), 2-
bromothiazole (0.08 g, 0.50 mmol) and anhydrous sodium
carbonate (0.05 g, 0.50 mmol) were stirred at room temperature

10 overnight, then heated at reflux for 2.5 h. The mixture was
concentrated in vacuo, diluted with dichloromethane and washed
with 1 M hydrochloric acid, then with 1 N aqueous sodium
hydroxide and dried over anhydrous magnesium sulfate.
Filtration and concentration in vacuo afforded a sticky foam (0.13

15 §g). Purification by preparative plate chromatography (silica gel)
using 2% methanol-dichloromethane provided the compound of
Formula 3.0 (0.07 g, 41%, mp 117.6°C (dec)).

- EXAMPLE 3

20 :
To the compound of Formula 14.0 (Preparative Example 8)

(0.15g, 0.25 mmo}), anhydrous dimethylformamide (5 mL), 2-

chlorobenzoxazole (0.08 g, 0.50 mmol) and anhydrous sodium

carbonate (0.05 g, 0.50 mmol) were stirred at room temperature
25 overnight. The mixture was concentrated in vacuo, diluted with



5 To the conmpound of Formula 14.0 (Preparative Exanple 8)

(0. 15g, 0.25 nmol anhydrous di net hyl formam de (5 nL), 2-

br oot hi a¥P 88118918 g, 0.50 mol) and anhydrous sodi um PEAAUSSHLT8? (0. 05
g, 0.50 mml) were stirred at roomtenperature 10 overni ght, then heated at
reflux for 2.5 h. The m xture was cghcentrated in vacuo, diluted with
di chl or onet hane and washed wth 1 M ydrochl oric acid, then with 1 N

aqueous sodi f at e

F?I tration a%i cgﬁ%ent r%ﬁ on | Eq’va%%egp %Wj&ﬁ{%&gf’%ﬁﬁi nhi%ll .
Purifi cati onWith dr Apagueoys sadivendrydraxide and dried oves aprydrous s; ng 2%
net hanol - di chiagreesitipazilfiteyi Fﬂ&dﬁ@%{m%n@eﬁ&auon RAr vedieo affordedo’ g..

PRI AT —————

15g, 0.2%5 migilicaagdly dasing BPeranethanoiriichioromethane provided the

(0050, 0. sCCmpRyAd ST Poryild AL IO OBE, WUTERASEEGT, i The

m xture was concentrated in vacuo, diluted with WD 98/ 11093

PCT/ US97/ 15907 EXAMPLE 462 - di chl or onet hane and
washed with 1 M hydrochloric acid, =Ya Wth 1 N aqueous sodi um

hydr oxi de and dried over anigydr ods

10 To the compound of Formula 14.0 (Preparative Example 8)
(0.15 g, 0.25 mmol), anhydrous dimethylformamide (5 mL), 2-
bromopyridine (0.16 g, 1.0 mmol) and anhydrous sodium
carbonate (0.05 g, 0.50 mmol) were stirred at room temperature
overnight, then at reflux for 1 h. The mixture was concentrated

15 in vacuo, diluted with dichloromethane and washed with 1 M
hydrochloric acid, then with 1 N aqueous sodium hydroxide and
dried over anhydrous magnesium sulfate. Filtration and
concentration in vacuo afforded a yellow oil (0.24 g). Purification
by preparative plate chromatography (silica gel) using 2%

20 methanol-dichloromethane provided the compound of Formula
5.0 (0.08 g, 47%, mp 91.3°C).

EXAMPLE 5




magnesi um sul fate. Filtration and concentration in vacuo afforded a
I

foam (0. 17 . . fication by preparative plate chromatogra i ca

gel ) using ogﬁ&%&nol -di chl or omet hane provi ded the conp%g‘#@?%f"h mul a

4.0 (0.08 g, 44% np 125.6[err] Q). EXAMPLE 4

[err] 10 To the conpound-@3 Fornmula 14.0 (Preparative

Exanpl e 8) (0.15 g, 0.25 mml), anhydrous di nethyl formam de (5 nl), 2-
8). 05

br ogo%ri di Ine (0. 16’1?_ tle @ompoundnef @ﬂmﬁﬂmsmquparaﬁﬁ@mfmﬁmeg

, 0. r r
Per e tor 1 (0T HR it rullal SRy BBRE b Eoighlalils LR o
di chl or onet harkromdpyriznisingi (On16 g/ 1.0 mnelbandoanbyderous sodimmith 1 N
aqueous sodi umd&%mh%.esg% 0.50 "thdoly WereA SRR Ut We%ﬁiﬁe?atﬁ%e-

Filtration anc} ongentration 1 n vacuo atforded a y ow ol 0.24 q).
Purificati®n for 4£§/i"pr Rixiure was CORCsRiralgdafinpacyp; diltsd withyi ng 29
20 net hanol - didiehisutRetieage RRY Weshéd SwiRBTP M Hyatodislonid acid, theA (0. 08

0,
8\70 g; /&1138391'“:;’111;3%]& )a'queous sodium hydroxide and drie @%@ﬁx&%ﬁé
-63 - magnésiumesulfaim uRiltoatienr amd xohcehtttionainbarreo Effordes 8)

0.15 g, 0.25 d ' -

E)rom)pgri m di ﬁHbYGSQWéG%?%%%mgéé%ﬁnp&e car bonat e
(0.05 g, bOs50 chremategraphy (siligaagel) dasing:hfle maethanobkdi¢hjoramethane
M xture was CqijeRidédtite ompid d?ill‘é&trﬂﬁlél"idv.mbt (0.09 [\g,i 58" et hane and

washed with 1 rQchloric acid, then aqueous ‘sodi um
hydr oxi de and m:gégcgver anhydr ous '

15
If one were to follow this procedure then one would obtain

the compound of Formula 7.0.
To the compound of Formula 14.0 (Preparative Example 8)
(0.15 g, 0.25 mmol), anhydrous dioxane (2 mlL), 4-chloropyridine
20 hydrochloride (0.04 g, 0.27 mmol) and anhydrous sodium _
carbonate (0.07 g, 0.62 mmol) are stirred at 115°C for 3 days.
The mixture is cooled to room temperature, concentrated in
vacuo, diluted with dichloromethane and water, and washed with
1M HCI (aq). The organic phase is washed with 1M NaOH (aq),
25 dried over MgSOy4, filtered and concentrated by rotovap, pump.
This provides the compound of Formula 7.0.



magnesi um sul fate. Filtration and concentration in vacuo afforded a
yellow oil (0.36 g). Purification by preparative plate 10 chromatography’

(silica gemwoemimg 5% net hanol - di chl or onret hane pr ovi dedPCTyEsaxusgIUNd
of Formula 6.0 (0.09 g, 53% np 103. 3[err] Q).

EXAMPLE 6 [err] 15 : I f_ were to follow this procedure
then one woul d obtain t he compound of Formula 7.0. To the

conmpound of Formula 14.0 (Preparative

3) (0.15 g, 0.25 mmol ),
anhydr ous di oxane (2 nlL), 4-chl oropyrf

hydrochl ori de (0.04 g, 0.27

mmol ) and anhydr ous sodi um 3 & J,,0.62 mMmol) are stirred
at 115[err]C for 3 days. hexim B Oy ‘El to room tenperature,
concentrated in vacuo, dil uté ' onet hane and water, and
washed with IM HO (aq). The orl ¥ shed with 1M NaCH
(aq), 25 dried over MgSOerr], filteredquat concent r at ed by rotovap, punp.
Thi s provides the conpound of Forrmula f.O. 8/ 11093

PCT/ US97/ 15907 - /A

EXAMPLE 7 [err] . N

If this procedure is followed the compound of Formula 9.0
would be obtained. :

5 To the compound of Formula 14.0 (Preparative Example 8),
anhydrous dimethylformamide, bromocyclopropane and
anhydrous sodium hydride are stirred together. The mixture is
cooled to room temperature, diluted with water, filtered and the
solids are washed with water. The solids are diluted with

10 dichloromethane, are washed with 1 M hydrochloric acid, then
with 1 N aqueous sodium hydroxide and are dried over anhydrous
magnesium sulfate. Filtration, concentration in vacuo and
purification by preparative plate chromatography (silica gel) using
5% methanol-dichloromethane and concentrated ammonium

15 hydroxide provides the compound of Formula 9.0.




If this procedure is followed the compound of Fornula 9.0 woul d be

gm]aijned 3W°9ﬁ'1f§5§ t he conmpound of Formula 14.0 (Prepar atwq,%p&&oﬁ),
ydr ous di et rmam de, bronocycl opropane and anhydr ous sodiu

hydri de are stlrredtogether The m xture is cooled to room
tenperature, diluted with water, filtered&md the solids are washed
with water. The solids are diluted with 10 dichl oronet hane, are washed
with 1 M hydrodtepA:c acid, then with 1 N aqueous sodi um hydroxi de and
are dried over anhydrous gneS| um sul f at e ' Q concentration
I n vacuo and Bot gr@lphy (silica
gel ) using 5% e han anmoni 15

hydr oxi de provides t
EXAMPLE 8 [err] N
PCT/ US97/ 15907 -6p”- ] Step”A~Merr]

cycl ohep a[ 1, 2-Db]

pyr|d| n- 11 yI) -4 [(4 pi - 5 R q Spparatlve
Exanpl e 11) (2.5g) (1 equivpleng) an di phenyl cyanog imdate (1
.38g) (1.2 equivalents) ZZm ) d t he

soI ution was heated at 80[err] C under reflux and under nitrodgen for

24h. The m xture was r ) n BCE]-Was

chr omat ogr aphed ri gl ( casage Of&éj“ imﬂg 5r§%§?ﬁ§ ngﬁt et hyl '
acetate as the €yclo PBB‘H&I ?obblmé’l{iﬁé'ltlﬂﬂ)e cddppiperidinyllgcelylls 70y .~ FABME:

m z 5 piperazine (Preparative Example 11) (2.5g)} (1 equivalent) and
diphenylcyanocarbonimidate (1.38g) (1.2 equivalents) were
dissolved in 2-propanol (65ml) and the solution was heated at
80°C under reflux and under nitrogen for 24h. The mixture was
evaporated to dryness and the product was chromatographed on a

10 silica gel column (60X2.5cm) using neat ethyl acetate as the
eluant to give the title compound (2.7921g; 87%), FABMS: m/z
661 (MHt).

15 Phenyl 4-[2-[4-(3-bromo-8-chloro-6,11-dihydro-5H-
benzof5,6] cycloheptall,2-b]pyridin-11-yl)-1-piperazinyl]-2-
oxoethyl)-N-cyano-1-piperidinecarboximidate (Step A) (1
equivalent} is dissolved in methanol. Hydrazine hydrate (1
equivalent) is added and the mixture is stirred at 25°C for 1h.

20 The mixture is evaporated to dryness and chromatographed on
silica gel to give the title compound of Formula 7.1 ((5-[4-{2-[4-
(3-bromo-8-chloro-6,1 l-dihydro-SH-benzo[S,6]cyclohepta[1 2~



661 (MHerr]). Step B: [err] - 15 Phenyl

4-[2-[4-(3-bronp-8-chloro-6, 11-di hydro-5H benzo[ 5, 6] cycl ohept af

1, 2- b] pyryehiogriaded- y! ) - 1- pi perazi nyl | - 2- PCT/US97/15907

oxoet hyl ] - N-cyano- 1- pi peri di necarboxi m date (Step A (1 equivalent) is
di ssolved in nethanol. Hydrazine hydrate él equi val ent) is added and
the mxture is stirred at 25[err]Cfor Th®20 The mixture is evaporated to

dryness and ch ogr a silica gel to give the title compound of
Formula 7.1 ((5 ifig‘?[fl 1'@9%?%3@ eroxpethy ?1 -1-piperidinyl]-3-
1- di hydro- 5H baﬁiﬁ{cﬁmﬁw&fﬁh@l&)&l[ 1, 2- VO 98/ 11093
PCT/ US97/ 15907 : -66 -
b] pyri di n-11-yl)-1-pi perazi nyl ] - 2- oxoet hyl ] - 1- pi peri di nyl]-3- ~am no-
1,2,4-triazole). EXAMPLESAMPLE 9 [err] 5
7 \ Cl Br~y/ ) cl
= ~
N 2 N NH2

5 MAJOR -+ MINOR
Phenyl 4-[2-[4-(3-bromo-8-chloro-6,11-dihydro-5H-
benzol5,6) cycloheptall.2-b}pyridin-11-yl)-1-piperazinyl}-2-
oxoethyl]-N-cyano- 1-piperidine-carboximidate (Step A of
Example 8) (1 equivalent) is dissolved in methanol.

10 Hydroxylamine (1 equivalent) is added and the mixture is stirred
at 25°C for 1h. The mixture is evaporated to dryness and
chromatographed on silica gel to give the title compounds of
Formulas 7.2 ((3—[4-[2~[4-(3—brom_o-_8-chloro-6,11-dihydro-5H-
benzol5,6]cycloheptall,2-b]pyridin-11:yl)-1-piperazinyl}-2-

15 oxoethyl}-1-piperidinyl}-6-amino-1,2,4-oxadiazole) and 7.3 ((5-[4-
[2-14-(3-bromo-8-chloro-6, 11-dihydro-5H-benzol5, 6)cyclohepta-
[{1,2-b]pyridin-11-yl)- 1-p1perazinyl] -2-oxoethyl]-1-piperidinyl]-3-
amino-1,2,4-oxadiazole).

20 Example 10

Cl

(9.3)
> HgCOCO,

- OCOCHg4
)\Q OCOCH,

OCOCH,

To the compound of Formula 14.0 (Preparative Example 8)
{0.20 g, 0.34 mmol) dissolved in 1,4-dioxane (5 mL) was added
anhydrous sodium carbonate (0.07 g, 0.68 mmol) and tetra-



Phenyl 4-[ 2-[4-(3- brono-8-chloro-6, 11 -di hydro-5H benzo[ 5, 6]
cycl ohept al Lvalz bl’%yr! din-11-yl)-1-pi perazinyl ] - 2- Excg%sf.gl%?,, (1

oxoet hyl ] - N - pi peridi ne-carboximdate (Step A of
equi valent) is dissolved in nmethanol. 10 Hydroxylam ne (1 equivalent) is
added and the m xture is stirred at 26 for 1h. The m xture is
evaporated to dryness and chromat ographed on silica gel to give the
EI(%I [e CE)rzrpE)un?sacéto xybrofw-aipha-B-Z1 ucr?sg (0.15 g 1.1 eq). After stirring at

4 4 | r o
benzo[ 5, 6] cycl Ygfﬁ qu?‘& H’x]lx% f§|‘)’a§ cﬁﬁ}fgﬂﬁﬁﬁﬂ fn yacyp, diluted
oxoet hyl ] - 1- pi peithddishloromethane,, washedawithd &f hydroclloficatid, then
[ 2-[ 4- (3- brono~gag r 1 Q*#H p
[ 1, 2-b] pyri di n- 1_?[ 9{3?-‘9#& p%?\gm ﬁq{ss-gggg% h?F k- p| peri d?ﬁl cﬂoger
am no- 1, 2, 42 ox ABY Qys magn esium sulfate. Filtra mcgngaggnrqt

To the cowpound:&éu&afﬁmuedldn%ﬂlanﬂwwsv Effﬁa@byﬁ)e arativeOpEkiteg. 0.34

nmol ) dlssolved an 5 L an s sodi
carbonate (0.07% IBQE%WRY}P Giﬁﬁ%f:ac ée})ausing %ﬁt}@fgﬁﬁic%ommetﬁane
PCT/ US97/ 15907 and concentrated ammonium hydroxide te Gprovide the title

acet oxybr ono- al 1 |

refl ux overni gh(?ﬂﬂpﬁeuq-lnqjj ure l\?\l/aasic%hc(%’n r%'&&#&%oﬁ% é(ﬁl{ﬁg’ §d6 11- W th
di chl or one} Ban lhmﬁ’eﬁﬂmhm@[ﬁlwepta[d acblpymdtm-l 1-yl)-dalfed with 1
N aqueous sodi ym @WB%@&-@%&M%H&&ID %l\#&::ﬂ?(-% o 0| nesi um sul fate.

Filtrati on and conceptrati on whi ch was
purified by pr ﬁﬂ piperi@p,p ahy Qo/é] ‘lica gel ) using 2%
met hanol - di chl or onet hane and concent rat ed ammoni um hydr oxi de to

provide the tit conpound (Forrmula 9.3, (+)
24-(3, 10- di or oBSSAYS of o 6,11- 10

di hydr o- 5H Benzo[ 5, RV s finkibitton|qfyfardiesyl pratsin) transfénase, in vitro
enzyme assay) and COS Cell ICsp (Cell-Based Assay) were

determined following the assay procedures described in WO
95/10516, published April 20, 1995. GGPT ICs¢ (inhibition of
geranylgeranyl protein transferase, in vitro enzyme assay), Cell
20 Mat Assay, and anti-tumor activity. (in vivo anti-tumor studies)
could be determined by the assay procedures described in WO
95/10516. The disclosure of WO 95/10516 is incorporated
herein by reference thereto.
Additional assays can be carried out by following essentially
25 the same procedure as described above, but with substitution of
altemative indicator tumor cell lines in place of the T24-BAG
- cells. The assays can be conducted using either DLD-1-BAG
human colon carcinoma cells expressing an activated K-ras gene
or SW620-BAG human colon cércinor_na cells expressing an
30 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.
Soft Agar Assay:
Anchorage-independent growth is a characteristic of
35 tumorigenic cell lines. Human tumor cells are suépended in
growth medium containing 0.3% agarose and an indicated
concentration of a farnesyl transferase inhibitor. The solution is
overlayed onto growth medium solidified with 0.6% agarose



[2,3,4, 6-tetra-O acetyl- 1 -beta-D glucopyranosyll -4-

pi peridi nyl ]acetyl]piperidine) (0.05 g, 169%. ASSAYS 15 FPT
|l err] (iwbbgitopdn of farnesyl protein transferase, in vitPET/USINISILye
assay) and COs Cell 1err] (Cell-Based Assay) wer e det erm ned

foll ow ng the assay procedures descri bEdGB 95/ 10516, publi shed
April 20, 1995. GGPT I err] (inhibition~gf" geranyl geranyl protein

transf erase, ne_assa nd anti-tunor
activity. (i nb&’%}%ﬁgeﬁl’t‘%ﬁ%@%%ﬁ:@%don ogf%e@ ﬁépé? by the
assay proceduindsibitorcasiibe top Yiyer. Afesy iS5 t6p laper ds solidified, platé®

95/ 10516 is i t r

Addi ti onal asgg@mg‘gﬁ Eaig%l; }ng6%é{:&%§tﬁ F:(V)S\‘\n?l%% esse%tq?zam allggr t he sane
procedure as After incubation; ithet¢alanigs are stairmi bative

I ndi-cat or g unaoeﬂaying itAGSagdy Wiﬁ‘iea %Blﬁﬂ& 1»%5(3- 4,5¢@inhéthythe assays
can be conducj,ed uSi elt uman coI ca ells
expressi ng anh?;\’ﬁzpig]gg ?él Hgtetrazq}}u Fonnde, ﬂﬁﬂﬁ@{y‘é r@af i noma
cel | s expr essingy/mb BOPBS)t |&almﬁeK{raasbgeummﬂdsi agdahecICiglswarcbel | i nes
known in the deteﬂﬁﬁf}ggt he activity of the conpounds of this invention

agai nst ot her § of cancer cells could be denonstrated.
Soft Agar Assay: Anchor age- i ndependent growth is a

char act enjigsti ¢ of @;@rwaﬁﬁﬁﬂggf@ a.0cld o! 5@56?:%@9% %ﬂahnpilnlﬁ:oat ed

suspended i n i'um conf ainin Yo agar ose” an

concentr at i onu‘é‘fraé?ﬂﬁmh&)met range of 46 t‘hkMszMr napemedarki on i s

overlayed onto gro@dimpednd® 49, 50 and V3 had. aﬁ%mmggs (K-ras)Woith$h 11093
PCT/ US97/ 1590 cont ai ni ng

the same concéﬁ?r’ﬁﬂg& ol,29rta RIIM- ¢ r ansfer ase - |nh| bitor as the top
| ayer. After the t6&ompoundssd£h15.0i 6.@dndPaBdmd a CosGell ICgp awithiixi or

10-16 da €, rr] to allow col ony out grow h.
Af ter |ncu atpg%[ﬁh% P?% oiég)&@d& ained by 5 overlaying the agar with
a solution of MIT Pprppogndﬁnﬁ&gndgfihadaSoftAgar 1C50 within the

thi azol - 2-yl | rdnge EPHEY L8bHAAR! | UM bromi de, Thi azol yI blue) (1
ng/ L in PBS) C%?Oﬂl es can be counted and the IC[err]'s can be

det er m ned. Conpounds 2.0, 3.0, 4.0, 5.0, 6.0, and 9.3 had an FPT
| C[err] (H- r aThostet skilledhin thegatokill apprecikte rtdat veheroWais a

20 pyranose, pyranoside, furanose or furanoside, acidic conditions
(e.g., in the stomach) may result in removal of this W group.
Therefore, it would be desirable to protect oral preparations of
compounds with these W groups from acidic conditions, e.g. by
enteric coating.

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

30 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.

35 For preparing suppositories, a low melting wax such as a
mixture of fatty acid glycerides or cocoa butter is first melted,
and the active ingredient is dispersed homogeneously therein as




Conmpounds 4.0, 5.0 and 9.3 had an FPT I(err] (K-ras) within t he range
of 29 to 91 Conmpounds 4.0, 5.0, 6.0 and 9.3 hadﬁg‘;@% gﬂo
| err] wt%gﬁlyog%he range of 35 to 120nM Conpounds 7 akd

9.3 had a Soft Agar I1Cferr] within the range of 80 to >500nM
Those skilled in the art will appreciate-8%t when Wis a 20 pyranose,
pyranosi de, furanose or furanoside, acidic conditions (e.g., in the

stonach) rmay r byustirring: eFheamalten Homegeneaps mixturthis éhenepouredoul d be
desirabl e 1o p§gisebn ggﬁheﬂ’f E%ha%ﬁaag ‘gllowed ts%muaﬂa ﬂiéﬂ&bghgéﬁdiﬂl

groups fromacidic ¢cQ 1.0NS ric coat

preparing phar maceud#gut é%ﬁﬁcﬁﬁl?%iqmbm@h‘éie smmé%%oﬁ\%ﬁﬁe@ﬁ&ﬁ Bé'di by |
t _hit ﬁ i nveln_t i onen?ﬁl@mnsph@s rmfexﬁmﬂlel thay be metﬁan'ﬁa azalﬁeg rdrew%éﬁn be
either soligd or li or aratio cl ude powders

tabl ets, dlipepé'f)gﬁgertﬁ gﬁ(ﬁoéssolutﬂ]m%ggg aé'gntﬁta%lhﬁﬁg Q} Rg- supgom tories.

The povvders and t ablLdquidformegreparatigns seay alsé incldesohitionsdoout 70
per cent actlvein tran asgga%(]i;ln"{g % 1,;able solid carriers are known in the

art, e.g. mMagnesi um car bona magnesi um stearate, talc, sugar,

| act ose. Tabl ewrogohpecaaratmswimhk@pmaban mayuineluge sol i d
dosage forms subhilibfisdid SoMds i pividérafdre; whith may berppr epar i ng
supposi t or (gs a l.ow nel ti n wax  stch %a% at'ég/ cid

gl yceri ded @r  comRIMAHIR Witk 3 pharmaseutically acCsptableCarReT, SWAl A% ent
i s di spersed hamgwﬁmmhpréb@éctlgasas WO 98/ 11093 -

PCT/ US97/ 15907 y stirring.
The nol ten homgeneéﬂgow}‘ﬁ?%dl%mt ﬁ%“dpf(gmgreparaﬁiﬁﬁg ‘ggh%rﬂr%nt si zed
nol ds, al | onedintersded tarke woaverted oshditly before use, to liqqﬁnicfoi'm m

preparati ons | grepdeafig Jagtfbgrathéxuapgﬂawbgeﬁegm ad Pi;&,

exanpl e -may_be nenti o yco solutlons for
par ent er all 9 nj ngi@pforms include S‘Lh’(ﬁiﬂ@-fﬁiﬁﬁ%@ﬁ@ﬁaﬂm HISIOBSso i ncl ude
sol utions for He éﬂﬁﬁﬁiuﬂd@dﬂ e fivéition may also béalélftrable

preparations syitable for i I on jtay i.ncl ude sol uti ns and solids
in powder for rr? 3Rs Ybe ﬁatf s@&ﬁ%?ﬂa‘f‘?@ﬁ"\ﬁttiﬂnﬁ AR g
accept abl e car of ereams; Hotiens, aeresolsnand/opemuetsierdsgazd can be includeﬂso

included are sqifef A ARRPPALLE BT Y HILEEE or reservoir type as are

20 conventional in the art for this purpose.

Preferably the coxhpound is administered orally.

Preferably, the pharmaceutical preparation is in unit dosage
form. In such form, the preparation is subdivided into unit doses
containing appropriate quantities of the active component, e.g.,

25 an effective amount to achieve the desired purpose.

The quantity of active compound in a unit dose of
preparation may be varied or adjusted from about 0.1 mg to 1000
mg, more preferably from about 1 mg. to 300 mg, according to
the particular application.

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

35 the optimum dose of the compound. Thereafter, the dosage is
increased by small increments until the optimum effect under
the circumstances is reached. For convenience, the total daily



I ntended to be converted, shortly before use, to liquid form

preparations for either oral or parenteral adm nistration. Such 15 Iliquid
fornms incl wigogeloyd i ons, suspensions and enul sions. PCTIS97/15907
conpounds of the invention may al so be deliverable transdermal ly. The
transdermal conpositions can take the form_ of creans, |otions,

aerosol s and/or emul sions and can be inct d&d In a transdermal patch
of the matrix %r reservoisy type as ar 0 . conventional in the art for this
U pose. 05228 ey e S IaeH anish SOaISLEratnioh POFLioRs GREING the
Preferably, thdaghifrdesired.i cal preparation is in unit dosage - form In

such form the prepagsall 1 S, subdi.vi ded i nt 1 .doses cont ai ni ng
appropriate quantiti éﬁp?%té‘& wmngﬁta&}@h&s%a;?nm ective
amount to achi eompémndsfithe jmventien and the pharitecentically woctptableve
conmpound ik a WGy f [ ) V[ j from
about 0.1 1yt S5 fEErea? b be fglata r%%°§3-!¢%%°a%#ﬁﬁ%éﬂ;§f%€€ o,
according to attendimgeliniclaneongigering such fwtors as age. genditionnnde
enpl oyed may bgizeapf eHe Giteeidt BS WEAMas sevefibf of the sPEPRbMPbeide pati ent

and the severi f th ondi tion bei treated,” Determ nation of the
proper dosage %%q,ac}.gd iﬁ@ﬁ?ﬁ&&F&W@W@ﬁSﬁéﬁﬁ%& FROIRt || of the
art. General | yadministrationmeftfrom 10 hig:ltecﬂwm_hngﬁdh?reprefeﬁﬂgbslmhth are

| noreased 1y sAnoe RAEPEREBE thin 14 TolE BRI, AbERe 4B BBk kit "Bt

ci rcunst ances Ther eanipaningds rarso nomtexicewhene admixiisteredy within this

98/ 11093 dosage e. _ PCT/ US97/ 15907
-70 - dosage may De divided and adm nistered in portions during the
day if desired. The amount and frequency of admi nistration of the

conpounds of the i nT@m fello . aeeneicadicsage forah$s

Wfi
t her eof wiyld be,r.egqul at accordi ng t | U nt  of..t he t endi ng
clinician lc%nsiW(}gFﬁnﬁo’g E tot 9%‘5@)3 gﬁejcgﬁ%ﬁ{]% aRe scopesqf; f the

patient as wel ineantdendm ity phatrimaceutitainsornpiosition aspactdsenot fothypi cal
recomrended doﬁ?ﬂﬁ ' bsa Al . I nistration of from10 ng to
2000 ny/ day pre ergglegi’%%to 30 P‘fﬁo‘amn‘ﬁ?ggy, in two to four divided doses

to bl ock tunor grow h. The conpounds are non-toxi c when adm ni stered
wWithin this dosage rap aceutical Dosage Fo ampk
EXAMPLE A
Tablets _
l No. I Ingredients | mg/tablet I mg/tablet
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 3 I
Total 300 700
20 Method of Manufacture

Mix Itemn Nos. 1 and 2 in a suitable mixer for 10-15
minutes. Granulate the mixture with Item No. 3. Mill the damp
granules through a coarse screen (e.g., 1/4", 0.63 cm) if
necessary. Dry the damp granules. Screen the dried granules if

25 necessary and mix with Item No. 4 and mix for 10-15 minutes.



The foll ow ng are exanpl es of pharmaceutical dosage forns 15 which contain

a conpound of the invention. The scope of the - invention

phar maceut iWQ”@é?ﬂ?osi tion aspect is not to be limted béé)ﬁlﬂgeﬁle‘ﬁ%pl es
provi ded. ~ Pharmaceutical Dosage Form Exanpl es

EXAMPLE A -TAblets No. | ngredi ents
ng/ tabl et ng/tabl et 1. Active conpound 100 500

: Lact ose AdePItem No 5 and mix for 122 minutes. 1Cbmpress 8he mixturen
Starch Food G,ade &10/ aste in

et T1'sd varor 16 abpropyidie sizg and é?sﬂgzhonpao&aﬁ@%laéa%l

40
5. Magnesi um St ear at e Tot al
300 700 20 Method of Manuf aCtMﬁ%r% Mx ItemNos. 1 and 2 in
a suitable m xer for 10-15 m nut €S te the mxture with Item
No. 3. MI118the danp granul es t hr oGgpsulesoarse screen (e.g., 1/4",
0.63 cm if necessary Dry the danp granules. Screen the dried
granules if 2% and, M X Wt TTem —and X7 or 10-1I5
m nut es. NG. gredient
PCT/ US97/ 1590]
5 and mx for
and wei gh on a2SU| ta
EXAVPLE B 5 |3, Com Starch, Food Grag ®s40 - 70_
I ngredl ent g capstre_ Ny capsStn I ARCtrTVve
conpound 4. 100 MagnesiggpStearatg NF | __1&ctose|USR 7 |
106 123 3. “Cor- rch, Fdod de 4 710
4. _I\/ag?res-i-m*St-eaf-a-t-e—HF ‘i"o@&f T 233 _ °700 Tot-al
253 700 -

ture

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

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

to those of ordinary skill in the art. All such alternatives,
modifications and variations are intended to fall within the spirit

and scope of the present invention.
20



Met hod of Manuf acture Mx ItemNos. 1, 2 and 3 in a suitable
bl ender for 10-15 10 mnutes. Add Item No. 4 and mx for 1-3 m nutes. Fill

t he Wo9sa1e93 Nt o suitabl e two-piece hard gel ati n caps®PCTRISIVISHOT

sui t abl e encapsul ati ng nachi ne. Wil e the present invention has
been described in 15 conjunction with t?ﬁ speci fic enbodi nents set forth
above, many alternatives, nodificaffohs and variations thereof will be
appar ent mmiﬁﬁgry skill in the art. Al such alternatives,
nodi fication intended to fall within the spirit

and scope of the present invention. 20 WD 98/ 11093

PCT/ US97/ 15907 - 72 - VWHAT | S
CIAIMED' | S: 1. Agompound of the f°3'1m‘t“?é formula: [err] 5

or a pharmaceutically acceptabl e sal \
of a, b, ¢ and d represents N Bk MR[ 6
or -(CI—|[err])[err]CCIerr]HV\/nerQ;r
and d groups represent CRlerr] o 2 s oT\R4 each of a, b, c,
and d are independently sel ected ¥raom QR[ e or CRerr];

each Rlerr] and each Rlerr] is iRH pe/m)e\tly sel ected fromH, hal o,
-CF[err], -ORlerr], -COR[err], -S O {0 R err] (whereint is 0,
1 or 2), - SCN, -N(R[err])[erR \ RﬂR[err] -Ngerr],
-OC(ORerr], -CJerr]Rerr], | - erz{'RDgrr] - CN, -NHC(O)R[err]
-NHSO err] R err], -CO\IHR[err], 15 CO\I [/r,r] &Y r] OH, -NR[err]COCR[err],

oI vat g thereof wher ei n: one
=1 R Rlerr] is Jerr], -CHerr]
\‘?, and the remaining a, b, c

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, -CHg
or -(CH2)h,CO2H 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
10 or CR2; '
each Rl and each R? is independently selected from H,
halo, -CF3, -OR10, -COR10, -SR10, -S(O);R!! (whereintis O, 1 or
2), -SCN, -N(R10)y, -NRIOR!1, -NOg, -OC(O)R!0, -CO3R10,
-OCO2R1!, -CN, -NHC(O)R10, -NHSO2R10, -CONHRI0,
15 -CONHCH2CH20H, -NRI1OCOOR!1,

-SR11C(O)OR!}, -SR!IN(R75); wherein each R75 is independently
selected from H and -C{(O)OR!1, benzotriazol-1-yloxy, tetrazol-5-
ylthio, or substituted tetrazol-5-ylthio, alkynyl, alkenyl! or alkyl,
20 said alkyl or alkenyl group optionally being substituted with halo,
-OR!0 or -CO9R10; .
R3 and R% are the same or different and each
independently represents H, any of the substituents of Rl and R2,

or R3 and R¢ taken together represent a saturated or unsaturated

25 Cs5-C7 fused ring to the benzene ring (Ring III);
S —

) O O



[err]. . -SRlerr]C(OORerr], -SRerr]N(Rerr])[err] wherein each

Rlerr] is ing fRat |y selected fromHand -CCOOR err], 7115907
benzotrlazol-g’-yl OXy, tetrazol - ylthio, or substituted ' PCTIUSITNS

tetrazol -5-ylthio, alkynyl, aIkenyI or alkyl, 20 said alkyl or alkenyl

group optional I y bei ng subst i tut ed with hﬁlan- -OR[err] or
CCIerr]R[err Rlerr] and R err] are the sane or different and

each i ndependeRﬁ \R8 cBY camd tR8 Id,achﬁmdﬁperlndenﬂystapresenhs B, -I@Eg,r] and

Rerr],
unsaturated 25 %@d ﬁ%& e’f b@&‘%ﬂ g‘lé% ttute d
WO 98/ 11093 R10, - S[O)tR -NRl COOR! -N(R 97/ 15907

-73 - -CORI!0, -0(E§R136-0@0 leeC@@mo' mmgnder&lms i@@bﬁﬁﬁﬂe& H,
-CFerr], errI al kyI or. ar I a}d al k or arklh 8
opti onal I y Sei H@tfs%‘%ttptmesent =0 or =S,and/ eils Fomlgp{ R® to

-S(O)[er]r]R[eri-é resénites0 6PEBerr], -N(R[err])[err] No[ar]

COR[ err - err, er err oPJ err

Rlerr] is conbined ¢ Ro r%rgqﬁ'q%% IHI 23YH F &R%ﬁ‘iyli'-o or =S a]nclﬂ grr]R[grr]
i s combined with R &M ré¢presents alkyl orpamdent =0 or =S;

Rl err] represents H; ral

repre]sentg al kyI orx%ﬁyésenqulll CH of'C, %cpe%rrgsgncf‘onﬁm@m O&@ %/'&m ch C
may cont aili® an dephblerhond (representedoby thendotteshlimed tocearhon raéonbtltlsd

line) to carbon atoghédldotted line between carbBénd®ide $'dfi'?d lb‘ii' efftsbon
atons 5 and 6 represen

d h th t wh
a doubl e bond ggopﬂonafdoub&e&cgpﬁ gﬁcﬁﬁy“‘%%ﬂ# ou% ?qu@fﬁgsenta o
\MI?[ err], dhalblo présdet,rA .and B independ@ﬁﬂyei'ébﬂsﬁﬁt] -RY0 - KXIoD)-RIRM Y] ‘. agd .
en no doubl e e an
B each i ndependégt?i Rﬁ B %& or%lpor e%xgﬂ ‘pﬁ%éﬁf‘? &%1%8{[ er rc??%é) ?Eth and
hal o, di hdlS, betweennchribon atdayls) feamd,6, A and B eacH indepedcientlyerr], H
and -ORferr], r%re%re‘ﬂt Had thR*NQ?[ﬂréﬂldCHaloOdmalo, alleyl ¢ a(tﬁ"ﬁ-?r(ral

wherein pis 2 represe h eroary'l
aryl, heterocytdang- Q@(O)Rm X and rOR ) =@y aryd "NO % or -O- o
The compound o{CH230-1 witereen p B 2,13 ors4Hand err], i's

W represents a heteroaryl, aryl, heterocyloalkyl or

20 cycloalkyl group.

2.  The compound of Claim 1 wherein R2 is H; R! is
selected from the group consisting of: Br and Cl; R3 is selected
from the group consisting of: Br and Cl; R? is selected from the

25 group consisting of: H, Br and Cl; R5, R6, R7 and R8 are H; A and B
are each Hjp; and the optional bond between C5 and C6 is absent.

3. The compound of Claim 1 or 2 wherein W is selected
from the group consisting of:
30 (A) heteroaryl selected from the group consisting of: (1)
1-phenyl-1H-tetrazol-5-yl; (2) pyridyl; (3) thiazolyl; (4)
benzoxazolyl; (5) pyrimidinyl;

(6) ) (8)
NH, NH NH,

N’< N4< 2 | ’\<
— 'NH ’ /E '0 l /
— TN N ; and

N
o

A



selected fromthe group consisting of: Br and C; Rerr] is selected
fromthe group consisting of: Br and C; Rerr] is selected fromthe-
25 group woww/aodng of: H Br and C; Rerr], Rerr], R errdcrosh7iser ]

are H A and B are each Hz; and t he optional bond between Clerr]
and C[err] is absent. The conpound of Claim1l or 2
wherein Wis sel ected from tﬁé’ group consi stl ng of : 30

eyt - 15 tet azol 181 HeeaerioRioi acitaiad brathols php consisting

benzoxazol yl ;off §]) pyclioighvanyidines£(2) cyclic amidife88(3)L098 and six

et er ocyci oalRsTRSTed. Peteracysloay) xings: and; ) mgranosigyt: aagt LY

het erocycl oa
guani di nes; (2) cycl [G) aeychalkyl semctedvfeonndhelgroup consisting of:

het er ocyc oalé@@ ?Enﬁ n - (O cycl oal kyl
sel ected ?f)rom eﬁg oup 'C%CSI tl néhgf %‘ﬂ(g)% opropane cycl opentane, and .

cycl ohexane. 4. The conpound of any of Clainms 1-3 wherein R4 is

H. 5. The CUI’B@%%?BuﬁHYOPEn @F G‘Paiinsg I\L\B%Hbﬁei%ﬂ‘*sislﬁ

sel ected fromthe group consisting of : . The conpound
of any of Clains 1-5 wherein X is CH. 7. The corrpound of any of

Claims 1-6 wherei B.Wi <Th& cmdlpotmd of anytdfeCtaiany 1e8nwhetreimg R¥ is

 bneny L O S FQeR Ry, the bholfp o GRERE Qg By ()
benzoxazol yl; and (5) pyrimdinyl; and (B) het er ocycl oal kyl

sel ected fromthe rou 2 [ )
> 3.4 6-tetra- Oac%tyl p[‘ﬁ@%hﬁg B_ﬂdlﬁt;%{g rogne(;fsyhs 1-5 wherein X is CH.

7. The compound of any of Claims 1-6 wherein W is
15 selected from the group consisting of:

(A) heteroaryl selected from the group consisting of: (1)
1-phenyl-1H-tetrazol-5-yl; (2) pyridyl; (3) thiazolyl; (4)
benzoxazolyl; and (5) pyrimidinyl; and

{(B) heterocycloalkyl selected from the group consisting

i’?} )D y

2,3.4,6-tetra-O-acetyl-1-beta-D-glucopyranosyl.

20 of:

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

25
wherein R1, R3 and R4 are each independently selected from

halo; and A, B, X and W are as defined in Claim 1.
I —

A O



8. The conpound of any of Cdains 1-7 selected from [err]

25
wher ei n R[i%k;ﬂ’u}{ 3grr] and Rerr] are each independently sel %Etrflﬂwwll

hal o; and A/~ B, nd Ware as defined in daiml.

98/ 11093 PCT/ US97/ 15907

- 75- 9. The conmpound-dZbany of Clains 1-8 wherein R err]
Is Br; and Rerr] is d; and Rerr] is Br. 5 10.
The conpound of any of Clains 1-9 wherein said conmpound is a

of Claim1l sel ected from

conmpound of the fqgml a'rhé'?:roglpoun[d of]any of Claims 1-8 whertin RI'§s §p7pound
and R3 is Cl; and R4 is Br. _

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

11.

10

* 4 L M S *
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Br \ Cl
\
N (7.0)
Br / N
~ |
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12. A.use of an effective anmount of a conpound of any of Clainms 1-11 in

a preparati apoog;fpegedi canent for treating tunor cells. 10
13. The use of Caim12 wherein the cells treated are - pBREAUSET15907
tumor cells, lung cancer cells, nyeloid | eukem a tumor cells, thyroid
follicular tunmor cells, nyel odyspl asti c -t ARGr cells, epidernmal
carcinoma tunmor cells, bladder carcinoma tunor 15 cells, colon tunors
cells, breast tunor cells or prostate r cells. '

Br - Cl

* c L M $ *



- 79 - 14. A use of an effective anount of the conmpound of
any of Clains 1-11 in a preparation of a nedi canent for inhibiting
farnesyl prwobaigniges transferase. 5 15. A phar naceutpicgisorisen?
conposition conprising an ef fective amount of conpound of any of O ains
1-11 in conbi nati on with a pharnaceut |§§1I |y acceptable carrier.

Thls Sheet Has Been Replaced

- (9.3)

Br
H3COCO 0COCH,
N OCOCH;,4
OCOCH4
(o)
5
12. A method of treating tumor cells comprising
administering an effective amount of a compound of any of Claims
1-11.
10

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

15 cells, colon tumors cells, breast tumor cells or prostate tumor
cells.

OO T EI s s s aee
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14. A method of inhibiting farnesyl protein transferase
comprising the administration of an effective amount of the
compound of any of Claims 1-11.

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

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

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

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

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