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5 BACKGROUND WO 95/ 10516, published 5 di scloses

tricyclic conpounds useful for inhibiting far nesy. protein transferase. 1
Oln view of the currﬂwmmmu«mﬁmﬂ" i n inhibitors - esyl protein
transferase, a welco on to the art would be conpounds useful
for the inhibition of farmeayl protein

BENZPYRIDO CYCLOHEPTANE COMPOUNDS USEFUL FOR INHIBITION OF FARNESYL PROTEIN TRANSFERASE
5

BACKGROUND
WO 95/10516, published April 20, 1995 discloses tricyclic
compounds useful for inhibiting farnesyl protein transferase.
10 In view of the current interest in inhibitors of farnesyl
protein transferase, a welcome contribution to the art would be
compounds useful for the inhibition of farnesyl protein
transferase. Such a contribution is provided by this invention.

15 SUMMARY OF THE INVENTION
This invention provides compounds useful for the
inhibition of farnesyl protein transferase (FPT). The compounds
of this invention are represented by the formula:
R2 R®

| \ "
=
a
/[N =
R" N NReR'
R O

20 or a pharmaceutically acceptable salt or solvate
thereof, wherein: '

a represents N or NO-;
Ra, Rb Rc | and R? are the same or different, and are
selected from the group consisting of H, halo, alkyl, and alkoxy,
25 with the proviso that at least one, but not more than two of R2,
R® ,R¢ and R® are H;
the dotted line (---) represents an optional double bond;
R is selected from the group consisting of H, -S(O),R!,

-S(0),NR'R?, -C(O)R', and -C(O)NR'R?, wherein R' and R? are

(1.0)

30 independently selected from the group consisting of H, alkyl,

aryl, arylalkyl, heteroaryl, heteroarylalkyl, (C3-C7) cycloalkyl,



transferase. Such a cont r'i bution is provided by this invention. 15 SUKNARY
OF THE LN\/ This invention provides conpounds u for the
~inhibiti¥? yé@r nesyl protein transferase (FPT). The conpggjﬁws“%ﬂ“ﬁu S
lsAvention are represented by the formula: Ro Ra (1.0) NReRf 10 2 Oor a .
pharmaceutically acceptable salt or sojvate thereof, wherein: a represents
Nor NO; R Ro ,RC, and Rd are the sane or different and are sel ected

(rom Lhe Lo SRUIR T Shrtbvilr . StbBi LRy éﬁstﬁéﬁg@éhl&d are
, doubl R i te
From the bl copetipiel SRAEATTS sf8uitlieAstheSRanilo, StOuityrd, “ana.

h
cons) st noheftERFURLEN, AtbSardted %Pﬂﬁ‘ﬁ’%éﬂyf" ﬁL‘zé t@iﬁé{g{"k;f oromp
(C3-C7) cyéy@wahk{vlalkgp G370 &Tﬁé{%%é}éfb%ﬁk wp&?’éihoaslalh(cgl al kyl,

het erocycl oal kyl , “substituted al subs |tute substituted

P ot S S PSR ARSI et
het er ocycl adeIdyIalk‘ngK_eamllSﬁ]I dheteroarylalkyl, -NO, alkyloxyalkyl,
a]kyloxyalkylcv)xyalkyl, C3-C7 cycloalkyl, aryl, -CN, heteroaryl,
hetero_cyc]oalkyl, =0, -OH, amino, substituted amino, nitro and
halo;

10 Re and Rf are independently selected from H, alkyl,
alkyloxyalkyl, alkyloxyalkyloxyalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, (C3-C7) cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, substituted alkyl, substituted alkyloxyalkyl,
substituted alkyloxyalkyloxyalkyl, substituted aryl, substituted

15 arylalkyl, substituted heteroaryl, substituted heteroarylalkyl,
substituted (C3-C7) cycloalkyl, substituted cycloalkylalkyl,
substituted heterocycloalkyl, wherein said substituted groups
have one or more substituents selected from: alkyl, alkoxy,
aralkyl, heteroarylalkyl, -NO;, alkyloxyalkyl,

20 alkyloxyalkyloxyalkyl, C3-C7 cycloalkyl, aryl, -CN, heteroaryl,
heterocycloalkyl, =O, -OH, amino, substituted amino, nitro and
halo; or Re is selected from the group consisting of H, alkyl and
aryl and Rf is represented by —(CHj);—R 15, wherein n is an

| integer from O to 8 and R15 is selected from -C(O)NHj, -SO,NH3,

25 aryl, heteroaryl, cycloalkyl, heterocycloalkyl, optionally
substituted by alkyl, alkoxy, aralkyl, heteroarylalkyl, -NOg,
alkyloxyalkyl, alkyloxyalkyloxyalkyl, C3- C7 cycloalkyl, aryl,



5substituted groups have one or nore substituents selected from alkyl,

al koxy, woaskyéeo heteroarylal kyl, -NOG2, alkyl oxyal kyl,
-~ al kyl oxyal kyﬂxyal kyl, C3-C7 cycloal kyl, aryl, -CN, het erogﬁ:ﬂl{snmws
ket erocycl oal kyl, =0, -OH, amino, substituted ami no, nitro and hal o; 10Re

and Rf are independently selected fromH, alkyl, alkyloxyalkyl,
al kyl oxyal kyl oxyal kyl , aryl, arylal kyl, heteroaryl, heteroaryl al kyl,

(C3-C7) cygtalhetbro lE{){@%&‘f}"z@b,kin,h%ﬁ{(n%y% kgyéodxyagﬁ@@({,ihghgd al kyl,

substituted al kyl oxy substituted oxya stituted
aryl, subsiid wifd; 15aryl al kyl, substituted heteroaryl, substituted

het eroaryl al kyl , substituted (C3-C7) cycloal kyl, substituted

cycl oal kyl al kyl , substituted heterocycl oal kyl, wherein said substituted
groups have one or nore substituents selected from alkyl, al koxy, aral kyl,
heteroaryl al kyl , -NQ2, al kyl oxyal kyl, 20 al kyl oxyal kyl oxyal kyl, C3-C7

cycl oal kyl, aryl, -CN, heteroaryl || heterocycl oal kyl, =0, -OH, am no,
substituted am no, nitro and hal o“ or Re is selected fromthe group
consi s%i ng of H, alkyl ﬁ“? .aryl an B IS represented by -}&%IZ) n- R15,
whereith n is an inted¥r f7dfn 0 to 8 and- RiBerein & 1p LQBJOF - AN,

LE0212, g5 OB BEREERD o R P SR o D GhRIE L 1 g hisE
S0 S s L SRR ), AR S 9
Zﬁgs;\i ;‘gt & tRAYBRO to "W h ALK O bounE! B S5 Br 6 MIRIfbEE 'S OH or NH2
heterocycloalkyl ring which is optionally substituted by OH, NHj,
10 NHR!6, NHR!7, NR16R17 or (CH3),R18R!19, wherein R16 and R!7 are as
defined above, R18 is H or C1-C¢ alkyl, and R19 is selected from H, C;-
Ce alkyl, substituted alkyl, arylalkyl, acyl (e.g., acetyl, benzoyl, etc.),
carbo'xarnido, alkyloxycarbonyl (e.g., methoxycarbonyl),
arylalkyloxycarbonyl (e.g., benzyloxycarbonyl), amido derivatives
15 derived from amino acids (e.g., glycine,alnine, serine,etc.), imidate
(e.g., phenoxyimidate), cyanide, imidamido (e.g., C(=NH)NH,,
(C=NSO,;NH;)NH,, etc.), sulfonamido (e.g., SO,NH,, SO,N(CHs,),) sulfonyl
(e.g., SO,CH;, SO,C¢Hs, SO,CH,C¢Hs, etc.), phosphinate (e.g., |
P(=0)(CH3s),), heterocyclyl and imidamido (e.g., (C=NC4H;s)C4Hy),
20 (C=NH)CeH;s ,etc.), wherein n is as defined above; and Rh is H or =O:;

with the further proviso that when Rb is H and Rb and R4 are both H,



NH, O, NOH or NCN, or R15 is NR16R17, wherein R16 is Hor alkyl and R17 is -
B, al kyl, SOPCH3, or C(O)NH2; or Re and Rf together with the nitrogen to
whi ch t h¥P B2°®und, forma 5 or 6 menbered het er ocycl oal RGT/UST8d¥%hi chi s
eptionally substituted by OH NH2, 1 0 NHR16, NHR17, NR16R17, or _
(CH2) nR18R19, wherein R16 and R17 are as defined above, R18 is H or Cl-C6
al kyl, and R19 is selected fromH, Ci- al kyl, substituted al kyl,

aryl al kyl, acyl (e.g., acetyl, benzoyl, etc.), carboxam do,

al kyl oxycarbonyl (e.g., nethoxycarbenyl), arylal kyl oxycarbonyl (e.g.,

benzyl oxycar bonyl ), am do derivativgs 1 5de(GH am no acids (e.g.,
gl ycine,alnine, serine,etc.), imdgie (e.g., ph noxy&m’ date), cyani de,
i mdanmdo (e.g., C(=NH NHz-H = NH2, etq/), sd)fonam do (e.q.,
S2NH2, SO2N( CH3) 2) sul foﬁgﬁ 2& ., SCPCH3, S02 SO2CH2C6H5, etc.),
phosphi nate (e. lg‘12 P(R:,f?) (CH3) 2), \het erfocyclyl and m dam do (e.g.,

( C=NCsH5) CB5)s, Hoand (RE=NH) C6H5 , efC. ), wherein n i'S as defined above; and
Rhis Hor =0; with the further proviso that when Rh is H and.Rb and Rd are
both H WO 98/5796 NUS98/ 1149 |

R\, 9The conpounds of &Hi's venti on:
(1) potently inhibit farnesyl prqgein t'fansferase, but not| gerarlyl geranyl
protein trq%&_};l’,&g@‘ P ovitro; Eii) bl ock the phenotypi dechangg i nduced
by a formo ansfornmng Ras whi ig~a farnesyl accgptor bwt~not by a

formof transform ng Ras engi neeredfo be & 10geranyl granyl acceptor;

(iii) block intracellular processing of Ras which is a farnesyl acceptor

but not of Ras engineered to be a geranyl geranyl acceptor; and (iv) block

abnormal cell growth in culture induced by transform ng Ras. The conpounds

of thi$ inventi dihei whipaurids refs yhispinventiod:5ti)apoiends eimibitt he

farnesyl at t o] ei Thu his_ tavention further

provi des afﬁrrglteggh g&@%i )i lerggfr#tgr ngge;?&%tr Oé]eer?iﬁyiged'ﬁgygrgg%t,el?e. g., ras

farnesyl pHensfarase ghsinyiti®); (W) nbloeki the ephrsitiiple dhamges indyceade

admi ni strabyop ffrmnoffif AfdrbMAi B Whidhgs t4 1 ' 20
AREOMAIRITRAS Whidhgs 14 | faYiddyt GO ._ RO Bt

descri bed above. The adm_ni stratti on of e conpounds I nvention to
patients, BBLiMhidi PrmaPﬁeEr?PS’g’rrHtlégnR@ﬁaﬁ%&’é‘ﬁéé@, tosbeseful in the

treat i¥nt gérdrydgesnndr acoepwri b@w)belevk intracelllitas provesdingn or ovi des a
et nod For Raghith 08 8" rhed WcdfiRr BB Holobr L ehighleciéd 'y bee! Ui N
transf or medagel LR 1 Y P g
a geranylgeranyl acceptor; and (iv) block abnormal cell growth
in culture induced by transforming Ras.
The compounds of this invention inhibit farnesyl protein
15 transferase and the farnesylation of the oncogene protein Ras.
Thus, this invention further provides a method of inhibiting
farnesyl protein transferase, (e.g., ras farnesyl protein
transferase) in mammals, especially humans, by the
administration of an effective amount of the tricyclic compounds
20 described above. The administration of the compounds of this
invention to patients, to inhibit farnesyl protein transferase, is
useful in the treatment of the cancers described below.
This invention provides a method for inhibiting or treating
the abnormal growth of cells, including transformed cells, by
25 administering an effective amount of a compound of this
invention. Abnormal growth of cells refers to cell growth
independent of normal regulatory mechanisms (e.g., loss of
contact inhibition). This includes the abnormal growth of: (1)
tumor cells (tumors) expressing an activated Ras oncogene; (2)
30 tumor cells in which the Ras protein is activated as a result of



25 administering an effective anount of a conpound of this invention.

‘Abnor mal wey syd7bse0f cells refers to cell growth independent pefr i@8ARdos -
regul atory ‘mechani sms (e.g., loss of contact inhibition). This includes the

@bnormal growth of: (1) tunor cells (tunors) expressing an activated Ras
oncogene; (2) 30tunor cells in which-the-Ras protein is activated as a
result of - 5 - oncogenic nutation in another gene; and (3) benign and

mal i gnant I fae e S rrant Ras
et vati on°ncopcic e A ol ?e‘**reiv?g‘is“a)“?ﬁﬂh%@ P8 oh b1 ting

or 5treati MAHLERRL GO 19 b?tI&%Fmeoék sratmje Iseppettiny evhrdurabesranthe
tricyclic Mp(aund@no(ﬂles;crcubgd herein, to a manmal (e.g., a human) in need

of such treatne artl cul,ar th| inventi provi.des .a. nmet hod for

i nhi biting or trityétc‘ Erb q*émbra(}\ﬁfhpf)qv ﬁo?s"&ﬁ?gsi 5 dngﬁ’lé’é‘tgl it ed Ras
oncogerfe byretahmglaualml@m rgromw it itgn admamisedfingt aue efifamuinte Oémbhﬁt appve
descri bed f e or treated
i ncl ude, bﬁ}ts.)érgt?e not Il?nﬁ?t?élgédéj d%%%%ﬁée%??g% Q F{u%h&?&e oear i nona) ,
pancr eat i c hugmy 4n( Begd | opasiahe dreatmente | nbrrap%rl!‘lmlas thisr 1m¥entpome,

exocrine pPaRGYRRI @ ﬁ@étﬁbﬂoﬁféﬂ 1n‘h%ﬂfhg15&ar19@5t§né Ethe: g1 &Hr% tal
carci nomas, such as, for exanple, ngoﬁfé enocarcin col on adenoma)
I

nyel oid | e%ﬂésef?ﬁﬁss%@& Actiidt OFER8ERS| ngéﬁ*ﬁ a (AML)), thyroid
fol i duw ar adariaéstratiye! oflysp! effetciveyagicum (G¥DHe blb@déieae@mmorm

i der mal Q breast ;canc r and prqgstate ca Qlt,is believed
'?Eiat this |§[}1§J({h rEﬁS al géaglrpévf d%§ gn}%rlsﬁgl 1F8r Mahi t‘flhé’%‘?d !t(? eat | Ingv '
proliferat ineatell seabeds, but tarbenpyrlimiedmadj dnapt candwmr ¢erg. Rdsngroteins are
aberrant| Yaaﬁh!ﬁlﬁ&t&‘ﬂoﬁﬁ)a {)Eﬁé’rle%itﬁf QRCREENtE ”“Ea%{gx'c?@a{x@t Qﬁﬁq@oma

genes--i.e. ot act I VAL
oncogeni ¢ FB?IM % fRr 2‘33‘%]9]& /i BRPHiILRE onawretaﬁ@atcmmom)ngcgl@monpl i shed by

t he adrg ni &hﬁ@éﬂso(\e <gf eﬂl&fef:fkﬂt EXRIABRINRL Qich Q@ tfbtcaﬂm@ecoe@wwds
descri bed h rel n reat nent.

For exanpl & Pﬂ‘éaﬁféﬂi)ﬁ‘r? pa:n“gfcf%llo&t ﬁ?’&%’l’%‘gﬁdgyeﬁ&f? ?‘? o§%%r or tunors

in 'which Rasmipieacddutat ﬁcb/eiugehou§016nkeatua)r(mMID)\)ert¢Pyﬂbﬁd5Sfdllicﬁiart yrosine
ki nase onc e be i nhi bited or
treated byeg ﬁ t'r %&Pﬁggg%r%guns%ﬁﬁgg&ér @éﬁer i’¥$8defh QB ¢ :

conmpounds @pedenmaln careinmnaodereast t tamcarnagk i prostatki lmahcer treat the_
abnor ey growt h [pfisCekligvedV Emukh1§5%§&5@8nt QIS%eﬁQBV{Hjesnhl i f‘t‘ﬂ 0 o:‘ I'S

bel i eved t hat theae conpoun lon throu t he
G protei n fhJDARiting, a%eﬁtéggpPlOllfﬁfab‘IV@cldlﬁ@aSGSer‘éi bendgpr angl at i on,

thus meki ngndingmants etblerein tRgs t prRAGIMNtarel aBeptdnltBf addtYPated as a
result of oncogenic mutation in other genes--i.e., the Ras gene
. itself is not activated by mutation to an oncogenic form--with
25 said inhibition or treatment being accomplished by the '
administration of an effective amount of the tricyclic compounds
described herein, to a mammal (e.g., a human) in need of such
treatment. For example, the benign proliferative disorder
neurofibromatosis, or tumors in ‘which Ras is activated due to
30 mutation or overexpression of tyrosine kinase oncogenes (e.g.,
neu, src, abl, Ick, and fyn), may be inhibited or treated by the
tricyclic compounds described herein.
The tricyclic compounds useful in the methods of this
invention inhibit- or treat the abnormal growth of cells. Without
35 wishing to be bound by theory, it is believed that these
compounds may function through the inhibition of G-protein
function, such as ras p2l, by blocking G-protein isoprenylation,
thus making them useful in the treatment of proliferative



WO 98/ 57960PCT/ US98/ 11495 - 6 - di seases such as tunor growh and cancerd
\WV t hout w shi to be bound by theory, it is believed that ._{uﬁse conpounds
i nhi bit Wé’sgkf%??'?esyl protein transferase, and thus show an’f‘% NP &Fat i ve
activity against ras transforned cells. 5 DETAILED DESCRI PTION OF THE .

| NVENTI ON As used herein, the foglowing terms are used as defined

bel ow unl ess, otherw se indicated: MH +-represents the nol ecul ar ion plus

hydr ogen of,.t he 0 | ecul e in the .mass, spectru -represents butyl; Boc
r gpr egent sdésetaéF%- %‘lﬁqgﬁcg?%’(?ﬁygr%‘yghparﬁ _q%gﬁF%sgmgnghwgsimg r%resent s
met hyl ; 1 BPhboupdedynttBephanitl jis beelzeted ahat -theyé omfpepnds-ehllttﬁgﬁ- .
1-met hyl -t a =V L4HQ; L € N- . - (1 I ng e
al kyl %ort?%gnsfdg ea?lz'oéxlli,tggf k{/}%g%@%?%nﬁ éils a*%?g&o%)ﬁé%éoégéﬁ#év%t rai ght
and br ancha@8t¥ipdbABARSS Fasamanséormedscelem one to twenty carbon at ons,
preferably one to six carbon atons;

DETAILED DESCRIPTION OF THE INVENTION -
As used herein, the following terms are used as defined
below unless, otherwise indicated:

MH *-represents the molecular ion plus hydrogen of the
10 'molecule in the mass spectrum;

Bu-represents butyl;

Boc represents a tert-butoxycarbonyl group

Et-represents ethyl;

Me-represents methyl;
15 Ph-represents phenyl,;

benzotriazol-1-yloxy represents

L,
A\
N
’
N
\
o— .

I-methyl-tetrazol-5-ylthio represents
SN
CHj _

20 alkyl-(including the alkyl portions of alkoxy, alkylamino
and dialkylamino)-represents straight and branched carbon
chains and contains from one to twenty carbon atoms,
preferably one to six carbon atoms; |

alkyloxyalkyl rep‘resents alkyl bound to an oxygen atom, °

25. which in turn is bound to alkyl.

alkyloxyalkyloxyalkyl represents alkyl bound to oxygen,
which in turn is bound to alkyl, which in turn is bound to
oxygen, which in turn, is bound to alkyl (e.g.,
CH,CH,0OCH,CH,0CH,CH; )

30 alkanediyl-represents a divalent, straight or branched
hydrocarbon chain having from 1 to 20 carbon atoms,

preferably 1 to 6 carbon atoms, the two available bonds being



al kyl oxyal kyl represents al kyl bound to an oxygen atom 2 5 which in turn

IS boun al kyl oxyal kyl oxyal kyl represents dto
oxygen, W%)i czslﬂ N turn is bound to al kyl, which in turn is )%(L% oq%g;ygen

which in turn, is bound to alkyl (e.g., CI—IZCI—IZOCI—IZCI—IZOCI—IZCI—B ) 3
0al kanedi yl -represents a dival ent, strai.ght or branched hydrocarbon- chal n
having from1 to 20 carbon atonms, preferably 1 to 6 carbon atonms, the two

avai l abl e H%%jstlﬁe'sgﬁxe or dtlﬁfefé)rrp tclﬁ??i lr’r;tg%s qh%ﬁ%{ge(:l—%z carbon atons

t hereof, e net h ene -, -CH2CHCH3,
_ CHCOH2OHB, rr@[tbylene ethyleWleiéD’Il e-Ilreeepresents saturated carbocyclic rings

5 branched or unbranc@ed i, AN CH,CHOHS a.r@;qm.pz > etr eferably 3 to 7

car bon at ons; hgl erocy cIoaI Kyl™-représents safurated, branched or
unbr anched cpr bo&y&lP er&%%?ﬁ%‘rsmsﬁ’éu 3 3catrgoggc Sr BéRgat ons,
pr ef er bl ybfamuhed 0@ GnbeardudiedatodmBromhBc o c20 bedrpohi atdm@, ring is

I nterrupted t 0,3 hetero.groups seI ected from-0-, -S- or - NRH)-
wherein R pfeg}éf-?]blgl leto Z %rb% @ aI kyl (suitable heterocycl oal kyl

gr oups i ncl udi ng hztermycy@loalktylatephesentsany| salrated,3-bragichakly dsot hi enyl ,
- 2-, 3 or ﬁlanAr{%%r 'dd'cEl)‘%oc;?ch@rn{?gp¥6ﬁﬁhhﬂi§‘yﬂroml 3 % 1% c%rf)’bxge“ zinyl, 2-

or 4 1 5di oxanyl esents straight an branched
car bon chaamnﬁa@rﬁ@%rab Y d5em dhdoc fr sérb% aQfonWdde | earﬂmac &d

cont aj ngnh?%@ 4ntérrd te@afbtjorl Qbogshe&rréf gr@\bﬁy sel&ed HOd q@rbon atons
and nost pr erabbﬁ%d{r t0.6 carbo rri 2 Oal kyn I-relpresents

strai ght a BFf an carhyeth ns‘sn g‘ Yat H¥aser 8 alkylhon to carbon
triple bontwtableohtearocpgldalkyl 2gtompk2 mahhhngaf?_ermr Pref erabl y frogr 2 to
6 carbon Yyl 4 (1 pel adi on, of ar oxy an

aral kyl ) - (jl{receﬂrtgh sderrcr)fllra"?}f:lf’grr%%)C@lgl#J %%og‘g’%égﬁlﬁf‘ﬁf ?fr%m%rt 15 carbon 2
5at oms andpiperidigyds 2-east 3epirratidimyl,clv.i Bg ¢e. piperiginyls 2 piredyl ring),
with ald aypiid le &bbstitutabl e carbon atoms of the carbocyclic group

bei ng i ntended Eossrble poi nts of attachnent sai d carbocyclic group
bei ng optional |y 34 eRYl-represents gstraighty and wbranchied rarhemne 1aina o,

al kyl, hydh@¥hg altkppaét one carbon to carbon double bond and containing
from 2 to 12 carbon atoms, preferably from 2 to 6 carbon atoms
and most preferably from 3 to 6 carbon atoms;

20 alkynyl-represents streight and branched carbon chains -
having at least one carbon to carbon triple bond and containing
from 2 to 12 carbon atoms, preferably from 2 to 6 carbon atoms;

aryl (including the aryl portion of aryloxy and aralkyl)-
represents a carbocyclic group containing from 6 to 15 carbon

25 atoms and having at least one aromatic ring (e.g., aryl is a
phenyl ring), with all available substitutable carbon atoms of
the carbocyclic group being intended as possible points of
attachment, said carbocyclic group being optionally substituted
(e.g., 1 to 3) with one or more of halo, alkyl, hydroxy, alkoxy,

30 phenoxy, CF3, amino, alkylamino, dialkylamino, -COOR!0 or -NO»;
and

~ halo-represents fluoro, chloro, bromo and iodo; and
heteroaryl-represents cyclic groups, optionally
substituted, and having at least one heteroatom selected from O,

35 S or N, said heteroatom interrupting a carbocyclic ring structure
and having a sufficient number of delocalized pi electrons to
provide aromatic character, with the aromatic heterocyclic
groups preferably containing from 2 to 14 carbon atoms, e.g.,



3 0 phenoxy, am no, al kyl am no, di al kyl am no, - COORI or -NQO2; and
Ral o-rep fI uoro, chloro, brono and i odo; and heteroar -represents
cyclic gi”ghiﬂzﬁ%pu onal Iy substituted, and having at | eastF 1?28 8t¥oat om
gelected fromO, 3 5S or N, said het er oat om | nterrupting a carbocyclic ring
structure and having a sufficient nunbgr.of delocalized pi electrons to
provi de aromatic char act er V\,i th the aromatic heterocyclic groups

preferably car bon._.at , e.q. VO
98/ 57960F>cPC /9‘%@5}11 49 5’%5}?1 05 Py’é‘gyg 40’83‘??. RPUSRaY i dyl N oxi de
(optional | ﬁubaﬁéwﬁedut%ldhvxﬁt haRQ ¥ Rbereithqrygidylp\N-oatyde Namxibte can be

represent e?eé?ésenteaﬂ'@s:fm | owi ng solvents and reagents are referred to ,
herein by the abbreviations indicated: tetrahydrofuran (THF); CDI (carbonyl

di -i m dazol e )ethanol (EtOH); net ol ce | acid (HOAc or AcOH);
ethyl acetate (EtOAc); N, Ndi nethy, aﬁ'ﬁ I uoroacetic acid
TF

(TFA); 1 0 trifluoroacetic anhydr oxy enzotriazol e (HOBT);
m chl or oper benzoi ¢ acid (MCPBA); Net hy ne (Et di et hyl et her

(Et 20); ethyl chloroformte (Clcoz ); di et hy, am nopr opyl) - 3- et hyl
carbodi i mde hydrochl oride (DEC); di sobutyl aI um numgydride (DI ABL); and 4-
1 5 nmet hyl norpholine 'NVMM. The positions in the tricycliic ring system are:
56 4 aBPl 110 PrefEheetpllawonat sohvents - mBgemS, asmdrefered Eornula 1.0

herein by the abbreviations indicated: tetrahydrofuran (THF);
CDI (carbonyl di-imidazole )ethanol (EtOH); methanol (MeOH);
acetic acid (HOAc or AcOH); ethyl acetate (EtOAc); N,N-
dimethylformamide (DMF); trifluoroacetic acid (TFA);

10 trifluoroacetic anhydride (TFAA); 1-hydroxybenzotriazole
(HOBT); m-chloroperbenzoic acid (MCPBA); triethylamine (Et3N);
diethyl ether (Et20); ethyl chloroformate (Cl1CO3Et); 1-(3-
dimethylaminopropyl)-3-ethyl carbodiimide hydrochloride
(DEC); disobutylaluminum hydride (DIABL); and 4-

15 methylmorpholine (NMM).

The positions in the tricyclic ring system are: .

. 58 ,
N 1 °® 8
2\a 9
; no .
Preferred halo atoms for R2a, RP, R¢, and RY in Formula 1.0

are selected from: Br, Cl or I, with Br and Cl being preferred.

20 Compounds of Formula 1.0 include compounds of the
formula: ' '

E ]\‘,NRQR, (1.02)

Compounds of Formula 1.0 mclude compounds of the
formula:



are selected from Br, C or I, with Br and O being preferred. 2
GCompoungs §4/s5766y mul a 1. 0 i ncl ude conpounds of the fornul a‘PCTN%gg (1.0a).
W) . .98/ 57960PCT/ US98/ 11495 Preferatily, for the conmpounds of this
jenvention, Ra, Ro, RC and Rd are selected fromhalo, preferably Br or .d,
and nore preferably, Ra is Br and RC-i%-C. Preferably, only one of Ra, Rb,
5 RC and Rd is H Preferably, in Fornula (1.0a), Rais Br, RCis d,
and Rb or Rd is halo. Mre pref%rably, in Formgba (1.0a), Rais Br, RCis

C, and Rb or Rd is Br. ef arabtsF\for/the conpounds of this
nd th eiR% s - (CH2) n- R15, wherein
Boc CH3(N%o N, and

a
invention, one of Re 1 0 or Rf isyH ™ 0

R15 is selected from al kyl oxyal kil ,

Preferably, for the compounds of thias inyentNe#, .the optional double bond
between positions 5 and 6 (i.e., C5-C6) yn 5the tricyclic systemis absent.
Al so, preferably, for the compounds of (fhiy Fnvention, substituent a in
Ring | represents N i ' (1.0b)

0= n NR°R'

RO ,

Prefefaﬁly, for the compounds of this invention, Ra , Rb ,

RC and Rd are selected from halo, preferably Br or Cl, and more

preferably, R2 is Br and RC is Cl. Preferably, only one of R2, Rb,

5 Re, and R4 is H. '
- Preferably, in Formula (1.0a), R2 is Br, R¢ is Cl, and RP or
Rd is halo. More preferably, in Formula (1.0a), Ra is Br, R¢ is Cl,
and Rb or R4 is Br.

Preferably, for the compounds of this invention, one of Re

10 or Rf is H, and the other is -(CH»),-R15, wherein R!5 is selected
from: alkyloxyalkyl, NHBoc,



Thus, conpounds of the invention include conpounds of the fornulas: 0

(200) (201} coso - 14 -

£
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A

- 15 - (N NN \/\ NHBoc (225) - 16 - N Br (226)

WO 98/57960 PCT/US98/11495
i - 11 -
f
CHj
N
N ( \
< —-
\ r\{ G
, and

Preferably, for the compounds of this invention, the
_optional double bond between positions 5 and 6 (i.e., C5-C6) in
5 the tricyclic system is absent.
Also, preferably, for the compounds of this invention,
substituent a in Ring I represents N.
Thus, compounds of the invention include
compounds of the formulas:

Br /\ a
=N
N

N _Br
[N]N/n\/KJ
H
(o]
10 (200)
Br /\ a

(203)



- 17 - The follow ng conpounds, which may be prepared according to the
et hods \(;jvi 393/59?62)(1 I n W96/ 31478 and/ or W95/ 15016, are also within the
scope of "Ohe Pt 8sent invention: WO 98/ 57960PCT1US98/ 11495 CT/Y¥s/1149s

SUBSTI TUTE SHEET (RULE 28) - 19 - WD 98/ 57960PCI V, US98/ 11495
- 12 -

(209) (210)



- 20 - HN 245 H, CNH 246 249 W98/ 57960PCT/ US98/ 11495 - 21 -
256 WO 98/57960 PCT/US98/11495

- 13 -

Br /\ (o]
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N =N
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(213) \/\/Loo - (214)
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SUBSTI TUTE SHEET MULE 28)
WD 98/ 57960 - 23 - PCT/ US98/ 11495 _
WO 98/57960 PCT/US98/11495
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t WO 98/ 57960PCT/ US98/ 11495 - 24 - 265 266 268 267 269 WO
88/ 57960 11495 - 25 - Li nes drawn into the §j t
it R

i ndi cate e indicated bond may be attached to any of

substitutable ring 5carbon atons. Certain conpounds of the invention may
exist in different isoneric (e.g., enasi-oners and di astereoi soners) forns.
The invention contenplates all such isonmers both in pure form and

Br / \ (@]

=N

N Br

C1 oy |

N N
\/\/NHBoc

\/\/Loo

(225)



in adm xture, including racem c m xtures. Enol forns are al so 10i ncl uded.
Certain tricyclic conpounds will be acidic in nature, e.g. those conpounds
whi ch po¥Q¥573%ar boxyl or phenolic hydroxyl group. Thes@CHHPSUIAWS may'
korm pharmaceutical ly acceptabl e salts. Exanples of such salts may include
sodi um potassium 15 calcium alumnyg _gold and silver salts. Al so
contenpl ated are salts formed with pharmaceutically acceptable am nes such
as ammoni a, al kyl ami nes, hydroxyal kyl am nes, N net hyl gl ucam ne and the
l'ike. Certagyn S | CIGF conpounds al so form 20phar maceutically
accept abl e sal} addition salts. For exanple, the

pyri do-nitroger~g # formsalts with strong acid, while conpounds
havi ng basi c substigyg ts such as am no groups al so formsalts with weaker
aci ds. Exanpl es of¢s {able acids for salt formation are hydr ochl ori c,

sul furic, phosphoric, 254¢et|c citric, oxalic, malonic, salicylic, malic,

fumaric, succinic, C is,mal ei g, nethanesulfonic and ot her m neral and
carboxylic ag¢i ds_wel own to e inthe art. The salts are prepared by
contacting the’fr bQse form a sufficient amount of the desired acid

to produce a salt in the conventional 30 manner. The free base forns may be
regenerated by treating the salt w {#6a suitable dilute agueous base

sol ution such as d| e aqueous NaCH, potassium carbonate, ammoni a and

: - elbase fornms differ framtheir respective salt
forms sonemhat\ln i .hy5|cal proper Big S 9 ol ubility in.
pol ar sol vent s~ #ci d and base salts ® B equi valent to
their respective fr base for-ns for purposesy Avention. - 26 -

Al'l such acid and pas salts are i ntended to be pharnaceutlcal@ accept abl e
salts within the s uﬁntlon and aII CI and base

consi dered equival e t he f eé fornms of
purposes 50f the |n ntOon
O N/k 0O

H

npounds for

(227) (228)

Cl




Compounds of the invention may be prepared according to the procedures
descri beg,d §k/M6506/ 30363, published Cctober 3, 1996, W96/p §&11q440! 1 shed
COct ober 10,7 1996, WD 95/ 10516 published April 20, 1995, copendi ng
Application Serial No. 1 0 08/410,187 filed March 24, 1995, copending
Application Serial No. 08/577,951 fi-l @ Decenber 22, 1995, and copending
Appl i cation Serial No. 08/615,760 filed March 13, 1996; the discl osures of

each belng e tiher cordi to the
pr ocedur esT scrl @glcﬂﬁﬁﬁggn@é’ vﬁ&%ﬁ lPﬁar?d tniEFﬁjﬁﬁgr"%‘ad(;rrucl%§‘? ann be
prepared fthémmeth 9 dsy cdiselasedr dry W&ﬁﬁ%d& 782.amd/ex WHORH/ 130 Reaare on
Scheme 1. 20 React alyd SeitRiE the scop® of th Hﬂﬁj indefljonWhi ch may be
prepared as described in WO 95/10516, published April 20, 1995 and in U. S.
5,151,423, can be chlorinated with a chlorinating agent, e.g., thionyl 3 0
chl oride, as described therein to form Conpound (2.1). Conpound (2:1) may
then be reacted wth a suitably,. substituted pi perazine to form Conpound
(1.0a) The reaction with the piperazine is carried out in a suitable
solvent, e.g., DM or THF in - 27 - the presence of a base, e.g.,
triethylamne, at a tenperature of fromO to 80 Cfor 1 - 24 hours, then
added to water, extracted with a suitable solvent, e.g., ethyl acetate, and
chromat ographed on silica gel. 5Alternatively, conpounds of the fornula
(1.0a) can be generally prepared as shown in Reaction Scheme 2. WD

98/ 57960PCT/ US98/ 11495 - 28 -



5 Compound (2.1) is reacted with ethyl pi perazi ne-3- carboxylate to
Forn1Cbnapund %2.1a). The reaction with the piperazine is carried out in a
sui t abl eWHRUA® e.g., DVF or THF in 1 0 the presence of BCHHEW/M195g .
triethylamne, at a tenperature of fromO to 80 Cfor 1 - 24 hours, then
added to water, extracted wth a suijgabl e solvent, e.g., ethyl acetate, and
chromat ographed on silica gel. Conpound (2.1a) can then be reacted with a
sui tabl e protecting group, such as the Boc group, utilizing di- 15 .
ate to form Conpound (2.1b). Conmpound (2.1b) is subjected
B @Et with NReRf), di_scusse to form :

Conmpound (B.0). 3.0) can then be subj dar d
deprotecti O on_t0® renove the Boc group, Compound (3.1).
Compound (3.1) -.29 - can then optionally be ‘'suby’ect §d the=Feaction step
(b) (substituti i

n the nit of the piperazine th R if it is
desired that Rlbe ofherytha H. | teps (a) and (b) y carried in any
sequence. Wen ot : 6 subjected to 5reagtio step b firsq
(i.e., form ng Conpouhd (3.2)), the use of a protecti up~s> rally
not requi . oStep (a) is carried out by reactin ound (2.1b) or
Compound (3i2) with LiOHin water with a suitable vent , such as

met hanol, to convert the -C(0)OEt group to -C(0)OHJ This 1 0 carboxylic
acid internediate can then be reacted with a suitable NHReRf am ne conpound
(wherein Re and Rf are as déffned above) in the jpresence of HOBt 2¥nhd

N- et hyl nor phol i ne and a coupling agent, such as DEC or DCC in a suitable
solvent, e.g., DVMF at a tenperature of fromO to 80 Cfor 1 - 24 hours,
then added 1 5to water, extracted with a suitable solvent, e.g., ethyl
acetate, and chromatographed on silica gel.

236
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Step (b) can be carried out in the follow ng manner, depending on the R
subst i t UgHy 9gERe CONPounds of the formula (1.0a) wherein Rpeqﬂlggg%@so
nitrogen atomto which it is attached together conprise an amde, e.Q.,
where Ris -C(0)-alkyl, step (b) can be carried out by reacting the am ne
(2.1a or 3.1) with a carboxylic acid of the fornmula RA-C(0)-0H, wherein
RA-C(0)- is R in the presence of-al®oupling agent such as DEC, CDI or DCC.
The reaction is typically 2 5 carried out in a suitable organic sol vent
such as DMF, THF or CH2Cl2 at a tenperature of -10 00C, preferably at O
: C erably at about room tenpegsrat \hex t he coupling
agent i s 'DEg edction is preferab % THe presence
of HOBT and : ol i ne. 30Al ternativelly,
can be react ed a conpound of the fornmula R-

above and L is a ving group.such as d, Br, | , C(0)-RB ein RB
is Cl1-C6 al kyl or phenyl, or suljff onat e group of ﬂh ormul a - 0S024Re,
wherein RC is seklec frram CixC6-%al kyl , phenyl , _ N

p- bronophenyl, to formjfa conpound of the fornmula (1. .
carried out in thekpresence of a" base, preferably a*erteary am ne base,
such as Et 3N, AP, Pyridine or Hiinigs base. WO 98/ 57960PCV: US98/ 11495 -

30 - For c¢lonmpounds of Fornula 1.0a wherein: Ris -C(0)-CH2-RD,
wherein RD ys—& piperidine of the forrmula: N REZ and RE repreggnts
-C(0) NH2 ( a carboxamzde), step (b) can carried out by reacting
the am ne a or 3.1) with a protected pip ne, i.e., '

C(0) CH2- pi peri dine-N-Boc in the presence of ‘a coupling agent such as DEC,
CDI or DCC. The reaction is typically carried out in a suitable organic
sol vent such as DMF, THF or CH2Cl2 at a tenperature of -10 to 100C

aut, room t enperat ure.

244
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conducted in the presence of HOBT and N-nethyl norpholine. The above

descri bed Boc- pi peridine conpound is then de-protected with a suitable

aci d, sWePsEI%0 | f| uoroactic acid, to 1 5 provide a pi pericliY O3 ein  he
hitrogen is unsubstituted. The above descri bed unsubstituted piperidine is
reacted with an excess of urea in water. This reaction can be run with
about 4 to about 10 equivalents.ofQurea relative to the unsubstitued

pi peridine starting reactant. Cenerally, about 10 equival ents of 20 urea
can be used. The reaction is run for about 3 to about 68 hours. Cenerally,

t he reactlon e run for about 60 to 70 hour e reaction is usually
run at T ~ er@ture of the reastigny e h S can range from
about 98 to ap . The amount of the ‘ peridine starting

2 5 reactant re ati—' to water may typical I\y S -.bout 0. 0259/nﬂ to

about 0.6g/n, .nd can generally be about 0.1 g/ . For - reparing
conpounds of ormul a (. wherein Ris - g an

al kyl, cycl oal k or:het ocyel oal kyl 3 0 gro s ep Qb) caﬂrled out
by reacting a formula (2.1a or ‘anat e of
the fornmula RO- , 1n a suitable solvent such as THF or CH2Cl12
using met hodsu oknomh inthe art. Alternaiiv ,ot Re anlne (2.1a or 3.1)

is reacted - With ( 3 5 phosgene to forma chlofoformate internediate of
the formul a .0), as shawn in Reaction Sc¢f X The chlogggornate (5.0
is WD 98/5 960PCT/U898/11495 - 31 - generaldﬁ not isolated and is reacted
wi th an amne of the fornula RG NH2, wherein RGis as defined above, to
forma conpound of the formula (1.0a), wherein Ris -C(0)-NH RG 5Reaction
Schene 4 10 When Ris S(0)2R I, step b can be carried out by dissolving
Compound (3.1) in an appropriate solvent such as DM of THF. A base is
added such as triethylamne, and the appropriate alkylsulfonylchloride
(RI-S(0)2C1), prepared by nethods known 1_ 5 s agded to the
N0 € W\ of

reaction m xturg to anbi ent tenperat After 1-24
hour s, ®-he [ @ is added to wate guct extracted
wth a sui S J such as ethylacetatef\? e crude reaction
N
LA~ T
N A Y .
N 0o :
o o]
(o)
247 248
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product can then be chromatographed on .a silica gel colum. 20Wen Ris
3(0) 2NR WFeg/SbeP b can be carried out by di ssol vi ng Conpopﬁgﬁgs;“i“;g an
appropri ate solvent such as DMF of THF. A base is added suc S

t.ri ethyl amne, and the appropriate 2lkyl am nosul fonyl chloride

(RIR2N-S(0) 2C1) , preoared by met hods known in the art, is added to the
‘reaction 25 m xt to anbient tenperature with stirring. After 1-24
WD 98/ 57960 9 @- hours, the reaction r:\is .added to

gr aphed on a
mula (1.0a) can

silica gel colum Al ter na |y, conmpounds~u
be generally prepaE:d shomm ifn Rq ction Schene 5. ction Sche L
is:.>?17- 0 H OBoc 0 (6.0)((6. 1) HONr\*@lfa

et hyl acetate. eactlon product can the

Ra 13"
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app* Fic a Rd (6.4) .Fic Ro Fla (6.3)Rd Conpound (6.0) is reacted with

di-tert- carbonate 15 to form Conpound (6.1).

reacted W %@%ﬁ%& in the presence of DEC and HOBt to foﬁﬂﬂggég&$%5 (6.2).
@onmpound (6.2) is treated with TFA to form Conpound (6.3). Compound (6. 3)
is reacted with the tricyclic conpoynd-(6.4) to form Conpound (6.5).
Conmpound (6.5) is subjected to the 20 treatnent(s) descri bed above for step
(b) to obtain Conpound (6.6). WD 98/57960PCT/ US98/ 11495 - 33 - .

Conmpounds of fornmula (1.0a) in the R-enantioneric formnmay be prepared as
shown below in reaction schemes 6 and 7. REACTI ME 6 BocH N TFA,,
RL N=C=0 ( J. . N yRmy-%%',/\

B¢

Ci

z _ i CH, ==
C - P
N N N o
o

260 261
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| RC H2A 21 O R1CO2H DEC/ HOBt 00 R (6.13)R = C(0) NHRL(6.14) or C(O)R1

(6. 16) Corpeumided 6. 7) is hydrogenated under pressure, e.g.pcPusssiifs
pressure of° 30 to 100 psi, preferably 50 psi, in the presence of a Pd/C
gatal yst, e.g., 10% Pd/C. The hydrogénmation is carried out at tenperatures
of 20C to 30C in ethanol. The hyrdrogenated product is subsequently reacted
wth KOH in water at anbient WD 98/57960PCT/ US98/ 1. 1495 5 tenperature to
yi el d Conpound (6.8). Conpound (6.8) is reacted with 3 equival ents of

R(-) canphor sulfonic acid ("CSA") at anbient tenperature and recrystalized
several tinmes in water to yield a di canphor sulfopic salt, Conpound (6.9).
Compound (6.9) is reacted with (Boc)20 (di-tert-butyl dicarbonate) in a
met hanol / H20 10 solution at anbient tenperature to yield Conpound (6.10).

Compound (6.10) | d with sul fonyl ghlorlde DVF at 0C and
subsequent | 4 ‘ qeetonitrile in p ;
warmto a e to yield Conpoun

reacted wtk ' yl ene 15 chloride ™

Conpound (6.12). Cohrpound (6. 12)
R1-1\1=C=0, or a rogxylic acid (O2H, wherein
formula (1.0), t%iiér Conmpound , Where R= -

reaction with RI- Q) carried out

di chl oronet hane at anbi efjt tenperature When RI CO2H

IS preferably carri oub in the presence of a coupliing a ent '
The rea comyertifg Conpound (6.11) to Conpou 12) and converting
Conpoun( 2) to Compound (6.13), nay be carried |out as a one pot 25

synt hes conpound (6.13)64s deprotected with TBA\I n net hyi ene chl ori de at

anbi ent tenperature to form Conpound (6.14). Conpound (6.14) is reacted
~wth Conmpound (6.15) in DVMF at anbient tenperature to form Conpound (6. 16).
WD 98/ 57960PCT/ US98/ 11495 - 35 -

264 .
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REACTI ON SCHEME 7 Rb Compound (6.9), prepared as shown above in
Schene 6wd 8ACt ed with benzyl chloroformate (CBZ-Cl) |rc}> 0% di oxane
wat er at i'ent tenperature to forma benzyl oxycar bonyl 951’%8 TG 14%Rhi ch ‘i s
subsequently reacted with (Boc)20 to f(} m Corrpound 10 (6.17). Conpound.
(6.17) is hydrogenated under pressure, é , at a pressure of 30 to 100
psi, preferably 50 psi, in the presence of a Pd/ C catal yst at anbient
tenperature to form Corrpound (6.18). Conmpound (6.18) is reacted with
Conmpound (6.19) in DVMF at anbient tenperature to form Conpound (6.20).
Conpound (6.20) 15 is reacted with NHR Rf with DEC/HOBt in DMF at anbi ent
tenperature to form Conmpound (6.21). Conpound (6.21) is deprotected with
TFA at anbi ent .t er §—-and then reacted with _either an isocyanate,

R -N=C=0, or a carhexytre’acid, Rl CO2H, whaer . 3ws-cdefi ned above in
formula (1.0), to for Corrpound 20 (6.22), -C(O)NHRI or -C(O)RI.
The reaction with_ R - - | CO2H is carrlednut in either DVF or

di chl or onet hane a |eﬂﬁ t enpey at ure. Wien RI@Z i s ed, the reaction
is WD 98/57960 41495 -36- 5 preferably varified o tdi n the presence
of a coupling agent, e.g., DEC. The reacti ons/c@rl‘Vefti ng Cohrpound (6.20) to
Conmpound (6. 21) and con%/éesrti ng Conpound (6.21) to Conpound (6.22) may be
carried out as a one pot ‘synthesis. WD 98/57960PCT/ US98/p%44495 - 37 -
Compound (1.0b), wherein Ris H, can be prepared according to the foll ow ng
reacti on schene: R 5 '

B A

Q[j\r”\/\[ | Mj\“ T
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Compound (7.0) is treated with cyanuric fluoride and pyridine in CH2C12.

Fhe resulyd sxgs7860 d fluoride is subsequently reacted w th NrReRkod/ 1461
~ presence of triethylamne in CH2C12 1 0 to obtain Conpound (7.1). Conpound

@€7.1) is reacted with piperidine in CHC13 to yield an am ne which is
subsequently reacted with bronpacet yl 2hrom de and 2,6-lutidine in CH2C12 to
form Compound (7.2). Conpound (7.2) is treated with trifluoroacetic acid in
CH2C12, followed by treatnent with 1 5 diisopropylethylamne in DVBO to
formthe keto-substituted piperazine "conpound, Conpound (7.2a). Conpound
(7.2a) is then reacted with tricyclic conpound (7.3) to give Conpound

(1. 0b), V\/nerel nLiknes dtawn\Gn98/ thed eDRCTIWIEOBE LidBiate IBat the Conpound

(1.0b), IS t e ared accor,di ng.to fol |l ow ng
reaction sb ) Ellte%R ti_?x%f)chE& Bg I\@B ﬂ%cﬁfptoNé’ﬂlﬁ’ %I%Bkt, &1 [1820)
SCorrpoﬁnd Q@rh})n i atamacted with R(O)H, e.g., val eral dehyde i n 2% acetic

act 4/ Moo 10 OPCRmifoRBRHRAR, k- P TROLAoR Py | EPAR kAN,

chl or oacet yl chlorl resence
Conpound (tﬁ%erl@oﬁ%éunG“@Btl?}an@ and adeastoecisamers)udpomaset i Thaci d i n

CH2C12, fﬁid\camgbrb)’%dx’%tegipﬁf&s hu? ﬁgctégl%ﬁ%pwul ﬁt @J;égfg%}' %Colagggu;g
A T g I R PN
tricytl0 c noolmaleddd (8.3) to obtain Oorrpound (8. 4). :

Certain tricyclic compounds will be acidic in nature, e.g.
those compounds which possess a carboxyl or phenolic hydroxyl
group. These compounds may form pharmaceutically acceptable
salts. Examples of such salts may include sodium, potassium,

15 calcium, aluminum, gold and silver salts. Also contemplated are
salts formed with pharmaceutically acceptable amines such as
ammonia, alkyl amines, hydroxyalkylamines, N-
methylglucamine and the like.

Certain basic tricyclic compounds also form

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

25 acetic, citric, oxalic, malonic, salicylic, malic, fumaric, succinic,
ascorbic, maleic, methanesulfonic and other mineral and
carboxylic acids well known to those in the art. The salts are
prepared by contacting the free base form with a sufficient
amount of the desired acid to produce a salt in the conventional

30 manner. The free base forms may be regenerated by treating
the salt with a suitable dilute aqueous base solution such as
dilute aqueous NaOH, potassium carbonate, ammonia and sodium
bicarbonate. The free base forms differ from their respective
salt forms somewhat in certain physical properties, such as

35 solubility in polar solvents, but the acid and base salts are

otherwise equivalent to their respective free base forms for
purposes of the invention.



1 5Conpounds of Fornula 1.0 wherein substituent a is NO can be nade fron1a
trlcycllc by using procedures well known to those skilled in th

Cart, é‘@%@g& the fol l owi ng scheme: WO 98/ 57960PCT/ usgﬁﬁfi’ﬁ%“‘“’%g -
@9.1) (9.2 For exanple, the ketone (9.0) can be reacted
wi th m chl oroperoxybenzoic acid in a 3gitable organic solvent, e.g.,

5di ehl or onet hane (usually anhydrous) or nethylene chloride, at a suitable

tenperature, to ﬁ’f%ﬁ ﬁeam é eeu'zsgcl‘lta %'rf’po1 ge(ﬂc%% %%) BGeneraI ly, the

or gani ¢ sol vent soI u |on of Hout OC before the
m chl or opePRAYRRGEALI ¢a bbl@qeﬁtaidéedalﬂrhwﬂaactth@nscczpet hefh thel owed to warm

to room 10pheRBRnAtande aonracna hHE HEACIIPR REE] BG?SI@W%@acgéﬁ can be

recovered by ﬁta darg g ﬁ |h§n nmeans. For exa Ion m xture
can be wasiPedP6i t1¢CahOHY stheocarresroading s‘EﬁmQBP@ dpates, purposessat ur at ed

sodi unpbi ceff thvatieventidcdaOH (e.g., 1IN NaOH), and then dried over anhydrous
magnesi um sul f The solwuti.on containing the product can,be

concentr at ed |ﬁ&§§&&n&}h@% bb%lu‘&v LN/ iB’Efp CQt &rdFingelths, e.g.,
by chr onatthgr zmhyedmetsgdsmmbadgm Y\ﬁ)g%/mfﬁ(ﬁh pablishedhiGurebegr 3phy) .
Corrpound ( Wy S8)YY Y, o] (9 nti onal
nmeans, P9 yvrveactl 2?7? é\n‘gbﬁ?g%& érﬁ?ﬁel ﬂ@mﬁﬁggbl‘%oﬁémgi?Q 2) is
converted Eﬁblﬂﬂ@%ﬁp’ékp%dl 195 eepentingd Anplatian (Seril conventi onal
neansy ge. 908/49Y, 1 8Actiléw Mar&\ht 343@9@5 idatid &k %ﬁaCt ed with

l
2 sul £ bl yggUDgE s M 68h PHRST BL0SHER, 955°") 9b95d a%SVcopen fhy'© (1 destred
Application Serial No. 08/615,760 filed March 13, 1996; the
disclosures of each being incorporated herein by reference

thereto; and according to the procedures described below.

15
Compounds of the fomula 1.0a can be prepared from a
tricyclic hydroxy compound (2.0) as shown in Reaction Scheme
1.
20
Reaction Scheme 1
4 R°
R @ LIy L
HRd o Rd N RY
(20) ) [ ]\(NReRf
0o (1.0a)
25

Compound (2.0), which may be prepared as described in
WO 95/10516, published April 20, 1995 and in U.S. 5,151,423,
~ can be chlorinated with a chlorinating agent, e.g., thionyl
30 chloride, as described therein to form Compound (2.1).
Compound (2.1) may then be reacted with a suitably. substituted
piperazine to form Compound (1.0a) The reaction with the
piperazine is carried out in a suitable solvent, e.g., DMF or THF in



Conpounds useful in this invention are exenplified by the follow ng

éxanpl esy b/ $8sshoul d not be construed to limt the scopep®fuk :
di scl osu?ve.* EXAMPLE 1 The foll owi ng conpound was prepared acco%lﬁ%s to the
procedure descri bed below Step | A BocBloc /11 Compound A is prepared as
follows: Dissolve 5.25 g ( 25.85 mmi 270t 2- piperazine 2 0 carboxylic
acid.2HCI in 160 m of 1:1 dioxane/H20, and adjust the pHto 11 with 50%

NaCH (aq. I (o I rti gns).; ion, pf, 7 . 28mmol ). of
BOC- O(\I ?n) ﬁlbénﬁ f’@g?ngigog(ignderbﬁ%?l eé'griaii %ﬂ‘gﬁhﬁ’%‘-’éﬁﬁeagﬁ auf3 ﬁ-%,f? %&'ﬁg § % Na)O-I
(aq.) duri dtPmhe EIAG lorforstit % hoyswm thampaddedr & moater,- extractesl hour s,

t hen cool R & saidablé 4olvdm, PEVES, ' Nafd( d(in
portions) Zﬁéol ut i onaof 7. 3‘4’1 g’(gvg. 37%rtﬁm'r%ll )rhcg%i\/oc- C‘i&}rﬁrxﬁagb%%&gi oxane,
mai nt ai ni ngPaSP19%8%Y. 5 during the addition with 50% NaCH. Viarm the mixture
to roorf t enper atAltermmivedyj rcdmpo@id$ioef the5foMsilad (1M0d) EagObe3X150 nl).

Dry the comhi oyer aqnec rate 4n vacuo to a vol une
of 150 m . %Pfﬁlg?ﬁ{e%%té%v%sfnﬁh%% ﬁ{]ecejar&ltogl gﬁtl]eg& jt'he resulting solids,
wash with hexane and dry the solids in vacuo to gjve 5..4 g of the product
conmpound. Preparation of conmpound B. To a stirred

solution of the 1 Opiperazine carboxylic acid derivative (A (150 ng, 0.33

nmol e) and



hi st ani ne di hydrochloride (73 g, 0.39 mvle) in CH2A 2 (3 nL) was added

BCC (81 ,..0.39 Mol e) and HOBt (53 ng, 0.39 mmol e). The_m xture was
stirred ‘gséfyﬁpﬁﬂt. Sol vent was renoved in vacuo and the rgg}réifgmmgs
purified by col um chromatography with 4-7% MeOH in 1 5CH2CI 2 to give 98 ny

desired product in 55%yield. M5 nmlzH46 (MH+). SteplB . Preparation
of conpound C. To a stirred solution of the amde (B) (54 ng, 0.098 mmol e)
in CH2A 2 (2nL) was added triethylamne (14 uL, 0.098 mmole) and

p-tol uenesul fonyl chloride (19 ng, 2 5 0.098 nmmol e). The reaction was
stirred overnight. The reaction was diluted with CH2A 2 (20 nL) and washed
with water (20 nL). Organic |ayer V\ﬁ%ag-' dSé § ) and sol vent renoved in
vacuo to give 50 ng desired product 6

4—K5: mz 70Q (MH). WO
98/ 57960PCTUS98/ 11495 - 42 - Stee 1CBRcEE. 1. Pi pert ?-,\:I? f@%’
Rb N\ 8 \ ‘ |
R® ¢ [ a a
4 R p OEt p
(a*ﬂ N

N_R‘ R
N
S
o RY [N\(oa [N_' OEt
(2_1) H 0 (2.13) Boc (2.1b)
2
b / .
40 L
“a q step a
NP
(3ot
R O @2 . Ab
R c
Z R
{
0
Rd
.[N\
onf
NX",NRR
(o]
pa R;c Boc™ .,
4
\ deprotection
.
N\R R? Rbc
[N\,,Nn%a' \ /\R
0o a
R (1.02) step b N R
N
o pf
(> nmts
H o

Compound (2.1) is reacted with ethylpiperazine-3-
carboxylate to form Compound (2.1a). The reaction with the
piperazine is carried out in a suitable solvent, e.g., DMF or THF in

10 the presence of a base, e.g., triethylamine, at a temperature of
from O to 80 °C for 1 - 24 hours, then added to water, extracted
with a suitable solvent, e.g., ethyl acetate, and chromatographed
on silica gel. Compound (2.1a) can then be reacted with a
suitable protecting gfoup, such as the Boc group, utilizing di-

15 tert.butyldicarbonate to form Compound (2.1b). Compound
(2.1b) is subjected to step a (replacement of OEt with NReRf),
discussed below, to form Compound (3.0). Compound (3.0) can
then be subjected to a standard deprotection reaction to remove
the Boc group, thus forming Compound (3.1). Compound (3.1)



. Preparation of conpound D. To a stirred solution of 5 conpound C (50 nu,
0. 072 mmyplo9s/srs6oTHE (2nL) was added piperidine (1 nlL). Thedegssii9ihsWas
stirred for 2 hours, and solvent was renmoved in vacuo. The residue was
purified by colum chromatography with 5% MeOH in CH2O 2 to give 18 ng of
the amne in 53%yield. M5: mz 478'(33#). This am ne was dissolved in EtOH
(2 mL) and 1 0 cycl ohexylisocyanate (54 uL, 0.37 nmole) was added. The

reacti on v ahé?regtioue? | bt suiﬁ@bVﬁ\'ﬁOV\@@z}[dtﬁﬁstﬁQpi(b)\éaC;O Ngga mecmcl ,
id ash colu r omat ogr aphy.. .w 4%

Lo give quaHPHRUYGE of gt fioRdng T i, BIGREeRBI ) doat ey | 16

SteplD -desred that R be otherdthanm dpar Stepn (af animblinday. bd aagrieti r r ed

sol ution Qfyt b éﬁfaseg%neef__wgﬁnoc%ﬁ%m 1D, K %efed iy, nas added

triflugraceti¢ acid ( e mXxture was stirre and

.o L
sol ver® wdSaFdaBvEEP; R g&%‘u&l-e-Th@fﬂBBgdG§W%@é’d),oﬂm useghfvacuum | i ne
for 2 Shoyrdtédringi geep eid g\@ BN hdt Mehuirkd.this sol ution was added

n .
chlor de. (5 (S5¢Hy (DIBSEHIG) PUL L TadiBokORRONY HPetbloner nl ghi - A
white predCoimpauad ¢3/29dwifthd iOHt i avares xdit_hs@:saﬁgk;me &\@ls@_lvddrﬂto, rr;)s Oi)ndl 0
g)r(lfjrgg} Sgﬁ;@c\b\gg%%ohégéﬂ?%dr&géxggt ‘HT%’Q?‘F@.?@%C%@I pﬁ.?r :’I\@fggb%ﬁ ff h cb! um
chr onb@ogreaphgxywich adid NpOmediGH2 Glah ttheni be fehcledywildsia edifbdeuct in
52% yi el d.NMReRIfZafhife (Mthpbund- (#efeir! RP dfd Rf are as defined
above) in the presence of HOBt and N-methylmorpholine and a
coupling agent, such as DEC or DCC in a suitable solvent, e.g., DMF
at a temperature of from 0 to 80 °C for 1 - 24 hours, then added
15 to water, extracted with a suitable solvent, e.g., ethyl acetate,
and chromatographed on silica gel.
Step (b) can be carried out in the following manner,
depending on the R substituent:
For compounds of the formula (1.0a) wherein R and the
20 nitrogen atom to which it is attached together comprise an
amide, e.g., where R is -C(0O)-alkyl, step (b) can be carried out by
reacting the amine (2.1a or 3.1) with a carboxylic acid of the
formula RA-C(0)-OH, wherein RA-C(0)- is R, in the presence of a
coupling agent such as DEC, CDI or DCC. The reaction is typically
25 carried out in a suitable organic solvent such as DMF, THF or
CH2Cl3 at a temperature of -10° to 100°C, preferably at 0° to
50°C, and .most preferably at about room temperature. When
the coupling agent is DCC or DEC, the reaction is preferably
conducted in the presence of HOBT and N-methylmorpholine.
30 Alterhatively, the amine (2.1a or 3.1) can be reacted with
. a compound of the formula R-L, wherein R is as defined above
and L is a leaving group, such as Cl, Br, I, -O-C(O)-RB wherein RB
is Cy-Cg alkyl or phenyl, or a sulfonate group of the formula
-OS02-R€, wherein RC is selected from C}-Cg alkyl, phenyl, CF3,
35 tolyl and p-bromophenyl, to form a compound of the formula
(1.0a). The reaction is carried out in the presence of a base,

preferably a tertiary amine base, such as Et3N, DMAP, pyridine
or Hiinigs base.



55. Preparation of Conpound F To a stirred solution of Conpound E (9.5 ny,
0.012 mmol e) in MeOH (1 m) was added HOBt (5 ng, 0.035 mmple The

react i on“(ﬂa%s 4% red overnight. Solvent was renoved in vac'ffbwl]ﬁ%é“?%m due
was purified by flash colum chromatography with 5-7 % MeOH in CH2A 2 to
give 4.5 ng desired 1 O product in 58pyield. M5 mz 656 (M#+). EXAWMPLE 2
WO 98/ 57960PCT/ US98/ 11495 - 45 - 1. Preparation of conpound B.

To a stirred saqlution of the ( 97. mm in CHCQ 2 (5 n)
was added pyri diHe CPEPAHN 5308%']0&%’11%)1 éﬁ g?%ﬁ*\ﬂrléclﬁllﬁi)ﬂ)dg Hp& uL, 7.93
mol e) . Thehémdnt R igas siperidese ofethiv gbimand water (10 nm) was added. The
m xture was Sextracted wwth CH2A 2 (1 2). The organic | ayer was dried
(Na2S®™4) and sol vent renoved in vacuo. e resulting acid fluoride was
dissolved in CH2A 2 (5 nL). To this sol\tion added triethylam ne (732
uL, 5.25 nmol e) and 3-am no-net hyl pyri di 428 uL, 4.2 mmole). The m xture

170 vas vend. 55, te ?%@”%@m‘?& (i eis%a <Afaes, sal I soh %00 o g
(Na2S3) &daried| Quhtb M§3P€ﬁﬁv€w |armm§c larips Beloi aiéh wasprsuecteded by
flash col wipentimiaieqr mhy)(}/m iMBRENLBoeHatRe t fre@bi8e lof?g desired

duct 8% 5 Prepar.ati.on of c¢conpound C.
To’a st r FeUPLBE.FRSH it ings @V@%@% “Tn ageﬁmws pesadlys’ (4 )
was added qamedldmmen(aerh)tab%@rghmtus;@lms mt]plr as?CDMIF THFﬁc?g n;flo\éreglto h\;/vas

d a
wtn o 109 her At SRS R BB’ Ig, 00% RSBl PR The o ne
(68 g0 0.93€, napfemagisprifesadilyedt i abaaHp cbom( 3emiperampet hlwm ggl oE vvgls35
e u
added 2, 61hyt¢di1mmg et is DET raf?vir)@c apfk ?é@@rﬁgﬁfg%ﬂeg% Wa}d (

mol e) . The react s stirred o washed W|th
206 NHACI  £OmGHC lﬁh\é\ﬁ%qﬂ@éﬂc‘ﬁ)h‘é@ b%\%‘ilfNeHlelWy]m lird extract ed

with CH2OPhe Tteovas ghsdiceibd5 Beyh ewa@mér icean N PCGA) tRE gyaporated to
gi v_e 27 ”%rB{eocqg&twii&l LG8l ac’l\gs: such“as’ ]mffuoro>act1c acid, to
15 provide a piperidine wherein the nitrogen is unsubstituted. The
above described unsubstituted piperidine is reacted with an
excess of urea in water. This reaction can be run with about 4 to
about 10 equivalents of urea relative to the unsubstitued
piperidine starting reactant. Generally, about 10 equivalents of
20 urea can be used. The reaction is run for about 3 to about 68
hours. Generally, the reaction can be run for about 60 to 70
hours. The reaction is usually run at the reflux temperature of
the reaction mixture. This can range from about 98 to about
100°C. The amount of the unsubstitued piperidine starting
25 reactant relative to water may typically vary from about

0.025g/ml to about 06g/m1 and can generally be about 0.1
g/ml.

For preparing compounds of the formula (1.0a) wherein R
. is -C(O)-NH-RG, RG being an alkyl, cycloalkyl, or heterocycloalkyl
30 group, step (b) is carried out by reacting a compound of the
formula (2.1a or 3.1) with an isocyanate of the formula RG-
N=C=0, in a suitable solvent such as DMF, THF or CH2C12 using
methods well known in the art.
Alterna(nlvely, ‘the amine (2.1a or 3.1) is reacted-with
35 phosgene to form a chloroformate intermediate of the formula
(5.0), as shown in Reaction Scheme 4. The chloroformate (5.0) is



3. Preparation of Conpound D. To a stirred solution of conpound C (27 ny,
The

0. 066 nMpbek/shgsoCH2C 2 (2mL) was added 3 Otrifluoroaceii c pgintsokAidvh) -
reaction was stirred for 1 hour and sol vent was renoved in vacuo. The

resi due was punped on a high vacuum for 3 hours then dissolved in DVSO {1
m.). To this solution was added diisddrepyl et hyl anmine (69 ulL, 0.39 mole).
The reaction was stirred for 2 hours, then tricyclic alkyl chloride 5 (27

bﬁl ly a6k ?rsgltaf%dr Zﬁﬁf qay}&fcte/d a«mtﬂea62§%§e r@f nﬁggmheba\gﬁg
QrpILd oﬁvma, SRR FEO TS BT Re e ROV 1 SBIE (5 g e

ng, 0.079
added. Th
resi due

organi c | gyetpowsd dfi ek ARG )(10w), sohsreit R ersovEO)-NNaRGO. .

The

The residue

- 46 - was purified by flash colum chronatography with 1 % MeOH i n CH2Ql 2

to give 4

The fdllow ng conpound was ma

ng product in 13%yi eId I\/SSnk 542 (M#). Exanple 3

except that the R-isoner of Corrpound A of Exanple 2 was used: WO
98/ 57960PCT/ US98/ 11495 - 47 - EXAMPLE 4 BocNH t VN H2N (A) b

10

15

20

25

Cos S e S
CX (Ngm,

B 0
0
o (5.0)
R? ' R
A D
‘a
N]N-Nnenf [N]\\'N
) 1.0
A ° (5.0) R O (1.02)

o

When R is S(O);R', step b can be carried out by dissolving
Compound (3.1) in an appropriate solvent such as DMF of THF.
A base is added such as triethylamine, and the appropriate

alkylsulfonylchloride (R'-S(0),Cl), prepared by methods known
in the art, is added to the reaction mixture at 0°C to ambient

temperature with stirring. After 1-24 hours, the reaction
mixture is added to water and the product extracted with a
suitable solvent such as ethylacetate. The crude reaction
product can then be chromatographed on .a silica gel column.
When R is S(O),NR'R?, step b can be carried out by
dissolving Compound 3.1 in an appropriate solvent such as DMF
of THF. A base is added such as triethylamine, and the
appropriate alkylaminosulfonyl chloride (R'R,N-S(0),Cl),
prepared by methods known in the art, is added to the reaction
mixture at 0°C to ambient temperature with stirring. After 1-24

procedure as Exanple 2,



5 1. Preparation of B. To a stirred solution of amne A (276 ng, 0. 939
ol e) i I#I%% MeOH (2 nL) was added val eral dehyde 1 O nmol e)
and NaBI—&&I@ € mxture was stirred overnight. Sol vent ééé/‘gﬁ%ﬂﬁld $%d in
“¢acuo and 15% NaOH sol uti on was added. The m xture was extracted with -

CH2d 2 (10nL x 2). The organic |layer y@s. dried (Na2SO4) and sol vent was
renmoved i n vacuo. The residue was purified by colum chronat ography vm'th 2%

MeOH in t i roduct 5‘V ield.

2. Pr epa%&éﬁs oﬁ]eg r%%)&&? ’?‘ q??“& Iq.ﬂqegnfé aﬁ%r aﬁﬂdr\ghé Pi@iu?rtg 0. 28
nmol e) i n eMFa¢zdniWithes adtRhiCZ:s@LVIemlmo’le a(s43thI)Ll,ac6ta3€’ mfBhe) and

chl or oacet I 4 I s 1 Q.stirred for
1 hour andélllsu()déc rﬁtééts\gg ﬁlzor%{%/oe[dg?ﬁ tvt{a?éﬁg%) fﬁi@@g@?@%@h‘%ﬁ |sasosllygﬁ in

CHzd 2 (10gq:,l|_)co W Mashed with 0.5 N NaOH solution. Organic |ayer was dried
(Na2SO8) and sol vent was renoved in vacuo to give 116 ng product in 94%

yield. M5 nfz 1 53. Pr par np d D To a stirred

sol ution of con‘?‘g#ﬁéw IJ?’IGC?@ B f?’ﬁ"@ﬁ@cﬁé%é ¢2) Bgs added
trifl uor oagendrallycipdepdred s MnemtRemcm\as Sthemedsfor 1 hour. Sol vent
was renoved in vacuo. The residue was punped on a high vacuum for 3 hours,
then dissolved in DMSO (1nL). To this solution was added -2

Odi i sopropyl et hyl am ne (275 ulL, Rl_EE_thﬂJL%gh_E[Q.eireactl on was stirred for 2
hoursj gthen tricyclic alkyl chloride 5 (0.131 mvle) and 1, 2, 2, 6, 6-

pent anet hyl pi peri drﬁe (94 uL, 0.52 rm;;:l e) was add 3 The mxture was

stirred overni ght ol vent was re in vacuo ° resi due was di ssol ved
in Et0OAc (10 ni) d\w’ d—wi-the 7% gap‘IRGRZ 5 layer was
dried (Na2SO4) and I renoved /acuo. The r Si ue was purified by
flash col utm chronat of? apkey with 1 % Hdin CH2A2°%8 okyMe 5.4 ng product
in 6.7%vyield. I\/Eb n12 612 R WBP98/ 57960PCT/ US98/ 11495 - 49 - EXAMPLE
5 The foll ow ng npound was Pr a8 usi he S5R8ane procedures as in
Exanpl e 4, exce t\wﬁt éghq R |§o d@_ﬁ). @Q iR Exanpl e 4 was used:

H

(6.3)

N N R
[N\r NReR!
R O (6.6)

Compound .(6.0) is reacted with di-tert-butyl-dicarbonate
15 to form Compound (6.1). Compound (6.1) is reacted with NHReRf
in the presence of DEC and HOBt to form Compound (6.2).
Compound (6.2) is treated with TFA to form Compound (6.3).
Compound (6.3) is reacted with the tricyclic compound (6.4) to
form Compound (6.5). Compound (6.5) is subjected to the

20 treatment(s) described above for step (b) to obtain Compound
(6.6).



EXAMPLE 6 1 5Procedure 1. Preparation of 3,10-D BROWD-

8- CHLOROwap dsls7kdHYDRO- 5H BENZ( 5, 6] CYCLOHEPTA [ 1, 2- NPYRI DI Mcklyddb/1140550 -
3, 10- DI BROWD- 8- CHLORO- 5, 6- DI HYDRO- 11H- BENZO

[¢5, 6} CYCLOHEPTA[ 1, 2- NPYRI DI N- 11- ONE-(¥3m 5mm) was dissolved in 20 m of
met hanol . Sadi um bor.o e (.0. dded and the.r ctlon m xture
sti¥Yred at gf?é?@ﬂ‘t‘ nds e%‘getjlo ?k?)"l %Hg %?H%nygg}:etr}c Mnxture was
added to 2 d Al Ci: [ r ngtes. 30 m of
IN sodi iyaesepard 2 SA5% gﬁzo off RS SCREmR g% aflurY |
met hyl epechl ori de thr ee ti rres. The rret hyI enechl oride | ayer was dried over
magnesi um sul fate, filtered, and 1 0 evaporated to dryness under vacuo to
obtain 1.98 gmof title produc_mwﬂ) =402 Procedure 2.
Preparation of 3,10-Dl BROW- 8, 11- DI CHLORO- 6, 11- DI HYDRO- 5H BENZ( 5, 6] 15
CYCLOHEPTA[ 1, 2- 13] PYRI DI NE 3, 10- DI BROMD- 8- CHLORO- 6, 11- DI HYDRO-5H 2 O
BENZ([ 5, 6] CYCLOHEPTA[ 1, 2- 1APYRI DI N-11-0L (1l gm 2. 48 nega was suspended in 20
m of et hyl enechl oride under a dry nitrogen at m)spherne Thi onyl chl ori de
(1.63gm 13 8Imm) wasru@dsesd and reactefQ@sai xtur irred for 2 hours.
The crude rlileaptl on_ihd@ebstiir &€ Was e »i%@d—t‘o_dwﬂt,\ss er-ovacuo to 2 5
obtain 1.1 ghh otoprﬁ@ﬁct as the h roghl of 1 &% sal t FABI\/BV(HM e+ 1=420

CSA
6.7) (6.8) i (5.9)
°c DMF Boc Roc
(Boc)20 E ] sSOCI2 [ j NHReR!
MeOHH0 "N "TO ey T [ ] n/ ReR'
oH CHacN 0)\0 2z
(6.10) (6.12)
(6.11)
Rb
Ra c
. “a
aoc Q Rd  (6.15)
RiN=C=0 [ j N [ ]
e, ‘nepnf I——— en!
1 ']J ( R CH2Cl2 R R
or RICOM/DEC/HOBt o © n OMF
' (613) R = C(O)NHR! (6.14)
or C(O)R!
Rb
R*_/ { Re
~a
d
) H
N '-,:rN\ReR'
R O
(6.16)

C-ompound (6.7) is hydrogenated under pressure, e.g., at a
10 pressure of 30 to 100 psi, preferatly 50 psi, in the presence of a
Pd/C catalyst, e.g.,, 10% Pd/C. The hydrogenation is carried out at

temperatures of 20°C to 30°C in ethanol. The hyrdrﬁogenated

product is subsequently reacted with KOH in water at ambient



Procedure 3. Preparation of ETHYL 143, 10-

Bl BROWD- 8- CHLOR0O- 6, 11- DI HYDRO- 5H BENZ( 5, 6]

cYCLOHEPYA P28 bYRI DI N- 11- YL) - 3- Pl PERAZI NE5 CARBOXYLATE FPCT/US98/11495

§, 10- DI BROWD- 8, 11- DI CHLORO- 6, 11- DI HYDR® 5SHBENZ([ 5, 61CYCLOHEPTA[ 1, 2- b] PYRI DI
NE (1.05gm 2.48mm) was 1 O dissolved in 20m of dry N, N-di nethyl formam de
under a dry nitrogen atnosphere. Et hyl pi perazi ne-3-carboxylate (1.177gm

7. 4§m71emrhférqit&1%0pwpyﬁkgd hebApbolRd( 16 239MCoInPAmY ess Rdgesdcand the

reaction xture stirred at anbient tenperature for 18 hours. The reaction

M Xt ur Qy¢RS3 aélflaedralentd 08 R (-RambhorbgilfienizndceX (T@SACY ad tainBxdRO nl of

nmet hyl enechl ori de. The sol vent was renoved under vacuo to obtain a solid
whi ch wef peraourd oginaphredrynaliféd g sebefdlagimes | icavarelr usi ygeld0%

et hyl acet at e/ hexanes to obatin 0.895 g of the title product. FABM

(M e+1)d6dmphor52sulfonic salt, Composedur €6.9). Pr &pampound of6. BTHYE 443, 10-
DI BROWD- 8- CHLORO- 6, 11- DI HYDRO- 5H- BENZ( 5, 6] ) :
CYCLOHEPTAed, 2withpYRiop) NP 1 divieyt-butyl- aixcrbanete)- in 2. mathmagl/ REOARBOXYLATE
CEt \ZN\ 0 . ETHYL ) '

1- (8, 16obIBROVDAB- GIRIRG 6, IO PRINBRO HIBENZSS, SjasypRentpTiO-10).

i 5ol VeOmPRUR 6. DY) d roReKhr Wiy A B &P 0 O P DB o B85 L5
(0. 286t SOBRRCRLY, FAtTBon PN | 26P B HEBI PICAIS63Hh OB . and
Mmthy&llrg\;g{i]o'ti()n%a(xrrg'St%mambient temperature to yield Compound
(6.11). Compound (6.11) is reacted with NHR'R' in methylene
15 chloride at ambient température to form Compound (6.12).
Compound (6.12) is reacted with either an isocyanate, R'-N=C=0, or
a carboxylic acid, R'COH, wherein R' is as defined above in
forrhula (1.0), to form Compound (6.13), where R= -C(O)NHR! 6r
C(O)R'. The reaction with R'-N=C=O or R'CO,H is carried oﬁt in
20 either DMF or dichloromethane at ambient temperature. When
R'CO,H is used, the reaction is preferably carried out in the
presence of a coupling agent, e.g., DEC. The reactions converting
Compound (6.11) to Compound (6.12) and converting Compound
(6.12) to Compound (6.13) may be carried out as a oné pot
25 synthesis. Compound (6.13) is deprotected with TFA in methylene
chloride at ambient temperature to form Compound (6.14).

Compound (6.14) is reacted with Compound (6.15) in DMF at

ambient temperature to form Compound (6.16).



J; 5 5nm were added and the reaction mxture stirred at ambi ent

t'enper at er 48 hours, the reaction m xture was adde L and
extract eﬁb\?ﬁsfﬁ;@msom of ethylacetate. The conbi ned et hyl ggie‘@asptgi(/l\gsshes
were conbined and the sol vent evaporag®d under vacuo to give a gum The .gum
was 2 0 chromat ographed on 75gm of flash silica gel using 25%

et hyl acet at e/ hexanes as the el gg@ndn®cabigzn 0.45 gmof title product.
FABMS (M e+1)=626 - 53 - Procedure 5.Preparation of 443, 10-

DI BROWD- 8- CHLORO- 6, 11- DI HYDRO 5H BENZ( 5, 6] R®

CYCLOHEPTA[ 1, 2- NPYRI DI N-11- YL) - 1- (1- OXOPENTYL) - 5 2-f3[E GARBOXYLI C
ACID  °®'0 ETEJ:YL w

4- (3, 10- Oy BROWD- 8- CHLORO- ' °f1- DI HYDROBH- BENZ] 5, 6] CYCLOSERIAJRE, 2- NPYRI DI N- 1
1-YL)-1- 1? 1 0 QXBRENTYL)N2- Pl PERABWNE XYLATE (0.4gm O. 64%18? was

di ssol ve "n'flﬁ W‘et ol o 5t—of 1 Vi.t houm-hydroxi-de—waes added and
the reactlon jxture?stirred for 24 hours. ,The\/pH was adjusted to 4.5 with
10% citrf8Aacid, diluted widch WO nl of watesc aPl extracted with 2X100nml of
met hyl enechl @e) de. The 1 5 net@ydenechl ori de e&tsacts were dried over
magnesi um sul fate, gbil tered, and evapor &°ed to dryness AR 0.385 gm

of titlespr A?MS(Meﬁi =598 20K oredur e 6.FPrep ofrRe443, 10-
DI BROWD- 8- - DI HYDRO- 5 Q 6] _ <
CYCLOHEPTA ¢RI DI N-didaeyt) - N-13-] YR DI NYEMVETHYL) - £ ( 1- OXQPENTYL) - 2-
d —_— N —— N
[N] "" becmost [ ] 2) RIN=C=0 [ j
N~ NReR' or R'COzH/ N N
Yopor L EDC/HOB! | T ReR
Boc O Boc O R O 622)
(6.20) (6.21) : 1
R = C(O)NHR
5 : or C(O)R!

Compound (6.9), prepared as shown above in Scheme 6, is
reacted with benzyl chloroformate (CBZ-Cl) in 50% dioxane water
at ambient temperature to form a benzyloxycarbonyl compound,
which is subsequently reacted with (Boc),0 to form Compound

10 (6.17). Compound (6.17) is hydrogenated under pressure, e.g., at a
pressure of 30 to 100 psi, preferably 50 psi, in the presence of a
Pd/C catalyst at ambient temperature to form Compound (6.18).
Compound (6.18) is reacted with Compound (6.19) in DMF at.
ambient temperature to form Compound (6.20). Compound (6.20)

15 is .reacted with NHR'R" with DEC/HOBt in DMF at ambient
temperature ‘to form Compound (6.21). Compound (6.21) is
deprotected with TFA at ambient temperature and then reacted
with either an isocyanate, R‘~N=C=O, or a carboxylic acid, R'CO,H,
where R'is as defined above in formula (1.0), to form Compound

20 (6.22),. where R is -C(O)NHR!' or -C(O)R'. The reaction with R'-
N=C=0 or R'CO,H is carried out in either DMF or dichlo;omethane

at ambient temperature. When R'CO,H is used, the reaction is



25 Pl PERAZI NECARBOXAM DE WO 98/ 57960PCT/ US98/ 11495 - 54 - Br

4- (3, 10- DI BROMD- 8- CHLORO- 6, 11- Dl HYDRO- 5H 5

BENZQY 5, %P E¥E%EREPTA[ 1, 2- NPYRI DI N- 11- YL) - 1- ( 1- PCT/US98/11495
QXOPENTYL) - 2- PI PERAZI NECARBOXYLI C AChR (0. 353gm 0.59mm) was di ssol ved i n
dry N, N-di net hyl f or manmi de. 3- Anmi nométhyl pyridine (0.127gm 1.18mm), 1-(3-
di met hyl am nopropyl) - 3-et hyl car bodi i m de hydrochloride (DEC) 1 0 (0.266gm
1 18m) , 1 hydr oxybenzotriazole (HOBt) (0.16gm 1.18m), and

st ct Prr reer ARG chtrlesl8Ra Zh%”‘%?seafc&r oA BB néé%ﬁé'r &¥or 16 y
W"?LSP@e TRt G R C o BolbUTEN: 1S, SR o7 e

over n Wr e h duct was
chroma ogr ap dséﬁnﬂ‘gérgggmdgls I'ca col ﬁsrrgilgs{on A)uﬁgt ?gﬁ%?}fizﬂpar}?
~anmonigy Birfeiesae o @geaggt IsyqitResed to 10% to obtain O. 387gmof title
product. FABMS 20 (Me+l)=



- 55 - Procedure 7.Preparation of N, N-di-

tert . butwyyweardsony 1- 3- car boxypi per azi ne. "Boc /r4 OH B pcenfldes/11495
3-car bOxypi perazi ne (10gm 49.2m) was dissolved 5 in 200m of 50%

et hanol /water and the pH adjusted to_ 9.5 with 50% sodi um hydr oxi de. :
Di-tert.butyldicarbonate (21 gnm was 3dded and the pH kept at 9.5 with 1IN
sodi um hydr oxi de. The reaction was nonitored by tic and nore

ditert. butyl di carbonate added if needed. The reaction mxture 1 0 was
acidified vvithgo l\lﬁyc{i ?,ﬁ(ﬂior' aci d.t 7 and then W|th citric acid to
pH 3.8 and extr g )hy‘fv AECHI 8r 1%1 t FahOFi RTABAEdgm of sol i d
product. Rcgoedinge t8. Fre plolbewong afeaNthndtsehde

tert. but oxy@aﬁ“Bﬁ;344- PYyyaclniogl NONese? Qopr opi ony] - pi perazi ne  (2gm

6. 2mm) was di ssolyed i n 2@idipd CHCl

N, N-di -tert. butoxycarbonyl-3: carboxyp| per [ n&"Boc Boc of N, N
N. /" Ne., . ?NwmbNK o9 EnN/CHACl,

di net hyI f or marfi®e. 42 Pyrol | i di noneam nopr opane( 1@n4m,

1 plpmddeHCl] ?\B T L
. P10 S
(o]

2. DIEA/DMSO

H
2, 6 luudme/CHzCl 1.2) o

(7.2a)
; l a3 L :IT Nr (1.0D)
DIEA/DMSO

Compound (7.0) is treated with cyanuric fluoride and
pyridine in CH2Clz. The resulting acid fluoride is subsequently
reacted with NHReRf in the presence of triethylamine in CH,Cl,

10 to obtain Compound (7.1). Compound (7.1) is reacted with
piperidine in CHCI3 to yield an amine which is subsequently'
reacted with bromoacetyl bromide and 2,6-lutidine in CH,Cl2 to
form Compound (7.2). Compound (7.2) is treated with
trifluoroacetic acid in CH,Cl;, followed by treatment with

15 diisopropylethylamine in DMSO to form the keto-substituted
piperazine ‘compound, Compound (7.2a). Compound (7.2a) is
then reacted with tricyclic compound (7.3) to give Compound
(1.0b), wherein R is H.




12. 4mm), 1- ( 3-di et hyl am nopr opyl) - 3- et hyl car bodi i m de

hydr ochl g C) (2.38gm 12. 4mm), 1- hydr oxybenzotri azol e ,
(>1/. 68gm %r?%%@ , ;Eld N- net hyl nor phol i ne ( 6.82ml, 62mMm) W‘é%ﬁ%g@%nd t he
eaction mxture stirred at anbient 2 5 tenperature under a dry nitrogen

at nosphere for18 hours. The reactioem38nxture was added to brine and the
product extracted with 3X159 m of ethylacetate. The ethyl acetate -

| ayer swere dri Sihu epa apor er_\vacuo. e
crﬁde pr oduct g%&?ﬁugg?gwgbh@égé%ﬁlﬁaRBP% ngo:fl ?fd)a%rgﬁ)ec'(ﬁ}g%re sing 5%

met hanol / REERYIIEE Al B d@1lRvinge repdion/ sTRGOPCT( US98/ 11495

RYH BocNH
BocNH: 0O oeaf
opf —_ . NR®R

NR°R NaBH,CN HN

HoN 2% HOAC/MeOH !
o 9 R O @

’i/CI *BocNH N
CI-—: .
__.C f 1, TEA/CHCL,
6-lutidine/DMF NjWNReR : ):
2.6-lutidin —_—
O B J

2. DIEA/DMSO O N NRBRf
(8.2) A
(8.2a)
b .
Ra R Rb
= RS R2 ~ R¢
\ N/ \ Y
Cl Rd (8.3) '?,_| N Rd
1.2,2,6.6-penamethylpiperidine/DMSO o iijrNFPRf
I o .
8.4)
5 Compound (8.0) is reacted with R(O)H, e.g., valeraldehyde

in 2% acetic acid/MeOH to obtain Compound (8.1). Compound
(8;1) is reacted with chloroacetyl chloride in the presence of 2,6-
lutidine in DMF to obtain Compound (8.2). Compound (8.2) is
treated with trifluoroacetic acid in CH>Cl,, followed by treatment

10 with diisopropylethylamine in DMSO to form the keto-
substituted piperazine compound, Compound (8.2a). Compound
(8.2a) is then reacted with tricyclic compound and reaction with
the tricyclic compound (8.3) to obtain Compound (8.4).

15 Compounds of Formula 1.0 wherein substituent a is
NO can be made from a tricyclic ketone by using procedures well

known to those skilled in the art, as shown in the following
scheme:



- 56 - eluent to obtain the title product which was treated with 30 nl of
t'ri f1 uor eased/dm@s@ci d for 4 hr at anbient tenperature. The pgipf)sdgip@getic
acid was evaporated to obtain 6 gmof a light brown oil. Procedure

3. Preparati on of 443, 10- DI BROW- 8- CHLORO- 6, 11- DI HYDRO- 5H BENZ( 5, 6]
CYCLOHEPTA[ 1, 2- MPYRI DI N- 11- YL) - N- [ 3-{ 290%0- 1-

PYRRCLI Dl i sl YL) PROPYL] - 2- PI PERAZI NECARBOXAM DE 0O . .
344-pyrol I'i di none-ani nopropgenyi - pi perazineditrifluoroacetic aci d salt
(6.2nm) is added to a—sol utgon of - R
3,10-D B -8, 11 <Dl HYDRO- 5H 1.5
NE (lgm 2.48

RC

: ~ ed for 24
hours. The reacti'On xtufe was added to 100 m of H ang—extracted with
3X150 m of nethyl enePcB%ride. The sol vent was remqyedOunger vacuo to
obtain a 20 solid which was c(8.8)at ographed on a flash silica gel1yusi ng
2.5% 7. 5% et hanol / met hyl enechl oride to obatin 0.4 g of the title product.

FABMS (M e+l)=641 - 57 - Procedure 10. Preparation of 443, 10-
DI BROVD- 8- CHLORO- 6, 11- DI HYDRGrtbH BENZ(J 5, 6]
CYCLOHEPTA[ 1, 2- MPYRI DIASE=NL- Y1) - 1- [ (2- METHOXYETHOXY) ACETY1A- N[ 3- . 0X0- 1-

(9.2)

For example, the ketone (9.0) can be reacted with
m-chloroperoxybenzoic acid in a suitable organic solvent, e.g.,
5 dichloromethane (usually anhydrous) or methylene chloride, at
a suitable temperature, to produce NO-substituted compound
(9.1). Generally, the organic solvent solution of ketone (9.0) is
cooled to about 0°C before the m—chloroperdxybenzoic acid 1is
added. The reaction is then allowed to warm to room
10 tefnperature during the reaction period. Compound (9.1) 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.,
IN NaOH), and then dried over anhydrous magnesium sulfate.
15 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). Compound (9.1) is converted to the hydroxy
compound (9.2) by conventional means, e.g., by reacting it with
20 NaBHg4 in methanol. Compound (9.2) is converted to the
corresponding chlorinated compound (9.3) by conventional
means, e.g., by reacting it with SOCl2. Compound (9.3) is then
reacted with a suitably substituted piperazine as described

above, to give the desired compound.
25



(0 064gm) was dissolved in 2ml of N, N-dinthylformanm de. 1-(3-

di mrethyl a pyl) - 3- et hyl carbodi i m de hydrochl ori de (DE
1- hydroxygeé%’%%@l azole (HOBt) (0.027g), and Nnet hyl nor phol %yU(S”U!-‘ﬂ?‘rﬁ)

were added and the reaction 1 5. mxture stirred at anbient tenperature.
under a dry nitrogen atnosphere for .18phours. The reaction m xture was
added to brine and the product extracted with ethyl acetate. The

et hyl acetate |l a dri over, .magnesi.um sul fate a ed under
vacuo. The cr udg:%"?%%ﬂfg‘fs ?‘gl 0"c h?l B iphedf CorF X8R nlldflgé R um
usi ng 5% nﬁllmmg rﬂetamypléﬁedhhm gbouald tmet deuconstraedbtai hnﬁtOL"m@gm of the
title prod@ e loABlYR dtQbsinm/13 - 58 - EXAMPLE 7 Usi ng

al 'l

substanti the sane reaction schenme of 5 Exanple 1 or 6, and/or the
reacti on schenes described in the specification above, the follow ng
conpounds were prepared: N Eh-4. N gEikaA#fabLE 4N ,Br C N Thr N

The following compound was prepared according to
the procedure described below

Bra /> cl

10
Step 1A
15
Boc
E|30c '
N .
[ OH Histamine dihydrochloride N
Fmoc Q - ' I|=moc o / )

(A) . (B)

Compound A is prepared as follows:
Dissolve 5.25 g ( 25.85 mmol) of 2- piperazine
20  carboxylic acid.2HCI in 160 ml of 1:1 dioxane/H20, and adjust the pH to
11 with 50% NaOH (aq.). Slowly add ( in portions) a solution of 7.21 g
(29.28mmol) of BOC-ON in 40 ml of dioxane while maintaining the pH at
11 with 50% NaOH (aq.) during the addition. Stir at room temperature for



(201) - 61 - (224) (225) , . \\D 98/ 57960PCT/ US98/ 11495 - 62 -
( 226) WO 98/57960 PCT/US98/11495

- 41 -

5 hours, then cool to 0 °C and adjust to pH/9.5 with 50% NaOH(aq.).
Slowly add ( in portions) a solution of 7.34 g (28.37mmol) of FMOC-ClI in
40 mL of dioxane, maintaining a pH of 9.5 during the addition with 50%
NaOH. Warm the mixture to room temperature and stir for 20 hours.

5  Washed with Et20 (3X150 ml). Dry the combined extracts over NasSO4
and concentrate in vacuo to a volume of 150 ml. Chill at -20°C overnight,
filter to collect the resulting solids, wash with hexane and dry the solids in
vacuo to give 5.4 g of the product compound'.

Preparation of compound B. To a stirred solution of the
10 piperazine carboxylic acid derivative (A) (150 mg, 0.33 mmole) and
histamine dihydrochloride (73 mg, 0.39 mmole) in CH2Clo (3 mL) was
added DCC (81 mg, 0.39 mmole) and HOBt (53 mg, 0.39 mmole). The
mixture was stirred overnight. Solvent was removed in vacuo and the
residue was purified by column chromatography with 4-7% MeOH in
15 CH2Ci2 to give 98 mg desired prdduct in 55% yield. MS: m/z 546 (MH*).

StepiB
Boc
[ TosCVEtaN [
. CH,Cl,
Fmoc r\) F moc O
. I
20 ®) Tos

. Preparation of compound C. To a stirred solution of the
amide (B) (54 mg, 0.098 mmole) in CH2Cl2 (2mL) was added
triethylamine (14 ulL, 0.098 mmole) and p-toluenesulfonyl chloride (19 mg,
25 0.098 mmole). The reaction was stirred overnight. The reaction was
diluted with CH2Cl2 (20 mL) and washed with water (20 mL). Organic
layer was dried (Na2SQ4) and solvent removed in vacuo to give 50 mg
desired product in 73% yield. MS: m/z 700 (MH*).

30
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Step 1C
Bloc Boc
\ |
[ - 1.Piperidine/THF N
AN O (I
| I\ N N
Fmoc O ) EtOH /K A / )
©) T HN o) T
Tos
©®) Tos

. Preparation of compound D. To a stirred solution of :
5 compound C (50 mg, 0.072 mmole) in THF (2mL) was added piperidine (1

mL). The reaction was stirred for 2 hours, and solvent was removed in
vacuo. The residue was purified by column chromatography with 5%
MeOH in CH2CI; to give 18 mg of the amine in 53% yield. MS: m/z 478
(MH*). This amine was dissolved in EtOH (2 mL) and

10 cyclohexylisocyanate (54 uL, 0.37 mmole) was added. The reaction was
stirred overnight. Solvent was removed in vacuo and the residue was
purified by flash column chromatography with 4% MeOH in CH2Cl2 to
give quantitative amount of desired product. MS: m/z 603 (MH*).

15
Step1D
|Boc
[ Brm/ Ci
R \_
N N
' V/K o / ) 1. TFAICH,CL, N
" ’ o T 2 [N]\(l;\l‘
' Br_/~ Cl \%N
Tos \
L b o LD
¢ (5) Tos
1,2,2,6,6-pentamethylpiperidine (E)

CH;CN
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4. Preparation of compound E. To a stirred solution of the
urea (D) (23 mg, 0.038 mmole) in CH2Cl2 (2mL) was added trifluoracetic
acid (0.5 mL). The mixture was stirred for 20 min. and solvent was
removed in vacuo. The residue was pumped on a high vacuum line for 2

5 hours and dissolved in CH3CN (1 mL). To this solution was added
1,2,2,6,6-pentamethylpiperidine (34 uL, 0.19 mmole) and the tricyclic alkyi
chloride (5) (13 mg, 0.038 mmol). The reaction was stirred overnight. A
white precipitate formed. The mixture was dissolved in water (10 mL) and
extracted with CH2Cl> (15 mL x 2).- The organic layer was dried (NaxSOy4)

10 and solvent was removed in vacuo. The residue was purified by flash
column chromatography with 4% MeOH in CH2Cl2 to give 15.9 mg
desired product in 52% yield. MS: m/z 810 (MH*).
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Step 1E
Br /"~ cl
\ y Br. == c
| \ )
|

Gy = o

®)
(F)

5 5. Preparation of Compound F To a stirred solution of
Compound E (9.5 mg, 0.012 mmole) in MeOH (1 mL) was added HOBt
(5 mg, 0.035 mmole). The reaction was stirred overnight. Solvent was
removed in vacuo. The residue was purified by flash column
chromatography with 5-7 % MeOH in CH,Cl; to give 4.5 mg desired
10 productin 58% yield. MS: m/z 656 (MH*).

EXAMPLE 2
BocN
1. cyanuric fluoride BocN pZ
pyridine/ CH,Cl, l
' fl ~ _N
FmocN COOH 2. 3-aminomethylpyridine FmocN _
L) Et;N/CH,Cl, .
* ® °©
BocNH
1. plpcndmc/CHCh
l TFA/CH,Ci,
2. DIEA/DMSO
26 luudme/CH1Cla
B ci
Br. ™ Ci \ P
"\ N NH
“
Ci (5) i
. N
DIEA/DMSO o

15 | ' ° o
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1. Preparation of compound B. To a stirred solution of the
acid (A) (1.69g, 3.97 mmole) in CH2Cl2 (5 mL) was added pyridine (32 uL,
3.97 mmole) and cyanuric fiuoride (669 uL, 7.93 mmole). The reaction
was stirred overnight and water (10 mL) was added. The mixture was

5 extracted with CH2Cl2 (15 mL x 2). The organic layer was dried (NaxS0y)

and solvent removed in vacuo. The resulting acid fluoride was dissolved
in CH2Cl2 (5 mL). To this solution was added triethylamine (732 uL, 5.25
mmole) and 3-amino-methylpyridine (428 uL, 4.2 mmole). The mixture
was stirred for 3 hours and then diluted with CHClz (10 mL). the solution

10 was washed with sat. NH4Clsolution (5 mL). The organic layer was dried
(Na2S0y4) and solvent was removed in vacuo. The residue was purified
by flash column chromatography with 2% MeOH in CHxCl; to give 1.4g
desired product in 68% yield. MS: m/z 517 (MH+).

15 2. Preparation of compound C. To a stirred solution of
compound(B) (581 mg, 1.13 mmole) in CHCI3 (4 mL) was added
piperidine (2mL). The mixture was stirred for 1 h and solvent was
removed in vacuo. The residue was purified by flash column
chromatography with 5-10% MeOH in CH2Cl3 to give 320 mg amine in

20 90% yield. The amine (68 mg, 0.231 mmole) was dissolved in CH2Clz (3
mL). To this solution was added 2,6-lutidine (46 uL, 0.39 mmole) and
bromoacetyl bromide (30 uL, 0.35 mmole). The reaction was stirred for 15
min. The reaction was washed with 2% NH4Cl solution. The aqueous
phase was basified by NaHCO3 and extracted with CHoCly. The organic

25 layer was dried (NapSQ4) and evaporated to give 27 mg product in 28%
yleld MS: m/z 415 (M+).

3. Preparation of Compound D. To a stirred solution of

compound C (27 mg, 0.066 mmole) in CH2Cl» (2mL) was added

30 trifluoroacetic acid (1 mL). The reaction was stirred for 1 hour and solvent
was removed in vacuo. The residue was pumped on a high vacuum for 3
hours then dissolved in DMSO (1 mL). To this solution was added
diisopropylethylamine (69 uL, 0.39 mmole). The reaction was stirred for 2

- hours, then tricyclic alkyl chloride 5 {27 mg, 0.079 mmole) and

35 diisopropylethylamine (23 uL, 0.13 mmole) was added. The mixture was
stirred overnight. Solvent was removed in vacuo. The residue was
dissolved in EtOAc (10 mL) and washed with water (5 mL). The organic
layer was dried (NapSQOy4) and solvent removed in vacuo.. The residue



ASSAYS FPT 1C50 (inhibition of farnesyl protein transferase, in vitro
enzynme assay) and COS Cell 1050 (Cell-Based Assay) were 5determ ned

fol | owi NYAMe'¥say procedures described in WD 95/ 10516, poBTUSHEH4%pri |

20, 1995. GGPT IC50 (inhibition of geranylgeranyl protein transferase, in
vitro enzyne assay), Cell Mat Assay, 4gd_anti-tumor activity (in vivo
anti-tunor studies) could be determ ned by the assay procedures descri bed

rotorence PRePARed K fedth REPR R EhatiGraghd i Lof MACRURTGReET ng -

essenti al Il give 4sagepreductkitutIeadelde Bt otk 54D (MHPuUt with substitution of

alternative indicator tunor cell lines in place of 1 5 the T24-BAG cells.
The assays can be conducted using either DLD 1- BAG human col on carci nona
cel|'s expressing an activated K-ras gengXampleg30-B AG hunan col on

carcindma cells expressing an activated K-ras gene. Using other tunor cell
lines known in the art, the activity of the conmpounds of this invention 2 0O
agai nst other types of cancer cells could be denponstrated. Soft Agar Assay:
Anchor age- i ndependent gr olihe followinghesrapbend wasnefde? uBirig/Hy s&pai ¢ cel |
lines. Hu €,S ' I8 rum cont ai ni ng 0. 3%
agar ose aﬁgg%b’%?%%;é%nggen%’eﬁ% t?@% tlgg %'?%%’é@;gohpé’ﬁ@ld[égé’ze i nhi bitor.
 The sol ut iEFATBRlI¥asaysedont o growt h nedi um sol idified with 0.6% agar ose
contai ning the same concentration of farnesyl transferase 3 Oinhibitor as
the top layer. After the top layer is solidified, plates are incubated for
10- 16 days at 37C under 5% CO2 to all ow col ony outgrow h. After incubation,
the colonies are stained by overlaying the agar with a solution of MIT
(344, 5-di net hyl t hi azol - 2-y1] -2, 5-di phenyl tetrazol i um brom de, Thi azolyl
blue) 3 5 (1 ng/nL in PBS). Colonies can be counted and the 1C50's can be
det er m ned. The results are given in the Table below ( "nM
represents nanonolar). .4WD 98/ 57960PCT/ US98/ 11495 - 71 - Conpound No. FPT
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EXAMPLE 4

/\/\n/”

O

1,2,2,6,6-pentamethylpiperidine/DMSO

NaBH,CN
2% HOAc/MeOH

BocN 7 |
N
O .

200 29

PCT/US98/11495

BocN /

HN

(B)

1, TFA/CH,Cl,

2. DIEA/DMSO

Cl

(D)

1. Preparation of B. To a stirred solution of amine A (276
mg, 0.939 mmole) in 2% HOAC/MeOH (2 mL) was added valeraldehyde
10 (110 uL, 1 mmole) and NaBH3CN. The mixture was stirred overnight.
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Solvent was removed in vacuo and 15% NaOH solution was added. The

mixture was extracted with CHClp (10mL x 2). The organic layer was

dried (Na2S04) and solvent was removed in vacuo. The residue was

purified by column chromatography with 2% MeOH in CHxCls to give 220
5 mg produ¢t in 65% yield. MS: m/z 365 (MH+).

2. Preparation of C. To a stirred solution of the amine B
(101 mg, 0.28 mmole) in DMF (2 mL) was added 2,6-lutidine (43 uL., 0.37
mmole) and chioroacety! chloride (27 uL, 0.34 mmole). The reaction was
10  stirred for 1 hour and solvent was removed in vacuo. The residue was
dissolved in CH2Clz (10 mL) and washed with 0.5 N NaOH solution.
Organic layer was dried (Na2SQ4) and solvent was removed in vacuo to
give 116 mg product in 94% yield. MS: m/z 441 (MH+).

15 3. Preparation of Compound D. To a stirred solution of
compound C (116 mg, 0.26 mmole) in CH2Cl> (3 mL) was added
trifluoroacetic acid (1 mL). The reaction was stirred for 1 hour. Solvent
was removed in vacuo. The residue was pumped on a high vacuum for 3
hours, then dissolved in DMSO (1mL). To this solution was added

20 diisopropylethylamine (275 uL, 1.58 mmole). The reaction was stirred for
2 hours, then tricyclic alkyl chloride 5 (0.131 mmole) and 1,2,2,6,6-
pentamethylpiperidine (94 uL, 0.52 mmole) was added. The mixture was
stirred overnight. Solvent was removed in vacuo. The residue was
dissolved in EtOAc (10 mL) and washed with water (5 mL). The organic

25 layer was dried (Na2SQ4) and solvent removed in vacuo. The residue
was purified by flash column chromatography with 1 % MeOH in CH2Cl>
to give 5.4 mg product in 6.7% yield. MS: m/z 612 (MH*).
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EXAMPLE 5

The following compound was prepared using the
5  same procedures as in Example 4, except that the R isomer of Compound
A in Example 4 was used:

10
EXAMPLE 6
15 Procedure 1. Preparation of 3,10-DIBROMO-

8-CHLORO-6,11-DIHYDRO-5H-BENZO[5,6]JCYCLOHEPTA
[1,2-b]PYRIDIN-11-OL

20
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3,10-DIBROMO-8-CHLORO-5,6-DIHYDRO-11H-BENZO

[5,6]CYCLOHEPTA[1,2-b]JPYRIDIN-11-ONE (2gm, 5mm) was
dissolved in 20 ml of methanol. Sodium borohydride (0.6 gm)
was added - and the reaction mixture stirred at ambient

5 temperature. ‘After 1 hour the reaction mixture was added to
20 ml of 1H hydrochloric acid and stirred for 5 minutes. 30 ml
of IN sodium hydroxide was added and the product extracted
with methylenechloride three times. The methylenechloride
layer was dried over magnesium sulfate, filtered, and |

10 evaporated to dryness under vacuo to obtain 1.98 gm of title
product. FABMS (M/e+1)=402 .

Procedure 2. Preparation of 3,10-DIBROMO-
8,11-DICHLORO-6,11-DIHYDRO-5H-BENZO[5,6]
15 CYCLOHEPTA([1,2-b]JPYRIDINE

Br

3,10-DIBROMO-8-CHLORO-6,11-DIHYDRO-5H-

20 BENZOI[5,6JCYCLOHEPTA[1,2-b]JPYRIDIN-11-OL (1gm, 2.48 mm)
was suspended in 20 ml of methylenechloride under a dry
nitrogen atmosphere. Thionylchloride (1.63gm, 13.71mm) was
added and the reaction mixture stirred for 2 hours. The crude
reaction mixture was evaporated to dryness under vacuo to

25 obtain 1.1 gm of product as the hydrochloride salt. FABMS
(M/e+1)=420
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Procedure 3. Preparation of ETHYL 1-(3,10-
DIBROMO-8-CHLORO-6,11-DIHYDRO-5H-BENZO[5,6]
CYCLOHEPTA[1,2-b]JPYRIDIN-11-YL)-3-PIPERAZINE-
CARBOXYLATE

3,10-DIBROMO-8,11-DICHLORO-6,11-DIHYDRO-5H-
BENZO[5,6]CYCLOHEPTA[1,2-b]JPYRIDINE (1.05gm, 2.48mm) was
dissolved in 20ml of dry N,N-dimethylformamide under a dry
nitrogen atmosphere. Ethylpiperazine-3-carboxylate (1.177gm,
7.44mm) and diisopropylethylamine (1.28gm, 9.92mm) were
added and the reaction mixture stirred at ambient temperature
for 18 hours. The reaction mixture was added to 100 ml of
brine and extracted with 3X150 ml of methylenechloride. The
solvent was removed under vacuo to obtain a solid which was
chromatographed on 100 g of flash silica gel using 50%
ethylacetate/hexanes to obatin 0.895 g of the title product.
FABMS (M/e+1)=542
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Procedure 4. Preparation of ETHYL 4-(3,10-
DIBROMO 8-CHLORO-6,11-DIHYDRO- SH -BENZO[5,6]
CYCLOHEPTA[1,2-b]JPYRIDIN-11-YL)-1-(1-OXOPENTYL)-
5 2-PIPERAZINECARBOXYLATE :

ETHYL 1-(3,10-DIBROMO-8-CHLORO-6,11-DIHYDRO-
SH-BENZO[5,6]CYCLOHEPTA[1,2-b]JPYRIDIN-11-YL)-3-

10 PIPERAZINECARBOXYLATE (0.46gm, 0.85mm) was dissolved in
10 ml of dry N,N-dimethylformamide. Valeric acid (0.153gm,
1.5mm), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (DEC) (0.288gm, 1.5mm), 1-hydroxybenzotriazole
(HOBt) (0.203gm, 1.5mm), and N-methylmorpholine ( 0.5gm,

15 5mm) were added and the reaction mixture stirred at ambient
temperature. After 48 hours, the reaction mixture was added to
brine and extracted with 3X150ml of ethylacetate. The
combined ethylacetate washes were combined and the solvent
evaporated under vacuo to give a gum. The gum was

20 chromatographed on 75gm of flash silica gel using 25%
ethylacetate/hexanes as the eluent to obtain 0.45 gm of title

- product. FABMS (M/e+1)=626
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Procedure 5. Preparation of 4-(3,10-
DIBROMO-S-CHLORO-6,’11-DIHYDRO-5H-_BENZO[5,6]
CYCLOHEPTA[1,2-b]PYRIDIN-1l-YL)-l-(l-OXOPE_NTYL)-
2-PIPERAZINECARBOXYLIC ACID

Br — .

ETHYL 4-(3,10-DIBROMO-8-CHLORO-6,11-DIHYDRO-
SH-BENZO[5,6]CYCLOHEPTA([1,2-b]JPYRIDIN-11-YL)-1-(1-
OXOPENTYL)-2-PIPERAZINECARBOXYLATE (0.4gm, 0.64mm) was
dissolved in 10 mol of ethanol. "5 ml of 1M lithium hydroxide
was added and the reaction mixture stirred for 24 hours. The
pH was adjusted to 4.5 with 10% citric acid, diluted with 50 ml
of water and extracted with 2X100ml of methylenechloride. The
methylenechloride extracts were dried over magnesium sulfate,
filtered, and evaporated to dryness to obtain 0.385 gm of title
product. FABMS (M/e+1)=598

Procedure 6. Preparation of 4-(3,10-
DIBROMO-8-CHLORO-6,11-DIHYDRO-5H-BENZO{5,6]
CYCLOHEPTAI1,2- b]JPYRIDIN-11- YL)-N-(3-
PYRIDINYLMETHYL)-1-(1- OXOPENTYL) 2-
PIPERAZINECARBOXAMIDE

PCT/US98/11495
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4-(3,10-DIBROMO-8-CHLORO-6,11-DIHYDRO-5H-

5 BENZO[5,6]CYCLOHEPTA[1,2-b]JPYRIDIN-11-YL)-1-(1-
OXOPENTYL)-2-PIPERAZINECARBOXYLIC ACID (0.353gm,
0.59mm) was dissolved in dry N,N-dimethyiformamide. 3-
Aminomethylpyridine (0.127gm, 1.18mm), 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (DEC)‘

10 (0.266gm, 1.18mm), Il-hydroxybenzotriazole (HOBt) (0.16gm,
1.18mm), and N-methylmorpholine ( 0.59gm, 5.9mm) were
added and the reaction mixture stirred at ambient temperature
- under a dry nitrogen atmosphere for 18 hours. The reaction
mixture was added to brine and the product extracted with

15. 3X159 ml of ethylacetate. The ethylacetate layers were dried
over magnesium sulfate and evaporated under vacuo . The
crude product was chromatographed on a 50gm silica column

using 2.5% methanol-2M ammonia/methylenechloride and

increased to 10% to obtain 0.387gm of title product. FABMS
20 (M/e+1)=691 i

e
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Procedure 7. Preparation of N,N-di-

tert.butoxycarbonyl-3-carboxypiperazine.
Boc

(.

Boc
_ o
3-carboxypiperazine (10gm, 49.2mm) was dissolved

5 in 200ml of 50% methanol/water and the pH adjusted to 9.5

with 50% sodium hydroxide. Di-tert.butyldicarbonate (21 gm)

was added and the pH kept at 9.5 with IN sodium hydroxide.

The reaction was monitored by tlc and more di-

tert.butyldicarbonate added if needed. The reaction mixture
10 was acidified with conc. Hydrochloric acid to pH=7 and then w1th

citric acid to pH 3.8 and extracted with methylenechloride to

obtain 15.4 gm of solid product.

Procedure 8. Preparation of N,N-di-
15 tert.butoxycarbonyl-3-[4-pyrollidinone-

aminopropiony]-piperazine
Boc
o)
N
B \/\/N
Boc

o]
N,N-di-tert.butoxycarbonyl-3-carboxypiperazine
(2gm, 6.2mm) was dissolved in 20 m! of N,N-

20 dimethylformamide. 4-Pyrollidinoneaminopropane ( 12.4ml,
12.4mm), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (DEC) (2.38gm, 12.4mm), 1-hydroxybenzotriazole
(HOBt) (1.68gm, 12.4mm), and N-methylmorpholine ( 6.82ml,
62mm) were added and the reaction mixture stirred at ambient

25 temperature under a dry nitrogen atmosphere for 18 hours.
The reaction mixture was added to brine and the product
extracted with 3X159 ml of ethylacetate. The ethylacetate
layers were dried over magnesium sulfate and evaporated
under vacuo. The crude product was chromatographed on a

30 silica gel column using 5% methanol/methylenechloride as the
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eluent to obtain the title product which was treated with 30 ml
of trifluoroacetic acid for 4 hr at ambient temperature. The

trifluoroacetic acid was evaporated to obtain 6 gm of a light
brown oil. '

Procedure 9. Preparation of 4-(3,10-

- DIBROMO-8-CHLORO-6,11-DIHYDRO-5H-BENZO|[5,6]

CYCLOHEPTA[1,2-b]JPYRIDIN-11-YL)-N-[3-(2-0XO-1-
PYRROLIDINYL)PROPYL]-2-PIPERAZINECARBOXAMIDE

er —~ cl
\ Y

3-[4-pyrollidinone-aminopropiony]-
piperazineditrifluoroacetic acid salt (6.2mm) is added to a
solution of 3,10-DIBROMO-8,11-DICHLORO-6,11-DIHYDRO-5H-
BENZO[5,6JCYCLOHEPTA[1,2-bJPYRIDINE (1gm, 2.48mm) in 30 ml
of N,N-dimethylformamide and N-methylmorpholine (3.47ml)
and stirred for 24 hours. The reaction mixture was added to
100 ml of brine and extracted with 3X150 ml of methylene-
chloride. The solvent was removed under vacuo to obtain a
solid which was- chromatographed on a. flash silica gel using

2.5%-7.5% methanol/methylenechloride to obatin 0.4 g of the
title product. FABMS (M/e+1)=641 )
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Procedure 10. Preparation of .4-(3,10-
‘DIBROMO-8-CHLORO-6,11-DIHYDRO-5H-BENZO[5,6]
CYCLOHEPTA[1,2-b]PYRIDIN-11-YL)-1-[(2-
METHOXYETHOXY)ACETYL]-N-[3-(2-0XO-1- _

5 PYRROLIDINYL)PROPYL]-2-PIPERAZINECARBOXAMIDE

Br \

9 .
AT

4-(3,10-DIBROMO-8-CHLORO-6,11-DIHYDRO-5H-

BENZO[5,6)CYCLOHEPTA[1,2-bJPYRIDIN-11-YL)-N-[3-(2-OXO-1-

10 PYRROLIDINYL)PROPYL]-2-PIPERAZINECARBOXAMIDE
(0.064gm) was dissolved in 2ml of N,N-dimthylformamide. 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (DEC)
(0.038grﬁ),_ 1-hydroxybenzotriazole (HOBt) (0.027g), and N-
methylmorpholine ( 0.11ml) were added and the reaction

15. mixture stirred at ambient temperature under a dry nitrogen
atmosphere for 18 hours. The reaction mixture was added to
brine and the product extracted with ethylacetate. The
ethylacetate layers were dried over magnesiurri sulfate and
evaporated under vacuo. The crude product was

20 chromatographed on a silica gel column using 5%

methanol/methylenechloride as the eluent to obtain 0.059gm of
the title product. FABMS (M/e+1)=713

Cl

~
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EXAMPLE 7

Using substantially the same reaction scheme of
5 Example 1 or 6, and/or the reaction schemes described in the
specification above, the following compounds were prepared:

B.,l'/\ a

(200)

10
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ASSAYS

FPT ICsp (inhibition of farnesyl protein transferase, in

vitro enzyme assay) and COS Cell ICsg (Cell-Based Assay) were

5 determined following the assay procedures described in WO
95/10516, published April 20, 1995. GGPT ICsq (inhibition of
geranylgeranyl protein transferase, in vitro enzyme assay), Cell
Mat Assay, and anti-tumor activity (in vivo anti-tumor studies)
could be determined by the assay procedures described in WO

10 95/10516. The disclosure of WO 95/10516 is incorporated
herein by reference thereto.

Additional assays can be carried out by following
essentially the same procedure as described above, but with
substitution of alternative indicator tumor cell lines in place of

15 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 carcinoma cells
expressing an activated K-ras gene. Using other tumor cell lines
known in the art, the activity of the compounds of this invention

20 against other types of cancer cells could be demonstrated.

Soft Agar Assay: _
Anchorage-independent growth is a characteristic of

25 tumorigenic cell lines. Human tumor cells are suspended in
growth medium containing 0.3% agarose and an indicated -
concentration of a farnesyl transferase inhibitor. The solution is
overlayed onto growth medium solidified with 0.6% agarose
containing the same concentration of farnesyl transferase

30 inhibitor as the top layer. After the top layer is solidified, plates
are incubated for 10-16 days at 37°C under 5% CO; to allow
colony outgrowth. After incubation, the colonies are stained by
overlaying the agar with a solution of MTT (3-[4,5-dimethyl-

. thiazol-2-yl]-2,5-diphenyltetrazolium bromide, Thiazolyl blue)

35 (1 mg/mL in PBS). Colonies can be counted and the ICsq's can be
determined. '

The results are given in the Table below ( “nM” represents
nanomolar). '
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Compound No. EPT. COS cell Soft Agar GGPTase
C50_{nM) IC50_(nM) IC5¢9 ICs50
200 29
201 3.2
202 2.9
203 3.3
204 5.5
205 77
206 34
207 55
208 5.5
209 47
210 62
211 17
212 31
213 180
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Compound No. FPT COS_ Cell Soft Agar GGPTase
C50.(nM iCs50_(nM) ICs50 ICsgo
214 . 39
215 140
216
(Procedure 9 >150
of Example 6)
217 17
218
(Procedure 10 48
of Example 6)
219 11
220 12
221 50
222 72
223 12
224 10
225 >130
226 16
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Compound No. FP COS Cell Soft Agar GGPTase
Cs0_(nM 1Cs0_(nM) ICs0 ICs59¢
227 7.2 10-50
(EXAMPLE 1) 6.7 30

228 14,12, 15 19.6+0.3 18

229 11.5 59.5 140

230 1200

. 231 2200

232 >100,000

233 4.2, 3745 57+3
5.0 -

234 33,

. 20

235 93, 1100 >1000
101

236 26,
28

237 216,
138

238 7.4, >200 >500

6.5
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FPT COS Cell Soft Agar GGPTase
Compound No. Cs0_(nM) 1C50_(nM) IC50 1Cs5¢9
239 22, 10-100 100-500
12, 25-50 100
28,16 25-50
240 35, 150-200 >1000 >50,000
21
241 11.5 83.5
9.5 53.5+8.5 +2.5
9.0
242 19 50-100 168+8 31,000
16 127
243 250
183
244 35, 250-500 213+40
51, 49,
26
245 314,
186
246 1300
970
247 8.2
: 6.7 75+2.5 87
9.0
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Compound No. FPT COS Cell Soft Agar GGPTase
Cs50_(nM) 1IC50_(nM) ICs50 ICs50
248 17
19
21
249 19, 22, <100, 13000
23, 11, - 100 50-100 79000
24
250 4.2 6.4+0.2 10-50
3.0 : 11
6.3,
251 5.1, - 8.6+0.2 38+14
4.8
5.7
23
252 11 28.5%+1.5
7.6
253 1000 2000 >500,000
910
254 870
1100
255 23 49
12 94
15
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Compound No. FPT COS Cell Soft Aagar GGPTase
Cs50_(nM) IC50_(nM) 1C50 - ICs¢
256 6.7, 5.3+0 15.5+3.5
7.2
2.9
257 12 9.5 52.5+14.5
: 14 12.5
94
258 10
14
259 211 1000
156 100
260 7.1 25 64+14 .
8.9
261 9.4 81
8.7
262 4.5 15.4 74.5+4.5
52 25
7.8 10-100 50-100
263 6.8 50 50-100 >100,000
174
264 415
290
265 7.0 16 52
3.6 4 5.4
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Compound FPT COS Cel |l Soft Agar GGPTase
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Compound FPT COS Cell Soft Agar GGPTase
No. Cso (M) |ICso (nM)| ICso ICso
266 135 41

9.5 47
267 27.3 108 307
268 13.6 145
269 4.5+1.4 4
270 7.3+3nm 0.4 1.5
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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
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.

For préparing 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
by stirring. The molten homogeneous mixture is then poured
into convenient sized molds, allowed to cool and thereby
solidify.

Liquid form preparations include solutions, suspensions
and emulsions. As an example may be mentioned water or
water-propylene glycol solutions for parenteral injection.

Liquid form preparations may also include solutions for
intranasal administration.

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

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

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

Preferably the compound is administered orally.

Preferably, the pharmaceutical preparation is in unit
dosage form. In such form, the preparation is subdivided into



268 13.6 145 269 4.5+1.4 4 270 7.3+3nm 0.4 1.5 - 78 - For

prepari ngopRarsgeceut i cal conpositions fromthe conpounds glesGedsRessby this '
invention, inert, pharnaceutically acceptable carriers can be either solid

or liquid. Solid form 5preparations include powders, tablets, dispersible
granul es, capsul es, cachets and suppoglc)torl es. The powders and_tabl ets may
be conprised of from about 5 to about 70 percent active ingredient.

Sui t abl e sainid desesi eoatdinén K napwrophidtéeqaaritities Gof rTBENEStWEN car bonat e,

magnesi um %B‘F%Sc?ﬁé‘nt t@L,c, aﬁ gﬁ;gcubgcg 3%t JTO ; beiveet ?}3‘? p(g‘?v\g{eerds cachets and

capsul es can usel as’so osage orms Sui
adm ni st r aPWdR.OSe.

The quantity of activé compound in a unit dose of
5 preparation may be varied or adjusted from about 0.1 mg to
1000 mg, more preferably from about 1 mg. to 300 mg,
according to the particular application. '
The acjual dosage employed may be varied depending
upon the requirements of the patient and the severity of the
10 condition being treated. Determination of the proper dosage for
a particular situation is within the skill of the art. Generally,
treatment is initiated with smaller dosages which are less than
the optimum dose of the compound. Thereafter, the dosage is
increased by small increments until the optimum effect under
15 the circumstances is reached. For convenience, the total daily
dosage may be divided and administered in portions during the
day if desired.
The amount and frequency of administration of the
compounds of the invention and the pharmaceutically
20 acceptable salts thereof will be regulated according to the
judgment of the attending clinician considering such factors as
age, condition and size of the patient as well as severity of the
symptoms being treated. A typical recommended dosage
regimen is oral administration of from 10 mg to 2000 mg/day
25 preferably 10 to 1000 mg/day, in two to four divided doses to
block tumor growth. The compounds are non-toxic when
administered within this dosage range.

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



For preparing suppositories, a low nelting wax such as a m xture of fatty
acid gly gg cocoa butter is first nelted, and the ve i ngredient.
is dlsperse ﬁ%nogeneously therein as 1 5 by stirring. Tﬁg%hkPWb 55
honbgeneous mi xture is then poured into convenient sized nolds, allowed to
$ool and thereby solidify. Liquid form preparations include solutions,
suspensi ons and enul sions. As an exarfl e may be nentioned water or 2

Owat er - propyl ene gl ycol solutions for parenteral injection. Liquid form
preparations may also include solutions for intranasal admnistration.

Aer osol preparations |table f.or hal at i.o0n \ |nc ude sol utions and
solids in powder form=—#k Gab, Dosags GOt ith a
pharmaceutically acceptabl e carrk E@ABBEh&as an |nert conpressed gas. Al so
i ncluded are solid forn1preparat|op§bﬂﬁ ch are intended to be converted,
shortly before use, to liquid fornrpreparatlons for either oral or
parenteral admnistration. Such 3 Oliquid fornms include solutions,

suspensi ohsngnd EMuli§isQB8ient The conpounds, Ofab0e; I may al so be
del i verabje tran:derrrg y! I'll'hse transdermal ¢o npgqs?tlbon gan takg the form

of creansbL_latiohs ngrn':nl s and/lor emilsiaoms and can e incl lLd_dd in a
transdermpl patch ofa dbee MBbfipbuid F eservoin typggs S5as afggoconventi onal in
the art fpr—thrs{purpose. PreterabtytheTcompound—s—adnmnstier ed
orally. Pleférably. LastosenkISRiceutical preparatii@d® is in LbhBt ddsage form
I'n such fprm the prenar 8tdreR, Foodubdhgd ded|intozg 79 - upppt dgses

cont ai ni ng approp tities of the acfive conporlent, e.g.,| an

ef f ecti ve| amount toaéc%'ciw& PH¢€ dBsired purpose The quantity of |active
conpound |{n a un|t dureied 57¢a£qcrarati on may |be vari ed or adj ustdd from

about 0.1 to [LOO from ab ,
accor d| ng n.%’ 4 hnﬁ-nq&Or{:% S a‘ICﬁh%r t’a g 83 act ILQL ;ﬁ rergrrp| Oyed
may be vali ¢d de encMa.ncm(umtISeearequl remants .Q_f_@"le pat i_enf/ anc t he

severity pf the Total _ 300 - 700

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

EXAMPLE B
Capsules
15
No. ‘Ingredient mg/capsul [mg/capsul
: e e
. . Active compound 100 500
2. Lactose USP 106 123
3. Corn Starch, Food Grade 40 70
4. Magnesium Stearate NF 1 1
Total 253 700




1 0 condition being treated. Determ nation of the proper dosage for a
particulygp ogistgdgt ion is wthin the skill of the art. Gen at nent
isinitiated with smaller dosages which are | ess than th?@&#%%ﬁose of

t he conpound. Thereafter, the dosage is increased by small increnments until
$he optinmumeffect under 1 5the circlifstances is reached. For conveni ence,
the total daily dosage nay be divided and adm nistered in portions during
the day if desired. The amount and frequency of adm nistration of the
conpounds ¢ hg inveptio nd the pharnmaceutically 2 Oacceptable salts

t her eof widHE ' 4 ding to the judgnent of the attending
clinician consiMaki HgmsNos.f hc2oradad imge, switatde t blendendosi A& 16f t he

pati ent aﬁ'gYﬂtles.aS&f‘d’ﬁférﬁyNgf 4faﬁd2mmtfur81@!nmu&és¢atm‘1- fHie LYP! cal

recommended, dosage reginmen 1s oral admnistration of from ng to 2000

my/ day25 [BHEWEE ably Bltﬁgleldey@-aw%a}l,aré n8elABNt 62PBUES dPWi ded doses to

‘bl ock t unoguigdgisiet h;nc‘ﬁbgumnfpg)umlﬁne, non-toxic when adm nistered within
this dosage range. The follow ng are exanpl es of pharmaceuti cal dosage 3 0O
forns which contain a conpound of the invention. The scope of the invention
in its phar maceWhibal theoppesdnti omverdpacthdss been tlesdyebdd nint ed by t he

exanpl es pryjudedon WRPB(R! WGEEFTY USABLANAOR,- s80 rorhagmectti cal Dosage

For m Exanpl es EXAMPLE.A Tabl No. I ngredients /tablet nu/table t 1.
CActi v O%GHM alternatives, mo&ﬁscatlons ang varlaﬁonsnﬂxereof wngbe

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.

15



100 500 2. Lactose USP 1 22 113 3. Corn Starch, Food G ade, as a 10%

paste in lLsedWater 3 0 4 0 4. Corn Starch, Food G a
Magnesi BB S 7 roral T300 700 N »q’%#'?s*‘ﬁ’?“‘%
& | - 82 -
WHAT IS CLAIMED IS:
—_—
1. A compound of the formula:
Ra R®
RC

e

a . .
f "
.
R N NR°R!
A o

5 - or a pharmaceutically acceptable salt or solvate
thereof, wherein:

(1.0)

a represents N or NO-;
R2, Rb Rc , and RY are the same or different, and are
selected from the group consisting of H, halo, alkyl, and alkoxy,
10 with the proviso that at least one, but not more than two of Ra,
R® ,R¢ and R® are H;
the dotted line (---) represents an optional double bond;
R is selected from the group consisting of H, -S(O),R',

-S(0);NR'R?, -C(O)R', and -C(O)NR'R?, wherein R' and R? are
15 independently selected from the group consisting of H, alkyl,
aryl, arylalkyl, heteroaryl, heteroarylalkyl, (C3-C7) cycloalkyl,
cycloalkylalkyl, heterocycloalkyl, substituted alkyl, substituted
aryl, substituted arylalkyl, substituted heteroaryl, substituted
heteroarylalkyl, substituted (C3-C7) cycloalkyl, substituted
20 cycloalkylalkyl, substituted heterocycloalkyl, wherein said
substituted groups have one or more substituents selected from:
alkyl, alkoxy, aralkyl, heteroarylalkyl, -NOj, alkyloxyalkyl,
alkyloxyalkyloxyalkyl, C3-C7 cycloalkyl, aryl, -CN, heteroaryl,
heterocycloalkyl, =0, -OH, amino, substituted amino, nitro and

25 halo;



Met hod of Manufacture _ Mx ItemNos. 1 and 2 in a suitable m xer for
10- 15 niwotes7eeéex anul ate the mixture with Item No. 3. M lpcTiuses/tiang

granul es through a coarse screen (e.g., 1/4", 0.63 cm if necessary. Dry

t he danp granul es._Screen the--dried:- nul es if. necessary and mx with Item
fo. 4 and nmix for 10-15 minutes. 1 0 Add Item No. 5 and nix for 1-3

m nutes. Conpress the mxture to appropriate size and weigh on a suitable
t abl et machi ne. REXAMBLRS BireCapdapeadentd$ Sdected| firang/ Bapalyl.e ng/ capsul e 1.

_ g\cgid\éecorrpgi?)filo}(gglk)?l?oalzkyloli?zg{koyslgxyz%iy%? Esary%,z?)ar:;)flalkglll),r nhestfasoracrgl, Food
heteroarylalkyl, (C3-C7) cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, substituted alkyl, substituted alkyloxyalikyl,

5 substituted alkyloxyalkyloxyalkyl, substituted aryl, substituted
arylalkyl, supstituted heteroaryl, substituted heteroarylalkyl,
substituted (é3-C7) cycloalkyl, substituted cycloalkylalkyl,
substituted heterocycloalkyl, wherein said substituted groups
have one or more substituehts selected from: alkyl, alkoxy,

10 aralkyl, heteroarylalkyl, -NOj3, alkyloxyalkyl,

- alkyloxyalkyloxyalkyl, C3-C7 cycloalkyl, aryl, -CN, heteroaryl,
heterocycloalkyl, =0, -OH,'amino, substituted amino, nitro and
halo; or R¢ is selected from the group consisting of H, alkyl and
aryl énd Rf is represented by —(CH3)p—R15, wherein n is an

15 integer from O to 8 and R!5 is selected from -C(O)NH,, -SO,NH>,
aryl, heteroaryl, cycloalkyl, heterocycloalkyl, optionally
substituted by alkyl, alkoxy, aralkyl, heteroarylalkyl, -NO3,
alkyloxyalkyl, alkyloxyalkyloxyalkyl, C3- C7 cycloalkyl, aryl, .
-CN, heterocycloalkyl, =O, -OH, amino, substituted amino, nitro

20 and halo;

or RIS is B, wherein B is OH or NH; and A is NH,
O, NOH or NCN, or R!5 is NRI6R!7, wherein R!6 is H or alkyl and
25 R17 is H, alkyl, SO,CHj3, or C(O)NHy; or Re and Rf together with the
nitrogen to which they are bound, form a 5 or 6 membered
heterocycloalkyl ring which is optionally substituted by OH, NHy,
NHR!16, NHR17, NR16R!7 or (CH3),R!8R19, wherein R16 and R17 are
as defined above, R18 is H or C|-Cg¢ alkyl, and R!9 is selected from



40 70 4. gnesiu~rﬁ éiearate NF 7 7 Total 253 7 0-0 Method of

Manuf act Mx ItemNos. 1, 2 and 3 in a suitable 10- 15
m nut es. Nk%a/sr%om No. 4 and mx for 1-3 mnutes. Fill thé)cgﬁ\%g?ﬁl:‘%gl nt o

suitabl e two-piece hard gelatin capsules on a suitable encapsul ating _
machi ne. Wiile the present invention $&s been described in conjunction with
the specific enmbodinents set forth above, 1 Onmany alternatives,

o o AL BB R B R gLy, o, or e
i nt ended t &emgpeyl vmef‘thcﬁ xAmmido, akkylaxygasbenyt He-present invention. 15
- 82 - WHAmethoRlydlabbdhyly; arylalkyloxycarbonyl (e.g.,
. benzyloxycarbonyl), amido derivatives derived from amino
5 acids (e.g., glycine,alnine, serine,etc.), imidate (e.g.,
phenoxyimidate), cyanide, imidamido (e.g., C(=NH)NH,,
(C=NSO,NH;)NH,, etc.), sulfonamido (e.g., SO,NH,, SO,N(CH,),)
sulfonyl (e.g., SO,CHj, SO,C¢Hs, SO,CH,C¢Hs, etc.), phosphinate (e.g.,
P(=0)(CHas),), heterocyclyl and imidamido (e.g., (C=NC4H;s)C¢Hs),
10 (C=NH)C¢H;s ,etc.), wherein n is as defined above; and Rb is H or
=0; with the further proviso that when RP is H and Rb and R9 are

0 .
'(CHZ)Z/ N
-(CHp): N ( )
N
both H, R€ is H and Rf is , Ho
—=N /
DT |
I B N
-(CH N
(CH,); , e Cor CHj .
2. The compound of claim 1, wherein Re is

15 H,;Rfis -(CH2)nR15, and R!5 is selected
from:



S
5or a pharnaceutilcal |y acceptabl e salt or solvate thereof, wherein: a
Eepresen%;\g,s%wl‘ll(}; Ra, Rb ,RC, and Rd are the sane OrPéf/gtsfsrﬁms’ and
are selected fromthe group consisting of H,£ halo, alkyl, an a(koxy,

10wi th the proviso that at |east one; but not nore than two of Ra, Rb ,RC
and Rd are H; the dotted line (---) v+8&presents an optional double bond; R
is selected fromthe group consisting of H -S(0)2R1l, -S(0)2NR1R2, -C(0)R1,
and -C(0)NRIR2, wherein RL and R2 arg 15i ndependently selected fromthe

group consistin i H al kyl, aryl, Mgylal kyl, hetero | , heteroarylal kyl,
(C3-C7) cycl oakkyl, cl oal kyl al , hejerocycl oal ky#, s tituted al kyl,
substituted - suffstituted ar | kyl/j substituted-het gfoaryl,
substituted het ¥4nuw1alkyl, su skauLﬁd (C3-C7) cyckng |, substituted
20cycl oal kyl al kyl, substituted heterocycl oal’kyl , mhe@fin sai d substituted
groups have one or nore substituents selected from alkyl, al koxy, aral kyl,

het eroaryl al kyl, -NOG2, alkyl oxyal kyl} al kyl oxyal kyl oxyal kywcH§3- C7

cycl oal kyl, aryl ,H-CN, heteroaryl, heterocycloal kyl, =0, -{H, anino,
substituted ampo,N\Qitro and 25hal o;N Re and Rf are|independently
selected fromgd, al kyl. alkyl oxyalKkyl \al kyl oxyal kyl oxy aryl,
aryl al kyl , hetgyoarjl, heteroaryl\l kyl // (C3-C7) cycl oal

cycl oal kyl al kyl erocycl oal kyl ,
al kyl oxyal kyl , 5substituted al kyl oxyal'kyl oxyal kyl, sub aryl,
substituted aryl gl kyl, substituted heteroaryl, substitute eteroaryl al kyl ,
substituted (C3-¢7) cycloal kyl, substituted cycl oal kyl al kyl , substituted
het er ocycl oal kyl \y wherein said substkkfted groups have one or nore

I

substituents setf'ected from alkyl, a , 1 Oaral kyl, heteroarylal kyl,
-NC2, al kyl oxfal kyl/ X /J\N
’ I . \ |
N——N
F ’ ,
N

N

4

Iz

OCH3



al kyl oxyal kyl oxyal kyI 7 CG3-C7 cycloalkyl, aryl, -CN, heteroaryl,

het erocycl oal k% -OH, am no, substituted amno, nitrg Eﬁgﬂ g%o; or

i s sel ecY@d%Pt ?nthe group consisting of H, alkyl and ar§7FT

represented by -(CH2)n-R15, wherein nis an 1 5 integer fromO to 8 and RI5
is selected from - C( 0)NH2,—SO2NH2—aryt+ heteroaryl, cycloal kyl,

het erocycl oal kyl, optionally substltuted by al kyl , alkoxy aralkyl

het er oaryl al kyl , -NO2, al kyl oxyal kyt, 6aI'kyI oxyal kyI oxyal kyl, C3 - Cc7

cycl oal kyl , aryl -CN, heterocycl oal kyI =0, -OH, am no,. substi tuted am no,
nitro 20 and hal o; A or R15 isBo, V\,herein Bis OHor NH2 and Ais NH, O,
NOH or NCN, or is NR16R17, V\ATerei n RI6 is Hor alkyl and 25 R17 is H,
al kyl, SQ2CH3, or C(0)NH2; or Re,and Rf together with the nitrogen to which

they are bound, Norma 5 or 6 ed heterocycl oal kyl ring which is
optionally supsStit™Nted by OH |INH2, NHR16, NHRI 7, NR16R17, or (CH2)nR18R19,
wherei n R16 R17/ are as defjined above, R18 is Hor Cl1-C6 al kyl, and R19
is sel ected i\‘o 98/ 57960 / /11495 - 84 - H Cl-Co6 al kyI
substituted al aryl ghkyl, ac (e.qg., acetyl, benzoyl etc.

car boxam do, al kyI oxycar bgnyl nmet hoxy.c bon | al k xycar bonyl
(e.g., benzyl oxycar bohyl )8 ani ﬁﬁed%qfr%&"?@éé i r‘#/ r‘% I\gm ds

(e.g., dl yahdeRgllanle serine,etc.), indate (e.g., phenoxy| m dat e),
cyanide, imdam do (e.g., C(=NH)NH2, (C—N802NH2) NH2, etc.), sulfonam do
(e.g., SO2NH2, SCJZN(CHS)Z) sul fonyl (e. 502CH3, SOZCGHS SORCH2C6H5,
etc.). Dhosphinate (e.q., 4P(= OTPQI-BL)TEPOU%tCéCr 6@}"&4 1 whereiniBAnkGo (e. g.
(C=NC6H5) Cahld) Rd lare 16@6]\1&;{)1@61&5 is¢fc.), wherein n is as defined above; and
Rhis Hor =0; with the further proviso that when Rh is H and Rh and Rd are
0 2. The conpound of claim1, wherein Re is 1 5H Rf is -(CH2)nRl15, and R15
is selected from 5. The compound of claim 4, wherein R2 and

Rd are Br and R¢ is Cl.

10
6. The compound of claim 2, wherein R is
selected from the group consisting of H, -C(O)(CH3)3CH3,
-$(0),2CH3, -C(0)-CH,-0-(CH3),-0O-CH3, -C(0)-CH,-OCH3,
-C(O)NH(CH,);CH3,
15 ’ : '
/O
—N
C(O)CH2—<\:/) C(O)(CH2)2_©
and
7.  The compound of claim 1, wherein R} is
O=.
20 ' 8.  The compound of claim 7, wherein Rb

and RY are H, and R2 and R¢ are halo.

: 9. The compound of claim 8, wherein R2 is
Br and R¢ is Cl. )
25



- 8 - yYyNNNNN OCH3 WO 98/57960PCT/ US98/ 11495 - 86 - , and 3. The

eonpoundyefeghsthm 1, wherein a is N and Rh is H 54. The GgOHoss claim .
1, wherein Ra, Rc, and Rd are halo, and Rh is H §H149§5 The

conpound of cl ai m4;—wherein Ra and gy are Br and RCis O
6. The conpound of claim2, wherein Ris selected fromthe group consi Stl ng

8f ) T\ 115( (()) &?;)2?38?;3 S 08 2Cl_’F’he ccgnop?ouggzoP (lalm &, wherem Rcé( 95) I—ICH2 0cHs,
and Rf is
'(CHZ)n'Rls-

5 11. The compound of claim 10, wherein Rf is

7

/_’ . (CH,),;

- N

~(CH,), e \N (CHpy N\) Z/ >
: or H

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

13. A method for inhibiting the abnormal
growth of cells comprising administering an effective amount of
15 the compound of claim 6.

14. A method for inhibiting the abnormal
growth of cells comprising administering an effective amount of
the compound of claim 7.

20 :
15. A method for inhibiting the abnormal
growth of cells comprising administering an effective amount of
the compound of claim 11.
25 16. The method of claim 12, wherein the
cells inhibited are tumor cells expressing an activated ras
oncogene.

17. The method of claim 16, wherein the
30 cells inhibited are pancreatic tumor cells, lung cancer cells,
myeloid leukemia tumor cells, thyroid follicular tumor cells,
myelodysplastic tumor cells, epidermal carcinoma tumor cells,
bladder carcinoma tumor éells, or colon tumor cells.

THIS SHEET HAS BEEN
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0 N C(0)CH2 C(0)(CH2)Z and 7. The conpound of claimi1, wherein Rh is

208. The%gpg_éﬁg of. claim7, wherein Rh and Rd are H, and EF% nd RC are

hal o ound of claim 8 vvherel n Rais Br and RY 4830

98/ 57960 PCT/ US98/ 11495 - 87 - 10. The
conmpound of claim9; whereinRe+sH(CH2)n-R15. 11. The conpound of claim
10, wherein Rf is (CH) (CH2)n , O~ 88" - 12. A nethod for

inhibiting the abnornmal 1 0 growth of cells conprising adm nistering an
ef fective anount of the cb8pouAdcoinpduidn ¢r a pharmaceutically

acceptable salt or solvate thereof, selected from the group
consisting of:



13. A nethod for inhibiting the abnormal growth of cells conprising
admnistering_an effective anount of 1 5 the conpound of claim®6
14.° A nem?o%sgsﬁ%ﬁro i nhibiting the abnormal growth of cells ColHPI3&#A5
adm ni stering an effective amount of. gfe. conpound of claim7. 20 .

15. A nethod for inhibiting the abnornal

growm h of cells conprising

adm ni stering an effective anount of the conpound of claim11l. 2516. The

nethod_of cl ai
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