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| NHI BI TI ON OF G PROTEI N FUNCTI ON AND FOR TREATMENT OF

PROLI FERATI VE DI SEASES 10 BACKGROUND WD 95/ 10516,
publ i shed April 20, 1995 discloses tricyclic conpounds useful for

I nhi biting famesyl protein transferase. In view of the current
interest in inhibitors of farnesyl protein 15 transferase, a wel cone
contribution to the art would be conpounds usef ul for the inhibition
of fanmesyl protein transferase. Such a contribution is provi ded by
this invention. SUMVARY OF THE | NVENTI ON 20 This i nvention
provi des conpdunds useful for the inhibition of famesyl protein
transferase (FPT). The conpounds of this invention are repr esent ed
by the formul a: or a oharnaceutlcall acceptable
salt or solvate ther &

= "‘- 3 JC
or NRO wherein Rerr] ig. . H
wherein nis 1 to 3, ar%"t"ﬁgjrg'elﬁmm 3 F%Q!% ANDan pﬁ"'ﬁ'ﬂ!ﬂi’ﬂﬁ? Qk

represent CRlerr] or CRerr]; or? RATWE 2, ¢, and d are
i ndependent | ypsel ected from CR[err] or CRerr]; each Rerr]
and each R err] i tly selected fromH hal o, -CF[err], 30
-OR[err] (e.g., - =COR[err], -SRerr] (e.g -SCH err] and

- SCH[ err](er r] H err] )WO 95/105165(pupﬂ|ahe<]! Rpeil 2D, (IQBErdisOlOses wicgelicl or 2,
€.9., -SOCH err] affosd e LsLTS hhibitingfAinesyl protein transferase.
In view of the current interest in inhibitors of farnesyl protein
15 transferase, a weicome contribution to the art would be compounds useful
for the inhibition of farnesyl protein transferase. Such a contribution is
provided by this invention.

SUMMARY OF THE INVENTION

20 This invention provides compounds useful for the inhibition of
farnesyl protein transferase (FPT). The compounds of this invention are
represented by the formula:

or a pharmaceutically acceptable salt or solvate thereof, wherein:

25 oneofa,b, ¢ and d represents N or NR9 wherein R%is O-, -CHg or
-(CH2)nCO2H wherein n is 1 to 3, and the remaining a, b, ¢ and d groups
represent CR' or CR2; or

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

30 -OR10 (a.g., -OCHg), -COR10, -SR10 (e.g., -SCH3 and -SCH2CgHs),
-S(O)R11 (wherein tis 0, 1 or 2, e.g., -SOCH3 and -SO2CHz), -SCN,
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-N(R[err]%‘s(?%gtlg?sr]R[err], -NdJerr], -OC(ORerr], qurr] 89]-”15900
-OCderr]Rerr], -CN, -NHC(O)R[err] -NHSO err] R err], -CONHRerr],
- CONHCH[ er r] CH_ er r] OH, -NR[err]COORPerr] [err] 5
-S O CH -S N
vvheR[r :lr Fl] %0%05[7'5‘1(‘410)2, g‘ﬁs"o e ]e%(g)rﬁ ‘Pe%‘?‘)r ﬁcg[g%gl]-c(NR[O;ardr?][ err]
. 9., (s du bQJN
f)gngot riazol - @5[’%3 ﬁ}-@@?ltr:{:izol - -ﬁﬁdﬂl ?cﬂg?@sﬂﬂost% {:}{' ]ezj
tetrazol -5-ylt h‘%&)q @OH‘&L kyl substitut ed tetrazol -5-ylthio such as

1-net hyl -tetrazol -5-ylthio), al kynyl, alkenyl
al kenyl group optionally being substi t ut ed
-CJerr|Rerr]; R3 and R4 are
the group consisting of H R ekr] 4

taken together represent a saturated
fused ring to the benzene ring (R n IISL; 5 R5, R6, R7 and R8
are |ndependently selected fromthe gro con5|st|ng of H -CFlerr],

| id

subst i tut v 1B @G T Eige é}lﬁﬂzﬂéﬁw SBARE) wesniny catpriBs 1]
-N(Rlerr], is indésbrdently séletledrfrdm H 8RPRCED) nn@:@[err] R[err]
to ¥ epr | Rerr ]_d%P%ﬁHdéﬁ@%@ﬁﬂﬁ[ ?(é‘vhzb?ﬁééz)r penzgfrazefiin b Rt
bS | tetrazB]-5ryithio,aprsabstitute diteted 20)45- yithiy (e.gqraliey subgtituled g. |

enz X
opr )e(s)ent ] Jgtrazok: -S-X,\ﬁc?ﬁﬁlgm a%pf-ﬁﬁﬁgste%%l 5. 9&!118&3’4"8%1!, alkenylor |~
(r epr esent é@ byalkile sridtaligyliar rﬂi&em}d grfaum@ptlamaim heing sszstltuted withHalaot t ed

line between caidhrm g aup,piand 6 represents an optional double
bond, such that when_a Ie bQ resen

mdependently repreant*“‘n eﬂ’? n Qf‘ en ief“]t ﬁmgwmls@pg of
-OC(O R err], aHdR! and R2, ohBA and RbtdXen tbgewher sepressistnd smmedmrcar bon

CaRerr - d @*p?ai*ﬂfaﬁfa Ca; 7 fygiﬁgbngf‘?%@@ﬁ?%é% oS TRERE: 1y et kot
al kyl), ( H15- OC(O) R B R and RRpse trjcje,penqenmasqiag:tad)frqrn the group
;r[\]IdCR[ err], or Ac&%’lstﬁ'\ 8?@; t@Fg afGDFlQ’ (e @il ar9 lﬁgé’lf\lrp?ﬁﬁo or%ll?r 4,
being subs ituted wuth -OR10, -SR10, .S O):R -NR (R10),,
-NO3, -COR19, -OCOR?19, -OCO2R11, -CO2R10 or OPO3R10, or RS is
combined with RS to represent =0 or =S, or R7 is combined with R8 to
20 represent =0 or =S;
R10 represents H, alkyl, aryl, or aralkyl (e.g., benzyl);
R11 represents alkyl or aryl;
X represents N, CH or C, which C may contain an optional double
bond (represented by the dotted line) to carbon atom 11;
25 the dotted line between carbon atoms 5 and 6 represents an
optional double bond, such that when a double bond is present, A and B
independently represent -R19, halo, -OR11, -OCO2R1! or -OC(O)R10, and
when no double bond is present between carbon atoms 5 and 6, A and B
each independently represent (H, H), (-OR11, -OR11), (H, halo), (halo,
30 halo), (alkyl, H), (alkyl, alkyl), (H, -OC(O)R19), (H, -OR10), =0, (aryl, H) or
=NOR?10, or A and B together are -O-(CHz)p-O- wherein p is 2, 3 or 4; and
R represents:
(1) -C(O)N(R10)y;

10 al kyl, said al kyl or
al o, -OR[err] or
geépendently sel ected from
Rlerr], or Rlerr] and R err]
ocu-n§aturated Cerr]-Cerr]
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- 3- WO 98/11090) - CH err]C(ON(R[err]; (3) - BCRasspyssadoky|
-Sgerr]-aryl, -SOerr]-aralkyl, -SOerr]-heteroaryl or

-SJ err] - heterocycl oal kyl ; (4)-gyano (i.e., CN); 5

(5) an imdate represented by t he formul a: [err] wherein R13 is
sel ected fromthe gro g1g H CN, -SJerr]- aI kyI (e.qg.,
-Sgerr]CHerr]), - g &OS C(O) err]H[err , -C(O) phenyl),
-S err]NR| err]R[err]( ?é-al é‘er y-aralky M@mpe;lm]r (e.g.,
-C(ONHerr]) amseg?éwrbl: cl8alkyf;e- 9. OHand OCH[err]) Rlerr] is aryl;
and R err] is indepen ntIX ? Ie&md from the group consisting of H,
al kyl, aryl and aral ol.e (6) an imdam do group of the fornul a:

[err] Bher ei n HE) anrichifRite wpeemtdefbwmefahﬁue Rlerr] is alkyl,
aryl, aral kyl, 15 cycl oal kyl, heteroaryl, roar al kyl or

het er ocycl oal kyI (7) a 1-am no- 2 rtroethyl ene derivative of
t he formul a: [err] (8) -C(O R16, rern R16 is al kyl, aryl,
aral kyl or heteroaryl; (9) -0(0-6 20 (10)

wh f H

Eﬂ H ol kyff@gﬁb@i&hﬁb ré er%%{efcffrsﬂw Irir’] ng‘rL@arcg{s%ﬁ%g ' &N, "o i

- ﬁ:H[ err]-im dazc(g;Q ')‘Zf@éa(%:ahdc gb'aayldeegic-lc(O)Cs;i?snuepeﬁ\%gﬁeﬂyge| eCE ed from

the group consis R (e: OENsL. -C(%E ®4¢59 oﬁﬁ%ﬁ@ﬁ& ?310
r

err
roguch

al kyl, aral err
sel ect ed fr tr(ﬁ QQTQE{) ‘gaé& 3&1@ 5fS alvky rnd R4 is independentiyselected
as nethyl), arylthe gmup(y:bnsrbmn@noar dikyinaryhaharapakgl; kyl ; -C(O Rlerr];
Cerr]- 6 al kyl r vicl Q kyI andr is 0, 1 or 2;
(11) alkyl, aryl. a{PEyF %Q‘ﬁ“ﬁ #‘f]etp fgggg oal kyI or heteroaryl; 30
(12) -SCIerr]NR[err]R[err] (13) NR(@) (Rlerr];
/ NR1OR15
wherein R10 and R13 are as defined above; R15 is alkyl, aryl, aralkyl,
15 cycloalkyl, heteroaryl, heteroaralkyi or heterocycloalkyl;

(7) a 1-amino-2-nitroethylene derivative of the formula:

] 2

C
7 \NHR10 .

(8) -C(O)R16, wherein R16 is alkyl, aryl, aralkyl or heteroaryl;
(9) -C(O)-O-R16;

20 (10)
(f:.’ 2 (CH2) N:Rw
RNy o JS ..._C 2 r—-
éw R'®

wherein R17 is selected from the group consisting of H, alkyl, aralkyl (e.g.,
benzyl) and heteroaralkyl (e.g., -CHz-imidazolyl); R18 and R1?® are each
independently selected from the group consisting of: H; -C(O)OR29,

25 wherein R20 represents alkyl, aralkyl, and heteroaralky!; -SO,R21
wherein R21 is selected from the group consisting of alky! (e.g., C1-¢ alkyl,
such as methyl), aryl, aralkyl, heteroaryl and heteroaralkyl; -C(O)R21; C4-
g alkyl; alkaryl; and Cga.g cycloalkyl; andris 0, 1 or 2;

(11) akkyl, aryl. aralkyl, cycloalkyl, heterocycloalkyl or heteroaryl;

30 (12) -SO2NR10R14;

(13) -P(O)(R10)y;
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(14) a sugar group of the fornula [err] wher el ang%o and
R26 are independently selected fromthe group consi sting of H,
(derr]-Cerr])al kyl, aryl and aryl (C[err]'-%rerr])al kyl; and R23, R24, R25

5 and Rerr] are i rﬁl;gendent |y selected fromthe group consisting of H,
"]

(qerr]- d er i FaRIHOAT GFHR ef Brerformigaer r]) alkyl, - C(O) (Cerr]
-Cerr])al kyl and -C(Q)aﬁg/b'ﬁgor OR® g2 (15) -CH epgtC(O OR[err],
wherein R28 is sel ect ed¥ m the gr consi stong of H al kyl (e.g.,
-C(CH3)3), aryl and heﬁr@ﬂ@, WOR® OITheClzkpoRnd@R®Bf this
invention: (i) potently i bi§2 far yl protein & @%Qy erase, but not
geranyl geranyl protein trafQtR¥ase 1, CHOR®ro; (ii)oBfd t he

henot ypi ¢ change i nduced. b f qr f transform Ras ich ,js a
1I‘O ar nesao acceptgr but Pmoézgalngr‘%bg?rec \”gﬁEPBﬁ’?Ht[]YgS%%*egﬂbqfnééwaO% be a
ger a%l ger a][lyl aonlei}sting of H,i{Ch-Ob)atkyl,i iwrmhwcancwau%sahdmaﬁf, FRasRehki ch
is a fgarn B [ he a
ger anyl ger ar?illl 8Ad R %Ee?@?{eg?%gﬁ@;‘ |8 {E?%‘g'%qhg?ﬂ%?ﬁfgf’%@%‘gﬁn%%% r(Cﬂ'n
cul ture i nducedGsyalkyt, aryl(tgrﬁaéamym- -Ceg)alkyl and -C(O)aryle @ronpounds of
this invention inhibi{5f a5156yh)OR28 Shkerelfg2d R $lécted from tﬁ’é"@r&d}?
farnesyl ation of the,.onc n r,ot ei Thus, thi's inventidon 20
furt he)r/ provi de§°BS‘§H't’Q(5’89'§f§'ﬂRHP{9"t‘Ir&‘r@%)néwlanﬁrhﬁt%ﬁ%mr ansf er ase,
(e.g., ras farnesyl protein transferase) in manmals, especially
humans, b e adm nistrati .0f an effective amunt .of the i
tricycli cyc@pounds Jé‘fc?‘?fﬂeaungs OP%%W@FM% BotePHY g’i%'ﬁ'% ifﬁ‘fﬁ'eﬁ{’]' Rrptein
conpounds of t htransferase, lut nat gexangigesanyl protein transferasbil} inf vitresi) bjookt ei n
transferase, is R f f I 4
bel ow, & Bhhotybic g RIIEEY o o 1ot of raner ARG et RARN B
treating the farnesyipesepior utdiatbya fara ektransferming fips engiseeradle bepl s,

by adnmi ni st eri ngepdhylgeranyl aéé@ntbh;M#i) DidukThtrabelulsopirRessingfoftMaswhich is
i nventi on. nor refers.to, cell

| w f | w h
i ndependent*bf ﬁggF&gy?@ﬁﬁ?éip&Wt Hﬁkﬂgﬁﬁgﬁé‘g‘rﬁ?md febga Q‘F'%;&Q@Fa@ént act
i nhi bi tion). Thascéptokruatsd (ivhblogkrabrioamal celivgrowath: in (Cllture inducetiwyor cel |'s

(tunors) expresgi : l.xated Ras oncogene; (2) tunor cells in
whi ch the Ras pﬁgﬁgﬁﬂ‘l@?&gvat ed as a result of oncogenic mut ati on

in another gene; and Tm)c%npgmd%nﬂthﬁin\@nann infibit farpesyitpretein transferase
8?3?'1'15 Sgat i ve dhfgangTatissylitioh GHRRE 'GHebgbie pP&tbin'RAS.OThAE CiHisinvention WO
PCT/ US97/ 156h0o further provides a method of inhibiting farnesyl protein transferase, (e.g.,
ras farmesyl protein transferase) in mammals, especially humans, by the
administration of an effective amount of the tricyclic compounds described
above. The administration of the compounds of this invention to patients,
to inhibit farmesyl protein transferase, is useful in the treatment of the
25 cancers described below.

This invention provides a method for inhibiting or treating the
abnormal growth of cells, including transformed cells, by administering an
effective amount of a compound of this invention. Abnormal growth of
cells refers to cell growth independent of normal regulatory mechanisms

30 (e.g., loss of contact inhibition). This includes the abnormal growth of: (1)
tumor cells (tumors) expressing an activated Ras oncogene; (2) tumor
cells in which the Ras protein is activated as a result of oncogenic
mutation in another gene; and (3) benign and malignant celis of other
proliferative diseases in which aberrant Ras activation occurs.



5 ‘ ' This invention also provides a nethod for inhibiting or
treating WO I growth by administering an effective anRt/USI7ISHE

tricyclic conpounds, described herein, to a nmanmal (e.g., a human)
i n need of such treatnent. In particw &r; this invention provides a
met hod for 5 inhibiting or treating the gromh of tunors expressing an
activated Ras onpigefverition ARodstovidestd Aativdd K iBRILRINGESF tregtimgrount
of the above descrlga,'eg c%oun S. Exar}%l f:s of tunor, | ch.may” be
i nhi bited or tumor grp ¥ AQTHDIStging ap £ligsiive ?H?Q%OF&G MeYglic ancer
(e.g., lung comjsouruis, dasoribed heasio] tmaimamenat €e 9. (& hgman)amaeedtafc

s

carci noma such 1 s e I Is 1L.G .caral ), colon
cancers (e.g., %u?h?ieoﬁ“o e@ét gﬁraéﬁ%q'ﬁﬁmg‘ﬁ\gﬂﬁﬂ@ﬁ%ﬁ ae@&%%fg}col on
adenocar ci noneb andnhibiting ocseatingithmgrowth ofitumorsl ekpressinigaan attivated &g e,
el odyapl ast 1 sypiggene  ehdigfibation Bk et sttt B8 e,
carci noma. 15 escriggdicgnmqrecl\{ﬁgd %W?an?fst“mﬁfﬁmm%“E%Beﬂﬂ'ﬂbit%gra
lr)met hod fotr]I i nlh! bi Riéwe%nclude,obuttar@aidtﬂiﬂnimd){td, ﬁmf@éémrgbﬁgeﬁa? , bOE_h o
eni gn and nal i gnan er.ei n_Ras . roteins are aberrantly activate
as a result of on g\,qlcgrqm&)@@ﬁﬁaamq{egp?}ggncers @'g'ggﬂegr-e- -tpé:_a,rmﬁﬂ@q;%gc ene
i tﬁ_el)f i s not1@ct iasafedexempie, @xooring fpaﬂn;leatic carcinomzgeoolon feangersie g, sai d
inhibition or tre | y, t gl | an
i fecti ve ampunt - SPRE EegRPTEs: SHaB R Lor exeRbley U8iof dhdicRbrahyid, i
manmal (e.g., a heelon adaname), otyeleid Heukerniasefar example, apute myalagenoushe
beni gn proliferat iggehrO{ANL))N tvrold RIIRTRAOSdrter AnyelodysplabiieByAdidingii ch
Ras is activated 0 tﬂuagt I'on “or overrgﬁgr_gs& on Of . t yf osi ne
ki nase oncogenes 2@‘%#) addersgarcingma angepigaENakGArCingmA-ne 25 i nhi bit ed
;)r ot refi_t ed by1§ hedt ri CM?IS{ beltwadqut X admgdgmmmcmmmm?s_ a method for _inhri]t_i’mﬁg
ricyclic conpounds ,useful in met hods o is.lnventio inhibi t
or t1eat the abnofhdrearBRiTrafus Ristaspen bath Hiuah A5 walianans, whetein Fas
ib%h't B_e?_r y, | ]E IGS ipeblietvedra Bberrahty activated asda resylt élonddgemia mubalign trh@ther
ibition o pr n: fungti : . rotein
30 isoprenylati oﬁfé Iht% huégﬁgﬁlér%[%%éﬁ?ﬁg%? hﬁr @nﬁlﬁgte@'@?‘b{%ﬁeﬁd?g%o%ﬁ
proliferative oncogpsisaiosmn-With saig inhikioryeoiieatrasnrt keing @accomnlished by

YVi S_hi ng to beadouitge administl"aYloh@@WeﬁéétiviesarhsbﬁWQHetth@}clib%ﬁ@pcﬁﬁiﬁéoundS
inhibit ras fanes ansfﬁr ase

antiproliferati ve%géglr'is;ab%éﬁi&i e rfnélg\ma eg. %Pgﬁ%ﬁﬁ?ﬁ%gg?&%wh trggtment.
DETAI LED DESCRI PTIRAN edfaripie, tHé/bBaRigalbroliferative disorderAseussfisroneatesis, ot he
fol low ng terms 3@?@§?§%%i&eﬁbg‘?§| aBfvAtLd due to mUPHHORorBVAFEMBraEsion of

i ndi cat ed:
PCT/ US97/ 15900 tyrosine kinase oncogenes (e.g., neu, src, abl, Ick,-aqwd fyn), may be

25 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 wishing to be bound
by theory, it is believed that these compounds may function through the
inhibition of G-protein function, such as ras p21, by blocking G-protein

30 isoprenylation, thus making them useful in the treatment of proliferative
diseases such as tumor growth and cancer. Without wishing to be bound
by theory, it is believed that these compounds inhibit ras famesy! protein
transferase, and thus show antiproliferative activity against ras
transformed cells.

35

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



Mt-represents the nol ecular ion of the nolecule in the nmass : ’
spect rum M- represents the nol ecul ar ion p&y&spyygmgen of

th w?ssluo% ,

e nol ecul'é in the mass spectrum 5

benzotriazol -1-yl oxy represents [err] 1

-met hyl -tetrazol -5-ylthio represents - L-

[err] al kyl (including the al kyl portions of al koxy,

al kyl amino and 10 dMbrégieasntsother mplecsitention of the pitleculd ibtiengfagd car bon
chai ns and spe&ﬂ%ai ns fromone to twenty carbon atons, preferably 1 to
6 carbon atons; ’ al kenyl represents strai ght and branched

carbon chai ns havi ng Mii*-represanisthe pilecilanion plus tydmgerdofthesnblecuieand
cont ai ni ng frojR thetiAadd spectrumear bon atons, preferably from2 to 6 carbon
atons and st preferably, .15 from 3 to 6 carbon atons;

al kynyl regesents stqeﬁizémazo%'d'ﬂpéyléﬁ%s@m%on chai ns having at

| east one carbon to carbon triple bongrspd.Montaining from2 to 12 carbon
atons, preferably from2 to 6 carbon 5; YN
aral kyl -represents an aryl group, as'\ agl bel ow, bound to an 20 al kyl
group, as defined above, wherein preferablyyhe alkyl group is -CHerr]-,

(e.g., benzyl); aryl represents asicarbocyclic group
containing from®6 tohgmthyl-tetragglr%-(yhh EREeseMShavi ng at | east one

aromatic ring (e.g., aryl is a phenyl N—=N ring), with all available
substitutabl e carbon atons of the carhoc% lic 25 group being intended as
possi bl e points of attachnent, said carRbc 8l c group bei ng

optionally substituted (e.g., 1 to 3) "gih one or nore of halo,
al kyl, hydroxy, al koxy, phenoxy, errY.,® am no,; al kyl am no, di al kyl am no,
-COOR[ err] or -NJ er rai(isyl (including the alkyl podiong| afyalkexys adedaminosandir at ed

carbocycl i 1 diaskylraiig)a8pRisentd straifhaRICHIRACAEd 'cafbBs chaindarfep " bon
at ons, preferabl

3t car bop at ons. | o.represents
fluoro, chlor Os:or\étpgﬁot?%rﬁaoqeo?ﬂ)?wenty carbon atoms, m@%?%‘xmo-ﬁ eﬁ&&@wa‘%ym ic
groups, optionally suaienyl nepesentshstRSight and bramchddcarbani chgirg havagtatone

E‘étTf ng;;’%ggg%%tsf’gnyc%%& 1> cBfbd dSabE bond aNfcdftairing 9[0;13 21012

het er oat om i nt eanbept atamsa prefesatly dran 2 torficatboncatams andimest prefetably
sufficientys from B¥BarBbn @&bpsal i zed pi electrons to provide aromatic
character, with the . , X
alkynyl represents straight and branched carbon chains having at
least one carbon to carbon triple bond and containing from 2 to 12 carbon
atomns, preferably from 2 to 6 carbon atoms;
aralkyl-represents an aryl group, as defined below, bound to an
20 alkyl group, as dsfined above, wherein preferably the alkyl group is -CHa-,
(e.g., benzyl);
aryl represents a carbocyclic group containing from 6 to 15
carbon atoms and having at least one aromatic ring (e.g., aryl is a phenyl
ring), with all available substitutable carbon atoms of the carbocyclic
25 group being intended as possible points of attachment, said carbocyclic
group being optionally substituted (e.g., 1 to 3) with one or more of halo,
alkyl, hydroxy, alkoxy, phenoxy, CF3, amino, alkylamino, dialkylamino,
-COOR?12 or -NOg;
cycloalkyl represents saturated carbocyclic rings branched or
30 unbranched of from 3 to 20 carbon atoms, preferably 3 to 7 carbon atoms;
halo represents fluoro, chloro, bromo and iodo;
heteroaryl-represents cyclic groups, optionally substituted with R3
and R4, having at least one heteroatom selected from O, S or N, said



aromatlc heteroc clic groups preferably containing from2 to rhon

at ons, Y 0hi enyl (e.g., 2- or 3-thienyl), (2) im daz&%ﬁ%ﬁ%"?
(2-, 4- or 5 5-) imdazolyl), (3) triazolyl (e.g., 3- or 5-
[1,2,4-triazolyl]), (4) tetrazolyl, (5) - 7"~ substituted tetrazol yl, such
as [err] wherein Rierr] represents aryl (e.g., phenyl), alkyl
(e.g., -CH err]) heteraayomlirtgrrupting a cashapyclib gng\stiuctyre)aridihgvingea sufficiant or

3-f 1), (7) thi |
! ;ry )2 py(/ r 2312| nl é’ﬂ of(@é!o&é"'lg%é?’bl)efle%%ns i@groﬁ?d’é BFBrAAfY bhal(a%}?rg)i\fz@ﬁt;\%'1

(11) triazinyl, lﬁuhﬁi?@ﬁdp proqmpregerabiv contamm from 24p 1A carbon
benzof ur anyl ( 1%&@%@%9 Itmbngpz 4 220r 34hxen§l); (231miuazam<ea§0x(22 A-¥dr) -
'¥

(15) doI yJ Benzo y

7-indol yl), 6)5 &"& il (3) tridzoiyt (6.9 3 °f§ B?%"WPB(BM@) }etfa(ZP%' (5)
oxazol yl (e. g Eubsmut@uitaramﬂylphud:h as(18) 2-, 3- or 4-pyridyl or
pyridyl N oxi de (optionally substituted wt rNR[Nerr] and Rerr]),

wherein pyridyl N-oxide can be represented : herr] (19)

i soxazol yl, (20) benzisoxazolyl, (21) pyre6l N (22) benzi m dazol yl,

(23) isoquinolinyl, (24) quinolinyl, (25) pyrﬂ epyrazinyl, (26) pyranyl,
20 (27)benzoth|enyl (28) |sobenzofuran (29) isothiazolyl;

het er oaryl al kyl (Nharethr’-élrame)sentma%émgs pinelngtt)ealtakw g.9rGHp) oaarylalkyl

def d ab th
ST R ol b e TR e 0
het er ocycl oalkyl t

carbocylic ring egrdakinl)g(fNnamasinyk (132) widiesoly], qn8) 21133 44, &) §- drpm 4 to
6 carbon atons, Pb%gf car O§¥£)|tl)c “XQEPQY?(I nt rklptsRcli%b%%Q?nﬁBﬁ‘&ef’tA@ (15)
r | ect d ern

gbg\ljg)s SeLeete sindaiyl (behebpywolyt)l(eag kg4, 3y 44 13s, é-nml Triredolyl},) (16) pyrazolyl

ot ahydr ot hi enyle 8- 4 Bt Sghvrgzol, (1) e B By 2 ra%)s-é °'x‘>pg Y Erny
(e.g., 2-, 3tdor 340p|4pgym@vhw|gyndth wdewptmna}ly substitute@ witgrR3and R

pyrrol I di nyI ) (Whe:l"emoga r?’dﬁ'h@-%&ld@ 6&’:’1 be(r@bré’serﬁéd ﬁsd' oxanyl, (7)

t et rahydopyranyl and (8)" nor phol |ny 1096

PCT/ US97/ 15900 x - 8- The
foll ow ng solvents and reagents ar er fad oop rF,‘I by the

abbrevi ati ons indicated: ethanol ( t ; (EtQAc); N, N

di met hyl f ormami de (DVF); trifluoroacBiic a d (TFA) N- net hyl nor phol i ne
(NWM) ; 1-hydroxybenzotriazol e (HOBT)o trietdryl am ne (Et[err] N); and 1-(3-
(19) isoxazolyl, (20) benzisoxazolyl, (21) pyrrolyl, (22) benzimidazolyl,
(28) isoquinolinyl, {24) quinolinyl, (25) pyridopyrazinyl, (26) pyranyl,
20 (27)benzothienyl, (28) isobenzofuranyl or (29) isothiazolyl;
heteroarylalkyl (heteroaralkyl)-represents a heteroary} group, as
defined above, bound to an alkyl group, as defined above, preferably the
alky! group is -CHy-, for example, -CHz-(4- or 5-)imidazolyl;
heterocycloalkyl-represents a saturated, branched or unbranched
25 carbocylic ring containing from 3 to 15 carbon atoms, preferably from 4 to
6 carbon atoms, which carbocyclic ring is interrupted by 1 to 3 hetero
groups selected from -O-, -S-, - NR10- (wherein R10 is as defined above);
suitable heterocycloalkyl groups include: (1) tetrahydrofuranyl (e.g., 2- or
3-tetrahydrofuranyl), (2) tetrahydrothienyl e.g., (2- or 3- tetrahydrothienyl),
30 (3) piperidiny! (e.g., 2-, 3- or 4-piperidinyl), (4) pyrrolidinyl (e.g., 2- or 3-
pyrrolidinyl), (5) 2- or 3-piperizinyl, (6) 2- or 4-dioxanyl, (7)
tetrahydopyranyl and (8) morpholinyl.



S dinmethyl am nopropyl)-3-ethyl carbodiinde hydrochloride (DEC). :
Ref er ence \*/89&/%8903' tion of the substituents Rlerr], Rer ri*chE@ﬁx%lmo and
S

Rl err] ased on the nunbered ring structure: [err]

Preferably, conmpounds of Fornmula 1.0 are r%presented by 10 conpounds of
Forrmula 1.1: [err] wherein® he substituents are as defined
for Formula 1.0. Conmpounds of Fornula 1.0 include conpounds

wherein R2 and R4  The foligwing solvantmpad:eageatsrarerrefersed ta heein pydher abl y
i ndependent | y sabtﬁ@t/m:h&mﬁ@@atedl5ethahoq910|-ﬁomh9xaemhﬁe BOAdY] NN-Br and

the. 5 posi L1 on SRSRGTTNAMICR,BNE b Bnyergacenc 3ok HR); e ”m%érb' °in
Conpounds of FO(NMNﬁ) 1- lﬁ/dabwbenzotname:(Jlﬁ@@]‘r);istnethylammmstgﬂ)n &fcet4(3-is H

Sel ect ed 1 6m enmigtAERySEigon S RN B UL Mo HIERRSIBRGY o o, )

Rlerr] and R[ err] arBefm’bncemtm position bf the suhstituents R1JdR3; B3candBtis A and

B are each Hz, nji’&{?{g %9(? Getigre:and  C6 is absent; Xis
CH, and R5, R6, an are d’%’g{ 4preer@bly, Rlerr], Rerr] and

R4 are independently sel ected from Br jor St|71I nore preferably, R2

is H Rerr] is Br, and R err] and jgzert endently selected from
Cl and Br. 25 Mor e pr\efér\ ounds of Formula 1.0 are
represented by conpounds of ® Fornula 1.3: WO

W

98/ 11096 1

PCT/ US97/
15900 Preferably, compounds of Formula 1.0 are represen?ed by

10 compounds of Formula 1.1:

wherein the substituents are as defined for Formula 1.0.
Compounds of Formula 1.0 include compounds wherein R2 and R4
are H, and R1 and R3 are halo (preferably independently selected from Br

15 or Cl). For example, R1is Brand R3 is Cl. These compounds inciude
compounds wherein R1 is in the 3-position and R3 is in the 8-position, e.g.,
3-Br and 8-Cl. Compounds of Formula 1.0 also include compounds
wherein R2 is H, and R1, R3 and R4 are halo (preferably independently
selected from Br or Cl).

20 Preferably, R2 is H and R, R3 and R4 are halo; ais Nandb, ¢ and
d are carbon: A and B are each Hp; the optional bond between C5 and C6
is absent; X is CH; and R5, R6, R7 and R8 are H. More preferably, R1, R3
and R4 are independently selected from Br or Cl. Still more preferably, R?
is H, R1 is Br, and R3 and R¢ are independently selected from Cl and Br.

25

More preferably, compounds of Formula 1.0 are represented by
compounds of Formula 1.2 and Formula 1.3:



[err] - wherein Rerr], Rerr] and Rlerr] are each in endent |y
sel ectedW?&ﬁ’]‘HﬁFo preferably Br or d; and A B, éﬁ’% Me as
defined for Forrmula 1.0. Mor e preferably, A and B are each H2; the
optional bond between C5 and 5 C6 is-dbsent; and X is CH Most
preferably, Rierr] is Br; Rerr] and Rerr] are | ndependently Br or
ad, and still nore prefar‘anyER[ ] is A and Rlerr]ais O gor Br; A

Bt | onal bond bet ween C5 any '|s absent
A deﬁgnltlon Oﬁ‘ R, eferred
a preferred defy nit E{;
S ups are as

and B are each Herr]; t
and X is CH.

definition of arﬁ s
benzyl, and preferrel_hete
exenpl i fi ed above. N

] rrgles of -C(O _
substituents are those whesin RlO(d Rlerr] arEe q14 aIkly.B.)

Exanples of -CHerr]CCONR[ery]R err] substituents arejt
15 and Rl err] are H or \a] .
substituent R include grou wherein R13 is: (1) X
-SO[err]NR[err] R err] wher 'n ert] and R err] are sel frpm
t he group consisting of: R (e.g., nmethyl); (@ err]R[err]

wherein Rierr ]y aaghRper 32}@ Ch& ﬁq‘é%bfuﬂ&nﬁv Befe ﬁhb? H and
20  al kyl hyl Exanpl
of |mada%/es(e preferaalys&?qr lug:dg:%@ &]anﬁéwara aa[@gf%r}pd.f?r%ten a 1.0. AP e
rgrsgrgggl e, 'Mb?’é‘??éfe?%&ﬂ snla?]rg Bta-rratedahl H%Nth@ groﬂapsormrewvaeﬁhe' &hd
-SJerr] Nl-rgerr(](ggns absent; g F?ﬂﬁ-rc%ﬂt’-fer%ﬂy q R4 are

- O (?) l\IHCH[ erf ]mdeﬁéﬁéemt])ﬁB’{' er Cll, and! stilCaidrélprefdrab rHC] is (Zl5and Béaﬁrmsarof
i m dates al so
sel ected from $ﬁ2i éﬂgﬁggéjgé?@?ﬁng}\%f’&%%% d?glq%‘d Ceis absent
-SOerr]NH errdand XisCH. -SJerr]NHCH err], -SJerr] N(CH[err]

-G ONAHCHerr], - Sqnelrh'e] é&f{n‘ﬁf&ﬂ of"‘ﬁd i gé@ ee( E} | nCF& lé!efrmtlonpof aryl is

Exanpl es of im dam do group

wherei n R19 i sPhanvca é’deﬁeff@ﬁﬁ @&f@l@cpra)@ﬁ aéQihtdr@theﬁgybﬁ"d(R[?de peterearyl 3) 30
-ORferr]; (4) arﬁphetérbt%leark RoRuds dfecaserRemptified apode R err] are
| ndependent ly sel eCItExamples of - (?)% 1 substituents are those whargin R10 and
PCT/ US97/ 15900 vhergin
fromthe groupRtbas Btomakgf: H and al kyI (e.g., methyl), (5)
sel ected from the desamPlesSFCHEGERIIORT SRR idnd ol NP GRERRAYY
(6) -SOeib]- aan@R mer(walk&tc» aryl . Exanpl es of the ini dam do
groups al so incl udeggspuRs émﬁ{r& t’és%?sﬂﬁ&rtueﬁt R rﬁilﬁ&é éﬁﬁ%ﬂe’i‘exhrﬁw
| mdam do str uct l( 1) CS\J ) H; (é)) S 2NII-'§[‘5'H:{+r wherem %1‘3 lﬁg' 4 Gre Solected from
the group consisting of: H and alkyl (e.g., methyl); (4) -C(O)NR10R14
wherein R10 and R14 are selected from the group consisting of: H and
20 alky! {e.g., methyl); (5) -SO2-alkyl; or (6) -C(O)-aryl. Examples of imidates
also include groups wherein R12 is phenyl.
For example, imidates for substituent R include groups wherein R13
is selected from the group consisting of: CN, -C(O)NH2, H, -SO2NH3,
-S0O2NHCH3, -SO2N(CHa3)2, -C(O)NHCH3, -S02CH3 and -C(O)CgHss.
25 Exampes of imidates also include groups wherein R12 is pheny! and R13
is selected from the group consisting of: CN, -C(O)NH2, H, -SO2NH?>,
-SOoNHCH3, -S02N{CH3)2, -C{O)NHCH3, -SO2CH3z and -C(O)CgHs.
Examples of imidamido groups for substituent R include groups
wherein R13 is selected from the group consisting of: (1) CN; (2) H; (3)
30 -OR'0; (4) -SO>NR10R14 wherein R10 and R4 are independently selected



part of Rlerr]) are selected fromthe group consisting of H and alkyl

(e.qg., Wrr]) and wherein Rlerr] is Hor heteroaral
3-pyridyl me y’f For exanpl e, im danido groups",}i:rzi-l"'rs(p'?‘ﬂ&m
substituent R include groups wherein R13 Is selected fromthe group

consisting of: CN, H, -OCHerr], -OH 1 0 10sgerr]NHerr],
-SJerr]NHCH err], -SOerr]N(CH err], -C(ONHerr], C(O)NHCH[err]
-Sqerr]CH err] émch the{ Gyaiipecodsifting ])f Heandplias (af., imetHay] @9 -O(OyNFF10R 180
i ncl ude IUeRSInRE0 Shet 892 A0fhd3banAb Ay ShIEEHD s§ &, ere group

2

consisting of: H tgrlr' f
Exanpl es of the Pﬁﬂ@&ﬁﬂQ@fs’dmd alphtesg.atmatbylkr(g) + -raﬂiyu(ml@(ﬂ()uﬁ@)-aryl

wh R10 d
byr 1 dyl et g - Eg%ﬁé.gs‘” ?“@E'??’?'ﬁ’%%UES%%W'“E’%n ggg""g' pifl RIS afid
-OCH err], - 615&\9"1 imidaryg %W‘]‘NF[Q—('@M']N th@@ anarﬁ(‘érwweh pre
I- < Ozjl(;lH'E err ] 2§art d?(ma)h\@é'[s@lédted fromh ﬂfe;) ! drisis%ﬂ O‘ftq Sh léerrl.
n addition, exa Stitu i?
i ncl ude groups wh r@h@fﬁnd(@erﬁf% # '%g'g r:ﬁ%t,e,r?argﬁg i‘l‘g S?dp C&?’T‘F . 3-
pyridyl met hyl ; and (2FdR[eman]plannImBaarnd¢ gmr.msi—f,orauusmenrm meludelgwmml from

t he group S err
- s err] NHCH errrm%?%? ) Lﬁ?éﬁf‘ ﬁw *@ﬁ?" %
-Sqg er r] CH Q] a$@2N¢QzD)- Ha: r$O2N(CHg)z, -C(O NHEX‘&}@)NH

-am no- 2-ni troet \ on oups
- am no- R[ T I;BD? ;Pﬁhd @‘(?YG?:%1 Ex%%@ﬁééb‘f‘ﬁﬂfdaﬁu% grorlr?é Hﬁbgﬁﬁraé o
Rlerr] is prefer GHYP WWI"e‘ eq and#t'h\are %ﬁeqﬁ?%frﬁm the group caasistingiatnby | -
exanpl es of R16 hatjer oaryl groups are pyridyl, indol yI 30 pyrrol yl and
N-substituted pyrrolyl (e.g N-al kyl pyriplyl, such as N-

al kyl pyrrol -2-yl, such as, N-rrethylpyrrol\lbl Wen Ris -CCOORerr],

Rl err] S preferabl y al kyl, e.g. or aral kyl, e.g., benzyl.
Wen R is [err] andr |so lR[e r] is preferably H,

WD 98/ 11096 N PCT/ US97/ 15900
- 11 - al kyl , i het eroaral kyl, and Rferr] and R err] are
preferably I—Ts hé 3 %& gﬁ{)whereln R[err] is alkyl, -SOerr]Rerr]
wherein Rlerr] is alk xampzte@)cri[tbenmldamrdo Wimhmermtﬁpddlfpnaﬂy incjudengraulpsy | ;

when r is 1 or ZWrHrSH RT0sariyf R1® raff‘@'sléléétéﬁ‘ oﬁ[ e'grou consi@ﬂ
preferably al kyl £ R i § F% err {‘ﬂ;j and
Rlerr] are pref ePXBg\ﬁ’”T‘PtBVl éﬂﬁ% s selecte qiipl B

Rlerr] is preferaDOHa) {OH, -SO2NH,, -SOzNHCHa, -SOgN(CH3)2, -C(O)NHg,

20 -C(O)NHCH3, -SO2CHg and -C(O)CgHs.

In addition, examples of the imidamido substituents additionaily
include groups wherein: (1) R13 and R10 are H, and R4 is 3-
pyridylmethyl; and (2) R10 and R14 are H, and R13 is selected from the
group consisting of: CN, H, -OCHg, -OH, -SO2NH5, -SO2NHCH3,

25 -S02N(CHag)2, -C(O)NH2, -C(O)NHCHg, -SO2CH3 and -C{O)CgHs.

Examples of 1-amino-2-nitroethylene derivatives for substituent R
include groups wherein R10 is alkyl, e.g., methyl.

When R is -COR16, R16 js preferably alkyl, e.g., methyl, or aralkyl,
e.g., benzyl; examples of R16 heteroary! groups are pyridyl, indolyl,

30 pyrrolyl and N-substituted pyrrolyl (e.g., N-alkylpyrrolyl such as N-
alkylpyrrol-2-yl, such as, N-methylpyrrol-2-yl). When R is -C(O)O-R16, R16
is preferably alkyl, e.g., methyl, or aralkyl, e.g., benzyl.

El) I;l 'R“’
—C—C—(CHz)r =N _
When R is RY7 ,and ris 0, R17 is preferably H,



Wien Ri's a sugar, it preferably has the formul a wherein Rerr],
Rlerr], R eMO9%448PR err] are -C(Oal kyl, especially acetyl. EGTUSI7159%00
Preferred R groups are -C(ONRerr], -CHerr]CCONR err] wherein

Rlerr] is preferably H and -SOerr]-al kyl; ldreferably -SO2CHS.

Compounds of Fornulas 1.2A and 1. 3B: [err] are preferred
when X 1s CH or MioRtalfyPor hetdfbaFdlkylRBAdMR™ and 71 8!deterdBly H, The
preferred conpou%f o) 55” % | n,veﬁ on ﬁre éapb%ie t ed, i,e

conpounds of For Ad({QEIR<Y whereip, r% is alkyl, -SO2 gfeiy BFf js aliylerG(OM3AI
Rlerr] are hal o amréineReeiwanyt ooalkyhsiwheness &2 RY is preferdﬁg'ﬂ%daﬁwe,
w th conpounds of CF’Oﬁ{’g.H a 1.':'* %(?I nﬂ(yrlmre preferred. WO 98/ 11096

PCT/ US97/ 15900 2an are preferably aiyl. - 12 -

Lines drawn iSito the When ) ist-8@:NRIPRH, Rt0had A1d arediretsrablytdod alkyl,
may be attached to an k b fonit | at ons.

Certai n conpounds of W@éﬁ‘m_ﬁnﬁ@ﬁ(ﬁn@zﬁﬁ? ér%%&?ﬁ@%ﬁ&{t | soneric

(e.g., enantioners andVoer§ israsuganmit preferablishasihe fomaia i on

OR25 OR24
F 3
7 ORBV

CH,OR?®
wherein R23, R24, R25 and R26 are -C(O)alkyl, especially acetyl.
10 Preferred R groups are -C{O)N(R10),, -CH2C(O)N(R10), wherein
R10 is preferably H, and -SO2-alkyl, preferably -SO2CHa.
Compounds of Formulas 1.2A and 1.3B:

N
and ("j R (1.3A)
N
/

a%er

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

wherein R1, RS and R4 are halc and the remaining substituents are as
defined above, with compounds of Formula 1.5A being more preferred.



5 contenplates all such isoners both in pure formand in adm xture, °

I ncl udi ng {god" Xtures. Enol forms are al so included.
. W&{Hl 9 : A PCT/US97/15900
Certain tricyclic conpounds will be acidic in nature, e.g. those

conpounds whi ch possess a carboxyl or phenilic hydr oxyl group. These
conpounds may form pharnmaceutically accept Ble salts. Exanpl es of 10 such
salts may include sodi um potassium calcium alumnum gold and

silver salts. Al so cdinesigrawrintatbe JhﬂgtsystemﬁmimteHh@htgteﬁad'@ate'ct‘,mmq'

acceptabl e am n Iy \ ; PO m nes,
N- rreltohyl gl ucam ﬁ?@ﬁgfﬁ@h?m@”@ oﬁh&%h?@%f%{]?%?ﬁsgasih%% c.gcl I C
conpounds al so form m%mn%q%‘” thg inveptiop ngy exi éﬂf’&er%".“d.?m§5Fd

addi tion salts. (&g, enationeerstdred gigstéleoisomers) fonnkr dwningention may form
salts with rong cid, ., whi te cgr?ounds (ﬁﬁv.i 21% f gasiﬁ SL{bSt i tuents
such as anim gf U%“Blla?cﬁ? SHEQ dyqroery heth jp prxe form and I, adpuXtuEe, , ) 'es of
sui tabl e aci ds firmludinalgtratemimmixtures.e Enptformisl ameialso included. sul furi c,

phosphoric, acetic, Ghtki:C, . .QXall | on Loy I.C ric, 20
succi nic, ascorbic, f%%%él'ﬁ ,?'%é@ﬁaé?e@ﬁ&f@rﬁ @illat?]é;’i‘glgg ﬁ'Je.'b Cnn%t{r{?r’ e?l'g'athggg
car boxyl i ¢ aci dsomgaundsowhichapassess a earbeyylen phensdc fwdrexyh geoun- e paessl by

contacting the GhRfpdARR may Toih (dhatmaebiticdiftccapibl satts.t BRafpid 60 acid
to produce a salt |'n the cofpventiong|l manner. The Ir.ee base forms r¥ be
regener at ed &y ﬁPEbtﬁ% TRY N’éﬁp@e KM ROIASSHM: Al 98@% dosg
sogutig_n suct:)_h asgaléﬂ slélfs.%ls@gm@tbh@hte}gl@@%ﬁan?mwd;withtpmarmmauii@uy _

and sodi um bi carbagnaj e. e free base forns_differ fr t ve
salt forns soneﬁﬁﬁ?pf*l%@mla?ﬁ SHHBascﬁ'ﬂ‘”b%%e‘?'[‘}"eaé’,“%ggh@@i‘%‘?‘ﬁ%ﬁﬁﬁ% in
pol ar sol vent s, Nontethhiglesaninanahdtteelikeal t s are ot herwi se equivalent to

their respective fre%&ﬁiﬁtgﬂgﬁiéﬁic [&g@ﬁg&t’i@%g%séfﬁn{ BN&%é&Hﬁcaﬁp

Al'l such acid and base salts are 1'nt ende er armacpgéjthca \é
accept abl e Hal t acgeptable sakis.se.8pacid agdiion salls: iFoR eXAAPE: tha BYHY8hd base

salts are consi ¢pr6gerPawmaIneay fdrtn 5AKks hithastiongracidfwhikeconpoeagohdiing
conpounds for p pses nds_,of the

rp of the 1nyention.
i nvention may b aﬁfﬂ‘eﬁ%‘i’%&“ﬁ'&f&ﬁ%\(‘@s fgine groups als?)ﬁ%@%ﬁﬁq?sg@ﬂﬁé%%%eﬁed in WO
95/ 10516 publ i shkeidsiExdmpies cf3rable acids faogsnidimgtiémare bpdioshldBer i al No.
08/ 410, 187 file .ch 24 5, s s C [ pLi oy ¢l .
08/ 577, 951 fil e%”@@éh%ﬁ?s‘ﬂ‘]z’_’,g&l&&%f“” citic? BRE] 'é%?@(‘i'h%%‘ﬁ?'%po'ﬁﬁf@%‘?’éﬁ“?
Serial No. 2B/ 6E8ICTHUG, asqoskichmaleicl gethavasulfonic angotier Mipgral and
PCT/ US97/ 15900  ¢carhoxylic acids well known to those in the art1Jhe salts aretdi‘r@f)(a)(ed by

and accor ding t SOTFRETRIGDEAIFSEaqRIBIT B &8HERent BoUAT o the Srset Ridor
the invention cap predacepasatdinthercomventional mannerc dheoinee base forens mayben:
regenerated by treating the salt with a suitable dilute aqueous base

25 solution such as dilute aqueous NaOH, potassium carbonate, ammonia
and sodium bicarbonate. The free base forms differ from their respective
salt forms somewhat in certain physical properties, such as solubility in
polar solvents, but the acid and base salts are otherwise equivalent to
their respective free base forms for purposes of the invention.

30 All such acid and base salts are intended to be pharmaceutically
acceptable saits within the scope of the invention and all acid and base
salts are considered equivalent to the free forms of the corresponding
compounds for purposes of the invention.

Compounds of the invention may be prepared according to the

35 procedures described in WO 95/10516 published April 20, 1995,
copending Application Serial No. 08/410,187 filed March 24, 1995,
copending Application Serial No. 08/577,951 filed December 22, 1995,
and co-pending Application Serial No. 08/615,760, filed March 13, 1996,



[err] ° wherein all substituents are as defined for For .t h
1-N-t- wo[ﬁff‘é??;‘?car bonyl pyrrolidinyl acetic acid under s??réé‘%% s

coupl i ng
condi tions e.g., at roomtenperature in a solvent such as DMV and in
the presence of coupl i ng agents such a8 DEC, HOBT and
N- net hyl nor phol i ne, to produce 10 a conpound of the fornmula:
[err] or the disakisungs af eaop beirg dfcoFparatddhhdiid) byirkference thereto;

N- boc- honoprol i Qﬁ%grcg%é‘gbQX"hgﬁ’tﬁgée%%r}ggredr%@ﬁgﬁrb%éwl i ng conditions

e.g., at roomte ) / and in the presence
of coupling agents sGempeunds ofDbe invention san henpreparethbpieacting at o pr oduce

a conpound of tBsmpoundéttAtlfémula: WO 98/ 11096

PCT/ US97/ 15900 - 14 - [err]
1 . R?
Rc\_d\
I\ \R4
(19.8)

wherein all substituents are as defined for Formula 1.0, with 1-N-t-

butoxycarbonylpyrrolidinyl acetic acid under standard coupling conditions

e.g., at room temperature in a solvent such as DMF and in the presence of

coupling agents such as DEC, HOBT and N-methylmorpholine, to produce
10 a compound of the formula:

/)\/O
o N-C(0)OC(CHa)3 |

or by reacting a compound of Formula 19.0 with N-boc-homoproline
methyl ester under standard coupling conditions e.g., at room temperature
in a solvent such as DMF and in the presence of coupling agents such as

15 DEC, HOBT and N-methylmorpholine, to produce a compound of the
formula: -



Qcorrpound of Formula 20.0 or 20.1 is then reacted with TFA fol | owed
y NaCH t 0 e a conpound of Formula 21.0 or 21.1, ﬁg&ﬁ |y
[err] 9891% 1- N-t - but oxycar bonyl pyrrolidi nyl acetic a}{:l |@%¥‘Zpared
accordi ng to the procedure described in J. Med. Chem, 33 (1990), p.
71-77, by reacting hono-[err]-prol i-nd4wi th di -tert-butyl dicarbonate
at pH 9. Using (R -(- )- or (S)-(+)-hono-[err]-proline produces the

corresponding (R)-(-) or (S)-(+) 14 t-bgtoxy conpound, which in turn wll

produce the corresponding (R)-(;) or
N- Boc- honoprol i ne, prepared N
Hel vita Chim ca Acta, 59, (1976):(

t he conpound of Fornula 21.1. b-

d (S) p+) conmpound of Formula 1.
, the procedure descri bed
8, produces the (S) isoner

ds of Formula 19.0 can

prepared according to the 15 pré@edurbs di scl osed in WD 95/10516
publ i shed April 20, 1995 and R? Ap(pl)kqat pn@@grl al No. 08/577,951 fi

Decenber 22, 1995, and Seri al

Y filed March 13, 1996,

t he di scl osures of which have R° akreﬁ' een incorporated herein by
ref erence thereto. 20 WO 98/ 1109
PCT/ US97/ 15900

exanpl e,

preparation of the corrpound@ N'C(O)OC(-C"%% _- [err]

A compound of Formula 20.0 or 20.1 is then reacted with TFA
followed by NaOH to produce a compound of Formula 21.0 or 21.1,

respectively:
R! R!
.d .d
A g

R X R X
Rs\/ >R7 (21.8) Hs\/ \/FV (21.1)

Lo L5

1-N-t-butoxycarbonylpyrrolidiny! acetic acid is prepared according
to the procedure described in J. Med. Chem., 33 (1990), p. 71-77, by
reacting homo-B-proline with di-tert-butyl dicarbonate at pH 9. Using (R)-(-
)- or {S)-(+)-homo-B-proline produces the corresponding (R)-(-) or (S)-(+)
10  t-butoxy compound, which in turn will produce the corresponding (R)-(-) or
(S)-(+) compound of Formula 1.0. N-Boc-homoproline, prepared
according to the procedure described in Helvita Chimica Acta, 59, (1976),
p. 1918, produces the (S) isomer of the compound of Formula 21.1.
Compounds of Formula 18.0 can be prepared according to the
15 procedures disclosed in WO 95/10516 published April 20, 1995 and
Applications Serial No. 08/577,951 filed December 22, 1985, and Serial
No. 08/615,760, filed March 13, 18986, the disclosures of which have
already been incorporated herein by reference thereto.
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ed in Preparative Exanple 8, Exanple 18, tive
Exarrpl es ivéigéﬁ_yﬁég and 10, respectively, of Application Serl aI k‘gw

08/ 615, 760. These internedi ate conmpounds, representative of the

conpounds of Formula 19.0, can be reacted M th 1-N-t-butoxycarbonyl - 10
pyrrolidinyl acetic acid or N-boc-honoproline to prepare the respective
conpounds of For nul &orZxammple, preparation Gftip@sospoohdé:or mul a (19.0) are al so
prepared as disclosed in 5,151, 423 and acc ng to nethods

descri bed bel ow. Conpp @h9. i C CPB posti on
of the pyridine ring in 5 strucfure ed by brono

and R err] and Rerr] are~ selke pfdr ogen and
hal o can al so be prepared by a co i sijng the follown
st eps: WD 98/ 11096 a PCT/ US97/ 15900
- 16 - (a) reacting nm de of the fornulja err | wherein
Rlerr] is Br, Rerr] is hydrodeg<and Rerr] is (errNCrerr] al kyl, aryl or
H ; H :
Br Br
Br == a Br = a
" L\ 4
N | N
; ()
H 1 H 1]
Br = a Br = C
\_ ~ \
N l N
Br [Nj Br
N N
H ; H ;
Br
Br = c
\
N
N
5 and H

are disclosed in Preparative Example 8, Example 18, and Preparative
Examples 4, 6, 7, 9 and 10, respectively, of Application Serial No.
08/615,760. These intermediate compounds, representative of the
compounds of Formula 19.0, can be reacted with 1-N-t-butoxycarbonyi-
10 pyrrolidinyl acetic acid or N-boc-homoproline to prepare the respective
compounds of Formulas 21.0.
Compounds of formula (19.0) are also prepared as disclosed in
U.S. 5,151,423 and acccording to methods described below. Compounds
of formula (19.0) wherein the C-3 postion of the pyridine ring in the tricyclic
15  structure is substituted by bromo and R3 and R4 are independently
selected from hydrogen and halo can also be prepared by a procedure
comprising the following steps:



heteroaryl; Rerr] is (Jerr]-Clerr] alkyl, aryl or heteroaryl and R6a s
hydrogen; Ry®9sRieegnd R6a are independently sel ected fromth? 15900
consisting of CJerr]-Cerr] al kyl and aryl; or Rerr] an %lerd,
together with the nitrogen to which they ar attached, forma ring
conprising 4 to 6 carbon atons or conprising’3 to 5 carbon atons and
one hetero noiety selgcted fromthe graqu onsi sting of -O and
-NR[err], wherein R[eég]"efa gting a@[?é?'ﬁg ‘%[tg?ﬁ?ma-l'ﬂyl or phenyl; 10 with a
conpound of the formula [err] err], Rerr], Rerr] and
Rlerr] are are independently sel ected fro group consi sting of
hydr ogen and halo and Rerr] is d or Br, N presence of a strong
base to obtain a conpound of the formula (b) reacting a
conpound of step (a) with (1) r] to obtain a cyano
conpound of the Wherein R11ais Berﬁlﬁa is hydrogen and Rf{auspﬁcgamyltmypm ain an

compound or E e 'Eﬁ‘é%‘ i 5% GGyl and or heterghni SR ASAS MBSO Bes,
[err] Wp oggnd é are lndepencﬂantly selected from the group consisting of C1-Cg
PC|T/ US97/ 15900 alkYI and ary fI or H5ahand R62, together with thelr?ltr%gen to wﬁfﬁ}?fl%:yrhre I's
ot e 0k onE SACHEHE ot 8Pt cermbrBa b 2eitih, Stossg ek eomerising  fo
carbon atoms and one hetero moiety selected from the group consisting of
-O- and -NR92-, wherein R92 is H, C1-Cg alky! or phenyi;
10  with a compound of the formula

wherein R13, R2a, R32 and R42 are are independently selected from the
group consisting of hydrogen and halo and R72 is Cl or Br, in the presence
of a strong base to obtain a compound of the formula

R1a

2a
Br ~# R

SN l o] R
15 NRSapéa R
(b) reacting a compound of step (a) with
(i) POCI3 to obtain a cyano compound of the formula
R1a
Br l R&
| R
N Ria ;or
(i) DIBALH to obtain an adlehyde of the formula
R‘la

—d
X
N

RZa

N o] R3a
20 H R%
{c) reacting the cyano compound or the aldehyde with a piperidine

derivative of the formula
-



[err] ° (d) (i) cyclizing the ketone with CF3SO3 N a
conpound o'{vo%s’"?%?rrml a (19.0) wherein the dotted Iine repregté?]@gpgfsgdgﬂbl e
bond; or (d)(ii) cyclizing the alcohol w th pol yphosphoric acid
to obtain a conpound of formula (19.'0)17\/\/herei n the dotted |ine
represents a single bond. Met hods for preparing conPounds
of formula (19. G/hedeladl. isadeaving @grovipseidcted irom thesgraiplsansistingaotiCl and

descri bed bel o &?taﬁw érlée?drﬁl[ bFaP alcoﬁiﬂtd?’?ﬁe 'fmlg?&&ﬁlere R?BE"\iely

i nternmedi ates o nul a rein
Rlerr] and R[err] are mdependently

con5|st|ng

Iected fromthe

of hydrogen and hal o, &aQ ke _p aLed Rt he f Bt , SS
conpri si ng: (a) rg I ng corrpound of tH s

[err] 7 T g9k ne opf t hE ' - 6a,
wherei n R5a and Rlerr] e as;:pkaflned in the pr ess Rbove in the

presence of a palladium 20 (calalyst and carbon nonpxifde to obtain an
am de of the formul a:

(ii) with an al cohol of the forrrul a Rlerr]OH, _wherein'Rerr] is

Clerr]-Cerr] |ower #iXilcyoliziogdhe ketine withdyEs3Qskito, ohtain & eoppesed @ of a
| 1 adi th

pal | adi um 5 %ﬁméx%g\g}g@ dgg{é GBRE A8 refredah®l A ddidIeBbRE; @F the

formula [er
PCT/ US97/ 15900 (d)(ii) cychzmg the alcohol with polyphosphoric acid to obtain a

compound of formula (19.0) wherein the dotted line represents a single
bond.
Methods for preparing compounds of formula (19.0) disclosed in
10 WO 95/10516, U.S. 5,151,423 and described below employ a tricyclic
ketone intermediate. Such intermediates of the formula

H1a

Rﬁb 4 \ RZB

—

N O Rt R

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

(a) reacting a compound of the formula
Rﬂb

Z
TX
Br

(i) with an amine of the formula NHR53R63, wherein R5a and
R6a are as defined in the process above; in the presence of a palladium

20 catalyst and carbon monoxide to obtain an amide of the formula:

11b
R =~

<
N o)
NRSaRSa; or
(i) with an alcohol of the formula R1020H, wherein R102 is
C1-Cg lower alkyl or C3-Cg cycloalkyl, in the presence of a palladium

catalyst and carbon monoxide to obtain the ester of the formula
R11b Z

Lo

25 N ontos



- 18 - foll owed by reacting the ester wwth an am ne of formula

NHR[ er r | Rivg6lok/1 {006 obtain the am de; (bi’c? 4 shgy the
am de with an iodo-substituted benzyl compound of the tormu

[err] 5 wherein R err], Rerr], it err], Rerr] and Rerr] are as
defined above, in the presence of a strong base to obtain a conpound

cycl i 7 ng 5 conSAPMBSY toactinggne sty wih an sl pruaEraRcy 1
Rl err]aMgL, whePRigin thepmides Jerr]-Jerr] alkyl, aryl or heteroaryl and L

is Br or d, f r&f N
Rlerr] or Rerr f )Ol‘é‘a@ ﬁ%?ﬁggﬂagﬁm ggg?gé%\?mg%ﬂggbdsﬁ g %ﬂ'ﬁ)dﬁ‘?l@ ¢t
N prot ecti ng gr%\?p rmula (+)-1soners of conpounds of for nul a

(19.0) wherein Xis C and the doubl e R¥¥nd i s present can be prepared
wi th high enantioselectivity by 15 A_prg@ess conprising enzyne
catal yzed transesterification. R'f by, a racem ¢ conpound of
formula (19.0), wherein Xis C and the ouble bond is present, is
reacted with an enzynme such as Toyobo LIF R¥300 and an acyl ati ng
agent such & trifluoroethly isobutyrate; t hB%r esul t ant (+)-amde is

then hydr ol yzedwhbpdingx@F2e Rgarpid gxd myawirh *&s%fﬁ%bcbbwgﬂg t%% 4Bre?énce

H S t h di - .
e ST bt Bbdo e WirbiBi BT SR 0 | known 1 < he.

art, e.g., by using DI BAL AI ternatively, glaracem c conpound of
formula (19.0) wherein X g1y CH nd is not present,
can be prepared by first re of formula (19.0)
wherein X is C and the double 25 to the correspondi ng
racem ¢ conpound of forrmula (19.0) N CH and then treating
with the enzynme (Toyobo LIP-300) and NR&?!@"W #Y ng agent as descri bed
above to obtain the (+)-am de, which is hydrol yzed to obtain the

optically enriched ({g)- cyciizing alovnapquref ef steg (b) with a mugentidbt thepformes, the
gc_lr? U%g?}stlgyégr‘ﬁ“@gﬂ?hh*é\‘é’i.hqqﬁﬁs 91-93 AR 28H} %?%Qte_roigl and Lis Bror Cl,
provided that prior to cyclization, compounds wherein R52 or R6a is
hydrogen are reacted with a suitable N-protecting group.
(+)-1somers of compounds of formula (19.0} wherein X is C and the

double bond is present can be prepared with high enantioselectivity by

15 using a process comprising enzyme catalyzed transesterification.
Preferably, a racemic compound of formula (19.0), wherein X is C and the
double bond is present, is reacted with an enzyme such as Toyobo LIP-
300 and an acylating agent such as trifluoroethly isobutyrate; the resultant
(+)-amide is then hydrolyzed, for example by refiuxing with an acid such

20 as HaSO04, to obtain the corresponding optically enriched (+)-isomer. The
double bond can then be reduced by methods well known in the art, e.g.,
by using DIBAL. Alternatively, a racemic compound of formula (19.0)
wherein X is CH and the double bond is not present, can be prepared by
first reducing a compound of formula (19.0) wherein X is C and the double

25 bond is present, to the corresponding racemic compound of formula (19.0}
wherein X is CH and then treating with the enzyme (Toyobo LIP-300) and
acylating agent as described above to obtain the (+)-amide, which is
hydrolyzed to obtain the optically enriched (+)-isomer. In a preferred
enzymatic process, the C-10 substituent is not hydrogen.




Conpounds of fornula (1.0) conprising a pyridyl N-oxide in the

tricyclic powoissni@s t he nol ecul e can be prepared by procedur &CTEIN/15900
known in the art. For exanple, the conpound of formula (19.0) can be
reacted with MCPBA in a suitable organic solpment, e.g., CH2A 2 (usually 5
anhydrous), at a suitable tenperature, to obtain an N oxide of formula

19.1 | f
formila (19.0) i 5. cobl Sgnpgunds of SBARERL *Zf?)ri%ﬁ%ﬁ%'ﬂé@ By BRI thech ©
The reaction is t¥ExClg Pettioa ¢fdhegnolgsile ean bedweparaskbyPreeedures welt he
reaction period. mﬁfv@lﬁstﬁeedn Ford&hﬂfb!étthﬁ% Urﬁ?@ﬂﬁfn%lablﬁ@b paabe

o aqueous sof ut | GACAT WRBIVEREA R a suitghB5raant SoNaRt,B.4.c bHebiedieial or |
NaOH (e.g., i 5N I\mmﬁdroasn)dalla&sunmbleatémperatmeto ebtainl anuN-oMiO4f fothrila

sol ution cont ai ni f e product can be 15 concentrated in vacuo, and the
product can be pu ed by standard nmeans, e.g., by chromatography
usi ng silica gel (e g., flash col umm chAgma

Bgr aphy) . To
produce the conpounds of Formula 1.0, c a f
reacted with reagents appropriate for at tet
exerplified bel ow. Those skilled in the apy 4 QRedtat e t hat t he
nmet hods of preparing of conpounds of For %{\ b are not linmted to
the follow ng exanpl es, but that other pr cgdur)%*known in the art may

y | a 21 are
g’%ari ous R 20 groups as

al so be applicable. Fol | ow ng {es exanpl es of the
preparation of various starting 25 materla REdi ng (R)-(-) and
(S)-(+) 1-N-t-butoxycarbonyl pyrrolidinyl- . acetlc acid, and of
conpounds of fornmula I. H  PREPARATBVE EXAMPLE 1

(R)- (=) 1-N-t-but oxycagRRKhY fePbighinty boWeRSiior o) hamula 11§l is cooled
about 0°C before the MCPBA is added. The reaction is then allowed to
10 warm to room temperature during the reaction period. The desired
product can be recovered by standard separation means, for example, the
reaction mixture can be washed with an aqueous solution of a suitable
base, e.g., saturated NaHCO3 or NaOH (e.g., i N NaOH), and then dried
over anhydrous MgS0O4. The solution containing the product can be
15 concentrated in vacuo, and the product can be purified by standard
means, e.g., by chromatography using silica gel (e.g., flash column
chromatography).
To produce the compounds of Formula 1.0, compounds of Formula
21 are reacted with reagents appropriate for attaching the various R
20 groups as exemplified below. Those skilled in the art will appreciate that
the methods of preparing of compounds of Formula 1.0 are not limited to
the following examples, but that other procedures known in the art may
also be applicable.
Following are typical examples of the preparation of various starting
25 materials, including (R)-(-) and (S)-(+) 1-N-t-butoxycarbonylpyrrolidinyl-3-
acetic acid, and of compounds of formula I.

PREPARATIVE EXAMPLE 1
{(R)-(-) 1-N-t-butoxycarbonylpyrrolidinyl-3-acetic acid

AN N> cooH
COOH  ((CHy),cOC0RL0

o

N N

H 1 OJ‘ O-C(CHa)a 3




- 20 - Suspend 3.8 g (29.43 mmol) of (R)-hono-b-proline 1 in 75
mL of wogghedes] OHHerr]O (1:1). Adjust to pHwith 1 N peghse g’ 06 9

(32. 34 nmol) di-tert-butyl dicarbonate slowy (25 min) while

mai ntaining at pH 9 and stir t he rri re at roomtenperature

overni ght. Concentrate the m xture in vacuo to a residue, then
partition the resid e bet é: ]lgg CH e err] and 100 n1_ of 10%
citric acid (aqueou )‘p??@%t 8 gﬁ?mid °°b-Pr°“n§§cm i of

concentrate i "CHaOH$0 {a1)i Adjudt to quxntmrwmmH 3Add7.06 g=E(X§34 mmﬁ C
Mas Spec.:

'S Oy 1l ey dieBeButyl disArhanate slowly P min) whiipaintaing at pH & and Stir -

React 1.9 g ( lthémintute) atofoofrsjernpematirepovarigbt. 2ConcéntBatdé3he niiktubé in

I f die-t b d
T hsor 08 cfacd¥tyh rELEREDHA Battiibhthe g%ﬁg@é‘bbﬁbééh 108 e BRI R O
230; [err] NwvrNEHOmE Erqf 102’9@ltmﬂfptd (acm!egus ) ( tgﬁ)orggn@ phaselower; 2.4-2.6
(m 3H: R Sdﬁhn&'dbncénﬁéte(lmmw}:uoJioﬁgt‘&éz 19@)of compound 3, m. p. =
PREPARATIVE Exﬁ%) 'E; Mas Spec.: MH* = 230. Le

PREPARATIVE EXAMPLE 2

10 (S)-(+) 1-N-t-butoxycarbonylpyrrolidinyl-3-acetic
COOH COOH
| ] [(CHa)zCOCOIzO [ ]
N2
O o .C(CHz)3

React 1.9 g (1.47 mmol) of (S)-homo-b-proline 2 with 3.53 g (1.61
mmol) of di-tert-butyl dicarbonate using substantially the same procedure
as described above to give 2.8 g of compound 4, m.p. = 102 °C; MH*=

15 230; TH NMR (CDClg, 200 MHz): 3.2-3.7 (m, 3H); 2.9 (m, 1H); 2.4-2.6 {m,
3H); 2.1 (m, 2H); 1.55 (m, 1H); 1.4 (s, SH).
PREPARATIVE EXAMPLE 3

Br \ a
\
N Py

N
H

20



VO 98/ 1109@\/0 98/11096 . P%‘l‘hﬁ??/{éagoo

- 21 - Cbnblne 14.95 g (39 nmmol) of 8-chloro-1
1- (1- et hoxy-car bonyl - pi peridinyl)-11
H benzo[ 5, 6]cyc|ohepta[1 2- b] pyri di ne and- 3o -nL of CHerr]C[err],

then add 13.07 g (42.9 mol) of (nBu)[err]NNgJerr] and cool the
m xture to O[err] C. SCombjnendd.95g da%imaiolaofs®ichiorori 100‘1-6tmy-rdarmmm-mml )

5 of TFAA 20 t t
orerra " f’f?eﬁa* W%E%Eﬁ Sle¥Bhoptal) @%P?Ld"ééfﬁ;%?éa"’né %
(aqueous), B%aQF’l 1307 o (#2:9, el (@,B%)GNM »and\eeol the
Na[err]SOerr], &mrform Sfowly add wusbpaasdmsvarﬂwes 99%2*142@%9%)%*1

th i d I d
(15765 06 £°1 TR 2ot of A dGet s Ao, R 1 A o
Mass Spec. for avpoight] théhiwasHvsticcestR@IP with saturated NaHGOs (Sgesoud) or

550 g (51 4 mursEbAngie’ Oy e, Qdhic sqlutiaf dyer,NapSEs, concentratgige:, '
Et OH (aqueous), wBuU3onA fesides andl chrogtategrapbvbie residde Isitica gel, g (21.8

mlag 81]: ICZ:Z‘CI [MLE‘P%(%HQXW‘?&%Q&EH%G%Q?% [er r? délﬁg% at reflux
for 2 our@mm‘g% band A ity r?@P?‘ZQ’e%I e) of Fe powder and 1.2 g
(10.8 20 mml) of Gagks Spe b ﬁﬁ(bdﬁﬁ%urﬁiSAﬁ I MHH 028 hours nore. Filter

t he hot m xture t hr elit it th 50 mL of hot
Et OH and concentrate Mass%p%ﬁe °fﬁ°|°f‘?%9"@$ﬁ‘\ Mﬁlf @%m due. Add 100 niL

of anhydrous Et Gfep B: concentrate to a residue and chromatograph the
residue (silica gel, Herr]Cl[err] gradien to give 16.47 g of
t he product corrpound 2%, a
Br [err] , product from
Step B, and 150 mL of : aqueous) and coml 3SC. Slowy add
(dropwi se) 18 niL

N N
QOzEt QOE!
15 Combine 22.0 g (51.4 mmol) of the product 3A(i) from Step A, 150

mL of 85% EtOH (aqueous), 25.85 g (0.463 mole) of Fe powder and 2.42
g (21.8 mmol) of CaCla, and heat at reflux overnight. Add 12.4 g (0.222
mole) of Fe powder and 1.2 g (10.8 mmol) of CaCl> and heat at reflux for 2
hours. Add ancther 12.4 g (0.222 mole) of Fe powder and 1.2 g (10.8

20 mmol) of CaCls and heat at reftux for 2 hours more. Filter the hot mixture
through celite®, wash the celite® with 50 mL of hot EtOH and concentrate
the filtrate in vacuo to a residue. Add 100 mL of anhydrous EtOH,
concentrate to a residue and chromatograph the residue (silica gel,
MeOH/CHQCIg gradient) to give 16.47 g of the product compound.

== a T
\ é@ 9
3C(1)
zEt

ngt

25

(szt
Combine 16.47 g (41.4 mmol) of the product from Step B, and 150
ml. of 48% HBr (aqueous) and cool to -3°C. Slowly add (dropwise} 18 mL.



WD 98/ 11096 PCT/ US97/ 15900

- 22 - wo $¥i116560M ne, then slowy add (dropw se) a sol utipg {?595(5 g
(0.124 nol e) of NaNO2 in 85 nL of water. Stir for 45 mh,ng{deggwat
-3[err] to O[err]C, then adjust to pl—ézz 10 by addi ng 50% NaOH

(aqueous). Extract wth Et OAc, wash the ‘extracts with brine and dry
the extracts ovey Na2SO4. Concentrate to a 5 resi due and chromat ograph
(silica gel, Et@epramingnthes slawbhagd {drogwiae) a solutiam 0b8H5e 03 24angledfoft he
}V\ggsprs oceigct f g?”?ﬁﬂ@?inﬁ% rr)Li 8NWaidr! ISt for 45 mindte3 e3¢ 1680°C, then adjust to
corrpoulrc:d 3C(i i )plqlv@ﬁiﬂ_%ysggiﬁé'Sowgfﬁ@@l%?adue’ous). Extract with I&%BAC, Wash the

H éxtdacts with bfire pndding thed ekiractefovet RiaaSOAY Corcantiatd o an

; ' C.f 16.h . Cool
concent 2t o4 reedsd af e op UL beL SR b bt S o
CH err]Cl[err], 106yg and 328 el the1wo product capgmpunds] 3C(ij ane BCHiild

concentrate in ,\g@,@@gﬁygy'g he title conpound. Mass Spec.: MH = 466.9
PREPARATI VE EXAMPLE 4 éer r] WD 98/ 11096

PCT/ US97/ 15900 Mass Spec. for compound 3C(i): MH* =461.2; 23 .

Conbi ne 25.86 g (55. Mazs@pem forcdBp6iMm@BC(if; MR- §36- di hydr o- 11
H benzo[ 5, Eibcyc ta[l ,2-b]pyridin-11 -yl'i dene)-1-pi peridi ne-1-

car boxyl i c "aci - ester and 250 nL of concentrated Herr]SOerr] at
-5[err] C, then add 4 (56.4 mol) of NaquL] stir for 2

hours. Pour the gy

QO,Et
Hydrolyze the product 3C(i) of Step C by dissolving in concentrated
HCI and heating to about 100°C for @ 16 hours. Cool the mixture, the
neutralize with 1 M NaOH (aqueous). Extract with CHzCla, dry the extracts
15  over MgSQy, filter and concentrate in vacuo to the title compound.
Mass Spec.: MHt+ =466.9
PREPARATIVE EXAMPLE 4
Br
Br = ci
\
Nl
N

20



5 mxture into 600 g of ice and basify with concentrated NH[errT]
(aqueous). WO/t er the mi xture, wash with 300 nL of wat ePCHYREH15900

extract with 500 nL of CH err]Cl[err]. Wash the extract with 200 nL
of water, dry over MgSO err], then f+123r- and concentrate in vacuo to
a residue. Chromatograph the residue (silica gel, 10% Et CAc/

g;[ % r7 ][ Cl[ ierc r] ?vat 0 gi VEorbire 25(@%0(5569 ﬁ-)m of he(apémdwza-bréﬁxo-mepelnhyd;%
err S e nal ysl s

calculated - C, 5 ﬂ%) qqo[%{gieycl%epgag‘bg bpy dm-11-yhdeneejmeipxpend3‘ e-1-

found - C, 52. 18;cdrbodyliclacitl.etRyildster and 250anL Bf concentrated HoSO4 at -5°C,

and 200 i of - "henagsbERY 174 Hafhel) Satais3 ahSusspe BRBR: Thall il o

m xture to O[ &rr]rdixtusgdinto 600 of ice andhasify wmmlcpnmntrated NH4OH (aqueous).

1,3-dib 5, 5-
hoursI a'[ orzrg[ err] giﬂ%toﬁ?g t o gfg‘%s@ Wﬁggbgnlmé d| t | Ongférﬁé%t?act 560&?"} of
t he di br ondrkia&le: oMashrihe extrach with @00 mL.cofwiaten diy gver &"Qﬁﬁmtthén

m xture into 400 fﬂle?@md)éondé?ﬁrabélfirh vicib td)aGesidas! Crirethdibliphl thl redigugous)

ol 10 wi 1 300 niiSUPaalel O7aEi0AG GRE0N) 15 0B e B e iafoing Hiofugy

provi de 19. 7909 (. 24§56y CofMadeSpec.: Mpitae 806, 508 CCI)— 236- 237[err] C

ngi fpeﬁ 3. 44; ‘Ngﬁ‘% ﬁl%’aa'ys's ! *BgBLate danél 52. 1% H, f*k“h‘&"’é 5@ 44. 95:
H 3.57: N, 7.16 Step C foundr-rQ, 52.18; Wp49%1;1M08616

PCT/ US97/ 15900 . - 24 - Conbi ne
25 g (447 mml)o%'t%&filings 10 g (90 nmml) of Cad[err] d a

suspension of 20 g (34.19 mmol) g h'product of Step 00 nL of
90: 10 Et OH/ water at 50[ ergl.C/ K¢ Legnt, filter

NO» NHo
R
N N
OJ‘ OCH,CHs o*l‘ OCH,CHa
15 Combine 20 g (40.5 mmol) of the product of Step A and 200 mL of

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

20 of ice, basify with concentrated NH4OH (aqueous) at 0°C, and collect the
resulting solid by filtration. Wash the solid with 300 mL of water, slurry in
200 mL of acetone and filter to provide 19.79 g (85.6% yield) of the
product. m.p. = 236-237°C, Mass Spec.: MH* = 586 (Cl).

elemental analysis: calculated - C, 45.11; H, 3.44; N, 7.17
25 found - C, 44.95; H, 3.57; N, 7.16
Step C:
Br Br
Br == a Br == a
W \
' NO2 N X NH,
————-
N
A

OéL OCH,CHs 0" "OCH2CH3



t hrough Celite and wash the filter cake with 2 X 200 nL of hot Et-OH ‘5

Conbi ne t haybiskhigdse and washes, and concentrate in vacuo top ggslllg
Extract the residue with 600 nL of CH err]Ci[err], wash with % i %@

wat er and dry over MgSH. Filter and,goncentrate in vacuo to a
resi due, then chromat ograph (silica & | 7 30% Et OAc/ CH]2CI Z?Wto %I ve
11.4 (60% vyi el ) of .the product. mp. = 211-212[err]C, Ss Spec.:
MHH+ 29556 (d). C%“bmee%%st(&ﬂ‘faﬁmoi)@fd?e filingsal169 (ACmmolCof Catisandia 3. 99;

i ; . - N, .7.49

{78 comamam s ou e ot e Bk
of the product gp{:é EBOE"Q{%‘WPWQ ol qtg]ﬁe m*xis"%at reflsxiAvsinight. ano2 i n
120 ni of concetnroughbdCeite® and wash themfitdr tke-wlC2 X200 rﬁlb%{hgﬁrEni_GHgng

' f i W se (1.
o e) of 500 H ST 3?‘?{',"3%‘%"&%?&5éggﬁdag‘%é"w < h Ebuq oa reskie. o
O[err]C for 3 h%ﬂ@,ct heeresidig With1690smb. of Gifi2Cloewast witts809 mi of waterland

d t ;

S err] G Lorr] CoyBYetMISDEOFHEr 2‘5?5@3‘3?”%%&%%@9&%#%tt'a?n and
concentrate in FatQmMatagraph ?S'"C? gsl. ROS6 EtRAsiRkpGlz) b giviee? 1.9 (BOS (visIt) ca
gel, 25% Et OAc/ ohtheapesjuct.om.p. = 29121288, GMass §58%C Wigt s ﬁlze product .

= - - = 54 d el ene | anal ysi s:
Cal cul ai od 10, cearBRYsiss, \ “Galislad-C.47.55; H,3%5 N, 756 0
found- C, 48.86; H, 3.91; N, 5.18 foundst €p4E45; H, 4.31: [Nr7.49 WO
98/ 11096 S . PCT/ US97/ 15900
- 25 - ‘El%nbi ne 6.8 g (12.59 mml) of the product of Step D and
100 i Br Br
Br = d Br == Cl
\ y \ P
N NH, N i
N N
o OCH,CHs o OCH,CHy

Slowly add (in portions) 20 g (35.9 mmol) of the product of Step C
15 to a solution of 8 g (116 mmol) of NaNO in 120 mL of concentrated HCI
(aqueous) at -10°C. Stir the resulting mixture at 0°C for 2 hours, then
slowly add (dropwise) 150 mL (1.44 mole) of 50% H3PO> at 0°C over a 1
hour period. Stir at 0°C for 3 hours, then pour into 600 g of ice and basify
with concentrated NH4OH (aqueous). Extract with 2 X 300 mL of CHoCls,
20 dry the extracts over MgSQyg, then filter and concentrate in vacuo to a
residue. Chromatograph the residue (silica gel, 25% EtOAc/ hexanes) to
give 13.67 g (70% yield) of the product. m.p. = 163-165°C, Mass Spec.:

MH+ = 541 (CI).

elemental analysis: calculated - C, 48.97; H, 4.05; N, 5.22
25 , found - C, 48.86; H, 3.91; N, 5.18

Step E:

Br




of concentrateed HCl (aqueous) and stir at 85[err] C overnight. Cool the

m xture, polWO%/1Re860 300 g of ice and basify with concentrat EFTHPFIPOH
(aqueous). Extract with 2 x 300 nL of CHerr]CJ[err], then dry the extracts
over 5 MySH. Filter, concentrate in vaeudSto a residue, then

chr omat ogr aph (silica gel, 10% MeOH EtQCAc + 2% NHerr]OH (aqg.)) to

give 5.4 g (92%yi el d) Combine ®.8 g 259 hm6lp &P ehengrodiicPof Steb/B-adndH €0 miC,

Vass Shec M i EShdiridted HOI (aqGeQUS Sl A8l ISC pomihe 653 Gy

3.80; N, 5.97 10 mixture, pour it into 300 g of EREHEAGSifywitiKédtdntfated NH4OH

I[—fr r ]15 benzo[ 5, Gﬁac%%%gkigz)géﬁ i’é@ﬂgfé@ ?ipéﬁwf ri* @H)gﬁé,%gﬁrﬁ?;’th% Sh%ié %Vér '

1-yl i dene) - 1- pi peMoSOw- Filtedr enganteate in vacue tajagesigue cthesrchromatograph

substantially the sﬂﬁ:‘iggé]r@ NSO IERRCL DOS IHJOH (aq.) tBrélpé‘g‘?ﬁ ' \(gz%ﬁam)e
3, Step D, to giv{e . ’9?690/ ieIc} of,_the prod c(,t. teB :

Cerr] © 0 50 9 Vot thie UlekRRBOHNG P43 ThecI T4Gh Mass SpeaicMPHT= 468¢FABIng
25 nL of dry elehtdnitananalgsid: 2. 5 mealuldted/- B, BBL.69;NH} 86531, B19¢ heat the
m xture at refl ux. WO 98/ 11096

10 PREPARATIVE EXAMPLE 5
Br = a
\ 2
N
N
H

O)\ OEt

Hydrolyze 2.42 g of 4-(8-chioro-3-bromo-5,6-dihydro-11H-
15 benzo[5,6]cyclohepta1,2-blpyridin-11-ylidene)-1-piperidine-1-carboxylic
acid ethyl ester via substantially the same procedure as described in
Preparative Example 3, Step D, to give 1.39 g (69% vyield) of the product.

Step B:
Br a
N
H
20 Combine 1 g (2.48 mmol) of the product of Step A and 25 mL of dry

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



- 26 - After 0.5 hours, add another 2.5 nL of 1 M DI BAL in tol uene
and heat @fo9sn1096 reflux for 1 hour. (The reaction is nonit oY s08h-C
usi ng 50% MeOH CHerr]d[err] +NH[err] C]—I (aqueous) ) %

m xture to roomtenperature, add gt N HCl (aqueous) and stir
for 5 min. Add 100 nL of 1 N NaOH 5 (aa eous) then extract with Et OAc

3 X 150 nl). extracts over r], filter and concentrate
i( n vacuo t o) gi R@%Eb@b%s @5 angther %érfﬁblﬂﬁwg M DBAL in toluene and heat at
EEEEARATllgE6 EXfdfRbHob 1 hour. (The reaction is monllctorped by TL? usihg50% eOH/

i ne g 0 0 reparative
Step D, with aC%PZ@gdﬂW%H %’F‘Leﬁfé%l‘) %PI'M?Q? W%e@ﬂg%ﬁ”re add and
70.8 nL of wat 80)mhkred 1sNiHCL {aguecus) ammgtllslousrm:mvkddnobtmlafofmea@-l
t enper at ur I I h 1 (2.30
mol ) of Rﬁsq e?éj‘i‘%@m"@?'%@wm%%g(at ur1§0qf'£ Hg‘é‘teg&@@%ﬁ 9Y%| d) of
t he pr od M@SOq.hiiter and Wmn@fatma@uat;wnpam gofidhe ditle sontpoaind. ¢

reaction and the tenper at WREPAHP VEEKAWL‘EG] to 30[err]C.) Stir
the m xture for 1.3 hrs. (Ténperature re ned to 25[err]C after

about 30 min.), then filter to renmove 20 <5I|ds and wash the solids
with CHerr]Cl[err]. Concentrate ' o vacuo to a residue

and di ssolve the residue in CH2Cl 2. g DV e i nsol ubl e solids
and wash the solids with CH2Cl 2. Wash™ e with wat er,
concentrate to a volune of about 200 nL apN wash w th bl each, t hen
wth water. Extract with 6 N HCl (aqueoui ol the aqueous 25 extract
to OC and slowy add 50% NaOH (aqueous) t ust to pH = 4 whi |l e

keeping the tenperature <30[err]C. Extracthvm ce with CHerr]dJ[err], dry

Cesi due n 05850[6”]_ and CoRERAMTELE idll YEHO ahA @-Giiefe: Siurry the
00HgCH3

Combine 16.6 g (0.03 mole) of the product of Preparative Example

4, Step D, with a 3:1 solution of CH3CN and water {212.65 mL CH3CN
and 70.8 mL of water) and stir the resulting slurry overnight at room

15 temperature. Add 32.833 g (0.153 mole) of NalO4 and then 0.31 g (2.30
mmol) of RuOz and stir at room temperature give 1.39 g (69% yield) of the
product. (The addition of RuO is accompanied by an exothermic reaction
and the temperature climbs from 20° to 30°C.) Stir the mixture for 1.3 hrs.
(temperature retumed to 25°C after about 30 min.), then filter to remove

20 the solids and wash the solids with CH2Clo. Concentrats the filtrate in
vacuo to a residue and dissolve the residue in CH2Cly. Filter to remove
insoluble solids and wash the solids with CH2Cl>. Wash the filtrate with
water, concentrate to a volume of about 200 mL and wash with bleach,
then with water. Extract with 6 N HCI (aqueous). Cool the aqueous

25 extract to 0°C and slowly add 50% NaOH (aqueous) to adjust to pH =4
while keeping the temperature <30°C. Extract twice with CH2Cl», dry over
MgSQ4 and concentrate in vacuo to a residue. Slurry the residue in 20



WD 98/ 11096 ' E,F/ Us97/ 15900
- 27 - WO9IR10%% Et OH and cool to O[err]C. Collect the rek @’??1761 52 i ds
by filtration and dry the solids in vacuo to give 7.95 g of the
product. [err]H NVR (CDCl[err], 200 - Rifzy: 8.7 (s, 1H); 7.85 (m 6H);
7.5 (d, 2H); 3.45 (m 2H); 3.15 (m 2H). Step B.: [err]

Conbi ne 21.58 gn{l58f EBOHmand cedl tola?Cor Gdlledt thé ré&sudting\salids b filtration arfd- of

an anhydrous 1: 0 I Y/ 1)
of NaBH4 and heéﬂr@%'ﬁjs ’fnr‘egce?tatragﬁéuz'#gg%Iﬁp%&uégoﬂ*mRB(Cmeﬁﬁgre
to O[err]C, addMtda): B.7ds, Wd) ef-85t(merBHydj 78 (d.t2H) H:=49 (m, H)n 311B(mMCRHL 0
(aqueous) while p-ng the tenperature <10[err]C. Add 250 nL of EtCQAc

and separate the Tayers. Wash the rrganlc layer with brine (3 X 50 ni)
then dry over Na[err]SQer ntrate in vacuo to a residud(24.01 g)
and chr omat oerap H ica gel, 30 &

hexane/ CH err] Cl [ eFr ] pr oduckr ur OWys-Her e
purified by rechronat ol ap : dl of TT5—"I8.57\g @ : duct was
obt ai ned. 1H NWVR (DVSO-d MHz): 8.5 =0 (s, 1 H;
7.5 (d of d52H); 6.2 (s, 1+<B 6.1 (s, 1 H; 35(m1H)oH 3.4 (m

1H: 3.2 (m 2H).
o (orr] Com@hé%%slg(ss 75 mmol) of the product m:) §tephA abnrdOS(l)J%t of

Step B and 500 m of aﬁ@“ﬂVd@L@ITérm]’“”"ﬂfé&f% aBd?@‘uﬁﬂe(Qﬂdi 4R 81($7.6¢
SCC [err], and g&imé g:lﬁwamm Hhe heat the AlixtURPAN tefliRG6L10hsinf Cocttihes. Add a

Y O T

period of 5 m n'm
Heat the mibQ ur (aqa.temsblvduledmpmgme terhperaturel <U5C. tbdd@ﬁ@\mbrqieEt@rAue and

200'm) | and extraSEPEree e TS RN gy By i ying (o XECL)y
Conmbi ne all of thend Wg@\‘ﬁrﬂézﬁgm &rencentrate ia Y?Fllﬂﬁorl%rQ% te $24 0119) an and
dry over MySQ egfdomalearast Y Redidue {8ilica 61, B0 %shékehe?OHLClL) to give the
product. Impure fractions were purified by rechromatography. A total of
15 18.57 g of the product was obtained. TH NMR (DMSO-dg, 400 MHz): 8.5
(s, 1H); 7.9 (s, 1H); 7.5 (d of d, 2H); 6.2 (s, 1H); 6.1 (s, 1H); 3.5 (m, 1H);
3.4 (m, 1H); 3.2 (m, 2H).

Step C:
N
H
20 Combine 18.57 g (46.02 mmol) of the product of Step B and 500

mL of CHCl3, then add 6.70 mL (91.2 mmol) of SOCI5, and stir the mixture
at room temperature for 4 hrs. Add a solution of 35.6 g (0.413 mole) of
piperazine in 800 mL of THF over a period of 5 min. and stir the mixture for
1 hr. at room temperature. Heat the mixture at reflux overnight, then cool

25 to room temperature and dilute the mixture with 1 L of CHzClz. Wash with
water (5 X 200 mL), and extract the aqueous wash with CHCI3 (3 X 100
mL). Combine all of the organic solutions, wash with brine (3 X 200 mL)
and dry over MgSO4. Concentrate in vacuo to a residue and
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- 28 - wo sghii®eat ograph (silica gel, gradient of 5% 7. 5pcTAR%15900

MeOH CH err]Cl[err] + NH err]OH) to give 18.49 g of the title conpound
as a racemc mxture. Step D - Separafg on of Enantiomers:

Br [err] The racenmi ¢ title conpound of Step Cis

separated by pr ra nal y 5 cmX
50 cm col umn, ﬁﬁ&ﬂ%%%r%ph (s“'fé(é ﬁ#n?rgé/g ﬁgl’&w@ é&)%hZ% +

di et hyl ami ne) NH4QH)doPivet 18.45 g of the titteecompoundmsra mvdntic Mixwref t he
(-)-isomer. G ta for (+)-isonmer: mp. =

74. 5[err]-77.5[%?ﬁ%—%%§§hﬁabd} 3 "’h"g%ﬁ 471.9; [err] = +97. 4 (8 48
ng/ 2m. MeCH) . Physi cal chem cal data for bmer:

82.9[err]-84.5C WMass Spec. M+ = 471. 8; g}
2ml MeOH) . FEREPARATI VE

ferr] B a |
O . E“]
N
[;j Br
H

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

PREPARATIVE EXAMPLE 7
Br == a
\
Nl
Br
N
H




WO 98/ 11096 wo 98/11096 PCTh&i8 9745880

- 29 - Conbi ne 15 g (38.5 nmol ) of
4- (8- chl oro- 3- brono- 5, 6-di hydr o- 11 H—an;o[S,G]cyclohepta[l
,2-b]pyridin-11-y|idene) 1- pi peri di ne-1- carboxylic acid ethyl ester

d 150 nL of ' d 3. 8 38.5
ol ) of KNG et 1] an GEFPEng 15,5388l bF r B Slefthtsomers drdihgdro' oo
%g Ot)las ![ 1;1 gnw:c t Iht gm%'lmzq[éicﬁ]eynjemepﬁii 2alp)pyvidina1 Gﬂi@bﬁe)-d#plgfﬂmheﬁl— he

| | |
resi due from acetén@ag Xﬁé%ﬂ%ﬁ‘gg&tpr Y‘? f\‘e% '?"g‘aa c‘{dﬁ% ﬂfé%w¢c%w%®
(200 - 3|\/|gz) 8353(9(9(3355)m§§%)7% ,%Nr?am stwfgrgfn%%@grthe @E@tqr% mt;% %, oz 15

q, 2H), 3.8 5 jceldRd Basify A NaOH Ehuedu ractwi ngizl vef!
4H); 1.25 (t, 3 &

(% 1 mol §tof tH)hM dgﬁnéﬂtes,taéﬁ cengrAtratsoimyacyio to a residig. EB@me!leze thedd
0.66 g (5.9 mol) re¥iduafoheacétonado Givde 6y ¢ b?trﬂa prodluct. 1H NMR @D@-demat

i ough cel 1 tof er MPER B F et %%'(%f{#),“iﬁﬁ R 75 TRt 415%0"5%; 38

Concentrate the f({rh2id);e3i5a3a{auci)y 30E8 Im72HY; Qf6-2123(np,r4}d);101 25R 3Bi).

Spec. : = 0 Step C [err] Conbi ne 7.70
g of t he prth %g‘%?ep B and 35 nL of HOAc, then add 45 nL of a
solution of Br2 in HOAc and p

N mxture at roo per at ur e
overni ght. Add 300 nL oBrd \% )
(aqueous) and extract with ‘Et Qe
concentrate in vacuo to a reéesiNdue

é)graph the N5 flesi quepgi | i ca
gel, 20% 30% Et OAc/ hexane) to gi

t he produc

Combine 6.69 g (13.1 mmol) of the product of Step A and 100 mL of
85% EtOH/water, add 0.66 g (5.9 mmol) of CaCl; and 6.56 g (117.9 mmol)
of Fe and heat the mixture at reflux ovemight. Filter the hot reaction
15  mixture through celite® and rinse the filter cake with hot EtOH.
Concentrate the filtrate in vacuo to give 7.72 g of the product, Mass Spec.:
MH+ = 478.0

)\ O)\OCH oCH 3

O~ TOCH,CHj4
20 Combine 7.70 g of the product of Step B and 35 mL of HOAc, then
add 45 ml. of a solution of Bra in HOAc and stir the mixture at room
temperature overnight. Add 300 mL of 1 N NaOH (aqueous) , then 75 mL
of 50% NaOH (aqueous) and extract with EtOAc. Dry the extract over
MgSO4 and concentrate in vacuo to a residue. Chromatograph the
25 residue (silica gel, 20%-30% EtOAc/hexane) to give 3.47 g of the product
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- 30 - wo'\ﬁé%g)ng with another 1.28 g of partially puri fbg?mgg.ggg?‘ﬂt)

Mass Spec. 555. 9. [err]H NMR (CDCl[err], 300

1H; 7.5 (s, 1H); 7.15 (s, 1H); 4.5 (s, 2H) ; 415(m 3H); 3.8 (brs,
2H): 3.4-3.1 (m 4H): 9-2.75 (m 1H): 2.735 5 (m 2H); 2.4-2.2 (m 2H);
1.25 (m 3H). Step D [err] Conbi ne 0.557 g (5.4

mol ) of t-but yaling witb amlha h280g obpErtialiygurified produat).t he i xtre at to
60[err]- 70[err],ﬁ?s§§gcy mg sgry\nse) a mxture of 2 00 g 10 (3 6 mol )

of the product eto

tur
room t enper at ur1e§'l N Qﬁfh@o%“@ﬂ)n@ 2fs, t“‘But7y5 |6$ t1rH)f e7 9 (SLO'{“Qr- r'i B (s,
and reheat the zmy(ww(hp 733@(51% 24> 343.1 AP4HY;09:2 1 ST
and pour th aé:% 1&&@ tract vmthCHerr i [err], dry
over S/QS(QSQE% 6’ at o to a residue. Chromat ograph
the 15 residgtepsbtica gel 10% 20% Et CAc/ hexane) to give 0.74 g of the
product . Mass Spec.: MH+ = 541 0. [err]H NI\/R( [err], 200 WVHz):
8.52 (s, 1H); 7.5 , 2 B TS
oH); 3.5-3.1 (m 4H): %'
2H); 1.26 (t, 3H)

onbine 0.70 ¢
oncEﬁntrat ed HC

(aqueous) and heat the mixture r‘fl ux—averni ght . 30 mL of 1 N

NaOH (aqueous), then 5 nL of extract with
CHerr]C[err]. Dy the extract Mover MgSO err] and congentrate in 25

vacuo to give 0.59 g of the tit,,lle compound. Mass Spe 468.7. mp.
= 123.9[err]-124.2[err]C. o r’@ 6% %"20

Combine 0.557 g (5.4 mmol) of t-butylnitrite and 3 mL of DMF, and
heat the mixtre at to 60°-70°C. Slowly add (dropwise) a mixture of 2.00 g
10 (3.6 mmol) of the product of Step C and 4 mL of DMF, then cool the
mixture to room temperature. Add another 0.64 mL of t-butylnitrite at 40°C
and reheat the mixture to 60°-70°C for 0.5 hrs. Cool to room temperature
and pour the mixture into 150 mL of water. Extract with CHo2Cl2, dry over
MgSQ4 and concentrate in vacuo to a residue. Chromatograph the
15 residue (silica gel, 10%-20% EtOAc/hexane) to give 0.74 g of the product.
Mass Spec.: MH* =541.0. 'H NMR (CDCI3, 200 MHz2): 8.52 (s, 1H); 7.5
(d, 2H); 7.2 (s, 1H); 4.15(q, 2H); 3.9-3.7 {m, 2H); 3.5-3.1 (m, 4H); 3.0-2.5
(m, 2H); 2.4-2.2 (m, 2H); 2.1-1.9 (m, 2H); 1.26 (t, 3H).
Step E:

Iz

A

20 0" OCH2CH34
Combine 0.70 g (1.4 mmol) of the product of Step D and 8 mL of
concentrated HCI (agqueous) and heat the mixture at reflux overnight. Add
30 mL of 1 N NaOH (aqueous), then 5§ mL of 50% NaOH (aqueous) and
extract with CH2Clo. Dry the extract over MgSO4 and concentrate in
25  vacuo to give 0.59 g of the title compound. Mass Spec.: M+ =468.7. m.p.
= 123.9°-124.2°C.
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- 31 - PREPARATI VE EXAMPLE 8 [err]

Prepare a solution of 8.1 g of the title cq und from Preparative
Exanple 7 in toluene and add 17.3 nL of a 1M solution of DIBAL in

tol uene. Heat the m xture at reflu E‘ R ropw se) anot her 21
mL of 1 M DIBAL/toluene solution o . Cool the 10
reaction mxture to about O[err]C and add_7 of 1 M HC (aqueous).
Separate and di scard the organi c phad#~\a redus phase with

CH err]C[err], discard the extract, thap s pe agueous phase by

addi ng 50% NaCOH (aqueous). Extract \Mth CH[err]CI [err], dry the
extract over MySO4 and concentrate in gradydrto give 7.30 g of the
title conpound, which is a 15 racemc mxtqe pf enantioners. Step B
- Separation of Enantioners: - N

[err] H

Br

H
Prepare a solution of 8.1 g of the title compound from Preparative

Example 7 in toluene and add 17.3 mL of a 1M solution of DIBAL in
toluene. Heat the mixture at reflux and slowly add (dropwise) another 21
mL of 1 M DIBAL/toluene solution over a period of 40 min. Cool the

10 reaction mixture to about 0°C and add 700 mL of 1 M HC! (aqueous).
Separate and discard the organic phase. Wash the aqueous phase with
CH2Clp, discard the extract, then basify the aqueous phase by adding
50% NaOH (aqueous). Extract with CH2Clo, dry the extract over MgSO4
and concentrate in vacuo to give 7.30 g of the title compound, which is a

15 racemic mixture of enantiomers.
Step B - Separation of Enantiomers:
~(u ry©
ALl
N
Br

Iz
P

The racemic title compound of Step A is separated by preparative
chiral chromatography (Chiralpack AD, 5 cm X 50 cm column, using 20%



The racemic title conpound of Step A is separated by preparative '
chiral chryeoysagdeephy (Chiral pack AD, 5 cm X 50 cm col um, perAgeoriX%o

WD 98/ 11096 PCT/ US97/ 15900
- 32 - i Pr OH hexane + 0. 2% di et hyl agbne) to give the (+)-isoner and
the (-)- I somer of the title conpoun Physi cal chem cal

fggaGE or ]( +) - P SEheRaRp + -0 a%tﬁwa}gﬁ% 10,008 Bombting #ﬁ?a? ). [orr] =

mp. = 112[err]l$9merofthﬂatkﬂ§maound+r 469; [err] = -65.2[err] (my/ 2nL

Me : |

[e?r-? Pnt)lswalggem ﬁ?iﬁ\ﬁg (ﬁfﬁéﬂﬁﬁf{?_?%tlﬁg ket one and
200 niL of Mpss Bpec| MH* = éﬁg alpl =t5H° add 13.78 g (0. 136
nol e) of KNgB over @Mskcai%ﬁéhﬁ&lqat&foﬁ'(th}réo etrhgﬂpwar {1deg.r 0OM t enper at ure

and stir overn n using Substantially the sane

procedure as dlé\g%ﬁ @GCfMH“"““BgPl[%]paFaﬁ&?e(Eﬁ/rﬁmbMe OHlep A

Chr omat ograph (silica gel, 20% OAc/ hexane, then 100%
Cor ot ograph (sl ca gel . 20% AgpaRATIVIORXAMBEED

Br == a

\
" NS Br
)

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

10 Step A:
NO,

Br — c

\

N

O

Br = c

\ 4

N
o] NO,

Combine 40.0 g (0.124 mole) of the starting ketone and 200 mL of

H2504 and cooi to 0°C. Slowly add 13.78 g (0.136 mole) of KNO3 over a
period of 1.5 hrs., then warm to room temperature and stir overnight. Work

15  up the reaction using substantially the same procedure as described for
Preparative Example 4, Step A. Chromatograph (silica gel, 20%, 30%,
40%, 50% EtOAc/hexane, then 100% EtOAc) to give 28 g of the 9-nitro
product, along with a smaller quantity of the 7-nitro product and 19 g of a
mixture of the 7-nitro and 9-nitro compounds.

20 Step B:
a Br = a
— \ N
mz 0 NHZ




product, al ong{with a smaller quantity of the 7-nitro product and 19 g of a
m xture ofVOAIP%itro and 9-nitro conpounds. 20 Step B: PCT’US%W’?“

WD 98/ 11096 PCT/ US97/ 15900
- 33 - React 28 ¢ (76.2 mol9 38f -t he 9-nitro product of Step A,
400 nL of 85% Et OH wat er, g (34.3 mmol) of CaCI[err] and 38.28 ¢

(0.685 nole) of Réact 28 W@Qbﬁh’@f)&bﬁhéﬂ-ﬁlh@ rﬁéﬂ@c’tﬂﬂ@é W, 0RSmtlesicr | bed

for Preparativ v th duct

Step G [er PP cioRAll® 3083 find ol ¥6iand5828'¢ T BB el of

St elo) B, f 1gozm_ Fefusing suamf tially tbe@ame amtealumahsnd:cee%béd to@lggeﬁarﬁtﬁﬂe 8

mmol) o r2 i o mn ir e

reaction mxture g% r(%%t?[%ctte@s Er a%ﬁh?ﬁ%bag%ncentrate in vacuo to a

resi due. Add CteR£iand wat er , then adj ust to pH—89vv|th 50% NaOH

(aqueous). Wash the yoarmnC phase wth water, |ne and dry over

Na[err] SO err]. Conmmn ; R\\VLEEUO t 0 gBME AT opr oduct .

g’E ep ]DC Eﬁrr] dé55 61 00 mnmr (aqueogg) to
err en a . 0 S or m n.

Slowy add (in portions) 11. 30 g 7.1 mmol ) of theOpr f Step C

and stir the m xtur 3 2.25 hrs d opvm se)
180 nL of 50% H err %FQTQPP] {:f dégéj@fn%{hﬂf% pVij\‘gvatgPSf 'XH?Q st and at
oC O\d/er ni ght . Ethandoklowwradd\a%)uﬁkﬁOoh f 2.95 mm(m.smma@unﬁoaﬁudfn. :
to adjust to p B . [ rl. Wash the
extract with wﬁ gbyhpﬁrbn?ﬂé’# &% md'f"y S&'{;g?e %ﬁ&? }"&{“Zé room
Concent r at¥0 i ntamperature, sher sonoentiate iphvaswatto gr residuesi Add £l arhd
Et QAc/ CH err] (Jah&r, thén hejudt Y& pRt £ edo With! 8t N4 (hquédus). ShaBh Fhe

organic phase with water, then brine and dry over NaS0O4. Concentrate

in vacuo to give 11.3 g of the product.

Step D:

15
Cool 100 mL of concentrated HCl (aqueous) to 0°C, then add 5.61

¢ (81.4 mmol) of NaNO> and stir for 10 min. Slowly add (in portions) 11.3
g (27.1 mmol) of the product of Step C and stir the mixture at 0°-3°C for
2.25 hrs. Slowly add (dropwise) 180 mL of 50% HaPO2 (aqueous) and

20 allow the mixture to stand at 0°C overnight. Slowly add (dropwise) 150
mL of 50% NaOH over 30 min., to adjust to pH = 9, then extract with
CH2Clo. Wash the extract with water, then brine and dry over NazSOa4.
Concentrate in vacuo to a residue and chromatograph (silica gel, 2%
EtOAc/ CHzclg) to give 8.6 g of the product.

O g OH gy
Combine 8.6 g (21.4 mmol) of the product of Step D and 300 mL of
MeOH and cool to 0°-2°C. Add 1.21 g (32.1 mmol) of NaBH4 and stir at
~0°C for 1 hr. Add another 0.121 g (3.21 mmol) of NaBHy, stir for 2 hr. at
30 0°C, then let stand ovemight at 0°C. Concentrate in vacuo to a residue



err i ne no of the product of Step an
[ ] Conbi 8.6 g (21.4 ) of th d f S D and 300
mL of o\Rfhbeand cool to O[err] 2[err]C. Add 1.21 g (32 NaBH4

w P
and stir at -O[err]C for 1 hr. Add another 0.121 %IMEQJ”% 986
NaBH4, stir for 2 hr. at 30 Of[err]C, t\t}éqllet st and overnl ght at O[err]C
Concentrate in vacuo to a residue 98111096
PCT/ US97/ 1590Q
partition the [ t te

he theaRaktiatREasidyg bepyegy saﬂqC'aﬁadmtsr Sseagana the1 b

organi ¢ phase grganicostesset and eon@emmmn(muer(sm@) tbcgmem §-cftge Of the

pr oduct . §éﬁ§t [err] Conbine 8.2 g (20.3 mml ) of
t he product ofP B E and 160 ni of CH[err]CI[err] cool to O[err]C,
then slowy ad@tepdi:opwi se) 14.8 nlL (203 mmol ) of SCOCl[err] over a 30
mn. period. Warmthe m xture to roomtenperature and stlr for 4.5
hrs., then concentrate in vacuo to a residue, gadg/ Sk erey and 10
vvash with 1 N NaCH (gque ine and dry qver, ' 5O err ]

&h add dry TR an@l 83

Concentrate in vacuo-tofa T
of piperazine and stir gger at Ur e over ni ght gpntrate in
vacuo to a residue, add err], and wash wtgg}S N NaOH
(aqueous), wat er, then br| né’ Dry over Na[err]S ] and concentrate
in vacuo tg give 9.46 15 ¢ of the crude product. Chropat ograph (silica

domound. a5 a r ac e 827 (2ol SiheoBatior S588 ElaBl 16Tk
1H); 7.55 (d, GHpClz7 casl todo“Q,Hhenquvﬂy(aﬂd (mwwnse) 1453 8l (203 mmd)) of
4.86-4.65 (m QOU)QGO\%:@Y 30-rfifh, Ghogl 'Wamg 198 nixterre tdrodtitemperature 4na2- 20

(m 5H. 20 I? arat i Enanti oners:
stirfor 4.5 hrs then concentrate in vacuo to a residue, add CH2Cl» and

10 wash with 1 N NaOH (agueous) then brine and dry over Nax>S04.
Concentrate in vacuo to a residue, then add dry THF and 8.7 g (101 mmol)
of piperazine and stir at room temperature overnight. Concentrate in
vacuo to a residue, add CH2Clp, and wash with 0.25 N NaOH (aqueous),
water, then brine. Dry over NaxSO4 and concentrate in vacuo to give 9.46

15 g of the crude product. Chromatograph (silica gel, 5% MeOH/CH2Cl> +
NHg) to give 3.59 g of the title compound, as a racemate. TH NMR
(CDCl3, 200 MHz): 8.43 (d, 1H); 7.55 (d, 1H); 7.45 (d, 1H); 7.11 (d, 1H);
5.31 (s, 1H); 4.86-4.65 (m, 1H); 3.57-3.40 (m, 1H); 2.98-2.55 (m, 6H);

2.45-2.20 (m, 5H).
\

20 te - Separation of Enantiomers:
E ] R-(+)

e ot
E “) -

—‘
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PCT/ US97/ 15900 - 35 -

The racemc title compound from Step F (5:% i s chromat ographed as
described for Preparative Exanple 6, Step using 30% i PrO—l/ hexane +
0.2% diethylamne, tgo give 2.88 g of the R-( éISOITEI’ and 2. of the
S-(-)-isonmer of the thg r%c%ﬁﬂ@erﬁpmpwnd from tepki(ed] 9)c|ﬁémf@ma egraphedr

the R (+)-isongs: dé&ﬁmeapf@@l’r%’draﬁve Exampié®, dtep0, dsing 304 iPr'dH/thaﬂemJ/

2nL MeOH) .

Mass

spec. M+ = +0-27% 6“9‘F¥¥P}‘“e o' gee" EC@ 9]0?%'1‘%_55&*)%??@6'“%%“%4/?@? g of the

PREPARATI VE EX@vR)dlisdrer of the title compound

[err]

33 he titl
conpound fr%m Pr eparagssmalfgen]g:(al dalta f‘?mgt +#°§’r§&i BM%S@QJG)TC ﬁ)lteﬁe :’:It ©

20[err] C, then4d@d [8lp 5 12.1° (10QB'@/2minMe W a 1 Msolution of DIBAL in
Heat the mw%{%é%bersné?adtq%ﬁ%%ef@r-)-]isgl'ﬁer. fRRS éﬁ’e&%ﬁ‘g C add

t ol uene.

anot her 32.5 nL of

470; [a]p = -13.2° (11.51 mg/ 2mL MeOH).

PREPARATIVE EXAMPLE 10
Br

Br = a

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

Br

Iz

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

15 Example 4, Step D, and 300 mL of toluene at 20°C, then add 32.5 mL
(32.5 mmol) of a 1 M solution of DIBAL in toluene. Heat the mixture at
reflux for 1 hr., cool to 20°C, add another 32.5 mL of 1 M DIBAL solution
and heat at refiux for 1 hr. Cool the mixture to 20°C and pour it into a
mixture of 400 g of ice, 500 mL of EtOAc and 300 mL of 10% NaOH

20 (aqueous). Extract the aqueous layer with CH2Clo (3 x 200 mL), dry the
organic layers over MgSOyg, then concentrate in vacuo to a residue.
Chromatograph (silica gel, 12% MeOH/CH2Clz + 4% NH4O0H) to give 10.4
g of the title compound as a racemate. Mass Spec.: MH* = 469 (FAB).
partial TH NMR (CDClg3, 400 MHz): 8.38 (s, 1H); 7.57 (s, 1H); 7.27 (d,

25 1H); 7.06 (d, 1H); 3.95 (d, 1H).



and heat at reflux for 1 hr. Cool the mxture to 20[err]C and pour it into
a m Xjveyog/1ffe6400 g of ice, 500 nL of EtCAc and 300 nL hﬂtg%,{gg@% 20
(aqueous). Extract the aqueous layer with CH2CI 2 (3 x 200 niL), dry the
organic |l ayers over MgS err], then concen ate i n vacuo to a residue.

Chr omat ogr aph (silica gel, 12%NEO—VCI—|[err I[err] + 4% NH[err]OH) to give
10. 4 g of heéi | e cci ou as.a racemate. Mass Spec.: M+ = 469
(FAB) . pa $: 400 MHz): 8.38 (s, 1H); 7.57
(s, 1H); 7.27 (d, 25 1H); 7.06 (d, 1 H; 3.95 (d, 1H . Br WD 98/ 11096
PCT/ US97/ 15900 Step B -
Separati on of Enantioners: Br The racenic

[ hi r al

chromat ography (Chiral pack AD, 5 cm X 50 cm cotNm, VO 5% 5

| PrOH hexane + 0.2% di ethylam ne), to give the (+)_Rgsoner and the (-)-

I soner of the title conpound. Physi cal 1 cal data for
(+)-isoner: Mass Spec. M+ = 470.9 (FAB) +43. 5[ err] (c=0. 402,
EtOH); partial [err]H NWMR (Cm][err . Br 7.57 (s,

1H; 7.27 (d, 1H; 7. b 3.9

1
H: 7.57 (s 1 H: 7.
PREPARATI VE EXAMPLE 11

The racemic title compound of Step A is separated by preparative

chiral chromatography (Chiralpack AD, 5 cm X 50 cm column, using 5%
5 iPrOH/hexane + 0.2% diethylamine), to give the (+)-isomer and the (-)-

isomer of the title compound.

Physical chemical data for (+)-isomer: Mass Spec.
MH+ = 470.9 (FAB); [a]3> = +43.5° (c=0.402, EtOH); partial TH NMR
(CDCl3, 400 MHz): 8.38 (s, 1H); 7.57 (s, 1H); 7.27 (d, 1H); 7.05 (d, 1H);

10 3.95(d, 1H).

Physical chemical data for (-)-isomer: Mass Spec.
MH+ = 470.9 (FAB); [a]> = -41.8° (c=0.328 EtOH); partial 'H NMR
(CDCl3, 400 MHz): 8.38 (s, 1H); 7.57 (s, 1H); 7.27 (d, 1H); 7.05 (d, 1H);

3.95 (d, 1H).
15 PREPARBATIVE EXAMPLE 11
Br == c
\
N

)
N
[racemic as well as R-(+)- and S-(-)-isomers]
Treat 4-(8-chloro-3-bromo-5,6-dihydro-11H-benzo[5,6]cyclohepta-

[1,2-b]pyridin-11-ylidene)-1-piperidine-1-carboxylic acid ethyl ester via
20 substantially the same procedure as described in Preparative Example 6,



[racemc as well as R-(+)- and S-(-)-isomners] Tr eat

4- (8-chl or oVOB¥MBE 5 6-di hydro- 11 H benzo[5, 6] cycl ohepta-  PCT/USPH15%00
,2-b]pyridin-1 1 -ylidene)-1 -piperidine-1 -carboxylic acid ethyl ester via
20 substantially the sane procedure as des&7 bed in Preparative Exanple 6,
WD 98/ 11096

KCE;/ Ut897/ 15900 tSte ps A-D, t? glve as the product of Step C, tl}e {acen% title compourﬁl eps
-D, to give as duc cemc ti
o ELve s e BE O Slochers b B pYhe s B Ane S Raagio ihp e

title corrpcuumbound Physi cal chemi cal data for the
R-(+ C 1
0o L C M RO o ne S Fyeflar " PO,
51?% (%J%l? 6 ](?:H) 1551&(9)936 47(@1'1)0( .5 (CHY), ]1492 (i:xczq@zr(p)) 138. :B(Q)CI—? |
err r r err
s alert] (o BUHIIROUGE e SR s Gl P FR Lo ¢
the S-(-)-i sorrer B(eH)iNRR S () [ 45-6](CH2D 4516 Uzrc§001(£é+z) (2§~9{Ctdeb 5
(O: 140.2 (O (4B =2 ds (848 gRGIL MeOH). 133.3 (9 132.0 (CH); 129.9

: 125.5 : 52.5 ;
oy (e g (&na[se&aiﬁwens@awa(t@%mwzgo@e(o%@ WA COC | or )

E’R-Eg,Z\R,EZ\EI'Ie{/rE] E?(iwg@m%c)ar 146.84{OWPH40.5 (CH); 140.2 (C); 136.2 (C); 135.3 (C);
): 132.0 (CH); 129:8'(EH); 125.5 (CH): 119.2 (C); 79.1 (CH);
52.5 (CHy); 52.5 (CH); 45.7 (CHy); 45.7 (CHa); 30.0 (CH2); 29.8 (CHy).
[a]> = -27.9° (8.90 mg/2 mL MeOH).

PREPARATIVE EXAMPLE 12

Br == a
\
N
a
(+)-isomer
1
15 H
Step A:
Br =
\
N
N
o’LocHQCHS O)\OCHZCHa

Dissolve 9.90 g (18.9 mmol) of the product of Preparative Example
7, Step B, in 150 mL CH2Clz and 200 mL of CH3CN and heat to 60°C.
20 Add 2.77 g (20.8 mmol) N-chiorosuccinimide and heat to reflux for 3 h.,
monitoring the reaction by TCL (30%EtOAc/H20). Add an additional 2.35
g {10.4 mmol) of N-chlorosuccinimide and reflux an additional 45 min.
Cool the reaction mixture to room temperature and extract with 1N NaOH
and CHoCla. Dry the CH2Cls layer over MgSOyg, filter and purify by flash
25 chromatography (1200 mL normal phase silica gel, eluting with 30%
EtOAc/H20) to obtain 6.24 g of the desired product. M.p. 193-195.4°C.



Di ssolve 9.90 g (18.9 nmmol) of the product of Preparative Exanpl e T,
Step B, iWwoldsphigds CH err]Cl[err] and 200 nL of CH err] CN angdaeabiddo
60[err]C. 20 Add 2.77 g (20.8 nmol) N-chl orosuccini m de and heat to refl ux
for 3 h., nonitoring the reaction_b% TCL (30%t OAc/H err]O . Add an
addi tional 2.35 g (10.4 mml) of N %I’orosucci nimde and reflux an
addi tional 45 Q n. .. Cool the reaction mxture to roomtenperature and
extract with 1 and CHerr]Cl[err]. Dry the CHerr]Cl[err]

| ayer over MgS(err], filte Npuri fy by flash at ogr aphy (1200
nmL normal phase silica Bye Wit ® 30%Br RNet®®] O to obtain
6.24 g of the desired products 393- 195. 4 er O 98/ 11096

PCT/ US97/ 15900 NH, ‘ Step B:
[err] To 160 ni o vohc. MG at_-10[ er ffONGId 2.07 g (30. 1
mol ) NaNO2 and stir for in. Add 5.18 g (1@ Dl ) of the product
of Step Aand 5 warmthe reacion m xture from-210[%rr]J]C to O[err]C for 2
h. Cool the reaction to L

r] add 100 ni err] and | et
stand overnight. To extract tf?e r@é&q% m xt ule, %'Eg"éver crushed
ice and basifiy w tfl'om MG cdad e1Cl4E-erC ]add'@@? (30 1 Aen@l 9&'!\1@2' ayer

over MgSOM4, fi I ter.a neen ess
chr omat ogr aphy r(’é@& ﬁ?_ ﬁg %éééﬁﬁ l) og Hﬁﬁ'ﬁ&ﬁﬂ ?ins
Et OAc/ hexar®e) warrnlihauraaatlc%ngxtufe fmm:itllc{PC HEESE fopedch.: Cldld*rtmeﬂsaznon to

Step C H—é(?gd?dd 100 mrLey?POB' aPlel § @mg%\gerﬂ gtnnh%%@%‘éﬂhégiea&‘aﬂ B '”

100 mL conc. . overn|
50 % w w NaOH BeUES.tRQIItoves cryshed isean h@s'ﬁy withr 20%iNaOBHCHaGIe Dyy

Dr)é ;he CH([]Ier r ire Bﬂjarriic la%lg?"ov@ﬂ Mg%§qlféi' ahd concentr&iéABUrghesd. "Pubf) H}? ”t
an ry under XS‘SH% ror%atography ?600 rrﬁ. normg phase silica gel, eluting with 20%

10 EtOAc/hexans) to obtain 3.98 g of product. Mass spec.: MH+=497.2.

A

0" OCH2CH3
Dissolve 3.9 g of the product of Step B in 100 mL conc. HCl and
reflux overnight. Cool the mixture, basify with 50 % w/w NaOH and extract
15 the resultant mixture with CHaCla. Dry the CH2Clp layer over MgSQa,
evaporate the solvent and dry under vacuum to obtain 3.08 g of the
desired product. Mass spec.: MH+=424.9.

Step D:

(+)-isomer

20 Using a procedure similar to that described in Preparative Example
8, obtain 1.73 g of the desired product, m.p. 169.6-170.1°C; [a][%5 = +48.2°

(c=1, MeOH).



desired product. Mass spec.: MH=424.9. Step D [err] 20
Using a proc@Bd186ni | ar to that described in Preparative ExaRGHESI715%00 8,
obtain 1.73 g of the desired product, mp. 169.6-170.1[err]C, [err] =

+48. 2[ err] (c=1, MeOH). WO 98/ 1108 -

PCT/ US97/ 15900 - 39 -
Exanple 1 3(R) -[2-(4-(3-brono- rhpts §i chl oro-6-11
- di hydr o- 5- H benzo[ 5. cyc

1.2-Db] yr|d|n11yl) 1
- pi per i di nyl ] - 2- oxoe 1 H-b
pyrrolidi necar boxam de B h ‘ ' Mihehil - 3(R)
-[2-(4-(3-brono-8, 10- dlchloro 6-11-
di hydr o- 5- H benzo[ 5. 6] cycl ohept a[ 1. 29%1}4—'{‘—9%&%—919&1 pi peridinyl]-2-
oxoet hyl ]-1 -pyrrolidinecarboxyl ate Br Dissolve 1.0 g
(2.34 mol ) of the conpound 5 (Prepara.lv' Exarrple 12) in 20 m of
DMF, stir at roomtenperature and add 1.™M83%g (1 1.7 nol ) of
4- et hyl norpholine, 0.7 g ( 3.65 mmol) of 1 0.494 ¢ (3.65 mMmmol) of
HOBT, and 0.8 g (3.51 nmole) of 3. Stir t m xture at

5
oxoethyll-1-pyrrolidinecarboxylate ro:dn carboxylate
Br{~ Br. /j\‘ %: .
3 N
N oL
T ClCHa)s
10 Dissolve 1.0 g (2.34 mmol) of the compound 5 (Preparative

Exampie 12) in 20 m! of DMF, stir at room temperature and add 1.18 g
{11.7 mmol) of 4-methylmorpholine, 0.7 g ( 3.65 mmol) of DEC, 0.494 g
(3.65 mmol) of HOBT, and 0.8 g (3.51 mmole) of 3. Stir the mixture at
room temperature for 2 days, then concentrate in vacuo to a residue.

15  Partition the residue between CH3Clz and water, wash the organic phase
successively with saturated NaHCOg3 (aqueous) and brine. Dry the
organic phase over MgSQO4 and concentrate in in vacuo to a residue.
Chromatograph the residue (silica gel, 2% CH3OH/CH2Cla +NH3) to give
1.15 g of the title compound of Step 1. Mass Spec.: MH+ 639; partial 1H

20 NMR (CDCl3z, 200 MHz): 8.42 (d, 1H); 7.45 (s, 1H); 7.28 (d, 1H); 7.08 (s,
1H); 4.88 (d, 1H); 4.45 (d, 1H), 1.45 (s, 9H).

25



roomtenperature for 2 days, then concentrate in vacuo to a residue. 15
Partition g due between CH err]Cl[err] and water, was I C
phase sugzzlgidssl vely with saturated NaHCO err] (aqueous) Iﬂg?ﬁﬁ%ﬂ%@q

t he organi ¢ phase over MgSJ err] and ,oncentrate in in vacuo to a
resi due. Chr omat ogr aph the residue (silica gel, 2%
CH[err]O—VCH[err]CIéerr +NH err ) to _give, 15,g of the t|tIe
conpound of Stepep2 - 301 0-dis : '

200 MHz): 8. 42 dyvéioHe

4.88 (d, 1 H; 4.
PCT/ US97/ 15900
3(R) -[2-(4-(3-bronpo-8. 1Q-
cycl oheptal 1 .2-b]pyridih- ‘

-pyrrolidine [err] 3 and 50 mL of
CHerr]C[err], cool to OC &nd add 5 50 nL of TFA Sti e mxture for 4

N
h at O[err]C, then concentratje in cuo. Add water fto t resul t ant
resi due and adjust to gR Ml\laa—l (aqueousy? act with
CHerr]C[err], dry ov gerr :aYobconcentrate i HA % o to give

0.758 g of the product 7a. Mass Spec M‘CHG 538 (Fab) Partial [err]H
NVR (CDCl[err], 200 MHz): 8.4 (d, 1HP: 7.51 (s, .1 7.25 1H: 10 7.05
(s, 1 H: 4.85 (d, 1Cefnbine 3. 1(519 of i8a and 50 mlspé&l-&Clg, cool to pé@rqnd add

5 50 mL of TFA. Stir the mixture for 4 h at 0°C, then concentrate in vacuo .
Add water to the resultant residue and adjust to pH 9 with 1 N NaOH
(aqueous). Extract with CHaClo, dry over MgSO4 and concentrate in
vacuo to give 0.758 g of the product 7a. Mass Spec.: M+ = 538 (Fab).
Partial TH NMR (CDCl3, 200 MHz): 8.4 (d, 1H); 7.51 (s, 1H); 7.25 (d, 1H);

10  7.05 (s, 1H); 4.85 (d, 1H); 4.5 (d, 1H).

Step 3:
Bro~ I a Br ~ ; G
N
a ——— a
N
e Al
() N, _NH
N 2
H A g
o]

Combine 0.319 g (0.51 mmol) of 7a and 20 mL of CH2Clz, add 1.6

mL (11.8 mmol) of (CH3)3SiNCO and stir the mixture for 2 days at room

15 temperature. Add 10 mL of NaHCO3 (aqueous), extract with CHaCla,
wash with brine and dry over MgSQO4. Concentrate in vacuo to a residue
and chromatograph (silica gel, gradient of 2.5 %, 5.0%, then 7.5 %
CH3OH/CHaClo + 10 % NH40H) to give 0.196 g of the title compound, m.p
=147-150 °C; Mass Spec.: MH* 580.9 (Fab); partial Partial TH NMR

20 (CDClgz, 200 MHz): 8.45 (d, 1H); 7.52 (s, 1H); 7.3 (d, 1H); 7.1 (s, 1H); 4.85
(d, 1H); 4.52 (d, 1H); 4.35 (bs, 2H).

25 pyrrolidinecarboxamide



Combine 0.319-g (0.51 mmol) of 7a and 20 nL of CHerr]Cl[err], add 1.6

m. (11. 8 nmmwio9safiodéCH err] Si NCO and stir the mxture for 2 dapcresImesom 1 5
tenperature. Add 10 nL of NaHCJ err] (aqueous), extract with
CHerr]C[err], wash with brine and_dfy .over MgSO err]. Concentrate

I n vacuo to a residue and chromatograph (silica gel, gradient of 2.5
% 5.0% then 7.5 % CHerr]OdCHerr]Cl[err] + 10 % NHerr]OH) to
give 0.196 g of the title corrpound?" £347-150 C, Mass Spec.: M+
580.9 (Fab); partial Partial 1H NWR rr], 200 WHz): 8.45 (d, 1H);
7.52 (s, 1H); 7.3 (d, 1H); 7.1 (s, 1H (d, 1 H; 4.52 (d, 1 H);
4. 35 (bs 2H) . Exanple 2 3(S)
5- H benzo[ 5. 6] -cycl o-

hepta[l. 2-b] pyri di n-11 -yl )-1 -pi peri di ny ethyl]-1 - 25
pyrrolidi necar boxam de WD 98/ 11096

PCT/ US97/ 15900 0 \“Cl [err]
Step 1: 1.1 -Dinethylethyl-3(S) -[2-(4-(3-brono- 8ﬁ2d|chl oro-6-11-

di hydr o- 5- H benzo[ 5. 6] cycl oheptal [1 . 2-b] pyri di n- yl)-1
- pi peridinyl]-2- thyl]-1 -pyr olldlnecarbox_late [err]
Usi ng the procecﬁ?&@—’af i Jigci 0=t ,2. dr{3nbromo-8.1Q

N-t - but oxycar bordih

Mass Spec.: M
7.55(s, 1H); 7.

. ‘1-. o - pa

(d,

9H). 1 0 Step 2: @- br ono- 8. 10 dil'
1- di hydr o- 5- H-benzo[5~6d

455(d 1 H),

\\\

NY “C(CHg)3
5 o)

Using the procedure of Example 1, Step 1, except using (S)-(+) 1-
N-t-butoxycarbonylpyrrolidinyl-3-acetic acid (4), prepare compound 6b.
Mass Spec.: MH+ 639; partial 1TH NMR (CDCl3, 200 MHz): 8.42(d, 1H);
7.55(s, 1H) 7.30(d, 1H); 7.1(s, 1H); 4 88(d, 1H); 4. 55(d 1H), 1.45(s, 9H).

10

“C(CHa)3 H

6b 7b
React 1.0 of 6b with 50 mL of TFA using the same procedure as
15 described in Example 1, Step 2, to give 0.66 g of compound 7b. Mass
Spec.: M+ = 538 (Fab). Partial 1TH NMR (CDCl3, 200 MHz): 8.41 (d, 1H);
7.52 (s, 1H); 7.25 (d, 1H); 7.1 (s, 1H); 4.85 (d, 1H); 4.52 (d, 1H).



cyclohepta[l .2-b]pyridin-11 -yl)-1 -piperidinyl]-2-oxoethyl]-1

-pyrrolidi n&o 98/11096 [err] React 1.0 of 6b w th 5@cisot/1sbid

usi ng the sane procedure as 15 described in Exanple 1, Step 2, to give
0.66 g of conpound 7b. Mass Spec.: Mr - 538 (Fab). Partial [err]H NWR
(CDCl[err], 200 MHz): 8.41 (d, 1 H); 752 (s, 1H); 7.25 (d, 1H; 7.1
(s, 1H); 4.85 ( 1I—g.; 4.52 (d, 1H). WD 98/ 11096

PCT/ US97/ 15900 =lep.s: - 42 - Step 3

[err] Conbg @ 535 Mol ) @ i of
CHerr]C[err], add 10. 71 nmmol ) of § $i NCO and proceed
as described in 5 Exam ~gtep 3 to give 0. 144 oJ e title

conpound, mp = 145-150

k. &fss Spec.: Mi+ 580.9 algy; partial Partial
[err]H NVR (CDCl[err], 200 Mz): 8.4 (d, 1H): 7. * 1H); 7.28 (d,

1H); 7.05 (s, 1H); 4.852 (arNyIH); 4.5 (d, 1H); 4.°38 (bs, 2H).
Exanple 3 1 0 3(9)7b-[2- (k- (3 )\

0- brono- 8-di chl oro-6-11-di @ 'R- B benzo[ 5. 6] - 0 Wy c ohema[l
.2-b]lpyridin-11(R) -yl )-1 -piperidi rNI]-Z-oxoethyI]-l - Y 2
pyrrolidi necar boxam de o

Combine 0.288 g (0.535 mmol) of 7b and 20 mL of CH2Cl2, add
1.44 mL (10.71 mmol) of (CH3)SINCO and proceed as described in

5 Example 1, Step 3 to give 0.141 g of the title compound, m.p = 145-150
°C; Mass Spec.: MH+ 580.9 (Fab); partial Partial TH NMR (CDCl3, 200
MHz): 8.4 (d, 1H); 7.5 (s, 1H); 7.28 (d, 1H); 7.05 (s, 1H); 4.852 (d, 1H); 4.5
(d, 1H); 4.35 {bs, 2H).

10




[err] ' Step 1: 1.1 -Dinmethylethyl-3(S) -[2-(4-(3. 1
0- di br onp- SWR ¥M1B%6-6- 11- 15  di hydr o- 5- H- benzo[ 5, 6] cycl oheptGf/Ys97/15%00

.2-b]pyridin-1 1 (R-yl)-1 -piperidinyl]-2- oxoethyl]-1
-pyrrolidinecarboxyl ate [err] - 4%\0 98/ 11096
PCT/ US97/ 15900 - 43 - React

(o give 151 g cPONRBORR M Gos gt Bz EAme frobdaure as FREINbSILE o/ ”
[1|e_|)r r] ? Tg/R( g CDEJI Example (IDBté)zHI,) to @vé(&.aﬂ g I_(;ﬂfme prodift @, Mash Speb.: M+51 (g -

on ’ : ' = |
[25(4-(3, 10- gl o8 ﬁiﬁ#ﬁ%f‘@?ﬁl@ﬁhﬁ&)&o!@ﬁf gatl, 1H); 7.58 @ 1y; 50
[ 5. 6] cycl ohept a[2.51Zdb] pHr 7.dBr(s1 1idR)4.81(d, 1H); @6 &, S (_-529b‘l)oet hyl ] - 1-

pyrrolidine tep 2! mg -52-(5-(3,1g-dibPﬁﬁlg-ﬁicﬁl&o_fﬁJ9- dyodb o-TFA as
descri bed in Exa e 1, e ,_c1g|ve 1.,%,0 ! mp. = -162 C,

1.31 g (2.7 nmol) of Reappy®d @(Mrhnfbgééf éorhpodndBWith 0§76 g (3.30AMRYUHd 4

Mass Spec.: Mk 0 1.2-b i 1200 MHz):
8.42 (d, 1H); 7.5arékdingH); 7.5 (d, 1H); 7.12 (s, 1H); 4.88 (d, 1H);
4.52 (bd, 1H. 1 te|%,,3./l a Bre_s a
s |
N
Br — Br

0)\\‘" N
Q.. L.q

“C(CHa)3 H
10 9 10
React 1.3 g of 8 with 50 mL of TFA as described in Example 1, Step
2, to give 1.2 g of 10, m.p. = 160-162 °C; Mass Spec.: M+ = 581.9 (Fab).
Partial 1TH NMR (CDCls, 200 MHz): 8.42 (d, 1H); 7.55 (s, 1H); 7.5 (d, 1H);
7.12 (s, 1H); 4.88 (d, 1H); 4.52 (bd, 1H).

15 Step 3:
Br /l c Br /! &
\N \N

Br — Br
NH
Yo

N
10 OJ\\‘"Q Q)\\\"CL
H
O

Combine 0.7 g (1.2 mmol) of 10 and 40 mL of CH2Cl2, then add
3.25 mL (24 mmol) of (CH3)SINCO and proceed as described in Example

1, Step 3 to obtain 0.318 g of the title compound, m.p = 148-150 °C; Mass
20 Spec.: MH* 625 (Fab).

pyrrolidineacetamide



[err] Conbine 0.7 g (1.2 mml) of 10 and 40 nL of

CH err] Cl [ enwd o8/it086) add 3.25 nL (24 nmmol) of (CH err])ectgsdrassho
proceed as described in Exanple 1, Step 3 to obtain 0.318 g of the
title conpound, mp = 148-150 C; Mass 20 Spgg.: Mt 625 (Fab).

Exanpl e 4 3(9S)

-[2-(4-(3. 10- brono- 8-di chl oro-6-11-di hydro 5- H-benzo[5 6] -

cyclohepta[1 .2-b]pyridin-11(R)- yB e A nyl ] - 2-oxoethyl ]-1 -
pyrrolidi neacet am de WO 98/ 1109

PCT/ US97/ 15900
Conmbine 0.1 g (0.172 mmol ) of the produg

- 44 - [err]
ofBTExanpl e 3, Step 2, 2 nL
] at roomtenperature, then
add 0.0249 g (0.18 mml) of bronpacetanide apehstir the m xture 5
overnight. Add water and filter the soh#ugw\Wabh t solids with water to
give 0.075 g of the product. Mass Spec.: MH E . Partial [err]H NWR
(CDCi[err], 200 Mz): 8.44 (d, 1H); 7.55 (s, 1H); 7.5Me 1H); 7.15 (s, 1H);

5.5 (bs, 2H); 4.8bmklne d. (61152(rﬁimoibof‘9he groduct of Example 3, Step 2, 2

| b X
-Efj?mdfo%-l EI— benFtby @@ and 6646 & (0. 3]3%/91"551 3 3 r‘éﬁﬁymmwamm| )-1

- pi peri di nyl] - 2- add €t¢B49 g10:18 mmol) of bromoacetamlde and stir the mixture

pyrrol idi nemg! hy!)@é'rlnig%?rﬂ water and filter the solids. Wash the solids with water to
give 0.075 g of the product. Mass Spec.: MH* 639(Fab); Partial TH NMR
(CDClg, 200 MHz): 8.44 (d, 1H); 7.55 (s, 1H); 7.5(d, 1H); 7.15 (s, 1H); 5.5
(bs, 2H); 4.87 (d, 1H); 4.5 (d, 1H).

10

pyrrolidinemethylsulfonamide

Br c

Br
N

OJ\\“'CL

"~ S0,CH;3
Combine 0.1 g {0.172 mmol)of the product of Example 3, Step 2, 5

15 mLCH2Cl> and 0.034 g (0.048mmol) of EtgN at room temperature, then

add 0.021 g (0.189 mmol) of CH3S02Cl and stir the mixture overnight.

Evaporate to dryness and purify the resultant residue by preparative

chromatography, eluting with EtOAc to give 0.085 g of the product. Mass

Spec.: M* 659.9(Fab); Partial TH NMR (CDCla, 200 MHz): 8.42 (d, 1H);
20 7.55 (s, 1H); 7.5(d, 1H); 7.1 (s, 1H); 5.9 (d, 1H); 4.85 (d, 1H); 4.5 (d, 1H);

2.8 (s, 3H).

Example 6
2(S) -[2-(4-(3-bromo-8, 10 dichloro-6- 11 dlhvdro 5-H-

25 pyrrolidinecarboxamide



[err]  woesn1096C0Mine 0.1 g (0.172 mol ) of the product o,{
Step 2, 515 nmCHerr]C[err] and 0.034 g (0.048mmol ) of E erriﬁ at room

tenperature, then add 0.021 g (0. 189 ) of CHerr]SOerr]Cl and
stir the m xture overnight. Evaporafe4§mdryness and purify the

resul tant residue by preparative chromat ography, eluting with EtQAc to
give 0.085 g of the product. Mass Br : c659. 9( Fab) Partial [err]H
NVR (CDCl[err], 200 MHz): 8.42 (d, 1H}. (s, 1H); 7.5(d, 1H,; 7.1
(s, 1H; 5.9 (d, 1 H; 4.85 (d, 1H; 4. ; 2.8(s, 3H) .

Exanpl e 6 2(S) -[2-(4-(3-b . 1

0-di chl oro-6- 11-di hydro-5-H benz 6] cycl oheptal 1 .2-b]pyridin-1
1 -yl)-1 -piperidinyl]-2-oxoethyl]- 1- 25

pyrrol i di necar boxani de WO 98/ 11096 J\\\G

PCT/ US97/ 15900 - 45 - [err]

Step 1: 1.1 -Dinmethylethyl-2(S) -[2-(4-(3- br@ﬁ‘érﬁ 10-dichl oro-6-11-

di hydr o- 5- H benzo[ 5, 6] cycl ohept a[ 1 : 2- b] pyri di n- 11 -yl) - 1 - pi peridinyl]-2-
oxoet hyl ] -1 - pgtepli: e Btepl i - -4 tbrbmo- ishiory6-11-

N-boc- honopr ol | Junl_ i kL O (10 nli)
and stir with JEUUS, l’ Lidl "2'Adj ust
the pH with 1 RXE ' egaibe 2 dryness Di ssol ve t he

residue in DVF (10nl), and NI\/M (2% nd St 3.44 10

ol e),  HOBT (Om(ﬁz 3 EtOH

4 o-C(CHa)a

el

12 0% O-C(CHg)3
Dissolve N-boc-homoproline methylester (11) (0.56 g, 2.3 mmole) in EtOH
(10 mL) and stir with 1N LiOH (aqueous, 10 mL) at 50 °C overnight.
Adjust the pH with 1N HCI to 4 and evaporate to dryness. Dissolve the
residue in DMF (10mL), and NMM (2mL.) and stir with DEC (0.66 g, 3.44

10  mmole), HOBT (0.47 g, 3.47 mmole), and compound 5 (1.47 g, 3.44
mmole). Evaporate to dryness. Extract with CH2Clz (100 mL) and wash
with brine (2x100mL). Dry over MgSO4 and evaporate to dryness to give
an oily product. Flash chromatograph on a silica gel column eluting with
50% hexane/EtOAc to obtain compound 12 (0.95 g), Mass Spec.: MH*

15  639; partial 1H NMR (CDCI3, 200 MHz): 8.42 (d, 1H); 7.54 (s, 1H); 7.31 (d,

11

1H); 7.09 (s, 1H); 4.85 (d, 1H); 4.53 (d 1H), 1.45 (s, 9H).

a da
S
N N
O)\\\\\(!;j OJ\ \\“(':l] 13
12 o o CCHas "
20 Combine 0.9 g of 12 and 10 mL of CH2Cl», then cool to 0°C and

add 10 mL of TFA. Stir the mixture for 3 h at 0°C, then concentrate in



mmol e) . Evaporate to dryness. Extract with CHerr]JCl[err] (100 nL) and wash
with bri neWP2BAYMIAL). Dry over MgSJ err] and evaporate to dPEmAIS3/15906i Ve
an oily product. Flash chronatograph on a silica gel colum eluting with
50% hexane/ Et OAc to obtain conmpound 12 (04%5.9), Mass Spec.: M+ 15 639;
parti al [err]H NVR (CDCl[err], 200 MHz): 8.42 (d, 1H); 7.54 (s, 1H); 7.31

Y ep 2: 2( S) 1VZ°98%§1 ?ﬁ;é‘@ﬁﬁé% ahiadidsstie pht t&%&‘ﬁ" é?IN—é@E{nzo[ 5, 6-

] cycl ohept a[ 1 th/CHaCl2, qsvaﬁr Ma8Q4 and srocemtyate-in

-Cﬂ%/rroi inli[ne ]vacuo [oegwiiao of 13. KasdiSpRcl M+ 5ig %) ;

err err the m xture
for 3 h at Of erer‘{‘%Et qeﬁ ggﬁ gf%%&id “ﬁdflségf%)l% (Ad 71 (s, 1 ﬁ}

PCT/ US97/ 1@00488 (d, 1H); 4.52 (d 1H). - 46 - vacuo to a
resi due, add Wnd adjust the pHto 9 with 1 N NaCH (aqueous) .
Extract with 2% over MgSOH4 and concentrate in vacuo to give
0.538 g of 13. Mass Speth 48 (Fab). Parti alBr R (CDCI[err]
200 MHz): 8.45(d, 1H): 7. H: 7.28 (d, 1H); A H: 5 4.88
(d, 1H); 4.52 (d, 1 H). Qp 3: err a ConbmeOZg
(0.37 mml) of 13 and 10 nL{off CHerr]Cl[err], "add 1.5 (11. 07 nmol)
of (CH3)Si NCO and stir the Xt u overni ght at room 10Nt enperature. Add
10 mL of NaHCO3 (aqueoud3), ’Jr{l}‘ exfract with CHerr]dC A wash with
brine and dry over MgSJO err entrate in vacuo to res e and

chromat ograph (silica gel, gradl ent of 2.5% 5.0% then 7039 [err] OH
CH[err]CI[err] + 10%NH[errJ give 0.132 g of the title Conpound. Mass
Spec. : M+ 580C0»nkiag)0 2rgamﬁalmmet)rqfnamoo;m P& CH2C12,0iddVHE) mLS. 4

(d iH) - 15 (p11.67 mmb of (CHASINCOAA stir e iturttdverfighPat fdbm 1M+ 4. 5
(d, 1H; 4i'O mperal_gre. Add 10 mL of NaHCO3 {aqueous), then extract with CHoClo,
wash with brine and dry over MgSQ4. Concentrate in vacuo to a residue
and chromatograph (silica gel, gradient of 2.5%, 5.0%, then 7.5% CH3OH/
CH2Cl2 + 10% NH4OH) to give 0.132 g of the title compound. Mass Spec.:
MH+ 580.9 (Fab); Partial TH NMR (CDCls, 200 MHz): 8.4 (d, 1H); 7.5 (s,
15 1H); 7.28 (d, 1H); 7.05 (s, 1H); 4.852 (d, 1H); 4.5 (d, tH); 4.35 (bs, 2H).
Example 7
Phenyl 3-[2-[4- -b omo-8,10- dlchloro- 11-dihydro-5H

20




Exanpl e 7 Phenyl 3-[2-[4-(3-bromp-8, 1 O-dic 1
098Illg96nzo[ 5, 6] EEQ';(%T?IISN’)LO

- di hydro- 5H cycl ohepta[l .2-b]pyridin-11 -yl)-

- pi peridinyl]-2-oxoethyl]- cyano- 1 - pxrrol I di necar boxi m date
[err] WD 98/ 11096 - 47 -

PCT/ US97/ 15900 - 47 -

Di ssol ve conpound 7 (1D(aml\xeab.mmppuadd7 @1 poeivalenthand diphenylegahoni m dat e

|
ndar o | o ang SABeRTIARe P Sy ARRS) A 3-SR0 Anlineat the SOl AC
and chromat ogr aprﬁQ‘WeUBﬁédtﬁf Xaanduader da fgé%éblﬁ)mﬁ’o(@@)(beEmWreusldmnesss
neat Et OAc as thead Bﬁmeﬁfbg@éWtﬁé‘ﬂrédddt%rﬁé’@ﬂféﬁ@bl column_(SOX% cm) using

Ex | 8
“di hydro-5H 5 neat %9%?%“646!}%"&&1@9!V§)‘%0951%WPP8% 11-yi)-1

- pi peridinyl]-2-oxoethyl]- Examplg 8 cyano-1
-pyrrolidinecar boxi m dam d y .Ssol ve the product

of Exanple 7 in 2-propanol FHAEFRLrY Stir the
m xture at 25[err] iperidi

cyvano-1-pvrrolidinecarboximidamide

Br—~ \ @]
=N
NH>

avCN

Dissolve the product of Example 7 in 2-propanol and add .
concentrated NH4OH. Stir the mixture at 25°C for 24 h and then
evaporate to dryness. Triturate the residue with EtoO (2X250m!) and
discard the ether. Chromatograph the resulting product on a silica gel

15 column using 4% (10% concentrated NH4OH in CH30H)-CH2Cly as the
eluant to give the title compound.

10

20 rrolidinecarboximi

Bl’/\ C

- c @
J\/Qf "

Dissolve compound 7 {1 equivalent) in anhydrous CH2Cl2, add
phenylcyanate (2 equivalents) and diisopropylethylamine (100 drops) and
stir the mixture at 25°C for 15 min. Directly introduce the reaction mixture

25 onto a silica gel column and elute with 10% increasing to 20% (10%
concentrated NH4OH in CH30H)-CHoCl2 to give the title compound.



evaporate to dryness. Triturate the residue with Et20 (2X250m ) and

di scard t havowsero9é Chr omat ogr aph the resulting product on a pcriusey@ede 15
colum using 4% (10% concentrated NH err]OH in CH err]OH) -CH err]Cl[err] as
t he eluant to give the title conpoun -

Exanpl e 9 Phenyl - 3-[2-[4-(3-brono-8, 1 O-dichloro-6.11

- di hydr o- 5H benzol[ 5. 6] cycl ohe a Ipyridin- 11 -yl)-1
- pi peridinyl]-2- 0>1<oethy|] 1- IEKA_QLQ_ZLOb

.

g-cyoiapeg il 1

equi val ent) in anhydiugrdil
equi val ents) and dii Sopropyte S
m xture at 25[err]C for 15 mn. Di oduce the reaction mxture 25
onto a silica gel colum and el : yasChg to 20% (10%

concentrated NH err]OHin CHerr]O ] to give the title

conpound. WO 98/ 11096

PCT/ US97/ 15900 - 48 -

Exanpl e 10 1 -(3-Bronp-8, 10-dichlorp-6, 11 -dihydro-5H benzo[5
. 6] -cycl ohepta[1 . 2- b] pyri dilg- 1 yI)-4-[1b'(hi

-cyano- 3-pyrrolidinyl)-acetyl]piperidine eNr] Di ssol ve
t he product of Exanple 9 (1 equivalent) i anh dro THF . Add a 60%
NaH di spersion in oil (4 equivalents) a ' m xture at 25[err]C
for 2 h. Dilyte the nj h | 1 enr N NaOH.
Dry the CH| eérlr] CA er M%’)’/‘Zﬁ %Bfo%g hﬂ'%b @n%q%@ﬁﬁwé@ é‘"%‘)ﬂg ness.

Chr onat ogr aph t A&ifpr ddigca 667 NaH Hlsqxergeh i ofl {dnreqeivalents) and btlﬂihé%(xhﬂ% 10
concentrated NHgebEbEHG} D %xﬁfték%ﬂﬂé%ﬂr&hﬁy}@ﬁé’ Tﬂ's}ﬁv: E.oN Nad

conpound.
Phenyl - 3- [ 2- [ 4- OtyBhefHsClzallapedoen MoSQy, fiten andienaporats ko dryness.

Chromatograph the product on a silica gel column eluting with 1.5% (10%
10 concentrated NH4OH in CH30H)-CH,Cl; to give the title compound.

Example 11
Phenyl-3-[2-[4-(3- bromo-B 10- dlch!oro-G 11 dthvdro-SH-

sulfamoyl-1-pyrrolidinecarboximidate

Br / \ d

15
Method 1:

Dissolve compound 7 (1 equivalent) and diphenylsulfamoy!-
carbonimidate (1.2 equivalents) [prepared as described in: M. Haake and
B. Schummelfeder, Synthesis, 753-758 (1991)] in 2-propanol and heat the
20 mixture as described above in Example 7 to glve the txtle compound

Method 2: L
Dissolve the product of Example 9 (1 equwalent) in an inert

anhydrous solvent such as CH3CN, benzene or toluene and add EtgN (2
equivalents). Cool the solution to 0°C and add sulfamoy! chloride (1.2
25 equivalents) [prepared as described in: R. Appel and G. Berger, Chem.



benzo[ 5. 6] CW%%’S&Q'E[ 1 .2-blpyridin-11 -yl)-1 -pi per| d| nyl | - 2- z'gstg%ﬁglml\l-

sul f anoyl - di necar boxi m dat e [err]

Di ssol ve conpound 7 (1 equival ent) and di phenyl sul fam)yl

carboni mi date (1.2 equival ents) [prepared as4¥escribed in: M Haake and

B. Schummel f eder, Synthesis, 753-758 (1991)] in 2-propanol and heat the 20

m xture as descr |md @Qm&)npaaﬂmmﬂ]t Stigtheeridiard at 0 ¢P5>0HRd 3 h.

an inert  anBieEoIIRNR MEE AL anLorRE IS J1E0B bihetehath
add Et 3N (2 layen overcMgaS 4, dilter andesvapionatedo dryné$sr Chedraatbgraiph the
sul farmoyl chlori %ﬁoﬁ@:c&oﬁ% sﬂn@é‘%@é@ﬁﬁg ég@f&ﬁ)ﬁém@%ﬂ?w InFéadifg 18%4%

Appel and G Berder 5
PCT/ US97/ 15908 (10% concentrated NH4OH in CH30H)-CH2Cl2 to giveghe title compauend.,

91 (1958), p. 1339-1341]. Stir the m Xt urmah |g[132r]Ct025[err]Cfor 3 h.
Dilute the mxture with CHeprlCllerr] and "%""""‘t th .1 N NaOH Dry the

CHerr]Cl[err] | ayer “SAE¥-RS 10n¢f ""‘-‘f‘- AECEAE t o dryness.
Chr omat ogr aph t he MMWH-@ 1-pipefidin H@bx@éiﬂﬁmfﬂl—

4 BT R B v o MMMt

CHerr]OH)-CH2Cl 2 to give the cConpo

Exanpl e 12 é{Z [ ; 8,.,10 -dichloro-6.11
- di hydro- 5H benzo[5 6] c Ct')yrl din- 11 y) 1
- pi peridinyl]-2-oxoethyl]- sul f anoyl -
-pyrrolidinecar boxi m dam de [er P‘] 1D Met hod 1:

10
Method 1:

Dissolve the product of Example 11 in 2-propanol and add
concentrated NH4OH. Stir the mixture at 25°C for 24 h and then
evaporate to dryness. Triturate the residue with Et20 (2X250mi) and

15 discard the ether. The resulting product is chromatographed on a silica gel
column to give the title compound.

Altemnatively, anhydrous ammonia in a suitable inert solvent such
as CH3OH or THF may be used in place of NH4OH in the above reaction.
Method 2:

20 Fuse the product of Example 9 (1 equivalent) with sulfamide (4 to
10 equivalents) at 150°C to 180°C for 24 h. Purify the product on a silica
gel column to give the title compound.

Alternatively, the reaction may be carried out using a suitable inert
solvent such as 2-propanol at refiux temperatures.

25 Method 3:

Fuse the product of Example 10 (1 equivalent) with sulfamide (4 to
10 equivalents) at 150°C to 180°C for 24h. The product is purified on a
silica gel column to give the title compound.

Alternatively, the reaction may be carried out using a suitable inert

30 solvent such as 2-propanol at reflux temperatures.



concentrated NH err]OH Stir the mxture at 25[err]C for 24 h and'then’
evapor at e tWOdBAIE9§s. Triturate the residue with Et[err] O (2¥esasbinsesed 15
discard the ether. The resulting product is chromatographed on a silica gel
colum to give the title conpound. . Alternatively, anhydrous

ammonia in a suitable inert solvent such as CH err]OH or THF may be
used in place of NHerr]OH in the abovegzxgaﬁh': rcjlr'é Met hod 2: 20

Fuse the product of Exanpl e 9 (1 equiva n sulfamde (4 to 10
il 31914 S [ PTO-X d d g

silica

Al ternatively,

sol vent such as 2-propanol ‘ gh) piroMGnecs glate

Fuse the product of Exanple 10 (1 equj ) with sulfam de (4 to 10

equi val ents) at 150[err]C to 1&0}¢ G The product is purified on

a silica gel colum to give ’ onpo Rl
Al ternatively, the reaction nay be ed! out us a suitable inert 30
sol vent such as 2-propanol at reflux WD 98/ 11096

PCT/ US97/ 15900 - 50 -

Exanmpl e 13 Phenyl - 3- [ 2- [ &'( 3{browb- BSOMHischl oro-6. 11

- di hydr o- 5H benzo[ 5, 6] cycl ohep(t) Nyridin-11-yl)-1

- pi peridi nyl§- 2- oxoet hyl ] -N-(N met hyl sul fanoyl ) -1
-pyrrolidinecar Mgiheddate [err] Met hod 1: Di sol ve

the product of EX&WD'BISQIV@!h@%bMQ&Fé‘FExérﬂ '(ﬂ%bhwalent) fﬁnﬂ%{ﬂ{e gif's sol vent

such as CH3CN, benz or toluen I val ents Cool
the sol ution t o BNWARYS solyentisish A iﬁ@xﬁup ahzge entolusnyANdadhEBN (2
equi val ents) [ preepivaidniay. Guotthdedluition 10.0°8 attd add Kmtetkylsulfamoyl

at o err) & 18 2GhidalReaivaeiit) ferdfaraq B gfsenh cﬁngoaak@rq Rt he”

title I )corrgdwscthmsky JANBtdZhem. J@_(ZS) (1976)Dp5402&-4029]rp8tmﬂ197m(>mrre )
equi val ent) an oC 1B ey ui val ent's
[ prepared by the at0°C tgsame prr(@%re y)élagﬁ\g%&gﬁqﬁgﬁf%éﬁ%&ﬁqchl oride,
as described in: °°)5('*P°U“d
Method 2:
15 Dissolve compound 7 (1equivalent) and

diphenylmethylsulfamoylcarbonimidate (1.2 equivalents) [prepared by the
same procedure, only using methylsulfamoyl chloride, as described in: A.
Buschauer, Arch. Pharm., 377-378 (1987)] in 2-propanol and heat the
mixture as described in Example 7 to give the title compound.

20 Example 14

methylsulfamoyl)-1-pyrrolidinecarboximidamide

Br— \ c
—_—
a NHa
)\/O /* NSO,NHCH;3
N
8)
25 Dissolve the product of Example 13 in 2-propanol and add

concentrated NH4OH. Stir the mixture at 25°C for 24 h and then



Buschauer ‘ rm 377-378 (1987)] in 2-propanol and he
m xture as gggcrllbed in Exanple 7 to give the title conpound. i‘ﬁz'ahﬁ%nsgoo

Exanpl e 14 3-[2-[4-(3-Bronp-8. 1 O-dichloro-6. 11
- di hydr o- 5H benzo[ 5. 6] cycl ohepta[ 1 * 2b]pyridin-11-yl)-1
-pi perridinyl]-2-oxoethyl]-N (N met hyl sul fanoyl ) -1

-pyrrolidinecar b@xrapbtmmtdeiryness Trifuzate thea®sidue with ElpQ {2X280mljeand oduct

2}‘ XtEﬁ?feTthe %g 'GP rdfs ﬁg?thé’r“@h%d%sumng pnwggéﬁggtw{aﬁhéb% a Shich ddi€

PCT/ US97/ 15900 column to give the title compound. 51 - evapor at e
to dryness. Triturat eAlflﬁnéWélS‘UQn pdroubtdrimdnia (RXduitable ined solvent sicRcard

o to g | B GhHePH Bbﬁ%@pmysbg Ueed Bf‘ic%f@%i*'ﬁéﬁa'oibs b3 Feaclinn.

ammonia in a suitable inert solvent suchg_m_gﬂ err]OH or THF may be used

in place of NH err]OH i _abay
Exanpl e 15
- di hydr o- 5H be

benzel5:6)cycicheptaldie:-bipyridin-11ylyd rpiperidinys@-pxdethyl]-N-
-piperidinyl]-2-oxoethyl] [ﬂm-dimgﬁh‘gl%lfamgyl)-1(%%&% '.éEérBMkiﬁHhéﬁ'Dyl )- 1
-pyrrolidinecarboxi m dat € 0 ; Di ssol ve
the product of Exanple 9 (1 equjvals - | Rert anhydr ous sol vent
such as CH3CN, benzene or toluene nd\ (?2 equi val ents). Cool

the solution to O[err]C and add N, N et hy=Bul f a 15 chloride (1.2
equi valents). Stir the mxture at O[erLRC tp25[ er or 3 h, extract,
filter and evaporate to give the titld co pound. @

)\/Q /* NSOzN(CHa)2
10 0)

Method 1:
Dissolve the product of Example 9 (1 equivalent) in an inert

anhydrous solvent such as CHaCN, benzene or toluene and add EtaN (2

equivalents). Cool the solution to 0°C and add N,N-dimsthylsultamoyl
15 chloride (1.2 equivalents). Stir the mixture at 0°C t025°C for 3 h, extract,

filter and evaporate to give the title compound.

Method 2:

Dissoive compound 7 (1 equivalent) and diphenyldimethyi-

sulfamoyl-carbonimidate (1.2 equivalents) in 2-propanol and heat the

20 mixture as described in Example 7 to give the title compound.

Exam le 16

N.N-dimethylsulfamoyl)-1-pyrrolidinecarboximidamid

Br/\ a

a

NHo
N k NSO;N(CHa)2
o N

25 Dissolve the product of Example 15 in 2-propanol and add
concentrated NH4OH. Stir the mixture at 25°C for 24 h and then
evaporate 1o dryness. Triturate the residue with EtoO (2X250m!) and



Met hod 2: Di ssol ve conpound 7 (1 equival ent) and

di phenyl di v 98y11896 sul f anoyl - carboni mi date (1.2 equi valm‘lﬁlmo
2- propanol and heat the 20 m xture as described in Exanple to give the
title conpound. 2 . Exanpl e 16

Benzo[ 5. 6] cycl ohepta[ 1 . 2-b] pyridin-11 yI “1 - pi per| di nyl]-2- oxoet hyI ]-N

(L et D7) =R e e T8 SRS ST BABl qaraoned 89 Batidhions oo

NH err] OH. Sti recolbnmtocgivedhettitiesiampddd.or 24 h and t hen evapor at e

to dryness. Triturat gubheathef), Snfylidds Snhedrid #i g@(tﬁéggcipﬁiggo))’ﬁ%tgﬂ%ﬂ

98/ 11096

- 52 - di 8¢ &H@HorethE mayrhe usedinmilage of NHOH insthenaboue wectiphed on
a silica gels colum to gi ve t he tlg,k slanppund.

Al ternatively, anhydrous n a sullab | r% ol yeni such as
CH err]OH or THF may be ust = riele 1 1146l e reaction.

5 benzo e 4 i i

3-[2-[4-(3-Brono-8, 10-di chl ong- L1 - dl -bH . . i
benzo[ 5. 6] cycl ohepta[1 . 2- b];?gﬁﬁ%&ﬁ#r é;'lg ! d =2-oxoet hyl ] - N-

hydr oxy- 1 pyrroI|d|necarbOX|n1dan1d- err] 1 0 Method 1:

Di ssol ve the product of Exanple @’ Qin CH err] OH. Prepare
i ng hydr oxyl am ne

(1 equi val ent) and add
Fvapor a the 15 solution to

-

hydrochl oride (1 equivalent) in 50% (W v,
to the mxture; stir at 25[err]C for 18h.

dryness and triturate with water. Filteleff e e and purify on
silica gel to give the title conpound. N
8]
10 Mesthod 9:

Dissolve the product of Example 9 (1 equivalent) in CH3OH.
Prepare an aqueous solution of hydroxylamine by dissolving
hydroxylamine hydrochloride (1 equivalent) in 50% (w/v) NaOH (1
equivalent) and add to the mixture; stir at 25°C for 18h. Evaporate the

15  solution to dryness and triturate with water. Filter off the solid and purify

on silica gel to give the title compound.
Method 2:

Altematively, the product of Example 10 may be reacted as
described in Method 1 above to give the title compound

20 Example 18
-[2-14-(3-Bromo- 10-d|ch|or - 11-d dro- H-

methoxy-1-pvrrolidinecar idamide

25 Method 1:
Dissolve the product of Example 9 (1 equivalent) in CH30H. Add
an aqueous solution of methoxylamine {prepared by dissolving
methoxylamine hydrochloride (1 equivalent) in 50% (w/v) NaOH (1



Met hod 2: wo 98/11096 Al ternatively, the product of Exanple

reacted as described in Method 1 above to give the title corrpound 20
Exanpl e 18 3-[2-[4-(3- Brgg)S 10-dichloro-6. 11
- di hydro- 5H benzo[ 5. 6] cycl ohept a[

1.2-b]pyridin-11- Y)‘% ri.dinyl]-2-oxoeth

net hoxy-1 - pyr ﬁﬂ‘?{ 'ﬁ@ggﬁggﬁ“ﬁmﬁam“@éfe at 25°¥é@"r 18h.2Bhe selutiands 1:

Di ssol ve t Ihet prendiporateld t@@?ﬁé@s SnﬂlrlﬁﬂuﬂeﬂahmiﬁatéﬁTfﬂé[éﬁlfd] iSitefstfloft and an
aqueous sol uti e sol vi ng

met hoxyl ami ne @Hﬁ‘&gh%ﬁq'&é Q“'Tt ‘Hﬁhiﬁ*ﬁ% CPH%QHG)E'(W v) NaOH (1 WO

98/ 11096 Method 2: PCT/ US97/ 15900

cofution is5 " o PARRDElAmped [F B, f HthipeyBnide .

solid is filtetwdreghlodde (1 equivalgnt)raredlissolved irtangydrqus pyridine medtthel e

conpound. mibRirBag s@rredEBt 25°C for zﬁherlﬁf]ﬁﬁ*lﬁge e‘at% dr%ness and

equi val ent) and r'r_@t g?&ﬁ/ m ne U’%e' ori de qui vaI ent) are

di ssol ved in af E@F?éﬂeﬁéo give Hectitle CompﬁPR@ure is stirred at
25[err]C for 2h. The m xture is evaporgxgﬁhé;@ Eyness and purified on
silica gel1qo glvethci,tltl J

Exanpl e 19710 ciaya - Fro—o- A .

- di hydr o- 5H ‘ B i ; ipdrig

1-y1)- 1-pi per i di nyl ] - 2- OXOGEQHJ%Q@%Q -1- gyr@hdlngcgrbo_rém‘datgcar boxam do- 1

- pyrrolidinecarboxi m date d7 (1

equi val ent) and di phenyl car bo>§1m do-< oném date (1.2 equival ents)

[ prepared, using urea in place 0

Compound 7 (1 equivalent) and diphenylcarboxamido-

15  carbonimidate (1.2 equivalents) [prepared, using urea in place of
sulfamide, as described in: M. Haake and B. Schummelfeder, Synthesis,
753-758 {1991)] are dissolved in 2-propanol and the solution is heated at
80°C under reflux and under nitrogen for 24h. The mixture is evaporated
to dryness and chromatographed on a silica gel column to give the title

20 compound.

carboxamido-1-pyrrolidinecarboximidamid

25



sul fam de, as described in: M Haake and B. Schumrel f eder, Synthesis,

753- 758 (1981¥ 1189 di ssol ved in 2-propanol and the sol uti onPCHUSKIAsMWA at
80[err] C under reflux and under nitrogen for 24h. The m xture is evaporated
to dryness and chromatographed on a silicasgel colum to give the title 20
conmpound. Exampl e 20

3-[2-[4-(3-Bronp-8.1 5.
6] cycl[ oh(ept a[l .2-b] [}3} | U%i%!: %xﬁi“r}l? ? gytﬁ#%ﬂ\za ﬁn %-p&%aéﬁ??f’?()[
car boxami do- 1 ppncgmraiadeuhhgm& ismaddmi .dédhe mixture |Q§turred at 25°C for 24h and

[err] WO 9§ dr a9 dto d '
PCT/ US97/ 15900 # 8porated to dryness. The residue is nturate% Zvnth Et20 (2X250ml)

product of Exan@hd thg gtbepdiscarded; The sesitingpradughis chromategraphed og:ad
NH[ err] OH i s5 additida étecotwmhubegwsﬂsé nﬂé@dnﬁiouaa[ err]C for 24h and

t hen evaporated to ess due is trjturate, err

(2X250n ) and tHEN B‘E‘ﬁ‘.‘é?'yd?%'éiééfaéa ammaniaJi, 3 ?ﬁ“??g}’ %HWEE{DWPQJ such

chr omat ogr aphed asrCH3O8 osTHFcmagedie aséd lmplaoeg:f\m-u(hid inh the aboverpsactidn.

Al ternatively, anhydrous amonia in a Sghbalhée jnert sol vent such as
CH err]OH or THF may be used |n pl ace off NfferrfOH in the above reaction.
Exan‘pl e 21 Phe gyt B-14-={32010) - shiore-6 1 O Orrod) -6

1% Cbli hy?rg-ﬁdyl—l 1%;12 o i P2 5ty B# fl{lnendmvn-z-oxoethleNLN’
pyriai yl)-1-prperi -

met hyl car boxami do) -1 - pyr P38y SXYDG0: a(\éﬁ’vmd' ecarbq&mggt_e

The product of Exanple 9 (1 equi vaI e di ssol ved in anhydrous

CH err]Ci[err]. MethylisocyaBatg
is

The product of Example 9 (1 equivalent) is dissolved in anhydrous
CH>Cls. Methylisocyanate (2 equivalents) is added and the mixture is
15  stirred at 25°C for 48h. The mixture is worked up as in Example 19,
Method 2, to give the title compound after chromatography on silica gel.

Example 22
20 methylcarboxamido)-1-pyrrolidinecarboximidamide
Br~ \ a
=N
a NH,

)N\/O } NCONHCH,
N
0

The product of Example 21 is dissolved in 2-propanol and
concentrated NH4OH is added. The mixture is stirred at 25°C for 24h and
then evaporated to dryness. The residue is triturated with EtoO (2X250ml)



15 sti rredwbggﬁi.ggr]c for 48h. The mxture is worked up as ipcFrisyTRk®R019.
Method 2, to give the title conpound after chromatography on silica gel.
Exanpl e 22 3-[2-[4-(3-Brgr’r§ 8. 1 0-dichloro-6. 11

- di hydr o- 5H benzo[ 5. 6] cycl ohepta[l .2-D]pyridin-1 1-yl)-1

-pi peridinyl]-2-oxoethyl ].-N- (N - 2 - t hyl car boxam do) -1
-pyrrolidinecar bcﬁﬂcﬁ#'}%ﬁhﬁi disbarasd, FBerpmaining prg‘éucy'sﬁ%o@la&m@f’?’@ﬁ ona
Exanpl e 21 is di ssidavgdl coluthrptoogimecheaiti compoursdincentrated NHerr] OH i s

Co aryness. The r osi auateiefief, s pmBionts fy 8 Slitabie neyt SOnEHERRT °

98/ 11096 as CH3OH or THF may be used in place of NH4OptIn thecabaventmction.

55 and ghe ether discarded. The rengjdy oduct is chromat ographed
on a Si Ilsca gel colum to give the %ound .

Al ternatively, anhydrous drbd-td-(Srifom Q-8 aill-aichiofet6.4 51d)avArosy) as

CH err] OH or THF mpyenyo[s 68 o iA hl1-Bi i RANHI- -
5 : .
5-[3-[2-[4-(3-Bronmp-8, 10-dichl o . A

benzo[ 5. 6] cycl ohepta[ 1 . 2-b] pyri di n- 1 peridinyl]-2-oxoethyl]-1

pyr r ol BehtpA @-triazole [err]

10 The product of Exanple ) is dissolved in
CH err] OH. Hydrazi ne hydrate ( I s addegy.and the m xture
Is stirred at 25[err]C for 1 h. re is evagorated to dryness
and chr omat ogr aphed on silica gel t0© ¢ ® the til conmpound.
Exanpl e 24 ~ A

)\/Q ’

N
o)
10 The product of Example 7 (1 equivalent) is dissolved in CH30H.

Hydrazine hydrate (1 equivalent) is added and the mixture is stirred at
25°C for 1h. The mixture is evaporated to dryness and chromatographed
on silica gel to give the title compound.

xal 24

15

rolidinvi]-3-amino-1,2.4-oxadiazole




15 3-[3-[2-[4-(3-Brono- 8, 10-di chl oro-6. 11 -di hydro-5H
benzo[ 5. 6] cwoleshewsal 1 . 2-b] pyridin- 11 -yl)-1 -piperidinyl] perarsonidond | - 1-
pyrrolidinyl]-5-amno-1 .2.4-oxadiazol e
and 5-[ 3- ( 2-[4-(3-Brom-8.1 & dichloro-6.11 -di hydro-5H 20
benzo[ 5. 6] cycl ohepta[1.2-b]pyridin-11-yl)-1- piperidinyl] 2- oxoet hyl]-1-
I%.rr/r 3'3'93} %lg]oo?, am MOy prodic S EBRIBIE 10 (1 equivalent)is gﬁ)ssolved NGRSO 09The
product of Exangtiydrogylamiaguil \exjuivalini)ds didded|andthermi®tiireris kfitled at 25°C
Hydr oxyl am ne ( | t t
25[err] C Pl YRefbdure e BAPBrAGH 1b diyist 4P chHratbbiRfed'on
chr omat ogr aphed ﬁﬂipa gel to give tee tije|campapinds. t he titl e conpounds. 5
Exanple 25 s n-[3-12-[4-( g, 10- di chloro-6.11

h

- di hydr o- 5H benz ridin- 11 yl)-1
- pi per i di nyl ] - 2- oxoet hyl CPFX ? hydro l")l
: pguﬂmmg hyl}-1-
lE\f C%'(]ﬂ‘ To

pyrrolidinyl]-N - ipsnz
Copper (1 )chloride (1 equiv
this solutlon a solutlon

10 Copper(l)chioride (1 equivalent) is dissolved in anhydrous
CHaCN. To this solution, a solution of compound 7 {1 equivalent), 1-
methylthio-1-methylamino-2-nitroethene (1 equivalent) and EtsN in
anhydrous CH3CN is added dropwise over 10 minutes with stirring. The
solid is filtered off, the volume is reduced and CH2Cls is added. The

15  mixture is washed with aqueous NaHCOg3 and the CHxCl» layer is dried
over MgSOQa, filtered and evaporated to dryness. The residue is purified
on silica gel to give the title compound.

Example 2

20

methyisulfonvl}-1-pyrrolidinecarboximidate

Br~— \ c

—
c
)N\/O } e
N
O

Compound 7 (1 equivalent) and diphenylmethylsulfonyl-
carbonimidate (1.2 equivalents) [prepared as described in: A. Buschauer,



solid is filypePfosyff, the volume is reduced and CH2CI 2 is adgeqdmsdfifsod
m xture is washed with aqueous NaHCO err] and the CHerr]Cl[err] layer is

dried over MgSq err], filtered and evapgrated to dryness. The residue
is purified on silica gel to give the ti'tle conpound
Exampl e 26 4(3 Brorr08 1 O-dichloro-6. 1 1

- di hydr o- 54 20 Arch. H’e’h&'@%a@%@@k )here disspiyediini2rpropano) and the

- pi peri di nyl] - 2- gieré¥8 helted as described in Exampld 786 iV tHd smy bbmjf»ound
-pyrrolidinecarboxim date [err] E Conpound

equi val ent) and di phenyl et hyI sul fonyl —z—a-mm%%zbom m dat e (1 2

equi val ents) [prepared as d42«4+(Bedrg BA1 Ol 06111 d b

PCT/ US97/ 159%

Pharm , 377 8 / '

heat ed as descrlbedln Exa 716 LI Of JAEFQH G NIes NI

Exanpl e 27 3-[2-14-(3 3 -8 10d|chlor06 11

-di hydro-5H 5 benzo[ 5. 6]gyclATeR 2= B\pyig din-11 -yl)-1

- pi peridinyl]-2-oxoethyl]-N met hyl sul fonyl )-1

- pyrrolidinecar boxi m dam de The product of

Exanpl e 26 is dissolved in 2-propanol concentrated NH errJ]OH i s
added. The m xture is stirred at 25[er ©r 24h am4g, 10 then evaporated
to dryness. The residue is triturated Wth Et[err] 2X250rr1) and the

et her discarded. The resulting product “»g7chr Z;b silica
gel colum to give the title conpound. Al tern tlavel y, anhydrous
amonia in a suitable inert solvent s

The product of Example 26 is dissolved in 2-propanol and
concentrated NH4OH is added. The mixture is stirred at 25°C for 24h and
10 then evaporated to dryness. The residue is triturated with Et2O (2X250ml)
and the ether discarded. The resulting product is chromatographed on a
silica gel column to give the title compound.
Altemnatively, anhydrous ammonia in a suitable inert solvent such
as CH3OH or THF may be used in place of NH4OH in the above reaction.

15 Example 28

benzoyl-1-pvrrolidinecarboximidate

Br / \ ad
X g
a
)\/O %N
O N O
20 Compound 7 (1 equivalent) and diphenylmethylbenzoyl-

carbonimidate (1.2 equivalents) [prepared as described in: A. Buschauer,
Arch, Pharm., 377-378 (1987)] are dissolved in 2-propanol and the
mixture is heated as described in Example 7 to give the title compound.



as CH err]OH or THF may be used in place of NH err]OH in the above

reacti on. WG 98/11096 Exanpl e 28 PCT/US97/15900
Phenyl - 3-[2-[4-(3-brono-8, 1 O-dichloro-6.1 1 -dihydro-5H

benzo[ 5. 6] cycl ohepta[ 1 . 2-Db] pyridin-11-yl)s8l-pi peridi nyl]-2-oxoethyl]-N
benzoyl -1 -pyrrolidi necarboxi m date [err] 20 Conpound 7
(1 equival ent) and di phenyl net hyl benzog, E q! arboni mdate (1.2

equi val ents) [prepared as desc |ged in auer Arch. Pharm,
377-378 (1987)] are di ss&&e@_[%_memmwmure i s heat ed

as described in BsarpiEejevERh@ H ridinyl 6
PCT/ US97/ 15900 ! a1 -26kGethi R
Exanpl e 29 DeNZ : i

- di hydr o- 5H benzo[ 5. 6] ¢

. 2-b] pyridin-11-yl)-1-pi peri di ,
benzoyl -1 -pyrrolidinecarboxi m danksg err] The product
of Exanple 28 is dissolved in 2-propand concentrated NH err] OH
is added. he mxture is stirred at 25fer CforN'Zzﬂ,h and t hen

evaporated to dryness. The residue is l\g't t?&ﬂvith Et[err] O (2X250m )
and the ether discarded. The resulting progluct?i sy chromat ographed on a 10
silica gel colum to give the title co%eamo Al ternatively,
anhydrous a nia in a suitable inert solvent such as CH err] OH or

THF may be ¥sed in place of NH[ferr] OH in the above réaction.
The product of Example 28 is dissolved in 2-propanot! and

concentrated NH4OH is added. he mixture is stirred at 25°C for 24h and
then evaporated to dryness. The residue is triturated with Et2O (2X250m)
and the ether discarded. The resulting product is chromatographed on a
10 silica gel column to give the title compound.
Altematively, anhydrous ammonia in a suitable inert solvent such
as CH3OH or THF may be used in place of NH4OH in the above reaction.

Example 30

15

Stir a mixture of compound 10 (1 eq.), anhydrous DMF, 4-
chloropyridine hydrochloride (2 eq.) and anhydrous NapCOg3 (2.2 eq.) at
100°C for 5 days. Cool the mixture to room temperature, dilute with water,

20 fiiter and wash the solids with water. Dilute the solids with CH2Clp, wash
with 1 M HCI, then with 1 N aqueous NaOH and dry over anhydrous
MgSO,. Filter and concentrate in vacuo . Purify by preparative plate
chromatography (silica gel) eluting with 5% CH30H-CH2Cl; and
concentrated NH4OH.

25



Exanpl e 30 “;098/11((96) -4- (3. PCT/US97/15900
10- Di br ono- 8-chl oro-6. 11-di hydr o- 5H benzo[ 5. 6] - cycl ohepta(1 , 2- 15

b] pyridin-11 (R -yl)-1 -[[-1 59 .
-(4-pyridinyl)-3(S)-pyrrolidi nyl]acetyl]pl perldl ne [err]
Stir a mxture of conpound 10 (1 eq.), DVF, 4-

chl or opyri di ne hydrochl orde (2 eq. ) and Na[err]CCIerr] (2 2 eq.)
at 100][ er r{:¢ H ODibE h | kidiin ) .
with water, 20 filter and w
wth CHZCI2 wash W t e N agu OH and dry
over anhydrous MySOH4. Fi | t=s [ORGIRYLAGE 21D cuo. Purify by
preparative plate chr omat ogr apq i A6 gel) eluting with 5%
CHerr]OH+CHerr]Cl[err] and H err] OH 25 WO

98/ 11096 Ci PCT/ US97/ 15900
- 59 - igcan 31 (+)
-4-(3.10-Di brono-8-chloro-6, 11 -di hydro- zo[ 5.6] cycl ohepta] 1 2-
b] pyridin-1 1 -yl)- 1-[[1 -(dinethyl phos
3(S)pyrrolidinyl]acetyl]piperidine ,{] rr 0 Di ssol ve
conpound 10 (1 eq.) and ET3N (5 eq.) in aphydr p~ CH2CI 2 and add

di met hyl phosphi nyl chloride ( 4 eq). Afg shlrr l)g\a room
tenperature gor 48 h, dilute the solution Wt N err]Cl[err], wash with 1

NS er 1] JbTen eSitsblyelc i aUgE D (R 3t EHINGSIq PRNMSl e
resi due by prepdrHeCizand addrﬂ'ﬁt%“ﬂﬁh@ﬁﬂﬂ'ﬂb‘r%ﬂ@? §A W‘)a Aften) stisring ah o9t h
2% CH er r ] OH CHt8Aiddrhiues For 48%, dilute the solution with CH2Clp, wash with 1 M HC),
then wash with 1 N aqueous NaOH and dry over anhydrous MgSO4.
10 Filter, concentrate in vacuo and purify the resultant residue by preparative
plate chromatography (silica gel) eluting with 2% CH3OH-CH2Clz and
concentrated NH4OH to provide the titie compound.

Example 32
-4- 10-Dibromo-8-chioro-6,11-dihydro-5H-benzo{5.6]-cyclohepta
15 i opyranosyi}-
rrolidinvi]acetvlipiperidine
Br. l N
N/ \ Cl
H\\
Br

oy o
- OAc

Dissolve compound 10 (1 eq.) in 1,4-d|oxane and add anhydrous
Na>CO3 (2 eq) and tetraacetoxybromo-alpha-D-glucose (0.15 g, 1.1 q).
20  After stirring at reflux overnight, concentrate the mixture in vacuo, dilute
with CHaClo, wash with 1 M HCI, then wash with 1 N aqueous NaOH and
dry over anhydrous MgSQO4. Filter, concentrate in vacuo and purify the
resultant residue by preparative plate chromatography (silica gel) eluting
with 2% CH30OH-CH>Clz and concentrated NH40H to provide the title
25 compound.



concentrated NH err]OH to provide the title conpound. ) '
Exanpl e 32wo9s/11098 - 4- (3. 10-Di bronp-8-chloro-6.1 1 PCT/US97/15900
-di hydr o- 5H benzo[ 5. 6] - cycl ohepta[ 1. 2- 15 b] pyridin-11-yl)-1-[[ 1
-[2.3.4.6-tetra-o-acetyl -1 -beta-D gl ucopyggnosyl]-3

(S)-pyrrolidinyl]acetyl]piperidine [err] Di ssol ve
conpound 10 (1 eq.) in 1, 4-di oxane and add r ous Na2CO3 (2 eq)
and tetraacet oxybrono-al pha Dgl ucose (%S-{M

.1 eq). 20 After stirring
D& dl. H' Wth

at reflux overnight, coB(Sht[ea(de{3bromo-8;10-di
CHerr]C[err], ]
dry over anhydro y e ) y
resul tant residue by prepar ative pl at&&MﬂﬂEﬁ.ﬂ@lﬁaphy (SI I i ca gel ) el uting
wWith 2% CH err]OHCH err]Cl[err] apd g d NH err]OH to provide the
title 25 conmpound. WO 98/ 1109
PCT/ US97/ 15900

Exanpl e 33 2 3(S) -[2-(4-(3-br @, 10-di chl oro0-6-11-di hydro-5- H
benzo[ 5. 6] cycl ohepta[ 1l . 2-Db] pyridin-11 | }-1 -piperidinyl]-2-oxoethyl]-1-
acetyl pyrrolidine [err] 5 N'Di scj.Lve conpound 7b (1 eqg.) in

60 -

CHerr]OH and stir with Et3N (2 eq.) )an acgtic anhydride (2 eq) at
room tenperature overni ght. Evaporate t Mheesi;and chromat ogr aph the
residue on a silica gel colum eluting W th E[%CI—I[err]O—I-CI—I[err]CI[err]
and concentrgited NH err]OH to provide the title D0 conpound.

Dissolve compound 7b (1 eq.) in CH3OH and stir with Et3N (2 eq.)
and acetic anhydride (2 eq) at room temperature overnight. Evaporate to
dryness and chromatograph the residue on a silica gel column eluting
with 2% CH30H-CH2Cl2 and concentrated NH4OH to provide the title

10 compound.

loro-6.11-dihvdro-5H-benzo[5.6]cycloheptal1,2- ridin-11-

yl)piperidine
Br | N
“ Cl
NH\‘

15

oxoethvll-1-pvrrolidinyi]-2-oxoethylcarbamate

Br N Br l N
l 2
N7 ci NN ¢
HY 14
Br —_— Br



Exanpl e 34 woegn10bd) -1-[[1
- (Am noacetyl?-S%lSO)g- pyrrolididinyl]acetyl]-4-(3.1 0-dibrono- 8PCT’U897'159°°

chloro-6.1 1 -dihydro-5H benzo[5. 6] cycl ohepta[l .2-b]pyridin-1 1-

yl ) pi peri di ne [err] 15 Step 1: |(8}-1, 1- D met hyl et hyl - 2-[ 3
(S)-[2-[4-(3.10-di bronp-8-chloro-6. 11-

di hydr o- 5H benzo[ 5. 6] dyempeEpdala (1 2gbjpeombinedivith HOBT (wquermgowg 2-

g)é_?/enggl;} 1%908yré8j INUBOC]gigciR¥ Q5 19 ¥4 F R E 3RRY rous DlIF an%%\g reRuling mixture

Conpound 10 (1 el§)stireedtghimarademperaturgsundar mtrqyen I!e)'r(ght's The m:xtece) is
N- BOC- gl y;:l ne (leéneantrated iankicdbQind %eeﬁ.ﬂg%rgﬂ%sf e Wil Gl g&lzg
g

concent  at edd n YaSEt S MR anf: LA didests HEGH  the dredioverzoydrouss
washed with 1 M MOISQ.nd Fﬂt"Mlaml%dmﬂﬁ@@tatlbhmfvfdbugdﬁartﬁéo@ poYAE A4S e

Fil ar oun
2 To compound ox ?ﬁ?@?"?bé?" ' eiRglisefetahaaPy SR Ghgbs is addedta
and the resul tinff nﬁt herresyitingi saletibrais stised atrooet emperature far i diotr,
el oson st WU O IEERE o,
anhydr ous I\/§)§O4 mixty 'ier'ét?ﬁeé’n e%otheeqmaam Rhaseds\ﬁ@@amtadfamdddmerboven | e

conpound anhydrous MgSOy4. Filtration and cor@éﬁi?ﬁ'nén 315 vacuo afford the title  3(5)
-[2-(4-(3-Dbrono- nglc | oro-6- 11 -di hydro-5-H

S

benzol 5. 6]cyc|ohe5Pé?§ 2-b] pyridin-11-yl)-1- plperldlnyl] 2 oxoet hyl ] - 1-
met hyl pyrrolidi ne [err] Example 35 .
3(S) -[2-(4-(3-bromo-8, 10 dichloro- 6 11 d ygro-ﬁ-H-

15

Dissolve compound 7b (1 eq.) in DMF and stir with Et3N (2 eq.) and
CHg3Br (2 eq) at room temperature overnight. Evaporate to dryness and
20 chromatograph the residue on a silica gel column eluting with 2%
CH3OH-CH2Clz and concentrated NH4OH to provide the title compound.
ASSAYS
FPT ICso (inhibition of famesyl protein transferase, in vitro enzyme
assay) and COS Cell ICs0 (Cell-Based Assay) were determined following
25 the assay procedures described in WO 95/10518, published April 20,
1995. GGPT ICsg (inhibition of geranylgeranyl protein transferass, in vitro
enzyme assay), Cell Mat Assay, and anti-tumor activity (in vivo anti-tumor
studies) could be determined by the assay procedures described in WO
95/10516. The disclosure of WO 95/10516 is incorporated herein by
30 reference thereto.
The results are given in Table 1. In Table 1 “Ex. No."” stands for
“Example Number” and “nM" stands for “nanomolar”



Di ssol ve conmpound 7b (1 eq.) in DVF and stir with Et3N (2 eq.) and
CH3Br (2 eq)wa®s/toén t enper at ure overni ght. Evaporate to dryrssSsusmadsso
chromat ograph the residue on a silica gel colum eluting with 2%
CHerr]OHCHerr]Cl[err] and concentrated_Nsherr]OH to provide the title
conmpound. ASSAYS FPT 1 Cferr] (inhibition of famesyl
protein transferase, | ngw A A SFEY B —E0 S I C[err]
(Cel | -Based Assay) wer e| & Blomi (M) dcedur es
described in WD 95/ 1051p, Rubli 5. GGl derr]
(inhibition of geranylg enzyne
assay), Cell Mat Assay,| an@ ant t unor

studi es) could be deterpmmin by the eﬁfqy pr¢cedures descripbeq in WO

95/ 10516. The di scl osur o5 189088 ¢ | id by 30

ref erence thereto. 4 The p@pd9 s afe given-i-n Table]l. In Table 1
"Ex. No." stands for F' ﬁ*l:xara:ﬂﬁ Nunber,, i:’lnd nM.ETE%nGS for " nanogol ar"
VO 98/ 11096 or preparing phanmaceutical compositions from the compounds
PCT/ US97/ 15900 described by this invention, inert, pharmaceutically acéeptable carriers

Ex. No. FPT 1 goflfdWhher £t %kduié.c[ﬂig]fo&ﬂ'Wreparagpaa}nclude powders:

0. 0386 ---

0. 030 tablets, dispersible grangles)gapsules, cachets and-suppositories. The
4 0. 0829 nowders and tablsts ' 1 g BHGsTRreuti cal
may be gomprisad SPHroR! BBt & e TR P er ¢

conpositions fromthe con:sounds . eb |
phar maceut i cal | yPEIca@ghve ngrediamt.csSuitable sphd cgrriers @fe knewnip the art, @.8-d.

Sol i dI form pr ep?hﬁdmhrh{valrb@ﬁatépnﬂghéfium stear@rtﬁbta%%ugéﬂr,smlgefo%ieblﬁmttetg[ t
granul es, capsu ache nd_SURRQS,{.taries. . ppwders and tablets
may be conpri sed5§¥”d%!%n‘i%°i‘8ﬁi ggatcggglblgatcaggae use&aﬁeﬁogg 083819395“5

i ngredi ent. Suit sbitabledor dralsgdrnipistradion. known in the art, e.g.

magnesi um ¢ onat e, | (=g ,
powders, cac (Zts and @g u?%%ﬁﬂggé%@@%@éﬁt?gg&,%?%%ﬁ’%ﬁﬁo%ygg(gé@gfanssg%kﬁfré of
sui tabl e for or afatiu@gidiglyeesidespr cpcga butter is firsy meltedpand the aatiyssi tori es,

a |ow nelting wamgfrueién@% dispeided Bobgeneously Hidreirras By Btireieg.| The Mblt&PCoa
butter is first EE ted, and

he active 1 ngredi ent "js._disper.sed
hormgeneous! y ¢ nBPEIPEREaS MBIy i ficnpaurag iR convenient,Sz68 XBTIHR. i xt ur
i s then poured i atlowedneauotandthermbynsdiidify. all owed to cool and
thereby soligify. 15 i | QU ' i ; L ons,
suspensi ons g%ld _"é‘#ﬂ?é?%yéﬁé;agﬁﬂg%ﬁg‘?éegﬁ‘@@% ﬁgﬁ%ﬁ@‘g g\/@l@er or
wat er - propyl ene emulsiogsy d ar exampie snabe agnsienedawatesos seaterpropylene
Liquid form prepgg@oq QBRILIORY 8¢ 5Qréﬁq§,lrdé|@}§ea@ﬂgt ions for intranasal

adm ni strati on. L. Aer osol rations suitable, for, i nhal ati Pn
may i ncl ude sol uti ons Liguid foun preganations may,alse inelypr, saliftions fepntianass

conbi nati on w t h administration.

20 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

25 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,
fotions, aerosols and/or emulsions and can be included in a transdermal

30 patch of the matrix or reservoir type as are conventional in the art for this
purpose.

Preferably the compound is administered orally.



phar maceut i I eptable carrier, such as an inert conpres

Al so incl ude a%(’eﬁ,ssgl i d form prepar at I ons which are intended ?‘é‘iig%@'ﬁxsgoo
converted, shortly before use, to liquid for? preparations for either oral
or 25 parenteral adm nistration. Such |i q@ d forms include sol utions,
suspensi ons and enul si ons. The conpounds of the invention may
al so be deliverable Preferablynthrpharngceuticel preparatomis incenibdesage frman
Lake the form of if5aaNTorm, the plephidlieh is3 &d fHlg/ it dsBdsEainiy! can

be included in a transderna the matri x or re?fervmr pe as

are conventi onal aPHer@tﬁﬂ“af‘HFe§ F?PE“B active SRIPPEReN, e.g., an effective Pﬁ@f’-’é’?&bl y

t he conpound is adhievestherdakiidapliipose. WO 98/ 11096
PCT/ US97/ 159

Preferably, ?ge phar ndQE YNy 8f agtiye PEROHD;IR 2 \ipil d%% 8&8’ gRration may |
such form the pbeparied amadjustedddomi ateiitiont mgita 100D avxs moret piefenably from

appropri ate quant,j I ve anount
O i ove2PRUP TG, 5?0 fid, EecSRIRG 5 e pinbulardbeficatin. 1 270
compound in a unit dogéieoaCtpa gqsage empheyed may beoyanenl depeodlrxgonpmmtms from
about 0.1 ng to ré?ﬁent@%ﬁhar;ﬁ(ti%hﬁghd thé SBVerity of tﬁ@%ﬁd&lo%el dgu%%drg

according tog the rticul.ar icatl o act ual
enpl oyed may Ge P%t?féﬂfnég%ﬁ 1'?@ ‘-'P%@ge fora Paéﬂﬁﬁ"?éﬁ@‘ﬁ%o’b'ls ‘Fﬂ'émga?l ent
and the severityskill dfhhemndﬁénerallyetreatmématsWnatb@l witioetrelley dosa ahighhe

B Goneral 'y, - BrEif¥hafith opBiutf el ofind hariebuhds Thareatf the 085edds
| ess than the opis mnmah&b)osmﬁencmmpmuadmﬂmwmum effént wholea the is

i ncreased by S”abﬂrcurﬂﬁfag{ﬁgtlé rHQE:Héd tBsr BBﬁ\Hﬁi'éﬂ@% ftﬁg‘ got‘érgﬁcy 5853699 may, s

circunstances is re onveni ence

be divided dfd abeidivigedrand aﬂn\wster@%m ortions duringthe qlay tié’;ﬁsﬂ'é

The amount and frequenpy sthoafand $leg ﬁbh opédmsﬁﬂmﬂuﬂﬂﬁa &imFounds bhe

I nvention and th har ceutlc | 1y acce sal t é éﬁo Wi | @

regul ated accor diyMVETTRR 35 Marma affy 5kAntabl SaShArRRI Rl | ng
S]lc.lcgof aCL ors as sgrlatedhacdordimgatocthe jndgm‘enl béthmattendilngsclwman sensiderngt y
0 t he synpt is
o al-adn i str at POEh BB 4 886 Eondi Bt zd ECRTRERY s 3RS SEde ot
nmg/ day, in 2 tthe sympthms beingitreated, cAdypickl neanmmqnd&d dosageregimen is
conpounds ar e noged} ki Y&?u%‘t‘ifﬁ R R Y tWéd% 3§Vd§? ”EN 9@1000
The followi ng are exanp es 0 ar maceut rcal or s cont ain
a conpound of thB‘Q’ﬁ%Bérff’ltWﬁ tOfﬁBT divided desas e black Hmergrowt i

phar rrgcgut i cal ceompdundearaTierioxicwheh ddmibistered Withinbthis dessye ranges
provi de

D ol ot no.  The Tpligying g xamles of prafmeceUiigal, dasage fops Whih e,

25 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.
EXAMPLE A
Tablets
No. Ingredients mg/tablet mg/tablet
1. Active compound 100 500
2. Lactose USSP 122 113
3 Corn Starch, Food Grade, 30 40
) as a 10% paste in
Purified Water
4, Corn Starch, Food Grade 45 40
5. Magnesium Stearate 3 7
Total 300 700




1. Acti ve conpound 100 500 2.

Lact ose USRyO 98/11096 122 113 PCT/US97/15%001 N
Starch, Food G ade, 30 40 as a 10% paste in
Purified Vater 4, Corn Starchgy Food G ade 45

40 5. Magnesi um St ear at e 3 7

Tot al VA0 7 WO 98/ 11096
PCT/ US97/ 15900 od of Manufdctiire 64 -

Met hod of Manuf act ur eMix ltem Nos. 1 antd,2 inta suitakle mixenfor 1 05 aniputesabl e nmi xer

for 10-1 5 m " [Gfanglate the FtUteith it Nbxé“wl‘(hé ??ﬁﬁ)eﬁ%hg?s?th dlghlat e

danp granules thr oarse scree
necessary. Dry t%@'@%ﬁﬁf%m«eém 8. 3%)5é’\$cﬁﬁ%afdr |Darut©edamm§ranules

In teg renS ilglf ySaQﬁd m Scféfehhhétdﬂ@d\@ranﬂﬂe%‘# n@béssa andfix vli@h itém Nb”#ta?ﬁl mixdd

appropriate si 22 5?.593&'5%”@?”3{&@‘3"@%@ S de’i”"h‘é’éﬂ"ﬁém"”tes Compress

EX;AI\/PLE :3 /the mxxltureﬁamﬂrepnate sizeldnd weigh on a@uﬁdgleﬁhblet machine.

ng/ capsul e ng/ capsul e 1 V. onpoun 100
500 2. Lact ose USP Xﬁﬁ\hlb :4 106 123

3. Corn Starch, Food G ade 70 4.

Magnesi um St ear aﬁg NF
Tot al

Ingredfe mg/capsule

d of

Manuf act ur e . Wcﬂvéb@mﬁﬂmd 1, 2 and 3 i00a sui abSeobI ender for
10- 15 m nut es. ad analm X T Or nut ep [t he
m Xt ur e | nto s ZQhIL\ f\An_L ose Uﬁ@nnn harrl ru:.\| fog‘l nQJll v—g 1 abl e

encapsul ati ng hi ne. Com Starch Raod @radiae p esem i nveht i omohas be¢en

described in cgnjunctrio th 15 1 enrbodl, ment sjset Lorth above,
many al ternati : Ngpum é}% R gaf—:sazu—-be-
apparent to thogse of ordinary skill Tiotalt he art. 253 Al bsuch00

alternativei nodi T1catl1 ons and var | aLl on f € |ntt nded To tall
within the Bll‘lt and scope of the
- 65- Mix Item Nos. 1, 2 and 3 in a suitable blender for 10-15 minutes.

Add ltem No. 4 and mix for 1-3 minutes. Fill the mixture into suitable two-
piece hard gelatin capsuies on a suitable encapsulating machine.
While the present invention has been described in conjunction with
15 the specific embodiments set forth above, many alternatives, modifications
and variations thereof will be apparent to those of ordinary skill in the art.
All such alternatives, modifications and variations are intended to fall
within the spirit and scope of the present invention.




VWHAT I'S G‘Wd\@%b%] 1. A conpound represented by the xﬁc?f{ﬁkﬂvﬂm

[err] 5 or a armaceutically acceptable salt or solvate ereof’,
wher ei n: one of a, b, ¢ and d represegtlss N or NR err] wherein R err]

is O, - rfCOerr]H wherePn™n is 1 to 3 yand-the "~~~

remai ni ng Iﬂl”"lru Iu“ﬂllﬂrm[)ups represent CRlerr] or f{:R["ér LR )

a, b, ¢, and d afe I'ndbpendently selected fromthe group consi $tihg-20 of !

CRlerr] and CR @yHAT IS CLAIMED IS:Rlerr] and Rlerr] are independently o
N C t‘Ll N

selected fromthe group consis of H, halo, -CF[err], -ORerr],
-COR[err], -SR[@&rrJ, AS?GPPé'PFj]rRPgﬁﬁﬂm%EVéhﬂf?mi“é’ab, 1 or 2, -S
-N(Rlerr], -NRerr]Rerr], -NJerr], -OB8OR,8r], -CJerr|Rerr],
-OCOerr]Rerr], -CN, -NHC(O) Ri err] y==i

-CONHCH[ err]CH err]OH, 1 5 -NR[ err[\COSR]
-SRlerr]C(OOR[err], -SRerr] N(Ref]1 ¢dh Rlerr] is independently
selected fromH and -C(OOR[err], b T T = y, tetrazol-5-ylthio,
substituted tetrazol -5-ylthio, alkyn¥ ., al genyl and al kyl, said al kyl or 20

e

t
al kenyl group optionally being subst pd W, t @7hal o, -ORerr]
or-CJerr]Rerr]; R3 and EZ)NfQ%gpendent |y selected fromthe
group consi sting of H Rerr] and RLEM], or Rlerr] and R err] taken
t oget her represent a saturated or unsaturagted CJerr]-Clerr] fused
ring to the benzene ring; Rl epfl, erfr], Rlerr] and Rlerr] are
i ndependently sel ected fromthe group 2590 ¢ tNg of H, -CF[err],
-COR[err], alkyl and aryl, said alkyl or aryl optionally being
substitut ed St Rr acnt[%rmqqemlsmjléammaé{eaqlém seivate thereofrwhersiocoor err ] |

-N(R[err], one of a, b, c and d represents N or NR® wherein R® is O", -CHg or
-(CH2)nCO2H wherein n is 1 to 3, and the remaining a, b, ¢ and d groups
represent CR! or CR2; or

a, b, ¢, and d are independently selected from the group consisting
10 of CR! and CR2;
R1 and R2 are independently selected from the group consisting of
H, halo, -CF3, -OR10, -COR10, -SR10, -S(O}R11 wherein tis 0, 1 or 2,
-SCN, -N{R10)5, -NR10R11, -NO,, -OC(O)R19, -CO2R10, -OCO,R11, -CN,
-NHC(O)R19, -NHSO2;R10, -CONHR10, -CONHCH2CH20H,

15 -NR10COOR11,
0
/U\N OCH 4
Ho 8§ '

-SR11C(0)OR1, -SRTIN(R75), wherein each R75 is independently
selected from H and -C(O)OR11, benzotriazol-1-yloxy, tetrazol-5-ylthio,
substituted tetrazol-S-ylthio, alkynyl, alkenyl and alkyl, said alkyl or
20 alkenyl group optionally being substituted with halo, -OR10 or -CO5R10;
R3 and R4 are independently selected from the group consisting of
H, R and R2, or R3 and R4 taken together represent a saturated or
unsaturated Cs-C7 fused ring to the benzene ring;
R5, RS, R7 and R8 are independently selected from the group
25 consisting of H, -CF3, -COR19, alkyl and aryl, said alky! or ary! optionally
being substituted with ~OR10, -SR10, -S(OxR1?, -NR10COOR!?, -N(R19),,

This Sheet Has Been Replaced
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- 66 - NJerr], I Mlﬁl U”Iﬂﬁtﬁﬁ?{err]z -OCJerr]Rerr], .
CCIerr]R[ewo]wmgﬂDq err] is conbi necﬂ’mmmm’ﬁnnr] to

represent =O or =S; or Rerr] is conbined with R8 to represent =0 or
=S; or Rerr] is conbined with R[err] to _rg%resent =0 or =S ran:t_oF e RY ¢ 2
conbined with Rlerr] to represent Oor = R[errT repreSept“S

H al kyl, aryl,

X represents CH r ar&HﬁHo '0%1 o(l)p&ﬁ @géﬁmgrsgméfggn‘is ??ﬁ“&“é‘“"

represents an l@ombipedavith Ré@ubéprebend,-Osmrc:kS't baﬂhﬂeonﬂmn&ﬂMltb Rédod i s

resent, A and n nde

o1 ““Riei 1] nal JePregpL AT BFESS B‘%&épﬁ?@mﬁ iee o 25.a8 nen
no doubl e bond iR mmhmeﬂevmmto reprasenbeR ots®s 5 and 6, A and B each
ndependent |y represgiio err H, hal o),
I(halg hal 0)> (al ky f@ﬁ rep eﬁ"tF(H ‘T"%‘r;gﬂﬁrdrﬁyr%q%erﬁ]) (H,)
-Rerr]), =0 (aryl rB‘lf A and B together are

-0-(CH err]-O whereix r@pﬁe‘seﬁts R, OH 6r G3which C ma%gontaiﬁahemtﬁﬁﬂmtiﬁuble

(0 S ON S g iyt o R ;

'het eroaryl or
-SO err]-heter ocycl oahleydotted line between ¢dtbooyatoms 5 and 6 represer(tspnan

o T8 AEB cB BR i b it e

-Sq{err]NRl err] méepqndemmeieetpd[fmm]thamoum@slst}ng of alp, aOﬁ“, and

;%rléyll and s 'nd@zo Rt landSC@)FIOf bAMKEN ﬁé%ﬂbi’e%‘tiricﬂs'ﬂ%s@ﬁt lb‘ét(\;vfﬂr;eﬁ’g
ferr] ahe ORGP 5387 & & A1 B St MPR A BeSaqtahe

al kyl, aryl, araDRy,-ORM), (18)isdloh!(kxlo, hak) clalie,H), (dlkyleakgh)afHky! or
het er ocycl ogkkyl nooyaio 1 Oehe) b AT APaRAINGRRS, B kel Babbuet 4fs O

t he fornmul a:

PCT/ US97/ 15900 -O-(CHgz)p-O- wherein p is 2, 3 or 4; and - 67 - [err]
R represents:
(1) -C(O)N(R10)2;

(2) -CH2C(O)N(R10)z;

20 (3) -SO2-alkyl, -SO2-aryl, -SOz-aralkyl, -SOz-heteroaryl or
-SOz.heterocycloalkyl;
(4) cyano;
(5) an imidate represented by the formula:
NH13
.
/7 \0R12

25 wherein R13 is selected from the group consisting of H, CN, -SOz-alkyl,
-C(O)-aryl, -SOzNR10R14, -C(O)NR1OR4 and -OR10; R12is aryl; and R14
is independently selected from the group consisting of H, alkyl, aryl and
aralkyl;
(6) an imidamido group of the formula:
NR13
i
C\
30 7 NR10R15
wherein R10 and R13 are as defined above; R13 is alkyl, aryl, aralkyl,

cycloalkyl, heteroaryl, heteroaralkyl or heterocycloalkyl;
(7) a 1-amino-2-nitroethylene derivative of the formula:

This Sheet Hag Been
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(8) -CCORg rein Rlerr] is alkyl, aryl, aralkyl or he "

(9) -C(O-0 lé“r"r‘}ﬁ?"e [err] 5 wherein R17 is select edi’??g%%ﬁgm
group consisting of H alkyl, aral kyl and het er oar al kyl ; R18 and
R19 are each independently sel ected from thé7 - group consisting of:
H - I jn Rlerr] represents al kyl, aral kyl, and
heteroﬂlmm;ﬂlmmm Rlerr] wherein R21 is ted fromthe group

consi stt ngd oft afkyf, aryl, aral kyl, heteroaryl® and heteroaral kyl ;
-C(ORerr]; 10 C1-6 al kyl; alkaryl; ang-'G3-64gycloalkyl; and r is O,
1 or 2 (11) alkyl, aryl. aral kyl';" cycl oal kyl ,

het er ocycl oal kyl or h L 16 in R16 § )ars JRerr];
(13) -P(O (R err]; qg)e @@m 'Whe(?’R)Ra lgu%'gl' é%u%’agg tswe‘é%%['a

[err] \bﬁb}*‘éﬁ@‘@[%}eﬁ] and Rlerr] are independently sel ected
fromthe group consOstiing of H, g@err]-Cerr])alkyl, aryl and
aryl(Cerr]-Cerr])al kyl; an __%_g_rél]* Rrr], Rerr] and R27 are
i ndependently sel ected from thei r(otﬁ)’co heting of H (Cerr]-

Cerr])al kyl, aryl (C[e(nO]-C[errF]l’%al kyl, -C(Q(Cerr]-Cerr])al kyl and

- O | : . . . ' .
sel onred fr ot niTBBIRR"7 is sérbited frolrCihel afolib Ay ot 1 ik, ek e
het er oar yl . heteroaglkyl; RHand Y ae edch indepandentiynsatpeted) froms thie
Rierr] is Br or Gloudehsiktihg of! HOLC(O)OR20, wREreifR20Trbplesehits BiiyP ardtkyl,
R ot b e e 2
conpound of any ebnsistihg®f ik, ryhealkyl) HetérdanPardWdtersaralkyl; -C(O)R2Y;

rethyt Ot Gyl o RaR i Ce BRI AEHT IS B, hard e 6 i <

CH. WO 98/ 11096 (11) alkyl, aryl. aralkyl, cycloalkyl, heterocycloalkyl or heteroaryi;
PCT/ US97/ 15900 ) 10R14- - 68 - 5. A
conmpound of claiml ré?o?)essé% '\éﬁ b@ t'he formul a

(13) -P(O)(R10)2;
(14) a sugar group of the formula

OR% oR24 25 p24 OR?Z

ARS OR™ ‘oR 0
"ORZ _Q.., OR2 Or =CHp " OR%
002R?2 CHo0R?8 oR2s OR*

15
wherein R22 and R26 are independently selected from the group

consisting of H, (C1-Cg)alkyl, aryl and ary)(C1-Cg)alkyl; and R23, R24, R25
and R27 are independently selected from the group consisting of H, (C1-
Ceg)alkyl, aryl(Cq-Cg)alkyl, -C(O)(C4-Cg)alky! and -C(O)aryl; or

20 (15) -CH2C(O)OR28, wherein R28 is selected from the group
consisting of H, alkyl, aryl and heteroary!.

2. A compound of claim 1 wherein R2 is H; R1is Bror Cl; R3is Clor
Br; R4is H, Bror Cl; RS, R8, R7 and R8 are H, A and B are each Haz; and
25 the optional double bond between C5 and C6 is absent.

3. A compound of any of claims 1 or 2 wherein R is -C(O)N(R19),,
-CH2C(O)N(R10), or -SO»-alkyl, wherein R10 is H and alky! is methyl.

30 4. A compound of any of claims 1, 2 or 3 wherein X is CH.



[err

conmpound of claimb5 vvhereln Rlerr] is Br or d; Rerr] and Rerr] are

i ndependently selected fromthe group cong8 sting of Br and C; A and

are each Herr]; and the optional bond between C5 and C6 is absent.

A conpound of g] ai MaGedtiBohd oFbRih]1 tebreSentBl ®hithe 1§ and Rierr]
a. g ebrskansl by the fmia (O N(R] er

or

-CH[err]C(O)N(R[err]

met hyl . 15
consi sting of

10

15

orrpou? of claim 7

H'kyl, wherein Rer °.|s. and al kyl

Qo E’fj“‘

wherein R, R3 and R4 are independently selected from halo, and A, B, X
and R are as defined in claim 1.

9.

6. A compound of claim 5 wherein R is Br or Cl; R3 and R4 are
independently selected from the group consisting of Br and Cl; A and B
are each Hz; and the optional bond between C5 and C6 is absent.

7. A compound of claim 6 wherein R1 is Br; R3is Cl; and R4is Bror
Cl.

8. A compound of claim 7 wherein R is -C(O)N(R190),,
-CH2C(O)N(R19), or -SO2-alkyl, wherein R10 is H and alkyl is methyl.

9. A compound of claim 1 selected from the group consisting of
Br~ a

Br I

c

] V\,herel\‘“m\ﬂ“ llmwk and Rlerr] are independently sel écted
from hal oWR1896 B are as defined in clai m PCT/US97/15900 6.

B
10 7.
is Br
r],

S

A
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abnormal growth of 5 cefls conprising an effective anount- of --ceapeund-of....
any of clains 1 to 9 in conblnatlon\MT&Pa:pharnaceutl¢af¢y~ﬂccepl&bhé¥
carrier. 11. The use of a conpound of any of clains;1l to:g F oL zbhe
preparation of a medr teeating tunorggells -x-reéﬁlng an
activated ras 10 oncogene 2. The use of c erein the
cells treated are pancreati cells, lung ca& ¢ls, nyeloid

| eukem a tunmor cells, thyroid f Al igul ar tunor cell ngel odyspl astic
tunor cells, epidermal carcino unor cells, 15 bl addgr jcarci noma t unor
cells or colon tunors cells. 13. The use of a co un%;jf any of

claims 1 to 9 for the preparatign of a nedi canent f t (€atfi ng tunor
cells wherein the Ras proteing f'vted as a refl t>%f ncogeni c
mut ati on in genes other than the Ras g Theow&e, of a

conmpound of any of clains 1 to 9 for the g%%aﬂdon of a nhedi cament

for inhibiting f&nephhrRbee@ically 2epBIAS Ralt or solvate thereof.

10. A pharmaceutical composition for inhibiting the abnormal growth of
5 cells comprising an effective amount of compound of any of claims 1 to 9
in combination with a pharmaceutically acceptable carrier.

11.  The use of a compound of any of claims 1 to 9 for the preparation of
a medicament for treating tumor cells expressing an activated ras
10 oncogene.

12.  The use of claim 11 wherein the cells treated are pancreatic tumor

cells, lung cancer celis, myeloid leukemia tumor cells, thyroid follicular

tumor cells, myelodysplastic tumor cells, epidermal carcinoma tumor celis,
15  bladder carcinoma tumor cells or colon tumors cells.

13.  The use of a compound of any of claims 1 to 9 for the preparation of
a medicament for treating tumor cells wherein the Ras protein is activated
as a result of oncogenic mutation in genes other than the Ras gene.

20
14. The use of a compound of any of claims 1 to 9 for the preparation of
a medicament for inhibiting famesyl protein transferase.

15. A method of treating tumor cells expressing an activated ras
25 oncogene comprising administering an effective amount of a compound of
any of claims 1 to 8.

16.  The method of claim 15 wherein the cells treated are pancreatic
tumor cells, lung cancer cells, myeloid lsukemia tumor cells, thyroid

30 follicular tumor cells, myelodysplastic tumor cells, epidermal carcinoma
tumor cells, bladder carcinoma tumor cells or colon tumors cells.
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17. A method of treating tumor celis wherein the Ras protein is
activated as a result of oncogenic mutation in genes other than the Ras
gene comprising administering an effective amount of a compound of any

5 ofclaims1tog.

16. A method of inhibiting farnesy! protein transferase comprising
administering an effective amount of a compound of any of claims 1 to 9.

10
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