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COVPOUNDS USEFUL FOR | NHI Bl TI ON OF FARNESYL PROTEI N

TRANSFERASEv098/30558 BACKGROUND WD 95/ 10516, publi shefuliiidres O,
1995 discloses tricyclic conmpounds useful for inhibiting farnesyl
protein transferase. - In view of the current interest in

I nhibitors of farnesyl 10 protein transferase, a welconme contribution to
the art would be conmpounds useful for the i nhi b|t|on of farnesyl

I nventi on. o ' ?I%i des
conmpounds useful for the inhibiti OE_;'RANJMesyI protein transferase
(FPT). Tf‘@ conmpounds of this i nvention are represented by the formul a:
[err] or a pharmaceutically acceptable salt or solvate

t hereof, wheBAGKGROUMR of a, b, ¢ and d represents N or NRerr] wherein

Rlerr] is Jerr], welog 10516, inbhsﬂr@d[?{ til 2O, " 1905ediddtbyée iticyclicl S 1
to 3, and the remaining fg@ﬁ%ﬂ' s represent .CR1 of CR2; or

each of a, bComPauRds ‘é?équnfé?é'ﬂ&mgmg twansferase,. cryerr];

In view of the current interest in inhxbxtors of farnesyl
10 protein transferase, a welcome contribution to the art would be
compounds useful for the inhibition of farnesyl protein
transferase. Such a contribution is provided by this invention.

SUM Y THE N

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

or a pharmaceutically acceptable salt or solvate thereof, wherein:

20 one of a, b, ¢ and d represents N or NR? wherein R? is O, -CH3
or -(CH2)n,CO2H wherein n is 1 to 3, and the remaining a, b, ¢
and d groups represent CR! or CR2; or

each of a, b, c, and d are independently selected from CR1
or CR?;

25 each Rl and each R2 is independently selected from H,
halo, -CF3, -OR!0 (e.g., -OCH3), -COR10, -SR10 (e.g., -SCH3 and
-SCH2CgHs), -S(O)tR11 (wherein t is 0, 1 or 2, e.g., -SOCH3 and
-SO2CH3s), -SCN, -N(R10),, -NR10R11, -NO3, -OC(O)R10, -CO2R10,
-OCO2R!1, -CN, -NHC(O)R10, -NHSO2R10, -CONHR!0,

30 -CONHCH2CH20H, -NRIOCOOR!],



25 each R err] and each R err] is independently selected fromH,
hal o, -CF3, -OR10 (e.g., -OCH err]), -COR[err], -SRerr] (e.g., -SCH3 and

- SCH2C6H5) wo Sg/sdssg err] (wherein t is 0, 1 or 2, e.g., - SOCH-P 724295
-Sgerr]CHerr]), -SCN, -N(Rferr])[err], -NRerr]Rerr], -NJerr],

-OC(ORerr], -CJerr]Rerr], -OCAgr+]Rerr], -CN, -NHC(ORerr],
-NHSO err] R err], -CONHRerr], 30 -CONHCH err]CH err] OH, -NR[ err] COOR
[err], - 2- [err]
-SRerr]C(OORerr] (e.g., -SCHerr]COernfCHerr]), -SR[err]N(R[err])[err]
wherei n each R75 is independently se e\tel fromHand -C(O OR[ err]
(e.qg., -S(CH[err])[err]NHC(O)@t bgtylSdnd -S(CH err])[err]NH err]),

- benzotriazol - 5 vyl oxy, tetrazo/lkn .Q¥C r substituted _
tetrazol-5-y|thio (e.g., alkyl tetrazol -5-ylthio such as

1-net hyl -tetrazol -5-ylt hi 0), al kunyl al kenyl or alkyl, said alkyl or .
al kenyl group optionally bei ng subst uted wj th hal o, CR[ err] or

h 10
i ﬁccixegre;l]ds[ntelr;éﬁen%?gg&l IH(ggﬁy%ﬁéﬁﬁgcggﬁi tuentlgq o?s‘éer r| an ?r]
or R3 and R4R7§klas1mdgpendcntb'pseleehcdefrem & anst -GIO)ARAL tesg e d

(ferr]-Clerrl tefgqu HE d)@-&t@uﬁgn&ﬁae-sm JoR129), 'lbéﬁzotnazol-l- Rerr],

h t1 {

TOOR ot 115 - aDAgRY e hazol S-Athion a5 PubStIHd detrasmir -y Hion - Bt ut e

}ﬁl( R[Wleﬁ P] ok ?xbstﬁﬁ%@d tedt22dIes 1R Shch AR Birhb Rt trazol- g;¥lmich .
-cerr] R er M PL?! QFrﬁu{Ybfgéf[gﬁli‘ﬂ anxi)ks?ﬂs to

represent =ObeingSubstiturteBAvith haldi+@R10 or -CO2RI®S to repr esent =0 or
bgnzyl); - }%M?gesen s H awdggmlaﬁa eae{c;ﬂkyl (e.g.,

10 independently represents H, any of the substituents of R! and R2,
or R3 and R4 taken together represent a saturated or unsaturated
Cs-C7 fused ring to the benzene ring (Ring III);

R5, RS, R7 and R8 each independently represents H, -CFs,
-CORI!0, alky! or aryl, said alkyl or aryl optionally being substituted

15 with -OR10, -SR10, -S(O);R!!, -NRIOCCOOR!!, -N(R10)3, -NOg,
-CORI0, -OCORI10, -OCO3R!1, -CO2R10, OPO3RI19, or RS is
combined with R® to represent =0 or =S and/or R7 is combined
with R8 to represent =0 or =S;

R10 represents H, alkyl, aryl, or aralkyl (e.g., benzyl);

20 R11 represents alkyl or aryl;

X represents N, CH or C, which C may contain an optional
double bond (represented by the dotted line) to carbon atom 11;

the dotted line between carbon atoms 5 and 6 represents
an optional double bond, such that when a double bond is

25 present, A and B independently represent -R10, halo, -OR!],
-OCO2R!! or -OC(O)R10, and when no double bond is present
between carbon atoms 5 and 6, A and B each independently
represent Hg, -(OR11)g; H and halo, dihalo, alkyl and H, (alkyl)2,
-H and -OC(O)R10, H and -OR10, =0, aryl and H, =NOR10 or -O-

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

W represents a group selected from the group consisting of:




X represents N, CH or C, which C may contain an optional doubl e bond
(represented by the dotted line) to carbon atom 11, the dotted

| i ne bet weamoosmBésss atons 5 and 6 represents an opti onal pCDusyz24be8d,
such that when a double bond is 25 present, A and B independently

represent -Rlerr], halo, -ORerr], SOCCIerr]R[err] or -OC(ORerr],

and when no double bond is present bet ween carbon atons 5 and 6, A and
B each independently (1yepresent Herr], -(ORef2)])[err]; H and hal o,
di hal o, alkyl and H, (alkyl)[err], -H and - )R err]ys H and

-OR[err], =0, aryl and H, NCR[err] or -O 30 (cr_j[_g_,%:)_[hf« ]-O wherein p
Is 2, 3 or 4; and f,) ] Wrepresﬁﬁ’ts a group sglecigd fromthe group
consi sting of: —C—C—(CHZ) =N_ (e - 3-
(1) R162) [er rRY (cwef ei n:
Rlerr] is selected fromthe group consisting of: (a) H, (b) alkyl; . (c)
aral kyl (e.g., benzyl); and (d) heteroarylal kyl (heteroaralkyl) (e.qg.,
- CH2-i m dazol yI ); 10 Rlerr] and Rl err] ar & ach independently
selected fromthe gq’ U consrstrng of: (a) H ? -C(OORerr] wherein
R16 represents al kylig ar al het er oar aH kyI (C) -SOerr]Rerr]
wherein R17 is sel‘é’@r@ -'r@'i;ﬂxrn group consi gting of: u NH err]
-N(al kyl Ygerr] wherein Ré%lch al kyl isphfe same-ofCRi e 2(e.g.,
-N(CH3) 2), aIkI (e.g.,

erein:

R12 js selected from the group consisting of: (a) H; (b) alkyl;
(c) aralkyl (e.g.. benzyl); and (d) heteroarylalkyl (heteroaralkyl)
(e.g., -CHz-imidazolyl);

10 R13 and R14 are each independently selected from the
group consisting of: (a) H; (b) -C(O)JOR16 wherein R16 represents
alkyl, aralkyl, and heteroaralkyl; (c) -SO2R17 wherein R17 is
selected from the group consisting of: -NHg, -N(alkyl)es wherein
each alkyl is the same or different (e.g., -N(CHg3)2). alkyl (e.g.,

15 Cji-g alkyl, such as methyl}, aryl, aralkyl, heteroaryl and
heteroaralkyl; (d) -C{O)R!8 wherein R18 is selected from the
group consisting of: aryl (e.g., phenyl), alkyl, aralkyl, heteroaryl,
and heteroaralkyl; (e) C;-¢ alkyl; (f) alkaryl; and (g) C3-s
cycloalkyl;

20 ris0, 1 or 2;

s represents 1, 2, 3, 4, or 5 (preferably 3 or 4), and each Y
for each -CY2- group is independently selected from H or -OH,
provided that both Y substituents of each -CY2- group are not -OH,
and provided that for the -CYa- group alpha to the nitrogen both Y

25 substituents are H, preferably each Y is H such that each -CYo-
group is a -CHa- group, such that the group

—C—C~N —c-—c—N

(o) % CH,)

forms a 3, 4, 5, 6, or 7 (preferably 5 or 6) membered ring (e.g..
piperidyl or pyrrolidinyl), ;
30 vis 0, 1 or 2;
R15 is selected from the group consisting of:



15 Cerr] alkyl, such as nmethyl), aryl, aral kyl, heteroaryl and
heteroaral kyl; (d) -C(ORerr] wherein Rlerr] is selected fromthe

group consiyd ngsgg aryl (e.g., phenyl), alkyl, aralkyl, hetgé9aésrhezes
and heteroaral kyl; (e) Cferr] aI kyl; (f) alkaryl: and (g) (err]

cycl oal kyl; 20 ris 0,1 or 2 -4 - S represents 1, 2, 3, 4,
or 5 (preferably 3 or 4), and each Y for each -CY[err]- group is

i ndependent |y sel ect &) fhetnﬂﬂamyl {€g.. imidagolyl);ded t hat both Y

substituents of each Y, and provided that for
gbfog tg]r%[l%’ IQ;efé(?ceEloﬁ'c»ﬁ:g\'(< 5 5

the -CY2- group al ph trogen bot gubgituents are H,
preferably each Y is H such that - grUUp Is a-CHerr]-

group, such that the dldup-O—N=C_ , (2)""0" Colg * forns a 3,
4, 5, 6, or 7 (preferably 5 or 6) “GHaber ed rin§f (e pi peridyl or
pyrrolidlnyl) 30 vis 0, 1or 2 R[err] I's selected
fromthe group consisting of: -4-

(a) heteroaryl (e.g., imdazqglyl); b) a ujup ected from
[err] % =S []( ~N=C j@
HO

(3) —O—N‘-C \ /N"'O s
5

(5) -CH(OCH2CH3)2,

{6) -OH, and
(7) -CN; and
10 (c) heterocycloalkyl selected from the group consisting
of:
o) O (\so2 (\so s
/N\/l , /N , /N\/l , N\) /N\/l
0

15

/Q,

and ;

zis O, 1, 2, 3, 4, or 5 wherein each -CHs- group is
optionally substituted with a -OH group, i.e., each H of each -CHa-
group can optionally be replaced with a -OH group and the

20 optional substitution on each -CHz- group is independent of the

substitution on any other -CHz- group, generally each -CHz- is
unsubstituted; .

R22 represents a group selected from:

Wy e \NS 3 O @ N
O

1]

25
(5) alkyl (e.g., -CHg),



(5) -CH(CCH err]CH err])[err], (6) -OH, and .(7)

-CN, and 10 .(c) heterocycloal kyl selected fromthe group consisting
of: [err] wo9sr3osss15 and PCEUSS7/84295. .

2, 3, 4, or 5 wherein each -CH err]- group is ~optionally substituted
with a -OH group, i.e., each H of each- 5:H[err] group can optionally
be replaced with a -OH gro and the 20 optional substitution on each

- CH% err% - group i s i(6)e@R n;trhei'emhR23 is salms:ltedtfrbnh tbe groupt her :
-CH err]- gr unsubsti t ut ed;

R[err] repre% ’?Qﬁ{%f;g %Eﬁl ro'm err] 25 (5) al kyl
(e.g., -

wherein R24 and R25 are independently selected from the group
5 consisting of: -NHg, alkoxy (e.g., -OCH3), -OH, -CH2CO2H,
-OCHg2Ph (i.e., -OCH2CgHs), -CH(OCH3)CH(CH3)2

gHs
HyC—C—H

!
H

i.e.,

alkyl, aryl, H, aralkyl, and heteroaralkyl; or R24 and R25 taken
together form a carbon chain having 4 or 5 (-CHz-) groups such

10 that R24 and R25 taken together with the nitrogen to which they
are bound form a 5 or 6 membered heterocycloalkyl ring.

The compounds of this invention: (i) potently inhibit
farnesyl protein transferase, but not geranylgeranyl protein
transferase I, in vitro; (ii) block the phenotypic change induced

15 by a form of transforming Ras which is a farnesyl acceptor but not
by a form of transforming Ras engineered to be a geranylgeranyl
acceptor; (iii} block intracellular processing of Ras which is a
farnesyl acceptor but not of Ras engineered to be a geranylgeranyl
acceptor; and (iv) block abnormal cell growth in culture induced

20 by transforming Ras.

The compounds of this invention inhibit farnesyl protein
transferase and the farnesylation of the oncogene protein Ras.
Thus, this invention further provides a method of inhibiting
farnesyl protein transferase, (e.g., ras farnesyl protein transferase)

25 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 farnesy! protein transferase, is useful in the
treatment of the cancers described below.

30 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



- 5- (6) -OR[err] wherein Rerr] is selected fromthe group.

consisting of: alkyl, aryl and H, and [err] wher ei n

Rl err] andwid &iidpksgar € i ndependently sel ected fromthe group pgrgesahiiosng
of : -NH2, alkoxy (e.g., -OCHerr]), -OH -CHerr]CJerr]H, -OCH err] Ph
(i.e., -CCH err]Cerr]Herr]), -CHOCH®r+])CH CH err])[err]

[err] al kyl, aryl, H aralkyl, and heteroaral kyl; or R24 and R25
takﬁn10 ] %&Qﬁeﬁﬁmﬁmmﬂ)m my‘rmwoigaﬂsms He(g. Clﬂpmm]f ) groups -
suc t hat a h the

are bound fS5PH %cts“gg tg%@bk’fgﬁé ﬁ%ﬁé‘?%%sy h’ﬁﬂéﬁﬁ gé SELF d

conpounds otutiors cells dtimors) (e:;pmsmgla,nlaﬂtl\{ﬂﬁed Ras PRCAEENE: p(?])t e| n
transferases, hiy Bgltl§ 9hwhi %2&%&5&&@&? is actn;d’@.ﬂsé@ré‘?@sﬁlt b vitro;

(i) block the phenotypic c f.orm of nsform ng Ras
whi ch i $ a pmcegepic sautaiion BLanather genq)yag f & perpign orm ng Ras

engi neered h?a.@én&nﬂ%e@l@’bﬂ%ﬁei‘ Iproliferaté¢€ iiséasds iih) whiick kabedraadte! | ul ar
processing Q é?% is a farnesyl acceptor but not of Ras

engi neer ed FRSHBRCEVIEPTREGHSany| acceptor; and (iv) block abnornal
cell growth in cqrmgrlemermm@lea pmdesrasfmemotg femdnhibiting or The

d t d
Che f ar nesy FEETSAE SEARRE SRwCRY m’% Gisfipiiting =8 eécrve *”Hn oo on
f urt herl @r othdesieydliet hothpdundsi idescribed hereinnte @ masuoah (egng er ase,
(e-g. . !as LDeH inPhetd'dt gﬁaes&%aa%ht%m pArFRAIBE S thRSRRERibY humans,

by the adm ni's i'on ective

the tricyclic _
conpounds’ d@evidesd aamﬁib for inhibiting er dreatingtiae gmﬁ‘ﬁmgr%f this
i nvention t‘éxpressﬂi’@t éﬁ”éé’blvé&d Hﬁsbbhcb ﬁésb& tﬁécﬁcﬁkmﬁsft@aﬁbﬁr éfan is

useful int tTreat men bed Thi
i nvention pleg{ﬂc tive %m?é%%ﬂi‘fﬁfe ?hﬂY%%sﬁEMEB%PSHB 8.° ’Eaﬁgpgﬁﬁ(?f mal '
growt h 18 CthSors wHioHi gyt benisflabited oeltreatdd includednirhiaxeenobg an

effective a {q Wr}:%r éh'ﬁmg adeddE L SmAP P ea@fPM D Of

cells refers~
cancers (e.g., pancreatic carcinoma such as, for example,

exocrine pancreatic carcinoma), colon cancers (e.g., colorectal
carcinomas, such as, for example, colon adenocarcinoma and
20 colon adenoma), myeloid leukemias (for example, acute
myelogenous leukemia (AML)), thyroid follicular cancer,
myelodysplastic syndrome (MDS), bladder carcinoma, epidermal
carcinoma, breast cancer and prostate cancer.
It is believed that this invention also provides a method for
25 inhibiting or treating proliferative diseases, both benign and
malignant, wherein Ras proteins are aberrantly activated as a
result of oncogenic mutation in other genes--i.e., the Ras gene.
itself is not activated by mutation to an oncogenic form--with said
inhibition or treatment being accomplished by the administration
30 of an effective amount of the tricyclic compounds described
herein, to a mammal (e.g., a human) in need of such treatment.
For example, the benign proliferative disorder neurofibromatosis,
or tumors in which Ras is activated due to mutation or
overexpression of tyrosine kinase oncogenes (e.g., neu, src, abl,
35 Ick, and fyn), may be inhibited or treated by the tricyclic
compounds described herein.
The tricyclic compounds useful in the methods of this
invention inhibit or treat the abnormal growth of cells. Without

(D

'-L




- 6- I ndependent of normal regulatory nechanisns (e.g., |oss of
contact inhibition). This includes the abnormal growth of: (1) t unor
cel | s MOA8M08I8 expressi ng an activated Ras oncogene; (2) PCT/USY4298 cel | s
in which the Ras protein is activated as a result of 5 oncogenic nutation
in another gene; and (3) benign and 7 - mal i gnant cells of other
proliferative diseases in which aberrant Ras agtivation occurs.

Thi s i nveishing to he bevndiby theasyhstiis helievgdpthat,these treating tunor

ar oM hbbdoﬁxgmdﬁéé :iﬁh?‘éﬁﬁ{btﬁfﬁ ?Hrbﬁghaﬂ@el fihh%ﬁiti&l df@-pf%&&ﬁ' ic c onpounds,
escri be rein, a manma . . unan) ..n_nee suc

treat ne u.n‘FtﬁmBaFPicghﬁﬁrr,ast H#é' Wh’rﬂqﬁﬂﬁg G-pr%,egz}ilggprsnm ' for

i nhi bi t iﬂm@rmhkﬁagh ithenh hesefuddihhtind treatment of prolif emﬁiregiisaaa?si \éat eg
Ras q@ncoge by.the adm ni:strati s | t he above
desc% be%“gﬁrﬂ%ﬁ'ﬁ or %r(ga‘&g?@a%f:%gg’t mtr@%?;é}%ﬁ#%@ﬁﬁﬁ% ed or

treat ed bydhedry, iuis helieved that these cemnpoundsrighdbitceas farmgesyll ung
adenocar ol GRR) eraPBRERE ldnd thus8R6H AnkirblifePRice tfrpar of nom such

as, for exodcrine pancreatic carclnona), colon cancers (e.g.,
col or ect against rastxansfasmedsgedsas, for exanpl e, col on adenocarci noma and
20 colon adenoma), nyeloid | eukem as (for exanple, acute nmyel ogenous
| eukem a )l ' _WMH odyspl asti ¢ syndrone
(VD3P bMQ&L ' , breast cancer and
prost gt e cancgﬁ. usfed h%rSein_. tlr']zfe fiolloveinige texdns hate ub'edl a:a.?\deﬁnenh g! SO

provi des net.hod for i nhi biti or treating proliferative diseases,
bot h benpglr'lmé €ss O%?Wgnil{dl\ﬁﬁg?% n Ras proteins are aberrantly
activated as aAc-represents aicetylcogeni ¢ nutation in other genes--i.e., the
Ras gene. lrtHe | ' sAUt af.i I C
Formw th sai MIFripicedis 852 oialdzaal S8 BlodhydBUPBEREET D ihe
admili@ st meleenladn @re mass spect@inpunt of the tricyclic conpounds

descri bed MelRigteskAts thRHidletaldr iof ¢l )mbledigedirpitheuch
treat ment. For "exanpl e, the benign proliferative disorder

neur of i bR §PEStrum;
benzotriazol-1-yloxy represents

©:N\\
N
’

N

\
Q=

20 1-methyl-tetrazol-5-ylthio represents
N-—-N

n
N\ »\s
1|\' ~
CH,

alkenyl-represents straight and branched carbon chains
having at least one carbon to carbon double bond and containing
from 2 to 12 carbon atoms, preferably from 2 to 6 carbon atoms
25 and most preferably from 3 to 6 carbon atoms;
alkynyl-represents straight and branched carbon chains
having at least one carbon to carbon triple bond and containing
from 2 to 12 carbon atoms, preferably from 2 to 6 carbon atoms;
alkyl-(including the alkyl portions of aralkyl and
30 heteroarylalkyl)-represents straight and branched carbon chains
and contains from one to twenty carbon atoms, preferably one to
six carbon atoms;



or tunors in which Ras is activated due to nutation or over expr essi on
of tyrosine kinase oncogenes (e.g., neu, src, abl, 35 Ick, and fyn), may
be i nhi bw@e8/30558 reated by the tricyclic conpounds deSecT/USYY/2a2952i n.
The tricyclic conmpounds useful in the pgethods of this i nvention
inhibit or treat the abnornal growth'0$ ceIIs W t hout

-7- wi shing to_be bound by theory I's bel.i t these

conpounds nay furﬂiﬁﬂ@ﬂ'?@@wtﬂ@‘ll 1BFPPPn9<§f &{?Pgtégﬁ’ gof’ﬁ’rﬁ:tlon
such as ragg el |Qg defiied ﬁb&vbsgﬁ ﬁgﬂb@rme alkyl droup ki ng them
useful int aﬁ{rgat '\/\,Bt of prollferatlve | Seases such as tunor growth

and cancer? 'to be bound by theory it is believed that
t hese corrpounds i aniyl Hiriclugdng dihecayy] portiqmcﬁfea.mlkyhmfcbaxaﬂ;ylhnd t hus show

antiprdifer clivi cell DETAI LED
DESCh 1 KPRRsRRE yehbaetic RhE Lol R Rt i phiB 4ol E5! carhdd, TETH -0
are used aatomis and havingeatleast ene amt‘mm: smg feligzageyl is a phenyl

Ac- T epr ese eg@?{rm ec ables b%u{ﬁﬂfeeé&fﬁo%faﬂ@n{@b??ﬁkar ion plus

hydr ogen o e In the nmass spectr M- epresents

t he nol ecurarbeeyclig gﬁ@?nbﬁ%ﬂ%tqnﬁfﬁfﬁés Possh§§’%‘§’§§t9ﬁjm
benzot ri azgktalehtheny, éﬁﬂi @aeBbéytl¢ lgroup béihg optionally substituted

1-met g -t 62201 sy @xooric?%i-er%%r}ésof halo, alkyl, hydroxy, alkoxy, L]
phenoxy, CF3, amino, alkylamino, dialkylamino, -COOR!0 or -NO3;
BOC-represents -C(O)OC(CH3g)a;
-CHz-imidazolyl represents an imidazolyl group bound by
any substitutable carbon of the imidazole ring to a -CHga-, that is:
H

i N
—- 2
H N
such as -CHz-(2-, 4--or 5-)im¥liazolyl, for example
I NH
— _(/1:’/'
H
Et-represents ethyl;
halo-represents fluoro, chloro, bromo and iodo;

20 heteroaryl-represents cyclic groups, optionally substituted
~ with R3, R4, phenyl, and or -CH2C(O)OCH3, said cyclic groups
having at least one heteroatom selected from O, S or N, said

heteroatom interrupting a carbocyclic ring structure and having a
sufficient number of delocalized pi electrons to provide aromatic
25 character, with the aromatic heterocyclic groups preferably

containing from 2 to 14 carbon atoms, e.g., (2- 4- or
5-)imidazolyl, triazolyl,

QR

/N/N’ /N/N’

15

2-, 3- or 4-pyridyl or pyridyl N-oxide (optionally substituted with
30 RS3 and R%), wherein pyridyl N-oxide can be represented as:



CH3 al kenyl -represents strai ght and branched carbon chains

havi ng at | east one carbon to carbon doubl e bond and contai ni ng from?2
to 12 carbewoes/sossgs preferably from2 to 6 carbon atons 25 apdTnset/24295
preferably from3 to 6 carbon atons; al kynyl -represents

strai ght and branched carbon chai ns - 9naving at |east one carbon to
carbon triple bond and contai ni ng from2 to 12 carbon atons,

preferably from2 to 6 carbon \at ons; al kyl - (i ncl udi ng the al kyl

portions of aral kyl and 30 het ry )-rep ts straight and

branched carbon chains d co ta ns f|roor e t twenty carbon atons,
+/

preferably one to Si X ca

- 8- ar al kyl -repr egent s an,aryl grou as defined bel ow, bound
to an al kyl group, as defined albve, préferably t e al kyl group is
-CHerr]-, (e.g., benzyl); aryl (|nccPud| ng the aryl portion of

f0 15 carbon ) RtROAITARY] Mrefr SRS et SV 'O P
is a phenyl group, msgﬁi;:fmeﬂhahbire.abaumbtceasuaﬂqutgnmtp,eaaaidﬁmcttoms of

t he car by Qﬁ%@l ﬁtﬁ gﬂggy i8S S{dbe ROHRLE-Obr
attachnment, sal zP:rboc C yc group beil ng opt szgl I(yg‘saubstltut ed 10 (e.g.,
1to 3) ﬁthﬁrmnldam ;of hal o, al kyl, hydroxy, alkoxy, phenoxy,

CF[err], anino, ?é?o@ cléam&mﬁﬁfbgéhts QOQE{@H tedbrd¥dRéd lor
BOC—represent s - C( O%Wc e c [f; i g,{;alzh%%gprepresent S
an i ni dazol yURPTARE ylic rigg, QUIRINING ABME .19 Fe im dazol e
ring to a - Ctefd, préfeﬁé.bl from 4 to 6 carbon atoms, which carbocyclic
Lerr] m%é' cig &%errulgteed ]by(g to é he {ero érc%ggzs?élgcte(i Yo 28F, | Ss-
10 or - NR10-, suitable heterocycloalkyl groups include: (1) 2- or 3-
tetrahydrofuranyl, (2) 2- or 3- tetrahydrothienyl, (3) 2-, 3- or 4-
piperidinyl, (4) 2- or 3-pyrrolidinyl, (5) 2- or 3-piperizinyl, and
(6) 2- or 4-dioxanyl; and
Ph-represents phenyl
ib The following solvents and reagents are referred to herein
by the abbreviations indicated: tetrahydrofuran (THF);
isopropanol (iPrOH); ethanol (EtOH); methanol (MeOH); acetic
acid (HOAc or AcOH); ethyl acetate (EtOAc); N,N-dimethyl-
formamide (DMF); trifluoroacetic acid {TFA); trifluoro-acetic
20 anhydride (TFAA); 1-hydroxybenzotriazole (HOBT); 1-(3-
dimethylaminopropyl)-3-ethyl carbodiimide hydrochloride (DEC);
diisobutylaluminum hydride[DIBAL]; and 4-methylmorpholine
(NMM).
Reference to the position of the substituents R1, R2, R3,
25 and R% is based on the numbered ring structure:

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



[err] Et-represents ethyl; hal o-represents

fluoro, chloro, brono and iodo; 20 het eroaryl -represents cyclic
groups, opkyeRgkekgsSubstituted with R3, R4, phenyl, and gQkpusernares
-CHerr]C(OOCH err], said cyclic groups having at | east one

het eroat om sel ected fromO. S or N, sai-diQ - heteroatominterrupting a
carbocyclic ring structure and having a suffrcrent nunber of

, with the

del ocal i zed pi el ectrons to p#e |de aromatic 25

aromatic heterocycllc g QI y 2 to 14 carbon
atons, e.g., (2-,4- o gzol yl, t 2-, 3- or
4pyr|dyl or pyrldyl N\axi de~Lept\a#al | y subsiu R3 and R4),
wherein pyridyl N-oxide c¥n b& represent ed as:

-9- [err] whewaroaryl al kyl (het erd\8¥kyl ) -represents a

het er oar yl gsf I‘Péi%@

defi ned Y above(%lﬁlrped?%—r1 ﬁ dfnﬁﬁnﬁ*a\(}%e* 08%53%‘1%3: - WAS W [ er r] (4-
or 5 5-)im ‘g’@m),p}pendlnyl group ﬁ&é'o@?@'@bpw p@&‘éﬂ{ Leq sat ur at ed,
branched or

or

5 Compounds of Formula 1.0 include compounds wherein R2
and R4 are H, and R! and R3 are halo (preferably independently
selected from Br or Cl). For example, R! is Br and R3 is Cl.

These compounds include compounds wherein R! is in the 3-
~ position and R3 is in the 8-position, e.g., 3-Br and 8-Cl.

10 Compounds of Formula 1.0 also include compounds wherein R?2 is |
H, and R}, R3 and R% are halo (preferably independently selected
from Br or Cl).

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

15
wherein all substituents are as defined for Formula 1.0.
Preferably, R? is H and R1, R3 and R4 are halo; a is N and b,
¢ and d are carbon; A and B are each Ha; the optional bond
between C5 and C6 is absent; X is CH; and R5, R6, R7 and RS are



unbranched carbocylic ring containing from3 to 15 carbon at ons,
preferably from4 to 6 carbon atons, which carbocyclic ring is

i nt errupt edvodys3oss® 3 hetero groups selected from-0O, -S 10pcouse/dRes-
sui t abl e heterocycl oal kyl groups include: (1) 2- or 3-

tetrahydrofuranyl, (2) 2- or 3- tetrahyd&bthienyl (3) 2-, 3- or 4-

pi peridinyl, (4) 2- or 3-pyrrolidinyl, (5) 2- or plper|2|nyl and

(6) 2- or 4- {oXMoxk; preferably, R1, R aﬁﬂR‘émesmdspmén;zﬂﬂselected The

fol | owi ng sol.vent e Hykh

abbre\\llv: atg [ znﬁlcz%ﬁgaci}dgi talgg rggi’rgf&?k%:wz% P QﬁHeR?Saorbcrl%aﬁ.g{a (el PrOH) ;

et hanol ( Et Ot epenki@mﬂym fom i€l an eid (HOAC or A t hyl

acetate (EtQAc); ?‘fe’i‘é‘x‘*ablg ﬁﬁﬁbdef F@Mﬁélat nid larer gg;)et ¢ atid
2 yd X

TFA); trifl t 0 TFAA - hydr oxyb I
EHCB)T) r1I (3§2;,$e§§e é%bﬁﬁq%%%ﬂ?éﬁﬁfﬁ 1 %‘?yjl gy r qﬁzﬁ rzgcﬁl ori de
r phol i ne

( DEO) ; di i sobut yl &k hitiri de( DI BAL); and 4-‘fet h
R[eI{;] ,

(NVM) . 4
Rlerr], Rerr],R

[err]

Q tHe po%ltlon of }he

a3 t he nunBerse
in the art will

S and R st er eocthenn vy he C-11 bond are:
-10 - [err] Conpounﬁszpf Formula 1.0 inc xdeRaonpppagis
wherein the

w w

wherein Rl, R3 and R4 are each independently selected from
10 halo, preferably, Br or Cl; and A, B, X and W are as defined for -
Formula 1.0. More preferably, A and B are each Hy; the optional
bond between C5 and C6 is absent; and X is CH. Most preferably,
R! is Br; R3 and R4 are independently Br or Cl, and still more
preferably R3 is Cl and R4 is Br; A and B are each Hz; the optional
15 bond between C5 and C6 is absent; X is CH; and R5, R6, R7 and R8
are H. | '
Examples of R15 include :
(\o O so2 '/\_so (\s
N N\/l /N\) .



bottom pi peridinyl group is a 4- or 3- p| peridi nyl group, i.e.,

[err] A% B Conmpounds of Forrrula 1.0

i ncl ude cowessisssvherein R2 and R[err] are H, and Rl apgtriiset/idosir e
hal o (preferably independently selected fromBr or C). For exanple,
Rlerr] is Br and Rerr] is d. Thed& eonpounds i ncl ude conpounds
wherein R err] is in the 3- position and Rlerr] is in the 8-position,
e.g., 3-Br and 8-C. 10 Conpounds of Fornmula 1.0 also in )
wherein Rerr] is H, and R[err],[FiFhrr] and Ricry e
i ndependent |y sel ect ed Ergm Br N r{ PreNe
of Formul a 1. 0 re repr ggent d by onpounds ltl Fornmulfa 1% 1:
[err] substcﬁgenysNg,e as def-Magg'f or Formul a
1.0. Preferably, R[err]a’ls Hand*Rerr], Rerr] and Rerr] are
halo; a is N and b, c and d are carbon; A and B are each Herr]; the
optional bond between C5 and C6 is lgﬁ)sent X is CH and Rerr],

Rerr], R[err]Na.-r:—a\R[err] are Ié( r,/ cH,
_ N -~

OAc O N

N /
N OEt, -~ N7 CO.Et |

CO,CHg 0y - 0, CO.H

—N —

Ao AL B, I
N
CHy CO,CH,Ph  ~ NI ocHy ~N™
10 |
o
o
ol
OEt NH 8 o
oA D O
OEt, o o, s, ,
H

000 0.

When W represents.
2 Y R
—C—C—(CHy); —N_
i
15 R12

, and -OH, CN

R14



- 11 - H Mre preferably, Rerr], Rerr] and Rerr] are

| ndependently sel ected fromBr or . Mst preferably, Rerr] is Br,
and R err] wo®sBdssar e i ndependently selected from d andp8ras97i2429s
More preferably, conpounds of Fornula 1.0 are 5 represented by conpounds of
Formula 1.2 and Formula 1. 3: - 13 - and nost preferably,
conpounds of Fornmulas 1.4 and 1.5 [err]

wher ei n R[err]a,ncR[refsp dhhpR{afﬂrablp,rB.l@alshsehd&pﬂarfmm tlye griomp ed from 10°
hal f d f
ormila 1.0, NSESt erabqa)?}Ii (‘6’ gﬁgé(éﬁgﬁ%@‘ % h@;ﬁé’rcfaﬁfa

Formula 1.0. re pre re eac [ err e optiona

bond bet ween @nd mhoghpreferablyi B%iﬁeﬁd&&ﬂ@ firomns theey glmm CSﬂéﬁ#@ﬁqu
Rlerr] is Br; (& ¢1) [b)apfethydr (d) aTHoL-RHRRSASIPNANG fd) ®erdyl; ¢ still nore
5 preferably, R13 and R14 are independently selected from the
group consisting of: (a) H; (b) -C(O)OR!6 wherein R16 is alkyl; (c)
-SO2R17 wherein R17 is alkyl or aryl; (d) -C(O)R18 wherein R18 is
aryl; and (e) alkyl; and most preferably, R13 and R4 are
independently selected from the group consisting of: (a) H, (b)

10 -C(O)OC(CHa3)s, (c) -SO2CH3 and (d) -C(O)-phenyl. Preferably,
when one of R13 or R!4 is -C(O)OR16, -SO2R17, -C(O)R18, alkaryl
or cycloalkyl, the remaining R13 or R14 is H. Preferred
combinations of substituent groups include: {1) R12 being alkyl
(more preferred, methyl), R13 being -C(O)OR!1€ (more preferred

15 -C(O)OC(CHg3)3) and R4 being H; (2) R12 being heteroarylalkyl
(more preferred -CHz-(4 or 5)-imidazolyl), R13 being H or
-C{O)OR!6 (more preferred H or -C(O)OC(CH3)3) and R!4 being H;
(8) R12 being aralkyl. (more preferred benzyl), R13 being
-C(O)OR!6 (more preferred -C(O)OC(CHg)3) and R14 being H; (4)

20 RI2 being H, R13 being -C(O)OR16 (more preferred
-C(0O)OC(CHa)3) and R4 being H; (5) R12 being H, R13 being
-SO2R17 (more preferred -SO2CH3) and R14 being H; and (6) R12
being H, R13 being C(O)R18 (more preferred -C(O)-phenyl) and
R14 being H.

25 Those skilled in the art will appreciate that the W
substituent described in the previous paragraph can be derived
from known amino acids having one carboxyl and amino group.
Examples of such amino acids include but are not limited to
glycine, alanine, phenylalanine, asparagine and histidine. For

30 example, see Morrison and Boyd, Organic Chemistry, Fifth
Edition, Allyn and Bacon, Inc., Boston, pages 1346-1347, the
disclosure of which is incorporated herein by reference thereto.

When W represents
2 ¥
—C—(i:; (CH,), —N. s




preferably Rlerr] is O and Rerr] is Br; Aand B are each Herr]; the
optional 15 bond between Cerr] and (ferr] is absent; Xis CH and Rerr],
Rlerr], R ovopsaesssR err] are H. Exanpl es of ¥imuUsSH24295
i ncl ude: ' [err] - 12 - [err]
- 14 -

and r is 1 or 2, preferably R12 is H, and R13 and R!4 are

independently selected from alkyl, most preferably, R13 and R14

are the same alkyl group (e.g., methyl).

When W represents

O H 13
i R m i R

——CwC—N —C=-C—N

( ) preferably ( )
Yy’ (CHy)s

s is preferably 3, such that a pyrrohdone ring is formed, and R13
is preferably H or -C(O)OR16 wherein R!6 is alkyl; most -
preferably, R13 is H or -C{O)OC(CH3)3.

When W represents:

—3-—(":—(032)‘;—1215
10 RI2
and v is O, preferably R12 represents H and R15 represents
heteroaryl or heterocycloalkyl. Most preferably, when R15 is
heteroaryl said heteroaryl is imidazolyl -

/=N
AN F

15 and when R15 is heterocycloalkyl said heterocycloalkyl is

0 (\so2
N \) N\)

When W represents:

I
—C—C—(CHp);—R!®
. R12
and v is 1 or 2, preferably R!2 represents H and R15 is
20 heterocycloalkyl. Most preferably R12 represents H and R15 is

heterocycloalkyl, e.g.,
0
N
When W represents
i i
—C— (CHy)~C~R22
25 and z is 0, preferably R22 represents
R24

RZS



When Wrepresents: [err]

-13 - and r is 0: (1) preferably, R12 is selected fromthe group
consi sting WD98(3@5s84H, (b) al kyl; (c) aral kyl; and (d) heter oaPETRIN97/24295
and nost preferably, R err] is selected fromthe group consisting of:

(a) H (b) methyl, (c) -CH err]-imdazotylband (d) benzyl; (2) 5
preferably, R13 and R14 are_i ndependently selected fromthe group
consi sting of andaR%4 axnt) R2Tpoelrfably|represenh R err] is al kyl; (c)
-Sqerr]Rerr] wherghanRiRer | yl or aryl; (d) -C(ORerr] wherein
Rlerr] is arﬁ?@and ée%rg?ﬁl?l*é;(oand nost goreferably, R13 and R14 are
I ndependently selected fromthe grouf§ consistilin f: (a) H (b) 10

-c(Oooc(CHerr])[err], (c) -Sqerr rem Ang T -C(O) - phenyl .
Preferably, andzis 1, 2, 3, 4 or 5, R22 preferably represents -OR23 and R23
5 preferably represents alkyl and most preferably methyl.
Compounds of Forrnulas 1.2A and 1.3A:
A

N

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

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

15 Those skilled in the art will appreciate that W substituent:
T
wherein r is O includes
\ g N'Rw and 9\ E N'R13
N ¥, “r4 N Y g

%
rR2 “H H R12



when one of R13 or Rerr] is -CCOORerr], -SOerr]Rerr], -C(ORerr],
al karyl or cycloalkyl, the remaining R13 or R14 is H Preferred
conbi nat i oxygo 9ds3g8sst i t uent groups include: (1) R err] bei ngpeirkitbr24295
(more preferred, nmethyl), R err] being -C(OORerr] (nore preferred 15
-C(OOC(CH3)3) and R14 being H, (2) R12 l&ing heteroaryl al kyl (nore
preferred -CH err]-(4 or 5-imdazolyl), Rerr] being H or
C(O)CR[err] andWe spbstitaeatt H or -C(O OC(CH err])[err]) and R err] being
(3) R err] being aral kyl (morle pref erred benzyl), R13 being
C(O)CR[err] (more preferred -C(OLC __)( éﬁ Bl4 being H (4) 20 Rerr]
being H R err] being -C(OOR err] préferre
-C(OOC(CH err])[err]) and R14 being I—BZ(S) R[err] being H R err] being
-sq err] R er ifhérdinev R 9 ShtRfdessA err] CH err]) and R14 being H and (6)
being H R err] bei ngo-C(O)R[err] (rmreopreferred C( O - phenyl)
and R14 being H 25 ll Thoge skill |n||the &rt will appreciate
that the W substituen Y%ed |na’11ﬂe blﬁ par agraph can be
derived from known a »s having o C Xy and ani no group.
Exanpl es of such anino acid erPu@% but are got Hi nf*tled gl yci ne,
al ani ne, ghenyl al ani ne, asparagi ne and hi sti_di ne._ Fqr 30 exa e, see
Morri son @nd Boyd, W’é Bvers unds pf, Formulaz¢; Q whersipy l%md Bacon,
Inc., Boston, pages 1346-1347, the§ H  discl o®lPe of which is
|ncor porated herein by ref erence-t-lma-nct—qcﬂ —N_ When Wrepresents
[err] f)zf R4 and r is 1 or 2,
preferably Rerr] is H and R err] an& R14 are i ndependently sel ected
from al kyi , ml‘ﬁsé?énablﬁ}e R13 and R14 are the sane al kyl. group
(e.0., rrethyl) [err]

10




s is preferably 3, such that a pyrrolidone ring is fornmed, and Rlerr]

is preferably Hor -C(OOR err] wherein R16 is al kyl; nost preferably,
Rlerr] is HVO9830F88) OC(CH err])[err]. VWhen W r epr esenPET/USIT24295
[err] and v is 0, preferably R err]_represents H and R15 represents
het eroaryl or héterocycl oal kyl. Mst pref*etrably, when R err] is

heteroaryl said heteroaryl is imdazolyl [err] 15 and when R15 is

het er ocycl oal kyl sai d heterocycloal kyl is [err] When W
represents: and v is 1 or 2, preferably
Rlerr] represents H anBrRIZ TS Jloal kyl . Most preferably Rerr]

represents H and R15 is kybgcﬁ.g., . Wen W
represents r*and z is 0, preferably
Rlerr] represents [err] C




- 15- and Rlerr] and Rlerr] preferably represent H When W
represents [err] and z is 1, 2, 3, 4 or 5,
Rl err] preVé@asBosss epresents -OR[err] and R err] 5 preferabPgTASHT2205t S
al kyl and nost preferably mnethyl. Conpounds of Fornul as 1.2A and
1. 3A [err] - I& e preferred when X is CH or N,
and Rerr], Rerr] and R err] are halo. The preferred conpounds of
this invention are represented 10 by TRe conpounds of Fornulas: [err]
wherein R1, Rlerr] and R ePr \DeCl emai ni ng substituents

are as defined above, with th Foréyb? 1. 5A being

5
Br S Cl
\
N (12.1)
Br

Q ICH3
/u\/ N\
j\/ON o
o -

Representative compounds of Formula 1.0 wherein W is



nore preferred. 15 Those skilled in the art will appreciate that W

substi tuent_: ' - [err] wherein r is 0 includes
[err] WO 98/30558 - 16 - and W subst i t uent : PCT/US97124295
[err] wherein v is 0 includes [err] 5
Represent ati ve conpounds of Fornul a 1.0 wh@rein Wis [err]
and r is O include: [err] .

i

~—C—C—(CH,). —N_
2 Ri4
and r is 1 or 2 include:
Br = Cl

10



-17 - [err] -18 - [err]

WO 98/30558 PCT/US97/24295

and
5 Representative .compounds of Formula 1.0 wherein W is
—c—C—N
((CY2)5>
and s is 3 include:
CHg
CHg




Represent ati ve conpounds of Fornula 1.0 wherein Wis -19 -
[err] and r is 1 or 2 include:
WO 98/30558 PCT/US97/24295

7{,01&3
Yo

(24.0-B)

IOH and

Representative compounds of Formula 1.0 wherein W is
O H
a1 -
—C—C—(CH,)¢—R!®
]
R12
and v is O include:



[err] -20 - (89.0-B) [err]
5 Representative. conpounds of Fornmula 1.0 wherein Wis
[err] w98/S0sk$ 3 1 ncl ude: PCT/US97/24295




[err] - 21- (10.0)

‘WO 98/30558

(9.0-B)

Br cl
(10.0-B)
Br )
g
(11.0-B)
CH,

Br o \/

N
J\/O i
(o)

\
N

Cl
H
Br o
OJ\/O\'

(12.0-B)

N "

[err]

PCT/US97/24295



5 Representati ve conpounds of Fornula 1.0 wherein Wis
[err] and v is 0 include: -22 -

WO 98/30558 PCT/US97/24295

-924 -

(13.0-B)

a .
O (16.0-B)

0 OAc O

M/u\ OEt

Ac = acetyl

3 Cl
\ (20.0-B)
N Ph



[err]. - - 23 - [err] -24 - Jerr]

- 2 5 -
WO 98/30558 PCT/US97/124295
- 25 -
Br = cl
\ (22.0-B)
N H
Br o H
IS Q o B
N
O Z \0 :
Br
(26.0-B)
H NO,

Br I__<

0O —
Y Oy
(0]

Br Cl
(30.0-B)
\\ Br o N’H
XA
)\O .
o ;
Br Cl
(34.0-B)

Br

I
Y oo



[err]
[err]

(22.0-B) -26 - [err] - 27 -

- 28 - .
WO 98/30558 PCT/US97/24295
- 926 .
Br = Cl1
\
(35.0-B)
N H
Br o
J\/Ov J\/N .
5 CO,CHg
Br cl
H (37.0-B)
Br o

4I\¢/[:::T/u\v,OH

0 ?
Br = Cl
B\
(38.0-B)
N H
Br o II_I ?Hs
O, .
0] : :
Br 8 cl
Vo (39.0-B)
N H

Br

o ¥
N .-
/.lk/ \S NH2
. O,
0



[err] -29 -

-31- [err]

WO 98/30558

[err] -30 - [err]
-927 -
Br S Cl
\ N/ (44.0-B)
H
Br o
: g
6] : :
Cl
(52.0-B)

Br

~ Ci
(53.0-B)

Br

Et = ethyl

(54.0-B)

Br

o} r—\—(\__
w/U\/N g
CO,H
o) 2=,
0 ,-.—_:N
Y O
O,E
5 CO,Et

0 F.—.N
YO
CH,
o~ 3 .

PCT/US97/24295



Represent ati ve conpounds of Fornula 1.0 wherein Wis [err]

and v is 1 include: [err] - 32 - Conmpounds of
Formul a 1. Qubgsdsky Wis [err] and z is 0 i nGcydgso7h@ios]
- 28 -
Br Cl
(55.0-B)
Br o —
pdeas:
'CO,CH,Ph
o . 22

Ph = phenyl

(56.0-B)



-33 -

(49.0-B) [err]

‘WO 98/30558

-929 -

(76.0-B)

OEt

-34 - Jerr]

PCT/US97/24295



Conpounds of Fornula 1.0 wherein Wis [err] and z is 1, 2,
3, 4 or 5 include: -35 - Jerr]

WO 98/30558 PCT/US97/24295




- 36 -

[err] -37 - [err] -38 - [err]

‘WO 98/30558 PCT/US97/24295

(114.4-B)

Representative compounds of Formula 1.0 wherein W is

O H
T
--—c—c‘:e(cnz)‘-,-—R15

R12
and v is 1 include:




- 39 - [err] -40 - [err]

WO 98/30558 PCT/US97/24295

-32 -

Compounds of Formula 1.0 wherein W is
O O

i 1l
——C—(CHy),~—C~R22

and z is O include:

(33.0-B)

O CHg

|
N{
1AL,

o)




Compounds of this invention also include: [err]

- 41- [err] 5 or pharmaceutically acceptable salts or
sol vat es t hwo®8fB0558 The conpounds of this invention al secirusbwzk29s he
1- N oxi des--i.e, for exanple, conpounds of the the fornmula:
- 33 -
Br Cl

(49.0-B)
H
Br o E’-l
J\[r N -~
OCH,
J\/O' o .
o ;
Br = cl
\ 7 (58.0-B)




[err] wherein represents the remai nder of the conpound,
or 10 pharnmaceutically acceptable salts or solvates thereof.

Optical rotpdogsessg t he compounds ((+)- or (-)-) are e aspeEdsSymR4295
met hanol or ethanol at 25[err]C This invention includes the above
conpounds in the anor phous state or- 84 the cyrstalline state. 15

Lines drawn into the ring systens indicate that the i ndi cat ed bond may
be attached to any of the substituFedle ring carbon at ons. )
- 42 - Cert aigy.CORPO —TRE _present invention may exist in
different isoneric forns (e d. or di astereoi soners)

i ncl udi ng atropisoners (i. D Ot girer ei n t hggq.0-B)7- menbered ring is
in a fixed conformation suchthat t@eH3 1 1-carbon atomis positioned
above or bel ow the plane of the uBed benzgne [ings due to the
presence of a 10-brono substi ‘ [ vengi on contenpl ates all
such isoners both in pure form ~ddicl uding racem c

m xt ures. Enol forms are al so |ncIu ed. {10 Certain tricyclic
conpounds will be acidic in natur t hoQe conpounds whi ch possess
a carboxyl or phenolic hydroxyl gr oup These conpounds may form

phar maceutical |y acceptabl e salts. Exanples of such salts may incl ude
sodi um pot assi um :

Br \ Cl

(104.0-B)

Br fo)

OCH
J\/@ ,lk"/ 3
o
(o)

Compounds of Formula 1.0 wherein W is
o) O

1 "
~—C=— (CHp),—C ~R22
and z is 1, 2, 3, 4 or 5 include:



calcium alumnum gold, silver and lithiumsalts. For exanple, 15

conpounds havi ng the -OR[err] group wherein R23 is H can forma sodi um
or |itWowanoeskt--i.e., a conpound with a -ONa or -CLi PCTASON 4208\ SO
contenpl ated are salts formed with pharmaceutically accept abl e am nes
such as ammoni a, al kyl am nes, - 3bydr oxyal kyl am nes, N-nethyl gl ucam ne
and the |ike. 20 CErtain basic tricyclic conmpounds al so form

pharmaceutical Iy accept abl e.g., acid addition salts. For

exanpl e, the pyridee qaycform salts with strong aci d,
whi | e conpounds havin uents such as am no groups also
formsalts with weaker = es (@B.8litable 25 acids for salt
formati on are hydrochloric, ric, phosphori c, acetic, citric,
oxalic, malonic, salicylic 2NPE, fumegi c, sucadnic, ascor bi c,

free base formwi th a sufficijent {30 nount of the desired acid to produce

a salt in the conventional The free base forns may be

mal ei ¢, met hanesul fonic ang ot er m nerfjl and car boxylic acids well
known to those in the art. 4;;vi1::z;§ epaay, by contacting the

regenerated by treating the salt wth a suitable dil ute aqueous base
solution such as dilute aqueous NaOH, pot assi um car bonate, amoni a and
sodi um bi carbonate. The ge base forms differ. fromtheir respective

salt 35 forns sonq%hat

in polar solvents, bu

equi valent to their

i nvention.

such acid and base salts areAR{Bnded to_be pharmaceutical ly

acceptabl e salts within the sco-e of th invention and all acid and
he ®CHg forns of the

t hd] i nventi on.

» ~hys¢pa| properties, such as solubility
Nya5e€ salts are ot herwise
asqlsgz)ms for purposes of the

-43 - Al l

red accapding to t he procedures
20, .
Br = Cl
\
N (15.3)
' Br o o
5 | 0 ;
Br - Cl
\ 7 4.0-B
N H (14.0-B)
Br o o



1995, Application Serial No. 08/410,187 filed March 24, 1995,
Application Serial No. 08/ 577,951 filed Decenber 22, 1995 (now 10
abandoneg) 9g A3k | cation Serial No. 08/615,760 filed March pedrnse724295996

(now abandoned), WD 97/23478 published July 3, 1997 whi ch di scl oses
the subject matter of Serial No. 08/538 951 and - 08/ 615, 760,
Application Serial No. 08/710,225 filed Septenber 13, 1996, and

Application Serial No._ 08/ 877, A June 17, 15 1997; the disclosures
of each being incorpo Py Clref erence thereto; and according

Conmpounds of the
cdd$e8rd) of the fornul a:

sd‘btituents are as defined for Fornul a
qtBect ed pigperidinyl acetic acid (e.g.,

1- N-t - but oxy- car bonyl pi peri di nyl acefjc acid together with
DEC/ HOBT/ NMM i n DVF at abs 25 ©OLi8 hours to produce a
conmpound of 25 the fornula: -44 - [err]

i nvention can be prepared :
[err] ' wherei n al |
1.0, with the appropri at

o]

.
’

(51.0-B)

ARNa
o H



The conpound of Fornula 21.0 is then reacted either with TFA or 10%

sul furic acid in dioxane and net hanol followed by NaCOH to produce the
conpound of wieasrsosss 20. 0 A B err] PCY/US97/24295FOr
exanpl e, the conpound of formula [err]

can be prepared by reaction of a conpournd3®f- Fornula 19.0 with
1- N-t - but oxy- car bonyl pi peri di nyl -4-acetic acid as described 10 above.
For exanpl e, conpounds of For nul 0 include the conmpounds:

(67.0-B)

(69.0-B)

Ao~




[err] Br

WO 98/30558 - PCT/US97/24295

Br v/ \ Cl
— (92.0-B)
N H
Br O HO O
)N\/(:lir sz
o ;
Br—/ ) cl
=N H (101.0-B)
Br

OCH,4



Br -46 - [err] The
preparation of these conpounds are described in Preparative 5 Exanples 3,
4, 5, 6, 7wa@9/%ssd0, 11, 12 and 13, respectively, bel ow. pcTUS9724Bbe
conpounds of the invention can be prepared by reacting a conpound of the

formula: [err]

(107.0-B)

ONa




10 with the appropriate protected piperidinyl acetic acid (e.g., 1-N
t - but oxycar bonyl pi peridi nyl acetic acid together with DEC/ HOBT/ NMM i n

DMF at aboyio okppség’ ] C for about 18 hours to produce a conpeygyiskepbsrobe

f ormul a: - 47 - [err] The
conpound of Forrmula 21.1 is then reacted4@i{her with TFA or 10%

sul furic acid in dioxane and net hanol followed by NaCOH to produce the
conmpound of Forrmula 22.1 J[err] ’

Br— \ Cl
- _
N H (111.0-B)
Br

and

Compounds of this invention also include:

Br o |

<
\
N S (16.0)
Br

0
m J\/Nﬂz
o]



5 _ The am de conpounds of this invention, represented by For mul a

1.7 [err] can be prepared by reacting the conpound of Fornula
22.1 with ¥o98/Bass&ppropriate carboxylic acid in the presencePrCi/ussmR425i ng
agent such as DEC and HOBT in dinethyl formam de. Al ternatively, the
conpound of Formula 22.1 can be reacted %lth an acid chloride or
anhydride in a solvent such as pyridine. The Wgroup on Fornmula 1.7
can contain functionality that 15 ™M\ be converted to other functionality
by net hods, such as hy dre ¥ known in the art. For
exanpl e, the conmpound of

ca converted to the
nd 2}9§Hrmﬂ a 35.0-B to the

conpound of Fornul a 74-B, 9

- 48 - conmpound of Formul a 52"l treat ment with methanolic

pot assi um hydr oxi de foll owed by acgd. , conmpounds of For mul as
86.0-B and 89.0-B can be converted|to donpoundg| of Formul as 88. 0-B and
90. 0-B, respectively, by treatnent ] M2as trifluoroacetic
acid or dioxane saturated with HC gds. H,aC Ciqnpounds having an 1-N-O

group: [err]

5 or pharmaceutically acceptable salts or solvates thereof.
' The compounds of this invention also include the 1-N-
oxides--i.e, for example, compounds of the the formula:

wherein YVVVV' represents the remainder of the compound, or
10 pharmaceutically acceptable salts or solvates thereof.
Optical rotation of the compounds ((+)- or (-)-) are
measured in methanol or ethanol at 25°C.
This invention includes the above compounds in the
amorphous state or in the cyrstalline state.
15 Lines drawn into the ring systems indicate that the

indicated bond may be attached to any of the substitutable ring
carbon atoms.



can be prepared fromthe correspondi ng pyri dyI'- conpounds: [err] 10
by oxidation with nmeta-chl oroperoxybenzoic acid. This reaction S

conduct ed o ag/50858 abl e organi ¢ sol vent, e.g., dichloronet hangermserieyssal |y
anhydrous) or nethylene chloride, at a suitable tenperature, to produce

t he conpounds of the invention having - 42the N-O substituent at position 1
of RRng | of the tricyclic ring 1 5 system Cenerally, the

organi ¢ sol vent soCeft0h edniprunderdfitie presént teéntioneagiynekistsincool ed’
I

{0,200 0Lt B Lo D8RS’ €%, enapy BRI AihFeaRobiESY T
reaction periimtludireg ddsopisbrders fi.educompouhdsrwheveiredhby standard
separati on ”Bi"-’}ﬁeyﬁ?éred irfg W Rhea ﬂ&@%%‘éﬁ%ﬁ%ﬂﬂﬁ%ﬁr& Eﬁ‘ﬁt *i!ﬁgY"aShed W th
an aqueous solutton o sur'tabl"e” base, e.d.,. sat Urated sodi um
bi car bonaPe okl-carbzCatem is positisged)abayel xﬁ@@lom the plame ahkher ous
magnesi um - f el Bbﬁzeﬁéenﬁghuéhertocﬂ@é j’jﬂx‘&b@ﬂc&*’t_ﬁ' 8" POBroragn be
concent rated S iBstifuciat). “The tmvention contemplates all Such isomeérs both: "
e.g., by substi p 0
in pure form and in admixture, including racemic mixtures. Enol
forms are also included. o

10 Certain tricyclic 'compounds will be acidic in nature, e.g.
those compounds which possess a carboxyl or phenolic hydroxyl
group. These compounds may form pharmaceutically acceptable
salts. Examples of such salts may include sodium, potassium,
calcium, aluminum, gold, silver and lithium salts. For example,

15 compounds having the -OR23 group wherein R23 is H can form a
sodium or lithium salt--i.e., a compound with a -ONa or -OLi
group. Also contemplated are salts formed with pharmaceutically
acceptable amines such as ammonia, alkyl amines, :
hydroxyalkylamines, N-methylglucamine and the like.

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

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

30 amount of the desired acid to produce a salt in the conventional
manner. The free base forms may be regenerated by treating the
salt with a suitable dilute aqueous base solution such as dilute
aqueous NaOH, potassium carbonate, amnmonia and sodium
bicarbonate. The free base forms differ from their respective salt

35. 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.




- 49 - chromat ogr aphy using silica gel (e.g., flash colum

chr omat ogr aphy) . Al ternatively, N O conpounds can be nade from

i nt er medi atywo 9BBILsE 5 by the above oxi dation procedycanydotis29s
m chl or oper oxybenzoi c acid and [err] wherein Qis a
protecting group, e.g., BOC. After oxidakgon the 10 protecting group is
renoved by techniques well known in the art. The NNOinternediate is

then reacted furthgpl é9ch/£94%8nd Base sERERFEERepldedd o bavent i on.

15" "The CorpBBTmaREUHSaH 2CESPIaPle SRR VERIR, e SHORE ROLOR in
mventlon and all acid and base salts are considered equivalent to
the free forms of the corresponding compounds for purposes of

5 the invention.
Compounds of the invention may be prepared according to
the procedures described in WO 95/10516 published April 20,
1995, Application Serial No. 08/410,187 filed March 24, 1995,
Application Serial No. 08/577,951 filed December 22, 1995 (now
10 abandoned), Application Serial No. 08/615,760 filed March 13,
1996 (now abandoned), WO 97/23478 published July 3, 1997
which discloses the subject matter of Serial No. 08/577,951 and
08/615,760, Application Serial No. 08/710,225 filed September
13, 1996, and Application Serial No. 08/877,453 filed June 17,
15 1997; the disclosures of each being incorporated herein by
 reference thereto; and according to the procedures described
below.
Compounds of the invention can be prepared by reacting a
compound of the formula:

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

25 the formula:



the art, for exanple by nethods disclosed in WO 95/ 10516, in u. S

5,151, 423 and those descri bed bel ow. The above i ntermedi at e conpound can
al so be ers‘f’stQy a procedure 20 conprising the follow ng pteR%9724205

-50 - (a) reacting an am de of the formula

[err] wherein Rlerr] is Br, R.ef4]. is hydrogen and Rlerr] is
Cerr]-Cerr] alkyl, aryl or heteroaryl; Rerr].-is (Qerr]-(err]

al kyl, aryl or heteroaryl and R[grr] ig 5 hydrogen; Rerr] and Rlerr] are
|ndependently sel ected from.the gtoup g@nsisting of Clerr]-(err]

al kyl and aryl; or R5a and dL / with the nitrogen to which
they are attached forma rlmg |ng 4 t&G garbon atons or
conprlsmgStoScarbon s 0gF Rt er 0ol ty selected fromthe
group consisting 10 of -O an aNR[ fr] wherein Rerr] is H derr]-Cerr]

al kyl or phenyl ; _R?gé‘aqp d of the fornula
[err] wherein R err] > Ryerr .Oﬁ‘err]oand Rda are i ndependently
sel ected from t he group canN;tucrg yd ogen and halo and R err] is
G or Br, in 15 the presence of a ?6_§ o obél_al n a conmpound of the
formula [err]
S —/ )(
HaC CHz

The compound of Formula 21.0 is then reacted either with TFA
or 10% sulfuric acid in dioxane and methanol followed by NaOH
to produce the compound of Formula 20.0

can be prepared by reaction of a compound of Formula 19.0 with
1-N-t-butoxy-carbonylpiperidinyl-4-acetic acid as described
10 above.
For example, compounds of Formula 22.0 include the
compounds:



(b) reacting a conmpound of step (a) with (i) POCl[err] to
obtain a cyano conpound of the formula

[err] WO 98/30558 (ii) DIBALH to obtain an al dehyde pefrnidogr4295
formul a -51 -

[err] (c) reacting the ey480 conpound or the al dehyde wth a
pi peridi ne derivative of the fornula -

MyL 5 wherein L is a |leaving group selected fromthe gBoup consisting
of C and Br, to obtain K or, an al cghol ' bel ow,
respectivel y: Br Cl Brs Cl

Br < Cl Br > Cl




(d)(i) cyclizing the ketone with CF[err]SOerr]H to obtain a 10 corrpolund

of Fornula 13.0a wherein the dotted |line represents a doubl e bond; or
(d)(ii) cysvoasmessshe al cohol with pol yphosphoric acid to PCRO$ARA208N

I nt er nedi at e conpound wherein the dotted |ine represents a single
bond. 15 Met hods for preparing t-h@6lnternedi ate conpounds

di sclosed in WD 95/10516, U. S. 5,151,423 and descri bed bel ow enpl oy a
tricyclic ketonelnternedla uchlnternedlat the formul a
[err] 20 wher eBnRA fier \ Blatrr] are

I ndependent |y sel ect ed\ group\con hydr ogen and hal o,
can be prepared b ; a=HQ proce T

-52 - (a) reacti g a conpound of th formJIa
[err]

ith an am ne of formul a
NHR[ err]aR[err], wherein err] and R err] are as defined in the
e

process above; in the pres ﬁ 5 gral I adi u Ngd carbon
nonoxi de to obtain an am de o t eformJIa
[err]

o] . o

; ; and

Br _— Cl

()

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

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



(ii) with an al cohol of the fornula R err]aCH wherein Rlerr] is
Cerr]-Cerr] lower alkyl or (Qerr]-Cerr] cycloal kyl, in the presence of a
10 pal | adiWeh98/38588yst and carbon nonoxi de to obtain the est ePCBUSHTIRA295
formul a err] fol |l oned by
reacting the ester with an amine of formé#/a- NHR5aR6a to obtain the
am de; 15 (b) reacting the amde with an iodo-substituted benzyl
conmpound of the formula [err]
wherein Rerr], Rerr], RPBery | RL-@lr] are as defined above, in
t he presence of a strong|basy a conp@md)of the fornula
[err] (c) cyw i npound of step (b) with a
reagent of the . formula R err] Mg 1_erein Rlerr] is (Jerr]-Cerr]

al kyl, aryl or heteroaryl ‘ }yS Br orﬁ, pililbgyi ded that prior to

cyclization, conpounds _C—CH,4
N N O |
CHj,

The compound of Formula 21.1 is then reacted either with TFA
or 10% sulfuric acid in dioxane and methanol followed by NaOH
to produce the compound of Formula 22.1

The amide compounds of this invention, represented by
Formula 1.7 '

Br /4 \ Cl
S (1.7)

can be prepared by reacting the compound of Formula 22.1 with
10 the appropriate carboxylic acid in the presence of a coupling
agent such as DEC and HOBT in dimethylformamide.
Alternatively, the compound of Formula 22.1 can be reacted with
an acid chloride or anhydride in a solvent such as pyridine.
The W group on Formula 1.7 can contain functionality that
15 can be converted to other functionality by methods, such as
hydrolysis, that are well known in the art.. For example, the
compound of Formula 16.0-B, can be converted to the compound
of Formula 74-B, and the compound of Formula 35.0-B to the



-53 - wherein R err] or Rlerr] is hydrogen are reacted with a
suitable N protecting group. (+)-Isoners of conpounds of
For mul a 19xo bgsdsks 5 can be prepared with hi gh enantrcymgdeensdosi ty
by using a process conprising enzyne catal yzed transesterification.
Preferably, a racem c conpound of -Rggmul a 19.3 - IS
reacted with an enzyne such as Toyobo LIP-300 and an 10 acylating agent

suclh ?Sdt][lfl St the dfsmhthm@tsez otBebyqse&men% mﬁh lﬁre):ham);lt@ L s then
I SOl at e rom | echni ques we nown in
the art, and PP&s é’?‘ﬂ’} ?é)‘gé dnb%%?‘éﬂ y@é& qo&:lﬁ Rﬁlﬁ %

refluxi ng w thoamdas 86.0:B andrH82.0-BSChnrisg converteantb t:bmpmndtsmfg

[0 0btain & nek SOPPIERAOAD antl Shi0-BY fespeb VRt 7 BrsirhchE L' Sl 21

19.2. Alt Br nasuigblasg tnﬂuoroacaheramdm@mmmaﬂmatﬁd  HCligad.i r st

reduced to the 0: nd of Fornmula 19.2 and then
treated with the enz?/ﬁ%aﬁoy(r)}go%a% ace

lating agent as 20
descri bed above to obtain the §#)- drolyzed to obt ai n
the optically enriched (+)-|sorrer se skilled in the art wll
appreci ate that conpounds of

N-aving other Rerr], Rerr],
Rlerr] and Rl err] substituents nmay bé\ hgde bY the above enzyme
process. 1.6)

OO

10 by oxidation with meta-chloroperoxybenzoic acid. This reaction
is conducted in a suitable organic solvent, e.g., dichloromethane
(usually anhydrous) or methylene chloride, at a suitable
temperature, to produce the compounds of the invention having
the N-O substituent at position 1 of Ring I of the tricyclic ring

15 system.

Generally, the organic solvent solution of the starting
tricyclic reactant is cooled to about 0°C before the m-chloroper-
oxybenzoic acid is added. The reaction is then allowed to warm
to room temperature during the reaction period. The desired

20 product can be recovered by standard separation means. For
examnple, the reaction mixture can be washed with an aqueous
solution of a suitable base, e.g., saturated sodium bicarbonate or
NaOH (e.g., 1N NaOH)}, and then dried over anhydrous magnesium
sulfate. The solution containing the product can be concentrated

25 in vacuo. The product can be purified by standard means, e.g., by



25 To produce the conpounds of Forrmula 1.0, wherein Wis

-54 - [err] r is 0, and Rlerr] and Rlerr] are selected fromH or
-C(O OR[ erwo 9B3ess8  conpounds of Fornulas 20.0 or 22.0 afe pemaser4ans h
t he appropriate protected am no acid: [err]
in the presence of DEC and HOBt in di net-lg®f-or mam de to produce a
compound of the fornul a: [err]
chromatography using silica gel (e.g., flash column
chromatography).
. Alternatively, N-O compounds can be made from
intermediate:
5 .
by the above oxidation procedure with m-chloroperoxybenzoic
acid and
Br .O Cl
Br (19.1B)
N
|
Q .
wherein Q is a protecting group, e.g., BOC. After oxidation the
10 protecting group is removed by techniques well known in the art.
The N-O intermediate is then reacted further to produce the
compounds of the invention.
Compounds of Formula 19.0 include the compound of
Formula 19.1:
Br— 7 Cl
\ |
-—
N H
Br (19.1)
v
15 H .
The compound of Formula 19.1 is prepared by methods known in
the art, for example by methods disclosed in WO 95/105186, in
U.S. 5,151,423 and those described below. The above
intermediate compound can also be prepared by a procedure
20 comprising the following steps:



respectively. Reaction of conpounds of Formulas 23.0 or

10
24.0 with TFA in methylene chloride results in the deprotected
conpounds: woe gg/30s58 - 55 - [err] PCT/US97/24295

- 50 -

(a) reacting an amide of the formula
R‘Ha
-
<
N O

NR%eRSa
wherein R112 is Br, R52 is hydrogen and R%2 is C-Cg alkyl, aryl or
heteroaryl; R52 is C;-Cg alkyl, aryl or heteroaryl and Rfa ijs
5 hydrogen; R52 and R62 are independently selected from the
group consisting of C1-Cg alkyl and aryl; or R52 and R62, together
with the nitrogen to which they are attached, form a ring
comprising 4 to 6 carbon atoms or comprising 3 to 5 carbon
atoms and one hetero moiety selected from the group consisting
10 of -O- and -NR®2-, wherein R92 is H, C}-Cg alkyl or phenyl;
with a compound of the formula
Rta
R2a

R?a

Rsa
Ria
wherein R12, R22, R32 and R42 are independently selected from
the group consisting of hydrogen and halo and R72 is Cl or Br, in
15 the presence of a strong base to obtain a compound of the
formula

Br R2a

o R3a
NRSapfa R

(b) reacting a compound of step (a) with
(i) POCIl3 to obtain a cyano compound of the formula
H1a

B~ | R%

| Rda

20 N R ; or

(ii) DIBALH to obtain an aldehyde of the formula

XD



respectively. 5 Compounds of Fornula 1.0 wherein Wis [err] ris
O, Rlerr] is H Rerr] or Rerr] is H and the remaining R err] or Rerr]
is - - C(QYyORBRISE can be prepared by reacting a conmpound ofPGRVSATI24295
1.0 wherein Wis [err] 10 r is O, Rerr] is H and Rerr] and Rerr]
are both H wth the appropriate chlﬂﬁdferrrate

[err] TEA and CH err]d[err]. 15 Compounds of Fornulas 25.0 or 26.0
wherein R13 is selected from-Sl[err]Rerr] or si&( O R err] can be
prepared by reacting a conpound of Fornula 25.0Q orﬁg.o with a suitable
sul f onyl chloride (R err] SO err]CNOMNS 2018 yl chloride
(Rerr]C(Od) with TEA in a suitale §rganic vent (e.g.,

CHerr]dJferr]).
Compounds of Fornula 1.0 wherein Wis Réa . [err]
ris 1 or 2 and Rerr] is Hcan be prepared Ey reacting a ‘conpound of
Formul a 20.0 or 22(6) readtihgelwppyanoi cimpypunid ori theedldéhyde tvithl ac aci d
and, for exanpl | mor phol i ne, or by reacting a
conpound of E@?ﬁ%@%ﬁﬁym%%%?eofo{nghe aepr opriately substituted
acid chlori de. For exanple, a conpou of Formula 20.0 or 22.0
can be

N
I

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

R1a Ria

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

10 compound of Formula 13.0a wherein the dotted line represents a

double bond; or

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

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

Rfa

Ritb__/ { R

N O pa R® .

20 wherein R11b, Rla, R2a, R32 and R42 are independently selected
from the group consisting of hydrogen and halo, can be prepared

by the following process comprising :



reacted with [err] from propionic acid, wherein Rerr] and R err]
are, for exanple, alkyl (e.g., nmethyl). Were the am no carboxylic
acid i s nolyoosg/zossgommercially available, it can be prepared II/UssEIeu29sn of
et hyl acrylate with the appropriate am no conpound (as descri bed by 15
Ahn, K H et al., Tetrahedron Letters ; 5&%; 1875-1878 (1994)) with
subsequent hydrolysis of the ester to the desired am nocar boxyl i c

aci d. Al(apreaenngxaradmpoanaoof)mecfomxﬂarnul a 20.0 or 22.0 can
be reacted with [err] frombutyric

acid, wherein R[err] and Rlerr] areRf &) |l e, al kyl (e.qg.,
nmet hyl ). Where the am no carboxylic aci \is not commercially

avai l abl e, the approprlate acid chloride _ prepared in a manner

simlar to that describged Goel P?ggﬁe%‘grﬁ{ulg NigHggse uﬂ\gﬁg{éﬁ_‘gr mul a

(1973). The acid chlori ha conpo
20.0 or 22.0R% gntbRﬁﬁearmapalnfmed in the process above; in the presence -57

- lerr] 5 of a palladium catalyst and carbon monoxide to obtain an amide of

the formula:
R‘l 1b

4
< |
N 0]
NﬂsaRSa; or
(ii) with an alcohol of the formula R1020H, wherein
R10a js C;-Cg lower alkyl or C3-Cg cycloalkyl, in the presence of a
10 palladium catalyst and carbon monoxide to obtain the ester of the

formula
R11b

(o]
OR1Oa

followed by reacting the ester with an amine of formula
NHR52R62 to obtain the amide;
15 (b) reacting the amide with an iodo-substituted benzyl
compound of the formula
R1a
R7a” i
I R
Réa
wherein R12, R22, R32, R4a and R72 are as defined above, in the
presence of a strong base to obtain a compound of the formula

R1a
11b 2a
R Z R

4

3a
oI R

20 | neeRe RO g
(c) cyclizing a compound of step (b) with a reagent of the
formula R82MgL, wherein R82 is C;-Cg alkyl, aryl or heteroaryl
and L is Br or Cl, provided that prior to cyclization, compounds



respectively. The chloro atomcan then be displaced wwth the 5 appropriate

amne to give the desired conpound. Where either R err] or Rerr]
is H then Wa@88058ti ng nateri al woul d be a protected amPGI/GA7I2495! | C
acid [err] wherein Z is an appropriater
protecting group (e.g., BOC, CBZ 10 (car®3nyl benzyl oxy) or TFA). Coupling
this protected am no carboxylic acid with a conpound of Formula 20.0 or
22.0 would wherein R3%or Rfais ydregen @aredreantednwitha sesuitable N-
[err] protecting group. -58 - [err]
{(+)-Isomers of compounds of Formula 19.2
- Br—7 \ cl
—
N
Br (19.2)

N

[

H

5 can be prepared with high enantioselectivity by using a process
comprising enzyme catalyzed transesterification. Preferably, a
racemic compound of Formula 19.3

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

10 acylating agent such as trifluoroethly isobutyrate; the resultant
(+)-amide is then isolated from the (-)-enantiomeric amine by
techniques well known in the art, and then the (+)-amide is
hydrolyzed, for example by refluxing with an acid such as HaSO4,
and the resulting compound is then reduced with DIBAL by

15 techniques well known in the art to obtain the corresponding
optically enriched (+)-isomer of Formula 19.2. Alternatively, a
racemic compound of Formula 19.3, is first reduced to the
corresponding racemic compound of Formula 19.2 and then
treated with the enzyme (Toyobo LIP-300) and acylating agent as

20 described above to obtain the (+)-amide, which is hydrolyzed to
obtain the optically enriched (+)-isomer.

Those skilled in the art will appreciate that compounds of

Formula 1.0 having other R}, R2, R3 and R4 substituents may be
made by the above enzyme process.

25 To produce the compounds of Formula 1.0, wherein W is .



respectively. The am no protected internmedi ate (20.0B or 22.0B) woul d
then be al kylated, and then the protecting group renoved, usi ng
standard praseogisysss known in the art. 5 Conmpounds of petrighmsded
wherein Wis [err] vis O, and Rerr] is H
can be prepared by reacting a conpound-ob4 - Formula 20.0 or 22.0 with

chl oroacetyl chloride, TEA and CHerr]d[err] to produce a conpound of

t he formul a: - [err] 10 0 HThe chlorglatominthe-C(O)CH[err]'CI
group in the conpound of For mufla _Q.(g 3r -4f: 0 is then displaced with an
appropriate nucl eophile, Rerr], 1si 5‘ a4 slighabl e base, e.g., sodium
car bonat e, and optionally, a sui tBH e suitabl e ,sol vent (e.g:, DW). 15
Fg”gougﬁz (I;]Eellr: : @Lﬁl&ﬁly"gﬁﬁekm\gﬂesselected from H ctreF(F‘,EO]ORls, el z
- 59’ - compounds of Formulas 20.0 or 22.0 are reacted with the

appropriate protected amino acid:
O H 13
i R
HO—C—(IJ—N\
5 Rlz
in the presence of DEC and HOBt in dimethylformamide to

produce a compound of the formula:

BOC

10 :
respectively. .

Reaction of compounds of Formulas 23.0 or 24.0 with TFA
in methylene chloride results in the deprotected compounds:



can be prepared from conpounds of Forrmula 20.0 or 22.0 by reaction
with oxallyl chloride and an excess of the am ne

[err] WO 98/305580npounds of Formula 1.0 wherein Wis PCT/US97/24295
[err] zis 1l 2, 3, 4or 5 and err] is -ORerr], and Rerr] is,
for exanple, alkyl, can be prepare 5)5/ reaction of a conpound of
Formula 20.0 or 22.0 with the appropriate substituted dicarboxylic
acid which is protected as & nongester w th an appropriate alkyl or
aryl group. 10 The corrquond&n i R Rlerr] is H can be obtained
by base hydrol ysis (e.go%

ester. The conpounds, wherein
reacting the appropriately

iC ackFd generated above using DEC,

Rlerr] is -NRlerr]Rerr], cam b
substituted amine with the cdrb

HOBT and NMM For exanple, fg2 conpgunds zis 15 3 aglutarate
[err] (wherein R err] |m‘5,¢42 N -®70. net hyl ) can be used, and for
conpounds wherein z is 2 a sugg@ e;ll.ew] (0% vyﬁé‘?el n R[err] I s al kyl,
e.g., methyl) can be used, and fors olin N/\g_grel nzis a mal onate
[err] (wherein R[err] i s al kyh, n be used.

Reaction Schenme 1 illustrates the atlon ofRIZS conpounds of this

i nventi on. or

respectively. .
5 Compounds of Formula 1.0 wherein W is
no1 R
—CmG—(CH N,

R12
r is 0, R12 is H, R13 or R14 is H, and the remaining R13 or R14 is
-C(O)OR!6 can be prepared by reacting a compound of Formula
1.0 wherein W is |

n i R'3
—C—C—(CH,). —N,
\ 14
10 R!2 R
r is 0, R12 is H, and R13 and R14 are both H, with the appropriate
chloroformate
o
a1—C- OR!S
TEA and CH3Cls.
15 Compounds of Formulas 25.0 or 26.0 wherein R13 is

selected from -SO2R17 or -C(O)R18 can be prepared by reacting a
compound of Formula 25.0 or 26.0 with a suitable sulfonyl
chloride (R17SO2C)) or a suitable acyl chloride (R18C(0)C]) with
TEA in a suitable organic solvent (e.g., CH2Cls).



-60 - SCHEME 1

[err] 5 Compounds useful in this

i nventi on ave9s/3esapl i fied by the, fol I owi ng exanpl es, whipCrrusamed29s not
be construed to limt the scope of the discl osure.

PREPARATI VE EXAMPLE 1 - 56 -

Compounds of Formula 1.0 wherein W is
RIS
— GG (CHy, N,
R12
ris 1 or 2 and R12 is H can be prepared by reacting a compound
of Formula 20.0 or 22.0 with the appropriately substitued
5 carboxylic acid and, for example DEC, HOBT and N-
| methylmorpholine, or by reacting a compound of Formula 20.0 or
22.0 with the appropriately substituted acid chloride.
For example, a compound of Formula 20.0 or 22.0 can be
reacted with '

Rl4

0

10 R
from propionic acid, wherein R13 and R14 are, for example, alkyl
(e.g., methyl). Where the amino carboxylic acid is not
commercially available, it can be prepared by reaction of ethyl
acrylate with the appropriate amino compound (as described by
15 Ahn, K.H. et al., Tetrahedron Letters , 35, 1875-1878 [1994})
with subsequent hydrolysis of the ester to the desired
aminocarboxylic acid.
Also, for example, a compound of Formula 20.0 or 22.0 can

be reacted with
o) RI8

]
)I\/\/N‘
20 HO R4

from butyric acid, wherein R13 and R14 are, for example, alkyl
(e.g., methyl). Where the amino carboxylic acid is not
commercially available, the appropriate acid chloride can be
prepared in a manner similar to that described by Goel, O.P. et
25 al., Synthesis, p. 538 (1973). The acid chloride is then reacted
with a compound of Formula 20.0 or 22.0 to give the compound



10 - [err] Conmbi ne 10 g (60.5 mmol) of

et hyl 4-pyridyl acetate and 120 mL of dry CHerr]C[err] at -20[err]C

add 10. 45 gwOo838ss8nol ) of 15 MCPBA and stir at -20[err] C f orPQI/iSW24295d

then at 25[err]C for 67 hours. Add an additional 3.48 g (20.2 mol es)
- of MCPBA and stir at - 57 - - 61- 25C

for 24 hours. Dilute with CHerr]d[err] and wash with saturated

NaHCO err] (aqueous) and then wager. Bry over MgSJerr], concentrate

in vacua to a residue, an?zlchro -t Rflica gel, 2%5.5% (10%
NH err]OH in MeOH)/CH err pr WL 8. 12 g of the product 5
conpound. Mass Spec.: M+ =}l82. ep B [err] Conbi ne
3.5 g (19.3 nml ) of the pradufig " R7.5 (20.0A) of EtOH and 96.6
m. of 10% NaCH (aqueous) anckzheat 10 mxture at 67[err]C for 2 hours.

Add 2 N HCO (aqueous) to ad] Lﬁi\tlﬁ N_R™MH = 2.37 and concentrate in vacuo

to a residue. Add 200 nL of Rs___‘_.dr)wﬂ , fidter through celite and wash
the filter cake with dry Et OMy2X ) J{ Concengyr ate the combi ned
filtrates in vacuo to gi ve 2.43 g/of 't conmpound. 15
PREPARATI VE EXAMPLE 2 [err]

or

(22.0A)

respectively. The chloro atom can then be displaced with the
5 appropriate amine to give the desired compound.
Where either R13 or R14 is H, then the starting material
would be a protected amino carboxylic acid
0 H
HO—C c‘:R12 (CHp); N\z
wherein Z is an appropriater protecting group (e.g., BOC, CBZ
10 (carbonylbenzyloxy) or TFA). Coupling this protected amino
carboxylic acid with a compound of Formula 20.0 or 22.0 would
then give the am:no protected intermediate

(20.0B)

sl
R =

O H
N F | A
N —C~C— (CHp)—N_

p/
(o) R12 or



The title conmpound is prepared via the process disclosed in PCT
I nternational Publication No. WX»5/10516. 20

PREPARAT| VEWBX8/s05s8 3 [err ] PCT/USY%24295
Step A [err] . Conbi ne 14.95 g (39 mmol ) of
8-chl oro-11-(1- et hoxy- car bonyl - 4- pi p8r-4 di nyl ) - 11

H-benzo[ 5, 6] cycl ohepta[ 1, 2-b]pyridine 5 and 150 nL of CHerr]C[err],
then add 13.07 g (42.9 mol) At JB(nBu) [err]NNOJ err] and cool the m xture
ol utrRdn of 6.09 nL (42.9 mmol) of TFAA

in 20 nL of CH err] A [ er rixoss > hours. Keep the m xture at 0C
overni ght, then wash ﬁucc ey AM\h saturated NaHCJ err] (aqueous),
wat er and bri ne. b. -a (22.0B)
R?
R5< \'/R7 o H
Ny ]
N N-—-C—C—(CHz)r-—N
1{12 “z
o)

respectively. The amino protected intermediate {(20.0B or 22.0B)
would then be alkylated, and then the protecting group removed,
using standard procedures known in the art.

5 Compounds of Formula 1.0 wherein W is

|
—C—C— (CHy);—R!®
[
R12
v is 0, and R12 is H can be prepared by reacting a compound of
Formula 20.0 or 22.0 with chloroacetylchloride, TEA and CH3Cly

to produce a compound of the formula:
A B

Cl

10
The chloro atom in the -C(O)CH2Cl group in the compound of
Formula 26.0 or 27.0 is then displaced with an appropriate
nucleophile, R15, using a suitable base, e.g., sodium carbonate,
and optionally, a suitable suitable solvent (e.g., DMF).

15 Compounds of Formula 1.0 wherein W is

0 0
—C— (CHy) —C—R22
zis 0, and R?22 js



10 Dry the organic solution over Na2SO4, concentrate in vacuo to a

resi due and chromat ograph the residue (silica gel, EtQAc/hexane

gradi ent) t@o%skGsss: 32 9 and 1.90 g of the two product compou ﬂ? S%li&'%g') :
and 3A(i i),‘gr espgs(’:st&i vel y. Mass Spec. for conmpound BA?I 10 =
428.2: 15 Mass Spec. for conpound 3y ii): MH+ =.428. 3. Step B:
[err] -63 - Conbi ne

22.0 51.4 85% Et CH
' (aquegug) 25 ‘}%re?é%eﬁr ;ﬁtcf) %@ébﬁnh%oé? ﬁ)?ﬁmlg %6‘&%§ mol ) of
CaCl[err], anaemtgpnawﬂbpxaﬂy chl@mélenagdtanmefg caxZuerrm e) of Fe
powder and 1.2 g (10.8 5 mml) of Cad [eRPt and heat at reflux for 2

hours. Add another 12.4 g (0.222 HolNy) of Fe powder and 1.2 g (10.8
mol ) of Call[err] and heat at refl uxR®r, 2 hours nmore. Filter the hot
m xture through h 50 nL of hot EtOH
and concentrater@%g }ggﬁbﬁﬁ%iu‘gk’%&%’t’ﬂ ue. Add 100 niL of 10
anhydrous Et OH, concentrate to a resudue and uhronat ogr aph the resi due

(silica ggg, MeOH CH err]d[err] gragre®i)aoCgiRE 16.47 g of the

product corrpogrlg 1, 2, 3°4°8r § ah@ R22 is -OR23, and R28 is, for example, alkyl,
can be prepared by reaction of a compound of Formula 20.0 or
22.0 with the appropriate substituted dicarboxylic acid which is
protected as a mono ester with an appropriate alkyl or aryl group.

10 The corresponding acids (i.e., R23 is H) can be obtained by base

hydrolysis (e.g., NaOH) of the ester. The compounds, wherein
R22 is -NR24R25, can be prepared by reacting the appropriately
substituted amine with the carboxylic acid generated above using
DEC, HOBT and NMM. For example, for compounds wherein z is

15 3 a glutarate
) 0]

HOJWL OR23

(wherein R23 is alkyl, e.g., methyl) can be used, and for

compounds wherein z is 2 a succinate
' o

| OR23
HO

. O
20 (wherein R23 is alkyl, e.g., methyl) can be used, and for

compounds wherein z is 1 a malonate -
O O

HOMOst

(wherein R23 is alkyl, e.g., ethyl) can be used.
Reaction Scheme 1 illustrates the preparation of
25 compounds of this invention.



15 Conmbi ne 16.47 g (41.4 mmol ) of the product from Step B, and
150 nm. of 48% HBr (aqueous) and cool to -3[err]C. Slowy add

(dropvvl se) brom ne, then slowy add (dropw se) a | of
.55 g (0. 1%&9% of NaNOQ2 in 85 nL of water. Stir forPﬁWM%s at

-3[err] to O[err]C, then adjust to pH = by adding 20 50% NaCH
(aqueous). Extract with Et OAc, wash the” facts with brine and dry
the extracts over NaJerr]SJerr]. Con ate to a resi due and .
chromat ograph (silica gel, EtQAc/ hexaéé?—“&w-e%t) to give 10.6 g and
3.28 g of the two product conmpounds 3C(i) and resgectlvel y.

i X Mass

-64 - Mass Spec. for corrpound
Spec. for conmpound 3C(ii): M 539.
Hydrol yze the product 3C(i) of St ep C by disso
DEC/HOBT/DMF Br (28 0)
HOC(0)-CH(R*?)-NR!3(BOC) ’

TFA/CH,Cl,

(29.0)

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

PREP. E LE 1

Step A:
O, — =0
\ / CO,Et / CO,Et

Combine 10 g (60.5 mmol) of ethyl 4-pyridylacetate and
120 mL of dry CHaCly at -20°C, add 10.45 g (60.5 mmol) of
15 MCPBA and stir at -20°C for 1 hour and then at 25°C for 67 hours.
Add an additional 3.48 g (20.2 mmoles) of MCPBA and stir at

10



concentrated HO and heating to about 100[err]C for @16 hours. Cool
the m xture, the neutralize with 1 M NaCOH (aqueous). Extract with

CH err] O [ Qphsaghisy the extracts over MySQlerr], filter and s
concentrate 1n vacuo to the title conmpound. 10 Mass Spg(cmUs r] =

466. 9. Step E [err] .6 _Dissolve 1.160 g (2.98 mml) of
the title conpound from Step Din 20n]|_of DMVF, stir at room

t emper at ur e, g 39 h r phol j

0. 7418 g (3 g5 C%Q%B é&ﬁt%“e%&‘%”% %f‘dﬁﬂﬁs}‘ ith gapurated o g705

g (3. 87 NadlICQy (aqmemu@uandyﬂmbwgﬂerpmwr owmMgS80ac eoncentiate

Stir the m xt ate in

vacuo to s rem?ue ang:p@a{r. |or'| e reS|n§a %pho%gngﬁﬂ% ({/err] and

wat er. Wash t PIESMGQEU&MWZO give,B(12 ga@ﬁithcemmvir@m _

(aqueous) g 10&/@:5@1{@15&1 PRis Bpleadunys)- brine. Dry the organic
R@éq 489,15

phase over My I'ter and concentrate in vacuo to a residue.
Chr omat ogr ap S|due (silica gel, 2% MeOH CHerr]C[err] +

NH err]) to give 1.72 g t he product mp. = 94.0- 94.5[err] C, Mass
Spec.: MH+ = 616. 3,-0-N* — 'O—N{?E5>—\ el enent al
anal ysi s: cal cul at ed g’gEﬁ 6.06; N, 6.83 / CO.H

found - C, 59.93; H 6.62; N 7 Step F: [err] 2

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

15
PREP. PLE 2
o CO,H
=~
(CHg)3C—O
The title compound is prepared via the process disclosed
in PCT International Publication No. W095/10516.
20 '




5 Conmbine 1.67 g (2.7 mml) of the product of Step E and 20 mL of
CHerr]COJ[err] and stir at OC. Add 20 nmL of TFA, stir the m xture for 2

hours, the | fy. the m xture with 1 N NaCH (aqueous). ]
§¥¢$?§$05¥8 Bi‘cﬁxﬁﬁéw)%b@

CHerr]d|[ 'y the organi c phase over MgSO err], filter "a
concentrate in vacuo to give 1.16 g of the product. mp: = 140.2- 10

140. 8C, Mass Spec.: M+ = 516. 2. - B PREPARATI VE EXAMPLE 4
[err] Step A1 [err] 15 Conmbi ne 25.86 g (55.9-
mol ) of 4- ( $L&RLE o- 3- br ono- 5, 6- di hydr o-

11H benzo[ 5, 6] cycl ohept a[ 1, 2- b] pyri di n-11-yli den

1
CO,Et

Combine 14.95 g (39 mmol) of 8-chloro-11-(1-ethoxy-
carbonyl-4-piperidinyl)-11H-benzo[5,6]cyclohepta[1,2-b]pyridine
5 and 150 mL of CHaClp, then add 13.07 g (42.9 mmol) of
(nBu)4NNO3 and cool the mixture to 0°C. Slowly add (dropwise) a
solution of 6.09 mL {42.9 mmol) of TFAA in 20 mL of CH2Cls over
1.5 hours. Keep the mixture at 0°C overnight, then wash
successively with saturated NaHCO3 (aqueous), water and brine.
10 Dry the organic solution over NagSQ4, concentrate in vacuo to a
residue and chromatograph the residue (silica gel, EtOAc/hexane
gradient) to give 4.32 g and 1.90 g of the two product compounds
3A(l) and 3Alii), respectively.
, Mass Spec. for compound 3A(i): MHt = 428.2;
15 Mass Spec. for compound 3A(i): MH* = 428.3.




-66 - pi peri di ne-1-carboxylic acid ethyl ester and 250 nL of
concentrated Herr]SJerr] at -5[err]C, then add 4.8 g (56.4 nmmol) of
NaN( err] %d%sﬁ% for 2 hours. Pour the mxture into 600 g GicH667/124295
and basify w concentrated NH err] OH (aqueous). Filter the 5 mxture,
wash with 300 nL of water, then extract 3th 500 nL of

CHerr]C[err]. Wash the extract with 20 n1_ of wat er, dry over MgS(O err],
then filter and co rat o,to a t he
residue (silica ge r& %%e?céﬂ&@/ ggﬁie#r 2\& Opg'@\ggg&ﬂgﬁf‘%(ﬁtep

yield) of theApriGiahL of B5% E@Hl&litmm}?-l 85 gd@c463|\mole) s Fel0

(0. schRaknareloniss) o) ¥e0aCIE, and héatihe fothi N 829
Br overnight. CAdlst A2-4 (€ {022 snﬁlthyf Ee pmrdsromét 1% £418A and

200 ni of Onﬁﬁhbl)aéﬁd: O%éﬂx&@i@dﬁ&t gbflaf{for'd BoursenAdebhnboliBeril2.arg to

O[err] C Add r

hydan]tm nto Zq@i%ggngjl'eb %&W‘?‘F’bﬁk@ ﬂog é?g?%zﬁ'{"t r‘f@?yéﬁg’llz apd 0C,

ggg ?n agldlh ti peat at &ffwéffoﬁ hersainorse Eﬂbm?mdamsmtmmui@ t?aﬂdghth ir at

or our s ur [ 0 : i Wt

concentrated RF’[iE‘FQ S?E&ﬁ\go‘féi} egt wé@ngdtg ﬂé@? PP%%H a‘Pﬁsr egul ting

solid by filtcahtentratesthe fidtradei ih macuoCtOOarrlesrduwatAdd 100 m3lof ry in

200 nL ofy AceLoRGC 0t EtOH, LGnPEAMAE thoa Testitéutdo’chromatograph the
residue (silica gel, MeOH/CH2Cly gradient) to give 16.47 g of the

product compound.

§§ep Q:

)
CO,Et

15 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 of bromine, then slowly add (dropwise) a
solution of 8.55 g (0.124 mole) of NaNO2 in 85 mL of water. Stir
for 45 minutes at -3° to 0°C, then adjust to pH = 10 by adding

20 50% NaOH (aqueous). Extract with EtOAc, wash the extracts
with brine and dry the extracts over Na3SO4. Concentrate to a
residue and chromatograph (silica gel, EtOAc/hexane gradient)
to give 10.6 g and 3.28 g of the two product compounds 3C(i) and
3C(ii), respectively.



yield) of the product. mp. = 236-237C, Mass Spec.: M+ = 584 25 (C),
el enental anal ysi s: calculated - C, 45.11; H, 3.44; N, 7.17

found - C, _44.95 H 3.57: N, 7.16.

67 - W%P%%’SE‘F [err] Conbi ne 25 g (44F WHETHH3P Fe
filings, 10 g (90 mmol) of Cad [erré4and a suspension of 20 g (34.19
mol ) of the product of 5 Step Bin 700°nL of 90:10 Et OH water at

50[err]C. Heat the efI I ( through Celite
and wash the fil telyfn épec- fOWCP go%&m Mlﬂ{)t ﬁg&ﬁ Conbi ne t he-
filtrate and washeMlass Speanfor compounde3CiiiadH* 5 B39esi due. Extract
the residue w . 600 nL of CHerr]CJ[err], wash with 300 nL of water
and dry overvgféh'%sqerr]. Filter and concentrate in vacuo to a residue,

t hen chr omat ogr aph 30% Et OAc/ CH ] ive 11.4
g (60% yi eBe) 2 Qlp. = 211- dbas Chpec. :
M+ = 554 (Cl), 5 4 Iysis: cal cul at ' J H 3.99;
N. 7.56 15 f ound—e—C—4a. 45; N 4.13 7.49.
Step D [err]
N
Y ;
CO,Et
5 Hydrolyze the product 3C(i) of Step C by dissolving in
concentrated HCl and heating to about 100°C for @ 16 hours.
Cool the mixture, the neutralize with 1 M NaOH (aqueous).
Extract with CH2Cly, dry the extracts over MgSOy, filter and
concentrate in vacuo to the title compound.
10 Mass Spec.: MH* = 466.9.

Ste

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

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

15 0.3914 g (3.87 mmol) of 4-methyl-morpholine, 0.7418 g (3.87
mmol} of DEC, 0.5229 g (3.87 mmol) of HOBT, and 0.8795 g
(3.87 mmol) of 1-N-t-butoxycarbonyl-piperidinyl-4-acetic acid.
Stir the mixture at room temperature for 2 days, then
concentrate in vacuo to s residue and partition the residue

20 between CH2Cls and water. Wash the organic phase successively
with saturated NaHCO3 (aqueous), 10% NaHoPO4 (aqueous) and
brine. Dry the organic phase over MgSOQy, filter and concentrate
in vacuo to a residue. Chromatograph the residue (silica gel, 2%
MeOH/ CH2Clz + NH3) to give 1.72 g of the product. m.p. = 94.0-

25 94.5°C, Mass Spec.: MH* = 616.3,



Slowy add (in portions) 20 g (35.9 mml) of the product of Step Cto
a solution of 8 g (116 mmol ) of NaN(J err] in 120 nL of 20 concentrated HC

(aqueous) - 0% Stir the resulting mxture at O[err] %,? a& S,
then sl owl 3‘5%6839 3 opwi se) 150 nL (1. 44 mol e) of 50% H[g? 5 é}%gat
0OC over a 1 hour period. Stir at O[err]C f§[ 3 hours, then pour into
600 g of ice and basify with concentrat eg

-68 - NH.er r (a us). Extrac i h ) f [err [err],-
dry the Wﬁ}ﬂ% ao‘%g'gi\?gsm, ctaﬁgﬂfqg\é”pt eréaﬁg'gé%ncr%hgfga&; 'nd? uo to a
resi due. Chromatograph the resi dudousnd €& 5019323% B.68t/N, 7.45hexanes) to

give 13.67 ¢ %wield) of the product. mp. = 163- 5 165[err]C, Mass
Spec.: M+ = 1), el enental anal ysi s: calculated - C, 48.97; H,

4.05; N 5.22 found - N,
5.18 Step Br Br Cl
Conmbine 6.8 g (12.59 pr oduct of Step\D
——T
o
Lo O
o : o
5 Combine 1.67 g (2.7 mmol) of the product of Step E and 20

mL of CH2Cls and stir at 0°C. Add 20 mL of TFA, stir the mixture

for 2 hours, then basify the mixture with 1 N NaOH (aqueous).

Extract with CH2Cl, dry the organic phase over MgSOy, filter and

concentrate in vacuo to give 1.16 g of the product. m.p. = 140.2-
10 140.8°C, Mass Spec.: MH* = 516.2.

PREP L

A A

0% “oCH,CH, | 0 ~OCH,CH,4

Combine 25.86 g {55.9 mmol) of 4-(8-chloro-3-bromo-5,6-
dihydro-11H-benzo[5,6]cycloheptall,2-b]lpyridin-11-ylidene)-1-

15



100 mL of concentrated HO (aqueous) and stir at 85[err]C overnight.

Cool the mxture, pour it into 300 g of ice and basify vmthf

concentrat ed NH err] OH (aqueous). Extract with 2 x 300 nL o _
CH err] O [ YO I83938% dry the extracts over MySOerr]. Filter, RONESNRAZe in
15 vacuo to a residue, then chronmatogra (silica gel, 10% MeOH Et OAc
+2%NH[err]O—|(aqueous)) to give54g' % vyield) of the title
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4. then filter and concentrate in vacuo to a residue. Chromatograph
the residue (silica gel, 10% EtOAc/ CH2Cly) to give 24.4 g (86%
yield) of the product. m.p. = 165-167°C, Mass Spec.: MH* = 506

10 (CI1),
elemental analysis: calculated - C, 52.13; H, 4.17; N, 8.29
found - C, 52.18; H, 4.51; N, 8.16.
Step B:

o)\ OCH,CH, o? >

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

20 and stir at 20°C for 2 hours. Pour the mixture into 400 g of ice,
basify with concentrated NH4OH (aqueous) at 0°C, and collect the
resulting solid by filtration. Wash the solid with 300 mL of water,
slurry in 200 mL of acetone and filter to provide 19.79 g (85.6%
yield) of the product. m.p. = 236-237°C, Mass Spec.: MH+* = 584

25 (CI),
elemental analysis: calculated - C, 45.11; H, 3.44; N, 7.17

found - C, 44.95; H, 3.57; N, 7.16.

OCH,CHj,



PREPARATI VE EXAMPLE 5 [err] 10 Step A Jerr]

Hydrol yze 2. 42 g of 4-(8-chloro-3-brono-5, 6-di hydro-11H

benzo[ 5, 6] g}gﬁg%a[l 9 2-b]pyridin- 11 -ylidene)- 1-piperi d 95
car boxylic aC| ester via substantially the sane procedure as Iﬂz
described in Preparatlve Exanple 3, Stepgdy -to give 1.39 g (69% yi el d)
of the product. - 70 - Step B:

[err] , Step C:

A

o)\ OCH,CH3 . 0% “OCH,CH,4

Combine 25 g (447 mmol) of Fe filings, 10 g (90 mmol) of
CaCly and a suspension of 20 g (34.19 mmol) of the product of
5 Step B in 700 mL of 90:10 EtOH/water at 50°C. Heat the mixture
at reflux overnight, filter through Celite® and wash the filter cake
with 2 X 200 mL of hot EtOH. Combine the filtrate and washes,
and concentrate in vacuo to a residue. Extract the residue with
600 mL of CH2Cla, wash with 300 mL of water and dry over
10 MgSO4. Filter and concentrate in vacuo to a residue, then
chromatograph (silica gel, 30% EtOAc/CH2Clp) to give 11.4 g
(60% yield) of the product. m.p. = 211-212°C,
Mass Spec.: MH+ = 554 (CD),
elemental analysis: calculated - C, 47.55; H, 3.99; N, 7.56
15 found - C, 47.45; H, 4.31; N, 7.49.

Step D:

0% ™ OCH,CH,4

Slowly add (in portions) 20 g (35.9 mmol) of the product of
Step C to a solution of 8 g (116 mmol) of NaNO3 in 120 mL of
20 concentrated HCl (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% HgPO2 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

A

0% S OCH,CH,4



Conmbine 1 g (2.48 nmmol) of the product of Step A and 25 m. of dry
toluene, add 2.5 nL of 1 MDIBAL in toluene and heat 5 the m xture at
reflux. Af ours, add another 2.5 nL of 1 M Dl BAL, i I e
and heat att‘ﬁéggf"%%glf or 1 hour. (The reaction is nmoni t or Mgg%ﬂ%%éy ng
50% MeOH/ CH err]Cl[err] +NH err] OH (aqug%g)_.) Cool the mxture to
roomtenperature, add 50 nmL of 1 N HC (aqueous) and stir for 5 mn.

Add 100 ni of u . C ] t Qe (3 150 mlL).
Dry the extragﬁgkg\%gh&égﬂ ngetf%?t “Hﬁ{bef%gﬁg @&*@%&%&&'ihﬁﬁo to
give 1.1 g of exheactst o¥er MgSOanpgbendfilter andtagnaentyrate jin vacuo to a5
Conbi ne 0.501 8 t4i 0 f et d 20 nL
of dry DNF, ¢ heninfd 5&2%?%@3 e FosiaiR]ificd'gel, 9% EtOAL]

t - but oxycar boRgxanss) ita; give- 13:£2g (76% wield) fdhe prodest.mm.p. = 168 DEC,
2- 22§hg|(56ﬁ4m,) Mﬁs%"@ﬂ'?cﬁ@flﬁ}%l@Sgt(ﬂ)ﬁM 0 tmrml) ?f _—
- met hyl nmor phol i ne stir the m xtur room erature overnight.
Concentrat e tﬁtﬂﬂf???%l?%n#y%ﬁtuo tga]gu?af?eq, és(i?'dﬁé;g"{%&g?&asgi tNo®-28e

resi due between 150 nL of CH err] Gdwatd]- C, 4886; 1H) 319190f Ns &, ugat ed

NaHCO err] (a g LE). Extract the aqueous phase wi th anot her 150 niL of
CHerr]d[errT *the organi c phase over MgSO err], and concentrate
in vacuo to a residue. 25 Chromat aph the residue (silica ggl, 500 nL
hexane, 1 L of 1%

Cl

PR

0% S OCH,CH,4

10 Combine 6.8 g (12.59 mmol) of the product of Step D and
100 mL of concentrated HCI (aqueous) and stir at 85°C overnight.
Cool the mixture, pour it into 300 g of ice and basify with
concentrated NH4OH (aqueous). Extract with 2 x 300 mL of
CH2Cly, then dry the extracts over MgSO,. Filter, concentrate in

15 wvacuo to a residue, then chromatograph (silica gel, 10%
MeOH/EtOAc + 2% NH40H (aqueous)) to give 5.4 g (92% yield) of
the title compound. m.p. = 172-174°C, Mass Spec.: MH* = 467

(FAB), .

elemental analysis: calculated - C, 48.69; H, 3.65; N, 5.97
20 found - C, 48.83; H, 3.80; N, 5.97.

Step F:

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

25 acid to produce the compound



- 71- MeOH CH err]C [err] + 0.1% NH err] OH (aqueous), then 1 L of 2%
MeOH CH err]C[err] + 0.1% NH err] CH (aqueous)) to give 0.575 g of the

product. m err]-125[err]C, Mass Spec.: MH = 616.
[err] R'ogas%gs Combi ne 0.555 g (O. 9 mml) of the pro"ﬁt %bgf'ggtep

C and 15 nL of CHerr]C [err] and cogg the mxture to O[err]C. Add 15
nm. of TFA and stir at O[err]C for 2 hours. Concentrate in vacuo at
40-45[err]Cto a residue, then partitigp the residue between 150 nL of
CHerr]C[err] 10 and 100 nL of satp ed aHCO err] (aqueous). Extract
t he aqueous | ayer wit hg 100 AR NCLgrr], combine the extracts
and dry over MpSg err]. C acuo to give 0.47 g of the

product . m p. = 140-150C,
PREPARATI VE EXAMPLE 6
[racem c as well as (+)-and (-)-i sornef

O
(o}
Step G:

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

5 above is deprotected to yield the title compound of Preparative
Example 4.

= 516. 15
[err]
O

JLOIC[CHS)S

10 Step A:

OEt

Hydrolyze 2.42 g of 4-(8-chloro-3-bromo-5,6-dihydro-11H-
benzo[5,6]cycloheptal,2-b]pyridin-11-ylidene)-1-piperidine-1-
carboxylic acid ethyl ester via substantially the same procedure as

15 described in Preparative Example 3, Step D, to give 1.39 g (69%
yield) of the product.



-72 - Step A [err] Conbi ne 16.6 g (0.03 nol e)
of the product of Preparative Exanple 4, Step D, with a 3:1 solution

of CH3CN a 5 (212.65 nL CH3CN and 70.8 nL of water) t he
o Wolisfl, > | et

resul ting verni ght at roomtenperature. Add 32.

nole) of Nal(err] and then 0.31 g (2.304fml) of Ru(Jerr] and stir at
roomtenperature give 1.39 g (69% yield) of the product. (The- addi tion
of RuOis acc ‘%_r%gd by an exotherm c reaction and 10 the tenperature
clinbs from?2 [err]C.) Stir the m xture for 1.3 hrs.
(tenperature returned tQ 2 C after about 30 ju filter to
renove the solidsBard ; @ith CBY Cbncentrate
the filtrate in vacuo\to and di ssol ve dgue in

CHerr]C[err]. Filter N reyove sol ubl e sol i ds™a¥ ash™he 15 solids
with CHerr]C[err]. Wash thd filtrate wtirwdter, cong
vol une of about 200 nL andfwash with bl each, then wt Ext ract
with 6 N HCO (aqueous). Copl the aqueous extract to Q[ errjC and slowy
add 50% NaOH (aqueous) to atndst to pH = 4 while Pepi ng t he
tenperature <30[err]C. ExtraHt twice with CHerr]C[erd, dry 20 over
MySO err] and conc tr

n v i due. resi due
in 20 nL of EtOH a E‘TFC tlogo@e#g]@mggl? E?etm'é’g"é’éugﬂ éﬁ%PAan%gﬁ ds by
filtration anﬂﬂdbf etolaends add 28 wALtef DiMEDIBAL it tdlueh® and hédtoduct .

[ a; r] g Tg/g( Ig a(ocnll'e% %eg@% I'Bo|_{)1rs agé éx%mewz 5 “}IePE]ISM d.
DIBAL in toluene and heat at reflux for 1 hour. (The reaction is
monitored by TLC using 50% MeOH/CH2Clz +NH40H (aqueous).)
Cool the mixture to room temperature, add 50 mL of 1 N HCl
(aqueous) and stir for 5 min. Add 100 mL of 1 N NaOH (aqueous),

10 then extract with EtOAc (3 X 150 mL). Dry the extracts over
MgSO4, filter and concentrate in vacuo to give 1.1 g of the title

compound.
Step C:
Br o
\_ .
N
N
H
15 Combine 0.501 g (1.28 mmol) of the title compound of Step

B and 20 mL of dry DMF, then add 0.405 g (1.664 mmol) of 1-N-
t-butoxycarbonylpiperidinyl-4-acetic acid, 0.319 g (1.664 mmuol)
of DEC, 0.225 g (1.664 mmol) of HOBT, and 0.168 g (1.664
mmol) of 4-methylmorpholine and stir the mixture at room

20 temperature overnight. Concentrate the mixture in vacuo to a
residue, then partition the residue between 150 mL of CHaCly
and 150 mL of saturated NaHCOg3 (aqueous). Extract the aqueous
pPhase with another 150 mL of CH2Cl. Dry the organic phase
over MgSOy4, and concentrate in vacuo to a residue.

25 Chromatograph the residue (silica gel, 500 mL hexane, 1 L of 1%



- 73 - Conmbi ne 21.58 g (53.75 mml ) of the product of Step A
and 500 nL of an anhydrous 1:1 m xture of EtOH and tol uene, add 1.43 ¢

(37.8 mmol )wofoslsps¥sd and heat the m xture at reflux for POTRISH724299!
the m xture to O[err]C, add 100 nL of water, then 5 adjust to pH= 4-5 with
1 MHOA (aqueous) while keeping the - Tekrperature <10[err]C. Add 250 ni
of Et OAc and separate the | ayers. WAsh the organic |layer with brine (3
X 50 L) then Me@H/CHgaCky +N[166 TTHQDH r(ixquéons)ariﬂmnd Lrofv2%3i0 to a

residue (24.0 t %
hexane/ CH err ] Pg Z ?)H%Clzl%% Oll%eﬁﬁﬁeﬁ_gr(%g &P Ei?)n%b F( &4 ba%??ggf\ﬁgfe
purified by prOdlmthrmrptGgrldpﬁﬁym&@otMassfSpecBM@{‘bf: 6b6. product was
obtained. [errd (DVBO-d[err], 400 MHz): 8.5 (s, 1H); 7.9 (s, 1H);
7.5 (d of d, 2H®6 2 (s, 1H: 6.1 (s, 1H): 3.5 (m 1H): 3.4 (m 1H);
3.2 (m 2H). 15 Step G

Br [err] Br 18157 g (P56
Step B and 500 ]
SOC [err], and stTN thd m Xflre at roomterrper

20 solution of 35.6 g (0. 44 m:(bEQ,)acrL i perazine i n 800JQ
over a period of 5 mn. adstlrthem ture for 1 hr.fat rnoom

tenperature. Heat the m xtyureJat | u overn| ght, thely codl tqg room
tenperature and dilute the xtuewﬂ\t OL of CH err]C'Nerr]¢ NH Wash
with water (5 X 200 ), an extfact Jt he aqueous wash

5 o)
Combine 0.555 g (0.9 mmol) of the product of Step C and

15 mL of CH2Clp and cool the mixture to 0°C. Add 15 mL of TFA
and stir at 0°C for 2 hours. Concentrate in vacuo at 40-45°C to a
residue, then partition the residue between 150 mL of CHaCly

10 and 100 mL of saturated NaHCO3 (aqueous). Extract the aqueous
layer with 100 mL of CH2Clp, combine the extracts and dry over
MgSO4. Concentrate in vacuo to give 0.47 g of the product.
m.p. = 140°-150°C; Mass Spec.: MH+ = 516.

15 PREP TIVE E P
' Br
Br == Cl
\ 7

ve;

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



25 wth CHC[err] (3 X 100 nL). Conbine all of the organic sol utions
wash with brine (3 X 200 nm.) and dry over MgSO err]. Concentrate

vacuo to a and chromat ograph (silica gel, gradient o

7.5% 10% I%@%?err](j [err] + NHerr]OH) to give 18.49 g ofPCT(FS"’E‘ﬁs
title conpound as a racem c m xture. - 72 -

-74 - Step D - Separation of Enant i oner s:

Br [err] The racemic title conmpound of Step Ci's
separ at ed by '—ap'r'eparatlve chiral chromatography (Chiral pack AD, 5 cm X
50 cm 5 colum, flow rate 100 m¥Hi n., 20% i PrO—l/hexane + Br2%

di et hyl am ne), toB(gl ve i ‘
(-)-isoner. ys
74.5-77.5C, \

A

0% “OCH,CH,

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
5 (212.65 mL CH3CN and 70.8 mlL of water) and stir the resulting
slurry overnight at room temperature. Add 32.833 g (0.153
mole) of NalO4 and then 0.31 g (2.30 mmol) of RuO2 and stir at
room temperature give 1.39 g (69% yield) of the product. (The
addition of RuO is accompanied by an exothermic reaction and
10 the temperature climbs from 20° to 30°C.) Stir the mixture for
1.3 hrs. (temperature returned to 25°C after about 30 min.), then
filter to remove the solids and wash the solids with CH5Cl,.
Concentrate the filtrate in vacuo to a residue and dissolve the
residue in CHoCls. Filter to remove insoluble solids and wash the
15 solids with CH3Clz. 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 extract to 0°C
and slowly add 50% NaOH (aqueous) to adjust to pH = 4 while
keeping the temperature <30°C. Extract twice with CHClg, dry
20 over MgSO4 and concentrate in vacuo to a residue. Slurry the -
residue in 20 mL of EtOH and cool to 0°C. Collect the resulting
solids by filtration and dry the solids in vacuo to give 7.95 g of the
product. 1H NMR (CDCls, 200 MHz): 8.7 (s, 1H); 7.85 (m, 6H);
7.5 (d, 2H); 3.45 (m, 2H); 3.15 (m, 2H).

25 Step B:
Br
Cl Br = cl
—  \
N
. OH '




Mass Spec. M+ = 471.9; [err] = +97.4 (8.48 rrg/ 2m. MeCH). 10
Physi cal chem cal data for (-)-isoner: mp. 82.9-84.5C,

25 Mas wopsmsoss8H+ = 471.8; [err] = -97 4 (8 32 nmg/ 2nlL Megdfrus9r/24298t ep
E: ' Br [err]
(-)-isoner Conbine 3.21 g (6.806 #ml) of the (-)-isoner product of

15 Step D and 150 nL of anhydrous DMF. Add 2.15 g (8.8 mmol) of
"1-N-t - but oxycar bonﬂmqiﬂnedf’.m;&&g {6375 mmial) of .the prgduet ofBtep A

75 - S0 i 0 oyl £ bapR0 o MMk i), o M

nethyInDrphollne an tur ovVerni ght.

Concentrate i ?dhde®3tS (%fﬁ)\nem% OBMHG and %@a the mixtyresat reflasd

l\lﬁHCO[ er 1 ( AL AP }mn—xfdé’élttlhr(]&e hgxrz]&lﬂé rtb{)(\ﬁlﬁecF eafll {60’mi 6f vﬁatei‘h%lg%itﬂ’?z the

R R A A L o

MeOH CH[ er r | Citégipdratui€ % MG rAdi)250 ralvef EtOAant édfpafﬁt@dufé

%% ;1_7&|;)/E7O[—I)elia;ﬁ‘js$t %Séfx] tﬁeeprgasmsco fayer With i 697(3 b0 mL) “then Q:IGry
over NagSO4. Concentrate in vacuo to a residue (24.01 g) and
chromatograph the residue (silica gel, 30 % hexane/CH2Cly) to

10 give the product. Impure fractions were pxiriﬁed by

rechromatography. A total of 18.57 g of the product was
obtained. 1H NMR (DMSO-dg, 400 MHz): 8.5 (s, 1H); 7.9 (s,
1H); 7.5(d of d, 2H); 6.2 (s, 1H); 6.1 (s, 1H); 3.5 (m, 1H); 3.4
(m, 1H); 3.2 (m, 2H).

15 Step C:

Br

= cl

N
(]
H
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 SOClg,
and stir the mixture at room temperature for 4 hrs. Add a
20 solution of 35.6 g (0.413 mole) of piperazine in 800 mL of THF
over a period of 5 min. and stir the mixture for 1 hr. at room
temperature. Heat the mixture at reflux overnight, then cool to
room temperature and dilute the mixture with 1 L of CHsCls.
Wash with water (5 X 200 mL), and extract the aqueous wash
25 with CHCI3 (3 X 100 mL). Combine all of the organic solutions,
wash with brine (3 X 200 mL) and dry over MgSO4. Concentrate
in vacuo to a residue and chromatograph (silica gel, gradient of
5%, 7.5%, 10% MeOH/CH2Cly + NH40H) to give 18.49 g of the
title compound as a racemic mixture.




Conbine 4.70 g (6.74 mmol) of the product of Step E and 30 nmL of MeOH,
then add 50 nmL of 10% H err] SO err]/di oxane in 10 m. aliquots over a 1
hr. period ge mxture into 50 nL of 15 water and add plGnftes 0%
NaCOH (aqueous?k}?o adjust to pH 10-11. Filter to renove the re’gju2 i ng
solids and extract the filtrate W|t47 CHerr]dJerr] (2 X 250 nl).
Concentrate the aqueous | ayer I n vacuo to renove the MeOH and extract
again with 2 Pl s r{el .y the conbi ned extracts over -
MySO err] an re 2 1 df %‘Tn—g'{ & ve the product. mp. =
128.1[err]-131. 5C, Mass Spec.: 597; [err]
=-6.02 (9.3 nmg/2 m. MeCH). MPLE 7
[err] Br err]

Br - Cl

L/ N L [Nj
CJ ",

The racemic title compound of Step C is separated by
preparative chiral chromatography (Chiralpack AD, 5 cm X 50 cm
5 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 Spec. MH* = 471.9; [a]D = +97.4° (8.48 mg/ 2mL MeOH).

10 Physical chemical data for (-)-isomer: m.p. = 82.9°-84.5°C;
Mass Spec. MH* = 471.8; [a]D = -97.4° (8.32 mg/ 2mL MeOH).
Step E:

Br
Br o cl
\_/
(Cﬂa)ac\
— )
(-)-isomer ’: OJ\/O

Combine 3.21 g (6.80 mmol) of the (-)-isomer product of
15 Step D and 150 mL of anhydrous DMF. Add 2.15 g (8.8 mmol) of
1-N-t-butoxycarbonylpiperidinyl-4-acetic acid, 1.69 g (8.8 mmol)



Conmbine 15 g (38.5 mml ) of 4-(8-chl oro-3-brono-5, 6- di hydro- 1
H benzo[ 5, 6] cycl ohepta] 1,2-b]pyridin- 11 -ylidene)-1- 5

pi peri di ne-wko®g3bsegyl i ¢ acid ethyl ester and 150 ni of CPEERRI AL
Herr]SOerr] at -5[err]C, then add 3.89 g (38.5 mml) of KNJ err] and
stir for 4 hours. Pour the mxture into-38 -of ice and + basify with 50%
NaCH (aqueous). Extract with CHerr]C[err], dry over MySH, then

;llter a?d cotmrem:oatp Il@gVGB?fBQtﬂrﬁoB 6&%?&@0???1‘!%5‘(@'3% )Fétr‘r 5'338
m acetone tO 0

|\/|r4g) 8.5 (s, ™4 ?@\i‘?“?@q}%ﬂ“ d% stir theg uer?L r’f"%ﬁ teypéﬁ turg 15 (g,

2H): 3.8 (m Dwernight. SCbr(c!nntrate inlacLd fo Pefhdve tIDME 8nd. 2dd 80 4H)

rlnnZ)F)(E)f ; El)e mL of stt¥fafed I@é\Hb%s (aqueqys). f@%@g@ﬁg&& &tééﬁ add
0.66 g (5 nidk) \Uas kg mactsm §0emd s0f; brine anddoy jover MgSé)m heat

the m xture atqridrtfate in @SS refiddeanld 5864 s
t hrough celi taﬁrﬁgﬁélb@%ﬁp@ﬁwf} g\ﬁ_&a etop@?;ﬁa?:& %Ei 1ggnceeé[g l(t‘ee the

filtrate in

478. 0. m.p. = 75.7°-78. 5°C Mass Spec.: MH+/£ 897; {a]D 5. 9 (é% r]
mg/2 mL MeOH).
10 StepE:
: Br
Br Br —~ Cl

L— ()
Qe

Combine 4.70 g (6.74 mmol) of the product of Step E and -

30 mL of MeOH, then add 50 mL of 10% H2S04/dioxane in 10
mL aliquots over a 1 hr. period. Pour the mixture into 50 mL of

15 water and add 15 mL of 50% NaOH (aqueous) to adjust to pH=
10-11. Filter to remove the resulting solids and extract the
filtrate with CH2Cl2 (2 X 250 mL). Concentrate the aqueous layer
in vacuo to remove the MeOH and extract again with 250 mL of
CH2Cl2. Dry the combined extracts over- MgSO4 and concentrate

20 in vacuo to give the product. m.p. = 128.1°-131.5°C; Mass Spec.:

MH+ = 597; [a]D = -6.02° (9.3 mg/2 mL MeOH).




Conbine 7.70 g of the product of Step B and 35 nL of HOAc, then add 45
mL of a solution of Br2 in HOAc and stir the 5 mxture at room

t enper at ur ght. Add 300 nL of 1 N NaOH (aqueous) ,{#‘99 L
of 50% I\laO?v?\ggéeous) and extract with EtOAc. Dry the exlzcrltac %érs
MySO err] and concentrate in vacuo_ a residue. Chronmatograph the
residue (silica gel, 20% 30% Et CAc/ hexane) to give 3.47 g of the
product (al onst& g 10 another 1.28 g of partially purified product). Mass
Spec.: MH = 5.9. [err]H NI\/R(CDCI[err] Q0 MHz): 8.5 (s, 1H);
75(s 1H); 7.15 (s, ] ' (br s, 2H);
3.4-3.1 (m 4H); Br )

mol ) of t-butylnltrlt' ;
60[errt-70[err]C. Slowy add

tenperature. Add anot her 0.J64 nL of t-butyl nitritte ay 40[err] C and
reheat the m xture to 60- N770C for 0.5 hrs. Cool toNoomtenperature and
pour the m xture into 150 nmL of water. Extract witfd CHerr]C[err], dry

t he extract over My SOApENn oceieentrate I n vacuo a OCHLCHLE .
Chr omat ogr aph t he i :
Combine 15 g (38.5 mmol) of 4-(8-chloro-3-bromo-5,6-
dihydro-11H-benzo[5,6]cyclohepta[1,2-b]pyridin-11-ylidene)-1-
5 piperidine-1-carboxylic acid ethyl ester and 150 mL of
concentrated H2SO4 at -5°C, then add 3.89 g (38.5 mmol) of
KNO3 and stir for 4 hours. Pour the mixture into 3 L of ice and
basify with 50% NaOH (aqueous). Extract with CH2Cl2, dry over
MgSO0y4, then filter and concentrate in vacuo to a residue.
10 Recrystallize the residue from acetone to give 6.69 g of the

product. 'H NMR (CDClg, 200 MHz): 8.5 (s, 1H); 7.75 (s, 1H);
7.6 (s, 1H); 7.35 (s, 1H); 4.15 (q, 2H); 3.8 (m, 2H); 3.5-3.1 (m,
4H); 3.0-2.8 (m, 2H); 2.6-2.2 (m, 4H); 1.25 (t, 3H).

Step B:
Br — Cl
L~
] X
o)\ocrizcm3 O™ "OCH,CHj

15
Combine 6.69 g (13.1 mmol) of the product of Step A and
100 mL of 85% EtOH/water, then add 0.66 g (5.9 mmol) of CaCly
and 6.56 g (117.9 mmol) of Fe and heat the mixture at reflux
overnight. Filter the hot reaction mixture through celite® and
20 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.



- 78 - residue (silica gel, 10% 20% Et OAc/ hexane) to give 0.74 g of

t he product. Mass Spec.: M+ = 541.0. [err]H NMR (CDCl [err], 200
Mz): 8. 52w osdddks 7-5 (d, 2H); 7.2 (s, 1H; 4.15 (4, XdinSerdass’
(m 2H); 3.5-3.1 (m 4H); 3.0-2.5 5 (m 2H); 2.4-2.2 (m 2H); 2.1-1.9 (m
2H); 1.26 (t, 3H). Step E: [err] _77- Conmbi ne 0.70 g
(1.4 mmol) of the product of Step D and 8 m. of concentrated HC

(aqueous) an .the mxture at reflux 10 overnight. Add 30 nL of 1 N
NaCOH (aqueou%@n 5 nmL of 50% NaCH (aqueous) and extract with

CHerr]d[err]. Dy the e
to give 0.59 g ofBthe/ATT
123.9-124. 2C. Stey Fi,

)\ o)\ OCH,CHg4

0% T OCH,CH,4

Combine 7.70 g of the product of Step B and 35 mL of
HOACc, then add 45 mL of a solution of Brz in HOAc and stir the
5 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 residue (silica gel, 20%-
30% EtOAc/hexane) to give 3.47 g of the product (along with
10 another 1.28 g of partially purified product). Mass Spec.: MH* =
555.9. .
l1H NMR (CDCl3, 300 MHz): 8.5 (s, 1H); 7.5 (s, 1H); 7.15 (s,
1H); 4.5 (s, 2H); 4.15 (m, 3H); 3.8 (br s, 2H); 3.4-3.1 (m, 4H);
9-2.75 (m, 1H); 2.7-2.5 (m, 2H); 2.4-2.2 (m, 2H); 1.25 (m, 3H).
15 :

A A

0” TOCH,CHg O™ "OCH.CH,4

Combine 0.557 g (5.4 mmol) of t-butylnitrite and 3 mL of
DMF, and heat the mixture at to 60°-70°C. Slowly add (dropwise)
| a mixture of 2.00 g (3.6 mmol) of the product of Step C and 4 mL
20 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 CH2Cls, dry the extract over
MgSOg4 and concentrate in vacuo to a residue. Chromatograph the



and with 3.78 g (16.6 mml) of 1-N-t-butoxycarbonyl pi peridinyl -

4-acetic acid using substantially the sanme procedures as descri bed for
Preparativew 5, Step C, to give 8.52 g of the 20 pro %9%5
Spec.: M+ = .U (FAB). [err]H NWR (CDCl [err], 200 o 8. . 1H);
7.5 (d. 2H); 7.2 (d, 1H); 41539(m3% 3.8-3.6 (m 1H); 3.5-3.15
(m 3H); 2.9 (d, 2H); 2.8-2.5 (m 4H); 2.4-1.8 (m 6H); 1816(brd
2H); 1.4 (s,

28 1 (5 3pbiade fiea"alt) 10%-20% BtoAqhexane) 19 8ve O-7he it of

Step F and 60prbduict. MaSs[$ped.Cl MHY | 54bdh cool to O[err]C and add 55 ni

f TFA. St t 59G).m= of N NaCOH
?aqueous) :‘(r)l Ilg?we t%ﬁcgg %Oogé\)ﬁggt %a@%r%é egﬁsﬁ, 9d@xtra t ZNI%'[%S:!-
CHerr]d [ err TLHkr . 456k, 2HNGS9- Bt (@ordidhit r2bedi h (wncdl: 03@-2657. 86 g

f th 5 er [err], 200
W) 8 sy 2Hiea.0RES (m (et 5331, %Wm’ 1y 20 TSNS (2
3.8- 10 3.65 ; 3.5-3.05 (m 5H): 3025(m 6H); 2.45-1.6 (m
6H;1.4-1.1 (m 2H). PREPARATI VE LE 8 [err]

Br

T2

PN

0~ ~OCH,CH,4

Combine 0.70 g (1.4 mmol) of the product of Step D and 8
mL of concentrated HCI (aqueous) and heat the mixture at reflux
10 overnight. Add 30 mL of 1 N NaOH (aqueous), then 5 mL of 50%
NaOH (aqueous) and extract with CH2Cla. Dry the extract over
MgSO4 and concentrate in vacuo to give 0.59 g of the title
compound. Mass Spec.: M* = 468.7. m.p. = 123.9°-124.2°C.

Step F:

15
React 6.0 g (12.8 mmol) of the title compound from Step E

and with 3.78 g (16.6 mmol) of 1-N-t-butoxycarbonylpiperidinyl-
4-acetic acid using substantially the same procedures as
described for Preparative Example 5, Step C, to give 8.52 g of the

20 product. Mass Spec.: MH* = 694.0 (FAB). !H NMR (CDCl3s, 200
MHz): 8.5 (d, 1H); 7.5 (d, 2H); 7.2 (d, 1H); 4.15-3.9 (m, 3H);
3.8-3.6 (m, 1H); 3.5-3.15 (m, 3H); 2.9 (d, 2H); 2.8-2.5 (m, 4H);
2.4-1.8 (m, 6H); 1.8-1.6 (br d, 2H); 1.4 (s, 9H); 1.25-1.0 (m,
2H).



15 [racemc as well as (+)- and (-)-isoners] Step A: [err]

- 80 - Prepare a solution of 8. 1 g of the title conpound from
Preparati veywlpoampsss 7, Step E, in toluene and add 17.3 nlL of gcruse7ddds
solution of DIBAL in toluene. Heat the m xture at reflux and slowy
add (dropwi se) another 21 mL of 1 M DI BAlyg oluene 5 solution over a period
of 40 mn. Cool the reaction mxture to about O[err]C and add 700 ni
of 1 MHO (a . Separate and di scard the organi c phase. Wash the
aqueous phase%ég%—i[ err]Cl[err], di scard the extract, then basify

t he agueous phase by addi 3 NaOH (aqueous). Ex W th

\ficuo to
e of

ercl0 MySO4pand ACTF
give 7.30 g of the t\tle ound, which is a\rac
enanti omers. St Bpf

#i on of Enanti one ‘N 1€
3z

Combine 8.50 g of the product of Step F and 60 mL of
CH2Cl3, then cool to 0°C and add 55 mL of TFA. Stir the mixture
5 for 3 h at 0°C, then add 500 mL of 1 N NaOH (aqueous) followed

by 30 mL of 50% NaOH (aqueous). Extract with CH2Cly, dry over
MgSO4 and concentrate in vacuo to give 7.86 g of the product.
Mass Spec.: M+ = 593.9 (FAB). !H NMR (CDCl3, 200 MHz): 8.51
(d, 1H); 7.52 (d of d, 2H); 7.20 (d, 1H); 4.1-3.95 (m, 2H); 3.8-

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

15




The racem c title compound of Step A is separated by 15 preparative chiral

chr omat ogr aphy (Chi ral pack AD, 5 cm X 50 cm col umm, usi ng 20%
iPrC]—I/hexa % o di ethyl am ne), to give the(+)-iso ,%
(-)-isoner o? itl e conpound. Physi cal chem c at a
(+)-isonmer: mp. = 148. 8C; Mass Spegg Mt = 469, [err] = +65 6[err]
(12.93 ng/ 2nm. MeOH). 20 Physi cal chem cal data for (-)-isoner: mp

wap e MasSaPaCeolition 46%.10£'0F ﬁae%@,gpo‘;@ Gl 2
React 1.33 g Bfepamative Exasnple 3 Step Ei in &owmand add 17, aamp@,fa i ve

Exanple 8, St Ifgjl ? ibA of BIBAL qfan N‘ehebu{;l@éithé rmxture at reflux and

car bonyl pi per -acetic . a | Ng_su t
pr ocedur es asS]G’@‘élErﬁl‘BéddFBPWFﬁ p%?‘ﬁaﬁfe 2k Pg [ﬁl qgene

5 solution over a period of 40 min. Cool the reaction mlxture to
about 0°C and add 700 mL of 1 M HCI (aqueous). Separate and
discard the organic phase. Wash the aqueous phase with CHaClg,
discard the extract, then basify the aqueous phase by adding 50%
NaOH (aqueous). Extract with CH3Cls, dry the extract over

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

Step B - Separation of Enantiomers:

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



give 2.78 g of the product. Mass Spec.: M+ = 694.0 (FAB); [err] =

+34. 1[err] (5.45 ng/2 nm, MeOH). Step D [err] Tr eat
2.78 g of twe9smosssct of Step C via substantially the SanPCPUSSEIA9E as
described for Preparative Exanple 5, Step D, to g| ve 1.72 g of t he
product. mp. = 104.1[err]C, Mass Spec.- 8\H+ 25 594;
[err] = +53.4 (11.42 ng/2 nm, MeOH). 15 PREPARATI VE
EXAMPLE 9 5%%2 C: Br - [err]
[racem c as (+ - and (-)-isoners]
- 82 - = a [err]

Y

N C(CHg)s

Br o

(+)-isomer

T2
@)
g
Z)_
o}

React 1.33 g of the (+)-isomer of the title compound of
Preparative Example 8, Step B, with 1.37 g of 1-N-t-butoxy-

5 carbonylpiperidinyl-4-acetic acid using substantially the same
procedures as described for Preparative Example 5, Step C, to
give 2.78 g of the product. Mass Spec.: MH* = 694.0 (FAB); [oc]?)5
= +34.1° (5.45 mg/2 mL, MeOH).

C(CH3)3 N

m

10
Treat 2.78 g of the product of Step C via substantially the
same procedure as described for Preparative Example 5, Step D,
to give 1.72 g of the product. m.p. = 104.1°C; Mass Spec.: MH*
= 594; [a]> = +53.4° (11.42 mg/2 mL, MeOH).
15

P T LE 9

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



Conmbi ne 40.0 g (0.124 nole) of the starting ketone and 200 nL of
Herr]SOerr] and cool to Oferr]C. Slowy add 13.78 g (0.136 5 nole) of

KNOJ err] owgp sg3p&ygi od of 1.5 hrs., then warmto room t ke and
stir overnight. Wrk up the reaction using substantially the sane
procedure as described for Preparative_.gg - Exanple 4, Step A

Chromat ograph (silica gel, 20% 30% 40% 50% Et QAc/ hexane, then 100%
Et OAc) to gi v%ég_ﬁg of the 10 9-nitro product, along with a snaller
gquantity of the 7-nitro product and 19 g of a m xture of &3e 7- nltro
and 9-nitro conpounds. Step B: Qrr]

React 28 g (76.2 mmol) of the 9-nitro product ,of
EtOH/ water, 3.8 g (34.3 mmol) of CaCl[err] an
Fe using substant lally t me procedure
Exanpl e 4, Step g, Y t he product p
[err] ; % nmol ) of the procfbct of Step B, 140
m. of HOAc and sl owl " = it on of—2—95— (57.8 mmol ) of

glrL of 85%
nol e) of

Preparative

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

200 mL of H2SO4 and cool to 0°C. Slowly add 13.78 g (0.136

5 mole} of KNO3 over a period of 1.5 hrs., then warm to room
temperature and stir overnight. Work up the reaction using
substantially the same procedure as described for Preparative
Example 4, Step A. Chromatograph (silica gel, 20%, 30%, 40%,
50% EtOAc/hexane, then 100% EtOAc) to give 28 g of the

10 9-nitro product, along with a smaller quantity of the 7-nitro -

product and 19 g of a mixture of the 7-nitro and 9-nitro

compounds.
Step B:
15 React 28 g [76.2 mmol) of the 9-nitro product of Step A,

400 mL of 85% EtOH/water, 3.8 g (34.3 mmol) of CaCl; and
38.28 g (0.685 mole) of Fe using substantially the same procedure
- as described for Preparative Example 4, Step C, to give 24 g of
the product
20 Step C:

peSegaeley

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



-83 - Br[err] in 10 nL of HOAc over a period of 20 min. Stir the
reaction m xture at roomtenperature, then concentrate in vacuo to a.
residue. Agd ]C[err] ‘and water, then adjust to pH = 8 sbilazeos 50%
NaOH (aqueous). gsh the organic phase with water, then 5 b?la'rl;)leM and dry
over Nal[err]SOerr]. Concentrate in vacuggt.o give 11.3 g of t he
E)roduct.) Step D [err] Cool 100 nmL of concentrated HO -
aqueous) to GEgifl £y fioht HoaRWler SbeindBbf b0, StiNehGhreattionnd i (1
for 10 mn. 5@}%1{1 ﬁacfh n portlo 11.3 g (27,1 nmol of t he product
of Step C andmixture at roows temperatuze. then, soncentrpte ig vacye ta g owl y

add (dropw sepesiéiie. Addnt;}gc@%m[vmderenrdd st LteopH) =8+@ whitlow t he

50% NaCH over 56t NaOH (aduaagisly WesH Hig aresslt phatopfl SRt nd” ™ ©

CH[ err] O per rbrinétandt dey over NagS@gt @ontentrade int vreudito gveardd.drg obver

Na[ err] SO err']é_6 Con enttrate I n vacuo to a residue and chronmat ogr aph
(silica gel, CHerr]C[err]) to glve 8.6 g of the product.
Step E: [err]Step D: Conmbine 8.6 g (21.4 mmol) of t he product of

Step D and 300 nL of
NaBH4 and stir té'ue

BOH and cool to 0-2C Add

fo&ll hr. Agg. andthy
Br

Cool 100 mL of concentrated HCIl (aqueous) to 0°C, then
10 add 5.61 g (81.4 mmol) of NaNO2 and stir for 10 min. Slowly add
(in portions) 11.3 g (27.1 mmol) of the product of Step C and stir-
the mixture at 0°-3°C for 2.25 hrs. Slowly add (dropwise) 180
mL of 50% H3PO2 {aqueous) and allow the mixture to stand at 0°C
overnight. Slowly add (dropwise) 150 mL of 50% NaOH over 30
15 min., to adjust to pH = 9, then extract with CHaClz. Wash the
extract with water, then brine and dry over NagSO4. Concentrate
in vacuo to a residue and chromatograph (silica gel, 2% EtOAc/
CH2C12) to give 8.6 g of the product.

rSoriR v

OH g,

1,

) (32 1 mol) of

20
.Combine 8.6 g (21.4 mmol) of the product of Step D and

300 mL of MeOH and cool to 0°-2°C. Add 1.21 g (32.1 mmol) of
NaBH4 and stir the mixture at ~0°C for 1 hr. Add another 0.121 g
(3.21 mmol) of NaBHy4, stir for 2 hr. at 0°C, then let stand

25 overnight at 0°C. Concentrate in vacuo to a residue then partition
the residue between CH2Cly and water. Separate the organic
phase and concentrate in vacuo (50°C) to give 8.2 g of the
product.



(3.21 mol ) of NaBH4, stir for 2 hr. at 0C, then let stand 25 overnight at
O[err]C. Concentrate in vacuo to a residue then partition t he residue

bet ween r err] and water. Separate the organic
concentratvkg #Qﬁéguo(SO[err]C) to give 8.2 g of the p?@%ﬂ%‘?ﬁl&%
-84 - Step F: [err] Conbine 8.2 g (20.3 mml ) of

the product of Step E and 160 rrL'gfq‘CH[err]Cl[err], cool to O[err]C,
then slowy add Ldropwise) 14.8 5 nL (203 mmol) of SOCl [err] over a 30
m n. peri od: t he m xture to roomtenperature and stir for 4.5

hrs., then concentrate in vacuo to a residue , ] ]CI [err] and
wash with 1 N NaOH (aqueous) then bri néBrang tsgerr].

Concentrate in eS|C(ilue t hen ad

at~ room t enper a

(aqueous), water, .[Dry over Na[err]SCIerr and concentrate in
vacuo to give 9. 46 g of t®H cppde product. Chronmat ogkaphJ(silica gel,
500 MeOH/ CH err]Cl[er] + NH err]) to give 3.59 g of theMitle 15 corrpound
as a racenate. [err]H NIVR(CDCI[err] 200 MHz): 843(61 7.55 (d,

387540 (o HComtielS 2t tho.gifindl ar e progusf of Sikg’f i 140
160 mL of CH2Cls, cool to O°C then slowly add (dropwise} 14.8
5 mL (203 mmol) of SOCly over a 30 min. period. Warm the

mixture to room temperature and stir for 4.5 hrs., then
concentrate in vacuo to a residue, add CHsClg and wash with 1 N
NaOH (aqueous) then brine and dry over NapSO4. Concentrate in
vacuo to a residue, then add dry THF and 8.7 g (101 mmol} of

10 piperazine and stir at room temperature overnight. Concentrate
in vacuo to a residue, add CH3Cls, and wash with 0.25 N NaOH
(aqueous), water, thep brine. Dry over NazSO4 and concentrate in
vacuo to give 9.46 g of the crude product. Chromatograph (silica
gel, 5% MeOH/CH2Clz + NHg) to give 3.59 g of the title

15 compound, as a ra%emate. 1H 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).



-85 - Step .G- Separation of Enantioners: [err]

The racemc title conpound fromStep F (5.7 g) is chr omat ogr aphed as
descri bed fywo ogseagr ati ve Exanple 6, Step 5 D, using 30% i Ricahiidvassine +
0.2% di ethylam ne, to give 2.88 g of the R (+)-isomer and 2.77 g of the
S-(-)-isonmer of the title conpound- 85 - Physi cal chemnical data
for the R (+)-isoner: I\/ass Spec. 25 M+ = 470. 0;
[err] = . Site of Evfa@itiomeds: Physi cal chemical data °
for the S-(-)-isoner: I\/ass Spec. M+ = 470. 0; -13.2[err] (11.51
mg/ 2nmL MeOH). Step H: Fol | owi pg SR 3

procedure as Preparative Exanple 5, Steps C% ) gm c title

conmpound of

N Br
Br = Cl [ ] R-(+)

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

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

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



15 Preparative Exanple 9 is obtained fromthe racem c conpound of Step

F. Simlarly, using the (-)- or (+)- isoner fromStep G the (-)- or
(+)-isonmer wf okRgsshi t| € compound of Preparative Exanple 9 peTuSh b ed,
respectively. -86 -

PREPARATI VE EXAMPLE 10 -86- [err] Br

[racemic as well as (+)- and (-)-isoners] Step A: [err]

Conbine 13 g (33.3 nmol) of tpPREP OPRPRX 2 10 Preparative Exanple

4, Step E, and 300 nL of toluéne at Z20[err]C gy then add 32.5 nL (32.5
mml) of a 1 Msolution of DIBAL in Heat the m xture at refl ux
for 1 hr., cool to 20[err]C, agd.

Combine 13 g (33.3 mmol) of the title compound from
Preparative Example 4, Step E, and 300 mL of toluene at 20°C,
then add 32.5 mL (32.5 mmol) of a 1 M solution of DIBAL in
toluene. Heat the mixture at reflux for 1 hr., cool to 20°C, add
10 another 32.5 mL of 1 M DIBAL solution and heat at reflux for 1 hr.

Cool the mixture to 20°C and pour it into a mixture of 400 g of
ice, 500 mL of EtOAc and 300 mL of 10% NaOH (aqueous).
Extract the aqueous layer with CH2Cl2 (3 x 200 mL), dry the
organic layers over MgSO4, then concentrate in vacuo to a
15 residue. Chromatograph (silica gel, 12% MeOH/CH3Clz + 4%
NH40H) to give 10.4 g of the title compound as a racemate. Mass
Spec.: MH* = 469 (FAB). partial 1H NMR (CDCl3, 400 MHz):
8.38 (s, 1H); 7.57 (s, 1H); 7.27 (d, 1H); 7.06 (d, 1H); 3.95 (d,
1H). '



10 another 32.5 nmL of 1 MDIBAL solution and heat at reflux for 1 hr.
Cool the mxture to 20[err]C and pour it into a mxture of 400 g of

i ce, 500 niwofogbss8c and 300 nl of 10% NaOH (aqueous). BExepaEos97T12az95
aqueous layer with CHerr]CJ[err] (3 x 200 nL), dry the organi c | ayers
over MgSO err], then concentrate in vacu87to a 15 residue. Chromatograph
(silica gel, 12%I\/EO—VCH[err]CI[err] + 4% NH[err]OH) to give 10.4 g of
the title conSoem g At : M+ = 469 (FAB). parti al
[err]H NI\/R(CDCi[err] 400 M—Iz) 838(s 1H) 7.5M™mfs, 1H); 7.27 (d,
1H); 7.06 (d, 1H); 395(d 1H) .

- 87 - Step B - Separation of Engs Cl

[err]
The racemic title conpound of Step A is seps
chiral chromatography (Chiral pack AD, 5 cm
| PrOH/ hexane + 0.2%di ethylam ne), to give
(-)-isoner of the title conpound.

preparative
5 colum, using 5%
(+)-isonmer and the

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



Physi cal chem' cal data for (+)-isomer: Mass Spec.

25 M

= 469 (FAB); [err] = +43.5 (c=0.402, EtOH); partial 1H

NVR

(CDd [err] w639/36§d§) 8.38 (s, 1H); 7.57 (s, 1H; 7.27 (d, 1@ctiddbind985

(d, 1H); 3.
Mass Spec.
[err]H

M—|+ = 469 (FAB); [err]-8841.8 (c=0.328 EtOH); partia
NI\/R(CDCI[err], 400 MHz): 8.38 (s, 1H); 7.57 (s, 1H); 7.2

1H; 7.05 (d, 1H); 3.95 (d, PREPKRErBEEEXAMPLE 11 Fol I owing the

procedure of Preparative Exanple 9, Step

(+)-isomer or the (-)-isomer of lhe/S “@

Exanpl e 10 can be obtai ned.
PREPARATI VE EXAMPLE 11 [err]
R-(+)- and S-(-)-isomers]

10

15

20

25

the racem ¢ conpound,
yqund of Preparativ

[racemi c as wel |

[

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

Brew/ { cl
N
O
is prepared according to the procedures of Preparative Example
40 of WO 95/10516 (published April 20, 1995), by following the
procedures described in Example 193 of WO 95/10516.

The {+)- and (-)-isomers can be separated by following
essentially the same procedure as Step D of Preparative Example
6.

Physical chemical data for the R-(+)-isomer: 13C NMR
(CDClg): 155.8 (C); 146.4 (CH): 140.5 (CH); 140.2 (C); 136.2
(C); 135.3 (C); 133.4 (C); 132.0 (CH); 129.9 (CH); 125.6 (CH);
119.3 (C); 79.1 (CH); 52.3 (CHg2); 52.3 (CH); 45.6 (CH2); 45.6
(CHz): 30.0 (CH2); 29.8 (CHby). [or.]%5 = +25.8° (8.46 mg/2 mL
MeOH).

Physical chemical data for the S-(-)-isomer: 13C NMR
(CDCl3): 155.9 (C); 146.4 (CH): 140.5 (CH); 140.2 (C); 136.2
(C); 135.3 (C); 133.3 (C); 132.0 (CH); 129.9 (CH); 125.5 (CH);
119.2 (C); 79.1 (CH); 52.5 (CHg); 52.5 (CH); 45.7 (CHa); 45.7
(CHg); 30.0 (CHp); 29.8 (CHa). [0l = -27.9° (8.90 mg/2 mL

MeOH).
Following essentially the same procedure as Preparative

95 (d, Physi cal chemi cal data for (-)-isoner:

|
7 (d,

t he
e .
- 88-
as
err]

Example 5, Steps C and D, the racemic compound, (+)-isomer or



I's prepared according to the procedures of Preparative Exanple 40 of

WO 95/10516 (published April 20, 1995), by follow ng the pr ocedur es
descri bed iwoosmopsse 193 of WO 95/ 10516. The (+)- apdrfusyr2a98TEr S
can be separated by follow ng 10 essentially the sane procedure as Step D
of Preparative Exanple 6. - 8%hysical chenmical data for the
R-(+)-isoner: [err]C NWR (CDCl[err]): 155.8 (O; 1464& ; 140.5
(CH): 140.2 (@Q)-isvsser of the title cmwcml(xct)qf Egepara(t@e ¢ ) .carp9. 9

(a0t} b vl o rich b Al tailnetiar (B ¢

+25. 8 (8.46 niponer o Of the comppH‘ cal chem cal data for the
S-(-)-isoner: [err]C NIVR (CDCI[err > ; 146.4 (CH); 140.5
(CH); 140.2 (C): 136.2 20 (O; 13Br ; : —~€82.0 (CH); 129.9
(CH); 125.5 (CH); 119.2 (C); 79. 3. CHerr]); 52.5 (CH);
45.7 (CH err]); 45.7 (CHerr]),; 30 ; 29.8 (CHerr]). [err]
= -27.9 (8.90 ny/2 nL MeOH) . I owi ng essentially the same

(+)-isoner or - 89 -
(-)-isonmer of the title conmpound of PreparaiNve Exanple 11 can
be obtained fromthe corresponding racemc npound, (+)-

I
procedure as Preparative 25 Exanple 5, Stf’ls B and D, the racem c conpound,

i somer or (-)-isomer of the conpound [err]
PARA’ E PLE 1
HO . NH, m/\
\n/\o .
o CH3

Follow a procedure outlined in Collect. Czech. Chem. Comm.

(1990) 55, 2086. Dissolve 0.2 g (0.915 mmol) of

10 (aminooxy)acetic acid hemihydrochloride and 0.2 g (3 mmol) of
acetone in 2 mL of pyridine and allow to stand for 18 hr.
Concentrate under vacuum and partition the residue between
ethyl acetate and 1 N Hcl. Dry the organic layer over magnesium
sulfate and concentrate under vacuum to give a white solid mp =

15 77.3-78°C.

PARAT E PLE

HOY\/O\NPQ-—_-» HOY\/O\N
O o
Follow the procedure of Preparative Example 12 but use 2-
20 aminooxypropionic acid hemihydrochloride instead of

(aminooxy)acetic acid to obtain the product as a colorless oil.

CH,

Aecn,

P ARATIVE EXAMPL

Y«

o

25 Follow the procedure of Preparative Example 12 but use 4-
pyridinecarboxaldehyde N-oxide instead of acetone to obtain the




5 PREPARATI VE EXAMPLE 12

[err] Fol |l ow a procedure outlined in Collect. Czech.
Chem Commywg 98130858 (1990) 55, 2086. Dissolve 0.2 g (0. 9p&rmwinkes
10 (am nooxy)acetic acid hem hydrochloride and 0.2 g (3 mmol) of
acetone in 2 nL of pyridine and allow t®&tand for 18 hr.

Concentrate under vacuum and partition the residue between

ethyl acet at epfgduudt thit wadrycrysealizgdniron aystercoegivengnehitensolid

sul fate and concen&bal,tﬁzgg{:ier vacuumto give a white solid np = 15
77. 3- 78[err] PREPARATI VE EXAMPLE 13

[err] Fol I ow t he procedure of Prepar ative Exanple 12
but use 2- 20 afm NoOXYREG RS ANAPY By drgpchl ori de i nstead of
(am nooxy)acetic acid to obtdrh ti cotorl ess  0i | .

PREPARATI VE EXAMPLE 14 [err] 25 Fol I o procedure of

Preparative Exanple 12 but use 4- Ho. P ridijpeca

8
N- oxi de i nstead of acﬁ%ﬁ'/t‘soe-@{%a n_the 07

5 o o H OH

| dehyde

Follow the procedure of Preparative Example 12 but use 2-
hydroxybenzaldehyde instead of acetone to obtain the product as
a white solid mp = 152-153.5°C.

10 XAMPLE 1

(Preparative Example 8) (0.149 g, 0.25 mmol) was combined

15 with 1-hydroxybenzotriazole hydrate (0.067 g, 0.5 mmol), 1-(3-
dimethyl‘aminopropyl)—3-éthylcarbodiimide hydrochloride (0.096
g, 0.5 mmol), N-BOC-glycine (0.087 g, 0.5 mmol) and anhydrous
dimethylformamide (5 mL) and the resulting mixture was stirred
at room temperature under nitrogen overnight. Concentration in

20 wvacuo provided an oil which was diluted with dichloromethane,
washed with 1M hydrochloric acid and 1 M aqueous sodium
hydroxide, then dried over anhydrous magnesium sulfate.



- 90- product that was recrystallized fromwater to give a white solid
np = 227-228[err]C PREPARATI VE EXAMPLE 15 [err]

Fol | ow t he woosmossse of Preparative Exanple 12 but use 2- PCT/US97/24295
hydr oxybenzal dehyde i nstead of acetone to obtain the product as a white
solid nmp = 152-153.5[err]C. 10 -91 - EXAMPLE 1 [err]

The conmpound of FOrnmula 28.0 (Preparative Exanple 8) (0.149 g,
0.25 mmol ) wiltratiom amdl Boneentratidry dnwgdnatfordedolle bpripowndo67 g, -

(0,006 ' gefmula SO EHOAEION R do, 0B 138, P s Y Vo ous <

di met hyl formam de (5 nL) and the resulting m xture was stlrred at room
tenperature under nitrogen overni ght EX@MPERS pation in

To the compound of Formula 2.0 {(Example 1) (0.145 g)
dissolved in anhydrous dichloromethane (10 mL} was added
trifluoroacetic acid (2 mlL) and the resulting solution was stirred
at room temperature for 1 hour. 50% Aqueous sodium hydroxide
10 was added slowly followed by dichloromethane and brine. The
mixture was shaken well, the organic phase was separated and
dried over anhydrous magnesium sulfate. Filtration and
concentration in vacuo afforded the compound of Formula 16.0
(+-isomer) (0.086 g, 68%, mp 131 - 138°C). |

15

(28.0)

The compound of Formula 28.0 (Preparative Example 8)
(0.10 g, 0.17 mmol) was combined with 1-hydroxybenzotriazole
20 hydrate (0.045 g, 0.34 mmol), 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (0.064 g, 0.34 mmol), N-tert-
butoxycarbonyl-L-alanine (0.064 g, 0.34 mmol) and anhydrous
dimethylformamide (10 mL) and the resulting mixture was
stirred at room temperature under nitrogen overnight.
25 Concentration in vacuo provided an oil which was diluted with



20 vacuo provided an oil which was diluted with dichl oronethane,
washed with 1M hydrochloric acid and 1 M aqueous sodi um hydr oxi de, then
dried over wauglpssgs nagnesi um sul fate. PCT/US97/24295
- 91 - Filtration and concentration in vacuo afforded the conpound of
Formula 2.0 (+-isoner)(0.16 g, 85% nmp-9B-- 123 [err] C).
EXAMPLE 2 [err] 5 To the conpound of Formula 2.0 (Exanple
1)_]£|o. 145 g) dichloraiselthatie] wasthed rwith dMlliyﬁmlﬁhldilﬂo@.diaOaﬂﬂ)IWgS added
trifluoroacet sy ut s stirre at
room terrperat%ff‘ég(g%g #%‘“gb% %@%ﬁe@tﬁ’ ﬁ)g&;ﬁﬁ%%% was added
slowy foll O\Mglupsmmsuifattex Heilratios andneondéngrationnin pacaovafforstesken
well, the or e d

CoRIASEnKAst FBRANNLCS. G 18 isomdl] [(BDON S, 225,

magnesi um sul tration an i'on |n acuo a ordged t he

conpound 8f F'OM'@I%C 6.0 (+-isomer) (0.086 g, 68% np 131 - 138[err] Q).
15 EXAMPLE 3 [err]
' EXAMPLE 4

(3.0)

To the compound of Formula 3.0 (Example 3) (0.09 g)

10 dissolved in anhydrous dichloromethane (10 mL) was added
trifluoroacetic acid (1 mL) and the resulting solution was stirred
at room temperature for 1 hour. 50% Aqueous sodium hydroxide
was added slowly followed by dichloromethane and brine. The
mixture was shaken well, the organic phase was separated and

15 dried over anhydrous magnesijum sulfate. Filtration and
concentration in vacuo afforded the compound of Formula 17.0
(+-isomer] (0.053 g, 68%, mp 122.7 - 128°C).

(28.0) —>

20 .
The compound of Formula 28.0 (Preparative Example 8)

(0.10 g, 0.17 mmol) was combined with 1-hydroxybenzotriazole

hydrate (0.045 g, 0.34 mmol), 1-(3-dimethylaminopropyl)-3-

ethylcarbo-diimide hydrochloride (0.064 g, 0.34 mmol), N-tert-
25 butoxy-carbonyl-D-alanine (0.064 g, 0.34 mmol) and anhydrous



The conpound of Fornula 28.0 (Preparative Exanple 8) (0.10 g, 0.17
nmmol ) was combined with 1-hydroxybenzotriazole 20 hydrate (0.045 g, 0.34

mol ), 1-( 3wdiesrsosssl am nopropyl ) - 3- et hyl car bodi i m de hydpotiuser24dgs
(0.064 g, 0.34 mol ), Ntert- but oxycar bonyl - L-al anine (0.064 g, 0.34
mol ) and anhydr ous di met hyl f or mami83(40 nmL) and the resulting mxture
was stirred at roomtenperature under nitrogen overnight. 25

Concentrat i ondumathylforma;md@dlamﬂ&)lamﬂlmﬁ vesulling upixtynehwas

-92- di cf %)areé W I b6 tand 1M |
aqueous sodi umhﬁf roxi de, then-dri %}%\?yﬁgﬁ Eg bt nesium sul f at e.
Filtrati on anfonsednation i vasuepIRYided ARy ichywas filuted Formul a

3.0 (+-isoner §jdKio?8enéthatfds vv'mhl:a5wlﬁ'1 1 M/Ry&eschioric acxd and 1M
EXAMPLE 4 err nd of F%r .0 (Exanple 3)

(0.09 @) y&PPédS?ﬂluafﬁh?X?‘B‘E??%&r éﬁﬂ?} %ﬁsﬁm&%& “\ﬁ/as added

magnesmm sulfate. Filtration and concentration in vacuo afforded
the compound of Formula 4.0 (+-isomer) (0.104 g, 81%, mp
135.1 - 142.3 °C).

10

(18.0)

4.0) ————> o

. J\(NHz
HgC

To the compound of Formula 4.0 (Example 5) (0.10 g)
dissolved in anhydrous dichloromethane (10 mL) was added
trifluoroacetic acid (1 mL) and the resulting solution was stirred

15 at room temperature for 1 hour. 50% Aqueous sodium hydroxide
was added slowly followed by dichloromethane and brine. The
mixture was shaken well, the organic phase was separated and
dried over anhydrous magnesium sulfate. Filtration and
concentration in vacuo afforded the compound of formula 18.0 (+-

20 isomer) (0.056 g, 64%, mp 103°C (DEC)).

EXAMPLE 7
Br B Cl
\
o (5.0)
(28.0) ———m Br o gy I8 oy
| P on



trifluoroacetic acid (1 nmL.) and the resulting solution was stirred at
roomtenperature for 1 hour. 50% Aqueous sodi um hydr oxi de was added

sl ow y fol lwo®g3égsgdi chl or onet hane and brine. The m Xt ur eoYAssIsAfIeN

wel |, the organic phase was separated and 15 dried over anhydrous nagnesi um
sulfate. Filtration and concentrati-o84i vacuo afforded the conpound of
Formula 17.0 (+-isomer) (0.053 g, 68% np 122.7 - 128[err]C).

EXAMPLE 5 [err] The coipound of Forfimtlaosii (Hdsomerdwas prapaded,

hy it oxybensBEerEYBte propédutts Smialitd Hiyde M RLNINIEST 'S ! Bnd 5,
1- (3- di net hy| byt reaeting the Sompousich pf Farvsult 28.0dProparative Bxampde 064 g,
0.34 mmol ), Ngj gfith the aﬁwxwmeéwb&&b%@gg@-@%am@e%@ml ) and

anhydr ous ] . f or mani de
(10 nL) afd tKieldeS 6% mPnild&iPel3AC-  stirred at room tenperature under

ni trogen overni ght. Concentration in vacuo provided an oil which was
diluted with di chl or onet hane, wa .MéﬁéM hydrochloric acid and 1 M
5 aqueous sodi um hydroxi de, then dri hydr ous magnesi um

sulfate. Filtration and congentr aii ¢ Vaguo giforded t he conmpound of
Formula 4.0 (+-isomer) (0.1 O .1 - 142.3 [err] Q).
(6.0)
Br Hsc

(28.0) ———

The compound of Formula 6.0 (+-isomer) was prepared,
10 according to procedures similar to those of Examples 1, 3, and 5,
by reacting the compound of Formula 28.0 (Preparative Example
8) with the amino acid N-(alpha)-tert-butoxycarbonyl-L-histidine.
Yield: 32%, mp: 96.0-99.7°C.

15

The compound of Formula 7.0 (+-isomer} was prepared,
according to procedures similar to those of Examples 1, 3, and 5,
by reacting the compound of Formula 28.0 (Preparative Example
20 8) with the amino acid N-{alpha)-tert-butoxycarbonyl-L-proline.
Yield: 52%, mp: 110°C.



10 EXAMPLE 6 [err] To the conpound
of Fornmula 4.0 (Exanple 5) (0.10 g) di ssol ved i n anhydrous

di chl or onetW98/3¢s8® nlL) was added trifluoroacetic acid (POUYS2429%he
resulting solution was stirred 15 at roomtenperature for 1 hour. 50%
Aqueous sodi um hydr oxi de was added “sP8wvi y foll owed by dichl oronet hane
and brine. The m xture was shaken well._the organi c phase was separated
and dri ed over anhydrous nmagnesi 2 Filtration and
concentration in vacuo afforded the _co ‘ formula 18.0 (+- 20 isoner)
(0.056 g, 64% np 103[err]C (DB Cl EXAVMPLE 7
[err] . ' 0 The conpound of
Formula 5.0 (+-isoner) was prepared ng (fgo }procedures simlar to
t hose of Exanmples 1, 3, and_ 5, by
(Preparative Example - (BP)witirthe a
N-tert-but oxycar bonyl - L- phenyl al ani ne.
EXAMPLE 8 [err]

The compound of Formula 8.0 (+-isomer) was prepared,
according to procedures similar to those of Examples 2, 4, and 6,
5 from the compound of Formula 5.0 (Example 7). Yield: 70%, mp:
116-119°C. -

10 The compound of Formula 9.0 (+-isomer) was prepared,
according to procedures similar to those of Examples 2, 4, and 6,
from the compound of Formula 6.0 (Example 8). Yield: 51%, mp:
101°C.



The conpound of Fornmula 6.0 (+-isoner) was prepared, 10 according to

procedures simlar to those of Exanples 1, 3, and 5, by reacting the
conpound ofwéossessea 28. 0 (Preparative Exanple 8) with thecmiseransd
N- (al pha) -tert-but oxycarbonyl - L-hi stidi ne. Yield: 32% np:

96.0-99. 7[err]C. 15 - 96 - EXAMPLE 9 [err]

The conmpound of Formula 7.0 (+-isonmer) was prepared, according to
procedures simlar to those of ExanBXSMELE.12nd 5, by reacting the °

conpound of Fornula 28.0 (Preparative
N- (al pha) -tert - but oxycar bonyl - Brur gfReé
-95

"Rl e 20 8) with the am no acid

(7.0) —

The compound of Formula 10.0 (+-isomer) was prepared,
according to procedures similar to those of Examples 2, 4, and 6,
5 from the compound of Formula 7.0 (Example 9). Yield: 46%, mp:
131.6°C.

EXAMPLE 13

~ To the compound of Formula 28.0 (Preparative Example 8)
(0.51 g, 0.85 mmol) and triethylamine (0.18 mL, 1.3 mmol)
dissolved in anhydrous dichloromethane (50 mlL) was added
15 CICH2C(O)CI (chloroacetyl chloride) (0.28 mL, 1.2 eq) dissolved
in dichloromethane (10 mL) at 0°C. After stirring for 1.5 hours, 1
M hydrochloric acid was added and the mixture was shaken. The
organic phase was separated and washed with 1 N aqueous



EXAVMPLE 10 [err] The conpound of Fornula 8.0 (+-isoner)

was prepared, according to procedures simlar to those of Exanples 2, 4,
and 6, 5 fwounssdsss conpound of Fornmula 5.0 (Exanple 7). Yi el dcr/O8drr2ass
116-119[err] C. EXAVMPLE 11 [err] 10

The conpound of Fornula 9.0 (+-isomer) -v@8 -pr epar ed, according to
procedures simlar to those of Exanples 2, 4, and 6, fromthe conpound.

of Formul a 6.doditmarpydrdXideyithed: biihe; amdd dried ovEerarlrdrous
magnesium sulfate. Filtration and concentration in vacuo afforded
the compound of Formula 31.0 (0.58 g, 100%, mp 124.0-
134.5°C).
5 SIEPB

(31.0)

The compound of Formula 31.0 (0.12 g, 0.18 mmol),
morpholine (5 mL) and anhydrous sodium carbonate (0.038 g, 2
eq) were stirred at 130°C overnight. After concentration in

10 wvacuo, the residue was diluted with dichloromethane, washed
with water and dried over anhydrous magnesium sulfate.
Filtration and concentration in vacuo afforded a yellow residue
(0.17 g) which was purified by preparative plate chromatography
(silica gel) using 5% methanol-dichloromethane and

15 concentrated ammonium hydroxide to provide the compound of
Formula 13.0 (0.096 g, 75%, mp 116.6°C).

EXAMPLE 14

(31.0)

20 The compound of Formula 31.0 (Example 13) (0.12 g, 0.18
mmol), anhydrous dimethylformamide (10 mL), imidazole (0.037
g, 0.54 mmol) and anhydrous sodium carbonate (0.057 g, 0.54
mmol) were stirred at 130°C overnight. The mixture was cooled
to room temperature, diluted with water, filtered and the solids
25 washed with water. The solids were diluted with dichloro-



-96 - The conpound of Fornula 10.0 (+-isoner) was
pr epar ed, accordl ng to procedures simlar to those of Exanples 2, 4,

and 6, 5 fyyeyosgisgsssconpound of Fornmula 7.0 (Exanple 9). Yiel dpc-ﬁﬁg/g.,,ﬁpgs
131.6[err]C _ EXAMPLE 13 [err]

To the conmpound of Fornula 28.0 (Prepar-aggve Exanple 8) (0.51 g, 0.85
nmml ) and triethylamne (0.18 nL, 1.3 muol)

methane, washed with water and then with 1 N aqueous sodium
hydroxide. The organic phase was separated, dried over
anhydrous magnesium sulfate, filtered and concentrated in vacuo
to afford a solid (0.084 g) which was purified by preparative plate

5 chromatography (silica gel) using 5% methanol-dichloromethane
and concentrated ammonium hydroxide to provide the compound
of Formula 14.0 (0.06 g, 48%, mp 148.9°C).

(28.0) —m————

10
The compound of Formula 28.0 (Preparative Example 8)

(0.21 g, 0.34 mmol) dissloved in anhydrous dichloromethane (10
mL) was added to a dichloromethane solution (10 mL) of oxallyl
chloride (1.0 mL) and pyridine ( 0.08 mL, 3 eq) at 0°C. After

15 ‘stirring the resulting solution for 5 min, concentrated ammonium
hydroxide was added and the mixture was allowed to stir
overnight. The mixture was diluted with dichloromethane and
water, shaken and then the phases were separated. The organic
phase was washed with brine, then with 1 M hydrochloric acid, 1

20 N aqueous sodium hydroxide and brine. The organic phase was
separated, dried over anhydrous magnesium sulfate, filtered and
concentrated in vacuo to afford a solid (0.17 g) which was
purified by preparative plate chromatography (silica gel) using 5%
methanol-dichloromethane and concentrated ammonium

25 hydroxide to provide the compound of Formula 15.0 (0.086 g,
37%, mp 152.8°C).



di ssol ved i n anhydrous dichl oronmethane (50 nL) was added 15 A CHerr]C(OdC

(chl oroacetyl chloride) (0.28 n., 1.2 eq) dissolved I n di chl or onet hane
(10 nmL) at ‘QQ khbisg After stirring for 1.5 hours, 1 M hydlgef;,%p,rdﬁgsam d
was added and the m xture was shaken. The organi ¢ phase was separate
and washed with 1 N aqueous -99 - -97 -

sodi um hydr oxi de, then brine, and dri ed over anhydrous magnesi um
sulfate. Filtration and concentrati oaxiafppgu9eaf f or ded the conpound of
Formula 31.0 (0.58 g, 100% np 124.0- .0C). 5 STEP B [err]

The conpound of Forrmula 31.0 (0. B¢ 0, ' cimor pholine (5 m_) and
anhydr ous sodi um carbonate (0.038 g, stirred at 130[err]C
overni ght. After concentration in 10 Au if was diluted with
di chl or onet hane, washed with water MraViri ef i .Zﬁhydr ous magnesi um
sul fate. Filt rgém and concentrati on #INgicuo afforded a yel |l ow

resi due (0. 17 ich was purified by préparative; pl a chr omat ogr aphy

(silica gel) using 5% net hanol - di chl or omrefNpane 15 co Nentoat ed
ammoni um hydr oxi de to provide the conpound ®f FQY mul 1§s (0.096 g,
75% np 116.6[err]C). MPLE & “cH,

(0]
To the compound of Formula 16.0 (Example 2) (0.10 g)
dissolved in anhydrous dichloromethane (10 mL) was added
5 triethylamine (0.032 mL, 1.5 eq)) and methanesulfonyl chloride

(0.014 mL, 1.2 eq) and the resulting solution was stirred at room
temperature overnight. The solution was diluted with '
dichloromethane and washed with 1M hydrochloric acid and
then with 1 M aqueous sodium hydroxide. The organic phase was

10 separated and dried over anhydrous magnesium sulfate. Filtration
and concentration in vacuo afforded the compound of Formula
11.0 (0.099 g, 89%, mp 116°C).

EXAMPLE 17

15
To the compound of Formula 16.0 (Example 2) (0.07 g)

dissolved in anhydrous dichloromethane (10 mL) was added
triethylamine (0.022 mL, 1.5 eq)) and benzoyl chloride (0.014
mkL, 1.2 eq) and the resulting solution was stirred at room

20 temperature overnight. The solution was diluted with
dichloromethane and washed with 1M hydrochloric acid and
then with 1 M aqueous sodium hydroxide. The organic phase was
separated and dried over anhydrous magnesium sulfate. Filtration
and concentration in vacuo afforded the compound of formula

25 12.0 (0.066 g, 85%, mp 117.2°C).



[err] 20 The conpound of Fornula 31.0 (Exanple 13) (0.12 g,

0. 18 nmol ), anhydrous di net hyl formam de (10 ni), i m dazole (0.037
g, 0.54 rma,?’) anhydrous sodi um car bonate (0.057 g, 0.54 gg/\er €
stirred at fgﬁerr] C overnight. The m xture was cool ed t%qlgom

tenperature, diluted with water, fiIt_erlt'qq)andthe solids 25 washed with
water. The solids were diluted vm'th di ¢hl or o- '

-98 - nmet hane, washed with %M%@en with 1 N aqueous sodi um-
hydr oxi de. The organi c phase 5?_1 i ed over g anhydrous
magnesi um sul f at e, flx.isbere,%a(% Goncentrated in ,\/%to afford a
solid (0.084 g) which™wa¥ p Ped_hy preparatjve pI Qhr omat ogr aphy
(silica gel) using 5% negggnol - di chl ororret hane concentrat ed

anmoni um hydr oxi de to provide the conp of For nula 14.0 (0.06 g,
48% np 148. 9[ er r Pysolve 2 g (15 mmol) ) of methyl 3-(dimeshaybaEnirm) [err]

propionate in 20 mL of EtOH and then add 20 mL of 1M LiOH.

5 Stir the reaction mixture at room temperature for 16 h. Strip off
the solvents. Dissolve the resulting material in water and adjust
pH to ~ 6. Concentrate the reaction mixture to give the product.
Mass Spec.: MH* = 118. |

10 ' EXAMPLE 19
+)-4-(3.10-DIBROMO-8- -6.11-DIHYDRO-
BENZOI5.61C _ 2-bIPYRIDIN-11-YL)-1-f4-

DIMETHYLAMINO)-1-OXOB -4-PIPERIDINYLIAC
PIPERIDINE

15
Dissolve 0.1 g (0.23 mmol) of the product of Preparative
Example 8
Br = Cl
\
N
Br

wﬂ
0]

in 8 mL DMF, add 0.04 g (0.22 mmol} 4-(dimethylamino) butyric
20 acid hydrochloride, 0.04 g (0.22 .mmol) of DEC, 0.03 g (0.22
mmol) of HOBT and 0.1 mL of N-methyl morpholine at about O to
about 4°C. Stir the reaction mixture overnight letting it warm to
room temperature. Remove all the volatiles and then partition



10 The conpound of Fornmula 28.0 (Preparative Exanple 8)

(0.21 g, 0.34 mmol) dissloved in anhydrous dichl oronet hane (10 m)
was added twoasdessBl or onet hane solution (10 nL) of oxallyl PCT/USYT/ 2295 €
(1.0 nL) and pyridine ( 0.08 nL, 3 eq) at O[err]C. After 15 stirring the
resulting solution for 5 mn, concentrall® anmoni um hydr oxi de was
added and the m xture was allowed to stir overni ght. The m xture was

di | uted wi t h btafesr HID+/C@HCIRd Extractwtiiceaguebaisephase withnCHpClghases

h h ith
M hydr ool or fcomaife W Ckaclo, GradtiBE AR ITTRES MaSORadit; | hen Wh 1
or gani ¢ phaseosmentrate. sl’e;ﬁf;abydlashlcﬂlromatogmwlyr dirstnelptinng witbul f at e,
filtered and gog dﬁ%y g?ié]?;)‘r a?&/ Iate eﬁ Qbf’/QrMe@H-QN I—Q:Hi thi ch

was purlfle chr omat ogr aphy |ca usi ng
5% Hret lebtain dhehtompeaind od @b&d&w?ra SaﬁPGﬁr rOX|de
to provide t capgundoef Forrmula 15.0 (0.086 g, 37% rrp
152. 8[err]C)r1Lﬁl 289 -99- .
EXAVPLE 16 [err] To the conpound of Fornula 16.0 (Exanple
2) (0.10 g) di ssol ved i n anhydr @XANMPIEO2 grret hane (10 nL) was added 5
triethylan ne (0. GG fis foithond A TPRIFERYd 91 EY ARG S

10 B 61C Afl1.2-b IN-11-Y1}-1-[4-

DIMETHYLAMINO)-1-0XO -4-PIPERIDI -
PIPERIDINE

By following essentially the same procedure as described in
15 Example 19 above, but using 3-(dimethylamino) propionic acid
(Example 18) instead of 4-(dimethylamino) butyric acid
hydrochloride, the compound of Formula 12.3 was prepared.
FAB-MS - MH+ = 695, mp = 82-84°C.

20 EXAMPLE 21
+)-4-{3.10-DIBROMO-8-CHLORO-6.11- RO-5H-
NZ Y EPTA[1.2- DIN-11- -1-[4-
DIME -1- -4-PIPE 1 -
INE
Br S Cl
s
N (12.1)
Br :
0 ICH3

I X
w .
o)

25



(0.014 m., 1.2 eq) and the resulting solution was stirred at room
tenperature overnight. The solution was diluted with di chl or onet hane

and washed yw bglzgkdg hydrochl oric acid and then with 1 M ag¢epusoraeshsum
hydr oxi de. The organi c phase was 10 separated and dried over anhydrous

magnesi um sul fate. Filtration and_c entration in vacuo afforded the
conpound of Formul a 11.0 (0.099 g, 89% np 1l1l6[err]C).

e 1 by By g pemt USSR B B,
added i aarpp i19ca gvazbumusmgzsNela)c}uaﬁféuﬂeglygwe mstﬁadi@f(‘b 014
nm, 1.2 eq) lbﬁ%'id)'lﬂﬁty&%l&dlﬁrh fochloridsl e lcRfpdtind FPerature
over ni ght . g,g_ SOlf agn}vvas di’l ut ed, wi dwg{]oro hane a shed
with 1M hydr §EAPYME Vas preparedye e MS, - Wikl 5098 Ls S8PuTH 183 oxi de.
The orgarB c AR249€.was separated and dried over anhydrous magnesi um
sulfate. Filtration and concentration in vacuo afforded the conmpound of

formula 25 12.0 (0.066 g, 85% np 117.2[err]C).
- 100- EXANEXAMRBLE 22 [err]

H +)-4-(3.10-DIBROMO-8- RO-6.11-DIHYDRO-5H-
BENZ CYCLOHEPTAI1.2-bIPYRIDIN-11-Y1)-1-]4-
10 I -1- -4-PIPERIDINYL] ACE

PIPERIDINE
Br = cl

N (14.2)
Br

Lo
A0
By following essentially the same procedure as described in
Example 19 above, but using 1-piperidine propionic acid instead

15 of 4-{dimethylamino) butyric acid hydrochloride, the compound
of Formula 14.2 was prepared. FAB-MS: MH+ 735, mp=127-

128°C.
EXAMPLE 23
20 +)-4 - -DIBROMO- -CHLORO-6,11- RO- -
BEN E 1.2-b DIN-11- -1-[4-
-2H-1.4-THIAZIN-4-YL)-1- L 1-1-
I DE}-4-PIP I A RID
Br ~ Cl
\ N (14.1)

P
o)

J U
O

25 By following essentially the same procedure as described in
Example 19 above, but using thiomorpholine S-dioxide acetic



Dissolve 2 g (15 mmol ) of methyl 3-(di nethyl am no) propi onate in 20 nL
of EtOH and then add 20 nL of IMLIiOH 5 Stir the reaction m xture at

roomtenperwionssesssr 16 h. Strip off t he solvents. D ssol verhis®7124295
resulting material in water and adjust pH to ~ 6. Concentrate the
reaction mxture to give the product. - 103/&ss Spec.: MH = 118. 10
EXAMPLE 19 "~ (+)-4-(3, 10- D BROMO- 8- CHLORO- 6. 11- DI HYDRO- 5H

(B[E):\IZI\/ICEITiY EL\EAYciéﬂfﬁio'il{ekcﬂob]PYM %%’)ﬂ),[a\%‘é ic acid hydrochloride, the
Pl PERI DI NE [e?&?P°quU¥¥A§T“u Iall PP5 144G the

product of Preparative Exanpl e 8 [err] in 8 nL DVF, add
0.04 g (0.22 mmuol) 4-(di met hyl am no) i1& 3 acid hydrochloride, 0.04 g
(0.22 mmlé) of DEC, 003c 0. %TandOlm_of N- et hyl
nmor phol i n®@ at abo [~40n2:14A(3,1Q 8-CHIORO- 6414

overni ght | et D’t_l_@abp(ywy RR
d th t -
and then part it b RIDINYLI-2-OXOETHYLI-DELTA-OXO-1- PIPERIDINE-

Pl
PENTANOATE
Br Cl
(15.1)
Br o o
O
10 By following essentially the same procedure as described in

Example 19 above, but using monomethyl glutarate instead of 4-
(dimethylamino) butyric acid hydrochloride, the compound of
Formula 15.1 was prepared. FAB-MS - MH+ = 724, mp = 101-

102°C.
15
EXAMPLE 25
+)- -[2-[4- -DIBROMO-8-C RO-6.11-
D -SH-BENZ C Al1,2-b N-11-Y1)-1-
DI -2-0X - -OXO-1- PIPERIDINE-
20 BUTANOATE
Bre_ /X A\ _-Cl
\ N (15.2)
Br
o)

OCH
N N.’IK/Y 3
(0]
0]

By following essentially the same procedure as described in
Example 19 above, but using monomethyl succinate instead of 4-
(dimethylamino) butyric acid hydrochloride, the compound of



- 101- between Herr]OCH err]d [err]. Extract the aqueous phase with
CHerr]CJerr]. Conmbine the CH err]C[err] fractions and dry over
MyS( err] oncentrate. Purify by flash chromatography

eluting w taﬂﬁg 0“.)550%/0 MeOH- ( NH[ err]) CH err]C[err] and then 10%;?%%4295
MeOH- (NH err])-CH err] d [err] to 5 obtajpgthe conpound of Formula 12. 2.
Mass Spec. M+ = 709, = 69-71[err] C

EXAMPLE 20 gglrg =l WDRPJ H 10
BENZCOF 5. 6] CY&O&%%?AB-Q %AW?P};& I N-11- YL g;ﬂ[;?ﬁ s 740, 2

(DI METHYLAM N@ OXCPRCPYL] 4- Pl PERI DI NYLI ACETYL1-

Pl PERI DI NE [err] By follow ng essentially the sane
procedure as described in 15 Exanpm% but using 3-(di methyl am no)
propi onic acid (Exarrpl e 18) ins [ rret hyI am no) butyrr c acid
hydrochlcﬁid : £ [(BarOriD 13 pOWS 1-DIBADR

= 695, np =

82- 84 ;

BENZQ] 5. 6] CYCL OHPERERIDINYL2 )
( DI METHYLAM NO) - 1- OXCETHYL] - 4- Pl PERWYL]
Pl PERI DI NE [err]

Br o o

mNJ\/U\ OCH,CHj
o

10 By following essentially the same procedure as Example 19
above, but using monoethyl malonate instead of 4-(dimethyl-
amino) butyric acid hydrochloride, the compound of Formula 15.3
was obtained. FAB-MS - MH* = 710, m.p. = 77-78°C

15

Dissolve the (+) product of Preparative Example 8, Step D
(0.01 g, 0.017 mmol) in 0.5 mL of DMF, stir at room temperature
and add 0.003 g (0.017 mmol) of DEC, 0.002 g (0.017 mmol) of
20 HOBT and 0.003 g (0.017 mmole) of the product of Preparative
Example 12. Stir the mixture at room temperature for 18 hr,
then concentrate in vacuo to a residue and partition between



25 -102 - By follow ng

.essentially the sanme procedure as described in Exanpl e 19 above, but
usi ng N, N- avowe$/Besss gl yci ne i nstead of 4- (di met hyl ami no) Ppotyser24aes d
hydrochl ori de, the conpound of Fromula 12.1 was prepared. FAB-M5S - M+
= 681, np = 123- 5 124[err]C - 105 - EXAMPLE 22

(+)-4-(3, 10- DI BROVD 8- CHLORO 6. 11- DI HYDRO 5H-
BENZ(J 5. 6] CYGthyEREE =te2aid Ridted NWhshythe brgdanid phase with aqueous

(PI PERI DI NYL) - 1 u%ﬁﬂémdrfa't@ gﬁﬁ@%%?%éu D rﬁ‘}%f’f% ic phase

Pl PERI DI NE [ &P " ess etsane
procedur e as ovesanagedsium sulfgtenfilter agdgoneengrateyint ygenopt® & i di ne

pr opi oni ¢ aCidsidiad ca¢Hromatogiapt Bt hebind o Rilled igel aehutifiydiaal! ori de,

t he d F | 142 d. FAB- ME: Ié =127-
corrpog " dichlooromt(:)trl'xrralljmg1 (saturav{lgcsi \%ﬁ'{) %rxﬁmoma? - me an°13?955/f.}) -

5%) to yield the product (0.01 g) as a white solid. M.p. = 84°-

90°C, Mass Spec.: MH+ = 7009.

EXAMPLES 28-60
10 Follow the procedure of Example 27 but use the acid shown
in Table 1 below instead of the product of Preparative Example
12 to obtain the compounds of Formula 1.7

wherein W is defined in Table 1. The Formula number of the
15 compound formed is given in parenthesis below the W

substituent.
IABLE 1
EX Acid W mp
. (°C)
28 '/\502 o l/\so2 140-

o ,lok/n A P @ 140.8
29 Q o 127.2-
HokAlO )\/\O 127.7

(7.0-B)




128[err]C EXAMPLE 23 20
(+)-4-(3.10- D BROMO 8- CHLORO 6, 11- DI HYDRO 5H

BENZ( 5. 6] @& béAdsEF Al 1. 2-b] PYRI DI N-11-YL) - 1-[ 4- PCT/USI7/24295
( TETRAHYDRO- 2H 1. 4- THI AZI N- 4- YL) - 1- OXCETHYL 1-1-
DI OXI DE] - 4- PI PERI DI NYLI ACETYLI PI PERI DI_NFOée_r r] 25 By
follow ng essentially the sanme procedure as described in Exanpl e 19
above, but using thionorpholine m )
- 103 - acid instead of 4-( yric acid hydrochl oride,
t he conpound of Fornmula 14.1 was prepared. np = 140-141[err]C
EXAMPLE 24 |5 (+)- MET, 4-[2-[4-[|(3.10-DIB 8- CHLORG 61‘&{)‘
Dl HYDRO- 5H b. 6] CYCL Al 1.2-b] PYRIDI N-11-YL)- 1-
Pl PERI DI NYL]-2- OXDETHYL] - DELTA- OXQO- 1- - (¢C)
PENTANOATE /ﬁ\v/ﬁ\ /ji\/ﬁl —
HO OEt OEt 78.1
(8.0-B)
31 O ©OAc O O OAc O 103.5-
HO OEt | OEt 106.4
(16.0-B)
o] H (o) H
32 129 (d)
HOJk/O‘N N /u\/O‘N’ X
| N | X
‘o ~0
Preparative Ex. 4 ___(22.0-B)
33 2 2 75
- CHs CHg
Preparative Ex. 3 (23.0-B)
34 y Y 1465.8-
: 147.7

OH OH
(24.0-B)
35 0 A o M 125.8-
,U\[ 31 MN 127.3
. :
HO N N) .
| (30.0-B)
36 Qo  CHs o CHs 95-143
NJ N
HO CH, CHj
(o] ' (o}
(33.0-B)
O O

37 Mo M on —

(37.0-B)




10 By follow ng essentially the sane procedure as described in
Exanpl e 19 above, but using nononethyl glutarate instead of 4-

(di met hyl awaeg3dssg yri c acid hydrochl oride, the conpound of pcT/Besm4res
15.1 was prepared. FAB-M5 - M+ = 724, np = 101- 102[err]C. 15
EXAMPLE 25 (+)- METHYL-4-[2-[4~[{8&7210- Dl BROVD 8- CHLORO 6. 11-

Dl HYDRO 5H BENzZ( 5. 6] CYCLOHEPTA[ 1. 2-b] PYRIDIN- 1 1 -YL)- 1-

Pl PERI DI NYL] - 2- OXOETHYL] - GAMVA- ERP d20
BUTANQATE [err] y Tollow ng essentially the sane

procedure as—descrihed in Exanple 19
succi nate | ﬂ]sm@d of 4- Acéid net hyl am t he
conmpound of é?? was
prepared. FAR-M R ala
EXAWPLE 26 | 38 ' 124-
o ,U\/CN /l]\/CN 125
(44.0-B) .
39 ? H 2 = 204.5
N NJ
Ho/u\n/ ~OCH,4 /u\n’ OCH,4
0 o
(49.0-B)
40 U ° 9 137.4-
HO NH, NH, 138
(50.0-B)
o, [
Ho/u\/”\ll\l OCHg )]\/u\llv OCH,4
H H
(51.0-B)
42 o CHg o CHg —
N N
HO \ O’N \ 6N
H,C HaC
(65.0-B)
0O s} (] o)
43 ——
Ho’u\(cnz)s/lLo’ CHs /u\(crlgs)l\o’cHs
(68.0-B)
44 R Q 113-
Ho’u\n/ CHs CHs 120
18] o
(72.0-B)
45 o O o) O 95-100
HO/U\/N )k/N
- (75.0-B)




5 (#)-

5H BENZQ] 5. 6] CYCLOHEPTA[ 1. 2- b] PYRI DI N- 11- YL) - 1-

Pl PERI DI NYko 8g/$9%5& THYL] -
BUTANOATE [err]

procedure as Exanple 19

10

above,

BETA- OXO- 1- PI PERI DI NE-

ETHYL- 4-[ 2-[ 4-[ (3, 10- DI BROVD- 8- CHLORO- 6, 11- DI HYDRO:

PCT/US97/24295

By follow ng essentially the sane

but

g nonoet hyl

mal onat e i nstead of

4- (di met hyl - am no) butyric acid h§/ hl ori de the conpound of Fornul a
15.3 was obt ai ned. FAB-MS - LE 0, m 7-78[err]C 15
EXAMPLE 27 [err] (+) product of
Preparative Exanple 8, Step D (0.01 0.017 mml) in 0.5 nL of DM,
stir at roonjt rature dadd003g(0.01 ) of C _.0.00Q2 g
(0.017 nmmol )} o HOBT ané“'gaoos g (0.917 mvl e) g# t he prod ct TR
Preparative " Edanple 12. Stir _the nmixiure at roomtenperaturle (°6) 18 hr,
t hen concent ra&% [ a [ par on 100-
Ho’lk/kom /lk/koa 108
(76. O-B)
47 ’40 ’q 192-
O HN O HN '
NI 2Q3
HO
o) o]
(77.0-B)
O
48 o % o ‘\,\ 172-
M n 8 M ns 190
S | ~
o
(79.0-B) _
o : o)
49 7 ) 7 ) 154-
HO s s 163
o _ o
(81.0-B)
O
HO S s 139
(82.0-B)
51 0 o o 0 114.5-
119.3
HO
J. Med. Chem. (1993), 36 (85.0-B)
2300
52 0 -
] g X[
)-\\/\ o )l\/\ o
N
H
(86.0-B) ,
0 H o) H A
P I~ K| o~y K | Toss
HO o o :
(89.0-B)




-105 - ethyl acetate and water. Wash the organi c phase wi th aqueous

sodi um bi carbonate solution then brine. Dry the organic phase over
magnesi um Syiblogisgssgfi | ter and concentrate in vacuo to a I peirAI$97/24295
Chr omat ogr aph the residue on silica gel, eluting with 5 dichloronethane
(saturated with amonia) - nethanol (95%q@g - 5% to yield the product
(0.01 g) as a white solid. Mp. = 84- 90C, Mass Spec.: M+ = 7009.
EXAMPLES 28-60 10 Fol l ow t hep gefu ofbirk | e 27 but use the acid
shown in Table 1 bel ow i nste%%é‘%%uu f Preparative Exanple
12 to obtain_the conpounds_of Formula 1.7 [err] wherein Wis
defined in Takg 4. The For pygia ' i pven
i n parent hes] s bel
TABLE 1 — O
[err] [ er@] H 140- o] H 1#
(6. 0-B) 284 1o /U\/O 127. 2- P48 (@)
HO N7 N7
HO HO
Preparative Ex. 5 (95.0-B)
55 o o’ﬁ o o’\ 120-
o M Ao 143
Ho/u\/l\/
Tetrahedron (1989), 45, 69 (114.2-B
' 132
HO (0] O
Tetrahedron (1989), 45, 69 (114.3-B)
HO o) fo) 136
Tetrahedron (1989), 45, 69 (114.4-B)
58 j\/\/YO MO 74-75
HO
OCHj OCHj,
(101.0-B)
59 ? o | -
OCH
(o] O
(104.0-B)
60 ot -9 114-
HO )l\/\n/ OCHj, )]\/\n/ocna 115
o o
' (105.0-B)
HO OCH,CH, OCH,CH; | 101.5
(106.0-B)




127.7 (7.0-B) | - 106 -

TABLE 1 - continued EX. Aci d W np
( [err]C) 77. 2-
[err] )yoibasosss (8.0-B) 3 1 PCTOSSSibs
[err] 103. 5- [err] - 11 Jerr] 106. 4
(16.0-B) 32 % 129 (d) [err]
[err] [err] W Ex. 4 ~ (22.0-B) 33°
o] 75 [err] [err] Preparative
Ex. 3 (23.0-B) 34pr 145. 8-
[err] '
(11.0-B)
CH,

5 Dissolve the (+) product of Preparative Example 8, Step D
(0.744 g, 1.25 mmol) in 20 mL of dichloromethane containing
0.348 mL (2.5 mmol) of triethylamine, stir at room temperature
and add 0.1 mL (1.26 mmol) of chloroacetylchloride. Stir for 10
hr then add 20 mL of 1N HCl. Wash the organic layer with

10 aqueous sodium bicarbonate, dry over magnesium sulfate, and
concentrate under vacuum to give 0.71 g of the product.

Step B

Dissolve 0.120 g (0.78 mmol) of the product from Step A,
15 0.0365 g (0.535 mmol) of 4-methylimidazole and 0.057 g (0.535
mmol) of sodium carbonate in 10 mL of DMF and stir at 120-
130°C for 18 hr. Cool to 25°C and 30 mL of water and filter the
precipitated solid. Dissolve the solid in 50 mL of dichloro-
methane and wash with 1N NaOH. Dry the organic layer over



[err] - OH OH

(24.0-B) 35 [err] 125. 8-

127.3 WO 08/30558 (30.0-B) 36 PCT/US97/24pes r ]
95- 143 [err] (33.0-B) 37
3 (37.0-B)11 - -107
- TABLE 1 - conti nued EX. Aci d .
w magnéBium3Sulfate and concentrate under vacuum. [err]

% Si 5 Clrroerg:lraltogra}gﬁdth% ngsiQ%e on a silica gei eIrLr(]: plate using

10

15

methanol-dichloromethane saturated with ammonia (5-95) to
give 0.06 g of the product as a white solid mp = 148.9°C.

LE -75

Follow the procedure of Example 62, but use the amine
shown in Table 2 below instead of 4-methylimidazole, to obtain
the compounds of Formula 1.7

Br

Cl

H (1.7)

Br
W
w
8)

wherein W is defined in Table 2. The Formula number of the
compound formed is-given in parenthesis below the W

substituent.
ABLE 2
EX. Amine w mp
(°C)
0]
63 ==\ = 137.8
H’N ~ZN )I\/N?N
CH, CH,
(10.0-B)
64 151.3
o)
N N N_N
o N /lk/ 7
(12.0-B)




[err]
[err]

(49.0-B ) 40

(50. 0-B) 43v0 98730558

115. 8-

CH3

[err]

(65. 0-B)
(68.0-B) 44
113-

0

95-100

[err]

137. 4- [err] 138
[err] PCT/US97/24295
116. 4 ferr]
H (51.0 - Byp 42 [err]
0 [err ,
43 [err] [err] TEEI% rd - continued
[err] [err] 120
(72.J0-B ) 45 Ter
(7o!p) ‘.“*mﬂ“’ W 108 - thp
(°C)
65 N N\ 154.2
onm— O ——
N
uNI )k/”\/q
(13.0-B)
66 I/i’h Fh 150.3
= ' o = (d)
N N
/ /
- /U\/N\/
(20.0-B)
67 :Noz :N°2 168.1
po——r) 0 —
N
u" N /lk/N\?N
(26.0-B)
68 = 0 O\ 123.4
(34.0-B})
o)
69 - = 184-
N
H™ \F /u\/N: /) 190
CO.CHg CO,CH4
(35.0-B)
70 = o = 178.6
e D
CO,CH,Ph CO,H
(52.0-B)
71 =) T 156.1
H,N\z\ CHj /U\/N\%\cris
CO,Et COEt
(53.0-B)




TABLE 1 - continued EX Aci d | W

np
[err] 0 CEt 100- 46
100- WO 9830558 [err] 108 PCT/US97/24295
(76.0-B) 47 192-
[err] [ere]11303 0
0 (77.0-B) 48 172-
190 TABLE 279 cnffinudd [err]
154- 163 0 0
(81.0-B) 50 12Q
[err]
[err]
119. 3 250 ["N 52
[err] err]
(86.0-B) 53 [lerr] N N_.~d0&:7- HD
103. 3 (89, w7  COzEt P 3
CHg CHg
(54.0-B)
0
73 5:) I""> 130.4
CO,CH.Ph CO,CH,Ph
{55.0-B)
74 =N F o =N 122.8
H'N\MOCH3 /u\/N\)\/u\ocus.
' (56.0-B) . |
75 }"=\N )Ol\/}“-‘\N 1253
(567.0-B)
EXAMPLE 76
Br . cl

10

(17.0-B)
Br

O
OH
C Y
O
o

Dissolve 1 equivalent of the product of Example 59
(Compound 104.0-B, Table 1) in methanol containing 1.2
equivalents of 1N KOH in methanol and stir for 48 hr at 25°C.
Acidify to pH 2 with 1N HCI and extract with dichloromethane.
Dry the organic layer over magnesium sulfate and concentrate
under vacuum. Purify the residue by preparative silica gel TLC
using methanol-dichloromethane-acetic acid (5-94-1) to give the
product as a white solid mp = 240.1°C.



-109 - TABLE 1 - conti nued Aci d w

np 54 [err] [err] 145 (d) [err]

Prepar at i vayb%g/36sss (95.0-B) 55 [err] PCT/US97/24295
129- [err] 143 Tetrahedron (1989), 45, 69
(114.2-B 56 [err] - 114 - 124- [err]
Tetrahedron (1989), 45, 69 (114.3-B) &% [err]

127- 136 Tet r ahedr W 69 (1 14.4-B) 58
[err] 74-75 [err]

60 _ [err] [err]

115 (14.0-B)

o o

i/ONMOLi
o)

Dissolve 1 equivalent of the prduct of Example 30
(Compound 8.0-B, Table 1) in 95% aqueous ethanol containing
5 1.1 equivalents of LiOH and stir for 16 hr at 25°C. Concentrate
under vacuum to give the product as a white solid.

10 Follow the procedure of Example 77 but use the product of
Example 60 (Compound105.0-B, Table 1) instead of the product

of Example 59 (Compound104.0-B, Table 1) to obtain the product
as a white solid.

15 EXAMPLE 79

Follow the procedure of Example 77 but use the product of
Example 61 (Compound 106.0-B, Table 1) instead of the product



0 (105.0-B) 61
101. 1- [err] 101.5  (106.0-B)

-110- WO 98/30558 ' ‘EXAMPLE 62 [err] [ er PLT/US97/242955
Di ssol ve the (+) product of Preparative Exanple 8, Step D (0.744 q,

1.25 nmol) in 20 nL of dichl oronet hane-chbl¥ai ni ng 0.348 nL (2.5 mmol)
of triethylamne, stir at roomtenperature and add 0.1 nL (1.26 mol) .

of chl or oacetof Exaenplie 59(Comippurid104.0B, Table andtﬁﬁbmmfthél\bi'ﬂuct/\%h
the organic léélgrw‘ﬂlfe s&ﬁd aqueous sodi um bi carbonate, dry over magnesi um

sul fate, and

EXAMPLE 80
Br = cl
\
N’ ) (70.0-B)
Br o 0

5
Dissolve 1 equivalent of the product of Example 43
(Compound 68.0-B, Table 1) in 95% aqueous methanol containing
1.1 equivalents of NaOH and stir for 16 hr at 25°C. Concentrate
under vacuum to give the product as a white solid. mp = 215.5-
10 216.2°C

(107.0-B)

ONa

Dissolve 1 equivalent of the prduct of Example 58
15 (Compound 101.0-B, Table 1) in 95% aqueous methanol
containing 1.1 equivalents of NaOH and stir for 16 hr at 25°C.
Concentrate under vacuum to give the product as a white solid.
mp = 240°C (d). |



concentrate under vacuumto give 0.71 g of the product. Step B

[err] Di ssolve 0.120 g (0.78 mmol ) of the product from Step
A 15 0.0 9g3ds8s 535 nmol ) of 4-net hyli m dazol e and 0. 057 gedussIR4295
mol ) of sodium carbonate in 10 nL of DMF and stir at 120- 130C for 18
hr. Cool to 25[err]C and 30 nL of water jgpd-filter the preci pitated
solid. Dissolve the solid in 50 nL of dichloro- met hane and wash with

1IN NaOH Dry the organic |ayer over 2 - 111
- magnesi um sul fate and conceptrg e under vacuum Chr omat ogr aph t he
residue on a silica gel hanol - di chl or onet hane

o (L
saturated with amoni a - O% ﬂ - 06 g of the product as a white
solid np = 148.9[err]C. 5 =~ EggWBLg 63-75
Fol | ow the procedure of Exanpl ¥ 62070 use the ammne shown in Table 2

dBobtaing the corrpcgmds of Formul a

" A~"Y
J O .

Dissolve 1.0 equivalent of the product of Example 81

(Compound 107.0-B) in DMF containing 5.0 equivalents of

5 ammonium chloride and 1.0 equivalent each of DEC, HOBT and
N-methylmorpholine. Stir the mixture at room temperature for
18 hr, then concentrate in vacuo to a residue and partition
between ethyl acetate and water. Wash the organic phase with
aqueous sodium bicarbonate solution then brine. Dry the organic

10 phase over magnesium sulfate, filter and concentrate in vacuo to a

residue. Chromatograph the residue on silica gel to obtain the
product as a white solid mp = 125.5-126.5°C. :

bel ow i nstead of 4-nethylim dazol e
1.7 [err]

EXAMPLE 83

Brw \ Cl
=y A (69.0-B)

Br (o)

_ NH,
N NJ\/\fr
o}
15 o

Dissolve 1.0 equivalent of the product of Example 78
(Compound18.0-B) in DMF containing 5.0 equivalents of
ammonium chloride and 1.0 equivalent each of DEC, HOBT and
N-methylmorpholine. Stir the mixture at room temperature for

20 18 hr, then concentrate in vacuo to a residue and partition
between ethyl acetate and water. Wash the organic phase with
aqueous sodium bicarbonate solution then brine. Dry the organic
phase over magnesium sulfate, filter and concentrate in vacuo to a
residue. Chromatograph the residue on silica gel to obtain the

25 product as a white solid mp =142.8-143.3°C.



10 wherein Wis defined in Table 2. The Fornmul a nunber of the
conpound fornmed is given in parenthesis below the W substituent. 15

TABLE 2 WOI[[03/30558 Am ne wW nm PCTHIS97/24295
137. 8 _ [err] (10. 0-B) 64
151. 3 [err] -117 {12.0-B)
- 112 - TABLE 2 - conti nued EX. Am ne
w nmp (OEXAMPLE 84
154. 2 [err]
~ (71.0-B)
N

H o .
Br o
NH,
;\T\)/\:f
[0)

Dissolve 1.0 equivalent of the product of Example 80

(Compound 70.0-B) in DMF containing 5.0 equivalents of

5 ammonium chloride and 1.0 equivalent each of DEC, HOBT and
N-methylmorpholine. Stir the mixture at room temperature for
18 hr, then concentrate in vacuo to a residue and partition
between ethyl acetate and water. Wash the organic phase with
aqueous sodium bicarbonate solution then brine. Dry the organic

10 phase over magnesium sulfate, filter and concentrate in vacuo to a

residue. Chromatograph the residue on silica gel to obtain the
product as a white solid mp =119.2-120°C.

15 .
Dissolve 1.0 equivalent of the product of Example 81

(Compound 107.0-B) in DMF containing 5.0 equivalents of
ammonium chloride and 1.0 equivalent each of DEC, HOBT and
N-methylmorpholine. Stir the mixture at room temperature for

20 18 hr, then concentrate in vacuo to a residue and partition
between ethyl acetate and water. Wash the organic phase with
aqueous sodium bicarbonate solution then brine. Dry the organic
phase over magnesium sulfate, filter and concentrate in vacuo to a

- residue. Chromatograph the residue on silica gel to obtain the
25 - product as a white solid.



(13.0-B) 66 [err] 150. 3
(d) [err] (20.0-B) 67
[err] WO 98/30558 [err] 168. 1 PCT/US97/24295
(26.0-B) 68 123. 4
(34.0-B) 69 1 184-
190 [err] [errf
(35 0-B) 70 EXAMPLE 86 178 8
[err] [err] (52.0-B) 71
[err]
(53. 0- B) Br . 113 -
TABLE 2 - conti nued ne W
.0-B
np (108.0-B)
Br
0
O
o o

10

15

20

Dissolve 1.0 equivalent of the product of Example 79
(Compound19.0-B) in DMF containing 5.0 equivalents of
ammonium chloride and 1.0 equivalent each of DEC, HOBT and
N-methylmorpholine. Stir the mixture at room temperature for
18 hr, then concentrate in vacuo to a residue and partition
between ethyl acetate and water. Wash the organic phase with
aqueous sodium bicarbonate solution then brine. Dry the organic
phase over magnesium sulfate, filter and concentrate in vacuo to a
residue. Chromatograph the residue on silica gel to obtain the
product as a white solid.

EXAMPLE 87
Br S a
\ (32.0-B)

Br o Il_l
N\
N N/uj]/ NH,
o
o)

Dissolve 1.0 equivalent of the product of Example 59
(Compound 104.0-B, Table 1) in dichloromethane containing 4.0
equivalents of anhydrous hydrazine and stir for 48 hr.
Concentrate under vacuum and chromatograph the residue on
preparative silica gel TLC using methanol-dichloromethane 5-95)
to yield the product as a yellow solid, mp = 90°C.



72 [err]

(54.0-B)
[err]

74

[err]
125.3
EXAMPLE 76

equi val ent of the product %f Exarrp

: .158.7
73 130. 4
WO 98/30558 [err| PCT(UR7(34295
122. 8 [err]
- 119 -(56. 0-B) 75 :
[err] (57.0-B) .
' D ssolve 1

(Oorrpound 104.0-B, Table 1) in
®CH i n nethanol and stir for

met hanol containing 1.2 Te g8 S
48 hr at 25[err]C. Aci di f to ) 1N HA tract wit
[ 10 Dry the \ g ver @gaﬁ sul fate and .

di chl or onet hane.
concentrate
TLC usi ng net hanol - di chl or onet

under vacuum PulrQl fy t > /resi due by preparative silica gel

product as a white solid np = 240. {1 er|r]C.

10

15

20

Dissolve 1.0 equivalent of the product of Example 59
(Compound 104.0-B, Table 1) in methanol containing 1.4
equivalents of LiOH and stir for 18 hr. Add DMF containing 1.0
equivalent each of DEC, HOBT and N-methylmorpholine and O-
tert-butyldimethylsilylhydroxylamine. Stir the mixture at room
temperature for 48 hr, then concentrate in vacuo to a residue and
partition between ethyl acetate and water. Dry the organic phase
over magnesium sulfate, filter and chromatograph on silica gel
using methanol-dichloromethane (5-95) to obtain the product as
a white solid, mp = 103.0°C.

E PLE
Br 5SS cl
\ %z (59.0-B)
N H

p ¥
SO G
o
o

Dissolve 1.0 equivalent the product of Example 59
(Compound 104.0-B, Table 1) in methanol containing 3.0
equivalents of KOH and 3.0 equivalent of glycine hydrochloride
tert-butyl ester and stir for 7 days. Concentrate under vacuum
and chromatograph the residue on silica gel using methanol-
dichloromethane (5-95 to obtain the product as a yellow solid,
mp = 108°C.



- 114 - EXAMPLE 77 [err] Di ssolve 1
equi val ent of the prduct of Exanple 30 (Conpound 8.0-B, Table 1) in 95%
aqueous et vwmo$/305881itaining 5 1.1 equivalents of Li OH and stiprCTuso7Rgessr at
25[err]C. Concentrate under vacuumto give the product as a white solid.
EXAMPLE 78 [err] 10 Fol | owibme. procedure of Exanple 77 but use
t he product of Exanpl e 60 (Conmpound 105.0-B, Table 1) instead of the

pr oduct of Exanple 59 (Conpound M%%%I e 1) to obtain the product
as a white solid. 15 E 79 [err]

(60.0-B)

0 H Ph = phenyl
[

N,
0]
o

Dissolve 1.0 equivalent the product of Example 59

(Compound 104.0-B, Table 1} in methanol containing 3.0

5 equivalents of KOH and 3.0 equivalent of O-benzylhydroxyl-amine
hydrochloride and stir for 48 hr. Concentrate under vacuum and
chromatograph the residue on silica gel using methanol-
dichloromethane-acetic acid (10-89.5-0.5) to obtain the product

- as a yellow solid mp = 75°C.

10

Dissolve 1.0 equivalent the product of Example 59
(Compound 104.0-B, Table 1) in methanol 4.0 equivalent of
15 methylamine and stir for 18 hr. Concentrate under vacuum and
chromatograph the residue on silica gel using methanol-
dichloromethane saturated with ammonia (5-95) to obtain the
product as a yellow solid mp = 86-132°C.



Fol | ow the procedure of Exanple 77 bu]E urs]e thedproduct of Exanmpl e 61
Conmpound 106.0-B, Table 1) instead of the product

E11gp- WQ PS/B085%pl e 59 %Conpound104. 0-B, Table 1) to obtai RCT/HEIR4BMict
as a white solid. EXAMPLE 80 [err] 5

Di ssol ve 1 equival ent of the product of Ehnrple 43 (Conpound 68. 0- B,
Table 1) in 95% aqueous net hanol contai ni ng 1.1 equivalents of NaOH and .
stir for 16 hr at 25[err] C. Concent rEBXAMPLEUQ@er vacuumto give the
product as a white solid. np = 215. 0 216.2[err]C

EXAMPLE 81 [err] Br '

(88.0-A)

Dissolve 1.0 equivalent of the product from Example 52
(Compound 86.0-B, Table 1) in dichloromethane containing 2
5 equivalents of trifluoroacetic acid and stir for 2 hr. Concentrate
under vacuum and partition the residue between dichloro-
methane and aqueous sodium bicarbonate. Dry the organic layer
over magnesium sulfate and concentrate under vacuum to yield
the product as a white solid, mp = 120.6-120.8°C.

10
| EXAMPLE 93
Br~ /7 \ Cl
<y . (90.0-B)
Br o

,u\/\/ NH,
j\Q |
0O

Dissolve 1.0 equivalent of the product from Example 53
(Compound 89.0-B, Table 1) in dichloromethane containing 2
15 equivalents of trifluoroacetic acid and stir for 2 hr. Concentrate
under vacuum and partition the residue between dichloro-
methane and aqueous sodium bicarbonate. Dry the organic layer
over magnesium sulfate and concentrate under vacuum to yield
the product as a white solid, mp = 114-115°C.
20



Di ssolve 1 equivalent of the prduct of Exanple 58 15 (Conpound 101.0-B,
Table 1) in 95% aqueous net hanol containing 1.1 equival ents of NaCH and
stir for 16wiyosmsossas[err]C. Concentrate under vacuumto gi vetiusernpresiuct
as a white solid. np = 240[err] C (d).

- 116 - EXANRIE .82 [err]

Di ssolve 1.0 equivalent of the product of Exanple 81 ( Conmpound
107.0-B) in DWVF containing 5.0 equi vgég%p%gf %5 armmoni um chl oride and 1.0
equi val ent each of DEC, HOBT and y rpholine. Stir the mxture
at roomtenperature for Br : \eh~conggntrate in vacuo to a residue
and partition bet ween & d wat er.(3gebBj he organi c phase
W th aqueous sodi um bi cgr be#a on then brine. Dry the organic 10
phase over magnesium sulfate, Niltgrygaid concentrate in vacuo to a

Dissolve 1.0 equivalent of the product from Example 1 in
dichloromethane containing 2 equivalents of trifluoroacetic acid
5 and stir for 2 hr. Concentrate under vacuum and partition the
residue between dichloro-methane and aqueous sodium
bicarbonate. Dry the organic layer over magnesium sulfate and
concentrate under vacuum. Dissolve the residue in
dichloromethane containing 1.5 equivalents of triethyl amine and
10 1.2 equivalents of dimethylsulfamoyl chloride. Stir for 18 hr then
wash with 1N HCI followed by 1N NaOH. Dry the organic layer
over magnesium sulfate and concentrate under vacuum to obtain
the produce, mp = 124.4-130°C.

15

Dissolve 1.0 equivalent of the product from Example 1 in
dichloromethane containing 2 equivalents of trifluoroacetic acid
and stir for 2 hr. Concentrate under vacuum and partition the

20 residue between dichloro-methane and aqueous sodium
bicarbonate. Dry the organic layer over magnesium sulfate and
concentrate under vacuum. Dissolve the residue in 10.0
equivalents of aqueous sulfamide and reflux for 48 hr.
Concentrate under vacuum and chromatograph the residue on



resi due. Chromat ograph the residue on silica gel to obtain the pr oduct
as a white solid np = 125.5-126.5[err]C

EXAMPLE 83 we98/80558 15 Di ssolve 1.0 equival ent oPCTIHs9m40!ﬁL|ct
of Exanple 78 (Compound18. 0-B) in DVF containing 5.0 equival ents of
ammoni um chl ori de and 1.0 equival ent eacjp®f- DEC, HOBT and

N- et hyl norpholine. Stir the mxture at roomtenperature for 20 18 hr,

hcetate and voreR °Nﬁ%“9§t’ﬁ°ﬂ‘ﬁﬁ‘§£@ﬁ%m§@”ﬂ?ﬁ“ﬂé At
r ] se W sodi u
bi car bonat e S%F’JPPHFPS(E é 'Flﬁl'o&‘ﬁgmrﬁp af%]‘&s&g: ‘over nmagnesi um

sulfate, filter and concentrate in vacuo to a resi due. Chromat ograph
thre residue on silica gel to obtain E!&E uct as a white solid np
=142. 8-143. 3[err] C. E LE G - 117 -
I[Eé,ré\?/iDLE 84 Br ~ cl (71.0-B)
\ (74.0-B)
N
Br O OH

,u\v/l\v,coon
w |
O :

The product of Example 31 (Compound16.0-B, Table 1)

(372.1 mg, 0.468 mmol) was dissolved in 3 mL of 6 M HCI and
the solution stirred at room temperature overnight. The reaction
mixture was added to 25 mL water, and the resulting precipitate

10 was filtered and washed with 0.1 M HCl. The filtrate was
saturated with NaCl and extracted continuously for 48 h to
provide additional crude product. Purify the combined crude
material by flash chromatoghrapy (C-18 reverse phase silica,
gradient of 50% MeOH/0.17 M HOAc to 90% MeOH/0.17 M

15 HOACc). The resulting material was dissolved in MeOH and added
to water and the resulting suspension evaporated to dryness to
give the title compound as a white solid (mp 133.5° - 141.2° C,
heating 2° - 3° C/min).

20 E PLE 97
Br ~ Cl
\
N | (63.0-B)
Br
H
(0) 2

OH
The product of Example 34 (Compound 24.0-B, Table 1)
(450.0 mg, 0.56 mmol) was dissolved in 20 mL CH2Cl3, cooled to
0° C, and 8 mL of trifluoroacetic acid was added slowly. After 1h
25 the cold mixture was diluted with 50% NaOH (aq) and water.



Di ssolve 1.0 equival ent of the product of Exanple 80 (Compound 70. 0- B)
in DMF containing 5.0 equivalents of 5 amonium chloride and 1.0

equi val ent wepegmosds DEC, HOBT and N- net hyl nor phol i ne. St PCT/ISS7/M298 ur e
at roomtenperature for 18 hr. then concentrate in vacuo to a residue
and partition bet ween et hyl acetatgpz4and water. Wash the organi c phase
W th aqueous sodi um bi carbonate solution then brine. Dry the organic

10 phase oveheRARBSHIRNES lekttfotelll Withi OCHYCLAWhIGH avs itheypatied 0 a
resi due. Chrgnatg rag_g t he re&dae on S|h|1c%t9el to obtain the 1 pr oduct
as a white S&WEE' Cﬂ*t) and;evaparaied, to give the Utle compound as a yellow

EXAMPLE 85 [ 8bLill (230 mg, &5% 161.0° -1630%sg).ve 1.0 equi val ent of the
product of Exanple 81 Compound 107.0-B) in DVF containing 5.0

equi val ents of ammoni um chl ori de and 1.0 equival ent each of DEC, HOBT

and 5\ net hyl nor phol i ne. Stir tEXAMPLE 88t room tenperature for 20
18 hr, then concentrate in vacuostona residue and partition bet ween

et hyl acetate and wat erBrl@gsm=3 plthse with aqueous sodi um
bi carbonate sol ution then P\i ne, organi c ( q)_ﬁse over nmagnesi um
SE- t 0 a ' ?%S e. Chromat ogr aph

sulfate, filter and concent Fafg | !
- the residue on silica gel to obtaigp the 25 product as a white solid.
Br O OH O

- 118 -
ww“"z
0]

The product of Example 96 {Compound 74.0-B) (93.6 mg,

0.129 mmol) and 1-hydroxybenzotriazole (27.3 mg, 0.202 mmol)
were dissolved in 1 mL of DMF. NH4Cl (14.8 mg, 0.276 mmol),

10 N-méthylmorpholine (70 pL) and DECeHCI {30.8 mg, 0.161
.mmol) were added. After 4 h the mixture was evaporated and the
residue purified by flash chromatoghrapy (C-18 reverse phase.
silica, gradient of 50% MeOH/0.17 M HOAc to 90% MeOH/0.17
M HOAc). The resulting material was lyophilized from HOAc/H20

15 to give the title compound as a tan solid (67.7 mg, mp 115.2° -
122.0° C, heating 2° - 3° C/min).

EXAMPLE 99
=N H (109.0-B)
Br
O 0
m /U\/U\N\/_/\
0 -
20 Dissolve 1.0 equivalent of the product of Example 77

(Compound 14.0-B) in DMF containing 1.0 equivalent each of
DEC, HOBT, N-methylmorpholine and pyrrolidine. Stir the
mixture at room temperature for 18 hr, then concentrate in
vacuo to a residue and partition between ethyl acetate and water.
25 Wash the organic phase with aqueous sodium bicarbonate solution



EXAMPLE 86 [err] Di ssolve 1.0 equival ent of the product
of Exanple 79 (Conmpound19.0-B) in DMF containing 5.0 equivalents of 5
amoni um cwWowvsdessand 1. 0 equi val ent each of DEC, HOBT and  PCT/US97/24295
N- net hyl nor pholine. Stir the m xture at roomtenperature for 18 hr,
then concentrate in vacuo to a residue-gmbpartition bet ween et hyl
acetate and water. Wash the organi c phase with aqueous sodi um

bi carbonat e shewt beihe. Ngrpthaorglhic ifitasy 698t ndSnesRER HW(HAtdTERRES! UM
sulfate, filter,and conce{]trate IR yacuo t.8 a reS|tdue. %@mat ogr aph
the residue GMECPRCEIERLS I JRCHONS Acresidug, (Ghapmatograph the o i
EXAMPLE 87 [ eesidue on silica gel to obtaihshe produbt agua wehitetsalid.t he product
of Exanple 59 (Conpound 104.0-B, Table 1) in dichloromethane containing

4.0 equi val ents of anhydrous hydrazi ne and stir for 48 hr.

Concentr& e under vacuum and chr omreEZAMBPEE HOQ esi due on 20 preparative
silica gel TLC using nethanol -dic net hane 5-95) to yield the

product as a yell ow sol i dBrg/~

(110.0-B)

Dissolve 1.0 equivalent of the product of Example 77
(Compound 14.0-B) in DMF containing 1.0 equivalent each of
DEC, HOBT, N-methylmorpholine and piperidine. Stir the

10. mixture at room temperature for 18 hr, then concentrate in
vacuo to a residue and partition between ethyl acetate and water.
Wash the organic phase with aqueous sodium bicarbonate solution
then brine. Dry the organic phase over magnesium sulfate, filter
and concentrate in vacuo to a residue. Chromatograph the

15 residue on silica gel to obtain the product as a white solid mp

=135-136°C.
PLE 101
(111.0-B)
Q.
AN\/Q‘“MNﬁ
o I\/o
20 Dissolve 1.0 equivalent of the product of Example 77

(Compound 14.0-B) in DMF containing 1.0 equivalent each of
DEC, HOBT, N-methylmorpholine and morpholine. Stir the
mixture at room temperature for 18 hr, then concentrate in
. vacuo to a residue and partition between ethyl acetate and water.
25 Wash the organic phase with aqueous sodium bicarbonate solution



- 119 - EXAMPLE 88

(58.0-B) [err] Di ssolve 1.0 equival ent of the product of
Exanpl e 59w o¢/Samspound 104. 0- B, Table 1) in methanol contai POTYUSD7/24295
equi val ents of LiOH and stir for 18 hr. Add DWF containing 1.0 '
equi val ent each of DEC, HOBT and N nethylggrpholine and O

tert-butyl di nethylsilyl hydroxylamne. Stir the m xture at room

tenperature fgq 14%:'%2 tHep tﬁ%e%g?&ﬁméﬁmééb ES%Ei-'Qn&Qném&ﬁﬁ'MaEH‘ChﬁQr

partition between acet at

et ter over
magnesi um sul RBHCoRE rtl Ate in vagumie doresid uSn thP-F gg%raﬁx%f@. ng
met hanol - di chiesiduet bansdlica-gdl)tot ebtiihatiie prodpeddsca white solad whipt e sol i d,

np = 103.0[err EXAMPLE 89 [err]
0 259 V}é%lco equi val ent the product of Exanple 59
5
E PLE 102
Br~V/ \ Cl
~ (112.0-B)
Br

Dissolve 1.0 equivalent of the product of Example 77

(Compound 14.0-B) in DMF containing 1.0 equivalent each of

10 DEC, HOBT, N-methylmorpholine and dimethylamine. Stir the
mixture at room temperature for 18 hr, then concentrate in
vacuo to a residue and partition between ethyl acetate and water.
Wash the organic phase with aqueous sodium bicarbonate solution
then brine. Dry the organic phase over magnesium sulfate, filter

15 and concentrate in vacuo to a residue. Chromatograph the
residue on silica gel to obtain the product as a white solid mp
=133-134°C.

ASSAYS
20 FPT ICs0 (inhibition of farnesyl protein transferase, in vitro

enzyme assay) and COS Cell ICsp (Cell-Based Assay) were
determined following the assay procedures described in WO
95/10516, published April 20, 1995. GGPT ICso (inhibition of
geranylgeranyl protein transferase, in vitro enzyme assay), Cell
25 Mat Assay, and anti-tumor activity (in vivo anti-tumor studies)
could be determined by the assay procedures described in WO
95/10516. The disclosure of WO 95/10516 is incorporated
herein by reference thereto. |
Additional assays can be carried out by following essentially
30 the same procedure as described above, but with substitution of
alternative indicator tumor cell lines in place of the T24-BAG



(Conpound 104.0-B, Table 1) in met hanol cont ai ni ng 3.0 equi val ents of
KOH and 3.0 equival ent of glycine hydrochloride 20 tert-butyl ester and
stir for 7 WQP8B0FWEncentrate under vacuum and chr omat ogr aBETU$872428% due

on silica gel using nethanol - di chl or omet hane (5-95 to obtain the
product as a yellow solid, mp = 108[¥27]-C.
-120- EXAMPLE 90

(60. 0-B) [errgells. The assays Bassbevmwridicteguirzsirig eithereDhDpABAGT Exanpl e

2?]U| val égggp?#ﬁ%tﬁq og 5 %araé‘m Vaenp rT?’&éféoé(%nzgq'zﬁ‘ﬁ?roxy ea R 15'13 gene

hydr ochl or i deoraSIVE20rBASx mgman color eareieman s\%smaﬁﬁsman
chr omat ogr aph, dti¢ate’ Kir&s n% L tl!tk?xL E‘ﬁ mBY BéNdines known in the
di chloro thane acetic aci ghot ain the product as a
yel | ow so goaetivity, o é‘xe compounds of this Inventio st gther
(64.0-B) [erﬂy]pes of cancer cells could be demonstrated.

Soft Agar Assay:

Anchorage-independent growth is a characteristic of

tumorigenic cell lines. Human tumor cells are suspended in

10 growth medium containing 0.3% agarose and an indicated
concentration of a farnesyl transferase inhibitor. The solution is
overlayed onto growth medium solidified with 0.6% agarose
containing the same concentration of farnesyl transferase
inhibitor as the top layer. After the top layer is solidified, plates

15 are incubated for 10-16 days at 37°C under 5% COg to allow
colony outgrowth. After incubation, the colonies are stained by
overlaying the agar with a solution of MTT (3-{4,5-dimethyl-
thiazol-2-yl]-2,5-diphenyltetrazolium bromide, Thiazolyl blue) (1
mg/mL in PBS). Colonies can be counted and the ICsq's can be

20 determined.

Compounds 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0, 11.0,
12.0, 12.1, 12.2, 12.3, 13.0, 14.1, 14.2, 15.1, 15.2, 15.3, 16.0,
17.0-B, 18.0-B, 23.0-B, 79.0-B, 104.0-B and 108.0-B had an FPT
25 ICso (H-ras) within the range of <2 to 31.7 nM (nanomolar). '
- Compounds 6.0, 7.0, 8.0, 10.0, 11.0, 12.0, 12.1, 12.3, 13.0,
14.1, 14.2, 15.1, 15.2 and 15.3 had a Cos Cell ICs0 within the
range of 10 to 700 nM. |
Compounds 6.0-B, 7.0-B, 8.0-B, 9.0-B, 10.0-B, 11.0-B, 12.0-

30 B, 13.0-B, 14.0-B, 16.0-B, 17.0-B, 18.0-B, 19.0-B, 20.0-B, 21.0-B,
22.0-B, 23.0-B, 24.0-B, 26.0-B, 30.0-B, 32.0-B, 33.0-B, 34.0-B,
35.0-B, 37.0-B, 38.0-B, 39.0-B, 44.0-B, 49.0-B, 50.0-B, 51.0-B,
52.0-B, 53.0-B, 54.0-B, 55.0-B, 56.0-B, 57.0-B, 58.0-B, 59.0-B,
60.0-B, 63.0-B, 64.0B, 67.0-B, 68.0-B, 69.0-B, 70.0-B, 71.0-B,

35 72.0-B, 74.0-B, 75.0-B, 76.0-B, 77.0-B, 79.0-B, 81.0-B, -82.0-B,
85.0-B, 86.0-B, 88.0-B, 89.0-B, 90.0-B, 92.0-B, 95.0-B, 101.0-B,
107.0-B, 114.0-B, 114.2-B, 114.3-B and 114.4-B had an FPT ICsgp
within the range of 0.7-18nM.



Di ssolve 1.0 equival ent the product of Exanple 59 (Conpound 104. 0- B,
Table 1) in nethanol 4.0 equivalent of 15 nethylamne and stir for 18 hr.
Concent r at eworsgsossgacuum and chromat ogr aph the resi due orpcadsscase!

usi ng net hanol - di chl oronet hane saturated with ammonia (5-95) to obtain
t he product as a yellow solid np = 888132[err]C.

-121- EXAMPLE 92

(88.0-A) [err] Compounds 205 300va.4, 6.:ari0/d.000.0f 1008, RRoHued 4rom”

Exanpl e 52 ( upd . Q- Tabl e _1). . i chl or taining 2 .
5 equi val ent sl%p'%g}r}ﬁugr(a%egi@%c OsRe ls]rafgf ga@ﬁﬁé@ﬁeﬁ?hﬁ e

under vacuumaand 180tBthad am&PERICdodkbts)arithiit ¢thearamge of 1debhane and
aqueous sodi lth?éﬁ?r bonate. Dry the organic |ayer over nagnhesi um

sul fate and cohi fate under vacuumto yield the product as a white
solid, npb= 120. 6-Commhend$ &.0106.0, 17.0, 18.0, 6.0-B, 7.0-B, 9.6B\WPOD93

Lerr] B, 11.0-B, 12.0-B, 13.0-B, 14.0-B, 16.0-B, 17.0-B, 18.0-B, 19.0-B,
22.0-B, 23.0-B, 24.0-B, 26.0-B, 30.0-B, 32.0-B, 33.0-B, 34.0-B,
35.0-B, 37.0-B, 38.0-B, 39.0-B, 44.0-B, 49.0-B, 50.0-B, 51.0-B,
52.0-B, 53.0-B, 54.0-B, 55.0-B, 56.0-B, 57.0-B, 58.0-B, 59.0-B,

10 60.0-B, 63.0-B, 64.0B, 68.0-B, 69.0-B, 70.0-B, 71.0-B, 72.0-B,
74.0-B, 75.0-B, 77.0-B, 79.0-B, 81.0-B, 82.0-B, 85.0-B, 88.0-B,
89.0-B, 92.0-B, 95.0-B, 101.0-B, 104.0-B, 107.0-B, 108.0-B,
114.0-B, 114.2-B, 114.3-B and 114.4-B had a Cos Cell within the
range of 9 to >1000nM.

15 Compounds 10.0, 12.1, 12.3, 15.2, 16.0, 18.0, 6.0-B, 8.0-B,
10.0-B, 11.0-B, 12.0-B, 13.0-B, 14.0-B, 16.0-B, 17.0-B, 18.0-B,
19.0-B, 21.0-B, 22.0-B, 23.0-B, 24.0-B, 26.0-B, 30.0-B, 32.0-B,
33.0-B, 34.0-B, 35.0-B, 37.0-B, 38.0-B, 39.0-B, 44.0-B, 49.0-B;
50.0-B, 52.0-B, 53.0-B, 54.0-B, 55.0-B, 56.0-B, 57.0-B, 59.0-B;

20 60.0-B, 63.0-B, 64.0B, 68.0-B, 69.0-B, 70.0-B, 71.0-B, 72.0-B,
74.0-B, 75.0-B, 77.0-B, 79.0-B, 81.0-B, 82.0-B, 85.0-B, 88.0-B,
89.0-B, 92.0-B, 95.0-B, 101.0-B, 104.0-B, 107.0-B, 114.0-B,
114.2-B, 114.3-B and 114.4-B had a Soft Agar within the range of
19.5 to >500nM.

25

For preparing pharmaceutical compositions from the
compounds described by this invention, inert, pharmaceutically
acceptable carriers can be either solid or liguid. Solid form
preparations include powders, tablets, dispersible granules,

30 capsules, cachets and suppositories. The powders and tablets
may be comprised of from about 5 to about 70 percent active
ingredient. Suitable solid carriers are known in the art, e.g.
magnesium carbonate, magnesium stearate, talc, sugar, lactose.
Tablets, powders, cachets and capsules can be used as solid

35 dosage forms suitable for oral administration.

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



Di ssolve 1.0 equival ent of the product from Exanple 53 ( Conpound
89.0-B, Table 1) in dichloronethane containing 2 15 equival ents of

trifluoroac™Q W/ WS and stir for 2 hr. Concentrate under REFARITREAE
partition the residue between dichl oro- met hane and aqueous sodi um
bi carbonate. Dry the organic |ayer -0} 29 Tragnesi um sul fate and
concentrate under vacuumto yield the product as a white solid, np =

114- 115[ er r ] Cbyzstirring. The molten homogeneous mixture is them poured

EXAMPLE 94 ient sized molds, allowed to cool 3@ Phédebyt 8blilify.
Di ssolve 1.0 lera%)l \?gpgﬁfn?g t he rncx)% ct froo ' y{ ity

a e.l in .
di chl or onet hane cokdghid 1913 PERPIER %iﬁ&'{%‘? gBthBEéetsH?P&ﬁS&m“% ang 4
stir for 2 hremt@ld6Ns! aAS amémampwm&abé prertidned watker or waterdue
odi u

bet ween dichl oro-net hane and agueous L .um Lcarbonate. Dry the
organic | er%()@gf%eglgig?%gﬂ#?%% féﬁcparentgg#gﬁh%fzgﬁ "'under vacuum
Di ssol ve the resi digquid formdpréparatiens anay alao diclude sdutigms/fdrent s of

triethyl am ngnﬁ'%ajs%.l é'dr%%xﬁﬂw%?m s of dinmethyl sul fanoyl chloride. Stir

for 18 hr the wash w " fol l owed by 1IN NaOH Dry the organic
| ayer over magdwrosel preparations switakle fort inhalasiony meay ineldet ai n

the produce, gBnitidnd @ndJdlidd én powder form, which may be in

10 combination with a pharmaceutically accepf.able carrier, such as
an inert compressed gas.

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

15 liquid forms include solutions, suspensions and emulsions.

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

- 20 conventional in the art for this purpose.

Preferably the compound is administered orally.

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

25 an effective amount to achieve the desired purpose.

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

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

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



15

(39.0-B) [err]

EXAMPLE 95

Di ssolve 1.0 equival ent of the product from

Exanpl e 1 {4 98130568 chl or onet hane contai ning 2 equival ents of PCT/US97/24295

trifluoroacetic acid
partition the 20
bi car bonat e.
concentrate 389
aqueous sulfan1
chr omat ogr apfiayHé

anmonia (5-95)to obt
EXAVPLE 96 © mPOun

0

and stir for 2 hr.
Dry the organic | ayer over nagnesi um sul fate and

%‘9 r 48 hr.
dﬁ,sél' e on
silica ge*rnésaﬁﬂomt asebfrediueiloy oﬁatikmmnsh‘atmmbé(ﬂhw th
ilﬁle %oducon ani'lod'th

attending clinician considering such factors as age, condition and
size of the patient as well as severity of the symptoms being
treated. A typical recommended dosage regimen is oral
administration of from 10 mg to 2000 mg/day preferably 10 to

10 1000 mg/day, in two to four divided doses to block tumor growth.

The compounds are non-toxic when administered within this
dosage range.

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

Pharmaceutical Dosage Form Examples

EXAMPLE A
Tablets
No. Ingredients mg/tablet | mg/tablet
1. Active compound 100 500
2. Lactose USP 122 113
3. Corn Starch, Food Grade, 30 40
as a 10% paste in
Purified Water
4. Corn Starch, Food Grade 45 40
5. ' Magnesium Stearate 3 _ 7
Total 300 700
20
Method of Manufacture

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

Concentrate under vacuum and
resi due between di chljg@®-net hane and aqueous sodi um

umf' fﬁ‘ﬁe? wad haniiessevediih perons defivigvgrent s of

Concentrate under vacuum and

-123

arc]eﬁﬁcally acceptable o
OH 5 b5salts thereof will be regulated accor mg to the judgment of the



The product of Exanple 31 (Conpoundl 6.0-B, Table 1) (372.1 ng, 0.468
nmol ) was dissolved in 3 nL of 6 MHC and the solution stirred at
room t enperwOWBB0888er ni ght. The reaction m xture was addeCdTUSI723298_
water, and the resulting precipitate 10 was filtered and washed with 0.1 M
HC . The filtrate was saturated w I8INaCl and extracted continuously
for 48 h to provi de additional crude product. Purify the conbined
crude mMaiede yai&diem&x ohithriteng Noapy afid hlix ﬁmedﬁelﬁhmw:em ca,

o35t ot SRR e Ay i Gt Bl B

suspensi on e\tap@ppr@plnabe@nz;maml weigh on giswitahle taklet roeehingd as a white
solid (nmp 133.5 - 141.2[err]C, heating 2[err] - 3[err] Cmn). 20
EXAVPLE 97 (63. 0-B)

The produ®t of Exanple 34 (Conpound EXAMBLEB) e 1) (450.0 ngy, 0.56
nmmol ) was dissolved in 20 nL CH[err]CIq%grdIQCOOI ed to O[err]C, and 8
mL of trlfluoroacetlc acid was added slowmy. After Ih 25 the cold m xture
was diluted, 6

- 124- i ; Ay ; A t hen
dri ed ( NTSBTqgra v '""“‘——“‘——*—““—#_“—“T‘.—_““ | ow
solid (230 rut. 1§ compowungd) |
2. Lactose USP 106 123
3. Corn Starch, Food Grade 40. 70
4. Magnesium Stearate NF 7 7
Total 253 700

Method _of Manufacture
Mix Item Nos. 1,2and 3in a suitable blender for 10-15

10 minutes. Add Item No. 4 and mix for 1-3 minutes. Fill the
mixture into suitable two-piece hard gelatin capsules on a
suitable encapsulating machine.

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

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

and scope of the present invention.
20



(592. 0-B) [err] Eﬂmuuu “H"l“iunmlpl e 96 (Conpound 74.0-B)
E OX

(93.6 ng, wo9%3a58® ol ) and 1- y evnzostrl*azo e (27.3 nBCcTaIseiM2esol )
were dissolved in 1 nL of DW. NH[err]CI (14.8 ng, 0.276 nmol), 10

N- met hyl nor pholine (70 [err]L) and DECQ qmg HC (30.8 ny, O0.161 nmol )
were added. After 4 h the mxture was evaporated and the resi due .
purified by YyWasATIAY OTHINIE y. (G- 18 reverse phase silica, gradient
of 50% MeOH C. 0 90% MeOH 0. 17 M HOAc). The resulting

material was |yophilized fromHOAcC/Herr]O 15 to give the title conpound
as a tan solid (6717 ngAmm;)lﬁnfd@frthe formulaz22. 0O[err] C, heating 2[err] -
3[err] Cmn). A, BEXAMPLE 99 [err]

0O O 20 Di ssol ve 1]% equi gt of ghe product of Exanple 77
(Conpound 14.0-B) in DMF contali 3 et ent each of DEC, HOBT,
N- et hyl nor phol i ne and pyrrolidi ﬁe N nmixture at room
tenperature for 18 hr, then concepyra Mo to a residue and

partition between ethyl acetate : awat. 5 Wash the organic phase with
aqueous sodi um bi carbonate sol uti \/ \ N R (1.0)
< N-W
O C
H H

5 or a pharmaceutically acceptable salt or solvate thereof, wherein:
one of a, b, c and d represents N or NR? wherein R® is O-, -CHj
or -(CH2)nCO2H wherein n is 1 to 3, and the remaining a, b, ¢
and d groups represent CR! or CR2; or

each of a, b, ¢, and d are independently selected from CR1
10 or CRZ;
each R! and each R2 js mdependently selected from H,
halo, -CF3, -OR10, -CORI0, -SR10, -S(O)};R1! (wherein tis O, 1 or
2), -SCN, -N(R19),, -NRIOR11, -NOg3, -OC(O)R10, -CO3R10,
-OCO2R!!, -CN, -NHC(O)R10, -NHSO9R10, -CONHR!0,
15 -CONHCH2CH20H, -NRIOCOOR!],

O
OCH
Koo,
H o

-SR11C(O)OR!!, -SR1IN(R75); wherein each R75 is independently
selected from H and -C(O)OR!!, benzotriazol-1-yloxy, tetrazol-5-
ylthio, or substituted tetrazol-5-ylthio, alkynyl, alkenyl or alkyl,
20 said alkyl or alkenyl group optionally being substituted with halo,
-ORI10 or -CO5R10;
' R3 and R% are the same or different and each
independently represents H, any of the substituents of R! and R2,

| or R3 and R4 taken together represent a saturated or unsaturated
25 Cs5-C7 fused ring to the benzene ring (Ring IID);



- 125 - then brine. Dry the IMﬂ,l H Bﬂ Jﬂmr magnesi um sul f at e,
filter and concentrate in vac W Chr omat ogragh t he

resi due on WO98395%:1 to obtain the product as a white sol i d. PCTAISI7/24295

EXAMPLE 100 [err] Di ssol ve 1.0 equival ent of the product
of Exanple 77 (Compound 14.0-B) im b® tontaining 1.0 equival ent each
of DEC, HOBT, N-nethyl norpholine and piperidine. Stir the 10 m xture

at room t enper at ur R, oR6.187handtR§rea;ﬁnmdcpemdenﬂy represents H «CFgsi due

and partltlonéﬂp@ V& loufﬁﬁ B? ase
e e e

resi due. Chr ongg;gmapjm(goguﬁ OTD4IRE] OIC@thaO@@ng GRSt he product
as a white solid é 136[err] EXAMPLE
101 [err] ® combined with R® to represent =0 or =S and/or R7 is combined

with R8 to represent =O or =S;
R10 represents H, alkyl, aryl, or aralkyl;
R!1 represents alkyl or aryl;
X represents N, CH or C, which C may contain an optional
10 double bond (represented by the dotted line) to carbon atom 11;
the dotted line between carbon atoms 5 and 6 represents
an optional double bond, such that when a double bond is
present, A and B independently represent -R10, halo, -OR11!,
-OCO2R11 or -OC(O)R190, and when no double bond is present
15 Dbetween carbon atoms 5 and 6, A and B each independently
represent Ha, -(OR!1)g; H and halo, dihalo, alkyl and H, (alkyl)s,
-H and -OC(O)R10, H and -OR19, =0, aryl and H, =NOR10 or -O-
{CH2)p-O- wherein p is 2, 3 or 4; and
W represents a group selected from the group consisting of:

20 (1) 2)
T RIS
ﬁ I'-I RIS -=C—C—~N
_C—?—(CH")"-N 14 )
R12 R : (CYo)s
(g) o 4)
_g—é_ CH 15 0 O
1 (CHy);—R n i
R12 and —C—(CHY);—C-R?2

25 wherein:
R12 js selected from the group consisting of: (a) H; (b) alkyl;
(c) aralkyl; and (d) heteroarylalkyl;
R13 and R4 are each independently selected from the
group consisting of: (a) H; (b) -C(O)OR!® wherein R18 represents
30 alkyl, aralkyl, and heteroaralkyl; (c) -SO2R17 wherein R17 is
selected from the group consisting of: NHg, -N(alkyl)s wherein
each alkyl is the same or different, alkyl, aryl, aralkyl, heteroaryl
and heteroaralkyl; (d) -C(O)R!8 wherein R18 is selected from the



20 Di ssolve 1.0 equ”!liu%wmu’u1 mqudUCt of Exanple 77 ( Conpound
14.0-B) in DVF containing ach of DEC, HOBT,

N- et hy| morvweBBesss and nor phol i ne. "Sti'r fhe m xture at r @S USEHREPRL ur e
~ for 18 hr, then concentrate in vacuo to a residue and partition between

et hyl acet ate and water. 25 Wash the-ol34ni ¢ phase with aqueous sodi um
bi car bonat e sol ution -126 - X

then brine. Broupheonsighimg ofirargd, allerl, anglicdi beterparyi.candi | ter and
concentrate 'Hbtégé”é&%ﬂcg -9(el) @i.%ug}ky@”l[ﬂ)wa%d 15 c§§ cg drnf‘f‘ on SI lica

gel to obtain th prod ct as whi te solid =1
EXAMPLE 102 ris 0, 1 or 2 (1 1208)

((300 0. s repi esmltsel 1203e40idra5 eahdo¢adih & mnﬁda?h -gIYzExanp:_leO;?
npoun ui val ent C o T

N- net hyl rpI%PP?P iSauifa HS( %lgcteg Ef'?o or - d ed tgggm

t enper at ure fbothl$ S\xbstiﬂnmntsmfcmh aC¥ai group aveatgd -Qi'laandspmmdadd
partition be I_ r @ﬁ{q_rr se W th
aqueous sodi t&}%agl cg&ﬁén teze %Iltoq% ngﬂgtts e n1 ogﬁﬁrb%ry the or gam C phase

over magnesi axeddl Suc&maﬂt}mgtsuPand concentrate in vacuo to a residue.
Chr omat ogr aph t he resi due on sil Pcd"lgel Ri® obtain the product as a
white solid np —C=C—N~

((CY 215)

10 forms a 3, 4, 5, 6, or 7 membered ring;
vis O, 1 or2;
R15 js selected from the group consisting of:
(a) heteroaryl;
(b) a group selected from:

CH,
(1) —o—-N=c_ .,
15 CHs
PAe R
(2) —C—C—C—OC,H; *
H H,
II{ —
@ —o-n=e—{ -0
20
Il'l
)
HO
(5) -CH(OCHCHg)g,
(6) -OH, and
25 (7) -CN; and

(c) heterocycloalkyl selected from the group consisting
of:



=133-134[err]C. ASSAYS 20 twlummmm bition of farnesyl
protein transferase, in vitro enz lj’r Cell 1err !
( Cel | - BasedWRB80558er e det ermi ned f of | owi Yy tshe*assay pPEEDS 95
described in WO 95/ 10516, published ril 20, 1995. GGPT I(err]
“(inhibition of ger anyl geranyl protel3dtransferase, in vitro enzyme

assay), Cell 25 WMt Assay, and anti-tunor activity (in vivo anti-tunor

st udi es) coul d & er Ee’%sws%l 32@&% s de NQed in V\O.
95/ 10516. The di scl ure of 5@1051 S or pé{aﬁygp& hergi n by

reference thereto. ~ says,c- car pil t by
foll ow ng essenti aI I y 30 tthe sanme procedure as’ descri bed’above, but with

substitution of alternatlve i ndicator tunor cell lines in place of the
T24- BAG -127- cells. The
assays can be conducted usi e|t er D- 1-BAG - human col on carci nonma
cells expressing an_act igngt € V620 ‘hunma on
carcinoma cells eXpreassin ated -ra gen i ng ther t unor
cell lines knowaN /g__§$ V|t helpgquﬂhds S

I nventi on agai nst o her pes of ca eer ce | s»coul d bevdennné?rated
Soft Agar Assay: Anchorage | ndependent growth is a
characteristic of tunmorigenic cell i . Human tunor cells are
suspended in 10 grow h nedi um cont ai ni ng . 3% agarose and an i ndi cat ed
concentration of a farnesyl transferase i nhibpt or. The solution is

overl ayedgonto growth nedlun1solld|f fth O. 6@6agarose cont ai ni ng

t he sane concentration oi fage% a ferase nhi bitor as the top
' 1PH|

|l ayer. After the t&dSI@ydr? 1@I'f25r$'°i%l§%at ed for
10- 16 days atoﬁﬁbﬁdn]ycsunggtuﬁ% Gﬁﬂ@l‘a’ }o[-pgﬁl,lhgw col ony out grow h.

After incubation, colonieg are_ stain overlaying the agar with
a solution of .M T (87 ESB ARSI 18TOUP sefjecggd from:

(1) (2) \N:J (3) O (4) N/\

10 (5) alkyl (e.g., -CH3),
(6) -OR23 wherein R23 is selected from the group
consisting of: alkyl, aryl and H, and '
n R
—N
“R25
wherein R24 and R25 are independently selected from the
15 group consisting of: -NHj, alkoxy, -OH, -CHoCO2H, -OCHyPh,
-CH(OCH3)CH(CHa3)2, alkyl, aryl, H, aralkyl, and heteroaralkyl; or
R24 and R25 taken together form a carbon chain having 4 or 5
(-CHgz-) groups such that R24 and R25 taken together with the
nitrogen to which they are bound form a 5 or 6 membered
20 heterocycloalkyl ring.

2.  The compound of Claim 1 wherein R2 is H; R! is
selected from the group consisting of: Br and Cl; R3 is selected
from the group consisting of: Br and Cl; R4 is selected from the

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



t hi azol -2-yl -2, 5-di phenyl Thi azol yI blue) (1

ng/ mL in PBS). CoI oni es cabmm mm“‘t he IC[err] s can be 20

det er m ned WO 98/30558 St 3.0, 4.0, 5.0, 6.0, 7PCTAEIV242950,
10.0, 11.0, 12.0, 12.1, 12.2, 12 3, 13.0, 14 1 14.2, 15.1, 15. 2,
15.3, 16.0,° 17. 0- B, 18’ 0- B, 23. 0--81369-. 0- B, 104.0-B and 108.0-B had an
FPT 25 1 err] (Hras) within the range of <2 to 31.7 nM (nanonol ar).
Corrpounds 6.0, 7.03. 8. 0Thédinpbdhnd of ang, ol Cldim421-2 whkrein W is 14. 1,

14.2, 15.1, rr] within the range of
10 to 700 nM]&IgCQW%ngBQH?E%‘% Qﬂéﬁ)ﬁ B] 8.0-B, 9.0-B, 10.0- g,
11.0-B, 12.0- 30 B(MOB 14. 0-B, 16.0-B, 17.0-B, 18.0-B, 19.0-8B,
20.0-B, 21.0-8B, 22. 0- B, 23 0- 4. 0- B, 26}038 30. 0-B, 32.0-B,
33.0-B, 34.0-B, 35. 0- B, 8. 319 0-B, 44.0-B, 49.0-B,

- 50.0-B, 51.0-B, 52.0-B, 53 0 B ' 55 R“B, 56.0-B, 57.0-B,

58. 0-B, 59. 0-B, 60. 0- B, 63.0-B, 4OB 67OB 68.0-B, 69.0-B, 70.0-B,
71.0-B, 3% ZOBNhMemB 75.0-B, 76.0-B, 77.0-B, 79.0-B, 81.0-B, 82.0-B,
85. 0- B,

107.0-B, 114.0-B, 114 4.3-B_and 114.4-B had an FPT I (Jerr

86. 0- B, 880q21)89105509008 92.0-B, 95.0-B, 101.0-B,
within the range of 0. (2)18,—}4'(}2 is selected from the group consisting ofl (a) -

2(cparéll'f?,rl én@ Hete}oﬁraﬁiﬁ ahd. 10.0, 12.1,

128 -

12. 3, 16. 0, GgB 13. 0- B.
17.0-B and 18. ol )hacfg aﬁﬁ%%{@?‘?]‘“@@?&éﬁ’“\ﬁﬁ{ ﬁFf‘FCSﬁS fram, dhet
14.5- 10 71.2nMroup consistiagsfutalsHe. () -COJORIE. whetgi®d RB: 5 B, 7. 0-B,

15 0B, 10.0-8, bl OB P ubersinREY 15 dlBybor g B LQR®

0-B
33.0-B, 34.0-B, whessiroR38 E?anlBaIﬁB(d) alkyB9. 0-B, 44.0-B, 49.0-B,
50.0-B, 51.0-B, gg 0-B, 53.0-B, 54.0-B, 55.0-B, 56.0-B, 57.0-B,
58.0-B, 59.0-B, 10 875 B, 63. o B 66 0B, 68.0-B, 69.0-B, 70.0-B, 71.0-B,
72.0- B, 74.0-B, 75.0-B, 77039 0-B 8LWY-B, 82.0-B 85.0-8,
88. 0- B, —C—C—(CHp, =N,

R12

15 wherein: :
(1) ris1or?2;
(2) R2isH; and
(3) RI13is alkyl and R4 is H, alkyl or -C(O)JOR16
wherein R16 is alkyl;

20 (C)
8 Ii! 'Rl3
—=C=C~N
)
wherein:

(1) sis1,2 8, 4or5; and
(2) RI3 js selected from the group consisting of: (a)

25 H and -C{O)OR!€ wherein R16 is alkyl;
- (D)
1
——C—C—(CHy);—R!®
L
wherein:
(1} visO;

30 (2) RI2isH; and



89.0-B, 92.0-B, 95.0-B, 101.0- = 107 0- B, 108.0-B, 114.0-B
114.2-B, 114.3-B and 114 ul!mm “‘w within the range of 9 to
>1000nM 157V098/3055§:onpou Sk , #12. 3, 15.2, 16.0, 18.BCT/GS®HA3295
9. 0- B, 10.0-B, 11.07B, “12.0- B, 13.0-B, 14.0-B, 16.0-B, 17.0-B,

18. 0- B, 19.0-B, 21.0-B, 22.0-B, 2330’8 24.0-B, 26.0-B, 30.0-B,
32.0-B, 33.0-B, 34.0-B, 35.0-B, 37.0-B, 38.0-B, 39.0-B, 44.0-B,

49. 0- B, 50. 0- B, (3. o R1558. gelBcted fitbrB, thb gbeBp smﬁsﬁngGEfo B,
59.0-B

74.0-B

, 20 60.0-B, 63.0- ?A*Q 68.0 69. 0- 09 B7208
, 75.0-B, 77.0-B, 790 0-8[ 82 qu 880 SO
89.0-B, 92.0-B, 95.0-B, 101 8B 104)N )%Q/‘JM OﬁN\]/I 114. 2- B,
114. 3-B and 114.4-B had a §)ft Agarsvmthl n t+hé range of 5:to0
>500nM 25 For preparing pharnmaceutical conpositions fromthe
conpounds described by this invention, inert, pharmceuti cal:-]#\
acceptabl e carriers can be either solid or I|qU|d olid fo
preparations include powders ta ets, ,'\ojperm bl Céﬁanulzs capsul es,
cachets and suppositories. pgwdeLg an ﬁhﬂ conpri sed of
from about 5 to about 70 pe’cén‘r acti ve mgh’edl EHls, Swtﬁﬁhe solid
carriers gire known in the art, e.g. magnesi um car bonate magnesi um
stearate,“talc, sugar, |actose. Tabl ets, powders, cachets and capsul es
can be used as solid 35 dosage forns /s abl e ffo\yoral admi ni strati on.

i i i g waxNsucly as a m xture of

he

For preparing suppositories, a me

fatty acid glycerides or co butter Ns\irst ed, d the active

i ngredient is dispersed ho g;meousl y & RiN

- 129 - by stirring” ol t er” h gen-ef)u’:,\/mxt fe Domt pour ed

into convenient sized nolds, allowed to cool and thereby solidify.

Liquid form preparations i ncI ude sol utions, suspensiong and emul si ons.

As an exanple may be nentioned R_bater o/vaater- 5 propyl ene gl ycol

sol utions for parenteral IHJ%QI\;)”- | /4 CH, /O‘N’
/

NO, H =
N /</\/) N: 1
AT N ZNF CO,CH,

10 ,
Pogs > D
; N N/ —CO,Et
ANegNe gy NNy~ - \2\ 2
02 , 02 C02H CH3
N / N (o]
g C)\)L A L
CO,CH,Ph  ~N<F ocH; Nz OEt
15
o



deisBEEY qns for i nt ranasal
adm ni stration. Aer p i WA@E}]} ons sluitable for inhalation may
i ncl ude woO 88730588 ons and sol ids | ~form whi ch nmay BETAUSINIZH295
conbi nation w th -a—-pharnmaceutically accept able carrier, such as an

i neﬂr’co Al so 4 mBBuded are solid form preparations
mﬂ‘\mi i\ g&‘ ed to be converted, shortly before use, to liquid form
pre er oraI orHpar ent eral adninistration. Such 15 Ii qui d

forns i ncl ude solutlons penki ons and enul si ons. The
conmpounds of the inventi cwr ZalNg 0 RS delo ergbl e ran mal ly. The
transdermal conpositions can take rg:! of , | dtiops,
aerosol s and/or enul sions and e Be tr omal patch
of the matrix or reservoir type as are 20 conventlonal ih the art for this
pur pose. Preferably the conpound is adm nistered orally.
Preferably, the pharnpg u@H:aI M eparation is in unit dosage form In
such form the prepara on-i’s subdl vided into unit doses cont ai ni ng
appropriate quantiti d€Jof the active conponent, e.g., 25 an effective
amount to achi eve the desired purpodp. i The quantity of active
conpound in a unit dose of preiga+et @M JpRyYRMe varied or adjusted from
about 0.1 ng to 1000 ng, nore prefggably from-about 1 ng. to 300 ng,
accordi ng5t o the particular application. 30 The actual dosage
enpl oyed may be_vamrmtednpendi ng upon the requirenents of the patient
and the severity of thﬁ)co P being treated. Determ nation of the
proper dosage for a ”Bh%cu ar S|tuat|on is within the skill of the
art. Generally, ttZht isdiandi ated with smaller dosages which are
| ess than 35 the optl(nyjn drib @f héhgoepaRAIRgl; Thereafter, the dosage is

i ncreased by small ingrenents until the optinum effect under t he
circunst dfces is rea i“éd For convela ence, tlbe total daily

Liquid form preparations may al

-130-
——c— (Cng-—-C—R”
wherein:
(1) =zisO;
(2) R22js -NR24R25; and |
15 (3) R24 and R25 are independently selected from: H,
-NHg, alkyl, alkoxy, -OH, -CH2CO2H, or -OCH2CgHs; and
(G) '
O o)
i i
~—C= (CHy);—C~R?2
wherein:
20 (1) zis1,2,3,40r5;

(2) R22 s selected from:-OR23, -ONa, -OLij, alkyl,
s
-NR24R25 or s .
(3) R23is alkyl; and
(4) R24 and R25 are independently selected from H,
25 -CH(OCHs] CH(CHz3)2,

00O

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

This Sheet Has Been Repiaced
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dosage may be divided and adm n
desi red. The anmount a I nistration of the
conpounds oWQ#8B05%8,enti on and t\h ceutical |l y accept abl ®CIUS9%R4295
thereof will be regulated according to the judgnment of the attendi ng
clinician considering such factors as ad89 condition and size of the
patient as well as severity of the synptons being treated. A typical .
recommended dosagebr egi Fha dognpound of amynofiGlaimsi b8 swhéradm R isy to 2000
ng/ day pref ers%%é’theltpﬁlo?n#e ép%%%rm{égggﬁnknoﬁva be gRur divided doses to

: e to unds

bl ock tunor growt are—-non-toxi c when adm ni stered

during the day if

within this dosage range. . The followi ng are exanpl es of
phar maceuti cal dosgge fm&&qiﬁp%kﬂ‘oﬁaﬁz%ﬂmaﬁﬁgﬁawmeﬁi@ﬂé‘@?? lon..
The scope.of the i nvention in its pharmaceutical conposition aspect is

not to b limted by the exanpl es provided.

Phar maceuti cal DosAge FDhedomppuerl of any of Claims 1-6 selected fronXAMPLE A
Tabl et s No. | ngyedi e/H AnNg/tapl et ng/tablet

1. Acti ve conpound 100 500 Lact ose USP
122 113 Rt ‘ argh, Foed G ade 3 r3 40

as a 10% paste in 1fied te orn Starch,
Food G ade 45 5 Magne edNLe 3
7 Tot al ' 30 ' 00 20

Met hod of Manuf acture X M %1#4legrNos. 1 an \WRA suiledbl e ni xer
for 10-15 m nut es. anuDatethe m xture with Itenﬁz. 3. MII the
danp granul es throug oar s¥een (e.g., 1/ . 6 [

cmWif 25
0

o) O
wherein R}, R3 and R4 are each independently selected from
halo; and A, B, X and W are as defined in Claim 1.

10 ' '

8. The compound of any of Claims 1-7 wherein R! is Br;
R3 is Cl; and R is Br. .

9. - The compound of any of Claims 1-8 wherein said
15 compound is a compound of the formula:

10. The compound of Claim 1 selected from:

A 0

This Sheet Has Been Replaced




-131 - necessary and mx wth eﬂﬂ rlmﬂﬂﬂrlm for 10-15 mi nutes.
Add Item No. 5 and mx for 1-3 m nut I Xture to

appr opr i atwosismessand wei gh on a suitabl e & abl ef' mchf ne. PCT/USIT/24295

EXAMPLE B Capsul es No. | ngr edi ent
nmg/ capsul e 1. Active conpoliad - 100 500 2.
Lact ose USP 106 123 3. ,.wannékafﬁﬁf“ﬁood
G ade 40 70 4. Nhgnesiunlstear%tﬁyNFW.ﬁss‘~*““'d

7 Br Cl 253 ‘ 70@'F$\,-%tggc_i\ of
Manuf act ur e M X 2 and 3 in a buiakie-prender for
10-15 10 mnutes. Add |teq =i x (B 1-3 minutes. Fill the

m xture into suitable two- pleéb hard gel atin capsu#F on a sui tabl e
encapsul ati ng nachi ne. Bhile the pregen Fi;i on has been
described in 15 conjunction flclenb08;2€ set forth above,
many alternatives, nodifi®g f wll be

appar ent to those of ordingry gkilljin the t. All such alternatives,

nodi fications and variations ar d to fallOwithin the spirit
and scope of the present inverRion. 20 >
- 132- VWHAT IS CLAIMED | S:
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é. or 2 Sﬁgir)?rggguﬂ C;Ih?ayf g(r:(r:rglp)?abl e salt H“MU\\‘}L“W\IE ‘Ul) wher ei n: %[serr]

one of a, DYOSSRMRE8J represents N or NRO Whefein Rerr] is O PCT/USy7842
or -(CHerr])[err]Cerr]H wherein nis 1 to 3, and the remaining a, b, c

and d groups represent CRlerr] or CR[er]f‘H “or each of a b, c,
and d are independently selected fromCRerr] 10 loryiSRMureT HAS REF N + each
Rlerr] and each Rerr ’ ently sel ected flfrom- cp ha

_CF[err] m[err] - CORL g Q;(O)tR[ rj‘:j'l /\qh Mpht 1§l0 1 or

2), -SCN, -N(R[err])[err]\ ]Ci\FG err], OC(O)R[err]

-CdJerr]Rerr], g ‘ - HC(O)R[err]

-Nquerr]R[err], CC]\IHR[err] [0 HCH[err]CH[erﬁ% -NR[err]COCR[err],
[err] -SRerr]C(O @ , -S @rr]l\i(xR[er ) @Hg] wherei n each
Rlerr] is independently selegted _fro err],

benzotri azol - 1-yloxy, tetrazol>®* N } \ﬁ( bstl?uted

tetrazol -5-ylthio, alkynyl, alkepyl jor alkylf ’2p aid al kyl or al kenyl
group optionally being substltkj) al ¢, -OR[err] or
-CJerr|Rerr]; R3~and R err] the sane or different and

each |ndependently represents H, anyNof It he substituents of R err]
and Rlerr], or R3 and R4 taken togetml\‘se resent a saturated or
unsaturated 25 Clerr]-Clerr] fused ring to the nzene ring {Ring I11);

heet Has Been Replaced
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- 133- Rlerr], Rerr], Rerr] and Rl err] each independently
represents H, -CF[err], -COR[err], alkyl or aryl, said alkyl or aryl
optlonaIIyVMDuylss&ubstltuted with -OR10, -SR[err], -S(erfaspi/zesr],
~NR[err}COORert;, -N(Rerr])[err], -NJerr], -COR[err], -OCOR[err],
- F(Ierr]R[err] CPqefrl]ﬂerr], or R is 5 conbined with
Rgmm@{m“““m or =S and/or R7 is conbined with R8 to repre X.
= oL mos VL

R10 represg H, alkyl, aryl, or

R11 represents al kyl or
may contain an optional
carbon atom 11;
represents an optional such that when a double bond is
present, A and B independently repfe3§ -Rlerg], galo, -ORlerr],
-OCderr]Rerr] or -OC(ORerr], en no uble bond is present 15
bet ween carbon atons 5 and 6, A anmdy ! y r epr esent
Herr], -(ORerr])[err]; Hand halo al kyl aﬁd H (alkyl)[err],

-H and -OC(O R err], Hand -OR[err | and A SR err] or -0-

Clepr esent §

10 Epresented b fted—+ime) to

(CHerr])[err]-O wherein p is 2, or 4 and sWrepresents a
group selected fromthe group consisting of: 20 (D)

(2) [err] _ (3) (4)
[err] 25 wherein: Br s_ggl ect ed fromthe group

consisting of: (a) H (b)

CHj;
CHj3
5 ;
Br > Cl
\
N (12.2)
Br
0O ,CHa
Jk/\/N\
w o
(s

This Sheet Has Been Replaced
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(c) aralkyl; and (d) heteroarylal kyl; ”"m”m and Rlerr] are
each independently selected fromthe ‘"HI t| ng of : Eag H; (b)
-C(C»CR[erFYORWE n R16 represents 30 *al Kyl Lt ara *

(c) -SOerr]Rerr] wherein Rerr] is %ﬁg}selected fron1the group
consisting of: NHerr], -N(al kyl)[err]” rein each al kyl is the sanme
or different, alkyl, aryl ar al kyl __het eroaryl and heteroaral kyl; (d)
-C(ORerr] wherein Rerr] i : ) omt e

- 134- group consi s#’n of - é1ar al kyl, hef SHIS,PHEET HAS BEEN
heteroaral kyl; (e) ([err] alRyl: ' (ggqa(g) Cetr] cRERVACED! -

r is 0, 1 or 2 : 5, and each Y for
each -CY2- 5 group is |ndependent N B ected fromH or -OH provided that
both Y substituents of each -Cy2-[grojp are n -OH, and provided t hat
for the -CY[err]- group alpha to enJot b Y sGHgtituents are
H, such that the group N N [err] 10

forms a 3, 4, 5, 6, or 7 nmenbered rj v |§H@ 1 or 2;
Rlerr] is selected fromthe group g of: . (a)
het er oaryl ; (b) a group selected from !
[err]
Br— 7/ cl
\ (86.0-B)

This Sheet Has Been Replaced
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E?g % O;:Ir;lgerr] coer rH“\“ ‘ ll II“U[‘“‘UWCI oal kyl sel,t(a(?% e;jgf-l,r o;n?htzfgr oup

consi st i NngWO 98/30888; o PCT/USP724295 1 |
5 - an Z|301234or5whe__e

each -CHerr]- group is e afEN'
TH‘S l-t‘l r’:'v..vtE-. ’
L.——""—' -

.-———"“‘”_.-' -

> Cl
\ CH

3
N/ Hscy/ CH,
H
Br o Y o

PSSR

2,
“OH

(24.0-B)
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gglt ;g:\ghl ?rz%bStzar trJ} ed vvrlgh a - OH gro ﬂ"lﬂ"lﬂ)‘l"“ﬁll@]m repr esents a group

(6) -OR] er "YOMREPSBN Rierr] is selected fromthe group cmpg’(zﬁb”of

al kyl, aryl and H, and
and Rlerr] are independently sel ect

(7) err] wherein R err]
ed T18Mine 15 group consi sting of:

-NH err], alkoxy, -OH -CHerr]CJerr]H, -OCH[err]Ph,

-CH(OCH[err])CH(CH err]) err]
or R24 and R25 take el

to which they are bound forma™B or
2. The conpound of C aim1 wherej
fromthe group consisting of: Br B
group consisting of: Br and O ; R
consisting of: H Br and C: Rerr]
B are each H2; and the option
- 136- 3. The conpou@
sel ected fromthe group consisting
5 wher ei n:

S

aral kyl, and heteroaral kyl :
q}on chain having 4 or 5
toget her with the Litrogen

hered 20 (6BeD-Bocycll THEKSHERT HAS s
Reerr] is H Rerr] is, ngﬁﬁéﬂﬁ

v ]
)

is ¢blected -0
1\fromthe 25 group
N fr],NRelff] \and Rlerr] are H, A and

bogd bet wee and C6 i s absent.
0 ofCIarrrlewherernWrs
of : OHA) [err]

This Sheet Has Bee
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(1) ris O (2) m‘a ed fromthe group consisting
of : (a) H (b) al ky““\m ‘I“alu“ Hmnd (d) heteroaral kyl ;- and .
(3) Rlerr] V¥@88/38588 r| are i ndependéentty 'sel’ect'ed fromthe 10PCTIUS97124235 oup
consisting of: (a) H (b) -C(OORerr] wherein R16 is al kyl; (c)

-Sgerr]Rerr] wherein Rerr] is al kylk b46a'ryl (d) -C(ORerr] e
wherein R err] is aryl; and (e) al kyl; (B) - £ lpcEN
15 wher ei n: ris 1 or 2; THIS SHEE ﬁéa)a'&
Rlerr] is H and Br s -Clis al kyl and Rlerr] RePLAC
al kyl or -C(OOR[err] Rlerr] i g6a0-B)l ; 2 (O
[err] wher ei m _ (1) sis 1l 2,6 3, 4 o0 5
and (2) R[err] is gefrected fromthe group consisting of:
(a) 25 Hand -C(O OR errg” wheEin Rlepr] is atsol;
(D) err] wher ei n:
(1) v is 0; 30 (2) , N\/l
o ;
Br > Cl
>
9.0-B
N - (9.0-B)
Br

(11.0-B)

CH,

=

T o
Y Oy
(9
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-137 - (3) Rerr] is sel ect con5|st|ng of : [err]
-138- [err] : ﬁ“‘mﬂﬂﬂ @)“Tm) is 1 0qu1‘IUS97124295

[err] WO 98/30558 wher ei n:

(2) R[err]_ is H and (3) R[err] I s heterocycloal kyl: 10
(F) o [err] - -~ wherein: (1)
z is 0; ° (2) Rerr] is -NR[err]R[err]: and 15 .
(3) Rerr] and R err] ar&indep tly selected from H,

: S

(12.0-B) | THIS SHEET HAS BEEN
REPLAGED

(13.0-B)

N N
T O a—

Y Oy
(o]

(20.0-B)
Ph

4
. J\/NJ
T

-
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;iwg[err]. al kyl , al(g) "II’ j‘ﬁ""lm_ij [I!'CQerr]H or -Ejgr-lg]err]qerr]H[err]

wherein: X900 98/30558 PCT(UBPT22P8rr]
is selected from-ORerr], -ONa, -CLi, alkyl,
-NR[err] Rl err]or (3) -RBi-s al kvl : and (4)
Rlerr] and Rlerr] are independent] y sel ected fromH, gTH'S SHEET HAS BEEN |

-CH(OCH[err])CH(CI—I[err [err] REPLACED i

139 A W@ dainms 1-2 wherern Wis d

sel ected fromthe group c nlA [err]
wherein: " - GEF r is (21 0-Bf (2)

R[err] is selected fromthe grou é‘bmstlng of (ﬁ) H, (b)

al kyl; (c) aralkyl; and (d) hey€rogr kyI and / , (3) Rerr]

and R[err] are |ndependently s¢l ectjed fromwl\} 9/—CHs group consisting
of: (a) H (b) -C(OORerr] whe . alkyl; (c)
-Sgerr]Rerr] wherein Rerr] isjalkyl orjaryl; (d) ccqsi))R[err].

(26.0-B)
NO,
N
Br = cl
\ (30.0-B)
N H
B

PSS
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18 " Vlherern O ky'u) MIIIIIHHIIIcIIIlHLIlIWﬁIII ()

Rlerr] is FWOARE0SS Rlerr{ is al er PCTAUSIH24298 Kky|
r -C(OOR err] whereln R[err]gls aIkyI 20 (O
[err] wher ei n: (1) s sl 2.3, .4c0r 5
and ' (2) Rerr] is selected fromthe grpu@itcgmpg*s{.,}\g%;@f\,
(a) 25 Hand -C(g ORlerr PQr ejn RLﬁ:rr] is alkyl; == ACED

(1) v is-8--30- 200

(D) wher el
R15 (3#.0eBected fromthe group

(2) Rerr] is H and
consi sting of:

(38.0-B)

B oy

N._.N_

,U\/ ~S” “CH,4
0,
0~ .

[
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.

[err]
and -OH, -CN;

| NN lll\\ \\I\l\H!I\

[err]
[err]

wherein: wo98/30558 * Vvi's or 2; PCT/US97/24295)
Rlerr] is H and (3) Rlerr] is heterocycl oal kyl :
10 (F) - 150 - [err]
wherein: - (1) z is O; THiS SHEET HAD) BERY dr.r]
is -NR[err]Rerr]; and , (3) Rer andRBP{eﬂE]O are
i ndependent |y sel ect ed PRqp Cl - NH[ ~r--]~— ar Koxy.
-OH. -CHerr]Cderr]H or \OC fH err]: (3990-B)
(G err]
H

Cl

Cl
(52.0-B)
o —
L vy
CO,H

(53.0-B)

o

o »

Et = ethyl

This Sheet Has Been Replaced
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\(M;)ergzg s sel etz:'?ed from - CR[eg rl% -ZI N HIH[}M”H'EWF’“"’

- NR[ er r] R[ eVPPB/p0SS8 er'r] "i s®al kyl : anBCT/US97124295

(4) R24 and R25 are independently sel ectl%ci fromH. 25

-CH(CCH err])CH(CH err])[err]. [err] S
conpound of any of Clains 1-4 wherein R4 is H. THIS SHEET HAS BEEY |
The conpound of any of g ai gz Awherei nu,R4 is se| ect eREPLAGER he

group consisting of: d sy Br
Cldains 1- 6 wherein X is QH.
Clains 1-7 selected from

: The conpourd—of—any of
8 . Tida®B)ound of any of

Br o) F'- N
w /U\/N\%\ o
CH
o 3

(55.0-B)

L5

CO,CH,Ph °

Ph = phenyl

(56.0-B)

Br cl

N (57.0-B)
Br

0 N=

J
O
O
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wherein Rerr], Rerr] and R err] are each independently selected from
hal o; and A, B, X and Ware as defined in CCaiml. 10 9. The

conmpound owaes/30s58 Cl ai ns 1-8 wherein Rierr] is Br; R[ ePCrAiSe7/24295 and

Rlerr] is Br. 10. The conpound of any of dains 1- 9 wherei n
said 15 conpound is a conpound of the-flBb2Zul a:

M o o oS o]

.y '\
Br

[ Salal B

R ..!.
cl l-—m-'— T

(75.0-137"

IS

(76.0-B}

OEt

(77.0-B)

o)
Br O HN ’«
JW N
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143 S
[err] [err]
LT

WO 98/30558
e s PCT
TUS97/24295

- 153 -

r=~_.._~_
H ..,___-___

' ,ﬂ £E i

—

(82.0-B) T T—ili ’.

JVD

(85.0-B)
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[err] [err] 148  [err] [err]
WO 98/30558 o : : P

HAS
- 154 - THS S:ég\_AGED

Bt

Cl
aress (NN IIIMII'HIISI Il

Br S cl
\ N (14.2)

ow*”o |
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150 [err]

~ wosaasse | IMHN ) NN pCTssadrss
LT i ) *+ ¢ L M s
. : - 15

5 -

BEEN
SHEET HAS
THIS SepLacED !
(23.0-B)

(32.0-B)

Br

o ¥
N_
)L/O“JY "
o)
o) :
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151 (2 1.0-B) [err] (34.0-B) [err]

WO 98/30558 ) rcrrus97/24295

——————

Hllllll Hllﬂ lllﬂ Ul

- 156 -

THIS SHEET HAS BEEN j
REPLAGED
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[err] [err]

il
WO 98/30558 l |II !

[err]

156
| S——

Bre_/ ) cl
- (72.0-B)
N H
Br le)
J]\"/CHS
N
J\/O °
o
cl
B (81.0-B)
=N

Br o)
7/ \
o)
o . :

Thls Sheet Has Been Repl
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ert 158 oo Mgy e e

WO 98/30558 PCT/US97/24295
- 158 - [y T HAS BEE
: THIS SHEE
1 REPLACED - .
Br =S al
\
N’ (15.2)
Br o
OCH
(o]
(o)
Br == Cl
\
N (15.3)
Br o o
5 o ;
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(60.0-B) [err] 161 0 [err]
wosmasss LI T —

S

159 -

THIS SHEET HAS BEEN |
REPLACED
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or pharmaceutically acceptable salts or solvates thereof.

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

12. The method of Claimm 11 wherein the cells treated are
pancreatic tumor cells, lung cancer cells, myeloid leukemia
15 tumor cells, thyroid follicular tumor cells, myelodysplastic tumor
cells, epidermal carcinoma tumor cells, bladder carcinoma tumor
cells, colon tumors cells, breast tumor cells or prostate tumor
cells. T T
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13. A method of inhibiting farnesyl protein transferase
comprising the administration of an effective amount of a
compound of any of Claims 1-10.

14. A pharmaceutical composition comprising an
effective amount of a compound of any of Claims 1-10 in
combination with a pharmaceutically acceptable carrier.

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

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

17. The use of a compound of any of Claims 1-10 for the
inhibition of farnesyl protein transferase.

18. The use of a compound of any of Claims 1-10 for the
manufacture of a medicament for the inhibition of farnesyl
protein transferase.
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