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USEFUL FOR | NHI BI TI ON OF FARNESYL PROTEI N TRANSFERASE 5 BACKGROUND WO
95/ 10516, mddsrmlbed April 20, 1995 discloses tricyclic conpourefussfbse f or
i nhi biting farnesyl protein transferase. In view of the current interest in
i nhibitors of farnesyl 10 protein transferase, a welcone contribution to
the art woul d be conpounds useful for the inhibition of farnesyl protein
transferase. Such a contribution is provided by this invention. SUWARY OF
THE | NVENTI ON 15 Thi's invention provides corrpounds useful for the
I nhibition of ? Qe Rrir! BoNTh 6 PARTY a¥
I nvention are ; AT 176
acceptabl e salt or sol vate thereof K ZBRANSFERABENNe of a, b, and d
representg N or NR9 wherein RO is 0-, -CH3 or -(CH2)nCO2H wherein nis 1 to
3, and the repaini , c and d groups represent CRL or CR2; or each of
a; b, ¢, and M&@@mently selected from CRL or CR2; 25 . each
Rl and each R2 is WOe985/il051l6y pablished Apﬁmzt) hags méﬂo@es]tncfai@rr]
(e-g.. )éomCOﬂn&s hiseral ¥6r il]Ih{bltﬂlg farnesyl protein transferase.

In view of the current interest in inhibitors 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.

I
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, c and d represents N or NR? wherein R® is O-, -CH3
or -{CH2),CO2H wherein n is 1 to 3, and the remaining a, b, ¢
and d groups represent CR! or CR2; or _

each of a, b, ¢, and d are independently selected from CRI
or CR2;

25 each R! and each R? is independently selected from H,
halo, -CF3, -OR10 (e.g., -OCH3g), -CORI10, -SR10 (e.g., -SCH3 and
-SCH2CgHs), -S(O)tR1! (wherein tis O, 1 or 2, e.g., -SOCH3 and
-S02CHa3), -SCN, -N(R10),, -NR10R11, -NO,, -OC(O)R10, -CO2R10,
-OCOgR!1, -CN, -NHC(O)R10, -NHSO2R19, -CONHRI10,

30 -CONHCH3CH20H, -NRIOCOORI!!,



-SCH err]err]Herr]), -S(OtR err] (V\,herei.nt is O, 1 or 2, e.qg., SOCHB
and -SOerr]CHerr]), -SCN, -N(Rerr])[err], -NRerr]Rerr], -NJerr],

N - 000 . -CON, -NHC(O
SR er, S Rar, T R i
-NR[err] COOR[ err], WO 98/ 11091

PCT/ US97/ 19976 -2- [err] -SRerr]C(OORF&+¢] (e.qg.,

-SCH err]CJ err]CHerr]), -SRlerr]N(Rlerr])[err] wherein each R75 is
i ndependent|ly selected fromH and -C(O)OQ[ (e.qg.;

-S(CH err])[err] NHC(O) O t-butyl and -S(CHE I[err]NH err]),
benzotriazol-1- 5 yloxy, tetrazol-5-yl-th br substituted
tetrazol -5-ylthio (e.g., alkyl subsPitutg

_ d t€trazol -5-ylthio such as
1-nethyl -tetrazol -5- ylthio), alkynil, i keanng al kyl, said al kyl or

al kenyl group optionally being su stiwtewi.th hal o, -OR[err] or
-Q[err]Rerr]; R3 and R4 are the samdl or &lifferent and each 1 0
i ndependently represents H, any of the subStituents of Rl and R2, or R3 and

R4 taken togeidRI1ECADJOREN e 3. saSg}pé @HWSS‘R”W(ﬂﬁH Qﬂi&reﬁl%afch fused
ring to the begépne rcltgnggqf@q? I Ie}éq:teg\?f Ig%é (2%(539?‘?1 h I ndependently
represents H R tly l'&F?I a or (&8 yl optionally
bei ng substi ti8(@HIRNHC(0)O lancB%(IBH]z)zNHzQ) beheotdiazol-1- .
-NRLerr] CgOQ[)?lrorxL", téﬁf&?fé-bi-[tﬁ%, or _sNucgsEﬁtrdtbd tetrazol-5-ylthio (e.g.,
alkyl substituted tetrazol-5-ylthio such as 1-methyl-tetrazol-5-
ylthio), alkynyl, alkenyl or alkyl, said alkyl or alkenyl group
optionally being substituted with halo, -OR10 or -CO2R10;
R3 and R# are the same or different and each
10 independently represents H, any of the substituents of Rl and R2
or R3 and R4 taken together répresent a saturated or unsaturated
Cs-C7 fused ring to the benzene ring (Ring III);
RS, RS, R7 and R8 each independently represents H, -CF3,
-CORI10, alkyl or aryl, said alkyl or aryl optionally being substituted
15 with -OR10, -SR10, -S(O}tR11, -NRIOCOOR!!, -N(R10)z, -NOg,
-CORI10, -OCORI9, -OCO2R!1, -CO2R19, OPO3R19, or R5is
combined with R6 to represent =O or =S and/or R7 is combined
with R8 to represent =O or =S;
R10 represents H, alkyl, aryl, or aralkyl (e.g., benzyl)
20 R11! represents 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, -OR11,
-OCO2R!! or -OC{O)R19, and when no double bond is present
between carbon atoms 5 and 6, A and B each independently
represent Ha, -(OR11)g; H and halo, dihalo, alkyl and H, (alkyl)s,
-H and -OC(O)R10, H and -OR!9, =0, aryl and H, =NOR!9 or -O-
30 (CHg)p-O- wherein p is 2, 3 or 4; and :
W is selected from the group consisting of:
(1) cyano (i.e., CN);
 (2) -C(O)R!2 wherein R12 is selected from:




-COR[err], -OCCOR[err], -CCOerr]Rerr], -CO[err]Rerr], OPJerr]Rerr], or
R5 is conbined with R6 to represent =0 or =S and/or R7 is conbined with R8

to represenwo9/109=S: R[err] represents H, alkyl, aryl, or arerhishr/{997§. ,
benzyl); 20 Rlerr] represents alkyl or aryl; X represents N, CH or
C, which C may contain. an optional double gond (represent ed by the dotted
line) to carbon atom 11; the dotted |ine betvveen carbon atons 5 and 6

t t | t 5
prosent. A and B :ﬁggpengﬁm yﬂ?@?‘é@%ﬁ?“‘ e?:rﬁi pfie Byl e 42 &
-ocq er r] R er r pysidyllodndolyb (6.8, 5 I{e. gaoﬁ’dpynqubsand Net ween
carbon atoms SegBgtifutel qefg i Nian%lsgﬂtdl 1 s6@teae N-dikylpymmol-2-

(CR[err])[errJ4 a}rild h and
-OC(O R err] S NOR[ err] or -0- 30
(CHerr])[&Tr]-O V\:hEI’EI('Ib))I'B 2 30r 4; and Wis selected fromthe group

consisting of: (1) cyano C )Rl err] wherein Rerr] is
sel ected from WO 98/ ﬁbQ%ﬂqﬂq@g" é)Hé)%P

PCT/ US97/ 19976 -3- (a) alddt e subgtityentpf thofoomadal e, pyridyl (e.g., 3-

\HV\ H N\ \/\ N\(O ™\
N | O S -—N o
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OH
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wherein R28'is selected from -OC(O)R2?, -OH, -OC(O)NHC(O)CCls,
or -OC(O)NH2, wherein R29 is alkyl (e.g., -CHg3);

(3) an imidate represented by the formula:

NRIS
i)

Ve C‘ogm
15 wherein RI3 is selected from the group consisting of: (a) H, (b)
CN., (c) -SO2-alkyl (e.g., -SO2CHa3), (d) -C(O})-aryl (e.g.. -C(O)CgHs.
i.e., -C(O)phenyl), {¢) -SO2NRIORI5 (e.g., -SOaNHo), ()
-C{O)NRIOR!5 (e.g., -C(O)NHg), (g) -OR!0 (e.g., -OH and -OCHa);
and (h) -C(O)NRIOC(O)NRIOR!S (e.g., -C(O)NHC(O)NH2); R14 is
20 aryl; and R10 and RI!5 are independently selected from the group
consisting of: H, alkyl, aryl and aralkyl;

(4) an imidamido (amidino) represented by the formula:

NR13
i

10

/7 C‘NR10R16
wherein R13 is selected from the group consisting of (a)H, (b) CN,
25 (c} -SOg2-alkyl {e.g., -SO2CHag), (d) -C(O)-aryl (e.g., -C{O)CeHs, i.e.,
-C(O)phenyl), (e} -SOaNR1IOR!5 (e.g., -SOoNH3), (f) -C(O)NR1OR15
{e.g.. -C(O)NH3), (@) -OR10 (e.g., -OH and -OCHa3); and (h)
-C(O)NRIOC{O)NR1ORI15 {e.g., -C(O)JNHC(O)NH3); R16 is selected
from the group consisting of: alkyl, aralkyl, aryl, cycloalkyl,



pyridyl), indolyl. (e.g., 2-indolyl), pyrrolyl (e.g., 2-pyrrolyl) and N
substituted pyrrolyl (e.g., Nalkylpyrrolyl such as N-al kyl pyrrol -2- yl,

such as, N-nethylpyrrol-2-yl); 5 (b) H (c) alkyl (e.qg.,

“CH err] ) WOBMMBY 5 gubstituent of the formula: [err] 10 \M"%/:I’IESS?7%9€PI’] is
selected from-OC(O Rerr]. -OH -OC(ONHC(O CO [err]. or -0OC(O) NH2,
wherein R29 is alkyl (e.g., -CH); (3)-an-imdate represented by the
formula: 15 wherein R13 is selected fromthe group consisting of: (a) H,

(b) ON. (c) hédreary. }elhdswroéﬁl%r 1 arietDhetéddeyichodllo]; Rﬂ9mﬂ@158ébé aée 9.

Scpery et e i ek A i i, AR AL - err]
(e. go- e A edei]il)lcdegmdpsr -C(O NR[err] C(O)NR[err] R[err] (etlg ,
scca:l( e)ct ecci:(fzom % he. ségup consi S?I néﬁsﬁh h@%t% an ara en(43/ an |

I m dam do (am di no) represented by the fonrm [err] wherein R13 S

sel ected fromthe group consisting of ().GL (b} CN, 25 (c) -S(err]-alkyl
(e.g., -Bgerr]CHerr]), (d) -(O-aryl 1eMHR® O Jerr]Herr], i.e.,

- (O phenyl )whiegein iy A8idefiriddabovt; aadg. . - S2NH2) , (f)

: gCS% gﬂ f; ;r] E[ngr E ]h)(%? & subs%giecnt[g{{l'le)forgﬁ&la- OR[er r] (e.g., -OH and

/\No -eg/\,

The compounds of this invention: (i] potently inhibit

10 farnesyl protein transferase, but not geranylgeranyl protein
transferase I, in vitro; (i) block the phenotypic change induced
by a form of transforming Ras which is a farnesyl acceptor but not
by a form of transforming Ras engineered to be a geranylgeranyl
acceptor; (iii) block intracellular processing of Ras which is a

15 farnesyl acceptor but not of Ras engineered to be a geranylgeranyl
acceptor; and (iv) block abnormal cell growth in culture induced
by transforming Ras.

The compounds of this invention inhibit farnesyl protem
transferase and the farmesylation of the oncogene protein Ras.

20 Thus, this invention further provides a method of inhibiting
farnesyl protein transferase, (e.g., ras farnesyl protein transferase)
in mammals, especially humans, by the administration of an
effective amount of the tricyclic compounds described above.

. The administration of the compounds of this invention to

25 patients, to inhibit farnesyl protein transferase, is useful in the
treatment of the cancers described below.

This invention provides a method for inhibiting or treating
the abnormal growth of cells, including transformed cells, by
administering an effective amount of a compound of this |

30 invention. Abnormal growth of cells refers to cell growth
independent of normal regulatory mechanisms (e.g., loss of
contact. inhibition). This includes the abnormal growth of: (1)
tumor cells {tumors) expressing an activated Ras oncogene; (2)

'Z




-C(ONRlerr] (O NRerr]Rlerr] (e.g., -C(ONHC(O NH err]); R16 is selected
fromthe group consisting of al kyl, aral kyl, aryl, cycl oal kyl, WO
98/ 11091 woO 98/11091 PCT/ US97/ 1997BCTAIS97/19976
heteroaryl, heteroaral kyl and heterocycloallyl; Rerr] and R15 are as
defi ned above; and Rlerr] and R16 are in pendently selected fromthe above
defined groups:; (5) 1-am no-2-nitroethyl ene derivatives of the forrml a:

[err] 5 wherejn R10 i ove 6 f

Formul a: | Lor r i el 35 vibloH e RAY Rroffi i Aoy Bl bhid Sebufl of 1
far netsyl pEp_tennogentcshmtwﬂaontim anothge geng! gaxchi(3) benigriand r ansf erase 1.
invitro; (ii : ingvfl'ﬁ

t ransf orming %ﬁk%&%%nghﬁgﬁ%%&%ﬁ %rl?%gﬁot y aﬁﬁo%’neo t

. transform ng Ras activatdenaecugspe a geranyl geranyl acceptor; (iii) block
intracel | g ar procmgrigvehtmagb ij}oi,fde% ASmetBbdctoy! nﬂﬁﬁ%grmbut not of

ol ot b+ Freating tonion gepwih by admisistethi & ‘effactive afticufit of' ™
the tricyclic compounds, described herein, to a mammal (e.g., a
human) in need of such treatment. In particular, this invention
provides a method for inhibiting or treating the growth of tumors

10 expressing an activated Ras oncogene by the administration of an
effective amount of the above described compounds. Examples of
tumors which may be inhibited or treated include, but are not
limited to, lung cancer (e.g., lung adenocarcinoma), pancreatic
cancers (e.g., pancreatic carcinoma such as, for example,

15 exocrine pancreatic carcinoma), colon cancers fe.g., colorectal
carcinomas, such as, for example, colon adenocarcinoma and
colon adenoma), myeloid leukemias (for example, acute
myelogenous leukemia (AML)), thyroid follicular cancer,
myelodysplastic syndrome (MDS), bladder carcinoma, epidermal

20 carcinoma, breast cancer and prostate cancer.

It is believed that this invention also provides a method for
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

25 itself is not activated by mutation to an oncogenic form--with said
inhibition or treatment being accomplished by the administration
of an effective amount of the tricyclic compounds described
herein, to a mammal (e.g., a human) in need of such treatment.
For example, the benign proliferative disorder neurofibromatosis,

30 or tumors in which Ras is activated due to mutation or '
overexpression of tyrosine kinase oncogenes (e.g., neu, src, abl,
lck, and fyn), may be inhibited or treated by the tricyclic
compounds described herein.

The tricyclic compounds useful in the methods of this

35 invention inhibit or treat the abnormal growth of cells. Without
wishing to be bound by theory, it is believed that these
compounds may function through the inhibition of G-protein
function, such as ras p21, by blocking G-protein isoprenylation,



by transform ng Ras. The conpounds of this invention inhibit farnesyl
protein transferase and the farnesylation of the oncogene protein Ras.

Thus, this_invention further provides a nmethod of inhibitin

protein tr¥AMPALe  (e.g., ras farnesyl protein transfer as%“t&ﬂgﬁéﬁrgl s,
especially humans, by the adm nistration of an effective anount of the
tricyclic conpounds described above. The6admi ni strati on of the conpounds of

this invention to 25 patients, to inhibit farnesyl protein transferase, is
useful in t hdbussmaling themhusefukcin thedseatment of proliferativerdiseases

provides a g éﬁ,%_trl hfﬁ% 8" cells,
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I nhi b|t|on) I nc nor{m growh of: (1) .tunor ce€lls (turmrs)
expr essi n (2) WO 98/ 11091

PCT/ US97/ 19976 - 5- tum)r ceI I S |n Whl ch t he Ras protein is activated as a

result of on BEF beni gn and

As used herein, the following terms are used as defined
below unless otherwise indicated:
10 Ac-represents acetyl:
MH+*-represents the molecular ion plus hydrogen of the
molecule in the mass spectrum;
M+-represents the molecular ion of the molecule in the
mass spectrum;
15 benzotriazol-1-yloxy represents

N
4
N

\
o=
-methyl-tetrazol 5-ylthio represents
N-N :

ﬁivks

CHg4

~

acyl-represents represents -C(O)-alkyl, -C(O)-alkenyl,
20 -C(O)-alkynyl, -C{O)-cycloalkyl, -C(O)-cycloalkenyl or -C(O}-
cycloalkynyl;
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 alkoxy, aralkyl and
30 heteroarylalkyl)-represents straight and branched carbon chains
" and contains from one to twenty carbon atoms, preferably one to
six carbon atoms;



mal i gnant cells of other proliferative diseases in which aberrant Ras
activation occurs. 5 This invention also provides a nethod for

i nhi biti ngwooet/awat i ng tunor growt h by. admini stering an ef f eporasommdaant of
the tricyclic compounds, described herein, to a manmal (e.g., a human) in
need of such treatnent. In particular, thes invention provides a nethod for
inhibiting or treating the growh of tunors 10 expressing an activated Ras

Gy bed Somounds Ll %ﬁe@%%umré%%%%h@%% HodHynd g
i ncl ude, but @rhalliymmtuu s definegd abeve prefegably aéls_%hgwupuiaorm) -

pancreati c cangpf AgpYs eat | c carcinoma such as, for exanple, 15
Such as. ?2?“&2&;?5&3@% T pfr ey o @raméﬁemmsv' vl anglel oid
| eukem as §( f Oars?mn?kﬂcy)a@ﬁesdﬁmﬁ Qgeﬂﬂbmycﬂw( (Mhimﬁ f¥omd6 to
o s AAREAB bl 1 g 0 oL R o
that this i nvimal phenykring owitle allaavailable substihitable cagbon atomas iofig
Cberrant 1y achrs Sayoeyele donfif o iR AL boplliE BilgR oy of o1 s are
genes--i.e., aHachmepbnsaitbcarboeyelic gl'ﬂlép keingepdanally rﬁ}!mf}itlhtqdo an
oncogeni q g or &g i koS8 With o b GRoPE dfNeabailkyl Hydrox§S dIRbkFhed by the
adm ni strati oy o oxy, CFs, amino, alkylamino, dialkylamino, -COORI® or -NOg;
‘cycloalkyl-represents saturated carbocyclic rings
branched or unbranched of from 3 to 20 carbon atoms, preferably
3 to 7 carbon atoms;
15 Et-represents ethyl;
halo-represents fluoro, chloro, bromo and iodo;
heteroaryl-represents cyclic groups, optionally substituted
with R3 and R4, having at least one heteroatom selected from O,
S or N, said heteroatom interrupting a carbocyclic ring structure
20 and having a sufficient number of delocalized pi electrons to
provide aromatic character, with the aromatic heterocyclic
groups preferably containing from 2 to 14 carbon atoms, e.g., (1)
thienyl (e.g.. 2- or 3-thienyl), (2) imidazolyl (e.g., (2-, 4- or 5-)
imidazolyl), {3) triazolyl (e.g., 3- or 5- [1,2,4-triazolyl]), (4)

25 tetrazolyl, (5) substituted tetrazolyl, such as
N,

[wherein R27 represents (a) aryl {e.g., phenyl), (b) alkyl (e.g.,
-CHa3) or (c) arylalkyl (aralkyl) (e.g., benzyl)l, (6) furyl (e.g.. 2- or
3-furyl), (7) thiazolyl (or thiazyl) (e.g., 2-, 4- or 5-thiazolyl), (8)

30 pyrimidinyl (e.g., 2-, 4- or 5-pyrimidinyl), (9) pyrazinyl (e.g., 2-
pyrazinyl), (10) pyridazinyl (e.g., 3- or 4-pyridazinyl), (11)
triazinyl (e.g., 2-, 4- or 6-[1,3,5-triazinyl]}, (12} 3- or 5-[1.2,4-
thiadiazolyl], (13) 2-, 3-, 4-, 5-, 6- or 7-benzofuranyl, {14)
benzoxazolyl (e.g., 2-, 4-, 5-, 6- or 7-benzoxazolyl), (15) indolyl -

85 (benzopyrroly)) (e.g.. 2-, 3-, 4-, 5-, 6- or 7-indolyl), (16) pyrazolyl
{e.g., 3-, 4- or 5-pyrazolyl), (17) oxazolyl (e.g., 2-, 4- or 5-



of an effective amount of the tricyclic conpounds described herein, to a
manmal (e.g., a human) in need of such treatnment. For exanple, the benign

proliferatjve disorder neurofibromatosis, 30 or tunors in ' @2@ |
activated MRI¥Y%Mitation or over expression of tyrosine Ki n\gétf@ﬁ 3#1623
(e.g., neu, src, abl, Ick, .and fyn), may be inhibited or treated by the

tricyclic conpounds described herein. The8t-ricyclic conpounds useful in the
met hods of this 35 invention inhibit or treat the abnormal growh of

cel I s. Wt houbxazelylhg(1i8) 2e Beowrd4bpyridybror, pyridyl Neixide ddptioatallyhese
d : ; SPYLIEYO] o Con. H
o o po1 " bgUBREithted RO 288 RYS Whita BmidyR IfgRde agtbeo™ Sue

PCT/ US97/ 19976epEeseniednBRi ng t hem useful in the treatnent of proliferative

di seases such as tunmor growm h gnd cancgr. Wthowt w shing to be bound by
theory, it is believed that th onp I Nhi IR ras farnesyl protein
transferase, and thus show ant{iproljifefati ye aac y 5 against ras

transforned cells. DETAILED DE TI THE MNNYEARTI ON As used herein,

the following terns are used as ¢efined j

O O
0O

5 (19) benzisoxazolyl, (20) pyrrolyl, (21) benzimidazolyl, (22)
isoquinolinyl, (23) quinolinyl, (24) pyridopyrazinyl. (25)
naphthyridinyl, (26) pyranyl, (27) benzothienyl, (28)
isobenzofuranyl, (29) isothiazolyl, (30) isoxazolyl and (31) an N-
substituted pyrrolyl

0 AW,

wherein R30 is selected from: alkyl (e.g., C2Hs), aralkyl (e.g.,
-CH2CgHs), -CH2C(O)NH2, -SO2CHa3, or -CH2C(O)OR3! wherein
R31 is H or alkyl (e.g., -C(CH3)3);
heteroarylalkyl (heteroaralkyl)-represents a heteroaryl
15 group, as defined above, bound to an alkyl group, as defined
above, preferably the alkyl group is -CHz-, for example, -CHa-(4-
or 5-)imidazolyl; _ -
heterocycloalkyl-represents a saturated, branched or
unbranched carbocylic ring containing from 3 to 15 carbon
20 atoms, preferably from 4 to 6 carbon atoms, which carbocyclic
ring is interrupted by 1 to 3 hetero groups selected from -O-, -S-,
- NR10- (wherein R10 is as defined above); suitable
heterocycloalkyl groups include: (1) tetrahydrofuranyl (e.g., 2- or
3-tetrahydrofuranyl), (2) tetrahydrothienyl e.g., {2- or 3-
25° tetrahydrothienyl), (3) piperidinyl (e.g., 2-, 3- or 4-piperidinyl),
(4) pyrrolidinyl (e.g., 2- or 3-pyrrolidinyl), (5) 2- or 3-piperizinyl,
(6) 2- or 4-dioxanyl, (7) tetrahydopyranyl; and (8) substituted
tetrahydropyranyl wherein said substituents are selected from
hydroxy and hydroxyalkyl (e.g., hydroxymethyl), for example



bel ow unl ess ot herw se indicated: 10 Ac-represents acetyl:

MH err]-represents the nol ecular ion plus hydrogen of the nolecule in the
mass spect rewgiosiiodr] - represents the nol ecul ar ion of the nol ecwhsommotrée
mass spectrum 15 benzotriazol - 1 -yloxy represents [err]

1-nmethyl -tetrazol -5-ylthio represents [errd acyl-represents represents
-C(O-alkyl, -C(O-alkenyl. 20 -C(O -al R;#])’/I , -C(O-cycl oal kyl .

-C(O-cycl oal kenyl or -C(O- cycl oal kyma' al kenyl -represents strai ght and
branched carbon chai ns having at | east carbon to carbon doubl e bond and
containing from2 to 12 carbon at d&@y, @y from2 to 6 carbon atons
25 and nost preferably from3 to 6 cqrbon atons; al kynyl -represents

strai ght and branched carbon chai ns i t | east one carbon to carbon
triple bond and containing from2 t 12(_?:ar n atons, preferably from2 to
6 carbon atons; alkyl-(including the alkyl poHtigpg of al koxy, aralkyl and
30 heteroarylal kyl)-tepresents straight and branched carbon chains ‘and
contai ns from one toph/'\g?ﬁ‘;ﬁﬁ%tﬁoﬂ Yis, preferably one to six carbon

at ons; The following solvents and reagents are referred to herein
. by the abbreviations indicated: tetrahydrofuran (THF);
5 isopropanol (iPrOH); ethanol (EtOH); methanol (MeOH); acetic
acid (HOAc or AcOH); ethyl acetate (EtOAc); N,N-
dimethylformamide (DMF); trifluoroacetic acid (TFA);
trifluoroacetic anhydride (TFAA); 1-hydroxybenzo-triazole
(HOBT); 1-(3-dimethylaminopropyl)-3-ethyl carbodiimide
10 hydrochloride (DEC); diisobutylaluminum hydride (DIBAL); and 4-
methylmorpholine (NMM).
Reference to the position of the substituents R}, R2, RS,

and R4 is based on the numbered ring structure:
4 5 6

1. 10

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

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

& \y /4

or R2

20



WO 98/ 11091 PCT/ US97/ 19976 - 7-
ar al kyl -represents an aryl group, as defined below, bound to an al kyl

group, as bove, preferably the al kyl group is

benzyl); ar%‘(} |nc uding the aryl portion of aralkyl, aryI oxf/cé{ﬁﬁg’gw‘

aryl al kyl oxy)-represents a carbocyclic group containing from6 to 15 carbon
atons and having at |east one aromatic-rl@g (e.g., aryl is a phenyl ring),
with all available substitutable carbon atonms of the car bocyclic group

bei ng i ntended as FosmpoundsoiFormulatl.Ocinalude cormpoundsowherein R%up
bei ng option 4 i fqu hal o,
al kyIg IrC:ydr o%’h&a k% thg‘?ow as&tggkgg%eh]héla @eréxlalﬂ)ng'ﬂééfgreﬁﬁ]eg% no,

-COOR] err] rselﬂgf Fomc§€l%‘ nyl Péﬁms&lasuﬁ'&t elic rings
branched or U’IfhEQéCétﬁﬁ pouridsPthelude 86 th@ﬂsabﬁé‘ﬁeinORafiérﬁP'tMefS-tO 7

chl oro, - bPonpPARiIonARd Ré'%%hﬁwie”t o ey Bre L EREL oot onal |y

substituted wCompBunds df4Foimwulad. etalsoaslchmde dorhpountisnwhekreir R? #&rom O
Sor N said petaf QRO RPLEI heflo ProRTABYy (inaeBgnaEBW Qéﬁected
from Br or CI).
Preferably, compounds of Formula 1.0 are represented by
10 compounds of Formula 1.1:

wherein all substituents are as defined for Formula 1.0.
Preferably, R2 is H and R1, R2 and R% are halo; ais Nand b,
¢ and d are carbon; A and B are each Hp; the optional bond
15 between C5 and C6 is absent; X is CH; and R5, R6, R7 and R8 are
H. More preferably, R1, R3 and R4 are independently selected
from Br or Cl. Most preferably, R! is Br, and R3 and R4 are
independently selected from Cl and Br.
More preferably, compounds of Formula 1.0 are
20 represented by comgour;ds of Formula 1.2 and Formula 1.3:
R

\J ’

and most preferably, compounds of Formulas 1.4 and 1.5



20 and having a sufficient nunber of delocalized pi electrons to provide
aromati c character, with the aromatic heterocyclic groups preferably

cont ai ni ng 0 14 carbon atons, e.g., (1) thienyl (e.g.p

3-thi enyl),w?(y)mllzﬁn%ldazolyl (e.9., (2-, 4- or 5-) imdazolyl), (E%‘)J trlazolyl
(e.g., 3- or 5- [1,2,4-triazolyl], (4) 25 ietrazolyl (5) substituted
tetrazolyl, such as [err] [wherein R27 r'eb ésents (a) aryl (e.g., phenyl),
(b) alkyl (e.g., -CHerr]) or éc) aryl al kyl (aral kyl) (e.g...benzyl)], (6)
furyl (e.g., 2- or 3-fury ) ®hiazolyl (or thi azy 4- or
5-thiazolyl), (8)_ 30 [ (9)'
pyrazinyl (e.g., 2 , . .

4-pyridazinyl), (11)\rig ., 2-, 4- or 6-\ yI]), (12)
3- or 5-[1.2,4- thiad on] #r3) 2-, 3-, 4-, 5-7 ‘ of uranyl ,
(14) benzoxazol yl (e.qg. A x 4- 5- %1@) or 7- benzoxazoly {415) lrgjol yl 35

(benzopyrrolyl) (e.g. - or 7- |ndonI pyrazolyl
(e.g., 3-, 4- or 5- pyraz (17) oyazol yl (e.g., - Jor 5- %NV\O

98/ 11091 _ PCT/ U 1 N

oxazolyl), (18) 2-, 3- or 4}pyridyljor pyridyl N-oxide (qptig¢nall

substituted with R3 and Rgm pyridyl N-oxide caow
wherein R1l, R3 and R? are each independently selected from
halo, preferably, Br or Cl; and A, B, X and W are as defined for
Formula 1.0. More preferably, A and B are each Hg; the optional

5 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 Hp: the optional
bond between C5 and C6 is absent; X is CH; and R5, R6, R7 and R8
are H. . _
10 Examples of -C(O)R12 substituents for W include groups

wherein R12 is selected from the group consisting of:

slsfeolveNed

15



represented as: [err] 5 (19) benzi soxazolyl, (20) pyrrolyl, (21)
benzi m dazol yl, (22) isoquinolinyl, (23) quinolinyl, (24) pyridopyrazinyl,
(25) naphth ri din I (26) pyranyl, (27) benzothlenyl (28) |sobenzofuranyl
(29) i sot hMYYVAp91 (30) i soxazolyl and (31) an N- substit ut cACHPSY#I99T6
[err] 10 wherein RBO Is.selected from alkyl (e.g., (Jerr]Herr]), aralkyl
(e.g., -CHerr]Cerr]Herr]), -CHerr] G(E¥NH err], -SOerr]CHerr], -
-CHerr]C(OORerr] wherein R31 is Hor alkyl (e.g., -C(CHerr])[err]);
het eroaryl al kyl (heteroaral kyl)-represents a heQeroaryl 15 group, as
defined above, bound to an al kyl gfjoup, as defi]ped above preferably t he

al kyl group is -CH2- sdg exanpl 7 G- (4- * DCICH
heterocycloalkyI-repﬂesen s a sajurated, bragched or un arbocyllc
ring containing to 15 20 preferablyfg_&ftoG
carbon atons, whic bocycmg s int pted by 1t ero groups
selected from-0-, -5, - NRferr]- (wherein Is as .defi ed ab&/e) '

sui tabl e heterocycl oal kyl ‘groups include: (1) tetrahydrofuranyl (e.g., 2-
or 3-tetrahydrofuranyl), (2) tetrahydrothi-en'- eng- d2- or 3- .8H

t et r ahydr ot hi enyIK/(i) pi p,erl di nyl &e(g\ 2-\3* *cf’ p\@fnyl ),
O (\ S NH ,
' v

%N—& N—/ -/ "OH

: ' f)
O—C—N— —cc13 O-C—-NH
ﬁ ﬁ < > 2 COH
_ \ N \éN \Cj \(j/c(oml-lz
S
X L
] ' ~
¢ =N N~ TOH, HO

Examples of imidates for substituent W include groups
wherein R13 is selected from the group consisting of: (1) CN; (2)
H; (3) -SO2NR10R15 wherein R10 and R15 are selected from the
15 group consisting of: H and alkyl (e.g., methyl); (4) -C(O)NR1CR15
wherein R10 and R!5 are selected from the group consisting of: H
and alkyl (e.g., methyl); (5) -SO2-alkyl; and (6) -C(O}-aryl.
Examples of imidates also include groups wherein R14 is aryl
(e.g., phenyl).
20 For example, imidates for substituent W include groups
- wherein R13 is selected from the group consisting of: CN,

10



(4) pyrrolidinyl (e.g., 2- or 3-pyrrolidinyl), (5) 2- or 3-piperizinyl, (6)
2- or 4-dioxanyl, (7) tetrahydopyranyl, and (8) substituted

tetrahydro erein said substituents are selected fro nd
hydr oxyal kwb?g'f‘g@,i\hhydr oxynet hyl), for exanple WO 98/ 110 Mg%%?

PCT/ US97/ 19976 -9- [err] Ph-represents phenyl. The foll ow ng sol vents and
reagents are referred to herein by the adet evi ati ons i ndi cat ed:

(VecH)? aceti cCAOINEaHle -SO3NER) - SOLNHCHS: Qs ksl -HOMNFCH;.
i o oSO OB mapi i 15 it
- (3-di net hyl )iszphenyl isrsglected fyemy the gromp ( DEC) ;

di i sobut yl al urdomsistingrofd<CND-EQ)NHap #1,4-SOsNHY!, *8O3NHOH3,( N\WM) . '
on the nurber cSOTNC HBRN KIOINTEE TOMNICHS. SS0dCHs i Xtojers. ot~

wi |l al so appreci atiExamgles lof ifidamnidos for substituent W include groups
wherein R13 is selected from the group consisting of: (1) CN; (2)
H; (3) -OR10; (4) -C{(O)NRIOC(O)NR1OR15 wherein R10 and R!5 are
H; (5) -SO2NRI0R15 wherein R0 and R15 are independently
10 selected from the group consisting of: H and alkyl (e.g., methyl),
(6) -C(O)NR10OR15 wherein R10 and R15 are independently
selected from the group consiSting of: H and alkyl (e.g., methyl);
(7) -SO32-alkyl; and (8) -C(O)-aryl.. Examples of the imnidamidos
also include groups wherein R10 and R15 are selected from the
15 group consisting of: H and alkyl (e.g., methyl); and wherein R16 jis
selected from the group consisting of: H and heteroaralkyl (e.g.,
3-pyridylmethyl). :
For example, imidamidos for substituent W include groups
wherein R13 is selected from the group ¢onsisting of: CN, H,
20 -OCHgs, -OH, -C(O)NHC(O)NH2, -SO2NH3, -SOsNHCH3,
-SO2N(CH3)2, -C(O)NH3,. -C(O)NHCH3, -SO2CHg and -C(O)CgHs.
Examples of imidamidos also include groups wherein R10 and R16
are selected from the group consisting of: H and

\C/

7 A

|,
N

25 (i.e., 3-pyridylmethyl).

- Examples of the imidamido substituents additionally
include groups wherein: R10 and R1€ are selected from the group
consisting of: H and 3-pyridylmethyl; and R13 is selected from the
group consisting of: CN, H, -OCHs, -OH, -C(O)NHC(O)NHz2,

30 -SO2NHj3, -SO2NHCH3, -SO2N(CH3)2, -C(O)JNH2, -C(O)NHCHg,
-SO2CH3 and -C(O)CgHs. :
In addition, examples of the imidamido substituents
additionally include groups wherein: (1) R13 and R10 are H, and
R16 js 3-pyridylmethyl; and (2) R10 and R16 are H, and R13 is
- 835 selected from the group consisting of: CN, H, -OCHgs , -OH,



R stereochem stry at the G 11 bond are: [err] Conpounds of Formula 1.0
I ncl ude conpounds V\/nerei n the bottom piperidinyl group is a 4- or

3- pi peri di .e., [err] 20 WO 98/ 11091 -

PCT/ US97/ 13&%@%%9 Oorrpounds of Forrmula 1.0 include corrpounﬁgwrﬁ%w R2
and R4 are H, and R1L and R3 are halo (preferably independently sel ected
fromBr or ). For exanple, Rl is Br and4R8 is C. These conpounds i ncl ude
conmpounds wherein RLis inthe 3- 5 position and R3 is in the 8-position,
e.g., 3-Br andC{OINHCO)NHip.d<SOHNFy,mamd 1-C(Q)NHICHag [-SOCHaremd ds
wherein R2 is_éoze , R3 and R4 are halo (preferably independently

sel ected from r( Pref erably, compounds of Forrmula 1.0 are

represented by 10 Emﬂﬁls’ ol- amim%mtmettxymf: diecivativesl forsubst i t uent s
are as_def | ey Wik IRde e inereli FIO 1 81 Fg. FhetigL - o e

Compounds of Formulas 1.2A and 1.3A:

halo; a is_N an
5

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

10
wherein R!, R3-and R4 are halo and the remaining substituents

are as defined above, with the compounds of Formula 1.5A being
more preferred.
Representative compounds of Formula 1.0 wherein W is an
15 imidate include:

Br = Cl

%OQ



c and d are carbon; A and B are each H2; the optional bond 15 between C5
and C6 is absent; Xis CH and R5, R6, R7 and R8 are H More preferably,
R1, R3 and ndependently selected fromBr or C. Most , Rl
is Br, and‘%’ are independently selected fromd and 5&%%?@7&/
preferably, corrpounds of Formula 1.0 are 20 represented by conpounds of
Formula 1.2 and Fornula 1.3: [err] and m3&t-preferably, conpounds of
Formulas 1.4 and 1.5 WO 98/ 11091

PCT/ US97/ 19976 - 11 - [err] wherein Rl R3 and R4 are each independently
selected from hal o, preferably, ; A, B, X and Ware as defined
for Formula 1.0. More prefEF ) @hch H[err] the optional 5
bond between C5 and C6 is absegt: gﬁls)t preferably, Rl is Br;
R3 and R4 are independently Br “ewy - re preferably R3 is d

and R4 is Br; A and B are each H[ err t he optional nd between C5 and C6
i s absent; X is CH and R5, R6, R7 nd:EQB are HNH1 Exanpl es of

-C(ORerr] substituents for Wi.nclijude jroups
N N O

Br = Cl
\ ’ (10.0)

NSOzN(CH3)2



wherein R12 is selected fromthe group consisting of: [err] 15 WO
98/ 11091 PCT/ US97/ 19976 -12 - [err]
Exanpl es o dates for substituent Winclude groups wherei
sel ected fTr‘Y) ‘[’”89 roup consisting of: (1) CN, (2) H (3) mgﬁ'ﬁ”‘
-SO[err]NRlerr]R[err] wherein RLO and R15 are selected fromthe 15 group
consisting of: Hand alkyl (e.g., methy 16 4) -C(ONRerr] R err] wherein
Rlerr] and Rlerr] are sel ected from the group consisting of: H and al kyl
(e.qg., nmethyl); (5) -SO[err]-alkyl; and (6) -C(OQ-aryl. Exanples of
i m dates al so include groups \/\herel |s aryl (e.g., phenyl). 20

C

For exanple, imdates for sBb - JeChr oups wherein R13 is
sel ected fromthe group consi st ng WO 98/ 11091
PCT/ US97/ 19976 - 13 - (16.0)

SPV

Cl
@ (16.1)
(o)

(18.0)

(Nj }NLC(O)NHCH3

Br > Cl
\
N (22.0)

and



-C(ONH2, H -SOerr]NHerr], -Sqerr]NHCH err], -Serr]N(CH err])[err],
-C(ONHCH err], -S(err]CHerr] and -C(OQ derr]Herr]. Exanpes of im dates
al so incl udewooesmonherein R14 is phenyl; and R13 is sel ect ed ¥ewosd7Ne976
group consisting of: CN, -C(ONHerr], H -SOerr]NHerr],
-Sgerr]NHCH err], 5 -S,CIerr]N(CI—l[err])[errﬂ7 -C(O NH2, C(O)NHCHS.
-SO[err]CH err] and -C(Oderr]Herr]. Exarrples of i m dam dos for
substituent Winclude groups wherein R13 is selected fromthe group
consisting of: (1) CN, (2) H (3) -ORLQ..(4) -C(ONR[err]C(ONRerr]Rerr]
wherein Rierr] and R15 are Hpd5) ~S@ \'. r'r]a[err] wherein R err] and
R15 are i ndependently 10 selec _d fr y0p consisting of: H and
al kyl (e.g., methyl), (6) -C(O NN ereMR[e pher ei R[err] and R15 are
|ndependently sel ected fromthe grolp c@nsisting of H and al kyl (e.g.,
methyl); (7) -SO[err]-alkyl: and (8) 13400 P&y of the inidam dos
% are s omthe 15 group

al so include groups wherein R err] an
consisting of: H and al kyl (e.g., net 2#6 is selected from
t he group consisting of: H and heteroar -pyr| dyl net hyl). For
exanpl e, imdam dos for substituent Wi V\,her ein RI3 is
sel ected fromthe group consisting ofio
-C(ONHC(ONH err], -SOerr]NHerr], -SCIerr]NH
-SQerr]N(CH[err])[err], C(O)NH[err] - C(O) NHCH3, -SO20HB and
-C(Oderr]Herr]. Exanples of im dam dos al so include groups wherein
Rlerr] and R16 are selected fromthe group consisting of: H and [err]
Representative compounds of Formula 1.0 wherein W is an

5 imidate also include:

10 Representative compounds of formula 1.0 wherein W is an
imidamido include:



25 (i.e., 3-pyridylnmethyl). Exanples of the im dam do substituents
additionally include groups wherein: RLO and R16 are selected fromthe
group consisting of: H and 3-pyridyl nethyl; and R13 is sel 8 ?gy.égﬁ%the
group comO /119 of : CN, H, -OCHerr], -OH -C(ONHC(O NH err
-Sgerr]NHerr], -SOerr]NHCH err], -SOerr]N(CH err])[err], -C(O NH2,
-C(ONHCH3, -SOerr]CHerr] and -C(O<Cl8f]Herr]. In addition, exanpl es of
the i m dam do substituents additionally include groups wherein: (1) R13 and
Rlerr] are H, and R16 is 3-pyridyl nptim ; and (2) Rerr] and R16 are H and
Rlerr] is 35 selected froBrihe/ Y @) of: CN, H -OCHerr], -OH,
WO 98/ 11091 PCT/ US97/ 19976 -14 -
-C(O) NHC(O) NH2, - SO2NH2, -and X : of3A and - C(O) C6H5. Exanpl es
of 1-am no-2-nitroethyl ene derivative] for substituent Wi ncl ude groups
wherein R err] is alkyl, e.g., nethgi. ounds of Formul as 1.2A

and 1.3A: [err] are preferred when and Rerr], R3 and R4 are
hal o. The preferred compounds of thi N8, I epresent ed

(9.0)

ENJ J1~1Lso,,1\u—ICH3

(11.0)

[N] j"LsozN(CH:a)z
o : _



by the conpounds of Fornulas: [err] 10 wherein R1, R3 and R4 are hal o and
the remai ni ng substituents are as defined above, wth the conpounds of
Forrmul a 1. 5Avoegmmerore preferred. Representative compounds o §§H)1997} 0
wherein Wis an 15 imdate include: [err] WO 98/ 11091 & -

PCT/ US97/ 19976 - 15 - [err] WO 98/ 1109i

PCT/ US97/ 19976 -16 - [err] - 19 -

Br = ct
\ N (17.0)

: E"j NCIOINH,
‘ O™
5 | o o
Br/ \ cl
=N (17.1)

N .
() M
w/g NCONHCONH,
0



WO 98/ 11091 ' PCT/ US97/ 19976 -17 - [err]
Represent ati ve conpounds of Formul-a 1.0 wherein Wis an 5 imdate al so

i nclude: [err] 10 Represent ati ve conpounds of fornula 1.0 wherein W
is an i m dAPAYLIAE| yde: WO 98/11091 -18 - [err] WO 98PET{I517/19976
PCT/ US97/ 19976 -19- [err] WO 98/ 11091

PCT/ US97/ 19976 -920 -

Representative compounds of Formula 1.0 wherein W is an
imidamido also include:

Br
Br e Cl
s
N {30.0)

y
o

10



-20- [err] Representative conmpounds of Formula 1.0 wherein Wis an

I mdam do al so include: [err] WO 98/ 11091

PCT/ US97/ 198¥98/21891 - [err] 5 Represent ati ve conpounds opcrmsyiteerel. O
wherein Wis cyano include: [err] WD 98/ 11091 '

PCT/ US97/ 19976 -22 - [err] 5 R_epr_eggn_t ative conpounds of Formula 1.0
wherein Wis a 1- am no-2-nitroethyl ene dérivative include: [err]

Br

5 Representative compounds of Formula 1.0 wherein W is
. cyano include: |

Representative compounds of Formula 1.0 wherein W is
10 cyano also include:



- 1.0 wherein

WO 98/ 11091 PCT/ US97/ 19976 -23 - [err]
Represent ati ve conpounds of Fornula 1.0 wherein Wis a 1-

am no- 2- ni t ne derivative also include: [err] Corrpoun' of F | a
%};{)@ﬁ C(ORerr] group include: [err] WO 98 99T

PCT/ US97/ 19976 -24- [err] WO 98/ 11091 :

PCT/ US97/ 19976 -25 - [err]

5 Representative compounds of Formula 1.0 wherein W is a 1-
amino-2-nitroethylene derivative include

EN] CHNo2
)\/O NHCHj
d



WD 98/ 11091 PCT/ US97/ 19976 -26 - [err] WO 98/ 11091
PCT/ US97/ 19976 -27 - [err] WO 98/ 11091
PCT/ US97/ 199%0 sfi091 [ er r | WO 98/ 11091 PCT/ US97/ 19976 -29 - pCT/use?/19976

| Representative compounds of Formula 1.0 wherein W is a 1-
amino-2-nitroethylene derivative also include:

.
Compounds of Formula 1.0 wherein W is a -C(O)R12 group
include:
10
Br == Ci
W
N (36.0)
r 0



[err] WO 98/ 11091 ' PCT/ US97/ 19976 -30 -
[err] WO 98/ 11091 PCT/ US97/ 19976 -31

- [err] WO 98/ 11091 19976
- 32 - Oo%fm’o‘gmof Formula 1.0 al so include a conpound of Fﬁg’gaﬁ’%

[err] The conmpounds of this invention also include the 1-N- oxides--i.e,
for exanple, conpounds of the the formi24:- [err]

Br_ cl



5 wherein [err] represents the remai nder of the conpound, or
phar maceutically acceptable salts or solvates thereof. Optical rotation of

the conpoungs dgirieen Or (-)-) are measured in nethanol or ethapernRbyieers

25[err]C. 10 This invention includes the above conpounds I n the
anor phous state or in the cyrstalline st . Lines drawn into the ring
systens indicate that the indicated bond ¥y be attached to any of the
substitutable ring carbon atonms. 15 Certai n conmpounds of the present

invention may exist in difgerep

forgF (e.g., enantioners or
di ast er eoi soners) incl udi ng ~x¢r op

-, conpounds wherein the

7-menbered ring is in a fixedjcoy uch th@nsbgghl 1-carbon atomis
posi ti oned above or bel ow the piNane P 20 fusEePdEZhene rings due to
the presence of a 10-bronmo substitudkt) g.The invention contenplates al

such isoners both in pure formand in hdm xt ur i ncludi ng racem c
m xtures. Enol forns are al so incl '
PCT/ US97/ 19976 -33 -




e

Certain tricyclic conpounds will be acidic in nature, e.g. those conpounds
whi ch possess car boxyl or phenolic hydroxyl group. These conpounds nay

f orm phar maceu |Q:%’4‘991accept abl e salts. Exanples of such salts may include
sodi um potassium 5 calcium alum num gold and silver Salts-'fﬁfﬁkwwu%n
contenplated are salts fornmed with pharmaceutically acceptabl e am nes Suc
as ammoni a, al kyl ami nes, hydroxyal kyl am nes26N-net hyl gl ucam ne and t he

| ike. Certain basic tricyclic conpounds also form 10 pharmaceutically
acceptable salts, e.g., acidBddi o} {s. For exanple, the
pyri.do-nitrogen atons nmay formy Claci d, whil e conmpounds
havi ng basic substituents such & 4§ also formsalts with weaker
aci ds. Exanples of suitable acids 5t mat | @81 33-g)hydrochl ori c,

sul furic, phosphoric, 15 acetic, ~bxalic, maloni ¢, salicylic,
malic, fumaric, succinic, ascorbic, fre , et hagesul foni ¢ and ot her

m neral and carboxylic acids well kngwn §o those ffn the art. The salts are
prepared by contacting the free base T f i ey amount of the
desired acid to produce a salt in the fonveénti dnal nner. The free
base fornms nmay be regenerated by tr I al t N a suitable dilute
aqueous base solution such as dilute aqueous NaCH, potassi um carbonat e,
ammoni a and sodi um bi carbonate. The free base forns differ fromtheir
respective salt forns somewh®@r i physi cal properties, such as
solubility Cl




25 in polar solvents, but the acid and base salts are otherw se equival ent
to their respective free base forns for purposes of the invention. Al such
aci d and baseW38%ore i ntended to be pharmaceutical ly accept afdRusitivsrs
wi thin the scope of the 30 invention and all acid and base salts are

consi dered equivalent to the free forms of 4Jhe corresponding conpounds for
pur poses of the invention. Conpounds of the 1nvention may be prepared
according to the procedures described in WO 95/10516 published April 20, 35
1995, Application Serial NoBr 08,410 iAed %prch 24, 1995, Application
Serial No. 08/577,951 filed D& b nOMIagﬁggp gd), Application
Serial No. 08/615,760 filed MaRgch//AS on d?, WD 97/ 23478
publ i shed July 3, 1997 wWo 98/ M09
PCT/ US97/ 19976 -34 - which disclose

08/ 577,951 and 08/ 615, 760, Appli catji on peri al 08f 713297 fil ed Septenber
13, 1996, and Application Seri al 08Y 87 1~453)¢ | June 17, 199%; the
di scl osures of each bei ng incorporat hef ei nNoy erence thereto; and
according to the procedures describ _

o -

eBsubj ect_ nmat LeFO¥HzSeri al No.

Br a



bel ow. Conpounds of the invention can be prepared by reacting a conmpound of
the formula: [err] 10 wherein all substituents are as defined for Formula
1.0, wthwwhes/efeeiopri ate protected piperidinyl acetic acid &BE%T

1- N-t - but oxy-. carbonyl pi peridinyl acetic acid) together w tﬁ ﬁ&‘lf/ NIVM
in DM at 25[err]C for about 18 hours tg produce a conpound of the fornul a:
[err] 15 The conpound of Fornmula 44.0 1 8ihen reacted either with TFA or
10% sul furic acid in dioxane and net hanol, followed by NaOH to produce the
conmpound of forml a:
PCT/ US97/ 19976 [err] For




For Exanpl e, conmpounds of Fornula 46. O include: [err] PCT/ US97/ 19976 WO
98/ 11091 -36 - [err] WO 98/ 11091

PCT/ US97/ 190W®@98/8091 [err] The preparati on of these conpounds pefpusdessess bed
in Preparative Exanples 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 and 13,
respectively, below. 5 . The corrpoun_d§ f the invention can be prepared
by reacting a conpound of the formula: [err] with the appropriate protected
pi peridinyl acetic acid (e.g., 1-N._i.-butoxycarbonyl piperidinyl acetic acid
together with 10 DEC/ HOBT/BYMA out~25C for about 18 hours to

(65.0-B)



produce a conpound of the fornula: [err] The conpound of Fornula 44.1 is
then reacted either with TFA or 10% sul furic acid in dioxane and net hanol

f ol | owed b@%? to produce the conpound of Formula 46.1 WD 98/ 11091
PCT/ US97/ 19 *38° [err] The amide conpounds of this invent FGRUS?19976
represented by Fornula 1.7 [err] 5 can be prepared by reacting the conpound
of Forrmula 46.1 with the appropriate carBOylic acid in the presence of a
coupling agent such as DEC and HOBT in dinethylformam de. Alternatively,

t he conpound of Formula 46.1 can acted with an acid chloride or
anhydride in a solvent suBiwg * ' Cl ‘Conpounds having an 1-N-O
group: [err] can be prepared dspondi ng pyridyl conpounds:

[err] '. ?S0.0-B)

Bre/ \ cl1
~ (91.0-B)
N H
(o] Br o

J\Q I\
P/
0 N OH .



WO 98/ 11091 PCT/ US97/ 19976 -39 - by

oxi dation with neta-chl oroperoxybenzoic acid. This reaction is conducted in
a suitabl e WOgsMI0®1sol vent, e.g., dichloronmethane (usually a

met hyl ene chloride, at a suitable tenperature, to produce the conpounds of
the invention having 5 the N-O substitugrgla_t_t position 1 of Ring | of the
tricyclic ring system GCenerally, the organic solvent solution of the
starting tricyclic reactant is,.cQoled to about O[err]C before the

m chl oroper- oxybenzoj¢ acsed Nde® The reaction is then allowed to warm
10 to roomtenperature Ion period. The desired product can
be recovered by standard e \ gans. For exanple, the reaction

m xture can be washed with @n aguBolis sol uti on of a suitable base, e.g.,
saturat ed sodi um bi carbonate pr Na®# (e.g.g LN NaOH)(93€dB)t hen dried over
anhydr ous magnesi um 15 sulfaje. Yhe sol utfjon containing the product can be
concentrated in vacuo. The pr Osiye am~he- MW r™hed by standard neans, e.g.,
by chronmat ography using silica gel . 0. B ¢ol utm chr omat ogr aphy) .

Al ternatively, N O conpounds g# 9 S \

Cl

(8]
A A
O N
H a |




[err] by the above oxidation procedure with m chl oroperoxybenzoic acid and
[err] 25 wherein Qis a protecting group, e.g., BOC. After oxidation the
protecting renoved by t echni ques wel | "known in the art.

D6/ 15001 WOSkiod: > T USo7] 10076 ERFUSSHIZR, o
I nternmedi ate are then reacted further to Bace)duce t he conpounds of the

i nvention. Conpounds of Fornula 43.0 inct the conmpound of Formula 43. 1:
[err] 5 The conpound of Fornula 43.1 is prepared by nmethods known in.the
art, for exanple byCempounds efFormlanl Mcabey rctode acompoundlof tHe3 and
t hose descri begyraghpw. The above internedi ate conpound can al so. be prepared
by a procedure 10 conprising the | owi ng steps: (a) reacting an am de of

the formula [err] Br cl (4.0-B)

OAc
AcO OAc

W

/lk o) OAc

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

wherein YVVVV' represents the remaindéi' of the compound, or
pharmaceutically acceptable salts or solvates thereof.

Optical rotation of the compounds ((+)- or (-)-) are
measured in methanol or ethanol at 25°C. :

10 This invention includes the above compounds in the
amorphous state or in the cyrstalline state.

Lines drawn into the ring systems indicate that the
indicated bond may be attached to any of the substitutable ring
carbon atoms. -

15 Certain compounds of the present invention may exist in
different isomeric forms (e.g., enantiomers or diastereoisomers)
including atropisomers (i.e., compounds wherein the
7-membered ring is in a fixed conformation such that the
11-carbon atom is positioned above or below the plane of the

20 fused beznene rings due to the presence of a 10-bromo
substituent). The invention contemplates all such isomers both

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



wherein Rlerr] is Br, R5a is hydrogen and R6a is C[err]-C[er'r] al kyl , aryl
or heteroaryl; R5a is Cl1-C6 alkyl, aryl or heteroaryl and R6a is 15

hydr ogen; Raeo ssndedg6a are i ndependently selected fromthe gragrossapsis ng
of Cl-C6 alkyl and aryl; or R5a and R6a, together with the nitrogen to
which they are attached; forma ring conp gsing 4 to 6 carbon atons or
conprising 3to 5 carbon atons and one he‘?ero noi ety selected fromthe
group consi sting 20

phenyl; . with a com%ﬁ%%&&%?%o?%grwgggﬁmﬁgh %ﬁ%aaé %a and

R4a are are i nisgsendempoundsavhich passessa gathexyloos phenojicohydyexyly

d hal d

bl o comauions; Thele Empbunts i ﬁfﬁ%@’%ﬁﬁrﬁh@uﬁ&éﬂ?%&@i’%&
PCT/ US97/ 1997&am§, Examples pf siich salis amay ipelude spdiym, potassiim. (1)
POCl [err] 50 OBiRiWNR &NAAf lgﬂﬂ?ﬁlddaﬂﬂ sHIW%rfs%deJ' Als6'dontémplated are

(17) DIBALH to llij:sq"opmaer}l %ri %a%);céﬂﬁcaﬂy acceptable amines such as
ammonia, alkyl amines, hydroxyalkylamines, N-methylglucamine
and the like.

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

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

20 manner. The free base forms may be regenerated by treating the
- salt with a suitable dilute aqueous base solution such as dilute
aqueous NaOH, potassium carbonate, ammonia and sodium

bicarbonate. The free base forms differ from their respective salt
forms somewhat in certain physical properties, such as solubility
25  in polar solvents, but the acid and base salts are otherwise
equivalent to their respective free base forms for purposés of the
invention.
Al such acid and base salts are intended to be
pharmaceutically acceptable salts within the scope of the
30 invention and all acid and base salts are considered equivalent to
the free forms of the corresponding compounds for purposes of
the invention.
Compounds of the invention may be prepared according to
the procedures described in WO 95/10516 published April 20,
35 1995, Application Serial No. 08/410,187 filed March 24, 1995,
Application Serial No. 08/577,951 filed December 22, 1995 (now
abandoned), Application Serial No. 08/615,760 filed March 13,
1996 (now abandoned), WO 97/23478 published July 3, 1997




[err] (c) reacting the cyano conpound or the al dehyde with a piperidine

derivative of the fornula [err] 10 wherein L is a |eaving group sel ected

fromthe gr sting of C and Br. to obtain a ketone or_an_ alco of

t he fornul a%gglggl\?v, ?espectlvely [err] (d)(i) cyclizing the k BETHSTH 9?%

CF3SC8H to obtain a 15 conmpound of Fornmula 13.0a wherein the dotted |ine

-represents a double bond; or = WD 98/ 11084 -

PCT/ US97/ 19976 -42 - (d)(| i) cyclizing the al cohol with pol yphosphoric acid

to obtai n an | Whichediscleses the subjeict matter lof Sexiak Nd.i 08/52F 95t rdrd a

si ngl e bond. WO t osed
Vol Es, BReafor SRridl NbUH Af P3SGFPRIY Sept .ﬁiﬁalr

3.and descri he ow enpl.o

I n WD 95/10516
ketone inter neaﬁatlsggéu?;ﬂa Blm% serial Nae 08/877.453fled June 17,
1997; the disclosures of each being incorporated herein by

5 reference thereto; and according to the procedures described
~ below.
Compounds of the invention can be prepared by reacting a
compound of the formula

)

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

15 .
The compound of Formula 44.0 is then reacted either with TFA
or 10% sulfuric acid in dioxane and methanol, followed by NaOH
to produce the compound of formula:



wherein R err], Rerr], Rka, R3a and R4a are independently selected 10
fromthe group consisting of hydrogen and hal o, can be prepared by the
foll owi ng prwoessieeenpri sing: (a) reacting a conpound of the fgfsSsHnbsss’ |
(i) with an amne of the formula NHR err] R err], wherein 15 Rlerr] and
R6a are as defined in the process above; 'i:%—fnt he presence of a pall adi um
catal yst and carbon nonoxide to obtain an ide of the fornmula: [err] (ii)
wi th an al cohol of the formuta Rlerr] OH _wherein 20 Rierr] is Cl-C6 | ower
al kyl or C3-C6 cycloalkyl, in the P e of g palladium catal yst and
carbon nonoxi de to obtain tha‘{&&er Rrrul a [err] followed by
reacting the ester with an am 5 NHR5aR6a to obtain the

am de; (b) reacting the am de \m) = 14 t'ut(é48. Q}_,e_nzyl conmpound of
the formul a WD 98/ 11091 ~a

PCT/ US97/ 19976 -43 -

can be prepared by reaction of a compound of Formula 43.0 with
5 1-N-t-butoxy-carbonylpiperidinyl-4-acetic acid as described
above.

For Example,. -compounds of Formula 46.0 include:
Br

S Cl




[err] wherein Rlerr], R2a, R3a, R4a and R7a are as defined above, in the
presence of a strong base to obtain a conpound of the formula [err] 5

(c) cyclizing a conpound of step (b) with a reagent of the gqinigshas9rs

R err] MgpLwOM88aIN Rl err] is Cerr]-Cerr] alkyl. aryl or heteroaryl and L
is Br or A, provided that prior to cyclization, conpounds wherein R5a or
Rlerr] is hydrogen are reacted with a-$3@table N- protecting group. 10
(+)-1soners of conmpounds of Fornmula 43.2 [err] can be pregared with high
enanti osel ectivity by using a process conprising enzyme cgtal yzed :
transesterification. Prefeyab 3 racem.e conpQuid o mil& 43.3 [err]
15 is reacted wi t BragQA~Af yoDho
such as trifluoroethl
isolated fromthe (-)-®Rg
art, and then the (+)-am de j
PCT/ US97/ 19976

amne by te Nniq es known in the



-44 - hydrolyzed, for exanple by refluxing with an acid such as
Herr]SOerr], and the resulting conmpound i-s then reduced with DI BAL by
techni ques wawbokmmon in the art to obtain the correspondi ng oMOIO$97M9976
enriched .(+)-isonmer of Fornmula 43.2. Alternatively, a 5 racem c conpound
of Formula 43.3, is first reduced to the c fgspondi ng racem c conpound of
Fornmula 43.2 and then treated with the enzggrre (Toyobo LI P-300) and
acyl ating agent as descri bed above to obtain. the (+)-am de, which is
hydrol yzed to obtain the opti cal Iﬁ{, entAachld () O"Eté' 10 Those
skilled in the art will appreciate ormula 1.0 having
other Rl, R2, R3,. and R4 substituent nag
process. To produce conpounds of FornmuTH 1.
conpound of Forrmula 45.0 or 46.0 is reacté
t

fein Wis an imdate, a

ith [err] in the presence of a
- ajsuitable tenperature (e.qg.,

' (e b .-about 24 hours). For
N,NHZO can be reacted

2

sui tabl e solvent (e.g.. isopropanol) and
about 80[err]C) for a suitable period of
exanpl e, a conpound of Formul a 46.0, wherei
with [err] in isopropanol at 80[err]C for
Formula 1.0 wherein R1I3 is CN and R14 is . |n1lagly,

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

below. . |
5 The compounds of the invention can be prepared by
reacting a compound of the formula:
Br— 7 \ Cl
—
N
Br
(43.1)
N
]
H

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

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

o

The compound of Formula 44.1 is then reacted either with TFA
or 10% sulfuric acid in dioxane and methanol followed by NaOH
15 to produce the compound of Formula 46.1



reaction with [err] 25 (M Haake and B. Schummel f eder, Synthesis, pp.

753- 758, Septenber 1991) can produce conpounds of Forrmula 1.0 wherein
Rlerr] is_ -SO2NH2 and Rlerr] is phenyl. Conpounds of Formul ein
Rlerr] isVO48PIR14 is 30 phenyl can be produced by reactiﬂ@gg%’%%}gund of
Formula 45.0 or 46.0 with (e.g., wherein Xis CH) with CNOC[err]H err] in
di i sopropyl et hyl ami ne according to the 38ecedure disclosed in Zweifel et

al ., Synthesis, p. 150 (1980). W98/ 11091 '

PCT/ US97/ 19976 - 45 - Conpounds of ula 1.0 wherein Wis -CN can be
prepared by reacting a conpowgg eClwherein Wis an imdate,
wth a strong base, such as Na{, | e solvent, such as

di chl oronet hane. For exanpl e, (o] ormula 5 1.0 whefein Wis an
i mdate and R13 is H and R14 is pheny d X is &Bddn be reacted with NaH
i n di chl oromet hane to produce conpgund ' Fornmula 1.0 wherein Wis -CN
Conmpounds of Fornula 1.0, wherein i's pn inidanydo
N N~
o _ .
The amide compounds of this invention, represented by

Formula 1.7

Br-/.\

5 can be prepared by reacting the compound of Formula 46.1 with
the appropriate carboxylic acid in the presence of a coupling
agent such as DEC and HOBT in dimethylformamide.
Alternatively, the compound of Formula 46.1 can be reacted with
an acid chloride or anhydride in a solvent such as pyridine.

10 Compounds having an 1-N-O group:




group, can be produced by reacting a conpound of Fornula 1.0, 10 wherein W
Is an imdate group, with concentrated NHerr]J]OH in a suitable sol vent '
(e.qg., isoprwpasaigerat a suitable tenperature (e.g., about 25[powgseyndsrs a
suitabl e anount of tine (e.g., about 24 hours). For exanple, an imdate
compound of Formula 1.0, wherein R13 is - and R14 is phenyl and X is N,
can be reacted with 15 concentrated NH err]OH in isopropanol at 25C for 24

Rorr] and mi6 Sy RfARbhCaRHich oGRS GphEnzoR o, Thighellale! [
group, can al sds b@@%@tﬁgﬂl assuitaple erganic soivent: eqg.. dichlonognetizme

conpound of Forydj éﬂﬁﬂ r oncentrated
NH[ err] OH, NH %{I'é.u%]}&%r}g ?(?tg?;:g/\ih ?%g‘&ﬂéﬁggsag% \?iggggﬂeat a suitable

tenperature (el§ 'P%H?JHE'CB i the compenpdsy Hae davenbion-havipg 1.0

wherein X i85 CiheRY30i Subbﬁtldeﬁﬁﬁtlposﬁﬁeﬁyl dfamrig&lrdfaﬁeeﬁ-i &hic ring
concentrated '[5‘5'% OH NHerr]d, and 25 water 1n a suitable pressure
vessel at abou 0 produce t he correspondi ng i mi dam do hydrochl ori de
salt wherein R13 i s GenerhllyttheRbbganit S6kvent solutionnph thdstaitifigr mul a 1. 0,

compound of - ForRpegoreabthe R cdifalle abBRe i 11 oug\ﬁ%i’egm ne
(e.g., H\R] errjorybenzpic mcid dsiadded SHhe seactiends, tl’lﬁﬂF)aI ed $0i wanine
tenper at urgg ( € 18- roctACtmplrature’ thAhRgRhR: réittidh $Hrfo®@’ The desired
product can be recovered by standard separation means. For
example, the reaction mixture can be washed with an aqueous
solution of a suitable base, e.g., saturated sodium bicarbonate or
NaOH (e.g., 1N NaOH), and then dried over anhydrous magnesium
15 sulfate. The solution containing the product can be concentrated
in vacuo. The product can be purified by standard means, e.g., by
chromatography using silica gel (e.g., flash column
chromatography).
Alternatively, N-O cdmpounds can be made from
20 intermediate:

(43.1A)

by the above oxidation procedure with m-chloroperoxybenzoic
acid and

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



Formula 1.0 wherein Xis CH and R13 is H and R14 is phenyl can be reacted
with [err] WO 98/ 11091

PCT/ US97/ 19976 -46 - (3-am nonethyl pyridine) in THF at about 70[err]Cto
produce. t he WOPMEBbNndi ng guani di ne wherein R13 is H and R[] er PETASY319376d
R16 is 3-nethyl pyridyl. .Conpounds of Fornmula 1.0, wherein Wis an i m dam do
5 group, can also be prepared by fusing-apimdate of Formula 1.0 with

sul fam de. For exanple, an imdate of Formula 1.0 wherein R13 is-H and
Rlerr] is phenmh@wdihseﬁhedmtbeawtnénv&édbtéal furthe? toCpP6@HEE thiehe
correspondi ng %ﬁg‘% ‘ﬁﬁ rlian7 S -S2NH2 and both RI8 and R19 are H.
10 Conpo ye Bein Wis an inidanido group, can
al so be prepared by Cmmpmylm'ls:pﬁlﬁatmula #8:0nihehid® the. abm g&umiw wth
sul fam de to p(rs;% ]_}Qorrespondl ng i m dam do wherein R13 is -SO2NH2 and
both R err] are Conpounds of Formula 1.0, wherein Wis an

I mdate group 15 and Rlerr] isgan rmy#legroup, can al so be

prepared by reacting an imdate o ﬁ@ in Rerr] is H with a

Br’ '(43.1)

The compound of Formula 43.1 is prepared by methods known in
the art, for example by methods disclosed in WO 95/105 16 in
U.S. 5,151,423 and those described below. The above
intermediate compound can also be prepared by a procedure
10 comprising the following steps: .
(a) reacting an amide of the formula
R11a
g

\N 0

NRSaRta
wherein R112 is Br, R52 is hydrogen and R6a is C,-Cg alkyl, aryl or
heteroaryl; R52 is C}-Cg alkyl, aryl or heteroaryl and R6a is
15 hydrogen; R52 and R62 are independently selected from the
group consisting of C1-Cg alkyl and aryl; or R52 and R6a, 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
20 of -O- and -NR®2-, wherein R92 is H, C;-Cg alkyl or phenyl;
with a compound of the formula

R1a

R7a RZa

Raa
R4a .
wherein Rl2, R223, R32 and R42 are are independently selected
from the group consisting of hydrogen and halo and R72 is Cl or
25 Br, in the presence of a strong base to obtain a compound of the
formula



sul fanoyl chloride in a suitable solvent (e.g., acetonitrile, benzene or
toluene) with a suitable base (e.g., triethylamne) at a suitable
tenmperature Wwe93/11081 to about 25[err]C). For exanple, an im daperaisy#idere
Formula 1.0 wherein Rerr] is Hand R14 is phenyl and X is N can be reacted
wi th N-nethyl sul fanoyl chloride or dinet hyé ul fanoyl chloride to produce
the corresponding imdate wherein R13 is - 'NHCH3 or - SC2N( CH3) 2,
respectively, and R14 is phenyl. Conpounds of Forrml a 1.0, wherein Wis an
i mdam do can 25 also be prepared by reactlng Fh'®% i date of Fornula 1.0

w th an aqueous sol ution of hydr o gz e and sodi.um

hydr oxi de, or an aqueous sol ution of and sodi um hydroxi de, to
produce an i m dam do wherein R13 is espectively, and both
Rerr] and R16 are H The imdate of 30 %a}% . 0" used, for exanple, can
be one wherein X can be N, R13 can be H aM® an be phenyl. Conpounds of

Fornul a 1.0, wherei n(B)Veacting i demp@mndpoﬂstbﬂa) with C(O) NH2 or

wherein RU3 Po b wiih 350 FOGE B obts) yanaimﬂ&ﬁn“[ R RCteining.

respectively, in a suitable solvent (e. g , an W ous di chl or onet hane) at a
suitabl e tenperature (e.g., ab f aRg¥itable tinme period
(about 48

Raa
_ N ~ R® ; or
5 {ii) DIBALH to obtain an aldehyde of the formula

R1a

" R2

Br~ | R=3

SN N\s=0 Roa

H Ria

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

piperidine derivative of the formula
' Mgl

N
l

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

R1a R12
' |
H48 R4a
! |

(d)d) cyclizing the ketone with CF3SOgH to obtain a
15 compound of Formula 13.0a wherein the dotted line represents a
double bond; or '



WO 98/ 11091 _ PCT/ US97/ 19976 -47 -
hours). The imdate of Fornmula 1.0 used, for exanple, can be one wherein X
can be N. wobs be H and R14 can be phenyl Conpounds of ,
wherein Wi's a;r\}%r%\ dam do can al so be prepared by fusing anll:’%g?'é;’a?
Formula 1.0 with urea to 5 produce an imdam do wherein R13 is -C(O NH2,
and both R10 and R16 are H. The imidate4® ~Formula 1.0 used, for exanpl e,
can be one wherein X can be N, R13 can be H and R14 can be phenyl The
conpounds of For midi(ill. cycUzingi thealeohokwith molyphtospbm;n emddm be
brepared by etitainiin ArterRRAIA ofifhdlina dyﬁ réiRy Qherdcfz@ m?
1-methylthio net hyl am no-2-nitr ethene err |Herr]) Ter and Cud
accor di ng tormeﬁﬁ%ﬁ%&ﬁ q’m ed in Canada Pat ent . 1178289 (1984).
The conpounds of Fylethbdslfor pheparin, 6lnaemned&tenc¢ mypurydene can al so

adh de. at Or eripbiods i M0 BTG R PELS AR a&%g?%e&%%{b&ﬁt ny!

ni t r onet hane qmpkoy rad teieyclic ketone irigrmeeliatel 9 SU¢h inkermediatesdef of
Formul a 1. 0 ﬁ? %s -C(O)R[err] may 20 be prepared by reacting a
conpound of fornu O or 46.0 with the appro‘pri ate carboxylic acid,
HOOCR[ err], and HOBT/ DEC/ DIVF. Ria

wherein R11b, Rla R22, R32 and R42 are independently selected
10 from the group consisting of hydrogen and halo, can be prepared
by the following process comprising :

(a) reacting a compound of the formmula
H11b

o
TX
Br

(i) with an amine of the formula NHR5aR62, wherein
15 R52 and R6a are as defined in the process above; in the presence
of a palladium catalyst and carbon monoxide to obtain an amide of

the formula:
R1b

]
NR'-"’R“; or
(i) with an alcohol of the formula R1020H, wherein
20 RIl02 s C)-Cg lower alkyl or C3-Cg cycloalkyl, in the presence of a
palladium catalyst and carbon monoxide to obtain the ester of the

formula
R'I 1b

O
OR10a

followed by reacting the ester with an amine of formula
25 NHR52R6a to obtain the amide;
(b) reacting the amide with an iodo-substituted benzyl
compound of the formula



Conpounds of the invention are exenplified by the follow ng exanpl es, which
shoul d not be construed to limt the 25 scope of the disclosure.

PREPARAT| VBVaXSifioE 1 [err ] WD 98/ 11091 PCT/US97/19976
PCT/ US97/ 19976 -48 - Step A [err] Conbine 10 g (60.5 mmol) of ethyl
4-pyridyl acetate and 120 nL of dry CH[e[rq] | [err] at -20[err]C, add 10.45 g
(60.5 mol) of 5 MCPBA and stir at -20[err]|C for 1 hour and then at
25[err]C for 67 hours. Add an additional 3.48 g (20.2 mmoles) of MCPBA and
stir at 25[err]C for 24 hours. Dilute withR¥ferr].C[err] and wash with
saturated NaHC(O err] (aqueous) and thep\wajler  RB¥y over MgS(err], _
concentrate in vacuo to a residue, B c tograph (silica gel, 2%5.5% -
10 (10% NH[err]OH in MeOH)/ CH err] O [ e AN\12 g ve 8.12 g of the product
compound. Mass Spec.: :MH+ = 182.15 Sted B: Y erfA® Conbine 3.5 g .(19.3 mol )"
of the product of Step A 17.5 Aie :

wherein R12, R2a, R3a, R4a and R72 are as defined above, in the
presence of a strong base to obtain a compound of the formula
Ria :

5 (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
wherein R52 or R62 is hydrogen are reacted with a suitable N-
protecting group. o

10 (+)-Isomers of compounds of Formula 43.2

can be prepared with high enantioselectivity by using a process
comprising enzyme catalyzed transesterification. Preferably, a
‘racemic compound of Formula 43.3

15
is reacted with an enzyme such as Toyobo LIP-300 and an

acylating agent such as trifluoroethly isobutyrate; the resultant
{(+)-amide is then isolated from the (-)-enantiomeric amine by
techniques well known in the art, and then the (+)-amide is



15 L of EtCOH and 96.6 nL of 10% NaOH (aqueous) and heat the m xture at
67[err]C for 2 hours. Add 2 N H . (aqueous) to adjust to pH = 2.37 and

concentrat eywdogifipd0 {0 a residue. Add 200 nmL of dry EtOH, 99‘('%
celite and was ﬁ e filter cake with dry EtOH (2X50 m). kéﬁ{u {H e

conbi ned f||trates in vacuo to 20 give 2.43 g of the title conpound
PREPARATI VE EXAMPLE 2 [err] The title cohﬂﬂund Is prepared via the process
di sclosed 25 ip PCT. I nternational, Publication No, W5/ 10516.

98/ 11091 ydrolyzed, for example by refluxing with ag@gidgich angzSO4.

gREEﬁ?rA\II \1/5 (1 Lﬁlé rhggp]lné clom pe | drﬁeéée%‘%d&gen ﬁg cl ohept a|
1, 2-b]pyridinke cé'?ﬁ? qﬁ%‘?{’épiﬂpg‘ t° ?hé'ﬂ '% é" ol )
of (nBu)[err] Ag‘gzm Iy ensiched (+)kisomhet wm‘dmﬁleem] 2. mm&mt

(dr opwi se) 953” %fn?{f&%flﬁﬁggﬁ‘d]bg ﬁ%&‘g}}%@) H ;& g&Aéé'Fab‘f’gf'rrﬁL%&Beer ni ght,

tC'r? [eﬁr \r/vlag h[ succeewrespondinghracamic cempouadsof Homwla) 43vRtand dhénbr i ne.
treated with the enzyme (Toyobo LIP-300) and acylating agent as
described above to obtain the (+)-amide, which is hydrolyzed to
obtain the optically enriched (+)-isomer.

10 Those skilled in the art will appreciate that compounds of
Formula 1.0 having other R1, R2, R3, and R4 substituents may be
made by the above enzyme process. _

To produce compounds of Formula 1.0 wherein W is an

imidate, a compound of Formula 45. Ol :)r 46.0 is reacted with
RI3N =c\OR
15 OR'
' in the presence of a suitable solvent (e.g.. isopropanol) and at a
suitable temperature (e.g., about 80°C) for a suitable period of
time (e.g., about 24 hours).

For example, a compound of Formula 46.0, wherein X is N,

20 can be reacted with
’ OCGHS
NCN =,

OCgH;
in isopropanol at 80°C for 24 hours to produce a compound of
Formula 1.0 wherein R13 is CN and R14 is phenyl. Similarly,
reaction with |

/OCeHs
NH,SO,N=C

25 : 0061-15
(M. Haake and B. Schummelfeder, Synthesis, pp. 753-758,
September 1991) can produce compounds of Formula 1.0
wherein R13 is -SO2NH2 and R4 is phenyl.
Compounds of Formula 1.0 wherein R13 is HH and Rl4is
30 phenyl can be produced by reacting a compound of Formula 45.0
or 46.0 with (e.g., wherein X is CH) with CNOCgHs in
diisopropylethylamine according to the procedure disclosed in
Zweifel et al., Synthests, p. 150 (1980).



Dry the organic solution over Na2SO4, concentrate in vacuo.to a residue and
chromat ograph the residue (silica gel, EtOAc/hexane gradient) to give 4.32

g and 1.90 gygfeghfg@it Wwo product corrpounds 15 3A(i) and 3A(i), & g! y.
Mass Spec. for compound 3A(i): IMH = 428.2: Mass Spec. for corrpoun %9"

VH = 428. 3. WO 98/ 11091
PCT/ US97/ 19976 -50- Step B: [err] Conbi ne% "0 g (51.4 mmol) of the product

0 b A L Wik W R O
gg F ; ?P} aﬁgdrﬁrkp@rgd(ﬁy a'éacﬂngea admpeund\ofFoamiila. 2.0y wme%h?m alﬁi; )
of Fe powder a Eh% {V?%QSS 1§2b%$é1£\{§l?g% I?Q%Bﬁ%éﬁiébqpéq Gor 2
hours nore. Fi Isuachtasedfoltﬂommeﬂxanehrﬁoglcxaﬁmleelcnmpouadb ofnEormhilael err]
with 50 m gf mog 5&10“5&&6@5%?%&5& BHiA RIS §d # B RI2GU GNP 4831 Ve

Add 100 nlL of an concentrate to a resi togr-aph
the residue (silBi hlﬁép be/reacteq ayithAdNal in dieh r@m?thaé“%t‘?@mmg of

the compounds of Formula 1.0 wherein W is -CN.
Compounds of Formula 1.0, wherein W is an imidamido
group, can be produced by reacting a compound of Formula 1.0,
10 wherein W is an imidate group, with concentrated NH4OH in a
' suitable solvent (e.g., isopropanof} at a suitable temperature (e.g.,
about 25°C) for a suitable amount of time (e.g., about 24 hours).
For example, an imidate compound of Formula 1.0, wherein R13
is -CN and R14 is phenyl and X is N, can be reacted with
15 concentrated NH40H in isopropanol at 25°C for 24 hours to
produce the corresponding imidamido wherein R13 is -CN and
both R10 and R!6 are H.
Compounds of Formaula 1.0, wherein W is an imidamido
group, can also be produced as a hydrochloride salt by reacting a
20 compound of Formula 1.0, wherein W is an imidate group, with
concentrated NH4OH, NH4Cl, and water in a suitable pressure
vessel at a suitable temperature (e.g., about 87°C). For exémple, )
an imidate of Formula 1.0 wherein X is CH, R13is Hand R4 is -
phenyl can be reacted with concentrated NH4OH, NH4Cl, and
25 water in a suitable pressure vessel at about 87°C to produce the
corresponding imidamido hydrochloride salt wherein R13 is H
and both R10 and R16 are H.
Compounds of Formula 1.0, wherein W is an imidamido
group, can also be produced by reacting a compound of Formula
30 1.0, wherein W is an imidate group, with an amine (e.g.,
HNR1ORI16) in a suitable solvent (e.g., THF) at a suitable
temperature (e.g., about 70°C). For example, an imidate of
Formula 1.0 wherein X is CH and R!3 is H and R4 is phenyl can
be reacted with

| ] M
>

35 : N



product conpound. 15 Step C [err] Conbine 16.47 g (41.4 mmol) of the
product from Step B. and 150 niL of 48% HBr (aqueous) and cool to -3[err]C
Sl oW y add wo o¥ie9/ 11091

PCT/ US97/ 19976 -51- (dropwi se) 18 mi of bromine, then slow y® G4d Caropwi se)
a solution of 8.55 g (0. 124 nole) of Ng2|n 85 -nmL of water. Stir for 45
m nut es at -3 to O[err]C t hen adj ust 03B = 10 by addi ng 50% NaOH

(aqueous) .- act with tOAc h the extracts 5 wth brine and dry the
extracts over :lr’q':ﬂg tB'SHFeﬁm%aoéﬂrt@rrﬁr%\iﬁgﬁhey lica

gel , Et OAc/ hegofire st aﬁi&neewlﬁréirg R8dis3’4nd R0 {8 hnd Ri6duct

corrpounds 3C( n spectlvely Mass Spec. for conpound 3C(i):
461. 2; i‘%f etﬁu%a ec for conpound 3C(ii): M+ = 539. Step D .

[err] Hydrol yze t h€gmpoundssef Fprnfulat B, vherethsWoisvangmidamidrent r at ed
HQ and hepti ggohg, 2BAUAIsbA Prepird® by Guiking UH fmidate of Formula 1.0
with sulfamide. For example, an imidate of Formula 1.0 wherein
R13 is H and R is phenyl and X is N can be fused with sulfamide
to produce the corresponding guanidine wherein R17 is -SO3NH2o
and both R18 and R19 are H.
10 Compounds of Formula 1.0, wherein W is an imidamido
grbup, can also be prepared by fusing a cyanide of Formula 1.0
(e.g.. X is N) with sulfamide to produce the corresponding
imidamido wherein R13 is -SO2NH2 and both R10 and R16 are H.
Compounds of Formula 1.0, wherein W is an imidate group -
15 and R13 is an N-methylsulfamoyl group, can also be prepared by
reacting an imidate of Formula 1.0, wherein R!3 is H, with a .
sulfamoyl chloride in a suitable solvent (e.g., acetonitrile, benzene
or toluene) with a suitable base (e.g., triethylamine) at a suitable
temperature (e.g., O to about 25°C). For example, an imidate of
20 Formula 1.0 wherein R!3 is H and R14 is phenyl and X is N can be
reacted with N-methylsulfamoyl chloride or dimethylsulfamoyl
chloride to produce the corresponding imidate wherein R13 is
-SO2NHCH3 or -SO2N(CHa)s, respectively, and R14 is phenyl.
Compounds of Formula 1.0, wherein W is an imidamido can
25 also be prepared by reacting an imidate of Formula 1.0 with an
aqueous solution of hydroxylamine hydrochloride and sodium
hydroxide, or an aqueous solution of methoxylamine and sodium
hydroxide, to produce an imidamido wherein R13 is -OH or
-OCHa3, respectively, and both R10 and R1€ are H. The imidate of
30 Formula 1.0 used, for example, can be one wherein X can be N,
R13 can be H and R14 can be phenyl.

Compounds of Formula 1.0, wherein W is an imidate group
and R13 is -C(O)NH2 or -C(O)NHCH3s, can also be prepared by
reacting an imidate of Formula 1.0, wherein R!3 is H, with

35 trimethylsilylisocyanate or methylisocyanate, respectively, in a
suitable solvent (e.g., anhydrous dichloromethane) at a suitable
temperature (e.g., about 25°C) for a suitable time period (about 48



15 Cool the m xture, the neutralize with 1 M NaOH (aqueous). Extract with
CHerr]C[err], dry the extracts over I\/gSO4, filter and concentrate in

vacuo to th?v%bglh?,ponpound Mass Spec.: M+ = 466.9. Step E 6{@{,{,%&2{,6 f
] 2 In o]

Di ssolve 1 98 mmol ) of the title corrpoundfromStep

DMVF, stir at roomtenperature, and add 0.3914 g (3.87 mmol) of

4- met hyl - nor phol i ne, 0.7418 g (3. 87 mml)"b?'DEC 0.5229 g (3.87 mmol ) of
HOBT, and 0.8795 g 25 __(3.87 mmol

1- N- t - but oxycahespl - mmmmxmmaeo@sed fay examplescan be one

concontrate | N icen e et e e and o | Loh L6 Loa e tahean G202
and water. Wash the%ﬁ%‘ﬂ ‘iﬁ gi“ E‘g’%s}l e}"a" ‘&(;F ﬁgﬁgﬂgﬂ%
(aqueous), 10‘VMDE@r¢pmtd3by)ﬁx&!ﬂgFarbmnéateDoﬁ thfmxmlayaro mﬂlma)tmr
esi due (5111 cE%g gemz%ﬁ@wo@‘%:}‘“ 13 (OIS, ERASRRESTOD]
mp. = 94.0- and R16 are H. The imidate of 1 0 used, %or exampi3
be one wherein X can be N, R13 can be H and R4 can be phenyl.
The compounds of Formula 1.0 wherein W is 1-amino-2-
nitroethylene can be prepared by reacting a compound of Formula
10 45.0 or 46.0 with 1-methylthio-1-methylamino-2-nitroethene,
N(C2Hs)3 and CuCl according to the procedures disclosed in
Canada Patent No. 1178289 (1984).
The compounds of Formula 1.0 wherein W is -amino-2-
" nitroethylene cag also be prepared by reaction of a compound of

~ S
: is JL
<.~ R

o)
in methanol with methyl iodide at reflux, and then refluxing the
resulting product with nitromethane (see Indian J. Chem., 15B,
297 (1977)).
The compounds of Formula 1.0 wherein W is -C(O}R12 may
20 Dbe prepared by reacting a compound of formula 45.0 or 46.0 with
the appropriate carboxylic acid, HOOCR!2, and HOBT/DEC/DMF.

15

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

PREPARATIVE EXAMPLE 1
O- N"\ /

CO,H



94.5[err]C, Mass Spec.: Mt = 616.3, elenental analysis: calculated - C
60.54; H, 6.06; N, 683 10 found - C, 59.93; H 662
N, 7.45. S rr] Conmbine 1.67 g (2.7 nmol) of the product of Ste

and 20 mL W&&éé and stir at O[err]C. Add 20 nL of TFA, sPFIUSAHIY ture
15 for 2 hours, then basify the mixture with 1 N NaOH (aqueous). Extract
wth CH2Q 2, dry t he organi ¢ phase over- #§S04, filter and concentrate in
vacuo to give 1.16 g of the product. mp. = 140.2- 140.8[err]C, Mass Spec.:
M+ = 516.2. Step Al PREPARATI VE EXAMPLE 4 [err] WO

98/ 11091 — PCT/ U 9976 -53 - Step A
[err] Conbine 25.86 (3.9 mmol) of _4-(8-¢chl or ep3nkro 6- di hydro- .
11H benzo[ 5, 6] cycl ohgpt Z/ L \2-bl pyri di n-11 -yl idenef

pi peri di ne- 1- car boxyl aci dC@sBty| ester and 250 ni of conce(ﬁ(??% ed H2SO4
at -5lerr]C then ejoq'nﬁh?e qO( 25 616 %l‘)‘loﬁ of ethyl 4-pyrldylacetate and

120 mL of dry CH2Cly at -20°C, add 10.45 g (60.5 mmol)) of

5 MCPBA and stir at -20°C for 1 hour and then at 25°C for 67 hours.

Add an additional 3.48 g (20.2 mmoles) of MCPBA and stir at

25°C for 24 hours. Dilute with CH3Cly and wash with saturated

NaHCO3 (aqueous) and then water. Dry over MgS0O4, concentrate

in vacuo to a residue, and chromatograph (silica gel, 2%-5.5%"

10 (10% NH30H in MeOH)/CH2Clojto give 8.12 g of the pl:oduct
| compound. Mass Spec.: MH* = 182.15

Step B:

O
\ 7 o - . \_7 COgH

Combine 3.5 g (19.3 mmol)) of the product of Step A, 17.5
15 mL of EtOH and 96.6 mL of 10% NaOH (aqueous) and heat the
mixture at 67°C for 2 hours. Add 2 N HCI (aqueous) to adjust to
PH = 2.37 and concentrate in vacuo to a residue. Add 200 mL of
dry EtOH, filter through celite® and wash the filter cake with dry
EtOH (2X50 ml). Concentrate the combined filtrates in vacuo to
20 give 2:43 g of the title compound. |

PREPARATIVE EXAMPLE 2

Q CO,H
O

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



NaNG3 and stir for 2 hours. Pour the mxture into 600 g of ice and basify
with concentrated NHAOH (aqueous). Filter the m xture, wash with 300 nL of
water, then wgsgaoeoi th 500 nmL of 10 CHerr]CG[err]. Wash thgeg 6
with 200 nL of water, dry over MgSOH4, then filter and concentrate 1 n vacuo
to a residue. Chromatograph t he residue (Slbl ca gel, 10% EtOAc/ CH2O 2) to
gi ve 24 4 g (86%yield) of the product m = 165- 167[err]C Mass Spec. :
M+ = 506 (Cl), 15 elenental angl : al C, 52.13; H 4.17,
N 8.29 found - C 52.18; H, 4. $RE
(40.5 mol ) of the product of Ste
at 20[err]C, then cool the mxtu
1. 3-di brono- 5, 5-di net hyl - hydant oi n ;
20[err]C. Cool to-O[err]C, add an addi Nona
di brormhydant0| n and stir at 20[err]C for

AR Loy | Conbine 20 g
) m_ of concentrated H2SM
™NA~Q2 g (24.89 mmol ) of
and stir for 3 hours at
0 (3.5 mmol) of the
Pour the m xture into

400 g of 'ice, WD 98/ 11091 -
PCT/ US97/ 19976 -54 - basify with concent r (aqueous) at Of[err]C,
and col l ect the ' N NH

Step A: |

C02Et

5 Combine 14.95 g (39 mmol) of 8- chloro—l 1-(1-ethoxy-
carbonyl-4-piperidinyl)- 1 1H-benzol5,6]cycloheptal1,2-b]pyridine
and 150 mL of CH2Clg, 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 CH2Clg over

10 1.5 hours. Keep the mixture at 0°C overnight, then wash
successively with saturated NaHCO3 (aqueous), water and brine.
Dry the organic solution over NagSOy4, concentrate in vacuo to a
residue and chromatograph the residue (silica gel, EtOAc/hexane
gradient) to give 4.32 g and 1.90 g of the two product compounds
15 3A() and 3Afii), respectively. |
Mass Spec. for compound 3A(i)): MH* = 428.2;
Mass Spec. for compound 3A(if): MH* = 428.3.



resulting solid by filtration. Wash the solid with 300 nL of water, slurry
in 200 nm. of acetone and filter to provide 19.79 g (85.6%yield) of the
product . = 6-237[err] C, Mass Spec.: M+ =584 5 (),

anal ysi s: W o 45 11 K344 N 7.17 found - E§£§§§g§§kH
3.57; N, 7.16. Step C [err] 10 Conbl ne 25 g (447 nmmol) of Fe
filings, 10 g (90 mpl) of Cad 2 and a'sﬁ@p'ensmn of 20 g (34.19 mol ) - of
the product of Step Bin 700 nL of 90:10 EtO4/ water at 50[err]C. Heat the
m xture at rebtepBivernight, filter through Celite and wash the filter cake
with 2 X 200 nL of hot Et onbine the filtrate and WS 15 and
concentrate in ' ; ¢

CH2d 2, wash wit
concentrate in vacuo ;
Et OAc/CH[err]Cl[err]) to gi
211-212[err] C, 20 WMass Sp .
calculated - C, 47.55; H, |3. 9;

.nd dry ovef ¢

8l dwe’ t hen chr omat ogray; 1sael , 30%-

eH1. 4 g (60% yi el d) of the pridduct. mp. =
MH+ :

CO,Et . CO,Et

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

A, 150 mL of 85% EtOH (aqueous), 25.85 g (0.463 mole) of Fe = .
5 powder and 2.42 g (21.8 mmol) of CaClg, and heat at reflux =~ .

overnight. Add 12.4 g (0.222 mole) of Fe powder and 1.2 g (10.8 -

mmol) of CaCly and heat at reflux for 2 hours. Add another 12.4 g

(0.222 mole) of Fe powder and 1.2 g (10.8 mmol) of CaClz and

heat at reflux for 2 hours more. Filter the hot mixture through

10 celite®, wash the celite® with 50 mL of hot EtOH and

concentrate the filtrate in vacuo to a residue. Add 100 mL of

anhydrous EtOH, concentrate to a residue and chromatograph the

residue (silica gel, MeOH/CH2Cly gradient) to give 16.47 g of the

product compound.

15 Step C:

|
CO,Et

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



WO 98/ 11091 PCT/ US97/ 19976 -55 - Step
D [err] Slowy add (in portions) 20 g (35.9 nmol) of the product of Step C
to a sol utiwoosf1161g (116 nmmol) of NaNO2 in 120 nL of 5 concarcr/esswriesiel
(aqueous) at -10[err]C. Stir the resulting mxture at O[err]C for 2 hours,
then slowly add (dropw se) 150 nlL (1.44 n\g;#e_) of 50% H3PO2 at O[err] C over
a 1 hour period. Stir at O[err]C for 3 ho then pour into 600 g of ice

d basi f t ’ ith 2.X.300 ni of
oo s of " HAroRRAgR] I AL S pReRR ek sIoihy Sdq lakipfngerRo, - O
vacuo to a ressmlaﬁiomfo&ﬁt&gr(éhoh%rmuldsoﬂﬂaN@zlmo&SgaL o waiexr.OMir
h t 7080 or®f 5C, Ma
L2051 0t il U bl ety itpiony agio;
4.05: N. 5.22 58% NaOH (aqueous). Extra thezextracts 5 18
Step E: [epr] ﬁﬂﬂ@bﬁ'ﬁ'ﬁeﬁa&(ﬂ Zhe%extiatis Ofreﬁ N&z&@&iucﬂoxﬁxf:erﬂiraﬁe Boand 100

The i xture,  poaRe &%wng Bant e e nStGAS RERBE HHasiERtn o
(aqueous) . ExtioagivevlOné3 and08.28 g)bf &E% product wmllvwndtsracti)s amckr
MjSO4. Filter, '3€ enéél%cetﬁeriy
: Mass Spec. for compound 3C{i}: MH* = 461.2;
10 Mass Spec. for compound 3C(ii): MH* = 539.

Hydrolyze the product 3C(i) of Step C by dissolving in
concentrated HCl and heating to about 100°C for @ 16 hours.
15 Cool the mixture, the neutralize with 1 M NaOH (aqueous).
Extract with CH2Clg, dry the extracts over MgSO,, filter and
concentrate in vacuo to the title.compound.
Mass Spec.: MH* = 466.9.

20

Dissolve 1.160 g (2.98 mmol) of the title compound from
Step D in 20 mL of DMF, stir at room temperature, and add
0.3914 g (3.87 mmol) of 4-methyl-morpholine, 0.7418 g (3.87
munol) of DEC, 0.5229 g (3.87 mmol) of HOBT, and 0.8795 g
25 (3.87 mmol) of 1-N-t-butoxycarbonyl-piperidinyl-4-acetic acid.



vacuo to a residue, then chromatograph (silica gel, 10% WO 98/ 11091
PCT/ US97/ 19976 -56 - MeOH Et OAc + 2% NH4OH (aqueous)) to give 5.4 g (92%

yi el d) of t«ag,ﬁ,}lﬁ,g conpound. mp. = 172-174[err]C, Mass Spepcrkétnesrei67
(FAB), el enental analysis: calculated - C, 48.69; H 3.65; N 5.97 5

found - C, 48.83; H 3.80; N 5.97. Step E Fol |l owi ng essentially the sanme
procedure as Step C of Preparatlve Exarrpp 5 below, the title conpound from

2ci 8 to produStin FRE BTt o WpBRSAisr R 2 e 3 L 0T o
procedure as gbaegehltrdtePire pacapi i\oesl:‘nestd)he: andopavtitionhthe residusonpound from
B e, DR RefCEHRICIS A itk ?) Waishottie bl fariie BIRuSE sllbcBbamely! | ve

with saturated NaHCO3 (aqueous) 10% NaH2PO4 (aqueous) and

"5 brine. Dry the organic phase over MgSO4, filter and concentrate

in vacuo to a residue. Chromatograph the residue (silica gel, 2%

MeOH/ CH2Cl2 + NHg) to give 1.72 g of the product. m.p. = 94.0-

94.5°C, Mass Spec.:. MH* = 616.3,

elemental analysis: = calculated - C, 60.54; H, 6.06; N, 6.83

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

1_

Combine 1.67 g (2.7 mmol) of the product qf Step E and 20
mL of CHaCly and stir at 0°C. Add 20 mL of TFA, stir the mixture

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

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

20




WO 98/ 11091 PCT/ US97/ 19976 - 57- Step
A. [err] Hydrolyze 2.42 g of 4-(8-chloro-3-brono-5, 6-di hydro-11H benzo[ 5,
6] cycl ohept apvOI98/20Y pyridin- 1 1 -ylidene)- 1 -piperidine- 1- PECTREESNOIOTEI C
acid ethyl ester via substantially the sane procedure as described in
Preparative Exanple 3, Step D, to give 1.38s09 (69%yield) of the product.

Step B: [err] 10 Conmbine 1 g (2.48 mvol) of the product of Step A and
25 nL of dry to&&u%ﬁ add 2.5 nL of 1 MD BAL in toluene and heat the
m xture at reflux.

ter 0.5 hours, add another 2.5 nlL of 1_ M DI BAL in

t ol uene and heat at refl (The reacti opl g tared by TLC
usi ng 50% MeOH CH2 OB~ 3 SCl15 Cd¥i~dhe o
tenperature, add 50 niL g glieous) and st\r , Add 100 ni.

of 1 N NaCH (aqueous), tTd ' : 1886
extracts over MgSOH4, filter apd concent r-ate—i-n—-uvaclo t 0_g : ®f the
title conpound.

A

0O

OCH,CH, 0% “OCH,CH,4

Combine 25.86 g (565.9 mmol) of 4-(8-chloro-3-bromo-5,6-
dihydro-11H-benzo[5,6]cycloheptafl,2-blpyridin-11-ylidene)-1-

5 piperidine-1-carboxylic acid ethyl ester and 250 mL of -
concentrated H2SO4 at -5°C, then add 4.8 g (56.4 mmol) of
NaNOgs and stir for 2 hours. Pour the mixture into 600 g of ice
and basify with concentrated NH4OH (aqueous). Filter the
mixture, wash with 300 mL of water, then extract with 500 mL of

10 CH3Cly. Wash the extract with 200 mL of water, dry over MgSO4,
then filter and concentrate in vacuo to a residue. Chromatograph
the residue (silica gel, 10% EtOAc/ CHaCly) to give 24.4 g (86%
yield) of the product. m.p. = 165-167°C, Mass Spec.: MH* = 506

15 elemental analysis: calculated - C, 52.13; H, 4.17; N, 8.29
found - C, 52.18; H, 4.51; N, 8.16. '

0% oCH,CH,q o)\ OCH,CH,4

Combine 20 g (40.5 mmol) of the product of Step A and
20 200 mL of concentrated HaSO4 at 20°C, then cool the mixture to
0°C. Add 7.12 g (24.89 mmol) of 1,3-dibromo-5,5-dimethyl-
hydantoin to the mixture and stir for 3 hours at 20°C. Cool to
0°C, add an additional 1.0 g (3.5 mmol) of the dibromohydantoin
and stir at 20°C for 2 hours. Pour the mixture into 400 g of ice,



WO 98/ 11091 PCT/ US97/ 19976 -58 - Step
C. Conbine 0.501 g (1.28 nmmol ) of the title conpound of Step B and 20 niL of
dry DWVF, wianaebd 0. 405 g (1.664 mmol) of 1-N- 5 PCT/US9 /19976
t - but oxycar bonyl pi peri di nyl -4-acetic acid, 0.319 g (1.664 mm(sJ oltl DEC,
0.225 g (1.664 mmol) of HOBT, and O. 16%42 (1.664 mmol ) of

4- met hyl nor phol ine and stir the m xtur T roomtenperature overnight.
Concentrate the_m xture in vacuo a residue, then partitjon_the residue
bet ween 150 Basiff “éh[‘&qflﬁef’éﬁﬁedlbﬁ"ﬁqy GAUS) a%QtQGr ansh callectthe

by the. or gags o ong SO ByeRuealions Tast (RESGIR witlh 300 sl It whters o '
e.
OhY ormt ogr agHUFRE iac20@ 1L & Acttorit ancb Bifer fopravide 167 & 5. 6% '
MeOH CH| er r [ydeld)rof] the produdt] antp OH 236-237R(, Mass Spéc.of MI# 5584
MeOH/ CH2 Zépé?'r 1% NHAOH (aqueous)) to give 0.575 g of the product. mp. =
2

115[err]~1 ]C Mass Spec.: M+ = 616. Step D. [err] Conbine 0.555 g
(0.9 mol) doflententpl amadysisf St epalcwdated?o C,145.411;0#1.CBA4;2 N\n@. EDol t he

m xture to O[err]C. Add 15 niL Offo-ﬂ:rfd-c, 44.95; H, 3.57; N, 7.16.

0% N OCH,CH,4 o)\ OCH,CHg

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

15 and concentrate in vacuo to a residue. Extract the residue with
600 mL of CH2Clo, wash with 300 mL of water and dry over
MgSQ4. Filter and concentrate in vacuo to a residue, then
chromatograph (silica gel, 30% EtOAc/CH2Clo) to give 11.4 g
(60% yield) of the product. m.p. = 211-212°C,

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

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



and stir at O[err]C for 2 hours. Concentrate in vacuo at 40-45[err]Cto a
resi due, then partition the residue between 150 nL of CHerr]dJ[err] and
100 nL of sawmesitiesh NaHCO err] (aqueous). Extract the aqueouspcexshrydotd
100 nL of CH2CA 2, conbine the extracts and dry over 25 MgS(err].

Concentrate in vacuo to give 0.47 g of thgeproduct. WO 98/ 11091
PCT/ US97/ 19976 - 59 - mp. = 140[err]-150 grr]C Mass Spec.: M+ = 516.
PREPARATI VE E b6 [err] 5 [racemic as well as (+)- and

(-)-isoners] 2 [err] Combine 16.6 g (0.03 nole) of the product of
R a 3 1 solution of CH err] G and wat er
ul tf ng slurry

10 (212.65 nL CH3CN ang
overni ght at roomBfem
0.31 g (2.30 mmol ) of
yi el d) of the product.
reaction and 15 the tenpers
m xture for

af water) and stir th

2 @33 g (GBr '\‘
at roomterrper

A ]
0% “OCH,CH,4 _ 0)\ OCH,CH,

Slowly add {in portions) 20 g (35.9 mmol) of the product of
Step C to a solution of 8 g {116 mmol) of NaNOs in 120 mL of
5 concentrated HCI (aqueous) at -10°C. Stir the resulting mixture

at 0°C for 2 hours, then slowly add (dropwise) 150 mL (1.44
mole) of 50% H3POg2 at 0°C over a 1 hour period. Stir at 0°C for 3
hours, then pour into 600 g of ice and basify with concentrated
NH4OH (aqueous). Extract with 2 X 300 mL of CH2Clg, dry the

10 extracts over MgS0O4, then filter and concentrate in vacuo to a
residue. Chromatograph the residue (silica gel, 25% EtOAc/
hexanes) to give 13.67 g (70% yield) of the product. m.p. = 163-
165°C, Mass Spec.: MH+* = 539 (CI},
elemental analysis:  calculated - C, 48.97; H, 4.05; N, 5.22

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

A

0% “OCH,CH,

Combine 6.8 g (12.59 mmol) of the product of Step D and
100 mL of concentrated HCI (aqueous) and stir at 85°C overnight.
20 Cool the mixture, pour it into 300 g of ice and basify with
concentrated NH4OH (aqueous). Extract with 2 x 300 mL of
CH2Cly, then dry the extracts over MgSOy4. Filter, concentrate in

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



1.3 hrs. (tenperature returned to 25[err]C after about 30 mn.), then
filter to renove the solids and wash the solids with CHerr]d[err].
Concent r at ewblsgnidokt rate in vacuo to a residue and dissol ve t@heriesneges i n
CH2C 2. Filter to renove insoluble solids and wash the 20 solids wth
CH2A 2. Wash the filtrate with water, concentrate to a volunme of about 200
nm. and wash with bl each, then with Water GEgtract with 6 N HO (aqueous) .
Cool the aque %}/@ t to C and slow y add 50% NaOH_( aqueous) to adjust
Co pH = 4 whi MCOH/BFOAc1+03% NH,OH (adueous)] to give 5.4 ¢ (92% yield) of
PCT/ US97/ 1997 ghebftle &ﬁﬁpoﬂmd h%tﬁrf&el'i&ufm@()[ﬂarslscs E&L T M+ Migg7 W th
CH2d 2, dry 0\‘ r SO and concentrate in vacuo to a reIsJ| due. Slurry the
residue in 20 # Et OH and cool to OC. Collect the resulting solids by
filtration anclementatanalysis: i n vealcmlatedgl-\(e 48969y Hf 3.68; N, H.9%uct .
[err]H NMR<(CDCl [err], 200 MHz): 8 (d, 2H):
3.45 (m.2%); 3.15 (m 2H). Step zf’é@r]égéﬁoéﬁes'ﬁ §8 12‘5@ 74 ‘ol ) of
t he product ofStepdi: A 10 and 500 m of an anhydrous 1:1 mixture of EtOH
and tol uene, add 1.Fohiswiny eSseHRallythd3Bhte %cgﬂﬁ‘kgt&?s@ﬁt@r& at reflux

Preparative Example 5 below, the title compound from Step E

above is reacted with 1-N-t-butoxycarbonylpiperidinyl-4-acetic

10 acid to produce the compound

Step G: :

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

15 above is deprotected to yield the title compound of Preparative

Example 4.




for 10 mn. Cool the mxture to O[err]C, add 100 nL of water, then adjust
to pHerr]4-5 with 1 MHO (aqueous) while keeping the tenperature
<10[err] C. AowodsAievs of Et OAc and separate the 15 |ayers. Waslpcgngse9/10598i C
| ayer with brine (3 X 50 nmL) then dry over NaJerr]SO err].. Concentrate in
vacuo to a residue (24.01 g) and chronmat ogrg,?h the residue (silica gel, 30
% hexane/CH err]Cl[err]) to give the produc?? "I npure fractions were
purified by rechgomatography. A total of 18.57 g of the product was 20

obtained. [err] «DMSO-d6, 400 MHz): 8.5 (s, 1H); 7.9 (s, 1H); 7.5 (d
of d, 2H); 6.2 (s, 1H; 6.1 '35(m1H) ;3.2 (m 2H).
Step C. [err] 25 Br g C146. 02 rmg}, OEI Step
B and 500 niL of CHCI[e\r] 6. 70 mL (91. - and
stir the mxture at roo merrprat vt for 4 hrs. Add R _s@ -0 35.6 ¢
(0.413 nol e) of piperazi ne i P800 nL of THE M 98/ 1No9o1 I
PCT/ US97/ 19976 -61 - over afpernod of 5 mn. and stir the.mMture for 1 hr.
at roomtenperature. Heat tphe mjxture at reflux overnight, then cool to
_ N .
A H
o) OEt

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

10 Combine 1 g (2.48 mmol) of the product of Step A and 25
mL of dry toluene, add 2.5 mL of 1 M DIBAL in toluene and heat
the mixture at reflux. After 0.5 hours, add another 2.5 mL of 1 M
DIBAL in toluene and heat at reflux for 1 hour. (The reaction is
monitored by TLC using 50% MeOH/CH2Cly +NH40H (aqueous).)

15 Cool the mixture to room temperature, add 50 mL of 1 N HC1
{aqueous) and stir for 5 min. Add 100 mL of 1 N NaOH (aqueous),
then extract with EtOAc (3 X 150 mL). Dry the extracts over
MgSO0y4, filter and concentrate in vacuo to give 1.1 g of the title
compound.



roomtenperature and dilute the mxture with 1 L of CHerr]d[err]. Wash
\imoghn{v;iter (5 X ZOPI rrL%, and extract the aqueous wash 5 with CHO3 (3 X

: ne all of the organic solutions, wash with brj 0 nL
and dry o&gggkfé err] Concentrate in vacuo to a residue ahﬁﬁg’%& ogr ap%
(silica gel. gradient of 5% 7.5% 10% MeOH CH2A 2 + NH40H) to give 18.49 ¢
of the title conpound as a racenmic mixt®e- 10 Step D - Separation of
Enantioners: [err] The racemic title conpound of Step Cis separated by
preparative @tepaC: chromat ography (Chiral pack AD, 5 cm X 50 cm colum, flow
rate 100 nL/mn., 20% i PrOH hexane + 0.2% 15 di et pHQine), to give 9.14 g
'of t he (+)-|sorrer and 9. 3g=s\of the (-)-i: / > aI data for
(+)-isoner: mp.ge 7478 N.erel C [a][err] =
+97 4[err] (8.48 ny 2n17 ysi cal chem 7 (- )-|sorrer: m p.

82. 9lerr]-84.5err ==opec. M 1. [erllblﬂls)[srr] =
-97 4[err] (8.32 nmg/ 2nL O—|) VWO-Q8/11Q01
PCT/ US97/ 19976 -62 - Step-E

Combine 0.501 g (1.28 mmol) of the title compound of Step
B and 20 mL of dry DMF, then add 0.405 g (1.664 mmol) of 1-N-
5 t-butoxycarbonylpiperidinyl-4-acetic acid, -0.319 g (1.664 mmol)
of DEC, 0.225 g (1.664 mmol) of HOBT, and 0.168 g (1.664
mmol) of 4-methylmorpholine and stir the mixture at room
temperature overnight. Concentrate the mixture in vacuo to a
residue, then partition the residue between 150 mL of CH2Cl2
10 and 150 mL of saturated NaHCO3 (aqueous). Extract the aqueous
phase with another 150 mL of CH2Cls. Dry the organic phase
over MgS04, and concentrate in vacuo to a residue.
Chromatograph the residue (silica gel, 500 mL hexane, 1 L of 1%
MeOH/CH2Cls + 0.1% NH4OH (aqueous), then 1 L of 2%
15 MeOH/CH.Cly + 0.1% NH4OH (aqueous)) to give 0.575 g of the
product. m.p. = 115°-125°C; Mass Spec.: MH* = 616.

Combine 0.555 g (0.9 mmo}) of the product of Step C and
20 15 mL of CH2Cl3 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 CH2Clg
and 100 mL of saturated NaHCO3 {aqueous). Extract the aqueous
layer with 100 mL of CH2Cls, combine the extracts and dry over
25 MgS04. Concentrate in vacuo to give 0.47 g of the product.



[err] (-)-isonmer Conmbine 3.21 g (6.80 mml) of the (-)-isonmer product of
Step D and 150 nL of anhydrous DMF. Add 2.15 g (8.8 mmol) of 5

1- N-t - but oxywessmaogl pi peri dinyl -4-acetic acid, 1.69 g (8.8 rqudmﬂg 978976
1.19 g (8.8 mml) of HOBT and 0.97 nL (8.8 mml) of N nethyl norpholine and
stir the m xture at room tenperature overghg Concentrate in vacuo to
renove the DVF and add 50 nL of saturat ed ch err] (aqueous). Extract '
with CHerr]d X 0 was h cts with 50 nL of brine
and dry over ﬁﬁo (ﬁ@é&n ﬁp%rcu@ﬂt3 %rrlgsl due and chromat ograph
(silica gel, 2%|\/EO—VCI—|ZCIZ + 10%NH4C]—|) to give 4.75 g of the product.
mp.:757785C Mass Spec. : A el B Jo= -5.5 (6.6 ng/2 m.
MeOH). 15 Step F: [err] Conbi TO =¥ ’ 5t=the product of Step .
E and 30.nL of MeOH, then add 50 n1_ of 10paH err l'SQerr]/dl oxane in 10 nL
aliquots over a 1 hr. period. P > @ ?{) m. of 20 water and
add 15 nL of 50% NaOH (aqueous 0 ) 10-11. Filter to
renove the resulting solids and-ext QctZTRe hte with CH2A 2 (2 X 250
m.). Concentrate the aqueous |ayer in I\‘facu to renove the MeOH and extract

again with 250 nL of _ [j
o/)\/o

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

¥y tL
H

PN

Combine 16.6 lg (0.03 mole) of the product of Preparative

Example 4, Step D, with a 3:1 solution of CH3CN and water

10 (212.65 mL CH3CN and 70.8 mL of water) and stir the resulting
shurry overnight at room temperature. Add 32.833 g (0.153
mole) of NalO4 and then 0.31 g (2.30 mmol) of RuO»5 and stir at
room temperature give 1.39 g (69% yield) of the product. (The
addition of RuO is accompanied by an exothermic reaction and

15 the temperature climbs from 20° to 30°C.) Stir the mixture for
1.3 hrs. (temperature returned to 25°C after about 30 min.), then
filter to remove the solids and wash the solids with CHaCls.
Concentrate the filtrate in vacuo to a residue and dissolve the
residue in CH2Clp. Filter to remove insoluble solids and wash the

20 solids with CHoCly. 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

OCH,CHj,4



WO 98/ 11091 PCT/ US97/ 19976 -63 -
CHerr]d [err]. Dry the conbl ned extracts over MgSO err] and concentrate in

vacuo to gi roduct. mp. = 128.1-131.5C, WMass Spec.:
[[err]][err?oa:-g(.ng(Q.B my/2 nL MeQH). 5 %@5&?&1’%
EXAMPLE 7 [err] Step A [err] Conbine 15 (38.5 mol ) of

4-(8-chloro-3-bronmp-5.6- 1 0 dihydro- 16

1H benzo[ 5, 6] cycl ohept a[1,2-b]pyridin- 1 1 -ylidene)- 1-

pi peri di ne- 1- deeping the temperatyre <AQSC. aFxtract hwics with GHpClgedry
Herr]sqerr] gier @Q%@esnéeﬁ&a&e(ﬁ%&m%)a fds l&ﬂ@o§%ﬂ{ for 4

hours. Pour the m ure into I ce and basify wth agueous).

Extract with @epiduedn20mL er§ Q%laniiscom)gw £ h@ﬁ’ lect the resyplting
concentrate i olisBy! MltFati6h! xfeﬂ‘iél%ﬁﬁé'lﬁeu&&% lt%%ﬂw QSC%%NHEOHE |

e g b,

3.5-3.1 (m _4@5&1.023)8 345 th,; ZA)6-3.15 (m, 2H).; 125(t 3H).

Combine 21.58 g (563.75 mmol) of the product of Step A
10 and 500 mL of an anhydrous 1:1 mixture of EtOH and toluene,
add 1.43 g (37.8 mmol) of NaBH4 and heat the mixture at reflux
for 10 min. Cool the mixture to 0°C, add 100 mL of water, then
adjust to pH= 4-5 with 1 M HCIl (aqueous) while keeping the
~ temperature <10°C. Add 250 mL of EtOAc and separate the
15 layers. Wash the organic layer with brine (3 X 50 mL) then dry
over NagS04. Concentrate in vacuo to a residue {24.01 g) and
chromatograph the residue (silica gel, 30 % hexane/CHz2Clg) to
give the product. Impure fractions were purified by
rechromatography. A total of 18.57 g of the product was
20 obtained. 1H NMR (DMSO-dg, 400 MHz): .-8‘5- {s, 1H); 7.9 (s,
1H); 7.5 (d of 4, 2H); 6.2 (s, 1H); 6.1 (s, 1H); 3.5 (m, 1H); 3.4
(m, 1H); 3.2 (m, 2H).

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

and 500 mL of CHCl3, then add 6.70 mL (91.2 mmol} of SOCla,
and stir the mixture at room temperature for 4 hrs. Add a
solution of 35.6 g (0.413 mole) of piperazine in 800 mL of THF



WO 98/ 11091 ' . PCT/ US97/ 19976 -64 - Step
B: [err] Conbine 6.69 g (13.1 nmol) of the product of Step A and 100 niL of
85% Et OH wat ewp 9sheeviadd 0.66 g (5.9 mmol) of CaCll[err] 5 and KC1368897/19976
(117.9 mmol ) of Fe and heat the m xture at reflux overnight. Filter the hot
reaction mxture through celite and rinsegpe filter cake with hot EtCH.
Concentrate the filtrate in uacuo to give 7 72 g of the product. Mass

Spec.: MH+ = 47 yéi"i rg—:tfl] tep B
and 35 niL of HO%\)C&I.% é;%o[gﬁﬂn uﬁ%rﬁﬂgﬁhgfrgf;q%%ﬂ%étl r the
m xture at roothE'hB rﬂ’&n dreflux,

then 75 nL of 5Gfsriaehp a&t&wa&indtrmhmetm@mﬂ&urmhhﬂ %of(ﬂﬂgcule

extract over My nd,concentr a re5| ue. Chromato ph t he
residue (sili caigéﬁ?’ @é “ﬁ%ﬁégﬁéﬁg agusous,w duct
(al ong wit h Bnotwith CHEly(DX paotdl)! prmbﬁxeeaﬂl mfdﬂmcogrganmsnlﬁmmns.
= 555.9. 20 [er
7.15 (s, 1H): ‘i’a%h h% SHS ??ﬂ 2 H&L%d(‘g?’s&ér Qe g"&ﬁfdﬁgl
. in vacuo to a residue and chroma tograph (silica gel, gradient of
5%, 7.5%, 10% MeOH/CHsCls + NH40H) to give 18.49 g of the
title compound as a racemic mixture.
10 t - aration of

The racemic title compound of Step C is separated by
preparative chiral chromatography (Chiralpack AD, 5 cm X 50 cm
column, flow rate 100 mL/min., 20% iPrOH/hexane + 0.2%

15 diethylamine), to give 9.14 g of the (+)-isomer and 9.30 g of the
(-)-isomer.

Physical chemical data for (+)-isomer: m.p. = 74.5°-77.5°C;

Mass Spec. MH* = 471.9; [o]n = +97.4° (8.48 mg/ 2mL MeOH).
Physical chemical data for (-)-isomer: m.p. = 82.9°-84.5°C;

20 Mass Spec. MH* = 471.8; [o]p = -97.4° (8.32 mg/ 2mL MeOH).



9-2.75 (m 1H); 2.7-2.5 (m 2H); 2.4-2.2 (m 2H); 1.25 (m 3H). WO

?8/ 1]10$c9:(1)rﬁw A o ( ' PCT/ US97/ 19976 -65 - Step D
err &'6%/ 7 5.4 mol) of t-butylnitrite and 3 nL o d
heat the mxturgﬁgt to 60[err]-70[err]C. Slowy add (dropw gg)i‘ 5 é”?n‘]xture
of 2.00 g (3.6 mol) of the product of géep C and 4 nL of DW, then cool
the m xture to roomtenperature. Add andfher 0.64 nlL of t- butyl nitrite at
40[err] C and_reheat the mixture to 60- 70[err]C for 0.5 hrs. Cool to room
tenperat ure SERPFour the nixture into 150 nL of water. Extract with
CHerr]CJ[err], dry the extract over 10 MSOHM and concentBIate I n vacuo to
a residue. Chromatograph t he residue (SI lica ge

give 0.74 g of the product.
MHz): 8.52 (s, 1H); 7.
2H); 3.5-3.1 (m B
2H); 1.26 (t, 3H).
of Step D and 8

e S ( .
bi ne 0 70 g (1 4nnml(ﬁ;}[gy‘sckhe product

A S
(--isomer [Nj - OJ\/O /go

Combine 3.21 g (6.80 mmol) of the (-)-isomer product of -
Step D and 150 mL of anhydrous DMF. Add 2.15 g (8.8 mmol) of
5 1-N-t-butoxycarbonylpiperidinyl-4-acetic acid, 1.69 g (8.8 mmol)
of DEC, 1.19 g (8.8 mmol) of HOBT and 0.97 mL (8.8 mmol) of N-
methylmorpholine and stir the mixture at room temperature
overnight. Concentrate in vacuo to remove the DMF and add 50
mL of saturated NaHCOg3 (aqueous). Extract with CHaClz (2 X 250
10 ml), wash the extracts with 50 mL of brine and dry over MgSOy.

Concentrate in vacuo to a residue and chromatograph (silica gel,
2% MeOH/CH3Clg + 10% NH4O0H) to give 4.75 g of the product.

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

15 StepF:
Br
Br = cl -
\ 4
N
N (CH3)30\

»\/Q

Combine 4.70 g (6.74 mmol) of the product of Step E and
30 mL of MeOH, then add 50 mL of 10% H2SO4/dioxane in 10
mL aliquots over a 1 hr. period. Pour the mixture into 50 mL of
20 water and add 15 mL of 50% NaOH (aqueous) to adjust to pH=

10-11. Filter to remove the resulting solids and extract the
filtrate with CH2Cl2 (2 X 250 mL). Concentrate the aqueous layer

in vacuo to remove the MeOH and extract again with 250 mL of



mL of concentrated HC (aqueous) and heat the m xture at reflux 20
overnight. Add 30 nL of 1 N NaCH (aqueous), then 5 nL of 50% NaCH (aqueous)
and extract wié bdnifgbRC 2. Dry the extract over MySO4 and concept:-mjsgwims
vacuo to give Q.59 g of the title conmpound. Mass Spec.: = 468.7. mp. =
123.9[err]-124. 2[err]C. . WD 98/11091

PCT/ US97/ 19976 -66 - Step F: [err] React” §30 g (12.8 mol ) of the title
conmpound from D

LNt but oxy cabEGHG IR, A1 Hhe,sPimiBirttel ERACE fver MEPQs enbeomerar™le: e

same procedur ein aactesty givedHoprédagt, anip.e=228011°cl1 31.580;p Mass Speicve

Vi) 65 (a. T 5 997G Waﬁ’f"? QI TP, TS5 556 (m

1H); 3.5-3.15 (m 3H); 29(d 2H); 2.8-2.5 (m 4H): 10 241.8(m 6H) ;
1.8-1.6 (b d, 2H); 1.4 (s, Mm tep G.[err] Conbine
8.50 g of tsne product of. St ep o

)\ ' o)\ OCH,CH,

0% “OCH,CH,4

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

‘10  dihydro-11H-benzo|5,6]cycloheptall,2-b}pyridin-11-ylidene)-1-
piperidine-1-carboxylic acid ethyl ester and 150 mL of
concentrated HaSO4 at -5°C, then add 3.89 g (38.5 mmol) of
KNO3 and stir for 4 hours. Pour the mixture into 3 L of ice and
basify with 50% NaOH (aqueous). Extract with CH2Cla, dry over

15 MgSO0;, then filter and concentrate in vacuo to a residue.
Recrystallize the residue from acetone to give 6.69 g of the
product. 1H 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).



15 CHerr]CdJ[err], then cool to O[err]C and add 55 nL of TFA. Stir the

m xture for 3 h at O[err]C, then add 500 nL of [1 N ]l\lzéO[—| (ai:]ueous) foIIovvgcC:I)4
by 30 nL of wO%shigfol (aqueous). Extract with CH err err],

a%d concentrate in vacuo to give 7.86 g of the product. Mass g‘%’c‘%\‘%M
593.9 (FAB). 1H NWR (CDCl [err], 200 MHz): 51 20 (d, 1H); 7.52 (d of d,
2H); 7.20 (d. 1H); 4.1-3.95 (m 2H); 3.8 3865 (m 2H); 3.5-3.05 (m 5H);
3.0-2.5 (m GW-LG(m 6H);1.4-1.1 (m 2H). WO 98/ 11091

PCT/ US97/ 19976 =< = PREPARATI VE EXAMPLE 8 [err] [racemic as well as (+)-

and (-)-isomers] i tl'e conpound

[err] Prep < solutlon of 8.1¢g of '
aas] - . )

fromPreparative tpl uenBra m™\oflcp 1M
solution of DIBAL in tq ue ? emxture at ow y add
(dropwi se) anot her 21 . &N t ol uene 10 0N 8 a period of
40 min. Cool the reaction m x{ to NQait O[err]Cand add 700 niiHef 1 M

HO (aqueous). Separate and
phase with CHerr]Cd[err],

S S {

0~ T OCH,CH,4
Combine 6.69 g (13.1 mmol) of the product of Step A and
100 mL of 85% EtOH/water, then add 0.66 g (5.9 mmol) of CaCly
5 and 6.56 g (117.9 mmol) of Fe and heat the mixture at reflux
overnight. Filter the hot reaction mixture through celite® and
rinse the filter cake with hot EtOH. Concentrate the filtrate in
vacuo to give 7.72 g of the product. Mass Spec.: MH+ = 478.0.

OCH,CH,

)\'. 0)\00H20H3

0% S OCH,CH,

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

mixture at room temperature overnight. Add 300 mL of 1 N
NaOH (aqueous) , then 75 mL of 50% NaOH (aqueous) and extract

15 with EtOAc. Dry the extract over MgSO4 and concentrate in
vacuo to a residue. Chromatograph the residue (silica gel, 20%-
30% EtOAc/hexane) to give 3.47 g of the product (along with
another 1.28 g of partially purified product). Mass Spec.: MH* =
555.9.

20 !H 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).

10



di scard the extract, then basify the aqueous phase by addi ng 50% NaCH
(aqueous). Extract with CHerr]C[err], dry the extract over 15 MySO4 and

concentrat ewaog/pogo to give 7.30 g of the title conpound, Whllﬁ‘éi-m@a,ﬁ”-m
racem c m xture of enantiomers. WD 98/ 11091

PCT/ US97/ 19976 - 68 - Step B - Separation Enantioners: [err] The racemc
title conpound of Step A is separated by~ parative chiral chronatography
(Chiral pack AD,,5 ¢m X 50 cm5 colum, using 20% i PrOH hexane + 0.2%

di et hyl am ne), e the (+)-isoner and the (-)-isoner of the title
conpound. Physical chem cal for (+)-isoner: : A3. 8 err]C Mass
Spec. M+ = 469; [[gg R :

chem cal data for (-)-
[[err]][err] = -65.2 (3 ko
(+)-isoner of the title corrpo nd of Prl\ﬂ-pﬁratlve Exarrple B, S ep B. W|th
1.37 g of 1-N-t-butoxy- 15 gardenPfpi peri di nyl -4-aceti ' '

substantially the sanme
0% “ocH,CH, 0% > OCH,CH;

Combine 0.557 g (5.4 mmol) of t-butyhitrite and 3 mL of
DMF, and heat the mixture at to 60°-70°C. Slowly add (dropwise)
5 a mixture of 2.00 g (3.6 mmol) of the product of Step C and 4 mL
of DMF, then cool the mixture to room temperature. Add another
0.64 mL of t-butylnitrite at 40°C and reheat the mixture to 60°-
70°C for 0.5 hrs. Cool to room temperature and pour the mixture
into 150 mL of water. Extract with CHaCla, dry the extract over
10  MgSO4 and concentrate in vacuo to a residue. Chromatograph the
residue (silica gel, 10%-20% EtOAc/hexane) to give 0.74 g of the
product. Mass Spec.: MH* =541.0.
1H NMR (CDCI3, 200 MHz): 8.52 (s, 1H); 7.5 (d, 2H); 7.2 (s,
1H); 4.15 (q, 2H); 3.9-3.7 (m, 2H); 3.5-3.1 {m, 4H); 3.0-2.5
15 (m, 2H); 2.4-2.2 (m, 2H); 2.1-1:9 (m, 2H); 1.26 (t, 3H).

= 469;

Step E:
Br -~
\
N
Br
N
OJ\OCHzcl-Ia

Combine 0.70 g ( 1.4 mmo)) of the product of Step D and 8
mL of concentrated HCl (aqueous) and heat the mixture at reflux

20 overnight. Add 30 mL of 1 N NaOH (aqueous), then 5 mL of 50%
NaOH {aqueous) and extract with CHaCla. 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.



procedures as described for Preparative Exanple 5, Step C, to give 2.78 ¢
of the product. Mass Spec.: M+ = 694.0 (FAB); [[err]][err] = +34. 1] err]
(5.45 ng/ 2 obfefdol - VO 98/ 11091

PCT/ US97/ 199rw7% 69- Step D [err] Treat 2.78 g of the product PGIUSYEIW \i a
substantially the same procedure as described for Preparative Exanple 5,
Step Db 5 to give 1.72 g of the product-6fp. = 104.1[err]C, Mass Spec.:

M = 594; [[eErt!]!qrr] = +53.4 (11.42 ng/2 nm, MeOH). PREPARATI VE EXAMPLE

9 [err] 10 [racemc as well as (+)- and ( )-isomers] Step A
[err] Combi ne 40 0 g (0.124 Ie) of the starting ne and 200 nL of
Herr] SO err] d 6 nol e) of

KNG3 over a per|

. re and stir
overni ght. Work up the '

C(CHy),

React 6.0 g (12.8 mmol) of the title compound from Step E
and with 3.78 g (16.6 mmol) of 1-N-t-butoxycarbonylpiperidinyl- -
5 4-acetic acid using substantially the same procedures as

described for Preparative Example 5, Step C, to give 8.52 g of the
product. Mass Spec.: MH* = 694.0 (FAB). !H NMR (CDCls, 200
MHz): 8.5 (d, 1H); 7.5 (d, 2H); 7.2 (d, 1H); 4.15-3.9 (m, 3H);
3.8-3.6 (m, 1H); 3.5-3.15 (m, 3H); 2.9 (d, 2H); 2.8-2.5 (m. 4H):

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

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

15 CHzclz, then cool to 0°C and add 55 mL of TFA. Stir the mixture
for 3 h at 0°C, then add 500 mL of 1 N NaOH (aqueous) followed
by 30 mL of 50% NaOH (aqueous). Extract with CHaCls, dry over
MgSO4 and concentrate in vacuo to give 7.86 g of the product.
Mass Spec.: M+ = 593.9 (FAB). 1H NMR (CDCls, 200 MHz): 8.51

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



WO 98/ 11091 PCT/ US97/ 19976 -70 -
substantially the sane procedure as described for Preparative Exanple 4.
Step A Chronwioagnagdi (silica gel, 20% 30% 40% 50% Et OAc/ hex@gusd7ioshs
100% Et OAc) to give 28 g of the 9-nitro product, along with a smaller
quantity of the 7-nitro 5 product and 19 7of a mxture of the 7-nitro and
9-nitro conpounds. Step B: [err] React 28~ (76 2 mml) of the 9-nitro
product of Step A, 10 400 nL of % (34.3 mmol ) of Cad 2
and 38.28 g (0.685 nol e) of Fe uSf¥g-o yflgesame procedure as
descri bed for Preparative Exanpl e 4, S (ve 24 g of the product
Step C. [err] 15 Conbine 13 g (38135 e Gt of Step B. 140 nL
of HOAc and slowy add a solution of R. mmol) of Br2 in 10 nL of
HOAc over a period of 20 min. Stir the e xture at room
tenperature, then concentrate in vacuo to 8

Ccl

Prepare a solution of 8.1 g of the title compound from
Preparative Example 7, Step E, in toluene and add 17.3 mL of a
1M solution of DIBAL in toluene. Heat the mixture at reflux and
slowly add (dropwise) another 21 mL of 1 M DIBAL/toluene
10 solution over a period of 40 min. Cool the reaction mixture to
-about 0°C and add 700 mL of 1 M HCI (aqueous). Separate and
discard the organic phase. Wash the aqueous phase with CH3Cls,

discard the extract, then basify the aqueous phase by adding 50%
NaOH (aqueous). Extract with CH2Clg, dry the extract over
15 MgS0O4 and concentrate in vacuo to give 7.30 g of the title

compound, which is a racemic mixture of enantiomers.



20 residue. Add CHerr]dJerr] and water, then adjust to pH = 8-9 with 50%
NaCH (aqueous). Wash the organic phase with water, then brine and dry over
Na2SO4. Gawgrgspilggedt € i n vacuo to give 11.3 g of the product. Pé}dﬁgg@f’%e”]
Cool 100 nmL of concentrated HC (aqueous) to O[err]C, then a (81.4
mml ) of NaNO2 and stir for 10 m n. ggy add (in portions) 11.3 g (27 1
mml ) of the product of Step C and stir WO 98/ 11091

PCT/ US97/ 19976 -_71 - the m xtyre at O[err] 3[err]C for 2.25 hrs. Slowy

add (dropwi P10 APIEAHON, QRRRANYINEESs) and al l ow the mixture to stand
at O[err]C overm ght SI ow y add (dropwi se) 150 nL o NaOH over 30

mn., to adjust to pH =9, then extract w tgeCHA ; the 5
extract with wat er, then br| ne and dry over Na[W oL Pncentrate in
vacuo to a reS|due 3 d g at Qgraph (silica gel OA EH[err]C[err])
to give 8.6 g B~y @ [err] 10 e869(214

nmol ) of the produ

N
H

The racemic title compound of Step A is separated by

preparative chiral chromatography (Chiralpack AD, 5 cm X 50 cm
5 column, using 20% iPrOH/hexane + 0.2% diethylamine), to give

the (+)-isomer and the (-)-isomer of the title compound.

Physical chemical data for (+)-isomer: m.p. = 148.8°C;
Mass Spec. MH* = 469; [alD = +65.6° (12.93 mg/ 2mL MeOH}

Physical chemical data for (-)-isomer: m.p. = 112°C;

10 Mass Spec. MH* = 469; [a]D = -65.2° (3.65 mg/ 2mL MeOH).

(+)-isomer

React 1.33 g of the (+)-isomer of the title compound of
Preparative Example 8, Step B, with 1.37 g of 1-N-t-butoxy-
15 carbonylpiperidinyl-4-acetic acid using substantially the same
procedures as described for Preparative Example 5, Step C, to
give 2.78 g of the product. Mass Spec.: MH* = 694.0 (FAB); [a]D

= +34.1° (5.45 mg/2 mL, MeOH).



300 nmL of MeOH and cool to O[err]-2[err]C. Add 1.21 g (32.1 nmmol) of NaBH4
and stir the mxture at ~O[err]C for 1 hr. Add another 0.121 g (3.21 muol)
of NaBH4, stiwobgtedahr. at O[err]C, then let stand overni ght gTRfS897/19976
Concentrate in vacuo to a residue then partition 15 the residue between
CHerr]Cd[err] and water. Separate the orgégl c phase and concentrate in
vacuo (50C) to give 8.2 g of the product ep F: [err] 20 Conbi ne
8.2 g (20.3 nmol) of the product of Step E-and 160 nL of CHerr]dJerr],

cool to OC, the y add (dropvvi se) 14.8 nmL (203 mmol) of SOCl[err] over
a 30 mn. period. Warm t he AT uretoroomterrperaturea ir for 4.5
hrs., then conceniBrale @ssi due, adrCH { apecivash

with-1 N 25 NaCOH (aq trate in
vacuo to a residue, thes . gjﬁ?g g (101 Rl ) azi ne and
stir at roomtenperature ove i ) é fte in vacuo td a rdesidue, add
CHerr]CJ[err], and wash 5 N Na0—| (aqueous), wat ¢f, h&F bri ne. Dry
over Na[err]SCI err] and co cenrat e m/k WO 98/ 11091

PCT/ US97/ 19976 - 72 - w o J\/O\m
o | e

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

ne and dry over Wa2gi

10

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

200 mL of HaSO4 and cool to 0°C. Slowly add 13.78 g (0.136
15 mole) of KNO3 over a period of 1.5 hrs., then warm to room
temperature and stir overnight. Work up the reaction using



vacuo to give 9.46 g of the crude product. Chromatograph (silica gel, 5%
MeOH CH2A 2 + NH3) to give 3.59 g of the title conpound, as a racenmate.
[err]H NN% rr], 200 MHz): 8.43 (d, 1H); 7.55 (d, 1H) 1H)
7.11 (d, g;EE."éf (s. 1H): 5  4.864.65 (m 1H): 3.57-3.40 Yﬁmﬁlgﬁ‘
2.98-2.55 (m 6H); 2.45- '2.20 (m 5H). ep G - Separation of Enantioners:
[err] The racemc title conpound fromS p F (5.7 g) is 10 chromatographed

as described f r Pre ve Exa , Step,D, ysi 3 %I Pr hexane +
0. 2% di et hyl 8 ﬁ?nﬁgﬁlj% %‘Fe Yre s dgs qrﬂ?ﬁfﬂ? YF of the
S-(-)-isonerEghniple 4| Ste Anpomhﬂonﬁw aph (siliva gel, moasa% 409,

o B R i s T 1A W4 ik 10,

470.0; [[err9ifitro]produkt, al¢ng vﬂthng/smadlen/qua)ntitst ef)the 'Z-‘-mitrO\M ng .
t St C and D,
the races & PREGACTB 1908 dice Ml iic 7 ftro BRI O BI0 od Trom the

racem ¢ conpBemPANdsep F. Sinilarly, using the( )- or (+)- isonmer from

Step G the &t « (+)-isomer of the title conpound of Preparative Exanple
9 is obtained, Tespectively.

cl Br — a

Br
— \
N

NO, NH,

o

React 28 g (76.2 mmol) of the 9-nitro product of Step A,
10 400 mL of 85% EtOH/water, 3.8 g (34.3 mmol) of CaCly and
38.28 g (0.685 mole) of Fe using substantially the same procedure
as described for Preparative Example 4, Step C, to give 24 g of
the product

NH,
15 K _
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
Brg in 10 mL of HOAc over a period of 20 min. Stir the reaction
mixture at room temperature, then concentrate in vacuo to a

20 residue. Add CH2Clp and water, then adjust to pH = 8-9 with
50% NaOH (aqueous). Wash the organic phase with water, then
brine and dry over NagSO4. Concentrate in vacuo to give 11.3 g of
the product.

Br
—_—
25 ° B ° B
Cool 100 mL of concentrated HCl (aqueous) to 0°C, then

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



25 WO 98/ 11091 _ PCT/ US97/ 19976 -73 -
PREPARATI VE EXAMPLE 10 [err] [racemc as well as (+)- and (-)-isoners] Step
A: [err] Conbweessiiiosy (33.3 nmol) of the title conpound from Prepeg N6
Exanple 4. Step E, and 300 nL of toluene at 20[err]C, then add 32.

(32.5 mol) of a 1 Msolution of DIBAL in tg.luene Heat the m xture at
reflux for 1 hr., cool to 20[err]C add 10 z}nother 32 5 n of 1 MDIBAL

o[ pour
solutfon and heag i, 55& -3 C o, %25 A0, Sk A sarbrprtalotBR O
(aqueous) . Extrd@ﬂa@ﬁ&o&é 2L§}Bleoms)m[?lm?(tﬁeenuku§§ Kog:ﬁ:l??sﬁ oeCy
the organic Iay N%(Yt ga/ §1§q a&u/g o

1 ) o2 R ey o 4
comtoaraph (SEEACND, TEARER CHPH 00 LS ouRaor il o
1H NMR (CDA Ser re}xtrdGOW!Hi)Waﬁar?’o&hfeh bie ahddry %ve%fﬂazéozﬂ Chndédtrate 06

(d, 1H): 3.95 (dih vacuo to a residue and chromatograph [silica gel 2% EtOAc/
CH2Cl2) to give 8.6 g of the product.

e

OH Br

10 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
overnight at 0°C. Concentrate in vacuo to a residue then partition

15 the residue between CH2Clg and water. Separate the organic
phase and concentrate in vacuo (50°C) to give 8.2 g of the

_ product.

20 " Combine 8.2 g (20.3 mmol) of the product of Step E and
160 mL of CHzClg, cool to 0°C, then slowly add (dropwise) 14.8
mL (203 mmol) of SOCI3 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 CHgCls and wash with 1 N

25 NaOH (aqueous) then brine and dry over NasSO4. Concentrate in
vacuo to a residue, then add dry THF and 8.7 g (101 mmol) of
piperazine and stir at room temperature overnight. Concentrate
in vacuo to a residue, add CHzClg, and wash with 0.25 N NaOH
(aqueous), water, then brine. Dry over NagSO4 and concentrate in



I H) . WO 98/ 11091 PCT/ US97/ 19976
-74 - Step B - Separation of Enantioners: Br Nl BBr [err] The racemc
title conpo ep Ais separated by preparative chiral

chr omat ogr agﬁs)(%hhil?él pack AD, 5 cm X 50 cm5 col umm, using sHTAHEAIIS ane
+ 0.2% diethylam ne), to-give the (+)-isoner and the (-)-isoner of the
title compound. Physical chenical data fo#2+)-isomer: Mass Spec. M+ = 469
(FAB); [[err]][err] = +43.5£c:O.402, EtOH); partial 1H NVMR (CDCl[err], 400
MHz): 8.38 (s. vaguo to givg 9.46g of thecrudle produes.; Chanathgraph (Slied (d,

[1|[—|).-.i:]h%,sicial geﬁ,rlr'sgalMéae}g/zgp%qf .,.imgpi%ff@ggg ofly%jé o 69-(|:A5%6
err err = - , —U. " err

MHz): 8.38 (s, CPEYPOYNSy 3%a ragem .%gqﬁi, ﬂ)ﬁé&&% H2): 38_43433(4&. 1H).
15 Step C FollH} 56h@l,p1HYyedP4S ¢d, PHBPayati (@, BHEPIee3Y. (sStEm);H the

racem ¢ corgouflagl Bod i, TRIC" 3%7-9 %0 (h; 1865 85-9.8% m, 6H); 2.45-

2.20 (m, 5H). >
Br =
\
N

The racemic title compound from Step F (5.7 g) is
10 chromatographed as described for Preparative Example 6, Step
D, using 30% iPrOH/hexane + 0.2% diethylamine, to give 2.88 g
of the R-(+)-isomer and 2.77 g of the S-(-}-isomer of the title
compound. _ ' '
Physical chemical data for the R-(+)-isomer: Mass Spec.
15 MH* = 470.0; [o]o = +12.1° (10.9 mg/ 2mL MeOH).
Physical chemical data for the S-{-}-isomer: Mass Spec.
MH* = 470.0; [o]5 = -13.2° (11.51 mg/ 2mL MeOH).
Step H:
Following essentially the same procedure as Preparative
20 Example 5, Steps C and D, the racemic title compound of
- Preparative Example 9 is obtained from the racemic compound of
Step F. Similarly, using the (-)- or {+)- isomer from Step G, the
(-)- or (+)-isomer of the title compound of Preparative Example 9

is obtained, respectively.
25



title conpound of Preparative Exanple 10 can be obtai ned. WD 98/ 11091
PCT/ US97/ 19976 -75 - PREPARATI VE EXAMPLE 11 [err] [racem c as well as
R-(+)- and S-weopsiismers] The conpound [err] 5 is prepared accos¢ifgod@otg e
procedures of Preparative Exanple 40 of WD 95/10516 (published April 20,
1995), by follow ng the procedures de_scrip%i_n Exanpl e 193 of WD 95/ 10516.
The (+)- and (-)-isoners can be separated by followng 10 essentially the
same procedure as Step D of Prepadmbh¥hmaXaheadrmrRyYsihcal chem cal data
h g conaiine LRV DSULS ,y %6.4 (CH): 140.5
"17132.0 (CH); 129.9 (CH);
. 2.3 (CH),; 45.6
f: rr] = +25.8[err]

for the R (+)-isoner: 13C NWR (
(CH: 140.2 (O); 136.2 (O; 135.3 (O);
125.6 (CH); 15 119.3 (O; 79.1 (CH);
(CH2); 45.6 (CH2): 30.0 (CH2); 298
(8.46 my/ 2 mL MeCH).

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 CH2Cly (3 x 200 mL), dry the
organic layers over MgSO4, then concentrate in vacuo to a

15 residue. Chromatograph (silica gel, 12% MeOH/CH2Clg + 4%
NH4OH) 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).



Physi cal chem cal data for the S-(-)-isoner: 13C NVMR (CDCl [err]): 155.9
(O, 146.4 (CH);, 140.5 (CH); 140.2 (O, 136.2 20 (©; 135.3 (O, 133.3
(9); 132.0 ofedemg®r0- 9 (CH); 125.5 (CH); 119.2 (O 79.1 (CHy

(CHerr]): 52.5 ('CH) 45.7 (CH2): 45.7 (CH err]): 30.0 (m[errf?&’sgﬂ‘%’“
(CH2). [[err]][err] =-27.9 (8.90 ng/2 nL_MeOH). Follow ng essentially the
sane procedure as Preparative 25 Exanpl e 54 5t eps C and D, the racemc
conmpound, (+)-jsoner of VO 98/

PCT/ US97/ 1997 o2kl -1 220 orrpound of Preparative Exanpl e
11 can be obt ai ned fromthe correspondl ng racem c conpouBd, (+)- isoner or
(-)-isonmer of the conpound [err] 5 PREPARATI E ¥2 [err] Conbine
14.73 g (27.3 mol) of the conpound froPr&xa 3 pT WO-98/ 10516 and 125

concentrated H[err]SCIerr] I n di oxane. Stir
hours, then

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



pour into water and adjust to pH =13 with 50% NaOH (aqueous). Extract wth
CHerr]C[err], wash the extract with water and dry over MySO4. Concentrate

in vacuo to woeaebie and chromatograph 15 (silica gel, 10% (ptq%gyﬁhﬁ-,g]d-l

in MOH)/CH2Cl 2) to give 8.9 g of the title conpound. I\/ass Spec. : 539
WD 98/ 11091 PCT/ US97/ 19976 - 77-
EXAMPLE 1 PHENYL 4-[ 2-14-[ 3- BROVO- 8- CHLORG®. 1 1- DI HYDRO 5H BENZO 5. 6]
CYCLOHEPTA[ 1 .2-b]PYRIDIN-1 1 X‘ A}%A P I - 2-- OXOETHYL] - N- CYNO- 1
-PIPERI DI NE- 5 A :
1- (3-Bronp-8-chloro-6, 1 -dihydro-5H b 6] - cyclohepta[l 2- b]

pyridin- 1 1-yl)-4-[(4- plperldln?r :
(prepared as described in Preparativg
and di phenyl cyanocarbon- imdate (1. (il val ents) were dissol ved

in 2-propanol (65m ) and the solution was ated at 80C under reflux and
under nitrogen for 24h. The m xture was apoyated to dryness and the
I

product: was chronmat ographed on.a silica | u
' : o

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

Br /\ cl

¢

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
10 essentially the same procedute as Step D of Preparative Example
6.
| Physical chemical data for the R-(+)-isomer: 13C NMR
(CDCl3): 155.8 (C); 146.4 {CH); 140.5 (CH): 140.2 (C); 136.2
(C); 135.3 (C); 133.4 (C); 132.0 (CH); 129.9 (CH); 125.6 (CH);
15 119.3 (C); 79.1 (CH); 52.3 (CHa); 52.3 (CH); 45.6 (CHg); 45.6
(CHg): 30.0 (CHz); 29.8 (CHg). [a]h = +25.8° (8.46 mg/2 mL
MeOH). |
Physical chemical data for the S-(-)-isomer: 13C NMR
(CDCl3): 155.9 (C); 146.4 (CH); 140.5 (CH); 140.2 (C); 136.2
20 (C); 135.3 (C); 133.3 (C); 132.0 (CH); 129.9 (CH); 125.5 (CH);
119.2 (C); 79.1 (CH); 52.5 (CHa); 52.5 (CH); 45.7 (CH2): 45.7
(CHg); 30.0 (CHz); 29.8 (CHy). [a]d = -27.9° (8.90 mg/2 mL
MeOH). '
Following essentially the same procedure as Preparative
25 Example 5, Steps C and D, the racemic compound, (+)-isomer or



15 (60X2.5cm using neat ethyl acetate as the eluant to give the title
conpound (Formula 2.0) (2.7921g; 87%, FABMS: nmlz 661 (MH). [err]c

(CDO [err] mula 2.0 Tricyclic CH2: 30.5, 30.6 CH: 41. 4,
132. 5, 126?‘%‘?%&5’9@, 79.0 G 120.1, 140.9, 134.3, 135.3, 1%%}@:2‘9"1%23’.1‘5

Pi per azi ne CH2: 41.7. 51.4. 51.9, 45.6 Piperazine CH2: 46.4, 32.1,
32.1, 46.4, 38.8, N-substituent CH 32-%6118.5, 118.5, 130.1, 130.1,

125.7 C - 113.5, 152.5, 157.4, 169.3 WO 98/ 11091
PCT/ US97/ 1997 {-)-isomer xfMbiectitlel cpmpoand- dRPreparatiteORRainple D1HERO- SH-

PI PERAZ NYL] - SORBEHRS KPR, TP Sorterpahfisfé racemic compound, (+)-
CARBOXI M DAM teomst; prnkigamer of the qompewnd 8- chloro-6, 11 -di hydro-5H
benzo[ 5, 6] cycl ohepta[ 1, 2-b] pyridin- 11-y|) i raz(i:lnyl ]-2-

Br / \

Q

- Combine 14.73 g (27.3 mmol) of the compound from

Example 193 of WO 95/10516 and 125 mL of anhydrous MeOH,

10 and add (in portions) 300 mL of a 10% solution of concentrated
H2S04 in dioxane. Stir the mixture at 25°C for 2 hours, then
pour into water and adjust to pH =13 with 50% NaOH (aqueous).
Extract with CHaCla, wash the extract with water and dry over
MgS0O4. Concentrate in vacuo to a residue and chromatograph

15 (silica gel, 10% {10% NH40H in MeOH)/CH2Cl») to give 8.9 g of
the title compound. Mass Spec.: MHt = 539



oxoet hyl ] - N-cyano-.1- pi peri di necar boxi m date (2.62g) (Fornula 10 2.0,
prepared as described in Exanple 1 above) was dissolved in 2-propanol
(50m ) and wanesempsiat ed anmoni um hydroxi de (4m ) was added. TreTniss#/1sv96 Was
stirred at 25C for 24h and then evaporated to dryness. The residue was
triturated with diethyl ether (2X250m ) g'nfi7t_he et her was di scarded. The
remai ni ng 15 product was chromat ographed on a silica gel colum (60X2.5cn)
usi ng 4% (10% concent rat ed amoni um h%ﬂ met hanol ) - di chl or omet hane
as the eluant to give the title conpo a 3.0) (1.967g;85%, FABME:
mz 584.2 (M+). PHENYL( dk{2Ngci3-BRO] ! ) k4D B} :
29.0, 29.4 CH 146. lIgpi#FD
132.4, 135.4. 136.7 ]Blg:b 5 IESI
Pi per azi ne CH2: . NI L 26
118.1, 159.83, 168.8 20 WO 98/ 1
PCT/ US97/ 19976 -79 - .

Br

XORTE

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

cycloheptall,2-b] pyridin-11-yl)-4-{(4-piperidinyl)acetyl]-
pPiperazine (Formula 47.0) (prepared as described in Preparative

10 Example 11) (2.5g) (1 equivalent) and diphenylcyanocarbon-
imidate (1.38g) (1.2 equivalents) were dissolved in 2-propanol
(65ml) and the solution was heated at 80°C under reflux and
under nitrogen for 24h. The mixture was evaporated to dryness
and the product was chromatographed on a silica gel column

15 (60X2.5cm) using neat ethyl acetate as the eluant to give the title
compound (Formula 2.0) (2.7921g; 87%), FABMS: m/z 661
(MHY).

3¢ (CDCI3) for Formula 2.0
Tricyclic CH2: | 30.5, 30.6
CH: |147.1, 141.4, 132.5, 126.3, 130.5, 79.0
C 120.1, 140.9, 134.3, 135.3, 136.8, 155.5
Piperazine CHg: |41.7, 51.4, 51.9, 45.6
Piperazine CH2: | 46.4, 32.1, 32.1, 46.4, 38.8,
N-substituent |CH: |32.5, 118.5, 118.5, 130.1, 130.1, 125.7
C 113.5, 152.5, 157.4, 169.3




EXAMPLE 3 PHENYL 4-[2-[4-[3-BROMO 8-CHLORO 6. 11 - DI HYDRO 5H-

BENZ( 5. 6] CYCLOHEPA[ 1. 2-b] PYRI DI N-11- YL) - 1- PI PERAZI NYL] - 2- OXOETHYL] -

1- PI PERI DI Nika\b¥(diM DATE [err] 5 1 -(3-Bromp-8-chloro-6, 1 perusoriesrs
1-di hydro- 5Hbenzo[ 5, 6] cycl o= ~hepta[ 1 ,2-Db]pyridin- 11

-yl )-4-[(4-piperidinyl)acetyll piperazine (fg) (1 equivalent) (Fornula 47.0

from Preparative Exanple 11 above) was di Fved i n anhydrous

di chl oronet hane (71.1m ). 10 Phenyl c 2752m) (2 equivalents) and
di i sopropyl - et hylam ne (100 dr ops) nd the mxture was stirred
at 25[err]C for 15 m kti£94-(C BROMO:8$CH '4 s ) Hn.troducoed
onto a silica gel col J‘é\ X BWIOVE ;,- VN EN R < Cl ec to 20%

(10% concentrated amB VOT OXT g Smareiniv ReEhane to
give the title .,'.3:,' LA -2o0X QOE TR -N- EYANOS 1 t RIPERIDENEL C

(CDCl[err])sfor Fornmula 4.0 TrlcchBO 5 CH 147.1, 141.3,
132.5. 126.3, 130.5. 790 = L : : 1368 155. 6

Pi per azi ne CHZs, TR, _ép- 8 Pipefazips
32.0, 32.0, 39.5, T 32.2, 172. 12§
125.7

- Phenyl 4-[2-[4-(3-bromo-8-chloro-6,11-dihydro-5H-
benzol5,6] cycloheptall,2-b]pyridin-11-yl)-1-piperazinyl}-2-
oxoethyl]-N-cyano- 1-piperidinecarboximidate (2.62g) (Formula

10 2.0, prepared as described in Example 1 above) was dissolved in
2-propanol (50ml) and concentrated ammonium hydroxide (4ml)
was added. The mixture was stirred at 25°C for 24h and then
evaporated to dryness. The residue was triturated with diethyl
ether (2X250ml) and the ether was discarded. The remaining

15 product was chromatographed on a silica gel column {60X2.5cm)
using 4% (10% concentrated ammonium hydroxide in methanol)-
dichloromethane as the eluant to give the title compound
(Formula 3.0) (1.967g;85%), FABMS: m/z 584.2 (MH).

3¢ (dg-DMSO) for Formula 3.0

Tricyclic CH2: [29.0, 29.4
CH: |146.1, 140.7, 132.4, 125.4, 129.9, 77.7
G |119.1, 141.1, 132.4, 135.4, 136.7, 155.5
Piperazine CH2: [ 40.6, 50.8, 51.3, 44.6
Piperazine |CH2: |44.3, 44.3, 30.9, 30.9, 38.3
N-substituent |CH: [31.9

e 118.1, 159.3, 168.8

20



C 151.4, 159.3, 170.0 WD 98/ 11091

PCT/ US97/ 19976 -80 - EXAMPLE 4 1-(3-BROMO-8-CHLORO-6. 1 1

- DI HYDRO- S5H-®ig¥gilifn16] CYCLOHEPTA[ 1 . 2-b] PYRIDIN- 11 -YL) - 4- [ 4-pcThuse7/19976

- CYANO 4- PI PERI DI NYL) ACETYL] PI PEPRAZI NE [err] Phenyl
4-[2-[4-(3-bronmo-8-chloro-6, 1 -dihydro-5t 79benzo[5 6] cycloheptall

.2-b] pyridin- 11-yl) -1 -piperazinyll-2-

oxoet hyl | - 1- pi peri di necar boxi m dat e (OMI valent) 10 (Formula 4.0,
prepared as descrlbed in Exanple 3 abo solved in anhydrous THF
(11.2m). DNYI de ,

5.0) (0. 1824g: 71%

1-(3-Bromo-8-chloro-6,11-dihydro-5H-benzo[5,6]cyclo-
hepta[1,2-b]pyridin-11-yl)-4-[{4-piperidinyl)acetyllpiperazine
(6g) (1 equivalent) (Formula 47.0 from Preparative Example 11
. above) was dissolved in anhydrous dichloromethane (71.1ml).

10 Phenyl cyanate (2.2752ml) (2 equivalents) and diisopropyl-
ethylamine (100 drops) were added and the mixture was stirred
at 25°C for 15 minutes. The reaction mixture was directly

. introduced onto a silica gel cohunn (15X5cm) and eluted with
10% increasing to 20% (10% concentrated ammonium hydroxide

15 in methanol)-dichloromethane to give the title compound (6.66g;

92%). FABMS: m/z 635.9 (MH*).

d¢ (CDCl3) for Formula 4.0
Tricyclic CH2: | 30.6, 30.5
CH: |147.1, 141.3, 132.5, 126.3, 130.5, 79.0
C 120.1, 140.9, 134.2, 135.3, 136.8, 155.6
Piperazine | CHa: |41.6, 51.4, 51.9, 45.8
Piperazine CH2: | 45.3, 45.3, 32.0, 32.0, 39.5,
N-substituent |CH: {32.2, 122.1, 122.1, 130.0, 130.0, 125.7

C 151.4, 159.3, 170.0




20 FABMS: mlz 542.2 (M#). [err]c (CDCl[err]) for Formula 5.0 Tricyclic
CH2: 30.6, 30.5 CH 147.1, 141.4, 132.5, 126.3, 130.6, 79.0 C 120. 1,
140.9. 134y 136.9, 155.6 Piperazine CH2: 41.6, 5 45. 6
Pi per azi ne wossifiger’, 7, 49.7, 31.1, 31.1. '39.1 N oubet | ¢ uenFOlsSgbs 2. ©.
118. 4, 169.3 VO 98/ 11091

PCT/ US97/ 19976 -81- EXAVPLE 5 PHENYL 4- riBsz 3- BROMO- 8- CHLCROG 11

- DI HYDRO 5H BENZ(Q 5. 6] CYCLOHEPTA[ 1. 2- b! PYRI DI N 11-YL]-
NE- 5

Pl PERAZI NYL] - 2- OXOETHYL] - N- SULFAI\/OYL-

CARBOXI M DATE Pw
woul d obtain the cg

1 1-di hydro-5H ben

Br / \

Pheny! 4-[2-{4-(3-bromo-8-chloro-6,11-dihydro-5H-
benzo[5,6} cyclohepta{l,2-b]pyridin-11-yl)-1-piperazinyl]-2-
oxoethyl]-1-piperidinecarboximidate (0.3g) (1 equivalent)

10 (Formula 4.0, prepared as described in Example 3 above) was
dissolved in anhydrous THF (11.2ml). A 60% sodium hydride
dispersion in oil (0.0753g) (4 equivalents) was added and the
mixture was stirred at 25°C for 2h. The mixture was diluted with
dichloromethane and washed with 1.0N sodium hydroxide. The

15 dichloromethane layer was dried over magnesium sulfate, filtered
and evaporated to dryness. The product was chromatographed
on a silica gel column (30X2.5cm) using 1.5% (10% concentrated
ammonium hydroxide in methanol}-dichloromethane as the
eluant to give the title compound (Formula 5.0) (0.1824g; 71%),

20 FABMS: m/z 542.2 (MH*). |

¢ (CDCl3) for Formula 5.0
Tricyclic CH2: {30.6, 30.5
CH: |147.1, 141.4, 132.5, 126.3, 130.6, 79.0
C 120.1, 140.9, 134.3, 135.3, 136.9, 155.6
Piperazine CH2: |41.6, 51.4, 51.9, 45.6
Piperazine CH2: {49.7, 49.7, 31.1, 31.1, 39.1
N-substituent |CH: |31.8
C 118.4, 169.3




hepta[ 1,2-b] pyridin- 11-yl)-4-[(4-piperidinyl)acetyl]piperazine (1

equi val ent) (Formula 47.0 of Preparative Exanple 11) and

di phenyl sul f ayyowsasgdoni m date (1.2 equival ents) [prepare as dmms;emma
M Haake and B. Schunmel f eder, Synthesis, 753- 15 758 (1991)] are

di ssol ved in 2-propanol and the mxture is ggat ed as described in Exanple 1
above to give the title conpound (Formula 6 PROCEDURE 2: [err] 20
Phenyl 4-12-14-(3-brono-8-chloro-6, 1 1W benzo[ 5, 6] cycl ohepta] 1
, 2-b]l pyridin- 11 -yl)- 1-pi pera2| nyl
oxoet hyl ] - 1- pi per i atiBdarih o hi{3-BR
prepared as descri bed B%Em.ﬁ.l@%z e
di chl oronet hane (2nm) _and trretnyla
added. Sul f anoyl
PCT/ US97/ 19986 - 82 - (0.0091g) (1 eogaARF

. R Appel and G %ﬁf“ Chem Ber., 9 958)] was added and t he
m xture was stir 49&." N at 25[err] C for 18h. Additional sul fanoyl
chl oride (0. 00919)&_(1 <t o

If one were to follow Procedure 1 then one would obtain
the compound of Formula 6.0.

10 1-(3-Bromo-8-chloro-6,11-dihydro-5H-benzol5, Glcyclo-
heptall,2-b] pyridin-11-yl)-4-[(4-piperidinyl)acetyllpiperazine (1
equivalent) (Formula 47.0 of Preparative Example 11) and
diphenylsulfamoylcarbonimidate (1.2 equivalents) {prepare as

_ described in: M. Haake and B. Schummelfeder, Synthesis, 753-

15 758 (1991)] are dissolved in 2-propanol and the mixture is

' heated as described in Example 1 above to give the title
compound (Formula 6.0).

PROCEDURE 2:
NSO,NH,
20 Phenyl 4-[2-{4-(3-bromo-8-chloro-6,11-dihydro-5H-

benzo[5,6] cycloheptall,2-b]pyridin-11-yl)-1-piperazinyl}-2-

oxoethyl]- 1-piperidinecarboximidate (0.05g)(1 equivalent)

(Formula 4.0, prepared as described in Example 3 above) was

dissolved in anhydrous dichloromethane (2ml) and triethylamine
25 (0.0328m)) (3 equivalents) was added. ' Sulfamoyl chloride



5 stirring was continued for a total of 90h. The m xture was diluted with
di chl or onet hane and extracted with 1N sodi um hydroxi de. The di chl oronet hane

| ayer was gig %er magnesi um sul fate, filtered and evapor g ggqng;#ness
The pr oduct was chromat ographed on a silica gel colum (15XI usi'ng 2% 10

I ncreasing to 4% (10% concentr at ed ammnbém hydr oxi de in
nmet hanol ) - di chl or o- net hane as the el uant “#o” g| ve the title conpound’

(Formul a 6.0) 00054g 10%, FABMS: niz 715.4 (VHE), err H(CDCI[err])
7.03 (2H, m KQ-Q09¥god equivilent) fpreganed as slescribe Appekandiy ‘m
ArH), 7.59 (14, Ber, %f)cneﬁa -B&F., 191 PRaBO11IBas, (1558) u@sé\uausdsand the
4-12-[4-(3-B @DRO 5H

1. 2- b] PYRI DI N m"?ﬂ’}’asf TPEF&%‘WL Eéﬁi‘( MOYL-
1- PI PERI DI NE- sGlfamauid chldride F!De(h@glg) [P{[qm(ialdntbmasadd&d aml the -

1- di hydr ox5H 6 '
- pi per azi F\‘il ] g?ﬂiwg a’gfoé?ﬁyﬁj%% g{BIi pi er| d: #%gr%)eom m giluted
(For mul a 6. 0) with alighdoromethaneiard qxtrgztgﬂom W sadium  Ingdepxide. 1
mol es) was d éafxﬂi I of .
ammoni a in an hi/&ngtllE% 5 n*?i%é?éfg‘ﬁa@%ﬁ%c;ho;é ét%%@l\iggsglf#reed in a
seal ed reactl QS%P aﬁvall’:{réﬂi%éof Fyness PFS! UEEWRS was evapor at ed
to dryness andhebﬁmﬂphﬂaednw stlita gl g®llumn (15X1cm) using 2% .
10 increasing to 4% (10% concentrated ammonium hydroxide in
methanol)-dichloro-methane as the eluant to give the title
compound (Formula 6.0) (0.0054g; 10%), FABMS: m/z 715.4
(MH*), 8y (CDCl3) 7.03 (2H, m, ArH), 7.09-7.18 (4H, m, ArH),
7.37 (1H, m, ArH), 7.39 (1H, m, ArH), 7.59 (1H. s, ArH) and 8.37
15 ppm (1H, s, ArH).

EXAMPLE 6
-[2-]14-(3- -8- - - -5H-
20 =2- -N-SUL -PIP INE-
CARBOXIMIDAMIDE
Br/ .O Cl
—_—
- NS (70
(6.0) —> E ] "~ NH,

o)

Phenyl 4-[2-[4-(3-bromo-8-chloro-6,11-dihydro-5H-
benzof5,6]cycloheptall,2-b]pyridin-11-yl)- 1-piperazinyl]-2-

25 oxoethyl]-N-sulfamoyl-1-piperidinecarboximidate (Formula 6.0)
(prepared as described in Example 5 above) (0.089g, 0.1mmoles)
was dissolved in anhydrous THF (1ml). A saturated solution of
ammonia in anhydrous THF (4ml) was added and the mixture was
stirred in a sealed reaction vessel at 25°C for 19h. The mixture

30 was evaporated to dryness and chromatographed on silica gel
- using 2%-6% methanol in dichloromethane as the eluant to give



usi ng 2% 6% net hanol in dichloronethane as the eluant to give WO
98/ 11091 PCT/ US97/ 19976 - 83 - the
title conpouwo@sieroeul a 7.0) (0.0667g, 84%, ESIMS: mz 638.0 (Pd#A)s97/19976] cC
(cDA [err]) Tricyclic CH2: 30.5, 30.6 CH 78.9, 126.3. 130.5. 132.6,

141. 4, 147.0 C 120.1, 134.2, 135.3, 136@3 140. 9, 155.6 Piperazine CH2:
41.7, 45.7, 51.4, 519P|pera2|neCHZ 31. 31.8, 39.0, 44.9. 44.9 N

CH 32.8 substit 06) RS ENYL
42 (4|3 BROVOS. ltje-compdiing ﬁo’ﬁ'&'&%’i 0) (0.0667g, 84%} S: my2
BENZJ 5. 6] CYCLOGREA {MH) PYRI DI N-1-YL)- 1-

Pl PERAZI NYL] - 2- OXCETHYL] - N- ( N- METHYLSULFAMOYL) - 1 -

Pl PERI DI NECARBCPXI"NI'DA‘I'ETUﬂ’RCEEDURE T [e(raﬁ if One-WeT € t 0 O oW
Procedure 1 thdo_ane would ohtai Sc Cl3)

Tricyclic | CH2: | 30.5, 30.6 : _
CH: |78.9, 126.3, 130.5, 132.6, 141.4, 147.0
C 1120.1, 134.2, 135.3, 136.9, 140.9, 1556
Piperazine | CH2: 141.7, 45.7, 51.4, 51.9

Piperazine | CH2: | 31.8, 31.8, 39.0, 44.9, 44.9
N- CH: |32.8
substituent}] C ' |169.8
5 EXAMPLE 7
-12-]14-{3-BROMO-8- -6.11- -5H-
Y - DIN-11-Y1)-1-
-2. -N-{N-M A -1-

w

v 8.0) ,Q
| )N\/Ov NSOzNHCH3
o , .

If one were to follow Procedure 1 then one would obtain
the compound of Formula 8.0.
Phenyl 4-[2-[4-(3-bromo-8-chloro-6,11-dihydro-5H-

15 benzo[5,6] cycloheptall,2-b]pyridin-11-yl)-1-piperazinyl}-2-
oxoethyl]-1-piperidinecarboximidate (1 equivalent) (Formula 4.0,
prepare as described in Example 3 above) is dissolved in an inert
anhydrous solvent such as acetonitrile, benzene, or toluene and
triethylamine (2 equivalents) is added. The solution is cooled to

20 0°C and N-methylsulfamoyl chloride (1.2 equivalents) [prepare as
described in: J. A. Kloek and K.L. Leschinsky, J. Org. Chem.,
41(25), 4028-4029 (1976)] is added. The mixture is stirred at

(4.0) —>



t he conpound of Fornula 8.0. Phenyl 4-[2-[4-(3-brono-8-chloro-6,

11-di hydro-5H 15 benzo[ 5, 6] '

cycl ohept yridin-11-yl)-1-pi perazinyl]-2-

oxoet hyl ] %p%ggédiidi necar boxi m date (1 equival ent) (Fornul a’?b‘fs"{!%’e’g%re as
described in Exanple 3 above) is dissolved in an inert anhydrous sol vent
such as acetonitrile, benzene, or toluen84and tri et hyl am ne (2 equi val ents)
i s added. The solution is cooled to 20 0C and N net hyl sul fanoyl chl oride
(1.2 equi val eR¥'S) tq35°6 fore Shsandsis woslredup o givehsetitlencomipound chi nsky,
J. Org. Chem (Féﬁﬁﬁﬁsgp% 4029 (1976)] is added. The mi xture is stirred

at WD 98/ PCT/ US97/ 19976 -84 -
OCto 25[err] 2! s wor ked up to give the title conpound (Formul a
8.0). PROCEDURE 2: [err] 5 S ) .foll ow Procedure 2 then one -
woul d obtain the conpound of Fork . c

1- ( 3- Brono- 8-chl oro- 6, 11-di hydr o- 5H—

8] 5,8 0- hepLe ,2- b]
pyridin-11-yl)-4-[(4-piperidinyl)acetyNlpip I fl eq #l ent) (Formul a
47.0, prepare as d?li‘}fd]bed ig Pr epar ative[ ] . o

0

5 If one were to follow Procedure 2 then one would obtain
the compound of Formula 8.0. '
1-(3-Bromo-8-chloro-6, 11-dihydro-5H-benzo[5,6]cyclo-
heptall,2-b] pyridin-11-yl)-4-[(4-piperidinyl)acetyl]piperazine (1
equivalent) (Formula 47.0, prepare as described in Preparative
10 Example 11) and diphenylmethylsulfamoylcarbonimidate (1.2
equivalents) [pfepare by the same procedure, only using
methylsulfamoyl chloride, as described in: A. Buschauer, Arch.
Pharm., 377-378 (1987)] are dissolved in 2-propanol and the
. mixture is heated as described in Example 1 above to give the
15 title compound.

EXAMPLE 8
-[2-14-(3- -8- RO-6.11-DI -5H-
. -bIPYRID Y
20 I -2- HYL]-N-(N-M U -1-
PIPERIDINECARBOXIMIDAMIDE
Br /\ ca
(90)

(8.0) ——>» E j
)\/O NSO,NHCHj
o

If one were to follow this procedure then the compound of
Formula 9.0 would be obtained.



10 Exanple 11) and di phenyl net hyl sul f anoyl car boni m date (1.2 equival ents)
[ prepare by the sane procedure, only using nethyl sul fanoyl chloride, as
descri bed | wogsn@aschauer, Arch. Pharm, 377-378 (1987)] are sifrgeds ¥She N
2-propanol and the m xture is heated as described in Exanpl e 1 above to
give the 15 title conpound. EXAMPLE 8 4-[ Zs4 4-[ 3- BROMO- 8- CHLORO- 6.

11- DIl HYDRO- 5H BENZ( 5. 6] CYCLO—|EPTA[1 2-bPYRIDIN-1 1-YL)- 1- 20

Pl PER DI NECARBOX] M DU “&f‘?wﬁk’*‘ B EBloN-Byh iy drardiihenaaren
t he conpound of5 ﬁcml@&pta[ blpbﬂ'idin-allhyﬂ l-pip@mymgzioxoethyl]-N-
11 di hydr o- 51t Bepmeth F“%‘“}‘an’f?f’ ﬁeiA%i Riftidate (Formula 8.0,

- pi per azi nyl | - PFERBER I‘i‘ﬂ pie Oye)liq)molnteddmﬂbom ni dat e
(Formila 85, prepanel @meamh@ma awmxﬁu gg & 24aeydeoThe 2- S
pr opanol and C?xﬁ&%ﬂ}é % es(lirrggo ant QEBEV 9Jroé4ﬁ eqs?s e-\l:'gporated to

dryness. The residue is triturated with diethyl ether (2X250ml})
-and the ether is discarded. The remaining product is
chromatographed on a silica gel column to give the title
10 compound (Formula 9.0). | _ :
Alternatively, anhydrous ammonia in a suitable inert solvent
such as methanol, or THF may be used in place of ammonium
hydroxide in the above reaction. -

15 EXAMPLE 9
-f2-]4-{3- -8-CH] -6.11- -5H-
- DIN-11-YL)-1-

P -2- -N- -DIMETHYLSULFAM -1-

20 ROCED

. ¢ (10.0) /©
)N\)::‘N "*1\1502N(ca13)2
o

. If one were to follow Procedure 1 then the compound of
Formula 10.0 would be obtained.
Phenyl 4-[2-[4-(3-bromo-8-chloro-6,11-dihydro-5H-

25 benzo[5,6] cycloheptall,2-b]pyridin-11-yl)-1-piperazinyl]-2-
oxoethyl}-1-piperidinecarboximidate (1 equivalent) (Formula 4.0,
prepare as described in Example 3 above) is dissolved in an inert
anhydrous solvent such as acetonitrile, benzene, or toluene and
triethylamine (2 equivalents) is added. The solution is cooled to

30 0°C and N,N-dimethylsulfamoyl chloride (1.2 equivalents) is
added. The mixture is stirred at 0°C to25°C for 3h and worked
up to give the title compound .




m xture is stirred at 25[err]C for 24h and then is evaporated to dryness.
The residue is triturated with diethyl ether (2X250m ) and the ether is

di scar ded. ni ng product is chromatographed on a sili nm
to give the-R?létglggm%% conpound (Forrmula 9.0). Alternatively, m@%ﬁgﬁ
amonia in a suitable inert solvent such as nethanol, or THF nmay be used in
pl ace of anmoni um hydroxi de i-n the above- &Bct i on. 15

EXAMPLE 9 PHENY, 2-[4-] 3- BROVD 8- CHLORO 6. 11- DI HYDRO 5H-

BENZQ[ 5. 6] cva@éé@-ﬂ_[u&é@wm DIN 11 -YL).- 1 -

Pl PERAZI NYL] - 2- OXOETHYL] - N- (N. N- DI MET S \

Pl PERI DI NECARBOXI M DATE 20 PROCEDBRE{
Procedure 1 then the conpound of For \
4-[2-[4-(3-bronp-8-chloro-6, 11-di hydr

5 (02055 6 )l ohepta 1
, 2-b] pyridin- 11-yl) pi perazinyl | -
oxoet hyl ] - 1- pi peri m%?lg} Boxi mPat e (1 eq{“;nt) (For@ul a~4. 0, prepare as
in
a

be obt giged. Phenyl

described in Exanple 3 above) is dissolve n inert nhydrous sol vent
such as acetonitrile, benzene, or tol uene tritt ant NSOLK( | val ent s)
I s added. The solution is cooled to 30 O[erk]C and N, N-di net hyl sul f anoyl
chloride (1.2 equivalents) is o

If one were to follow Procedure 2 then the compound of
Formula 10.0 would be obtained.

5 1-(3-Bromo-8-chloro-6,11-dihydro-5H-benzo[5,6]cyclo-
hepta[l,2-b] pyridin-11-yl}-4-[{(4-piperidinyl)acetyl]lpiperazine (1
equivalent) (Formula 47.0, prepare as described in Preparative
Example 11) and diphenyldimethylsulfamoylcarbonimidate (1.2
equivalents) [prepare by the same procedure, only using

10 dimethylsulfamoyl chloride, as is déscribed in: A. Buschauer,
Arch. Pharm., 377-378 (1987)] are dissolved in 2-propanol and
the mixture is heated as described in Example 1 above to give the
title compound (Formula 10.0). '

15 . EXAMPLE 10

4-12-[4-{3- -8- -6.11-DI -5H-
PTAI1.2-b DIN-11-YL)-1- |
PIPERAZINYL]-2- -N-(N.N-D L -1-
IDINEC IDAMIDE
Br \ Cl
< .
R

(10.0) ———> (: :]
- )\/O NSO,N(CHg),
20 :

If one were to follow this procedure then the compound of
Formula 11.0 would be obtained.
Phenyl 4-[2-[4-(3-bromo-8-chloro-6,11-dihydro-5H-
benzo[5,6] cyclohepta[l,2-b]pyridin-11-yl)-1-piperazinyl]-2-
25 oxoethyl]-N-(N,N-dimethyl-sulfamoyl)- 1-piperidinecarboximidate



added. The mxture is stirred at O[err]Cto 25[err]C for 3h and worked up
to give the title conpound . WO 98/11091

PCT/ US97/ 199A8098A1091PROCEDURE 2: [err] If one were to foll ow Rrecrreshines7d

t hen the compound of Fornmula 10.0 woul d be obtained. 5
1-(3-Bronmp-8-chloro-6,1 1-di hydro-5H benzo[gy 6] cycl o- hepta[l, 2-b] pyridin-
11-yl)-4-[ (4-piperidinyl)acetyl]pi perazi ne equi val ent) (Formula 47.0.
prepare as descry i R |

di phenyl di met hyﬂ!ﬁ?ﬁaﬁr‘@?ﬁéﬁ%ﬁ#ﬁeﬁé Aé“%%%i‘ﬁﬁ’éﬁ%""[%?é’p%% 1By the
same procedure, dissplved g 2-propamel and concentrated ammwnium bydrexidebed
i n: A Buschauer; PPRé -3/, ,-{.% | I ' - pr opanol
and the m xture llssfi‘ﬁgg?'ed as rﬁ(}ie,gc%l}izb%dgﬁ n E é%?;t’ifdg"%%g %@agtlr\i/be&t' he title
conpound ( For nulévapprated to dryness. The residue is tritypaed=with diethyl

4-12-14-(3- Omi} 2 d theCether RENISEard8d YTheFemaiding
2-b}PYRIDIN- 1 1 -Y&- }- EIP RAZI NYL] - -OXGETHYL]-I\i—éI\& ,
N- DI METHYL SULE AIW_‘* ct;is chromatographed on a silica gel column to give the
: title compound (Formula 11.0).
Alternatively, anhydrous ammonia in a suitable inert solvent
such as methanol, or THF, may be used in place of ammonium
10 hydroxide in the above reaction.

EXAMPLE 11
-8- -6.11-D O-5H-

L 1.2- DIN-11-YL)-1-

15 P -2- -N-HYDROXY-1-PIPERIDINE-

Phenyl 4-[2-[4-(3-bromo-8-chloro-6, 11-dihydro-5H-benzo-
20 [5,6]cycloheptall,2-blpyridin-11-yl)-1-piperazinyl}-2-oxoethyl}-1-
piperidinecarboximidate (Formula 4.0} (prepared as described in
Example 3 above) (0.15¢, 0.26mmoles) was dissolved in methanol
(0.75ml). An agueous solution of hydroxylamine [prepared by
dissolving hydroxylamine hydrochloride (0.0164g, 0.26mmoles)
25 in 50%{w/v) sodium hydroxide (0.0188g, 0.26mmoles) and water
(0.258ml)] was added and the mixture was stirred at 25°C for 3h.
Additional methanol (1.2ml) was added and the mixture was
stirred at 25°C for a total of 26h. The solution was evaporated to
dryness and the residue was chromatographed on silica gel using
30 2%-4%-5%-10%-25%-35% methanol in dichloromethane as the
eluant to give the title compound (Formula 12.0) (0.0323g, 24%),
which was identical with that prepared in Procedure 2 below.



Pl PERI DI NECARBOXI M DAM DE [err] 20 If one were to follow this procedure
then the conpound of Forrmula 1 1.0 woul d be obtained. Phenyl

4-12-[4- hi 6, 1 1-dihyd 5H b 5 6
2t b] pyr | AR, I 0T R e L

-1 -piperazinyl]-
oxoet hyl ] -N-(N, N—d| rret hyl - sul f amoyl ) - 1 %I peri di necar boxi m dat e WO
98/ 11091 PCT/ US97/ 19976 -87 -

(Formula 10.0. prepare as described in Exanple 9 above) is dissolved in

2- pr opanol anHEEHBEEHﬂBELﬂﬂ anmoni um hydroxi de is added. The mixture is

stirred at- 25[err]C for nd _t hen evaporated 2 The residue is
i i i ' .t$carded. The

to give the

- pnia in a
be {320)i'n pl ace of

" ljll j:z

1-(3-Bromo-8-chloro-6,11-dihydro-5H-benzo[5,6]cyclo-
heptall,2-b]pyridin-11-yl)-4-[4-{1-cyano-4-piperidinyl)acetyl}-

5 piperazine (Formula 5.0) (prepared as described in Example 4
above) (0.4g. 0.737mmoles) was dissolved in methanol (2ml). An
aqueous solution of hydroxylamine [prepared by dissolving
hydroxylamine hydrochloride (0.0512g, 0.737mmoles) in
50%(w/v) sodium hydroxide (0.0592¢g, 0.737mmoles) and water

10 (0.8ml)] was added and the mixture was stirred at 25°C for 3h.
Additional methanol {3.2ml) was added and the mixture was
stirred at 25°C for a total of 18h. The solution was evaporated to
dryness and the residue was chromatographed on silica gel using
5% methanol in dichloromethane as the eluant to give the title

15 compound (Formula 12.0) (0.2965g, 70%), FABMS: m/z 575.0
(MH*),

remai ni ng product i ¢
title conpound (Forn

¢ (CDCIlg) for Formula 12.0
Tricyclic CH2: {30.6, 30.6 _ _
CH: |147.0, 141.4, 132.6, 126.3, 130.5, 79.0
_ C 1120.1, 140.9, 134.2, 135.3, 136.9, 155.6
Piperazine |CH2: [41.7, 51.4, 51.9, 45.8
Piperazine |CH2: |46.8, 46.8, 31.5, 31.5, 39.2
N-substituent {CH: [32.8
c |1s7.6, 170.0




4-[2-[4-[ 3- BROMD 8- CHLORO 6..11- DI HYDRO 5H

BENZ( 5. 6] CYCLOHEPTA[ 1. 2-b] PYRIDIN-1 1-YL]- 1- 15

Pl PERAZI NYL| wlo ¢11YL] - N- HYDROXY- 1- Pl PERI DI NE- CARBOXI M DATEW 1:
[err] Phenyl 4-[2-14-(3-brono-8-chloro-6,11-di hydro-5H benzo- ,

cycl oheptal 1. 2-b] pyri di n-11-yl)- 1-pi perazi g)l:z’l ]-2- oxoethyl]- 1-

pi peri di necarboxi m date (Fornula 4.0) (prepdafed as described in Exanple 3
above) (0.15g, 0.26mmles) was dissol vewggﬁl (0.75n ). An aqueous
sol ution of hydroxyl am ne [pr epar ed by ydr oxyI am ne

hydr ochl ori de (0.01649, 4{22B{iB3{BRX j HOORG-6. 13X RO-E

(0.0188g, 0.26mmol es)
stirred at 25[err]C fo
m xture was stirred2HtERNANY] @)D
evaporated tg dryness and the r esi due
using 30 2% 4% 5% 10% 25% 35% net hanOf
give the title conmpound (Formula 12. ﬁ
with that prepared in Procedure 2 be
PCT/ US97/ 19976

o aphed on sili ca gel
oriet hane as the eluant to
\ V\e{ch was identical

| | 5 (13.0
(4.0). —> [ ] NH,

o)

- Phenyl 4-{2-[4-(3-bromo-8-chloro-6,11-dihydro-5H-benzo-
[5.6]cycloheptall,2-blpyridin-11-yl)- 1-piperazinyl]-2-oxoethyl]-1-
piperidinecarboximidate (Formula 4.0) (prepared as described in

10 Example 3 above) (0.1g, 0.157mmoles) and methoxylamine
hydrochloride {0.0154g, 0.157mmoles) were dissolved in
anhydrous pyridine (1ml) and the mixture was stirred at 25°C for
2h. The solution was evaporated to dryness and the residue was
chromatographed on silica gel using 2%-4%-10% methanol in

15 dichloromethane as the eluant to give the title compound
(Formula 13.0} (0.0741g, 80%), FABMS: m/z 589.1 (MH*).

8¢ (CDClg)

Tricyclic | CH2:[30.4, 30.5 .
CH: |79.0, 126.2, 130.4, 132.4, 141.2, 147.0
C ]120.0, 134.1, 135.3, 136.7, 140.8, 155.5
Piperazine | CH2:141.5, 45.7, 51.3, 51.8 '
Piperazine | CH3:161.0

N- CH2: | 39.4, 31.7, 31.7, 46.8, 46.8
substituent {| CH: |33.2
C 1156.7




-88 - PROCEDURE 2: [err] 1-(3-Brono-8-chloro-6,

11-di hydro- 5H benzo[ 5, 6] cycl o- hepta[ 1,2-b]pyridin-1 1-yl)-4-[4-( 1
-cyano- 4- pwperldl nyl)acetyll- .5 piperazine (Fornula 5.0) (p epar ed as
descri bed ™ e 4 above) (0.4g, 0.737mmles) was di ssoPEIPIHINEE hanol
(2m ). An aqueous solution of hydroxylam ne [prepared by dissolving

hydr oxyl am ne hydrochl oride (0.0512g, G- 907mvles) in 50% w v) sodi um

hydr oxi de (0.0592g, 0.737muvl es) and water 10 (0.8m )] was added and the

m xture was stirred at 25[err]Cfor Wnal met hanol (3.2m ) was
|A

added and t he
solution was e gﬂed on
Jﬁtthe

silica gel usBRONIX

title 15 conpoun (& oL vBvher T ,_ }Zpgﬁg.,mi gﬁ e i _( VHH) .
[err]c(@d[err]%r Ta I1Z 0 Tricyclic ; . 0, ) X '
147.0, 14D 4, 132.6, 126.3, EIEER NMMQAIEA DATE10. 9, 134.2 135.3,

136.9, 155.6 Piperazine CH2: 41,7 4, _51.9, 45.8 Piperazine CH2:

46.8, 46.8, 31.5, 31.5, 39.2BN @
@ (16.1)
N
0
w’g NCONHCONH,
0

Phenyl 4-[2-[4-(3-bromo-8-chloro-6,11-dihydro-5H-benzo-
[5.6lcycloheptall,2-blpyridin-1 1-yl)- 1-piperazinyl]-2-oxoethyl]- 1-
piperidinecarboximidate (Formula 4.0} (prepared as described in

10 Example 3 above) (0.35g, 0.549mmoles) was dissolved in
anhydrous dichloromethane (7ml) and trimethylsilylisocyanate
(1.484ml, 10.98mmoles) was added. The mixture was stirred at
25°C for 21h. The mixture was diluted with dichloromethane,
washed with saturated aqueous sodium bicarbonate, water, dried

15 over MgSO4, filtered arnd evaporated to dryness. The residue was
chromatographed on silica gel using 2%-3% methanol in
dichloromethane as the eluant to give the title compound

(Formula 16.1) (0.1302g, 33%), FABMS: m/z 721.9 (MH*).

8¢ (CDCI3)

Tricyclic |CH2:|30.5, 30.6

" CH: |79.0, 126.4, 130.6, 132.5, 141.4, 147.1
C {120.1, 134.3, 135.3, 136.8, 140.9, 155.5
Piperazine | CH2: {41.7, 45.7, 51.4, 51.9

Piperazine | CH2: | 32.0, 32.0, 38.9, 46.3, 46.3

N- CH: |32.7, 119.0, 119.0, 125.0, 129.6, 129.6
substituent| G ]153.0, 155.2, 157.6, 169.4

20



C.  157.6, 170.0 WD 98/11091

PCT/ US97/ 19976 -89 - EXAMPLE 12 4-[2-[4-[3- BROMO 8- CHLORO- 6.1 1- DI HYDRO 5H
BENZ( 5. 6] CY: 1 .2-b]PYRIDIN- 1 1 -YL)- 1 -
Pl PERAZI NYL] - 2- HYL] - N- METHOXY- 1-PI PERI DI NE- 5 PCTIUSIMN9976
CARBOXI M DATE [err] Phenyl 4-[2-14-(3-bronp-8-chloro-6, 11

- di‘-hydr o- 5H benzo- [5. 6] cycl oheptal 1, 2- b]‘pﬁ/* idin- 11 -yl)- 1

- pi.perazi nyl ]-2-oxoethyl]-1- piperidin boxi m date (Formula 4.0)
(prepared as described in 10 Exanple Mlg, 0. 157mmol es) and
met hoxyl am ne hyNtAIN 5 NINOICARBONYE -$4BVBR( :
2 5
anhydrous pyri di n&l_&ﬁ& Ogﬁﬂlt- ;:i;‘ﬁi!é

Wa
-
-

2y

S S

sol uti on was evapeoFatrea—to-aryIress——an
silica gel using 2% 49%PYBIDINt hasVL)-
gi ve the titée conpound ( For
(MH). [err]c (CDOJerr]) Tri

' N
H,N
(16.1) ————> /g
j\/@ NCONHCONH,,
o

Phenyl N-[[{aminocarbonyl)aminojcarbonyl]-4-[2-[4-(3-
bromo-8-chloro-6,11-dihydro-5H-benzo{5,6]cycloheptall,2-
bjpyridin-11-yl)-1-piperazinyl]-2-oxoethyl]-1-piperidine-

10 carboximidate (Formula 16.1) (0.2943g, 0.462mmoles) was
dissolved in a saturated solution of ammonia in anhydrous THF
(80ml) and the mixture was stirred at 25°C for 19h in a sealed
vessel. The solution was evaporated to dryness and the residue
was chromatographed on silica gel using 3% (10% conc.

15 ammonium hydroxide in methanol)-dichloromethane as the
_eluant to give the title compound (Formula 17.1) (0.2663g, 40%),
ESIMS: m/z 645.2 (MHH): |

8¢ (CDCl3)
Tricyclic | CH2:130.5, 30.6
CH: |79.0, 126.3, 130.6, 132.5, 141.3, 147.1
. C_]120.1, 134.3, 135.3, 136.8, 140.9, 155.5
_Piperazine | CH2: | 41.7, 45.7, 51.4, 51.9
Piperazine | CH2: | 31.9, 31.9, 39.1, 44.3, 44.3
N- CH: |32.9

substituent | C | 156.1, 159.4, 162.6, 169.6




CH. 79.0, 126.2, 130.4, 132.4, 141.2, 147.0 C 120.0, 134.1, 135.3,

136. 7, 140.8, 155.5 Piperazine CH2: 41.5, 45.7, 51.3. 51.8 Piperazine

CH err]: CH2: 39.4, 31.7, 31.7, 46.8, 46.8 subst] . 33. 2
creriLe Woskdym . 001 b 83% 10976

-90 - EXAMPLE 13 PHENYL N-[[[ AM NOCARBONYL] AM NO| CARBONYL] - 4- [ 2-[ 4- ( 3-

. BROMO- 8- CHLORO- 6. 11- DI HYDRO- 5H BENZQ[ 57 34CYCLOHEPTA- [1.2-b] PYRIDIN- 11
-YL)- 1 -PIPERAZI NYL] - 2- OXCETHYL] - 1-_5 -

Pl PERI DI NECARBOXI M DATE [err] PhenyEXAMPLE 15

4-[2-[4-(3-bro 0P, ROL6, Bl-DIHPHRO-GH-
y 2' b] pyl’l di n- 11 'y o = DI ) M%e_] VA iD’ X 11 .
pi peri di necar boxi m ¥ g s et .%lgd':ilﬁ 10 Exanple

3 above) (0. 3RPER INYTD]-2sO X Q! BOXAMIDES I NS
(7m ) andxtrinethylsilylisocyanat WBMI es) was added. The

m xt ure s stirred at

Br—/ { cl Brmm
N (47.0) N2 6.0 /©

O~ O_K
_ NCONH,

If one were to follow Procedure 1 then the compound of
Formula 16.0 would be obtained.
1-(3-Bromo-8-chloro-6,11-dihydro-5H-benzo(5,6]cyclo-

10 hepta[1.2-b] pyridin-11-yl)-4-[(4-piperidinyl)acetyllpiperazine (1
equivalent) (Formula 47.0, prepare as described in Preparative
Example 11) and diphenylcarboxamidocarbonimidate (1.2
equivalents) [prepare, using urea in place of sulfamide, as is
described in: M. Haake and B. Schummelfeder, Synthesis, 753-

15 758 (1991)] is dissolved in 2-propanol and the solution is heated
at 80°C under reflux and under nitrogen for 24h. The mixture is

. evaporated to dryness and chromatographed on a silica gel
column to give the title compound (Formula 16.0).




25[err] C for 21h. The m xture was diluted with dichl oromethane, washed wth
satur at ed aqueous sodi um bi carbonate, water, dried 15 over MgSO err],
filtered and ugwegéied to dryness. The residue was chronat ogr apBeRise19976
silica gel using 2% 3% net hanol in dichloronethane as the eluant to give
the title conpound (Formula 16.1) (0.1302g, 33%, FABMS: nmlz 721.9 (MH).
[err]c (CDO [err]) Tricyclic CH2: 30.5. 3098 CH 79.0. 126.4, 130.6,

132.5, 141.4, 147.1 C  120.1, 134.3, 1%5. 3,.136.8, 140.9. 155.5 Pi perazine
CH2: 41.7, 45.7, 51.4, 51.9 Piperazine . : 2,0, 38.9. 46.3, 46.3 N
CH 32.7, 119.0, 119.0, 4125}4 BROMO-BCHISORD- 6,140] DROLSHO, 155. 2,
157.6, 169.4 20 - -

N-[ [ (AM NOCARBONYL] AM NPIR ,
11- DI HYDRO- 51 BENZQ[ 5. 6] CYCLOHR,
- Pl PERAZI NYL]" 2- OXOETHYL] - 1-

' (16.0) —» E ] NH,

If one were to follow Procedure 1 then the compound of
Formula 17.0 would be obtained. :
Phenyl 4-[2-[4-(3-bromo-8-chloro-6,11-dihydro-5H-
10 benzol5,6] cycloheptall,2-blpyridin-11-yl}-1-piperazinyl}-2-
oxoethyl]-N-carboxamido- 1-piperidinecarboximidate (formula
16.0, prepare as described in Example 15 above) is dissolved in
2-propanol and concentrated ammonium hydroxide is added.
The mixture is stirred at 25°C for 24h and then evaporated to
15 dryness. The residue is triturated with diethyl ether (2X250ml)
and the ether is discarded. The remaining product is
chromatographed on a silica gel column to give the title
compound (Formula 17.0). ' '
Alternatively, anhydrous ammonia in a suitable inert solvent
20 such as methanol, or THF, may be used in place of ammonium
hydroxide in the above reaction.



5 Pl PERI DI NECARBOXI M DAM DE [err] Phenyl

N-[ [ (am nocar bonyl ) am no] car bonyl ] -4-[ 2-[ 4-(3- brono- 8- chloro 6,

11-di hydr Q- 5H-benzo[ 5, 6] cycl ohepta[ 1, 2- b]pyridin- 11 -yl)-
-piperaziﬁngmQ“B}oethyl] 1 -piperidine- 10 carboxinidate (ﬂEFMW$ﬁ"¥E‘1)
(0.2943g, 0.462mmvl es) was dissolved in a saturated solution of amonia in
anhydrous THF (80m) and the nmixture was94tirred at 25[err]C for -19h in a
seal ed vessel. The solution was evaporated to dryness and the residue was
chr omat ogr aphed on S|I|ca gel u3|ng§§@ﬂugﬂﬂ_g_p 15 annnnlun1hydrOX|de in
met hanol ) - di chl ¢ 2 1AS(A ; y _(Formul a
17. 1) (0. 2663g y

=i cyclic

135. 3, 136. 8,

156. 1, 159.4, 162.6, 169.6 EIPERI 41N$EC igO'MIDA |

Pi perazi ng CHZ:

4.0) —>» E

)N\/Ov‘ N NCONHCH,
o

If one were to follow this procedure then the compound of
Formula 18.0 would be obtained.
Phenyl 4-{2-[4-(3-bromo-8-chloro-6,11-dihydro-5H-

10 benzo[5.6] cycloheptall,2-blpyridin-11-yl)-1-piperazinyl}]-2-
oxoethyl]-1-piperidinecarboximidate (1 equivalent} (Formula 4.0,
prepare as described in Example 3 above) is dissolved in
anhydrous dichloromethane. Methylisocyanate (2 equivalents) is
added and the mixture is stirred at 25°C for 48h. The mixture is

15 shaken with aqueous sodium bicarbonate and is extracted with
dichloromethane. The latter is dried over MgSOy4, is filtered and
is evaporated to dryness to give the title compound (Formula
18.0) after chromatography on silica gel

20

PIPE -2-0X o) -1-

PIPERIDINECARBOXIMIDAMIDE
Br~/ { cl
\
. Y (19.0)
(18.0) ——> l: ] NH,

. )\Q NCONHCH;
25



WO 98/ 11091 PCT/ US97/ 19976 -92- EXAMPLE
15 PHENYL 4-[2-[4-(3-BROMO-8-CHLORO- 6. 11 - DI HYDRO- 5H BENZ(J 5.
6] CYCLC]—IEPTAWb dibYRIDIN- 1 1 -YL]- 1 -

Pl PERAZI NYL] - OXOETHYL] N- CARBOXAM DO- 1 - Pl PERI DI NE- 5 PCT/US97/19976
CARBOXI M VATE [err] |If one were to follow Procedure 1 then the conpound of
Formul a 16.0 woul d be obt ai ned. - 95 - _

1- (3-Bronp-8-chloro-6,.11-di hydro 5H- benzo[ 5. 6] cycl o- 10 hepta[l, 2-b]
py§| din-11-yl)-4-[(4- E%“{ﬁrﬁy()&u?‘yl Fﬁsmm@e(mmmmwnpouﬁdmml a
47.0, prepare aFoitsala 1900 iwolldbelshitangedxanpl e 11) and

' ' S repare,_ using urea in
ol ace o C?LF?Q&ECﬁ%ﬁfﬂéﬁﬁ?gﬁﬁﬁ&; )ﬁ%;;gﬁ?mymjiéi o
Synt hesi's, 753 ZO ep | ihn] &= ; "Xt ur e
L St S A Llbridnecrotbants 5 o
the title conpomm &£.prepare as \iesegibetDRi Example 17 above) is
PCT/ US97/ 19976 dissolved in 2-propanol and concentrated ammonium hydroxide

is added. The mixture is stirred at 25°C for 24h and then
evaporated to dryness. The residue is triturated with diethyl

10 ether (2X250ml) and the ether is discarded The remaining

) product is chromatographed on a silica gel column to give the
title compound (Formula 19.0).

Alternatively, anhydrous ammonia in a suitable inert solvent

such as methanol, or THF, may be used in place of ammonium

15 hydroxide in the above reaction.

20

' N (20.0)
47.0) —>» NHCH,

() Ko

If one were to follow this procedure then the compound of
Formula 20.0 would be obtained.

25 Copper(l)chloride (1 equivalent) is dissolved in anhydrous
acetonitrile. To this solution, a solution of 1-(3-bromo-8-chloro-
6.11-dihydro-5H-benzo|[5,6]cycloheptal1,2-blpyridin-11-yl)-4-[(4-
piperidinyl)acetyl]-piperazine (1 equivalent) (Formula 47.0,
prepare as described in Preparative Example 11}, 1-methylthio-

30 1-methyl-amino-2-nitroethene (1 equivalent) (prepare as
described in Canadian Patent No. 1178289 (1984)) and
triethylamine in anhydrous acetonitrile is added dropwise over



-93 - EXAWPLE 16 4-[2-[4-[ 3- BROVD 8- CHLCROG 11- DI HYDRO 5H

BENZ(Q 5. 6] CYCLOHEPTA[ 1 . 2-b] PYRI DI N-11- YL] -

Pl PERAZI NY HYL] N- CARBOXAM DO 1- 5

Pl PERI DI NE(‘X%CQ)i AM DE [err] If one were to follow Pr ocedurenf_swﬁen t he
conmpound of Fornmula 17.0 woul d be obtai ned. Phenyl

4-[2-[4-[3-brom) 8-chloro-6, 11-di hydro '595 10 benzo[5 , 6] cyclohepta] 1,
2- b] pyri di n- |)- 1 -piperazinyl]- '
oxoet hyl ] - N—car inutes tmnﬁecmmdﬁt@t?MPﬁéhﬁvdumcégare as

described in E%éﬂﬁbédlénétdlbhlofo?néﬂiéﬁé \i§<¥ddbc? Priee 3nsitudB dsCRASRABH' at ed

e evapor at oWiES AduEGHS Sedliuby Ricsrdiohas S el afinGae ans dbyer
Chr ot 0gr 2Neth an e, L‘?"’-"““‘g‘““‘*'““‘m ‘-‘“*‘”“““% ot { For mil a
17 0y At o nadryBede” The Fedfin€ i 4Rl Ut B de) ol BE Bls 20 "Sucn
a; met hano![ O(r)llcomfoumdyf"mmﬂa(ﬂ() .B)pl ace of ammoni um hydroxide in the
above reacti

10

If one were to follow this procedure then the compound of
15 Formula 21.0 would be obtained.

STEP A:
-[4-[2-[4-(8- -6.11- -5H-B
- -11-YL)-1- I 9.
0 -1- -N'- - THIO-
20 CARBOXIMIDATE
7 a 7 cl
— \N
R S (B-38)

4-[2-{4-(8-Chloro-6,11-dihydro-5H-benzo[5,6]cyclohepta-
[1,2-b] pyridin-11-y))-1-piperazinyl]-2-oxoethyl]-N-methyl-1-
25 piperidinecarbothioamide (1 equivalent) (Formula A-38) is



WO 98/ 11091 PCT/ US97/ 19976 -94 -
EXAMPLE 17 PHENYL 4-12-14-(3- BROMO 8- CHLORO- 6. 11- DI HYDRO 5H-

BENZQ] 5. 6] CXGh [ 1. 2-b]PYRIDIN- 1 1 -YL)- 1-
Pl PERAZI NYL] - 295‘% THYL] - N- (N - METHYLCARBOXAM DO) - 1- 5 PCT/US97/19976

Pl PERI DI NECARBOXI M DATE [err] If one were to follow this procedure then the

compound of Fornul a 18.0 woul d be obt ai ned97Phenyl
4-[2-[4-(3-brom-8-chloro-6, 1 1-di hydro-5H 10 benzo[5, 6] cyclohepta[l

/2-b] pyridin- 1 LS,sp)\quipq mtbgm}|an¢moﬂmelttoﬁide| upzpequwmlmtsmsx. i dat e

((jl eq:“ Vgl ent) é&eéméﬁlﬁé% réil’ﬂ(}ggﬁ]:n'gﬁeq‘ﬁ | socyanat e é equl gg giiﬂ E;

| SSOl ve in a u

added and the F#’i’d%ﬁ Tges‘iql}lﬁé’alé&ezspeﬁl}eéyt%ﬂWSSﬁ ithetxesidue is5

shaken with aqlmsssmdnmnwataaahmbasﬂmmvnm BO%ASdERN h :51 and_
ered an

evapor ated Bo. ARbEatrRfd, WR it BESkup siorkor R mist j i ter

chr omat ogr aphy @ctracteda;v@bl ditthloromethane, dried over m hEn Isulfate

42[ t2) [4-[3- BRO\fﬁté[e@" e@abo&-a%ﬂms?%é the ﬁléac_loErI:l-}rJA ind

] PYRI DN 11

(Formula B-38).

The compound of Formula A-38 is prepared by the reaction

10 of the compound of Preparative Example 12 above with CH3NCS.

' The reaction is conducted in anhydrous CH2Clg, with stirring,
under argon at 25°C until the reaction is complete. The reaction
mixture is diluted with CH2Cl2 an is washed with saturated
NaHCOg3 (aqueous), then water. Dry over MgSOy4, concentrate in

15 vacuo to a residue and chromatograph (silica gel, 5%
(10%NH4O0H in MeOH)/CH2Clg to give the compound of Formula

A-38.
STEP B:
| -[4-[2-14-(8-CHLORO-6,11-DI -5H-
20 YCLOHEPTAI1.2-b DIN-11-Y1)-1- INYL]-2-
HYL]-1-PI DINYLJ]-N'- E L-2- -1-
(B-38) N, (2L0)

EN] —'_’ (J
YO YO

The crude product from Step A above (Formula B—38) is
25 refluxed with excess nitromethane for 16h and then is
evaporated to dryness to give the title compound (Formula 21.0).



Pl PERAZI NYL] - 2- OXOETHYL] - N- (N' - METYLCARBOXAM DO) - 1 -
Pl PERI DI NECARBOXI M DAM DE [err] WO 98/ 11091

PCT/ US97/ 19 If one were to follow this procedureth

of Formul a %&Bm u‘ld be obtai ned. Phenyl 4-[2-[4-(3-brono-8- cﬁ*@g%:j‘gm
11-di hydro-5H benzo[ 5, 6] cycl oheptall, 2- lagpyrl din-1
1-yl)-1-piperazinyl]-2- 5

oxoet hyl ] - N- (N - net hyl car boxani do) - 1- eri di necarboxi m date (Fornula 18.0,
prepare as described in Exanple 17 ab%MBLEi%oI ved in 2 propanol and

concentrated ammo dr . o L& 115TH Al

25[err] C for 24h Wi‘%‘gy@c d'gl?.sls egrlelz-l e |$_r'!fl‘urat ed
with diethyl 10 etheﬂ%éﬁdi ' - B;mnl-renal ni ng
product is chromat GIPBRAZINY 0), 14 NYMETHY1iSH 3

conpound (Formula 19.0). Nterwm%%a inasuitable

I nert. sol vent such as net hanol . | ace of anmonium 15

hydroxi de in the above reaction. _N-BL4-[

11- DI HYDRO 5H BENZO
47.0) —— E:j

O

If one were to follow this procedure then the compound of
Formula 22.0 would be obtained.
1-(3-Bromo-8-chloro-6,11-dihydro-5H-benzo[5,6]cyclo-

10 hepta[l,2-b] pyridin-11-yl)-4-[{{4-piperidinyljacetyl]piperazine (1
equivalent] (Formula 47.0, prepare as described in Preparative
Example 11) and diphenylmethylsulfonylcarbonimidate (1.2
equivalents) [prepare as described in: A. Buschauer, Arch. Pharm.,
377-378 (1987)] are dissolved in 2-propanol and the mixture is

15 heated as described in Example 1 above to give the title
compound (Formula 22.0).

(@)

20

(22.0) ——> [N NH,

If one were to follow this procedure then the compound of
25 . Formula 23.0 would be obtained.



[5. 6] CYCLOHEPTA[ 1 .2-b]PYRIDIN- 1 1 -YL)- 1 -PIPERAZI NYL]-2- 20
OXOETHYL] - 1 -PI PERI DI NYL] - N - METHYL-2-NI TRO- 1- ETHENEAM NE [err] If one

were to fol |l g dghisgespr ocedure then the conpound of Fornul a 20. PcywRishfli1999s
obt ai ned. 25 Copper(l)chloride (1 equivalent) is dissolved in

anhydrous acetonitrile. To this solution, g sol uti on of '
1- (3-brono-8-chloro- 6,11 -di hydro-5H benz PS’, 6] cycl ohepta[ 1, 2-b]pyri din-

11 -yl)-4-[(4- piperjgdinyl)acety]]-pi erazi e 1 equiyval ent F la 47.0,
prepare as descri bedbg\‘?‘%'rl ‘gﬁéfulég ﬂ§ qﬁe‘tﬁﬁq H)Fib's’ ggm
1- mi‘ghyl am no- Benzo{S\6] *‘eydt)hé [a %bmmd(rwbbqﬂblapimnyﬂd%n
Canadi an Pat ent 0,
acetonitrile is %IO 5@3&%’3%%&%3§§f0%9%'é@ﬁ%6 c'lﬁbo@dﬁﬁﬁ%% tFormula
PCT/ US97/ 19976 28, pteparenaseadesdrilbed tin Examplen21 sabove)iis dissolved inff
t he vol une i WW C &gﬁ.ra GHRGH: shed
wth aqueoussssog |car%gﬁa§%x% an?rhmoronetﬁga%‘ag%r ?gc%rdll\gd over
magnesi um sul f at 8¢ mixtureis éﬁo? thb?@@ and, then isTevaperatedatq s
purified on sil Hﬁy’m&. t'pheiréﬁdxhe isi trittirated with diethyl ether (2X250ml)
and the ether is discarded. The remaining product is
chromatographed on a silica gel column to give the title
10 compound (Formula 23.0).
Alternatively, anhydrous ammonia in a suitable inert solvent
such as methanol, or THF, may be used in place of ammonium -
hydroxide in the above reaction.

15 EXAMPLE 23
P -[2-[4-(3- -8- -6.11- -5H-

- N S (24.0) ,@
(47.0) —>» E o

20
If one were to follow this procedure then the compound of

Formula 24.0 would be obtained.
1-(3-Bromo-8-chloro-6,11-dihydro-5H-benzo[5,6]cyclo-

heptall,2-b] pyridin-11-yl)-4-[{4-piperidinyl)acetyl]piperazine (1

25 equivalent) (Formula 47.0, prepare as described in Preparative
Example 11) and diphenylmethylbenzoylcarbonimidate (1.2
equivalents) [prepare as described in: A. Buschauer, Arch. Pharm.,
377-378 (1987)] are dissolved in 2-propanol and the mixture is
heated as described in Example 1 above to give the title

30 compound (Formula 24.0).



compound Forrmul a 20.0). EXAVPLE 20

N-[4-[2-[4-(8-CHLORO 6. 11- DI HYDRO 5H BENZO 10 [ 5, 6] CYCLOHEPTA[

1, 2- b] PYRI legg,;m;l -YL)- 1 -PIPERAZI NYL] -2-. OXOTHyl]-1 PCT/US97/19976

- PI PERI DI NYL] - N - METHYL-2-NI TRO- 1- ETHENEAM NE [err] If one were to foll ow
this procedure then t he conpound of 15 F la 21.0 woul d be obtai ned. STEP
A. N[4-[2-[4-(8-CHLORO-6. 1 1-Di HYDROBaL@

[ 5. 6] CYCLOHEPTA[ 1. 2- b] PYRI DI N- 11- YL) - 1P NYL] -2- OXOETHYL]- 1

- PI PERI DI NYL] - N - METHYL- NETHYLTHIO— CARBOXI M DATE
[err] 4-[2-[4-]8-Chl &#42d4-(F ‘ EDE ‘ - : '

pyridin- 11 -yl)-1 - i3858

pi peri di necar bot hi oa R
PCT/ US97/ 19976 - 9Lk

98/ 11091
E-

equival entg) is SAACACER L) M BENZG
Br— a
<y
(25.0)
(24.0) —> [: N,

If one were to follow this procedure then the compound ‘of
Formula 25.0 would be obtained.
Phenyl 4-[2-[4-(3-bromo-8-chloro-6,11-dihydro-5H-

10 benzol5,6] cycloheptall,2-b]pyridin-11-yl)-1-piperazinyl}-2-
oxoethyl]-N-benzoyl-1-piperidinecarboximidate (Formula 24.0,
prepare as described in Example 23 above) is dissolved in 2-
propanol and concentrated ammonijum hydroxide is added. The
mixture is stirred at-25°C for 24h and is then evaporated to

15 dryness. The residue is triturated with diethyl ether (2X250ml)
and the ether is discarded. The remaining product is
chromatographed on a silica gel column to give the title
compound (Formula 25.0). |

Alternatively, anhydrous ammonia in a suitable inert solvent

20 such as methanol, or THF, may be used in place of ammonium

hy&ro:dde in the above reaction.




added over 15 minutes. The m xture is then heated under reflux for 2h. The
solution is evaporated to dryness and the residue is dissolved in water and

basified w t wdeaeedi um hydroxi de and 5 then saturated with Sptr/fisepRdsn
chloride. The m xture is extracted wi th di chl oronmet hane, dried over

magnesi um sul fate, filtered and evaporat ed, ﬁudryness to give the title
conmpound (Formula B-38). The conpound of ~ il a A-38 is prepared by the
reaction 10 of the %‘(:)ngﬁxtﬁld of. Preparative Exanple 12 above w th CH3NCS.
The reaction is condfBRBIHOR A hydrous CH err]O[err], with stirring, under
argon at 25[err]C until the reactBroq faye .. Fhe reaction mxture is
diluted with CH2CA 2 an i s washed wi t§ aHCO3 (aqueous), then

water. Dry over MyS04, concentrate i / esi due and
chromat ograph (silica gel, 5% (10%\NH40H i n|* gﬁ[a]eé)r](} [err] to give the
conpound of Forrmula A-38. STEP B: '

N-[4-[2-[4-(8-CHLORO 6. 11- DI HYDRO- 5H BENZO 2§ [5.6] CYCLOHEPTA[ 1
.2-b]PYRIDIN- 1 1 -YL]- 1 -PlIPERAZI NYL]-R; KCET -1

- PI PERI DI NYL].- N - METHYL- 2- Nl TRO- 1- ETHENEAM NE} [ er The crude product
from Step A above (Fornula B-38) is 25 r u ' excess nitronet hane

for 16h and then is
(Formula B-10, (+) isomer, from Step D of Preparative Example

10 above) (0.15g) in dichloromethane (1.5ml) was reacted with
5 phenyl cyanate '

(Zweifel, Synthesis 150(1980)) (0.048 ml) in the presence of di-
isopropylethylamine (2 drops) at room temperature for one hour.
The reaction mixture was then flash chromatographed on silica-

10 gel (30 ml); elution with 10% methanol-methylene chloride
followed by evaporation afforded the compound of Formula 27.0
as a colorless powder (0.15g). MS (FAB): m/e 713 (MH%)

27.0) —>»

15

' A solution of the compound of Formula 27.0 (Example 25)

(0.06g) in dichloromethane (2.0ml) under nitrogen was stirred

with 60% sodium hydride ((0.016g) for 2hrs. at room

temperature. The reaction mixture was then treated with ice-

20 water and extracted with dichloromethane {5x5 ml); the
combined extracts were dried, evaporated and the crude reaction
product was chromatographed on silica-gel (20m}).  Elution with
5% methanol-methylene chloride followed by evaporation



evaporated to dryness to give the title conmpound (Formnmula 21.0). WO .
98/ 11091 PCT/ US97/ 19976 - 98 - EXAMPLE
21 PHENYL AwicPesitiods3- BROMO- 8- CHLORO-6. 11 - DI HYDRO 5H PCT/US97/19976
BENZ( 5. 6] CYCLOHEPTA[ 1 .2-b]PYRIDIN- 1 1 YL)- 1-
Pl PERAZI NYL] - 2- OXCETHYL] -'N- ( METHYLSULFONY/ Id '

Pl PERI DI NECARBOXI M DATE [err] If one wereI %" foI I ow this procedure then the

conpound of For 0 woul d be,o ined, 1

- ( 3- Br onp- 8- chP&‘J’EaeathedFW% Bpyla 29,0as ajcoloplessapawden]
pyridin-11-yl) ((@.042ghi MS (RAB)/ m¢et619qmq+p2| ne (1 equivalent) (Formula
47.0, prepare.as described in Preparative Exanple 11) and

di phenyl net hyl sul f onyl carboni m date (1.2 equival ents) [prepare as descri bed
in: A Buschauer, Arch. Pharm, 377- BXAMPBE)27are di ssolved in 2-propanol
and the mxture is 15 heated-as descri bed®rin Exanple 1 above to give the
title corrpound(ForrmIa 22B0B), PLT

5 .
- By following the procedure in Example 25 above, the amine
' Br
NI
(B-13)

wn

(Formula B-13, racemi¢, see Preparative Example 10 ) (0.098)
was reacted with phenyl cyanate (0.04ml) in the presence of di- -

10 isopropylethylamine to afford the compound of Formula 26.0
(0.078g) as a white powder. MS(FAB): m/e 713 (MH+)

EXAMPLE 28
-Br
N/
(30.0)
NH
%\/O*Nﬂz
15 A solution of the compound of Formula 26.0 (Example 27)

(0.24g) and ammonium chloride (0.24g) in tetrahydrofuran
(2.0ml) and ammonium hydroxide (2.0ml) was heated in a
pressure tube at 90°C for 1.5hrs. The reaction mixture was then



20 BENZQ[ 5. 6] CYCLOHEPTA[ 1. 2- b] PYRI DI N- 11- YL) - 1-
Pl PERAZI NYL] - 2- OXOETHYL] - N- (METHYLSULFONYL) - 1- Pl PERI DI NECAROBOXI M DAM DE

[err] If ongueyedsfrebp follow this procedure then the conpound @lerdss | a
23.0 woul d be obtained. WO 98/11091 S

PCT/ US97/ 19976 -99 - Phenyl 4-[2-[4-(3- bri -8-chloro-6, 11-di hydro-5H
benzo[5 . 6] cyclohepta] 1 ,2-b]pyridin-"1 5§|) -1 -piperazinyl]-2-
oxoet hyl | - N- (et hyl sul fonyl ).- 1-pj perj di necar boxi m date (Formul a _22.0,
prepare as desGPPﬁ’éﬁ iPrﬁ"Exéi’B-Fté’dz%’iSidoWéfeﬁ' ?“d(m&di with methylens and
g g{lcen} E: a]E ed gmwﬁgm (haxmmjl)de The aiiﬂgﬁgna’d\aexﬁaéw %&r& evapofsted and

err or | Y rate rynRess. resi S
riturdted wit A6 Bun PPt J88 hSmuRastatiiedion Tucaael BOmAD. 1re
remai ni ng pr odfdution ovithnkOfomethenodB3%asminoniagntethyleme chlogide t he
title 10 np O fjt | Wi ' h@ d,a
suitable i (r?(:a)r t g‘?@?&éﬁt suc%vééo%%iﬁélngfé ‘Ei;i_?é #ﬁ@b%g?fb@omb gcéaéqgf

amoni um hydr o¥hite isolich {0 b . MS:{FAB): m/e 636 (MH)

EXAMPLE 29
Br

- Br | N cl
N (31.0)

NH

N N N SN
o .
10 A solution of the compound of Formula 26.0 (Example 27)

(0.25g) in tetrahydrofuran (3.0ml) was treated with a solution of
3-aminomethylpyridine (0.14ml) in water (0.5ml) containing 4M
hydrochloric acid in dioxane (0.09 ml). The reaction mixture was
heated at 70°C for 3.5 hrs, cooled to room temperature, diluted

15 with ice-water; the pH of the mixture was adjusted to 10 with
aqueous sodium hydroxide followed by extraction with methylene
chloride (2x15ml). The crude product was then
chromatographed on silica-gel (10ml); elution with
10%methanol-3%ammonia-methylene chloride afforded the title

20 compound (Formula 31.0) as a colorless powder (0.28g). MS
(FAB): m/e 727 (MH?t) :

EXAMPLE 30
Br
Br I N Cl
N (28.0)



15 EXAMPLE 23 PHENYL 4- [ 2- [ 4- ( 3- BROMO- 8- CHLORO 6.

11- Dl HYDRO- 5H BENZQ) 5. 6] CYCLOHEPTA[ 1 .2-b]PYRIDIN- 1 1 -YL)- 1-
Pl PERAZI NYlg,04 THYL] - N- BENZOYL- 1- Pl PERI DI NE- CARBOXI M D 0O If
one were to follow this procedure then the conpound of For wé&?&%iﬁﬁ

be obtained. 1-(3-Bronp-8-chloro-6, 11-dihydro-5H benzo|

5, 6] cycl o- hept a[

1,2-b] pyridin- 11 -yl)-4-[(4-piperidi nyi?écetyl]pl perazine (1 25
equi val ent) (Fornul.a 451 Owgrgg&are as descrl bed in Preparative Exanpl e 11)

and di phenyl net hyl Hax
descri bed in: ¢dmBuagithof Forfisl 2%%@%&7&3&%&9

i Ve the i ?Fﬁarbg‘? A It 5 G 2ghwas regeed

erpgacedyre for the\areparationofthee a

PR 28

0% sodmm-

PCT/ US97/ 1997 thydrifle ED22E)Fo 2dfeird :thb4t1(13 &Rﬂwﬁ:@tkaa&ﬂalgs@)wmo 5H

5 (0.087g) as a white powder. MS(FAB): m/e 619

10

(MH#)

(+-isomer, see Example 25 above) (100 mg, 1 eq), HOBT (25 mg,

1.1 eq), DEC (35 mg, 1.1 eq), DMF {5 ml) and the carboxylic acid

CO,H

J
<
N

(23 mg, 1.1 eq) were added to a flask and stirred

at 25°C for 18

15 h. When TLC showed that the reaction was complete, water was
- added and the resulting mixture was stirred for about 5 minutes.

The mixture was filtered and the precipitate was

washed with-

water. The resulting solids were diluted in CH2Cl2, washed with
1M NaOH (aqueous), dried over anhydrous MgSOy4, filtered and
20 the solvent was removed under vacuum. Formula 35.0 was

obtained as a white solid (52 mg).



BENZ( 5. 6] CYCLOHEPTA[ 1. 2-b] PYRIDIN- 11 -YL)- 1-

Pl PERAZI NYL] - 2- OXOETHYL] - N- BENZOYL- 1- Pl PERI DI NE- 5

CARBOXI M DAMWEBP®/091 | f one were to foll ow this procedure thePCEKg7/19976
conmpound of Fornmula 25.0 would be obtained. Phenyl
4-[2-[4-(3-bronmp-8-chloro-6. 11 -di hydro-5fpg510 benzo[5, 6] cycloheptall

, 2-b]l pyridin- 11-yl)-1 -piperazinyl]-2-

oxoet hyl | - N-benzoyl - 1- pi peri di necar boxgsg mul a 24.0, prepare as
described in Exanple 23 above) i's disso I n 2- pr.opanol and concentrated
ammoni um hydroxi de i s added. Tge_m e is N regyat 25[err]C for 24h and
is then evaporated to 15 dryness. \The resi gue triturated with diethyl
et her (2X250m ) and the ether is d g r(@eeg)ni ng product is
chromat ogr aphed on a silica gel col ur‘?ﬁ tq@ gi the title compound (Formula
25.0). Alternatively, anhydrous ammoni g £/MBrsuitalge inert solvent 20

such as nethanol, or THF, may be used ijn pl pce of ni Bm hydr oxi de in_ t he

above reaction. EXAMPLE 25 [err] )N\O'
0]

Following the procedure of Example 31, but using

@,coza

5 as the carboxylic acid (21 mg, 1.1 eq), yielded the cbmpound of
Formula 36.0 as a white solid (86 mg).

10 F‘ollowmg the procedure of Example 31, but using
CHg

: @/cozn

as the carboxylic acid (23 mg, 1.1 eq) yielded the compound of .
Formula 37.0 as a white solid (84.4 mg).



WO 98/ 11091 PCT/ US97/ 19976 -101 - A
solution of [err] (Formula B-10, (+) isonmer, fromStep D of Preparative
Exanpl e 1%3%\{%1(0. 159) in dichloronmethane (1.5m) was rewl%&,é
phenyl cyanate frr] (Zweifel, Synthesis 150(1980)) (0.048 m) I'n the
presence of di- isopropylethylamne (2 drops) at roomtenperature for one
hour. The reaction mixture was then flad®&hronmat ographed on silica- 10

gel (30 m); elution with 10% net hanol - net hyl ene chl ori de foll owed by
evaporation afforded the conpound "ofMLé_&.O as a col orl ess powder
(0.15g). Ms (FAB): me 713 (M AE 26 [err] 15 A solution of the
conmpound of Formula 27.0 (®B%s oRg)-¢€h di chl'or omet hane (2.0m)
under nitrogen was stirred wt : ygéi(ﬁe ((0.016g) for 2hrs. at
roomtenperature. The reacti on™R s 188-Qr eated with ice- 20 water
and extracted with dichl oronethane- (&5 #); the conbined extracts were
dried, evaporated and the crude regtti

silica-gel (20m ). Elution with

Following the procedure of Example 31, but using
H

N

5 as the carboxylic acid (30 mg, 1.1 eq) yielded the compound of
Formula 38.0 as an off-white solid (0.105 g). .

Cl

O

10 Dissolve the (+) product of Preparative Example 8, Step D
(0.139 g, 0.233 mmol} in 1.3 mL of DMF, stir at room
temperature and add 55.2 mg (0.288 mmol) of DEC, 41.5 mg
(0.307 mmol) of HOBT and 43.2 mg (0.324 mmole) of

J\“*/\

HO n-H

| H'N—«o

15 and 80uL (0.73 mmol) N-methylmorpholine. Stir the mixture at
room temperature for 1 hr. Add the mixture to 10 mL H20, filter
the resulting precipitate and wash with water. Dry at 10 mm Hg
40°C 18h to give 123 mg of the product {m.p. = 170.3-177.2°C,
heating 2-3°C per minute).



5% net hanol - net hyl ene chl oride foll owed by evaporation WD 98/ 11091

PCT/ US97/ 19976 -102 - afforded the conpound of Formula 29.0 as .a colorl ess
powder ((0.ONO$P/110M (FAB): me 619 (MH) EXAMPLE 27 [err] 5 BRCTuS$wed7sg
the procedure in Exanple 25 above, the amine [err] (Formula B-13, racemc,
see Preparative Exanple 10) (0.09g) was rqagted with phenyl cyanate
(0.04m ) in the presence of di- 10 isopropylethylamne to afford the
conmpound of Forrmula 26.0 (0.078g) a ' p . MS(FAB): me 713 (MH)
EXAMPLE 28 [err] 15 A solutiQn o e CO d of Fornmula 26.0
(Exanpl e 27) (0. 24g)F%l¥%Wa%RF9ﬁ¢<gﬁr%MfoEx§mpéag’;5 ibut; usedhejacid shown

2. om d aminrTabldldbebond endtdadro 86 i -
501 o1 C'10r 1 R SRk 6 RBRdd 119 v hen e 00 (Bl

Br

| ' - W
J\/Cr
.5 o)

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

substituent.
10 - TABLE 1
EX Acid w mp
(°C)
36 ? | 0 | 183.7-
HO I N | i N 185.9
Z Z
CO,H COH
. (25.0-B)
37 o CHg o CHs 117.6-
127.4

38 154.5-
HoJl\/\o )l\/\o 157.1

(28.0-B)




WO 98/ 11091 PCT/ US97/ 19976 -103- cooled
inice, diluted with water and extracted with nmethylene chloride (3xlIOnl).
The conbi newycpogrfigst S Wwere evaporated and the crude product

chr omat ogr aphed 32ﬁsi lica-gel (20m ). Elution with 100% "Perrusomsss

met hanol - 3%nmoni a- net hyl ene chloride 5 afforded after evaporation the
title conpound (Formula 30.00 as a white ¥@8i-d (0.115g). M5 (FAB): mie 636
(M) EXAMPLE 29 [err] 10 A sol ution of the conpound of Formula 26.0
(Exanpl e 27) (0.25g) in tetrahydr cEABRME 13- gontinued treated with a sol ution
of 3-am nonet hyl pyridine (0.14m) in water (0.5nl) ‘containing 4M

hydrochl oric fC TN droxXxane [0.09 1mJ- T EaCt T O T Xttr-e—wna at
70[err]C for B. , cool ed‘andw"oomtenprature, diWited 15 wi
ice-water; the pH of the ' 4 g6
hydr oxi de f ol 0 Py [T OTT VYL 1T TEL Iy T CTTeq G OT T Oy CE T ST 1Te
crude product HEReT ; el gt Bor8-wi t h
10%ret hanol - 3yanmon] a- j ] o[ QA 20 }c upd
(Formula 31.0] as & e _ . . om 2727(%?
_ _ N
5 (29.0-B)
40 e | 117.1-
HO” N7 “N-H )l\f,(l-l 1 120
=N =y
(31.0-B) _
(@] .
“ X B
HO CH,4 CH,4 124
_ (36.0-B) '
0 .
a2 | - - P 151.3
HO I ~ )‘\G
~ ~o /N"O
(45.0-B)
0 .
43 7 157.2
HO | S =
2 P
N N
| |
o O
5 (46.0-B)
44 N 184.6-
HO l N =N 190.0
z ' l -~
N OH N OH
— (47.0-B)
(@)
a5 0 | 206.5
HO l = ' N
7 I ~
HO N HO N
{48.0-B)




EXAMPLE 30 [err] WO 98/ 11091

PCT/ US97/ 19976 -104- By follow ng the procedure for the preparation of the
conpound of Wé98180129 0 i n descri bed above in Exanple 26, therPewiuses7/f87¢
(Exanple 27) (0.2g) was reacted with 60% sodi um hydride (.022g) to afford
the title conpound (Formula 28.0) 5 (0.08y .as a white powder. M5(FAB):

me 619 (MH+#) EXAMPLE 31 [err] The conpound of Formula B-10 [err] 10

(+-isomer. see Exanple 25 above) (WT (25 ng, 1.1 eq), DEC
(35 ng, 1.1 eq), DV (5 m) and thé car boxyTl err] (23 nmg, 1.1 eq)

were added to aflask and stirred at 28lerr]1C for 18 15 h. \Wyen TLC showed
t hat the react S conpl et @cidat er was - hdded and tfe resultin n’hﬁt,uﬂe
was stirred fof 5 mnutes. The mxtufe was filtered and th o
precipitate wa ' : (°C)
46 R - 120.3-
Hoh o 127.1
OJLCH3
J. Chem. Soc. (1950), 1379 (66.0-B)
a7 | Y Ho 192-
HO N P H 203
N L8]
o Y
o NH
o
(78.0-B)
48 /ﬁ )l 162-
HO "’/|/\ "'/‘/\ 172
: S S
HN(/ HN/
(80.0-B)
49 | O OH (0] OH 138-
HO 'l =N | A 151
N ~Z - Nz
_ __(83.0-B)
50 Q o . | 134-
Ho)kD l \ 148
. o (o)
: (84.0-B)
51 0o : o 176-
HO/K(\S | )k(\s 191
HN\< m\<
O 0
(114.1-B)




water. The resulting solids were diluted in CHerr]OJ[err], washed with 1M
NaCH (aqueous), dried over anhydrous I\/gSO4, filtered and 20 the sol vent

V\rr/g)s rem)ve g?gﬁg“gyacuum Fornmul a 35.0 was obtai ned as aPV\C/fIl_i/ @#&MZ

- 105- EXANPLE 32 Followi ng the procedure _of Exanple 31, but using [err]
Fornmula 36.0 as a white solid (86 ny). Opt E 33 [err] 10 Fol | owi ng

the procedure of Exanple 31, but using [err] as the carboxylic acid (23 ng,
1.1 eq) yie€lded the corrpound of F&&ﬁum&@hite solid (84.4 ny).

WO 98/ 11091

10

PCT/ US97/ 19976 - 106-

EX.

52

Acid

w

o]

e

(100.0-B)
o]

mp
(°C)
111-
119

53

HO

Q-
e 3

,

'OH
(113.0-B)

OH

'OH

230 (d)

Dissolve 1.0 equivalent of the product of Example 32 in

anhydrous DMF and add 2.0 equivalents of NaH (60% in mineral
oil}. Stir for 0.5 hr and add 1.5 equivalent of ethyliodide and stir
for 18 hr and adjust to pH7.0 with IN HCL. Concentrate under
vacuum and partition between water and dichloromethane. Dry
the organic layer over magnesium sulfate and concentrate under
vacuum. Chromatograph the residue on silica gel using methanol-
dichloromethane, saturated with ammonia (5-95) to give the

product as a white solid, mp = 112.6°C.



EXAMPLE 34 [err] Follow ng the procedure of Exanple 31, but using [err] 5
as the carboxylic acid (30 ng, 1.1 eq) yielded the conpound of Formula 38.0
as an of f - wnmMO9883091d (0. 105 g). EXAMPLE 35 [err] (0.139 g, O.EX33USHTIPY76i n
1.3 nL of DMF, stir at roomtenperature and add 55.2 ng (0.288 mmol) of
DEC, 41.5 ng (0.307 mmol) of HOBT and 42.31yw-(0.324 nmole) of [err] 15 and
80[err]L (0.73 mml) N-nethyl norpholine. Stir the m xture at room

tenperature for 1 hr. Add the m'xtureMyE_ﬁerr]O filter the
resulting precipitate and vvash b wat er . y at 10 mm Hg 40[err]C 18h to

give 123 ng of the prodk W LAOa3- 1dt/. 2[err] C, heating 2-3[err] C per
m nut e) . WD 98/ 11091 (41.0-B) PCT/ US97/ 19976
-107- EXAMPLES 36-53 Fol | o\ ENrodedefe of Exanpl e 35 but use the acid
shown H P Ph = phenyl

B o
N
o .

' Follow the procedure of Example 54 (Compound 40.0-B),
but use benzylbromide instead of ethyliodide to obtain the
5 product as a white solid, mp = 108°C. :

(42.0-B)

CONH,

Follow the procedure of Example 54, but use
10 bromoacetamide instead of ethyliodide to obtain the product as a
white solid, mp = 138.3°C.

15 Follow the procedure of Example 54, but use methane-
sulfonylchloride instead of ethyliodide to obtain the product as a
white solid, mp = 136.3°C. :



in Table 1 below instead of the acid used in Exanple 35 to obtain the
conpounds of Fornmula 1.7 [err] 5 wherein Wis defined in Table 1. The

ar ent hesi ow. t
Formul a nm fdo1t he conmpound formed is given in p lgat_) 7/1997

substi tue TABLE 1 EX ACI

w mp (C) 36 - 183. 7-
[err] 185.9 (25.0-B) 3 7 - 112 - _ 117. 6-
[err] 127.4 38 154.5- 157.1
WD 98411091 EXAMPLE 58

PCT/ US97/ 19976 -108-

a '. (61.0-B)

H

. o
o X ,k
| 4
o
Follow the procedure of Example 54, but use tert-butyl-

bromo acetate instead of ethyliodide to obtain the product as a
5 yellow solid, mp = 120-127°C.

EXAMPLE 59

i~ § € (62.0-B)

—_—

N - o

Br «
1l OH
LG
|z
(8}

Dissolve the product of Example 58 in dichloromethane
10 and add trifluoroacetic acid and allow to stir for 1 hr. :
Concentrate under vacuum. Chromatograph the residue by
| preparative silica gel TLC using methanol-dichloromethane (10-
90} to obtain the product as a pink solid, mp = 198°C.

15

Dissolve 1.0 equivalent of the (+) product of Preparative
Example 8, Step D, in dichloromethane containing 1.0 equivalent
of 2,3,4,6-tetra-O-acetyl-beta-D-glucopyranosyl isothiocyanate.



TABLE 1 - continued EX Acid '
W MP ([err]C) 39 [err] 81.9- 83.9 40

[err] WO 98/11091 _ PCEIUS9TA9978 0
41 [err] :

123- 124 42 [err] 43 -113 - [err]

157.2 44 [err]

188.8- 190 0 %5 Stix. for 6 days thenlWhth with 1N HC1 followed by 1IN NaOH. Dry

PCT/ US97/ 19976 itheoorganig|layer ovesimagnesiva gulfate and concentrate undery
nmp ([err]C) 46 vacuum. C#irbinatograph the residue on silica gel using methanol-

120.3- dichloromethane saturated with ammonia (2-98) to obtain the
5 product as a white solid, mp = 156.7-157.9°C.

Dissolvel.0 equivalent of the (+) product of Preparative

10 Example 8, Step D, in DMF containing 2.5 equivalent of
anhydrous sodium carbonate and 2.2 equivalents of 4- :
chloropyridine hydrochloride and heat at 100°C for 5 days. Cool
to 25°C, add water and filter the precipitate. Dissolve the
precipitate in dichloromethane and wash with 1N HCI followed by

15 1N NaOH. Dry the organic layer over magnesium sulfate and
concentrate under vacuum. Chromatograph the residue on silica
gel to obtain the produce as a white solid, mp = 128.6°C.

(73.0-B)

o]

. : Br
20 O OH :

Dissolve 471.4 mg, (0.617 mmol) of the product of Example
46 in 2 mL of 6 M HCI and the solution stirred at room
temperature overnight. The reaction mixture was added to 20
mL water, and the resulting precipitate was filtered and washed
25 with 0.1 M HCI. Purify by flash chromatoghrapy (C-18 reverse



127.1 J. Chem Soc. (1950), 1379 (66.0-B) 47 [err]

192- 203 48 [err] 162-
172 49 rr] - 1 50
ferr] wo san1bsi 134- (84.0-B) RCTASH99R
[err] 176- 191 WD 98/ 11091
PCT/ US97/ 19976 -110- TABLE 1 - conti nuedl E% - Aci d

np 52 [err] _ 111- 119 53

[err] phase silica, gradient of 50% MeQH ¢ H2Oxo190% MeQH/H0).

The resulting material was dissolved in MeOH and added to water
to give the title compound as a white solid after filtration and
drying (334.7 mg, mp 147.1° - 154.3° C, heating 2° - 3° C/min).

5
EXAMPLE 63
Br S _Cl
\
N (93.0-B)

Br o
OO
o) o/lLNJ\cma

. K _

The product of Example 62 (63.8 mg, 0.0884 mmol) was

dissolved in CH2Clz and trichloroacetyl isocyanate (12 pL) was - .

10 added. After 24 h trichloroacetyl isocyanate (12 pL) was added.
After 24 h the reaction mixture was purified by preparative TLC
(5% EtOH/CH2Cls). The isolate material was dissolved in CH2Cl2

and added to hexane and the resulting suspension evaporated to

give the title compound as a white solid (51.6 mg, mp 165.4° -
15 178.5° C, heating 2° - 3° C/min).

EXAMPLE 64

(94.0-B)
o

Br
o , oJL NH,
The product of Example 62 (151.4 mg, 0.2097 mmol) was
20 dissolved in CH2Clp and trichloroacetyl isocyanate (40 uL) was
added. After 15 min trichloroacetyl isocyanate (6 nul) was added.
After an additional 15 min MeOH was added and the mixture
evaporated to dryness. The residue was suspended in MeOH/THF
and KoCOj3 (anhydrous, 15.9 mg, 0.115 mmol) was added. After 3
25 h the reaction mixture was purified by flash chromatography (5%



5 Dissolve 1.0 equival ent of the product of Exanple 32 in anhydrous DVF and
add 2.0 equivalents of NaH (60%in mneral oil). Stir for 0.5 hr and add
1.5 equi val eyip ggfragahy! i odi de and stir for 18 hr and adjust to

IN HCl . Concentrate under 10 vacuum and partition between mtgﬁ&ﬁ%’mp
di chl oronet hane. Dry the organic |ayer over magnesi um sul fate and
concentrate under vacuum Chromat ograph thel® esi due on silica gel using

met hanol - di ch hane saturat ed with ammonia (5-95) to give the
product as a w&@%ﬁ@ The pesnlting materialovaes/ dissolved in MeOH

T ST L0o7e wdde%“%ﬁeéwé U LB S Sl LAl © >

( Conmpound 40. 0O- |nste°
the 5 product a%t)tﬁ \?ﬂ meg 1o 465.¢ Eﬂ&ﬁ?&dlqamlg% -[3%F]
Fol | ow t he proc@gmia)of Exarrpl e 54, but use
5
ASSAYS

FPT ICs0 (inhibition of farnesyl protein transferase, in vitro
enzyme assay), GGPT ICso (inhibition of geranylgeranyl protein
transferase, in vitro enzyme assay) and COS Cell ICsq (Cell-Based

10 Assay) were determined following the assay procedures described
in WO 95/10516, published April 20, 1995. Cell Mat Assay, and
anti-tumor activity (in vivo anti-tumor studies) could be
determined by the assay procedures described in WO 95/10516.
The disclosure of WO 95/10516 is incorporated herein by

15 reference thereto.

Additional assays can be carried out by following essentially
the same procedure as described above, but with substitution of
alternative indicator tumor cell lines in place of the T24-BAG
cells. The assays can be conducted using either DLD-1-BAG

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

25 Soft Agar Assay:

' Anchorage-independent growth is a characteristic of
tumorigenic cell lines. Human tumor cells are suspended in
growth medium containing 0.3% agarose and an indicated

. concentration of a farnesyl transferase inhibitor. The solution is

30 overlayed onto growth medium solidified with 0.6%.agarose
containing the same concentration of farnesyl transferase
inhibitor as the top layer. After the top layer is solidified, plates
are incubated for 10-16 days at 37°C under 5% CO5 to allow
colony outgrowth. After incubation, the colonies are stained by

35 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 ICs50's can be
determined.



10 bronoacetam de i nstead of ethyliodide to obtain the product as a white

solid, np = 138. 3[err] C. EXAMPLE 57 [err] 15 Fol I ow the procedure of
Exanpl e 54, 3 1 Met hane- sul fonyl chloride instead of ethyliodide t%
obtain the product as a white solid, np = 136.3[err]C Wo BETD097

PCT/ US97/ 19976 112- EXAMPLE 58 [err] Fol  ow the procedure of Exanple 54,
but use tert-butyl- brono acetate insteadl®d6 ethyliodide to obtain the
product as a 5 yeI I ow solid, rE 120-127[err] C. EXAVPLE 59 [err] Dissolve
the product of Exand® unds|iZ:0 8:0n4i050, 0arl2.60d3.0] LBuby QFCE! i C

he T osi due BW”’MM 6.0, PB.0CBbOBY: ui‘%“’“ﬁers ERG 1%59??%2%
(0650 e oh Bt BB, e B ol B 5 0B 4504, 0. OB DB B0
43.0-B, 45.0-B, 46.0-B, 47.0-B, 48.0-B. 61.0-B, 62.0-B, 66.0-B.
5 78.0-B, 78.0-B, 80.0-B, 83.0-B, 84.0-B, 91.0-B, 93.0-B, 94.0-B,
98.0-B and 100.0-B had an FPT ICsp (H-ras) within the range of
0.8 to >300 nM {nanomolar).
Compounds 27.0, 28.0, 31.0, 4.0-B, 5 0-B and 98.0-B had an
FPT ICs0 (K-ras) within the range of 16 to 782 nM.

10 Compounds 27.0, 28.0, 29.0, 30.0 and 31.0 had a Cos Cell
'ICs0 within the range of 12 to >1000nM.

The compound of Formula 31.0 (Example 29) had a GGPT
ICs0 of >7.54M and the compound of Formula 28.0 (Example 30)

. had a GGPT ICsp of >9.6uM.

15 Compounds 27.0, 4.0-B, 5.0-B, 15.0-B, 25.0-B, 27.0-B, 28.0-
B, 29.0-B, 31.0-B, 36.0-B, 40.0-B, 41.0-B, 42.0-B, 43.0-B, 45.0-B,
46.0-B, 47.0-B, 48.0-B, 62.0-B, 66.0-B, 73.0-B, 78.0-B, 83.0-B,
84.0-B, 91.0-B, 93.0-B, 94.0-B, 98.0-B and 100.0-B had a Cos Cell
ICs0 within the range of 7 to >1000nM.

20 Compounds 27.0, 5.0-B, 15.0-B, 25.0-B, 27.0-B, 28.0-B,
29.0-B, 31.0-B, 36.0-B, 40.0-B, 41.0-B, 42.0-B, 43.0-B, 45.0-B,
46.0-B, 47.0-B, 48.0-B, 62.0-B, 66.0-B, 73.0-B, 78.0-B, 80.0-B,
83.0-B, 84.0-B, 91.0-B, 93.0-B, 94.0-B, 98.0-B and 100.0-B had a
Soft Agar IC50 within the range of 90 to >500nM. |

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

~ capsules, cachets and suppositories. The powders and tablets

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

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



15 EXAMPLE 60 [err] Dissolve 1.0 equivalent of the
(+) product of Preparative Exanple 8. Step D, in dichloromethane containing
1. 0 equi val enWWQ@98/R20% 4 6-t etra- O acet yl - bet a- D- gl ucopyr anosyl PpPCTNUS97/19976

I sot hi ocyanat e. WO 98/ 11091 _
PCT/US97/ 19976 -113 - Stir for 6 days then h with 1IN HC followed by 1IN
NaCH Dry the organic |ayer over nagnesi umsul fate and concentrate under

g |
G ohl or onet hane 24 PHmtg. 1 .2‘4@38#9‘& Jpisire otien nowrsd s

white solid, np mmsomsamry[ gizc}icmoﬁdmvanﬁm tercdol&md;d:heeébjb solidify.

|l ent of the (+ V.
cantaining 2.5 equi validd '?ous"?é*a* e SAMIdhS suliglons il
of 4- chl oropyruem emmmmﬁ@m}imrmmx Cool

to 25[err]C, Eaddprapyterﬁlgliddltw‘lutfm&f@Pah'éﬁ&ﬁ*a 1 Pnjéctiong. the preC| pitate
' n di chloromet hane ang%@af{m%fh%%@% ns may alsb includé sowations for 1"
organi c | ayer over ma I

intranasal administration.

Aerosol preparations suitable for inhalation may include
solutions and solids in powder form, which may be in

10 combination with a pharmaceutically acceptable carrier, such as
an inert compressed gas.

~ Also included are solid form preparations which are
intended to be converted, shortly before use, to liquid form
preparations for either oral or parenteral administration. Such

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



concentrate under vacuum Chromatograph the residue on silica gel to obtain
the produce as a white solid, np = 128.6[err]C. EXAMPLE 62 [err] 20

Di ssol ve 4o dk/iide1 (0. 617 nmol) of the product of Exanple 46%,'%3_&@?? 6 M
HO and the solution stirred at room tenperature overnight on

m xture was added to 20 nL water, and the_resulting precipitate was
filtered and washed 25 with 0.1 MHO - ml‘fy by fl ash chrorratoghrapy
(C- 18 reverse

WO 98/
PCT/ US97/ 19978‘05355@33%1% s‘é"t@qﬁl @ind gdmindstersd Bypovtions-furingthe 90%
MeOH H[ er r] O dayhif desired. ng material was dissolved in MeOH and added to

drying (3347 . e SPGTRE AR Redpeey e 3amipiBiaton o the | S ExaveLe
63 [err] The pomipaunds dfxﬁ'xq)lnve‘ﬁti()ﬁBaﬂd rtie ﬁhﬁﬂﬁthﬂﬁiﬁléaﬂ?&dﬁe@tﬂbl&ed in
CH err] O 21 ' bafi%Hdreof WP BEFegulatof MHMB 8irg fo i jidgiBht of the
attending clinician considering such factors as age, condition and
size of the patient as well as severity of the symptoms being
treated. A typical recommended dosage regimen is oral
administration of from 10 mg-to 2000 mg/day 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
which contain a compound of the invention. The scope of the
15 invention in its pharmaceutical composition aspect is not to be
limited by the examples provided.

1. _Active_compound 1 100 500 |
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
O. _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
necessary. Dry the damp granules. Screen the dried granules if

25 necessary and mix with Item No. 4 and mix for 10-15 minutes.
‘Add Item No. 5 and mix for 1-3 minutes. Compress the mixture
to appropriate size and weigh on a suitable tablet machine.



10 added. After 24 h trichloroacetyl isocyanate (12 [err]L) was added.
After 24 h the reaction mxture was purified by preparative TLC (5%

EtOH/ CH err b§ifoby- The isolate material was dissolved in ¢ 1
and added t]ggﬁexane and the resulting suspension evapor at ed to gl ve t%ﬁ
title conpound as a white solid (51.6 ng, 165. 4[err] - 15 178.5[err] C.
heating 2[err] - 3[err] C mn). EXAMPLE BAT%err] The product of Exanple 62

(151.4 ng, 0.2097 nmol) was 20 di n CH err]CI[err] and

trichloroacetyl isocyanate (40 [ e L& BinSapsuleser 15 ni n.
trichl oroacetyl isocyanate (6 [err]L) was added. After an additional 15 min
MeOH was adde ] S p
suspended in e . dded.
After 3 25 h ' i y (5%
WO 98/ 11091 2 Lactose — _108pc7) 14 ~145-
Et OH CH err] CiL& A PG MTAAE, 4 & ' .
added to watefl4.0 qi Ve AL SQUAEE a id a filtdation
and drying (rr1L165 4] err] - 178 5[a‘rutht heatl g 2§8rr] - B[&O0 C/ i)

5 Mix Item Nos. 1, 2 and 3 in a suitable blender for 10-15

minutes. Add Item No. 4 and mix for 1-3 minutes. Fill the
mixture into suitable two-piece hard gelatin capsules on a
suitable encapsulating machine. '

10 While the present invention has been descfib_ed in
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

15 and scope of the present invention.



5 ASSAYS FPT IC[err] ar nesyl protein transferase, in vitro
enzyrre assay), ,m,m "Immn“' on of geranyl geranyl protei n

t ransf er asg tro*enzyme assay nd COS Cell 1 e 0
Assay) were c#a{léwrln ned follow ng the assay procedures descrl %’gﬁﬁ%*

95/ 10516, published April 20, 1995. Cell_ Mat Assay, and anti-tunor activity
(in vivo anti-tunor studies) could be det 29 imi ned by the assay procedures
described in WO 95/10516. The. di scl osure of WD 95/10516 is incorporated
herein by 15 WHAZ IS CGLAIMED ¥S: Addi ti onal assays can be carried out by
foll ow ng essentially the sane procedure as described above, but with
substitution of alternatjve indic |1 I'ines in place of the

T24- BAG cel | s. The lassays COHIPQRRD gﬁq}?f g ei ther DLD- 1-BAG 20 human
col on carcinoma cel s expressing an .' d K-ras gene or SW620- BAG human
col on carcinoma cells expressingla ®as gene. Using .other tunor
cell lines known in the art, the conmpounds of this

i nventi on agai nst other types of Wajcd aulLg be denonstrated. 25
Soft Agar Assay: Anchorage-i ndepeRgeift s a characteristic of

tunorigenic cell lines. Human tung® cellg are suspended in growh nedium
cont ai ni ng 0.3% agarose and an indl?éa@ \/—R" (1.0)

< N-W
\
C

H H
5 or a pharmaceutically acceptable salt or solvate thereof, wherein:
one of a, b, ¢ and d represents N or NR9 wherein R? is O, -CH3
or -(CH2)n,CO2H wherein n is 1 to 3, and the remaining a, b, c
and d groups represent CR! or CR?; or
each of a, b, ¢, and d are independently selected from CR1
10 orCRZ;
each R! and each R2 is independently selected from H,
halo, -CF3, -ORI10, -COR!0, -SR10, -S{O){R!! (wherein tis O, 1 or
2), -SCN, -N(R10)3, -NRIOR!1, -NO2, -OC(O)R10, -CO2R10,
-OCO2R1], -CN, -NHC(O)R!0, -NHSO2R10, -CONHRI0,
15 -CONHCH2CH20H, -NR1OCOOR!!,

’/

o

0
)LN OCH,4
H o '

-SR11C(O)ORI1}, -SR1IN(R75); wherein each R75 is independently

selected from H and -C(O)JOR!!, benzotriazol-1-yloxy, tetrazol-5-

yl-thio, 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 R4 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 Cs-C7 fused ring to the benzene ring (Ring III);



concentration of a farnesyt—transferase inhibitor. The solution is 30

overl ayed onto growh | Tl fi with 0.6% agarose containing the
same concenypdghae10f ﬂﬁ“ﬁg“mmﬂﬂ ase inhibitor as the t@BriRyH9976
After the top layer is | |e|,Sp ates are incubated for 10-16 days at
37[err] C under 50% CJ err] to allow col Oﬁé outgrowth. After incubation, the

col onies are stained by 35 overlayingt gar with a solution of MIT
i T B Rl R Rl B
det er m ned. -CORI9 aryl, said alkyl or aryl o; tion being substituted
17,1, 27,0, 29 ]g%“’c" “’“’%@)ﬂgé?’ Srocacniy e HNO% o5
27.0-B, 28.0- BCQR RIP,50G02R -@@2&18 MQREP mzR§ i85, 43. 0 B
80.0-B, 83°0- B'w'ﬂ' ’ M‘% §e3to StpfefimCAchol-hefl B 7 Hedehuntd .0
FPT 1 err] (HWiths ‘PH‘FPTW@?& 6yOrtSY. 8 to >300 nM (nanom)l ar) .
Conmpounds 27.0, 28. ﬁ,lO?;JepQ-esén& B, aﬁk?l Ba_ﬁ;]dopfﬁrgng,lhad an FPT I C[err]
(K-ras) within the ﬁqqgrepc}];sérqtstgllzy or |
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,
-OCO2R!! or -OC(O)R19, and when no double bond is present
15 between carbon atoms 5 and 6, A and B each independently
represent Hg, -(OR11)g; H and halo, dihalo, alkyl and H, (alkyl)s.
-H and -OC(O)R!9, H and -OR!09, =0, aryl and H, =NOR!? or -O-
(CH2)p-O- wherein p is 2, 3 or 4; and
W is selected from the group consisting of:
20 (1) cyano;
(2) -C(O)R!12 wherein Rl2 is selected from:
(a) a heteroaryl group; |
(b) H;
(c) alkyl: or
25 {d) a substituent of the formula:

I~ a4
\V\N \(\0 Y_\/S w:“/““ —
H'N No E ' ,
O

H [0 I

. OH
OH
OH

wherein R28 is selected from -OC(O)R29, -OH, -OC(O)NHC(O)CCls,
30 or -OC(O)NH2, and wherein R29 is alkyl;
(3) an imidate represented by the formula:



10 Conpounds 27. 8.0, 29.0, 30.0 and 31.0 had a Cos Cell 1err]
within the range of 12 mm m‘““ onpound of Fornula 31.0 (Exanple

29) had a ‘) M t he conpound of For
(Exanpl e 30) ’gﬂ'ﬁ&;w *C erry df 9. 6[err]M 15 Zﬁhﬂeﬁﬁffﬁm
4.0-B, 5.0-B, 15.0-B, 2508 2708,2808290-8,3108 36. 0- B,
40.0-B. 41.0-B, 42.0-B, 43.0-B, 45.0-B, -4%22-B, 47.0-B, 48.0-B, 62.0-B,
66.0-B, 73.0-B, 78.0-B, 83.0-B, 84.0-B, 91.0-B, 93.0-B,  94.0-B, 98.0-B and
100.0-B had a Cos Cell I err] within the ramgésof 7 to >1000nM 20
Compounds 27.0, 5.0-B, 15.0-B, 25.0-B, 27.0- 28.0-B, 29.0-B, 31.0-B,
36.0-B, 40.0-B, 41.0-B, 42.0-B, 43.0-B, 45,004.508 47.0-B, 48.0-B,
62.0-B, 66.0-B, /3.0-B %0%818008 83.0-B,784.0-B, 91.0-B, 93.0-B,
94.0-B. 98. 0- B Whereisy R} 3pis gelegted romgﬁhel&!:pm copsisting ofic(@)aHgdbbf 90
to >500nM 25 CN, (cFeBOoralkyl) (d) p@é@ﬁaryht(e):aSmb@RﬂSO(ﬁ fromthe .
conpounds descr | % PN table
carriers can be@h@ld}g éofgg PEd @ﬁ q@m@@m‘% ncI%de
powders, tabl etarylyandeR3P mnd théwareslndeppndemsly selebtdds frorel the grou
suppositories b pe conprised of from about 5
to about 70 per%i%fz I%ﬂ(&&%ﬁ{ﬁaﬁ%& solid carriers are known in
the art, e.g. nagnesi (4 camimidamidegeprssemted doy she formiula: sugar,

| act ose. TabI ets, powders, cachet s. and capsNRé% can be used.as solid

7 C‘NRloRxs

wherein R13 is selected from the group consisting of (a)H, (b) CN,
10 (c) -SO2-alkyl, (d) -C(O)-aryl, (e) -SOaNR1O0RI15, (f) -C(O)NRIORI15,

(g) -OR10 and (h) -C{O)NRIOC(O)NRIORI5; R16 is selected from

the group consisting of: alkyl, aralkyl, aryl, cycloalkyl, heteroaryl,

heteroaralkyl and heterocycloalkyl; and R10 and R15 are as

defined above; and R10 and R16 are independently selected from
15 the above defined groups; |

(5) 1l-amino-2-nitroethylene derivatives of the formula:
cm\ro2

. / \NHRIO
wherein R10 is as defined above; and

(6) a substituent of the formula:

OAc OAc

AcO, OAc AcQ,

S S
L eo (XY

| 7 N 707 Noac g-/\l?OOAc

20 H H

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; RS, R6, R7 and R8 are H; Aand B
are each Hpg; and the optional bond between C5 and C6 is absent.

3. The compound. of any of Claims 1 or 2 wherein W is
selected from the group consisting of:



dosage forns suitable le,mmlm ation. For preparing
suppositories, a |low ne ey EW@}WEH a nlxture ofdfatty acid glycerides
or cocoa but WO 98281001 r st *neft e'd, Yand the active ingredient is

honogeneously therein as VI)98/11091 PCIRRS 7 7s
PCT/ US97/ 19976 -117- by stirring. The nnltﬁﬂ honngeneous m xture is then
poured into conveni ent sized nolds,  all owe ?d’cool and thereby solidify.

Li quid forn1preparat|qﬁgiq#alude sol utions, suspensions and enul sions. As
an exanpl e may be nmentioned Water or water- 5 propylene glycol solutions
for parenteral injecti@ -GIOJRIG wivewein &} i¢ selected)frois thengs

solutions for igbha ofd ation. Aerosol preparations Suitable for

i nhal ati on may i ncl ude qutlons and SOlggds in pomder form which nay be in
10 conbination with nacébtlcallylaéceptable carrler suc an

I nert conpressed gas n r oI forr OnSNthCh are
I ntended to be conv bef se, -rn1 ep rations
for either oral or paf@nteral nlst 1 on., Such 5 qui d |nclude

sol utions, gspensions and enuIS|ons

-0
i OH O—C—CH, l-<:::>-oﬁ
10 o oH
0

o COH
CH,4 :
~
N
|
HC™ o, Xx-Nvwo Ny
=N
< L ‘)J 0
=N , N~ “OH, HO

15



0 be deliverable transdermally. The
mHHE formof creans, |otions, aerosols
and/ or enulwoesrsioand can de i ne n a transdernmal patch p&r}d}&,fg;t,gi X

or reservoir type as are 20 conventional in the art for this purpose.
Preferably the conmpound is adm ni stered gr lly. Preferably, the
phar maceuti cal preparation is in unit do gge‘form In such form the

preparation is subdi @ded ' nci) uni t doses lé()nt ai ni ng _appropriate quantities
of the active conpon tm"ed"’é'lt latgswherein Rt is, selaeted drom thei group he
desired purposonsistnguafitity of active conpound in a unit dose of :
preparation may be var(é)egcﬁ', adj usted fromabout 0.1 ng to 1000 ny, nore
preferably from about . 'to 300 ng, according to the particul ar
application. 30 (bhg'?:act ual dosage enpl oyed may be varied depending
upon the rgquirenent s (@f -SOSNIRIORIS vaikkeih RECUHId RI5%rd Ue1dARY frbfif
being treated. Determ nation of the_ proper dosage tor a particular
situation is Whengrpupconsistingrof; kb alk@Wheral |y, treatnent is initiated

with smaller dosages Y@ cC(@)NRIORI5 Wihere glmaﬂat$wm0§aee§ea [ﬁ?‘."i he

The conpounds of the j '
transdermal conpositi Hlm‘gzm

compound. Thergafter. the age J s.increased by small increnents
opti mum effectt?\?n@auﬁ ﬁ@@?&iﬂ&‘%&h@?“@ﬂ?ﬁéched. For conveni ence, the
total daily (e} -SO2-alkyl; and

10 () -C(O)-aryl;

(4) an imidamido wherein R!3 is selected from the group
consisting of:
(a) CN;
(b) H; _
15 (o) -OR4; | -
(d) -NRIOR15 wherein R10 and R!5 are independently
selected from the group consisting of: H and alkyl;
(€) -SO2NR10R15 wherein R10 and R!5 are independently
selected from the group consisting of: H and alkyl; :
20 () -C(O)NRIOR15 wherein R10 and R!5 are independently
" selected from the group consisting of: H and alkyl;
(g) -SO2-alkyl; and
(h} -C(O)-aryl; and
(5) a 1-amino-2-nitroethylene derivative wherein R10 is
25 alkyl.

4.  The compound of any of Claims 1-3 wherein R14 for

said imidate group is phenyl; and R10 and R16 for said imidamido

group is selected from the group consisting of: H and
30 heteroaralkyl. '

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

- 6. The compound of any of Claims 1-4 wherein R4 is
35 selected from the group consisting of: Cl or Br.

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



WO 98/ 11091 PCT/ US97/ 19976 - 118 -
dosage may be divi ded zlm,m(um,"w“mﬂuy n portions during the day if
desired. Thavessnmael and “fr équkncy of adnmini stration of the coponusinsfet he
i nvention and the pharnaceutically acceptable 5 salts thereof will be

regul ated according to the judgnent of t_h?zgt,t endi ng clinician considering
such factors as age, condition and size of the patient as well as severity

of the synptons bei tr ' Wﬂi‘% das j s oral
adm ni stration of fr”ém 18ﬁ;rr€@?o %%@w@ﬁgg pretera Ilygi‘gﬂtgg g%B’
ng/day, in two to four divided doses to block tunor growth. The conmpounds
are non-toxic when gini nifHe cothpblidof &hy GloChAtns qnsewhébaﬂgiﬂgﬂa g are
exanpl es of phar gL{%I | dosage fornms which contain a conpound of the

i nvention. The he 15 invention in its pharmaceutical conposition
aspect is Ot to be limted by the exanples provided. Pharnmaceutical Dosage

TSP SR ot o HiCEIES 1-8 sigcted o,
1227 113 N

ng/tabl et ny/tabl et
Lact ose USP

wherein R}, R3 and R? are each independently selected from
halo; and A, B, X and W are as defined in Claim 1.
10 o .
11. The compound of any of Claims 1-10 wherein R! is
Br; R3 is CI; and R4 is Br. . '

12. The compound of any of Claims 1-11 wherein W is
15 selected from the group consisting of: _

{1) -C(O)R12 wherein R!2 is selected from the group

consisting of:H, -CHg,
ot

0O | _ O
GRS W o
N N N N
20 m | ,'\<\_] , m \@



o S O 2

Stearate WO 98/11091 L M Tota 897113%90 20
Met hod of Manufacture Mx ItemNos. 1 and 2 in a suitable mxer

m nutes. Granul'ate the mxture with ItemNo. 3. MII| the danp granul es

t hrough a coarse screen (e.g., 1/4", 0.'632§rr) I f necessary. Dry the danp
granul es. Screen the dried granules if 25 necessary and mx with Item No.
4 and m x for 10-15 mjphutes. Add Item No. 5 and m x for 1-3 m nutes.
Conpress the m xture riatg S|ze and wei gh on a suitable tabl et

aé)%rc;,o
machine.- WD 98/ 11091 © 3 2, PQ/ US97/ 19976
119- EXAMPLE Bﬁul es No. Lﬁred.}{\o '-g\s;/ca ul

10

ng/ capsul e 1. tive compoun® 1R Qof 2 N—/ Lact ose
USP 123 31—1 oCorm Sta , Fogd Grade H 40
70 ’
N. O .
D@ U o
'/, i
Y —C><0-C—CH3
o , OH

f?

COH
CHjg
\@
N N . .
\ D \ N N Z Z\~ ClONH,
o o °N l |
’ HSC ’ 0 * \ N\o, N L]
B
o L \‘)\j U
] ~
=N |, N~ “OH, HO

10 (2) an imidate wherein R13 is selected from the group
- consisting of: (a) CN; (b) -C(O)NHg3; (c) H; (d) -SO2NH3; {e)
-SOzNHCHs. () -SO2N(CH3)2; (g) -C(O)NHCHg3; (h) -SO2CH3 and
(i) -C(O)CeHs:
(3) an imidamido wherein R13 is selected from the group
15 consisting of: (a) CN; (b) H; (c) -OCHs; (d) -OH; (e) -NH2; (f)
-N(CHa)z; (g) -SO2NHg; (h) -SO2NHCH3: (i) -SO2N(CHa)z; (j)
-C(O)NH2; (k) -C(O)NHCH3; (1) -SO2CH3 and (m) -C(O)CgHs: and
(4) a 1-amino-2-nitroethylene derivative wherein R10 is
-CHs.
20

13. The compound of any of Claims 1-12 wherein for said
imidate group R14 is phenyl; and for said imidamido groups R10



4. Magnesi um St e 7 Tot al 253
700 Method of Manuf act ﬁuﬁ i "‘i’ ;ﬂutem Nos. 1. 2 and 3 in a suitable

bl ender f or wiB9grfoss nut es. c 4 and mx for 1-3 m npcqruselddret he
m xture into suitable two-piece hard gelatin capsules on a suitable
encapsul ati ng machi ne. 10 Wiile the esent invention has been
described in conjunction with the specific¢<énbodi rrents set forth above,

many alternati lg@j r eof will bea arent to
t hose of ordi n\éér%)%/js %}éﬁﬁpﬁgggﬂ#%q}g%%%ﬁa;ﬁ? ﬁg‘F SERUD fansis ons
and vari ati ons essentiallyrofedHamd al | within the spirit 15 and scope of the
present invention. WO 98/ 11091 H _H PCT/ US97/ 19976 120-
VWHAT IS CLAIMED IS: 1. A conpound of rmula: [err] 5 or a

phar maceutical |y acceptable salt or sofva reof, wherein: one of a, b,
c and d represents N or NRO wherein Rlerr]llis,D-, -CH[err] or -(CH2)nCO2H
wherein nis 1 to 3, and the remaining a, b;

5 14. The compound of any of Claims 1-3 having the
structure '

10
Br S Cl
\ |
N (4.0)



and d groups represent ach of a, b, ¢, and d are

i ndependent |y sel ect ec“"ml‘mﬂmj mun& each Rl and each R2 is

i ndependentWwo sahent ed from H -OR[err], -COR[er %Tmﬁ%6
-S(OtRerr] (whereint is 0, 1 or 2), -SCN -N(R[err])[err]
-NR[err]Rerr], -NJerr];, -OC(ORerr], - err|Rlerr], OCI)[err]R[err],
-CN, -NHC(O R[err], -NHSO[err]Rerr], - err], 15

-CONHCH[ err] CH[ err] OH, -NR[err]COCR[err [err] -SRlerr]C(O ORerr],
-SRlerr]N(Rerr])[err] wherein ea ndependently sel ected fromH
and -C(O OR[err], benzotriaZzdl hT r®xetCl5- vyl <thi o, or substituted
tetrazol - 5- yIthlo al kynyl, al kqayl /8 %%tg)said al kyl or al kenyl

0O or -CJerr]Rerr]; R3
and R4 are the sane or different and each |ndependently represents H. any
of the substituents of Rl and R2, or@ nd R4 t NR@aN {“mget her represent a

saturated or unsaturated 25 C[err] erg] fusedlring to the benzene ring
(Ring 111); -121 - R5, R6, .R7 and ndently represents H,
-CF[err], -CORlerr], alkyl or aryl, sajd ajkyl Jor hryl optionally being
substituted : . o :

(10.0)

] NSOZN(CH3)2



wth -OR[err], SR[err] NR[err]COOR[err], -N(Rerr])[err],
-N®2. -COR[err]. - MII I lmgerr] CCIerr]R[err]

OPJ err ] R erwo, 981098 e with R6 to represent pErB§srmoors
and/or R7 is conbined with R8 to represent =0 or =S; R err] represents H,

al kyl, aryl, or aralkyl; Rerr] represent Kyl or aryl; X represents N,
CH or C, V\/ni ch C may cont ain an optional doubl e bond (represented by
the dotted line) to carbon atom 11; the_dotted |ine between carbon atons 5
and 6 represents an optional th&:1 Wwhen a double bond is
present, A and B i ndependently e "~halo, -ORerr],
-OCO[err]Rerr] or -OC(ORerr], \ oy L@?ﬂ%ﬁond is present 1 5
bet ween carbon atons 5 and 6. A anNB eagch ™Midep tly represent H2,
-(ORerr])[err]; Hand hal o, dihalo, and H,' ﬁﬁ [err], -H and
-OC(O Rerr], Hand -OR[err], =0 aryI an r -0 (CH2)p-O
whérein pis 2, 3 or 4, and WIS sel e ro oup consisting of: 20
(1) cyano; (2) -C(OR12 vvhereln R12 is e te Nro%ﬁ (a) a heteroaryl
group; (b) H (c) alkyl; or ajsubgtituent of the formula:
[err] :

"~
\ ’ (180)

EN] NC(O)NHCHs




-OC(O NH2, and wherei 3) an im date represented by t he
formul a: wo9%Ate1[ er r'] \therel sel ected fromthe gr o3t i NY
of: (a) H (b) CN, (c) -S02-allyl, (d) -C(O-aryl, (e) -SOZWerr?’E&err]
(f) -C(ONRlerr]Rlerr], (g) -ORlerr] angzbn -C(ONRlerr]C(ONRlerr]Rlerr];
Rlerr] is 5 aryl; and Rl err] and R15 ar dependently sel ected fromthe
group consisting of: H, alkyl, aryl and aral kyl; (4) an im dam do
represented by the forrrulcﬁr[er 8 LR err] is selected fromthe group
consisting of (a)H (b) CN 1@ Cl(d) -c(O-aryl, (e)
-SJerr]NR[err]Rerr], (f) - ], (@) -OR[err] and (h)
C(O)NR[err]C(O)NR[err]R[err] ‘ ted ffom the group consisting
of : al kyl, aral kyl, aryl, cycloal kyIN h@emar& etgr oar al kyl and
het er ocycl oal kyl ; and R[err] and err)y are as def dlabove; and R err]

i ‘ tlef i ned groups; (5) °
err]

wherein R28 is sel ect’mw mﬁ -OH, -OC(ONHC(OCC[err], 30 or

5 :
Br B Cl
\
N (3.0)



20 [err nd of Claiml wherein R2 is H Rerr]
is selected group Co Br and d; R3 is se

t he group c?)‘;n('ssfds?itlpﬁg of: Br and O; R4 is selected from the ZE&%;‘FSQWHQ%]
consisting of: H Br and d; R5, R6 R7 and R8 are H, A and B are each H2;
and the optional bond between C5 and C6-i 83dbsent. 3. The conpound of any
of Claims 1 or 2 wherein Wis selected fromthe group consisting of: WO
98/ 11091 - PCT/US97/ 19976 -123- (1) -CN;
(2) -C(O)Rerr] wherein R12 is select {omthe group consisting of: H

al kyl, [err] WO 98/ 11091 B" N = cl PCT/ US97/ 19976
-124- :

wherein R err] is as wéﬁmand (6) a substituent of the formnul a:

o ;
Br = Cl
\
N (12.0)



(3) an imdate \/\herel ected fromthe group consisting of: (a)
-CN, (b) H 5 : n ',Eﬂgﬂ err]R[err] wherein Rlerr] and R15
are sel ect ewo 9sanudihe of H and al kyl ; (d)

-C(ONRlerr]Rlerr] wherein Rerr] and R15 are sel ected fromt%‘é-naﬁg-’@[g”‘

consisting of: H and al kyl; (e) -S02-alkyl;_ and 10 (f) -C(O-aryl;
(4) an imdam do wherein R[err] is sel ectléﬁaf'romthe group consisting of:
(a) CN, (b) H 15 : (c) . (d) -NRerr]Rerr] wherein Rerr]

and R15 are independently sel cl ed

al kyl; (e) Sqerr]NR[err]R[e
i ndependent |y selected fromthe

(f) -CCONR[err]R err] wherein R €N

e group _consisting of: H and
e®l Rlerr] are

q 8 H and al kyl; 20

aré rqdependent |y sel ect ed

fromthe group consisting of: Hand alkWw, (g) -S | kyl; and (h)
-C(O-aryl; and (5) a 1-am no-2-nitrofthyljene deer ¥e V\,herein Rlerr] is

w NH2
o

5 i
Br = cl
\ N (23.0)



25 al kyl . 4. The ¢ Clains 1-3 wherein R14 for said
imdate group is pheﬁmn mmlﬂm mnd Rl err] for said |mdamlg§>97%%p i's
sel ected fromthe growp €OMnsi st 8g © H and 30 heteroaral k

conpound YOSN8} O ains 1-4 wherein R4 is H 6. The conpound of any of
Clainms 1-4 wherein R4 is 35 selected friggtbe group consisting of: d or
Br. 7. The conpound of any of C ains wherein X is CH - 125- 8.
The conpound of any of Clains 1-6 wherein Xis N 9. The conpound of any
of Clainms 1-8 wherein RL is Br . Scil0. The conpound of any of
Claims 1-8 selected from B R3 and R4 are each

i ndependently sel ected from hal o: : 1
1. 10 11. The conpound of any O 5 0 wherein Rl is Br; R3is O
(25.0) N

and R4 is Br. E |
o X

| wmz

X ang Ware as defined-in Caim




12. The conpound of a ' - wherein Wis 15 selected fromthe
group consi sting of: B!ll W | erein R12 is selected fromthe group
consi st i ngwas 9841091CH ¢ Lt s %126- [err] 10 (2) ' @ e

(o) CREEE o

wherein R13 is selected fromthe group consisting of:

(c) H (d) -SO2NH2; (e) =SO2NHCH3; (f) -SO2N(CH3)2; (g) -C(O NHCH3; (h)
-S02CH3 and (i) -C(O C6H5; (3) an i m dark3fb-wherein R13 is sel ected from
the group 15 consisting of: (a) CN, (b) H (c) -OCH3; (d) -OH (e) -NHZ;
(f) -N(CH3)2; (g) -SO2NH2; (h), -SC i i) -S2N(CH3)2; (j) -C(O NH2:
(k) -C(O NHCH3; 0) -SO2CH3 and [ apeCl4) a

1-am no- 2-ni troethyl ené derivati vy &)CH?, 20 13. The conpound
of any of Clains 1-12 wherein for & g 9}) R14 is phenyl; and for
said i m dam do groups R10
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PCT/ US97/ 19976 -143 mﬂmnl "Iml"lmlu] A use of an effective anount of a
conpound O{wcro8/1181 CI dimg 1+15"i s a*preparation of a nedi can®QTOSN/19976
treating tunor cells. 17. The use of Claim 16 wherein the cells treated
are pancreatic tunor cells, lung cancer_ igy , nyeloid | eukemia 10 tunor
cells, thyroid follicular tunmor cells, odyspl astic tunor cells,
epldernal carcinoma tunor cells, b .oder carci noma tunor cells, colon
tunors cells, breast tunogecel ‘ te gqumor cells. 15 18. A
use of an effective anount :
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16. A method of treating tumor cells comprising
5 administering an effective amount of a compound of any of Claims
1-15. '

17. The method of Claim 16 wherein the cells treated are
pancreatic tumor cells, lung cancer cells, myeloid leukemia
10 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.

15 18. A method of inhibiting farnesyl protein transferase
comprising the administration of an effective amount of a
compound of any of Claims 1-15.

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

T T




—— - —

S *

woos/e9r - ¢ - " PCT/US97/19976

- 145 -

20. The use of a compound of any of Claims 1-15 for the
treatment of tumor cells.

21. The use of a compound of any of Claims 1-15 for the
5 manufacture of a medicament for the treatment of tumor celis.

22. The use of a compound of any of Claims 1-15 for the
inhibition of farnesyl protein transferase.

10 23. The use of a compound of any of Claims 1-15 for the

manufacture of a medicament for the inhibition of farnesyl
protein transferase.
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