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H BI TORS Summary of the Invention 5 - This invention relates to
conpounds of the fornula (1.0): [err] wherein: Xis N, CH or C when the.
doubl e bond is present at the G 11 position; 10 one of a, b, c¢ and
d represents N or NRO wherein RO.is O, -CH3 or -(CHerr])[err]CJerr]H

wherein nis 1 to 3, and the remai:ning a, b, ¢ and d groups represent
CR[err] or CR[err] or each of a b, ¢, and d are independently sel ected

from CRL or CR2 err] and_each err] is independent

Sel cct ed from HIRISICHIC ATEGR CORQNGS BEN FARNERYTe TOTEN TRANSFERASE N
-COR[errr],-SR err e.g., -SCHerr] and :
-.SCH[err]C[err]H[err],-S(O)[err]R[err] (whereinferr] is O, 1 or 2, e.g.,
-SCCH[ err] and —
-SJerr]CHerr]),-SCN,-N(Rerr])[err], -NR[err]R[err] -NO[err],-OC(OR[err],
-cJerr]Rlerr], Summary of the Invention |

“Oferr] Riorrls . ON - Nt ahiy égﬁf%@&rﬁbsmbs PR (12

PCT/ US97/ 15899

(1.0)

wherein:
Xis N, CH or C when the double bond is present at the C-11
position;

10 oneofa,b, c and d represents N or NR® wherem R9is O‘ -CH3 or .
-(CH2)nCO2H wherein n is 1 to 3, and the remaining a, b, ¢ and d groups
represent CR? or CR2; or

each of a, b, ¢, and d are independently selected from CR1 or

CR2; :

15 each R! and each R2 is independently selected from H, halo,

. -CF3, -OR10 (e.g., -OCHg), -COR10, -SR10 (e.g., -SCH3 and
-SCH2CgHs), -S(O)XR1! (wherein't is 0; 1 or 2, e.g., -SOCHgz and
-S02CHa), -SCN, -N(R10),, -NR10R11, -NOy, -OC(O)R19, -CO2R10,
-OCO2R11, -CN, -NHC(O)R10, -NHSO2R10, -CONHRT10,

20 -CONHCH2CH20H, -NR19COOR,




] ES
-2-- 0O NHo -SRerr]C(OORerr] (e.g., -SCHerr]COerr]CHerr]),-SRerr]
N(R[ err]) Wop§11@&rei n each R12 is independently sel ected fPEORUBPHAS899
"-C(OORL1 (e.g., -S(CH err])[err]HC(O O [err]-butyl and S
-S(CH err])[err]NH err]), benzotriazol-1-yloxy, 5 tetrazol -5-ylthio, or
substituted tetrazol-5-ylthio (e.g., alkyl substituted tetrazol-5-ylthio
such as 1-nmethyl-tetrazol -5-ylthio), alkynyl,_ al kenyl or alkyl, said al kyl
or al kenyl group optionally being substituted with hal o,
-OR[err]Jor-Cerr]Rl[err]; Rerr] and R err] are the same or different and
each independently 10 represents H, any of the substituents of R err] and
Rlerr],or Rlerr] and Rlerr] taken together repsesent a saturated or
unsaturated C5-C7 fused ring to the benzene r Ring 111);
Rlerr],Rlerr],Rlerr] and R err] each ||51epe dej{ ¥ represents H -CF3,
CCR[err] al kyI or aryl, said alkyl or yaryl§optionally being substituted
with 15 -ORerr], -SR[err] -S(O)[errj,l&[\ - MBCHRr ] COOR[ err ]
-N(R[err])[err],-qurr],-CCR[err], H 1
-OCOR[err],-OCJ err]Rerr],-CoerrRerr],” OP@err]Ri[err],or Rerr]:
conbi ned W|th R6 to represent =0 or =S and/or R7 is Conbln d with R8 to

represent =0 or =SRRGD)ORYpleg.crSEHICOGKiS), -SH}I‘N(B?Z)arVanI?m eachy. |
Eg?ﬁgh) e (2)25 £ a3 1&1maégéﬁ&§‘ﬁﬁyssé\la&éh #fma4 ¥hd -C10)OR11qd.d.] ne bet ween
. -S(CHg)gNHC(O)O-t-butyl and -S{CH2)2NH2), benzotriazol-1-yloxy,
§ tetrazol-5-yithio, or substituted tetrazol-5-ylthio (e.g., alkyl substituted
tetrazol-5-yithio such as 1-methyl-tetrazol-5-ylthio), alkynyl, alkenyl or
~alkyl, said alkyl or alkenyl group optionally being substituted wzth halo,
-OR10 or -CO2R10; :
RS and R4 are the same or different and each independently
10  represents H, any of the substituents of R and R2, or R3 and R4 taken
together represent a.saturated or unsaturated Cs-C7 fused ring to the
benzene ring (Ring Nl); .
RS, RS, R7 and R8 each independently represents H, -CFs,
-COR!19, alkyl or aryl, said alkyl or aryl optionally being substituted with
15 -OR?10, -SR10, -S(O)}R11, -NR1OCOOR11, -N(R10),, -NO3, -COR?10,
-OCOR?19, -OCO2R11, -CO2R10, OPO3R19, or R5 is 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 aralkyi (e.g., benzyl);
20 R11 represents alkyl or aryl;
the dotted line between carbon atoms 5 and 6 represents an
optional double bond_. such that when a double bond is present, A and
B independently represent -R19, halo, -OR11, -OCO2R11 or -OC(O)R19,
and when no double bond is present between carbon atoms 5 and 6, A
25 and B each independently represent Hz, -(OR11)2; H and halo, dihalo,
alkyt and H, (alkyl)2, -H and -OC(O)R19, H and -OR10, =0, aryl and H,
=NOR10 or -O-(CH2)p-O- wherein p is 2, 3 or 4;
visOto 5;
wisOori;



- optional d | 0B/ d, “such that when a double bond is presentp,

mdependentcvl‘}? reg‘}}gsent -Rrerr], halo, -ORlerr], OCCIerr]R[er s"b‘iﬂsﬁg
-OC(O R err], and when no doubl e bond-is present between carbon atom; 5 and
6, A 25 and B each independently represent Herr],-(ORerr])[err]; H and
hal o, dihalo, alkyl and H (alkyl)[err],-H and -OC(O)R[err], H and
-OR[err], =0, aryl and H =NOR[err] or -O(CH3err])[err]-O wherein p is 2,

3or 4, visOtob; wis 0 or 1; WD 98/ 11092

PCT/ US97/ 15899 -3- [err] Y is Rerr], -Oderr]-Cerr]- aI kyl or
~-OMerr], wherein Merr] is an alkajsy metal cation; Rerr] and Rlerr] are -
each independently Herr] Cerr]- rr] al kyl, -CH[err]CO\IH[err] phenyl ,

benzyl, -SQerr]-(Cerr]-CefTT™g kyI) - NH- phenyl , acyl, C[err]- _CNH2 5 _
C6 cycl oal kyl, pyridyl | or o- ph rr]
or Rerr] and R[errlL take% t oget her’ w' t9¢h§%?®ﬁg'k)mg %‘%‘H“ﬁ%w%
attached form ali metal cation;
R21 and R22 are each independently H, C1-Cg alkyl,
-CH2CONHj3, phenyl, benzyl, -S02-(C1-Cg-alkyl), -NH-phenyi, acy!l, Ca-

—ICI—NHZ
- 5 Cg cycloalkyl, pyridyl, chloro-phenyl, . 0 '
. B €1-Ce- aikyl
—C—N | — —
= ) Y
0 C1-Co- atkyl X 0 :

or R2! and R22 taken together with the nitrogen to which they are -
attached form

O .
— ) —
N\ N\
—N 0O —N S —N S=0
10 o) s \__/ ; \._J : \.._./ yor
/7 \ 0
N2

a dashed line means an optional chemical bond;
wherein Q is benzene, or a heterocyclic nng such as pyndlne
pyrazine, or thiophene; -
- 15 or a pharmaceutically acceptable salt thereof.

Preferred among dompoUnds of the invention are compounds of
the formula (1.0) '



0 _ a dashed |line nmeans an optional chem cal bond.; Wnerei n Q'i's_ bénzene, or
a het erocyWPi%1M%g such as pyridine, pyrazine, or. thi ophen8CTAS97/1589% a
pharmaceutically acceptable salt thereof; Preferred anong conpounds of the

i nvention are conpounds of the fornmula (1.0) WO 98/ 11092

PCT/US97/ 15899 -4- [err] wherein Rierr], Rerr], X, A B a, b, c, d are
as described above, v is 0 to 4, W21[err] i 0 and Yis = Rerr]
wherein R err] and R err] are as descri bed above 5 . Al so

preferred are conpounds of forrmula (1.0) wherein ais N,
Rlerr],Rlerr],Rlerr] Rerrjall H and Rerr] Rerr],and Rerr] are each
|ndependently selected fromthe. group QnSI B ing of Hor halo. Al so

preferred are conpounds of forma . 0) IR”[err] is H and R2 is Br;
and R3 and R4 are each i ndependent 8 ,4)m
z/ W~ 4 .
bx (1.0
w7
6 v
A — >—n®
N .
0 -
t n W l’
v
wherein R1, R2, X, A, B, a, b, ¢, d, are as described above, vis 0to 4; w
isO;andYis R?? wherein R21 and R22 are as described
above. '
5 Also preferred are compounds of formula (1.0} wherein a

is N; RS, RS, R7 and R8 are all H; and R1, R2, and R3are each
independently selected from the group consisting of H or halo.

- Also preferred are comp'ounds of formula (1.0) wherein R1
is H; and R2is Br; and R3 and R4 are each independently selected from

10  the group consisting of Br and Cl. '

~ Also preferred are compounds of formula (1.0) wherein X is
CH. |
Also preferred are compounds of any one of formuia (1.0)
wherein R3is Cl; and R4.is Br.

15 i Aliso preferred are compounds of formula (1.0) wherein a
is N or NO-, and R5, R8, R7 and R8 are all H; and R?, R2, R3 and R4 are
each independently selected from the group consisting of H or halo.

_ Also preferred are compounds of formula (1.0) wherein A
and B are each Hg; b and d are preferably CH.

20 Another group of preferred compounds is that wherein w is
1;-vis 0-5; Rlis H; R2is Br; R3 and R4 are independently C! and Br;
RS-R8 are each H; X is CH; and Y is -O-C1-Cg alkyl, NHz or -OM+.

Exemplary of compounds of the invention are: |



10  the grog‘fogﬁ{e] gosting of Br and A. Also preferred are con?eyﬁgﬁ,fg‘sgg
r (0]

formula (1 ein Xis CH Al so preferred are conpounds any one o
fornmula (1.0) wherein R3is C; and R4 is Br.- 15 - Al so
preferred are conpounds of formul a (1.0) wherein ais Nor NO, and Rerr],
Rlerr],Alerr] and Rerr] are all H and Rerr],Rerr],Rerr] and Rlerr] are
each independently selected fromthe group com8i sting of Hor halo. Al so
preferred are conpounds of fornmula (1.0) wherein A and B are each H2; b and
d are preferably CH 20 Anot her group of pref erred corrpounds

is that wherein wis 1; v is O-
Rl err] are independent g C

Rlerr] is H R[er] is B Rerr] and
| | @ Rl gy r] - REe) @ NP CH
and Yis -O(err]-Cerr] g 'y -C]\/[err].\Ex; D corrpounds
08

of. the invention are: o 93
PCT/ US97/ 15899 -5- [err] [erry
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© PCT/ US97/ 158992 k,0- T [err] WO 98/ 11092 | PCT/USY/15899
PCT/ US97/ 1@%9"3"-“%3- [err] VO 98/ 11092

PCT/ US97/ 15899 -12- [err]  -WD 98/11092  PCT/US97/15899 -13- [err] The .
conpounds of formula (1.0) are useful as -famesyl protein




° . ! s
transferasgrgﬂpb@%$ors. Accordingly, the conpounds of. forrmula (1.0) are
useful for ng tunor growth. Exanples of tunors whi chPEEYSIns89-

i nhibited include, but are not Iimted to, breast cancer, prostatic cancer,
| ung cancer (e.g., lung adenocarci nom), pancreatic cancers (e.dg.,
pancreatic carci noma such as, for exanple, exocrine pancreatic carcinoms),
colon cancers (e.g., colorectal carcinomas, sgch as, for exanple, colon
adenocar ci nona and col on adenoma), nyeloid 10 |eukem as (for exanple,
acut e nyel ogenous | eukemia (AM.)), thyroid follicular cancer,

nyel odyspl asti c syndrone (MR bl adder carci noma and epi dernal carci nona.
The invention al sogrel a8 ce#}ical conpositions for treating
tunmors which conprise OFmul a (1.0) and a 15

pharmaceuti cal | y acceplabye~gas material. The invention also relates to
a nethod for treating t uffor s fwhi conprises adm nistering an anti-tunor

o fornmula (1.0). 20 DETAI LED DESCRI PTI ON OF
THE | NVENTI ON - The conpognds jof formula (1.0) can exist in unsolvated as
wel |l as solvated forms, in&uding hydrated ferns, e.g. the hem hydrate. In
general, the solvated forns, W th phargaceffti gal |y acceptabl e -sol vents such
as water, ethanol, and the Qﬂksﬁgﬁgt%gu-v to the unsolvated 25 forns
for the purposes of the in®é&nti™on. rtdln conpounds of the invention can
exist in stereoisomeric form Al such iQonmeric forns and m xtures thereof
are within the scoge '




of the prese g ion. Unless otherw se indicated, the methgd,
prepar ati on |séPosed hereln may result i n product distributioggfﬁﬁ§¥ﬁﬂwy
WD 98/ 11092 PCT/ US97/ 15899 - 14-
i nclude all possible structural isomers, although it is understood that
physi ol ogi cal response may vary according to stereochem cal structure. The
i.somers may be separated by conventional neans €@d4ch as fractiona

. crystallization or HPLC (high performance liquid 5 chromat ogr aphy). The
conmpounds of formula (1.0) form pharmaceutically acceptable salts. The
preferred pharnmaceutically acgepiable salts are nontoxic acid addition

salts fornmed by addi g t o % nepund of the invention about a

stoi chionetric anount o T, such as 10 HCl, HB[err],
n organi c acid such as acetic,

Rlp , stearic, lauric, benzoic, l|actic,

Herr]SOerr] or Herr]PY
propionic, valeric, oleic,

para- tol uenesul fonic, nethan- siidionic, citric, maleic, fumaric, succinic
and the'like, respectively. WaenJutilized hepein and in the appended
clains, the following 15 ternt unl ess ot heffwi se specified have the
fol |l owi ng neani ngs: aIkyI'(iB “g° tions of al koxy, -

al kyl am no and di al kyl am no) represents SstHai g nd branched carbon chains
and :




: l : ' +
contains fromone to twenty carbon atons, preferably one te i %ﬁaﬁpn
atons; 20w098/11092 acyl represents a noiety of the fornula f@#qﬁ,. erein R

is C[err]C[err] al kyl , phenyl, pyridyl, chlorophenyl, as described above;

al kanediyl represents a divalent, straight or branched hydrocarbon chain
having from1 to 20 carbon atons, preferably 1 to 6 carbon atons, the two
avai |l abl e bonds being fromthe sane or difLaoent 25 carbon atons thereof,
e.g., nmethylene, ethylene, ethylidene,

-CH err]CH err]CHerr]-,-CHerr]CHerr]CHerr],-CHCH err]CH err], etc.

cycl oal kyl represents saturated carbocyc rings branched or unbranched of
from3 to 20 carbon atons, pref R\ bo atons; 30

chl orophenyl represents a pheny £ ¥ 0ol the hydrogens is

repl aced by a chlorine; alkenyl refyesg oht and branched carbon

chai ns having at |east one carbon to Narbg ubl e bond and contai ning from
2 to 12 ~ WD 98/11092
PCT/ US97/ 15899 -15- carbon atons, preferg

2 t/o arbon at ons and
nost preferably from3 to 6 carbon at ons; Nal kynyl Yepyegents strai ght and
branched carbon chains having - 44\\//\\’, '




at | east- one o carbon triple bond and ceontaining from

car bon at ons, prégﬁggrztabl'y from2 to 6 carbon atons; aryl (including %ﬁeséggryl
portion-of aryloxy and aral kyl) represents a carbocyclic group contai ning
from6 to 15 carbon atons and having at |east one aromatic ring (e.g., aryl
is a phenyl ring), with all avail able substitutable carbon atons of the
carbocyclic group being intended as 10 possi bt¥d-points of attachnment, said
carbocyclic group being optionally substituted (e.g., 1 to 3) with one or
nore of hal o, alkyl, hydroxy, alkoxy, phenoxy, CF[err],am no, alkylam no,

di al kyl am no, -COOR10 or -NO2; Mes an alkali netal catiop=preferably a

sodiumor |ithium cati ogp_l~> 2 q\hq?o r epgRsey
bronp and i odo. Reference §o the @r 0 [
Rlerr], Rerr], and R err] fasee” B

t he sub3d
e nunbered r
7 3C [err] For exanple, Rt cadl belat
C2 or 20 C3 position. Also, fef~eganple, R3 can be at thAeNCOB position
and R4 can be at the C 10 position. |When the bond fromth¢ IViing to the

C-[err] carbon is a single bond\ag stereoi soners are in ¢d within
“formula (-1.0), that is, racemates R—isoneq§?\ nd S-isomersy 25

The conpounds of the invention 8 be e e o N

. - ’ . . o _ !




1 Y

;according to the foll owi ng nethods.” The .conpounds. of the inventi.on are

" prepared W@YN®h by reaction schenes 1, 2, and 3. Cther cBRVERYY

t echni ques such as-ester hydrolysis and cl eavage of protecting groups nay
be enployed in 30 the procedures to prepare the conpounds of the
invention. Specifically, Schene 1 depicts the synthesis of am des by the
treatment of amne 1 with the appropriate gggboxylic acid in the WO

98/ 11092 PCT/ US97/ 15899 - 16-
presence of a coupling agent such as DEC. Scheme 1A depicts the preparation
of conpounds of fornmula | wherein wis 1: esters, wherein Y is. -0-alkyl,

are prepared by rgactj of mkih ad QonQesier
of formula 10 usi ﬁa , Br , the
resul tant ester can g ed to aRJCry convert &dy , al
nmetal salt by conventiOnal : e.g., odifum sal t ‘can be ed by
di ssol ving the ester and treati th NaOH The spg an t hen

be reacted with an am ney adgai n using standag@ coupling proces .,

DEC and HOBT, to obtain amdes ofp 10 fornul ayl (i.ejy, conpounds; whereijn Y
is -NR[err] Rerr]). smwd)/, G "ONa , o NHp

c




1

WD 98/ 11092 98/11092 _ ' PCT/ US9 pckR8 %1589 -
SCHEME 1A wo ' ' R ‘B [err] Schenme 2 depicts

preparation of ureas of formula 5, acetam des of fornula 7 and di am des of
formula 8. In Schene 2, the NN BOC protecting group is renoved using
TFA/CH err]C[err] or di oxane-HCl - 5 The resulting amne 4 is treated with
trimethylsilyl isocyanate in TFA to give ureaslt3. Treatnent of conpounds of
fornmula 4 with either acetyl chloride or acetic anhydride provides the
acetam des of forrmula 7. Treatnment of 5 with carboxylic anhydride in

di-met hyl f or mam de at a tenper at yFe~bet ween about 400C to 50[err] C and then
treating the resulting 1®r -\co.@ A€20 and heating between about
85[err]C-95[err] C gives dia QA formul a 8. WO 98/ 11092

PCT/ US97/ 15899 -18- SCHEME 2 '

Br

and J\/\/\AN/\

The compounds of formula (1.0) are useful as-famesyl protein
transferase inhibitors. Accordingly, the compounds of formula (1.0) are
useful for inhibiting tumor growth. Examples of tumors which may be

- 5 inhibited include, but are not limited to, breast cancer, prostatic cancer,
lung cancer {e.g., lung adenocarcinoma), pancreatic cancers (e.g.,
pancreatic carcinoma such as, for example, exocrine pancreatic
carcinomay), colon cancers (e.g., colorectal carcinomas, such as, for
example, colon adenocarcinoma and colon adenoma), myeloid

10 leukemias (for exarﬁple, acute myelogenous leukemia (AML)), thyroid
follicular cancer, myelodysplastic syndrome (MDS8), bladder carcinoma
and epidermal carcinoma.

The invention also relates to pharmaceutical compositions for
treating tumors which comprise a compound of formula (1 0) and a

16 pharmaceutically acceptable carrier material.

The invention also relates to a method for treatmg tumors which
comprises administering an anti-tumor effective amount of a compound
of formula (1.0). |

.20 D PTION OF THE INV

S - The compounds of formula (1.0) can exist in unsolvated as well as
solvated forms, including hydrated forms, e.g. the hemihydrate. In
general, the solvated forms, with pharmaceutically .ac_oeptable solvents

. . such as water, ethanol, and the like are equivalent to the unsolvated

25  forms for the purposes of the invention. R

- Certain compounds of the invention can extst m stereocsomenc

form. All such isomeric forms and mixtures thereof are within the scope
of the present invention. Unless otherwise indicated, the methods of
preparation disclosed herein may result in product distributions which



~_Scheme 3 shows the reaction of anine 1 with 4- -chl orobutyl chI orlde to give
an ani de JYOPHE®}Brnula 8. Treatnent of an anide of 5  for REFAS¥/SB®h an
am ne affords the 4-am no substituted anal ogs of fornula 9. WO 98/ 111092
PCT/ US97/ 15899 -19- Schene 3 [err] Starting materials used in the
preparation of conpounds of the invention are either known, can be prepared
according to known nmethods, or can be prepaqgd by methods that are .
anal ogous to known 5 nmethods. Conpounds of formula | conprising a pyridyl
N-oxide inring | of the tricyclic portion can be prepared by procedures

wel | known in th?nélhgf @%o%%tﬁxctﬁﬁ?t%&% SRABAYNH i€ UnbBrABbE tha 2" PO

reacted with
PCT/ US97/ 15899 - Rhysigiegisal resposge aay ¥an gesordingtosstargoahegmical structure.

CH[ err ] Jerr] (ustu isonfeis YHaPBe)separated by conventional means such as
fractional crystallization or HPLC (high performance liquid
5 chromatography).

The compounds of formula (1.0) form pharmaceutically
acceptable salts. The preferred pharmaceutically acceptable salts are
nontoxic acid addition salts formed by adding to a suitable -compound of

. the invention about a stoichiometric amount of a mineral acid , such as
10 HCI, HBr, H2S04 or H3PO4 or of an organic acid such as acetic,
propionic, valeric, oleic, paimitic, stearic, lauric, benzoic, lactic, para-
toluenesulfonic, methane sulfonic, catnc maleic, fumaric, succinic and
the like, respectively.

When utilized herein and in the appended claims, the following

15 terms, unless otherwise specified have the following meanings:

alkyl (including the alkyl portions of alkoxy, alkylamino and
dialkylamino) represents straight and branched carbon chains and
contains from one to twenty carbon atoms, preferably one to six carbon
~ atoms; '
o}

20 . acyl represents a moiety of the formula /LR » wherein R is

| C1-Ce alkyl, phenyl, pyridyl, chlorophenyl, as described above ;

~ alkanediy! represents a divalent, straight or branched
hydrocarbon chain having from 1 to 20 carbon atoms, preferably 1 to 6

~ carbon atoms, the two available bonds being from the same or different
25  carbon atoms thereof, e.g., methylene, ethylene, ethylidene,
-CH2CH2CH>-, -CH2CHCH3, -CHCHzCHa, etc. i
cycloalkyl represents saturated carbocyclic rings branched or
unbranched of from 3 to 20 carbon atoms, preferably 3 to 7 carbon
atoms; '
30 L chlorophenyl represents a phenyl mozety where one of the
hydrogens is replaced by a chlorme -
alkenyl represents straaght and branched carbon chains havmg
at least one carbon to carbon double bond and containing from 2 to 12



£

at a sui ta@be,sfl%‘ggerature, to obtain an N-oxide of fornula |pgefpsenididoy,

t he organi c solvent solution of fornmula 1 is cooled to'5 about O[err]C

before the-MCPBA is added. The reaction is then allowed to warmto room
tenperature during the reaction period. The desired product can be

recovered by standard separation neans, for exanple, the reaction m xture

can be washed with an aqueous solution of a-3®-table base, e.g., saturated :,
NaHCO3 or NaCH (e.g., i N NaOH), and 10 then dried over anhydrous |
MySO err]. The solution containing the product can be concentrated in

vacuo, and the pr canoon atomsepreierablyctiomy2 4o Srabrban atems and most preferably

chr omat ogr aphy usi I gl ., flash colum chromat ography).

Conmpounds of fornzﬁagn?.tgrééé%@g’baértggﬁby met hods known:in the 15 art, for

exanpl e by methods di sclakyayliraprasents straight and bragched warban Thains havisg

descri bed” bel ow. Ge g Hhe ﬁ@&ﬁ&%a@b&n‘fﬁﬁé%dﬁd&% Eo@tdggﬁgifﬂﬂn@ td 2

pyridine ring in the tricyc ?tructure I's substitute rono can al so
be prepared by a FRERUyEANSREferablyfreme2 to,6/cafpomatamss: 20 - (a)
reacting an anide of thearp(ifigiudi afyf bbHioM6f & arid hralkyly represents
- Blerr],Rerr] is hydagg enryagld %[dcﬁf l'[sﬁher ]tgﬁgﬁ al@ggl ,k%_ii;l_‘po,r .
heteroaryl; Rlerrf§ @f%?'ﬁgfeyemm iRg tr H’rélo apipPms aying; at
hydrogen; R fer EZ][ teabt Bher aronsatic i‘im?@e.gn,cbm isya pheaglt irg)f with alhavailable
consisting o eLldaw vl . ok . _her
with the nitrog en%{:%s\%ﬁmgc%%én atdiit o't Ratbocylic gréus Bing el SRS
10 possible points of attachment, said carbocyclic group being optionally
substituted (e.g., 1 to 3) with one or more of halo, alkyl, hydroxy, alkoxy,
phenoxy, CF3, amino, alkylamino, dialkylamino, -COOR10 or -NOy;
M-+ is an alkali metal cation, preferably a sodium or lithium
cation;
15 and halo represents fluoro, chlaro, bromo and iodo.
Reference to the position of the substituents R, R2, R3, and R4 is

based on the numbered ring structure:

For example, R can be at the C-4 position and R2 can be at the C-2 or
20 C-3position. Also, for example, R3 can be at the C-8 position and R4
can be at the C-10 position.
When the bond from the [V ring to the C-11 carbon is a

single bond, all sterecisomers are included within formula (1.0), that is,
racemates, R-isomers, and S-isomers. : |
25 - The compounds of the inventiori can be prepared

according to the following methods.
The compounds of the invention are prepared as shown by

reaction schemes 1, 2, and 3. Other conventional techniques such as

ester hydrolysis and cleavage of protecting groups may be employed in -

30 the procedures to prepare the compounds of the invention. -

Specifically, Scheme 1 depicts the synthesis of amides by

the treatment of amine 1 with the appropriate carboxylic acid in the



they are attached, forma ring- conprising 4 to 6 carbon atons_or..conprising
3 to 5 car WN98B¥ and one hetero noiety sel ected from the PCT/U§I7488991092
- PCT/ US97/-.15899 -21- group consisting of -0- and -NR[err]9a,wherein R err]
is Herr] (err]-Cerr] alkyl or phenyl; with a conpound of the fornula R a
[err] 5 wherein Rerr][err] Rerr],Rerr] and Rlerr] are are independently
sel ected fromthe group consisting of hydroggg-and halo and R7a is C or
Br, in the presence of a strong base to obtain a conpound of the fornula
[err] NR 6a Rd4a (b) reacting a conpound of step (a) with 10

obtai n an adl chyad SrorEE o o RSIPANG Rotn Pt o DEC Ssrhe 1A dopkEoig |

al dehyde with a 19prepaptianieheormpeunds of toraiula hwhegeimw is 1y esters, wherein Y
is -O-alkyl, are prepared by reaction of an amine of formula 1 with a
diacid monoester of formula 10 using standard coupling reagents, e.g.,

5 DEC and HOBT; the resultant ester can be hydropiyzed to an acid and
converted to an alkali metal salt by conventional means, e.g., the sodium
salt can be prepared by dissolving the ester in alcohol and treating with
NaOH. The salt can then be reacted with an amine, again using
standard coupling procedures, e.g., DEC and HOBT, to obtain amides of

10 formula ) (i.e., compounds wherein Y is -NR21R22),
SCHEME 1 '




wherein L |ﬁ,@9§,ﬁ@g¢| ng group sel ect ed from the group consi stlmrmsg-;ﬁsagnd
Br, to obtain an al dehyde or "an al cohol of the formula bel ow, respectively:

VO 98/ 11092 ' PCT/ US97/ 15899 . - 22-
[err] (d)(i) cyclizing the al dehyde with CF[err]SQerr]H to obtain a
conpound of forrmula 11 wherein the dotted |ine _represents a double bond; or
(d)(ii) cyclizing the al cohol wth pol yphosphﬂrﬁ'c acid to obtain a 5
conmpound of forrmula 11 wherein the dotted line represents a single bond.
Met hods for preparing conpounds of forrmula 1 disclosed in WO 95/10516, U. S.
5,151,423 and descr SCHEM® AV enpl oy a tricyclic ketoneﬂ ntergnsdl ate. Such
I nternmedi ates of the fornula [err] 10 wherein R ], er 1, R[erd's] '
Rlerr] and R er] are independentl seﬁected fromi‘h\% \)Ang of
hydr ogen and hal o, can be prepﬁﬁ &e c“l OW ngePr Py Hsing: (a)
reacting a conpound of the forntla Phky jr—apt ne of
ined in

the formula NHRS[err]R{err], wherein eu_Q] and II!Q[ erq’Taare
t he process above; in the [ & SerEe—pf—pr———-
g P DEC, HOBT 1‘15 < \/n7

0
n)‘e;u‘ o(alkyl)

Scheme 2 depicts preparation of ureas of formuta 5,

- - acetamides of formula 7 and diamides of formula 8. In Scheme 2, the N-

BOC protecting group is removed using TFA/CH2Cl> or dioxane-HCH.
5 The resulting amine 4 is treated with trimethylsilyl isocyanate in TFA to
give ureas 5. Treatment of compounds of formula 4 with either acetyl
chloride or acetic anhydride provides the acetamides of formula 7.
Treatment of 5 with carboxylic anhydride in dimethylformamide at a
temperature between about 400C to 500¢ and then treating the resulting
10 adduct with Acg'O and heating between about 850C-950C gives

diamides of the formula 8.



pal | adi um gat and car bon nmonoxi de to obtain an .amde o forrrul a:
[err] 20 BRI (ii1) with an alcohol of the fornula R#gfr
‘Rerrlais err]-CJerr] lower alkyl or Jerr]- Clerr] cycloal kyl, in the
presence of a palladium catal yst and car bon nonoxi de to obtain the ester of
the formul a WO 98/ 11092

PCT/ US97/ 15899 -23- [err] followed by react -hg- t he ester wth an am ne of
formula NHR[err]Rlerr] to obtain the amde; (b)[err] reacting the am de
with an iodo-substituted benzyl compound 5 of the fornula Rla [err]
wherein Rerr], R eoHemEl2rr], Rerr] and Rlerr] are as defined above, in
the presence of a strong base 1|q0 olgt ai n- a conpound ofg thg fornula 10

(c) cyclizing a conpound @fl ste ‘) Wgh a reagdnt o e f | a
Rlerr]Merr]L, wherein R er — -Cerr] alkﬂ het er oar yl
and L is Br or d, provuﬁéd’th D ’@\tnﬁcycllﬂ o s wher ein
Rlerr] or Rlerr] is hydrogeH are reatted with a sd#eablfe N protectlng
group. (+)-1soners of conpouﬁﬂjs,(ﬂkf(y‘lrmla 1 vvhereﬁm Xﬂl\s (ihl can be

NT : -N’ _
N
\' v

Scheme 3 shows the reaction of amine 1 with 4-chlorobuty!
chloride to give an amide of the formula 8. Treatment of an amide of

S  formula 8 with an amine affords the 4-amino substituted analogs of
formula 9.

erel n .



15 prepar agowsfifogRi gh enanti osel ectivity by using a process peavgHorasdd9
enzyne catal yzed transesterification. Preferably, a racem c conpound of
formula 1, wherein X is C, the double bond is present and a substituent
other than His present at the 1 O-position onring Ill, is reacted with an
enzynme such as Toyobo LIP-300 and an acyl ati n? agent 20 such as
trifluoroethly isobutyrate; the resultant (+) 8mide is then hydr ol yzed, for
exanple by refluxing with an acid such as Herr]SJerr], to obtain the
correspondi ng optically enriched (+)-isoner. Alternatively, a racenic
conpound of forrmula 1, V\/ngcm,raez is C, the double bond is present and a
substituent other than His present at the 1 O-position on 25 ring 111, is
first reduced to the correspondi ng racem c conpound of WO 98/ 11092

PCT/ US97/ 15899 -24- formulg 1 wherein X is CH and then treated with the
enzynme (Toyobo LIP-30Q) andy, 1
the (+)[err] am de, ic‘g i
(+)-isoner. Nitration s

process for phe TR nds of

the fornulas 1 0 thrp These c as
internediates in tHE pbeye ounds off i
i nvention. The process ' “ i
5 7 5 7
:5\'/1\/\'/":; na\./w\'/ n8
m— — e ————— m——— ———
‘ v " L
r | N
; )\/\/Cl
0

Starting materials used in the preparation of compounds of the
invention are either known, can be prepared according to known
methods, or can be prepared by methods that are analogous to known

-5 methods. _ '
' Compounds of formula | comprising a pyridy! N-oxide in_'ring { of
the tricyclic portion can be prepared by procedures well knawn in the art.
For example, the amine compouhd of formula 1 can be reacted with



" invol ves one nol ar equi val ent of either fornula A B 10 above
in an appr@éﬁ?&?‘gggqueous aci d such as concentrated sul furi gcafﬂsa T8 t hen - -

cooling the reaction mxture to -20 to 400C and then adding 1.1 nol ar

equi val ent of KNO3 at the sanme tenperature. The reaction mxture is stirred

at that tenperature for 1 hour and then allowed to warmup to room

tenperature over a period of 10 to 16 hours.2ghe 15 reaction mxture is

t hen poured onto ice and basified with an appropri ate base such as

concentrat ed anmoni um hydr oxi de or 50% aqueous NaOH. It is extracted with

an appropriate sopEm H@ | d
either by recrysta]l |§2§ nsgﬁﬁﬁﬁngﬁéﬁoégpﬁ%@%%m@%m
OBTAI NED BY THE L rRiurRAl oit @f]formum198/ 11092

PCT/ US97/ 15899 - 25- [err] VO 98/ 11092 |
PCT/ US97/ 15899 R/ /\)

- H 1a
‘ | Generally, the organic solvent solution of formula 1 is cooled to
5 about 0°C before the MCPBA is added. The reaction is then allowed to
warm to room temperature during the reaction period. The desired
product can be recovered by standard separation means, for exampile,
the reaction mixture can be washed with an aqueous solution of a
suitable base, e.g., saturated NaHCO3 or NaOH (e.g., i N NaOH), and
10 then dried over anhydrous MgSO4. The solution containing the product
can be concentrated in vacuo, and the product can be purified by
standard means, e.g., by chromatography using silica gel (e.g., flash
column chromatography).
 Compounds of formula 1 are prepared by methods known in the
15 art, for example by methods disclosed in WO 95/10516, in U.S.
5,151,423 and those described below. Compounds of formula 1
- wherein the C-3 postion of the pyridine ring in the tricyclic structure is
substituted by bromo can aiso be prepared by a procedure comprising
the following steps:

20 (a) reactmg an amlde of the formula
. Rﬂa '
g
N o) :
NRSagSa -

wherein R112 s Br, R52 js hydrogen and Ré2 is C4-Cg alkyl, aryl or
heteroaryl; R5a is Cy-Cg alkyl, aryl or heteroaryl and R6a is hydrogen;
R5a and R8a are independently selected from the group consisting of C1-
25 Cg alkyl and aryl; or R52 and R84, 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



-26- Bi ol ogy g?k, ﬂf,&l vity of the conpounds’ of the invention apdiauesnssss
protein transferase inhibitors ¢an be denonstrated by the assays bel ow.

ASSAYS 1. In vitro enzyne assays: Inhibition of famesyl -protein 5.
transferase and geranyl geranyl protein transferase. Fanesyl protein
transferase (FPT) was partially purified fromrat brain by amoni um sul fate
fractionation foll owed by Q Sepharose (Phar nefl1-a, I nc.) anion exchange
chromat ography essentially as descri bed by Yokoyana et al (Yokoyama, K., et
al., (1991), A protein 10 geranylgeranyltransferase from bovine brain:
I-npl i cations for pgretpi consisting of iOnarg NRP- whereiRr?? isNd: C1-Cg alkyl o er r |
USA 88: 5302-5306, ﬁémgl scl osure of which is incorporated herein by

'p
ref erence thereto)” n fanmesyl protein transferase was al so expressed in
E. coli, using cDM“BI%ﬁ@@P@HBdcﬂfﬁ@emﬂﬁhe a and b subunits. The nethods
used 15 were sinmilar to those published (OrerguC et al., (1993),
Characterization of reconmbinant human fanesyl progedn transferase: C oning,
expression, farnesyl diphosphate bindi ngg’24n ctional honology with
yeast prenyl-protein transferases, Biochen st 2. 5167 5176) . Human
famesyl protein transferase was partlally purln'ha?_ rom the sol uble 20
protein fraction of E. coil as described above he tricyclic fanesyl
protei n transf & aswherein R1BpRS2 IR and Ritaareaire indépdriderdlylseidcted from dhel

RER AR v i i et

car boxy presence of a strong base to obtain a compound of the formula
: R1a
Br(~ ] R2
SN o) R
NRS2pSa Rie
(b) reactmg a compound of step (a) with
10 (i) POCI3 to obtain a cyano compound of the formula
) R‘la :
Br F ‘ R
_ N R® or
(ify DIBALH to obtain an adlehyde of the formula
' Ra

(c) reacting the cyano compound or the aldehyde with a
15 piperidine derivative of the formula |
Mgl

_ |
wherein L is a leaving group selected from the group consisting of Cf
and Br, to obtain an aldehyde or an alcohol of the formula below, |
respectively: |




term nal e formtermnated in cysteine-valine-| -

serine (RaS- é%@gﬁzthe ot her in cystein-valine-I|eucine- IeUC|§g%FgB lﬂ?RmL)
Rlerr]-CVLS is a substrate for the fanesyl protein transferase while
Ras-CVLL is a substrate for geranyl geranyl protein transferase 1. The cDNAs
encodi ng these proteins were constructed so-that the proteins contain an
am no-term nal extension of 6 histidine resi-g2es. 30 Both proteins were
expressed in Escherichia coli and purified using netal chelate affinity
chromat ography. The radi ol abel |l ed i soprenyl pyrophosphate substrates,

[3H famesyl pyrophosphate and [[err] H geranyl ger anyl pyrophospﬁate wer e
pur chased from DuPont/New Engl and Nu %ear.. WO 98/11092
PCT/ US97/ 15899 - 27- SeBby 2 mﬁasurlﬁg
-d (Rei ss et
ShuPatent No. 5, 185

Schaber et al 1990, J. ,Bi Ol
7541; and Barbacid & Manne 1998
activity was assayed by neasyring the transfer of [[er farresyl from

[[err] H fanesyl pyrophosphate 0 Ras-CVLS using conditidg@as simlar to those
described by Reiss et al. 1990 (Cell 62: - 81) The reactidn nixture contained

40 mM Hepes, pH 7.5 204y IREAAG HY fdRfde Rith TEI804H to obtain a compound
of formula Hl wherein the dotted line represents a double bond; or
(d)ii) cyclizing the alcohol with polyphosphoric acid to obtain a
5 compound of formula Il wherein the dotted line represents a single bond.
) Methods for preparing compounds of formula 1 disclosed in
WO 95/10516, U.S. 5,151,423 and described below employ a tricyclic
ketone intermediate. Such intermediates of the formula

R1a

R11b Ve \ R%

. " 0 g R

10  wherein R11b, R1a, R2a, R32 and R4a are independently selected from the
group consisting of hydrogen and halo, can be prepared by the following
process comprising :

(a) reacting a compound of the formula
R1ib

TX
M
Br

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

formula: _
11b
R\ F
o
N o
NREaFlsa; or
20 (ii) with an alcohol of the formula R1080H, wherein R102 is

C1-Cg lower atkyl or C3-Cg cycloalkyl, in the presence of a palladium
catalyst and carbon monoxide to obtain the ester of the formula



dithiothret{v@ag/@esdS [err]M[[err] H famesyl pyrophosphate; 10pq#ns97/15899

Q Sepharose- 10 purified fanmesyl protein transferase; the indicated
concentration of tricyclic conpound or dinethyl sul foxide (DVBO) ‘vehicle
control (5% DMSO final); and 5 MM Ras-CVLS in a total volune of 100 nl.

The. reaction was allowed to proceed for 30 m nutes at roomtenperature and
then stopped with 0.5 m of 4% sodi um dodecyl‘2§JI fate (SDS) foll owed 15 by
0.5 mM of cold 30% TCA. Sanples were allowed to sit on ice for 45 m nutes
and precipitated Ras protein was then collected on GF/C filter paper nmats
using a Brandel cell harvester. Filter ngts e shed once with 6% TCA,
2% SDS and radi oactivity was neasured in a C 1204 Betaplate BS liquid
scintillation counter. Percent inhibition wa alculated relative to
the DVBO vehicle control. 2. Cel | - Based Ass ransi ent expression of

val 12- Ha- Ras- CVLS and val [err]-Herr]-R err]-CVLLORR" COS nonkey ki dney. .
cells: Effect of fZ#okoyedbyabatting tineser avith amiiihé of foraiulRNHRS2RESKH Ng
and on di sordered cgll. grow h. j nduced by transform ng Ras. 25 Cos
nonkey ki dney cel | ﬁ“ﬂmg raomgeect ed by el ectroporation with the plasmd
pSV- SPORT (G bcofBRL) cdb} seauting thecaiiide withrdan toestibsiituted menzyh sofigotindr
Ras- CVLL, Ieadigg to?t!%ném&igt overexpression of a Ras substrate for either
famesyl protein transferase or geranyl geranyl protein transferase 1,
respectively (see above). 30. Fol | owi ng eR®ctroporation, cells were
plated into 6-well tissue culture dishes _cortalRinR#.5 m of

-Dul becco' s-nodi fied Eagle's nedia (G BCB™
calf serum and the

wherein R1a, R2a R3?, R4a and R7a are as defined above, in the
presence of a strong base to obtain a compound of the formula

_ R1a
.o11b ’
RYb_~ T R2
N
Ol Rl R
NR3aRSa ' :
10 (c) cyclizing a compound of step (b) with a reagent of the formula

R8aMgL, wherein R8a is C4-Cg alkyl, aryi or heteroaryl and L is Br or Cl,
provided that prior to cyclization, compounds whérein R5a or R62 js
hydrogen are reacted with a suitable N-protecting group.
(+)-Isomers of compounds of formula 1 wherein X is CH can be
15 prepared with high enantioselectivity by using a process comprising
enzyme catalyzed transesterification. Preferably, a racemic compound
of formula 1, wherein X is C, the double bond is present and a
substituent other than H is present at the 10-position on ring 111, is
reacted with an enzyme such as Toyobo LlP-SOO and an acylating agent
20 such as trifiuoroethly isobutyrate; the resultant (+)-amide is then
' hydrolyzed, for example by refluxing with an acid such as H2S04, to
obtain the corresponding optically enriched (+)-isomer. Alternatively, a
racemic compound of formula 1, wherein X is C, the double bond is '
present and a substituent other than H is present at the 10-position on
25 ring I, is first reduced to the corresponding racemic compound of



“appropriate fanesyl protein transferase inhibitors. After 24 hours, nedia
was T emoveWOI W 2sh nedia cont ai ning the appropriate dru’g§%§sgr‘7@5”§5
added. WO 98/ 11092 - . _ : :

PCT/ US97/ 15899 -28- 48 hours after electroporation cells were exam ned
under the mcroscope to nonitor disordered cell growth induced by :
~transfornming Ras. Cells expressing transforrm24g Ras becone nore rounded and
refractil e and overgrow t he nonol ayer, remniscent of the transforned 5
phenotype. Cells were then photographed, washed twice with 1 m of cold

phosphat e- buf f er edofbLia"e wH¥teh R OHf BRY eh te@tdd'Rithithe d?&yﬁfé ygbo'! th
a rubber pollcemag-Fgéé) iﬁ;ﬁ of. g buffer co taI,BI ng, 25 mM Jrfs, .05 1
mM et hyl enedi ami ne-Pz$0Q) PEY'&HPQPQE"W#%HV %399?’9_6910@@” thedst de; 50
[err] M1 eupeptin; amidie) whiciVishpdiohized tolébtaifeiHesoptivatly larpieHel)(+)-isomer.
honogeni zati on anci!‘jgh.l d,ggrl s _was renoved by centrifugation at 2000 x ¢
for 10 mn. Cellul ' S precipitated by addition of ice-cold

trichloroacetic acid and jedissolved in 100 m of #B8S-el¢g ophoresi s
sanmpl e buffer. Sanples (% ere | ogded onto 14%¢ NG de
m ni gel s (Novex, Inc.) :andeel § esed until phett ¢ near.ed
the bottom of the gel. Hﬂ*t)'f.\eh e gjed on torl]e gel s
) 0
‘ | | OEt
A N\n/
5 B 0

A process for producing compounds of the formulas 10 through
18 shown below. These compounds are useful as intermediates in the
preparation of compdunds of formula (1.0) of the invention. The process
involves suspending one molar equivalent of either formula AorB
10 ' above in an appropriate aqueous acid such as concentrated sulfuric
acid and then cooling the reaction mixture to -20 to 400C and then
adding 1.1 molar equivalent of KNO3 at the same temperature. The
reaction mixture is stirred at that temperature for 1 hour and then allowed
to warm up to room temperature over a period of 10 to 16 hours. The
15  reaction mixture is then poured onto ice and basified with an
' appropriate base such as concentrated ammonium hydroxide or 50%
aqueous NaOH. It is extracted with an appropriate solvent such as
CH2Cl2 and desired compounds are obtained either by recrystallization -
_ or column chromatography. : .
20 P D AINED BY THE LOW TEMP TURE NITRATION




were el ectr owOosamg2ont o nitrocel | ul ose nenbranes for i mnodg@gﬁé g{i
Menmbr anes were bl ocked by incubation overnight at 4[err]Cin 3 %ﬁ’%l ng
2.5%dried mlk and 0.5% Tween-20 and then incubated with 20 a

Ras- speci fi c nonocl onal antibody, Y13-259 (Furth, ME., et al., (1982),
Monocl onal antibodies to the p[err] products of the transform ng gene of
Harvey nmurine sarcone virus and of the cell ul 2857 as gene famly, J. Viral.
43: 294-304), in PBS containing 1% fetal calf serumfor one hour at room
tenperature. After washing, nmenbranes were incubated 25 for one hour at
roomtenperature with a 1:5000 dilution of secondary gn r abbi t
anti-rat 1[err] G conjugated to horseradi sh peroxigfas¢ gnCli ning 1%

fet aI calf serum The presence of processed and - CVLS or
i i 4-chloro-1

C°W> 8801000

ICerr] ([err]M




- 1.

26

0. 38
0.032 6
0. 022
88 nM 9
0.019
12
0.009 14
50

0.62

18

25 47%err] 330[err]M2 ~0.004

0. 39
wOP8a093 1.1 27 13 PETIUS97115899
28 43% err] 110 [err] M5 0 056 ' . 29
0. 0065 30 36%err] 110 [err]M 7
0.058 8 0.014 32 12 %@
0. 006 33 3867% 93. 4[err] M 10
45 0.028 11 0.076 46 0.078
0. 061 47 0. 068 13 0.015 . 48
0 014 2601@|olog|cal activily of the comp8Burids &Pthe inyention & @sGahesyl
' 52 protein trangfe@sp ibitors can be gemonstrated by 4he assays belqy.010
9% er BISSAYS 54 0. 015
1. in vitro enzyme assays: Inhibition of famesyl protein
5 transferase and geranylgeranyl protein transferase.

10

15

20

25

30

Farnesyl protein transferase (FPT) was partially purified from rat
brain by ammonium sulfate fractionation followed by Q-Sepharose '
(Pharmacia, Inc.) anion exchange chromatography essentially as
described by Yokoyama et al (Yokoyama, K., et al., (1991), A protein
geranylgeranylitransferase from bovine brain: Implications for protein
prenylation specificity, Proc. Natl. Acad. Sci USA 88: 5302-5306,
the disclosure of which is incorporated herein by reference thereto).
Human farnesyl protein transferase was also expressed in E. coli, using
cDNA clones encoding both the a and b subunits. The methods used
were similar to those published (Omer, C. et al., (1993), Characterization
of recombinant human faresyl protein transferase: Cloning, expression,
farnesyl diphosphate binding, and functional homology with yeast
prenyl-protein transferases, Biochemistry 32:5167-5176). Human
famesyl protein transferase was partially-purified from the soluble
protein fraction of E. coli as described above. The tricyclic farnesyl
protein transferase inhibitors disclosed herein inhibited both human and
rat enzyme with similar potencies. Two forms of val'2-Ha-Ras protein
were prepared as substrates for these enzymes, differing in their carboxy
terminal sequence. One form terminated in cysteine-valine-leucine-
serine (Has-CVLS) the other in cystein-valine-leucine-leucine (Ras-
CVLL). Ras-CVLS is a substrate for the famesyl protein transferase
while Ras-GVLL is a substrate for geranylgeranyl protein transferase 1.
The cDNAs encoding these proteins were constructed so that the
proteins contain an amino-terminal extension of 6 histidine residues.
Both proteins were expressed in Escherichia coli and purified using

-metal chelate affinity chromatography. The radiolabelled isoprenyl N

pyrophosphate substrates, [3H]famesy! pyrophosphate and
[BH]geranyigeranyl pyrophosphate, were purchased from DuPont/New
England Nuclear.



93 nM 19 w09g%10§21%5 err] | 55 _ 0.017 0.06 [g&&.h%.},&rsQL 20 -.

0%@ 0. 007 92 nM WD 98/ 11092

PCT/ US97/ 15899 -30- 2 1 35%err] 57 - 0.011 0.06
[err]g/[err]L 22 41% err] 58 0. 0091 0.06
[err]g/[err]L 24 20 %err] 59 0.0033 0.06
[err]g/[err]L Table 3. ACTIVITY I'N COS CELLSZHXAMPLE | NHI BI TI ON OF
RAS PROCESSING I Cferr] ([err]M 2 0.013 6 0. 035
10 0.500 1 3 0.200 1 4 0. 250

Several methods for measuring farmesyl protein transferase

activity have been described (Reiss et al 1990, Cell 62: 81; Schaber et
al 1990, J. Biol. Chem. 265: 14701; Manne et al 1990, PNAS 87:
7541; and Barbacid & Manne 1993, U.S. Patent No. 5,185,248). The

5 activity was assayed by measuring the transfer of [3H]farnesy! from
[BH}famesyl pyrophosphate to Ras-CVLS using conditions similar to
those described by Reiss et al. 1990 (Cell 62: 81) The reaction mixture
contained 40 mM Hepes, pH 7.5; 20 mM magneslum chloride; 5 mM
dithiothreitol; 0.25 uM [3H]farnesyl pyrophosphate; 10 ml Q-Sepharose-

10 purified faresyl protein transferase; the indicated concentration of
tricyclic compound or dimethylsulfoxide (DMSO) vehicle control (5%
DMSO final); and 5 mM Ras-CVLS in a total volume of 100 ml. The .
reaction was allowed to proceed for 30 minutes at room temperature and
then stopped with 0.5 mi of 4% sodium dodecy! sulfate (SDS) followed

15 by 0.5 ml of cold 30% TCA. Samples were allowed to sit on ice for 45
minutes and precipitated Ras protein was then collected on GF/C filter
paper mats using a Brandel cell harvester. Filter mats were washed
once with 6% TCA, 2% SDS and radioactivity was measured in a Wallac
1204 Betaplate BS liquid scintillation counter. Percent inhibition was

20 calculated relative to the DMSO vehicle control.

' 2. Cell-Based Assay; Transient expression of
vall2-Ha-Ras-CVLS and val12-Ha-Ras-CVLL in COS monkey kidney
cells: Effect of famesy! protein transferase inhibitors on Ras processing
and on disordered cell growth induced by transforming Ras.

25 COS monkey kidney cells were transfected by electroporation
with the plasmid pSV-SPORT (Gibco/BRL) containing a cDNA insert
encoding either Ras-CVLS or Ras-CVLL, leading to transient
overexpression of a Ras substrate for either famesyl protein transferase
or geranyigeranyl protein transferase |, respectively (see above).

- 30 Following electroporation, cells were plated into 6-well tissue
culture dishes containing 1.5 mi of Dulbecco’s-modified Eagle's media
(GIBCO, Inc.) supplemented with 10% fetal calf serum and the
appropriate farnesyl protein transferase inhibitors. After 24 hours, media

- was removed and fresh media containing the appropriate drugs was re-

35 added.



18- ' . 0.540 58 0. 300 59 ' O 015 For

prepari ng M86Rut i cal corrp05| tions fromthe corrpounds desﬁﬁ'ﬂ%ﬂ%t his

invention, inert, pharnaceutically acceptable carriers can be either solid
or liquid. Solid formpreparations include powders, tablets,- . dispersible.
granul es, capsules, cachets and suppositories. The 10 powders and tablets
may be conpri sed of fromabout 5 to about 70 _er cent active ingredient.
Suitable solid carriers are known in the art, e.g. nagnesium carbonat e,
magnesi um st earate, talc, sugar, |actose. TabI ets, powders, cachets and

capsul o5 can be used asysgilfs ARSP AR BRBTARL b FobPbxshiled upder e,
such as a mixture mfcrpsmoge_ tcimbnitoy disarderedbcelt grawthtindueed by tfansformingt ed,
and the acti ve i ngagdi ealcis b SRE hsRARRAG AL Bbdorhl Héfe rdtihdit and

stirring. The
PCT/ US97/ 15899 31refrﬁ§tlleeand1@mnwdns monolwer,| reminiseentoof the transformed

conveni entsi zgd BilobaRY waahsd thice WA fh oP' ™
preparations |ncl utIOHS SUSpensj ons an
may be menti oned \@ﬁg,p?lgﬁpnﬁqeebufﬁqrwgm (PBS) and removed from the dlsh by

scraping with a rubber policeman into 1 mi of a buffer containing 25 mM
Tris, pH 8.0; 1 mM ethylenediamine tetraacetic acid; 1 mM
‘ _ phenylmethylsulfonyl fluoride; 50 mM leupeptin; and 0.1 mM pepstatm

10  Cells were lysed by homogenization and cell debris was removed by
centrifugation at 2000 x g for 10 min.

Cellular protein was precipitated by addition of ice-cold
trichloroacetic acid and redisscived in 100 mi of SDS-electrophoresis
sample buffer. Samples (5-10 ml) were loaded onto 14%

15 polyacrylamide minigels (Novex, Inc.) and electrophoresed until the
tracking dye neared the bottom of the gel. Proteins resolved on the gels
were electroblotted onto nitrocellulose membranes for immunodetection.

" Membranes were blocked by incubation overnight at 4°C in PBS
containing 2.5% dried milk and 0.5% Tween-20 and then incubated with

20 a Ras-specific monoclonal antibody, Y13-259 (Furth, M.E., et al,, (1982),
Monoclonal antibodies to the p21 products of the transforming gene of
Harvey murine sarcome virus and of the cellular ras gene family, J.
Virol. 43: 294-304), in PBS containing 1% fetal calf serum for one
hour at room temperature. After washing, membranes were incubated

25 for one hour at room temperature with a 1:5000 dilution of secondary
antlbody, rabbit antl-rat igG conjugated to horseradish peroxidase, in
PBS containing 1% fetal calf serum. The presence of processed and
unprocessed Ras-CVLS or Ras-CVLL was detected using a colorimetric
peroxidase reagent (4-ch|oro— -naphthol) as described by the

30 manufacturer (Blo-Rad) _

- . . Compounds -of the invention exhibited the following biological
activity. : |

35



5 glycol sabuvdireps for parenteral injection. Liquid form prepgagbi/fese may
al so include solutions for intranasal adm nistration. Aerosol preparations
suitable for inhalation may include solutions and solids i'n powder form

whi ch may be in conmbination with a 10 pharmaceutically acceptable carrier,
such as an inert conpressed gas. Al so included are solid form preparations
whi ch are intended to be converted, shortly mYore use, to liquid form
‘preparations for either oral or parenteral adm nistration. Such Iiquid
forms include sol utions, suspensions_and emulsions. 15 The conpounds
of the invention may al so be deli ver'&bbbarﬁﬂ'deHﬁleN The transder nal
conpositions can take the formof creams, lotions_ _aerosols and/or

enmul si ons and canl beEXAMPIOEd | JnF&’T{I %lg_@r fal mﬂm théFFﬁElle
reservoir type asfare cqnventrgnal ig3phe ar : 275
Preferably the co‘-rpound is admjni stered oral
pharmaceutical prgparation 15§ unplogPsag
preparation is supdivided intofunit doses cﬁ ities
of the active conporetrt ar—etf T,c. - Hr ed
pur pose. 25 - The auantlt of act’ive- cCrrpoun-| n a )
pr eparati-on may lg-us.t-e.d_g.n-am_é.ha.u.t__o_i_ag_t. r e
preférably from g i : 300 rﬁb3 accondi ng 2P t he FartLﬂ%
application. The |actual dosagelenploved meylbe varied dedendi? he
PRI EAETOR 5 0.056 29 ogag ’
6 0.0065 30 36%@
_ 110 nM
7 | 0.022 31 0.058
8 0.014 32 12 %@
88 nM
9 0.006 33 ' 38.7%
. : _ @93.4nM
10 0.019 45 0.028
11 0.076 46 ' 0.078
12 0.061 - a7 ~0.068
13 0.015 48 ~ 0.009
14 0.016 a9 0.27
15 ~0.063 50 0.014
16 . 01 | 581 ~0.019
23 0.62 52 0.044
17 | <04 53 ~0.010
18 9 %@ ~ 54 0.015
. 93 nM - .
19 21%@ 55 - 0.017
: 0.06 Eg_IpL, - -
20 0%@ 56 0.007
92 nM '




r equi reneng 9‘3;116996 patient and the severity of the conditig%g%sgsg _
a s

treated. Deférm nation of the proper dosage for a particul ar

within the skill of the art. Generally, treatment is initiated with smaller
dosages which are | ess than the opti num dose of the conpound. Thereafter,
the dosage is increased by small increnments until the optinmum effect under
the circunstances is reached. For conveni encdf- WO 98/ 11092

PCT/ US97/ 15899 -32- the total daily dosage may be divided and adm ni stered
in portions during the day if desired. The anpbunt and frequency of

admi ni stration off the 2dmpounds of3§ phaipgseutrgal |y

acceptabl e saltsjthereof wll b the judgnent of

the attending cli condition and size
of the patient a$ well Ez sevdr i t r e@0491 A tlypi cal
reconmended dosage_reginen is 10 ng to 2d00

ng/ day preferably 10 t 241000 r o to T®8 diviped g@goas 10 |bl ock
tumor 10 growth} The conpounds @ s} c when adm njstered withijn this
dosage range. W ' A - a '

3 ncti on
with the specific enbodiments set forth herein, .

many al ternatives,

Table 3. ACTIVITY IN COS CELLS
‘ [EXAMPLE INHIBITION OF RAS | ‘

___ | PROCESSING ICso (um) |
2 ' 0.013
6 0.035
10 _ 0.500
13 0.200
T4 ' 0.250
18 ~ 0540
58 0.300

59 ~ 0.015

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

10 powders and tablets may be comprised of from about 5 to about 70
percent active ingredient. Suitable solid carriers are known in the art,
e.g. magnesium carbonate, magnesium stearate, talc, sugar, lactose.
Tablets, powders, cachets.and capsules can be used as solid dosage
forms suitable for oral administration.

15 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 by stirring. The



nodi fi cati omo9svemboyari ati ons thereof will be apparent to thoPETAISOUREINAr Y
15 skill in the art. Al such alternatives, nodifications and var-i ati ons
are intended to fall within the spirit and scope of the present invention.
Compounds of the invention nay be prepared according to the procedures
described in WO 95/ 10516 published April 20, 995, copending Application
Serial No. 08/410,187 filed March 24, 1995, copendi ng Application -
Serial No. 08/577,951 fil ed Decenber 22, 1995, and copendi ng Application’

Serial No. 08/615, 76 filed-March 13, .1996; the discl.osures of each heing
i'ncorporated her ei'IOB§N NaMegeneoUs IR 'sam“aR@UP iiRtp eonvgnient sigedur es
descri bed bel ow. [molds, aflowed to cool and therebyPEbIRINRATI VE EXAMPLE | 2 g (15

L) o0ty TRV o (i R RS Mol BlthBRg 4idhérusfedhe® g
at room t enper at uramelsionsc Aswarsexamplesthayshe mentionedrwater nrmtatdr‘pfdpylé'me
pCT/ Uo7 158000 3 8VERlRiBionfor daratstalinjecth. 1L o i xture vas
concentrated to give t qpxd)imn prem:atlcmsamay alsp dnclpde: sgltanormemmanaal
EXAMPLE "2 administration.

Aerosol preparations suitable for inhalation may include solutions
and solids in powder form, which may be in combination with a

‘ 10 pharmaceutically acceptable carrier, such as an inert compressed gas.
| Also included are solid form preparations which are intended to
be converted, shortly before use, to liquid form preparations for either
oral or parenteral administration. Such liquid forms include solutions,
suspensions and emulsions.

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

20 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., an effective amount
to achieve the desired purpose.

25 . 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.

The actual dosage employed may be varied depending upon the
requirements of the patient and the severity of the condition being

30 treated. Determination of the proper'dos':-ig'e for a particular situation is

" within the skill of the art. Generally, treatment is initiated with smaller
dosages which are less than the optimum dose of the compound.
Thereafter, the dosage is increased by small increments until the
optimum effect under the circumstances is reached. For cohv_enience,



err] .5 12.7 mmol) of methyl 2- [err]-1-pyrrolidine acetate was
E:Ii SSL| ved Wﬁ'gﬂﬁ?@ (()f Et OH anZ:I then 20 nL of 1 ML[err]OH \A&ngyd.s”’?he
reaction mxture was stirred.at roomtenperature for 16 hours. The sol vents
were stripped off. The resulting naterial was dissolved in'water and the pH
was adjusted to - 4. The reaction mxture was concentrated 1 0 to give the
product. Mass Spec.: M+ = 144. PREPARATI VE B2AMPLE 3 :
(+)-4-(3-BROVD 8, 10- DI CHLORO- 6, 11 - DI HYDRO 5H BENzZQ 5, 6] - CYCLO HEPTA[ 1
,2-b]PYRIDIN-1 1-YL)-1-[4-(CHLORO) -1 -OXOBUTYL] 1 5 ] S
PIPIRI DI NE [err] 4hototabkally dosageimay be. didided anmharmmte%awbb&ibmé; 50

eact fon mxture WG We Ay fAeBRe Yerper at ure for - 1 6h Bxcess 20
thionyl chloride was r cFhesashount anddrgqlmmymfadrﬁniswadogidrﬁlaiek{]oﬁwuﬂw ?o
bt ain 4 47g of cilgdentoncad e pRaRHHGouaR AccBRiatRY Sans yierest Wik Bs
mo[err]) was add&egulated pecerdingrtathedjusignent mfthe iattendingnglinician WO

98/ 11092 considering such factors as age, condition &t ‘stZ8°0¥ tha%tient 4s 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 1000 mg/day, in two to four divided doses to block tumor

10 growth. The compounds are non-toxic when administered within this
dosage range. . -

While the present invention has been described in conjunction
with the specific embodiments set forth herein, many aiternatives,
modifications and variations thereof will be apparent to those of ordinary

15  skill in the art. All such alternatives, modifications and variations are
intended to fall within the spirit and scope of the present invention.

. Compounds of the invention may be prepared according to the
procedures described in WO 95/10516 publishad April 20, 1995,
copending Application Serial No. 08/410,187 filed March 24, 1995,

20 copending Application Serial No. 08/577,951 filed December 22, 1995,
and copending Application Serial No. 08/615,760 filed-March 13, 1996;
the disclosures of each being incorporated herein by reference thereto;
and according to the procedures described below.

25 - PREPARATIVE EXAMPLE 1
. HacsMo
oMy
- | OH
MOt MO~
. ') ) — [l i
CHy . . CHy

2 g (15 mmol) of methyl 3-(dimethyl amino) propionate was
dissolved in 20 mL of EtOH and then 20 mL of 1M LIOH was added. The
reaction mixture was stirred at room temperature for 16 hours. The |

30 solvents were stripped o'ff._The' résulting material in water was dissolved



7, (1. Qg, AydogHReerr]).and triethylamne(O 7. [err]L, 5.2 mulcaigdeynsess -
.then dissolved in 10 [err]L of CHerr]Cerr]. Reaction mxture was stirred
at roomtenperature for 1 6h. It was extracted with sat. Nerr]HCJ err] and -
the CHerr]([err] fraction was dried over Merr]SOerr] and concentrated to
give 0.63 g of the 5 title conpound FAB-MS: MA err] = 531 PREPARATI VE
EXAMPLE 4 1 0 - [err] 18% (38.5 mml) of

4- (8-chl oro-3-brono-5, 6-di hydro-1 1 H benzo[5, 6] cycl ohepta[ 1

12-b] pyridin-1 1-ylidene)-1-piperidine-1-carboxylic acid ethyl ester and
150 L of concent randpHvesadicited to ~6. Ty eeacdtion mixdureamas copcaitrateds® 5
mol) of KNGB wer eyj éﬁ% | f bgyps. The 15 m xture was
poured into 3 L o?gligggman gggff@%éjﬁgﬁggwmgﬁp aqueous). The mi xture
was extracted with CH2Cl 2, dried &Mﬂ,ﬁhﬂéﬂ%&w IVE and concentr at ed
in vacuo to a residue. The residue was recgyst i zed from acetone to give
6.69 g of the product. [err]H NWVR (CDCerr}, 2 [err]): 8.5 (s, 1H); 7.75
(s, 1H; 7.6 (s, 1H; 7.35 (S, IH; 20 @: g, WH); 3.8 (m 2H); 3.5-3.1
(m 4H); 3.0-2.8 (m 2H); 2.6-2.2 (m 4H); 1.25 (Q 3H) . WD 98/11092
PCT/ US97/ 15899 -35- -Step B: ' ' T

_— OCHsQ . ﬂ/ Q
‘ oN 0
. e} . (0]

5 2 g (12.7 mmol) of methyl 2- oxo-1-pyrrolidine acetate was
dissolved in 20 mL of EtOH and then 20 mL of 1M LiOH was added. The
reaction mixture was stirred at room temperature for 16 hours. The
solvents were stripped off. The resulting material was dissolved in water

and the pH was adjusted to ~ 4. The reaction mixture was concentrated
10 togive the product. Mass Spec.: MH+ = 144,

PREPARATIVE EXAMPLE 3
(+)-4-(3-BROMO-8,10-DICHLORO-6,11-DIHYDRO-5H-BENZO[S,6)-
CYCLO-HEPTA[1,2-b]PYRIDIN-11-YL.)-1-{4-(CHLORQO)-1-OXOBUTYL]
15 PIPIRIDINE )

' _
Cl. _ . '
N | . '\/\/EO o )'\/\/.C]
4-bromobutyric acid (5g, 29.9 mmol) was dissolved in 50 mL of
CH2Cl2 and thionyl chiloride (35.6 g, 298 mmol) was then added. The
.~ reaction mixture was stirred at room temperature for ~ 16h. Excess |
20 thionyl chioride was removed by rotary evapo_ration' and final traces were
chased off with toluene. The crude product-was dried under high
vacuum to obtain 4.47g of crude acid chloride. To this acid chloride
{0.65g , 3.5 mmol) was added the title compound of preparative Example



[err] .5 69 g (13.1 mmol ) of the product of Step A and 100 i of
85%EtO—va5FSIWe combined, then 0.66 g (5.9 mm[err]) of KPP
and 6.56 g (117.9 mol) of Fe were added and the m xture was heated at
reflux overnight. The hot reaction mxture was filtered through celite[err]
and the filter cake was rinsed with hot EtOH The filtrate was concentrated
in 10 vacuo to give 7.72 g of the product.-34ass Spec.: MH = 478.0 [err]
.7.70 g of the product of Step B and 35 [err]L of HOAlerr], were conbi ned
.then 45 nL of a solution of Br2 in HOAc was added and the 15 the m xture

ves SUirred al 1 qoOgESIMA, anartneamam Tmp! 52 Hriéikhé wgsgous) vas
dded, th 75 dd d d, t
nas extracted i & 3@\5@@ R B EHAC SBbSRHGN Gt Hrecsfram e e o o

was extracted WI
in vacuo to a reteMperat'ul'!'eforetﬂl'dMmsxﬁacmﬂawublsanwcgd anatleHé{ﬂ% 30%

Et OA /h

T 28 g of part afrsielWas dudd ofef MdSog,a %Bﬁcfe"'ﬁ"a&ésf BB EI S UL
o O Sa 1002 o) FABBSIAIHIN 83T.5 (S, 1 7. ot Usa7) 1589
36- 2H); 4.15 (m 3H): 3.8 (br s, 2th}A i._r?-s.ix(mpl_%g; 9-2.75 {, 1H); 2.7-

oCH 0)\00-120H3

15 g (38.5 mmol) of 4-(8-chioro-3-bromo-5,6-dihydro-11H-
benzo[5,6]cyclohepta[1,2-b]pyridin-11-ylidene)-1-piperidine-1-carboxylic
acid ethyl ester and 150,mL of concentrated HoSO4 at -5°C, then add

- - 3.89 g (38.5 mmol) of KNO3 were combined and stirred for 4 hours. The

15 mixture was poured into 3 L of ice and basified with 50% NaOH |
(aqueous). The mixture was extracted with CH2Cla, dried over MgSO4, "
then filtered and concentrated in vacuo to a residue. The residue was
recrystallized from acetone to give 6.69 g of the prbduct. 1H NMR
(CDCl3, 200 MHz): 8.5 (s, 1H); 7.75 (s, 1H); 7.6 (s, 1H); 7.35 (s, 1H);

20 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 (1, 3H). |

10



25 (m 2H %uﬁ&Z (m 2H); 1.25 (m 3H). Step D [err] 5 pcrusordssdp’ 9
(5.4 n’m)[err? of t-butylnitrite and 3 [err]L of DMF were conbi ned, and the
m xture was heated at 60[err]-70[err]C. A mxture of 2.00 g (3.6 mMmmvl) of
the product of Step C and 4 nL of DMF, was slow y added dropw se and then
the m xture was cooled to roomtenperature. Another 0.64 nL of
t-butylnitrite was added at 40[err]C and the3htxture was 10 reheated to
60[err]-70[err]C for 0.5 hrs. The m xture was cooled to roomtenperature
and poured into 150 nL of water. The mi xture was extracted with CH2Cl 2, the
extract was dried over MgpSO4 and concentrated in vacuo to a residue. The
resi due was chromat ographed (silica gel, 10% 20% Et OA[ err]/ hexane) to give
0.74 g of the product. Mass 15 Spec.: MHerr] = 541.0. HNWR (CD(err],
200 MH err]): 8.58tep BtH); 7.5 (d, 2H); 7.2 (S, 1H); 4.15 (g, 2H); 3.9-3.7
(m 2H); 3.5-3.1 (m 4H); 3.0- ([err], 2H); 2.4-2.
([err], 2H); 1.26 (t,B y AQ 98(41]10923
PCT/ US97/ 15899 -37- O. R e producy

NO2 NH2
B
N _ )\ i
‘ O)\OCchHa | 0% “OCH.CH,
5 6.69 g (13.1 mmol) of the product of Step A and 100 mL of 85%

EtOH/water were combined, then 0.66 g (5.9 mmol) of CaCip and 6.56 g
(117.9 mmol) of Fe were added and the mixture was heated at reflux
overnight. The hot reaction mixture was filtered through cslite® and the
filter cake was rinsed with hot EtOH. The filtrate was concentrated in

10 vacuoto give 7.72 g of the product. Mass Spec.: MH+ =478.0

O)\OG-I oCH 3 | 0)\00" 2CHa
7.70 g of the product of Step B and 35 mL of HOAc, were
~ combined then 45 mL of a solution of Brs in HOAc was added and the -
15 the mixture was stirred at room temperature overnight. 300 mL of 1 N
NaOH (aqueous) was added, then 75 mL of 50% NaOH (aqueous) was
added and the mixure was extracted with EtOAc. The extract was dried
over MgSOy4 and concentrated in vacuo to a residue. The residue was
chromatographed (silica gel, 20%-30% EtOAc/hexane) to give 3.47 g of
20 the product (along with another 1.28 g of partially purified product). '
Mass Spec.: MH+ =555.9,
TH NMR (CDClg, 300 MHz): 8.5 (s, 1H); 7.5 (s, 1H); 7.15 (s, 1H); 4.5 (s,



: concentraéﬁg AJCI aqueous) were conbined and the mxture was heated at -
reflux oveYA? 30 nL of 1 N NaCH (aqueous) was added, thBT/HSIHI589 50%
NaOH (aqueous) and the m xture was extracted with 5 CH2Cl 2. The extract
was dried over MgSO4 and concentrated in vacuo to give 0.59 g of the title
conpound. Mass Spec.: Merr] = 468.7. mp. =1 23.9[err]-124.2[err] C.
PREPARATI VE EXAMPLE 5 H 10 [raeB®®i c as well as (+)- and
(-)-isoners] Step A [err] A solution of 8.1 g of the title conpound from
Preparative Exanple 4 in toluene was prepared and 17.3 [err]L of a 1M

sol ution of DI BAgHon4;Lf5 (rf10$l'==t)?nsey%b adtbel h X4 HY; €9-99785 {?ﬁa}ﬁﬂ g?
il d anoth DI t d
ir opwi se.over o 28BN AR Hii xture was cool ed to a

xture was cool ed to about
O[err]C and 700 8tepfDi M HCl (aqueous) was added The organi ¢ phase was
separated and di scarded. The aqueous phase was washed the 20

extract was discarded, eQ_Yhe agueQus phase ? dI%SO%
NaOH (aqueous). The Bfioy ; Wt h 3 Y S
dried over MJSO and co 1 ‘acuo to gi vel7. 20N 4 g title

‘ N )N\
O)\OCH ,CH 4 O™ "OCH,CH,4
5 - 0.857 g (5.4 mmol) of t-butylnitrite and 3 mL of DMF were

combined, and the mixture was heated at 60°-70°C. A mixture of 2.00 g
(3.6 mmol) of the product of Step C and 4 mL of DMF, was slowly added
dropwise and then the mixture was cooled to room temperature.
Another 0.64 mL of t-butylnitrite was added at 40°C and the mixture was
10 reheated to 60°-70°C for 0.5 hrs. The mixture was cooled to room
temperature and poured into 150 mL of water. The mixture was
extracted with CHaCly, the extract was dried over MgSO4 and
- concentrated in vacuo to a residue. The residue was chromatographed
(silica gel, 10%-20% EtOAc/hexane) to give 0.74 g of the product. Mass
15  Spec.. MH*=541.0.
TH NMR (CDCI3, 200 MHz): 8.52 (s, 1H); 7.5 (d, 2H); 7.2 (s, 1H); 4.15
(a, 2H); 3.8-3.7 (m, 2H); 3.5-3.1 (m, 4H); 3.0-2.5 (m, 2H); 2.4-2.2 (m,
2H); 2.1-1.9 (m, 2H); 1.26 (t, 3H). .

20



WD 98/ 11092 ' PCT/ U§%7ll 38-
Step 8 - Sep%?g?lll%)oﬁzof Enantlorrers "[err] The racemc title corrp(')‘l}Jéricﬁ%?9

Step A was separated by preparative chiral chromatography (Chiral pack AD, 5
cm X 50 cm 5 colum, using 20% i PrOH hexane + 0.2% di ethylam né), to give
the (+)- isomer and the (-)-isonmer of the title conpound. Physical chem cal
data for (+)-isomer. mp. = 148.8[err]C, 25 MB& Spec. MHerr] = 472;
[[err]][err] = +65.6[err] (12.93 nmg/ 2[err]L Merr]OH). Physical chem cal
data for (-)-isomer mp. = 112[err]C, 10 Mass Spec. M+ = 472;
-[err][err] = -65.2[err]0.70.46 .4mmdt)cofrthe product] siStep HRAREEBATILVET EXAMPLE 6

\% 98/ 11092 conc@nwatéc; mﬁ?%ﬁegas)\'\@le}e gém%ﬂqugaﬂ L}ég%*fglggeg&% 15
. heated at refiux ovemight. 30 mL of 1 N NaOH (aqueous) was added,
then 5 mL of 50% NaOH (aqueous) and the mixture was extracted with
5 CH2Cla. The extract was dried over MgSO4 and concentrated in vacuo
to give 0.59 g of the title compound. Mass Spec.: M+ =468.7. m.p. =
123.9°-124.2°C.

REPARATIVE EXAMPLE

10 [racemic as well as (+)- and (-)-isomers]
Step A:

A solution of 8.1 g of the title compound from Preparative Example
4 in toluene was prepared and 17.3 mL of a 1M solution of DIBAL in
15 toluene was added. The mixture was heated at reflux and another 21
- mL of 1 M DiBAL/oluene solution was slowly added dropwise over a
period of 40 min. The reaction mixture was cooled to about 0°C and 700
mL of 1 M HCI (aqueous) was added. The organic phase was separated
and discarded. The aqueous phase was washed with CH>Clp, the
- 20 extract was discarded, then the aqueous phase was basified by adding
50% NaOH (aqueous). The mixture was extracted with CHxCly, the
extract was dried over MgSO4 and concentrated in vacuo to give 7.30 g.
of the title compound, which is a racemic mixture of enantiomers.



-39- Step_A: NO2 Br " aferr] 40.0 g (0.124 rmle of t he
‘starting NQHOG 200 nL of H2SO4 5 were conbined and cdBFEESTESerr]C
13.78 g (0.136 nmole) of KNOB were slow-y added over a period of 1.5 hrs. .
then the m xture was warned to roomtenperature and stirred overnight. The
reaction was worked up using substantially the sanme procedure as descri bed
for Preparative Exanple 4, Step A Chromat aggaphy (silica gel, 20% 30%
40% 509% 10 Et OAc/hexane, then 100% Et OAc) gave 28 g of the 9-nitro
product, along with a smaller quantity of the 7- nitro product and 19 g of a

m xture of the 7-c aANnSeNarhtioc tom p B [err] 15 28 g
(76.2 mol) of t%ﬁﬁ%ﬁ%@%@ %stei nL of 85% Et OH water, 3.8
g (34.3 mmo[err]) of Clerr]Cferr] and 38.28 [err] (0 43 Qf Fe were

reacted using substantially the same procedure BE~gg R

Exanple 4, Step C, to give 2

of the product. Stel) CMNE

The racemic titte compound of Step A was 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* = 472; o] = +65.6° ( 12.93 mg/ 2mL MeOH).
Physical chemical data for (~)-isomer: m.p. = 112°C;
10  Mass Spec. MH* = 472; [o]5> = -65.2° (3.65 mg/ 2mL MeOH).

PREPARATIVE E 6

N
EN] Br
N .
H

[facemic as well as (+)- and (-}-isomers]

15



~WO 98/ 11092w098/11092 : - PCT/ US97/ ﬂé%g9'”1%999 13
g (38.5 nmmol ) of the product of Step B and 140- mL of HOAc were conbi ned and

~slowy added to a solution of 2.95 nL (57.8 mmol) of -Br2 in 10 nmL of HOAc
over a period of 20 min. The reaction m xture was stirred at room
tenperature, then concentrated in vacuo to a residue. 5 CH2CI2 and water
wer e added, then the pH was adjusted to 8-9 wieth 50% NaOH (aqueous). The
organi ¢ phase was washed with water, then brine and dried over

N err][err]SOerr] and concentrated in vacuo to give 11.3[err] of the
product. Step D. [err] 100 [err]L of concentrated HCl (aqueous) was cool ed
to O[err]C, then 53%%81 4 mmol ) of NaN2 were added and the mixture was
stirred for 10 mn g (27.1 mmol) of the product of Step vaaﬁ‘?lowly
added in portions and the mixture was stired at O[err]- 3[err f or

hrs. 180 nL of 15 50% Herr]PJerr] (aqueous) Was8 orgons l
. 1150

and the m xture was allowed to stand at O[err]C ov

50% N[ err] OH was slowy added —A—portions over 30 mn.

adjusted to 9. The ni ted with CH2CTN THe ex¥ract was
washed with water, then rin @ over Nerr]SOerr]. ®he nixture was
20 concentrated in vacud.t o7 e e/ and—ehreratogr aphed (silica gel, 2%

40.0 g (0.124 mole) of the starting ketone and 200 mL of H>SO4
5 were combined and cooled to 0°C. 13.78 g (0.136 mole) of KNO3 were
slowly added over a period of 1.5 hrs., then the mixture was warmed to
room temperature and stirred ovemight. The reaction was worked up
using substantially the same procedure as described for Preparative
| Example 4, Step A. Chromatography (silica gel, 20%, 30%, 40%, 50%
10 EtOAc/hexane, then 100% EtOAc) gave 28 g of the 9-nitro product, along
with a smaller quantity of the 7-nitro product and 19 g of a mixture of the
7-nitro and 9-nitro compounds.

Step B:

15 28 g (76.2 mmol) of the 9-nitro product of Step A, 400 mL of 85%
EtOH/water, 3.8 g (34.3 mmol) of CaClp and 38.28 g (0.685 mole) of Fe
were reacted using substantially the same procedure as described for
Preparative Example 4, Step C, to give 24 g of the product.

20



. Step E: [err] 86 g (21.4 mmol) of the product of Step D a 00 f MeOH
25 were. HA% and cooled to O[err]-2[err]C. 1.21 g (32.1°H %%W)'of '
NaBH4 was added and the mixture was stirred at -O[err]C for 1 hr. Another
0.121 g (3.21 mm[err]) of N err]BH err], was added and the m xture was
stirred for 2 hr. at O[err]C, then allowed to stand overnight at O[err]C
It was concentrated in WO 98/ 11092 40- .

PCT/ US97/ 15899 -41- vacuo to a residue then the residue was partitioned
bet ween CH2Cl 2 and water. The organic phase was separated and concentrated

' 50 O t ' :
} nsngSO( (2 > ge% | g Og:?ﬁ\{ea.ﬂs rinSolP bf tHeCpiddRet 6t Step Brnd: 14@ill oPHOAC

e product” of Step . E wa onb A 0 [enr].L
of CHerr]Cer], Weka eembines ang Fb,“ﬁy ﬁ@ﬁea@é f@l"ﬁ?’l’l ot g% %{5&7}8]’5"{"&’) dr
SOClZdW?S sl ow %/ &Q%qt(ﬂﬁw' %@A?}Wer? ﬁé}idﬂ"lﬁfé.?% niar i’fgﬁ reBctioninvikture Wﬁ
war med to room t enper re and stirred for 4. S en_concentr
in vacuo to a reﬁ"r’r&i’%—,djJI %@W%@ﬁﬁ%&“&ﬂ&%&"ﬁ?ﬁ%@% h%%&ﬁg‘t h 1N
NaCH (aqueousk t IGH20I7 and avaledwers! added, theh3he. pHihwas adjusted to 8-9 with

50% NaOH (aqueous). The organic phase was washed with water, then
brine and dried over Na2S0O4 and concentrated in vacuo to give 11.3 g

of the product.

10 .
100 mt. of concentrated HC! (agueous) was cooled to 0°C, then

5.61 g (81.4 mmol) of NaNO» were added and the mixture was stirred for
10 min. 11.3g(271 mmol)' of the product of Step C was slowly added
in portions and the mixture was stired at 0°-3°C for 2.25 hrs. 180 mL of

15 50% H3PO2 (aqdepus) was slowly added in portions and the mixture
was allowed to stand at 0°C ovemight. 150 mL of 50% NaOH was
slowly added in portions over 30 min., and the pH was adjusted to 9.
The mixture was then extracted with CH2Clz. The extract was washed
with water, then brine and dried over NaxSO4. The mixture was

20 concentrated in vacuo to a residue and chromatogl_'aphed (silica gel, 2%
EtOAc/ CHzClp) to give 8.6 g of the product.

8.6-g (21.4 mmol) of the product of Step D and 300 mL of MeOH
25 were combined and cooled to 0°-2°C. 1.21 g (32.1 mmol) of NaBH4 was
added and the mixture was stirred at ~0°C for 1 hr. Another0.121g
(3.21 mmol) of NaBH3, was added and the mixture was stirred for 2 hr. at
0°C, then allowed to stand ovemight at 0°C. It was concentrated in



re5|due trated in vacuo to a residue, then dry TH and
8.7 ¢ (15\?&%{];&% pi perazi ne was-added and the mxture was éﬁﬁ?ﬁggﬁgt
roomtenperature overnight. The residue was 15 concentrated in vacuo to a
resi due, CH2Cl 2, was added and the mi xture was washed with 0.25 N NaCH
(aqueous), water, then brine dried over Nerr]SO err] and concentrated in
vacuo to give 9.46 [err] of the crude produgg- Chromat ography (silica gel,
500 Merr]OH CH err]C[err]l12 [err] NH err]) gave 3.59 [err] of the title
conpound,. as a racemate. [err]H NVR (CDCl[err], 200 MHerr]): 8.43 (d, 20

L-H; 7.55 (d, 1 vhsud'icta reSidud thisn tﬁejreéhdﬁé wds Pantitiondd liétwe%n"ﬂ:H Cl
4.86-4.65 (m 1 Z(m

5H) . WO 98/ 11 wa?er 3The oggémc pli'?ase was separatécqn anc'l_bconcentrated in
PCT/ US97/ 15899 - 4Zacu# (50°C) t@giwatzl of tHe progliict.omers: [err] The racemc

title conpound fr tl.gzp F (5.7 g) was chromatographed as descri bed for
Preparative Exa tep D, 5 usi ng 30% i PrOH hexane + 0.2%

di et hyl am ne, to give 2.88 g of the R- (+)-isomer and

S-(-)-isoner of the title cound PhyS|caI cheBr e | 2 C
© R-(+)-isomer: Mass Spec [herr] +12. 1{\err of 2[err]L
g e S(-)-isone S MH err]

Merr]OH). Physi calB

8.2 g (20.3 mmol) of the product of Step E was combined with 160
mL of CH2Cly, cooled to 0°C, then 14.8 mL (203 mmol) of SOCl, was
slowly added dropwise over a 30 minute period. The mixture was
warmed to room temperature and stirred for 4.5 hrs., then concentrated
10 in vacuoto a residue. CH2Clp was added and the mixture was washed
with 1 N NaOH (aqueous) then brine and dried over NagSO4. The '
residue was concentrated in vacuo to a residue, then dry THF was
added and 8.7 g (101 mmol) of piperazine was added and the mixture
was stirred at room temperature overnight. The residue was
15 concentrated in vacuo to a residue, CH2Cl, was added and the mixture
was washed with 0.25 N NaOH (aqueous), water, then brine dried over
NapSO4 and concentrated in vacuo to give 9.46 g of the crude product.
Chromatography (silica gel, 5% MeOH/CH2Clz + NH3) gave 3.59 g of
the title compound, as a racemate. 1H NMR (CDCl3, 200 MHz): 8.43 (d,
20 1H); 7.55(d, 1H); 7.45 (d, 1H); 7.11(d, 1H); 5.31 (s, 1H); 4.86-4.65'(m,
1H); 3.57-3.40 (m, 1H); 2.98-2.55 (m, 6H); 2.45-2.20 (m, SH).



:25.10 4720, err][err] = -13.2[err] (11.51 ng/ 2[err]L Iv[er
Preparativ@%@%}?ﬁ?e 7 [err] 15 VO 98/ 11092  PCT/ Us97/ 158837 %%sg?ep A
[err] Dissolve 9.90 g (18.9 mmol ) of the product of Preparative Exanple 4,
Step B, in 150 [err]L CHerr]Cerr] and 200 [er]L of CH err]CN and heat 5
to 60[err]C. Add 2.77 [err] (20.8 mm[err]) N-chlorosuccinimde and heat to
reflux for 3 'h., nonitoring the reaction by.38l (30%tOAc/Herr]O. Add an
additional 2.35 g (10.4 mmol) of N-chlorosuccinimde and reflux an
additional 45 mn. Cool the reactlon m xture to roomtenperature and
extract with 1 N R mérH err]Clerr] |ayer over
Merr]SOerr], 10 puT . N cnromat ogr aphy (1200 niL
normal phase silica gel, eluting with SO%EtOA[err]/ . o_Qbtain 6.24
[err] of the desired product Mp. 193-195. 4[er B[ & ) a

N -(-
H S-(-)

The racemic title compound from Step F (5.7 Q) was

chromatographed as described for Preparative Example 6, Step D,
5 using 30% iPrOH/hexane + 0.2% diethylamine, to give 2.88 g of the R-

(+)-isomer and 2.77 g of the S-(-)-isomer of the title compound.

Physical chemical data for the R-(+)-isomer: Mass Spec. MH* =
472.0; [e]> = +12.1° (10.9 mg/ 2mL MeOH).

Physical chemical data for the S-(-)-isomer: Mass Spec. MH+ =

10  472.0; [a]> = -13.2° (11.51 mg/ 2mL MeOH).

.P're ive Example 7

15



15 wo ool of conc. HCl at -100C add 2.07 g (30.1 np@tasdiabkdd and
stir for 10 mn. Add 5.18 g (10.1 nol) of the product of Step A and warm
the reaction mxture from-1 O[err]Cto O[err] for 2 h. Cool the reaction
to -10[err]C, add 100 [err]L Herr]PJerr] and |l et stand overnight. To
extract the reaction mxture, pour over crushed ice and basifiy with 50%
Nerr]OH 20 CH2CI2. Dry the organic |ayer -bder MSH, filter and
concentrate to dryness. Purify by flash chromatography (600 nL normal phase
silica WD 98/ 11092

PCT/ US97/ 15899 - 48tepd: el uti ng with 20% Et OA[err]/hexane) to obtain 3.98

g of product. Mass spec.: 497 2. Step C [err] 5 Drssol ve
3.9 g of the product gf ' gionc ght

Cool the mxture, basify\w d NaCOH arrd ext P : nt

) -

of the,NlI-er red

product.. Mass spec. M—I[err] 4 2. 10 Step D |err] Usi g Cbrocedure
srmlar tothat described in rep rative

N _ "N

0% “OCH.CHs - 0% NOCH,CH,

‘ - Dissolve 9.90 g (18.9 mmol) of the product of Preparative
Example 4, Step B, in 150 mL CH2Cl2 and 200 mL of CH3CN and heat
5 to 60°C. Add 2.77 g (20.8 mmol) N-chlorosuccinimide and heat to reflux

for 3 h., monitoring the reaction by TCL (30%EtOAc/H20). Add an
additional 2.35 g (10.4 mmol) of N-chlorosuccinimide and reflux an
additional 45 min. Cool the reaction mixture to room temperature and
extract with 1N NaOH and CHzCls. Dry the CH2Cly layer over MgSOg,

10 filter and purify by flash chromatography (1200 mL normal phase silica
gel, eluting with 30% EtOAc/H20) to obtain 6.24 g of the desired product.
M.p. 193-195.4°C.

o)\ . -lo)\'OCHZCHa

OCH2CHg

15 To 160 mL of conc. HCI at -10°C add 2.07 g (30.1 mmol) NaNO>
and stir for 10 min. Add 5.18 .g'(_10.1 mmol) of the product of Step A and
warm the reaction mixture from -10°C to 0°C for 2 h. Cool the reaction to
-10°C, add 100 mL H3PO2 and let stand ovemight. To extract the
reaction mixture, pour over crushed ice and basifiy with 50% NaOH/

20 CH2Cly. Dry the organic layer over MgSOa, filter and concentrate to

~ dryness. Purify by flash chromatography (600 mL normal phase silica



Exarrpl e 6, obtain 1.73 g of "the desired product, mp. 169. 170 1£err
[[err]][erVP9SMIME 2l err] ([err] =1, MeOH). 15 Preparative Efg S8

W98/ 11092. - PCT/ U897/ 15899 -45-
Step A: [err] Conbine 82.0 g (O. 26 nmol e) of the product of Preparative
Example 1, Step G of WO 95/ 10516, -and 1 L of toluene, then add 20.06 5 ¢
(0.53 nol e) of Li AlH4 and heat the’'reaction.ggxture at reflux overnight.
Cool the m xture to roomtenperature and add -1 L of Et20Q, followed by
dropwi se addition of saturated Na2SO4 (aqueous) until a precipitate forns.

Filter and stir t ol e ein
vacuo to give the pFoAJ %m%QQ%E@§%§9FE%%m§%&§ Ie’ggé@m hass

MH err] =313 Step $Peq.eMH ¥.ne 24.32 g (74.9 mol) of the Product from
Step A, 500 niL of Jgene, 83 nL of Et3N and 65.9 nL of ethyl chloroformate
and heat 15 the mxTure at fl ux overnight. Cool err]C, pour into

-200- mL of water
Cl

———————
N” °N
< )\ !-'l
| 0% TOCH.CHs
5 Dissolve 3.9 g of the product of Step B in 100 mL conc. HCI and

reflux overnight. Cool the mixture, basify with 50 % w/w NaOH and
extract the resultant mixture with CH2Cla. Dry the CH2Cl» layei' over
MgSQ4, evaporate the solvent and dry under vacuum to obtain 3.09 g of
the desired product. . Mass spec.: MH+=424.9. '

10 Step D:

" (+)-isomer

~ Using a procedure similar to that described in Preparative
Example 6, obtain 1.73 g of the desired product, m. p 169.6-170. 1°C
[alo =+48.2° (c=1, MeOH). |

15 Preparative Example 8




and extractwgl g@l 505\0 Dry the extract over Merr]SJerr],

vacuo to a gl and chromatograph (silica gel 50% Et m[errijﬁexang
give 15 g of the product conpound. Mass Spec.: M—I[err] 385. _
98/ 11092 PCT/ U897/ 15899 46 Step
C. [err] Dissolve 3.2 g (10.51 nmol) of tetra-n- butyl ammonium nitrate in 25
m. of CH2CI2 and add 2.2 g (10.51 mmol, 1.5 r4%- of TFAA. Cool to 5 [err]C
.and add the m xture (via cannula) to a solution of 3.68 g (9.56 mmvl) of
the product of Step Bin 50 [err]L of CHerr]J](err] at O[err]C, then stir
at Of[err]C for 3 hStgpA:Allow the mxture to warmto 25[err]C while
stirring overnight, then extraet Wth saturated N err] HCOReR! | (aqueous)
and dry over MgSO4. Concend Wacug to a resi dug~ay

(silica gel, 30% 10 Et QA to give 1.2
conmpound. Ivass Spec. : 22 D. [err] Conbi e ?
the Product of Step Cand 50 of 15 85%-Et—9-|-(aqueous)
mol ) of Fe filings and 0. 24

.1 mol) of CaCl2, and ¢
16 hours. Filter the hot m xture

(¥
add 2.4 g (42
reflux for

Combine 82.0 g (0.26 mole) of the product of Preparative
‘ Example 1, Step G, of WO 95/10516, and 1 L of toluene, then add 20.06
- 5 ¢ (0.53 mole) of L|AIH4 and heat the reaction mixture at reflux overnight.
Cool the mixture to room temperature and add ~1 L of Et20, followed by -
dropwise addition of saturated NazSO4 (aqueous) until a precipitate
forms. Filter and stir the filtrate over MgSO4 for 30 minutes, then
concentrate in vacuo to give the product compound in 83% yield. Mass
10 Spec.: MH* = 313 : _ .
te '

N
o_-)\o’ =t

Combine 24.32 g (74.9 mmol) of the Product from Step A, 500 mL -
of toluene, 83 mL of EtsN and 65.9 mL of ethyl chloroformate and heat
15  the mixture at refiux overnight. Cool to 25°C, pour into 200-mL of water -
and extract with EtOAc. Dry the extract over MgSOy4, concentrate in
vacuo to a residue and chromatograph (silica gel, 50% EtOAc/hexane) -
to give 15 g of the product compound. Mass Spec.: MH* = 385,



t hrough a bed of celite[err]; wash the celite[err] with hot EtG—I
~ Concentr aMO 0% | trate in vacua to give a 100%yield of - tW’Eﬁ?ﬂéw
conmpound. Mass Spec.: MHerr] = 400. WO 98/ 11092
PCT/ US97/ 15899 -47- Step E: [err] Combine 2.0 g (5.2 mml) of the Product
of Step D and 20 nL of 48% HBr, cool. the m xture to -5[err]C. Add 1.4 nL of
brom ne and stir the 5 mxture at -S[err]ggtor 15 mnutes and slowy add
a solution of 1.07 g (15.5 mmol) of NaNQ2 in 10 m. of water. Stir for 45
m nut es, then quench with 50% N err] OH (aqueous) to p[err]H -10. Extract
wth Et OAC, dry i ned extracts over MgSO™4 and concentrate in vacuo
to give the.prodMound. Mass Spec.: MHerr]= 465 10_ Step F. [err]

Hydroyze 4.0 g of the proawct _of Step E via substant rocess
as described for p£amm T N o0IA, of WO 959 éof t he
“product cornpound) Magk_Sps fMH err] = 392 15 20 -

—fi-

N
i Et
o)\o’ B - | 0% ~o~

Dissolve 3.2 g (10.51 mmol) of tetra-n-butylammonium nitrate in
25 mL of CHzClz and add 2.2 g (10.51 mmol, 1.5 mL) of TFAA. Cool to
5 0°C and add the mixture (via cannula) to a solution of 3.68 g (9.56 mmol)
of the product of Step B in 50 mL of CH2Cl2 at 0°C, then stir at 0°C for 3
hours. Allow the mixture to warm to 25°C while stirring overnight, then
extract with saturated NaHCO3 (aqueous) and dry over MgSOa.
Concentrate in vacuo to a residue and chromatograph (silica gel, 30%
10 EtOAc/hexane) to give 1.2 g of the product compound Mass Spec.:
MH+* = 430

N
o)\ o

Combine 2.0 g (4.7 mmol) of the Product of Step C and 150 mL of
15 85% EtOH (aqueous), add 2.4 g (42 mmol) of Fe filings and 0.24 g (2.1
mmol) of CaClp, and heat at reflux for 16 hours. Filter the hot mixture.
through a bed of celite®, wash the celite® with hot EtOH. Concentrate
the filtrate in vacuo to give a 100% yield of the product compound
Mass Spec.: MH* = 400.



WO 98/ 11092“50 218’1(13928 PCT/ USO7pepR3%7/1588%
EXAVPLE 1 (+)- ROMD- 8, - 10DICHLCR06 11 - Dl HYDRO 5H BENZ( 5, 6] -
CYCLOHEPTA[[err]] PYRI DI N-11- YL) - 1- Pl PERI DI NE -CARBOXAM DE [err] 5 © The
title conpound from preparative exanple 7 Step D (0.3 g, 0.7 nmmol) and
trimethylsilyl isocyanate ( 1.6 g, 2 nL, 14.1 mml) were dissolved in

CH2CI 2 (6 nL) and reaction stirred under ni trégen at room tenperature for
72 h. Saturated aqueous sodi um bi carbonate-(20 nL) was then added. The
desired product was extracted with CHerr](err]. 10 Conbined "

CH err]Cerr] extrdtep fwere dried over I\/[err]Sqerr] and concentrated in

101. 9-102. 8 CC, M—I+H- 470
- DI HYDRO- 5H BENZQ 5781
DI METHYLAM NO) - 1- OXOBULYL
[err] The title conpound f
in DV (7[err]L) and-then cooled

(DzEt o (ll)zEt
. | Combine 2.0 g (5.2 mmol) of the Product of Step D and 20 mL of
48% HBr, cool the mixture to -5°C. Add 1.4 mL of bromine and stir the

. 5 mixture at -5°C for-15 minutes and slowly add a solution of 1.07 g (15.5
mmol) of NaNO2 in 10 mL of water. Stir for 45 minutes, then quench with
50% NaOH (aqueous) to pH ~10. Extract with EtOAc, dry the combined
extracts over MgSQ4 and concentrate in vacuo to give the product
compound. Mass Spec.: MH+= 465

10
|
CO,Et
Hydroyze 4.0 g of the Product of Step E via substantially the same
process as described for Example 358, Step A, of WO 95/10516, to give
1.39 g of the product compound. Mass Spec.: MH+ = 392
15 '

20



20 butyric acid hydrochl oride salt (0.13 g, 0.83 mmol) mas t hen added
foll oned MYOMAI0YDH 16 g, 0.83 mmol), HOBT (0.11 g, 0.83 nMAGTUSHTASSRY

met hyl nor pholine (0.08 g, 91 mM 0.83 nmol) the reaction was then stirred
at room tenperature overnight. The reaction m xture was concentrated in
vacuo to a residue that was partitioned between CHerr]C[err] and Sat.

WD 98/ 11092 -48- - PCT/ US97/ 15899 - 49-
NaHCO3 (aqueous). The aqueous phase was extracted further with CHCl2.
Combi ned CH2Cl 2 fractions were dried over MgSO4 and concentrated in vacuo

to give a residue that was chromatogra | |4 ca gel columm using 10 %
(ammoni a saturated nethanol)/ CH[ er;ﬁ% ent togive the title -
conpound as a whi t d+k4HBBROME-8,10 -Srﬂﬂ-BIH‘GDHO-ﬁbFBENZCD{BL@H]

DI HvDRO 5H BENET T 5%?&@&%%1%“"%‘%’ BV RIERIONE
[err] 10 O The title conpound of g 2= . o
1.02 nmol ) was di S gg:[err] (6 [err]L) and tr| getic
acid (6 m.) was t en add eact i S0 qt” Nee

tenperature for 4h.

N
¢ E 0)\ NH;
5 The title compound from preparative example 7 Step D (0.3 g, 0.7

mmol) and trimethylsilyl isocyanate ( 1.6 g, 2 mL, 14.1 mmol) were
dissolved in CH2Cl2 (6 mL) and reaction stirred under nitrogen at room
temperature for 72 h. Saturated aqueous sodium bicarbonate (20 mL)

_ was then added. The desired product was extracted with CH2Clg2.

10 Combined CH2Cl2 extracts were dried over MgSO4 and concentrated in
vacuo to give the title compound as a white solid ( 0.3 g, 97% yield, mp =
101.9-102.8 °C, MH+ = 470). - o

: ‘ EXAMPLE 2
(+)-4-(3,1 0-D!BROMO-8-CHLOHO—6',1 1-DIHYDRO-5H-BENZQI5,6]}-
15 CYCLO-HEPTA[1,2-b]PYRIDIN-11-YL})-1-[4-( DIMETHYLAMINO)-
1- OXOBUTYL] PIPERIDINE

~The title compound from Example 5 Step B ~(+-isomer), was
. dissolved in DMF (7mL) and then cooled to ~ 4 °C. 4-(Dimethylamino)-
20  butyric acid hydrochiloride salt, (0.13 g, 0.83 mmol) was then added
followed by DEC (0.16 g, 0.83 mmol), HOBT (0.11 g, 0.83 mmol), and 4-
methylmofpholine (0.08 g, 91 mM, 0.83 mmol) the reaction was then stirred
at room temperature ovemnight. The reaction mixture was concentrated in
‘vacuo to a residue that was partitioned between CH2Cl2 and Sat.



was the po . ' ) ice and the pH was adjusted to 10 using 15899
aqueous Nag—ﬁg%‘%fl on m xture was extracted with CH err] C[e?r : Cénégl ned

CH err]Clerr] extracts were washed wi'th H20, brine, and dried over Na2S04.
The sol vents were renoved rotary evaporation to give the title conpound as
a white solid ((0.447 [err], np = 81-122 [err]C, MAerr] = 484) By
essentially the sane procedure as set forth ™MPExanple 2, but 20 wusing the
carboxylic acids in colum 1 of Table 1 below, in place of 4-
(Di et hyl am no) butyric acid hydrochloride salt, and using (+)-4-(3-
brono-8, 1 0-di chiNah(3 {dquebus)dThe Hqueousiiase] was extraciadafurtizer with
b] pyri din-11-yl) - i i di ] : =4 eleigelaey I - 6,11
- di hydr o- 5H benzoggeg]egébﬁgﬁﬁ)e'% a%% %‘éﬁ}?ﬁgn&%r%g{}??% - pI §§r| dig'ﬁl‘g, 25
(Title conpound freondentratediin vacx torgive & residue tiat was shrematagraphed ional
products listed ingg I;E?,I, Al ' o]
conpounds of form}‘g% ?gggaminus b%_l‘gwé @%lﬁgﬂ%ﬁ%@%&@ﬁbﬁl%dﬁ@i@&
PCT/ US97/ 158995- 5celuept to give the title compoynd-as p white solid ( 0.3 g, 81% yield, mp =
78-80 °C, MH+ = 584).
EXAMPLE 3

(+)-1-(AMINOACETYL.)-4-(3-BROMO-8,10-DICHLORO-6,11-DIHYDRO-

5H-BENZO[5,6]CYCLO-HEPTA[1,2-b]PYRIDIN-11-YL) PIPERIDINE

10
* The title compound of Example 26 (0.6 g, 1.02 mmol) was

dissolved in CHaCl2 (6 mL) and trifluoroacetic acid (6 mL) was then
added. The reaction mixture was stirred at room temperature for 4h. It
: was the poured into ice and the pH was adjusted to 10 using 50%(w/v)
15 aqueous NaOH. Reaction mixture was extracted with CH2Cl2.
Combined CH2Clo extracts were washed with H20, brine, and dried
over Na2S04. The solvents were removed rotary evaporation to give the
title compound as a white solid ((0.447 g, mp = 81-122 °C, MH* = 484)
By essentially the same procedure as set forth in Example 2, but
. 20 using the carboxylic acids in column 1 of Table 1 below, in place of 4-
(Dimethylamino)butyric acid hydrochloride salt, and using (+)-4-(3-
' bromo-8,10-dichloro-6,1 1-dihydro-sH-benzo[S,S]cyclo-hepta[1_ 2~
. b]pyridin-11-yl)-1-piperidine instead of (+)-4-(3,10-dibromo-8-chlioro-
6,11-dihydro-5H-benzo[5,6]cyclo-hepta[1,2-b]pyridin-11-yl)-1-piperidine,
25 (Title compound from Preparative example 7, Step D), one can obtain
final products listed in column 2 of Table 1.
The R group in Table 1 refers to compounds of formula (1.0)", just below.



V\D 98/ 11092 -

-51-- [err]W°98/¥A®9298/ 11092

PCT/ US97/ 15899 -52-

[err]

EXAMPLE 27-(+)-1

- (4-AM NO- 1

- OXOBUTYL) - 4- (3-BROMO-8, 1 0- DI CHLORO- 6, 11-

DI HYDRO- 5H BENZ( 5, 6] CYCLO- HEPTA[ 1 , 2-b] PYRIDIN-1 1-YL) [err]
PCT/ US97/ 15899 -53- The
foll owi ng
Exanpl e 3 except that HC

aln the title conpounds as a white

98/ 11092

title conpound is prepared fromthe title cggpound of Exanpl e 25,
essentially the same procedure as descrlbed for
i n di oxane was. used instead of TFA to ol
112-118 [err]C, M= §

solid (nmp =

Table 1 -

Cl

(1.0)"

'pCT/ US97/ 15899
PCT/US97115899 : . .

)

EXS

CARBOXYLIC ACID

FINAL
PRODUCTS

: 4

OH CHa

oo~y

Solid

mp

80-81 °C

MS MH*=512

OH
Oa\/\ N/ CHj

Solid

mp.

84-85 °C

MS MH+=526

CHz

Solid

mp
78-79 °C

MS MH+=540
Glass X
MS MH+=554

Solid

mp-

72-75 °C

MS MH+=554

"] Solid

mp
102-104 °C
MS MH*+=566

10

Solid
mp

75-76 °C

MS MH*=552

11

Solid

mp

124-125 OC
MS MH*+=580

12

Solid

mp .
134-135 OC
MS MH*=526




. Jerr 28 (+)-N-[2-[4-(3-BROMO-8, 10-DI CHLORO 6 o .
-DI HYDRO- 51&'%5 6] CYCLO- HEPTA['1 ,2-b]PYRIDIN-1 1 -YL) PFSE&SBWWE?Z
" OXOETHYL] METHANESULFONAM DE [err] The title compound of Exanple 3 (0.15 g,
0.31 mml[err]) was dissolved in-CHerr]([err] (1.5 [err]L).

4- Met hyl nor phol i ne (102 uL), followed by nmesyl chloride (36 uL, 0 47 mol ,
1.5 equiv.) was then added. Reaction mi xturedias stirred at room
tenpearture overnite. The CH2CI 2 15 phase was washed twice with Sat.
NaHCO3, brine and then dried over Nerr]SOerr].CHerr]Cerr] was then

renoved by rotary apor on amgH,resul ting re5|duecw@s purif|selidon silica
gel col um el ut_ir(jl i thh %%r]/m[err C[err] hLo give theptitle
conmpound as a whijte sgl©® . H,p = cegr] C, M§-29 PC= =
562. 20 25. WDJ]98/ 11092 0 MS MH+=554

PCT/ US97/ 15899 - 44, EXANRRE 29 (.d2>-l\|-(4-[£-( -BROVD@ T O OEGIO 6. 11

- Dl HYDRO 5H mp
OM( N 0 85-86 °C

o o MS MH+*=580

: . Solid
15 i N CH J\/\/ N CH
OM 3 0 ° mp
92-94°C
MS MH*=:

Solid

mp
115-117 °C
MS MH+=631

Solid

mp.

109-110 °C
‘MS MH*=617

17

Solid

mp
111-1120C
MS MH*=617

18

Solid

.mp

77-78 °C

MS MH*=616

19

Solid

20 MS MH*+=650

Solid

21, MS MH*=630

Solid
mp

66-67 °C

MS MH+=630

22




BENZJ 5, 6] CYCLO- HEPTA[ [err]] PYRI DI N-11 YL) Pl PERI DI NYL] - 2- OXCBUTYL]

" METHANESUL MOS8 es2 [err] The title conpound is prepared f r orRGIAESSFA 898

conmpound of. Exanpl e 27, follow ng essentially the sane procedure as .
described for Exanple 28 to obtain the title conpound as a white solid
([err]p = 110-113 [err]C, M+ 590). 10 EXAMPLE 30
(+)-N-[2-[4-(3-BROVMD-8,1-0-DI CHLORO- 6, 11 I%é—NDROSH—

BENZ( 5, 6] CYCLO HEPTA[ 1 , 2- b] PYRIDIN-1 1 -YL) Pl PERI DI NYL] - 2- OXOETHYL]

UREA [err] 0 15 The t|tIe corrpound is
prepared from t he—t+tye—eorpotre—t eSS Rt
same procedure ap28esg¢riped for N | ¢ D HE'ﬂ) as 3
white solid (MHErr]=}52 ' - -
PCT/ US97/ 15899 -p5- E ( | -DjCHLORO- 6, 1
- Dl HYDRO- 5H BENZ( 5, p] CYCLO HEPTA[ 1o 2-b] PYRIDI N-1 1 -Yh) PIW PERI DI NYL] - 2-
' Solid
24 Z N Z N :
OH m
H 1 : H ! P
_ OJ\A/*\(Q OJ\/\/N\lp 130-131 °C
‘ : ' : MS MH*=617
o] 0
| T |t [
‘ AT AT hges
' o o MS MH*=612
24 0
=48.2"%,
D 02
CH,Cl,
Solid
26 M o + - H o+
o : mp
o‘l\/'*\l( . OJ\(N\I( - 1103-117
' o o MS MH*=584
: Solid
OH _
40 O~ CH, oJ\/\'(O- CHs mp=72-730C
OJ\/Y MS MH*=541
0 N o
o -~ OCHjg 0 ~ OCH, -
XAMPLE

(+)-1 ' (4-AMINO-1 -OXOBUTYL)-4-(3-BROMO-8,10-DICHLORO-8,11-
- DIHYDRO-5H- BENZO[S 6]CYCLO-HEPTA[1,2-b]JPYRIDIN-1 1-YL)
5 : o *  PIPERIDINE :

Br




OXOBUTYL] ] O The title conmpound of Exanple 27 (0.0 : 91 .
nmol ) was %@%F@% in H20 (1'nm) and urea (0.055 g, 0.9 mm??gmgw%#ed.
The reaction was heated at - 78 [err] C overnight. Reaction m xture was
partitioned between 1IN N err]OH and CH err]CL[err]. CHerr](err] fraction
was dried 10 over MgSO and concentrated. The residue was purified on
silica gel on a plate eluting with 5% MeOH (ggt. W th ammoni a) - CH2CL2
eluent to give the title conpound as a light yell ow powder (M# = 555, np = -
182- 190 OC). EXAMPLE 32 15 (+)-4-(3, 10- D BROMO 8- CHLORO- 6, 1
1-DUHYDRO 5. BENZOL 5. @@L AREBOA is prépdré8l Ry ho kitie omdourdiof 1
, 3-DIHYDRO- 1 , 3- OXOZI%—%% NDOL- 2- YL I][ -OXCBUTE;IéJ PIPERI DI NE [err] The
title conpound fr Rip#tatipliowingasseptially the sameprocedursantdessaped fato
ng, 0.21 nmole) wExatipied gxsbptiha MCI iMiioxafAe Wty dsed iHetadd bf TFACIocobtain

gl p .
hydr at 43 , 0432, 4(1, 3-. -1, 3-
0 hyar oi Saing) - 2t HliE Bofirounks A% & WG SR (B 5 112-078 °G. MR 512 o
08/ 11092 a24 6400 o= ethanol PCT/ US97/ 15899
Tp T CEo0m 3

5 .
EXAMPLE 28 -
(+)-N-{2-[4-(3-BROMO-8,10-DICHLORO-6,11-DIHYDRO-5H-
BENZO[5,6)CYCLO-HEPTA[1,2-bJPYRIDIN-11-YL) PIPERIDINYL]-2-
‘ ' OXOETHYL] METHANESULFONAMIDE
10 0//S\CH3

" The title compound of Example 3 (0.15 g, 0.31 mmol) was
dissolved in CH2CI2 (1.5 mL). 4-Methyimorpholine (102 uL), followed
by mesyl chloride (36 uL, 0.47 mmol, 1.5 equiv.) was then added.
Reaction mixture was stirred at room tempearture overnite. The CH2Cl2
15 phase was washed twice with Sat. NaHCOg3, brine and then dried over
Na2S04. CH2Cl2 was then removed by rotary evaporation and resulting
residue was purified on silica gel column eluting with 30%
EtOAc/CH2CI2 to give the title compound as a white solid (0.109 g, mp =
120-140 ©C, MH+= = 562. | o

20

25



-56- norpholine (0.04 n., 0.32 mmole) and 1-(3-dinethylani [ | ) - 3-
et hyl car bWQ 984188 hydr ochl ori de 61 ng, 0.32 nmmole) were ad}e(%"?g%@%”
resulting mxture was stirred at room tenperature for 65 h and poured into
10 [err]L saturated Nferr]HCJ err] solution. The aqueous nixture was 5
extracted with dichl oronet hane and the organic solution washed with brine
and water, dried with MgSO4, and evapor at edggThe resulting residue was
purified by silica gel chromat.ography using 2.5% (anmoni a sat urat ed

met hanol ) / di chl oronet hane as eluent to yield 107 ng of the title conpound
as a white solid (nmp 100. 5[err]'- 101 err] 686). 10

EXAMPLE 33 4-(8, 10- DI CHLORO 3- E&i CYCLO
HEPTA[ 1 , 2- b] PYRI DI N i+)1Nﬁ{E)[4ﬂ(3fBBQMQ§ MMQR%&W

PYRROLO [ 3, 4¢] - PYRp ENfo W?@@ﬁﬂﬂhfﬂ PiRIDINNE-YIE PleRlDINYL]-z—
0 15 The tit EX
di ssolved in 0675I rrLeDI(\:/IC:)%)mgn@?(ﬂﬂllmj'?l MA .'éélmrr"rgloe)E) a\rl:lgs

3, 4- pyrldlnedlcarboxyll 30.4 ny, 0.204 nmo e mere added. The
m xture was stirre ; Y
SO[err] Cfor 172 h-then £v]p g : e I
20 in 1 nL acetic anhydfld. anfl heated to 85[err] for 24 h. The
m xture was evaporated to g i sSse _
and 0.5 nL water, heated op a steam bath for 1/2 h the ded to a stirred
I

sol utd on of N[err]HCCIerr] 70.3 ng) in 10 nL water. e“resul ting
- NH, . HCI H .
o)\/\/ 2 : o)\/\/N SO

5 ' : . o \CH3

The title compound is prepared from the title compound of _
Example 27, following essentially the same procedure as described for
Example 28 to obtain the title compound as a white solid '
(mp = 110-113 °C, MH= 590). |
- 10 : ' T EXAMPLE 30 _
(+)-N-[2-[4-(3-BROMO—_8,1 0-DICHLORO-6,11-DIHYDRO-5H-
BENZOI5,6]CYCLO-HEPTA[1,2-b]JPYRIDIN-11-YL) PIPERIDINYL]-2-
OXOETHYL] UREA

Br = Cl
Cl
N
NH
o_)\/_ o
15 The title compound is prepared from the title compound of

Example 3, following essentially the same procedure as described for -
Example 1 to obtain the title compound as a white sofid ( MH"_': 527)

20



- suspensi on.wg9shidesered and the filter cake washed with wat epcigyyrdidosd 25
at 50[err]- C under vacuumfor "16.'h to give 81.9 ng of the title conmpound as
a white solid. np 105.9 112.2[err]C, Mderr] 643. WD 98/11092

PCT/ US97/ 15899 -57- EXAMPLE 34 4-(8,10 - DI CHLORO 3- BROMD 6, 11

- DI HYDRO 5H BENZ( 5, 6] CYCLO- HEPTA[ 1 ,2-b]PYRIDIN-11 -YL)-1-[4-(1

, 3- Dl HYDRO- 1, 3- Dl OXO- 2H PYRROLO-[ 3, 4b] - PYRI ##9NE- 2- YL) - 1

- OXOBUTYL] PI PERI DI NE 5 [err] _ .

0O The title conpound of exanple 27 (104 ng, 0.191 mmle) was dissolved in
0.75 nL DVF and triethylamine (50 [errL,EXAMPLEDI3Y) and

2, 3- pyridi nedi car boxyl i,¢y &n el T deiged. The
m xture was stirred at ((r';'?)oﬂml‘tﬂg{ %?ﬂ&??b@glﬁHgﬁqq@*?\%wﬁgﬁo
dryness. The resi duBENZOMGIRYGLE-HEPTAH  2-0RYRIDINAY L) PIRERIDEYEE?: o
700 to 80[err] C for 2 hours and evapo ji Ss. The residue was
dissolved in 1.5 nL hot DMF and added to a solution of 146 ng NaHCO3 in 10
m. water. The resultipg_pregd ey Wagy fi | tereg, sk

vacuum dri ed at 500C for a %ord 74.0
as a white solid (nmp 126.
mnute), MHerr] 643.

N _
¢ O)\/\/NHZ .HC O)\-/\/EYNHZ
5 o
The title compound of Example 27 (0.05 g, 0.091 mmol) was
dissolved in H20 (1 mL) and urea (0.055 g, 0.9 mmol ) was added. The
reaction was heated at ~ 78 °C ovemight. Reaction mixture was
partitioned between 1N NaOH and CH2CL,. CH2Clz fraction was dried
10  over MgSO4 and concentrated. The residue was purified on silica gel on
a plate eluting with 5% MeOH (sat. with ammonia)-CH2CL2 eluent to
give the title compound as a light yellow powder (MH* = 555, mp = 182-
190 ©C). | | .
EXAMPLE 32
15 (+)-4-(3,10-DIBROMO-8-CHLORO-6,11-DIHYDRO-5H-
BENZOI5,6])CYCLO-HEPTA[1,2-b]JPYRIDIN-11-YL)-1-{4-(1,3-DIHYDRO-
1,3-DIOX0-2H-ISOINDOL-2-YL)-1-OXOBUTYL]PIPERIDINE

e conmpound
grr] C-per

The title compound from preparative exarhple 5, Step B
20 (+ enantiomer) (1'00 mg, 0.21 mmole) was dissolved in 2 mL DMF and
. 1-hydroxybenzotriazole hydrate (43 mg, 0.32 mmole), 4(1,3-dioxo-1,3-
dihydroisoindol-2-yl)butyric acid (0.02 mL, 0.32 mmole) , 1-methyl-



EXANPLE 35 4-(8,1 0-DICHLORO-3-BROMO-6,1 1- DIHYDROSH—BENZ CYCLO
HEPTA[ 1 , WOYSMBSDI N-1 1-YL)-1 -[4-(1 , 3-DI HYDRO 1 , 3-.DI OX 97(15899 -
PYRROLO- [ 3, 4b] - PYRAZI NE- 2- YL) - 1- OXCBUTYL] Pl PERI DI NE [err] V\D 98/ 11092
PCT/ US97/ 15899 -58- The procedure of Exanple 33 was followed using 100.0 ng
(0.19 Mol e) of the title conmpound of Exarrple 37 44.0 ng (0.241 mol e)

2, 3-pyrazi nedi car boxyl i ¢ anhydri de and 55 r] L triethylamne in 0.75
[err]L DMF. Fol | owi ng the procedure descrlbe§ in Exanple 33 the title 5
conmpound was obta| ned as a white solid rrp 124.0-125.5[err] C, MHerr] 610.

Do, 1) hobbelnaifh P T e Aot £
t- Y:-) PI PER3DI gE [eﬂn itatddiimide hydrochlonde 61 mg, 0.32 mmole) were added. The The
fol | ow ng essent frg?v@%wﬁ@ﬁ%% ek oA TBfitRrastle i8R kbt potrady © °
of the starting rmtoet® ml satumateddNaHSOD3 solutlon The aqueous mixture was
5 extracted with dichloromethane and the organic solution washed with:
brine and water, dried with MgSO4, and evaporated. The resulting
residue was purified by silica gel chromatography using 2.5% (ammonia
_ saturated methanol)/dichloromethane as eluent to yield 107 mg of the
‘ titte compound as a white solid (mp 100.5° - 101.8° C, MH* 686).
10 EXAMPLE 33 |
4-(8,1 0-DICHLORO-3-BROMO-6,11-DIHYDRO-5H-BENZOJ5,6]CYCLO- |
HEPTA{1,2-b]PYRIDIN-11-YL)-1-[4-(1,3-DIHYDRO-1,3-DIOXO-2H-
PYRROLO-[3,4c}-PYRIDINE-2-YL)-1-OXOBUTYL]PIPERIDINE

o )\/\/ NH*HCl

15 The title compound of Example 27 (93.3 mg, 0.171 mmole) was
dissolved in 0.75 mL DMF and triethylamine (50 uL, 0.36 mmole) and
3,4-pyridinedicarboxylic anhydride (30.4 mg, 0.204 mmole) were added.
The mixture was stirred at room temperature for 4.5 h, heated to 40°to
50° C for 1/2 h then evaporated to dryness. The residue was suspended

20 in 1 mL acetic anhydnde and heated to 85° -95° C for 24 h. The mixture
was evaporated to dryness. The residue was dissolved in 2 mL DMF
and 0.5 mL water, heated on a steam bath for 1/2 h then added to a
stirred solution of NaHCOg3 (170.3 mg) in 10 mL water. The resulting
suspension was filtered and the filter cake washed with water then dried

25 at50° C under vacuum for 16 h to give 81.9 mg of the title compound as
a white solid. mp 105.9-112.20C, MH* 643.




(" = 90.3 woSBifbeserr]C, Merr] = 578). 15 y—
EXANPLE 37 (+/-)-1 - (4- AMNO 1 - OXOBUTYL) - 4- ( 3- BROMO- 8- CHLORD 8/ U4 1 15899

DI HYDRO 5H BENZ( 5, 6] CYCLOHEPTA[ err] ] PYRIDIN-1 1: YL) Pl PERI DI NE [err] 20
The title conpound is prepared fromthe title conpound of Exanple 36,
follow ng essentially the sane procedure as described for Exanple 27 to
obtain the title conpound as a pale yellow s&7+d (np 50.8 -55.5 [err] O,
MH err] 478. WO 98/ 11092 :
PCT/ US97/ 15899 -59- EXAMPLE 38 (+)-4-(3-BROMO 8, 10- DI CHLORO- 6,

11- DI HYDRO- 5H BENZ(J 5, 6] CYCLO- HEPTA[ergg__g_mA 1-YL)-1
4- (P) PERI DI NYL) -4

P£ep<(51r ;tlve Exan%)l e @gcﬁ%ﬁ ?W%éq ’-ﬁg g*‘ FW&@CVPLCQ

mol ) were di ssol vedHERTA[#2-b WMZ?W&)ét-[#(hﬂ-QlHYDMI B-DIDXO2M4- f or

48h.  AIl the volati | e et @[%BFPWIBW@-??E)-H*BXWL}WPE%N&”OdUCt

was purified on a silica gel

The titie compound of example 27 (104 mg, 0.191 mmole) was
dissolved in 0.75 mL DMF and triethylamine (50 uL, 0.36 mmole) and
2,3-pyridinedicarboxylic anhydride (301.6 mg, 0.212 mmole) were
added. The mixture was stirred at room temperature-for 2 h and

10 evaporated to dryness. The residue was suspended in 1 mL acetic
anhydride and heated to 70° to 80° C for 2 hours and evaporated to
dryness. The residue was dissolved in 1.5 mL hot DMF and added to a
solution of 146 mg NaHCO3 in 10 mL water. The resulting precipitate
was filtered, washed with water and vacuum dried at 500C for 16 h to

15 afford 74.0 mg of the title compound as a white solid (mp 126.00-
135.20C, heating 2 to 39C per minute}, MH+ 643.

EXAMPLE 35
4-(8,10-DICHLORO-3-BROMO-6,11-DIHYDRO-5H-BENZOI[5,6]CYCLO-
HEPTA[1,2-b]PYRIDIN-11-YL)-1-[4-(1,3-DIHYDRO-1,3-DIOX0O-2H-
20 PYRROLO-[3,4b]-PY_RAZl'NE-2-YL)-1_-OXOBUTYL]PIPEFHDINE ,




10 . prep plate eluting with 20% MeOH NH3 - CH2Cl 2 to give 0.02g of the
title conpMPHEB- MS: MH err] = 580 (+)-4-(3-BROMO-8, 1 o--rﬁ‘égﬂwi!??-l 1
- DI HYDRO 5H BENZQ( 5, 6] CYCLO-HEPTA[ [err]]PYRIDIN-1 1-YL)-Il-[4- 15

( MORPHOLI NYL) - 1- OXOBUTYL] PIPIRIDINE [err] The title conpound is prepared
followi ng essentially the sane procedure as described in Exanple 38 except
that norpholine was used instead of pipiridi.gg-to obtain a solid FAB-Ms:

MH err] = 582. 20 25 WD 98/ 11092

- PCT/ US97/ 15899 -60- EXAMPLE 42 [err] The title conpound of Exanple 27 (0.1

, 0.18 le), b ' | b t
Sere’ 5 di ssol ved | epreeair Bt ERaibid o3 lves FlRWed whd RpLORT, ey, onat e
reaction m xture WREole)Ridhe tilecompound abExample 82; 440 mad0R4Ismmaele) i n
ethyl acetate, vasiByrzifiotfoarioxyiciaplydliae LSS HLURHYIAMI® imLi7s mL

concentrated to OiyGed fllioiwing She prodaduire dsscribed iri Exaniple 33 the fitle -
: 5 compound was obtained as a white solid mp 124.0-125.50C, MH+ 610.

EXAMPLE 36 -
(+/-)-1-(5-AZA-8,8 DIMETHYL-1,6-DIOX0O-7-OXYNONYL})-4-(3-BROMO-
8-CHLORO-6,11-DIHYDRO-5H-BENZO{5,6]CYCLOHEPTA-
[1,2b]PYRIDIN-11-YL)PIPERIDINE

Br = Cl

N
H

10 _
The title compound is prepared from the title compound of

preparative example 8 following essentially the same procedure as
described for the preparation of the starting material of Example 27
(mp =90.3 - 93.4 °C, MH+ = 578).
15 EXAMPLE 37
(+/-)-1-(4-AMINO-1-OXOBUTYL)-4-(3-BROMO-8-CHLORO-6,11-
DIHYDRO-5H-BENZO[5,6]CYCLOHEPTA[1,2b]PYRIDIN-11-
YL)PIPERIDINE

Br

. N '
' H - 3 )\/\,NH *HCI -
(o] : 2
0)\/\/ N\‘r \'< O |
0
20 The title compound is prepared from the title compound of

Example 36, following essentially the same procedure as described for
Example 27 to obtain the title compound as a pale yellow solid (mp 50.8
- 65.5 °C), MH* 478.



24 D -~ 17, CH2C1 2. 10 pCTOSR 3
[err] The thﬂggng%%pound was prepared by essentially the sane proceh&gg as
descri bed in Exanple 2 except that 4-(diethylam no)butyric acid was used in
pl ace of 4-(nmethylam no)butyric acid, np= 69.9- 15 70.100. EXAMPLE 44 [err]
WD 98/ 11092 PCT/ US97/ 15899 -61-
The title conpound was prepared by essential I-353-he same procedure as
described in Exarrpl'e 2 except that 4-(diethylam no)butyric acid was

repl aced with thionorpholine S-dioxide acetic acid. EXAVPLE 45 5

(+)-ETHYL 4-(3, 10- Dl BROMO- 8- CHLORO- 6, 11- BXKRIMELEH38BENZ( 5, 6] CYCLO- HEPTA[l

roduct of Preparat| ve b dbAEEBRENES ToDIGHEORG S - Prolongisn. ¢
BENZO[5,6]CYCLO-HEPTA[1,2-b]PYRIDIN-11-YL)-1-[4-(PIPERIDINYL)- -
1-OXOBUTYL] PIPIRIDINE

Br = Cl
\( ‘j E} » |
N
)\/\/ OJ\/\,IO

The title compound of Preparative Example 3 (0.1g, 0.17 mmol)
and pipiridine{ 0.1 mL, 1.04 mmol) were dissolved in 5 mL of CH2Cl2
and stirred at room temperature for 48h. All the volatile solvents were
removed and the resulting crude product was purified on a silica gel

10 prep plate eluting with 20% MeOH-NH3 - CH2Cl2 to give 0.02g of the
titte compound FAB-MS: MH*+ = 580 |
EXAMPLE 39
(+)-4-(3-BROMO-8,10-DICHLORO-6,11-DIHYDRO-5H-
BENZOI[5,6]CYCLO-HEPTA[1,2-b]PYRIDIN-11-YL)-1-[4-
15 (MORPHOLINYL)-1-OXOBUTYL] PIPIRIDINE

The title compound is prepared following essentially the same
procedure as described in Example 38 except that morpholine was used
instead of pipiridine to obtain a solid FAB-MS: MH* = 582.

20

25




10 mmol), was dissolved in DMVF (10 nmL) and then .cooled to - ‘4[err]C. Mno
et hyl mal oW 8MW3M2assium salt (0.19 g, 1.1 mol) was then ad§3dUSHas89%®wed
by DEC (0.2 g, 1.1 mmol),” HOBT (0.15 g, 1.1 mmol), and 4-nethyl- norpholine
(0.11 [err], 0.12 [err]L, 1.1 nmmol ). The reaction was then stirred at room
tenperature overnight. The reaction m xture was concentrated in 15 vacuo
to a residue that was partitioned between Ctggrr]Clerr] and sat.

N[ err]HCJ err] (aqueous). The aqueous phase was extracted further wth
CHerr]Cerr], the conmbined CH2ClI 2 fractions were dried over MgSO4 and

concentrated in vacuo. The resultant reémpg wromat ographed on a

silica gel colum using 50 % Et QAc- Hexa t to give the title

conpound as a white 20 solid (0.41 g, 82%yvyi gl d, [eé{]C,
MH[ er r] =585). EXANPLE A& A-(3, 1 0- BIBg @, 711 |
- DI HYDRO 5H BENZQ 5, , 2- b] PYRI DI - BETA- OXO - 1-

Pl PERI DI NI NE PROPANOASY WO 98/ 11092

di ssol ved in absol ute EtCH v . H2O—{B——F—ri—mas {{ hen added,; Fol | oned
by NaOH (0.03 g, 0.7 mmoll, Jhe reaction nmixture was sNirred T &om
"N N\/<,o
o}
_ o NH,.HCI ) NH,

‘ : The title compound of Example 27 (0.1 g, 0.18 mmole),
bromoacetamide (0.04 g, 0.3 mmole ) and potassium carbonate were
5 dissolved in 2 ml of DMF and allowed to stand for 18 hours. The reaction
mixture was concentrated in vacuo. The residue was dissolved in ethyl
acetate, washed with water, dried over magnesium sulfate, and

concentrated to give a white solid. mp=1100C to 123°C, MH=626,
24 ‘ .

o = . 0,
D TR . 017, CHoCla.

10 , AMPLE 4

The title compound was prepared by essentially the same .
procedure as described in Example 2 except that 4-(diethylaminp)b0tyric |
acid was used in place of 4-(methylamino)butyric acid, mp= 69.9-

15 70.10C.

EXAMPLE 44




terrper'a;ttur . | 6h. The sol vents were renpved by rotary evw@,m&,& to
gi ve the tﬁ{)gﬁ'&éﬁgound as a white solid (0.34 g, 100%vyield, C

m p. =230[ err] C (deconposed), M err]=556). EXAMPLE 47 10

4- (3, 10- D BROMO 8- CHLORO 6, 11 - DI HYDRO 5H BENZ( 5, 6] CYCLO-. HEPTA[l _
,2-b]PYRIDIN-1 1 (R)-YL)-BETA-OXO -1 -PI PERI DI Nl NE PROPANAM DE [err] The °
_product of Exanple 46 (0.4 g, 0.72 nmol), wasbth ssolved in DVF 15

(1 err]L) and then cooled to - 40C. NH4Cl (0.05 g, 0.94 mmol) was added,
fol |l oned by DEC (0.17 g, 0.94 mmol), HOBT (0.13 g, 0.94 mmol), and 4-

met hyl mor phol i ne (0. 09 The 6t coripdund Wa$ Ppfepared)by désentially the sanms t hen

t d at t t

concentrated in vaRgeEHand %@aggam AR E B hih 4 @iaiiliaminoiguiyrs,
and sat. NaHCCB ( aagidomas . replacethwith thighorpholine S:dioxide adeficiacickr with
CH2Cl 2, the conbined CH2CI 2 fracti ons WEXAMPEE dt&sr Merr]Sgerr] and

CTica gel col B usi RO BY Bl IO BHOMO SEHE RIS, éﬁ&ﬂ%’ﬁ@”ﬁ

conpound as a whi teBENZ@[H,G]QQCbO-HE%Tﬁ[&J%b]HMﬁ!DNM I.s)er-QKO -1-
Mierr]=556). 30 PIPERIDININE PROPANOATE
Bra ' cl Br \\ cl
‘ A p N/
N

Br >

| o o/\

The product of Preparative Example 5, Step B -(+-isomer} (0.4 g, 0.85
10  mmol), was dissoived in DMF (10 mL) and then cooled to ~ 4°C. Mono
ethyl malonate potassium salt (0.19 g, 1.1 mmol) was then added, followed

by DEC (0.2 g, 1.1 mmol), HOBT (0.15 g, 1.1 mmol}, and 4-methyl-
morpholine (0.11 g, 0.12 ulL, 1.1 mmol). The reaction was then stirred at

room temperature overnight. The reaction mixture was concentrated in
15 vacuo to a residue that was partitioned between CH2Cl2 and sat. NaHCO3
(aqueous). The aqueous phase was extracted further. with CH2Cla, the
combined CHaCl> fractions were dried over MgSO4 and concentrated in
vacuo. The resultant residue was chromatographed on a silica gel column
using 50 % EtOAc-Hexanes as eiuent to give the title compound as a white -
20 solid (0.41 g, 82% yield, m.pggg-_arc. MH+=5865).
EXAMPLE 46
(+)-SODIUM 4-(3,10-DIBROMO-8-CHLORO-6, 11-DIHYDRO-5H-
BENZOI[5,6]CYCLO-HEPTA[1,2-b]PYRIDIN-11(R)-YL)-BETA-OXO -

PIPERIDININE PROPANOATE

25



WO 98/ 110%2 - - PCT/ U897/ 15899 - 63-
" EXAVPLE 48 QW1PBny 4. (3, 10- DI BROVD 8- CHLORO-6, 1 - DI HYDFRSBUS9715899
BENZ([ 5, 6] CYCLO- HEPTA[ 1 ,2-b]PYRIDIN-1 1 (R)-YL)- GAMMA- OXO - 1- Pl PERI DI NI NE
BUTANOATE [err] The trtle conmpound is prepared followi ng essentially the
sanme procedure as described for Exanple 45, using the appropriate diacid
monoester to obtain the title conpound as agshite solid (yield =72 %
[err] ,=78-79[err]C, MH err]=584). 10 EXAMPLE 49 (+)-SOD UM
4-(3,10-D BROVD 8-CHLORO- 6,1 1 -Di HYDRO 5H— BENZ( 5, 6] CYCLO HEPTA[ 1
Pl PERI DI NI NE

2-b Fﬁémy&-
BUTA]I\ICI?)\A(CIR:EDI[glrrl]1 (R)tltl @@(IS pr S?S‘é%oﬁ?ﬂ@%%%ﬁﬂse Ex' rrple
ahe oLl
48 fol |l owi ng essapEoldte thHd dab). pHaGe@u¢ midwasthen added, dolidwedblye 46 to
obtain the Uil eNGOFOOS G397 riol)e T ieholiSd thikiut ad flidd &F Fdorf 0L &7 11 C

20 (deconposed), temﬁeragl.]rre for %8?\ The solvents were removed by rotary evaporation
5 togive the t_rtle compound as a white solid (0.34 g, 100% yield,
m.p.=230°C (decomposed), MH+=558). | -

. EXAMPLE 47
10 4-(3,10-DIBROMO-8-CHLORO-6,11-DIHYDRO-5H-BENZO[5,6]CYCLO-

HEPTA[1,2-b]PYRIDIN-11(R)-YL)-BETA-OXO -1-PIPERIDININE
PROPANAMIDE

The product of Example 46 (0.4 g, 0.72 mmol), was dissolved in DMF
15  (10mL) and then cooled to ~ 4°C. NH4CI (0.05 g, 0.94 mmol) was added,

- followed by DEC (0.17 g, 0.94 mmol), HOBT (0.13 g, 0.94 mmol), and 4-
methylmorpholine (0.09 g, 0.1 uL, 0.094 mmol). The reaction was then
stirred at room temperature overnight. The reaction mixture was

_ - concentrated in vacuo to a residue which was partitioned between CHxCl»
20 and sat. NaHCOg3 (aqueous). The aqueous phase was extracted further
with CH2Cl2, the combined CHzCli» fractions were dried over MgSO4 and
concentrated in vacuo. The resultant residue was chromatographed on a
silica gel column using 50 % EtOAc-Hexanes as eluent to give the title
compound as a white solid (0.22 g, 55% yield, m.p.=143-144°C,
25 - MH+=556),

30



WO 98/ 1109%Y 8110 - PCT/ USQ&hARS99ss04-
EXAVPLE 50 WP*A%3 1 O DI BROVD 8- CHLORO- 6,1 1 - DI HYDRO 5H -

" BENZJ 5, 6] CYCLO HEPTA[ 1 ,2-b]PYRIDIN-1 1 (R)-YL)- GAMVA-OXO -1- PI PERI DI NI NE
BUTANAM DE [err] 5 The t|tIe conpound is prepared fromthe product of
Exanpl e 49 follow ng essentially the same procedure as described for
Exanple 47 to obtain a white solid (yield = 484 mp.=134-135[err]C,

MH err]= 570). 10 EXAMPLE 51 (+)-METHYL 4-(3,1 0- Dl BROMO 8- CHLORO-6, 11

- DI HYDRO- 5H- BENZQ 5, 6] CYCLO- HEPTA[ 1 , 2-b] PYRIDIN-11 (R)-YL) - DELTA- OXO - 1-
PI PERI DI NI NE PENTANOATE [err] -The titl e EXAMPLE i48 prepared fol | owi ng

appropr i at & diact 4 mokDEREIH (i 455 B RIBREMPR-CHERCER N BMBHOSH. | | |

(yield =94 % m p. BENZO[56]GYCLOFHEPTA]) 2-bIPYAIDIN-11(R)-YL)}-GAMMA-OXO -1-

PIPERIDININE BUTANOATE
Bre /X a
\
N
— Br
OJ\/\"/O\
5 0

‘The title compound is prepared following essentially the same
procedure as described for Example 45,-using the appropriate diacid
monoester to obtain the title compound as a white solid (yield = 72 %,
m,p,=78-79°C, MH+=584).

10 )

'EXAMPLE 49
(+)-SODIUM 4-(3,10-DIBROMO-8-CHLORO-6,11-DIHYDRO-5H-
BENZO[5,6]CYCLO-HEPTA[1,2-b]JPYRIDIN-11(R)-YL)-GAMMA-OXO -1-

15 - PIPERIDININE BUTANOATE
B g
~
'3
o .ONa
0

The title compound is prepared from the product of Example 48
following essentially the same procedure as described for Example 46 to
obtain the title compound as a white solid (94% yield, m.p.=270°C

20 (decomposed), MH* = 570).



WO 98/ 11092 . PCT/ US97/ 15899 - 65-
EXAVPLE 5WO9BIH8% UM 4- (3,1 O DI BROVD 8- CHLCROG 1 1 - Dl HYPRDAUSHY/15899
BENZ( 5, 6] CYCLO-HEPTA[ 1 ,2-b]PYRIDIN-1 1 (R)-YL)-DELTA-OXO -1- PI PERI DI NI NE
PENTANOATE Br a The title conpound is prepared fromthe product
of Exanple 51 follow ng essentially the same procedure as described for
Exanple 46 to obtain the title conpound as %E ghite solid (93%yield,

m p. =2820C (deconposed), MHerr] = 584). XAMPLE 53 (+)-

4-(3,10-D BROMO-8-CHLORO-6,1 1 DI HYDRO- 5H- BENZ( 5, 6] CYCLO HEPTA[ 1
,2-b]PYRIDIN-1 1 (R)-YL)-DELTA- OXO - 1- AMP Pl PERI DI NI NE
PEI\FI'ANAMDE[err] - The title co r%ir'rp"‘lgpégedformthe product of
Exanpl e 52 fol |l owi ng esskd-63,19-0l QM&B'FGHI:@(BQ@ t-DIHYDRO&SHS or

Exanpl e 47 to obt BENZOB SJGYE OUEPTAR 2IPYHIDIN- 1R)- YL AMUA SO
mp.=124- 20 125[err]C, MJ[G 5- BIBERISININE BUTANAMIDE

The title compound is prepared from the product of Example 49
following essentially the same procedure as described for Example 47 to
obtain a white solid (yield = 45%, m.p.=134-135°C, MH+= 570).

10
(+)-METHYL 4-(3,10-DIBROMO-8-CHLORO-6,11-DIHYDRO-5H-
BENZO[5,6]CYCLO-HEPTA[1,2-b]JPYRIDIN-11(R)-YL)-DELTA-OXO -1-
PIPERIDININE PENTANOATE

Br = Cl _

15
' The title compound is prepared following essentially the same
" procedure as described for Example 45 using the appropriate diacid
monoester to obtain the title compound as a white solid (yield = 94 %,
" mM.p.=74-75°C, MH+= 599). ’ | |
- 20.

25



WO 98/ 11092 wo oa/t - PCT/ USO7p5AR8,
EXAVPLE 64 (4)- ’ngzNL 4-(3,1 O DI BROVD-8-CHLORO'6, 1.1 - DI NDRCCE Y dads

BENZ( 5, 6] CYCLO- HEPTA[ ( ,2-b]PYRIDIN-1 1 (R)-YL) - EPSI LON- OXO

- 1- PI PERI DI NI NE HEXANOATE [err] 5 The title conpound is prepared foll owi ng
essentially the same procedure as described for Exanple 45 using the
appropriate diacid nonoester to obtain the tit% conpound as a white solid
(yield = 92 % mp.=84-85[err]C, M err]= 613). 10 EXAMPLE 55 (+)-SODI UM
4- (3,1 0- DI BROMO 8- CHLORO- 6, 1 1- DI HYDRO SH-

BENZ(J 5, 6] CYCLO- HEPTA[ 1, 2-b] PYRI DI N- 1 1 (MO\I— OXO 15

-1- Pl PERI DI NI NE HEXA
pr oduct of ‘Exanpl e G%ﬁﬁlwgg@é ?ﬁ e&@&éaﬁ)g@gﬁrﬁygs escrl bed
for Exanple 46 to o@ENZQ[S@]C%QL@WHGEW‘AWIN-M Y L)-DELBA-OXQ -1-

mp.=135-13[err] C " PIPERIDININE PENTANOATE
Br-//~ . a
o~
T
. o
' ’ 5 J\/\)LONa

The title compound is prepared from the product of Example 51
followmg essentially the same procedure as described for Example 46 to
obtain the title compound as a white solid (93% yield, m.p.=282°C

_ (decomposed), MH+ = 584).
10 :

EXAMPLE 53
(+)- 4~(3,10-DIBROMO-8-CHLORO-6,1 J-DIHYDRO-5H-
BENZOI5,6]CYCLO-HEPTA[1,2-bJPYRIDIN- 11(H)-YL)-DELTA-OXO -1-
15 PIPERIDININE PENTANAMIDE

The title compound is prepared form the product of Example 52
following essentially the same procedure as described for Eicample 47 to
. obtain the fitle compound as a white solid (yleld 61 %, m. p. ..124-
20 125°C, MH+=584). - :

25



MH+= 59% WO 98/ 11092
-PCT/ uso7/ A0, ExAVPLE 56 (+)-4-(3, 10- Dl BROVD- 8- ml_mcf‘él"?s”'ﬁﬂ”

1- DI HYDRO SH BENZ( 5, 6] CYCLO- HEPTA[ 1 , 2-b] PYRIDIN-1 1- (R) - YL) - EPSI LON-

OXO- 1- PI PERI DI Nl NE HEXANAM DE Br a [err] The title conmpound is prepared from
the product of Exanple 55 follow ng essentially the sane procedure as
described for Exanple 47 to obtain the titlggonpound as a white solid (38%
yield, mp.=1 19-1 20[err]C, MHerr] = 598). 10 EXAMPLE 57 (+)-METHYL

4- (3, 10- Dl BROMO 8- CHLORO- 6,1 1 - DI HYDRO 5H BENZQ( 5, 6] CYCLO HEPTA[ 1

,2-b]PYRIDIN-1 1 (R)-YL)- OVEGA- OXO - 1- : Pl PERI DI NI NE
FEPTANCATE [err] R ThS METH 2B BisRok 598%?751.5336'-8‘4“1 HVERO-5h- ¥ 1

BENZO[5,6]CYCLO-HEPTA[4,2-bJPYRIDIN-11(R)-YL)-EPSILON-OXO
-1-PIPERIDININE HEXANOATE

The title compound is prepared following essentially the same
procedure as described for Example 45 using the appropriate diacid
_monoester to obtain the title compound as a white solid {yield = 92 %,
m.p.=84-85°C, MH*= 613).
10

EXAMPLE 55
(+)-SODIUM 4-(3,10-DIBROMO-8-CHLORO-6,11-DIHYDRO-5H-

BENZO[S 6JCYCLO-HEPTA[1,2-bJPYRIDIN-11(R)-YL)-EPSILON-OXO
15 -1-PIPERIDININE HEXANOATE

- ' @)
The title compound is prepared from the product of Example 54
following essentially the same procedure as described for Example 46 to
- obtain the title compound as a white solid (97% yield, m.p.=135-136°C,

20 MH*=598).



procedure g ybed for Exanple 45, using the appropri atep@mﬁlsm
_m)noester to 0 aln the title conpound as as an oil (yield = 97 % M—|[err]
20 627). . WD'98/11092

PCT/ US97/ 15899 -68- EXAMPLE 58 (+)-SCDI UM 4- (3, 10- DI BROVO- 8- CHLO?OG 11

- DI HYDRO 5H BENZ( 5, 6] CYCLO- HEPTA[ 1 , 2-b] PYRIDIN-11 (R)-YL) - OVEGA- OXO - 1-
Pl PERI DI Nl NE HEPTANOATE [err] The title conp®ind is prepared fromthe
product of Exanple 57 follow ng essentially the sanme procedure as descri bed
for Exanple 46 to obtain the title conmpound as a white solid (yield = 82%
m p. =142- 143[err]C, MHerr]+ =613). 10 EXAMPLE 56 EXAMPLE

59 4- (3, 10- DI BROVD- 8- HEPTA 1

b PR DN (R i ® S Gotahayaticil SO BA RSP [EPIA

The title conpound i B NZQ{S,@GCYGN@H&"EB@R@EPXHW ih(R)-¥b)- EPS|LON'
OXO-1-PIPERIDININE HEXANAMIDE

~ The title compound is prepared from the product of Example 55
following essentially the same procedure as described for Example 47 to
obtain the title compound as a white solid (38% yield, m.p.=119-120°C,
MH+ = 598).

10

EXAMPLE 57
(+)-METHYL 4-(3,10-DIBROMO-8-CHLORO-6,11-DIHYDRO-5H-
BENZO[S 6]CYCLO-HEPTA[1,2-b]PYRIDIN-11(R)-YL)-OMEGA-OXO -1-
15 PIPERIDININE HEPTANOATE

The title comp'ound is prepared following essentially the same
procedure as described for Example 45, using the appropriate diacid
.. monoester to obtain the title compound as as an oil (yield = 97 %, MH*=
20 627). -



foll ow ng essentlally the same procedure.as descri bed far Exa e 47 to .
obtai n t héV@P¥ W onpound as a white solid (yield = 30% mB %8%}9'5#%9”](:
M+ =612). EXAMPLE 60 [err] 20 WD 98/ 11092

PCT/ US97/ 15899 -69- The title compound is prepared fromthe product of
Exanpl e 58 follow ng essentially the same procedure as described for
Exanmpl e 47, using the appropriate amne to ggg.ain the title conmpound.

EXAMPLE 61 Br 0 5 - [err] The title
conmpound is prepared fromthe product of Exanple 58 follow ng essentially
t he sanme procedure as described for Ex U I ng the appropriate am ne

to obtain the title conpound
[orT] The tit1e conponBOPUM E{at6aDIBROMME-GHLQRO-51 1 DIHPBCSEH-

BENZO[5,6]CYCLO-HEPTA[1,2-b]JPYRIDIN-11(R)-YL)-OMEGA-OXO -1-
: PIPERIDININE HEPTANOATE :

The title compound is prepared from the product of Example 57
following essentiall'y the same procedure as described for Example 46 to
obtain the title compound as a white sofid (yield = 82%, m.p.=142-
143°C, MH* =613).

10 _ MPL _ '
(+)-4-(3,10-DIBROMO-8-CHLORO-6,11-DIHYDRO-5H-
BENZO[5,6]CYQLO-HEPTA[1 ,2-bJPYRIDIN-11(R)-YL)-OMEGA-OXO -1-

' PIPERIDININE HEPTANAMIDE

15 ' The title compound is prepared from the product of Example 68
followmg essentially the same procedure as described for Example 47 to
obtain the title compound as a white solid (yield = 30%, m.p.=96-97°C,
MH* =612).

20



. follow ng %&FQH(@'V the sane procedure as described for agg?)é%?.ﬁ@gysi ng

the appropria amne to obtain the titlé conpound. Pharnmaceu sage
For m Exanpl es EXAMPLE A. No.- i ngredi ents ng/[err]/table
ng/tablet 1. Active conpound ' 100 500 2. '
Lact ose USP : 122 113 3 Corn Starch, Food

G ade, 30 40 as a 10% paste i-689Purified Water 4. Corn
Starch, Food G ade 45 40 5. Magnesi um St ear at e

7 Tot al 300 700 WD 98/ 11092

PCT. { U§|97/ 15899 ]: 70- Met TThd title édtﬁpéemd isl" plt'dﬂa%ted from Itbhéprdd_mdalf Example 58
suitable mxer fo - .06 0 ' m re. em No. ,3.
M1l the damp gr aﬁ?}ibe%'ﬁghé%éhaiy 8’6%%@@"923&88?3(%?é.d,és%f'ﬁnfép?_'j ,E"B’T% éﬁ) i f
necessary. Dry thesingtheyappitipriate Bmise te obtaihdhd titteccagnpound:s i f necessary
and mx with ltemNo. 4 and m x for 10'31_§xm&#i.§-§fdd l[tem No. 5 and m x

for 1-3 m nutes. Conpress

] 0
. OJ\M)k
5 | O
- The title compound is prepared from the product of Example 58
following essentially the same procedure as described for Example 47,
using the appropriate amine to obtain the title compound.
EXAMPLE
Brs a
r
° .
_ O

10
' The title compound is prepared from the product of Example 58
following essentially the same'procedure as described for Example 47,
using the appropriate amine to obtain the title compound.
ical Dosage Form Ex les

Tablets
‘No. Ingredients mgftablet | mg/tablet
1. Active compound _ 100 500
2. _lactose USP - 122 113
O I T B
Purified Water '
4, Com Starch, Food Grade 45 40
5. Magnesium Stearate -3 =7
Total 300 700




the mxture to aggroprlate size and wei gh on. a suitable tab%‘g%lpg;ﬁ -
1

EXAVPLE BWe S0 | ngr edi ent - nmy/ ca

ng/ capsul e 1. : " Active conpound - 100 ' 500 2. 3
Lact ose USP 106 123 3. Corn Starch, Food

G ade 40 70 4. Magnesi um St earate NF 7

7 Tot al 253 700 10 Met hod7gt Manufacture Mx Item Nos. 1,
2 and 3 in a.suitable blender for 10-15 mnutes. Add Item No. 4 and mx for
1-3 mnutes. Fill the mxture into suitable two-piece hard gelatin capsul es

on a suitable en f 14n irge. 15 VWil e the present invention
has been descnb%‘@%ﬁ?ﬂﬁ%ﬂw |f|c ef@‘f&q‘ slast forth
herein, many al ter nat iMixltemdies |1‘,éﬂ¢@n'§‘ %ﬁﬁ Per'P‘PB 352'6‘!

apparent to thosezginpatd! tﬂaw.xﬁhelmtﬁ neimﬁoaat MifNthe Sarip gi'dniﬂé@thmagh a
nodi fications and vari ati ons areﬁ‘p‘/@ Lrit

he, s
scope of the prefOAse seaen 0 rﬂ&pgcessary rb"y the daer granu es.
PCT/ US97/ 15898 - BScreén the chigdogradulds if hecéssaryland mix with item No. 4 and mix

for 1015 minutes. Add ltem No. 5 and mix for 1-3 minutes. Compress
the mixture to appropriate size and weigh on a suitable tablet machine.

EXAMPLEB
, - | ules
No. Ingredient mg/capsule | mg/capsule
1. Active compound 100 500
2, Lactose USP | 106 123
3. Com Starch, Food Grade 40 70
4. Magnesium Stearate NF A 4
Total 253 700

10 Method of Manufacture :
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.

15 While the present invention has been described in conjunction
with the specific embodiments set forth herein, many altematives,
modifications and variations thereof will be apparent to those of ordmary
skill in the art. All such altematives, modifications and variations are
intended to fall within the spmt and scope of the present invention.



[err] wher N.err] CH or C when the double bond S ag L €
C11 pomt?gﬂgslci)(hdgio a, b, c and d represents N or NR err] mzﬂ %rr]
is 0-, -CHerrr] or 10 -(CH2)nCO2H wherein nis 1 to 3, and the remaining
a, b, ¢ and d groups represent CRlL or CR2; or each of a, b, ¢, and d are

I ndependently selected fromCRlL or CR2; each R1 and each R2 is

i ndependently selected fromH, halo, 15 -CF871-OR10 (e.g., -OCH3), -COR10,
-SR10 (e.g., -SCH3 and -SCH err]C[err]Herr]), -S(Ster+}ferr] (wherein t
is O, 1 or 2, e.g., -SOCH3 and -Sderr]CHerr]), -S
-N(Rlerr])[err],-NRerr]Rerr], -NJerr], OC(O)R[erﬁnlmmm,ﬁ"’]
-OCJerr]Rerr], - C(O)R[err]O -NHSCIerr]R[e
-CC]\IHCH[err]CI—I[errMerr]CCU?[eH] 0 20 -72- -SR[err CCO R err]
(e.g., -SCHerr]CJerr]CHerr]), -SR[err]N(R[err])[err] wherei n each
Rlerrr] is independently, ﬁ?b@tﬁ grd; W CCOORerr](e.g.
-S(CH[err])[err]NHC(O)Ot buty g? Srr?)kerr]NH[err])
benzotrlazol 1-yl oxy,

g B¥
HZ/h \n4
§

\N/
0
0 Y
5 v W
wherein: ~ .
X is N, CH, or C when the double bond is present at the C-11
position;

one of a, b, ¢ and d represents N or NR® wherein R? is O, -CH3 or
10 -(CH2)nCO2H wherein n is 1 to 3, and the remaining a, b, ¢ and d groups
represent CR? or CR2; or
each of a, b, ¢, and d are independently selected from CR1 or
CRZ; D
each R' and each R2 is independently selected from H, halo,
15 -CFa, -OR10 (e.g., -OCHg), -COR1¢, -SR10 (e.g., -SCHg and
. ~SCH2C6gHs), -S(O)R?1 (wherein tis 0, 1 or 2, e.g.,~SOCHgs and
-SO2CHg), -SCN, -N(R10), -NR10R11, -NO2, -OC(O)R10, -COR1°,
-OCO2R11, -€N, _-NHC(O)F{?O. -NHSO2R10, -CONHR19, :
-CONHCH2CH20H, -NR1OCOOR,

0
ocH
A, s
H 6

20



tetrazol -5-ylthio, or substituted m g. al kyl

subst i t ut eWO8{1d092a7 0] - 5- yl thio suc " razol - 5‘3‘4"%’/\’#956‘5899 :

al kynyl, al kenyl or alkyl, said al'kw nm !k]@up opti onal |y bei ng :
substituted with halo, -OR[err] or -CJeérrjR*errs err] and R err] are the
sane or different and each independently represents H, any of the
substituents of Rlerr]Jand Rierr],or Rerr] apg_Rerr] taken 10 together

represent a saturated or unsaturated Cerr]-Cerr] fused ring to the
benzene ring (Ring Il); R5, R6, R7 and R8 each independently represents H,

-CF3, -COR[err], aI: hq ¢£?ﬁ5ﬁi}{[{sal d s’&#g/éozb}%)y Sﬁﬂh’j(ﬁ"ag Whfsi%ach

substi t ut ed vmth

-S(O[err]Rerr], R 1snnddi@aﬁeaﬂy]sbjedtéﬂmmhaad ~C(O)@REY (d.gl,er r] - COR[ er r]

, 15 - OCOR|
conmbi ned w tﬁr rR][ eréféllgzﬂe%@@ﬁbb ' r{c] ?@ﬂ%ygw@g%%\g@%&% r@bfl\rmr% hI >
Rlerr] to represetatrazplGy msubsmmsdetntrgzet-sanlthgﬂ (e.@w pikyl substituted| ;
1 _ I b
Ao 5 aLSpée’fEB?%g%nt"? yio3hih o motry *%H%'@ﬂ‘*ﬁ@t B ME for or
bond is present, Alkyhdsaid alighenalkenylgroup:eplianally iyaing FUbﬁémﬁd with halo,
-Rerr], OCCIerr].@{q&Oro}_go F,GG(O) R[err] and when no doubl e bond S

ﬂr esent between car boant r‘a !5 e}_nd Aéand eac{; ng re&r esent
[err], -(OR[err])2; HFsRNGR*arethssame of diferent a ontyrry, -H
and -OC(O R err], répresentsy sy bf thelsubstinierns ¢f R aerFeusrrm@ and R4 taken
SO (CHerr) R iR rdproSertt a Safllratéd or Uisalutdled Cs-C7 fused ring to the
*  benzene ring (Ring tli);
R5, R6, R7 and R8 each independently represents H, -CFg, |
-COR10, alkyl or aryl, said alkyl or ary! optionally being substituted with
-OR10, -SR19, -S(O)R11, -NR1OCOORT11, -N(R10)5, -NO,, -COR1S,
15 -OCORI10, -OCO5R11, -CO,R10, OPO3R10, or RS is combined with RS to
represent =O or =S and/or R7 is combined with R8 to represent =0 or
=S; | :
R0 represents H, alkyl, aryl, or aralky};
"R11 represents alkyi or aryl;
20 the dotted line between carbon atoms 5 and 6 represents an
optional double bond, such that when a double bond is present, A and
B independently represent -R19, halo, -OR11, -OCO,R11 or -OC(O)R10,
and when no double bond is present between carbon atoms 5 and 6, A
and B each independently represent Hz, -(OR11)2; H and halo, dihalo,
25 alkyl and H, (alkyl)2, -H and -OC(O)R19, H and -OR19, =0, aryl and H,
. =NOR10 or -O-(CH2)p-O- wherein pis 2, 3 or 4;

visOto 5;
wisOort;
a2
—N
Yis \nzz , -O-C1-Cg-alkyl or -OM+, wherein M+ is an

30 alkali metal cation;
R21 and R22 are each independently H, C1-Cg atkyl,
-CH2CONHg, phenyl, benzyl, -S0O»-(C1-Cg-alkyl), -NH-phenyil, acyl Ca-



‘wis 0 or Yis Rlerr] -Oderr] (err]-al ky %ﬁgr],
wherein &PQQQLJ%O al kali metal cation; R err] and Rerr chf%sgeac
i ndependently Herr] Cerr]-Clerr] alkyl, -CH err]CONH err], phenyl,

benzyl, -SQerr]-(Cerr]-Cerr]-alkyl), -NHphenyl, acyl, Clerr]- VO
98/ 11092 _ PCT/ U897/ 15899 err|
C6 cycl oal kyl, pyridyl, chloro-phenyl, [err}7®r R[err]“mwm"s"l "HHH
together with the nitrogen to which they are attached

[err] a dashed line nmeans an optional chenical bond; wher ef n Q i"s Benzene
or a heterocyclic ring; or a pharmaceutically a_c‘ic bI e sal t thereof 10
2. A conpound according to claiml1, - -of the fornu

Ce cycloalky!, pyridyl, chlom—phenyl 0 ,

/Cs-Ca- alky!
1+ O 1O
TN {I: :
0 Ci-Co-anyt , 0 ;

or R21 and R22 taken together with the mtrogen to whlch they are
attached form

o
‘ o
— —N
T - —N
5 ' ' ) ’ o '
/\__0

—N 0O —N S —N  S=po —N S
. . Vo D
a dashed line means an optional chemical bond;
wherein Q is benzene or a heterocyclic ring;
or a pharmaceutically acceptable salt thereof.

10
2. A compound according to claim 1, of the formula

wherein vis0to 4; wis O; andYis



WD 98/ 11092 PCT/ US97/ 15899 -74- 3. A co ound

" according WO8SH0MR 1 wherein a-is N um““ﬂﬂmma“m r] [err]®? ’Bﬁ?ﬁﬁﬁﬂ?d ‘
Rlerr] are each independently sel ect consisting of Hor
halo. 5 4. A compound accor8ing to & a’m 3 wherein Rerr] is H

Rlerr] is Br; and R3 and R4 are each independently selected fromthe group

consisting of Br and . 5. A conpound accepding to claim4 wherein Xis

CH 10 6. A conpound according to claim5 wherein R3is C and R4 is Br.
7. A conpound of claim1 wherein wis 1; v is 0-5; R[err] |s H Rerr] is

Blerr]; R3 and R4 _are indepepdent | and Bl err err ar ch
H X156 Ot 15 afd Y is - 0PAEOmp ﬁf‘gﬁ F@Egg?c]adﬂﬁ“@ e'"@ Tl
according to clai ﬂzlnﬁehnd%mrmrt imdependmﬁymeleetedigomfthe gréép 98/ 11092
PCT/ US97/ 15899 [er%sns’ang of H or halo.

5 4. A compound according to claim 3 wherein R1is H; R2is
Br; and R3 and R#4 are each independently selected from the group
consisting of Br and Cl. '

‘ - 5. A compound according to claim 4 wherein X is CH.
10
6. A compound according to claim 5 wherein R3 is Cland R4 is Br.
7. A compound of claim 1 wherein wis 1; vis 0-5; R?is H; R2is Br;

- R3 and R4 are independently Cl and Br; RS5-R8 are each H; X is CH;
15 andYis-0-C4-Cs alkyl NH2 or -OM+.

8. A compound according to claim 1 selected from the group
consisting of

20



98/ 11092

98/11092 |M||mﬂfmﬁﬁﬁfm/uég[7fr1§]899 78- 0

[ERR] 5 WD 98/11092 L "CT/ US97/ 15899 -79- [err]

wO 98/ 1109%‘,0%,1“,5,2 TPCT/ US97/ 15899 -76- [errj fugé\?]‘ssgg




WD 98/ 11092 PCT/‘US9 11092 -81 -
[err] and ‘3098’““92 ' n“mmm "iﬁ)muor a ﬁﬁ%@@ﬁ"%al ly:
accept abl e salt t her eof . -82- 9. d of the fornula

[err] wherein: X is N when the double bond is present at the C 11 position;
one of a, b, ¢ and d represents N or NR err] wherein Rerr] is O, -CHerr]

or . . -76-




. > \
.-(CHerr]) [ s err]H wherein nis | to 3, and the renaln
d groups r g’r ' CRl err]or CR[err]Ulmuﬁﬂm , are
i ndependently selected.from CR[err] I"ﬂ"ﬁm"ﬂa i's H Rlerr] is-
Blerr] Rlerr] and Rlerr] are each independéntMy selected fromthe group
consisting of Blerr] and CJerr]; Rerr], Rerr], Rerr] and Rlerr] each
i ndependently represents H, -CF[err], CCR[eVV} al kyl or aryl, said al ky
or aryl optionally being substituted with -OR[err], -SRerr],
-S(Of[err]Rerr],-NRerr] OCCOOR[err],-N(R[err])[err], -NJerr], -CORerr]1,
-OCOR[err], -OCCOerr]Rerr], qurr]R[err] CPqer ) Rlerr] is
conbi ned mnth Rlerr] to represent =0 or =g c&@nbi ned with
Rlerr] to represent =0 or =S R[err] represe ts , firyl, or aral kyl ;-
Rlerr] represents al kyl Tl £ ar bon ‘atonms 5 and
6 represents an opPiog
present, A and B - 83-
-oCcderr]Rerr] or -OC(OR ¢
carbon atons 5 and 6, A apd™R ;
" (ORerr])[err]; Hand halo, Hi ¢ - and
-OC(ORerr][err]H and -0O J N

halo, -ORlerr],

ind i s present bet ween




_—_—

-0 (CH2) p- O V\/nereinp|52 3 or 4; V|50t05 wis O.or is
Rl err] orwWOOWHBZ [err] -wherein I\/[Imm, m' rretal cpﬁlﬁ,%%}i%%rr] S
and ‘Rlerr] are each independently m”mn”m '
-CH err]CONH err],-SOerr]-(derr]-&rrf-alkyd) * NH-phenyI acyl[err]
Cerr]-Cerr] cycIoaI kyl;, Cl. C6- al kyI [err] or Rerr] and R[err] t aken
together with the nitrogen to which they arggattached form{[err] provided
that Yis not -NHerr]; and a dashed |ine nmeans an optional chem cal bond.
84- 10. A use of an effective anount of a conpound of claiml1l or 9 in a
preparation of a nedicanment for treating tunor cells expressing an
activated ras oncogene . neuse of claim 10 wherein the cells treated
are pancreatic tuf 2 aficer cells, prostate cancer cells,

| ung cancer cells, A tunor cells, thyroid follicular tunor
cells, myel odyspl asti epi dermal carci noma




. : ) \

tumor cel | {0 ddiAggter carcinoma tu cel | s .or colon tunoi scepdyysebdsses ! Ne
use of an effective anobunt of .a cgﬁm, 'lﬁm' or 9 in a preparation
of a nedicanent for the inhibition JW Ilglﬂherei'n the Ras protein
is activated as a result of oncogenic nutatfon®in*genes other than the Ras
gene. 13. The use of an effective anbunt of a conpound of claiml or 9 in
a préeparation of a nedicanent for inhibiting/9-arnesyl protein transferase.
~14. A pharnmaceutical conposition for inhibiting the abnormal growth of
cells conprising an effective anount of conpound of claim1 or 9 in

conbi nation with a pharnmacget-{cal |y acceptable carrier. 15. A process for
converting a conpe @ N kerr] to the corresponding 7- or 9-
nitro compound, whic D m conmbi ning a conpound of formua A or B
Wi th an aqueous acid, COs e reaction mxture to a tenperature in
the range of -200C to -40[erj]C, :

Cl
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Br = c Br- = a
\ | \
N N
Bl’ Br

and

or a pharmaceutically acceptable salt thereof.
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9. A method of treating tumor cells expressing an activated ras

oncogene comprising administering an effective amount of a compound
of claim 1. '

5 10. The method of claim 9 wherein the cells treated are pancreatic

| tumor cells, breast cancer cells, prostate cancer cells, lung cancer cells,

myeloid leukemia tumor cells, thyroid follicular tumor cells,

myelodysplastic tumor cells; epidermal carcinoma tumor cells, bladder
carcinoma tumor cells or colon tumors cells.

10 T ' _
11.  The method of claim 9 wherein the inhibition is of tumor cells
wherein the Ras protein is activated as a result of oncogenic mutation in
genes other than the Ras gene.

15 12. A method of inhibiting farnesyl protein transferase comprising the
administration of an effective amount of the compound of claim 1.

13. A pharmaceutioal'compoéition for inhibiting the abnormal growth
of cells comprising an effective amount of compound of claim 1 in

20 combination with a pharmacseutically acceptable carrier.

14. A process for converting a compound of the formula

to the corresponding 7- or 9- mtro compound which comprises:
25 ~~  a) combining a compound of formula A or B with an aqueous '
acid, : '
b) cooling the reaction mixture to a temperatu,re in the range of
-20°C to -40°C,
¢) and then adding KN03 at the temperature of step b
30
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