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FARNESYL PROTEI N TRANS- FERASE 10 BACKGROUND The bi ol ogi cal significance of
t he Ras oncogene, and the role of both Ras and the enzyme known as farnesyl
protein transferase in the conversion of normal cells to cancer cells, are
15 described in PCT International Publication Nos. W95/ 00497 and

W95/ 10516. Each of those publications al so describes a distinct class of
conmpounds which inhibit the activity of the enzyne farnesyl protein
transferase, and thereby the farnesylation of the Ras protein. 20

PCT International Publication No. W»5/10516 relates to tricyclic am de and

urea co GYCLOHEPTE A 2e8)PYRIDINE BERIVATTVES O nnﬁﬁ.&[ﬁ{ d their
use in md for inhibiting Ras function and the a %‘%"nﬁ@“&%ﬁ‘w“m&

cells. A nunmber of sub-generic classes of conmpounds of fornula (1.0) are
descri bed, which include conpounds of the fornulae (5.0c), (5.1 c) and
(5. 2a)

10

BACKGROUND
The biological significance of the Ras oncogene, and the

role of both Ras and the enzyme known as farnesyl protein
transferase in the conversion of normal cells to cancer cells, are

15 described in PCT International Publication Nos. W095/00497
and WO95/10516. Each of those publications also describes a
distinct class of compounds which inhibit the activity of the
enzyme farnesyl protein transferase, and thereby the
farnesylation of the Ras protein. '

20 PCT International Publication No. W095/10516 relates io
tricyclic amide and urea compounds of the general formula (1.0)

(1.0)

25 and their use in a method for inhibiting Ras function and the
abnormal growth- of cells. A number of sub-generic classes of
compounds of formula (1.0) are described, which include

compounds of the formulae (5.0c), (5.1c) and (5.2a)



-2- [err] 5 as well as the 11-R-isonmer and 11-S-isoners of conpounds
(5.0c) anwQ98/319%59 ( A nunber of specific conpounds W thin epehrkisiisoo -
sub-genus are al so described therein, as is the biological activity of

t hose conpounds. 10 SUMVARY OF THE | NVENTI ON The present invention

provi des novel tricyclic am de corrpoune?s “sel ected fromthe group consisting
of: [err] -3- 0~~~ Jerr] -4- Br Br~~~~B

5 as well as the 11-R-isomer and 11-S-isomers of compounds
(5.0c) and (5.1¢).. A number of specific compounds within each
such sub-genus are also described therein, as is the biological
activity of those compounds.

10 SUMMARY OF THE INVENTION

The present invention provides novel tricyclic amide
compounds- selected from the group consisting of:




racem J[err -5- [err] -62- SH~~~~H [err] -7- Br [err] ON [err]
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-8- [err] -9- [err] "-10- 5 [err] or pharmaceutically acceptable salts
or sol vatwosrsgpseof . Optical rotation of the conpounds ((+)pcPUsésisge ar €
10 measured in nmethanol or ethanol at 25[err]C. This invention includes

t he above conpounds in the anorphous st4ate or in the cyrstalline state.

- 11 .- -4 -
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Thus, conpounds of this invention include conpounds selected fromthe group
consi st i ndv@P851¥hpounds 1.0, 2.0, 3.0, 4.0, 5.0, 7.0 and 6.PET GN98/11500
pharmaceutically acceptable salts thereof, wherein said conpounds are as
defined above. 5 Conpounds of th&; i nvention al so include conpounds
selected fromthe group consisting of” Cohpounds 10.0, 11.0, 12.0, 13.0,
16.0, 17.0, 18.0, 19.0, 20.0, 21.0, and 22.0, or pharmaceutically
acceptabl e salts thered and _wherei n said conpounds &\ as defined above.
SIaY, ' ' S f elgcted from
the group consist\\ng 4 ds 8.0, 9.0, 14\\0, b1

phar maceutically 3 2| > (ng ereof, and e oprounds are
as defined above. Conjgougds Hf i'S”invention al so gcludelco ds 15

sel ected fromthe gro sfsting of: Conpounds 23.p7 2§.8r 26.0, 27.0,
28.0, 29.0, 30.Qracemu 0,.34.0, 60.0, 61.0f 620, 63.0, and 64.0,
or pharmaceutically acc 1Q t her eof racemic whewgi f ﬁeﬁbounds
are as defined above. Cg this invention al so}incljude [Fonpounds 20
selected fromthe gro C I g of: Conpounds 23. Q%% . .0, 36.0,

37.0, 38.0, 39.0, 40.0, 41.0, 42.0, 47.0, 48.0, 49.0, 50.0, 51.0, 52.0,

53.0, 54.0, 55.0, 56.0, 57.0, 58.0, 59.0, and 65.0, or pharmaceutically

accept abl e %?lts apnd wherein said
T

hey
-~




conpounds are as defined above. 25 Conmpounds of this invention also
i ncl ude cOYPOUPAIS? sel ected fromthe group consisting of: Coppeisdsrise O
44.0, 45.0 and 46.0, or pharnaceutically acceptable salts thereof, and
wherein said conpounds are as defined gbove. The preferred conpounds

i ncl ude Conmpounds 5.0, 7.0, 30 25.0,72770, 29.0, and 34.0. The preferred
conpounds al'so include Conpounds 51.0 and 53.0 The preferred conpounds al so

appreci ate that\the
Those skilled i n~tRe agt appreci at e
stereochemi stry at Y

E >
C-11 bond are: N
o )
~ N’O
S |

ds




[err] 5 I nhi bition of farnesyl protein transferase by the tricyclic
conpounds WO F785% nventi on has not been reported previousl ypcFhkiessniishe S
i nvention provides a nethod for inhibiting farnesyl protein transferase
using tricyclic conpounds of this invention which: (i) potently inhibit
farnesyl protein transferase, but not 167"geranylgeranyl protein
transferase |, in vitro; (ii) block the phenotypic change i nduced by a form
of transform ng Ras which is a farnesyl acceptor but not lIBr a form of

' [ R (iii) block
patr 15 not

L = : bl ock abnor mal
cell growth in cu Nre . R =F QPthn provi des
a method for inhibit agAQr treating the abnornal gtpg@ of ce i ncl udi ng
t ransf or ned ceII%u iﬁ adm ni stering an effecti mount of ga conpound
of this invention Al grqwt hoof cell's ref3k to eI I grmﬁ;‘tt
i ndependent of_nornal : Z6r YNirechani sns (e.qg.
inhibition). Thi's inclys e dpnor mal growt h of: eIIs ??unnrs)
expressing an activat@d, Ra eogene; (2) 25 tu whi ch the Ras

protein is activated as a result of ’oncogenic nutation in another gene; and

Br

(3) benign and




mal i gnant cells of other proliferative diseases in which aberrant Ras
activati owess?ese. This invention al so provides a nethod fopci/kssmiseong or
30 treating tumor growm h (cancer) by admnistering an effective anmount of
the tricyclic conmpounds, described herein, to a - 13 - mammual (e.g., a
human) in need of such treatment. In p&ticular, this invention provides a
met hod for inhibiting or treating the gromh of tunors expressing.an
activated Ras oncogene by tHr administration of an effective anount of the
5 above described ¢OMPQuUNds. Exanples of tunors ' ay be inhibited
or treated ig ge 72 N
adenocar ci noma),

ancers (e.g., pancrgati | such as,
for exanple, exo¥ e TancNes k@%gprcinona), col on 3

col orectal carcinondg, Zsuch as, for exanple, 10
col on adenoma), n%el d ukem as g for exanple, acutsg
(AML)), thyroid f3()i{cul af cancer }| nyel odyspl asti c{+3
carci noma, epidermal cin SNIT o

2
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15 It is believed that this invention also provides a nethod for

i nhi bi ti ng¥EY85Y358r at i ve di seases, both benign and nal i gnantecTabsysaisveRas
proteins are aberrantly activated as a result of oncogenic nutation in

ot her genes--i.e., the Ras gene itselfdﬁs not activated by nutation to an
oncogenic form-wth said inhibition 207 ~ bei ng acconplished by the

adm ni stration of an effective anount of the tricyclic conpounds descri bed
herein, to a mamg £ uman) in need of such t . For exanpl e,

t he benlgn B16
h
o)

i nhi bit farnesyl te|n ransfergde and the farnesyl. S t he oncogene
protein Ras. Th| ent| n f rth prOV|des a neRfdd nh|b|t|n ras 30
farnesyl protein trans ras , especial ly hwgens,

adm nistration of an e fect ve nDunt of the tricyclic ¢onpdundg descrlbed
above. The adm nistr e conpounds of this i atients,

to inhibit farnesyl preteln transferase! is useful in the treatment sof the
cancers 35 descri bed_agbove. The tricyclic conmpounds useful in the methods
of this inventio R aQ&prnal growt h . Wt hout wi shing

Br Cl

oncogenes (e.g., ™ 1,(500k, and fyn),
tricyclic conpounds ée =d herein. The conpounds




to be bound by theory, it is believed that these conmpounds may - 14 -
functi on tWPP8EAPhe i nhibition of Gprotein function, such mewmesRshh. DY
bl ocki ng G protein isoprenylation, thus naking themuseful in the treatnent
of proliferative diseases such as tunor, growth and cancer. Wthout w shing
to be bound by theory, it is 5 beli®e T hat these conpounds inhibit ras
farnesyl protein transferase, and thus show antiproliferative activity

agai nst ras transfoy
As used her ei nBr \
ot herw se i ndi cat e\:
I n the mass spectr umnN VH
t he 15 mol ecul e in tie
represented by the

to herein by the at}gé*'i
20 (EtOH); methanol (

ottt 2m Seyriayl 1

|l owi ng sol vents and

_ ; and
or pharmaceutically acceptable salts or solvates thereof.
Optical rotation of the compounds ((+)- or (-)-) are

10 measured in methanol or ethanol at 25°C.

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



tic acid (TFA);

t Et OAc N, N- di met hyl f ormam de (DVF); trifl uoroace

??ﬁ ?ugrga‘é’&ﬁszﬁ%ﬁﬂhydrl de (TFAA); 1-hydroxy- benzotriazol e (s&FBd¥es1500

m chl or operbenzoic acid (MCPBA); triethylam ne (Et3N); diethyl ether

Et 20); ethyl chloroformate 25 (Cd CO2Et

(1 (3- Zil met hzl am nopropyl )-3-ethyl car bo]dil'rmle hydr ochl ori de (DEC); . e
di i sobutyl al um num hydride (DI BAL); isopropanol (iPrOH); dinethylsulfoxi

fferent
(D'VBO) Certain co’ﬁhnsmdmmpoum Pofe this 1'11Wﬁﬁbh0'i'nmee30 Pnlﬁil Ll ng
| someri ¢ for étEdgfmIﬁnﬁ‘%t : Z‘F%ﬁ%ﬁd‘t‘aﬁ& Y 0i 2.0 304 xed

?E):n? ﬁ'rfé?? {)Sﬁ’f ucfh-os h&O mnd ﬁocmbphannaaeuncaibyslaowpesblebams or bel ow the

el Raver t 10- br onmo _
P bsti t1 tnhe‘hEThe .nventei.“e n“c‘fg%ﬁ”ﬁ%é’{’@s? aFe PASFOR e pBovdr n O™ 15 - i
pure for and inG of thisqimventier nalsonineludes confpmindsor s ar e

al so. i ncl udeseleﬂedt ﬁromb&m rbﬁpcmhglguﬁ mpu@&ngbﬁﬁeéoig}oghfligcem ically
accept abl e 5165 bs 1t3e?rg lﬁa@m{l§¢1d g'g’oggja #59“% and 330, or

pyrido-nitrogen’ a
pharmaceuticglly acceptable salts thereof, and wherem said
compounds are as defined above. '

10 Compounds of this invention also include compounds
selected from the group consisting of: Compounds 8.0, 9.0, 14.0,
and 15.0, or pharmaceutically acceptable salts thereof, and
wherein said compounds are as defined above.

Compounds of this invention also include compounds

15 selected from the group consisting of: Compounds 23.0, 25.0,
26.0, 27.0, 28.0, 29.0, 30.0, 31.0, 32.0, 33.0, 34.0, 60.0, 61.0,
62.0, 63.0, and 64.0, or pharmaceutically acceptable salts
thereof, and wherein said compounds are as defined above.

Compounds of this invention also include compounds

20 selected from the group consisting of: Compounds 23.0A, 24.0,
35.0, 36.0, 37.0, 38.0, 39.0, 40.0, 41.0, 42.0, 47.0, 48.0, 49.0,
50.0, 51.0, 52.0, 53.0, 54.0, 55.0, 56.0, 57.0, 58.0, 59.0, and 65.0,
or pharmaceutically acceptable salts thereof, and wherein said
compounds are as defined above.

25 Compounds of this invention also include compounds
selected from the group consisting of: Compounds 43.0, 44. 0,
45.0 and 46.0, or pharmaceutically acceptable salts thereof, and
wherein said compounds are as defined above.

The preferred compounds include Compounds 5.0, 7.0,

30 25.0, 27.0, 29.0, and 34.0.

The preferred compounds also include Compounds 51.0

and 53.0 :
The preferred compounds also include Compounds 40.0
and 42.0.
35 More preferred compounds are Compounds 25. O 27.0,
51.0 and 53.0.

Those skilled in the art will appreciate that the tricyclic
ring system is numbered:



[ | es of SU|tabIe acids for salt formation are hydrochloric,
28:?3r|c “gﬁ acetic, citric, oxalic, malonic, salirgtuses/msd c,
fumari c, su00|n|c ascorbic, mal ei c, met hanesul foni ¢ and ot her m neral and
carboxylic aci ds mell 10 known to thgie inthe art. The salts are .
prepared by contacting the free basefofntwith a sufficient anount of the
desired acid to produce a salt in the conventional manner. The free base
forms may be regenerated by treating |-6saI; with a suitable dilute
aqueous base sol ution such as dil snNaCH, 15 pot assi-um
carbonate, anmonia and sodi um 3y We free base fornms differ
fromtheir respective salt fOTFB SONE rtain physical properties,

as solubility in polar sol yemns,
ggﬁgrmnse eqU|vaIgnt tg thelr rgspebtlve f e base forms for purposes of 20

|
hcceptabl e sai s TuoSprkiIRY i 308 B SR RIS ABRoRORIA et he oS cddi der e
equi val ent sfﬂéof’h%@mt@y%t dhet Qeltobondparadi ng conpounds for purpo;gs of
the invention. 25 ' i nvention can

5 Inhibition of farnesyl protein transferase by the tricyclic
compounds of this invention has not been reported previously.
Thus, this invention provides a method for inhibiting farnesyl
protein transferase using tricyclic compounds of this invention
which: (i) potently inhibit farnesyl protein transferase, but not

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

15 not of Ras engineered to be a geranylgeranyl acceptor; and (iv)

block abnormal cell growth in culture induced by transformmg
Ras.

This invention provides a method for inhibiting or treating -
the abnormal growth of cells, including transformed cells, by
20 admxmstermg an effective amount of a compound of this
invention. Abnormal growth of cells refers to cell growth
1ndependent of normal regulatory mechanisms (e.g., loss of
contact inh‘ibitior_x). This- includes the abnormal growth of: (1)
. tumor cells (tumors) expressing an activated Ras oncogene; (2)
25 tumor cells in which the Ras protein is activated as a result of
oncogenic mutation in another gene; and (3) benign and
malignant cells of other proliferative diseases in which aberrant
. Ras activation occurs.
This invention also provides a method for - -inhibiting or
treating tumor growth (cancer) by administering an effective
amount of the tricyclic compounds, described herein, to a

30



30 (Ring 1V): [err] - 16 - can be prepared, by techniques well known

I n the artwg98879%%he correspondi ng unoxi di zed pyri dyl

Thus, the conpounds of the invention can be prepared 5 from Br [err]
- 17 - Br_2011) .12.1 [err]

10

15

20

25

30

35

-13 -

mammal (e.g., a human) in need of such treatment. In
particular, this invention provides a method for inhibiting or
treating the growth of tumors expressing an activated Ras
oncogene by the administration of an effective amount of the
above described compounds. Examples of tumors which may be
inhibited or treated include, but are not limited to, lung cancer
(e.g., lung adenocarcinoma), pancreatic cancers (e.g., pancreatic
carcinoma such as, for example, exocrine pancreatic carcinoma),

colon cancers (e.g., colorectal carcinomas, such as, for example,

colon adenocarcinoma and colon adenoma), myeloid leukemias
(for example, acute myelogenous leukemia (AML)), thyroid
follicular cancer, myelodysplastic syndrome (MDS), bladder
carcinoma, epidermal carcinoma, breast cancers and prostate
cancers.

It is believed that this invention also provides a method
for inhibiting proliferative diseases, both benign and malignant,
wherein Ras proteins are aberrantly activated as a result of
oncogenic mutation in other genes--i.e., the Ras gene itself is not
activated by mutation to an oncogenic form--with said inhibition
being accomplished by the administration of an effective
amount of the tricyclic compounds described herein, to a
mammal (e.g., a human) in need of such treatment. For example,
the benign proliferative disorder neurofibromatosis, or tumors
in which Ras is activated due to mutation or overexpression of
tyrosine kinase oncogenes (e.g., neu, src, abl, Ick, and fyn), may
be inhibited by the tricyclic compounds described herein.

The compounds of this invention inhibit farnesyl protein
transferase and the farnesylation of the oncogene protein Ras.
This invention further provides a method of inhibiting ras
farnesyl protein transferase, in mammals, especially humans, by

. the administration of an effective amount of the tricyclic

comipounds described above. The administration of the
compounds of this invention to patients, to inhibit farnesyl
protein transferase, is useful in the treatment of the cancers
described above. N

The tricyclic compounds useful in the methods of this
invention inhibit the abnormal growth of cells. Without wishing
to be bound by theory, it is believed that these compounds may

conpouRCTUSPE ISP

10



- - - 19 - "o~~~ [err] - 20 - [err] -21- [err] The
pi égri di[ﬁg’]eéwpvéhds (Formula I') of the invention can be pr@.@q-h;ggs,flfsgmdt he
above pyridyl conpounds by oxidation w th neta-chloroperoxybenzoic acid.
This reaction is 5 conducted in a suitable organic solvent, e. g._,t o

di chl oronet hane (usual |y anhydrous) or ln“at'hyl ene chloride, at a suitable

function through the inhibition of G-protein function, such as ras

p21, by blocking G-protein isoprenylation, thus making them

useful in the treatment of proliferative diseases such as tumor

growth and cancer. Without wishing to be bound by theory, it is
5 believed that these compounds inhibit ras farnesyl protein

transferase, and thus show antiproliferative activity against ras
transformed cells.

DE D DES TION OF NTIO
10 As used herein, the following terms are used as defined
below unless otherwise indicated:
M+*-represents the molecular ion of the molecule in the
mass spectrum;
MH*-represents the molecular ion plus hydrogen of the
15 molecule in the mass spectrum;
Pyridyl N-oxides are herein represented by the group
= iv'o
@ N
| The following solvents and reageénts are referred to herein
by the abbreviations indicated: tetrahydrofuran (THF); ethanol
20 ‘(EtOH); methanol (MeOH); acetic acid (HOAc or AcOH); ethyl
acetate (EtOAc); N,N-dimethylformamide (DMPF); trifluoroacetic
acid (TFA); trifluoroacetic anhydride (TFAA); 1-hydroxy-
benzotriazole (HOBT); m-chloroperbenzoic acid (MCPBA);
triethylamine (Et3N); diethyl ether (Et20); ethyl chloroformate
25 (CICO3EY); 1-(3-dimethylaminopropyl)-3-ethyl carbodiimde
hydrochloride (DEC); diisobutylaluminum hydride (DIBAL);
isopropanol (iPrOH); dimethylsulfoxide (DMSO)
Certain compoﬁnds of the present invention may exist in
different isomeric forms (e.g., enantiomers or diastereoisomers)
30 including atropisomers (i.e., compounds wherein the
7-membered ring is in a fixed .conformation such that the
11-carbon atom is positioned above or: below the plane of the
fused beznene rings due to the presence of a 10-bromo
substituent). The invention contemplates all such isomers both



[ [ having the N-O

roduce the conpounds of the invention

gﬁggf{?hgﬁﬁmﬁﬁﬁB Ition 1 of Rng | of the talcycllf.rln? ?zigfﬁEs%gg%?ant

[ [ f the starting tr

General ly, the organic solvent solution o _ crea

[ n ghl oro- peroxybenzoic acid i

is cooled to about O[err]C before the_ y he
[ [ tenperature during

. The reaction is then allowed to rinto room
?gg§?ion perjod. The desired product can be recovered by standard

separ ati on nidaddire)1korm rand cita admixtote incdudingh raceini¢ SRS, . d with

' ' base, e.g., saturated sodium bi carbonat e
gp ﬁlguae-lm(l: Sﬁirn?s_%eohls?) gﬁgl%&e‘ﬁ dried over anhydrous nmagnesium sulhf ate.
The sol ution &onm%% basicptaeyelic cepmpoundscalsor dormd i n vacuo. The

e 51§ gt oy Sceputlenaang Sop)ld, i AT 8371
Pper i o LRI, P opyRe-wirdgh s oo doomn sassith swom
Pnt er medi at @C3dfp SiKamples Eﬁrmﬂtaiﬂelaﬁdspféﬁ-shéﬂ%_ﬁrﬁgh%% %lﬂieg i ntermedi ate
o ooedure HyeBkhtie, SRR BRARBAR, Sl cant ool msdomion b
O o ST e e coieinit o o b somien, b
produced franethdiesulforigeaha! 8ther mineral and carboxylic acids well
10 known to those in the art. The salts are prepared by contacting
the free base form with a sufficient amount of the desired acid
.to produce a salt in the conventional manner. The free base
forms may be regenerated by treating the salt with a suitable
dilute aqueous base solution such as dilute aqueous NaOH,
15 potassium' carbonate, ammonia and sodium bicarbonate. The
free base forms differ from their respective salt forms
somewhat in certain physical properties, such as solubility in
- polar solvents, but the acid and base salts are otherwise _
equivalent to their respective free base forms for purposes of
20 the invention. ' .
All such salts are intended to be pharmaceutically
acceptable salts within the scope of the invention and all are
considered equivalent to the free forms of the corresponding
compounds for purposes of the invention.

25 The compounds of the present invention can be prepared
by the procedures described below.

eparation O iperidine Co unds

The compounds of the invention having a piperidine ring
30 (Ring IV):




- 22 - [err] which is made by oxidizing the pyridyl conpound with

m chl or opeVeE®I20i c acid. 5 The 3,7,8-trihal o conpeeiatisos/11500
3,8,10-tri hal o conpounds, 3, 8-di hal o conpounds and the 3, 10-di hal o
conpounds can be produced fromthe intgrnediates [err] 10 Conpounds II1l to
VI can be prepared using the above oXi Fon procedure with

m chl or o- per oxybenzoi ¢ acid and the pyridyl conpounds - 23 - 0OX C XD
hal o 5 [ errpanchpeprepased, byonpchmiduex|i well Xngwaanint ke £1¢, FpoNethed to

Conpounds | bbrrie3p¥hdin S BRGKIAGY pPHEFE "OSRpiinasknown in

Thus, the compounds of the invention can be prepared
S from:

racemic

10




10 the art. In the above conpounds the dotted line (---) represents an
opt i onal b¥NRYIBTAP X represents CH when the optional bond i spcT/usegifaseo
absent, and when the optional bond is present X represents C. The N-O

i nternmedi ates are then reacted further Eg produce the conpounds of the

I nvention. Those skilled in the art wi1P‘appreciate that the oxidation 5
reaction can be conducted on racemic m xtures and the isoners can then be
separated by know techni ques, or the isomers can be separated first and

t hen oxidized to the correspondiBrg N- oxide. Those skilled in the art will
appreciate that it i ¢ :

m chl or oper oxybéiragf : he Obxi dat | BALS
t he conpounds havi e bond to pipeyidi (e.qg., :

conpounds 5.1, 6.1, : : < In theseIyg ﬁgq ss of
m chl or o- peroxybenzoi c gid can cause epoxi dation of odble 15
bond. | nternedi ate conpq , VI, I Xand X
o racemic
‘racemic N ~ fV’ N Ay -°
’ l




are prepared by nethods known in the art, for exanple by nethods discl osed
in WD 95/ 10985795 U.S. 5,151,423 and those descrbed bel ow }li_qr ﬂgﬁoe,
Compounds VIl to X can be 20 prepared by reacting conpounds X

[err] respectively, with CJerr]H err]OCOC and Et[err]N in an inert solvent
(e.g., 25 CHerr](err]). - 25 -~} ernedi ate Compounds XV, XVI, XV
and XVII|l wherein the C3 postion of the pyridine ring in the tricyclic
structure is substl -~

conprising tHhi
formula [err] whRreiy ‘ s Br, Rerr]
Cerr]-Cerr] al 'qggr aryl; R5a

R6a i S

. - kyl, aryl
are inéébi*dgntly Y

or R5a and R6a, t t er th_the |trogen to 9 ¢h tHey are aff ached, form

aring ‘J\\//[:::J H,
Br =~ Cl Cl
N O (2.1) =N : O

or heteroaryl and R6a hydr ogen; R[err] and RlerrE
sel ected fron1the Efétﬁfp consi®ting of C[err rr] alkylgand aryl;




conprising 4 to 6 carbon atons or conprising 3 to 5 carbon atons and one
het ero noi 98/§@F%ct ed fromthe group consisting of -O andpciti®shiseo
wherein Rerr] is H derr]-Cerr] alkyl or phenyl; 15 with a
conpound of the formula [err] wherein i{%err], Rlerr], R4[err] are are

i ndependently selected fromthe group cdnSisting of hydrogen and hal o and
R7a is O or Br, in the presence of a strong base to obtain a conpound of
t he 20 formula [err] rgacting a conpound of step (a) with (i)
PCOCl[err] to obtaiuq \4Qnpound of the formula 26 - (ii)

DI BALH to ob&& e fornul a B 1_Lhe cyano
conpound or the 2 ; ' o pi peridine deriwati flormul a [err]
5 N : (42.1) '

—~ (43.1)

.
*



wherein L is a | eaving group selected fromthe group consisting of C and
Br, to obMPP/H%Etone or an al cohol of the formula bel ow, pepRRssid V:
[err] 10 (d)(i) cyclizing the ketone with CF3SC3H to obtain a
conpound of the fornmula [err] wherein the dotted |ine represents a double
bond; or (d)(ii) cyclizing the al cohol 28 th pol yphosphoric acid to 15
obtain an Internedi ate conpound wherein the dotted |line represents a single
bond. Met hods for ; Qg t.he I nternedi ate conpounds—eN scl osed in WO
95/ 10516, U. Br 57 Nes€®li bed bel owsy ;ﬁ., [ icyclic
ket one i nternedi § medi ates of the T lherein

g T™NRAEDCaEE sel ected

err],Rerr], - r] and err
A bom N . oﬁﬁfd]rogen E[nd h!al oi,’\I

5 fromthe group consgst i
foll ow ng process SC(O ri sihng (o]




[ he formula Rilb (i) with an amine of the
(a) reacting a conpound of the -
formul a NI—R?’eWs RPerr], wherein 10 Rlerr] and R err] are %ﬁg@e{)}gﬁ,@

oo [ | yst and car
above; in the presence of a palladium catal yst ( _
Ergﬁogirggefg obtain an am de of the for%]laa:]R! gbc%err% E:I[:aZr}M ltgmgp g: ESIhOl
: - -
of the fornula Rlerr]OH wherein 15 re] is er - d | Lower alky
- rr] cycloalkyl, in the presence of a palladium y
g;r gg)ﬁr%n%?]t ' yt he ester of the forrul 3 | bo [err] followed by

: 1a 0~  ergql to obtain
e i be(%lzyl conpound

(65.1)

o " o
o ; and (o) )

The piperidine compounds (Formula I) of the invention
can be prepared from the above pyridyl compounds by _
oxidation with meta-chloroperoxybenzoic acid. This reaction is

5 conducted in a suitable organic solvent, e.g., dichloromethane
(usually anhydrous) or methylene chloride, at a suitable
temperature, to produce the compounds of the invention having
the N-O substituent at position 1 of Ring I of the tricyclic ring
system. . |

10 Generally, the organic solvent solution of the starting
tricyclic reactant is cooled to about 0°C before the m-chloro-
peroxybenzoic acid 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.

15  For example, the reaction mixture can be washed with an
aqueous solution of a suijtable base, €.g., saturated sodium
bicarbonate or NaOH (e.g., IN NaOH), and then dried over
anhydrous rhagnesium' sulfate. The solution containing the
product ‘can be concentrated in vacuo. The product can be

20 purified by standard means, e.g., by chromatography using silica
gel (e.g., flash column chromatography).

- Alternatively, the piperidine compounds (Formula I) of the
invention can be made from intermediate compounds of
_ Formulas 1.1 to 65.1 using the oxidation procedure with m-

25  chloroperoxybenzoic acid. The oxidized intermediate compounds
are then reacted to produce the compounds of the invention by
methods known in the art. For example, the 3,8-dihalo
compounds can be produced from the intermediate:

the am de; (R}



wherein R err], Rerr], Rerr], Rerr] and Rerr] are as defined above, in
t he preserg@ofEr989 Strong base to obtain a conpound of the fecwnisss/imsos] (c)
cyclizing a conpound of step (b) with a reagent of the 5 formula

Rlerr] MJL, wherein Rerr] is Cferr]- Clerr] alkyl, aryl or heteroaryl and L
is Br or O, provided that prior to cycd2zation, conmpounds wherein R5a or
R6a is hydrogen are reacted with a swtable N- protecti ng group.

(+) -1 soners of compounds of Fornula XVife(r] 10 wherein X is CH can be
prepared with high enantiosel ggti Wt g\ rI0cCess conprising enzyne
catal yzed transesterification. Pr&fergp a em ¢ conmpound of Formul a
XVlI, wherein Xis C and the doubl g&ent, is reacted with an
enzyme such 15 as Toyobo LI P-300 anc _an acyl ati ng agent such as
trifluoroethly |sobutyrate t he resul Pan (+)-am de is then hydrol yzed, for
exanpl e by rehichi isy madé by mddzmgchhasp}*ﬁésm campobndi n t he
correspondi ng optically enriched (+)-i$0mex wherein X is CH Alternatively,
a racem c conpound of Fornul ag Lt 0Cl C and the doubl e bond
is present, is first reduced to t \a C g racem c conpound of
Formula XVI wherein X is CH and the th the enzyne (Toyobo

LI P-300) and
with m-chloroperoxybenzoic acid.
5 The 3,7,8-trihalo compounds, 3,8,10-trihalo compounds,

3,8-dihalo compounds and the 3,10-dihalo compounds can be
produced from the intermediates

10 Il'l and .
respectively.
Compounds III to VI can be prepared using the above
o;_:_i_datidn procedure with m-chloro-peroxybenzoic acid and the
pyridyl compounds



acyl ating agent as descri bed above to obtain the (+)-am de, which is

hydrol yzedyposgtisai n the optically enriched (+)-isonmer. 25 permpsesiiddo
compound of Preparative Exanple 21 is obtained in the crystalline state.
Those skilled in the art will appreciate that conpounds obtained in the
anor phous state can-be obtained in the23ystalline state by crystallizing

t he anorphous nmaterials - 29 - fromsolvents or solvent m xtures such as
acetone, diethyl ether, ethyl acgakte, ethanol, 2-propanol, tert-butyl
ether, water and the /AT ) Kngwn inthe art.

Those skill ed halok algdo e bialu~¢ \ alo m xture
of Conpound 11.0 ca \be, ding to the $cri bed bel ow.
For Exanpl e, the interge ' 3 =Pr epar ati ve EXa pbe used to
prepare Conpound 11.0. Preratlon O Pi perazine Congounds, 10
Conmpounds of the inventig a piperazine rin [e r] %n be pr epar ed
fromthe tricyclic ketong: [ M}BKetone XX can be prep Mnlyy oxi dati on of
the’ N

|

cooczﬂ5 COOC,H,

) ¥
COOC,Hg and COOC,H;

respecuvely, to. produce the compounds

halo -

I 1
o COOC,Hg and COOC,Hs
respectively. Compounds XI to XIV can then be converted to

Compounds III to VI, respectively, by methods well known in
10 the art. '

In the above compounds the dotted line (---) represents
an optional bond, and X represents CH when the optional bond is



15 correspondi ng pyridyl conmpound: Br O with mchl or operoxybenzoi c acid.
Ket one XXyaaogd@sgonverted to the correspondi ng C 11 hydr oxycrasgsssod whi ch
in turn can be converted to the 20 corresponding C- 11 chloro conpound Br

[err] - 30 - Compound XXIIl can then be reacted with piperazine to
produce the internmediate: |nternedi ate2%XtV can then be reacted with the
reagents 5 which will provide the desired final product. The above

react | ons apgoUft | ol Whehtid DeidnANBoRASid IphesénANe GhopPedets oBaMD s

Cmventi on, 3 N ExeRmCARIERoRTSI HER. BAIBHSTVILET 19 Praduee i no the
di scl osure @blﬁf;@ﬁ@im%bnymﬂm, PREPARATI VE EXAMPLE 1
Those skilled in the art will appreciate that the oxidation
5 reaction can be conducted on racemic mixtures and the isomers
can then be separated by know techniques, or the isomers can
be separated first and then oxidized to the corresponding N-
oxide.
Those skilled in the art will appi'eciate that it is preferable
10 to avoid an excess of m-chloroperoxybenzoic acid when the
' oxidation reaction is carried out on the compounds having a
C-11 double bond to piperidine Ring IV (e.g., compounds 5.1, 6.1,
9.1, and the like). In these reactions an excess of m-chloro-
peroxybenzoic acid can cause epoxidation of the C-11 double
15 bond.
- Intermediate compounds VII, VIII, IX and X
‘are prepared by methods known in the art, for example by
methods disclosed in WO 95/10516, in U.S. 5,151,423 and those
described below. For example, Compounds VII to X can be
20 prepared by reacting compounds

halo
halo =~ halo halo
\

N t
(]
X

@L:

0 ;
H H

X halo
[ ] (XVII)
N

[
and H

respectively, with C,H,OCOCI! and Et;N in an inert sol\;ent (e.g.,
25 CH/.QL).




Step At [err] 15 Conmbine 10 g (60.5 mol ) of ethyl 4-pyridylacetate and 120
mL of dry Gidews7déd [err] at -20[err]C, add 10.45 g (60.5 mmopgTAUSISMIBEA and
stir at -20[err]C for 1 hour and then at 25[err]C for 67 hours. Add an
additional 3.48 g (20.2 mmoles) of MCPBA and 20 stir at 25[err]C for 24
hours. Dilute with CHerr]l[err] and wakh -with saturated NaHCO err]
(aqueous) and then water. Dry over MySOerr], concentrate in vacuo to a

resi due, and chrqﬂg'.ﬁgéag@e(gb lﬁmggl xV%)QW%XW%M eVIMH in

MeOH)/CH err]Cl[err f the. roduct co Ss Spec. :
MH+ = 182. 15wWherein I ﬁ 3 ‘{%eﬂ?ﬂ %%CX%F) of the
product of Stpkcthre ik &ubmt\ﬂdebWMQB@aﬁ raﬂscnfba byuzous) and
heat the 5 m xt 2 N HC1 (aqueous) to adj ust
to pH = 2. 37PL &?&d@&% ‘é‘ﬁﬁpg gé‘hgn vacg(gmwixggrgtgﬁa Add 200 ni of
5 (a) reacting an amide of the formula .
R11a

7

<

N 0]

NRS52Rsa

wherein R!12 is Br, R52 is hydrogen and R63 is C}-Cg alkyl, aryl or
heteroaryl; R32 is C;-Cg alkyl, aryl or heteroaryl and RS is
. hydrogen; R5a and RS2 are independently selected from the

10 group conmsisting of Cj-Cg alkyl and aryl; or R52 and R62, together
with the nitrogen to which they are attached, form a ring
comprising 4 to 6 carbon atoms or comprising 3 to 5 carbon
atoms and one hetero moiety selected from the group consisting
of -O- and -NR%2-, wherein R%2 is H, C1-C¢ alkyl or phenyl;

15 " with a compound of the formula

H1a

R7a Rza
Haa
wherein R13, R2a, R32 and R42 are are independently selected
from the group consisting of hydrogen and halo and R72 is Cl or
Br, in the presence of a strong base to obtain a compound of the
20 formula
. R'2
B~ R2
o Rda
NR%Rf R
(b) reacting a compound of step (a) with
(i) POCIl3 to obtain a cyano compound of the formula
Ria
Br: Z _R2
. .
N R ; or



dry EtOH, filter through celite and wash the filter cake with dry EtCH

(2X50 M) woosremsdrate the conbined filtrates in vacuo to gipgendegidisge of

the title conmpound. 10 PREPARATI VE EXAMPLE 2 [err] The title conpound is

prepared via the process disclosed in PCT International Publication No.

W0O5/ 10516. 15 PREPARATI VE EXAMPLE 3 H26 -- 32 - st ep A° N[err] CO2Et

Conbi ne 14.95 g (39 mml) of 8-chloro-11-(1-ethoxy-

car bonyl - 4- pi peri di nyl(ii? DIBATIHENE® [btair ol aldyliyale bf2thel fomuRyri di ne and-

150 mL of CHerr]C [err], then add 13.07 g (42.9 ppol) of (nBu)4NNJ err]

and cool the mxture to O[err]C. S_|BOV\Ay add (dro S?za
~ r

7

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

MgL
Y
5 . I
wherein L is a leaving group selected from the group consisting
of Cl and Br, to obtain a ketone or an alcohol of the formula
below, - respectively:
or
10 . (d)(i) cyclizing the ketone with CF3SO3H to obtain a

- compound of the formula

wherein the dotted line represents a double bond; or
- {d)(ii) cyclizing the alcohol with polyphosphoric acid to
15 obtain an Intermediate compound wherein the dotted line
represents a single bond. -
Methods for preparing the Intermediate compounds
disclosed in WO 95/10516, U.S. 5,151,423 and descrii)ed below



a sol ution“%gzs,,? m. (42.9 mol) of TFAA in 20 nL of CH err]C[err] over
1.5 hours. V&8 e mxture at O[err] C overni ght, then wash poTAUSSs?11860 V
with saturated NaHCJ err] (aqueous), water and brine. 10 Dry the organic
solution over Na[err] SO err], concent r_a%? in vacuo to a residue and
chromat ograph the residue (silica gel, EtOAc/hexane gradient) to give 4.32
g and 1.90 g _of .the twy product conpounds 3A(i) and 3A(ii), respectively.
Mass Spec. foMPIB8¥pauHacYoli¢)ketome intermeriates Such infesmeSigies bfr

conpound 3A(the : fodiiula 428.3. Step B: [err] - 33 - Conmbine 22.0 g (51.4
mol ) of the product 3A(i) from Step A 150 nL of 85% Et OH (aqueous), 25.85
g (0.463 nole) of Fe powder and 2.42 ¢ . bl ) of CaCl[err], and heat

at reflux overnight. Add 12.4 gi40.
mmol ) of CaCl[err] and heat at re s. Add another 12.4 g

(0.222 nole) of Fe powder and 1.2 g : of CaCl[err] and heat at
reflux for 2 hours nore. Filter the hot mpxtgdie B¥r ough celite, wash the

celite with ni, of.
whellin Rﬂq’t, ﬁgﬁva, R3a and R4a are independently selected

5 from the group consisting of hydrogen and halo, can be prepared
by the following process comprising : ' '
(a) reapting a compound of the formula

11b
R N
.
Br

(i) with an amine of the formula NHR52R 62, wherein
10 R5a and RS2 are as defined in the process above; in the presence

of a palladium catalyst and carbon monoxide to obtain an amide
of the formula: -

Reapowder and 1.2 g 5 (10.8

R11b Z l
| SN N=0
. NRSaRGa; or
(i) with an alcohol of the formula R10aQH, wherein

15 Rlo_a is Cj-Cﬁ. lower alkyl or C3-Cg cycloalkyl, in the presence of a
palladium catalyst and carbon monoxide to obtain the ester of

the formula
11
R
ok
O

. OR'0a
_followed by reacting the ester with an amine of formula
20 NHRSaRSa to obtain the amide:

| (b) reacting the amide with an iodo-substituted benzyl
compound of the formula

. R1a

| R7a Rza
| R3a

Ria



and concentrate the filtrate in vacuo to.a residue. Add 100 nL 10 of
anhydr ous W 88679 bncentrate to a resi due and chromat ogr aph PORUSeSI1600e
(silica gel, I\/EC]—I/CH[err]CI [err] gradient) to give 16.47 g of the product
conmpound. MH err] 398. Step C H2N_ &grr] 15 Conbine 16.47 g (41.4 mol)
of the product from Step B, and 150 rfL<8f~48% HBr (aqueous) and cool to
-3[err]C. Slowy add (dropvm se) 18 nL of bromine, then slowy add

(dropwi se) wheokin iRF,0R28, R32gR43. 42d RiA aye ais defiled iabod®, Iih th‘e wat er .

= b ddi
bt oo | RrdBaB BT dtore) b dihi L WrahuRd 46 B k200
dry the extracts over NaJerr]SOerr]: Conceﬁﬂt‘rate to a residue and
chromat ograph (silica gel ,FpEbOA hexahe odi erd to give - 34 - 10.6 g

and 3.28 g of the two product and 3C(ii), respectively.
Mass Spec. for compound 3C(i):

NRsaﬁsa Rie + and

9

(c) cyclizing a compound of step (b) with a reagent of the
5 formula R8aMgl, wherein R82'ijs C1-Cg alkyl, aryl or heteroaryl
~and L is Br or Cl, provided that prior to cyclization, compounds
wherein R52 or R6a is hydrogen are reacted. with a suitable N-
protecting group.

(+)-Isomers of compounds of Formula XVI

halo~_/ ! e@ halo
\
(XVI)

wherein X is CH can be prepared with high enantioselectivity by

using a process comprising enzyme catalyzed transesterification.

Preferably, d racemic compound of Formula XVI, wherein X is C

and the double bond is present, is reacted with an enzyme such
15 as Toyobo LIP-300 and an acylating agent such as trifluoroethly

isobutyrate; the resultant (+)-amide is then hydrolyzed, for

example by refluxing with an acid such as H3SOg4, to obtain the

corresponding' optically enriched (+)-isomer wherein X is CH. .

Alternatively, a racemic compound of Formula XVI, wherein X is
20 C and the double bond is present, is first reduced to the

. corresponding racemic compound of Formula XVI wherein X is

CH. and then treated with the enzyme (Toyobo LIP-300) and

acylating agent as described above to obtain the (+)-amide,

which is hydrolyzed to obtain the optically enriched (+)-isomer.
25 The compound of Preparative Example 21 is obtained in

the crystalline state. Those skilled in the art will appreciate that

compounds obtained in the amorphous state can be obtained in
the crystalline state by crystallizing the amorphous materials

10



Masg Spec. for gn%ound 3C(1i): MAerr] =539. 5 Step D [err] H Hydrolyze
th product"vﬁﬂ";s)9 f Step C by dissolving in concentrated HGP@{)GS{&?@%& ng
tofabout 100[err]C for 16 hours. Cool 10 the m xture, then neltra i t h
1 /M NaOH (aqueous). Extract with CH[err]Ezg[err], dry the extracts over

WbSO4, filter and concentrate in vacuo” the title conpound. Mass Spec.:
MHerr] = 466.9. 15 ' PREPARATI VE EXAMPLE 4 [err] - 35-

Step A [err ranselents. 6 Iplveat mixmkes ductr ak, SECRIE, SalURYP stner,
o per e e et U, BeCobBl i butethercormont e
Herr]sq errih tx_a\;[qgé:,or Ing Hen pacednres gwehs khowm®! in he NghiO3
Those skilled in the art will also appreciate that the
5 racemic mixture of Compound 11.0 can be made according to the
procedures described below. For Example, the intermediate of
Preparative Example 6 can be used to prepare Compound 11.0

aration Of Piperazine Compoupnds

10 Compounds of the invention having a piperazine ring

Br s
\ I'/ I
N

\0[:7] X
N '-'LL.

A

can be prepared from the tricyclic ketone:

Ketone XX can be prepared by oxidation <;f the
15 corresponding pyridyl compound:

Br ~ )
NI, I XX1)
N
8]

with m-chloroperoxybenzoic acid.

. Ketone XX can be converted to the corresponding C-li
, ydroxy compound which in turn can be converted to the
0 corregpondil_lg C-11 chloro compound |




and stir for 2 hours. Pour the mxture into 600 g of ice and basify with

concentra 4] OH (aqueous). Filter the m xture, wash wirRis3gfises of
wat er, thﬁseg?(ﬁact with 500 nL of CH err]CJ[err]. 10 Wash the extract

with 200 nL of wat er, dry over MgpSH, then filter and concentrate in vacuo
to a residue. Chromatograph the residu@silica gel, 10% Et CAc/
CHerr]C[err]Jto give 24.4 g (86%yield) of the product. mp. =

calculat od - G, SoOBROd ﬁ?ilfﬁ§96t‘§§* e TRERY WiekPipkRhtine to (o

C, 52.18; H,prnduce Nheg inermediate: [err] Conbine 20 g (40.5 mml) of the
product of Step A and 20 200 nL of cg -1. ed Herr]Sgerr] at 20C,
then cool the mxture to OC. Bkedg nmol ) of

1, 3-di brono-5, 5-di net hyl - hydantm\ﬂt nn ure and stir for 3 hours at

20C. ; Cool to OC, add an additiona o Se5 Mol ) of the

di bromphydantoin and stir at 20C for ‘ rs Pour the mxture into 400 g
of ice, - 36 - basify with concent . [\OH (aqueous) at Of[err]C,
and collect the resulting solid by fil #5h the solid with 300 niL
of

Intermediate XXIV can then be reacted with the reagents
5 which will provide the desired final product.
The above reactions are well known in the art and are
illustrated in the examples below. .
The examples that follow are intended to exemplify the
claimed invention, and such examples should not be construed
10 as limiting the disclosure or the claimed invention.

PREEARATIVE EXAMPLE 1

' 'O-N"'
Step A:
N T — '0‘N+<\:/>_\ .
Q_\cozm COLEt

Combine 10 g (60.5 mmol) of ethyl 4-pyridylacetate and
120 mL of dry CH2Cl; at -20°C, add 10.45 g (60.5 mmol) of

_ MCPBA and stir at -20°C for 1 hour and then at 25°C for 67

hours. Add an additional 3.48 g (20.2 mmoles) of MCPBA and
20  stir at 25°C for 24 hours. Dilute with CH>Cl, and wash with

saturated NaHCOj3 (aqueous) and then water. Dry over MgSOy,
concentrate in vacuo to a residue, and chromatograph (silica gel,
2%-5.5% (10% NH4OH in MeOH)/CH,Cl)to give 8.12 g of the
product compound. Mass Spec.: MH+ = 182.15

15

25



water, slurry in 200 nL of acetone and filter to provide 19.79 g (85.6%

yiel d) of WO#8758uct. mp. = 236-237[err]C, Mass Spec.: 5 P [’l o 584
(Cl) Elenental analysis: calculated - C, 45.11; H, 3.44; N 7. $%8und -
C, 44.95; H, 3.57; N, 7.16. Step C. [err] 10 Conbine 25 g (447 mmol) of Fe

filings, 10 g (90 mmvl) of Cad[err] andla-suspension of 20 g (34.19 mmol)
of the product of Step Bin 700 nL of 90:10. EtOH/ water at 50[err]C Heat -
the m xture 8tep @:l ux overnight, filter through Celite and wash the f

15 cake with 2 X 200 gl of hot EtOH Conmbine the filtrate and. wash
and concentrate in vacfio ™o a residue. Extract the r&sT§ue with 600 nL of
CHerr]dJ[err], war Ny t h m. of Wwater and dr?"‘ r . Filter and

concentrate in vacuo t r esi @0gt t hen chromat ogr ap il cooge! . 30
Et OAc/CHerr]C e fo giye 4 g 20 (60%vyield) of the product.
= 211-212[err]C, g&&b‘@&egﬁ.’ 8\/@8& mmod} of( the preducteof Stepnal,y$7 5.

cal cul ated -ml, of7EEDH 6nd396% mil. of 30% MNAGH (Squébustind'hedt e v 7 49

5

10

15

mixture at 67°C for 2 hours. Add 2 N HCI (aqueous) to adjust to
PH = 2.37 and concentrate irn vacuo to a residue. Add 200 mL of
dry EtOH, filter through celite® and wash the filter cake with dry
EtOH (2X50 ml). Concentrate the combined filtrates in v.acuo to
give 2.43 g of the title compound.

PREPARATIVE EXAMPLE 2

0 CO,H
(O~

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

P

ilter
es,

%
m p.



- 37 - Step D [err] Slowy add (in portions) 20 g (35.9 muol) of the
product oWwo#87958 to a solution of 8 g (116 nmml) of NaNJ ep¢tusdsnisge Nt of
5 concentrated HCl (aqueous) at -10[err]C Stir the resulting m xture at
O[err]C for 2 hours, then slowy add (dropwi se) 150 nL (1.44 nole) of 50%
Herr]POJerr] at O[err]Cover a 1 houwr3Beriod. Stir at O[err]C for 3.

hours, then pour into 600 g of ice and basify with concentrated NH err] CH
(aqueous). Sweg et with 2 X 300 nL of CHerr]d[err], dry the 10 extracts
over MgSO4, then filter and concentrate in vacug_to a residue.

Chr omat ogr aph the, residue (silica ge N & nes%h_Ho give 13.67 ¢
(70% vyield) of the product. mp. =1 +¢5C, ] . = 539 (A).

El emrent al anal ysi s: caI culated - C, 48197, . 5.22 15 -

found - C, 48.86; H, ‘N, 5.18. Step E NWerr[Mgphbine 6.8 g (12.59
mmol ) of the prodt i R _aagl 20 f\.concent rated HC

. I xtdre, 3Q@y it into 300 ¢
of ice and basi f {~4 g trated NH err] OH (&ous). Extract with 2 x

300 nL of

)
COEt o,

é:ozEt
Combine 14.95 g (39 mmol) of 8-chloro-11-(1-ethoxy-
carbonyl-4-piperidinyl)-11H-benzo[5,6]cyclohepta[1,2- -b]-
5 pyridine and 150 mL of CH>Cl,, then add 13.07 g (42.9 mmol) of
(nBu)4NNO3 and cool the mixture to 0°C. Slowly add (dropwxse)
a solution of 6.09 mL (42.9 mmol) of TFAA in 20 mL of CH>Cl,
over 1.5 hours. Keep the mixture at 0°C overnight, then wash
successively with saturated NaHCOj (aqueous), water and brine.
10 Dry the organic solution over NapSOg4, concentrate in vacuo to a
residue and chromatograph the residue (silica gel, EtOAc/hexane
gradient) to give 4.32 g and 1.90 g of the two product
compounds 3A(i) and 3A(ii), réspectively.
- Mass Spec. for compound 3A(i): MH+ = 428.2.

15 Mass Spec. for compound 3A(ii): MH+* = 428.3.
tep B:
O,N \ cl H,N
\ -




CH err]C[err], then dry the extracts over MgSO4. Filter, concentrate in

- 38 - vaGy@okmreder esi due, then chromatograph (silica gel, Pe¥idoshiisonOAc +
2% NH err] OH (aqueous)) to give 5.4 g (92% vyield) of the title conpound.
mp. - 172-174[err]C, Mass Spec.: MHerr] = 467. Elenental analysis:
calculated - C, 48.69; H, 3.65, N, 5.-9335- found - C,
48.83; H, 3.80; N, 5.97. PREPARATI VE EXAMPLE 5 [err] 10 Step A [err]

drol yze 2.42 - : & Eed :
1001 & il YLK D, i A0 o
pi peri di ne- StemrAodp0i mlaefi88 mﬁmﬂt@ﬂuﬁpﬁsku&ﬁ ngi %493 mmeledsof sape-
procedur e apedgswdeiesnd 12.82¢ pa(2E. BVnBTOf CCACHSt and Beat atgiefhid. 39 g

(69%yield) d(\)'];n;ig%t.pr%jctjcf t1'2'. ée(or.izzz r%%?é) L)?rlg'é powder and 1.2 g

5 (10.8 mmol) of CaCl and heat at reflux for 2 hours. Add
another 12.4 g (0.222 mole) of Fe powder and 1.2 g (10.8 mmol)
of CaCly and heat at reflux for 2 hours more. Filter the hot
mixture through celite®, wash the celite® with 50 mL of hot EtOH
and concentrate the filtrate in vacuo to a residue.” Add 100 mL

10 of anhydrous EtOH, concentrate to a residue and chromatograph
the residue (silica gel, MeOH/CH2Cly gradient) to give 16.47 g of

the product compound. MH* = 398.

15 | COgEL
Combine 16.47 g (41.4 mmol) of the product from Step B,
and 150 mL of 48% HBr (aqueous) and cool to -3°C. Slowly add
" (dropwise) 18 mL of bromine, then slowly add (dropwise) a
solution of 8.55 g (0.124 mole) of NaNO; in 85 mL of water. Stir
20 for 45 minutes at -3° to 0°C, then adjust to pH = 10 by adding
50% NaOH (aqueous). Extract with EtOAc, wash the extracts with
brine and dry the extracts over Na2S0O4. Concentrate to a residue
- and chromatograph (silica gel, EtOAc/hexane gradient) " to give



- 39 - Conbine 1 g (2.48 nmmol) of the product of Step A and 25 ni, of dry

t ol uene, ogs7esg’L of 1 M DIBAL in toluene and heat the mptumggmlso@fl ux.
After 0.5 hours, add another 2.5 nL of 1 M D BAL in toluene and heat at
reflux for 1 hour. (The reaction 5 is nonitored by TLC using 50%

MeOH CH err]C [err] +NH err] OH (aqueous}4)- Cool the mixture to room
tenperature, add 50 nL of 1 N HCI (aqueous) and stir for 5 mn. Add 100 nmL

of 1 N NaCH ac

extracts ove?é‘%ggo%ﬁa 31 te co%“éen%{bfg%réégﬁga??@q‘%ea@ :Bc(li\qb of
the title cotmmdwm[ err] 391 PREPARATI VE EXAMPLE 6 N O [err] Combi ne
16.6 g (0.03 nol eMfk S pf&d@gﬁ,ﬁunarg gat IMH+LE 46E2anpl e 4, Step D,
vmthaSlsqutr and wat er 5@ and 70.8 nL of

wat er) and stir t qse§3p?% §PH¥H‘§’“61\/ 1b'ht room’t enper at ure. Add
32.833 g3(0.153 nole) of NalJerr] and then 0.31 g (2.30 mmol ) of RuQ2 and

stir at roonfStepferature (the addition of RuG2 is acconpani ed by an 20
exot herm c reaction and phe tenperature clinbs from 30[err]C). Stir

the mixture for 1.3k ﬁu-; at uge returnesto O cl

Iz

Hydrolyze the product 3C(i) of Step C by dissolving in
concentrated HCl and heating to about 100°C for 16 hours. Cool
10 the mixture, then neutralize with 1 M NaOH (aqueous). -Extract
‘with CH2Cly, dry the extracts over MgSQ04, filter and concentrate
in-vacuo to the title compound.
Mass Spec.:. MH* = 466.9.

15 PREPARATIVE EXAMPLE 4




25[erf] C after about 30 mn.), then filter to renove the solids and wash

t he

i nsol ubl e solids .and wash the solids with CHerr]CJerr].

golids fPOMSBPerr]d[err]. Concentrate the filtrate in
resi/due and dissolve the residue in CHerr]CJ[err]. Filter t‘éﬁé&@b@@%

Wash the

fiftrate with water, concentrate to a v@3ume of about 200 nlL and wash with
bI/each,. then with water.. Extract wwth 6 N HC (aqueous). Cool the aqueous
ektract to OR4epl&:and slowy add 50% NaOH (aqueous) to adjust to pH = 4

vihi | e keeping the 30.
CHerr]dJerr],
residue. Slurry the 9
the resulting solids\yg gnf and dry the ¥
g of the product. [err]M (CCi[err], 200 MHz)'N 8.
6H); 5 7.5 (d, 2H); 3.4 Q , :

[err] 10 Step A: [err] fonbijne 15 g (38.5 mmol ) of]

4- (8- chl oro- 3- brono- 5, 6- .
Koem B

0% “OCH,CH,4

tenp

ature <30[err]C. Extract twice with

Cl Col | ect

0o to give 7.95
h. 7.85 (m
MPLE 7

 Combine 25.86 g (55.9 mmol) of 4-(8-chloro-3-bromo-5.6-

dihydro-1 lH-benzo[5,6]cyclohepta[1 ,2-b]pyridin-1 l-ylidene):l -
5 piperidine—l-carboxylic acid ethyl ester and 250 mL of

concentrated H3SO4 at -5°C, then add 4.8 g (56.4 mmol) of NaNOj3
and' stir for 2 hours. Pour the mixture into 600 g of ice and
basify with concentrated NH4O0H (aqueous). Filter the mixture
wash with 300 mL of water, then extract with 500 mL of CH2Ciz

10 Wash the extract with 200 mL of water, dry over MgSOy4, then '
filt.er_ and concentrate in vacuo to a residue. Chromatograph the
res_x__dpe (silica gel, 10% EtOAc/ CHCl3) to give 24.4 g (86%'yie'ld)
of the product. m.p. = 165-167°C, Mass Spe-c'.:' MH* = 506 (CI)
Elemental analysis: calculated - C, 52.13; H, 4.17; N, 8.29 .

15 found - C, 52.18; H, 4.51; N, 8.16.
Br
cl
I NO,
A ]
0% “OCH,CH,4 ' 'OJ\OCHzcna

Combine 20 g (40.5 mmol) of the
. product of Step A and
20 200 mL of concentrated H2SO4 at 20°C, then cool the mixture to

0°C. Add 7.12 g (24.89 mmol) of 1,3-dibromo-5,5-dimethyl-

hydantoin to the mixture and stir for 3 hours at 20°C.

* Cool to

0 :, &fdd an additional 1.0 g (3.5 mmol) of the dibromohydantoin
and stir at 20°C for 2 hours. Pour the mixture into 400 g of ice



di hydro- 11 H-benzo[5, 6] cycl oheptal 1 ,2-b]pyridin- 11 -ylidene)- 1-

I peri di ngygle xylic acid ethyl ester and 150 nlL of 15 SENLE t ed
a[grr]sq?rorl]mg?@S[err]C, then add 3.89 g (38.5 mmvl) of I&@B&{} ir for
4 hours. Pour the mxture into 3 L of ice and basify with 50% NaCH
(aqueous). Extract with CHerr]C[err]36dry over MySO4, then filter and
concentrate in vacuo to a residue. Recrystallize the residue from acetone

to give 67%;%5% fwftﬁecB{} ﬁted NHL;‘}SIE'\S@ EQOM %Jfg Jdd @?@W (m
(2i|) 1;1) 5- - 3.Tesy ing ldsbo/ £l s.ra(tm 2+jVash, thez smx@nwme,oa mh of, 3H).
MH err] Wster, slm‘l‘ii in 260 BL [0 hteton O_fbhﬁ& ﬁlt@ﬁ © g%é @Jg@' ‘}% Sé 9t he

1 f .85% Et o nmol )
81[ O(Cj:ga[ g]; r(§%5§% Xﬁggﬁ @oﬂbe P%?ﬁ‘“@‘ ?nfBlB Bf 2 3lé'zéﬁacheeMa$81§p¢p>Gt ure at
flux i)verMi[-yht_. 584I((HD the hot reaction mxture through Celite and rinse
'[ﬁe 1l‘JiIter rpaci rat e t ﬁjlﬁa%&jg&gf%oto gi ve
7.72 g of t € pro Lc? &0&53 SpeE ¢ fﬂ%@rr? whE ot 1544 £

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

.. tep C:

o)\ OCH,CHg o)\

OCH,CHg4
,  Combine 25 g (447 mmol) of Fe fihngs 10 g (90 mmol) of
CaClz and a suspension of 20 g (34.19 mmol) of the product of
Step B in 700 mL of 90:10 EtOH/water at 50°C. Heat the mixture
at reflux overnight, filter through Celite® and wash the filter

15 cake with 2 X 200 mL of hot EtOH. Combine the filtrate and.

- washes, and concentrate in vacuo to a residue. Extract the
residue with 600 mL of CH2Cly, wash with 300 mlL of water and
dry over MgSOg4. Filter and concentrate in vacuo to a residue,
then chromatograph (silica gel, 30% EtOAc/CH,Cls) to give 114 g

20 (60%. yield) of the product. m.p. = 211-212°C,
Mass Spec.: MH+ = 554 (CI).
Elemental analysis: calculated - C, 47.55; H, 3.99; N, 7.56
found - C, 47.45; H, 4.31; N, 7.49.

10



hen add

ine 7.70 g of the product of Step B and 35 nL of HOAc, t

Elng_ (c):]?ngms'wpﬁngof Br2 in HOAc and stir the m xture 571'% xg%%%hgare

(aqueous) and extract with EtOhc. Dry the extract’ over NSO} and

(aqueous) and extract wt QAc. ey o due (oilica gel
ntrate in vacuo to a residue. Chrod#tegrap e (

38‘%638% Et CAc/ hexane) to give 3.47 g of the prodgct (‘El (2)8g \MSEBZ a[]g'; ?iarH

1.28 g of pa$tepaD:y purified product). Mass Spec...M—I+15 1H): N

NVR (CDCl[err], 300 Miz): 8.5 (g, 1H); 7.5 (s, 1H); ?.9 2(;,581( lH) :

2H); 4.15 (iii, 3H); 3.8 bR S, [2H): 3.4-3.1 (m 4H); 9-2. m ,

2.7-2.5 (m 2H) 2. 4= '1. 5 (m 3H).

Combi ne 0.557 g (54

m xture at 60[err] - *Q[ &

(3.6 mol ) of the product

to roomtenperature. Add

ep D [err]

# y add (dropw
ﬁl_%nd 4 nL of

| N
o)\ OCH,CH; o)\ OCH,CHg4

Slowly add (in portions) 20 g (35.9 mmol) of the product
of Step C to a solution of 8 g (116 mmol) of NaNO, in 120 mL of
5  concentrated HCl (aqueous) at -10°C. Stir the resulting mixture
at 0°C for 2 hours, then slowly add (dropwise) 150 mL (1.44
mole) of 50% H3PO; at 0°C over a 1 hour period. Stir at 0°C for 3
hours, then pour into 600 g of ice and basify with concentrated
NH4O0H (aqueous). Extract with 2 X 300 mL of CH3Cly, dry the
10  extracts over MgSOy, then filter and concentrate in vacuo to a
residue. Chromatograph the. residue (silica gel, 25% EtOAc/
hexanes) to give 13.67'g (70% yield) of the product. m.p. = 163-
165°C, Mass Spec.: MH+ = 539 CD. _
Elemental analysis: calculated - C, 48.97; H, 4.05; N, 5.22
15 - found - C, 48.86; H, 3.91; N, 5.18.

Br

Cl

T2

o

Combine 6.8 g (12.59 mmol) of the product of Step D and
100 mL of concentrated HC] (aqueous) and stir at 85°C

overnight. Cool the mixture, pour it into 300 g of ice“and basify

OCH,CH,4

20

with concentrated NH40H (a

queous). .Extract with 2 x 300 mL of
CH>Cl,,

then dry the extracts over MgS0y4. Filter, concentrate in



another 0.64 nL of t-butylnitrite at 40[err]C and reheat the mxture to

60[ err] - 7TR4@bddfos6 or 0.5 hrs. Cool to roomtenperature and 9@15;(]8&{)?1 | Xt ure
into 150 nL of water. Extract with CHerr]Cl[err], dry the 2 over

MySO4 and concentrate in vacuo to a residue. Chromatograph the residue
(sili ca gel, 0% 20% Et CAc/ hexane) to 88ve 0.74 g of the product. Mss
Spec. M—|[err] 539.0. [err]H NI\/R(CDCl[err] 200 WHz): 852(s 1H); 7.5

d 2 7.9 4
e s oo 4 g 05 (50
E [err] CO 1Q4cy+ OH daqueeuy)) qugitveo‘i 4 P20 gmidacﬁb mL of

trat t { l, Add 30
o of 1 N ﬁg‘ﬁgfdeggﬁ?@dtﬁgﬁﬂs% 112978E ”?@ e %UUW‘JS' Bact i th
CHerr]d[e BP%) @H@@?T act a%’ﬁ‘soﬁ ;e NnSW®Z&uo to give

0.59 g 6f the title compound. MfeandpeC, 4meE§k3:8667N .97,
123.9[err]-124. 2[err] C. - 43 - PREPARATI VE EXANPLE 8 [’erﬂ

REPA PLE S

10 Step A:

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

15 same procedure as described in Preparative Example 3, Step D,
to give 1.39 g (69% yield) of the product. MH+ = 389.




5 Step A: [err] Prepare a solution gf gdllg gf mt_hgft;t ll(li/l _gglrrﬁﬂjgﬁ-g][og -
' 384379%% 7 in toluene and a : Dl
:DFle![Dglrﬁteln\e/? Heat the mixture at reflux and 10 slowy add (BFSERPY

' eriod of 40 m n. Cool

1 nmL of 1 MDIBAL/toluene solution over a p |

?Rgt Pg;ctzi on mxture to about Oferr] C-afd -add 700 nL ofsl hMasHS_vm'(?ﬂueOUS)
Separate and discard the organi c phase. Wash the aqueous p

AT T s ol b 34 o, B b of SN B
addi ng o

ext ract ovepaowg%réoqﬁﬁﬁgg%@e%r gle of 1y M Al.giinéto'hl@%sgm‘df hb_Bﬁélfi tle
conpound, whhe tmixtuze ratc eeflox i Aftee @5 ROaRL | r&qtﬁgﬁ 758t of 144

Step B - SepgrpiBAl Gh Em,g},’gogg;a Sl'ie:alél 8 ;B'erﬁm?{( B%or ?rlrlour. (The reaction
5  is monitored by TLC using 50% MeOH/CH;Cl; +NH4OH (aqueous).)
Cool the mixture to room temperature, add 50 mL of 1 N HCl
(aqueous) and stir for 5 min. Add 100 mL of 1 N NaOH
(aqueous), then extract with EtOAc (3 X 150 mL). Dry the
extracts over MgSOQy, filter and concentrate in vacuo to give 1.1 g
10  of the title compound. MH*+ = 39].

PN

Combine 16.6 g (0.03 mole) of the product of Preparative
15  Example 4, Step D, with a 3:1 solution of CH3CN and water
(212.65 mL CH3CN and 70.8 mL of water) and stir the resulting
slurry overnight at room temperature. Add 32.833 g (0.153
mole) of NalO4 and then 0.31 g (2.30 mmol) of RuO3 and stir at
room temperature (the addition of RuO; is accompanied by an
20 exothermic reaction and the temperature climbs from 20° to
30°C). Stir the mixture for 1.3 hrs. (temperature returned to -
-25°C after-about 30 min.), then' filter to remove the solids and
wash the solids with CHyCla. Concentrate the filtrate in vacuo to
~ a residue and dissolve the residue in CH2Clz. Filter to remove
25 insoluble solids and wash the solids with CH2Cly. Wash the
filtrate with water, concentrate to a volume of about 200 mlL
and wash with bleach, then with water. Extract with 6 N HC1
(aqueous). Cool the aqueous extract to 0°C and slowly add 50%
NaOH (aqueous) to. adjust to pH = 4 while keeping the
30 temperature <30°C. Extract twice with CH2Cls, dry over MgSO4

OCH,CH,4



The racemc title conpound of Step A is separated by preparatlve chiral
chr omat ogwapdsys764sni r al pack AD, 5 cm X 50 5 cmcol um, usipgr %?uﬁoo

i PrOH hexane + 0.2% di ethylam ne), to give the (+)- enantlomar an '
(-)-enantioner of the title conpound. Physical chem cal data for ~
(+)-enantioner: mp. = 148.8C, 25 Mas4(Bpec. M err] = 469; [[err]][err] =
+65. 6[err] (12.93nmg/2n. MeOH). 10 Physi cal chem cal data for

(-)-enanti QiR ‘codBentrate 1 i€ Svadfis Sto Sgg?ékmers 4&% réilﬁ{lézé[ 9pr] =
- TI VE 5 -"Step A
B?SNZ[fa?r]G 5'@/ 2??@&%69559 ?9 ol ct the 513%}191189805&4&)]?5 and 200 nL of
H err] SO edfiltratioh cmd dry tHeersolids M ow&cmmd 2ive’3.95 g0ofIfe

product. 1H NMR (CDC13, 200 MHz): 8.7 (s, 1H); 7.85 (m, 6H);

5 7.5 (d, 2H); 3.45 (m, 2H); 3.15 (m, 2H).

0)\00H20H3 O)\
Combine 15 g (38.5 mmol) of 4-(8-chloro-3-bromo-5,6-

dihydro-11H-benzo[5,6]cyclohepta[l ,2-blpyridin-11-ylidene)-1-
piperidine-1-carboxylic acid ethyl ester and 150 mL of

15 concentrated H2SO4 at -5°C, then add 3. 89 g (38.5 mmol) of KNO3
and stir for 4 hours. Pour the mixture into 3 L of ice and basify
with 50% NaOH (aqueous). Extract with CH2Cly, dry over MgSO4,
then filter and concentrate in vacuo to a residue. Recrystallize

" the residue from acetone to give 6.69 g of the product. 'H NMR

20 (CDCl3, 200 MHz): 8.5 (s, 1H); 7.75 (s, 1H); 7.6 (s, 1H); 7.35 (s,
1H); 4.15 (g, 2H); 3.8 (m, 2H); 3.5-3.1 (m, 4H); 3.0-2.8 (m, 2H);
2.6-2.2 (m, 4H); 1.25 (t, 3H). MH+ = 506.

OCH,CH,4



5 nole) of KNO3 over a period of 1.5 hrs., then warmto roomtenperature
and stir OVOMOBISEAI. Work up the reaction using substantiallﬁéﬂg 9§
procedure as described for Preparative Exanple 4, Step A Chro i é?guﬂh
(silica gel, 20% 30% 40% 50% Et OAc/ hexane, then 100% Et OAc) to give 28 ¢
of the 9-nitro 10 product, along with4d smal | er gquantity of the 7-nitro
product. and 19 g of a m xture of the 7-nitro and 9-nitro conpounds.

M err] (9-8Stepd: = 367. Step B: Br Cl Br

ca 15 [err] act 28 g (76.2 mol) of the 9-nitro product of
Step A, 400 nL f 85% :

g (0.685 nole) off { usi
for Preparative Exarpl e/
337. Step C [err] N 46 [}
Step B, 140

Lo [

0% “OCH,CH,4

OCH,CH,4

Combine 6.69 g (13.1 mmol) of the product of Step A and

100 mL of 85% EtOH/water, then add 0.66 g (5.9 mmol) of CaClz'
5 and 6.56 g (117.9 mmol) of Fe and heat the mixture at reflux
overnight. Filter the hot reaction mixture through Celite® and
rinse the filter cake with hot EtOH. Concentrate the filtrate in
vacuo to give 7.72 g of the product. Mass Spec.. MH* = 476.0.

10 Step C:

X A

O™ “OCH,CH,4 OCH,CH4

Combine 7.70 g of the product of Step B and 35 mL of
HOAC, then add 45 mL of a solution of Bry in HOAc and stir the
mixture at room temperature overnight. Add 300 mL of 1 N
15 N?OH (aqueous) , then 75 mL of 50% NaOH (aqueous) and extract
with EtOAc. Dry the extract over MgSO4 and concentrate in
_ Vacuo to a residue. Chromatograph the residue (silica gel, 20%-
30% EtOAc/hexane) to give 3.47 g of the product (along with
another 1.28 g of partially purified product). Mass Spec.: MH+ =

20 554, | .
oy | .
'H N_MRE(CDC13, 300 MHz): 8.5 (s, 1H); 7.5 (s, 1H); 7.15 (s, 1H);
4.5 (s, 2H); 4.15 (m, 3H); 3.8 (br s, 2H); 3.4-3.1 (m, 4H); 9-2.75
(m, IH); 2.7-2.5 (m, 2H); 2.4-22 (m, 2H); 1.25 (m, 3H).



m. of HOAc and slowy add a solution of 2.95 nL (57.8 nmmol) of Br2 in 10 nL

of HOAc over a_PJiod of 20 mn. Stir the reaction mxture @ 1500
terrperatur‘% %¥/KER’ concentrate in vacuo to a 5 residue. Add b{err]d[err]
and water, then adjust to pH = 8-9 with 50% NaCOH (aqueous). Wash the
organic phase with water, then brine .angd dry over NaJerr]SJerr].
Concentrate |n vacuo to give 11.3 g of the product. [err]H NVR (200 VHZ,
CDCl[err]): (d, 1H,; 7.74 (d, 1H); 7.14 10 (s, 1H); 4.63 (s, 2H);
3.23-3.15 ( ~ and 3.07-2.98 (m 2H). Step D Br Cool 100 nL of
concentrat ed HCI (aqueou Olerr]C then 15 QL g (81.4 mmol ) of
NaNO2 and stir fg. : addl (i n Bo W7C mol ) of
t he product of Step ¢ m xture at for 2.25 hrs.

£) and al | ow t he
gse) 150 nL of 50%
‘ pH = 9. fhen ektrayt wth
CHerr]C[err]. Wash the act with water, then byineJand dry over

Na[ err] SO. Concentrate in ;:' to a residue and chroNat ograph (silica gel,
2% Et OAc/ CHerr]CO[err]) tlo give 8.6 g of the producjy. M+ = 399.9. [err]H

NVR (200 MHZ, CDCl[err sqlH; 7.77 (d, 1% TOoBBLLH(d, 1H); 7.21
(d, (1H) and333[o(]) _écﬁch:,"D_ ( o 288 ( H)

Combine 0. 557 g (5.4 mmol) of t-butylnitrite and 3 mL of
DMF, and heat the mixture at 60°-70°C. Slowly add (dropwise) a
5 mixture of 2.00 g (3.6 mmol) of the product of Step C and 4 mL
of DMF, then cool the mixture to room temperature. Add
another 0.64 mL of t-butylnitrite at 40°C and reheat the mixture
to 60°-70°C for 0.5 hrs. Cool to room temperature and pour the
mixture into 150 mL of water. Extract with CH2Cla, dry the
10 extract over MgSO4 and concentrate in vacuo to a residue.
Chromatograph the residue (silica gel, 10%-20% EtOAclhéxane_)
to give 0.74 g of the product Mass Spec.: MH* = 539.0.
H NMR (CDCI3, 200 MHz): 8.52 (s, 1H); 7.5 (d, 2H); 7. 2 (s, 1H);
.15 (q, 2H); 3.9-3.7 (m, 2H); 3.5-3.1 (m, 4H); 3.0-2.5 (m, 2H);
15 24-22 (m, 2H); 2.1-1.9 (m, 2H); 1.26 (t, 3H).

mxture to stand at. ovier nilHs . Sl owl y add
NaCH 20 over 30 mn., '

Step E:

PN

0° “OCH,CH,4

Combine 0.70 g (1.4 mmol) of the product of Step D and 8
20 mL of concentrated HCl (aqueous) and heat the mixture at reflux
overnight.  Add 30 mL of 1 N NaOH (aqueous), then 5 mL of 50%
NaOH (aqueous) and extract with CH2Cl;. Dry the extract over
MgSO4 and concentrate in vacuo to give 0.59 g of the title
compound. Mass Spec.: MH* = 467. m.p. = 123.9°-124.2°C.



PREPARATI VE EXAMPLE 10 [err] -47- Step A: [err] Conmbine 13 g (33.3 rrrml)
of the tityeogeymeound from Preparative Exanple 4, Step D, a?,qw’,i%

toluene -at 20[err]C, 5 then add 32.5 nL (32.5 nmmol) of a soF |on of
DIBAL in toluene. Heat the mxture at reflux for 1 hr., cool to 20[err]C, .
add another 32.5 niL of 1 M DI BAL sol uti4d -and heat at reflux for 1 hr. Cool
the mxture to 20[err]C and pour it |ntoamxture of 400 g of ice, 500 nL
of Et OAc ‘and 300 ni of 10% N3 b AR SR eitdl gtgact the aqueous |ayer
with CHerr]Clerr] (3 x 200 , -ayers over MgSO4, fhen
concentrate in vacuo to a resjdue. g:si lica gel, 12%

MeOH CH err]d[err] +4%NH[e e~ §lof thetitle conmpound as
a racemate. Mass Spec.: M+ [err]H NVMR (CDCl [err], 400
MHz): 8.38 15 (s, 1H); 7.57 (s, : [err]H); 7.06 (d, 1H); 3.95
(d, 1H). Step B - Separation of Enant| )

Prepare a solution of 8.1 g of the title compound from
Preparative Example 7 in toluene and add 17.3 mL of a 1M
solution of DIBAL in toluene. Heat the mixture at reflux and

10 slowly add (dropwise) another 21 mL of 1 M DIBAL/toluene
solution over a period of 40 min. Cool ‘the reaction mixture to
about 0°C and add 700 mL of 1 M HCI (aqueous). Separate and
discard the organic phase. Wash the aqueous phase with CH»Cl,,
discard the extract, then basify. the aqueous phase by adding

15 50% NaOH (aqueous). Extract with CHCl3, dry the extract over
MgS0O4 and concentrate in vacuo to give 7.30 g of the title

compound, which is a racemic mixture of enantiomers. MH* =
469. g



- 48 - The racemc title conmpound of Step Ais separalt ed by prepare}tlve
chiral chiyyeagsaphy (Chiral pack AD, 5 cm X 50 cm col um, 00

i PrOH hexane + 0.2%di ethyl am ne), to give the (+)-enantioner anos?l[%
(-)-enantionmer of the title 5 conpound. Physical chem cal data for
(+)-enantioner: Mass Spec. MHerr]- =-444 (FABS); [err] M+ = 469 (FABS);
[[err]] = +43.5[err] (c=0.402, EtO—|) partla:_i)[err]? E\I(I\j/R EEDDClgegg](d40(il_D
MHz): 8.38 % ? = S 1 7.0 : ;3. .
10) Eel(]:Ba:I) C?e Z’ﬁ = &D 93 antioner: Mass Spec. MHerr] =
469 "( FAB) ; [[err]] :-41 8[err] (00328 Et OH); Rar ] H NMR
(CDCl[err], 400 MHz): 8.38 (s, 1H); 7.57 (Br~<yf: N+ Cl7. 05 (d,
1H); 3.95 (d, 1H). 15 - PREPAR 11 [err] Step
A [err] Dissoélye ’ nm&h) of the titTH cogpoulyd from

N
H

_ The racemic title compound of Step A is separated by
preparative chiral chromatography (Chiralpack AD, 5 cm X 50
5 ocm. -column, using 20% iPrOH/hexane + 0.2% diethylamine), to '

give.. the (+)-enantiomer and the (-)-enantiomer of the title
.compound

Physical chemlcal data for (+)-enant10mer m.p. = 148.8°C;

Mass Spec. MH* = 469; [oc]D = +65.6° (12.93mg/2mL. MeOH).
10 Physical chemical data for (-)-enantiomer: m.p. = 112°C;

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

PREPARATIVE EXAMPLE

15°



20 Preparative Exanple 3 in 20 nL of DWF, stir at roomtenperature, and
add 0. 3914we ds7ek6 nmol ) of 4-nethyl - norpholine, 0.7418 g (FePdssimbkoo of
DEC, 0.5229 g (3.87 nmol) of HOBT, and 0.8795 g (3.87 mmol) of

| - N-t - but oxycar bonyl - piperidinyl-4-acetic acid. Stir the m xture at room
tenperature -49 - for 2 days, then-cdbhcentrate in vacuo to a residue and
partition the residue between CHerr]C[err] and water. WAsh the organic
phase succe?'gﬁ?%! w th saturated NaHCO3 (aqueous), 10% NaH2PO4 (aqueous)
and brine. y the organi c phase over MgSJerr], filter 5 andygoncentrate

I n vacuo to a residue. Chromatograph the residue (siliee~gel, 2% MeOH/
CHerr]CJ[err] + NH3) to give 1.72 g of the EF_ '

94.0-94.5[err]C, Mass Spec.: Mierr] = 614. ®
cal cul ated - C, 60. 54; 6. 83 found - . :
10 Step B [ &4 R J (@& 7 "ol ) of the ' p Step A and
20 mL of CHerr]d at O[err]C Add 20 nL 8f TFA, stir the
m xture for 2 hour # the™mxrure WMth 1 N NaOH (aqueous).

NO,

o
Combine 40.0 g (0.124 mole) of the starting ketone and
200 mL of H2504 and cool to 0°C. Slowly add 13.78 g (0.136
5 mole) of KNO3 over a period of 1.5 hrs., then warm to room
temperature and stir overnight. Work up the reaction using
substantially the same procedure as described for ‘Preparative
Example 4, Step A. Chromatograph (silica gel, 20%, 30%, 40%,
50% EtOAc/hexane, then 100% EtOAc) to give 28 g of the 9-nitro
10 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.
MH* (9-nitro) = 367.

Step B: |
Br = cl Br =~ Cl
| \ —_—\
N
N o N02 . o NHz

React 28 g (76.2 mmol) of the 9-nitro product of Step A,
400 mL of 85% EtOH/water, 3.8 g (34.3 mmol) of CaCly and 38.28
g (0.685 mole) of Fe using substantially the same procedure as

described for Preparative Example 4, Step C, to give 24 g of the
20 - product. MH+ = 337. | :

15




15 Extract with CHerr]CJ[err], dry the organic phase over MgSq err],

ilter an ogswadrate in vacuo to give 1.16 g of the.produt m p. 5
f1I40. 2- 14%?3[err]c, Mass Spec.: MHerr] = 514. Step C [errg’c’gﬂ?@@ﬁﬁ Pe
0.50 g of the product of Step B, 20 nt of CH[err]CI[err]fan g

equi val ents of (CH3)3Si NCO and stir at 4&em tenperature for 2 O;Jhe' o cani o
Extract the mxture wth saturated NaHCO err] (aqueous) and dry g

prece over WS okbif 157 109 23t 24°H ool 1S8R B, 946,220
g&el\/gaﬂfa&ﬁﬁr %{’ HPAc and-slowly) add gissagxtdpm efy 2c9§ trhb fﬁ'b& unimollh of =
170. 2- 170. 5[Bxry T, 104mE 6pEOAdVidver rd péngah)f ?Ooémrrrlfm Stir the reaction _
Combound. VEW%%&\Z)@%; HB%?QRIEFQE ﬂgé‘( Zg@(lcml)ﬂ dn vheuoitd @ conpound
SO OUnG OF Esidhe,  Add CHyCly and water: thon adjust to pH = 8-9 with

S50% NaOH (aqueous). Wash the organic phase with water, then

brine and dry over Na3S0O4. Concentrate in vacuo to give 113 g

of the product.

TH NMR (200 MHZ, CDCl3): 8.73 (d, 1H); 7.74 (d, 1H); 7.14

10 (s, 1H); 4.63 (s, 2H); 3.23-3.15 (m, 2H); and 3.07-2.98 (m, 2H).

5!@2 D: . }
Br = Cl ‘Br
\ —_—
N
NH
) 0 Br 2

* .= Cool 100 mL of concentrated HCl (aqueous) to 0°C, then
15 add:5.61 g (81.4 mmol) of NaNO; and stir for 10 min. Slowly .
add-(in portions) 11,3 g (27.1 mmol) of the product of Step C and
stir the mixture at 0°-3°C for 2.25 hrs. Slowly add (dropwise)
180 mL of 50% H3PO, (aqueous) and allow the mixture to stand
at.0°C overnight. Slowly add (dropwise) 150 mL of 50% NaOH
20 over 30 min., to adjust to pH = 9, then extract with CH>Cl;. Wash
the extract with water, then brine and dry over Na,S Og4.
Concentrate in vacuo to a residue and chromatograph (silica gel,
2% EtOAc/ CHaCly) to give 8.6 g of the product. MH+ = 3999,
_ lH NMR (200 MHZ, CDCl3): 8.75 (d, 1H); 7.77 (d, 1H); 7.56
25 (d, 1H); 7.21 (4, 1H); and 3.3-3.0 (m, 4H).

PREPARATIVE EXAMPLE 10
Br _

Racemic as well as
(+)- and (-)- enantiomer-

N
H



f Preparative Exanple 1, 5 nL of dry DM, and 0.5 nL (4.53 10 mol ) of
?1 met hSI mW@I?USTﬂS&rmat Oferr]C, then add 0.6 g (3.12 mml) glciesAéhe0- 4 9
(2.96 mmol) of HOBT and stir the mxture overnight at 20[err]C. Concentrate
in vacuo to a residue and extract the residue with CHerr]Cl[err] (2 X 50
mL). Wash the extracts with 25 nL of vétler, dry over MSOH4, then ;
concentrate 15 in. vacuo to a residue and chromatograph (silica gel, 10%
MeOH/ Et OAC SteAWoAH err] OH (aqueous)) to give 0.6 g (93.7%yield) of the
title conpound. Mass Spec.: M—I[g{.r] = 602 (FABS); parti al errlH NVR
(CcbCiferr], 300 MHz): H); 8. 16 (d, 2H); : H) ; 7|.29_(m
1H); 7.18 (d, 2h). 3_6 él;;b Q anal ysi s 4
calculated - C, 48.\ 657fo . N, 6.
g7 ] Dissolve 5\9 2 )ofthetltle

Combine 13 g (33.3 mmol) of the title compound from
Preparative Example 4, Step D, and 300 mL of toluene at 20°C,
5 then add 32.5 mL (32.5 mmol) of a 1 M solution of DIBAL in
toluene. Heat the mixture at reflux for 1 hr., cool to 20°C, add
another 32.5 mL of 1 M DIBAL solution and heat at reflux for 1
hr. Cool the mixture to 20°C and pour it into a mixture of 400 g
of ice, 500 mL of EtOAc and 300 mL of 10% NaOH (aqueous).

10 Extract the aqueous layer with CH2Clz (3 x 200 mL), dry the
organic layers over MgSQy4, then concentrate in vacuo to a
residue. Chromatograph (silica gel, 12% MeOH/CH>Cl; + 4%
NH4OH) to give 104 g of the title compound as a racemate. Mass
Spec.: MH* = 469 (FAB). partial 1TH NMR (CDCl3, 400 MHz): 8.38

15 (s, 1H); 7.57 (s, 1H); 7.27 (d, IH); 7.06 (d, 1H); 3.95 (d, 1H).

Step B - Separation of: Enantiomers:




resulting solids by filtration and wash the solids with 50 nL of Et20 Dry

the sol i dwops/g@perr]C and 0.2 nmHg to give 5.9 g (96%yi ek,?m%}%iﬁ@ot itle
conpound. Mass Spec.: MHerr] = 602 (FAB). 10 partial [err

(DVBO-d6, 300 MHz): [err] 8.66 (d, 2H); 8.51 (s, 1H); 7.95 (s, 1H); 7.67
(d, 2H); 7.47 (m 1H); 7.15 (m 1H); 3489-(s, 2H). Elermental anal ysis:
calculated - C, 48.77; H 3.62; N 6.56 found - C, 48.34; H, 3.95; N, 6. 84.

15 PREPARATI VE EXN&kicdmid Qitid erd - ofSt A, C&ﬁ%ir w01 g (1.28
mmol) of the title co ould of Fﬁoelrlg?aﬁiv(%éﬁglﬁpfqﬁli% a g%doml_) of dry DWVF,
then add 0. Hbeﬁpagagve gﬁ;r 4cl}ﬁque)to§;ap y (Chiralpack AD, 5 cm X 50
1- Nt - buE oxgmarciodumingi weingd5 %y |iPLOR hekanaci 0.20% ?diatlmé}hiﬁé)% togiveof DEC,
0.225 g (1. D iofige  and"thed: £5% SintitS o4
4- et hyl_nor g%%%%@t‘% T ?ﬂg %‘%tﬁ?%’%ﬂ‘g‘?"dﬁ% t‘iﬁ@%’a?{ﬂ% over ni ght.
Concent Pat ecPREpound. ' '
Physical chemical data for (+)-enantiomer: Mass Spec.
MH+* = 469 (FABS); [oc];5 = +43.5° (c=0.402, EtOH); partial 1H
NMR (CDClz, 400 MHz): 8.38 (s, 1H); 7.57 (s, 1H); 7.27 (d, 1H);
7.05 (d, 1H); 3.95 (d, 1H). |
10 Physical chemical data for (-)-enantiomer: Mass Spec.
MH* = 469 (FAB); [o]y’ = -41.8° (c=0.328 EtOH); partial !H NMR
(CDCl3, 400 MHz): 8.38 (s, 1H); 7.57 (s, 1H); 7.27 (d, 1H); 7.05
(d, 1H); 3.95 (d, 1H).

1 5_ PREP T XAMPLE 11

Dissolve 1.160 g (2.98 mmol) of the title compound from
20  Preparative Example 3 in 20 mL of DMF, stir at room :
temperature, and add 0.3914 g (3.87 mmol) of .4-methyl-
morpholine, 0.7418 g (3.87 mmol) of DEC, 0.5229 g (3.87 mmol)
of HOBT, and 0.8795 g (3.87 mmol) of 1-N-t-butoxycarbonyl-
piperidinyl-4-acetic acid. Stir the mixture at room temperature



m xture in vacuo to a residue, then partition the residue 10 bet ween 150
nmL of CH[ eiwd éd/489 ] and 150 nL of saturated NaHOCO3 (aqueousperfgébd/fishe t Ne -
aqueous phase with another 150 nL of CHerr]CJ[err]. Dry the organic phase
over MgSO4, and concentrate in vacuo to a residue. Chromatograph the :
residue (silica gel, 500 mL hexane, 1-14%f- 1% MeOH/ CH err]Cl[err] + 0.1%
NH err] OH (aqueous), 15 then 1 L of 2% MeOH/ CH err]d[err] + 0.1%

NH OH (& t bV, ' RAJdUCtaci AP - ar i
MrbLer i 10008 2 Babg, Théh i"c‘.‘b";‘@%ﬁ ‘i‘“%‘f’é.‘es%gjf%?;f e*%‘?l pRHLon . e
0.555 g (0. ghendesidye f’ﬁ%wg?lbdg 2 dowater,y Wsh the argaeic €cool
the i xtur e suec@Ssivaly withsatirafsdh NelCOS (agtie6){ 40% NaBLPOGonCent rat e
in vacuo at AQ- .du L e res etyeen
of Gitor ] C@apEpls) Sol R Cork G, BEan RRate piGEhMESOL, L)
Extract $he anflieconcdmpate it hadwd tol aotesitdier r |Chicematographithee t he
extract s ancredidne® (SHlickUEEll 2% MEOR? THR1S 4 NHEFYO gide 4.7 lof thd) OF the
P ' product. m.p. = 94.0-94.5°C, Mass Spec.. MH+ = 614.
Elemental analysis: calculated - C, 60.54; H, 6.06; N, 6.83
found -'C, 59.93; H, 6.62; N, 7.45.
10  Step B: :

Combine 1.67 g (2.7 mmol) of the product of Step A and 20
mL of CH2Cl3 and stir at 0°C. Add 20 mL of TFA, stir the mixture

. for 2 hours, then basify the mixture with 1 N NaOH (aqueous).
15  Extract with CH2Cly, dry the organic phase over MgSOQy, filter and

concentrate in vacuo to give 1.16 g of the product. m.p. = 140.2-
140.8°C, Mass Spec.:. MH+ = 514,

Step C:

20
| Combine 0.50 g of the product of Step B, 20 mL of CH>,Cl,
and 4.5 equivalents of (CH3)3SiNCO and stir at room temperature
for 3 hours. Extract the mixture with saturated NaHCOs3.
(aqueous) and dry the organic phase over MgSO4. Filter and

25 concentrate in vacuo to give 0.8 g of the crude product.



mp. = 140[err]-150[err]C, Mass Spec.: MHderr] = 516. 5 Step C. [err]

Conbi ne O+439s/s@s4 0- 87 nmol ) of the product of St ep B, 20 mpcfusoss11500
CH[err]CI[errT and 0.501 g (0.59 mml) of (CH3)3Si NCO and stir at 10 room
tenperature overnight. Add 50-75 nL of saturated. NaHCO3 (aqueous) and
stir for 0.5 hours. Dilute with CH errP@ Ferr], separate the |ayers and
extract the aqueous |ayer with 2 X 100 n1_ of CH[err]CI[err] Dry the:

conbi ned  CidigoildlopPapt 18 Meiia 39dl, CPRCMEORVEH CIAELO (O 2
o e s o B ol i e LA Y 1

MeOH CH[ err |[Sgecer M+ & 859G NH errJOH, t hen Wi th 3% MeOH CH err]C [err] +

0.3% NH[ err] to give 0.33 g of the title conpound. mp. = 145-155C, Mass
Spec.: MHerr] = 559. 20 PREPARATI VE EXAMPLE 15 [err]
React th® title conpound of RAMTY MPIZEa the title conpound of

Preparative Exanple 1 using subsﬁ antially the sanme procedyfe as descri bed
for Preparative Exanple 1

N
H

Combine 0.5 g (1.06 mmol) of the title compound of
Preparative Example 4, 0.4 g (2.61 mmol) of the title compound
of Preparative Example 1, 5 mL of dry DMF, and 0.5 mL (4.53
10 mmol) of 4-methylmorpholine, at 0°C, then add 0.6 g (3.12
mmol) of DEC and 0.4 g (2.96 mmol) of HOBT and stir the
mixture overnight at 20°C. Concentrate in vacuo to a residue
and . extract the residue with CH2Cl2 (2 X 50 mL). Wash the
extracts with 25 mL of water, dry over MgS0QO4, then concentrate
15 in.vacuo to a residue and chromatograph (silica gel, 10%
MeOH/EtOAc + 2% NH4O0H (aqueous)) to give 0.6 g (93.7% yield)
of the title compound. Mass Spec.:. MH* = 602 (FABS); partial
1H NMR (CDCl3, 300 MHz): 8.48 (s, 1H); 8.16 (d, 2H); 7.61 (s,
1H); 7.29 (m, 1H); 7.18 (d, 2H); 7.04 (d, 1H); 3.71 (s, 2H).
20 Elemental analysis: calculated - C, 48.81; H, 4.10; N, 6.57
found - C, 49.10; H, 3.79; N, 6.74.



- 54 - give 0.25 g of the title conpound, which is a racem c m xture of

at r opi sorra?égs,gm;‘ Spec.: MHerr] = 602. mp. = 167.2[err]- b@iﬂﬁggfligo@ The
HCl salt of the title corrpound of Preparative Exanple 15 is prepared by

stirring for 1 hr. with HO/CHerr]OJ[err], then 5 concentrating in vacuo
to give the salt. PREPARATIVE EXAVPLES 5SI6A & 16B 10 Preparative
Exanpl e 16A Preparative Exarrpl e 16B The title conpound of Exanple 15 is
a racem c mxture of atropi spg ,lr-- By s are separated by

preparative chromat ography (AP , using an I ral pack AD ﬁol um (5 cmx 50
cm and 40%i-PrOH/ hexane_+ 0. 2% di et hyl am ne as the rmbl | e phase to
give the (+)- and (-) ” Exarrpleﬁ 16B3 3
Physi cal cheni cares mer,
114. 2[err]-114. 8[ err{ C = -154. 6 MeOH)
Physi cal chem cal dat Enant i oner, D mp. =
112.6-113.5C, [[err]][err +150. 7[&rrT (0. . MeOrHCl
PREPARATI VE EXAMPLE 17 | ¢ : '

: : o

N F N,O N F iN/
I
o} \ o ~

Dissolve 5.9 g (9.78 mmol) of the title compound of
Preparative Example 12 in 300 mL of 1:5 CH2Cl2/EtOAc at 0°C.
5 Slowly add (dropwise) 3 mL of 4 N HCl (aqueous) and stir. the
mixture at 0°C for 5 min. Add 200 mL of Et20, collect the
resulting solids by filtration and wash the solids with 50 mL of
Et20. Dry the solids at 20°C and 0.2 mm Hg to give 5.9 g (96%
yield) of the title compound. Mass Spec.: MH* = 602 (FAB).

10 partial !H NMR (DMSO-dg, 300 MHz): & 8.66 (d, 2H); 8.51 (s, 1H);
7.95 (s, 1H); 7.67 (d, 2H); -7.47 .(m, 1H);. 7.15 (m, 1H); 3.99 (s,
2H). oo - . _
Elemental analysis: calculated - C, 48.77; H, 3.62; N, 6.56

found - C, 48.34; H, 3.95; N, 6.84.

15

PREPAR AMPLE 14




- 55 - Step A: [err] HReact 6.0 g (12.8 nmmol) of the title conmpound of
Prepar ati weolsssmgsve 7 and with 3.78 g (16.6 nmml) of 1-N-t- per/usesniseo

but oxycar bonyl pi peri di nyl -4-acetic acid using substantially the sane
procedures as described for Preparative Exanple 14, Step A to give 8.52 ¢
of the product. Mass Spec.: M =692 PRAB). 1H NMR (CDC13, 200 MHz): 8.5
(d, 1H); 7.5 (d, 2H); 7.2 (d, 1H); 4.15-3.9 (m 3H); 3.8-3.6 (m 1H);
3.5-3.15 (nSt&pDA:2.9 (d, 2H); 10 2.8-2.5 (i, 4H); 2.4-1.8 (m 6H);
1.8-1.6 (br d, 2H): 1.4 (s, 9H): 1.25-1.0 (m 2H). epB 15

I ne 8.50 of the getiCt of Step A and 64 of § [err], then
(C::ggil) to OC ang sdd p NSt p g A P C, then add
500 nL of 1 N NaQO (aq ovved by 30 NL gF~SO9\N\aCH (aqueous).
Extract with CH errf\( ¢/ over MyS Qerr’f anpl concentrate in vacuo
to give 7.86 g of the prog . I\(la.s_s_.'i;;)ﬂ> VH ¢ HO3hLRQE B) [err]H
NVR (CDO 3; 200 MHz): 7.52 (d of d,} 2H) 720(
4.1-3.95 (m 2H); 3.8- B. : 2H) 3.5-3.05 ( e ,kgln 6H) ;
2.45-1.6 (in, N :

H

Combine 0.501 g (1.28 mmol) of the title compound of
Preparative Example 5 and 20 mL of dry DMF, then add 0.405. g
5 (1.664 mmol) of 1N—t-butoxycarbonylplpendmyl-4 acetic acid,
0.319 g (1.664 mmol) of DEC, 0.225 g (1.664 mmol) of HOBT, and
0.168 g (1.664 mmol) of 4-methylmorpholine and stir the
mixture at room temperature overnight. Concentrate the
mixture in vacuo to a residue, then partition the residue
10 between 150 mL of CH2Cl; and 150 mL of saturated NaHCO3
(aqueous) Extract the aqueous phase with another 150 mL of
CH2C12 Dry the organic phase over MgS0O4, and concentrate in-
vacuo to a residue. Chromatograph the residue (silica gel, 500
mL hexane, 1 L of 1% MeOH/CH2Cl; + 0.1% NH4OH (aqueous),
15 then 1 L of 2% MeOH/CH2Cl> + 0.1% NH4OH (aqueous)) to give

0.575 g of the product. m.p. = 115°-125°C; Mass Spec.: MH+ =
616. '

Step B:

20

Combme 0:555 g (0.9 mmol) of the product of Step A and
15 mL of CH2Cl3 and cool the mixture to 0°C. Add 15 mL of TFA
and stir at 0°C for 2 hours. Concentrate in vacuo at 40-45°C to a
residue, then partition the residue between 150 mL of CH;Cl,



- 56 - Steng: Lerr] Treat 7.80 g (13.1 nmmol ) of the product of Step B with

12.1 g (10

as described for Preparative Exanple 14, Step C, to give 5.50
title conpound, which is a racemc m'xt%e of atropisoners. mp. =

163.6[err]-164.0[err] C. Mass spec.:
VHz) :

8.5 (d, 1

35 (FAB). IH NWR (CDd [err],
I—?' 7.52 (d, 1H); 7.48 (d, IH); 7.21 (d, 1H); 4.54, (s, ;
4.1-3.6 (m a4 ;100 L of ssamrated) NHHICOB. Qaguéod mtra&-ﬁﬁe;ar@gm 7H) ;

2H)

7P5%f (CH3) 3Si NCO using substantially the sampcius p,gﬁﬁ@dure
g St RE

200

1.4-1.0, (m : E V S 18B [err] 15 arative

Exampi o' 16a 0 Wil g‘WL HE of, ST E5bing Ber Pifracisoapdudey giver

Preparative %&%ﬂ“e 17ORCeTIaty cirivecrpxtol give 10.47 ro pif stheepfodubiose

at r opi soner smap.e=SpHeI-250eCHY MMsIPSHEL | v%gh_rgmr aphy (HPLC), using an
01 -

Chi r al pa%k AD colum (5 cmXx 50 ¢ and

di et hyl am ne as the nobile phase, at a flowrate of 100 nL/mn., to give

hexane + 0.2% 20

the (+)- andtep)Cenantioners, Exanples 18B and 1 8A, - respectively.

O
. o
Combine 0.449. g (0.87 mmol) of the product of Step B, 20
mL of .CH2C12 and 0.501 g (0.59 mmol) of (CH3)3SiNCO and stir at
10 room temperature overnight. Add 50-75 mL of saturated
NaHCO3. (aqueous) and stir for 0.5 hours. Dilute with CHCl,,
sepd;_até the layers and extract the aqueous layer with 2 X 100
mL of CH,Cl;. Dry the combined CHCl; extracts over MgSO4 and
c?rfcer:ltratg in vacuo to a residue. Chromatograph the residue
15  (silica gel, 500 mL CH,Clp; 1L of 1% MeOH/CH>Cl; + 0.1% NH40H;
1 L of 2% MeOH/CH,Cl; + 0.2% NH4O0H; then with 3% ,

MeOH/CHCl; + 0.3% NH40H) to give 0.33 g of the title. compound.

m.p. = 145°-155°C; Mass Spec.: MH+ = 559,

20 | PREPARATIVE EXAMPLE 15

. React the title compound of Preparative Example 7 and the
title compound of Preparative Example 1 using substantially the

Same procedure as described for Preparative Example 12, to



Physi cal chem cal data for (- ) enanti omer, Exanple 1 8A" mp. =

142.9- 143vwabps/kfoss r]][err] = -151.7 (11. 06 nmg/ 2 mL, MeOH). PCT/US985F1500
Physi cal chemi cal data for (+)-enantioner, Exanple 18B:
126.5-127. O err]C [[err]][err] = +145.6 (8.38 ng/2 nl, MeOH). PREPARATI VE

EXAMPLE 19 [err] 5 Combine 3.32 g of tHé ¢+)-enantioner of the title
conpound of Preparative Exanple 8, Step B, 2.38 g of the title corrpound of

Prepar at i vegieainRs g, of .the thef &igBbund; Whizhofs QE‘EacémiiGrﬁix fife

e %2‘22?&%&%3‘&%3@*‘5’% e ywﬁé”fm%%s.r&ét i 16 2T fe??] -

Wash with 1 N Na@he(eﬂﬁbcmlt) oft then title kcomapound cof Brep ﬂ@h\(eaﬁmp])e and dry

over MySQ eﬂS] is gQ e’ BYCsliftind Fo 2 wihl (§ ograph (silica
gel, 2% Clerf] + }—ferr] to give df e title
compoun 1gonc gatingdn waquer fq givedhe(salB) . The hydrochl oride salt was

prepared by dissolution of the title conpound from Preparative Exanple 19
' dichloro- PREPARATIVE EXAMPLES 16A & 16

o
o X o QS

10 Preparative Example 16A Preparative Example 16B
The title compound of Example 15 is a racemic mixture of
atroplsomers - Those atropisomers are separated by preparatlve
chromatography (HPLC), using an Chiralpack AD column (5 cm x

50 cm) and 40% i-PrOH/ hexane + 0.2% diethylamine as the

15 mobile phase to give the (+)- and (-)-enantiomers, Examples 16B
and 16A, respectively.

Physical chemical data for (-)-enantiomer, Example 16A:

m.p. = 114.2°-114.8°C; [a],z)s = -154.6° (8.73 mg/2 mL, MeOH).
Physical chemical data for (+)-enantiomer, Example 16B:
20 m.p. = 112.6°-113.5°C; [(JL]2D5 = +159.7° (10.33 mg/2 mL, MeOH).

PREPARATIVE EXAMPLE 17




nmet hane saturated with hydrogen chloride. Concentration in vacuo provided

the titl e wOAPpS™® from Preparative Exanple 20 19 as the p.
166.5[err]C;, [[err]][err] = +70.8[err] (9.9ny/2nm. MeQH): ?%!ﬂﬁ%ﬂ’\?@
EXAMPLES 20A & 20B [err] - 58 - The (-)-enantioner of the title conpound
of Preparative Exanple 8, Step B, (3.3 %)'is reacted wwth 2.20 g of the
title conpound of Preparative Exanple 1, via substantially the sane
procedure aftdpsAri bed for Preparative Exanple 19 to give 3.58 5 g of the
title conpound of Preparative Exanple 20A. The HO_salt of the title
conmpound of Prepar atAXE pla 20A is prepared/by NssQl vi n? of the title
conpound in CH d % ddNper @M i i +EFr], then
concentrating in vy
-72.3 (3.32ny/ 2L MeUMW) . .
Preparative Exanple 8, Si8 grl S reaetes~wi t h t beN{i tHe congoun
Preparative Exanple 1, fia gubstantially the safe prjocedure descri bed

f or
: : - °N N N (o)
H .
' O

React 6.0 g (12.8 mmol) of the title compound of

Preparative Example 7 and with 3.78 g (16.6 mmol) of 1-N-t-

5 butoxycarbonylpiperidinyl-4-acetic acid using substantially the
same procedures as described for Preparative Example 14, Step
A, to give 8.52 g of the product. . Mass Spec.: MH* = 692 (FAB).
1H NMR (CDCl3, 200 MHz): 8.5 (d, 1H); 7.5 (d, 2H); 7.2 (d, 1H);
4.15-3.9 (m, 3H); 3.8-3.6 (m, 1H); 3.5-3.15 (m, 3H); 2.9 (d; 2H);

10 2.8-2.5 (m, 4H); 2.4-1.8 (m, 6H); 1.8-1.6 (br d, 2H); 1.4 (s, 9H);
1.25-1.0 (m, 2H).

7. XL eyr]C [[err]][err]
Y tithe rrpounQ:(gﬁa)sof

_ o)

15 Combine 8.50 g of the product of Step A and 60 mL of
CH2Cl2, then cool to 0°C and add 55 mL of TFA. Stir the mixture
“for-3 h at 0°C, then add 500 mL of 1 N NaOH (aqueous) followed
by 30 mL of 50% NaOH (aqueous). Extract with CH2Cly, dry over
MgS04 and concentrate in vacuo to give 7.86 g of the product.

20 Mass Spec.: MH*+ = 592 (FAB). TH NMR (CDCls; 200 MHz): 8.51

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



Preparative Exanple 20A to give the title conpound of Preparative Exanple
20B. mp.wodkkedd err] C. 15 PREPARATI VE EXAVPLE 21 [err] StiPrdsesheédel 20
React 1.33 g of the (+)-enantioner of the title conpound of Preparative
Exanple 8, Step B, with 1.37 g of 1-N-t-butoxy-

car bonyl pi peri di nyl - 4-acetic acid usi-nd6substantially the sane procedur es
as described for Preparative Exanple 14, Step A to - 59 - give 2.78 g
of the prodggdp dvbss Spec.: M#+ = 694.0 (FAB); [a]D = +34.1 (5.45 ng/2 ni,
MeOH). Step B [err] 5 Treat 2.78 g aof the product of Step A via

substantially the sg e as descri-bed for arative Exanple 17,
Step Br ~-Cl Br =

Treat 7.80 g (13.1 mmol) of the product of Step B with
12.1 g (105 mmol) of (CH3)3SiNCO using substantially the same
5 procedure as described for Preparative Example 14, Step C, to _
give 5.50 g of the title compound, which is a racemic mixture of
atropisomers. m.p. = 163.6°-164.0°C. Mass spec.: MHt = 635
(FAB). 'H NMR (CDCl3, 200 MHz): 8.5 (d, 1H); 7.52 (d, 1H); 7.48
(:d;:JI{); 7.21 (d, 1H); 4.54, (s, 2H); 4.1-3.6 (m, 4H); 3.45-3.15
10 (m; 4H); 3.0-2.5 (m, 5H); 2.45-1.6 (m, 7H); 1.4-1.0, (m, 2H).

PREPARATIVE EXAMPLES 18A & 18B

Br
N/ 't,,l]\‘t'
Br

NH
8 ?
N N” Vo

(o) .

15 Preparative Example 18A . Preparative Example 18B

. The title compound of Preparative Example 17 is a racemic
mixture of atropisomers.. Those atropisomers are separated by
preparative chromatography (HPLC), using an Chiralpack AD
colamn (5 cm x 50 cm) and 20% i-PrOH/ hexane + 0.2%

20 diethylamine as the mobile phase, at a flow rate of 100
mL/min., to give the (+)- and (-)-enantiomers, Examples 18B and
18A, respectively. :
Physical chemical data for (-)-enantiomer, Exaniple 18A:

mp. = 142.9°-143.5°C; [o]]’ = -151.7° (11.06 mg/2 mL, MeOH).



B, to give 1.72 g of the product.

; 8§52 = +53.4 (11.42 ng/2 mL, MeOH). 10 Step C pdyRbs/itsos 9
3?4'; h[e[S;(r)](:‘L(E:t o7fP-St ep Bwith 6 nL of (CH3)3Si NCO using substantla?’fiya?he

sanme procedure as described 15 for Pregarative Exanple 14, Step C, to give

itle conpound. mp. = 14 : !
1.40 g of the:t I+£19 1[e;nr)] (4. 24m§/2 m., MeOH). Recrystallization from

acetone provi ded Physi¢all chemivaludatssfor ¢#)-eflanfioer- B 1gég%%) Ierr

[[err]][err]

[7err]C; Mass spec.: MHerr] =

mp. = 104.1[err]C Mass Spec.: 25 M+ =

637;
]C

- 60 - _PREPARATI MF _E Qﬁ&ZZB[eorr Preparative e 22A
IZD?epar ative BBnpi S%Zég%mw& ?ﬂﬁb (® HAah 647@8 wig/2 mL{ iMe©Hnnpound

of Preparati

ve Exanple 8, Step B, (3.38 g) is converted to the title

[ 'i ' ' t he sane procedure
conmpound (Preparative Exanpl 22@2\ Vi a subEst %nt [ aIEI y p.

10

15

20

Combine 3.32 g of the (+)-enantiomer of the title
compound of Preparative Example 8, Step B, 2.38 g of the title
compound of Preparative Example 1, 1.92 g of HOBT, 2.70 g of
DEC, 1.56 mL of N-methylmorpholine and 50 mL of ‘dry DMF and
stir at 25°C for 24 hrs. Concentrate in vacuo, then dilute the
residue with CH2Cl;. Wash with 1 N NaOH (aqueous), then with
saturated NaH>PO4 (aqueous) and dry over MgS0O4. Concentrate
in vacuo to a residue and chromatograph (silica gel, 2%
MeOH/CHCl; + NH40H) to give 3.82 g of the title compound.
Mass Spec.: MH+ = 604 (FAB).

The hydrochloride salt was prepared by dissolution of the
title compound from Preparative Example 19 in dichloro-
methane saturated with hydrogen chloride. Concentration in
vacuo provided the title compound from Preparative Example
19 as the HCl salt. m.p. = 166.5°C; [a]s = +70.8° (9.9mg/2mL
MeOH).

PREPARATIVE EXAMPLES 20A & 20B

S} Q Br
Preparative ' .0 Preparative _O
Example 20A = |N Example 208 Y % 'N

o x

o N



as described for Preparative Exanple 21, Steps A-C, to give the title

onpound y ve Exanple 22A. mp. = 152[err]C Mass 10 8,'115M—|[err]
g gg?; [[?g?]pjﬂf"e)ﬁ] = -6?35 (1,12ng/ 2k MeOH). The racenic Flc?{%ﬁc npound
of Preparative Exanple 8, Step A is converted to the title conpound _
(Preparative Exanple 22B) via substantbal by the same procedure as dlESCI’I bed
for Preparative Exanple 10, Steps A-Cto give the title conpound. 15

g ve D Choptione O 1S Wil Pl 5,
of L he (-)-E’famnlsné} Siep Be (338 &) cisnirasted ovitlr 224 gt of dhixtitipl e 10, Step
B, with 1. 4compouhd\-df Rrepivative Efamp®eylpiviar sdbsantiAIRF theC sifled
Following sypstaiiireahtY abi&ibed for Preparative Example 19 to give 3.58
5 g of the title compound of Préparative Example 20A.
The HCI salt of the title compound of Preparative Example
20A is prepared by dissolving of the title compound in CH»Cl,,

adding 6M HC1 (g) in CH,Cl», then concentrating in vacuo to give
the salt. m.p. = 129°C; [cx]lz)5 = -72.3° (3.32mg/2mL MeOH).

10 The racemic title compound of Preparative Example 8, Step
A, is reacted with the title compound of Preparative Example 1,
via substantially the same procedure as described for

Preparative Example 20A to give the title compound of

Preparative Example 20B. m.p. = 145.0°C.
15 :

PREPARATIVE EXAMPLE 21

| | JN\/O' ,&o
20 | . o
* React 1.33 g of the (+)-enantiomer of the title compound of
Preparative Example 8, Step B, with 1.37 g of 1-N-t-butoxy-
carbonylpiperidinyl-4-acetic acid using substantially the same

procedures as described for Preparative Example 14, Step A, to



sanme procedures as described for Preparative Exanple 14, Step A to give
2.0 g of twWepstsact. Mass Spec.: MHerr]94 (FAB). partial Wﬂ, 0
(CDA [err], 300 MHz): 8.38 (s, 1H): 7.60 (s, 1H): 7.25 (d, OS78L%0
1H); 1.45 (s, 9H). 10 Step B: [err] Treat 1.95 g of the product of Step A
via substantially the sane procedure'a§9descri bed for Preparative Exanple
17, Ste to give 1.63 g of the product. Mass Spec. MHerr] = 594

p 15 B,
(FAB). Partj ] ( err, 30 MHz).: _8.38 (s, 1H);: 7.60 , 1H);
7.25 (d, |+§ﬂ}°7b87§ °F¥E€;Pcf$83%‘-(8%“ﬁ P°§-.=9(M§€?i =215é4.0 (FABy2 {aﬁip C:
[err] Treat=14+84d°0(5.45emp/20ut}), M@(ﬁqﬁp Bwth 1.3 nL of (CH3)3Si NCO using
substantially the sane procedure as described 5 for Preparative Exanple
14, Step C, to give 1.27 g of the title conpound. Mass spec.: MHerr] = 637
(FABS); [ et rr] =-33.1 (c=0.58, EtOH). partial [err]H NWR
(ChCl[err], 400 WMHz): S8\(s, 1H); - .

d|

0O . . .
' 4'\/()\I ’ )\/ONH
5 e - 0

Treat 2.78 g of the product of Step A via substantially the
same procedure as described for Preparative Example 17, Step
B, to give 1.72 g of the product. m.p. = 104.1°C; Mass Spec.: |

2 .
MH* = 594; [a]; = +53.4° (11.42 mg/2 mL, MeOH).
10 ' '

Step

C:
Br ~ Cl
N
) Br _—
A\/ONH w /go
O (0]

Treat 1.58 g of the product- of Step B with 6 mL of
(CH3)3SiNCO using substantially the same procedure as described

15 for Preparative Example 14, Step C, to give 1.40 g of the title
- compound. " m.p. = 140°C; Mass spec.. MH* = 637; [cc],z)s = +49.1°
. (4.24mg/2 mL, MeOH). '

Recrystallization from acetone provided the title
compound as a solid. m.p. = 214.5-215.9°C.

B

=

20



7.59 (s, 1H; 7.25 (d, 1H); 7.04 (m 1H); 4.60 (d, 1H; 4.41 (s, 2H). 1
PREPA(RATI VE))WES_ 24A & 24B N-~~~H [err] Preparative ExamthrR,F% 500
Preparative Exanpl e 24B 15 The (+)-enantionmer of the t1e conpound
from Preparative Exanple 10, Step B, (2.1 g) is converted to the title
conpound vi a substantially the same pr@Redure as descri bed for Preparative
Exanple 21, Steps A-C, to give the title conmpound, 25 Preparati ve_ExarrpI e
24A. Mass spec.: M err TTPS LEE®? A[err] (050.57,1 .
EtOH). Partial [err]H NWR 1l err],. . 8. S, 1H); 7.59 (s, NK/DR’
7.25 (d, 1H); 7.04 (m 1H); 4.60 (d, 1H); 4.41 (s, 2H). partial [err]H_
(DVBO-d6, 400 MHz): @4 - 63 - 7 1H); 7.41 (d, 1H);
7.29 (in, 1Hp. Y8 $\_ecgonpound from

Preparative Example 22A Preparative Example 22B
5 The (-)-enantiomer of the title compound of Preparative
Example 8, Step B, (3.38 g) is converted to the title compound
(Preparative Example 22A) via substantially the same procedure
as described for Preparative Example 21, Steps A-C, to give the
title compound Preparative Example 22A. m.p. = 152°C; Mass
10 spec.. MH+=637; [aly’ = -62.5° (1,12mg/2mL MeOH).
.The racemic title compound of Preparative Examplp 8, Step
A, is converted to the title compound (Preparative Example 22B)
via substantially the same procedure as described for

Preparative Example 10, Steps A-C to give the title compound.
15 Preparative Example 22B. m.p. = 111.2°C (dec).

PREPARATIVE EXAMPLE 23

20



Step A is converted to the racenmic title conpound, Preparatlve 5 Exanpl e

24B, in an“?@g s manner Partial [err]H NVR (CDCl[err], ¥Oubésihso038. 38
(s, 1H; (, 7.25 (d, 1H); 7.04 (m 1H); 4.60 (d, 1H); 4.41 (s,
2H) . parti al [err]H NI\/R(DI\/SOdG, 400 MHz): 8.42 (s, 1H); ,7.88 (s, 1H)
7.41 (d, 1H); 7.29 (d, 1H); 5.85 (s, 2Hp1 4.20 (d, 1H). 10 PREPARATI VE
EXAMPLE 25 [err] React 2.6 g of the (+)-enantioner of the title conmpound of
Preparative %%g 10, Step B, and 1.68 g of the title 15 conmpound of
Preparative 2 1 followng substantially the sane pgpcedure as

descri bed for Preparative Exarrpl e 19 to gi ve 2.
Mass spec.: MHerr]

he title conpound.
Q8 no/ 2 nmi,

Et OH) . partlal [err] rr]l400 z) -, ; 8.15 (d, 2H);
7.58 (s, 1H); 7B2é& , d, 2H); ¥, 4.57 d 1H). To
prepare the HO sal \..of )} conpound of l?’repar ative Exa

di ssolve 700 ng of tMeNntitte cOfpoumd—Tm 2 nk of rr]CI[er , add4rrL
of Et20, cool to OC and s y add (dropwi se) 1 HCI (g) i n di oxane.
Add 2 nL of Et[err] quéﬁﬁ 25 at 0C. for 7 30 nL of
Et20, filter to coll olid product and wash W|t 30 Et[err] QO
Dry the solids in H

React 1.35 g of the (-)-enantmmer of the title compound of
Preparative Example 10, Step B, with 1.4 g of 1-N-t-butoxy-
5 carbonylpiperidinyl-4-acetic acid following substantially the
same procedures as described for Preparative Example 14, Step .
A, to give 2.0 g of the product. Mass Spec.: MH* = 694 (FAB).
partial 1H NMR (CDCl3, 300 MHz): 8.38 (s, 1H); 7.60 (s, 1H); 7.25
(d, 1H); 7.05 (m, 1H); 1.45 (s, 9H).

10
Step B:
Br
Br -~ : \ Cl
| \ ' \ /
N i CICHg3 H
Cﬁﬂ*" Yo
(o)

Treat 1.95 g of the product of Step A via substantlally the
same procedure as described for Preparative Example 17, Step
15 B, to give 1.63 g of the product. Mass Spec. MH* = 594 (FAB).
Partial 1H"NMR (CDCl3, 300 MHz): 8.38 (s, 1H); 7.60 (s, 1H); 7.25
(d, 1H); 7.03 (m, 1H); 4.64 (d, 1H); 3.90 (m, 2H).



vacuo to give 0.836 g of the HO salt of Exanple 14. [err] = +64.8[err]
(9.94 ng/ 5‘& ?]—!) - 64 - PREPARATI VE EXAMPLE 26A & 2¢Brhysosiisperr ]
Preparative anpl e 26A Preparative Exanple 26B 5 The
(-)-enantionmer of the title conpound of Preparative Exanple 10, Step B,
(0.60 g) is reacted with 0.39 g of thé2itle compound of Preparative
Exanple 1, via substantially the sane procedure as described for
Preparatile e 19 to give 0.705 g of the title conpound. Mass spec.:

MH err] = BS); 10 [[er lIlerr] =-41.8[err] (Et®d). Partial [err]H
NVR (CDCl[err], —3.387(s, [err]H; 2 7.58 (s, 1H);

7.26 (d, IH; 3 1H Br4. 771 eC salt of the
title conpound o arrp}e 26A i \pr substantially the

sanme procedure as ¥

bed for Prepars
[[err]][err] = -63.2

ros. B e 25.
errd (EtOH). =

NH,

S(-)
Lo “Xot
o . _ o
Treat 1.6 g of the product of Step B with 1.3 mL of
(CH3)3SiNCO using substantially the same procedure as described
5 for Preparative Example 14, Step C, to give 1.27 g of the title
compound. Mass spec.. MH+ = 637 (FABS); [a.]lz)s = -33.1°
(c=0.58, EtOH). partial IH NMR (CDCl3, 400 MHz): 8.38 (s, 1H);
7.59 (s, 1H); 7.25 (d, 1H); 7.04 (m, 1H); 4.60 (d, 1H); 4.41 (s,

2H).
10 , .
PREPARATIVE EXAMPLES 24A & 24B -
Br
Br Cl
NH,
racemic )N\/O\,/ko
. O
_Preparative Example 24A Preparative Example 24B
15 - The (+)-enantiomer of the title compound from

Preparative Example 10, Step B, (2.1 g) is converted to the title
" compound via substantially the same procedure as described for
Prephrative Example 21, Steps. A-C, to give the title compound,
Preparative Example 24A. Mass spec.. MH* = 637 (FABS); [0}y
20 = +32.4° (c=0.57, EtOH). Partial !H NMR (CDCls, 400 MHz): 8.39
(s, 1H); 7.59 (s, 1H); 7.25 (d, 1H); 7.04 (m, 1H); 4.60 (d, 1H);
441 (s, 2H). partial 'H NMR (DMSO-dg, 400 MHz): 8.42 (s, 1H);



The racemic title conpound of Preparative Exanple 10, Step A is converted

to the racggdeszbdd € conpound of Preparative Exanple 26B f ol p@itsSshn1500
substantially the same procedure as described for Preparative Exanple 19

Partial 1H 20 NWR (CDCl[err], 400 Miz): 8.38 (s, 1H); 8.15 (d, 2H); 7.58
(s, 1H):; 7.26 (d, 1H); 7.15 (d, 2H); 7.63 {d, 1H: 4.57 (d, 1H). Partial 1H
NMVR (DVBO- d6, 400 Miz): 877(d 2H); 8.47 (s, 1H): 7.95 (s, 1H: 7.74 (d,

2H); 7.43 (my g q'&sl,hfﬂ 7 3‘!3.129d(m,1'1*}1 5.85 §e, 2*12"?'52%“ {d,VE

EXAMPLE 27 [er rrpou Preparafive Exa I's reacted via
substanti al | ¥Hhe same rret hods as described for Preparative 5 Exampl e 17,

Steps A-C, to gi veHeheateinie ﬁﬂepeuﬁfbouﬂﬂ dRoirs Brepamm eExMiﬁﬂe Speg. :
NH[ or r7] 3; (d§te(lg_0AE) ﬂsggg 'H%rtgé‘) 4t C%)C &qr_')t}t)l gorfipo{md ]ﬁ)e’paragge( S
PREPARATISVE Exanmle 24B] en r4n gnalpgaus manner. Pamal 1H NMR (CDCl3,
400 MHz): 8.38 (s, 1H); 7.59 (s, 1H); 7.25 (d, 1H); 7.04 (m, 1H);
4.60 (d, 1H); 4.41 (s, 2H). partial l1H NMR (DMSO-dg, 400 MHz):
8.42 (s, 1H); ,7.88 (s, 1H); 7.41 (d, 1H); 7.29 (d, lH), 5.85 (s,
2H); 4.20 (d, 1H).
10 -
PREPARAT EXAMPLE 25

React 2.6 g of the (+)-enantiomer of the title compound of
Preparative Example 10, Step B, and 1.68 g of the title
15 compound of Preparative Example 1 following substantially the
same procedure as described for Preparative Example 19 to give
2.10 g of the title compound. Mass spec.: MH* = 604 (FAB);
[o)2’ = +34.1° (10.98 mg/2 mL, EtOH). partial 1H NMR (CDCls,
400 MHz): 8.38 (s, 1H); 8.15 (d, 2H); 7.58 (s, 1H); 7.26 (d, 1H);
20 7.15 (d, 2H); 7.03 (d, 1H); 4.57 (d, 1H).

To prepare the HCI salt of the title compound of
Preparative Example 25 dissolve 700 mg of the title cdmpound
in 4 mL of CH2Cl>y, add 4 mL of Et20, cool to 0°C and slowly add
(dropwise) 1 mL of HCl (g) in dioxane: Add 2 mL of Et,0 and stir

25 at 0°C for 7 min. Dilute with 30 mL of Et;O, filter to collect the
solid product and wash with 30 mL of Et;0. Dry the solids in

vacuo to give 0.836 g of the HCI salt of Example 14. [cu]lz)5 =
+64.8° (9.94 mg/2 mL, EtOH).



[err] 15 Di ssolve 9.90 g (18.9 mmol) of the product of Preparative
Exanpl e 7woessme®, 'in 150 nL CH err]CJerr] and 200 ni of Gieugdsdyseond
heat to 60[err]C. Add 2.77 g (20.8 nmol) N-chl orosucci ni m de and - 66 -
heat to reflux for 3 h., nonitoring the reaction by TCL (30%t QAc/H err]O.
Add an additional 2.35 g (10.4 mmuol) - 4Nt chl orosucci nimide and reflux an
additional 45 mn. Cool the reaction mxture to roomtenperature and
extract with 1N NaOH 5 PREPARAT X AIMP ACRCRBBrr]Cl [err] |ayer
over MgSO4, filter and purify by flash chromat ography (1200 mL nornal phase
silica gel, eluting with 30% EtQAc/H err]O to obtain 6.24 g of the desired

pr oduct . Mp 193-195.4[err]C. M+ = 510. 10 R f] To 160 nL of

conc. HC at -10[err}kg ; O g (30.1 <|L'or 10 m n.
Add 5.18 g (10.Br f--‘.. a6l of | kacti on
m xture from -10[ ery\] Q15 grr]C for 2 40 8 _LgAction to

-10[err] C, add 100

reaction mixture, pour oyuR
) . .
N z IN’ racemic N Z |N
o N o0& X

Preparative Example 26A  Preparative Example 26B
5 The (-)-enantiomer of the title compound of Preparative
Example 10, Step B, (0.60 g) is reacted with 0.39 g of the title
compound of Preparative Example 1, via substantially the same
procedure as described for Preparative Example 19 to give
0.705 g of the title compound. Mass spec.: MH* = 604 (FABS);
10 [oz]g5 = -41.8° (EtOH). Partial lH NMR (CDCl3, 300 MHz): 8.38 (s,
1H); 8.15 (d, 2H); 7.58 (s, 1H); 7.26 (d, 1H); 7.15 (4, 2H); 7.03
(d, 1H); 4.57 (d, 1H). .
~ The HCI salt of the title compound of Preparative Example
26A is prepared via substantially the same procedure as
15  described for Preparative Example 25. [a]3’ = -63.2° (EtOH).

The racemic title compound of Preparative Example 10,

Step A, is converted to the racemic title compound of

Preparative Example 26B following substantially the same

procedure as described for Preparative Example 19. Partial 1H
20 NMR (CDCls, 400 MHz): 8.38 (s, 1H); 8.15 (d, 2H); 7.58 (s, 1H);

7.26 (d, 1H); 7.15 (d, 2H); 7.03 (d, 1H); 4.57 (d, 1H). Partial 1H

NMR (DMSO-dg, 400 MHz): 8.77 (d, 2H); 8.47 (s, 1H); 7.95 (s,

. 1H), 7.74 (4, 2H); 7.43 (m, 1H); 7.27 (d, 1H); 4.35 (d, 1H).

err] and | et st ald oJer ni ght To extract the

~0



crushed ice and basify with 50 NaOH CHerr]C [err]. Dry the organic |ayer
over MygSQ id ter and concentrate to dryness. Purify by

chr omat ogrg{%%/%("%%io m. normal phase silica gel, eluting 20 Pﬂ’?ﬁ&élégzo

Et OAc/ hexane) to obtain 3.98 g of product. Mass spec.: MH=495. [err] Step
Clerr] - 67 - Di'ssolve 3.9 g of thetproduct of Step B in 100 nL conc.
HCO and reflux overnight. Cool the mxture, basify with 50 % w w NaCOH and
extract: the resultant m xtur eRatp A Ve IEXAMPLEDY the CHerr]([err]

| ayer over MygSO4, evaporate { Y der 5 vacuumto obtain
3.09 g of the desired product. err]=423. Step D. [err] 10
Using a procedure simlar toBt ha Prc?par ative Exanple 8,
obtain 1.73 g of the desired br r6-—170.1C, [[err]][err] =
+48.2 (c=l, MeOH). MHerr] = 425

NH,

racemic /k
)N\/O ’
o .

The title compound of Preparative Example 4 is reacted
via substantially the same methods as described for Preparative
5 Example 17, Steps A-C, to give the title compound, which is a
racemate. Mass Spec.: MH* = 635 (FAB). Partial lH NMR (CDCl3):
8.45 (s, 1H); 7.60 (s, 1H); 7.35 (d, 1H); 7.05.(d, 1H); 4.45 (s,
1H).

10 ' PREPARATIVE EXAMPLE 2

A | PN

O~ "OCH2CH3 (0 OCH2CH3
15 -Dissolve 9.90 g (18.9 mmol) of the product of Preparative
Example 7, Step B, in 150 mL CH2Cl> and 200 mL of CH3CN and
heat to 60°C. Add 2.77 g (20.8 mmol) N-chlorosuccinimide and



Step E: 15

Use a procedure simlar to that of Preparative Exanple 14

' terial to obtain the title
ith the odasresof Step D as the starting nma r tai| Ll _
\(I:Mo';rpound.pkl/lp. 152.3-153.3[err]C, [[err]][err] = +53.0 (c=| PCAISH1I50

593. 20

PREPARATI VE EXAMPLE 29 [err] Step A [err] -

[ Exanple 9, Step
- 44.4 mmol) of the pggduct of Preparative le
38 W ;I'Legt 5%590(?18.(9 nmol ) 012 N-chl oro- succinimde in a manner simlar to

[ d i bed t
o 1T e 0 SO 4o P BeT Y BT, o 1

obtain 16.5
= 370. Step

@@F‘?ﬁ#@ﬁ%ﬁ @p%ﬁgﬁ@mﬂ&~ Sog (104 momblyiofoN-Step A in

the manner cekrosbecinimide enl aeflug Ei{g?&@ﬁ@ll?gfﬁg mocig'tt&g 10

m

13.07 9 of [heefbie hithull O Soont femperature and extract with IN NaOH

5

and CH,Cl,. Dry the CH2Cl3 layer over MgSQyq, filter and purify
by flash chromatography (1200 mL normal phase silica gel,
eluting with 30% EtOAc/H,0) to obtain 6.24 g of the desired

product. M.p. 193-195.4°C. MH+ = 510,

10

OJ\OCHQCH;; O)\

OCH,CH3

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
15  0°C for 2 h. Cool the reaction to -10°C, add 100 mL H3PO3 and
let stand overnight. To extract the reaction mixture, pour over
crushed ice and basify with 50% NaOH/ CH2Cl. Dry the ‘organic
layer over MgSO,, filter and concentrate to dryness. Purify by
flash chromatography (600 mL normal phase silica gel, eluting

20 with 20% EtOAc/héxane) to obtain 3.98 g of product. Mass spec.:
MH+=495,

Step C:




PREPARATI VE EXAMPLE 30 Heat 200 ng of the cyano starting material in 17 g

15 pol yp%?@%ﬁbc acid at 190-200[err]C for 45 mn. Pour the resultant
m xture into add 30% HCl and stir for 30 mn. Extract weEtvuses11500

CH err]Cl[err], wash with brine, dry over Na[err]SOerr], filter and
concentrate. Purify by preparative TLC, 6?' uting wth Et QAc/ hexane to obtain
21 nmgy of the desired product (also 20~

product). PREPARAIL VE EXAIVPLE 31 [err] F Step A 25 [err] - 69

- Dissolve 10.0 gPisseleendP)g of thecprodustcef StepPB:jinr H00 waL Feend HC, St ep

B, in 150 ntarﬁ-l[xeﬂilkClo[véEﬁﬂ h@ndc%{m fHe &L bh AR HREP S0P G 2T LI
t t

7oL he s e b, SIS ot tne oo

(tetrafl uor amlr loyver MgSQ4, exa{)oraté the S6B/ent hﬁxd”di-h,uﬁﬁdgp room

tenperatgre, va%’fﬁﬁﬁ‘cfo Wutdin Bl g Bf B Jaedlied  prodict - Mals spec.:

MH+=423.

bt ai ned 59 ng of the 10-chloro

10 Using a procedure similar to that described in Preparative
Example 8, obtam 1.73 g of the desired product, m.p. 169.6-

170.1°C; [a]D = +48.2° (c=1, MeOH) MH* = 425,

Step E:

15 Use a procedure similar to that of Preparative Example 14
with the product of Step D as the startmg material to obtain the
title compound. M.p. 152.3-153.3°C; [a]D = +53.0° (c=1, MeOH).
MH* = 593; |

20 PREPARATIVE EXAMPLE 2




err]Cl[err] |layer over MgSO4, filter and concentrate to dryness. Purify
tar;lga re]suI'Eant] res?/due by flash chromatography using 1400 ni normal phase
silica geW@PHI®E with 10% Et OAc-CH2CI 2 + 10 2 drops NH[ er ptEhdsbgr1zbé ai n
2.00 g of product, mp. 103.2-103.5[err]C. MH = 355. Step B: [err] 15
Usi ng a procedure substantially as desg i bed in Preparatlve Exanple 9, Step
D, treat 1.80 g (5.1 mml) of the prod “of Step A Purify the crude
product by flash_chromat ography using 200 nL nornmal phase silica gel el uted
wi th 20% Et OAc/ hdiraat. 1MBsg (Héd. miual) cf3the q&omEP%PrVEa%@%@LE 32 e
Usi ng approgrxaml}ﬁesgargtbgg%nq{,ﬂgl 853 gn%ipgo: )°8f N- c%ﬁscrl ed above,

ng co co
follow ng su cm?msxde ijn a manner similar to that described in Preparative

Example 28 Step A and extract as described to obtain 16.56 g of
5 the desired product, m.p. 234.7-235.0°C. MH+* = 370.

Step B:

D

Treat 16.95 g (45.6 mmol) of the product of 'Step A in the
manner described in Preparative Example 28, Step B, to obtain
10 13.07 g of the desired product, m.p. 191.7-192.1°C. MH+ = 356.

PARATIVE E PLE 30

- Br = Cl- " Br \\
\ N/ CN — N/

°© a
Heat 200 mg of the cyano starting material in 17 g

15  polyphosphoric acid at 190-200°C for 45 min. Pour the
resultant mixture into ice, add 30% HCI] and stir for 30 min.
Extract with CH2Cl,, wash with brine, dry over NaSOQy, filter and
concentrate. Purify by preparative TLC, eluting with
EtOAc/hexane to obtain 21 mg of the desired product (also

20 obtained 59 mg of the 10-chloro product).

PREPARATIVE EXAMPLE 31

Br -~ Cl

25



- 71 - PREPARATI VE EXAMPLE 33 Step A [err] To a sol ution of

3-brono-8-chl oro-5, 6-di hydro- 11H 5

benzo[ 5, 6]lwgokstespt a[ 1, 2- b] pyri di n-11-one (2g) (6. 2nmol es) iRCTAISIBUNITES

di chl oronet hane (14m ) at O[err] C and under an argon atnosphere, was added
a solution of 3-chloroperbenzoic acid % . 76g) (10.4mmol es) in anhydrous

di chl oronet hane (35m ) dropw se over aVgeriod of 30 mnutes. The m xture
was allowed 10 to warm to roomtenperature and after 18h additi onal

3-chl oro- perbenzvisgoha A0.0. 88(29. GEmﬂrﬂmlcﬁ's}he rpmdluy:droijsi’mpammvc)-

‘rl'rﬁfah%nit fjrzgglgﬂnmﬁzl gsggéhmﬁ]dmt ngl orome e an %L?ﬁmﬁlrdggngﬁ%
(200m ). Theempesatuse) ayfeatutize J:mxtuee(ttpawéei, vaddy HY45t gof32.6 mmol)
di chi or omet g QWM hyB?6x ghﬂcam&ﬁgbﬁs 812, 2Y6¢ane Biglr | ed over

magnesi um s evapo uct was

it

chr omat dyr ammﬂnombor@éc)gendub%@ to. i/g( 1@9‘éﬂﬁbg FEBME] OH i n

net hanol ) di g4l &ﬁetétﬁ eratfrd, hexehonntith OCEb(Hztmd 20N N4OH. C(Dq}ofhml |
err

(Yield:1.38 8. 1 CH
50 5 s or CH2GE, l@ferls*/%%ﬁgﬁs fiyish"3d fgRohfrale 5 afless.
Purify the resultant residue by flash chromatography using
1400 mL normal phase silica gel eluted with 10% EtOAc-CH3Cl; +
10 2 drops NH4OH to obtain 2.00 g of product, m.p. 103.2-103.5°C.

MH* = 355.

15 Using a procedure substantially as described in
Preparative Example 9, Step D, treat 1.80 g (5.1 mmol) of the
product of Step A. Purify the crude product by flash
chromatography uéing 200 mL normal phase silica gel eluted
with 20% EtOAc/hexane. Mass spec.: MH* = 339.

20

EPARATIVE EX 32
Using appropriate starting materials and procedures as '
described above, the following compounds could be made:

25



121.0, 135.1, 138.3, 139.7, 141.6, 145.3, 188.Cppm Step B [err] 25 The
title conmpound of Preparative Exanple 33A (1.3422g) (3.96mmol es) was

di ssol ved YR %7 nol (18m ) and dichl oronmet hane (20m ) and PIviIS8I11500

bor ohydride (0.219g) (5.79mvl es) was added. The m xture was stirred under
argon 30 at OC for 1h and then allo to warmup to 25C over a period of
| h. The nmixture was diluted with di chl dromet hane (800m ) - 72 - and
washed with 1N NaOH (150m The aqueous | ayer was extracted with

di chl or onet hane (2X,.Q0np he conbi ned organigc |A were dried over
magnesi um sul fBEes/fTT
chr ormat ogr aphed on\5 =
met hanol ) di chl or o- M2 > }Jant to gi ve™ E gﬁggsld (Yield:
1.24g, 92%: ESIMS: mz %Bl(M—Hg3 [err]c (CDCI[err : 32. 0,
CH 69.1, 126.8, 1%&}?, 131 131.7, 136.7; C 1%(13)3. ."7(')135 2, 139.7,

141.0, 148.9ppm +
wlo | /N l
o
(o )g . 0" N

Br = Br =
\ 4 \
N (60.1) N (61.1)
Cl o
R(+)
A/O Y Oy
. o) .
== cl <
\ N -\ Br
(63.1) (64.1)
Br
5 )\/O J\/O
Cl S cl
\
N . (65.1)

o N N’IL
" O



r] The title conpound of Preparative Exanple 33B (1.199)
(1g ig%golce[serw!is di ssol ved i nrrpanhydrous toluene (22.5m) and 15 the
sol ution VA9¥EEI¥d to O[err] C under argon. Thionyl chlori d_epé-gug\;lz\lggsao
(6. 46nmol es) in anhydrous toluene (5m) was added and the m X grS[eerr]C ver
stirred at O[err]C for |Ih. The mxture7was_allowed Eo warmto olerr] | :
a period of 2.5h. The sol ution was pOT.II’eld'I nto a 20% sol ution ﬁ 4 '%/h N
acetate in dichloronethane 20 (800m ) and the m xture was washed w
NaCOH. The aqueous- |l ayer was BREPARATIV E 37

: . ere dried over nmgnesiumsulfate, filtered and
t he conbi negﬁg_gém c layers were dried over gn . urification

ve the praoduct which was used without further p .
evaporated to Qi \ tive mpA\e 33C

25 Step D [er Thesst daupound from Prepara

To a solution of 3-bromo-8-chloro-5,6-dihydro-11H-

5 benzo[S,G]cyc-lohepta[l,2-b]pyridin-1l-one (2g) (6.2mmoles) in
anhydrous dichloromethane (14ml) at 0°C and under an argon
atmosphere, was added a solution of 3-chloroperbenzoic acid
(1.76g) (10.4mmoles) in anhydrous dichloromethane (35ml)
dropwise over a period of 30 minutes. The mixture was allowed

10 to warm to room temperature and after 18h additional 3-chloro-
perbenzoic acid (0.88g) (5.2mmoles) in anhydrous dichloro-
methane (25ml) was added and the mixture was stirred for a
total of 42h. The mixture was diluted with dichloromethane and
washed with IN NaOH (200ml). The aqueous layer was

15 extracted with additional dichloromethane (2X200ml). and the
combined organic layers were dried over magnesium sulfate,
filtered and evaporated to dryness. The product was
chromatographed on silica gel using 0.25%-0.5%-1% (10% conc.

__ NH40H in methanol)dichloromethane as the eluant to give the
20 title compound (Yield:1.386g, 66%): ESIMS; m/z 338.1 (MH*); 8¢
(CDCl13) CH2: 30.5, 34.0; CH: 126.9, 127.6, 130.3, 132.5, 140.4; C:

- 121.0, 135.1, 138.3, 139.7, 141.6, 145.3, 188.0ppm.

Step B . _ '
Br— /7 \ Cl Br \ Cl
T T
25 ° o” O o~ OH

The title compound of Preparative Example 33A (1.3422g)
(3.96mmoles) was dissolved in methano] (18ml) and
dichloromethane '(20ml) and sodium borohydride (0.219g)
(5.79mmoles) was added. The mixture was stirred under argon

* 30 at 0°C for 1h and then allowed to warm up to 25°C over a period
of 1h. The mixture was diluted with dichloromethane (800ml)



- 73 - solution of piperazine (1.505g9) (17.47mmol es) in anhydrous THF
(20n) was_added and the m xture was stirred under argon at 251C for 69h.
The m xt u¥OR&87458ur ed i nto dichl oromet hane (800m ) and wasPew/usssmsodl NaCH
(125n1). The aqueous layer 5 was extracted with dichloromethane (2X200n )
and the conbi ned organic | ayers were dr7 lned over magnesium sulfate, filtered
and .evaporated to dryness. The product \%as chromat ographed on silica gel
using 5% (10% conc, NH err] OH i n net hanol ) di chl oronet hane as the eluant to
give the tiand washedowituddN (Na@H: (150mi)2 g Tlso dquesnBMayem wad08 (M—I+)

2 3
[12[; ]3c (1 gg%ke%dééd Coidth 391c¥110?&néthaﬁf% 5(82)61306%55 n’q 3§?e5 colrggx%&f 1508

148. 8ppm 1§rga§*FE a!"f%r‘?’f"eﬂfg'l?qlt?"éerr d@égﬂés@%pﬂﬂﬁ&eﬁrfﬂﬁes@@panﬂabove
(19) was sepaapbestednta Ghrymedspak The profueo!waw élﬁ%ﬂléﬂa gh' ong; 20

Dt 0 b St e SRR g H B %?’?HA SN e&ﬁ*@ﬂw RS ol uant to
give the R( n)etéxaant apnthe eluartetd igive taittithy dompound (VieddSd).245ABMS: i z
408 (WM er! bpay).Bsivist CRELBE0N) IMEHS; s3dCDCHE) 6H2463132 .00 cre > %25
" 769.1, 126.8, 1295 1317 131.7, 136.7; C: 118.3, 134.7, 135.2,
-139.7, 141.0, 148.9ppm.

10
Step C _
Br~/ .@ Cl. y \
\1?4- \N-g-

0 - Cl.
The utle compound of Preparative Example 33B (1. 19g)
(3.49mmoles) was dissolved in anhydrous toluene (22.5ml) and
15 the solution was cooled to 0°C under argon. Thionyl chloride
(0.472ml) (6.46mmoles) in anhydrous toluene (5ml) was added
and the mixture was stirred at 0°C for 1h. .The mixture was
- allowed to warm to 25°C over a period of 2.5h. The solution was
- poured into a 20% solution of ethyl acetate in dichloromethane
20 (800ml) and the mixture was washed with IN NaOH. The
aqueous layer was extracted with dichloromethane (2X200ml)
and the combined organic layers were dried over magnesium
sulfate, filtered and evaporated to give the product which was
used without further purification.

Step D . ' '
Br— \ cl Br~_/ ) al
. V¥ N%
o~ Cl o-_N

N
‘H

The title compound from Preparative Example 33C
(3.49mmoles) was dissolved in anhydrous THF (10ml) and a

25



; C : 133.9, 134.4, 139.8, 140.8, 148.9; [[err]][err]C
-{gg g[ e?r] %931./9 3. 34ng/ 2m., MeOH), followed by the S(-) en%nt | orrehsz;os t he
second eluti'ng fraction (0.460g): FABMS.: mz 408.1 (M .err] ) ] CEBJ;‘BQIIZG .
(CDCA[err]) CHerr]: 30.1, 30.4, 46.2, 46.2, 52.4, 52.4; CH 64. 3263,
130.4, 130.6, 133.6, 138.5; C 118.1, _lgg. 9, 134.4, 139.8, 140.8, 18.8;
[[err]][err]-85.9 (8.61ng/2n., MeOH). 3 - 74 - EXAMPLE 1 [err] e

[ i, l e . 0. 4g 0. 979mmol es),
e oMU Ao SF SBEAYE LMBLS 2P0 Bundlens 0y ok ThE
- (3- di met hy| €20miprwpy| added:tind crrebeniixitaielawhy ditpgbl Onhdgr (drgeitt' G

1010 S 4 s o ek s o

sschy
?igﬁt ;] ygggr f (%&l)ﬁ'lﬁrrllil @angd \washedi withi BN Ni@Ho(lZﬁhl)'.T.hThaOhgﬁé@@s iagepour ed.

[ [ AR08 GABY | QH. e aqueous | ayer
t [ _
\%/gs la>r<]t ?ang[ g?ﬁ t.h di cﬁlsor,o m?f%‘gafi%'ﬁg ot fgnlgzﬁ“ﬁy b ﬁ"@d

organi c
| ayers were gggﬂgpg cQTEanig, Jayers were over magnesium sulfate,

filtered and evaporated to dryness. The product was
chrbmatograp},:ed on silica gel using 5% (10% conc. NH40H in
methanol)dichloromethane as the eluant to give the title

10 compound (Yield: 1.2772g, 89%). FABMS: m/z 408 (MH*); §¢
(CDC13) CH2: 30.1, 30.4, 46.2, 46.2, 52.3, 52.3; CH: 64.6, 126.3,

130.3, 130.6, 133.6, 138.5; C: 118.0, 133.9, 134.5, 139.8, 140.8,

148.8ppm. : :
15  SIEPE | .
! aa VR T
. ()
Ex’}' R | N s

The title racemic compound from Step D above (1g) was
separated on a Chiralpak AD HPLC column (5cm ID and 50cm
long; particle size 20u) using 2-propanol : hexane : diethylamine

20 ::30:70:02 stepped up to 40°: 60 ; 0.2 after passage of 2L, as
the eluant to give the R(+) enantiomer as the first eluting
fraction (0.486g): FABMS: m/z 408 (MH*), . (CDCL,) CH,: 30.1,
30.4, 46.3, 46.3, 52.5, 52.5; CH: 64.7, 126.2, 130.4, 130.6, 133.6,
138.5; C: 118.0, 133.9, 134.4, 139.8, 140.8, 148.9; [a],2"° +90.9°

25. (10.34mg/2mL, MeOH), followed by the S(-) enantiomer as the
second eluting fraction (0.460g): FABMS: m/z 408.1 (MH?), &,

- (CDCl,) CH,: 30.1, 304, 46.2, 46.2, 52.4, 52.4; CH: 64.6, 126.3,

130.4, 130.6, 133.6, 138.5; C: 118.1, 133.9, 134.4, 139.8, 140.8,
148.8; [a],2*C -85.9° (8.61mg/2ml., MeOH) ' '

30



The residue was chromat ographed on silica gel using 3.5% (10% conc.

NH err] OH_ i n rrethanol)dlchl oronet hane-as the eluant to give 15 the title
compound (WP&PM™59). 48069, 90%: LSIMS: miz 543 (MH+); [err] PCTUSGVEEHI |)
CHerr]: 30.1, 30.5, 38.4, 42.1, 45.9, 50.4, 50.6; CH 63.8, 126.5, 126.8,
126.8, 130.4, 130.5, 133.4, 138.4, 1394@,_139.0; C 118.4, 133.4, 133.9,
134.8, 139.8, 141.0, 148.8, 167.oppm PMR data: [err] (CDCl[err]): 5.78

(s,IH,H[err])., 7.14 (d, 2H Ar-H), 7.&&&1%- 20 H), 7.20 (d,IH Ar-H),
.22 (d,|H Ar-H, 8. d 2H,Ar_-H), : 1H, Ar-H). EXAMPLE 2 [err]

-75 To a dlchloro Yo ion (50 nL) of the_préaost of Preparative
Exanpl e 21, ‘ 2 ) wasBradded R Qpebxybenzoi c
acid (0.5 g of 5 .&60 eq). After stir |n 2 errperature for

5 hours, an additio g of neta-chl ororm,xyenz e~ aci d was added

and the resulting m gt s stirfred at rvom tenp r-atNJre overni ght. The
reaction m xture was vmth a saturated aqueo tion of spdium
bi carbonate, dried ov ydrous + 0-
z IN’
o N

The title compound from Preparative Example 33D (0.4g)
(0.979mmoles), 4-pyridylacetic acid N1-oxide (0.1948g)

5 (1.27mmoles), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
~ hydrochloride (0.244g) (1.27mmoles), 1-hydroxybenzotriazole
(0.172g) (1.27mmoles) and 4-methylmorpholine (0.14ml)

(1.27mmoles) were dissolved in anhydrous DMF (15ml) and the
mixture was stirred at 25°C for 18h. The solution was poured
10  into dichloromethane (800ml) and washed with IN NaOH. The
aqueous layer was extracted with dichloromethane (2X200ml)
and -the combined organic layers were evaporated to dryness.
The residue was chromatographed on silica gel using 3.5% (10%
conc. NH40H in methanol)dichloromethane as the eluant to give

15  the title compound (Yield: 0.4806g, 90%): LSIMS: m/z 543 (MH);
oS¢ (CDC13) CH2: 30.1, 30.5, 38.4, 42.1, 45.9, 50.4, 50.6; CH: 63.8,
126.5, 126.8, 126.8, 130.4, 130.5, 133.4, 138.4, 139.0, 139.0; C:
118.4, 133.4, 133.9, 134.8, 139.8, 141.0, 148.8, 167. Oppm. PMR
data: 8, (CDCL): 5.78 (s,1H,H,,), 7.14 (d,2H ,Ar-H), 7.15 (s,2H,Ar-

20 H), 7.20 (d,1H,Ar-H), 7.22 (d,1H,Ar- H) 8 16 (d 2H ,Ar-H), 8. 29
(s,1H,Ar-H).

EXAMPLE 2




magnesi um sul fate, filtered and concentrated in vacuo to afford 10 a

i ght yell QW fﬁggqsgPuri fication by flash colum chronmat ography (silica gel)
using 5% MECHARGT 2 di chl or omet hane saturated with ammoni um h%.l%g?;é 500
provided the title conmpound (0.60 g, 56%yield, nmp 170.5 - 175[err }
[[err]][err] +116.2[err] (c = 0.113,. nethanol). 15 EXAVPLE 3 [err]
Following the "“procedure of Exanple 2, Wth the exception that the
product of Preparative le 19 was used instead of 20 the product of
Preparative Exanpl 021,%3'3% '

lighlprometh 1 K
=174. 2[ er r ] C.Prieparstive Egahplelg’l% ?:pmd??%ggagé%wgg gélfcdécirrg
(50% 1. 5g, 4. ?ﬁg@g_hip& §R§550rutlon of .t hz rodu rUES e dedarp e
23, Step C, (10,1 JSRTEIYHGRZUE 1R0idnE0hi2rafdS67¢86% pmity)l ¢ &g then
After stirring at room temperature for 5 hours, an additional
5 023 g of meta-chloroperoxybenzoic acid was added and the
resqlting mixture was stirred at ‘room temperature overnight
The .reaction mixture was washed with a saturated aqueous .
solution of spdium bicarbonate, dried over anhydrous
magnesium sulfate, filtered and concentrated in vacuo to afford
10 a light yeliow foam. Purification by flash column
chromatography (silica gel) using 5% " methanol-dichloromethane
saturated with ammonium hydroxide provided the title
compound (0.60 g, 56% yield, mp 170.5 - 175°C). [a]p 2'°C =
+116.2° (¢ = 0.113, methanol). )

15
XAMPLE

Following the procedure of Example 2, with the exception
that the product of Preparative Example 19 was used instead 6f

20 the product of Pre ive’
parative Example 21, Step C
as a white solid, mp = 174.2°C, P C, gave the product




stirred at O[err]C for 5 hours, and roomtenperature for 3 hours. 5 Water
(50m ), ammoni um hydroxide (10m, conc) were added, and the m xture was
extracted ‘MPPF/SHEPhw ene chloride (2x200m ). The organi c | aper/sas/11500
separated, dried over magnesiumspilfate, filtered, and sol vent evaporated
yielding a solid, which chromat ograph_ed] nsilica gel eluting with 10%v/v
10 nethanol: nethylene chloride contai'ni ng 2% amoni um hydroxi de vyi el di ng
the title product as a white solid (700ng, 709 err]][err] = -68.9 (c =
0.352, ethanol). fddegam-Ghlosepsrberreiccacid 2 AR B30I Br jo 665. 0509

Measur ed 65%00ati8n18f the produttN arb@Ve] ERale 38D Stdp28(s. 11,
L Ao A ks MR o a2

:  thews(m 2H),
1.66(m 1H), stirtéd at2BPC fod & rhciifs, add room temperature for 3 hours.EXAMPLE 5

o cqui vl ony atet, (SOMT, BERSHNG, Ryalpkigs SRm, rohe) amsre sddieds ued
i nstead of tad pihgdumixturenwas ertraptedatwith Emethyylen@3chloride C,. the title
product vas (0ROBORRY. 25The "bigehic ldyer (WAL ¥bhilled,! Wffed her'1=76-6 (¢ =
' ’ magnesium snlfate, filtered, and  -solvent evaporated yielding a

solid, which chromatographed on silica gel eluting with 10% v/v
10 methanol: methylene chloride containing 2% ammonium

hydroxide yielding the title product as a white solid (700mg,

70%)[olp " = -68.9° (¢ = 0.352, ethanol).

MS (FAB, MH,653) HRMS Calc(C27H32N403BrCI(81)Br)

655.0509 Measured 655.0518
15 1H NMR(CDCL3) 3 8.31(s,1H), 7.28(s,1H), 7.19(d,1H),

7.11(d,1H), 5.37(m,1H), 4.60(d,1H), 4.42(s,2H), 3.86(m,3H),

3.41(m,3H), 2.89(m,4H), 2.42(m,1H), 2.20(m,3H), 2.04(m,1H),

1.78(m,2H), 1.66(m,1H), 1.48(m,2H), 1.16(m,3H).

20 - EXAMPLE 5
i Br
Br \ _Cl
LA A
N
N =
o
wl()
N~ P > -0
o S

_ Following the same procedure as in Example 4, with
the exception that an equivalent quantity of the product of
. Preparative Example 26A is used instead of the product from
25 Preparative Example 23, Step C,. the title product was obtained
as a white solid (73% yield). [a)p ***C = -76.6° (c = 0.197,
ethanol). - '
MS (FAB, MH 620) HRMS Calc MH C26H25N303BrCl(81)Br
(621.9931) Measured 621.9942. -
30 - 1H NMR(CDCL3)8 8.32(s,1H), 8.22(d,2H), 7.29(s,1H),
7.19(d,1H), 7.18(d,2H), 7.10(d,1H), 5.37(m,1H), 4.58(d,1H),



21.9931) Measured

MH 620) HRMS Cal ¢ MH C26H25N33Br Cl (81)Br (6

ggl(gégz 39 )79 9 1H NMR(CDCL3)[err] 8.32(s,1H), 8.22(d, ZFDP,(:TZJ.S%;?/&}SSB&I-D,
7.19(d, 1H) "9 ohy, 7. 10(d,1|—|)|_6 5.33;)%?1 1T)H5 4.25&(3?}”1;% CrSaIs0

3. 78( .66(d, 2H), 3.41(s,2H), 3.38(m1H), 2.95(m3H), 2. ,
232;?%1&1)'_') ’ 136g?§n I H)H? 1. 45(§n 2H). EXAMRE 6 5 Follow ng the pr-oced:Jre?,of
P'reparativé Exanpl e 12, except that the 'product of Preparative Exanple 3,

' he
[ | d.o onpound of Preparative Exanple 4, t _
starting reacsfiCe LiSn Ebalh o} lnathnes Botmotlins B9SGuBH)e 4. Wit
Y om Py exce;ﬁ.ﬁﬁ(rmEEHD, Itmegghmgg?a{)q?:ssg?gl%gz lﬁga?’:t }éegomgound ag a white
tive: a e , '
fS(r')FimdPE iggcr%)a. VB (FAB,rmM—I 540) HRMS Cal ¢ WH C26H24N3C3Br G (540. 0690),

. 1H), 8.14(d, 2H),

540. 0691) 15 1H NVR(EXAMPIE 6] 8. 45(s,

$/§229r7§g4gm3%, 7? 7.03,d1H), 6.73(d, 1H), 5,55(d, 1H), 4.40(m 1H),
)y

5 racemic - racemic
Following the procedure of Preparative Example 12, except
that the product of Preparative Example 3, Step D, is used
instead of the compound of Preparative Example 4, the starting
reactant is obtained. Following the procedure of Example 4, with

10 the exception that the above reactant was used instead of the
product from Preparative: Example 23, Step C, yielded the title
compound as a white solid (100%). :

MS (FAB,MH 540) HRMS Calc MH C26H24N303BrCl
(540.0690), Measured (540.0691)

15 . 1H NMR(CDCL3)§ 8.45(s,1H), 8.14(d,2H), 7.26-7.34(m,3H),
7.11(d,2H), 7.03,d1H), 6.73(d,1H), 5.55(d,1H), 4.40(m,1H),
3.70(m,2H), 3.59(s,2H), 2.85(m,1H), 2.45(m,1H), 2.15(m,1H)
1.35(m,1H), 1.15(m,3H).

EXAMPLE 7
Br/ \ D cl Br~/ \ C_l
| . \l\‘l-l- \1\‘;_,,
N OCNj , OE:] R+
. N g R(4) w,o
' : o N

The title compound from Preparative -Example 33, Step E,
R(+) enantiomer (360.4mg, -0.882mmoles), 4-pyridylacetic acid
N1-oxide (175.5mg, 1.146mmoles), 1-(3-dimethy1aminopropyl)-

?

20



3.70(m 2H), 3.59(s,2H), 2.85(m1H), 2.45(m 1H), 2.15(m 1H), 1.35(m 1H),
1.15(m3H). 20 . ' EXAMPLE 7 [err] The title
conmpound fwomsBrmpar ati ve Exanple 33, Step E, R(+) enanti omBET{USSYIEAY
0.882mml es), 4-pyridylacetic acid Nl-oxide (175.5ng, 1.146mol es),

1- (3-di net hyl am nopr opyl ) - - 78 - 3-g hyl carbodiimde hydrochloride
(220mg, 1.146moles), 1- hydroxybenzotri zol e (155ny, 1. 146mmol es) and

4- et hyl - nor pholine (0.126nL, 1.146mol es) were dissolved in anhydrous DW
Il mL) and t i@-ethylearbodéimide rhypdrachlasider o(r22f9mg,18h 14firamalgs)si ofr was

S1ica gb a&fﬁ%ﬁﬁ%ﬁ%ﬁ“%“‘“ P I e o

41. 1
m z 543.1 (Mdoephpline[ €0r]26mbpcl i were d Oé' £‘§‘m5 42.1, 46.0,

29 0, 230 Ostrred3at R5°C3For, 138. 5,
139.0, 139, 0 %&t%us PME: ljl%ﬁ..ﬁ anl?@h@ mlﬂﬁtr& wh8Ostire

1390, 139 O ahte R U Kitfn VT adilieq SALBRardfl 1 abf7
(d,I'H Ar-H), the Pproddct Wy -diromfatdgraphiedHoAr silbc,a gebusing 4% (10%
conc. NH,OH in methanol)dichloromethane as the eluant to give
the title compound (Yield: 441.1mg, 92%). LCMS: m/z 543.1
.(MHB"); 8. (CDCl,) CH,: 30.1, 30.6, 38.5, 42.1, 46.0, 50.5, 50.9; CH:
10 639, 126.5, 126.9, 126.9, 130.5, 130.6,- 133.5, 138.5, 139.0,
139.0,: C: 118.4, 134.0, 134.0, 134.9, 139.9, 141.0, 147.8, 167.1;
'8, (CDCL): 5.74 (s,1HH,,), 7.12 (d,2H,Ar-H), 7.13 (s,2H,Ar-H),
7.19 (d,1H,Ar-H), 7.21 (d,1H,Ar-H), 8.14 (d,2H,Ar-H), 8.27
(s,1H,Ar-H); [a],* +69.2° (10mg/2ml., MeOH).
15

The title compound from Preparative Example 33, Step E,
. S(-) enantiomer (374.8mg, 0.917mmoles), 4-pyridylacetic acid
20 Nil-oxide (182.6mg, 1.192mmoles), 1-(3-dimethylaminopropyl)-
3-ethylcarbodiimide hydrochloride (229mg, 1.192mmoles), 1-
hydroxybenzotriazole (161mg, 1.192mmoles) and 4-methyl-
‘morpholine (0.131mL, 1.192mmoles) were dissolved in
anhydrous DMF (11mL) and the mixture was stirred at 25°C for
25" 18h. The reaction was worked up as described in Example 1 and
the product was chromatographed on silica gel using 4% (10%
conc. NH,OH in methanol)dichloromethane as the eluant to give
the title compound (Yield: 467.3mg, 94%): LCMS: m/z 543.1
(MH"); 3. (CDCl,) CH,: 30.0, 30.5, 38.4, 42.0, 45.9, 50.4, 50.8; CH:
30 63.8, 126.5, 126.8, 126.8, 130.4, 130.6, 133.4, 138.4, 138.9,
138.9,: C: 118.4, 134.0, 134.0, 134.8, 139.8, 140.9, 147.7, 167.0;



(s,IH Ar-H; [a] D23c +69.2[err] (I0nmg/2nm., MeOH). 15 EXAMPLE 8 [err] The
title conpound from Preparative Exanple 33, Step E, S(-) enantioner

(374. 8ny, WMM?&?I es), 4-pyridylacetic acid 20 N1 -oxi de RCUSI4300

1. 192mol es), - (3-di et hyl am nopr opyl )- 3-ethyl carbodii m de hydrochl ori de
(229ny, 1. 192nnDIes) 1- hydroxybenzotr?gzole (161ng, 1.192mol es) and

4- et hyl - norpholine (0.13InL, 1.192muol &s) were dissol ved i n anhydrous DVF
(2Im.) and the m xture was stirred at 25C for 25 18h. The reaction was
wor ked up asﬁge(@mgdi'ﬁGEﬁdlml‘h )L 543 (d)@ﬂ@A@d&bﬂMS(S}BMtHbr aphed on

silica gel 4 {41 n n t hane as the
el uant to. gi ?eil?h@ H(lf&/oﬁf 7.2 l?: A?_‘H) ;%%OﬁhWMZ 543.1
(M err]); [6&:.iH [[@r]b ,5M 42.0, 45.9, 50.4,
50.8; CH 30 63. 8 126. 5, 126 8 126 8 " 130. 4, 130.6, 133.4, 138.4,

138.9, 138.9,: C 118.4, 134.0, 134.0., 139. 8, 140.9, 147.7, 167.0;

- 79- [er5r] (CDCl[err]): 5.76 (s, IH .13 (d,2H Ar-H), 7.15°

(s,2H Ar-H),

- The title compound from Preparative Example 33, Step D,
10 () (789.1mg, 1.93mmoles), 1-tert-butoxycarbonyl-4-
piperidinylacetic acid (610.6mg, 2.51mmoles), 1-(3-dimethyl-
aminopropyl)-3-ethylcarbodiimide hydrochloride (481.2mg,
2.51mmoles),- 1-hydroxybenzotriazole (339.2mg, 2.51mmoles)
‘and 4-methylmorpholine - (0.276mL, 2.51mmoles) were
15 dissolved in anhydrous DMF (30mL) and the mixture was stirred
~at 25°C for 21h. The reaction was worked up as described in
Example 1 and the product was chromatographed on silica gel
using 0.5%-1% (10% conc. NH,OH in methanol)dichloromethane
as’the eluant to give the title compound (Yield: 1.22g, 100%):
20 FABMS: m/z 633.3 (MH?"); 3. (CDCl;) CH;: 28.5, 28.5, 28.5; CH,:
30.2, 30.5, 32.2, 32.2,.39.5, 41.7, 43.8, 43.8, 45.8, 50.8, 51.2; CH:
33.3, 64.0, 1265 130.6, 130.6, 133.5, 138.5; C: 79.3, 118.3,
133.6, 134.8, 139.9, 140.9, 148.1, 154.8, 170.0; 8, (CDCl,): 1.46
(s.9H,-CMe,), 5.75 (s,1H,H,}), 7.13 (d,1H,Ar-H), 7.16 (s,1H,Ar-H),
25 7.19 (s,1H,Ar-H), 7.23 (d,1H,Ar-H), 8.29 (s,1H,Ar-H).



7.21 (d,IH Ar-H), 7.23 (d,IH Ar-H), 8.16 (d, 2HAr-H), 8.29 (s, 1H Ar-H);

[[err]][er‘gb-gg S%zrsr] (10.4nmg/ 2m., MeOH). 5

EXAMPLE 9 LRI The title conmpound from Preparative Ex®ques9I8aisobt ep
D, 10 ([err]) (789.1ng, 1.93mmles), 1-tert-butoxycarbonyl-4-

pi peridinylacetic acid (610.6ng, 2. 51n_nﬁioe§), 1- (3-di net hyl -

am nopropyl ).- 3-et hyl carbodi i m de hydrochl ori de (481.2ny, 2.51mol es),

1- hydr oxybenzotri.azol e (339. 2ng, 2.51nmol es) and 4-net hyl norpholine -
(0.276nL, Z.Mes) were 15 . dissolved in anhydrous DMF (30nmi) and the
m xture was stirred at 25| er for 21h. The reaction y or ked up as

described in EREmsA NoGlict was chBrmal Ty
i n met hanol ) di
gond (Yield: 1.22g, T68{4:

using 0.5% 1% (104 g¢

eluant to give the 1

633.3 (MHerr]); [errl?c NDCl[err]) CH3: 28.5, 5’8.5,\ 3
32.2, 32.2, 39.5, 41.7,(43 B, 43.8, @5 8CHp0.8, 51.20 3.3, 64.0,
126.5, 130.6, 130.6, 133.5,)138,5; 793.cp.18. 3, 133} 6 334. 8, 139.9,
140.9, 148.1, 154.8, 170°N; 13)0 1(%&;3(&%,-(:%5;, 5. NH
(s,IH Herr],), 7.13 (d, 4, , J7.16 (s, T®, Ar-H), 25 7.19 (s,|H Ar-H),
7.23 (d,IH Ar-H), 8.29 A o

The title compound from Step A above (1.21g,
1.91mmoles) was dissolved 'in methanol (10.6mL) and 10% (v/v)
5 conc. H,S0, in dioxane (26mL) and the mixture was stirred
under argon at 25°C for 1.5h. The solution was concentrated and
diluted with CH,Cl, and basified with IN aqueous NaOH. The
CH,Cl, extract, containing only part of the product due to its
water solubility, was dried (MgSO,), filtered and evaporated to
10  dryness. The product was chromatographed on silica gel using
10% (10% conc NH,OH in MeOH)dichloromethane as the eluant to
give the title compound (Yield: 87.7mg, 10%): FABMS: m/z 533.1
(MH?"), 8 (CDCL): CH,: 30.2, 30.4, 32.4, 32.4, 39.6, 41.6, 45.7, 45.9,
45.9, 50.7, 51.2; CH: 32.7; 64.0, 126.5, 130.6, 130.6, 133.5, 138.5;
15 C: 118.3, 133.5, 134.7, 139.9, 140.9, 148.1, 169.8; 8y (CDCL,): 5.73
(s,1H,H,,), 7.12 (d,1H,Ar-H), 7.15 (s,1H,Ar-H), 7.18 (s,1H,Ar-H),
7.21 (d,1H,Ar-H), 8.28 (s,1H,Ar-H).

CH2: 30.2, 30.5,

Step C
s a _cl B/ ) a
—
v Sy
- N Vvt

20 | o o

. The title compound from Step B above (99.1mg,
0.189mmoles) and trimethylsilyl isocyanate (0.384mL,
2.83mmoles) were dissolved in anhydrous dichloromethane
(3mL) and the mixture was stirred at 25°C under méon for 20h.

25  Additional trimethylsilyl isocyanate (0.0768mL, 0.567mmoles)



- 80 - Step B C3 The title conpound from Step A above (1.21g,
was dissolyed in nethanol (10.6n.) and 10% (v/v) 5 conc.

1. 91mmol es)
Herr]SdJerr] in

di oxane (ZMf 2P the mixture was stirred under argon at 25peTmkas/f1500
1.5h. The solution was concentrated and diluted with CH err]Cl[err] and
basified with 1N aqueous NaOH. The CH[_eF;rl] Cl[err] extract, containing only

part of the product due to its water so
filtered and_evap ted to 10 dryness. The

ubility, was dried (MgSO err]),
roduct was chronat ogr aphed

D
on silica geVakiaddedoand the ceactinp was) allowedvsarprocegtoformsithane as t he

el uant to giadditienal tSlr c e uniktaM ewds Silute® with"dic

; : , \etHhfe
(e 17, ) G bt ety A aed QS
138.5; 15  (iltered. apdisyaporated. ko di3ess. 14Thd, product, whe9. 8; [err]H

(PG o et g Lol 3 it i 7

ad Br

orpmethape as the eluant to give the title

compound (Yield: 80.4mg, 81%): FABMS: m/z 576.1 (MH*); 8.

(CDCl,): CH,: 30.1, 30.4, 32.0, 32.0, 39.2, 41.6, 44.4

., 44.3, 45.7,

50.7, 51.1; CH: 32.9, 63.9, 126:4, 130.5, 130.6, 1334, 1384; C:

10 118.3, 133.5, 134.7, 1_39.8, 140.9, 148.0, 169.7; Oy (
(s,1H,H,,), 7.12 (d,1H,Ar-H), 7.15 (s,1H,Ar-H), 7.19
7.22 (d,1H,Ar-H), 8.28 (s,1H,Ar-H).

AMPLE 1

CDCl,): 5.74
(s,1H,Ar-H),

CH,
L CH
o/k— 3

CH,4

The title compound from Preparative Example 33, Step E,

20

_aminopropyl)-S-ethylcarbodiimide hydrochloride
3.181mmoles), 1-hydroxybenzotriazole (430mg, 3
and 4-methylmorpholine (0.35mL, 3.181mmoles)

R.(-l.,.-.) -.enant.iomer (1g, 2.45mmoles), 1-tert-butoxycarbonyl-4-
piperidinylacetic acid (487mg, 3.181mmoles), 1-(3-dimethyl-

(610mg,
.181mmoles)
were

dissolved in anhydrous DMF (30.5mL) and the .mixture was

25

| stirred at 25°C for 66h. The reaction was worked up as

533.1
6, 41.6,
133. 5,



ound from Step B above (99. 1ng, 0.189mmvl es) and
$?|12$h;:gle COlngocyanate (0. 3g4nL 2.83mmmol es) were dissol ved i n anhydrous
di chl oroneW%?{’é" m_) and the mxture was stirred at 25[ err |JRCTAISH811500g0ON
for 20h. 25 Additional trinethylsilyl isocyanate (0.0768nl, 0.567mmol es)
- 81 - was added and the reaction was _a? owed to proceed for an additional
5h. The mixture was diluted with di chl'oP6net hane and washed with saturated

NaHC(Q3, i ed, SH), filtered and evaporated to dryness. The
g?ggﬁgf was es‘é&i’é&a!‘é%&ﬁﬂ%ﬁeoh and; the genodust ng/aSSQ/h(mn%ogmphele[ err] OH

i n net hanol )dncéillm?ogath %t(lne%ﬁbuﬁet NH, @HV?ntﬁ% Yﬁ ﬁﬁevrb
EZIYII[:L?] et 4 Sl/oa%éﬁs "(S ‘03@‘23 'l(llf %“ °44=°AHPQe!£Pr i jeldz SZﬁg, 51.1;
CH 32.0, 638@%)1216CMS 131125633113((1\61[{*)1;33 D). GH,C28.5) 28. 5(1,1&3 Gliéi‘gr iS)

830140 0
112 (o T A 55T 2 25 1 448 8,75@3' (L2
8 28 (s. |HA3 gx)\ 6.510130.6, 130.6, 1335 138.5; C: 79.3, 1183

1336 134.8, 139.9, 140.9, 148.1, 154.9, 1700 8 (CDCL,): 1.46

(s,.9H,-CMe,), 5.74 (s,1H,H,,), 7.12 (d,1H,Ar-H), 7.16 (s,1H,Ar-H),

7.19 (s,1H,Ar-H), 7.23 (d,1H,Ar-H), 8.29 (s,1H,Ar-H); [],34C.

10 +56.4° (9.05mg/2mL, MeOH).

tep B
Br / \ Cl Br / \ 1 -

—
RH' — 1%'*'

O.ENj R("’) o) CH3' (o} E N R('I'-]
O Y Or
o . .

15 The title compound from Step A above (1.149g,
1.812mmoles) was dissolved in methanol (9.5mL) and 10% (v/v)
conc. H,SO, in dioxane (24.7mL) and the mixture was stirred
under argon at 25°C for lh. The mixture was passed over a bed
of BioRad AG1-X8(OH- form) ion exchange resin and the resin

20 was washed with methanol. The combined eluates were
evaporated to dryness and the product was chromatographed on
silica gel using 10% (10% conc NH,OH in MeOH)dichleromethane
as the eluant to give the title compound (Yield: 762. 9mg, 79%):
LSIMS: m/z 533 (MH"), 5 (CDCl,): CH,: 30.2, 30.5, 33.2, 33.2,

25" . 40.1, 41.7, 45.9, 46.4, 46.4, 50.8, 51.2; CH: 33.4, 64.0, 126.5,
130.6, 130.6, 133.6, 138.6; C: 118.4, 133.6, 134.8, 139.9, 140.9,
148.2, 170.2; 8, (CDCL,): 5.73 (s,1H H,), 7.11 (d,1H,Ar-H), 7.14
(s,1H,Ar-H), 7.19 (s,1H,Ar-H), 7.22 (d,1H ,Ar-H), 8.28 (s,1H,Ar-H;
[a]p %€ +66.4° (10. 90mg/2mL MeOH).

30



[err] 15 Step A [err] The title conmpound from Preparative Exanple 33, Step
E, R(+) enqug'b?gg;gg (1g, 2.45mmvol es), 1l-tert-butoxycarbonyl-4- 20

pi peridinylaceti¢ acid (487ng, 3.181muol es), 1-(3-dinethyl- PCT/US98/11500

am nopropyl ) - 3-et hyl carbodi i m de hydrochl oride (610ng, 3.181 mmoles), 1

- hydroxybenzotriai ol e (430ng, 3.18 1lnmgles) and 4-nethyl norpholine (0.35ni,
3.181mmol es) were di ssol ved i n anhydrous DMF (30.5nL) and the m xture was

25 stirre tat 5C for 66h. The reaction was worked up as - 82 -
descri bed i |l e 1 and the product was chronmatographed on silica gel

using 1 % (10%conc Qd.i n net hanol | AT0\ net hane as the el uant
to givetheti%T ¢ 3 2 . X, _6¢8.1 (MHerr]);
I 6

X
[err]c (CDCl[err])\Q 30.5, 32.2, 32.2,
130.6, 133.5, 138.5 & M 3, 61,8.3,_131 6, 134.8,N139.9 140.9, 148.1,
154.9. 170.0: [err] (CHO [ &f rR¥ ttoemm E R(+)

39.4, 41.7, 43.6, 43Not+ 126. 5, .130.6,
o)
O o)\/Cl

The title compound from’ Step B above (550mg,
1.03mmoles) and trimethylsilyl isocyanate (2.092mL,

5 15.45mmoles) were dissolved in anhydrous dichloromethane
(16.4mL) and the mixture was stirred at 25°C under argon for
18h. The mixture was diluted with dichloromethane and
washed with satﬁrated aqueous NaHCO,, dried (MgSO0,), filtered
and evaporated to dryness. The product was chromatographed

10  on silica gel using 3.5% (10% conc. NH,OH in methanol)dichloro-
methane as the eluant to give the title compound (Yield:
570.3mg, 99%): FABMS: m/z 576.3 (MH"); 8. (CDCL,): CH,: 30.2, "
30.5, 32.1, 32.1, 39.3, 41.7, 44.4, 44.5, 45.8, 50.8, 51.2; CH: 33.0
64.0, 126.5, 130.6, 130.6, 133.5, 138.6; C: 1184, 133.5, 134.8 ,

15 1399, 141.0, 148.1, 157.9, 169.8; 8, (CDCl,): 5.73 (s,1H,H,)), 7’.12

. (d,1H,Ar-H), 7.14 (s,1H,Ar-H), 7.19 (s,1H,Ar-H), 7.21 (d,1H,Ar-H)
8.28 (s,1H,Ar-H); [],24C +60.2° (10.28mg/2mlL, MeOH)i ’ ,

ha




- .74 (s,IH Herr]), 7.122 (d,IH Ar-H), 7.16 (s,IH Ar-H),
g?igHisﬂV%E,eK])’ ? 23 Ed,IH,AE-H)],)S. 29 (s, 1H Ar-H); [[err]][err]. 10nd
+56. 4[ err] ‘?3‘.”593%/%1_, MeOH). Step B [err] 15 The tPﬁTms?mngmgnL)
from Step A above (1.149g, 1.812mmles) was di ssol ved.| n math ano tt(Jré m)
and 10% (v/v) conc. Herr]SJerr] in c_h%a_ne (24.7m) -and the mXbed o
stirred under argon at 25C for |h. The Txture was passed over a ed of
Bi oRad AGL- X8(OH form iondexlcha[l e resin ando'; gteezieflondrzgnes\évaimd shed,
i . The conbi ned el ua m&b _
\;,)Mr E)Qlugft \?\ZQOLhrorrat ographed on silica g€ si ng 10% (10% cong Nv_[elr(rj]_ OH in
MeCH) di chl or omret hane as the elBrax /to}‘ dle corrpognCH(Z | go 2
762.9ny, 79%: LSI VS gfi 52? (7M-I erlsra ’ EDGSE)egr])Si s .33,4

.2, 25 40.1, ., 40 .,., . O, . 2, . .4,

540, 1265, 130 6. 130 6, 133 6, 13 6.xC 118.4, 133.6, 134 8, 139.9,

.2 cd [err 8753 B8)1H eferr]), 7.11
(13?'1& Arlflﬁij,z’llzg (Zsl[a”A]r(H) 7.[19 (s@;‘g\r-k{), 7}\2 (d,1H Ar-H),; 8.28

(s,IH Ar-H, [err]+66.4 (10.90ny/2nm., M . N NH,
O
‘Step A '
Br—7 \ Cl Br~/ \ cl
< =
Y % X

NS — 9NN 8B o o,
(J - () o R

o) .

5 The title compound from Preparative Example 33, Step E,
S('-":")'f_'_ enantiomer (lg, 2.45mmoles), 1_-tert-butoxycarbonyl-4-'
pii)i:i‘idinylacetic acid (487mg, 3.181mmoles), 1-(3-dimethyl-
~ aminopropyl)-3-ethylcarbodiimide hydrochloride (610mg,

: 3_..181mmol.es), 1-hydroxybenzotriazole (430mg, 3.181mmoles)

10 and 4-methylmorpholine (0.35mL, 3.181mmoles) were
‘dissolved in anhydrous DMF (30.5mL) and the mixture was
stirred at 25°C for 66h. The reaction was worked up as
described in Example 1 and the product was. chromatographed
on silica gel using 1% (10% conc. NH,OH in methanol)dichloro-

15 methane as the eluant to give the title compound (Yield: 1.204g,
78%): LSIMS: m/z 633.5 (MH*); 3c (CDCl,) CH,: 28.5, 28.5, 28.5;
CH,: 30.2, 30.5, 32.2, 32.2, 39.4, 41.7, 43.6, 43.6, 45.8, 50.7, 51.2;

~ CH: 33.3, 64.0, 126.5, 130.5, 130.5, 133.6, 138.5; C: 79.3, 118.3,
133.6, 134.8, 139.9, 140.9, 148.1, 154.8, 170.0; 8, (CDCL,): 1.46

20 (s,9H,-CMe,), 5.74 (s,1H,H,)), 7.12 (d,1H,Ar-H), 7.15 (s,1H,Ar-H),
- 7.19 (s,1H,Ar-H), 7.22 (d,1H,Ar-H), 8.28 (s,1H,Ar-H); [a},237C
-57.2° (9.09mg/2mL, MeOH).



- 83 - Step C[err] The title conpound from Step B above (550nyg,

1. 03mmol es)wggg

di ssol ved in an

' diluted with
25[err] C under argon for 18h. The m xture was _
gitchl E)rorrl:t hane and washed w th saturat 98$raqueous NaHCGO3, dried

(MSqerr]),
chromat ogr ap
met hanol ) di c

570. 3ng,” 99% : FABMS: R (MH err]); [err] (1[ errpy= CH 30.
30.5, 32.1, 32.1, Bogk7 4 ] 44CH, 45.8, 588
| : : © 118.4, 133.5,

126.5, 130.6, 130.6, 1\33.
141.0, 148.1, 157.9, 109N
(d, I H Ar-H),
Ar-H);

(s, 1H,

10

15

20

25

; [ y duct was
' d and evaporated to yness. The pro .
fljl tlere on sili cg gel using 3.5% (10% conc. NHerr]OH in
nmet hane as the eluant to give the title conpound (

XA (e terr]): 5.73 (s,2 (.gl‘;'fl—i) 8
| H, Ac-Hig. 7.19 (s, TH A -H 7 S 7 , 4 HEAr - P
Ftéfr](]s’[err]ﬁ‘éﬁ’ﬁaﬁo 50 2800/ 21CtH; MeCH) . 0-( - S().
' N

' ' ' . 45mmol es) were
thylsilyl isocyanate (2.092m., 5 15. 4 M
’ﬁ{?é% gﬁs éi chl gromat hane (16.4n) and the m xtpepusssisdg rred

Yi el d:

N N JL o/k_ CHs NH
J\/O CH3 ’
o .0

The title compound from Step A above (1.104g,

. 1.741mmoles) was dissolved in methanol (9.13mL) and - 10%

(v/v) conc. H,SO, in dioxane (23.75mL) and the mixture was
stirred under argon at 25°C for 1h. The mixture was passed
over a bed of BioRad AG1-X8(OH: form) ion exchange resin and
the resin was washed with methanol. ‘The combined eluates
were evaporated to dryness and the product was
chromatographed on- silica gel using 10% (10% conc NH,OH in

- MeOH)dichloromethane as the eluant to give the title compound
- (Yield: 771.6mg, 83%): LSIMS: m/z 533 (MH"), 8; (CDCL,): CH,:

30.3, 30.5, 33.0, 33.0, 40.0, 41.7, 45.8, 46.2, 46.2, 50.8, 51.2; CH:
33.3, 64.0, 126.5, 130.6, 130.6, 133.6, 138.6; C: 118.4, 133.6,
134.8, 139.9, 140.9, 148.2; 170.1; &, (CDCl,): 5.73 (s,1HH,), 7.12
(d,1H,Ar-H), 7.14 (s,1H,Ar-H), 7.19 (s,1H,Ar-H), 7.22 (d,1H,Ar-H),
8.28 (s,1H,Ar-H); [0]p ¢ -66.9° (10.29mg/2mlL, MeOH).

Br_mm Br\<\\~(01
-h‘:)' N S() N L N S0
e O R

The title compound from Step B above (550mg,
1.03mmoles) and trimethylsilyl isocyanate (2.092mL,
15.45mmoles) were dissolved in anhydrous dichloromethane
(16.4mL) and the mixture was stirred at 25°C under argon for
18h. The mixture was diluted with dichloromethane and



EXAMPLE 11 Step A [err] 5 The title conpound from Preparatlve
Exanple 33, Ste , S(-) enantionmer (1g, 2.45mmmol es),

1- trenrot but B8/ 5B’éﬁ%ﬁ?nyl 4-. piperidinylacetic acid (487ng, 3. PEIWRIBALI00

1- (3-di net hyl - am nopropyl)-3-ethyl carbodiim de hydrochl ori de (610nyg,
3.181mmol es), 1-hydroxybenzotriazole ( ng, 3.181nmles) 10 and

4- met hyl nor phol i ne (0.35n., 3.181mmol es) were di SS(ﬁ| veﬂ I n an[]ydrous DIVF
30.5n) and the m xture was stirred at_25C for 66 The reaction was

\(I\DI’ ked Ejp aswashed i Wil isatusater| aqueonsd NaiChhodlried @Mg8Rkbriiltapedphed on

il | usd gevidpdrhdfd can cdryrdssr Ik fbdtf&thm )dﬁremét a tha“e
le 'Itﬁg gFualrﬁmPge |verthe tll%g:? ﬁmg%_lund Nl_géslg 1 204 780 T ﬁ%ﬁ
633.5 (MH er9} ) r&ejl ysing-13-27% | CERE; Bome
30.2, 30.5, meﬂmnaasztha%manMﬂgn@ the dfle 6coripod nd5 YIeldSl 2 CH 133.3,

34. 8,
0105, 129,509, IEBSFARMS mip 73 M%[elcrﬁﬁcihgﬁib%()%
(s, 9H, - cnvca[eio )3250,732(% 39,34 41.7) 44.4, 44.5,0434, 0.7 51721 €Hs 3B0A - H) |
7.19 (s, 1H A64.0),176.82 130.61130.6) 138.98188.5tHoA 118 4, (194 6] li4 §] -57- 2
(9-09m9/ 2t 1385 141.0, 148.1, 157.9, 169.8; 5, (CDCL,): 5.73 (s,1H,H,)), 7.12 -
(d,1H,Ar-H), 7.15 (s,1H,Ar-H), 7.20 (s,1H,Ar-H), 7.22 (d,1H,Ar-H),
10 '8.28 (s,IH,Ar-H); [a),®'"C -62.5° (9.54mg/2mL, MeOH).

EXAMPLE 12

The starting reactant (0.1g, 0.18mmol), was disssolved in
15 CH,Cl, (5mL) and then cooled to -18°C. m-Chloroperoxybenzoic
acid (0.18g, 1.07mmol) was then added and the reaction mixture
was stirred at room temperature overnight. The reaction
mixture was partitioned between CH,Cl, and saturated NaHC03'
(aqueous). The aqueous phase was extracted further
20 with CH,Cl,. Combined CH,CI, fractions were dried over MgSO,
and concentrated in vacuo to give a residue that was
chromatographed on a silica plate eluting with 10% MeOH
(saturated .NH,)-CH,Cl, eluent to give the title compound as a
. white solid (0.013g, 13% yield, mp = 146.8-147.4°C, MH* = 577).
25 The starting reactant is obtained by the procedure of
- Preparative Example 14, and the chiral chromatography
‘separation procerdures described above.



- 8 - Step B[err] The title conpound from Step A above (1.104q,
1. 741mmol es% X\@%gqissol ved in nmethanol (9.13nm.) and 10% 5 (v/v) conc.
H err] SO er¥9 ot oxane (23.75nL) and the mixture was stirrPor/usskrsear gon

at 25[err]C for Ih. The m xture was passed over a bed of Bi oRad AGL- X8( O+
form ion exchange resin and the resin \#af washed wi th nethanol. The
€s
chromat ographed on silica gel using _10% (10% conc NH err]J]CH in
MeOH) di chl or onet hane as.the el uant mt itle conpound (Yield:
771.6ngy, 83%: LSI M. 3 (Merr]), [err] (CDerfwrr]): CHerr]: 30.3,
~Y. @@ 3C146. 2, BHG 27 ‘@ A 33.3, 64.0,
126.5, 130.6, 130. 8§, : ; C 118.4, \133.W§ ¥4. 8, 139.9,
( CE 5.73 hé_-g(,_er J 7.
(d,1H, Ar-H), 7.14 (s,IH A&:H, 7.19¢tsttAw-H V7. 2 (d,IH A -'H), 8.28
; ;E?F?i.g (10. ™ny/ 2mL, MWy p Clerg 20 The
The title compound was prepared by essentially the same
procedure as described in Example 12 (mp = 120-121°C, MH* =

conbi ned el uates were evaporated to dry s and the product was 10
30.5, 33.0, 33H9
140.9, 148.2, 170. 1 Nerr err]):
(s,IH Ar-H); [[err]r#@ﬁ
title conpound fro B above (54Pny, S(-) JL
| G)N\/Gv " w e
_ | o .
.5 577). -

EXAMPLE 14

Br

. . o X
Following essentially the same oxidation procedure as in

10 Example 12, the starting - reactant is oxidized with m-chloro-
peroxybenzoic acid to yield the title c = °
e dpm y . ompound (mp = 109-110°C,
. The starting reactant is obtained by reacting the S(-)
i1somer of the title compound of Preparative Example 3 with title

15 compound of Preparative Example 1 by essentially the same
_Prqqedure as described in' Preparative Example 12. - The S(-)
1somer of- the racemate of Preparative Example 3 is obtained by

tlll)e - chiral chromatography separation procerdures described
above.

20



1.03mol es) and trimethylsilyl isocyanate (2.092nl, 15.45mmmles) were

di ssol ved in anhydrous dichl oronmethane (16.4nm) and the m xture was stirred
at 25C und®O 538! for 25 18h. The nmixture was diluted WPCH/US98/11500

di chl or onet hane and - 86 - washed with saturated aqueous NaHCOB, dried
(MS™), filtered and evaporated to drg)}? The product was

chr omat ographed on silica gel using 3 ('10% conc. NHerr]CH in .

met hanol ) di chl oro- methane as the eluant to |ve the title conpound (Yield:
5 571.5ng, 99%: FABMS: nmlz 576. [err] (CDCI[err]) CHerr]:
30.2, 30.5, 32.0, 32.Q 41. 7, 44.4, 44.5, 45, 51.2; CH 33.0,
64.0, 126.5, 13(B, 303 ; , . 1 139.9,
141.0, ,148.1, 157.9 3 : gDCl [err]):

7.12
(d,IH,Ar-H), 7.15 (s, N =20 (s,|H, Ar- N -H), 10
8.28 (s,1H Ar-H); [[err]][dr] -62.5 ¢o~5Amgr2ni, ‘) EXAIVPLE 12 [err]

The starting reactant, (" 19}y 0. 18mmmol ), was di ss
CH err]Cl[err] (5m) then) cooled 9 -18[err
acid (0.18g, 1.07mml) was'N

Chl oroperox&benzm C
eng@tidwd and the reacti®dyg”m

The' title compound was prepared by essentially the same
procedure as described in Example 14 (mp = 125.5-126.3°C, MH*
5 = 542).

ASSAYS

FPT ICso (inhibition of farnesyl protein transferase, in

vitro enzyme assay) was determined following the -assay

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

15 described in WO 95/10516. The disclosure of WO 95/10516 is
incorporated herein by reference thereto.

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

20 the T24-BAG cells. The assays can be conducted using either
DLD-1-BAG human colon carcinoma cells expressing an activated
K-ras gene or SW620-BAG human colon carcinoma cells
expressing .an activated K-ras gene. Using other tumor cell lines
known in the art, the activity of the compounds of this invention

25 ° against other types of cancer cells could be demonstrated.

' Soft Agar Assay:

Anchorage-independent growth is a characteristic of
tumorigenic cell lines. Human tumor cells can be suspended in
growth medium containing 0.3% agarose and an indicated

30 concentration of a farnesyl transferase inhibitor. The solution
can be overlayed onto growth medium solidified with 0.6%



irred at roomtenperature overnight. The reaction m xture was
\g:?tﬂioned bet ween CI—|F2rr]CI_[err] and saturated NaHCO3 (aqueous). The
aqueous ph¥6QI¥E8S%xtracted further 20 with CH err] Cl[ er r |PCIRUSSsSIMISIY
CHerr]C [err] fractions were dried over MgSJerr] and concentrat ed :n _
vacuo to give a residue that was chroq&éggraphed on a silica plate eluti Ing
with 10% MeOH (saturated .NH err])-CH e .]'Cl[err] eluent to give the title
conmpound as a white solid (0.013g, 13%yield, np = 146.8-147.4[err]C,
MH err] = 573gargss containifgeths fame gcorcantration sofbfarnesyl by t he

rocedure of tnRRsrass i MMIBUSITAE thé topdaydie CRté! yodbr PRy
gepar ation prOf:aggu es.descri be}g%abov . §f- iid%%mgzgﬁ eE)f] chﬂr?i bed
title conpoufift e‘%r Plates ccan, e dpsubated, for, daysca ntier
i n Exanpl e 13% nG02 1@llcw|eolohg, oidgrowth. =Afgex5?ﬂdub£ir’]é‘ﬂ\,ﬂ¥ﬁ &6ldrfies |
Fol | ow ng; esﬁgﬂtbélétXintelaeb§'ag$eﬂ)§'yfinagt 'Be ggra?rc%w 1 as%hlltion of MTT (3-
[4,5-dimethyl-thiazol-2-yl1]-2,5-diphenyltetrazolium bromide,
Thiazolyl blue) (1 mg/mL in PBS). Colonies can be counted and
the ICs0's can be determined.
EPT pM IC;, Assay:
10 - The enzymatic reaction is performed in 50 mM Tris, 5 pM
ZnCl2, 5 mM MgClp, 0.01 % Triton X-100, 5 mM dithiolthreitol

(DTT), pH 7.7 (Buffer R) at 37° C for 1 hour. The purified human
FPT (> 95 % pure) was derived from a Baculovirus/Sf-9
expression system. The peptide substrate used was biotin-CVLS

15 (SynPep Corp., Dublin, CA) and (1-3H)-FPP (21.5 Ci/mmol) was
obtained from New England Nuclear Life Science Products
(Boston, MA). Compounds were initially dissolved to a final
concentration of 4 mg/ml in 100 % DMSO and then to 0.25 pg/ml
in 100 % DMSO. Subsequent dilutions of the compound were -

20 performed in Buffer R. '

The enzymatic reaction is performed in a final volume of
100 pl. Reactions are carried out in a 96 well plate format. The
final concentrations of human FPT, FPP and biotin-CVLS are 30
PM, 176 nM-and 100 nM, respectively, in a volume of 100 pl. A

25 typical reaction involves the prequilibration of FPT and FPP in
40 pl at room temperature for 15 minutes followed by the
addition of 40 pl of a solution containing test compound. This is
further equilibrated for 15 minutes at room temperature. The
enzymatic reaction is initiated by adding 20 pl of the biotin-

30. CVLS peptide substrate and allowed to proceed at 37° C for 1
‘hour.” The reaction is stopped using 150 kl of the Stop Solution
consisting " of 1.3 mg/ml scintillation beads (strepavidin-coated
scintillation proximity beads from Amersham (Arlington
Heights, IL), 250 mM EDTA, pH 8.0 and 0.5 % BSA. The

35 radioactivity is measured after 20 minutes at room temperature.

Compounds are evalunated for their ability to inhibit the
reaction by measuring - the concentration-dependent percent
inhibition of the reaction. Compound stocks at 0.25 pg/ml
(DMSO) were diluted into Buffer R and then into the reaction
mixture as described above to give a final concentration of 0.01,

- 0.003, -0.001, 0.0003, 0.0001 and 0.00003 pug/ml in the reaction

40



10 Exanple 12, the starting reactant is oxidized with mchloro-
per oxybenzoic acid to yield the title conpound (np = 109-110[err]C, Mderr]
= 542). ThWO847?¥ng reactant is obtained by reacting the SPCF/USIBIEI00 of
the title conpound of Preparative Exanple 3 with title 15 . conpound of _
Preparative Exanple 1 by essentially t_h@os_arre procedure as described in
Preparative Exanple 12. The S(-) isomer” of the racemate of Preparative
Exanpl e 3 is obtained by the chiral chromatography separation procerdures
descri bed abouaturzo The ggzymatiavactvity [wag jrethrded thy meapaning the
prepared by €PM/weH! byingha WaHaer 1204 BetaplatdeBS ilprdi scinxdiation 14 (np
125. 5-126. 3| gofinfer. MHCRtiolS experitfeits AvereY performéd ewithoutnhi bi tion of
farnesyl profQiiidh@N&S §irdfde '4' CPM VA0 RS WonYBRiHIRE ThOAYn.
fol I ow gt hfnaasl §ition, reactions were performed without biotin-CVLS to
provide a signal for background CPM values. After correcting
the signals for background the percent inhibition would be
calculated for each inhibitor concentration and an IC,, value
would be interpolated from a least squares analysis of the data
10  within the lihear region of inhibition. -
' The compounds of Examples 1-15 and Compound 54.0 had
an FPT ICso within the range of 0.7nM to >174nM.
The compound of Example 7 had an FPT pM IC,, of 0.44nM
and the compound of Example 10 had an FPT pM IC,, of 0.41nM.
15 The compounds of Examples 2, 3 and 7 had a COS Cell IC,,
within the range of 9nM to 85nM, and a Soft Agar IC,, within
the range of 25nM to 183nM. ' :
_' For preparing pharmaceutical compositions from the
compounds described by this invention, inert, pharmaceutically
20 acégfi'table carriers can be either solid or liquid. Solid form
. preparations include powders, tablets, dispersible granules,
‘capsules, cachets and suppositories. The powders and tablets
may be comprised of from about 5 to about 70 percent active
ingredient. Suitable solid carriers are known in the art, e.g.
25 magnesium carbonate, magnesium stearate, talc, sugar, lactose.
Tablets, powders, cachets and capsules can be used as solid
dosage forms suitable for oral “administration.
For preparing suppositories, a low melting wax such as a
mixture of fatty acid glycerides or cocoa butter is first melted,
30 _and the active ingredient is dispersed homogeneously therein as
by stirring. The molten homogeneous mixture is then poured

into convenient sized molds, allowed to cool and thereby
~ solidify.

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

Liquid form preparations may also include solutions for
intranasal administration.



10 procedures described in WO 95/10516, published April 20, 1995. GGPT

I C[err] (inhibition of geranylgeranyl protein transferase, in vitro enzyme
assay), COBQS939C[err] (Cell-Based Assay), Cell Mat Assay PCIMISOR1E500t unor
activity (in vivo anti- tumor studies) could be deternmined by the assay
procedures 15 described in WO 95/ 105§§. The di scl osure of WD 95/10516 is
I ncorporated herein by reference there “Addi ti onal assays can be carried
out by follow ng essentially the same procedure as desecri bed above, but

wi th substitutionAefosalt prepanationsnduitabbe forminhaletion imay imclwdece of 20

the T24- BAGs%ﬂltan§ Ti}ﬁi %iﬂésﬂgﬁbﬁﬁep%ﬁlﬁm‘gﬂﬁ"ﬂggeﬁhﬁt DLD- 1- BAG human

col on carcinona cel]ls expressin act SW5620- BAG hunman
col on carci f&mbination e‘i(pﬁlesﬂsl cguticaliye acreptable coarriessi sucht agr t unor
cell lines kippwhett ﬁgsgedt Bgsactivity of the conmpounds of this

rat ed.
Sof ¢ Ager Agsay: twiapa@f ?.%82%@2 (FGjB prsTasatioR W Rielo 418t ¢ of
t unori geni ¢ intdrided rtesbeHuonveﬁtudprshOfielzsggﬁﬁebﬁséineli I&%' t('%rﬁi ow hng‘;S: um
Cranaf or ace HIERRERTSRE ol iy BT 82 Rariheersl RGB! Graony ovbnched: um
sol i dified viquido foyms ,include solutions, suspensions and emulsions.
The compounds of the invention may also be deliverable

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

Preferably the compound is administered orally.

15 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.

20 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

25 upon the requirements of the patient and the severity of the
condition being treated. Determination of the proper dosage for
a particular situation is within the skill of .the art. Generally,
treatment is initiated with smaller dosages which are less than
the optimum dose of the compound. Thereafter, the dosage is

30 mcreased by small increments until the optimum effect under

- the circumstances is reached. For convenience, the total daily
dosage. may be divided and administered in portions during the
day if desired.

The amount and frequency of administration of the

35 compounds of the invention and the pharmaceutlcally
acceptable salts thereof will be . regulated according to” the
judgment of the attending clinician considering such factors as
age, condition and sxze of the patient as well as severity of the



- 89 - agarose containing the sane concentration of farnesyl transferase
I nhi bitor p layer. After the top layer is solidified, plates can
be i ncubatg@#%gigg- 16 days at 37[err]C under 5% CJerr] to RET/EG%3E8308ny
outgrowth. After incubation, the colonies 5 can be stained by overlaying
the agar with a solution of MIT (3- . g2 :

[ 4, 5-di met hyl -t hiazol -2-yl]-2,5-di phenyltetrazolium brom de, Thiazolyl

bl 1 my/ pdi03.-PBSh...Col oni b ted and the, | b
Geter m ned” Eb#ﬂ;%ﬂﬁ%_q)beeeﬁg Bafedt, A oy pie" reCn@tengea: dosagshcy s on | s
E)(erlg.grrrgdr&nrwm Tisi ora lapmin]Tsvra'tm [Yw rﬂ'cntfs IOV Ctd €2000 @ yf)'rl]'ri ton
_ , e t . . er . or our.
The purifi edﬂﬁf&%%ﬁ( 58956@ %‘Fé?%éxdée‘?#vie% fPﬁ%nﬁaY‘é%‘g u‘%@ﬁﬁsr 89/ sf-9
expr essi on sP &tm@r (BIeMthe 'Ehgswmp@uudedawamm-mxi«er ( SynPep
Corp., D#oli adnfifiistare (withih- QR G%%ageBO'réﬁg]@') was obtained from New
Bost o

Engl and Nucl ear Life Science Products , MA). Conpounds were
initially dissolved to a final concentration of 4 ng/m in 100 % DVSO and

then to 0.25 [err [Ritenifollowifg dréNampless ofuphhrdateniiofns dsaghe conpound
vere 20" pegdahiegnich Bohifh B compound of the invention. The scope of
the invention in its pharmaceutical composition aSpect is not to
10 be limited by the examples provided.

Pharmaceutical Dosage Form Examples

EXAMPLE A
Tablets
No. Ingredients mg/tablet mgltablet
1. Active compound 100 500
:’. Lactose USP 122 113
3:’,". Corn Starch, Food Grade, 30 - 40

as a 10% paste in
Purified Water

4. Corn_Starch, Food Grade 45 40
5. Magnesium Stearate - 3 7
Total 300 700

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




The enzymatic reaction is perforned in a final volume of 100 [err]l.

React i ons @gﬁ &g{,& ed out in a 96.well plate format. The final

concentrati g uman FPT, FPP and biotin-CVLS are 30 pM E@fyusddraseh 100

nM respectively, in a volunme of 100 [err]l. A 25 typical reaction

i nvol ves the prequilibration of FPT andggkPP in 40 [err]|l at room

tenperature for 15 mnutes foll owed by? e addition of 40 [err]| of a

sol ution containing test conpound. This_is further equilibrated for 15

m nutes at roomtenperature. The ewﬁ&action is initiated by adding

20 [err]l of the biotin- 30 CVLS peptg'gﬁi,g#strate and allowed to proceed

at 37 Cfor 1 hour. The reaction is stoppe usmg 150 [err]l of the St op

Sol ution co T3 ug/m m,..ui..m.u | at ed

scintillati ',s*,-_‘-_ﬁ S8IEREr om Aner shami (g ' ) b S 250
V

mM EDTA, pH|[$.0 anfi O: SA, - cciaa gt 20
m nutes at gunl t ,upﬁgﬁf?\,éb 2 [ ﬁﬂeﬂr abil|ty to
i nhibit thelfeactibn MmmMSH the conce tra()lﬁon-depe ndgpts per cen}

i nhibition pg the |eagsdan t:ﬁ%ﬁp Y EHE 3 -]-giiin'i-—HQPdSQ- wer e
di | uted i nt p>Boffe i ot 040 Ixt u?® as deskri bed
above to gi}®- a fihal Megnesiumat Stearate WB1] 0. 063, 0.001, 0.70003, 0] 0001
and 0.00003j[err]g/mM in the realc&la?n 253 700

5 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.
10

While the present invention has been described in
conjunction with the specific embodiments - set ‘forth above,
many alternatxves modifications and variations thereof will be
‘apparent to those of ordinary skill in the art. All such

15  alternatives, - modifications and variations are intended to fall
within the spirit and scope of the present invention.



- 90 - mxture. The enzymatic activity was recorded by neasuring the

CPMwel | using a Wallac 1204 Betaplate BS liquid scintillation counter.

Cont rol exwerssrseesos were perforned w thout inhibitors to pr®Cras9%11300/

value for the non-inhibited reaction. 5 |In addition, reactions were
performed w thout biotin-CVLS to provi g«a a signal for background CPM o
val ues. After correcting the signals T background the pem et bition
woul d be cal cul at ed for each inhibitor concentration and an . Ced
woul d be i ntAHDA THAIMED I$ast squares anal ysis of the ”

the |inear regi on of | nh| bition. The conpounds of Exarrpl es

Compound 54.0 had an FPT I(ferr] wthin the range of 7tho >174nM The
conpound of Exanple 7 Aasompoeynd psalected: fromi 0. 44nM and the compound of
Exanpl e 10 had an FPT, 0.4l nM 15 0

Exanpl es 2, grang =lQl | d er rri
and a Soft Agar . t he range of
phar maceuti cal R
i nert, pharnmaceuti ca ly 2

Iqu|d Sol.id formp
gr anul es, racemic

ofl OnM t o 85nM
For preparing
j s invention,

m{j S j
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capsul es, cachets and suppositories. The powders and tablets may be :
conprised of fromabout 5 to about 70 percent active ingredient. Suitable
solid carrwexs/s39s8 known in the art, e.g. 25 magnesi um cAATAIRBA 1500
magnesi um stearate, talc, sugar, |actose. Tablets, powders, cachets and
capsul es can be used as solid dosage fgéfs suitable for oral

adm ni stration. For preparing supposif es, a low nelting wax such as a
m xture of fatty acid glycerides or cocoa butter is first nelted, 30 and
the active ingredient is disPsrsed honogeneously therein as bBrstirring.
The nol ten hoaneneo 2 e i S then poured into_ gonfenignilsi zed nol ds,
allowed to cep A\ Ff#lfy. Liqui d BorsypreRar at ijfp rtlude

sol utions, suspeNsi oMs I enul sions. As an ‘@xangke P&y bgf mentioned
wat er or wat er - propyl eng ol(ogy! utions for pare Ieral eTligp.oyLi quid
form preparations maygghso include solutions for i nt rongRal adninrstration.
- 91 - Aerosol prepargtions suitagﬁi for inhalation naﬁf?n | ude sol utions

and solids in powder be in  racemic

o
N N~ “NH, N Z lN’ _
0% . . O X :

b L
* ’
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conbination with a pharmaceutically acceptable carrier, such as an inert
conpressed gas. 5 Al so included are solid form preparations which
are intendedosmsrase converted, shortly before use, to |iqui.dP€DUSSS/N1S00
preparations for either oral or parenteral administration. Such l'i quid
forms ,include solutions, suspensions and enul sions. The conpounds of the
|nvent|on may al so be dellverable 10'19andernally ‘The transder nal
conpositions can take the formof creans, |otions, aerosols and/or
enmul sions and can be i ‘ded in a transder nal patch of TR atri x or
reservoir tymtas/ae patl i n the artBfQ '
the conpound is agm ¢
pharmaceutical prepg i t dosage forr
preparation is subdi Modgd i to @ZQﬁ doses cont ai ni ng “@p
s $F, an NHhective anount to c
pur pose. 20 raceniic¢ qu ntit

2 the desired
of Jacti ve conpoumackmin |a un t dgose

preparation may be .vari™g fromabout 0.1 1000 nor e
preferably fromabout 1jnmg. fo 3¢0 ng, according to the art kul
application. The actu npl oyed may be varied | 5 . upon

the requirements of the, patient and the severity of the

41\/sziymo e | 4 Nlo
o s o X

. (23.0A)
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condition being treated. Determ nation of the proper dosage for a
particular situation is within the skill of the art. Generally, treatmnent
is initiat OMIM%Snal | er dosages which are | ess than the oRGFUSASAISW of
t he conpound. Thereafter, the dosage is 30 increased by small increments
until the optinmm effect under the cirgynmstances is reached. For
conveni ence, the total daily dosage. n be divided and administered in
portions during the day if desired. The amount and frequency of
adm ni stration of c i
phar maceut i cBF , D
t he judgnent of : g cl inician consideri as age,
condition and si Ze N P g4 ops wel | as seve 0 (255
synptonms being treat @RA tgpical recomTended dosage ‘roa rren is oral
adm ni stration of fsj 10ynmg to 2090 ng/ day preferﬁ?ﬁy 10 Yo 1000 ng/day,

intwo to four difjEh 5 0 bljgck tunor grow h grpou ds
non-toxi ¢ when 5 adm ni§ q N nNijl s dosage range. ng are
exanpl es of pharnmaceut | gosage

o) . . .
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forns which contain a conpound of the invention. The scope of the invention
In its pharmaceutical conposition aspect is not to 10 be limted by the
exanpl es pWOIBHEW9 Phar maceuti cal Dosage Form Exanpl es EXAVPCEHUSISHASPRt S

No. I ngredi ents ng/ tabl et ng/tablet 1. Active
conpound 100 500 Lq)cé ose USP 122
113 3; Corn Starch, Food G ade, 40 as a 10% paste in

Purified Water 4. Corn Starch, Food Grade 45 40 5.

Magnesi um Stearate 3 Tot al 300

700 Met hod ofBrM ‘ i Mx |tempes, 3 Clabl e

m xer for 10-15 ‘ ate the mxture wi{h Ie MIIl the

danp granul es t hroug ' % GEN (e.g., 1/4"==9 c neseysary.

Screen the dried granules if Mgeggessary and mix with
15 mnut/ﬁg. 20 Addltemhﬁnd mx for 1-3
wei

Dry the danmp granul e%o
l[tem No. 4 and m X, fo
0 ajjpropri ate size ® onas%table
N~ TNH, Z N~

m nut es. Conpress
t abl et machi ne.

o : ¢ X
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- 93 - EXAMPLE B Capsul es No. | ngr edi ent ng/ capsul e

ng/ capsul e 98/57959 Active conpound 100 500 2.

Lact ose US 106 123 3. Cor n Stcarusps/1kson

G ade 40. 70 4. Magnesi um Stearate NF 7 :

7 Total 253 7005 g9 . Met hod of
Manufacture Mx ItemNos. 1, 2 and 3 in“a suitable blender for 10-15
mnutes. Add Item No. 4 and nix for 1-3 mnutes. Fill the mxture into
sui tabl e two-pi ece h gel atjh capsul es on a suitabl e ePapsul ating

ny@ntion has b pled i n conj unction

machi ne. 10 ile
Wi th the spect T~

et forth Bieys

skill in the art. AP\ sdch 15

are intended to fall ©
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within the spirit and scope of the present invention. - 94 - WHAT IS
CLAIMED |'S: A conpound selected from Br [err] REPLACEMENT SHEET - 95 -
[err] O- REQIOBESENENT SHEET REPLACEMVENT SHEET - 96 - Br PCT/US98/11500

- 100 -
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[err] [err] - 97 - [err] - 98 - [err] REPLACEMENT SHEET - 99 -

[err] O REPLACEMENT SHEET |
WO 98/57959 ’ PCT/US98/11500

is Sheet Has Been Replaced
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- 100 - 3. The conpound of Claim1l selected from 4. The conmpound of

Claiml having the fornula: [err] REPLACEMENT SHEET - 101 -- 5. The
use of a cHIBAMI%as claimed in any preceding claimfor theP@FASeHASOIOON Of
a nedi canent for inhibiting the abnormal growh of cells. 6. The use of

a conmpound as clainmed in claim5 whereginh,the cells inhibited are tunor
cells expressing an activated Ras on(‘:g'g(g%e'. 7. The use-of a conpound as
clained in claim5 wherein the inhibition of the abnormal growh of cells
occurs by the iphif Qn_Qf farnesyl protein trang ase, 8. The use of
a conpound as/cT= ai-Br5 wher ei n Glke .oClt unor cells
: ' ic nmutation in
1 @s.5! ai med in
for 1nhibiting
b as oDained in any
or the le\e_at ment of
N” “NH,

genes ot her tharNt hef Rasydgen64.0p. The use vfya CPnpoy
any of clains 1 o Af or lt_h'e preparation of a net dhmen
farnesyl protein tfansyerase. : The use of a onpypu
of claims 1 tRWilor the preparldti on of a nmedRéd

pancreatic cancer, w NH,
o)

or pharmaceutically acceptable salts or solvates thereof.

< or o)

5 2. The compound of Claim 1 selected from:

v

10
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nyel oi d Ieukenia thyroid follicular cancer, nyel odyspl astic syndrone,

epi der mal I noma, bl adder carcinoma, colon cancer, breast cancer or
prostate c 57959 | The use of a conpound as clained i n agr/O$9sahsions 1
to 4 for the preparation of a nedicanent for inhibiting the growh of
abnormal cells. 12. A pharnaceutlcallggnp05|t|on conprising an effective
anount of a conpound as clainmed in any claims 1 to 4 in conblnatlon wth

a pharmaceutically acceptabIeEgarrler

a0 s
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WO 98/57959 PCT/US98/11500

-104 -

4. The compound of Cla1m 1 having the formula:

This Sheet Has Been R

T

5. A method for inhibiting the abnormal growth of cells
5 . comprising admmxstermg an effectlve amount of a compound of
Claim 1.

6.  The method of Claim 5 wherein the cells inhibited
~are tumor cells expressing an activated ras oncogene.
10 ' | '
7.  The method of Claim 5 wherein the inhibition of the
abnormal growth of cells occurs by the inhibition of farnesyl
protem transferase

15 8.  The method of Claim 5 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.

9. A method of inhibiting farnesyl protein transferase
20 in a patient in need of such treatment comprising administering
an effective amount of a compound of Claim 1.

10. - A method of inhibiting farnesyl protein transferase
in a patient in need of sich treatment comprising administering
25  an effective amount of a compound of Claim 3.

11. A method of treating pancreatic cancer, lung cancer,
- myeloid leukemia, thyroid follicular cancer, myelodysplastic
syndrome, epidermal carcinoma, bladder carcinoma, colon
30 cancer, breast cancer or prostate cancer in a patient in need of

* c L M s *
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- 105 -

such treatment comprising administering an effective amount of
a compound of Claim 1.

12. A method of treating pancreatic‘cancer, lung cancer,
myeloid leukemia, thyroid follicular cancer, myelodysplastic
syndrome, epidermal carcinoma, bladder carcinoma, colon
cancer, breast cancer or prostate cancer in a patient in need of
such treatment comprising administering an effective amount of
a compound of Claim 3.

13. A pharmaceutical composition comprising an
effective amount of a compound of Claim 1 in combination with
a pharmaceutically acceptable carrier. '

14. A pharmaceutical composition comprising an
effective amount of a compound of Claim 3 in combination with
a pharmaceutically acceptable carrier.

15. The use of a compound of Claim 1 for the

manufacture of a medicament for use in inhibiting growth Ldf
abnormal cells. '

'16. The use of a compound of Claim 1 for inhibiting the
growth of abnormal cells.
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