WO 20051003120 PCTI US2004/ 020032 | METABOLI TES OF TRI CYCLI C AM DES USEFUL
FOR I NHI BI TI ON OF G PROTEI N FUNCTI ON AND METHODS OF TREATMENT OF

PROLI FERATI VE DI SEASES 5 BACKGROUND Field of the Invention 10 Sone

enbodi ment s wid 2008x@3p0 esent i nvention relate to net abol rarss2@i/020032i cycl i c

am des useful for inhibition of Gproftein function, to rel ated conpounds

and to nethods of treatnent of proliferative diseases. 15 The bi ol ogi cal
significance of the rat sarcoma ("Ras") oncogene, and the roles of both Ras
and the enzyme known as farnesyl protein transferase ("FPT") in the
conversion of normal cells to cancer cells, are described in PCT

I nternational Publication Nos. WO95/00497 and W95/ 10516. Each of those
publications al so describes a distinct class of conmpounds which inhibit the
activity 20 of  the eRzW® & aALNRs WsePhiOb@l Ptk 2ok @rageromil HuRerennb he
farnesyl gktiRbs OF FrRRTMEREDFPIROL @ EIATIVE DEEERSEPAt ent nunber 5, 874, 442, which is
i ncorporated by reference hereininits entirety, a nunber of tricyclic

am de conpounds useful in the inhibition of farnesyl protein transferase
are discl osed. Anpong these conpounds 25 is the follow ng, which is herein
referred to as "Conpound A": WD 2005/003120 PCTI US2004n20032 -2- Br 1 ' N
Cl NBrs NON OANH2

BACKGROUND

Field of the Invention

10
Some embodiments of the present invention relate to metabolites of

tricyclic amides useful for inhibition of G-protein function, to related compounds
and to methods of treatment of proliferative diseases.

15 The biological significance of the rat sarcoma (“Ras”) oncogene, and the
roles of both Ras and the enzyme known as farnesy! protein transferase (“FPT")
in the conversion of normal cells to cancer cells, are described in PCT
International Publication Nos. W095/00497 and W095/10516. Each of those
publications also describes a distinct class of compounds which inhibit the activity

20 of the enzyme farnesyl protein transferase, and thereby the farnesylation of the
Ras protein.

In U.S. patent number 5,874,442, which is incorporated by reference
herein in its entirety, a number of tricyclic amide compounds useful in the
inhibition of farnesyl protein transferase are disclosed. Among these compounds

25 is the following, which is herein referred to as “Compound A"



A Conpound A is particularly useful in the inhibition of farnesyl protein
transferase. The adm nistration of an effective anmount of this conpound
provides 5 a nethod for inhibiting the abnormal growth of cells, including
transf or med W@pWY003128nd for treatnent of cancers, as desousiedziose U. S.
5,874,442, Summary of the Invention In sone enbodi nents, the present
invention is directed to conpounds 10 represented by the structural formula
(1): WD 2005/ 003120 PCTI US20041020032 -3~ Br 1/ € NBr NORL RSRz r'
Ry NR3 Ol~ NH2 (I), and pharmaceutically acceptable isoners, salts,

sol vates or esters of the/ccoxpound of formula (1), 5 wherein: R 1is

sel ected from t heBg \v gfClH and =0; R2-R5 can be the sane or
different, each being i ndgpendg sel ected fromthe group consisting of
H -OH halide, -NH2 s/g” =0y~ ane= 10 t he conbi nati on solid-dashed |ines
singl e bonds or doubl e bonds, wherein the
HShed 1ines that are double bonds is not

greater than 2, and when|2, yhe doubl e bonds are not adjacent, and when O,
one of R1- N

0% NH,

Compound A is particularly useful in the inhibition of farnesyl protein
transferase. The administration of an effective amount of this compound provides
5 a method for inhibiting the abnormal growth of cells, including transformed cells,
and for treatment of cancers, as described in U.S. 5,874,442,

Summary of the Invention

In some embodiments, the present invention is directed to compounds
10 represented by the structural formula (1):



R5 is not H 15 In sonme enbodi ments, the present invention is directed to
conpounds represented by the structural fornmula (1), wherein Rl, R2, RS,
and R5 are each H R4 is selected fromthe group consisting of H and - OH,
and t he nunye® 208%00326bi nati on sol i d-dashed |ines thatPewes20@ob® bonds is
not greater than 1. 20 In sone enbodi nents, the present invention is
directed to a conpound represented by the structural fornmula W 2005/003120
PCT/ US2004/ 020032 -4- Br C1 er N ON-3~-NH, and pharnaceutically
acceptabl e i soners, salts, solvates or esters thereof. In a further
enbodinment, the inventjon i rected to a pure and isolated formof the
above conpound. 5Bl A 3 I the present invention is directed to
a conmpound represent\ed ctural formula Br / CI NBr NO HON
Ol~-NH, 10 and phar nmagey eptabl e isoners, salts, solvates or
esters thereof. In a

(1),
and pharmaceutically acceptable isomers, salts, solvates or esters of the
compound of formuta (1},
5 wherein:
R, is selected from the group consisting of H and =0O;
R2-Rs can be the same or different, each being independently
selected from the group consisting of H, -OH, halide, -NH, and =0;
and,

10 the combination solid-dashed lines independently represent either
single bonds or double bonds, wherein the number of combination
solid-dashed lines that are double bonds is not greater than 2, and
when 2, the double bonds are not adjacent, and when 0, one of Ry-

Rs is not H.
15
In some embodiments, the present invention is directed to compounds
represented by the structural formula (1), wherein R4, Rz, Rs, and Rs are each H,
R4 is selected from the group consisting of H and —~OH, and the number of
combination solid-dashed lines that are double bonds is not greater than 1.
20

In some embodiments, the present invention is directed to a compound

represented by the structural formula



further enbodinment, the invention is directed to a pure and isol ated form of
the above conpound. In sone enbodi nents, the present invention is directed
to a conmpound 15 represented by the structural forrmula WO 2005/ 003120

PCT/ US2004/ 020@®2/00318 Br CI Br N O N ONH2 and phar ratesdobamadosy
acceptabl e i soners, salts, solvates or esters thereof. In a further

enbodi nent, the invention is directed to a pure and isolated formof the 5
above conpound. |In sone enbodi nents, thetpresent invention is directed to a
conmpound represented by the structural formula Br---" ~C N Sr N QJ-NH2
10 and pharnmaceutj cg) |l e isomers, salts, solvates or esters
thereof. In a furtfer -nt, t he |nvention is directed to a pure and
isolated formof th onpound. 15 In sonme enbodi nents, the present
invention is directed tegenethod of inhibiting farnesyl protein
transferase in a patie Un need of such inhibition conprising

adm nistering a therapeujically effective anount of at | east one of a
conmpound of forrmula (I)o

N

O)\NHZ

and pharmaceutically acceptable isomers, salts, solvates or esters thereof. In a
further embodiment, the invention is directed to a pure and isolated form of the

2

above compound.

5
In some embodiments, the present invention is directed to a compound
represented by the structural formula
B~/ Cl
\N \
Br
N
(e]
HO N

P

10 and pharmaceutically acceptable isomers, salts, solvates or esters thereof. In a

further embodiment, the invention is directed to a pure and isolated form of the
above compound.

In some embodiments, the present invention is directed to a compound
15 represented by the structural formula



WO 2005/ 003120 PCT/ US2004/ 020032 -6- In sone enbodi nents, the present
invention is directed to a nethod of treating pancreatic cancer, non-small
cell lung cancer, nyeloid |l eukem a, thyroid follicular cancer,

nyel odyspl as¥9 0§93t onme, epi dermal carci noma, bl adder PEI/ESRA@0R9328, col on
cancer, breast cancer or prostate cancer in a patient in need of such
treatnent conprising admnistering a therapeutically effective anount of at
| east one conpound of fornula (1). In sofe enbodi ments, the present
invention is directed to a 10 pharmaceuti cal conposition conprising a

t herapeutically effective anount of Q agt~one conpound of formula (1) in
conbination with a pharmaceutically\ 3 =@- e carrier. In sone

enbodi ments, the present invention i SNdjrected to pure and 15 isolated
forms of the conpounds of forrmula (I). atBi | ed Description of Invention In
certain enbodi ments, the present inventjon is directed to netabolites of

t he Conmpound A which can: (i) potently knhibit farnesyl protein transferase,

but 20 not geranyl geranyl protein trafsferase I, in vitro; (ii) block the
phenot ypi ¢ change i nduced by a form ransform ng Ras which is a farnesyl
acceptor but not by a formof transf ing Ras engineered to be a

ger anyl geranyl acceptor; (iii) block Agltﬂracel | ul ar processing of Ras which
is a farnesyl acceptor but not of RaS gi neered to be a geranyl geranyl
acceptor; and/or (iv) block abnormal cell 25 growth in culture induced by

transform ng Ras. The foll owi ng four, co ounds | abel ed Conpoynds 8 - 11)
are netabol i t%‘%ds RarmaRYBIGHR %0%9@850%%7%%@6 MW@?@@ - In;@ gy pr

N N N cl~ Quthbt embdditRt, the invention is directed to a pure and isolated form of the
5 above compound.

In some embodiments, the present invention is directed to a compound
represented by the structural formula

Br—"" Cl
\ 4
N
Br
N
O
=
N
OJ\NHZ
10 )
and pharmaceutically acceptable isomers, salts, solvates or esters thereof. In a
further embodiment, the invention is directed to a pure and isolated form of the
above compound.

15
' In some embodiments, the present invention is directed to a method of
inhibiting farnesyl protein transferase in a patient in need of such inhibition
comprising administering a therapeutically effective amount of at least one of a
compound of formula (1).



89 C er g Ner Br 01 O-NH O-Ntr HON 10 11 Conpound A has been
denonstrated to have anti-tunor activity in animal nodels, and thus its

net abolites are of corresponding utility. 5 The present invention is further
directed to WOMIFMILE t hat are structurally simlar tectrbsomwemsolites of

t he Conpound A, and are believed to have corresponding utility. Such
structurally rel ated conpounds are represented by the structural fornula
(1): Br 01 NSt NRL ORSRz Ra NR¥-0Ol~-NH, 10 (1), wherein: R is
selected fromthe group consisting of Hand =0; R2-R5 can be the sane or
different, each being independently selected fromthe group consisting of

H -OH halide, -f&m08mbBdimeht, Hahresdnt HIBMANGS dirtbtsdH Hrelikly §20032 8

treating pahcreatic cancer, non-small cell lung cancer, myeloid leukemia, thyroid
follicular cancer, myelodysplastic syndrome, epidermal carcinoma, bladder

5 carcinoma, colon cancer, breast cancer or prostate cancer in a patient in need of
such treatment comprising administering a therapeutically effective amount of at
least one compound of formula (J).

In some embodiments, the present invention is directed to a
10 pharmaceutical composition comprising a therapeutically effective amount of at
least one compound of formula (I) in combination with a pharmaceutically
acceptable carrier.

In some embodiments, the present invention is directed to pure and
15 isolated forms of the compounds of formula (]).

Detailed Description of Invention
In certain embodiments, the present invention is directed to metabolites of

the Compound A which can: (i) potently inhibit farnesyl protein transferase, but

20 not geranyigeranyl! protein transferase |, 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 engineered to be a geranylgeranyl acceptor; (iii) block
intracellular processing of Ras which is a farnesyl acceptor but not of Ras
engineered to be a geranylgerany! acceptor; and/or (iv) block abnormal cell

25 growth in culture induced by transforming Ras. The following four compounds
(labeled Compounds 8 — 11) are metabolites of Compound A:



t he conbi nation solid-dashed |ines independently represent either single
bonds or doubl e bonds, wherein the nunber of conbination solid-dashed Iines
that are double bonds is not greater than 2, and when 2, the doubl e bonds
are not adjweews/posgad when 0, one of RL-R5 is not H Bciibszoesiomooent i on

i ncl udes the above conpounds in the anorphous state or in the crystalline
state. This invention provides a nethod for inhibiting the abnormal growth
of cells, including transfornmed cells,-by adm nistration of a

t herapeutically effective anount of at |east one of the conpounds of
formula (1), to aswed qe. g~¢~(ayd®& hunan) in need of such treatnent.
Abnormal growth of ®elllS refers cell growth independent of nornal

regul atory mechani sns {e.g., |osg "of cont act inhibition). This Includes the
abnormal growth of: tunmor cekN)s (tunors) expressing an activated Ras
oncogene; (2) tunDr[é;ﬁls in i~h the Ras protein is activated as a result
of oncogenic mutati Oy i n anothey” gene; and (3) benign and malignant cells 15
of ot her prollferath%ﬁdlsease§ ™a which aberrant Ras activation occurs.

This invention also rovides a reethod for inhibiting tunor growth by

adm ni stration of a_t eutically ctive amount of at |east one of the
conpounds of fornfilfa 6 l;:, a humen) in need of such
treatment. In particul

Br

the gromh 20 of tunofs expreSS| ng an( acti vated Ras oncogene by the

N

adm ni stration of an ffective anount] of one of the above-described

met abol i tes. Exanpl es®ol tunors which hmy be inhibited include, but are not
limted to, lung cance e.g., lung adenocarcinoma and non-snall cell |ung
cancer), pancreatic caqﬁprs (e.g., Panfreatic carcinoma such as, for
exanpl e, exocrine pancfedtic carci nomg),™25 col on cancers (e.g., colorectal
carci nomas, such as, forwexanple, colon1 adenocarci noma and col on adenona),

nyel oi d | eukem as r Qi d
follicular cancercgﬁlf/) V%ddﬂ%g Be M&hg%ﬁﬁ?e(l@g h%%%q EWI(@% \)'ryc'i?ﬁ'?n%(l)rm,
epi der mal camudetsyand mwalstrneiabnileas@ranﬂcquaspomrm gtiihcers. 30 This invention

2l 50 bravi des a mpthadL il LAl BTELLS B Al el BER8RsudRRbly Den o

and mal i gnant, wher are aberrantl'y activa
similar to the metabolltes of the Compound A, and are believed to have

corresponding utility. Such structurally related compounds are represented by the
structural formula (1):

Br /\ ct

=N

Br

10 (),
wherein:
R, is selected from the group consisting of H and =0O;
R2-Rs can be the same or different, each being independently
selected from the group consisting of H, -OH, halide, -NH, and =0;
15 and,



result of oncogenic nutation in other genes--i.e., the Ras gene itself is
not activated by nutation to an oncogenic form-with said inhibition being
WO 2005/ 003120 PCT/ US2004/ 020032 -9 acconplished by the adm nistration of a
t her apeut i cavo wogdoseet i ve anount of at” | east one of tPeru2opongts of
formula (1) to a manmal (e.g., a human) in need of such treatnent. For
exanpl e, the benign proliferative disorder neurofibromatosis, or tunors in
which Ras is activated due to nutation 0$'overexpressi on of tyrosine 5

ki nase oncogenes (e.g., _neu, src, abl, lck, and f{ may be inhibited by the
met abol i tes of t hihe GRLRaIIoN Sofitydashed B8 Ndieeensieninfeprasenbeities AMBiehi bi t

farnesyl prot@hgs bf@é\ﬁﬂ@ﬁ&% ﬂ/ﬁgrelr{théanmbaﬁéfydomﬁlrﬂﬂloﬁfsoﬁchéaéﬁég%lgé‘e protein
Ras. This invention-further provides a nethod I nhibrting Ras farnesyl

protein trandhdase doyble F?ﬁﬁﬁ’ﬁa‘ﬁém grepier than 3, ang V‘ﬁﬁﬁﬁng‘e qwbﬁé@d‘d%ﬁf%fﬂRSh

treat ment by ddpReadBhdwWhbhat bAdlofR,-RNis@bf ACt i ve anpunt of at |east one of
t he conpounds of formula.(1). The adm nistration of at |east one of the

conmpounds of f or miig iNventienyinghides ineabPYe FAMPRHNdsim NP RPuR Halg of inansf er ase
can be usef yhe biystallifie btatait ment of the cancers described above. The
conpounds useful "in the methods of t nvention inhibit the abnormal 15

growth of cells. VSHRMENUIR Biovidgs ?@%%O%{?ﬁm'bawgtth%amormai griowthhef| i eved t hat
these conpouss .muﬁwmsf@rmeum@wgb atifenistratioh iof a%r@ﬁedﬁcﬁry@f@btmef uncti on,

such as Ras 21 rotein i en I on, s maki ng t hem
useful in th Q“V‘éﬁ{ﬁg ?8f‘e§F‘g’F @Pgi‘nq;egfg‘?@é‘é\%bsg%ﬁ&?% ali{§%¥@ growt h and
cancer . lth hgimtnan\)\drﬁﬂibédg)ftsucﬂﬂ&eétmeﬁﬂ Att)nohhelcg"rawthldf cblis fefdrs V&S drbvath t hese
conpounds i nhi bi t

O f t t h
ST Lot o dadapEnaaTcl Rolidl BStiete RcRaRon I 8) isg oE oect iniaio; ne
cgrrpoundsI of Thiy intiuded thp abaornied geovdh bf: i(T)ituindr edlls ¢lumves) exgessihg ahr eat ment by
t hat invol ve t

e L e I (TN e R
i nhi bit 25 f aesdisyflonpogenic mptamarmsfamo&tm gane athdg8) msvgh and talgnapt eslissi onal
R R L L T e L TR
scope of this This invention also provides a method for inhibiting tumor growth by
administration of a therapeutically effective amount of at least one of the
compounds of formula (1), to a mammal (e.g., a human) in need of such
treatment. In particular, this invention provides a method for inhibiting the growth
20 of tumors expressing an activated Ras oncogene by the administration of an
effective amount of one of the above-described metabolites. Examples of tumors
which may be inhibited include, but are not limited to, lung cancer (e.g., lung
adenocarcinoma and non-small cell lung cancer), pancreatic cancers (e.g.,
pancreatic carcinoma such as, for example, exocrine pancreatic carcinoma),
25 colon cancers (e.g., colorectal carcinomas, such as, for example, colon
adenocarcinoma and colon adenoma), myeloid leukemias (e.g., acute
myelogenous leukemia (AML)), thyroid follicular cancer, myelodysplastic
syndrome (MDS), bladder carcinoma, epidermal carcinoma, breast cancers and
prostate cancers.
30 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



I nvention. Reference to a conpound of formula (1) herein is understood to
include reference to salts thereof, unless otherw se indicated. The term
"salt(s)", as 30 enpl oyed herein, denotes acidic salts forned with inorganic
and/ or organVve2¥eP@s20 as well as basic salts formed wechvusnovgasi ¢ and/ or
organi ¢ bases. In addition, when a conpound of formula (I) contains both a
basic noiety, such as, but not limted to a pyridine or imdazole, and an
acidic noiety, such as, but not limted%o0 W 20051003120 PCT/ US2004/ 020032
-10 a carboxylic acid, zwitterions ("inner salts") may be formed and are

i ncl uded wi takhcomplisbed by the'administrationsaf atberdpéwicaliyneffdetine mmoent of @al | y

accept abl e ('kﬁ‘f?t on%&ﬂpﬁﬂ:i%? nW%rﬂM@Q‘%@l lﬁ{?rﬂﬁﬁ?%agb!aﬂbp%ﬁiﬁ%egﬁ f

preferred, ts are use 1S 0 e cofpounds of
the fornula (kgh M"@Gt f iberrexémptep theehenignl reolifenpatiee dieordei neyrafitvomptosisd of

formula (1) w, ELET\&}Q lrﬁﬁRUﬁ'hagfls Qtﬁi'v?ﬁi]rdug?fﬁuta?lﬁﬁ Ry ?§% Q%})rggs%H gﬁgt%glhaarmunt

in a medi um such as one recl ueous
medi um fol | oumas@yncbqg@pm Ké? Qaﬂeldmifc 8hl, ickfmdﬁ/nynay:bdmmmtembm thhe scope of

the present i | vasioRydrochl ori de, sulfate, hydrobrom de,
tartrate, rﬁ!%{&?ﬁhie%’bftﬁgfne lé)lhtrate phosphate, acetate, panpate/enbonate,

10 hydr oi od| de nThe metabolitgs ©hthis lnvﬁﬂtlh;lI"mhltffatnesﬂrmotfal[nrtmteeasewdt f or mi ng
bases wi thing,d Q?ne%gﬁ%h of tPE Qﬁcéﬁ&%mmh%mﬁh@\nbé}ﬁlw%r%‘?g?dx'/[@es%al ci um

pOtaSSIUﬁ] magnesi Zl nc plpera2|ne

t r omet hani ne, metlnqx{ ofi lWHP'“&Q\BIaﬁ frenesy prokgjn Hm&ﬁ@raselmpn@mma@@smm ani ne and
benzat hpne. /Nuhah§ 9AREEd bf QJchQPé%fmérﬁ1by@r%0£@ﬁlhisﬁahoﬁpﬁfea'r§effé&9&é &RburltppTers and

the like) 15 the present conpounds (includin ose of the salts

sol vat es, estaéleés"aﬁﬂ? ofﬁh%mrnwr@ﬁ of F%’“E'@&Boﬁhﬂ@d%m%“m staklpastopp t°§

sol vat es andu@@cﬁﬁﬁomsbhf%rmpraqqrwgat)entsstuqﬂihlaﬁfa¥m§|eprw@irptl?ad§?éfa§é<¢aﬂ due to
asynnetrlc c&rbon@won varil ous I NC udlng enantioneric forms

(whi ch may ePedseidpihe Heﬁwnésgﬁg?éhé%ggw%%@wv(? carbons), rotameric
forms, atropi sorreme c@ﬁﬁbtﬁid@%’fséffuemrtﬁé m@th%@s Bﬂihiﬁnveﬁftl@n GHIBiIERB laBhGFhan t hi n
A LU R T IR I o Rl L
be adm xed fcernpeummhey fumaudsrammherse iahiboh Bf Gl-drotétri‘iﬁhctldhr s@h®yRassel ect ed,
ster eoi soner Sp21 by blocgqrgga p(%gtgltnelsoprenylatlon thsze ;Sneaﬂlngl r?é/n? ﬂtséfgpn(%an have the
treatment of proliferative diseases such as tumor growth and cancer. Without
wishing to be bound by theory, it is believed that these compounds inhibit Ras
20 farnesyl protein transferase, and thus show antiproliferative activity against Ras
transformed cells.
Also, the compounds of formula (I) can have utility in other methods of
treatment by that involve the inhibition of farnesyl protein transferase. Additional
conditions and diseases treatable by the administration of compounds that inhibit
25 farnesyl protein transferase are disclosed in U.S. provisional application
60/498,509, which is herein incorporated by reference as if fully set forth.
Salts of the compounds of formula (I) are also within the scope of this
invention. Reference to a compound of formula (I) herein is understood to include
reference to salts thereof, unless otherwise indicated. The term "salt(s)", as
30 employed herein, denotes acidic salts formed with inorganic and/or organic acids,
as well as basic salts formed with inorganic and/or organic bases. In addition,
when a compound of formula (1) contains both a basic moiety, such as, but not
limited to a pyridine or imidazole, and an acidic moiety, such as, but not limited to



S or R configuration as defined by the JUPAC 1974 Recomrendati ons. The use
25 of the terns "salt", "solvate", "prodrug" and the like, is intended to
equally apply to the salt, solvate and prodrug of enantioners,

st er eoi sonme™ 200800a12@¢r s, tautoners, racemates or prodeamgss2akotob® | nventive
conpounds. It should also be noted that any carbon as well as heteroatom
with wunsatisfied valences in the text, schenes, exanples and Tabl es herein
is 30 assuned to have the sufficient nufiber of hydrogen atonm(s) to satisfy
the valences. As used above, and throughout the specification, the

fol |l owi ng t emmmrboxylid asd, zuittezions §'@nensaltsgtreal bes fomnbd had anslincktied d to have

the fol | owi ngEANL g  UD:2A000R120, PTILSRONAL 20035 i 11" Pt ent

i ncl udes both man .and mral i an
animals. " Halt@g;erphysrelaglsalfyl acoeptable) sdllsare pmﬁertadoaitmmx,ghmthercsdltmare dliddal 0" or

o vates of CREkoHASHHE ot BB Bl iEmdly BERms, o SRR Crei
The terf " pr oeaaligy a casipenpd offecmide (B with ad@m:tue'sofaacnd:orrnnmnshdhmstan s a drug
precursor whi E‘pr?é’? gg@nm ﬂ'a%é&&ﬁm%’&cﬂ 9s 8néH1t\Mﬂ8|’i the ﬁ‘éﬁ%‘?éc%%? cal

conver si on by or chem cal process oun of Formul a
(1) or a sal tanagueous medlumfellqvmirlwvomﬂlzall@t§gl§1f@mlmg adids Wrﬂmdl’lhﬁgs is
provided in T

Vol une 14 o F%‘!’ﬂ%@%re@% R rlgé’er(ogg'g% SN R FOmERLY, | Vst e

Carriers in RrirgteDgwsyate, pa FQ:J ciyaterpbpsphated acetales pamaateramabengtseut i cal
Associ gpi on %pﬁroFo'a&amteDia%&se (MSByiSuliOhRY faina%%aﬂrfsrm.ﬁgeéé&r ated herein

by reference er et 'vate” means a physical association of a
conpound of t4hin thaweery ofihe piesantdnvengen inslude sedivenealpipme #O128SUMThi s

physi cal assqgd ‘si@ﬁm Hé\QRJnMﬁé aYrﬁﬁb!rhnGrﬁ algﬁﬁuﬁ?%n@f pib &Rz iRe A EPM ANt
bondi ng, inclu dro en bonding. In certain . instances the solvate will

be capabl e oﬁ'th'%-lcii‘lo iR d'eﬁwa@%aﬁpﬁemﬁloﬁwlaﬁ?m%ﬁ‘ébe%@”\‘)@?rt nol ecul es is
i ncorporated in tARisemérd @br dxafiple; Gedrhethib Boffeys loptitdl RONFRS kAd the like)

15 of the present compounds (including those of the salts, solvates, esters and
prodrugs of the compounds as well as the salts, solvates and esters of the
prodrugs), such as those which méy exist due to asymmetric carbons on various
substituents, including enantiomeric forms (which may exist even in the absence
of asymmetric carbons), rotameric forms, atropisomers, and diastereomeric

20 forms, are contemplated within the scope of this invention. Individual isomers of
the compounds of the invention may, for example, be substantially free of other
isomers, or may be admixed, for example, as racemates or with all other, or other
selected, stereoisomers. The chiral centers of the present invention can have the
S or R configuration as defined by the IUPAC 1974 Recommendations. The use

25 of the terms "salt", "solvate", "prodrug" and the like, is intended to equally apply to
the salt, solvate and prodrug of enantiomers, stereocisomers, rotamers, tautomers,
racemates or prodrugs of the inventive compounds.

it should also be noted that any carbon as well as heteroatom with
unsatisfied valences in the text, schemes, examples and Tables herein is

30 assumed to have the sufficient number of hydrogen atom(s) to satisfy the
valences.

As used above, and throughout the specification, the following terms,
unless otherwise indicated, shall be understood to have the following meanings:



20 "Sol vat e" enconpasses both sol uti on-phase and i sol atabl e sol vates.
Non-limting exanples of suitable solvates include ethanol ates,

nmet hanol ates, and the like. "Hydrate" is a solvate wherein the sol vent

mol ecul e i s WRQIs/EBI2wcti ve anmount” or "therapeutical | ypef/tieodsioz@sanount” is
meant to describe an anmount of conpound or a conposition of the present

i nvention 25 effective in inhibiting farnesyl protein transferase, and thus
produci ng the desired therapeutic effedtl.- The term"isolated" or "in

i solated form' for a conpound refers to the physical state of said conmpound
aft er -bei ng i sol atRatieht"dmsladesybotthiedrhan amcbam‘malsor natural source or

conbi nati on t heregf m," ur|f| \ ' urified form for 30 a
conmpound refers tg“?ﬁgéﬁr{b%"éilug?{‘a 8% he?gfadnr%l elgh‘ter bei ng obt ai ned
froma purificati ﬁﬂalpgerﬁmnelﬂupnmceblsm;e (Hmmmemrdodim.eIHal@'rorwﬁliHe’knovvn to
the skilled rt| e to be characterizable by standard
anal ytical t Clht Q‘%m CgIOZCr |cg§6 qﬂiqg@ﬁqb%ﬁ's well known to the skilled
artisan5 WO 2005/ eegir@gs Mswm/tmmaoundisbf iNetihvendibenenalsot o t he nunber
of noieties ( 4 und, unless

ot her wi se defd |°H%(§np@§8%heﬁrg§ge%r Fg’?ga Ba/? te‘\hrﬁadr/q&]tﬁe}j He?elﬁecgﬁnp 91 or 2. The
phrase "not gmaqxoendth&lns iy precunsor Whigh, onnTMnlaistramrstbaimmﬂ:ts wher ei n,
for exanpl e, f ndependent |y
sel ected fromr{géedg g?gﬁgmgglnésogﬁg éﬁ%gﬁﬁ %?béi'&grﬁﬁ%ﬂ%alﬁ ggﬁﬁ% J\ﬂ%fh =0" mean
that the sel wpmpnumﬂ ofeléwmuwa(dﬁéu asiﬂtiﬁﬂdi%éﬁlvateuthqu H@lescmlonm and R5, is

| ndepengent  ThoibIR (6liged ina pRfuchiBhd."RE) 2 RS LM ERINd Bl SBfen0! OuP- Thus,

for exanple the s 0 be H wou ent he
sel ection of @@temmuv@wrmam lf the A.@. Sympesiemdiaries m&z an@m Bigrevessitie| | owi ng

sol vents and ¢&A6R% D Brdy Besi @rdw% Boﬂgﬁ{ee%@ Belith pﬁé& ﬁ%Mu&%)EO”S_ acetic

i ndi cated: tetrahydro ); et hanol , et hano

aci d (HOAc orAssecipjon @rich@ergamen gress((Ep&ichoth ofwiy biiarﬁamwpp@teﬁumr@e ( DVF) ;
trifluor oacetayqe%q;érq:e(tﬂ'g,@)o trifluoroacetic anhydride (TFAA);

1- hydroxy benZotriazol e (HOBT); m chl oroperbenzoic acid 15 ( MCPBA);

triet hyanm ne (Et 3pgivatg meana a phypisal agseogiion el agempaung ol this imyertion

with one or more solvent molecules. This physical association involves varying
degrees of ionic and covalent bonding, including hydrogen bonding. In certain
instances the solvate will be capable of isolation, for example when one or more
solvent molecules is incorporated in the crystal lattice of the crystalline solid.

20 “Solvate" encompasses both solution-phase and isolatable solvates. Non-limiting
examples of suitable solvates include ethanolates, methanolates, and the like.
"Hydrate" is a solvate wherein the solvent molecule is HzO.

"Effective amount" or "therapeutically effective amount" is meant to
describe an amount of compound or a composition of the present invention

25 effective in inhibiting farnesyl protein transferase, and thus producing the desired
therapeutic effect.

The term "isolated" or "in isolated form" for a compound refers to the
physical state of said compound after being isolated from a synthetic process or
natural source or combination thereof. The term "purified" or "in purified form" for

30 a compound refers to the physical state of said compound after being obtained
from a purification process or processes described herein or well known to the
skilled artisan,.in sufficient purity to be characterizable by standard analytical
techniques described herein or well known to the skilled artisan.



(Cl C2Et); 1-(3-dinethylam nopropyl)-3-ethyl carbodiinde hydrochl oride
(DEC); diisobutylalum num hydride (DIBAL); isopropanol (iPrOH);

di met hyl sul f oxi de (DVMBO); sodi um dodecyl sulfate (SDS); trichloroacetic
acid (TCA) ; wb tohd/oste ei tol (DTT); tris(hydroxynet hyl )monwuseembioene (tris);
and et hyl enedi am netetraacetic 20 acid (EDTA). Unl ess otherw se indicated,
all quantitative neasures of physical paraneters stated herein, e.g.,
tenperature, mass, volune, concentratiorz-are understood to include a
reasonabl e scope of variation fromthe stated quantity. The conpounds of the
present i nventi onWithreteeenmedp dinecuirblyertof mmoiediss [e.g; sdbstibents gooupbed bel ow.

Ex le 1 - P t] NO31 "

PCT/ U52004/ 05(95%95%.%%0%["%@@?%%%@%%%Y@z@?@é,r‘%ﬁg%‘%ﬁf hag we” 5

Accordi ng t o megmsd;dduile Tine dhadsedheat greatat thag baBomeans ®or M et alL, Eur. J.
Med. Chem - Ch , ; - R id 5
hydr at eehmydr ogm o?ﬁ%é&vf é‘%%ﬁ'eéégW%?%Bqﬁ{rgﬁéa%\hgé |Sscéél%§é%f2 ?an'ﬁﬁglbp((arlboox) .
Tri et hyBanm ndiffeséntneachdieingrindéper@eatiyesnlacigd fiers thedgredp condistnged HpyOl, sol uti on

of di-tert-hutyl dic 0pa ' LN THE (100 )
at 0 C Theq@cﬁ%t ﬁgﬁg\r}\gsasbﬁa &2%@3/%?%‘%%&? %5‘38 Haré{eleﬂiﬁfwgebgégt EBn m xture
was t hen condnBs andBs,Usitsleperdantifrpmaieiseladionioé ane sihdusubstisieplinitie ed by
silica gel c t a : -ekh . 4.0 g
(93% of t er Ml y 1 B Sxamlne' RIBBR oF R o AL Ad nhilgétihl 188
79099- 07- 3) , selsetiouniR2 whigh culddieorPldda thsi samenmslegile. anount of di- tert
butyl digcar bonat eTﬁ@F@lbWﬁg éoﬂeh@eanerré’gqéﬂs, ar8¥erblodbPereity thiie Material was
of suitable purity to car ?/ to the follow ng step.

abbreviations indicated: tetrahydrofuran (THF?; ethanol (EtOH); methanol

(MeOH); acetic acid (HOAc or AcOH); ethyl acetate (EtOAc);

N,N-dimethylformamide (DMF); trifluoroacetic acid (TFA); trifluoroacetic

anhydride (TFAA); 1-hydroxy-benzotriazole (HOBT); m-chloroperbenzoic acid

15 (MCPBA); triethylamine (Et3N); diethyl ether (Et2O); ethyl chioroformate
(CICO2EY); 1-(3-dimethylaminopropyl)-3-ethyl carbodiimde hydrochloride (DEC);
diisobutylaluminum hydride (DIBAL); isopropanol (iPrOH); dimethylsulfoxide
(DMSO); sodium dodecy! sulfate (SDS); trichloroacetic acid (TCA); dithiothreitol
(DTT); tris(hydroxymethyl)aminomethane (tris); and ethylenediaminetetraacetic

20 acid (EDTA).

Unless otherwise indicated, all quantitative measures of physical
parameters stated herein, e.g., temperature, mass, volume, concentration, are
understood to include a reasonable scope of variation from the stated quantity.

The compounds of the present invention can be prepared by the

25 procedures described below.

Example 1 — Preparation of Compounds 8 and 9




15 Step 2 0 o x Et / x EE0O N NoH CME, 0 C-'"t'ox C4x 2 3 Also according
to the procedure by Labouta et al., tertbutyl diethyl phosphonoacetate (15.0
g, 59.6 mmol, 1.2 equiv) in dry 1,2 20 dinmethoxyethane (50 nL) was added
dropwi se towomos@ansei on of NaH (60% di spersion in myr@areshmbionzz2unwashed,
2.38 g, 59.6 mol, 1.2 equiv) in dry 1,2- dinethoxyethane (150 nmL) at 0 C
After stirring Conpound 2 for 0.5 h, tert-butyl 4-piperidone-1 -carboxylate
(9.9 g, 49.7 mol) in dry 1, 2-di met hoxydBhane (20 nlL) was added dropw se to
the mxture at 0 C, and then stirred overnight (0 C 25 -a RT). The reaction
was then queriémdl with NaHCO8 (100 ni, saturated aqueous), and the |ayers
were separated. The a ueous phaseo V\@.S extract egl WO 2005/ 003120

PCT/ US20041020032 20 nL and the conbi ned organic
phase was dri ed (I\/gSO4 rtered L aem™tonc rat ed under vacuum The

resi due was purified bst;c»I I ca ge "Chr omat ogrﬂg}z{y (95: 5 hexanes- et hyl
acetate) to afford 10. 21g (69% of tert-Butyl tert

but oxycar bonyl pi peri di n-4-yl i deneacet at e 076383 143- 32; CAS 84839-55- 5 4),
Compound 3, as a 88fa¢ing&xa grqceddsedyy L@bomaeetgl (Laboyte, A) Mret@nEurIL BUCH, a

[ ~uu~bp 2) HGheq GHeRAEhetn. GhEm. ol ¥, no. 6, pp.531~535, (1982)), 4-piperidone
5 hydrate hydrochloride, 1, (20.0 g, 130 mmol), was dissolved in HoO (100 mL).
Triethylamine (58 mL, 417 mmol, 3.2 equiv) was added, followed by a solution of
di-fert-butyl dicarbonate (39.8 g, 182 mmol, 1.4 equiv) in THF (100 mL) at 0 °C.
The solution was stirred overnight
(0 °C — RT). The reaction mixture was then concentrated under vacuum, and
10 the residue was purified by silica gel chromatography (10:1 hexanes—ethyl
acetate) to afford 24.0 g (93%) of tert-Butyl 4-piperidone-1-carboxylate (076483-
141-26; CAS 79099-07-3), Compound 2, as a colorless oil. A small amount of di-
tert-butyl dicarbonate remained in the product (by H NMR), but the material was
of suitable purity to carry to the following step.
15

Step 2

o]

fo‘j En,/ v”\ X | e
NaH, DME, 0 °C >

PSS BEY3

2

Also according to the procedure by Labouta et al., tert-butyl
diethylphosphonoacetate (15.0 g, 59.6 mmol, 1.2 equiv) in dry 1,2-

20 dimethoxyethane (50 mL) was added dropwise to a suspension of NaH (60%
dispersion in mineral oil, unwashed, 2.38 g, 59.6 mmol, 1.2 equiv) in dry 1,2-
dimethoxyethane (150 mL) at 0 °C. After stirring Compound 2 for 0.5 h, tert-butyl
4-piperidone-1-carboxylate (9.9 g, 49.7 mmol) in dry 1,2-dimethoxyethane (20
mL) was added dropwise to the mixture at 0 °C, and then stirred overnight (0 °C

25 — RT). The reaction was then quenched with NaHCO3; (100 mL, saturated

aqueous), and the layers were separated. The aqueous phase was extracted



\7(/ OO\~(/ 000" ° NOO 345 Tert-Butyl

1-tort-but oxycarbonyl pi peri di n-4-ylideneacetate, Conpound 3, 10 (10.2 g,
34.2 mmol) was dissolved in a solution of t-BuONa (1.6 g, 0.5 equiv) in dry
t- BuOH (150 W@ 00sAm3roequi | i bration was carried at 100 erT/os20@o20ke, then at
RT overnight. NHAC (saturated agueous) was then added to pH = 7, and the
solution was extracted with hexanes (2 x 20 nL), followed by extraction with
CH2Cl 2 (4 x 20 nmL). The conbi ned organi 4 phase was dried (MgSO™4), filtered,
15 then concentrated under vacuum The residue, a m xture of Conmpounds 4 and
5, 1-tert- Buwmix%la@lawylzpmpgramuthe@oyiblr@dmmwm;uhasécwaﬂ; dried (MgS0O,),

-tert-butoxygar p I neacetic Ac 76483- 149- 30,
respectivel y@?ergé)qp{% a??h%g?tiatg? hﬁ&éﬁr?}%kﬂﬁﬁ iﬁé\fetshc@&twq‘slﬁ%rwgb g%éﬁ] '¥3 8%ati on. The
resi due was chresatogeaphy {9 sihekangs2ethyll acptate)do afisml 102 9ii6%) oiGert-Batyl, 4- 20

di oxane (4.0 0 C. The
reaction vvas1 % 'f Mtoglcarb%%y Iﬂgg d'H%' 9618%%0% ﬁ@sﬁﬁ%ﬁ%%@ @%ﬁg%g

concenty at ed4), Godwoun@d8lasa esldridsaloiin to the next step without further
purification. The residue was then dissolved in 3:1 MeOH HpO (150 nL), and
the solution was adjusted to pH = 10 with NaOH (1.0 N aqueous). Then

di -tert-butybtepZd di carbonate (11.2 g, 51.4 mmol, 1.5 equiv) was added, and
the reaction was stirred qQvernight at RT. After cogcentrati ng t he sanple

under vacuum H20 (50 was adeedsofol | owed by BLiric aci 5% aqueous)
to pH = 3. The product lyas ext?weted with Et20 (B x 50 ni) L and the
conbi ned organi ¢ phas S drled%ﬁmoflltee and cdndentrated to
give 2.6 g (32% over t i ste 05/ 003 PCT/ USZQ'Q 020032 -15
product as a 1:1 mxtﬂ of a, ( 3NeoRpER. S y- unsatCUr%lt ed aci 3s.° The materi al
was taken on to the néxt step without further pugification.5Step 4: OH C
Br Nd OOH 6'I'ert—BtNyl’\,-1%?1—bukoxycar%loJ“n\ylll5?[5er|d|n-4-yI|deneaceta'te, Compound 3,
10 (10.2 g, 34.2 mmol) was dissolved in a solution of --BuONa (1.6 g, 0.5 equiv) in
dry +BuOH (150 mL). The equilibration was carried at 100 °C for 0.5 h, then at
RT overnight. NH4ClI (saturated aqueous) was then added to pH = 7, and the

solution was extracted with hexanes (2 x 20 mL), followed by extraction with
CH.Cl, (4 x 20 mL). The combined organic phase was dried (MgSO,), filtered,

15 then concentrated under vacuum. The residue, a mixture of Compounds 4 and
5, 1-tert-Butoxycarbonylpiperidin-4-ylideneacetic Acid and 1-tert-butoxycarbonyl-
1,2,5,6-tetrahydropyridineacetic Acid (076483-149-30, respectively), was taken to
the next step without further purification.

The residue was dissolved in CH.Cl» (20 mL) and a solution of HCl in 1,4-

20 dioxane (4.0 M, 17 mL, 68 mmol, 2.0 equiv) was added dropwise at 0 °C. The
reaction was allowed to stir 1 hr (0 °C — RT), then the sample was concentrated
under vacuum and taken to the next step without further purification.

The residue was then dissolved in 3:1 MeOH-H,O (150 mL), and the
solution was adjusted to pH = 10 with NaOH (1.0 N aqueous). Then di-tert-butyl

25 dicarbonate (11.2 g, 51.4 mmol, 1.5 equiv) was added, and the reaction was
stirred overnight at RT. After concentrating the sample under vacuum, HzO (50
mL) was added, followed by citric acid (5% aqueous) to pH = 3. The product was
extracted with EtO (3 x 50 mL), and the combined organic phase was dried
(MgSQa,), filtered, and concentrated to give 2.6 g (32% over three steps) of



NO SN ~( MO,HVET,HWM . ONF C'"'"Ox O C' > NN+5 4567 (+)-4-(3,1

O- Di br onp- 8- chl oro-6, 11- di hydr o- 5H benzo[ 5, 6] cycl ohept a[ 1, 2-b] -
pyridin-11(R)-yl)-piperidine (3.8 g, 8.1 mol), a 1:1 m xture of Conpound 4,
1- tert - but S%0298549812¢/| pi peri di n-4-yl i deneaceti c aci d, mEITWSG®wpoWd 5,
1-tert- butoxycarbonyl-1,2,5, 6-tetrahydropyridi neacetic acid, (2.61 g, 10.8
nmml, 1.3 10 equiv), 1-ethyl-3-(3-dinethylam nopropyl)carbodiim de (EDAC,
2.69 g, 14.1 mol, 1.7 equiv), and 3-hyldroxy-1, 2, 3-benzotri azi n-4(3H) - one
(HOOBT, 2.29 g, 1.7 equiv) were dissolved in DM (100 m). ‘

N- Met hyl nor phpybdund ag @.151 miixtur@.dB ogfi- add B, ymshiurdied acidguiThie mahsriahdeded and t he

m xture was stjirr hr at RT. ml, saturated aqueous) was
added, foll oé@?%@ggﬁﬁﬁIneéfcsi?pawgh%g’gg%w&gﬁa“% H20 (100 nl). The agueous
phase was extracted with ethyl acetate (6 x 30 nL), and the conbined

or gani ¢ phas e .dried (MgSM), filtered, and concentrated under vacuum
The residue Muri fied by silica gel chromatography (75:25 hexanes-ethyl

acetate - 25:75 hexanes-ethyl acet Oc 0 Ve~ 0 &k o coupl ed
product as an off-white foany solid% mat eri s ca into the 20
next step as a 9:1 nixtge of fa,[3- any™13, y-ung§atur at ed i Wes, Conpound 6,

tert- Butyl (+)-4-[2-[4-03"1 0L d"bronmoi8-chloro-6i1 1
- di hydr o- 5H benzol[ 5, 6] ESQCI ohigPt @  =ac.oosr. nmu.ou ' 3 (qo

[1, 2-b] pyri di n- 11( R) - yéAorld- pitpé i di nyl ] - 2- oxoetiyl i dene] -2 pi peri di necar boxy
late, and Conpound 7, tert-butyl o®o o™
(+) - 4-[ 2-[ 4- (3, 10- di br ono- 8- chl or o- 6, 11- di hydr o“BH- 0
benzo[ 5, 6] cycl ohepta[ 1, 2-b] pyridin-11(R)-yl)-1-pi peridinyl]-2-oxoethyl]-3,4
25 didelsyd ro- 1 -pipe 4idi recarboxylate (076483-151-29).7M = 112-125 C.

\é\? é?og/r 003120 PC/)ll82{B{rRE8Zniord-8;113iRRIre5HBenEb5 BicyBonsptafio-- N N N
pyridin-11(R)-yl)-piperidine (3.8 g, 8.1 mmol), a 1:1 mixture of Compound 4, 1-

tert-butoxycarbonylpiperidin-4-ylideneacetic acid, and Compound 5, 1-tert-
butoxycarbonyl-1,2,5,6-tetrahydropyridineacetic acid, (2.61 g, 10.8 mmol, 1.3

10 equiv), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDAC, 2.69 g, 14.1 mmol,
1.7 equiv), and 3-hydroxy-1,2,3-benzotriazin-4(3H)-one (HOOBT, 2.29 g, 1.7
equiv) were dissolved in DMF (100 mL). N-Methylmorpholine (9.5 mL, 8.8 g, 87
mmol, 10.7 equiv) was added and the mixture was stirred 50 hr at RT. NaHCO;
(50 mL, saturated aqueous) was added, followed by ethyl acetate (100 mL) and

15 H.O (100 mL). The aqueous phase was extracted with ethyl acetate (6 x 30 mL),
and the combined organic phase was dried (MgSOQs,), filtered, and concentrated
under vacuum. The residue was purified by silica gel chromatography (75:25
hexanes—ethyl acetate — 25:75 hexanes—ethyl acetate) to give 3.66 g (65%) of
coupled product as an off-white foamy solid. The material was carried into the

20 next step as a 9:1 mixture of a,B- and B,y-unsaturated amides, Compound 6, tert-
Butyl(+)-4-[2-[4-(3,10-dibromo-8-chloro-6,11-dihydro-5H-benzo[5,6]cyclohepta
[1,2-b]pyridin-11(R)-yl)-1-piperidinyl]-2-oxoethylidene]-1-piperidinecarboxylate,
and Compound 7, tert-buty! (+)-4-[2-[4-(3,10-dibromo-8-chloro-8,11-dihydro-5H-
benzol[5,6]cyclohepta[1,2-b]pyridin-11(R)-yl)-1-piperidinyl]-2-oxoethyl]-3,4-

25 didehydro-1-piperidinecarboxylate (076483-151-29). Mp = 112-125 °C,



N N 1) HCl, dioxane NN ¢ +to 0 + 2) TMSNCO E QN O'-11'0 OXo 0"-NH2
OI"NHZ 7 8 9 A 9:1 mxture of Conpound 6, tent-Butyl

(+)-4-[2-[4-(3,10-di bronmp-8-chloro- 5

6, 11- di hydr VGrofieare[ 5, 6] cycl ohept a[ 1, 2- b] pyri di n- 11 $&yessbgurnioopi pe
ridinyl]-2- oxoethylidene]-1 -piperi-dinecarboxylate and Conpound 7,
tert-butyl (+)-4-[2-]4-

(3, 10-di br ono- 8- chl or o- 6, 11-di hydr o- 5H- b&nzo[ 5, 6] cycl ohept a[ 1, 2- b] pyri di n-
11(R) -yl ) - 1- pi peri dinyl]-2-oxoet hyl ] -3, 4-di dehydr o- 1- pi peri di necar boxyl ate
was dissolv8tpdH i CH2CI 2 (20 nmL), and a solution of HO in 1, 4-dioxane (4.0
M 4.6 nL, 10 18.4 mol ,_ Q equiV S added dropw s 1

was stirred for 1 hr® ¢ v 'hen concenff
taken to the next step mout furgkher purification.
di ssolved in CH2Cl 2 (25 (2. & Hel dioxdrd- 4
added. Trinethylsilyl isdgcYanat®e (2( 2 g, ~3&udncBIEIN 2.
dropwi se to the solution(at RT, anfJthe reaction m xtQpe was st NTred for 1
hr. The reaction mxturq,awas t hen gigncentrat ed under w,a,guumto giyye a white
solid. The residue was pwhfied by greparative TLC (85: 15 cH2Cl 2- MeOH) to
give 900 ng (31% of [3,y-unsaturated amde, (+)-4-[2-[4-(3,10-

Di br onp- 8- chl or0-6, 11-di h§dr o- 5H bénzo[ 5, 6] cycl ohept a[ 8, 2-b] pyri & n-11

(R -yl)-1 20 piperidinyl]-2-oxoethylidene]-1-piperidinecarboxam de,

Conpound 9, (078%51 rﬂﬂcﬁn@gf Cﬁﬁb@lﬁnd§Qé?@Bhtyﬂﬁ- A204{3, WdiPorh@8mhIcre! | d and
122 ny é4 of a, (3- unsaturat

m de
(+)-4-[2-]4- §11®1va*r%ﬁﬁrh?néolérﬁlwd9heptﬂ1 PRy I 4{R)-y1)-1-piperidiny}-2-
benzo[ 5, 6] cy@ké&immaa;ﬁeq 12pi bérpwnb@larao@ie(t&nd'bbm odhd)?rﬂeﬁhbﬂé,ll L_Jaa -rpyget hyl ] - 3, 4-
di dehydr o- 1- E) g@e di ne- Cg ngj Conmpound 33; mnor 25
i soner) as al$&-Abpraesp '°”R7§ 1(1 SRrA" t@nz‘?{ﬁjslﬁ’/‘:'iO%WéW)z Blpyedin-162 C np
(Conpound 8, 1 -1- @rﬂfa Hﬂ-ﬁioelﬂy;u :f4-dld ro-A -k énd'ﬂ@éam‘oxﬂ@mnd 9, major
and Conpound 8 I‘lrﬂ::r)%')no}?p y] nz q A%?—ﬂ‘: V\Q 2(?05 0(2}12'\/?
PCT/ US2004/ Oggggged @-sz (20 L), and a solution o lin 1,4-dioxane 4.6 mL,
10 18.4 mmol, 4.0 equiv) was added dropwise at 0 °C. The mixture was stirred for 1
hr (0 °C — RT), and then concentrated under vacuum and taken to the next step
without further purification.
The material was then dissolved in CH,Cl, (25 mL), and Et3N (2.6 mL, 18.4

mmol, 4.0 equiv) was added. Trimethylsilyl isocyanate (2.1 g, 18.4 mmol, 4.0

15 equiv) was added dropwise to the solution at RT, and the reaction mixture was
stirred for 1 hr. The reaction mixture was then concentrated under vacuum to
give a white solid. The residue was purified by preparative TLC (85:15 CH,Cl>—
MeOH) to give 900 mg (31%) of B,y-unsaturated amide, (+)-4-[2-[4-(3,10-
Dibromo-8-chloro-6,11-dihydro-5H-benzo[5,6]cyclohepta[1,2-b]pyridin-11(R)-yl)-1-

20 piperidinyl}-2-oxoethylidene]-1-piperidinecarboxamide, Compound 9, (078017-
013-22; major isomer) as an off-white foamy solid and 122 mg (4.2%) of a,B-
unsaturated amide, (+)-4-[2-[4-(3,10-dibromo-8-chloro-6,11-dihydro-5H-
benzo[5,6]cyclohepta[1,2-b]pyridin-11(R)-yl)-1-piperidinyl]-2-oxoethyl}-3,4-
didehydro-1-piperidine-carboxamide, Compound 8, (078017-015-33; minor

25 isomer) as a yellow solid. Mp (Compound 9, major isomer) = 157—-162 °C; mp
(Compound 8, minor isomer) = 167-171 °C. HRMS (7.4:1 mix of Compound 9,
major and Compound 8, minor isomers) m/z = 637.0404.



| ncubations Used to Prepare Conpounds 10 and 11 Metabolites of Conpound A
havi ng the structures of Conpounds 10 and 11 were prepared in accordance
with the procedures described in Exanples 2-6 5 below. Br 1 1 Cl Sr 1/ a
N ~N Br Br wo2os/@ 2 N HON ONH2 OL)"NH2 10 11 Exarqies2@abmoszi tro

i ncubations of Conpound A with hepatocytes fromnouse, rat, 10 nonkey, and
human were performed in 25-nL Erl enneyer flasks containing 2 nL Waynouth
Medium either 2.54 g (2 M or 63.8 g (-36-M Conpound A (-20 IxC/nmg), and
2x106 cells under a bl anket of oxygen:carbon dioxide 95:5 (v/v). Flasks
were capped with rubber stoppers to maintain the conposition of gases and
pl aced in a %Z&JL dp'toF‘rQ éjrlaaﬁd ndEYE ﬁ(ylﬁ)wed to proceed for 15 5 hr
with gentle shak r rapid freezing (80C).
Heat - i nacti vat ed N@ﬁaixobteywéﬁomloend Adabing b $trucpaeabi @bmpodridsAOrgmound A as

the control. olites
was perfornmed us&@%rgp%ec?% §%§Jd§qﬂ%$@§*g{hn§}?‘? edﬁr&&nc{eﬁgﬁg%%ﬁ?mrgba% crosones
were i ndubat gwlowmm a solution containing 1 nnmol P450 per nL of 0.1 M
phosphate buffer (pH 7.4). i ncubation m xture a3 SO contai ned 10 nM

My 2, 5 nM gl ucose- 6-gphg# Dy WQ_2005/ 0034, l“ e Q41020032 -18 1.5
uni ts/ L gl ucose- 6- phosphat £ P (3- Nicotinam de

l‘!

0% “NH, 0% NH,

10 1

Example 2
In vitro incubations of Compound A with hepatocytes from mouse, rat,

10 monkey, and human were performed in 25-mL Erlenmeyer flasks containing 2 mL
Waymouth Medium, either 2.54 ug (2 pM) or 63.8 pg (50 uM) Compound A
(~20 uCi/mg), and 2x10° cells under a blanket of oxygen:carbon dioxide 95:5
(v/v). Flasks were capped with rubber stoppers to maintain the composition of

gases and placed in a 37°C waterbath. Incubations were allowed to proceed for

15 5 hr with gentle shaking. Reactions were terminated by rapid freezing (-80°C).
Heat-inactivated hepatocytes were incubated in parallel with Compound A as the
control.

Example 3
20 Scaled-up production of Compound A metabolites was performed using rat

liver microsomes from uninduced animals. Microsomes were incubated in a
solution containing 1 nmol P450 per mL of 0.1 M phosphate buffer (pH 7.4). The
incubation mixture also contained 10 mM MgCl,, 5 mM glucose-6-phosphate,



(-20 I'iG/nmg). Incubations were perforned in four flasks, each containing
49.4 nmL of the above m xture, and pre-incubated for 2 mn at 37C w t hout
NADP. 5 The reaction was initiated by the addition of NADP, incubated for 2
hr, and teM® Wa¥yedi2hy cooling the m xture in ice wat ercr/@&abdsd2opd2ase
extraction (SPE) was then perforned on the conbined incubation m xture that
was directly applied in equally divided volunes to each of ten solid phase
cartridges (tCl8, 10 g absorbent). Thed®-cartri dges had been pre-washed

wi th nethanol and water. 10 Drug-derived nmaterial was eluted with a total

vol unme of 670. &nnimmmgncﬂse(e-ﬁﬂosphapatehgamgemabgew5rEMLﬂsNADWa(B-then evapor at ed

under a nitr n stre ur ation.and the extract
resi due recoﬁ@‘ﬂt Ip3rpidg n'nﬁ\ﬁ 'd?g}; ﬁ%@ﬁb@%@em@w% on. 15 Exanpl e
4 An in vi tr@~2 mgy %ub@ﬁorﬁemér@rpeﬁ&mt.nf&umsl by&fcdﬁt&ﬁlﬁgoms in the
presence of bq%ener ating system (5 nmM gl ucose- 6- phosoha

units/m gl uéﬁée'ﬂbo e ebhvr @ixirayandrjerieaibateg for QTWIWBaW)W'@ndt &ABRA
magnesi ¥m ch i d: I CYP450. 20
Boi | ed %1 cr O!‘@%ﬁﬁ\t/{éﬂvag’ﬁm&at@thé%gé‘ﬁbfﬁgﬂggﬁémw@%g? fo(g%rsm 'aésmé control.
After 30 mi terininatdsty eneling Hie rixwse scewater.pBelistrhase extractiondSBEbyvast ed to

SPE. The ttrﬂ%ﬂ% ﬁ-héﬁﬁrz o‘?n ol iHEhakia H’u)éur@%act Chn%E@ %@he& n e Sa”p' € was

anal yzed by sets were anal yz
Af t er war d, @guaibrwdaﬁa@lmw ta@@eh Biteacetidhphase)cagridgesAiG1 & 18 cheni cal

react i on bet Shubdie TiRRe AR oA brdl Wadih ViR HaMBhol HAGuEEUI S of NVR

anal ysi s con npound ha he pendent

pi peri & ne rlDrﬁ'gﬂ de@dém&ter&l ebﬁectﬂ%alml W%@f 67@d'ﬁ"pﬂ”@tt@r3¢’|| dentified by

NVR fol | owl ng4c3h0BesEtriRgd A)nwbémlmfaashdn dVapbrited UiNERK a MttdgeASHEBMat30 Exanpl e
5 WD 2005/ 003120 P IUSZO /020032 -19 An in vitro incubation was perforned
with human CS8P¥Ain a TurboVap LV workstation and the extract residue reconstituted in

methanol for subsequent HPLC isolation.

15 Example 4
An in vitro incubation was performed with human liver microsomes in the

presence of a NADPH-generating system (5 mM glucose-6-phosohate, 1.5
units/m! glucose 6-phosphate dehydrogenese, 0.5 mM B—NADP) and 3 mM
magnesium chioride for 30 min at 25 pM Compound A and 1 nmol/mL CYP450.
20 Boiled microsomes were incubated under the same conditions as a control. After
30 min incubation, the samples were placed on ice and subjected to SPE. The
methanol elﬁtes were divided into 3 sets and one set of sample was analyzed by
HPLC and the other 2 sets were analyzed by LC/MS and NMR. Afterward,
methanol was replaced by acetonitrile to avoid a chemical reaction between the
25 Compounds 10 or 11 and methanol.

The results of NMR analysis confirmed that Compound 10 had a double
bond in the pendent piperidine ring. The structure of Compound 10 was
completely identified by NMR following large-scale incubations with rat liver
microsomes.

30
Example 5



SUPERSOVES(r) in the presence of 3 nmM nmagnesium chl oride and an NADPH
generating systemfor 30 mn at 25 Mof conpound A, and 0.2 nnol/nL CYP450.
Control insect mcrosonmes were incubated under the sane conditions 5 as a
control . Aft®p2@806%129 i ncubati on, the sanpl es were pl acevusaodecesand

subj ected to SPE. The nethanol elutes were divided into two sets and one set
of sanple was anal yzed by HPLC and other set by LC MS. The results of LC M5
anal ysis showed that the mz of netabolit%® Conpound 11 (RT -51.9 min) and
nmet abolite Conpound 10 (RT - 61.6) were 10 653 and 635, respectively.

Exanpl € 6 Reconbi rfemin vittenineut@pe vas @adgmmag with humaeGY@8A4and SPRI) were

i ncubat ed sep L&) constan unt of . cyt.qchr one, P4 "CYP') (0.2

15 nnol /L) a : cuba 0 L
SUPEESOUIES TR e RREHE Y AR Prosis P BRI P51 S BRPR G

pot assi um Phggﬁmtﬁlg@y&iﬁeﬁffofﬁ?@ﬁn51253M\élbfébmb%g:fﬁ, dfid0.2hmdlfLi n air in the

presence o gnesi um chl ori de and an, generating system

React i ons vverQWf‘igai GeR¥P! IpesHaIciqsames ivels l'i‘gﬁt%?r‘%d F%ﬁ’erﬁﬂh%l?@'ge Bén‘ﬁﬂﬂﬂsi ng the

it ncg t(gatS iPSé n( s?a?h génﬁ?.hAﬁm 3¢ m!irfin_el}jbaitieﬁ, Etﬂélﬁampfbg lwveaélglabémsﬁl ioataexlhy subj ect tedOI

0 eluted w etonitrile). Each sanpl e was separately evaporate

to dryness aﬁ‘bbl%ﬁﬁ%ﬂVzﬁ'byh?rﬂ?éhaé‘ﬁt%wﬁﬁwﬁfer@mﬁ%%% 5 ey P%/B?tqgnd NVR.

Usihng aEpropr:g@ﬁgewa@rgnhrygedﬁny HPLeIaadeugubr@?pl?,emvwF as describbed Sbove,ZSand

ot hers known in t art, other ¢o un of  fornu n.be made.

Conpound | sol ati on 8str't§|qf&§'ﬂ§ afqggf'ﬁtsﬁ%vﬁ%d @ﬁ{ithﬁtﬁ]FH %5?&’8“@ wer e perfor ned

and are il LUSbm@bhwda1v|(RT h@}.Qym&)Sartﬁfmétabd)mé Cgmpﬁ?MﬁBQQ'B ~B1(6) v f ﬁati on

process t ha re plica to the conpounds of this invention. The

fol | ow ﬁg i so%%f?%%@girr?pr%ﬁve&) liniting exanpl es of isolations that can be

used to isolate the conpounds of this invention. O her isolation processes

that are kno those skilled in the art are equally applicable to
isolate the c of this invention. WO 2005/003120 PCT/ US2004/ 020032

- 20- Recombinant human CYP3A4 enzymes (from Gentest and SPRI) were

incubated separately using a constant amount of cytochrome P450 (“CYP”) (0.2

15 nmol/mL) and 25 uM of Compound A. incubations were performed in 60 mL
potassium phosphate buffer (0.05 M, pH 7.4) for 30 min at 37°C in air in the
presence of 3 mM magnesium chloride and an NADPH-generating system.
Reactions were initiated by addition of drug and terminated by cooling the
incubation samples in a mixture of ice and water and immediately subjected to

20 SPE (eluted with acetonitrile). Each sample was separately evaporated to
dryness and analyzed by mass spectrometry (LC/MS and LC/MS/MS) and NMR.

Using appropriate starting materials and procedures as described above,
and others known in the art, other compounds of formula (I) can be made.

25
Compound Isolation
The following isolations and purifications were performed and are
illustrative of the types of isolation processes and purification processes that are
applicable to the compounds of this invention. The following isolations are non-
30 limiting examples of isolations that can be used to isolate the compounds of this

invention. Other isolation processes that are known by those skilled in the art are
equally applicable to isolate the compounds of this invention.



| sol ati on of Conpound 10 Metabolites obtained from scal ed-up production with
rat liver mcrosonmes were concentrated after SPE and separated by HPLC. The
HPLC gradient 5 elution nethod was optimn zed as shown in Table 1 bel ow. The
nobi | e phase consisted of 20 nM amoni um acetate adjusted to pH 6.0 using
acetic acid MAROHEFOnitrile. The flow rate was set atPCH/@adupaoPs2and t he
colum tenperature was naintained at 40C. The eluent was nonitored at 278
nm Table 1 Time (mn) % 20mM Anmoni um % Acetonitrile Acetate (pH 6) 0 65
35 565 35 24 51 49 50 51 49 10 HPLE2@f ution peaks of Conmpound 10 were
manual Iy collected from39.2 - 41.2 mn according to their UV absorption at
278 nm The Conpound 10 fraction was exam ned by LC-MsS, where the nol ecul ar
ions were det @&fifidn 3% CoMpdlnd € col um col I ection was pool ed and made into
an NWR sanpl e Tor analysis. "I5 NWMR Anal ysis of Metabolite Conpound 10 The
proton assi gnment sMeaboiiap ebtained frenuscaisdpaupieduciionméth ratliver migiosoragsi e 2.

MbSt 1 esonancgeasedrizeikatbd afteNBPE afd HQ&J?&@S%? HFQ.‘UT‘ fﬁ@HPE@%‘aﬁdéerﬁo”pound A

except for two new resonances that were observe 0 6.71 ppm

Thei r crdss pehtionmetisskwasertimized afeshonatindaplect kalow.olhe mebileahasgpect r um

These two r es@RRRGES ofSEmS SERRIN Scdtdrs a@]u@feldrtb ‘bHFB“ @h@iﬂé aBbtidd %r'uf
H19' and H20". Protons at positions H1 were s ted

downfiel d, dudcetenifriig.nkiae tiow &te as saiAt fémﬂaéwa aﬁétt%@qiurcn fempeiawre. 20 . WO
2005/ 003120 PGELHRQAhe2096¢. TrelsludRWa8 nfonitored at 278 nm.

Table 1
Time (min) | % 20mM Ammonium | % Acetonitrile
Acetate (pH 6)
0 65 35
65 35
24 51 49
50 51 49
10
HPLC elution peaks of Compound 10 were manually collected from 39.2 -
41.2 min according to their UV absorption at 278 nm. The Compound 10 fraction
was examined by LC-MS, where the molecular ions were detected as (M-2). The
column collection was pooled and made into an NMR sample for analysis.
15
NMR Analysis of Metabolite Compound 10
The proton assignments of Compound A and Compound 10 are listed in
Table 2. Most resonance assignments remained unchanged from the parent
compound A except for two new resonances that were observed at 4.73 and
20 6.71 ppm. Their cross peak was observed in the proton-proton correlation

spectrum. These two resonances are assigned to the olefinic protons at positions
H-19’ and H-20'. Protons at positions H-18, H-19, and H-20 were shifted
downfield, due to formation of the double bond between C-19' and C-20'.



The Proton NMR Chem cal Shift Assignnments for Conpound A and Conpound 10 in
acetonitrile-d3 at 20 C Conpound A Conpound 10 Proton Positions S (ppn) 8
(ppm 2 8.41 8.41 4 7.69 7.69 5 3.31, 2.95 3.30, 2.95 6 3.65, 2.86 3.65,
2.85 7 7.29wWD.28&/00820/. 56 7.56 11 4.81 4.81 12 2.52 Zcadis20b80200349, 1. 33,
1.48, 1.33, 1.21, 1.08 1.23, 1.13 14 4.45, 3.84, 4.45, 3.84, 2.86, 2.38
2.85, 2.38 17 2.23 2.28 18 1.87 2.59 19 1.66, 1.07 1.94, 1.49 20 3.85,
2.72 3.53, 3.36 19' -b 4.73 20" 6.71 &aiFhe proton positions are |abeled on
the structures shown below. b - Not applicable. WO 2005/003120

PCT/ US2004/ 02045&@2 -22 56 56 4 74 7Br 31" C Br 3C1 es ull

The Proton NMR Chemical Shift Assignments for Compound A and
Compound 10 in acetonitrile-ds at 20 °C
Compound A Compound 10
Proton Position® 8 (ppm) 8 (ppm)
2 8.41 8.41
4 7.69 7.69
5 3.31,2.95 3.30, 2.95
6 3.65, 2.86 3.65, 2.85
7 7.29 7.28
9 7.56 7.56
11 4.81 4.81
12 2.52 2.52
13 1.49, 1.33, 1.48, 1.33,
1.21,1.08 1.23,1.13
14 445, 3.84, 4.45, 3.84,
2.86,2.38 2.85,2.38
17 2.23 2.28
18 1.87 2.59
19 1.66, 1.07 1.94,1.49
20 3.85,2.72 3.53,3.36
19’ P 473
20’ -- 6.71

a—-The proton positions are labeled on the structures shown below.

b - Not applicable.




Ni9 N2 10 1, 10 13 Br 13 Br 14 14 NN 16 16 O 17 Q17 . 1S 19 19 Isr |
9 20 2W20 N. N 22 ONH2 O ,NH2 A 10 Isolation of Conmpound 11

Met abol ite Conpound 11 obtained from scal ed-up incubation with 5 reconbi nant
CYP3A4 enzyn®¥ooemBRY Gentest (1 E) were el uted by SPE mmds2icgmoaszed by
HPLC. The nobil e phase consisted of 20 nmM amoni um acetate adjusted to pH
6.0 using acetic acid and acetonitrile. The HPLC gradient elution nethod is
shown in Table 3 using a Luna Phenyl - hex¥?-sem - preparative colum (5 pm
250 x 10 mmi.d., Phenonenex, Inc., Torrance, 10 CA). The flow rate was set
at 4.0 nUmn and the colum, tenperqture at room
fraction was collected _accop€i | absor
fracti ons were pool ed 0
collection at 25C. Table 3\Ji
Acetate (pH 6) 0 65 35 10.

N
16 16
(@) 17 O 17
18 18
19 19 l 19
20 20" 20
N N
0 NH, 0 NH,
A 10

Isolation of Compound 11

Metabolite Compound 11 obtained from scaled-up incubation with

5 recombinant CYP3A4 enzyme from BD Gentest (1E) were eluted by SPE and
isolated by HPLC. The mobile phase consisted of 20 mM ammonium acetate
adjusted to pH 6.0 using acetic acid and acetonitrile. The HPLC gradient
elution method is shown in Table 3 using a Luna Phenyl-hexyl semi-
preparative column (5 ym, 250 x 10 mm i.d., Phenomenex, inc., Torrance,

10 CA). The flow rate was set at 4.0 mL/min and the column temperature at room
temperature. The metabolite fraction was collected according to its UV
absorbance at 278 nm. The fractions were pooled and made into an NMR
sample in DMSO-ds for NMR data collection at 25°C.

Table 3

Time (min) % 20mM Ammonium | % Acetonitrile
Acetate (pH 6)

0 65 35
10. 65 35
20 54 46
30 51 49
50 51 49

52 5 : 95




50 51 49 52 5 95 WD 2005/003120 PCT/ US2004/ 020032 -23- 60 51 95 NWR

Anal ysi s of Conpound 11 The proton NWR assignnents of Conpound A and
Compound 11 are listed in the followi ng table. Mst of the resonance

assi gnnent s wb2@sepsoend 11 5 remai ned unchanged from toogis2efn2@snpound A,
except for thée new proton resonance at 5.54 ppm The cross peaks of this
resonance with H19 and H19' were observed in the proton-proton
correlation spectrum Its carbon chem caP3-shift is found at 72.7 ppm which
is consistent with the formation of the secondary al cohol at position
C-20'. Therefore the |stru®ure ¢f Conpouhd 11 is |assi gB®d as |10 shown bel ow,
with a proton at H 20" substituted by a hydroxy on the pendent piperidine
ring of Conpo b %é ég ton Chemi cal Shift Assignments for
Compound A an\‘lliﬂﬁji:{ﬁr\\\n 0 0P COmpBEnd T € Com ound 11 in DVBO-d6 at 25C Conpound
A Conpound 11 Pr offenproten NMBrassigningpis)of €oppenid A ahd Corgpaliid U ate83 7.83 5

474 474 1519085 85 ofougbigiui ety aggnidnt of pogoled gy 17,

5 remained unchanged from those of Compound A, except for the new proton ’

resonance at 5.54 ppm. The cross peaks of this resonance with H-19 and H-19’
were observed in the proton-proton correlation spectrum. Its carbon chemical
shift is found at 72.7 ppm, which is consistent with the formation of the secondary
alcohol at position C-20'. Therefore the structure of Compound 11 is assigned as

10 shown below, with a proton at H-20’ substituted by a hydroxy on the pendent
piperidine ring of Compound A.

Table 4
The Proton Chemical Shift Assignments for
Compound A and its Major Metabolite
Compound 11 in DMSO-d; at 25°C
Compound A Compound 11
Proton position® 8 (ppm) 8 (ppm)
2 8.45 8.45
4 7.83 7.83
5 3.33,2.94 3.33,2.94
6 3.58,2.93 3.58, 2.93
7 7.44 7.43
9 7.63 7.63
11 4,74 4.74
12 2.52 252
13 1.43, 1.00; 1.41, 0.98;
1.24, 1.00; 1.24,1.02;
1.42,1.21; 1.43, 1.23;
1.26,1.10 1.25,1.12
14 4.33, 2.39; 4.34, 2.40;
3.83,2.87 3.82,2.88
17 2.21 2.15
18 1.80 2.19
19 1.57, 0.99 1.61, 0.98
20 3.88, 2.61 3.60, 2.93
22-NH, 5.83 5.90
19’ -2 1.68, 1.11




1.42, 1.21; 1.43, 1.23; 1.

26, 1.10 1.25, 1.12 14 4.33, 2.39; 4.34, 2.40,

3.83, 2.87 3.82, 2.88 17 2.21 2.15 18 1.80 2.19 19 1.57, 0.99 1.61, 0.98

20 3.88, 2.61 3.60, 2.93 22-NH2 5.83 5.90 19

PCT/ US2004102@000s5/00140 20"
the structures shown bel ow.

--b 1.68, 1.11 WO 2005/003120
-- 5.54 a. The proton posi trans2aseobabel ed on

b. Not applicable.

56564747 Br

3/ 1JN

Cl Br 3 C

et el11 11 NN 12 10 12 10 13 Br

13 Br

14 14 NN 16 16 O

17 Q17 18 18 19 19, 19 20

20 20

10

15

-4 .-

20’ | - | 5.54
a. The proton positions are labeled on the structures shown below.
b. Not applicable.

20 20
N HO N
0% “NH, 0% “NH,
A 11

ASSAYS

Activities in the (H-Ras) Farnesyl Transferase Inhibition Assay

In order to examine the pharmacological activity of Compound 10 and
Compound 11, Compound A was incubated with high levels of recombinant
expression of human CYP3A4 and human oxidoreductase in E.coli in 30-liter
fermentors. Compound A was converted to Compound 11 and Compound 10 in
15-20% overall yield on a 1-liter scale. The metabolites were isolated following
solid phase resin adsorption and purified by HPLC. The identities of both
metabolites were confirmed by LC-MS/MS. A total of 4.45 mg of Compound 10
and 2.2 mg of Compound 11 were provided for biological activity evaluation.

The metabolites were examined by LC-MS (under conditions used for the
pharmacological assay). The Compound 11 mixture was found to contain ~75%
pure Compound 11 and ~25% pure Compound 10. The Compound 10 mixture
was found to contain ~5% pure Compound 11 and ~85% pure Compound 10.



Nn HOJN Z O NH2 0 NH2 A 11 5 ASSAYS Activities in the (H Ras) Farnesyl
Transferase Inhibition Assay In order to exam ne the pharmcol ogi cal
activity of Conpound 10 and Conpound 11, Conpound A was incubated with high
| evel s of redUhPHWAR0 10 expression of human CYP3A4 aneCTAUNTE0/020032

oxi doreductase in E.cofi in 30-liter fermentors. Conpound A was converted to
Compound 11 and Conmpound 10 in 15-20%overall yield on a 1-liter scale. The
met abol ites were isolated foll owing soli?d-phase resin adsorption and
purified by HPLC. The identities of both netabolites were confirnmed by

LC- M5/ MB. A total 6 oiithezbrye eemiginds@xbibied the fallewing ISsnactivity odheddnd 11
were provided ﬁéﬁ,&pgmgﬂgﬂ%a,@gg invibittoneéahyiat i on.  The metabolites were
exam ned by LC (under conditions used for the pharnmacol ogical assay).
The Conpound 11 m xture was found to contain --75% pure Conpound 11 and

- 25% pure Conpound 10. Jdifpderamound 10 mixturegugs found to contain -5%
pure Conpound 11 and -95% pure Conpound 10. WO 2005/003120 PCTI US2004/ 020032
-25 Al of the above conpounds exhibited the following 1C50 activity in the
(H Ras) Farnesyl Transggh dlgnhi bi ti on assays Gaypound 8 2.6 nM 5
Compound 9 23.3 nM Conpound 11 (m xture) 22.5 nM 10 Conpound 10 (m xture)
4.1 nM Conpound A (Control) 2.4 nM Assay Conditions for (H Ras) FPT 15 FPT
activity was determ neccdnpdiaadi(mdgurehe transhergaf [3H farnesyl from
[3H farnesyl pyrophosphate to a biotinylated peptide derived fromthe
Ctermnus of HRas (biotin-CVLS). The reaction m xture contained 50 "M Tris

10 Compound 10 (mixture) 4.1 nM
Compound A (Control) 2.4 nM

Assay Conditions for (H-Ras) FPT
15 FPT activity was determined by measuring the transfer of [*H] farnesy!

from [*H] farnesyl pyrophosphate to a biotinylated peptide derived from the
C-terminus of H-Ras (biotin-CVLS). The reaction mixture contained 50 mM Tris
pH 7.7, 5 mM MgCl, 5 uM Zn™, 5 mM DTT, 0.1% Triton-X, 0.05 uM peptide,
0.03 nM purified human farnesyl protein transferase, 0.180 uM [3H] farnesyl

20 pyrophosphate, plus the indicated concentration of tricyclic compound or vehicle
control in a total volume of 100 uL. The reaction mixture was incubated in a
Vortemp shaking incubator at 37°C, 45 RPM for 60 minutes and stopped with
150 ul of 0.25 M EDTA containing 0.5% BSA and 1.3 mg/ml Streptavidin SPA
beads. Radioactivity was measured in a Wallach 1450 Microbeta liquid

25 scintillation counter. Percent inhibition was calculated relative to the vehicle
control.

Pharmaceutical Preparations

For preparing pharmaceutical compositions from the compounds described
30 by this invention, inert, pharmaceuticaily acceptable 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



pH 7.7, 5 MM MCI 2, 5 pMZn", 5 MM DIT, 0.1% Triton-X, 0.05 M peptide, 0.03
nM purified human farnesyl protein transferase, 0.180 MrH farnesyF 20
pyrophosphate, plus the indicated concentration of tricyclic conmpound or
vehicl e conwpahosiops1® t otal vol ume of 100 L. The react iPEIl/URIRYH032 was
incubated in a Vortenp shaking incubator at 37C, 45 RPM for 60 m nutes and
stopped with 150 L of 0.25 M EDTA containing 0.5%BSA and 1.3 ng/mn
Streptavidin SPA beads. Radioactivity wad6-nmeasured in a Wallach 1450

M crobeta liquid 25 scintillation counter. Percent inhibition was cal cul ated
relative to thempessidgfdroncatiaut BIto aPeiy7Rmeccent active ngrpdieat Suitabléeolidpr epar i ng

phar maceuti cal., g (W] i IS
i nvention, i ng?ﬁlgg%g#%@@@t%%gﬁﬁ'@gcc pt ggﬁgcsaégc???éérs cgﬁ%&egé?r%[?ér solid
or liquid. Stal¢,sugar anglasipseail pbiats, Powdiersccasheld @nd capsiiescan belusgdassi bl e

granul es, ca ; bl QL The powders and tabl ets may
be WO 2005100%?@0&%8#gg@géi}t%%{g%%%gbﬁ@%ﬁ??éed of from about 5 to about

70 perceht active Faigrenfriagsuppnsitodas, a lew meingowaxrsueh as armixiue aifatty t he art,

€. g., nagnesi ug; Bt &t coBBYP@RIr WTirst RaieY Snd t : : d | actose.
Tabl et s, pomggﬁsngachetscgnd capsful ers can bemtjjsﬁc‘ae &ageﬁggﬁ?t?;sage forns

suitabl e for @isaprsadhprmpgenapuslyihersinmasbystieingr iThg reeligpdwmageneeys a | ow

nel ting wax sygkhRSs el poukdan®f condéridnt spell tndids/ @RSWEER ol éEerfP@retht ter is
first nelted, and the active ingredient is dispersed honogeneously therein

as by stirringolidifiie nolten honbgeneous nixture is then poured into

conveni got si zed npkgls fordl prep@etiord iRQIGde SAIGtidnBLSUBPYNsIA Arfll fulsidRs,Li qui d
form preparations include sq on spensi ons and erul sions. . Water or

ut i , _Su d . .
wat er - pr opyl eMEaSI ruteryPRy ?%%'y?PzﬁdHE\o’EéB%V b ysesfpepareptaraliniedion; on.
Li qui d form prepar@gii@ fsmmgparations may alge irtfldeisbrifiend for intrahasdasal
adm ni stration., Aerosol preparations suitable for inhalation may include

sol utions and29T¥VEIO”s i n powder form which may be in conbination with a
phar maceutical | y Aerosol preparations suitable for inhalation may include solutions and

15 solids in powder form, which may be in combination with a pharmaceutically
acceptable carrier, such as an inert compressed gas.

Also included are solid form preparations that are intended to be
converted, shortly before use, to liquid form preparations for either oral or
parenteral administration. Such liquid forms include solutions, suspensions and

20 emulsions.

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

25 Preferably, the compound is administered orally.

Preferably, the pharmaceutical preparation is in unit dosage form. In such
form, the preparation is subdivided into unit doses containing appropriate
quantities of the active component, e.g., an effective amount to achieve the
desired purpose.

30 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.



acceptabl e carrier, such as an inert conpressed gas. Al so included are solid
form preparations that are intended to be converted, shortly before use, to
liquid form preparations for either oral or parenteral adm nistration. Such
i quid fornsworeetswds2sol uti ons, suspensions and 20 emHCIIuSE®4/020832 conpounds
of the invention may al so be deliverable transdermally. The transdernal
conpositions can take the formof creans, |otions, aerosols and/or
enmul si ons and can be included in a transdérnal patch of the matrix or
reservoir type as are conventional in the art for this purpose. 25
Preferably, the coMsoantenlidosagenemployed may be aprigd depeatingalpion the he

har maceut i caj m the
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may be varie JUSt rom abou , hore abl y
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dependi ng upon 't requi rements of the patient an e severity of the

condi tion bei i QW&@‘@EPe theclotl Hrify-4q9sage B\aytbﬁ@“’[!ﬁ%d %@'ﬁ@@“ﬂ)ﬁn a

particul ar si bgﬁ%h@&"|r@tﬁéﬁbyndbgﬁbc{skl Il of the art. Generally, treatnent
is initiated wth smal l'er g?rgeg WhIC are Iessf%han 5 the gpti num dose of

the conpound. Ther%@@?”mtaﬁ %{E’é(qfé H'éﬁ"éﬁ%ﬁ 9°°§‘RﬁFﬂ‘d59{é'P%rrents unti |
t he opt igrum efrﬁ@ﬁttontaaﬂ&he bh&mtdcectivamy aébé@&blésdlt@alfié”r@& will beredtMiiy@ni ence, the

day i £ des, r cBSSOMIED DB HISARI BF BAGERCYMOR AR HnelRard S HRCPRA onounds
of the 10 i nuges]tdoﬁmlﬁmdnd sige phiae patienttasaallllag saveritp bbb sysptdnss bdieg eof wil |
consi der  ng. sEReRa R e SecorpbiREbed taginsS er g 2o atoR o P e e
as severity ofngthe08§ my/dayspréferaidy 10 to 1000 mg/day, in two to four divided doses to
15 block tumor growth. The compounds are non-toxic when administered within this
dosage range.
The following are examples of pharmaceutical dosage forms, which
contain a compound of the invention. The scope of the invention in its
pharmaceutical composition aspect is not to be limited by the examples provided.

20
Pharmaceutical Dosage Form Examples
Table 5. EXAMPLE A Tablets
No. Ingredients mg/tablet mg/tablet
1. Active compound 100 500
2. Lactose USP 122 113
3. Corn Starch, Food Grade, 30 40
as a 10% paste in
Purified Water
4, Corn Starch, Food Grade 45 40
5. Magnesium Stearate 3 7
Total 300 700
Method of Manufacture
Mix tem Nos. 1 and 2 in a suitable mixer for 10—-15 minutes. Granulate
25 the mixture with ltem 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



treated. A typical recommended dosage reginmen is oral admnistration of from
10 ng to 2000 ny/day preferably 10 to 1000 ng/day, in two to four divided
doses to 15 bl ock tunmor growth. The conpounds are non-toxi c when

admi ni st er ed WR 1PYW312%hi s  dosage range.. The fol | owi ng arc/eszaapioes of

phar nmaceut i cal dosage forns, which contain a compound of the inventioh. The
scope of the invention in its pharmaceutical conposition aspect is not to
be limted by the exarrpl es provided. 202%har maceut i cal Dosage Form Exanpl es
Table 5. EXAMPLE A Tablets No. ingredients mtablet m/tablet 1. Active
conpound 100 S@oules ifinecessasy %EP'“!?‘Z‘Q""&'E“'\@ 4 @pfl misiaiiOh15 pisdesr Ade, 30 40
as a 10% paStﬁemrNdD'BrdnH'rﬁiQfmrmlﬂutegomn%@efsfme mihAQ@ t6%a ?Eﬁ)pﬂéte‘k@ze :

Magnesi um St ear at e 7 Total 300 70 Met hod of Manufacture Mx Item Nos. 1
and 2 in a su?ﬂ%ﬂ?@hﬁp@“"?ap tﬁ‘@etl@a?h"t‘ﬂ:t es. Granulate 25 the mixture with
ltem No. 3. MII the danp granul es through a coarse screen (e.g., 1/4°,

0.63 cm _if necessary, Dry e danp granules. Screen the dried WO

2005/ 003120 PW’@§2(%%W€%§§a-p§893granul es if necessary and mix with Item

No. 4 and m XNGOT J0- ¥RgrBHeHE €5. AGd  TT eNhyapsuidnd |Aigicapslle 1~ 3 M nut es.
Conpress thelmxture to apnropriate size land \M:_\Iﬂh an a suitablle tabl et
machine. 5 Table 6. EXstire compassul es No| | 7@@ edi enf n§dapsul ¢ ng/ capsul e
1. Active corgoumd 0§ 3l USP 106 123
3. Corn Starch, Food Grade 40 70
4, Magnesium Stearate NF 7 _7
Total 253 700

Method of Manufacture

Mix Item Nos. 1, 2 and 3 in a suitable blender for 10-15 minutes. Add ltem

No. 4 and mix for 1-3 minutes. Fill the mixture into suitable two-piece hard gelatin
10 capsules on a suitable encapsulating machine.

Additional formulations, combinations of compounds that inhibit farnesyl
protein transferase with other compounds (including anti-cancer agents), and
methods of treatment using such formulations and/or combinations are disclosed
in U.S. provisional application 60/498,509, which is herein incorporated as if fully

15 set forth.

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

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



2. Lactose USP 106 123 3. Corn Starch, Food G ade 40 70 4. Magnesi um
Stearate NF 7 7 Total 253 700 Method of Manufacture Mx Item Nos. 1, 2 and
3 in a suitable blender for 10-15 m nu2®s. Add Item No. 4 and mx for 1-3
mnutes. Fill the mxture into suitable two-piece hard gelatin 10 capsul es
on a suitabl e encapsul ati ng machi ne. Additional fornulations, conbinations
of conpounds that inhibit farnesyl protein transferase with other conpounds
(i ncl udi n/EALIS. AAMMED 185ent s), and  net hods of treatnent using such
formul ati ons and/ or conbinations are disclosed in U S. provisional
application 60/498,509, which is herein incorporated as if fully 15 set
forth. Wihile the present invention has been described in conjunction with
the speclfic Anise@tadfais okacompeynd repesenteddn jheastrusturalformada (lhrodi fi cati ons
and variations thereof will be apparent to those of ordinary skill in the
art. Al such 20 alternatives, nodifications and variations are intended to
fall within the spirjit _and scope of theppresent invention. -29- WHAT IS
CLAIMED I S: 1. i C orm of a compound represented by the structural
formula (1P NMB NRL ORS R RAaNRZI O~ NH

NH,

and pharmaceutically acceptable salts of the compound of formula (I), wherein:
R, is selected from the group consisting of H and =O;

R2-Rs can be the same or different, each being independently selected from the
group consisting of H, --OH, halide, --NH, and =0, and, the combination solid-dashed
lines independently represent either single bonds or double bonds, wherein the number
of combination solid-dashed lines that are double bonds is not greater than 2, and when
2, the doublie bonds are not adjacent, and when 0, one of R4-Rs is not H.

2. The isolated form of the compound of claim 1 wherein R, Rz, R3, and R; are
each H, R, is selected from the group consisting of H and --OH, and the number of
combination solid-dashed lines that are double bonds is not greater than 1.



and pharmaceutically acceptable salts of the conpound of formula (1),
wherein: R is selected fromthe group consisting of Hand =0; R2-R5 can be
the sane or different, each being independently selected fromthe group
consisting of H --OH, halide, --NH2 a#t- =0; and, the conbination
solid-dashed |ines independently represent either single bonds or double
bonds, wherein, the pyunber ?f cojtpi nati on salid-dashed |ines that are double
bonds is not gteatef"&'BAAed forgnar ik &pMPoUng ¢ clap JeRressad by the fppuladj acent ,
and when 0, one of RI-R5 is not H 2. The isolated formof the conpound of
claiml1l wherein Rl, R2, R3, and R5 are each H, R4 is selected fromthe
group consi sting.o and_s - OH, and the nunber of conbination solid-dashed

| i nes t hat BareZdolp i-sChot greater than 1. -30- 3. The isolated form
of the compound of epresented by the formula Br 1/ NCO. NBr N
ON O- NHZ andSp cally acceptable salts thereof. 4. The isol ated
form of the conpound ¢laiml represented by the fornula Br 1 1 NC N Br
NO HON O1),-1INfiz and pharmaceutically acceptable salts thereof. -31 5.
The isolated form

0 NH,

and pharmaceutically acceptable salts thereof.

4, The isolated form of the compound of claim 1 represented by the formula
Bre. (/ j\ 7: ) _Cl
.
N
Br
N
HO j\

0) NH,

and pharmaceutically acceptable salts thereof.



Br O NBr Nco N O- NH2 and pharnaceutically acceptable salts thereof. 6.
The isolated formof the conmpound of claim1l represented by the formula
Br--" ~1 G Br NO N/IS O NH2-&ahd pharmaceutically acceptable salts
thereof. 7. A pharmaceutical conposition conprising a therapeutically
effective amount of a conpound of claim1 in conbination with a

phar macewti cal The igelategifenm ef thecemepund of claim 1 represented by the formula

Br = al
\
N
Br
N
| 0
N
0 NH,

and pharmaceutically acceptable salts thereof.

6. The isolated form of the compound of claim 1 represented by the formula

5

Cl
Vi
Br
N
6}

A
N
O)\NHZ
and pharmaceutically acceptable salts thereof.

7. A pharmaceutical composition comprising a therapeutically effective amount of a
compound of claim 1 in combination with a pharmaceutically acceptable carrier.



