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COVPOUNDS woksg/stosEOR | NI BI TI ON OF FARNESYL PROTEI N PCT/US98/11494 -
TRANSFERASE 5 BACKGROUND WO 95/ 10516, published April 20,
1995 discloses tricyclic conmpounds useful for inhibiting farnesyl
protein transferase. In view of the current interest in

I nhi bitors of farnesyl 10 protein transferase, a wel cone contribution to
the art would be corrpounds useful for the inhi b|t|on of farnesyl
protein anetg . . QY HASHOY Hid .

i nventi on. ONVIVRRY —OF 1 H ENTT O 7S -provi des
conmpounds useful for the inhibiti orﬂéﬂm&]esyl protein transferase
(FPT). Thg conpounds of this i nvention are represented by the formul a:

[err] pharmaceutically acceptable salt or solvate

t her eof mherﬂ:ﬁ%m (A) a represents N or NG ; '(B) Rerr]
and Rlerr] are t heWqaaso10816] Eiiﬂﬂisliétl mpﬁpzo 1995 disclosé@trﬁfﬁﬂd and
Rlerr] are seJ, 8{’1;1 om 'e_hﬁnfj %ho ded tl east “one of
Rlerr] and Rert 4§ S or B?“ egrqtp%ty(‘ans FIA%Gr esent s an
optional bond; 25 In wew(cﬁ)th?e cari¢ntCintiesestt ire inhibitors obdathésylX i s
Present 167 Glotein tHfFcriSe SR ERAmEMthbulids B hit wpuig b | (7 "

D

is 0, 1 or represents al kyl
ring sel ect ecpqmpmmds useful for the inhibition of farnesyl protein

transferase. Such a contribution is provided by this invention.

SUM Y OF THE INVENTION _

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

(CHy) R
or a pharmaceutically acceptable salt or solvate thereof, wherein:
20 (A) a represents N or NO-;
(B) R and R3 are the same or different halo atom;
(C) R2 and R4 are selected from H and halo, provided t.hat
at least one of R2 and R4 is H;
(D) the dotted line (---) represents an optional bond;
25 (E) X is N, C when the optional bond to X is present, or CH
when the optional bond to X is absent:
(F) misO, 1 or 2;
(G) R represents:
1. a cycloalkyl ring selected from:
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-2- err 5 - 2. a heterocycloalkyl ri sel ect ed
from [er"\“{”””sl)955 (H pis 0, 1 or 2; ’Q/ﬁg%“ﬁfor p
is 1 then Rerr] is selectedfrom 10 (1) :O vvlththe prowso
that when R is hetero- _ cycloal kyl Ring 10.0 and mis O,
1 or 2 then the : = &group is not bound to a carbon that
S adjacent to the ring nitrogen, and W|th he

proviso that when (lehet ero oal kyI R 3@ 5 and m
Is 1 or 2 thenz Ogr toacarbon
that i's adjacent t™ the ri ng rogen HaC( ~N- OH;

(3) =N-OR[érr] Wh@‘@ln R[err]30epresents a€£0to C6:al kyl 5.0

group; 20 (4) =N-N(H)-C(O-Rerr] wher ei n Rlerr] represents
-NH err] or Clerr] to C[err] al kyl ; ' (5)
=N-O- (CH err])[err] - O Brr] Wne%lnr is 1, 2, omﬁ}ls

and Rlerr] is selec e Z Rl kyI or -NH2 v
. \ z ---@(T] or '—, w T]
RY, | _ HgC Y
. 70

6.0 . : 8.0 :or
- 5 2. a heterocycloalkyl nng selected from: _
- . R,
A B 7~ e (R5) Y
—_— —N —R®Y, —N '~ or —N Q Tj
N\) A / Ny
. 10,0 11.0 120

(H) pis 0, 1 or 2; :
(I) whenn or p is 1 then RS is selected from:

10 (1) =0, with the proviso that when R is hetero-
cycloalkyl Ring 10.0 and m is O, 1 or 2 then the
=0 group is not bound to a carbon that is
adjacent to the ring nitrogen, and with the

_ proviso that when R is heterocycloalkyl Ring 11.0
15 and m is 1 or 2 then the =O group is not bound
to a carbon that is adjaceni_; to the ring nitrogen;
(2) =N-OH; |
(3) =N- OR7 wherein R7 represents a Cj to Cg alkyl
group;

20 (4) =N-N(H)-C(O)-R8 wherein R8 represents -NH» or
C) to Cg alkyl;

(5) =N-O-(CHg);-C(O}-R11 wherein r is 1, 2, or 3,
and R1! is selected from: -QH, -O-alkyl or -NHg;
(6) =N-O-(CHg)s-O-R12, wherein s is 2, 3, or 4 and

25 R12 is selected from: H, alkyl or trialkylsilyl (e.g.,
Si(CH3)2-C(CH3)a); -

(7) -NR13R14 wherein R13 and R14 are independently
selected from:



(6) =N-O(CHerr])[err]-ORerr], v\,he'r'ein-s, is 2, 3, or 4 and 25

R12 is selhagbeshoky om H, al kyl or~trial kylsilyl (e.g., PCT/US98/11494
Si(CHerr])[err]-C(CHerr])[err]) (7) -NR[err]Rerr]
wherein R err] and R err] are independently sel ected
from WD 98/ 57955 -3- : _
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(a) H - sAa) ®) acyl;. e (c) alkyl;

(d) aralkyl; 5 (b) acyl (d) cycl oal ky
(e) heterocycl oal kyl ; : cyh (f) heteroaral kyl;
(g) -S(O[err]Rerr] whereidcR a@lkyl;is Clerr] to CJerr] alkyl or

aryl; or 10 d arémylf"n aral kyl, cycl oal kyl,

het er ocycl oal kyl , (d) het eroaryl or heteroaral kyl
havi ng fr@m 1 (d) cycloalkyl; {4 3 substituents sel ected from
=0, hal o, (e) heterocycl&‘ll@l; -O al kyl, wherein said

substi uents 2ing bound to substitutable ring
carbons; 15 (f) hea?roaralkybﬁ OR[ er r} wher ei n

(8)
Rlerr] is selected from (g) -S(O)2R15 wherein R15(ig)Cpto Cg alkyl or
(b) derr] to CJerr] alkyl; I o (c) -C(ORerr]
wherein err] is selected A3 2o ) ' al kyl, aryl,
het er oarl% or aralkyl; or (h) an aralkyl, cycloalkyl, hetgrooyclyalkRl,s” wher ei n

Rlerr] is selected from heteroaryl or heteroaralkyl Havifeg @-&he" |
wherein R err] is selectedfrome roary Cl) 3,

al kyl or -(CH2)20H; te B syhstituents gelected frompy, ﬂchgﬁﬁ[’err] i s
the sane or different 25 and eacQHRbri-©-altyicivibre®Said substiuents

(1) -NRlerr]Rlerr] wherein R er B]eir?é]%oﬁln?iafé %u. ndeRENS %nlt_ihé carbons:

sel ected from (b)
acyl; 35 or (c) alkyl; (d)
aral kyl ; (8) ORI16 whédin W8 9&/sk¥dcted from:

(a) H;

(b) C; to Ce alkyl;
‘() -C(O)R17 wherein R17 is selected from:
20 alkyl, aryl, heteroaryl or aralkyl; or
(d) -C(O)NHRI18 wherein R18 is selected from:
H, -C(O)R19 wherein R19 is selected from:
-C(Cl)3, alkyl or -(CH2)2OH;
(J) when n or p is 2, then each RS is the same or different
25 and each RS is selected from:
(1) -NR!3R!4 wherein R!3 and R14 are independently
selected from:
(a) H;
(b) acyl
30 - (e) alkyl;
(d) aralkyl;
(d) cycloalkyl;
(e} heterocycloalkyl;
(f) heteroaraikyl; :
35 (g) -S(O)2R15 wherein R19 is C; to Cg alkyl or
aryl; or
(h) an aralkyl, cycloalkyl, heterocycloalkyl,
heteroaryl or heteroaralkyl having from 1



(e) heterocycl oal kyl ; (f) heteroaral kyl; 35

(g9) -S(O[e err] wherein Rlerr] is (Jerr] to (Jerr] alkyl .or

aryl; or 091”5 935 _ (h) an aral kyl, cycl oal k CT’Us”’"‘”
het er ocycl oal kyl , ' het er oaryl or

het er oar al kyl havi ng from1l V\ng 57955
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to' 3 substituents selectedfrom Q -
“OH or -Oalkyl, wherein said suB‘ s'ﬁ%»ts?ituents selected from: =0, halo,

bei ng bound to substitutable ri ngaﬁmm%alkyl whierein said substiuents

?;) H5 (2) R err] B@iﬁf ﬂ% @uel'irsﬁtﬁ‘éﬁﬁfetﬁﬁgf ¢&Bons;
(c) C(O)R[err] wherein R[err] |§r$electedfrom ) :

- alkyl, argl, heteroaryl(29r ORY® kiheredn R is selected from: =~ (d)

; C(O)NHR[err] wherein Rl err] }s el ected from-

: H -C(ORerr] wherein R[err( 'sel ect ed.from

-qcryferr], alkyl or -(CH &k i]qleﬁqqlaalkﬂ’ - (K) provi ded t hat
Rlerr] is not bound to a carhen 17 m [ en atomin
Rings 9.0, 10.0, 11.0 or {g? 1§‘E@)'P{ W(h‘?‘%&qg sé# rﬁgﬁq or S,
provi ded that each Y is the - 1 eteroaryl 01'(Malky}e?}'resents t he

remgu nd?r oof cycloal kyl Ri ngg)2. OC(@)QHRls “;He,-@ﬁq REIgH s@[b’gtegpﬁ-bﬁ,rl ng T
i's boun

(N) Wrep£ gsggfsoz hfah(raercrglr gggragmﬁ‘%k Wiﬁlrﬁﬁl %ﬁgoﬁsl é r?@%r‘?@at spiro
ring T is bound to one of the carGi@lat ablsylior S(Qle)20H oycl oal kyl ring;

(0 00 ol e n S R PR el 54 HA 8 674, B8R atom Vo i 1
sai d het er ocpdjacsrdyto theqityogen dteint aRings tQJO 10. ORildgOPr 32Ut bound to
a_carbon gt om adJ nY 1% %lgéte@ ﬁro or S, Bgoﬁ%da&fht each Y is the(P)

Rlerr] i's sel ecte rom al koxy, or - e corrpounds of
this inventi 88M&i) potently inhi b|t 30 farnesyl protein transferase, but

not geranyl ger any|[l\/ﬂrzt1€tiﬁi'esents the remainder of cycloalkyl Rings 2.0, 3.0
or 4.0, such that spiro ring T is bound to one of the carbon atoms
in said cycloalkyl nng

20 (N) W represents the remamder of cycloalkyl Rlng 5.0,
such that spiro ring T is bound to one of the carbon atoms in said
cycloalkyl ring; )

(O) Q represents the remainder of heterocycloalkyl Rings
9.0, 10.0 or 11.0, such that spiro ring T is bound to one of the

25 carbon atoms in said heterocycloalkyl ring, provided that spiro
Ring T is not bound to a carbon atom adjacent to the nitrogen
atom; and ' :

(P) R is selected from: alkoxy. alkyl or -OH.

The compounds of this invention: (i) potently inhibit

30 farnesyl proteinfr'ansferase. but not geranylgeranyl protein
transferase 1, in vitro; (i) block the phenotypic change induced
by a form of transforming Ras which is a farnesyl acceptor but not
by a form of transforming Ras engineered to be a geranylgeranyl
acceptor; (ii) block intracellular processing of Ras which is a

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

J—



transferase |, jn vi'tro; (1) bl dck ,t_he-phen"otypi ¢ change i nduced by a
formof trwo98sressng Ras which is a farnesyl ‘acceptor but nptTuses/ify a

formof transformng Ras engineered'to be a geranyl geranyl acceptor;
(iii) block intracellular processing of Ras which is a 35 farnesyl

acceptor but not of Ras engi. ﬁ'éered to beba geranyl ‘ger anyl acceptor;

and (iv) block abnormal cell growth in culture induced by transform ng
Ras. " WD 98/ BFHE':'compounds of this m\;jentxon inhibit farnesyl proteirb1

PCT/ US98/ 114 ) t it
farnesyl protq%?‘ﬂSferase r{aéggggg% A %fglﬁe&s}ll?%él onB}#’%eﬁgﬁcogene

protei n Ras. Thus, thxssimtent@om rﬂlﬁﬂwl'oﬁm‘t']ﬂ@ﬁeﬁ rpﬁth@di@f inhibiting of 3
i nhi bi ting fam&@irgfa{eiﬁrﬁhﬁbférﬁgéngﬁ alsa% fé.ﬁl l I‘%‘feifrﬁ&ﬁ% gtemn

transferase dm ni tratlon of an

especi al
effecti veganﬂenmaamaaﬁﬁ FFP%‘}'@E the g@&%mo an The
admi ni strati @ﬁéﬁhﬁ&ﬁn@@@ﬁ@@ﬁ%@fnéﬂ& bamﬁuﬁdstdbsmbecpaﬁjmt s, to

i nhibit farn Q ansf ase. |s us n_the reat nent of
the cancers g@i ﬂo"e' ""gﬁaéé? ﬂﬁﬁ’ \Fbﬁ igyention %ﬂes a net hod
for inhibiti r[gpmnts.dntirﬂgbit farnesyl pbotmnﬂiragsfamlseois udelﬁsl in thieudi ng

t ransforned Cﬁ":ﬁﬁne@f of% %g??c%iétcfe@cﬁﬂaﬁpb%ﬁv@c“ve anount of a conpound

of this I nventl on S'refers to cell growth

i ndependtfit of norHais H@Qﬁﬂfé@@rﬁrmﬁl d. for, inkibiting o treatingct
i nhi bition). tHy Sbhoghil otvmx ab@engahnaumhg t%nsfaﬁned cells/yr cells

tunors) expressi .an ac Ras oncoge 2) rcells in
\(Nhl ch t%le Rgé‘cfﬂ"b?% Fring %P&t %Fé‘g’é’(? %’%‘oé’-megﬂﬁtCQWPound Shégg%m c mutation
in ?_n]gt he{_ gdneentivth. (@)bﬂnmnm eﬂg&ﬂﬁth oft cglgé Irefarattctﬁeéllthrinm her
roliferative ch,a s.actiyatiqn oc
‘Fl)'hi s inventi C}H%gpgg&%?%v d@grrg%?éggaatpgy rflﬁﬁﬁaﬁflﬁrﬁs ‘(V?r q S eatl ng tunor
gr owt h bySadrdantact inhipitiondf f €his iechidasthoabnormahgraewtln yoft (L)
conpounds, deﬁﬁ‘ﬁbpe&lﬂeftﬁ oré) ?H%aﬁ’xe a@tigg?ed Ras% g)en'e gped of

such treatnment. In part |cu nt1on provi for
i nhi biting or qmeaﬁeﬂg imwhie @\kbﬁ s prekein is activatad-asingeom ta@ﬁ i vat ed

Ras oncogene dm:dgteu@dmaﬁbhain ano@ﬁexa@ene a:ﬁiispbbﬂ rmiﬂlt of the above
described co g_|ﬁnds

treated incl ggaptaqegigﬁgf otfer Hrp}}fqrgﬁlvleodlqe&ﬁssdgny i(‘@hlbgl taﬂg

adenocar20norRgs aptivatieat 0 \8%. cancers (e.g., pancreatic carcinona such
as, for exanple, Tnis invention also provides a method for inhibiting or
treating tumor growth by administering an effective amount of
the tricyclic compounds, described herein, to a mammal (e.g., a
human) in need of such treatment. In particular, this invention
25 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
30 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,
35 myelodysplastic syndrome (MDS), bladder carcinoma, epidermal
carcinoma, breast cancer and prostate cancer.
| It is believed that this invention also provides a method for
inhibiting or treating proliferative diseases, both benign and




exocrine pancreatic carcinoma), colon cancers (e.g., colorectal

carci nomas, such as, for exanple, colon adenocarci nhoma and " colon .
adenorm), YRGS eukeni as (for exanple, acute nyel ogtntt81ddMeni a
(AML)), thyroid follicular cancer, 35 nyel odysplastic syndrone (MS),

bl adder carci noma, epidermal carci_r}ﬁma, breast cancer and prostate
©cancer. It is believed that "this invention also provi des a .
~ nmethod for inhi bitin reatln roliferati ses both beni gn
and v@"@% W, Wwhetein te(r:hsD are aberran va% edds

- PCT/ US98/-114%¢sult of oncogenic mutatxon in other genes--i.e. 6Jthe Ras gems# i gnant ,

e o P I ol L RRREA Y i T Shedgente foriorithdaid

oncogenl c nmutatton In O

activated by inhikitiomn orotrsafmn@éd@mg aeﬁqmphsbﬁdglamhe adminigtrationon or
tr eat nents beigfthrp GEeERlvesaftbult bh¢hadHdyiclic! érmpounids debcAbedf fective

2 huan) i n ESBiIY o, BORARREA ek desl‘w’”%:ﬂrmeaaﬁ%&eém%w”?m' o

proliferativ@oti exangplenthe deriganprolsfesative disordérumeusofibrahiatbsiys is

nconones. (o0 Sl Mnith Ras s SEHERGS I8 BUCHBROT KL N000

treated by tmerexm;aslsmn of tyremmohh&sedescogm fﬂagemeu src, abl, - The

tricyclifgycog@pu fell |on|nhibit or
treat thlgoab%ma gro V\i#l%*%et?ﬁé ﬁ%t}?éa B%ﬂﬁ ng ‘to be bound by '
“theory, it | SoppoUnds @ﬁ%ﬁn 1’_p3n conpounds -may function through the

i nhibition of G pmetecticyclic cb hAds wsEril a8 ﬂﬁsm&hbdsbof thisgcki ng

or ol 1 for at | v ERHEANE 8 o o ] Bhopiprl i Setly Wit

wi shing to bwibhinglto be bbundhbyrtheory, itasﬂmllwedtlthaﬂatheé.tese corrpounds

i nhi bit r

it b1 1S LBRASSS Il Ritelbrl LARSEA 08, 1IN HIE Potein

DETAI LED DES@H’P‘IPG\ISBCITI'%E raﬁm!\% b blockmg G-protein dseprendation, he

fol  owi ng t etHEisanAking thetn dRfefibth 1he ﬁehwenﬁlcﬂgﬁmﬁeﬁméaisé%e@at ed:

BOC- t E-butyl t
benzy! oxycar BB 5 tindr oWt apRapessr) Wilhat wishing FEPERORM) 1y err)

by theory, it is believed that these compounds inhibit ras farnesyl
20 protein transferase, and thus show antlprohferatlve activity
against ras transformed cells.

' As used herein. the followmg terms are used as defined
25  below unless otherwise indicated:
BOC-represents tert-butyloxycarbonyl
CBZ-represents benzyloxycarbonyl;
Et (or ET)-represents ethyl (C2Hs);
MH"'-represents the molecular ion plus hydrogen of the
30 molecule in the mass spectrum; '
acyl-represents a G-C(O)- group wherein G represents
alkyl, aryl, heteroaryl, cycloalkyl, ‘heterocycloalkyl, -O-alkyl, -O-
aryl, or NR10OOR200 wherein R100 and R200 are independently
selected from alkyl or aryl;
35 alkyl—represents straight and branched carbon chains and-
contains from one to twenty carbon atoms, preferably one to six
carbon atoms;



MH err]-represents the nol ecul ar |0n pI us hydrogen of the 30 nolecule in

the mass sSWeRBAWES acyl —represents a GCO- dgpevrss ;‘fu n G
represents al kyl, aryl, heteroaryl, cycloal kyl, heterocycloa

-OCalkyl, -O aryl, or NR[err]R[err] wherein R[err] and Rlerr] are

I ndependent |y sel ected fromal kyl of7 aryl; 35

al kyl -represents straight and branched carbon chal ns and contains from

one to twenty car bomralkylerépreséntsihhyalkyd group, as: definedr dlogveyt OITs;

V05557555 oo, i P 2.0 g o, LB 4%
substi t ut ed \Aﬁ'oquhplr subsstitafenteis tlntbwalkybmdihm the bond . from

anot her substltuent cl udi ng

the aryl portion of ig‘g'ﬂg“? araaE? ; gn Of en S a c%ilra%%t@cl ic group

contai ni n@ f rfﬁi?’@sFBtﬁ@ garbegyclic grogpsan #&wﬁmg ﬁttol eﬁs(tar@ml aromatic

ring (e.g., aapdmbsared bk at least bheGdrorhtit ithp (M2 Bﬂﬁ yiut abl e
0SSl

carben a1o™ Bhel Al vl Sty abR S50 teﬁ}r%ggﬁﬁ?onauyble

substi t ut ed 16arliacy@li,c grdup @emgtlhtmdedrasnpmsﬂﬂefl&bim:saiﬂy| hydr oxy,

ﬁlcfg)r(?/] vvherel n gﬁérr re resentcérgil %g/rﬁm(?nBSRéali ubsg%{e[f”] o

cycl oal k0 r efggsehte OBG aramsgeyef hala,i aliyl, hydrd)xp,nallmkyor
unbranched of pheaoxy, CF32AnsRid) A1k Ia@ﬂfﬂo pdl@llﬁjr abxhﬂmlfic@owsﬁ dial ! bon
C or.o an I 0dO,

at ons; al.o- esent S f ono
het er oar al kyINpé’pr‘gEf\Fﬁlggg% JFRWSeth&ﬁ?{kyg@ro%Wlnéﬁl‘d’ above, substitued
Wi tPha het gr fa{yl dmtamy ﬁqﬁrd&ﬁtéﬁal‘tﬂra’éé&féarbocyéﬁétnﬁ§§ bond from
anot her substj tue s to ie
heteroaryl -r eff) %ﬁ?@ o\ A *’Eala‘?%ﬂ%é’fqg énféﬂ 89 carhan atems. preferghly r3
and R4, R&vi ng tet7 lcasbonoatorhst er oat om sel ected from O Sor N, said
het ercoatom i nterrup é}p(%y r tr nd having a
sufficient nunber Oph('l}g-lrggffé I ze ﬁ{llbg eé{lg)olﬁ)e t%i%&ﬂ& %?89§de aromatic
character, with thehgtesagralicd elte@i'6§9@t3 angballgrlgnenipyr a$ etefingd cont ai ni ng
from2 to 14 &m@%\mmwuﬂm heterbh 34, W or
pyridyl N-om&@ ﬁﬁ‘}bon% r\t/> & uesq[ | tgﬁz%}dﬁg % de?m;%? I m%‘?éilln
pyridyl N oxi®at m é&%ggﬁtséﬁ) Huent is t° the alkyl moiety;
heteroaryl-represents cyclic groups, optionally substituted

with R3 and R4, having at least one heteroatom selected from O,

S or N, said heteroatom interrupting a carbocyclic ring structure

and having a sufficient number of delocalized pi electrons to

provide aromatic character, with the aromatic heterocyclic

25 groups preferably containing from 2 to 14 carbon atoms, e.g.,
triazolyl, 2-,. 3- or 4-pyridyl or pyridyl N-oxide (optionally
substituted with R3 and R4), wherein pyridyl N-oxide can be.

represented as:
[ = E+ o E
o~ o
N N

N ]
5 & 1
© and
30 heterocycloalkyl-represents a saturated, branched or

unbranched carbocylic ring containing from 3 to 15 carbon
atoms, preferably from 4 to 6 carbon atoms, which carbocyclic
ring is interrupted by 1 to 3 hetero groups selected from -O-, -S-
or - NR400, wherein R400 represents alkyl, aryl or acyl-(suitable



[err] . heterocycl oal kyl -represents a saturated, branched or

unbranched ca % I|c ring containing from3 to 15 carbon

pr ef er abl ))’V‘PP& to 6 carbon atons, which carbocyclic wsﬁlg‘?‘
interrupted by 1 to 3 hetero groups selected from-0-, -S- or - NR400,
wherein R err] represents aI kyl, aryl org acyl - (sui tabl e WD 98/ 57955
PCT/ US98/ 11494 - 8-

Lot rahydr of ﬁﬁ?ﬁ%{ﬁy%*gﬁyﬁﬁrﬂﬁﬁy%hﬁfn@? Y 32%‘%%??%811%’ k 9 ror

or 3-pi peri ziBnyletrahydrothiemnyl I3' er 4-piperidinyl, 2- or Grpyreolidin
sol vents andzteﬁggn%,%ﬁﬁ_&i:fgr roqd4.tcﬁoﬂ§fl 1,Netc). by the abbreviati ons

i ndi cat ed: et hano nmet h noI cet id (HOAc or :
ACOH); ethyl acet SRivents And Tgagents @t TRIFTHE tomsiet

tlrlhf:juorcsgce ; a&wiﬁﬁ)uo%ismﬂmw eﬂlanolaH)aniej:Handtl o %hl
L hydroxybengabip R HARRIA: Airl; eqp ol BAGRLIORG G ) S-St

and 4-net hy| dimetbylfoemamide (RMF); trifluoroacetic agéd ;mw; dnifluora-he

| |
Pref orrod halecaroaihyarids (X ’R&hﬁm’fé&b"“ﬁm”a‘%{*""‘?'l‘ ﬁgﬁlmn a 1.0

15 are sele mthﬂamnmprmy v carppditpide mw@p\mci@r
Conpoundgy of dF@bEﬁ't?laluﬁnh’?ﬁhtﬂy?dﬁGm}BNE) oén&at-mé&gmnorphohﬂe and 1.2:

[err] (NMM).
The posmons in the tncychc ring system are:

sy

Preferred halo atoms for R1, R2, RS, a.nd R4 in Formula 1.0

15 are selected fror_n_. Br, Cl or ], with Br and Cl being preferred.
' Compounds of Formula 1.0 include compounds of Formulas
l.1and 1.2:

and

(CHy)—R

wherein R1, R3 and R4 in Formula 1.1 are halo, and R}, R2 and R3
20 in Formula 1.2 are halo. Compounds of Formula 1.1 are preferred.
Preferably, in Formula 1.1, R} is Br, R3 is Cl, and R4 is halo.
More preferably, in Formula 1.1, R! is Br, R3 is Cl, and R4 is Br.
Preferably, in Formula 1.2, Rl is Br, R2 is halo, and R3 is CL
More preferably, in Formula 1.2, R! is Br, R2 is Br, and R3 is Cl.
25 Prcfe_rably; for compouridé of Formulas 1.1 and 1.2, X is CH
or N. For compounds of Formula 1.1, X is preferably CH.

T



wherein RL.err],.Rerr] and R[err] in. Forrrul'a 1.1 é'ré hal o, and R err],
Rlerr] andwdssrmsrgss20 in Fornula 1,2 are halo.. Conpounds of pEnggJ;,ﬁ,‘;‘;l are

preferred. Preferably, in Formula 1.1, Rlerr] is Br, Rerr] is
Cl, and R4 is halo. More preferably, in Fornmula 1.1, R[err] is Br,

Rlerr] is C1, and R4 is Br. . -Breferably, in Forrrula 1.2, Rerr]
is Br, Rlerr] is halo, and Rlerr] is Cl. More preferably, in Formula

1.2, R[err] is Br Pﬁ@feml];ly,sfoBrtheaoomﬂmmds Ioﬁtﬁiszjﬁﬁention thier ef erabl y,

for corrpounds%g‘fmﬁor?éeragﬁt%&%q%gsiaoﬁé %%’%{&g e.. 955 '&S)Fﬁ{ tﬁgrrpounds of

Formula 1.1
PCT/ US98/ 1149121'103’(1110 system IS absent. -9- Preferably, for

t he corrpounds of tRiso, rfféﬁ‘&dlﬂf% f&P¢he coxﬁ@&hﬁ@l%' mn%sﬁﬁ;égﬁ%posmlons 5

ricyclic stem1s ent Al so,

and 6 (i.e. -
pr ef er abl %‘%ﬁﬁ@)‘%‘hﬁd%&ngf W@S?‘ﬂ%hﬁ!l on, 5 substituent a in Ring |
represents N. Thosé ekilledkin tieel aird Wi)lsapptedfalté thae'csthpbanidybf

commeund o o b iSRSl R

preferred for

(CHy),—R ' 0" ‘(CHy,™R
wherein X is CH or N, with compounds of 1.3 being preferred for
10 compounds of Formula 1.1, and with compounds of Formula 1.4
being preferred for compounds of Formula 1.2.
Thus, compounds of the invention include compounds of
the formulas:

15




10

conpounds of Formula 1.1, and with conpounds of Formula 1.4 bei ng

preferred for_ c ounds of Fornula 1.2.

i nvention "Y%’f’%?g conpounds of t he formul as:
Br [err] N

Br WD 98/ 57955 - 10 -

-10 - Qr [err]
Br :

and
Compounds of Formula 1.9 are preferred.

Thus, compaudseof b

N 15
PCT/ US98/ 11494



Br ) . Conpounds of Forrrul al.9 are preferred.
WO 98/ 579580 98/57955 : - PCT/ US98/ gd¥yBdes11494

-11 -

Preferred cyeloalkyl rings for substltuent R are

HyC (Rs)
4.0 . 5.0

; OF
R,
- ”><TJ
5 More preferred cycloalkyl rings for substituent R are:
6
K R,
(R%),
; 6.0 ;or L

Most preferred cycloalkyl rings for sgbstituent R is:

4.0

Preferably, the optional bond is absent in Formulas 2.0, 3.0,
10 4.0. 6.0 and 7.0. Also, preferably, for Ring 6.0, R6 is -OCH3.

Preferably, spiro Ring 7.0 is
(R,

I~ Y
(X
Y
7.1
Most preferably, spiro Ring 7.0 is:

7.2
15 Preferred heterocycloalkyl rings for substituent R are
R?),
—N- ) or —N Q T]
Y
11.0 and 12.0

Preferably p is O.



~N— ! OO'_"_'U'I 1

rred cycloal kyl rings for substituent R are: - L
MRV oREfRES OFLHOIR | <-

Preferred cycl oal kyl rings for substituent R are:

Most preferred cycl oal kyl rings for s sy
Preferably, the optional bond is absent in Fornul as

.0, 10 4.0. 6.0 and 7.0. Al so, preferg_libyl for Ring 6.0, Rerr] is

11 -

efr]

err]

OCCH err].

err]

.2
5
10
15
20

Preferably, spiro R'ng 7.0 is

Préyglsiblﬁr ﬂ { 'gbéycloéﬁéyﬁ (}ix%,ngna'x%ok'é :preferably Ris

‘cycloalkyl Ring 4.0. Preferably, when n is 1, RS is at the 4-

position, i.e, preferably R is:

. 4.1
When R is a heterocycloalkyl ring, and when n is 1, then RS
is preferably at the 4-position, i.e., R is

11.1

Preferably, when n is 1, RS is selected from: =0, =N-OH,
=N-OCHgs, =N-NH-C(O)-NH32, =N-NH-C(O)-CHg3s,
=N-O-CHz-C(0)-OH, =N-O-(CHz)2-O-Si(CHg)2-C(CHg)s, -
NHSO2CH3s, -NHg, -NHC(0)C(0)OC3Hs, -NHC(O)NH3, -
NHC(O)OC(CHa)z, -NHC(O)C(O)NH2, -OC(O)CH3, or -OH.

‘More prefc_f;ibly, when n is 1, R5 is selected from: =0,
=N-OH, =N-OCHg, =N-NH-C(0)-NHg2, =N-NH-C(O}-CHg3s,
=N-0O-CH2-C(0)-OH, or -OC(O)CHs.

Those skilled in the art will recognize that the
representative compounds li_stgd below also serve to illustrate
representative substituents for R, and hence R5 in Formula 1.0.

Representative compoimds of the invention include:

m.p. = 123.8-125.1°C m.p. = 121.3-125.8°C

[err]

2.0,



15 Preferred heterocycl oal kyI ri ngs f_or substl tuent R are

[err] woos/s79ss - Preferably p iis-0. - © . ~WO 98/57955  per/usesiniegd
PCT/ US98/ 11494 - 12 -

Preferably, Ris a cycloal kyl ring, and nore preferably Ris

cycloal kyl Ring 4.0. Preferably, when r 18 -1, R[er__r] is at the 4-

position, i.e. preferably Ris: ' [err]
5 When R is a heteraogcycloal kyl ring, and Wh NI S 1, then Rerr]
is preferably at the 4.pgsition, i.e., Rige cl

[err] Br, » gren n is 1, rom =0
=N- OH, =N QW S C(O-NHerr], , 10

—N—O(CH[err])[err]
NHSO err] CH err], -N
NHC( O OC(CH err])[err],
More preferably, whenN_i
=N-CCH err], —N-NH-C(O) NH[
—N—OCH[err] (O - - 2H err] .
w Il recognize that tﬂe representiati ve conpounds |iste® bel ow al;so
serve to illust MR = 208,1e8P8s8%E at i ve subsmnipientld0.4-1£5.3%8 hence R5 in
Forrmula 1.0. Represent ati ve conpounds of the invention include:

err] )l - C( dB7eOA) ) [ ¢

Br- NHC( O) C( O
H&c»SEo%ﬁ(H[ér SRS by
22@] is selected fro
=N-NH C( O) - CH[errb

Those sk Iléd in the art

¥

(17.0B)
(Isomer B)

m.p. = 110.5-114.8°C m.p. = 113.5-116.8°C



[err] WO 98/ 57955

Eg; ngg; ]1‘%,}’% /57955 ) 1 §4- _ Lerr] Vo 98/ 5!’7(29'1‘5/['15898111494
-14 -
| ; o
m.p. = 136.8-138.7°C . m.p. = 128.4-133.9°C
| 5
|
|
o ;
m.p. = 102.1-105.4°C
: % ; (27.0)
/ OCH..
10 o :

m.p. = 105.5—108.8°C m.p. = 135.8-138.5°C

e



[err] . WD 98/ 57955 PCT/ US98/ 11494

- 15 - [ ernkb ogss7955 WO 98/ 57955 PCT/US98/11494
PCT/ US98/ 11494 -16 - [err]

Br
- N OH
N 2~ 0/\n/
o)
O : .

m.p. = 95.7-97.3°C '

' Br
V4
wN\O/\/Qsli
10 o) '

m.p. = 87.2-90.3°C



Compounds of Fornula 1.0 include conmpounds of the formul a: [err].

10 wherein R20 is selected fromthe substituents listed i : WO
98/ 57955 WO 98/57955 PCT/ US98/ 11494 "bdfiBhsintase

-17 - TABLE 1 Conmpound Rl err]

Conmpound Rl err] 36.0 _1g- 37.0 H

[err] 38.0 ,

[err] [err]

A _OCH
. N/ 3.

5 m.p. = 120.4-123.8°C

Compounds of Formula 1.0 include compounds of the
formula: '

10 wherein R20 is selected from the substituents listed in Table 1:



42.0 . 42.1 42. 2 Compounds of Fornula 1.0

al so i ncl ud® sggmzeunds of the 5 fornmul a: PCTIUSDE/1 1494
wherein R21 is selected fromthe substituents listed in Table 2:
98/ 57955 . PCT/ US98/ 11494 . -
18 - TABLE 2 - 17Gonpound Rl err]
Conpound Rl err] 43. 0 [err] 44.0 H

’ TABLE 1

Compound
36.0

38.0

40.0 ~80:CHg - M4y 0 /ﬁ’\/\
42.0 42.1 0
II )kn/NHz

o
0
422 | ¥ e s
Sae
Compounds of Formula 1.0 also include compoimds of the
5 formula:
Br/ \ cl
-~
N H
Br
(1.18)
N
H
o) N. gt

wherein R2! is selected from the substituents listed in Table 2:



45.0 [err] 46.0 47.0 48.0 49.0

49.1 49, 2 : Conmpounds of Fornula 1.0 also inc nds of
the 5 for MP/S7955 err] wherein R22 is sel ected Wﬁ’ﬁ'\s&ﬂ@gw
substituents in Table 3: WD 98/ 57955

PCT/ US98/ 11494 _18: 19 -

TABLE 3

TABLE 2

_COm' ound

\n/O‘C(CHa):; 44.0 H
| o | |
45.0 \"/”Hz ~ J46.0 \n/ﬁ\
0 | OC,Hg
47.0 | - ©l48.0 ~~S0,CH,

49.0 49.1 O
49.2 ' ' \)g ................
. o ]
o) .

Compounds of Formula 1.0 also include compounds of the

5 formula:

Br Cl
. H (1.20)
or Br
H
N ‘ N_\ R22 N N\ R22
o o)\‘““
1,4-cis 1,4-trans

wherein R22 is selected from the substituents in Table 3:



Conpound R err] 50.0

Compound , R err] _ _
[err] wo 98/579551. 0 H (cis) PCT/US98/11494 (Ci S)
52.0 [err] 53.0 H _ (trans)
(trans) 54.0 55.0 . NH2 0
(cis) (trans) 56.0- 19 - ; 57.0
[err] (ci.s) (trans) 58.0
59.0 (cis) TABLE 3 (t.rans) 60. 0
[err] . 61.0 (cis) o (cis) 62.0
63.0 (cis
formula 1.0 jal oipdutid® C
PCT/ US98/ 11
50.0
52.0 \n/O*C(crxa)3 53.0 H
: o) _ (trans)
(trans) :
NH NH
54.0 \,.r 2 55.0 \n/ 2
0 0]
(cis) (trans)
56.0 Q 57.0 ?
\n)'Loczﬂ5 \[(u\OCsz
o) o
(cis) (trans)
58.0 P 59.0 | o
HN# HN%
0 0]
(cis) (trans)
60.0 "~ S0,CH, 61.0 ~50,CH,4
(cis) " (cis)
62.0 \/@ 63.0 \/@

(cis) (trans}

Compounds of formula 1.0 also include compounds of the
5 formula:



5 Conmpounds of Fornula 1.0 al so include conpounds of the formul a:
[err] . 0.9\%}%5@ n R23 is selected fromthe substituents in Table 4:
WO 98/ 5795% S PCT/ US98/ 184b¥S98/11494
-21- -

o “NH,

5 Compounds of Formula 1.0 also include compounds of the
formula:

wherein R23 is selected from the substituents in Table 4:

1Rl



TABLE 4  Conpound Rl err] Conmpound

Rlerr] WO 9857985 69.-0 70. OpCT/US98/11494
71.0 72.0 73.0 (1
, 3-trans) 74.0 [err] 76.0 77.0
CH -21- (e.g., 1,3-cis, 1,4- -
trans, 3,4-trans, _ 1, 3-trans, 1,
4-ci s, o TABLE 4 and 3, 4-cis) 78.0
79.0 OH (e.g., 1,3-cis, 1,5-
Ci s, 3,5-Ci Spedl3= ¢ I el
3,5-trans) '81.0 R23
OCH3 T 0
(1 ,3-trans) ]
/,,'
OH OC(O)CHj,
70.0 n 71.0 \@/OH
OH
(1,3-cis)
72.0 \@/OH 73.0 °H
(1,3-trans)
74.0 ”’I,’\\\\OH 75.0 \\\‘OH
76.0 Il’l,,l 3 _,OH 77.0 ﬁo}l
Sl
' (e.g., 1,3-cis, 1,4-
trans, 3,4-trans,
1,3-trans, 1, 4-cis,
and 3,4-cis)
78.0 LA OH 79.0
l,’
5 ‘OCHg
OH
(e.g., 1,3-cis, 1,5-
cis, 3,5-cis, 1,3-
trans, 1,5-trans,
and 3,5-trans)
80.0 U 81.0 \G/OCHa
OCHj,
(1,3-cis)
82.0 \O*/OCHa 83.0 ] OCHj,
(1,3-trans)
84.0 ’I/l,l"s\\\\oCHa 85.0 1 I 3\\\\0CH3




WD 98/ 57955 ' PCT/ US98/ 11494

- 22 - TABLE 4 - continued [err] . .__.88.0
89.0 %9y§?§§55 PCT/US98/11494
PCT/ US98/ 11494 -23 - ' TABLE 4 -
conti nued [err] WD 98/ 57955 29 -

PCT/ US98/ 11494
TABLE 4 - continue

‘Compound R23:

MRS

=
"

88.0 U OI | 89.0 U o
U, o/u\ R24 : % OJL

NH,
I(? . .
R24 = —N-C—CCly | _
._H :
%00 o | o0 U o
b - _,’:I’ OJ]\ R25 . . ,"’OJ]\Rés
R? = NO ff R% =
| ; _ ' — NH(CH,),OH
\O;l :

. 92.0

\(IOH 93.0 \E IOCHs
| ' OC,H; ' OH
i

<~ S OCH, OC,H;

Ph=phenyl

OCH2Ph 97.0 \(:Eoctomna
OH _ OC{O)CHg
Ph=phenyl

98.0 \(IOC(O)Cﬂs 99.0 \l::[ocm)cm3
-~ oH OC(O)Ph

Ph=phenyl

96.0




W

-24 - TABLE 4 - contlnued [err] _
Li nes dravw()lgs/s'gsshe ring systens indi cate that the 5 indi pet/edosmash nay

be attached to any of the substitutable ring carbon atons.
Certai n conpounds of the invention may exist in different | someric
(e.g., enantioners, diastereoisonmers, al3opi soners) forms. The

i nvention contenplates all such isoners both |n pure 10 formand in
adm xture, including racemit .m XTABES ; are al so incl uded.

Certain tricyclic conpounds will be aC|d|c |n nature e.g. t hose
conpounds Ot } A H gr-eotpP—j hese
conpounds- ' 1 ' pl-es oy such-
salts may i ) )

silver salts} phar maceu icaIIy

accept abl e am
N- net hyl gl ucjam ne

conmpounds also_iﬁégb

additi on sallts.

Certlai n buSi chi}chI c

yaccepl ablleSalrks, _fodo)Nast d
[ dgﬁrﬁsﬁ'{’r odgen F : 1)or salts
wi th strong aci d, Avi Nng basi @ sul uents such as

am no roups al so|f caker aci d4. Exarpl eDCO)Ny | abl e

25 acids for Sféaréornatlonoaﬁg hydr oc Oriﬁé urffurrc, OSIPRROTHJ5
acetic, citrjic a mal opi c, salicyl]c F funarlc, succinic

car boxy}ic

ascor bi c, | ei ¢, met hdnesgl foqi ¢ and otlher n1nera|
aci ds mpllnqnomn to thg e art. The salts arg epared by
contacting tjhe free bage V bﬁ&% sufffi ci ent OCH,
Ph=phenyl
106.0 OH 107.0 OCH,Ph
OCH;,4 OCHg4
Ph=phenyl
108.0 OC(O)CH3 109.0 OSi(Ph),C(CH ),
- i ~OC(O)CH, /QOH
" : Ph=phenyl
110.0 OSi(Ph),C(CHj)3 111.0 OH

O
O

OC(O)CH,4
Ph=phenyl Ph=phenyl

112.0 OC(O)Ph 113.0 OC[O)CH,

OC(O)CHg

O
O

OC(O)CHg4 OCHg

Ph=phenyl




WD 98/ 57955

-25 -

convent i oW 9857955 anner .
treating the

dilute

bi car bonat e.

PCT/ US98/ 11494
ampunt of the desired acid to produce a salt
The free base forns may be regengé}e’ggls’w%
salt with a suitable dilute aqueous base sol ution such as
aqueous NaOH, potassium c_glré) nate, ammonia and sodium 5
The free base forns diffe romtheir respective salt

forms sonmewhat in certain physigg ooert|% éych as solubility in
pol ar solvents, but the acid and=t 5 =0t her wi se equi val ent
to their respectlve free base forms for pur poses_of the _invention. 10
Al'l such ac P gﬁnd ' phar@gmﬁutlcal y
accept abl ¢ =R Ha—t-he—gtane—at it e Rcaan and
base salts

correspondi the i

Conmpounds of the inve ed accordifjng to t he prpcedures
descri bed i p WO 95/10 hed Aprif 20, © 11995 5,719, 148

i ssued Febrpary 17, ingl .~ Appli|catFon Seri @HNo.

08/ 766, 601 I X ; ng

i ncor por at efl heérd: 0 thlreto; and |according to the
procedures fescri bed ‘Opnmpounds of] the ‘i nvention cap be. :
prepared acfording to reaction [err]] In the-
reaction, tpe keto aci[d N fgﬂﬂﬂf me acid or

10

15

20

25

Lines drawn into the ring systems indicate that the
indicated bond may be attached to any of th¢ substitutable ring
carbon atoms. | : _

 Certain compounds of the invention may exist in different
1somer1c (e.g., enantlomers dxastereoisomers. atropisomers)
forms. The’ 1nvention contemplates all such isomers both in pure
form and in admixture, including racemic mlxtures. Enol forms
are also included. '

Certain tricyclic compounds will be acidic in nature, e.g.
those compounds which possess a carboxyl or phenolic hydroxyl
group. These compounds may form pharmaceutically acceptable
salts. Examples of such salts may include sodium, potassium,
calcium, aluminum, gold and silver salts. Also contemplated are
salts formed with pharmaceutically acceptablé amines such as
ammonia, alkyl amines, hydroxyalkylamines, N-methylglucamine
and the like. '

Certain basic tricyclic compounds also form
pharmaceutically acceptable salts, e.g., acid addition salts. For
exarriple, the pyrido-nitrogen atoms may form salts with strong
acid, while compounds having basic substituents such as amino
groups also form salts with weaker acids. Examples of suitable
acids for salt formation are hydrochloric, sulfuric, phosphoric,
acetic, citric, oxalic, malonic, salicylic, malic, fumaric, succinic,
ascorbic, maleic, '_methanesulfonic and other mineral and
carboxylic acids well known to those in the art. The salts are
prepared by contacting the free base form with a sufficient



25 hydrazone carboxylic acid (118.0) i s coupl ed to the tricyclic
am ne (11Ay8psadseg am de bond form ng conditi-ons well knowscrases/figed hose

skilled in the art. The substituents are as def.ined for Formula 1.0
For exanpl e, carbodiim de coupl i ng met hods (e.qg. DEC) can be used.
For exanple, the carboxylic acid (118.0R3an 30 be reacted with the
tricyclic amne (117.0) using DEC HOBT/ - WO 98/ 57955

PCT/ US98/ 114%mount of the des:red acid to produce a safi in the coMdritiondF at

bt ontee. S EBTHTAG TE kB dnfse 168 by B Feafudhared by ISllind 0L

car bodii m de saitlpﬁtlmgt smttb,bﬂsdilute aguepusrbasosohttion sucht asdilide be
produced acc 408 [err]
Thé keto aci &{cﬂhi&ﬂ%%ﬁ acl d?oté@éiﬁ&h%r gnate, ygr a%%ir?.ea%ccilsgdium (118.0) are

OoXl e acl| ds or

ei t her cofmerkicarbonate I'Hat &res bass feams é'ﬁﬁ? fram their @SRQ@@VQ@QR known
in the art. |ﬁrﬁﬁ'¥oﬁﬁﬁﬁ§a€ e CRITAIESH gﬁid&g propefAEsesi€hsas %611%ﬂﬂ§t ers,

oxi me esters or ra one, e can

cor r espondi nginaBP gny E?Slﬁ‘é{ the ¥ érﬂﬂeq P@Fliﬁgﬁ?éﬁf‘éw&%an be

prepared by rmpjwdlaemetd» their kespective fike biase fonaskfiropuigsdsds. ofthee and

hydr azone gr%?x&? 110\%' n‘the intermediate (118.0), or in the product (1.22)
in

can be 15 irted by nethods well known in the art.
Conpound30of For m/AR sudh anist end base saltsnareRiritended to be [err]

pharmaceutically acceptable salts within the scope of the
invention and all acid and base salts are considered equivalent to
the free forms of the corresponding compounds for purposes of
the invention.

15 , Compounds of the invention may be prepared accordmg to
the procedures described in WO 95/10516 published April 20,
1995, U.S. 5,719,148 issued February 17, 1998, and copendmg
Application Serial No. 08/766,601 filed December 12, 1996; the
disclosures of each being incorpdrated herein by reference |

20 thereto; and aCcor_ding to the procedures described below.

Compounds of the invention can be prepared according to
the reaction:

(117.0) [X] Ra J\‘CW (X] R (1.0)
(118.0) ' ’
N |
H

(CHg);—R

In the reaction, the keto acid, ketal acid, oxime acid or
25 hydrazone carboxylic acid (118.0) is coupled to the tricyclic
amine (117.0) using amide bond forming conditions well known
to those skilled in the art. The substituents are as defined for
Formula 1.0. For example, carbodiimide coupling methods (e.g.,
DEC) can be used. For example, the carboxylic acid (118.0) can
30  be reacted with the tricyclic amine (117.0) using DEC/HOBT/-



can be prepared by reaction of the correspondi ng carboxylic acid:

HOOC or 20 with atr ne of
For mul a 1 WO #5578 boxylic acids 122.0 - and 123.0 can bEEWS%"z’r@%?
according to the procedure descri bed inJ. Med. Chem 1993, 36, 1100.
The N atom of 122.0 and 123.0 can _protected with a suitable
protecting group, e.dg. but oxy&ar bonyl (BOC), by techniques wel |

Knowp ot hoﬁﬁlx%xgb‘i\ggzg%tsaboui 958 for' @ iR peiGA BIUML A 08 127 0

- 27 - abeut 18 hours, to prodme araamppuadanf Rermulack.Qul a 117 0 (e.g.,
Formul.a 119.0)., t t ethods,

-4-am nocycl ohexanecareg‘oa;ﬁ? ag?%t}?{%&ﬁﬁhae &h li:;g mde ﬁ%atl ng agent
(e.g., 1-(3-compounds of tbmmsn&pﬁpae € IRro fdﬁnSy‘iﬁ/ @l ori de
(DEC. HC1y) , feactiogat al yst (e.g., 1-hydroxy- benzotrlazol e hydrate

(HOBT. H20)) and a base(eﬁ2 N- et hyl - m)rphollne(NM\/p)RzlnaswtabIe
solvent =~ (e.g DIVF)

example, - [erﬁl

e“a conpound of. lForrrul 2 For
: 3
s e®en
OH '

(118.0) h NN

(119.0)

-2
o>_

(CHy),—R

The keto acids, ketal acids, oxime acids or hydrazone acids
(1 18. 0) are' either e:ommercially available or can be 'prepared by
. methods well known in the art. In many cases the corresponding
10 ketoesters, ketal esters oxime esters or hydrazone esters, which
'_ can be hydrolyzed to the correspondmg acids, are either
commercially available or can be prepared by methods well
known in the art. The keto, ketal, oxime and hydrazone groups
in the intermediate (118.0), or in the product (1.22) can be
15 interconverted by methods well known in the art.
Compounds of Formula 1.0 wherein m is 0 and R is

(120.0) ~, (121.0)
' or
W NRISR14 “n\RISR14
can be prepared by reaction of the corresponding carboxylic acid:

HOOC (122.0) | HOOC (123.0)
l | or l I
%y, y
. NH

NH, 2

20 with a tricyclic amine of Formula 117.0. Carboxylic acids 122.0
and 123.0 can be prepared according to the procedure described
in J. Med. Chem. 1993, 36, 1100. The N atom of 122.0 and
123.0 can be protected with a suitable pr_oteoting group, e.g., t-
bﬁtoxycarbonyl (BOC], by techniqﬁes well known to those skilled

25 in the art to prov_ide intermediate acids 124.0 or 125.0:



10 . The BOC group (-C(O Ot-Bu) can be renoved by techniques
known in tvwes8stesso obtai n anot her: conpound of the inventi operuses/iass

exanpl e, reaction of Forrmuila 36.0 with trifluoroacetic acid (TFA) in a
suitable solvent, e.g., CHerr]Cl[err], provides a conmpound of 15 Fornul a
37.0: [err] The conppund of Fornula 37.0 can be
derivatized by react | on vm th different reagent S usi ng techni ques wel |
know i n W3188 .. HOOC . ;iR PCT/ US98/ 11494
-28 - the art t ad i tional com!gounds 3 e inyention, i.e.
conpounds of Fornul a : ch %l fand co ns andc(CH ghe
conpound that is produtg Ke Qﬁmrar Qed I n Tabl e ﬁ!abl e

refers to the sulfk24i0)ent iH Formula 1.17a (125. 0) | H 5
Br . .
The tricyclic amine of Formula 117.0 (e.g., Formula 119.0),

is reacted with the N-protected 4-aminocyclohexanecarboxylic
acid (124.0 or 125.0), a dehydrating agent (e.g., 1-(3-dimethyl-

5 aminopropyl}-3-ethylcarbodiimide hydrochloride (DECeHC))), a
catalyst (e.g., 1-hydroxy-benzotriazole hydrate (HOBT*H320)) and a
base (e.g., N-methyl-morpholine (NMM)) in a suitable solvent
(e.g., DMF) to give a compound of Formula 1.0.

For example,

- Br g ) c1 Br cl
_ Br >
(126.0) procl (36.0)
N 124.0 Y
H (e} O
. N/U\O-t-Bu
10 H

The BOC group (-C(O)O-t-Bu) can be removed by techniques
known in the art to obtain another compound of the invention.
For example, reaction of Formuila 36.0 with trifluoroacetic acid
(TFA) in a suitable solvent, e.g., CHCly, provides a compound of

15 Formula 37.0:

Br 72 \ Cl
Br
(37.0)
N
O
NH,

The compound of Formula 37.0 can be derivatized by
reaction with different reagents using techniques well know in



5 and the conpound nunbers in parenthesis in the colum for R20 :
TABLE -5

refer to t unds descri bed above.

@8&@%@9&% Condi ti ons Rl err] PCT’?W@QQ@M
Class) . TMS- NCO CHerr]d[err]
(I socyanat e) ‘ . - NH2
(38.0) Et hyl Oxal yl CH err] 8182/ Et 3N Chl ori de
[Oer "] (A8 468 (Eﬂrg@ddi’tional compounds of i:b\sention, Leu: hanesul f onyI
CH er r] C1[ er r ¢omapaunds of Formgdpel /17a-[ Such reagents ar@,pgpidéféons, and

E ‘eur)r ?) (£he Eag%plﬁ%(ﬂia‘ﬂ% produced Sfé lg}(lrrlnln(%d PECaHIEE. R20
(41.0) insTab gEs t%ecﬁliﬂéﬁtﬁ b@("é) ormula 1. %‘Kﬁdehyde)
Na( CN) 3BH ' (42.0) WO
98/ 57955 _ Br CIpCT/ US98/ 11494
-29 - ' The correspondl unds can-be prepared
foll owi ng the above procedure wt NFor > 5.0 _
o (1.17a)
o .
R20
N

and the compound numbers in parenthesis in the column for R20
refer to the compounds described above.

10 .
' Reagent Conditions o R20
(Reagent Class) _
TMS-NCO - CHoClp o
(Isocyanate) |
)J\NH2
o o : (38.0)
Ethyl Oxalyl 'CHoClz/EtsN | 0
Chloride OC,Hg
(Acid Chloride)
7 e
' (39.0)
Methanesulfonyl CH2Cly/Et3N -SO9CH3
Chloride . - _ (40.0)
(Sulfonyl Chloride) _
HOOC DECHOBT/ ' [9)
N\ HOBT+H20/NMM | /U\/\
HN ' ' =
2 NH
\<o HN\< .
(Carboxylic Acid) o
' ' (41.0)
Benzaldehyde CH3C(O)OH/
(Aldehyde) Na(CN)sBH /\©
(42.0)

;'I-Illi{



Compounds,of Fornula 1.0, V\/nereln mls 0 and R. i s:

(127.0)  vhohssreexanpl e - [e”] PCT/US98/11494
(trans) can be prepared by reactlon of 117.0 (e.g., 119.0) with the
correspondi ng carboxylic acid [err] 10 The
carboxylic acid, 130.0, can be prepared28ccording to t echni ques known
in the art (e.g., J. Am Cherm Soc. 1938, 60, " 2341). The nitrogen

atom of " ci s- ( +/ - ) -Therdoreeyisdmdizng eans compmnhdsyd:am e ipgrepafed can be

tected Wt i tahl OC) by tech '
roneCt o o St MY Eofbe iBEEARre itk GHAyig e 0300 Y techni ques
[err] Comqundmgfﬂmlacb&;r wherpinom e am@ R isor the 1, 4-

cycl ohexyl derivatives, the 1, 3-cyg Yvatives can be made
from 131.0 and 117.0. Thus, for exanpl 8] reaction of 126.0 with 20 131.0

provi des Conpound 43.0. Reaction of{43. viled - Pra yi el ds Conpound
44.0. Additional conmpounds of the invéntion are . produced from Conpound
1.18" Smﬁ?/é@ﬁile _ PCT/ US98/ 11494
-30 - NR13R14 \\NR13R14

(cis) (trans)

can be prepared by reaction of 117.0 (e.g., 119.0) with the -

corresponding carboxylic acid
' HOOC NH,

@ (130.0)

10 The carboxylic acid, 130.0, can be prepared according to
techniques known in the art (e.g., J. Am. Chem. Soc. 1938, 60,
2341). The nitrogen atom of cis-{+/-)-3-aminocyclohexane- |
carboxylic acid 130.0 can be protected with a suitable protecting
group (e.g., BOC) by techniques known in the art to provide

15 intermediate acid 131.0: |

H
HOOC

i@,JN\n/O\C(CHQ;; (131.0)
O

Following the procedures described above for the 1,4-
cyclohexyl derivatives, the 1,3-cyclohexyl derivatives can be made
from 131.0 and 117.0. Thus, for example, reaction of 126.0 with

20 131.0 provides Compound 43.0. Reaction of 43.0 with TFA yields
Compound 44.0. Additional compounds of the invention are
produced from Compound 1.18



[err] and the reagents listed in Table 6:

TABLE 6 5 Reagent Condi ti ons

(Reagent &’%3%7955 TMS- NCO CHerr]d[err] %IJSLM“% [err]
(I socyanat e) ' 45. 0)

Et hyl Oxal yl CHerr]]CQ[err]/Et[erghN [err] Chl ori de
(Acid Chloride) (46.0)

4- Oxocycl ohexane-  DEC. HOBT/ HOBT lerr] car boxylic
acid H err] O NW (Gar boyy o

(47.0)  Methanesul fonyl B2 ' tc['err] N :
-Sgerr]CHerr] - Chloride \ - S (48.0)

(Sul fonyl Chl oride) Benzal defNde CHerr]C(OOH

(A dehyde) ' Na( CN) 3BH - Br :

(49.0) . Simlar to the prced res dq3cx8)bed above,
enantionerically pure cis-3-am nocycl shgxanecarboxylic acid (Aust. J.

Chem 1981, 34, 2231) having 1R 3S (132;0) or 1$i3R (133.0) absolute

~configurati 'on. [ err] o I N~R21

and the reagents listed in Table 6 :

TABLE 6 )

Reagent Conditions - R21
(Reagent Class) '
TMS-NCO - CHaCly ' 0
(Isocyanate} ' ' - o .
4 | - | /ILNHz |
i ' (45 0).
- Ethyl Oxalyl - CHyCla2/Et3N -
Chloride - I /u\n/oczﬁs
(Acid Chloride)

) ' ' ' (46 0
4-Oxocyclohexane- | DECeHOBT/HOBT o
carboxylic acid Ho0/NMM \N/C:/r

(Carboxylic Acid) ' _ :
(47 0)
Methanesulfonyl - CHoCla/Et3N - ~ -SO2CH3
Chloride _ (48.0)

(Sulfonyl Chloride)

Benzaldehyde - CH3C(O)OH/
(Aldehyde) Na(CN)3BH /\©
(49.0)
Similar to the procedures described above,
enantiomerically pure cis-3-aminocyclohexanecarboxylic acid

(Aust. J. Chem. 1981, 34, 2231) having 1R,3S (132.0) or 1S,3R
(133.0) absolute configuration

_ HzN,,,,ijlﬁ\\\coor{ HZNQR(js’-coon
10 | 132.0 133.0




WD 98/ 57955 ) PCT/ US98/ 11494

- 31 - woomsmassl be used to prepare corrpounds of For nul a Ficusdsasdsar e
simlar to the compounds of Fornulas 43.0 and 44.0 and their

derivatives described above. Conmpounds simlar to 43.0 and 44.0,
and their derivatives 5 described ab®d; can be prepared from
(+/-)-trans-3-am nocycl o- hexanecar boxylic acid {(+/-)-134.0}

[err] coyld berugedChe prepan® compoynds offjompulad:Adbatafe descri bed
above. INOSSsimiflat 8 éhe é&gﬁgahhd@ bfpb?ﬁﬁﬂas@sWahd{wo hn#3th&t 10 can be

resolved into 1 ndvi nanfionmers 135.0 and 13 [err]
by using anydﬁﬂV%@V€$ OV€chni ques, e.g. chronatography : of’

t he aCHﬂ or a SUiCahiﬁoﬂﬂds\éiimléﬁ' tmltlla.()(diid M’.Op@hd’fﬂiei‘rrdmgvm%' S
crysta zatlo i astereonerica ric I uci

St T ychn e Sotined bR g BeoRr et o 16 s dipthoty cté:
enant i OfTEI’I chexanecarbaxgdire aicid e(4/-)-134-0fent hyl chl or of or mat e; _or
enzymatic resolution of an appHePs,j atre gePPOHt i ve, e.g. porcine
pancreatic |ipase hydrolysis of an dr, e.g. the ethyl ester.
Conpounds simlar to 43.0 and 44. 0%\and tgg'yg_glggi(yatives 20 descri bed

above can be prepared from enanti oners 1 and 136.0 by the
met hodol ogy @ksPrg. bCHenbd@49, 14, 1013) Byntive miethuidslogyndescrilded wher ei n m

It?lelcg::]?est:) ] ng N’l:}[%)r (0] e%{tﬂeedd ég ?{é]art VB&). H}EQ tPlra?p@-r.Fg Pg4r(ﬂac;t on of

[err] 10 can be resolved into 1nd1v1dua1 enantiomers 1 5.0 and 136.0

HpN,, 35 ~US, COOH HZN,,,?UCOOH
(:rlss.o 136.0

by using any of several standard techniques, e.g., chromatography
of the acid or a suitable derivative on a "chiral" column; fractional
crystallization of a diastereomerically enriched salt, e.g. brucine,
15 strychnine, ornithine; preparation of a derivative using an
enantiomerically pure reagent, e.g., (+)-menthyl chloroformate;
or enzymatic resolution of an appropriate derivative, e.g. porcine
pancreatic lipase hydrolysis of an ester, e.g. the ethyl ester.
Compounds similar to 43.0 and 44.0 and their derivatives .
20 described above can be prepared from enantiomers 135.0 and
136.0 by the methodology desrcibed above.
Compounds of Formula 1.0, wherein m is 1 and R is

NR]3R14 NR13R14
‘ \\‘\ ‘

137.0 138.0
can be prepared by reaction of the corresponding N-protected
25 (e.g., BOC) carboxylic acid:

H

N. O,
[ CclcHys  139.0
HOOC o)

or

H

N__O,
Y cicHys 140.0
HOOC\\\\\\ O



WO 98/ 57955

-32 -

(Chem Ber

the art.

Fr om t hese conpounds and a tricyclic am ne

PCT/ US99/ 11494
ng tricyclic amne 117.0. The N-protected
Z 67, 245) can be prepared using techni ques

117.0, e.g.,

A 40:

119. 0,

Conpounds 50.0, 51.0, 52.0 and 53.0 5_gpdescribed above) can be obt ai ned.
Derivatives of Conpounds §

simlar to t
prepar atlon

i.e.

Conmp

" TABLE 7
(Reagent C a
(1 socyanat e)

51.0 and 5

@957 1934, 679 2¢45) qam bgprepared usin techmques
known@ﬁﬁﬁétart From th@@@cl‘sdrhﬁaﬁnds and a triGjenélamine

$17.0, e.g., 1190, E&Rnpounds 50.0,%1 9, '3370 §hd'53.0

" NH2

0 can be prepared by procedures

19 o SESEINEAE o g Yad

10

(54. 0- ci s5 5qdestribed)above) can Behybtafiiedy|Derivatite$ ef iCainpanidsct | er-r] N

i CI.S %)?BIO%H%S 0 fan ﬁéa‘(firg QJé‘f rI)Srdﬁ)‘ocedures SIBEMMT

- describad abrvg/ - Reagents andneenditions (oxaﬂmpyeparastdon)of
- cis, é&n?)ouﬁd@ﬂ?i“ormulas 1.19 and 1.20

__[err]
[ (56.0
P [err]
(58.0

10

 14-cis 1 4 trans
i.e., Compounds 54.0-57.0, are given in Table 7:
. TABLE 7
Reagent : Conditions R22
(Reagent Class) :
TMS-NCO - . CH2Clg o
(Isocyanate) , ' .
v ' /u\ NH,
- (54.0-cis, 55.0-trans)
Ethyl Oxalyl CHsClo/EtsN o
Chloride . : OC,Hg
(Acid Chloride)
. ' O .
. {56.0 - cis, 57.0 - trans)
HOOC N DECesHOBT/HOBT Q)
Y\ *Ha0/NMM A
= : HN
HN\« £ NH
° N
(Carboxylic Acid) o) -
(58.0 - cis, 59.0 - trans)
Methanesulfonyl CHyClo/EtsN -S0O2CH3
Chloride (60.0 - cis, 61.0 - trans)
(Sulfonyl Chloride) _ o _
Benzaldehyde CH3C(O)OH/
Na(CN)3BH /\©

(Aldehyde])

(62.0 - cis, 63.0 - trans)

R i1



Met hanesul f onyl | CHerr]dJ[err]/ Et:'.[ ér'r']'.N " -SOerr]CHerr]

Chl ori de wo 98/57955 (60.0 - cis, 61.0 - trans) pcrusdsadhgsonyl
Chl ori de) - Benzal dehyde CHSC( o) oH/ (Al dehyde)

Na( CN) 3BH WO 98/ 57955:'-?5-'2' _ %

PCT/ US98/ 11494 - 33 - 33 -

Conmpounds of Fornula 1.0, V\/nereln mis 1 and Ris

[err] such CoampbandexéhFbemula 1.0, Whereit[xenri]s 1 anbRBn be prepar ed
by reaction of the correspondifg boxgtpg4ac g [err]
with a tricyclic amine 117.0. C§ ylic amdllfob cis 144.0 and
(+/-)-trans 145.0 can be prepard ackording to the procedure descri bed
inJ. Og. Chem 1949, 14, 1013. ®Beach of 10 these acids nay be protected
on nitrogen %bﬁa@,-ﬂ)r’e%pléo gi ve (+/-)-146.0 and (+/-)-147.0

H k13514 [err] NR13 14 o

The N-protected aci. br 147, 0)Ar e reac’t'@h trigycllc
amne 117.0, e.g., 119 26. O) accordl n pr ocedur es

di scussed above (see f® gﬁ%@j’t he preparation ﬁ%’%@wpound 37.0). In
this nanner ounds 64 0 and 65. 0. descri bed above, cdn be

pr epar ed b cgﬁpgu e lepagedr}@y ggagtiganof the corresponding carboxylic acid

NH, S, NH,
HOOC or HOOC
(144.0) (145.0)

with a tricyclic amine 117.0. Carboxylic acids (+/-)-cis 144.0

and (+/-)-trans 145.0 can be prepared according to the

procedure described in J. Org. Chem. 1949, 14, 1013. Each of
10 these acids may be protected on nitrogen with, e.g., BOC, to give

(+/-)-146.0 and (+/-)-147.0
H H

N. _O N_ _O.
HOOC/U \ﬂ/ " C(CHy) Hooc/U \ﬂ/ C(CHy)s
0 )

(146.0) (147.0)
The N-protected acids (146.0 or 147.0) are reacted with a
tricyclic amine 117.0, e.g., 119.0 (e.g., 126.0), according to the:
15 procedures discussed above (see for example the preparation of
Compound 37.0). In this manner, Compounds 64.0 and 65.0,
described above, can be prepared. Compounds 64.0 and 65.0 can
be derivatized to produce compounds according to the procedure
described above for the preparation of Compounds 58.0 to 63.0.
20 Those skilled in the art will recognize that (+/-)-146.0 and
(+/-)-147.0 can be resolved into individual enantiomers by using
any of several standard techniques, e.g., chromatography of the
acid or a suitable derivative on a "chiral" column; fractional
crystallization of a diastereomerically enriched salt, e.g. brucine,
25 strychnine, or ornithine; preparation of a derivative using an
enantiomerically pure reagent, e.g., (+)-menthyl chlorofofmate;
or enzymatic resolution of an appropriate derivative, e.g., porcine
pancreatic lipase hydrolysis of an ester, e.g., the ethyl ester.
Further, nitrogen protected derivatives, e.g., BOC, of the
30 individual enantiomers of cis- and trans-3-aminocyclohexylacetic



be derivatized to produce conpounds according to the procedure
descri bed. ‘?gg e for the preparation of Conpounds 58.0 to 63, 0. 20
P he art will recognize that (+/-)-146.0 arﬂfT’Us”’"”“

Those ski

(+/-)-147.0 can be resolved into individual enantioners by using any
of several standard techniques, e.g.,_gﬁfonatography of the acid or a
suitable derivative on a "chiral" colum; fractional crystallization

O i st e SO i bV p RIS ISBR Starfdha PUtBhres Rudbhy 6 Phie,

orni t hi ne; Ve UsSl chANT ORI T ear y pure -

feagent, e. gskﬂXed) indhehgrt -t provider meeIHEdgiateS)rl‘l&qurlﬁta Q. A&h0ut i on of

an appropri ahgqdpsi XPhiavfag €hé- absﬁﬂﬁﬁé %@ereocheﬁﬁ@&&éﬁfdr&v}ﬁpase hydrolysis .
of an ester, e.g., the et h%/ est ery Further, nitraggen protected '

derivatives, e.g., BOC t ha 30, NAgo0 duaI s nt rrems—gbccrs- and

trans- 3- ami nocycl oh&@0Gcel WOHIEY 79 v '

PCT/ US98/ 11494 § _ aci d, can be
gchn

prepared using standard ues known %o ’r%ose skilled in the art
to provide intermediates 148.0, 1H9.0, 150.0 - and H51.0 having the

absol ute stereoche gty dravge N~ BOC owN—BOC
H[err] r?—léb[: ' ds 148. §72%0s51. I@ be reacted with a
0

tricyclic am ne dﬁOF(br 3 117.0; e.Xpl.0128 according to the
procedurés descri bed above to produce conpounds 64.0;, 65.0, 66.0 and
67.0. Conpounds 6BGofhporid$ 1e:810be18ar0 \cain bedreéaeted eithea tficyehepounds

Compounds seRes S gttofa 4370. 8, TG, SBpobdifig 1o, 8 RRERALEE 1 ¢
and Ris  described above, to produce compounds 6432, 65.0, 66.0 and
CH can é’?dm%xﬂﬁoﬁﬁﬁ%té@@ g7, 6 UeeP BROAEDAHEE RO prlddfuceci d Wi th a
10  compounds according to the. procedure described above for the
preparation of Compounds 58.0 to 63.0.
Compounds of Formula 1.0 wherein m is 0 and R is

\O\ (152.0)
_OH -

- can be made by reacting the corresponding carboxylic acid with a
15 tricyclic amine of Formula 117.0, e.g., 126.0.
Trans-4-hydroxycyclohexanecarboxylic acid (153.0)
o OH .

o (153.0)

. “on
can be treated Wlth for example 126.0, a dehydratmg agent (e g,
DECeHC]); a catalyst (e.g., HOBT-Hzo) and a base (e.g., NMM) in a
20 suitable solvent (e. g.. DMF) to give Compound 68.0.
Cis-4-hydroxycyclohexanecarboxylic acid (154.0)
- OH

0~ - ' (154.0i

OH _
can be treated with an acid anhydride (e.g., acetic anhydride) and
a basefe.g., pyridine) to afford crs—4—acetoxycyclohexanecarboxyhc
25 acid (155.0)



15 tricyclic amne of Fornul a 1170 e.g. "126. 0.

hyd;vo)mgmsg ohexanecar boxylic acid: (153 0) PCT/US98/11494

can be treated with, for exanple, 126.0, a dehydrating agent

DEC. HC1); a catal yst (e.g., HOBT. Herr] O ; and a base (e.g.,

NMM in a 20 suitable solvent (e.g., DMR35t-0 give:itonpound 68. 0.
Ci s-4- hydroxycycl ohexanecar boxylic acid (154.0) '

Tr ans- 4-
[err]
(e.qg.,

H l:err] OH can be treated with an acid
~anhydride (e.g., acetic anhydride) and a base(e.g., pyridine) to
afford ci s-4-acetoxycycl ohexane N 25 (3BB0)(155. 0) WO
98/ 57955 PCT/ US98/ 11494
- 35 - [ Compound 155.0 can be
. coupled with LT cl ne _o for 17.0,. €.
the procedure _{)8%35%2@\;@1} F 9P Bled Mtﬁ‘r%éﬁ?%’ﬁ‘&na"gﬁmgé’%gforﬁbgl}fford

Conpound 69.°0.11Z0peugd 1256.0, L‘Esmgamdapmmmmms desd:nhedeahaife( ﬁ)lgthe 6 M

HC1) to

ff 0
descri beg agg$ gﬁ&P&?ﬁﬂ %68 07([0 aféo%%()(/:émclpo r?s gjerl va »\‘tj)ggfd) ounds of

For mul a
10

1.9 can mgr@at(pdmmﬁ'x anaa@dq(a g.6M H 1) to afford Compoun
can beggypepared. Thus, by reacting 126.0 with the acids

Similar to the procedure de_Scribed above for the 4-
hydroxycyclohexyl derivatives, compounds of Formula 1.0 -
wherein m 1s Oand R is

\©/ (156.0)
10

can be prepared Thus by reacting 126.0 with the acids -
H

[e) . .
0 "I[ \\\ OH
3
CIS trans

1570 , 158.0 1590 , 160.0

\\\OH Il,, g

161.0 | and 162.0
Compounds 71.0, 72.0, 73.0, 74.0, 75. 0 and 76. 0, respectively
15 can be obtained.
Compounds of Formula 1.0 wherein m is O and Ris

‘ OH \©/
(163.0)

( 164.0)
can be prepared by reacting a tricyclic amine of Formula 117.0,
e.g., 126.0, with the corresponding carboxylic acid of 163.0 or
20 164.0 using to the procedures described above for preparing
Compounds 68.0 and 70.0. Compounds 77.0 or 78.0 are
prepared in this manner.
Compounds of Formula 1.0 wherein m is 0 and R is a
cyclohexyl ring having an alkoxy substituent (e.g., methoxy)--see

’

[err]



[err] cis trans 161.0

, and §1 Compounds 71.0. 72.0, 73.0, 74.0, 75.0 and 76. '
respectiv (stg”scan be obt ai ned. Compounds of FB?WF%?"I"U
wherein mis 0 and Ris [err] can be
prepared by reacting a tricyclic am nesg Formula 117.0, e.g., 126.0,
with the corresponding carboxyl ic acid 163.0 or 20 164.0 using to the

d d bed f 68.0 and 70. 0.
Conpounds 7 £mpPnRs 79 G to’86 28R 188 prepered Mg e * "
Conpounds ofcdiwvesponding catboxylic mcid 'of thedalkoxy substitued dychaheztylr i ng
havi ng an aéﬂé%ﬁ'ﬂﬁé%fdﬁ%ﬁhr&g c?escrff?écf'%m' -see e L WO 98/ 57955

PCT/ US98/ 11 corrpounds '
79.0 to 86. 0- - carCompsupsls @ﬂﬂmmnlahwwhereubmé%@omdr@i@@r boxylic acid -

of the apkoxy LHAg K6 inYéster subs'i:itﬂﬁn?l(etghecahgﬁéﬁﬂﬂeé7 Gyscr |5bed

vl onexyl STy bﬁam%rsﬁdézttsp SIeS deionm (. (e ach FFURPIBPOBRIS | can
be prepared mwm@mmwrexylsmyde bpclahéxyrﬁmgcoﬁppuxdmple, having a-
be. pr epar od BBpESA HE CIRRbe PEbaell o bHins Lomponil PR Wl 220 o
chl ori de (arbeadoyl cdhlorimp ancadid chlorids m(a:ldasiﬂpnde)chmlll oronet hane . -
(sol venié pyridine (a base) in dichloromethane (solvent) | .
Compounds of Formula 1. 0 whereln mis 1 and Risa
cyclohexyl ring substitued with a carbamate can be prepared from -
a corresponding oompound that is a monoalcohol (i.e., Ris a
hydroxy substitué‘d_ cyclohexyl ring). The carbamates can be
15 prepared by techniques well known in the art, such as reaction
with an isocyanateéin a suitable base and a sﬁitable solvent. For
example, Compound 68.0 can be reacted mt.h trichloroacetyl
isocyanate and pyridme (base) in dlchloromethane {solvent) to
yield Compound 88 0. the trichloroacetyl group can be
- 20 hydrolyzed to yield Compound 89.0. Hydroly51s can be done with
~ K2COgs in methanol. _
Additionally, any of the alcohols mentioned above could be
reacted with a chloroformate, e.g,. 4-nitrophenyl chloroformate,
and a base, e.g., Et3N to give carbonate 90.0. Treatment of 90.0
25 with any primary or secondary amine, e.g., ethanolamine would
afford a carbamate, e.g., 91.0.
(+/-)-4- Ethoxy -3- hydroxycyclohexanecarboxyhc acid (J.
Org. Chem.; 1961, 26, 1405) can be coupled with a tricyclic
amine of Formula 117.0, e.g., 126.0, using the procedures
30 described above for the preparation of 68.0 and 70.0 to afford
Compound 92.0 as a mixture of dias_tereomers. Similarly, a
tricyclic amine, such as 126.0, can be coupled with (+/-)-4-
hydroxy-3-metho'_x_jrcyclohexanecarboxylic acid (J. Org. Chem.;
1992, 57, 1405) to afford compound 93.0 as a mixture of
35 diastereomers. One of the tricyclic amines, such as 126.0, can be
coupled with (+/ -;)%4.3-dimethoxyoy.clohexa_riecarboxylic acid to
afford Compound 94.0 as a mixture of diastereomers. Treatment
of one of the monoalcohols, e.g., 92.0, with an alkyl halide, e.g.,




Conpounds ,of Formula 1.0 \/\herel n m is:1 and R is a cycl ohexyl ring
substltuedwnjdysnss:ar bamate can bé: prepar ed . from a Ccor rsposyshid4
conpound that is a nonoal cohol (i. Ris a hydr oxy substitued

cycl ohexyl ring). The carbanmates can be 15 prepared by techni ques well
known in the art, such as reaction -3@ th an isocyanate in a suitable
base and a sui tabI e sol vent., For exarrpl e, Conmpound 68.0 can be reacted
with trichl orbemzylybromide, m’base,nwge, Haﬂi p;ara SDheefItbasg.) DMRiimohildr onet hane

(sol vent) to Af #}ggﬁi LR | group can be 20
hydrol yzed to y?lcqgl@o und 6ﬁ d'ro y5| s can be ggén% W th
K[ err] C er r |diastexgarasss.. Addi tional |y, any of the al cohols

i ot o e e Shedra ey
i ,
car bonaltoe 0 0.fea éﬁ"t ;%ﬁln icobhgloe g5 RF a]a% ﬁf’?n@g %Sa§ cGr&laP%}Xm ne,

e.g., et hanolimrrarmitabﬁcl sblvent, agl,0cTHF, toaaffombhaniztuye oPésters 166.0

(+/-)-4-Etho & oxycycl ohexanecar boxylic acid (J. O g. Chem;

1961, 26, 142%‘3l can e coupled with agtyicyclic nyne of Formul a
117.0, e.g., 1 u5| ng t he procedure# descrllﬁeﬁza for the
preparation of 7Q,_Ef_i?iafford 2. Q 2 na)xture of
di ast er eoners. Sl hill a Iy, a NaH tﬂ% i C am'lne sucfplas 6.1, can be
coupled with (+/-)-4-0 hydr oxy- 3- met;lagxy c ¥l ohexanegg.;goxybl c acid (J.
Org. Chem; - 16842 57, 1405) to afford corrpound 93.0 as a mixtuge of 35

di ast
cl)ﬁps)l Z(rje\(/)\nnfn y%fs Bf“fhé elﬁg%gchﬁfia#fp@%%ar boxafel Cc aci da?ﬁﬁ Qﬁthff ford
Conpoundl@4. dflﬁ’ Cn@ﬂl}ﬁé ol?manu drichfeess., 'ﬁr?@aém!ﬂﬂmg the of one of the

monoal cohol s gpxem&durag .descMBdd abovkkivh il pﬂépax%tibn of 68.0 ¥Qd9¢037,955
PCT/ US98/ 11494

bromi de, a badglds;cgmpaunes of ths‘&WE‘ﬁ'Pr’ellB‘Strﬁ\ﬂﬂ %Uuﬁempounaf%@
3- benzyl - 4- et hyl anipmu% 7T .@sceuld bt dreated with ati asicdchiomde, e.g.,

SPonbert L. o Reeil SRIOARENOD ol eqhihchP YRS, Anbi UL M L1 2"
sol vent ,18. g.€. ngﬂndm@fltbacsmta:blm solvent, egt .edx:hlemmethaneam 167. O:
[err] obtain esterified compounds exemplified by diacetate Compound
97.0. |
Acid 168.0, derived from ester 166.0 (described above),
could be treated with two equivalents of a base, e.g., NaH, and one
20 equlvalent of a silyl chloride, e.g., t- -butyldiphenylchlorosilane, in a

suitable solvent, e.g., DMF, to afford acid 169.0

t-Bu(Ph),S|
HOI’) O”,
Do — 10, o
PhCH,0 “ar PhCH,0 "'1(
168.0. O 169.0

The benzYl group could be removed, e.g., by catalytic
hydrogenation, and the resulting hydroxy acid 170.0 could be

25 coupled with a tricyclic amine, e.g. 126.0, using the procedures
described above for the preparation of 68.0 and 70.0, to afford
the Compound 171.0



Hydrol ysis of the esters and coupling of the resultant acids with a 10
tricyclic anmine of Formula 117.0, e.g., 126.0, using the or. ures
repufplify

descri bedVFEFor the preparation of 68.0 and 70. 0, npounds
of the invention illustrated by Conpound 96 0. Compound 77.0
could be treated with an acid chloride, acetyl chloride, or a
chem cally equi val ent reagent, and a ba% e.g., pyridine, in a

suitabl e solvent, e.g., dichloronethane, to -obtain esterified
conpounds exenplified by diacetate Conpoundsr « '

cl Acid
168. 0, derived from.g@(pgys,l% 0 (descri bed ‘abo\fe) @@. d be treated
wth two eqw val ents of a 5ase e..g., NaH, and tNe . B

qui val ent of a

silyl chloride, e.g., t-but, henyl chl-e+®wsi | ane, AR Br sui tabl e
solvent, e.g., DWF, to affor 4, 4. CEp9. O 171.0 [err] The
benzyl group coul d be refi¥e |6 by catal ytic hydrogenation, and
the resul ting hydroxy acid ]!7900 Qoul d be 25 couplé&i t ogtricyclic
amne, e.g. 126.0, using the procedures desc@Dbéf aifbve for the
preparation of 68.0 and 70.0, to afford t he Conpb é?l 0 WO
98/ 57955 o PCT/ US98/ 114

-38 - ferr] * _ . _ t-Bu(Ph),Si

Alcohol 171.0 could be treated with an acid chloride, e.g., acetyl
chloride or an equivalent reagent, and a base, e.g., pyridine, in a
solvent, e.g., dichloromethane to afford acetate 172. 0

oy .
P

t-Bu(Ph),Si

Removal of the sﬂyl group by any of the methods known in the art
would give hydroxyacetate 98.0A. Following a similar procedure
starting with the’ acid derived from 167.0 Would provide 98.0B

5

0//.!1./,’ OAc
| : “oun

10 The hydroxyacetates 98. OA and 98.0B could be treated with
an acid chloride, e.g., benzoyl chloride or an equivalent reagent,
and a base, e.g., pyridine, in a solvent, e.g., dichloromethane, to
afford diesters 99.0A and 99.0B, respectively




Al cohol 171.0 could be treat ed Wlth an ‘aci d chlori de, e.g., acetyl

chl ori de Wogg)s-,gggu val ent reagent,iand a base, e.g., pyridigeyusesniaod
sol vent, e.g., dichloronethane, to afford acetate 172.0

[err] Renoval of the silyl group by any of the methods known in the
art woul d give hydroxyacetate 98.089 Following a sinmlar procedure
starting with the acid derived from 167.0 woul d pI’OVI de 98. 0B
[err] 10 Re. hydr oxyacet at es 98. 04 Q8. OB coul d be treated
with an aciBt @ .Gl benzoyl chP® Bgictal ent reagent,
and a base, e.g., Al D& a solvent, e.g. X _dpe ppt hane, to
afford diesters 99. 0% agd 99. 0B, respect i vel y D 9B/ 57955
PCT/ US98/ 11494 Br Brerr]
- 99.0A
N N
o”l"" UOAC OJ:,,, (l\“om:
" 0C(0)Ph | OC(O)Ph _

Any of 'the monoethers described above, e.g., 92.0, could be
treated with an acid chloride, e. g., acetyl chloride, or a _
chemically equivalent reagent, and a base, e.g., pyridine, in.a

5 suitable solvent, e.g., dichloromethane, to obtain esterified
compounds exemplified by acetate Compound 100.0.

Starting from any of the monoalcohols or diols described
above, and following the procedure outlined above for the
preparation of 88.0, 89.0 and 91.0, carbamates exemplified by -

10 Compounds 101.0, 102.0 and 103.0 could be prepared. _

(+/-)-3,5-Dimethoxycyclohexanecarboxylic acid (German
Patent DE 81443) can be coupled with a tricyclic amine of
formula 117.0, e.g., 126.0, using the procedures described above
for the preparation of 68.0 and 70.0 to afford Compound 104.0 as

15 a mixture of diastereomers.
Racemic ester 173.0 (J. Am. Chem. Soc. 1994, 116, 3296)

could be hydrolyzed to the acid 174.0
o) OR

e o~ SifPRlt-Bu

173.0R=Me
1740R=H

and 174.0 can be coupled with e.g., 126.0 (a tricyclic amine of

20 117.0) using the procedures described above for the preparation
of 68.0 and 70.0 to afford Compound 105.0 as a mixture of
diastereomers. Removal of the silyl group by methods known in
the art would give hydroxyether 106.0. Treatment of 106.0 with
an alkyl halide, e.g., benzyl bromide, a base, e.g., NaH, in a

25 solvent, e.g., DMF would afford 3-benzyl-5-methyl ether 107.0 as
a mixture of diastereomers.



Any of the nonoethers described above, e.g., 92.0, could be treated
with an acid chloride, e.g., acetyl chloride, or a chem cal |

equi val en

&, and a base, e. g., pyridine, ina 5 SEFT@E?%"%;I vé'nt,

e.g., dichloronethane, to obtain esterified conmpounds exenplified by
acet at e Conpound 100. 0. Star%gng fromany of the nonoal cohol s or

di ol s descri bed above, and foll owi

the procedure outlined above for

Compounds. 101 o, BBl 28 Hhally 1 ﬁrepar N

(+/-)-3,5- Dclﬂbﬁdreyca/g.l auetyh ehloridey br @ @

emhically eguivalentregagentDE 81443):

can be coupl g glures (ftegéwcgﬁeam%esg{tab]e solﬁré‘fxfmé 117.0, e.g., 126.0,

usi ng the proce

for. the pr par atj o f680and

70.0 to aff ¢igh mﬂ@:mﬁoodasalzsanaeﬁeﬂﬁﬁdet%rg%%&

Racem ¢ st fiaddtate 108. ()Am Chem Soc. 1994, 116, 3296) coul d be
hydrol.yzed to the, acid & i
and 174.0 can be%@ﬁﬁ? chﬁ'ﬂxge%ter 172 Q)“{aAFh%%ﬁ"r?"a‘}n f%f 138 117, 0)
usi ng t he pi3ggBjucesidibechydeslyztrdte ther acide 176eQar at i on of 68.0 and *
70.0 to afford Conpound 105.0 as a ROgRure of - di astereoners. Renoval

of the silyl group by methods known|in
106.0. Treatnent of 106.0 with
a base, e.g., NaH, in a 25 solve
5-nmet hyl ether 107.0
WO 98/ 57955 '

3- benzyl -

- 40-

10

15

20

25

30

the art woul d gi ve hydroxyet her
aIkyI halide, e.g., benzyl bronide,

uI d afford
%%{BMFF)E di ast er eoners.
PCT/ US98/ 11494

1750 R=Me
176.0R=H

and 176.0 could be coupled with a tricyclic amine {117.0), e.g.,
126.0, using the procedure described above for the preparation of
68.0 and 70.0 to afford Compound 109.0. Alcohol 109.0 could be
treated with an acid chloride, e.g., acetyl chloride or an
equivalent reagent, and a base, e.g., pyridine, in a solvent, e.g.,
dichloromethane, to afford acetate 1 10.0. Removal of the silyl
group by methods known in the art would give hydroxyacetate
111.0. Hydroxyacetate 111.0 could be reacted with an acid
chloride, e.g., benzoyl chloride, and a base, e.g., pyridine, in a
suitable solvent, e.g., dichloromethane to afford diester 112.0.

A monoether e.g., 106.0, could be reacted with an acid
chloride, e.g., acetyl chloride, or a chemically equivalent reagent,
a base, e.g., pyridine, in a suitable solvent, e.g., dichloromethane,
to obtain compounds exemplified by Compound 113.0.

Starting from any of the monoalcohols or diols described
above, and following the procedures outlined above for the
preparation of 88.0, 89.0 and 91.0, carbamates exemplified by
Compounds 114.0, 115.0 and 116.0 can be obtained.

Cyclic ketones (177.0) can be alkylated next to the carbonyl
with a bromo ester (178.0) under basic conditions as described in
J. Am. Chem. Soc. (1957), 79, 3503. The corresponding
ketoesters (179.0) are easily hydrolyzed with aqueous base to give
the keto acids (180.0)



Hydr oxy Compound 78.0 could be treated W|th an acid chloride, e.g.,

acetyl chlwoisdsyessr a chemical ly equival ent reagent, apeTAISHSPAY4 €. J.
pyridine, in a suitable solvent, e.g., ~ dichl oronet hane, to obtain an
esterified target exenplified by 5 diacetate 108.0. Racem ¢
hydr oxyester 175.0 (J. Am Chem Soc. 149M: 116, 3296) coul d be
hydrol yzed to the acid 176 0 L [err]

175. OR=Me 0o 176. OR= Sand 17§. 0 coul d be

coupled with @ cyglge am ne 117.0), e.q. 126.0, u ing t he
procedure des red abov}(CHQ he Q@zlgar ati o ' gﬁ 0 0to -

af ford Conmpound|j109. 0. Al CE?‘?E 109. 0 coul d be tF red vm an acid
chloride, e.g. , Oacetyl chl e or an equi \xal epjg g eagent, and a base,
e.g., pyridinez77m a solvent, e.g., di chl or gnet hane to afford acetate
110. 0. Renoval of the | 15 greup by net known in the art would

gi ve hydroxyacetate 1.0. oxya ate 11 1.0 could be reacted with
an acid chl ori de, 2,691~ | oride, and a base, e.g., pyridine,
in a sui tabl e solv “‘ di chI oronet hane to afford diester 112.0.
A nmonoet her e.g., 106. OOCouImBOlna reacted wwth an acid 20 chloride, e.qg.,

acetyl chl or wﬁerah@;, gw&gkéyeﬁwa\/@' S”{}] etk bered cycToQ?c@‘fg%fi%l :

pyri di ne, e solv g., '
conpounds ex wilegeiny zn ds as detined °r§mil’f?glf9@hoémy of

the rrgnoal coho: s dtx)@u&tgsﬁﬁﬁbbaﬁn be alkiate dﬁ:ﬂd?égh digwtiﬂe S

proceduregs outlined above rt reparati qQ an . 0,

car bamat eé 3%? PESEl 95y d 'then %Xﬂﬁ‘glgﬁgg %Q cpert ﬁfg ‘jngaﬁgﬁcg‘eé%n be

obt ai ned. (1994) _Q/&&&B ket ones (177.0) can be al kyl ated next to the

car bonyl w t® a bronmo ester (178.0) under basl c conditions as

described in . Am Chem So0@. (1957), The co respondl ng 30
re,_ sily hydgol yzed vvlth LﬁOS base tjp give t he

ketoesters (179 Qp
keto acids (180 S EIHJ 955 T OC,Hg

PCT/ US98/ 11494 1g) ¢ 178.0 \(cn,) OC,Hj
S 182.0
O
/H\ o /
D /u\
N
183.0

wherein Ring D represents a 4, 5 or 6 membered heterocyclo-
alkyl ring, as defined above, (inclusive of the heteroatom N);

10 wherein the =O substituent is not on a carbon adjacent to the N-
atorn, and wherein m is as defined for Formula 1.0 above.

Monoprotected diketones can be reacted in a Wittig

reaction followed by hydrolysis to the unsaturated keto acid, or by
first reducing the double bond followed by hydrolysis to the

15 saturated keto acid. Examples of this can be found in
Tetrahedron (1995), ,» 10259, Synthetic Comm. (1990), 20,
2019, Chemical Abstracts (1958), 6370a and Chemical Abstracts
(1957), 6371b.



-41- [err] wherein Ring V represents a 4, 5 or 6 nenbered -
cycl oal kylwf)iéglgwss defi ned above, and wherein mis as defined for Formula
1.0 above. Cyclic ketoam nes can be alkylated in quTéUW’tlf‘géen
with a 5 bronoester and then hydrol yzed as described in J. Med. Chem

(1994), 37, 3883 [err] -49 - wherein Ring D represents a 4,
5 or 6 nenbered heterocycl o- al kyl rTng, as defined above, (inclusive
of the heteroatomN), 10 wherein the =g substituent is ngjy on a carbon

- adjacent to the N atom and whereinfimis as defined f Formula 1.0
“above. - Monopr ot ect ed di ket oneg”¢an be reacted i Wttig
reacti on followed hydrol ysis to .t h§ ur@esty at ed keto Eg%hxqor by

first reducing theg@quble bond follo

by hydrolysis t he 15 saturated
ket o aci d. Exanplfesmoly this can be i

Tet rahfedgon (1995), 51

10259, Synthetic \C (1990) . 20, 2019, MYdralyPe | acts (1958).
6370a and Chemi cal stracts - (19 , 6371b. _ 8/ 57955
PCT/ US98/ 11494 O 'O ' o” "o ' o° o
. \ /184.0 \ / 185.0 \ / 186.0
¥
reduce
r O _
HLoczﬂ5
C .
E) .. Q
———————~
\__./ 187.0 188.0

wherein Ring E represents a4, 5 or6 membered cycloalkyl ring
defmed above. _
The ester in the above ketalesters can also be selectlvely
5 Thydrolyzed to the corresponding ketal acids which can be
coupled to the tricyclic amine 119. 0 to produce compounds of
Formula 1.22 contammg a ketal group

O ]
i A
C C
E) hydrolyze E) -

———
0" "o 0" "o
\ / 185.0 \ / 189.0
e o

XL OC,Hg HL OH
C C
g}? hydrolyze E)
et —————

0O O

8] 8]

\_/ 1870 | \__/ 190.0

Compounds of Formula 117.0A

- LLE



-42 - [err] . ' ' wherein Ring E represents a 4, 5, or 6
menber ed oyobgstosy! ring defi ned-above. - - The ester irct/issaamse
ket al esters can al so be selectively 5 hydrolyzed to the correspondi ng
ketal acids which can be coupled to the tricyclic amne 119.0 to produce

conpounds of Formul a 1.22 contai ni ng-#&3ketal group [err] WO
98/ 57955 _ PCT/ US98/ 11494
_ 43 _ '..'":':I'.

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. Compounds of Formula 13.0a wherein X is C .

5 (when the double bond is present) or CH and the C-3 postion of
the pyridine ring in the tricyclic structure is substituted by - -
bromo (i.e., R! is Br) can also be prepared by a procedure
comprising the following steps:

(a) reacting an amide of the formula
Rﬁa

Z 7
10 NRS2Rta
wherein R11a js Br, R52 is hydrogen and R62 is C;-Cg alkyl, aryl or
heteroaryl; R52 is C}1-Cg alkyl, aryl or heteroaryl and R6a is
hydrogen; R52 and R62 are independently selected from the
group consisting of C1-Cg alkyl and aryl; or R52 and R6a, together
15 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 -NR9-, wherein R%92 is H, C)-Cg alkyl or pheny};
with a compound of the formula
: Rla
R7a RZa
R3a
20 R
wherein Rla, 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
formula



[err] are prepared by nethods known in the art, for exanple
by isclosed in WD 95/10516, in U S. 5,151,423 and those
descri bed gﬂ%géz&%:onpounds of Formula 13.0a wherein X is CP%T”(’W@ﬁ@f'he

doubl e bond is present) or CH and the C 3 postion of the pyridine ring

inthe tricyclic structure is substitut_eg4by bronmo (i.e., Rerr] is

Br) can al so be prepared by a procedure conprising the follow ng

st eps: (a) reacting an am de of the tlaprrml a

[err] 10 wherein R err] is Br, R[er,r]ﬁ'ls hydrogen and R err] is
gteLoaryl Ak R%/‘ﬂ is (err]-Cerr]

Clerr]-Cerr] alkyl, aryl or B [
' rogen; R5a and R6a are

i ndependently selected fromthe rQup, C 'l_;‘gang of Jerr]-Cerr]

al kyl and aryl; or Rerr] and Rerr],. ﬂg@%e 5wth the nitrogen to
whi ch they are attached, forma ring N Ising 4 to 6 carbon atons or
conprising 3 to 5 by beacting a aborpownd afnstelpefed rwithi ety sel ected fromthe
group consi sting of; ; ] hodd i

Cerr]-Cerr] alkyl or glhm??j‘ﬁbnﬂﬂﬂé%%g@%%moungf%% he 1'})kﬁlrrula
[err] 20 wherein Rerr], Rerr], R[Ri?r] and Rlerr] are are

i ndependently sel ected fgQm Qe §

and Rlerr] is Cl or Br, in resenfe of a strong base to obtain a
conpound of" t he formul a '

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

* piperidine derivative of the formula
- : MgL

N
I

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

Br. R28

4
0

(d)@) cyclizing the ketone With CF3SOgsH to obtain a

15 compound of the formula



WD 98/ 57955 ) PCT/ US98/ 11494

-44 - [ WO ds/s79ss (b) reaecting a conmpound of step farmwsosings

(i) POCl[err] to obtain a cyano conpound of the fornula

[err] 5 (ii) D BALH to obtain an al dehyde of the formula
[err] (c) reacting the cyaa® -conpound or the al dehyde with a
pi peridi ne derivative of the formul a 10 wherein L is a | eaving group
selected fromthe group con&isting of C alj?aBﬁ,-_,.- to obtain a ketone or
an al.cohol of the formula bel ow, - tively: = Jerr]

R2a.

wherein the Hotted line represents a double bond; or
(d){ii) cyclizing the alcohol with polyphosphoric acid to
obtain a compound wherein the dotted line represents a single
5 bond.
Methods for preparing intermmediate compounds disclosed.- -
in WO 95/10516, U.S. 5,151,423 and described below employ a
tricyclic ketone intermediate. Such intermediates of the formula
' Rta
R1b__/ { R

—

N O pa R

10 wherein R11b, Rla, R2a, R3a and R42 are independently selected
from the group consisting of hydrogen and halo, can be prepared
by the following process comprising :

(a) reacting a compound of the formula
Rﬁb

TX

SN gr

15 (i) with an amine of the formula NHR5aR62, wherein
R52 and R62 are as defined in the process above; in the presence
of a palladium catalyst and carbon monoxide to obtain an amide of

the formula: |
R11b

]
NR%R% . o
20 (ii) with an alcohol of the formula R10aQH, wherein

R102 js C1-Cg lower alkyl or C3-Cg cycloalkyl, in the presence of a
palladium catalyst and carbon monoxide to obtain the ester of the
formula |



(d)(i) cyclizing the ketone with CF[err]SC{err]H to obtain a 15 compound of
L | 2ony ipgggess!© 981 57955 45 . FTUSALEN

[err] wherein the dotted |ine represents a doubl e bond; or
(d)(ii) cyclizing the al cohol w th polypgasphoric acid to obtain a
conpound wherein the dotted line represents a single 5 bond.

Met hods for preparing internediate conpounds di scl osed in WO 95/ 10516,
U S. 5,151,423 and described bel o' tricyclic ketone

i ntermedi-ate. Such internedi ates of tgflrmﬂa

[err] 10 wherein Rerr], Rerr], ORerr] mdmew]me

i ndependent |y sel ected ° fron1the groupcgpmslstlng of hydrogen and hal o,

can be prepa b ng _prpcess ¢ (a)
reacting a c@g‘b‘&ﬁ‘& tg?}(??\‘gﬁ?g% 688 R A3 R oF Torliata [err]
NHRS5aR6a to obtain the amide; :
(b) reacting the amide with an iodo-substituted benzyl
5 compound of the formula

$

: R‘?a a

wherein Rla, R2a, R3a R4a and R7a are as defined above, in the
presence of a strong base to obtain a compound of the formula .
R‘la

NRS2R5 - R ; and

10 (¢) cyclizing a compound of step (b) with a reagent of the
formula R82MgL, wherein R82 is C;-Cg alkyl, aryl or heteroaryl
and L is Br or Cl, provided that prior to cyclization, compounds
wherein R52 or R62 is hydrogen are reacted with a suitable N-
protecting group. '

15 Compounds of Formula 1.0, wherem substituent a is NO
(Ring 1) and X is C or CH, can be made from compounds of
Formula 117.0A using procedures ° well known to those skilled in
the art. For example the compound of Formula 117.0A can be
reacted with m-chloro-peroxybenzoic acid in a suitable organic

20 solvent, e.g., dichloro-methane (usually anhydrous) or methylene
chloride, at a suitable temperature, to produce a compound of
Formula 117.0B



15

Rl err] anQNBB@iEka are as defined in the process above;

(i) with an amne of the formula NHR[err]Rlerr], V\,herei'.n

in ti’m/psmlame

of a pall adium catal yst and car bon nonoxi de to obt al n an am de of t he
formul a: [err] 20 (ii) with

an al cohol of the fornula R[err]aO—l wheyei n R[err] s CJerr]-(err]

| onwer alkyl or CJerr]-(ferr] cycloalkyl, in the presence of a

pal I adi-um catal yst and carbon-nonoxi de to obtg2n t:he ester of the

formul a WD 98/ 57955

PCT/ US98/ 11494 R} R® -46 -

[err] fol | owed byreact'ng : with an amine of fornula

NHR5aR6a to obtain the am de;

| odo-substituted benzyl 5 conpound 0 e rnula

[err]

defined above, in the pl’QfQ’ﬁC{}Bpf
of the fornula ' .

10

15

20

[err]

Generally, the organic solvent solution of Formula 117. OA is
cooled to about 0°C before the m-chloroperoxybenzoic 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. For example, the
reaction mixture can be washed with an aqueous solution of a
suitable base, e.g., saturated sodium bicarbonate or NaOH (e.g., 1N
NaOH), and then dried over anhydrous magnesium sulfate. The
solution containing the product can be concentrated in vacuo.
The product can be purified by standard means, e.g., by
chromatography using silica gel (e.g., flash column
chromatography).

Alternatively, compounds of Formula 1.0, wherein
substituent a is NO and X is C or CH, can be made from
compounds of Formula 1.0, wherein substituent a is N, by the m-
chloroperoxybenzoic acid oxidation procedure described above.

Also, alternatively, the compounds of Formula 1.0, wherein

- substituent a is NO'and X is C or CH, can be made from tricyclic

ketone compounds

7, °® <

using the oxidation procedure W1th m-chloroperoxybenzoic acid.
The oxidized intermediate compounds

eacting the amde with an

wherein R err], Rerr [R’{Jeﬁ Rlerr] and Rlerr] are as
dVsir

ong base to obtain a conpound



10 (c) cycl i Zi ng a conpound of step (b) with a reagent of the

formul a L; wherein Rlerr] is (Jerr]-Cerr] alkyl, aryl: or
heteroar?lh%ylwg?nd L is Br or Cl, provided that prior to EGEUSIBAIAN,

conpounds wherein Rba or R6a is hydr ogen are reacted with a suitable
N- protecting group. 15 >g#nds of Forrmula 1.0, wherein
substituent a is NO (Ring 1) and s Cor CH can be nmade from

d f 0 h
ki 1ed 1 are kP ERRa By RIS dpRhB R ot to g, 0 027Can e
react ed w t h compoandsmfr the averdiienacid in a suitable organic.20 sol vent,
e.g., dichloro-neqgigpe é!dﬁlé"d iﬁ] tﬁ@ha/x‘irﬁﬂf éﬂir]eﬁﬁtgyﬂtﬁﬁeﬂme oxi%ﬁ%' de, at a

suitabl e tenperature, tQ pro npoun
98/ 57955 reaction can be con ucted on racemlc mxxtures,a@n%g'gg /isemers
-47 - 5 can then be separated by know techniquesL @1 the isomers can be

Ge |1 h I | ed
Cone 2 e B Bl YR RS ARl S R pbbnding oo °
reaction is then dhoseeskillednin thecantosill appreciate dhateitdsrpreferaisler eact i on
peri od. The d5sicid 44 Webs of m-ERMBBESEMATLAT Mg IREA thecparat on

means. For exanp h an aqueous
sol ution of QIOClatIOIQLIﬁﬁGBDQ i@a@%n‘l(ﬁd gut amthe nosapeundsnhaviayg aonat e or

NaCH (e EM11 doubROHbnariph deéRi'n MGt SR UeaBRGRRSEH™ SU fate.

The 10 solution contail | roduct be concentrated I,n vaguo.
The product EXRE$ohapr¢hle °B9r | §anec§usetgpoxi ation o
the C-11 double bond '
(+)- Isomers of compounds of Formula 117.0A Wherem Xis
CH can be’ prepared with hxgh enantioselectivity by using a
15 process comprlsmg enzyme catalyzed transesterification. )
Preferably, a racemic compound of Formula 117.0A, wherein X is
C, the double bond is present and R4 is not H, is reacted with an
enzyme, such as Toyobo LIP-300, and an acylating agent, ‘such as
trifluoroethly isobutyrate; the resultant (+)-amide is then
20 hydrolyzed, for example by refluxing with an acid such as HaSO4,
to obtain the correspondmrf optically enriched (+)-isomer-
wherein X is CH and R4 is not H. Al_tematlvely. a racemic
compound of Formula 117.0A, wherein X is C, the double bond is
present and R# is not H, is first reduced to the corresponding
25 racemic compound of Formula 117.0A 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 optlcally enriched (+)-isomer.
Compounds of the invention, wherein a is NO and X is N,
30 can be prepared from the tricyclic ketone (I) described above.
Ketone (II) can be converted to the corresponding C-11 hydroxy
compound which in-turn can be converted to the correspondlng
C-11 chloro compound




- PCT/ US98/ 11494

chr omat ography using silica geI (e g.; flash col um chr omat ogr aphy) .
Al t er nat i veyyog/@@89ounds of Fornula“1. 0; ‘whier.ei n 15 substi t ygRtpshshssohlO and

Xis Cor CH can be nade from ' corrpounds of Formula 1.0, wherein
substituent a is N, by the m chl or oper oxybenzoi c aci d oxi dation
procedure descri bed above. ' Al.sg9 al ternatively, the conpounds of
Formul a 1.0, wherein substituent ais NOand X is Cor CH can be nmade
fromtricycli andd (W9t &ne th@&merif&‘acted with piperazitié:to produce the

[err] [err] usi ng t he- oxi dati on procedure
with mchl or oﬂ)@?%ﬁg}ﬁtﬁ c acid. The oxi di ged internediate compounds’
[err] WO 98/ 57955 R

R3-48 - are then
conmpounds of the

pi || appreciate that .the

nc m xtures and the

Bqéhni gues, or the isoners can be

reacted by nethods known in th%
i nvention. Those skill ey
oxi dati on reaction can be condu®y
isoners 5 can then be separated by k@
separated first and then oxidized to thepgqrrespondi ng N-oxide.

Those skilled in the art will appreciatie tHat it is preferable to
avoi d an excess of n}chloroperoxyben20|c’%C|d when t he oxi dati on
reaction is carrled out on the conpoundsrhaV|ng a 10, C—11 doubl e bond to

pi peridine Ri n.t e reactions an
m chl or oper ox?‘g ‘i‘aéengﬁc%{‘ §RePe oot Wﬂgﬁcﬁ"e reagqry@ @singioubl e

- bond. 5 techrigudssomeil knobnt anpthsdgt,ovhifeh niwilh prdvidbAthb ededifed i s
CH can be prep gﬁgg‘gﬁléh hi gh enantiosel ectivity by using a 15 process
conpri sing enzZy ¢ l'yzed transesterification. Preferably, ‘a racem c

conpound of For nul &ompoondswheefailrinxthis invention ahe exeniplifitd by tise pr esent
and Rerr] isfiifdwihg ekahfstes®WiichNsRBuld not be construed to limit the

scope of the disclosure.
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enzyme, such as Toyobo LIP-300, and an acyl ating agent, such as

trifluor égbg sobutyrate; the resultant (+)-amde is then 20 hydrolyzed,
for exanp ﬂ?ﬁfIUX|ng with an acid such as H[err]SC{erﬁFT % obtain
the corresponding optically enriched (+)-isoner wherein X is CH and R4
Is not H Alternatively, a racemc onpound of Fornula 117.0A, wherein
Xis C, the double bond is presen? and Rlerr] is not H is first
reduced to té@ cgtresponding 25 racem c conpound of Fornula 1 17.0A
wherein X i hd t hen treated with the gn e (Toyobo LI'P-300) and
acyl ating agent as descri bed abq¥ . am de, which is
~hydrolyzed to obtai n the opti cal §N 1Y

Conpounds of the invention, wherein a is )
fromthe tricyclic ke 5 (II) descri bed aboWe.
converted to the 3 G
be converted to 1 dl ng C-11 ch} or o]condd(@d
[err] WO 98/ E -
PCT/ US98/ 111494
then be reacted with
Jerr] : _ I

etone (I1) can be

¢ -49 - and (1V) can
azi ne tao praoducg the cozEu nt Qbm?dl ate

redi ate (V) can then be rea % th the reagents,

using 5 techniques known in the art, whisg pLaVvi de the desired
conpound. - Conmpounds useful in this i b e i £ ed by
‘t he: fol | owi ng exanp¥@Et whi-ch shoul d not - ed tb limt the
scope of the disclosure. 10.
1A(i1)
y
- CO.Et

Combine 14.95 g (39 mmol) of 8-Chloi'o¥1 1-(1-ethoxy-
carbonyl-4-piperidinyl}-11H-benzo[5;6]cyclohepta[1,2-b]pyridine
5 and 150 mL of CHzclz, then add 13.07 g (42.9 mmol) of
(nBu)4NNO3 and ¢ool the mixture to 0°C. Slowly add (dropwise) a
- solution of 6.09 mL (42.9 mmol) of TFAA in 20 mL of CHaCly over
1.5 hours. Keep the mixture at 0°C overnight, then wash
successively with saturated NaHCO3 (aqueous), water and brine.
10 Dry the organic solution over NazSOgq, 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
1A(i) and 1A(ii), respectively. Mass Spec. for compound 1Afj):
MH* = 428.2. Mass Spec. for compound 1A(il) MH+ = 428.3.
15 Step B: '

I ' : I
CO,Et , CO,Et
Combine 22.0 g (51.4 mmol) of the product 1A(i) from Step

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



[err] . D 98157955 | " PCT/ US98/ 11494 -

-50- [ erwb og/s7955 B " Conbine 14.95 g (39 POPAUb9R 1494
8-chloro-1 1-(1-ethoxy-

car bonyl - 4- pi peridinyl)-11H benzo[5 6] cycl oheptal 1, 2-b] pyridine 5 and 150
m. of CHerr]C[err], then add 13.07 g-G4#2-9 mmol ) of

(nBu)[err] NNJ err] and cool the mxture to O[err]C. Slowy add (dropw se) a

sol ution of GQﬁ&mght 4248d MZiK) g (0. F224mble) 2T Fe pifwdef and 0.2 (10B/er

1.5 hours. el‘:[‘ﬂ{lf?' b?%gn%h bf FenayopiRbusk! &%ﬁbther {)2%

b 1 th
organi o sal ﬁtnqaazaigo%ﬁp@b‘c]m@pr%@ﬁﬁﬁi{m&mﬂ %vaeﬁrst'a@nezaan resi due
and chromat Ogﬁgﬂl‘agg'@ﬂhffoq@ Holr's fifbree! Filkdrditd gl%’fa}ﬁﬁ:tﬂ&'f ?{ t) Lo

give 4.32 g an he 't pro ct corrpoun A(ii),
respect i vBI y.calite®, Sﬁ@@ ther cel %o of hot/EtOH 2. Ivass Spec.

for conpound ddiéentratétthe fiidfatd: 1r45a§hélﬁto|?a residue. Add 100 mL of

anhydrous EtOH, concentrate to a residue and chromatograph the
residue (silica gel, MeOH/CH2Cl2 gradient) to give 16.47 g of the
¥

product compound.

10 Step C:

ICOzEt
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
15 solution of 8.55 g (0.124 mole) of NaNOg in 85 mL of water. Stir
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 NagSO4. Concentrate to a
residue and chromatograph (silica gel, EtOAc/hexane gradient)
20 to give 10.6 g and 3.28 g of the two product compounds 1C(i) and
1C(ii), respectively. Mass Spec. for compound 1C(i): MH* =
461.2. Mass Spec. for compound 1C(ii): MH+ = 539. '



[err] Conbine 22.0 g (51.4 mol ) of the product 1A(i) from

Step ﬁ\w 193/0 g} of 85% Et OH (aqueous), 25.85 g (0.463 nole). of Fe’

powder and¥9%¥9735(21.8 mol) of CaCl2, and heat at ref| ux PCT/USI8{}}494

98/ 57955 PCT/ US98/ 11494

- 51 - overnight. Add 12.4 g (0. 2% nol e) of Fe powder and 1.2 g
(10.8 nmol ) of CaCl[err] and heat &f reflux for 2 hours. Add anot her
12.4 g ( .ol e) of Fe powder and 1.2 g (10.8 nmmol) of CaCl[err]
and heat &f | ux for 2 hours nore. Filter the hot mxture through 5
celite[err], wash the cg R[err] with 50 nL of h

concentrat e t heBfil¥rare Jachgta a Fesi d ' a _
anhydrous EtOH, co \:ent, ' resi due and chr qratg resi due

(silica gel, MeOH CHrgyr] }?
pr oduct corrpound 10 StepJC-

Z
2

Hydrolyze the product 3C(1) of Step C by dissolvmg in

concentrated HCl and heating to about 100°C for @ 16 hours.

5 Cool the mixture, the neutralize with 1 M NaOH (aqueous).
- Extract with CH2C12. dry the extracts over MgSO4, filter and

concentrate in uacuo to the title compound Mass Spec.: MH* =
466.9. '

10

)\ o | o)\ ocﬁzcrx3

OCH,CHj

Combine 25.86 g (55.9 mmol) of 4-(8-chloro-3-bromo-5,6-
15 dihydro-11H-benzo[5,6]cycloheptall,2-b]pyridin-11-ylidene)-1-
piperidine-1-carboxylic acid ethyl ester and 250 mL of
concentrated HaSO4 at -5°C, then add 4.8 g (56.4 mmol) of
NaNOg3 and stir for 2 hours. Pour the mixture into 600 g of ice

AT



Conmbi ne 16.47 g.(41.4 mmol) of the product from Step B, and 150 niL of
48% HBr ( agpeesmssand cool to -3[err]C. Slowy add (dr pewussR1149% L of
brom ne, then slowy add (dropwise) a 15 solution of 8.55 g (0.124 nol e)
of NaNO2 in 85 nL of water, Stir for 45 mnutes at -3 to OC, then
adjust to pH = 10 by adding - 50% Na®3 ¢aqueous). Extract with Et OAc,
wash the extracts with brine and dry the extracts over Na[err]SCIerr].
Concentrate tand basify mith cuwgcendratiedoNEtaQi dplqueoits) c Fidker, thet OAc/ hexane

s gﬁz%%ﬂwm%ﬁ@%t e B A S )

461.2. Mass SpBleClporW Eof water, dwgz%m‘;.
ﬁCT/ US98/ 11494, r1'%)Plter conc ntra g ue SCS diflatd ira !
concent ra?ed% 3 E ;9 895%‘[’/ y‘@gi‘@ 26’0459( é% Cool

the mxture, E&m)rwm@braaumt hmlp %Wl(moméss gsfe&“m{ =508

CH err]d[err II drg}igt he t raaﬁ}és. OV%—L‘E—"\Q§%+ dl gbefgm v l,a’o%]cgrgé ate in

vacuo to the
PREPARATI VE MEC’. 52 18; H, 4.51; N 8.16. ,

[err] Step B

o)\ OCH,CH,4 | o)\

Combine 20 g {(40.5 mmol) of the product of Step A and

200 mL of concentrated HaSO4 at 20°C, then cool the mixture to
0°C. Add 7.12 g (24.89 mmol) of 1,3-dibromo-5,5-dimethyl-
hydantoin to the mixture and stir for 3 hours at 20°C. Cool to

15 0°C, add an additional 1.0 g (3.5 mmol) of the dibromohydantoin
and stir at 20°C for 2 hours. Pour the mixture into 400 g of ice,
basify with concentrated NH40H (aqueous) at 0°C, and collect the
resulting solid by filtration. Wash the solid with 300 mL of water,
slurry in 200 mL of acetone and filter to provide 19.79 g (85.6%

20 yield) of the product. m.p. = 236-237°C, Mass Spec.: MH* = 584
(CI). Elemental analysis: calculated - C, 45.11; H, 3.44; N, 7.17:
found - C, 44.95; H, 3.57; N, 7.16

OCH,CHjg

10



H StepA Conmbi ne 25.86 g (55.9 mmol) of

4-(8-chl or 5,6- 15 dihydro-

11H benzo[g'OG“] g{}%}ghept a[1, 2-b] pyridin-11-ylidene)-1- PCT’Us”/"‘m

pi peri di ne-1-carboxylic acid ethyl ester and 250 niL of concentrat ed
Herr]Sqerr] at -5[err]C, then add 4.335%0(56.4 mol ) of NaN( err] and
stir for 2 hours. Pour the m'xture i nto 0 g of ice WO 98/ 57955

-PCT/ US98/ 114?%%%2&] _ -53 - ~and basify
wi th concent H err] OH (aqueous) Filter the m xtyre, wash with
300 nmL of water, then extract wﬁ’h 500 nL of

extract with 200 nml ghyy - over NgSCIerr],-\
concentrate in e r omat og?‘é
gel, 10% Et OAc/ CH &yr] £ r D give 24.4 g (¥
product mp. = 165-1 z, quec.: M+ =
anal ysis: calculated - C, 17 N8, 29;
H, 4.51; N, 8.16. : :
Br [err] -~ ' : 3
N~ | _
O)\'OCHcha : )\ocx-xzcns

. Combme 25 g (447 mmol) of Fe filings, 10 g (90 mmol) of
. CaCly and a suspension of 20 g (34.19 mmol) of the product of
5 Step B in 700 mL of 90:10 EtOH/water at _5_0°C. Heat the _rmxtur‘e
- at reflux overnight, filter through Celite® and wash the filter cake
with 2 X 200 mL of hot EtOH. Combine thc'filtrate and washes,

and concentrate in vacuo to a residue. Exti"act the residue with
600 mL of CH2Cla, wash with 300 mL of water and dry over .

10 MgSOg4. Filter and concentrate in vacuo to a residue, then
chromatograph {Sjlica_gel, 30% EtOAc/ CH2_012) to give 11.4 g
(60% yield) of the product. m.p. = 211-212°C, Mass Spec.: MH+
= 554 (Cl). Elemental analysis: calculated - C, 47.55; H, 3.99; N,
7.56; found - C, 47.45; H, 4.31; N,7.49..

15 StepD:-

A

O

OCH,CHgq - o)\

OCH,CHj
Slowly add (in portions) 20 g (35.9 mmol) of the product of
Step C to a solution of 8 g (116 mmol) of NaNOg in 120 mL of

concentrated HCI (aqueous) at - 10°C. Stir the resulting mixture
20 at 0°C for 2 hours, then slowly add (dropwise) 150 mL (1.44
mole) of 50% H3POg 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
NH40H (aqueous). Extract with 2 X 300 mL of CHaCly, dry the



10 . Copbine 20 g (40.5 mmol ) of the product of Step A and 200
mL of conowowsstessl Herr]SOerr] at 20[err]C,.then cool thepoTakes/H4940
Oferr]C. Add 7.12 g (24.89 mmol) of 1, 3-dibrono-5, 5-di net hyl -

hydantoin to the m xture and.stir for 3 hours at 20[err]C Cool to 15
O[err]C, add an additional 1.0 g (3.5 sB& } of the di br onohydant oi n

and stir at 20[err]C for 2 hours. Pour the m xture into 400 g of ice,

basify with catteacts ever MEb@y( lthen(filler arx) cancéhtraté Gn sacua ddlaect - t he

Carey 1 soaemble” ChrBnatendith i Fesdie ol odf 25 BRORI/: yiera

of the pr odudtexanq&s) to g88& 23/21g [10%\piedd)SpE the pridduct58m.p. = 163-)

0 ement ol anelgsis wialfghet o A e Mrcndbatindibls: 1009 -

PCT/ Usgg/ 514gzalculated C, 48.97; H, 4.05; N, 5.22; found - C, 48. 8&tdd.c. [err]

Conbi ne 25 ggyﬂ N hsf Fe filings, 10 g (90 mmol) of CaCl[err] and
a suspensi on g (34 19 mmol ) of the product of 5 Step Bin 700 nL of
90: 10 Et OH/ £ 50[err]C. Heat the mxture at reflux overnight,
filter through Celite and wash tH& filter cake with 2 gf 200 nL of hot
Et OH. Conbi ne the f||trat N hes and concg# ate I n vacuo to a
resi due. Extract Bhey Cl 600 L Clvvash with-

S

N
A H
0”7 “OCH,CH,
Combine 6.8 g (12.59 mmol) of the product of Step D and
10 100 mL of concentrated HCI {aqueous) and stir at 85°C overnight.

Cool the mixture, pour it into 300 g of ice and basify with
concentrated NH40H (aqueous). Extract with 2 x 300 mL of

CH2Cl2, then dry the extracts over MgSO4. Filter, concentrate in

vacuo to a residue, then chromatograph (silica gel, 10%
15 MeOH/EtOAc + 2% NH4OH (aqueous)) to give 5.4 g (92% yield) of

the title compound. m.p. = 172-174°C, Mass Spec.: MH* = 467
(FAB). Elemental analysis: calculated - C, 48.69; H, 3.65; N,
5.97; found - C, 48.83; H, 3.80; N, 5.97

20 - PREPARATIVE EXAMPLE 3

Br == Ccl

\
N

L2



10 MgSg err]. Filter and concentrate in vacuo to a residue, then
0,
chr onmat Og(rﬁlgg?’é’?#el ca gel, 30% EtOAc/CH err]C[err]) to give 11.4 1%94

(60% yi el product mp. = 211-212[err]C, Mass Spe ECTYSoR/1 =
554 (Cl). Elenental analysis: calculated - C, 47.55; H 3.99; N, 7. 56;
found - C 47.45 H 4.31; N, 7.49. 15 ggtep D : Br
[err] Slowy add (in portions) 20 g (35.9 mmol) of the

product - of- ep Cto a solution of -8 g (116 nmmol) of NaNJerr] in 120
Seeds

mL of . at ed HC (aqueous) at 10[err]C. Stir the resulting
mxture 20" at Oferr) R haurs,” then slowy add W se) 150 niL (1.44
mol e) of 50% H[B o+TFIC over agd.hg i Oy tidy at
Oferr]C for 3 ' into 600 g o y with
concent r at ed \ ' (adtfdeous). Extract wi

CHerr]dJ[err], dry the WO 98/ 5+955——p

PCT/ US98/ 11494 , : - 58 ¢ N\ extracts over
MgSO err], then filter & goncentrate in vacuo to a resi due.

Chr orrat ograph the tesi duéN(silica gel 25% Et CAc/ e@ganes) to give
13.67 g (70%vyield) of thg product. mp. = 163- 16gferr] C, Mass Spec.:

MH{err] =539 (Cl). E eoEnfa@Etanal ysis: 5 calculated - C 48.97;, H 405'
N, 5.22; found - &ycﬁ‘olyzé ZH 42 g of 2'; (%1t:hi\cliro-3 ]l§romo-5 BS dﬁjloygro—l 1H-
benzo[5,6]cycloh¢pta[1,2 b]pyridin-11-ylidene)-1-piperidine-1-
5 carboxylic acid ethy1 ester via substantially the same procedure as
described in Preparative Example 1, Step D, to give 1.39 g (69%
yield) of the product.

[err]

10 " Combine 1 g (2.48 mmol) of the product of Step A and 25
mL of dry toluene, add 2.5 mL of 1 M DIBAL in toluene and heat
the mixture at reflux. After 0.5 hours; add another 2.5 mL of 1 M
DIBAL in toluene and heat at reflux for 1 hour. (The reaction is
monitored by TLC using 50% MeOH/CH2Cly +NH4OH (agueous).)

15  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
MgSO0y4, filter and concentrate in vacuo to give 1.1 g of the title

compound.
20



Conbine 6.8 g (12.59 mmol ) of the product of Step D and 10 100 ni of
concentrat‘ﬁggyg%sg aqueous) and stir at 85[err] C overni ght. pCT/USY810494t he

m xture, pour it into 300 g of ice and basify with concentrat ed
NH[ err] OH (aqueous). Extract with 2 x 300 nlL of .. CHerr]d[err], then
dry the extracts over MgSQerr]. FilterBZoncentrate in vacuo to a

resi due, then chromatograph (silica gel 10% 15 IVEO—V EtCAc + 2% NH err] OH

(aqueous)) to give 5.4 g (927YBREPAR Nl
172-174[err] C, Mass Spec.: |v|—|+ = 467 Br Elenental anal ysis:
calculated - C, 48.69; H 3.65; N, ; _found - C, 48.83; H 3.80:
5.97 20 PRBPARAXTTS P Aerr]

H WD 98/ 57955
- 56 - [err]

44 e conpound. mp. =

PCT/ US98/ 11494

A

0% ~OCH,CH,

Combine 16.6 g (0.03 mole) of the product of Preparative
Example 2, 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

10 mole) of NalO4 and then 0.31 g (2.30 mmol) of RuO2 and stir at
room temperature give 1.39 g (69% yield) of the product. (The
addition of RuO is accompanied by an exothermic reaction and
the temperature climbs from 20° to 30°C.) Stir the mixture for
1.8 hrs. (temperature returned to 25°C after about 30 min.), then

15 filter to remove the solids and wash the solids with CH2Cls.
Concentrate the filtrate in vacuo to a residue and dissolve the
residue in CH2Cly. Filter to remove insoluble solids and wash the
solids with CHaCly. Wash the filtrate with water, concentrate to a
volume of about 200 mL and wash with bleach, then with water.

20 Extract with 6 N HCI (aqueous). Cool the aqueous extract to 0°C

and slowly add 50% NaOH (aqueous) to adjust to pH = 4 while
keeping the temperature <30°C. Extract twice with CHoCly, dry

over MgS0O4 and concentrate in vacuo to a residue. Slurry the
residue in 20 mL of EtOH and cool to 0°C. Collect the resulting



Hydrol yze 2.42 g of 4-(8-chl oro-3-brono-5, 6-di hydro-11H

benzo[ 5, 6] .Scvc eptal 1, 2-b] pyri di n-11-yl i dene) - 1- pi peri di ne- 1-
car boxyl i &&gé’%ggst hyl ester via substantially the same pro&& 3&538%94

described in Preparative Exanple 1, Step D to give 1.39 g (69% yi el d)

of the product. Step B: [err] . Combine 1 g (2.48 mmol)

of the product of Step A and 25 n1_ o§ dry tol uene, add 2.5 n1_ of 1 M

DI BAL i,n tol . t er 5 add

anot her 2.5 #@ﬁgﬁw ﬁ%th gﬁkjh ?mt IC%"{E to% fggs éhour

LN 28 roduct. "l MR 0Ty me@w S NeolFBr{ 83

»+NH err] OH ( u | ofhye roomterrperature add 50 n1_

of 1 N HO %5?@ 3%%?15)@45(§H§i|mf0?‘ mtr%ﬁﬁ mzdd 100 mL of 1 N NaOH

" (aqueous), -Mﬂ extract with Et OAc (3 X150 nL). Dry the-extracts over
MwSerr], filter and concentrle In vacuo.to give 1.1 g of Brhe title

conpound. 20 ' ' . _

PCT/ US98/ 11494 Br

Combine 21.58 g (563.75 mmol) of the product of Step A
“and 500 mL of an anhydrous 1:1 mixture of EtOH and toluene,
add 1.43 g (37.8 mmol) of NaBHy4 and heat the mixture at reflux
for 10 min. Cool the mixture to 0°C, add 100.mL of water, then
10 adjust to pH= 4- 5,_ with 1 M HCI (aqueous) while keeping the
temperature <10°C. Add 250 mL of EtOAc and separate the
layers. Wash the'organic layer with brine (3 X 50 mL) then dry
over NaaSQ4. Concentrate in vacuo to a reSidue (24.01 g) and
chromatograph the resxdue (silica gel 30 % hexane/CH2Clp) to
15 give the product. Impure fractlons Were punfied by
rechfomatogra'ph'y A total of 18, 57 g of thel product was
' obtained. H NMR. (DMSO ds, 400 MHz): 8.5 (s, 1H); 7.9 (s,
IH); 7.5 (dof d, 2H); 6.2 (s, 1H); 6.1(s. 1H); 3.5 (m, 1H); 3.4
. (m, 1H); 3.2 (m, 2H). . SR
20 StepC: |

.- Combine 18 57 g (46. 02 mmol) of the product of Step B
and 500 mL of CHCls, then add 6.70 mL (91 2 mmol) of SOCly,
and stir the mixture at room temperature for 4 hrs. Add a
25 solution of 35.6 g (0.413 mole) of piperazine in 800 mL of THF
over a period of S.min. and stir the mixture for 1 hr. at room

temperature. Heat the mixture at reflux overnight, then cool to
room temperature and dilute the mixture with 1 L of CH2Cls.

Sl



[racemic as wel] as (+)- and (-)-isoners] - Step A

[err] . wo98/579s5 Combine 116.6 g (0.03 nole) of thepErosesti4nd
Preparative Exanple 2, Step D, with a 3:1 solution of CH3CN and wat er
(212.65 nmL CH err] CN and 70: & nL of water) and stifzthe resulting

slurry overnight at roomtenperature. AdiD32.833 g (0 153 10 nole) of
Nal 04 and then 0.31 g (2.30 mmol) of Ruderr] and stir at room

t enper at'ure g%l%;%ﬂl gviﬁiﬁf}(ggéezw ral),tdred mmrig;mthe( agaeous wasHi ti on of
RUO i's acco 08FHdl)¢ Cﬁﬁﬂslh‘énaﬂl the orédiﬁct&ﬂﬁﬁbﬁsur e

i mbs 1rom 2B CHLH & { SR :
TRRRAL ) GUEIN S b i et b
renove the solj MQOV\Q%SM@C dienfCepcentrate

e i d E!ﬁr r(J;ﬁicIaegéxl
t(:lrjl[ee];ritd rria/‘"F?%b%r 1&/% 2?@%&?8 oaggr%ghf?éofetﬁe sol i ds

with CH[e”]qih%réd;mﬁéﬁ,ﬁ{dfdseafﬁabbfrﬁbenmﬂremter concentrate to a
vol ume of abo vvash Al hi each, then with water. 20 Extract

with 6 N HO Lo e BN RL LARARAGINL R ract to O[err]C - and slowy

add 50% NaOH (aqueous) to adjust to pH = 4 while keepi ngF t he
tenperature <30[err]C. Extract twice with CH[err] G over
MySO err] and concentrate in vacuo to a resibtre S Gesidue in
20 nL of EtOH and cool to _Q[err&E Ysul WO 98/ 57955
PCT/ US98/ 11494 solids by
filtration and dBg product ..
1H NWVR (CDC [err], 7.5 (d, 2H);

3.45 (m 2H); 3.15 (mN2H)

The racemic title compound of Step C is separated by
10 preparative chiral chromatography (Chiralpack AD, 5 cm X 50 cm
column, flow rate 100 mL/ mi_h.. 20% iPrOH/hexane + 0.2%
diethylamine), to give 9.14 g of the (+)-isomer and 9.30 g of the
(-)-isomer.
Physical chemical data for (+)-isomer: m.p. = 74.5°-77.5°C;
15 Mass Spec. MH* = 471.9; [o]s = +97.4° (8.48 mg/ 2mL MeOH).

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



Br [err] Conbine 21.58 g

(53 75 m"rqi| e product of Step A and 500 nL of an anbydrous 1:1
m xt ure of é{’@?"‘gﬁ:d t ol uene, add 1.43 g (37.8 mmul) of? PéH’f and
heat the m xture at refl ux for 10 mn. Cool the mxture to O[err]C,
add 100 nL of water, then 10 adjust to [err] 4-5 wth 1 MHC (aqueous)
whi | e keeping the terrperature <10[ IC Add 250 mL of EtOAc and
separate the | ayers. Wash 31, i brine (3 X 50 m)
. then dry . over Na[err] SO ef] ¥ratuo to a residue (24.01
:.g) and - -~ chromat ograph the re5|d" B0 % hexane/ CH2C12) to

15 give-the product. Irrpure_f >Toa _
rechronatography A tot al of 18.57\g & @ luct was obt ai ned.
[err]H NI\/R (DVBO-d[err], 400 MHz): CARY; 7.9 (s, 1H); 7.5 (d of

d, 2H); 6.2 (s, 1H; 61('5" 1H); (m 1H: 3.2 (m
2H) 20 Step C _ Br
Combi ne 18.57 g (46.02 rrm)l) of the praquct) of Step B and 500 nmL of
CHCl [err], then add 6.70 nL (91.2 mmol) SOC [err], - and stir the
m xture at roomtenperature for 4 hrs. Aggd a 25 solution of 35.6 g (0.413
nol e) of pi pw in 800 nm. of THF over a period of 5 mn. and stir
the m xture r. at room tenperature. Heat the m xture at refl ux

overni ght, then cool tQ
L of CHerr]d[erBy
PCT/ US98/ 11494

t enper at ure ang

he m xture with 1
cl Br B cl

)\ - . 0®ocH,CHg

- 0% TOCH,CH,

5 Combine 15 g (38.5 mmol) of 4-(8-chloro-3-bromo-5,6-
dihydro-11H-benzo[5,6]cycloheptall,2-b]pyridin-11-ylidene)-1-

piperidine-1 —carboxyhc acid ethyl ester and 150 mL of
concentrated HoSO4 at -5°C, then add 3. 89 g (38.5 mmol) of

'KNOg3 and stir for 4 hours, Pour the mixture into 3 L of ice and
10 basify with 50% NaOH (agqueous). Extract with CHaClg, dry over

MgSOy4, then ﬁl‘ter' and concentrate in vacuo-to a residue. . .

Recrystallize the "lll'ésidue from acetone to give 6.69 g of the

product. 1H NMR (CDCl3, 200 MHz): 8.5 (s, 1H); 7.75 (s, 1H);

7.6 (s, 1H); 7.35 (s, 1H); 4.15 (q, 2H); 3.8 (m, 2H); 3.5-3.1 (m,
15 4H); 3.0-2.8 (m, 2H); 2.6-2.2 (m, 4H); 1.25 (t, 3H).




-59 - Wash with water (5 X 200 m_) aﬁd extract the aqueous wash
with CHO' Wiﬁs}sﬁs} X 100 ni). Conbine all of the organic solpgivuses/iiees wash
0

with brine (3 X200 m.) and dry over MgSJ err]. Concentrate in vacuo to
a residue and chromat ograph (silica gel, gradient of 5 5% 7.5% 10%
MeOH CH err]C [err] + NHerr]OH to gl-\@IEB 49 g of the title conpound
as a racem c m xture. Step D - Separation of Enantlorrers

Br [err] Combine 6:69 g (13.1 mmol)ackthe pioductoafnftemd endstep Cis
separat ed byjh@ Bﬁ%%@t@ig{aateﬁhmw o5 g @gﬁirﬁagkoma(ﬁzcm X 50
cm colum, flowrate- 10 %lPrO-l/hexane + 0

di et hyl ani neand; 6.56 €(147%9 @T@Pl]t(?fef‘k? and beatthgHaixture gt selluxe
(-)-isoner. ovemiﬁflt Pllvsr elaé Hdteréotionahixtuee thirbugho telite®and

EECH T Crrich R T g e IR

[Ser
my/ 2ni &0{1“
82. 9[ err] - 84vhkaontbQive 7.7khg of Shecprdditct. 4Masy Specr] M=HQ?—4[760] (8 32
ng/ 2m. Me e . WD 98/57955

PCT/ US981/ 14 *

A

0~ TOCH,CHg - O” "OCH,CHg

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

A

mixture at room temperature overnight. Add 300 mL of 1 N
NaOH (aqueous) , then 75 mL of 50% NaOH (aqueous) and extract
with EtOAc. Dry the extract over MgSO4 and concentrate in
vacuo to a residue. Chromatograph the residue (silica gel, 20%-
15 30% EtOAc/hexane) to give 3.47 g of the product (along with
another 1.28 g of partially purified product). Mass Spec.: MH* =
555.9. :
1H NMR (CDClg, 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);
20 9-2.75 (m, 1H); 2.7-2.5 (m, 2H); 2.4-2.2 (m, 2H); 1.25 (m, 3H).

OCH,CH,4

Combine 0.557 g (5.4 mmol) of t-butylnitrite and 3 mL of
DMF, and heat the mixture at to 60°-70°C. Slowly add (dropwise)



-60 - [err] H 5
Conbi ne 15 é{ nmol ) of 4-(8-chl oro- 3-brono-5, 6-

di hydr o- 11 ﬁ?ﬁfS 6] cycl ohept a[ 1, 2- b] pyri-di n- 11- yl i dene) WT’US”’"”“

pi peri di ne-1-carboxylic acid ethyl ester and 150 niL of concentrat ed
Herr]SJerr] at -5C, then add 3.89 ¢ (éé._S mol ) of KNOJ err] and stir
for 4 hours. Pour the mxture into 3 LU Ice and 10 basify with 50% NaCOH

ind. concent r 1 Btk bf 2°00% 18 B eimb: of tle BXB0uet of D Gina d bl 17om

acet one to giof DB Stherocoohthe mh;nurdlmtroc{mrte]mpmmdraimm M—lz)

?nf’ b 5, 59564 is"*ié@'a%“‘t’é‘z‘é%(%@%ﬁ*’ﬂﬁ e Jltnd 15 661,20 3-8

3H) . St ed08C for] @/ hrs. oq&j@gpgngggnperature and pour the mixture
PCT/ US98/8.14%to 150 mL of Water Extract with CH2Cly, dry the extract over:

MgSO4 and concentrate in vacuo to a residue. Chromatograph the
residue (silica gel, 10%-20% EtOAc/hexane) to give 0.74 g of the
product. Mass Spec MH?* = 541.0. .
1H NMR (CDC13 200 MHz): 8. 52 (s, lH), 7.5 (d, 2H); 7. 2 (s, -

10 1H); 4.15 (g, 2H); 3.9-3.7 (m, 2H); 3.5-3.1 (m, 4H); 3.0-2.5 .
(m, 2H); 2.4-2.2 (m, 2H); 2.1-1.9 (m, 2H); 1.26 (t, 3H).

o)\ OCH,CH4
| ‘Combine 0.70 g (1.4 mmol) of the product of Step D and 8
15 mL of concentrated HCI (aqueous) and heat the mixture at reflux -

overnight. Add 30 mL of 1 N NaOH (aqueous), _then 5 mL of 50%
NaOH ('aqixequs) and extract with CHzclz. Dry the extract over

' MgSO4 and concentrate in vacuo to give 0.59 g of the title
 compound. Mass Spec.: M+ = 468.7. m.p. = 123.9°-124.2°C.
20 - . |

PREPARATIVE EXAMPLE

fracemic as well as (+)- and (-)-isomers}]



- 61 - Combi ne 6. 69 g (13 1 rrrml) of the product of Step A and
100 1L of ve69s/4%e& wat er, then add 0. 66 g (5:9 nmmol) of CaGdrusdsniees and
6.56 g (117.9 mmmol ) of Fe and heat the mxture at reflux - over ni ght .
Filter the hot reaction m xture through celite[err] and 5 rinse the filter
cake with hot EtOH Concentrate the fi-l@3ate in vacuo to give 7.72 g
of the product. Mass Spec.: M+ = 478.0 Step C

[err] Step Aonbi ne 7 %0 g of the product of? Step B and 35 nL of 10
HOAc, then add 45n1_of tion of -Br2 in HOAc ahd-stir the m xture .

at room t enper at gr . R ep <H 1 ) § us) , then
75 mL of 50% Na ‘ ‘ ract =T e extract
over MgSO4 and conceh vacuo to a rasi daes el ograph the

residue (silica gel,
product (along with
Mass Spec.: MH =

ity gife 3Y47 g of the
efr 1.28 g of partiall yPwiBred product).

[err]H NVR (CDOl ferr], 300 M&z): 8.5 (s,

1H): 7.5 (s, 1H): 7.15 (sNy” 1H): 4.5 (s, 2H) 4 m 3H): 3.8 (br s,
2H): 3.4-3.1 (m 4H: 20 $32.75 (m 1H; 2.7-2.5 (mN2H): 2.4:2.2 (m 2H);
1.25 (m 3H). . Step_ D [err] Cﬂnbl ne 0.557 g (5.4

mmol ) of t-butyl niprephfe angolititn OF 8.1. g of the title compound from
~ Preparative Example 5, Step E, in toluene and add 17.3 mL of a
5 1M solution of DIBAL in toluene. Heat the mixture at reflux and
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 HCIl (aqueous). Separate and
discard the organic phase. Wash the aqueous phase with CHaClg,.
10 discard the extract, then basify the aqueous phase by adding 50%
NaOH (aqueous). Extract with CH2Clg, dry the extract over
MgSO4 and concentrate in vacuo to give 7.30 g of the title
compound, which is a racemic mixture of enantiomers.
tep B - Separation of Enantiomers:

15
The racemic title compound of Step A is separated by
preparative chiral chromatography (Chiralpack AD, 5 cm X 50 cm
column, using 20% iPrOH/hexane + 0.2% diethylamine), to give
the (+)-isomer and the (-)-isomer of the title compound.



DMF, and heat the m xture at to 60[err] 70[err]C. Slowy add (dropw se)

VO 98/ 57955 PCT/ US98/ 11494
- 62 -  WOIBSAS(ture of 2.00 g (3.6 rrm)l) of the product PGF/USPEH4M g 4
mL of DMF, then cool the m xture to. roomtenperature. Add anot her

0.64 nmL of t-butylnitrite at 40[err]C and reheat the m xture to 60-
70[err]C for 0.5 hrs. Cool to roomterr%éiature and pour the mxture 5

into 150 nl. of water. Extract wit r err dry act over
MySO4 and: concentPBysical \gil&{]aéa (a‘LSS‘LrEﬁF]'orFé’thF g‘ﬁst%%g resi due
(silica gel MER% Spée Em/mesenemﬁo gl-hﬁ5(6°7(42993fmgbfe2ml. Mq:mmuct Mass

S = 541 200 MHz 7.5 (d,
2E§C 7.2 (s I%hysmalpgle(ﬁilcaé%a o8 3) 1F°PH?1' 2#6‘)1’ ?é%f(m 4H) - (
3.0-2.5 - M@%\s Spic. BMHE* 2= 260m [0dh) ; =265.2° 365 nigf 2L 2MeQH). 3H) . o

- Step .E [err] : Conblne0709(14rrrml) of the product
of Step 5 and 8 15 nlL of concentrat ed HC (aqueous) and heat the m xture
at reflux - overnight. AddPRE] TVENESSAM Jeous), then 5 nL of 50%

Dry the extract over

NaOH (aqueous) and extract with CH err
. f_the title conpound.

Mass Spec.: My = 468.7. mp. = 124§
PREPARATI VE EXAIVPLE 6 [err]

Step A:
Br - cl
\ & . e
N
o Br —~ (o) |
\
10 B e NO;

Combine 40.0 g (0.124 mole) of the starting ketone and
200 mL of HaSO4 and cool to 0°C. Slowly add 13.78 g (0.136

mole) of KNOg over a period of 1.5 hrs., then warm to room
temperature and stir overnight. Work up the reaction using

15 substantially the same procedure as described for Preparative
Example 2, Step A. Chromatograph (silica gel, 20%, 30%, 40%,
50% EtOAc/hexane, then 100% EtOAc) to give 28 g of the
9-nitro product, along with a smaller quantity of the 7-nitro
product and 19 g of a mixture of the 7-nitro and 9-nitro

20 compounds.



[racemc as wel] as (+)-and (- )-|sorrers] WD 98/ 57955

PCT/ US98/ kid 9dis79s5 = 63 - [ erpdr/us9es/11494
Prepare a solution of 8.1. g of the title conpound from Preparative
Exanple 5, Step E, in toluene and add 17.3 nL of a 5 1M solution of DI BAL
I n tol uene. Heat the m xture at refl ux gmd slowy add (dropw se)
another 21 nmL of 1 M DI BAL/tol uene solution over a period of 40 mn.
Cool the reaMm xture tg’ . - about O[err]C andsadd 700 nL of 1 MHC1

di scard the organic phase,
e scard the exgract_\

(aqueous). Separate and
phase with CH err] C k&g

sh t he agueous

phase by addi nd™56%0 , s). Extr !

t he extract over S s and concemnmtTAte ik . jile 7.30 g of
the title conpoum®, Wi acem C mxturel\{)f d REL Step
B - Separation of Enantiofers: err] o 2

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 CaCls and

5 38.28 g (0.685 mole) of Fe using substantially the same procedure
~ as described for Preparative Example 2, Step C, to give 24 g of
the product

NH,

Br

10 Combine 13 g (38.5 mmol) of the product of Step B, 140
mL of HOAc and slowly add a solution of 2.95 mL (57.8 mmol) of
Brg in 10 mL of HOAc over a period of 20 min. Stir the reaction

mixture at room temperature, then concentrate in vacuo to a
residue. Add CH2Cly and water, then adjust to pH = 8-9 with

15 50% NaOH (aqueous). Wash the organic phase with water, then
brine and dry over NagSO4. Concentrate in vacuo to give 11.3 g of

" the product.
Step D:
20 Cool 100 mL of concentrated HCl (aqueous) to 0°C, then

add 5.61 g (81.4 mmol) of NaNOg and stir for 10 min. Slowly add

(in portions) 11.3 g (27.1 mmol) of the product of Step C and stir
the mixture at 0°-3°C for 2.25 hrs. Slowly add (dropwise) 180
mL of 50% H3PO2 (aqueous) and allow the mixture to stand at 0°C
25 overnight. Slowly add (dropwise) 150 mL of 50% NaOH over 30
min., to adjust to pH = 9, then extract with CHaClp. Wash the
extract with water, then brine and dry over NagSO4. Concentrate



15 TEe r?cem' c title conpound of Step A is separated by
preparative chiral chromatography (Chiralpack AD, 5 cm X 5

usi ng 2096WPPEPPexane + 0. 2% di et hyl anine), to give %g%ﬁsfsqls"g‘ﬂer and
the (-)-isonmer of the title corrpound WO 98/ 57955

PCT/ US98/ 11494 % - 64- Physi cal
chem cal data for (+)-isoner: 1487 8[err] C Mass Spec. 4609;

e S gt UESCRY, BERGAAL (O

(3. 65 ny/ 2rrCHe©12) to 51V 6 g of the product. - PREPARATI VE EXAMPLE 7 [err]
Jracemc as w (+)- and (-)-isoners] _ Step A

_[err]

on 1,

5 Combire 8.6 g (21.4 mmol) of the product of Step D and

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

(3.21 mmol) of NaBH4. stir for 2 hr. at 0°C, then let stand

overnight at 0°C. 'C_bneentrate in vacuo to a residue then partition
10 the residue between CH2Clp and water. Separate the organic

phase and concentrate in vacuo (50°C) to give 8.2 g of the
product. '
| Step F:

15 Combine 8.2 g (20.3 mmol) of the product of Step E and
160 mL of CHoCls, cool to 0°C, then slowly add (dropwise) 14.8 -

mL (203 mmol) of SOCl2 over a 30 min. 'period Warm the -
mixture to room temperature and stir for 4.5 hrs., then
concentrate in vacuo to a residue, add CHsCly and wash with 1 N
20 NaOH (aqueous) then brine and dry over Na2804 Concentrate in
vacuo to a resxdue then add dry THF and 8.7 g (101 mmol} of

piperazine and stir at room temperature overnight. Concentrate
in vacuo to a residue, add CHZCl_z, and wash with 0.25 N NaOH

(aqueous), water, then brine. Dry-dver NasSO4 and concentrate in

25 wvacuo to give 9.46 g of the crude product Chromatograph [silica
gel, 5% MeOH/CH2Cla + NH3) to give 3.59 g of the title
compound, as a racemate. !H NMR (CDCI;_;, 200 MHz): 8.43 (d,

1H); 7.55 (d, 1H): 7.45 (d, 1H); 7.11 (d, 1H); 5.31 (s, 1H);



Conmbi ne 40.0 g (0. 124 nole) of the starting ketone and 200 nL of

H err] SO ayobs@gds cool to O[err] C. Sl ow y -add.-13. 78 g (0. 13fcruses/iigdse) of
KN err] over a period of 1.5 hrs.,.then warmto room t enperature and
stir overnight. Wrk up the reaction using 15 substantially the sane
procedure as described for Preparativeg7 - Exanple 2, Step A

Chr omat ograph (silica gel, 20% 30% 40% 50% Et QAc/ hexane, then 100%
Et OAc) to gi 486-2.650m! lm) “3.52-3140" (nprigd); ct2.98FRIR5 il 6H);s 245
quantity of égﬁ%? m%m product and 19 g of a mxture of the 7-nitro
and 9-nitro S. WD 98/ 57955

PCT/ US98/ 11 eparation of Enantiomers: . -65 - [err] - Step B:
React 28 ¢ (76 2 rrm)l) of the 9-nitro product of Step—A 400 nL of 85%
Et OH wat er, g (34.3 mol) of CaCl[err] & 78§ ol e) of
Fe using substantlal |y the sane procedure : Preparative
Exanple 2, Step C, to give 24 g of - the produk it [err]

10 Conbine 13 g (38.5 nmmol ) of the product o?l St 140 mL of

HOAc and slowy add a
m. of HOAc over, a pg

SO

Br Brierr] in 10
Stlr the reactio
‘R-(+)

|on of 2 95 nL (57.8 m‘mIE
Br

N (-
N S-(-)

5 * The racemic title compound from Step F (5.7 g) is
chromatographed as described for Preparative Example 4, Step
D, using 30% iPrOH/hexane + 0.2% diethylamine, to give 2.88 g
of the R-(+)-isomer and 2.77 g of the S-(- )—xsomer of the title
compound
10 Physical chemical data for the R-(+)-isomer: Mass Spec.

MH* = 470.0; [0]5> = +12.1° (10.9 mg/ 2mL MeOH).

Physical chemlcal data for the S-(-)-isomer: Mass Spec.
MH* = 470.0; [oc]D = -13.2° (11.51 mg/ 2mL MeOH).

15 PREPARATIVE EXAMPLE 8
Br

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



m xture at roomtenperature, then concentrate in vacuo to a resi due.
Add m[err%%%r!{sh and water, then adjust to pH = 8-9 with 15 50% NaOH
(aqueous) e organi c phase with.water, then br i nECHHSP8A14P40y er
Na2SO4. Concentrate in vacuo to give 11.3 g of t he product. Step D
[err] 20 Cool 100 nmL of co&ggt_rat ed HO (aqueous) to O[err]C,
t hen add 5.61 g (81.4 nmmol ) of Na and stir for 10 mn. Slowy add
(in portionsg%é{&ﬂg (27.1 mmol) of the product of Step C and stir t he
m xture at O Cfor 2.25 hrs. Slowy add (dropw se) 180 - L of 50%
Herr] P err] (aqueous) and.allagwW the mxture to stand at @rerr]C 25

d

overnight.- Slowy add e\ 150 _nlL of 50% mn., to

adj ust to pH = 9P9rtR G er i |BE g Cl extract
with water, then bri 2r Na[err]S( 6 At e VO

98/ 57955 _ S ! 08/ 11494

-66 - I n vacuo to a_#esi due and chronmat ogr aph i lica gel, 2% Et OAc/
CH2Cl [err]) to give 8.6 ¢ of )t he product . Step [err]

5 Conmbine 8.6 g (24 4 U ) of the product of Step D and 300 nL
of MeOH and cool to O0-2[er®NC. Add 1.21 g (32.1 mmol NaBH4 and :
stir the mxture at ~Of[err for 1 hr. Add -anot her 0.H21 ¢ (3.21 mol ) -

o, o CCofblric, 15,81B54 Spghdif b e AR fommop R FroPn’ 2L, 1o

bet ween CH ePré¢patative Examplet 2 SteFarand 300 mL gdriioluene atpmﬁ%@ and
concentr e ffler HetP 3278 il "(2)5 hnfl) 6 & £ M iutfdf 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 CH2012 (3 x 200 mlL), dry the

. organic layers over MgSO4. then concentrate in vacuo to a
residue. Chromatograph (sﬂxca gel 12% MeOH/ CH2C12 + 4%
NH4OH) to give 10.4 g of the title compound as a racemate. Mass
Spec.: MH* = 469 (FAB). Partial 1H NMR (CDCI3 400 MHz):

‘15 ~ 8.38 (s, 1H); 7.57 (s, 1H); 7.27 (d, 1H); 7.06 (d, 1H); 3.95 (d,
1H). o ; |
Step B - Separation of Enantio mers:

Br

i 2



product . Step F. [err]

H 15 oajglgbgsge 8.2 g (20.3 mpl) of “the product of Stepciyuspsiigs 160
mL of CH err]d[err], cool to O[err]C, then slowy add (dropw se) 14.8

m. (203 mmol ) of Sm[err] over a 30 mn. period. Warmthe m xture to
roomtenperature and stir for 4.5 hrs-,69hen concentrate in vacuo to a
residue, add CHerr]J]dJ[err] and wash with 1 N 20 NaOH (a(iueous) then brine
and dry over Na[ eTheSEcemic; tiﬂenc@mpoanﬂi |orﬁStep Aviscseparale drlb¥i due, then

add dry THF =h it
t enper at ur e ﬁ(le&?%al}ﬁ: ﬁ%gﬁﬁ at e graphyn vac d&ﬁmrjeg:ﬁ: % 50%
CHerr]d][ erc@],urand uaiag 584 PrOHghexaner+ 0.2% @aﬁh}a gqegivq hen

- brine. Dry omgg (M i§‘6rh¥:§%rt]hea(19'-1§6ﬂfe@néf @he tifle Bompotul.t 0 give 9.46 g

f th d d

(I\)/EO-V g—l[crur]edpEgrigf‘Y$lqgi Lgatso&)%@vg l*ﬁasa“tﬁr tﬁ)éaﬁ ﬁpgc conpound, -

as a racenat BHtR: BEB (FAB): [Qﬂl] , 2043\5% Jc=R 402, (BtOH); pdrtial YH55 (d, -

1 7.45 1 5 37 55

) e (R cBel, 480 Hiks): 838 (& 1) 17.57 s, 1M P2y RES, (m
1H), 3.57-3. 4f){ n7.069d, 198- 3.95 [@N1KY); 2. 45- 2.20 (m 5H). St ep

G - Separation of P S‘r%{‘ctah Heriical data for (-)-isomer: Mass Spec. [err]

10 MH* = 469 (FAB); [a]> = -41.8° (c=0.328 EtOH); partial 1H
NMR (CDCls, 400 MHz): 8.38 (s, 1H); 7.57 (s, 1H); 7.27 (4,
1H); 7.05 (d, 1H); 3.95 (d, 1H).

PREPARATIVE EXAMPLE 9

Br = Cl

QO

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

15

Br

is prepared according to the procedures of Preparative Example
20 40 of WO 95/10516 (published April 20, 1995), by following the
procedures described in Example 193 of WO 95/10516.
The (+)- and (-)-isomers can be separated by following
essentially the same procedure as Step D of Preparative Example
4,

25 Physical chemical data for the R-(+)-isomer: 13C NMR
(CDCl3): 155.8 (C); 146.4 (CH); 140.5 (CH); 140.2 (C); 136.2



N : H 5 The racemc title

compound fromStep F (5.7 g) is chr omat ogr aphed as descri bed for’
Pr epar at i Hﬁpe 4, Step D, using 30% i PrOH hexane PCHUS8/11494
diethylamne, to give 2.88 g of the R (+)-isomer and 2.77 g of the
S-(-)-isomer of the title corrpoun 010 Physi cal chem cal data
for the R (+)-isoner: I\/ass Spec = 470.0; [err] = +12. 1[err] (10.9
ng/ 2m. Me S- r: Mass
Sec WOk 1358 Qe 3T Qﬁc{%ﬂqﬂ 1299 ;> 1285 TCHF;
. PREPARATI VE EX8MPIE)i8 7 52.3 (CH e (CH) 45.6(CH2); [éﬁrﬁ |
H [ s 'C@-ﬁz ( nd
o8/57955  (CHa) g@@%ﬁz)a 2058 : a3 mﬁc??@@’% pae
- 68 - Ma@H)A:

5 Physical chemlcal data for the S- (-)-isomer: 13C NMR

(CDClg): 155.9 (C); 146.4 (CH); 140.5 (CH); 140.2 (C); 136.2

(C); 135.3 (C); 133.3 (C); 132.0 (CH); 129.9 (CH); 125.5 (CH);
119.2 (C; 791 (CH) 52.5 (CHp); 52.5 (CH); 45.7 (CHz); 45.7

(CH23); 30.0 (CH2) 29.8 (CHg3). Ia]D -27.9° (8.90 mg/2 mL
10 MeOH). '
PREPARATIVE EXAMPLE 10
" CO.C,Hs " COLH

. O : o o 0

. Dissolve 0.1g ( 0.449 mmol) of ethyl 2-[4,4-(ethylenedioxy)-

15 cyclohexyhdene]acetate (Tetrahedrdn (1995) 51, 10259} in 2 mL
of ethanol contalmng 0.074g (1.32 mmol) of potassium hydroxide.
.Stir for 2 hr at 60°C, concentrate under vacuum, and dissolve the -
residue in 20 mL of water. Adjust to pH 4 with 1 N HCI and
extract with ethyl acetate. Dry over magnesium sulfate and

20 concentrate under vacuum to yield 0.56 g of the product as a
white solid.

PREPARATIVE EXAMPLE 11

- CO,CyHg " CO.H

o o~ Yo

25 Follow the procedure of Preparative Example 1, but using
ethyl 2-[4, 4-[ethylened10xy)cyclohexyl]acetate (Tetrahedron
(1995) 51, 10259) instead of 2-[4.4- (ethylenedloxy)cyclo-
hexylidene]acetate to obtain the product as a white solid.



[err] . Conbine 13 g (33.3 nmmol ) of the title conpound from
Pr epar at i weobweygse 2, Step E, and 300 nmL of toluene at 20[g&FASes/11994 t heN

add 32.5 nL (32.5 rrm)l) of a,1 Msolution of DIBAL in t ol uene. Heat
the mixture at reflux for 1 fAr., cool to 20[err]C™add anot her 32.5 niL
of 1 M DIBAL sol ution and heat at reflugifor 1 hr. Cool the m xture to
20[err]C and pour it into a mxture of 400 g of I ce, 500 nL of EtCQAc
and 300 ‘L of 10% NaOH ( aquéPREPARATIVIE EXAMEL gi@ous |ayer with
CHerr]dJ[err] (3 x 200 n), dry t he organi ¢’ | ayse@,Gytr MgSO err],

t hen concentrate in vacgo to a resi due. Chromatggraph (silica gel, 12%
MeOH CH err]d[err] +4]<o NH[8rr]O—|) to glve 10.4 g of the title

). Partial [err]H
; 7.27 (d, 1H);
1 on of Enantioners:

SS Spec.: Mt 46

H5Br 8. (s, 1—|-|}-'——?-—EP7-(S 1
7.06 (d, 1H); 3. 95 (d 1H™ OCHgtep B - Sep
[err] WO 98/ 5795

PCT/ US98/ 11494 o -69 - O The racem c
title conpound of mrssblv% 19 qsar ahm‘blb)bf4 pxpeﬁﬂanatnvaammnlof

h t G
Pr 07 hexant 2eeboBit e RHalRnE "0 & 1 I mmogef yody Bhchder
(-)-isoneh omittogen ahd a:dwdﬁ)aﬁdmL 6f ethyl bfmyLoacatatcheRcﬂmx foxt 2 hor

+) - 02, Et
)01 i T, e 8 g, 0
(d, 1H); undey vacuupy) | pgr(lt}onluge resxdue betvmgxg water i dat a
for (-)-i Sowce%srﬁp%e é&d‘ﬂ"‘é 1ayée SveF Niigndsiin sulfate ghd C= 0 328

Et ; partial
o) parti ncentJ'ate under vacuum to give the product as a brown oil.
10

conpound as a racenat
NVR (CDCl [err], 400

PREPARATIVE EXAMPLE 1
C0202Hs 002H

Follow the procedure of Preparative Example 10, but using
the product of Preparative Example 12 instead of ethyl 2-[4,4-
15 [ethylenedioxy)cyclohexyhden(,]acetate to obtain the product as a
brown solid.

PREPARATIVE EXAMPLE 14

CO,CoHy CO,C,Hs
I I
—_——
o” "o 5
20 ‘Dissolve 0.48g ( 2.12 mmol} of ethyl 2-[4,4-(ethylenedioxy)-

cyclohexylidenelacetate (Tetrahedron (1995) 51, 10259} in 10
mL of ethanol containing 0.4 mL of 20% aqueous sulfuric acid.
Stir for 18 hr at 25°C and 2 hr at 60°C. Concentrate under
vacuum, and dissolve the residue in 20 mL of water. Adjust to pH



NVR (CDCl[err], 400 MHz): 8.38 (s, 1H); 7.57 (s, 1H); 7.27 (d, 1H);

7.05 (d, (d, 1H). PREPARATI VE EXAMPLE 9
[err] %ga@‘/y%? [racemic as well as R (+)- and RETUSBUMe, ]
The conpound [err] I s prepared according
to the procedures of Preparative Exarrpl-;azz_o 40 of WD 95/ 10516 (published
April 20, 1995), by follow ng the procedures described in Exanple 193
of WD 95/ 105 r d by
fol |l ow ng %Q”e’ist?en u%?lﬁ/%éé)ﬁrr%ﬁ%%oc %cd:r 3’5@ %Pgii%ﬂt)&f %?r‘gt ive
Exanpl e dérgaxiic layer ovelrymiagalesiimnsglataand cf:mcertte'ate irsoner ;.
[err] C NWR 1405(CH) 140.2 (O ;
Lerr] Wg%é@%w&é&&@pf&é&a a& G ol (9
PCT/ US98/ 11494 -70 - (O; 135.3 (O;
133.4 (Cp 132.0 (CH); 129.9p {RAZDVE ERI 119.3 (O); 79.1 (CH;
52.3 (CHerr]); 52.3 (CH); 45.6¢c 5 45.6° c6tfierr]); 30.0 (CHerr]);
Me :

29.8 (CHerr]). [err] = +25.8(8.46 " ny/ 2 nL

Follow the procedure of Preparative Example 10, but using .
the product of Preparative Example 14 instead of ethyl 2-[4,4-
(ethylenedioxy)cyg‘:i'ohexylidene]—acetate to obtain the product as a
10 yellow solid. ) |

 PREPARATIVE EXAMPLE
T CO,C,H, '

. 'e) ; . o _
Follow the procedure of Preparatlve Example 10 but using
15 commercially avallable ethyl 4- oxocyclohexylcarboxylate instead of
ethyl 2-[4,4- (ethylenedloxy)cyclohexyhdene]acetate to obtain the
product as an oil:(J. Chem. Soc. (1950) 1379). '

- PREPARATIVE EXAMPLE 17
-, CO,C,H5 "~ COoH

(0] .- (o)

20
Follow the procedure of Preparative Example 10, but using

commercially avaxlable ethyl 2-cyclohexanoneacetate instead of
ethyl 2-[4,4- (ethylenedloxy)cyclohexylidene]acetate to obtain the -
product as an oil.

25 ”'

R



5 Physi cal chem cal data f or th_e S-(-)-isomer: [err]C NMR :
(coa [e”]Wos»&/é‘kSQ (O, 146.4 (CH); 140.5 (CH), 140.2 (O); p8PuBesn1494 (C);

135.3 (C); 133.3 (C); 132.0 (CH); 129.9 (CH) 125.5 (CH); 119.2 (O);
79.1 (CH); 52.5 (CHerr]); 52;5 (CH); 45.7 (CHerr}); 45.7 (CH err]);
30.0 (CHerr]); 29.8 (CHerr]). [err]-'w'f3-—279(8 90 ng/2 nL 10 MeQH).
PREPARATI VE EXAMPLE 10 [err]

Di ssolve 0. 1g ( 0.449 mol) . PRERPARATIY AVERTL L BB edi oxy) - 15

cycl ohexyl i denel acet at e (Tetrahegﬁ:gi:r, (1995) 51, X%¥BHsin 2 nL of

et hanol containing 0.074g (1.3R nmmol) of potassiym hydroxide. Stir for

2 hr at 60[err]C, concentrate/under vacuum andgdi ssol ve the resi due
in 20 nL of water. Adjust to|pH 4 with 1 N HC extract with ethyl
acetate. Dry over nagnesi ump-ss 2Cht e under vacuumto
yield 0.56 g of the produc
PREPARATI VE EXAMPLE 11 [e ow t he procedure of
Preparative Exanple 1, but using ethyl 2-[4,4-(et hyI enedi oxy)

cycl ohexyl | acet at Fqlkavrthecpraredure of Poeparative Exzanple 49 bt ysing

2-[4. 4~ (et hyl Gonh Peraify Ghiilable otBP13I(E8RIGRIsRERyDprolotiate e product

as a white sofll
PCT/ US98/ B14dmstead of ethyl 2-[4, 4—(ethylenedloxy)cyclohexyhdene]acetate to

obtain the product as a white solid.

PREPARATIVE EXAMPLE 1

COzCHg C02H
H3C é H3C5 :
10 Follow the procedure of Preparative Example 10, but using

commercially available methyl (R)—(+)-1—methyl-2-oxo-cyclo-
“hexanepropionate instead of ethyl 2-[4,4-(ethylenedioxy)cyclo-
hexylidene]acetate to obtain the product as an oil.

15 EXAMPLE 1.

he 1.2-blpvridine-11(R)-vl-1-[{4-oxocvclohexvllace
piperidine

Br

20 Dissolve the (+) product of Preparative Example 6, Step B,
(2.0 g, 4.25 mmol) in 100 mL of DMF, stir at room temperature
and add 0.86 g (8.5 mmol) of 4-methylmorpholine, 1.1 g (5.53.
mmol) of DEC, 0.75 g (5.53 mmol) of HOBT and 0.86 g (5.52



-71- [err] Dissolve 10 g (5.1 nmol ) of 4-piperidone in 150
mL of acetonitrile containing 8.99 g (65.1 mmole)  of K2003. Stir’ under
5 nltrogeW ME7HAd 7.22 nL of et hyl bronpacetate. Refl ux f’(’)‘FT/ESW"”‘ cool
to roomtenperature and filter. Concentrate the filtrate under vacuum
and partition the residue between wat ez and et hyl acetate. Dry the
organic |ayer over magnesiumsulfate a 3’ concentrate under vacuumto

t.h duct b VE EXAMPLE
0 err) T Smone] o 455l ergasetic.agic (Bephedzpm: 205k e 10, but
‘using thl-:()?.ﬂi@chmd HélvPCGipar.aAttes ([@OHT)40,12908) Stir dheemixtut® [ 4, 4- 15

o e g eipabdlgiabocgt e dib s ol 2 Lo

20 Di gesidue @miaga'(tiﬁomzbmgn sthyd agstate pndiwateny | Washi he)) -

Ctyﬁ | Ohlexs li dpahie n\f_f@é Oé/gﬁg%oﬂi&ﬂﬁblléiﬁ'boh%é%bmﬁoﬁftgten ][rL of1 o h.

e ano con aln 0 0 eous su ur acCl I r or r

at 28[err]C S uRants ehagh et Pagotshinr Suftate, fiiter ahd O -

di ssol ve t he:mrﬂmte in #Acub tof a wesitue. AChreimatograph the residue on-
silica gel, eluting with ethyl acetate - hexane (75% - 25%) to
yield the product (1.74g) as a-white solid. M. p. = 123.8°-

“10 125.1°C, Mass Spec.: MH+ = 609. [a]p>*%C = +61.3°, ¢=0.166,
methylene chloride. ' : :

EXAMPLE 2

(e "

15 Following the procedure of Example 1 but using the
product of Preparative Example 10 instead of 4-oxocyclohexyl-
acetic acid, obtain the product as a whlte solid mp = 136.8-
138.7°C. ' :

20

Following the procedure of Example 1 but using the
product of Preparative Example 11 instead of 4-
oxocyclohexylacetic acid, obtain the product as a white solid mp
25 = 128.4-133°C..



WD 98/ 57955 . PCT/ US98/ 11494

- 72 - WO 98/5m4sh aqueous NaHCOB[err] and extract w th et lpdrigdosgisosDry
t he organi c | ayer over magnesiumsulfate and concentrate under
vacuumto yield 0.306 g of the product as an oil. wx:5

PREPARATI VE EXAMPLE 15 - 75 - [err]

Fol | ow t he procedure of Prepar ative Exanple 10, but using t he product

of Preparative Exanple 14 instead ofEXAMPLEA 4, 4- . _
(et hyl enedi oxy) cycl ohe . -acetate to obtain tHRe—product as a 10

yellow solid. Br c1 PREPARKIL VE < _Cl .
[err] procedure of .\ Anpl e 10, but
using 15 comrerci et hyl 4-oxocyckes bexky| at e i nstead

di oxy) cycl ohexyl i dene}la etale t¢@rg/gjain the

of ethyl 2- [44(e§1\hI%§
oc. (1950—579). Br

product as an oil (J
PREPARATI VE EXAMPLE 17

Following the procedure of Example 1 but using the
product of Preparative Example 13 instead of 4-oxocyclohexy-
5 lacetic acid, obtain the product as a white solid mp = 121.3-
125.8°C.

EXAMPLE 5

Cl

10 Following the procedure of Example 1 but using the
product of Preparative Example 15 instead of 4-oxocyclohexyl-
acetic acid, obtain the product as a whlte solid mp = 208.1-
209.9°C.

15 EXAMPLE 6

Br

Following the procedure of Example 1 but using the
product of Preparative Example 16 instead of 4-oxocyclohexyl-



20 Fol |l ow the procedure of Preparative Exanple 10, but using -
conmmer ci al é Ll abl e ethyl 2-cycl ohexanoneacetate instead of et hyl
R

2-[4,4-(et oxy) cycl ohexyl i dene] acetate to obtain thé’CT’Us”’b]r‘%ﬁuct as
an oil. 25 WD 98/ 57955

PCT/ US98/ 11494 - 76 - -73 - [err]

Fol | ow t he procedure of Preparative EszrrpI e 10, but using commercially

20T 6 ot nyreSHSILRY, SHGRlG G BroaEr Beo Htfed sol¥ A 1284 by sauct as
, “a white sol i 127.7°C. PREPARAT| VE EXAMPLE 19 ..
[ [err] 10 Fol | ow the procedure of Preparative Exanple 10, but

|~ using comercially avail abl e net hél ( R% - é'+) - 1- met hyl - 2- oxo- cycl o-

. hexanepropi onate instead of ethyl , athy| enedi oxy) cycl o-

! hexylidenel acetate tQ odtarg the product as an oil_

| EXAMPLE 1 Br~¢& - DiJpr Ogp~81 chl or o- Brid4
“hepta[ 1, 2-b] pyri di e- ;

§15. 6] cycl o-

N
)
H .

5 _ : . O
_ Following the procedure of Example 1 but using the
product of Preparative Example 17 instead of 4-oxocyclohexyl- .
acetic acid, obtain the product as a white solid mp = 118.5-

122.4°C. ?
10

Following the procedure of Example 1 but using the
product of Preparative Example 9 instead of 4-oxocyclohexyl-
15 acetic acid, obtain the product as a white solid mp = 110.5-
114.8°C. '

|
mE



pi peri di ne . lerr] 20 Di ssolve the (+) product of

Prepar at i wpob¥gsse 6, Step B, (2.0 g, 4.25 mmol) in 108cirsodnidd
stir at roomtenperature and add 0.86 g (8.5 mmol ) of

4- et hyl norpholine, 1.1 g (5.53 mmol ) of DEC, 0.75 g (5.53 mmol) of
HOBT and 0.86 g (5.52 WO 98/ 5795p7 -

PCT/ US98/ 11494 -74 - mrol e) of

4- oxocycl ohexyl acetic acid (Tetrahegnvbipdb) 51, : 10259 and Hel v.

Stir the m xture

a I 5 .
els ‘ ase.\ gus sodi um

% prine. Dry the orlgagrcyptrase—ever magnesi um
onentrate in vacuo to a rH% due/ Chromat ogr aph

Chim Acta, (1957)
18 hr, then coggen
et hyl acetate and
bi car bonat e sol uti &8
sulfate, filter and

pom t enperature for

40,

999) .

t he residue on Silg el , el vHrAg—wt et hyl a - hexane (75%-
2599 to yield the prod ct (1.74g) as a white 30|d Mp = 123.8- 10
125. "1[err] C, Mass Spec~ N = 609. [err] = +61. 3[ eMR)ys 0 166) :
met hyl ene chl ori de. \ EXAMPRE 2 HgC [err]

H : ‘I/

Following the procedure of Example 1 but using the
product of Preparative Example 19 instead of 4-oxocyclohexyl-
5 acetic acid, obtain the product as a white solid mp = 113.5-
116.8°C.

EXAMPLES 10 AND 11

Isomer A and B
10 Following the procedure of Example 1 but using
commercially available 5-methoxy-1-indanone-3-acetic acid
instead of 4-oxo-cyclohexylacetic acid, to obtain the products:
Isomer A (Example 10) as a white solid mp = 140.4-145.3°C, and
Isomer B (Example 11') as a white solid mp = 135.1-139.4°C.
15



H 15 Foll owi ng the procedure of Exanple 1 but using the product

of Prepar anpl e 10 i nstead of 4-oxocycl ohexyl - acetic acid
obtain the 8?3’55%? as a white solid np = 136. 8- 138. 7[&9?%898'12‘!?4
EXAMPLE 3 [err] - Fol | owi ng the procedure of Exanple 1 but
usi ng the product of Preparative le 11 instead of 4-

oxocycl ohexyl acetic acid, obtain the pridddct as a white solid np 25 =
128.4-133[err] C WO 99/_57955-E \MPLE

PCT/ US98/ 11494 . EXAMPLE A2

EXAVPLE 4 [err]
using the p
| acetic acid, -obtagg tAe A as a white\solAd_np 1. 3-
125. 8[err]C

_Fol | ow ng t re of Exanple 1 but

Dissolve 0.5 g (0.821 mrnol) of the product of Example 1 in
5 mL of pyridine then add 0.285 g (4.11 mmol) of hydroxylamine
5 hydrochloride and stir at 25°C under nitrogen for 18 hr. Pour
" the reaction into 40 mL of water and extract with three 50 mL
portions of dichloromethane. The combined organic layers were
dried kover magnesium sulfate and concentrated under vacuum.
The resulting residue was chromatographed on silica gel using -
10 ethyl acetate-hexane (80%- 20%) to glve the product as a white
solid mp = 140 3-143.5°C. :

EXAMPLE 13

15 Follow the procedure of Example 12, but using
methoxyamme hydrochlonde instead of hydroxylamme
hydrochloride, and chromatograph on silica gel using ethyl
acetate-hexame (90%-10%) to obtain the product as a white solid
mp = 102.1-105.4°C.

20

-Cbxocyclohexy 5



EXAMPLE 5, [err] 10 Fol | owi ng the procedure of Exanple 1 but

using the woopsmesict of Preparative Exanple 15 instead of 4p@poSosaligaexy! -
acetic acid, obtain the product as a white solid nmp = 208. 1-

209.9[err]C. 15 EXAMPLE 6 [ err] :
Fol I owi ng the procedure of Exarrpl e 1 b9 using t he product of
Preparative Exanple 16 inst ead of 4-oxocycl ohexyl WO 98/ 57955
PCT/ U998/ 11494 - EXAMPLFE 44 ;acetic acid, obtain the
product as a white soli 125 4- +4-C.

Br Cl

Following the procedure of Example 12, but using the
product of Example 4 instead of the product of Example 1, and
5 chromatograph on silica gel using dichloromethane (saturated
with ammonia)-methanol (97%-3%) to obtain the product as a
white solid mp = 147.2-152.2°C.

EXAMPLE 1
020
3 \N \J

H\

————

0 NJ
N dl OCH3
N )\/ N :
' (@)

Following the procedure of Example 12, but using the
product of Example 4 instead of the product of Example 1, and
using methoxyamine hydrochloride instead of hydroxylamine
hydrochloride, and chromatograph on silica gel using

15 dichloromethane-methanol (98%-2%) to obtain the product as a
white solid mp = 105.5-108.8°C.

10

EXAMPLE 16




EXAMPLE 7 [err] 5 Fol |l owi ng the procedure of Exanple 1 but
oduct of Preparative Exanple 17 instead of 4-oxocycl ohexyl -

using the _. _ glrg !
acetic aciWO%BBP2Pn the product as a white solid np = 118. RCTUSSBAMIMC ~ 10

EXAVPLE 8 [err] Fol | owi ng the procedure of Exanple 1 but
usi ng the product of Preparative Eg%e 9 instead of 4-oxocycl ohexyl -
15 acetic acid, obtain the product as ite solid np = 110. 5-

%,g'./ ?J[SS g/r ]1549 4 Follxsgir%g/t?lzegglsocedure of Example 12, but using
‘semicarbazide hydrochloride instead of hydroxylamine
. 'hydrochloride. and ethanol instead of pyridine, and

~ chromatograph on silica gel using dichloromethane-methanol

5 (96%-4%) to obtain the product as a white solid mp = 167.2-

169.4°C.

EXAMPLE 17

10 Following the procedure of Example 12, but using acetic
hydrazide instead of hydroxylamine hydrochloride, and ethanol
instead of pyridine; and chromatograph on silica gel using
dichloromethane-methanol (95%-5%) to obtain the product as a
white solid mp = 152.5-155.5°C.

15

EXAMPLE 18

Following the procedure of Example 12, but using carboxy-
methoxylamine hemihydrochloride instead of hydroxylamine
20 hydrochioride, and ethanol instead of pyridine, and chromatograph on
silica gel using dichloromethane-methanol (containing a trace of acetic -
acid) (95%-5%) to obtain the product as a white solid mp = 95.7-97.3°C



EXAMPLE 9. [err] H Fol | owi ng the procedure

of Exanpl ewd ofysiessisi ng t he product of Preparative Exanp&gnﬁgmyﬁsﬁﬁad of
4- oxocycl ohexyl - 5 acetic aC|d obtain the product as a white solid np =
113. 5- 116. 8[ err] C. x EXAVPLES 1 0 AND 11 [err]

| soner A and B 10 Fol | ow ng t he pBacedure of Exanple 1 but using
commerci al ly avail abl e 5- nmet hoxy- 1-i ndanone- 3-acetic acid I nst ead of

4- oxo- cycl ohexyl aceti c acid to ObEXAMPLE p8oduct:s:- | soner A (Exanpl e
10) as a white solid np = 3 45. 3[err] C, and | somer B (Exanple 11)

as a white solid npBr

1 15 WD 98/ 57955
PCT/ US98/ 11494 ' '

Dissolve 0.1 g (0.16 mmol) of the product of Example 12 in
5 mL of dry DMF. Cool to 0°C under nitrogen and add 9.7 mg .
5 (0.242 mmol) of sodium hydride (60% in mineral oil) and stir for -
0.5 hr. Add dropwise 0.045 g (0.189 mmol)2-tert-butyldimethyl-
silyoxybromoethane (freshly passed through alumina) and stir
reacxtion at 0°C for 0.5 hr. Add 20 mL of water then 25 mL of
saturated, aqueous sodium bicarbonate solution. Extract with .

10 three 25 mL portions of dichloromethane. Dry the combined
organic layers over magnesium sulfate and concentrate under
vacuum. Chromatograph the crude material by preparative silica
gel TLC using ethyl acetate-hexane (90%-10%) to give the
product as a white solid mp = 87.2°-90.3°C.

15

- EXAMPLE 20

X~ OCHs

Following the procedure of Example 12, but using the
product of Example 6 instead of the product of Example 1 and
20 methoxylamine hydrochloride instead of hydroxylamine
hydrochloride, and ethanol instead of pyridine, and
chromatograph on silica gel using dichloromethane(saturated
with ammonia)-methanol (95%-5%) to obtain the product as a
white solid mp = 120.4-123.8°C.



-78 - EXAMPLE 12 [err] Di ssol ve
0.5 g (0. of the product of Exanple 1 in 5 n of ne then
add O. 2859‘56€ngmml) of hydroxylam ne 5 hydrochl oride g ’@ét/’lsrlg‘lﬂ

25[err] C under nitrogen for 18 hr. Pour the reaction into 40 nL of
water and extract with three 50 mL . gpgortions of dichloronmethane. The
conbi ned organic | ayers were dri ed kover magnesium sul fate and
concentrated under vacuum Theg

ibt.A resi due was chromat ographed on
silica gel using 10 ethyl acet at e- 5—?;%‘37@ 209% to give the product as a
- white - solid np 140.3-1 . . EXAMPLE 13
[err] - 15 Fol | ow T érrple 12, but using
nmet hoxyam ne hydrochl oride instaad . I am ne - hydrochl oride, and
chromat ograph on silica gel using "étﬁ acet at e- hexane (90% 10% to
obtain the product as a white solid = 102.1-105.4C. 20 WO

98/ 57955 : PCT U898/ 1(111'9$

Dissolve 0.05 g (0.0819 mmol) of the product of Example 4 -
and 0.15 mL of ethylene glycol in 1.5 mL of acetic acid at 60°C.

5. then cool to 35°C and add 0.1 mL of boron triflucride diethyl .
etherate and stir at 25°C for 2.5 hr., Add 15 mL of water and
extract with two 30 mL portions of ether. Dry organic layers over
magnesium sulfate and concentrate under vacuum.

Chromatograph the residue on silica gel using 100% dichloro-

10 methane followed by dichloromethane-methanol 97%-3% to
obtain O. 036 g of the product as a white solid mp = 130.2-
134. 9°C :

EXAMPLE 22

15
Follow the procedure of Example 21, but use 1,2-

ethanedithiol instead of ethylenegylcol to obtain the product as a
white solid mp = 135.8-138.5°C.



-79 - . . EXAMPLE 14 [err] Fol | ow ng the
procedure sfo$s«smozd e 12, but using the product of Exanpl eecrrusystiemd of

t he product of Exanple 1, and 5 chromatograph on silica gel using

di chl oronet hane (saturated ~ with .ammoni a)-nethanol (97% 3% to obtain the
product as a white solid np = 147. 882 2[err]C.

EXAMPLE 15 [err] 10 Fol | ow ng the procedure of Exanple 12,
but using the product of -Exanpl cEXAMBLEa230f the product of Exanple 1,
and usi ng nmet hoxyam ne hydrochl ori dg—tngt ead of hydroxyl am ne

hydrochl ori de, and chromat ogr &k o 5i usiong 15

di chl or onet hane- net hanol (98% 2% \t o product as a white solid
np = 105.5-108.8[err]C. = EXAMPLE 16 [err]

Dissolve 120 mg (0.2 mmol) of the product of Examplé 6 in
10 mL of toluene containing 14 mg (0.07 mmol) of 4-toluene-

5 sulfonic acid and reflux for 1 hr. Add 1 mL of toluene and 2 mL of
ethylene glycol. Reflux for 3 hr using a Dean Stark water
separator. Add 10 mL of aqueous, saturated sodium bicarbonate
solution and extract with two 50 mL portions of ethyl acetate.

Dry the combined organic layers over magnesium sulfate and

10 concentrate under vacuum. Chromatograph the residue on silica
gel using ethyl acetate-dichloromethane (70%-30%) to give 80 .
mg of the product as a white solid mp = 119.3-121.6°C.

EXAMPLE 24 - 27

15 Reaction of the tricyclic amine

with the reagents and carboxylic acids listed in Table 8 provides
compounds of the formula



N NH2

98/ 57955

-80 -

H 0 - WO
PCT/ US98/ 11494 :

w098/s795.|4: I | owi ng t he procedure of Exanpl e 12, butpq}'éir'ﬁ?yu”“

sem car bazi de hydrochl ori de instead of hydroxyl am ne hydr ochl ori de,

and et hanol

i nstead of pyridine, and _ _chromat ograph on silica gel using

di chl or onet hane-net hanol 5 (96% 4% to obtain the product as a white solid

10

15

np = 167. 2- 169. 4[err] C. EXAMPLE 17 [err]
10 Fol 1 owi ng the procedgre o - baf usi ng acetic
- hydrazi de instead . of hydroxylam ¢ and et hanol i nst ead
of pyridine, and chromat ograph on\&l |1 ce-g8l 4 ing
* di chl or onet hane- net hanol (95% 5% t thaTH-ft he product as a white
solid nmp = 152.5-155.5[err]C. 15 Br EXAMPLE 18
“[err] -
N
los

wherein R25 is defined in Table 8. ‘The formula number of the
_carboxylic acids used refers to.the amds

HOOC NH-BOC HOOCU
\‘/ NH-BOC

191.0 - 192.0
- HOOC HOOC\O
\O " NH-CBZ _ " NH.- BOC

193.0 - 194.0

The formula numbers for the R25 substituent refer to the
substituents: '

o 9 _ O
'NH-BOC = . W NH-BOC “'NH-CBZ
191.0A : 192.0A : 193.0A
o
or N
. “NH-BOC
194.0A

1m



Fol | owi ng .t he pr.ocedure of Exanple 12 but' usi ng car boxy- met hoxyl am ne
hem hydr oclwops/si®ss nst ead of hydroxylam ne 20 hydrochl ori dep@pghgfiliftano!

i nstead of pyridine, and chromatograph on silica gel using

di chl or onet hane- net hanol (containing a trace of acetic acid) (95% 5%
to obtain the product as a white solid-@5 = 95.7-97.3[err]C WO

98/ 57955 , PCT/ US98/ 11494

- 81 - EXBABLE 8 [err]

Di ssolve 0.1 g (0. 16 mml) of the product of Exanple 12 in 5 nm of dry
DVF. Cool t f-F v A--oger—ahd—atd—9——rg—b—{0-

U_Lrl 1 I TIl C . 1
sodi um hydr i|deEg60%o i tﬁrq ral rppw se
0.045 g (0. 389 mml)f— é?]:s-%&ﬁt / o B eshly
passed t hr oUgpsr=esent ' ————~-»-—————h——%s—:—~——~-:—r-~—-——————__w _____ . Add
20 L of water2t4her 2B 3rtraofs [ ' npte .

solution. BEftract wt hr g8 @}?3 chl ar th Dry the
conbi ned orgainic ?égrenrlé oy er rragne5| um-su flgl?\eggn (%ﬁggnﬁ?ﬁae Linder
vacuum Chr matoqr ph the crude3@¥terial by preparative $80.06140.9 pel TLC

L5179 ! egnt & el D0ROAD orahrcy. PO O TS,
Corr] /HOBT*H20/DMF 20-|  white solid
30°C 127.1-132.2
26 1,4-trans [193.0 + 126.0, DECeHCI/- 193.0A
NMM/HOBT*H20/DMF 20- white solid
30°C . 139.0-140.9
heating 2-3°/min.
27 l,4-trans |194.0 + 126.0, DEC*HCl/- 194.0A
NMM/HOBT*H2O/DMF 20-| white solid
30°C - 134.7-144.7
heating 2-3°/min.

EXAMPLE 28

The product of Example 24 is reacted with TFA in CH5Cl,
at a temperature of about 20-30°C to afford the the compound as
a 1,3-trans racemic mixture. The compound was obtained as an

off white solid having a mp of 134.5-137.7°C.
10



Fol |l owi ng the procedure of Exanple 12, but using the product of Exanple

6 instead roduct of Exanple 1 and 20 net hoxyl am ne hydrochl ori de

i nst ead oﬂﬂ§§@?ﬁ§£lan1ne hydr ochl ori de, and et hanol i n& 1454
pyri di ne, and chromat ograph on silica gel using

di chl or onet hane( sat ur at ed w th anogy a) - net hanol (95% 5% to obtain the
product as a white solid np = 120.4-123.8[err] C WO 98/ 57955
PCT/ US98/ 11494 A - 82 - [err]

of Exanple 4 and 0.15 nL_
;t 6?%err]c 5 then cool to

} etherate and stir
) d-_' extract with two 30 nL
magnesi um sul fate and
h the residue on silica gel using
hl or onet hane- met hanol 97% 3%t o
olid np = 130. 2- 134.9[err] C.

Di ssolve 0.05 g (0.0819 nml) of t
of ethylene glycol in 1.5 m_g_pf a
35[err]C and add 0.1 nL of b Ty

at 25[err]C for 2.5 hr. - Add 15 ndh. or~ugtt
portions of ether. Dry organic IayéFsH% er
concentrate under vacuum ::. Chromat QgiNgp
100% di chl oro- 10 rmet hane f'oI | owed by di
obtain 0.036 g of the product as a wh
EXAMPLE 22 _ N

NH,,
: " Follow the procedure of Example 28, but use the product of
. Example 25 to obtain the 1,4-cis compound as a Whlte solid
5 having a mp of 125 8-129 4°C

EXAMPLE 30

’I/, . .
NH,
React the product of Example 27 with 10% (v/v) HoSO4 in
10  dioxane to obtain the 1,4-trans compound as as a white solid
having a mp of 18_8.3—190.7°C (heating 2-3°C/min.).

EXAMPLE 31 - 41
Use the compound. reagents and conditions indicated in
15 Table 9 to obtain the compound of the formula:

IR



[err] .15, Fol | ow t he procedure of Exanple 21, but use 1, 2-
et hanedi t Wwobs/s7984 ead of et hyl enegyl'col to obtain the produstr/esesAi494

white solid nmp = 135.8-138.5[err]C WO 98/ 57955

PCT/ US98/ 11494 - 83 -

EXAMPLE 23 [err] -B7%solve 120 ng (0.2 mol ) of the
product of Exanple 6 in 10 nmL of toluene containing 14 ng (0.07 mmol)

of 4-t ol ueneyhereisL R26nisCdefiiied andraeld 9x The formiilaAtdnibers #f Tablelene and
2 nmL of Aé i‘l ene, glycol . Reflux for 3 hr using a Dean Stark water
separator. of aqueous, saturated sodi um bi carbonate sol ution
and extract with two 50 niL portions of ethyl acetate. Dry the conbi ned
organi c | ayers over gnhesi unglsulf te-and 10) concent {_Iate under vacuum

Chr omat ogr aph the regdi due_on NH
- o7 OC,Hs O NT
0]
195.0 : 196.0 :
5
) o o 0
- A e
(198.00 H . (990 o :
J\Q J\Q il
.S0,CH, SN

0
Jw\
HO s
o 0 o 0 E o
J\/CN | JL HN%
N N~ “CH,4

(202.00 " . (203.00 * . (2040



gel using ethyl

pr oduct asw89%;9%§ solid

EXAMPLE 247 -
[err]

provi des
PCT/ US98/ 11494

carboxylic acids used refers to.theg acids:

acet at e-di chl or onet hane (70% 30% to give 80
np = 119. 3-121.6[err] C
Reaction of the tricyclic am ne

with the reagents and carboxylic acids listed in Table 8
conpounds of the formula_gg _

284 -
wherein R err] is defined in Table 8. The formula nunber of the

[err]

WD 98/ 57955
[err]

ng of the
PCT/US98/11494

O o
NTNN,
H Hl-\T%
205.0
and ( ) | o,
TABLE
Ex. Stereo- Reaction Conditions R26 and mp
chemistry | : ' (°C)
31 1,3-trans {Product of Ex. 28/ethyl 195.0 '
racemic |oxalyl chloride/EtzN/- white solid
CH2Clp 141.6-143.9
20-30°C
32 1,3-trans | Product of Ex. 28/TMS- - 196.0 .
racemic |{NCO/CHaCly white solid
_ - ]120-30°C . - 151.9-153.4
33 1,3-trans | 196.0/Ex.28/ DECeHCl/- ' 197.0
racemic |NMM/HOBT*H,O/DMF white solid
_ ' 120-30°C s 145.5-146.9
34 1,4-cis Product of Ex. 29/TMS- 198.0
NCO/CHs2Cl2 . white solid
20-30°C 183.9-185.8
35 1.4-cis- [Product of Ex. 29/ethyl 199.0
: oxalyl chloride/Et3N/- white solid
CHoCly 134.0-135.5
- 20-30°C
36 1,4-cis Product of Ex. 29/- 200.0 .
CISO9CH3/Et3N/CH2aCls white solid
20-30°C 131.1-133.4
37 " 1,4-cis Product of Ex. 29/- 201.0
. nicotinic acid N-oxide/- white solid
DECeHCI/NMM/- 173.3-174.9
{ HOBT*H20/DMF
20-30°C
38 1,4-cis CNCH>C(O)OH/Product of 202.0
Ex. 29/DECeHCI/NMM/- ‘white solid
HOBT*H20/DMF 160.9-162.4
20-30°C
39 1,4-cis Product of Ex. 29/acetyl 203.0
chloride/Et3N/CHaClg white solid
20-30°C 147.2-150.0

< L



The formula nunpers for the R[err] s.u'b'st'ituent refer to the 10

substituenygossress.  [err] L e or  15pcr/usesniiéd

98/ 57955
- 85 -

'PCT/ US98/ 11494
TABLE 8 Ex. St er eo-

Reaction Conditions Rlerr] and np - 89 - chem stry

([err] Q)

24 1,3-trans 191.0 + 126.0, DEC HCI/- 191. OA

racem ¢ NMM HOBT. H[ err] O DMVE 2Q‘A131ym|g e éiﬁ{tiﬁlued _ _
139 0- 140. 1 4-cis - 192.0 + 126.0,

30[err]C
DEC. HOl / -
solid

1,4-trans

10

15

20

25

1020 WVWi te
Ex. || Stereo- O[eﬁeFetion Conditions ~ | 1B%% and;mp

i (°C)

40 1,4-cis 204.0/Product of Ex. 29/- 205.0
. DECsHCI/NMM/- white solid

| HOBT*H20/DMF 192.1-195.2

20-30°C

41 1,4-trans |Product of Ex. 29/ethyl 199.0
| oxalyl chloride/EtgN/- white solid

CH2C12 . [a]D22.O° -
20-30°C . +39.7, c =
10.0013 CH2Clg

ASSAYS , ;
FPT ICsp (inhibition of farnesyl protein transferase, in vitro

enzyme assay) and COS Cell IC5p (Cell-Based Assay) were
determined following the assay procedures described in WO
95/10516, published April 20, 1995. GGPT ICsp {inhibition of
geranylgeranyl protein transferase, in vitro enzyme assay), Cell
Mat Assay, and anti-tumor activity (in vivo anti-tumor studies)
could be determined by the assay procedures described in WO
95/10516. The disclosure of WO 95/10516 is incorporated-
herein by reference thereto. _

Additional assays can be carried out by following essentially
the same procedure as described above, but with substitution of
alternative indicator tumor cell lines in place of the T24-BAG
cells. The assays can be conducted using either DLD-1-BAG -
human colon carcinoma cells expressing an activated K-ras gene
or SW620-BAG human colon carcinoma cells expressing an
activated K-ras gene. Using other tumor cell lines known in the
art, the activity of the compounds of this invention against other
types of cancer cells could be demonstrated.

oft Agar Assay: _

Anchorage-independent growth is a characteristic of
tumorigenic cell lines. Human tumor cells can be suspended in
growth medium conlaining 0.3% agarose and an indicated
concentration of a farnesyl transferase inhibitor. The solution can
be overlayed onto growih medium solidified with 0.6% agarose
containing the same concentration of farnesyl transferase

26 -



NMM HOBT. H[err]O’DIVF 20- white solid SQ[err]Q

139. 0- 140. heatin

2- 3[err]/rWﬂ98’57955 27 1,4-trans 194.0 + 126.0, DEC/ HCJVCT’US%@%'.%A
NVM HOBT. H err] O DMF20- white solid : 30[err]C
134.7-144.7 heat i ng
2-3[err]/min. - 90 -ExamvpLE 28 [err]

The product
t enperature

1,3 trans racamibe incubated fnhel(bdrﬁodam ata%7°&btmde£oﬁ%scm to alloWf whi t e

GBI =S §6s doprIayer, CABFT she toRAaDRE Etnisa, Qlates a

sol i d_havi ng @oﬂ} 8ut£1%%1t?1 1%?1:5[1% cubtiotd tlvngcolon\{Qs WPhBamed

PCT/ US98/ 1149

EXAMPLE - 29
5.

by me}'laying the agar with a solution of MTT (3-[4, 5-dimethy]l-

_tluazol— -yl}-2,5- drphenyltetrazohum bromlde. Thiazolyl blue) (1

mg/mL in PBS). Colomes can be counted and the ICs¢'s can be

: determined.

10

15

20

25

30

35

Compounds 130 14.0, 160 17. OA 17. OB 18.0, 19.0,
20.0, 21.0, 22.0,:23.0, 24.0, 25.0, 26.0, 27.0, 28.0, 29.0, 30.0,
31.0, 32.0, 33.0, 34.0, 35.0, 36.0, 37.0, 38.0, 39.0, 40.0, 42.1,
43.0, 44.0, 45.0, 460 49.1,. 68.0, 690and700hadanFPTICso

within the range. of 1.9nM to >160n [wherem “nM”. represents
nanomolar). Compound 69 had a COS IC5p of 30 nM. :

' For prepar 1ng pharmaceutlcal compositlons from the
compounds descnbed by this 1nvention, mert pharmaceutically
acceptable carners can ‘be either solid or liquid. Solid form
preparations mclude powders tablets d1spersible granules,
capsules cachets and suppositories. The powders and tablets
may be compnsed of from about 5 to about 70 percent_actxve
ingredient. Suitable solid carriers are known in the art, e.g.
magnesium carbonate, magnesium stearate, talc, sugar, lactose.
Tablets, powders, cachets and capsules can be used as solid
dosage forms suitable for oral administration '

~ For preparmg suppositories, a low melting wax such as a
mixture of fatty acxd glvcerides or cocoa butter is first melted,
and the active mgredlent is dispersed homogeneously therein as
by stirring. The molten homogeneous mixture is then poured
into convenient sxzed molds, allowed to cool and thereby solidify.

Liquid form prepa1 ations include solutions, suspensions and
emulsions. As an example may be mentloned water or water—
propylene glycol solutions for parenteral injection.

Liquid form preparations may also 1nclude solutions for
intranasal admmlstlatxon '

Aerosol preparations suitable for inhalation may include
solutions and solids in powder form, which may be in’
combination with a pharmaceuhcally acceptable carrier, such as .
an inert compressed gas.

BRI



Fol |l ow t he procedure of Exanple 28, but "use the product of Egarrpl e 25
to obtain WamgkyeksCi s conpound as a white. soli-d'5 havi ng aP itbs/11404

125. 8-129. 4[err] C EXAMPLE 30 F?

React the product of Exanple 27 with 10% (v/v) Herr] S err] in 10 di oxane
to obtain the 1,4-trans conpound as as gjwhite solid having a np of

188. 3- 190. 7[err]C(heat|ng 2- 3[err]C/mn ) EXAVPLE
31 - 41 0 Ungsé hﬁcﬁ?&‘é’d’"&i@ sAIfd _fg wiien Ak Cat ed i nis.
J\%blgg / 275250 t%lnrhe;[ci] %o be cglrjlrxlrceirtoefd tsq'x rti)y Defore pgq:; lf,ggg;qig;g:rm '
- 87 - wpeeparatipns rfor ieitltaf oreldor parehteral adeniserativna. "SR S i N
Table 9 1 §hfid ¥rms include solutiont 'Suspensions and emulsions.

5 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.

10 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.

15 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 dcpending upon

20  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

25 increased 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 (requency of administration of the

30 compounds of the invention and the pharmaceutically acceptable
salts thereof will be regulated according to the judgment of the
attending clinician considering such factors as age, condition and
size of the patient as well as severity of the symptoms being
treated. A typical recommended dosage regimen is oral

35 administration of from 10 mg to 2000 mg/day preferably 10 to
1000 mg/day, in two to four divided doses to block tumor growth.
The compounds are non-toxic when administered within this
dosage range.



195.0 196.0 5 WD 98/ 57955

PCT/ US98/ 11494 o - 88 - [err]

St er eo- wéé%{g{’ﬁ%n Condi ti ons Rlerr] and np CWWW““

([err] O 31 1,3-trans Product of Ex. 28/ethyl 195.0

racem ¢ oxalyl chloride/Et3N - whi tgzsol I d _
CHerr]dJ[err] 141. 6-143. 9 20-30[err] C 32
1,3-trans Produ /

NOOY CH{ err] Gl [er 1 Ollt’hé)ffoﬁf)\m&é J‘ﬁ:ﬁﬁnp o? Ipénannaceutiéﬂcﬁgkﬁge forms

20- 30[ er r ] Cwhich contain a mpgunshoftthe iggention. 3Thesseopea 9§ theex. 28/

DEC. HO /- in¥&tiBn in its pharﬁ@“c%ﬁ‘tiéal WvhpbEtidd Qéf)k& %ot to bewhi te

solid 0 err 146 9 34
1,4-cis Prdpited.bydhe %?Wg ‘é%df) |
NCO’CI—l[e;’or]CI[err] i V\/mte soli.d. : . 20 30[err]C
183.9-185. 8 35 1 9 199.0
oxal yl chloride/Et[err] = lil%%j% - k CHerr]d[err]
134.0-135.5 : 2@@1&@.& _ _
Tablets :
No. l Ingredients- . o 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 o 300 700

Methqg of Manufactg_ re |
Mix Item Nos. 1 and 2' in a suitable mixer for 10-15

10 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.
Add Item No. 5 and mix for 1-3 minutes. Compress the mixture

15 to appropriate size and weigh on a suitable tablet machine.

EXAMPLE B
Capsules
lngredient lmg/cégsule mg/cag suie

1. Active compound 100 | 500 :"
2. Lactose USP 106 123
3. - Corn Starch. Food Grade | 40 70
4, Magnesium Stearate NF_| 7 7

Total 253 700 .

S



36 1,4-cis ;Product of Ex. 29/- 200.0 _ _
a s err] Clowsrshedst [err ] N CH err] C [err] ~white solid PCT/US98/11494

20-30[err]C 131.1-133. 4 37 1,4-cis Product of Ex.
29/ - 201.0 nicotinic acid N oxide/- white
solid DEC. HC1/ NM\M-93 - 173.3-174.9

HOBT. H err] O DMF 20-30[err] C 38 1,4-cis

CNCH2C( O) OH/ Pr oduct of 202..0 Ex. 29/ DEC. HO / NWM -

white solid d of ManufactugeHOBT- Herr1 o DvE # 16091624 |
20-30[err]C M—%———Mf-%%—gr oduct of Ex. 29/acetyl 203.0 : )
chl ori de/ Et [ er r ] NM Wem &osr}] 2 andtd i asshitable blender for 10-15 20-30C
ég_ ; 68%2? 849m1n4 utesY'OA8% REBPNo. 4 and mix for 1-3 mmutes Fill the N
TABLE 9. -9 coRixtyeg into suitatde two-pigcs, bard gelaﬁnéa?dﬁtyﬁsaﬁa suiable
Rlerr] and Wléncagsulatln§ machieel stry .
([err] O 0 4-ci s 204. 0/ Product of Ex. 29/- 205.0
DEC. HCl / NWM - white solid

HOBT. H err] O DVF While the pred@®t ind@iti@n has been described in

20-30[err] C conjuncl f’ﬂ; Wﬂh 1t Vﬂﬂfmﬁg rﬁf]ﬂgﬁhlrﬁgn@ set Yo Ybove, m&%? 0

oxal yl chlori
CH[ e?lr] 30 er alterna ives, modifications angevagiations thereof will be apparent

20-30[err] C g those of ordinary skifl iy tHe"art. All such alternatives, = .
0.0013 CH err err ASSAYS 5 Pthaﬁ[ erc] (iL,nhibition of

farnesyl pro 'Pq Ications apsh variglipns;, are mtergpé:{/:ﬁg s‘!}tﬁ’iﬁ ecepirdt| |
I err] (Cel ariBhsedpéssfathe peesent inveletignni ned fol | owi ng the assay
procedures descri bed in WO 95/ 10516, published April 20, 1995. GGPT
IC[err] (inhibition of geranyl geranyl protein transferase, in vitro
enzyme dssay), Cell




10 Mat Assay, and anti-tunor activity (in vivo anti-tunor studies)

could be determ ned by the assay procedures described in WO ‘o 95/ 10516.

The di scl 3BS85 WO 95/ 10516 is i ncor por at ed herei n BETHUSPEIANMe -

t her et 0. Addi tional assays can be carried out by follow ng

essentially 15 the sanme procedure as giscrl bed above, but wth

substitution of alternatlve i ndi cator tunmor cell lines in place of the

T24- BAG 1 .can be -conducted using either DLD- 1-BAG
human col on “ea&¥et+rom - =XPpressing an activated K-ras gene = or

-~ SW520- BAG human coI on carci noma cells expressing an 20  activated K-ras

gene. Using ot hery t umg cﬁﬁ&r#oﬁhaﬁﬁip ‘Elé.he art, the activity of

t he conpounds of t'his invention agal nst ot ~2 types of cancer cells

coul d be denpnstr at ed. . ' o

Anchor age-.i ndependent growt h igs

lines. Hurman tunor cells can .be

0. 3% agarose and an i ndi cat ed

i nhibitor. The solution can

ticpef 25 tunorigenic cell

-~ growt h. medi um cont ai ni ng
G on of a farnesyl transferase
b ovdi | ayed ont o growt h nmedi um solidified

wth O. 6% agar ose : containing the-~ rR&oncentration of far nesyl
s, oo oo I .
as the top layer. After the top |ayer it solidified, pI ates" * cdn be

i ncubated .for 10-16 days at 37[err]C er 5%CCIerr] to all ow col ony

- outgrowth: After incubation, the col obi esCHggbRB st ai ned
over | ayi theaarvvlth Iut
Chraral 89, ot s HRmihbek Reay Sk BRI A o Selwtd LB b"’é}&ﬁn
mg/ mL in PBS). CdAdniaesepresechés doomtNO-and the | err] can be
det er m ned Bl 7.0B, 18.0,
19. 0, -_200‘%6{1%98(%1Q %%éoﬁ%z%a%& gdbf?é-zegxtc}ﬂlgﬁ%rﬁmo 29.0,
1 30.0, 10 31.0, $€)oR23and Riare selected ﬁex@H@mbha% provided thet o ' 42. 1,
_ 43.0, 44.0; #9e8st 6fiebf B® ahd ﬁg lg H69.0 and 70.0 had an FPT I(err]
oo A8 e B boe B8 1 ) ORGP B B0
preparing phar mac{E)t xXcid Nc@wdmrnlthasnﬁtummltbmdﬁto Xasgmusdntdesﬂﬁbed by
this invent r I acceptabl e carriers can be
el ![ helr \s/ol- i ﬂ? :tﬁgu‘}%t‘&ggfﬁg‘q?% Xails %sent p !

(F) mis O, 1or2;

(G} R represents

15 1. a cycloalkyl ring selected from

v ®n ' Yo (R, N\ (RY),
3 G ™ L

£ LR, ®9,

=C Z Tj or —GCW Tj
(RY), \ T HC Y

6.0 . . 7.0 . 8.0 : or

. -
4 -

20 2. a heterocycloalkyl ring selected from:
| - : R%),

Ac®h /X R, Y
—N \) —N J(Rsln —N ) or -—@({(I‘]

100 - 11.0 : 12.0

.
14 1 4




A [
preparations ingclude powders, tablets, dispersible granules, capsul es,
cachets angloosepasi tories. The povvders and tabl ets meyp@EUSsiAdssed of
fromabout 5 to about 70 percent active 20 |ngred| ent. Suitable solid
carriers are known in the art, e.g. magnesi um car bonat e, nmagnesi um
stearate, talc, sugar, Iactose. T®8 ets, powders, cachets and capsul es
can be used as solid dosage forns suitable for oral adm nistration.

For preparing supuq$|pqsl(}:s1 o 20w nelting wax su¢h-as a 25 mixture of

fatty acid glycer r_cocoa hut [S ‘and the active

ingredient is di 593 eﬁoﬂnod'eﬂel %%epk néeégséetdeﬂiogn stirring. The

mol t en honmogeneous i x{l} e=0s Wlhhrﬂ'popr@dso thatlwhonoBrﬂSehem si zed nol ds,

all owed to cool and thereb 84 kﬂ"f%l g1 andmlié‘ﬂP”Ijoi‘OZ Iﬁleheﬁ?éatl ons
a (!l 5‘ erru

i ncl ude sol uti ons, suspenS|ons sjons. As an exanple nmay be

menti one® wat er or water- =O growpoisnehboymd to thatis parenteral
i nj ecti on. Li quidjakenttBr@rakRig AGopBH, antDwitlslthée sol utions
for - i ntranasal adm nistrati

| t
suitabl e for inhal ati on meBF9AE? gﬁété%hegolidﬁll?) Egﬁﬁdegflﬂ@aﬁﬁ?é gg'v\ﬂer

form which may be in andmhiisal iorr2 theh thephr groep s et yoaundept abl e
carrier, such as ah i nert SRR A35EH Q8fucent to ttéél/‘%r?é nitrogen;

PCT/ US98/ 11494 Al so

i ncl udedOare solid fort@preNa®&i ons which are i ntended to be
converted, shortly befpgp éNBOWOWHeﬂéﬂrﬁRfM‘dﬁresents ar@ﬁ)qba(gb@myj or either
oral or parenteral admnistration. Such liquid fornms include

sol uti ons, suspensions andB®¥HR:si ons. 5 . The conpounds of the

invention may al so be (4} isNrNHEC(O)-R8t whieseirr R ryprddentsr aNBlieconal
conpositions can take the (féor(gnce alklef creans, |otions, aerosols and/or
emul si ons and can be inclu (5 a transdermal patch of the matrix or

reservoil® type as are (5) ‘Nc@nﬂﬁéﬂalmﬁ&@)-ﬁ“tﬁd’lmnfl’ols 1h2s oguBpose. 10
Preferably the conpound i sy@gmgn ggé@a&gq{-&ﬁﬁ -OH -O- 1 8¢ gbly, the

phar maceuti cal preparajlon I S_i nj t suc rm the
preparation i s subdivi el ¥Nr@- M@’Sdgstgéa wherggmsaismln g @&Cfate -
quantities of the active CR@QQ%!&‘lectéd@from H, ﬂ?j{lelf)lt ‘Eﬁhlﬂﬁsﬁypw

achi eve the desired purpo §1(C¥?3)2 C(CH3)3e quantity of actlive’co ound in a

unit dose of
20 (7) -NRI3R!4 wherein R13 and R14 are independently

selected from:
(a) H;
(b) acyl;
(c) alkyl:
25 (d) aralkyl;
(d) cycloalkyl;
(¢) heterocycloalkyl;
() heteroaralkyl;
(¢) -S(O)2R15 wherein R15 is C; to Cg alkyl or
30 aryl; or
(h) an aralkyl, cycloalkyl, heterocycloalkyl,
heteroaryl or heteroaralkyl having from 1
to 3 substituents selected from: =0, halo,
-OH or -G-alkyl, wherein said substiuents
35 . . being bound to substitutable ring carbons;
(8) OR!6 wherein R16 is selected from:

| D




preparation may be varied or adjusted fromabout 0.1 ng to 1000 g,
nor e preferabl fromabout 1 ng. to 300 ny, according to
parti cul areg#P1%%iti on. The actual dosage enpl oféﬁ"‘?ﬁ??’lb‘é"varl ed
dependi ng upon 20 the requirenents of the patient and the severity of the
condi tion being treated. Determ nq%té on of the proper dosage for a
particular situation is within the skiM2o6f the art. Cenerally,
treatnment is initiated with S%ié‘? svvhich are less than t he
© opti num dose of the corrpounEb &g 'the dosage is 25 increased by
~small increments until the- ;l@mﬁlﬁ%@eﬂfgnﬂ is séleeted Hompt ances i s
-reached. For conveni ence, the t dall e e divided and
"~ adnministered in portions duri ngﬁikwi' ¥'85 qafyd)(ci) %@W % The
amount and frequency of adn{d) s-t(E(ﬁ)NﬁRé? Wherem R&%npc&ﬁldstedffmm
-~ i-nventiog and the pharmaceuti cayl Y6 m%&em ngﬁtséléﬁﬁaef%rﬂ’?' 'l be

regul ated according to the j ding clrnicran

nt.. o t
“considering such factors as” éggsrbc%uﬁ' toiro CMOE size of the patient as

_dosage reginmen.is

raI l.stration of from10 ng to 2000 ny/day
“preferably 1@“@6330% 5]&?093

rorpn two to four divided doses to bl ock

vel | as severity Qf) txbﬁeﬁy rr-ﬁs@'ﬂ&n each!R®3 e arnePbe difféRgpmmended

t umor grow h. The| pprrpmtﬁml‘hmémntfow anmmmm&;mmtmy hi n
this dosage range. Ject dV\? 98/ 57955 .. _

pcT/ usodP11494 selected Iro .92 - The

- follow ng are. exanpl es of phxir rﬁceut I cal dosage fornms whi ch contain a
conmpound -of the invention. ; actﬁ,@pe of the .. . invention inits )

~ pharnaceuti cal corrp03| ti on aspe is not to be . limted by the exanples

provided. 5 kaceuti cal ‘-Dosage For m Exanpl es

. EX;AI\/PIB:E A abl e (d) aralkyl Tabl e_tz No. | ngredi ents
nmg/ta ngta Actl e-corrpoun_. 100

‘f% Lact ose U§5” cyc l\f‘yl '

500 122 113

(e) heterocycloalkyl
(__f )} heteroaralkyl; :
(g) -S(0)2R15 wherein R15 is C; to Cs alkyl or
_ “aryl; or S e :
20 - " (h) an aralkyl, cycloa]kyl heterocycloalkyl,
b heteroaryl or heteroaralkyl having from 1
to 3 substituents selected from: =0, halo,
- -OH or -O-alkyl, wherein said substinuents
, 3 being bound to substitutable ring carbons;
25 - .or - '
(2) OR!6 wherein R16 is selected from:
- (a) Hy _ 3 '
- (b) Cj to Ce alkyl;
(c) -C(O)R17 wherein R17 is selected from:
30 - alkyl, aryl, heteroaryl or aralkyl; or
(d) " -C(O)NHR!8 wherein R18 is selected from:
H. -C(O)R19 wherein R!9 is selected from:
-C(Cl)3, alkyl or -(CH2)20H; or
(K) provided that R! is not bound to a carbon atom
35 adjacent to the nitrogen atom in Rings 9.0, 10.0, 11.0.0r 12.0;
S (L) Yis se_lécted from O or S, provided that each Y is the

A

same,




3. Cotn Starch, Food Grade, = '?“30 40 ~as a 10%

paste in wo98/57955 Purified Water A Corn St apgushpdeds ade
45 40 5. Magnesi um St earate . 7
Tot al 300 700 Met hod
of Manufacture Mx Item Nos.-97and 2 in a suitable m xer for

10-15 10 mnutes. G anulate the mxture with ItemNo. 3. MII| the danp
granul es through e(Mbﬁ seputierda the permaindér of. @t&lmikyilTRings 24%,e80ury.

Dry the danp lies m x
with Item No. fﬂ-r@fbi aifa?‘as%bfd‘g M nug %&HH t% emel\g.i g:'ii[ai r%oﬁn'&g for
1-3 m nutes. m&eide@xclpn&%lxngre 15 to approprl ate si ze and wei gh on a -
sui table tablet gy w. represents the remainder o 66'ﬁclo

C

Capsul es §\ct| IQQ B’Pr?)BﬁHH“ di‘:s% 1 to one of apsul e /capsul e

n atoms ipagaike UsP
106 3eloalkyB.ring; Corn Starch. Food Grade 70 4.

g/ggnesi um St sggat E(dYF %eygc,—:%q&)ssthe remgmder of heterocycloalkyl Rings Total
PCT/ US98/ 11440, 10.0 or 11.0, such that spiro nng T is bound® one of the Met hod of

Manuf d f
anutacture carbon atomlih RMMSroclcIGuRpH xihg 'pRnalb g dhfiprer Lo
mi xture 3t o M’Bt;smmobn@lc@ Bagarbgs atom %dwm¢mﬂ1qmu'ogam e

encapsul at i nGgtgagAREG - Whil e the present invention has been

described in gﬁnj 1;|on1 fthe s cific_enbodi ts set forth

above, many 10 all | V28¢ q%ﬁﬁiff OX¥nBIDRMatPohs thereof will be

appar ent to those of ordi nary sk|II in the art. Al such alternatives,
2. The compound of Claim 1 having the formula:

and

15 (Cﬁz)m

3. The compound of Claim 1 having the formula:

Br 74 \ Cl

N

Br
(1.9

N

A

20 4. The compound of Claim 1 wherein said cycloalkyl
ring is selected from:

(CHy)

* [4 L L] S *



modi fications and variations are intended to fall within the spirit

- 94 - WAST Y8 4R \eED

and scope resent invention. 15 . WD 98/ 57955

PCT/ US98/ 1‘%3%3%59 :

| S: 1. A compound of the fornmula: [err] 5 or a
pharmaceutical |y acceptable salt or sqlggte thereof, wherein: (A
a represents N or NO; (B) R1L and R3 are the sane or different
hal o at om (O R2 and R4 are sel eck@d fromH and hal o, provided

t hat at | east one of R err] and er

I's H 10 (R5)p (D) the dotted
(B) | '|s’g\l, C when the

nd to Xis
s'ngs: 15 '
Y

line (---) represents an_opti.onal_

| ~optional bond to X is Fﬁs?n-or--._ \
absent ; (FFRis P, 1 or 2

1. a cycloal kyl ring setetted from
. R : 4.0 R 6.0 s or - 7.0

H

5. The compound of Claim 4 wherein said cycloalkyl

ring is : _ .
5 S . 40
6. The compound of Claim 1 wherein said
heterocycloalkyl ring is selected from:
(R%),
RO, ' fl><¥r
—N or —N Q ]
\_._) \_/ Y
11.0 or 12.0
10
7. The compound of Claim 1 wherein when nis 1, RS is

selected from: =0, =N-OH, =N-OCHg3, =N-NH-C(O)-NHa2,

=N-NH-C(0O)-CHg3, =N-O-CHz2-C(0)-OH, =N-O-(CHz)2-O-Si(CHg)a-

C(CHs)3, -NHSO2CH3, -NHg, -NHC(0)C(0)OCgHs, -NHC(O)NH3,
15 -NHC(O)OC(CHg)s, -NHC(O)C(O)NH3, -OC(O)CH3, or -OH.

8.  The compound of Claim 7 wherein RS is selected
from: =0, =N-OH, =N-OCH3, =N-NH-C{O)-NH2, =N-NH-C(O)-CHs,
=N-O-CHg2-C(0)-OH, or -OC(O)CH3. :

20 | |
9. The compound of Claim 3 wherein R is selected from:

4.0 _
and when n is 1, RS is selected from: =Q, =N-OH, =N-OCHgs,

=N-NH-C(0)-NHg, =N-NH-C(O})-CH3a, =N-O-CHay-C(O)-OH,
25  =N-O-(CHg)2-O-Si(CHs)2-C(CH3)3, -NHSO2CHas, -NHa,
-NHC(O)C(0O)OC2Hs, -NHC(O)NHg, -NHC(O)OC(CHg)s,

iy




B T

6.0 : . 7.0, 8.0 . : or 20 2. a

het er ocyclwalokxyossi ng sel ected from - WD 98/ 57955 PCT/US98/11494

PCT/ US98/ 11494 _ - -

(H pis 0, 1 or 2 (1) when nor pis 1 then R5 is selected
from (1) =0 wth thggproviso that when Ris hetero-
cycloalkyl Ring 10.0 and mis O, 1 or 2 then the 5 =0
group i s not -MCCI@[@)NH%PGOO(O?GH3$ or -OH. S adj acent to
the ring nitrogen, and with the provi so that when R
is heterocycloal kyl Ring 11.0 and mis 1 or 2 then
the =O group is notp.bourkte compound of Claim 1 seledtedafreai:oon that is

adj acent to k?(i ring nitrogen; 10 (2) =N OH

(3) =N-OR[ er wherein R err] represents a(e[)err] to_Cerr] alkyl _
group; " Br ~ DA=N-N(H) - C(O) - Rger r J~uwhe Q_B errbrepresents
-NH2 or . Clerr] to (erlN ‘

(5) =N-O(CH err}
and Rlerr] is sele€ o -OH, -0 al kyl or -N#;
=N-O- (CH err])[err]- O , wiEBn s is 2, 3, or
R12 is selected from[f H Yl kyl or trialkylsilyl

Si(CHerr])[err]-C (&depr])[arrl) 20 - eyl R err]
wherein R err] and R ef¥] a dependent |y N sel ected
from fa) H, J\/N (b) acyl;
(c) al kyls 25 ¢d) aral kyl; o) .

err] whereinr

140 (®

0]
(d) cycloal kyl ; (e) heterocycl oal kyl ; '
(f) heteroaral kyl ; (g) -S(Of[err]Rerr] wherein
Rlerr] is CJéB)] to (Jerr] alkyl or (4)
B Cl
Br = Cl r
Vo
N H (16.0) (17.0A) OCHj
Br (Isomer A) )\/@
o N
LT
O
s .
0 | ; 0 ;
10 (5) (6)
Br Cl Br— \ Cl
(17.0B) OCHj,4 Br (18.0)
(Isomer B) _
N N
(0] : (9) :
—_—

A g e



30 aryl; or (h) an aralkyl,

cycl oal kyl , heterocycl oal kyl _

het er oar aWS/Sﬁﬁl ng from1l t%g%bggsgls | tuent S
selected from =0 halo, -OH or -0 al kyl,
wherein said substiuents 35 100 bei ng bound to
substitutable ring carbons; B i or

(8) CR[err] wherein Rerr] is selected fro : _ (a)
H WBlog/ 57955 j (8) | - |

PCT/ US98/ 11494

(b) Clerr] toBG

wherein Rlerr] i : - alkyl, aryl,
het eroaryl or aralkRW ; SO NHR err]
wherein Rlerr] is selec) ]3? . Br (20.0)
C(ORerr] wherein Rfferr |s selé Qelfrom '

:C(d)"[err], al kyl or L (CHerr])[err] OH when n or p is 2,

then each: Rlerr] is theMane or fifferent - and ch R er is selected
from -Nerr]R[err] wherein er Rlerr] are
|ndependently 10 o7 sel ected fromO .
(a) : acyl ; ' (c)
al kyI aral kyl; 15 : (d)
cycloalkyl (e) heterocycl oal kyl ;
() heteroaralkyl '(g) -S(Oferr]R err] wherein

. Rerr] is (e@@y] to (err] alkyl or (10) aryl; -or 20

© . (h). an aralk oty , heterocycl oa{akyl : o
‘heteroaryl or Brgterag —Ravi-By from 1 a to
3 substituents s@ll ec O halo -OH
or O al kyl, i sapd St i uent s _ _ 2 ng bound
to substitutable ring chkrHohs; 2821.0 | ((%m
(2) CR[err] wher ei n RpErN Bs sel ted from ° (a)

A’\):j\ }\/(:rlio
5 . ’

10 (13)

J\/O// o
0~ ;

AR A




(b) C[err] to Jerr] alkyl; | (c) -C(ORerr]

wher ei n Riwondsstesssel ected from 30 pCT/URbEMUss AT VI ,
het eroaryl or aral kyl; or (d) -C(ONHR[err]
wherein Rerr] is sel ected from H,
-C(ORerr] wherein Rerr] is sel ectedliglom

-C(CI)[err] al kyl or -(CHerr])[err]OH or (K) provided that

Rlerr] is no(15<)und to a carbon atom 35 adj acent to'the nitrogen atomin
Rings 9.0, 10.0, 11.0 or 6 (L) Yis selectedfromOor S,

provi ded that each BF WO 98/ 57955

PCT/ US98/ 11494 - 97 - (M Z
represents the remainde @@ S 2.0, 3.0 or 4.0, such
that spiroring Tis boundt 2 of t rbon atons in said

cycl oal kyl ring; \Brr epresents the remai nder of cycloal kyl
Ring 5.0, 5 such that spifo rijng T is bound to one of the carbon atons in

sai d cycl oal kyl ring; %%ﬁgpresents t he remai nder of
het er ocycl oal kyl Rings .0, 110. O} or such that spiroring Tis
bound to one of, .t o in said heterocycloal kyl ring,

provided that S([}I o 10 Ring T is not bound to’a carbon atom adj acent to the
ni t rogen atom and is selected from al koxy,

al kyl or -OH. 2. Br el@i m 1 having the fornul a:
[err]

5
(18)
Br 74 \ Cl
=y A (30.0)
Br [o)
N
) H
0 ;
10
(19)

* c L M S *



3. The conpound of Claim1 having the formul a: [err] ., 20,

4. The co ound of Claim 1l wherein said cycloal kyl L. 1S..S& ected
from 0 98/595508/ 57955 PCT/osSer s
PCT/U898/11494 -98 - [err]

5. The conpound of Claim4 mherein Q _cycl oal kyl ring is 5
4.0 6. The conpound of alm 1l wherein said

heterocycl oal kyl ring is selected :

[err]

* c L ] s *



10 : 7., The corrpound of Caim1l V\,herel nwhen nis 1, RS is

sel ected frewgogghss=N-OH, =N-OCH3, =N-NH-C(O-NH err], PCT/US98/11494
=N-NH-C(O) -CH err], =NOCH err]-C(O -COH,
=N-O(CH[err])[err]-OSi(CH[err])[err]- C(CHerr])[err],

-NHSO err]CH err], -NHerr], -NHC(O C(O1mBerr]Herr], -NHC(ONHerr], 15
-NHC(O OC(CH err])[err], -NHC(O)C(O)NH[err] -OC(OCHerr], or -OH

8. The conpound of C ai'm 7 wherein i's sel ect ed from =0
=N-OH, =N-OCH3, =N-NH C(O) - Ngfe N-Cdierr],
=N-O-CHerr]-C(O-0H, or -OC(O)[er 9. The conpound of
Claim3 wherein Ris selected frof

4.0 and when nis 1, RS is sell\éct Vrom =0, =NOH, =N-CCH[ err],
=N-NHC(O -NH err], =N-NH C( O -CH er rg", [@%éi) C(O-OH, 25
—I\I-O(Cl-l[err])[err] OSi(CHerr])[err -C([err] r -NHSO err]CH err],

-NH err], -NHC(O C(O OCC[err]Herr -NHC(O)NH[err]

-NHC(O OC(CH err])[err], WO 98/ 579

PCT/ US98/ 11494 o -NHC(O C(ONH err],
-OC(O CH3, or -OH 10. The conpo f daiml selected from
(1) (2) [err] _ Xy -OCHs

(24) a compound of the formula:

5 wherein R20 is selected from the substituents listed in Table 1:

TABLE 1
Compound R20 lL Compound R20
36.0 Q 37.0 H
38.0 /ﬁ\ ~ 139.0 0 oc.i
NH2 )I\n/ 215
(@)
40.0 _~S0,CHg 41.0 /ﬁ\(\
™
(0]

* c L ] S *



WO 98/ 57955

- 100 - -
PCT/ US'98/"X?&§%.7955
PCT/ US98/ 11494
PCT/ US98/ 11494

PCT/ US98/ 11494

' (8) [err] WO’ 98/ 57955
-101- (15) [err] RAE/GOBRQ45
-102- [err] WO 98/ 57955
-103-

-104 -

42.'0

la2.2

;bvherein R2! is selected from the substituents listed in Table 2:

5
TABLE 2
Compound R21 " Compound R21
0 o
43.0 \n/ ~C(CHg)g || 44.0 H
o | |
45.0 \,_n/,NHZ 46.0 o
ol | \n/u\_oczﬂs
47.0 Ygo 48.0 \'3020H3 .
O .
49.0 49.1 | 0
| o
192 O —
o
g
O .

) R O



[err] : . (24) a corfpound of the fornul a: [err]
wher ei n R @iods/shesssel ected fromthe substituents listed in Pk 51114 4
TABLE 1 Conmpound R err] Conmpound err

- 105 - -

(26). a compound 6f the formula

1,4-cis 1,4-trans

wherein R22 is selected from the substituents in Table 3:

5 ' TABLE
Compound . R22
50.0 O‘C(CH3)3
o)
J(cis)
52.0 \H/O‘C(CHs)s 53.0 H
o) (trans)
(trans)
54.0 \n/Nﬂz 55.0 NH,
' o) \lcl)/ :
(cis) ll (trans)
56.0 Q 57.0 Qe
| \n/u\oczﬁ5 \n/u\:oczﬂs
o) o
(cis) (trans)
58.0 //{0 |59.0 Vi
HN HN4
| \[KE\/NH \n)s\/ NH
0 _ O
(cis) (trans)
60.0 | S so,cH, 61.0 "~ 50,CH,
(cis) (cis)

H!IIIICI.IIIIILI M)



[err] WD 98/ 57955

-104 - err
wher ei n
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62.0

| [63.0

| (éis-l .

v

(trans) _; or

(27) a compound of the formula:

0

)\ R23

* c L " S *

wherein R23 is selected.from__' the substituents in Table 4:

TABLE 4

Compound

Compound

. o . R2 :
| “ B OC(O)CH,
70.0 U - 71.0 \@/0}1 -
o -  (1,3-cis)
72.0 UOH 73.0 1‘ I3 OH
: (1,3-trans)
74.0 Uy, ‘l3\\\\OH - " '75.0 \1‘ Is““on
76.0 %1, L~ OH 77.0 \O::,:OH
S Kon
78.0 1 A3 _OH 79.0 U .
- ;5 “ocH,
OH
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Compound -R23 Compound -
—80.0 \(l 81.0 1_~__OCH,
OCHg (1,3-cis)
82.0 \1()3/OCH3 - 83.0 1 I 3 4,OCH4
- (1,3-trans) 'd
84.0 ) I 3 wOCHg P 85.0 1 I 3@wOCHg -
86.0 ""0@0%3 o \(j - |
" ”,'OJLPh
_
88.0 U o 89.0 U 0
“, O/U\ R24 H % OJL NH2
i
R?* = —N-C=CCl;
H
90.0 U o | 91.0 U 0
,I’l O/U\ R25 I"I OJL R26
R25 = NO, R26 -
- — NH(CH,),0H
~
0
92.0 \CEOH 93.0 OCHj
ri .
OC,Hy OH
94.0 \O:OCHS 95.0 \C(OCHzPh
| OCH,4 OC,H;
' Ph=phenyl
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_’I-‘ABLE 4 - continued

Compound _

Compoimd 3 N —
96.0 \(IOCHzph 97.0 \C[OC(O)CHS
OC(O)CH3
Ph=pheny1 :
98.0 \O:OC(O)CHa "~ 99.0 \O:ocm)cna
OC(O)Ph
Ph=phenyl
100.0 \C( OC(O}CHs 10 1 0 \(I OC(O)NH2
OC,Hj OC,Hs

102.0 \‘: C(O)Nl'lz 103.0 \(I OC(O)NH,
- | OC(O)NH,
104.0 OT CHs 105.0 OSi(Ph),C(CHg)s

Ph=phenyl

106.0 | 107.0 OCHgPh
OCH4 ) f OCH3
. _ Ph=phenyl
108.0 . Qc(o)cns | " 109.0 OS1(Ph),C(CHg)g
OC(O)CH,4 /@\oﬂ
. _ Ph=pheny]}
110.0 OSI(Ph)2C(CH3)3 111.0 OH

j\OC(O)CH,Q, OC(OJCH,

Ph=phenyl Ph=phenyl
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bl adder carcinosma tunor cells, colon tunDrs cells, breast tunor cells

and prost awe 9ssmess cells. 15 -~ 13, A net hod of t r eapicpisbsriabg cel | s
wherein the Ras protein is activated as a result of oncogenic nutation
i n genes ot her than the Ras gene, conprising admnistering an
effective anount of a conpound of- BD8-m 1. 20 14. A net hod
of ‘inhibiting farnesyl protein transf erase conprising the
adm ni stration of an effective aDABIE &f - tdmtmy_edcqrrpound of Claiml.
WO 98/ 57955 © PCT/ US98/ 11494
-110 - +o—T—A—pherracettcalre o rPesSti-gR—et—+Ri-B+tt-rg
f ar nesyl C mimdtransfer%é" conprip t of
conmpound o% lug g'm 7 et abl e
carrier. 5 : f a for
manuf acture pf a medi cgnen use in iphibiting drowt ~abn¢r nal
cells. 10 17. |The of a conmppund of Cgiml nhi bitipg the
growt h of abinor mal _ceI I{s OC(O)CH,4 ~OCH,
Ph=phenyl _ .
114.0 | QCONH, 4350 OC(O)NH,
OCHj,4 OH
116.0 oconNH, M ________ | .
OC(O)NH,,

. 11. A method of treating tumor cells expressing an
5 activated ras oncogene comprising administering an effective
amount of a compound of Claim 1.

12. The method of Claim 11 wherein the tumor cells
treated are pancreatic tumor cells, lung cancer cells, myeloid
10 leukemia tumor cells, thyroid follicular tumor cells,
myelodysplastic tumor cells, epidermal carcinoma tumor cells,
- bladder carcinoma tumor cells, colon tumors cells, breast tumor
cells and prostate tumor cells.

15 13. A method of treating tumor cells wherein the Ras
protein is activated as a result of oncogenic mutation in genes
other than the Ras gene, comprising administering an effective
amount of a compound of Claim 1.

20 14. A method of inhibiting farnesyl protein transferase
comprising the administration of an effective amount of the
compound of Claim 1.
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'15. A pharmaceutical compoéition for inhibiting farnesyl
protein transferase comprising an effective amount of compound
- of Claim 1 in combination with a pharmaceutlcally acceptable

. carrier.

5 . .

' 16. The use of a compound of Claim 1 for the
manufacture of a medicament for use in inhibiting growth of
abnormal cells. :

10 17. The use of a compound of Claim 1 for inhxbltmg the

growth of abnormal cells.
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