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WD 2004/ 104009 PCT/ US2004/ 015051 TITLE OF THE
I NVENTI ON PROCESS FOR MAKI NG SPI ROLACTONE COVPOUNDS
wWeACHGROOND OF THE | NVENTI ON 5 The present i nveariusmo4/015051
relates to a process for the preparation of the
spirol actones of formulal. CO2H UT O wO | The
conpounds of fornmula | are internedi ates useful for
the preparation of the spirolactone conmpounds of
formumla H H ONAi UT~0 Jwl1l0 0 Il The
TITLE QRS BEVENTION nul a 11, along with their use as NPYS
PRO@EHS&MN@H@NE}HPH&@E&ET@EE%M%@ND@WS' ty or diabetes,
were disclosed in U S. Patent No. 6,335,345, which is
i ncor porated by reference hereininits entirety, and
BACKGRMDmmmﬂE43@6NVENUKMshed on 3/02/01). The conpounds

C s By S e et bty R KB piolacione o fomula
including, but not Iimted to, glovascular

di sorders, such as hypertension
di sease, vasospasm arteriosg osis and the like,
central nervous system di sor( such as bul im a,
depression, anxiety, sei thee epi | epsy, denenti a,
pai n, al coholism drug W|thnra al and the |ike,
nmet abol i ¢ di seases such "ag/“obgsity, diabetes, hornone
abnormal ity, hyperchol esterol epi a, hyperllpldenia and
the |i ke, sexual and reproductive 20 dysfunction,
gastroi ntestinal disorder, respiratory disorder
i nflanmation or glaucoma, and the |ike. U 'S. Patent
The cpggpougdszgdorgmin Iapriniymeiates 43te, forths prepdsatica of the spisalactae compounds
of forRORARr i ng the conpounds of fornula Il fromthe
spirol actone of fornmula I.
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The compounds of formula IT, along with their use as NPY5 antagonists for treating bulimia,
obesity or djabetes, were disclosed in U.S. Patent No. 6,335,345, which is incorporated by reference
herein in its entirety, and in WO 01/14376 (published on 3/02/01). The compounds of formula II are also
useful as agents for the treatment of various diseases related to NPY, including, but not limited to,
cardiovascular disorders, such as hypertension, nephropathy, heart disease, vasospasm, arteriosclerosis
and the like, central nervous system disorders, such as bulimia, depression, anxiety, seizure, epilepsy,
dementia, pain, alcoholism, drug withdrawal and the like, metabolic diseases such as obesity, diabetes,
hormone abnormality, hypercholesterolemia, hyperlipidemia and the like, sexual and reproductive
dysfunction, gastrointestinal disorder, respiratory disorder, inflammation or glaucoma, and the like.

U.S. Patent No. 6,335,345 and WO 01/14376, describe a process for preparing the compounds of

formula II from the spirolactone of formula I
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-1 WD 2004/ 104009 PCT/ US2004/015051 U.S. Patent No.
6, 388, 077 and USSN 60/ 352, 451 descri be processes for

wonrepansng t he conpounds of formula |I. However pCcausang®15051
nunber of synthetic transformations are required (the
| ongest | inear sequence being about 7 steps) with an

overall yield between about 15-20% Separation of the
cis and trans spirolactone acids IA and 113 in the
previ ous syntheses resulted in 5 the loss of all of

t HéS Rgteat New 6,358 g aneldUSEN 601352450 descebeprpéessee far pipering the

compflfnﬁ§ 8MYorrdlYE rﬁd\&%?er,r ﬁa?gfet%ﬁmbg ot rsygia*g:ﬂg ﬁ%fgrﬁlgtg)%g %lie%Huﬂgd (the longest

, he trans:cis ratio o e SEL ctone ac
Iinearsegpigaicspeing abph 7 piepmgyith A o¥sselt Held betoen abaws 16207t ur e,
| Gep&@of €He cRAGE trdns sPRSlaRERGERIS IA HRAB ih the PRVIRE %}ﬁlﬁﬁ:@es resulted in

i n the.amunt. of trans _spirol actone cid I''A.in the
the 1°%Sp<1ff‘ﬁ OL0F BRisrialdrepaied 2t (hF &YF9E PRI e FToH IRigelales to 2

processifer @ipichiog the trameisaaiiclof ik spirolabiene &l sfdbramladnem@adifk the spirolactone
ac%d nlﬁ}ftéfeg fc‘g fsflot nec;L{Brz-l en’_g ni;hlrgfp? X %21%%% goca%?}ﬁcr%agelza %%ilet '%.metlmp éﬁr'%%s'f spirolactone
acid Livrin the seieadactane acith mrixswre i@ redative o b ampupanibdid spirplagtone acid IB in the
spirol A RGHBABH Snix BreAENTHis RhGde i fro @B e 21 (PR ZeL LRRNVF R AL Spirolactone
.,.acids, as well as |lactonering formation, "are
acid Ijpgcribed in Synthetic Communications, 20 (17), pp.
2623 ce62fr (bt PBP)ratidy TOEREE8hiUBITedgBRs, BrichSiditdliRicahi 9N

e ST e —
20 (I'D 1199 2§23-7R82 C19P O FragssdsFomthe ottind-Kthimtioh &fe{-propsytbenzginides and N-

1€ i ' i | PN 9y J .
o 85 ) DLy, B SR s o
alcohelf arﬁﬁy ketrapsda siP eBnid M8 diselogrd in Aideiell ZB TpiTeeieriep alohn Wiley & Sons: New
York, 08,0093/ i 5928007 0Bhd e ofi@BdekdddhbIS td- RLE&MizeProdRiral®hrboxylic acids is

al . J. Soc. 1989, ,..1650; Cal M et
descrfpd in Lyt B, Dartal: & Moty D0BA1 L7850 68mern yl et a., Ferrahedron:
Asymiahn®9?, 18] 298t arall CalmebeMr etk dTdrau/iedk99 199480, 1331919. 20

SUVWARY OF THE | NVENTI ON The present invention

provi des a process for preparing conpounds of
SUMMARYCOLTHE INVEMIIRN] . CO2H UIT V. O WO The

pr i

B R R TR bl g s o ot fogula 1.
by reaction with an ester-substtysed cycl ohexanone,
hydrol ysis and | actone ring forpation. The resulting
spirol actone acid is convert ¢ 0 an acid halide,

whi ch is subsequently conyer to a sterically

hi ndered ester via a keyére+m™ernedi ate. The

sterically hindered est@I i $ htirol yzed to give the
w

The process involves anion formation, such as ortho-lithiation, of an aromatic compound
followed by reaction with an ester-substituted cyclohexanone, hydrolysis and lactone ring formation.
The resulting spirolactone acid is converted to an acid halide, which is subsequently converted to a
sterically hindered ester via a ketene intermediate. The sterically hindered ester is hydrolyzed to give the
desired spirolactone of formula IC, predominately in the trans form (IA). Crystallization of spirolactone

IC, or a salt thereof, and separation gives isomers IA and IB, or a salt thereof, in highly pure form.
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desired spirolactone of fornula IC, predom nately in
the trans form (l1A). Crystallization of spirolactone
wOCpo4am4mosal t thereof, and separation gives i BOMRISS00A15051

and 1B, or a salt thereof, in highly pure form 30 -2

WD 2004/ 104009 PCT/ US2004/ 015051 LOHH ~ 0 LOH H OH

u"T~=U+U, Tof oJo WWWOoO ICIAIB

Individually reacting the separated spirol actones of

formula 1A or IBwth an amne of the 5 fornula H2NAr1l

gi ves the correspgdnding spirolactgne anmide |1 A oQlIB

as shown in gener) heme 1. HHWN-AHL H N~ 1 J—FOH

TUUT OOIIALLE In Schenme 1, "ahe reaction of”

4-ester substit 3

ortho-lithiated\ 3 k:

ester hydrlySp's¥and Fact ong” NynghT or fat i & T ghye

t he' spirolwactgne /~acid I C, \as jXture wilkh 4 ratio

of approxi mfely\1:1 1A to 1B TRe spirol achbone \acid

ICis then acti¥ated by conversi®n to acid halife E

whi ch is subsequently converted to a sterically

hi ndered estler F, via a keterna internedi ate, 1By

treatment with a sterically hindered al cohol R30H The

resulting sterically hindered ester F is then

hyladigidyalydeactingyihg eepgigied epizdacomes efdpunuladA @dB avithiax uonine of the
formudd HSWAFIQli RS tiRRerréspbiidenghirdacth@r midaTA & BB cs HDwM ih %e@ral Scheme 1.

rati o of approximately 80:20 trans (lA) to cis (IB).

The m xture of IA and hB Hmy be sepapatgd via

crystallization by treagmnt of the m\xtmre with an

acid, to forma salt & 1 BAdAnd subs,

separating 1A and I B ,

and I B may then be i ldually r

to give conpoungshafwor mul a Uy~ U8B, -3
ojwo I, AP

W

oA B

In Scheme 1, the reaction of the 4-ester substituted cyclohexanone B with the ortho-lithiated
aromatic compound A is followed by ester hydrolysis and lactone ring formation to give the spirolactone
acid IC, as a mixture with a ratio of approximately 1:1 IA to IB. The spirolactone acid IC is then
activated by conversion to acid halide E, which is subsequently converted to a sterically hindered ester F,
via a ketene intermediate, by treatment with a sterically hindered alcohol R30H. The resulting sterically
hindered ester F is then hydrolyzed to give spirolactone acid IC, as a mixture of spirolactone acids of
formula IA and IB with a ratio of approximately 80:20 trans (JA) to cis (IB). The mixture of IA and IB
may be separated via crystallization by treatment of the mixture with an acid, to form a salt of IB, and

subsequently separating IA and IB. The trans spirolactone acids IA and IB may then be individually
reacted with HpNAr! to give compounds of formula IIA and IIB.
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DETAILED DESCRIPTION OF THE INVENTION

By this invention, there is provided a process for the preparation of a compound of structural
formula IC, or a salt thereof,



80:20 1B 11A 11 B DETAI LED DESCRI PTI ON OF THE | NVENTI ON
By this invention, there is provided a process for the

wonrepaoawd on of a conpound of structural for mrCausEN04/015051

or a salt thereof, -4 WO 2004/ 104009 PCT/US2004/ 015051
CR2H UITSJ o WO ; wherein ICT, U V and Ware
each independently selected fromthe group consisting
of: (1) nitrogen, and 5 (2) nethine, wherein the
met hi ne group is unsubstituted or optionally
substituted with a substituefO#tl ected fromthe
group consisting of: (a) Qgen, (b) |ower alkyl,
10 (c) hydroxy, and (d) | al koxy, and wherein at
l east two of T, U V, @nd e nethine; conprising
the steps of: 15 (a)Ufo y_an spirolactone acid
halide of formula E\JO X UM Jo WO E

W

o) ; wherein
_ IC
T, U, V and W are each independently selected from the group consisting of:
€)) nitrogen, and
5 2) methine,

wherein the methine group is unsubstituted or optionally substituted with a substituent selected

from the group consisting of:
(a) halogen,
(b) lower alkyl,
10 ©) hydroxy, and
(@) lower alkoxy, and

wherein at least two of T, U, V, and W are methine;

comprising the steps of:

15 (a) forming an spirolactone acid halide of formula E
0]
X
T
T
\I) 0
~ ~
w
O k]
E

wherein X is chlorine or bromine, and T, U, V, and W are as defined
20 above, by treating the compound of formula IC with a halogenating

agent in a solvent;

(b) forming a spirolactone ester of formula F

-5-



wherein X is chlorine or bromne, and T, U, V, and W
are as defined 20 above, by treating the conpound of
woaommb&od C with a hal ogenating agent in a soPTCEMIS2004/015051
(b) form ng a spirolactone ester of formula F -5 WO
2004/ 104009 PCT/ US2004/ 015051 CO02R3 U-T~ WO F
wherein R3 is selected fromthe group consisting of
tert-butyl, methyl cyclohexyl, nethyl cyclopentyl,
and neopentyl, and T, U, V and Ware 5 as defined
above, by treating the spirol acCOs®® aci d hal i de of
formula E with a base and an_gl cohol in a solvent;
(c) form ng a spirolactone a of formula IC CO2H U
~J -0 WO 10 IC wherej , V. and Ware defined
as above, by hydrol yzing” Spi rol act one ester of
formula F with an aqueqgus dcidP and 15 (d) isolating
the resulting product. PvVﬁn enbodi ment of the
present invention, the procesg conprises increasing
the ampunt of trans isoner IAHCO®ZH U-T~J - 0 W

F
wherein R3 is selected from the group 'consisting of tert-butyl, methyl
cyclohexyl, methyl cyclopentyl, and neopentyl, and T, U, V and W are
as defined above, by treating the spirolactone acid halide of formula E

with a base and an alcohol in a solvent;

(c) forming a spirolactone acid of formula IC

CO,H

IC

wherein T, U, V and W are defined as above, by hydrolyzing the

spirolactone ester of formula F with an aqueous acid; and

(d) isolating the resulting product.
In one embodiment of the present invention, the process comprises increasing the amount of

trans isomer TA

H CO-H
U/T\ \‘\\\
J 0
N ~
w
A ©



A0 -6 WO 2004/104009 PCT/US2004/015051 in the
conpound of structural formula ICCR2H U-T W J - 0
WO 2008/104009 el ative to the anmount of cis isonmer PBTHSEO2HI5051
UT WIB O 5 in the conmpound of structural formula
IC, wherein T, U, V and Ware each i ndependently
sel ected fromthe group consisting of: (1) nitrogen,
and (2) nethine, wherein the nethine group is
unsubstituted or optionally substituted with a
in thegoiypeund gbsituciwell érmald IC10 from the group consisting of:
(a) hal ogen, (b) lower alkyl, (c) hydroxy, and (d)
| oner al koxy, and 15 wherein at least two of T, U, V,
and Ware nethine. In another efS&Hi nent of the
present invention, T, V and ¥ e nethine, wherein the
nmet hine group is unsubstit ug or optionally
substituted with a substifrue

consi sting of (a) haloseﬁT”(bcslomer al kyl, 20 (c)
hydr oxy, and W

c ©

relative to the amount of cis isomer IB

H, ,COpH

5 in the compound of structural formula IC,
wherein T, U, V and W are each independently selected from the group consisting of:
)] nitrogen, and
@) methine,
wherein the methine group is unsubstituted or optionally substituted with a substituent selected
10 from the group consisting of:
(a) halogen,
(b) lower alkyl,
©) hydroxy, and
(d lower alkoxy, and
15 wherein at least two of T, U, V, and W are methine.
In another embodiment of the present invention, T, V and W are methine, wherein the methine
group is unsubstituted or optionally substituted with a substituent selected from the group consisting of
(a) halogen,
(b) lower alkyl,
20 ©) hydroxy, and
(d) lower alkoxy; and

U is nitrogen.
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(d) lower alkoxy; and U is nitrogen. -7 WO _

2004/ 104009 PCT/ US2004/ 015051 1In a class of this
wenthadiosent , T, V and Ware unsubstituted met hPa®usamd015051

Uis nitrogen. In another enbodi ment of the present

invention, T, U V and Ware nethine, wherein the

nmet hi ne group is unsubstituted or optionally

substituted with a substituent selected fromthe group

consisting of 5 (a) hal ogen, (b) lower alkyl, (c)

hy®p 6kss, of g’nﬁeml(od;mdnoxﬁew aal ROy undubstiowied whihis; afl U hsrogen.

e ke Bhbodidig: BRHLD | bS] fn%H?loh S, WU S afé&.ge%l% whdi%in the

tional |y substituted hal ‘ogen. I'n ano
meth 1%42%‘8\&1 Iapbgituted 0@1‘4@5@% fuhswv@ﬁ fhiith g suksHentselgetpd from the group
ammﬁmgpf(a) Is selected fromthe group consisting of
Iorofo et hyl acetate, tetrahydrofuran,
dlﬁ%thox n%hane, di gl yne, 2-methyl tetrahydrofuran,
1(H>d|dwan@mahd di et hoxynet hane. In a class of this

enpodi solvent in step (a) 1is
rﬂg hm‘gro)f(urmia

tetra an. 15 In anot her enbodi nent of the
pK%&enﬂOW%@Eﬁ¥Xon t he hal ogenating agent in step (a)

i s sel agbglast Bﬂﬁisteﬁ%ocﬁfn@ﬁtpthg RBdims kg 150Jns£’£ﬁﬁlféa%£ us
[ chl ori de, phosphorus tric ride,
‘W“mﬁﬁ%§gﬁ ﬁg“wpgéP%ﬁlde t hi onyl chloride, thionyl
brioanctter embbdinek yf thbp@sentli@venkion,ahedobest ifktep (M) & selected from the group

cons1s%ﬁ% QPJh g@&l}éfm )%Elgmcata%gtegg{yldﬂ)gn%g ggﬁleg]sogy«%ta%?ﬁfl 32/1813 ;slgethyl

tetfahr%@furaarrb‘trﬁloxw apthdisthhaymuethaox yio hlchiss afethisenibedivesmnthabautnt in step (a)
is tetrSwdrof@s. val ents to about 2.0 equivalents relative to
Zqésplrolactone acid I C. In another subclass of this
c I auothe gpabodipasnh T the PisseaEMBHiOR thedploseusting ecenkin tsp (4 is selected

from the Qﬁ)u}ﬁﬂiﬂﬂsﬁtﬁig&ﬂ bﬁosﬁlﬂir@d dx&&ﬂ&xﬂiesﬁdafyﬂlﬁ&ﬁc@zﬁlo@;ﬁbﬁxs liehidride,
no
phospﬁl?{us t !ﬁ ornﬂ(g ﬁ'gz ﬁcfhg ,etlniog}?l Ele an é]qqipq}]élpehlt aclass of this

embochelblat uhtvhawganmng rgdna Dt sepe(a)de plibs porusloRyeidseIn a subclass of this class, the
amourft %’P@%hﬁﬂlé 09% fhwf’(]%e Psrq%ﬁ;?egﬁ ab ouy teclqu(%\lz’]a’le)&sqg %(th 58 equlva en?s relative to

spirolagine a¢ig & olanethsrgubdiise of this claQsE; the amawrg ohgrosphvinsdixpehiriride is about
1.15 ¢ 1v§18ﬁs ﬂ@faﬁﬁ@t@%pﬂﬂ%@dﬁ% LR ICt ﬂl%n&tﬁé}c‘stlﬂ)c@ s Of thﬁ#cﬁlgsh {i¥)amount of

r.ses a catal .. Inac ass 0]
phosp %%%Yﬁ‘&ﬂff it wgufc]aQSaffqyyﬁlemg re&ths trspirolpgspreaeidde: I n a
s l]hbﬂlio&ﬁﬁmﬁﬁodtﬂiﬂnﬁoﬂlh@ﬁiﬁsent fnftiadTenenpirGhctstieidMlide of formula E in step
(MISI Kﬁmpeimeen about 0.2 equivalents to about 5
%hlva S re a?lve to
In another embodlment of the present invention, the reaction of step (a) further comprises a

catalyst. In a class of this embodiment, the catalyst is dimethyl formamide. In a subclass of this class,
the amount of dimethyl formamide is between about 0.2 equivalents to about 5 equivalents relative to
spirolactone acid of formula IC. In another subclass of this class, the amount of dimethyl formamide is
about 1 equivalent relative to spirolactone acid of formula IC.

In another embodiment of the present invention, the reaction of step (a) is run at a temperature
between about 20 OC to about 80 ©C. In a class of this embodiment, the reaction of step (a)isrun at a
temperature of about 40 ©C. In a subclass of this class, the reaction of step (a) is run at a temperature of
about 40 OC for about 2 hours. Q

In another embodiment of the present invention, the base of step (b) is selected from the group
consisting of N,N,N’,N’-tetramethylethylenediamine, triethyl amine, N,N-diisopropylethyl amine, N,N-
dimethylethyl amine, pyridine, collidine, 1,8-diazabicyclo[5.4.0Jundec-7-ene, N-methylmorpholine, and

-8-
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spirol actone acid of formula IC. In another subcl ass
of this class, the amount of dinethyl formamde is
wahout10400e qui val ent relative to spirolactone aeCu/ust004/015051

formula IC. 30 In another enmbodi nent of the present

i nvention, the reaction of step (a) is run at a

tenperature between about 20 OC to about 80 oC. In a

class of this enbodinent, the reaction of step (a) is

run at a tenperature of about 40 OC. In a subclass of
N.N.NHN stegdrapsly]- 1 Skhexanedigminegn Inof class epthi{sambpdimenntha basa of step (b) is
NN wm&faﬁieﬂlgethgafene-aﬂﬂlw Eﬁg s SocihQ'of fHRAOUss And\BHRe %ﬂﬁﬂzk\;,zv’ N’-

anot her enbod |nen resent |nvent|on
tetranggthylgthylene janjing ig B?té’é‘tnef’é’o‘ﬂtrlcﬁq}"tvﬁénté‘? Hhept 1%@@&@@& gtlatiygto
spuol@dftoﬂ\s!, IdleNof, fhinmull£8.r RBbtM sebdlash enedi |cﬁ§§ 8 anmoliht @ MW, N A -tetramethyl-

ethyle ﬁlgine &ﬂ[t\’lf)‘g eocﬁg%??%llfsg}:lg \lre tg gﬁu% actoné (’a\é-ter%lf orrtnﬂly et hyl
1,18 -adkthex @imbodimbma[obthd pBsei ﬂﬁ/elitibna:healcohol of step (b) is selected from the group

conm%lfegﬁtéé 6)3% @E'%g '%%thy? n}%1oheyganXpmet9914<!yg‘lgpen9anol and neopentyl alcohol. In a

class nf this mbedimens theypteetie) L stepgbhie seatrtutil alephed. Injasubcless abthisefass, the

amouhtmf%e dicBRS s betiien Q@é@ 1 Qfui & Pto(aBdut! 1§ equivalents relative to
tetrarreth I e hyI ene-diam ne. Ina sub ]iass

splrolacftoqems@r %f| alglglla ¥-nla aa%e}rﬂl dss Rf tms R}assNthe amount of tert-butyl alcohol is

aboutt1et e’qai’Vﬁlehtykeeithy kcesrp&oﬁttaﬁa Rer bﬁfoﬁﬁﬂN\Een about 1
equi va tto%q[ée 1OeU|vaIent
r

o1l em odiment p1r8?entr 18¥ IIMP% t}fg soﬁ/ﬁnt A %?Ihés 1sss616%tf:daf§%m the group

spirol actone e
consigifng ohiegalydméwan, diveetlamperhdne ofighnd) 2Nhetiy] tdtehydxofetanyl,4-Bioxane and

dleth&tyﬁl\éih%ee Qb §Eﬂ1§§: Ff Hﬁs 621?&1 P%l?eﬁh Fhae%gl%rif ‘%ﬂ sgﬂ)to (?)hfs %tﬁ%&f%ﬁuﬁﬁ

spirol actone ester i . .
of In@pethes embediment therepction of str(ba frstproiomprises pept. (Ipyp clags of thi
embo&ﬁ{eﬁtﬁ Ehi@ dalf # @éﬂ:&té’&ﬁrcﬁili fhﬁ lgroup Q&ﬁisﬁﬁg (ﬂ’qmﬁ{lmtbl%rﬁlde) ;ﬁmﬁhm chloride, lithium

ono cl ohexan cycC Open anol
odiad 0 8?5élﬂe ot ang it goipbomfs Jud ook < dan ot st s lithivm
chloridielnal sabdish ofxhis Stitenss, e an®uheit 1l1tHilJJﬁ Mﬂor&:leﬁ@ﬁh@*veenlaﬁoﬁ 0.5 equivalents

to abcﬁ:lvg %{}*ﬁ?ﬁen?sfr%l%ééuesto (r:]llnraobacuc}ne is%eer oﬁ?‘\; a e & fl? atmeogli%g %8 of this subclass, the
amoupicpfilighaure phlerideds attouty bequivaledt @btwedb apitaareone stterof ddrmula F. '

f % %tﬁer Emb&ﬂm@rﬁ ‘3% {?1% E)re§eH9 ﬁlv@rﬁﬁm QBe {) Rdton %k’ %épc‘ ébzl ist}ﬁr ata temperature

of tert-b al cohol

betweepp F"%.Ctuf RG e %liltﬁ?QP tIBﬁélaé%‘?fé]PlS eflqueaw the 1raction o (o fs run at a
tempeaX@ @I BEE 4004C. tTHA scRRE B this OMEEhe ddctidn ¥ s@P (B)&Mun ik temperature of

about 4®%& ﬁﬁp\&%ﬂ%ﬁ% g te#c%%% o {]Ji)]gﬂ)réh%lrj %b@]lcé%n Itlﬁéelgsg,ttﬁeﬂeactlon of step (b)
is runtag teatpyldtum‘cnfrahmt 40 0@ foki ad)marie hawel  di et hoxynet hane. In

a gl . . )

i e]%"lr gtﬁﬁ’eé %ﬁ%t%?@gg%@g%%v e{&ﬁ e‘tﬁg&cﬁlg&}s abid o ?%‘tg (c Bsele&ed from the
grouprC@a%%tmé af wﬂfuge g, pgroghlericrasid, kygrpbromie gcig, pénamlonq g¥ideand formic acid.
In a cfabAFIhi®Embdairfent leqéd'ﬁ@ Q&d of 4§ @ﬁk Eulfu%c %&heCt ed f rom

tﬁpg%épmgiﬂswtlrﬂg ithiumbromde, lith

Clak PLIRFRI O ¢ BEES?Pé mVF‘?t’("H1 thedysEekeshy Hsiep éc)éﬁﬂﬂm at a temperature
betwdeh tibiuti20 P@tudaibbuta00BOr &t eclask Bf tﬂilsf‘etﬁbﬁdhﬁﬁﬁt e h§ld’ib1§515 of step (c)is run at

atemﬁnlﬁgtﬁl% é u%l %g‘&é ea sgll?rc%ag,n olfs assl, Elé?l?{rﬁh’gﬁlﬁls Pf %eé) (IC LIS Tun a?atemperature
ofab@éﬁ%@ﬁorab@mﬂhours equi val ents to about 5 eqw val ents

r el ahdiig ePnQomﬁlBEI{t f ﬁﬁ %&t ™ lﬁ onQhe 51%{11&‘6 éﬁstéi @l isola];ed by adjusting

anot her subcl ass of his su ass
the pi pf the soltion|of pteRie) tasbelirrsn pbopt %qrm 4 witepbase enfhwr@@mgéhe reaction

mixtuSediofafflbRAhOENpBSIIEIC. O a EudeRyE o tHis class, the base is sodium hydroxide. Tn another




I n anot her enbodi nent of the present invention, the
reaction of step (b) is run at a tenperature between
wahoui108090CC t o about 80 OC. In a class of thiBCT/US2004/015051
enbodi nent, the reaction of step (b) is run at a
tenperature of about 40 OC. In a subclass of this
class, the reaction of step (b) is run at a
tenperature of about 40 OC for about 2 hours to about
24 hours. In another subclass of this class, the
subclpsg.dba pEOAF the sodutiop of yp @bisiadjustethtodetween ehmpe? Bt aboe 3ofln a subclass of this
subcl @Bk pHHOF thlsdh@lon 3P QES (I R BRMESto abBut@not her enbodi ment
of t%fégresent I nvention, the aqueous acid of step (c)
Bchis dBertipoy thernis fghergreyidsd @ grrsess foribe pepasaiiongnd separation of a
spirolactortt,of FyrahulaGA| @aiselt Betedf, ahyAEpRBaOIhCofdbintha 1B 6SLAR kiefeof,
acid and formc acugagcﬁm a class pfcohiys embodi nment,
t he aqueous acid of sstep (c) is sufffuric acid. In
anot her enbodi nent he present wention, the
hydr ol ysi s of ep IS run gnperature 30
bet ween abouty265C'gnd abouty1 n a class of this
enbodi nment , t\y]e h dr® ysis Q/ stlep @c) is run at a
t enper ature of yabo 50 C. I'n supcl ass of this
cl ass, the hydrol ysics of step (c) run af a
tenperature of about 50 C for about 2 holfE®™®|n
anot her enbodi nent of the present invention, the
product of step (d) is isolated by adjusting the pH
of the solution of stdp (c) to betweedBabout 0 and 4
Wi th a base and extracting the reaction 35 m xture to
f the coppound IC. In_a subclass of this class,
T.G, Q’fr?élg &g% eqch I%J(;g?%‘ﬁﬁ“ﬁfakﬁﬁ‘il frem thergropseRRtting o5 WO
2Q0¢/ 104ke36n, Red/ US2004/ 015051 subcl ass, the pH of the
sq&utioqﬁqgestep (c) is adjusted to between about 2 to
abgut 3- qn’a subcl ass of this subclass, the pH of
t hvdhegw] the inethineferaipépunsedstifusdad ppiphaty substabaliviti?a dubstByent selected
S, LOR: re is further provided a process
,fgyﬁqﬁgggﬁégggg?%%ﬁ.and separation of a spirolactone
of fordil a MAlogH a salt thereof, and a spirol actone
of formy a h&ver@lkyp salt thereof, HCQRHH CRH UT
UT W W5 9 wherein A 1B T, U V and Ware each
indepeﬁﬁ%nt&?‘?ﬁ%éﬁ ed fromthe group consisting of
(1) ni t(dogenewamtkoxyl@nd 2) net hi ne, wherein the nethine
\Wﬁnﬁfﬁ%%m%a?ﬂpﬁ%ﬁgFEﬁyﬁﬁd orﬂﬁgtionally substituted with
a su

st1tuent 'sefected "from the group consisting of

comprising the steps of

(e) adding a solvent to the compound of formula IC,

CO,H

-10 -



10

15

20

25

30

(a) hal ogen, (b) lower alkyl, 15 (c) hydroxy, and
(d) lower al koxy, and wherein at least two of T, U, V,
wand44ioene net hi ne; conprising the steps of 20Cta)52004/015051
addi ng a solvent to the conmpound of forrmula IC, CO2H
U-TW O IC-10 W 2004/ 104009 PCT/ US2004/ 015051
wherein T, U, V and Ware as defined above, to forma
m xture; (f) adding an acid to the m xture of step (e)
to forma mxture; and (g) aging the m xture of step
(f) for a tiwherdmd, Uriderd Waredistdeioned abexfef @dbinvemixure;

af ford phe 3 . SRR o X
wher ei rng, %?g@gglﬂ%lwgirée as d%theﬁe(%—P tgg%r}vﬁéa%mjc%u‘r%éédal t
t her eof® | n 2ging themaistirnelsier 6D faradinsrand apder conditions on,

T, V and W akRctiRlibhifi@d hokenshuidihe methine group is
unsubstituted or optionally substituted with a

substituent selected fromthe,gcOsp consisting of 10
(a) hal ogen, (b) lower alkyl A (c) hydroxy, and (d)

| ower al koxy; and
AT \
U7y
\I) (0]
- <
w

o)

IA
wherein T, U, V and W are as defined above, or a salt thereof.

In one embodiment of the present invention, T, V and W are methine, wherein the methine group
is unsubstituted or optionally substituted with a substituent selected from the group consisting of

(a) halogen,

(b) . lower alkyl,

© hydroxy, and

(d) lower alkoxy; and
U is nitrogen.

In a class of this embodiment, T, V and W are unsubstituted methine; and U is nitrogen.

In another embodiment of the present invention, T, U, V and W are methine, wherein the
methine group is unsubstituted or optionally substituted with a substituent selected from the group
consisting of

(a) halogen;

(®) lower alkyl,

© hydroxy, and

(d) lower alkoxy.

In one class of this embodiment, the methine group is unsubstituted or
optionally substituted with halogen.

In another embodiment of this invention, the solvent of step (e) is selected from the group
consisting of dimethoxyethane, acetonitrile, tetrahydrofuran, or a mixture thereof. In a class of this
embodiment, the solvent of step (e) is tetrahydrofuran. In another class of this embodiment, the solvent
of step (e) is acetonitrile.

In another embodiment of this invention, the acid of step (f) is selected from the group consisting

of hydrochloric acid, hydrobromic acid, tartaric acid, methane sulfonic acid, toluene sulfonic acid,
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Uis nitrogen. 15 In a class of this enbodinment, T, V
and Ware unsubstituted nethine; and U is nitrogen.
wono@notder enbodi ment of the present inventi oRCT/TS2004/015051

V and Ware nethine, wherein the nethine group is

unsubstituted or optionally substituted with a

substituent selected fromthe group consisting of (a)

hal ogen; 20 (b) lower alkyl, (c) hydroxy, and (d)

| ower al koxy. In one class of this enbodinent, the
succinieach, aed yHouimadid Tuashbsdfithisierebdonent, ot dcaheflstey (f) is hydrochloric acid.
In ano%ﬁép%ﬁgdﬂﬁé%g otths hn\J%ﬁ]ﬁ&g Qste% ?g) #Jhg@t{]&tangglp&m% %‘H{ lépfi to 60°C. In

hi s i nvention, ven IS sel ect

a classr ofdhis ?Iﬁ@dgﬂl%r?tepdé)”lé P@ti ifor psflocblpqmen@h%tl thgpreto about 48 hours. Ina

subcla3€ 61t R klags] it@n (g %tagétﬂ}iqpcé?ﬁ faﬂﬂe oﬂiboﬁ 2'5‘)@ tféﬂaﬁoﬂt'@%B@@‘in another
this enbo vent of

embm{l@fm g thﬂse‘PYegH% i ST G HE 20 QS G P 1 compound o

formubrfidQoli aveh therdoh elnsi@llaéeoitthis elfnba‘dilﬁ@t (tk9 cdn:ﬁ)oﬁchBfo&iniu[d 1A6s isolated by

f11ter11£anﬁ Q?r# hﬂatlggge%l me%eg{of ?\]:e ats L},I]ré/ 51?2(1\; sﬁug)% 8ond§ it}tg%q ?lﬁsgc th%ﬂgr]éf is diluted

with WHP@@M agefl foragingg anf yaulcie@ mm.imous @i, the @mtpanidoofdoinmi]a IA. In another
b 14&?&1*1@&@@1 SUhE | 0

o LRS00 Q0 LA SO ot A e

Subclaéwffthlﬁ F‘EOC]é&ﬁ the cpmpepnd phfosmue 14 iiisolaisfycfiliesing thesiyery srgivp the

produ&f LS fhef §ubclh§ ohﬁﬁ’d’@&s@,'t@ef Jherydie béilcentfa[bdadiﬁlftéal%uh acetonitrile and aged
ention i s aged at

( 9)
fora tgnet éﬁﬁggeéf ?f?iétlogf Oa%‘é € ‘i%@oil%d ng a class of this
e ychis myentionsthep iy ajgo previded @aghrdeess for th@pmpmiathﬁtom esmpound of structural
ﬂnnmﬁﬁ@u&a%aﬁﬁﬁk ko about 48 hours. In a subclass of this
ass, st ep F is aged at a tenperature of about 25C
for about hours I n anot hegopyenbodi ment of this
i nventi on, the process further “conprises step (h) of

i sol ating the conpound of mula A, or a salt
thereof. In a class of_th nbodi nent, the conpound
of formula IAis |san? o filtering and
concentrating the f|Utr give a slurry. In a

subcl ass of this cIassN t slurry is diluted with a
sol vent and aged for a tinmOand uggdeeinconditions to
gi ve the conpound of forrmula IA |In another subclass
of this class, the slurﬁ% is diluted with hexane and
aged for about 20 hours™at about OC. In a 10 subcl ass
of this subclass, the conmpound of fornula A is

T, U, V3RL ¥ & ot 11§db18<%nﬁéﬁtf}§l?1'éaﬁd b fleterdud cphof@inb B Product.

anot her su ass o s C rry is
céﬁbenﬂﬂﬁ@@ﬁanﬁlluted with acetonltrlle and aged for
a(nynerﬁmﬂmynder conditions to give the conpound of
fornul a
whereln the methme group is unsubstituted or optionally substituted with a substituent selected

from the group consisting of

(a) halogen,

(») lower alkyl,

©) hydroxy, and

@ lower alkoxy, and

wherein at least two of T, U, V, and W are methine;

comprising the steps of

(a) combining a strong base with a compound of formula A

-12 -
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By this invention, there is also provided a process
for the preparation of a conpound of structural

woaoombaodC, or a salt thereof, COR2H O W 15 Or@inais®ion/015051

IC T, U V and Ware each independently selected from
the group consisting of (1) nitrogen, and 20 (2)
nmet hi ne, wherein the nethine group is unsubstituted or
optionally substituted with a substituent sel ected
fromthe group consisting of (a) hal ogen, (b) |ower

al kyl, 25 (c) hydroxy,UéI (d) I ower al koxy, and
wherein at |east two oRuT, U N, and Ware nethine;

conprising the steps of N e-qining a strong base
with a conmpound of formnula - 2004/ 104009

PCT/ US2004/ 015051 T U H YV O A wherein T, U, V
and Ware as defined above, in an aprotic solvent to

forma solution; 5 (b) reactingsa conpound of formula
B
wherein T, U, V and W are as defiqed above, in an aprotic solvent to

form a solution;

(b) reacting a compound of formula B

o:O—cozRZ
, wherein

B

R2 is selected from the group consisting of:
(2) lower alkyl, and
(b) —CH2-phenyl, wherein the phenyl group is
unsubstituted or substituted with a substituent selected from the group consisting
of
H lower alkyl,
2) lower alkoxy, and
3) -NO2,

with the solution of step (a) to form an ester of formula C in solution

CO,R?
T
J OH
~ ~
"W “CO,H
C

wherein T, U, V aﬁd W are as defined above;

-13 -



O=rC2R2 ~/ wherein B 10 R2 is selected fromthe

group consisting of: (a) lower alkyl, and (b)
woChR/Apkenyl , wherein the phenyl group is unsuberiusuioam15051

or substituted with a substituent selected fromthe

group consisting of 15 (1) lower alkyl, (2) |ower

al koxy, and (3) -NO2, with the solution of step (a)

to forman ester of formula Cin solution COQR2R2 U H

20 WCO2H C wherein T, U, V and Ware as defined

above; addihdwier R0Rdohib ORthPETdr UBERNMIAQLRARS (b)(6 Jorm an acid of

addi ng ¢ pto the solution of the ester of formula C

in step%‘ﬁ? ]Po forman acid of formula D CO2H -T CH

WCRZH D 5 wherein T, U V angdqlare as defined

above; (d) forming a spirolactoné acid of formula IC

H

wherein T, U, V and W are as defined above;

(d) forming a spirolactone acid of formula IC

CO,H

10 IC
wherein T, U, V, and W are as defined above, by treating the acid of

formula D with an aqueous acid;

(e forming an spirolactone acid halide of formula E

15 o)

wherein X is chlorine or bromine, and T, U, V, and W are as defined

-14 -
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UT) --~ WO 10 IC wherein T, U, V, and Ware as
defi ned above, by treating the acid of fornula Dwth

wano@gueoss aci d; (e) form ng an spirol act one RCTAS2004/015051

halide of formula E O ~-X UT 15 OE wherein Xis
chlorine or bromne, and T, U, V, and Ware as defined
-14 WD 2004/ 104009 PCT/ US2004/ 015051 above, by
treating the conpound of fornula ICwth a

hal ogenati ng agent in a solvent; (f) formng a

spi r ol abbenby eedtiag thefcofapeund bhfoFmulD2 R3h a baldgéddtidy 5 O

F whergLn; ' el ected fromthe group consisting of
tert-bJ%fPPB%%#e§ﬁ cycl ohexyl, nethyl cyclopentyl, and
neopentyl, and T, U, V and Ware 10 as defi ned above,

byt r eabinifg i BfrobRichOL A& LPREmAG A hal ide of formula E
Wi th a base and an alcohol in a solvent; (g) formng a

spirol actone acid of formula IQbost

wherein R3 is selected from the group consisting of tert-butyl, methyl
cyclohexyl, methyl cyclopentyl, and neopentyl, and T, U, V and W are
as defined above, by treating the spirolactone acid halide of formula E

with a base and an alcohol in a solvent;

® forming a spirolactone acid of formula IC

CO,H

IC

wherein T, U, V and W are defined as above, by hydrolyzing the

spirolactone ester of formula F with an aqueous acid; and

(h) isolating the resulting product.

In one embodiment of the present invention, the process comprises increasing the amount of

trans isomer IA

-15 -



C2H UT O WO 15 1C wherein T, U, V and Ware

defi ned as above, by hydrolyzing the spirolactone
wezbt@rioghof ornmul a F with an aqueous acid; and BOT(US2004/015051

isolating the resulting product. In one enbodi nent of

the present invention, the process conprises

i ncreasing the anount of trans isonmer IA -15 WD

2004/ 104009 PCT/ US2004/015051 H CO2H U-T W TA O in

t he conpound of structural fornmula ICCO2H U-T J W O

Ic relative to the anount di, €PsHisoner 1B H CO2H

UITW 51BO in the conpognrti of structural fornula

IC, wherein T, U, V and War ach i ndependent |y

sel ected fromthe group ns ng of: (1) nitrogen,

N '

and ,
A ©
in the compound of structural formula IC
CO,H
/T\ an
_ (0]
W
c ©
relative to the amount of cis isomer IB
COZH
/T\ o
\) O
-~
w
B O

in the compound of structural formula IC,
wherein T, U, V and W are each independently selected from the group consisting of:
5 nitrogen, and
04} methine,
wherein the methine group is unsubstituted or optionally substituted with a substituent selected
from the group consisting of:
(a) halogen,
b) lower alkyl,
©) hydroxy, and
(@ lower alkoxy, and
wherein at least two of T, U, V, and W are methine.
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(2) nethine, 10 wherein the nethine group is

unsubstituted or optionally substituted with a
weoeubstiotwent selected fromthe group consi sti RGTAS2004/015051

(a) hal ogen, (b) lower alkyl, (c) hydroxy, and 15

(d) I ower al koxy, and wherein at least two of T, U, V,

and Ware nethine. -16 WO 2004/ 104009

PCT/ US2004/ 015051 I n anot her enbodi ment of the

resent invention, T, V
r%étamthfé egnb@i}ﬁlemt@f th §’FP6§¥ ﬁ{ggﬁq\g& a'Be AL hl st ?t\(}l\@xgr %erem tﬂe methine
group i8 WiRGbdrituidest o%&ﬁu@ subbieted itk ﬁ%u‘tﬁéﬁiuemtseldctéd fiporh tHe@rayp coyisting of
conS|sE % (a) hal ogen, (b) lower alkyl, 5 (c)
rox d (d) lower alkoxy; and U is nitrogen. In
abplaaswaﬁﬂhnls enbodi nent, T, V and Ware
@gubshltuted nethlne and Uis nitrogen. |In another

the present invention, T, U V and Ware
n@d hi nNeweslkerxgi amdt he 10 nethine group is

UESMHﬂ%H$$:itu:ed Fr opgi?nally substituted with a
substituent selected fromgthe graqu i. S
i asdpsmof thisismbpdipent B %ind W azee%swﬁmﬁ shéﬁ? ‘%‘g[’ .
| E}’é{ﬁéthéﬂ dboimehi i BRDrabisisention, 1, e ARIOWi anemnéthint, mlerem the
met hin rou S _unsubst i d or
mething gis0p 15 RRGURB T AR b B o BB eldheq from the group
cmmm@@@ﬂent i nvention, steps (a) and (b) are run at a

f erﬂh§%§ of between about -50C and -80C. In a class
0 odinent, step (a) is 20 aged at a
t@ﬂperhﬂ@f@kﬂess than about -55C. In a subclass of

S ch§§§x sieep (a) is aged for a period between

(cgut ?OWTI Ql%)g’s to 18 hours.

Tn one class of this embodiment, the methine group is unsubstituted or
optionally substituted with halogen.

In another embodiment of the present invention, steps (a) and (b)
are run at a temperature of between about —50°C and —80°C. In a class of this embodiment, step (a) is
aged at a temperature less than about -559C. In a subclass of this class, step (a) is aged for a period
between about 5 minutes to 18 hours.

In another embodiment of this invention, the aprotic solvent of step (a) is selected from the group
consisting of tetrahydrofuran, toluene, heptane, dimethoxyethane, benzene, and hexane, diethyl ether,
xylene, or a mixture thereof. In a class of this embodiment, the aprotic solvent of step (a) is
tetrahydrofuran.

In another embodiment of this invention, the strong base of step (a) is selected from the group
consisting of n-BuLi, sec-BuLi, t-BuLi, LIHMDS, NaHMDS, KHMDS and LiTMP. In a class of this
embodiment, the strong base of step (a) is n-BuL.i.

In another embodiment of this invention, step (a) further comprises adding a salt selected from
the group consisting of LiBr, LiCl, Lil, LiBF4, LiClO4, and CeCl3. Tn a class of this embodiment, the
salt of step (a) is LiBr.

In another embodiment of this invention, R2 is selected
from the group consisting of: ~CH3, -CH2CH3, (CH2)2CH3, -CH(CH3)2,

—(CH2)3CH3, and -CH(CH3)3. In a class of this embodiment, R2 is -CH2CH3.
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In anot her enbodi nent of this invention, the aprotic
sol vent of step (a) is selected fromthe group
woansi1etiomg of tetrahydrofuran, tol uene, hept aReT/US2004/015051

di met hoxyet hane, benzene, and hexane, diethyl ether,

xyl ene, or a mixture thereof. In a class of this

enbodi nent, the aprotic solvent of step (a) is 25

tetrahydrofuran. In another enbodi nent of this

i nvention, the strong base of step (a) is selected

f o anatties egybestinpent obthe ptenhigvention,-vBurriis addettoBuel solution of the ester of
formuia (,BH1L§tep &y a!t M’E&n ehm}'%@slbot%stg @@Qoolu e, I}é] ?lags JF s é}ltlbodlment

his enbod strong base o st ep
Watefl‘?aé@niqataltf‘ﬁnpéf?éltfhéfab@%oﬁloﬁent of this |nvent| on, step

( @) afodtet Bﬁbodﬁﬁé’ﬂ%fﬁ@&e%ﬁﬂinﬂ&tl@n %%lFRcﬁel ect ed from 30

onsistin
is run Eradf’%aefatﬁﬁ R0 ¥9|L5 O S R OGTBR B e ﬁl@ a clpggef this
embodimkit, 0dp @1 B FDHI( ap tdrﬁpetalttﬁé of dbﬂutalDOC afedr tﬁﬁ’dﬂﬂﬁbﬂﬁmat&f In a subclass of

s clped e (?Vg%tgpapeﬂ%lbetw 3 eldhfrom bR 9@%&(%)2

(I@@)lga@mbochm@t ofJH¢ Q)leBa)levemmom tbd faqssousfacui bf "ep (d) is selected from the

group %Bérﬂ% A rod?gloh@ ac1ch€l§r_]% acid, Iﬁ&lﬁ%@g %gﬁ{ a:!:gl? Q'AQﬁJoromethane sulfonic

id, g5 agRire thefgeindn @ﬂasswéthgrembgdlaﬁafeale@@ueph%acmf §tep &R ipfulfuric acid. In
a subdlefseoﬁﬁis elas) thefabiti il ddedCat ia BerSiefiBuré 6 abdtit 18ss HAABOS@L MlaBotBir subclass of
RE TR A Ao ——
about S0B5to@@out 7A@ fryt iperiodenfibalic inbor tofibduheh@resent

I t {

arﬁégl?)ttﬂ pgmb&itlrg%é éf:t)ﬂ? ? g%eﬁ% g&g dlt?ﬁ} %)ﬁrg%?t&\%a atléiéire}%apﬁe 0 ormula E in step
(e) is gspirolaciope paid ehloridebodi nent, step (c) is run at a

t Qﬁm&ﬂ@} iBod@ther BOME pé%pmaéntﬂ%ﬁ tﬁé’k%l\@gtqh LPR) QfseM@tE@from the group

ass this cl ass, IS Tun
COHSISBBg Pfo%v%%gp PPYL*H&E&%@ eyl ﬂl%laﬂxgethqnﬁ, da%mpﬁ drmetthy]
tetrahpittfathnNEMdioRinetahe diptheS@itthahé VI Atcl08lof thRendedigetsthdsbident in step (e)
(d) is selected fromthe group consisting of

f
ISEH%V roc%?orlc acid, sulfuric acid, nethane sulfonic
adi ehotler phbadmentref mapuesemnfzmbm tiOhadrgemhtingngeat inristep () és selected

from thpgtroﬁl%onsﬂstrhgaofgsﬁ@s?ﬁo )éra‘hg‘n&np)& lgi?&rlde ﬁﬂ%g%}%ﬂﬁqg&&?nde

acrd uric acl

phosphefpsstribrogde, ﬂtl?ﬂéf %hé@rui% thiogy] beemide and axalypepmidar b axflass of this
embod@REnt] the ﬁﬁ&g&lﬁtﬁ% agQ@fﬁ stépr(e)aE‘ phdipors R GG Rle Ofn 2 §uhél§ss of this class, the

cl t he aci erature of ab
oo e S i Sl SIS, ST B e o
spirolavineg taciB 0O.Clrt anothxoubelase 6fGhfs @tasa tl{éamOOﬁi o® phaapiiiis ckydhlatide is about

e resent
1.15 ebﬁz%«%?%ka?iv?ﬁgf)g%? e%g g? efn g%l?%grh a s o t{hlsfcpassr,m e m@unt of
phosphejussexyphlorids ig abouj boﬁaecslpaaleoqs alatbado amouctom widlfe. In

a'lﬂ)ﬁljfbﬁ{er @Mhé@ bt tth)reEehﬁmpé'nﬁéﬁ Rhe deRYSRbE (e)t flfher comprises a
catalyst In ae nglssloliJ this embo 1mentI fc’he%gtalggttwe c(l:{metrhglnf]o;ma?mge In a subclass of this class,
the amount of dimethyl formamide is between about 0.2 equivalents to about 5 equivalents relative to
spirolactone acid of formula IC. In another subclass of this class, the amount of dimethyl formamide is
about 1 equivalent relative to spirolactone acid of formula IC.

In another embodiment of the present invention, the reaction of step (e) is run at a temperature
between about 20 OC to about 80 OC. In a class of this embodiment, the reaction of step (e) is run at a
temperature of about 40 OC. In a subclass of this class, the reaction of step () is run at a temperature of

about 40 OC for about 2 hours.
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consi sting of chloroform ethyl acetate,

t etrahydr of uran, di nmet hoxyet hane, diglyne, 2-nethyl
woebr4aloyde of ur an, 1, 4-di oxane and di et hoxynet haaeuskmw4/a15051

class of this enbodi nent, the solvent in step (e) is -

tetrahydrofuran. 20 In another enbodi nent of the

present invention, the halogenating agent in step (e)

is selected fromthe group consisting of phosphorus

oxychl ori de, oxalyl chloride, phosphorus trichloride,

phowpther ansbotliniebr afitedeesentiivgntien, Glelbeseicfetep thiseelgdted from the group

cons1stl§}{r%g{pé\fjﬁ Naﬂld te‘ﬂﬁﬂatﬁhrﬂﬁgﬁ'@dﬁﬁnné Hleﬁly%rﬁﬁé I\PI(/ dh fp lethyl amine, N,N-

ogenati n ent
dlmethpjws»sybﬁsma@yashy@npwﬁneé 8-glipza lcsaﬁfél“ég'@dé‘f”?% gthydgorpholine, and

N,N,Nt, Natet@iaigﬂﬂﬂ:l 1661{12@13%%%% US a OM¥CITHIOE B0 dingend q}ev?mf@tap ) is
a rel a
NN el e e it e sfirass e FleSuibe g b N Y-

tetramahﬂs&yleﬁdqaaxaime ibrHetwabn ﬁﬁws;okmniuaknommbdsﬂt @0 Eqlévalentsablatirte to
spuolactoncte ﬁs% 3O Y 3 "latl‘s i ?enlo 1 s\{l%cllgs% of Bus ﬁés@%ﬁeoe[}l?ou%%f% 1{1 %’ NI’ n

er SUOC
tetramgthﬂsthlenmaromy ahlbont Bdeequsva@mﬁ m@latlve@@smum@m ester of formula F.

rgl aﬁﬁ){h\éleerﬁ%dﬁﬁénf @tﬁ@ﬁr@s@ﬁ iffenflod, the ABLAVPLBSI) i is selected from the group
enmbodi nent  of %tgr esent i nvention, the reaction

consm%qga?f terg})utyllﬁlqoh@lr ol Y}ﬁyqlg}ggargl r%eél%yépxpéqpentprfpl Aod p%pggn%lfalcohol Ina

class cﬁhhsielﬁliﬁﬁﬁﬁnmﬂ[&alcohd%l%f eap &) ¥ 3drt-biyldilcsRsih Y a fubElnRBF Bhes class, the
this

bcl
amounP By BT B R e oo BB sh oot B She s sftivere,
spirolagtvoel tst& of uinvialFe it snothet subtlass df this@ass gheaaba@neofder- Uutmlfalcohol is
about i 9k %Hlf:ﬁer{:ts(}‘gla il tﬁgﬁl‘ch&{oné QQ o‘??cﬁ’mgfa FI his class, the

e i s about 1 equi val ent
r én @neuemoqhelestmf ﬂslpsmré fevertiangthe solyest iste () @ selepted from the group

con51sﬁﬁ1§361?@&ah§dﬁjf8fhgz{n”ﬁﬁ{eth9{yeﬁﬂﬂﬁe Qfg%ﬁl%" Q-Iﬂefh\jlﬁt@&it&@ﬂnofdrﬂﬁtl A-dioxane and
reacti on_or .S ure etween
diehog TR OIS S OB B oo e Gy plydrorian

e libamtHae erhbodidket, tieaedctionofatep b epriee yorhBisésisaht Inga cl@S of this

embo%?gl:gst{'n ahLIlt is Is,e(l)ect r%mt th 4gro€pccon 1Is]tjnag o%&lgﬁ:dn? g’r%rn‘l)c{e Itltpllu%l chloride, lithium

eaction o 1S run
iodidet khjyer perehlazato find lablgmttetth@uoj@)cpr@ue dbo snbclgssmf lijpgclass;[tge yAdD is lithium

chlongeo%/ %&%%ngofpﬂ édﬂ%&oﬁé Qﬂlélgé Jaf llthﬁn%ﬁ;rﬁa@ is b%{mgﬁj 5156%{‘6 5 equivalents

resent I nvenfion, base of step (f %
to abogte’:} %ltve nis reJaHve %spgtp{ggpsnec@];eg pgﬁopﬁﬁa Bf In another su class of this subclass, the

amouNoMNitNunNetdrRfe ﬁsadmﬁtméq@itvmmeaawe dpi@)lactfoﬁé &kd vl formilne,
gl §1i1N{1 di Itll}es glgfé%i?r?{eng Pﬂ%e pr%srgntn 1%Vent10n, the reaction X% s?epr%lls %Bnap a temperature

betwedn &bodi 2zAbioapalt 8) SCA 10} ciagted this @niwdiment, the reaction of step (f) is run at a

tempek*hﬁg kf&gﬁﬂp{mllh B bcﬁgsdof éhlﬁclass, the reactlon of stfp () is nrn ata ten%perature of

etramet exanedi am ne.
about 14& P@ f@rﬁbg\@jﬂm@ms to Qqut Qf}g@grsoin anohgr S(Upglaqs of this class the reactlon of step (f)

is run%i\{eﬁ{perﬁ{uretcﬁtaﬁﬁﬁﬁ(‘}w&&tam eNRoud. am ne In a subcl ass

his cl ass E amount. of N, N, N
he

t &n pather ﬁ’?‘)@tnﬁ%t ehibe present W@enitlgn B}éq w%chls 5‘5% aft stop (g) is selected from the
group&dﬂxﬁlsﬁﬁt enNdulfinic ahh bljldradhkﬁﬂ utlﬂﬂlyﬁftﬂ:aﬁonﬁe heid, iph@ph@ic acid and formic acid.
Ina cl%%’ | c{f ﬁ}lggrfq}? ge e%? k%raqger%sj s?eﬁ (&} 1f\|su %{19 %cqg r subcl ass

t dt preothet hmb@hmyit efibe phiesemd meentlsn,amimdrdky s of gfap (@ fisomn gt a temperature
betwebf L@Uﬁ{ AFo n%md?%&t‘ib@d(? Oﬂ% Enl 6f thﬂfem%&{urﬁyt{t athcfhydhﬁysm of step (g) is run at

anot her e resent | nvention,

a tempgrates oF akput 2G é% I(l]a)su‘chs%@t f:lésjs, the Bydrelygs @frsg:lmgg) is run at a temperature

of about 50 °C for about 2 hours.
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10 consisting of tert-butyl alcohol, nethyl
cycl ohexanol , nethyl cycl opentanol, and neopentyl
waloehokool n a class of this enbodi nent, the attwisedo4/015051
of step (f) is tert-butyl alcohol. In a subclass of
this class, the anmount of tert-butyl alcohol is
bet ween about 1 equivalent to about 10 equival ents
relative to spirolactone ester of formula F. In
anot her subcl ass of this class, the anount of
t1Brapothereyrbodimeniof theipresens irygrtion, the pigdvay af ssent &) is édokatqdihy adjusting
the pHbOthS I@d_)lﬁt(iﬂntadftstf@ﬂ %%?g'ﬁe@&eeﬁfab&ﬁ 0L ?w’i‘_th a %%ﬁ laRd Q}fh%ctil%g the reaction
., e iJjrent o resent invention e.solvent in
mixtur RO fostomtU Gt P A Ent e B5h ity gPnide. In amotber
subclass gthe pifh plistgf (tgr'aradjudémdrtetbhmed_ yleﬁﬁmamabpu? 19 |a%cﬁi£ 3. &a{]@bhyds Iof this
5 n. 1.4-di oxane an i et hoxynet hane. In
Subdastg’e%% g‘ggsdag&fs%égﬁosdbgﬁbzé%i ment, the solvent in step (f) is
] thisHyepndn, there. is funthentoevidad agmdvesti forsthe prepangion @ad sepaation of a
spirola&f)nesc;f?&nﬁlfa)mt S & AR thefBFRAd $ _?;ﬁroﬁic‘%ﬁé b folnfl LS L ssalt%ereof,
this enbodinment, thegalt I's sel e¢e romthe group
m broni de, |4 Um chlori de,
{ t hi um per oxate and |ithium
this class, the
Qcl ass of this
oride is between
equi val ents rel ative

consisting of lith
[ithium 20 iodid
tetrafl uoroborat e’ a subcl_as:
salt is l|ithigehlpride. Iy~
subcl ass, the¢ ampunt’ of qupiq/
about 0.5 equiwal effts to aboyt
to spirolactone est@r of fornula & In. %#er
subcl ass of this subclass, the anobunt’o I'thi um
chloride is about 1 equivalent relative to
spirol actone ester of formula F. In another enbodi nent
of the present i nvention, the reactidB of step (f) is
10 run at a tenperature 25 between about 20 OC to about
0] In.a .class, of this.enbodi ment, t.he reaction of
TRIL\g?gﬁv@Ffm%§n$ﬁgxgwkﬁwﬂ¥%%%8@%&@?@“6?“3 8@9?40 oC. In a
sdbcl| agkogsh, anhli s cl ass, the reaction of step (f) is
rgn atpanhenperature of about 40 C for about 2 hours
to about 24 hours. In another subclass of this class,
t Weeria Hhe e ineggrouprigpnspsyitutgdsor opiipnally substisutpdwith a pebsttbent selected
15 afbéhl the4tbuPleods@tin@dout 19 hours. In anot her enbodi ment
of the prezg?t igyention, t he aqueous acid of step (Q)
i s sel ected®™ rof%& 30 group consisting of sulfuric
aci d, hydroohl orlbeeradliyti, hydr obrom c acid, phosphoric
acid and formc ' n a class of this enbodi nent,
t he aqueouéﬁglidgg#g%fgg (g) is sulfuric acid. In
anot her enb@di ndavergtkoxhangr esent i nvention, the
20 whereil¥dERI %3i0F TOD, 81280 W &k nlefhidelin at a tenperature _
bet ween about 20 C and about 100 C. In a class of this
enbodi nent, the hydrolysis of step (g) is run at a
compritieghe s@psre of about 50 C. In a subclass of this

cl ass, .t he hydrol ysis, of ste IS at a
tenper%ﬁuré£M§§a8]V%%SULegﬁmgy&g#f hours. -19
WO 2004/ 104009 PCT/ US2004/0150%4, I n anot her

embodi nent of the present investi’on, the product of

step (h) is isolated by adj g the pH of the
solution of step (g) to betabout 0O and 4 with a
base and extracting thegyreaetyon mxture to afford
the conpound IC. In a bcllas of this class, the base
i s sodi um hydroxi de. | n g0 r

O
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subcl ass, the pH of step (g) is adjusted to between
about about 2 to about 3. In a subclass of this 5
weubnlias®y the pH is adjusted to about 2.4. ByPChiIUS2004/015051
invention, there is further provided a process for the
preparation and separation of a spirolactone of
formula 1A, or a salt thereof, and a spirol actone of
formula 1B, or a salt thereof, H,CO2H HCOQ2H U IT~
UT J Ol OWWO O wherein TAIB 10T, U V and W
are each independently sel edfed fromthe group
consisting of (1) nitrogen, and (2) nethine, wherein

t he net hine grou s_unsubstitu ro ona

subst i t ut edVkiEin éUéﬁ5%¥%P E@%%@?%ﬂ F%%W?he
group @onsi z&itiing @n &did {cathe imadnﬁg efstep (D) fdrmmmkd& yhd

(C) VG O%Yse gir tgedim(yr B0 Bl ne A Hnac? Coddifhe! 1 at

| east re met conpri sing
the steps oﬁﬁﬁw%tadmndgwaom@mvéﬁﬁ to the conpound of
formula IC, CO2H U T W o O -20 WD 2004/ 104009
PCT/ US2004/ 015051 | C wherei H VvV and Ware as
defi ned above, to forma m

\\\\\

TA

wherein T, U, V and W are as defined above, or a salt thereof.

Tn one embodiment of the present invention, T, V and W are methine, wherein the methine group

is unsubstituted or optionally substituted with a substituent selected from the group consisting of
(a) halogen,
(b) lower alkyl,
(¢) . hydroxy, and
(D lower alkoxy; and
U is nitrogen.
In a class of this embodiment, T, V and W are unsubstituted methine; and U is nitrogen.
In another embodiment of the present invention, T, U, V and W are methine, wherein the
methine group is unsubstituted or optionally substituted with a substituent selected from the group
consisting of
(a) halogen,
(b) lower alkyl,
(c) hydroxy, and
@ lower alkoxy.
In one class of this embodiment, the methine group is unsubstituted or
optionally substituted with halogen.

In another embodiment of this invention, the solvent of step (i)
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(j) adding an acid to the m xture of step (i) to form
a, mxture; and 5 (k) aging the m xture of step (j)
woaoo4aotdope and under conditions effective to attaseno4/015051
the conpound A HCO2H UIT J o WO |A wherein T,
U V.and Ware as defined above, or a salt thereof. 10
I n one enbodi nent of the present invention, T, V and W
are methine, wherein the nethine group is
unsubstituted or optionally substituted with a
is seletegfaqm thg grpup sexisisirgef dimehoxypibangy aignigpJptaahy drgfugn, pr mixture

thereofl 3h ® 618 of tHiPdmHoaMRht, Blels¥lvent of &dp (1) BB EYofu@R dnleRothébclass of this
an Uis. nitrogen. In a class of this

ower
embOdB‘i‘PSBEﬁer?Bﬁf‘mO?Stel’\/@)a‘ﬁace\‘ﬁnétfl ~unsubstituted methine: and

Ulni aiioﬂheﬁdfrﬂbgﬁﬁlent df Fhiginoddies, terdetiifRRA(j) Bfseletred fo@ SR Proup consisting

wh [ h D
5 of hydronlglﬂnc acup h%dd%br?rglc &ﬁgu%gt%nc aci% 1alet‘iaane elifonlc aeCIEcF ;t/oriuetne Sulfonic acid,

succinis abidt antl lalllémlcmmﬂh Inea Jasy of ihtswmbbdlsente@m edd pf ep @ Hehghrahpric acid.
291 AHOMS eﬁib'ogﬁgle{é& dé ﬁf@ mbéﬂtlgg il step(( js| over alkyl,  (c)

dr oxy N In one class of
aged at W@P%rh%wif Ayt 10°CHe 6%% Hinﬁélag% ‘efub‘s prabagiaeisstapt oy ig aged for a period

betweedRbbi? Ndbhnto 5155915118 fiddk<L On Wisia 1B PR Blass) SlepdRPAs AL at a temperature of
10 b tfi'%?ofdr\ﬁm of this invention, the solvent of step (i
abot YGdRIE04009 PCT/ US2004/ 015051 s sel ect ed
f omvthbreengodivpnicd kiss mbeéntign,ahe wbeest faokeret hane,
compr@gsesge?)m) to{“ isglgﬁngttﬁé Eomgﬁdactt{f&r?rﬁia Igr, ofh At ¥teWof I a class of this
embodiment, the compound of formula TA is isolated by filtering and concentrating the filtrate to give a
slurry. In a subclass of this class, the shurry is diluted with a solvent and aged for a time and under
15 conditions to give the compound of formula IA. In another subclass of this class, the slurry is diluted
with hexane and aged for about 20 hours at about 0°C. In a subclass of this subclass, the compound of
formula TA is isolated by filtering the slurry to give the product. In another subclass of this class, the
slurry is concentrated, diluted with acetonitrile and aged for a time and under conditions to give the

compound of formula IA.

20 In another embodiment of this invention, there is provided a compound of structural formula, or a-
salt thereof,
/T W
\ N
J o
\ ~
W
O
E

wherein X is selected from the group consisting of chlorine and bromine, and
T, U, V and W are each independently selected from the group consisting of:
25 €5 nitrogen, and
) methine,
wherein the metﬁine group is unsubstituted or optionally substituted with a substituent selected
from the group consisting of:

(a) halogen,
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thereof. In a class of this enbodi ment, the sol vent of
step (i) is tetrahydrofuran. In another class of this
wenbadiorent , the sol vent of step (i) is acetonPCTiuS2004/015051

I n anot her enbodi nent of this invention, the acid of

step (j) is selected fromthe group consisting 5 of

hydrochl oric acid, hydrobrom c acid, tartaric acid,

nmet hane sul fonic acid, toluene sulfonic acid,

succinic ackg and su fyric acid. In a class of this

enbodi nent, Phe adl'd B step (j) is hydrochloric acid.

I n anot her dpbodihydmky.ahdt hi s i nvention, the step (k)

is aged at e t about 10C to 60C. In a

cl ass of thiatg)t e%g\g?rr%{?t%f’%g(tiep (k) is aged for a
whereipitilesgt twp of BiddnV.apd W are nigdiine. t o about 48 hours. In a

S uhche@sss of thisRinboGhRSHST, ¥ h@PW(d mbiBind Ifdredd tha methline group is
ours. n

te rature of _ 10 abouyt 25C for abo 3 |
wnsubs AR F ORMBA PR Sif %tweﬁé‘h%ef%ﬁ? }rf)wcsﬁepgra%%mtmg of
f unXt herhalvgemri ses step (1) of isolating the conpound
of . f or or a salt thereof. In a class of this
er%{odi rre%n%,ahéhe compound of forrmula IAis isolated by
f i er ilydroandnéoncentrating the filtrate to give a
SIHy ry.-1okd afkosyRgh ass of this class, the slurry is
. diluted with a solvent and aged for a tinme and under
Uls njte0gengdi ti ons to gi ve the conpound of formula IA In

aretk keyclasydrahiasiassot, ¥ BhEWaka@gsubstitieed shettifief ahBUGH ditdbgR8.

Wit h xane d aged.fo t hour s. at abaut. 0C. . .
1 O R 205 ARl 2B B DO iR b Wi v
unsubkidinted baoptidnally silsgtugdderitioa/substittent setkegtetd Fremsheigroyp ¢onsiging@f
th(g) prqgg)%gn In anot her subclass of this class, the
slurry Is-concentrated, diluted with acetonitrile and
adBd f dewe alkyhe and under conditions to give the
cqppoungdrky,fagg mul a 1A 20 I n anot her embodi nent of
this invention, there is provided a conpound of
stflct UPHF #*9FYul a, or a salt thereof, Ox UIT) V,
WIifa stbclilsestehinclXss the srthartoechpfis @ubishatedropup consi sting
optiofty SHBLIAS ARg prom ne, and T, U Vand Ware each
P m?ﬂepené’ently Serécted fromthe group consisting of:
25n rgthen embosyment obithds i @ntiere theterie providert &¢ampohsl efstrhitwel formula
group is unsubstituted or optionally substituted with
a substituent selected Oy Cl

N

O

1-5

or a salt thereof.

In another embodiment of this invention, there is provided a composition comprising about 83%
to 52% of compound IA

-23.



10

15

20

fromthe group consisting of. (a) halogen, -22 WD

2004/ 104009 PCT/ US2004/ 015051 (b) | ower alkyl, (c)
woydrsoynoo and  (d) | ower al koxy, and wherei n aCT/US28%/015051

two of T, U V, and Ware nethine. 5 In one class of

this enbodinent, T, V and Ware nethine, wherein the

nmet hine group is unsubstituted or optionally

substituted with a substituent selected fromthe group

consi sting of (a) hal ogen, (b) lower alkyl, (c)
hydroxy, and 10 (d) |ower altkkd9gH and U is nitrogen.
In a subclass of this class V and Ware

unsubsti tuted nethine; and nitrogen. |In another

class of this enbodlnenyg\ )V and Ware nethine,

wherei n the nethine gr uﬁ;Lfﬁpunsubstltuted or

optionally substitute substi tuent sel ected

fromthe group conS|st|&% 15 (a) hal ogen, (b)

| oner al kyl, (c) hydroxy#h aﬁﬁ (dknd ower al koxy. In a

subcl ass of this class, the nmethine group is

0 optlonally substituted with

ab"“tﬁz ggz%}%BTJEO%g’ llti I(]esr2 enbodi ment of this invention,

there is provided a conpoundkpfcquuctural formia O

C NO O 1-5 or a salt therdof. In another

enbodi nent of this inventio sere i s provided a

conposition conprising abput

v\W%

B O

T, U, V and W are each independently selected from the group consisting of:
(N nitrogen, and
2) methine, '
wherein the methine group is unsubstituted or optionally substituted with a substituent selected
from the group consisting of:
(a) halogen,
(b) lower alkyl,
(©) hydroxy, and
(<)) lower alkoxy, and
wherein at least two of T, U, V, and W are methine.
In one class of this embodiment, T, V and W are methine, wherein the methine group is
unsubstituted or optionally substituted with a substituent selected from the group consisting of
(a) halogen,
(b) lower alkyl,
© hydroxy, and
(D lower alkoxy; and
U is nitrogen.
In a subclass of this class, T, V and W are unsubstituted methine; and U is nitrogen.
In another class of this embodiment, T, U, V and W are methine, wherein the methine group is
unsubstituted or optionally substituted with a substituent selected from the group consisting of

(a) halogen,
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25 to 52% of conpound I A -23 WD 2004/ 104009
PCT/ US2004/ 015051 H CO2H O WIA O and about 17%to
woad4ab4monpound I1i H CORH UIT WIB O T, UpCYuanm4NI5051
are each independently selected fromthe group
consisting of- 5 (1) nitrogen, and (2) nethine,
wherein the nethine group is unsubstituted or
optionally substituted with a substituent sel ected
fromthe group consisting of: (a) hal ogen, 10 (b)
| der doksrlalkyl,(c) hydroxy, and (d) |ower al koxy, and
ei t two of T, U V, and Ware nethine. In
mgf cl glggitoé*’%tﬂﬁi s enbodi nent, T, V and Ware nethine,
Wi ei dovei@lkesy-hi ne group is 15 unsubstituted or
?ﬂh h@ftﬁlak&’of&hi@ Sladst Wb ﬁitéth\]ﬂetgi’c%u@ ifmi)@aihsﬁfut@r& S t(e Ib)eclt ed
: omthe gro consisting o a) hal ogen, ower
> Optmlg;ili?éys/‘fb,sum?g)W“Hg‘ﬁ]l"%%, and (d) lower alkoxy; and 20 U
i Sn Andthien g@bodithent af Sisinteatan, dieretihprovidbds sompbsitivh edmebrivihg about 79%
ofcorﬁlgo%naj@_%ubstitut ed nethine; and U is nitrogen.

CO.H
Hoes 2

about 21% of compound 1-9

10 1-9 .

In yet another embodiment of this invention, there is provided a composition comprising about

83% of compound 1-8

w0
N
| O
=
1-8 ; and

about 17% of compound 1-9
15
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In another class of this enbodinent, T, U, V and Ware

nmet hi ne, wherein the nethine group is unsubstituted
wonompbsonal |y substituted with a substituent serast@do15051

fromthe group consisting of (a) hal ogen, -24 WO

2004/ 104009 PCT/ US2004/ 015051 (b) | ower alkyl, (c)

hydroxy, and (d) |ower al koxy. In a subclass of this

class, the nmethine group is unsubstituted or 5

optionally substituted with hal ogen. |In another

enmbodi nent of this inventiony e is provided a

conposi tion conprising about of conpound 1-8 CO2H

HO 1-8 ; and about 21% of pound 1-9 CO2H H,, N

lcO 0 10 .1-9 1In yet anoth pbodi ment of this

i nvention, there is proviNd nposi tion conprising

about 83% of conpound 1- 1-8 0 ; and about

17% of conpound 1-9 15 -25™W

PCT/ US2004/ 015051 O

As used herein “T, U, V and W” refer to a nitrogen or a methine, wherein the methine group is
unsubstituted or optionally substituted with a substituent selected from the group consisting of halogen,
lower alkyl, hydroxy, and lower alkoxy, and wherein at least two of T, U, V, and W are methine.

“Methine group is unsubstituted or optionally substituted with a substituent selected from the
group consisting of halogen, lower alkyl, hydroxy and lower alkoxy” refers to unsubstituted methine or
methine having a substituent which can be selected from the group consisting of halogen, lower alkyl,
hydroxy and lower alkoxy. The aforesaid substituent includes preferably halogen, and the like.

“Halogen” or “halide” refers to fluorine atom, chlorine atom, bromine atom and jodine atom.
Halogen atom as the aforesaid substituent includes preferably fluorine atom, chlorine atom, and the like.

“Lower alkyl” refers to a straight- or branched-chain alkyl group of C1 to Cg, for example,
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, hexyl, isohexyl,.
and the like. Lower alkyl as the aforesaid substituent includes preferably methyl, ethyl, and the like.

“Lower alkoxy” refers to a straight- or branched-chain alkoxy group of C1 to Cg, for example,

methoxy, ethoxy, propoxy, isopropoxy, butoxy, sec-butoxy, isobutoxy, tert-butoxy, pentyloxy,
isopentyloxy, hexyloxy, isohexyloxy, and the like. Lower alkoxy as the aforesaid substituent includes
preferably methoxy, ethoxy, and the like.

“Cycloalkyl” refers to a monocyclic saturated carbocyclic ring of C3 to Cg, wherein one
carbocyclic ring carbon is the point of attachment. Examples of cycloalkyl include, but are not limited
to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, and the like.

“Cycloheteroalkyl” refers to a monocyclic saturated ring containing at least one heteroatom
selected from N, S and O of C3 to Cg, in which the point of attachment may be carbon or nitrogen.
Examples of “cycloheteroalkyl” include, but are not limited to, pyrrolidinyl, piperidinyl, piperazinyl,
imidazolidinyl, tetrahydrofuranyl, morpholinyl, and the like.

“Aryl” refers to a mono- or bicyclic aromatic rings containing only carbon atoms. The term also
includes aryl group fused to a monocyclic cycloalkyl or monocyclic cycloheteroalkyl group in which the
point of attachment is on the aromatic portion. Examples of aryl include phenyl, naphthyl, indanyl,
indenyl, tetrahydronaphthyl, 2,3-dihydrobenzofuranyl, dihydrobenzopyranyl, 1,4-benzodioxanyl, and the

like. The aryl ring may be unsubstituted or substituted on one or more carbon atoms.
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C2HH,,, ' O L%o O 1-9 As used herein "T, U V

and W refer to a nitrogen or a nethine, wherein the
worbddme0gr oup i s unsubstituted or optional | yPCT/US2004/015051

substituted with a substituent selected fromthe group

consi sting of hal ogen, |ower alkyl, hydroxy, and

| oner al koxy, and wherein at least two of T, U, V, and

Ware nethine. 5 "Methine group is unsubstituted or

optionally substituted with a substituent sel ected

f rotadrbieyl” SfQuUR LRRRL &Blmll@&oﬁﬁ&ﬁ%ﬂwb&aﬁ%&h% n@ﬁhs 5 or 6 carbons,

o BB RS St € B SO EEL TG
isoxazdyl eistthidzdlyl opprizbig, @tyﬁldw), o&a‘mhﬁl ixhdigrobdd, tlﬁﬂl%@m, thibh 51, rnmdazolyl,

szl Waoo IAESIA 001 BUSL oMY prfinfl RS ensoragaiv.
benzot}phqob@éqqnmmydaquﬁdj bededfum@ﬂ éheszothgorhknpdfiué2, 3rb)psmidyl, quinolyl, indolyl,
1soquﬁlmyp lahdhe FkO MhelHeRMHAE rifid A9 B chslnRfinpa o@glﬁyg&tufeg n one or more carbon
'ogen atom as the dforesaid substituent 1 nc des
atOIm5preferab|y fluorine atom chlorine atom and the Ilke
" Lawaed Rdrkir) the tefth @dnSont’ @eférs & 4 @bi@nion®r aOr anched- chai n

al kyl group of Cl1 to C6, for exanple, nethyl, ethyl,
propyl, isopropyl, butyl, isobutyl, sec-butyl,
t éfte-cbmbytingds jpahd prbcesdes o prgsent inesnyibn 1nicﬁlﬂﬁﬁ&¥d)1somer§;1 Bidstereomers

and g&ﬁl%tér%lﬁ%onlleg) eI tagtpllﬁgrs d%ﬁn{hgge Ol%a {%18 Fn%ae ofgsuﬁﬁ Zu%]lopkjgﬁe compounds may

e ra
contain|qyguer mgie l@blxa} centerg @IrdSOCt:lo‘ aaras@mmsgmemlg min@n eled icladual
dlaste?éoh{éi%y iR nirxtures SnffiombRL mﬁ?ﬁﬁ%r%mgle%ﬁmﬂ%&ggxc}f tautomers. The

et hoxy, propoxy, |sopropoxy,. butox but ox
presegxtg@@a%@&? meqry £¢ cogmegxﬁlg,d al]p%)ph V‘PIBE;&F rnpssqg ﬂ'@ﬁPVP@WS in the compositions
of thelp@osyht@iéntionS aluaKait ﬁik}’uresa I'I(ﬁeféfb@e lwihki@ a cb@AP&ind & HRALY thd Separate

B R T .
mventionydrtheymtludedsa alk Jabceniescﬁ eipoGyrodrs,end alhof thé m@u@@f@ﬁastereomers Also
includ¥f %Jlt‘flL h® &%p%ifqﬁé)lﬁgéﬁﬁ&# Ste Ealltlg %)0?)&5(1% lgf%ira S an(g uci(l\pagers g} the compounds

es of cyc
aﬂd“ﬁ%ﬂm¢$¥ﬁ?ﬁﬁ?lnﬂgﬂW@@mUWclopropyl cycl obutyl ,
C)@n%ﬁﬁﬂs)()k the Qﬁfﬁdt&@l%ﬁfﬁula Bhd ltnn:@m!ﬂ'fgﬁnula II include stereoisomers, such as.
C% queteroal g refers to a nonocyclic saturated
the trgns fORPotdsofihe geacratfoppas{Arad BAt om sel ected from
N, S and 0 of C3 to C6, ip which the point of
attachnent may be carbon of Hgrogen. Exa Hof
"cycl ohet eroal kyl " includgs but are not Iimj[ 591
pyrrolidinyl, piperidiny-Xpiperazinyl, 3
i m dazol i di nyI tetrahy ranyl, nor phoI , and
the |ike. 25 A«yl /Tef-‘ to a nmono- gf ¢lic
aromatic rings co;ﬁafﬁ nocfnly car boJa Wt. The term
al so includes ar used to thDn cycPic
cycl oal kyl or nnnocﬁg lic ycloheteroalmyl oup in
whi ch the

IA oA

and the cis-form compounds of the general formula IB and IIB:
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poi nt of attachnment is on the aromatic portion.

Exanpl es of aryl include phenyl, naphthyl, indanyl,
wondengknoot et r ahydr onapht hyl , 2, 3- di hydr obenzofarasyio4/015051

di hydr obenzopyranyl, 1, 4-benzodi oxanyl, and the Iike.

The aryl ring may be unsubstituted or substituted on

one or nore carbon atons. -26 WD 2004/ 104009

PCT/ US2004/ 015051 "Heteroaryl" refers to a nono- or

bi cyclic aromatic ring, wherein each ring has 5 or 6

carbons, containing at |eaS one heteroatom selected

fromN, 0 and S. Exanpl esyoly—t@ter oaryl i nclY

pyrrolyl, isoxazolyl, isotliazolyl, pyraz&l A
pyridyl, oxazolyl, oxadi # vl t hi adi azol y¥

t hi azol yl inidazolyl zolyl, tetraz

furanyl, -triazinyl, ReN pyr|n1dyI;T zi nyl ,
pyrazi nyl , benzoxa IyI 5(benzoth|a§fl§T
benzi mi dazol yl, benZufdraryl, benzot

furo(2, 3-b)pyridyl, quinolgl, indolyl, ™ isoguinolyl,

and the |ike. The heteroaryl ring may be unSubstituted
or substituted on one or nore carbon atons. As used
herein, the term"anion" ffers to a nono-adBon or a
di -anion. 10 The conpounds in the processes of the
The R §ent qyeqflon i ncl ude stereoi sonmers, diastereoners
RNOYBSHET ST %al i somers, or tautoners depending on
t HEBhersaltbeof obmpaninds oftforriutarl, IAT MR, a0 B efier dks tharpharma@nticiln acceptable and
comn%%al%r £ B S ‘feh bis& ladngt‘? s?lft o ﬁ% 81 ﬁ%{f vﬂ% Ef%ccgnglg})u%ﬁ ‘has a carboxyl
racem c n1x€hres and as 1 ndivia di'astereo rs,
groupy pagideaddibigp palicto pinjpogr basic @ﬁlahfmr@«'ﬂﬁrl ivhemibg compaing has an amino or basic

qmbgaag52ﬂ%ﬂgpumgﬂﬁqgw or tautonmers. The present
t|o ant to conprehend all such i sonmer
t5adg¥iEn Sl

| e salts ithpleald gispbinclugme: buisotélﬁm&eﬁ@ sodium,
potasﬁimﬁ}a ehthlinerdeine@n (malilding hﬁt Kot Minkibdifopsalcidh @hdphéin); ammonium or

om0 T SUEA o L el S0 B P BoFRE

ethanalagnnermbtbmummet methalldianlsc;(ppwamé N.Nedibenpyletityleogitiamine), and the like.

f ufﬁerl\%fd aﬁ@iﬁbﬁjgﬁgm@ﬁﬁe %lltg Wﬂh)ﬁ{o&‘gaﬁl% a&fds GWﬂgo gﬁrn?t li dﬁlq ‘21 to,

of the m xtures of di astereoners.
hydrcmﬂpﬁ? #rid. nelfusic apid. maricpid, phasrbAte el aptehler¢ acid), organic acids (including,

but n&Qiér)ﬂm ({8 Bﬁleld'h)éﬂr ﬁﬁrﬁfﬁc t@crih&j t§r&ht¥ atie it aéléti‘ %.S&)%IPM @S$rluoroacetic acid,
an I nl.er.ne (0] e ns I nven

aceri i UG B e Pt i P Ao e e Rofsetbiosie cid,

benzeheyutfonhia adid, pl-tnlubnﬂasllelfcmtce:bﬂop -soduweRéshlforsicl adid A®nohylliae, p-toluene sulfonic

acidM%Eg{,@h@%&ﬁgmg%qih&%é he general formulas I A and

In the schemes and examples below, various reagent symbols and abbreviations have the

following meanings:

n-BuLi or BuLi: n- butyl lithium

sec-Bul.i: sec-butyl lithium

t-Buli: tert-butyl lithium

t-BuOH: tert-butyl alcohol

DBU: 1,8-diazabicyclo[5.4.0]undec-7-ene
DMF: dimethyl formamide

DMSO: dimethyl sulfoxide

-Et: -CHpCH3

g grams
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U"IT~UITWW OO ITAIIA 25 and the cis-form

conpounds of the general fornmula IB and I B: -27 WD
waQw/12@9909 PCT/ US2004/015051 O N H 'Arl HPCOHSEdOH015051

UT~- UTNW OO0 IBIIB The trans formis

preferred. 5 The salts of conmpounds of fornula I, IA

IB, and IC refer to the pharmaceutically acceptable

and conmon salts, for exanple, base addition salt to

car boxyl group when the conpound has a carboxyl

gr®up, or acid addéws on salt to amno or basic

cygtphet er oal kyl mﬁﬁgmﬁgga&@npound has an am no or
i
%1

basi cycl oheter .group, and the |like. The base
adH? %0 sal ts | nelWHEEl 1's i th al kal i metal s

(i REMIE:ng, but nNEdtadsiufi HeRndiiGl disiidém 10
po;$§§iun); alkalt e earth nmetals (including, but not
i fed to, calci ﬁ?mﬂﬁ €i um); anmoni um or organic
anLifs' (i ncl udi nglithbint chiveidel i m ted to, trinethyl am ne,
tr'@?ﬁy.anine, di ' .. et hanol am ne,

di%& aﬁ%lanine, t?le O%%é%%%ﬁhﬁ?M%Fbcaine,

N, NTMH: benzyl et hylidiveuticaamatis) piperadide he | i ke. The acid

adQhitnior: sal t's i nglatiptenex@hdiyl Wstidkidenor gani ¢ aci ds
(ineluding, but not limted to, hydrochloric acid,
suﬂ@ﬁric aci d, ni et acid, phosphoric acid,
pembthl ori c aci d), mffigg@ni ¢ aci ds (including, 15 but
not ljmted to, n%hgiq'acid, fumaric acid, tartaric
aci'd, citric acid, aS¢8rbic acid, trifluoroacetic
acindl; acetic acidples/bgt f oni c aci ds (including, but

nopoCkm ted to, npd Qk?mnﬁ@eacid, i sethionic acid,
benzenesul foni c aci d, p-toluenesul fonic acid,
p- t8Fuenesul f oni ctelelydrdigpohydr at e, p-tol uene sul fonic

acTMEDWdr at e, canphahethybhPfictiaRfied N, aNdvLhe |ike. In
t he schenes and exaggugﬁ Rﬁlo . yarious reagent
synbol s and abbr e¥PFAPF BRI ERPRHIE
The compounds of the present invention can be prepared by employing the general process in
Scheme 1. The novel process of the present invention can be exemplified in Scheme 2, which illustrates

the preparation of the spirolactones of structural formula I, IA, IB and IC, and salts thereof. The salts of
IA and IB may be separated and individually reacted with an amine, HoNArl. For example, the

neutralization, activation and subsequent reaction of the salt of IA with HpNAr! yields compounds of
formula II.

In Scheme 2, the 4-ethyl ester substituted cyclohexanone is converted to the carboxylic acid
before ring lactonization to form the spirolactone IC, via intermediate C. Isonicotinamide 1-1 is
deprotonated with a base, such as n-butyl lithium, in the presence of a salt, such as LiBr, in a solvent
such as THF, and at a temperature between about —55 OC to —-65 OC, to form a metallated anilide. The
metallated anilide is added to a solution of ethyl 4-oxocyclohexanecarboxylate 1-2 in a solvent such as
THF, at a temperature below about —550C, followed by the addition of water to form the diacid 1-3. The
diacid 1-3 is then treated with an aqueous acid, such as sulfuric acid, at a temperature below about 300C,
to form the lactone ring of spirolactone acid 1-4, as a mixture of about 1:1 cis to trans spirolactone acids.
Spirolactone acid 1-4 is then activated by forming an acid halide 1-5, by treatment with a halogenating
agent in a solvent such as THF in the presence of DMF. The acid halide is preferentially an acid chloride
formed by treatment of the acid with phosphorus oxychloride. The acid chloride 1-5 is treated with a
base such as N,N,N’,N’-tetramethylethylenediamine, in the presence of an alcohol, such as tert-butanol,

and a salt, such as LiCl, in a solvent such as THF, to form an ester 1-6 via a ketene intermediate. The

~.20 -



20 foll ow ng neani ngs: n-BuLi or BuLi: n- butyl
[ithium sec-BuLi: sec-butyl lithium t-BuLi:
woeondd/buwyl |ithium t-BuOH tert-butyl al cohoPCRASBBWIISST

1, 8-di azabi cycl o[ 5. 4. 0] undec- 7-ene DM~ di et hyl

formam de DMSO di nethyl sulfoxide -Et: -CH2CH3 g:

grams -28 WD 2004/ 104009 PCT/ US2004/015051 h: hours

HCl: hydrochloric acid H2SO4: sul furic acid KHVDS
otaSS|un1hexanethyI disilazide 5 LiBr: lithium

ester fypaniulieearsndy hydrokyrddurithoanlagudodeacid, spdbSs aquepisi sulfuric acid, at a

tempéiﬁﬁl@r&ﬁlmﬁt 500CS {d 84h A8a 1-ia0YRs alsbibi 'tﬂdﬁ@/&ﬁhfxﬁﬂc?t 'gﬁél acid 1-7 may be

£ E NaHVDS: sodi um hexanet h disilazi
forthe? %@Pgwaﬁf_ed iptp peifly -8 € tiprbrnd lr#{IBa FIbg forprize:2 sall of 19 with an
acid, smh asl‘lﬂdlrdcﬁronc E’ém;ilaﬁd s@hﬁﬁ@lﬁé btﬁn@&ﬁ&srﬂy%drﬁﬁllﬁg-r% a solvent such as

5 aceto& rkle %QYaﬁlycgo uratn ?[]) Crl terf%lﬁ % é)lrc?cr%%éjr%a: n:i\‘Fﬁ% rfagstantlally free

ﬁmn53mﬁheommei%mﬂmmmmﬂmmweﬁomdh be prepared by enpl oyi ng
t he general process in Scheme 1. The novel process of
the present invention can be exenplified in Schene 2,
which illustrates

Scheme 2

CO,H

Q\( 1. nBuLi, LiBr Hx0
\O N"XCO0H  H,S0,

=G|
:QCOZ A\, _OH

) O
3. H,0 t 1-3
CO.H coci CO.t-Bu
POCI3 TMEDA H>0
N owe VNN tBuon N NN HpS0,4
= = =
16 O
QOZH COZH C O.H
HG
N + )
A S N X W N \\‘\ N
| // ° l w i (0
7 //
0]
1-7 18 O
(0) L (IA) ~80:20 (IB) _ (IA)
10 The following examples are provided to illustrate the invention and are not to be construed as

limiting the scope of the invention in any manner.
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20 the preparation of the spirolactones of structura
formula I, IA IBand IC, and salts thereof. The salts
wofoo4limnd | B may be separated and i ndi vi dual PgT/US2004/015051
reacted with an am ne, H2NArl. For exanple, the
neutralization, activation and subsequent reaction of
the salt of TAwith H2ZNArl yi el ds conpounds of
formula Il. In Schene 2, the 4-ethyl ester substituted
cycl ohexanone is converted to the carboxylic acid 25
before ring lactonization to formthe spirolactone IC
via internediate C. Isonicotinamde 1-1 is
deprotonated with a base 3&&2 s n-butyl lithium in
the presence of a salt, @% £ iBr, in a solvent
such as THF, and at a tenperature between about -55 OC

90 Lok Ot gl l i carboxylic aci
s ponelri oSy AR AT A A psa i 15

10

15

20

25

(Method-A0xocycl ohexanecarboxylate 1-2 in

THF, at a tenperature bel ow about -55C, followed by

the additi of r to formthe diacid 1-3. The 30
Step Ay, ton reated with an aqueous acid, such
as sulfuric .C|d, at a tenperature bel ow about 300C,
to formthg ¢t one ring of spirolactone acig QM as
a mxture ok _about 1:1 cis to trans spirol ac
acids.  Spirdl act on® mEME/ 1-4 43 phen acti

form ng M halideBq-5, y_LLeaIWﬁ NUSKT a
hal ogenati njg agentalnop sol vent suchjas [THEOHNn t he
presence The agid halide is pref€hentjally an

phosphor us Mxychl ori d
treated wi gy a 35 uch as 13

N, N, N, N -tetranet iy eidaykenedi am ne, in the presence
of an al cohol, such as tert-butanol, and a salt, such

as LiCl, in a solvent such as THE, an, e
o e 0 (S 0 o 0TSO S ppgpton
(prepaPeqyy ldlﬁg(qggé 036 gl'éﬂ-of 1684 i@rl.51- 6f THF)swbhseipaé it d fJask. The resulting solution
ro ed wt an ue
I TR T -
then addeld Gvhile ﬁa(ntaﬁ)m@l&he hat@0edPerbmrisloni -S5Cx The wsultigssoliiog was then
aged a% gﬁrxtpla%tur €lessl il E‘? K %ﬁj é 'p%ljllc%q)e%g $ EPRhGEL giv@ta(?ne@ﬁétgﬁa%mhde

¢ rans cls) by formng a sa
mixtue- 9 with an aC|d such as hydrochloric acid, and
separating the conpounds by recrystallizing froma

sol vent such as 5 acetonitril t

nepteitien o Sl e o BOpHAFEBP RIS (RSP S D"FK"“ AQin
THF @UhShaaedoledlih ¥ sdpae flablk o thiBperavake pelowi-6EC. | W the solution was added the
oS Gt A g STy SRl ol 691 o i

solution was aged at a temperature below - 55 °C for 1 hour and then care%uiiy quenql_cl,d into HoO (1

L). The resulting mixture was warmed to 40 °C and aged at 40 °C for a period between 1 to 4 hours.
After cooling to room temperature, the organic layer was removed and the aqueous layer (1.3 L; pH

~11) was washed with THF (1 L) to give an aqueous solution of the diacid 1-3.

Step B: Preparation of Compound 1-4
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wQRH/ o9 CO2H CO 2H H2 HCI N N Nijo O 8OCcTA82m4015051

O (~O (1A 80:20 (1B) (1A 10 The foll owi ng exanpl es

are provided to illustrate the invention and are not

to be construed as |imting the scope of the

i nvention in any manner. -30 WD 2004/ 104009

PCT/ US2004/ 015051 EXAMPLE 1 5 Preparation of

Trans- 1' - oxospi r o[ cygEPdhexane- 1, 3' (1' H) - f {3, 4- T pyr

i di ne] -4-carboxylie™acid, 1-5, (Method/ AN Step A

Preparation of Con i/ 3) HO O

NH LiBr 2) O

To the aqueous solution of the diacid 1-3 from Step A was added HpO (500 mL, 5 mL/g of
anilide) and 47% aqueous HpSO4 to adjust to pH 2~3, maintaining the temperature below 30°C. The

resulting white suspension was aged at a temperature of 30°C —70°C for a period of 1 to 4 hours. After
cooling the batch, THF (2500 mL) and 20% aqueous NaCl (600 ml) were added to extract the product
acid 1-4. After the separation of the two layers, the water layer was re-extracted with THF (1000 mL).
The combined THF extracts (3500 mL) were concentrated to 1250 mL. The mixture turned to a

suspension of spirolactone acid 1-4 during the distillation.

Selected Signals: 1H NMR (300.13 MHz, DMSO-dg): A 12.31 (br, 1H), 9.10 (d, 1H), 8.85 (m, 1H),
7.82 (m, 1H). 2.70 (m, 0.45H), 2.43 (m, 0.55H), 1.65-2.25 (m, 8H).

Step C: Preparation of Compound 1-7

CO.H CO.H
1. TMEDA
POCl, t-BuOH
N7y DMF/THF ] + N
| o 2. Hy0 ! 5
- S
0 o}
1-4 1-7

Spirolactone acid 1-4 (800 g of a 55A% cis:45 A% trans mixture) was added to a 50 L vessel
containing THF (17.6 L). The slurry was treated with DMF (260 mL., 3.2 mol) and then at 22 °C, with
POCI3 (350 mL) over 10 min to form the acid chloride 1-5. The solution was warmed to 40 °C over 45
min, aged for 2 h and then cooled to 24 °C. In a separate 12 L flask was sequentially added: THF (3.3 L),
TMEDA (1.7 L), t-butanol (465 mL) and LiCl (143 g). After aging at 25 °C for 1 h, this resulting
solution was added to the solution of acid chloride 1-5 at 24-30 °C over 25 min and aged for 19 h at 35-
39 °C. The reaction mixture was cooled to 0 °C and quenched by adding 4.2 L 33% HoSO4 slowly over
20 min during which time the internal temperature rose to 22 °C. The resulting solution was heated to
50 °C for 3 h. The solution was then cooled to 22 °C and pH adjusted to 2.4 with 6 N NaOH (7.0 kg).
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NO11 1 11=3 1-2 COREt 10 The isonicotinan de 11-11
(100 g, 0.50 nol, Kingchemy, THE (0.5 L) and a 1 M
waQi2Br/19alogt i on  (prepared by di ssol ving 1.50 nBCTAS2004/015051

LiBr in 1.5 L of THE) were nmixed in a flask. The

resulting solution was degassed with nitrogen and

cooled to - 65 C. n-BuLi (1.56 Min hexane; 666 nL,

1.04 nol) was then added while maintaining the batch
tenperature below - 55 C. The resulting_solution

The ongprilayergend separatedtandripyashad with 2 XSds of aqugpus ISI@V&a@dPHé 5. THF 33 1)

was add@d {oocge Q%Bﬂégﬁ?erlo FaSke Yhel'E@Mqun {?cﬂ’urﬁé M%b&lt 'Z@L&h&lt@ﬁs chargedtoa 50 L
ani | 5 m Xture. A _sol u(ilon o]

fase. F P A5 R oY PBGH L S g dislaiop fgmospheric
pressubMintiDek KiFkwas 08@. (Utilized Houf 11 kg THRSto parided sblntién of spirolactone acid 1-
. separate flask to a tenperature below -60 C. To the

sol ution was added the above netal ated anilide

m xture, while nmaintaining the batch tenperature bel ow

Ste D:%@ agatio-xl;%?CB nhil% Ae bidd 913 M@g-02ged at a
‘L$ﬁ‘—%§u—%5e erature oW - Cg T hour and then carefully

quenched intoctHdP (1 Q The result HMm xturemmo
warmed to 40 and aged at 40 Cflﬁ'b@perlod b en 1

to 4 hours After cooling to rog enper at ur e HCl
organic |a wad. Héhoved and th~ gueous | ay .3
L; pHN"X1)"\Wwas Rasheaiationt h N "NL) t'o VRASTE:)
aqueolls sol uf on of the diadid . 25 Btep BO

Pr epar afi onjjof Conpound 1-4 - 2004/ 102009

PCT/ US2004/ @ 5051 CX2H CO2H H2O, ekSO4 OH OH O O
1-3 1-4 To the aqueous solution of the diacid 11-33
from Step A7was added H20 (500 kg 5 nli/g of =hilide)
and 47% aqueous H2S04 to adjust to pH 2-3, rrai nt ai ni ng
the tenperature bel ow 30C. The resul ting wh

o U eriuhen PR Iseda v CPRIMb 2T e et HORGOGRLIgvas slowly
addedR6 fHeQE1uAbn. 1TﬁeQre§ulﬂngUs[ wAk b@id aD25 WOfol BY, dnbl ﬂleh)@écﬁmtatew removed

R v b L AR G A

concenfratéd® 6540 in ayier (Enterhdl eenvert 34-42 W) emd Wgegresuling xlurm citae dooled to 22 °C
over &nlﬁ a-glc_ﬁzfo{' }QO q—Ie[ﬂaLe (6 L) was added over 2 h and the slurry was cooled 0 ° C and aged
for 20 h, followed by vacuum filtration, rinsing the product cake with THF-heptane (2/3; 2 x 600 mL)

and drying in vacuo at 45 °C to provide the spirolactone acid 1-8.

1HNMR (400.13 MHz; DMSO-dg): A 12.34 (br, 1H), 9.04 (d, J= 1.0 Hz, 1H), 8.85 (d, J=5.0 Hz, 1H),

7.82 (dd, J= 5.0 Hz, 1.0 Hz, 1H), 2.70 (br m, 1H), 2.08-1.89 (overlapping m, 6H), 1.82-1.76 (overlapping
m, 2H).

13C NMR (100.62 MHz; DMSO-dg): 175.9, 167.9, 150.6, 147.5, 144.9, 133.1, 119.1, 87.2, 38.1, 33.1,
23.9.

Alternatively, spirolactone 1-8 may be crystallized from acetonitrile according to the following
procedure. The filtrate containing spirolactone acid 1-8 in step D (250 ml; 15 g/L trans Acid) was
concentrated to 44 ml via distillation and cooled to 40 °C. Acetonitrile (7.5 mL) was added with 50 mg
seed. The slurry was aged at 40 °C for 2.5 h, cooled to 22 °C and aged for 2 h. The remaining THF was

removed by a constant volume distillation feeding in acetonitrile until the THF level was <2A%. The
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10

The conbi ned THE extracts (3500 nL) were concentrated
to 1250 nL. The m xture turned to a suspension of
wepirab&od one acid 11-44 during the distillati @aT/U$8004/015051
Sel ected Signals: 1H NVR (300.13 MHz, DMSO-d6): A
12.31 (br, 1H), 9.10 (d, 1H), 8.85 (m 1H), 7.82 (m
1H. 2.70 (m 0.45H), 2.43 (m 0.55H), 1.65-2.25 (m
8H). Step C. Preparation of Conmpound 1-7 CO2H CO2H 1
TMEDA POCI 3 t-BuOH DMF/ THF 2. H3O+ N.~ 3 | lo CL?
batch @as @ofed tq 0 4 dnd agddsfoSp hours pridr emBltratond then waghgd &vithy clifledsacetonitrile (1
x 10 r&%Aa{?d%éd fHvabif b Rz@% lfelz%ﬁdﬁéﬁéldw%s added to a 50 L
vessel contalnl H Q The slurry was treated
with DVE (260 i, 3 2 nol) and then at 22 C, with

PR tﬁ@ﬁ@enﬁbﬂ h&2\0Rén cﬂe@crmeﬂ‘ akdOi11h a8 bl refBileflceqb l:&fa'iﬂj@imcular

[ d to. 40 C over 45 mn
embodiisgifs o TiSeadlg e 68 L PR iakadat Yo op 51 igpmrpigoatisns and
substlmtlﬁhsa&ik bma]sdesthﬁem rwtiihahtl dgpaatkebefetom thielspifiBand stgpe of ThvEAntion. It is
t I 6
1ntenc{e& tgeré‘fz){e t%\%&% iﬁ@&tliﬁ ﬁ éetfmais b}?tglg uﬁlbpeg)f tg%ég ms h%c'ﬁ fgl?ow and that such
Clalmahhie@rpmeft d9draadlyas isoeasofiableci d chl or i de 1-5 at 24- 30 C
over 25 min and aged for 19 h at 35- 39 T. The
reaction m xture was cooled to 0 C and quenched by
adding 4.2 L 33% H2S04 slowy over 20 mn during
which tine the internal tenperature rose to 22 C. The
resulting solution was heated to 50 C for 3 h. The
sol ution was then cooled to 22 C and pH adjusted to
2.4 with 6 N NaCOH (7.0 kg). -32 WD 2004/ 104009
PCT/ US2004/ 015051 The organic | ayer was separated and
washed with 2 x 8 L of aqueous HCI/NaCl (pH 2.5). THE
(3.3 L) was added to the organic layer to raise the
sol ution volunme to about 26 L and it was charged to a
50 L flask. The organic | ayer was azeotropically
dried via a constant volune distillation at
at nospheric pressure until the KF was 0.3% (Uilized
about 51 kg THF) to provide a solution of spirolactone
acid 1- 5 7. Step D. Separation of Conmpound 1-7 into
Compounds 1-8 and 1-9
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C2H HCO2H HCO2H 1. HCO HCO 11--e 2. separation N
cl-~CNOOO 11-77 11-88 11-99 10 The solution of
wepirabaod one 1-7 was cooled to 22 C and conceRCrASem4/015051

HC1L (60 nmL) was slowy added to the solution. The
resulting slurry was aged at 25 C for 3 h, and the
precipitate was renoved via filtration and washed
with THE (1 x 1 Q The filtrate contai ning
spirol actone acid 1-8 was concentrated to 6.5 L in

WHAY e GbAIVMEPdBnal tenp = 38-42 C), and the resulting
sI urry was cooled to 22 C 15 over 1 h and aged for 1
.. Heptane (6 L) was added over 2 h and the slurry was
c o‘ol ed Agprogesg R Pecgaring Ao otdipt the Somwladl ey sl Ehatret
filtration, rinsing the prod 8 cake wi th THF- hept ane
(2/3; 2 x 600 nL) and dryi vacuo at 45 Cto
provi de the spirol act one aci 1-8. 1H NMR (400. 13 MHz;
DVSO-d6): A 12.34 (br, /04 (d, J= 1.0 Hz, 1H),
8.85 (d, J= 5.0 Hz, 7.82 (dd, J= 5.0 Hz, 1.0
Hz, 1H), 2.70 (br in, H 08-1.89 (overlapping in,
614), 1.82-1.76 (overt in, 2H) 13C NWR (100. 62
MHz; DMBSO-d6): 175.9, 167. 150, 6,147 5 144.9,
133.1, 119.1, 87.2, 38.1, 33.1, ' 23%'
Al ternatlvel Yy, Spi roI actone 1- 8 may be cryst allized

5 fromacetonitrile according # the follow ng

T, U, Wfa%@ﬂ%%achm& Eﬁdeﬁﬁ;ﬁs‘e%ct@@ﬂbﬁ'ﬂw g}&lpsd%hilaln@%lfone acid
-8 in step D (250 15 g/L trans Acid) wa
cdﬁ):enﬂ“é‘?géﬁl’a{“ 44 m via distillation and cool ed to
4Q2C. Aasahiagi trile (7.5 L) vvas added with 50 ng

nggl'ereél’hgle g]éegmu ! r%cr)upzls P]nsgﬁsﬁlteu?erd SLSp tlonalg)[ ﬁu’%ﬁéuted w%@a su%stltuent selected

10 refnmvéldgtwlpaortsmnsg eint volunme distillation feeding in
acetonitril }Jntl %@5 THE | evel was < 2A% The -33
WO 2004/ 1040 9 PCT S2004/ 015051 batch was cooled to
0 C and aged® or IoWHGliwé prior to filtration,-then
washed with ghil I@qma@qﬁ]@m trile (1 x 10 nL), and
dried in vacyo to | actone acid 1-8. Wile
the inventio hask’% 035 §8|bed and illustrated with

15  wherdiehtdeasine® of @, OLY faatl W pamiethingt ar 5 enbodi nents t hereof,
those skilled in the art will appreciate that wvarious

changes, nodifications and
comprising the steps of:

(a) forming an spirolactone acid halide of formula E

20 E
wherein X is chlorine or bromine, and T, U, V, and W are as defined
above, by treating the compound of formula IC with a halogenating

agent in a solvent;
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substitutions can be nmade therein w thout departing

fromthe spirit and scope of the invention. It is
wonvandedy therefore, that the invention be dePCnag2iy/015051

the scope of the clains which follow and that such

clainms be interpreted as broadly as is reasonable. 10

-34 WD 2004/ 104009 PCT/ US2004/ 015051 WHAT IS CLAI MED

IS: 1. A process for preparing a conpound of the

formula I1C, or a salt thereof, CO2H T WO

wherein 5 I1CT, U V and Ware each independently

SQBPCtQﬂnﬁh%&%ﬁﬁﬁm@ﬁ@&ﬂx%Pﬂ%hﬁhan of. (1) nitrogen

and (2) nethine, wherein the nethine group is
_unsubstituted or optionally suhab&puted with a

substituent selected 10 from ezgroup consi sting of:

(a) hal ogen, (b) |ower alky

| ower al koxy, and 15 mhe?e least two of T, U, V,

. (c) hydroxy, and (d)
[
and Ware nethine; conprisj:ny the steps of: (a)
form ng an spirol actonejjaci, lide of formula E O x
w

UT) J W
O >
F
5 wherein R3 is selected from the group consisting of tert-butyl, methyl

cyclohexyl, methyl cyclopentyl, and neopentyl, and T, U, V and W are
as defined above, by treating the spirolactone acid halide of formula E

with a base and an alcohol in a solvent;

10 " (o) forming a spirolactone acid of formula IC

CO,H

IC

wherein T, U, V and W are defined as above, by hydrolyzing the

15 spirolactone ester of formula F with an aqueous acid; and

(@ isolating the resulting product.

2. The process of Claim 1 wherein the solvent of step (a) is selected from the group
20  consisting of chloroform, ethyl acetate, tetrahydrofuran, dimethoxyethane, diglyme, 2-methyl

tetrahydrofuran, 1,4-dioxane and diethoxymethane.

3. The process of Claim 2 wherein the solvent of step (a) is tetrahydrofuran.
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O 20 E wherein Xis chlorine or bromne, and T, U, V,

and Ware as defined above, by treating the conpound
wohodsammoba 1 C with a hal ogenating agent in arPeoiUseni/n15051

-35 WD 2004/ 104009 PCT/ US2004/ 015051 (b) forming a

spirol actone ester of formula F CO2R3 UT WO F 5

wherein R3 is selected fromthe group consisting of

tert-butyl, methyl cyclohexyl, nethyl cyclopentyl,

and neo ntyI and T, U, V and Ware as defined

abfbve, ﬁg@ Prqcesstof ﬁgnmﬁevfwmtm halegsading @pant inetdpd@) ip felected from the

groupfc@ﬁtﬂiﬂnﬁ OIEpho\é\ﬂ)HohJs %x%ﬁﬁd@ rb@ial?fbhaﬂrﬁf@ riﬁbsﬁh@ru@tr%ﬁioﬁ%%%hos{:@orus

i rol act one aci forml a
t“bm%!‘?f’ @106‘3’1 “R?O“d@ tfﬂ@ylm%‘m d-pxaly} bremide,y W are defi ned
as above, by hydronZ|ng the 15 spirol actone ester of

mul a isolating th
Febul T ek R PG SRR @Rk tbent S aehons
wwdﬂMEhsolvent of step (a) is selected fromthe group 20
consi sting of chloroform ethyl acetate,
t et rahydrof uran, di nmethoxyethane, diglyne, 2-nethyl
t et r ahykhedrasessot Clrim 1 gihssernibe spiglagions #rakbatide pbfeemulgE in step (a) is a

spirolifiGnedicAGaRSdOf Cl aim 2 wherein the solvent of step (a)
i s tetrahydrofuran.

7. The process of Claim 1 wherein step (a) further comprises a catalyst.
8. The process of Claim 7 wherein the catalyst of step (a) is dimethyl formamide.
9. The process of Claim 1 wherein the base of step (b) is selected from the group consisting

of N,N,N’ N’ -tetramethylethylenediamine, triethyl amine, N,N-diisopropylethyl amine, N,N-dimethylethyl
amine, pyridine, collidine, 1,8-diazabicyclo[5.4.0]Jundec-7-ene, N-methylmorpholine, and N,N,N’,N’-

tetramethyl-1,6-hexanediamine.

10. The process of Claim 9 wherein the base of step (b) is N.N,N’,N’-

tetramethylethylenediamine.

11. The process of Claim 1 wherein the alcohol of step (b) is selected from the group

consisting of tert-butyl alcohol, methyl cyclohexanol, methyl cyclopentanol, and neopentyl alcohol.
12. The process of Claim 11 wherein the alcohol of step (b) is tert-butyl alcohol.

13. The process of Claim 1 wherein the solvent in step (b) is selected from the group

consisting of tetrahydrofuran, dimethoxyethane, diglyme, 2-methyl tetrahydrofuran, 1,4-dioxane and

diethoxymethane.
14. The process of Claim 13 wherein the solvent in step (b) is tetrahydrofuran.
15. The process of Claim 1 wherein step (b) further comprises a salt.
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-36 WO 2004/ 104009 PCT/ US2004/ 015051 4. The process of
Claim1l wherein the hal ogenating agent in step (a) is

weebmchedofrom the group consisting of phosphecuas2004/015051

oxychl ori de, oxalyl chloride, phosphorus trichloride,
phosphorus tribrom de, thionyl chloride, thionyl

brom de and oxalyl bromde. 5 5. The process of O aim

4 wherein the hal ogenating agent in step (a) is

phosphorus oxychloride. 6. The process of Caiml

whiér ei rilhetpeocsssiof Glado Lo whersinitep sakilof sep b isfsoleeted ok thergroup consisting

of lithtE Brobde, 11§111ﬁ1 chiRide A tRGIIEBRIA RinslinE r&ﬁérgt@ andBhilim 38 1uoroborate.

process of Claim 1 wherein step (a) further conprises

a catalyst. 8. The process of Caim?7 wherein the

cat7al y Sthe@kocss@ip Cladh 16 Svheleim@hdwalt of aep@Nisdithius 2hiBridel he

process of Claim1 wherein the base of step (b) is

selected fromthe group consisting of

N, 18, N , Nepretssafi€lay |l ethareinthe aljuaoisneid of steelchislselacredieom the group

consi%iy%li‘og%dﬁ%gp %%?%&%F%Jmcaamdnﬁydr%r&lfng 'aEEEtJMp%BHé’ Acid AP 8Gric acid.

1, 8-di azabi cycl o[ 5. 4. 0] undec- 7- ene,

N- 15t hy P RBQI df BRim 2B dndle Y a Iﬁl;sous ac1d of step (c) is is sulfuric acid.
tetranet hyl - 1, 6- hexanedi am ne. (E The process of
Claim9 wherein the base of step (b) is NNN,N -

t e30r anmeTHeypr@k3yf €exel il dafteecondplising e sppoeess of Claim 1
wherein the al cohol of step (b) is selected fromthe
group consisting of tert-butyl al cohol, nethyl

cycl ohexhnol addimgta lhglivent ycthe gremmoanddf, fommdk Ieopent y|

al cohol. 25 12. The process of Caim 11l wherein the
al cohol of step (b) is tert-but{HO4Hl cohol. 13. The
process of Claim1l wherein the-Solvent in step (b) is
ng of

di gl yne, 2-net hyl

gl 30 di et hoxynet hane.
rein the solvent in

t et rahydr of uran, di net hoxyet h
tetrahydrofuran, 1, 4-di ‘
14. The process of Cd ai
step (b) is tetrahydrofurah. 5. The process of O aim
1 wherein step (b) further conprises a salt. 35 -37 WO
2004/ 104009 PCT/ US2004/ 015051 16. The process of Caim
15 wherein the salt of step (b)lCGis selected fromthe

group C@RSdiH i VIV and W are as defined above, to form a mixture;

® adding an acid to the mixture of step () to form a mixture; and
® aging the mixture of step (f) for a time and under conditions

effective to afford the compound IA

H, £OaH
T \
T
\I) (0]
- =
w
O b
1A

wherein T, U, V and W are as defined above, or a salt thereof.
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of lithiumbromde, [ithiumchloride, lithiumi odide,
['ithiumperchlorate and [ithiumtetrafl uoroborate. 17.
woheo4poeoess of Claim 16 wherein the salt of sPepuSk)4/015051

is lithiumchloride. 5 18. The process of Caiml
wherei n the aqueous acid of step (c) is selected from

the group <consisting of sulfuric acid, hydrochloric

acid, hydrobrom c acid, phosphoric acid and formc

acid. 19. The process of Claim 18 wherein the aqueous
adild ofThewpegsess ©f Clagn 2@ wherbiutire solvautiofistep 10 20. The

(e) is @&%Sfﬁmptﬁle o PBnlisfiry RS het R )RAdnS ) aQ&oﬁJ}ﬁe %tﬁﬁ?dr@tfuran or a mixture
e) adding a solvent to the conpound of fornula IC,

theregbopH T UW - 0 0 15 IC wherein T, U, V and Ware
as defined above, to forma m xture; (f) adding an

the m x e).to for e, and
(2" ac i oot el 21 wReERals oo FEBled Sy
conditions 20 effective to afford the conpound A H
are as
et e i) neltiEEhdla dr sl AR 3102005 o
from tﬁnewoussz@@mnm@@mrocm@c aTife hyskJuemis agifl, tatagic grid omethane splfonic acid,

toluerdelBIfSH &) bucefnicRIPara®hifink £8). ected from the group
consi sting of dinethoxyethane, acetonitrile,

tetrahydrofuran, or a m xture
24, The process of Claim 23 wherein the acid of step (f) is hydrochloric acid.

25. The process of Claim 20, wherein step (g) is aged ata
temperature of about 10°C to 60°C.

26. The process of Claim 25, wherein step (g) is aged at a temperature of about 25°C for
about 3 hours.

27. The process of Claim 20 further comprising the step (h) of isolating the compound of

formula IA, or a salt thereof.

28. The process of Claim 1 wherein T, V and W are methine,
wherein the methine group is unsubstituted or optionally substituted with a substituent selected from the
group consisting of

(a) halogen,

(b) lower alkyl,

©) hydroxy, and

(d) lower alkoxy; and

U is nitrogen.

29, The process of Claim 29 wherein T, V and W are unsubstituted

methine; and U is nitrogen.

30. The process of Claim 1 wherein T, U, V and W are methine,
wherein the methine group is unsubstituted or optionally substituted with a substituent selected from the

group consisting of
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thereof. 5 22. The process of Caim21 wherein the
sol vent of step (e) is tetrahydrofuran. 23. The

wonronassoof C aim 20, wherein the acid of stepPCTS2®4/015051
sel ected fromthe group consisting of hydrochloric
acid, hydrobromc acid, tartaric acid, nethane
sul fonic acid, toluene sulfonic acid, succinic acid,
and sul furic acid. 10 24. The process of Caim23
wherein the acid of step (f) is hydrochloric acid.
28a) Théiloggcess of C ai m 20, wherein step (g) is aged
at,A tq&ggr%?pre of about 10C to 60C. 15 26. The
process of aim 25, wherein step (g) is aged at a
téﬁberéW@Péyéﬂdabout 25C for about 3 hours. 27. The

gfesso@@x@&@@n120 further conprising the step (h) of
ol ati ng the conpound of 20 formula IA or a salt

thereof. 28. The process of Claim1l wherein T, V and W
arad. metTh peocesstof Chinn 1 tWhereimthdamemgofotps issmer IA
unsubstituted or optionally substituted with a

. Substituent selected fromtheH dedp consi sting of 25
(a) halogen, (b) lower alkyl,~X/(c) hydroxy, and (d)
| ower al koxy; and Uis nltr 30 29. The process
of Claim29 wherein T, V akd W-dre unsubstituted
nmet hine; and U is nitroi&n. 30 The process of Caiml
wherein T, U, V and War ne, 35 wherein the
met hi ne group is unsubst|t$ oor optionally
substituted with a substitdfent selected fromthe
group consisting of -39 WO 2004/ 104009

PCT/ US2004/ 015051 (a) hal ogen,
in the compound of structural formula IC

CO,H
Ay N
U~ Sy
\I} O
-~ 2
w
c ©
10  is increased relative to the amount of cis isomer IB
COZH
/T\ o
0
2
W
B O

in the compound of structural formula IC,
wherein T, U, V and W are each independently selected from the group consisting of:
n nitrogen, and
15 2) methine,



(b) lower alkyl, (c) hydroxy, and (d) |ower alkoxy.

5 31. The process of Caim1l wherein the anmount of
wonrengosmonmer 1A H CO2H U T~ WIA 0 in the ceopwsmm4/015051

of structural formula IC CO2H U-T) O WIic O 10 is

increased relative to the amount of cis isomer IB H

C2H UTJ - o WIBO in the conpound of structural

formula I1C, wherein T, U, V and Ware each

i ndependently selected fromthe group consisting of:

( Whergint the grethine grahp 1GunsEstifvied o priional HouNHIRSDHit DspberGuent selected

PM@%&%%@%OfMerei n the nethine group is

unsubstituted or optionally substituted with a

substituent ®el ed®®& from t he group consisting of:

(a) hal ogen,) (blod&wiyl, al kyl,
5 ©) hydroxy, and
(d) lower alkoxy, and
wherein at least two of T, U, V, and W are methine.

32. A composition comprising about 83 % to 52% of compound IA

H gOZH
1. \
T
\I) O
~ ~
w
10 a O : and
about 17% to 48% of compound 1B
H CO.H
A é

TN
P

B O

H

wherein T, U, V and W are each independently selected from the group consisting of:
)] nitrogen, and
15 2) methine,
wherein the methine group is unsubstituted or optionally substituted with a substituent selected
from the group consisting of:
(a) halogen,
(b) lower alkyl,
20 (©) hydfoxy, and
@ lower alkoxy, and

wherein at least two of T, U, V, and W are methine.
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5 (c) hydroxy, and (d) |ower al koxy, and wherein at
least two of T, U, V, and Ware nethine. 32. A
woaoEasidd on conprising about 83 %to 52% of ceapwsm4/015051
IA HCQR2H U -T J - W10 A 0 and about 17%to 48%
of conpound IB HCO2H U -T J. - O WIB 0 wherein T,
U V and Ware each independently selected fromthe
group consisting of: (1) nitrogen, and 15 (2)
nmet hi ne, wherein the nmethine group is unsubstituted or
optionally substituted with a substituent selected
from t heneQbabRifRARS Chih 3 cGhpriid)abbd 798I compdihd I Qwer
al kyl, 20 (c¢) hydroxy, and %d) | ower al koxy, and
wherein at least two of T, Ucd,Hand Ware nethine.
~41 WD 2004/ 104009 PCT/ US2004F 015051 33. The

~conposition of Caim32 co i ng about 79% of
compound 1-8 H CO2H N O
N
| (0]
P
O
1-8 ; and

about 21% of compound 1-9

34. The composition of Claim 32 comprising about 83% of compound 1-8

about 17% of compound 1-9
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1-8 ; and about 21% of compound 1-9 CO2H H,, NO O

5 1-9 34. The conposition of Caim 32 conprising
weahout1088% of conpound 1-8 H CO2H N O O 1-8 pCcams2004/015051

about 17% of conpound 1-9 -42 WD 2004/ 104009

PCT/ US2004/ 015051 CO2H H/, N ,Xx 0 0 1-9 -43

CO,H
H,Y 2

N7

1-9
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