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further relates to a process for the preparation of
the spirolactones of formulal. CO2H UT WO | The
conpounds of fornmula | are internedi ates useful for
the preparation of the spirolactone conpounds of
formulall. H ON-Ai UT~J, 0 WO Il The

TITLE OFDHRASVEINTIONUl a |1, along with their use as NPY5

PROGISSEORMARIY sPRCEACHONR o BPnaBESy' \) 6, 335, 345,

which is incorporated by reference hereininits

BACRBRO O E PN 4376 (published on 3/02/01).
) ) I'l are also useful as agents
for t héhepesentanyengpn futhicotrlate todapreesss fasithe prgparatioyrof, the

spirolhdt6hdddif Agmupf. not limted to, cardiovascul ar
di sorders, such as hypertension, nephropathy, heart

di sease, vasospasm arteriosclegogis and the like,
central nervous system disordérs, such as bulinm a,
depression, anxiety, seizure 3i | epsy, denenti a,
pain, alcoholism drug wthd al and the |iKke,
met abol i ¢ di seases suchUaspbssity, diabetes, hornone
abnornmality, hypercholé§te ol,€m a, hyperlipidem a and
the like, sexual and repdducli ve dysfuncti on,
gastrointestinal disorder, reépiratory disorder
i nfl ammati on or gl aucoma, and the |ike.
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The compounds of formula I are intermediates useful for the preparation of the spirolactone

compounds of formula IL.
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The compounds of formula II, along with their use as NPY5 antagonists for
treating bulimia, obesity or diabetes, 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.
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-1 WD 2004/037170 PCT/US2003/032393 U.S. Patent No.
6, 335, 345, which is incorporated by reference herein
WO poo371ent i rety, and WO 01/ 14376, describe a pCDUSNS3/032393

for preparing the conmpounds of formula Il from the
spirol actone of forrmula I. U S. Patent No. 6, 388,077

and USSN 60/ 352, 451 descri be processes for preparing

t he conpounds of forrmula |I. However, a |arge nunber of
synthetic transformations are required (the Iongest

l'i near &80Reet N 6339,3a50whicH 1§ﬁ1&§1§&>raw'dtﬂy 8feréh¢e hadeln in its

| 15- 20%
eninel), 8 PG 0 TAARLE B LieR A siont gt PleRPhynds formuta I from
theﬂnmwwbundﬁéﬂnnﬁa}uctural formula | in considerably
fewer ghg "'i'zzgéﬂt N %@%g l4)2'7 lahﬁ 'U@@l\f G552, £ Cibe e Rrocssses for preparing

reagents ongest | near S
the cqmgponds apiorpplap. &I@“@V@rﬁ allargy nanberof sysbetic trapgbormeations are required

(the wiagebtqﬁlealBseqﬁé}@e lhemgasbut 7 ﬁg@ w&ﬁ%%%ﬁuly%l& béﬁ&@ﬁ al¥éu 15-20%.

T about P
SP eg;? a }t}a H@F%Pb‘&ﬁ%ﬂ%h?hﬁ}ﬁ is Qg{jlglgqe ore efP 01ent1y the compound of
structBrab écn‘zrmllap] ia@bhsideratan devder chemiyl $t61§$rutﬂ:ﬁtrl grf'eﬁ'eﬂﬂiedﬁcal @sgents. For

methégﬁe %1@%0@%&?%1@% sre eglt {:gs%g&%' o 11% Své eﬁ'ylfgg%d a?gﬁbﬂ% For method

B, the( PogB) lingayr mgs@ss floteps Methmntqveralllu mid af Aot aﬂ%N-

p re 0 (F:’ ? P)Sé%%@%@ %qué pﬁﬁg_ra{}brp BP&nglftlﬂuhgje g%e%colln1c and 3-
benzyglf%ﬁqﬂm%mméfwe& aﬂaﬁtqnwmﬁ@atmnearﬁ d@@@h@d imYadhetisn

Commtlmvatﬁﬁs 20 (A7 9PSB6230T62P 1 €PN ReHceRBPLV MstSoreo-lithiation of N-
uct u

la |. H..UIT . 0O 1. Th
prophb o8l spn S8 a o FlPRisT i hipeddn . Ofg!Thenm., vol. 57, .
2700@70565E21h|at|on, of an aromatic conpound foll owed by
t he subsequent reaction with a cycl ohexanone,
substituted with a carboxylic acid or a carboxylic
SUMNARY QR EHEIBVENIIEN as an ester, in the 4-position.

After ThHORYRES iAVenBibn HhRsvida raﬁﬂéfdé'sé for PedprriRE BSHPSRIS of structural
o a carboxylic acid, and l'actone ring formation,

form‘flﬁt desired spirolactone of fornula ICis isolated in
good yield. Recrystallization oéoﬁyirolactone
2

The process involves anion formation, such as ortho-lithiation, of an aromatic
compound followed by the subsequent reaction with a cyclohexanone, substituted with a
carboxylic acid or a carboxylic acid precursor, such as an ester, in the 4-position. After
conversion of the carboxylic acid precursor into a carboxylic acid, and lactone ring formation,
the desired spirolactone of formula IC is isolated in good yield. Recrystallization of spirolactone
IC, or a salt thereof, and separation gives isomers IA and IB in highly pure form.



IC, or a salt thereof, and separation gives isoners |A

and |Bin highly pure form -2 WO 2004/037170
wERONANSA003/ 032393 -OHH LOHHOH T 0 UTPET/UR2003/032393

o0Jo OOO ICIA M Reacting the spirol actone

with an amne of the formula H2NAr1l gi ves spirol actone

am des of general structural fornmula Il as shown in

Scheme A. Reacting the separated spirol actone of

formula 1A or IBwth an ami ne of the fornula H2NAr1

gi ves ondi ng spir0O| actone am de Q1A or 1IB. O
N~@Q‘N5HpHAr H, , }QHT~ UT 44

O 11A11B
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The order in which the steps of Scheme A are carried out may reversed. In
Scheme 1 (Method A), the spirolactone of formula IC is prepared by reaction of the 4-carboxylic
acid precursor substituted cyclohexanone with the ortho-lithiated aromatic compound, followed
by conversion of the acid precursor into a carboxylic acid, and subsequent lactone ring
formation. Alternatively, in Scheme 2 (Method B), the reaction of the 4-carboxylic acid
precursor substituted cyclohexanone with the ortho-lithiated aromatic compound is followed by
lactone ring formation, and the subsequent conversion of the carboxylic acid precursor into a
carboxylic acid to form the spirolactone of formula IA.



UT RS WR6 UT~ OWO IIl ICO 1 CO2H CO2H H H,,
UT~+ UT OO ITAIB O NHArl1 O NHArx1 H U-T~ UT J J
w2371 O I1TA I1B -4 WD 2004/ 037170 PCT/US2003/032393
PCT/ US2003/ 032393 DETAI LED DESCRI PTI ON OF THE

I NVENTI ON By this invention, there is provided a

process for the preparation of a conmpound of

structural forrmula I, or a salt thereof CO2H UT WO

; wherein | T, U V and Ware each independently

sel ected fromtisghgreul consi sting of (éb pll trogen,

and 2

0 0O
1A l IB
Oy —~NHAr! Oy_-NHAr'
HG H,,
+
U /T\ \\\\\ U /T\ \\\\\
\v _ 0O \V P @)
0 O
1A B



(2) nethine, wherein the nethine group is
unsubstituted or optionally substituted with a
wGaaiwsntioent sel ected fromthe group consi stiPQr/o82005)32393

hal ogen, (b) lower alkyl, (c) hydroxy, and (d) |ower

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

nmet hi ne; conprising the steps of (a) conbining a

strong base with a conpound of fornula Il UT ~ RS V

W N R6 O, wherein mR5 and R6 are independently
DET(2) BFDESC NI mViENq}IGN: " gf V\D( %%o?uygr?%?”’

ower, .al. . cyclo - )

b UeHSda ation. ks R TGRY BiosaT ! e pRPapT of aggmpound
of stryc®jraletrewnlads ot a saitrthaeofapr oti ¢ sol vent to form a

solution; (b) reacting a cycl ohexanone of formula IV

with the solution of step (£0HORL |1V wherein Rl is

selected fromthe group cansisting of (1) -CO2H, (2)

-CN, (3) -CH2OH,

T
U™
\I) @]
N -
W
O : wherein
I

T, U, V and W are each independently selected from the group consisting of
(D 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,
(c) hydroxy, and
(d  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 IIT

U~ R®
| ]
Vo A N
w R®
O , Wherein
111

RO and RO are independently selected from the group consisting of
(D hydrogen,

2) lower alkyl,

3) cycloalkyl,



(4) aryl, (5) ester, (6) protected carboxylic acid,
and (7) a ketal selected fromthe group consisting of
w@2eodR176- ) 4-< 4 0 n, and (b) OR wherein nPCHUI2003/032393
2, and R4 is lower alkyl; (c) converting the Rl
substituent of the cycl ohexanone of step (b) into a
carboxylic acid when Rlis not a carboxylic acid; and
(d) adding an acid to forma spirolactone; to afford
the conpound I, or a salt thereof. In one enbodi nent
of the($r eseptlohdtv@aliypn, the RL substituent of step
(b) |s(§FIect§§%fron1the group consisting of (1)
CH2OH, (4) phenyl, (5) -
CIERZ (@herémhmﬁﬁﬂ;s selected fromthe group -6 WO

2004/ 0 / onS|st|ng of : (a)

| ower gIIY ?pljggSM?%r?%@%é%z%eny wherei n the phenyl
g®up rf%ac A& as¥elphaxapenent f@r@mgfa TY witidhewaletion of step (2)
substituent selected fromthe group consisting of.

(1) lower alkyl, (2) Ioes/er xy and (3) -NO2, (6)
“C(O NHR3, wherein R3 | - Bl (7)) L ONR3 2,
wherein R3 is | ower alkyl,

v

wherein R1 is selected from the group consisting of

(1) -COgH,
(2) CN,

3) —CH20H,
@4 aryl,

(5) ester,

(6) protected carboxylic acid, and
@) a keta] selected from the group consisting of

=,

wherein n is 1 or 2, and R4 is lower alkyl;
(c) converting the R1 substituent of the cyclohexanone of step (b) into a carboxylic
acid when Rlis not a carboxylic acid; and

0R4

, and (b) 0R4 :

(d adding an acid to form a spirolactone;
to afford the compound I, or a salt thereof.

In one embodiment of the present invention, the R1 substituent of step
(b) is selected from the group consisting of

(1) —CO2H,
@ —CN,

3) —CH20H,
(4)  phenyl,

(5)  —CO2R2, wherein R2 is selected from the group
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(8)

-(CO NH2NH2, and (9) a ketal selected fromthe

group consisting of OOR4 ~)n 40, and (b) OR
wob@resn7n is 1 or 2, and R4 is |lower alkyl. |PCHUS108%632393

of this enbodinent, Rl is -CO2R2, wherein R2 is

sel ected fromthe group consisting of: (a) |ower

al kyl ,

and (b) -CH2-phenyl, wherein the phenyl group

i's unsubstituted or substituted with a substituent
sel ected fromthe group consisting of: (1) |ower
akéaplstingdF: | ower al koxy, and (3) -NO2 In another
enbodi nent of th? ‘?re iinvention, T, V and Ware

met hi ne, wh&ei n

t fflne group is unsubstituted

or optional Ky subSttrhead, wheminathe phertyl groaptis sel ect ed

oyt % o EABB00% ANyl b "8 R0 selipa e eroup

al kyl ,

2004/ 0371700%157“03821@03/ 032393 Uis nitrogen. In a
class of this en‘@gdl ”‘Fd%erai% 1,V and Ware unsubstituted
met hine; and U is Erogen ‘I'n anot her enbodi ment of

t he pr esent i nVGIﬁ%I on,

ower alfoxyy adq W are et hi ne,

wherein the nethide gr—N@Q i s unsubstituted or
optionally s ed withsaa substituent sel ected
T 3 SHEORVRS Shelti B3 BUREHGE D!

fromt
@)

gr ou
—C(O)N(R3)9, wherem R3 is lower alkyl,

)] —(CO)NH2NH2, and

9) a ketal selected from the group consisting of

O OR*

§_<Oj I and (b) g_<OF14

wherein n is 1 or 2, and R4 is lower alkyl.

H

In a class of this embodiment, R1 is — CO9R2, wherein R2 is selected from the

group consisting of:

(a) lower alkyl, and
(b)  —CH2-phenyl, wherein the phenyl group is
unsubstituted or substituted with a substituent selected from the group
consisting of:
(D lower alkyl,

2) lower alkoxy, and
3) -NO».

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

(2)
(b)
©
(d

halogen,

lower alkyl,
hydroxy, and
lower alkoxy; and



(b) lower alkyl, (c) hydroxy, and (d) |ower alkoxy.
In one class of this enbodi nent, the nmethine group is
waoe@diostire ut ed or optionally substituted w t hP¢HUSZNEF032393

In anot her enbodi nent of this invention, the process
further conprises the step (e) of isolating the
conpound of formula |I. By this invention, there is
further provided a process for the preparation of a
compound of structural formula IC, or a salt thereof,

Uis of¥dddn. U J 0O ; wherein ICT, U V and Ware each

(1) i 0 g étﬁifee%%% IR e o F B ARl sgBmes and U

nitroggnoup i s unsubstituted or optionally substituted with

a substy, Eﬁlﬁﬂér e(%%ldﬁ-ﬁén‘? Gf Ihle%?%steﬂtei %n%h B ’f 0[5‘ 5V ‘?1{1(5 W ax% Ig%hlne

(a) halo
wherep /IOCJIFIW@YW)S U@@@ﬁgpt@gmgzsﬂor( y subﬁmtechwnbwubm@bnt selected

from WerAiptaakisligast two of T, UV, and Ware nethine;
C?Tprlig the steps of (a) conmbi ning a strong base
th a f:9?-’9’E7‘buno| of formula A TUI~TIY NW

(b) 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 process further comprises the step
(e) of isolating the compound of formula I.

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

CO,H
SR
vy
"W
O . wherein
IC

T, U, V and W are each independently selected from the group consisting of
(D 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,
(c) hydroxy, and



OA in an aprotic solvent to forma solution; (b)
reacting a conpound of fornmula B O CO2R2 wherein B R2
w0 200808BCt ed fromthe group consisting of: (alCT/U8m03/032393
al kyl, and (b) -CH2-phenyl, wherein the phenyl group

IS unsubstituted or substituted with a substituent

sel ected fromthe group consisting of (1) |ower

al kyl, (2) lower al koxy, and (3) -N02, with the
solution of step (a) to forma solution; (c) reacting
thesommimmmﬁﬁmﬁp&ﬂ)vdthvmta to forma

usting.the pH of the solution of
Where"f %tge?sgyw? 8%@?\/@’&?8% d 4 with an acid to
afford the compound 1C, or a salt thereof. -9 WO

2Q [ WS2003/ 032393 I n one enbodi nent of the
pr‘gﬁsliglqﬁzénvengoy T, V and Ware nethine, wherein the

méDhi neogbiming 4 srangdaseswith acempowndnftironidn Ay

substituted with a substltuent selected fromthe
group consi sting of ( | ogen, (b) |ower alkyl,
(c) hydroxy, and (d) omer alkbxy and U is nitrogen.
of
n

In a class of this e and Ware
|s rogen.

unsubsti tut ed nethi ne;
A

in an aprotic solvent to form a solution;
(b) reacting a compound of formula B

o:<:>-cog|={2

B

, Wherein

R2 is selected from the group consisting of:
(a) lower alkyl, and
(b)  ~CH2-phenyl, wherein the phenyl group is
unsubstituted or substituted with a substituent selected from the group
consisting of
€8 lower alkyl,
2) lower alkoxy, and
3) -NO2,

with the solution of step () to form a solution;
©) reacting the solution of step (b) with water to form a solution; and

(@ adjusting the pH of the solution of step (c) to between about 0 and 4
with an acid to afford the compound IC, or a salt thereof.

-9.



I n anot her enbodi nent of the present invention, T, U

V and Ware nethine, wherein the nmethine group is
w@r®4stire ut ed or optionally substituted w th BCT/US2003/032393

substituent selected fromthe group consisting of (a)

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

| oner al koxy. In one class of this enbodi nent, the

nmet hi ne group is unsubstituted or optionally

substituted with hal ogen. In another enbodi nent of the

present invention, steps (a) and (b) are run at a

tenperat ure
et 3 R R PRS0, YOk BB Pherein e
methihe group liumsabssinted 66GHtidnallysshshtttaisgitinh smlh;hsueut mxed from the
s aged for a period between about 5 m nutes
group%%ﬁﬁst(r%z)%ﬂrs I n anot her enbodi nent of this invention,
t ko aplhéllo%nasol vent of step (a) is selected from the
gn@up tohsiagtying of tetrahydrofuran, toluene, heptane,
%X%Pth%ﬁﬁ benzene, and hexane, diethyl ether
ene xture thereof. In a class of this
e(rdb)odl eewdr,alltdrg; @ajar oti ¢ sol vent of step (a) is
hydr of uran. 1 n another enbodi ment of this
Udsnhﬁ%%ﬁtlon the strong base of step (a) is selected
from t hea glawpf thig ggibodinagnt.oF, \halsug’ are gpgbBiiiufed metBinej and U is
nitrogeh HVDS,  NaHMVDS, KPMDS and  Li TMWP. In a class of this

nmbodi t he st f st BuLi .
anot hels BHFTSREITGRY phTE refguniy GHONLTdp Y apd s,

wheretwtiprmaRine gesbipligussubsatitited de bpdaty budieewih @épbstituent selected
onS|st|n of Br, Lid, Lil, LiBF4, LiAO4, and

from EEEAD GoRsts™E Ass' of  this embodinent, the salt of
s(@p (‘&plogen,Li Br. I n another embodi ment of this
ent 1 Qhor /411 S selected -10 WD 2004/037170
/ USZOOS/ 0 2393 fromthe group consisting of: -CH3,
- @Azc%y ORGHPM2CH3, - CH(CH3) 2, - (CH2) 3CH3, and
-@ﬂ(c}ﬁﬁﬁgrdkbxg class of this enbodinern R2 is
- CH2 . nao of the present
o QIO BRSPSl e Breeel i o
optioraly stbsBifed withG@loged.n a cl ass of this enbodlnent step
(c) is egg
subcl agg H&fth%h m;%og ? fﬁl{htléé3 es?m)lgpe% P ﬁ’ns pocs:r(a)aanﬁ1 ZP?
are rup @t uiespperature of between about —50°C and —80°C. In a class of this embodlment step
(a) is aged at a temperature less than about —55°C. 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-BulLi, t-BuLi, LIHMDS, NaHMDS, KHMDS and
LiTMP. In a class of this embodiment, the strong base of step (a) is n-BulLi.

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. In a class of

this embodiment, the salt of step (a) is LiBr.
In another embodiment of this invention, R2 is selected

-10 -



about 1 hour to 4 hours. In another enbodi ment of this

invention, the acid of step (d) is selected fromthe
w@e@yp3nonsi sting of hydrochl oric acid, sulfurpPCT/a81003/032393

nmet hane sul fonic acid, trifluoronethane sulfonic

acid, or a mxture thereof. In a class of this

enbodi nent, the acid of step (d) is sulfuric acid. In

anot her embodi nent of this i nvention, the acid of step

(d) is selected fromthe group conS|sting of

from thy graphioasistengastt dCEsY LCHQIOHaaC(@HZ)QEHS@n@H%@Hng” ¢

g hd SRR H i 2L

t her eofn aﬂdmat@ﬁibb@ﬁne@m‘@mlbm&mqﬁvdnhbﬁ mépv ption, the

s g b Reb o EoADRSHSIHE, bR A er

at a tempitadure of ghrut 409C. Era siibctass 6f thisrodase,tsizapn(e) Sulih 6ot acperiod between
about"’} qut Oih&hr{“ xture thereof. In a class of this

odiment, the aqueous acid of step (d) is sulfuric
aC| d. Fmanotsr ﬁmbogmm phibist inggntion; the peidefisieprid) ishe

select@dilemQBe glfoﬁﬁ cbbistin o@'ﬂy@:‘éb‘lﬁ@ﬂc@ add] fhieat ﬁ&Hexﬁetfh'éﬁe[@Lﬁ fic acid,
% drochlorjc aC|d ul furic aci

t
wriftuc P B Lot O LU TP Ol Bt s T PrgAdignent, the acid of

step (d)ds sh;lflmctacidjene sul fonl c acid, benzene sulfonic aC| d,

anot her f.
O oo Sl kel of iAo, EERANLTERD Slish "o
SeleCtQﬁbﬁO@éhe gloEp CoMsitting F tht oglrlotih adid etfodé aeidt methandmlfonic acid,
trifluoPb BB Rte éuﬁ‘éﬁf&tahﬂ?:p—télh% &ﬁfbnicsac%? BchA2h §hl Q%ﬂpe?cﬁ(ii or b Snixture

et ween about 30C to 70C. In a ass o
thereoknhodi ment, step (d) is aged at a tenperature of

about #HDGotHen eﬁlbaamfdnasﬁtmfmbéﬁt@n chassd oﬂ;t@p @dy is

T N T N .
sulforfciadidhdrifloanpeihaes sulfumiciodd of @)miefuré theteaf.i myathes of thls

e, r thereof. By this
emboc?ﬁ{\/@gg“ or%]‘ﬂfa S%CMﬁt%ngd esuﬁlﬁl?(g%/(itl ed a process for the
pr epar bt ngthespmhodigsmbeiithis invension,tbe acidiof step fdlia | C

an aqouacidkdledidtLf8@fthe srod coﬁ’é@tl%g%'fl?ﬁzé%ﬁ&c acid, sulfuric acid, methane

sulfonllzzzcz;rc/léJ %% Qc%ér%%t 32,11916::3 sulfonic aci p—toluene sulfonic acid, benzene sulfonic acid, or a

mixture thereof.

In another embodiment of the present invention, the pH of step (d) is adjusted to
between about 1 to 3.

In another embodiment of the present invention, step (d) is aged at a temperature
between about 30°C to 70°C. In a class of this embodiment, step (d) is aged at a temperature of
about 40°C. In a subclass of this class, step (d) is aged for between about 30 minutes to 4 hours.

In another embodiment of this invention, the process further
comprises the step (e) of isolating the compound of formula IC, or a salt thereof.

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

-11 -



WO ; wherein ICT, U V and Ware each independently
sel ected fromthe group consisting of (1) nitrogen,
w@nw402)n70met hi ne, wherein the nethine group i SPCT/US2003/032393
unsubstituted or optionally substituted with a
substituent selected fromthe group consisting of (a)
hal ogen, (b) lower alkyl, (c) hydroxy, and (d) | ower
al koxy, and wherein at least two of T, U, V, and Ware
nmet hi ne; conprising the step of adjusting the pH of a
solution of compound C CORHOJHU OH W OH OC in a
solvent to a pH between abost 0 and 4 with an acid to
afford the compound 1C, salt thereof. -12 WO
2004/ 037170 PCT/ US2003/ 08 2 In one enbodi nent of the
present invention, [~ 4 are nethine, wherein the
nmet hi ne group i s ungubst|ityDed or optionally
substituted with a Yuagtitfient sel ected fromthe
group consisting of (a) happgen,. (Db).|ower alkyl,
(c) hydroxy, and (d) |ower al kox’y?’vg‘%‘%?al

IC

T, U, V and W are each independently selected from the group consisting of
(D 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
(d lower alkoxy, and
wherein at least two of T, U, V, and W are methine;

comprising the step of adjusting the pH of a solution of compound C

CO,H
\I)/T\ OH
\W/ OH
O ;
C

in a solvent to a pH between about 0 and 4 with an acid to afford the compound IC, or a
salt thereof.

-12-



Uis nitrogen. In a class of this enbodinent, T, V and

Ware unsubstituted nethine; and Uis nitrogen. In
wa@emtogr7enbodi ment of the present invention, ACT/US2003/032393

and Ware nethine, wherein the nethine group is

unsubstituted or optionally substituted with a

substituent selected fromthe group consisting of (a)

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

| ower al koxy. In one class of this enbodi nent, the

met hi nén geotpbddmensof pisd Ibréslirledlvéﬂitlon(?m vamalwre methme wherein the

. it wi. t h haI there odi nent
metify p Wy Sl RO Gy o heB0% G ERRBiTL st the
groupsonsistargialg of tetrahydrofuran, toluene, heptane,
d(gethggm dane, benzene, and hexane, diethyl ether
ene tér, or a mxture thereof. In one class of
Kti’s e HEsiapky ;lwt the solvent is selected fromthe
u t of tetrahydrofuran and water, or a
g(@tﬁrﬁﬂ?ﬁéﬁé%?g In anot her embodi ment of this
ent F(W? KOXYZ04d i s selected fromthe group
Uisnumnstl ng of hydrochloric acid, sulfuric acid,

net hanﬁl g‘&ﬁlag JPtﬁlS %ﬁ}bﬁdlmen "lf Vua% W %ggn%bgﬁtlﬂ{ g%é:thine; and U is

~acid, or a M Xt ur ereo I'n
mtfogeliirbom ment, the acid is sulfuric acid. In another

embodi If?iHotHéfr etdBodinlddY §1thi %fbser&l'hgx hﬁ .U, S¢ h&?kﬁge methine,

roup . consi sting or'i ¢ acl
Whefeé‘m%F mqrt]*&‘ %STO&P IWSHB%U@@ oF awi%laﬁﬁ s@bsum& itk ﬁéh@@lﬁ@nbselected
from thelgfaapiconsigtitigthf p-tol uene sul fonic acid, benzene
Kéaf hgl aC| d, or a mixture thereof. In another
di nEREof this invention, the acid is an aqueous
atid shﬂmtaﬁfdlfromthe group consisting of
hyéjr ocﬁi, aﬁ&l d, sulfuric acid, nethane sulfonic
uor onmet hane sulfonic acid, or a mxture
t@reo OWeFﬁk@XEI ass of this enbodi nent, the aqueous

aci d i m &dél dlase o tfﬁ‘@érﬁbodlﬂleﬁ‘tnﬂfehﬁétm%@%%pq? ﬁﬁsu@gtlthﬁﬂ%r

the acid is an aqueous acid
Optlo@gﬁﬁ%gﬁ% ’rﬂ‘ﬁ* 708Zb03/ 032393  sel ected fr om t he gr oup
consi shi agttef elmpddiaeht of this iAedntion abt Eelvét iadddted from

the gr&ﬁat &%Q@tn’f‘é%if tgﬁi\h%fd%‘f{n%h, toluene, heptane, dimethoxyethane, benzene, and
hexane, diethyl ether, xylene, water, or a mixture thereof. In one class of this embodiment, the
solvent is selected from the group consisting of tetrahydrofuran and water, or a mixture thereof.

In another embodiment of this invention, the acid is
selected from the group consisting of hydrochloric acid, sulfuric acid, methane sulfonic acid,
trifluoromethane sulfonic acid, or a mixture thereof. In a class of this embodiment, the acid is
sulfuric acid.

In another embodiment of this invention, the acid is selected from the group
consisting of hydrochloric acid, sulfuric acid, methane sulfonic acid, trifluoromethane sulfonic
acid, p-toluene sulfonic acid, benzene sulfonic acid, or a mixture thereof.

In another embodiment of this invention, the acid is an aqueous acid
selected from the group consisting of hydrochloric acid, sulfuric acid, methane sulfonic acid,
trifluoromethane sulfonic acid, or a mixture thereof. In a class of this embodiment, the aqueous
acid is sulfuric acid.

In another embodiment of this invention, the acid is an aqueous acid

-13-



trifluoronethane sulfonic acid, p-toluene sulfonic
acid, benzene sulfonic acid, or a mxture thereof. In
wa@peihsn7enbodi mrent of the present invention, PEEUSH03/E32393

adj usted to between about 1 to 3. In another _

enbodi nent of the present invention, the solution is

aged at a tenperature between about 30Cto 70C. In a
class of this enbodinent, the solution is aged at a
tenperature of about 40C. In a subclass of this class,

selectedh érogothatgr@mp dossiagggoff lgﬂrdaﬁldmeaﬁldahlﬂﬂinc a3fdl, Eﬁeﬂiﬁh@Sulfcﬁnc acid,
e e Y

thelfﬁ‘(lfonpound of formula IC, or a salt thereof. By this

i nventiig ﬁnothaeé'g?oddﬁnéﬂfroff BRr rpr@sﬁeﬁ%’n@@rﬂmﬁ REQEARs for the

_ preparation and separatio a splTol actone of
adJungF?rﬁ?tﬁ’eFlAabQﬂt l403alt thereof, and a spirol actone of

f or nul dn hifoth@ emBBbdfiért of Hﬁrﬁ@sfent v &ied ﬁ’le %Hon a ﬁEcT at

W
a temg?rgtué %%WF%Q%‘E gﬁ(?ﬁ Hﬂosghie taé’EaS§ Pg%lst Wébc&‘@@bt the solution is aged
at a tepgpesatsteiaigbait 400C) Ink sutefmee of tiwkl{s2) thevblitioeis aMBe fRibatween about

group is unsubstituted or optionally
30nﬂhﬂ%§?¥%ﬁ?£§ with a substituent selected fromthe

group &nABotherempogimend of thas inyention, the)proaesefurthbky| |
compfi§as thy St ¥y Lsoﬁﬂg%ﬁfé)coh‘%\ﬁﬁﬁd & foRHa Iﬁ ngk é’@!&‘t&%@?@t

| east two of W are net hi ne;
2004/ 037170 PCT/ US2003/ 032393

By this invention, there is further provided a process for the preparation and

separation of a spirolactone of formula IA, or a salt thereof, and a spirolactone of formula IB, or
a salt thereof,

H gOZH H/, COQH
AT N -
Um Sy U7y
\]} < o \u p O
\W \W
O O ; wherein
1A IB

T, U, V and W are each independently selected from the group consisting of
)] 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,
(c) hydroxy, and
(@ lower alkoxy, and
wherein at least two of T, U, V, and W are methine;
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conprising the steps of (f) adding an aprotic sol vent
to the conpound of fornmula IC, or a salt thereof,
w3, W O 0 IC to forma mxture; anelCT/y$2003/032393

aging the mxture of step (f) for a tinme and under

conditions effective to afford the conmpound I A, or a

salt thereof HC2H U/TJ, ~ O WO IAIn one

enbodi ment of the present invention, T, V and Ware

net hi ne, wherein the nethine group is unsubstituted
compii¥in®@fieisepalf y substituted with a substituent selected

fromt gr consi st f (a) halo Lower

kg 09 oS afRe GRGHoR e o BREPPEPRARSE fomlh 16y g sal theeo,
nitrogen. In a class of this e Lbment, T, V and W

are unsubstituted nethine; and P nitrogen. -15 WO

2004/ 037170 PCT/ US2003/ 03239 n anot her enbodi nent

of the present invention, T, and W are nethine,

wherein the nmethine groug.s ubstituted or

optional |y substitutedhﬁﬁt “adsubstituent sel ected
~ 2
W
0
1C

to form a mixture; and
(g) aging the mixture of step (f) for a time and under conditions
effective to afford the compound IA, or a salt thereof

H CO:H

. @
Xy
e
"W

)

IA

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,

(c) 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.
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fromthe group consisting of (a) hal ogen, (b) |ower

al kyl, (c) hydroxy, and (d) |ower alkoxy. In one
w@b@s®3Tfo t hi s enbodi nent, the methine group iBCT/US2003/032393

unsubstituted or optionally substituted w th hal ogen.

In anot her enbodi nent of this invention, the aprotic

sol vent of step (f) is selected fromthe group

consi sting of tetrahydrofuran, ethyl acetate, methyl

t-butyl ether, toluene, or a mxture thereof. In

anot heiln mg&lemthn@tfnt bhihg préb\éﬁtﬁhb&ﬁonsf ap, ¥ tnd Wusdehgdthine,
S a to the. m

wherei (8 thetiihe 3ol p R ihiee ok Rt st wisk s Rpsdang selected
ﬁnn1@e®mMpnhﬁmﬂng¢me group consisting of hydrochloric
a ron1c acid, tartaric acid, nethane
S+fon|c EC| toluene sul fonic acid, succinic acid,
aﬁ@ suWPWﬂ@&QéC|d In a subclass of this class, the
a@gd ohy&bLRP, andf ) is hydrochloric acid. In another
? th| enbodi nent, the acid of step (f) is
ect QW?W@ﬁﬂﬁythe group consisting of hydrochloric
aC| d, mtydﬂid)&lﬁsamf(thlﬁéﬂnﬁodlhﬁht, #id ﬁetﬁﬁie?eﬁiﬁ&; haadstituted or

ol uene sul foni c aci succi ni ¢ aci d,
opﬂm%M%g@%g%gg thﬁgg%d, and sul furic acid. |In another

enbodlhbmuﬁmﬂenﬁmQHWHWQﬁﬁﬁmmvmnhm e @protig solventag sttpdf)
erRg a 5
is selégﬁgtgo i m'g}%: éﬂ')@% &ins%tig&' IBi; éggle)gﬂ?fﬁpag ethgezéﬁia%%, E%%l‘%te hlli‘t'yﬁether,
toluengy, o 3 Mixtpgs theteqf- about 48 hours. In anot her embodi nent

of thign hﬁbﬂ&fﬂehﬁb@dnﬁd’ﬂ@ oPth@CiRsEntiou! §t3[? f? ftﬁﬂl@f%drﬁﬁ%@ ﬁ&ﬁng an acid

ol Lot S54 4 P s BTERHRS 8ol ETHLE i S S5L rom e

SroupEONY StHT dfdlydtohhlopc epidy ]alydroib’romﬁc idid, tartaaivpeid) chedfane sulfonic acid,
toluer&t Hﬁltuﬁ Qlldvéu%Ei%H V\%ld And gﬁlfl%l Sa%isc} I‘ilrljesli.lgaESS o'fltl%)gﬁss Hle acid of step
) is hydrochlonc acid. In another class of this embodiment, the acid of step (f) is selected from
the group consisting of hydrochloric acid, hydrobromic acid, tartaric acid, methane sulfonic acid,
toluene sulfonic acid, succinic acid, benzene sulfonic acid, and sulfuric acid.

In another embodiment of this invention, the step (g) is
aged at a temperature of about 40°C to 60°C. In a class of this embodiment, step (g) is aged for
a period between about 1 hour to about 48 hours.

In another embodiment of this invention, the process further

comprises step (h) of isolating the compound of formula IA, or a salt thereof.

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

H_C0eH

-
T
\u O

- 2
W
O : wherein
IA
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WD 2004/ 037170 PCT/ US2003/032393 T, U, V and Ware
each independently selected fromthe group consisting
w@Booga371mi t r ogen, and (2) nethine, wherein theECTESINIE32393
group is unsubstituted or optionally substituted with
a substituent selected fromthe group consisting of
(a) hal ogen, (b) lower alkyl, (c) hydroxy, and (d)
| oner al koxy, and wherein at least two of T, U, V, and
Ware nethine; conprising the steps of (a) comnbining
a strong base with a conpound of formula A UIT WN
rotic.solv orma sol.ytio (b)
T, U, 3. nd W o0 RS 0T SR b e ShR S iinedl bR
|§1beleungﬁnﬂmdn1the group consisting of. (a) |ower

al(f)yl nge‘ﬁq t(b) - CH2- phenyl , wherein the phenyl group
i S ‘unsu I t'uted or substltuted with a substituent
s d{herain thefmeshing Beougrisupsubsihis or optionetly cubstifusedewith a substituent

alsi¥tted frén the %bﬁsﬁgﬁh gnd (3) -N02, -17 WO

2004/ 0 7170 P S2003/ 32393
aogen

(b) lower alkyl,
(c) hydroxy, and
(d) 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
A
N
LA
W
O

A
in an aprotic solvent to form a solution;

(b) reacting a compound of formula B

O:<:>—C02R2
, Wherein

B
R2 is selected from the group consisting of:

() lower alkyl, and
() —CH2-phenyl, wherein the phenyl group is
unsubstituted or substituted with a substituent selected from the group
consisting of

(D lower alkyl,

2) lower alkoxy, and

(3) —NO2,

-17 -



with the solution of step (a) to forma solution; (c)

adjusting the pH of the solution of step (b) to
whediwesn7about 0 and 4 with an acid to form aPCDOROI0BE2393

of formula E CO2R2 U-T O WO E (d) contacting the

conmpound of formula E of step (c), wherein at |east

one of T, U V and Wis nitrogen, with an acid to

forma salt of conpound E, and (e) treating conpound

E, or a salt thereof, with an acid to forma salt of

conpound | A. In one enbodi nent of the present

i nvent i.on, .and a t hi ne, .wherein the

nethingﬁgy%%%ﬂyggh%%%vs%??ﬁ?gaagph%ﬁPionalIy

substituted with a substituent selected fromthe

group ; Q r . :

(G5 Ry G DR b NN (0 gk R Bl ¥ it a acia

In a clatsmgrcommognd ph , T, Vand Ware

unsubstituted nethine; and Uis nitrogen. In another

enbodi ment of the present inve€@Rén, T, U, V and Ware

nmet hi ne, wherein the nethineggroup i s unsubstituted

or optionally substituted w a substituent selected

fromthe group consisting of hal ogen, (b) | ower

al kyl, -18 WO 2004/ 037170T, S2003/ 032393 (c)

hydr oxy, and U

\

Vo
w

E

(d) contacting the compound of formula E of step (c), wherein at least one of T, U, V
and W is nitrogen, with an acid to form a salt of compound E; and

(e) treating compound E, or a salt thereof, with an acid to form a salt of compound
IA.

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,

(c) 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,
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(d) Iower al koxy. In one class of this enbodinent, the
met hi ne group is unsubstituted or optionally
wGaiwsnstiod ed with hal ogen. I n anot her enbodi nePCT/U820051€32393
present invention, the steps (a) and (b) are run at a
tenperature of between about -50 Cand - 80 C. In a
class of this enbodinent, step (a) is aged at a
tenperature | ess than about -55 C. In a subclass of
this class, step (a) is aged for a period between
abgut bydroxyitaed@ to 18 hours. In another enbodinentlof
t Ay ste b) is aged at a tenperature | ess
tﬂg EX$$%J%%y Iﬁ g cl ass of this enbodi nent, step
(b) i slnegpedldssiof allpanb@ﬁmebtethmnﬂhmb(gMuphs nasubstitteldr
Opuoﬁgy@%suhﬁecﬁ@%ﬂ% gibodi ment of this invention, the

aprotic solvent o steg@(a) is selected fromthe

group Ev¥sther pmgodimeng oy thp pepserttinvention,che siaps (ahemwt die,
are rufl lat@ieﬁ@:&téﬁirb aNBetwREN &R -5@Pd 2HEXRO®C, dinef ché@s oﬁ {€Embodiment,

step (G e R et oS b Lony a5 o It fpoless of i class, step (a) s
agedfbeapaigxbbemwnaabouﬂﬁnﬂmnémtermembﬂdl ment of this

' nvent Hloﬂrotl{eggmﬂ)&%é%% gﬁ%ls ﬁve o eptépa(é%l Sage l ect ed

consi s 2t - BuLi ,
tempemﬂﬂmlqgsthanaahwsﬁ Qw@s G @IOf_llhiISl\mlbddnnalt_cd;tegs (=_b) @ agetiifer a period
betweABII MBBEs tol1PGiodls ONg base of step (a) is n-BuLi. In

h di . of thi nvention, step (a) further
conpr | BEECHRPREOSITSa of leriewnaa {ompHe sgyolst
step (@) dnsiestddrigpm thel grBip cdrisking bf ietralk-}kﬁ@ﬂlranl—tcfﬁhegé hep@?l@
S B 58 DR STAROL St oL EGh ot o
this embpdimentdthe fapwotie solvent dfstepdh)eis tetchhfdroforithe gr oup
C onsi sy gk eﬁﬁ&ﬁlﬁf&ﬁt éths‘?ﬁ‘xbe%f ?ﬁ fi st%ﬁgd)%rsé &t 48 CI d,

drochlorlc acl d i acet
(a)is S& cipd Tram the gsouneaniishies ein-Bohi. @ecaBubu tHula Inﬂmas ANaHMDS,

KHMDbSene i TMPNIPa clﬁés&&&h@%nﬂa?&%eﬁ%é}t@%%g%% &nT:sﬁ%F a?lsqhBuLl
t ace acCl n a
|S n\(j 2 ng fn)(?ﬁoﬁ-‘le E‘&(%H‘eB? ofdhis inyepiion, step P LSS f r om t he
comprifes pflingh saltsaeﬂq«?gedcftom atrqagroup swisisting of BiBrdliG L UiBE,, LiClO4,
and Cé(g'.”dln ngsdﬁgfh{ngr %oﬁ%en’t t e sa { 03&&19 j 8?‘3%0 aci d,

acetic_acl uor onget Fd, p- toI uene
sul f onincangthierlembodimeainef thig Illﬁ\@ntlon dlod akid of step (d)x¢ ur e

selectdd s &fe %g ip 8RIHRE of o??ﬁlfon?g cﬁ@'sﬁlﬂuq?/ e@ﬂ%ocﬁfo%‘% acid,

conpri| ses din a SO Vent se
metha fhé‘l%iﬂ%f 1¢ Bfdiccidn 31%%0@}@ ang splfRpic acide p¥ &ﬁyﬂn@ftbﬁa@f Ina
class cditids tmbodinent, tHemacd 6ff BES(cPfs ab&icﬁaeﬂ{mOdl ment, the

sol vent, aingth%xe (lenemf):ocf" r%e1f1tro 1@%&3?1{] 101, the ztlcqg le stép PCS Osp anol ,
selected from the group consisting of camphor sulfonic acid, sulfuric acid, hydrochloric acid,
methane sulfonic acid, acetic acid, trifluoromethane sulfonic acid, p-toluene sulfonic acid,
benzene sulfonic acid, or a mixture thereof.
In another embodiment of this invention, step (c) further comprises
adding a solvent selected from the group consisting of C1-¢ alcohol, tetrahydrofuran and toluene.
In a class of this embodiment, the solvent is selected from methanol, ethanol, propanol,
isopropanol, butanol, t-butanol and sec-butanol. In a subclass of this class, the solvent is ethanol.
In another embodiment of this invention, step (c) is run at a temperature between
about 200C to 600C. In a class of this embodiment, step (c) is aged for 30 minutes to 2 days.
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i sopropanol, butanol, t-butanol and sec-butanol. In a
subcl ass of this class, the solvent is ethanol. In
w@peihsr7enbodi mrent of this invention, step (cPCT/BES2005032393

at a tenperature between about 200C to 600C. In a

class of this enbodi nent, step (c) is aged for 30

mnutes to 2 days. -19 WD 2004/037170

PCT/ US2003/ 032393 I n anot her - enbodi ment of this

i nvention, the pH of step (c) is adjusted to |ess than

or equah aidhér-endbdbdanait e thiembadione e pbf oft Jié %c) is adjusted
o1 E}ventlon ?e acid of step (d) is selecte romthe
° esfj Sﬂﬁr%(]our% i ng of canphor sulfonic acid, sulfuric

aci d, My eratiodylematiodiraerit df thisinenimn, ﬁlﬂlai:mimfcst@dﬂ)hs selected

from fhre'é&%@oﬁﬁ@ﬁ@@ﬁcaﬂ&ﬂh&%gﬂéﬁmﬁﬁcﬁi ‘?IEur?c i thglpx%cﬁnlta% ?% ; methane

| ass o
sulfonig agidstpfBerosmetianagiselienit dcidy of agniture ﬁheé‘mfo@m arehss @ffthis embodiment,

theadi(hbﬁstép"(‘d?[htda%ho{'ﬁﬁfcﬁh% 51:1(9“ step (d) is selected from
the gr consi sti.n hor  sul fonj c acid,

ot o R BagiRe erpbodites o6 LRl tion el Sep () isrelscted

from ﬂﬁlgdouptdolnﬁllsmmg Mﬂﬁsﬂfdnfmld; sal€urt adid, th@ﬂtd)ehll@nc acid, methane
c.ac

sotorf g i PR s B P BBl Soffquic wid ora

mixturedgeeoht ure of step (d) |s betvveen about anbi ent
tenper gf Hﬁcﬁh&ré%tﬁ)gﬂﬁ\er{t% %‘glf le S e b} @rat‘fllreaéisstg; &cjl is

this enbodi
betwe&ﬁ Iag@ﬁm@&éngeﬁgmer@mnﬂ @@@fqr@ af%‘ﬂtml’ﬂ Relasspt thisqmbodiment, step

(d) is heatdRra ©mperiure of b&lveth h‘tﬁ)ut ByEMid 0OC B3Foird tiRaaRCt €d

from ) gﬁ‘g’tﬁ)up i Stl ?g“(‘sdnlﬁ %%Rzéﬁec CH3)3. In
from ﬁlecglf@@scoéﬁls‘wg qf: —n@éiﬂCHRz(GEZ)ZQWH( Ha)zanot her

—(CHS Y5091, EE@LCHECHE)3S ThR\CERE bPthis doo AL sz iStEmCay. |
selected fromt group consi sting of ﬁgﬂdr ochloric

aci d, SupHqiheremhodimenief faniaveniionothie acigldfgtep (e) is

selectEcﬂ fﬂ‘ohlltﬁé gﬂgﬁb%ﬁﬁstﬁﬂi ctf%ﬂfbcﬁl%hg aci@ll sﬂfu@ﬂc’&%ﬂr ﬁleﬁﬁﬁ‘é ﬁﬁfomc acid,
In a_sub ss of . this Clas the acid

tnﬂucgmnp@lap%s msf acj¢, Ok A SRk e Fﬁ?@@l ]iggfﬂubglpsst cp;ﬁ tgls cla(ss )the acid of step
(e) is bulftefatdcalh, the acid of step (e) is select ed fromthe

rou onS| n hydr.qchl ori.c ur,i.C. a
et hand” BT stboHimet of A0 Eone B ais™! stabi(GFi aSiected from the
groupeonefsting efdlydenehlosi¢l acish sulfuaiciadid, bettmensulfani¢ guid (InﬁUd)Idmethane
sulforfé a@}d'}} iglﬁ{arn@ shﬂ@ﬁlg g&d ﬂéﬁz%%ﬁ:ﬁ@ﬁlc%mogf B R thd D) d'15

I nvent| on, acl IS an ueous acl

sel ect @%lalfqﬂé‘?ﬁw digpens of @%@W@Wqﬂ?gthﬁfacl@ﬁﬁ@@f@blﬁl c

an aqﬁ’éﬁuﬁl acig Wtibeted €roarihd ,grd{@td&ﬂﬁﬁmgsdf |hfyﬂﬂicﬁloi9i@|a6|1d sulfunc acid, methane
ne s ui ani ¢ .aci

sulforilﬁ a%{d l'{ @Bpré)gge?lzﬁnetsH f%m% p%{g,sor atrﬂlé(?ure ?hereo)% lﬂ{ g subc?ass o’[t this class, the

aqueous acid of step (e) is sulfuric acid.

In another embodiment of this invention, the acid of step (e) is an aqueous acid
selected from the group consisting of hydrochloric acid, sulfuric acid, methane sulfonic acid,
trifluoromethane sulfonic acid, p-toluene sulfonic acid, benzene sulfonic acid, or a mixture
thereof.

In another embodiment of this invention, the pH of step () is between
about 0 to 4. In a class of this embodiment, the pH of step (e) is between about 2 to 4.

In another class of this embodiment, the temperature of step (e) is
between about 50 °C and 100 °C.
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aqueous acid of step (e) is sulfuric acid. In another
enbodi nent of this invention, the acid of step (e) is
w@pooagsmous acid selected fromthe group consPGr/USIOD632393

hydrochloric acid, sulfuric acid, nethane sulfonic

acid, trifluoronethane sulfonic acid, p-toluene

sul fonic acid, benzene sulfonic acid, or a mxture

t hereof. I n another enbodi nent of this invention, the

pH of step (e) is between about 0 to 4. In a class of

this eibost éfﬁlta?]dlnkﬂta)fﬂlré @%seslt Biefit®n, u& ﬂ%@ééﬁ@ﬁﬂth@@om 2
n
compfifes the stt (1FBL GO ing ISR o compoRudTA Rk basstio donthe fisg acid IA in

soluti@. InZIIleWBSQ 0D OSTHGDMBAEThBAGOF/sEPABAS selbtedfiBm a group consisting

of so?ﬁmﬂgg@?g (?tagssgis?n Bg&%%{&g pd %}s?ﬂf‘r# coa?l? eaP .5 1€rﬁ§§ié)gp?te find sodium
bicarboppig o dihel sybelass phthis dassethe baseqf wteph(® i§ sebumdiydrokilei fn another class

R 2“@&2*‘5??‘;%@“&‘ Sy LR e 2 e pase O
sodlourrH] §§Fhﬁﬁf9§9@r18‘!ﬁn&@n tb%?%?é?é*?sum

furthecamhpmkehe :ﬁqﬁ(glmf isarabiﬁ?a@ﬁpo@ﬂquodl um bi car bonate.
In a subclass of this class, the base of step (f) is
sodi um hydroxi de. In another class of this
enbodi Byrikis inteatipi thére itwdscpbuideda psicess fof Jheipsepaettioref the

ment of the present

Com@?ﬁggﬁfﬁgﬂﬁﬁ?ﬁghg?%gggﬁg urtﬁ%¥ conprises the step (9)
of isolating conpound IA (%@;s invention, there is
al so provided a process f B e preparation of the
compound of structural f alA or a salt thereof,
H CO2H WO wherein IA V and Ware each

frgar't he group consisting of

t hime, wherein the nethine

group is unsubstitu ptionally substituted with

a substituent selected frgmthe group consisting of

(a) hal ogen, ; wherein

I ndependent |y sel ect e
(1) nitrogen, and (3)

N

T, U, V and W are each independently selected from the group consisting of
€3 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,
(c) hydroxy, and
(d lower alkoxy, and
wherein at least two of T, U, V, and W are methine,

comprising the steps of

(a) contacting the compound of formula E
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(b)

and

| ower al kyl, (c) hydroxy, and (d) | ower al koxy,
wherein at least two of T, U, V, and Ware

woredohiosra70 conpri sing the steps of (a) contactPeyUsive3/032393

conp

ound of formula E -21 WD 2004/037170

PCT/ US2003/ 032393 (CO2R2 UT o WO wherein ER2 is
sel ected fromthe group consisting of: (a) |ower

al kyl', and (b) -CH2-phenyl, wherein the phenyl group
IS unsubstituted or substituted with a substituent

sel ected fromthe group cqﬁg ing of (1) | ower

al kyl, (2) |ower al koxy, and 3) -NO2, and wherein at

| east one of T, U, V and
to forma salt of conpou
conmpound E, or a salt

S hitrogen, wth an acid
and (b) treating
with an acid to form

conpound I A or a salt yeNeof . I n one enbodi ment  of
the present inventi ogv, T V8nd Ware methine, wherein

t he

met hi ne group i s WisuB$tituted or optionally

substituted with a substituent SQ%%%%?d fromthe

group consisting of (a) hal ogen,

(b)

| oner al kyl,
E

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

wherein at least one of T, U, V and W is nitrogen,

with an acid to form a salt of compound E; and
treating compound E, or a salt thereof, with an acid to form compound IA, 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

(2)
(b
(©
(d)

halogen,

lower alkyl,
hydroxy, and
lower alkoxy; and

U is nitrogen.

nitrogen.

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

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
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(c) hydroxy, and (d) |ower al koxy; and U is nitrogen.
In a class of this enbodinent, T, V and Ware
wap®ybstire ut ed nmethine; and Uis nitrogen. | nP@mnosives032393
enbodi ment of the present invention, T, U V and Ware
nmet hi ne, wherein the nethine group is unsubstituted
or optionally substituted with a substituent selected
fromthe group consisting of -22 WD 2004/ 037170
PCT/ US2003/ 032393 (a) hal ogen, (b) lower alkyl, (c)
hydroxymogad (d) lower alkoxy. In one class of this
g50d| Ee nmet hi ne group i s unsubstituted or

i ondl Qﬁ’stituted wi t h hal ogen. | n anot her
eﬁbodlhyﬁbxmﬁmﬂhis i nvention, step (a) further
c N ffee ﬁ% L9 a sol vent selected fromthe group
c S|st|ng 0 1-6 al cohol, tetrahydrofuran and
t ol uen& one ¢lasg of fasembridimbits therbetiinagrup is hesubstituted or

optionafly S€ts@it&fhwith @qlopat. hanol , et hanol, propanol
i sopro anol Pr)tﬁbanol t- butanol and sec- butanol In a
hqr Kdo

_ subcl a dimeatof hisdnichtigantien @) Birpanemprisss
addingy eolkent selnbtodl frovemthe gfoulp lossistimgeoftG j0p alcbhe, @trbltydodfusdnemd toluene.

s K ST O AR AR, S e
isopropendlaprgancd. fHugamiot amtsed-butandk. | Incrsuhelbssarfehis ulasoiessolvent is ethanol.
aci d, B arfddBr )éﬁx‘%&rﬁeg?&etﬁfs 1n41crl]1{1651 hesSadk ﬁt%? '(a? s ?e(ljencltecd

wbodlnent e acl

from tﬁ% EFPUD (AN FHing Rt campbcanic aélld wlf@qaﬁxﬂenﬁydr@?hlomm@id methane

sulfon&cacild, Qﬁﬂﬁél@ﬁleﬂﬁhe blﬁfo‘ﬁﬁJ a@:@d %@' aflﬁlﬁfﬁ‘ré h8redf. Ol A2RDF &id B¥bodiment,
furic acid, hydrochloric

theacgi G EPaTE S & aci d
Td, Pﬁglﬁgﬁ%m @UW g F8QQC|d trifluoromet hane
sul f onlrcarstlied pm}bedhmeneasfethsuh*#@mbﬁ tae 'acdd obeBE &) és selected
[ | I h ot.her
from tﬁ%{glfogl cSn?&ir% %Bmsh%\'}gﬁ%)ﬁ [ Geild ﬁgﬁéﬂg rerlf)lélf lé_\tlc{j?cgﬂ%qc %ctl%énethane
sulfonfeacid, grlﬂ@@r@@@fhaa%@ufonmlcb mtotugnqasﬂﬁ]mq wighdnB0O Sulfanic acid, or a
mixtufeQhéresf. sal t In a class of this enbodinent, step (a)

is heated to a tenperature of between about 500C to
800C t é1 afn@ltl}ﬁr pwgorgg}ept of this invention, the temperature of step (a) is

between about ambient temperature and 800C to form a salt. In a class of this embodiment, step
(a) is heated to a temperature of between about 500C to 800C to form the salt.

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 -CHyCH3.

In another embodiment of this invention, the acid of step (b) is
selected from the group consisting of hydrochloric acid, sulfuric acid, methane sulfonic acid,
trifluoromethane sulfonic acid, or a mixture thereof. In a subclass of this class, the acid of step
(b) is sulfuric acid.

In another embodiment of this invention, the acid of step (b) is
selected from the group consisting of hydrochloric acid, sulfuric acid, methane sulfonic acid,
trifluoromethane sulfonic acid, p-toluene sulfonic acid, benzene sulfonic acid, or a mixture
thereof.

In another embodiment of this invention, the acid of step (b) is
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In anot her enbodi nent of this invention, R2 is
sel ected fromthe group consisting of: -CH3, -CH2CH3,

WO ¢@HA3AGH3, - CH(CH3)2, -(CH2)3CH3, and - CH( Gr31/8S20031032393
a class of this enbodinment, R2 is -CH2CH3. In another
enbodi nent of this invention, the acid of step (b) is
sel ected fromthe group consisting of hydrochloric
acid, sulfuric acid, nethane sulfonic acid,
trifluoronmethane sulfonic acid, or a m xture thereof.

an aqhicoud asidieleass fI@fn ﬂhb lgﬁouﬁloaﬁﬁsuﬁghfr m8aiddhRic SEi@Psulfulik abRl, methane
ul fﬁ . aC| d enbodj nent, of t

sttty e Bpianant s S0 up e dipent DUl psfost bt class, the
aqueogsaupotfsﬁtrpl(bllssgfm‘fc aoyddr ochl oric acid, sulfuric acid,

et han?n tfl%ll‘rﬁ)oaﬁflgl’t of {hﬁé fcnggrﬁ[)%nﬁltet}%‘aeof%% |4 I ¢
acid, p-toluene ehzene SULEBnre! aC|d
an aqggoug aﬁfﬂ)@lﬂ@?t@d fnohethegfoumcnnsﬁmgrtéﬂlyérmb@nmcm fifuriiasid, methane
Iforli® YA} triPllordnkteh A6 st &fic 8i8p-£
S lcéﬁ S A gy bfditic i dhlerk Sulfortd ool RAAHCRNGAL acia, or a
mixtuse B§tFo€onsi sting of hydrochl oric acid, sulfuric acid,

met han en asathérembedasdnd of t’hlis inheioanel rpap@f s‘ﬁdﬁ bPRitetween

ure thereo S
shouffihd, 175 BCLERGIDFER e P13 TS B3R P
In an oﬁlh emotb@rbtbds nethis emﬁqulrmsntl the eerhpavatpret dfstepabylisof
betwesh &R0t dcSa rhh p¢eous acid sel ected fromthe group
consisting o ydrochlorlc acid, sulfuric acid,
met handn a8qthersmbedinesng of theipresaetipretioaribe sricsni ¢

furtheB CoBlprifestiid sepe stisbRh c@ﬁp@lmdhﬁn 6@@%1&%&911' ¢ acid,
or a nt of this

anot he
hvent EyhiSRuehEh dFect islsTpYicEa o i for Mspinn fgmpound of
formula 1A rora selt deseadf this embodi ment, the pH of step (b)
is between about 2 to 4. |In another class of this
enbodi ment, the tenperatupe @Htep (b) is between
about 50 C and 100 C. In aiqther enbodi nent of the
present invention, the pr further conprises the
step (c) of isolating.cohip d A or a salt thereof.
By this invention, gt W' al so provided a process
for preparing a congound ofO formula IA or a salt
thereof, H CO2H US4

O ; wherein

IA
T, U, V and W are each independently selected from the group consisting of
(D 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
(d) lower alkoxy, and
wherein at least two of T, U, V, and W are methine;

comprising the steps of
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V. WO ; wherein IAT, U V and Ware each
i ndependently selected fromthe group consisting of

W@ 1go4m8tirogen, and (2) nethine, wherein the nep¢i/ng2003/032393
group is unsubstituted or optionally substituted with
a substituent selected fromthe group consisting of
(a) hal ogen, (b) lower alkyl, (c) hydroxy, and (d)
| oner al koxy, and wherein at least two of T, U, V, and
Ware nethine; conprising the steps of -24 WO
2004/ 03170 oG ¢ biSHOBE OZSH30 f@)eoﬁﬁ)@hﬁwoﬁﬂ@nﬁﬁfaQC' &r a salt thereof,
sol vent to the conpound of forrmula I'C, or a sal
thereof, CX2H 1J ~%, O WO CbOGHto forma mxture,
and (b) aging the m'xture of stsep (a) for a time and
under conditions effective af ford the conpound | A,
or a salt thereof. In one enyp ent of the present
invention, T, Vand W e, wherein the

substituted with a sub
group consisting of (a)

to form a mixture; and

(b) aging the mixture of step (a) for a time and under conditions

effective to afford the compound IA, 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,

(b) 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 aprotic solvent of step (a)
is selected from the group consisting of tetrahydrofuran, ethyl acetate, methyl z-butyl ether,
toluene, or a mixture thereof.
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(b) lower alkyl, (c) hydroxy, and (d) |ower al koxy;

and U is nitrogen. In a class of this enbodinent, T,
wOo2@nd3Mr7ar e unsubstituted nethine; and U is PCT/DSPE3032393

I n anot her enbodi nent of the present invention, T, U

V and Ware nethine, wherein the nethine group is

unsubstituted or optionally substituted with a

substituent selected fromthe group consisting of (a)

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

| ower &h k@other dnfbodniRert loR s Bivedthing st@ﬁ’(’@%ﬂlﬁ!ﬁcomﬁ)ﬂ@es adding an acid

o TS AERLE, 7o LAPUTIA LR RO AB R e fom i

groupt ¢unsistimg/efittydochldriveciip hpdrobrosat vad; tanvdricsdodd) nfc@hanesulfonic acid,
toluerfee u%hi%qtcf‘dr Qi rpce?c% %%ﬁze%ﬁ%ﬁ‘féﬁlk H&d%}ld %L?l& r?ch%gc{ olﬁ]uars%gélass of this

etate uene,
class rﬂl%qui @f qtm(aémhydr@km @0@4/ 037170 PCT/ US2003/ 032393

In anomgﬁotﬁmoﬁﬁﬁént%ﬁ tHidinSeh e el sBid (b$ieP ()
an aci to t emxture

er co
aged Eigrpaping B abogt 425 rONRT dnarbon P Smiadimeiss Hopfo) is aged for
a peristl ptwean abaut deoactoetbolir 48Mddre group consi sting of
hydrochl oric acid, hydrobromc acid, tartaric acid,
met hane sul fonic acid, toluene sulfonic acid,
succi niBy thisiigventienzbere isalkd proviled @icdmpnundof stuctucal formula C, or a
salttli%?éo@' In a subclass of this «class, the acid of step
I's hydrochloric acid. In another enbodi ment of
thIS i nvention, the step (@E)HS aged at a tenperature
of about 40C to 60C. In a ¢l Ass of this enbodi nent
step (b) is aged for a pe€ri
about 48 hours. By this
provi ded a conpound ofyst
salt thereof, CO2H U N

tion, there is al so
I«Ctural fornula C, or a

) ; wherein

C

T, U, V and W are each independently selected from the group consisting of
(1) 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

(d) lower alkoxy, and
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

€)] halogen,
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Ur CH W OH 0 wherein CT, U V and Ware each
i ndependently selected fromthe group consisting of
W@ 1go4m8tirogen, and (2) nethine, wherein the nep¢i/ng2003/032393
group is unsubstituted or optionally substituted with
a substituent selected fromthe group consisting of
(a) hal ogen, (b) lower alkyl, (c) hydroxy, and (d)
| oner al koxy, and wherein at least two of T, U, V, and
Ware nethine. In another enbodi ment of the present
| (pent igwer allkyl,V and W are net hi ne, wherei InI t he
thin roup i.s unsubstituted or optionally
g?u%st [ E&%gﬁy’ﬁnflh a substituent selected fromthe
gfdup bovgiatitoxgpgenaf (a) hal ogen, -26 WO 2004/ 037170
Uisnft’gge S2003/ 032393 (b) | ower al kyl, (c) hydroxy, and
‘ower al koxy; and U is nitrogen. In one class of
thi s elbenti esstof this eipbeditheny Ar ¥ and W hast irtsubstidute® ieihiee; and U is
nitrogeMd U is nitrogen. In another class of this
enbodi pent, there i s praovided a conpound of structural
f or mul I anothexeass oNh'qumtg."iment, thereq'strovided a compound of structural

formula 1-3

CO,H
rxll X OH
= OH

0

1-3
or a salt thereof.

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,
(©) hydroxy, and
(d)  lower alkoxy.

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

By this invention, there is also provided a compound of structural
formula E, or a salt thereof,
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40 1-3 or a salt thereof. In another enbodi nent of
the present invention, T, U V and Ware nethine,
wob@res17¢ he nmet hi ne group i s unsubstituted orPCT/US2003/032393
optionally substituted with a substituent sel ected
fromthe group consisting of (a) hal ogen, (b) |ower
al kyl, (c) hydroxy, and (d) |ower alkoxy. In one
class of this enbodinment, the nethine group is
unsubstituted or optionally substituted w th hal ogen.
By this invention, there i@cghgo provi ded a conpound
of structural fornmula E, @r “a salt thereof, -27 WO
2004/ 037170 PCT/ US2003/0 S CO2R2 U ITO WO
wherein E T, U V and each i ndependent |y
sel ected fromthe groug cogsfsting of (1) nitrogen,
and (2) nethine, whetli iths_nethine group is
unsubstituted or optijonallly Qubstituted with a
substituent selected Wom{he group consisting of (a)
hal ogen, (b) lower alkyl, O(c). kdfgxy, and (d) | ower
al koxy, and

E
T, U, V and W are each independently selected from the group consisting of
@)) 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

(d) lower alkoxy, and
wherein at least two of T, U, V, and W are methine; and
R2 is selected from the group consisting of:

() lower alkyl, and

(b) —CH2-phenyl, wherein the phenyl group is

unsubstituted or substituted with a substituent selected from the group
consisting of:

(1) lower alkyl,

(2) lower alkoxy, and

3) -NO2.

In one 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.

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,
(© hydroxy, and
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wherein at least two of T, U V, and Ware nethine;
and R2 is selected fromthe group consisting of: (a)
wo owe3Arkyl , and (b) -CH2-phenyl, wherein therP@iTesz03/032393

group is unsubstituted or substituted with a

substituent selected fromthe group consisting of:

(1) lower alkyl, (2) |ower alkoxy, and (3) -NO2. In

one enbodi ment of this invention, R2 is selected from

the group consisting of: -CH3, -CH2CH3, -(CH2)2CHS,

- @) CH3wer all(dyiPdrdiCH3, and - CH(CH3)3. In a class of
UisntitPésé enbodi ment, R2 is -CH2CH3. In another enbodi nent

o1 & Re present invention, T, V and Ware nethine,

wher ei fin onheassaifhinembodinent, T, ¥nmddWtard uits@stioted methine; and U is
nitroc@ptional |y substituted with a substituent sel ected

g?r'omthe group consisting of (a) halogen, (b) |ower

al ky! , In protheqyednse el thissgmbodigenyGherGs pRSTIEA® compound of structural
formuPIAUS2003/ 032393  (d) | ower al koxy; and Uis

nitrogen. In one class of this enbodinent, T, V and W

are unsubstituted nethine; eulcH,cH, Nitrogen. In

anot her class of this enbodinent, tiere is provi ded a

conmpound of structural f a 2-3 CCH2CH3 N ' O
O 2-3
N
| O
=
O 2
2-3

or a salt thereof.

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,
(©) hydroxy, and
(d) lower alkoxy.

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

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.
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or a salt thereof. In another enbodi nent of the

present invention, T, U V and Ware nethine, wherein
WO b4t ne group i s unsubstituted or opti onaP¢TUS2003/032393

substituted with a substituent selected fromthe

group consisting of (a) halogen, (b) |ower alkyl,

(c) hydroxy, and (d) |ower al koxy. In one class of

this enbodi nent, the nmethine group is unsubstituted or

optionally substituted with hal ogen. As used herein

"T, U “YabopdnVr ‘afiés” eferetorflioiae afdond chRrie it ®romine atom and
met hi.ne i,tute

T ei L he rou nsubst .
odind B 0%, B e i R RGP, apine tom,
chlorim@mm taed tlyrldep consi sting of hal ogen, |ower alkyl,

hydroxy, and | ower al koxy, and wherein at |east two of

T, U, VIowagalyl; refesvde Asaight REbHnehedghginnlky group of C; to Cg, for

examﬁl@sﬁh@& 1, ettt (i)rélfyl QEH |ﬂu¥y151'é9|§n1t&1t Yeai &H‘ Htyl, pentyl, isopentyl,
E RepIpE O ngeh

ubst | uent group consi st
hexylrﬂa%fa@ anf ik eam@wer alﬁy@s&heyaf@rﬁaandwbww as@ylders BYeéqrably
methylpethyinsndgt likelt ed net hi ne or nethine having a
substituent which can be selected fromthe group
consi st L-Agebdlker” aefers, tolasimeightl ok pranchaddehaiyalbioxy groweof C to Ce,

for e:ﬁlr %életﬁ&ﬁd&[qﬁ[f ?ﬁiggm? l‘f%}éﬁ%&%&{zﬂ# !ﬁcgl%.ﬁm(}p rls%fbg 0%9, tgrt-butoxy,
pentylogy/ ismmrntdex3 hggdoxy; isahergéory. and thhdike.dbowerslkoxy asdhe aforesaid

substiﬁde%@fﬂcﬂﬁle@f)féf@ra‘tﬂfl‘ h@fﬂoﬁ AhXY, ad @i, at om and i odi ne
he af resald ubsti t yent

atom
i ncl udg@@'ﬁg‘%&f a&ﬂﬁ 18 R s Bt FATBPSYRES Hoo S CatiCo
wherdiinend cekbocYCh@m&g cabdtyis'the piar &f ditactanaitr Bx@hples of cycloalkyl include,

but ar@%@ﬂﬁxﬁﬁgd @}f&orgl)g%yﬁy%fo%ﬂg%rc cl%leﬁtglug}ﬁlohexg ucf @Fn.ffllke.

sec- but ‘Wyclobetenoalkyl yrefergpentpdnocyslaprnirgted ring esmythining at least one

heterdassiex¥dted 6ch NSadd BoF (3T, &l ¥Mich A% §di& FlaRhaSRing may be
substituent includes preferably methyl,” ethyl, and t

carbop g gitrogemyBranplroady ‘cylaheeroaliyl dnduden putare neflimited to pyrrohdmyl
piperiain3f PiygelaARa) itniddZAsBdMyD tdtahy@bfeanyl tBorpRelinyl,Ond the like.

N L AN A4 S T
The téranqimmyltﬂxyaryhmmb fisyd td snloragschix yycl@utidy] oheonbyelic
cyclollréﬁgi%glkﬁ é&gfﬁy ina\§hictzﬂ %eago(i)l{t%? %jttgchment 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.

“Heteroaryl” refers to a mono- or bicyclic aromatic ring, wherein each ring has 5
or 6 carbons, containing at least one heteroatom selected from N, O and S. Examples of
heteroaryl include pyrrolyl, isoxazolyl, isothiazolyl, pyrazolyl, pyridyl, oxazolyl, oxadiazolyl,
thiadiazolyl, thiazolyl, imidazolyl, triazolyl, tetrazolyl, furanyl, triazinyl, thienyl, pyrimidyl,
pyridazinyl, pyrazinyl, benzoxazolyl, benzothiazolyl, benzimidazolyl, benzofuranyl,
benzothiophenyl, furo(2,3-b)pyridyl, quinolyl, indolyl, isoquinolyl, and the like. The heteroaryl
ring may be unsubstituted or substituted on one or more carbon atoms.

As used herein, the term “anion” refers to a mono-anion or a
di-anion.

The compounds in the processes of the present invention include stereoisomers,
diastereomers and geometerical isomers, or tautomers depending on the mode of substitution.
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substituent includes preferably nethoxy, ethoxy, and
the like. "Cycloalkyl" refers to a nonocyclic
w@ 20003t car bocyclic ring of C3 to C6, wherRCTUSI003/032393
carbocyclic ring carbon is the point of attachnent.
Exanpl es of cycl oal kyl include, but are not Iimted
to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
and the like. "Cycloheteroal kyl" refers to a
nonocyclic saturated ring containing at |east one

The chmpemmtagmv @ataeCéRbrih@8IcMral el Hd¥cctedstrireffitesi Acemic
e

i B B e P £ D0 e s o
singlezamenti@herk, oritdwamem, Thy preséntdnveption 1spmmt thlctdmyﬂrehend all such
1some%'8 ?gxﬁl?ﬁzéfqﬂ% coﬂélg]l}aﬂ?%ﬂl' t"lg f(:&%bosl&trtior‘sr.o? efpergsen{ vantion 8nd %LPII‘
mixtugse Idier eé()faf‘@hfm peompewl is ghirali ﬁlma Nepapaie ynamlptmrs, amct)chsstereomers

substah@ig1ly BESHAhS StHel %@ﬁﬁ@ﬁld@(ﬁ With @Y Qccfgg%ggﬂllg 12\6 a tlg? ofgft&e]i included are

.nbnoc C|ICCCO& or nodnocycl |
all migtges tieRanfioriars. R %ef the r@ﬁ%@%%f&ﬁ%ﬁ%om@s Mg reluded within the
scopea@f divihventjoaratd Qits, Jokangbes holirated il solngbieRh® BeRYbdunds and

I n i ndenyl, tetrahydronaphthyl,
mterr%%gat%gﬂft%ﬁr Btgﬁt gYéiﬂngHyl d| hydr obenzopyr anyl ,
1, 4- benzod|oxanyl and the i ke. The aryl ring may be

unsubs U &g}oﬁgdso(ff tﬂ‘leséipﬁﬁdrgl%ﬁgulg P afd! ?tnﬁ'furmgl’yoﬁn&]@ rIP?lQlude

at ons. teroar ers or

StereOROBeEY Pechras e tr%mefpml Rf eerapoynds gf wggeseralofpneuleahb anbIIA:
containing at |east gne heteroatomselected fromN, O
and S. Exanpl es of ﬁ§/§5ﬁaryl i ncl ude @gé_ lyl,
i soxazol yl , |soth|aHoLyI pyrazol yl, pyri 1
oxazol yl, oxadi azol y& thladlazolyl fiazd?@l,
i mdazolyl, triazo tetrazol yl, , triazinyl,
thienyl, pyrim N—PYridazinyl, :
benzoxazol yl , Lben ot®i azol yl , beHZ i W0 ol yl,
benzof ur anyl , Q b i ophenyl , ﬂ\ 3-b) pyridyl,
+qui nol yl, |ndolv/ oqui nol yl , arid i ke. The
het eroaryl ring nayobe unsubstituted & substituted
on one or nore carbon atons. As used herein, the term
"anion" refers tld a nono-anion or a HAi-anion. The
conpounds in the processes of the present invention
i ncl ude stereoi soners, diastereoners and geoneterica

and the S#rior, compornglstod ther geneiab faiukrgBomdtliys node of
substitution. -30 WO 2004/037170 PCT/ US2003/ 032393
The conpounds nmay contain one or nore chiral centers
and occur as racenmates, gracem c mxtureg angl as
i ndi vi dual di ast ereone[ s g astereoneric Wi ures,
enanti omeric m xtures singl e enanti :
tautoners. The presen ention i s nes
conprehend al | suc

I n the conpositi sNef'Yhe presenQyﬂ- @rn , and
their g P v L0

O O

IB 1B
The trans-form is preferred.

-31-



m xtures. Therefore, where a conpound is chiral, the
separate enanti oners, and di astereoners,
wGaiwegnzmre al |y free of the other, are includedr@i/ukion3/032393

the scope of the invention; further included are all

m xtures of enantionmers, and all of the m xtures of

di astereoners. Also included within the scope of the

invention are salts, polynorphs, hydrates and sol vates

of the conmpounds and internedi ates of the instant

i nvent iTha Ierﬁjmammbtd?fllioﬁaciﬂ:a&bﬁﬂtutb@E}ttﬂcﬂi_exﬁrﬁfn@ﬂisadelfinﬁdﬂgs a 1-oxo-

. ncl ude stereois s, such as = |

cyclofua BBl e 4 post O ol oG G EAI b st oot acid
precugsagisubstatuted cpcloheanpher] is defiwed ak b 1FaxoF¢jclohexardne Widditd@d it the 4

positidrAwithA catbodylidh&id pchiQbr s &R Q! 0 &
y i %c ﬁ%@ﬁ IS C\C)Zrﬂ?, I\%\/ﬁﬂ% 5&18, 8cohol

la LB and JIB: 0,0
oGt Bt aredbelp Pbonfisseid, sish o5 91 agse (e, ~COINHRS,
wherepioB2 i0laWer dkPCHY USZOMS(RIG2 30l RS it tower afkybRbbRkydrhfide (i.c.

~congt ’%M t cycl ohexanone"” is defined as a 1-o0xo0
( )?gg ohg)ganor?glﬁbstituted at the 4 position with a

car box¥bi exampie a 4idrebdxgtimatid peavitrox yubsttudsd &clohexanone is a

Comp&fn%%frf&%{ﬁlé stituted cycl ohexanone” is defined as a
1- oxo- cycl ohexanone substituted at the 4 position

Wi th a carboxylic acid pregursor, such as an acid
(-C2H), nitrile (-CN) o2 0 I:(1-CI—|20|—|), ester,
ketal, or a protected carbyg Ic acid, such as an

amde (i.e. -C(ONHR3, wherein R3’is |ower alkyl, or
(-C(ONR3)2, wherein R3 is |lower alkyl), or a
hydrazide (i.e. -C(O NH2NHAY, and the Iike.

wherein R1 is selected from the group consisting of:

(1)  -CO2H,
@ -CN,
(3) -CH20H,

4)  —CO2R2, wherein R is selected from the group consisting
of:
(@) lower alkyl, and
(b) —CH2-phenyl, wherein the phenyl group is
unsubstituted or substituted with a substituent selected from the group
consisting of:
¢)) lower alkyl,
2) lower alkoxy, and
(3) -NO2,
(5) —C(O)NHR3,wherein R3 is lower alkyl,
(6) —C(O)N(R3)p, wherein R3 is lower alkyl,
(7)  —C(O)NH2NH>,, and

®) a ketal selected from the group consisting of
oj OR*
0= ang (b) OR*
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For exanple, a 4-carboxylic acid precursor substituted

cycl ohexanone is a conpound of formula IVORL |V
wob@nesn7Rl i s sel ected fromthe group consi stPemUS003/032393

(1) -C®2H, (2) -CN, (3) -CH20H, (4) - CO02R2, wherein

R2 is selected fromthe group consisting of: (a)

| ower al kyl, and (b) -CH2-phenyl, wherein the phenyl

group is unsubstituted or substituted with a

substituent selected fromthe group consi st| ng of:

1) | -N02, (5)
(CzO) NG, o Pebein h 81 bp@ﬁ%ﬁgirmm?ﬁwfa) ZC(O N(R3) 2,
wher ei n R3 is lower alkyl, (7) -C(ONH2NH2, and (8) a

ket al grété@ﬂd E4BoDR R A QEFSsTH 'a%ﬁrﬂéﬁiyhcoclc%&lat" i protected

2004/ 037
v el et s oo B A 5 Sefparyskifdn the et See
Protedtpmesronpsdin|Orgditie Stymthesis, (0. Wt @csenel Jobu Baleyl & Soas i(199)), such as

amidd ﬁf)ﬁbﬁn% odpCaTthO ¥dlelAl féihda LORYNIRP Bpt@(‘l?gﬁéR?’)tﬂ'é Blgé}_] lZydrazide

aC| rotecting group readi|

Pfote%lﬁlg@m%ﬁafﬁe% fermylat he art ( See Pid 208 e e like.
in Ogank Gorﬁbéf‘s‘i&?é‘ﬂ the ca}b}ﬂ REprotteifly %i’oh@?nttg‘r’%@%' carboxylic

acid a@gc)é%n oitd ‘F @ggpﬂaﬂ%rlg% Ct ! n N%)]r:@g;@’spr@tpctglg groups, for
examply dyathe denner readily known to one of ordlnary skill in the art of organic synthesis,
(See Protective Groups in Organic Synthesis, T.W.Greene, John Wiley & Sons, (1999)). For
example, conversion of an ester into a carboxylic acid may be carried out by solvolysis using
acid, such as trifluoroacetic acid, formic acid, hydrochloric acid or the like, or base, such as
potassium hydroxide, sodium hydroxide, lithium hydroxide, calcium hydroxide, or the like;
chemical reduction using metallic complex hydride, or the like; or catalytic reduction using
palladium-carbon catalyst, Raney nickel catalyst, or the like.

In general, the conversion of an amide, or hydrazide, of general formula
~C(O)NHR3, ~C(O)N(R3)2, or ~C(O)NH2NH3 to a carboxylic acid of formula ~CO2H may be
carried out, for example, by acidic hydrolysis, or for example, by the manner described in the ,
literature [Comprehensive Organic Transformations, R.C. LaRock, Wiley-VCH, (1999)], or for
example, by the manner readily known to one of ordinary skill in the art of organic synthesis.

In general the conversion of an aryl, such as a phenyl group, to a carboxylic acid
may be carried out by oxidation with ruthenium oxide as described in the literature [Tet. Lett., p-
4729 (1967); Chem. Comm. p. 1420 (1970)].

The conversion of the alcohol (-CH2OH) into the free carboxylic acid, may be
carried out by oxidation. The conversion of the nitrile (-CN) into the free carboxylic acid may be
carried out by hydrolysis. For example, the conversions of the alcohol and the nitrile may be
carried out by the manner described in the literature [Comprehensive Organic Transformations,
R.C. LaRock, Wiley-VCH, (1999)], or by the manner readily known to one of ordinary skill in
the art of organic synthesis.

The salts of compounds of formula I, IA, IB, and IC refer to the pharmaceutically
acceptable and common salts, for example, base addition salt to carboxyl group when the
compound has a carboxyl group, or acid addition salt to amino or basic heterocyclyl when the
compound has an amino or basic heterocyclyl group, and the like.
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protecting groups of general fornula -C(O NH2NH2, and

the like. The conversion of the carboxylic acid
w@e@iestirmg group into the free carboxylic acPdI/oseobes2393

carried out dependi ng upon the kinds of the aforesaid

protecting groups, for exanple, by the manner readily

known to one of ordinary skill in the art of organic

synthesis, (See Protective Goups in Oganic

Synthesis, T.WGeene, John Wley & Sons, (1999)). For

exanpl &he baﬂw&lﬂﬁidﬁmamf inalde Szﬂ%fwﬂtmﬁlkals’rlm%@dl@@fdiﬁdlﬁ% 3t fot limited

b |
to, soffh, BaCRLA EflaBUE peth PRI g She sBRiedhp ol
magnesiup emmdeéym or otgasie, ansinesh(imdudig bassit l]mutbyldb éin@ehylamine,
trieth ﬁﬁin‘énahef)'c%}%&&ﬁpnnel[ Lﬂhbﬁ@nﬁydﬁfgﬁaggl’a ::ﬁh%lé) algane , procaine,

dr oxi d
NN’ %\?W"?t]i‘)’l@kﬁﬁﬂ@%eh%ﬁ thedikeor the i ke: or catal ytic

reduct Tae a¢i& laB@itioR BAlksAHEIMAR SAE RaHh iRSTahY S.J:rdﬁ gﬂﬂ'ﬁ}ﬁng, but not

el S the |ike. Ln general
S ERAL hr  oh rone i, rgi
acids (inelndihg, but @1 EtiRBto, mE(eld) MiEBINRAariOsicid CARAMNHRNRi i add, ascorbic

scid, fBBRACH e bl ool THoRe AFTPE FalTBindCun S8 ﬁ%?%%“tby
metha?ﬁ“éﬂfﬁalﬁr@é#d @é@@‘ml‘b@‘ddd hﬁ:nzmsulfqmcearcai prteljeGemfonicanil, p-e

toluenXdfRiCacld ﬁl@ﬁ(f)}%fdﬁﬁ& gpﬁﬂ"ueng nh@ﬁ‘?&: lﬂ?geref car op\ﬁgr_ls‘?(lfomc acid), and

the lk% 999)], or for
0 one of or di nary Skl|| in the art of organic

synt heBi the s¢hen@e afd akarhples DGV, N&b@@r&gerﬁ @yﬁBME an® WHieviations

I roup, to a car boxylic aci
mn%tﬂ??ﬁb@%%%%‘a OX|dat|on Wi th ruthenlun1OX|de as

dAsOE! peldtQAc: t heethjt aetateure [ Tet. Lett., p. 4729
(A981) or BEM Co Ry 0 (1970)]. The conversion of
t he al 8rohol Ci—gg-‘lstﬁhtﬂﬁlla} he free carboxylic acid,
ey - carrled gagtbusyl liskiiaat i on. The conversion of

thBubi:trile (- CNknuﬁhglﬁmgn{ree carboxylic acid may be
caknied out by h | ysi For. _exanpl e, the

@Eéery ons of t?\(f’én&oééwgqmca?%dthe nitrile may be
cBBl:ed out by t h8-DiarabidycdgS40bRIEc7enkhe literature
[ ehensi ve ic JIransformations, R C LaRock,
V§ri ey-VCH, (1999 %ﬁlrﬁ tB){} egmﬁﬁnner readl ly known to
ore’ of ordinary 2¢ Bn the art of organic
sgiHesi s. The sghipo0f conpounds of formula I, A

IB, and IC refer to the pharmaceutically acceptable
afid conmon sal t s8M8r exanpl e, base addition salt to

cHaAkﬁ)xyI group vkemopilacete@npound has a car boxyl
p, or acid al?ycf[r n. sal to am no or basic

hé erocyclyl und has an am no or basic

2P&cycl yl gr o%léfurlﬁﬁélldt he like. -33 WD 2004/ 037170

S PSS A OEL 1V,
1Br lithium bromide

LiHMDS: lithium hexamethyl disilazide

LiTMP: lithium tetramethyl piperadide

NaCl: sodium chloride

NaHMDS: sodium hexamethyl

NaOEt: sodium ethoxide

mL: milliliter
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to, sodium potassium; alkaline earth netals
(including, but not limted to, calcium nagnesiun;
w@paea3ime or organi ¢ am nes (i ncluding, but noeCT/USiDFB2393
to, trinmethylamne, triethylamne, dicyclohexylam ne,
et hanol am ne, di et hanol am ne, tri et hanol am ne,
procai ne, N, N -di benzyl et hyl enedi am ne), and the
like. The acid addition salts include salts with
i norganic acids (including, but not limted to,
hydnachl ori ¢ aci egillgablguri c aci S) nitri C aci d, -
hori c acid, rchloric acid), organic acids
?F&gog{)udi ng, but Hgoﬁesl‘hiﬁﬁrlted to, maleic acid, fumaric
adMBBEt art ari ¢ amethyl ¢ibutyl etheci d, ascorbic acid,

t Figfd. uor oaceti c ' | c acid), sulfonic acids
(i ncludi ng, but %%aﬂﬁh?ﬁﬁ?!édd to, nethanesul fonic acid,

i J8PKF oni ¢ aci d, poelveenaionicasidc aci d,

pTsOHdép@sul f oni g-taluefis sudfonicalcitbinesstydené ¢ aci d
nonohydrate, p-toluene sulfonic acid hydrate, canphor
sulfonic acid), and the like. In the schenes and

exanpl &he behpoynds af tielsescarigedtition \an Bk Srepidd by employing the
sneeBGEH 4P YA 1 AR E L GG AL B
and 2 gwhicipillustrats slee prepazhtidn ofitheispirclacBuriei of strecturab fdrgtiula I, IA, IB and IC,
and szlllﬂ'sttlliﬁré’dfl ’I%E_@’Q‘éltslcﬁ'mhc{ilﬁo gﬁaf 0¢ '_S%P%%ﬂgg a%vidually reacted with an
amin: ’ T | ?};?ﬂ{/&g%@?%gl?edrée rg%a%opdqg@_ﬁg)nﬁ ?bx?ﬂH%m 6q>acti@t_i of the salt
of 1A writhHoNARAG:1ds sappapyl ofifoemaladl. HCl : hydrochl oric acid

i AT LI T S L -
materiasxe{rgendrgl staicwird HamteA, dsishofn in thielGeansral Stiicume Sbydme 1 and Scheme
2, are RItRG 8RR eciaMNAHai1a5R A Péydﬁ? hQEtHe from commercially available starting
materials.

The 4- R1 substituted cyclohexanones of formula IV, in which the R1 substituent
is selected from an acid, a nitrile, an alcohol, a ketal, an ester, or a protected carboxylic acid,
such as an amide or a hydrazide, are useful in the processes of this invention. The 4- R1
substituted cyclohexanones of formula IV, in which the R1 substituent is an ester, are particularly
useful in Schemes 1 and 2. The 4- R1 substituted cyclohexanone starting materials are either
commercially available, such as ethyl-4-oxocyclohexanone carboxylate, or are readily accessible
from commerically available starting materials. For example, other 4-substituted esters are
readily accessible from ethyl-4-oxocyclohexane carboxylate via transesterification.

In scheme 1, the 4-R1 substituted cyclohexanone is converted to the carboxylic
acid before ring lactonization to form the spirolactone IC, via intermediate C, followed by
separation into IA and IB. Compound IC is treated with an acid to form a mixture of the salts IA
and IB, which may be separated to give the individual salts. Alternatively, compound IC is
treated with an acid to form only the salt of IA, which may then be separated from the free acid
IB. Alternatively, compound IC is treated with an acid to form only the salt of IB, which may
then be separated from the free acid IA.

In Scheme 2, the ring lactonization, via intermediate D, to give the spirolactone E
occurs prior to the conversion of the 4-R1 substituted cyclohexanone into the 4-carboxylic acid
substituted cyclohexanone IA and IB. Compound E may be treated with an acid to form salts of
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NaHVDS: sodi um hexanmet hyl NaOEt: sodi um et hoxi de nmiL:

milliliter -34 WD 2004/037170 PCT/ US2003/ 032393 nmol :
woredoiosmre nol: noles/liter MIBE: nethyl t-buepgl/usions032393

THE tetrahydrofuran TsOH: p-tol uene sulfonic acid

TsOHH20 p-tol uene sul fonic acid nonohydrate The

conpounds of the present invention can be prepared by

enpl oying the general process in the General Schene.

The novel processes can be exenplified in Schenmes 1

compamm‘ti B (conhpatinds Fbﬁ?@ﬂbﬂi{b@ﬂd@@ﬁﬁf @trﬂla(?/rbe%@: drfed and 1nd1v1dually
str

R CHAELPBE Bl S AR ol ol al .
compewphithfren cangpoind Gv i Alteabdtivelyethe tnaidtusé bhcampouats Reand G may be

reac R ot £ 210 Sl g PH V2T,

yi el ds conpounds of formula Il. The am de substituted
phenyl, pyridine, pyrazine, and pyrimdine starting
materials of general structure Il and A, as shown in

the General Schenme, Schene 1 and Schene 2, are either
commercially available or readily accessible from
commercially available starting materials. The 4- Rl
substituted cycl ohexanones of forrmula IV, in which the
Rl substituent is selected froman acid, a nitrile,
an al cohol, a ketal, an ester, or a protected :
carboxylic acid, such as an amide or a hydrazide, are
useful in the processes of this invention. The 4- Rl
substituted cycl ohexanones of forrmula IV, in which the
R1 substituent is an ester, are particularly useful
in Schenes 1 and 2. The 4- Rl substituted
~cycl ohexanone starting materials are either
commercially avail abl e, such as
et hyl - 4- oxocycl ohexanone carboxylate, or are readily
accessi blle fromcomerically avail able starting
materials. For exanple, other 4-substituted esters are
readi |y accessi ble from ethyl -4-oxocycl ohexane
carboxyl ate via transesterification. In schene 1, the
4-R1 substituted cycl ohexanone is converted to the
carboxylic acid before ring |actonization to formthe
spirolactone IC, via internediate C, followed by
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separation into I A and 1B. Conpound ICis treated with
an acid to forma mxture of the salts A and IB,
wokiogh3Tray be separated to give the individual PEGHUS®N3/032393

Alternatively, conpound ICis treated with an acid to
formonly the salt of IA which may then be separated
fromthe free acid M Alternatively, conpound ICis
treated with an acid to formonly the salt of IB,

whi ch may then be separated fromthe free acid A In
Schenme 2, the ring lactonization, via internediate D,

to give the spirol act rior to the
conversion of the 4- R%WSE#@IEWI ohexanone into
the 4-carboxylic acid substituted cycl ohexanone | A
and I B. Conmpound E may be treated with an acid to form
salts of -35 WD 2004/037170 PCT/ US2003K032393
compound E (conpounds F and G . Conpounds F and G may
He _separated and individually treate N h an acid or
\|)aq eous,'aci d td. &viomi@nidtien conpound | om conpound

und—+Bfrem-cenpound G tegpati vely, the
W e g‘llgé)corrgound and G may Uéﬁl\
gqi d @r aqueous “.@ ¢'m a myture
and M -36 WD 2004/ 837¥70 PCT/ US2008/ 03

ealetl with an

of . cmfpounds | A
SCHEME RL U T R5 1. aniolW formation WIN, R&2. U T--
OH Il 00RLNR IVW R 0 C®H 9. conversion
1. formation to acid or of |lactone 2. formation 2.
conversion UT of lactone to acidJ 0 w 0 1IC

CO,H
1. conversion 1. formation
toacid . of lactone N
2. formation 2. conversion VS
of lactone o acid \9\ _ O
w
O
IC
Acid
O
\\/N\H CO,H CO5H
H N Al‘1 H> H//, ]
; ‘Acid ‘Acid

1. activation of acid T

ww ~ T WY o
NS 2. HoNAF lIJ/\“ o * \Ll)J/\‘ S
~ .

, 3. Separation \)\W/ \W/

i © o} o}

salt of IA salt of IB
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Acid NH CO2H CO?H H Art H'Acid 'Acid 1.

of acid UO 2. H2ZNArl1 u T- + ~T~- o J o W3.
w®epanstiron W W Il 0 0 0 salt of | A salt of PABUS208%032393

WD 2004/ 037170 PCT/ US2003/ 032393 SCHEME 1 CO2H U-T)

H1 nBuLi, Liar 11 NWO2. 2 UTOH AOGCI2ROH W

BO 3. RHOC CO2H HCO2H 'Acid H20 Acid T U UT
H2SO4 O Jo

activation

SCHEME 1

CO,H
T

I
\L|)J H 1. nBuLi, LiBr
~ D N -
w _T
o) 2. u OH
A o} COR® . _
\W OH
B

3. H,0 c O
CO,H H CO,H
: ‘Acid
H,O Acid
/T W - > T by
U NN - DN o
\W \W/
o O
IC salt of IA
+

CO,H
H,Y °
Q "Acid
/T W
u
b AP
"W

Salt of IB

o
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W OO0 ICsalt of IACORH H/, "Acid UT~ - o WO
Salt of IB -38 WD 2004/ 037170 PCT/ US2003/ 032393

WGAHENE120 COPR2  U-T H N 1. nBulLi, LiBr~ w 2. RETTUSHOM032393
AOOCR2RR HBOI /. D CO2R2Z HCORR2 CO2R2 'Acid
Acid AcOH Acid + U-T~-OU-T- -TJ.wJ.W0J, woO
EOOO F - salt of EG- salt of E

SCHEME 2

CO,R?

U/T\

J H 1. nBuli, LiBr

~ < N L /T

10 Sy
: H

A © OZQCO.QRZ Vo N

D
CO,R?
AcOH Acid
U~ Xy
v AP
"W
0]
E
F -saltof E G -saltof E
aqueous aqueous
H2804 HZSO4

Salt of compound IA, Salt of compound IB

l NaOH l




aqueous aqueous H2SO4 H2SO4 Salt of conmpound 1A Salt
of compound 1B 1 NAOHH CO2HHCQR2ZH UT UT~ *00
wO2oow031120 0 1B 0 -39 WD 2004/ 037170 PCT/ US20083¢ 0822398032393

EXAMPLE 1 Preparation of Trans- o

1' - oxospi ro[ cycl ohexane-1, 3" (1' H)-furo[ 3, 4-C] pyri di ne]

- 4-carboxylic acid, 1-5 (Mthod A) Step A

Preparation of Conpound 1-3 CO2H 1) n- BuLi/ O NH

Liar 3) HRO2) ONO4 O4 NO 111 1-2 11 3 CXREt

The isonicotinam de 11-1EXAN®LE,1 0. 50 nol, Ki ngchem,

THE (0.5 L) and a 1 M LiBr solution (prepared by

di ssolving 1.50 nol of LiBr in 1.5 L of THF) were
Prepaggtion @f Trang- if-ozedpiro[cyhlohesmed It @g1)sfokal8 o] pyeidind Pgaamedylic acid,
1-5. (MefHddM )t r ogen and cool ed‘to - 65 C. n.'.Bu.L' ‘ (1 56 Min

hexane; 666 nL, 1.04 nol ) was then added white

mai ntai ni ng the batch tenperature below - 55 C. The
Step Ao Brapaiagign ohCampowndia8d t hen aged at a tenperature | ess

than -55 C for a period between 1 to 7 hours to give

a netal at ilide m xture. A solution of eth&l%!_I
4- oxocycl dnecar boxyl ate 11=2 (100 nL, 0.63 ,
ENMS .
1) n- BuLi/
o : LiBr 3) H0
2)
X 0]
~
i
1 12
CO,Et

The isonicotinamide 1-1 (100 g, 0.50 mol, Kingchem), THF (0.5L) and 2 1 M
LiBr solution (prepared by dissolving 1.50 mol of LiBr in 1.5 L of THF) were mixed in a flask.
The tesulting solution was degassed with nitrogen and cooled to - 65 °C. n-BuLi (1.56 M in
hexane; 666 mL, 1.04 mol) was then added while maintaining the batch temperature below - 55
°C. The resulting solution was then aged at a temperature less than -55 °C for a period between
1 to 7 hours to give a metalated anilide mixture.

A solution of ethyl 4-oxocyclohexanecarboxylate 1-2 (100 mL, 0.63 mol, EMS
Dottikon AG) in THF (1 L) was cooled in a separate flask to a temperature below -60 °C. To
the solution was added the above metalated anilide mixture, while maintaining the batch
temperature below -55 °C. The resulting solution was aged at a temperature below - 55 °C for 1
hour and then carefully quenched 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 (1L)
to give an aqueous solution of the diacid 1-3.

Selected Signals: 1H NMR (500.13 MHz, DMSO-dg): 6 8.55 (s, 1H), 8.48 (d, J = 4.9 Hz, 1H),
727 (d,J = 4.9 Hz, 1H). 2.58 (m, 1H), 1.77-1.95 (m, 8H).

Step B: Preparation of Compound 1-4
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Dotti kon AG in THE (1 L) was cooled in a separate

flask to a tenperature below -60 C. To the solution
wor®4msided t he above netal ated anilide m xtur ePCTAE1083/032393

mai ntai ni ng the batch tenperature below -55 C. The

resulting solution was aged at a tenperature bel ow -

55 Cfor 1 hour and then carefully quenched into H20

(1 Q The resulting m xture was warned to 40 C and

aged at 40 C for a period between 1 to 4 hours. After

cooling to roomtenPegature, the organic |ayecoyas

removed and the aqueous layer (1.3 L; pH-11 as

washed with THE '

the diacid 1-3.

dct ed Bb@nAS0, 1H NMVR (

DVSO- d6) : S, 1H) 78748 (d,™J 34 X, 1H),
7.27 (d, J k4.0 HH1H). 2.58 (m 1H| 1.[77-©.95 (m
8H). Step B ™Fr aég'ol on of Conpound 1- A WO

2004/ 037170 PCT, 3/ 032393 CO2H CO2H H20p H2SO4 N
N O0HO OHO® 1-3 1-4 To the aqueous sol ution of
the diacid 11=3 from Step A was added H20 (500 nL, 5
nL/g of anillde) and 47% aqueous H2SO4 to aldftust to pH
2-3, maintaining the tenper ature bel ow 30C. The

resul tirh ghMubSusSionRBASE IﬁtSté‘p A%%%d&‘é&ﬁ% (500 mL,
£ 30070
SmL/gs F‘Pﬁ%e)t*’ﬂg % oot gy G i 9} 28 aiglrayng thedepperature
below(?ﬁ)tEm T{‘i?q Yesuing w&gt@%dsﬂeﬁs@% Wadgded A8 thh iz't%lée (ﬁ@OGkrI 135 for a
I e se ratl
period U1 4 x5 ARG tonfie e e, THE G TG0 i Sophaacons Naci (600

ml) were mjdngq eXtiEctdld pradtc aéﬁEiO@ Aftpr the separanas i taaoeldyer the water

layer \;gsﬁg—emracta-&%}tmﬁwgl%o{) gr[Lg % % olﬁleé ggﬁi i 88%?%{?6{@) were
concentpatagr 1(2§@@I13Tl|\n-§uxtw$@nq@§o a gispensioh @fiprodutihcid 9-41during the

distill4tién, 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. Separation

of .Co -4 | ounds 1-5 and 1-6 CO2H H CO2H
Select%i %@ﬁé’:"fﬁ%ﬁh@é&{ ME BRIES S 155 or. Ly 60 (d, 1H), 8.85 (m,
1H), 7.82 (m, LH). 2.70 (m, 0.45H), 2.43 (m, 0.55H), 1.65-2.25 (m, SH).

Step C: Separation of Compound 1-4 into Compounds 1-5 and 1-6

CO,H H CO:H H, COH
1. HCIAcOEt HC
N™ Xy 2. separation N7 Xy " NT Xy
| 0 o) | o]
= = =
O O 0]
14 15 1-6

To the suspension of product acid 1-4 was added 3.3 M HCI-AcOEt at room
temperature, and the mixture was then aged at a temperature between about 40°C - 60°C for a
period of about 24 to 48 hours. The batch was filtered at room temperature and the filter cake
was washed with THF (2 x 100mL). The combined filtrate and washings were concentrated to
800 mL under reduced pressure at a temperature of 20 °C - 60 °C. DMF (80 mL, 2 ml/g to
trans acid assay) and H20O (80 mL) were added, and the mixture was concentrated to 160 mL 4
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1. HCO"AcOEt "HCI N O 2. separation NN O OO O 11=4
11=5 11=6 To the suspension of product acid 1-4 was
w@owea3d378 M HCl - AcOEt at room tenperature, apdI/Ukm®03/032393
m xture was then aged at a tenperature between about
40C - 60C for a period of about 24 to 48 hours. The
batch was filtered at roomtenperature and the filter
cake was washed with THE (2 x 100ni). The conbi ned
filtrate and washi ngs were concentrated to %800 L
mL/gumders dcbdlaks 8 ﬁlsﬁIlatﬁ)ntaQ'ZDemB‘éSO@CCg/ivi shightlybrownish
§ DMF (80 nL @g%@n% to trans acid assay) gnggl}-agg
SUSpe gﬁnrrL) wer e added, and the m xture was concentrated
to 160 Teithe aus-pmmwmwz@(@oo’@m \282000/3/t6 AaAROR:id assay) and

the relhifle fbf A0S AG) GhiSy f‘c@a Bt R ok Srion b1 S et The betch

was f‘?ﬁ%“g‘e}‘@ﬁ*hﬁﬂ%ﬁs Hagdéd (%J@Te/gﬁq tra@@aqﬁelﬁsgay)oandrm at 20°C - 60°C

t aff@gltgegcsé @ng the resulting mxture was then aged
° room ?en'gcer‘t‘ure for a period of 0.5 -5 hours. The

H20 (2 x 80 ni, 2ni/
Selecie@@anaﬁ%ébﬁ%ﬁhmﬁﬁgw@ég 476508 meBD. 1o | 190211 (m,

6H), 268-217d (trh@HaC. 814(ﬂdodH§:I_1é£ﬂ, Sﬁglélz)%eg;gqt(jem ?ﬁ)g@ﬁlﬁ 9@6—@ 1H J=1.0
Hz), IR G200HyHz, DVBO- d6 1 m :
- (m (GDGH) 2.68-2.74 (m 1H), 7.84 (dd, 1H, J= 1.0, 5.0

Hz), 8.87 (d, 1H, J=5.0Hz), 9.06 (d, 1H J=1.0 Hz),

12.35 (brs, 1H). EXAVPLEEXAWNEpBRation of Trans-

1' - oxospi ro[ cycl ohexane-1, 3" (1' H)-furo[ 3, 4-C] pyri di ne]

-4- carboxyllc acid, 2-5, (Method B) Step A
Prepapatigp af Aranerl -ekospisnfsyeintiexans 1/3'(CEREuro[ 84 MEpLidine]-Bakibbxylic acid,

2-5, (MeBlod®)) ACOHEtOH Nz 1 0

Step A: Preparation of Compound 2-3

CO,Et
@) NH
1) n- BuLi/
| ~ 2) 4) 40°C | F
N o:<:>—COZEt o
-1 -
241 22 2:3

The isonicotinamide 2-1 (100 g, 0.50 mol, Kingchem), THF (0.5 L)andal M
LiBr solution (prepared by dissolving 1.50 mol of LiBr in 1.5 L of THF) were mixed in a flask.
The resulting solution was degassed with nitrogen and cooled to less than - 65 °C. n-Buli (1.56
M in hexane; 666 mL, 1.04 mol) was then added while maintaining the batch temperature below
- 55 °C. The resulting solution was then aged at a temperature less than -55 °C for a period of 1
to 12 hours to give a metalated anilide mixture.

A solution of ethyl 4-oxocyclohexanecarboxylate 2-2 (100 mL, 0.63 mol, EMS
Dottikon AG) in THF (89 g in 1 L) was cooled in a separate flask to a temperature below -60
°C. To the solution was added the above metalated anilide mixture, while maintaining the batch
temperature below -55 °C. The resulting solution was aged at a temperature below - 55 °C for 1
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N 4) 40C O= a CO2Et O 2=1 23 2-2 The isonicotinam de
2=1 (100 g, 0.50 nol, Kingchemy, THE (0.5 L) and a 1 M
wa.e@®rn/o3alut i on (prepared by dissolving 1.50 noPCDiS1008032393
in 1.5 L of THF) were mxed in a flask. The resulting
sol ution was degassed with nitrogen and cooled to | ess
than - 65 C. n-BuLi (1.56 Min hexane; 666 nL, 1.04

nol) was then added while nmaintaining the batch
tenperature below - 55 C. The resulting solution was

hour etnldel_neragm?fu};y qaem%a)ﬁrtm:ﬂhaﬁollaa_a %cétf&adéi% 3%0 tQﬂ!:j Rf:B.gle_thdanol/acetic
aC%d)- &ﬁielt Sg)?uet&m Aivassc;:fl%} nglﬁneglf 529562 plg Q{Zc;eedafo{nla toaé ﬁoue}s toagilve Ia sglution of
spirolactenea:gcl ohexanecar boxyl ate 22-22 (100 ni, 0.63 nol,
EMS Dottikon AG in THE (89 g in 1 L) was cooled in a
separate flask to a tenperature below -60 C. To the
Selectgd Signalsh HASVRAAO® 13 MHZ SIVE] 3prel ADA(EI=ar0 Hi d6), 8.85 (d, J= 5.0 Hz,

' re, g [ i N he C t rature
0, TR W 08 008 0t e Bk SRS 20210
(overlapnipema OH) €. #el G (eveBspting or, 2H); U21 WI2D.0414)3F1.70
PCT/ US2003/ 032393 hour and then carefully quenched
with ethapol and acetic acid (320 m; 10:3.5
Selected Rignals7 adeNMR (Hf).GR MHPhEDSHE 744, 16s9,t15012, WT.6rEd3129118.9,
e 0 to 6 hours to give a solution of
866, é‘%ﬁ%@g?g’h%éz{:‘% Sel ected Signals: 1H NWR (400. 13
MHz; CDCl13): 6 9.00 (d, J= 1.0 Hz, 1H), 8.85 (d, J=
5.0 Hz, 1H), 7.75 (dd, J= 5.0 Hz, 1.0 Hz, 1H), 4.22
Step B: Preparatigh & Gmp@idii2-2. 79 (br m 1H), 2.22-2.10
(overlapping m 6H), 1.84-1.74 (overlapping m 2H),
1.31 (t, J= 7.0 B£:EBH). Sel ected Signal 5 Ct3Et NWR
(100.62 Miz; CDG13): 174.5, 167.9, 150.2,4147.6,

133.2, 118.0, 6. 60.5 38.0, 33.0, 14. 2.
on of Cogpound 2-4 CO2 Cé%ét CSA
= N
— ®
=
0
2:4

The solvent of the solution of spirolactone 2-3 from Step A was switched into
EtOAc by distillation. The EtOAc solution was washed with aqueous HC] (2 x 500 mL), and
then washed with aqueous bicarbonate (250 mL). Camphorsulfonic acid (1 equivalent) in THF
was added to the ethyl acetate solution and the mixture was stirred for 1 to 18 hours and then
filtered to provide the desired spirolactone CSA salt 2-4.

Selected Signals: IH-NMR (500.13 MHz; CDCI3) §: 9.26 (s, 1H),9.17 (d,J = 5.4 Hz, 1H), 8.19
(d,J=5.4 Hz, 1H), 4.25 (q, = 7.1 Hz, 2H), 3.39 (d, J = 14.7 Hz, 1H), 2.99 (d,J=14.7 Hz,
1H), 2.83 (quintuplet, J = 4.0 Hz, 1H), 2.51 (ddd, J = 3.9, 11.5, 15.0 Hz, 1H), 2.38 (dt,J =34,
18.5 Hz, 1H), 2.23-2.29 (m, 4H), 2.12-2.18 (m, 2H), 2.11 (t, T =4.4 Hz, 1 H), 2.01-2.09 (m,
1H), 1.94 (d, J = 18.5 Hz, 1H), 1.93 (dt, J = 4.9, 10.5 Hz, 1H), 1.81-1.85 (m, 2H), 1.44 (ddd, J =
3.9,9.4,12.7Hz, 1H), 1.33 (t, ] = 7.1 Hz, 3H), 1.07 (s, 3H), 0.87 (s, 3H).
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The solvent of the solution of spirolactone 22-33 from
Step A was swtched into EtOAc by distillation. The
wWER@A03E uti on was washed with aqueous HCO ( 2P&T/B8103/032393

m.), and then washed with aqueous bicarbonate (250

mL). Canphorsulfonic acid (1 equivalent) in THE was
added to the ethyl acetate solution and the m xture

was stirred for 1 to 18 hours and then filtered to

provi de the desired spirolactone CSA salt 22-44.

Step GePeph@doBofTampoudd2 VR (500. 13 MHz; CDC13) b: 9.26
(s, 1H), 9.17 (d, J = 5.4 Hz, 1H), 8.19 (d, J = 5.4
Hz, 1H), 4. 25H($02Et— 7.1 Hz, 2H) 3.39 (d, E,eo’lzﬁ 7
Hz, 1H), 2.99 &d, = 14.7 Hz, 2. 83 (quant upl et

= 4. 2 51 (d 3 9 11. 5, O\ Hz,
@ C§A4 qﬁ%ﬁ%’ﬁ& 2. 23 (m
J = 4 WY H),
QH), 1 94 (d, J =1 H) ,01.93
.9, 10.5 Hz, 1?—bam@081 1. 85 . 1.44
9.4, 12.7 NaOHIH), 1.33 (t, Jy= 7.1

Hz, Q? (s, 3H), 0.87 (s, 3H). -43%5\0

2004/ OB?l?%’—PCT/ US2003/ 032393 Step C. Pr®eparati on of
Compound 2-5 H CO2Et H CO2H ' CSA 1) aqueous N H2SO4 O
2) aqu@bespidlMaid CIA 2alé2-2-bas dikwvegiif @(ﬁ@@h@ﬁﬁ‘fuﬁ@%md and

BB SR TISHES 3 LS Bl o5
to 30 @a@ddb@pﬂcqu@dglsteé Np@r@dumhﬁhogiﬂe:to pId 230@. dhd ré¢dolringHlurry was
aged 16R6.536]199beM i Filte2Q Wb %1&%)6 'ﬂQ@i e‘aglcfd(o);;?.H 2 to 4. The

resulting slurry was 5 hours and
flltered to yield the deS|red acid 2=5. Sel ected

Select%ﬂ gfgallaﬁ mew@pm Ml‘aso%@% gi@stat (ﬁxj ]1?%36‘0{@ = 1.0 Hz, 1H),

8.5 (@ 5.0 HRa 17 S21ed 50 641 100121—|1H),12l)79 (b OTHIHE. 081 1.89

1 1% 52} hé?ﬁ 1.82-1.76
(over %ﬂg%%%l app? ng m1 76%(\%;15@2%?83@& gnal s: 13C NWR (100. 62

MHz; DMVBO- d6) : 175 9, 167.9, 150.6, 147.5 144.9
Selecta@slfiaals 9 NMR 870022 9811 DNR0 1) 2359, 1674, MB6, 147.5, 1449, 133.1,

2004/ 037170 PCT/ US2003/ 032393
119.1, 87.2, 38.1, 33.1, 23.9.
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WHAT IS CLAIMED IS : 1. A process for preparing a
conpound of the fornmula I, or a salt thereof CO2H U
WO T004@B71IW 0 ; wherein | T, U, V and Ware eacPCT/US2003/032393

i ndependently selected fromthe group consisting of

(1) nitrogen, and (2) nethine, wherein the nethine

group is unsubstituted or optionally substituted with

a substituent selected fromthe group consisting of

(a) hal ogen, (b) lower alkyl, (c) hydroxy, and (d)
WHAIJ8«IL AIMBRYS: and wherein at least two of T, U, V, and

Ware nethine; conprising the steps of (a) conbining

a strong base with a conpound of fornula Il T UR5

WY NR8. 0 , Ayreress for prepefingadofmpowideofithep@aanst ¥/ salt thereof

sel ected fromthe group consisting of (1) hydrogen,

(2) lower alkyl, -45 WO 200€03B7170 PCT/ US2003/ 032393

(3) cycl oal kyl,

T
I, A
"W
O ; wherein
I

T, U, V and W are each independently selected from the group consisting of
(1) 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
(d) 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 Il

3/T\ ll:{5
\W/ N. RS
O , wherein
m

RS and RO are independently selected from the group consisting of
€)) hydrogen,
) lower alkyl,
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(4) cycl oheteroal kyl, (5) aryl, and (6) heteroaryl,
in an aprotic solvent to forma solution; (b) reacting
w@2ayobtahexanone of formula IV with the sol utiPer/v§2003/032393

step (a) ORL |V wherein RL is selected fromthe
group consisting of (1) -CO2H, (2) -CN, (3) -CH20H,
(4) aryl, (5) ester, (6) protected carboxylic acid,
and (7) a ketal selected fromthe group consisting of
OCR4 ~~-<40n, and (b) OR wherein nis 1 or 2, and
R4 is I(®wer cadlialkyl, (c) converting the R substituent of
step ( in arboxylic acid when RL is not a

car boxg%)i c ggcl@?e %’fﬁaﬁgﬁd) adding an acid to forma

spi rol &t onetyltandaf f ord the conpound |, or a salt
thereofe) 2. pdfigappocess of daiml further conprising
the step (e) of I'solating the conmpound of formula I.
3. Thep#byaakc spivant i form astoliionh) wherein R s
séhyect eshclinOityddRx SR SQRANISIV Wah Bfc soﬁ@t)on'o(f%lﬂ’(a)' 46
WD 2004/ 037170 PCT/ US2003/ 032393 (2) -CN,

o
v

wherein R1 is selected from the group consisting of

(D -CO2H,
(2) CN,

3) —-CH>20H,
@) aryl,

5) ester,

6) protected carboxylic acid, and
) a ketal selected from the group consisting of

=0

,and(b)  OR*,

wherein nis 1 or 2, and R4 is lower alkyl;

©) converting the Rlsubstituent of step (b) into a carboxylic acid when Rlis not a
carboxylic acid; and

(d) adding an acid to form a spirolactone;
to afford the compound I, or a salt thereof.

2. The process of Claim 1 further comprising the step (e) of isolating the
compound of formula I.

3. The process of Claim 1 step (b) wherein R1 is selected from
the group consisting of:
(1) -CO2H,
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(3) -CH2CH, (4) phenyl, (5) - C02R2, wherein R2 is

sel ected fromthe group consisting of: (a) |ower
wa@bkdoyh37iand (b) - CH2- phenyl, wherein the phenyPCTUS29p3/032393

IS unsubstituted or substituted with a substituent

sel ected fromthe group consisting of: (1) |ower

al kyl, (2) lower al koxy, and (3) -N0O2, (6)

-C(O NHR3, wherein R3 is lower alkyl, (7) -C(ONR3)2,

wherein R3 is lower alkyl, (8) -C(ONH2NH2, and (9) a

ketal gplecte€,fromthe group consisting of 0 OR4

(a) - )N cgRehgb) OR 4 wherein nis 1 or 2, and R4
i's Iow&p al k ?E * The process of Claim 3 wherein

wher ei ()R1 P nyl,C@Rz, wherein R2 is selected from

the group comHid Rehepfin RC QRS ;
- CFZ pﬁggnyl , \M’]%II‘ ei net ﬁ% pﬁge?]fgl grfgﬂ{ﬁ%l?/ésgrgﬁ@g%ﬂssfsl}lpﬁt ed

oP'substituted with a substituent selected fromthe

group cons'tagti ng)v@fr:alk(gi)anhomer al kyl, (2) |ower

al koxy, and,  (3)_ 2.5 .Th rocess of Caiml

wherein T, ®and R Wﬁ?{@{ﬂ%gﬁ%ﬁ%g@r}g Svet hi ne

group is unsusubitittustied saistiapéd witak kibstitRat (RO b group
a substitueggns-rcsghgghed fromthe group consisting of

- 47
) lower alkyl,

2 lower alkoxy, and

(3) —-NO2,
(6) —C(O)NHR3,wherein R3 is lower alkyl,
(7)  —C(O)N(R3)2, wherein R3 is lower alkyl,
(8) ~C(O)NH2NH?, and

C)) a ketal selected from the group consisting of

O OR*
() g_<O/U)n é_<

, and (b) OR*

?

wherein n is 1 or 2, and R4 is lower alkyl.

4. The process of Claim 3 wherein wherein R1 is —~ CO2R2, wherein R2 is
selected from the group consisting of:
(a) lower alkyl, and
(b) —CH2-phenyl, wherein the phenyl group is
unsubstituted or substituted with a substituent selected from the group
consisting of:
1) lower alkyl,

(2) lower alkoxy, and
3) -NO2.

5. 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
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WD 2004/ 037170 PCT/ US2003/ 032393 (a) hal ogen, (D)
| ower alkyl, (c) hydroxy, and (d) |ower alkoxy; and
wWOR008/081170¢ ogen. 6. The process of C ai m5 wherBCTUI2003/032393
and Ware unsubstituted nethine; and U is nitrogen.
7. The process of Caim1 wherein T, U, V and Ware
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®yl , halpggn,hydr oxy, and (d) |ower al koxy. 8. A
pr.oces \%%rl eparing a conpound of the fornula IC, or
a(ghlt ThePe ﬁ: C2H U-~T) J. 0O WO IC; wherein
T, Yydmasy\whdre each independently sel ected Lron1the
u ) f (1) nitrogen, and (2) nethine,
. aﬁgrgin t g ne?%?ﬁ% group is unsubstituted or
Uis ngageBnal |y substituted with a substituent sel ected
fromthe group consisting of (a) hal ogen, (b) |ower

d -48
alkyl, 6. (¢) TEX grro%)ég/s’of%qaim 5 wherein T, V and W are unsubstituted

methine; and U is nitrogen.

7. 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

(a) halogen,

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

8. A process for preparing a compound of the formula IC, or a salt thereof,
CO.H
/T\ ot
\I) (0

~ o

W
O

IC > wherein

T, U, V and W are each independently selected from the group consisting of
@) 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,
(c) hydroxy, and
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WD 2004/ 037170 PCT/ US2003/032393 (d) | ower al koxy,

and wherein at least two of T, U V, and Ware
woredohiosra70 conpri sing the steps of (a) conbi niPQI/ES2003/032393
strong base with a conpound of formula A UIT H NA

in an aprotic solvent to forma solution; (b)

reacting a conpound of fornmula B O CO2R2 wherein B R2

is selected fromthe group consisting of: (a) |ower

al kyl, and (b) -CH2-phenyl, wherein the phenyl group

IS unsydst i ﬂchw(erdﬂlafxyg,aﬂalst i tuted vvi th a substituent

ted f t] f (1) |
e bhef e PPE o ma e B i inhe

soI ution of step (a) to forma solution; (c) reacting
tep (b) with water to forma
ﬁ%ﬁéﬂ% éa%é)? adj usting the pH of the solution of
p ( 69mbiging? sieans basowith @ camgoundiitfmaradci d  to
afford the conpound IC, or a salt thereof. -49 WO
2004/ 037170 PCT/ USZOO?_‘{T 393 9. The process of Claim
t

8 further conprising e) of isolating the
conmpound of formula | G ot a <% hereof. 10. The
process of Claim8 vvhereln 9 @ and (b) are run
at a

in an aprotic solvent to form a solution;

(b) reacting a compound of formula B

o:<:}cozﬂ2
wherein

?

B

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

with the solution of step (a) to form a solution;
(c) reacting the solution of step (b) with water to form a solution; and

(d) adjusting the pH of the solution of step (c) to between about 0 and 4 with an acid
to afford the compound IC, or a salt thereof.
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tenperature of between about -50C and -80C. 11. The

process of Claim8 wherein the aprotic solvent of step
W@ 2004/03713€| ected fromthe group consi sting of PCT/US2003/032393

t et rahydrofuran, toluene, heptane, dinethoxyethane,

benzene, and hexane, diethyl ether, xylene, or a

m xture thereof. 12. The process of Claim 1l wherein

the aprotic solvent of step (a) is tetrahydrofuran.

13. The process of Claim8 wherein the strong base of

step (a) is selected from the group consisting of

BuLi ' - d
B e e i R MR B R
1solat161§ lée CAMRY -é E‘ uda IG; opa palt thereof. The process of Claim

8 wherein step (a) further conprises adding a salt
sel ect fr t he copsisting of LiBr, LIC, Lil,
Li BF4, %ﬁi C1 ?Pﬁﬂ?&&@g@%‘ é‘efeﬂ*hge%(ah%@bﬁree}l%ﬁfrﬁ 15
tempoptereaif etvreen shout -60°Ctad-408C.i s Li Br. 17. The process
of Caim8 wherein R2 is selected fromthe group
consisting of -CH3, -CH2CH3, -(CH2)2CH3, -CH(CH3) 2,
_(CHR) 363, Thparacess(atidiyia 8 whereihibe ppmueselvemt oFlseepra)ls selected

from ﬂ‘vhgfcﬁiprtoaﬁsthrﬁg ofetedBRrofurdy - tofﬁ@ﬁ‘e mEﬁS’rﬁ %th&ﬁt@g benzene, and
hexan Cgﬁtgy]g 61 Ci doof stg& é i s se ecte
Gr 5o 8O0 ORI SRHPYr i ¢ acid, sulfuric acid,

met hane suI fonic acid, trifluoronethane sulfonic

aci d, do ur.e.t.her.eo ss_of
& ai 18 whdrSpetd BB e Yegpipa ST gster
is tetralydmieen170 PCT/U82003/032393 sul furic acid. 21. The
process of Claim8 further conprising the steps of (f)
addi ng_an apyotic solvent to the conmpound of fornula
IC, or lg &ge Piossss 9f Claimc®whergimthe gtrongiras@of step (a) is selected from

the group consisting of n-BuLi, sec-BuLi, t-BuLi, LIHAMDS, NaHMDS, KHMDS and LiTMP.

14.  The process of Claim 13 wherein the strong base of step (a) is
n-BuLi.

15. The process of Claim 8 wherein step (a) further comprises
adding a salt selected from the group consisting of LiBr, LiCl, Lil, LiBF4, LiClO4, and CeCl3.

16. The process of Claim 15 wherein the salt of step (a) is LiBr.

17.  The process of Claim 8 wherein R2 is selected from the group consisting
of ~CH3, ~CH2CH3, -(CH2)2CH3, -CH(CH3)2, —(CH2)3CH3, and ~CH(CH3)3.

18.  The process of Claim 17 wherein R2 is -CHyCH3.

19.  The process of Claim 8 wherein the acid of step (d) is
selected from the group consisting of hydrochloric acid, sulfuric acid, methane sulfonic acid,
trifluoromethane sulfonic acid, and or a mixture thereof.

20.  The process of Claim 19 wherein the acid of step (d) is
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IC to forma mxture; and (g) aging the m xture of
step (f) for a tine and under conditions effective to
wa@bdoas7ivlhe conpound | A, or a salt thereof, H BO2HS2008/032393

-T O J WO 1A 22. The process of Caim 21 wherein
the aprotic solvent of step (f) is selected fromthe
group consisting of tetrahydrofuran, ethyl acetate,
nmet hyl t-butyl ether, toluene, or a m xture thereof.
23. The process of Caim?2l1 wherein step (f) further
sulfurbodeid.i ses adding an acid to the m xture of step (f).
24. The process of Claim23, wherein the acid of step
(f) is selected -51 WD 2004/037170 PCT/ US2003/ 032393
from t Bé. gr Gup pewesi «ftGlaign dfurthed coapling theatdpd of
hydrobrom c acid, tartaric acid, methane sulfonic
acid, toluene sulfonic acid, succinic acid, and
sul fur i@ ackddingsn afetic poluens $s thefco@ipaimmd @&fowneln dC nortahealt thereof,
acid of step (f) is hydrochloric acid. 26. The
process of Claim 21, wherein st€Pq.lg) is aged at a
tenperature of about 40C to 60€ 27. The process of
Claim 21, further conpri sing ey step (h) of
i solating the conpound ofr fa alA or asalt
thereof. 28. The procegs of"CNaim 8 wherein T, V and W
are nethine, whereint thife group is
unsubstituted or optionalyy Sybstituted with a
substituent selected fromtheg group consisting of (a)
hal ogen, (b) lower alkyl, (c) hydroxy, and

IC

to form a mixture; and
(2 aging the mixture of step (f) for a time and under conditions
effective to afford the compound IA, or a salt thereof,

H, $O=H
T
I, A
W
o)
IA

22.  The process of Claim 21 wherein the aprotic solvent of step
(f) is selected from the group consisting of tetrahydrofuran, ethyl acetate, methyl -butyl ether,
toluene, or a mixture thereof.

23.  The process of Claim 21 wherein step (f) further comprises
adding an acid to the mixture of step (f).

24, The process of Claim 23, wherein the acid of step (f) is selected
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(d) Iower alkoxy; and U is nitrogen. 29. The process
of Claim28 wherein T, V and Ware unsubstituted
woredohiosm70 and U is nitrogen. 30. The process oPCTIUSI0NS/@32393

wherein T, U, V and Ware nethine, wherein the nethine
group i s unsubstituted or optionally substituted with

a substituent selected fromthe group consisting of

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

| oner al koxy. 31. A process for preparing a conpound

from f.He drbgp Enksiztih@of bﬁ{dr@ﬁhl@(:sa%id hi/iebRPhic acidDArt¥¥e acid, methane sulfonic
04/ 03.2170 PCT/ US2003/ HCO2HUJ o WO

acid, ARG SRHOTiG aqid, gyceigic 4G, "gf“é’&aﬁl ‘ndependent | y

sel ected fromthe group conS| sting of (1) nitrogen,

and (2),snet W&QE)F (Ste(blg nfx éxmg}etm e agléi ofR ERS(Q is hydrochloric acid.

unsubstl fute Ponal
substituent sel ect ed from the group consisting of (a)

haI oge% ( BhelPMREs G d9%im 21 (\Qﬁergﬁi@fe?@)ds %%éjd 4d) | over

and erei g at | east two and Ware
temp%tpr;ﬁ ibouty PG t he steps of

27.  The process of Claim 21, further comprising the step (h) of
isolating the compound of formula IA, or a salt thereof.

28. The process of Claim 8 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,

(c) hydroxy, and

(d) lower alkoxy; and
U is nitrogen.

29. The process of Claim 28 wherein T, V and W are unsubstituted
methine; and U is nitrogen.

30. The process of Claim 8 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
(a) halogen,
(b) lower alkyl,
(c) hydroxy, and
(d)  lower alkoxy.

31.  Aprocess for preparing a compound of the formula IA, or a salt thereof,
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(a) conmbining a strong base with a conmpound of formnula

A UIT-YNW) OA in an aprotic solvent to forma
waelwosamy (b) reacting a conpound of fornul aP@r/52003/032393

CO2R2 wherein B -53 WO 2004/037170 PCT/ US2003/ 032393

wherein R2 is selected fromthe group consisting of:

(a) lower alkyl, and (b) -CH2-phenyl, wherein the

phenyl group is unsubstituted or substituted with a

substituent selected fromthe group consisting of (1)

| ower alkyl, (2) Iower alkoxy, ando,¥3) -NO2, with the

solution of step (a) to form a'ﬁe‘l ution; (c) adjusting

the pH of the solution of step to between about 0

and 4 with an acid to forma pound of fornmula E

Co2R2 J o UT) WO E (@lsgantacting the conpound of

formula E of step (c), Wjereiln a | east one of T, U, V

and Wis nitrogen, with ar ~(to forma salt of

compound E; and

O . wherein

IA

T, U, V and W are each independently selected from the group consisting of
)] nitrogen, and
(2) 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, 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

in an aprotic solvent to form a solution;
(b)  reacting a compound of formula B

o:<___>—c:oze2
, Wherein

B
-53.



(e) treating conmpound E, or a salt thereof, with an

acid to forma salt of conpound | A 32. The process of
w@@it/37310 wherei n steps (a) and (b) are run atP@r/Us2003/032393

tenperature of between about -50C and - 80C. 33. The

process of Claim 31 wherein the aprotic sol vent of

step (a) is selected fromthe group consisting of

t et rahydrofuran, toluene, heptane, dinethoxyethane,

benzene, and hexane, diethyl ether, xylene, or a

nixture t hereof. -54 WD 2004/ 037170 PCT/ US2003/ 032393

H g{ Qesslof ? aim 33 wherejn the aprotic

soI vEREEBE NS 155 SO run e roR cAnsstip& Al 35. The
process of |nu8WemﬂEﬂ§mmithe strong base of step
(a) is sele  n-Buli,
sec- BulLi , If%%%l %%%%m SLi TVP.

36. The pr ocu@sxsbsatut@l @i subGButah evithi Ensublstetu&ttrse}egte& fioen the group
step (a) iS¢ S@p‘%g of 37. The process of O aim 31
wherein step ? urther conprlses adding a salt

sel ected from t hdlyrodpweralkylsting of LiBr, Lid, Lil,
Li BF4, LiCilO4, an CBQ@&erdﬁ&( dfe process of C ai m 37
wherein the salt ?i é% |s Li Br. 39. The process
of O aim 31 wherdfh the id of step (c) is selected
fromthe group consisting of canphor sulfonic acid,
sul furi hane sul fonic

aci d, g@gﬁﬁéggg]éHBfﬁﬂﬁﬁ%gfghe éﬁgﬁémlfonlc acid, or
a mxture thereof. 40. The process of C aim 39 mherein

t r(@) ac |a@p@f1n§€h@ﬁ)l~f 60thé §olﬁﬁ@ﬂ bicste &b bétheen' MouPH 9 (?§ Svith an acid
erein st further conprises di ng
a solvéabmgkﬁﬁﬂﬁmﬁy ﬁgPHé? Broup consisting of Cl 6

al cohol, tetrahydrofuran and tol yene. 42. The process
of Claim 41 wherein the sol ve&O step (c) is

et hanol. 43. The process of Gl aim 31 wherein the acid
of step (d) is selected fro g group consisting of

canphor sulfonic acid, sulf acid, hydrochloric

acid, nethane sulfonic kdyXri fl uor omet hane
sul fonic acid, or a mxtjure |t hepeof.
~ ~

(d) contacting the compound of formula E of step (c), wherein at least one

of T, U, V and W is nitrogen, with an acid to form a salt of compound E; and
(e) treating compound E, or a salt thereof, with an acid to

form a salt of compound TA.

32. The process of Claim 31 wherein steps (a) and (b) are run at a
temperature of between about —50°C and — 80°C.

33.  The process of Claim 31 wherein 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.
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44. The process of Caim43 wherein the acid of step
(d) is canphor sulfonic acid. -55 WO 2004/037170
weEOMANSAD3/ 032393 45. The process of O ai m 3RCTHAIS2063/082393

step (d) is heated to a tenperature of between about

50C to 80Cto formthe salt. 46. The process of Claim

31 wherein R2 is selected fromthe group consisting

of : -CH3, -CH2CH3, -(CH2)2CH3, -CH(CH3)2, -(CH2)3CH3,

and -CQ2CH(CH3)3 47. The process of Caim 46 wherein

R2 is -CH2CH3. 48. The process of Caim 31 wherein

t he aC| of ep (e) is se ed.fromthe oup
consi st3| ng cﬁ“ IW%(BB%?# @F‘V‘&ggg‘ﬁﬁ@rel“s@ﬁaﬂ’ﬂ“@ Sg]é’F%t,Of step (a)
is tetmaietdoafoeansul f oni ¢ acid, trifluoronethane sul fonic
acid, or a mxture thereof. 49. The process of Caim
48 wherein the acid of step (e) is sulfuric acid. 50.
The pr 8ess 1ok pBycgsnofIllainhdt whereiththe seopebast of stepfa) is selected
T
Fo B S PSSP U P RS TR, Nar DS REMDS and
LiT reating the salt of conmpound A with a base to form
free acid A in solution. 52. The process of Caimb51
vvherel the ase of s s selected . froma
consi s |ng 6[?‘ PO h@gﬂn&% ere ?‘5§§PQE¢?%98F§§P
n-Bulgot assi um car bonate, sodi um car bonat e, and sodi um
bi carbonate. 53. The process of Caim52 wherein the
base of step (f) is sodium hydroxide. 54. The process
of O aidh 53 Thgproereps efdatpim 31 gelterrestsn ep fyrgder epmprises
adding achlatéleged fremaberpoup dondistingfofliBr, LAC1, B, LiBFg, piiogssd CeCl3.
of Claim31 wherein T, V and Ware met hi ne, wherein
the methine group is unsubstituted or optionally
subst i 88t ed Theetphoc@ssefliSlhin 8EWhe®al ®ekaidof §t&E) iIT6Br.
group consisting of -56 WO 2004/ 037170

PCT/ US2003/ 032393 (a) hal ogen,
39.  The process of Claim 31 wherein the acid of step (c) is selected from the

group consisting of camphor sulfonic acid, sulfuric acid, hydrochloric acid, methane sulfonic

acid, acetic acid, trifluoromethane sulfonic acid, or a mixture thereof.

40.  The process of Claim 39 wherein the acid of step (c) is acetic
acid.

41.  The process of Claim 31 wherein step (c) further comprises
adding a solvent selected from the group consisting of C1-g alcohol,

tetrahydrofuran and toluene.
42.  The process of Claim 41 wherein the solvent of step (c) is ethanol.

43. The process of Claim 31 wherein the acid of step (d) is
selected from the group consisting of camphor sulfonic acid, sulfuric acid, hydrochloric acid,
methane sulfonic acid, trifluoromethane sulfonic acid, or a mixture thereof.

44. The process of Claim 43 wherein the acid of step (d) is
camphor sulfonic acid.
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(b) lower alkyl, (c) hydroxy, and (d) |ower alkoxy;

and Uis nitrogen. 56. The process of Caim55
wob@resn7r, V and Ware unsubstituted methi nePCEIS2008/032393

is nitrogen. 57. The process of Claim31 wherein T, U

V and Ware nethine, wherein the methine group is

unsubstituted or optionally substituted with a

substituent selected fromthe group consisting of (a)

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

| ower al koxy. 58. A compound of structural fornmula C

t hereof H W OHO. ; wherein C
'(I)',r (EJ, S%ngnd%g?%e%sa@?%g‘gﬁg@m ftep ngllselﬁqa@d ®Aom t he
tempegBigi detveientabons SHPC t¢ 890@id fommethe snd (2) et hi ne,
wherein the nmethine group is unsubstituted or
optionglly substituted with a substituent selected
from t AB gr diip PEsAss ofiGlaign B wherpinR? tgelected (o thewesup

consisging pf:, ~CHz )-CHTHx y-(CHp CER{ 08 (2084, QEFHFACH3, and
_CQZEﬁfégg 03/032393 (d) |ower alkoxy, and wherein at
| east "two of T, U, V, and Ware nethine.

47. The process of Claim 46 wherein R2 is —CH2CH3.

48.  The process of Claim 31 wherein the acid of step (e) is
selected from the group consisting of hydrochloric acid, sulfuric acid, methane sulfonic acid,
trifluoromethane sulfonic acid, or a mixture thereof.

49.  The process of Claim 48 wherein the acid of step (e) is sulfuric acid.

50.  The process of Claim 31 wherein the temperature of step (e) is between
about 50 °C and 100 °C.

51.  The process of Claim 31 further comprising the step (f) of treating the salt
of compound IA with a base to form free acid IA in solution.

52.  The process of Claim 51 wherein the base of step (f) is selected
from a group consisting of sodium hydroxide, potassium hydroxide, potassium carbonate,
sodium carbonate, and sodium bicarbonate.

53.  The process of Claim 52 wherein the base of step (f) is sodium
hydroxide.

54.  The process of Claim 53 further comprising the step (g) of
isolating the compound of formula IA.

55. The process of Claim 31 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
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59. The conpound of structural fornula 1-3 CO2H N OH

OCH 0 1-3 or a salt thereof. 60. A conpound of
wareogosural formula E, or a salt thereof, CO2R2T/UER0PF 032393

0O WO ; wherein ET, U V and Ware each

i ndependent |y selected fromthe group consisting of

(1) nitrogen, and (2) nethine, wherein the methine

group is unsubstituted or optionally substituted with

a substituent selected fromthe group consisting of

(@) halhewegen, (b) lower alkyl, (c) hydroxy, and (d)

I r al kox and wherein at least two of T, U, V, and

Wil e IRPHARL and -58 WD 2004/ 037170

PG/ US20084932893 R2 is sel ected fr?g;thg}grOEp I

c I St ' | ower al kyl, and - - phenyl ,

mﬁ@fei%h? ém%ﬁgééh'group IS unsubstituted or

Uis nifgegieni t uted With a substituent selected fromthe group
consi sting of:

56. The process of Claim 55 wherein T, V and W are unsubstituted
methine; and U is nitrogen.

57. The process of Claim 31 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

(a) halogen,

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

58. A compound of structural formula C, or a salt thereof,

CO,H

O ; wherein

C

T, U, V and W are each independently selected from the group consisting of
(1) 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

-57-



(1) lower alkyl, (2) lower alkoxy, and (3) -NO2. 61.
The conmpound of Claim58 wherein R2 is selected from
W b@408T0p consi sting of -CH3, -CH2CH3, - (CH2)RrHB$2003/032393

-CH(CH3)2, -(CH2)3CH3, and -CH(CH3)3. 62. A conpound

of formula 2-3 CORCH2CH3 O O 2-3 or a salt

thereof. 63. A process for preparing a conpound of
formula I1C, or a salt thereof, CO2H WO wherein 1C

-59 WD 2004/ 037170 PCT/US2003/032393 T, U, V and W

are eaqh)lndepend@w§ﬂmk | @zt ed fromthe group

1 and (2) nmethine, wherein

wher ﬁgﬁeg %89gr§ %5 ?@Wﬁ?&ﬁﬁ@ﬁ}%t ed or optionally

substltut ed wth a substituent selected fromthe

gr oup Nsi Sy I b) .l ower al kyl,

(c) hy rbxy,slthgﬁgm?é‘)n(qaafmsleﬁr%agl?ﬁgwlﬁaaaf& wher ei n at

|l east two of T, U, V, and Wat?) pet hine; conprising

the step of adjusting the pH a solution of conpound

C CO2H

1-3
or a salt thereof.

60. A compound of structural formula E, or a salt thereof,

CO,R?
/T\ \\\\\
U, 0
"W
O . wherein
E

T, U, V and W are each independently selected from the group consisting of
(D 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
(d) lower alkoxy, and
wherein at least two of T, U, V, and W are methine; and
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Ur 0HWOH O Cin a solvent to a pH between about 0O
and 4 with an acid to afford the conpound IC, or a
wa@200t/08her eof . 64. The process of O ai m 63 wheP€i/nS100&032393

solvent is selected fromthe group consisting of
t et rahydrofuran, toluene, heptane, dinethoxyethane,
benzene, and hexane, diethyl ether, xylene, water, or
a mxture thereof. 65. The process of Caim63 wherein
the acid is selected fromthe group consisting of

R2 is SBBERLAIHE «Rb dontdllrpel © aci d, methane sul foni c
acid, trifl éor nmet ang sul fonic acid, or a mxture
t her eofa) 66lovHallyl.e@dss of O ai m 63 further
conpri gb)ng HEBIaptiengl, heretromip phiawyl gfoupfiornul a 1 C, or a
salt thereof. 67. A process for preparjng the conpound
of fornula Pﬁ?u%a'iltu?dsoélsflbsl“ﬁ‘g?‘g%tﬁ a Sggﬁlt%t sectrdbomzhe group
PCT/ US2003/ 038&8@iag off CO2H U I T WJ 0 O wherein 1A T,
U V and W {F e§%%x5 pendently selected fromthe
group consist’ing 0 > nitrogen, and (2) nethine,
wher ei n t he (et hlewergikoxp, angl unsubstituted or
optionally ghbstiNagxd with a substituent selected
fromthe group consisting of (a) hal ogen, (b) |ower
al kyl, (c) hydroxy, and

61.  The compound of Claim 58 wherein R2 is
selected from the group consisting of ~CH3, ~CH2CH3, -(CH2)2CH3, -CH(CH3)2,

—(CH2)3CH3, and —CH(CH3)3.

62. A compound of formula 2-3

CO,CH,CH;
N7
| O
=
O b
2-3

or a salt thereof.

63. A process for preparing a compound of formula IC, or a salt thereof,

CO,H
B
\l) 0
~ o
W
o) ; wherein
IC
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(d) lower al koxy, and wherein a:hleaft tmofoza;, U V,
d Ware nethine, conprising e steps o .

W(gglmtt/amﬂmg t he corrpoungpof formula E CO2R2 RLTUS200%032393

WO wherein E R2 is selected fromthe group

consisting of: (a) lower alkyl, and (b) -CH2-phenyl,

wherein the phenyl group is -61 WO 2004/037170

PCT/ US2003/ 032393 unsubstituted or substituted with a

substituent selected fromthe group consisting of (1)

d
T, U, |\b§2\:v$r§a:§ %%?pegﬁ%ﬁlgfs@!%&@d ‘:{/r,orrﬁﬂh@ grc\(k%l)cgn% o%gn

an a o forma salt of conpound E, and (b)
t {&ht i metioespound E, or a salt thereof with an acid

D e R P 5 Al B o BTl ubipediona substtuent
gé&é@?‘é@roﬁ’rt@ﬁﬁ% cgneistnecdnsi stl ng of canphor sul fonic
acid, sal furhhp, g&¢i d, .hydrochloric acid, nethane
sul f oni Elfluoronethane sul foni ¢ acid, or a
m xt urébt he:ké"gefralﬁ’é The process of Caim 67 wher ein
R2 i s ¢8| echgdioky,aimdt he group conskéuz)ngcgé CI(;B
- CH2 i}%’%? (CH3) 2, - , an
- gg) ( %%_BBT%I ess of Claim67 wherein the
wherejg ptde@f tvaq elpl',(B,)Viand W are methine;

comprising the step of adjusting the pH of a solution of compound C

CO,H
P
LIJ ~ OH
\)\W/ OH
0 ;
C

in a solvent to a pH between about 0 and 4 with an acid to afford the compound IC, or a
salt thereof.

64.  The process of Claim 63 wherein the solvent is selected from the group
consisting of tetrahydrofuran, toluene, heptane, dimethoxyethane, benzene, and hexane, diethyl
ether, xylene, water, or a mixture thereof.

65.  The process of Claim 63 wherein the acid is selected

from the group consisting of hydrochloric acid, sulfuric acid, methane sulfonic acid,
trifluoromethane sulfonic acid, or a mixture thereof.

66.  The process of Claim 63 further comprising isolating the compound of
formula IC, or a salt thereof.

67. A process for preparing the compound of formula IA, or a salt_thereof,
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sel ected fromthe group consisting of hydrochloric
acid, sulfuric acid, nethane sulfonic acid,

wa pioRlosmronet hane sul fonic acid, or a m xture PEEUSN3I032393
71. The process of Claim67 further conprising the
step (c) of isolating conpound IA or a salt thereof.
72. A process for preparing a conpound of formula IA
or a salt thereof, HCXRHU V, WO ; wherein I|A -62
WD 2004/ 037170 PCT/ US2003/032393 T, U, V and Ware
each independently sel ect gd dopm the group consisting
of (3) nitrogen, and (4) &thine, wherein the nethine
group i s unsubstituted or ionally substituted with
a substituent selected f the group consisting of
(e) halogen, (f) |oueryatkyl, (g) hydroxy, and (h)
| ower al koxy, and V\,hé\rej/ |l east two of T, U, V, and
Ware nethine; conpri$ing\the steps of (a) adding an
aprotic solvent to the confound pfvheeimula IC, or a
salt thereof, CO2H U UT J - W-'~ 01IC

IA

T, U, Vand W are each independently selected from the group consisting of
(1) 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
(d) lower alkoxy, and
wherein at least two of T, U, V, and W are methine,

comprising the steps of

(a) contacting the compound of formula E

CO,R?

O  ; wherein

R2 is selected from the group consisting of:

(a) lower alkyl, and
(b) —CH2-phenyl, wherein the phenyl group is
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to forma mxture; and (b) aging the mxture of step
(a) for a tinme and under conditions effective to
wa@bdoas7ivlhe conpound | A, or a salt thereof. -6BCT/US2003/032393

unsubstituted or substituted with a substituent selected from the group
consisting of

(D lower alkyl,

2) lower alkoxy, and

(3) ~-NO2, and

wherein at least one of T, U, V and W is nitrogen,

with an acid to form a salt of compound E; and
(b) treating compound E, or a salt thereof, with an acid to form compound IA, or a
salt thereof.

68.  The process of Claim 67 wherein the acid of step (a) is selected
from the group consisting of camphor sulfonic acid, sulfuric acid, hydrochloric acid, methane

sulfonic acid, trifluoromethane sulfonic acid, or a mixture thereof.

69.  The process of Claim 67 wherein R2 is selected
from the group consisting of: —~CH3, -CH2CH3, —(CH2)2CH3, -CH(CH3)»,
—(CH2)3CH3, and ~CH(CH3)3.

70.  The process of Claim 67 wherein the acid of step (b) is
selected from the group consisting of hydrochloric acid, sulfuric acid, methane sulfonic acid

£

trifluoromethane sulfonic acid, or a mixture thereof.

71. The process of Claim 67 further comprising the step (c) of isolating
compound IA, or a salt thereof.

72. A process for preparing a compound of formula IA, or a salt thereof,

H CO.H
T
I, AP
w
(0] ; wherein
1A
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T, U, V and W are each independently selected from the group consisting of
3) nitrogen, and
4) methine,
wherein the methine group is unsubstituted or optionally substituted with a
substituent selected from the group consisting of
(e) halogen,
§§) lower alkyl,
(g)  hydroxy, and
(h) lower alkoxy, and

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

comprising the steps of

(a) adding an aprotic solvent to the compound of formula IC, or a salt thereof,

CO,H
Tl D)
Uoxye
U, AP
"W
0
IC

to form a mixture; and

(b) aging the mixture of step (a) for a time and under conditions
effective to afford the compound IA, or a salt thereof.
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