WD 03/ 057691 PCT/ 1 B03/00013 PROCESS AND | NTERVEDI ATES FOR PYRI DAZI NONE
ANTI DI ABETI C AGENTS FI ELD OF THE | NVENTI ON The present invention rel ates
to a procwe3fstedpr epari ng sul fonyl pyridazi none 5 al dosecradesdoase

i nhibitors. The present invention alLso relates to novel internediates used
in the process to prepare those al dose reductase inhibitors. Accordingly,
the conopunds prepared by the process of this invention | ower sorbitol

| evel s and, thus, |ower fructose levels and have utility in the treatnent
and/ or prevention of diabetic conplications such as diabetic neuropat hy,

di abeti c retinopat l§ROGESBEANIZ INTERMBRIATEE FYR RYRIBAZINONEr di onyopat hy,

di abeti ¢ m croangi opathy and d qug%l opathy in mammal s.
BACKGROUND OF THE | NVENTI ON ThAéﬁ@@Aér;rEeTla 0Se reductase is involved in

regul ati ng the reduction of %EUB%I HEUNWENSIGN ucose and gal actose, to

Lhet 1, cor [ eSPOng 11 B0l YL fioriBILAS o ohoecR0H Al Rl AR LAl opeSUl Fony!

pyri dazi none conpounds 'S 1 rugs of such
conpourkds zaidmisep’edmctmeenmblms IThegresept ialdrdios alsbselefes (e ura,\tel ntemmediates and

prodrugs, é)sﬁ @?h%f g?cegg to%ngﬁgr% HEAUGIR %?ﬁé&@sg'njih?%t%r% E\cé&gm%tﬁ@t ment and

prevention cations ©
associ at edconndpunids prepaed dy ind grotedsef ¢his inventieddvegrisotbiteldenads grel, thus, ner ve,

ki dney, Iens I
Commoniy 288pORERG I AR MR plihe BEHGRNELh AP ROE o™ o
60/ 280, 05 lcommiications suchasdipiostiatnedrdpathg| dlatbmlcrreifnepahyqeﬂ,lahmscl oses corrpounds

det nelf ash9BrSelv Hebrierao s s s Bt el gouds” 2 *°

macroanglopathy in mammals.
BACKGROUND OF THE INVENTION
The enzyme aldose reductase is involved in regulating the reduction of

aldoses, such as glucose and galactose, to their corresponding polyols, such as
15  sorbitol and galactitol. Sulfonyl pyridazinone compounds of Formula | of this
invention, prodrugs of such compounds and pharmaceutically acceptable salts of
such compounds and prodrugs, are useful as aldose reductase inhibitors in the
treatment and prevention of diabetic complications of humans and other mammals
associated with increased polyol levels in certain tissues (e.g., nerve, kidney, lens
20 and retina tissue) of affected humans and other mammals.
Commonly assigned United States Provisional Patent Application No.
60/280,051, which is incorporated herein by reference, discloses compounds of the
formula

25  wherein A, R', R? and R® are defined as set forth therein.
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SUMVARY OF THE | NVENTI ON This invention is directed to a process for
preparing a conpound of the formula H NN11 ORa S ~U of R5 RRZR3
R6 5 wherwpDro3®izeand R2 are each i ndependently hydrogen or pegtiBgd/qoomsnd R3,
R4, R5 and R6 are each independently H-2halo, fornmyl, (C, -C6)alkyl
optionally substituted with up to three fluoro, (C, -C6)al koxy optionally
substituted with up to 10 three fluoro, (Ca-(6)al koxycarbonyl,

(C, - Co) al kyl enyl oxycarbonyl, (C -C4)al koxy-(C, C4)al kyl,

(C, -C4)al kyl carbonyl am do, (C3-C7)cycl oal kyl car bonyl am do,

phenyl carbonyl am do, benzyl g pfgARY i THERIVENIoNWer ei n sai d benzyl,

phenyl and naphthyl are optl wWth up to two
substituents i ndleipdvgainn iy direntediotaserotessifetribparing@ coomoani ¢f thept i onal |y
substituteg . ywth up to three fluoro, (O 15 C6)al koxy optionally

substituted wth up to three fluoro and (C, - C4)al koxy-(d - C4)al kyl ;
conprising the consecutive stﬁ@Nof :o(a) reacting a conpound of the fornula
ORa\/ 5R R3520 11 whhereiR\R3]| R4, and & are each independently
defined as set forth abov@—\with S'org nol m conpound in the presence
of a sulfur source in a first act pon |

vent to formthe reactive
internediate Li--S ORa R 2 R R
5 R®

wherein R' and R? are each independently hydrogen or methyl; and

R®, R*, R® and R’ are each independently H, halo, formyl, (C-Cs)alky! optionally

substituted with up to three fluoro, (C4-Cs)alkoxy optionally substituted with up to
10  three fluoro, (C4-Cs)alkoxycarbonyl, (C4-Ce)alkylenyloxycarbonyl, (C4-C,)alkoxy-(C4-

Cy)alkyl, (C4-Cy)alkylcarbonylamido, (Cs-C;)cycloalkylcarbonylamido,

phenylcarbonylamido, benzyl, phenyl or naphthyl, wherein said benzyl, phenyl and

naphthyl are optionally independently with up to two substituents independently

selected from halo, (C4-Cg)alkyl optionally substituted with up to three fluoro, (C;-
15 Cg)alkoxy optionally substituted with up to three fluoro and (C4-C,)alkoxy-(Cs-

Cyalkyl ;

comprising the consecutive steps of:

(a) reacting a compound of the formula
6]

\

R4

RS
20 Il '
wherein R%, R*, R® and R°® are each independently defined as set forth above,
with an organolithium compound in the presence of a sulfur source in a first
reaction inert solvent to form the reactive intermediate
Li\S o)

\

RS

R4



\ 5 R6 WO 03/057691 PCT/1B03/00013 -3 Ila (b) reacting said reactive
internmediate Ila wth a conpound of the formula N- NC d RL R2 5 111
o form awoaapswsad of the formula NN O SOR4I\N / 5 RETABBRIORS R6 |,
V (c) reacting said conmpound of the fe3+tula IV with an alkaline (C - 10
C2) al koxide in a (Ca-C2)al kanol to form an ether conpound of the formula
NNAKO12 SORM RRRR 3R R6 V werein Alk is (C -C2)al kyl; (d)
reacting said conpound of the fornula Vwith a mneral acid to form 15 a

conpound of the formula H NN O S Olig4
(b) reacting said reactive intermediate Ila with a compound of the

formula

R
5 i
to form a compound of the formula
N—N
o—< \
R' R

(©) reacting said compound of the formula IV with an alkaline (C4-
10  C,)alkoxide in a (C4-Cs)alkanol to form an ether compound of the formula

AlkO 7 N

wherein Alk is (C4-Cz)alkyl;
(d) reacting said compound of the formula V with a mineral acid to form
15 a compound of the formula

(e) oxidizing said compound of the formula VI in a second reaction inert
solvent to form a compound of the formula I.
20 In a preferred process of this invention, step (c) and step (d) are performed



\'' 5 RRR3RR; and VI (e) oxidizing said conpound of the formula VI in
a second reaction inert solvent to forma conpound of the fornmula I. 20 In
a preferrwooposwess of this invention, step (c) and step @EEX/IBIF0pEY f or med
WO 03/ 057691 PCT/1B03/00013 -4 togethe#d-in situ. In a further preferred
process of this invention, in step (a) said organolithiumconmpound is
n-butyllithium said first reaction inert solvent is tetrahydrofuran and
said sulfur source is S8; in step (c) said alkaline (G -C2)al koxide is
sodi um et tupethete imsid. bea tLrh€r predreddanodssicd thieinkemtn; insstep (a) ssidep (d) sai d
5 conpound _of farmula VI is.oxidjzed with urea-hydrogen per.oxide in the
presence o | 0 C | ’ i C on inert
proappfibiiihosombonil & Sk Bl salMsEiRaclartg Solisads
sol vent i stdtehydbfutaroand said sulfur sauseiid By;fiustepée) saidedikalinedCpCoatiosidef thi s
i nvention,.R3,,. R4 5 _and a, | ndependent | y .hydr o et hyl ,
et hoxy. e e Ee anria Cy e AsPE RGO e SERIAT  sopr opyi
or phenyl . compaurstoffbrniule Vhisroxjlizeti avithadephpdrogen pdroxidé irt theprésaneadbi on, R1,
R2, R4 and,R5 are .each hydrogen: R3 is 3-nethyl and IS ,5- chloro. This
ovent i on. IoaftaceERyE 8B Shandesatoh e Beal s SReeef i e 27\
/ 5 R- 2 R3 6 IdastiFudhet pobferied peadeiss af this inentipih, a2, &° SR 4rei Rhereeof
wherein R1L _and R2 are ch_independent |y hydrogep or thyl; and R3, R4, R5
and R6 are® 'Hd?rf%'gﬁ%tﬁ' ﬁif(?%?n ; eﬂﬁ'ﬁ&et%%%g?l?'%(%fqr r{g}'lk%'l optionally
subst i t ut eflusvbopirenyp triflaotdnmetiry!f isoiropyl of Cheryh )@ blstik jurthet prefiertddypracdsst | t ut ed
with up,to hr.ee f.l uqQLio, 2 (G - al koxycar bonyl , 5. ‘ 6
(" ooftul kgt BRTRBRRSIE ORI 8 K s FRE Biipasn: R' is -methyl and R is 5
chloro.

This invention is also directed to compounds of the formula .

15  and pharmaceutically acceptable salts thereof,
wherein R' and R? are each independently hydrogen or methyl; and
R®, R%, R’ and R® are each independently H, halo, formyl, (C-Cs)alkyl optionally
substituted with up to three fluoro, (C4-Cs)alkoxy optionally substituted with up to
three fluoro, (C4-Cs)alkoxycarbonyl, (C4-Ce)alkylenyloxycarbonyl, (C4-C,)alkoxy~(C+-

20  Cyalkyl, (C4-Cy)alkylcarbonylamido, (Cs-Cr)cycloalkylcarbonylamido,
phenylcarbonylamido, benzyl, phenyl or naphthyl, wherein said benzyl, phenyl and
naphthyl are optionally independently with up to two substituents independently
selected from halo, (C4-Ce)alkyl optionally substituted with up to three fluoro, (C;-
Cs)alkoxy optionally substituted with up to three fluoro and (C4-C4)alkoxy-(C4-

25  Cypalkyl.

A preferred group of compounds of formula IV of this invention are those

compounds, designated as Group A, and pharmaceutically acceptable salts
thereof, wherein R?, R*, R® and R® are each independently hydrogen, methyl,

methoxy, chloro, fluoro, ethyl, 4-fluorophenyl, trifluoromethyl, isopropyl or phenyl.
30



20 C4)al kyl, (d-&4)al kyl carbonyl am do, (C3-C7)cycl oal kyl car bonyl am do,
phenyl car bonyl am do, benzyl, phenyl or naphthyl, wherein said benzyl,
phenyl armao oaptsbhyl are optionally independently w th upPCa/IBIB00013
substituents independently selected frémhalo, (C, -C6)alkyl optionally
substituted with up to three fluoro, (C - C6)al koxy optionally substituted
with up to three fluoro and (C,-4)al koxy-(C, 25 C4)alkyl. A preferred
group of compounds of fornmula IV of this invention are those conpounds,
designated as Goup A, and pharmaceutically acceptable salts thereof,
wherein R3, R4, R5 and R6 are each independently hydrogen, nethyl,

nmet hoxy, chloro, fluoro, ethyl, 4-fluorophenyl, trifluoronethyl, isopropyl
or phenyl. 30 WO 03/057691 PCT/1B03/00013 -5 5 A preferred conpound of
this invention is the conpound wherein R, R2, R4 and R5 are each
hydrogen; R3 is 3-nethyl and R6 is 5- chloro haV|ng the structure NNOC O
Me O This i nvamreiered sompeenciohtbistimention is the o@@s@lrfdomhq:selepﬂaarg? a

conmpound of, Paﬁa?@aéhq{ﬁwg%n M?@@th‘{}ﬂ%ﬁe&mls@cﬁg R4y tﬂe

i ndependent rogen “or are eac naependently
H, hal o, fornyl (C, - Co)al kyl Nonal |y substituted with up to three

fl uoro, (CI-C6)aIkoxy opti /y S jtu wth up to three fluoro,

(C, -Co6) al koxycar bonyl, (C,-C6) enyl o y cappon |, (C, -C4)al koxy-(Cl-
C4) al kyl, (C, -C4)al kyl carbonyl am do, (C3- | kyl car bonyl am do, 15
phenyl car bonyl am do, benzyl, phenyl or,napht wherein said benzyl,
phenyl and naphthyl are optionally |nMependentIyé¥Ath up to two
substituents independently selected fromhalo, ( C6) al kyl optionally
substituted with up to three fluoro, (C - C6)al koxy optionally substituted

with up to three fluoro and (C, -C4)al koxy-(C, - C4)alkyl ; 20 conprising the
consecutive stepBisdaventie) 'Sreéf‘é?(ﬁ'im@dato@cﬂf@@ﬁﬁﬁdomfepaf@gfaﬁm@nﬂIOf‘mﬁere| n R3,

R4, RS{@NdfdRRuRN I above wherein R! and R? are each independently hydrogen or methyl;
R®, R*, R® and R® are each independently H, halo, formyl, (C4-Cs)alkyl optionally

substituted with up to three fluoro, (C4-Cs)alkoxy optionally substituted with up to
three fluoro, (C4-Cs)alkoxycarbonyl, (C4-Cs)alkylenyloxycarbonyl, (C4-C,)alkoxy-(C4-
Cs)alkyl, (C4-Cy)alkylcarbonylamido, (Cs-Cy)cycloalkylcarbonylamido,

15 phenylcarbonylamido, benzyl, phenyl or naphthyl, wherein said benzyl, phenyl and
naphthyl are optionally independently with up to two substituents independently
selected from halo, (C4-Cg)alkyl optionally substituted with up to three fluoro, (C4-
Ce)alkoxy optionally substituted with up to three fluoro and (C;-C,)alkoxy-(C;-
Csalkyl ;

20  comprising the consecutive steps of:

(@  reacting a compound of the formula Il wherein R®, R*, R° and R® are
each independently defined as set forth above with an organolithium compound in
the presence of a sulfur source in a reaction inert solvent to form a reactive
intermediate of the formula lla; and

25 (b) reacting said reactive intermediate lla with a compound of the
formula Ill to form a compound of the formula IV.

In that process, it is preferred that said organolithium compound is n-
butyllithium, said reaction inert solvent is tetrahydrofuran and said sulfur source is
Se. It is particularly preferred that R®, R*, R® and R® are each independently

30  hydrogen, methyl, methoxy, chloro, fluoro, ethyl, 4-fluorophenyl, trifluoromethyl,



each independently defined as set forth above with an organolithium
conpound in the presence of a sulfur source in a reaction inert solvent to
forma rewotd®e769i nt ermedi ate of the formula Ila; and 25 @EeY/IB&A®ving sai d
reactive intermediate Ila with a conpoufid of the forrmula 11l to forma
conpound of the formula IV. In that process, it is preferred that said
organol i thi um conpound is n- butyllithium said reaction inert solvent is
tetrahydrofuran and said sul fur source is s particularly preferred

that R3, RFOPRHYLRIPMRAYlal és @éléwﬁherwéqj@mfbwﬁtﬁ ﬁ Ryandgeéare eashhyl , net hoxy,
chloro, fl chqrgge@tM§ 3- rﬁetﬁ%%ﬁ@@@%hlor& rifluoronmethyl, WO 03/ 057691

PCT/ 1 BO3/ 00 -6 isopropyl or phenyl. It is still further preferred that
Rl, R2, R4 and Rbisdnvendaels al$p dirastpsifo aH@fO@@Sdorn@enwngatha cpgppendsofchl or o.
Thi's mven;HeofBrm@aal so directed to a process for preparing the conpound of
the formula NNN1T | Oo _ of M 5 C X conprising the consecutive steps
of: (a) reacting the conpound gf ,\}he(jormjla 0O Md 10 XIl wth
n-butyllithiumin the presenc of\S8 lin tefrahydrofuran to formthe

reactive intermediate Li &

5 ,
XI
comprising the consecutive steps of:
(a) reacting the compound of the formula
0]
Me
Cl
10 Xl
with n-butyllithium in the presence of S; in tetrahydrofuran to form the reactive
intermediate
Me
Cl.
Xlla
15 (b) reacting said reactive intermediate Xlla with the compound of the
formula
N=—N
CI—<\—/>—CI
X1

to form the compound of the formula



15 (b) reacting said reactive internediate Xlla wth the compound of the
formula NN CI d XlIl to formthe conpound of the formula WO 03/ 057691
PCT/ 1 BO3/W0M3857697- NNN CI S O Me . XV (c) reacting gardBexwpmsund of
the formula XIV with sodi um net hoxi de i#- methanol to formthe conpound of
the formula NN MOS O M 5 C XV (d) reacting said conpound of the
formula XV with concentrated hydrochloric acid to formthe conpound of the
formula H NNOSO M d; and 10 XVI (e) oxidizing said conpound of
the formula XVI with hydrogen i de- urea conplex in the presence of
trifluoroacetic anhydride ¢ @t r aNy.drg fh_ to form the conpound of the
formula XlI. It is particularly erred (c) and step (d) are
performed in situ.

XV
(c) reacting said compound of the formula XIV with sodium methoxide in

methanol to form the compound of the formula

N—N
Meo—<_>—s O 4
- 0
Me ‘
cl,

XV
(d) reacting said compound of the formula XV with concentrated

hydrochloric acid to form the compound of the formula

H
N—N
o:<—>—s 0
- 0
Me
cl

10 XVI
(e) oxidizing said compound of the formula XVI with hydrogen peroxide-

:and

urea complex in the presence of trifluoroacetic anhydride in tetrahydrofuran to form
the compound of the formula XI. It is particularly preferred that step (c) and step (d)
are performed in situ.

15 The subject invention also includes isotopically-labeled compiounds, which are
identical to those recited in Formula 1V, but for the fact that one or more atoms are
replaced by an atom having an atomic mass or mass number different from the
atomic mass or mass number usually found in nature. Examples of isotopes that can
be incorporated into compounds of the invention include isotopes of hydrogen,

20  carbon, nitrogen, oxygen, phosphorous, sulfur, fluorine and chlorine, such as ?H, *H,
Bc, “c, ®N, 0, "0, *'P, P, g, "®F and *°Cl, respectively. Compounds of Formula

IV of the present invention, prodrugs thereof, and pharmaceutically acceptable salts



15 The subject invention also includes isotopically-Iabeled conpounds,
which are identical to those recited in Fornula IV, but for the fact that
one or nOWO oawsTresl are replaced by an atom havi ng an at omPCTAB6X00013 Mass
nunber different fromthe atom c mass & mass nunber usually found in

nat ure. Exanples of isotopes that can be incorporated into conpounds of
the invention include isotopes of hydrogen, 20 carbon, nitrogen, oxygen,
phosphorous, sulfur, fluorine and chlorine, such as 2H, 3H, 13C, 14C, 15N,
180, 170, 3iguid8arRPoBES or BRIt pYIBESWhichapit the efoyementinnedisdtopes For nul a

|V o e BhgeeShel AR a0 B R ARSI Y
prodr ugs wisotdpicatintobeled chmpafirsisaftre prosand invertioppios example thosetiewhichot opes
: ot h e . pbrbiae . . .

ios o? o] pie:: aﬁﬁ%{@aﬁﬁ%{rg%ﬂoéé&éﬁ% &h%s ﬁo‘?p&%ﬁeﬁlﬁ%@ rr\%t@élf,ﬁé\}ée 'H?‘lgfgln' @E%H@ﬁoérrp | e those

i nt o whé ch subsigitetisstie distribstivroaessys Ucitiated, i3+ dr ard@ripore14,neorior at ed, are
ful . . s Ay CTritiated,

e g eliheR A AR o i O PR Bl PR PISRMEITL 1 & F e

for their éagberofubstiatien aith beaviardsofes stictbad deuferiuntuet, Aidr mapafierti t ut i on

Wi th heav! %éﬁé'ﬁme? %ﬁtiéé'&\gn 39? ﬁill”l. Y& .r Ster m% i tat‘?ﬂci ,q” rd ye) rIé[ ain

t her apeuti C advant ges resulting trom gr B’ MEERBaT T2VEYaB! 74 , for

exanpl e i incressseéd vivo halfvide bateiuted dosage regdiereentd asd,gencequay msrent s and,

hence, , gy \bGedy RsE el s B SRR o bl S BRI Enpdi ik SPEG RN §Pe! ed
ornura TV'e TR ru € olf

conpounds n Ion - and pr'o can
general | y lds ipvendien edd pyodrags thenegf cant genkeally pe prepdraddy adinyngasethei n t he

Schenes an ' anpl | o A i g a.r L1y avail abl e
I sot opi cal §‘4°?§%98F8§a§%€3§'§ﬁe gé}e?]iesn%qﬁ-/ ?%Bt?rgepl %aglgql%s ?%%Vé’labgds(asgtgﬁtﬁ]ﬁt . The

I nvent i on alrsadily agdilatiessqiopicaly sabeledfreadens for awnentisabopicdiie iabeledireagenpi cal | y

| abeled 1 s, ar. e er.ej y Q" ] nt. chl ar br ono,

i odo, or f ﬁﬂ%%%& als% |ﬁ<):/|ﬁ§es?%r5€%s§% Qfstpg rIWS E@%%%?%’ﬂ%ﬁ@é'%’&é&e?%dat ur at ed
hydr oc &5 borompundsraae obextithsegirur at ed hydr ocar bon. Exenpl ary of such al kyl
groups (assumn t‘lll'laq

ST Qube, | assu "y STREALENGE BRRLpus B fesses Lhe particular exam o
pentyl, isopent By, ‘alkgtiperdant straight or Braychpeinthyain, salurated thigghiobarbgih or
2 L D0 SO U 0P AR BB RE e o
al kyl  bondesigtdiedieghthancompasses tHexqmidutar gxarfiplsarb nadthyl xethgymops, (assumni ng
the 20  isopropyl, butyl, sec-butyl, tertiary butyl, pentyl, isopentyl, neopentyl, tertiary pentyl, 1-
methylbutyl, 2-methylbutyl, 3-methylbutyl, hexyl, isohexyl, heptyl and octyl.
By “alkoxy” is meant straight chain saturated alkyl or branched saturated alkyl
bonded through an oxygen. Exemplary of such alkoxy groups (assuming the
designated length encompasses the particular example) are methoxy, ethoxy,
25  propoxy, isopropoxy, butoxy, isobutoxy and tertiary butoxy. By “alkoxide” is meant
straight chain saturated alkyl or branched saturated alkyl having a negative charge on
the oxygen. Exemplary of such alkoxide groups (assuming the designated length
encompasses the particular example) are methoxide, ethoxide, propoxide,
isopropoxide, butoxide, isobutoxide and tertiary butoxide.
30 The expression “pharmaceutically acceptable salts” refers to pharmaceutically
acceptable acid addition. The expression "pharmaceutically-acceptable acid addition
salts" is intended to include, but is not limited to, such salts as the hydrochloride,
hydrobromide, sulfate, hydrogen sulfate, phosphate, hydrogen phosphate,



designated | ength enconpasses the particul ar exanple) are nethoxy, ethoxy,
25 propoxy, isopropoxy, butoxy, isobutoxy and tertiary butoxy. By

"al koxi dewoiog/opmwant strai ght chain saturated al kyl or br&crhsBe/@at3ur at ed
al kyl having a negative charge on the gxygen. Exenplary of such al koxi de
groups (assum ng the designated | ength enconpasses the particul ar exanple)
are net hoxi de, ethoxi de, propoxide, isopropoxide, but oxi de, i sobut oxi de
and tertiary but oxi de. 30 The expression "pharnaceutically acceptable

sal ts” ref gihgdio emﬁéﬁm@%ét@@ kilccirifs; @tatd) nftitdetuRMeiet (mRBylatENane X pPr essi on
" phar maceut i cal acce é l?t@am d addition salts" is intended to include,

but is not PriPHERESYIienst SPHS Aagargq%artxmf%@q R ig e soripat #r oni de,

sul fate, hydrogene @Hém@tc@uncampédaaptbme deMcHdeaRRn sBIROSTRMAESmpdiRld 8f iR 7691
PCT/ 1 BO3/ 00013 - 9 di hydr ogen Bhat e, acetate, succinate, citrate,

met hanesul YR30 PaERS, ea%spra d By fectinghibe flep bage PTPOHEFH sPBPOWRSLs. A

particu ar With Me&ép@w;mates@.d Wheth tr% ssaﬂcig &8 mahébaslcté% (elanme@ceutical Iy
acceptabl e acid addition salts of the conp this invention may be

readily prebdotpfé&ortst,e thedweioRprigR: tt‘@ @ép'%ed?émf%‘ﬁ?ﬁ tne@statp)c@ﬁms@ma%n 5 wth

the appr opfdratdt aafic ME@.d. NBe Apdrb érssmteam@%e@ﬁa% raie Ein{ the
hydr ochl ori de, the hydrobr(?tm de, ?d % p-tol uenesul on}z}te thg gégeert ate), the

hydr ogen fosmaf grtrikastf asics(ecd- B¢ Q'h(/@r ogen P'@Qﬁ@hﬁtﬁdﬁhsgyﬁ@mtﬂ%bonﬁ melar
succi nat e) eQuival&ift afl @%G’éll?%etﬁolanf é%c&*,socﬁf the ééldj Eaé“rh;ﬂoﬁﬁ' Piow@vErwhen@ichli hydr ogen

phosphate the citrate), | east one nolar equival ent and usually a nol ar

excessi®hf BHiS asdhg St"?t%r’ﬁﬁ ‘Bﬁf@ﬂucqﬁlﬁ%\mﬁ hXﬂfRQ‘?”Qb@?Phﬂ? ¥dhe ghegphatearg ul f at e,

the heni suggdiial @e abb.%pha(té%ﬁggsaac@eﬁéﬁiaattéau%mmeofaaewr@én%raw%e desired,
the appropriate _and exact chem cal equivalents of acid Wl| generally be

used. The P$&k Hedeeehnsend thecadd aredisuallypompinediba gegolventdrogbwhieh vent from
which t hetHéQié'sfr&ﬂsa‘t?drémﬂfa@éE Btéaﬁlttt?esoth&{/vls‘éaréblé)t@d Bg_%h&rﬁ%ﬂ%ﬁ%tﬁé@d by

concentrati on and/ o additi on of a non-sol vent. can urt her

purified b§ @t%qfeﬂ nqnzsatweahTh%@ﬁr(@fuu_tbercwﬂﬁtd:bmwte izadipg &As(Csuch as
et hangy , @F)B%Bl%hc%blvbﬁt@Bﬁétpé’é“ﬂbth%olf étﬁé‘hch%F Babr‘éparﬁa% ﬁcﬂ‘éﬁet@Hﬁh as acetone,

nmet hyl ethy ket one or nethyl iso ut{ ket one. used rein
expr essi on8oVenkseYGhAs gcaione. raethyieatiyl kefage of fﬁ@W' igahuiybkatone.r ef er to a

sol vent or m Xt ug@séd hé@ﬂnvfﬁet& reB4iEHY qé%ﬁ:%oﬁ?t%ﬁ'seﬁ/@ﬁtaéﬁd Wuérpso‘f\;eﬂ «ting

materials, reagents, intermed [ates or products In a manner adversel y
af fects 2tfenieapobpat gmixHe ¢issiveria Whichdiges not interact with startmg

materials, reagents, intermediates or products in a manner which adversely affects
20  the yield of the desired product.

As used herein, the term “reactive intermediate” refers to a compound which
is formed during the course of a reaction which is not isolated. A reactive
intermediate is generally a compound which is not isolatable under ordinary
conditions and which is “quenched” by the addition of another reagent which reacts

25  with the reactive portion of the reactive intermediate.

The term ”in situ,” where used herein, indicates that two steps are carried out
in one reaction vessel without isolation of an intermediate compound which could
have been isolated if so desired.

Hydrates and solvates of the compounds of this invention are also included.

30 The chemist of ordinary skill in the art will also recognize that certain
compounds of Formula | of this invention can exist in tautomeric form, i.e., that an
equilibrium exists between two isomers which are in rapid equilibrium with each other.

A common example of tautomerism is keto-enol tautomerism, i.e.,



As used herein, the term"reactive internediate" refers to a conpound which
is formed during the course of a reaction which is not isolated. A reactive
i nt er mediwpDa3i0s76general |y a conpound which is not isol at alpica/isesd@ni3or di nary
conditions and which is "quenched” by tilge addition of another reagent which
reacts 25 with the reactive portion of the reactive internmediate. The term
"in situ,” where used herein, indicates that two steps are carried out in
one reaction vessel without isolation of an internedi ate conpound which
could have been isolated if so desired. Hydrates and sol vates of the
conpounds of this inve on,are al so included. The chem st of ordinary
skill in the art willals cognizze—that>certain ounds of Formul a |
of this invention can exis} in tautoneric form i. hat an equilibrium
exi sts between two i sonmersOwhich are in rapid equi ligriumw th each other.
A comon exanple of tautomerismis keto-enol tautoetrerism i.e., WO

03/ 057691 PCT/1B03/00013 -10- 0 O H Exanples of conpounds which can exi st
as t aut omePamples aidemppyndsybigh £an ewst as taemensypsiyde hydrexypysidiages.

hydr oxyqui i o i i A REN Skl ' I 1

Fecogn, ge. PRkpOBTmdfe A ekt huindinRIR PRtERE, SRR s Bt 2L s two
separ at e 5recegnizanibetthe @yddazinaneN\piNhednsianOnyerrign laan AxisRsHNO SeparaE

Gener alg y’tahg)n’;eh’é% pplication, the tautonmeric forms of such conpounds are
depicted and naned as a pyridazi none. However, the skilled person will
recogni ze that such o_nfgounds may al so be depicted and/or nanmed as a

hydr oxypyri dazi ne. Qmer 10 exanples will be recggntged by those skilled in
the art. Al such©O AR’ ni xt ur es_t o-edf ar S—i-ac-ailed in t he
conpounds that are pr iS5 invention. \Wenever

ed by the processes
the structure of a gyclicyeadical is shown witrlla1 boRq drawn from

R

Generally, in this application, the tautomeric forms of such compounds are depicted
and named as a pyridazinone. However, the skilled person will recognize that such
compounds may also be depicted and/or named as a hydroxypyridazine. Other
10  examples will be recognized by those skilled in the art. All such tautomers and
mixtures thereof are included in the compounds that are prepared by the processes
of this invention.
Whenever the structure of a cyclic radical is shown with a bond drawn from
outside the ring to inside the ring, it will be understood by those of ordinary skill in the
15  art to mean that the bond may be attached to any atom on the ring with an available
site for bonding. If the cyclic radical is a bicyclic or tricyclic radical, then the bond may
be attached to any atom on any of the rings with an available site for bonding. For

@:)\}

20  represents any or all of the following radicals:

example,



outside the ring to inside the ring, it will be understood by those of
ordinary skill in the 15 art to nean that the bond nmay be attached to any
atom on twe miofmowni th an avail able site for bonding. |If treTaped/ioo1y adi cal
is a bicyclic or tricyclic radical, then-the bond may be attached to any
atomon any of the rings with an available site for bonding. For exanple,
O 20 represents any or all of the follow ng radicals: WO 03/057691
PCT/1B03/00013 -11 OO (::C \ I \ \ and iEIIT>\ Op Oher features and
advantages wi Il be apparent fromthe specification and cl ai ns which
descri be the inventioph. 5 DETAILED DESCR PTI ON CF THE | NVENTI ON The
conpounds of fornula
intermediates int t hesi s of
Formula 1. The com ’ s seful in the
treatment of diabetic conpllcatlons The process of tRis irfvention is set
forth in Schenme 1. In general, the 10 conpounds of formula 1-4 of this
invention are prepared as set forth thereln 15 20_ 25 WD 03/ 057691

PCT/ 1 BO3/ 00013 - Shere 1 RR4 1-1 ~ R3 [R5
R4 SLi NN 1-3 1 R RS

O

PNt aluose redyjctase conpounds of

O

Other features and advantages will be apparent from the specification and
claims which describe the invention.

5 DETAILED DESCRIPTION OF THE INVENTION
The compounds of formula IV (1-4 in Scheme |) of this invention are

intermediates in the synthesis of the potent aldose reductase compounds of Formula
I. The compounds of Formula | are known to be useful in the treatment of diabetic
complications. The process of this invention is set forth in Scheme 1. In general, the

10  compounds of formula 1-4 of this invention are prepared as set forth therein.

15

20

25



NONSO,Ni S ORMRKM 1-4 RB51-5RBRRERER ROR RL O~ R2 HNC3
NSOHNCiIi ,O0 N,SO1-6 RBRA OR4 R5 1-7TRB6 R R6 5 As set forth in
Schenme 1,weosospound of fornula 1-4 is prepared as fol | ow®CT/IBIB/00013
organol it hi um base such as n-butyllithignis added to a solution of a
conpound of formula 1-1 in a reaction i1nert solvent. Suitable reaction
inert solvents include ether solvents such as di oxane, diethyl ether and
tetrahydrofuran. Qther suitable organolithium bases include nethyl

lithium t-butyllithium etc. The reaction mxture is 10 stirred at a
tenperature of about -78C to about OC for five mnutes to about five

hours. It is preferred to carry out the reaction in tetrahydrofuran at a
tenperature of about -40C for aboug.p. dﬂﬁ Rour. The organolithium
internediate 1-2 is then fornmed by a fi'on of a sulfur source such as

sul fur powder (S8). The reaction mxture is stirred gt abglt -78C to about
0C for about one m nute to about flve hours and ef era 15 at about -40C

for about 5 miutes. The reaction c1 200C to WO
03/ 057691 P 00013 -13 abou RE S eferably to
about 0OC fo Aboy JAve mnutes to ab ol and—preferabty for about
30 mnutes. RSBl utlgn of a conpou d?of
11
R1
2 —
Ci [\ R
N s
[ °
\ R R’
14 R =5
6 5
R R R
R1
2 1
0) N R o R 2
HN., = =
_ N S 0] HN. = e
| - N” 78 o
= 4
6 R R ° R
R 1'7 3
R° R R®
RG
5 As set forth in Scheme 1, a compound of formula 1-4 is prepared as follows.

An organolithium base such as n-butyllithium is added to a solution of a compound of
formula 1-1 in a reaction inert solvent. Suitable reaction inert solvents include ether
solvents such as dioxane, diethyl ether and tetrahydrofuran. Other suitable
organolithium bases include methyl lithium, t-butyllithium, etc. The reaction mixture is
10  stirred at a temperature of about -78°C to about 0°C for five minutes to about five
hours. It is preferred to carry out the reaction in tetrahydrofuran at a temperature of
about -40°C for about one hour. The organolithium intermediate 1-2 is then formed by
addition of a sulfur source such as sulfur powder (S;). The reaction mixture is stirred
at about -78°C to about 0°C for about one minute to about five hours and preferably

15 at about -40°C for about 5 minutes. The reaction mixture is warmed to about -20°C to



1-3 in a reaction inert solvent as descri bed above and preferably
tetrahydrofuran is added and the resulting mxture is stirred at -20Cto
about roowotospmpat ure and 5 preferably at 0C. The reacti @aTnBoX/WOB | S
warmed to roomtenperature over about gge hour to about five hours and
preferably for about two hours. The reaction mxture is then stirred at
roomtenperature for a period of tinme, preferably one to five hours and
nost preferably for one hour. The desired conpound is isolated fromthe

reaction @%&%Sm@émggr{agjr?E%@gﬂeﬁgﬁ?Wé%U%% Q?EQ(WJtﬁge gﬁgﬂm%ﬁbn%g% eot her

net hods wel | nown 1 edin the art. ne 1, a
conpound ofonedoriierg are@rably tor alpeit 88 raigutes| Asalitionnof aceamraund obformolenul a 1- 4

is dissolvedsiqy %aﬁﬁtﬁfﬁléﬁgo!@/é?ﬁ%g dé%érié@@mg?ﬁ}éga{h@ef_@r )tgﬁ'r?(@)%lofur‘%lfsaml such

as met hanol or et hano' and Is treate de ‘such as

sodi um net Agdedendthegesliling roixhioxisdbirred atB01R todhbout woetiemperatieze @ofi | ux

t enper agur e | f e h { bout twel ve hours.
It is p?ef g’rr%fg@%[yoét@sce'sﬂlseo %ﬁfé}n@%@?%r&%& ﬁoerp Rrgﬁér?\p%rgtug%&ﬁr %8@ for about
five hour s.onglosr toabast fiviedouisrenerpmefdiahtyefocabqub twachaks. fToe nedatiod néixtuneher ei n

Ak is (C - | kvl , _which is bsequent treated wth I neral acid,
preferably '%@gﬁ%?%?téaorﬁ%mp%{?ﬁjgeb%’ﬁg PEB?E%' Xfttgn%ll%% ra%fqnﬁgo ﬁ%ar NHBut i ght
hours to alamdimdsivergfgrablp forene hbui. Thedediedlompoond Bfidalated frem2Be rezatidgri on

m xture for_. ut fitteen hours.~The desired compound of fornmula 1-6 is

i sol at ed frng)l%@?eh%s $24 ‘8#9‘%9?&%%%0%8%%%6@’6@"@&“&%@0%@ K5eVBw or
accordig to thost kkiledhiatthoats. wel | known to those skilled in the art. As
shown in Schene .1, .a conpound of fornul 7 epared as foll ows. A
conpound of for rﬁﬁsé’of’pé”ngg ecﬁ‘%go? G%p?%%fjff%r%f% ﬁh' W@P?r.egéfsf IH‘(",S'V'\&S

pref er abl y campetftesf forbulg 9lavie Bisssivedin asrea@ioh aurciofert sth sdiaAlYy C et her or
di oxane and_is treated w th an oxidi zi ng_@a ent. The aoxidizi ng agent nay be

any reagentKgRPIgYCh &s orgthanel i is fgated wilh & (dny C2)gikewige echiass ul f ony |

group, sucRodism Heheges oPRin BB oxilE beaboPAPTOBALBEINRE tiluR Ertbedditreot her
such rigge%%& wel | known to those of ordinar in the art. It is
e

. Skill.
prefer eFoltign fr @hoyhities heHrs e PBR‘F%Y@W% fphrexdt isiprefaredtto usgse, the 30

person of ebdilmanytheXieé In héthad? aBaboutbbdC LSRR idEndItTHd folhd thebe
desirable to use an activating agent such as trifluoroacetic anhydride in

the reacti dHeMediaie eompewy of formyla 1-p avneseip Ai"‘i‘nistécr@ééli(ylo‘ﬁhipfhﬁr t sol vent such
as tetrahydupdddguantly ARt £mifdrQtoN pretdrssly camdn4Bl BRIt ¥bout 40°
tetrahydrofuran. The reaction is carried out” at a tenperature of about WO
03/ 057691 BTarqubeRiiugderebout eight hours to about twenty hours, It is prefeable to reflux the
20  reaction mixture for about fifteen hours. The desired compound of formula 1-6 is
isolated from the reaction mixture as described in Example Two below or according
to other methods well known to those skilled in the art.
As shown in Scheme 1, a compound of formula 1-7 is prepared as follows. A
compound of formula 1-6 is dissolved in a reaction inert solvent, preferably an ether
25  solvent such as tetrahydrofuran, diethyl ether or dioxane and is treated with an
oxidizing agent. The oxidizing agent may be any reagent which is capable of oxidizing
a sulfanyl group to a sulfonyl group, such as hydrogen peroxide, meta-
chloroperbenzoic acid and other such reagents well known to those of ordinary skill in
the art. It is preferable to use a urea hydrogen peroxide complex, in which case, the
30  person of ordinary skill in the art will recognize that it will be desirable to use an
activating agent such as trifluoroacetic anhydride in the reaction. The reaction is
carried out in a reaction inert solvent such as tetrahydrofuran, dioxane or diethyl ether
and preferably tetrahydrofuran. The reaction is carried out at a temperature of about



-14 0OC to about 35C with warm ng to about roomtenperature for about thirty
mnutes to about five hours. It is preferred to carry out the reaction at
a tenper awored/o5f690C t o about 25C with warm ng to room t e®oanBoanvely or
about two hours. The desired conpound-pf- fornula 1-7 is isolaterd fromthe
reaction mxture as described in 5 Exanple Three bel ow or according to

ot her nethods well known to those skilled in the art. The starting
materials and reagents for the above described conpounds are also readily
avai |l abl e ofC maabobew@ahdw@ymdne.ﬁbwdow tépaatusk fdr bboutitmirty mhuddsttousi ng

conventi onal t hods o nt he r e

conpounds %@P@éﬁﬁ‘ﬁ@? eII i pé m?‘i af)té Etlheé‘?acgpréaﬁ%g)m\P(?&at'f‘rleéﬁppgc@rrpounds
found in lna!bcwt§5°a w.twm/eﬁrhmgwmbm temparaltmé%ﬁ-abeutetwblhgurs The @dsRsd andI |
comercial _need, a c conpounds are connerC|a y
avai | abl e GPMRUDy Ogg% %d{? gﬂé’f#ﬂ%@ﬁfﬁ@“&ﬂ%@%@% ¢S¢1ibevBpar ed from
ot her cOMBRANpI8THIdcAYIGw BHASORIMGED oher ARt svallkhelin & Boses@ctiad 1 n the
literature, In a specific exanple, 5-chloro-3-nethyl benzofuran can be

pr epar ed @ &cor di ng to nmethods well known to those of ordinary skill in

the art or may bRe Bl aﬁﬁénélé Qm sHta firane &ibie Hescrivdd cmgémsae@d
Myl apore, Chennaj 600 0 tti kon (CH 5606 Dottikon, Switzerl and).

3, 6-di chi of B%Weldﬂéﬁwﬂlébléé’ﬁc%{’e ﬁ?%'ﬁéY@EFWdeW?epﬁktU%m}P%§“H?'“Sur chased
from Al dri edhveftidAal Bethod$ef olyhhivaytessis. FYY exapid any 2 thdl donipuhdial

articl iqs scientific references, patents and patent application
publ i cHt i obsedhierein aFrraiated oy @"%ﬁ@?f"{ﬁdlffﬂf‘@yrﬁ%’rpﬁt"é‘@ fgyn @f@F%@}d’éWH@Pel n.
GENERAL  EX{ReR itENErk seigRiifelbiBrest MR] ddritbiereR Aded, WRd §cd$?du§‘1gjl Rflswh a

Thomas- Hoover capillary nelting point 25 apgar at us are ‘uncorrected.

Lovi r esol LEIBRPURES SrasalemprialiiAIBRe 4T AeTeRstiRstin therlieraieppraye easly

condi t i onspRBardichOBHef EMMNdAIF ERIBSIE subdthrted BY tndvReds whthesrt FEIHREST
(Mcromass_ Inc,, Beverly, Massachusetts), undeir chem cal-ionization (Cl)

condi ti onsindhie hteF%‘\WPelﬁta pg6iia rpaYe BrehiRrod-wethyiBeazafwas SarsprerePaieet er
(Hewl e{d  Pagderdity feimethbdd Weifkricn t&#dsk @F Bidfhary Q{III iH kLAt @ﬁrﬂ%ﬁlﬁg‘er I C pressure

chem cal 30 |on| zation (APCl) on a Fisons (now M cromass) Platforml|
Spect r onet Byrchaseq figm fmirganigiy ¢42pt5r - vBeByuigh dpad, Mylapore, Chennai 600 004)

or EMS Dottikon (CH-5606 Dottikon,Switzerland). 3,6-dichloropyridazine can be
prepared by known procedures or purchased from Aldrich (P.O. Box 355, Milwaukee,
WI, 53201).

20 All journal articles, scientific references, patents and patent application
publications cited herein are wholly incorporated by reference herein.

GENERAL EXPERIMENTAL PROCEDURES

Melting points were determined on a Thomas-Hoover capillary melting point

25  apparatus, and are uncorrected. Low-resolution mass spectra were obtained under
thermospray (TS) conditions on a Fisons (now Micromass) Trio 1000 Mass
Spectrometer (Micromass Inc., Beverly, Massachusetts), under chemical-ionization
(Cl) conditions on a Hewlett Packard 5989A Particle Beam Mass Spectrometer
(Hewlett Packard Co., Palo Alto, California), or under atmospheric pressure chemical

30 ionization (APCI) on a Fisons (now Micromass) Platform Il Spectrometer.

35



-15 Exanple One 3-Ch | oro-6-(5-ch | oro-3-nethyl -benzof uran-2-yl su

| fanyl)-pyridazine. NNOC ~-~S\ / \ M d 5 n-BuLi (47.7 nL, 119
mol , 1. Iwegaiosomnas added via an addition funnel to a solPamitBes/000f3

5-chl or o- 3- net hyl benzofuran (18 g, 108 -asol, 1 equiv) in tetrahydrofuran
(125 nL) at -40C. The reaction m xture was stirred at -40C for one hour
and then sul fur powder (3.46 g, 108 mmol, 1 equiv) was added. After
stirring at -40C for 5 min, the reaction mxture was warnmed to OC for 30
m nutes. A solution of 3,6 10 dichl oropyridazine (48.3 g, 324 mol, 3
equiv) in tetrahydrofuran (50 nm) vamp@dade and the resulting m xture was
stirred at 3Chleiotdy(Sactionoriymethyl-isenrofuesna®Byiatifang)-@yddazinewo hours. The
reaction m xture was then stirred at roomtenperature for an additional
hour. The reaction m xture was
(100 nL, about three vol un€ ; about three vol unes) was
added 15 to the residue. The m¥xtufe was ¢ @o by stirring overnight.
The solids were collected by filtrati 7 epdl ped in ethanol (270 ni,
about ei ght volunes) to afford the title corrpoun C?f Exanpl e One as an
Off-V\:hI 0, 1 879

6- ( 5- Ch g‘%‘ﬂﬁéﬁé Lbéﬂ%@f‘l?ﬁ 1994}Yr3pé’¥ﬁs1ﬂéﬁ9¢ yagn additicainngligaseitiony NN O
O-\S IVE‘ GF 5-chioeb- Bﬂﬁ\éﬂ&\jlﬂi@?ﬁbﬂ@r(@@% b8 minoBY &¥Rhv) irtteRaMdYdfuMAS1Zded to a

| f 3-c¢hl -
?5“2”’0?0 @L‘é'@lt 19‘14;/(? G hegPasion mxtyresvas AgH L piiPdaenedour Aed thep sWfEonpound

of  Exanpl eoWaen (3146 drabbaiidl, { 8Q@v)Was a@déd vnﬁérstlirh@ 4t E30HG RS i, ¥hd!r € was
heated at 25 50C for five hours to

3- (5- chl or 6e3EliAR MfHrey&as MTed e 92 ﬁ’éé@ W% -AssolgiianddyB-pyri dazi ne, which
was noyoi s@ichlofsbyridéing @8 d, @24 rﬁhmély:fs 8qASn f@hfdtofuPar! BBWIL) was added

and the resulting mixture was stirred at 0°C with warming to room temperature over

two hours. The reaction mixture was then stirred at room temperature for an
additional hour. The reaction mixture was concentrated to a low volume and ethanol
(100 mL, about three volumes) and water (100 mL, about three volumes) was added

15  tothe residue. The mixture was granulated by stirring overnight. The solids were
collected by filtration and repulped in ethanol (270 mL, about eight volumes) to afford
the title compound of Example One as an off-white powder (29.1 g, 87%).

Example Two
20  6-(5-Chloro-3-methyl-benzofuran-2-ylsulfanyl)-2H-pyridazin-3-one.

Cl

Sodium methoxide (299 mL, 1.31 mol, 5 equiv) was added to a slurry of 3-chloro-6-
(5-chloro-3-methyl-benzofuran-2-ylsulfanyl)-pyridazine (the title compound of
Example One) in methanol (500 mL, 6.1 vol). The resultant mixture was heated at

25  50°C for five hours to provide, 3-(5-chloro-3-methyl-benzofuran-2-ylsulfanyl)-6-
methoxy-pyridazine, which was not isolated. The reaction mixture was cooled to room
temperature and concentrated hydrochloric acid (12N, 329 mL, 3.95 mol, 15 equiv)
was added. The reaction mixturte was heated at reflux for 15 houirs and then cooled



tenperature and concentrated hydrochloric acid (12N, 329 niL, 3.95 nol, 15
equi v) was added. The reaction m xturte was heated at reflux for 15 houirs
and t hen woaBes76éWWD 03/ 057691 PCT/ 1 B03/ 00013 -16 to room PergBozionre. WAt er
(400 M -) was added to the slurry and t{g m xture was cooled to OC for 30
m nutes. The solids were collected by filtration, dried under vacuum and
repul ped in dichloronmethane (600 nL, 8 vol) and isopropyl ether (150 nmi, 2
vol) to afford the title conmpound of Exanple Two (71 g, 92% as an

of f-white (Srf tbﬁ?pe@f@fgpl\/@at @@nﬁ_ (N'ésgﬁded to the slurry and the mixture was
| or o- 3- net hyl - benzof ur an- 2- sul idazi n-3-one. NNI OOO M

Cl  Trifl usPelae & §°C fandy minuies. (WM‘dSE’PrQlCQuECteQQZ filiiation, dged uglali v) was

added to ayadRins lapA Fehulled in dlchloromethane (600 mL 8vo|) and |sopro§yl ether (150
6- (5- chl or o- 3- met hyl - benzof ur an- 2- j@ dazi n- (the title

conpound ofmlz¢aRp teaffare themleg:orrmund ﬁﬁﬁﬂam 1)9 o) @888 Offf;)’ﬂ?'@gen

peroxi dg eggpl ex (UHP, 19.3 g, 205 nmol, 6 equiv) in tetrahydrofuran (150
m., 15 vol) at O0C. TFAA was added at a rate which kept the tenperature

bel ow 25 C. After addition was cdefleThiege reaction mixture was warned
to ro0m t eRSIEHIdHS.-ihethyidbdAOMfan- S BuNAHIREH 9AGAR-3-080. VoI ) Wwas added and
the slurry™was cooled to OC The solTds were collected by filtration and
dried under vacuumto provide fheytitbe conpound of Exanple Three (8.78 g,
799 in two crops as a pale yellowsollid. M3 03/ 057691 PCT/|1B03/ 00013 -17
CLAIMS 1. A process for pPeparing/a §o he formula NNit OR4 O
of R 1 Z R3 ‘

Cl

Trifluoroacetic anhydride (TFAA, 31.4 mL, 222 mmol, 6.5 equiv) was added to a

10 slurry of 6-(5-chloro-3-methyl-benzofuran-2-ylsulfanyl)-pyridazin-3-ol (the title
compound of Example Two, 10 g, 34.1 mmol, 1 equiv) and urea hydrogen peroxide
complex (UHP, 19.3 g, 205 mmol, 6 equiv) in tetrahydrofuran (150 mL, 15 vol) at 0°C.
TFAA was added at a rate which kept the temperature below 25 °C. After addition
was complete, the reaction mixture was warmed to room temperature for 2 hours.

15  Water (200 mL, 20 vol) was added and the slurry was cooled to 0°C. The solids were
collected by filtration and dried under vacuum to provide the title compound of
Example Three (8.78 g, 79%) in two crops as a pale yellow solid.



RRR6 5 wherein RL and R2 are each independently hydrogen or nethyl; and
R3, R4, R5'and R6 are each independently H halo, fornyl, (d-0C6)alkyl
optional Iwoosbsbituted with up to three fluoro, (Ca-C6)alPkoAapoxpbdisonal |y
substituted with up to three fluoro, ({.-C6)al koxycarbonyl,

(C, -Co) al kyl enyl oxycarbonyl, (d-C4)al koxy-(d 10 4)al kyl,

(C, -C4)al kyl carbonyl am do, (C3-C7)cycl oal kyl car bonyl am do,

phenyl car bonyl am do, benzyl, phenyl or naphthyl, wherein said benzyl,

phenyl and naphthyl are optionally independently with up to two
substituents independently selected from halo, (Cl-C6)alkyl optionally
substituted with up to three fl uor,o,C'f"t‘MS C6) al koxy optionally substituted
with up to thred fl ubrisosasd ferereraling @EERPOY ,Ofltée@{ﬁnéllgkyl © conprising the
consecutive steps of: (a) reagiing a _conpound of the fornrula OW R5 R3 Rs
20 wherein R3, R4, R5 and R6 4y defined as set forth
above, with an organolithi conp nce of a sulfur source in
a first reaction inert solveRt- B ve internediate Li---S O
Ra\ / 536 Ila 25 (b) reafting s& d react FRternediate Ila with a
conpound of the WD 03/ 05769R PCT/ 1803/80013 formula NN C C R R2
[l to forma conpound of the formul a '

5 |
wherein R' and R? are each independently hydrogen or methyl; and

R® R* R°and R® are each independently H, halo, formyl, (C;-Cs)alky! optionally
substituted with up to three fluoro, (C4-Ce)alkoxy optionally substituted with up to
three fluoro, (C4-Cs)alkoxycarbonyl, (C4-Cg)alkylenyloxycarbonyl, (C4-Cgs)alkoxy-(C4-
10  C,alkyl, (C4-Cs)alkylcarbonylamido, (C;-C;)cycloalkylcarbonylamido,
phenylcarbonylamido, benzyl, phenyl or naphthyl, wherein said benzyl, phenyl and
naphthyl are optionally independently with up to two substituents independently
selected from halo, (C4-Cs)alkyl optionally substituted with up to three fluoro, (C-
Ce)alkoxy optionally substituted with up to three fluoro and (C4-C,)alkoxy-(C4-
15 Cyalkyl;
comprising the consecutive steps of:

(a) reacting a compound of the formula

i
20  wherein R®, R* R® and R® are each independently defined as set forth above,
with an organolithium compound in the presence of a sulfur source in a first
reaction inert solvent to form the reactive intermediate
Li\S (o)

\

R® 6

R4

lla
25 (b) reacting said reactive intermediate lla with a compound of the



NN CO SCRM RLRZR55R3R6 IV (c) reacting said conmpound of the
formula IVwth an alkaline (G C2)alkoxide in a (C -C2)al kanol to form an
et her conpowads®whrthe formula NN AIkOS OR4 Rl R2 R3 $CRIB0O31DOM
wherein Alk is (C -C2)al kyl; (d) reacting said compound of the formula V
with a mneral acid to form a conpound of the formula H NN OS OR4 5
RL R 3 RRs and 15 VI (e) oxidizing said conpound of the formula VI in a
second reaction inert solvent to forma conpound of the fornula I. 2. The
process of ghay 1 wherein in step (a) said organolithium conpound is
n-butyllithium said first reaction inert solvent is tetrahydrofuran and
20 said sulfur source is S8; in step Nsai d al kaline (C,-C2)al koxide is
sodi um WO 03/ 057691 PCT/ |1 BO3/ 000 oxi de and said (C, -C2)al kanol
is nethanol; and in step (d) said conpound of formula VI is oxidized with
ur ea- hydrogen peroxide in the presen of\ trifluoroacetic anhydride and
said second reaction inert solvent Rs tetRahydrofuran and wherein

to form a compound of the formula

" N—N
c—i \
R' R
5 ;
v
(c) reacting said compound of the formula [V with an alkaline (C4-
C)alkoxide in a (C4-Cz)alkanol to form an ether compound of the formula
N—N
AlkO / \
R’ R’
10 \Y
wherein Alk is (C4-C,)alkyl;
(d) reacting said compound of the formula V with a mineral acid to form
a compound of the formula
H
N—N
ozg_?—s
R1 R2
15

(e) oxidizing said compound of the formula VI in a second reaction inert
solvent to form a compound of the formula 1.
2. The process of claim 1 wherein in step (a) said organolithium
compound is n-butyllithium, said first reaction inert solvent is tetrahydrofuran and
20  said sulfur source is Sg; in step (c) said alkaline (C;-C,)alkoxide is sodium



step (c) and step (d) are perforned in situ. 5 3. A process of claim?2
wherein R3, R4, R5 and R6 are each independently hydrogen, nethyl,

met hoxy, wbloawnsieof | uoro, ethyl, 4-fluorophenyl, trifl uor@cetiBgd/gooizsopr opyl
or phenyl. 4. A conpound of the formulajgNN O S OR4A R 2 R5 R3 F26 10
IV or a pharmaceutically acceptable salt thereof, wherein RlL and R2 are
each independently hydrogen or nethyl; and R3, R4, R5 and R6 are each

i ndependently H, hal o, forrryl (C1l-Co)al kyl optionally substituted with up
to three flnarGdidd dnd < {Séﬂk%l i&ﬂ@ﬂhbb{olsmlh'srtéﬂ(%%Wdtcbrﬂé@uﬁd)ofﬁ three
fluoro, (C,-C6)al koxycar ny kyl enyl oxycar bonyl

(Cl-C4)al k@g(m%qjmsgzgjgpgw q@-hm%mmrggggmpp@m%ce of trifluoroacetic

(&3-C7) CYC|a9ﬁ§/d?bdle%6ngayée%ﬂh@%actuE’rh%@M|s%ﬁ«ér¢t%‘¥ét|%'ﬁ%ﬂ%fur£h¢ﬁﬁd’bvheﬂéhﬁny| or
naphthyl, wherein said benzyl, phenyl and naphthyl are optionally

i ndependenstap (& and sip (d areedemad b st s | ndependent ly selected from
halo, (£ -O0)al lyl opliBRaldor afes vieraf R R RABnk RPIGRS Bl | uoro. (G, 20
C6) al koxy optionally substituted with up to three fluoro and

(G, - C4) al kédgperdentizhydogen., m%thylwm%bmh@r%fﬂumcmemyh 4-fgtorgphenyl,

phar maceut &ﬁ@b}&néﬁﬁqg&&gbﬁﬁghén |t hereof, wherein R, R2, R4 and RS are
each hydrogen; R3 c}, R6 is 5- chloro, havi ng the structure N-N
d SO M 25 CH W é\sqqmmmqbtbﬁlfpm@?ooms -20 6. A process for

prepari ng a conpound of the fogypuha NN

c—iy N\

10 v
or a pharmaceutically acceptable salt thereof,
wherein R' and R? are each independently hydrogen or methyl; and
R®, R%, R® and R® are each independently H, halo, formyl, (C;-Cs)alkyl optionally
substituted with up to three fluoro, (C4-Cg)alkoxy optionally substituted with up to
15  three fluoro, (C4-Cs)alkoxycarbonyl, (C4-Cs)alkylenyloxycarbonyl, (C4-C4)alkoxy-(C4-
Cyalkyl, (C4-C4)alkylcarbonylamido, (Cs-C;)cycloalkylcarbonylamido,
phenylcarbonylamido, benzyl, phenyl or naphthyl, wherein said benzyl, phenyl and
naphthyl are optionally independently with up to two substituents independently
selected from halo, (C4-Cs)alkyl optionally substituted with up to three fluoro, (C;-
20  Cg)alkoxy optionally substituted with up to three fluoro and (C4-C4)alkoxy-(C4-
Cs)alkyl.
5. A compound of claim 4, or a pharmaceutically acceptable salt
thereof, wherein R", R?, R* and R® are each hydrogen; R® is 3-methyl and R® is 5-
chloro, having the structure

= \
Me
25 Cl



G SORA5 R R R3s RIV wherein R and R2 are each independently
hydrogen or nethyl; 5 R3, R4, R5 and R6 are each independently H, hal o,
formyl, (Wp-0085mbkyl optionally substituted with up to tirCe#aBéd/aeorso,
(C -Co)al koxy optionally substituted wigfp up to three fluoro,

(C, -Co6) al koxycar bonyl, (C, -C6)al kyl enyl oxycarbonyl, (C,-C4)al koxy-(C, -
4) al kyl, (C, -C4)al kyl carbonyl am do, (C3-C7)cycl oal kyl carbonyl am do,
phenyl car bonyl am do, benzyl, phenyl or naphthyl, wherein said benzyl,

phenyl and 10 napht ulordcs A rapetrigva EMRRARYATHS torbh U O T
substituents independently selected fromhalo, (C -C6)al kyl optionally

substituted with up to three fNudllo, (C, - ©6)al koxy optionally substituted
wWith up to three fluoro a & CHtal kyl ; conprising the
consecutive steps of: 15 (a) Ing a Lof the formula OR4 R R3

Rs 5 Il wherein R3, R4, RS % dently defined as set
forth above, wth an organoRithi uf cogy Jt he presence of a sul fur
source in a reaction 20 inert solvent to form&reactive intermediate of
the formula Li--SORA5 RR3IR6; and Ila (b) reacting said reactive
internediate Ila wth a conmpound of th¥ fornula WO 03/ 057691

PCT/ | BO3/ 0Q@&=in R' and R? are each independently hydrogen or methyl;

5 R} R* R’and R® are each independently H, halo, formyl, (C4-Cg)alkyl optionally
substituted with up to three fluoro, (C4-Cg)alkoxy optionally substituted with up to
three fluoro, (C4-Cg)alkoxycarbonyl, (C4-Cs)alkylenyloxycarbonyl, (C+-C4)alkoxy-(C;-
Cylalkyl, (C4-C,)alkylcarbonylamido, (Cs-Cr)cycloalkylcarbonylamido,
phenylcarbonylamido, benzyl, phenyl or naphthyl, wherein said benzyl, phenyl and

10  naphthyl are optionally independently with up to two substituents independently
selected from halo, (C4-Cg)alkyl optionally substituted with up to three fluoro, (C;-
Ce)alkoxy optionally substituted with up to three fluoro and (C4-Cg)alkoxy-(Cs-
Cslalkyl ;
comprising the consecutive steps of:

15 (@) reacting a compound of the formula

wherein R®, R*, R® and R® are each independently defined as set forth above,
with an organolithium compound in the presence of a sulfur source in a reaction
20 inert solvent to form a reactive intermediate of the formula

la

(b) reacting said reactive intermediate [la with a compound of the

formula



-21 NN G Cad RRIIlI to forma conpound of the fornmula IV. 7. A
process of claim®6 wherein said organolithiumconpound is n 5 butyllithium
sai d reacwponp/osmert sol vent is tetrahydrofuran and sai d s®cCraBoxmwoarice i s
S8. 8. A process of claim7 wherein R3,iR4, RS and R6 are each

i ndependently hydrogen, nethyl, nethoxy, chioro, fluoro, ethyl,

4-fl uorophenyl, trifluoronethyl, isopropyl or phenyl. 10 9. A process for
preparing the conpound of the formula NNI1I O Me C Xl conprising the
consecutive steps of: (a) reacting tlg=gonmpound of the fornmula 0 M 15 C

XIl with n-butyllithiumin the presence\of S8 in tetrahydrofuran to form
the reactive internediate Linps” 0 50 XIla WD 037057691
PCT/ 1 B03/ 00013 -22 (b) reacting sai active internediate Xlla with the
conpound of the R’ R?

i

to form a compound of the formula IV.

7. A process of claim 6 wherein said organolithium compound is n-

5  butyllithium, said reaction inert solvent is tetrahydrofuran and said sulfur source is

Ss.

8. A process of claim 7 wherein R?, R*, R® and R® are-each
independently hydrogen, methyl, methoxy, chloro, fluoro, ethyl, 4-fluorophenyl,
trifluoromethyl, isopropyl or phenyl. '

10 9. A process for preparing the compound of the formula
H
N—N Q@
N\ o
o:<_>—s
—/ 1 \
O
Me
Cl
Xl

comprising the consecutive steps of:
(@) reacting the compound of the formula
(0]

\

Me
15 Cl ,
Xl
with n-butyllithium in the presence of Sz in tetrahydrofuran to form the reactive
intermediate
Li\S o)

\

Me
Cl

20 Xlla



formula NN- NCI W/ G Xl 5 to formthe conmpound of the formula N-N
Cl SO M d. XV (c) reacting said conpound of the formula XIV with
sodi um nmewbaegiosiweoi n  net hanol to formthe conpound of thePConBud/@otd: N MO
~~S0O M 10d . XV (d) reacting sgi.d conpound of the formula XV with
concentrated hydrochloric acid to formthe conpound of the formula H NN
O~SO Md ; and 15 XVI (e) oxidizing said conpound of the fornula XV
wi th hydrogen peroxide urea conplex in the presence of trifluoroacetic

anhydride in tegahygeRliNg 88d €adiof Rterthce@PRIALitAthd Bsmpndidiaed.  10. The
process Offo?’lln?jiam 9 wherein step (c) and step (d) are perforned 20 in situ.

N=N

Xl
5 to form the compound of the formula

N—N
Cl—<_>—s O
= X0
Me
cl. :

XV

(c) reacting said compound of the formula XIV with sodium methoxide in
methanol to form the compound of the formula

N—N
MeO—<_>—S 0
- X0
Me
cl,

XV

(d) reacting said compound of the formula XV with concentrated

10

hydrochloric acid to form the compound of the formula

H
N—N
o:<_>~s 0
~ X0
Me
cl

15 XVI
(e) oxidizing said compound of the formula XVI with hydrogen peroxide
urea complex in the presence of trifluoroacetic anhydride in tetrahydrofuran to form
a compound of the formula XI.

; and

10. The process of claim 9 wherein step (c) and step (d) are performed
20 insitu.



