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The present invention relates to an inproved synthetic process for
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disease, sexual dysfunctions, dementia, and so forth. Consequently, there exists a desire to
develop compounds that antagonize the CB-1 receptor. US Publication No. 2005/0101592
(US Provisional Patent Application Serial No. 60/518280 filed on November 7, 2003) describes
a series of bicyclic pyrazolyl and imidazolyl compounds that act as CB-1 antagonists.

20 However, there exists a need to produce bicyclic pyrazolyl compounds, in particular 3-(4-
chloro-phenyl)-2-(2-chloro-phenyi)-7-(2,2-difluoro-propyl)-6,7-dihydro-2H,5H-4-oxa-1,2,7-
triaza-azulen-8-one, in a more efficient and cost effective means at larger scales of

manufacture.
SUMMARY
25 The present invention provides an improved process for preparing compounds of
Formula (1):
R4\ O ROa
N =N,
e,
o 0b
(R™),
(Rw)n
R1c
M
wherein
30 R% R, R™, and R are each independently halo, (C;-C,)alkoxy, (C1-Cs)alkyt, halo-

substituted (C,-C,)alkyl, or cyano (preferably, R* is chloro, fluoro, or methyl; R is chloro,
fluoro, or hydrogen (i.e., m is 0); R'® is chloro, fluoro, (C;-C,)alkyl, trifluoromethyl, (C,-
C,)alkoxy, or cyano; and R™ is hydrogen (i.e., n is 0));



wherein Roa, RO , Rlb , and Rlc are each independently hal o,
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Most preferably, the compound of Formula (1) is 3-(4-chloro-phenyl)-2-(2-chloro-
phenyl)-7-(2,2-difluoro-propyl)-6,7-dihydro-2H,5H-4-oxa-1,2,7-triaza-azulen-8-one (e.g., R
and R are both chloro; n and m are both 0; and R* is 2,2-difluoro-n-propyt).
The process for preparing the compounds of Formula (1) described above comprises
20 the steps of:
(1) protecting the hydroxy group of a compound of Formula (1a) with a hydroxy-

protecting group to form a hydroxy-protected compound of Formula (1b)
O ROa
HO

HO

(R™) -

(R1b)n

R1c
(1a) (1b)
where R% R® R™, R, m, and n are as defined above for the compound of Formula (1) and
25  Pgis a hydroxy-protecting group;
(2) reacting the hydroxy-protected compound of Formula (1b) with a compound
of Formula (1c) to form a compound of Formula (1d)



( 1) protecting the hydroxy group of a conpound of Fornmula (la) with a
hydr oxyprotecting group to forma hydroxy-protected conpound of Fornmul a
(1b) (la)wbrbjs/osbmne RCa , ROb , Rlb , Rlc , m and n areraB2gbizoed above
for the conpound of Formula (1) and Pg is a hydroxy-protecting group; (2)
reacting the hydroxy-protected conmpound of Formula ( 1b) with a compound of
Formul a (1c) jto formg& conpound of Fornul a (1d) (1R}Y) (d) wher e, RCa , Rob,
Rlb , Rlgyo—T and \R4 are asHolef ired Rbove for the chnpound 8f Formul a
(1) and Pg is B hydr protecting gr'§up; (3) conve hydr oxy group
of the conpogy la ( 1d) to aHl eaving oup to prQ i

of Fornulkg{1e) ®wher e ROa(1c) RO , , K
defi ned above f e conpolind—ef—Formia{+y, Pg id a hy dye pré'f(ela{i ng
group, and L,i eaving group (e.g., halo, nesylate, togylate, or any
group capakRe)/of Dej.ng di spl aced by an oxygen ani on) 1() efrovi ng sai d
hydr oxy- prot ecti ngRgroup and cyclizing the conpound g? Formyia (1le) to form
t he conpound of (ﬁ)grnul a (1); and (5) isolating the compound of Forrmula (1),
or a pharnaceytical Ly acceptable salt thereof, or a sol vat&or hydrate of

t he conmpdiip® RBr. RalR >, RAnMaf @asRage adefingd abpyederthe cerapqurd of Feeuddhpound of

For mul a @hépg fadhydfoxgprtedtihgdroup; t he conpound of Formula (1le) w thout
i sol ating the

d.of. F 1 th d F I 1d).
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R0a

(ROb)m

(1d) (1e)

where R®, R%® R™ R' m, n and R* are as defined above for the compound of Formula (1),
Pg is a hydroxy-protecting group, and L is a leaving group (e.g., halo, mesylate, tosylate, or

10  any group capable of being displaced by an oxygen anion);

4) removing said hydroxy-protecting group and cyclizing the compound of
Formula (1e) to form the compound of Formula (1); and

(5) isolating the compound of Formula (1), or a pharmaceutically acceptable salt
thereof, or a solvate or hydrate of the compound or salt.

15 An advantage of this process is that the compound of Formula (1a) can be converted
to the compound of Formula (1e) without isolating the compound of Formula (1b) or the
compound of Formula (1d).

The process described above may further comprise the following step
wherein the compound of Formula (1a) is prepared by a method comprising the steps
20 of
(i) reacting a compound of Formula (2a) with a dialkyl oxalate in the presence of
an alkali metal base (e.g., an alkali metal amide of a sterically hindered secondary amine

3



O (i) reacting a conpound of Formula (2a) with a dial kyl oxalate in the
presence of an alkali netal base (e.g., an alkali netal am de of a

st eri cal lwohoewissad secondary am ne(lithium bis(trimethpcsimBylojeamorde,
l'ithiumdii sopropyl arri de and lithium2,2,6,6- tetranethylpiperidine),
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group; (|me)hop<l9ahtqfngnahemp@np®uﬁma (Bor nul a (2b) with a conpound of
Formul a (2c) followed by treatment with an al kali géal Woxidetoforma
conpound of Fornul a (2d)} where Rdjﬁ (rl (Cr C bJal kyl oup, is as defined
above, and RCa , K R Yl and m are above for the
conpound of Fornu ; s (| i |°)?‘ Bacting t rrpound ofCES mul a (2d)
vvithatrialkﬁl,cb ateJin the presence of an, i thi
treating wth™basic (g b;gen peroxide to rﬁoduc pconmpound of Formul a
(1a). An exanple of a c hydrogen peroxide is N& which is fornmed by
m xi ng aqueous sodi umd)ydrom de with aqueous hydrogen(@groxide. In an
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= CO,R
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R
(R™), "
R C
2b
10 ‘ (20) (2d)

where R is a (C;-Cs)alkyl group, M is as defined above, and R®, R®, R™, R'®, n and m are
as defined above for the compound of Formula (1); and
(iii)  reacting the compound of Formula (2d) with a trialkylborate in the presence of
15 an alkyl lithium followed by treating with basic hydrogen peroxide to produce the compound
of Formula (1a). An example of a basic hydrogen peroxide is NaOOH which is formed by
mixing aqueous sodium hydroxide with aqueous hydrogen peroxide.
In an alternative process, the compound of Formula (1a) can be prepared by a
method comprising the step of
20 (i hydrolyzing a compound of Formula (3d) to form the compound of Formula

(1a)



chl or o- phenyl)-7-(2, 2-di fl uoro-propyl)-6

-di hydro-2H, 5H 4-oxa-1, 2, 7-tri aza- azul en-8-one, or a solvate or hydrate

t her eof wWhDehosmssmni ses the steps of: ( 1) protecting tlreThpzhoswosogyr oup of

a conmpound of Forrmula ( la-1 ) with an acetyl group to forma conmpound of

Formula ( 1b-1) ; 1b-1 ) (2) reacting said npound of Formula (

1b-1) with a conpou @t a (1c-1) tofor acor%@ nd o rmul a

(1d-1)(3) aeierting tpefydroxy group of sa(Rf )grrpound Formula (1d-1 )
E o_ploduce a conpound of Fornulg i EM) removi ng said
i §

to a chioro gro

acetyl group an el) toform
3- (4-chl oro-phe
-2H,5H 4- ofa-1 |7, 7- 4 azuIeTr—S—on'e**anaR(
3-(4-chl oro- phenyl ) - 24
6, 7- di hydr o- 2H, 5H -ogx y2,7-triaza- azul en- 8 one, Q{Ob ol vate or hydr at e
t hereof. An advant dge/mof this synthetic route is th )t“he conpound of
Formula ( la-1 ) can be converted to the conmpound of Forrmula (le-1) w thout
i sol ating the conpound3dj For rrul a (1b-1), or the conpoufth)of Fornul a

Compound"Bire oy ot B (3c-5ner S AT (R oo arey BErore LR [ hi um
and t henRrie@s{Ge)atkyl th a tri aI kyl borate (preferably trinethyl borat e)

foll owned by tlE%%réerged"érﬁktbdﬁﬁéh %y@&&gmsegsyﬁb@lﬁetstheml&%ngm (gonpound

of Formul a resent i1 nvention, an
i nter ﬁnedpla@re PheM (2 heflyase-Rigpy -6 Tdljhydre- %%vmé@ﬂ @ildyiazamaausn-o. 05 4
hydr oxy- Risei &6 b R@irdé feRsof which comprises the steps of:

(§)] protecting the hydroxy group of a compound of Formula (1a-1) with an acetyl

group to form a compound of Formula (1b-1);

o)
o Cl Cl
HO N HO =N,
— \N N
HO _ H3C\(0
o)
Cl

Cl
(1a-1) (1b-1)
10 (2) reacting said compound of Formula (1b-1) with a compound of Formula (1c-1)

to form a compound of Formula (1d-1)

FJ—CH,
o)
§ HO CH [ Gl
HO™ =N NS N NN,
N N OFF ~ N
:C o HO O
X (tc-1) H,C~
© = 0
Cl

cl
(1b-1) (1d-1)




RCa , Rob, Rlb, and Rlc are each independently halo, (d-C 4)alkoxy, (G -C
4)al kyl. nal < substituted (Cl-C4)Bl Kyl, orcyano; n and m are each

i ndependembdlagodhsssioor 2; and R4 is a chemical npiety selpectiBzhofnant he
group consisting of (G -C 8)alkyl, aryl, heteroaryl, aryl(C-C 4)alkyl, a
3- to 8-nenbered partially or fully saturated carpocyclic rin

het er oaryl (Cr@ 3) &PRW”}“QQ%/%“W?‘B@F%‘BOf%‘E MOUQSO{)%F P‘ﬁ‘é%&t%g%ﬁ')&’a am and
a 3- to Grooptdygodide pasoinpaliddof Fomiul {1¢-13at ur at ed het erocycl e, where said
chem cal noiety is optionally substituted with gne or nore substituents.
Preferably, Pgri$ agetyl; RCa and Rlc are bothF ,6Hg; mand n are both O;
and R4 is 2,2-diytuofo-n-propyl. In yet another gnbodinent of the present
invention, an idterr@diate hgving the Formula (1€) ig provideg. d b )
wherein Pg is a prot cting group; RCa , , angl Rlc are each
i ndependent|y_hato, ( §~ '

,\fl) xy, (Cl-C4Jal Ky,
(C1- 4Jal Kﬂo or cyanoiyy an re each i ndggéndent| -G
chem cal noi ety, l@cte fr he group consisti RPGO (C
het eroaryl, a 3-3108-

atber ed parti atty—or>ful | y3Satyr 3
ring(s), heteroaryl (CrQ | kyl, 5-6 nmenbered | actone, 8 0 6- menbered
| actam and a 3- to 8-

Etfger ed partially or fully saturated heterocycle,
where said chem cal noiety,is optionally substituted with @pe or nore
substituents. Preferably, Pg is acetyl; ROa and Rlc are both chloro; m and
n are both 0; and R4 is(t@-D-difluoro-n-propyl. Sone of f{He1konpounds
prepared by the processes described herein nmay exist as rotanmers. For
exanpl e, at | east tvvo_ms%or rotaneri c speci es_ have been observed ba/ NVR

5 4) removing Said acetyl group and cyclizing said compound of Formula (1e-1) t
form 3-(4-chloro-phenyl)-2-(2-chloro-phenyl)-7-(2,2-difluoro-propyl)-6,7-dihydro-2H,5H-4-
oxa-1 ,2,7-tﬁaza-azuIen—B—one; and

(5) isolating said 3-(4-chloro-phenyl)-2-(2-chloro-phenyl)-7-(2,2-difluoro-propyl)-

6,7-dihydro-2H,5H-4-oxa-1,2,7-triaza-azulen-8-one, or a solvate or hydrate thereof.

o} andR4 is a
- C8) I, aryl,
ay car bocyclic

10 An advantage of this synthetic route is that the compound of Formula (1a-1) can be
converted to the compound of Formula (1e-1) without isolating the compound of Formula
(1b-1), or the compound of Formula (1d-1).

The compound of Formula (1a-1) may be prepared by treating a compound of
Formula (2d-1) with an alkyl lithium (preferably, hexyllithium) and then reacting with a

15 trialkylborate (preferably trimethyiborate) followed by treating with basic hydrogen peroxide

to produce the compound of Formula (1a-1).

0
Cl 0
HO™ N N, Cl
N HO /N\
N
. HO
Cl
Cl
(2d-1) (1a-1)

In another embodiment of the present invention, an intermediate having the Formula
(1d) is provided.



for internediates 1d-1, 1le-1, and |-1f (deprotected le-1). In addition,
tautoneric forns of the conpounds are also wthin the scope of the present
i nvent i onrwoDRede/o3sithons As used herein, the term "al kyl " pCefiBX®50@3020

hydr ocar bon radi cal of the general formula CnH2n+i - The al kane radi cal may
be straight or branched. For exanple, the term"(Cl- C6)alkyl" refers to a
nmonoval ent, straight, or branRRed @liphaticy,group containing 1 to 6 carbon
atons (e.g., nmethyl, ethyl, n-propyl, /[-prgpyl, n-butyl, /-butyl, s-butyl,
f-butyl, n-pentyl, 1-methylbutylN, 2> ytyl, 3-methylbutyl, neopentyl,
3, 3-di net hyl propyl, hexyl, Zf“ﬁé pe! dthe like). Simlarly, the
al kyl portion (i.e., alkyOnoi ety)Oof KY...acyl (e.g., alkanoyl),

al kyl am no, dial kyl ami no, and &gkyl t hi éhWa the sane definition as
above. Unl ess specified otherw se, " is a general designation for a
(d-C bJal kyl . When indicated as bheging ionally substituted”, the al kane
radi cal or al kyl noiety nmay be u d i tuf,ed or substituted with one or
nore substituents (generally, one to thrBe substituents except in the case
of hal ogen substituents such as perchuqap or perfluoroal kyl s) independently
selected fromthe group of substituents listed belowin the definition for
"substit whergin" " Hal o-substituted alkyl" refers to an al kyl group

SIUES][ |t ut fed \fpiiba? ow.prafﬁmlg@ad@?len at ons (le. 9., "}‘I uor o- sublsti tuted

al ky refers of Luoro i fluoro rifluo )

1-f 1 uor oet hyl R R RIS e éafﬁl -"8‘?%“9?1@?h@%’h@f'F")T‘F‘%Vd{‘?‘{ag%p‘}él'e?%| 2,2

di fluer oeu?t{s;itbt,ed 1CACJalkt, or Eyanar oet hyl , 2h2, 2-trifluoroet hy:c I o

1,1,2-trifluo =L ’ 1,2,2,2-tetrafl uoroet :
e AL y

1,1,2,2-tetraf [ uoroet| _ tetrafluoroethyl, 1,1 2, 2 2-
pent af | uor oet Ris a chemical maietp s¢a¢ieciron Sleskaumaonsigiisaof (forteil eVl et c. ) .
Pref er r edefakf)t, SHRBS-CLjkAda 8! )8l heribeted htiani borum, saitatel kadbechubst i t ut ed
al kyl's, nore Fref erg&l , %L%%O- s%bst ilt Ft ed? gl % I Sih W&ﬁg subsntdiatéﬁ ed, the
al kane r 2B9(@knetergary Ké?)a' i %P Mebgred 196fone o 19, ?l?“elnf G5 PRBAAEN s (as
descriipbe@-nadnabeedd pastiallit oofullPsaturbted hétamnycie, wheresaiddbamicgl ety i aptiohallpm (G - C
3)alkyl, s&b%%futed with one or more substituents. Preferably, Pg is acetyl; R® and R are both

chloro; m and n are both 0; and R* is 2,2-difluoro-n-propyl.

In yet another embodiment of the present invention, an intermediate having the

Formula (1e) is provided.

15
wherein

Pg is a hydroxy-protecting group;
R R® R'™ and R' are each independently halo, (C,-C,)alkoxy, (C-Cs)alkyl, halo-
substituted (C4-C,)alkyl, or cyano;
20 n and m are each independently 0, 1 or 2; and



C6) cycl oal kyl, (C2-C3)al kenyl, aryl, heteroaryl, 3- to 6-nenbered

het erocycl e, chloro, cyano, hydroxy, (Cl-C3Jal kOXy aryl oxy, amno, (CC
6) al kyl awonogs/mds310d- C 4) al kyl ami no, ami nocarboxyl ate @CTEB2005/003027
(C1-C3)alkyl-OC(O-NH), hydroxy(C 2-C3)al kyl am no, or keto (oxo), and
nmore preferably, 1 to 3 fluoro girou ps, or 1 substituent selected from

(Cl- C3Jal kM , R{ie8.chgpisglanqigly Relected feam Hieygrourgonising ob (- iatalivbamy , 3- to
6- nenberﬁdteh@fyeraqmm—b@alkﬁlc‘als t@%)rﬁérk@fé/d pa(rﬁauy aamw ééMJrataabét@o lic

CJi - (C1- t t b I
by Ing( (alrl %ﬁ E%/tgrloﬁ&he ga)agﬁ %gmemfa% &°@u$lltoéghWFgﬁdza ura gé']I?k ar ocyc e
refers t @ mmmeﬂmmﬂaﬂy oi folfyssatunated heteroeydds wherpesatdlcaemyc?bnmém Ilsl qptuhryaﬂv ogenat ed
and shfutedwith oﬁbla hBre'du gntuéﬁ'tscyls efe?al” PY iQdcet; SRIRE br@qyo pnl ess

y a % %

speci erw se, e car l1Tc ring s general menber ed
ring. F0|‘3h @6@&@?&”6"%?‘2‘5‘ 813and %r‘S?GTdeWO@a(l’UP%)t' ed carbocyclic r| ngs (or

CyC: Ofgl ryl ) IS@h@dﬁhéjémmastﬂep@s? wmb@ﬂfc@w&b des‘cwbdéd)mr@iﬁ@rwlexllscascl OPut yl,
CycCl obu ent e CyClL O I en X

O oy Eers CH G SRR sesY So iR S rbric S B RIS Byt N
norbor nerﬁ;rhntermedvgatelsdp—zl Pe-2) amdtiyiF (depmotbcted d et1i).kip . aduitiem taiécsmgmawreﬁ ahthebei ng
Opt'ﬁ”a'k B&}ﬁﬁééﬂeta‘rﬁo%ﬂthm th@% o{ﬁgroﬂhg leéer@ivehgtined or fully saturated
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unsubstituted or substituted with one or more substituents (generally, one to three
substituents except in the case of halogen substituents such as perchloro or perfluoroalkyls)
independently selected from the group of substituents listed below in the definition for
“substituted.” “Halo-substituted alkyl” refers to an alkyl group substituted with one or more
25  halogen atoms (e.qg., “fluoro-substituted alkyl” refers to fluoromethyl, difluoromethyl,
trifluoromethyl, 1-fluoroethyl, 2-fluoroethyl, 1,1-difluoroethyl, 1,2-difluoroethyl, 2,2-
difluoroethyl, 1,1,1-trifluoroethyl, 2,2 2-trifluoroethyl, 1,1,2-trifluoroethyl, 1,2,2-trifluoroethyt,
1,2,2,2-tetrafluoroethyl, 1,1,2,2-tetrafluoroethyl, 1,1,1,2-tetrafluoroethyl, 1,1,2,2,2-
pentafluoroethyl, 1,1,1,2,2-pentafluoroethyl, perfluoroethyl, etc.). Preferred halo-substituted
30  alkyls are the chloro- and fluoro-substituted alkyls, more preferably, fluoro-substituted alkyls.
When substituted, the alkane radicals or alkyl moieties are preferably fluoro substituents (as
described above), or 1 or 2 substituents independently selected from (C,-C;)alkyl, (Ca-
Cs)cycloalkyl, (C2-Cs)alkenyl, aryl, heteroaryl, 3- to 6-membered heterocycle, chloro, cyano,
hydroxy, (C:-Cs)alkoxy, aryloxy, amino, (C,-C¢)alkyl amino, di-(C4-C,)alkyl amino,
35 aminocarboxylate (i.e., (C4-Cs)alkyl-O-C(O)-NH-), hydroxy(C,-C,)alkylamino, or keto (oxo),
and more preferably, 1 to 3 fluoro groups, or 1 substituent selected from (C;-Cs)alkyl, (Cs-
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C,)alkylamino, or keto (oxo), and more preferably 1 or 2 from substituents independently
selected from (C4-C,)alkyl, 3- to 6-membered heterocycle, fluoro, (C,-Cs)alkoxy, (C4-Cy)alky!
amino or di-(C4-C,)alkyl amino. Similarly, any cycloalkyl portion of a group (e.g.,
cycloalkylalkyi, cycloalkylamino, etc.) has the same definition as above.
25 The term “partially saturated or fully saturated heterocyclic ring” (also referred to as
“partially saturated or fully saturated heterocycle”) refers to nonaromatic rings that are either
partially or fully hydrogenated and may exist as a single ring, bicyclic ring or a spiral ring.
Unless specified otherwise, the heterocyclic ring is generally a 3- to 6-membered ring
containing 1 to 3 heteroatoms (preferably 1 or 2 heteroatoms) independently selected from
30  sulfur, oxygen and/or nitrogen. Partially saturated or fully saturated heterocyclic rings
- include groups such as epoxy, aziridinyl, tetrahydrofuranyl, dihydrofuranyl, dihydropyridinyl,
pyrrolidinyl, N-methylpyrrolidinyl, imidazolidinyl, imidazolinyl, piperidinyl, piperazinyl,
pyrazolidinyl, 2H-pyranyl, 4H-pyranyl, 2H-chromenyl, oxazinyl, morpholino, thiomorpholino,
tetrahydrothienyl, tetrahydrothienyl 1,1-dioxide, and the like. When indicated as being
35 “optionally substituted”, the partially saturated or fully saturated heterocycle group may be
unsubstiuted or substituted with one or more substituents (typically, one to three
substituents) independently selected from the group of substituents listed below in the
9
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20 ‘“substituted.” Substituted aryl groups include a chain of aromatic moieties (e.qg., biphenyl,
terphenyl, phenylnaphthalyl, etc.). When substituted, the aromatic moieties are preferably
substituted with 1 or 2 substituents independently selected from (C,-C;)alkyl, (C,-Cs)alkenyl,
aryl, heteroaryl, 3- to 6-membered heterocycle, bromo, chloro, fluoro, iodo, cyano, hydroxy,
(C4-Cy)alkoxy, aryloxy, amino, (C,-Cs)alkyl amino, di-(C4-Cs)alkyl amino, or

25 aminocarboxylate (i.e., (C4-C;)alkyl-O-C(O)-NH-), and more preferably, 1 or 2 substituents
independently selected from (C4-C,)alkyl, chloro, fluoro, cyano, hydroxy, or (C4-C,)alkoxy.
The aryl group may be attached to the chemical entity or moiety by any one of the carbon
atoms within the aromatic ring system. Similarly, the aryl portion (i.e., aromatic moiety) of an
aroy! or aroyloxy (i.e., (aryl)-C(0)-O-) has the same definition as above.

30 The term “heteroaryl” or “heteroaromatic ring” refers to aromatic moieties containing
at least one heteratom (e.g., oxygen, sulfur, nitrogen or combinations thereof) within a 5- to
10-membered aromatic ring system (e.g., pyrrolyl, pyridyl, pyrazolyl, indolyl, indazolyl,
thienyl, furanyl, benzofuranyl, oxazolyl, imidazolyl, tetrazolyl, triazinyl, pyrimidyl, pyrazinyl,
thiazolyl, purinyl, benzimidazolyl, quinolinyl, isoquinolinyl, benzothiophenyl, benzoxazolyl,

35 etc.). The heteroaromatic moiety may consist of a single or fused ring system. A typical
single heteroaryl ring is a 5- to 6-membered ring containing one to three heteroatoms
independently selected from oxygen, sulfur and nitrogen and a typical fused heteroaryl ring
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20 characteristics of the compound or adversely interfere with the use of the medicament.
Suitable substituents for any of the groups defined above include (C4-Ce)alkyl, (Cs-
Cy)cycloalkyl, (C2-Ce)alkenyl, (C4-Cs)alkylidenyl, aryl, heteroaryl, 3- to 6-membered
heterocycle, halo (e.g., chloro, bromo, iodo and fluoro), cyano, hydroxy, (C4-Ce)alkoxy,
aryloxy, sulfhydryl (mercapto), (C4-Cs)alkylthio, arylthio, amino, mono- or di-(C4-Ce)alkyl

25 amino, quaternary ammonium salts, amino(C4-Cg)alkoxy, aminocarboxylate (i.e., (C-
Ce)alkyl-O-C(O)-NH-), hydroxy(C,-Cg)alkylamino, amino(C,-Ce)alkylthio, cyanoamino, nitro,
(C4-Ce)carbamyl, keto (oxo), acyl, (C-Ce)alkyl-CO.-, glycolyl, glycyl, hydrazino, guanyl,
sulfamyl, sulfonyl, sulfinyl, thio(C,-Cs)alkyl-C(O)-, thio(C;-Ce)alkyl-CO,-, and combinations
thereof. In the case of substituted combinations, such as “substituted aryl(C,-Cs)alkyl”,

30 either the aryl or the alkyl group may be substituted, or both the aryl and the alkyl groups
may be substituted with one or more substituents (typically, one to three substituents except
in the case of perhalo substitutions). An aryl or heteroaryl substituted carbocyclic or
heterocyclic group may be a fused ring (e.g., indanyl, dihydrobenzofuranyl, dihydroindoiyl,
etc.).

35 The term “solvate” refers to a molecular complex of a compound represented by
Formula (1) or (I1) (including prodrugs and pharmaceutically acceptable salts thereof) with
one or more solvent molecules. Such solvent molecules are those commonly used in the
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20 DETAILED DESCRIPTION
The starting materials are generally available from commercial sources such as
Aldrich Chemicals (Milwaukee, W1) or are readily prepared using methods well known to
those skilled in the art (e.g., prepared by methods generally described in Louis F. Fieser and
Mary Fieser, Reagents for Organic Synthesis, v. 1-19, Wiley, New York (1967-1999 ed.), or
25  Beilsteins Handbuch der organischen Chemie, 4, Aufl. ed. Springer-Verlag, Berlin, including

supplements (also available via the Beilstein online database)).

In the preparation of the bicyclic pyrazolyl compounds, protection of remote
functionality (e.g., primary or secondary amine) of intermediates may be necessary. The
need for such protection will vary depending on the nature of the remote functionality and the

30  conditions of the preparation methods. Suitable amino-protecting groups (NH-Pg) include
acetyl, trifluoroacetyl, t-butoxycarbonyl (BOC), benzyloxycarbonyl (CBz) and 9-
fluorenylmethyleneoxycarbony! (Fmoc). The need for such protection is readily determined
by one skilled in the art. For a general description of protecting groups and their use, see
Theodora W. Greene and Peter G. M. Wuts, Protective Groups in Organic Synthesis, John

35  Wiley & Sons, New York, 2002.

Scheme | below summarizes the process of the present invention as well as key

intermediates. For a more detailed description of the individual reaction steps, see the
12



hydroxy functionality. Suitable protecting groups include acetyl and silyl.
A "carboxyprotecting group” refers to a substituent of the carboxy group

t hat bl ooke 2006/@355a0ect s t he carboxy functionality. CompaT/1B2005/003027

car boxy-protecting groups include -CH 2CH2SQ2Ph, cyanoet hyl

2-(trimethylsilyl)ethyl -(trinmethylsilyl)ethoxynet hyl ) .
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phrase "pharmaceutically acceptable” indicates that the substance or

conposi tion nmust be conpatible chem cally and/or toxicologically, with the
ot her ingredientg conpri siong a formulation, and/or thenmammual bging treated
therewi th. DETAIJ[ED DESCRPTION The starting naterjal § are gerf@
avai | abl e frb®ConpsNci al | sources such as Al drichhemealNs (

or are readily preparh g nethods well known to thoge skin in the
art (e.g., prepaoéddy ds general ly described_ i pQloui\s F gesgr and
Mary Fieser, Reagents_for Or¢f) c Synthests—v. 1PQ09, W e New (Rodk

(1967-1999 ed.), or e, 4, Aufl.

stei ns Handbuch der organi schen &5
XBeflin, including supplenents &'ﬁlbf eV
Bei |l stein onli 2 ?ce)). In the preparation of e’nbi cyelyi ¢ pyrazolyl
conpounds, protection Bf renote functionality (e.g., pri marﬁ or secondary
am ne) of internedi MH[s may be necessary. The need for su(qgn) protection wll
vary depending on the 'nature of the renote functionality and the conditions
of the preparation nethods. Suitable am no-protecting groups (NH Pg)

i nclude acetyl, trifluoroacetyl, f-butoxycarbonyl (BQOC), |benzyl oxycarnbonyl
(CBz) and 9- fluorenyl net hyl eneoxycarbonyl (Fnoc). The n diPsors
protection is readily determ ned by one skilled in the aft. For ajigeneral
description of protecting groups and their use, see (1c) H

ed. Springer - Ver,L)a

1c

0
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Theodora W Greene and Peter G M Wits, Protective Goups in Organic
Synthesis , John Wley & Sons, New York, 2002. Schene | bel ow sunmari zes

t he procewe 206¢/t3b@0pr esent invention as well as key int ecmsimsesozior a
nore detailed description of the individual reaction steps, see theExanples
section bel ow. Although specific st&g’%‘ 9 materials and reagents are
depicted in the schenes and di scusse &l ow, other starting materials and
reagent s can D coawolnd efifiosnila (itag can ke prerarédiey eithenefiteg grocddutksoutingd ves.

(1a) (1b), éihgmb% fRok ﬂiq}eldﬁseﬁ‘\%rﬁ?drbx é}@uﬁ&ﬁiﬂ@ﬁﬂgz&é rn@u&%t@ctédl\ﬁi)h £an be
prepareda% ei t her bﬁt}]rroce ures outlined chenes Il or 11] bel ow

The hydr Oﬂr%?fﬁc%‘ﬁ 9(%@ S FBPs MR g %35}5%‘”@6‘1"&%1"%’{‘%9 gompound (1c).

hydr oxydmphmcbxywotgdstmglgrdwfcan Be usRIthat nokrowh Im mbertﬂeMewadaﬂnywt;mxyal kyl am ne
conmpoun , a wn in
the art: p&%%%}é%é,gg% E)ﬁgécﬂg%é'q mopgfaﬂcd@q/hgﬁ Qr!ilgce?)ﬁlgro?e%tl#lgigrgué u%%é 3 blég(?rp le.

when an &@atfIN- @ismremetmgergn@)wﬁﬁw be aqléedjslmly mguspensgon of intermediate (1a)

N, N-di i sqpg Mlsenbml(@@ ﬁ%)hyrmacnsr. ?Q@dﬂsﬁdh@%&oﬁ/%@n @Hﬁ@%ﬂﬁé ovd
i nter madl ate 'F'%fbl n a | ar . solven

th ne chl ori de) at or
sl ight|yPhle phacet yeridee TP%F‘FrBé@(EF W $HEP é’ﬂ@‘?tp?"@ﬁ‘"%f '"%t?é'i‘
anhydwi deondEhsedosthliegésired apdrokygik@arping Borhpaund Y ) zofoem Bih agldes|nkdgen condensed

Wt he ssisaa el Bal ol AL05.E RGN fnd g A1 ABgapde || nkage,

St andard "am res we e art can be
used. Fo ﬁXMWp@POWer) 6amtilafbeanragltigaied wjith 2zohlope4 Srdiraeteexywii 3. 5r

2- chl or oythzide eeulaw&dwt}ﬁe hddtior of YIrh@RYIASphAink B¥BH rédm tehrqaeaé%% h@fheRf
4- et hyl QW.room tenp Eaturpﬁ%%nd then s rmed to anbient

hol i n
oot at GPEY WERBOS A O TR P st e AR E theo
hydr opsy aldksited miydrexyatytaminectofripoiind (dc)fto fanmnttirecaraide (iel) Gtlaienpbraturé betpesrat ur e

between_ aaiby 40 0 28R0UImeRydlSsy o SRS B oM RUPcSHIehF0d! Kyl ari ne

I s conver
leaving group (e.g., halo, mesylate, tosylate or any group capable of being displaced with the

oxygen anion in the following cyclization reaction). When the leaving group is chloro, then
the amide (1d) can be treated with a chlorinating agent (e.g., methanesulfonyl chloride in the

20 presence of a base (e.g., N,N-diisopropylethylamine)) at a temperature of about 0 °C and
then allowed to warm slowly to ambient temperature. Finally, the intermediate (1e) can be
cyclized to the desired compound of Formula (1) {(e.g., treatment with cesium carbonate at a
temperature between about 20 °C and 30 °C). The advantage of this synthetic route is that
the intermediate (1a) can be converted to the chloro intermediate (1e) in two steps without

25 isolating any of the intervening intermediates (1b) or (1d).

An overview of ortho-metallation chemistry (i.e., conversion of intermediates 2d to
1a) may be found in Snieckus, V., Chem. Rev. (1990) 90, 879; Examples of ortho-
metallation of aryl carboxylic acids can be found in Mortier, J., Moyroud, J, J. Org. Chem.
(1994) 59, 4042 and Bennetau, B., Mortier, J., Moyroud, J., Guesnet, J., J. Chem. Soc.

30  Perkin Trans. 1 (1995} 10, 1265. . An example of an aryl-metal species being reacted with a
trialkylborate followed by treatment with basic hydrogen peroxide to give a phenol can be
found in Hawthorne, M., J. Org. Chem. (1957) 22, 1001. General procedures for using 4-
methylmorpholine/ 2-chloro-4,6-dimethoxytriazine to make amides (i.e., conversion of
intermediates 1b to 1d) may be found in Kaminski, Z. J.,Synthesis (1987) 917; Kaminski, Z.

35 J., Paneth, P., Rudzinski, J., J. Org. Chem. (1998) 63, 4248; and Garrett, C. E., Jiang, X.,
Prasad, K., Repic, O.,Tetfrahedron Letters (2002) 43, 4161. General procedures for
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| eaving group (e.g., halo, nmesylate, tosylate or any group capable of being
di spl aced with the oxygen anion in the follow ng cyclization reaction).

When the weaviengsgooup is chloro, then the anide (1d) caorhe2dsesved with a
chl orinating agent (e.g., nethanesulfonyl chloride in the presence of a

base (e.q. N-dj.i so | e | am.ne t t rature of out 0 0C and
Chen ot ShisabiedorfipnPanaRier S BeriEhaRt e BslpaliRBLRLA apboot i
i nt er medPhtteer(Jd.d), Giesa, RdD.cy An. Lbamt Soa. 97334, B&E conpound of Formula (1)
(e.g., treat f out 20 0C
nd 30 00 T BB B B R e e at o
(1la) cans?%'%B‘H%rted to the chloro internediate (1e) in two steps w thout
i sol asi ng anyTiefhytdiey intdreeyiatei(g) canbe syntibisabeasifg thb praeeddresl@scritd iover vi ew
of o o- tauéﬁ églchenistry (i.e., conversion of internediates 2d to 1a)
may be f d i n Shl'eckus, V., Chem Rev. (1990) 90, 879; Exanpl es of
ort honet aI | ati on of @ryl carboxylic acids can be¢foumgm'n Mortier, J.,
Moyroud, J, J. . {them (198dkyp9, 4042 and Be B., Mrtier, J.,
Moyroud, J., G et, "CH, J. 6keae Soc. PepKrn AT ars” “ic$R95) 10, 1265.
An exanpl e of | yI met al speetes—bei ng jed with a frlalkylborate
foll owed bg'°tf eafent w th basic hydrogen"peeé&Xi de to gi ve a phenol can be
found in Havvthorne(RWA J. Og. Chem (1957) ZZRbanOl General procedures
for using 4- neth Innrpholine/ 2-chl oro-4, 6-dinmeth K riazine to nmake
amdes (i.e., co rsion of internmediates 1b to 1d§ ﬁay be found in
Kam nski, Z. J.,Synthesis (1987) 917; Kam nski, Z. J. . Paneth, P.,
Rudzi nski, J., J. Og. Chem (1998) 63, 4248; and Wé:ht, C. E., Jiang,
X., Prasad, K., Repic, O, Tetrahedron Letters (2002) 43~418™HNHCener al
procedures fordeacetylation (i.e., conversion of interied -tes to 1f)
may be found in Rapoport, H, Plattner, J. J., degs, K m Chem
Soc. (1972) 94, 8613 For a detailed preparatl on usi|ng the prcﬁ:edures
descri bed above, see the Exanple section below. The hydrof@e)internediate
(1a) can be snghe5|zed usi ng the procedures descrlbed in

0a

Ob

R™)

n R
(1a) (2d)
Scheme Il
The desired starting material (2a) may be purchased from a variety of chemical

10  suppliers or prepared using standard chemical preparations as described in standard
chemical synthesis books (e.g., Beilstein). The pyrazole ring may be built by first reacting
the desired compound of Formula (2a) with dialkyloxalate (e.g., dimethyloxalate or
diethyloxalate) in the presence of a strong base (e.g., lithium bis(trimethylsilyl)amide) in a
aprotic solvent (e.g., tert-butyl methyl ether and tetrahydrofuran). The resultant enol (2b)

15  may then be reacted with the desired hydrazine salt (2c) in a polar solvent (e.g., ethanol)
followed by treatment with a strong base (e.g., alkali metal hydroxide). A hydroxy group may
then be attached to the pyrazole ring by treating the compound of Formula (2d) with an alkyl
lithium (e.g., hexyllithium, n-butyllithium, sec-butyllithium and tert-butyllithium) and
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Schenme Il below. (2a) (2b) (2c) (la) (2d) Scheme Il The desired starting
material (2a) may be purchased froma variety of chem cal suppliers or

pr epar ed wei2og/ssandar d chem cal preparations as descri lped/iBRosb@ozar d
chem cal synthesis books (e.g., Beilstein). The pyrazole ring may be built
by first reacting the desired conpound of Fornula (2a) w th dial kyl oxal ate
(e.g., dif yﬁ’ﬁ%‘%&ﬂaﬁ@“ﬁﬁ"‘é‘?r ?h‘?%&'mr fegnd F’HS({PFP@Y'B&@&%FRE‘@W% bYy strong base
(e.qg., | itreétment vithdasicihydroberl sardxide) am de) in a aprotic solvent (e.g.,
terf-butyl ne ﬁﬂM I (2b) may
t hen be react é@fﬁt?ﬁpﬁ heﬁyEﬂog{y?r‘iéé y%Eegé?);%ﬂ?glpgﬁg??ﬁgﬁﬁg%n%gﬁgﬁé sol vent

(e.g., etleanevtineddn Sehesie IBPeloveat nent with a strong base (e.g., alkali
nmet al hydroxide). A hydroxy group rmay then be attached to the pyrazole ring

by treatingqsttfecompound o @2d) with an alk Lirthia (ORg. ,
hexyl l'i t hi ufy nbut ykl it hi secHbutyl i t hi um and - butjyl it hi um)
andtri al ky €. gl thyborate, tru ethythoxate &d O

triisopropyl borate) foll owed rjt"’jnr eatment with basic hydipgen peroxide.

Al ternatively, the hydroxy internediate (la) can be prepared using the
synthetic steps outlined in Schene Il below (3d) (1la) SscH®re 111 The keto
ester internediate (3a) can be prepared by condensing the def=+akylaci d
chloride with 2,2-dinmethyl-[1, 3] di oxane-4, 6-dione in thel presence of a base
(e.qg., pyridine) in an aprotic solvent (e.g., methylene [chloride) foll owed
by heating at an el evated tenper gfyre in a protic solve (e. gr%y et hanol ).
The hydrazono internediate (3 can"then be prepared bytreatifng t"he keto

ester (3a) with the desired e in the presence of sodi trate in an
Roa ROa
_NH _NH
Br N N|
R - OR
0] 0]
R' 1b °© ° R 1o
R, (R7),
HO CO,R N HO CO,H
R™), T (R™), m
N _N
N N
R1c ROa R1c ROa
b
(R™); (R™)q
5 (3d) (1a)
Scheme lli

The keto ester intermediate (3a) can be prepared by condensing the desired acid chloride

with 2,2-dimethyl-[1,3]dioxane-4,6-dione in the presence of a base (e.g., pyridine) in an

aprotic solvent (e.g., methylene chioride) followed by heating at an elevated temperature in a
10  protic solvent (e.g., ethanol). The hydrazono intermediate (3b) can then be prepared by
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acidic medium (e.g., aqueous acetic acid). The bronp group may then be

I ntroduced using standard brom nation procedures well-known to those
skil | ed iwotbes/@sito For exanple, intermediate (3b) can lpeThBE@S/ewhv t h
copper (l1) bromde in an aprotic solvent (e g., ethyl acetate and
chlorofo el I zation _of th

i nt er med S n%t'é‘gsl?gﬁt F?{@H‘" 31"33(@85 ‘FT‘E?}@(} E}reﬁ%'}??loﬁﬁoq‘%“ a‘trﬁtBl"a?“ sol vent
(e.g., netitiamedium (a.gt, lrqueous seetcaci). $oelbromoaic@tpatay. thdrhise intrafuoad usieg er

i nt er mediah g g%)nia B gJa‘é@dJP@s »vanol{newoqﬁ%éeg,km inif8 & SR LRGe 1Y I OXY

carboxyllc acl conventi onal ysi s processes wel | known to
t hose skinter@gdipty (%tneaabe trem# W@k%ﬁ?ﬁﬁre(m'?rﬁ@'dééﬁ@rawsmsqhant (Be-etwhted with a

met ?! shy deeane tdﬁd éiﬂorgformpétfﬁa%%vm tvﬁdfemmrdeb:ydnaattohef @.@Wﬁtegﬁecﬁae aq uteous
rotic s en e . net.nan For. an _exa reparati on

DS gt heoh Bt e e el & Bl B Ee gl sharaof i B olesER.

Convent i ohsdiumeddetatls Enedchydroxy esiémintguesiiatef (3d pqeantiagn l@rhydrmyzpdltdthe cation known

to one Ofqfdsd 6r{wr$>hyﬁ}9xl/barb&yﬁ<f]§c|@(1fa%m RRvertshi hwr nZﬂ. afoeesgaa germpounds of

t he present I nvention various inter ares rel at ed
t her et 0. KagywHo thasp akilRska theiart FgeexagIrle. thegwier {3¢) eanbeoreatacviia etaki 11 in t he

art apd o>t|dl£(blgd q)otafsanmevymhe) in felprésikesof @h agliscRBEGUE EE P (e(éﬂ gh
pressure

Bsor benMevelh SR rrade A el pf%?ée??wevgtﬁﬁ“)”a%%%@%ﬁ% 4, comon

recryst asés ﬂ_ﬂaEp(arnpleaﬂrdiodlbélbwr ential (i.e., liquid-liquid) extraction
techni ques. T&kﬁwv@ﬂ[&%ﬂ&ﬁod@%\ﬁd)&?tebﬁ%@& %ﬂse%ﬁ%nbﬁé‘ﬁh &ﬁ‘hca‘iﬁn Qﬁov&nﬁo%h@ form of
its phar maceut | cal acce l'e salt, solvate and hydr at e. term

"sal ts" PEAEPAYSH! l”ntB? aﬁﬁ%b%ﬁﬁ?dé? elAtedhe gamrouBgs %{ t%??ﬁ%ﬂﬂ‘hkﬂ"%\""’ﬂ H’é present
i nvenisi Owell Eémeeafmlsmemwauat@ rplEep &enslo. i Sudhltédhnd}UéS Wiy be helikhdvd toione! ag i on ]
ound w t

2" sult abtS By ag nfe BREREIAY oo ¥ sREBRR M fyrbe LA Pl PRaPRT T e
formed. Reesswrs bcnwcachroreatganaplsy (Hﬁ’(LDMelumhehﬂoytammpbymdm cdnyderpardsbbentde,
hydr oi odisg& asHich 881€and thin-layer chromatography), recrystallization, and differential (i.e.,

liquid-liquid) extraction techniques.

20 The compounds may be isolated and used per se or in the form of its
pharmaceutically acceptable salt, solvate and/or hydrate. The term “salts” refers to inorganic
and organic salts of a compound of the present invention. These salts can be prepared in
situ during the final isolation and purification of a compound, or by separately reacting the
compound with a suitable organic or inorganic acid or base and isolating the salt thus

25 formed. Representative salts include the hydrobromide, hydrochloride, hydroiodide, sulfate,
bisulfate, nitrate, acetate, trifluoroacetate, oxalate, besylate, palmitiate, pamoate, malonate,
stearate, laurate, malate, borate, benzoate, lactate, phosphate, hexafluorophosphate,
benzene sulfonate, tosylate, formate, citrate, maleate, fumarate, succinate, tartrate,
naphthylate, mesylate, glucoheptonate, lactobionate, and laurylsulphonate salts, and the

30 like. These may include cations based on the alkali and alkaline earth metals, such as
sodium, lithium, potassium, calcium, magnesium, and the like, as well as non-toxic
ammonium, quaternary ammonium, and amine cations including, but not limited to,
ammonium, tetramethylammonium, tetraethylammonium, methylamine, dimethylamine,
trimethylamine, triethylamine, ethylamine, and the like. See, e.g., Berge, et al., J. Pharm.

35  Sci., 66, 1-19 (1977).

The compounds may contain asymmetric or chiral centers, and, therefore, exist in
different stereoisomeric forms. 1t is intended that all stereocisomeric forms of the compounds
17



bisulfate, nitrate, acetate, trifluoroacetate, oxal ate, besylate,
palmtiate, panpate, nmalonate, stearate, laurate, malate, borate, benzoate,
| act at e, wbhes@hssap hexafl uorophosphate, benzene sul f onatejaBioosyiatze,
formate, citrate, naleate, fumarate, succi nate, tartrate, naphthylate,

nmesyl ate, gl ucohepton ct 0obi onat e,. and | aur | phonate salts, and the
ko CThes el R RSk R GHES et oo R b e brt Brsieh one o

net al s Ek‘lﬂddltlaﬁ thephesent |r1vemtlmm¢mbr@e$ alsggometricezad eositignahiagmersi Gon and t he

i ke, %ﬂle #% dY oLr?dﬂ'nEor?&FHQQ'a%BhleH&Fd%rBffus)éd"ﬁﬁB[HB'trWﬂb cRhghArdnge cations

i ncl ud| n t not 'imted amoni u t et r anet hyl anmoni um
t et r aet h;%qnamrwqjﬁﬁ mbunes AspreEraced Wihipe sFAPR ©f th@r‘“"ﬁﬂ?‘?‘i‘yl ani ne,

tP L i et faylsam neD.a@tteJ%)slr@m ﬁﬁdur@é’lﬁhntdé%ebarlé@d mc‘iiiﬁﬂhelr mdg;du?Bﬁsweo@meaé on J.

arm Ul’l ont al,n, as

chiral B'P?tuéf’@ of Qﬁ'& ph)fsfféfcé]e%ﬂ’c@' di F'%Ct }ﬁm&ﬁPHa %glﬁlfnogvpecp %’F%%P t?‘1’30r ns. It
i S i nt endddsuchas b;ad:ﬂrorsategrepinssmmﬁrectfooalmstaﬂlzatl@e Eoapiomnedses bael | as

m xtures s&;tzféts@gy cdnogﬂnuéi{he%ns%m.& iuifd mroeéd.aét%mneﬁa hxﬁfre bfealloRsent

i nventi on i on, resent i|nvention enbraces all geometric and
p05| t i onaith agaww@'atqmﬂc@%mg\feéomppuw (6(9m§B'CﬁHa“’f"I?6b?UﬁBra§taé§"%lalﬁPG’ﬂFBI e bond

or a fhusefmbings a&l@bﬁloﬁidﬁ? s@bémtuiylﬁle a.agtsreofs@ﬁéfs an@&orwemhg gsg.m xtures, are
enbr aced reo%Erlc m xt Ires can be

t
separ at e&V\ér '?'ﬂnq)}%% 'PgY'ﬁ%ﬁe'Giaaﬁﬁaﬂ°'38f“8§t %Eh&g g%sr?gr n%%ur{a APLTELS- 5¥°% hei r
physi cal sohenitbakordpdunds efitbe prebgnt invertiod snayede [atrizpisnoners (e.¢.hsubetitatkd | | ed i n t he

art, suc 'B.a?y?sg B¥d g#’érc%ﬂa&é}sa QQB% ft G4 merfneﬁ%@a%e@ %8 BRb bk 288 Qk by

Enant i omer s arat ed by converting the enantiomeric m Xture into a
di aster eé‘ﬁ‘é?ﬁ%ch'f?wp CQMt-eacti on with an appropriate optically active

conpognd (e. gThe@dmdoahdsaﬁxyéxusanyursuw&te@ss \aelcdrysroa)atealf@rahcw.thor Mosher's acid
by of ys PRETRRCHaRgtrihls S aeabeDR i uahe p BBty PRI e i fiongetur o
enant i omghat theAhveotionsamniracef battheohatedrmd vdsol@ted fhmnspr esent i nventi on nay be
atropi SOMers (& geo npeoégﬁbétmgtme%eméafayéssgnd%emparnes%Q%k.eﬁﬁeﬁe@ﬁt part of this

I nvention. Enanti rs can be separated
tautomeric forms and all such forms are embraced within the scope of the invention. The

20 term “tautomer” or “tautomeric form” refers to structural isomers of different energies which
are interconvertible via a low energy barrier. For example, proton tautomers (also known as
prototropic tautomers) include interconversions via migration of a proton, such as keto-enol
and imine-enamine isomerizations. A specific example of a proton tautomer is the imidazole
moiety where the proton may migrate between the two ring nitrogens. Valence tautomers

25 include interconversions by reorganization of some of the bonding electrons.

The present invention also embraces isotopically-labeled compounds (including
intermediates) which are identical to those recited herein, 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 |

30 incorporated into the intermediates or compounds of the invention include isotopes of
hydrogen, carbon, nitrogen, oxygen, phosphorus, sulfur, fluorine, iodine, and chlorine, such
as ZH, 3H, 11C, 130, 14C, 13N, 15N, 150, 170, 180, 31P, 32P, 358, 1BF, 123|' 125| and 360',
respectively.

The preparation of certain isotopically-labeled compounds (e.g., those labeled with

35 °Hand "*C)is useful in compound and/or substrate tissue distribution assays. Tritiated (i.e.,
®H) and carbon-14 (i.e., '*C) isotopes are particularly preferred for their ease of preparation
and detectability. Further, substitution with heavier isotopes such as deuterium (i.e., >H) may

18



use of a chiral HPLC colum. The conmpounds may exi st in unsol vated as wel |
as solvated fornms with pharmaceutically acceptable sol vents such as water,
et hanol , wododdssiinke, and it is i ntended that the invertirap2msboszaze bot h
sol vated and unsol vated forns. is also possible that the internediates
and conp exi st ndffe en ut one d all such forns
ore oy 280 Cl PR LRGSR f?ﬁa‘&'ns AR e wp B St omer - or

"t aut oneiinceeakendt imMvivodhiftifte or tedsced dosagenteqiiremeptss anst hathicé fray batpreferedgn es whi ch
ar e 1 Nt CGABKRlsRinBod!| Fbsfroh GHAL AU &1 70 FaY, 1QX A ar L or

tautomers (al S0 known as prototropic taut OnErSt,);ﬁql ncl u e i nt'er conver si ons
via ni gr PPE FristoplomegirphsEd ) akdiReiosxaRie sHbRralePerpicseasHPARCY.

i somessi Z@édtdibﬁﬁlly |8beIPEIMpondXsT Y Restint iAvedtion €xm deAbitaMyBd prieparkéBy | M dazol e
LY PSibfioh BBt AR AL S BRLIBE D5 LU0, Bl adBge . Val ence

tautonmers 1nc eorganiz bondi ng
el ect r ondereintelquy, by evtistiiutingam iseppiedlly d;abehﬂ rmerst foreonangsaepically labeled ed
conpounds;eggleﬁrtCI udi ng internedi ates) which are identical to those recited
herein, but” for the fact that one or nore atons are replaced by an atom

havi ng an at oltPRPPHIEE Mare Ryte nrpepef tag preeanbinventipp arerysefubionkeatindmss or mass
nunmbery usiisabdey, dondifichs dhdnitortiets mE R ©scadhabitoid ep&Rortdn@igonists. be

o A e bRk Rl BORYAL FiBle TR R udEes) BOREAOD T T Ude
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150 , 17Qinge L86hg: dls%rdJeP ansreRia, gi%%uh%%'f’w Blods och%ﬁtlrol‘(’@& %@Q:tvon rr?@a@ﬁi%t ively.

The preparatlon of certain isotopical eq%%a bel ed conpolunds (e.g., those
| abel ed W foRd mkﬁn@dﬂeﬁ’p‘?t@ wefeaf'or')no 5%8%956555}%?%9"3% GBREFSie ti ssue
di st risbutbipolar discrayrs, ps'i]dihdsé@,tséldzc(phreala, béhdyio s addicaib ) Bugptedsion®f rewhfl)
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gghte g: ?Blrqurwhlr@ -induziell condjtiphedpldceprefersdnoe) substaperiatiuse, aaﬁd@;m%mdems ulting
from gr eghgdisiiit ARMblism &LakiIddhbdastSe, @ddiction and/or dependence including
treatment for abstinence, craving reduction and relapse prevention of alcohol intake),

20 tobacco abuse (e.g., smoking addiction, cessation and/or dependence including treatment
for craving reduction and relapse prevention of tobacco smoking), dementia (including
memory loss, Alzheimer’s disease, dementia of aging, vascular dementia, mild cognitive
impairment, age-related cognitive decline, and mild neurocognitive disorder), sexual
dysfunction in males (e.g., erectile difficulty), seizure disorders, epilepsy, inflammation,

25 gastrointestinal disorders (e.g., dysfunction of gastrointestinal motility or intestinal
propulsion), attention deficit disorder (ADD including attention deficit hyperactivity disorder
(ADHD)), Parkinson’s disease, and type |l diabetes.

Embodiments of the present invention are illustrated by the following Examples. It is to
be understood, however, that the embodiments of the invention are not limited to the specific

30 details of these Examples, as other variations thereof will be known, or apparent in light of the
instant disclosure, to one of ordinary skill in the art.

EXAMPLES
Unless specified otherwise, reagents, solvents and starting materials are generally
available from commercial sources such as Aldrich Chemicals Co. (Milwaukee, WI),

35 Lancaster Synthesis, Inc. (Windham, NH), Acros Organics (Fairlawn, NJ), Maybridge
Chemical Company, Ltd. (Cornwall, England), Tyger Scientific (Princeton, NJ), and
AstraZeneca Pharmaceuticals (London, England).
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increased in vivo half-life or reduced dosage requirenents) and hence may
be preferred in sone circunstances. Positron emtting isotopes such as 150
, 13N, 1Mo 2aewh338F are useful for positron em ssion torognBmoyo(3FPET)
studies to exam ne substrate receptor occupancy. |sotopically |abeled

conmpounds of the present n_can rally be prepared by follow ng
procedures anal ogous to thoras/ezg%flgcﬁ’ecgs'éed'gﬁ? ﬁ?guééherres and/or in the

Exanpl es her eNMRspeeie, wang resatded pn aariayp Wity 60 (piatiabld fron darandnt., PFalgent f or
a non-i si9riHal foym! t&hﬁérﬁgrera?@@ﬁﬂﬁzf mueﬂénﬂa%ﬁ.ﬂ?xr e%?re?geg%?ﬁa?'t of the

present invention are useful for trea di seases Crons and
di sor der SeiBHON & &Pt‘wtodaﬁ%ﬁ%‘@ﬂtﬁsr%‘d@ﬁ!‘é‘r’ efgienegy ofrheﬁi‘ék shapes @i nary

i n\é/estsl g@émd&gﬁasha}bﬁls* sneuh@att QCBOUBIaﬁt triafét hoadaaw mgmdmﬁ@tas@%mae eungbtt pons, t
and/ or L SOr re nol rece r onists: eati ng
di sor der 9 ¥ %e %{Wﬁ‘g’%g‘éf’reﬁﬁ"%l‘f E’P"'Z%HBF”Q% %OGCE%@P@ "Yeﬁ‘z?%ﬁ NgEei ght | oss

or contreh aﬁsogs“” Riagfdone t Spectnometea(oameegaar adetwoifile: available famMicomagpad, t e
SUPDI €5 Rfiinesp t&neﬂsar&}?f.&%aﬁégéggsgé ) ek’ %smeg%n alldilgdr di sorders,

psychoses schi zﬂ&vr eni a, behaviora ressi on of
r ewnar dr ePa¢teE 'h 8 P%?Wg‘e(‘b(ag‘mon@mat@rbHEMSWVQ&@'%FW Hawlet-Pagkaech as

SUpPr @SS icempay, PQSallt@Q:A)aE(écmﬁhblldﬁﬁahdhdﬂé?@@ é‘daacéEsymgabtah@d:@n preference),

bst b di it
al conol _ JUARE™ VAR Fben Baltht e s U e i e Lt .
abst i nend¥erecthaintengity & dblotineom beomine-a@intgndrg iprseveddscaitedothe akpeofed! | nt ake) ,
tobacco ?r{?éh%ﬁy fafo Was ot3BREH ga% t%qma@ia} P or ﬁ@f?ﬁ@tcbﬁ‘t?mﬁgﬁgng bndfREGdENce
For of avl an

i ncl udi ng, BHgeat ment reducti on revention of tobacco
snoki ng) , BeRefrntaining ines) god the i §f only dhe lowegr AasE | i?ér‘s @vem drespme cagesrent i a of

agi ngis VaaKg bépaéseﬁl@mnHIWR pédkd aEerl@nt Msapebl@zﬂrb Fé’ﬁéﬂéd foﬂﬁlﬁexéﬁ\blés ed cognitive
O L R e N e
gast r oi ntPeskinEimedr Irehi., $'elldseys MPe usjng thd gedium Otline (A ©58%as)tat themidicatednal notility
or int es&érppaelrature and are reported as follows [a]*™, concentration (¢ = g/100 ml), and solvent.
Column chromatography was performed with either Baker™ silica gel (40 um; J.T.
20  Baker, Phillipsburg, NJ) or Silica Gel 50 (EM Sciences™, Gibbstown, NJ) in glass columns
or in Flash 40 Biotage™ columns (ISC, Inc., Shelton, CT) under low nitrogen pressure.
The following section provides representative examples of useful starting materials
and/or intermediates that may be used in the process of the present invention.
Starting Materials and/or Intermediates

25  Preparation of 4-(4-chlorophenyl)-2-hydroxy-4-oxo-but-2-enoic acid ethyl ester lithium salt (|-

2b):
O O-Li+
Z CO5Et
Cl
1-2b
30 Lithium bis(trimethylsilyl)-amide (149 ml: 1.0 M in tetrahydrofuran, 149 mmol) was

added to tert-butyl methyl ether (350 ml) at room temperature. The resulting solution was
then cooled to —75°C. 1-(4-Chlorophenyl) ethanone (23.28 g, 150.6 mmoles) was added as
a solution in 23 ml of tert-butyl methyl ether over 3 minutes while keeping the internal

temperature less than
20



propul sion), attention deficit disorder (ADD I ncluding attention deficit
hyperactivity disorder (ADHD)), Parkinson's disease, and type Il diabetes.
Enbodi menye 206/d3ka0pr esent invention are illustrated byrthasiobsbaeeng
Exanmples. It is to be under st ood, however t hat the enbodi nents of the

I nvention e mt th S | es,
ot her var ?(Zsh gﬁg so?mftiroh l%ﬁg %l?ov\%g ¥°?1q‘§ 'aéér Zﬁ%f BWF&SE?% he | nst ant
di scl osul.09, 656ﬁén(6)‘wc'($r&!idﬁ@m96t9k¢fl5l mlh!ﬁei weleareepmemwemsr temperstyres peci f i ed

ot her wi S gass HARIPIFCS 1Th§%|e‘é?&§rﬁ ofthGe ?etaatr&nlsemt.crrﬁr,&rtha% Paftfe tgrdaﬁr ally
avail abl e from conmer sources such drich Chem ca (M| waukee,

W), Lané%eé?turgﬁh?rmuss (PR Progiygt H%ﬂ?&ﬁ? prﬁﬂ)"tat%@tr 05 C@)’B‘&rﬁ?%%ﬁ%ﬁ rl awn,
NJ), Whyhtowigeo Sirdsr 1GadoufSatonmytembtdturd, ENowesddiby |soI&roglcnnfé)prechﬂg@d Scientific

(Princetap, P u Gener al
Experrrreg)tbgfﬂ%}glct:%{yres l\ﬁég rwab%\&rée%ﬁ}rtdggﬁwzo& g‘%@gtwe%”%h' y" 400
(avai | abimethyt ¢hengad thas dflﬁ@ateqﬁ& ip vaguodor 1®nyt8tglwedoﬁ4rqhmewl)tﬁ-e at 400 Mz
for prot aparofhesidcil-2Stholctaiddtify @@f&n.ﬁﬁﬁ@yamrzbrwérég RAL,) s lal doRBer{ d) rel ative
to resi dual soI ent as an internal reference. The peak shapes are denot ed
as fol | oWg'owsolidi g et: d, doublet: t , triplet: g, quartet; m nultiplet;
bs, bmpoad si ng-BMR (Bmso mssioogdr et s, A&smap)heeem proesrsutrsw ahenusal,

|on|zat| n Pl tfo

spect romdtdl Codr & qasd b U Rl B r e LG e e & DR clo Bheba s o
Manchest @F7.09z), 4.00 €ari0dH, JD10TIE2)i DRO (el Hs getoT Ez) TP (we0eH 0BT abned on a
Hewl et't - p ni +1B able from
ol ot 1 - DL B B e o M S g Ay s
spectra (B4l GRPROUBBE ai ned on a Waters"™ ZMD instrunent (carrier gas:
acetopnitrile: available fromWters Corp , MIford, MA). Where the

i Nt ensi t Preparaiibh of i-fPechivrodtieon) bistienyIn o ipgrasoleBeatbesyiciabie dl-2d) he
expected intensity ratio was observed (appr% petely 3:1 for

35CI/37Cl -containing ions and 1:1 for

Cl
Cl

I-2d
4-(4-Chlorophenyl)-2-hydroxy-4-oxo-but-2-enoic acid ethyl ester lithium salt 1-2b

20 (30.26 g, 116 mmoles) was suspended in 242 ml of ethanol. 2-Chlorophenylhydrazine
hydrochloride (20.88 g, 116 mmoles) was added portionwise as a solid over 45 minutes
while maintaining an internal temperature between 30-40°C. The reaction mixture went from
a yellow suspension to a dark orange suspension. The reaction was allowed to stir for 3
hours while maintaining an internal temperature between 25-35°C. An aqueous potassium

25  hydroxide solution (148 ml of 1.8 M solution, 266 mmoles) was added over 20 minutes while
maintaining an internal temperature between 20-30°C. The reaction mixture was held for 2.5
hours. Within 30 minutes of potassium hydroxide solution addition, the reaction turned an
almost clear, very dark rust orange in color. Aqueous hydrochloric acid (85 ml of 3.9 M
solution, 331 mmoles) was added over 15 minutes while maintaining the reaction

30 temperature between 20-30°C. The product precipitated during hydrochloric acid addition.
The precipitated product was granulated for 16 hours at room temperature. The crude
product was isolated by filtration and the filtercake was washed with 150 ml of water. The
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ABr/"Br-containing ions) and the intensity of only the lower mass ion is
given. In sone cases only representative 1H NVR peaks are given. M peaks
are reporwecdodsssabl exanples. Optical rotations were detcensiooschomw a

Per ki nEl mer" 241 pol arineter (available from PerkinEl mer Inc., Wellesley,
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t hat f
LT SOSERGE o B IS g SO TSR Bl 3 1 O
of 4- ( 4- clplesipiath b fikrptich; ivasHingthy rebuirgfiterdake wighh B3 miaf iiag-abillag methepelr it hi um

salt (I anghrrylggfabeo»gnprﬁbrarwwa%rd»éh)r (@%lgr%pﬁér@@ 5trh-cm$rdan&4mn H-

tetrahydro nmol ) wa th 350 m t
room temﬁ’éﬁaa‘?"érﬁearbpﬁé'cra@gmzﬂK??gz%m%r%aWHEWFWe%“%ooI ed tg $r5 (()C ) @

1- (gsﬁm or?p{r&n]gawz eU;@n 5e. 58273452(&\ aH), mGé@ zmmiaesnmafmimmem ahsol ution
in of _ter m nutes while keeping the
i nt er nal M2 AP @&t ?5 X/'P%ggp"’t%léﬁ Bﬁafs%\é%e reaction sol ution was gl | oned to

stir for 1 hour at -75 OC then drethyl oxalate (22 0 g, 150 ol ) was

added ned&repavation 6 : lagrppitpnylhé-hi Fr161CH éic| ess than
-7Q0C. TheC)ear dark orange reactron solution was then warned to room
t enper at UT‘gjb@v r 4 hours. (The product began to precipitate at -3 0C) The

reaction was allowed to stir for 15 hours

i sol ation of the precipitated productH '
washed with 100 ml of room tenperature
dried at 60 OC in vacuo for 1 ho

Cl

room tenperature, followed by
ogtion. The filtercake was

{ -butyl methyl ether and then
veN4-(4- chl or ophenyl ) - 2-
N

Cl
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1-(2-Chlorophenyl)-5-(4-chlorophenyl)-1H-pyrazole-3-carboxylic acid 1-2d (628.1 g,

1.88 mol) was dissolved in tetrahydrofuran (11 liters) to give a clear light orange solution.
This solution was cooled to —78°C followed by the addition of hexyllithium (2.0 M solution in
20 hexanes, 2.07 liters, 4.14 mol) over a period of 2 hours while keeping internal temperature
less than —70°C. During the addition of the first equivalent of hexyllithium, the reaction
solution remained clear orange, then during addition of a second equivalent of hexyllithium,
the reaction solution turned brown and then very dark green. The reaction mixture was held
for 20 minutes at —74°C, then warmed to —50°C over 30 minutes and held for an additional 1
25  hour at this temperature. The reaction was cooled back to less than ~70°C, followed by the
addition of neat trimethylborate (238 g, 2.01 moles) over 3 minutes while keeping the
temperature less than ~68°C. The reaction solution was then warmed to room temperature
over 3 hours. The reaction remained very dark green until reaching room temperature after
which it turned clear dark orange. Aqueous sodium hydroxide (750ml of 3.0 M, 2.25 mol)
30 was added over 5 minutes to crude reaction solution while maintaining an internal
temperature of 10-15°C. Concentrated aqueous hydrogen peroxide (253 g, 30 wt%, 2.01
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hydr oxy- 4- oxo-but-2-enoic acid ethyl ester lithiumsalt I b (36.72 g, 94%
as a powdery yellow solid. 1HNWR (DVMsQd 6) d 7.80 (d, 1.94H, J=8.7 Hz),
7.66 (d, Wo0Q644/03358. 7 Hz), 7 43 (d, 1.94H, J=8.7Hz), 7. ®tT(B20080636%4, J= 8.3
Hz), 6.37 (s, 0.97H), 5.22 (s, 0.03H), 4.10 (q, 194H J=7.05 Hz) 4.00 (q,

0,06 ISk bep Jodh dyben ferblh oo el o s el O, 57,05 1)

(mass of tereperataie betyeeo dAEP°Gr Bisaeaation was dllowed to warm to room temperature and

1-(2-chl %f.@%ﬂybho&s(wafé?l(@rt&@bﬁé%acreamw&@mo%nén s%daeérwate% acid (I-2d):
| -2d 4- (4- Chl orophenyl) 521151%9%64 ox but - 2-'enoic acid h?/ﬂ ester

l'i thium §’8P?°”F h "?‘?R*P’Q@CG( INé§)5 i WEShEREES Wr'?"?ﬂi‘é'“ niRgra et hanol .
2- Chl ar opdrepeyathiect aa-30°%€. Hha mbicdf ey dratie rédlioB Solgtion WS appkiejely&s. mtded

o e L e e
suspensi gvihtiditass effe-betylamefay! §uh§pe?|§|t@trahyqrﬁ@rane@étt%hutm@,etw HoRRaYrS St i

for 3 houjepe ma.r%dnmcmeamhamtea@oflaa.h@ramahnécemez@tmgrcﬁwlagﬂ,dyeqne8%3500 An
aqueous pot assi umoﬂ¥drOX| e sol | ution, 266 mmuol es)

was addeOHHA} Wasp 59 ”\’M‘ﬁcl"g ?‘l'ﬂ‘gfar?ﬂﬁﬁ" ‘éqptéf"ﬁ?%?‘ﬁ‘é‘? el Iér e bet ween
20- 300C. chlie oraae bil aas ther taddes todsitdiedfindtioanol c&xsh'@wmgthllm prediitate rut es of

ot asst urgJayfib O HR o7 Ak 8 hr it ok Bl Ve EAGEIA most cl ear,
¢ AR o R g

very darK fust orange in oric ‘acl of 3.9 M
sol ution te%@lathﬁﬁplwdmgo@dﬁlébp ?ﬁ/@ﬂd SI'B"nm“fCPﬂth@yr ﬂhel%udemrmlﬁt Wang t he

L sgfg Ic ﬁ?é%mu Rty \AfitHtien BEd e Pk uitidg a@é?%ke-ﬁ{égmﬂéﬁé&%ﬂ\ it oF l%blcﬁm&ﬂl dgrh ng 1
ranul at ed for
hours at eilanot @%ﬁzf%fF%heé”asﬂTﬁ@BﬁéBI%P%ui?'s gﬁ‘ge PB"SF%?%% BWaFiltration and
t he fisl t emspEndedia. Miker efi2-probandl Efllowdd mf heatrieto refllked gild ecleake was a
| | owi sh t k
gﬁspg‘r’]“ dz a/elﬁ’c{n“ﬁé}g;gge rﬁ%l'dt'g §{;p]t h q%ldraf%fhﬁkfb% holir, $an %&éﬁ]&%{ EQ:‘?O od df st €r cake was

ano he "'suspensi on was reflux to
gi ve a clhesrs tejgr& and stirred for 1 hour. The recrystallized product was isolated by filtration and

the resulting filtercake was washed with 900 ml of ice-chilled 2-propanol, followed by air-
drying for 18 hours. The product was oven-dried for 18 hours at 60 °C and 10 mm to afford
20 1-(2-chlorophenyl)-5-(4-chlorophenyl)-4-hydroxy-1H-pyrazole-3-carboxylic acid |-1a (282.9 g,
43%) as an off-white solid.
"H-NMR (CD;CN): 8 7.55-7.44 (m, 4H), 7.31 (d, 2H, J=8.7 Hz), 7.20 (d, 2H, J=8.7
Hz). Mass Spec (ESI): M+1=349.2

25  Preparation of Starting material 2-(2,2-Difluoropropylamino)-ethanol (Sm-1c):

Y
P4
HO™ CH,

Sm-1c

Two 22 liter 3-neck round-bottomed flasks equipped with a mechanical stirrer,
thermometer, nitrogen inlet and drying tubes were each charged with ethyl pyruvate (2350 g,
30  20.24 mol) and then cooled to —15 to —10 °C using a dry ice/acetone bath. [Bis(2-
methoxyethyl)amino]sulfur trifluoride (DeoxoFluor™; 3731 ml, 20.24 mol) was then added to
each of the flasks while maintaining the temperature less than -5 °C. The reaction mixtures
were then stirred at a temperature less than 30 °C until no more starting material was
present by gas chromatography (GC). Each reaction mixture was then added to a stirred
35 mixture of water (16.6 Kg)/ice(16.6 Kg) and sodium bicarbonate (3.3 Kg) in a 30 gallon crock
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orange solution (all solids in solution wthin 1 hour of reaching refl ux)
and then held at reflux for 8 hours. The solution was cool ed over 4 hours
to room twopess3ss1e, during which tine product had precippriBtoesiodsoom

sol uti on. The reaction m xture was held at roomterrperature for 10 hours,

foll d Q0C, a stirring for 1.5 hours tion of the
p?ec?\glet are é%% m{%lydgq B‘H‘Ute\ﬁ/ag ﬁef ﬁ%uePH%mgg‘ﬁﬁ \?"?’ﬁg‘ePiSH't'%C} QERYO r&}Cc’trﬂo'TSO nm of
| ce- chi | I\erapar@uieaibe twalayers weierngparated @Y Catincrudeieactionmifutecand theaf f or ded
1-(2-chl I I Ci

(Zg S %ewzilaybas ﬁ«é épmcm Héffgﬁ(ﬁ;géblﬁ e)xrr .E%%Dgg\fch?%{dg?ggi l}tﬁrjg 5

7.31 (d, gm @"‘? C'NE')'de '?yezaW%f& COQ‘Hneglz?é LﬁOﬁB)e"d then agked wil)bring/ks Spec
(ESI) 5 Miifers) 8dlowedPh\etpeatraént avith @harcoal and dried over magnesnum sulfate. The solvent

1- (2 Chl %Jag%}ﬁﬁwéh)ang’ th(eq"quuglrem d'lesm(eld)atéo W&' Eé) atyatmosp I'ICa grglsseure tocyfjlerldb oxylic

acid
1-(2- ChI S60hs ENA%)-b 2 24diftior pegpiesiyacid-ethist ggterazol e- 3- car boxylic acid d

628. 1 , 1.8 [ L r rs) to give a
(FeB, ., B SRamnil o chaselpmtrasr gl b oot Lo 21,

cl ear ht or an

t he addl eé’ﬁo'BPtegé‘Q@T"m ff’?f‘%rﬁoﬁdfnﬁerw'%g%”t'”'%tr?wHW&J&%‘@S cAha‘(')él)?’dl"‘f'tf‘er s, 4.14
nol ) nveradifiexs pdpiohic Acibethysestdnifom db6RPISEST g)ﬂinlelhaﬁtbd ]Ecﬁrﬁwh i’ilt urﬁ I esst L han
-70 0OC. t ul va i t.hium e
react i onlaéH(? &?“ %%9? grdrd; néetﬁ f?"fé“aéewg‘r‘%’rﬁzbzfh8’ﬁwaﬁ?ﬁ’4’?89%@8%€ 83 SFHIR second
equi val esverdppigaimpataly 1 hourwhile maintaining a gentls odfuk.i Aftertthe adsifioomesn and t hen
very dar léoﬂbl@@”the“hﬁu(e%ﬁéﬂ?ﬂemoxEH5§d|t%§l H&ﬁ @eafc%n Wik gﬂ'}éh%ﬁmﬁgtf 4 (r)C

t hen war ned over 30 m nutes and an a
this temit %{Pd/ﬁ@) EH@"?'@%H?%W%@"GB%re@at'%aelxtuwobw vaguun figfiflatiory The,
f ol | osed chwetpktmuadahsttme:vrbrp;‘tanrzeaby tmunﬁ@wmyioh@h@(ﬂ (aaaﬁollgweibpaoonﬁd t@S-) over 3
ol Ut on Heg: ARERIE S b BEBRET S SRt Son @@'ﬁgmvgas TPt i on
r emai ned theemixtugiawas ajlowesh toglir for 2 raé@ttlcmaH@ur&mﬁQ@ &Grdeltoned by halfling the
mixture in a freezer overnight. The solids were filtered through a polypad and washed with
freezer cold hexane (2X 1liter). The isolated solids were then dried in vacuo with no heat to
20 give 3000 g (49%) of 2,2-difluoro-N-(2-hydroxyethyl)-propionamide as a low melting solid
(mp=36-38°C).
Two 50 liter 3-necked round-bottomed flasks were each equipped with a mechanical
stirrer, thermometer, addition funnel, nitrogen inlet and a drying tube. Tetrahydrofuran (THF:
9 liters) was charged to each flask and then cooled to -5 °C. Lithium aluminum hydride
25 (734.5 g, 31.18 mol) was added to each reaction flask portionwise while monitoring gas
evolution and maintaining the temperature less than 25 °C using an ice/methanol bath. After
the additions were complete, the reaction mixture was cooled to 0 °C and 2,2-difluoro-N-(2-
hydroxyethyl)propanamide from above (1500 g, 9.79 mol) dissolved in THF (9 liters) was
added to each reaction mixture while maintaining the temperature less than 30 °C. After
30 about 48 ~ 60 hours, the mixtures were cooled to 0°C using an ice/methanol bath and
quenched with a 10% sodium hydroxide solution (3.2 liters) while maintaining the
temperature between 0-30 °C. The reaction mixtures were filtered through an 18 inch (45.72
cm) crock funnel using a polypad. The solids from each reaction were slurried with
methylene chloride (3X 7 liters) and filtered. All of the filtrates were then combined and
35 concentrated to dryness in vacuo. The residue was distilled and the product collected
between 95-100 °C at 25 mm Hg. All of the material collected was redistilled and the
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which it turned clear dark orange. Agqueous sodi um hydroxide (750m of 3.0
M 2.25 nol) was added over 5 mnutes to crude reaction solution while
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hydr ogen peroxide (253 g, 30 wt% 2.01noles) was then added over a period
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solution. The precipitated preduct I¥ 3 Jed for 20 hours at room
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product was isolated by filtration agjdsthe resulting filtercake was washed
with 1 liter of ice-chilled nethanol . —The filtercake was air-dried for 18
hour s This cPYideesiQmevas sdpdglonpise vasHatiaiyts peried @ agoplef &0 &) t2 pr opanol

f 0: | oned smeldbemtmmq 2 BdifretHyl X 3-doxheMes-diotd @815 gy 6154 avdlYa analgerom@tufahe OR

Sol uti on 0 Bhgs yer,a 5 hours to
3006 hova By Hisdifioh ¥ ¢cRbrobrdiberiHBaC (180 8o 8 Banh AHidrSReBine 1y
filtrati waarMh\Nasrfeem edredidronyidel |The resstien mtirensiassiigredfari r@OOat@PCofr he

i ce-chil k@&un&b&h%@'ﬂ&hoveﬁoédd%‘ﬂﬁﬂg%s ébr{tnﬁuéﬂfegari‘ ﬁdutn%ﬁal%bh% Thee product was

oven-dried f 18 hours at 60 mmto aff
1- (2 18hl 6‘?36?9%%“)'9 ‘SaS(QP“&Efﬂ QYPB%HBW‘PW%’Q ﬁ?ﬁﬁ%k)ficel '%Eﬁ@ﬁ%’éﬁeéﬁfﬁ ther boxylic
aci d J aaQudds Ryer wabBeq wis dishlor@fmkthahé (26( ﬁidnhlﬁ Cdrhbinddorg4diBIeNdrs were7. 55- 7. 44

(m 4H), washe% v&@u 2Nzt!|_|ydrochl§nc acl_g Zaq )Z2 )% 956 ml), brlné d]ne§ (IZaZSO., and concentrated

in vacuo to afford a solid.

The material obtained above was slurried in ethanol (1 liter), heated to reflux for 3
20  hours, then cooled and concentrated in vacuo. The oily residue was fractionally-distilled
under vacuum to afford the title compound (I-3a) as a clear oil, 108 g.

Preparation of Intermediate 4-(4-Chlorophenyl)-2-[{2-chlorophenyl)-hydrazono]-3-oxobutyric
Acid Ethyl Ester (I-3b):
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Hz). Mass Spec (ESI): M+l =349.2 Preparation of Starting materi al

2-(2,2-Di fl uorobDroDyl am no)-ethanol (Smlc) : Smlic Two 22 liter 3-neck

r ound- botwormeb/d3basks equi pped with a nechani cal stirreprCTHBEONOIBBLET ,
nitrogen inlet and drying tubes were each charged with ethyl pyruvate (2350
g, 20.24 nol) and then cooled to - 15 to - 10 O@using a dry ice/acetone
bath. [Bis(2- nethoxyethyl)am no]sulfur triflugfide (DeoxoFluor"; 3731 m,
20. 24 mol) was then added to each of the flask§ while maintaining the
tenperature less than - 5 0C. The reactio Yres were then stirred at a
tenperature less than 30 OC until po nore 3 ng material was present by
gas chromat ography (GC). Each reagtion m xture was then added to a stirred

m xture of water (16.6 Kg)/iceed 6 Kg) amd sodi um bi carbonate (3.3 Kg) in
!!!'te!

a 30 gallon crockover approxi/mate 30,,m nut es. The aqueous m xtures were
then stirred overnight to roo foer At ur e % two | ayers were separated
for each crude reaction mxtu and t h&l=sgueous | ayers were split in half
and each extracted with nethyl ene chloride SCYP% liters). The nethyl ene
chloride | ayers were conbined (24 L total) /an hen washed with brine (1X 2
liters) followed by treatment with charco@ and dried over magnesi um

sul fate. The solvent was renoved and p@e quui d residue distilled at 60-1
10 °C at atnozxpséfrlc Pressur.e tg yield b g (99.49 of 2,2-difluoro-

pr opi oni ¢ aci Yo ofsodium nititey(3.4ig, pR.A "BU%)éE‘, M’é@f FSURWaD eddsehsepivises k

equi pped avet én rounperivdro a&boledi ((r"oars,turrémwmiaﬁetSéhloraﬁﬂlluﬁel(ea fg@ﬁﬂmol

d d ha dif |
o opi ot o 25515 sBEEh nluBler €7y el outaR ot R Sl SRemstoo bt s °
(appr oxi rﬁ’%Pi}e'ﬂi(@ g, @mm%lwmq&(@amb@wswﬁaﬁ dropyisevageraddeaniniites t he
heat ed sqledbd @rbr&:i(@é aﬁlBR{n@é SRR Pio}fnljef Reter a(ﬂéb &an@urﬂﬁ%ﬁh@%ﬁad@?ﬁﬁ# or an

reflux. After the add m Xt ure
addi ti onal®UhE™ tr“@a%?s’l 'htﬁr%%"“ﬂﬁﬁggl?d%hﬂﬁﬁ andhgir-gsieds Seligsssleyied iBt hanol  was
renoved fathEmok (& mi)darci0 roinutes Xlitered, soyidswesshsdwil sbihbh@bh®BriediA®acuo to

10  afford the title compound (I-3b) as an orange solid, 11.0 g.

Preparation of 4-Bromo-4-(4-chlorophenyl)-2—[L2-chlcmohenyl)-hLdrazonoI-3-oxobutyric Acid

Ethyl Ester (I-3c):
EtO
o)
| N—
N{-I 0
Br
Cl
Cl

15 -3¢
A stirred slurry of 4-(4-chlorophenyl)-2-[(2-chiorophenyl)-hydrazono)-3-oxobutyric
acid ethyl ester |-3b (10.0 g, 26 mmol) and copper(Il) bromide (13.4 g, 59.8 mmol) in ethyl
acetate (100 ml)/chioroform (100 ml) was heated at 60°C for 3 hours. The reaction mixture
was cooled and filtered through diatomaceous earth followed by washing with chloroform.
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crude product was then crystallized by diluting with toluene (1:1) and
followed by cooling to - 20 OC. After solids started to precipitate out of
sol uti on,wbesenss314 mM /1 m) was added and the m xture was/Bidosvesd2t o stir
for 2 additional hours at -20 0C, foIIovved by holding the mxture in a
freezer ni The sol i were filt [ ol nd ,washed
with fre 'iee ‘“%%l”a H‘&%‘%‘Mé&‘ﬁ?‘f‘?‘ﬁ?’)? W Wéth z?&égmggl r'ﬁg)('ﬁ%?ggﬂtarqgn dried
i N vacuocasiceirates ih eaduottoaffird the3iE Corgpquad Y3cpés a red oil, 12.1 g.

2,2-di fluoro-N-(2-hydroxyethyl)-propionanmde as a low nelting solid

(Mp=36- 3Brabhratidt imSmelilaf 5-Br-OREHBRbNY QYRS RS R AL 4 H BRkp. 1MEN Rz688h

equi pped h_a _nechanical _stirrer, thernoneter, addition funnel, nitrogen
i nl et an@%ﬁﬂ%ﬂlﬁ#@’—ewahydrofuran ( THF: 9 liters) was charged to

each flask and then cooled to - 5 °®OLithCogEml um num hydride (734.5 g, 3
1.18 nmol) was added to each reaction flhask portionw se while nonitoring gas
evol ution and naintaining the tenpgragdrenl ess than 25 0C using an

i ce/ net hanol bath. After the ado
was cooled to O OC and 2, 2-di fl uq N (
above (1500 g, 9.79 nol) dissdlved in *
reaction mxture while maintaining the rperature | ess than 30 0C. After
about 48 - 60 hours, the m xtures were tooled to OOC using an i ce/ et hanol
bat h and quenched with a 10@6sodiun1h¥groxide solution (3.2 liters) while
mai ntai ning the tenperature between e reaction tures were

[T Lereq ¢ hr JAGHURORS bl GaeoraPaety DGR SRR RGPl 58I pad. - The

solids f bmmumﬂbthwaaét I3t (WeN @, 26 mmoi)@dd sedium astdty [ @reeg,cil3b armalein (3X 7

it il I t

clongéﬁg r g{é '(ﬁ@;'@ges eatgé %{[crgfglx f#hel{ogegéo \t{}%r ﬁ%ithgxpsé}ﬁgﬁgg&gﬁg&?ﬁé pr oduct
col | ect edfhdz)etsideewagﬁar!me()@ewemsthwmcﬂgteaAﬂI\Natﬂf Thecorganielayenwasol | ect ed was
redi stil [ ,acheangnbhre dﬂé&ma éé,)[a(\acé’r?c@htfelté@rﬁ@@é&)ﬁb(bﬁ‘&ﬂb%@ﬁcﬁtmé\ﬂnﬂofm Smlc

was col | ected between & Hg fol | owi ng
descri beé*"sarﬁatﬁT"i‘&Wﬁ‘@l“?f@“ﬁl‘"@&@Hﬂ?%tofrﬁfl‘uxtaﬁg Wgﬁ? b AMBENY PR AYE at e
for 2 hours and then filtered to afford the title compound (I-3d) as a yellow solid (I-1d), 6.5 g.

9 liters) was added to each

15
Preparation of Intermediate 5-(4-chlorophenyl)-1-(2-chlorophenyl)-4-hydroxy-1H-pyrazole-3-

carboxylic Acid (I-1a):

0]
HO, OH
f \
N
Cl N
Cl
I-1a
20 Aqueous potassium hydroxide (200 ml, 3.18 M, 636 mmol) was diluted with 1 liter of

methanol followed by portionwise addition of 1-(2-chlorophenyl)-5-(4-chlorophenyl)-4-
hydroxy-1H-pyrazole-3-carboxylic acid ethy! ester |-3d (100 g, 266 mmol) as a solid. Initially,
a clear dark orange solution formed, but solids quickly precipitated back out of solution. The
reaction mixture was then heated to reflux (a clear dark orange solution was obtained at

25  55°C). The reaction was held at reflux (70 °C) for 4 hours, followed by cooling to room
temperature (a small amount of precipitated out of solution). Another 1 liter of methanol was
added (more precipitate formed) followed by 260 ml of water (a clear dark orange solution).
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5- (4-chl or ophenyl ) -1-(2-chl orophenyl ) - 4- hydroxy-1 H pyrazol e-3-carboxylic
Acid (1-1 a). Preparation of Internedi ate 4-(4-Chl orobDhenyl)-3-0xo0-butyric
Aci d Et hwobBsdeansiib- 3a): | -3a Pyridine (105 m) was addedTdBmpomnae2rover a
30-m nute period o a cool ed (0 0C) to a stirred solution of

2, 2-di nethyl - n dICh|O met hane
(200t Cofeenheidd PRRART hureiesp 86 WA kP mE A pe0 Pt e 8 55 ol i
di chl or ométutesnieeepihg thentieinperature h@wem{b@Tlr(mwﬁ )s8 preﬁpaatleebagan torromext Ur e was
stirred gﬁ’trof LollXM"a @FH@I aQiQ[tloﬁrW S ?chbr%lﬂetgatrhe m&uré%ggf?r%d 85 Rbdr§ 11 N was

conti nued foroan aadi trong e reaction mxture was poured over
2N hydroéHPB'F‘lt?!“%?‘Hre( thgn yhre; %@'P‘Fmowr%f@@ﬂ%en@m@rawé@us Iayer
washed Wikdicaite MabsdomBL 508 of ok tdbPeraiule 1: CondhaidBwated flbWed shinge

washed wi drochl.o aq (Na2804)
and conc@'ﬁ{’]?@@w i gﬁﬁ) “feg ?v&edea?rgé?qf)érzlg%u Q@?\,&# derﬂﬁq tlsﬁ above
was sl ur enet mmfoet hboewws$ to(afford 1-t2e¢h)0r0mveallb@(4t ahlgrefhienyd)-f-bydrexyltitr s, t hen
cooled a (:y@)lg)g ER was

fracti ong%g&%??tglfbbﬂgggﬂggg vacuum agél# o?vﬁ&lt%g@tltle conmpound (I|-3a) as
a clear oil, 108 g. Preparation of Exk@fBlededi at e

"M Chipor %@mﬂ& gr3- ﬁmm&b%ememmﬁdmdw@@mmgb,erfmmbummiecﬁ&ﬁi'dioﬂ hyl

Ester (I;%é;@i_';éf’-%m solution of sodiymnitrite (3.4 g, 50.4 nmol) in water
(15 m) S I period to a cooled (0 0C), stirred
solution of 2-chloroaniline (6.4 g, 50.4 nmol) GHy acetic acid (50 nml)/water
(7 mM). Then a solution of 4-(4-chl orfef‘plwﬁ??ﬂ -0x0-butyric acid ethyl
ester |-3a (10 g, 42 mmol) in acetic/ acid\(BO ) was added dropw se over a
30-minutes period to produce an oraffje slAT™Q (20 ml of water added to aid
stirring). After an additional hour g\ m xture was filtered, solids
washed with water and air-drie S0l Hds Nurrledln et hanol (75 m) for 30

m nutes, filtered, solids washg th \f;thanol and dried in vacuo to
1A1

Cl
Preparation of 4-Acetoxy-1-(2-chlorophenyl)-5-(4-chlorophenyl)-1H-pyrazole-3-carboxylic
15 acid (I-1b):

-1b
1-(2-Chlorophenyl)-5-(4-chlorophenyl)-4-hydroxy-1H-pyrazole-3-carboxylic acid |-1a

(572.0 g, 1.64 mol) was combined with 8 liters of methylene chloride to give an off-white

20 suspension. N ,N-Diisopropylethylamine (427.9 g, 3.29 mol) was added over 15 minutes
while keeping the temperature between 20-25°C. A clear yellow solution resulted. Acetic
anhydride (334.5 g, 3.24 mol) was added over 5 minutes keeping the temperature between
20-25 °C. The reaction was stirred at room temperature for 16 hours. The crude reaction
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afford the title conpound (I-3b) as an orange solid, 11.0 g. Preparation of
4- Br onp- 4- (4- chl or ophenyl ) -2- ((2-chl or ophenyl ) - hydrazonol - 3- oxobut yri cAci d
Et hyl Estwo 2066738310 3¢ A stirred slurry of PCT/IB2005/003027
4-(4-ch| or ophenyl ) -2-[(2-chl orophenyl) - hydrazono] - 3- oxobutyric acid et hyI

t 0. I 1), d
Sts h§Ir ac% "i‘t"a %%S?ﬁ%ﬁ)‘"’gﬁly‘&? ﬁ&?er( 915)“?@3? "’I’?gjaﬁ(“éc?"&? g’%’t%%%soo?ng hour s.
The r eacbiiren Thie xtude solutits wasalopcerérted i taces toda tolah wlighe ofi Hﬁ@'nﬁbecmlsy earth
f ol | owed m@sﬁmaqh %ddeﬁ Ifk}]@ﬁtgiscbrfﬁé Hhes éaug.fng %%em r&e.

di chloro ane, was , rine, drie concentrated

i n vacuoinstgnthf ffé‘PdO'I%éNet“P greBuIBlsF RS A MiTyesRay “?fé‘ R ‘?“é?jj W trat@@ They.

Pr epas at fiisicaRé was fifdedBdtha@ fers of hexanes and then air-dried for 16 hours. The isolated _
o (i e o SO e i AR RGPl i RO 1
4- br ono- 5—({-4hImbmeI-pHe:y;dzple§r([a(r®xwl¢l a@ﬂdﬂph@i)ﬂg GAd was isolfedds@xobut yri ¢

acid eth gﬁ“ﬁg td@: L 9, 26 mol) and sodium acetate (10.8 g, 130 mmol )
in met ha z was heated at reflux for 4 hours, cooled, and then

concent r at ed lHnNMBd B:Clare b dde)TdHz)at47-{-BbHBB et Aeh 217917 acet at e
and wgt epz), The (@PBRlE7 H@)yﬁrzew%m/amedsyuct bBshr vees3gdrd ed (Na2SO4) and

concentrated in vacuo to afford a soli d. slurry of this material in
cycl ohexane was h te Lare I and al 1o 0 _S ent tepperature
for 2 hof ._._ ] 1- 4-G f( ) - %o tl 3r ": or bropyl)-la. ™

yel | ow sbydroxye 8 : edterdh’dyf | nter nedl ate
d- M chl or ophenvD-i -te chI orophenvf I - hvdrogy I—I- pyrazol e- Scar boxylic Acid
(1-1a): 1-1 a Aqueous potassi um hydr oxi d ﬁ%& 3.18 M 636 Mol ) was

diluted with 1 liter of nethanol folm@ portlonWI se addition of
1- (2-chl or ophenyl ) -5- (4- chIorophenyI)

15 I-1d
4-Acetoxy-1-(2-chlorophenyl)-5-(4-chlorophenyl)-1H-pyrazole-3-carboxylic acid |-1b

(581.0 g, 1.48 mol) was dissolved in 10 liters of methylene chloride to give a pale yellow,
slightly opaque solution. The solution was filtered through Celite® to give a clear green
colored solution. 2-Chloro-4,6-dimethoxy-1,3,5-triazine (296.8 g, 1.64 mol) was added in

20  one portion as a solid at room temperature to give an opaque suspension (addition is slightly
endothermic). 4-Methylmorpholine (182.9 g, 1.80 mol) was added over 15 minutes while
keeping the temperature between 18-22°C (reaction returned to being yellow in color). The
reaction was allowed to stir for 3 hours at room temperature, then 2-(2,2-
difluoropropylamino)-ethanol Sm-1c¢ (228.3 g, 1.64 mol) was added neat over 10 minutes

25 while keeping the temperature between 20-25 °C. The reaction mixture was stirred for 15
hours, then washed twice with 6 liter portions of 10% citric acid and once with 5 liters of
brine. The crude product solution was concentrated in vacuo to a thick orange oil and then
reconstituted in 4 liters of isopropyl ether. After removing 1 liter of distillates, precipitate

29



hydr oxy- 1/ -/ - pyrazol e- 3-carboxylic acid ethyl ester 3U (100 g, 266 nmol) as
a solid. Initially, a clear dark orange solution formed, but solids quickly
preci pi t avedodwsasksiout of sol ution. The reaction m xturepeagBtdogmsneat ed to
reflux (a clear dark orange sol ution was obtained at 550C). The reaction

was hel d, at re I 70 0C hour s wed b i t
t enper at BPEANQ %ﬁél‘ﬁ p%‘f?ﬁnerg{f’wfe@%’ﬁ? {ac&{eg&o @EPTU&? E%ggfﬁlug‘%‘?‘%ﬁég hmer 1
l'iter of theatteemiturevaigs sttied dt oowrtemperetorefot tbaurf Theerdgipitated soligedwerg 260 nl  of

wat er (agsltegga ngﬂﬁ@&%aqgeggeu @@9@@9%5@%@2 ﬁ@%e&véoméﬁ?eramrgﬂ ¢ acid

was adde m nut es e tenperature

bet ween 29PROYEtepirigyed py ai- éB’I”@lf?"a*'tsé‘ob@gﬁﬁe‘tC@CtS’cﬂn@ -Gl 0R5‘P“3§b$ {(fci on after
HCl  addi tchlempmm)@Q%zs@iﬂmﬂr@b@pylmer\ymokwhﬁ -oASansdyi 1 HeSrd70K4-J1-dBtehpud S at

roomte en t rec ol lected by filtration, and the
resul ti 28‘?43 égé’%ﬂg@s \fﬁgpfgd’ h\{va?o'ﬁoom tenperature 1:1,
met hanol : wat eh—i Nf\/ﬁl (bm@lgb &750&3% mg4hi\) 7.A8 f)@HMI= BCEHWaI &4 (d QEIJ=&:7t ed solids

o T LR GRS 9P MO 7, 1

3-car boxMé\S@Sa@ﬂ@SI)— Maﬂ(:@ g, 98% as an off V\/mte sol i d. Exanple 1
Prepapati on of 3-(4-Chl oro-ohenv\)-2-(2-chloro-phenyl)-7-(2, 2-di

uor o- pr opYépardlion éf Aiekiy 8Ei@ 32-chldrdbtiyy a2, muorbpmwﬁmwleMS one (1A-1):
1A-1 Prep Irathn ) ) ) )

of 4- Acet §RFP v SOt =t obfrettyl ) - 1H pyr azol e- 3-car boxylic
acid(l-1b): 1-1 b 1- (2 ChI orophenyl) 5- (4 ¢hlcp.ophenyl ) - 4- hydr oxy-1

H pyrazol e- 3-carboxylic acid VAa (572.0 @ 3 nol) was conbined with 8
liters of methylene chloride to give Off-WhI t e suspensi on.

N, N- Di i sopropyl et hyl am ne (427.9 g, ;3. 29 was added over 15 m nutes
whi | e keeping the tenperature betwegn 20-250C. A clear yellow solution
resul ted. Acetic 0

Cl
Cl

I-1e
15 Method A: Acetic acid 1-(2-chlorophenyl}-5-(4-chlorophenyl)-3-[(2,2-diflucro-propyl)-
(2-hydroxy-ethyl)-carbamoyl]-1H-pyrazol-4-yl ester |-1d (580.6 g, 1.12 mol) was dissolved in

10 liters of methylene chloride to give a clear pale yellow solution. After cooling to 0°C,
methanesulfonyl chloride (142.4 g, 1.21 mol) was added neat over 5 minutes, followed by
addition of neat N,N-diisopropylethylamine (167.9 g, 1.29 mol) over 25 minutes, while

20  keeping the temperature less than 5 °C. After stirring 20 minutes at < 5 °C, the reaction was
warmed to room temperature and stirred for 14 hours. The crude reaction solution was
washed twice with 4.5 liter portions of 10% citric acid and once with 4 liters of brine. The
crude product solution was concentrated in vacuo to give a crude solid, then 2 liters of
methanol was added followed by stirring for 1 hour. About half of the crude solid had

25 dissolved in and then crystallized from the methanol. This material was collected by filtration
and the resulting filtercake was rinsed with 300 ml of room temperature methanol. This first
crop of material was dried at 50°C and 10 mm for 2 hours to give 245.2 g, 41.2% of the title
compound as an off-white solid. The crude solid that had not dissolved in and crystallized
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anhydride (334.5 g, 3.24 nol) was added over 5 mnutes keeping the

t enperature between 20-25 0C. The reaction was stirred at roomtenperature
for 16 howooo6li3s316r ude reactionsol uti on was washed tw eeTuBtdos/dosb2t er
portions of 0.5 Mcitric acid and once with 4 [iters of brine. The crude
solution (0] ntrated I n.v er. This mlky
suspensi ovﬁj{%%% S‘&&‘é%"“feér‘)" ?fﬁefg&e"yie"ﬁés‘laﬂi% "P&&&P??@%?‘ﬁag%aea red

pr oduct vecqsas@mwmlshamleThememamlynotmnhqwolert@sew[@nethglﬂasutmbamd for 30 m nutes
and thenc&@eh@aé@faa%amdd}nn@&f's@am.m &4 hbPEGARed i the USGs Wduhis | 1L €1 S

of hexanes and then alr-dried ours e |so uct was then
further @i Bis mxtusgwarvameddn A Covaterbathunt a CﬁaAé@t'Waﬁ O(OE‘JV@HI Bedphenyl ) -

5- (|4 ?hgﬂfeﬁmrmkbmﬂdﬁ\%’gfc?ﬁ&ﬁ@o qucaxlrdtsgoted fossmmlrdtewgs&lﬁ@ln §roﬁ%%9?°d/¢ Yﬁs
0 0 | 0
127" 0" v preBipiaBR TE KieoBiidie WAL LigB8y binusdidn 38 e s idd anplafa s | 15" ;

Hz), 2. 2@&aghed v3iH)200 i obicSphitledr8hanol, faowsdlly dr-dryiep far dBihowrsoThéseepnd aci d
1- (2- chl grspngehal 59544@9%9me%&yéd)as%n[oﬁaﬁr%eqbﬁd %E%v%fp%t)médz

hvdr oxyet | h | ) - carba Dyrazol - 4- es 2)

4- Acet ox yiepof Qrs&?ﬂdoﬁeﬁ%fﬁ’eﬂws)o@cit'& aE'HI%&Oﬁﬂ'fé‘?ﬁﬂl‘))') (2, 2r4liTHIPFOREQRYB 3- car boxyl i ¢
aci d iy b cérbhoylP1-@-chlordiheni)-5-(4rcitordbrea - viedyrarol-401-bsteelr & vads 538I1MY | ene

chl ori de(é )gl ve a pale yellow slightly opaque solution. The sol ution was
filtered Or{?ough Celite(r) to give a clear green colored sol ution.

2- Chl or o- 4, 6- dlnethoxy-l ,3,5-triazine (296.8 1.64 nol) was added in one
portion as a MeihpdBatl- (?&hﬁ@@ﬁ%%ﬂm@f@%‘ew‘hﬂgaﬁalﬂiﬁtéﬂérwwgéﬁ@L&]

(addi ti oqod.&q, %o&{mlyw@smblvyea M 1C) hterﬁ‘ombfﬂmleﬁ@ém@b'@ﬁnéé@&f%hlﬂa 1.80 nol)
was added ove erature between 18-220C

(" eacs! oRPETTPHLMEBY TGRS Tio TEPbiss S49rG. ae E FBR YIEWai | owed t o

stir for sGutoyfolovedd bycaditibre ofeee iyt ahicgide {22a81g, 284 tnibl) over 10 minutes while

di f1 uor opy, m%ﬁﬁ@%%ge?&t%%ﬁﬁuéﬁ‘zb %o@zﬁﬁ aQ;norings itg%g%o o %da‘i’? pfieat over

10 m nutes erature etvve he Teaction
m xt ur e \empesatyrertaen f;qgledltg 0°C. 2- (2 2- Dlﬂuoropropylammo) ethanol (39.8 g, 286 mmol)

was added neat over 1 minute followed by addition of 2-Chloro-4,6-dimethoxy-1,3,5-triazine

20 (49.0 g, 271 mmol) portionwise as a solid over 1 minute. The reaction was allowed to slowly
warm to room temperature over a period of 5 hours, followed by stirring for 12 hours at room
temperature. The crude reaction solution was washed twice with 900 ml portions of 0.5 M
citric acid and once with 900 ml of brine. Residual water was azeotropically removed
through two cycles concentrating off methylene chloride and then adding more methylene

25  chloride. The final crude methylene chloride solution volume was 1.2 liters. This solution
was cooled to —2°C followed by addition of neat methanesulfonyl chloride (36.0 g, 311 mmol)
and then addition of neat N,N-diisopropylethylamine (42.1 g, 324 mmol) over a 10 minute
period while maintaining a reaction temperature less than 10°C. The reaction solution was
warmed to room temperature over 1 hour, followed by stirring for 20 hours, then washing the

30  methylene chloride solution twice with 800 ml portions of 0.5 M citric acid and once with 800
ml brine. Product rich methylene chloride layer was clear dark orange in appearance (~1.3
liters total volume). Crude solution was concentrated in vacuo to ~300 mi, followed by
addition of 1 liter of methanol. Resulting solution was concentrated in vacuo in a 30°C
waterbath by removing 8900 ml of distillates. Another 800 mi portion of methanol was added

35  followed by a final concentration in vacuo (30°C waterbath) to remove 700 ml of distillates.
The final total volume was ~500 ml. The product rich concentrated solution was held at
room temperature for 1 hour (solution was initially hazy, dark orange in appearance, then
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hours, then washed twice with 6 liter portions of 10%citric acid and once
with 5 liters of brine. The crude product solution was concentrated in
vacuo t o wothésnisszanange oil and then reconstituted in 4pcirtiBzods/edsozsopr opyl
ether. After renoving 1 Iiter of disti IIates preci pitatebegan to form
Isopropyl et her s_added to the crude product suspension and
then t he S tp[ﬁcl?gt%g E‘?r ')“ﬁ? r SRR EPS QRIS tp ofogah‘gﬁt‘ ""1*ﬂe4D

preci pi t hbe@ovrdie hadhgainieg tempetdtteeteesitttay 0fG.| Thegirecipitateddolidsavere selletted by
oL Cafrote afd M3 FEMD Aol UEE Siaied IR0 ATRRE Shieinb AQRY ABNlue DT

fol | owed alrr-dr ours. Acetlic aci -5- (4-
chl or oph@h?lr'}i%‘g[f?@@%ﬁf IT@SH@W%W?%WGT@W@E p)anéérrwamsﬂ ] 1

[ -1-pyrag 043) & dive o8 pSAlb A granul ar
L %Ite&é%i’(‘lloégo m%dm& dive 208H0 adlS-[( letaegl 224 g

rﬂﬁ 8 H J=8.3
PARRIRY e v h%zefhevﬁf?@mﬁomgp @a&%m@é §3E5 51 (s,
3H), 1.6%104Qg, 35P/o)é$‘|5¥lhﬁ@3(5|dl‘|2) Mass Spec (ESI): Mt1=512.2 Prepar ation of
Acet d 3: I | 1n(2-
e S ENBRFERREREs PAbY n2ad) Fbarienhond, bosar bl vinldl
A Acet i @Harstainers, J= 87Hz) 7. 14(d 2H rotamers, J=8.7 Hz), 4.46 (t, 0.72H, J cannot be

(12(ﬁy@%%@g{tﬁéﬁla1bn(1426thb%ﬁrm@€ygt)§g§ne{d§%@rdlt1fedrsv§J 1(93@9&} 387 ( 12 mwol)
- 4- no
s 452 B B ) il S Aa o 3 e%r THA) o

yel | ow smia;ﬁrlrmamerﬁfptesentdoeknrrgt atio. COC1 et hanesul fonyl chl ori de (142. 4 g,
1.21 nol . t 5 mnutes, followed by addition of neat

N, N-di i s)(gwpa\ré%%%dg%@l %ﬁngﬁ}g 67.9 g, 1.29 nol) over 25 mnutes, while

keepi ng the terrperature Iess than 5 OC After stlrrlng 20 mnutes at < 5

0C, tWe HFeenarat L-clioreghenylhS4e zal \ i :
The crud%C,tagg.@;t,/b,@amg@kpz.u,gpw]@@ Q’Mﬂwt’w ce vmth 4. 5 I|ter portlons of 10%
citric acid and once with 4 Titers o ring. The crude product solution was
concentrated in vacuo to give a crude soljd,Cthen 2 liters of nethanol was
added followed by stirring for 1 hourg Ao hal f of the crude solid had

Ci
Cl

I-1f
Acetic acid 3-[(2-chloroethyl)-(2,2-difluoropropyl)-carbamoyl}-1-(2-chlorophenyl)-5-(4-
20 chlorophenyl)-1-H-pyrazol-4-yl-ester I-1e (3.55 g, 6.69 mmol) was dissolved in 90 mi of
methanol with warming in a 40°C waterbath to give a clear colorless solution. The resulting
solution was cooled to 0 °C (still a clear, colorless solution), followed by addition of K,COs
(1.02 g, 7.31 mmol) in one portion as a solid (reaction mixture goes from colorless to yeliow).
The reaction was stirred for 30 minutes at 0 °C followed by addition of concentrated
25 hydrochloric acid (1.2 ml of 12.1 M, 14.5 mmol). Upon neutralization, the reaction turned
colorless and clear, then product began to precipitate. The reaction was warmed to room
temperature, then 45 ml of water was added, followed by stirring for 2.5 hours. The
precipitated solids were collected by filtration and the resulting filtercake was washed with 50
m! of room temperature 2:1, methanol:water. The collected solids were dried at 50 °C in
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di ssolved in and then crystallized fromthe nmethanol. This material was
collected by filtration and the resulting filtercake was rinsed wwth 300 n
of room twopessasssie net hanol . This first crop of materi acTaBmosinizezy at 500C
and 10 mmfor 2 hours to give 245.2 g, 4 1.2%of the title conpound as an

off-white solid. The c¢rude lid th had not djssolved in an
crystall i"i%’&ff?r&rﬁ%%\ﬁoﬁ'(%&ZW%TQFSHME’%{‘\%&@OT? e‘l‘y'}‘i“f‘léqro’@‘r”'r'f@(’ﬁ%ﬂ?eé?fe chl ori de,
t hen concarboxyiit acid {2schiorvetsytp@2-difuowpraphl)-amide 1. 86ad, I8a%phs awhitesoliti quor

| eft over fro Ir Sty r al I f 800 m
and was then ?6&&%@92%%%5? E&W\gl%gc tr})gﬁg(%b%ifghyyﬁi%QH:{rlgx‘{é[?’?%Pwas
war med i malMOD89-iaf énb2H)h7.aktd, RHaroteimess, J3BT big), 8117 W Ho hitamered=8{7hen t he

resul &i ng,,5al7gtd 082 YRS, cPPLE4 P 1Phs ANMeTid) 14 Gy, [ods ﬁ,gH;91a;lfzf%zg4r<esul ting
i n product_preci s collected b I'tratton, and

Itation. The precipitate wa
the. resuPERIITS [ipker 84d a2 RBE 1 0TS $46- 16 bl $rbt hanol
fol | owedHay By mabiyiotgnerOpreddit L 1507:Thko.second crop material (290.9 g,
48. 8% ) ksol d i ff-white solid. The overall conbined yield of
first an%gse%%co@%ﬁbaﬁﬁo%g%geti c acid
3-[(2-chl oroet 2, 2-difluor _
car bafoy Precata frhioiepRanyl)-2-(2-ghlerg lihygroy| - ester M e

was 536. bHGH-L64 1,2 Vatidyacth,Ben-8-one (1-1A): _ _
1- (2- Chl or ophenyl) - 5- (4- chl or ophenyl ) - 1H pyr azol e- 3-carboxylic acid [ ¢

(90.8 g, 260 mmol ) was di ssol ved i ni#\l i O3 met hyl ene chl ori de,
y

giving an of f-white suspension. 4-M | br phPtgne (58.5 g, 576 mmol ) was
added, giving a clear yellow solutigh, fo d by addition of acetyl
chloride (22.6 g, 284 mol) over 10 m_nuyes ile maintaining a tenperature
bet ween 20-300C. The reaction was stifréd for 7 hours at roomtenperature,
then cooled to C. 2-(2,2-Dif yNan‘i no) - et hanol (39.8 g, 286 mmol)
was added neat over 1 mi nutp addi tion of

2- Chl oro- 4, 6-di met hoxy-1, 3,5-trfazi ne A49. @lg, 271 nmol) portionw se as a
solid over 1 mnute. The reaction wa$ owed to slowly warmto room
tenperature over a period of 5 hours, | omed by stirring for 12 hours at
roomtenperature. The crude reaction solution was washed twice with 900 ni
portions of 0.5 M 1-1A

Acetic acid 3-[(2-chloroethyl)-(2,2-difluoropropyl)-carbamoyl]-1-(2-chlorophenyl)-5-(4-

15  chlorophenyl)-1H-pyrazol-4-yl-ester |-1f (513.0 g, 0.97 mol) was suspended in 9.7 liter of
ethanol (a off-white suspension). Cesium carbonate (348.0 g, 1.07 mol) was added
portionwise as a solid over 2 minutes while maintaining an internal temperature between 21-
27°C. Upon Cs,CO; addition, the reaction mixture turned pale yellow (still a suspension).
The reaction was allowed to stir at room temperature for 19 hours, then the crude reaction

20  mixture was filtered through Celite® to remove insoluble solids, giving a clear dark yellow
filrate. The Celite® filtercake was washed with 2 liters of ethanol. The crude product
solution was concentrated in vacuo and gave a yellow solid. This solid was reconstituted in
7 liters of methylene chloride and the resulting mixture was washed once with 5 liters of half
saturated aqueous NH,Cl and once with 4 liters of brine. The product rich methylene

25  chloride layer was concentrated in vacuo to a total volume of 2.5 liters. The methylene
chloride layer was clear and dark reddish in color. The product rich methylene chloride
solution was treated with 105 g of Darco, followed by stirring at reflux for 30 minutes. After
cooling, the Darco was filtered off by passing the solution through Celite®. The crude
product solution was clear dark orange in appearance. The crude product filtrate was

30  concentrated in vacuo to a total volume of 1.1 liters. This product rich methylene chloride
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citric acid and once with 900 ml of brine. Residual water was
azeotropically renmoved through two cycles concentrating off nethylene

chl ori de wododdnsssiaddi ng nore nethyl ene chloride. The fipcalBzosidsoret hyl ene
chloride solution volunme was 1.2 liters. This solution was cooled to - 20C

fol Iowed nutaditiabiactecdsven eminiek/190 R6H of e lHeGlri jﬁaﬁmﬂ fresdicht MTo!)

hyl nmol ) over
200" m nufS SiyRot BB it ﬁm@uaﬁ%'erﬁ%w@;%”%r&wgpmn@dm than 100G
The react PigAPiaie mm@wtwasolm@nneﬂertoomptemnddmmpem@muthgleﬁellémorﬂdef%ewérln V{auglolnomed
Coi e yi t [ored atEinbPHoR: prbcli (5 Helblr IR M BT EReB8 b i ne.

twce with 800 rtions rrc ac
Product rf gr‘?e'F‘Ff?Pg‘fY@'OEﬂ’faﬂPF‘d@f"llﬂlﬂeﬁo'Lmﬂﬁf@l’fetae regrgtidn roixmredtey heatiptpear ance

(-1 .3 |i T®10s( nmerhalpomehmaﬁlure)@vwz S%Mtdeﬁ&j V@,&eq%'lﬁ:.%m% S;]fpg rdufle VACUO tO

t I t1ng solution
200, eabre8ifsbdibgadfh L ooelod, LI L BSIMeD) oh s oA Geomdalpondt
di sti || at B reagiign mrturg depkren gent daonpiok/purple balbekiom@sh ﬁﬁitﬁ%ﬂ)h(ﬁ&éds@éﬂﬂ@d by a
final commpitbaciibh fktird Wi RER af ??1&0\“% ﬁfn'B héo 3 torﬁdm% & E’érk? g,ﬁ 13

|
gl)?\f:laﬁclf ?;*EEZ'E? éﬁ]ﬁmffi Qr;’?fx\?é{g gép@ 2nd m&ﬂmfﬁ@ﬂﬂﬁ’ﬂémﬂlé hoors. Théaprecipitated ut i on was

i ni ti al | yproduywasietiécted By@ation, ARG futbrlasméé Washak gﬁiita Q'n{e?st guf‘f Ler .

rar nt o i oo teridialle b dRS rdiie £ SiCmBS T o Houien Toa bt asliveo. o
col | ect ed”%?flﬂhﬁftdf@ﬂlabﬁp"caﬁd 2tnhra fard § hibars ossf orl drﬁn@ﬂh@or\wa 243 3M th 50 ni

of ice- C|'(|41chBﬂ)pﬁﬁﬂ)@ﬂ@ml&dﬂhEWﬂ(ﬁﬂﬁ{&oﬁi@§ 3%97 3 u‘%g”’% _‘ggx i sol at ed

dryi ng was
onl y B mﬁéﬁezaia%n'tﬁg‘]ggpngé&%d@%ié|9d733%>)[é(szancqffrwt@éplw/|) (2, 2-

onl

dlfruoropropyl) carbanDyI] 1 -(2- chlorophenyl) 5-(4- chlorophenyl) 1

/-1 -pyr azzdc B5toé B - = g
| 2 . : 1

E((j:ngH )r25ﬂ5"74%9372f77t" W, rotamers. J=8.7 Hz), 4.46 (t.

0.72H, J cannat4-Glomphenyhr#édhlorapheay!XT-(2, 2 dif@irbprdpyt)ainaihydre-26isies-m ned)
3.97 fot, okad@tt-tridiFazlien(B-bia 1-18 (500 §,114.1 mmol) was dissolved in 20 ml of methylene

chloride to give a clear orange solution. Darco KBB (0.5 g) was added followed by heating
to reflux and stirring for 1 hour. After cooling, the Darco KBB was filtered off by passing the
solution through Celite®, giving a clear light yellow filtrate. The Celite® filtercake was washed
with 10 ml of methylene chloride. The eluent was concentrated in vacuo to give a total

25 solution volume of ~20 ml. The concentrated methylene chioride solution was then diluted
with 150 ml of 2-propanol to give a clear pale yellow solution. Methylene chloride was
removed from the resulting solution by atmospherically distilling off 71 ml of distillates as
solution was heated from room temperature to 82°C (boiling point of 2-propanol). The
solution was then cooled over 3 hours from 82°C to room temperature. Note: Solution

30 became hazy around 34°C, followed by precipitate formation. The mixture was stirred at
room temperature for 62 hours, then cooled to 0°C and stirred for 2.5 hours before collecting
the precipitate by filtration. The resulting filtercake was washed with 80 ml of ice-chilled 2-
propanol, then air-dried for 1 hour. The recrystallized 3-(4-Chiorophenyt)-2-(2-chlorophenyl)-
7-(2,2-difluoropropyl)-6,7-dihydro-2H,5H-4-oxa-1,2, 7-triaza-azulen-8-one 1-1A (4.03 g, 81%)

35 was isolated as a pure white crystalline solid.
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0.72H, J=6.4 Hz), 2.22 (s, 1.08H), 2.20 (s, 1.92H), 1.62 (t, 3H, rotaners,
JHF= 19.5 Hz). Two major rotaners present in a ~ 1.7:1 ratio. Mass Spec
(ESI): Mnio28é/@sioepar ati on of PCT/IB2005/003027

1- (2-chl or ophenyl ) - 5- (4- chIoroDhenyI) 4- hvdr oxy- 1H—Dyrazo|e 3-carboxylic

acid (2-chlorgethvl)-(2.2-difl u Mf Acetic acid
312\ oht or oePRYMRERIG { s B SRol | 4R B Moy 7:24 (4, 24, Ttarters,
6( ggchl olrjs)aminenawhs!@d (08, (rjcn‘.eiiﬂuﬁrﬁthaerrvyz:c ))& 44- (HHW'( azelzth ¥lo-Hes 1398 (V26 8.055 g,
nmo i ith warming in a 4
wat er bat HFt \c,))@?" 83582% Pgar é&oﬁ%rl' ég %%rﬁ t?g(r?l HZ\‘}ﬂhe resul ting solution was
cool ed t &ads SD}JO( (&8N M+td=¢%%ar, col orl ess solution), followed by addition of
K2C334(1.02 g, 7.31 nmmol) in one portion as a solid (reaction m xture goes
fromcolorless to yellow). The reaction was stirred for 30 mnutes at 0 0C
foll owed by addition of concentrated hydrochloric acid (1.2 m of 12.1 M
14.5 mmol ). Upon neutralization, the reaction turned colorless and clear,
t hen product began to precipitate. The reaction was warnmed to room
tenperature, then 45 m of water was added, followed by stirring for 2.5
hours. The precipitated solids were coll ected by filtration and the
resulting filtercake was washed with 50 ml of roomtenperature 2:1 ,
met hanol :water. The collected solids were dried at 50 OC i nvacuo for 1
hour to give 1-(2-chlorophenyl)-5-(4-chl orophenyl)-4-hydroxy-1H pyrazol e- 3-
carboxylic acid (2-chloroethyl)-(2,2-difluoropropyl)-amde Mf (2.86 g,
87% as a white solid. 1HNWR (CD2CI2): d 9.67 (s, 0.52 H, 9.57 (s, 0.48
Hy, 7.51-7.48 (m 1H), 7.46-7.41 (m 1H), 7.39-7.31 (m 2H), 7.24 (d, 2H,
rotamers, J=8.7 Hz), 7.17 (d, 2H, rotaners, J=8.7 Hz), 4.75 (t, 0.52 H,
JHF=13 Hz), 4.47 (t, 0.48 H, J=6 Hz), 4.08 (t, 0.48 H, JHF=13 Hz), 3.94 (t,
0.52 H J=6 Hz), 3.84-3.79 (m 2H), 1.66 (t, 1.44H JHF=19.3 Hz), 1.59 (t,
1.56H, JHF=19.1 Hz). Two mmjor rotaners present in a ~ 1.07:1 ratio. Mass
Spec (ESI): M1 =488.2
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Preparation of S-M Chl orophenvfl- -te-chlorophenvD J-tf”-difl uoropropyD
bJ-di hvdro- 2H 5H 4-oxa-1.2, 7-triaza-azulen-8-one (1-1A): 1-1A Acetic acid
3-[ (2- chlwoaeddnss3ie (2, 2- di f | uor opr opyl ) - car banoyl ] - 1- ( 2pchhBzoopbeayl ) - 5- (4-
chl orophenyl )-1/-/-pyrazol -4-yl-ester Mf (513.0 g, 0.97 nol) was suspended
in 9.7 lter. \%IQ' et hanol (a off-white suspension). Cesium carbonate (348.0
g, 1.07 MER}sKRMed¥ed portionwi se as a solid over 2 ninutes while
mai nt ai ni ng ah i ntAeproedss famparachgia eorysiune davijlthe Eédiuila Upon Cs2CO3 addi ti on,
the reaction m xture turned pal eoyel |l ow (still a suspension). The reaction
was allowed to stir at roonRie jErature 9% 19 hours, then the crude
reaction mxture was filteredNhrQugp Celjte(r) to renove insoluble solids,
giving a clear dark yellow fid tratle. \he ite(r) filtercake was washed
with 2 liters of ethanol. The\cruedexy ol ution was concentrated in
vacuo and gave a yellow solid. is $oli ?qu constituted in 7 liters of
met hyl ene chl oride and the resulting/myxture wa$ washed once with 5 liters
of half saturated aqueous NHAGR! p With 4 l[iters of brine. The
product rich methylene chloride | as concentrated in vacuo to a total
volunme of 2.5 liters. The nethylene chhoride | ayer was clear and dark
reddi sh in color. The product rich nmethylene chloride solution was treated
with 105 g of Darco, followed by stirfling at reflux for 30 mnutes. After
cool i Rg, %Q,?nDar co was filtered off by passing the solution through
Celite(r). he crude prodyct solution was clear dark ora;ge i n appearance.
4

The crude proBUdt” M1 epdRe apeach fideeandenty balo; (€ rFaleliexy (CzCaaiphhalrol une of
1.1 |itekgbstitittdICPCOSIME or ByaRb; met hyl ene chl ori desol uti on was added over 20

mnutes to 5 | irt%(grs of %yc4 ohe aFe v;(ni l.e rrgi ntaining a reaction pot

tenperature of *XOMEHDEEHIPIE NG YK AR net hyl ene chlori de sol ution

addi tion, preBfipiatchemicelmeiety selecteéd forh thel group oahsistinged (F@dHatkyhadit i on, t he

met hyl.en i { t . WaSs : het: I (3.55 liters
108! %F@may,ggkﬁ@ %gﬁ;@ﬁ/ﬁ@ arfam;fc%?gd gl gpgjgy St GtcB BB cfe

of distillate ec si mul t aneous ding 2 liters of

cycl ohex&ng(sk Betewpniki-Rgalkdl b MemperaddantangeSrie Seneaiered Ir¢tameansya hddt i ng to

8-membered partially or fully saturated heterocycle, where said chemical moiety is optionally

substituted with one or more substituents;
a pharmaceutically acceptable salt thereof, or a solvate or hydrate of said compound,
15  or said salt;

comprising the steps of:
1) protecting the hydroxy group of a compound of Formula (1a) with a hydroxy-
protecting group to form a hydroxy-protected compound of Formula (1b)

O ROa
HO™™ N\ N,
N
HO
ob -
(R™),
1b
(R )n R1c
20 (1a) (1b)
where R% R%® R'™ R' nandm are as defined above, and Pg is a hydroxy-protecting

group;
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79 0OC (internal pot tenperature) over a 2.5 hour period. Once the internal
tenperature reached the boiling point of cycl ohexane, all of the nethyl ene
chl ori de wedodwasss1di spl aced. The reaction mi xture took eoTaBwesyosdzr k

pi nk/ purple coloration with white solids suspended. The reaction m xture
was held at 79 OC for 10 m nutes, cooled to c?510 0C alnz b;hen held fqr 13
hours, fol |l oveld byeacied saighydsoymmiecietcarnodihy fogpula f1oawidh ic8RBPUNE hour s.
The pr ecofFdratieddytorfdme b corapoundlof Portrath (by) filtration, and the resulting
filtercake VRS washed with 3 liters of roomtenperature cycl ohexane,
followed by gir-dryir® for 3.5 hours. The isol ateB\sol@ds were,durther
dried at 2 for 15HQ)~QI’/S’\('\|I,€BS on dryingywes opjy 0y2 g) to give

3- I
(4-chl orophep - | or ophenyl ) -M (2, 2-di fisuor opr opyds; '\é \(- di hydro-2H, 5

| 7- 4- oxa-Pg72, 7- jri aza- REPI)"gan- 8- one(1dy 1A (321 "3 Jpg a s“ ite
solid. Recryst aati on of 3=(4=tChtorophenyt)-2-(2-chl or 2Nyl )-%- ™2,
5. 7-di hydro- 2H 5H 4-oxa-1,2, 7-triaz | en- 8- one

2-difl
(1-1m: BTN ®);
3- (4- Chl or ophenyl )R2- (2- chl or ophenyl ) - 7- (2, 2- di f | uor opr opyl )R'6, 7- di hydr o- 2/
V,5H 4- oxa-1 , (iﬁ#i-tri aza-azul en-8-one 1-1A (5.00 g, 11.1 {QJDI ) was
di ssolved in 20 of nethylene chloride to give a clear (S nge sol ution.
Darco KBB (0.5 g) was added followed by heating to reflux and stirring for
1 hous. mhereR% &1, Rifg R't, nemDag.cod RBBramsglefinddtaboesl of f by passing the
sol-ution throygh Rhidrg'the h refly o o?_%ﬁ?ﬁ&orh#&nh& o/ Edrh@l ()16 b RdaGing The

ed "W o)

Celite(r) filtéercake was was nmet hyl ene chl ori de. The

el uent waPue nrradice 2 @aPPNdR{ERBNYd(1§) ve a total sol ution vol ume of -20 m.
The concent raﬁed t hyl ene chloride solution waggt theg diluted with 150 m
of 2-propanol ve a cleg@ pale yellow solutign. /Methyl eng%hl ori de was
renoved fromth Sul\jing sol ution by atnospherind '\stilling off 7 1

m of distillayes a wnwas heated fro m t enper o 820C
(boilingé_R?/ln\tyof (5 The sol ution has the 3 hours
from 820 0o rpom &' %&B}e. Solution b

foll oned by pr gi pita |( n'm The—mxture wa

10
where R, R® R™, R n, m, Pg, and R* are as defined above and L is a leaving group;
(4)  removing said hydroxy-protecting group and cyclizing said compound of
Formula (1e) to form the compound of Formula (1); and
(5) isolating said compound of Formula (1) or a pharmaceutically acceptable salt
15 thereof, or a solvate or hydrate of said compound, or said salt.

2. The process of Claim 1 wherein said compound of Formula (1a) is converted
to said compound of Formula (1e) without isolating, said compound of Formula (1b) or said
compound of Formula (1d).

20

3. The process of Claim 1 wherein said compound of Formula (1a) is prepared

by a method comprising the steps of
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roomtenperature for 62 hours, then cooled to OOC and stirred for 2.5 hours
before collecting the precipitate by filtration. The resulting filtercake
was washewtowddn3&dom of ice-chilled 2- propanol, then acrasziogdoshor 1
hour. The recrystallized 3-(4-Chl orophenyl)-2-(2-chl orophenyl) -
7-(2.2-difluaoropr 6, 7- di hvd , -4-0xa-1,2 7-triaza-azul en-8-one
1-1A (4.03 gt '81%8%@?%1‘%&“86 é@or@ula%%w}mﬂﬂ@yéwga}%p|ﬂ}erﬂgess?81=?a‘ 1H NMVR

( CD2CI 2) an alkafli. iQal badéto(form 4 thmpolind bf Forddla(2h) 3H), 7.24 (d, 2H, rotaners,
J=9.1 Hz), 7.16 (d, 2H,.rotanmers, J=8.7 Hz), 4.44 (dd, 2H. J= 5.2 Hz, 1.9
Hz), 3.98 (t, 2H, JHF=713 Hz), 3.87 (t, 2H, J=3.7 Hz 1 ChM (t 3HLIHF=19. 1
Hz) Mass Spec (ESLys. MAL_=452. 2vdigtkyi s cl ai ned js: ocess for
preparing a conp awﬁﬁathe mAlagl a (1) (| rei i ROLCO,RCb , Rib,
and Rlc are egc pendent | y Tralo,—(TI= C4Jal , (Cl-C4Jal kvl

hal osubst i t uRed (CY¥C4dal kM, orcyano; n @®ifrm each mdependently 0, 1
or 2; and R4 is a chef dal m)l ety selected fromthéRg}noup consi sting of
(Cl-C8Jal kM, aryl, (hbgyeroaryl, aryl (C-C 4)alkyl, a 2 o 8 menber ed

partially or full Y, saturated carbocycl ic ring(s heteroar gc 1- C3) al kyl,
5-6 nmenber ed Where Biiand B areeashiinsipridedtlylhaler GmC Hrexsa%QMWB fignber ed

partiall Xu&ﬁtutfea ¢yc, %&f%ﬁéﬁﬁo hat oy 08 eves arV\&l@Ih%eﬁélladd RRE(U, CAJalkpipi ety i s
optional |y subst |tute

tuents har maceuti cal |y
accept abl e saflt t /feRoHDY Sa'%For%o%‘B&%%TOgmB'P?% taéobnf)o‘é’yiaoée%?% {?t} or said
sal t; cofgahiaiompodinteof Foemta () ( 1J protecting the hydroxy group of a
corrpound of Fornmula (1a) with a hydroxyprotecting group to forma
hydr oxy- pr ot ect ed conpound of F&R a (1b)

NHNH, RO
o oM _Hel - HO /N\N
= R”
COZR (20) (ROb)
Ll m
R1c "
R
(R, R™). |
R c
(2b) (2d)
10 where R™, R, n, and M are as defined above; R® and R® are each independently

halo, (C-Cs)alkoxy, (C1-C4)alkyl, halo-substituted (C-C,)alkyl, or cyano, mis 0, 1 or2and R is
(C4-Ce)alkyt; and

(i)  reacting said compound of Formula (2d) with an (C-Cs)alkyl lithium followed
by a trialkylborate and then treating with basic hydrogen peroxide to produce said compound

15 of Formula (1a).

4. The process of Claim 1 wherein said compound of Formula (1a) is prepared

by a method comprising the step of
i) hydrolyzing a compound of Formula (3d) to form said compound of Formula

20 A (1a)
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(1a) (1b) where ROa, ROb , Rlb , Rlc , n and mare as defined above, and
Pg is a hydroxy-protecting group;(2) reacting said hydroxy-protected
conpound wd 2bewessdia (1b) with a conpound of Fornul a ( 1cPpctrasismesazconpound
of Formula (1d) (1b) (1d) where RCa , Rob, Rlb , Rlc , n, m Pg and R4 are
as defined above; (3) converting the hydroxy group of §ai d coﬁrﬁynd of
Formula (1d) to a | i to produce a cgrrpoundH For (le) (1d)
(1le) vvhere(FRe}g ., Rob, Rlc , n, m Pg, af R4 are as/dg]ined above and
L is a | eavi ng gQuUp; 4)/Nrermvi ng sai d hydroxy-p i

cyclizing said ppundNof Fornula (le) to formt

(1); and (35),.isQ ng sai d gpenpound of Fornul a gf a pharrmgfeeutically
accept abl e Ralt there a sobvate—or—trydrRBte of “sai pound, or said
salt. 2. The process aim1 wherein said conpound of mula (la) is

converted to said c d of Fornula (1le) w thout ia@, g, said conpound
of Fornula (1b) or(Rsaind conmpound of Forrmula (1d). 3Rt process of Cdaim1l
wherein said conpound of Formula (la) is prepared by a nethod conprising

the steps of (i) reactigg a conpound of Formula (2a) w th1d)al kyl oxalate in

the presence of an al kali netal base to forma coppound of Fo | a (2b)
(2a) (2b) wherhersRb, Fé{’ﬁcﬁ%ed R areech indgerseM &ALl (- akalioxy éz‘i%kaXy,
(CL-C4J ahﬂ»’-bubshtﬁie@§©P§Qélkyufo€6jaﬁd-rfén€l)rﬁhﬂé3ébch indepeydenty 0 ¢r; Bhd Risor 2; Mis
an al kal i 3% and Ris (Cl-C6)al kyl; (ii) reacting said conmpound of
Formul a k%%i Yh a conpound of Fornula (2c) to

5

5.. A process for preparing 3-(4-chloro-phenyl)-2-(2-chloro-phenyl)-7-(2,2-
difluoro-propyl)-6,7-dihydro-2H,5H-4-oxa-1,2,7-triaza-azulen-8-one, or a solvate or hydrate

thereof;

10 comprising the steps of:
1) protecting the hydroxy group of a compound of Formula (1a-1) with an acety!
group to form a compound of Formula (1b-1);

o)
P cl Cl
HO™ N\ N, HO™ N=N
N N
HO - Hacxo
- o)
cl

Cl
(1a-1) (1b-1)

(2) reacting said compound of Formula (1b-1) with a compound of Formula (1c-1)

15 to form a compound of Formula (1d-1)
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forma conpound of Forrmula (2d) where Rlb, Rlc , n, and Mare as defined
above; RCa and Rob are each independently halo, (Cl-C4JalkOxXy, (Cl-C4 al vy
|, hal o- swb=bediassad (Cl- C4Jal Kyl, or cyano, mis 0, 1 orcZiBrds/bo3nss
(C1-Co)alkyl; and (iii) reacting said conpound of Fornula (2d) with an (Cr
C6)al kyl lithiumfollowed by a trialkyl borate and thgn treating with basic
hydr ogen peroxi de to produce said conpound of For?_rul (la). 4. The process
of Caim1l wherein said conmpound of Formula (1a) @pared by a net hod
conprising theg step of (i) hydroly2|ng a conpound Faprmul a (3d) to form
sai d conppgnre ofNFor il a (1a)Kk8d) eiogl,ROa ' Rlb , Gnd Rlc are
each i ndependentl yy.h (C1-CAJ 1- &4Jal KyIN"hateNsubsii t ut ed
(C1- 4Jal |, goFxCya and mare ﬂacﬁ |Fndepen,d“rr{ly 0 ; and R

is (d-C b3ahkyl .. AYrocess for rlng

3-(4-chl orol-\ghe 2 (2-chl or iy H))a HC\\<O
di f1 uor o- propyl) /- di hydr o- 2H 5H 4- oxa- 1 , 2, 7 triaza-az
sol vate or hydratel\thereof; conprising the steps of: (1) ecting the
hydr oxy group of a(Honpound of Fornmula (la-1) with an acetylsgroup to form
a conpound of Fo1 an 1b-1 ); (la-1) (1b-1) (2) reactln? sald conpound
of Formula ( 1b- gq th a conpound of Fornmula (1c-1) to fof¥rH conpound of
Fornul a (1d- 1)43) &ﬁwgtthélgy&r&@ di'&ﬂ)rd%%d%rﬁbkﬂmﬁfof S@fwaqaatﬁ%@dchﬁro Formul a

( 1d-1 ) to a chloro rouB oduce a conpound of Fornula (1le-1)
group to produce a compound of ormula (1e-1)

8-one, or a

=0

F
F F CH, F CH,
0
? Cl Cl
N _N, N =N,
HO o) Cl o)
H,C— H,C—
0] @]
Cl Cl
(1d-1) (1e-1)

4) removing said acetyl group and cyclizing said compound of Formula (1e-1) to
form 3-(4-chloro-phenyl)-2-(2-chloro-phenyl)-7-(2,2-diflucro-propyl)-6,7-dihydro-2H,5H-4-
oxa-1,2,7-triaza-azulen-8-one; and

(5) isolating said 3-(4-chloro-phenyl)-2-(2-chloro-phenyl)-7-(2,2-difluoro-propyl)-

10 6,7-dihydro-2H,5H-4-oxa-1,2,7-triaza-azulen-8-one, or a solvate or hydrate thereof.

6. The process of Claim 5 wherein said compound of Formula (1a-1) is
converted to said compound of Formula (1e-1) without isolating said compound of Formula
(1b-1) or said compound of Formula (1d-1).

15

7. The process of Claim 5 wherein said compound of Formula (I-1a) is prepared
by reacting a compound of Formula (2d-1) with hexyllithium, then trimethylborate,followed by
treatment with basic hydrogen peroxide to produce said compound of Formula (1a-1)
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(4) renoving said acetyl group and cyclizing said conpound of Fornula (le-1

) to form

3- (4- chl owo-2pévasyi1)- 2- ( 2- chl or o- phenyl ) - 7- (2, 2-di f | uor orpmapyod/edor- di hydr o

-2H,5H 4- oxa-1 ,2,7-triaza-azul en-8-one; and (5) isolating said

3-(4-chl oro-phenyl)-2-(2-chl oro-phenyl)-7-(2, 2-difl uoro-propyl) -

6, 7- di hydr o- 2H, 5P 4- 0Xa- dy, 2, 7-tri aza- azul en- 8- onen or a sol vate or hydrate
: Claim5 wherein said coppound ofcfFormula ( la-1

aqund of Fornul a (leqp—wthgut idolating said

sai d conpound of Formu[a 7. The

process of Cdaim5 ere ai d conmpound of Forrrull_lé b prepared by

hi u

reacting a conpound gf—Fornul a (2d=t)—wtir*hexyl |1 2
@ peroxi de to
S~=~0

trimet hyl borate.fol eyl by treatnment with basic hydroge
gf Fornula (la-1)8. A conpound Bg the Fornmul a

produce said conpou

(1d) (id) wherein Pg i%, a hydroxy-protecting group; R &a<Rob, Rlb, and Rlc
are each i ndependently hal 0, (Cl-C4JalkOxXyl (d-Cral kyl, hal osubstituted
(Cl-C4Jal kM, or cyan&&ﬂ and m are each independently O, or 2; and R4 is
a chemical nviety select’ed fromthe group consisting dfa{ICi -C 8)al kyl,
aryl, heteroaryl, aryl(CG-C 4)alkyl, a 3- to 8-nenbered partially or fully
saturated carbocyclic ring(s), heteroaryKCrCsJal kyl, 5-6 nenbered | actone,
5- to 6-nenbed.ed |Ametapoundhaving tBe Foru@ (tdhbered partially or fully
saturated heterocycl e, where ﬁai d chem cal noiety is optionally substituted
with one or nore substituents.*\9. e conpgyrd of Claim8 wherein Pg is
acetyl; ROa and Rlc are both ch _and are both 0; and R4 is

2, 2-di fl uor o- n- propyl . /\/

HO 0)
Pg/

(Rw)n
(1d)
5  wherein
Pg is a hydroxy-protecting group;
R% R, R™, and R' are each independently halo, (C-C,)alkoxy, (C-Cs)alkyl, halo-
substituted (C,-C,)alkyl, or cyano;
n and m are each independently 0, 1 or 2; and
10 R* is a chemical moiety selected from the group consisting of (C,-Cg)alkyl, aryl,
heteroaryl, aryl(C,-C,)alkyl, a 3- to 8-membered partiaily or fully saturated carbocyclic
ring(s), heteroaryl(C,-Cs)alkyl, 5-6 membered lactone, 5- to 6-membered lactam, and a 3- to
8-membered partially or fully saturated heterocycle, where said chemical moiety is optionally
substituted with one or more substituents.
15
9. The compound of Claim 8 wherein Pg is acetyl; R® and R'® are both chloro;
m and n are both 0; and R* is 2,2-difluoro-n-propyl.

10. A compound having the Formula (1e)
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10. A compound having the Formula (1le)(le) wherein Pg is a

hydr oxy-protecting group; ROa , ROb , Rlb , and Rlc are each independently
hal o, (CiwG4p@ldssxy, (d-C 4)al kyl, hal osubstituted (Cl-@é&raBipknoz7 cyano;
n and m are each independently 0, 1 or 2; and R4 is a chem cal noiety
selected fromthe group consi s4ti ng of (G -C 8)alkyl, aryl, heteroaryl,

aryl (OrC 4)al kyl, a 3- to 8-nRigber®d partialy or fully saturated
carbocyclic ring(s), heteroaryl\alf 3)al kylR 5-6 nenmbered | actone, 5- to

6- menbered |actam and a 3- to B ne artially or fully saturated

het erocycl e, where said cheffirtal noi Ni pt\i onal | y substituted wth one
or nore substituents. 11.CiThe co » 10 wherein Pg is acetyl;
RCa and Rlc are both chloro; nPg@gnd n a @RObamd R4 is

2, 2-di fl uor o- n- propyl .

wherein

Pg is a hydroxy-protecting group;

R%, R® R™, and R are each independently halo, (C;-C,)alkoxy, (C-C,)alkyl, halo-

5  substituted (C4-C,)alkyl, or cyano;

n and m are each independently 0, 1 or 2; and

R* is a chemical moiety selected from the group consisting of (C4-Cg)alkyl, aryl,
heteroaryl, aryl(C4-C,)alkyl, a 3- to 8-membered partially or fully saturated carbocyclic
ring(s), heteroaryl(C,-Cs)alkyl, 5-6 membered lactone, 5- to 6-membered lactam, and a 3- to

10  8-membered partially or fully saturated heterocycle, where said chemical moiety is optionally

substituted with one or more substituents.

1. The compound of Claim 10 wherein Pg is acetyl; R® and R are both chloro;

m and n are both 0; and R* is 2,2-difluoro-n-propyl.
15
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