-1- 5 10 DI PYRAZOLES AS CENTRAL NERVOUS SYSTEM AGENTS FIELD OF THE
| NVENTI ON The present invention relates to novel dipyrazole conpounds,
conpositions, and 15 methods for the treatnent and/or prevention of,
neuropsychiatric disorders that result primarily fromdysfunction at the
gl utamate receptors AMPA and NVDA. BACKGROUND OF THE | NVENTI ON 20 d utamate
is the nost abundant excitatory neurotrgnsmtter in the manmalian central
nervous system (CNS) and nedi ates the fast and sl ow neurotransm ssion
responsi bl e for such normal neurophysiol ogical processes as nenory
acqui sition and processing, and synaptic plasticity. Postnortem and
phar macol ogi cal findings strongly inplicate dysregulation of glutanate
neurotransm ssion in the pathophysi ol ogy of several neuropsychiatric
di sorders 25 including schizophrenia, Al zheiner disease, Parkinson disease,
Hunti ngton di sease, epilepsy, attention-deficit hyperactivity disorder,
Al DS-rel ated denentia, neuropathic pain, depression, mld cognitive
inpairﬁent, | earning and nenory di sorders, and others (Lehohla, et al.
Metab Brian Dis, 2004; Coyle, et al., Ann. NYAcad. Sci., 2003; Coyle, et
al., Curr. Drug Targets CNSNeurol. Disord., 2002; Krystal, et al., Arch
Gen Psychiatry, 2002; Dingledine et al., 30 Phannacol Rev., 1999; and
Ozawa, et al., Prog. Neurobiol., 1998). d utamate neur ot r ansni ssi on is
medi ated by three ionotropic glutamate receptors. These receptors are
cation-specific ion channels which regulate f ast synaptrc
neur otg ansni ssi on. 2N 0 n classified
into % ree types: m}ﬁ@% 3 Eé%@&ﬁ y .y. }.V‘Eg,\&%‘?d. €-4-propionic
acid (AMPA) receptors, the kai ni c -2 acid (KA receptors and the
N-net hyl - D-aspartate (NVDA) rege ei r uni que
pharnagologicgl, elecgrophisi6ﬂjj qéngﬁzﬁgﬁgﬁnéﬂtcal prgperties
(Nakani shi, Science, 1992).

The present invention relates to novel dipyrazole compounds, compositions, and

15 methods for the treatment and/or prevention of, neuropsychiatric disorders that result

primarily from dysfunction at the glutamate receptors AMPA and NMDA.
BACKGROUND OF THE INVENTION

20 Glutamate is the most abundant excitatory neurotransmitter in the manumnalian central
nervous system (CNS) and mediates the fast and slow neurotransmission responsible for such
normal neurophysiological processes as memory acquisition and processing, and synaptic
plasticity. Postmortem and pharmacological findings strongly implicate dysregulation of
glutamate neurotransmission in the pathophysiology of several neuropsychiatric disorders

25 including schizophrenia, Alzheimer disease, Parkinson disease, Huntington disease, epilepsy,
attention-deficit hyperactivity disorder, AIDS-related dementia, neuropathic pain, depression,
mild cognitive impairment, learning and memory disorders, and others (Lehohla, et al., Metab
Brian Dis, 2004; Coyle, et al., Ann. NY Acad. Sci., 2003; Coyle, et al., Curr. Drug Targets
CNS Newrol. Disord., 2002; Krystal, et al,, Arch Gen Psychiatry, 2002; Dingledine et al.,

30 Pharmacol. Rev., 1999; and Ozawa, et al., Prog, Neurobiol., 1998).

Glutamate neurotransmission is mediated by three ionotropic glutamate receptors.
These receptors are cation-specific ion channels which regulate fast synaptic
neurotransmission. The ionotropic glutamate receptors have been classified into three types:

the alpha-amino-3-hydroxy-5-methylisoxazole-4-propionic acid (AMPA) receptors, the kainic



Furthernore, each of these ionotropic glutamate receptors is nmade up of
multiple heteroneric subunits, contributing to receptor heterogeneity in
different tissues (Ozawa, et al., Prog 5 Neurobiol, 1998). However, each of
the ionotropic glutamate receptors contain predom nant subunits, sone
requisite for functionality and thought to be nost responsible for the
regul ation of function. Regulation of fhe ionotropic glutamate receptors
is partly achi eved through phosphoryl afion of specific tyrosine, threonine
and serine residues by several kinases and, 10 conversely, through
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several Ki,pases,,and phosphatases acting on the GLuR subunit; PICA
phosphoryl ates serine residue 845 (Roche, et al., Neuron 16: 1179-1188,
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(ngley, et al., J. Biol. Chem., 1997 and Suyder, et al., Neuropharmacology, 2003).

Likewise, AMPA receptors are regulated by several kinases and phosphatases acting on the
GluR1 subunit; PKA phosphorylates serine residue 845 (Roche, et al., Neuron 16: 1179-1188,
1999; Wang, et al., Science 253: 1132-11335, 1991). Protein phosphatase I (PP1)

20 dephosphorylates these serine residues, thus leading to a molecular switch for receptor
activity.

Spinophilin (also named Neurabin II) is a scaffold protein, which is enriched in the
dendritic spines of CNS neurons that serve as the major site of glutamatergic synapses in the
brain (Allen, et al., Proc. Natl. Acad. Sci. USA, 1997; Hsieh-Wilson, et al., Biochemisiry,

25 1999). Spinophilin was originally identified based on its ability to bind F-actin and protein
phosphatase I(PP1). The interaction of spinophilin with PP1 is especially important for the
function of ionotropic glutamate receptors as spinophilin acts as a modulator of glutamatergic
synaptic neurotransmission by regulating PP1’s ability to dephosphorylate the ionotropic
glutamate receptors via localization. Evidence for such a function has been demonstrated

30 using voltage whole-cell recordings of kainic acid-induced rundown of AMPA. currents in
individual acutely dissociated prefrontal cortical neurons (Yan, et al., Nature Neurosci. 1999),
In these experiments, agonist-induced rundown of kainic-acid-evoked currents was inhibited

by a peptide corresponding to the PP1 binding domain of spinophilin, but not by the same



glutamate receptors via |localization. Evidence for such a function has been
denonstrated 30 using voltage whol e-cell recordings of kainic acid-induced
rundown of AMPA currents in individual acutely dissociated prefronta
cortical neurons (Yan, et al., Nature Neurosci. 1999). In these
experinments, agonist-induced rundown of kai nic-acid-evoked currents was
inhibited by a peptide corresponding t8-the PP 1 binding domai n of
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thus indicati.ng that when i.,nophi,lin.no.longer. interacts. wth.PP AMPA
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in the treatnment of several 10 neurospychiatric disorders which have been
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benzyl 10 mm%?&éﬁ}cﬂﬁltrkcyciisor&grs {vﬂi% EXJe’begﬁgl‘irﬂced to the dysfonction of glutamate

neurotransmission.

SUMMARY OF THE INVENTION

15 The present invention is a compound of formula I:

or a stereoisomer or pharmaceutically acceptable salt thereof, wherein:

20 R;is selected from the group consisting of aryl, benzyl, Cs.scycloalkyl, Ci.jealkyl, Cs.
scycloalkylCy.galkyl, heteroaryl, arylcarbonyl, arylCy.¢alkylCs.seycloalkylearbonyl, Ci.
walkylearbonyl, heteroarylcarbonyl and

O -
! )
X X

wherein X is hydrogen, benzyl, arylC; galkyl, Cy_scycloalkyl, Ciealkyl, or
25 Cs.geycloalkylCysalkyl;



gcycl oal kyl &t _6al kyl, heteroaryl, arylcarbonyl,

aryl Cl. 6al kyl C3_scycl oal kyl carbonyl, C _ ioal kyl carbonyl,

het er oaryl carbonyl and hand N N X X wherein X is hydrogen, benzyl,
aryl1C2. 6al kyl, C3_$cycloal kyl, C toal kyl, or 25 C3_8cycloal kyl & _oal kyl ;
-4- wherein said aryl, benzyl, or heteroaryl is optionally substituted with
one or nore substituents each independgntly selected from Cl-6al kyl,
Cl_6perfluoroal kyl, hal ogen, hydroxy, C'HxFy- 6al koxy wherein n isl-4, x
1s0-8, yis 1-9 and X + vy is 2n+l, C -C6al koxy, nitro, or aryl; R2is

sel ect ed fwlsnsin bid gybpnzeh Asheerpany] Jefopmaaﬁxawbwtutew&@}ae pombleyshibstiguedtsar y |

wherein s stituents
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and wth the proviso
R4 is selected form the group consisting of H, aryl, arylCs.galkyl, benzyl, hydroxyCs.salkyl C;.

gperfluoroalkyl, Cs scycloalkyl and C.salkyl wherein said aryl or benzyl is optionally
substituted with one or more substitnents each independently selected from Cjgalkyl, C;.
15 5pérﬂuoroalkyl, halogen, hydroxy, CoHyFy.¢alkoxy wherein n isl-4, x is 0-8, yis 1-9 and x -+ y
is 2nt1, Cy-Cgalkoxy, nitro, aryl, or alkoxy;
R;1is H, C;_galkyl, or Cs.geycloalkyl; and
with the proviso that
(a) when R; and R4 are phenyl or 4-chlorophenyl, and R; is hydrogen then R» and Rj are
20 other than methyl simultaneously;
(b) when R; is phenyl or 4-chlorophenyl and R4 and R are hydrogen then R, and R are
other than methyl simultaneously,
The present invention is also directed to pharmaceutical compositions of formula (I).
Another aspect of this invention is disclosed a method of treating a neuropsychiatric
25 disorder responsive to modulation of AMPA and NMDA receptors, comprising administering
to a mammal in need of said treatment a therapeutically effective amount of a compound of

formula 1




(a) when R1 and R4 are phenyl or 4-chlorophenyl, and R5 is hydrogen then R2
and R3 are 20 other than nethyl sinultaneously; (b) when Rl is phenyl or
4-chl orophenyl and R4 and R5 are hydrogen then R2 and R3 are other than
met hyl sinmultaneously. The present invention is also directed to
pharmaceutical conpositions of formula (1). Another aspect of this
invention is disclosed a nethod of treatd-ng a neuropsychiatric 25 di sorder
responsi ve to nodul ati on of AMPA and, NVDA receptors, conprising
admnistering to a mammal in need of said treatnent a therapeutically
effective anmount of a conpound of formula |l R3 "N Ra RR2Z RSONNI I R
-5- or a s@:@rmbﬁmoﬁphaﬁh%ﬁmnwhéceﬁhﬂﬂysﬁﬁﬂh&ﬁﬁﬁhﬁ&eﬁalt t hereof , wherein:

R is seletedfro th oup cgnsi s n of ryl, bepzyl - 8cycl oal kyl ,
S -1 Dal ey i Gelcd ko G copStRs oT SYE ber By oaRh Coaseligh, O
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hetero ryI cgw hand wherein X is hydrogen, benzyl

aryl C2: 6a| R ‘l"E?éTWFbonléla‘ﬁdoal kyl, or C3_8cycl oal kyl C1_6al ky 10
wherein said aryl benzyl or %t eroaryl is optionally substituted with one

or nore substituents each I nd ently sel d from C _6al kyl
C _6perfluoroal kyl, hal ogen, hydroxy, a@ WFEG?I;
N N

I |
X X

wherein X is hydrogen, benzyl, arylCy.¢alkyl, Cs.seycloalkyl, Cy.joalkyl, or
CsgcycloalkylCy galky,

10 wherein said aryl, benzyl, or heteroaryl is optionally substituted with one or more substituents
each independently selected from Cjgalkyl, C;.gperfluoroalkyl, halogen, hydroxy, C,HyFy.
salkoxy wherein n is1-4, x is0-8, y is 1-9 and x + y is 2n+1, C-Cgalkoxy, nitro, or aryl;

R is selected from the group consisting of C;galkyl, Cs.gcycloalkyl, and aryl wherein said
aryl is optionally substituted with one or more substituents each independenily selected from

15 Cy.galkyl, Ci-gperfluoroalkyl, halogen, hydroxy, CpHxFysalkoxy wherein nis 1-4, x is 0-8, y is
1-9 and x + y is 2nt1, C-Cgalkoxy, nitro, aryl, or alkoxy;

R3 s selected form the group consisting of aryl, Cs.gcycloalkyl, C;.galkyl and heteroaryl
wherein said aryl or heteroaryl is optionally substituted with one or more substituents each
independently selected from C,.galkyl, Ci.sperfluoroalkyl, halogen, hydroxy, C,HxFy. salkoxy

20 wherein n is 1-4, x is 0-8, y is 1-9 and x + y is 2n+1, C)-Csalkoxy, nitro, aryl, or alkoxy;

Ry is selected form the group consisting of H, aryl, arylCyalkyl, benzyl, hydroxyCs.salkyl C;.
sperfluoroalkyl, Cs.seycloalkyl and C).galkyl wherein said aryl or benzyl is optionally
substituted with one or more substituents each independently selected from Cj_galkyl, C;.
sperfluoroalkyl, halogen, hydroxy, C;HxFy.salkoxy wherein n is1-4, x is 0-8, yis 1-9 and x + y

25 is 2n+1, C-Cgalkoxy, nitro, aryl, or alkoxy;

Rs is H, Ci.salkyl, or Cs.geycloalkyl.

DETAILED DESCRIPTION OF THE INVENTION

30 The terms as used herein have the following meanings:



6al koxy wherein nisl-4, x is0-8, yis 1-9 and x + y is 2n+l1l, Cp-C6al koxy,
nitro, or aryl; R2 is selected fromthe group consisting of Cl 6al kyl,
C3_8cycl oal kyl, and aryl wherein said aryl is optionally substituted with
one or nore substituents each independently selected from 15 Cl_6al kyl

Cl _6perfluoroal kyl, hal ogen, hydroxy, C' HXFy-6al koxy wherein nis 1-4, X
is 0-8, yis 1-9 and X +y is 2n+l, ClgC6al koxy, nitro, aryl, or alkoxy;
R3 is selected formthe group consisti ng of aryl, C3-scycloal kyl, C _6al kyl
and heteroaryl wherein said aryl or heteroaryl is optionally substltut ed
with one or node usebisrdindeaxprestion "Cisntiofanebaongorderashisdionmatmotter 6al kyl
C _6perfl I 1-4,

Xxi s 0-8, le%g%lﬁ%é %’n%@?%%%lééxg%g@wa%ew F@x%?’%@om% g{i Ehcﬂldl%;l koxy;
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branched- chai n and |ncI udes and et hyl groups, and strai %ht-chai ned
C.
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expressi ons suc
" hydr oxy Clsalbgisik’ 1ncludes@ﬂ1mhm1®mremb rayqi 'stralglmch@a'td@xlgrmhb@) h»ytmlrmmyl "
"Cl . 6al koxy (F; %glr% D "am noCi _6al kyl " "Cl . 6al kyl car bamoyl C1. 6al kyl "
"Cl _6di al kyl ca y]l‘ & 6al kyl ™ " m)no- or di- Cl.6allcylamnoCl. 6al kyI
anmi noC _6al kyI darisohyerein, thei qspssgmrd'cnﬁsapdx@lldmaikxbhmagdschat&il &yt hydrogen

phen Car 1%] sa?cfa 1|§¥I gro%pg.re 1%{3‘1%@5%%1% —fP R8s latomsr eﬂlus?rap Ve g}?a?np é’slﬁggude
accor ngI

tnﬂuoromethyl and pentafluoroethyl, and straight-chained or branched heptafluoropropyl,

nonafluorobutyl, undecafluoropentyl and tridecafluorohexyl groups. Derived expression, "Cj.
¢ perfluoroalkoxy”, is to be construed accordingly.

As used herein, the expression "Csgcycloalkyl" means cyclopropyl, cyclobutyl,

20 cyclopentyl, cyclohexyl, cycloheptyl and cyclooctyl.

As used herein, the expression "CsgcycloalkylCi.salkyl" means that the Cs.geycloalkyl
as defined herein is further attached to Cj.salkyl as defined herein. Representative examples
include cyclopropylmethyl, 1-cyclobutylethyl, 2-cyclopentylpropyl, cyclohexylmethyl, 2-
cycloheptylethyl and 2-cyclooctylbutyl and the like,

25 As used herein "halogen"” or "halo" means chloro, fluoro, brome, and {odo.

As used herein the expression "carbamoyl” means an —~-NC{O)-- group where the
radical is bonded at two positions connecting two separate additional groups.

As used herein "aryl" represents a carbocyclic aromatic ring system such as phenyl,
biphenyl, naphthyl, anthracenyl, phenanthrenyl, fluorenyl, indenyl, pentalenyl, azulenyl,

30  biphenylenyl and the like. Aryl is also intended to include the partially hydrogenated
derivatives of the carbocyclic aromatic systems enumerated above. Non-limiting examples of
such partially hydrogenated derivatives are 1,2,3,4-tetrahydronaphthyl, 1,4-dihydronaphthyl
and the like. '




10 As used herein, the expression "C2.6al kenyl" includes ethenyl and

strai ght-chained or branched propenyl, butenyl, pentenyl and hexenyl
groups. Simlarly, the expression "C2 6a|kyny| i ncl udes et hynyl and
propynyl , and straight-chained or branched butynyl, pentynyl and hexynyl
gr oups. As used herein, the expression "Cl.6 perfluoroalkyl" means that al
of the hydrogen 15 atons in said al kyl-7group are replaced with fluorine
atons. Illustrative exanples include trifluoronethyl and pentafluoroethyl

and straight-c i ne ched he taf | yor opr op nonaf | vor obut
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" C3_scycl Olai M&blﬁ@yﬂﬁrf pﬁﬁ@l\%?rﬁﬁﬁing!? Orifeti B EARA K| 2 3-8-80f 1 n@d herein

is further attache | ned herein. Representatlve exanpl es
i ncl udé cytb%wlobwn@aﬁwl 1 ?L,B@}éqhmlyll,%ﬂwﬁdla@h&yle% opsatamly.d
cyc! ohexyl sy, 2. sashehmsl 3 Bidiidiainy, P2, SMGhaRRIN Bk YhagBdL) he I ke.

25 As used herein ™ en" or " means chloro, fludro, brono, and

i odo. As Jgiwo}yérﬂ@aﬁam léswyle@gméﬁyl" bezofiranyl, benmﬁlmhgwl (thimgplghenylyr oup
where the ; é&gfy%lenéuﬁldggdg%eﬂen%la%ﬁl B b2 gg%&%ﬁﬁéogg HelsoxGRAy1at €

addi ti onal groups ereln “ary représents a carbocyclic aromatic
ring syst emmléﬂcﬁlula@Obmémdmohzmwbhenwnyl rispghinbljny], guironalany myphthyridinyl,

phenan hr y} enyl
and thé I%ﬁéﬂd’nﬁl cl%ag&gl %ng%ﬁ %EL?&HC yﬂhdﬂjt%%geeﬁéé bmﬂtyﬁg E&)ER ogenat ed
derivati vds nwludbrth?: maraﬁphyérbgmaad dmmaemfﬁmrmyulmesmﬂmﬂ emhmwﬂed
Non-limti artial hydr o ed. derivatives are

105 5 4 1 cBPuny RN nB ke B Rl P RSIRRARE R 4 28 VS5 "he usea
herein " hehlﬁ;rdﬁareyiofurmegb,r;gmﬁﬁﬁ, mheﬁegrlﬁn&cﬂinwh o840 IC oxazolihy’ R izefinyl
containiNg, 4 he like.

15 As used herein “heterocyelyl” represents a saturated 3 to 8 membered ring containing

one or more heteroatoms selected from nitrogen, oxygen and sulfur. Representative examples
are pyrrolidyl, piperidyl, piperazinyl, morpholinyl, thiomorpholinyl, aziridinyl,
tetrahydrofuranyl and the like.

As used herein, "tautomer” or "tautomerism" refers to the coexistence of two {or more)

20  compounds that differ from each other only in the position of one (or more) mobile atoms and
in electron distribution, for example, keto-enol tautomers or tautomerism.

As used herein, 'treat’ or 'treating' means any treatment, including but not limited to,
alleviating symptoms, eliminating the causation of the symptoms either on a temporary or
permanent basis, or to preventing or slowing the appearance of symptoms and progression of

25  the named disease, disorder or condition.

"Therapeutically effective amount" means an amount of the compound which is
effective in treating the named disorder or condition. -

As used herein, "patient" means a warm blooded animal, such as for example rat, mice,
dogs, cats, guinea pigs, and primates such as humans.

30 As used herein, the expression "pharmaceutically acceptable carrier” means a non-
toxic solvent, dispersant, excipient, adjuvant, or other material which is mixed with the

compound of the present invention in order to permit the formation of a pharmaceutical



one or nore heteroatons selected fromnitrogen, oxygen and sul fur such as
furanyl, thiophenyl, pyrrolyl, oxazolyl, thiazolyl, imdazolyl,

i soxazol yl, isothiazolyl, 1,2,3-triazolyl, 1,2,4-triazolyl, pyranyl,
pyridyl, pyridazinyl, pyrimdinyl, pyrazinyl, 1,2,3-triazinyl, 1,2,4 5
triazinyl, 1,3,5- triazinyl, 1,2, 3-oxadiazolyl, 1,2,4-oxadiazolyl,

1, 2, 5-oxadi azolyl, 1, 3,4- oxadiazolyl, .3, 2,3-thiadiazolyl,
1,2,4-thiadiazolyl, 1,2,5-thiadiazolyl, 1,3,4-thiadiazolyl, tetrazolyl,
thlad|a2|nyl |ndonI |30|ndolyl benzoflrranyl benzothlophenyl
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salts so formed may present either as mono- or di- acid salts and can exist either as hydrated
or can be substantially anhydrous, Furthermore, where the compounds of the invention carry
an acidic moiety, suitable pharmaceutically acceptable salts thereof may include alkali metal
salts, e.g. sodium or potassium salts; alkaline earth metal salts, e.g. calcium or magnesium

20 salts; and salts formed with suitable organic ligands, e.g. quaternary ammonium salts.

The expression "stereoisomers" is a general term used for all isomers of the individual
molecules that differ only in the orientation of their atoms in space. Typically-it includes
mirror image isomers that are usually formed due to at least one asymmeiric center,
(enantiomers). Where the compounds according to the invention possess two or more

25  asymmetric centers, they may additionally exist as diastereoisomers, also certain individual
molecules may exist as geometric isomers (cis/trans). It is to be understood that all such
isomers and mixtures thereof in any proportion are encompassed within the scope of the
present invention.

As used in the examples and preparations that follow, the terms used therein shall have

30 the meanings indicated: "kg" refers to kilograms, "g" refers to grams, "mg" refers to
milligrams, "ng" refers to micrograms, "pg" refers to picograms, "mol" refers to moles,

"mmol" refers to millimoles, "nmole™ refers to nanomoles, "L" refers to liters, "mL" or "m]"

refers to milliliters, "uL" refers to microliters, "C" refers to degrees Celsius, "R¢ " refers to




As used herein, "patient" neans a warm bl ooded ani mal, such as for exanple
rat, mce, dogs, cats, guinea pigs, and primates such as humans. 30 As
used herein, the expression "pharnaceutically acceptable carrier” neans a
non- toxic solvent, dispersant, excipient, adjuvant, or other material
which is mxed with the conmpound of the present invention in order to
permt the formation of a pharmaceuti calg--8- conposition, i.e., a dosage
form capabl e of administration to the patient. One exanple of such a
carrier is a pharmaceutically acceptable oil typically ysed far nt er al
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structure shown in formula I
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20  or a stereoisomer or pharmaceutically acceptable salt thereof, wherein:
R, is selected from the group consisting of aryl, benzyl, Csscycloalkyl, Ci.joalkyl, Cs.
scycloalkylC) salkyl, heteroaryl, arylcarbonyl, arylCi.salkylCs.scycloalkylearbonyl, C;.
ioalkylcarbonyl, heteroarylcarbonyl and ‘

N w O
N )
X X

25 wherein X is hydrogen, benzyl, arylCs.¢alkyl, C;scycloalkyl, Ci.joalkyl, or
CsgeycloalkylCygalky;



The expression "stereoisonmers” is a general termused for all isoners of
the individual nolecules that differ only in the orientation of their
atons in space. Typically it includes mrror inage isoners that are
usually formed due to at | east one asymetric center, (enantioners). Were
t he conpounds according to the invention possess two or nore 25 asymetric
centers, they may additionally exist as)fli astereoi soners, also certain

i ndi vidual nol ecul es nay exist as geonetric isoners (cis/trans). It is to
be understood that all such isonmers and mxtures thereof in any proportion
are enconpaser saifl aryl bengyb oz heigrearyt is optionally enbstitutefl mithiont ormordsulistioenisn t he
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is 2n+1, C;-Cealkoxy, nitro, aryl, or alkoxy;Rs is H, Cy.¢alkyl, or Csscycloalkyl; and
with the proviso that

(2) when R; and Ry are phenyl or 4-chlorophenyl, and Rj is hydrogen then R; and R; are
other than methyl simultaneously;

20 (b) when R, is phenyl or 4-cltlorophenyl and R, and R; are hydrogen then R, and R, are other than
methy! simultaneously.

In a further embodiment of the compound of formula I of this invention, R, is selected from

the group consisting of aryl, benzyl, Cs.scycloalkyl, Cy.jpalkyl, arylCy.galkyl and

0

N
|

25 X wherein X is benzyl, Rz and R3 are Cy_galkyl and R is hydrogen or C;.salkyl.
In another embodiment of the compound of formula I of this invention, R is aryl, R,
and Ry are Cy.galky, Ry is hydrogen, and Rs is hydrogen or Cy.salkyl.
Representative examples of compounds of this embodiment of the compound of
“formula I are selected from the group consisting of: 2'-(2-Fluoro-phenyl)-5,5-dimethyl-2H,
30 2°H-[3,4°] bipyrazolyl-3'-ol, 2'-(4-Isopropyl-phenyl)-5,5'-dimethyl-2H, 2'H-{3,4’] bipyrazolyl-
3'-ol, 2'-(4-Fluoro-phenyl)-5,5"-dimethyl-2H, 271-[3,4'] bipyrazoly1—3‘~oi, 5,5"-Dimethyl-2"-(4-




|l oss on drying, " gC" refers to mcrocuries, "i.p." refers to
intraperitoneally, "i.v." refers to intravenously. 15 In one aspect of
this invention there is disclosed novel conmpounds having the general
structure shown in formulal: Rsi = --RARR \NRSON R 20 or a
stereoi somer or pharmaceutically acceptable salt thereof, wherein: R is
sel ected fromthe group consisting of atyl, benzyl, C3 8cycloal kyl,

Cl - 10al kyl, C3 scycl oal kyl G 6a|ky| heteroaryl aryl car bonyl ,

| C1. 6al ky1C3 8 I
ﬁ(ra%/eroar sltE‘ﬁP%rBﬁ'ﬁ%/'g Oa?élﬁhD?’iﬂ%P\%/] '3(?%%} Qaigy%(iim] tg’n%%cfﬁl}é"gfg’r?xy'benzyl
aryl C2- 6al fiehyl)- mﬁﬂy[lg wg&lﬁyhzozﬁb_bp@u&;ﬁmm@? ergB-S0e MahaRj Iy, @H-[364l Ky;
-10- wherein said or_het eroar nal |y substituted
W th one. HPYBR SR P RAEHE L Pheat)o s IS ORI To8) BEvEE AL S5 bal kyl
C, -6perfl @mgmg mﬁh&aﬁethogyﬁke%%mcmxgm HardcaY- 3v»$1e5 §l]j!n1@thg[;jl"(4 X
I sO- 8, IS and oxXy, nitro,

sel ect éd fefhylihenig -t %d%&'ﬂ Spyreclsh3'cl, mlgapthylc%@-egﬁéﬁ%ahqwb 2HaAt-ar yl
et oL i bul s O Saami sty S RS
hydr oxy G, ﬁ@n‘l@@l}fk%ﬂ 4\1011@(1@0119?1?41)41)321‘1221{ [34] @pﬂa@lylsﬁ b 5,54 Dimedlmd-2%(3+ vy i s
2n+1, G - COR) K@Ny1)-Phil 38153 87 Blpyra2b1y R KRV, (4-tert-Butyl-phenyl)-5,5'-dimethyl-2H,
2’H-[3,4°] bipyrazolyl-3'-ol, 5,5-Dimethyl-2'-(3-trifluoromethyl-phenyt)-2H, 2'H-[3,4']
10 bipyrazolyl-3'-ol, and 5'-Methoxy-5, 3'-dimethyl-1'-phenyl-2H,1H-[3,4']bipyrazolyl.
In a further embodiment of the compound of formula I of this invention, R, is aryl,
Ry and R3 are Cy.galkyl, Ry is arylCy.salkyl, or benzyl and R is hydrogen or C,.galkyl.
Representative examples of compounds of this embodiment of the compound of
formula I are selected from the group consisting of: 5,5-Dimethyl-2-phenethyl-2'-phenyl-2H,
15 2°H-[3,4’] bipyrazolyl-3'-0l, 2-Benzyl-5, 5'-dimethyl-2"-phenyl-2H, 2°H-[3,4’] bipyrazolyl-3'-
ol, and 2-Benzyl-5'-methoxy-5,3 '-dimethyl-1 -phenyl-2H,1 H-[ 3,4  ]bipyrazole, and 2-(3-
Hydroxy-benzyl)-5,5'-dimethyl-2"-phenyl-2H, 2°H-[3,4°] bipyrazolyl-3'-ol.
In another embodiment of the compound of formula I of this invention, R is aryl, Ry
and Rj are Ci.galkyl, Ry is hydroxyC;.salkyl Cy gperfluoroalkyl, Csgcycloalkyl or Cy_galkyl
20  and R;sis hydrogen. '
Compounds exemplary of this embodiment of the compound of formula I are selected
from the group consisting of: 5,5-Dimethyl-2-phenyl-2- (2,2,2-trifluoro-ethyl)-2H, 2°’H-[3,4"]
bipyrazolyl-3'-ol, 2-Cyclohexyl-5, 5’-dimethyl-2'-phenyl-2H, 2'H-[3,4’] bipyrazolyl-3'-ol, 2-
(2-Hydroxy-ethyl)-5,5'-dimethyl-2"-phenyl-2H, 2"H-[3,4’] bipyrazolyl-3'-ol, and 2,5,5'-
25  Trimethyl-2'-phenyl-2H, 2'H-[3,4'] bipyrazolyl-3'-ol.
In yet another embodiment of the compound of formula I of this invention, Ry is aryl,
Ry and R; are C.galkyl, Ry is aryl, and Rs is hydrogen.
Representative examples of compounds of this embodiment of the compound of
formula I are selected from the group consisting of: 2-(4-Methoxy-phenyl)-5,5"-dimethyl-2'-
30  phenyl-2H, 2’H-[3,4’] bipyrazolyl-3'-ol and 2-(4-Fluoro-phenyl)-5,5'-dimethyl-2"-phenyl-2H,
27H-[3,4°] bipyrazolyl-3'-ol,
In another embodiment of the compound of formula I of this invention, R, is arylCy.

gallyl or benzyl, R; and Rj are Cj.salkyl, and R4 and Rs are hydrogen.



R3 is selected formthe group consisting of aryl, C3_scycloal kyl, C -6alkyl
and heteroaryl wherein said aryl or heteroaryl is optionally substituted
with one or nore substituents each 10 independently selected from

C, _6al kyl, Cy6perfluoroal kyl, hal ogen, hydroxy, C'H.,Fy_6al koxy wherein n
is 1-4, xis 0-8, yis 1-9 and x +y is 2n+l, C, -C6al koxy, nitro, aryl, or
al koxy; R4 is selected formthe group cpém stl ng of H aryl, arylCz- 6a| kyl ,
benzyl, hydroxyC2. 6al kyl C _  6perfluoroal kyl, C3-scycl oal kyI and C _6al kyI
~ wherein said a%:ﬂ or benzyl is optionally substltuted wi th one or nore
substituent s edirdseriiyensimltsyofselpaindsiof thiswmbydaleitydf the@puipbund of

005,y i s st ofe3EHE e G oty of LS DR PRI E, Bl T s
H, Cy6al kybipyrazol @3- eb?‘e(Béwqu»dy-beam) M'tdhnbﬂhﬁl-m mH-$3a4'1 hpirraécﬂﬁ 3Mag and2'- and
R4 are pheﬁ%g 1of 54d1 y h%ﬁﬁgf%%’r?%} |1_€,?ﬁ ydr ogen then R2 and R3 are

ot her than net hyl ST v i s phenyl or

4- c|t|@rophenyllnaﬁmﬂaﬂemmnﬁ&tafmehmdpageﬂffdﬁama%fmmn%ﬁuaﬁe ot her than
met hyl sinultaneously. In a further enbodinent of the corrpound of formula I
is selected from the group consisting of aryl,
benzyl, CXRE8sy , Cy,oal kyl, aryl Cy6al kyl and 25 X wherein Xis
benzyl, R2 and™g~are Cl-6al kyl and R5 is hydrogen or Cy6al kyl. I n another
enmbodi nent of t conpound of forrmula | of this invention, R is aryl, R2
and R3 are Cy6a| Y, Wﬁlzteihé’(iajodmzygaa,anmdmﬂmkﬂksﬂyﬂﬂmeﬂdRgar%ﬁc&bgeﬁl
Represent at i ve 4 th| enbodi ne

e nds, of. t. 0 onpound of
' f ormila | are’ts %g}%ltu n‘fe)?emg mnﬁfotﬂléreg'ﬁﬁ eSS EIH ‘Wﬁ"pB‘fmﬂ’f Sl Fis 3 Xl
-(2-Fl ud%emzad#pepayﬂd)n—@yﬁ S-iﬂ»ﬂﬂmﬂw-lzmﬂl-l [330] Bipitakadyldd bl. bi pyrazol yl - 3' - ol ,
-(4-1sopropyl 5,.5' - di bi pyrazolyl 3'-ol,
- (4- Fl uor o- pi& %m‘;ﬁ}e}{gﬁ% odinentof ﬂ%lco%@““goﬁ-%{r@“gl]OfﬂFWY%ﬁ’@Pﬁl 18 ol ,
5 5 - rret(limbycﬂ)aikﬁzﬂ R hild R;amid! thlE;Q%HMhncDR%&’h}dr 2'H [ 3 ]
bi pyrazol yl - 3" -0l [;g;%yl -2' - met hoxy- olj) 'H [ 3 4']
bi pyr azol yl - 3' Ao‘f‘)mpé'“nf? FemHp b‘ﬁéwwélmsn@fﬂmcﬁﬁlpﬁwd IfPH@IQ-I-l[SS "]
2’-Cyclohexyl-5,5"-dimethyl-2H-2"H-[3,4]bipyrazolyl-3 -ol.
In another embodiment of this invention is disclosed a compound which is 5,1°,5°-
trimethyl-2'-phenyl-1', 2’-dihydro-2H-[3,4’] bipyrazolyl-3'-one.

15 In another embodiment of the present invention is disclosed a pharmaceuticél

composition comprising an effective amount of a compound of formuia Tand a
pharmaceutically acceptable carrier.
In still another embodiment of the present invention, is disclosed a method of treating
a neuropsychiatric disorder responsive to modulation of AMPA and NMDA receptors,
20 comprising administering to a mammal in need of said treatment a therapeutically effective

amount of a compound of formula I

25 or a stereoisomer or pharmaceutically acceptable salt thereof, wherein:




bi pyrazolyl-3'-ol, 2'-(2-Methyl-phenyl)-5,5-dinmethyl-2H, 2'H[3,4"]
bi pyrazolyl -3'-ol, 55 - Dinethyl-2"-(4-trifl uoromnethoxy-phenyl)-2H,
2'H[3,4'"] bipyrazolyl-3-ol, 55 -Dinmethyl-2'-(4 5 nethyl -phenyl)-2H,

2’H[3,4'"] bipyrazolyl-3 -o0ol, 5,5 -D nethyl-2'-(3-nethyl-phenyl)-2H 2'H
[3,4"] bipyrazolyl-3 -0, 5,5 -D nethyl-2"-(2-ethyl-phenyl)-2H 2'H][3,4"]
bi pyrazolyl-3'-ol, 5,5 -Di nethyl - 2' -(31&-di chl oro-phenyl )-2H, 2'H[3,4"]
bi pyrazol yl - 3' -oI 5,5" - Di net hyl - (3 chl orophenyl )-2H, 2'H[3,4']
bi pyrazol vy 4tert Bu 2' H-[34]
bi pyrazol y ”@Sd%qtéd %O% ho8r ey ﬁnsll F C%?’%ﬁyﬁgg‘ bclﬁ%%l %h@%‘gﬂ Cp
2 H[3, 4 ]gcﬂ@odﬂt}ﬂ)@zf Aakgl, Mbteﬁaryﬂlaxyl@ﬂfbn’g_ﬂ atVit RelkyICS seycloalkylcarbonyl, Cl_

-di net hyl - aphen 2H, 1' H- !ibl pyrazolyl. In a further enbodi nent of
the conpouf Eﬁk%‘f’ Qi Frptiropisser ﬂY?ﬂ nvention, R is aryl, R2 and R3 are

Cl_6al kyl, R4 is arylC2.6al kyl ,y, or benzyl and R5 is hydrogen or C, . 6al kyl.

Representati ve exanpl es of co unds of thi odi nent of the conpound of
formula | are selectedfromth gr upallsbnsii iEE of :

5,5' - Di met hyl - 2- phenet hyI -2' - pheyyl - 15 H[3,4"] bipyrazolyl-3 -ol,

2- Benzyl -5, 5'-dinethyl - phen 2H 2 H[3, )4] bi pyrazolyl-3'- ol, and

2- Benzyl -5' - net hoxy-5, 3' - d| nmet hyl -1' - phenyl - 1'H[3,4"]bi pyrazol e, and

2 (o Faydr oxy- B SihrosmhevtyparaCa phih fhacoatiybich BEYE o

bi pyrazol yl - 3" 1Qleveldal t enbodi ment of the conmpound of formula | of
this |nvent|onrg ?yco'a@m % and R3 are C, _6alkyl, R4 is

~hydroxyC, Vﬁ@rquyasa@:arysiqenzm, aohe@abekyl is Omaanaﬂaymb@mlﬂcd withron€ar r iSateleystin@fsand R5
i s hydrog ) t.h d of
50 S SOIRRUBS SXEIP K, oh T 3o BIRAGLIR S BRRS

5,5 -Di rretsaiiibxyZthyﬁamy$1~2-x 16028 %,12 149ranfl kuoy m-ZG’d-hﬂI)Gsﬁlﬂdpxﬂ ‘nitko] G atyl]

E: Bﬂ azoI ik 1§$ae% ed f%) % %%1&7%8% ﬂ@?&ﬁa@‘?’g@/&%@?‘% aﬁﬁq 5"{251?"@}‘{%1#“2’,[1_@3 +

2'H[3, 4 ]aryb nmptﬁﬁﬂlwub&tuteﬂ wiﬂamb & nord sub2Bdits eaeh mdepatideplyesigtie@iom
2'H[3,4]

Formul a 1/ e B EXRbnReiisl o i s et 10 TEhiaig T i s
aryl, and IRSaﬂde hydy ngenc,;- B’@No@ﬁ&ﬁli’@faj'ylﬁ)raﬂcaﬂw es of conpounds of this
errbodl n‘entR3 is seSected%onr;P 1913 group consmtmg of aryl, Cygcycloalkyl, Cysalkyl and heteroaryl
15 wherein said aryl or heteroaryl is optionally substituted with one or more substituents each
independently selected from Cygalkyl, Cy.¢perfluoroalkyl, halogen, hydroxy, C.HyFy-salkoxy
wherein n is 1-4, x is 0-8, y is 1-9 and x +y is 2n+1, C;-Csalkoxy, nitro, aryl, or alkoxy;
R4 is selected form the group consisting of H, aryl, arylC, salkyl, benzyl, hydroxyCa salkyl C;.
sperfluoroalkyl, Cs geycloalkyl and Cjsalkyl wherein said aryl or benzyl is optionally
20 substituted with one or more substituents each independently selected from C.salkyl, C,.
sperfluoroalkyl, halogen, hydroxy, CoH,Fy.salkoxy wherein n is1-4, x is 0-8, yis -9 and x + y
is 2nt+1, C,-Cgalkoxy, nitro, aryl, or alkoxy; and
Rsis H, Cy.salkyl, or C;.geycloalkyl.
In another embodiment of the method of this invention, said neuropsychiatric disorder
25  is selected from the group consisting of depression, epilepsy, schizophrenia, Alzheimer’s,
disease, learning and memory disorders; and mild cognitive impairment.
In a further embodiment of the method of this invention, said disorder is
schizophrenia.
In yet another embodiment of the method of this invention, said disorder is depression,

30 In still another embodiment of the method of this invention, said disorder is learning

and memory disorder.



formula | are selected fromthe group consisting of:

2- (4- Met hoxy- phenyl )-5,5"-di nethyl -2'- 30 phenyl-2H, 2'H[3,4']

bi pyrazol yl -3'-ol and 2-(4-Fl uoro-phenyl)-5,5"-di nethyl-2"-phenyl - 2H,

2'H[3,4'"] bipyrazolyl-3 -ol. In another enbodi nent of the compound of

formula | of this invention, R is arylC2. 6alkyl or benzyl, R2 and R3 are

Cl_6al kyl, and R4 and RS are hydrogen. _.t+4l2- Representative exanpl es of

conmpounds of this enbodinent of the compound of formula | are selected from

t he group cons tin 5'-Di net hyl -2' - phenet hyl -2H, 2'H[3,4"]

bi pyr azol yI - f co 0“(“33* %J‘aﬁrl&wm@@m |by p@p@ed by Hesyyhetizpputes ddsiribed |

bi pyr azol )b|c}o31 e Soh&ﬂes?orh?raﬂﬁ?%leﬁéds hicll tﬂe%ﬁéﬁt tthbbel By d% nfheart ||
ormul a

bi pyrazolﬁj-S' -ol. 5 1n a further enbodi rrent e compoun
of this i PRt ubHituentyare a5 ifgntifixd Wnéwrmula(la,sbdyennlws OﬂRQWBéldotRB Hre

g _6al kyl 4 ro en.. cOo nd.exenpl ary of this
enbodi ment o tqﬁe gl(g)%}):}gg’rl] Sglpﬁ%or rrcg rea%tlvf rH?rtc forial FFoups proseht in the
Benzyl2 pi gemrpelinds desptiedsn Bfis 1dv<mabh|yday BHpro?ecHd[b@,sﬂata]bleherétﬁ:@%@dpg 3Thol . In

anot her e co of for of this invention, IS

10 C3 8cy%fbgal Egglt °“ﬁ5“a5n‘af q}g& %ategﬁ?ggﬁ eat“‘?fﬂth?@lfs al{]ﬂceﬂﬁreéibépwwen A
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cl ohex i pyrazoly -0 n anot her

embodi rren#%’?‘?lﬁtf r?%?f@%tq" ’ﬁ””’ég-ﬂ‘g ‘%J@@GM%IWB FRAPYh is 5,1, 5" -

trinmethyl-2'-phenyl-I", -di hydro-2H-[3,4'] bi pyrazol yl - 3" - one. 15 I'n

anot her enbodi ment of the present i ny@ekhan i s disclosed a pharnmaceuti cal
conposition conprising an effective anmount of a conpound of forrmula | and a

pharmaceutical |y acceptable carri er. In still another enbodi nent of the
present inventgpn, is disclosed a nethod of treati ng N—Ry
‘ RzCOCI R1NHNH
i S
' Ri¥ 00 "0  stepAt Rs o Step A2 Step A3
3
5 o R R,,HIN;HNHZ
N ————"——-—-—)-
R; \ }\]
N, Step A4
HO R,

Scheme A shows the synthesis of a compound of formula I wherein Ry and R; are
15 hydrogen. In StepAl, the 6-substituted pyrone 1, a compound which is either
commercially available or can readily be synthesized by methods well known in the art
(Lokot, et al, Tetrahedron, 55, 4783-4792, 1999), is reacted with a carboxylic acid
-chloride, compound 2, in the presence of a strong organic acid, to give the 3-acylated
derivative 3. Suitable strong organic acids that may be used in the reaction are for
20 cxample, a trihaloacetic acid such as trifluoroacetic acid or a trifluoroalkylsulfonic acid.

The reaction is typically run at temperatures of from 50°C to the reflux temperature of the

acid.




a neuropsychiatric disorder responsive to nodul ati on of AMPA and NVDA
receptors, 20 conprising admnistering to a mammal in need of said
treatment a therapeutically effective anount of a conmpound of formula | R3
NR4 R R5 NONI R 25 or a stereoisoner or pharmaceutically acceptable
salt thereof, wherein: -13- Rl is selected fromthe group consisting of
aryl, benzyl, C3_3cycloal kyl, Cl _ICal kyt5- C3- 8cycl oal kyl O . 6al kyl ,

het er oar yl , aryI car bonyl , arleI - 6al ky1C3. gcycl oal kyI car bonyl, C -

| oal kyl car bonyl het oar n, a erein Xis
hydr ogen, benzyflSt Ry IIS r%%t @W&&PB&P 93%]

C3. 8cycl oal ky:brﬁ?pdunﬁél R‘ye reabtmnér; typall gpafoyhed ;haﬂzwrborginxd'@h%hps%bwés nS
optionally Sﬁf%}[\dltu ed V\/llb{fwo e or re substi.tuents. each independently

selected fro SRHRIALY infhe presence g %ﬁak]ﬁlbaseﬁ %ﬁérrm@r%rwyd as@ H, Fy.

6al koxy V\:her edaﬂtaﬁt iSaltatAs al¥ohoRQndudeyindtBandt Ythaktl, Mopfophndlor éM¥lene Q% cdPaad koxy,

nitro, t é&) @Fctedfromthe roup consisting of O.6al kyl,

C3- gcyér oaI k rl ab asearfvf“ b rbansiesy Su%lray|3041%md19rqsaﬁ@|qryessmgqrbwtee,d with

one or mor e sumhlbbﬁtﬂruaﬂmﬁ@mubm%erﬁ@%%&y ?}f‘ét&%&%ﬁé £ PhicknSahds %h
. 6per fl uoroal kyl, hal ogen, hydrox C'HXFy_6al koxy wherein n is

0 8, y is 10@1%@%&9@&?@%@@“ Mm&myofmeprgﬁnl%pwnt or al koxy

As shown in Step A3 the hydrazone, compound 3, can be converted to the pyrazolyl

X is

dione 6 by affecting an intramolecular cyclization of 5 in the presence of a suitable organic
10 acid such as acetic, propionic or trifluoroacetic acid. The reaction is typically run at
elevated temperatures from about 50°C to the reflux temperature of the organic acid.
In Step A4, reaction of the dione 6 with hydrazine 7 gives the desired bipyrazole 8.
The reaction is typically run in an inert organic solvent such as an alcohol at or near the

reflux temperature of the solvent,
15



R3 is selected formthe group consisting of aryl, C3.gcycloal kyl, C.6alkyl
and heteroaryl 15 wherein said aryl or heteroaryl is optionally substituted
with one or nore substituents each independently selected from Cl. 6al kyl,
Cl - 6perfluoroal kyl, hal ogen, hydroxy, C HFy_6al koxy wherein nis 1-4, xis
0-8, yis 1-9 and x + y is 2n+l, Cl-C6al koxy, nitro, aryl, or alkoxy; R4 is
selected formthe group consisting of Hg.aryl, arylC2 6al kyl, benzyl,

hydr oxyC2. 6al kyl ClI. 6perfluoroal kyl, C3-gcycloal kyl and Cl . 6al kyl wherein
said aryl or benzyl is optionally 20 substituted with one or nore
substituents each independently selected fromCl . 6al kyl, Cl-
6perfluoroal kyl, hal ogen, hydroxy, C'H.fy.6al koxy wherein nisl-4, xis 0-8,
yis 1-9 and x +y is 2n+l, Cl-C6al koxy, nitro, aryl, or alkoxy; and R5 is
H, C.6al kyl, or C3.8cycloal kyl. In another enbodi nrent of the nethod of
this invention, said neuropsychiatric dpgorder 25 i;s selected fromthe
group consi sting of ,deptession, epiI@B?y, schi zophr eRi-#R Al zhei rRrg’ s,

di sease, | earni ngyand nory di sorderg;
further enbodi A ﬁﬁgﬁﬁﬂ*of
schi zophrenia. In yet pt het' Peitbdi “8f Yhe nethod of\this swewention,
sai d disorder is dept@ssimn. 30 In stil|/afgther enbodj, it of the method
of this invention, said disorder is Ieaﬁﬁﬁng and nenory disorder. -14- The
conpounds of the invention may be preparéd by the synthet0 LgHKa@S group
descri bed below in the Schenes or by other nethods, which may be apparent
to those skilled igp the art ﬁpe R substituents are as identified for
formula (1), a unl ess ot heryiare noted. |6 MBcessary, iRy fol | owi ng
synthetic sche regctive fungly t in the /5 congounds

described in thi's\i nyenti-en may B i[Fabl e profe tim% groups.
AQp~Of ®TEJyn e S
and their quuent

The protectRng™gro p\ﬁay bésr e
KO

Procedures for praot Nng reacti ctional gr
removal may be folefll [T W G edne and P 0., R o R

i - i

Step B4

Step B3

—N)-[ Rz /H Ra

A —
RN \ \J\l &% N Rs
N N
REO R N

1 (] R1
A7

Scheme B illustrates a method that can be used to synthesize compounds of formula I
wherein and Rs is Cy-galkyl, Csseycloalkyl. In Step B1 the unsubstituted ring nitrogen of
the bipyrazole 8 is protected with an alkoxycarbonyl group to give a mixture of positional
isomers, compounds 9 and 10, The reaction is accomplished by using methods well

10 known in the art for instance treatment of § with t-butylcarbazate can give compound 9.
See Kashuma, et al, Tetrahedron, 54, 14679, 1998,

In Step B2 the mixture of isomers 2 and 10 are reacted with an
alkylating/cycloalkylating agent 11 wherein Lg is a leaving group such as halogen,
alkysulfonate or arylsulfonate to produce a mixture of the O-alkylated compounds 12 and

15 13 and the N-alkylated compounds 14 and 15. The reaction can be run in a polar aprotic

solvent such as DMF, DMSO or acetonitrile in the presence of a suitable base. Suitable




G M Wits, Protective Goups in Oganic Synthesis, Wley and Sons, 1991.
10 Schenre AR NHNH2Z OH RzCOCl HO NNR Rz 4 Rz RR11 OO step 2 Al R3O0
OStep 2 ROO Step ASOORz RaHNHNH2 -N R4 RZ N --a Rs 3 ~ Step A4 HO
R~ RS0 Rt 6 Scheme A shows the synthesis of a conpound.of formula I
wherein R4 and R5 are 15 hydrogen. In StepAl, the 6-substituted pyrone 1,
a conmpound which is either commerciall-y7avail able or can readily be
synt hesi zed by nmethods well known in the art (Lolcot, et al, Tetrahedron,
55, 4783-479@)%56199 act .th a carb cid, chlori.de

e

I Sf d W | ¢ ,.__conpound
> i the. pr 2R By e MORRC A Al R AT Bl AR dieh SboRriBS
derivative 3.sofunicabbmtsinddigtonganiThe @tipelatidratwhichthbeattvadad be fuhés
reaction are for 20 exanpl e, tri hal oacetic aci u as trifluoroacetic
erd orat LA KR it rtweralin o bp pegap S el pin FpUS s edop oF B ot
t enper at ur es r@ktidd, GlifoRACotaphy Hesik@fdeldvésavh 8€RkdN Bix@iired. NBne Afkhs condiats | N

3.is reacted with a hydrazine 4 to formthe hydrazone,

Step , conpQun

conpound 5. ?ﬁ@e?%ﬁalﬁ%ﬁcqlgpwﬁ Y2oAnpi3 e qthgr perpistoffraliofisted compamit 4ol vent
such as an ahgohol, optionally in the presence of a suitable base if a
hydrazine salt is used as a reactant. Suitable al cohols include methanol,
et hanol , i sopr ofritbpkylated {aigat eprapeying d 6 camphpjobtained as depicted in StepB3 by

cleavage of the N-alkoxycarbonyl from the positional isomers 12 and 13. The cleavage
can be accomplished by methods that are well known in the art, for example by acid or
10 base treatment of 12 and 13.
Similarily, StepB4 employs identical conditions as Step B3 to give the N-alkylated

compound 17.

BIOLOGICAL EXAMPLES
15
The following test protocols are used to ascertain the biological properties of the
compounds of this invention. The following examples are being presented to further illustrate

the invention. However, they should not be construed as limiting the invention in any manner.

20  Spinophilin/Protein Phosphatase-I Interaction Assay:

Materials:
10X stock TBS (Tris-Buffered Saline) is from Bio-Rad. Spinophilin (6xHis) and GST-
PP1 proteins are cloned, expressed, and purified in house by protein production, BEu-anti-GST
antibody, DELFIA assay buffer and DELFIA Enhancement solution are from Wallac (now
25  Perkin Elmer). High binding 384 well plates are from Greiner.

Methods for ELISA Time-resolved Fluorescence 384-well Assay:
Plates are coated with 50ul of Spinophilin/TBS sotution (50ug/ml) or S0ul of TBS
buffer ( 0 control) and incubated overnight @ 4°C. Test compounds are prepared and diluted
30 in 96-well polypropylene plates using a Labsystems Wellpro Liquid Handler. After washing
the plates 3 times with TBS using the Flx-405 {Biotek) plate washer, the compounds are
transferred from the 96-well plate to the 384-well plate using a Multimek (Beckman) liquid
handler. GST-PP1, 50ul (2.5ug/ml) is then added to the plate. Plates are incubated for 3-6 h @



5 suitabl e bases include al kali carbonates such as sodium potassium or
cesium carbonates, or resin bound carbonates such as MP-carbonate. The
tenperature at which the reaction can be run is fromanbient to the reflux
tenperature of the organic solvent. As shown in Step A3 the hydrazone,
compound 5, can be converted to the pyrazolyl dione 6 by affecting an
i ntranol ecul ar cyclization of 5 in the_pgesence of a suitable organic 10
acid such as acetic, propionic or trifluoroacetic acid. Thﬁ reagflon S
typically run at el evated tenperatures from about 50C to the refl ux
t Z:Irorper at ﬁrré?mﬁ‘fte‘???éafkbfﬁg“él?ﬁ Iéata“‘(r:raﬁa washed 3 djmeg apabove ai0ubef Bf-anth@S iaptﬂ@ﬁlﬁ with
hydrazi ne Zs@h drd kify IL ‘modild€ind §RAGHda0R i y Ly run
i% an iner& gr%gﬁ%c gﬁgsgﬁtggagﬁﬁggégﬁkgﬁéé%ol at or ﬁ?ﬁ?n#ﬂ%ﬁ ?%?ﬁuﬁ%

t enper at urad I feHweRBIy die plaies arelgash&@thtinres 48 abpRAnd 10! Of BehaRBin®ent Rz / . 2

11 R3/ [/ Rt : L s I HOR 8 R g
T0 Lo =l e groddta B J&mgé%ﬁ\r‘l"’gl‘%ﬂ“@}ﬁpeﬂ? e P iR ° N
R3 \ \5\ -empmemreRBlates are/redd(iRBhe HabgyteRjl ctn) FRbre@ehiR @iddRbsing Europium

setting. Compounds are evaluated for their ability to inhibit the interaction of Spinophilin

(6xHis) and GST-PP1 by measuring a reduction in the fluorescence signal.

Voltage Whole-cell Recording of AMPA and NMDA Currents in Prefrontal Cortical Neurons:

10
Neuronal Acute-dissociation Method: _
Prefrontal cortical (PFC) neurons from young adult (3-5 weeks postnatal) rats are
acutely dissociated using procedures similar to those described previously (Feng, et al., J
Neurosci, 2001; Chen, et al., Proc Natl Acad Sci USA, 2004). After incubation of brain slices
15 ina NaHCO;-buffered saline, PFC is dissected and placed in an oxygenated chamber
containing papain (Sigma, 0.8 mg/ml) in HEPES-buffered Hank's balanced salt solution
(HBSS, Sigma) at room temperature. After 40 minutes of enzyme digestion, tissue is rinsed
| three times in the low Ca'?, HEPES-buffered saline and mechanically dissociated with a
graded series of fire-polished Pasteur pipettes. The cell suspension is then plated into a 35 mm

20 Lux Petri dish, which is then placed on the stage of a Nikon inverted microscope,

Whole-cell Recording of AMPA and NMDA:
Wheole-cell recordings of whole-cell ion channel currents employ standard voltage
clamp techniques (Yan et al., Nat Neuroscience, 1999; Wang et al., J Neurosci, 2003;

25 Tyszkiewicz et al., J Physiol., 2004). The internal solution (inside the patch pipette) consists
of (in mM): 180 N-methyl-d-glucamine (NMG), 40 HEPES, 4 MgCl,, 0.1 BAPTA, 12
phosphocreatine, 3 Na, ATP, 0.5 Na,GTP, 0.1 leupeptin, pH = 7.2-7.3, 265-270 mosm/L. The
external solution consists of (in mM): 127 NaCl, 20 CsCl, 10 HEPES, 1 C&Clg; 5BaCl,, 12
glucase, 0.001 TTX, 0.02 glycine, pH = 7.3-7.4, 300-305 mOsm/I.. Recordings are obtained

30 with an Axon Instruments 200B patch clamp amplifier that is controled and monitored with
an IBM PC running pCLAMP (v. 8) with a DigiData 1320 series interface (Axon
instruments). Electrode resistances are typically 2-4 MQ in the bath. After seal rupture to



2 13 14 1 15 Step B3] Step B4 -NHR2ZH2 RR50NR N OR 16 17 5
Schene B illustrates a nethod that can be used to synthesize conpounds of
formula | wherein and R5 is C-6al kyl, C3.8cycloalkyl. In Step Bl the
unsubstituted ring nitrogen of the bipyrazole 8 is protected with an

al koxycarbonyl group to give a mxture of positional isonmers, conpounds 9
and 10. The reaction is acconplished byissi ng nethods well 10 known in the
art for instance treatnment of 8 with t-butyl carbazate can gi ve conpound 9.

See Kashuma, et al, Tetrahedr 14679, 1 Ste t ure of

Csomer s O s Werisel PERCRE PO AResTPYnge ?‘#913918{5%1%%1 edRZO 2%@ t 11

wherei n Lgaddspeﬁoch@ﬁwn&gute{e@unmes:enﬂmﬁﬁarﬁ@b@@ﬁm 1stald<atsﬁﬂ fﬁUnat e or

aryl sul fonate to produce a _m xture of the O- a un and 15

15 and t he N al Rylaplia b 1 eraiMPA 1 GV BALE T S SHOBE T P a

pol ar apr ot ety YRAHERL in S ESrBH K ABQIDA RGN s dolorkiB olche3pr esence of
as uta

a suitabl e e -17- bases include the al kaljne and al kal i
car bonét esseamﬁs bt winibiza é@sésﬁ%?@@hﬂ“&%i“ﬁ@tdég@%sﬁ of eureent apRliteds Paes arspeiiedng

bi car bonat 8 %PIE R ipgn idyRm
anbi ent ‘% e r e%fggg S{e Eat%r e C’)thQ ﬁgf%frr%gﬁ(}dg@lgg@?gﬁt E(GII%CL?I%IOO%H n Twor kup
of the re;amttlmcda’fcmmmégn@rplhwﬁm theicell pedey stndyy iSpbision ghangessng effestembyt ur es.
One m xtur e ot her

! g%%s%-s Qb Al B/l P e Y TR Toshmile). Bhed e

consists o ate conpounds
coIlected W1th PCLAMP software and analyzed with AXOGRAPH, KALEIDOGRAPH, and
10 STATVIEW.
Compounds described herein inhibit the KA-induced rundown of AMPA current by
either stabilizing the agonist-evoked current of increasing the current. Likewise, compounds
described herein increase the NMDA-evoked current. The minimum effective dose (MED)

was identified by determining the lowest concentration of inhibitor that was effective in each

15 functional assay.

The results of these assays are shown in Table I and Table IL

Table I
20 Inhibition of KA-Induced Rundown of AMPA Current
Example No. Minimal Effective
Concentration (UM)

4 0.1%
0.1%

15 1.0

18 1.0

25 1.0

# ] owest concentration tested (MED possibly less than 100nM).



and 15. The O al kyl ated target conmpound 16 can be obtained as depicted in
StepB3 by cleavage of the N-al koxycarbonyl fromthe positional isoners 12
and 13. The cl eavage can be acconplished by nethods that are well known in
the art, for exanple by acid or 10 base treatnent of 12 and 13.

Simlarily, StepB4 enploys identical conditions as Step B3 to give the
N-al kyl ated conpound 17. BI OLOG CAL EXAYPLES 15 The fol | owi ng test
protocols are used to ascertain the biological properties of the conpounds
of this invention. The follomnng exan&les are being presented to further
illustrate the invention. However eble §houl d not be construed as
limting the invention in any, % gg E%I@ 1.:n/ Prot ei n Phosphat ase- |

I nteraction Assay: Materials: YodBRC M 9%%' g Buffered Saline) is
from Bi o- Rad. SpInOphI|In (6xI|s) and GST- PP protelns are cl oned,
expressed, and purjfi 5 ot-e roductton —GST
anti body, DELFIA assag fer%an DEW Egﬁ%ﬁggner Ahrzﬁgng&n from
Wal l ac (now 25 Perkin El rrer). Hi gh t!]:ditdfmﬂgmaﬁ@myel I 1pd:raasemra}vﬁ\).ﬂtrom

G einer. Methods [for ELI SA Tine-yesol ved Fl uorescgnce 3 g \ssay:
Pl ates are coated with 50ul of Spj nophilinl TBS sol gt iGH?® H%§&§1) or 50ul

of TBS buffer ( O controk) and iphcubatedioverni ght @4Go3¥est cdnpounds
are prepared and diluted 30 in 96-well polypropyl ¢éne plates using a
Labsystems Wl | prq Liquid Handl er| After washing the BFREEO8S) | fes with
TBS using the El x-@05 (Bigf ek) plat e washgr, the cgnpoundsyare transferred
fromthe 96-well plate to the 384twell plate usingja Miltinek (Bgckman)
liquid handler. GST-PPI, 50ul(2.5ug/nm) is then ajdde@tidecugas)pl dte. Pl ates

are incubated for 36T @ 18-

5 Porsolt’s Forced Swim Test:

p.-

The effects measured in this model have been correlated to antidepressant efficacy for
drugs. The paradigm of this model is that an effective antidepressant compound will cause a
rat to make greater attempts to escape a water-filled cylinder than a rat given vehicle only.

Animals used in this study are non-naive male Sprague Dawley rats weighing between

10 225-350 grams. The test apparatus consists of 6 clear PLEXIGLAS® cylinders 40 cm high x
19 cm wide. Cylinders are filled to 18 cm with 25°C water. Each rat is placed in a cylinder
for a 15-minute training session. Following either subchronic or acute dosing of either vehicle
(0.5% methylcellulose) or compound, animals are brought back 24 hours later for a S-minute
test session. These test sessions are videotaped for later scoring.

15 Subchronic dosing consists of administering drug three times in the 24-hour period
between training and testing, The drug is administered 24 hrs., 5 hrs., and 1 hr. prior to the
test session. Acute dosing consists of administering the drug once, 1 hour prior to the test
session. Scoring is done using a time-sampling computer program. Every five seconds,
animals are rated as demonstrating one of three behaviors: immobility, mild swim, or

20  climbing. These sampling scores are then converted into percentages of the test session.

This invention is further illustraied by the following examples of compounds used herein,
which are provided for illustration purposes and in no way limit the scope of the present

invention.

25 Object Recognition Test:




roomtenperature. The plates are washed 3 tines as above and 50ul of
Eu-anti - GST anti body (-50 ng/m) are added using a Multidrop (Titertek)
nodul e and allowed to incubate for 30 mn at roomtenperature. The plates
are washed 3 tinmes as above and 100ul of Enhancenent Solution are added
with the Multidrop nodule and all owed to incubate for 1 h @room 5
tenperature. Plates are read in the FarZyte (Tecan) Fluorescence reader
usi ng Europium setting. Corrpounds are eval uated for their ability to

inhibit the interaction of | hilin and 15 |nga
reduction in tﬂ@@hﬁ@%@é@%&% F'iéﬁem"%'i Tt l&é“ PLthe 15&588%/0(?9 Cgm AVPA
and NVDA GyigfeidnbiateBeiweth keditdnd Gakidvaadh] dNBWO Rstherefbis sWdalofakhe

Acut e-di ssoci ati on Method: Prefrontal cortjcal (PF neyrons, from égung

adul t ( 3- Felgeargtionelihumgreryrimprovingaction ofitht cPrposadacerdias itha FVEISRedur es

simlar tot hosl‘?leqﬁﬁ&ah'ggﬁéiialgflf‘evdaﬁ%ﬁ'oﬁt dsTaROGbe®in tRd literathre. NBIGIQSiet a12001;
Chen, et al., Proc Natl Acad Sci 2004). After incubation of br

sl i ces515 NewreRauamiCess, §u4305r4283;Fampesar, AppRslaceury i s Behop R aisrfiespl 988 4 » ?’H an

oxygenat e c NN 9920139 g1 Ak, PrididdREEBabuf f er ed
Hank' s ba?sgﬁ?g]?aggi% yﬁtlgl%l %ﬁ%)% sé’%s‘?g room tenperature. After 40

m nut es of Eweni Pirerndicgk 39970437, tlﬂ%éﬁl@ is ri nsed three tinmes in the | ow Ca+2,
HEPES- buf f er edFl;g giﬁ ?as@g%é%%[}s%r}#%@l)ﬁngnﬂée g)}e%ﬁgfew 151@6 @bseﬂfaﬁgﬁﬂmﬁq%' es of

fire-polished cel'l nston’is then plated into a
35 nm 20 LasxfrBxetd witllivedidemtiviabdbjécss. tThe mopkemélcbxtmswﬁe exanzin® i.ofsnHf Midkon

i nverted mcro ol e-¢ r.d ﬁMD 0 cel l
recoré8 ngs Bcfh g\ﬁgﬁ ecgséﬁq‘elaglﬁu%ﬁgﬁﬁngﬁ&cmuér’%g fnd ﬁe&ﬂgﬁag%a%ﬁ vor ?d age
clanp tec m&cwq&sségéﬁaﬁatanaﬁtervau\ﬁmmeumdhezmemces ag‘aﬁeﬁstedﬁarhl@ abisergption

JNeur osci, 200 szKi z.et a 20 al

sol ution (FF% CPE@E%H eEF%%FP&}”S%%&# Y% e‘gfungd'lowrh%)ect %%n l RED

N- et hyl - Ckeg:lgﬂrzagrﬂheenc(vwlv@mt 49wiﬂEBEéB;a114 ek@ﬁim& the@uindSARAsct. 18 fter 24 hours, a
phosphocreati ne, Nalg 265- 270

oo L. THEOUE BN S g e B ket Ryt st Bl o1 10
HEPES,151 Gadede, and BaGhérefoke inspect both objects equally intensively. The administration of a
substance having learning- and memory-improving action will lead to a mouse recognizing
the object already seen 24 hours beforehand, in the first passage, as known. It will examine
the new, unknown object in greater detail than the already known one. This memory power is
expressed in a discrimination index. A discrimination index of zero means that the mouse
20 examines both objects, the old and the new one, for the same length of time; i.e. it has not
recognized the old object and reacts to both objects as if they are both unknown and new. A

discrimination index of greater than zero means that the mouse has inspected the new object

for longer than the old one; i.e. the mouse has recognized the old object.

25 MK-801-Induced Psychosis Model:
The non-competitive NMDA receptor antagonist MK-801 induces stereotypies and
hyperactivity in rodents (Contreras et al., Synapse 2: 240-243, 1988) by interacting with the
NMDA receptor-associated ion channel. Phencyclidine, which also interferes with the NMDA

~ receptor, produces psychotic effects in humans similar in many respects to schizophrenia.
30  These findings suggest that a deficiency in glutamate transmission may be responsible in the

pathology of schizophrenia (Javitt & Zukin, Am. J. Psychiatr., 48 1301-1308, 1991). The
neuroleptics haloperidol, clozapine and raclopride are able to reverse the behavioral changes

induced by MK-801 in rats (Carlsson et al., Biol, Psychiatr. 46: 1388-1395, 1999). Therefore



gl ucose, 0.001 TTX, 0.02 glycine, pH = 7.3-7.4, 300-305 nOsm L. Recordings
are obtained 30 with an Axon Instrunents 200B patch clanp anplifier that is
controlled and nmonitored with an |IBM PC running pCLAMP (v. 8) with a
DigiData 1320 series interface (Axon instrunents). Electrode resistances
are typically 2-4 M) in the bath. After seal rupture to -19- attain

whol e-cel |l recording conditions, seri e§22r_esi stance (4-10 ML1) is
conpensated (70-90% and periodically nonitored. The cell nenbrane
potential is held at -60 nV. The application of KA (200 M or NVDA (100 M

i n My2+- f rtbeMEeBQitindweed edtbiipr snd stepsatypica i rgts dey eengéseitznmgpriopnivde shimal r ent . KA
or NVDA is i for, 2. . 5 _seconds to minimze

desensi ti zat| gr?—@%&ﬁ%@%%%%?@% A Oa}ﬁﬁé Fﬁ:,oglﬁ%m%%bl itude. Drugs are applied

wi th a gravityEkeeimataMProcpipes system The array of application

capillaries (c mi, d.) ;i L tiqgned f ew hundr. L GY fromthe
cel | under stuﬁgﬁlé@thﬁff‘t&W‘%{%%g@B@F?eglf’*‘%eg?é’(ﬁr%3356 O?ﬁégg{'—]%;ﬁgp%]f-step
sol uti®n siytlelights chedt 700 mym. ) 8 reem(Mdpeneire bR ST M8k S) C. Rk aidmam ¢fal | ect ed
wi th PCLANP software and analyzed w th AXOGRAPH, ,%LEI D@?GRAPH, %m |10
STATVI EW T S tiRge S ATHRYS ArEEeR 2P5TH B cemRiakiood pad e et A Bgaﬁmaf AVPA
current by ei iJhehe &dydiTitld skbBEnéd S aid @R M etled INIAkEBrehdd drBichte, kiRCT €asi ng t he
current. conmpounds described herein jncrease the NVDA-evoked

Li kew seg, ] [
current. T feﬁ?‘fw‘%ﬁ%%ﬁ%’é@‘tli%élom: {hrs) corpaind YIRS PY 68 cEDRRIGR A% ng
the | owestaip@RarRbs akd OR o8 relttbalb HRlr nbhBtagte foreb hiGhty 8nd ﬁhlﬁ)%ﬁﬁozi 15

functional assay. The results of these assays are shown in Table | and
Tabl el . clopapp® tqst saynonpd Bid Vebilegreated apimplireesivruandowissonnioR mefkeent

Exanpl & NayMoRi TR rerhih @G bhtY Reat PREEPhlRb kQBivE Yhen®imfection of vehicle. The

standard injection volume is 2.0 mi/kg. After 10 minutes in the home cages, rats are

- transferred to the test box (Plexiglas, 29.times.12.times.12 ¢m), 5 minutes before the
assessment for accomodation, The test box is cleaned with 70% ethanol before each
15 assessment. Stereotypies, defined as wall-contacts with the snout, and locomotion, defined as

tum-rounds of 180.degree., are assessed during 5 minute periods.

Metrazole Potentiation Assay
Male CD-1 mice (20-30 grams) are used. On the day of testing, animals are brought to

20 the laboratory and randomly assigned to groups. For a primary screen, the test compound is
administered intraperitoneally (i.p., 10 ml/kg) to groups of 10 mice 60 minutes prior to
challenge with metrazol (55 mg/kg se). Post-metrazol administration animals are placed
individually into clear plastic cylinders (12 X 5 inches) and then observed for clonic seizures,
A clonic seizure is defined as a single episode of clonic spasms of at least 3-second duration.

25  Themice treated with metrazol are considered "potentiated” when these clonic seizures occur.

A dose range is necessary when 50% of the animals demonstrate potentiation in the
primary screen. Test compounds are tested at the 60-minute pretreatment time using 3 or

more doses with a vehicle control group. The ED50 value is determined by linear regression.

30 % Rx group - % vehicle group
100 - % vehicle group

Supramaximal Electroshock Assay




501 151.0 18 1.0 25 1.0 * Lowest concentration tested (MED possibly
| ess than 100nM. -20- Table Il Increase of NVDA- Evoked Current EXAMPLE #
M nimal Effective Average percent Concentration (M increase in NVDA
current (10 M 8 1 303% (n=3 neurons) 18 5 55% (n=4 neurons) 5 Porsolt's
Forced Swi m Test: The effects neasured in this nodel have been correl ated
to antidepressant efficacy for drugs. -Ihe paradi gm of this nodel is that
an effective antidepressant conpound will cause a rat to nake greater

alterpts (o esode d YALelnkbleg. Gud AlSL LNB.A 18 0 NR0 VBN She ot Y

Ani mal s used i ar € “hon- nai ve' at's wei ghi ng
bet ween 1fsddde 35&1&‘@@0@ addedeCdntrol ardppia reckivs veldes. |I$dugs m*f: rcﬁltmhlgar

PLEXI GLAS(@ ders 40 ¢ cm wi de. are fill ed to 18
o i L 2StHEbisr R Pty ol e ot RS AT VPO G oz
trai ni ng smagmmﬁ@;lslmmmg ei t her subchr on| c or acute dosing of ei t her
vehicle (0.5% met h%/l cel |l ul ose g}g ani I ) argJ Q,gou ht bgck 24
hours Pater for&onstan} steat St’f‘%“ia[tors% A &HI?B?@:“? serited oy B
vi deot apedphRipbdl 6. IROPhdMhacodpn. 32D ®Ni1 651 qslwags apmsz §HoSk 6f variable
adm nistering drug three tines in the 24-hour 5)
current and duration through corneal elecirodes. A 0.3 s, 25 mA shock (50V) is sufficient to
produce extensor fonus in 95% of conirol mice.
A compound is considered to give protection if the mouse does not exhibit extensor
10 tonus. Protection is expressed as normalized percent inhibition relative to vehicle control. A
time response is carried out using 6 animals per group. Animals are tested at 30, 60, and 120
min post-drug. Additional time periods are tested if indicated by previous tests. When peak
activity has been determined, a dose-response is initiated, using 10 animals per group at that

time period. The ED50 and 95% confidence interval are calculated by computerized probit

15 analysis.

Synthetic Examples

General

20 Commercial reagents and solvents are used as received. 'H NMR spectra are recorded on
a Varian MercuryPlus-300 (300 MHz) or Varian Unity Inova (400 MHz) spectrometer as
indicated. Proton chemical shifts are reported in 8 ppm relative to internal tetramethylsilane
(0.0 ppm). MS (LC-MS) data is obtained using a Micromass LCT time of flight mass
spectrometer with electrospray ionization and 5 min data acquisition time for m/z 100 to 1000.

25 . LC(LC-MS) is performed using a Hypersil C18 column (4.6x50mm, 3.5u) with mobile phase
of 0.1 % TFA in H,O (A) and 0.1% TFA in ACN (B) and a gradient of 5% to 100% B over 3
min followed by 2 min at 100% B. Alternatively, a Platform LC-MS with electrospray source
may be used with a HP1100 LC system running at 2.0 ml/min, 200 uL/min split to the ESI
source with inline HP1100 DAD detection and SEDEX ELS detection. A Luna C138(2)

30 column (30x4.6mm 31 ) is used with a gradient of 5% to 95% B over 4.5 min with mobile
phase of 0.1% formic acid in H,0 and 0.1% formic acid in ACN (B). HPLC purification is
performed on a Varian ProStar system using a reversed-phase C18 column with a linear

gradient of ACN /Hz0 containing 0.1% trifluoroacetic acid.



between training and testing. The drug is admnistered 24 hrs., 5 hrs., and
1 hr. prior to the test session. Acute dosing consists of adm nistering
the drug once, 1 hour prior to the test session. Scoring is done using a
ti me-sanpling computer program Every five seconds, aninmals are rated as
denonstrating one of three behaviors: inmmobility, mld swm or 20
clinbing. These sanpling scores are thesy converted into percentages of the
test session. This invention is further i1llustrated by the foll ow ng
exanpl es of conmpounds used herein, which are provided for illustration
purposes and in no way |imt the scopdxehplele present. invention. 25 Object
Recognition Test: -21- The object recognition test is a nenory test. It
measures the ability of mce (and rats) to differentiate between known and
unknown objects and is therefore suitablR f8 the determ nation of the
menory-inproving action of the conpoundd. acggrding to the invention. The
test can generally be carried out as sCli bed in the literature. (Bl okland
et al. 5 NeuroReport 1998, 9, 4205-4 ; naceur, A., Delacour, J., Behav.
Brain Res. 1988, 31, 47- 59; Ennaceur, R, Neliani, K, Psychophar macol ogy
1992, 109, 321-330; Prickaerts, et al. Eur. J. Pharmacol. 1997, 337,
125-136). In a first passage, a nouse in an otherw se enpty, relatively
| arge dbservation arena is confronted with two identical objects. The
nmouse Wi || extensively exangr [ | ff toych, both objects. The
anount of tine the nouse sp i ored. In a second
passage, after an interval of 24 hours, the nouse is again tested in the
observati on ohj s. kS _now repl aced..by .a new,
unknown objé%ﬁ&ﬁaﬁgggggﬁgégkgﬁ?é oghﬂ?séﬁﬁﬁ%l‘%%ﬁﬁy%ﬂ?ggF?aﬁP°é?$|
especi al | y5@xRrand edd Rég (Fiomminoidspigicéhloridk Henpwisé. Rieetribis naxturentisdlux foever ,
has normal,l y fargotten which object it has .al ready ined in the first 15
passadl,  AREWFTTPOrTIE Mer aieioh HERaE ndss e Peerae cATAT Ty TRCIRTVERy . The
admi ni st r atithosthyd heedate QI0RE kaed combing thel cRgehiv 18krs. ANGhRIEheiafPaVi Ng act i on
wll lead (go%iu?n glﬁ%elt?e?. éh?gnqgtglg,rzetiaﬁlgn silica gel, eluting with chloroform to provide 5.8g

(34.5mmotl) of 3-acetyl-4-hydroxy-6-methyl-pyran-2-one.

LCMS (M+H): m/z 169, retention time 3.24 min.

15
Example 2
F
N
OH w*
] =
8] 0

20 3-{1-[(2-Fhuoro-phenyl-hydrazono]-ethvl}-4-hydroxy-6-methyl-pyran-2-one

To 2-fluorophenyl hydrazine hydrochloride (0.16g, 1.0 mmol) in methanol (8ml) add MP-
carbonate (1.0g, 3.3 equivalents), Shake this mixture at room temperature for 1 hour. Filter
the resin and wash with methanol. To the filtrate add (2-fluorophenyl)-hydrazine (0.134g,

25  0.80mmol). Shake the reaction mixture at room temperature for 2 hours after which evaporate

the solvent under reduced pressure. Recrystallize the solid from a minimum amount of




the object already seen 24 hours beforehand, in the first passage, as
known. It will exam ne the new, unknown object in greater detail than the
al ready known one. This nmenory power is expressed in a discrimnation
i ndex. A discrimnation index of zero means that the nouse 20 exam nes both
objects, the old and the new one, for the same length of tine; i.e. it has
not recognized the old object and reac2s to both objects as if they are
bot h unknown and new. A discrimnation index of greater than zero neans
t hat the nouse has, i.ns d the new qbje for.lo r.than th | d one;
i.e. the n’ﬁ‘ﬁ@@“%é%d ?bé%ggﬁ%%@ H’énogq ﬁ%@{ﬁ“@%ﬂ@f%’hﬂ“@?gﬁiﬁ@ﬂ E%@E}'g’syc hosi s
Model :  Thehyigsye@ip@ii-pirme2 WA recept or ant agoni st MK-801 induces
stereotypies. and _hyperactivity in rodents (Contreras et al., Synapse 2:
240- 243, 1b§%$(Byipﬁ?gﬁggﬂﬁﬁﬂh%}Wﬁe?ﬂ%“mNNDA recept or - associ ated i on
channel . Phencyclidine, which also interferes with the NVDA receptor,
produces psychotic effects in humans simlar in many respects to
schi zophreni a. 30 These findings sugd&d®PieRat a deficiency in glutanate
transm ssion may be responsible in the pathology of schizophrenia (Javitt
& Zukin, Ain. J. Psychiatr., 48: 1301-1308, 1991). The neuroleptics
hal operi dol, clozapine and racl oprijde gre able to reverse the behavi oral
changes induced by MC801 in rat et al., Biol. Psychiatr. 46:
1388- 1395, 1999). Therefore -22- the M C{801tinduced activity and
stereotypies in rats may represent an g @ﬁYiate animal nodel to test the
potential efficacy of antipsychotic drugs. Ex&grinental Procedures Ml e
Wstar rats, weight 250-300 g are housed et cage on a 12 h/12 h |ight
dark 5 cycle (lights on at 7.00 a.m) at oom t enper at ure of
21.+-.2.degree. C. for a mnimumof 5 days before testing. All aninmals are
gi ven access to commercial food and tap water ad |ibitum On the day of
the experinent, rats are treated with reference drug vehicle, the reference
drugs hal ope A Flwnro-pheyyBel-methvk hrexd-és3-dibwhpd gl rymbit o/ oe-1f &g
conpoypds. After admnistration, the rats urned to their honme cages
for 15 m nutes. The hal operidol,

Heat at reflux for 1 hour 3-{1-[(2-fluoro-phenyl)-hydrazono]-ethyl} -4-hydroxy-6-methyl-

are ret

pyran-2-one (0.045g, 0.163mmol) in acetic acid (0.3ml). Add heptane (3ml) and evaporate

the mixture to dryness to give 1-[1-(2-fluoro-phenyl)-3-methyl-5-0x0-4, 5-dihydro-1H-

pyrazol-4-yl]-butane-1, 3-dione (0.045g, 0.163 mmol). Use this material for the next step
15  without further purification.

LCMS (M-+H): my/z 277, retention time 2.05min.

Example 4

20

2'«(2-Fluoro-phenyl)-5.5"-dimethvl-2H, 2°H-[3.4’] bipyrazolyl-3-ol




10 cl ozapi ne, test conpound and vehicle treated animals receive an i.p.
injection of 0.3 ng/ kg MK-801. The remaining rats treated with placebo
receive a second injection of vehicle. The standard injection volune is
2.0 mM/kg. After 10 minutes in the hone cages, rats are transferred to the
test box (Plexiglas, 29.tines.l2.tines.12 cn), 5 mnutes before the
assessnment for acconodation. The test box is cleaned with 70% et hanol
before each 15 assessnent. Stereotypies, defined as wall-contacts with the
snout, and | oconotion, defined as tumrounds of 180.degree., are assessed
during 5 mnute periods. Metrazole Potentiation Assay Male CD-1 mce (20-30

grans) are used. ay of t in ni mal s ..ar ught , t,0,, .20 t he

| abor at ory and%@%&ﬁ'@'ﬂ%@’&%@r&%ﬁ% 6&3}5 X ?‘ggoidlgy%?ﬁwnéhgazs‘% el h}fugqnﬁ'e t est
c 8 mpound 6i 1S 3-dadi{ M0 43ee 0.2 3 rhindl) ﬁpﬁfﬁihajﬂﬂe&té ?(\J.dlEg,m.aznilﬁbIWeﬁg?olt(o.ﬁgﬂ)o ups of

10 m ce m nputes. pripr to e W razo 5 C

Post - ot r d501 P cersirPaEs BB e S Aame epratae: VARRIr i ArgC RS € ear
plastis cybdingsrit dididorSmathbitcid @8l za(mﬂﬁda@@haWs,vaﬁnémﬁ-m,Qmi%,a?i zures. A

clonic seizure is _defined as a single episode of clonic spasns of at |east
3-second diRYEZObH3-40-Pte. Rilfemmplat ed with netrazol are considered

" pot ent i atigeMs \WreR):1ihe 993 GheRidn tH&d Z14 @fm, occur. A dose range i s necessary
when 50% of the animals denonstrate potentiation in the prinmary screen.
Test conpounds are tested at the 60-m nute pretreatnent tinme using 3 or
nmore doses with a vehicle control grgygﬁwgﬁe ED50 val ue is determ ned by

| inear regression. 30 % Rx group - % vehicle group 100 - % vehicle group
Supr ahfixi mal El ectroshock Assay -23- Male CD-1 mice (18-30 g) are used.
Drugs are prepared using distilled watgr and if insoluble a surfactant is
added. Control animals receive vehith& "Mdugs are routinely adninistered
intraperitoneally. The route of adm ni=s¥{ration may be varied (p.0o., s.c.).
The dosage volunme is 10 m/kg.

Cl

2'-(4-Chloro-phenvl)-5.5'-dimethyl-2H, 2'H-[3.4"] bipyrazolvl-3'-0l

15 Prepare the title compound from 3-acetyl-4-hydroxy-6-methyl-pyran-2-one and 4-
chlorophenyl hydrazine hydrochloride according to the procedure illustrated in Examples 2, 3
and 4.
LCMS (M-+H): m/z 289, retention time 2.72 min,

20 Example 6



5 A constant current stinulator, simlar to the apparatus described by
Whodbury and Davenport (Arch. Int. Pharmacodyn. 92: 97-107, 1952) delivers
a 60 Hz shock of variable current and duration through corneal el ectrodes.
A 0.3 s, 25 mA shock (50V) is sufficient to produce extensor tonus in 95%
of control mce. A conpound is considered to give protection if the nouse
does not exhibit extensor 10 tonus. PrRI<ection is expressed as nornmalized
percent inhibition relative to vehicle control. A tine response is carried
out using 6 animals per group. AnlnaIsNare tested at 30, 60, and 120 min
post-drug. Additional time periods tagted if indicated by previous
tests. When peak activity has been d m ned, a dose-response is
initiated, using 10 animls per group at \th time period. The ED50 and
95% confidence interval are calcul ated by/c uterized probit 15 analysis.
Synt hetic Exanples GCeneral 20 Commerio® gents and solvents are used as
received. 'H NMR spectra are recorded on Varian MercuryPl us-300 (300
MHz) or Varian Unity lInova (400 MHz) spe yreter as indicated. Proton
chem cal shifts are reported in S ppmre e to interna
tetramethylsilane (0.0 ppm). M5 (LC-M5) Ogta is obtained using a M cronass
LCT tinme of flight mass spectroneter withiel ectrospray ionization and 5
mn data acquisition time for mz 100 to”“1000. 25 LC (LC-MS) is perforned
using a Hypersil C8 colum (4.6x50nun, 3.511) with nobile phase of 0.1 %
TFA in H20 (A) and 0.1 %)TFA in ACN (B) and a gradlent of 5%to 100% B over
3 mn foll owed by2-P4-fioproayl-EeH@h-B5"-dinetyh 2l 3 R

el ectrospray source nay be used mnth a HP 1100 LC systen1runn|ng at 2.0
mM/mn, 200 L/mn split to the ESI source with inline HPI 100 DAD

det ect son and SEDEX ELS detection. A Luna C18(2) 30 colum (30x4.6nm 311)

is used with a gradient,.of 5%t0.95% B wWi. t h |Ie hase of
0.1% form c aci'dFa’ tﬁﬁ%l%ﬁ?}nwuﬁ /ﬁf’?} r’r‘qi‘cfg%g héfg’i"ﬁy“gla%?“&%)l’yraﬁ' Rearsii; |Hf| cation
is perforigggo@ptniaydradind i@ caloridy sdcoringsSb fig: rrodedre iihataiphasxafiple8 2c0l um

Wi h i near
thalineal,

LCMS (M+H): m/z 297, retention time 2,85 min.

10
Example 7
ar
/A
HO Sy
F
-5.5'-dimethyl-2H, 2'H-
15

Prepare the title compound from 3-acetyl-4-hydroxy-6-methyl-pyran-2-one and 4-
fluorophenyl hydrazine hydrochloride according to the procedure illustrated in Examples 2, 3
and 4.
LCMS (M+H): m/z 273, retention time 2.00 min,
20



gradient of ACN /H20 containing 0.1 %trifluoroacetic acid. -24- Exanple 1
OHO OO 5 3-Acetyl-4-h droxy-6-nethyl-pyran-2-one Dissol ve

4- hydr oxy- 6- net hyl - pyran- 2-one (12.6g, 100mmol) in trifluoroacetic acid
(50mM ). and add 7.8g (100mm ) of acetyl chloride dropw se. Heat this

m xture at reflux for 5 10 hours. Evaporate the reaction m xture under
reduced pressure. Add 50nl of water, exéﬁact with ethyl acetate (50nmlL x3)
and conbi ne the organic |ayers. Wash wifh brine and dry (sodiumsulfate).
Chr omat ograph on silica gel, eluting with chloroformto provide 5.8g
(34.5mmol ) of 3-acetyl-4-hydroxy-6-nethyl - pyran 2-one. LCVMS (MtH): m z 169,
retention tine 3.24 mn. 15 Exanple mg ,EN 10 0 20 3-Ti

-[ (2- Fl uor o-phen I1)-hy razonol-ethyﬁﬁ p]ﬁydroxy 6- met hyl - pyran- 2-one To
2-fl uorophenyl hydrazine hydrochloride (0.16g, 1.0 nmol) in nethanol (8m)
add MP- carbonate (1.0g, 3.3 eqU|vaIenNs) Shake this m xture at room
tenperature for 1 hour. Filter the rand wash with nmethanol. To the
filtrate add (2-fl uorophenyl)-hydrazi (0.134g, 25 0.80nmol). Shake the
reaction m xture at roomtenperature for ours after which evaporate the
sol vent under reduced pressure. Recrystalfile the solid froma m ni num
amount of HO™ ™~ '

3,5"-Dimethyl-2'-(4-tri fluoromethyl-phenvi)-2H. 2°H-[3.4’] bipyrazolyl-3'-o0l

Prepare the title compound from 3-acetyl-4- -hydroxy-6-methyl-pyran-2-one and 4-
trifuoromethylphenyl hydrazine according to the procedure illustrated in Examples 2, 3 and 4.
10 LCMS (M+H): m/z 323, retention time 2.88 min.

Example 9

15 ' 2'-Cyclohexvl-5 .5 -dimethyl-2H-2"H-[3.4]bipyrazolyl-3*-ol

Prepare the title compound from 3-acetyl-4-hydroxy-6-methyl-pyran-2-one and

cyclohexylhydrazine hydrochloride according to the procedure illustrated in Examples 2, 3
and 4,

20 LCMS (M+H): m/z 261, retention time 1.80 min.




25- nethanol and obtain 0.185g (0.67mmol ) of

3-{1-[ (2-fl uoro-phenyl)-hydrazono] - et hyl }-4- hydroxy-6-nethyl - pyran-2-one.
LCVMS (MtH): mz 277, retention tine 2.74 min. 5 Exanple 3 Ol N O N oF
1-f1-(2- Fl uor o- phenyl ) - 3- net hyl - 5- oxo- 4,
5-di hydr o- 1H pyrazol - 4-yl | -butane-1, 3-dione 10 Heat at reflux for 1 hour
3-{1 -[(2-fluoro-phenyl)-hydrazono]-etlpgl}-4-hydroxy-6-nethyl- pyran-2-one
(0.045g, 0.163mml) in acetic acid (0.3ml). Add heptane (3nml) and evaporate
the m xture to dryness to give 1-[1-(2-f]uaro-phenyl)-3-nethyl-5-o0xo-4,
5-di hydro-1 H pyrazol - 4-yl | - but ane- X259l ¥ne (0. 0459, 0.163 mml). Use
this material for the next step 15 witRout further purification. LCV5
(MtH): ‘mlz 277, retention tine 2.05m. NExanple 4 NNHN HON- F 20
2' - (2-Fl uoro-phenyl)-5,5" -di net hyl -2 ,4'"1 biyyrazolyl-3 -0

HO™

0

5. 5'-Dimethyi-2'-(4-methoxy-pheny)-2H, 2’H-[3.4°] bipvrazolyl-3'-ol

5
Prepare the title compound from 3-acetyl-4-hydroxy-6-methyl-pyran-2-one and 4-
methoxyphenyl hydrazine hydrochloride according to the procedure illustrated in Examples 2,
3 and 4.
LCMS (M+H): m/z 285, retention time 1.96 min.
10
Example 11
F
2'-(3-Fluoro-phenyl)-5.5'-dimethyl-2H, 2'H-[3.4'] bipyrazolyl-3'-ol
15
Prepare the title compound from 3-acetyl-4-hydroxy-6-methyl-pyran-2-one and 3-
fluorophenyl hydrazine hydrochloride according to the procedure illustrated in Examples 2, 3
and 4.
LCMS (M+H): m/z 273, retention time 2.45 min.
20

Example 12



-26- Add to 1-[1-(2-fluoro-phenyl)-3-nethyl -5-o0xo0-4,

5-di hydro-| H pyrazol -4-yl]-butane 1, 3-dione (0.045g, 0.163mmol) hydrazine
hydrate (0.016g, 0.32mol) in ethanol (1.6nl). Heat the reaction m xture
at reflux for 1.5 hours after which evaporate the ethanol. Wash the 5
residue with dichloronethane to give 2'-(2-fluoroxphenyl)-5,5"-dinethyl -2H,
2'H[3,4'"] bipyrazolyl-3 -ol (0.028g, . 102mol). LCMS (MrH): miz 273,
retention time 2.16 mn. Exanple 5 10NN HN HO N~ Cl

2' - (4-Chl oro-phenyl)-5,5 -dinethyl-2H, 2'H[3,4"1 bipyrazolyl-3-ol .15
Prepare the title conpound from 3-acetyl - 4-hydr oxy- 6- net hyl - pyran- 2- one and
4- chl or ophenyl hydrazi ne hydrochl ori according to the procedure
illustrated in Exanples 2, 3.. and %: (MtH): nmlz 289, .retention tine
2.72 mn. 20 Exanple 6 -27- N~ H HO 2' - (4-1sopropyl -phenyl)-5

5 -dinmethyl-2H 2'Hr3,4'1 bi pyrazol vl -3 5

2-Methyl-phenyl)-5.5"-dimethyl-2H. 2'H-f3.4"

5
Prepare the title compound from 3-acetyl-4-hydroxy-6-methyl-pyran-2-one and 2-
methylphenyl hydrazine hydrochloride according to the procedure illustrated in Examples 2, 3
and 4.
LCMS (M+H): m/z 269, retention time 1.70 min.
10
Example 13
X
F~F
55'-Dimethyl-2'-(4-trifluoromethoxy-
15

Prepare the title compound from 3-acetyl-4-hydroxy-6-methyl-pyran-2-one and 4-
trifluoromethoxyphenyl hydrazine hydrochloride according to the procedure illusirated in
Examples 2, 3 and 4.

LCMS (M+H): m/z 339, retention time 3.02 min.
20




Prepare the title conpound from 3-acetyl - 4-hydr oxy- 6- net hyl - pyran- 2- one and
4- isopropyl phenyl hydrazi ne hydrochl ori de according to the procedure
illustrated in Exanples 2, 3 and 4. LCM5 (MtH): mz 297, retention tine
2.85 mn. 10 Exanmple 7 N ~NH N HO N F 2'-(4-Fluoro-phenyl)-5

5' -dinmethyl-2H 2' H F3,4'1 bipyrazolyl-3 -0l 15 Prepare the title conpound
from 3-acetyl - 4- hydr oxy- 6- net hyl - pyr an-#-one and 4- fl uorophenyl hydrazi ne
hydrochl ori de according to the procedure illustrated in Exanples 2, 3 and
4. LCVS (MrH): mlz 273, retention tipe 2.00 mn. 20 -28- Exanple 8 ~ ~NH
HONNF F F 5 5,5 -Dinethyl -2 - (4-EX¥4%eMr onet hyl - phenvf-2H 2' Hr3,4' 1

bi pvrazolyl 3' of Prepare the title cmgpound from

3-acet yl - 4- hydr oxy- 6- net hyl - pyr an- 2-tfie Mdid 4-

/B
HO™ Sy

5 5.5'-Dimethyl-2'-(4-methyl-phenvl)-2H, 2'H-[3.4"] bipyrazolyl-3'-o0l

Prepare the title compound from 3-acetyl-4-hydroxy-6-methyl-pyran-2-one and 4-
methyl-phenyl hydrazine hydrochloride according to the illustrated in Examples 2, 3 and 4.
LCMS (M+H): m/z 269, retention time 2.44 min.

10

Example 15

15 5.5'-Dimethyl-2'-(3-methvl-phenyl}-2H, 2'H-[3.4"] bipyrazolyl-3'-ol

Prepare the title compound from 3-acetyl-4-hydroxy-6-methyl-pyran-2-one and 3-
methylphenyl hydfazine hydrochloride according to the procedure iltustrated in Examples 2, 3
and 4.
20  LCMS (M+H): m/z 269, retention time 2.46 min.



trifuoronet hyl phenyl hydrazi ne according to the procedure illustrated in
Exanples 2, 3 and 4. 10 LCMS (MtH): nfz 323, retention tine 2.88 mn.
Example 9 N~ H HO /NN a 15 2'-Cycl ohexyl -5,5" -di net hyl -2H 2' H-f 3

4| bi pyrazol vl -3' -0l Prepare the title conpound from

3-acetyl - 4- hydr oxy- 6- net hyl - pyran- 2-one and cycl ohexyl hydrazi ne
hydrochl ori de according to the procedurg, illustrated in Exanples 2, 3 and
4. 20 LCVs (M+tH): mz 261, retention ti 1.80 min. -29- Exanple 10 N ~NH
N HON/O 5 5 -Dnethyl-2'-(4-nmethoxy-phenyl)-2H 2'H[3 4'1

bi pyrazolyl-3"-01 5 Prepare the titEampinjound from

3-acetyl - 4- hydr oxy- 6- net hyl - pyran- 2- one and 4- net hoxyphenyl hydrazine
hydr ochl ori de according to the procedure illustrated in Exanples 2, 3 and
4. LCVB (MrH): mlz 285, retentio tLﬁE %.96 mn. 10

5 3,5"-Dimethyl-2'-

Prepare the title compound from 3-acetyl-4-hydroxy-6-methyl-pyran-2-one and 2-

ethylphenylhydrazine hydrochloride according to the procedure illustrated in Examples 2, 3
and 4, .

10 LCMS (M+H): m/z 283, retention time 2.32 min.

Example 17

Cl
Cl

15 5,5"-Dimethyl-2'-(3.4-dichloro-phenyD-2H. 2'H-[3.4'] bipyrazolyl-3'-ol

Prepare the title compound from 3-acetyl-4-hydroxy-6-methyl-pyran-2-one and 3,4~
dichlorophenyl hydrazine hydrochloride according to the procedure illustrated in Examples 2,
3 and 4.
20 LCMS (M-+H): m/z 323, retention time 3.04 min.




Example 11 H \NHON \a CF 2'- 3-Fluoro-nhenyl)-5 5'-dinethyl -
2'Hr3,4'"1 binyrazolyl-3"-ol 15 Prepare the title conpound from

3-acetyl - 4- hydr oxy- 6- net hyl - pyran- 2-one and 3- fluorophenyl hydrazi ne
hydrochl ori de according to the procedure illustrated in Exanples 2, 3 and
4. LCVS (MrH): mlz 273, retention tine 2.45 mn. 20 Exanple 12 -30- NN H
\N HO N~ 2'-(2-Methyl-phenyl)-5,5"-dmeddyl -2H, 2'H[3,4'1

bi pyrazolyl-3" -0l 5 Prepare the titl e corrpound from

3-acetyl - 4- hydr oxy- 6- net hyl - pyr an- 2 2- net hyl phenyl hydrazi ne

hydr ochl ori de according to the proce ustrated in Exanples 2, 3 and
4. LCVs (MHH): mz 269, retention 10

5,5'-Dimethyl-2'-(3-chlorophenyl

5 Prepare the title compound from 3-acetyl-4-hydroxy-6-methyl-pyran-2-one and 3-
chlorophenyl hydrazine hydrochloride according to the procedure illustrated in Examples 2, 3

and 4.
LCMS (M+H): m/z 289, retention time 2.28 min,

10 Example 19

2'_(4-tert-Butyl-phenyl)-5.5'-dimethyl-2H, 2°H-[3.4’] bipyrazolyl-3'-ol

15 Prepare the title compound from 3-acetyl-4-hydroxy-6-methyl-pyran-2-one and 4-tert-
butylphenylhydrazine hydrochloride according to the procedure illustrated in Examples 2, 3

and 4.
LCMS (M-+H): m/z 311, retention time 2.62 min.

20 Example 20



Exanple 13 N ~NH HO NON O F FXF

55'-Dinethyl -2'-(4-trifluoronethoxy-phenyl)-2H, 2'H[3,4'1

bi pyrazolyl-3"-0ol 15 Prepare the title conpound from

3-acetyl - 4- hydr oxy- 6- net hyl - pyran-2-one and 4- t ifl uoronethoxyphenyl

hydr azi ne hydrochl ori de according to the procedure illustrated in Exanples

2, 3 and 4. LCM5 (MtH): mz 339, retentgpn tinme 3.02 mn. 20 -31-

~ Exanplel4 N/ ~NHN HON 55 5 -Dinethyl-2"-(4-nethyl. phenyl)-2H -
2'Hr3,4 1 binvrazolyl-3" -0l Prepare the title conpound from

3-acetyl - 4- hydr oxy- 6- net hyl - pyran- 2. gp&<and 4- nethyl - phenyl hydrazi ne

hydr ochl ori de according to the illustyat in Exanples 2, 3 and 4. LCMS

(MtH): nmlz 269, retention tinme 2.44 mn. anple 15 N~ :

Prepare the title compound from 3-acetyl-4-hydroxy-6-methyl-pyran-2-one and
5  phenethylhydrazine sulfate according to the procedure illustrated in Examples 2, 3 and 4.
LCMS (M+H): m/z 283, retention time 2.07 min,




HN HON 15 5 5 Dinmethyl-2'-(3-nmethyl-rohenyl)-2H 2°'Hr3,4'1

bi yyrazolyl -3'-ol Prepare the title conpound from

3-acetyl - 4- hydr oxy- 6- net hyl - pyran- 2-one and 3- net hyl phenyl hydrazi ne
hydrochl ori de according to the procedure illustrated in Exanples 2, 3 and
4. 20 LCVs (MtH): mz 269, retention time 2.46 mn. -32- Exanple 16 NN H N
HO N~ 5 5,5 -Dinethyl -2'-(2-ethyl -pheny8y-2H, 2'H[3,4'1 biuyrazolyl-3' -ol
Prepare the title conpound from 3-acetyl - 4-hydroxy- 6- net hyl - pyran- 2- one and
2- et hyl phenyl hydrazi ne hydrochl ori dﬁ acq%i ng to the procedure
illustrated in Exanples 2, 3 and 4. 38" (MHH): mfz 283, retention time
2.32 mn. Exanple 17 NNH\N HON\ C d

5.5-Dimethyl-2'-(3-trifluoromethyl-

5
Prepare the title compound from 3-acetyl-4-hydroxy-6-methyl-pyran-2-one and 3-

trifluoromethylphenyl hydrazine hydrochloride according to the procedure illustrated in
Examples 2, 3 and 4.
LCMS (M+H): m/z 323, retention time 2.62 min.

10

Example 22
15 2'-(1-Benzyl-piperidin-4-y1)-5.5'-dimethyl-2H, 2'H-[3.4°] bipyrazolyl-3'-ol

Prepare the title cmpound from 3-acetyl-4-hydroxy-6-methyl-pyran-2-one and 1-
benzylpiperidin-4-yl hydrazine dihydrochloride according to the procedure illustrated in
Examples 2, 3 and 4.

LCMS (M+H}: m/z 352, retention time 1.52 min.



15 5,5 -Dinmet hyl -2' - (3, 4-di chl oro-phenyl)-2H, 2'Hr3,4"1 bip azol |

Prepare the title conmpound from 3-acetyl - 4- hydr oxy- 6- net hyl - pyr an- 2- one and
3, 4- dichl orophenyl hydrazi ne hydrochl ori de according to the procedure
illustrated in Exanples 2, 3 and 4. 20 LCVs (MtH): mz 323, retention tine
3.04 mn. -33- Exanple 18 N~NH N HON-CI 5

5' -Dinet hyl -2' - (3-chl orophenyl)-2H, 2'%4.3,4'| bipyrazolyl-3"-ol 5 Prepare
the title conpound from 3-acetyl -4-hydroxy- 6-net hyl - pyran-2-one and 3-

chl orophenyl hydrazi ne hydrochl oride according to the procedure illustrated
in Exanples 2, 3 and 4. LCVM5 (MtH): nmfz 289, retention tine 2.28 mn. 10
Exanple 19 N ~NH N HO N 2"(4'tertE§$%M gPhenyl ) -5 5" -dnet hyl - 2H
2'H[3,4"1 bip ryazolyl -3 -ol 15 Prepare-the title conpound from -

3-acetyl - 4- hydr oxy- 6- net hyl - pyran-2-one and 4-tert- butyl phenyl hydrazi ne
hydrochl ori de according to the procgdure illustrated in Exanples 2, 3 and
4. Z “NH

OH

Prepare the tifle compound from 3-acety1~4-hydroxy—6-méthy1-pyran-2—one and 3-
hydrazinomethylphenol dilydrochloride according to the procedure illustrated in Examples 2,
10 3and4.
LCMS (M+H): m/z 285, retention time 1.57 min,
Example 24

15

Prepare the title compound from 3-acetyl-4-hydroxy-6-methyl-pyran-2-one and
benzylhydrazine dihydrochloride according to the procedure illustrated in Examples 2, 3 and
4,
20 LCMS (M+H): m/z 269, retention time 1.95 min.

Example 25




LCVMS (MrH): mfz 311, retention tine 2.62 mn. 20 Exanple 20 -34- j ~ H HO
N "N 5,5 -D nethyl-2'-phenethyl-2H, 2'H[3,4"1 bipyrazol 11 Prepare the
title conpound from 3-acetyl -4-hydroxy- 6-net hyl - pyran-2-one and 5

phenet hyl hydrazi ne sul fate according to the procedure illustrated in
Exanmples 2, 3 and 4. LCVS (MtH): mz 283, retention tine 2.07 mn. -35-
Exanple 21 NNHI NHON-F F -37-

5 5'-Dimethyl -2"-(3-trifluoromethyl-phenyl')-2H, 2'H[3,4'1

bi pyrazolyl-3"-ol 5 Prepare the title conpound from

3-acetyl - 4- hydr oxy- 6- net hyl - pyran- 2-one and 3- trifluoronethyl phenyl

hydr azi ne hydrochl ori de according to t rocedure illustrated in Exanples
2, 3 and 4. LCV5 (MtH): nmlz 323, reteéfti time 2.62 mn. 10 Exanple 22
NN H

5 Prepare the title compound from 3-acetyl-4-hydroxy-6-methyl-pyran-2-one and
phenylhydrazine according to the procedure illustrated in Examples 2, 3 and 4.
LCMS (M+H): m/z 255, retention time 1.77 min.

10 | | Example 26

“ "NH

-5, 3-dimethyl-1'-

15 (A) B)



HONa N 15 2'-(1-Benzyl-piperidin-4-vl)-5 5" -dinethvl-2H 2°H[3,4'1 bip
r~ azol 1-3" -0l Prepare the title enpound from

3-acetyl - 4- hydr oxy- 6- net hyl - pyran- 2-one and 1 benzyl pi peri di n-4-yl

hydr azi ne di hydrochl oride according to the procedure illustrated in
Examples 2, 3 and 4. LCVMS (MrH): nmlz 352, retention tine 1.52 mn. -36-
Example 23 N/ ~NH N HO N~ ~OH 5 2'-£{3-Hvdroxv-benzvl)-5,5"-di net hyl - 2H,
2'H[3,4'| bipvrazolvl-3 -0l Prepare the title conpound from

3-acetyl - 4- hydr oxy- 6- net hyl - pyran- 2-one and 3- hydrazi nonet hyl phenol

di hydrochl oride according to the procedure illustrated in Exanples 2, 10

3and4 LCN%AS Mﬁ)vdroxv-% 32 el by Pﬁﬁ PEa %1pww . cajl:'zb)(()x{;ipc Lidiert buNl H HO

es_ter

(B) 5’-Hydroxy-5.3"-dimethyl-1"- azolyl-1-carboxvlic acid tert-butyl

To 5,5-Dimethyl-2'-phenyl-2H, 2"H-[3,4"] bipyrazolyl-3'-ol (0.118g, 0.457mmol)
(Example 25) in ethanol (4 ml) add tert-butyl carbazate (0.120g, 0.914mmol). Heat at reflux
for 1.5 hours, after which evaporate the ethanol. Chromatography on silica gel, eluting with
10 50% ethyl acetate/heptane provides 0.101g of a mixture of positional isomers A and B. Use
the mixture for the next step.

LCMS (M+H): m/z 355, retention time 1.97 min. and 3.24 min., respectively.

15

azolyl-2-carboxvlic acid tert-butvl

(D).5"-Methoxy-5.3 "-dimethyl-1"-phenyl-1"H-[3.4 " |bipyrazolyl-1-carboxvlic acid teri-butyl
20 ester




15 2'-Benzvl -5, 5 -dinmethyl-2H, 2'H[3,4") binvrazolyl-3 -0l Prepare the
title conpound from 3-acetyl -4-hydroxy-6-net hyl - pyran-2-one and

benzyl hydrazi ne di hydrochl ori de according to the procedure illustrated in
Exanples 2, 3 and 4. 20 LCV5 (MtH): nfz 269, retention tinme 1.95 mn.
Exanple 25 -37- N HN HO N5 5 -Dinmethyl-2'-phenyl-2H, 2'H[3,4'1

bi polyl-3"-0l 5 Prepare the title conpeid from

3-acetyl - 4- hydr oxy- 6- net hyl - pyran- 2-one and phenyl hydrazi ne according to
the procedure illustrated in Exanples 2, 3 and, 4. LCVM5 (MtH): m z 255,
retention time 1.77 min. 10 Exanple 26 N /5 /NH Ny ~p NI 5'-Met hoxy-5

3'-dirrethy|-|'-ph8nyl-§H, 1'Hf 3,41 bip3razod b_/e OON-ON HO N /N HO
N

N\
A

Wi

®) ®

(E) 5.1",5"-Trimethvl-3’-ox0-2"-phenyl-2’.3’-dihydro-1"H-
5 tert-butyl ester
(F) 5.1".5" -Trimethyl-3’-0x0-2"'-phenyl-2",3’-dihydro-1"H-[ 3.4 Jbipyrazolyl-1-carboxylic acid
tert-butyl ester

To a mixture of compounds (A) and (B) (0.100g, 0.282mmol) in DMF (5ml) add
10 NaHCO; (0.071g, 0.845mmol) and iodomethane (0.40g, 2.82mmol). Stir the mixture at room
temperature overnight. Dilute the reaction mixture with ethyl acetate (25ml), wash with water
(30mix5), and dry (sodium sulfate). Chromatography on silica gel, eluting with 50% ethyl
acetate/heptane provided 0.013 g of O-methylated products ((C) and (D) LCMS (M-+H): m/z
369, retention time 3.30 min.) and 0.012g of N-methylated products ((E) and (F), LCMS
15 (M+H): m/z 369, retention time 2.63 min.). Use the O-methylated products for the next step.




15 (A (B) -38- (A

5' - Hvdr oxv-5, 3' -di net hvl - 1' - phenyl -1"' Hf 3, 4" ] bi pyrazol yl - 2-carboxylic acid
tert-butyl ester (B) 5 -Hvdroxv-5,3" -dinmethvl-1"-phenyl-1"H1f3

4' | bi pvrazolyl-1-carboxylic acid tert-butyl 5 ester To

5,5 -Di nethyl -2'-phenyl -2H, 2'H[3,4'] bipyrazolyl-3 -0l (0.118g,
0.457mmol ) (Exanple 25) in ethanol (4_jd) add tert-butyl carbazate
(0.120g, 0.914mmol). Heat at reflux for 1.5 hours, after which evaporate
the ethanol. Chromatogr aphég on silica gel, eluting with 10 50% et hyl

acet at e/ hept andofhowizders obOmpathylesed prodiots, geraph iand GHP.0l%rers A and B.

157 min. v gl M SRS REHOlER s R Mg ol G IR | T 15

( C) (D) (*@m temperature for 1 hour, and then evaporate the mixture to dryness Dilute the residue

e oo ot BN, whsrt RERN g whth e B oA Yoa Bl R, © 21

tert but yl
- Met fiox\enB v&iercwnyehmgaﬂzc lapérdsydiam. sdﬁ‘aiﬁ add dolpbgmima@2o bve 0006 @m0l aci d
tert but yl OtF %9 O OO0-~ N-N--A NON
of thetitle compou

LCMS (M+H): m/z 269, retention time 2.83 min,

--‘ﬁ

Example 27

10

To the mixture of the N-methy! isomers (E) and (F) of Example 26 (0.012g,

15 0.035mmol) in dichloromethane (1ml) add trifluoroacetic acid (1ml). Stir this mixture at
room temperature for 1 hour, and then evaporate the mixture to dryness. Dilute the residue
with dichloromethane, wash sequentially with water, aqueous sodium bicarbonate solution,
and water, Dry the organic layer (sodium sulfate) and concentrate to give 0.009g
(0.035mmol) of the title compound.

20  LCMS (M+H): m/z 269, retention time 2.06 min.



ONN ONN- (E) (F) (B

51,5 -Trinethyl-3"-o0xo0-2"-phenyl-2',3 -di hvdro-1'H[3,4' | bi pyrazol yl -2-ca
rboxylic acid 5 tert-butyl ester (F)

51,5 -Triinethyl-3"-o0x0-2"-phenyl-2',3 -di hydro-1' H-f

3,4' | bi pyrazol yl -1-carboxylic acid tert-butyl ester To a m xture of
conmpounds (A) and (B) (0.100g, 0.282nme4)- in DMF (5ml) add 10 NaHCO03 (0. 071
g, 0.845mml) and iodonethane (0.40g, 2.82mmol). Stir the m xture at room
tenperature overnight. Dilute the reggtiﬁgz ixture with ethyl acetate

(25m ), wash with water (30m x5), andf dfy~(sgdium sulfate). Chromatography
on silica gel, eluting with 50% et hyl af eMept ane provided 0.013 g of
O-net hyl ated products ((C) and (D) Lgl H): nfz 369, retention tine
3.30 min.) and 0.012g of N-rmethylafedNrotlcts ((E) and (F), LCVB 15 (M+H):
mz 369, retention tine 2.63 mn.).
next step. 5'-Methoxy-5.3" -dinethyl-1 enyl-2H,1 '"H 13 ,4'|lbip r} azolyl
-40- To the m xture of 0-nethyl ated 6d ts, conpounds (C) and (D) (0.013g
0. 035mmol ), in dichl oronet hane (Inf"? ady”trifluoroacetic acid (Im). Stir
this mxture at roomtenperature for 1lihour, and then evaporate the

m xture to dryness. Dilute the residu t h di chl oronet hane, wash
sequentially with water, aqueous sodi carbonate solution, 5 and water.
Dry the organic layer (sodiumsulfate) and concentrate to give 0.006g

(0.022m01)  ofy fGiefhbly-FhnONBIUAG ot HMERH. 2r#23.2G Bipye£bRNbLAN ti e
2.83 mn. Exanple

5 . To (4-methoxyphenyl)-hydrazine hydrochloride (0.083g, 0.48mmol} in ethanol (5ml)
add sodium bicarbonate (0.067g, 0.80mmol) after which stir the mixture for 10 min. Add 1-
[1-phenyl-3-methyl-5-0x0-4, 5-dihydro-1H-pyrazol-4-yl]-butane-1, 3-dione (0.103g,
0.40mmol. The mixture was heated at reflux for 1.5 hours after which it was evaporated to
dryness. Chromatography on silica gel, eluting with 50 to 100% ethyl acetate / heptane

10  provided 0.071g of the title compound.
LCMS (M+H): m/z 361, retention time 2.43 min.

Example 29

15
5,5'-Dimethyl-2-phenethyl-2'-phenyl-2H, 2°H-[3.4’] bipyrazolyl-3'-ol




10 11", 5'-Trinethyl-2'"_phenyl-1" 2'-di hvdro-2H-[3 4'I| bi pvrazol vl -3'-one
To the m xture of the N-nethyl isonmers (E) and (F) of Exanple 26 (0.012g,
15 0.035mmol ) in dichloromethane (Im) add trifluoroacetic acid (im). Stir
this mxture at roomtenperature for 1 hour, and then evaporate the

m xture to dryness. Dilute the residue wth dichloronethane, wash
sequentially with water, aqueous sodiu i carbonate solution, and water.
Dry the organic |ayer (sodium sulfate) dhd concentrate to give 0.009g
(0.035mmol ) of the title conpound. 20 LCVS (MtH): mz 269, retention tine

T L3 e o, e Duodeth A SN BYIRARSYED -5
Ca et ronigeb Ay ke Faiond Bt Nl gndmiite sgrordng i e prrewiFRsfol

(5nl) addixamgledd bi carbonate (0.067g, 0.80mmol) after which stir the
m xture faqr 1 0. - | 1- pheny] - 3- pet hyl - 5- oxo- 4,
5- di hydroi@%@%ﬁ%@ggﬁ]@%m B92.5508% one (0.103 g, 0.40mol . The

m xtur® was heated at reflux for 1.5 hours after which it was evaporated to
dryness. Chromatography on silica gel, eluting with 50 to 100% et hyl
acetate / heptane 10 provided 0.071 Bregwladfe title conpound. LCVS (MtH):
mz 361, retention tine 2.43 mn. Exanple 29 NN\ / \N HO N~

2-(4-Flnoro-phenyl)-5.5"dimethyl-2"-phenyl-2H, 2°H-[3.4°] bipvrazolyvl-3'-ol

10
Prepare the title compound from 1-[1-phenyl-3-methyl-5-ox0-4, 5-dihydro-1H-
pyrazol-4-yl}-butane-1, 3-dione and 4-fluorophenyl hydrazine hydrochloride according to the
procedure of Example 28.
LCMS (M+H): m/z 349, retention time 2.48 min,
15 Example 31

5,5"-Dimethyl-2'-phenyl-2- (2.2 2-triftucro-ethyl}-2H, 2°H-3.4°] bipyrazolyl-3'-ol

20




15 5 5' - Di net hyl - 2- phenet hyl -2' - phenyl -2H 2' H-r3,4'1 biuyrazol vl-3"-ol -42-
Prepare the title conmpound from1 -[1 -phenyl -3-nethyl -5-0xo0-4, 5-di hydro-1H
pyrazol -4-yl]-butane-1, 3-dione and phenet hyl hydrazi ne sul fate according
to the procedure of Exanple 28. LCVM5 (MtH): nfz 359, retention tinme 2.55
mn. 5 Exanple 30 F \NHON 6-1 2-(4-Fluoro-phenyl)-5

5' -di nethyl -2'-phenyl-2H 2 H[3 4'] bipsz-azolyl 3' of 10 Prepare the title
conmpound from 1-[ 1- phenyl - 3- et hyl - 5- oxo-4, 5-di hydro-I| H

pyrazol -4-yl]-hutane-1, 3-dione. and 4-fl uorgphenyl_hydrazjnhe hydrochl oride

according to tﬁ)éepaf?rtbﬁE%?@‘WP“‘E&%F@'@S?VI%G@H%@W% ‘{’31‘42}13@%?/&? etention

time 2.48 ribol-451)B6emp!163-3ibnk end';2 BQiMore-ail Pilyalazmél(?@/ i) ecodting 2 2
-0

2-trifluoro-ethyl)-2H 2'Hr3,4'"1 bipyrazol 1
to the procedure of Example 28.

LCMS (M+H): m/z 337, retention time 2,35 min.

% i
20 -43-

5
Example 32
e
7\
HO™ S
10

Prepare the title compound from 1-[1-phenyl-3-methyl-5-0x0-4, 5-dihydro-1H-
pyrazol-4-yl]-butane-1, 3~-dione and cyclohexylhydrazine hydrochloride according to the
procedure of Example 28.

LCMS (M+H): m/z 337, retention time 2.50 min.
15



Prepare the title conpound from1 -[1 -phenyl -3-net hyl - 5- oxo-4, 5-di hydro-1H
pyrazol -4-yl]-butane-1, 3-dione and 2,2,2-trifluoro-ethyl hydrazine (70%in
wat er) according to the procedure of Exanple 28. LCMS (MtH): m z 337,
retention time 2.35 mn. 5 Exanple 32 N~ HO N 2-Cycl ohexyl -5,

5'-di net hyl -2' - phenyl -2H, 2'H(3,4'1 bipyrazolyl-3 -0l 10 Prepare the
title compound from 1-[1-phenyl-3-nethyh,s5-oxo-4, 5-dihydro-I|H

pyrazol -4-yl]-butane-1, 3-dione and cycl ohexyl hydrazi ne hydrochl ori de
according to the procedure of Exanple 28. LCVM5 (MtH): mlz 337, retention
tinme 2.50 min. 15 -44- Exanple 33 (Bramg® ¥ N 611 2- (3- Hydroxy7benzyl)-5
5' -di nethyl -2'-phenyl-2H 2" H-f3,4'"1 bip azol Iy 3' -0l 5 Prepare the title
conmpound from 1-[ 1-phenyl - 3- et hyl - 5- oxo-4, 5-di hydro-| H
pyrazol - 4-yl ] -butane-1, 3-dione and 3-hydroxy zyl hydrazi ne

di hydrochl ori de according to the procedur Example 28. LCV5 (MtH): nfz
361, retention tine 2.18 mn. /N\N
7N
HO™ NN

2-(3-Hydroxy-benzyl)-5,5'-dimethyl-2'-phenyl-2H, 2°H-13.4"7 bipyrazolyl-3'-ol

5
Prepare the title compound from 1-[1-phenyl-3-methyl-5-oxo-4, 5-dihydro-1H-~

pyrazol-4-yl}-butane-1, 3-dione and 3-hydroxybenzyl hydrazine dihydrochloride according to
the procedure of Example 28.
LCMS (M+H): m/z 361, retention time 2.18 min.

10

Example 34
2-(2-Hydroxy-ethyl)-5.5"dimethyl-2'-phenyl-2H, 2°H-[3,4°] bipyrazolyl-3'-ol
15

Prepare the title compound from 1-[1-phenyl-3-methyl-5-0x0-4, 5-dihydro-1H-
pyrazol-4-yl]-butane-1, 3-dione and 2-hydroxy-ethyl hydrazine according to the procedure of
Example 28,

LCMS (M+H): m/z 299, retention time 1.83min.
20



10 Exanple 34 OH N, HO NON 2-(2-Hydroxy-ethyl)-5 5'-dinethyl-2'-phenyl - 2H
2'H13,4"1 bipyrazol | 15 Prepare the title conpound from

1-[ 1- phenyl - 3- et hyl - 5- oxo-4, 5-di hydro-IH pyrazol -4-yl]-butane-1, 3-dione
and 2-hydroxy-ethyl hydrazine according to the procedure of Exanple 28.
LCVMS (MtH): mz 299, retention tine 1.83mn. 20 -45- Exanple 35 NN Z~11
"N HON/~ 55,5 -Dinethyl-2, 2'-di phe#fd-2H, 2'H[3,4'"1 bipyrazolyl-3'-ol
Prepare the title conpound from 1-[ 1-phenyl - 3- net hyl - 5- oxo- 4, 5-di hydro-I H
pyrazol -4-yl]-butane-1, 3-dione andl\ﬁhenﬁ{l §1ydr azine according to the
procedure of Exanple 28. 10 LOVB (MA*P%i% 331, retention time 2.42 nin.
Exanple 36 NN N

5 5,5-Dimethvl-2, 2°-diphenvl-2H, 2°H-[3.4"] bipyrazolyl-3'-ol

Prepare the title compound from 1-[1-phenyl-3-methyl-5-ox0-4, 5-dihydro-1H-
pyrazol-4-yl]-butane-1, 3-dione and phenyl hydrazine according to the procedure of Example
28.
10 LCMS (M-+H): m/z 331, retention titme 2.42 min.

Example 36

15
2-Benzyl-5, S'-dimethvl-2'-phenvl-2H, 2°H-[3.4°] biﬁmzolvl-B'—ol




N HO N 15 2-Benzyl -5, 5'-dinethyl-2'-phenyl-2H, 2'HF3,4'1
bi pyrazol yl -3'-ol -46- Prepare the conpound from :
1-[ 1- phenyl - 3- et hyl - 5- oxo-4, 5-di hydro-| H pyrazol -4 yl]-butane-1, 3 -dione
and benzyl hydrazi ne hydrochl ori de according to the procedure of Exanple
28. LCVMS (MrH): mlz 345, retention tine 2.69 mn. 5 Exanple 37 | ~ HO NON
2,5 5 -Trinmethyl-2"-phenyl -2H 2H F3, 4 Jﬁ[égi pyrazolyl-3" -0l 10 Prepare the
title conpound from 1-[ 1- phenyl - 3- net hyl - 5- oxo- 4, 5-di hydro-I1 H
pyrazol -4-yl]-butane-1, 3-dione and net hyl hydrazi ne according to the
procedure of EXEWpIedhe cogapopy fomNuihphemyl-3-1a@8yl-5rexoeh G diiny drd-Hil-pRraz6l-4v n. 15
Exanpl e 381 Nutahe-1N3 S PP T Y -2'-phenyl - 1!
2" - di hydr §E/_}2H_ { % : X J]'fjggilél 65(? g?%?%i}ﬂ}rgm}%}#gmcﬁghdé %BWAg to thepprocegure of

xample .

LCMS (M+H): m/z 345, retention time 2.69 min.

Example 37

2,5,5'-Trimethyl-2'-phenvl-2H, 2'H-[3.4'] bipyrazolvl-3'-ol

10
Prepare the title compound from 1-[1-phenyl-3-methyl-5-oxo0-4, 5-dihydro-1H-

pyrazol-4-yl]-butane-1, 3-dione and methylhydrazine according to the procedure of Example
28.

LCMS (M++H): m/z 269, retention time 2.10 min.
15

Example 38

2-Benzyl-5, 1°, 5’-trimethyl-2'-phenyl-1', 2’-dihydro-2H-[3.4°1 bipyrazolyi-3'-one

20



-47- To 2-benzyl -5, 5 -dinethyl-2'-phenyl-2H, 2'H[3,4'"] bipyrazolyl-3'-ol
(Exanple 36, 0.200g, 0.58mmmol) in DWMF add cesium carbonate (0.944qg,
2.90muol ), and then iodonmethane (0.823g, 5.8mml). Stir this m xture at
roomtenperature overnight. Dilute the reaction mxture with ethyl

acetate, wash with water (25m x 5) and dry (sodiumsulfate). 5

Chr omat ograph on silica gel, eluting wi4ha 50100% et hyl acetate ! heptane to
provi de 0.045g of the title conpound. LCMS (MtH): niz 359 with retention

time 2.84 mn. T reaction also affords an 0-nethyl conpound. See Exanple
50 bel ow. 10 ERATHSTE 0 Nl Kphedt- SHeb Ay EPiD B o Eampie 36,

3" - di et hxd.zobg,-mm&ﬂ?]ﬁxkbﬂméd{l Besthinh birwn@ie%si%b@@}nﬁto@, hdBhéd olién&RamROUNd
fromthe chromat ography described in Exanple to afford 0.033g of

0- met hy! atBd21% saymol). s tismppure g o dempgratprecaeraight- Jailute the repcian i n. 20

Al though thgnkdWRIEhANCOAR, PE8 il WHS(BAhS0s)d aﬁ{qs@diﬁhlgﬁlfattéb)e precedi ng
exanples, it is not to be construed as being limted thereby; but rather,
t he i n¥entGtopmépgantpessies achelugjopwith 60~19P%eetid aprtate! hividne teprdiide DO4%.
Vari ous ”QQHEH@@%&Qg&nﬁPd enbodi ments can be nade w thout departing from
the spirit and scope thereof. 25 48 CLAIMS What is clained is:

LCMS (M+H): m/z 359 with retention time 2.84 min.

The reaction also affords an O-methyl compound. See Example 39 below.

10 Example 39

2-Benzyl-5"-methoxy-5.3 " -dimethyl-1"-phenyl-2H.1 'H-[3.4 Thipyrazole

15
Isolate the title compound from the chromatography described in Example 38 to afford
0.033g of O-methylated isomer.
LCMS (M+H): m/z 359 with retention time 3.51 min.
20 Although the invention has been illustrated by certain of the preceding examples, it is

not to be construed as being limited thereby; but rather, the invention encompasses the generic
area as hereinbefore disclosed. Various modifications and embodiments can be made without

departing from the spirit and scope thereof.

25



5 1. Acompound of formulal: RN)INRA ~R2 RSO NI | R or a

stereoi soner or pharnmaceutically acceptable salt thereof, wherein: 10 R
is selected fromthe group consisting o#8aryl, benzyl, C3_gcycl oal kyl,

C, _,oal kyl, C3. gcycloal kyl C, _6al kyl, aryl carbonyl,

aryl Cy6al kyl C3_gcycl oal kyl carbonyl, C, _, oal kyl carbonyl, heteroaryl carbonyl
and nand NN | I X X 15 wherein X is hydrogen, benzyl, aryl C2_6al kyl,
C3_gcycloal kyl, C, _,oal kyl, or C3_gc§EehABdBkyl C, _6al kyl; wherein said
aryl, benzyl, or heteroaryl is optionally substituted with one or nore
substituents each independently selected fromC, 6al kyl, C, _

6per f | uvonptkydiainttaliogen, hydroxy, C' HXFy_ 20 6al koxy wherein n isl-4, x
is0-8, yis 1-9 and x + y is 2n+l, C -C6al koxy, nitro, or aryl; R2is
selected fromthe group consisting of C .6alkyl, C3_gcycloal kyl, and aryl
wherein said arvl .is.optiqgnally substituted with one or nore substituents
each%indeéﬁ:gﬁ?ﬁ@dgi@ggpég'fron1 C, _6al kyl, C, _6perfluoroal kyl, hal ogen
hydr oxy, C'H, Fy_6al koxy wherein n is 1-4, xis 0-8, yis 25 1-9 and x +y is
2n+l, C, -Co6al koxy, nitro, aryl, or alkoxy; 49 R3 is selected formthe
group consisting of aryl, C3_8cy&s yhkgg i . 6al kyl and heteroaryl

or a stereoisomer or pharmaceutically acceptable salt thereof, wherein:

10
R is selected from the group consisting of aryl, benzyl, Csgcycloalkyl, C;_jpalkyl, Cs.
scycloalkylCi.salkyl, arylcarbonyl, arylC;.salkylCs.gscycloalkylcarbonyl, Cy.jpalkylcarbonyl,
heteroarylcarbonyl and

@ and l
) “ﬂ
X X

15 wherein X is hydrogen, benzyl, arylCs_salkyl, C;_scycloalkyl, Ci.jpalkyl, or
Cs.geycloalkylCy.galkyl;

wherein said aryl, benzyl, or heteroaryl is optionally substituted with one or more substituents
each independently selected from C,.salkyl, C.sperfluoroalkyl, halogen, hydroxy, C,H,F,.
20 salkoxy wherein n is1-4, x 1s0-8, y is 1-9 and x + y is 2Zn+1, C-Cgalkoxy, nitro, or aryl;

Ry is selected from the group consisting of C,.salkyl, Cs.scycloalkyl, and aryl wherein said

aryl is optionally substituted with one or more substituents each independently selected from

Ci.galkyl, Ci.gperfluoroalkyl, halogen, hydroxy, C.H,Fy.¢alkoxy wherein n is 1-4, x 1s 0-8, y is
25 1-9 and x +y is 2n+1, Cy-Cgalkoxy, nitro, aryl, or alkoxy;



wherein said aryl or heteroaryl is optionally substituted with one or nore
substituents each independently selected from Cl. 6al kyl,

C _b5perfluoroal kyl, hal ogen, hydroxy, Fy_ 6al koxy wherein nis 1- 4, Xis
0-8, yis 1-9 and x +y is 2n+l, Cl-C6al’koxy, nitro, aryl, or alkoxy; 5 R4
is selected formthe group consisting of H, arylC2.6al kyl, benzyl,

C - 6perfluoroal kyl, C3. 8cycloalkyl and C2.6al kyl wherein said aryl or
benzyl i t n i ch
benzy| 18, BRIRAI VRISt S1hrATe: @5ctTRIE CRUNR i BEE A

hydr oxy, whEreiﬂ seid Gl d(dnkgcmﬁimdneoptmnall}z Bub$tlt1»t¢c‘swﬁh 8ne yrmsrelsubstandltxeaﬁhy is

éngEchy(c:: : 16‘&:6 561%%;1'38131 o rﬁéﬁaglf}cygv(;]s l koaﬁéél ]i‘%i%gi‘?sﬁfydéqcﬁ%tsgﬂﬁfﬁéalgﬂ’@’nyl or

4-chl or om@remlmsqnd fo§0185§@§/¢19%@&$ e, @ ¢ ARoRY, %uolﬁrﬂ’tcﬂ%ﬂk&x?a” net hyl
si mul t aneousl y; | is phenyl or 4c Iorophenyl d R4 and’ R5 are

hydr dgen t hen R2 and R3 are other than nethyl si mJItaneoust. 2. The

SPGB D L AB A LA DR, o

N | gcweﬁlﬁylmn& 02§a1h5%1r\zhférem821dab&1ﬂ &e@zyels@ptﬁahlﬁyéubst&nféd vath &% drs _
hydrogen or Cl.6al kyl. 3. The conpound according to claim1 wherein Rl is
aryl ; more substituents each independently selected from C;_galkyl, Ci.¢perfluoroalkyl, halogen,

hydroxy, C,H,Fy.salkoxy wherein n isl-4, x is 0-8, y is 1-9 and x + y is 2n+1, C;-Cgalkoxy,
10 nitro, aryl, or alkoxy;
R; is H, Cy.salkyl, or Csgcycloalkyl; and

with the proviso that
(a) when R, and R4 are phenyl or 4-chlorophenyl, and Rs is hydrogen then R, and R; are
15 other than methyl simultancously;
(b) when R, is phenyl or 4-chlorophenyl and R4 and Rs are hydrogen then R» and R3 are

other than methyl simultaneously.

2. The compound according to claim 1 wherein

20 R, is selected from the group consisting of aryl, benzyl, Cs.scycloalkyl, Ci-jpalkyl, arylC;.

O

salkyl and

wherein X is benzyl;
R; and Rj are C,_galkyl; and
25 R; is hydrogen or C,_galkyl.

3. The compound according to claim 1 wherein
Ry is aryl;
Ry and Rj; are Cy.4alkyl;
30  Ryis hydrogen; and
R5 is hydrogen or Cy.galkyl.



R2 and R3 are Cl.6alkyl; 30 R4 is hydrogen; and R5 is hydrogen or
Cl.6alkyl. 50 4. The conpound according to claim3 which is selected from
the group consisting of: 2'-(2-Fluoro-ghenyl)-5,5 -dinmethyl-2H 2'H[3, 4]
bi pyrazolyl -3'-0ol, 2'-(4-Isopropyl-phenyl)- 55 -dinethyl-2H, 2'H[3,4"]

bi pyrazolyl-3"-ol, 2'-(4-Fluoro-phenyl)-5,5 -dinethyl-2H 2'H5 [3,4"]

bi pyrazolyl-3'-0ol, 5,5 -Di methyl -2'-(4-trifl uororret hyl - phenyl ) - 2H,

2 H-[3 4']1 bipyrazol yI 3'-ol, 5, 5 -Di net hyl -2' - (4- net hoxy- phenyl) 2H,
H[3,4"] bipyrazolyl- -oI 2' - - Fl uor.o- phen lt)h 5,5" -di net hyl -
H- [ 3, 4%4] Tt gipinossi preopding fo Clzlm@mlﬁwlﬁ‘ﬁﬁ‘éﬁ?m) & ZBup Can%tmwf 2H

2 H[ 3, 45]

e Hor AR aBheriyiatt 2 (3 4] Simgapolvlyy gy 2 Gsppropyl-phen-

Bi pyr azolbwlf dg;neﬂisg-zfﬁ QH{MTmﬁyyazoma( ét, ae¢4hmhemhwy1))-slzﬂduﬁethymig Eg31]14 |
i pyrazol yl -3

bi Bgﬁazo[g‘ﬂ'l QIPYE?IZS)IY%%@I i;ﬁngtmﬁ}hyizz (At glfilglrwpthﬁhgk%wﬁ@%lz 28 [ﬁ4[]3 4]

bi pyr az Or)%?lrylja%;)l:yg-?:-oig?% Tﬂnﬁﬁl i' (42met§1 Rtlﬁ’é ﬂo}p enyﬁ)k[%ﬁ Blgﬁla&cflgﬁs 'fh[z?u 4']

bi pyrazo
bi pyr azo(:&,LFhJBto—phﬁnyl)QS 5 (ddmt‘ihyt—QB;ﬁ HFB phidnyryzdbyls3'-otli 2rEi- Mdthylmhex?yl}-ﬁ P3, 4']

Ty R e T T

h | -2 h
e A s B A i

benZ$l ; ahd,>- Qilnﬁ@Ythﬁﬂg@hylmhemeL Ry [3,46] blFMI@Z@lah'bcﬂJnﬁS'dé@mﬂtmlﬂg@ 0

claimb5 om.the, gr gup . |
5.5 | ik PeaTpEh S bR S 5o B R e lorgrmemd 2
2- Benzyl 2§|-[334] Eipyrdiatel-fnl- 25' Ith%Ml D2t -clotdphenyh- 1Hp1'm[saqqﬁmiraz%1y1cg' and
2- Benzyl - 5' - met hoxy- 5, 3' -di net hyl -
ol, o ~(4-tert-Butyl-phenyl)-5, 5 -dirmethyl-2H, 2°H-[3,4"] bipyrazolyl-3'-ol, 5,5'-Dimethyl-2'-
(3-trifluoromethyl-phenyl)-2H, 2'H-[3,4"] bipyrazolyl-3'-ol, and 5'-Methoxy-5, 3'-dimethyl-1'-

15 phenyl-2H, 1'H-[3,4"bipyrazolyl.

or

5. The compound according to claim I wherein
R, is aryl;
R; and R; are C;_galkyl;
20 Ry is arylCs_galkyl, or benzyl; and
R; is hydrogen or Cgalkyl.

6. The compound according to claim 5 which is selected from the group consisting of:
5,5"-Dimethyl-2-phenethyl-2'-phenyl-2H, 2°H-[3,4’] bipyrazolyl-3'-ol, 2-Benzyl-5, 5'-

25 dimethyl-2'-phenyl-2H, 2°H-[3,4"] bipyrazolyl-3'-ol, and 2-Benzyl-5"-methoxy-5,3"-dimethyl-
1"-phenyl-2H,1 H-[3,4 ]bipyrazole, and 2-(3-Hydroxy-benzyl)-5,5'-dimethyl-2'-phenyl-2H,
2'H-{3,4’] bipyrazolyl-3'-ol.

7. The compound according to claim1 wherein
30 R, is aryl;
Ry and Rj are C4alkyl;
Ry is hydroxyCs.galkyl, Cs.scycloalkyl or Cpgalkyland
Rs is hydrogen.



1' - phenyl -2H,1' H-[ 3, 4' ] bi pyrazol e, and

2- (3- Hydr oxy- benzyl) 5,5" -di net hyl - 2' - phenyl - 2'H[3,4']
bi pyrazolyl-3"-0ol. 7. The conpound accoy di ng to claim wherein 30 R is
aryl; R2 and R3 are Ct_6alkyl; R4 is hyalroxyCZ 6al kyl , C3.8cycl oal kyl or

C2_6al kyland R5 is hydrogen. 51 8. The conpound according to claim?7
which is selected fromthe group consisting of: 5,5 -Dinethyl-2'-phenyl -
(2,2,2-trifluoro-ethyl)-2H, 2'H][3,4'] bipyrazolyl-3 -ol, 2- Cyclohexyl -
5' -di net hyl - 2' - phenyl -2H, 2'H[3,4'] bipyrazolyl-3 -ol, 2-(2-Hydroxy-ethyl)
5, 5' - . ik lepnpRundimenydin@td, cldint¥ PRick'i§ sddeqied aaolthd 218up obnsisting of:
5,

5
\thl ch | oS B 3 PRt Gor-suteatiot hg. SFLLSF Pbipyrazolseol’a. 4 COMPOUN

4- I\/btw - .
bi éyr azol eﬂs)legyﬂa)ndi&gé{ ZQLI%%B yju%réquEany& %I_IZO@I jgll_&rlrga ﬁz h_y czlro_x D ﬁgl r%] l)I - 2H,

2' Hi3, 45§/ -dhingthyh2'epheny32H 62" H-[B04’] Uilverazolryba'tmm@&ﬁxﬁﬁfm@eﬂwl E'I-phenyI&ZI\Muer ein
Rl is ar%%_gﬁiﬁ%liﬁ%l &,Iég_ﬁgzyl R2 and R3 are ¢ _6alkyl; and 15 R4 and R5

are hydr ound according to claim10 which is selected from
t he group consisti ng of: 5,5 -Dinethyl-2'"-phenethyl-2H 2'H][3,4"]

bi pyrazol yl -3' -ol, 2'-(3-Hydroxy-benzyl)-5,5" - dimethyl-2H, 2'H[3,4"]

bi pyrazo‘iﬁcqnpwndvgn@h@se gigd ylonsthegroupi qeasiging @H, 2' H[3,4'] 20

bi pyr azOj-?’4-Rd%tho%k'—ph%gyl)-g;%@dﬁgquﬁ% -%h&cy?ﬁiﬁb‘lﬂ[i,&? ]%Lp%}razoiyl%ef drb (AB I isn

10 Fluoro-phenyl)-5,5'-dimethyl-2"-phenyl-2H, 2°H-[3,4°] bipyrazolyl-3'-ol.

10. The compound according to claim 1 wherein
R is arylCa.salkyl or benzyl;
Rz and Rj are C;_galkyl; and

15 R4 and R are hydrogen.

11. The compound according to claim 10 which is selected from the group consisting of:
5,5'-Dimethyl-2'-phenethyl-2H, 2°H-[3,4°] bipyrazolyl-3'-ol, 2'-(3-Hydroxy-benzyl)-5,5'-
- dimethyl-2H, 2'H-[3,4'] bipyrazolyl-3'-ol, and 2-Benzyl-5, 5'-dimethyl-2H, 2°H-[3,4°]
20 bipyrazolyl-3"-ol.

12. The compound according to claim 1 wherein

)
X

wherein X is benzyl;
25 Ry and R; are Cysalkyl; and
R4 and Rs are hydrogen.

13. The compound according to clalm 12 which is 2'-(}-Benzyl-piperidin-4-yi)-5,5'- dlmethyl-
2H, 2°H-{3,4’] bipyrazolyl-3'-ol.
30




N I X wherein X is benzyl; 25 R2 and R3 are Cl_6al kyl; and R4 and R5
are hydrogen. 13. The corrpound according to claim 12 whi ch IS

-(1-Benzyl - pi peridin-4-yl)-5, 5" -di netqyl - 2H 2'H[3,4']
bi pyrazolyl-3"-ol. 30 52 14. The conpound according to claiml| wherein R
is C3.8cycloalkyl; R2 and R3 are C,_6al kyl; and R4 and R5 are hydrogen. 5
15. The conpound according to claim 14 which is

2 - Oycl oyl ohmpoutd d8ekidHly btafintt whelei] bi pyrazol yl -3 -ol . 16. A compound
which is 5,1',5 -trinethyl-2"-phenyl-1", - di hydro- 2H-[34]
bi pyr azoRIyIIS-Qa seyclaliohe. 17. A phar maceut i cal conposi tion conprising an
effectiv an 0 und according to claim and a pharmaceutically
accept ab]1$7e cary E}reer% a?]@% e

R4 and Rs are hydrogen.

15. The compound according to claim 14 which is 2'-Cyclohexyl-5,5"-dimethyl-2H-2"H-
[3,4]bipyrazolyl-3-ol.

16. A compound which is 5,1°,5°-trimethyl-2"-phenyl-1', 2’-dihydro-2H-[3,4’] bipyrazolyl-3'-

10 one.

17. A pharmaceutical composition comprising an effective amount of a compound according

to claim! and a pharmaceutically acceptable carrier.

15



