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SUBSTITUTED INDAZOLE DERIVATIVES AND THEIR USE AS PHOSPRODIESTERASE (PDE)
TYPE IV AND TUMOR NECROSIS FACTOR (TNF) INHIB ITORS

This invention relates to novel indazole anatogs The compounds are selective
inhibitors of phosphodiesterase (PDE) type Y and the production of tumor necrosis
factor (TNF), and as such are useful in the tro__a_t_ment of asthma, arthritis, bronchitis,
chronic obstructive airway disease, pioriisis. :"iergic rhinitis, dermatitis, and other
inflammatory diseases, central nervous. system dnsorders such as depression and muiti-
infarct dementia, AIDS, septic shock and other dtseases involving the production of
TNF. This invention also relates to a methog..,_of using such compounds in the
treatment of the foregoing diseases in mammals, especially humans, and to
pharmacsuticel compositions containing such compounds.

Since the recognition that cyciic=%ad§nosit§g=phosphate (AMP) is an intraceliular
second messenger (E.W. Sutheriand, and T.W. Ral!, Pharmacol. Rev., 12, 265, (1960)),
inhibition of the phosphodiesterases haé'beén at&get for modulation and, accordingly,
therapeutic intervention in a range of d|sease processes More racently, distinct classes
of PDE have been recognized (J. A. Beavo at al. lre_rlg;s__iggr_ogr_r_n__SE_ (Ps), 11, 160,
(1990)), and their selective inhibition has’led to 1mproved drug therapy (C. D. Nicholson,
M. S. Hahid, TIPS, 12, 19, (1891)). More particularly, it has been recognized that
inhibition of PDE type IV can iead to inhibmon of_ mﬂammatory mediator release (M. W.
Verghese et al., J. Mol. Cell Cardiol., 12 (Suppl II), S 61, {1989)) and airway smooth
muscle relaxation (T.J. Torphy in "Directions for New Anti-Asthma Drugs," eds S.R.
O'Donnell and C. G. A, Persson, 1988, 37 Birkhauser-\lerlag) Thus, compounds that
inhibit PDE type IV, but which have poor activity agalnst other PDE types, would inhibit
the release of inflammatory mediators and tetax atrway smooth muscie without causing
cardiovascular effects or antiplatelet eﬂects It has also been disclosed that PDE IV
inhibitors are useful in the treatment of diabetes tgs:pidus (Kidney int. 37:362, 1990;
Kidney Int. 35:494) and central nervous sﬂéﬁ disorders such as depression and multi-
infarct dementia (PCT mtematlonal appllcatlon WO 92/19594 {published November 12,
1992)). :

TNF is recognized to be involved in many lnfectlous and auto-immune diseases
(W. Friers, Fed. of Euro. Bio, Soc. {EB_S) Letters, 285 199, (1991)). Furthermore, it
has been shown that TNF is the prime mednator of the inflammatory response seen in

sepsis and septic shock (C. E. Spooner et al, Clinical immunology and
immunopathology, 62, S11, {1992)).
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The present invention relates to compounds of the formula |
R 1

|

N

R, N\F \qu/
R

and to pharmaceutically acceptable salts thereof, wherein:

R is H, C,-C, alkyl, -(CH,),(C,-C;, cycloalkyl), -{CH,),(C,-C, heterocyclyl),
wherein m is 0 to 2, (C,-C, alkoxy)C,-C, dkyl, C,-C, alkenyl, or -(2,),{Z,).(C,-C,, aryl)
wherein b and ¢ are independently 0 or 1, Z, is C,-C, alkylene or C,-C, alkenylene, and
Z,is O, S, SO,, or NR,,, and wherein said R groups are optionally substituted by one
or more substituents independently sdécted from the group consisting of halo,
hydroxy, C,-C; alkyl, C,-C; alkenyl, C,-C; alkoxy, C,-C, cycloalkoxy, trifiuoromethyl,
nitro, -CO,R,,, -C(OINR, R,,, -NR,R,, and -SONR,R,,;

R, is H, C\-C, alkyl, C,-C, alkenyl, phenyl, C,-C, cycloakyl, or (C,-C,
cycioalkyt)C,-C, alkyl, wherein said alkyl, alkenyl and phenyl R, groups are optionally
substituted by 1 to 3 substituents independently selected from the group consisting of
methyl, ethyl, trifluoromethyl, and halo;

R, is 2-oxo-4-pyrrolyl, pyrazolyl, 2-oxo-3,4-dihydro-6-pyrimidyl, 2-oxo-3,4-
dihydro-4~pyrlmidyl,2-oxo-tetrahydro-4—pyriinidyl,2-ox6-tetrahydro-5-pyrimidyl, 2-0x0-4-
pyrimidyl, or 2-oxo-5-pyrimidyl, wherein each of said R, groups is optionally substituted
by 1 to 4 R, groups;
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wherein, in said formulas (la)-{lt), q is 0 or .1 in fof(nula (ib), nis 0 to 2 in formula (ic),
and the dashed lines appearing in formulas (Ib), (ld). (ig). (th). (i}, (lj) and (lo) represent
a double bond or a single bond;

X,isOorsS;

X,, in formula {Ik) and where the dashed lino in formula (ij) represents a double
bond, is CR,, CR,, CR,q, or COC(O)NR.R,,, or, where the dashed line in formula (lj)
represents a single bond, X, is CRR,, CR.,FIs or CR,,H,,

X, is C(=2,), C(S) or CR4R,,;

X, is -(CH,), - wheraein m is O to 2;

X, is a bond or -CH,-;

X, is -CH,- or -C(0)-;

R, is H, hydroxy, C,-C, alkoxy, -CHR,(O),(CH,),,.A whereingisOor{ andmis
Dto2;
R, is H, hydroxy, C,-C, alkyi, C,-C, dl!sé'_xy. -OC(O)CH,, C,-C, alkenyl or
(phenyl)C,-C, alkyl;

R; is H, hydroxy, -(CH,), A wherein m is 0 to 2, C,-C, alkyl or C,-C, alkanoyl,
wherein said alkyl group Is optionally subshtuteq _py 1 to 3 subtituents independently
selected from halo, nitro, -NRygRy;, -CO,Ri0, “ORyer “OC(O)R,o, -C{O)R,,, cyano,
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“C(=YINRygRy,, -NRy,C{=YINR,oRyy, -NRyoC(=Y)Rsq, -NR1oC(O)OR o, -CINR, oINR, Ry,
-C(NCN)NR,,R,;, -C(NCN)SR,,, -NR,.,SO,R,O; -5(0).R,, wherein m is 0 to 2,
-NR,SO,CF,, -NR,,C(O)C(OINR, oR,1 -NR,C{O)C(O)OR, o, imidazolyl, and 1-(NHR, o)-2-
imidazolyl; o |
each R, is independently seleoted from the group consisting of H, halo, cyano,
R,s. cyclopropyl optionally subs‘ﬂtute_’d;bj R,, -OR,q, “CH,0R,,, -NR,R,,, -CH,NR, R, ,,
-C(O)OR, . -C({O)NR, R, -CH=CR,R,, -C=CR, and -C(=Z,)H;
R, is H, -C(O)R,, imidazolyl, pyra'iolyl, t}_iazolyl, tetrazolyl, oxazolyl, isoxazolyt,
oxadiazolyl, thiadiazolyl, thiazolyl, oxaioifdinyl,'ihiazolidinyl or imidazolidinyl;
each R, is independently -OR,,, -NR, R,, or R,;
each Ry is independently M, ha'lo'-, or C,-C, alkyt optionally substituted by 1 to
3 fluorines;
~each R, and R,, are independently selected from hydrogen and C,-C, alkyl;
each R,, is independently -OR,, or R,o
R,, is C,-C, alkyl; _
each R,, is independently ssle_c{ed from the group consisting of halo, nitro,
cyano, -NR, Ry -NRyoR:s -c1=z,)n..'_ -S(0),R,; wherein m is 0 to 2, -OR,,
-OC(O)NR, R,;, -C(NR,,INR,gR,,, ‘C(Nn|o)sala- -OC(O)CH,, 'C(NCN)NRwa
-C(S)NR,gR,;, -NR,,C(O)R,,, -C(O)R,,, oxazolyl, imidazolyl, thiazolyl, pyrazolyl, triazolyl
and tetrazolyl; '
each R,, is independently hydrogen or C,-C, alkyl optionally substituted by 1
to 3 fluorines;
each R, is independently H, R, -C(O)R,;, -C(O)C(O)R,, -C(O)NR,.A,,,
-5(0),R,; wherein m is 0 to 2, -C(NCN)SR,,, -C"(NCN)R,,, -C(NR,,)R,,, -C(NR,,)SR,,,
or -C(NCN)NR, R, ,:
each R,, is independently R,,, -C(O)R,;,, oxazolidinyl, oxazolyl, thiazolyl,
pyrazolyl, triazolyl, tetrazolyl, imidezolyl, imidazolidinyl, thiazolidinyl, isoxazolyl,
oxadiazolyl, thiadiazolyl, morpholinyi, pippﬂdlnyl_; piperaziny! or pyrrolyl wherein each
of said R,, heterocyclic groups is dptioﬁally sﬁbstituted by one or two C,-C, alkyl
groups;
Ryg is H, C,-C; alkyl, C,-C; alkenyl, benzyl, or phenethyl;
R, is H, C,-C; alkyl, C,-C, alkanoyl, or benzoyl;
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R, is H, C,-C, alkyl, carboxy, aminocarbonyl, C,-C, alkyl optionally substituted
by carboxy, -(CH,),,C(0)(C,-C, alkoxy), or -{CH,),.(C,-C,, aryl) wherein m is O to 2;

R, is H, C,-C, alkyl, -C(=Y)R,,, -C{=Y)NHR,,, -C{O)OR,,, or -{CH,), X, (pyridy)
wherein n is 0 to 5§ and X, is & bond or -CH=CH-, and wherein said pyridyl moiety is
optionally substituted by halo;

R,, is C,-C, alkyl, C;-C, cycloalkyl, -(CH,),(Cs-C,, aryl) or -(CH,).X,(pyridyl)
wherein n is 0 to 5 and X, i & bond or -CH=CH-, and wherein said pyridyl molety is
optionally substituted by halo;

Ry, is H, R,g, C,-C, alkyl substituted by hydroxy, or (C,-C, alkyoxy)C,-C, alkyl;

R.. is H, R,y, carboxy, (C,-C, alkyoxy)C,-C, alkyl, C,-C, cycloalkyl or C,-C; alkyl
substituted by -NR, R, '

or R,; and R,, are taken together to form -CH,OCH,OCH,-;

Ry is H, hydroxy, C,-C, alky! optionally substituted by hydroxy, -C(O)R,,,
’N.Rtoanr -(CH,),“NHC(O)R,O, -(CH,),,;NHC(O)R,;. --.'(CH:),-,,COQRm. '(CHz)mC(O)NRmRu.
‘(CHz)mC(O)N(OH)Hion -(CH,),“SO,NHWH". ‘(CHz)iﬁPOaHz- -(CH,),“SOZNHC(O)F\,: or
-(CH.,).SO,NHC(O)(phenyl), wherein m is O to 4;

Ree is H, C,-C, alkyl, phenyi, -NR,R,,, or -NR,4(C,-C, alkanoyl);

R,; is Ry, -CH,CO,R,, or -CH,C(O)NR, R, ,; -

R, is -C(O)R,, -C(O)C,C,, amnyl), -C(O)C,-C, heteroaryl) -CO,R,,
-C(O)NR,0R,,, cyano, nitro, -CH,OH, -NR,,SO,R, o, -NHSQ,(C,-C,, aryl), -NHCO,(C,-C,
alkyl), -NR,,C(O)R,, or -NHCO,(C¢-C,, aryl);

R,, is R,5, cyano, carboxy, formyl, -C(O)R,,, or C,-C, alkanoyl;

Ry, is cyano, -NR,4R,,, -SO,(C,-C, alkyl), -SO,(C¢-C,, aryl), -C{O)R,,, -C(O)(C,-
C,, aryl), -C(0)(C,-C, heteroaryl), -C{O)NR,,R,,, or-CO,R,,;

R;, and R,, are each independently H, cyi_no, nitro, -CO,R,,. -C(O)NR,R,,,
-CH,OH, -C{O)R,o, -NHCO,R,o, o -NHSO,R,o; -

A is pyridyl, morpholinyl, piperidinyl, imidazolyl, thienyl, pyrimidyl, thiazoly,
phenyl or naphthyl, wherein each of said A groups.is optionally substituted by 1 or 2
R, groups or by 1 R, group;

Z, is O, NR, NOR, N(CN), C(CN), CRNO, CR,C(OJOR,,
CR,,C(OINR, R,,, CICN)NO,, C{CN)C(O)OR,, or GICN)C{OINR, (R, ,; and,

YisOorS. :
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Spacific embodiments of the oompou_r‘y_o'___s of formula | include those wherein R
is cyclopentyl or cyclohexyl, R, is C,-C; alkyl_:;_ifpfeferably ethyl, R, is a subsiituent of
formula (la) wherein X, is O and R, and R, are both H.

Other specific embodiments of the compounds of formula | include those
wherein R is cyclopentyl or cyclohexyl, R, is C,-C, alkyl, preferably ethyl, R, is &
substituent of formula (Ib) wherein X, ié 0 q is 1, the dashed line indicates a single
bond, and R, and R, are both H. '

Other spacific embodiments of the oompounds of formula | include those
wherein R is cyclopentyl or oyolohexyl, R, is C,-C, alkyl, preferably ethyl, R, is a
substituent of formula (ld) wherein th_e_dashe_d line indicates a single bond, R, is
methyl and R,, is H or -C{O)NR,R,,.

Other specific embodiments of formula '"l include those compounds wherein R
is cyclopentyl or cyclohexyl, R, is C, -C alkyl preferably ethyl, R, is a moiety of formula
(io) wherein the dashed line represents a singlo bond X, is -CH;-, and R,, and R,, are
both H. .

Other specific embodiments: of formula | include those compounds wherein R
is cyclopenty! or cyclohexyl, R, is C,-C, alkyl, preferably ethyl, R, is a moiety of formula
(Ip) wherein Ry, and R,, are both H, R, is -C{O)R,, -CO,R,,, -C(0)(C4-C,, aryl), cyano,
nitro, -C(O)NR,4R,,, -NR,,C(O)R,,, or -NR,,SO,R,,, Ry, is R,, or -C{O)R,,, R; is H and
Ry, is -CO,R,,, cyano or -C(O)R,,. Other specific compounds within this group include
those wherein R,, R,,, and R;, are H, Rao is -CO,CH,, R, is -C(O)CH, and R,, is -CH,.

Other specific embodiments of the compounds of formula | include those
wherein R, is a substituent of formula (lc) (te), (lf) {ig), {th), (), (1)), (i), (W), (Im), (in),
(fa), (), (s) or (i).

Specific preferred compounds include tho 1oilowmg

racemic 4-(1 -Cyolopemyt-a-ethyl-tH-inda__zol-s-yl)-pyrrolidine—2-one;

(+)-4-(1-Cyclopentyl-3-athyl-¥H-indazol-6-yl)-pyrrolidine-2-one;

(-)4-{1-Cyclopentyl-3-ethyl-tH-indazol-6-yi)-pyrrolidine-2-one;

and pharmaceutically aooeptable salts of said compounds.

Other specific preferred compounds mclude the foliowing:

racemic 4-(1-Cyclohexyl- 3-ethyl-1 H-indazol-s-yl)-pyrrolldme-2-one'

. (+)-4-(1-Cyciohexyl-3-ethyl- 1H-|ndazol-s-yl)-pyrrol|d|ne-2-one
{-)-4-(1-Cyclohexyl-3-ethyl-1 H-indazol-&-yl)-pyrrolldlna-2-one
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and pharmaceuticelly acceptable salts of said compounds.

The present invention further relates to a pharmaceutical composition for the
inhibition of phosphodiesterase {PDE) type IV or the production of tumor necrosis factor
(TNF) comprising a pharmaceutically effective q}ﬁount of a compound according to
formula {, as defined ebove, or a phamacemigilw acceptable salt thereof, and a
pharmaceutically acceptable carrier.

The present invention further relates to a method for the inhibition of
phosphodiesterase (PDE) type IV or the production of tumor necrosis factor (TNF) by
administering to a patient an effective amount o_f:'_"a__" compound according to formula |,
as defined abave, or a pharmaceutically acceptable salt thereof.

 The present invention further relates to a"_'i'-pharmaceutical composition for the
prevention or treatment of asthma, joint .lnﬂam;_rhation. rheumatoid arthritis, gouty
arthritis, rheumatoid spondylitis, osteoarthritis, and other arthritic conditions; sepsis,

- septic shock, endotoxic shock, gram negative -s_'épsis, toxic shock syndrome, acute

respiratory distress: syndrome, cerebal malaria, chronic pulmonary inflammatory
disease, silicosis, puimonary sarcoidosis, bone resorption diseases, reperfusion injury,
graft vs. host reaction, allograft rejections, fever and myalgias due to infection, such as
influenza, cachexia sé__cdndary to infection or?mallgr_igncy, cachexia secondary to human
acquired immune deficiency syndrome (AIDS), AID§. HiV, ARC (AIDS related complex),
keloid formation, scar tissue formation, Crohn's_. qlsease, uicarative colitis, pyresis,
multipie sclerosis, type 1 diabetes mellitus,@diab.etigs insipidus, autoimmune diabetes,
systemic lupus erythematosis, bronchitls, chronic'.'jc_ibstructive airway disease, psoriasis,
Bechet's disease, anaphylactoid purpura nephritis, chronic glomerulonephritis,
inflammatory bowel disease, lsukemia, allergic rhil;ifls, dermatitis, depression or multi-
infarct dementia, comprising a pharmaceutically" effective amount of a compound
according to formuia |, as defined above, ora phirrr;aceuﬁcally acceptable salt, thereof
together with a pharmadeuticdly acceptable carrier

This invention further relates to a method oftrea‘hng or preventing the foregoing
specific diseases and conditions by adminigtering_zip a patient an effective amount of
a compound according to formula |, as deﬁned above, or a pharmacsutically
acceptable salt thereof. _

The term “halo*, as used herein, unless,:._i_c;fherwise indicated, means fluoro,
chioro, bromo or iodo. Preferred halo groups are-;f_l_uoro, chioro and bromo.
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The term "alkyl®, as used herein, unless otherwise indicated, includes saturated
monovalent hydrocarbon radicals having straight, cyclic or branched moisties.

The term "alkoxy", as used herein, unless otherwise indicated, includes -O-alkyi
groups wherein alkyl is as defined above. |

The term “atkanoyl®, as used herein, unless otherwise indicated, includes -C(O)-
alkyl groups wherein alkyl is as defined above.

The term “"cycioalkyl”, as used herein, uniess otherwise indicaled, includes
saturated monovalent cyclo hydroc_al‘bon radic_a!éé inc!(xding cyclobutyl, cyclopentyl and
cycloheptyl. :

The term “aryl", as used herein, uniess otherwise indicated, inciudes an organic
radical derived from an aromatic hydrocarboﬁ by removal of one hydrogen, such as
pheny! or naphthyi.

The term “heterocyclyl”, as used herein, unless otherwise indicated, includes

-aromatic and non-aromatic heterccycllc-groups_rgontaining one or more heteroatoms

each selected from O, S and N. The heterocyclic groups include benzo-fused ring
systems and ring systems substituted with an .oxo moiety. An example of a C,
heterocyclic group is thiazolyl, and an example of a C, heterocyclic group is quinolinyl.
Examples of non-aromatic heterocyclic groups are pyrrolidinyl, piperidino, morpholino,
thiomorpholino and piperazinyl. Examples 6f aromatic heterocyclic groups are
pyridinyl, imidazolyt, pyrimidinyl, pyrazolyl, triazolyl, pyrazinyl, tetrazolyl, furyi, thienyl,
isoxazolyl and thiazolyl. Heterocyclic groups having a fused benzene ring include
benzimidazolyl. |

The term *heteroaryl’, as used herein, unless étherwise indicated, includes
aromatic heterocyclic groups wherein heterocyclic is as defined above.

The phrase ‘pharmaceutically acceptable salt(s’)", as used herein, unless
otherwise indicated, includes salts of acidic or bésic groups which may be present in
the compounds of formula (.

Certain compounds of formula | may havé asymmetric centers and therefore
exist in different enantiomeric forms. This invenfion relates to the use of all optical
isomers and stereoisomers of the compounds of formula | and mixtures thereof. The
compounds of formula | may also exist as tautom@rs. This invention relates to the use
of all such tautomers and mixtures thereof. |
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The following reaction schemes 1-3 illustrate the preparation of the compounds
of the present invention. Unless otherwise indicated, R and R! in the reaction schemes
are defined as abhove. |
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Scheme 3 continued
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The preparation of compounds of formula | can be carried out by one skilled in
the art according to one or more of the synth_étic methods outlined in schemes 1-3
above and the examples referred to below. In step 1 of scheme 1, the carboxylic acid
of formula II, which is available from known commercial sources or can be prepared
according to methods known to those skilled in the ar, is nitrated under standard
conditions of nitration (HNO,/HZSQ, 0°C) and the resulting nitro derivative of formula
it is hydrogenated in step 2 of scheme 1 using standard hydrogenation methods (H,-
Pd/C under pressure) at ambient temperature (20-25°C) for several hours (2-10 hours)
to provide the campound of formula IV. In step 3 of scheme 1, the amino benzoic acid
of formula {V is reacted with a base such as sodium carbonate under aquecus
conditions and gently heated until mostly dissolved. The reaction mixture is chilled to
a lower temperature (about 0°C) and treated with sodium nitrate in water. After about
15 minutes, the reaction mixture is slowly transferred to an appropriate container
holding crushed ice and a strong acid such.as hydrochloric acid. The reaction mixture
is stirred for 10-20 minutes and then added, at ambient temperature, to a solution of
excess t-butyl thiol in an aprotic solvent such as sthanol. The reaction mixture is
acidified to a pH of 4-8 throughi'a_ddition of an inorganic base, preferably saturated
aqueous Na,CO,, and the reaction mixture is allowed to stir at ambient temperature for
1-3 hours. Addition of brine to the reaction mixture, followed by filtration, provides the
sulfide of formula V.

In step 4 of scheme 1, the sulfide of formula V is converted to the corresponding
indazole carboxylic acid of formula VI by reacting tﬁe sulfide of formula V with a strong
base, preferably -potassium t-butoxide, in dimethyl sulfoxide (DMSO) at ambient
temperature. After stirring for several hours (1-4 hours), the reaction mixture is acidified
with a strong acid, such as hydrochloric or sulfuric acid, and then extracted using
conventional methods. in step 5 of scheme 1, 1ha indazoie carboxylic acid of formula
Vi is converted to the corresponding ester of fo__rmula Vil by conventional methods
known to those skilled in the art. In step 6 of scher?)e 1, the compound of formuia Vili
is provided through alkylation of the ester of ior._nit;ma Vil by subjecting the ester to
conventional alkylation conditions (strong basé?various alkylating agents and,
optionally, a copper catalyst such as CuBr,) in a polar aprotic solvent, such as
tetrahydrofuran (THF), N-methylpyrrolldlnone or dlmethylformamnde (DMF), at ambient
or higher temperature (25-200°C) for about 6-24 hrs, ‘preferably about 12 hours. In step
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7 of scheme 1, the compound of formula VIll is converted to the corresponding alcohol
of formula IX by following conventional methods known to those skilled in the art for
reducing esters to alcohols. Preferably, the redtjétion is effected through use of a metal
hydride reducing agent, such as lithium alummum hydride, in a polar aproptic solvent
at & low temperature {about 0°C). n step 8 of scheme 1, the alcohol of formula IX is
oxidized to the corresponding aldehyde of formula X according to conventional
methods known to those skilled in the art. For _éiample, tha oxidation can be effected
through use of a catalytic amount of tetrapropylammonium perrutenate and excess N-
methyimorpholine-N-oxide, as described in J. _;éhem. Soc., Chem. Commun., 1625
(1987), in an anhydrous solvent, preferably methylene chloride.

Scheme 2 provides an alteinative method of preparing the aldehyde of formula
X. In step 1 of scheme 2, the compdund of foi'mula Xl is nitrated using conventional

‘nitration conditions (nitric and sulfuric acid) to provide the compound of formula XIi.

In step 2 of scheme 2, the nitro- derivaﬂvé: ;of formula Xl is reduced to the
corresponding amine offormula Xiii according to;'ﬁonventional methods known to those
skilled in the art. Preferably, the compound of formula Xl is reduced to the amine of
formula Xlil using anhydrous stannous chioride in an anhydrous aprotic solvent such
as ethanol. in step 3 of scheme 2, the amine of formula Xl is converted to the
corresponding indazole of formula XV by prepanng the corresponding diazonium
tetrafluoroborates as described in A Roe Ol;gamc Reactions, Vol. 5, Wiley, New York,
1949, pp. 198-206, followed by phase transfer catalyzed cyclization as described in R.
A. Bartsch and |. W, Yang, J. Het. Chem. 21, 1063 (1984). In step 4 of scheme 2,
alkylation of the compound of formula' X\Vis performed using standard methods known
to those skilled in the art (i.e. strong.base, polar aprotnc solvent and an alkyl halide) to
provide the N-alkylated compound of formula ‘XV. (n step 5 of scheme 2, the
compound of formula XV is subjected to metal p_qlogan exchange employing an alkyl
lithium, such as n-butyl lithium, '-in a polar aﬁthlc solvent, such as THF, at low
temperature (-60°C to 100°C (-78°C preferred)) followed by quenching with DMF at
low temperature and warmmg to ambient temperature to provide the aldehyde
intermediate of formula X.

Scheme 3 illustrates the- preparation of compounds of formula | wherein R and
R, are as defined above and R, is a subsmuent of formuia (la) and X, is O. In step 1
of Scheme 3, aidehyde mtermedtate X is reactedin a polar anhydrous solvent, such as
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toluene, with diethyimelonate in the presence of an organic base, such as piperidine.
The reaction mixture is heated to reflux and water that is produced during the reaction
is collected using a Dean-Stark trap. The reaction is run for about 12-30 hours to
provide the malonic acid diethyl’ emer intermediate XVi.

in step 2 of Scheme 3, the malonic acid diethy! ester intermediate XV! is treated
with one equivalent of sodium cyanide at amﬁient temperature (20-26°C) in an
anhydrous polar solvent, such as ethanol, to provide, after acidic work up, the cyano
intermediate XVIil. in step 3 of Scheme 3, the cyano intermediate XVIl is cydlized to
pyrrolidin-2-one derivative XViil by following a four step procedure. First, the cyano
intermediate XVIl is hydrogenated at high pressuie (20-50 psi) using a metal catalyst,
such as platinum, and an acidic solvent, such as acetic acid. Second, the intermediate
from the first step is heated to reflux in the presence of an organic base, such as

triethyiamine, in an aprotic organic solvent, such as toluene, for about 10-24 hours.

Third, the intermediate from the second step is freated with a strong base, such as
sodium hydroxide, in a polar protic solvent, such as an alcohol, preferably ethanol, and
heated to reflux for about 30 minutes to an hour. Fourth, the intermediate from the third
step is heated to a high temperature, preferably 156-200"0, under an inert atmosphere
for 15-30 minutes or until all bubbi_ing has ceased. The crude product can be purified
to provide the pyrrolidin-2-one derivative XVill using standard chromatographic methods
known to those skilled in art.

The pyrrolidin-2-one derivative XVill is racemic and can be separated (or
resolved) to its corresponding individual enantiomers using separation techniques
known to those skilled in the ant. Such methods are described in J. March, Advanced
Organic Chemistry, (4th Edition, J. Wiley & Sons), 1892, pages 118-125. In step 4 of
Scheme 3, such a resolution is accomplished using a chiral HPLC resolution method
as described in Example 2, referred to below.

The compounds of formula | can also be prepared following one or more
synthetic methods that are disclosed in published pétem applications or issued patents.
In particular, using the intermediates described in j‘j_Schemes 1-3, refefred to above, in
particular the intermediates of fon'_n;ulas Viil, X, XV a’_hd XVill, those skilled in the art can
prepare the compounds of formulé I using analogo@s synthetic methods that have been
described for compounds in whiqﬁ a phenyt ring is %substttuted for the indazole ring in
the compounds of formula |. Such analogous synthetic methods are disclosed in



WO 97/49702 PCT/IB97/00630

10

15

20

25

30

21~

United States Patent 5,270,206 (issued December 14, 1993) and the following published
patent applications: EP 428313 (published February 2, 1984); EP 511865 (published
November 4, 1992); EP 671388 (published March 30, 1995); Japanese published
application no. 7215952 (published August 15, 1995); Japanese published application
no. 7017952 (published January 20, 199_5); PCT application WO 87/06576 (published
November 5, 1987); PCT application WO 91/07178 (published May 30, 1991); PCT
application 91/164561 (published October 17, 1991); PCT application WO 91/16303
{published October 31, 1891); PCT e_p'pl!eation WO 92/07567 {published May 14, 1992);
PCT application 92/19594 (published November 12, 1892); PCT application 93/07111
(published April 15, 1983); PCT application WO 93/07141 (published May 15, 1993);
PCT application 94/12461 (pub_llsh_ed' June 8, 1994); PCT application WO 95/08534
{published March 30, 1995); PC_T application WO 85/14680 (published June 1, 1995);
and PCT application WO 95/14681 ('June 1, 1995). The foregoing United States patent
and each of the foregoing published patent eppllcatlons are incorporated herein by
reference in their entirety. Each of the foregoing publlshed PCT applications designates
the United States.

Spacifically, the compounds of formula | wherein R, is 2-oxo-4-pyrrolyl, pyrazolyl,
2-ox0-3,4-dihydro-6-pyrimidyl,  2-oxo0-3,4-dihydro-4-pyrimidyl,  2-oxo-tetrahydro-4-
pyrimidyl, 2-oxo-tetrahydro-5-pyrimidyl, 2-oxo-4-pyrimidyl, or 2-oxo-6-pyrimidyl can be
prepared by following analogous synthetic met__heds disclosed in WO 87/06576, which
is referred to above. The compounds of formula | wherein R, is a substituent of formula
(la) can be prepared by following analogous synthetic methods disclosed in WO
87/065676, WO 81/16303, WO 94/12461, WO 92/19594, or WO 93/07141, each of which
is referred to above. The compounds of formula | wherein R, is a substituent of formula
(Ib) can be prepared by following analegoue ‘synthetic methods disclosed in WO
87/065786, United States Patent 5,270,206, WO 94[1 2481, WO 92/17567, WO 91/07178,
or EP 428313, each of which is referred to above The compounds of formula | wherein
R, is a substituent of formula’ (Ic) can be prepg;ed by following analogous synthetic
methods disclosed in WO 87/06576, referred to above. The compounds of formula |
wherein R, is a substituent of formula (Id) can be prepared by following analogous
synthetic methods disclosed in EP 5118685, referred to above. The compounds of
formula | wherein R, is a substltuent of formula: (Ie) or (If) can be prepared by following
analogous synthetic methods disclosed in WO 87/06576 or WO 94/12461, each of
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which is referred to above. The compotinds of formula | wherein R, is a substituent of
formula (ig) or (Ih) can be prepared by following analogous synthetic methods
disclosed in WO B7/06576, which is referred to above. The compounds of formula |
wherein R, is a substituent of formula (i) can be prepared by following analogous
synthetic methods disclosed in WO 91/15451 or WO 93/07111, each of which is referred
to above. The compounds of formula | wherein R, is a substituent of formula (Ij) or (lk)
can be prepared by following analogous synthetic methods disclosed in WO 93/07111,
which is referred to above. The compounds of formula | wherein R, is a substituent of
formula (I} can be prepared by following analogous synthetic methods disclosed in WO
95/14680 or WO 95/14681, each of which is referred to above. The compounds of
formula | wherein R, is a substituent of formula (im) or (In) can be prepared by following
analogous synthetic methods disclosed in Japanese published application no. 7215952,
which is referred to above. The:compounds of formula | wherein R, is a substituent of
formula {io) can be prepared by following analogous synthetic methods disclosed in
Japanese published application no, 7017952, which is referred to above. The
compounds of formula | wherein R, is a substituent of formuia (Ip) can be prepared by
following analogous synthetic methods disclosed in WO 95/08534 or EP 671389, each
of which is referred to above. The compounds of formula | wherein R, is a substituent
of formula (iq), (Ir), (Is), or (it} can be prepared by following analogous synthetic
methods disclosed in WO 87/06576, which is referred to above.

The compounds of formula | that are basic in nature are capable of forming a
wide variety of different salts with various inorganic'and organic acids. Although such
salts must be pharmaceutically acceptable for administration to animals, it is often
desirable in practice to initially isolate -the compound of formula | from the reaction
mixture as a pharmaceutically unaéoept__able salt and then simply convert the latter back
to the free base compound by treatn“uént with an alkaline reagent and subsequently
convert the latter free base to a phamiceutically ‘acceptabile acid addition salt. The
acid addition salts of the base compounds of this invention are readily prepared by
treating the base compound with a substantially equivalent amount of the chosen
mineral or organic acid in an aqueous solvent medium or in a suitable organic solvent,
such as methanol or ethanol. Upon evaporation of the solvent, the desired solid salt
is readily obtained. The desired acid addition selt can also bs precipitated from a
solution of the free base in an organic solvent by adding to the solution an appropriate
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mineral or organic acid. Cationic salts of the compounds of formula | are similarly
prepared except through reaction of & carboxy group, such as where R,, is carboxy,
with an appropriate cationic salt reagent such as sodium, potassium, caicium,
magnesium, ammonium, N,N-dibenzylethylenediamine, N-methyiglucamine
(meglumine), ethanclamine, tromethamine, or diethanolamine.

For administration to humans in the curative or prophylactic treatment of
inflammatory diseases, oral dosages of a compéund of formula | or a pharmaceutically
acceptable salt thereof (the active compounds) are generally in the range of 0.1 to 1000
mg dally for an average adult patient (70 kg), in single or divided doses. The active
compounds can be administered in single or divided doses. (ndividual tablets or
capsuies shouid generally contain from 0.1 to 100 mg of active compound, in a suitable
pharmaceutically acceptable vehicle or carrier. Dosages for intravenous administration
are typically within the range of 0.1 to 10 mg per single dose as required. For
intranasal or inhaler administration, the dosage is generally formulated as a 0.1 to 1%
(w/v) solution. In practice the physician will determine the actual dosage which will be
most suitable for an individual patient and it will vary with the age, weight and response
of the particular patient. The above dosages are exemplary of the average case but
there can, of course, be individual instances where higher or lower dosage ranges are
merited, and all such dosages are within the scope of this invention.

For administration to humans for the inhibition of TNF, a variety of conventional
routes may be used including orally, parenterally, topically, and rectally (suppositories).
In general, the active compound wilt be administered orelly or parenterally at dosages
between about 0.1 and 256 mg/kg body weight of the subject to be treated per day,
preferably from about 0.3 to & mg/kg; in single or divided doses. However, some
variation in dosage will necessarily occur depending on the condition of the subject
being treated. The person responsible for administration will, in any event, determine
the appropriate dose for the lndividual subject.

For human use, the active compounds of the present invention can be
administered alone, but will generally be administered in an admixture with a
pharmaceutical diluent or carrier selected with regard to the intended route of
administration and standard phérmaceutical practice. For example, they may be
administered orally in the form of tablets cdrfl_"taining such exclpients as starch or
lactose, or in capsules either alohe or in admixture with excipients, or in the form of
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elixirs or suspensions containing flavoring or coloring agents. They may be injected
parenterally; for exampie, intravenously, intramusculardy or subcutaneously. For
parenteral administration, they are best used in tﬁe form of a sterile aqueous solution
which may contain other substance; for example, enough salts or glucose to make the
solution isotonic.

Additionally, the active compounds may be administered topically when treating
inflammatory conditions of the skin and this may: be done by way of creams, jellies,
gels, pastes, and ointments, in accordance with standard pharmaceutical practice.

The therapeutic compounds may also be administered to a mammal other than
a human. The dosage 1o be administered to a mammal will depend on the animal
species and the disease or disorder being treated. The therapeutic compounds may
be administered to animals in the form of a capsule, bolus, tablet or liquid drench. The
therapeutic compounds may also be admlnister'é'_d to animals by injection or as an
implant. Such formulations are prepared in a conventional manner in accordance with
standard veterinary practice. As an alfemativa the therapeutic compounds may be
administered with the animal feedstutf and for this purpose a concentrated feed additive
or premix may be prepared for mixing with the anrnd animal feed.

The ability of the compounds of formula | or the pharmaceutically acceptable
salts thereof to inhibit PDE IV may be determined by the following assay.

Thirty to forty grams of human lung tissue is placed in 50 mi of pH 7.4
Tris/phenyimethylsulionyl fluoride (PM_SF)/sucrose_ buiffer and homogenized using a
Tekmar Tissumizer® (Tekmar Co., 7143 Kemper Road, Cincinnati, Ohio 45249) at full
speed for 30 seconds. The homogenate is centrifuged at 48,000 x g for 70 minutes at
4°C. The supernatant is filtered twice through a 022 pm filter and applied to a Mono-Q
FPLC column (Pharmacia LKB Biotechnology, 800 Centennial Avenue, Piscataway, New
Jersey 08864) pre-equilibrated with pH 7.4 Tris/PMSF Buffer. A flow rate of 1 mi/minute
is used to apply the sampie to the column, foﬂo@,ed by a 2 mi/minute flow rate for
subsequent washing and elution. Sample is eluted using an increasing, step-wise NaCl
gradient in the pH 7.4 Tris/PMSF buffer. Eight m! fractions are collected. Fractions are
assayed for specific PDE,, activity dete_njninad by ﬁH]cAMP hydrolysis and the ability
of a known PDE,, inhibitor (e.g. .‘l‘bliprfain) to inhi_bit that hydrolysis. Appropriate
fractions are pooled, diluted with ethylene glycol (2 iml ethylene glycol/s m! of enzyme
prep) end stored at -20°C until use.
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Compounds are dissolved in dimethyisulfoxide (DMSO) at a concentration of 10
mM and diluted 1:25 in water (400 4M compound, 4% DMSO). Further serial dilutions
are made in 4% DMSO to achieve desired concentrations. The final DMSO
concentration in the assay tube is 1%. in duplicate the following are added, in order,
to a 12 x 75 mm glass tube (all concentrations are given as the final concentrations in
the assay tube).

i) 26 41 compound or DMSO (1%, for control and blank)

ii) 25 pl pH 7.5 Tris buffer

i) [PHIcAMP (1 uM)

iv} 25 ul PDE IV enzyme {for blank, enzyme is preincubated in boiling water

for 5 minutes) '

The reaction tubes are shaken and placed in a water bath (37°C) for 20
minutes, at which time the reaction is stopped by placing the tubes in a boiling water
bath for 4 minutes. - Washing .buffer (0.5 ml, :0.1M 4-{2-hydroxyethyl)-1-piperazine-
ethanesulfonic acld (HEPES)/0.1M nacl, pH 8.5) is added to each tube on an ice bath.
The contents of each tube are filed to an AFF-Gel 601 column (Biorad Laboratories,
P.O. Box 1229, 85A Marcus Drive, Melvile, New York 11747) (boronate affinity gel, 1 mi
bed volume) previously equilibrated with washing buifer. [°*H}cAMP is washed with 2
x 6 mi washing buffer, and [*H]5'AMP is then eluted with 4 ml of 0.256M acetic acid.
After vortexing, 1 mi of the elution is added to 3 ml scintillation fluid in a suitable vial,
vortexed and counted for [PH].

% inhibition = 1 - average test compound - average emp (blank
average cpm {control) - average cpm (blank)

ICs, is defined as that concentration of compound which inhibits 50% of specific
hydrolysis of [PHJcAMP to [*H]5'AMP.

The ability of the compounds | or the pharmaceutically acceptable salts thereof
to inhibit the production TNF and, consequently, demonstrate their effectiveness for
treating disease involving the production of TNF is shown by the following in vitro
assay.

Peripheral blood (100 mis} from human volunteers is collected in
ethylenediaminetetraacetic acid (EDTA). Mononuclear cells are isolated by
FICOLL/Hypaque and washed three times in incomplete HBSS. Celis are resuspended
in a final concentration of 1 x 10° cells per m! in pre-warmed RPMI {containing 5% FCS,
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glutamine, pen/step and nystatin). Monocytes are plated as 1 x 10° cells in 1.0 ml in
24-well plates. The cells are incubated at 37°C (5% carbon dioxide) and allowed to
adhere to the plates for 2 hours, aftér which time non-adherent celis are removed by
gentle washing. Test compounds (10} are then added to the cells at 34
concentrations each end incubated for 1 hour. LPS (104} is added to appropriate
wells. Plates are incubatad overnight (18 hrs) at 37°C. At the end of the incubation
period TNF was analyzed by a sandwich EUSA (R&D Quentikine Kit). IC,,
determinations are made for each compound based on linear regression analysis.
The following Examples illustrate the invention.

PREPARATION 1
1-Cvclopentyl-3-ethyl-1H-indazole-6-carboxylic acid methvl ester
A 3-Nitro-4-propyl-benzoic_acid. 9.44 g (57.5 mmol, 1.0 equiv) of 4-
propyibenzoic acid were-partia:_l'ly*di'ssolved in 50 mL concentrated H,SO, and chilled
in an ice bath. A solution of 4.7 mL (74.7 mmol, 1.3 equiv) concentrated HNO, in 10
mL concentrated H,SO, was added dropwise over 1-2 min. After stirring 1 hour at 0°C,

the reaction mixture was poured into a 1 L beaker half full with ice. After stirring 10

min., the white solid that formed '_w_as filtered, washed 1 x H,0, and dried to give 12.01
g (100%) of the title compound: mp 108-109°C; IR (KBr) 3200-3400, 2966, 2875, 2667,
2654, 1708, 1618, 1637, 1299, 921 em™'; '"H NMR (300 MHz, DMSO-d,) 6 0.90 (t, 3H

=7.4 Hz), 1.59 (m, 2H), 2.82 (m, 2H), 7.63 (d, 1H, J= 8.0 Hz), 8.12 (dd, 1H, J=1.7,
8.0 Hz), 8.33 (d, 1H, J=1.7 Hz); '>*C NMR (75.6 MHz, DMSO-d,) 6 14.2, 23.7, 34.2,
125.4, 130.5, 132.9, 133.6, 141.4, 149.5, 165.9; Anal. calod for C,H,,NO,#1/4H,0: C,
56.20; H, 5.42; N, 6.55. Found: C, 8§6.12; H, 6.31; N, 6.81.

B. 3-Amino-4-propyi-benzoic acid. A mixture of 11.96 g (67.2 mmol) 3-nitro-
4-propyl-benzoic acid and 1.5 g 10% Pd/C, 50% water wet, in 260 mL CH,OH was
placed on a Parr hydrogenation apparatus and shaken under 25 psi H, at ambient
temperature (20-26°C). After 1 hours, the reaction mixture was filtered through Clite®,
and the filtrate concentrated and dried to give 9.80 g (96%) of a pale yellow crystaliine
solid: mp 139.5-142.6°C; IR (KBr) 3200-2400, 3369, 3298, 2969, 2674, 2588, 1690,
1426, 1260, 916, 864 cm™; 'H NMR*(SOO MHz, DMSO-d,) 6 0.90 (t, 3H, J=7.2 Hz), 1.52
(m, 2H), 2.42 (m, 2H), 5.08 (br s, 2H), 6.96 (d, 1H, J=7.8 Hz), 7.06 (dd, 1H, J=1.7,7.8
Hz), 7.20 (d, 1H, J=1.7 Hz), MS (C), NH,) m/z 180 (M+H*, base); Anal. calcd for
C,oH,3NO,#1/3H,0: C, 64.85; N, 7'.89; N, 7.66. Found: C, 64.69; H, 7.49; N, 7.86.
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C. 3-Carboxy-6-propyi-benzenediazo t-butyl sulfide. A mixture of 8.80 g
(49.1 mmol, 1.0 equiv) 3-amino-4-propyl-benzoic acid and 2.34 g (22.1 mmol, 0.45
equiv) sodium carbonate in 65 mL H,O was heated gently with a heat gun until mostly
dissolved. The reaction mixture was chilled in an ice bath, and a solution of 3.73 g -
(64.0 mmol, 1.0 equiv) sodium nitrite in 27 mL H,O was added dropwise. After 15
minutes, the reaction mixture was transferred to a dropping funnel and added over 10
minutes to a beaker containing 55 g of crushed ice and 10.6 mL concentrated HCI.
After stirring 10 minutes, the contents of the beaker were transferred to a dropping
junnel and added over 5 minutes to a room temperature solution of 5.31 mbL (47.1
mmol, 0.96 equiv) t-butyl thiol in 130 mL ethanol. The pH was adjusted to 4-5 by
addition of saturated aqueous Na,CO, solution, and the reaction mixture was allowed
to stir 1 hour at ambient température (20-25°C). 200 mL brine were added, and the
mixture was filtered. The solid was washed 1 x H,0 and dried overnight to give 12.25
g (89%) of a brown/rust colored -ppwdé_r (caution-stench): mp 102°C (dec); IR (KBr)
3200-2400, 2962, 2872, 2650, 1678, 1‘484, 1428, 1298, 1171 em™; 'H NMR (300 MHz,
OMSO-dg) 6 0.84 (t, 3H, J=7.3 Hz), 1.48 (m, 2H), 1.55 (s, 9H), 2.42 (m, 2H), 7.29 (d,
1H, J=1.6 Hz), 7.50 (d, 1H, J=8.0 Hz), 7.86 (dd, 1H, J=1.7, 7.9 H2), 13.18 (br s, 1H),
MS (thermospray, NH,0Ac) m/z 281 (M+H+, base); Anal. caled for C,,H,,N,0,S: C,
§9.96; H, 7.19; N, 9.99. Found: C, 69.71; H, 7.32; N, 10.02.

D. 3-Ethvl-1H-indazole-6-carboxylic acid. A solution of 12.0 g (42.8 mmol,
1.0 equiv) 3-carboxy-6-propyl-benzenediazo t-butyl sulfide in 150 mL DMSO was added
dropwise over 15 minutes to an ambient temperature solution of 44.6 g (398 mmol, 9.3
equiv) potassium t-butoxide in 200 mL dimethyisulfoxide (DMSO). After stirring 2 hours
at ambient temperature, the reaction mixture was poured into 1.5 L of 0°C 1N HCI,
stired 6 minutes, then extracted 2 x 350 mL ethyl acetate. The ethyl acetate extracts
(caution - stench) were combined, washed 2 x 260 mL H,0, and dried over MgSO,.
Fittration, concentration of filtrate and drying gave a tan solid, which was triturated with
1L of 1:3 Et,OfHexanes and dried to give 7.08 g (87%) of a tan crystalline powder: mp
248-261°C; (R (KBr) 3301, 3300-24b0, 2973, 2504, 1702, 1455, 1401, 1219 cm™; 'H
NMR (300 MHz, DMSO-d,) ¢ 1.31 {t, 3H, J=7.6 Hz), 2.94 (q, 2H, J=7.6 Hz), 7.63 (dd,
1H, J=1.1, 8.4 Hz), 7.81 (d, 1H, J=8.4 Hz), 8.06 (d, 1H, J=1.1. Hz), 12.95 (br s, 1H);
MS (Cl, NH,) m/z 191 (M+H+, base); Anal. caled for C,,H,oN,O,: C, 63.14; H, 5.30;
N, 14.73. Found: C, 62.66; H, 5.42; N, 14.80.
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E. 3-Ethyl-1H-indazole-6-carboxylic acid methyl ester. 8.78 g (45.8 mmol,

1.1 equiv) 1-(3-dimethylaminopropyl)-3-sthylcarbodiimide hydrochloride were added in
one portion to an ambient temperature soluftion of 7.92 g (41.6 mmol, 1.0 equiv) 3-ethyl-
1H-indazole-6-carboxyiic acid, 16.9 mL (416 mmol, 10 equiv) methanol and 6.59 g (45.8
mmol, 1.1 equiv) dimethylaminopyridine (DMAP) in 250 mL CH,Cl,. After 18 hours at
room temperature, the reaction mixture was concentrated to 150 mL, diluted with 500
mL ethyl acetate, washed 2 X 100 mL 1N HCI, 1 x 100 mL H,0, 1 x 100 mL brine, and
dried over Na,SO,. Filtration, concentration of filtrate and drying gave 7.8 g of a brown
solid, which was purified on a silica gel column (30% to 60% ethyl acetate/hexane
gradient) to give 6.41 g (75%) of a tan solid: mp 107-108°C; IR (KBr) 3100-2850, 1723,
1222 em™; 'H NMR (300 MHz, CDCL,) 6 8.19 {m, 1H), 7.7-7.8 (m, 2H), 3.96 (s, 3H), 3.05
(9, 2H, J=7.7 Hz), 1.43 {t, 3H, 7.7 Hz); MS (Cl, NH,) m/z 205 (M-+H", base); Anal.
caled for C,,H,,N,0,: C,64.70; H, 6.92; N, 13.72. Found: C, 64.88; H,6.01; N, 13.96.
F. w&mwwm 1.17
g (29.4 mmol, 1.05 equiv) sodium hydnde, 60% oil dispersion, were added in one
portion to an ambient temperature solution of 5.7 g (27.8 mmol, 1.0 equiv) 3-ethyl-1H-
indazole-6-carboxylic acid methyl ester in 126 mL anhydrous DMF. After 20 min., 3.89
mL (36.6 mmol, 1.3 equiv) cyclopentyl bromide were added dropwise, and the reaction
mixture allowed to stir overnight at room témperaiure. The mixture was then poured
into 1 L H,0 and exiracted 3 x 450 mL ethyl acetate. The organic extracts were
combined, washed 3 x 400 mL H,0, 1 x 200 mL brine, and dried over Na,SO,.
Fitration, concentration of filtrate and drying gave an amber oil, which was purified on
a silica gel column (10% ethy! acetate/hexanes, gravity) to give 6.48 g (72%) of a clear
oil: *H NMR (300 MHz, CDCl,) 4 8.16 (d, 1H, J=1.0 Hz), 7.7 (m, 2H), 5.00 (quintet, 1H,
=7.6 Hz), 3.97 (s, 3H), 3.01 {q, 2H, J=7.8 Hz), 2.2 (m, 4H), 2.0 (m, 2H), 1.8 (m, 2H),
1.39 (t, 3H, J=7.6 Hz); HRMS calcd for C,,H,ON,O, 272.1626. Found: 272.15078.
G. (1 chogeng@hyl—'lﬁlgdazol-s-yj) methanol. 7 mi (7.0 mmol, 1.0
equiv) lithium aluminum hydride, 1.0M solution in THF were added to a 0°C solution
of 1.02 g (7.05 mmol, 1.0 equiv): 1-cyclopentyl-3—ethyl-1 H-mdazoles-carboxyﬂc acid
methyl ester in 50 mbL anhydrous THF. Aﬂer 20 minutes 1 mL methanol was added
cautiously, then the reaction mtxture was poured into 500 mL of 5% H,SO, and
extracted 3 x 50 mL ethyl acetate The organ:c extracts were combined, washed 2 x
40 mL H,0, 1 x 40 mL brine, and dried over Na,SO4_. Filtration, concentration of filtrate,



WO 97/49702 PCT/IB97/00630

10

186

20

25

30

-29-

and drying gave 1.58 g of a clear oil, which was purified on a silica gel column to give
1.53 g (89%) clear oil: IR (CHCI,) 3606, 3411, 3009, 2972, 2875, 1621, 1480 cm™; 'H
NMR (300 Mhz, CDCl,) & 7.85 (d, 1H, J=8.0 Hz) 7.42 (s, 1H), 7.06 (dd, 1H, J=1.0, 8.2
Hz), 4.92 (quintet, 1H, J=7.7 Hz), 4.84 (s, 2H), 2:98 (q, 2H, J=7.6 Hz), 2.2 (m, 4H), 2.0
(m, 2H), 1.7 (m, 8H), 1.38 (1, 3H, J=7.6 Hz); MS (thermospray, NH,0Ac) m/z 245
(M+H*. base); HRMS caled for C,;H,oN,O + H: 245.1854. Found: 245.1676.

H.  1-Cyclopentyl-3-sthyl-1H-indazole:6-carbaldehyde. 106 mg (0.301 mmol,
0.05 equiv) tetrapropylammonium panuttnenate-(VBl) were added to a room temperature
suspension of 1.47 g (6.02 mmol, 1.0 equiv) {1-cyyclopentyl-3-ethyl-1H-indazol-6-yl)-
methanol, 1.06 g (9.03 mmol, 1.5 equiv) N-methyimorpholine N-oxide and 3.01 g 4A
molecular sieves in 12 mL anhydrous CH,Cl,. ‘After 20 minutes the reaction mixture
was filtered through a short column of silica gel (eluted with CH,Cl,). Fractions
containing product were concen'trgtfed_,' and the residue chromatographed on a silica
gel column (15% ethyl acetate/hexanes; flash) to give 924 mg (63% of a pale yeliow
solid: mp 41° C; IR (KBr) 3053, 2966, 2672, 2819, 1695 cm™"; 'H NMR (300 MHz,
CDCl,) 6 10.13 (s, 1H), 7.93 (d, 1H, J-0.9 Hz), 7.77 (d, 1H, J=8.4 Hz), 7.60 (dd, 1H,
J=1.2, 8.4 Hz), 5.00 (quintet, 1H, J=7.5 Hz), 3.01 (q, 2H, J-7.6 Hz), 2.2 (m, 4H), 2.0 (m,
2H), 1.7 (m, 2H), 1.38 (¢, 3H, J=7.5 Hz); MS (Cl, NH,) m/z 243 (M+H*, base); Anal.
caicd for C,sH,eN,O: C, 74.35; H, 7.49; N, 11.56. Found: C, 74.17; H, 7.58; N, 11.79.

PREPARATION 2
1-Cyclopentyi-3-ethyl-1H-indazole-6-carbaidehyde
A 4-Bromo-2-nitro-1-propy I-bg' zene. 125g (628 mmol, 1.0 equiv) 1-bromo-

4-propyl-benzene were added in one-portion to émoc solution of 600 mL conc. H,SO,
and 200 mL H,O. With vigorous mechanicat stirring, an amblent temperature mixture
of 43.2 mL (691 mmol, 1.1 equiv) conc. HNO, {69-71%, 16M) in 160 mL conc. H,SO,
and 50 mL H,0 was added dropwise over 30 minutes. The ice bath was allowed to
warm to ambient temperature, and.the reactioﬁ stirred at room temperature for 68
hours. The reaction mixture was poured into a 4 L beaker, loosely packed full with
crushed ice. After stirring 1 hour, thé mixture was transferred to a 4 L separatory funnel
and exiracted 4 x 800 mL isopropyl ether. Tﬁe organic extracts were combined,
washed 3 x 800 mL H,0, 1 X 500 m, brine, and dried over Na,SO,. Filiration,
concentration of filtrate and drying g_avé_ 150 ml. of a yellow liquid, which was purified
by siica gel chromatography (2 columns, 3 kg silica gel each, 2% ethyl
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acetate/hexanes) to afford 63.9 g (42%) of a yellow liquid. The desired regioisomer is
the less polar of the two, which are formed in a 1:1 ratio. bp 108°C, 2.0 mm: IR
(CHCI,) 3031, 2966, 2935, 2875, 1631, 1352 cm™; 'H NMR (300 MHz, CDCl,) 4 8.01 (d,
tH, J=2.1 Hz), 7.62 (dd, 1H, J=2.1, 8.3 H2) 7.23 (d, 1H, J=8.3 Hz), 2.81 (m, 2H), 1.67
{m, 2H), 0.98 {t, 3H, J=7.4 Hz); *C NMR (75.56 MHz, CDCl,) 6 13.94, 23.74, 34.43,
119.6, 127.4, 133.3, 135.7, 136.4, 149.8; GCMS (El) m/z 246/243 (M+.), 147 (base);
HRMS caled for C,H,,NO,Br + H: 243.9973. Found: 243.9954.

' B. 5-Brome-2-propyl-phenylamine. 121 g (639 mmot, 3.0 equiv) of stannous
chloride (anhydrous) were added m one portion to a room temperature solution of 51.9
g (213 mmol, 1.0 equiv) 4-bromo-2-nitro-1-propyl-benzene in 1200 mL absolute ethanol
and 12 mL (6 equiv) H,0. After 24 hours at room temperature, most of the ethanol was
removed on a rotary evaporator. The residue was poured into a 4 L beaker, 3/4 full
with crushed ice and H,0. 150 g of NaOH pellets were added portionwise, with stirring,
until the PH = 10 and most of the tin hydroxide has dissolved. The mixture was divided
in half, and each half extracted 2 x 760 mL. ethyl acetate. All four ethyl acetate extracts
were combined, washed 1 x 500 mL sach 1N NaOH, H,0, and brine, then dried over
Na,SO,. Filtration, concentration of filtrate and drying gave a yellow liquid, which was
purified on a 1.2 kg silica gel column (1:12 ethyt acetate/hexanes) to give 41.83 g (92%)
of a pale yellow liquid: IR {CHCI,) 3490, 3404, 3008, 2962, 2933, 2873, 1620, 1481 cm’
'; 'TH NMR (300 MHz, CDCl,) 6 6.8-6.9 (m, 3H), 3.90 (br s, 2H), 2.42 (m, 2H), 1.62 (m,
2H), 0.99 {t, 3H, J=7.3 Hz); GCMS (El) m/z 215/213 (M+.}, 186/184 (base); Anal. calcd
for C,H,,NBr: C, 50.49; H, 6.65; N, 6.54. Found: C, 5§0.77; H, 5.70; N, 6.50.

C. 6-Bromo-3-sthyl-1H-indazole. 49.22 g (230 mmol, 1.0 equiv) 5-bromo-2-
propyi-phenylamine were placed in a 3 L fiask and chilled in an ice bath. A 0°C
solution of 57.5 mL (680 mmol, 3.0 equiv) conc. HC! in 165 mL H,0 was added, and
the resulting solid mass which formed was ground up untii a fine white suspension
resuited. 100 mL more H,0 were. added, then a solution of 15.9 g (230 mmol, 1.0
equiv) sodium nifrite in 76 mL H,O was added dropwise over 10 minutes. The ice bath
was removed, and the reaction alléﬁv_ed to stir at room temperature for 30 minutes. The
reaction mixture was then filtered through a sintered glass funnel, precooled to 0°C.
The filtrate was chilled in an ice bath, and with mechanical stiming, a 0°C
solution/suspension of 32.8 g (313 mmol, 1.36 equiv) ammonium tetrafluorobrate in 110
mbL H,0 was added dropwise over 10 minutes. The thick white suspension which
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formed (ary! diazonium tetraflucroborate sat) was allowed to stir 1.5 hours at 0°C, The
mixture was then filtered, and the solid washed 1 x 200 mL 5% aq. NH,BF, (cooled at
0°C), 1 x 160 mL CH,OH (cooled to 0°C), then 1 x 200 mL Et,0. Drying at high
vacuum, ambient temperature for 1 hour gave 5447 g (76%) of the diazonium salt, an
off-white solid. '

1500 mL of ethanol free chioroform were placed in a 3-neck flask, then 34.16
g (348 mmol, 2.0 equiv) potassium acetate (powdered and dried) and 2.3 g (8.7 mmol,
0.05 equiv) 18-crown-6 were added. After 10 minutes, the diazonium salt was added
in one portion, and the reaction mixture allowéd to stir at room temperature under
nitrogen atmosphere for 18 hours. The mixture was then filtered, the solid washed 2
x with CHCI,, and the filtrate concentrated to give 47 g of crude product (brown
crystals). Silica gel chromatogi_aphy {1.2 kg silica gel, ethyl acetate/hexanes gradient
15%, 20%, 40%) gave 21.6 g (66% for second step, 42% overall) of tan crystals: mp
112-114°C; IR (KBr) 3205, 3008, 2969, 2925, 1616, 1340, 1037 cm™'; 'H NMR (300 MHz,

'CDCl,) 6 9.86 (brs, 1H), 7.61 (d, 1H, J=1.3 Hz), 7.57 (d, 1H, J=8.4 Hz), 7.24 (dd, 1H,

J=1.5, 8.6 Mz), 2.99 (q, 2H, J=7.6 Hz), 1.41 {t, 3H, J=7.6 Hz); MS (CI, NH,) m/z
227/225 (M+H", base); Anal. caled for C;H,N,Br: C, 48.02; H, 4.03; N, 12.45. Found:
C, 48.08; H, 3.87; N, 12.45. .
D.  6-Bromo-i-cyclopentyl-3-ethyl-1H-ndazole. 2.46 g (61.4 mmol, 1.0
equiv) sodium hydride, 60% o_ii disperiion, were added in 0.5 g portions to a 10°C
solution of 13.17 g (58.5 mmol, 1.0 equiv) 6-bromo-3-ethyl-1H-indazole in 500 mL
anhydrous DMF. The mixture was stirred at ambient temperature for 20 minutes, then
a solution of 8.8 mL (81.9 mmol, 1.4 equiv) cy_qiopentyl bromide in 10 mL anhydrous
DMF was added dropwise. After 18 hours, the reaction mixture was poured into 2 L
H,0 and extracted 2 x 1 L ethyl acetate. The org_anic extracts were combined, washed
2 x 760 mL H,0, 1 x 500 mL brine, and dried over Na,SO,. Filtration, concentration of
filtrate and drying gave 20.7 g of crude product, which was purified on a silica gel
column (1.1 kg silica gel, 3% ethyl acetate/hexanes) to give 10.6 g (62%) of an amber
liquid: IR (CHCI,) 2972, 2876, 1608, 1501, 1048 cm™*; 'H NMR (300 mHz, CDCI,) § 7.56
(dy TH, J=1.8 Hz), 7.52 (d, 1H, J=8.7 Hz), 7.17 (dd, 1H, J= 1.6, 8.5 Hz), 4.83 (quintet,
1H, J=7.6 Hz), 2.96 (q, 2H, J=7.6 Hz), .16 (m; 4H), 2.0 (m, 2H), 1.65 (m, 2H), 1.36 {t,
3H, J=7.7 Hz); MS (thermosprgy,-'NH‘O'Ac) mlzi_é,_;95/293 (M+H+, base); Anal. caled for
C,H,;N,Br: C, 67.35; H, 5.84; N, 9.65. Found: C, 67.48; H, 6.83; N, 9.90.
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E. 1-Cyclopentyl-3-ethyl-1H-indazole-8-carbaidehyde. 11.6mL (28.4 mmol,
1.0 equiv) n-Bull, 2.45 M in hexanes, were added to a -78°C solution of 8.32 g (28.4
mmol, 1.0 equiv) 8-bromo-1-cyciopentyl-3-ethyl-1H-indazole in 200 mL anhydrous THF.
After 30 min, at -78°C, 8.8 mL (114 mmol, 4.0 equiv) anhydrous DMF were added
dropwise, and the reaction mixture was allowed to stir an additional 30 minutes at
-78°C. The mixture was warmed to room temperature over 1 hour, then 125 mL 1N
HCI were added. After sfirring for 10 minutes, most of the THF was removed on a
rotary evaporater. The residue was diluted with 500 mL H,0, and extracted 2 x 250 mL.
ethyl acetate. The organic extracts were combined, washed 1 x 100 mL H,0, 1 x 100
mL brine, and dried over Na,SO,. Filtration, concentration of filtrate and drying gave
a yellow oil, which was purified on silica gel column (156% ethyl acetate/hexanes,
gravity) to give 4.70 g (68%) of a yellow crystaliine solid: 'H NMR (300 MHz, CDCI,)
identical to the spectrum of the titte compound from Preparation 1.

Racemic 4-(1-Cyciopentyl-3-ethvi-1H-indazol-6-yl)-pyrrolidine-2-one

A. 2-(1-Cyclopentyl-3-ethyi-1 H-indazol-8-yimethyilene)-malonic acid diethyl
aester

A mixture of 3.74 g (15.4 mmol, 1.0 equiv) 1-cyclopentyi-3-ethyl-1H-indazole-6-
carbaldehyde, 2.33 mL (15.4 mmol, 1.0 equiv) diethyl malonate, and 1.52 mL (154
mmol, 1.0 equiv) piperidine in 60 mL anhydrous toluene was heated to reflux. A dean-
Stark trap was used to drive the reaction to completion. After 24 hours, the reaction
mixture was cooled to room temperature and the toluene removed on a rotary
evaporator. The residue was diluted with 500 mL. éthyl acetate and washed 2 x 150 mL
saturated aqueous NH,Cl, 1 x 150 mL H,0, 1 x 150 mL brine, and dried over Na,SO,.
Filtration, concentration of filtrate and drying gm)_q 6.87 g crude product, which was
purified on a silica gel column (10% ethyl acetate/_hexanes. flash) to give 3.01 g (51%)
of a yellow oil: IR (CHCl,) 2974, 2940, 2874, 1724 1257 em'; 'H NMR (300 MHz,
CDCl,) 6 7.87 (s, 1H), 7.63(d, 1H, J=8.4 Hz), 7.52 (_s_, 1H), 7.15 (dd, 1H, J=1.4, 8.4 H2),
4.88 (quintet, 1H, J=7.6 Hz), 4.3 (m, 4H), 2.6 (q, 2H, J= 7.6 Hz), 2.15 {m, 4H), 2.0 (m,
2H), 1.7 (m, 2H), 1.3 (m, 9H); MS (Cl, NH,) mlz:'--385 (M+H*, base); Anal. calcd for
CpHN,O,: C, 68.74; H, 7.34; N, 7.27. Found: C, 68.50; H, 7.15; N, 7.23.
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B. 2- - cl iyl -1H-indazol-6-yl)}-methyi]-malonic cid

lethy} ester. 375 mg (7.65 mmol, 1.0 equiv) sodium cyanide were added in one
portion to room temperature solution of 2.94 g (7.65 mmol, 1.0 equiv) 2-(1-cyclopentyl-
3-ethyi-1H-indazol-6-yimethylene)-malonic acid diethyl ester in 50 mL absolute ethanol.
After 14 hour room temperature, the reaction mixture was concentrated on a rotary
evaporator and the residue diluted with 500 mL sthyi acetate. 200 mL H,0 were added,
and the mixture acidified to pH 3 with 1N HCI. The layers were separated, and the
organic layer was washed 1 x 100 mL H,0, 1 x 100 mL brine, and dried over Na,S0,.
Filtration, concentration of filtrate and drying gave an orange oil, which was purified on

- a silica gel column (16% - 26% ethy! acetate/hexanes gradient) to give 2.84 g (90%) of

a clear oil: IR (CHCI,) 3032, 2974, 2941, 2875, 2250, 1752, 1736, 1244 cm™'; '"H NMR
(300 MHz, CDCl,) & 7.67 (d, 1H, J=8.4 Hz), 7.41 (s, 1H), 7.04 (dd, 1H, J=1.4, 8.4 Hz),
4.89 {quintet, 1H, J=7.6 Hz), 4.66 (d, 1H, J=9.6 Hz), 4.8 (m, 2H), 4.1 (m, 2H), 3.956 (d,
1H, J=9.5 Hz), 2.97 (q, 2H, J=7.6 Hz), 2.15 (m, 4H), 2.0 (m, 2H), 1.36 (t, 3H, J=7.5
Hz), 1.30¢, 3H, J=7.1 Hz), 1.06 (t, 3H, J=7.1 Hz); MS (CI, NH,) m/z 412 (M+H*, base);
Anal. caled for C,3H,N,0,: C, 67.13; H, 7.10; N, 10.21. Found: C, 67.29; H, 6.97; N,
10.06.

C. ic 4-(1-Cyclopentyi: I-1H-inda2ol-6-yl)-pyrrolidine-2-one. 3.0
g platinum (IV) oxide and 35 mL acetic acid were placed on a Parr® hydrogenation
apparatus and shaken under 45 psi H, at room temperature for 1 hour. 2.79 g (6.78
mmol, 1.0 equiv) 2-[cyano-(1-cyclopentyl-3-sthyi-1H-indazol-6-yi)-methyi]-malonic acid
diethyl ester were added, dissolved in 40 mi. aoetbo acid, then the mixture was shaken
under 45 psi H, at room temperature for 3 hours. The reaction mixture was filtered
through celite®, and the filtrate concentrated on a rotary evaporator and azeotroped 3
x with toluene. Drying at high vacuum, room temperature gave 3.37 g of a yellow oil.
This oil was dissolved in 100 mL toluene, 10 mL triethylamine were added, and the
mixture heated to refiux under nitrogen atmosphere. After 17 hours, the reaction
mixture was cooled to room tem;}er@ture, and the toluene removed on a rotary
evaporator. The residue was dissolved in 250 mL ethyl acetate and washed 3 x 50 mL
IN HCI, 1 x 80 mL H,0, 1 x 50. mL brine, and dried over Na,SO,. Filtration,
concentration of filtrate and drying gave 2.84 g of an amber oil.
This second oil was dissolved in 60 mL ethanoil and 20 mL 1N NaOH were added.
After 30 minutes of reflux, the reaction mixture was cooled to room temperature and
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concentrated on a rotary evaporator. The residue was diluted with 200 mL H,0,
acidified to pH=2 with 1N HCI, and extracted 2 x 100 mL ethyl acetate. The organic
extracts were combined, washed 1 x 50 mL H,0, 1 x 50 mL brine, and dried over
Na,SO,. Filtration, concentration of filtrate and drying brine, and dried over Na,SO,.
Filtration, concentration of filtrate and drying gave 2.45 g of a tan amorphous solid.
This solid was heated in an oll'ba'th to 180°C (extarnal) under nitrogen atmosphere.
After 20 minutes at 180°C, all bubbling had ceased, and the brown liquid which formed
was cooled to room temperature. As it cooled, it crystallized as a tan solid. Silica gel
chromatography (5% CH,OH/CH,CI,, flash) gave 1.41 g of a white solid, which was
recrystalized from ethyl acetate/hexanes to give 1.21 g (60% overall) white silvery
flakes: mp 197-188°C; IR (KB\') 3197, 3093, 2967, 2874, 2818, 1705, 1682 cm™; 'H
NMR (300 MHz, CDCl,) 6 7.85 (d, 1H, J=8.2 Hz), 7.23 (s, 1H), 6.99 (dd, 1H, J=1.4, 8.3
Hz), 6.09 (br s, 1H), 4.89 (quintet, 1H, J=7.7 Hz), 3.85 (m, 2H), 3.6 (m, 1H), 2.97 (q,
2H, J=7.6 Hz), 2.85 (m, 1H), 2.66 (m, 1H), 2.14 {m, 4H), 2.0 (m, 2H), 1.7 (m, 2H), 1.37
{t, 3H, J=7.5 Hz); MS (Cl, NH,) m/z 298 (M+H"*, base); Anal. calcd for C,;H,,N,O: C,
72.69; H, 7.80; N, 14.13. Found: C, 72.39; H, 7.84; N, 14.33.

EXAMPLE 2
(+)-4-(1-Cyclopentyl-3-ethyl-1H-indazol-6-vl}-pyrrolidine-2-one and (-)-4-(1-
cyclopentyl-3-ethyl-1 H-indazol-6-yl)-pyrrolidine-2-one

958 mg of racemic 4-(1-cyclopentyl-3-ethyl-1H-indazol-8-yl)-pyrrolidine-2-one
were resolved chromatographically on a § cm id x 50 cm long Chiracel OD column.
The mobile phase was 88:12 heptane:isopropanol with 0.05% diethylamine as additive.
The feed tor each cycle was 60 ing racemate in 4 mL isopropanol. The fiow rate was
70 ml/min and the separation was monitored at 230 nm. The two peaks eluted at 50
and 55 minutes. The heart cuts of the §0 and 55 minutes. The heart cuts of the 50
minutes peak were pooled and assayed at 96% ee. This fraction (8L) was
concentrated, and the residue purified on a silica gel column (8% CH,0H/CH,CI,, flash)
to give 371 mg of a white solid.' which was recrystai__lized from ethyi acetate/hexanes to
give 295 mg of silvery-white flakes: mp 132-135°C; IR (KBr) 3204, 3097, 2867, 2873,
1702 cm™'; 'H NMR (300 MHz, CDCL,) & 7.65 (d, 1H, J=8.4 Hz), 7.23 (s, 1H), 6.99 (dd,
1H, J=1.2, 8.3 Hz), 5.94 (br s, 1HO, 4.89 (quintet, 1H, J=7.6 Hz), 3.85 (m, 2H), 3.49 (m,
1H), 2.98 {q, 2H, J=7.7 H2), 2.8 (m, 1H), 2.6 (m, 1H), 2.2 {m, 4H), 2.0 (m, 2H), 1.7 (m,
2H), 1.37 (t, 3H, J=7.4 Hz); MS (Cl, NH,) m/z 298 (M+H"*, base); Anal. calcd for
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CisHaN;0: C, 72,69; H, 7.80; N, 14.13. Found:; C, 72.41; H, 7.87; N, 14.17; [a]D = -
34.3°C (c=1.16, CHCl,). The heart cuts of the 66 minutes peak were pooled and
assayed at 94% ee. This fraction (13 L) was concentrated, and the residue purified on
a silica gel column (6% CH,0OH/CH,/Cl, flash) to give 400 mg of a white solid, which
was recrystallized from ethyl acetate/hexanes to give 266 mg of white crystals: mp
132.6-135.5°C; IR (KBr) 3203, 3097, 2967, 2872, 1703 cm™; 'H NMR (300 MHz, CDCl,)
é 7.65 (d, 1H, J=84 Hz), 7.23 (s, 1H), 6.99 (dd, 1H, J=1.2, 8.3 Hz), 5.94 (br s, 1H),
4.89 (quintet, 1H, J=7.6 hz), 3.85 (m, 2H), 3.49 (m, 1H), 2.98 (q, 2H, J=7.7 Hz), 2.8 (m,
1H), 2.6 (m, 1H), 2.2 (m, 4H), 2.0 (m, 2H), 1.7 (m, 2H), 1.37 {t, 3H, J=7.4 Hz); MS (Cl,
NH,) m/z 208 (M+H"*, base); Anal. calcd for C,,H,;N,0: C, 72.69; H, 7.80; N, 14.13.
Found: C, 72.76; H, 7.94; N, 14.20; [a]D=+32.9° (¢=1.19, CHCIi,).
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-36- REPLACED
CLAIMS
What is claimed is:
1. A compound of the formula |
R 1
IN I
Ro t;l/
R

or a pharmaceutically acceptable salt thereof, wherein:

R is H, C,-C, alkyl, -(CH,),(C,-C, cycloalkyl), -(CH,).(C,-C, heterocyciyl),
wherein m is 0 to 2, (C,-C, alkoxy)C,-C, alkyl, C,-C, alkenyl, or «(Z,),(Z,).(C,-C,, aryl)
wherein b and ¢ are independently 0 or 1, Z, is C,-C, alkylene or C.-C, alkenyiene, and
Z,is O, 8, 80, or NR,,, and wherein said R groups are optionally substituted by one
or more substituents independently selected from the group consisting of halo,
hydroxy, C,-Cy alkyl, C.-C; alkenyl, C,-C; alkoxy, C,-C, cycioalkoxy, trifiucromethyi,
nitro, -CO,R,,, -C(O)NR,R;,, ‘NR,,R,, and -SO,NR,R,;

R, is H, C,-C, alkyl, C,-C; alkenyl, phenyl, C;-C, cycloalkyl, or (C,-C,
cycloalkyl)C,-C, alkyl, wherein said alkyl, alkenyl and phenyl R, groups are optionally
substituted by 1 to 3 substituents independently selected from the group consisting of
methyi, ethyl, trifluoromethyl, and halo;

R, is 2-oxo-4-pyrrolyl, pyrazolyl, 2-oxo-3,4-dihydro-5-pyrimidyl, 2-oxo-3,4-

dihydro-4-pyrimidyt, 2-oxo-tetrahydro-4-pyrimidyl, 2-oxo-tetrahydro-5-pyrimidyl, 2-oxo-4-

pyrimidyl, or 2-oxo-5-pyrimidyl, wherein each of said R, groups is optionally substituted
by 1 to 4 R, groups,

ull\iii‘fiii\fﬁfi nﬁ““‘
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N . N
\N =~ ’ ’ \N = ,
(Iq) : (Ird

o . IO

N N or N N

(1s) _ (1

wherein, in said formulas (la)-(it), q is 0 or 1 in formula (Ib), nis 0 to 2 in formula (ic),
and the dashed lines appearing in formulas (ib}, {id), (ig), (h}, (li}, (lj) and {lo) represent
a double bond or a single bond,;

X,isOorsS; _

X,, in formula (lk) and where the dashed line in formula (i]) represents a double
bond, is CR,, CR,, CR,,, or COC(OINR,R,,, of, where the dashed line in formula (1)
represents a single bond, X, is CR,R,, CR,8;, or CR,eR,;

X, is C(=2,), C(S) or CR,R,,; .

X, is -{(CH,),,- wherein m is 0 to 2;

X, is a bond or -CH,~;

X is -CH,- or -C(0O)-; _

R, is H, hydroxy, C,-C, alkoxy, -CHR;(0),(CH,),A wherein q is 0 or 1 and m is
0to 2; .

R, is H, hydroxy, C,-C, alkyl, C,Cz alkoxy, -OC(O)CH,, C,-C; alkenyi or
(phenyl)C,-C, alkyl; I

Rs is H, hydroxy, (CH,),A wherein m-is 0 to 2, C,-C, alkyl or C,-C, alkanoyl,
wherein said alkyl group is optionally substiidiéd b{l 1 to 3 subtituents independently
selected from halo, nitro, -NR,oR,;, -CO.R;, -OR,, -OC(O)R,,, -C(O)R,, cyano,
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“C(=Y)NR,R,,, NR;C(=Y)NR, R, 'anép(=Y)R1o: -NR,,C(O)OR,,, -C(NR,INR,oR,,,
“C(NCNINR,cR,,, -CINCN)SR;,, -NR\oSO,Ryo, -S(0),Ry, Wherein m is O to 2,
-NR, ,SO,CF;, -NR, ,C(O)C(O)NR, ,R,,, -NR,OC(O)C(O)OR,O, imidazolyl, and 1-(NHR, ,}-2-
imidazolyl;

each R, is independently selected "ffpm th_a group consisting of H, halo, cyano,
R,a. cyclopropyl optionally substituted byzll'j__i'_,. -OB,D. -CH,0R,,, -NR,,R,,, -CH,NR,R,,,
-C(D)OR,,, -C{ONR, jR,,, -CH=CR,R,, -C mCR, and -C(=Z,)H;

R, Is H, -C(O)R,, imidazolyl, pymgp]yl, triazolyl, tetrazolyt, oxazolyl, isoxazolyl,
oxadiazolyl, thiadiazolyl, thiazolyl, oxazoli_éihyl, thiazolidinyl or imidazolidiny!;

each R, is independently -OR,,, -thﬁ,, or R,,;

each R, is independently H, halo, ',br C,-C, alkyl optionally substituted by 1 to
3 fluorines; |

each R,, and R,, -are--independent_l,igseleglled'fr.om hydrogen and C,-C, alkyl;

each R,, is independently -OR,, or R,;

R,; is C,-C, alkyl;

each R,, is independently selecte_d from the group consisting of halo, nitro,
cyano, -NR,oR,s. -NRoR,, -C(=Z)R, -5(0).R,; wherein m is 0 to 2, -OR,,
-OC(O)NR R, ,, 'C(Nntz)NRwa 'C(th)snn- -OC{O)CH,, -C(NCN)NR, iR, ,,
-C(S)NR; R, -NR,,C(O)R,,, -C(O)R,,, oxagb_lyl, il'hidazolyl, thiazolyl, pyrazolyl, triazolyl
and tetrazolyl; 'f

each R, is independently hydrogeh_ or C,-C, alkyl optionally substituted by 1
to 3 fiuorines; _

each R,; is independently H, R;"g', -C{O)R,;, -C(O)C(O)R,, -C(OINR,R,,,
-5(0),,R,; wherein m is 0 to 2, -C(NCN)SR,,, -C(NCN)R,,, -C(NR, ,)R,;, -C{NR,,)SR,,,
or -C(NCN)NR, R, ,;

each R,, is independently Hm, -C(O)R,,. oxazolidinyl, oxazolyl, thiazolyl,
pyrazolyl, triazolyl, tetrazolyl, mudazoly!____: imnc!azolldmyl thiazolidinyl, isoxazolyl,
oxadiazolyl, thiadiazolyl, morpholinyl, pipejﬁdinyl,z.épiperazinyl or pyrrolyl wherein each
of said R,, heterocyclic groups is opﬂonai)y su'lljastituted by one or two C,-C, alkyl
groups;

R,q is H, C,-C; alkyl, C,-C; alkenyl, benzyl or phenethyl;

R,q is H, C,-C, alkyl, C,-C, alkanoyl,_.or benzoyl;
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Ry is H, C,-C, alkyl, carboxy, aminocarbonyl, C,-C, alkyi optionally substituted
by carboxy, -(CH,),.C(0)(C,-C, alkoxy), or '_-":(CH,),,,(C,-C,,, aryl) wherein mis O to 2;

Ry, is H, C,-C, alkyl, -C(=Y)R;,, 'c(%Y}NHsz- -C(O)OR,,, or -(CH,), X, (pyridyl)
wherein n is 0 to 5 and X, is a bond of -CH=CH-, and wherein said pyridyl moisty is
optionally substituted by halo; -

R, is C,-C, alkyl, C,-C, cycloalkyl, -(CH,),(C,-Cy, aryl) or -(CH,) X, (pyridyi)
wherein n is 0 to 5 and X, is a bond or -CH=CH-, and wherein said pyridyl moiety is
optionally substituted by halo; E

R, is H, R,s, C,-C, alkyl substituted by hydroxy, or {C,-C, alkyoxy)C,-C, alkyi;

R, is H, R,,, carboxy, (C,-C, alkyoxy)C,-C, alkyl, C,-C; cycloalkyl or C,-C; alkyl
substituted by -NR, R, ,; :

or R,, and R,, are taken together to form -CH,O0CH,OCH,-;

Ry is H, hydroxy, G,-C, alkyl optionally substituted by hydroxy, -C(O)R,,,
-NR,,R,,, -(CH,),,NHC(O)R,,, -(CH) ,NHC(O)R,,, -(CH,),.CO,R,,. -(CH,),,C(OINR, R, ,,
-(CH,J.C(OIN(OH)R,;, -(CH,).SO,NR\¢R,. «(CH,).PO;H,, -(CH,),.SO,NHC(O)R,, or
-{(CH,),,.SO,NHC(O){phenyl), wherein m is 0 o 4;

R, is H, C,-C, alkyl, phenyl, -NR,R,,, or -NR,,(C,-C, alkanoyl);

Ry, is Ryo, -CH,CO,R,; or -CH,C(O)NR, R, ;

Ry is -COJR,, -C(O)CsC,, al), -C(O)C.-C, heteroaryl), -CO,R,,
-C{OINR,oR, ,, cyano, nitro, -CH,OH, -NR,,SO,R, ,, -NHSO,(C,-C,, aryl), -NHCO,(C,-C,
alkyl), -NR,,C{O)R,, or -NHCO,(C,-C,, anyi);

R,, is R,s, cyano, carboxy, formyl, -C(O)R,,, or C,-C, alkanoyl;

Ryo IS cyano, *NR,gRy,, -S0,(C;-C, alkyl), -80,(Cs-Cy, aryl), -C(O)Ryq, -C(ONC,-
Cyo aryl), -C{O)(C,-C, heteroaryl), 'C(O)Nﬁwéw or -CO,R,,;

Ry, and R,, are each independently.H, cyano, nitro, -CO,R,,, -C(O)NR,oR,,,
-CH,OH, -C(O)R,,, -NHCO,R,, or -NHSO,R,;:

A is pyridyl, morpholinyl, piperidinyl,; imidazolyl, thienyl, pyrimidyl, thiazolyl,
phenyl or naphthyl, wherein each of.said A groups Is optionally substituted by 1 or 2
Ry groups or by 1 R, group; a

Z, is O, NR, NOR, N(CN), C({CN), CRNO, CR,C(O)OR,,
CR,,G(OINR,(R,;, C(CN)NO,, C(CNIC(O)OR,; or C(CNIC{ONR,(R,,; and,

YisOorS. a
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2. The compound of claim 1 wherein R is cyclopentyt or cyclohexyl, R, is
C,-C, alkyl, R, is a substituent of fonnuiaf(la) wherein X, is O and R; and R, are both
H. |

3. The compound of claim 1 wherein R is cyclopentyl or cyclohexyl, R, is
C,-C, akkyl, R, is a substituent of forrnul_a-:(lb) wherein X, is O, q is 1, the dashed line
indicates a single bond, and R, and R, are both H,

4. The compound of claim 1 wherein R is cyclopenty! or cyclohexyl, R, is
C,-C, alkyl, R, is a substituent of formula {ld) wherein the dashed line indicates a single
bond, Ry is methyl and Ry, is H or -C(OJNR, R

5. The compound of claim 1.wherein R is cyclopentyl or cyclohexyl, R, is
C,-C, alkyl, R, is a moiety of formula (lo) wherein the dashed line represents a single
bond, X, is -CH,, and Ry, and R,, are both H.

6. The compound of claim 1';3ﬁherein- R Is.cyclopentyl or cyclohexyl, R, is
C,-C, alkyl, R, is a moiety of formula. (!6) wherein Ry, and R, are both H, R,; is
-C(O)R,5, -CORyo, -C{O)Cq-Cy, aryl), cyano, nitro, -C{OJNR,GR,,, -NR,.C(O)R,, oF
-NR,,SO;R, o, Ry I8 Ry OF -C(O)R,q, Ry I8 H and Ry, Is cyano, -CO,R,, of -C(O)R, .

7. The compound of claim 6 wherein R, R;,, and R,, are H, R, is
-CO,CH;, Ry Is -C(O)CH, and R,, is -CH,.
8. The compound of claim 1 wherein R, is a substituent of the formula (ic),

(le), {if), (i), (ih), {ti), (i), (Ik), (1), (Im), (ln). (i), (i}, (Is) or {it).
9. The compound of claim 1 selected from the group consisting of:
racemic 4-(1-Cyclopentyl-3-ethyl-1 H-mdazol-&-yl)—py«ohdme-z-one,
(+)-4~(1-Cyclopentyl-3-ethyl-1 H-indazol-s-yl)-pyrro!idme-z-one
{-)-4-(1-Cyclopentyl-3-ethy}-1 H-lndazol-e-yl)-pyrroludlne-2-one,
and pharmaceutically acceptable saits of said compounds.
10.  The compound of claim 1 selected from the group consisting of:
racemic 4-{1-Cyclohexyl-3-ethyl-1 H-mdazol-e-yl)-pyrrohdme-z-one.
(+)-4-(1 -Cyelohexyl—3-ethyl-1 H-indazol-6-yl)-pyrrohdme-2-one.
{-)-4-( 1-Cyelohexyl-3—ethyl-1 H-lndazol-soyl)-pyrrohdme-z-one
and pharmaceutically acceptable salts of smd compounds.
11.  The compound of :cle_i_m 1 wherern R, is a substituent of formula (la)
wherein X, is O. E
12. The compound of claim 11 wherein R is cyclohexyl or cyclopentyl.



wosmem | llllll! LY IIII PCTBS 00

10

15

20

25

30

44. THIS SHEET HAS BEEN
REPLACED

13.  The compound of claim 12 wherein R, is C,-C, akyl optionally
substituted by 1 to 3 fluorines.

14.  The compound of claim 13 wherein R, is ethyl.

15. A pharmacautical composition for the inhibition of phosphodiesterase
(PDE) type IV or the production of tumor net_i_rosis factor (TNF) in a mammal comprising
a therapeutically-effective amount of the compound of claim 1 and a pharmaceutically
acceptable carrier.

16. A method for the inhibition of phosphodiesterase (PDE) type IV or the
production of tumor necrosis factor (TNF) in a mammai which comprises administering
to said mammal a therapeutically-effective amount of the compound of claim 1.

17.  Aphammacaeutical comp.ositi_d_r;n for the prevention or treatment of asthma, -
joint inflammation, rheumatoid arthriﬁs.- gouty arthritis, rheumatoid spondylitis,

-osteoarthritis, and other arthritic condltigns,; sepsis, septic shock, endotoxic shock,

gram: negative sepsis, toxic shock syr_ldrome, acute respiratory distress syndrome,
cergbal malaria, chronic pulmonary ihﬂémmatory disease, sllicpsis, pulmonary
sarcoidosis, bone resorption diseases, reperfusion injury, graft versus host reaction,
allogreft rejections, fever and myalgias due td_ infection, cachexia secondary to infection
or malignancy, cachexia secondary to human acquired immune deficiency syndrome
(AIDS), AIDS, HIV, ARC (AIDS related complex), keloid formation, scar tissue formation,
Crohn's disease, uicerative colitis, pyrés_is, multiple sclerosis, type 1 diabstes mellitus,
autoimmune diabetes, diabetes insipidus, systemic lupus erythematosis, bronchitis,
chronic obstructive airway diseass, psori_g_sls, Bechet's disease, anaphylactoid purpura
nephritis, chronic glomerulonephritis, inﬂgtﬁmatory bowel disease, leukemia, allergic
rhinitis, depression, mulii-infarct dementia or dermatitis, in a mammal, comprising a
therapeutically-effective amount of the g;imbound of claim 1 and a pharmaceutically
acceptable carrier. |

18. A method for treating asth'ma:,_ joint inflammation, rheumatoid arthritis,
gouty arthritis, rheumatoid spondylitis, ostecarthritis, and other arthritic conditions;
sepsis, septic shock, endotoxic shock, gram negative sepsis, toxic shock syndrome,
acute respiratory distress syndrome, cérébal'malarla chronic pulmonary inflammatory
disease, silicosis, pulmonary sarcoidosis, bone resorption diseases, reperfusion injury,
graft vs. host reaction, allograft rejsctlons fever and myalgias due to infection, such as
influenza, cachexia secondary to infection or malignancy, cachexia secondary to human
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acquired immune deficiency syndrome (AIDS) AIDS, HIV ARC (AIDS related comp]ex,

keloid formation, scar tissue formation,. Crohns disease, ulcerative colitis, pyresis,
multiple sclerosis, type 1 diabetes meIIItUS. diabetes Insipidus, autoimmune diabetes,
systemic lupus erythematosis, bronchitis; chromc obstructive airway disease, psoriasis,

5 Bechet's disease, anaphylactoid pur_pyra nephritis, chronic glomerulonephritis,
inflammatory bowel disease, -leukeml_é._: allergic rhinitis, depression, multi-infarct
dementia or dermatitis in a mammal which comprises administering to said mammal
a therapeutically-effective amount of the compound of claim 1.
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