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SUBSTmn'ED INDAZOLE DERIVATIVES AND THEJR _USS AS PHOSPHODIESTERASE (PDE) 
5 TYPE TV AND nJMOR NECROSIS FACTOR (TNF) .INJllBITORS 

This invention relates to novel indazole anillogs. The compounds are selective 
' .. _>.-:,_ 

inhibitors of phosphodiesterase (PDE) type IV· &rJ.d the production of tumor necrosis 

factor (TNF), and as such are useful In the tre~ent of asthma, arthritis, bronchitis, 

chronic obstructive airway dlsSMa, peoriasis, -~~ic rhinitis, dennatitis, and other 

1 o inflammatory diseues, can1ral nervous system 4i.C)rder& such as depression and muHi­

lnfsct dementia, AIDS, septic ·shock and other~isaeses involving the production of 

TNF. This invention also relates to a matho~: of using such compounds in the 
::-.. · 

treatment of the foregoing disua .. in marn~s. especially humans, and to 

pharmaceutical compositions containing such c0rnpounds. 
. . ... 

15 Since the recognition that cyclic:adenositje·phosphate (AMP) is an intracellular 

second messenger (E.W. Sutherlandt and T~ W. Aa,i, Pharmacol. Rev., 12, 265, (1960)), 
. . 

inhibition of the phosphodiesterases has been a tarJiet for modulation and. accordingly, 
.. ·:·, 

therapeutic intervan1ion in a range of disease proc:~ses. More recently, distinct classes 

of PDE have been recognized (J. A. Beavo js;a1.~'Trends tn Pharrn. Sci. CTIPS), 11, 150, 

20 (1990)), and their selective Inhibition has;:1ed
0

to im'pr~ved drug therapy (C. 0. Nicholson; 

M. S. Hahid, TIPS, 12, 19, (1991)). MQre ParttPYlarly, it has been recognized that 

inhibition of POE type IV can lead to inhibiti~n ofiriflammatory mediator release (M. W. 

Verghese et .@h, J. Mol. Call Carcliol., 12 (S~ppl~·U), S 61, (1989)) and airway smooth 

muscle rala>eation (T.J. Torphy in •01rectio"'s f~r-"'1!ew Anti-Asthma Drugs," eds S.R. 

25 O'Donnell and C. G. A. Persson, 1988, 37 Bii1<h~!J8f-Verlag). Thus, compounds that 

inhibit PDE type IV, but which have poor activity ~nst other PDE types, would inhibit 

the release of Inflammatory mediators arid relax ~,Way smooth muscle without causing 

cardiovascular effects or antlplatelet effects. It ,~~$ also ben disclosed that PDE IV 

inhibitors are useful in the treatment of diabete~ i~sipidus (Kidney Int. 37:362, 1990; 
;:. 

30 Kidney Int. 35:494) and central nervous system dil!lC>rders such as depression and multi-

intarct dementia (PCT intemational 9PliCiltion W()·:92J19594 (published November 12, 

1992)). 
' . . . 

TNF ls recognized to be involvecfin many i~ectious and auto-immune diseases 

(W. Friers, Fed. of Euro. Bio. Soc. <FEB~) Letters,,285, 199, (1991)}. Furthermore, it 

35 has been shown that TNF is the prime 11'.'ediBtor ofthe inflammatory response seen in 
·. :, ·>·.~:;._ 

sepsis and septic shock (C. E. Spooner :; et al., Clinlcal Immunology and 

lmmunopathology, 62, S11, (1992)}. 

_,,... 



W097/49702 PCT/IB97/00630 

5 

-2-

The present invention relates to compounds of the formula I 

I 
t("'N 

k 

Ri 

and to pharmaceutically acceptable salts thereof, wherein: 

I 

10 R is H, C,-C11 alkyl, -(CH2)m(C3-C7 cycloalkyl), -(CH2)m{C3-C9 heterocyclyl), 

wherein m Is 01o 2, (C,-C11 alkoxy)C,-C8 alkyl, C2-C8 alkenyl, or -(Z,)b(~>c{C8-C10 aryl) 

wherein b and c are independently O or 1, z, Is C,·C9 alkylene or C2-C8 alkenylene, and 

Z2 is 0, S, S02 , or NR,0 , and wherein said: R groups are optionally substituted by one 

or more substituents Independently selected from the group consisting of halo, 

15 hydroxy, C1-C5 alkyl, C2-C5 alkenyl, C1-C11 alkoxy, C3-C8 cycloalkoxy, trifluoromethyl, 

nitro, -C0~10 , -C(O)NR,0R11 , -NR1oR11 and -S02NR,0R,,; 

R, is H, C,-C7 alkyl, C2-C3 alkenyl, phenyl, C3-C7 cycloalkyl, or (C,·C7 

cycloalkyt)C,-C2 atkyl, wherein said alkyl, alkenyl and phenyl R, groups are optionally 

substituted by 1 to 3 substituents independently selected from the group consisting of 

20 methyl, ethyl, trifluoromethyl, and halo; 

25 

R2 is 2-oxo-4-pyrrolyl, pyrmolyl, 2-oxo-3,4-dlhydro-S-pyrimldyl, 2-oxo-3,4-

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

pyrimidyl, or 2-oxo-5-pyrimidyl, wherein each of said R2 groups is optionally substituted 

by 1 to 4 R11 groups; 

-~ 
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or R2 is 

• 
< CH 2 >q 

• \ 
5 : N-R4 

x 
R/~ 1 

I 
R3 ' 5 X1 

10 

<I a) <lb) 

15 
/ 

R19 
/ 

R2o 
N N 
\ \ 

/S<O>n 
N ' 

N--R 21 ' 
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20 Ru 0 

<le> Cid> 

25 

~ 
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N~NH 

30 
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t"J:> N ' ' 
<Iq> Cir> 

or • 
' 

<Is> <It> 

wherein, in said formulas (laHlt), q is O or 1 in fOrmula (lb), n is o to 2 in formula (le), 

and the dashed lines appearing In formulas ,(lb), (Id), (lg), (lh), (II), (Ii) and (lo) represent 

a double bond or a single bond; 

X, is 0 or S; 

20 X2, in formula (lk) and where the dashed ti~~ in formula (lj) represents a double 

bond. is CR5, CAg1 CR,8, or COC(O)Nf\R12, or. ;Wtiere the dashed line in formula (Ii) 

represents a single bond, X2 is Cf\Ag, CR8fle, or CR18A8; 

X3 Is C(=~), C(S) or CR0R, 0; 

X4 Is -(CH2)m· wherein m Is Oto 2; 

25 X5 is a bond or -CH2-: 

Xe is -CH2- or -C(O)-; 

R3 is H, hydroxy, C1-C4 alkoxy, -CHFh(O)~((:,H2),nA wherein q is O or 1 and mis 

Oto 2; 

R4 is H, hydroxy, c,-C4 alkyl, C,·C2 afkoxy, -OC(O)CH3, C2-C3 alkenyl or 

30 (phenyl)C1-C2 alkyl; , 

Rs is H, hydroxy, -(CH2},nA wherein m is 'o}o 2, C,-c., alkyl or C2-C3 alkanoyl, 

wherein said alkyl group 's optionally substitute~ py 1 to 3 subtltuents independently 

selected from halo, nltro, -NR10R,,, -C02R10, .;~R,0, -OC(O)R10, -C{O)R10, cyano, 
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-C(=Y)NR10R, 1, -NR,0C(=Y)NR10R11 , -NR,0C(=Y)R10, -NR,0C(O)OR, 0 , -C(NR10)NR10R"' 

-C{NCN)NR,0R,,. -C(NCN)SR,0 , -NR,0S02R10, -S(O)mR,0 wherein m is 0 to 2, 

-NR,0S02CF3 , -NR,0C(O)C(O)NR,0R, 1 , .. NR,0C(O)C(O)OR10, imidazolyl, and 1-(NHA10)-2-

imldazolyl; 

5 each Re Is independently selected from the group consisting of H, halo, cyano, 

R13, cyclopropyl optionally substltut~d by A.. -QR,0 , -CH20R10, -NR,off12, -CH2NR,0R12, 

-C(O)OR,0 , -C(O)NR,0R12, -CH=CR9R9 , -C•Cf\ and -C(=Z3)H; 

R7 Is H, -C(O)R8, lmidazolyl, pyrazolyl, triazolyl, tetrazolyl, oxazolyl, isoxazolyl, 

oxadiazolyl, thiadiazolyl, thiazolyl, omolfdinyl, thlazolldinyl or lmldazolidinyl; 

10 each R8 is independently -OR10, -NR10Ru or R13; 

each R9 ls Independently H, halo; or c,-C4 alkyl optionally substituted by 1 to 

3 fluorines; 

each R10 ·and R,, are independently selected from hydrogen and C,-C4 alkyl; 

each R, 2 is independently -OR10 or R,0 ; 

15 R13 is C,-C4 alkyl; 

each R, 4 is independently selected from the group consisting of halo, nitro, 

cyano, -NR, 0R,8, -NR,0Ru, -C(=4)R8,. -S(O)mR13 wherein m is 0 to 2, -OR12, 

-OC(O)NR10R12, -C(NR12)NR,0R12, -C(~R10)S.R13 , ·OC{O)CH3 , -C(NCN)NR,0R12, 

-C(S)NR, 0R12, -NR12C(O}R17, -C(O)R,7 , oxazolyl. lmidazolyl, thlazolyl, pyrazolyl, triazolyl 

20 and tetrazolyl; 

each R18 is independently hydrogen or C1-C4 alkyl optionally substituted by 1 

to 3 fluorines: 

each R,6 is independently H, ~13 , -C(O)R,3 , -C(O)C(O)f\i, -C(O)NR10R12, 

-S(O)mR13 wherein mis 0 to 2, -C(NCN)SR13, ·C(NCN)R13, -C(NR12)R,3, -C(NR12)SR13, 

25 or -C(NCN)NA1oA12; 

each R, 7 is independently R13, -C(O)R,3, oxazolidlnyl, oxazolyl, thiazolyl, 

pyrazolyl, triazQlyl, tetrazolyl, imldaZolyl, irni(lazolidinyl, thiazolidinyl, isoxazolyl, 

oxadiazolyl, thiadlazolyl, morpholinyl, plperldlnyl; piperazinyl or pyrrolyl wherein each 

of said A, 7 heterocycllc groups is optionally substituted by one or two C1-C2 alkyl 

30 groups; 

R18 is H, C1-C5 alkyl, C2-C5 alkenyl, benzyl, or phenethyl; 

R19 is H, C1-C5 alkyl, C,-Cg alkanoyl, or benzoyl; 
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R20 is H, C,-C4 alkyl, carboxy, amlnocarbonyl, C1-C11 alkyl optionally substituted 

by carboxy, ·(CH2)mC(O)(C,-C9 alkoxy). or -(CH2)m(Ce-C,0 aryl} wherein m is O to 2; 

R21 is H, C,-C11 alkyl, -C(=Y)R221 -C{=Y)NHR22, -C(O)OR22, or-(CH2)nX7 (pyridyl) 

wherein n is O to 5 and X7 is a bond or -CH=CH-, and wherein said pyridyl molety is 

5 optionally substituted by halo; 

R22 is C,·Ce alkyl, C3·0. cycloalkyl, -(CH2)m{C11-C,0 aryl) or -(CHJ"X7 (pyridyl) 

wherein n is o to 5 and X7 is a bond or -CH=CH-, and wherein said pyrtdyl moiety is 

optionally substituted by halo; 

R23 is H. R,5 , C,-C3 alkyl substituted by hydroxy, or (C,-C3 alkyoxy)C,-C3 alkyl; 

10 R2, is H, R15, carboxy, (C1-C3 alkyoxy)C,-C3 alkyl, C3-C7 cycloalkyJ or C,-C5 alkyl 

substituted by -NR, 0R11 ; 

or A23 and ~ are tal<en together to form -CH20CH20CH2-; 

R25 is H, hydroxy, C1-C4 alkyl optionally.substituted by hydroxy, -C(O)R10, 

-NR,0R11 • -(CH:JmNHC(O)R10• -(CH2).,;NHC(O)A131 ·.,(CH2)n.C02R1 O• ·{CH2)mC(O)NR10R11 , 

15 -(CH2)mC(O)N(OH)R10, -(CH2)mS02NR10R, 1, -(CH2),..P03H2, -(CH2)mS02NHC(O)R13 or 
-(CH2)mS02NHC(O)(phenyl), wherein m is O to 4; 

R26 is H, C1-C4 alkyl, phenyl, -NR,0R11 , or -NR10(C1-C4 alkanoyl}; 

R27 is R10, -CH2C02R13 or -CH2C(O)NA10R11; 

R28 is -C(O)R10, -C(O)(C11-C,0 aryl), -C(O)(C3-C9 heteroaryl), -C02R10, 

20 -C(O)NR,0R, 1, cyano, nitro, -CH20H, -NR10S02R,0 , -NHS02(C11-C,0 aryl), -NHC02(C,-C, 

alkyl), -NR,0C(O)R10 or -NHC02(C8-C10 aryl); 

R29 is R,5, cyano, carboxy, formyt, -C{O)R,0 , or C1-C4 alkanoyl; 

R30 is cyano, -NR,0R1,, -S02{C1-C4 alkyl), -S02(C6-C10 aryl), -C(O)A10, -C(O)(C6-

C10 aryl), -C(O)(C3-C9 heteroaryl), -C(O)NR, 0R,,, or·-C02R, 0 ; 

25 R3 , and R32 are each independently H, cy8no, nitro, -C02R10, -C(O)NR,0R11 , 

-CH20H, -C(O)A10, -NHC02R10, or -NHS02R, 0 ; 

A is pyridyl, morphoUnyl, plperidlnyl, imldazolyl, thlenyl, pyrimidyl, thiazolyl, 

phenyl or naphthyl, wherein each of saiQ A groups.is optionally substituted by 1 or 2 

R,4 groups or by 1 R16 group; 

30 Z3 is 0, NR121 NOR,0 , N(CN), C(qN)2 , CA, 0N02 , CR,0C(O)OR13, 

CR10C{O)NR10R11 , C(CN)N02 , C(CN)C(O)OR, 3 or Q(CN)C(O)NR10R11 ; and, 

Y is O or S. 
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Specific embodiments of tt1e compoun~s of formula I include those wherein R 

is cyclopentyl or cyclohexyl, R·, is C,-C2 alkyl,:preterably ethyl, R2 is a substltuent of 

formula (la) wherein X, is 0 and Re and'R3 are.both H. 

Other specific embodiments of· the cC>~pounds of formula I include those 

5 wherein R Is cyclopentyl or cyclohexyl, R, IS C1-C2 alkyl, preferably ethyl, R2 is a 

substituent of formula (lb) wherein X, is 0, q Is 1, the dashed line indicates a single 

bond, and R4 and f\ are both H. 

Other specific embodiments of the compounds of formula I include those 

wherein R is cyclopentyJ or cyclohexyl; R, is C1-C2 alkyl, preferably ethyl, R2 is a 

1 o substituent of formula (Id) wherein the. dashed line Indicates a single bond, R20 is 

methyl and R21 is Hor ·C(O)NR,0Rw 

Other specific embodiments of formula I include those compounds wherein R 

is cyclopentyl or cyclohexyl, R1 is c, .. c2 alkyl, preferably ethyl, R2 is a moiety offormula 

(lo) wherein the dashed line represents a, singl~:.bond, Xe is -CH2-, and R10 and R27 are 

15 both H. 

Other specific embocliments of fe»rmula I include those compounds wherein R 

is cyaopentyl or cyclohaxyl, R1 is C1 ·C2 alkyl, pr~erably ethyl, R2 is a moiety o'f formula 

(Ip) wherein R31 and R32 are both H, R28 is -C(O)A, 0, -C02R10, -C(O)(C8-C10 aryl), cyano, 

nitro, -C(O)NR10R111 -NR, 0C(O)R10, or-Na10S02R10, R29 is R10 or -C(O)R10, R8 is Hand 

20 A30 is -C02R10, cyano or ·C(O)R'°' Other specific compounds within this group include 

those wherein Re,, R31 , and R32 are H, R30 is -C02CH3 , R28 is ·C(O)CH3 and R29 Is -CH3 • 

Other specific embodiments of the compounds of formula I include those 

wherein R2 is a substituent of formula (le), (le), (If), (lg), (lh), (II), (lj), (lk), (II), (Im), (In), 

(lq), (Ir), (Is) or (It). 

25 Specific preferred compounds include the following: 

racemic 4-(1-Cyclopentyl-3-ethyl-1H-indazol-6-yl)-pyrrolidine-2-one; 

( + )4-(1-Cyctopentyl-3-ethyl-.1:H ... ndazol-Q2yl)-pyrrolidine-2-one; 
. .. 

(·)-4-(1-Cyclopentyl-3-ethyl-1•H-ind~ol-S.:yl)-pyrrolldine-2-one; 

and pharmaceutically acceptable salts ofsald compounds. 

30 Other specific preferred corTlpoUnds i"clude the following: 

racemic 4-(1-Cyclohexyl-s-ethyl+ 1 H-lndfliol-6-yl)-pyrrolidine-2-one; 

. ( + )-4-{1-Cyctohexyl-3-ethyl-1.H-iiidazol~~yl)-pyrrolidine-2-one: 
( ·)-4-(1-Cyclohexyl-3-ethyl-1 H~ndazol-6-~);,yrrolidine-2-one; 
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and pharmaceutically 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 effectiv~ ~ount of a compound according to 

5 formula l, as defined above, or a pharmaceuticially 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 pr0ductlo!" of tumor necrosis factor (TNF) by 

administering to a patient an affective amount of a compound according to formufa I, 

1 o as defined above, or a pharmaceutically acceptable salt thereof. 

The present invention further relates to a 'pharmaceutical composition for the 

prevention or treatment of asthma, . joint . lnflarniyiation, rheumatoid arthritis, gouty 

arthritis, rheumatoid ·spondylitis, osteoarthl'itis, and other arthritic conditions; sepsis, 

septic shock, endotoxic shock, ,gram ·negative S!psis, toxic shock syndrome, acute 

15 respiratory distress syndrome, cerebat malaria, chronic pulmonary inflammatory 

disease, silicosis, pulmonary sarcoldosls, bone resorption diseases, reperfusion injury, 

graft vs. host reaction, allograft rejections, fever an.c:I myalgias due to infection, such as 

in11uenza, cachexia secondary to infection or.malignancy t cachaxla secondary to human 

acquired immune deficiency syndrome (AlDS), AID~. HIV, ARC (AIDS related complex), 

20 keloid formation, scar tissue formation, Crohn's. disease, ulcerative colitis, pyresis, 

multiple sclerosis, type 1 diabetes mellitus, .diabet~ inslpidus, autoimmune diabetes, 

systemic lupus erythematosis, bronchitis, chronic obstructive airway disease, psoriasis, 

Bechet's disease, anaphylactold purpura nep~ritis, chronic glomerulonephrltls, 

inflammatory boW&I disease, leukemia, allergic rhiriitis, dermatitis, depression or multi-

25 infarct dementia, comprising a pharmaceutically effective amount of a compound 

according to formula I, ~ defined above, or a pharrriaceutically acceptable salt, thereof 

together With a pharmaceuticalty lilcceptable came,r. 
This invention further relates to a method of treating or preventing the foregoing 

specific diseases and conditions ·by administering 'o a patient an effective amount of 

30 a compound according to formula I, as definecJ above, or a pharmaceutically 

acceptable salt thereof. 

The term "halo", as used herein, unless. otherwise indicated, means fluoro, 

chloro, bromo or iodo. Preferred halo groups are,fluoro, chloro and bromo. 
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The term •a11<yr, as used herein, unless otherwise indicated, includes saturated 

monovalent hydrocarbon radicals haVing straight, cyclic or branched moieties. 

The term •a1koxy", as used.h~ln, unless· otherwise indicated, includes -0-alkyf 

groups wherein alkyl is as defined above. 

5 The term •atkanoyl•, as usecJ"hereln, unless otherwise indicated, includes -C(O)-

alkyl groups wherein alkyl Is as defined above. 

The term •cycloalkyt•, as used herein, unless otherwise Indicated, includes 

saturated monovalent cyclo hydrocarbon radi~s:including cyclobutyl, cyclopentyl and 

cycloheptyl. 

1 O The term •aryt•, as used herein, unless oth$rwise indicated, includes an organic 

radical derived from an aromatic hydrocarbon by removal of one hydrogen, such as 

phenyl or naphthyl. 

The term "heterocyclyt•, as used herein, unless otherwise indicated, includes 

·-aromatic and non-aromatic heterocyclic groups ()Ontalning one or more heteroatoms 

15 each selected trom 0, Sand N. The heteroeyclic groups include benzo-fused ring 

systems and ring systems substituted with m· oxo moiety. An exampte of a C3 

heterocyclic group is thiazolyl, and an example of a C8 heterocyclic group is quinolinyl. 

Examples of non-aromatic heterocyclic groups are pyrrolidinyl, piperidino, morpholino, 

thiomorpholino and plperazinyl. Examples of aromatic heterocycUc groups are 

20 pyridinyl, imidazolyl, pyrlmidlnyl, pyrazolyf, triazolyl, pyrazinyl, tetrazolyl, furyl, thienyl, 

isoxazolyl and thiazolyl. Heterocyclic groups having a fused benzene ring include 

benzimidazolyl. 

The term •heteroaryt•, as used herein, ·unless dtherwise indicated, includes 

aromatic heterocyclic groups wherein heterocyclic is as defined above. 
i 

25 The phrase 8pharmaceutically acceptable salt(s)9, as used herein, unless 

otherwise indicated, includes salts of acidic or basic groups which may be present in 

the compounds of :formula I. 

Certain compounds of formula I may have ·asymmetric centers and therefore 

exist in different enantiomeric forms. This invention relates to the use of all optical 

30 isomers and stereoisomers of the compounds of formula I and mixtures thereof. The 

compounds of formula I may also exbrt as tauto~s. This invention relates to the use 

of aH such tautomers and mixtures 1hereof. 
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The following reaction schemes 1-3 illustrate the preparation of the compounds 
of the present Invention. Unless otherwise indtcatec::t, Rand R1 In 1he reaction schemes 
are defined as above. 

/ 
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Scheme 1 
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Scheme 1 continued 
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Scheme 3 continued 
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The preparation of compounds of formula 1. can be carried out by one skilled in 

the art according to one or more of the synthetic methods outlined in schemes 1 ·3 

above and the examples referr&d to below. In step 1 of scheme 1, the carboxylic acid 

of formula II, WhtCh is available from known commercial sources or can be prepared 

5 according to methods known to those skilled in the art, is nitrated under standard 

conditions of nitration (HNOJH2S04 , 0°C) and th• resulting nitro derivative of formula 

Ill is hydrogenated in step 2 of scheme 1 using standard hydrogenation methods (H2• 

Pd/C under pressure) at amblenttemperature (20-~5°C) for several hours (2-10 hours) 

to provide the compound of formula IV. In step 3 of scheme 1, the amino benzoic acid 

1 O of formula IV is reacted with a base such as a.odium carbonate under aqueous 

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 .tee and a strong acid·such.as hydrochloric acid. The reaction mixture 

15 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· ethanol. The reaction mixture is 

acidified to a pH of 4-5 through: addition Of an inorganic base, preferably saturated 

aqueous Na2C03, 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 

20 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 the sulfide of formula V with a strong 

base, preferably potassium t-butoxide, in dlm~t,tyl sulfoxide (OMSO) at ambient 

temperature. After stirring for several hours (1-4 hq~~), the reaction mixture is acidified 

25 with a strong acid, such as hydrochloric or sulfi,~c acid, and then extracted using 

conventional methods. tn step 5 of scheme 1, the IJ'.ldazole carboxylic acid of formula 

VI is converted to the corresponding ester of formula VII by conventional methods 

known to those.skiUed in the art. In step 6 of schef1'te 1, the compound of formula VIII 

is provided through alkylatlon of. the ester of forf11ula VII by subjectlng the ester to 

30 conventional alkylatlon conditions (strong bas~/various alkylating agents and, 

optionally, a copper catalyst such as CuBr2) I~ ~ polar aprotic solvent, such as 

tetrahydrofuran (THF), N-methylpyrrolidlnone or di~·thylformamide (DMF), at ambient 

or higher temperature (~·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 VIII 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 redu~lon ls effected through use of a metal 

hydride reducing agent, such as lithium aluminµ~ hydride, in a polar aproptic solvent 

5 at a low temperature {about 0°C). In step 8 ofsQheme 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 example, the oxidation can be effected 

through use of a catalytic amount of tetrapropylarnmonium perrutenate and excess N­

methylmorpholine-N-oxlde, as des~becl in J ... Chem. Soc., Chem. Commun., 1625 

10 (1987), in an anhydrous solv~t. preferably metliylene chloride. 

Scheme 2 provides an alternative methoc:f·.of preparing the aldehyde of formula 

X. In step 1 of scheme 2, the compound of formula XI 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· derivative: .. of fonnula XII is reduced to the 

15 corresponding amine of formula XIII accordlng to ~onventionat methods known to those 

skilled in the art. Preferably, the compound of formula XII is reduced to the amine of 

formula XIII using anhydrous stannous chloride in an anhydrous aprotic solvent such 

as ethanol. In step 3 of scheme 2~ the amine of formula XIII Is converted to the 

corresponding indazole of formula XIV by preparing the corresponding diazonium 

20 tetrafluoroborates as described in A. Roe, Oraanic Reactions, Vol. 5, Wiley, New York, 

1949, pp. 198·206, 1ollowed by phasetransfer catalyzed cyclization as described in R. 

A. Bartsch and I. W. Yang, J. Het. Chem. 21, 1063 (1984). In step 4 of scheme 2, 

alkylation of the compound of formula XIV is performed using standard methods known 

to those skilled in the art (i.e. strong base, polar ~rotic solvent and an alkyl halide) to 

25 provide the N-alkylated compound of formu1a·xv. In step 5 of scheme 2, the 

compound of formula XV Is subjected to metat t1alogen exchange employing an alkyl 
. ;;.· 

lithium, such as n-butyl lithium, in a polar ap1'9tic solvent, such as THF, at low 

temperature (-50°C to 100°c (-78oC preferrecl)):followed by quenching with DMF at 

low temperature and warmirig to ·ambient temperature to provide the aldehyde 

30 intennedlate of formula X. 

Scheme 3 illustrates the ·pr~aration of CO,rnpounds of formula I wherein R and 

R, are as defined above and R2 ls11.Ub~ituenf~f formula {la) and X, is 0. In step 1 

of Scheme 3, aldehyde intermediate Xis reacted.in a polar anhydrous solvent, such as 



W097/49702 PCT/1897/00630 

-20-

toluene, with cliethylmlllonate in th• 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 ester Intermediate XVI. 

5 In step 2 of Scheme 3, the malonlc acid diethyl ester Intermediate XVI is treated 

with one equivalent of sodlum cyanide at ambient temperature (20-25° C) in an 

anhydrous polar solvent, such as· ethanol, to provide, after acidic work up, the cyano 

intermediate XVII. In step 3 of Scheme 3, the cyano Intermediate XVII is cyclized to 

pyrrolidin-2-one derivative XVIII by following a four step procedure. First, the cyano 

1 o intermediate XVII Is hydrogenated at high pressure (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 

trlethylamine, Jn an ·aprotic organic solvent, such as toluene, for about 10-24 hours. 

Third, the intermedia1e from the second step ·is treated with a strong base, such as 

15 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 temperat'-lr•, preferably 150-200°C, under an inert atmosphere 

for 15-30 minutes or until au bubbling has ceased.· The crude product can be purified 

to provide the pyrrolidln-2-one derivative XVIII using standard chromatographic methods 

20 known to those skilled in art. 

The pyrroHdin-2-one derivative XVIII Is racemic and can be separated (or 

resolved) to its corresponding Individual anantiomers using separation techniques 

known to those skilled in the art. Such methods ar:e described in J. March, Advanced 

Oraanic Chemistry, (4th Edition. J. Wiley & Sons), 1992, pages 118·125. In step 4 of 

25 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 I can also be prepared following one or more 

synthetic methods that are disclosec:Hn published p'tent applications or issued pa1ents. 

In particular, using the Intermediates described in Schemes 1-3, referred to above, in 

30 particular the intermediates of formulas VIII, X, XV and XVIII, those skilled in the art can 

prepare the compounds of formula l using analogous synthetic methods that have been 

described for compounds in whic~ a phenyl ring Is :.substituted for the indazole ring in 

the compounds of formula l. Such analogous synthetic methods are disclosed in 
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United States Patent 5.270.206 (issued December 14, 1993) and the following published 

patent applications: EP 428313 (published February 2, 1994); EP 511865 (published 

November 4, 1992); EP 671389 (published ~arch 30, 1995); Japanese published 

application no. 7216952(publlsh~:August15, 1995); Japanese published application 

5 no. 7017952 (published Jan~ 20. 1995); PCT application WO 87/06576 (published 

November 5, 1987); PCT application WO 91/07178 (published May 30, 1991); PCT 

application 91/15461 (published October 17, 1991); PCT application WO 91/16303 

(published October 31, 1991 ); PCT application WO 92/07567 (published May 14, 1992); 

PCT application 92/19594 (pu_bllshed November 12, 1992); PCT application 93/07111 

10 (published April 15, 1993); PCT appllcatic>n WO 93/07141 (published May 15, 1993); 

PCT application 94/12461 (pU~llst,ad June 9, 1994); PCT application WO 95/08534 

(published March 30, 1995); PCT application WO 95/14680 (published June 1, 1995); 

and PCT application WO 95/146.81 (June 1, 1995). The foregoing United States patent 

and each of the foregoing pllblished patent applications are incorporated herein by 
. . . 

15 reference in their entirety. Each of the foregoing published PCT applications designates 

the United States. 

Spaclflcalfy, the compounds of formula I wherein R2 is 2-oxo-4-pyrrolyl, pyrazolyl, 

2-oxo-3,4-dihydro-5-pyrimidyl, 2-oxo-3,4-dlhydro-4-pyrimidyl, 2-oxo-tetrahydro-4-

pyrimidyl, 2-oxo-tetrahydro-5-pyrimidyl, 2-0xo-4-pyrimidyl, or 2-oxo-6-pyrlmidyl can be 

20 prepared by following analogous synthetic methods disclosed in WO 87/06576, which 

is referred to above. The compounds of formula I wherein R2 Is a substituent of formula 

(la) can be prepared by following analogous. synthetic methods disclosed in WO 

87/06576, WO 91/16303, W094/12461, WO 92/19594, or WO 93/07141, each of which 

is referred to above. The compounds of formul~ I wherein R2 is a substituent of formula 

25 (lb) can be prepared by following analogou• ·synthetic methods disclosed in WO 

87/06576, United States Patent 6,270,206, WO ~/12461. WO 92/17567, WO 91/07178, 

or EP 428313, each of which is r.ret'red to abo~: The compounds of formula I wherein 

R2 is a substituent of formula· (le) ~ be preplited by following analogous synthetic 

methods disclosed in WO 87/0657fl, referred t(:, above. The compounds of formula I 

30 wherein R2 is a substltuent of formula (Id) can_'be prepared by following analogous 

synthetic methods disclosed in EP 511865, ref,erred to above. The compounds of 

formula I wherein R2 is asub•tit~ent:offonnula~I~) 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 compounds of formula I wherein R2 is a substituent of 

formula (lg) or (lh) can be prep.-act by following analogous synthetic methods 

disclosed in WO 87/06576, which is referred to above. The compounds of formula I 

wherein R2 is a substituent of 1ormula (li) can be prepared by following analogous 

5 synthetic methods disdosed Jn WO 91/15451 or WO 93/07111, each of which is referred 

to above. The compounds of formula I wherein R2 is a substltuent of formula (lj) or (lk} 

can be prepared by following analogous synthetic methods disclosed in WO 93/07111, 

which is referred to above. The compounds of formula I wherein R2 is a substituent of 

fOrmula (II) can be prepared by following analogous synthetic methods disclosed in WO 

10 95/14680 or WO 95/14681, each of which is referred to above. The compounds of 

formula I wherein R2 Is a substituent of formula (Im) or (In) can be prepared by following 

analogous synthetic methods disclosed in Japanese pubUshed application no. 7215952, 

which is referred to above. The:compounds .of formula I wherein R2 is a substltuent of 

formula (lo) can be prepared by following analogous synthetic methods disclosed in 

15 Japanese published application no. 7017952, which is referred to above. The 

compounds of formula I wherein Ri is a substituent of formula (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 I wherein A2 is a substituent 

of formula (lq), (Ir), (Is), or (It) can be prepared by following analogous synthetic 

20 methods disclosed In WO 87/06576, which is referred to above. 

The compounds of formula I 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 adminis1ratlon to animals, It is often 

desirable In practice to initially isolate the compound of formula I 1rom the reaction 

25 mixture as a pharmaceutically una0ceptabJe salt and then simply convert the latter back 

to the free base compound by treatment with an alkaline reagent and subsequently 

convert the latter free base to a pharmaceotlcally ·acceptable 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 

30 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 salt can also be 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 l are similarly 

prepared except through reaction of a carboxy group, such as where R24 is carboxy, 

with an appropriate cationic salt reagent such as sodium, potassium, calcium, 

magnesium, ammonium, N,N'-dibenzyleth.ylenediamine, N-methylglucamine 

5 (meglumine), ethanolamine, tromethamine, or dlethanolamine. 

For administration to humans in the curative or prophytactlc treatment of 

inflammatory diseases, oral dosages of a compound of formula I or a pharmaceutically 

acceptable salt thereof (the active compounds) are generally in the range of 0.1 to 1 ooo 
mg dally for an average adult patient (70 kg), in single or divided doses. The active 

10 compounds can be administered In single or divided doses. Individual tablets or 

capsules should generally contaln from 0.1 to 100 mg of active compound, in a suitable 

pharmaceutically acceptable vehiole 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 % 

15 (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 ![lre within the scope of this invention. 

20 For administration to humans for the inhibition of TNF, a variety of conventional 

routes may be used Including orallyt parenterally, topically1 and rectally (suppositories). 

In general, the active compound will be administered orally or parenterally at dosages 

between about 0.1 and 25 mg/kg body weight of the subject to be treated per day, 

preferably from about 0.3 to 5 mgJkg, in single or divided doses. However, some 

25 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 Individual 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 

30 pharmaceutical diluent or carrier selected With regard to the intended route of 

administration and standard pharmaceutical practice. For example, they may be 

administered orally In the toRl'l ~ tabl• c0l1tainlng such exclplents as starch or 

lactose, or in capsules either alone 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 example, intravenously, lntramµscularty or subcutaneously. For 

parenteral administration, they are best US8d in ttte form Of II Sterile aqueous SOiution 

which may contain other substance; for example, enough salts or glucose to make the 

5 so•ution 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 standerd pharmaceutical practice. 

The therapeutic compounds may also be administered to a mammaJ other than 

10 a human. The dosage to 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 capsut~. bolus, tablet or liquid drench. The 

therapeutic compounds may also be administered to animals by injection or as an 

implant. Such formulations are prepared in ·a conv~ntional manner in accordance with 

15 standard veterinary practice. As an alternative the therapeutic compounds may be 

administered with the animal feedstuff and for this purpose a concentrated feed additive 

or premix may be prepared for mixing with the normal animal feed. 

The ability of the compounds of formula I or the pharmaceutically acceptable 

salts thereof to inhibit PDE IV may be determined by the following assay. 

20 Thirty to forty grams of human lung tissue is placed in 50 ml of pH 7 .4 

Tris/phenylmethylsulfonyl fluoride (PMSF)/sucrose buffer and homogenized using a 

Tekmar Tissumlzer4D (Tekmar Co., 7143 Kemper Road, Cincinnati, Ohio 45249) at full 

speed for 30 seconds. The homc:>genate Is centrift.lgad at 48,000 x g for 70 minutes at 

4 °C. The supematant is filtered twice through a 0.22 µm filter and applied to a Mono-Q 

25 FPLC column (Pharmacia LKB Biotechnology, 800 Centennial Avenue, Piscataway, New 

Jersey 08854) pre-equilibrated with pH 7.4 Tris/PMSF Buffer. A flow rate of 1 ml/minute 

is used to apply the .sampJe to the column, foll~d by a 2 ml/minute flow rate for 

subsequent washing and elution. Sampl~ is eluted t1sing an increasing, step-wise NaCl 

gradient in the pH 7.4 Tris/PMSF buffer~ Eight ml ~Ions are collected. Fractions are 

30 assayed for specific PDE,v activity- ckatem,ilned by ~H]cAMP hydrolysis and the ability 

of a known PDE1v inhibitor (e.g. fe>lipram) to inh,ibit that hydrolysis. Appropriate 

iractions are pooled, diluted with ~yl.rna glycol (2,_ml ethylene g'ycoV5 mt of enzyme 

prep) and ·stored at -20°C until use. 
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Compounds are dissolved In dimethylsulfoxide (DMSO) at a concentration of 1 o 
mM and diluted 1 :26 in water (400 pM compound, 4% OMSO). Further serial dilutions 

are made in 4% DMSO to achieve desired concentrations. The final DMSO 

concentration in the assay tube is 1 %. In dupUcate the following are added, In order, 

5 to a 12 x 75 mm glass tube (all concentrations are given as the final concentrations in 

10 

the assay tube). 

i) 25 µI compound or DMSO (1%, for control and blank) 

ii) 25 µI pH 7.5 Tris buffer 

ill) rH)cAMP (1 µM) 

iv} 25 µI 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, ·0.1 M 4-(2-hydroxyethyl)-1-piperazine-

15 ethanesulfonic acld (HEPES)/0.1 M nacl, pH 8.5) ls added to each tube on an ice bath. 

The contents of each tube are filed to an AFF-Gel 601 column (Blorad Laboratories, 

P.O. Box 1229, 86A Marcus Drive, Melvile, New York 11747) (boronate affinity gel, 1 ml 

bed volume) previously equilibrated with washing buffer. (3H)cAMP is washed with 2 

x 6 ml washing buffer, and [3H)S'AMP is then eluted with 4 ml of 0.25M acetic acid. 

20 After vortexing. 1 mt of the elution Is added to 3 ml scintillation fluid in a suitable vial, 

vortexed and counted for ['HJ. 

% Inhibition = 1 - average com (test comoound - average cmp Cblank) 
average cpm (control) - average cpm (blank) 

lC50 is defined as that concentration of compound which inhibits 50% o1 specific 

25 hydrolysis of [3H)cAMP to [3H]5'AMP. 

The ability of the compounds I 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: 

30 Peripheral blood (100 mis} from human volunteers is collected in 

ethylenediaminetetraacetic acid (EDTA). Mononuclear cells are isolated by 

FICOLLJHypaque and washed three times in Incomplete HBSS. Cells are resuspended 

in a final concentration of 1 x 108 cells per ml in pre-warmed RPMI (containing 5% FCS, 
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glutamine, pen/step and nystatin). Monocytes are plated as 1x1011 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, after which time non-adherent cells are removed by 

gentle washing. Test compounds (10µ1) are then added to the cells at 3-4 

5 concentrations each and incubated for 1 hour. LPS (10µ1) Is added to appropriate 

wells. Plates are incubated ovemight (18 hrs) at 37°C. At the and of the incubation 

period TNF was analyzed by a sandwich ELISA (R&D Quantlklne Kit). IC50 

determinations are made for each compound based on linear regression analysis. 

The following Examples illustrate the invention. 

10 PREPARATION 1 

1-Cvclopentvl-3-ethyl-1H-indazole-6-carboxvHc acid methyl ester 

A. 3-Nitro+promtH>enzoic acid. 9.44 g (57.5 mmol, 1.0 equiv} of 4-

propylbenzoic acJd were partiaJly,dissoNed in 50 ml concentrated H2S04 and chilled 

in an ice bath. A solution of 4.7 ml (74.7 mmol, 1.3 equiv) concentrated HN03 in 10 

15 ml concentrated H2S04 was added dropwlse 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 1 O 

min., the white solid that formed was filtered, washed 1 x H20, and dried to give 12.01 

g (100%) of the title compound: mp 10B-109°C; IR (KBr)3200-3400, 2966, 2875, 2657, 

2564, 1706, 1618, 1637, 1299, 921 cm·1
: 

1H NMR (300 MHz, DMSO-d8) 6 0.90 (t, 3H 

20 J=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); 110 NMR (76.5 MHz, DMSO-cl8) 6 14.2, 23.7, 34.2, 

125.4, 130.5, 132.9, 133.6, 141.4, 149.6, 165.9; Anal. calcd for C10H11N04•1/4H20: C, 

56.20; H, 5.42; N, 6.55. Found: C, 66.12; H, 5.31; N, 6.81. 

B. 3-Amino+oropyl-benzoic acid. A mixture of 11.96 g (67.2 mmol) 3-nitro-

25 4-propyl-benzoic acid and 1.5 g 10% Pd/C, 50% water wet, in 250 ml CH30H was 

placed on a Parr hydrogenation apparatus and shaken under 25 psi H2 at ambient 

temperature (20-25° C). After 1 hours, the reaction, mixture was filtered through Celitti', 

and the filtrate concentrated and dried to,give 9.80 g (96%) of a pale yellow crystalline 

solid: mp 139.5-142.5°C; IA (KB~) 3200-2400, 3~69, 3298, 2969, 2874, 2588, 1690, 

30 1426, 1260, 916, 864 cm·1
; 

1H NMR(300MHz, DMSO-d8) 60.90 (t, 3H, J=7.2Hz), 1.52 

(m, 2H), 2.42 (m, 2H), 5.08 (br s, 2H), 6.96 (d, 1 H, J=7.8 Hz), 7.05 (dd, 1 H, J=1. 7, 7 .8 

Hz), 7.20 (d, 1H, J=1.7 Hz), MS ',(Cl, NH3) m/z 180 (M+H•, base); Anal. calcd for 

C10H,3N02•1/3H20: C, 64.85; N, 7.89; N, 7.56. Found: C, 64.69; H, 7.49; N, 7.86. 
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C. 3-C8Cboxy.§-propvl-benztoecl!azo t-buM sulfide. A mixture of 8.80 g 

(49.1 mmol, 1.0 equiv) 3-amino-4-propyl-b8nzoic acid and 2.34 g (22.1 mmol, 0.45 

equiv) sodium carbonate In 55 ml H10 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 · 

5 (54.0 mmol, 1.0 equiv) sodium nitrite In 27 ml H20 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 

funnel and added over 5 minutes to a room temperature solution of 5.31 ml (47.1 

10 mmol, 0.96 equiv) t-butyl 1hiol in 130 ml ethanol. The pH was adjusted to 4-5 by 

addition of saturated aqueous Na2C03 solution, and the reaction mixture was allowed 

to stir 1 hour at ambient temperature (20-25°C). 200 ml brine were added, and the 

mixture was fittered. The solidwuwashed·1 x H20 and dried ovemight to give 12.25 

g (89%) of a brown/rust colored powder (caution-stench): mp 102°C (dee); IA (KBr) 

15 3200-2400, 2962, 2872, 2550, 1678; 1484, 1428, 1298, 1171 cnr1
; 

1H NMR (300 MHz, 

DMSO-d8 ) 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 Hz). 13.18 (br s, 1H); 

MS (thermospray, NH40Ac) m/Z 281 :(M+H+, base); Anal. calcd for C14H20N20 2S: C, 

59.96; H, 7.19; N, 9.99. Found: c. 69.71; H, 7.32; N, 10.02. 

20 0. 3·Etby!-1H-indazole-6-carboxvlic acid. A solution of 12.0 g (42.8 mmol, 

1.0 equiv) 3-carboxy~ropyl·benzenadiezo 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-butoxlde in 200 ml dlmethylsulfoxide {OMSO). After stirring 2 hours 

at ambient temperature, the reaction mixture was poured into 1.5 L of 0°C 1N HCI, 

25 stirred 5 minutes, then extracted 2 x 360 ml ethyl acetate. The ethyl acetate extracts 

(caution - stench) were combined, washed 2 x 250 ml H 20, and dried over MgS04• 

Filtration, concentration of filtrate ~d drying gave a tan solid, which was triturated with 

1 l of 1 :3 Et20/Hexanes and dried to.give 7 .08 g (87%) of a tan crystalline powder: mp 

248-261°C; IR (Kar) 3301, 3300-2400, ·2973. 2504, 1702, 1455, 1401, 1219 cm·1
; 

1H 

30 NMR (300 MHz, DMSO-d8) o 1.S1 (t, SH, 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, NH3) m/z 191 (M+H+, base); Anal. catcd for C10H10N20 2: 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-Etbyl-1H:Jndazole-8-carboxvlic acid methVf ester. 8.78 g (45.8 mmol, 

1.1 equiv) 1 ·(3-dlmethytamlnopropyl)-3-ethylcarbodlfmide hydrochloride were added In 

one portion to an ambient temperature soltition of 7.92 g (41.6 mmot, 1.0 equiv) 3-ethyf. 

1H-indazole-6-carboxylic acid, 16.9 mL (416 mmol, 10 equiv) methanol and 5.59 g (45.8 

5 mmof, 1. 1 equiv) dimathylamlnopyridine (DMAP) in 250 ml CH2Cl2• After 18 hours at 

room temperature, the reaction mixture ~ concentrated to 150 ml, diluted with 500 

ml ethyl acetate, washed 2 x 100 mL 1N HCI, 1 x 100 ml H20, 1 x 100 ml brine, and 

dried over Na2S04• Filtration, concentration of filtrate and drying gave 7.8 g of a brown 

solid, which was purified on a silica gel column (30% to 50% ethyl acetate/hexane 

10 gradient) to give 6.41 g (75%) of a tan solid: mp 107-108°C; IR (KBr) 3100-2950, 1723, 

1222 cm·'; 'H NMR (300 MHz, COCl3) 6 8.19 (m, 1H), 7.7-7.8 (m, 2H), 3.96 (s, 3H), 3.05 

(q, 2H, J=7.7 Hz), 1.43 (t, 3H, 7.7 .Hz); M.S (Cl, NH3) m/z 205 (M+H~. base); Anal. 

calcd for C,,H12N20 2: C, 64.70; H. 5.92; N, 13.72 .. Found: C, 64.88; H, 6.01; N, 13.96. 

F. 1-Cyclopentyt-s«hvt.:1 H-indazole-§-carbo:glic acid methvl ester. 1 .17 

15 g (29.4 mmol, 1.05 equiv) sodium hydride, 60%: oil dispersion, were added in one 

portion to an ambient temperature solution of 5.7 g (27.9 mmol, 1.0 equiv) 3-ethyl-1 H­

indazole-6-carboxylic acid methyl ester In 125 ml anhydrous DMF. After 20 min., 3.89 

ml (36.6 mmol, 1.3 equiv) cyclopen1yl bromide were added dropwise. and the reaction 

mixture allowed to stir overnight at room temperature. The mixture was then poured 

20 into 1 L H20 and extracted 3 x 450 ml ethyl acetate. The organic extracts were 

combined, washed 3 x 400 ml H20, 1 x 200 mL brine, and dried over Na2S04• 

Filtration, concentration ot filtrate and drying gave an amber oil, which was purified on 

a silica gel column (10% ethyl acetate/hexanes, gravity) to give 5.48 g (72%) of a clear 

oil: 'H NMR (300 MHz, CDCl3) a 8.16 (d, 1H, J=1.0 Hz), 7.7 (m, 2H), 5.00 (quintet, 1H, 

25 J=7.5 Hz), 3.97 (s, 3H), 3.01 (q, _2H, J=7.6 Hz), 2.2 (m, 4H), 2.0 (m, 2H), 1.8 (m, 2H), 

1.39 (t, 3H, J=7.6 Hz); HRMS calcd for C111tt20N292 : 272.1526. Found: 272.15078. 

G. (1-CVclopentyl-3-etpyl-1H-indazol-6~~l-mathanol. 7 ml (7.0 mmol, 1.0 

equiv) lithium aluminum hydride, 1.0 M solution in THF, were added to a 0°C solution 

of 1.02 g (7.05 mmol, 1.0 equiv) 1-cyclopenty~yl-1H-indazole-6-carboxytic acid 
. . 

30 methyl ester in 50 ml anhydrous THF. After 20 minutes. 1 ml methanol was added 
. . 

cautiously, then the reaction mbcture was; poured into 500 ml of 5% H2S04 and 

extracted 3 x 50 ml ethyl acetate. Th• org8flic e)rtracts were combined, washed 2 x 

40 ml H20, 1 x 40 ml brine, and dried over Na2S04• Filtration, concentration of filtrate, 
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and drying gave 1.68 g of a clear oil, which w• .purified on a silica gel column to give 

1.63 g (89%) clear oil: IR (CHCIJ 3606, 8411, 3009, 2972, 2875, 1621, 1490 cm·1; 1H 

NMR (300 Mhz, CDCI,) 6 7.65 (d, 1H, J=8.0 HZ) 7.42 (s, 1 H), 7.06 (dd, 1 H, J= 1.0, 8.2 

Hz), 4.92 (quintet, 1H, J=7.7 Hz), 4.84 (s, 2H), ~•98 (q, 2H, J=7.6 Hz), 2.2 (m, 4H), 2.0 

5 {m, 2H), 1.7 (m, 3H), 1.38 (t, SH, J=7.6 Hz):': MS (thermospray, NH40Ac) m/z 245 

(M+H+. base); HRMS cafcd fOr C,5H20N20 + f.t: 245.1654. Found: 245.1675. 

H. 1-Cyclopentvl-3-ethyl'-1H-indazole-6-carbaldehyde. 106mg(0.301 mmol, 

0.05 equiv) tetrapropylammonium penuth"1at• (VII) were added to a room temperature 

suspension of 1.47 g (6.02 mmol, 1.0 equiv) (l~clopentyl-3-ethyl-1H-indazol-6-yl)-

1 O methanol, 1.06 g (9.03 mmol, 1.5 equiv) N-mett\ylmorpholine N-oxide and 3.01 g 4A 

molecular sieves in 12 ml anhydrous CH2Cl2• ·.After 20 minutes the reaction mixture 

was filtered through a short column of silica gel (eluted with CH2Cl2). Fractions 

containing product were concentrated; and the residue chromatographed on a silica 

gel column (15% ethyl acetate/hexanes; flash) to give 924 mg (63% of a pale yellow 

15 solid: mp 41° C; IR {KBr) 3053, 2966, 2872, 2819, 1695 cm·1
; 

1H NMR (300 MHz, 

COCl3) 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, 1 H. J=7.5 Hz), 3.01 (q, 2H, J-7.6 Hz), 2.2 (m, 4H), 2.0 (m, 

2H), 1.7 (m, 2H), 1.39 (t, 3H, J=7.5 Hz); MS (Cl, NH3) m/Z 243 (M+H+, base); Anal. 

ca6cd for C15H,8N20: C, 74.35; H, 7.49; N, 11.56. Found: C, 74.17; H, 7.58; N, 11.79. 

20 PREPARATION 2 

1-Cyc!opentvt-3-ethyl-1 H.fndazola-6-carbaldehyde 

A. +Bromo-2-nltro-1-proRyl-benzeoe. 125g (628 mmol, 1.0equiv) 1-bromo-

4-propyl-benzenewere aclded In onep~rtionto a10°C solution of600 ml cone. H2S04 

and 200 ml H20. With vigorous mechanical stirring, an ambient temperature mixture 

25 of 43.2 ml (691 mmot, 1.1 equiv) cone. HN03 (69-71%, 16M) in 150 mL cone. H2S04 

and 50 ml H20 was added dropwise over 30 minutes. The ice bath was allowed to 

warm to ambient temperature, and . the reaction 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, the, mixture~ transferred to a 4 L separatory funnel 

30 and extracted 4 x 800 ml isopropyl ether. The organic extracts were combined, 

washed 3 x 800 mL H20, 1 x 500 ml brine, and dried over Na2S04 , Filtration, 

concentration of filtrate and drying gav• 160 mLof a yellow liquid, which was purified 
' ' 

by silica 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 regloisomer is 

the tess po'ar of the two, which are fanned in a 1 :1 ratio. bp 108°C, 2.0 mm; IR 

(CHCl3) 3031, 2966, 2935, 2875, 1531, 1352 cm·1
; 'H NMR (300 MHz, CDCl3) 6 8.01 (d, 

1H, J=2.1 Hz), 7.62 (dd. 1H, J=2.1, 8.3 Hz) 7.23 (d. 1H, J=8.3 Hz), 2.81 {m, 2H), 1.67 

5 (m, 2H}, 0.98 (t, SH, J=7.4 HZ); 130 NMR (75.5 MHz, CDCl3) 6 13.94, 23.74, 34.43, 

119.6, 127.4, 133.3, 135.7, 136.4, 149.e; GCMS (El) m/Z 245/243 (M+.), 147 (base); 

HRMS calcd for C9H,oN02Br + H: 243.9973. Found: 243.9954. 

B. 5-Bromo-2-proPVl-phenylamine. 121 g (639 inmol, 3.0 equiv) of stannous 

chloride (anhydrous) were added in one portion to a room temperature solution of 51.9 

10 g (213 mmol, 1.0 equiv) 4-bromo-2~nitro-1-propyl-benzene in 1200 ml absolute ethanol 

and 12 mL (6 equiv) H20. 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 H20. 150 g of·NaOH pellets were added portionwise, with stirring, 

until1:he PH= 10 and most of the tin hydroxide has dissolved. The mixture was divided 

15 in half, and each half extracted 2 x 750 mL ethyl acetate. All four ethyl acetate extracts 

were combined, washed 1 x 500 ml each 1 N NaOH, H20, and brine, then dried over 

N~S04• Fiitration, concentration of filtrate and drying gave a yellow liquid, which was 

purified on a 1.2 kg silica gel column (1: 12 ethyl acetate/hexanes) to give 41.83 g (92%) 

of a pale yellow liquid: 1R (CHCl3 ) ~90, 3404, 3008, 2962, 2933, 2873, 1620, 1491 cm· 

20 1
; 

1H NMR (SOO MHz, CDCl3} 6 6.8-6.9 (m, 3H), 3.90 (br s, 2H) 1 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 C9H12NBr: C, 50.49; H, 5.65; N, 6.54. Found: C, 50.77; H, 5.70; N, 6.60. 

C. 6-Bromo-3-ethyl-1 ~ind&zole. 49.22 g (230 mmot, 1.0 equiv) 5-bromo-2-

propyl-phenylamlne were placed in a 3 L flask and chilled In an ice bath. A 0°C 

25 solution of 57.5 ml (690 mmol, 3.0 equiv) cone. HCt in 165 ml H20 was added, and 

the resulting solid mass which formed was ground up until a fine white suspension 

resulted. 100 ml more H20 wwe ~ded, then a solution of 15.9 g (230 mmol, 1.0 

equiv) sodium nitrite In 75 ml H20 was added dropwise over 1 O minutes. The ice bath 

was removed, and the reaction allo)Yed to stir at room temperature tor 30 minutes. The 

30 reaction mixture was then filtered through a sintered glass funnel, precooled to 0° C. 

The filtrate was chilled in an i• bath, and with mechanical stirring, a 0°C 

solution/suspension of 32.8 g (313'mmol. 1.36 equiv) ammonium tetrafluorobrate in 110 

mL H20 was added dropwise over 10 minutes. The thick White suspension which 
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formed (aryl diazonium tetrafluc>roborata salt) was allowed to stir 1.5 hours at o° C. The 

mixture was than filtered, and the solid washed 1 x 200 ml 5% aq. NH4BF4 (cooled at 

0°C), 1 x 150 ml CHaOH (cooled to 0°C), then 1 )( 200 ml Et20. Drying at high 

vacuum, ambient temperature for 1- hour gave M.47 g (76%) of the diazonium salt, an 

5 off-white solid. 

1500 ml of ethanol freEJJ chloroform 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 rninutes, the diazonium salt was added 

in one portion, and the reaction mixture allowed to stir at room temperature under 

1 O nitrogen atmosphere tor 18 hours. The mixture was then filtered, the solid washed 2 

x with CHCl3 , and the filtrate con~ated to give 47 g of crude product (brown 

crystals). Silica gel chromatography (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; JR (KBr) 3205, 3008, 29f$9,2925, 1616, 1340, 1037cm·1; 
1H NMR (300 MHz, 

15 CDCl3) 6 9.86 (br s, 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 Hz), 2.99 (q, 2H, J=7.6 Hz), 1.41 {t, 3H, J=7.6 Hz); MS (Cl, NH3) m/Z 
227/225 (M+H•, base): Anal. calcd for C,H8N2Br: C, 48.02; H, 4.03; N, 12.45. Found: 

C, 48.08; H, 3.87; N, 12.45. 

O. 6-Bromo-1-cyclopentyl§:ethvt·1H-indazole. 2.46 g (61.4 mmol, 1.05 

20 equiv) sodium hydride. 60% oil dlsperSion, were added in 0.5 g portions to a 10°0 

solution of 13.17 g (58.5 mmol, 1.0 equiv) 6-bromo-3-ethyl· 1 H-indazole in 500 ml 

anhydrous DMF. The mixture was stirred at am1:3iient temperature for 20 minutes, then 

a solution of 8.8 mL (81.9 mmol, 1.4 equiv) cy()fopentyl bromide in 10 mL anhydrous 

DMF was added dropwise. After t 8 hours, the reaction mixture was poured into 2 L 

25 H20 and extracted 2 x 1 l ethyl acetate. The org~ic extracts were combined, washed 

2 x 750 ml H20, 1 x 500 ml brine, and dried ov~r Na2S04 • Filtration, concentration of 

filtrate and drying gave 20. 7 g of orude produet, which was purified on a silica gel 

column (1.1 kg silica get, 3% ethyl acetate/hexa.i}es) to give 10.6 g (62%) of an amber 

liquid: IA (CHCl3) 2972, 2875, 1606, 1501, 1048cm·'; 1H NMR (300mHz, CDCl3) 67.56 

30 (d, 1H, J=1.3 Hz), 7.52 (d, 1H; J=8;7 Hz), 7.17 (dd, 1H, J= 1.5, 8.5 Hz), 4.83 (quintet, 

1H, J=7.6 Hz), 2.96 (q, 2H, J:;;7.6 ~), 2.15 (m~ 4H), 2.0 (m, 2H), 1.65 (m, 2H), 1.36 (t, 

3H, J=7.7 Hz); MS (1harmospr11y1 NH40Ac) m/z?~293 (M+H+, base); Anal. calcd for 

C,4H17N2Br: C, 57.36; H, 5.84; N, 9.55. Found: C, 57.48; H, 6.83; N, 9.90. 
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E. 1-Cyclopentvl-s-ethyl-1 H-indazole-6-carbatdehyde. 11.6 ml (28.4 mmol, 

1.0 equiv) n-BuU, 2.45 M In hexane$, ware added to a-78°C solution of 8.32 g (28.4 

mmol, 1.0 equiv) 6-bromo-1-cyctopentyl-3-ethyl-1H-lndazole in200 ml anhydrous THF. 

After 30 min. at -78°C, 8.8 ml (114 mmol, 4.0 equiv) anhydrous DMF were added 

5 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 stirring for 10 minutes, most of the THF was removed on a 

rotary evaporator. The residue was diluted with 500 ml H20, and extracted 2 x 250 ml 

ethyl acetate. The organic extracts were combined, washed 1x100 ml H20, 1x100 

10 ml brine, and dried over Na2S04 • Filtration, conc:entratlon of filtrate and drying gave 

a yellow oil, Which was purified on silica gel column (15% ethyl acetate/hexanes, 

gravity) to give 4.70 g (68%) of a yellow ~stalline solid: 'H NMR (300 MHz, CDCl3) 

identical to the spectrum of the title c:Qmpound from Preparation 1 . 

. EXAMPLE 1 

15 Racemic 4-(1-CVclopentllf-s«hyf· 1 H-fndazol-6-yl)-pyrrolldine-2-one 

A. 2-<1-Cyclo0entvl-3-ethyl-1 H-lndazol-6-ytmethvtenel-maJonic acid diethyl 

A mixture of 3.74 g (15.4 mmol, 1.0 equiv) 1-cydopentyl-3-ethyl-1 H-Jndazole-6-

carbaldehyde, 2.33 ml (15.4 mmol, t.O equiv) d,iathyl malonate, and 1.52 ml (15.4 

20 mmof, 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 tempwature and the toluene removed on a rotary 

evaporator. The restdue was dtluted with 500 ml ethyl acetate and washed 2 x 150 ml 

saturated aqueous NH4CI, 1x150 ml H20, 1x150 ml brine, and dried over Na2S04• 

25 Altration, concentration of filtrate and drying gave 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 (CHCl3) 2974, 2940, 2874, 1~4, 1257 cm·'; 1H NMR (300 MHz, 

CDCl3 ) 67.87(s,1H}, 7.63(d, 1H, J=8.4Hz), 7.52(s,1H), 7.15 (dd, 1H, J=1.4, 8.4 Hz), 

4.88 (quintet, 1H, J=7.6 Hz), 4.3 (m, 41-f), 2.96 (q, 2H, J= 7.6 Hz), 2.15 {m, 4H), 2.0 (m. 

30 2H), 1.7 (m, 2H), 1.3 (m, 9H); MS (Cl, NH3) m/z385 (M+H+, base); Anal. calcd for 

C22H28N20 4 : 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-CCVano-l1-cyclopentvl-3-ethvt-1H-indazot-6-yD-methylJ-malonic acid 

dlethvl 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-cycJopentyl-

3-ethyl-1 H-ind~ol-6-ylmethylene)-malonlc acid diethyl ester In SO ml absolute ethanol. 

5 After 14 hour room tempsature, the reaction mixture was concentrated on a rotary 

evaporator and the residua dllutecf with 500 ml ethyl acetate. 200 ml H20 were added. 

and the mixture acidified to pH 3 with 1N HCJ. The layers were separated, and the 

organic layer was washed 1x100 ml H20, 1 x 100 ml brine, and dried over Na2S04 • 

Filtration, concentration of filtrate and drying gave an orange oil, which was purified on 

10 · a silica gel column (15% - 25% ethyl acetate/hexanes gradient) to give 2.84 g (90%) of 

a clear oil: IR (CHCl3) 3032, 2974, 2941, 2875, 2250, 1752, 1736, 1244 cm·1; 1H NMR 

(300 MHz, CDCIJ 6 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, 1 H, J=7.6 Hz), 4.66 (d, 1H, J=9.5 Hz), 4.3 (m, 2H), 4.1 (m, 2H), 3.96 (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 
15 Hz), 1.30t, 3H, J=7.1 Hz), 1.06 (t, 3H, J=7.1 Hz); MS (Cl, NHJ m/z 412 (M+H•, base); 

Anal. calcd for C23H28N30 4 : C, 67.13; H, 7.10; N. 10.21. Found: C, 67.29; H, 6.97; N. 
10.06. 

C. Racern!c 4-C1.CVclopentyl::3-ethyl-1 H-lndazol-6-yll-oyrrolid!ne-2-one. 3.0 
g platinum (IV) oxide and 35 ml acetic acid were placed on a Pa,.,. hydrogenation 

20 apparatus and shaken under 45 psi H2 at room temperature for 1 hour. 2.79 g (6.78 
mmol, 1.0 equiv) 2-[cyano-( 1-cyclopentyl-3-ethyl-1 H-indazol-6-yl)-methyl]-malonic acid 

diethyl ester were added, dtssolved in 40 mL acetto acid, then the mixture was shaken 
under 45 psi H2 at room teri'lperature for 3 hours. The reaction mixture was filtered 

through cellte•, and the filtrate concentrated on a rotary evaporator and azeotroped 3 

25 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 reflux under nitrogen atmosphere. After 17 hours, the reaction 

mixture was cooled to room tempe~re, and the toluene removed on a rotary 

evaporator. The residue was dissolved in 250 rnL ethyl acetate and washed 3 x 50 ml 
30 1N HCI, 1 x 50 ml H20, 1 x 50 ml brine, and dried over Na2S04• Altration, 

concentration of filtrate and drying gave·2.84 g of an amber oil. 

This second oil was dissolved In 60 ml ethanol and 20 mL 1 N 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 evapo..-,r. The residue was diluted with 200 ml H20, 

acldffiecl to pH;:2 with 1N HCI, and extracted 2 x 100 ml ethyl acetate. The organic 

extracts were combined, washed 1 x 50 ml H20, 1 x 50 mL brine, and dried over 

Na2S04 • FDtration, concentratie>n of filtrate and drying brine, and dried over Na2S04• 

5 Filtration, concentration of filtrate and drying gave 2.45 g of a tan amorphous solid. 

This solid was heated In an oU bath to 180°C (extemal) under nitrogen atmosphere. 

After 20 minutes at 180° C, all bubbling had ceased, and the brown liquid which formed 

was cooled to room twnperature. As It cooled, It crystallized as a tan solid. Silica gel 

chromatography (6% CH30H/CH2Cl2, flash) gave 1.41 g of a white solid, which was 

10 recrystallized from ethyl acetate/hexanes to give 1.21 g (60% overall) white silvery 

flakes: mp 197-198°C; IR (KBr) 3197, 3093, 2967, 2874, 2818, 1705, 1682 crn·1
; 

1H 

NMR (300 MHz, CDCl3) o 7.65 (d, 1 H, J=8.2 Hz), 7.23 (s, 1 H), 6.99 (dd, 1 H, J= 1.4, 8.3 

Hz), 6.09 (br s, 1H). 4.89 (quintet, 1H, J=7.7 Hz), 3.85 (m, 2H), S.5 (m, 1H), 2.97 (q, 

2H, J=7.6 Hz), 2.85 {m, 1H), 2;65 (m, 1H), 2.14 (m, 4H), 2.0 (m, 2H}, 1.7 (m, 2H), 1.37 

15 (t, 3H, J=7.5 Hz); MS (Cl, NH3) m/Z 298 (M+H+, base); Anal. calcd for C18H23N30: C, 

72.69; H, 7.80; N, 14.13. Found: C, 72.39; H, 7.84; N, 14.33. 

EXAMPLE2 

C + )-4-{1-Cyclopentyl-3-ethyl-1 H-indazql-6-yl)=pyrroHdlne-2-one and (-)-4-(1 -

cyclopentyl-3-ethyl-1 H-indazol-6-yl)-pyrrolidine-2-one 

20 958 mg of racemlc 4-(1-cyclopentyl-3-athyt-1 H-lndazol-6-yl)-pyrrolidine-2-one 

were resolved chromatographically on a 5 cm Id x 50 cm long Chiracel OD column. 

The mobile phase was 88:12 heptane:isopropanol with 0.05% diethylarnine as additive. 

The feed for each cycle was 60 mg racemate In 4 ml isopropanol. The flow rate was 

70 mUmin and the separation was monitored at 2SO nm. The two peaks eluted at 50 

25 and 55 minutes. The heart cuts of the 50 and 55 minutes. The heart cuts of the 50 

minutes peak were pooled and assayed at 96% ee. This fraction (SL) was 

concentrated, and the residue purified on a silica gel column (5% CH30H/CH1Cl2 , flash) 

to give 371 mg of a white solid, which was recrystallized from ethyl acetate/hexanes to 

give 295 mg of silvery-white flakes: mp 132-135°0; IR (KBr) 3204, 3097, 2967, 2873, 

SO 1702 cm·1
: 

1H NMR (300 MHz, CDCl3) 6 7.65 (d, 1H, J=8.4 Hz), 7.23 (s, 1H), 6.99 (dd, 

1H, J=1.2, 8.3 Hz), 5.94{brs, 1HO, 4.89(quintet,1H, J=7.6 Hz), 3.85 (m, 2H), 3.49 (m, 

1 H), 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, SH, J=7.4 Hz); MS {Cl, NH3) m/z 298 (M+H+, base); Anal. calcd for 
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C18H23N30: C, 72,69; Ht 7.80; N, 14.13. Found: C, 72.41; H, 7.87; N, 14.17; [a]D = -

34.3°C (c=1.15, CHCl.J. The heart cuts of the 65 minutes peak were pooled and 

assayed at 94% ee. This fraction (13 L) was concentrated, and the residue purified on 

a silica gel column (5% CH30H/C~zl'Cl2 ·flash) to give 400 mg of a white solid, which 

5 was recrystallized from ethyl ·acetate/heXanes to give 256 mg of white crystals: mp 

132.5-135.5°0; IR (KBr) 3203, 3097; 2967, 2872, 1703 cm·1
; 

1H NMR (300 MHz, CDCl3} 

6 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, 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.B (m, 

1H), 2.6 (m, 1H), 2.2 (m, 4H}, 2.0 (m, 2H). 1.7 {m, 2H), 1.37 (t, SH, J=7.4 Hz); MS (Cl, 

10 NH3) rn/z 298 (M+H•, base); Anal. calcd for C18H23N30: C, 72.69; H, 7.80; N, 14.13. 

Found: C, 72.76; H, 7.94; N, 14.20; [aJ.0=+32.9° (c=1.19, CHCl3). 
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CLAIMS 

What is claimed Is: 

1. A compound of the formula I 

I I 
N"'N 
I 
R 

or a pharmaceutically acceptable salt thereof, wherein: 

THIS SHEET HAS BEEN 
REPLACED 

R is H, C,-C8 alkyl, -(CH2)m(C3-C7 cycloalkyl), -(CH2)"'(C3-C9 heterocyclyl), 

wherein mis Oto 2, {C,-C8 alkoxy)C,-C11 alkyl, C2-C8 alkenyl, or ·(Z1MZ2lc:(C0-C10 aryl) 

wherein b and c are independently 0 or 1, Z, is C, -C6 alkylene or C2-C6 alkenylene, and 

15 Z2 is 0, S, S02, or NR,0, and ·wherein said A groups are optionally substituted by one 

or more substituents independently selected from the group consisting of halo, 

hydroxy, C,-C5 alkyl, C2-C6 alkenyl, C,-C5 alkoxy, C3-C0 cycloalkoxy, trifluoromethyl, 

nitre, -C02R10, -C(O)NR10R,,, -NR,0R11 and -S02NR1oA11 ; 

R, is H, C,-C7 alkyl, C2-C3 alkenyl, phenyl, C3-C7 cycloalkyl, or (C3-C7 

20 cycloalkyl)C,-C2 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; 

R2 is 2-oxo-4-pyrrolyl, pyrazolyl, 2-oxo-3,4-dihydro-5-pyrimidyl, 2-oxo-3,4-

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

25 pyrimidyl, or 2-oxo-5-pyrimidyl, wherein each of sald R2 groups Is optionally substituted 

by 1 to 4 R6 groups; 

- ---- ---- - . -- -- ----- - -- -- --- ~ 
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t'J:> N ' ' 
<lq) <Ir> 

or 

< Is> C I t > 

wherein, in said formulas (la)-(lt), q is O or 1 in formula (lb), n is O to 2 in formula (le), 

and the dashed lines appearing in formulas (lb}. (Id), (lg), (th), (Ii), {lj) and (lo) represent 

a double bond or a single bond; 

X1 is 0 orS; 

20 X2, in formula (lk) and where the dasbed line in formula (lj) represents a double 
:;: 

bond, is CR5, CR.,, CRw or COC(O)NR9R12, or, wtiere the dashed line in formula (lj) 

represents a single bond, X2 is CRsf\, CR.,RJ, or CR18A.; 
X3 is C{=Z3 ), C(S) or CR6R10; 

X4 is -{CH2)m· wherein m is 0 to 2; 

25 ~ is a bond or -CH2-; 

Xe is -CH2- or -C(O)-; 

R3 is H, hydroxy, C1-C4 alkoxy, -CHR~(9)q(CH2)itA wherein q is O or 1 and mis 

Oto2; 

R4 is H, hydroxy, C,-C~ alkyl, C,-c,; aikoxy, -OC(O)CH3, C2-C3 alkenyl or 

30 (phenyl)C1-C2 alkyl; 

R5 is H, hydroxy, -(CH2)~ wherein n{is 0 to 2, C1-C6 alkyl or C2-C3 alkanoyl, 

wherein said alkyl group is optionally substituted by 1 to 3 subtituents independently 

selected from halo, nltro, -NR,0R11 , -C02R10, -OR10, -OC(O)R10, -C(O)R10, cyano, 
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-C(=Y)NR10R11 , -NR10C(=Y)NR10R11 1 -NR10C{=Y)Rw ·NR10C(O}OA10, -C(NR10}NR10R11 , 

-C(NCN)NR,0R11 , -C(NCN)SR10, •NR10$,02R1°' -S(O}mR10 wherein m is 0 to 2, 

-NA, 0S02CF 3 , -NR10C(O}C(O)NR, 0R,,, -NR10C(O)C(O)OR10, lmidazolyf, and 1-(NHR10)-2· 

imidazolyl; 

5 each Ra is independently selectacffr;om th.a group consisting of H, halo, cyano, 

R,3, cyclopropyt optionally substituted bY:fi9 , -OR10• -CH20R100 -NR,0R12, -CH2NR,oR12• 

-C(O)OR,0 , -C(O}NR10R12, -CH=CR91\. _q,•Cf\ and-C(=Z}H; 

R7 ls H, -C(O)R8, fmldazolyl, py~olyl, triazolyl, tetrazolyt, oxazolyl, lsoxazolyl, 

oxadiazolyl, thiadiazolyl, thiazoJyl, oxezo11<f1nyl1 thiazolidinyl or imldazolidinyl; 

10 each R8 is independently ·OR,0 , -~R,0R, 2 or R, 3; 

each R9 is independently H, halo, or C,-04 alkyl optionally substituted by 1 to 

3 fluorines; 

each R10 and R11 are,indapendently,selectecHrom hydrogen and c,-C4 alkyl; 

each R12 is independently-OR10 or,R10; 

15 A13 is C1-C4 alkyl; 

each R, 4 is Independently selected from the group consisting of halo, nitro, 

cyano, -NR, 0R18, -NR,8R12, -C(=Za)R8 , -:S(O)mR13 wherein m is 0 to 2, -OR12• 

-OC(O)NR, 0R12, -C(NR12)NR10R12, -C{NA10)SR13, -OC(O)CH3 , -C(NCN}NR10Rw 

-C{S)NR10R12, -NA12C{O)R17, -C(O)R171 ox~olyl, imidazolyl, thiazolyl, pyrazolyl, trlazolyl 

20 and tetrazolyl; 

each A15 is Independently hydrogen or C,-C4 alkyl optionally substituted by 1 

to 3 fluorines; 

each R,8 is independentiy H, R~ 3 , -C(O)R,3 , -C(O)C(O)R8 , -C(O)NR10R, 2 , 

-S(O)mR13 wherein mis 0 to 2, -C(NCN)SR\3, -C(NCN)R,3 , -C(NR12)A13 , -C(f-JR12)SR,3 , 

25 or -C(NCN)NR, 0R12; 

each Rn is independently A13, ~C(O}R,3 , oxazolidinyl, oxazolyl, thiazolyl, 

pyrazolyl, triazolyl, tetrazolyl, imidazoly!~> lmidazolidinyl, thiazolidinyl, isoxazolyl, 
' ' ' 

oxadiazolyl, thiadiazolyl, morpholinyl, pipeftdiny1,;\piperazinyl or pyrrolyl wherein each 

of said R, 7 heterocyclic groups ls option~tly substituted by one or two C1-C2 alkyl 

SO groups; 

R,8 is H, C1-C5 alkyl, C2-C5 alkenyl,,·~enzy~, or phenethyl; 

A,9 Is H, C,·Cs alkyl, C1-C5 alkanoyt/or benzoyl; 
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R20 is H, C1-C4 alkyl, carboxy, aminocarbonyl, C,-C8 alkyl optionally substituted 

by carboxy, -(CH2}mC(O)(C1·C8 alkoxy), or ~(CH2)m(C8·C,0 aryl) wherein mis Oto 2; 

R2, is H, C1-C0 alkyl, -C(=Y)R22, -C(::::Y)NHR221 -C(O)OR22, or -(CH2).)C7(pyridyl} 

wherein n is O to 5 and X7 is a bond or -CH=CH-, and wherein said pyridyl moiety is 

5 optionally substituted by halo; 

R22 is C,·C8 alkyl, ~-C8 cycloalkyl, -(CH2)m(C11-C10 aryl) or -(CH2),,X7(pyridyl) 

wherein n is Oto 5 and X7 is a bond or-CH=CH-, and wherein said pyridyl moiety is 

optionally substituted by halo; 

R23 is H, R111 , C1·C3 alkyl substituted:by hydroxy, or (C1-C3 alkyoxy)C,-C3 alkyl; 

10 R24 is H, R, 5 , carboxy, (C,-C3 alkyoxy)C1-C3 alkyl, C3-C7 cycloalkyl or C1-C5 alkyl 

substituted by -NR,0R11 ; 

or A23 and R24 are taken together 1o form -CH20CH20CH2-; 

A25 is H, hydroxy, C,·C4 alkyl o~lc:>nally substituted by hydroxy, -C(O)R10, 

-NA, oR,,. -(CH2)mNHC(O)R101 -(CH2)mNHC(Q)ij13, -{CH2)mC02A10• -(CH2)mC(O)NR,oR11' 

15 -(CH2)mC(O)N(OH)R10, -(CH2)mS02NR,0R11 , ·(CH2).nP03H2, -{CH2)mS02NHC(O)R13 or 

-(CH2)mS02NHC(O)(phenyl), wherein m is 0 to 4; 

R26 is H, C1·C4 alkyl, phenyl, ·NR10R11 , or ·NR10(C1-C4 alkanoyl); 

R27 is R,0, -CH2C02R13 or -CH2C(O)NR,0R1,; 

R28 is -C(O)R,0 , -C(O)(C8-C10 aryl), -C(O)(C3·C9 heteroaryl), ·C02R10, 

20 -C(O)NR10R11 , cyano, nitro, -CH20H, -NR, 0S02R100 -NHS02(C11·C,0 aryl), -NHC02(C,-C4 

alkyl}, -NR10C(O)R10 or -NHC02(C6-C10 aryl); 

A29 is Ru>• cyano, carboxy, formyl, -C(O)R,0, or C,·C.11 alkanoyl; 

R30 is cyano, ·NR,0R11 , -S02(C,·C4 alkyl), -S02(C6-C10 aryl), -C(O)R10, -C(O)(C6-

C10 aryl), -C{O)(C3-C9 heteroaryl), -C(O)NR10R11 , or -C02R10; 

25 R3 , and A32 are each independently H, cyano, nitro, -C02R10, -C(O)NR10R11 , 

-CH20H, -C(O)R,0, -NHC02R10, or-NHS02R10; 

A is pyrldyl, morpholinyl, piperidinyl,; lmidazolyl, thlenyl, pyrimidyl, thiazolyl, 

phenyl or naphthyl, wherein each of said A groups is optionally substituted by 1 or 2 

R, 4 groups or by 1 A15 group; 

30 Z is 0, NR12, NOR10, N(CN) •.. C(CN)2 , CR10N02 , CR10C(O)OR13 , 

CR10C(O)NR,0R11 , C(CN)N02 , C(CN}C(O)OR,3 or C(CN)C(O)NR10R,,; and, 

Yis O or S. 
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2. The compound·~t claim 1,wheraln R is cyclopentyl or cyclohexyl, R, Is 

C1-C2 alkyl, R2 Is a substltuent of formula. (la) wherein X1 Is 0 and R8 and R3 are both 

H. 

3. The compound of cfoim 1 wherein R is cyclopentyl or cyclohexyl, R1 is 

5 C1-C2 alkyl, R2 Is a substituent of formula (lb) wherein X1 is 0, q Is 1, the dashed line 

indicates a single bond, and R4 ·and Ra ate both H. 

4. The compound of ~aim 1 wherein R Is cyclopentyl or cyclohexyl, R, is 

C1-C2 alkyl, R2 is asubstituent oftormula (id) wherein the dashed line Indicates a single 

bond, A20 is methyl and R21 is Hor -C{O)i'1R10R, 1• 

1 O 5. The compound of claim 1. ~erein R is cyclopentyl or cyclohexyl, R, is 

C1-C2 alkyl, R2 is a moiety of formula (lo) -#herein the dashed line represents a single 

bond, X0 is -CH2-, and R10 and R27 are bo'h H. 

6. The compound Of claim 1";~erein R is.cyclopentyl or cyclohexyl, R1 is 

c,-e2 alkyl, R2 is a moiety of formula (!p) .wherein R31 and R32 are both H, R28 is 
. -

15 -C(O)R,0, -C02R10, -C(O)(C0·C10 aryl), c~no, nitro, -C(O)NR10R11 , -NR10C{O)R10, or 

-NR10S02R10, A29 is R10 or -C(O)R, 0 , R11 ls Hand R30 Is cyano, -C02R10 or -C(O)Rw 

7. The compound of claim t; wherein R8 , A3 ,, and R32 are H, R30 is 

-C02CH3 , R28 is -C(O)CH3 and R29 is ..Ct:f3• 

8. The compound of claim 1 wlJerein R2 Is a substltuent of the formula (le), 

20 (le), {If), (lg), (lh), (Ii), (lj)1 (lk), (II), (Im), (In), (lq), (Ir), (Is) or (It). 

9. The compound of claim 1 ~t!~ectea from the group consisting of: 

raoemic 4-(1-Cyclopentyl-3-ethyl-1 f1i.indazol-6-yl)-pyrrolidine-2-one; 

( + )-4-(1-CycJopentyl-3-ethyl-1H-ind,~ol-6-yl)-pyrrolldine-2-one; 
(-)-4-(1-Cyclopentyl-3-ethyl-1 H-ind~~l-6-yl)-pyrrolidine-2-one; 

25 and pharmaceutically acceptable s8its of said compounds. 

10. The compound of claim 1 ~lected.,from the group consisting of: 

racemic 4-(1-cyctohexyl-3-e1hyl-1 Hfl~dazol-6-yt)-pyrrolidine-2-one; 

( + )-4-(1-Cyclohexyl-3-ethyf-1 H~indal:ol-6-yl)-pyrrolidine-2-one; 
(-)-4-(1-Cyclohexyl-3-et,hyl;.1 H-induol-6-yl)-pyrrolidine-2-one; 

30 and pharmaceutically accept&ble ~ of ~aid compounds. 

11. The compound of· cla!m 1 ~erein. R2 is a substituent of formula {la) 

wherein X1 Is 0. 

12. The compound of claim 11 Wherein R is cyctohexyl or cyclopentyl. 
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13. The compound of claim 12 wherein R, is C1-C2 alkyl optionally 

substituted by 1 to 3 fluorines. 

14. The compound of claim 13 wherein R1 is ethyl. 

16. A pharmaceutical compp~ition for the inhibition of phosphodiesterase 

5 (PDE} type IV or the production of tumor necrosis 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 mammal which comprises administering 

1 O to said mammal a tharapeutically-effecijve lllfnOUnt of the compound of claim 1. 

17. A. phannaceutical compositiol'l for the prevention or treatment of asthma, 

joint Inflammation, rheumatoid arthritis, ,gouty arthritis, rheumatoid spondylitis, 

osteoarthritis, and other arthritic conditions.; sepsis, septic shock, endotoxic shock, 

gram, negative sepsis, toxic shock sync:trome, acute resptratory · distress syndrome, 

15 cerebat malaria, chronic pulmonary inflammatory disease, silicosis, pulmonary 

sarcoidosis, bone resorption diseases, raperfusion injury, graft versus host reaction, 

allograft rejections, fever and myalgias due to Infection, cachexla secondary to infection 

or malignancy, cachexla secondary to htJmfin acquired immune deficiency syndrome 

(A.IDS), AIDS, HIV, ARC (AIDS related complex), keloid formation, scar tissue formation, 

20 Crohn's disease, ulcerative colitis, pyresis, multiple sclerosis, type 1 diabetes mellitus, 

autoimmune diabetes, diabetes insipidus, systemic lupus erythematosis, bronchitis, 

chronic obstructive airway disease, psori•is, Sachet's disease, anaphylactold purpura 

nephritis, chronic glomerulonephrltis, lnfl~mmatory bowel disease, leukemia, allergic 

rhinitis, depression, muhi-tnfarct dem~~ or dermatitis, In a mammal, comprising a 

25 therapeutically-effective amount of the c,~mpound of claim 1 and a pharmaceutically 

acceptable carrier. 

18. A method for treating asthma, joint inflammation, rheumatoid arthritis, 

gouty arthritis, rheumatoid spondylitis, o~eoarthritis, and other arthritic conditions; 

sepsis, septic shock, endotoxlc shock, ~rytm negative sepsis, toxic shock syndrome, 

30 acute respiratory distress syndrome, cer~I rnalaria, chronic pulmonary inflammatory 

disease, silicosis, pulmonary sarcoidoslsfboO,e resorption diseases, reperfusion injury, 

graft vs. host reaction, allogratt rejections;Jever and myalgias due to infection, such as 

influenza, cachexla secondary to infection or malignancy, cachexla secondary to human 

~-·-· -·-----··-·-· ·- --··-· ...... -- ··-·- . -·····--· ·-·-·---·-·-····~·· 
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acquired Immune deficiency syndr()m• (AIDS), AIDS, HIV, ARC (AIDS related complex , 

ketoid formation, scar tissue form$tion; ... Crohn's disease, ulcerative colitis, pyresis, 

multiple sclerosis, type 1 diabetes m.alllttJs, diabetes lnsipldus, autoimmune diabetes, 

systemic lupus erythematosls, t>ronchiti~{chronic obstrµctive airway disease, psoriasis, 

5 Bechet's disease, anaphylactoid purp~ra nephritis. chronic glomerulonephritis, 

inflammatory bowel disease, leukemia,, allergic rhinitis, depression, mutti-infarct 

dementia or dermatitis in a mammal whi~h comprises administering to said mammal 

a therapeutically-effective amount of the compound of claim 1. 

---- __________ .. 


