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has been a target for modul ation and, accor di ngly, therapeuti

i ntervention iTRinktis demeats andsether infammatenydiseases ascwehes WD%q $eRsiR (septic

classes of PDignoci aH@‘éﬁé?e&Qeés%SOgﬁéﬁedé Hch‘éxuanm:?@%Q prbhu&%hf snw
Ti PS, 1990, 11, 150), and their 'sel ective Inhibitlon | ed

i nproved dr ug Gamepeynds(at. tlme praseninventionfmay\haveheembined HRE IV and TNF mmlmqyy
TIPS, 1991, 1%‘:,( . More particularly, it has been recogni zed that

i nhibition 25 PDE type IV can lead to inhibition of inflammtory

medi at or rtd ease ( NThiy' inventivresiso relates:tto 4 metbiod \af| using: suchCgompsunds iy gdhe

12 (Suppl. 11 hreatinéitor Hahudlé 8Réasedi® IfAnisiS, é2pecially humans and to pharmaceutical

compositions useful therefor.

Since the recognition that cyclic AMP is an intracellular second messenger

(E.W. Sutherland, and T. W. Rall, Pharmacol. Rev., 1960, 12, 265), inhibition of the

20 phosphodiesterases has been a target for modulation and, accordingly, therapeutic
intervention in a range of disease processes. More recently, distinct classes of PDE
have been recognized (J.A. Beavo and D. H. Reifsnyder, TiPS, 1990, 11, 150), and their
selective inhibition has led to improved drug therapy (C.D. Nicholson, R. A. Challiss and
M. Shahid, TiPS, 1991, 12, 19). More particularly, it has been recognized that inhibition

25 of PDE type IV can lead to inhibition of inflammatory mediator release (M.W. Verghese
et al., J. Mol. Cell Cardiol., 1989, 12 (Suppl. Ii), S 61) 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-Verlag). Thus, compounds that inhibit PDE
type IV, but which have poor activity against other PDE types, inhibit the release of

30 inflammatory mediators and relax airway smooth muscle without causing cardiovascular
effects or antiplatelet effects.

TNF is recognized to be involved in many infectious and auto-immune diseases,
including cachexia (W. Friers, FEBS Letters, 1991, 285, 199). Furthermore, it has been
shown that TNF is the prime mediator of the inflammatory response seen in sepsis and

35 septic shock (C.E. Spooner et al., Clinical Imnmunology and Immunopathology, 1992, -
62, S11).
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relaxation (T. J. Torphy in Directions for New Anti-Asthma Drugs, eds S. R

O Dognel | and C. G A Persson, 1988, 37, Birkhauser-Verlag). Thus,
conmpounds that inhibit PDE type 1V, but which have poor activity

agai nst other PDE types, inhibit the release of 30 inflammatory nedi ators
and rel ax airway snooth nuscle w thout caugi ng cardi ovascul ar effects.
or antiplatelet effects. TNF i€ recogni zed to be involved in
many i nfectious and auto-i mune di seases, i ncl udi ng cachexia (W
Friers, FEBS Letters, 1991, 285, 9) . Furftt er. n\})r 5 it has been shown

that TNF is the prine nediator of esponse 'seen in sepsis
and 35 septic shogke pfesent RVGHIDA reldtesto.a céihpourhbf theforrliagy and

| mmunopat hol ogy, 1992, 62, S11).

- 2- RS SunRéry of the Invention

The present invention relates to %180 the formul a '

10 and the pharmaceutically acceptable salts thereof; wherein
R' is hydrogen, (C,-Cjalkyl, (C,-Cjalkoxy, (C,-C,)alkenyl, phenyl,
dimethylamino, (C,-C,)cycloalkyl, (C;-Cg)cycloalkyl (C,-Cj)alkyl or (C,-Cg)acyl wherein
the alkyl, phenyl or alkenyl groups may be substituted with up to two hydroxy, (C,-
C,)alkyl, or trifluoromethyl groups, or up to three halogens;

15 R? and R® are each independently selected from the group consisting of
hydrogen, (C,-C,,)alkyl, (C,-C,)alkoxy(C,-C,)alkyl, (C,-C,,)alkenyl, (C,-C;)cycloalkyl,
.(C4-Cy)eycloalkyl(C,-C,)alkyl, a saturated or unsaturated (C,-C;)heterocyclic(CH,),
group wherein n is 0, 1 or 2, containing as the heteroatom one or two of the group
consisting of oxygen, sulphur, sulphonyl, nitrogen and NR* wherein R* is hydrogen or

20 (C,-C,)alkyl; or a group of the formula

(R®),

26 wherein a is an integer from 1 to 5; b and ¢ are 0 or 1; R® is hydrogen, hydroxy, (C,-
Cy)alkyl, (C,-C;)alkenyl, (C,-Cg)alkoxy, (C,-C,)cycloalkoxy, halogen, triflucromethyl,
CO,R®%, CONR®R’, NR°R’, NO, or SO,NR®R’ wherein R® and R’ are each independently
hydrogen or (C,-C,)alkyl; wherein Z is oxygen, sulphur, SO,, CO or NR® wherein R® is
hydrogen or (C,-C,alkyl; and Y is (C,-Cg)alkylene or (C,-Cgalkenyl optionally

30 substituted with up to two (C,-C,)alkyl or (C,-C,)cycloalkyl groups; wherein each of the
alkyl, alkenyl, cycloalkyl, alkoxyalky! or heterocyclic groups may be substituted with one
to fourteen, preferably one to five, of the group consisting of (C,-C,)alkyl, trifluoromethyi
or halogen; and



[err] 10 and the phar rraceutically'aceept abl e salts thereof; wherein
Rlere] is hydrogen, ((err]-Cerr])alkyl, ((err]- C[ere])alkoxy

(derr]-Cerr])al kenyl, phenyl, di et hyl am no, _
(derr]-Cerr])cycloalkyl, (Cerr]-Clerr])cycloalkyl (Clerr]-C(err])alkyl
or (Clerr]-Cerr])acyl wherein . the al kyl, phenyl or al kenyl groups may
be substituted with up to two hydroxy, (Cerr]- C3) al kyl, or
trifluoronethyl groups, or up to three hal ogens; R[err] and

h I d f th
nydr ogen. (Clerr] - AreRm iy i Seefpiaftbendd xr)sé'ﬁ%@yf? B el eqsisting, o
Eg[[e”% g[[e”%) hkjﬁhy (c, Ca?&kﬂ?lcﬁ )G%M'(Ce-cw)arvl andt(C "Crolaryloxy. Curat
err err])c a a sat ur aturate
(Clerr]-Clerr]) h>e1t eﬁ@éﬁ%? %ﬁ:&lﬁ%f‘? ‘ﬁ‘%’H"} fibss &9 wﬁ&agﬁqﬁ'fr?ﬁf at88
2, contai ni Ng MA&ndvaent &iyal rdamm Pddicelé HavipgOétrdi qrrasuhed or cmiasmatenag o
oxygen, suI%rur sul hon nitrogen and NR err wherein R4 is hydr ogen or

20 (derr] e?qrqt;'mtrey'st%erﬁo group of the formula [err] 25 wherein a

is an integer fromhdfarm; alkoR?das uded Herdh, ihclules O-alkyl grodsy AA6rein FaNE/IoKY .

(derr]- %[Eerr] al kyl, ( er] C[err])alkenyl (derr]-Cerr])al koxy,
(d err]-d err]defiped 8RP¥®dxy, hal ogen, trlfluororrethyl - CJerr]Rerr],

CONR[err] Rl err], NS {ehiR 8idnyr, A@&s&a heRdin, S&Inssrsr biBRASS IMdiced, hRnRéd by

Rlerr] and R[err] are each | ndepen hydr ogen or
(derr]-( err]thigPhgne-Cilgerein Z is oxygen sul phur, SQerr], COor NRerr]

wherein Riggl is The e egsqrs]ag gef‘er"{] rolir] isEYAdlcﬁﬁj, ;%é%&esan organic

(derr]-derr])al kyl ene or er err opti ona
substitut ed wiradicalpderivedfront @h aromati} bydrpyerbhyIbymerr(owazmrwlwctreg«ylsuch as

Lo e R RprE ptere i 5 b o oEbEIGA Koo Bty bl
preferably one‘rdmtﬁe greup @bnsistingyofdiupra; chkore,t ayano afitré,Gfifuardmetbyk (C]-C alkpky,
trifluoromet Ny ¢, JaryRxy fmadidHiet ), difuoromethoxy and (C,-Cy)alkyl
16 The term "aryloxy®, as used herein, includes O-aryl groups wherein "aryl® is
defined above.

The term "acyl®, as used hereih. unless otherwise indicated, includes a radical
of the general formula RCO wherein R is alkyl, alkoxy, aryl, arylalkyl or arylalkyloxy and
the terms "alkyl® or "aryl" are as defined above.

20 Preferred compounds of formula | include those wherein R' is methyl, ethyl or
isopropyl.

Other preferred compounds of formula | include those wherein R® is (C,-C,)alkyl,
(C,-Ce)alkenyl, (C,-C,)cycloalkyl, (C;-C,)cycloalkyl(C,-Cq)alkyl or phenyl optionally
substituted with 1 or 2 of the group consisting of hydrogen, hydroxy, (C,-Cs)alkyl, (C,-

25 C;)alkenyl, (C,-C;)alkoxy, halogen, trifluoromethyl, CO,R®, CONR°R’, NR°R’, NO, or
SO,NR°R’ wherein R® and R are each independently hydrogen or (C,-C,)alkyl.

Specific preferred compounds of formula | include the following:

g-cyclopentyl-5, 6-d|hydro-7-ethyl-3-phenyl-9H-pyrazoIo [3,4-c]-1,2,4-triazolo[4,3-
alpyridine;

30 . 8- cyclopenyl 5 6 d|hydro-7-ethyl-3-(furan-2-yl)-9H-pyrazoIo[3 4-c]-1,2,4-
triazolo[4,3-a]pyridine;

9-cyclopentyl-5, 6-d|hydro-7-ethyl -3-(2-pyridyl)-SH-pyrazolo[3,4-c]-1,2,4-
triazolo[4,3-a]pyridine;



-3- Rlerr] and Rlerr] are each independently sel ected from
t he group consi sting of hydrogen, ((err]-Cerr])alkyl, .
(derr]-Cerr])al koxy, (Cerr]-Cerr])aryl and (C[err]-C[err])aronxy.

The term al kyl", as used herein, unless otherw se indicated, includes
sat ur at ed nonoval ent hydrocarbon radi_g‘gl s having straight, branched or
cyclic noieties or 5 conbinations thereof. The term "al koxy',

as used herein, includes O al kyl groups vvherei n "alkyl" is defi ned

?P\gygét ed, is defi ﬁeﬁh‘ﬁﬁtpg'['m's;ﬁ %ﬂﬁeﬁ&ﬁ hﬁyrﬁcy‘y-gH’Hy?é%]Q é‘? m1s§4'

“aryl", as usefhZoR[4B]pyidiress ot herw se indicated, includes an organl c

r adi cal derivedfroma aro tic hydroca by r val 0 ro
Guch as " pheny S DRaRRBR RErINBITT SRAl P e BB P g Rl s
substituents igsigrmesent | y sel ected fromthe group consisting of
fluoro, chloro, cyano, nitro, -trifluoroneth err rr.] Q
(Jerr]-d&r])ar yIWZVkQ'FXq‘QRﬂ"Mré% \EHE ﬂv?thﬂéﬁo?%éﬂg% 1)5145"32%“4'3'
(derr]-dq err]# riéM'le 15 The term "aryl oxy , as used herein,

I ncl udes Oar groups wherein ned above

The term acyl , a&@mqpenm@&duhxﬁép&@%ﬁwm@i—mm%&%cl 1. 2dtirrelol4,3-
radi cal %E}f’“ﬁ Jeneral fornula RCO wherein Ris alkyl, alkoxy, aryl,
or a

aryl al kyl yl oxy and the terns "al kyl" or are as
defi ned above 20 3 9-dlcvd|’¢M@vk@é-dibﬂr@umwﬁmwmlaﬁ.ﬂ%&1%&'#9!95[@3'
wher ei n R[‘Fd %@grﬁet hyl , ethyl or I sopropyl . O her
preferred co 3f formula | include those wherein Rl err

(C err]-d err]) al kya-gyclopentyie,ediytirccT-ethyl-3-41-rethiicyclohex-t3)) pyfg;q{gia,%]-
(00 YL oot AR SIA S, O Breny! opLionel [y subst e
(Cerre]-d err]) al B:terttiiitgl)r9-cyclopentyi-5,6-dihydro-7-ethyl-9H-pyrazolo[3,4-c]-1,2,4-
triazolo[4,3-a]pyridine;
16 Q-cyclopentyl-5,6-dihydro-7-ethyl-3-(2-methylphenyl)-9H-pyrazo|o[3,4—c]-1 2,4~
triazolo[4,3-a]pyridine; |
9-cyclopentyl-5,6-dihydro-7-ethyl-3-(2-methoxyphenyl)-9H-pyrazolo[3,4-c]-1,2,4-
triazolo[4,3-a]pyridine; '
9-cyclopentyl-5,6-dihydro-7-ethyl-3-(thien-2-yl)-9H-pyrazolo[3,4-¢c]1,2,4-
20 triazolo[4,3-a]pyridine;
3-(2:chlorophenyl)-9-cyclopentyl-5,6-dihydro-7-ethyl-SH-pyrazolo[3,4-c]-1,2,4-
triazolo[4,3-d]pyridine;
S-cyclopentyl-5,6-dihydro-7-ethyl-3-(2-iodophenyl)-9H-pyrazolo[3,4-c]-1,2,4-
triaiolo[4,3~a]pyridine;
25 9-cyclopentyl-5,6-dihydro-7-ethyl-3-(2-trifluoromethylphenyl)-SH-pyrazolo[3,4-c]-
1,2,4-triazolo[4,3-a]pyridine; and '
5,6-dihydro-7-ethyl-9-(4-fluorophenyl)-3-(1-methylcyclohex-1-yl)-9H-pyrazolo[3,4- -
c]-1,2,4-triazolo[4,3-a]pyridine.
The present invention also relates to a method for the inhibition of
30 phosphodiesterase (PDE) type IV and the production of TNF comprising administering
to a patient an effective amount of a compound according to formula | or a
pharmaceutically acceptable sait thereof.
The present invention also relates to a method of treating an inflammatory
condition in mammals which comprises administering to said mammal an



25 C[er'r,])al kenyl, (derr]-Cerr])al koxy, hal ogen, trifluororret'hyl,
Cderr]Rerr], CONRerr]Rerr], NRerr]Rerr], NJerr] or
SJerr]NRlerr]Rerr] wherein Rerr] and R err] are each independently

hydrogen or ((Jerr]-Cerr])alkyl. : Specific preferred conpounds
of formula | include the foll ow ng:
9-cyc|openty|-5,6-dihydro-?-ethyl-3-pheny|gbkkpyra20lo[3,4-c]-1
,2,4-triazol of 4, 3- a] pyridine; 30 9-cycl openyl -5,

6- di hydro-7-et hyl - 3- (furan-2-vyl.)-9H pyrazal 4-cl-1. :2.4- .
triazol o[ 4, 3- é]"ﬁ'?ﬂ?"ﬂ ry ariodnt) 68 g&{'@ﬁ%“?f‘&o 8%)3?1? ﬁ}r]rrgﬂa I"of"a pharmaceutically
, 6- di hydr o- 7- etetitalsie (sait tyaresty| ) - OH pyrazolo [3,4-c]-1 , 2, 4-

E Zfl azol o[ 4, 3-o] pyr IT(I?llenper;esen'c invention also relates to a pharmaceutical composition for the (a)

9- cycl opent yl yaafindlitdy sstema; sttt brohchitisy Ehrdnic)otdtiustiveairalags fidedse; bsdrias, 4-

triazol o[ 4, 3-a] pyridine; - . . .

9- cycl opent§y| -Aengicy; thipdise- dermetilis - and z0thak ipflammatary  disgpsss chagacterized 1 by
azol o[ 4, 3- hoSpiudibsibrage d(?DE) Type IV activity, AIDS, sepsis, septic shock and other
3- benzyl - 9-cygl opentyl -5, 6-di hydro-7-et hyl - 94 pyr azol %13_, 4- '],&.1 .y s

, 2, 4-t ri azol o[diseases, suchgspgachgxigeinvolving the progl}/ction of ) or? ) the inhibition of
9- cycl opent yl - Bl P % I i , i effecti
A tr agol O[p}?ggﬁ%ﬁ@égf%}f?g?’wg?‘w 2R8Yhe %Hsdlbégaﬁ%# NP, cbmprising an effective

, 9- di cycl opentapousit 6f aichmpaund ascorgingdr fiaua op Pfﬂh&'ﬁfcelm?ﬂ!!!&‘??l"‘&?lﬁ $lts
5" cyel opent §1 “68ieSongther i aphamaenicaly acrepuke e
-yl ) - 9H pyr azol o[ 3, Thig Jnvention also relates to a method of treating or preventing a condition
selected from the group consisting of asthma, arthritis, bronchitis, chronic obstructive
airways disease, psoriasis, allergic rhinitis, dermatitis and other inflammatory diseases,
AIDS, septic shock and other diseases, such as cachexia, involving the production of
15 TNF comprising administering to a patient an effective amount of a compound
according to formula I or a pharmaceutically acceptable salt thereof.



1 ,2,4-triazol o[ 4, 3-a] pyridine; '
3-(tert-butyl)-9-cyclopentyl -5, 6-di hydro-7-ethyl -9H pyrazol o[ 3, 4-c] -1, 2, 4-
triazol o] 4, 3-a] pyri dine; 15 : _ .
9-cycl opentyl -5, 6-di hydro- 7- et hyl - 3- (2- et hyl phenyl ) -9H pyrazol o[ 3, 4-c] -1, 2
, 4- triazolo [4, 3-a] pyridine; :
9-cyc|openty|-5,6-dihydro-?-ethyl-3-(2-netﬁ%xyphenyl)-9FprrazoIo[3,4-c]-1
, 2, 4- triazolo [4, 3-a] pyridine; - 9-cycl opentyl -5
L el S e " % Ptsiied Hektrtion ot ths rnehier >+ 20

3- (2- chl or ophenyl ) T8 ffloWitiyehdtionTschefiel HkERaté; iitaré nStimitingoothelpleparafionl

, 2, 4- triazol o] 4, 3-a] pyridine; | e :

9- cycl opent y| obtheqg P thepresent inventign, hngss otasmwise indicated B' 4R, R R°

, 2, 4- tri 10 réddtibhisthérfe i i e defined as above.

9- cycl opent yl 'agégi dﬁ?grro-oyﬁtsﬁblé}ﬁ%s- (2§d :[“‘I!el ?|Isﬁuosrs(')°r?etthﬁ§/flog%v;ha;l ) - 9H pyr azol o[ 3
,4-c] - 6§ 1,2, 4-triazol o[ 4, 3-a] pyrid 1

5, 6-di hydro-7-et hyl - 9- (4-fl uor ophenyl ) - 3- ( 1- met hyl cycl ohex-1

-yl)-9H pyrazol o[ 3, 4- cl-1,2,4-triazol oj4, 3-a] pyridine.

The present invention also relates to a hod for the inhibition of 30
phosphodi esterase (PDE) type IV and the progdctjpn of TNF conpri sing ,
adm ni stering to a patient an effectivg apount of a conmpound according
to formula | or a pharmaceutically acceptable salt thereof. "

The present. invention also relates to a netheod of treating an inflammatory
condi ti on 1% mammal s which conprises admnistering to said nmanmal an
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antlinflammatory anount of a conpound of the fornula | or a :

phar paceutical |y accept abl-e salt thereof. The present
invention also relates to a pharmaceutical conposition for the (a) -
treatment of asthma, arthritis, bronchitis, chronic obstructive airways
di sease, psoriasis, 5 allergic rhinitis,ISernatitis and ot her inflammatory
- di seases characterized by phosphodi estérase (PDE) Type |V activity,
Al DS, sepsis, septic shock and ot her di seases, such as cachexi a,

i nvol ving the production of TNF, or (b) the jnhibition of
phosphodi est erase (PDE) type |V and théﬁﬁﬁiﬁﬂﬂkg<3n of TNF conprising an
effective anmount of a conpound according to formula | or a _
pharmaceutically acceptable salts 10 thereof ;og her with a
pharmaceutically acceptable carrier. Thi s invention al so
relates to a nmethod of treating or prev u n dition sel ected
fromthe group consisting of asthma, arthriti s NbBronghltis, chronic

obstructiveé ai rways di sease, psor|a5| , aI]erglc rhinitis, dermatitis
and ot her inflammatory di seases, Al DSN<se C % heck and other
di seases, such as cachexia, involvi 9 e pr ucti B8R of 15 TNF conpri sing

adm nistering to a patient an effectiveJanount of a conpound accordi ng
~to formula | or a pharnaceuticHgdg accept abl éDsalt thereof.
- 6- Det ai | ed Description of the Invention
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The foll ow ng reaction schenes illustrate;, but are not limting to, the

preparation
indicated Rerr],

of the conpounds of the present

Rlerr], Rerr] Rerr]

i nventi on.
and [err]

Unl ess. ot herw se
in the reaction

schenes and the discussion that foll ow are defined as above.
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In Reaction 1 of Preparation 1, the 2-pyrrolidinone compound of formula 11l is
converted to the corresponding N-(4-methoxyphenyl)-2-pyrrolidone compound of
formula IV by reacting 1l with 4-iodoanisole or 4-bromoanisole neat in the presence of
copper power and potassium carbonate. The reaction mixture is heated to a
temperature between about 110°C to about 170°C, preferably about 150°C, for a time
period between about 14 hours to about 22 hours, preferably about 18 hours, under

~ inert reaction conditions. '

in Reaction 2 of Preparation 1, R' halide, wherein R' is (C,-C,)alkyl, is added to
a suspension of magnesium in an anhydrous aprotic solvent. The reaction mixture is
heated to reflux until all the magnesium is consumed and thereafter cooled to a
temperature between about -15°C to about 15°C, preferably about 0°C. The N-(4-
methoxyphenyl)-2-pyrrolidone compound of formula IV is then added and the reaction
mixture is warmed to room temperature while being stirred for a time period between
about 1.5 hours to about 2.5 hours, preferably about 2 hours. Suitable alkyl halides
include bromomethane, bromoethane or bromopropane. The preferred anhydrous
aprotic solvent is anhydrous ether.

The desired intermediate is isolated and converted to the corréspo’ndinQ 1,2,5,6-
tetrahydropyridine compound of formula V by dispersing the precipitate in a mixture of
a non-polar aprotic solvent and base. Ethyl oxalyl chloride is added and the reaction
mixture is heated to reflux for a time period between about 1.5 hours to about 4.5
hours, preferably about 3.0 hours. The preferred non-polar aprotic solvent is benzene
and the preferred base is sodium hydroxide. The solvents are removed and the
resulting residue is treated with a solution of sodium alkoxide in ethanol. After heating
at reflux for a time peribd between about 1 hour and about 3 hours, preferably about
1.5 hours, the mixture is concentrated under reduced pressure and acidified to a pH
of about 3 with hydrochloric acid.

In Reaction 3 of Preparation 1, the compound of formula V is converted to the
corresponding 3-methoxy-1,2,5,6-tetrahydropyridine compound of formula Vi by heating
to reflux a reaction mixture of V and 3-methyl-1-p-tolyltriazene in an aprotic solvent,
preferably 1,2-dichloroethane, for a time period between about 30 minutes to about 2
hours, preferably about 45 minutes.

In Reaction 1 of Preparation 2, the 1,2,5,6-tetrahydropyridine compound of
formula VII, wherein R"' is hydrogen or methyl, is converted to the corresponding
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4,5,6,7-tetrahydro-7-oxo-1H-pyrazolo[3,4-c]pyridine compound of formula VIll by
reacting VIl with a hydrazine compound of the formula R®HNNH,, wherein R® is as
defined above. Both derivatives of the compound of formula VI, 3-hydroxy and 3-
methoxy, may be used as starting materials under one of three different sets of reaction
conditions.

Under one set of reaction conditions, the 1,2,5,6-tetrahydropyridine compound
of formula Vil is converted to the corresponding compound of formula VIl by reacting
VIl with a hydrazine hydrochloride and sodium alkoxide in an anhydrous polar protic
solvent. The preferred sodium alkoxide is sodium methoxide and the preferred
anhydrous polar protic solvent is anhydrous ethanol. The reaction mixture is heated

"~ to reflux for a time period' between about 9 hours to about 15 hours, preferably about

12.hours.
Under a second set of reaction conditions, the 1,2,5,6-tetrahydro-pyridine

~ compound VH is converted to the corresponding compound of formula Vil by reacting

Vil with a hydrazine in an anhydrous polar protic solvent, preferably ethanol. The
reaction mixture is heated to reflux for a time period between about 16 hours to about
24 hours, ;;referably about 20 hours. - |

Under a third set of reaction conditions, the 1,2,5,6-tetrahydropyridine
compound of formula Vil is converted to the corresponding compound of formula Vil
by reacting VIl with either a hydrazine or hydrazine hydrochloride in a polar protic
solvent, preferably methanol. The reaction mixture is heated to a temperature between
about 70°C to about 110°C, preferably about 90°C, under a gentle stream of nitrogen
until all of the solvent is removed. The neat mixture is then heated to a temperature
between about 120°C to about 180°C, preferably about 150°C, for a time period
between about 30 minutes to about 90 minutes, preferably 60 minutes.

In Reaction 2 of Preparation 2, the compound of formula Vil is converted to the
corresponding 6-H-{l,5,6,7-tetrahydro-7-oxo-1 H-pyrazolo [3,4-c]pyridine compound of
formula IX by reacting a solution of Vili in a polar aprotic solvent, preferably acetonitrile,
with a solution of cerium (IV) ammonium nitrate in water at a temperature between
about -16°C to about 15°C, preferably about 0°C, for a time period between about 20
minutes to about 50 minutes, preferably about 35 minutes. Upon completion of the
reaction, the mixture is diluted with water and extracted with ethyl acetate. The
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combined organics are then washed with saturated sodium bicarbonate followed by
sodium sulfite. _

In Reaction 1 of Preparation 3, the compound of formula XIl, prepared as
described in United States Patent 3,423,414, is converted to the corresponding
compound of formula VIII,-wherein R! is dimethylamino, by treating XlI with sodium
hydride in a polar aprotic solvent, such as tetrahydrofuran, at a temperature between
about 0°C to about 62°C, preferably about 25°C, for a time period between about 1
hour to about 6 hours, preferably about 1 hour. An excess amount of methyl iodide is
then added to the reaction mixture at room temperature and the reaction mixture is
allowed to stir for a time period between about 1 hour to about 24 hours, preferably
about 2 hours.

In Reaction 2 of Preparation 3, the compound of formula Vil is further reacted
to give the corresponding 6-H-4,5,6,7-tetrahydro-7-oxo-1H-pyrazolo[3,4-c]pyridine
compound of formula IX, wherein R' is dialkylamino, according to the procedure
described above in Reaction 2 of Preparation 2.

In Reaction 1 of Preparation 4, the compound of formula XII is converted to the
corresponding compound of formula Xiil by reacting XiI with bromotrimethyisilane and
sodium nitrite in an aprotic solvent, such as carbon tetrachloride, at a temperature
between about 0°C to about 25°C, preferably about 25°C, for a time period between
about 6 hours to about 48 hours, preferably about 24 hours.

In Reaction 2 of Preparation 4, the compound of formula Xlll is converted to the
corresponding compound of formula VIII, wherein R' is vinyl, by reacting XiII with
vinyltributyltin and a catalytic amount of tetrakis(triphenyiphosphine)palladium(0) in a
non-polar aprotic solvent, such as benzene, at a temperature between about 80°C to
about 120°C, preferably about 100°C, for a time period between about 24 hours to
about 72 hours, preferably about 48 hours.

In Reaction 3 of Preparation 3, the compdund of formula VIl is further reacted
to give the corresponding 6-H-4,5,6,7-tetrahydro-7-oxo-1H-pyrazolo[3,4-c]pyridine
compound of formula IX, wherein R’ is alkenyl, according to the procedure described
above in Reaction 2 of Preparation 2.

In Reaction 1 of Scheme 1, the lactam compound of formula IX is converted to
the corresponding thiclactam compound of formula X by reacting IX with phosphorus
pentasulfide in a polar aprotic solvent, such as 1,4-dioxane or pyridine. The reaction



In Reacti,on 1 of Preparation 1 the 2-pyrroli di none conpound of forrmula 111

s . converted to the correspondi ng N (4-nethoxyphenyl)-2-pyrrolidone
conmpound of - formula IV by reacting Ill' with 4-4odoani sol e or
4- br onoani sol e neat in the presence of copper power and potassium

carbonate. The reaction mxture is heated i%1 t enper at ure between
about 110[err]C to about 170[err]C, preferably about 150[err]C, for atine
peri od between about 14 hours to about 22 hours, preferably about 18 hours,
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of about 31sM idimétigctahiide, CandChéhted to reflux for a time period between about 1 hour to
about 4 hours, preferably about 2 hours.

In Reaction 1 of Scheme 2, the thiolactam compound of formula X is converted
to the corresponding methylthio compound of formula Xl by treating a mixture of X and
silica gel in an aprotic solvent, such as ether, with a solution of diazomethane in ether.

20 The reaction temperature will generally be in the range of about -5°C to about 10°C,
preferably about 0°C, for a time period between about 30 minutes to about 5 hours,
preferably about 1 hour.

In Reaction 2 of Scheme 2, the methylthiol compound of formula Xl is converted
to the corresponding tricyclic 5,6-dihydro-9H-pyrazolo[3,4-c]-1,2,4-triazolo[4,3-a]

25 pyridine compound of formula | by reacting Xl with a hydrazide compound of the
formula RZCONHNH,, or the corresponding hydrochloride salt form, in an aprotic
solvent, such as pyridine, under inert reaction conditions. The reaction mixture is
heated to a temperature between about 120°C to about 150°C, preferably about
135°C, for a time period between about 2 hours to about 6 hours, preferably about 4

30 hours. The volatile materials are then removed under reduced pressure and the
resulting oil is heated further to a temperéture between about 135°C to about 165°C,
preferably about 150°C, fof a time period between about 2 hours to about 6 hours,
preferably about 4 hours. |
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e
rHEBﬁ'
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hours to about 15 hmﬂeaptlop eofcSehieme 3tbetcompound of formula XVl is converted to theder

a second 38t QlrdpRRkinG"s, 8 Uil dkd-BRPyrdzBio[d 4211, 4tk (WS LyAYINE Ydiipound

of formula 1, wherein R’ is (C,-C,)acyl, by treating XVI with pyridinium chlorochromate

in a non-polar aprotic solvent, such as methylene chloride, at room temperature for a

time period between about 6 hours to about 24 hours, preferably about 12 hours. .

The ability of the compounds or the pharm_aceutically acceptable salts thereof

16 to inhibit phosphodiesterase IV (PDE,) and, consequently, demonstrate their

effectiveness for treating inflammatory diseases is shown by the following in vitro assay.
BIOLOGICAL ASSAY
Human Eosinophil PDE,
Human peripheral blood is collected in ethylenediaminetetraacetic acid, diluted

20 1:2 in piperazine-N,N‘-bis-2-ethanesulfonic acid (PIPES) buffer and then layered <}>ver
percoll solution. Gradients are formed by centrifugation for 30 minutes at 2000 rpm at
4°C. The remainder of the isolation procedi.lre, which is based on the procedure of
Kita et al., J. Immunol.,, 152, 5457 (1994), is caried out at 4°C. The
neutrophil/eosinophil layer is collected from the percoll gradient and the red blood cells

26 are lysed. Remaining cells are washed in PIPES (1% FCS), incubated with anti-CD16
microbeads (MACS) for 1 hour, and passed over a magnetic column to remove the
neutrophils. Eosinophils are collected in the eluate and analyzed for viability by trypan
blue and purity by diff-quick stain. Eosinophil purity is routinely greater than 99% using
this method.

30 Purified eosinophils are resuspended in 750;1L of PDE lysis buffer (20 mM
triethylamine, 1 mM ethylenediaminetetraacetic acid, 100 ug/ml bacitracin, 2mM
benzamidine, 50 yuM leupéptin, 50 pM PMSF, 100 ug/mi soybean trypsin inhibitor) and
quick frozen in liquid nitrogen. Cells are thawed slowly and sonicated. Membranes are



conmpound VIl is converted to the correspondi ng conpound of formula VIII by
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25 4l PDE source (membrane)

Background control = membrane boiled 10'

15 Positive control = 25 4l unboiled membrane

Incubate 25 minutes in 37°C water bath.

Reaction is stopped by boiling samples 5 minutes. Samples are applied to Affi-
gel column (1 ml bed volume) previously equilibrated with 0.25 M acetic acid followed
by 0.1 mM N-[2-hydroxyethyl] piperazine-N’-2-ethanesulfonic acid (HEPES)/0.1 mM NaCl

20 wash buffer (pH 8.5). cAMP is washed off column with HEPES/NaCl, 5'-AMP is eluted
in 4 ml volumes with 0.25 M acetic acid. 1 ml of eluate is counted in 3 ml scintillation
fluid for 1 minute ([3H]. _

Substrate conversion = (cpm positive control x 4)/total activity. Conversion rate
must be between 3 and 15% for experiment to be valid.

25 % Inhibition = 1-(eluted cpm - background cpm/control cpm - bkgd cpm) x 100.

IC&0s are generated by linear regression of inhibition titer curve (linear portion);
and are expressed in #M. '

| INF
The ability of the compounds or the pharmaceutically acceptable salts thereof
.30 to inhibit the produétion of TNF and, consequently, demonstrate their effectiveness for
treating diseases involving the production of TNF is shown by the following in vitro
assay:
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20 dlbenzylethylenedlamme, N-methylglucamine (meglumine), ethanolamine and
diethanolamine. _

For administration to humans in the curative or prophylactic treatment of
inflammatory diseases, oral dosages of the compounds of formula 1 and the
pharmaceutically acceptable salts thereof (hereinafter also referred to as the active

25 compounds of the present invention) are generally in the range of from 0.1-400 mg
daily for an average adult patient (70 kg). Thus for a typical aduit patient, individual
tablets or capsules contain from 0.1 to 50 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 40 mg per single dose as required. For

30 intranasal or inhaler administration, the dosage is generally formulated as a 0.1 to 1%
(whv) 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 résponse_

of the particular patient. The above dosages are exemplary of the average case but



-14- « mxture is heated to reflux for a time period between about 12
hours: t o about 48 hours, preferably about 18 hours. In =
Reaction 2 of Schene 1, the thiolactam X is converted to the correspondi ng
tricyclic 5,6-di hydro-9H pyrazol o[ 3,4-c]-1, 2, 4-tiazol o[ 4, 3-a] pyri di ne
conpound of forrmula 51 by treating X with qe]mhydrous hydrazine in the
presence of an anhydrous aprotic sol v¥ such as pyridi ne, under
inert reaction conditions. The reaction m xture is heated to a
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general | y be respohsiblefaradministration willShany leentpdetenvine 1] approptjate 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
15 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 form of tablets containing such excipients as starch or
lactose, or in capsules or ovales either alone or in admixture with excipients, or in the
form of elixirs or suspensions containing flavoring or coloring agents. They may be
20 injected parenterally; for example, intravenously, intramuscularly or subéutaneously.
For parenteral administration, they are best used in the form of a sterile aqueous
solution which may contain other substances; for example, enough salts or giucose to
make thé solution isotonic.
_ The present invention is illustrated by the following examples, but it is not limited
25 to the details thereof. The starting materials used in Preparations 1-4 are prepared as
described in PCT Publication WO 95/01980.
Preparation 1
1-Cyclopentyl-4,5-dihydro-3-ethyl-7-methyithio-1H-pyrazolo[3.4-c]pyridine
A magnetically stirred mixture of 1-cyciopentyl-3-ethyl-7-thio-4,5,6,7-tetrahydro-
30 1H-pyrazolo[3,4-c]pyridine (0.322 grams), neutral silica gel (10 grams) and ether (100 -
ml) in a 500 ml erlenmeyer flask was cooled to 0°C. To this mixture was slowly added
an excess solution of diazomethane in ether. Evolution of gas occurred and after 1
hour the reaction was quenched with acetic acid (1 drop), filtered and concentrated



preferably about O[err]C, for a tinme period between about 30 mnutes to
about 5 hours, preferably about 1 hour. In Reaction 2 of
Schenme 2, the nethylthiol conpound of forrmula Xl is converted to the
corresponding tricyclic

5, 6-di hydr o- 9H pyrazol o[ 3, 4-c] -1, 2, 4- tr|a o[4,3-a] 25 pyridine conpound
of formula | by reacting XI with a hydrazl gé conpound of the formul a
Rlerr] CONHNH err], or the corresponding hydrochloride salt-form in an
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resul ting oi Ingaﬁeﬁt@Iﬁ urther to a tenperature between about 135[err]C to

about 165[err]C, preferably about 150[err]C, for a tinme period between
about 2 ho%rs to about 6 hours about 4 hours.

In Reaction 1 ofy &c Bntv bl - T3 _‘qambo t he
correspondlng co escri bed

in Canadi an Jbusq:lqllorofof dr@mlgpew-%ghyliﬁgxp-ﬁ@@gg-;etrahydro-1 H-pyrazolp[{i 4-
Reaction 2 of 5
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?ngtelr (r:] et \(;e%hB'&ﬁﬂ%HTﬂ% g ']t r%)tﬁmaﬁgout E‘;%&@& (r)l‘r"'J (I I-lte Ir%ﬂﬂegr\(eélgw
bet ween about oil was dissolved in methylene chlonde and washed with water and brine, dned over
sodium sulfate and concentrated under reduced pressure. The orange residue was

purified by chromatography on a silica gel column using a gradient mixture of hexanes

in methylene chloride as eluent to give 9.3 grams of a yellow solid. Melting Point 152-

15 3°C; Anal. calcd. for C,;H,sN,S: C, 62.63; H, 7.68; N, 16.86. Found: C, 62.14; H,

7.51; N, 16.35.
' Preparation 3
1-cyclopentyl-3-ethyl-6-(4-methoxyphenyl)-7-0x0-4,5.6.7-tetrahydro-1H-p lo[3
 ¢lpyridine |
20 A stirred mixture of 3-methoxy-1-(8-methoxyphenyl)-2-oxo-4-propionyl-1 ,2,5,6-

tetrahydro-pyridine (0.49 grams, 1.7 mmole), cyclopentylhydrazine hydrochloride (0.40 |
grams) and sodium methoxide (46 mg, 0.85 mmole) in anhydrous ethanol was heated
to reflux. After 16 hours, the mixture was concentrated under reduced pressure and
chromatographed on a silica gel column using 1:4 ethyl acetate/hexane as eluent to
25 give a white solid. Recrystallization from ether gave white needles. M.P. 64-66°C; MS
m/z [M+] 340.2025; HRMS [M+] 340.2046.
| Preparation 4
1-Cyclopentyl-3-ethyl-7-ox0-4,5.6,7-tetrahydro-1H-pyrazolo[3.4-c]pyridine
_ A stirred solution of 1-cyclopentyl-3-ethyl-6-(4-methoxyphenyl)-7-ox0-4.5,6,7-
30 tetrahydro-1H-pyrazolo[3,4-c]pyridine (2.58 grams, 7.60 mmoles) in acetonitrile (S0 ml)
at 0°C is treated with a solution of ceric ammonium nitrate (12.5 grams, 22.8 mmoles)
in water (110 ml). After stirring for 36 minutes the mixture is diluted with water (550 mi)
and extracted with ethyl acetate (100 ml x 4). The combined organics are washed with



15 m nutes to about 2 hoﬁrs, preferably .about 30 m nut es. In
Reaction 3 of Schenme 3, the conpound of formula XVI is converted to the 10
correspondi ng 5, 6-di hydro-9H pyrazol o[ 3, 4-c] -1, 2,4-triazol o[ 4, 3-a] pyri di ne

conpound of formula 1, wherein Rerr] is (CJerr]-Cerr])acyl, by
treating XVI with pyridinium chl orochromat I n a non-polar aprotic
sol vent, such as nethylene chloride, at rc tenperature for a tinme

peri od between about 6 hours to about 24 hours, preferably about 12 hours.
The ability of the conpounds or the phgrmaceytical,l ept.abl e I

t her eof 15 t 050% mrﬁeﬂmmgf% &5%§%Wﬁd%§5§ggﬂh§¥@?ﬁﬁl the
derpnstrat e t hGidous washehdcdids/Sdl6 Yolldwar The ararii¢) ldyef isotien twasiied ifurthees anithi S

- shown bythe followng in vitro assay. : , -
Bl OLOG >CI;AL ASsatyrated gicarbonate and bnsney and treated with decoqu&mrf:hg)%qah o‘%ﬁrl stirring

PDE[err]  tor 30 mindthd"iHe RBuRNS 'diedbveP Godiint @UIf&6; filtbréd through celite and
et hyl enedi am netetraacetic acid, diluted 20 1:2 i

n . .
pi per azi ne5N, spndsnatedeunden seduced pressyee. (Therprown)residue is regrygteflized, from ethery
over per col. Laut Log. | . W?z)t ' ' gooHz30
m nut es at 208’05'&%?@5;5"%@ Of%ﬁﬁeirbr C?Méﬁigéggg?ﬁhgrs (o téhsgf; F'ggf%?:(%n
procedure, whCOEl)d.Haled=cn6Hze3H),dcBR12:13 (% 8H), 2.6%(q, d &(7-&Hz, 2H), 2.73 (t, J

| munol ., 152,  (dtS) ST F 5.6 Pentet, J = 7.7 Hz
neut r ophi | / eoSi %gzﬁ’ %'1'59'%;%%(‘#3" cg'# é@?%‘?ﬁ%?ﬁ"ﬁ?%mﬂ I gﬁ)aedi ent and the
red bl ood cel HH).25 are |lysed. Remaining cells are washed in PIPES (1%
FCS), inc:jllaated wth anti-CDerr] e%ﬁﬁe_.pds (MACS) for 1 hour, and

passed ov a magnetic colum to renov neut r ophi | s. Eosi nophils

are collected in theCyelo 5:6-dilyidro-3 , awridvi)-9Hipyrazolof3d-cl- bl ue

and purity by diff-quick stain. E,Pil o hi 7’ ri r.'iﬁerouti nely greater than

99% usi ng this nmethod. 30 phils are resuspended

in 750[err]L of PDE-Cytidpentyiiisadihydio-3dthyl-7-methylthioi1y-pyrazaic [3d-clpyridine

et hyl enedi am netetraacetic acid, 10 er.r.] q/ baci.tracil, .

benzani di ne, 4HPF AN, é’u‘&éﬁmq?ﬁs) 36? é'[ﬁ"f'ﬂfk%ﬁgﬂ,’y"?%éﬁ E‘ﬁ?’ﬁ"'ﬁ%ﬁ*@‘&-&%ﬂ#‘eﬂ

t L ypsijn : %vd biwagr dis€dMbd in aniiydréls pyridims (& i) iirgjai fhnwe idried diask.CoAri sven-dried

thawed slowy cgrr:genss%pwa:gtaceigéd,%qm v%gse ssep%. gealed and had an outlet to a bubbler. Along
stainless steel needle was pierced through the septa and condenser center into the
magnetically stirred solution. Nitrogen was bubbled through the long needle. Theflask -
was heated to 135°C for 4 hours. The pyridine was then removed under nitrogen

20 purge. The resulting oil was heated to 150°C for 4 hours. The flask was cooled to

ambient temperéture and contained 0.045 grams of the crude titte compound as a white
solid. The crude product did not contain any impurities measurable by thin layer

chromatography. The product can be purified by either column chromatography on a

f
4

silica gel column using a gradient mixture of ethyl acetate/hexane as eluent or by
25 recrystallization from a mixture of ethyl acetate in hexane. Melting Point 140-6°C

(crude); "H NMR (300 MHz, CDCL,) 6 1.24 (t, J=7.6 Hz, 3H), 1.72 (m, 2H), 1.84 (m, 2H),

2.16 (m, 4H), 2.66 (q, J=7.6 Hz, 2H), 2.98 (t, J=7.0 Hz, 2H), 4.26 (t, J=7.0 Hz, 2H),

5.60 (quintet, J=7.7 Hz, 1H), 7.48 (dd, J=4.9 and 7.8 Hz, 1H), 8.06 (d, J=8.0 Hz, 1H),

8.75 (dd, J=1.4 and 4.9 Hz, 1H), 8.9 (d, J=1.7 Hz, 1H); Anal. calcd. for C,sH,,Ns: C,
30 68.23; H, 6.63; N, 25.13. Found: C, 67.39; H, 6.87; N, 24.00.



vortexed,(di sruption is confirnmed by Tfypan bl ue staining of fr agnents).

D srupted cells are centrifuged at 45k rpmfor 30 mnutes at 4[err]C
to isol ate nmenbranes. Cytosol is decant ed, and nenbrane resuspended to
200 [err]g/m for use as PDE source in the hydrol ysis assay yielding a
wi ndow from 3000 to 5000 counts. 5 5 Compounds are dissolved in

di met hyl sul foxide at 10-2M then dil uted 1?25 in water to 4 Xx
10[err] M This suspension is serially diluted 1:10 in 4% di et hyl

sul f oxi de, for a final dinet hyléiul f@xiég concentration in the assay
of 1 % PHOSPHODI ESTERASE | NHI To 12 x 75 mm

gl ass tubes add: IReaction of the apprapridte hydrazidBwithsteycldpentyb-#, S-dibgdrot@-agthylss-40
m MyCL 2 4 nM nd

. 2 11 MP st
25 [err]| )te@%&'ﬂﬂ%ﬂh’&’y'az°'°[3'4”°ﬁ[’%‘;"]'e' analogaus E’??ﬁ'? %%;'5 o ERMRIS  Une)
Background cQdiford the f6IRWMGESmpPeundatof Iemuld Pwherein R' iPethyl and RE isrdycivpentyR S

[err]] unbolted nmenbrane I ncubate 25 mnutes in 37[err] C water
bat h. _ 5 Reaction is stopped by boiling sanples 5 m nutes.

Sanpl es are applied to Affi- gel colum (1 m bed volune) previously
equilibrated with 0.25 M acetic acid foll owed by 0.1 nM

N-[ 2- hydr oxyet hyl ] pi per azi ne-N -2-et hanesul fonic acid (HEPES)/0.1 mM NadC
20 wash buffer (pH 8.5). cAMP is washed off columm with HEPES/ Nad, 5'-AW

is eluted in 4 mM volumes with 0.25 Macetic acid. 1 m of eluate is
counted in 3 m scintillation : fluid for 1 mnute ([3H].

Substrate conversion = (cpmpositive control x 4)/total activity.
Conversion rate must be between 3 and 15% for -experiment to be valid.
25 % I nhibition =1 -(eluted cpm - background cpnicontrol cpm - bkgd
cpm x 100. | C50s are generated by linear regression of

inhibition titer curve (linear portion);



and are expressed in [err]M | o

TNF . The ability of the conpounds or the pharmaceutically
acceptabl e salts thereof .30 to inhibit the production of TNF and,
consequently, denonstrate their effectiveness for treating di seases
i nvol ving the production of TNF isS S | | |
assay:
Per i pher al m$) from humg
et hyl enedi cetfc aci @ (EDT] ated by
Fi col | / Hypgagee- theg threp t] me salt
sol ution K o | @8l 1rS| @ E i P i n of 1 x
10[ err\ _ceII%;ﬁer 2 G PRl o b o I ] ut ani ne,
pen/stepadgr!ﬂ:;ti‘ im] .~ Mmpcyles|atp™. d T3 s in
1.0 M in Rcwgl Q@ISR e | B pS i d
carbon di oji N [royvaol | N0 ] adihed pul p [ X ter
which tinme gla‘d{ier‘ng:% J P ugbgg Test
conpounds ),;%@ It%e ;] 3% © bt het trations
each and i 8] Q| ot | @ bbb Il Mk fp [1) is
added to approptdi ate I'}s. |Pl at e afje | ncubaf ed| overnj ghit (|18 |hr at
37[err]C. At—~thé¢ emd ¢f {hel|in¢ubhti pn per| od| TNF whs kn | yzled [by
sandwi ch E{SE (RED Quanti king Klt)| Iefr]|deferhinfatijong arlp nmade
for each cgnBaund bas¢d ¢n | { nepr [eglespiop apallysi
Phar maceut ijcglEy- a¢cept abl e|lacid qdd{tipn palts pf [he| co nds this
6 _- SINIslel NI S8 : -
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15 invention include, but are not limted to, those formed with HCI, HBr ,

HNOJ err], Herr]SH[err], Herr]Pgerr] CHerr]SJerr]H,

p-CH err]CHerr]SOerr]H CH3CO2H, gluconic acid, tartaric acid, maleic
acid and succinic acid. Pharnaceutically-acceptable cationic salts of
t he conpounds of this invention of fornmula | wherein Rerr] is
Cderr]Rerr] and R err] is hydrogéen i ncl®de, but are not limted to,

those of sodium potassium calcium magnesium anmonium N, Nerr] 20

di benzyl et hyl enedi am ne, N- nethyl gl ucagi ne . (pegl um ne), ethanol am ne and
di et hanol ami ne. For admi nlmgeﬁto humans in the curative or
prophyl actic treat §g &3- of the

conmpounds of fornula ar rraceutlca [y acpta sa ts
t hereof (hereinafter also ref erré&k&_@m 5 conpounds of the
present invention) éyao€éﬁtﬂ@%ﬁ;¥|-7 ﬁym dﬂi&ﬁh%rotfmswzém@ﬂcmndm (oésl ly

for an average adu a for a typlcal adult patient,
i ndi vi dual5 gramsalldemsale) wemdlssdseimwftanhanhvdmts pyridinesip arfjame diiedi flask

compound, 11 GhaaPhirBBe. The fask HHs kAL 16 P04 oRE GBS aRnYEBLE hfturBzine was

carrier. Dosages I Nt ravenous adm ni stratron are typrcally wth
the range of diidedt cTheyeligwpsalutionriymedduisie and wascslimed dor §minges. The pyridioel

ool SR RbhEhyind Word PR Hinbied GRS Thdk BT B8 prfk sk,
dosage whi ch thai turrieel light green aftersheing piaced undenvacuuh (approximately @.14 tmmht!br IBO
L e s, 5, S e R0 etpyen, L 2 oRiHe LA b
- 18- t (0B9egranmis, 4 rrmmlés)auaéaaddeddtwthwﬂdsklamtmeaamtumgwas stimgdor @r
over dosage l{oa}.lrllg.esrhaer Syridine was removed under reduced pressure, and the residue was
dissolved in dimethylformamide (4 mi) and heated at reflux for 2 hours. The mixture
was then cooled to ambient temperature, diluted with water and extracted with ethyl
15 acetate. The aqueous layer was basified to pH=12 with 1N sodium hydroxide and
extracted with ethyl acetate three times. The combined organics were washed with 1N

sodium hydroxide, water and brine, dried over sodium sulfate and concentrated under
reduced pressure. The resulting oil was purified by chromatography on a silica gel
column using a gradient mixture of ethyl acetate and hexane as eluent to give 304 mg

20 of the title compound as a white solid. Melting Point 125-6°C; 'H NMR (300 MHz,
CDCl;) 6 1.26 (t, J;—-7.5 Hz, 3H), 1.60-1.74 (m, 2H), 1.9-2.0 (m, 2H), 2.11-2.21 (m, 4H),
2.67 (q, J=7.6 Hz, 2H), 3.00 {t, J=7.1 Hz, 2H), 4.30 (t, J=7.1 Hz, 2H), 56.60 (quintet,
J=7.7 Hz, 1H), 7.20 (dd, J=3.9 and 6.1 Hz, '1H), 7.49-7.54 (m, 2H); Anal. calcd. for
C,sH»NsS: C, 63.68; H, 6.24, N, 20.63. Found: C, 63.66; H, 6.19; N, 21.00.

25 Examples 20-30

Reaction of the appropriate acid.chloride with hydrazine and 1-cyclopentyl-3-

ethyl-7-thio-4,5,6,7-tetrahydro-1H-pyrazolo[3,4-c]pyridine, analogous to the brocedure
of Example 19, affords the following compounds of formula | wherein R is ethyl and
R® is cyclopentyl. | |

30



nerited, .and all such dosages are within the scope of this invention.
For adm nistration to humans for the inhibition of TNF, a variety of
routes may be used including orally, parenterally and

conventi onal

topically. In general, the active 5 cqnpound will be adm nistered orally
or parentera at_dosages between gholle™D 1 _and 25 ny/ kg body wei ght
~of the subjlect o lbe {reateqdl pgr pay prefarably}fronlabout 0.3 to 5
mg/ kg. The jjc@mdound o ormyl a] | pantal po pe pdngnistered topically in an
oi ntrent onff 8reqri en ﬁ% i oh® pf hbopt D.Sroto about 1% generally
applied 2 ¢r<z| &l ¢t perQfay| &|the affeptefl area. However, some
vari ation ifngc84a@¢ 1@ necep "ig,/g)cgjr;;jpendi ng on the condition
of the subjlegt<h At (. The g'san: o | efponsi bl e for
admi ni st r afi ST hiTy éﬁ% Tt M h&. | AEll appropri ate dose for the
i ndi vi dual sgb%ecg. 5| L Epd pdp@ hB| &8 he active conpounds of the
pr esent in|aﬁt Qi © -;§E nrEte &l &13ﬁ§| but will generally be
adni ni st er ¢d=i n |48 Ug e S t 15| dhph@ltical diluent or carrier
sel ected vvitﬁ re@ he i%@j r;-oé)JtBé c‘eg o adm ni stration and
st andard priar na cutli (A¢tTee of LN 4 ey may be
adm ni sterdgd orall e form o] tablets]coptalning such excipients as
starch or = lfacfose¢, ¢r in ¢apsul s pr pval esfjeither alone or in
adm xture Wi Bh ¢xcilpi ¢nt$, ¢r iIn {he ormojl elixirs or suspensions
cont ai ni ng fgi grimg ¢r ¢ol ¢ri hg fgepts| They be 20 injected
parenterallygiécr ¢xanfpl ¢, i|ntfaveénopsly, |ntfanfiscul arly or
subcutanems%tf o| BB | Fifan]er flo R & 5t p& pn, they are best used in
the form off & #YeRi|le|@YeBhsD %ﬂ&'l iWhMhigglh may contain ot her
subst ances;| g [eNang! %; ez g sal%; &l websgellto meke the sol ution
i sot oni c. oR| Q| ® %@ nt {iyenliVhREQl ustrated by the follow ng
exanpl es, Hu¥ it -f: Mgt i Rl ¢ 2'5?)‘%15’.1&&& t hereof. The starting
materials gs@&l i|ritPrBpRNatRerie|1- 4 Bl 8B pRp b& s described in PCT
Publ i catio %552,(18?%’ el 2 AR BRI R
Prepar ati orf—+ % '
- Cycl opent I-4.E-diIh)dr*-s-etMyl-7-het1y| hi p- 1j+ pyrazol o[ 3. 4-c] pyri di ne
A magneticdl | y_qtgrrind gij@dr |5 .
-cycl opent yfl - %etg) I?E' E ?%ZL,%, %"-fgetg 1% jr§é :53 1
H pyr azol o[3,4-c]$)rd’5u89 $(.3:. ra PeE (@ fsilica gel (10 granms) and
et her (100 m) in a}j500 n e?le meyer [f1 askjwas cooled to Of[err]C. To
t hi s m xt urfle—weg—sHewty—adeded & tion of diazonethane in
et her. Evoljuti on of 8&5 gccyrréd &nd af { hour the reaction was
quenched wijt h ch&icéac ( %1__ qg,;ﬂii1 concentrated
alo| N|®| 2] ©] o] S| ©
2l ~]| ~ -
>
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o) -
& = 23|z
glels| |88l E
- al 2| | 5| 2| & | | =
> | 8l 8l 2|l 2| 2 8|2} 8| &
gl Z1L18l el elglLl8lEl3d
IR E B EE
cl Elajom| o] 2| ||l 2
3
MEIKIEIRRIE QRIN| Q|| 3
o 2



-19- . under reduced pressure to give a yellow oil. The oil was
purified by chromat ography on a silica gel colum using 1:4 ethyl
acet at e/ hexane as eluent to give 0.232 grans of a yellow oil. Anal.
calod. for CJerr]Herr]Nerr]S: C, 63.85; H 8.04; N, 15.94. Found: C,
64, 01; H 8.37; N 15.71. 5

Preparation 2 "I -Cycl opent yl - 3- ethﬁ- 7-thio-4.5.6.7-tetrahydro-1

H prazol o[ 3. 4-c] pyri di ne A solution of 1 -cyclopen
tyl-3-ethyl-7-oxo0-4,5,6,7-tetrahydro-1 o[ 3, 4- c]pyridine (10.0
grans) in anhydrous 1, 4-di oxane was tré#é—vﬁ'h phosphor us

pentasul fide (3.9 ro/¥-ethyl-S4{4-fluoraphenyi)e3-(1+met 1 m xture
was cooled to 10 anbient te Dera 4 d, co DoR .ner reduced
pressure. The resulting yelBYSHEC et hyl ene chl ori de

and washed \évn t deEG-Eth m@afbfoendlb-lmﬁio,I6,7-tetrahydtb&umpytdio$d [8, 4aﬂ¢byn?me
concent rate unaer reduce SS e ora esS U uritli

by chromat Bgr@f9¢ a5ams) Wag ‘?'g%fﬁbeéﬁ" eB'PYFRﬂ”%EW@‘%(sdP'Ea?gme sr‘?i‘"ﬁ'?ﬂr’“@%
heragesw y tbn7pdm Pmlimgg&ogbl Hieihed® 18l) ued added)ang thb Pestiltingbyellbwasojtttiohow
sol 1 d. In ol N

C, Anal. .calcd, for err rINerr]S:
C, 62.63: H mglgturﬂed beigec A ﬂp&ﬁmu\]uteg thgzolggle rrptenals were I Tov;\qr Lricie %gd ]

Preparation 3pressure to g|ve a yellow solld Next anh drous plndme 6 ml) was added followed
1-cycl opentyl-3-eth zﬂ met hox 0X0, t et ro-1H pyraz

h
ol or[3, 4- by 11met ,qyglongane c owl g%l[qn‘dgc{o,@ grtame}'. &ﬂer stlr;lgg ¥or 2 hours at
3- met hoxy 14- (gnBlehitempehrinsthe pyridhre WastemRlediihder rédudel pressure and the residue

was dissolved in dimethylformamide (5 ml). After stirring at reflux for 12 hours the

solution was cooled to ambient temperature, diluted with water and extracted with ethyl
acetate. The combined organics were washed with water and brine, and then dried
over sodium sulfate. Concentration under reduced pressure gave a light brown oil.

16 The oil was purified by chromatography on a silica gel column using 1:2 ethyl
acetate/hexane as eluent to give 0.09 grams of a pale yellow solid. Melting Point 60-
61°C; MS (m/z) 380.



t et rahydro-pyri dine (0.49 grans, 1.7 nmole), cyclopentylhydra2|ne

hydr echl ori-de PC8L%A0 grans) and sodi um nmet hoxi de (ﬂmm “MIH“WI"L in
anhydr ous et hanol was heated to reflux. After

was concentrated under reduced pressure and chromat ographed” on® a
silica gel colum using 1:4 ethyl acetate/fjexane as eluent to 25 give a
white solid. Recrystallization from et her?§ave white needl es. MP.
64-65[err]C, M mz [ M+] 340.2025; HRVS [ Mt] 340. 2046.

Preparation 4 1

Cycl opentyl - 3-et hyl - 7- oxo-4. 5. 6. 7- tetraM—lH—prazol o[ 3. 4-c] pyr|d| ne

A stirred solution, of Ja compound of the formula

-cycl opentyl - 3- ethyl 6- (4- met hoxyphenyl ) -7-o0x0-4,5,6,7- 30 tetrahydro-1

H pyrazol of 3, 4-c] pyridine (2.58 grans,p¥. 60 Rrfol es) in acetonitrile (90 m)
at OCis treated with a solution of ceric a niumnitrate (12.5 grans,

22. 8 mol es) in water (110 rﬁ) tirring for 35 mnutes the
mxture i ddiluted with water (550 d extracted with ethyl
acetate (100 m x 4). The conbi ged e washéd with

- 20- 50% sat urat ed sodi umKi ateN(250 m) foll owed by 10% sodi um
sulfite until the aqueous vvasr' be¢prmes pal e yellow. The organic |ayer
is then washed further with ptur-a ed bRéarbonate and brine, and
treated with decol orizing charcoal. After stirring for 30 mnutes the
m xture is drainddhe)phanmﬁmcallstdcf:qnteblefsaltsmflmw'gh celite and 5

concent s UndSTmt o hlhyBhgs U ic e’ RTCHBRRALS (65 R e
234; [er rjH N‘lﬁeﬂ'@!iﬂlIWZ(Cs-Cs)cvﬂBﬂkYIE(Oa}Ga)dycbthl (C.Lalityl ©F KB,-Cpyl wherein

1.62-2.13 ( rnthe |;?kyl phenyl(cﬂ' allgenyl groups may B‘L su%stltuteﬁtwnh] up to two hydroxy, (C,-

C,)alkyl, or triflucromethyl groups, or up to three halogens;

R? and R® are each independently selected from the group consisting of

16 hydrogen, (C,-C,,)alkyl, (C,-C;)alkoxy(C,-C,)alkyl, (C,-C,,)alkenyl, (C,-C,)cycloalkyl,
(C,-C,)cycloalkyl(C,-C,)alkyl, a saturated or unsaturated (C,-C;)heterocyclic(CH,), '

group wherein n is 0, 1 or 2, containing as the heteroatom one or two of the group

consisﬁng' of oxygen, sulphur, sulphonyl, nitrogen and NR* wherein R* is hydrogen or
(C,-C,)alkyl; or a group of the formula

(RS,
—(Y)b-(Z)c—@ 11

wherein a is an integer from 1 to 5; b and ¢ are 0 or 1; R® is hydrogen, hydroxy, (C,-
'Cs)alkyl, (C,-Cs)alkenyl, (C,-C;)alkoxy, (C,-Co)cycloalkoxy, halogen, trifluoromethyl,
26 CO,R?, CONR®R’, NR°R’, NO, or SO,NR®R’ wherein R® and R’ are each independently
hydfogen or (C,-C,)alkyl; wherein Z is oxygen, sulphur, SO,, CO or NR® wherein R® is
hydrogen or (C,-C,alkyl; and Y is (C;-C;)alkylene or (C,-C)alkenyl optionally
substituted with up to two (C,-C,)alkyl or (C,-C,)cycloalkyl groups; wherein each of the
alkyl, alkenyl, cycloalkyl, alkoxyalkyl or heterocyclic groups may be substituted with one

20

30 tofourteen, preferably one to five, of the group consisting of (C,-C,)alkyl, trifluoromethyl
or halogen; and '
R® and R'® are each iﬁdependently selected from the group consisting of
hydrogen, (C,-C,)alkyl, (C,-C4)alkoxy, (C4-C,c)aryl and (C4-C, )aryloxy.

This Sheet Ha

.



= 6.8 H) 3.51 (dt, J = 2.7 and 6.8 Hz, 2H), 5.47 (s,1 5. 61 —

(peniet 2= 77 e 1 a0 ™ | HlllllHllIMllllHlllllHIIl

5. 6-di hydro- 7- ethyl 3-(3-pyridyl)- 9FprrazoIo[3 4-c] -

1.2,4-trl azol o[ 4. 3-a] pyri dine

Cyclopentyl 4, 5-di hydr o- 3-et hyl - 7- net hyl f¥fi"o- 1 H-pyrazol o 3, 4-c] pyri di ne
(0.036 granms, 0.14 mmoles) and nicotinic acid hydrazide (0.021 grans 0.15

mol es) 15 was di gsol ved in anhydrous 5 afla

flask. An oven_-drléd | R compaid & !ngiﬂjé’ V\,{T E’HQEHEE 'Bt'aeg‘&b hﬁa?lrd
had an outl et isbgropy pgbbl e(rj A | ong st ai nlhess st eel needl eI was pi ercgd
through the septa an condenser center, into e gpet.i tjrre
sol ution. Nitrogen3was 6u‘6‘PJT‘B€F"!°ﬁPS€@'F""9hE’ Féﬂ'@ he‘@'&?’@" Rgés Reab{)aﬁ‘yi Caias
heated to 135bolhyll O(C,fb,lytsyéroslkleh RCPENCRIDANT, -C i \nyn dgisionally
nitrogen 20 pur The *r es heated to 15 gﬂkafo Fu‘a

_ The flask ﬁass&ﬁg@ﬁd W8h1°"2%fﬁh? EFRUPt“éWﬁEF"aQ efbyddﬂa%@uﬂ eyl Cans
of the crude g J%‘k@nﬂrl t?%'gﬁk@,?su hetnﬂuoroMHyIdCOTﬁ‘e c?asuﬂwpmwtndl &

not contain an é hin |ayer chr onmat o a\%Lraphy
i

The product c&Q@.NB I131)'\"‘Iql’19lecﬁ tﬂ]ldeﬁitﬂereae independensiyhydraansr (GmrCa)
silica gel colum ysi ngfkaﬁoﬁ{ﬁ}glbﬁ%c b lelith 1956lb¢te ﬁ'feeé;@@%@gﬁsﬁﬁigof

el uent or by 25 recrys ron froma mxture of
hexane. NEI t| ng PoBweyclopentyd,6-dihydioe-etiyl3-phenyl Pﬂmmo[qi@,&cﬂﬂzg,m[o& 81)

[err] 1. 24 Md-ﬁHZ 3H), 1.72 (m 2H), 1.94 (m 2H), 2.16 (m 4H),
2.66 (q, J27.8 5 2.98 (t, J=7.0 Hz; 2H), 4.25 (t, J=7.0 Hz, 2H),
5.60 (qui nt et J= 797cyﬂt¢pdnﬂyl)-5,S?-dﬂﬁjc(rdd,-ethytl-SQ%pWidM)@H-lpyﬂ.aﬂq)q[384-91'71 (@4-
J=8.0 Hz, d, J=1.4 and 4.9 Hz, 1H), 8.9 (d, J=1.7 Hz,
1H: Anal . cz:?’l?éd%[ ?“’E{Vgﬁ' Herr]Nerr]: C 30 68.23: H, 6.63; N .25.13.
Found: C, 67.39; Hg-cycidpentii-5,84iHydro-7-ethyl-3-(3-thenyl)-8H-pyrazolo[3,4-c]-1,2,4-triazolo[4,3-

alpyridine;
15 3,9-dicyclopentyl-5, G-d|hydro-7-ethy|-9H-pyrazolo[3 4-c]-1,2,4-triazolo[4,3-
alpyridine;
9-cyclopentyl-5, 6-d|hydro-7-ethyl-3-(1-methylcyclohex- -yl)-SH-pyrazolo[3,4-c]-
1,2,4-triazolo[4,3-a]pyridine;
3-(tert-butyl)-9-cyclopentyl-5,6- d|hydro-7-ethyl—9H-pyrazolo[3 4-c}-1,2,4-
20 triazolo[4,3-a]pyridine;
9-cyclopentyl-5,6-dihydro-7-ethyl-3-(thien-2-yl)-9H-pyrazolo[3,4-c]1,2,4-
triazolo[4,3-a]pyridine;
3-(2-chlorophenyl)-9-cyclopentyl-5,6-dihydro-7-ethyl-9H-pyrazolo[3,4-c]-1,2,4-
triazolo[4,3-a]pyridine;
25 9-cyclopentyl-5,6-dihydro-7-ethyl-3-(2-iodophenyl)-9H-pyrazolo[3,4-c]-1,2,4-
triazolo[4,3-a]pyridine; and
5 6-d|hydro-7-ethy|-9-(4-ﬂuorophenyl)-3-(1 -methylcyclohex-1-yl)-9H-pyrazolo [3 4-
c]-1,2,4-triazolo[4,3-a]pyridine.
5. A method for the inhibition of phosphodiesterase (PDE) type IV and the
30 production of tumor necrosis factor (TNF) comprising administering to a patient an
effective amount of a compound according to claim 1.
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-cycl opentyl -4, 5-di hydr o- 3- et hyl - met hyl t hi o-1

H pyrazol o[ 3, 4-c] pyri di ne, analogous to the procedure of Exanple 1
affords the foll ow ng conpounds of fornulaa_ wherein Rerr] is ethyl and
Rlerr] is cyclopentyl. 5

I-?tzaéla;:tli on of the appropriate hydrazi de with 1 e es_ 2 l'ﬂ” ”’ I””I

6. A method of treating an inflammatory condition in mammals which
comprises administering to said mammal an antiinflammatory amount of a compound
of the formula | and the pharmaceutically acceptable salts thereof. |

| 7. A method of treating or preventing a condition selected from the group

5§ consisting of asthma, arthritis, bronchitis, chronic obstructive airways disease, psoriasis,

allergic rhinitis, dermatitis and other inflammatory diseases as well as AIDS, septic

shock and other diseases, such as cachexia, involving the production of TNF

comprising administering to a patient an effective amount of a compound according to
claim 1.

10 8. A pharmaceutical composition for the (a) treatment of asthma, arthritis,
bronchitis, chronic obstructive airways disease, psoriasis, allergic rhinitis, dermatitis and
other inflammatory diseases characterized by phosphodiesterase (PDE) type IV activity,
AIDS, sepsis, septic shock and other diseases, such as cachexia, involving the
produciion of TNF, or (b) the inhibition of phosphodiesterase (PDE) type IV and the

15 production of tumor necrosis factor (TNF) comprising an effective amount of a
compound according to claim 1 and a pharmaceutically acceptable carrier.
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[err] o ' : . -23-

Examl e 19 .

9- Cycl opent yl -5, 6-di hydr o- 7- et hyl - 3- (t-hi en- 2-yl ) - 94 pyr azol o[ 3. 4-cl -
1.2.4-triazol o[ 4. 3-a] pyridine ' -

1- Cycl opentyl -3-ethyl -7-thio-4,5,6, 7-tetragydro-1H pyrazol o[ 3, 4-c] pyri di ne
(0.35 5 grams, 1.4 mole) was dissolved in 4 mM anhydrous pyridine in a
flame dried flask under nitrogen. The flask was warned to 70[err] C and
1.5 m of gnhydrous hydrazine was q@%gg%$The yel | ow sol ution turned
pi nk and was stirred for 5 mnutes. The ne and excess hydrazi ne
were then renoved Aratenpoundafdbe formsileure to give a pink solid t hat
turned light green after being placed under vaguun1(approxinately 0.1 mm
for 30 10 mnutes. Next, anhydrous pyﬁadlne m ) followed by 2-thiophene
car bonyl chloride (0.69 granE1 S) was added to the flask and
the m xture was stirred for 2 pyridine was renoved under
reduced pressure, and the residue wa ol ved tn di et hyl f or mam de
(4 M) andoheated at reflux for Qahqw e mxture was t hen cool ed
to anbient tenperature, diluted w ér ANd extracted with et hyl 15
acetate. The aqueous | ayer was baNIfieN to nglz with 1IN sodi um hydr oxi de
and R

wherein R, R?, R?, R® and R' are as defined above. The compound of formula | and

the pharmaceutically acceptable salts thereof are useful in inhibiting phosphodiesterase
15 (PDE) type IV and the production of tumor necrosis factor (TNF) and in the treatment
of asthma, arthritis, bronchitis, chronic obstructive airways disease, psoriasis, allergic
rhinitis, dermatitis and other inflammatory diseases characterized by phosphodiesterase
(PDE) Type IV activity as well as AIDS, sepsis, septic shock and other diseases, such
as cachexia, involving the production of TNF.
20

gt
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P e YL ee*tat-.ei“fat hreée tifes. The conbi ned organi cs werepmashed
%&amﬁm’hydimu d ey a*mtver }and brine, dried over sodiumsulfate
and conc rﬁ rta{tléd S jundemaged ... *Laﬁt, xed priessure. The.resulting oil was
purified By :_e}’hwmgﬁﬁogfg@hy @ Rzsl i cé gel col um using a gradient
m xture jof% étikyrhctacetpage: ane he hexane a? eluent to give 304 uq*ﬁ&mnimt he
title conpound as a white solid: Mel'tiing Pol-nt 125-6[err] O““%“WR*G,BSJ%;:;;{F

VHz I@ﬁ*[z&f— r,r] (t, J 175 Hz, 3H), 1.60-1.74 2124
1.9:2.0 -z@ﬁ- z;_i]%%s ED . 267(|c_]?J76Hz, (m:'i
J=7.1 Hz, %—i) ‘ SS:EIHYDHE-QHZ- AZOBO[3 4 #-TRIAZOLOJAT
7.20 (dd, J=3.9 and 5.1 Hz, é@ Z"ﬁi E@ !é i! ﬁnal cal cd. for
CerrJHerr]Nerr]S: C 63. 68 H nd: C, 63.66; H, 6.19;
N, 21.00. 25 Thlsmventxonrelatestotncycllcs Gdlhydro-sﬂewrptals[s.’!ﬂe]mz 4-triazolo[4,3-

?eac,f;: ggeﬂI Jl rzﬁpyr%of{e%p‘@fﬂabﬂ? SpiketR G 4 ?fe‘{ﬁ”éﬁe‘b& 45728 TFDE) type IV or the

H-pyrazol of 3, zbrsambhcbf REmoPASrogio wacté.o(err and @seslichare usefublh th mtmeritﬁgf
af fords the foll ow ng conpounds, of forpu c¥\here err] is et h;/ ia\
Rlerr] is EQ/CI%?H'E‘FR rthritig, bronc itis, chromcqustru ive airways disease, psoriasis, allergic

rhinitis, dermatitis and other inflammatory diseases as well as AIDS, sepsis, septic
shock and other diseases, such as cachexia, involving the préduction of TNF.
Compounds of the present invention may have combined PDE IV and TNF inhibitory
activity.

15 This invention also relates to a method of Lising such compounds in the
treatment of the above diseases in mammals, especially humans and to pharmaceutical
compositions useful therefor.

Since the recognition that cyclic AMP is an intracellular second messenger
(E.W. Sutherland, and T. W. Rall, Pharmacol. Rev., 1960, 12, 265), inhibition of the
20 phosphodiesterases has been a target for modulation and, accordingly, therapéutic
intervention in a range of disease processes. More recently, distinct classes of PDE
- have been recognized (J.A. Beavo and D. H. Reifsnyder, TiPS, 1990, 11, 150), and their
selective inhibition has led to improved drug therapy (C.D. Nicholson, R. A. Challiss and
M. Shahid, TiPS, 1991, 12, 19). More particularly, it has been recognized that inhibition

25 of PDE type IV can lead to inhibition of inflammatory mediator release (M.W. Verghese
et al., J. Mol. Cell Cardiol., '1989, 12 (Suppl. Hl), S 61) 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-Verlag). Thus, compounds that inhibit PDE
type IV, but which have poor activity against other PDE types, inhibit the release of

30 inflammatory mediators and relax airway smooth muscle without causing cardiovascular
effects or antiplatelet effects.

TNF is recognized to be involved in many infectious and auto-immune diseases,
including cachexia (W. Friers, FEBS Letters, 1991, 285, 199). Furthermore, it has been
shown that TNF is the prime mediator of the inflammatory response seen in sepsis and

35 septic shock (C.E. Spooner et al., Clinical Immunology and Immunopathology, 1992,
62, S11).

/
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TRICYCLIC 5, 6~-DIHYDRO-9H-PYRAZOLO[3,4-c]-1,2,4-TRIAZOLO[4, 3-a] PYRIDINES

Abstract
A compound of the formula
. R 9 R 1
R 10
\
: N I

Y
Nk

wherein R, R?, R®, R® and R'° are as defined above. The compound of forrhula l and
the pharmaceutically acceptable salts thereof are useful in inhibiting phosphodiesterase
(PDE) type IV and the production of tumor necrosis factor (TNF) and in the treatment
of asthma, arthritis, bronchitis, chronic obstructive airways disease, psoriasis, allergic
rhinitis, dermatitis and other inflammatory diseases characterized by phosphodiesterase
(PDE) Type IV activity as well as AIDS, sepsis, septic shock and other diseases, such
as cachexia, involving the production of TNF.
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Exanpl e 31
5. 6-di hydro-7-ethyl -9-(4-fl uorophenyl)-3-(1- e ) .
pyrazol o[ 3. 4-c]-1 .2.4-triazol o 4. 3- a]pyrldlne Py :Gﬁ R
3-Ethyl -1(4- f1 uor ophenyl ) - 7- t hi o- 4, 5, 6, tetrahydr ,_,‘tﬂhby gl'o”
pyridine 5 (0.092 grans) was di ssol ved i n.qanhydr ous pyrldpﬁé“
t he sol ution was war nmed to 70[err] C. Anhydrqus_hydrazine
added and the-resulting yeIIOM/squtlon Qmﬁy;LurheéibéF
m nutes thg vo

give a yel l'ow '
by 1-nethyl cyclohexane
hour s at

carbonyl ﬁm&mﬂw After stirring for 2

This mventlonrelatestotrlcycllcS,S-dlhydro-QH-pyrazolo[3,4-c]-1 ,2,4-triazolo[4,3-
alpyridines which are selective inhibitors of phosphodiestefase (PDE) type IV or the
pfoduction of tumor necrosis factor (TNF) and as such are useful in the treatment of

10 asthma, arthritis, bronéhitis, chronic obstructive airways disease, psoriasis, allergic
rhinitis, dermatitis and other inflammatory diseases as well as AIDS, sepsis, septic
shock and othér diseases, such as cachexia, involving the production of TNF.
Compounds of the present invention may have combined PDE IV and TNF inhibitory
activity.

15 This invention also relates to a method of using such compounds in the
treatment of the above diseases in mammals, especially humans and to pharmaceutical
compositions useful therefor.

Since the recognition that cyclic AMP is an intracellular second messenger
(E.W. Sutherland, and T. W. Rall, Pharmacol. Rev., 1960, 12, 265), inhibition of the

20 phosphodiesterases has been a target for modulation and, accordingly, therapeutic
intervention in a range of disease processes. More recently, distinct classes of PDE
have been recognized (J.A. Beavo and D. H. Reifsnyder, TiPS, 1990, 11, 150), and their
selective inhibition has led to improved drug therapy (C.D. Nicholson, R. A. Challiss and
M. Shahid, TiPS, 1991, 12, 19). More particularly, it has been recognized that inhibition

25 of PDE type IV can lead to inhibition of inflammatory mediator release (M.W. Verghese
et al.- J. Mol. Cell Cardiol., 1989, 12 (Suppl. ll), S 61) 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-Verlag). Thus, compounds that inhibit PDE
type IV, but which have poor activity against other PDE types, inhibit the release of

30 inflammatory mediators and relax airway smooth muscle without causing cardiovascular
effects or antiplatelet effects. ' '

TNF is recognized to be involved in many infectious and auto-immune diseases,
including cachexia (W. Friers, FEBS Letters, 1991, 285, 199). Furthermore, it has been

shown that TNF is the prime mediator of the inflammatory response seen in sepsis and

35 septic shock (C.E. Spooner et al., Clinical Immunology and Immunopathology, 1992,
- 82, S11).

KEPLACEMENT SHEET
Q 2MAY 1997




‘r\

10’ anbl entt enper at ur et he pyri di ne was removed under reduced pressure and
t he resi dueml,mmﬂﬂnu din dinethyliformamide (5 m). After stirring
at reflux f mﬂ I] solution was cooled to anbient tenperature,

diluted wi'th*watert ad éxtracted with ethyl acetate. The conbi ned
~organics were washed with water and brine, and then dﬂ' e QVEL. S0 UM
- .sulfate. Concentration under reduced presggre gave aj fff t&'ibeB\MﬂSOBEEN 5
The oil was purified by chromatography on a silica gg¢l COIEEﬁLAGEL"TJng 1
et hyl acet at e/ hexane as eluent to give 0.09 grans of a patre—yetaw
solid. Melting Point 60- 61[err] C guaIMST z) 380. A
1. A compound of the formula

and the pharmaceutically acceptable salts thereof; wherein

10 R' is hydrogen, (C,-Cyalkyl, (C,-C)alkoxy, (C,-C,alkenyl, phenyi,
dimethylamino, (C,-C,)cycloalkyl, (C,-Cg)eycloalkyl (C,-Cj)alkyi or (C,-C,)acyl wherein
the alkyl, phenyl or alkenyl groups may be substituted with up to two hydroxy, (C,-
C,)alkyl, or trifluoromethyl groups, or up to three halogens;

R? and R® are each independently selected from the group consisting of

15 hydrogen, (C,-C, )alkyl, (C,-C,)alkoxy(C,-C)alkyi, (C,-C,,)alkenyl, (C;-C;)cycloalkyl,
(C4-C,)cycloalkyl(C,-C,)alkyl, a saturated or unsaturated (C,-C,)heterocyclic(CH,),
group wherein n is 0, 1 or 2, containing as the heteroatom one or two of the group
consisting of oxygen, sulphur, sulphonyl, nitrogen and NR* wherein R* is hydrogen or
(C,-C,)alkyl; or a group of the formula

20 (R%)

a
—(Y)b—(Z)CO 11

, 'wherein a is an integer from 1 to 5; b and ¢ are 0 or 1; R° is hydrogen, hydroxy, (C,-
.Cs)alkyl, (C,-Cq)alkenyl, (C,-Cs)alkoxy, (C;-Cg)cycloalkoxy, halogen, trifluoromethyl, -

26 CO,R%, CONR®R’, NR°R’, NO, or SO,NR®R’ wherein R® and R’ are each independently

hydrogen or (C,-C,)alkyl; wherein Z is oxygen, sulphur, SO,, CO or NR® wherein R® is

hydrogen or (C,-C,)alkyl; and Y is (C,-Cj)alkylene or (C,-Cialkenyl optionally

substituted with up to two (C,-C,)alkyl or (C,-C;)cycloalkyl groups; wherein each of the

alkyl, alkenyl, cycloalkyl, alkoxyalkyl or heterocyclic groups may be substituted with one

30 tofourteen, preferably one to five, of the group consisting of (C;-Cz)alkyl, trifluoromethyl

or halogen; and '
R® and R' are each independently selected from the group consisting of

hydrogen, (C,-Ce)alkyl, (C,fce)alkoxy, (C4-C,,)aryl and (Cmﬂ}{’fm
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e

dlrreth r])cycloal kyl, &C etr]- C[err])cycloal Kyl

© GoN5-3 Mo

td err] Clerr]- C[err])acyl Viher e t-hread-ley -pheny

or ‘al kenﬁm Mﬁ“m !“subst ituted with up to tmﬁlg%??o“&l‘@we?ﬁqq;&
derr])a omethyl groups, or up to] tBrEecHaEiGgaged ... to pa"’@d -----
Rl err] and R[err] are each independently sel ectedj f¥ &h'-‘fh@ grd@ﬁ%dfﬁﬁ&@%ﬁl’g-g

of 15 hydrogen, (derr]-derr])alkyl, 26- 1 i3 Drewing(s) @ paged ... to paged.....
(CJerr]-Cerr])al koxy(Cerr]-Clerr])al kyI' (derrj ’-f-@[fervst}u)!:al kqmgbd ..... to paged ...
(derr]-Cerr])cycl oal kyl,
(Cerr]-Cleer])cycloal kyl (Jerr]-Qerr] #ﬁ Sat Wrateg 1@&5@8@&..‘@!!@!‘29....
(derr]-Cerr])heterocyclic(CHerr])[er gr oupwhererm-mr-rs-or—i—or—

2, containing as tlhe h& esmpound ofithedormule® of the group consi sting of
oxygen, sul phur, sul phonyl, nitrogen and NR[ err] wherein R err] is hydrogen
or (Cerr]-Cerr])alkyl; or a gr®b o Rite formul a [err] '
wherein a is an integer foml to 3y are 0 or 1; R err] is hydrogen,

-Clerr])al kenyl, (C[err]
lql ogen, Ft rifluoromnet hyI 25
er

] or

hydroxy, (Clerr]- Clerr])al IRyI
-Cerr])al*™oxy, (Cerr]-Cerr])cycl
CJerr]Rerr], CONRerr]Rerr], RRIR[

SCIerr]NR[err]R[err] wherein R[e ms~R[ eTN] are each independently

hydrogen or (Cferr]-Clerr])al kyI Ivvheleln Z]ls oxygen, sul phur, SO, CO or

NR[err] wherein Rlerr] is or R err]-Cferre])al kyl; and Yis
- | kenyl, opti onal |

Subet | tuted SPUe phETecsis %Me%wy st "%

(qerr] - C{oerr])cycn'oabkyhymgéms ' .ea:;l:c.qilkém (c-c‘}&méhyl, qdhbaﬁ ,

2 A, AL o B i o b ™

(Cerr]-d er tie akyly phemyl idr|alitngngiolps may be enbmh@a% ap' %o two hydroxy. (C,-
R[ err] and er r! are _each i ndependent| y sel ected fromt he group consi St

hydr ¥ 9rouPs,\Ar up(tejthree halggens) ) 4 koxy,
(C[ err]-Cferr])arg Mﬁ%rédm%ﬁﬂdm@@bctad from the group consisting of

18 hydrogen, (C,-C,,)alkyi, (C,-C,)alkoxy(C,-C,)alkyl, (C,-C, Jalkenyl, (C,-C,)cycloalkyl,
(C5-C;)eycloalkyl(C,-C,)alkyl, a saturated or unsaturated (C,-C;)heterocyclic(CH,),
group wherein n is 0, 1 or 2, containing as the heteroatom one or two of the group

ng

conslstmg of oxygen, sulphur, sulphonyl, nitrogen and NR* wherein R* is hydrogen or
(C,-C, Jalkyl; or a group of the formula
20

| L (RS, -
o -(Y)b-(Z)c—®/ 11

“wherein a is anintegerfrom 1to 5; band care O or 1; R® is hydrogen, hydroxy, (C,-

~ Cgalkyl, (C,-Cs)alkenyl, (C,-C)alkoxy, (C,-C,)cydoalkoxy, halogen, triﬂuoromet'l'lyi.

25 CO,R®, CONR®R’, NR°R’, NO, or SO,NR°R” wherein R® and R’ are each independently

hydrogen or (C,-C,)alkyl; wherein Z is oxygen, sulphur, SO,, CO or NR® wherein R® is

hydrogen or (C,-C)alkyl; and Y is (C,-C,)alkylene or (C,-C,)alkenyl optionally

- substituted with up to two (C,-C,)alkyl or (C,-C,)cycloalkyl groups; wherein each of the

alkyl, alkenyl, cycloalkyl, alkoxyalkyl or heterocyclic groups may be substituted with one

30 tofourteen, preferably oneto five, of the group consisting of (C,-C,)alkyl, trifluoromethyi
or halogen; and |

R? and R'® are each independently selected from the group _consisting of

hydrogen, (C,-Cy)alkyl, (C,-C,)alkoxy, {C,-C,,)aryl and (C,-C,,)aryloxy REPLALEMENT SHEET

04 NOV 1998




-27- . A conpound accogdi ny to claim 1, wherein R[err']

¥s met hyl |sopropyl 3. A conpound
accordl ng”lm ’FHI ein R3is (C-Cerr])al kyI (derr]-
err])al kenyl , err err])cycloa kyl ,

(C[err] C[err])cycl oal kyl (CJerr]-Cerr])all kyl or phenyl optional'i y 6
substituted with 1 or 2 of the group consisting of hydrogen, hydroxy,

(derr]-Cerr])alkyl, (Cerr]- Cerr])alkenyl, - (Cerr]-Cerr])al koxy,
-hal ogen, trifluoronmethyl, CJerr]Rerr],* RR[err], NRerr]Rerr], NJerr]
or SJerr]NRerr] R erer] wherein R[err] and R[err] are each

I ndependent|ly hydrogen or ((err]- C[err]'z)al Ky .
conpound accordi rfy t o AICAMRAouNg.perording ftoosiaimd . gvhagein B s metlmg ethvl or

9- cycl opent ygap‘}ogygdl hydr o- 7- et hyl - 3- phenyl - 9H pyr azol o[ 3, 4-c] - 2 4-tiazolo
[4,3- 10 al pyri-dine; 9- cycl opent yl -

, 6- di hydr o- 7- et hyd-- 3- (A Gamnw#)acmrcﬂpsateml@mmv@prem R, is- (C,-Cjlalkyl, (C,-
t | of 4, di
9r |C % Fog[ent ;t.ltﬂll?éﬂyé I(OQC-,)cl;cloalml (393 )cycloallﬁy (be Aallil df 3 ghenyl Lotionally . o
| o[ 4, 3- 1 on 8 of the group consustlng of hydrogen hydroxy, (C,-Cg)alkyl, (C,-

3. 9- di cycl ope wényﬁ (é*-@:'5 ‘ﬁﬂ&%&]&"mﬂl&ﬂ%&@&f"d@ﬁ‘ EONR®R’, NR*R’, NO, or

, 2, 4- trlazolo 4, 3-
9- cycl opent \B zB‘RgBdM’l?@Ifb a@dﬁymoqmnndemdewwdmgqn or (C,-C,)aikyl.

3y|( % esr)'lt-l- Bﬁ{ ;llz?l g(gyﬁl ocdp%?\Tg?u%d %bcg?%r;}%ﬁc{)é@ﬁo{ %‘édg?ﬁg@r azg'llm‘ﬁf oRslg?nglof' 2,4-
20%t ri azol of 4, 3Wﬁms'dihvqu'eﬂ‘w%hsﬂww'wfamhﬁ 4-c]-1,2,4-triazolo[4.3-
9-cycl Opﬂj’lt)dl’ M edi hydr o- 7 ethyl -3-(thien-2-yl)-9H pyrazolo [3,4-c] 1
, 2, 4- l'azol 0 [4, 3-a] ‘pyridine;
3-(2-chl or ophenyI%'cﬂﬂepenbﬂ&l6;dlh5¢®'W‘F33WPNdW'9Wd¢f3-0{'23442 6t-1,2
, 4 triazolo[4,3-a]pyridine;
' 9-cyclopentyi-5, 6—d|hydro-7-eﬂ1yl-3o(3-ﬂ'\myl)-9H-pyrazolo[3,4—c]-1 2,4-triazolo(4,3-
alpyridine;
15 9-d|cyclopentyl-5 S-dlhydro-T-ethyl-QH-pyrazolo[3 4-c}-1,2,4-triazolo[4,3-
alpyridine;
9-cyclopentyl-5 s-dlhydro-T-ethylé-ﬂ -methylcyclohex-1 -yl)-QH-pyrazolo[a 4-c]-
1,2,4-triazolo[4,3-a]pyridine;
3-(tert-butyl)-9-cyclopentyi-5, 6-dihydro-7-ethyI-9H-pyrazolo[3 4-c}-1,2,4-
20 triazolof4,3-a]pyridine;
9-cyclopentyl-5, 6-d|hydro-7-ethyl-3-(th|en-2-yl)-9H-pyrazolo [3,4-c]1,2,4-
triazolo[4,3-a]pyridine;
3-(2-chlorophenyl)-9-cyclopentyl-5,6-dihydro-7-ethyl-SH-pyrazolo[3,4-c]-1,2,4-
triazolo{4,3-a]pyridine; | |
25 g-cyclopentyl-5, 6-dihydro-7-eﬂ1yl-3-(2—iodophenyl)-QH-pyrazolo[3 4-c]-1 2,4-
tnazolo[4 3-ag]pyridine; and
5 6-dihydro-7-eﬂ1yl-9-(4—ﬂuorophenyl)-3-(1 -me’mylcyclohex-i -yl)-SH-pyrazolo{3, 4
c] -1,2,4-triazolo[4,3-g]pyridine.
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-

triazolo PR

9-cycl op dio 7 et hyl - 3- (2 I odophenyl ) - 9H pyazol o[ 3, 4- c] 1,2, 4-
triazol o?m u
f 1 uor ophenyl ) - 3- (1 met hyl cycl ohex-1-yl) - 9H- pyrazol

5, 6- dIhydPo

o[ 3, 4- .. cl- . 4-triazol o[ 4, 3-a] pyri di ne.

- 28- o A pharmaceutical c osition for t he (a) treatnent of
ast hmma, arthritis, bronchitis, chronic obstructive ai rways di sease, :
. psoriasis, allergic rhinitis dernatitis and ot her inflammuatory di seases
characterized by ghosphp éoﬁvﬁf%siﬁdfpﬁrmé ﬁ?hia&llﬁéht of asthivieSartR@is| S,
septic shock and-other d seases as cachexi a, "involving the

product i on oibrqnqhnismhrem“;obmmlmmqys&ﬁwemgpﬂwle@m dematitis andh | v
and the 5 piogy ospHAlidstradB (POE) et actvity,
effective armunt o corrpoun accoegqﬁgﬂt o&c laim1 a& ki
phar rraceut i cNIDS, mt@gnﬂg ghacki and other diseases, such as cachexia, involving the
production of TNF, or (b) the inhibition of phosphodiesterase (PDE) type {V and the
5 production of tumor necrosis factor (TNF) comprising an effective amount of a

compound according to claim 1 and a pharmaceutically acceptable carrier.
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