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Background Of The Invention

The cyclic nucleotide specific phosphodiesterases (PDEs) represent a family of enzymes
that catalyze the hydrolysis of various cyclic nucleoside monophosphates (including cAMP and
¢GMP). These cyclic nucleotides act as second messengers within cells, and as messengers, carry
impulses from cell surface receptors having bound various hormones and neurotransmitters. PDEs
act to regulate the level of cyclic nucleotides within cells and maintain cyclic nucleotide
homeostasis by degrading such cyclic mononucleotides resulting in termination of their messengér

role.



and their selective inhibition by various conpounds.
For exanple, PDE 1 is stinmulated by Ca2+/cal nodulin.
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adrenals. PDE 3 is cGVP-dependent, and inhibiti on of
this enzyme creates positjive jnotropic activity
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PDE4 isoenzymes are localized in the cytosol of cells and are unassociated with any known
membranous structures. PDE4 isoenzymes specifically inactivate cAMP by catalyzing its
hydrolysis to adenosine‘5".;monophoéphate (AMP). Reguléﬁon of cAMP .":1ctivity~ isAimportant n
many biological processes, including inflammation and memory. Inhibitors of PDE4 isoenzymes
such as rolipram, piclamilast, CDP-840 and ariflo are powerful antiinflammatory agents and
therefore may be useful in treating diseases where inflammation is problematic such as asthma or

arthritis. Further, rolipram improves the cognitive performance of rats and mice in learning

paradigms.
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addition to such conpounds as rolipram xanthine
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am noi ndazol e and
Rolipram, previously in development as an anti-depressant, selectively inhibits the PDE4

enzyme and has become a standard agent in the classification of PDE enzyme subtypes. Early
work in the PDE4 field focused on depression and inflammation, and has subsequently been
extended to include indications such as dementia. [see "The PDE IV Family Of Calcium-
Phosphodiesterases Enzymes," John A. Lowe, III, et al., Drugs of the Future 1992, 17(9):799-
807 for a general review). Further clinical developments of rolipram and other first-generation
PDE4 inhibitors were terminated due to the side effect profile of these compounds. The primary
side effect in primates is emesis, while the primary side effects in rodents are testicular
degranulation, weakening of vascular smooth muscle, psychotrophic effects, increased gastric

acid secretion and stomach erosion.



am nobenzof uran anal ogs, that inhibit PDE4 enzynes,
and especially have inproved side effect profiles,
We2@4/00852 rel atively non-enetic, (e.g., as COPQHUSIIO$/@R22401

the previously discussed prior art conpounds).
Preferably, the conpounds sel ectively inhibit PDE4
enzymes. ¥he coﬁ&ﬁﬂ%ﬁ&@ﬁOFfﬁHEINVE%HI@N'at t he same
time facilitate entry into cells, especially cells of
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decreaﬁgrcALﬁ%qevels, e. g.,?nvohBl%g neurolo ggcal syndromes, especially those states

associated with memory impairment, most especially long term memory impairment, as where
such memory impairment is due in part to catabolism of intracellular cAMP levels by PDE 4
enzymes, or where such memory impairment may be improved by effectively inhibiting PDE4
enzyme activity.

In a preferred aspect, the compounds of the invention improve such diseases by inhibiting
PDE4 enzymes at doses which do not induce emesis.

The present invention includes compounds of Formulas I and II:



R8 81 Il wherein RLis H alkyl having 1 to 8
carbon atons, which is branched or unbranched and

wWoR0081009587 unsubstituted or substituted one orP@DUR2003/022401

ti mes by hal ogen, cycl oal kyl having 3 to 10,
preferably 3 to 8 carbon atons, which is unsubstituted
or sug§t|tuted one or nore tines by hal ogen, hydroxy,
oxo, ®&pan, alkyl having 1 to 4 cqrbon atons, al koxy
arbon at ons, or cdtNi nati ons t her eof
tyl), or a heterocyg gr oup, whi ch
|s sat ‘ g.rtiqh$y saturated or at ur at ed,
havi ng NTo NNG atons in whic i
atomisF%n N, 0 or IS atom which i
substituted one oRnore tines by hakFee &kyl

hydr oxy, al koxy, al koxyal koxy, nigfo, nethyl enedi oxy,
ethylenediOﬁy trifluoronethyl, i no, am nomet hyl,
ami noal kyl , | ani noal koxy di al kyl ani no, Hldroxyal kyl
(eg., hydroxynethyl) hydr oxam c aci d,

tetrazol e-5-yl, hydroxyal koxy, carboxy, al koxycar bonyl

whereifie. 9., tert-butyl oxycarbonyl, ethoxycarbonyl), cyano,

Rl

acyl, alkylthio, alkylsulfinyl, alkylsulfonyl,
gggpoxy, or conbi nations thereof (e.qg.,
tetrahydrofuranyl pyridyl, thienyl, pyrazinyl,

i TR i
r alk aving 1 tqQ 4 ca bon atons, which is
oG PT ﬂ%ﬁ'ﬁ‘ﬁ‘gﬁ%‘ﬁ g%’l’r?\ﬂm&ﬁ by Balogesubsti t ut ed or
substltuted one or nore tinmes by hal ogen, cyano,
aryglagtkythavingp kokqs preferably 3 to 8 carbon atoms, which is unsubstituted or

substituted one or more times by halogen, hydroxy, oxo, cyano, alkyl having 1 to 4
carbon atoms, alkoxy having 1 to 4 carbon atoms, or combinations thereof (e.g.,
cyclopentyl), or

a heterocyclic group, which is saturated, partially saturated or unsaturated, having 5 to 10
ring atoms in which at least 1 ring atom is a N, O or S atom, which is unsubstituted or
substituted one or more times by halogen, alkyl, hydroxy, alkoxy, alkoxyalkoxy, nitro,
methylenedioxy, ethylenedioxy, trifluoromethyl, amino, aminométhyl, aminoalkyl,
aminoalkoxy dialkylamino, hydroxyalkyl (eg., hydroxymethyl), hydroxamic acid,
tetrazole-5-yl, hydroxyalkoxy, carboxy, alkoxycarbonyl (e.g., tert-butyloxycarb;)nyl,
ethoxycarbonyl), cyano, acyl, alkylthio, alkylsulfinyl, alkylsulfonyl, phenoxy, or
combinations thereof (e.g., tetrahydrofuranyl, pyridyl, thienyl, pyrazinyl, quinolinyl,

isoquinolinyl, pyrimidinyl, imidazolyl, thiazolyl, etc.),



(e.g., CH3, C2H5, CHF2, CF3, etc.), and one or nore
- CH2CH2- groups can be replaced in each case by

WO at@#s5pr -C = G, R3 is H alkyl having 1 tBCBUS2003/022401

preferably 1 to 4 carbon atons, which is branched or
ung{anched and which is unsubstituted or substituted
dhé->6F nore tines with hal ogen, cyano, Cl-4-al koxy,

or conbi nations thereof (e.g., nmethyl, ethyl, propyl,
elleyhhaviag gt td carhop ajersgtwhicht sdramheboywibearshkd ghd whiwhps
wherein the carbocyclic portion has 5 to 14 carbon |
atneuisstisuteld dihanbafitkydd g ot e Whies By heloféra gAY afd/or C-4-alkoxy
unbranched has 1 to 5 carbon atonms, and which is

YBgu RS, byl C19F,, S¥0shd §, Uh&dnd ﬁraxF‘QI% -@,@Lgﬁ% Fﬂo'ugf pan be replaced in

portion one or nore” tines by ogen, oxy,

%ia%i/?ase%?? —(9% 9, pLconbi nations thereof, and the

ion“is optionally substituted by hal ogen,
Cl-4- al koxy, cyan or conbinations thereof (e.g.,
a5 ohexenyl methyl, etc.), arylalkyl having 7 to 19
carbon atons, wherein the aryl portion has 6 to 14
cded baviag drie 8, prederelis 14b Kyearbooratanes whidli is rrarshid anofbeshched and
or unbranched, has 1 to 5 carbon atons, aryl al kyl
rveldtle &l unissbstinsted ot substitttbdone sthotd titedithihaldebe, dayd, C;-4-alkoxy,
portion, one or nore tinmes by hal ogen,
to ich b {a0BES fhéteof F3 Omedth b, etéd kyl . al koxy,
al kyl am no, di al k)%c Emel bt B @) O i ot

[ kvl j n y met hyl, (e, q. .
3 BB BSL BRI XN A8 prion s 014
net. hoxybenz trfluoronethyl, ben :
et %%?%L@B éﬁ?ﬁz portigp 8&@&1 la.br%w% Youkramshedhas 1 to 5 carbon
PCT/ US2003/ 022401 = het eroaryl al kgl. ?r oup, wherein the
1éarBY, gaf Whighos ungbstiaedss spbgtitutad inythe eatbatyolic pattinnaamsdr more
and has 5 to 10 ring atons in which at least 1 ring
dinogs Hyshatogen, dlkyls alRomy, mityo, ichencabky, or cpmbiradons thieieof) and the alkyl
branched or unbranched, has 1 to 5 carbon atons, the
et tedroia oytiehdilyl substituted by halogen, C;-4-alkoxy, cyano or combinations thereof
(e.g., cyclohexenylmethyl, etc.),
arylalkyl having 7 to 19 carbon atoms, wherein the aryl portion has 6 to 14 carbon atoms
and the alkyl portion, which is branched or unbranched, has 1 to 5 carbon atoms,
arylaikyl radical is unsubstituted or substituted, in the aryl portion, one or more times by
halogen, trifluoromethyl, CF;0, nitro, amino, alkyl, alkoxy, alkylamino, dialkylamino
and/or substituted in the alkyl portion by halogen, cyano, or methyl (e.g., benzyl,
phenethyl, phenpropyl, methylbenzyl, methoxybenzyl, trfluoromethyl, benzyl,

methylenedioxobenzyl, etc.), or



group i s unsubstituted or substituted one or nore

times in the heteroaryl portion by hal ogen, alkyl,
wa@bkdanyysstyano, trifluoromethyl, CF30, nitro, BPXDUS2003/022401

am no, al kylam no, dialkylam no, or combinations

t hereof and/or substituted in the alkyl portion by
thatesepevialkyt gronp, Whereinghhleteiopryé gmionanaymmlmfﬁﬂly saturated
(e.qg., pyridylnethyl, pyridylpropyl,

rmd hyé Py i @yihgetomslin Mﬁﬂ}mtcbwfl dyg memh';sla,N, O or S atom, the alkyl

di chl oropyri dyl met hyl , thienyl net hyl,

takRA0WhidrEk BYe{nché]}Br%bfdﬂ}éhéﬂeh@sVi to 5 carbon atoms, the heteroarylalkyl
|squ|noI|nyInethyl plperldlnylnethyl,

ngéw &Jgﬁ te 1%’&4% g?% gﬁiyﬂ'lf)re t1 1n the hetgroali_;éportlon by

H, = ar 6 to 14. car bo
st alier cg%smff%f%a%ﬁeeﬁs %&8 e Rpisy glytamino,
haI en, al kyl, alkenyl, alk dr ox al | kox

JRINGe Y gombma@ns%h%@?fwé/@é av@kﬂéﬂede W@P ékk@b?%%&?n by halogen,
trlfluoronethyl OCF3, amino, aminoal kyl, ani noal koxy
diyaidcpt amwind or bydbioxyeiskiyreqfdg.g,. pyidyleefimds wyyidylpropyl,
hydroxami c acid, tetrazole-5-yl, 2(-

hﬁétﬁﬂpyﬁi&ﬂdﬁﬂeﬂﬁﬂ f@l&b}%&ﬁi’yﬁhetﬁﬂg dichloropyridylmethyl, thienylmethyl,
2-(2-tetrahydropyranyl)tetrazol e-5-yl), hydroxyal koxy,

Ct agﬁgﬂnet@%ﬁ%&ﬁ{ﬁﬁ@%&l( g%nohﬁ)ﬁfrfeﬂﬁl‘l‘tﬁfﬁéﬁ@f%*éﬂﬁyl

car ano

?JH%V lﬂgﬁl'l 18%91%1%] (%lﬁylbmul‘:ayf 3?1@’6?%1 Y] Ylmetl}yl etc.);

R5-1-, or conbinations thereof (e.g., substituted or
dhBabst i t ut ed phenyl , naphthyl, and bi phenyl, such as
phenyl, methyl phenyl, chlorophenyl fluorophenyl
\aryhyHaphogriyto, T4cspsbioystiems hod whichys ersebistiswiep e pybistituted one or more
et hyl phenyl, di chl or ophenyl, carboxyphenyl,

airﬂ@dmw&gany hiRbie aﬂtbnyldﬁlhﬁi}lﬁ,yﬂyrdw hlkoxy, alkoxyalkoxy, nitro,

hydr oxynet hyl phenyl , ni trophenyl, aininophenyl, etc.),

%etﬁylmcﬁg}%me%%@aloﬁ) H@&QM@@ 2808, ahehe %ﬁﬁ‘iﬁd’élkyl aminoalkoxy

aV|ng 5t0 10°ring atoms in which at | east 1 ring

SRt BURRI R e Rl Gnb MRSkt fls Perrazole-5-v1, 2

rR/e(‘cjerrc?é(})éle)taclatrazo)ig-’s-yl (eg., 2-(2-tetrahydropyranyl)tetrazole-5-yl), hydroxyalkoxy,

carboxy, alkoxycarbonyl (e.g., tert-butyloxycarbonyl, ethoxycarbonyl), cyano, acyl,
alkylthio, alkylsulfinyl, alkylsulfonyl, bhenoxy, trialkylsilyloxy (eg. tert-
butyldimethylsilyloxy), R5-L-, or combinations thereof (e.g., substituted or unsubstituted
phenyl, naphthyl, and biphenyl, such as phenyl, methylphenyl, chlorophenyl,
fluorophenyl, vinylphenyl, cyanophenyl, metﬁylenedioxophenyl, ethylphenyl,
dichlorophenyl, carboxyphenyl, ethoxycarbonylphenyl, dimethylphenyl,

hydroxymethylphenyl, nitrophenyl, aminophenyl, etc.), or



al koxyal koxy, nitro, methyl enedi oxy, ethyl enedi oxy,
trifluoronethyl, amno, am nonethyl, am noal kyl,

wa@rioaoedskoxy di al kyl am no, hydroxyal kyl (eg., PCT/US2003/022401

hydr oxynet hyl ), hydroxam c acid, tetrazol e- 5 yl,

hydr oxyal koxy, carboxy, al kox carbonyl (e.

theteroapyl thavimeyictarlBomg atoras mxlyléé ebleas) |1)r1ngc%t@mds a etproatom, which
al kylthio, alkylsulfinyl, alkylsulfonyl, phenoxy,

iy urskgtitstet v eobgtifuegl oricex indbel tiytlesl byfha]bgéns ialkgyil dwpdraxy, alkoxy,
R5-L-, or conbinations thereof (e.g., pyridyl,

tahdoﬁ%ﬂk@xyp.‘ﬂtﬁ? in¥hyler®didr9! dthylbnedi&8d H‘iﬂ\iﬂrd)rﬂyﬂhyl amino,
pyrim |ny , |mdazonI thiazolyl, etc.); RS is H

S Bl gl Bl bl GRLR
A AATEE N il i

etc.), alk Ianlno or dial kyl am no wherein each al
@B@(V@aﬁb (5. adt@ﬁebmlﬁwgarbpwb ethoxyearaensia 5y3nog a% alkylthlo
carbon atons (e.g., dinethylamno, etc.), a partially

atkyduifirgil edk sul ooyl phenaxlykiylallytsplypoxyt{eg. e‘em—bﬂll:}édlmethylsﬂyloxy)

carbocyclic portion has 5 to 14 carbon atons and the

R°Uy], oPrhbifaidhe shetedfFe.D., 991*’1%€mthﬁn?ﬂ§)yra&iﬁy¢ Ruirolinyl, isoquinolinyl,
unsubstituted or substitute preferably in the

i nore tines by hal ogen,

§?E§?@¥§é’ﬁ%@%&wh???%mﬁgigzo oxo, or conbinations
th@{eof (e.g., cyclohexenylnmethyl, etc.), cycloalkyl

fng 3 to 10, preferably 3 to 8 carbon atons, mhich
is unsubstituted or substituted one or nore ti
1A §avine e Bowglerdily | te sar %0 W&?@yWhéﬂhWPnﬂ%\?‘iﬂﬁbedf’rt%bsumted
4 carbon atons, or conblnatlons thereof (e.g.
opcloopmne §ines with halozen 4} 06dkgy CPERIS00®; 0pguratinations thereof
cycl oal | eyl al kyl having 4 to 16, preferably 4 to 12
qagheretiafosthyl, plopeheicy, unsubstituted or substituted
in the cycloal kyl portion and/or the al kyl portion one

QlkyIRh#Riolor MBIk ¥mino wherein each alkyl portion has independently 1 to 8,
preferably 1 to 4 carbon atoms (e.g., dimethylamino, etc.),
a partially unsaturated carbocycle-alkyl group wherein the carbocyclic portion has 5 to 14

carbon atoms and the alkyl portion has 1 to 5 carbon atoms, which is unsubstituted or

substituted, preferably in the carbocyclic portion, one or more times by halogen, alkyl,

alkoxy, nitro, cyano, oxo, or combinations thereof (e.g., cyclohexenylmethyl, etc.),
cycloalkyl having 3 to 10, preferably 3 to 8 carbon atoms, which is unsubstituted or
substituted one or more times by halogen, hydroxy, oxo, cyano, alkoxy, alkyl having 1 to

4 carbon atoms, or combinations thereof (e.g., cyclopentyl),



hal ogen, oxo, cyan, hydroxy, alkyl, al koxy or

conbi nations thereof (e.g., cyclopentyl nethyl,
weyauopsspyl net hyl, etc.), aryl having 6 to 14PCHUBIIN3/022401

atons and which is unsubstituted or substituted one or

nore tinmes by hal ogen, alkyl, hydroxy, alkoxy, )

alyelostrslalok having #io [6,meeferabineé th %rbore@thgnlsmé@h dynsubstituted or

trifluoronmethyl, am no, am nonethyl, am noal kyl,

anbanidakd an yhe dicklakiyl poition anépelthexafiall yttiohege or more times by

hydr oxynet hyl ), hydroxam c acid, tetrazole-5-yl,

M YAoK &yato, I6RIBEX Wik yRlak@xy 6a EapMhtidf tHereof (e.g.,

tert-butyl oxycarbonyl, éthoxycarbonyl), cyan, acyl,

S e ok Ton (e
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di chl orophenyl , carboxyphenyl, ethoxycarbonyl phenyl
dm@thywagqﬁ@nwﬂsylhbmrwy ORy1 Presiplkoxh nifrggrethylenedioxy,
am nophenyl, etc.), arylalkyl having 7 to 19 carbon
atlgienedicey teiffluotdmeetiaylydminoy srmimontetisyl, Gmtivodlylc aminoalkoxy
atons and the al kyl portion, which is branched or

Ik AreRe]) hyfasydkylGed, Bairbomahdlthydraxayti@hdy,| tetrazole-5-yl,
radical is unsu%st Ituted or substituted, in the aryl

cal . a1
R R g e Eon e g B SEIporbapbstyoryeatbonyd

am no, al kylamnn .al kyl am nd/ or Stitut i
e Syt hR SRS S so i o b Sthutea
benzyl, phenethyl, phenpropyl, mnethyl benzyl, K |

@Fﬁ%‘)@?é gﬁala;hyh %/qerhy B}%e 9ﬁ§¥0p11@aﬂz§§mqrophe¥lyia vinylphenyl,

met hyl enedi oxobenzyl, etc.), a heterocyclic roug,
whyrdphiesyls methyienediox prheni bihylphgnyly dicklgraphenyl, carboxyphenyl,
unsaturated, having 5 to 10 ring atons in which at

| slasdycdrbonylpheily) it sth@lphienyd, lordrds yad attglphvdniyt mitraphenyl,
unsubstituted or 9 WD 2004/ 009557 PCT/ US2003/ 022401

ShbiabpHedyBeicone or nore tinmes by hal ogen, alkyl,
hydr oxy, ~ al koxy, al koxyal koxy, nitro,

arylalkyl having 7 to 19 carbon atoms, wherein the aryl portion has 6 to 14 carbon atoms
and the alkyl portion, which is branched or unbranched, has 1 to 5 carbon atoms, |
arylalkyl radical is unsubstituted or substitﬁted, in the aryl portion, one or more times by
halogen, tﬁﬂuororriethyl, CF0, nitro, amino; alkyi, aikéxy, amino, alkylamino,
dialkylamino and/or substituted in the alkyl portion by halogen, cyano, or methyl (e.g.,
benzyl, phenethyl, phenpropyl, methylbenzyl, methoxybenzyl, trfluoromethyl, benzyl,
methylenedioxobenzyl, etc.),

a heterocyclic group, which is saturated, partially saturated or unsaturated, having 5 to 10

ring atoms in which at least 1 ring atom is a N, O or S atom, which is unsubstituted or



nmet hyl enedi oxy, ethyl enedi oxy, trifluoronethyl, am no,
am nonet hyl , am noal kyl, am noal koxy di al kyl am no,

whyanossat kyl (eg., hydroxymet hyl), hydroxam cPErUs2003/022401

tetrazol e-5-yl, hydroxyal koxy, carboxy, al koxycarbonyl
(e.g., tert- butyloxycarbonyl et hoxycar bonyl ), cyano,
aubpiituted dagl armare tizlek Pl dielogemyalkyl diyidyorst plkekys alkoxyalkoxy, nitro,
phenoxy, or conbi nations thereof (e.g., pyr|dyl
hletigenkediony, @rylayddioxyyirifhlorerybthyl, sméne, aminomgthyl, aminoalkyl,
pyrimdinyl, imdazolyl, thiazolyl, etc.), or a

Bl REAGXS H&ﬂ%‘l&ﬁinoggﬁﬁﬁxyaﬁ‘ﬁ (& rh}’d?&(}*ﬁ%ﬂ%ﬂﬁ Gy@&toxemic acid,

portlon I s saturat partla Yy saturated or

TS e B s
h
8 %%q%r oLy ﬁ%}’é{U{S)h%Cr ﬁé@@&% %%ngaphenoxy, or

unsubstituted or substituted one or nDre tines
rembingdgns therepbietg. aryrisyl, P@dewrazamklyﬂum&lwéﬁqu%%wy
trifluoronethyl, CF3OQ nitro, oxo, am no, alkylam no,
@yﬂjnlidihﬂmmidazaiyl, &ﬁmblyh,afttds.bms t her eof and/ or
substituted in the alkyl portion by halogen cyano,
QhetRE ¥ le-4Mky1GREHY, Radet i thethr@i@/Cli§ Poriion is saturated, partially
pyrldylnethyl pyrldylpropyl nethylprldylnethyl

tg{ unSatfratdd] gl'l(?h% mi’g Ab¥RieRhichlat RA&T fng atom is a N,

ca haV|ng up to car on atons wherein one or

'Eg&es étg@z an(? breges S ar eachl 1% 4 on%l Ma&%%géﬁhasof to 5 carbon
- NR6CO- - CONRG- .. - NHCO\l |gcoo

amme he@qrocyqﬂ@m SPRR i, uns@stltl@%o%su é@ted_oe@}obmgre tfimes in
-0CO, -CONH, - NHCO, -CH2CH2CH2- NH- CO-,

tigHzet @by alic pOrmﬁomlmmgy]@alkoxmogmmﬂ@romethyl CF;0, nitro,
-CH2-NH- CO-, -CO NHCH2-, -S02-NH, -CH2-NH SC2-,

-&Hzﬁﬂﬁﬁ'ﬁkﬁ%ﬂﬂ-ﬂlalk laﬁﬁlidblﬁﬁﬁcomtemmohs tHeBeaif andpr aOstited in the

2004/ 009557 PCT/ US2003/ 022401

alkyl portion by halogen, cyano, or methyl or combinations thereof (e.g., pyridylmethyl,

pyridylpropyl, methylpridylmethyl, etc.);

is a single bond or a divalent aliphatic radical having up to 8 carbon atoms wherein one
or more -CH,- groups are each optionally replaced by -O-, -S-, -SO;-, -SO-, NR®-, -
SOZNH—; -NHSO,-, -CO-, -NR6CO-, -CONRY., -NHCONﬁ—, -OCONH, -NHCOO-, -
SCONH-, -SCSNH-, or -NHCSNH- (e.g.,-O-, CHy-, -CO-, -CO-O-, -O-CO-, -CO-NH-, -
NH-CO-, -CH,CH,CH,-NH-CO-, -CH;-CH;-0-, -S0,-NH-CH,CH,-O-, -O-CH,CH;-O-,
-CH,-NH-CO-, -CO-NH-CHj-, -SO,-NH-, -CH,-NH-SO;-, -CH,CH,CH,-SO,-NH-, -
CONHSO;-, etc.);

isH,

10



al kyl having 1 to 8, preferably 1 to 4 carbon atons,
whi ch i s branched or unbranched and which is

WwWQoiedloedsst ut ed or substituted one or nore ti neERBCTUBI903/022401

hal ogen, Cl-4-al kyl, Cl-4- al koxy, oxo, or
conbi nati ons t her eof s met hyl, ethyl, prop
alley] havipg lite 8 gpreExgbly t@al@wbpn jatpms, fwhichh r?asl@e%%wmhganched and
1 to 4 carbon atons, which is branched or unbranched
artdchnwisivmbubssituieb otssbitituted dne or swhestimeuwah helogemrCirealleyl, Ci-s-
times by halogen (e.g., CH3, CHF2, CF3, etc.), Rs is
& glo;&r a3t kothbnhii Gt théredr (@12 hesih @l ethibppeh ek, and

ic

i s unsubstituted or substituted one or nore

:}% 5’1%\8}{% %l%rlﬁﬁg QQQ&E?‘%CFISQ % %é@aﬁgﬁ ato‘fﬁsc V\%’lkchlqg biadiched or
bRt e @u%ﬂrs“%éﬁm Je8h oﬂﬁwf%%w by palgeen .

n or_nore tinmes by halogen (e.g., CH3, CHF2, CF3,

delds, CHE2R8H, i06)al kyl having 1 to 6 carbon atoms, which
i s branched or unbranched, and which is unsubstltuted
ds -G tiralkpl echicnis boancired er wibmewhby athvbighns yrsubstituted or
CH3, CHF2, CF3, etc.), R' is-alkyl having 1- to 6
GabARke@bASB: mokd tided 1Sy hdlagled., OH THIRRNChg dic.)aots
which is wunsubstituted or substituted one or nore
ti mes by hal qgen (e.g., CH3, CHF2, CF3, etc.), X and
Y are each Kﬁqggendently 0 or S, and A is al kyl ene
havi ng 2 t §ﬁ rbon atonms which is unsubstituted or
substltuﬁbd e or %hore tinmes by hal ogen; wherein in
Fornmula | both of R3 and R4 are other than H and in
Fornmul a 11 §L_&aﬁst one of

7<

RO x—R!

is H or alkyl having 1 to 4 carbon atoms, which is branched or unbranched, and which is
unsubstituted or substituted one or more times by halogen (e.g., CHs, CHF,, CF3, etc.),
is alkyl having 1 to 6 carbon atoms, which is branched or unbranched, and which is
unsubstituted or substituted one or more times by halogen (e.g., CH3, CHF,, CF3, etc.),
is-alkyl having 1 to 6 carbon atoms, which is branched or unbranched, and which is

unsubstituted or substituted one or more times by halogen (e.g., CHs, CHF,, CF3, etc.),

X and Y are each independently O or S, and

is alkylene having 2 to 7 carbon atoms which is unsubstituted or substituted one or more

A

times by halogen;

wherein in Formula I both of R® and R* are other than H and in Formula II at least one of
R? and R* is other than H; and

11



R3 and R4 is other than H, and 11 WD 2004/ 009557
PCT/ US2003/ 022401 pharmaceutically acceptable salts
wao bheneafss7 According to a further aspect of thePCT/US2003/022401
invention there is provided a genus of novel
conmpounds according to the formulas Il and IV: R7 R7
Rharmaceutioaly aggeptabResalts therepfy | | |V wherein RL, R2, R3,
R4, R7 and R8 are as defined above. The conpounds of
Acsrdingtg enfusheafaspéed pfitheaeventiom thetd ispotvided y gdran of ROEL
- inhibitory activity, but also are useful as ,
compom{aﬁsﬁﬁé&ﬁih%a@ﬁleff@fmulﬁéHP&[dI\Q conmpounds of Formula I
whi ch and R4 are both other than H In addition,
preferred conpounds of Fornmulas | and Il are those of
subformulas Vand VI 2 R7 \ M| / Bip BD RlL M X
EQNE R4 RS

e e

wherein R!, RZ, R®, R* R7 and R® are as defined above. The compounds of this subgenus of

Formulae I and II not only have PDE4 inhibitory activity, but also are useful as intermediates for
preparing compounds of Formula II in which R® and R* are both other than H.

In addition, preferred compounds of Formulas I and II are those of subformulas V and VI

2

R

R’

74

N\ BQD BQ
) A NA(\/D‘
1 | y/ 0]

R R* — Il?d' \ 4E

R®
V Vi

wherein R, R%, R*, R” and R® are as defined in Formulas I and II and one of B, D and E is N and

the others are C. Preferably, D is N. Also, R* is preferably pyridyl or phenyl which in each case

is substituted or unsubstituted.

In accordance with a further aspect of the invention the compounds of formulas I and II

are selected from the following compounds:

12



V VI wherein R, R2, R4, R7 and R8 are as defined in
Formulas | and Il and one of B, Dand Eis N and the
worivenessare C. Preferably, Dis N Al so, R4 isSPCT/US2003/022401
preferably pyridyl or phenyl which in each case is
substituted or unsubstituted. In accordance with a
7-Methéxy-2 {2 meibyled 13-dibxelhec-2 o)t (Mo tH-pYridydm el iragnelenzofuran,
i formulas | and Il are selected fromthe foll ow ng

7-MetheoyrpqRHntkshyl 42 , 3\RoR61add-0 9953 N2CFp SR AMBhY D Pfihobenzofuran,
» 7- Met hoxy- 2- (2- et hyl - (1, 3-di oxol ane-2-yl))-4-[ N-(4-py

7-Methbk f¥ (0B N1} (1, PdoREIRRN2Z _phenyl-N-(4-
o 7-%/Et(hoxy-%-(( 2- et hyl - (%%-ﬁ%ﬁoﬁné’ne- -yl ))-4-[N-(3-py

. [ . s pobenzof ur an,
pyndylﬁ;_e%é;})ﬂ%(@%%r{zg_ methyl - (1, 3-di oxol ane-2-yl))-4-[ N-pheny
[ - N (4- ri dyjet hyl am, no zof uran
7-Methgiye Gt (U Fartiyne e SR EER AR B DG [ - (3- oy
_anophenyl )-N-(3- pyridylnethyl)] am nobenzofuran,
pyridylmetihfpsxipobenzofiggit.hy | - (1, 3-'di oxol ane- 2-yl)) - 4- [ N- pheny
: [ -N-(3- pyridylmethyl)] am nobenzof uran,
7-Meth@x B +(Rrongth@A- (1 B-diekbighe-2 13-4diNerlodrghd-B-y1 ) ) - 4- [ N- ( 3- ¢y
anophenyl )-N-(4- pyridyl nmethyl)] am nobenzof uran,
pyﬁdylﬂreﬂgA)E@ﬁmOBer(zgﬁﬁm,hyl - (1, 3-di oxol ane-2-yl))-4-[ N-(4-ac
etyl phenyl )-N-(3- pyridylnethyl)] am nobenzofuran,

7-Methr3'%I(E%é’%ﬁl;(f%-?go%l%éhé-fzw%;ﬂ]ﬁgﬂfﬁgpﬁéﬁﬂﬁ)f%ﬂ: [N-(4-ca

oxyphen pyr i m nobenzof ur an,
oGS 3k o
7 -Methg)rg/-g?(g-emngtg;ﬂ(r 1?3n-'dioxolane-2-yl))-4-[N- (4-acetylphenyl)-N-(3-
pyridylmethyl)]Jaminob énzofuran,
7-Methoxy-2-(2-methyl-(1,3-dioxolane-2-yl))-4-[ N-(4-carboxyphenyl)-N-(3-
pyridylmethyl)]aminobenzofuran,
7-Methoxy-2-(2-methyl-(1,3-dioxolane-2-y1))-4-[ N-(4-(2H-tetrazol-5-yl)phenyl)-N-(3-
pyridylmethyl]aminobenzofuran,
7-Methoxy-2-(2-methyl-(1,3-dioxolane-2-y1))-4-[ N-(4-carboxy-3-chlorophenyl)-N-(3-
pyridyimethyi)]aminobenzofuran, | “ | «
7-Methoxy-2-(2-methyl-(1,3-dioxolane-2-y1))-4-[ N-(3-carboxy-5-fluorophenyl)-N-(3-
pyridylmethyl)Jaminobenzofuran,
1-Cyclopentyl-6-[ N-(3-(1,1-dimethylethoxycarbonyl)phenyl)-N-(3-pyridylmethyl)]-1H-

aminoindazole,

2-Acetyl-7-methoxy-4-(N-(4-cyanophenyl)-N-(3-pyridylmethyl))aminobenzofuran,

13



7- Met hoxy- 2- (2- et hyl - (1, 3- di oxol ane-2-yl))-4-[N-(4-ca
r boxy- 3-chl or ophenyl )-N-(3- pyridylnmethyl)] am nob
W@ pEa0san, PCT/US2003/022401
7- Met hoxy- 2- (2- et hyl - (1, 3-di oxol ane-2-yl))-4-[N-(3-ca
rboxy-5-fl uorophenyl)-N-(3- pyridyhnet hyltzJI
2-Acetydifi-motheory-df @N-phenyl-N-(4-pyridylmethyl))aminobenzofuran
i 1- Cycl opentyl -6-[ N-(3-(1, 1-di net hyl et hoxycar bonyl ) phen
1- Cycl@plehtyM((B}-pb{dnlyﬁ-N (Bepridylhhethih)aarihsindazdiz ol e,
-Acetyl 7- met hoxy-4- (N- (4-cyanophenyl )-N-(3

clg] & i 09557
1- Cycl M{ %?%g%%ﬁ%ﬁpﬂe@%a&ﬁﬂ thylH)AnK R4

2—Acet}ﬁ J b%lﬁ%héf% r4é(r"|ﬁ t(f' gﬁ%oflypill\hﬁy ﬁné’.’al-pyl}lidg'ﬁn&}ﬁff)ﬁ}{‘hﬂa;e%%ﬁﬁﬁm
7—Methg>23?é%l2%)qe§ﬂ@y@|,%gléﬁ91§ )')\F'H- é\? é‘g¥“ dé%ﬂ]éle(}’ an n]?ner%gyl))-

- pyri dyl met hyl ) ) am noi ndazol e,
aminobgnzadenay - 7- met hoxy- 4- (N- ( 3- car boxyphenyl ) - N- ( 3- pyri dyl
nmet hyl ) ) am nobenzof ur an,

2-Acetﬂ-mﬁmxy-@(-m-zs-ummyher(w)ﬂs-(aipmdwamhsﬂ))wmjr)obdmédﬁﬂ(aﬂ»- cy
anophenyl ) - N (3-pyridyl net hyl))- am nobenzof uran,

2- Acetﬁ-ﬁﬁﬁtmlx lr-g%h% NP By RRD e AYbenzdFutdr, pyr i dyl me

t hyl ))am no ran,
-Acetﬁb?ﬁll%g%#xé t‘ﬂ@’k?‘?% ﬁO{)@réﬁgggﬁgﬁ%ﬁ&mﬂ))aminobenzoferan,
2-Acet§lh‘¢p‘5@§h§%§/z%ﬁg k!g-o X%}_zlghénl\yl-l)(—ﬁ:(g Ypa}f?iﬁgfﬁ?ew}lflg)éml\lhgo%étqggﬁr%l e
2- Acetip"&ém%ggp:xy;[—mt hoxﬁp@@ﬁ%}pf% Z}ﬁyﬂ ?n?lg i/lyﬂ ammobenzofuran

2- Acetyl - 7- net hoxy 4-[ N-(4-carboxyphenyl ) -N-(3-pyridyl

2- Acetylet-methok yetr MébEHE oéteazah)-yl)phenyl)-N-(3-pyridylmethyl|aminobenzofuran,
2- Acetyl - 7-met hoxy-4-[ N-(4-(2Htetrazol -5-yl ) phenyl)-N

2-Acetylt BrmiyHox§yd- [TEi(dy hrb oy bl ogtehyl) & (3-pyridylmethyl) Jaminobenzofuran,
2- Acetyl - 7- met hoxy- 4- [ N- (4- car boxy- 3-chl orophenyl ) - N- (

2- Acetgl PAH&ML&%%&%@FW cH{1 §UN (3-—pyr1dylmeth%11)]ammobenzofuran

N- ( 3-'carboxy f 1 uor ophényl)

6- Am1r§o cyclogenqelt-?—)élh)ylﬁ-a[w-&?ﬂ?—%ngétH{/l%ﬁloxycarbonyl)phenyl]—N—(3-
pyridylmethyl)amino-1H-indazole,
1-Cyclopentyl-3-ethyl-6-[ N-(3-carboxyphenyl)-N-(3-pyridylmethyl)Jamino-1H-indazole,
2-Acetyl-7 -methoxy—N—(4—pheny1su1fonyiaminocérb6nylpheny1)-N;(3 -pyﬂaylmethyl)-d;
aminobenzofuran,
and
pharmaceutically acceptable salts thereof,

wherein optically active compounds can be in the form of their separate enantiomers or

mixtures thereof, including racemic mixtures.

14



6- Ami no- |
-cycl opentyl - 3-et hyl -6-[ N-3- (1, 1- di net hyl et hoxycar bony

wo 2heess] - N- (3- pyridyl met hyl ) am no-1 H i ndazedBPS2003/022401
1- Cycl opentyl -3 -ethyl-6- [N-(3 -carboxyphenyl)-N-(3
-pyridylmethyl)] am no- | Hindazol e,
Thd\catpydunds nethlepxgseit-ifventioa ayd eftdctivayl iahibiideg ohmodulating the
onyl phenyl ) -N- (3 -pyridyl net hyl)-4- am nobenzof uran,

activity dT @D HANAREA ol £ AhhimaBe epeabilg htdbiss Thbwerwafpounds exhibit

wherein optically active conmpounds can be in the form

) i S 3 i i . .
st Bl SR OB S LA AR g

P US2003/ 02240 T . )
o] TARERSSRAIR S SRS Bl 0 S8R g o
el b S o TEL B AR, T componns

neurol ogi cal activity, especially where such activity
may alseffiredios as eghdepressants, o¢ bausafyl indiegtingeqgnitiverped yegatiesgmptoms of
conpounds will also be effective in treating di seases
schizophfegli£ decreased cAMP |evels are involved. This
includes but is not limted to inflammatory di seases.

]&*&@%@ FEOTRQHAGS g PIRY inBibBithd 460GHt) AOwaE aRBlHBRYRF PBIE Sinhibiting
or e usefu In"treati ng cogni t1ve and negat lve

activi\tyfa%xﬁ%‘é{%?ﬁ\ﬁérf %f éﬁlﬁl@litfn asﬁ ?éﬁen@é?%é?ee %ﬁwgf;’tﬁg{%g%ﬂg EE’Q%.g., U.S.
Patent o, & puh s ndie Groni o iied i cormerigftibrega BY reeignddl ) g

Patent No. 6,136,821, the disclosure of which is
iArconding tetadirtheraspert b§ thedpvsniine theropie proide ¢ognppunds useful as
further aspect of the invention there are provided

interm eiagofon ¢ pusdiction @ thei A EY mbibitatsedesériredt herejr(ogu AN Eshinhibitors
of the PDE4 inhibitors described herein (e.g., PDE4

of Forrhi1R4 PiddomSand®fr sl @ge dyneHesis lof yadisrthbeled uselops of the PDE4
t he synthesis of radio-|abel ed anal ogs of the PDE4

inhibitors with in this application.

Thus, there are provided intermediate compounds which correspond to compounds of
Formulal\s I and II, wherein R% R, R*and RBare as previously defined for Formulas I and II, but
R! or R is H, tert-butyldimethylsilyl-, or a suitable phenolic or indazolyl protecting group.
Sui;able prétecting groups‘are described, for ekample, in Greene, T.W. and Wuts, P.G.M.,
Protective Groups in Organic Synthesis, 3" Edition, John Wiley & Sons, 1999, pp. 246-293.
These intermediates are also useful for the synthesis of radio-labeled compounds, such as where
R’ is *H;CO-, ?H3CO-, *CHs- or 'CHs-, for example by removing the protecting group and

reacting the resultant compound in which R! or R7 is H with suitable radio-labeled reagents.
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inhibitors with in this application. Thus, there are

provi ded i nternedi ate conpounds whi ch correspond to
w@eowpowssds of Forrmulas | and |1, wherein R2, R3/URND03/022401

and RB8are as previously defined for Formulas | and I1,

R% or R7is H tert-butyldinmethylsilyl-, or a
Such r%‘ﬁ?’cl% < qomnERdicars pseinkfRs Aetgrupmet codpongd Hpwa dhstribution in
Sui t abl e protecting groups are described, for exanple,
animalp rin GEdeineaging spudies, dndfor 41 viRo@ExXWiyo, #don ettd biediBgctndses.
in Oganic Synthesis, 3rd Edition, John Wley & Sons,
189Previopsly 246crib83, compoasds dcﬁbﬁiﬂ@t@ifaﬁ@ﬁa AN ewhdrsid R, R” and R® are
useful for the synthesis of radio-I|abel ed conpounds,

as previsisly dScHMBRT e ubtful iBitcAbBdies iR Rodkd it cgfnglaﬁlg'slsiccording to

for 'exanpl e by renoving the protecting group

U t conmpound in which RL or R7 is H
fomulﬁ?ﬁ?hérgg?kbf Jtﬁ& #lo- abel ed reagents. 15 WO

04/ 009557 003/022401 Such radi o- led |
SRR L GSERG PR AoAoRAg t%&%@gﬂw@m R’,R” and
distribution in animals, in PET inmaging studies, and
R® are pppreyiqusly described gra/usefid infermediatesrfor tiempaodvgtion aftespounds
previ ously described, conmpounds according to formnula
accordinigltp fovnerellnviRee iF* RtheRtanrle  as previ ousl y
descri bed are useful internediates for the production

i al6 QMR 33660 FICN Bt shd If réfeted hhlophiRrBe FAnK1i S

ot her than H Al so, as preV|oust descri bed, conpounds
PR 2R S 3Rl per s80E bl BF% pldly 8D st @ﬁ%s
aﬂwlmﬁﬁ%%%%ﬁ%v?s&yﬁéw?°”§w“%yf’ e AT ra@?ewor

and |. Preferred halogens are F and d. ,

chain a&lpbﬁt&}ﬁ/d&%hp@sr@@p@ﬂéwrﬁér togl@ C@rboasat@m,tpr%fﬁrahbg} éufbcaabon atoms,
substituent (e.g., alkylam no, trialkylsilyloxy,

especiadlyi Inoad ¢arlyon eythlgndr Suipatilk gikyl gregmisclads trethiyiyheth yd haropylpisopropyl,
branched- chain aliphatic hydrocarbon radical having 1

butyl, de0-bliy1 ctattiiaityl apanng, haxyhepwBlogtyl, oy dea haflleaf10am dodecyl.

especially 1 to 4 carbon atonms. Suitable al kyl groups

Other dxafpHA& BB alk§ll S¥hps iREIREY L+, 21 SORLRWbuUty], 1,1-, 1,2 or 2,2-

dimethylpropyl, 1-ethylpropyl, 1-, 2-, 3- or 4-methylpentyl, 1,1-, 1,2-, 1,3-, 2,2-, 2,3- or 3,3-
dimethylbutyl, 1- or 2-ethylbutyl, ethylmethylpropyl, trimethylpropyl, methylhexyl,
dimethylpent}yl, ethylpentyl, ethyﬁnethylbutyl, diﬁléthylbutyl, and the like.l

Substituted alkyl groups are alkyl groups as described above which are substituted in one
or more positions by halogens, oxo, hydroxyl, C;4-alkoxy and/or cyano. Halogens are preferred
substituents, especially F and Cl.

Alkoxy means alkyl-O- groups and alkoxyalkoxy means alkyl-O-alkyl-O- groups in

which the alkyl portions are in accordance with the previous discussion. Suitable alkoxy and
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butyl, sec-butyl, tert-butyl, pentyl, hexyl, heptyl,
octyl, nonyl, decyl, undecyl, and dodecyl. O her
wez@aphess? of suitable al kyl groups include 1-,PQFUS2003/022401
3-nmet hyl butyl, 1,1-, 1,2- or 2,2- dinethylpropyl,
, ©

atkony I EP ROl et dy, lfpxg psopars nolingY. pabighy, Hiesots heptoxy

2-et hyl butyl, ethyl methyl propyl, trinmethyl propyl,

octoxyﬁ%%%ﬁ?;?/yég(e;flilc?/xy %@W%mrypgxmﬁmm and/methoxyethoxy. Preferred

_lk et hyl met hyl butyl, dinethyl butyl, and the Iike.

alkoxy sipypsiarqmedosy kyd cthoxy pSinsltaely aalkystycgrboupismsshs A8§E LOREOL in which
above which are substituted in one or nore positions

the alkylypohtadroig ém sccovdance MitdrtBxpleviotd dibc@stoaX ExapgRr; &é{%n 0.
Hal ogens are preferred substituents, espe |aﬂ?y and

methoxycar 0 n T al k | k
e Aoy byt DpoRrcatish and I B R aRgry)

i i . Wth.th [
kiRl b d BoRSGREMGE I hr Bicvihe Bisapoomomonsipd hydrocarbon

. CT/ US2003/ 02240 al kogxyal koxy groups incl ude
radical rﬁr%‘flﬂ% 350 ngﬁ’%%} 99%50 ably 3t bk Carpeihetong, espesiatky3 to 6 carbon

gﬁ%toxy, oct oxy net hoxynet hoxy et hoxynet hoxy,

atoms. 5@?VM@PNEXWOWHdEﬂh@erhpydycycmbﬂitﬂ;cryetbpeﬁﬂylg @¥¥lohexyl,
groups are methoxy and ethoxy. Simlarly,

cycloheptoxactybmarboragins-dabiin, addth 4201 -y1Nanttdamahi?e vR! Sitler suitable

portion is in accordance with the previ ous di s€ussi on.

cycloallEyd 2ipipR $ndlindd dpi@perthL BR:&UI_%E% ?g%g@’}’gﬁ%ﬁg 3(5 ﬁ%éf:l, K yl

propoxycarbonyl, and tert
iro[2. b 6. D l\he.agr tri | i c, ponar |.C
il D e PesRIoEY £ S, il o B Dbl
: I to,8.c n atons, especially 3 to
spir s SHEGRY FORITAZI i o Ty STbatcy Prrss olontigsoups ar
cycl opropyl . cycl obutyl, cyclopentyl, cyclohexyl,
CYCIOPr%Ii/B’ 1 %Ek’@@?/tlyl cibexyh Thesyplonlyl grop dachd substituted, for example,
. adamant-1-yl, and adamant-2-yl. O her suitable
substituteddtydulagens endsompalkylecoupde spi ropent yl |
bi cycl o[ 2. 1. 0] pentyl, bicycl o[ 3. 1. 0] hexyl,

CpdlodkPalklyhedéry ko cyeld8[-A18) e&fiddhs in which th
bi cycl o[ 5. 1. 0] octyl, spi rol%. 6]1nosn1>I/1IV,V toh the eycloalkyl and alkyl

prin e O B E SBBH s o
cycloprd@ﬂtﬁh@t‘ﬁkrﬁlﬁl cygfog gl’ﬂ?fln?ertﬁyl.

Aryl, as a group or substituent per se or as part ofa group or substituent, refers to an
aromatic carbocyclic radical containing 6 to 14 carbon atoms, preferably 6 to 12 carbon atoms,
especially 6 to 10 carbon atoms. Suitable aryl groups include phenyl, naphthyl and biphenyl.
Substituted aryl groups include the above-described aryl groups which are substituted one or

more times by, for example, halogen, alkyl, hydroxy, alkoxy, nitro, methylenedioxy,
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cycl opropyl, cyclopentyl and cycl ohexyl. The
cycl oal kyl group can be substituted, for exanple,
wa g nieset ed by hal ogens and/ or al kyl groups. PCT/US2003/022401
Cycl oal kyl al kyl refers to cycloal kyl -al kyl radicals in
whi ch the cycl oal kyl and al kyl portions are_in
ethylenedloxyr siaine alivytamipe, elidloylsmitios gy@@ﬂﬂﬂsyl, Isuirexmsikoxy, carboxy, cyano,
i exanpl es i nclude cyclopropyl nethyl and
acyl, alkoX G ABGRLAERRIY, lalk iulfiny] cdk dswdfomy] and phertostyi t uent per
. se or as part of a group or substituent, refers to an
ARANRY I‘efe‘fﬁfoba%?fﬁu 1Laicsah vaest Mkt End alkgl Aditicay dein

atons, preferably 6 to 12 carbon atons, especially 6

to 1l ar.bon - It : -
accoraapthoqh SRIEESHIo R Pl ARl e YR PRAL REHTR phenethyl, 2
groups inclyde th bove- descri bed, aryl. groups whi ch
phenethl, @h?,fiPé%R}fcitPﬁte Butgﬁéaﬁgqpenp&ﬁgaﬂap@ghﬁ}l?{ylf or exanpl e, |
hal ogen, al kyl, hydroxy, al koxy, nitro, , \
Heteropdrieféisdioyn atqmaD aas:odio B5rpHRaymesng@s e sigs and a total
et hyl enedi oxy, am no, al kylam no, dial kyl am no,
numberloy 81619 ainigytombhwteiyalldekone afdhbuny atovysane heterpajam. Preferably,
al koxycar bonyl , al kyl t hi o, al kyl sul finyl,

the heteRbdeyll stihyf @tdins 25613 RREEGANN: 1 8¥ ¥/ iRtek-kingafomiswhichare selected from
aryl -al Kyl -radical in which the aryl and al kyl

N, O angcg t éﬁ%@le‘sﬁe‘ﬁerb%z} ?xg)gﬁé' Henae At mithe, @g@@l?ﬂy;rlazolyl, imidazolyl,

escri ptlons. e exanples inclu benz

) - phenet hyl ., .2- net hyl henpr opyl ... ph
b g o BABAR e R i SRS ey,
_aromatic heterocyclic group havjng one or. two rings

oxadiaziyl, exatzalyl, HonpelLoRABAZ Il RGO T SHE R
| east one of the ring atons is a heteroatom

pyrimidPnygf pyrakihyl, tridzinyl, heteinglispkazipydupxatiierinylnexatliazinyd, benzofuranyl,
especially 1 or 2, hetero-ring atons which are

isoben7d@Ur8ffl edidnaphtheyl, iSothivgafhthdiyil tiaddlgl, beiriohdy ipdazphybups
include furyl, thienyl, pyrrolyl, pyrazolyl,

benzisdxghﬂﬁllg g}:ﬁ%oxazcﬂﬂ', B Azoly1 S dnethidzolydli ﬂulﬂilhﬂl, Wenzopyranyl,

oxa yl, 1soxazolyl, ‘oxazolyl, thiazolyl,

. isothiazalyl. . oxadi azalyl - - .
qu1n011I g].(Sﬂ%llgﬁtgltui}ﬂ,’ Cl{]]fo.ﬁ)ilgla}, a@%ay?linyg;ﬁr%%@?ﬁ&%% Imacg E%ﬁ?ﬂl&l’ e.g., 2
thicmyl} LGSR, - ORPHTETE Ry o Acbag; A-dCBHEG: tclsy 3 4 5 67

or 8-isoquinolinyl.

Substitﬁted heteroaryl reférs to »the heteroaryl groupé descrii)ed above which are
substitued in one or more places by, for example, halogen, aryl, alkyl, alkoxy, carboxy,
methylene, cyano, trifluoromethyl, nitro, oxo, amino, alkylamino, and dialkylamino.

Heterocycles include heteroaryl groups as described above as well as non-aromatic cyclic
groups containing at least one hetero-ring atom, preferably selected from N, S and O, for

example, tetrahydrofuranyl, piperidinyl, and pyrrolidinyl.
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I sobenzof uranyl, thionaphthenyl, isothionaphthenyl,

i ndol yl, isoindolyl, indazolyl, benzisoxazolyl,
whenwzoxszdl yl, benzthi azol yl, benzi sot hi azol yl PCT/US2003/022401
purinyl, benzopyranyl, quinolinyl, isoquinolinyl,

ci nnol i nyI qui nazol i nyI napht hyr| di nyl, and )
Heﬂquelmaﬂwl refersdo a hgterqaiyplerafiryl- gsoumwhﬁym the heterpeyglje and alkyl
4-pyridyl, 2-, 3-, 4-, 5-, 6-, 7- or 8-quinolinyl, and
portiond are 3r ac@or&nceﬁwnﬁ tha}jreﬁousdlqmnsmohs ruditabBudxemiptas tae@jpyrldylmethyl
heteroaryl refers to the heteroaryl groups described

thlenyhﬁaﬁyle M}hﬁﬂnﬁﬁl%thyﬁ lf)l?ﬁlziﬂy%ﬁgthyln aﬂﬁo@tﬁn@[@’(ﬁrnﬁﬂhgp es by,

anple hal 6gen, aryl, alkyl, alkoxy, carboxy,

n I

S R e et oo

structurgee)gt;pengz{i)glﬁééi tg 12%?@@%%&2 (ééelggregllg{%gtfg aﬁ)otn altomsa %Vherem the ring
hetero-ring atom preferably selected fromN, ?

structurg(s) COI@@@QW gast pag Qaﬁ}mFléf §p}éﬂ%}q: exngl;ﬁ@sr 3rg pyﬁ}ppengw cyclohexenyl
pyrrolidinyl. 18 WO 2004/ 009557 PCT/ US2003/ 022401

cyclohekiedienyictytrhleydabnaphtherylears indara24ybt er ocycl e- al kyl - gr oup
wherein the heterocyclic and al kyl portions are in

AT TRRGS oMttt eBaiRioe Wb dé it slihatis radfisld @nkaning 2 to 12
exanpl es are pyridylnmethyl, thienylmethyl,

carbon Qt%H ke JI‘FL(E%%MF PYHACHY bRRR¥Y are@Réh replaced by -CH=CH-.

'soqui n Partially unsaturated carbocyclic

. ures are onat r I
Suitabl PN S 2 AP g R e e 2ithfene 1
6 to 10 carbon atons, wherein the ring structure(s)
pentenyd oandd-pRiteYl east one C=C bond. Suitabl e exanples are

cycl opentenyl, cycl ohexenyl, cycl ohexadienyl,
tAdkyra/hyeders mtaﬁihalglarg}iammd)ram@adrc iy pliphaitie é&@lpalﬁi egrgpigingy to 12
strai ght-chain or branched-chain aliphatic radicals

carbon ﬁﬂﬁﬁsﬁh RiHieh @nd & mée -CHEICHY- atraxtsrel Brevdatic teptuved by -@o€e Suitable
- structures are each replaced by -CH=CH.

L T Lt

%d%/?refers ¥o alkanoyl radicals having 1 to 13 ca1bony atoms in which the alkyl portion
can be substituted by halogen, alkyl, aryl and/or alkoxy, or aroyl radicals having 7 to 15 carbon
atoms in which the aryl portion can be substituted by, for example, halogen, alkyl and/or alkoxy.
Suitable acyl groups include formyl, acetyl, propioﬁyl, butaﬁoyl and benzoyl. -

Substituted radicals preferably have 1 to 3 substituents, especially 1 to 2 substituents.

In the compounds of Formula ], R! can be an alkyl group having preferably 2 to 4 carbon
atoms which is optionally substituted rby halogen, preferably fluorine or chlorine.

R! can also preferably be cycloalkyl, particularly cyclopentyl or cyclohexyl.

R? is preferably H or alkyl having 1 to 4 carbon atoms, especially C,Hs.
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Al kynyl refers to straight-chain or branched-chain
aliphatic radicals containing 2 to 12 carbon atons in
wokioghowse or nore - CH2- CH2- structures are eakdil/us2003/022401
repl aced by -C=C-. Suitable alkynyl groups are
et hynyl , propynyl, 1-butynyl, and 2-butynyl. Acyl
Refsensfetablsahyd{amy plkyblgverg btavhoarhep atoms (.- %adnethyl, n-propyl,
atons in which the alkyl portion can be substituted
or n-butyl), hslatigyd r(e.galskbdtitutai yt usnbktiituted kenzyl, phenesirydydnd phenpropyl), or a
- radicals having 7 to 15 carbon atons in which the
heteroaﬁﬂé’lkyl%%ﬁﬁ Qé‘ g C gibsBat&dOSinstbktiadeDyyridydine YR fdlagylmethyl,

hal ogen, and/ or al koxy. Suitable acyl groups

thwnyhggwn&gwm A B Yt o
iSRS T BT B o 09,1 o

haV|ng Ereferabl 2 tp "4 carbon atons. which is
CoHs, Qfpil, enhCNy I@lmgttqulam%ouswpefﬁrabkygéyﬁdymf‘éhﬁér ably fluorine

or chlorine. RL can also preferably be cycl oal kyl ,

Baig preferanly gryd,yor hefperuryl, especielly blodnyk yiaphthe bip;henyl furanyl,
preferably H or alkyl having 1 to 4 carbon atons,

pyrazinzé ReEimAdihyi, Sy, cﬁﬂnM@y&%&ﬁ%@ﬁﬁﬁﬁnﬁWwZﬁ)@Sdlrﬂ%éf&lmsubstituted
s pre erably ydrogen, al kyl having 1 to 4 carbon

or is su@&tﬁﬁt@? {)ﬁ? 8% moPBAY.  Prefdisll subktledRVdre OILTF, 01 @ng hikyl (such as

g., Substituted or unsubstltltute

ot B ST LT EREL O, Byt conon, conr,
methylgrﬁggg;} Iﬁ%)ﬁ%i?anpyg)llingﬁ}lage t %ﬁsc;pl” U}Eﬁf& éhmml}enyl substituted

t hi azol yl met hyl , i soqui nol i nyl net hyl and

byhﬂogm@ﬁﬁDOﬁwﬂﬁﬁﬂﬂﬂﬂ) Preferred substituents for aryl and
heteroaryl portions of R3 are F, d, CH3, C2H5, OCH3,
anddGhibn, whepaX 't ik anl ospedralyi, phemyb,fpeefahrbdl sybgtitudyisrindligd R>-L-, e.g.,
R4 is preferably aryl, or heteroaryl, especially

R’-, RSP@G'R}”CO NaRPRMMQ-, @5@@% @A 2k PRAQD-TNH,-alkyl-NH-CO-,

pyfimdi nyl, pyri dyI qui nol i nyl’, and 1 soqui nol i nyl,

e e L S e o T
i S TRt 22, el or et al o

c\?(\f]h\lel:_rPIi| 1sC;(r]y\lle‘121Bst1tuted by R® —SOZ NH- it is preferably a substituted phenyl group
and R’ is preferably methyl, ethyl, propyl or phenyl.

When R* is aryl substituted by R’-S0,-NH-alkylene-O- it is preferably a substituted
phenyl. In such cases, R’ is preferably methyl, ethyl, propyl or phenyl and alkylene is preferably
-CH,-, -CH,CH,;- or —CH,CH,CHa-.

When R* is aryl substituted by R’-L- it is preferably substituted phenyl. In such cases,

preferred R® groups include phenyl, tetrazolyl, oxazinyl, piperazinyl, methylpiperazinyl, pyridyl,
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nmet hyl enedi oxy, COOH, and conbi nations thereof. For
exanpl e, R4 can be phenyl substituted by hal ogen,
w@aokoenss7 or CN. I n addition, when R4 is aryl,PCT/US2003/022401
especi ally, phenyl, preferred substituents include
R5-L-, e.g., R5-, R5-O, R5-CO, R5-NH CO,
methylf5idS0 DyNelinyREe802p kelialk pipermsingl, ornpehgpblpgtadiuyl,cod L is
R5- al kyl ene- NH CO-, al kyl - CO-NH al kyl - as wel |l as
preferalﬁl?tahs‘iﬂgle Bty LO-, CCO F-CEhh, -CbCH,-CRE, CEyUHY0, -Of»t 09 -CH,CH,-O-,
HOCH2 and COON. When R4 is aryl substituted by

_al I -
i o e e

R Huhriiy i AP S SR LTS Bt o

which 1§|§1R|9,}Sbé p@?ﬁ{dgorrggésftg{{tgég e or o tgme%;]g@ip‘g Eh%ﬁé or%glq[s.
%HZCHZCHZ Wen R4 is ar substltuted by R5-L- it
ﬂ%1pp@ﬁmﬂdbk@®§@bsﬂkﬂu@@d %Q In such cases,
preferred R5 groups include phenyl , tetrazolyl,
®Ragpr¥rablpi@Hs.azi nyl , net hyl pi perazinyl, pyridyl, 20
WD 2004/ 009557 PCT/ US2003/ 022401 net hyl pyri dyl,
Y 5OV 128 pref RS BLRYO PRI &pkeially Oer adi nyl, or
nethylplperadlnyl and L' is preferably a single bond,
O- - _-CH2CH2-, - CH2CH2CH2-, -CH2- O,
RSP e FORCH2CHR- O, - CH2- NH CH2GHR- O

-CO NH-, - r. -. HSO2-. R7 is.preferahl
&PR%&V%%%S‘?PP@%P@%W Siorbnen MR AT SR ighare gompounds
_or unbranched_and_ which is unsubstituted or o

described by sibforraulas Fetodfe which corrprpengio feamplge b ang [put exipibit ghe
C2115 R8 is preferably -CO Cl-4-al kyl, e.g., -COCH3.

followiRg prefeppedefenpbl y -CH3. X and Y are pr efer abI y both O
or S, especially 0. A is preferably -CH2CH2-

Ia R? is arylalkyl or heteroarylalkyl, in each case substituted or unsubstituted; and

R*is H or is aryl or heteroaryl, in each case
substituted or unsubstituted.
Ib R! is cycloalkyl;and
R”is H or C,Hs,
Ie R is cycloalkyl; ‘
R?is H or C,Hs;
R? is arylalkyl or heteroarylalkyl, in each case substituted or unsubstituted; and
R*is H or is aryl or heteroaryl, in each case
| substituted or unsubstituted.

Id R!is cyclopentyl;
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If

ITa

IIb

In addition, preferred PDE4 inhibitors in accordance
Wi th the invention are conpounds described by

WG k009557 as |a to Il e which correspond to forpai/ES2003/022401

and Il but exhibit the following preferred groups: la
~is arylalkyl or heteroarylalkyl, in each case

Buissilior Geldgd or unsubstituted;: and R4 is Hor is aryl

or heteroaryl, in each case substituted or

RA svglaikylibehkterobtyldiiylj & eayic tasa lsiyatituiedioRsibstiied; and

CH5. 1c Rl is cycloalkyl; R2is Hor CH5;, R3 is

& ¥ Blok W arfr orRAR6 29, Wl @lck¥hse i N each case substituted
or unsubstituted; and R4 is Hor is aryl or

' g& case substituted or unsubstituted.
F‘g’tsﬁﬁl?gé cye %E)Iglﬁtyl . 21 WO 2004/ 009557

EET/US§%93 22401 R2 is Hor C2H5; R3 is arylal kyl or

P58 Akyl , in each case substituted or

ugsubstituted; and R4 is Hor is aryl or heteroaryl,

Rniedor GeHse substituted or unsubstituted. le R is

%%clopentyl; R2 is Hor CH5, R3 is pyridyl which is
spyridyl ediichris swistibged oumesubstigirte; aRd is H or is aryl

or heteroaryl, in each case

R*is H or is aryl or heteroaryl, in each case

substituted or unsubstituted.

R! is cyclopentyl;

R?is H or C,Hs;

R? is pyridyl which is substituted or unsubstituted; and

R* is phenyl which is substituted or unsubstituted.

R3 is arylalkyl or heteroarylalkyl, in each case substituted or unsubstituted; and

R*is H or is aryl or heteroaryl, in each case

substituted or unsubstituted.

R’ is alkoxy having 1 to 4 carbon atoms;

R%is COCH; or

R’is -CHj;

X and Y are both O or S; and
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IIc

IId

Ile

substituted or unsubstituted. If R is cyclopentyl;
R2 is Hor CH5; R3 is pyridyl which is substituted or

wap®dybetsst ut ed; and R4 is phenyl which is subBReT/US10031022401

or unsubstituted. Ila R3 is arylalkyl or

heteroarylal kyl, in each case substituted or
AnsubstCHa€BHet: and R4 is Hor is aryl or heteroaryl,
in each case substituted or unsubstituted. Ilb R7 is

R sexylalkglorigptdotrylalkyd.dnlbach asosustituRgl srametiakbuted; ayd
A RO XR9is -CH3; Xand Y are both 0 or S; and 22 WO
RORAL BPR55Y! JPGHL2A0B D2Rét A is -CH2CH2-. He R3 is

aryl al kyl or heteroarylal kyl, in each case substituted
%Ib HnsdistinkWsadiegnd R4 is Hor is aryl or
eferoaryl, I'n each case substituted or unsubstituted,

g?ﬁ;ﬁk&@%%)\(f}ﬁghlat\élf cgarblont a&otﬁs;ear bon atoms; R8 is COCH3

R®is COCH; or
A
R9 X/ :

R’is -CH3;

X and Y are both O or S; and

A is -CH,CHa-.

R? is pyridyl which is substituted or unsubstituted;
R* is H or is aryl or heteroaryl, in each case
substituted or unsubstituted,;

R’ is alkoxy having 1 to 4 carbon atoms;

R®is COCH; or

R’is -CHj;
X and Y are both O or S; and
A is -CHzCHz-.

R? is pyridyl which is substituted or unsubstituted;

23



/A RO XR9is -CH3; X and Y are both Oor S; and A
is -CH2CH2-. lid R3 is pyridyl which is substituted or
waoe@detsst uted; R4 is Hor is aryl or heteroapPgi/pSion3/022401
each case substituted or unsubstituted; R7 is al koxy
hgving 1 to 4 carbon atonms; R8 is COCH3 or y A R9 X~
R i phengHghick ig pipsttudedorypsrbstiwed;s; and A is
-CH2CH2-. Ile R3 is pyridyl which is substituted or
Rssiblkbiy bavaulg 1 t@3 ciiBog@aIsH09557 PCT/ US2003/ 022401
R4 is phenyl which is substituted or unsubstituted; R7
ilé‘iglblg@m&avi ng 1 to 4 carbon atons; R8 is COCH3 or

~Y ~A
7<Y\ A
R9 X/ :

R’is -CHj;

X and Y are both O or S; and

A is -CH,CH,-.

Preferred aspects include pharmaceutical compositions comprising a compound of this
invention and a pharmaceutically acceptable carrier and, optionally, another active agent as
discussed below; a method of inhibiting a PDE4 enzyme, especially an isoenzyme, e.g., as
determined by a conventional assay or one described herein, either in vitro or in vivo (in an
animal, e.g., in an animal model, or in a mammal or in a human); a method of treating
neurological syndrome, e.g., loss of memory, especially long-term memory, cognitive
impairment or decline, memory impairment, etc. a method of treating a disease state modulated
by PDE4 activity, in a mammal, e.g., a human, e.g., those mentioned herein.

The compbunds of the present invention may be prepared convenﬁohélly. All stéfting
materials are known or can be conventionally prepared from known starting materials. Some of

the processes which can be used are described below.

24



RO X RO is -CH3; X and Y are both O or S; and Ais
-CH2CH2-. Preferred aspects include pharnaceutica
W@ 0vpoedssi ons conprising a conpound of this | PWBEN$10031022401

and a pharmaceutically acceptable carrier and,

optionally, another active agent as discussed bel ow

a nethod of inhibiting a PDE4 enzyne, espec
[@] i soenzyne, e.g., a '

assay or one descri

Vi Vo igBegass ani mal
mumml_aor 1n g hu

'“ﬁ*@od g Sregee
K N,i-Bu0 sC
neur ol ogi cal synd e.g., | ossgDiniERADIY

especially long-terifimenory, cognitive inp
o Cpecline, menory inpairnment, etc. a nethod of %reating

a di sease state nbdulf@ted by PDE4 activity, 1Tn a
manmal , e.g., a hunman, e.g., those nentioned herein.
mﬁlmﬂmﬂé_aﬁﬁn& h%yasﬁeﬁ@ﬁts EtRYERRIZ61 AR Ye bpntRERRArREN the
conventlonally Al'l starting materials are known or

3 [ defMdnt. Th

corespfiilag ?%2%@%‘@6%5 ERFLALL B M SAFhicb iy The
are de cri bed bel 004/ 009557 .

sarting By b0 DSV OB S e 1220 (5 G SR §apRips common in he at
B, N, t-BuOH, 100; C f r then6NHCJ THF OO0 N Startl %

(see, e.grRED PI8/0896H) niAdsBLiFgly) BraRg Prangne npclqpeRlybP = lpdindagles can
synt hesi zed fromthe corresponding

be synthestad beaynihatiynod fapkaio- oysloatltyl-Biatisdindbznlbyr red@etian af$-nitro-1-
rearrangenent. The

cycloalkyl-3-ethylindazole. The indazole scaffold can be prepared by several methods common

herein, either in vit
LY
an ambak, nodel

nt or

to the art, such as by reaction of cycloalkylhydrazine with 2,4-difluoropropiophenone.

('\ 0
HNO;,, Ac,0 Eth'ylene glyeol o 74
cat. p-TsOH, tal uene Q

Q D\ﬁ

e o :“@ %@A@
s

NO,
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starting 6-carboxy-1-cycl opentyl -3-ethylindazol e can
be prepared by nethods common in the art (see, e.g.,
wae00e®560961). Alternatively, starting PCT/US2003/022401
6- am no-1-cycl opentyl - 3-et hyl i ndazol es can be
synt hesi zed by am nation of ) . )
Statiniedenzefjins aragjthescammgicialiy arailableer ¢aabgsynihgsignd according
6-nitro-1- cycl oal kyl -3-ethylindazol e. The indazol e
literaturs @aftiicals b ydamarhelepul apdd @ dohdensaicer &l appetphiotty sbstiwted bete-
- the art, such as by reaction of cycloal kyl hydrazi ne
ketoethd¥s bfsadicdtagtichladar @Bé s@ht@gilaemrmgaxﬁb 02udSORhediHNGR] DATEH) Daniel
0 f1 Ethylene glycol O Ol [/ cat. p-T sOH, toluene 0O

Lo 24195, 1818, B A P00 Coion 302t
romc RS SR R B S SITBESBH oS30 Py

) i ntranol ecul ar al dol condensati on of _appropri at elty .

nitrobenggiftren.t (v dip ahevaschemeobPAddenh Feigt)t M-Q%ﬁ%&cﬁ 1 Rrial No.
Strategies for Organic Drug Synthesis and Design,

10/051,B89i el Ledni cer, Ed., 1998, John WIley and Sons, Inc.
Chapter 10 pp. 286-289). Nitration of 2-acetyl-
Prot@didoa oy e casdnfBgrowp ththn suithbledabdstable ameddting group such as a
anhydri de provides 2-acetyl-7-methoxy-4-

dioxane,r‘énicfi&gﬁ%}geo%kﬂ'éﬁ@s thé idBsitdaestARRY rSEdRABofufdRé BEd ABE WO 99/40085

refers pat ent application Serial No.
and WO 99/37640.

i

One of ordinary skill in the art will recognize that some of the compounds of Formulas I
and II can exist in different geometrical isomeric forms. In addition, some of the compounds of
the present invention possess one or more asymmetric carbon atoms and are thus capable of
existing in the form of optical isomers, as well as in the form of racemic or nonracemic mixtures
thereof, and in the form of diastereomers and diastereomeric mixtures inter alia. All of these
compounds, including cis isomers, trans isomers, diastereomic mixtures, racemates, nonracemic
mixtures of enantiomers, and substantially pure and pure enantiomers, are within the scope of the
present»invention. Substantially pure enantiomers cdntain no more than 5% w/w of the
corresponding opposite enantiomer, preferably no more than 2%, most preferably no more than
1%.

The optical isomers can be obtained by resolution of the racemic mixtures according to
conventional processes, for example, by the formation of diastereoisomeric salts using an

optically active acid or base or formation of covalent diastereomers. Examples of appropriate
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10/ 051, 309). Protection of the carbonyl group with a
sui tabl e base stable protecting group such as a
walcoxaossor di oxol ane provides the desired starCi/ng003/022401
4-ni trobenzofurans. See al so WD 99/40085 and WO
~99/37640. One of ordinary skill in the art will .
acids are sartagici dl@cqthléﬁrtagén@bWovﬁm%n@m}ﬁ%étaﬁﬁmélﬂfirﬁﬂn&&hqfsulfomc acid.
and Il can exist in different geonetrical isoneric
Mixturds@fidiastelddisaatirs taanbe separatedfintohibeic mdpadirad diasfereontess on the basis of
- present invention possess one or nore asymetric
their ph§RCRCAJIAY RBMRACI fleRnbd LS, BB 1g0Min to eXdssiskiligd iimthichet, for
ormof optical isoners, as well as in the form of

exampl%,gogffn&%fgm%%gxg?g# 8f £%tfon %&%mﬁatiotnh &R pticARhctiVe bARs or acids are

eoners an I astereoneric mxtures
.inter.alia. Al aof.these comound i ncl i Cl .
then llble?gqélil‘%l’}’l ﬂ?er SFRarae oweg?o%?récs% ‘emgerrennx?%rgéésg ,%r Separation of

. _racemates, nonracemc _mxtures of enant| [S nd .
optical isgmerainyelaps thepss ol dwal phypma &¢-Be Plélrﬁg%&%i?]mms)a with or
the scope of the present invention. Substantiall
withoupeoneereivant devivatien,cptitmally chesenmte maxinine Bosapatatpin Q%be
correspondi ng opposite enantionmer, preferably no nore
enantiohf®®) KfitablEhiraPHET €rcdbinynsie fanefatinesd bylBiacdlhe gghiraed! OD and
i soners can be obtained by resolution of the racemc

Chiracéef‘;ggt n%lllicg% r@&rﬁpﬁﬂ&g,galf RButitQP ¥aBL LB aENBRAR S BFratibr] with or without

_ y ‘the formation” of di astere€oisoneric salts
ing_an

. ...Us optica fi [ ' . :
devigh R 2T BB SRR R LR T B v
WO 2004/ 009557 PCT/ US2003/ 022401 id tart i C,
be obtaied o bBIRIoRTS LUHIZRE PEOGRDAASP SRITE TERUA! t ar t ar | ¢

and canphorsul fonic acid. M xtures of
din additiom@ns offerdinarsskibén gt wilbrecpgnize thalihe compounds can be used
i ndi vi dual diastereonmers on the basis of their
in diffapbit shieledandépic fanane.gakmnditefién draestehyofifet, HEHS Clandion 'C.
to those skilled in the art, for exanple, by

N RBRERGHRMOn Asof rEREds k@ sdfulqomad &t the éahipSuhds hbdisclosed herein,
optically active bases or acids are then |iberated

such a%h%ﬁ&%}iéﬁ%c@%@%?l? %a?]}’gsga?xﬁ SPSEL Lo S the cofipSlindh 8F Biktpresent

OoCesSs 10r “sep

invention. Pharmaceutically acceptable salts include those obtained by reacting the main
compound, functioning as a base, with an inorganic or organic acid to form a salt, for example,
salts of A};ydrochloric acid, sulfuri‘cr ;dcid, phosphoric ac.:id,r methane sulfonic acid, camphor
sulfonic acid, oxalic acid, maleic acid, succinic acid and citric acid. Pharmaceutically acceptable
salts also include those in which the main compound functions as an acid and is reacted with an
appropriate base to form, e.g., sodium, potassium, calcium, mangnesium, ammonium, and
choline salts. Those skilled in the art will further recognize that acid addition salts of the claimed

compounds may be prepared by reaction of the compounds with the appropriate inorganic or
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optical isomers involves the use of chira

chromat ography (e.g., chiral HPLC colums), with or
wowdhomsstonvent i onal derivation, optimally chPGENS1003/022401

maxi m ze the separation of the enantioners. Suitable

chi.ral HPLC col re manf ctured D acel, e.g..
organi i ety G e Dot oghmA kTRl ind gfhline carth
routinely selectable. Enzymatic separations, with or
metal safts ArsurepaiRst by Teartiag the somppends|of ghajgweniion withethe appropriate base via
- optically active conpounds of Fornmulae | and Il can
a variety dfdmiosm méthodt ai ned by chiral syntheses utilizing
optically active starting materials. In addition, one

OfheQbHbRRIZYars Kirther bXanifdles 6¥ dcidMalth tHa@6R0BY Raihbdby t8tion with
conpounds can be used in different enriched |so¥op|c

orss 5P LB A 6RO Bkl i
RGO N N—

of all the conpounds of the present invention.
dodecm&ﬁc%hmeé‘ahfwweécéléﬁwma@oga%tgl;vcr%mh&wéla&%&semsulfates
obt ai ned by reacting the main conmpound, functioning
heptanaaiesy hoeemeoateni fiumazrates, hpdrghmngdes; hydrgimdides,ehylrory-Ethanesalfonates,
salt, for exanple, salts of hydrochloric acid,

lactate§ Uﬂleﬁw’cés(; ni¢ahesudfdasieh) afi¢tinaes, -napBitihdaRs S b @8] exadésdpalmoates,
canmphor sul fonic acid, oxalic acid, maleic acid,

pectmeﬁéécgérgﬁl?até’sc B%I@Hﬂpfdp%ﬂa@es ibfites ﬁ@ﬁlﬁﬁg,ﬁh‘ V\%}l ﬁ‘%}tl:é’ succmates tartrates,

acceptable “salts al'so I nc udei ose |

. acid and i s reacted vvlth an
thlocy%%{pgg’o %ﬂ %yqﬁéggi)a??so %{é?cagoa ©s. sodi um pot assi um

sium a ni um cho e salts.
%ﬁeé&a%?k R 2 ?ﬂﬂltqdear%%ap¢utlp X #SFPta anc?@msﬁa&wn to
acid addition salts of the clainmed conpounds may be
mammglse Flaweten pheseaseitinallyunadreptebleselimefshosempeynds are suitable as
appropriate inorganic or 27 WO 2004/ 009557
interm &iTdte4JIR0EAN P 46 lisolatigathic Coapbihd/ison @ayandftheh dunvbigihig dlie salt back
known nmet hods. Alternatively, alkali and al kal i ne

to the B& Bdle cOBpMNEHR) trSatRER vﬁﬁ@ﬂ@ﬁlﬁﬂlweﬁg‘éﬁgt TIROfrbdBase can then, if
conmpounds of the invention with t e approprlate base

deSlre¥lb§C é%?%ggén%PﬁénﬁP acl g%lai%? ﬁdb can %\(legaggt g:rﬁed by

action . ..
"R compounV\?is of the invention can be administered alone or as an active ingredient of a

formulation. AThus, the présent invention also includes pharmaceutical compositions of
compounds of Formulas I or II containing, for example, one or more pharmaceutically
acceptable carriers.

Numerous standard references are available that describe procedures for preparing
various formulations suitable for administering the compounds according to the invention.

Examples of potential formulations and preparations are contained, for example, in the
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i norgani c or organic acids: acetates, adipates,
al ginates, citrates, aspartates, benzoates,
wheoaeossul f onat es, bisul fates, butyrates, canpdiDUs1083022401
di gl uconat es, cycl opent anepr opi onat es,
dqdecyl sul f at.es, et hanesul f onates, gl ucohept anoat es,
Handbﬁgqqy%fg'%ﬁ@ﬁrﬁage&ﬂa%@emmW:éamr&@gé"iws?%gﬁ&c}atwn (current
hexanoat es, fumarates, hydrobrom des, hydroi odi des,
edition) Hganaceptieal RoseguFdronal edets (Ligberatansl.achmasand Schwartz, editors)
- met hanesul f onat es, nicoti nates,
current2ditapl) phisiishoé by Maod Dekkero kel , ak &)l g9 M enaingtes’s Pharmaceutical
pecti nates, persulfates, 3-phenyl propionates,

Sciencé iR Dsol eIl 1533-1809 pheRat &tiorHUcCi nat es,
tartrates, thiocyanates, tosylates, nesylates and

R e LRl A B3, R o BBBHAAS he present invention
mral s. .However, pharmaceutic unacceptabl e salts
can be GRS ARG e bt e e EA AR Sreh B Eepppenent of
_exanple, for isolating the conpound as a salt and then

cognitipg, isigption aayreracperplished agqesding tspaiigntnedpfonermje, orally,
treatment with an al kaline reagent. The free base can

nasally; pamnteidly (sidwintapdoushe imtmaversushyl ittanmsplladyEoeastéroalyt and by
acceptable acid addition salt. The conpounds of the

infusioh)) b§hhaati e rechglyadipimdl Bl ®padilal 1oy traddednal BS bhd/By ocular
ingredient of a fornulation. Thus, the present

adminiktMgAt i on al so includes pharnaceutical conpositions of
conpounds of Fornmulas I or Il containing, for exanple,

e. or e armaceuticall ceptable.carriers.:

iR R Feab BioaR il Pl oeg PGP SRARRG B PRl UEas of me

i .descri be procedures for preparing various

inventipp ipalpding gl s9 fltf‘é‘msélsft%heetécﬁﬂ%%tc@?ﬁ%» ¢apdety EhBHRTglozenges and
according to the invention. Exanples of potenti al '

bulk pgwedarsil Thg emmspands pf bearetitongengion cahe admmdisteredplone or combined
exanple, in the 28 WD 2004/ 009557 PCT/ US2003/ 022401

with varaons phaknastutRfaily mecptibl calridry aliluess (sich AsBudrese) mannitol, lactose,
Phar maceuti cal Association (current edition);

starcheS NI BEHIEE RhovAP BAUE aFt GhfMdinF Mt £6t3irkitd EBRLEFRRding agents,
Lachman and Schwartz, editors current edition,

solubil%%@ bﬁ{}% éﬁ%gg({asr Bﬁhe@eﬁﬁﬁ{egralnﬁg pres&%at%ls,l co‘i‘grants, flavorants,
ent ngt on ar maceutica
lubricants and the like. Time release capsules, tablets and gels are also advantageous in
administering the compounds of the present invention.

Various liquid oral dosage forms can also be used for administering compounds of the
invention, inclu'ding aqueous and non-aqueous solutions, emulsions, suspensions, syrups, and
elixirs. Such dosage forms can also contain suitable inert diluents known in the art such as water

and suitable excipients known in the art such as preservatives, wetting agents, sweeteners,

flavorants, as well as agents for emulsifying and/or suspending the compounds of the invention.
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Sci ences (Arthur Gsol, editor), 1553-1593 (current
edition). In view of their high degree of PDE4
WO pdvitlodesson, the conpounds of the present inveP@T/082003/022401
can be admi nistered to anyone requiring or desiring
PDE4 i nhi bition, and/or enhancenent of ognition.. . he f
The compdwidsiof thepriessat mygniien may balsciite éorééalapfﬁ ﬂﬁ‘%ﬁo‘lﬂy’ in the form
’ patient needs, for exanple, orally, nasally,
of an isopiEsttleabluyion s Otisartpaepattiohy areiatrorpmesblsus| vy,
. intramuscul arly, intrasternally and by infusion), by
Su? it Por ré@&ltlinlidistrmagi itahd sompouptcaf thy prdsentdhention can be
transdernmal ly, and by ocular adm nistration. Various
preparedgbgyh%gxdﬁ%@eggﬁﬁgﬁd HhMEsufasle chl?‘iéﬁtdsut:ﬁ’ hs @sHidh Bugbe Edlitglates and

invention including such solid forns
s tabl et el caps, capsu . . r
polyethy el SRR fovaere ryaSRRie!Gm @AM, fim of apessary
present invention can be adm ni stered al pne or . .
tampon, &1, 884 Pasie1Ramaps By fgﬁavlﬁﬁeaﬂﬂW% it #‘gﬁ%%t the pefive ingredient,
carriers, diluents (such as sucrose, mannitol,
such suitabtet @sgers as bmrkploww)in dreckrexci pi ents known in the art,
including but not limted to suspendi ng agents,
Bl otAliaaafiSistritionf the phamaganicsl, cobipositios can be in the form of creams,
di siintegrants, preservatives, colorants, flavorants,
ointme b @Fﬂn?&% Sh()jtﬁﬁ‘lg drh@isioh& QuspEhdiBns, ?él@,as‘émtﬁﬁﬁ),&‘pahte@,powders, sprays,
Tablets an gel s are al so advantageous in
adm.nj stering the. S  daDN @R PRt a
and dro%ﬁ”il%b]% f% afdﬁ%&lsgf?‘té?‘? oggg@ﬁ’f%&h“%ﬁggig&% g%tp ha used for
_adm ni stering, compounds. of the .inyention,, ineluding
also invalyedusicanal HSHDIIARTLER SR Tshas Oarhicarg pafkes
suspensions, syrups, and elixirs, Such dosage forns
Aarvsal formuletierns suitebie fatadaninisisring yia ipbalation alsmran be mpds- For
art such as water and suitable excipients known in
examplé,/T6r @EdmBHICIT disoriure sfihe adspiretsry Wttt the gorpeunds according to the
sweeteners, flavorants, as well as agents for _ _
inventiG i Hel Mg sRRY 1 inBMSRAT tRgfdrteo fagupaien (t5g. pfnidriueized) or in the
Invention. 29 WD"2004/ 009557 PCT/ US2003/ 022401 The
0 ! SR TR OPROrIBALBE chilbEpla6él into a
form Ot?agégléggn%f‘lg{mi Jr%?; P%gﬁlgﬂgslr{/ﬁé a'|%n St he for r% gf anﬁ
I sotoni C ft eri Iﬁaan%:ol ution. Qther preparations are also

pressun!ﬁggg apgsptable prope

The compounds can be administered as the sole active agent or in combination with other

i)harmaceutical agents such as other agents used in thé treatment of co gnitive imf)airment and/or
in the treatment of psychosis, e.g., other PDE4 inhibitors, calcium channel blockers, chloinergic
drugs, adenosine receptor modulators, amphakines NMDA-R modulators, mGluR modulators,
and cholinesterase inhibitors (e.g., donepezil, rivastigimine, and glanthanamine). In such
combinations, each active ingredient can be administered either in accordance with their usual

dosage range or a dose below its usual dosage range.
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Suppositories for rectal adm nistration of the
conpounds of the present invention can be prepared by
worRoosgpsshe conpound with a suitabl e excipi ent PGIIUB2083/022401

cocoa butter, salicylates and polyethylene glycols.

Formul ati ons for vaginal adm nistration can be in the

flbe presentinpesion fyrtherdagipdon mathedsof trgetimenpthist volvgdphibition of

or spray fornmula containing, in addition to the active
PDE4 émgmesli ‘Emts, thequwedensinverivnendadasinestbodsofaelectivreomhibitron of PDE4
- the art. For topical admnistration the pharnmaceutica

enzmnééﬁﬁpﬁﬁﬁaﬂé,@f% caimbels, Bspebiglly hirue wheRaiSuch ighiBitizRHas a therapeutic
i ni nents otions, emnul sions, suspensions, gels,

effect, §R:hlﬁts Ww3re skt $hifiBitiod MY EReveBh&: §ns %@Qﬂu &Q@olo%lcal syndromes,

suitable for admnistration to t

. adm ni.st.ratj on _m al
such a RS fisgf ﬁ)ﬁ{nogarﬁsm%%@&?%ﬁrwaerﬁ% ST pffHRgY Bomprise
transder mal, pat ches. Aer.osol formul ations SU|tabIe for
admlmﬂalﬂ%mneqmm@l ipingeq HigErohtespriallysmampmabdnogh gepectedy a human, an
exanple, for treatnment of disorders of the respiratory
inhibitery agtopnt ¢ conpoudddoscacs perigf 8 domhdatian eedistloseddrein.
be adm nistered by inhalation in the formof a powder
(Fhe@onditibs bOMieadA) irpaiintent bamarfifested bfy impairnesicof the ability to learn
sol utions or suspensions. The aerosol fornulation can

new mi%%nehafﬁﬂybﬂhe 1ri9ab1lﬁfr eosl%aﬁn Fedionsls eRkAR B fiHaReh! M¥mory
he conpounds can be adnministered as the sole active

orse B Pl SO L e SRR v o

diseaseﬁ §€ %/rgerl &0 %éarsge OSE d/ X qul{:l}p%ﬂqate% éeea%tg ;ﬁgt}tmg}on’s disease,
, channel bl ockers, chI0|ner I c drugs, adenosine
Pick’s diseaset Greutrieliakar @Seaa«?réﬂé(ﬁ Fa7dio VAMDIRT Riseatey ptd rad trauma as well

nGLuR nodul ators, and cholinesterase inhibitors
as age-tatatgd poglﬂhﬁm)wsilih& rivastigi mne, and gl ant hanam ne).
In such conbinations, each active ingredient can be

IUFhdHiaS BfeHscAbdsHBAL 1hd]ucﬂ:01ﬁ§ih613ﬂ@ﬁ atldtadditfoablrinté$le@tial impairment
dosage range or a dose below its usual dosage range.

separatd frofne AR OPf 1%5 c gs (l:t dfr H?xre atjents suffering
P that

I nvent1 on urt C udes S treat

i nvol ve i.nhi ﬁrfl
from memory mmpairmen 1n a orms of dementia. Dementias are classified according to their
cause and include: neurodegenerative dementias (e.g., Alzheimer’s, Parkinson’s disease,
Huntington’s disease, Pick’s disease), vascular (e.g., infarcts, hemorrhage, cardiac disorders),
mixed vascular and Alzheimer’s, bacterial meningitis, Creutzfeld-Jacob Disease, multiple
sclerosis, traumatic (e.g., subdural hematoma or traumatic brain injury), infectious (e.g., HIV),
genetic (down syndrome), toxic (e.g., heavy metals, alcohol, some medications), metabolic (e.g.,

vitamin B12 or folate deficiency), CNS hypoxia, Cushing’s disease, psychiatric (e.g., depression

and schizophrenia), and hydrocephalus.
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PDE4 enzynmes. Thus, the present invention includes
nmet hods of selective inhibition of PDE4 enzynes in
w@eionabess7 e. g., manmal s, especially humans, WhRCEUS2003/022401

such inhibition has a therapeutic effect, such as

where such inhibition may relieve conditions involving

Tewprosent invahtiey mdhidaemethods fo dealingteith swmosy lase senayate from

especially long-termnenory. Such nethods conprise
dementid 0t RdEigahild godritia ingairmrht (MICHeed apbecleel cogstiecdeling. The

a mammal, nost especially a human, an inhibitory

-present %@Hﬁﬁn RELRASARRRHDG: r&HBBS: 6F m@ﬁlo_i%afrﬁpa@ﬁn@lt as a result of disease.

ation, as disclosed herein. The condition of
nenor.y. i irnent..ls i f i Il ;
tn anortgg gl e I Rhids SRR < BR8Py ot Freculing
to recall prevjiously |earned information. Menory .
from the wfr%?é?r@f)?%esglem ﬁ%ﬁ-“’i’/&é‘ifﬁ% 6?41'6?0% SRR DO igigg! trauma, and
al so be a synptom associ ated with such diseases as
therapewfizintsrventtos. di sease, schi zophreni a, Parkinson's
di sease, Huntington's disease, Pick's disease,
CThevhap@inds dedydie 1ded wasey pHiickatriacaiditicns ¢ndleding sehézapbrenia,
and head trauma as well as age-related cognitive
bipolar 8ERlahid&lepFREBAIhFSr dpResdiopCafiRfug Badicliicindiaorphinerdependence.
oss and additional intellectual inpairnent separate

|
These c%%n%%&?%%enhgﬂ?e RUEHERbss PR inRibitoRCda BRsERLNARE cAMP levels

g patients suffering from nenory

inmpairnment. in all fornms of.d ia. .Denentj :
and prey Pl SETRPBGORLWRIECREE TROPRIRE P DL I TE pif BB to be and-
neur odegener ati ve denentias (e.g.,. Al zheinmer's, .
inflamrafey. Hdsreombanasionoé antiapenteiis BKt antigndamamatorpprepegties make these
di sease), vascular (e.g., infarcts, henorrhage, ) )
compowalks tisefol @i tsxat densdegenerpti@trevating fram amydligdasher imsry.sncluding
~bacterial neningitis, Creutzfeld-Jacob D sease,
stroke, Epihill R ®inj$§| BERSIeBesis, AriEinees (Bedye, maltiptkiscidrosis,
hematoma or traumatic brain injury), infectious (e.g.,
i : rop(MSAE. 9., heavy
myl"l%ﬁ?lgfoggﬁg%h 1%“933“1%13%%@2?%%%%) bl ¢ (e 0.,
Ltam n Bl12 or f.ol at fi Chen - FER
dbfihaeD St il Ay EnRRn sfipBate. s Blcfton includes

methodel e sals 6 g from TMeoLy ihpairient due 1o, LoF SRATpIC

Alzheimer’s disease, schizophrenia, Parkinson’s disease, Huntington’s disease, Pick’s disease,

Creutzfeld-Jakob disease, depression, aginé, head traﬁma, stroke, CNS hyi)oxia, cerel;)ral senility,
multiinfarct dementia and other neurological conditions including acute neuronal diseases, as
well as HIV and cardiovascular diseases, comprising administering an effective amount of a
compound according to Formula I or IT or pharmaceutically acceptable salts thereof.

The compounds of the present invention can also be used in a method of treating patients

suffering from disease states characterized by decreased NMDA function, such as schizophrenia.
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The present invention includes nethods for dealing
W th nenory | oss separate from denentia, including
woredod/oedgni ti ve i mpai rnment (MCl) and age-r el at BCI/US2003/022401
cognitive decline. The present invention includes
met hods of treatnment for menory inpairnment as a result
The conpbudssaasiso beluseditroirdae psyappsis charpaerized vy slevaiadilpesls of PDE 4,
T i ncl udes nethods for dealing with nmenory | oss _
for exanfff§ Watibidforkk enddépiessionesueh ag eneicdepassaioh rasjoc dgpression, and
N chenot herapy, radiation treatnment, post-surgica
. : - ; l1Gel QidoRizrs. The conpounds
depresmh%%%abe?e ﬂ%%%@ﬁ?%‘g&gmﬁﬁ condi tions i ncl udi ng
chi zophr.eni a, _bi ppl ar, or [ e J @0 ' -
fg%mee‘g‘gl}e n{’fle gﬂlalpa\ugcg og’&%e iy SR G1 e%ohgjgﬁdinﬁgnﬂﬁﬂr%ory activity.

iI'’ctron an
dependence. These conpoungds enhance wakef u SS
As a resplbEthe imenByq eRrapRAS Be ua%‘ggmttggﬁﬁ? o %%Pvarr%"\?f‘é?‘lsﬁ‘%%‘% and

prevent neurons from undergoi ng apoptosis. PDE4 .
inflamniatriy Wiseases, parécuddriodinsnensiaice Chigagprijed PPt Grlje AMP levels
The conbi nation of anti-apoptotic and _
and/or ckVatedi phobpHodisRIase Arlopdy. tTies, mekeortimesevittca fipthenagbodiment of
useful to treat neurodegeneration resulting from any
the invellis§ 3R&e 9¢ proPiddd ¥ mdtisd ddteafing Blldrgicemd il avamatooy disease states,
Injury, neIi)Jr ogenesi s, Al zheiner's disease, nmultiple
Selerosis, . LaLe | AL BHokBla8 T or I or a
conpe S5 THRE e IR AL SRR 7 BRk b o s Lo
. preferred enpodi nent, the. present .invent.ion.dncl s
pharmag R KSEORPEAE FLF 9k T LSO TP G F oy g bronchitis,
_inpairment due to, for exanple, Al zheiner's.di ease, . .
chronicobRirzsppelnenarpdiskisA §6RPR) citeia dermaiis yrHgirim alloreic thinitis,
di sease, Pick's disease, Creutzfeld-Jakob disease
allergicd@RpfuRsEvias, veagil oonjulneitis; esonivgphilst gradomENSOHIPD xmf&p}nmatory
cerebral senility, multiinfarct denmentia and other
arthritid) Bt 8810 GAhrifg) Bebtld sPBsk, ulvetdiiie rRolifs Wrehmie discasa) reperfusion injury
. di seases, as well as H'V and cardi ovascul ar di seases,
CONPLi S L ' hahs, I eYi8odRRUWAbCIE fad@it respirator
o e TR A3 A LOAA RS o pbeatat epirior
_ harmaceutical.l y.accept.abl e I : : :
s e e i P
a met hod of treat_igg pati’e i
3

. » .S suffering.fr m di sease..
spondykitigtasteoariitite PEEsis cHabRES FRE MRS SR URIOBA P i ST BHC O&U R
as schi zophreni a. 2 , . . .
airways disease, chronic obstructive pulmonary disease, toxic and allergic contact eczema, atopic
eczema, seborrheic eczema, lichen simplex, sunburn, pruritis in the anogenital area, alopecia
areata, hypertrophic scars, discoid lupus erythematosus, systemic lupus erythematosus, follicular
and wide-area pyodermias, endogenous and exogenous acne, acne rosacea, Beghet’s disease,

anaphylactoid purpura nephritis, inflammatory bowel disease, leukemia, multiple sclerosis,

gastrointestinal diseases, autoimmune diseases and the like.
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WD 2004/ 009557 PCT/ US2003/ 022401 The conpounds can
al so be used to treat psychosis characterized by
web@vaowss | evel s of PDE 4, for exanple, vari oRST/U87003022401
of depression, such as nmani c depression, mgjor
depression, and depression associated wth . ... 4
PDIRS IR fof nenshgetinl, objcoid bl i epariasis AL BRI,
the conpounds of the invention al so exhi blliﬂt? hin the art
ANt - pf L anah g kY iakibititistimor erasis fastol fre Kuggm Wi ¢ art.
Othe“nﬂanf]ﬂ’\a}{eoa:&ségsco’npounds areuseful in the treatment of g
' vard "2l ] §8H Lo7h s SrOYBBE5Y 17w QeEB4 742, U
See, e.2., %Qrglgfst(%pgﬂPsH ¢ESHC Phg :

di Sease states characterized by decreased
cyclic AVP | ev

I s and/or phadeasindiias PDEA
5,814,651, la¢ 813, 9FhA €78 eé?:ﬁeg?ralécﬁeégds\?\n'\&t@%&%ef%ugr&?her embodi ment
of the invention, there is provided a t 1 f
nhibition Adtivty] ag methedgios SEWeEsIZing R gggé"ﬁg%a@;écs?sms °
conprising adm nistering an effective anmount of a
these docuRNRORE BB g icdipugatedb Fraferances | or |1 or a

phar maceutically acceptable salt thereof. Such d%‘?ﬁ ?osﬁ% for
BitbRGhMASE uRE kb pRvertt ot amieboratenrstdopeTos]s, ATH B )
P%sﬁ%gtbﬁve pul m)nargﬁdi sease (COPD), atopic s .
der matitis | i PobiBdihe Eigi16sterbi foi atherosaldretigfiegions, to
treatment egfﬁ@r@‘ﬁ%ﬁ“\‘}}a{ ?i{ssl,éés\%% nal 1cc;njgunct ivitis, esoniophilic
_ granul oma, psariasis,. | 8F Meschthithaltdefl, proliferation after
treat theumpioitheEgIts Mh#"r‘f ?‘?n@,teféngg T hock. Ul cg?at ive
colitis, Crohn's disease, .reperfusj LU EYost e 1 lasia,
transplantatio foutreatmaricd {HFRRRY, O emmnée@qn@%gﬁ&bgﬁ%gﬁ’?ﬁ s, b
endot oxi ¢ shock, adult respirator di stress, syndrome. t of B
for suppré¥hiof chémotasissnd asdueliomof IEast Spolon cancer RIS ento
artherosclerosis, keratosis, rheumatoid sponqcliyl i tté%f,tenuate
cell chroflS 2ok iié lohBemPYBESLE), fali ilibition afefaring gehirac’ons
pneumoconi osi s, chronic obstructive ai rx\/\frys dlrfge%%%'tionof
chroni.c . M1Cd JeViRsiBh fRRAIRT) d feeaseal hiaizonsgr ot
Pumon&%’l‘(aé?ué?%cl éc%%h{lgc eeczema\, atopic eczema, seborrheic "
eczemn, |1chen sippl 2 A hucRaEthpdrBintemetmery T cells, tor
IL2R exgrsgah R BeEg Ao DTSSR g

Cia areata, hypertrophic scars,
di scoid | upus_ er thenatosg

: Sh i L GrdvdRiSh and treatment of
augmentasion dfeghegoseiirduced g $eGFoUCL, )B\%lhg@? g’? ea pyoder ni as,
endogenous and exogenous acnhe, acne rosacea, Beghet's

colitis, afldl Sciakibit mastaplhgegendatibour pura nephritis, |
inflammatory bowel disease, leukema, multiple . .
el BHPSiSds ofgASHIesint tmnﬁiqra¢andie§éa§@§ﬁef%ﬁ56€%ﬂ}ﬁ getive agent or in
di seases- and the |ike. -33

combination with other pharmaceutical agents such as other agents used in the treatment of

cognitive impairment and/or in the treatment of psychosis, e.g., other PDE4 inhibitors, calcium
channel blockers, chloinergic drugs, adenosine receptor modulators, amphakines NMDA-R
modulators, mGluR modulators, and cholinesterase inhibitors (e.8., donepezil, rivastigimine, and
glanthanamine). In such combinations, each active ingredient can be administered either in

accordance with their usual dosage range or a dose below their usual dosage range.
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WD 2004/ 009557 PCT/ US2003/ 022401 PDE4 inhibitors for
treating asthma, chronic bronchitis, psoriasis,
wW@Pbdoegiss7 rhinitis, and other inflammatory di SREBEES2003/022401
and for inhibiting tunor necrosis factor are known
within the art. See, e.g., WO 98/58901, JP-11-18957,
Jberiosages af the opppoundssE i progno mventierpdepesl upoiBd darbhyt pf factors
_ and US 5,935,9778. These references al so describe
includipg ey tiarardgbdmmierio hg tPDREd, the sdviekiyt éfahe aghptoidsythe ahde of
- nmet hods for synthesizing such conpounds. The entire
administr8nothe feguéicy of figsdseacimen i ili
i ncor g%lr affégd bg refer en%é. PDE’Zthia%ﬁlfllgiﬁ{ag%n%%%/ndbughag%éhe
effic i ! Al
T ot e R R DS PR Y 8 ESme il e prgsgnoe of any
Mbi k4 zi ng chaolesterol from atherosclerotic
deleteq%ésé ggg_se ,kfe&cs)’ aq??ngac{tﬁ?ﬁgﬂﬁg?r%ﬁl?}lsart hritis (RA), for
long-term | nhibition of mesenchymal-cell proliferation
g%?ngPP‘r‘%dﬁ e xention, ar ypicells adwministerse atidosage levels and in a
obstruction secondary to benign prostatic hyperpl asi a,
mammglspstomepy B NJiH iohibithwsrotlazs thosaichowarkortponndofmentioned above. For
i nvasi on of colon cancer cells, for treatnment of B

exampletht cainpowids chly bp bhainidtered, ahkBElPorRulfible)dosésOby oral administration
inhibition of uterine contractions, to attenuate

at a dosap TERBIRSEY for A EHPRY 0.05.906 irr@/l@g‘/{i%ﬁ ?E{f%ili%ﬁfboif% ﬁg&%&@, Especially

, for corneal hydration, for
0.5-1 | . abol i.shi ng H V- ) nucl ear
0 FERGRES] NhrASal  CREP YRR Jor Seinfe i B0 e Sisefve compound.
. .glucose-induced ipsulin secretjon, in both the )
For inttgy QDR FABISITAORr{Bs EFRBRRUTGF car b RdmisiSterpds ip singlerarpiultiple
mast cell degranul ati on. The conpounds of the present
dosages, /& fAesagn levahoth for suamplesd.00 b d0 axg/kgiday praferablyi 000 lab®nig/kg/day,
~or in conbination wth other pharmaceutical agents
especialy O 1alsmgtiipédaya farit dosagefbrig cithéontdigAoreiné, 0.1-10 mg of active
cognitive inpairnent and/or in the treatnent of

compoypdychosi s, e.g., other PDE4 inhibitors, calcium
channel bl ockers, chloinergic drugs, adenosine

. ALALS Ki - R. dul ators
En%@%%%r sand ¢ %@{%@2 fﬂ é)rél g@@ grll P 5oPEF 4O %’%%‘.ie,moc’d
epezil, rivastigi m.ne, an ant hanam ne). In such
e ARy EERL A R, eI R e
. gdm' nistered either in accordance with their usual
intended; i beydmitiigy Butgire i Regead soasom indude allisieied motsrighs thainge of
ordinary skill in the art would recognize as being of interest or value in the particular context in
which that discussion is presented. For example, it is often possible to substitute one buffer
system or culture medium for another and still achieve similar, if not identical, results. Those of
skill in the art will have sufficient knowledge of such systems and methodolo gies so as to be

able, without undue experimentation, to make such substitutions as will optimally serve their

purposes in using the methods and procedures disclosed herein.

35



34 WO 2004/ 009557 PCT/ US2003/ 022401 The dosages of
t he conpounds of the present invention depend upon a
wo 200400955Df factors including the particul ar speTUs2083/022401

to be treated, the severity of the synptons, the route

f nistratio the frequency he dosage
, Ti%ﬁteé‘i’W isclqsyEes o atl appiications, ﬁﬁfﬁaﬁ@napmgh%ans @ﬁ%d above and

efficacy, toxicology profile, pharmacokinetic profile
below, apd of HeS. émm@gm App dattomel\lgmr@é?e%&e%oﬁledﬂyly e Pe9% areligeby
- side-effects, anong ot her considerations. The
incorporatedpoueteienes. t he i nvention are typically adm nistered

at dosage levels and in a nanmal customary for PDE4

i nhi bitors such as those known conpounds nenti oned

above. For exanple, the conpounds can be
Exampleddni ni stered, in single or multiple doses, by oral

adm nistration at a dosage |level of, for exanple,

ﬁe%}esl&qua{t%ﬂlﬂﬂ%ow%{%ﬁdglyﬁc@oeh ﬁ $B648E dbwing non-limiting

eci al 10 ng/ Uni t dage forns can

example'g ap%ltyirng\;t e dlsgl% Ethe ¢ ey%am&:qgs ?tfshglﬁh b\é?(e ap g 6nlnd that

enou he conpou

other an(gg ul S}eygﬁ;g 111%;%1% (?fgﬂgl o g]élclt@g%{)a%cgrgﬁageg%q Btg§p%t invention will
preferably 0. 001-10 /k g/ day, especially 0.01-1

no doubtrygkept thepselyas to t@o@a@f@kﬂbmﬁhe wlevagont.ai n, for exanpl e,
0.1-10 ng of active conpound. In carrying out the
Ipcteceeigory anfl i ke hllesttexhmpis] dlbemptratgeoire seUbsR uhcorrected
be understood that reference to particular buffers,

in degreéé‘?@élﬁus RBAAENES otlfcBhiss indidtidd) B paROSd pROhtAR! sialtehgz welght

like are not intended to be lifmting, but are to

read so as to include all related materials that one
of ordinary skill in the art would recogni ze as bei ng
of interest or value ig¢Agpgaf {icul ar context in
whi ch t hat discussion |s presented. For exanple, it is

. ten po ute one buffer system or
G'Amm%ET‘iyﬁ"’E’ ﬁ@h%ﬁiﬁ" F g"r and still achi eze simlar,
if not i dentl cal resul t Those of skil n.the art

T 3 MHuRpoL d ctyelopraii-3 1@%@@3@1&&?@@0@@& afid (aiyme) and

met hodol ogies so as to be able, wthout undue
triethylamare(0i Soart)dn i-batanol Imdkwasadsied duthenylpbespbory! azided(.33 mL). The

optimally serve their
mixture was stirred at 100 °C for 4h, then partitioned between water (25 mL) and ether (25 mL).

The ether layer was collected, dried (MgSOy4 ), and passed through a plug of silica. The silica was
washed with an additional 25 mL of ether and the mixture was concentrated in vacuo. The
residue was dissolved in THF (5mL) and 6N aq. HCL (1mL) was added and the mixture was
stirred for 18h. Ether (25 mL) and water (25 mL) were added and the ether layer was collected,
dried (MgSOy), and concentrated in vacuo. The residue was purified by column chromatography

on silica gel to yield 0.14 g of 6-amino-1-cyclopentyl-3-ethyl-1H-indazole (59% yield). "H NMR
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pur poses in using the nmethods and procedures discl osed

herei n. 35 WD 2004/ 009557 PCT/ US2003/ 022401 The
wepao0a9587 scl osures of all applications, patenPGI/afI03/022401

publications, cited above and belom1 and of U. S

a filed July 19
00 Migy 8 B 0P L BB 0 s ottan Ay B die hbs ™ 8 B 295
resent invention wll nOM/be further described by
[ 7R 2% 5 (oA 1D gl G A 57 ek mpFRe. | 1
appl yi ng the disclosure of these exanples, it should
be kept clearly in mnd that other and different
enbodi ments of the methods di sclosed according to the
present invention w || EXAVMBIIHE suggest thenselves to
those of skill in the relevant art. In the foregoing

1-Cyclopextyl-3-ettiyd-6-V-(Dpyrigy auethpl) psning/1H-iliR6eat ures are
set forth uncorrected in degrees Celsius; and, unless

gol! &ﬁiﬁ%&%&%ﬁﬁ%é@gmoﬁéme}ﬁ%?m@ﬁg P8 W%%&Emflﬁ fs.@)fnL) was

wei ght Am no- | -cycl 6pentyl
wae o S5 ST A S e ) g
acid moéoiwﬁ a% ejgﬂe:j?etﬁ an o %ggg‘&igﬁg@t ( lég]%glﬁﬂr)as then cooled

o m xture was stirred at 100 C for 4h, then
t0 0°C q@érS? fipmobraahyidad@A9sv 2 ngalswas 3dded poriomewise 2SenAl)  The
The ether |ayer was collected, dried (MgS™® ), and
reaction paEssediwahalinwgd ta warmgo ebors itéﬂllmatuféhafes L6h withekiging. TLC
washed with an additional 25 nL of ether and the

indicatedibétredcE oM@ s Q@I'ﬁ_i'g% (123 B&k-ER). V’P‘Eél%lve-ﬂﬂ %/aE BPdpRHReIAR] dlglted with

di ssolved in THE (5nL) and 6N agq. HCL (Inl) was ad
water (1986108 TS 180 LA s% e R

v G0 S 0 05 GG TR BB s

eId 0.14
product.g Fh b LTO0GYEizb &rih6: B e sy ki, Ao, 415043 (4, B Hiz, 1),
1H NWR
7.25 (m, 1H), 6.50 (m,1H), 6.33 (s,1H), 4.68 (p,J=7.8 Hz, 1H), 4.55 (br,1H), 4.40 (s,1H), 2.90

(q,J=7.7 Hz,2H), 2.1-1.8 (m,6H), 1.8-1.6 (m,2H), 1.34 (t,J=7.7 Hz,3H).

The following compounds were prepared in a similar manner as described above in
Example 2.
1-Cyclopentyl-6-(3-pyridylmethyl)aminoindazole,
7-Methoxy-2-(2-methyl~(1,3-dioxolane-2-y1))-4-[ N-(3-pyridylmethyl)]aminobenzofuran, and

7-Methoxy-2-(2-methyl-(1,3-dioxolane-2-y1))-4-[ N-(4-pyridylmethyl)]aminobenzofuran.
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36 WD 2004/ 009557 PCT/ US2003/ 022401 (300 MHz) 8 7.45
(d,J=8.4 Hz, 1H), 6.52 (m2H), 4.74 (p, J: .8 Hz, 1H),
w@2@8/004557 2H) , 2.95 (q,J=7.7 Hz, 2H), 2.3-1.8 Pa1/65D003/022401
1.8-1.6 (m2H), 1.37 (t,J=7.7 Hz, 3H). EXAI\/PLE 2
1- Cycl opentyl - 3-et hyl - ?W{J@%“ dyl met hyl )] am no-1
H i ndazole To a m xtur i di necar boxal dehyde
n met hano
6'Ammé*]1a%° elﬂtyé;?’cg‘gpst@ﬁtlofri-élskﬂﬁpﬁthwhihwswOély{)phgnyibN-(i*-
- 1.05 mmol ) and p-toluenesulfonic acid nonohydrate
pyridylmgthyl)mpino-thkindazelei on nmi xture was stirred for 4h. The
flask was then cooled to O C and sodi um bor ohydri de
T2 0@ L Qued dried] yrovmSlusiddeisipont bdivduh 8@ folewindbrdditeos g (0.61
reaction mxture was allowed to warmto room

mmol) JEHIRBA] 35 18 @Y PH,dbal 21 b o‘i%lﬁéﬂeng 011 hfi of @?tﬁﬂ A6 mL
reacti on was conplete (1:3 hex: EA). The sol

solutlongf)f(‘ @?ggr%[ @%3@%%9{) I%%I%%gge tlh: cfgfg&%f}z%]eﬁaﬂ[w-@ﬁ@jr&dg%ethgg 1H-

ni c I h _bri 5
indazole 3Rt B it S10 dTgé’ﬁ‘E‘@ OF Srsbiity w%?aan%om@ was added
desij red roduct. 1H NMR (300 MHz) 8 8.64 (s, |
dropwisg argilthe mlx Urgfyvas $t1nm1 fnl 8 hpgrs Tha peagiion misgure wos, dll;mz@d with EtOAc
7.25 (m 1H), 650(m1|—|) 6.33 (s,1H), 4.68 (p,J=7.8
and washgd twied) with I—EG) a(nldrexﬂrh{)t@d WithG X 85 ) of 3/ HQ1. The dondbided acid
Hz,2H), 2.1-1.8 (m6H), 1.8-1.6 (m2H), 1.34 (t,J=7.7

extracts Were3lished Rethf 18 hDWIRIO .6 AR tHed Ta Bl r@hﬁﬁﬁie@idwiﬂ'ﬂ 6/ NaOH to pH
simlar manner as descri bed above in Exanple 2.

e e B e S Y L —
f;wépas} Vbl PSSO T 0ty s g, s

y )] am nobenzof uran. 37 WO 2004/ 009557
concentr g pappprified by chromatography over silica gel (Biotage Flash 40M)

eluting with 25% EtOAc in hexanes. 'H NMR (300 MHz) 6 8.65 (br, 1H), 8.51 (br,1H), 8.26 (d,
J=8.4, 1H), 7.75 (m, 1H), 7.7-7.5 (m, 3H), 7.27 (m, 1H), 7.1-7.0 (m, 2H), 6.85 (d, J=8.4,1H),
5.22 (s,1H), 4.76 (p,J=7.8 Hz, 1H), 2.96 (q,J=7.7 Hz,2H), 2.1-1.8 (m,6H), 1.8-1.6 (m,2H), 1.54
(s,9H), 1.34 (t,J=7.7 Hz,3H). .

The following compounds were prepared in a similar manner as described above in
Example 3.
7-Methoxy-2-(2-methyl-(1,3-dioxolane-2-yl))-4-[ N-phenyl-N-(4-
pyridylmethyl) Jaminobenzofuran,
7-Methoxy-2-(2-methyl-(1,3-dioxolane-2-y1))-4-[ N~(4-cyanophenyl)-N-(3-

pyridylmethyl)Jaminobenzofuran,
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EXAMPLE 3 6- Amino-1 -cyclop entyl -3-ethyl -6-
[N-3-(1, 1-di net hyl et hoxycarb onyl) phenyl] -N-(3-

w@idydsset hyl ) am no-1 Hindazole To a 10 nlL OREFUS2003/022401

dried, argon flushed flask was added in the foll ow ng
order 0.06 g (0.61 mml) of NaGxBu, 36 ng of Pd2dba3,
7-Metlpoxy-2r2-methybi Lid nieox ddar@1%4 yhi-4-oiV-(B{cyBudphendndV-€3-2. 0 L
) solution of 140 ng (0.436 mvl) of
pyndyﬁnﬁhylm]@rrhncﬁ))eﬁkdfpﬁm yl -3-ethyl - N (3-pyridyl'nethyl)-1H
i ndazole in toluene. Wth stirring, 310 ng (1.5 mol)
-Metl%cxytze[i—nﬁﬂiyﬂ(l 3: dl@}gﬁ’&%@@ meﬁﬁdﬁ% dropw se and

hé m xturé was stirred 8 hours. 'The reacti on
d with EtOAc and washed twice with
PY“dYEE%ﬁilﬂﬁm S“’reg%:‘%fwc?gw th 3 x 15 nL of 3NHCL. The

T Methep s O hh S EAP Ty DN BT BRPRRET I SRR H 1 o

EW greater than 12. The basic solution was extracted
pyridy chylilamll‘meﬁ@futana OAc and the combined organic
fractions were subsequently washed with 15 nL of H20

7-Metlamg-D(3-methyih( 1, 2ali (diBED y1) RhdN-(d anegtpheaylpd-(3Fhe

resi due was purified by chromatography over silica gel

pyridy(rBtRyfgmiddteerofi@l) eluting with 25% Et OAc in
hexanes. 1H NWR (300 MHz) 8 8.65 (br, 1H), 8.51

R b ol gty
pyndyfrﬁggé% gkweﬁﬁﬁaés 1H)8 ?m7gH§p i ; ? I(;Z(m 2H) , 219%4
| ow ng conpounds

7Moo B gl e RN A B SRR
le 3.
PyﬂdinQdVbYlﬂmﬁgogen(ZQﬁmm,hyl - (1, 3-di oxol ane-2-yl))-4-[ N-pheny
| -N-(4- p yridylnethyl) ] am nob enzo furan,
7-Metloxlyed-(popipthaA{ B3 rddo¥dne 2Ly 3)-4li] @b@ﬂﬁ)x? Wéﬁlémﬁhéﬂy‘lﬂﬂ (Y

anophenyl ) -N-(3- pyridyl nmet hy am nobenzof ur an,
pyridylmethyl)Jaminobenzofuran,
7-Methoxy-2-(2-methyl-(1,3-dioxolane-2-yl))-4-[ N-(3-carboxy-5-fluorophenyl)-N-(3-
pyridylmethyl)Jaminobenzofuran,
1-Cyclopentyl-6-[ N-phenyl-N-(3-pyridylmethyl) |Jaminoindazole, and
1-C§clopenty1—6-[N—(3-( 1, 1-dimetﬁylethoxycarbonyl)phenyl)-N—(3 -pyridylmethyi)] -1H-

aminoindazole.
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7- Met hoxy-2- (2-net hyl - (1, 3-di oxol ane-2-yl))-4-[ N-(3-cy
w@nephessyt ) - N- (3- pyridyl methyl)] am nobenzof uPErUS2003/022401
7- Met hoxy- 2- (2- et hyl - (1, 3- di oxol ane-2-yl))-4-[ N-pheny
| -N-(3- pyridylnmethyl)] am nob enzofuran,
7- Met hoxy- 2- ( 2- met hy| - ( EXAMBBBHane- 2- yI))-4-[N-(3-cy
anophenyl)-N-(4- pyridylmethyl)] am nob enzofuran,
6-Amino{leCydapentyl- Q-Cﬂatlh%flNiﬂrcﬁwxwltﬂM)eNK%WY)ridMﬂymammO 1H-
etyl phenyl)-N-(3- pyridylnethyl)] am nobenzofuran,
indazole Met hoxy- 2- (2- net hyl - (1, 3-di oxol ane-2-yl))-4-[ N ( 4-ca
rboxyphenyl )-N-(3- pyridylnmethyl)] am nobenzof uran,
7 MsTuhex Mor?sls(tl%F@?tl l7l(ﬂng§(b 332 Fh B9 b AR %nﬁné/ g)c)y]'cf‘o'géx'}tgﬂg:eﬁ?yLN-[s-

Htetrazol ) phenyl (3- pyridyl net
(L1 d@%ﬁ%ﬁ‘h{ﬁ@@ goens e B Brifbdeiyhe bindorale,d pRmlaot o
dlCthI‘gm %b%ﬁgﬁf of M‘lf%uoroa(cetlc C)ll(li thgg/ !st?r?et:dhg/tlr%c])m temperature for 5 hours.

7l\/bthox-@](r2 met hyl - ( -di oxol ane-2-yl))-4-[N-(3-ca

The so}u@@;w\zag vfashert wih é@m} qﬁl—{z@ ”Jﬁy:deg/mi&mﬂquq as added and the pH
am nobenzof ur an, o

adjustett@pdiydhe additiod ef N% lgmydus NaQORE. pYlie ehrhbimédyduebadianet Rere
azol e, and

extractdd @¥ih|20pe ATy bf Sichidrdndethahe 1 - Th®ikbih&t Jl@lﬂ%ﬂﬁa’ié?ﬁ’a[ﬁél &(RQ&Q were
yl)-N-(3-pyri dyI met hyl )] -1H am noi ndazol e.

i L T
10% Meb# BYERIY, T L1 Yo RVER 03do etz 5 8.90 (o, 11), 8.70 (br, 1), 8.25 (d

J=84, 1H), 7.7-7.5 (m, 4H), 7.20 (m, 1H), 7.1-7.0 (m, 2H), 6.86 (d, ]=8.4,1H), 5.20 (s,1H), 4.76
(p.J=7.8 Hz, 1H), 2.96 (q,J=7.7 Hz,2H), 2.05 (m,4H), 1.88 (m,2H), 1.65 (m,2H), 1.36 (t,]=7.7
Hz,3H).

The following compound was prepared in a similar manner as described above in
Example 4.

1-Cyclopentyl-6-[N-(3-carboxyphenyl)-N-(3-pyridylmethyl)Jaminoindazole.

EXAMPLE 5
2-Acetyl-7-methoxy-4-nitrobenzofuran
To a solution of 2-acetyl-7-methoxybenzofuran (4.0 g) in acetic anhydride (50 mL) at
0°C was added 70% nitric acid (1.5 mL) drop-wise. The mixture was warmed to room
temperature and stirred for 3h then poured into ice-cold saturated sodium carbonate (200 mL).

Solid sodium carbonate was added carefully with stirring until basic (pH=8). The mixture was
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i ndazol e A solution consisting of 170 ng (0.344 mol)
of 6-am no-1-cycl opentyl -3-ethyl-N-[3-
W@ 1902/0a858et hyl et hoxycar bonyl ) phenyl ] - N- ( 3- pyr i ByT/me10n3/022401
)-1H i ndazole, 3.35 nL of dichloronethane and 0.84 niL
f trifluorqacetic acid s stirred_ at raqom

_ﬁlteref #hibe solift eelesteddyygeum ftrafions Bhe ligvasoilGd ih b it (ethanol)
5.0 nL of H2O0. Then 5.0 nL of H20 was added and the pH .
for 1hgl¢nuencdedl tod°€ any filteeedad givei oacetyl- 7tovthaypdonigoberepfuraing@. 1g). H
- conbi ned aqueous | ayers were extracted with 2 x 5 nL
NMR @00dviEhR) &8 o9&t Fade Hz] hH),Romois(ign), 700 id,oenoelih aHig 4.14 (s,3H), 2.68
extracts were evaporated and the renaining nmateri al
(s,3Hyas purified by flash chromatography over Si02 using
10% MeOH in CH2C12 as eluant.1H NVR (300 MHz) 6 8.90
(br, 1H), 8.70 (br,1H), 8.25 (d, J=8.4, 1H), 7.7-7.5
(m 4H), 7.20 (m 1H), 7.1-7.0 (m 2H), 6.86 (d,
J=8.4,1 H), 5.20 (s, lHg BLEGP J=7.8 Hz, 1H), 2.96
(q,J=7.7 Hz,2H), 2.05 (m4H), 1.88 (m2H), 1.65

2 1. t,J=7. 4 v, T fal |l ow d
7-Meth kBl g1 2iobo S50 Rt Pt | D24 above i n
Ex le 4,
1@%@% ehi-pretpl-Trectimxy=d-pigebpretiray (N e3-cgypisngyalysel RymL), and
)] am noi ndazole. EXAMPLE 5
Dp-tolugnslfeniy heid (P trigd sytolnene (Y boiméh web waemedy raflgp withi aprattefhed Dean-

2-acetyl - 7-met hoxybenzofuran (4.0 g) in acetic

Stark apphatitsi fdel b Thelmix@ike pAitivds trooked sé) %y WAHCO; &80 ML) and ether (50
(1.5 nmL) drop-wi se. The m xture was warnmed to room

mL). THRR: @égiéf Qa8 8Ol iddr ﬁ/ﬁgleﬁ%t}ﬁk}at%f‘?ﬂ BOPARObrHR (25 mL), dried
i ce-cold saturated sodium carbonate (200 nL). ~ Solid

e e s
nicobzpligeh 130 af Fa CHERS P ot T Rue BT ¥ oo

é met hanol
Hz, 1H), 4.11 (s,3H), 4.11 (m,4H), 1.86 (s,3H).

EXAMPLE 7

4- Amino-7-methoxy-2-(2-methyl-(1,3-dioxolan-2-yl))-benzofuran

To a suspension of 10% Pd on activated carbon (200 mg) in ethanol (100 mL), under N,
protection, was added 7-methoxy-2-(2-methyl-(1,3-dioxolan-2-yl))-4-nitrobenzofuran (6.50 g, 23
mmol). The reaction mixture was degassed under vacuum three times. The reaction mixture
was stirred vigorously while hydrogen gas was allowed to flow over the reaction mixture. After
4h the reaction was complete by TLC (5:1 hex:EA). The reaction mixture was filtered through a
pad of celite and the celite was rinsed with additional ethanol. The solvent was removed in-

vacuo to obtain 5.1g (88% yield) of the title compound as a yellow oil.
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for I h, then cooled to OC and filtered to give
2-acetyl - 7- net hoxy-4-ni trobenzpfuran (2.1g). 1H NWR

w@ 2®d00d8) 5 8.29 (d,J=8.9 Hz, 1H), 8.14 (s, 1HCT/VSD03/022401
(d,J=8.9 Hz, 1H), 4.14 (s,3H), 2.68 (s, 3H). EXAWMPLE
6

7 Met hoxy- 2- ( 2- et hyl - (1E?§AM%&%|8an 2-yl))-4-nitrobenz
uran A mxture of
2-Acetyl-acre93hoxy-4n@{ fosarhexyphenybeNA3myridylipethyDgininehdngbfaran
- glycol (2 nmL), and p-toluensulfonic-acid (25 ng) in
t Y}M@lmyez}@-nie)hylﬂss-diaxohd—Ztyl)—#QN—Maﬂhbkj?p}&nylaIN &hed
Dean- Stark apparatus for 18h. The m xture partitioned
pyridylaétigain58benzo firad)a kB e£t&0( 106 Ingd %s %ﬁ%ﬁr R(lé ¢n,th) (210 mL) and

The ether layer was collected, washed wat er

tnﬂuofgalch?:\r}%l A ol IHE) /22 adlell and Eﬂeerﬂlxuﬁm%glrrgcpﬂ)r 2RNERD 1tn§x 2vas

°°n°e“r%r"‘%”%d6 é’ﬁg"cﬂ? ’ﬂfdzthe ff‘él )V5 as fﬁpﬁﬁf% %8@%3%%8%9113' eluting with a
. , 84 (d,J=9.0 Hz, 1H),
linear éf ailfn“( @O@rfb% 1Q‘V<1MG@H WI—’étOAP BEr t%mstHyo WEIMGPQE of 2-acetyl-7-
4- Ami no- 7- met hoxy- 2- (2- et hyl - (1, 3-di oxol an-2-yl))-ben
methoxbfuNa3 -Cafrzoxazph@s'rb)eN S)Bmyrldylmﬁ(ﬂfm}aﬁunobmd)ﬁlm Hd NIRKB00 MHz) o
(200 ng) in ethanol (100 nlL), under N2 protection, was
11.60 @addEi) 8.71 (br,1H), 8.56 (br,1H 780 d,J=7.5 Hz, 1H), 7.60-7>50 (tm2H) 7.35
7- met hoxy- 2- ( 2- met hyl - |oxolan 2- yI)) 4-ni trobenz
m,1 £
( H%Z%@Eédﬁa%e?w/gﬁhou?nﬁ%r ee ?rgrgs HQQH a%@?ggzﬂﬁim (s,3H),
254(Sn_91 ture was stirred vigorously while hydrogen gas was
al'l’owed to flow over the reaction m xture. After 4h
t action was | ete by TLC (5:1 hex: EA). The
e i P A e e apedn s gimameh e b abpe in
and the celite was rinsed with additional ethanol. The
Exale,@B\,ent was renoved in- vacuo to obtain 5.1g (88%
yield) of the title conpound as a yellow oil. 41 WO

2- AcetQDMdj)lﬁ)@@SﬁV—[M@Eéﬁﬁ%@@pﬁw&ﬁthyﬁmb&rﬁoﬁuan
2-Acetyl-7-methoxy-4-[ N-(4-cyanophenyl)-N-(3-pyridylmethyl)Jaminobenzofuran,
2-Acetyl-7-methoxy-4-[ N-(3 -cyanophenyl)—N—(3-pyridylmethyl)]aminobenzbﬁlran,
2-Acetyl—7-methoxy—4-[N-phenyl-N—(3 -pyridylmethyl)]aminobenzofuran,
2-Acetyl-7-methoxy-4-[N-(3 -cyanophenyl)—N—(4-pyrid>y1methyl)>] aminbbénzofuran,
2-Acetyl-7-methoxy-4-[ N-(4-acetylphenyl)-N-(3-pyridylmethyl) Jaminobenzofuran,
2-Acetyl-7-methoxy-4-[ N-(4-carboxyphenyl)-N-(3-pyridylmethyl)]aminobenzofuran,

2-Acetyl-7-methoxy-4-[ N-(4-(2H-tetrazol-5-yl)phenyl)-N-(3-pyridylmethyl]aminobenzofuran,
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2- Acetyl - 7- met hoxy- 4- (N- ( 3- car boxyphenyl ) - N- ( 3- pyri dyl
nmet hyl ) am nobenzof ur an

wWQ 2000008XY - 2- ( 2- et hyl - 1, 3- di oxol an- 2-yl) - 4- ( NPGFUS2008/622401
yphenyl )-N-(3- pyridyl nethyl)am nobenzof uran, t-butyl

> AceS e T el S Pob e TR 8o szt

was stirred for 4h. The mixture was concentrated in
and vacuo and the residue was purified by col um

. chromat ography eluting with a Ilinear gradient from
2-Acetye 108thdyOH [ N+(3 Ebfbaxy-Svuordihanyt)- V-3 -piyed YinGthyhjaminobenzofuran.
2-acetyl -

met hoxy- 4- (N- ( 3- car boxyphenyl ) - N-) 3- pyri dyl net hyl ) am n
obenzof uran. 1H NI\/R (300 MHz) ~ 11.60 (br 1H) 8.71
(br, 8.56 (br,

}?Q#{& /.5 Hz
2-Ace l-?%m;tﬁggy MéE&en}és@é 7‘%'%61 8 I %;@ggw}-&(gwrldﬂnﬁhyb 4-
aminopgnzgfyran-, ' g 4 (s,3H). The followi ng conpounds vvere
pr epar ed in_a simlar manner as described_abov
ET(%\?!‘E‘P Biign of 2-acetyl-7-methoxy-N-(4- carboxyphenyl)—N—(3-pyndylmethyl) 4-
2- Acetyl - 7- met hoxy- 4- [ N- phenyl - N- (4- pyri dyl net hyl )]
aminobgnizoBivan#d6 mg i, 0 mhole benzenduhfendnoidy (200 mg, 1.2 mmol), and DMAP
[ N-(4-cyanophenyl )-N- (3 -pyridyl nmethyl)] am nob
(150 ne 2 Af nimal),in dbhgeiyiharde (SethhpAtyrodm thidpérdture was added EDCI (230 mg,
-cyanophenyl )-N- (3 -pyridyl net hyl)] am nobenzof uran,
1.2 mriolPaLEnE poft SYEAROMRY nﬂxt&%@ﬁﬁﬂéd‘a’t\%&h te%fre!rﬂﬁ(ﬂ%%f fetl. )’l'he mixture

am nobenzofuran Acet yl - 7- met hoxy- 4-

was paﬁt?txo%{é?% &g/%;lw%erfgﬁ ﬁ}b[ﬂ%@ F‘S}XE)(% lrﬂLgﬁga e)p %%%5 Usted to 5-6 with
LON lﬁvﬁt@t i ?%R@rat& Ve SRR SRE) e 1509 agh

net hyl )] am nobenzof uran,
Concelﬁram%lﬂ yheup- r?éltqf@%;iueﬂprwl(mﬁf(dm qodunm glajonBiggranityetiting with a
-(3-pyridyl methyl] am nobenzofuran, 42 WO 2004/ 009557
linear §@d1cbS200 30 R21WA MeOH in EtOAc to give 2-Acetyl-7-methoxy-N-(4-
2- Acetyl - 7- met hoxy-4-[ N- (4- car boxy- 3- chl orophenyl ) - N- (
phenyBulEdtyilAhih 64 By yipheatl) NPRB7Od WhRthyl)-4-aminobenzofuran (415 mg). 'H

NMR (300 MHz) & 8.53 (br,1H), 8.46 (br,1H), 8.06 (d,J=7.3 Hz,2H), 7.8-7.3 (m,6H), 7.21
(m,1H), 7.1-7.0 (m,2H), 6.91 (d J=8.5 Hz,1H), 6.56 (d J=7.3 Hz,2H), 4.99 (s, 2H) 4.02 (s,3H),

2.54 (s,3H).

EXAMPLE 10
In Vitro Measurement of Type 4 Phosphodiesterase Inhibition Activity
Human PDE4 was obtained from baculovirus-infected S{9 cells that expressed the
recombinant enzyme. The cDNA encoding hPDE-4D6 was subcloned into a baculovirus vector.

Insect cells (S19) were infected with the baculovirus and cells were cultured until protein was
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and 2-Acetyl -7-met hoxy-4-[N-(3

- car boxy-5-fl uorophenyl)-N-(3-pyridyl nethyl)]
wa@pdopossz of uran. EXAMPLE 9 PCT/US2003/022401

2- Acetyl 7- met hoxy- N- (4- phenyl sul f onyl am nocar bonyl phe

expresg%lI @e&%sggx{rﬁsd%lfg?etﬁ é/ell Is Were 16}‘156({1 Obet e }fsgtre%]as useg as source of hPDE-

2-acetyl - 7- met hoxy- N- (4- car boxyphe )-N-(3-pyrid
zﬁw@ﬁ%m@ Biag %@r@m ppatigl n%ng aDéAﬁmmpxc hange cﬁromatography

. benzenesul f onam de (200 ng, 1.2 mmol), and DVAP (150
This progedute 2amiotepeated dsing bDNA@tchding ofter PDE-4 enzynoss

tenperature was added EDCI (230 ng, 1.2 mmol) in one

portion and the m xture was stirred at room

tenperature for 16h. The m xture was partitioned
Assay between water (25 nL) and EtQAc (25 nl) and the pH was

adj ust ed to 5-6 with 1.0ON HO . The Et OAc was

d ,
PR DR PRI R el e B Tt moon b R o 5
adenosgr}edglg l Hho OFI? hr og)a d@i%ﬁﬁgj&agﬁng@w&gS ?-él\/lgl’ (r;)gaa(irén051ne Therefore

2- Acetyl - 7-met hoxy- N-(4- _ o
the combiaey bestiitysfyHRH arslomckeotifiiseivenyer)s-odNB tpgdendyihee Adgngsine is
- 4-am nobenzofuran (415 ng). 1H NWMR (300 MHz) S 8.53

readily(depardtd)l, frodn 6AMIbby Additral SIuQﬁni Eblvms. ?thphZ)ﬁEeste?asS inhiBitors block
(m6H), 7.21 (m1H), 7.1-7.0 (m2H), 6.91 (d, J=8.5

the coﬂ'x'%rsldﬂ of c@%l\";l@ t6 @de}roZm% 11'1"@111357&?_:}1 ‘&oﬁ&qﬁéaﬂ%/"ﬁ’DEﬁ if¥ibitors cause a

10 In Vitro Measurenent

hosphodl esterase I nhibition Activi ty Human
decrea%g}ﬁgﬁ%sdh Sbt ai ned from bacul ovirus-infected Sf9 cells

LR RO rmesint TEhC B Bsrs FEUPIRCbREBIS O Phassey mix and 10

vector. Insect cells (Sf9) were infected with the
ul of indibiipreend nsubates fosll 2 sinet wom tempertiranFinal eameeetrations of assay
43 WD 2004/ 009557 PCT/ US2003/ 022401
components were: 0. 4 ug enzyme, 10mM Tris-HCI (pH 7.5), 10mM MgCl,, 3 uM cAMP, 0.002

U 5’-nucleotidase, and 3 x 10* cpm of [3H]cAMP. The reaction was stopped by adding 100 pl of
boiling SmN HCI. An aliquot of 75 pl of reaction mixture was transferred from each well to
alumina columns (Multiplate; Millipore). Labeled adenosine was eluted into an OptiPlate by
spiﬁning at 2000 rpm for 2 min; 150 pl per well of écintillation fluid was added to the OptiPlate.
The plate was sealed, shaken for about 30 min, and cpm of [*H]adenosine was determined using
a Wallac Triflux®.

All test compounds are dissolved in 100% DMSO and diluted into the assay such that the
final concentration of DMSO is 0.1%. DMSO does not affect enzyme activity at this

concentration.
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expressed. The bacul ovirus-infected cells were |ysed

and the |lysate was used as source of hPDE- 4D6 enzyne.
wab@4eesyne was partially purified using a DEABCT/U82003/022401

exchange chromatography. This procedure can be

eat ed .usi ng cDNA encodi n r PDE-4 en
Ag greaspyjpad %0&%§Bﬁ@8ﬁ%%qlb%%al§é%aﬂé’éwmb%% Pf BDE activity. pICso

adenosi ne m)nophosphate (CAMP) to 5'- adenosine
values m@cﬁg@gﬁ by g@eeningy to Nuednsentiafiane otemympring r&iging/Pom 0.1 oM
- to adenosine. Therefore the conbined activity of PDE4
to 10,080 aM aed theh ipthaiseg diogeondentratidPydrensdtienizaosiee codenssione

is readily separated from cAMP by neutral alum na

Nonline® réBRssiof Ssriie dASRY $kpRBer Hhdiided rte°' eSUPRE pIE D Salues.

conversion of cAMP to adenosine in this assay;
consequently, PDE4 inhibitors cause a decrease in
adenosine. Cell |ysates (40 uI) expressi ng hPDE- 4D6

wer e conbi ned mﬁth;%ﬁgyk i Xxyand 10 ul of
i nhi bitors and i ncu atedp€% n?ﬁié room
e nal. con at.i ons. of conponents
Pass1v£3 %%ﬁ{a%tcgin R::ljt:slé ﬁ‘} )1/ 1voc]8:ﬁf\* I,[reg‘ll'l'l_'eg af@ﬁﬁa%@f 10MM
uM cANP 0.0Q02 .U.5' oti dase, and 3 x
YO0P i ey ST Y e DR ABS Fot bp ey, AM., Dorsirg,

adding 100 | of boiling 5mN HCL. An aliquot of 75 |

NR., Grandlgads{- otnd®3DannelliaMl. i Veunerdseehoplatmapaiogac?000e LS, 198-204.).
alum na colums (Miultiplate; MIIlipore). Label ed

The appgiatusgModeMBH)-263(C eCouillduen anstrOpichis] Atlentbyn, BA) cudisigedaif a two-
2000 rpmfor 2 mn; 150 gl per well of scintillation

compaf‘tiﬂéhﬂch&ﬁfbeﬁdﬂﬁ@ntﬂuﬂlﬂﬁte@@bﬁﬁhﬁﬁl@m co-ﬁﬁ&t&i t%taeda%ed compartment
seal ed, shaken for about 30 m n, cpm of

bya glIAﬁﬁlrfédcﬁ)BpsTﬂg ﬂW fil &Jrg‘éﬂ%ﬁ%lofﬁz%% t?_cgﬁ@l ‘I]S%&I% r%éslé XRel rods

test conpoun S are di sso

T 1 RN T DL T D —

enzyme activity at this concentration. 44 WO
expemggt@al/ gowssyerpdirstsbigteditptheapparatus the day before the start of the

experiment. During the training, the rat (Male Spraque-Dawley (Harlan) weighing 250 to 350 g)
was placed in the illuminated compartment facing away from the closed guillotine door for 1
minute before the door was raised. The latency for entering the darkened compartment was
recorded. After the rat entered the darkened compartment, the door was closed and a 0.5 mA
electric shock was administered for 3 seconds. Twenty-four hours later, the rat was administered
0.1 mg/kg MK-801 or saline, 30 minutes prior to the injection of saline or test compound (dosed
from 0.1 to 2.5 mg/kg, i.p.), which was 30 minutes before the retention test started. The rat was
again placed in the illuminated compartment with the guillotine door open. The latency for
entering the darkened compartment was recorded for up to 180 seconds, at which time the trial

was terminated.
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A decrease in adenosine concentration is indicative of

inhibition of PDE activity. plC50 values were
waledoenoassed by screening 6 to 12 concentrat i onBCD1S2003/022401

conmpound ranging from0.1 nM to 10,000 nM and then

plotting drug cgncentrati vers enasj ne .
o it iR e B ot et s R DB R e pmrisons were
Explorer) was used to estimate plC50 val ues. EXAMPLE
made uping i eymaerKeplstgsds Maivayas tranired leas than 30 seqpnds, o avgrage, to cross
- Test for Learning and Menory The test was perfornmed as
from theridyiniagddycaaerseimdneth th datkgnedtonpartnent. sEowever A24vhours after the
Dorairaj, N R, Chandler, L.J., and O Donnell, J. M,
electrid\ghock psyoshiae Rrostmaeairomdate 200 veldde diP8ot204nier thE®rkened
apparatus (Mdel E10-16SC, Coul bourn Instrunents,

compaMileBi R er 20N ate RS &l i8tefded "&R 14975 SRBRA! HBH 00 BRE atment
W th t connected to a

an illumnatéd conpart el co ' |
wit EPSHE Oy RO REIL o REe P b 18, 0k 8B

eel .rods . through which an electric foqot-shock could

(<0.08b” i Fesir ARohTaMEREY infeveEisie Asiais0se SiERihcant manner by

experimental groups were first habituated to the
actual tgpirempoysds ine dnsg-doedndert faghdorst art of the experi ment.

During the training, the rat (Ml e Spraque-Daw ey

(Harl an) weighing 250 to 350 g) was placed in the

il lum nated conpartnent facing away fromthe cl osed

gui Il oti ne door forEXAMPREtlé (MekloodB) he door was

rai sed. The latency for entering the darkened

Radialcifpafazeik inaRats, 20V Test f6)f LefrnidiEan dMRd§r ed t he
dar kened conpartnent, the door was closed and a 0.5 mA

MHRGL: Was Egﬂ&liné’@a% p?%ﬁﬁy?%%Eﬁgetcf %131%%3-? Qﬂnéﬁssm?, AJM,, Dorairaj,

Twenty-four hours later mni stere
- 801, Qi salj m nut.es. prior,to
NR. AR 1B SR aRetior A Ui EaN bt 28Bogn.g 08200
: to 2.5 , .. p. ich was 30 m_nutes before the
Five das@afpingi pauing Rit Fadle SpRavFRaeelisa) HoEhRERpd th 350 & were
the illumnated conpartnment with the guillotine door
placed gplhs eightrerh sadinloyaded eachammerdsii@xi frel 2ctam kighethe maze was elevated 70
conpartment was recorded for up to 180 seconds, at
cm abowh thehflddr)rfor tabelirhatioal for wasddysr Riatsave@d thehPlaced individually in the
center of the maze for 5 minutes with food pellets placed close to the food wells, and then, the
next day, in the wells at the end of the arms; 2 sessions a day were conducted. Next, four
randomly selected arms were then baited with one pellet of food each. The rat was restricted to
the center platform (26 cm in diameter) for 15 seconds and then allowed to move freely
throughout the maze until it collected all pellets of food or 10 minutes passed, whichever came
first. Four parameters were recorded: 1) working memory errors, i.e., entries into baited arms

that had already been visited during the same trial; 2) reference memory errors, i.e., entries into

unbaited arms; 3) total arm entries; and 4) the test duration (seconds), i.e., the time spent in the

-
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WO 2004/ 009557 PCT/ US2003/ 022401 Al data were
anal yzed by anal yses of variance (ANOVA); i ndivi dual

w@e vpasdssons were rmade usi ng Kewnan- Keul s t esPGT/UBRIDY@22401
rats required Iess than 30 seconds, on average, to

r 0s LIl um n d co artment to the
collectifer ol the nbf&ém fraze L iRG wrking megiory eren Was gepgand the average
el ectric shock exposure nost rats pretreated with
refereRASHNSINRIYCRIEPT He56 19ss thamtome in fiee aiperssivedrialsdhp zats hegan:the drug tests.
- the average | atency was increased up to 175 seconds (p
MK-8€1 or ©0iby waPimgteted i Sraritutespridy td/MetdOlk of Ceslagent,loghich was given 45
mar kedly reduced this | atency when conpared to the

minuteseieifert ehe R<ExPAments Kee g 1185 figkted %orﬁ%vl%@ﬂ chrifained several

reversed in a statistically significant manner

extra-@&tdabud €8ds conpounds in a dose-dependent fashi on
EXAMPLE 11 (Method B) Radial armmaze task in Rats, an

[ est for,.Learnin nd. Me S
ng}l#g%r/a NG ggallg% tfyoeﬁlgﬂg;e%%t? g&%g;@ 1n§f 1dluw?compansons were
Cri ssman, %M Dor aj r aj Chandler, L.J.,

made it K gwpjan-Keulg tesige &?Pwélgﬁéﬁ% swarqramss%gp 1 piiE, i panoreased the
198- 204. % Five days after initial housing, rats

frequeneiag of 18y a@mlgng)and wferei@rhemyryeeioghip§. A3 Thio aidbesigyffect of MK-
were placed in the eight-armradial maze (each arm

801 onmasrkiah@mbry i@ HevHr@dd;in b REtiSRAEY WA i fRaBYAbSthr BY th&Mministration of
above the floor) for acclimation for two days. Rats

actual Y¥af &)ﬁﬁlﬁﬁld@i@&@&dd’éﬁbﬂdeﬁf‘ﬂsﬁﬁm' n the center of the
rraze for 5 mnutes wwth food pell ets pI aced close to

a ! t% Qéﬁn?&%@ﬁ}%@s%%%g ?éhfareﬁ %Vlth S mllar Q bes\%@y glrlll‘)sstl\Aﬁrlngsthe

sessi
cted rando sel ected arns ‘wer
generi Pt She e iy doheriied rﬁ?éran&an@oyrfoaset@&ewdlw ot ki fggntion for
restricted to the center platform (26 cmin diameter)
those ysgql im the paecerig eammipleen al | owed to nove freely
t hroughout the maze until it collected all pellets of
f Whde dire ib@entiontaebeqraifissithted itk kspeot te tirodiictish andefiparticular
parameters were recorded: 1) working nenmory errors,

compounds, it i€ ﬁ%pdr&ﬁ thal tveri fiaink @8d ModHicatifRt omﬁéjlrﬁ’leﬁtﬁﬁpé’an%%‘ade without
visited during the sanme trial; 2) reference nenory

departiBE RS thel sgﬁit ogﬁ%)oﬁl}]é Al i Hnba' ted arns; 3) total

armentri test duration (seconds) i.e.,
the tine spent in the
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46 WD 2004/ 009557 PCT/ US2003/ 022401 collection of all
the pellets in the maze. If the working nmenory error
wor®4messs7’ and t he average reference nenory erPOF/USES3/022401
l ess than one in five successive trials, the rats
the drug tests. MK-801 or saline was injected
WE Cﬁ‘ggﬁf'nut es prior to vehicle or test agent, which was
given 45 mnutes before the test. Experiments were
L p‘éﬁ@@m‘@tﬂi@fﬁh@fm@hwﬂoom whi ch cont ai ned several
- extra-maze visual cues. Al data were anal yzed by
anal yses of variance (ANOVA); i ndividual conparisons
wer e de usi ng Kewman-Keuls tests. Conpared to
contr MK-801 (0.1 ng/kg, i.p. 7|ncreased t he

frequengre hot h wor ki ng and e nmenory
errorsN p<Q Thi s, amesic effect - 801 on
wor ki ng® Nperte s. reilersed in a sta II)/R3
S|gn|f|0@nt nannewdby t he adm ni sp'at ’on o' act ua
test corounds inpt dose-dependent \faghi on | iThe
precedi ng exanpl es can be repeated/with si rﬁl ar

success by substituting the genRrically or
speci fically described reactants and/ or jpperating
conditions of this invention for those used in the
precedi ng exanples. Wiile the invention has been
illustrated with respect to the production and of
Barticular conpounds, it is apparent that variations
and nodifications of the invention can be nmade w t hout
deeg&;ing fromthe spirit or scope of the invention.
2004/ 009557 PCT/ US2003/ 022401 WE CLAIM 1. A
compound of the formula | or Il1: 27

wherel
R!

alkyl having 1 to 8 carbon atoms, which is branched or unbranched and which is

unsubstituted or substituted one or more times by halogen,

cycloalkyl having 3 to 10 carbon atoms, which is unsubstituted or substituted one or more
times by halogen, hydroxy, oxo, cyano, alkyl having 1 to 4 carbon atoms, alkoxy having

1 to 4 carbon atoms, or combinations thereof, or

a heterocyclic group, which is saturated, partially saturated or unsaturated, having 5 to 10
ring atoms in which at least 1 ring atom is a N, O or S atom, which is unsubstituted or
substituted one or more times by halogen, alkyl, hydroxy, alkoxy, alkoxyalkoxy, nitro,
methylenedioxy, ethylenedioxy, trifluoromethyl, amino, aminomethyl, aminoalkyl,
aminoalkoxy dialkylamino, hydroxyalkyl, hydroxamic acid, tetrazole-5-yl,
hydroxyalkoxy, carboxy, alkoxycarbonyl, cyano, acyl, alkylthio, alkylsulfinyl,

alkylsulfonyl, phenoxy, or combinations thereof,
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S NON/ NRNERS RRA R4 R8 Il wherein R is H

al kyl having 1 to 8 carbon atons, which is branched or
waamrassked and which is unsubstituted or subBCT/US1003022401

one or nore tines by halogen, cycloalkyl having 3 to

1ngarbon atons, which is unsubstituted or substituted

B8f nmore tines by hal ogen, hydroxy, oxo, cyan,

al kyl having 1 to 4 carbon atons, al koxy having lto 4

carbon atons, or conbi nations thereof or

e havips Ljte 4geahop, atamps, sHighsis brangheg @dlnbwh%wwhwh is

saturated or unsaturated, having 5 to 10 ring atons

iumswistitttedaor dubsigtited one ngmaterililné$b3aha1bg@1, oyan8, aitdgon C;-4-alkoxy,

which i s unsubstituted or substituted one or nore

taind®sheby orttdrag & - CElL K Hb-, grovsbr o ¥ptichlak 9 ¥8placed in each case by —

al koxyal koxy, nitro, methylenedi oxy, ethylenedioxy,

trifdporpretpyl , am no, ami nonethyl, aninoal kyl,
am noal koxy alkylanlno hydroxyalkyl, hydr oxam c
acid, tetrazol e-5-yl, hydroxyal koxy, carboxy,

e %Eloxycar bonyl, cyano, acyl, alkylthio, alkylsulfinyl,
yl sul fonyl, phenoxy, or conbinations thereof, 48 WO
2004/ 009557 PCT/ US2003/ 022401 R2 is H, or alkyl

bon ato nched, or
b Bened Yo rofienctbors VR BeRtef wcBrmehiL fid whigh i
one or. nore tines by hal ogen, cyano, and/or
apsubstifytedcgr substituted one or more times with halogen, cyano, C;-s-alkoxy, or

combinations thereof,

a partially unsaturated carbocycle-alkyl group wherein the carbocyclic portion has 5 to 14
carbon atoms and the alkyl portion which is branched or unbranched has 1 to 5 carbon
atoms, and which is unsubstituted or substituted in the carbocyclic portion one or more
times by halogen, alkyl, alkoxy, nitro, cyano, oxo, or combinations thereof, and the alkyl

portion is optionally substituted by halogen, C;-4-alkoxy, cyano or combinations thereof,

arylalkyl having 7 to 19 carbon atoms, wherein the aryl portion has 6 to 14 carbon atoms
and the alkyl portion, Which is branched or unbranched, has 1 to 5 carbon atoms,
arylalkyl radical is unsubstituted or substituted, in the aryl portion, one or more times by
halogen, trifluoromethyl, CF50, nitro, amino, alkyl, alkoxy, alkylamino, dialkylamino

and/or substituted in the alkyl portion by halogen, cyano, or methyl, or

heteroarylalkyl group, wherein the heteroaryl portion may be partially or fully saturated

and has 5 to 10 ring atoms in which at least 1 ring atom is a N, O or S atom, the alkyl
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and where one or nore -CH2CH2- groups are optionally
replaced in each case by - CH=CH or -CC, R3 is H,

wa@bdogloodssvi ng 1 to 8 carbon atons, which i s breeismose22401

unbranched and which is unsubstituted or substituted
one .or re.tine i t h _hal ogen, cyano, C -4-al koxy, or
P a‘(rigslhgs b@ﬂ@i@f pr uf&“i‘)"&?’?ﬁiéaﬁ v 1A SaT9R gtqags, the heteroarylalkyl

car bocycl e-al kyl group wherein the carbocyclic portion
hgreus istussubstitued posibalivied cap@r niese Bimky in the heternaryltpoction by
I's branched or unbranched has 1 to 5 carbon atons,
almedogehnj alkyl, slkorg Wysid, triflwetomethyl ;0 tited okd) atrtigo, alkylamino,
carbocyclic portion one or nore times by hal ogen,

adikliylanfhd OF XomBirafiohs B¥RBPandMrEub&itute@ TPiRatyP BSrtion by halogen,
thereof, and the alkyl portion is optionally

i%ﬁ ,io‘r%&ﬁ%ﬁ%fﬁ%'b&%ﬁgns tﬁ%li'egf;al koxy, cyano or

I’'nat1 o ereo ary kyl having 7 to 19 carbon

atons, wherein the aryl portion has 6 to 14 carbon

at and the al kyl portion, which is branched or
uibranched, has 1 to 5 carbon atons, aryl al kyl

radical is unsubstituted or substituted, in the aryl

orijion, one, or re tinme y. .hal ogen, .
g Hﬁva,r EFpms AN wg}chamlﬂ%lgs%ﬁu@mr suskigtd one or more
al kyl ami no, di al kyl am no and/or substituted in the

alinegd biplaalegam alkyl, kkienge alkyeylasiroxy, alkexiryalkoxyalkoxy, nitro,

het er oaryl al kyl group, wherein the heteroaryl portion
nmythplenedioky, athyferedioky) triflusmimutiat LOCF g rehih@ Sinbnd kil Oaminoalkoxy
ring atons in which at least 1 ring atomis a N, 0 or

SialkQrimihd) Q;yﬁfd@hlkgﬂ By QR0 %ﬁ%ol%@&l?%ﬂggfoggagﬁé’ﬁazoled -

portion, which is branched or unbranched; has 1t

ARl Ry (E R PR A e BB, alyigylgov,
BBy Bk iiei 1 of Bt fyarEd o,
di al kyl am no, or conbi nati ons thereof and/or

substituted in the al ke/l portign by hal ogen, . )
heteroaryl having 5 to 10 ring aftoms in which at 1€ast 1 ring atom is a heteroatom, which

is unsubstituted or substituted one or more times by halogen, alkyl, hydroxy, alkoxy,
alkoxyalkoxy, nitro, methylenedioxy, ethylenedioxy, trifluoromethyl, amino,
aminomethyl, aminpalkyl, aminoalkoxy dialkyl_amino, hydroxyalkyl, hydroxamic acid,
tetrazole-5-yl, hydroxyalkoxy, carboxy, alkoxycarbonyl, cyano, acyl, alkylthio,

alkylsulfinyl, alkylsulfonyl, phenoxy, trialkylsilyloxy, R>-L-, or combinations thereof;
isH,

alkyl having 1 to 8 carbon atoms, which is unsubstituted or substituted one or more times

with halogen, C;-4-alkyl, C;-4-alkoxy, oxo, or combinations thereof,
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cyano, or nethyl or conbinations thereof; R4 is H,
aryl having 6 to 14 carbon atons and which is

W@ e®uoetsst ut ed or substituted one or nore ti nNEGI/D2003/022401
hal ogen, al kyl, al kenyl, al kynyl, hydroxy, al koxy,

al.kaxyal kox itro, . nethylenedjoxy, ethylenedioxy,
S o el Pl T s ] VPR FS MR RS Klp 8 carbon
di al kyl am no, hydroxyal kyl, hydroxam c acid,

t@PMszol e-5-yl, 2(-heterocycl e)tetrazol e-5- yl,

hydr oxyal koxy, carboxy, al koxycarbonyl, cyano, acyl,

al kyl thi o, al kylsulfinyl, alkylsulfonyl, phenoxy,

t & partikly wisatrrairg carRBeyicle-alloyl grompivhereiroths cidbecyditc portion has 5 to 14
heteroaryl having 5 to 10 ring atons in which at | east
Icarboipptaine ahd theallhigpertdathas twvlicaiboniafort) gt is tudé®etituted or

or substituted one or nore tines by hal ogen, alkyl,

haoBE@aaed, § efe%‘ﬁl%l in B %%%#ﬁ?%éﬂl&i, bhQor ﬁ@f&%&rﬂaﬁ@éﬂ, alkyl,

et hyl enedi oxy, trifluoro am no, am nol net

' I 1 noal koxy, di al kyl am no, hydroxyal kyl ,
ﬁg@?ﬁ?gﬁ¥%“ %ﬂ%aﬁhf%??%&l @b Jb?Foﬂydroxyalkoxy,
car boxy, al koxycarbonyl, cyano, acyl, alkylthio,
al kyl sul finyl, .a | sul f onyl, enox ) )
iRt bl 34510 KsBon w5, 1R Bdtbstituied o sdhstitutgdsone or more
is H_ alkyl having 1 to 8 carbon atons, which is
et halogeaghyioxywxe; evanedlone, alkyhimving § teed carhpn sfoms, or
hal ogen, Cl1-4-al kyl, Cl-4-al koxy, oxo, or conbinations
t domrtendtions thevi®f2004/ 009557 PCT/ US2003/ 022401

al kyl am no or dial kyl am no wherein each al kyl portion
has i ndependently 1 to 8 carbon atons, a partially

wysRialkyadlley] haainpacts aloeragdolakorgs, SeHichi3 @b QibatiER&] or substituted in the
carbocyclic portion has 5 to 14 carbon atons and the

%%Walld%/i)?éliti%ﬁ ai@Br thela®cy? t‘pSﬁfo@Qﬂle Ak ?g;‘ri‘% Eﬁ%& Pﬂ h%tl%gen, 0X0, cyano,

unsubstituted or substituted, pre

GHIEBAGY ERYE oRRKY bP BorBiificHs RSy, 1 TS By hal ogen,

aryl having 6 to 14 carbon atoms and which is unsubstituted or substituted one or more
times by halogen, alkyl, hydroxy, alkoxy, alkoxyalkoxy, nitro, methylenedioxy,
ethylenedioxy, trifluoromethyl, amino, aminomethyl, aminoalkyl, aminoalkoxy
dialkylamino, hydroxyalkyl, hydroxamic acid, tetrazole-5-yl, hydroxyalkoxy, carboxy,

alkoxycarbonyl, cyano, acyl, alkylthio, alkylsulfinyl, alkylsulfonyl,

arylalkyl having 7 to 19 carbon atoms, wherein the aryl portion has 6 to 14 carbon atoms
and the alkyl portion, which is branched or unbranched, has 1 to 5 carbon atoms,

arylalkyl radical is unsubstituted or substituted, in the aryl portion, one or more times by
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al koxy, nitro, cyano, oxo, or conbinations thereof,
cycl oal kyl having 3 to 10 carbon atons, which is

W@ e®uoetsst ut ed or substituted one or nore ti nNEGI/D2003/022401

halogen hydr oxy, oxo, cyan, al koxy, alkyl having 1 to

ar bon. at ons,  or mhi nat i.ons t her eof

PEFRY @fﬂﬁf%{%?th}oﬁ'aw » YT PM@Oﬁﬁoﬂk%@ AEing,alkykmpigo,
unsubstituted or substituted in the cycloal kyl

plkylamieg andger substitateryin theealleyl partiondydralogsnecyrnops nhathyl,
hal ogen, oxo, cyan, hydroxy, alkyl, alkoxy or
conbi nations thereof, aryl having 6 to 14 carbon atons
amlgeterorydiici gsowm swhbelt iis satiedied) pasiaig tatttateglcbr ameatoratadphaving 5 to 10
ti mes by hal ogen, al kyl, hydroxy, al koxy,

atikDatyRk kowiichrit tdast 1 ik AvheRadl A ¥r S afn W 18ae i @X¥bstituted or
trifluoronethyl, am no, an1nonethy| an1noa|ky|

afib SRRl LY or ﬁ‘lo?é ﬁl‘aﬁle@mﬁ H%P xya )h?hﬂ ox)gy’ kaﬁgglzﬁkoxy, nitro,

acid, tetrazol e-5-yl 6xy,

.hon C al.kyl thi o, alk ul finyl,
qflét%?%ﬁ?‘#lg?&?é hwﬁ‘?? Ry Rl tori S5 4 &gar%lap%lsﬁlYLtam%czamyla
mherel portion has 6 to 14 carbon atons and
taﬁ’émait %aﬁty{aaﬁnomyawa hydoraricaeid, kgragaleheyl,
has 1 to 5 carbon atonms, arylalkyl radical is

Tkowy edrlenxys allsexycathoes, cyamot heyl,aiklthio rikiybeu) fiphe
or nore tinmes by 51 WO 2004/ 009557 PCT/ US2003/ 022401
hedk dgefonyt, phéhaxyr oneinibihationk 8redt] ér 0, am no, al kyl,
al koxy, am no, al kylam no, dialkylam no and/or
substituted in the al kyl portion by hal ogen, cyano, or

Nt didtbeyole- AR EEQGY Shhdreitl tRd RstetdBy i postictaik 'dﬁtﬁfa artially
partially saturated or unsaturated, having 5t 8

rséaﬂﬂat@& 8 ﬁn‘éﬁ’@d C‘Jﬂdﬁ% % ?f‘?(% rlég Lol 1&%&%[”311{ at lga M ngg {om isaN,

at on1 'S ’uns uted ofe
eEsy q"tﬁi%@?*h%@h%wm?w%%ﬂéa?@w WBpRgcasy 1 to 5 carbon
trlfluoroneth |, am no, am nonethyl, am noal ky

aawr%éh%@évoe}/%@-@qybamﬁa is wisHpHitytad Rwubsm}déﬁdcgmmr gnore times in

acid, tetrazole-5-yl,
the heterocycllc portion by halogen alkyl, alkoxy, cyano, trifluoromethyl, CF30, nitro,

oxo, amino, alkylamino, dialkylamino, or combinations thereof and/or substituted in the

alkyl portion by halogen, cyano, or methyl or combinations thereof;

L is a single bond or a divalent aliphatic radical having up to 8 carbon atoms

wherein one or more ~-CHp- groups are each optionally replaced by -O-, -S-, -SO;-, -SO-,
-NR°-, -SO,NH-, -NHSO;-, -CO-, -NR°CO-, -CONR’-, -NHCONH-, -OCONH-,
-NHCOO-, -SCONH-, -SCSNH-, or -NHCSNH-;

is H,
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hydr oxyal koxy, carboxy, al koxycarbonyl, cyano, acyl,
al kyl thio, al kylsulfinyl, alkylsulfonyl, phenoxy, or
w@ oovioessT ons t hereof, or a heterocycl e-al kyl BPEDUS2003/022401

wherein the heterocyclic portionis saturated
partial.l saturated or ynsaturated, and has to 10

) raﬁﬁﬂé hayiggd t & SAHICRIPIOmS, VARGt IS %mmh@d %&W%h%d and whigh is
S atom and the al kyl portion which is branched or
eBrRstiBredionswlstifated pne or Bogtibenwithhalegen, tther-alkyl, Ci-4-alkoxy, oxo,
het er ocycl e-al kyl group is unsubstituted or
sulesmbinatieds thaofir nore times in the heterocyclic
portion by hal ogen, alkyl, al koxy, cyano, :
trifluoronmethyl, CF30, nitro, oxo, am no, alkylam no,

R’ di allkyy analRyithi6in @esThiaRahians 1 th 8 cadbn aRsO%which is branched or
substituted in the alkyl portion by halogen cyano,

RinbPREMRA ardwIHerR PREDPRR
or a dlvale3¥ a|llﬁ§t¢0 r%dlcu?&tg$hﬁh§0?ngk @s?ﬁﬁﬂogml
8 [ ne.or -

R g%) &5@ ncat ?lgﬁ rblglc %&r Ho%orun ganch wherg%te aﬁlg{)lmﬁ?gnsubstltuted
- SO2NH- NR6CO-, - CONR6-, - NHCONH-,
Oé%ﬁﬁ““ed OWTG tmséchﬁthalogemm or -NHCSNH-; R6
is H 52 WD 2004/ 009557 PCT/ US2003/ 022401 al kyl
having 1 to 8 carbon atons, which is branched or
unbr anched d which is unsubstituted or substituted
one or tifes with hal ogen, d -4-alkyl,

G - 4- al KRRy, Xox0, opr conbinations thereof; R7 is

al koxy or alkylthio, in each case having 1 to 4 carbon
atons, which is branched or unbranched and which is
unsubstituted or substituted one or nore tines by

hal ogen, [ GE>C1 4-al kyl which is branched or
unbranched nd mhere the alkyl is unsubstituted or
substitu gpe or nore tinmes by halogen, or is -7C

R’ is H or alkyl having 1 to 4 carbon atoms, which is branched or unbranched, and which is

unsubstituted or substituted one or more times by halogen,

RY® s alkyl having 1 to 6 carbon atoms, which is branched or unbranched, and which is

unsubstituted or substituted one or more times by halogen,

R" s alkyl having 1 to 6 carbon atoms, which is branched or unbranched, and which is

unsubstituted or substituted one or more times by halogen,

X and Y are each independently O or S, and
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A RO XA or ~Y RIO R9/ ~XRR9 is Hor alkyl having
1 to 4 carbon atons, which is branched or unbranched,
w@ea4obiseh is unsubstituted or substituted oneCDUSI003/€22401
times by halogen, Ripis alkyl having 1 to 6 carbon
at ich is branched or u ranched and ichis
A helibens Bt 230 T SaRopriamuh bR Wrvingst PrEbshyiedone or more
hal ogen, R11 is alkyl having 1 to 6 carbon atons,
WWnestbyihglageanched or unbranched, and which is
unsubstituted or substituted one or nore tines by
hetieogje i fotmatedl BothoERe anhR{ adeytien demtH yndimoforSnladndt 168t one of
WO 2004/ 009557 PCT/ US2003/ 022401 A is al kyl ene havi ng
R? andR*i®otlectah®n oat ons whi ch is unsubstituted or
substituted one or nore tines by hal ogen; wherein in

;agfﬂiﬁlécehtlpﬂ%ceépt%ﬁe%gthgr ofif € other than Hand in

st one o and R4 is other than H

Qr. a .phar aII pta al t th reof;. where

neSsiR AR PR ARt Baf B8 B PFRS ehim e

of its separate enant | omers or m xtures thereof,
enantiqmacrs oidmpgukes thersal, weludmeaacensic mixt@swpound of cl ai m 1,

which is of formula Ill or IV: R7 7 p NHR
2. A compound of claim 1, which is of formula III or IV:
7
R RZ
3
NH R
Q s 0 N~
8
R R
i v
wherein
R’ isH,

!

alkyl having 1 to 8 carbon atoms, which is branched or unbranched and which is
unsubstituted or substituted one or more times with halogen, cyano, C;-4-alkoxy, or

combinations thereof,

a partially unsaturated carbocycle-alkyl group wherein the carbocyclic portion has 5 to 14

carbon atoms and the alkyl portion which is branched or unbranched has 1 to 5 carbon
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R&A pN H $RsIIl IV wherein R3is H alkyl having
1 to 8 carbon atons, which is branched or unbranched

wa@pa4mbissh is unsubstituted or substituted onkCDUS2003/622401

times wth hal ogen, cyano, Cl-4-al koxy, or

conbi nati gns thereof., a parfially.unsaturated .

BB cparatc eyt fer bl it B2 25 ulicaapim onspr more
has 5 to 14 carbon atons and the al kyl portion which

i tEmesy byneahegene alkih BaKi 0 IFy8n0L 0KD, & Corbmtions thapof, and the alkyl
2004/ 009557 PCT/ US2003/ 022401 atons, and which is

usudysisioptibea lysubstithetiby b kbgen, Ct Adk aay, loganocdn combinations thereof,
portion one or nore times by hal ogen, alkyl, alkoxy,

nitro, cyan, oxo, or conbinations thereof, and the

alritlkyl Borihg Gro 19 cabbh atdals| Wherdhisthe il pertioy Hagbag e carbon atoms
C - 4-al koxy, cyano or conbinations thereof, arylalkyl

%ﬁitlg@aliyf SorfiSn, GRBPR HRAREBd of"ﬁlﬁfrﬁ{clﬂﬁ&, s 2y s 0%0%31?{:}%5,

has to 14 carbon atons and the al kyl portion,

i r ; d tQ,. 5 carbon at ons .
YRR SRR B R ARER S Crwoich o Sa B Bp P mpope times by
the aryl, portiaop, e or. nore tine hal. ogen, ) )
tl}a"fqaeagméﬁ@{qnﬁwtﬂylcégd?» mﬁr?,ra@}m%wﬁﬂ%vi, akf%(w P{kygawa%ﬂlamylammo
al kyl am no, dial kylam no and/or substituted in the

ankiar splestityted irbije pldybpertion by Aale gew rcyans, loy metlod, or

het er oaryl al kyl group, wherein the heteroaryl portion
may be partially or fully saturated and has 5 to 10

rhietayoarylaiieyl igrouphivhhreat the detstoatylporttpnanayrbe paréially odfudly saturated
S atom the alkyl portion, which is branched or

Wdhapshe do ringSitoknd @ Whicleatlesst dtrdFitorh iCa N, O or S atom, the alkyl
het er oaryl al kyl

portion, which is branched or unbranched, has 1 to 5 carbon atoms, the heteroarylalkyl
group is unsubstituted or substituted one or more times in the heteroaryl portion by
halogen, alkyl, alkoxy, cyano, trifluoromethyl, CF50, nitro, oxo, amino, alkylamino,

dialkylamino, or combinations thereof and/or substituted in the alkyl portion by halogen,

cyano, or methyl or combinations thereof;
is H,

aryl having 6 to 14 carbon atoms and which is unsubstituted or substituted one or more
times by halogen, alkyl, alkenyl, alkynyl, hydroxy, alkoxy, alkoxyalkoxy, nitro,
methylenedioxy, ethylenedioxy, trifluoromethyl, OCF3, amino, aminoalkyl, aminoalkoxy
dialkylamino, hydroxyalkyl, hydroxamic acid, tetrazole-5-yl, 2(-heterocycle)tetrazole-5-
yl, hydroxyalkoxy, carboxy, alkoxycarbonyl, cyano, acyl, alkylthio, alkylsulfinyl,

alkylsulfonyl, phenoxy, trialkylsilyloxy, R>-L-, or combinations thereof, or
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group is unsubstituted or substituted one or nore
times in the heteroaryl portion by hal ogen, alkyl,

wW@bkdengssstyano, trifluoronethyl, CF30, nitro, BPXDUS2003/022401

am no, al kyl am no, dial kyl am no, or conbinations

thereof and/ or sybstituted in.the al kyl portion by )
haftggey! hawing A de 1Q pngatomsm é‘fhl@oq%‘r“%ﬁb{ rgg gtonm isradsiterogigm, which
is H aryl having 6 to 14 carbon atonms and which is

uls singrbstituiadeer substiuid pie ot mdredineesdry hdogen, alkyebydrpxy, alkoxy,

hal ogen, all kyl, al kenyl, al kynyl, hydroxy, alkoxy,
adlkaxypRlokgxyitronmtthglenediety) gtigtwedioxy, triffubyohesied] axiyo,
trifluoronmethyl, OCF3, am no, am noal kyl, am noal koxy

Cirgink e, %in&b\lg}zl?aﬁﬁﬁbgﬂébxy Hiﬁ%i?f%ﬁﬁ@),qllﬁ%)s/agﬁyl, hydroxamic acid,

tetrazoIF-S-yI, het er ocycl e) fetrazole-5 I
R e Gl T
' ' R5-L-, or | nat i .,
sl s 85l B o heuianb DB DI - Kot BaFDIRRA Grereor

5to 10 ring atons in which at least 1 ring atomis a
het er oat o m@jch i s unsubstituted or substituted one
o k9K of %@E I8y IaFly ERSE haingyto 4ippthomsajoms Mhiedyis branched or
al koxyal | coxy, nitro, nethyl enedi oxy, ethylenedi oxy,
t yribfangbedamst widch imwisnbstitutadionsibstitugdd, onsrvir momk kiyrles by halogen,
am noal | koxy di al kyl al ni no, hydroxyal kyl, hydroxam c
acid, tetrazole-5-yl, hydroxyal koxy, carboxy,
aik kOQYCardkptywhick ysebranchad pt untahdchled Bhdwhere the alkyl is unsubstituted
al kyl sul fi nyl, al kyl sul fonyl, phenoxy,
téri sabdtithtelt bk BXMordRBinbs by Rilog&ANdi i9at | ons t her eof ; R7
is al koxy or alkylthio, in each case having 1 to 4
carbon atons, which is branched or unbranched and
whi ch is unsubgtituted or substituted one or nore
times by halogen, R8 is -CO Cl _4-al kyl which is
_;ﬁgbp%n

branched or ched and where the alkyl is
unsubstit Red Xor susstituted one or nore tines by
hal ogen, or is Y\

Y_R10

ot

R X—R"

or
a pharmaceutically acceptable salt thereof;

wherein an optically active compound can be in the form of one of its separate

enantiomers or mixtures thereof, including racemic mixtures.
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RO Xor RYRIO ~9 X RIL1 or a pharnmaceutically
acceptable salt thereof; wherein an optically active

w@eoopowss7 can be in the formof one of its SepBCHUS2003/022401

enantioners or mxtures thereof, including racemc
m xtures. 56 WO 2004/ 009557 PCT/ US2003/022401 3. A
conpound of claim1, which is of the subfornula V or

) Vi R2 R7 . L.ND B.D N Ra 14 ER R8 V VI
3. \é‘é‘?%? R Of?%algﬁyﬂ }Wil)!l 18 ﬁfg}er?b‘%’r@g{%v 85%/ on at ons,
whi ch is branched or unbranched and which is
unsubstituted or substituted one or nore tines by
Rihal ogen,
R7
/ B
=D ~
\ITI N /\<\\/\E B= R
N
R R’ / e FlgA(\\/f
RB
\4 \Y
wherein
R' isH,

alkyl having 1 to 8 carbon atoms, which is branched or unbranched and which is

unsubstituted or substituted one or more times by halogen,

cycloalkyl having 3 to 10 carbon atoms, which is unsubstituted or substituted one or more
times by halogen, hydroxy, oxo, cyano, alkyl having 1 to 4 carbon atoms, alkoxy having

1 to 4 carbon atoms, or combinations thereof, or

a heterocyclié group, which is saturated, partially saturated or unéaturated, having 5t0 10
ring atoms in which at least 1 ring atom is a N, O or S atom, which is unsubstituted or
substituted one or more times by halogen, alkyl, hydroxy, alkoxy, alkoxyalkoxy, nitro,
methylenedioxy, ethylenedioxy, trifluoromethyl, amino, aminomethyl, aminoalkyl,

aminoalkoxy dialkylamino, hydroxyalkyl, hydroxamic acid, tetrazole-5-yl,
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cycl oal kyl having 3 to 10 carbon atons, which is
unsubstituted or substituted one or nore tines by
wh200e9ess7 hydr oxy, oxo, cyan, alkyl having 1 tBCHUS2003/022401

carbon atonms, al koxy having 1 to 4 carbon atons or

onbi nati ons there or _a heteroc

150y gL Farygxy sgivgabanyly ayasg, bt afisd Mgw I,

haV|n? 5to 10 ring atons in which at Ieast 1ring
alloAsullonyl, gherpxyr orgogtbamationhthereof,s unsubstituted or

substituted one or nore tinmes by hal ogen, alkyl,

hydr oxy, al koxy, al koxyal koxy, nitro, nethylenedioxy,

at Hybenedi oxy, trifluoronethyl, am no, am nonethyl,

am noal kyl, am noal koxy di al kyl am no, hydroxyal kyl ,

hydroxam c acid, tetrazole-5-yl, 57 WO 2004/ 009557

RIKy1 Us280 3/10 A24fbbn dfyrals, el i Gxahchedshdbyanched and which is

al koxycarbonyl, cyano, acyl, alkylthio, alkylsulfinyl,

%@Yﬁs‘ﬁ%ﬂté@@éubs’cﬁhﬁcﬁ%¥ or Rfor&ﬁ‘ﬁ{@é BhiIess, V\gﬁ'f Eﬁd/or@l J-8lkoxy,

H, or alkyl having 1 to 4 carbon atons,

d a a I
A RFIRRE o YAREECH, AR Dol SRR gac% LS by
éﬁé Ikoxg and where one or nore -CH2CH2- groups
ﬁ %m. FF&’repIaced in each case by - CH=CH or
-C=C, R4 is H aryl having 6 to 14 carbon atons and
whi ch is unsubstituted or substituted one or nore
tis Bes by hal ogen, al kyl, al kenyl, al kynyl, hydroxy,
al koxy, al koxyal koxy, nitro, nethyl enedi oxy,
et hyl enedi oxy, trifluoronethyl, OCF3, am no,
aamylriwaiinigyd to ldmartzal dtomy andiwhicky$ vmsubstituted dr subgtitutsd gne or more
hydroxami c acid, tetrazol e-5-yl,

Amrctyetiadspeal sikylehikazy) Aknyl YHydrdiyd aiesy @l aleokyalkoxy, nitro,

carboxy al koxycarbonyl, cyano, acyl, alkylthio,

KRYRHE IO iyl lkligk %he&sb!mt 1EHCEY, Ikyl, aminoalko
R R P PR BROCHY sming; amingallo aminoalioxy
dialkylamino, hydroxyalkyl, hydroxamic acid, tetrazole-5-yl, 2(-heterocycle)tetrazole-5-
yl, hydroxyalkoxy, carboxy, alkoxycarbonyl, cyano, acyl, alkylthio, alkylsulfinyl,

alkylsulfonyl, phenoxy, trialkylsilyloxy, R>-L-, or combinations thereof, or

heteroaryl having 5 to 10 ring atoms in which at least 1 ring atom is a heteroatom, which
is unsubstituted or substituted one or mofe times by halogen, alkyl, hydroxy, Aalkoxy,
alkoxyalkoxy, nitro, methylenedioxy, ethylenedioxy, trifluoromethyl, amino,
aminomethyl, aminoalkyl, aminoalkoxy dialkylamino, hydroxyalkyl, hydroxamic acid,
tetrazole-5-yl, hydroxyalkoxy, carboxy, alkoxycarbonyl, cyano, acyl, alkylthio,

alkylsulfinyl, alkylsulfonyl, phenoxy, trialkylsilyloxy, R>-L-, or combinations thereof:
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heteroaryl having 5 to 10 ring atons in which at | east
1 ring atomis a heteroatom which is unsubstituted
w@eoogssi t uted one or nore times by hal ogen, BECRYE2003/022401
hydr oxy, al koxy, al koxyal koxy, nitro, nethyl enedi oxy,
; ethyl enedioxy, trifluoronethyl, am no, am nonethyl,
R dﬁi"‘ﬁf@é}’ RY f‘]gyﬁillhlPrﬂélﬁaklb%%ﬁe drEng o ficadhonipiems whaghkigibranched or
hydroxam c acid, tetrazole-5-yl, hydroxyal koxy,
cmbpahed andaukigh & wsnbstituted ansibstitydd, onglok plorétioies by halogen,
al kyl sul finyl, alkyl sul fonyl, phenoxy,
. trial kylsilyloxy, R5-L-, or conbinations thereof; 58
R®  \W©-Q0a4/e0RA57hiBICH BuSRDOS b0 2idbtardche®and s/hedekhex 3kl is unsubstituted
al kylthio, in each case having 1 to 4 carbon atons,
Vdtis@bstitified ba6 6NR6reATme WY dogigd Which is
unsubstituted or substituted one or nore tines by
hal ogen, R8 is -CO ClL 4-al kyl which is branched or
unbr anched and'where the al kyl is unsubstituted or
substitute e Ar nore tinmes by halogen, or is -7C A
RO X~ or Fib yX X- Rir i R and one of B, Dand Eis N
and the other two are C. 4. A conpound of claim 3,
wherein Dis N and B and E are C. 5. A conpound of
claim3, wherej,n R4 is pyridyl or phenyl which are
unsubstituted,or “substituted one or nore tinmes by

hal ogen, a , al kenyl, al kynyl, hydroxy, alkoxy,
al koxyal k@dy, XitRo, nethyl enedi oxy, ethyl enedi oxy,
trifluoronethyl, OCF3, am no, am noal kyl, am noal koxy

di al kyl am no, hydroxyal kyl, hydroxam c acid,
tetrazole-5-yl, 2(-

and one of B, D and E is N and the other two are C.
4. A compound of claim 3, wherein D is N and B and E are C.

5. A compound of claim 3, wherein R* is pyridyl or phenyl which are unsubstituted or
substituted one or more times by halogen, alkyl, alkenyl, alkynyl, hydroxy, alkoxy,
alkoxyalkoxy, nitro, methylenedioxy, ethylenedioxy;, triﬂuoromethyl, OCF3, amino, aminoalkyl, -
aminoalkoxy dialkylamino, hydroxyalkyl, hydroxamic acid, tetrazole-5-yl, 2(-
heterocycle)tetrazole-5-yl, hydroxyalkoxy, carboxy, alkoxycarbonyl, cyano, acyl, alkylthio,

alkylsulfinyl, alkylsulfonyl, phenoxy, trialkylsilyloxy, R>-L-, or combinations thereof.

6. A compound of claim 1, which is:

7-Methoxy-2-(2-methyl-(1,3-dioxolane-2-yl))-4-[ N-(4-pyridylmethyl)]aminobenzofuran,
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het er ocycl e)tetrazol e-5-yl, hydroxyal koxy, carboxy,
al koxycar bonyl, cyano, acyl, al kylthio,

wa@bdoyheasst i nyl , al kyl sul fonyl, phenoxy, PCT/US2003/022401
trial kylsilyloxy, R5-L-, or conbinations thereof. 6. A

co nd of iml
eSOy el 3 Byt S0 b o nninphenatign,
ridyl neth ] am nobenzofuran, 59 WO 2004/ 009557
7 Meﬂrn@wmzm@éw phagioxofankid-Haxd- F-phenyeVtdA - ( 1,
. 3-di oxol ane-2-yl))-4-[N-(3-pyridyl nethyl)]
pyridyhmitimg ) emiwbanayfuran,
7- Met hoxy- 2- (2- met hyl - (1, 3- di oxol ane-2-yl))-4-[ N-pheny
7-MetHox 2(- ~mphi- B-'&I%)J@de)ah NPREBZ 88nyl)-N-(3-
e oxy- % et hy ﬂ?d?osm Juiepa! MG N (3-cy

pyﬁdyﬂ@pﬁﬂgﬁﬁr) E%@a{;yru dyhnet hyl )] am nobenzof ur an,

met hyl - (1, 3-di oxol ane-2-yl)) - 4- [N-pheny

zof
7-Mettp i (3 995%{ %gﬁ %‘2(213%%1 LERSHE 'é\"gf‘yl ))-4-[N-(3-cy
anophenyl)-N(4- pyridylnmethyl)] am nobenzo furan,
pyridylmethsyl Hasirobenzatganiy | - ( 1, 3- di oxol ane- 2-yl )) - 4- [N-(4- ac
etyl phenyl )-N-(3- pyridylnethyl)] am nobenzofuran,
-MethDXMé?t @Romythgl-(1231dirdeydne 21y1P-4H B dlcgmmpRenil)}-N-@- [ N- (4- ca
rboxyphenyl )-N-(3- pyridylnmethyl)] am nobenzof uran,
pyridylfadifieflj]exnoBefzdfa@hhyl - (1, 3- di oxol ane-2-yl))-4-[N-(4-(2
H-tetrazol -5-yl ) phenyl )-N-(3- pyridyl nmet hyl ]

7- Mettﬁ‘ﬂk@ glgf;ﬂi H{lgﬁhrcrléotxoilan_e 2= yl)o) F )Sé(l) lagegglplzleriyl%-g\f-(i: (N (4-ca
pyridygROMARSILaLORNERY ) - - (3- pyri dyl methyl)]

enz or ur an
-Metl}og%%&gnpqhyb ﬁ%—ﬁe&tzﬁg % I[ 2 carnggphenyl))-N (4 \-(3-ca

pyridylmethyl)Jaminobenzofuran,

7-Methoxy-2-(2-methyl-(1,3-dioxolane-2-yl))-4-[ N-(4-(2H-tetrazol-5-yl)phenyl)-N-(3-
pyridylmethyl]aminobenzofuran,

7-Methoxy-2-(2-methyl-(1,3-dioxolane-2-y1))-4-[ N-(4-carboxy-3-chlorophenyl)-N-(3-
pyridylmethyl) Jaminobenzofuran,
7-Methoxy—2-(2-methy1—(1,3;didXolane-Z-yl))-4—[N-(3 -carboxy—5-ﬂuorophenyl);N-(3—
pyridylmethyl)]aminobenzofuran,

1-Cyclopentyl-6-[ N-(3-(1,1-dimethylethoxycarbonyl)phenyl)-N-(3-pyridylmethyl)]-1H-
aminoindazole,
2-Acetyl-7-methoxy-4-(N-(4-cyanophenyl)-N-(3-pyridylmethyl))aminobenzofuran,

2-Acetyl-7-methoxy-4-(N-phenyl-N-(4-pyridylmethyl)))aminobenzofuran,
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pyridyl methyl )] am nobenzof uran,
1-Cycl opentyl -6-[ N-(3-(1, 1-di et hyl et hoxycar bonyl ) phen

W@ Rgo4Mb9537 pyri dyl met hyl )] - 1H ami noi ndazol e, PCT/US2003/022401
2- Acet yl - 7- net hoxy- 4- (N- (4- cyanophenyl ) - N- ( 3- pyri dyl ne

t hyl i_nQbenzof ur an, Lo
1'CYClﬁp%@gé’)r@&?%%Ylégs&g:szrléxmﬂ%ﬂg)ﬁmmomfi—aﬁ?lﬁ dyl met hyl )) ani
) nobenzof uran, 60 WD 2004/ 009557 PCT/ US2003/ 022401
1-Cyclopeyito (B ydarexynhaybnyi(3 wytidylpethydpaminoindayglen noi nd
. azole, 1-Cyclopentyl-6-(N (3 -carboxyphenyl)-N(3
2-Acetypyrmethidxypd-HiNH(B) @b axgpinag )N €3-pyridylmethyl) )aminobenzofuran,

2- Acet yl - 7- met hoxy- 4- ( N- ( 3- car boxyphenyl ) - N- ( 3- pyri dyl
7-MethBHyL )R B yIQ P 8 LR SL AR -y1))-4-(N-(4-cyanophenyl)-N-(3-pyridylmethyl))-

7- r&yxgﬂoxy- D ™ ) 6 5y anophenylysN-(3-pyridyimethyD)

: gg% [)-N(3-pyridyl nethyl))- am nobenzof uran,
AmInove g@?{% 7- met hoxy- 4- ( N- ( 3- cyanophenyl ) - N- ( 3- pyri dyl nme

t hyl i f , . :

2-Acely b G A o R G P e By PR eRER o
b f

2-Acetgfﬁﬂggﬁezt§@>yy;21%TrMyl-N=(émy(iéyk%hﬁdﬁh@ﬁwbpnmfmnpyri dyl me

t hyl ) ) am nobenzof ur an,
2-Aceigl-Rantthdxyz4-1(dt (Geoypndphehiyl)-AN-6& pyrid ypinethyl)) anin 6Benpy furaty | m

et hyl )) am nobenzof ur an,
2-Acet-AaRéthbxyl 4 TRL (A0t HeRy 1) AN-CBp PAXNRBRR ) dmibobdrzB iy |

nmet hyl )] am nobenzof uran,
Ay Al TSy A 14 Sl

2: tyl-7- - 4- [ N (A4- bax ¥z : :
2-AceS T R E A G T BRI T Comridobrmnbuagpisgbenzofuran,
2-Acet§i—§§;§$té§,);yf§é{[r${t ?‘]);)r/éf’?ﬁ-}’%ﬁ}ég@é {;%m(zi(%fm' 'uﬁ;quﬁﬁ)n]%rln)lﬁo%er(lzoﬁuan,

| -cycl opentyl -3-ethyl-6-[N-3-(1, 1-di net hyl et hoxycar bon
2-Acetyl-Jishehg- 4N 3-caphariyey finaso blyiny B+ yridylmettad Jameinobenzofuran,

1- Cycl opentyl - 3-et hyl - 6-[ N- ( 3- car boxyphenyl ) - N- ( 3- pyri
6-Amidyd 1rBictopkntyl-3retid-6L] N34 (hd adiflethylethoxycarbonyl)phenyl]-N-(3-

2- Acet yl - 7- met hoxy- N- (4- phenyl sul f onyl am nocar bonyl phe
pyridyiiéthy Nk Bo Py ichal-omt hy! ] - 4-

1-Cyclopentyl-3-ethyl-6-[ N-(3-carboxyphenyl)-N-(3-pyridylmethyl)]amino-1H-indazole,
2-Acetyl-7-methoxy-N-(4-phenylsulfonylaminocarbonylphenyl)-N-(3-pyridylmethyl]-4-
aminb‘t;enzoﬁ]ran, - o a
or
a pharmaceutically acceptable salt thereof,

wherein optically active compounds can be in the form of their separate enantiomers or

mixtures thereof, including racemic mixtures.

7. A compound of claim 1, wherein:
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am nobenzofuran, or a pharnmaceutically acceptable

salt thereof, wherein optically active conpounds can
wheoosnotske f orm of their separate enanti omers BCT/US2003/022401

m xtures thereof, including racenic m xtures. 7. A

ound of claim1 61 WD 2004/ 009557
T T e L L —
i henyl napht h or bi phenyl group optionally
Substltwa@tnp oumede tmes éy hategen, alkybdiydyoxiyadllsoren nited, kydthylenedioxy,
. hydr oxy, al koxy, nitro, nethyl enedi oxy,
cthylerstdinye amdtiop xikylaarhoalialkylaylimyhpdrox gtilky 1Ky drex yuboxy, carboxy, cyano,
hydr oxyal kyl , hydroxyal koxy, carboxy,,cyano, acyl,
acyl, aﬁdob’c?é‘ehfﬁ@l{}b %H&lth@'a‘ﬂ%ﬂﬁl‘ﬁ@l AkWvligony] iR Bhenoxy;

al kyl sul fonyl, or phenoxy; each he eroaryl group is,

'&9 az oﬁ%ﬁ;}l‘ o a,zofigx(}}end rﬂifg%%% }%E%ﬁt I#rrq@]}’ L §A90Y1 smidazolyl,
tﬂaml?‘xgﬁ? ik P?qofsazé@r‘é%ﬂi%gz apiralsb iyl sedisnt

oxat hi azol yI t hi adi azol gj,a ]yrl d&/ pyridazi nyl,
oxadiagolyl, pxaliriagdlyl, dinxazell pxathiazelyl, ihiadiazokdz pyrdyl, pyridazinyl,

i soxazi nyl, oxathiazinyl, oxadiazinyl, benzofuranyl,
pyrimidigyb @ermi,emwmyh hxmmfh,hsm@nyﬂyl, omtmtdzmyh axhdinzinyl, ,benzoﬁ1rany1

i ndol yl, isoindolyl, indazolyl, benzisoxazolyl,
isobenbefozmxh Zl@bﬁéphﬂ{bﬁpz ﬁsﬁﬂﬁéﬁﬂpﬁ’thenfle hdoB0tikbiadsi ﬁndazolyl
purinyl, benzopyranyl qui no |nyI |squ|noI|nyI,

benzisGiZBBA, 'Ué)i&oxa%‘l?rf‘ %ﬁ’ito & clglgln g?@&?ﬁ%ﬁo@*ﬁ%ﬁn benzopyranyl,

benzoxazi nyl grdup |n on

s B SR DS b B Py i

: L m no,. or dial kyl am no; fnd each heterocycle
OPUOHQ %i%sv@te@ 1RQ8pen et Plycesé?yrb@ AgEBAYh Ay balkory wihprydmethylene,
above or a tetrahydrofuran pi peridinyl, or
cyano, gipgrpmgtn nige.cxe, apinopwlky ymsu jos thallgdaminasarst at ed
above. 8. A conpound of claim 1, wherein:
each heterocycle group is, independently, a heteroaryl group as stated above or a

tetrahydrofuranyl, piperidinyl, or pyrrolidinyl group optionally substituted as stated above.

8. A compound of claim 1, wherein:
~ R'is an alkyl group having 2 to 4 carbon atoms which is optionally substituted by
fluorine or chlorine or is cyclopentyl or cyclohexyl;
R¥*isHor alkyl having 1 to 4 carbon atoms;
R? is hydrogen; alkyl having 1 to 4 carbon atoms; substituted or unsubstitituted benzyl,
phenethyl, and phenpropyl; or substituted or unsubstituted pyridylmethyl, furanylmethyl,
thienylmethyl, pyrrolylmethyl, pyrimidinylmethyl, thiazolylmethyl, isoquinolinylmethyl and

quinolinylmethyl;
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Rl is an al kyl group having 2 to 4 carbon atons which
is optionally substituted by fluorine or chlorine or

w0 g008pedsopent yl or cycl ohexyl; R2 is H or al kyPCTras1ong022401
1 to 4 carbon atonms; R3 is hydrogen; alkyl having 1 to

arbon atong; .suhstifuted or unsubstitjftuted be
R R DR SRy R sl Sy PeEaYh PURBBHL Dy oinyl, and
~ _unsubst it uted l|;)yr| dyl met hyl , furanyl met hyl,
“isoquingdingh yrhaeh Eygac sg&erlbu@quh@tmsﬁ:ﬁ or ppyau $ﬁfdﬁed)®nﬁ§f mpre times by O F,
. t hi azol yl met hyl , isoqui nolinyl net hyI and
Cl, Crguilld) alkgetyy€iN) wﬁnyl,wﬂmzoommm,asommem&mhadiezg 4DCOOH, or
R4 is phenyl, naphthyl, biphenyl, furanyl, pyrazinyl,
when Ha‘iffslpmﬂylnwopu&yﬂlycmbm@t@dB REDWS,02RA. Co, Réqmme RYIS0,-NH
ich in each case is unsubstituted or is substituted

wh
R*-SORNRH AlicyliE Q1 MBS RO, C&%«ﬂ%@wlﬂ%&ng Gl Rl as
well asolyaleﬂgl e{}ﬁé\'%?fl (% QE ég}’ Rﬁl qp%%ﬁg(g%' M&%ﬂ' tuted

R5; S02- NH- al kyl ene- O, NH2-al kyl - N
= 1§|aﬂ4w@ﬂ?évlngﬂc§04 camowrtorm“mlms @mh%éor yighranched and which is
nmethyl, ethyl, d, F, CN, OCH3, CF3, am no, nitro,

unsubgtOERE onsubSAIOKA RE or snat ﬁmybhhalioggl;l to 4 carbon
atons, which is branched or unbranched and which is
URSsbEO-Cyus-alttylpr substituted one or nmore tinmes by
hal ogen; R8 is -COCl 4-alkyl; RO is -CH3; X and Y
agiseaeh, 0 or S; and Ais -CHCH2-. 9. A conpound of
claiml1, wherein: R3 is arylalkyl or heteroaryl al kyl,

',_ﬁaﬁﬁ'crharg%ﬁ é%lg%t%ﬁ(yt ed or unsubstituted; and R4 is

i's ar eroaryl, in each case substi t ut ed
0 | t ut ed.
A is R,
9. A compound of claim 1, wherein:

R? is arylalkyl or heteroarylalkyl, in each case substituted or unsubstituted; and

R*is H oris aryl or heteroaryl, in each case substituted or unsubstituted.

10. A compound of claim 1, wherein:
R!is cycloalkyl; and

R*isHor C,H;,

11. A compound of claim 1, wherein:
R! is cycloalkyl;

R?isH or C,Hs;
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12.

13.

14.

15.

10. A compound of claim1, wherein: Rl is cycloal kyl;
and R2 is Hor C2H5. 11. A conpound of claim1,

wob@resss7 RL is cycloalkyl; R2 is Hor C2H5i BGI/v&003/022401

2004/ 009557 PCT/ US2003/ 022401 R3 is arylal kyl or
het er ogryl al kyl , in _each case substituted or i
s trenptof CLELpRTY Jtan pag oase sufsiifutest ormsEbsbiftyd; and

in,each case substituted or unsubstituted. 12. A
cBnisdi peisarylar deterorrylwinesaeh pase Rabstiuted of wisehstitnted. R2
is Hor CH5; R3 is arylalkyl or heteroarylal kyl, in
each case substituted or unsubstituted; and R4 is H
or is aryl or heteroaryl, in each case substituted or
uAgebwoimdiofeaind 8. whiereionpound of claim 1, wherein: R1
Is cyclopentyl; R2is Hor CH5; R3 is pyridyl which

i R! Bustopéntyled or unsubstituted; and R4 is Hor is
aryl or heteroaryl, in each case substituted or
URBHhS bt Ered.  14. A conpound of claim1, wherein: Rl
Is cyclopentyl; R2isHorC2H5; R3 is pyridyl which is

Sﬁb ?sta&}tflglfk%jorq{etéfgg&ﬁﬁ&jl,tiﬁteggi casl! gubstituted or unsubstituted; and

R*isHoris aryl or heteroaryl, in each case substituted or unsubstituted.

A compound of claim 1, wherein:

R'is cyclopentyl;

R* is H or C;Hs;

R? is pyridyl which is substituted or unsubstituted; and

R*isHoris aryl or heteroaryl, in each case substituted or unsubstituted.

A compound of claim 1, wherein:

R!is cyclopentyl;

R? is H or C,Hs;

R’ is pyridyl which is substituted or unsubstituted; and

R* is phenyl which is substituted or unsubstituted.

A compound of claim 1, wherein:
R?is arylalkyl or heteroarylalkyl, in each case substituted or unsubstituted; and

R*isHor is aryl or heteroaryl, in each case substituted or unsubstituted.
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16.

17.

18.

R4 is phenyl which is substituted or unsubstituted.
15. A conpound of claiml1l, wherein: R3 is arylal kyl or

whedoenaEsyl al kyl , in each case substituted or PCT/US2003/022401

unsubstitut ed; and R4 is Hor is aryl or heteroaryl,
I p each sub ut.ed or unsubstituted. 64 WO
Ga7MH6 ‘? %WBQ@FF@%‘POZMM 16. A conpound of claim

1, wherein: R7 is alkoxy having 1 to 4 carbon atons;

R’ isglloamhevise 1Mo 4 capmnyiqs;i s - CH3: X and Y are both
Oor S and A is -CH2CH2-. 17. A conpound of claim1,
V\ngeiS@@CHRGI‘ is aryl al kyl or heter oaryl al kyl, in each
case substituted or unsubstituted; and R4 is Hor is

aryl or hetero$ryl, in each case substituted or

unsubstituted,'R7 is al koxy having 1 to 4 carbon

atoms; R8] )C(:C&I—BorY\ARQXRQis-CI—B;
R ;

R’is -CH; ;
Xand Y are both O or S; and

A is —CHZCHz-.

A compound of claim 1, wherein:
R?is arylalkyl or heteroarylalkyl, in each case substituted or unsubstituted; and
R*isHoris aryl or heteroaryl, in each case substituted or unsubstituted,;

R’is alkoxy having 1 to 4 carbon atoms;

R® is COCH; or
Y\A
Rg X/ :
R’is -CHj;

X and Y are both O or S; and

A is —CHzCHz-.

A compound of claim 1, wherein:

R’ is pyridyl which is substituted or unsubstituted;
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X and Y are both Oor S; and Ais -CH2CH2-. 18. A
conpound of claiml1l, wherein: R3 is pyridyl which is

WG aipgneset ed or unsubstituted; 65 WD 2004/ 009BG1US2003/022401
PCT/ U82003/ 022401 R4 is Hor is aryl or heteroaryl,

aﬁ \%Fﬁ bstit ted unsupstituted; R7 is

°’h’z§ g* e%oaﬁy ceSHestituteg of wnsbgtitted; v

X R9'is -CH3; Xand Y are both O or S; and A

% E@ﬂ@@mﬁvmxg to4 cagheprierds;of claim 1, wherein: R3 is
pyridyl which is substituted or unsubst i t ut ed; R4 is
pR%is;GO@H'goh is substituted or unsubstituted; R7 is
al koxy having 1 to 4 carbon atons; R8 is COCH3 or \ A
RO X RO is -CH3;

Y
R7<X:A

.
b

R’is -CHs;
X and Y are both O or S; and

A is -CH,CH-.

19. A compound of claim 1, wherein:
R’ is pyridyl which is substituted or unsubstituted;
R* is phenyl which is substituted or unsubstituted,
R’ is alkoxy having 1 to 4 carbon atoms;

R®is COCH; or

R’is -CHs;
X and Y are both O or S; and

A is -CH,CH;-.

20. A pharmaceutical composition containing a compound of claim 1 and a pharmaceutically

acceptable carrier.
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X and Y are both 0 or S; and Ais -CH2CH2-. 20. A
phar maceuti cal conposition containing a conpound of
webkm@iumvdssand a pharmaceutically acceptabl e carPei/E82006@2401
WD 2004/ 009557 PCT/ US2003/ 022401 21. A conposition of
lLaim20,. wherein_th n f claiml is provided
ot o2 B B et it s
N effecting PDE4 enzyne inhibition, enhancing cognition
-of 0.1 3AQM& treating psychosis in a patient conprising
- adm nistering to said patient an effective anount of a
conpound according to claiml1l. 23. A nethod according
to claim 22, wherein said conpound is administered in
22.  afy megtheshfor effectingPIDES enzyyickighibitidnpehaneing b gritign aR¥or theating
met hod according to claim 22, wherein said patient is
psychaishiv mamtieonfriskighdehiniktetih@ toRazPpativhiibéffectine aR@thieSHa
is suffering fromcognition inpairnment or decline.
compotifid abeol®hBedlcafge@r ding to claim 22, wherein said
patient is suffering frommenory inpairment. 27. A
nmet hod according to claim 26, wherein said patient is
suffering fromnmenory inpairnment due to Al zheiner's
23. Hﬁmn T t%cﬁﬁlgflﬁé;tf{bg%gfeﬁ, 3@?{3@ 553(? g%lgigg%nﬁqgﬁﬁmmstered in an amount of
00“@ eut,zf d-Jake? | sease, HI'V, cardiovascul ar di sease,
' e lf Yorel8U 8y el at ed coghitive decline. 67 WO
2004/ 009557 PCT/ US2003/ 022401 -

24. A method according to claim 22, wherein said patient is a human.

25. A method of claim 22, wherein the patient is suffering from cognition impairment or

decline.

26. A method according to claim 22, wherein said patient is suffering from memory

impairment.

27. A method according to claim 26, wherein said patient is suffering from memory
impairment due to Alzheimer’s disease, schizophrenia, Parkinson’s disease, Huntington’s
disease, Pick’s disease, Creutzfeld-Jakob disease, HIV, cardiovascular disease, head trauma or

age-related cognitive decline.
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28. A nethod according to claim26, wherein said

patient is suffering fromnenory inpairnent due to
waletmenodsar 29. A nmet hod according to clai m 22, PelTEsm®031022401

said patient is suffering froma psychosis. 30. The

t ha f cl im2,,vvhr in.the psychosi
8. g‘?fﬁ%&ﬁ’( cafarra%f &ﬁwmﬁae dp &s@?%ﬁng fReppmemory

depreSS|on drug addi ction or nDrphlne dependence. 31.
—nnpmnnaﬁﬁmmmcknmnuaeatung a patient having a di sease
- i nvol ving decreased cAMP | evels conprising :
adm nistering to said patient an effective anount of a
compound according to claim 1. 32. A nethod of claim
29. 24 mikodaasordues watlaion??, veetair stié gatiant &f fudletinPDBm a psychosis.
enzyme inhibition. 33. A nmethod of treating a patient
suffering froman allergic or inflammtory di sease
conprising admnistering to said patient an effective
30. afimauntthodl oficlaompoywheraiche psyiebodiviscéchizophibnialBipokar or manic
nmet hod of treating a patient suffering from
depresBioH] D8R8 881 ERIdrD Ardgefid] ctioh 9r Ho%ﬁlﬁe GpeRd&iRe. OF 1 Njury
conprising adm nistering to said patient an effective
anount of a conpound according to claiml. 68 WO
2004/ 009557 PCT/ US2003/ 022401 35. The method of claim

31.  SAm&E] B Rrchings HpARABRVIg éﬂisH:{s)S ihIvihg @g&eas%@'cm levels
cord i njury, neur OgeneS| S, Al zhei mer' s™ di sease,

compr[rr%g{ E%CRI{HSISISG%IH ttcg ?rsé}& gl opﬁg %V%S ﬁ{bog&lp %‘ a ccgﬁéo%d agcordmg to claim

accordl ng to claim 26, wherein said patl ent is
L sufferi ng frommenory inpairnent Al zheiner's disease,
schi zophreni a, Parkinson's di sease, Huntington's
di sease, Pi ck' s di sease, Creutzfeld-Jakob di sease,
depressi on, head trauma, stroke,

32 cAmeihed okn 24 }}’helfﬁﬂ the paent & treptartineffact %]HE%@&RY@G inhibition.

neuronal di sease, HV or a cardi ovascul ar

33. A method of treating a patient suffering from an allergic or inflammatory disease

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

1.

34. A method of treating a patient suffering from neurodegeneration resulting from a disease
or injury comprising administering to said patient an effective amount of a compound according

to claim 1.
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di sease. 69
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35.  The method of claim 34, wherein the disease or injury is stroke, spinal cord injury,

*
-neurogenesis, Alzheimer’s disease, multiple sclerosis, amylolaterosclerosis (ALS), or multiple

systems atrophy (MSA).

36. A method according to claim 26, wherein said patient is suffering from memory
impairment Alzheimer’s disease, schizophrenia, Parkinson’s disease, Huntington’s disease,
Pick’s disease, Creutzfeld-Jakob disease, depression, aging, head trauma, stroke, CNS hypoxia,

cerebral senility, multiinfarct dementia, an acute neuronal disease, HIV or a cardiovascular

disease.
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