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DERI VATI VES AS PDE 5 INHI BI TORS This invention relates to organic
conpoundﬁ, t1 eH, preparation and their use as phar naceuti@ﬁtlsm/ol:,gbgone
aspect Hé |nvent|on provi des conpounds of formula OR3 RNNR5 /~~ C/
Il ONNHRR2 in free or salt for where R is hydrogen or alkyl
optionally substituted by hydroxy, alkoxy, or alkylthio, R2 is hydrogen,

al kyl , hydroxyal kyl, al kyl carbonyl oxyal kyl , al koxyal kyl, al kyl t hi oal kyl,

al kenyl , cycloalkylalkyl het erocyclyl al kyl, aralkyl in which the aryl ring

t hereof is t|o - Qu i's
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substqﬂuhﬂdxhycﬁydroxy alkoxy or alkylthlo R4 is hydrogen or alkyl, R5

is a quinolinyl, isoquinolinyl or oxodihydroisoquinolinyl group optionally

fused to a 5- nenbered het erocyclic group and optionally substituted by one

or norla osdhspedct, ueningentsal potides dongriundd offermuleyano, hydroxy, al kyl

hydr oxyal kyl , al koxyal kyl, ~al kyl thioal kyl, al koxy, alkylthio, alkenyl,

al koxycar bonyl , al kynyl, rboi&l acyl, a group of formula - N(R6)R7, aryl

optionally substitutﬁﬂ\by ne nnreq§ubst|tuents sel ected from hal ogen or

al koxy, or heteroaryl hAvin [ ¥i'ng atons, attached through a ring

carbon atomto the indicateg c vajom and R6 and R7 are each

i ndependent |y hydrog kyIN opt'i'dial |y substituted by hydroxy or

al koxy or one of R6 and RA, s hydrogen and the other is acyl, or R6 and R7

together with the nltrogéh atomto which they are attached denote a 5- or

6- menbered heterocyclyl group.
in free or salt form, where

!is hydrogen or alkyl optionally substituted by hydroxy, alkoxy, or alkylthio,
R2 is hydrogen, alkyl, hydroxyalkyl, alkylcarbonyloxyalkyl, alkoxyalkyl, alkylthioalkyl,
alkenyl, cycloalkylalkyl, heterocyclylalkyl, aralkyl in which the aryl ring thereof is optionally
fused to a S-membered heterocyclic group or is optionally substituted by one or more
substituents selected from alkoxy, amino, alkylamino, dialkylamino, acylamino, halogen,
hydroxy, aminosulfonyl, alkylaminosulfonyl, dialkylaminosulfonyl, alkylsulfonylamino or
dialkylaminosulfonylamino,
R? is hydrogen or alkyl optionally substituted by hydroxy, alkoxy, or alkylthio,
R*is hydrogen or alkyl,
R’ is a quinolinyl, isoquinolinyl or oxodihydroisoquinolinyl group optionally fused to a 5-
membered heterocyclic group and optionally substituted by one or more substituents
selected from halogen, cyano, hydroxy, alkyl, hydroxyalkyl, alkoxyalkyl, alkylthioalkyl,
alkoxy, alkylthio, alkenyl, alkexycarbonyl, alkynyl, carboxyl, acyl, a group of formula -
N(R®)R’, aryl optionally substituted by one or more substituents selected from halogen or
alkoxy, or heteroaryl having 5 or 6 ring atoms, attached through a ring carbon atom to the
indicated carbon atom, and
R® and R’ are each independently hydrogen or alkyl optionally substituted by hydroxy or
alkoxy or one of R® and R” is hydrogen and the other is acyl, or R® and R’ together with the

nitrogen atom to which they are attached denote a 5- or 6- membered heterocyclyl group.

“Alkyl” as used herein denotes straight chain or branched alkyl, which may be, for example,
Ci-Cio-alkyl such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-



"Alkyl" as used herein denotes straight chain or branched al kyl, which may
be, for exanple, C,-do-alkyl such as nethyl, ethyl, n-propyl, isopropyl,

n- but yl ’\njosdiEHfM' , sec-butyl, tert WO 01/77110 PCT/ EPO1/ 0889%poro30ey v! ,
straight or branched pentyl, straight or branched hexyl, straight or

branched heptyl, straight or branched octyl, straight or branched nonyl or
strai ght or branched decyl. Pr ef er abl y alkyl is C -C8-al kyl. "Al koxy" as
used herein denotes straight chain or branched al koxy which may be, for
exanpl letylCstrdiplo-cal leamahed pehty§ straighh ox pranehdtbhigxyl, rstqaighp ox ypranchep hepolxy,

n- but ox i sopu , c-bu y [ ;- hu , Straight or branche
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st r ai ghtfecbhbalkylah€dCealkyl.oxy, strai ght or branched nonyl oxy or straight
or branched decyl oxy. Preferably, alkoxy is C, -C4-al koxy. "Al kylthio" as
used herein may be C, to Cl0-al kylthio such as nmethylthio, ethylthio, n-

pr opyl tAlkoxy” sopsapldrtini denores butayght lthain eebranahed tlkosy wisdbutayl bdyifor
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exanpl e to C po-al kenyl, such.as _vinyl . 1-propenyl, 2-propenyl
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C4- al kenyl . "Cycl oal kyl al kyl " as used herein denotes al kyl, for exanple C,

to C o-al kyl such as one of the C, to C o-al kyl groups hereinbefore
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groups ?'nbef ore mentioned, substituted by a 5- or 6- nenbered
het er ocycl yl group having one or two hetero atons sel ected from nitrogen,

oxygen ,and  sulfur in the ring, .such as pyrrolyl, rroliqibnl, furyl,
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alkenyl is C, to Cs-alkenyl.

“Cycloalkylalkyl” as used herein denotes alkyl, for example C; to Cyp-alkyl such as one of
the C; to Cy-alkyl groups hereinbefore mentioned, substituted by a C; to Cg cycloalkyl
group such as cyclopropyl, methylcyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
methylcyclohexyl, dimethylcyclohexyl, cycloheptyl or cyclooctyl. Preferably, cycloalkylalkyl
is C3-Cs-cycloalkyl-C;-Cy-alkyl.

“Heterocyclylalkyl” as used herein denotes alkyl, for example C; to Cqo-alkyl such as one of
the C; to Cyo-alkyl groups hereinbefore mentioned, substituted by a 5- or 6- membered
heterocyclyl group having one or two hetero atoms selected from nitrogen, oxygen and
sulfur in the ring, such as pyrrolyl, pyrrolidinyl, furyl, thienyl, pyridyl, piperidyl, imidazolyl,
imidazolidinyl, pyrazolidinyl, piperazinyl, morpholinyl, oxazolyl, or furazanyl. Preferably,
heterocyclylalkyl is C;-Cy-alkyl substituted by a 5- or 6- membered heterocyclyl group
having one or two nitrogen or oxygen atoms or one nitrogen atom and one oxygen atom in

the ring.



havi ng one or two nitrogen or oxygen atons or one nitrogen atom and one
oxygen atomin the ring. WO 01/77110 PCT/EP01/03909 3 "Aralkyl" as used
herei n neans C6-Clo-aryl-C -Clo al kyl and nay be, for exa 0 of the
Cl- d o- &RV 7§ ups nentioned hereinbefore, particularly gﬁtﬁgyv@ﬁg’

Cl- C4-al kyl groups, substituted by phenyl, tolyl, xylyl or naphthyl.

Pref erably, aralkyl i s phenyl-Cl-C4-4dlkyl, particularly benzyl or

2- phenyl ethyl. "Acyl" as used herein denotes al kyl carbonyl, for exanple
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Aryl

as used herein denotes a nonoval ent carbocy i ¢ aromat’i ¢ group, for
exanpl &ckpenyb-cydehexyk srdobeptyrsrayrloogiie dy lor Suimembaged fetospcpmhdcasbomir e,
€.g. OH§v’mé o OF tWdh&&o dmTl@ldiVtom HerdlRs, o¥g cﬁ'%HBtsmle 1nptq1§fr§1§aﬁcx aryl

is phenyl. "Heteroaryl having 5 or 6 rin atons as used herein denotes a
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“Aryl” as used herein denotes a monovalent carbocylic aromatic group, for example Cg-Cy-
aryl such as phenyl, phenyl substituted by one or more, e.g. one, two or three, C;-C,-alkyl
groups, or naphthyl. Preferably aryl is phenyl.

“Heteroaryl having 5 or 6 ring atoms” as used herein denotes a monovalent aromatic
heterocyclic group having S or 6 ring atoms of which one, two or three are selected from
nitrogen, oxygen and sulfur, such as pyrrolyl, furyl, thienyl, pyridyl, pyrazolyl, imidazolyl,
triazolyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, dithiazolyl, trithiazolyl, furazanyl,

pyrazinyl, pyrimidinyl or triazinyl.

In alkylamino, dialkylamino, acylamino, dialkylaminosulfonylamino, alkylcarbonyl,
alkylcarbonyloxy, alkoxycarbonyl, hydroxyalkyl, alkylthioalkyl and alkoxyalkyl, the alkyl,

acyl or alkoxy groups as appropriate have the meanings hereinbefore described.

“Halogen” as used herein may be fluorine, chlorine, bromine or iodine: preferably it is
bl > 2 p y

fluorine, chlorine or bromine.



"Hal ogen" as used herein may be fluorine, chlorine, bromne or iodine;
preferably it is fluorine, chlorine or bromne. WO 01/77110 PCT/ EPO /03909
4 The 5-wpRipefgd heterocyclic ring to which RS as a qui npet/ehio3909

i soqui noYvi nyl or oxodi hydroi soqui nolinyl group is optionally fused may be,
for exanple, a 5- nenbered heterocyclic ring having one or two hetero
atons in the ring, said hetero atons *bei ng selected from oxygen, nitrogen
and sul fur. Exanples of such heterocyclic rings include pyrrole,

pyrroline, pyrrolidine, furan, dihydrofuran, tetrahydrofuran, thiophene,
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5-isoqui nol.inyl ., 6-isoqui.nolinyl, 7-ijsoquinglinyl, . or 8-isoquinol.inyl
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4-isoqui pol,inyl group. RS as a substitute ui nol i nyl or isoquinolinyl
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inventian,, R5 is a _guinolin rqup o ormula RI13 . ONR 12 11, Rg Rl11
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isoquinolinyl, S5-isoquinolinyl, 6-isoquinolinyl, 7-isoquinolinyl, or 8-isoquinolinyl group,

preferably a 1-isoquinolinyl or 4-isoquinolinyl group. In most of the especially preferred

embodiments of the invention, R’ is a 4-isoquinolinyl group.

R’ as a substituted quinolinyl or isoquinolinyl group is preferably substituted by one, two,
three or four of the abovementioned substituents, especially one, two or three of those
substituents. The preferred substituted 4-isoquinolinyl group is preferably substituted in the

1- and/or 6- and/or 7- and/or 8- position of the isoquinoline ring system.

In especially preferred embodiments of the invention, R® is a quinolinyl group of formula

R13

or an isoquinolinyl group of formula



R8 RI3 Rl12 NI Ill Rg R11 RIO where R8, R9, RO, R', R 12 and R13 are
each independently hydr ogen or a substituent selected from hal ogen, cyano,
hydr oxy, w % hydroxyalkyl al koxyal kyl, al kyl t hi oal kyl pcTalplDdsoe
aIkyIthlo a ken alkoxycarbonyl, al kynyl, carboxyl, acyl, a group of
formula - N(R6)R7 aryI optionally sqﬁstituted by one or nore substituents
sel ected from hal ogen or al koxy, or “heteroaryl having 5 or 6 ring atons,
or R" and R12 together with the carbon atons to which they are attached
denote a 5- nenbered heterocyché c ggGup having two oxygen or nitrogen
atons in the ring, and R6 and R7 are as herei nbefore defined. R5 as an

oxodi hydr oi soqui nol i nyl group-f rab B as the oxo group ortho to the
ring nitrogen atom prefer.aly d p03|t|o?||n t he i soqui noline ring
system It is preferably |i pe remai nder of the nol ecul e of

formula | via the ring c 3 on1 -taJ%o the ring nitrogen atom i.e.
the 4-position in the isoquinoline ¢?ng system An especially preferred
oxodi hydroi soqui nolinyl group is of formula RL RL1 WN R 12 II1A O R13
where R10, R', R12 and R13 are as hereinbefore defined and Ra is hydrogen
or Ct-CA-aIkyI.g Rgeferrqg anong the conpounds of formula | in free or salt
f or m awberehRS R wHRTeRR, R'S angdR Osn coeh ddapandenkly | hydpegennerl h ysubstisueritt ut ed

o S B A e 6, A I AL
- C1- @a&bmlalkﬁm@alh‘tWI ztlhq»cy-c@bo@ﬂ, almbfl,, Cm)o@,l, atﬂemgroup of formula -
C3- C8- 25%’1' oupQIQngﬁy s@skﬁdte%gﬁ E:%(fmf(gcﬁélng%ut%tsaéeFe\é*edegx{lq\a?]%n or
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PCT/ EPQ!.% 1R33%Lhich they are attached denote a 5- membered heterocyclic group having two

oxygen or nitrogen atoms in the ring, and R® and R’ are as hereinbefore defined.

one or

R’ as an oxodihydroisoquinolinyl group preferably has the oxo group ortho to the ring
nitrogen atom, preferably in the 1-position in the isoquinoline ring system. It is preferably
linked to the remainder of the molecule of formula I via the ring carbon atom meta to the
ring nitrogen atom, i.e. the 4-position in the isoquinoline ring system. An especially

preferred oxodihydroisoquinolinyl group is of formula
R10
H11
a A
R—N R'2
o R13

where R, R", R and R" are as hercinbefore defined and R? is hydrogen or C;-C,-alkyl.

Preferred among the compounds of formula I in free or salt form are those where

R! is hydrogen or C;-C,-alkyl optionally substituted by hydroxy, C;-Cs-alkoxy or C;-Cu-
alkylthio,

R? is hydrogen, C;-Cg-alkyl, hydroxy-C;-Cs-alkyl, C-C,-alkylcarbonyloxy -C;-Cs-alkyl, C;-
Csalkoxy -C;-Cg-alkyl, C;-Cs-alkylthio-Ci-Cs-alkyl, C,-C4-alkenyl, Cs-Cg-cycloalkyl-Ci-C,-
alkyl, heterocyclyl-C;-Cs-alkyl where the heterocyclyl group is a 5- or 6- membered

heterocyclyl group having one or two hetero atoms selected from nitrogen and oxygen atoms



6 in the ring, phenyl-Cl-C4-alkyl in which the phenyl ring is optionally
substituted by one or nore substituents selected from Cl-C4-al koxy, am no,
Cl- CA- al ) @oyg. di (C1-CA- al kyl ) ami no, Cl- C4-al kyl car bopylraipofi@seedial ogen,
Cl- C4-al kyl sul fonyl ami no, or di(Cl-C4- al kyl)amni nosul fonyl amino, and is
optionally fused to a 5- nenbered heterocyclic ring having two oxygen or
two nitrogen atons in the ring, R3 i 8 hydr ogen or Cl-C4-al kyl optionally
substituted by hydroxy, O -C4-alkoxy or Cl-C4- alkylthio, R4 is hydrogen or
Cl- CAimitheyting, Rbeng-G-Gualkgl inrwhich tlquunﬂmmm;slop@uonaﬂoodnbsydncﬂ by)quc nol i nyl
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oxygen or two nitrogen atons fohalty substitutéd by one
or norgydatwsta, t@eﬁt-slk&zk@hda@mekdnﬁm@nhhege@géh chlbﬁa;lfmfalnony, ohydifCaxSs;
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3 e
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opti oraiimltyucsubstl tuted by hydr oxy or al koxy, or one of R6 and R7 is
hydr o ﬁt %r}leoro h r l!ks Cl- C4- al kyl carbonyl, or R6 and R7 together with
t he ni rogen Elh they are attached denote a 5- or 6- nembered

het er dtyic hyjuingrioyh 1Mu1rr¢gnplnca oxodiwdreisdquagdiny bgronp opnidnalbpfusehal 4 ¥; an
Oy I ocr BN WAL B0y RULLDSL, PLELEE ed, BTG SomRonds, o1, f or mul 2
Cl- C8-cptikydlly $updriaxgd b)CJmEBf axhdtylspbsmuc(ﬁis- (édlectedl ﬂ(grhdmidsgarnybmp, Cirbe®y al kyl ,

C2- C4-alkenyl oaI kyl
wher e PAE xl’(et%?? lgqyl éroé(ﬁ' é %@%&%‘fﬁ‘gﬁk&ﬁbﬁt@%@c‘?ﬁy? \% hdvi ng one
ni t r og&ralloyl, GxPaatkoal 00 -Chralkihiol, 13-C.piienyl, GG, dkyalykyC;- Cnahkhlcsdbohﬂe phenyl
ring i s opti A ubsti t.ut r two substituents sel ected from
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Cl- CA-raldgyh sulch-anyliexynad or di (Cl- C4- al kyl ) am nosul fonyl amino and is
optional ly,fused to.a.5 ne red heterocyclic, ring havjn xygen
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hydroxy or alkoxy, or one of R® and R is hydrogen and the other is C;-Cs-alkylcarbonyl, or
R® and R’ together with the nitrogen atom to which they are attached denote a 5- or 6-
membered heterocyclyl group having one or two nitrogen atoms and, optionally, an oxygen

atom in the ring.

Further preferred among the compounds of formula I are those where

R!is hydrogen or C;-C,-alkyl, R? is hydrogen, C;-Cs-alkyl, hydroxy -C;-Cs-alkyl, or C;-Cs-
alkylcarbonyloxy-C;-Cs-alkyl, C,-Cs-alkenyl, C;-Cs-cycloalkyl-Ci-Cy-alkyl, heterocyclyl-C;-
Cs-alkyl where the heterocyclyl group is a 5- membered heterocyclyl group having one
nitrogen or oxygen atom in the ring, phenyl-C;-C4-alkyl in which the phenyl ring is
optionally substituted by one or two substituents selected from C;-C,-alkoxy, amino, C;-C,4-
alkylcarbonylamino, chlorine, bromine, C;-C;-alkylsulfonylamino, or di(Cy-Cs-
alkyl)aminosulfonylamino and is optionally fused to a 5- membered heterocyclic ring having
two oxygen atoms in the ring,

R? is hydrogen or C;-Cy-alkyl,

R*is hydrogen or C;-C,-alkyl,

R’ is a quinolinyl group of formula II, an isoquinolinyl group of formula I or an
oxodihydroisoquinolinyl group of formula ITIA, where R®, R’, R', R, R* and R" are each
independently selected from hydrogen, halogen, cyano, carboxy, hydroxy, C;-Cs-alkyl,



R4 is hydrogen or Cl-C4-alkyl, R5 is a quinolinyl group of formula Il, an
i soqui nolinyl group of forrmula Il or an oxodi hydroi soqui nolinyl group of
formula MA, where R8, R9, R10, Rl1l, R12 and R13 are each tly
selectedV%¥%ﬁVHVdrogen hal ogen, cyano, carboxy, hydroxy,PEEﬂﬁﬁsggﬁg

01/ 77110 PCT/ EPO1/ 03909 7 hydroxy-Cl-C4-al kyl, CT-C4-al koxy-Cl-C4- aIkyI
Cl- C4- al kyl t hi oC1- C4- al kyl, Ci1-C4-al Koxy, Cl-C4-alkylthio, C2-C4-a|keny|,
C2- C4-al kynyl, d -C4-al kyl carbonyl, a group -N(R6)R7 or phenyl optionally
subst ﬁ,uﬁ@;dy by CQBFk&PF Cl Q-2 B $1a, L ﬂ]ﬁyﬁh5‘(%L(@ﬁél%ﬂtkﬁé@ﬂd@ﬂk%e@r@r-al%x@

al koxy and together with e carbaon atons fhey ‘are

R'
attac h@d dé%’(t@oa C2f@n%h%*:e@*ﬁeﬁ’éb’6ﬂy@r% aedeasbanxli aggrewp BYFgBn @it ons in
the ripgnyRB A?Quf’t@%ﬁh@ﬂ%ﬁ&?éw Rﬂ@@%&f&%ﬁamws&&%og&a ngarlogg]x &4catkyl

optlonally sub droxy or al koxy or one of
hydr og@hom@rtﬂqear@fi toggthelwndaﬂaﬂ jagbemptonmyP, Which tiRg apattached dg’@ﬂthér Wi th

the ni §5Q00R:QURMEKAMOGp bRk A6 o} fAURSH HEMeLRRufr Tenber ed
heterocyclyl group aV|ng one or two nitrogen atons or one nitrogen atom

and onR’® Gu¥gBn aratcash independentlynbydragesngst Cthealkul opgpnallvesehstinted dipounds
her ei np&f, gemdﬁ§8§}l be8ne @lsﬂ?{e&lcﬁﬂ{" % hl}aﬁjg@ﬁ Eﬁ‘ﬁj thcc&ﬂm's'@d%‘;aarll%rl&ﬂy%gl Y%rt hose

in MhIC S an 1so(q ui nol |ny group O formul a

hydr oananch @scrémekwth thanigpean awamwhwm(thzy)m affelred drEotEAdo- Rrpn@rcr@d
i ndepeﬁ'&'@rgwc lg %hmél%-le e ewbBhid %Lnaz &19% tR8 itk elﬂca]ttcg}ﬁ a3 550 g ﬁt omto

whi ch they ‘are at not e mbered heter o y gr oup |ng one
or twoataim, fodemingt oms, or one nltrogen atom and one oxygen atom in the
ring, or phenyl substituted by one or two Cl-C4-al koxy groups; R9 and R10
are each i ndependently drogen, O -C4-al kyl or halogen; R' and R 12 are
each An@egvéndlenmrshehwcfégeﬁ colmziongén heryhebore cdastribeyl, csyatiadixypreferred

C7- C4- &Jbﬁdunngrc%ugill}kﬂfé% B w184 ah lonfl1 %g)zp %?gmﬁ{]&a PReLRh i th

t he car atons to wh ey are attac

het er oBY il leydnesenn §1-Canlknkyhpdogeat omsoi ANRIR rwhgs RirahdrR 3aiesndspdndadn  or
hal oge S 6 C f d r ol r ose
nor or ra CEATALALR: BRERCIkeintr RUSEL hifostORRAK RN b TN sRachBidEndd
conpoundsn@:nleertdwb@eoofclmm hsvn?g ofler tvQ nBB)gen 45ms}Qr b mt@ﬁgen aaorand 70.

gﬁgfg;%gaﬁ ot o yg&{'}‘c bn YR ot PhdnlPobSidited by el S ewBAELECHIELY Froups;
R’ and R" are each independently hydrogen, C;-Cs-alkyl or halogen; R'" and R are each
independently hydrogen, halogen, cyano, carboxy, hydroxy, C;-Cs-alkyl, C;-C4-alkoxy or
C,-Cys-alkynyl, or R'" and R together with the carbon atoms to which they are attached
denote a 5- membered heterocycle having two oxygen atoms in the ring; and R™ is hydrogen

or halogen.

Specific especially preferred compounds of formula I are those hereinafter described in the
Examples. More preferred amongst these compounds are those of Examples 7, 10, 15, 35,
45,49, 55, 60, 68 and 70.

Compounds of formula I may be in the form of salts, particularly pharmaceutically
acceptable salts. Pharmaceutically acceptable acid addition salts of compounds of formula I
include those of inorganic acids, for example, hydrohalic acids such as hydrofluoric acid,
hydrochloric acid, hydrobromic acid or hydroiodic acid, nitric acid, sulfuric acid,
phosphoric acid; and organic acids, for example aliphatic monocarboxylic acids such as
formic acid, acetic acid, trifluoroacetic acid, propionic acid and butyric acid, aliphatic
hydroxy acids such as lactic acid, citric acid, tartaric acid or malic acid, dicarboxylic acids

such as maleic acid or succinic acid, aromatic carboxylic acids such as benzoic acid, p-



acceptabl e salts. Pharmaceutically acceptable acid addition salts of
conpounds of fornula I include those of inorganic acids, for exanple,
hydrohalh,@,&ﬁ\ﬁ such as hydrofluoric acid, hydrochlori cpatiege1/d3gehr obr om c
acid or oiodic acid, nitric acid, sulfuric acid, phosphoric acid; and
organi c acids, for exarrpl e aliphatic nonocarboxylic acids such as formc
acid, acetic aC|d trifluoroacetic aéid, propionic acid and butyric acid,

al i phatic hydroxy acids such as lactic acid, citric acid, tartaric acid or
mal i c ca)dbrdberdbicealcbb)dgpﬁenyla@tidscidsnmcﬁplafslyhattéi widcirdmatic bydroknaddagic,
aromatj c KL & acid n [ 727
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aci d, dro enzm 1- hydr ox ht, h r | i or

3- hydr‘g'xlif% gnaémg car acc tw%lga%ccopqgﬁe 3 a?gr?l% 58% ngn&’s Oﬁﬁgg%lgl

met han@lsubﬂiﬁns (hydﬂ:lgdn umludzeemztehsﬁusl pammladg|adkaletmauatraCQU¢ailnaledtryh accdpt abl e
base Sa!)t r&n St nesmrn Eicrn%mRéal%s nc}/ lpsgwnhI ncnlul)‘lr(ljlae rLIEt al

sal t s, part c"i.‘ﬂ o Wa??(ﬁfsmmrfe'?a% or TaPkat TheE &8t At metal T 8alt s such as
sodi unphapohentcdlly) acegaklsi argaie acdhai amhs@&kdcylic daskssakh sasthhkncdmﬁmni a or

phar eutically acceptahbl,e organi c ,am nes or. heterocylic S ch as

et harr:al?eé‘ﬁlﬁ’élgles %Bé’ﬁﬂé‘f‘am & Bt PV i %GCar‘i'%efrse téaf 83 Praunc% O%ef(r)renblér gd from
free ceangberydhs of cdngratmbaof formnladtbljrdmosaﬂ daly- fofmmgrppomtddss of formula | by
known sal t-form ng procedures. The present invention also provides a
process for the preparation of conpounds of fornmula | in free or salt form
whi ch 'deTpfeieSeBlv&ﬂtlc(rﬁélsdjﬁﬂa)ydlrcai prgesa footipquethrador affcsipaulds ofJofnMXR4 R\ N
NH V. 9 21% \I\/Flh R2, R4 and R5 are as hereinbefore defined; or
(b) f ol a5 5716 RAPRY ISR CBPPUSE orpound of formula | in free or salt form
wher e R3 |s aI kyl optionally substituted by hydroxy, al koxy or alkylthio,
reacti égré%gu d . of fornuln%offgrrhmlfaree or salt formw th an appropriate

al kyl a ralfmgacompou
RS
o
O R4
R! NH
SN | W,
O)\I?l NH,
R2

where RY, R%, R* and R® are as hereinbefore defined; or

(b) for the preparation of a compound of formula I in free or salt form where R? is alkyl
optionally substituted by hydroxy, alkoxy or alkylthio, reacting a compound of formula I in

free or salt form with an appropriate alkylating agent, or

(c) for the preparation of a compound of formula I in free or salt form where R? is aralkyl
substituted in the aryl ring by alkylsulfonylamino or dialkylaminosulfonylamino, reacting a
compound of formula I in salt form where R? is aralkyl substituted by amino with,

respectively, an alkylsulfonyl halide or dialkylaminosulfonyl halide; or

(d) for the preparation of a compound of formula I in free or salt form where R? is

hydroxy-substituted alkyl, hydration of a compound of formula I where R? is alkenyl; or



(c) for the preparation of a conpound of fornmula | in free or salt form
where R2 is aral kyl substituted in the aryl ring by al kyl sul fonyl am no or
dlalkylanlnosulfonylanlno reacting a conpound of fornmul i |+ form
where R2 (EHQFEPky| substituted by amno wth, respectlngb‘“h’QHﬁﬁm5

al kyl sul fonyl halide or dial kyl am nosul f onyl halide; or (d) for the
preparation of a conpound of forrmula® in free or salt formwhere R2 is
hydr oxy-substituted al kyl, hydration of a conpound of fornmula | where R2 is

al kenyk), fer théQOpdrdtidnl Of PCIMBHRHd 8B2RulDT (B)red OF sdIPh eorRf arlaaxrea;ti RMuIRfl a
in free or salt formwhere R2 is al sub tltuted

conpoun of f a l
by al k‘)}‘ Sﬁ"w l@lea?ﬁamﬁﬁ élfléfoéé‘f‘fér‘fsqu‘?‘éfti‘%hof)ﬁ ¢p uﬂfd Iy Iyl a |

mhere\R&xeg2nmqﬂQ%Mrﬁmaﬁhhawde(ﬂlkyI or (f) for the preparation of a
conpound of forrmula | in free or salt formwhere R2 is aral kyl substituted

in the aryl ring by am no, hydrolysing a conpound of formula | where R2 is

aral kyf) sdthst ?Eéph&(ﬂlohfbfta%nﬁfohhd [Jf HgrnidYla AGy kraEbN Salt ﬂfrm(\gherfsq(l it Bealkyl
preparaglon 8 ound of for free or aor m wher e 5 is

qui nol SRSHIUE ‘Ps‘BﬁGFﬁo‘f‘}gnE’ﬂf a%%@mlwrlgﬁ RPOYRY o?é%réwéwaw @A Tofisa

conpounRaikef substitedan the M6 IRPadyharfigspgct i vel y qui nol inyl or isoquinolinyl
substituted by al koxy, particularly nmethoxy; or (h) for the preparation of

a conpound of formula I in free or salt formwhere RS is quinolinyl or

i soqun @P! fYehe Sptbsdrhdidt 8d abdorhipdR@ess fhialpoenati@nootala (eamrenrd rofisf ornul a
| where R5 is respectlvely qui nol i nyl or |squ|noI|nyI havi ng an

unsubstuirelingh of jspguinalinyd subsgtused By &y drory edqliyylation /j@reempennd ovrf fpimpuleor ¢ he

pr epar@adhede 1@*lsarequu%hﬁﬂrwls@qiunbnn,flrs%s&ﬁteaaw afk@&fn phekglaflg is a
cycl opropyl group, optionally substituted by alkyl, subjecting a conmpound

of f orREhaxy; o'where R2 is al kenyl to a Sinmons Snmith cycl opropanation
reaction; and 2) recovering the resulting product of formula | in free or
salt form Process (a) may be carried out by heating, or by reaction with
an i ndhyaffircthsrprepagatiere op aseompqundnal, forauds %e@tféf& o salh fenny ayhese & iaqueous

50l vertuillidl SPHoaaHEmSASAARLS bP AbGA halinarls830t Qthbll FEEIRY be

carried out nbi ent 't enper ature or, nobre conveni ent | evat ed
t enperlavhere R 'IIPI éew@atytflwwnm@mpﬂr ef ssoapingliedrhaving @upnwmﬂp@étm@ar\hpn h

aqueoUgomakkiddtle IR halog gxg&gxbpe in an al coholic solvent at elevated
tenperature, for amm)eas

(i) for the preparation of a compound of formula I in free or salt form where R? is a
cyclopropyl group, optionally substituted by alkyl, subjecting a compound of formula I

where R? is alkenyl to a Simmons Smith cyclopropanation reaction; and
2) recovering the resulting product of formula I in free or salt form.

Process (a) may be carried out by heating, or by reaction with an inorganic or organic base.
It may be effected in an organic or aqueous solvent or mixed aqueous/organic solvent. The
reaction with base may be carried out at ambient temperature or, more conveniently, at
elevated temperature. The reaction is preferably carried out by treatment with aqueous
alkali metal hydroxide in an alcoholic solvent at elevated temperature, for example as
described hereinafter in the Examples. The compound of formula IV is preferably a
compound where R’ is a group of formula II or Ill. Compounds of formula IV may be

prepared by reacting a compound of formula



descri bed hereinafter in the Exanples. The conpound of formula IV is
preferably a conpound where R5 is a group of fornmula Il or II1l. Conpounds
of formuyg diM7{f@y be prepared by reacting a conpound of befimBphRINE

01/ 77110 PCT/ EPOl/ 03909 100 RANHN2V ONNH RR where R and R2 are
as hereinbefore defined, with a corrppound of formula HOOC -CH R5 VI R4 or
an am de-form ng derivative thereof, where R4 and RS are as herei nbefore
defined. The reaction nay be effected by treating the carboxylic acid of
formula VI with a peptide couping agent to formin situ an activated
ester or m xed anhydri de, Rﬁol | oped W i reat ment wi th the conpound of
formula V in an organic, e.gnNTi aprotic, @ m xed aqueous- organic
(e.g. chlorohydrocarbon) sol vent |The latter treatment nmay be carried out
at sub- anbi ent, anbient 0{) Herrperature conveni ently at anbi ent
t enperature. Preferably, heald 2ormula VI is treated with a

carbodi i mide derivative in the Rfesence of hydroxybenzotriazol e and,
optionally, a base, or is treated with a benzotriazolyl-

(trisdivhdrkRl' and Ré)xremswpfmxﬂq@l‘mmduﬁmaslawith akoepoesd bf fangulant er nedi ate is
preferably treated Wth(j@@ corrpound of formula Vin a dipolar aprotic
sol vent or m xed chl oroh Ear b UFous sol ygnt at anbi ent t enperat ure.
Procedures nay be as hereinafter escrl bed in the Exanples. Conpounds of
formula V nmay be prepared by redu t4i on of a conpound of fornmula O RAN NO
VIl ONNH2 2 where Rl and R2 afe as herei nbefore defined.

or an amide-forming derivative thereof, where R* and R’ are as hercinbefore defined. The

reaction may be effected by treating the carboxylic acid of formula VI with a peptide
coupling agent to form in situ an activated ester or mixed anhydride, followed by treatment
with the compound of formula V in an organic, e.g. dipolar aprotic, or mixed aqueous-
organic (e.g. chlorohydrocarbon) solvent. The latter treatment may be carried out at sub-
ambient, ambient or elevated temperature, conveniently at ambient temperature. Preferably,
the acid of formula VI is treated with a carbodiimide derivative in the presence of
hydroxybenzotriazole and, optionally, a base, or is treated with a benzotriazolyl-
(trisdialkylamino)-oxyphosphonium salt. The resulting intermediate is preferably treated
with the compound of formula V in a dipolar aprotic solvent or mixed chlorohydrocarbon-
aqueous solvent at ambient temperature. Procedures may be as hereinafter described in the

Examples.

Compounds of formula V may be prepared by reduction of a compound of formula

o)
Rl_ NO
N | Vil
O)\N NH,
l 2
R

where R! and R? are as hereinbefore defined.

The reduction may be effected using known procedures, for example by treating the
compound of formula VII with a reducing agent in an organic or aqueous solvent. The
reaction may be carried out at ambient or, more conveniently, at elevated temperature.

Preferred reducing agents are alkali metal dithionite salts in aqueous media or hydrogen in



The reduction may be effected using known procedures, for exanple by
treating the conpound of fornmula VII with a reducing agent in an organic
or aqueowso s@IYARNt. The reaction nmay be carried out at ampgraPro1/03909 nNore
conveniently, at elevated tenperature. Preferred reducing agents are

al kali netal dithionite salts in aquepus nmedia or hydrogen in WO 01/77110
PCT/EPO /03909 11 the presence of a noble netal catalyst. Treatnent with
sodiumdithionite in agueous solution at 80-90C is particularly preferred.
ConpouHtspissentoofnd aokie| meal cafalyp e Jasasarensy witht seskiami dithiotite ix @apeswnd of

f or mul luébigt§&§64ﬂs gh%@bd? leferiay, Where R and R2 are as hereinbefore
defined, for exanple Rith an grganlé or inorganic nitrosating agent in an
organi c or aqueous or m xed organi c-aqueous solvent. Nitrosation may be

ef f ect ' - [ ' | ted

t enper gztgrt#éw&pgr?g&gﬁ%g W@%Rg&ﬁs %{Ieﬁi g? f‘ﬁFrrgé? %Fr; ?\f %‘F?ljf’ggﬁsnuc f fglé‘gl\ls{lgdi um
nitrite in the presence of an cid such acetic acid at sub-anbient or

anbi ent tenperature, preggfabl in a mxed al coholic-aqueous solvent such
as aqueous et hanol . mdg-ofNfornula VIl NRY be prepared by reacting a
conmpound of forrmula R? N N- CH2CN | X where R2 is as hereinbefore
defined with an inorganic gigqr Lc base to effect cyclisation, followed,
where R is an optionally(%ubsI tut@bﬁalkyl group, by reaction with an

al kylating agent. The cyclisai?on reaction may be effected using
conventional procedures. It is conveniently carried out in an aqueous,

or gani hefe Ri ¥@dl Rrgank dreaditeedis deRhddgTbr exdigEle Wit affB)rghiac &f figslgefic at

anbi ent_or, nore conveniently, elevated tenperature. Th? base. is .

pr ef er BSTOFatE AACRGIN AREEANICIRF BT RSP CFAPSAREAMLIAYFPEr Sliredtionni ch i s
pr ef er gl Yoe cfR@6d @slng RndwHipreddady o tisr-AhBiehQ lakfbi &R lof eldvatcBtahpdralaty at

el evated tenperature, e.g. 80-90 C The optional al kylatign step can be

ef f ect BEfeyab H&‘&‘rﬂwkﬂf gt gpate suphps sadinm natrite,in; thg présence of an acid such

acetic acid at sub-ambient or ambient temperature, preferably in a mixed alcoholic-aqueous

solvent such as aqueous ethanol.

Compounds of formula VIII may be prepared by reacting a compound of formula

RZ—H—CO—-”—CO—CHZCN IX

where R? is as hereinbefore defined with an inorganic or organic base to effect cyclisation,
followed, where R' is an optionally substituted alkyl group, by reaction with an alkylating
agent. The cyclisation reaction may be effected using conventional procedures. It is
conveniently carried out in an aqueous, organic or mixed organic-aqueous solvent.
Reaction may be effected at ambient or, more conveniently, elevated temperature. The base
is preferably an alkali metal hydroxide, especially sodium hydroxide, which is preferably
reacted in a mixed aqueous-alcoholic solvent, preferably at elevated temperature, e.g. 80-90°
C. The optional alkylation step can be effected using known procedures, for example in the
presence of an inorganic or organic base, for example in an aqueous, organic or mixed
aqueous-organic solvent. Alkylation may be carried out at sub-ambient temperature or,
more conveniently, at ambient or elevated temperature. Preferred alkylating agents are alkyl
iodides or, especially, dialkyl sulfates. Preferred bases are alkali metal hydroxides in

aqueous alcoholic solvents, especially aqueous ethanol.

Compounds of formula IX may be prepared by reacting a compound of formula



presence of an inorganic or organic base, for exanple in an aqueous,
organic or m xed aqueous-organic solvent. Al kylation may be carried out at
sub- anmbi giforl-8g@er ature or, nore conveniently, at anbi enpc@fepgl/ees ed
tenperature. Preferred al kylating agents are al kyl iodides or, especially,
di al kyl sulfates. Preferred bases are alkali netal hydroxides in aqueous
al cohol i ¢ solvents, especially aqueods ethanol. Compounds of fornula |IX may
be prepared by reacting a conmpound of forrmula WO 01/77110 PCT/ EPO1/ 03909
12 R? NCONH2 X wit %gyﬁnqﬁgeLi acid or an am de-fyprm ng derivative

t hereof such as an esterHor acid |ide thereof, preferably the acid or
its ethyl ester. The reaction may be effected using known procedures, for
exanplvati ¢yaabaderigacid or ol anadé-forpigf drabtive dareahbiytiras de estac br asd hakdd c

hydrjde.. Th ion .t t be ambi ent iently,
e e

pr eparpeccedaiengfaroenamijilé dmaln prgatiedislest, preferabtpnml anhyldeidensach ias crytanat e
R2NCO 3¥(%§ cti.Qn with gaseous or agq;ous angnnia or fronlaa gnine R2NH2
by redBPY UG (HRCATAEH CRPIFAME MA% DeedTRISPE Ok ™RET SPREFIEBHY qE5 @ hed i n
the kxapih@se, cBpesndsc.of formula VIII where R is alkyl optionally
substituted by hydroxy, alkoxy or alkylthio and R2 is as herei nbefore
defined other than hydrogen, may be prepared by hydrogenolysis of a

CoOMPOWnundordfUban®la R mdy be YPrepaktdd Difglcdiventigndtl protddares, Br dxampleky!
optional 'y substituted q§ hydr oxy, al koxy or alkylthio, R2 is as
her ei AR GlesaaRPME R NHErb% FRRUMY dH BRI ARdOART RS Uh REHYATID 9F  fER) ATy

subst izmih€ 82K, B Geftion WL GlerdP4y MlakQxys exinfl€iaRdr¥iniRdrRX¢ibedliRWRS . The
hydro%§golé5|s may be carried out in a known manner, e.g. by treatnent

W th n or a source of hydrogen and a netal catalyst such as a
pl ati numor, preferably, palladiumcatalyst. The reaction nay be carried

Compounds of formula VIII where R’ is alkyl optionally substituted by hydroxy, alkoxy or
alkylthio and R? is as hereinbefore defined other than hydrogen, may be prepared by

hydrogenolysis of a compound of formula

0
1
SN | XI

A

O N N—CH;—Ar
l, H
R

where R' is alkyl optionally substituted by hydroxy, alkoxy or alkylthio, R?® is as
hereinbefore defined other than hydrogen and Ar is phenyl optionally substituted by one or
more C;-C,-alkoxy, preferably methoxy, groups. The hydrogenolysis may be carried out in
a known manner, e.g. by treatment with hydrogen or a source of hydrogen and a metal
catalyst such as a platinum or, preferably, palladium catalyst. The reaction may be carried
out in an organic solvent. The reaction temperature may be ambient or elevated. Preferably
hydrogenolysis is effected using palladium black in formic acid, e.g. as hereinafter described

in the Examples.

Compounds of formula XI may be prepared by reacting a compound of formula



out in an organic solvent. The reaction tenperature may be anbi ent or

el evated. Preferably hydrogenolysis is effected using palladium black in
formc acid, e.q. as hereinafter described in the Exanples, ounds of
forml a XF’WﬁVI%e prepared by reacting a conpound of fornﬁFgﬂ&ﬁﬂg%ﬁg7llo
PCT/EP01/03909 13 0 R\NIl XII ONC R2 where R and R2 are as

her ei nbefore defined for formula X, 1 th a conpound of formula ArCH2NH2
where Ar is as hereinbefore defined. The reaction nay be carried out in a
known manner, e.g. in an organi¢ solvent, preferably an al cohol such as
n- butanol, at anbient or gelevated tenperature, or anal ogously as

herei nafter described in Bﬁe | es. Conmpounds of formula Xl may be
prepared by reacting a conpolnd ﬂ formula 0 RXIN ( XIrr OoONd I H
where Rl is as hereinbefore defined for formula XI, with a conpound of
formula R2X where R2 is aDherdN'nbeiGire defined for formula XI and X is
hal ogen or hydroxy, where X is Lz iydroxy, the reaction being carried out in
the presence of activating reagents, preferably an azodi carboxyl ate such

35 90 By el oL ROl LORSLIEE il St LIATYLAROSRY J5osugh 20

di pheny pyrlf' phospht ne. e reaction nay carrie I

sol venArCHi¥Ief evhalsl $xr an aethheinbefoct dafindl. oX&n. redduienr mac e ararrielnpear at air e may
be subg anmbi ent or, preferabl}/(j qnbientforuelevafegltengeratﬁrg. Tgﬁ

react i 9f “Hhy B8 55 1 '8 BN #YY e ProfTaRL il &gt MR Fobhu B hiResi s
1981, dmbient @rekivegdushyerasird) er enalagdaly ddeedndfee désoribdaein thxBygrhysles.
Compounds of fornula XIlI1 are known or may be prepared by known

Compounds of formula XII may be prepared by reacting a compound of formula

0

1
AR | Xl

A

O N Cl

I
H

where R' is as hereinbefore defined for formula XI, with a compound of formula R*X where
R? is as hereinbefore defined for formula XI and X is halogen or hydroxy, where X is
hydroxy, the reaction being carried out in the presence of activating reagents, preferably an
azodicarboxylate such as di-t-butyl azodicarbdxylate together with a triarylphosphine such
as diphenylpyridylphosphine. The reaction may be carried out in an organic solvent,
preferably an ether such as dioxan. The reaction temperature may be sub-ambient or,
preferably, ambient or elevated temperature. The reaction may be carried out using the
procedure of Mitsonobu, Synthesis 1981, 1, or analogously as hereinafter described in the
Examples. Compounds of formula XIII are known or may be prepared by known

procedures.

Compounds of formula VI may be prepared, for example, (i) from benzaldehyde or a
substituted benzadehyde using the procedure of Dyke et al, Tetrahedron 1968, 24, 1467 or
(ii) from an optionally substituted, N-protected 1,2-dihydroisoquinoline by reaction with a
2-oxo-carboxylic acid using the procedure of Dyke et al, Tetrahedron 1968, 24, 1467,
optionally followed by conversion of the resulting carboxylic acid into a methyl ester and
then an alkali metal salt using the procedure of J. March, Advanced Organic Chemistry, 4th
Edition, Wiley, New York, 1992, pages 393 and 378 or (iii) from an optionally substituted



procedures. Conpounds of formula VI may be prepared, for exanple, (i) from

benzal dehyde or a substituted benzadehyde using the procedure of Dyke et

al, Tetrahed g 01968, 24, 1467 or (ii) froman optional | pcguirsiibies ed,

N- pr ot ect ed 1 di hydr oi soqui noline by reaction with a 2-oxo-carboxylic

acid using the procedure of Dyke et al, Tetrahedron 1968, 24, 1467,

optionally foll owed by conversion ofl#t he resulting carboxylic acid into a

nmet hyl ester and then an alkali netal salt using the procedure of J.

Mar c hqulﬁdkﬁdWGBQo@ilgam&bﬁﬂ@lﬁhSﬁ Wth dthhdrifdidducing af¥dtefplloWevbyar xo0xd992,
pages 393 and 378 .or ||| fro n _opti ubs ted 01/.77110

BT EeRp 9608 BIG RSB MBS AbT: R, S Pohgt o APThOBITNEYr | de

Rﬂeducmgadag?gtsuﬁalthm@nby tlte R-@tRain®gl DXyl a6 26 ef foshilg VIhEslmg olgedur e of
nter et a O g. em .1988, i troduci

Subst PRGEHES Ghiws Hedhbetial s f%f';g%f 2 L0 F sl 5198 ng the

procedueas19ds, 28nig.and Bi agani , Tetrahedron 1993, 39, 10305, or Ford et

al, J. Med. Chem 1985, 28, 164. Certain preferred conpounds of fornula Vi

may be prepared by (i) the reaction sequence R 13 R13 RO 12 12 R CHO (a)

R N ) C&tiieifefedd cdddtuindRof forlla V1 Rap bRpeep¥Méd bl V R13 R13 Rs R12 R12 \NH
OCH3 MN OCH3 R' R 10 RO Ril1

(i) the reaction sequence

R13 R13 RQ
R'2 CHO @ R'2 \NJ\<OCH3
OCH3
R" Rﬂ
R1O R10

XIV
13
R13 RQ 12 R
R
R \NHJ\<OCH3 @ SN
_
8 OCH, R R?
R R10
R rR*” “COOH
XVII

where R*, R®, R', R"", R'? and R™ are as hereinbefore defined. Steps (a) to (c) may be
carried out in a known manner, e.g. using the procedure of Dyke et al, Tetrahedron 1968,

24, 1467, or analogously as hereinafter described in the Examples;

(ii) the reaction sequence



Rio R4 COOH XVI XVII where R4, R9, R10, R', R12 and R13 are as

her ei nbefore defined. Steps (a) to (c) nay be carried out in a known
manner, &dhMeignd the procedure of Dyke et al, Tetrahedr egrA6H9390924,
1467, or ana(ogously as hereinafter described in the Exanples; (ii) the
reaction sequence WO 01/77110 PCT/ EPQ1/03909 15 R13 R13 R12 12 N (d) R
NCOCH3 (e) R11 Rs R11 Rs R10 R10 XVI11 XIX RL3 R13 R12 R12 N (f) I N
(99 R11 RO R11 R9 R10 RI0 R4 COOH R4 COOCH3 XV I | XX R13 R12 R11 Rs
R10 RCOO-Li g#+ XXl where R4, R9, R o, & R12 and R13 are as

her ei nbgf ore|defined. Steps (d) toé:gg) may be carried out in a known

nmaner ,Ré&ng. Ate }\l using {fje pro Kra»r%p@i";;al, em

R R° R Z R°
R1o R10
XV XIX
R13 R13
R12 12
SN (f) R NN (9)
7
R R® R Z R°
R10 F‘10
R*” ~COOH R*” ~COOCH,
XVil XX
R13
R12
SN
R = R°
F{10
R* coo'Li*
XXI

where R*, R?, R, R"', R and R™ are as hereinbefore defined. Steps (d) to (g) may be
carried out in a known maner, e.g. step (d) using the procedure of Katayama et al, Chem.
Pharm. Bull, 1980, 28, 2226, step (e) using the procedure of Dyke et al, Tetrahedron 1968,
24, 1467 and steps (f) and (g) using the procedure of J. March, Advanced Organic
Chemistry, 4th Edition, Wiley, New York, 1992, pages 393 and 378, or analogously as

hereinafter described in the Examples;

(iii) the reaction



Pharm Bull, 1980, 28, 2226, step (e) using the procedure of Dyke et al,
Tetrahedron 1968, 24, 1467 and steps (f) and (g) using the procedure of J.
March, AgvaneedeoOrganic Chemistry, 4th Edition, WIley, Npgr)¥eokezodd92,
pages 393 and 378, or analogously as hereinafter described in the

Exanpl es; (iii) the reaction WO 01/77110 PCT/EPOL/ 03909 16 R13 R13 RI12
R12 NI \ ~N Rl11 RO R11 RO 10 RloszOO\I XVIII XVI | e.g. by treatnent

of XVIIl with a hydride reducing agent, followed by a 2-oxo-carboxylic
ester, using Rie procedure of Mnter et al ,R®. Og. Chem 1988, S3, 2653,
or anal sl descri bed hereinaftwer in|the Exanples; (iv) for the
prepardti C eNnds of formul a NOARRCH RS, S a 4-isoqui nolinyl
group subs in the l—postt*on, : H sequence R13 R13 R12
R12 N (h) X 3.3 Rll Rs R11 Rs 4 PCH3 R4 COOCH2CH3
XXI 1T OB 110 BPCT/ EPO1/ 0390R 17 6 1R~J) 13 R ~k)

XV

XVII

e.g. by treatment of XVIII with a hydride reducing agent, followed by a 2-oxo-carboxylic
ester, using the procedure of Minter et al, J. Org. Chem. 1988, 53, 2653, or analogously as

described hereinafter in the Examples;

(iv) for the preparation of compounds of formula VI in which R’ is a 4-isoquinolinyl group

substituted in the 1- position, the reaction sequence

R13 R13
12 R12
3 SN (h) SN0 (i)
R = R R = R°
10 R10
Rt/ TCOOCH,CH, R¢/ COOCH,CH,

XXl XXM



N R12 R11 RO N R10 R11 / RO R4 COOCH2CH3 R 10 R4 COOCH2CH3 XXV XXV R6
R13' NR R12 N R11 RO R10 R4 COOH XXVI where R4, R6, R7, R9, RI10,
R11, R12,anf-Rig are as hereinbefore defined. Steps (h) tpctibor®Yos be
carried out |n a known manner, e.g. steps (h) to (j) using the procedure of
Janin and Biagni, Tetrahedron 1993, 39, 10305 and step (k) using the
procedure of J. March, Advanced Orglgnl ¢ Chem stry, 4th Edition, New York,
1992, page 378 or anal ogously as hereinafter described in the Exanpl es;

(V) f or theanep@lratlon of compounds of formula W in which R5 is an

i soqui n,glln grup of formula Il in which R8 |s cydno, the reactlon
seque %110 PCT/ EPOL/AD3909 18 R13 RIB® RN R12 WO k)) \ N

COICH2CH3 R XX XXVI |

R11 RQ
11 9
~+/ ~COOCH,CH, 3 R
¢/ " COOCH,CH
XXIV XXV
Ry
R? N—R’
R12
AN
s
Rﬂ RQ
10
r*” “COOH
XXVI

where R*, R%, R7, R®, R, R"!, R" and R are as hereinbefore defined. Steps (h) to (k) may
be carried out in a known manner, e.g. steps (h) to (j) using the procedure of Janin and
Biagni, Tetrahedron, 1993, 39, 10305 and step (k) using the procedure of J. March,
Advanced Organic Chemistry, 4th Edition, New York, 1992, page 378 or analogously as

hereinafter described in the Examples;

(v) for the preparation of compounds of formula VI in which R’ is an isoquinolinyl group

of formula III in which R® is cyano, the reaction sequence



R13 CNRI3 N R12 N(n) RI2 N R11 RO R11 RO R1 R4 COOCH2CH3 R1 R4 COCH
XXVI 1 1 XXI X where R4, RO, R10, R', R12 and R13 are as hereinbefore

defi ned. wg@ps1101) to (n) nmay be carried out in a known mperEpo1/o®0g. Steps
(1) and (m) using the procedure of Ford et al, J. Med. Chem, 1985, 28,
164 and step (n) using the procedure of J. March, op.cit., page 378; (vi)
for the preparation of conpounds of fi8rmula VI in which R5 is an

oxodi hydr oi soqui nol i nyl group, the reaction sequence R13 R13 R13 0 12 R 12
12 R N (0) Nigp€H3 (p) R NCH3 Rl11 Rg R11 ROF®®1 / 10 10 R1I0O R4 COOH R
4 COOCH3,,R R COOCHSRXXXXXXXXI V\:hEQR4 R9, R10, R', R12 and R13 are

iped. Steps (o)yand (p 2 } out iy a known
manner , t'\ﬁ'—gprocedur-e—g'}'—Hol zgra : Pﬁbﬁp \A&@Lh-e

CGer.), 1988 6, Or anal ogously agiihe dascri bed in the
Exanpl e8; i r pteparation of conpounds|of flormifa VI where R5 is a

gui nol i nyl grp'@p, ?%&qcél on WD 01/ 77110 ATY/ EP CHE6A ci9 R13 R13 R12
NR12N301R11RR = 2=

XXIIl XXVII
R CN R® CN
12 12
R N () R NN
R = R° R = R?
10 10
R COOCH,CH, R COOH
4 4
R R
XXVHI XXIX

where R*, R°, R, R, R and R" are as hercinbefore defined. Steps (l) to (n) may be
carried out in a known manner, e.g. steps (I) and (m) using the procedure of Ford et al, J.

Med. Chem., 1985, 28, 164 and step (n) using the procedure of J. March, op.cit., page 378;

(viy  for the preparation of compounds of formula VI in which R’ is an

oxodihydroisoquinolinyl group, the reaction sequence

1

3
R12
NN @ X N+—CH N—CH
R COOCH, COOCH, COOH
XX XXX

where R*, R?, R, R, R" and R" are as hereinbefore defined. Steps (o) and (p) may be
carried out in a known manner, e.g. using the procedure of Holzgrabe, Arch. Pharm.
(Weinheim, Ger.), 1988, 321, 767, or analogously as hereinafter described in the Examples;

(vii) for preparation of compounds of formula VI where R® is a quinolinyl group, the

reaction



Rlo RO Rio R4 4 COON XXXII XXXI | | where R4, RO, RO R', R12 and R13
are as hereinbefore defined, which may be carried out in a known manner,
e.g. by treatment with a strong base, preferably an alkali
di al kyl Y MU as 1ithi um di sopropyl ani de, fol | owed b)”dﬁ@f/ﬂgﬂ? wi th
carbon dioxide, e.g. using the procedure of using Brown and Curl ess,
Tetrahedron Lett., 1986, 27, 6005, ot anal ogously as hereinafter descri bed
in the Exanples. (viii) for the preparation of conpounds of fornula Vi
where R5 is a 4-'1:‘apqui nolinyl group, R10 RI0 R11 GO R11 COCH CH (q) 2 3
(r) R12 R12 R13'R13 XIV XXXIV R10 CO2CH2CH3 R10 CH2CH3 R11 R11 R12

NO2 R12 N pl2 3 RIG. XXXV XXXV \/\001/7711@1 CT/ O/ngog 20 R 10 CO 10
COR2CH2CH3 RI1 CHS 11 RNH~1 12 1 12 NR R13 R8 XXXVI |
XXXVI11 R10 PCH3 |R10 COOH  RIT R11
R = 11 R®
R, R
- - COOH
XXX XXX

where R*, R, R, R, R and R" are as hereinbefore defined, which may be carried out in
a known manner, e.g. by treatment with a strong base, preferably an alkali metal
dialkylamide such as lithium diisopropylamide, followed by treatment with carbon dioxide,
e.g. using the procedure of using Brown and Curless, Tetrahedron Lett., 1986, 27, 6005, or

analogously as hereinafter described in the Examples.

(viii) for the preparation of compounds of formula VI where R’ is a 4-isoquinolinyl group,

10

RO
11
R CHO @ X _-CO,CH,CH, G
R'2
R'

X1V XXXIV

R CO,CH,CH, R CO,CH,CH,
R11
(t)
R12 NH2
R13

XXXV XXXVI



R12 NR 12 N 13 R8 R13 R8 XXXI X XXXX where R8, R70, R', Rl2 and R13 are
as hereinbefore defined. Steps (q) to (w may be carried out in a known
manner; wodbi548P (q) by treatnment with a carboxyethyl tri peyephegotoni um
ylid, preferably carboxyethyltriphenyl phosphoniumylid in an organic
solvent, preferably an ether or hydrocarbon, especially toluene, at
sub-anbient, elevated or, preferably, anbient tenperature; step (r) by
treatment with nitronmethane in the presence of an inorganic or,

preferably, amsne base, especially tetranethyl gyani di@e,CHyCHgxanple in the
presence of § solven C@EGH&EH:]; erably, in the Rbsence of a solvent, at

sub- anfilent, lanbi et or, “preferably, elgNatedlitenperature, e.g. 60-80C

step (s) Dy edt nent with a reduci,ng agent; y a ting(J1) salt,
especially 1) | oride hydr_g.'f)e> in an , pref organic
sol vengi2~"preferabl y\ an al cohol such as g®h ~sb- anbi ent, anbi ent

or, preferablly, elev@ tenperature, e.dg. f| ux; step (t) by

treatment wi Bh an acid halide or anhydride, pRefeRibly the acid chloride,
of the acid RBCOOH, at elevated or, preferably, sub-anmbient or anbient
tenperature, e.g. 0OCto anbient tenperature, in an aqueous or, preferably,
organi ¢ sol vergxxggpecially a chlorinated sol vexxvRuch as di chl or onet hane,
preferably in the presence of a base, especially an am ne such as
triethyl am ne;,stepGO)CH)CHJeatment with a phosg (V) halide or
oxyhal i de, pFefer4bly phosphorous pent achlRiPi dg”or  phosphorus oxychl ori de,

preferghly i an grgani c sol vent such as hydrjocarbon or nitrile,
especi al Iy SN iRy | e, preffrabl 3 RientxgQr, especially, elevated
extWstep (v O 01) 77110 PCT/ EPO1/03909 21

t enper at ur ¢ . under refl
treat p ’ po¥ e nmetal, preferap adiiNn catal yst, preferably in
an organic dqolvent, especially a hﬁhrocaroon Juch as decalin, preferably
at el evated wEhperiture, e.g. under refl 8 sig8p (W) by treatment with an
al kali metal hydroxide, preferably lithiumor sodium hydroxide, in

or gani c, aquggys r m xed organi c-aqueous nt, preferably THF- water,

at sub-anbi e ,X evated or, preferably, a t tenperature; specific

met hods for steps (q) to (w) being as hereinafter described in the

Exanpl es. (iﬁ% t he reactign sequence R13 R13
where R®, R, R", R'? and R are as hereinbefore defined. Steps (q) to (w) may be carried

out in a known manner; e.g. step (q) by treatment with a carboxyethyltriarylphosphonium
ylid, preferably carboxyethyltriphenylphosphonium ylid in an organic solvent, preferably an
ether or hydrocarbon, especially toluene, at sub-ambient, elevated or, preferably, ambient
temperature; step (r) by treatment with nitromethane in the presence of an inorganic or,
preferably, amine base, especially tetramethylguanidine, for example in the presence of a
solvent or, preferably, in the absence of a solvent, at sub-ambient, ambient or, preferably,
elevated temperature, e.g. 60-80°C; step (s) by treatment with a reducing agent, preferably a
tin (II) salt, especially tin (II) chloride hydrate, in an aqueous or, preferably, organic solvent,
preferably an alcohol such as ethanol, at sub-ambient, ambient or, preferably, elevated
temperature, e.g. under reflux; step (t) by treatment with an acid halide or anhydride,
preferably the acid chloride, of the acid R*®COOH, at elevated or, preferably, sub-ambient or
ambient temperature, e.g. 0°C to ambient temperature, in an aqueous or, preferably, organic
solvent, especially a chlorinated solvent such as dichloromethane, preferably in the presence
of a base, especially an amine such as triethylamine; step (u) by treatment with a phosphorus
(V) halide or oxyhalide, preferably phosphorous pentachloride or phosphorus oxychloride,
preferably in an organic solvent such as a hydrocarbon or nitrile, especially acetonitrile,

preferably at ambient or, especially, elevated temperature, e.g. under reflux; step (v) by



R12R12\N(X)I\\N(Y) RI1 RO R11 RO Y XXXXI XXXXI | R13 R13 R12 RI12

NAc(z) \ (za) R RARR11/ / ROY CO 4 ON XXXXI | | XXXXI'V R13
R12 1?, }321? R XXXXV where R9, R1l7, R12 and R1BcfEe01363909
her ei nb ore ined, Ac is an acyl group, and Y is halogen. Steps (x) to

(za) may be effected in a known manner, e.g. step (x) by reaction with a
hal ogenati on agent, e.g. brom ne or 4 N- hal osucci ni m de, preferably

N-chl orosuccinimde, e.g. as described in J.March, op.cit., page 531; step
(y) byreaeﬁmri@mhvsi tnbble medlicpreferalye npalladieny. cagalysst atcf&rybiyiiaieaniqnganﬁ;e

gg}sééef F%g%%cnag% callgsdégcia entuch ?%ecgngtl refed rl])li])y 9{ lg\?a{tecfa tegnepeﬁa?'ur)e gll 77110

r eact idemidflxastep ((Mpbarttmnmdmomalc iad alkam mﬁei abdixyoxgjeypxoﬁrablyduhmm om the

presence of , a, mneral ac cr hedr on
1968, ‘unih%dfox’gﬁdnsotr%%" aa?)“e(%il ?rrr@l xteg on%amc ?%uegl%r/e VenE rit refﬁbag %g g. as
descr h)a&dr iaf sdb%tbttlﬂt adlevated @ .peeferabhagenbti ;teroperamad; @gcmﬁct ynegddddscri bed

her e naf té q) to § Qemg as ﬁengnaf%er described in the Examples.

(ix) the reaction sequence

K K
R'2 R'2
A A
N (x) N (y)
R = R? R A R
Y
XXXXI XXXXII
R13 R13
R12 R12
NAc 2) ~N (za)
R = R’ R _ =
v Y /—COOH
R
XXX XXXXIV
R'3
R'2
~N
=
R R°
4 COOH
R
XXXXV

where R®, R!, R and R™ are as hereinbefore defined, Ac is an acyl group, and Y is
halogen. Steps (x) to (za) may be effected in a known manner, e.g. step (x) by reaction with
a halogenation agent, e.g. bromine or a N-halosuccinimide, preferably N-chlorosuccinimide,
e.g. as described in J.March, op.cit., page 531; step (y) by reaction with a reducing agent,

e.g. a metal hydride, in the presence of an acylating agent, e.g. acetic anhydride, e.g. as



Certain conmpounds of formula V are novel, including Internediates 1 to 10
as described hereinafter. Certain conpounds of forrmula VI are novel,
includin diates 20 to 48 as described hereinafter vari ant
(b) may gg;@%&?ﬂ%d out in a known manner, for exanple by Fggclﬁﬁgﬁg?
compound of fornmula | where R3 is hydrogen with an appropriate al kyl ating
agent, preferably an al kyl iodide of?dialkyl sulfate, such as a conpound
of formula R3I or (R3)2SO4 where R3 is C -C4-al kyl. The reaction may be
conducdesdilied inhEapyaagngelpbpan; isfepr @amiyCreattiorDdéniac2daserbdoilic exadypl e in
an aqueous,.organi.c or, mi xed aqueous-or.gani c .ol vent Al kyl ati,on y be
ar 11 BT IREIGEH sk an iR BAREFAPL? UOra! fYies EotARF A DUE AAb) ent
or el eVatahddioanEagata4; €14 6Py ehérstepd(zhpbe raatmert! kithia aRluding CagehorRa) €S .

Preferred.sql.vents are H organi c dipolar aprotic sol vent especi al |y
N, N di SRR B ARt 2brehdde §3650 Pt 08 PEREYY BE CBTer BE] BEFETeR g Mbuin
sul f ongstaaipl@én procedures, e.g. in the presence of an organic or inorganic

base, preferably a tertiary organi c base such as pyridine. The reaction
tenperature may be sub-anbient, anbient or, preferably, elevated. Preferred

pr ocedU¢resin @bmpasndiesfefonmiilacy e netdlpadluding hkermediipdses to RoQgedkscribad i ant

Fof mul ErSmier GiekoRo PR A o, UL oF, B R THGER R BB by

oxi dat dsuRsddided Gereia¥ftkr.Up. Hydr oboration may be carried out at sub-anbient
or, nore conveniently, at anbient or elevated, tenperature. Preferred

hydroborating agents are dial kyl boranes such as
9- bor aoeass valiZat2(b) | N B RarMdl &t @ & Ko@fne hRBhY:, feAekAfpld e eabiafy HX.
preferably ﬁ§gducted,mnth ﬁydrogen eroxi de and an
I

Oxi dative work- ?pi
al kal i cmpesndnofafesmidie I whsrst Rr dbihydesan usithyair GrRPERprIats alkpdttge ggent,

t enper glefékHly n QIka!lf igrleloyY dfHIky3 QG atE) REIRaSa ¥abaiid &LbrikBM 10 of BT ed out
usi ng conventiona ﬁ$}erhf|cat|on procedures, e.g. by reacting the
conpoutBere R Antrr-alkyl- whbs et mag bﬁfav%ﬁewmc RTEERIS O yANj iBOrgRRig Oy

hal i deorghfiereé,, frr elaaipddliy zﬁlna?ﬁéo@s,c lagamcder thixed MR RS &SEBSEEc Abvafk. OF gani ¢
or |nor%§ ic base, at_sub WO Q1/77110 PCTI EPOL/ 03909 23 anbi ent or
pr ef eralsylation may discagiedquegbsubpmlieys tempergbiey of. dpgre CaR RN A REMI@Y bases

are 060 afedBipédffe DARES rdUBesate MG Ghdtf- cafRRRSS PYair@Nolkehis 4/BY be
carried out using known procedures for conversion of acylamno into am no,

e.g. byrsangdinedapiptiasolyepisnepegial ydNN-dimashdformamidtari ¢ or, preferably,

Process variant (c) may be effected using known sulfonylation procedures, e.g. in the
presence of an organic or inorganic base, preferably a tertiary organic base such as pyridine.
The reaction temperature may be sub-ambient, ambient or, preferably, elevated. Preferred

procedures are as hereinafter described in the Examples.

Process variant (d) may be effected using known procedures, e.g. by treating a compound of
formula I wherein R? is alkenyl with a hydroborating agent, followed by oxidative basic
work-up. Hydroboration may be carried out at sub-ambient or, more conveniently, at
ambient or elevated, temperature. Preferred hydroborating agents are dialkylboranes such
as 9-borabicyclo[2.2.0]nonane, which are preferably reacted under reflux. Oxidative work-
up is preferably conducted with hydrogen peroxide and an alkali metal hydroxide,

preferably sodium hydroxide. The work-up temperature is preferably 40-60°C.

Process variant (e) may be carried out using conventional esterification procedures, e.g. by
reacting the compound of formula I wherein R? is hydroxy with a carboxylic acid or halide

thereof, preferably an acid chloride, in the presence of an organic or inorganic base, at sub-



hydrochl oric acid. The reaction is preferably carried out in a m xed
aqueous-organi ¢ solvent such as aqueous ethanol. The reaction tenperature

is convepieptdy,ambient or, preferably, elevated tenperatpdrgpogafasi al |y
refl ux terrpera ure Process variant (g) may be effected using known

deal kyl ati on nethods, e.g. by reactign with [1-1Br or H, usually at

el evated tenperature, preferably by Héating with concentrated hydrobromc
acid, e.g. as hereinafter described in the Exanples. Process variant (h)
nmay beambfeatdsprefeiably, kmbwnt batlegeahicign# OF0OCE cipemtue. Prefoyred baet aen W t h
brom ne or. chlorine in F‘l sol vent such as acetic acid. The reaction is

convenPgﬁPFﬁmﬂéﬁ?Vﬁgsmﬁ 2ARBIERY tenperature, e.g. as hereinafter described

in the Exanples. Process variant (i) nmay be effected using known procedures
for th? Si nmons S eactl reaction with dieth i nc and

e. b
Lol or o esaRRaraY) e bF St St pErgkuaTn yraer PR Y oty ik s pi
sol ventnto parginey aty. yb;a ti‘hahﬁcfmdﬁ/(lhadi b@ineral heid sack ia@nsulghuglel ba,bb;ef@ahslyj ed

out at, apbient te ature her ei pafter described in .
RS T A s e
Vi ce Veilichdas dqiieus &m&nmmnaeicnaﬁnﬂﬁpcraﬂih@sc&ﬁp@nmﬂﬁ dnfibiérites, prefaably, f or m
can be obtajned in the for ﬁ rates or sol vates contalnlng a sol vent
used f 6EVAF g?ﬂ?F?%ﬁtﬁBﬁ"ag%ﬁ Eﬁﬁ%ﬁﬁﬁﬁgmof formula | in free or salt form
can be recovered fromreaction mxtures in a conventional nanner. |soner

m Xxtures can he separated_intp indjvidu i Somers, . epnantianers, in a
ConvenPrsREVaRam & may, bg eff o psinh kst gfal'viff%ﬂq PEbpiD S FERSHAE &1 E

fO][ mul a{Hr b HIf aguglly rahadléva&aUtehfpaiduyreg(pe&ataam By Sidating OKith deRe&itnedd er
rererr

al ternativel agents. o e_invention, are useful as
phar rragéﬁlﬂo EQypig aci egp%frl{ef fﬁgﬁesfﬂg‘if{ ‘&rg ¢ Ex#PBttors of cyclic
guanosi ne- 3", 5' - nonophosphat e phosphodi esterases (cGW PDEs), especially
PDES. Agents of t&s inventjon are sel ect| ve PDES i nhi hi t ors;
parti cHFQEFSS YaHayt ERAnd be @g&a&dsl@rr@ckrmm alpgEnatinR PEPeA RIS o &- Fere§a$téanat. ve

to i Nhiypiht bR oPlRRIrineNNOS BEIVEl aHt R 28 SR Radt I Th AhttonPRELmbEedtHES,
indicating a | ow side-effect profile. WO 01/77110 PCT/EPOL/ 03909 2

Fur t hee#sicd ahgBRIcEt GMPEREUTErS & 96 herrinafierdeseried p Shs FXAmPlefur at i on of action
and many have a rapid onset of action. The inhibiting properties of agents

of the _invention may be dermnstrat ed in the fallow ng test pr ocedure: PDES
Assay: Ppecess Vﬁwgb@wf%he ghfectediysing knommaRIReEduFes bREMC SSMEoPy PBHR TORFUPBI d Wi t h

e.g. by reaction with diethyl zinc and chloroiodomethane. The reaction is usually carried
out in an organic solvent, preferably a halohydrocarbon. The reaction is suitably carried

out at ambient temperature, e.g. as hereinafter described in the Examples.

Compounds of formula I in free form may be converted into salt form, and vice versa, in a
conventional manner. The compounds in free or salt form can be obtained in the form of
hydrates or solvates containing a solvent used for crystallization. The compounds of
formula I in free or salt form can be recovered from reaction mixtures in a conventional
manner. Isomer mixtures can be separated into individual isomers, e.g. enantiomers, in a

conventional manner, e.g. by fractional crystallization.

Compounds of formula I in free or pharmaceutically acceptable salt .form, hereinafter
referred to alternatively as agents of the invention, are useful as pharmaceuticals. In
particular, they are inhibitors of cyclic guanosine-3’,5’-monophosphate phosphodiesterases
(cGMP PDEs), especially PDES. Agents of the invention are selective PDES inhibitors; in
particular, they exhibit good selectivity for inhibition of PDES relative to inhibition of other
phosphodiesterases, particularly PDE1 and PDES6, indicating a low side-effect profile.



aqueous 20% v/v DVMSO to give a 100 gM stock solution, which is further
diluted with aqueous 20% v/v DMSO to give ten solutions having
concentrations from10 gMto 0.00051 M 10 gL of each of these tions
is transMPPETHG a selected well of a 96-well Optiplate rﬁW%’t‘ﬁ’%"g pl ate
(ex Packard). To determne total binding, 10 | of aqueous 20% v/v DMSO is
added to other selected wells. To detérn ne non-specific binding, a 10 nM
solution of sildenafil in 100% DVMSO is diluted 20-fold with aqueous 20% v/v
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further 20 m nutes and then sealed using T ex Packard) according
to thebevineseremaliymis Bﬁé)tcrqmcetmmsimgm%‘\/néé lml},rag agelmmﬂSHdMna@hmo@zrcé
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IN hydrochloric acid and making up to 1 litre with water). A solution of human PDES,
partially purified from human platelets (11pul, containing 0.017 units of PDES per ml, where
1 unit hydrolyses 1.0 pmole of 3°,5’-cyclic GMP to 5’-GMP per minute at pH 7.5 at 37°C),
in 20mM Hepes, pH7.4, 100mM sodium chloride, 10% v/v glycerol, 1imM benzamidine
and 2mM dithiotherietol, is diluted 200-fold, with Enzyme Buffer prepared by adding 0.5M
EDTA (2 ml) to a solution of Tris-Base (1.21g) in water (800 ml), adjusting the pH to 7.5
with 1N HCl and making up to 1 litre with water. The diluted PDES5 solution (10 pl) is
added to all wells containing teét compound, aqueous DMSO or sildenafil solution. The
plate is incubated at room temperature for 1 hour. 50 pl of a suspension of 500 mg PDE
Yttrium silicate SPA beads (ex Amersham) in 28 ml water is added to each of the wells and
the plate is incubated for a further 20 minutes and then sealed using Top Seal-S (ex Packard)
according to the manufacturer’s instructions. The resulting scintillations are counted using a
Canberra Packard Top Count (1 minute per well), as a measure of the extent to which
binding of PDES to the beads is inhibited. The concentration of test compound at which
50% inhibition of PDES binding to the beads occurs (ICs) is determined from

concentration-inhibition curves in a conventional manner.



Compounds of the Exanpl es herei nbel ow have | C50 val ues of the order of from
0.0005Mto 10Min the above assay. For exanple, the conpounds of Exanples
7, 10, 1%voemfle: 49, 55, 60, 68 and 70 have |1 C50 val uepcqiridi5H6H/

0.01M 0.006M 0.010M 0.002M 0.0037M 0.0055M 0.0028M 0.0074M and

0. 009M respectively in the above assays Having regard to their inhibition
of PDES, agents of the invention are useful in the treatnent of conditions
whi ch are nmedi ated by PDES. Treatnent in accordance with the invention may
be synptomatic or prophylactic. Accordingly, agents of the invention are
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vasoconstriction. Agents of the invention are of particular interest for
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acute respiratory failure, psoriasis, skin necrosis, cancer, metastasis, baldness, nutcracker

oesophagus, anal fissure and hypoxic vasoconstriction.

Agents of the invention are of particular interest for use in the treatment of sexual

dysfunction, especially male erectile dysfunction.

In accordance with the foregoing, the invention also provides a method for the treatment of a
condition mediated by PDES, for example a condition mentioned hereinbefore, particularly
sexual dysfunction, especially male erectile dysfunction, which comprises administering to a
subject, particularly a human subject, in need thereof an effective amount of a compound of
formula I in free form or in the form of a pharmaceutically acceptable salt. In another
aspect, the invention provides a compound of formula I, in free form or in the form of a
pharmaceutically acceptable salt, for use in the manufacture of a medicament for the
treatment of a condition mediated by PDES, for example a condition as mentioned

hereinbefore, particularly sexual dysfunction, especially male erectile dysfunction.



Agents of the invention may be adm ni stered by any appropriate route, e.qg.
orally, for exanple in the formof a tablet, a capsule, a solution or a

suspensi % olP3gnterally, for exanple intravenously, intpa¢apeiaesal |y,
i ntranmuscu arly or subcutaneously; intranasally, for exanple in the form

of an aerosol or aqueous dispersion; by inhalation, for exanple as an
aerosol, a nebulized aqueous disperé?on or a dry powder; buccally or
sublingually, for exanple in the formof a tablet or |ozenge; topically to
the skin, for exanple in the forn1of a creamor ointnent; or rectally,
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The agents of the invention may also be used in combination with other PDES inhibitors or
with other therapeutic agents suitable for the treatment of sexual dysfunction, particularly
male erectile dysfunction, e.g. o adrenergic receptor antagonists such as phentolamine
methanesulfonate, dopamine D2 agonists such as apomorphine or NO donors such as L-
arginine. An agent of the invention may be mixed with the co-therapeutic agent in a
pharmaceutical composition or it may be administered separately, before, simultaneously

with or after the co-therapeutic agent.
This invention is illustrated by the following Examples.
Intermediates of formula V are prepared as follows:

Intermediate 1

Methallylamine (211g, 2.97mol) is added to a solution of concentrated hydrochloric acid
(250ml) in water (1.91), followed by portionwise addition of potassium cyanate (240g,
2.97mol). The reaction is then heated for 2 hours at 80°C, prior to cooling and evaporation
to afford (2-methyl-allyl)-urea (244.5g), mp 114-115°C. The urea (268g, 2.35mol) is added



to a solution of cyanoacetic acid (220g, 2.59nol) in acetic anhydride
(536nl) and the reaction is heated at 70C for 1 hour, cooled to 0C and

di | uted vvlth ether. The resultant solid is collected by fi k}'{f i{ n, washed
with et h®Q0 gu%‘ﬁended in water (2.21) and heated to 75C. F% 3 é@ﬁ% sodi um
hydr oxi de solution is then added portionwi se over 30 min to naintain pH
between 8 and 9.5. The reaction is cddled to roomtenperature, treated with
acetic acid (12mLl), further cooled to 10C and the resultant solid is
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Intermediate 2

Using the general procedure for Intermediate 1, (3-nitrobenzyl)-urea [J. Med. Chem. 1996,
39, 1924] is converted into 6-amino-3-methyl-1-(3-nitro-benzyl)-1H-pyrimidine-2,4-dione,
[M-HJ 275. A suspension of this compound (4.88g, 17.7mmol) and 10% Pd/C (0.484g) in
ethanol (200ml) is hydrogenated at 1 atmosphere for 1.5 hours. The reaction mixture is
filtered through a celite plug and evaporated to give 6-amino-1-(3-amino-benzyl)-3-methyl-
1H-pyrimidine-2,4-dione acetic acid salt [M-H] 245.  Acetic anhydride (1.85ml,
19.57mmol) is added to a cooled (0°C) suspension of 6-amino-1-(3-amino-benzyl)-3-methyl-
1H-pyrimidine-2,4-dione acetic acid salt (5.01g, 16.35mmol) in pyridine (50ml). The
reaction mixture is warmed to room temperature, stirred for 6 hours and the solvent
evaporated. The residue is triturated with water and the solid collected by filtration and
dried to afford N-[3-(6-amino-3-methyl-2,4-dioxo-3,4-dihydro-2 H-pyrimidin-1-ylmethyl)-
phenyl}-acetamide, "H NMR (400MEHz, DMSO): &: 2.00 (s 3H), 3.09 (s 3H), 4.72 (s 1H),



evaporated. The residue is triturated with water and the solid collected by
filtration and dried to afford

N-[ 3- (6- @8 fyerrdronet hyl - 2, 4- di oxo- 3, 4-di hydr o- 2H pyri m di np&THPGELIVYY ) -
phenyl ] -acetam de, 'H NVR (400MHz, DVMBO): S: 2.00 (s 3H), 3.09 (s 3H), 4.72
(s 1H), WO 01/77110 PCT/EP01/03909 28 5.02 (s 2H), 6.75 (s 2H), 6.88 (d ]
6 1H), 7.25 (t j 6 1H), 7.30 (s 1H),*7.55 (d j 6 1H). Using the general
procedure for Intermediate 1, this conpound is converted into N-[3-(5,6-

di am ﬁdlzzésrﬁéﬁhﬁlsz (s421d], cﬁ<8)831A6d1Iﬂyd7r2>’i 2H- @yllH n730n(s 1H), 7.55 (d ] 6 1H).

1-yl I [nternediate 3 Usi gener al
pr gce ur %’ %Qr%q%llegr gﬁg‘?mr?&%&@latf 310 l%ﬁ%rw urléﬁoverﬁ%dntogﬁélgn@%%

39, 1912#1]unps3 -methy k2 HetloxaB @-dihydro-2H-pyrimidin-1-ylmethyl)-phenyl]-acetamide

6- am ?8 hyI -1-(4-nitro-benzyl)-1H pyri m dine-2,4-dione, [M* 277. A
sol uti on of "cal cium chloride (4.94g, 45mmol) in water (100m) is added to a
sol ution of 6-am no 3-nethyl-1-(4-nitro-benzyl)-1H pyri m di ne-2, 4-di one

(19. OE%@[ %gat%noe in acetic acid (300nml). Zinc dust (58.8g, 900mml) is

t hen ionwise wth external cooling. The reaction is stirred at
room tllsmethatgumeealfmbcédu& fmdnts;médxit‘e dr édnitidibcaadpusa il Med @heng 1@9d, washed

P ey ave 1500 RLahvaRar e S Bing e P aica PRt B S i Ao

pyr i m[EiHne 2274M5dhﬂtﬁarﬁ@f&iad lcglrﬁﬁhldrlﬁatéf 944, M5 girdjol) 12143atep°((160h1]? ) in B8y« dode

7.2ml t suspensi on o
53 ani ﬁB‘uimth“;O?h no> fJ'BH’fa %ﬂ?ﬂﬁﬁ%ﬁ%ﬁﬁ@ﬁ (I?ﬁ B’lfJ’ ding-2p4-qifise  4dt988 aci d
sal t (6391):191@01 Gﬁa&mmc)d {300BYY. | Bindluk2BB8L) 900kmol)aaekdnodet WortighwiSe War med

to roomte ture irred for 6 hours and the sol &nt evapor ated, The
resi dd\@t}i f?l‘?lﬁ‘cge iTEIFURA (1S SUHFAY 3t FROR SFperars &t &4 Mprs:i fliered | on and

dried tlnfbu@fx faCHtheNﬂ{ngaﬁ&vv&ﬁheﬂ%uc&sd’ﬁﬁwlith?etlﬂmﬂl Ma&tlé'aﬂldh]ﬁdip%r&%rpbff i mdin-
1-yl et hyl ) hen%g acet Usi n ocedure for

ene
| nter ‘é’t“g’ Hirate .8 "i%%ﬂ@ér?é‘&“?%tldgﬂ-mﬂ@ @2615 'mCtLyl 1H-
di am rwnanmww dlanéa@isn%@rd%aﬂ piatwydr 94 2HaRMIC ;mhglalnde égzv mtsmﬁllma,r) ghenyl ]
S|

-aceta Internedi ate 4 To a cool ed urry

6- chl &H'éﬁgt%@mﬂl%dc { C)(Szlswswﬂzﬁﬁmrljunpﬁ (Heamige-bgaar)) (%mzthY&Gﬁmynrmémauded
(2 pyr Izdélhdin%@&w mmu neog %mmoibarﬂmlae Q@@mBY%QQéﬁcaQﬁrﬁﬁk{%ﬁE@

3 : oIIowe dy di-t-b Iazodlcarbox | at e
13. 7mwﬂr5ne Tchéoqr% g'@@gegﬁu{es stirred for 6 hours and the solvent evaporated T e resx ue is

triturated with water and the solid collected by filtration and dried to afford N-[4-(6-amino-
3-methyl-2,4-dioxo-3,4-dihydro-2 H-pyrimidin-1-ylmethyl)-phenyl]-acetamide, [MH]* 289.
Using the general procedure for Intermediate 1, this compound is converted into N-[4-(5,6-
diamino-3-methyl-2,4-dioxo-3,4-dihydro-2H-pyrimidin-1-ylmethyl)-phenyl]-acetamide,
[MH]" 304.

Intermediate 4

To a cooled (0°C) slurry of 6-chloromethyluracil (2.0g, 12mmol) in THF/dioxan (1:1, 16ml)
is added 2-pyridyldiphenylphosphine (3.60g, 13.7mmol) and cyclobutanemethanol (1.3ml,
13.8mmol), followed by di-t-butylazodicarboxylate (3.15g, 13.7mmol). The reaction is
stirred overnight at ambient temperature, treated with 4M HCI in dioxan (15ml) and
evaporated. The residue is taken up in dichloromethane, washed with 3.5M HC], dried over
magnesium sulfate and evaporated. The crude product is purified by flash chromatography
(100:1 dichloromethane-methanol elution) to afford 6-chloro-1-cyclobutylmethyl-3-methyl-
1H-pyrimidine-2,4-dione, '"H NMR (400MHz, CDCl;) § 1.70-2.0 (m 6H), 2.60 (m 1H),
3.20 (s 3H), 4.00 (d J 7 2H), 5.78 (s 1H), which is dissolved in n-butanol (50ml).
Veratrylamine (4ml, 26.5mmol) is added and the reaction heated to reflux for 16 hours.



stirred overnight at anmbient tenperature, treated with 4M HO in di oxan
(15mL) and evaporated. The residue is taken up in dichloronethane, washed

wth 3. Wﬂmld“ ed over magnhesium sul fate and evapor at egr/EP0g0OdE
product i1s purified by flash chromatography (100:1

di chl or onet hane- net hanol elution) to afford

6-chl oro-1-cycl obut yl net hyl - 3- net hyI “1H pyrimdi ne-2, 4-di one, 'H NMWR
(400MHz, CDC13) S 1.70-2.0 (m6H), 2.60 (m1H), 3.20 (s 3H), 4.00 (dj 7
2H) , 5TH8 splyeritHy, eva\prirattdieelddﬂssmkided tzilwnrinmjtl'ahl@kox@aﬁmﬂlc), -wasled atithy L ne
(4m ed t he actlon d r 16 .hours. WO
01/ 771 0B TGh B8 e el ik WP SR MR L Aok SRBEL" S e
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d Ooml P K dd Th d at .40C f
2% houngsted p{ cdr dh PGl Mo RSUg Gsliabwaomicn Ut PRatet By PsPRatIa  ve.
HPLC t o1afd os dfﬁr@raﬁmnb-lcmldhblqﬂmkﬂiet Blyrhctlarlm Pyt midibhepd 8 idibet, vt 204; di one,

M 209, ichis c nvert ed us the ro edure for ternmediate 1
"t o2 i kool SRR URE SR HAl i red TR e kil he- Sl PLC

r et ent icpdloButthethyl-3- rﬁﬂtl‘iﬁ (1B Pyrifkidifre-2@ediond, tHPL.@ rwameﬁn gifred0 2t mimd (30-
m'nute,}).0 | nt er nedi at e

5, 6- Di drrhdeeen "hVFtC{ g’("fiE‘PF By GRSy an- 2- vl et hyl ) - 1H pyri mi di ne- 2, 4- di on
e, np 115- 116C, is prepared from (tetrahydro-furan-2-ylnethyl)-urea
(Collect. Czech, Chem Commun. 1972, 37, 2786) using the general procedure

for |ndRtesmediated 1 |nternediate 6

5, 6- D 3@-DRmdnsBthdthyll t- (tzrrﬂa;dhaifurbﬂizy}lhreﬂﬂﬁm pmﬂjmﬁf;%@lmeonﬁl rms-
163-165C, is pr epared_usi n?ethe eral &r\eth dure for Inter

| nt er n@dPEpe is7 Byepares affPRp-( twélxéﬂlo WAt “Wid i Aeliss- Ezac h%m i s
pr epar hrhaM 1972712785 Nexdg rhe Lehd?¥IfrBtedufefol Iiffesshicdnge . Med. Chem 1993,

36, 1465) using t he general procedure for
Intermediate 6
5,6-Diamino-3-methyl-1-(2-methyl-butyl)-1H-pyrimidine-2,4-dione, mp 163-165°C, is

prepared using the general procedure for Intermediate 1.

Intermediate 7

5,6-Diamino-1-hexyl-3-methyl-1H-pyrimidine-2,4-dione, is prepared from 6-amino-1-hexyl-
1H-pyrimidine-2,4-dione (J. Med. Chem. 1993, 36,1465) using the general procedure for
Intermediate 1, HPLC retention time (0-95% acetonitrile water gradient over 8 minutes)
6.01 min.

Intermediate 8
5,6-Diamino-1-(3,4-dimethoxy-benzyl)-3-methyl-1H-pyrimidine-2,4-dione, [M-H] 305, is
prepared from (3,4-dimethoxy-benzyl)-urea (Farmaco, Ed. Sci. 1977, 32, 813) using the

general procedure for Intermediate 1.

Intermediate 9



Internediate 1, HPLC retention tine (0-95% acetonitrile water gradi ent over
8 mnutes) 6.01 mn. Internediate 8
5, 6-Di am no-| - (3, 4-di net hoxy- benzyl ) -3-nmet hyl -1 H pyri m di ne: -di one,
[MH" 34 01i’7§£10pr epared from (3, 4-di net hoxy- benzyl ) -ur ear}%lggﬁpégg%?pm.
Sci. 1977, 32, 813) using the general procedure for Internediate 1.
I ntermediate 9 WO 01/ 77110 PCT/ EPO /®3909 30
5, 6-Di ami no- | -benzo[ 1, 3] di oxol -5-yl et hyl - 3-net hyl - | H pyri m di ne- 2, 4- di one,
:Tﬁt é?%%—%%gmiblsbﬂzgﬁg]gg)xm%-r}gnéth)q-ﬂﬁ@t%&ﬁ!lquy‘?ﬁﬁq}f{eel,li-gfonlept %%”9@33'[ e 1.

|
5, 6- Di 186 Gos prepared wgingihogenetid ppgeedurs fordntpymedipteplr i ni di ne- 2, 4- di one, i s
prepared using the general procedure for Internediate 1, 'H NVR (400VHz
DVMSO-d6) S 3.16 (s 3H), 5.05 (s 2H), 6.18 (s 2H), 6.82 (dj 9 1H), 7.38 (d
j 9 1Hmtermedigted® 1H). COther Internediates of fornula V are prepared
accor g aehilQinbLi O AUER 5 SELHBNE LS I 1 LGRS 2 Lal oW J“;f; dRsiRef er ence
11 CH3 (CH3) 2CHCHD (1) 12 GRS (tz‘? 1%43 CroZcHa (3 Te‘%’: CH%IE\E CH
(1) 2 ths gaedal(@eeedng: (ceHRAtermediate6], ( CHAMBHBAIMITHD MEOaH) § 3)16 G BHH3 (1)

CH2 18 bk (IR T, 68D, 6.89 (8 164) 7388 Po 9y 63 (gl ences:

Other Intermediates of formula V are prepared according to literature references as indicated

below:
No. R! R? Reference
11 CH; (CH3;),CHCH, (1)
12 H CHs (2)
13 CH; CH,=CHCH, (3)
14 CH 1
3 [> CH, (1)

15 CH; (CH;);CCH; (1)
16 (CH;),CHCH, (CH3),CHCH, (1)
17 CHs (1)
18 H CH;CH,CH, (2)
19 CH; (4)

References:

(1) Eur.].Med.Chem. 1990, 25, 653
(2) J.Med.Chem. 1996, 39, 2
(3) FR 2 531 085

(4) Eur.J.Med.Chem.-Chim.Ther. 1974, 9, 313

Intermediates of formula VI are prepared as follows:



(1) Eur.J.Med. Chem 1990, 25, 653 (2) J.Med.Chem 1996, 39, 2 (3) FR 2 531
085 (4) Eur.J. Med. Chem -Chim Ther. 1974, 9, 313 Internediates of formul a
VI are Rpsgﬁggq as follows: WO 01/77110 PCT/ EPO /03909 3Hct/kpdiasegedi ate 20
A mxture o ?3,4-dinethoxy-pheny|) 5-nitro-pentanoic acid ethyl ester U.
Med. Chem 1989, 32, 1450] (0.50g, 1.68mmol) and tin(ll)chloride dehydrate
(1.90g, 8. 4mmol) in ethanol (10mM) 3% heated to reflux for 2 hours, cool ed
to anbient tenperature and evaporated. The crude product is taken i nto
dichlonﬁaakham@2Q15n1) cooled to OC and triethylam ne (5n) added,

follo d 5- t benz chloride (0.404qg, 2.02 . The reaction
is sti tﬁY:%%g gﬁﬁp %ﬁ E%VQ oG%?hR%%%“ﬁh&“?ﬁ@Hd‘V%ngigvﬁﬁ Eggﬂen into
et hyl @9@9 asE, 1mh@ﬁ50g,t1h6mﬁler) ﬁr[tﬂtl(ﬁﬂl)ekillomderdlls)aﬂhturmwﬂdgt &.emmkY)apor at i on

2P3t i 8%‘121%41? g&]:ﬁ)oqh 1$ he!atgg P}ocl%lﬂlfllxrmfo(% h£ qloutrso ggo%ﬁ)ergiy to amlblpn%xtae%%cgwrgl acf:et ate

(3t S5- dle bRy - mezegydeaﬁs@oaec)t-@ng&nélmw getzlmmoo ctﬁﬂ&ﬂMB)nlbliereonadearﬁi hyl
ester, is.in i

acetonf@¢hﬂ@mﬂﬁﬁf§ﬂ d“ﬁﬁ% ? %ﬁﬁPBY&H%O% Egggﬁ Oiaﬁﬁgﬁgﬂ?m8 ded,
prior trge heatibAgs afirré®ht HPﬁbfle te%lﬂ't@d—tﬁﬁe oWk hight ax&il drarabpentdf tikea isad vent,

the residue is take nto et hyl washed with satyrated . aquepus
sodi untek BeFrate, Wﬁﬂ?‘%d”‘ét\‘/evf’atg‘b&i“anftlg‘iﬂefoif’re QAL P HIYFat d02PYAHPT g?

[1- (3 unflcatlon by flash column chromatograp}gf ?11 :1 hexane—ethyl acetate elution) affords 4-

dlnethox phenyl’) -6, 7- di met hoxy- I id
ctiyl | Cobebmenpppeizariaminay oy e e bEOge 2815 Fire BMbTol ved
in decabﬂ n'l'@l;]sqme}m@dlﬁltej(@%lmg . £5:h281) rmbak@ﬁlﬂﬁg ac&hﬁtﬂil@f@%l QAdiphobigrired at

190C for 2.5 hours, then cooled to anblent nper a and iluted with
di chl orarehioridee (024 keerl-$$mmpl i adsleds RFBL G *@ém ét it ‘éx? ébh%a ff"qu‘r at e

and wagfigagsic 6f aaRWeat, afle tQidfeli9tskehlinfo3 efhyHhPRdtb O ¥shb & );atﬁra?cd
di met hoxy-1 soqui nol i n-4-yl] -acetic acid ethyr

t N
CDClB) aguepus gogiuny cgrbogpfy, dged gverssqsiym sylfags %Isdeg‘ﬁ)%gmgcg@o 8o 24-&1 (%399 (s
M:ktﬁgxy] pl?en%bbé 7 @ué@h((;@ 3 4th5yd1=$'ﬂsoquﬁlo?§ 4%24] a]ceﬁc aglld) ) etKyl2 Oesteg, 1H) ,

hi's I nt er nedi at e g is dlssolved

| n rret IﬁMﬂif 4@10@ 1)15 HEW&H&)(%W& tliA Lol dy é‘iﬁodl@d(lﬂ C@O‘h‘in 10011 Yois
added it E.’Shﬁmg;)eﬁftfeﬂo AhS trbdchiff isOYeafQ 9AboRE RMDS BHLrs! BERESALA E&am&fehﬁ r

temperature and diluted with dichloromethane. After filtration through Celite, the
combined filtrate and washings are evaporated to afford [1-(3,5-dimethoxy-phenyl)-6,7-
dimethoxy-isoquinolin-4-yl]-acetic acid ethyl ester, 'H NMR (400MHz, CDCl;) § 1.18 (t ] 7
3H), 3.78 (s 6H), 3.80 (s 3H), 3.90 (s 2H), 3.99 (s 3H), 4.10 (g9 ] 7 2H), 6.50 (d ] 0.5 1H),
6.75 (d J 0.5 2H), 7.20 (s 1H), 7.36 (s 1H), 8.40 (s 1H). This intermediate (0.30g,
0.73mmol) is dissolved in methanol (10ml), 1M aqueous lithium hydroxide (0.80ml,
0.80mmol) is added and the reaction stirred overnight at ambient temperature. After
evaporation of the methanol, pH of the residual solution is adjusted to 7 with 1M aqueous
HCI and the resultant solid collected by filtration and dried to afford [1-(3,5-dimethoxy-
phenyl)-6,7-dimethoxy-isoquinolin-4-ylJ-acetic acid.

Intermediate 21

A  mixture of 3-isopropoxy-4-methoxy-benzaldehyde (3.9g, 20mmol) and
(ethoxycarbonylmethylene)triphenylphosphorane (6.96g. 20mmol) in toluene (100 ml) is
heated at reflux for 2 hours, cooled to ambient temperature and evaporated. The crude
product is taken in to dichloromethane and eluted through a pad of silica to afford (E)-3-(3-
isopropoxy-4-methoxy-phenyl)-acrylic acid ethyl ester, TLC R¢ 0.70 (1:1 hexane-ethyl
acetate). This intermediate is dissolved in nitromethane (10ml), 1,1,3,3-



evaporation of the nethanol, pH of the residual solution is adjusted to 7
with 1M aqueous HC and the resultant solid collected by filtration and

dr| ed toé@@'g P4A1d 1- (3, 5-di net hoxy- PCT/EP01/03909
dlnethoxy i soqui nolin-4-yl]-acetic acid. Internediate 21 A

nlxture of 3-isopropoxy-4-mnmet hoxy-benzal dehyde (3.9g, 20mml) and

(et hoxycar bonyl net hyl ene) t ri phenyl phésphorane (6.96g. 20mml) in tol uene
(100 M) is heated at reflux for 2 hours, cooled to anbient tenperature
and eviep@matheiduaribie ¢0.9dg) ispiddetiahd itlse taakedh héurddad7@ Pk FEEidiRo e TAR

el uted through a pad of ica to affor E)-3-(3, ,
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(4: 1 heptprerses BY mast et afifs ﬁlltéfhiegl'a)e it Comet @l thed 1{ %3 5 dusopropoxy phenyl) 6-
i sopr opoxy- 4- nethoxy-p enyl)-4-nitro-butyric acid ethyl ﬁ

( 400 VHEoPrep3Y-methoky agpquinglinzA-giqpcetie - 3gid( qusjngy tGH) gelzzra;ls p(rachua' zﬂq; 3.90
(m 1H)Inte4ml&a(er§02F@harfcté}gedflagt?heQm lg’s]fgp I\QH?*SZF% 86 (m3H). This internediate

is converted into [1-(3,5- dllsopropoxy phenyl) 6-
I sopr opoxy- 7- met hoxy-i soqui nolin-4-yl]-acetic acid using the general

procedlllg;egmtigﬁgxczlznternedl ate 20. Characterised as the ethyl ester, [M]"

I'nternmediate 22 A solution of 3- ethoxy 4- nethoxybenzaldehyde (3. 69

20mol 4 sphutien iehdetthqxystrinethiosybasaeldehnds (3.68, dmmohdr yeitany] Bifinis(idedrol ) and
t he m xt i f t m
oL b ¢ %ungtﬂlaif)%m arhifi %ﬂnrhgl («Ed qgéjﬁﬁ‘xtuf% l]ieg e)d aqqgﬁl'hﬂ%é ZOh%)ﬂ? After

tmmmauhe oro 0.794 Is a he m xture
stirrewoling rtgmqrpmer@pmeeatunee sedismnbeytehy ideh 4h 894, 2 nemol) asl agddeewagahat i on

and VaL&h eas(iilgx%g ‘at rQEJnoééﬁ]g %Ylg@xc}v%ﬂ'ﬁ%\ﬂ?nEma £l ﬁtljg hrl e 6&7? org-tj?o% gﬁ(ganl ¢

extracts are conbl ne rne, magnesi um
sul f at ‘eatanddd;dafnﬂpmédtyte@trg;tm x(nzh pthyl acetate. The organic extracts are combined,

it or noiad oW sk, Sl Uida TR SERBRRR el RO R OB 1821 ¢ aci g
(0. 88gdimtehmxpicyhyi) s(3addlefd~4amdthpmbermy tanriae, iET1E@70.0Thd itvouredate ROTIE, Aft er
cool i nﬂ)rhr?lof Q9 msLS{IBS RN Bl r%r&%r};(?}ox(yﬁg gﬂl)i b.%Sg, 12mmol) is added and the

mixture heated for 1 hour at 100°C. After cooling to room temperature, methanol (30ml) is

added and the mixture filtered and characterised as the methyl ester M* 276. The filtrate is

treated with lithium hydroxide (10mmol) in THF-methanol-water overnight.  After

evaporation of the solvents, the crude product is partitioned between water and

dichloromethane. The aqueous phase is washed with dichloromethane and evaporated to

dryness to afford (7-ethoxy-6-methoxy-isoquinolin-4-yl)-acetic acid lithium salt which is

used for xanthine formation without further characterisation.

Intermediate 23

A solution of (6,7-dimethoxy-isoquinolin-4-yl)-acetic acid ethyl ester (Tetrahedron 1973, 29,
3881) (1.668g, 6.07mmol) in chloroform (20ml) is treated portionwise with m-
chloroperoxybenzoic acid (1.153g, 6.67mmol) for 5 hours. The reaction mixture is washed
with saturated sodium bicarbonate and brine, dried over MgSO, and evaporated to afford
(6,7-dimethoxy-2-oxy-isoquinolin-4-yl)-acetic acid ethyl ester 1.71g, 96%). The entire
product is dissolved in chloroform (30 ml), added to POCI; (3ml, 32.3mmol) and heated at

reflux for 2 hours. After evaporation, dichloromethane and ice water are added and the



added and the m xture filtered and characterised as the methyl ester M
276. The filtrate is treated with |ithium hydroxide (10mml) in
THF- net hanol -wat er overnight. After evaporation of the soI ven ég
product MO Y& 11% i oned between water and di chl or onet hanef 0};{8{?
phase is washed wi th dichl oronet hane and evaporated to dryness to afford
(7-et hoxy-6-nmet hoxy-isoqui nolin-4-ylp3acetic acid lithiumsalt which is
used for xanthine formation w thout further characterisation. Internediate
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cil or o (eabn 2ok FEb 10k (4 BT80 0 1Bty 5 WEERAERTER" 7 20 Soarum
hydr oxi de (15m ). Ethanol (5m) is added and the solution stirred at room

tenperature for hours and the sol vent evaporated. Adjustnment to pH 2 with
concent?, lalee8rochl oric acid affords a solid which is collected by

filtrat2,omiaiehostyictyi)t(e-mdithexydbdniyl) amme (Tetrahedron, 1973, 29, 3881) is treated
O o B e G i loaie £ Lt IR 0,
(1|2‘|) . g ihdx§- 1§d@mx;]dlllﬁt43¥l E’dpﬁ&;\lﬁc %4161 hydrochloride salt mp 174-176°C. Treatment
et t hox enz ron,
3881) vath A Fascn b %ﬁfﬁmh& é%?saoa%e%rﬁ% y Wéel’ééﬁ&rap %Bc}g’aoﬁre f or

| nter rmdhai & 212ent Seaddefl osreguezmeﬁy vt h%k’hlbﬁ%tﬂx@ﬁédzﬂm4a6{3)arﬂf PRbPHoeusaci d
hydr ochl or| de sal 4-176C. Treatnment, with ;6 gas,in ethano| affords
the corr¥dy e&f@# shnirmediaic enedrPyde 2ihhchisse g?%fhoxmpawnp ‘t hen

react eq yq)ags@mlﬁalakm ¥hih edfe Hhpr DRRIZBREDENZ@ entaGhediad {4 PEOOABRIOCNS is
dissolved in ethanol (400ml) and 2N sodium hydroxide (150ml) added and the mixture

heated at 60°C for one hour, prior to evaporation of the solvent. Crystallisation from

e crude

acetone affords 2-(1-chloro-7-methoxy-isoquinolin-4-yl)-propionic acid, mp 167-168°C.

Intermediate 25

Dimethyl sulfate (12.7ml, 0.10mol) is added portionwise to 2-(7-methoxy-2-oxy-
isoquinolin-4-yl)-propionic acid ethyl ester (28g, 0.10mol) with an exotherm to 100°C. The
reaction is maintained at this temperature for 2 hours, cooled to room ternperaturc and
dissolved in water (50ml). A solution of sodium cyanide (15g, 0.31mol) in water (90ml) is
added over 30 minutes with external cooling and the reaction is then stirred at room
temperature for 3 hours. The crude product is extracted with chloroform, the chloroform
extracts are washed with saturated sodium bicarbonate, brine, dried over sodium sulfate and
evaporated. Crystallisation from 3N ethanolic HCl-ether affords 2-(1-cyano-7-methoxy-
isoquinolin-4-yl)-propionic acid ethyl ester hydrochloride, mp 89-98°C. This compound is
hydrolysed converted to the acid as described for Intermediate 22 and used directly crude for

xanthine formation.



oxychl oride as described for Internediate 23 to provide

2- (1-chl oro-7- met hoxy-i soqui nolin- 4-yl)-propionic acid ethyl ester, np
126-128C. This internediate (47g, 0.16nol) is dissolved in_ethanol (400m)
and 2N s&f Wi7MPdr oxi de (150 ) added and the mixture he ZCEERANOBEE 1 or
one hour, prior to evaporation of the solvent. Crystallisation from

acet one af fords 2-(1-chloro-7-nethoxys4 soqui nolin-4-yl)-propionic acid, np
167-168C. Internediate 25 Dinethyl sulfate (12.7m, 0.10nol) is added
porti o# S6ediQedw( 7- met hoxy- 2- oxy- i soquinolin-4-yl)-propionic acid ethyl
ester ( mol) with an exothermto 100C. The reaction is maintained
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heat ed at 110Cfor 1.5 hours). After a further 4 hours at room

t enperat ure .tth 7reacti on is cooled to OC and sodi um hydroxi de (0.5M
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evaporated. to afford (6,7-dimethoxy-1-morpholin-4-yl-isoquinolin-4-yl)-acetic acid ethyl
ester [MH]" 361. The crude ester (0.240g, 0.66mmol) is dissolved in ethanol (20ml), treated

with 2M sodium hydroxide (3ml) and stirred at room temperature overnight. After

adjustment to pH 1 with concentrated hydrochloric acid, the solvent is evaporated and the

crude acid used directly for formation of the xanthine derivative.

Intermediate 28

The procedure for Intermediate 27 is repeated, using excess N-methylpiperazine in place of
morpholine to afford [6,7-dimethoxy-1-(4-methyl-piperazin-1-yl)-isoquinolin-4-yl]-acetic
acid ethyl ester (0.186g, 38%) 'H NMR (DMSO-d6) § 1.19 (¢t ] 7 3H), 2.30 (s 3H), 2.61 (m
4H), 3.10-3.30 (m 4H), 3.92 (s 6H), 3.97 (s 2H), 4.10 (q ] 7 2F), 7.19 (s 1), 7.37 (s 1H),
7.91 (s 1H). The ester (0.186g, 0.50mmol) is dissolved in ethanol (20ml), treated with 2M
sodium hydroxide (3ml) and stirred at room temperature overnight. After adjustment to pH
1 with concentrated hydrochloric acid, the solvent is evaporated and the crude acid used

directly for formation of the xanthine derivative.

Intermediate 29




Excess norpholine is added to a suspensi on of
(1-chl oro-6, 7-di net hoxy-i soqui nolin-4-yl)- acetic acid ethyl ester (0.200g,
0. 65mMml )yd gy Aplguene (I m) and the mixture heated to refl per/mpdindond he
starting material is consuned. After evaporation, the residue is
partitioned between water and dichl ofonet hane, the organi c phase is dried
over magnesium sul fate and evaporated. to afford
(6, 7-di met hoxy- | - mor phol i n-4-yl -isoqui nolin-4-yl)-acetic acid ethyl ester
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purified by Soxhlet extraction with acetone to afford (6-methoxy-isoquinolin-4-yl)-acetic

acid [MH]" 218. Alternatively reduction of (5-chloro-6-methoxy-isoquinolin-4-yl)-acetic acid
to afford (6-methoxy-isoquinolin-4-yl)-acetic acid is accomplished by stirring a suspension
of (5-chloro-6-methoxy-isoquinolin-4-yl)-acetic acid (20g, 69.4mmol) in 1 Molar sodium
hydroxide solution (400mL) for 20 min, filtering off the resultant salt and then treating with
hydgrogen gas in the presence of 10% Pd/C (1.4g) at atmospheric pressure for 2.25h. The
resulting suspension is filtered through glass wool and celite, washing with water (50mL).
The solution is then cooled in an ice water bath and slowly (30 min) neutralised and then
acidified with 5 Molar hydrochloric acid (80ml). A suspension forms and further
crystalisation is encouraged by standing at 5°C for 20h. The resulting crystals are removed
by filtration and washed with ice cold ethanol (25ml) drying under reduced pressure gives

(6-methoxy-isoquinolin-4-yl)-acetic acid.

Intermediate 30

Glyoxylic acid (1.37g, 9.28mmol) is added to mixture of 1-(6-chloro-1H-isoquinolin-2-yl)-
ethanone [J. Org. Chem., 1980, 45, 1950] (1.44g, 5.90mmol) in 6N HCI (24ml). The

reaction is heated at 100°C for 3 hours, cooled to RT, washed with ether and evaporated to



Evaporation affords 1-(5-chloro-6-nethoxy-|Hisoquinolin-2-yl)-ethanone, np
78-80C. A suspension of this internediate (0.150g, 0.60mml) and gl yoxylic
acid (76{;8, 1B ﬁgnm)l) in 6M aqueous hydrochloric acid (2p8flgpoi/gsefteat ed at
100C for %ours After cooling to anbient tenperature, the resultant
solid is collected by filtration to afford (5 chl or o- 6-

met hoxy- i soqui nol i n-4-yl)-acetic acid, [MH' 252. A suspension of this
internediate (0.970g, 3.38nmol) and anmonium formate (1.05g, 16.9mmmol) in
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(5-chl or o- 6- net hoxy-i soqui nolin-4-yl)-acetic acid to afford

( 6- netdigediasogqui nol in-4-yl)-acetic acid is acconplished by sti rri ng a

suspension of (5-chloro-6-neth UI nol i n- 4- ,
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< yox\ﬁhii rrﬁlxt(lile 3f 9-( 6%&%&#@ }sohéméﬁiﬂigq'l te@hamo}ﬁé Yy gOQf 5. 90mmol) in 6N
1-(6-chloro-1 Hi soqui no in-2 5 - “et hanone U. ?’F em, 1980, 45, 1950]
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(1. 44§ICIH20mhnoThe jeactan lﬂcbzar(: FLPO°Crens 2 hewet asked; to Ew@é@éwwedm@ f or
hour SE 8??8%3%5 0%@ ey ?’b Vfint f}esmelrs ) ﬁY@HﬁF}%@ﬂ (ARIYRDdénfateO

PCT/ E ne. After overnight refrigeration, the solid is
col | estlptutiy a¢if| ﬂ@adtrpm landdqgir arech theomixgrecheated at reflux for 14 hours. After
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] § El 1H), H, 8.83

(slH) megha@®! (snd Hylried nteer aféatdat érbsqmsmqmpb@ﬁoﬁwen@eac(@ pzrg‘!xylzgstemm) is
added hg&fotchf%px%,sﬁﬂ—&’o?.g‘l.C(i%h‘ﬁgn(}gg}oﬁ@é H}drg& @f.Smg, 0.20mmol) is added to a
cooled (0°C) solution of (6-bromo-isoquinolin-4-yl)-acetic acid methyl ester (50mg,
0.18mmol) in 3:1 THF-water (3ml). After 1 hour the solvent is evaporated to afford (6-

bromo-isoquinolin-4-yl)-acetic acid lithium salt, MH" 266.

Intermediate 32

Trimethylsilylacetylene (0.17ml, 1.23 mmol) is added to a suspension of (6-bromo-
isoquinolin-4-yl)-acetic acid methyl ester (0.325g, 1.03mmol) in DMF (1.75ml) and
triethylamine (10ml), follwed by copper(l) iodide (40mg, 0.20mmol) and (PhsP),PdCl,
(73mg, 0.10mmol). The reaction is heated at 45°C for 40 minutes, cooled to ambient
temperature and diluted with ethyl acetate. After washing with water and brine, the organic
phase is dried over magnesium sulfate, evaporated and purified by flash column
chromatography (1:1 ethyl acetate-hexane elution) to afford (6-trimethylsilanylethynyl-
isoquinolin-4-yl)-acetic acid methyl ester, [MH]* 298. This intermediate (0.221g,
0.74mmol) is dissolved in methanol (7.5ml) and treated with potassium carbonate (75mg,

0.54mmol). The reaction is stirred for 30 minutes at ambient temperature, evaporated and



6- br onoi soqui noline [J Chem Soc Perkin Trans 2, 1998, 437] (1.544q,
7.42mmol ) in acetic acid (10m) and acetic anhydride (3m ). After heating
at 60C for 4 hours, the mxture is cool ed, evaporated ang ﬁ}&kgt(ﬁg with
water. AVPH7ZPust ment to pHLO with pot assi um carbonat e GHEPRPRct i on
with ethyl acetate, the conbined organic phases are washed twce wth 0.5N
HCO and brine, then dried over sodiunatsul phate. Evaporation affords 1-(6-
br ono- 1H i soqui nol i n-2-yl)-et hanone, MH 253. G yoxylic acid (0.812g,

. BOMMElhcliShy @qge@ht&nﬁ%tcpﬁﬁ 491 dichRrOnaRBad HsAAuIBALA e b g-hanone
(1.509g 90nmMml ) in m). The reaction iIs heated at 100C for 2
hour s, Ctb)GtYIléGQFIQORT“‘a/ﬁ)da%éP@ ) 1 21dt hyl acetate. After evaporation, the
residue i s taken into methanol (20nl), concentrated sulphuric acid (10
drops) is added and the m xture heated at reflux for 14 hours. After

part i alntesmadiateatd on of the sol vent, the resultant solid is collected by
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is dried over magnesi um sul fate, evaporated and purified by flash col um
chromat ography (1:1 ethyl acetate-hexane elution) to afford
(6 trihﬁﬂyﬁaﬁﬁnyl et hynyl i soqui nol i n- 4 yI) acetic acid nethyl ester,

ol ved L et hanol
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et hyny$30%otM).nol i n-4-yl)-acetic acid, [MH"' 212.

The following are prepared analogously to Intermediate 21:

Intermediate 35: 1-(3,5-Dimethoxy-phenyl)-6-isopropoxy-7-methoxy-isoquinolin-4-yl]J-acetic
acid, [MH]" 412.

Intermediate 36: (1-.tert.-Butyl-6-isopropoxy-7-methoxy-isoquinolin-4-yl)-acetic acid, '™
NMR (400MHz, CDCl) & 1.32 (d J 7 6H), 1.52 (s 9H), 3.80 (s 2H), 3.90 (s 3H), 4.75
(heptet ] 7 1H), 7.28 (s 1H), 7.66 (s 1H), 8.08 (s 1H). |
Intermediate 37: (6-Isopropoxy-1-isopropyl-7-methoxy-isoquinolin-4-yl)-acetic acid, [MH]*
318.

The following are prepared analogously to Intermediate 20:

Intermediate 38: (6,7-Dimethoxy-1-methyl-isoquinolin-4-yl)-acetic acid, [MH]* 262.

Intermediate  39: (1-tert.-Butyl-6,7-dimethoxy-isoquinolin-4-yl)-acetic acid, '™H NMR
(400MHz, CDCl;) d 1.75 (s 9H), 3.95 (s 6H), 4.04 (s 2H), 7.28 (s 1H), 7.75 (s 1H), 8.66 (s
1H).

Intermediate 40: (1-Isopropyl-6,7-dimethoxy-isoquinolin-4-yl)-acetic acid, characterised as
the ethyl ester '"H NMR (400MHz, CDCl;) § 1.25 (t ] 7 3H), 1.45 (d J 7 3H), 3.82 (heptet |
7 1H), 3.90 (s 2H), 3.08 (s 2H), 4.15 (q ] 7 2H), 7.28 (s 1H), 7.48 (s 1H), 8.30 (s 1H).




I nternediate 33 Brom ne (0.211nml, 6.28mmol) in dichloromethane (10m) is
added to a cooled (0C) solution of 6-nethoxyisoquinoline [Synth. Conmun.
1999, 29\?, obP3Ahoand the reaction is stirred at anbient tespPes@ids® for 20
hours. After pouring into 1M aqueous sodium hydroxide, the organic phase
is washed with brine, dried over magnesi um sul fate and evaporated. The
crude product is purified by flash ctl utm chr omat ography (20:1

di chl or onet hane- net hanol elution) to afford 5-bronop-6-net hoxyi soqui nol i ne,
[MH ' 240. This material is then converted according to the procedure for

I nt er qggdlématgfrlate ) 1 (? AR fhg% orpth 109 )wsolqlsn%%ﬂnﬂ’ro 15 proplgmz 2L C‘22%CI d

(3 S-DA7PGSOp pogpoved- ap&mdyig)te6bc7p:dterdatd1fmx§[rnt|esmﬂmtaal71 n-4-yl] -acetic acid is
prepared using the general procedure for Internediate 20, 'H NVR (400MHz
CDC13) S 1.25 (dj 6 12H), 3.78 (s 3H), 3.86 (s 2H), 3.92 (s 3H), 6.46 (d
j 0.5 TiHd)follGwing a(’tdpxjepﬁ)re& aﬁH))gmﬁlyZG Iferidédiate 28: 30 (s 1H) The followi ng are
prepared an Iog t i at . 1-(3,5,.
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(6-1 sdﬁ%@o&)}o 1}5[)opropyl 7- met hoxy-i soquinolin-4-yl)-acetic acid, [MI]"'
318. TherhediheWng-Bihexp7aRahe6 -8o@liAgalsy-daid Hignmedingt e 20:
Internediate 38: (6, 7- D net hoxy-I|-nmnet hyl -i soqui nolin-4-yl)-acetic acid,
[MH' 262. Internmediate 39:

(1- terThe‘i%llBerrgGarZ‘fQé M odowsIq th NRletHediaty 122 %§1Q§|pgr1§9«% deid’ df'
(400Mg, - CDCL3 5 (s 9H), 3.95 (s 6H), 4.0

(s 1FDgYCB<YBGa‘(‘§ 1H). Internediate 40:
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3H), Fhgmacreriggsh asithy methy ﬁ)ter%s’ld@ (s 2H), 3.08 (s 2H) 4.15 (qj 7 2H), 7.28
(s 1Hintefmédates 45H) 2-(BEAR 34 %5-thbthoxy) o QdindId-3 Q1B Op R/ RRPORhium  salt,

characterised as the methyl ester, M* 290.

H) 7.75

Intermediate 47: 2-(6,7-dimethoxy-isoquinolin-4-yl)-propionic acid, characterised as the
methyl ester, M* 276.

Intermediate 48: 8-Fluoro-6-methoxy-isoquinolin-4-yl)-acetic acid, is prepared according to
the procedure for Intermediate 31 and characterised as the methyl ester, [MH]" 250.

Intermediate 49: (6,7-dimethoxy-isoquinolin-4-yl)-acetic acid, and Intermediate 50,

[1,3]dioxolo[4,5-.g.]isoquinolin-8-yl-acetic acid, are prepared as described in Dyke et al,
Tetrahedron 1968, 24, 1467.

Intermediate 51: (7-methoxy-isoquinolin-4-yl)-acetic acid is prepared according to Dyke et
al, Tetrahedron, 1973, 29, 3881.

Intermediate 52: 2,2-Dimethoxyethylamine (13.85ml, 0.13mol) is added to a solution of 3-

fluoro-4-methoxybenzaldehyde (20g, 0.13mol) in toluene (200ml). The resulting solution is
flushed with nitrogen gas and then heated overnight under reflux in a Dean-Stark apparatus.
The solvent is then removed under reduced pressure to yield (2,2-dimethoxy-ethyl)-[1-(3-
fluoro-4-methoxy-phenyl)-methylidene]-amine. This intermediate (31g, 0.13mol) is dissolved
in ethylacetate and acetic anhydride ( 13.1g, 0.13mol) added. Platinum oxide (0.3g) is then
added, under a blanket of nitrogen, and the resulting mixture is stirred under a hydrogen



38 Internedi ate 41:
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resul t ishtred @it Lrppmntemeraatlllr@s Hed 2Qintth Goncenigend dadrashbprichantd Hé@mbds aber ni ght
under égm:cy)%nldnt@ Qﬁ%rﬁs é‘l@%%d ARPURLUSor 1hD %ﬁkﬁ(tﬁﬂiog‘ and hSlEthC%HQX egy under

reduced pressure to 2-di met hoxy-efh
fl uor o-menmth'@wlrﬂnelmw - ﬂmtrcbrﬁmdbwe’}tsafﬂwnehn#ﬁilbaqem sqideMHEH} 236319,
0.13nol) is dissolved in ethylacetate and acetic anhydride ( 13.1g,

0. 13nol ) added. Pl atinum oxide (0.3g) is then
The following are prepared analogously to Intermediate 20 :

Intermediate 53: (1-Methyl-6-methoxy-isoquinolin-4-yl)-acetic acid.

Intermediate 54: (6-Isopropoxy-1-methyl-isoquinolin-4-yl)-acetic acid.

Intermediate 55: (6-Ethoxy-1-methyl-isoquinolin-4-yl)-acetic acid.

Intermediate 56: A solution of (6-bromo-isoquinolin-4-yl)-acetic acid methyl ester (52mg,

0.19mmol), prepared as described as an intermediate for Intermediate 31, in DMF (3ml) is
added to zinc dicyanide (26mg, 0.22mmol) under a nitrogen atmosphere. To the resulting
mixture is added - 1,1'-bis(diphenylphosphino)ferrocene (15mg) and
tris(dibenzylideneacetone)dipalladium(0) (8mg) and the resulting mixture stirred at 120°C
for 22h. The solution is cooled and diluted with chloroform (30ml) and washed with water
(2 x 20ml) followed by brine (20ml). Further chlorofrom is added (40ml) and the solution
dried over MgSQ, filtered and concentrated. Repetitive flash silica column chromatography
( eluants 40:1 CH,Cl,:methanol, then 50:1 CH,Cl,:methanol) gives (6-cyano-isoquinolin-4-
yl)-acetic acid methyl ester [MH]* 227. This intermediate is saponified by treatment with
LiOH in 3:1 THF/water. The resulting mixture is partially evaporated to remove the THF,
diluted to 10ml with water then washed with ethyl acetate. The ageous phase is then
neutralised with 1M hydrochloric acid (to pH 4-5) and exhaustively extracted with



added, under a bl anket of nitrogen, and the resulting mxture is stirred
under a hydrogen WO 01/ 77110 PCT/ EPOL/ 03909 39 atnosphere until uptake is

conpl et ewdbd i@t i on, washing with saturated aqueous NaHCEZT/HPd¥0I@OM )
bri ne and water, dryl ng over MJSM and concentration then gives N (2, 2-

di met hoxy- et hyI) N (3-f 1l uoro-4-net hox(y benzyl)-acetam de. This internedi ate
(38.9g, ca 0.13nol) is dissolved inanhydrous CH2Cl2 and then added slowy
over 20mns to a stirred mxture of Al Cl3 (90g) and CH2Cl2 under an

at nos pétbylecetdte.riTher exgemic phae is otral avst MghOef filta@k@ @12 coscepBOd. toTdiec ffi-xt ur e

is sti %agg_lsfog[u[ %h%—ﬂrﬁ)h?&n% g,g.l?lt roomtenperature and is then cool ed

wth urin I'on of aqueous 40% NaCOH. The m xture is
further diluted with water (250mL), filtered through glass wool, the

or gani S I ¥ 2ous phase. further h
O CL Zf:n\g%m%gxgg 587pl a(Sa(tZ}ﬂgro @‘%tﬁo%%}%ﬁﬁoﬁ% £ E@Ege&_c%tc%dolg eﬁ%&éﬁcﬁ% A’%‘(SE
pressumhypeicd@rafqmmdsndldte@/ﬁl ch is purified by flash silica

chr omat ogr aphy (el uant 1% met hanol in CH2C12) to give as one of the

products 1-(.7- nmet hoxy FFIS U|no et hanone.
Pt er nislesBediaizaS 000 oI P L B e g bt o B s g
3. SmWhl):th@hds]ct&bahﬁprebi@m&r Bﬂ&rﬁeﬁ&ttd(’j 83 ug.twg,ﬁ(l) B ixikrio ) i(;lszzn}@ﬂtddsexdet&hnd’loom
t enper e centrate rochloric i 10mM.) i n added
bnd” et OGB4 EREr e 1 FortNR e e sE ot dthinend K658 on by
Flr\/le-}ﬂ par gitiimgs ISERl’—IleclgjleﬂQSd (sﬁrrfdgmhanﬁemm Boxuyn.iMqTﬁixnﬁk isthén yil:du(}jahaece{vitﬁ aci d,
' The fol,lo are prepar | ogousl.y to . lInternedi ate X

| nt er Ak aoeBs:ackd: ik Eereirgil: RERGraD dur PO Tt GrIyma ep @ ey
: nt er meeh y@dcetagghexﬁlﬁ* 1: Sﬁ@h@@@th}nﬂ%hwn’ohﬁ@%}d) zit@ht 6c1é-ri5{éthy186§&:i' IM*dm d.

nt er jate 0 hy ui no )-acetic ac
|t or mEBb ApErBRIa (ZGhe s SAmBI )(B- Giphadie d&iﬁ"ﬁtﬂ? bt g7 yoodE atesPhgr
et hyl . g$16% I(cﬁ&'iTEaron('ﬂ-%l)hddedpﬂ'ﬁé@d’sﬁlﬂm@%uﬂﬁﬁﬁéh hedirad rbﬁﬂlfeﬁml ate
for Internedi te 31 in SNF add%ﬂ to zinc, dicy a%
0. 22nmBk PUEORR Bere ot FREONY SR8 G min, flationsiitshingg it ‘Wh%fé’ 84 5 dded
3— 1 ( 3[:&(@1‘1@%1@3)@@1@%?1@1% ﬁﬁfo{lllﬁﬂﬁﬂ?—a&eﬁém Béttlyl eétetr rI]\/I 229. To a solu'aont

ri s(di benzyl i deneacet one) a iu an e resu g ure
stirr eaP ahis Tnigemediy (53mE, SRRl i g‘ﬁ#@ﬁ@@&% atghd3dil ut-e )wist‘i’“fm d
chl or of @I (130Hs) asd cheWaskhae siéctd ch}aZ(ﬂf at &8n%te3@eiﬂa}urfe otbeatatidn Brddpe
(20m) . Further chlorofron1|s}gg and the solution dried over

MySH4, rqdupgdoprasyus gives SHEWR 58 ‘S°ﬂzé‘ﬁ@lc“il‘f"TY\LeacF‘laE‘r’sl}4 ¢¢1ica col um
chr omat ogr aphy

Intermediate 59: A solution of Intermediate 29 (0.5g, 2.3mmol) is suspended in aqueous
48% HBr (10ml) and then heated at 100°C for 48h. Further aqueous 48% HBr (10ml) is
then added and heating continued at 100°C for an additional 24h. The reaction mixture is

cooled to 5°C for 4h and the resulting solid seperated by filtration. Washing with water and
drying under high vacumn at 50°C gives (6-hydroxy-isoquinolin-4-yl)-acetic acid

hydrobromide [MH]* 204.4. This intermediate (0.15g, 0.53mmol) is suspended in DMF
(2ml) and K,CO; (0.22g, 1.58mmol) added followed by ethyliodide (0.085ml, 1.06mmol)
and the resulting mixture stirred at room temperature for 2h. Concentration and
purification by flash silica column chromatography (eluant: CH,Cl,/methanol 10:1) gives (6-
ethoxy-isoquinolin-4-yl)-acetic acid ethyl ester [MH]" 260. This intermediate (25mg,
0.11mmol) is dissolved in water (1ml) and LiOH added (5mg, 0.11mmol). The resulting
mixture is stirred for 30min at room temperature. Acidification with minimumn 6N HCI

and concentration gives crude (6-ethoxy-isoquinolin-4-yl)-acetic acid.



( eluants 40:1 CH2C12: net hanol, then 50:1 CH2C12: net hanol ) gives
(6-cyano-isoquinolin-4- yl)-acetic acid nethyl ester [ML]' 227. This

i nt er rediyg) §475105aponi fied by treatment with LiOH in 3:1pgdEpipdoses The
resulting mxture is partially evaporated to renove the THF, diluted to
10m with water then washed with et hyg acetate. The ageous phase is then
neutralised with 1M hydrochl oric aci d (to pH 4-5) and exhaustively
extracted with WO 01/77110 PCT/ EP01/ 03909 40 ethyl acetate. The organic
phase is dried over MgSO4j filtered and concentrated to give (6-

cyano- i i nolién-4-yl)-acetic acid M 212. Internmedi ate 57:

(5-¢Cnhl IE%)@ f_eé‘? 761xy-i soqui nolin-4-yl)-acetic acid is prepared as descri bed
in the procedure for internediate 29. Internediate 58: To a solution of

(6-trinethylsil h . =] i i nN-4-yl)-acetic acid nethyl ester, as
pr epar @"?%Pg?sn@%ﬂr@g?gwl%ﬁggg&%%&g’? 4mol ), i n anhydrous net hanol
(7m) is added K2CO8 (72ng) and the mgfsulting m xture stirred for 1h.

Addi tional K2CO3 (1l1ng) is then addéd angsstirring continued for 30m n.
The mixture is then neutral igkd Aci al acetic acid and concentrated.

Purification by flasf siRica co 5 mat ography (ethyl acet at e/ hexane
i i @ eiq'® acid nethyl ester M 225.

1:1) gives (6-ethyny

Thi s internediahe (7 .S ) > gsol ved i n nmexpol| under an inert
at nosphere and ‘10N Pd o ; 79ng) added. The resulting suspension is
stirred vigorously yndeg at nig phgq@ d%”gaseous hydr ogen. After 90m ns,
filtration, washi w Nh et hanol an concentration give

(6-ethyl -isoqui no n-4JyI)-acetic acid nethyl ester M+ 229. To a solution
of this internediate (%8ng, 0.30mml ) in THE/ net hanol /water (3:1:1, 3.Sm)
is added LiOH (12.5ng) and the m xture stirred for 20h at room
tenperature. Concentration under reduced pressure gives |ithium
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and the resulting m xture stirred at roomtenperature for 2h. Concentration
and purification by flash silica colum chromatography (el uant:

CH2C 2/ mgid@n@l1010: 1) gives (6- ethoxy-isoquinolin-4-yl)-aeaiiriasios et hyl
ester [M-1]" 260. This internediate (25ng, O0.11mol) is dissolved in
water (1m ) and Li OH added (5ng, O0.11mmol). The resulting mxture is
stirred for 30mn at roomtenperatuge. Acidification with m ni nutm 6N HC
and concentration gives crude (6-ethoxy-isoquinolin-4-yl)-acetic acid. WO
01/ 77110 PCT/ EPO1/ 03909 41 Exanples 1- 70 Conpounds of forrmula I which are
also of formula R8 ;RONNR 13 R3IRI2 O\ R1 AN1- XXXXVI N R4 R10
Rf ON2 R where RL to R4 and R8 to R13 are as herei nbefore defined, in
free or salt form and their nethods of preparation are shown in the
following table, the nethods being described hereinafter. R3is Hin all
Exanpl fes gexcept No 44, |where it|is CH3. R4 is Hin all exanplies except Nos
25 - 27 &nd 4 - 43, whgre it i$gCH3. ROl4gs Hin gkl Expapl edxexcept No 29,
where 8 Sis OB. RLO ig+H in all +Exanpl es+ except MNe 57, |wherg+t i{s Br and
No 75 @ére ifCis d. |RL3 is H|En all Bxanpl es exEept Nos 562where it is
F, and 6% and| 66, wherq it is Bf. WO 01/{77110 PCTI|EP01/p3909| 42 A o v 00
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1- (3-Di n¥ 03f7a

1.30mml ) is added to

S, 6-di am no- 1-i sobutyl -

and (6,

0. 96nmol )
anbi ent tenperature for
resultant solid collected by filtration,
aqueous sodi um hydroxi de (0.Sm)
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met hoxy- 1 -nethyl -i soqui
i n nmet hano

nol i n-4-yl)

-acetic acid (0. 25q,

(SmM) and water (Im) and the m xture is stirred at

16 hours.

The

net hano

( Sm

is evaporated and the
t aken i nto net hanol
is added. The reaction is heated to refl ux

) and SM

for 1 hour, cooled to anbient tenperature and evaporated. The residue is
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di am no- 1-i sobutyl - 3-net hyl -1 H pyri m di ne- 2, 4-di one (58ng, 0.28mmol) in DV
(0.7m). The reaction is stirred at roomtenperature for 2 hours. The

sol vent {§ g¥ARer ated and the residue purified by flash pefmp#in3s0e
chr omat ography (30: 1 di chl oronet hane- net hanol elution). The internediate

is dissolved in nethanol (2m ) and water (2.75nl) added, followed by 4M
aqueous sodi um hydroxi de (0.25nl). THe reaction is heat ed at 40C for 2
hours, then stirrred for 16 hours at anbient tenperature. The solvent is
evapori\aéthddand the crude product purified by flash col um chromat ography
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6.29g, 16.6mMmmo and, 5, 6-di am. no- .. . . .
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for 45sdyu@q|11qgeth;nh3 sdﬂ%p@pahgazlgsdla&uMMysed with acetic acid and cool ed
to 0-5C overnight. The resultant solid is collected by filtration, and

washed wi th nethanol /water 1:9 (30m ) foll owed by nmethanol (30mi). Drying
under Nit@ibd Byacuum at 50C affords
(6- net hoxy- |squ|n

3- but y[ - 8- | hyl - 3
di L)S/gr(gtl%l@gp'hgogmgolm 6,5(&) acEtg-pk é@&mg H@é) ) ci]' ssnFted in DMF (Iml) and

1- (3- RhRLIbeAMBROBI 0 NN&ﬂﬂth&@ﬁf ﬂibﬁﬁhﬂﬁ H&QHQGHJ %!; c(506M5 queous
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the regyhteantrifR@lbydash column chromatography (30:1 dichloromethane-methanol elution).

The intermediate is dissolved in methanol (2ml) and water (2.75ml) added, followed by 4M
aqueous sodium hydroxide (0.25ml). The reaction is heated at 40°C for 2 hours, then
stirrred for 16 hours at ambient temperature. The solvent is evaporated and the crude
product purified by flash column chromatography (30:1 dichloromethane-methanol elution)
to afford 8-(6-ethynyl-isoquinolin-4-ylmethyl)-3-isobutyl-1-methyl-3,7-dihydro-purine-2,6-
dione, [MH]" 388.

Method B2

A suspension of (6-methoxy-isoquinolin-4-yl)-acetic acid (3.5g, 13.82mmol) in acetonitrile
(70ml) is treated sequentially with Hunig’s base (6.15ml, 36mmol), O-(7-benzotriazo-1-yl)-
N,N,N’ N’-tetramethyluronium hexafluorophosphate (6.29g, 16.6mmol) and 5,6-diamino-
1-isobutyl-3-methyl-1H-pyrimidine-2,4-dione (3.22g, 15.2 at mmol) while the solution is
stirred at room temperature. The reaction is stirred at ambient temperature for 2h, prior to
evaporation of the solvent. The residue is tritruated with ethyl acetate (50ml) filtered and
washed with ethyl acetate and then dried at 50°C under reduced pressure. The resulting

intermediate is suspended in a mixture of methanol (30ml) and 4M aqueous sodium



is collected by filtration. This internmediate is suspended i n nethanol

(10m ), 4M aqueous NaOH (Sm) is added and the m xture heated to refl ux
for 4 howosoerAier evaporation of the nethanol, the resi g¢g/mEpdi/odogli fied
to pH2 wth concentrated hydrochloric acid and the resultant solid
collected by filtration and purified by preparative HPLC to afford 8-(1-

chl or o- 6, 7-di net hoxy-i soqui nol i n-4-y|5ﬁret hyl ) - 3-1 sobut yl -1

-met hyl - 3, 7-di hydro- puri ne-2, 6- di one hydrochl oride, [IMH + 458. Method D

1- ( 3- Dhydrbkidk d460mb pnd hehded 3t SORY [feat b odnites. dd h{s2@s parisjonOs htnwil)sed svithdded t o
a m xt . 6-di am nNPz=d~ i UL Y = 3- hyl = L H-pyLg o1 dines2, 4-di one (20g,
0.094 n%‘%?c 9‘%‘@,%1 CS?I‘:ng{pﬁ o% S giﬁ%ﬁ%ﬁ% ﬁh% .fgs?@tr‘*ﬁf{ Sé’é‘?: ‘?'\é°g‘3& eg k(Yz%l.%i?‘{g‘f"ql’oz?rgig4mo1) ,
and 1- ivyshedxwible nettanioliwetee 1:9 13002y folBwied Zryokthanoll {3Dnd). dhdyorgometeh high- wat er
(400m ). The re I ONgd Sy Sti.rne t.anbhjient. tenperature, for 4. rs and
the rexiftbingt SFHy aibiec Pt 55 Rt o7 Pab e so SR R vinfin Rt Shom 5

fi |t r atlihgdroapaingeXs Bidipef MBI Wade§. (250m ) fol | owed by drying, further
tritruation wth nmethanol and drying gives an internediate together with
slightly I ess pure material fromconcentration of the nethanol triturate.
The internmedi ate (16.08g) is dissolved in water (100m ) and net hanol

(100mM Mft!oold tEnwed by the addition of 4M aqueous sodi um hydroxide (56m ) and
the re solution is heated at 70C over night. After cooling to
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dione hydrochloride, [MH]" 458.

Method D

1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide (20.6ml, 0.11mol) is added to a mixture of
5,6-diamino-1-isobutyl-3-methyl-1H-pyrimidine-2,4-dione (20g, 0.094mol),  (5,6-
dimethoxy-isoquinolin-4-yl)-acetic acid (26.7g, 0.094mol), and 1-hydroxybenzotriazole
(19.2g, 0.142mol) in 1:1 dichloromethane-water (400ml). The reaction is stirred at ambient
temperature for 4.5 hours and the resultant solid collected by filtration. Slurrying in water
(500ml), filtration and washing with water (250ml) followed by drying, further tritruation
with methanol and drying gives an intermediate together with slightly less pure material
from concentration of the methanol triturate. The intermediate (16.08g) is dissolved in water
(100ml) and methanol (100ml) followed by the addition of 4M aqueous sodium hydroxide
(56ml) and the resultant solution is heated at 70°C over night. After cooling to ambient
temperature, the methanol is evaporated and the residue acidified to pH 1 with concentrated
hydrochloric acid. The resultant hydrochloride salt is collected by filtration and dried. The

product is then be converted to the free base by treatment with aqueous sodium hydroxide



(s 1H), 8.50 (s 1H), 9.50 (s 1H), 13.6 (br s 1H. Method F The product of
Exanple 58 (37ng, 0.07mmol) is suspended in pyridine (1.Sm) and

di et hyl 9o chloride (23nml, 0.21nmol) is added. The picagiolA%bod S
heated at 50C for 22 hours and the solvent is evaporated. Trituration with
water gives a solid which is <collected by filtration and dried to afford
3-[ 3- (N, N-di net hyl sul f anoyl )am no- ben?yl ] - 8-

(6, 7 di met hoxy-i soqui nol i n-4-yl met hyl ) - 1- net hyl - 3, 7- di hydr o- puri ne- 2, 6-di on
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9 82 (s 1H), 13.60 (s 1H). Method G The product of Exanple 24 (100ny,
0.25nnd&%%igg$eated at 100C in concentrated hydrobromc acid (Sm) for 36
hour s. 9641 vent is evaporated and the crude product purified by
pr epar aAis\A@ehlﬁ’bJCotf(thafpimhdt of Example 11 (72mg, 0.13mmol) in 6N HCIl (2.5ml) and
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ylnethyl) 1- met hyl - 3, 7- di hydr o- puri ne- 2, 6-di one hydrochloride salt (0.760g,
1. 87molgkshoQ-F bor abi cycl of 2. 2. 0] nonane (0 5M THE sol ution, 18.7m,

9. 35Mmm an di i sopropyl et hyl am ne_ (0. 33nl, 1.89mmol) in THE (9n1)
heat ed T Perdugk of dixampde ﬁéut%mg, ShaTmrmeRy tr Hiepensed 4m a)cfuhewlémlmanén

6ni) an@trdamrsg%ﬂoﬂeahmaéqm%r o%mﬁaiat Jis Rdged. apdedaeRAUeRtdad by s@adiok he

reaction heated at' 50C for 1.5 hours, After evaporation, the crude product
i s puri?3 deursyand sk 5@ﬁ?‘5rﬁﬁt"€b’@?9§ﬁﬁ9 Crgurptioppeith -wates Bapop sllidt vhish iand

collected by filtration and dried to afford 3-[3-(N,N-dimethylsulfamoyl)amino-benzyl]-8-
(6,7-dimethoxy-isoquinolin-4-ylmethyl)-1-methyl-3,7-dihydro-purine-2,6-dione, 'H NMR
(400MHz, DMSO) 6: 2.64 (s 6H), 3.26 (s 3H), 3.86 (s 3H), 3.98 (s 3H), 4.50 (s 2H), 5.15
(s 2H), 6.98 (d ] 6 1H), 7.08 (d J 6 1H), 7.15 (s 1H), 7.22 (t ] 6 3H), 7.55 (s 1H), 7.62 (s
1H), 8.38 (s 1H), 9.15 (s 1H), 9.82 (s 1H), 13.60 (s 1H).

Method G

The product of Example 24 (100mg, 0.25mmol) is heated at 100°C in concentrated
hydrobromic acid (Sml) for 36 hours. The solvent is evaporated and the crude product
purified by preparative HPLC to afford 8-(7-hydroxy-isoquinolin-4-ylmethy!)-3-isobutyl-1-
methyl-3,7-dihydro-purine-2,6-dione, [M]* 379.

Method H

The product of Example 64 (41mg, 0.09mmol) is dissolved in acetic acid (2ml) and treated
with bromine in acetic acid (148mg/ml solution: 100pul). After 1 hour at room temperature
the solvent is evaporated, the residue dissolved in hot methanol, filtered and evaporated to
afford 8-(8-bromo-6,7-dihydroxy-isoquinolin-4-ylmethyl)-3-isobutyl-1-methyl-3,7-dihydro-
purine-2,6-dione, M* 474.



triturated with water to afford

8- (6, 7-di net hoxy-i soqui nol i n-4-yl net hyl ) - 3- ( 3- hydroxy-

propyl) - %Vd@y’fﬂo 3, 7-di hydro-purine-2,6-dione, [MH' 426. pigigiadosdg®t assi um
carbonate ( 0. 35mmol ) and |odorret hane (0.018nl, 0.295mmol) are added
to a solution of t he product of Exanple 10,
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i sobutyl -1 -nmethyl -3, 7-di hydr o- puri ne-2, 6-di one (0.100g, 0.24mmol) in DV
(2m ). Mhkehodileact i on is stirred overni ght and purified by preparative HPLC
to affofd 8-(6,7-di.ngt hox
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t he reaction is stirred at ambi ent tenperature for 1 hour, prior to
guenchi E/ ﬂ saturated aqueous 1'"Cl. After extraction wth chloroform
t he org# tho phase is washed with water, dried over MgSO4 and evapor at ed.
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Method K

A suspension of the product of Example 68, 8-(6,7-dimethoxy-isoquinolin-4-ylmethyl)-3-(3-
hydroxy-2-methyl-propyl)-1-methyl-3,7-dihydro-purine-2,6-dione (63mg, 0.14mmol) and
acetyl chloride {(18ml, 0.25mmol) in pyridine (1ml) is heated at 50°C for 18 hours. After
evaporation, flash chromatography (19:1 dichloromethane-methanol elution) affords acetic
acid  3-[8-(6,7-dimethoxy-isoquinolin-4-ylmethyl)-1-methyl-2,6-dioxo-1,2,6,7-tetrahydro-
purin-3-yl]-2-methyl-propyl ester, [MH]" 482.

Method L

The product of Example 18, 8-(6,7-dimethoxy-isoquinolin-4-ylmethyl)-1-methyl-3-(2-
methyl-allyl)-3,7-dihydro-purine-2,6-dione (100mg, 0.24mmol) is suspended in 1,2-
dichloroethane (30ml). Diethyl zinc (1M hexane solution, 1.2ml, 1.20mmol) is added,
followed by chloroiodomethane (0.174mi, 0.24mmol) and the reaction is stirred at ambient
temperature for 1 hour, prior to quenching with saturated aqueous NHLCl. After extraction
with chloroform, the organic phase is washed with water, dried over MgSO, and

evaporated. Purification by preparative HPLC affords 8-(6,7-dimethoxy-isoquinolin-4-



solution of di-tert butoxycarbonate (133ng, 0.61mol) in CH2C12(Im); after
2h triethylamne (0.170m, 1.2mmmol), di-tert butoxycarbonate (130ng,

0. 60nmol XV(%]?I”H}{F (0.3nm) are added and the m xture is Stcgdaies 0OM
tenperature for 2.5 days. Concentration, partitioning between water and
hexane, sonication filtration, re- concentration followed by purification
by flash silica colum chromat ogr aphy 6(e| uant 19:1 CH2Cl2: nethanol) gives
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) (9mg) are
then added and the reaction is heated for a further 6h at 145°C. Concentration, tritruation
with water, filtration, washing with 1:1 saturated NaHCO; / water, followed by extraction
with CH,Cl, and 1:1 methanol: CH,Cl, and repetitive flash silica column chromatography (
eluants 10:1 CH,Cl:methanol then 20:1 CH,Cly:methanol) gives 4-(3-isobutyl-1-methyl-

2,6-diox0-2,3,6,7-tetrahydro-1H-purin-8-ylmethyl)-isoquinoline-6-carbonitrile [MH]* 389.

Method N

1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (0.29g, 1.9mmol) is added
to §,6-diamino-1-isobutyl-3-methyl-1H-pyrimidine-2,4-dione (0.40g, 1.9mmol)) and (1-
chloro-6,7-dimethoxy-isoquinolin-4-yl)-acetic acid (0.39g, 1.78mmol) in methanol and
water and the mixture is stirred at ambient temperature for 2 hours. The methanol is
evaporated and the resultant solid collected by filtration and recrystalised from ethylacetate/
methanol. The resulting solid is heated in a sealed tube (100°C, 8h) with 40% aqueous
dimethylamine. The mixture is evaporated and extracted with ethylacetate. The ethylacetate

solution is then washed with water and brine, dried over sodium sulphate, filtered and



i sobutyl - 1- net hyl - 3, 7-di hydr o- puri ne- 2, 6-di one, MH 467. Method O
1- (3- Di net hyl am nopr opyl ) - 3-et hyl car bodi i m de hydrochl oride (0.29 g,

1. 9mol ) wosmAdfgd to o _ PCT/EP01/03909
5, 6-di am no-1-1sobutyl -3-nethyl -1 H pyri m di ne-2, 4-di one (0.40g, 1.9mmol))

and (1- chloro-6, 7-di net hoxy- |squ|noI|n 4-yl) - acetlc acid (0. 39q,
1.78mml ) in nethanol and water and ¥he mixture is stirred at ambient
tenperature for 2 hours. The nethanol is evaporated and the resultant
sol i d eehteaahed. bBurthekt paﬁﬁmOand’}yr #laghy sdilidai sebhinfir ochrethydgagpdiyat{ehant:

met hanol,. . The resul ti t ed flux W|th p for
an. | Thetizraeriehatelf S -t bR re i B e e A OB RERA IR vt e
and br iisgbutydli-eethelva?-dlodiroHpud nd-ploatiene, MEt 4€7T.ed and concentrated. Further
purification by flash silica colum chromat ography (eluant:

et hyl acetate/ nethanol) yields a solid which is dissolved 20% 1N NaCH

nmet hanq¥ethad® heated to reflux for 2h. Concentration, addition of water and

W th ek CrOB R b bUsF o R e ,h%?ti%mfﬁdfsﬁ@%%iﬁ?o%igﬁﬂr%f%@‘f o gi ve
£ ot e sy
Exanpl éi’YO(f Xm&‘tﬂ in‘E&‘E‘ﬁiﬂﬁé 34 §o§i9§5 T(ZQ/H F?FB Ch 9‘2’\/?%“03 ‘{ 4.02
g-i ?H) 1Swzfl¥|e_§5n(( $he? H).lxtu?e T stiSedL b gm']B-leﬁB térﬁ%%lr%.lrc %43 hsurd.Hlhe nftkbdiof Ss ll(-i)

3Hj , 4 EBPQrALe % h‘ﬁ res %Exlécp%lbecteg by ﬁlﬁ(ﬁlcin stagsegé orp atli'?ylaiﬁatf&)

5. 88 (nméhlinol 7Tl6eore§§ltul olidis8Rated uhtidr, reﬂuﬁﬁm(hsplﬁéﬂdechQ}( S"hlls%l,utla\fi is/ (s
1H) . Exarrple 14 S 0,20-0.40 (m4 11013%%%% 321 381(m

oH), 3.fdterqdsanghipe r%Ub@geefum washedggith wagran dcdigyer S%d* 8. 45
(s 1H 1fll&r§9 ah§ bbentrhbed! Orlrehed nfxEé‘thfp'b? ﬂ&h@l&llczm cRgFﬁ 151@3909
58 8 0. 82 (s 9HP 7.62

(s 1H),(clpang et(hg aiq.tﬂte/mqgh:m??( gle@ﬂ)a sobg szﬁ((l_}l)sls ﬂLDsolv é%g@ﬂ@ I§F§4 (s PE 16
and heated to reflux for 2h. Concentration, addition of water and extraction with ethyl
acetate gives an organic fraction which is washed with water and brine, dried over Na2SO4,
filtered and concentrated to give 8-(6,7-dimethoxy-1-piperidin-1-yl-isoquinolin-4-ylmethyl)-
3-isobutyl-1-methyl-3,7-dihydro-purine-2,6-dione, MH" 507.

NMR data for Examples (*H 400MHz DMSO-d6)

Example 12
8 3.25 (s 3H), 3.92 (s 3H), 4.02 (s 3H), 4.65 (s 2H), 7.70 (s 1H), 7.88 (s 1H), 8.45 (s 1H),
9.42 (s 1H), 11.1 (s 1H), 13.60 (s 1H)

Example 13
8 3.20 (s 3H), 4.95 (s 3H), 4.00 (s 3H), 4.52 (d ] 4 2H), 4.70 (s 2H), 5.04 (d J 18 1H), 5.09

(d]J 10 1H), 5.88 (m 1H), 7.60 (s 1H), 7.88 (s 1H), 8.46 (s 1H), 9.42 (s 1H), 13.7 (s 1H).

Example 14
3 0.20-0.40 (m 4H), 1.10-1.30 (m 1H), 3.21 (s 3H), 3.81 (m 2H), 3.98 (s 3H), 4.03 (s 3H),
4.66 (s 2H), 7.65 (s 1H), 7.85 (s 1H), 8.45 (s 1H), 9.39 (s 1H), 13.70 (s 1H).

Example 15



8 0.81 (dj 7 12H), 1.98 (m1H), 2.12 (m1H), 3.70 (dj 8 2H), 3.78 (d | 7
2H), 3.99 (s 3H), 4.05 (s 3H), 4.70 (s 2H), 7.65 (s 1H), 7.90 (s 1H), 8.46
(s 1H), W(ﬂﬁ,ﬁmm) 13.6 (s 1H). Exanple 17 8 0.80- 1. 10 pcieih 03089 40- 1. 60
(m4H) 1.80 (m1H), 3.15 (s 1H), 3.76 (d j 8 2H), 3.91 (s 3H), 4.02 (s
3H), 4.68 (s 2H), 7.60 (s 1H), 7.88 (s 1H), 8.44 (s 1H), 13.60 (s 1H).
Exanple 18 8 1.69 (s 3H), 3.21 (s 3H)3°3.98 (s 3H), 4.01 (s 3H), 4.46 (s
2H), 4.52 (s 1H), 4.68 (s 2H), 4.76 (s 1H), 7.58 (s 1H), 7.84 (s 1H), 8.45
(s 1H) 8 @8247%s PE),1330 (SLBEG. 18 (s12H)), 3R0aepEY, 1948s 30762 S1KN74M) (s B8 (s

3 4.02 (s 3H), 4. 10-4.20 1H), 4.70
g%?ﬁ?h%mﬁ%% 39%9&)”%?50 (s 1(H)S 5 50 (s 1H) . 1560 (H)br s 1H).(S
Exanple 20 8 0.70-0.80 (m 6H), 0.99-1.10 (m 1H), 1.20-1.25 (m 1H)

1. 88-2..00 3.21 (s 3H), 3.64-3.80 (m2H), 3.95 (s 3H), 4.00 (s 3H),
4.68 (5&?%@_1;60 (s 1H§S 7.H230 (s 1H), 8.4(5m(sH)1H), 9.212 (|s_|)1H), 13.(esso (H)br

s 1H). &Exampd £ 7221, 0.983m(1H), 2823H) 1H), 363 (dS]%dZHI) 3.78 d2]H) 2H$ BB (st3H), 8 2H),

i S lodidndt a1t stk e a8 o Bhdas Rl pedthn 13 G5y

318(53H) 3.75 (dj 8 2H), 4.60 (s 2H), 6.32 (s 2H), 7.71 (s 1H), 7.82

s 1H),.8.5 9.42 (s 1H), 13.50 (s 1H). Exanple 49 8 0.12-0.25 (m
( mf@%ﬂ?&tﬁ(mm 3.2(()(SH?3H) 368((de)7 2H), 4.00 (s 3H), 4.80 (s

2H) 7.5/0.80d.10 1802116d s, 16, m81§)83(185 &HH), 9.76Qd4Gss D), 3.03.40 (s
1H). W0 01/7711 CH EPO1/ 03909 759 Exa

3- | sobuthk 4|02n<ét3ﬁ94 4.88[(%121k /vt By D 57 6%5 QHQ, %}ﬂﬁ;{r&jﬂd% [13.68) (@il Bl of 4, 5-
.g.lisoquinolin-8-yl)-ethyl]-3,7-di hydro-purine-2, 6-di one

Benzo[l 3]dioxo|-5-y|nethyl-(2,2-dinethoxy-ethyl)-anine (Tetrahedron 1968,
24, 14d§¥ﬂug—l§reated Wi th pyruvic acid according to the general procedure

for lntsaigFQ% §H§ 3'3%1‘(5031% f30§§"523H )01 (s 3H), 4.46 (s 2HD), 4.5 ro@hl“on 2y

[ 1, 3] di ox ]'1 soqui no -'8- I-pro ionic aci’d hy
224-226€76 (s 1H) 7. 58 (s 1H), 7 84 (s 1H), 8.45 (s 1H), 9.42 (s 1H), 13.60 (s 1H).

Example 19
§ 1.50-1.85 (m 4H), 3.18 (s 3H), 3.50-3.85 (m 4H), 3.95 (s 3H), 4.02 (s 3H), 4.10-4.20 (m
1H), 4.70 (s 2H), 7.75 (s 1H), 7.920 (s 1H), 8.50 (s 1H), 9.50 (s 1H), 13.60 (br s 1H).

Example 20

6 0.70-0.80 (m 6H), 0.99-1.10 (m 1H), 1.20-1.25 (m 1H), 1.88-2.00 (m 1H), 3.21 (s 3H),
3.64-3.80 (m 2H), 3.95 (s 3H), 4.00 (s 3H), 4.68 (s 2H), 7.60 (s 1H), 7.80 (s 1H), 8.45 (s
1H), 9.42 (s 1H), 13.60 (br s 1H).

Example 21
5 0.83 (t] 8 3H), 1.63 (sextet ]- 8 2H), 3.83 (t ] 8 2H), 3.99 (s 3H), 4.05 (s 3H), 4.69 (s 2H),
7.64 (s 1H), 7.88 (s 1H), 8.44 (s 1H), 9.42 (s 1H), 11.10 (s 1H), 13.60 (s 1H).

Example 23
50.80(dJ 7 6H), 3.18 (s 3H), 3.75 (d ] 8 2H), 4.60 (s 2H), 6.32 (s 2H), 7.71 (s 1H), 7.82
(s 1H), 8.50 (s 1H), 9.42 (s 1H), 13.50 (s 1H).

Example 49
5 0.12-0.25 (m 4H), 1.02-1.10 (m 1H), 3.20 (s 3H), 3.68 (dJ 7 2H), 4.00 (s 3H), 4.80 (s
2H),7.70 (d ] 9 1H), 8.21 (d ] 9 1H), 8.38 (s 1H), 9.20 (s 1H), 13.10 (s 1H).



Treatment with HO gas in ethanol affords the correspondi ng ethyl ester
hydrochl oride, np 223-225C. A solution of this conmpound (2.73g, 10mml) in
benzene (A0S treated with dinethyl sulfate (1.26g, Hagdoio3dwdirred
at roomtenperature for 5 hours and the solvent is evaporated. The crude
oil is dissolved in water (20m ), cooled to 0-5C and a sol ution of
K3Fe(CN)6 (5.72g, 17.4nmol) in water 25nml) and sodi um hydroxi de (2. 04g,
51mol) in water (15m ) are added. After 1.5 hours at 5C, the reaction is
adjusted to pH 2 with concentrated hydrochloric acid and the product

col | ect d b chlgromet hane to
afford 2
.g.]i sogﬂgsdsmlmdsirrgs-vl %tlﬁﬂ]@h?@ﬂh&@lr@c@udnemﬁ @906€ (dec). Th| s internmediate is
then converted to the xanthine according to the general procedure of

Met hod D, [ MH + 452. Exanple 87 - 8-(6

7- Di rTEthqu{-lm}cihlﬂbliﬁ?ylﬂneyHyﬂf(el hwime&oksﬁmyi vdmihe mhylhdrannaﬁsmze; 0467) is

2, Lit di | 2 4
oo F R By R A AR LD e R on BT are 2 a e
(10m) [aB]d13961p[4f Bld. seedidelin®-yl-prdpioaid 0 xyid 4 - hﬁirbg:ﬂleﬂ]dlﬂ nollnpne21’J’r 205G

Chem, 1997, 623 2 Af ter ur. the t i,on |
pour ed ﬁa%néwl@f@g@asdf’ g’gﬁgﬁ%@o gm&""’) %Oéreé%%flc\}\%gr ﬁggl TE* rthIi?nc r‘%%e’?%t ure
over ni gim3- 2233?(:1 0} mutwgdsfahhlcempdand ®.33g, 1041n951mmie)1zdns (20ide 6 tadfhdcd\heh
reactio a eth and wat er. ueous ase
bvacor el et e TRl S oo e B Birewe for hits and IR iveRda
Eihr Ou%l"bvﬁﬁd)ﬂafcﬂ Thel cﬁidalpﬁl’ Btdidolved ah fwaitet (ZGmY)-, cooled to O 5°C and a solutlon of

i met hoxy- Ln-4- -acetic aci .then
Comvor (et E L Y0 o i aehi i) ed Sgiey Brdrarie re Shmmed ibd G
% ;Zaoﬁatlgﬁé\g%ﬂllﬁ htel 184 FACH PO S 009 at GE’)Cll Eﬂfefiﬂel&]@ho\%h 1sAad;l§Is|ﬂ&lDtm@I—DfZ woknula O

ree or, sa or m ere
al kyl dﬁ?F%ﬁ‘é’itq(ﬁ‘Ygﬂ‘b@ﬁ?‘tﬁﬁcé‘L fbfi/tmf»éw colleageshby. filgatigp &‘gnntw%msed%m o
methanol-dichloromethane to afford 2-(6-methyl-5-ox0-5,6-dihydro-[1,3]dioxolo[4,5-

.g.Jisoquinolin-8-yl)-propionic acid, mp 290°C (dec). This intermediate is then converted to

the xanthine according to the general procedure of Method D, [MH]" 452.

Example 87 - 8-(6.7-Dimethoxy-quinolin-4-vlmethyl)-3-isobutyl-1-methyl-3,7-dihydro-

purine-2.6-dione

Lithium diisopropylamide (2M pentane solution 2.46ml, 4.92mmol) and potassium t-
butoxide (0.552g, 4.92mmol) are added to THF (10ml) at -70°C, followed by 6,7-
dimethoxy-4-methyl-quinoline [J. Org. Chem., 1997, 623, 568] (1.0g, 4.92mmol). After 1
hour the reaction is poured on to an excess of crushed dry ice and warmed to room
temperature overnight. Pyridine hydrochloride (0.57g, 4.92mmol) is added and the reaction
partitioned between ether and water. The aqueous phase is evaporated, taken into hot
methanol, treated with charcoal, filtered through celite and evaporated to afford (6,7-
dimethoxy-quinolin-4-yl)-acetic acid, MH* 248. This intermediate is then converted to the
xanthine acording to the general procedure of Method C, mp >250°C.



R2 is hydrogen, alkyl, hydroxyal kyl, al kyl carbonyl oxyal kyl, al koxyal kyl ,

al kyl t hi oal kyl, al kenyl, cycl oal kyl al kyl, heterocyclyl al kyl, aral kyl in
whi ch thgAbih! Ng thereof is optionally fused to a 5- npapgpeoszsns

het erocyclic group or is optionally substituted by one or nore
substituents selected from al koxy, am no, al kylam no, dial kylam no,
acyl am no, hal ogen, hydroxy, aninosJPfonyI, al kyl am nosul f onyl ,

di al kyl am nosul fonyl, al kyl sul fonyl ami no or dial kyl am nosul f onyl am no, R3
is hydCdges or al kyl optionally substituted by hydroxy, al koxy, or

al kylthio, R4 is hydrogen or alkyl, R5 is a quinolinyl, isoquinolinyl or
oxodi hydr oi soqui noli nyl group optionally fused to a 5- nenbered

het er ody ! ¢@anprudpfdomingdpt i onal | y substituted by one or nore substituents
sel ected from hal ogen, cyano, hydroxy, alkyl, hydroxyal kyl, al koxyal kyl,

al kyl t hi oal kyl, al koxy, al kylthio, alkenyl, al koxycarbonyl, alkynyl,
carboxyl, acyl, a group @f forgdula - N(R6)R7, aryl optionally substituted
by one or nore substd tuemts sgl ected from hal ogen or al koxy, or heteroaryl
having 5 or 6 ring &hed tRDugh a ring carbon atomto the

i ndi cated carbon atom jand 7 are eagh independently hydrogen or

al kyl optionally subsgLLut hydtgxy or al koxy or one of R6 and R7 is
hydrogen and the ot K&t i§ acyl, or Ro and R7 together with the nitrogen
atomto which they are af?ached denote a 5- or 6- nenbered heterocyclyl
group. 2. A conpound according to claiml1, in which R5 is a quinolinyl
group 6f ftO6MaloME) Vadré 7110 PCT/EPO /03909 61 R1I3 RB NR12 i | \ Il Ry
Ril Rl(%{] ié) Lyd%ggelnso%qa liyrl](?)lpltiggzllllygsﬁl sl{Rut?aIl b];%gr rolx?;, al gxylfjé:? a k:ly'f%thio|>l A

R? is hydrogen, alkyl, hydroxyalkyl, alkylcarbonyloxyalkyl, alkoxyalkyl, alkylthioalkyl,

alkenyl, cycloalkylalkyl, heterocyclylalkyl, aralkyl in which the aryl ring thereof is optionally
fused to a S-membered heterocyclic group or is optionally substituted by one or more
substituents selected from alkoxy, amino, alkylamino, dialkylamino, acylamino, halogen,
hydroxy, aminosulfonyl, alkylaminosulfonyl, dialkylaminosulfonyl, alkylsulfonylamino or
dialkylaminosulfonylamino,

R? is hydrogen or alkyl optionally substituted by hydroxy, alkoxy, or alkylthio,

R*is hydrogen or alkyl,

R’ is a quinolinyl, isoquinolinyl or oxodihydroisoquinolinyl group optionally fused to a 5-
membered heterocyclic group and optionally substituted by one or more substituents
selected from halogen, cyano, hydroxy, alkyl, hydroxyalkyl, alkoxyalkyl, alkylthioalkyl,
alkoxy, alkylthio, alkenyl, alkoxycarbonyl, alkynyl, carboxyl, acyl, a group of formula -
N(R®)R’, aryl optionally substituted by one or more substituents selected from halogen or
alkoxy, or heteroaryl having 5 or 6 ring atoms attached through a ring carbon atom to the
indicated carbon atom, and |

R® and R’ are each independently hydrogen or alkyl optionally substituted by hydroxy or
alkoxy or one of R® and R is hydrogen and the other is acyl, or R® and R’ together with the

nitrogen atom to which they are attached denote a 5- or 6- membered heterocyclyl group.

2. A compound according to claim 1, in which R’ is a quinolinyl group of formula



1l RO R11 R10 or an oxodi hydroi soqui nolinyl group of fornula Rl R11 Ra
NY 12 [T A R O R13 where R3, R9, R10, R', Rl12 and R13 are each
|ndependentl drogen or a substituent selected fromha o,
hydroxy, ‘ﬁé hydr oxyal kyl , al koxyal kyl, aIkylthloalkyIHB&J@P?(léég’)é(?bn

al kyl t hi o, alkenyl, al koxycar bonyl , al kynyl, carboxyl, acyl, a group of
formula - N(R6)R7, aryl optionally suﬁstituted by one or nore substituents
sel ected from hal ogen or al koxy, or heteroaryl having 5 or 6 ring atons,
and R6 and R7 are as defined in claijz1l, or Rl1l and R12 together with the
carbon atons to which they are attaghed denote a 5- nenbered heterocyclic
group having two oxygen og8nitmpgen'at opg'2in the ring, and Ra is hydrogen
or Cl-C4-alkyl. 3. A conpoung?accpfding to claiml, in which RL is hydrogen
or Cl-C4-alkyl optionally suljstit by hydr oxy, licl - c4- al koxy or O - Ca-

al kyl thio, WO 01/77110 PGg# S 6&'R2 i s hydrogen, Cl-Cg-alkyl,

hydr oxy- C1- C8- al kyl, C1- alky car bonpyl onxy- Cl- C8-al kyl , Ci-

C4- al koxy-Cl-C8-al kyl, or d-C4- alkyﬁthlo Cl- C8-al kyl, C2- C4- al kenyl

C3- C8-cycl oal kyl - C1- C4-al kyl, heterocyclyl-Cl-C4- aIkyI where the

het erocyclyl group is a 5- or 6- nenbered heterocyclyl group having one or
t wo heb@@ﬁ1@hgﬁﬁhﬁﬂk§5“ﬁ6f&ﬁﬂﬁhnitrogen and oxygen atons in the ring,
phenyl - C1- C4- al kyl ich the phenyl ring is optionally substituted by
one or nore substituents sel egffed RFdm Cl- C4-al koxy, ami no,

Cl- CG4-al kyl am no, di (Cl-C4- al Kyl)am no, ,£1- C4-al kyl car bonyl am no, hal ogen,
Cl- &4- al kyl sul f onyl am no, or, g 4~ kyl ) ani nosul fonyl anino, and is
optionally fused to a 5- ne er e rocyclic ripgg having two oxygen or

11

HA

where R%, R®, R!°, R", R and R" are each independently hydrogen or a substituent
selected from halogen, cyano, hydroxy, alkyl, hydroxyalkyl, alkoxyalkyl, alkylthioalkyl,
alkoxy, alkylthio, alkenyl, alkoxycarbonyl, alkynyl, carboxyl, acyl, a group of formula -
N(R°)R’, aryl optionally substituted by one or more substituents selected from halogen or
alkoxy, or heteroaryl having 5. or 6 ring atoms, and R® and R’ are as defined in claim 1, or
R" and R"™ together with the carbon atoms to which they are attached denote a 5-
membered heterocyclic group having two oxygen or nitrogen atoms in the ring, and R* is

hydrogen or C;-Cy-alkyl.

3. A compound according to claim 1, in which
R! is hydrogen or C;-Cy-alkyl optionally substituted by hydroxy, C;-Cs-alkoxy or Ci-Cs-
alkylthio,



R3 is hydrogen or Cl-C4-al kyl optionally substituted by hydroxy,

Cl- C4- al koxy or Cl-C4- alkylthio, R4 is hydrogen or Cl-C4-alkyl, R5 is a
qui nol i nyl, isoquinolinyl or oxodi hydroi soqui nolinyl grou i é y fused
to a 5- ﬁ@”ﬂ@?@@ het erocyclic group having two oxygen or ?ﬁggkpﬁ&% %n at ons
inthe ring and optionally substituted by one or nore substituents

sel ected from hal ogen, cyano, carboxyz hydroxy, Cl-C4-alkyl,
hydr oxy- C1- C4- al kyl , Cl-C4-al koxy-Cl- C4-al kyl, Cl-C4-al kylthio-Cl-

CA- al ky i gidrgge @gmky@lhy%;al @\‘% Q!k?l &?C“%kf}HYSQﬁ{)llomgzccég-Ql ?
Cl- C4- al kyl car bony | a‘gro or phenyl ti‘onal subs |tut ed by
one or %ﬁ’é’xﬁtﬁls@ﬂlkb‘mos %e@e@ké‘d“ﬁ%rﬁs ﬂbf‘o&er{:%ﬁfl ayl, Cﬁ&gla ResaplladR6 and

R7 areceaphy HQ&B@WI@ Ly, Jwﬂr\w&@ Ak &krs‘éycgl kybu n;p@st honabl ¥ sHbstd it ed by

hydroxg or ‘al koxy,” or one of’ R6 and rogen and the other iIs
Cl- ¢4 r:qegqcc:@lrltgmym havipg omgorame er@mh@#ecwdtfwm RErqgeR pOg eKNYEEnAMmD whi ch

they ageqaty Qnﬂ@cé 134 wicH 21111] 33‘?. 4¥i ;ﬁ%ygeh:% %)épé%'su& QAU Qx?eVbPQ one

or two nitro atoms an optlon min erlng
conmpoumpracs dtwgtSt seletted nfrom | G-GhalshxRL ansn%ydﬁao@eﬂknlanmo,cxlh &1 | R2

:aiskCIyg;lra%gn oX @8%3%%)% rkggﬂg%%&]% C%% (%WJB 8% II“T{y? &C(‘;f al kyl ,

het er oelkyl) ymur@iulfmlaaﬂuRyJ 80@1@ @Pﬁlhealbetf’eqﬁdcﬁpchﬁ grembpredshqﬂié@themm ed

het ero oxygen atomin the ring,
phenyl %éﬁh&w E%H%q%?lgg&?ﬁ N Jﬂ@lﬁgnﬂ < optionally substi tgut ed by

one or K mhsdmvscn oo dhtGr- %b}flemt@dafﬂyr @rhsamnébalhydmy, amGerlkxy- @4 Ci-Cs-

al kyl cwﬂn | am no, chlorine, brom ne, Cl-C4-alkyl sul fonylam no, or

di (Cl1- kyI ) am nosul fonyl am no and is optionally fused to a 5- nmenbered
het er o®/ a4 hyslroganeprifav@aakylt wo oxygen atoms in the ring, R3 is hydr ogen or

RS s & qur RO GadRelt el ogibol i ASuPYREBRAD Bleaib 6 MY
Il or nmmbemdohhttryodyrcd)cgoqm hamhgly\h'o graygen of tivormurbgenl dtoMs inttbe @ing83ndR9,
E;"PogeR;] ptl?:lglaﬁ su%%téRtlg e% 3'r gxﬁ:e oF more p!%?&t%ﬁgt?@&le?teé ?Jo%:ixglggenr Q:%rt‘cy 58%?(9,’

hydroxy, Cs- C4-alkyl hydroxy -Ci- C4-alkyl Cs- C4-alkoxy Ci-Cyalkyl, Cy-Cy-alkylthio-C;-

Cy-alkyl, C;-Cy-alkoxy, Cy-Cs-alkylthio, C,-Cs-alkenyl, C,-Cs-alkynyl, C;-Cy-alkylcarbonyl,

a group -N(R°)R’ or phenyl optionally substituted by one or more substituents selected from

halogen or C;-C;-alkoxy and

R® and R’ are each independently hydrogen or C;-Cs-alkyl optionally substituted by
hydroxy or alkoxy, or one of R® and R is hydrogen and the other is C;-C4-alkylcarbonyl, or
R® and R’ together with the nitrogen atom to which they are attached denote a S- or 6-
membered heterocyclyl group having one or two nitrogen atoms and, optionally, an oxygen

atom in the ring.

4. A compound according to claim 2, in which

R' is hydrogen or C;-Cs-alkyl, R? is hydrogen, Cy-Cs-alkyl, hydroxy-C;-Cs-alkyl, or C;-C4-
alkylcarbonyloxy-C;-Cg-alkyl, C,-Cs-alkenyl, C;-Cs~cycloalkyl-C;-Cs-alkyl, heterocyclyl-C;-
Cs-alkyl where the heterocyclyl group is a 5- membered heterocyclyl group having one
nitrogen or oxygen atom in the ring, phenyl-C;-Cs-alkyl in which the phenyl ring is
optionally substituted by one or two substituents selected from C;-C4-alkoxy, amino, C;-C,-
alkylcarbonylamino, chlorine, bromine, C;-Cs-alkylsulfonylamino, or di(C;-Cy-
alkyl)aminosulfonylamino and is optionally fused to a 5- membered heterocyclic ring having
two oxygen atoms in the ring,

R? is hydrogen or C;-C,-alkyl,
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R3 xd(Rf(‘cogctthNuhNhé nitrogen atom to which they are attached denote a 6-membered
heterocyclyl group having one or two nitrogen atoms, or one nitrogen atom and one oxygen

atom, in the ring.

5. A compound according to claim 4, in which R’ is an isoquinolinyl group of formula III
in which R? is hydrogen, C;-Cs-alkyl, halogen, cyano, -N(R°)R” where R® and R’ are each
independently C;-Cy-alkyl or R® and R’ together with the nitrogen atom to which they are
attached denote a 6-membered heterocyclyl group having one or two nitrogen atoms, or one
nitrogen atom and one oxygen atom, in the ring, or phenyl substituted by one or two C;-C,-
alkoxy groups; R’ and R are each independently hydrogen, C;-Cs-alkyl or halogen; R
and R' are each independently hydrogen, halogen, cyano, carboxy, hydroxy, C;-Cs-alkyl,
C;-Cys-alkoxy or C,-Cy-alkynyl, or R' and R together with the carbon atoms to which they
are attached denote a 5- membered heterocycle having two oxygen atoms in the ring; and

R*™ is hydrogen or halogen.

6. A compound of formula XXXXVI



NRA RIO RI1 R2 in free or salt form where (i) R is CH3, R2is

(CH3) 2CHCH2, R3 and R4 are each H R8 is CH3, R9 and R10 are each H, and
R11 and %@?wea(:h OCH3; or (ii) RLis CH3, R2 is (CH3) #igidinisde R4,
R8, R9 an 6are each H, and R11 and R12 are each OCH3; or (iii) RLis
CH3, R2 is (CH3)3CCH2, R3, R4, R8, RO and R10 are each H, and Rl11l and R 12
are each OCH3; or (iv) RLis CH3, R2®is (CH3)2CHCH2, R3, R4, R9 and R10
are each H R8 is C and R11 and R12 are each OCH3; or (v) RlLis CH3, R2
is (CH3)2CHCH2, R3, R4, R8, RO and Rlgsare each H Rll is OCH3 and R12 is
H or (vi) RLis CH3, R2 is cyclopropyl methyl, R3, R4, R3, RO, R1O0 and R12
are each Hand R11 is OCH R ﬁ R1'Ms CH3, R2 is (CH3)2CHCH2, R3,
R4, R8, R9, RlOandBlZﬂBeeac 1is CH =C or (viii) RL is CHS3,
R2 is 4-(N-dinethyla nosu\hfonyl ¥Vl n1dR3, R4, R8, RI9 and R1O0 are

each H and R11 ?:{'d (ix) RLis CHaxxR&/|i s
HOCH2CH( CH3) CH2," RSN R4,

each OCH3; or (x) Rl is 15

R9 and R10 are eac dhd R 1 and R12 are each OCH3. 7. A conpound
according to any e o?fclains 1 to 6 for use as a pharnmaceutical. 8. A
phar maceuti cal conpositlon conprising as active ingredient a conpound
according. t n claimse 1 to 6, optionally together with a
pharna&ggFFgﬁ @9%%@¢§895b|e diluent or carrier. WO 01/7711Q PCT/FP01/03909
65 9. Thle usk' 6fCHs,donpdGHA).GHEdT6Rignd R aary caeteHofR cis 4ilks RC and B fas¢ t he

manuf act ur e e%fch 111, aggﬁhcaqlwb abOLach Qﬁﬁsr; gatment of a condition nediated by
PP (i)  R'is CHs, R?is (CH;),CHCH,, R®, R*, R®, R? and R" are each H, and R"" and R
are each OCH3;; or
(i) R'is CHs, R?is (CH3);CCH,, R? R*, R®, R’ and R" are each H, and R"" and R" are
each OCHj3; or
(iv)  R'is CHs, R?is (CH3),CHCH,, R®, R*, R” and R" are each H, R® is Cl and R"" and
R'? are each OCHj; or
(v)  R'is CH;, R?is (CH3),CHCH,, R?, R*, R®, R’ and R" are each H, R is OCHj3 and
R%is H; or
(vi)  R'is CHs, R?is cyclopropylmethyl, R? R* R%, R’, R"and R'? are each Hand R is
OCH; ; or
(vii) R'is CHs, R?is (CH3),CHCHa, R, R*, R®, R%, R and R'? are each Hand R"' is CH

=C; or

(viii) R'is CHs, R? is 4-(N-dimethylaminosulfonylamino)benzyl, R?, R*, R®, R’ and R"
are each H and R and R™ are each OCH3; or

(ix) R'is CHs, R? is HOCH,CH(CH;)CH,, R?, R*, R, R’ and R" are each H and R"
and R are each OCHj; or

(x) R! is CH;, R? is I-methylcyclopropylmethyl, R®, R*, R¥, R’ and R" are each H and
R!'' and R™ are each OCH.

7. A compound according to any one of claims 1 to 6 for use as a pharmaceutical.
8. A pharmaceutical composition comprising as active ingredient a compound according to

any one of claims 1 to 6, optionally together with a pharmaceutically acceptable diluent or

carrier.



10. The use of a compound according to any one of clains 1 to 6 for the
manuf acture of a nedicanent for the treatnent of sexual dysfunction,
partlcularlﬁ nal e erectile dysfunction. 11. A process fo&§%%§)2;§ gration
of a conﬂgﬁ Y781 formula | in free or salt form which & 05@ (a)
dehydrating a conmpound of formula RS OO YXRA RANNH IV ONNH R2 where
R, R2, R4 and RS are as defined in ckdim1; or (b) for the preparation of
a conmpound of formula | in free or salt formwhere R3 is alkyl optionally
substituted by hydroxy, alkoxy or alkylthio, reacting a conpound of fornula
I in or salt formwith a roprlat aIkyIat| g agent; or (c) for

t he preéar |‘5ﬁ°k)f‘ CQMPSHPLATaT RS F%?%P%F of glpmsrlete 6?‘”3'2‘!“*@%‘6#4%‘\%@?@ R2 is
ar al kyl me8iehftittfot €@ ticBtrhd@ ofi YonditidtmbYial by PR S onyl am no or

di al kyl am nosul fonyl am no, reacting a conpound of forrmula | in salt form
where R2 is aralkyl substituted by amno with, respectively, an

al kyl suhb.omyut ubebf Hdeoporlidadckardiang to ani lohe By Elaﬂﬁsl 1 €86 foF t}ﬁ:dﬁarfuqﬁctﬁrla &fa
npound of for ree or, salt formwhere R2 is

preparatiqn

hydr oxyﬂ@glﬁ%'mtﬁ%ﬁwéwe&wnt HW?‘E{W Jdﬁfua@oal, EaiHsBaRY male eisrtHe destinciingre R2 i s
al kenyl; or (e) for the preparation of a conpound of fornmula | in free or
salt form where al kyl substituted by al kyl carbonyl oxy, appropriate
esterifiltath B??CESFR% J aﬁrﬁfﬁlﬂﬁﬁﬂ‘%’f ° 6|°?r’i9P%u’}‘P°fo%F’é1 laRb iy é’e%?HP%JRfPIéhYYQtCPt ut ed
al kyl ; esmy¥e91/ 77110 PCT/ EPOL/ 03909 66 (f) for the preparation of a
conmpound of forrmula | in free or salt formwhere R2 is aral kyl substituted
in the aryl ring by am no, hydrolysing a compound of formula | where R2 is
ar al kyl 1pubstd)t 4hegkatifg b REm ?gmhi&uggngx acylam no; or (g) for the
preparation of a conpound of formula | in free or salt formwhere R5 is
qui nol i nyl or isoquinolinyl substituted bg®hydroxy, deal kylation of a
conpound of formula o)

0 R*
R! NH
SN | IV
O)\l?l NH,
R2

where R', R%, R* and R’ are as defined in claim 1; or

(b) for the preparation of a compound of formula I in free or salt form where R’ is alkyl
optionally substituted by hydroxy, alkoxy or alkylthio, reacting a compound of formula I in

free or salt form with an appropriate alkylating agent; or

(c) for the preparation of a compound of formula I in free or salt form where R? is aralkyl
substituted in the aryl ring by alkylsulfonylamino or dialkylaminosulfonylamino, reacting a
compound of formula I in salt form where R?® is aralkyl substituted by amino with,

respectively, an alkylsulfonyl halide or dialkylaminosulfonyl halide; or

(d) for the preparation of a compound of formula I in free or salt form where R? is

hydroxy-substituted alkyl, hydration of a compound of formula I where R? is alkenyl; or

(e) for the preparation of a compound of formula I in free or salt form where R? is alkyl
substituted by alkylcarbonyloxy, appropriate esterification of a compound of formula I

where R? is hydroxy-substituted alkyl; or



| where R5 is respectively quinolinyl or isoquinolinyl substituted by
al koxy; or (h) for the preparation of a conpound of formula | in free or

salt formwhere R5 is quinolinyl or isoquinolinyl substi | ogen,
hal ogenafvl(b‘h‘”&fma compound of formula | where R5 is respé’%&?ﬁs’é?%”%

qui nol i nyl or isoquinolinyl having an unsubstituted ring carbon atom
avai |l abl e for hal ogenation; or (i) foffthe preparation of a conpound of
formula | in free or salt formwhere R2 is a cyclopropyl group, optionally
substituted by al kyl, subjecting a conpound of formula I where R2 is

al kenyl a_.Simons.Sm th cycl opropanatjqn reaction; and 2) recovering the
Fesul 11 fh ToF DR BRI TP ISR T B tR 19 ifece 65l form whre i GGV lof
f or mul asdbvtifdted @ the Y2t ringRAN akind Vhy debNsibgla &dnpodadr & BrmulZ2, wRérea@disRS are

defined in claiml. . ,
as araﬂ<yl substltutgg in'the aryl ring by acylamino; or

(g) for the preparation of a compound of formula I in free or salt form where R’ is
quinolinyl or isoquinolinyl substituted by hydroxy, dealkylation of a compound of formula

I where R” is respectively quinolinyl or isoquinolinyl substituted by alkoxy; or

(h) for the preparation of a compound of formula I in free or salt form where R’ is
quinolinyl or isoquinolinyl substituted by halogen, halogenation of a compound of formula
I where R’ is respectively quinolinyl or isoquinolinyl having an unsubstituted ring carbon

atom available for halogenation; or

(i) for the preparation of a compound of formula I in free or salt form where R? is a
cyclopropyl group, optionally substituted by alkyl, subjecting a compound of formula I
where R? is alkenyl to a Simmons Smith cyclopropanation reaction; and

2) recovering the resulting product of formula I in free or salt form.

12. A compound of formula IV

RS
0
0O Rr*
R! NH

N | IV
O)\N NH,

I 2

R

where R}, R%, R* and R’ are as defined in claim 1.



