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The present invention relates to novel 8-aryl-1,7-naphthyridines, processes
for their RLQGYMEHON, their use as pharmaceuticals and phgg H§d9§a|
conpositions conprising them The present |nvent|on prOV|des
8-aryl-1,7-naphthyridines, in free or pharmaceutically acceptable salt

form By "aryl" is neant a nono or bicyclic aromatic or heteroaronmatic.

nmoi ety having up to 10 aromatic non-hydrogen atons and being |inked to the
1, 7-naphthyridine either directly (e.g., phenyl pyridyl, tetrazolyl,

benzof urazanyl, or benzot hi oNAPIEERYRIDINE RMTTBTE&/I ene bridge (e.qg.

benzyl or pyridylmethyl); preferably a nonocyclic aronmatic noiety haV|ng up
to six aromatic carbon atons, up to two of which nmay be replaced with

ni trogen, for exanple phenyl, benzyl, 4- pyridyl, or 4-pyridyl methyl,
optional Iy bearing a carboxy, carboxy ester. or droxy group. The 8-aryl

moi ety nay opti Eh%lpll'z?“b’é“’f‘m“ﬂH@i‘te%GB@t"'rltscPe‘)éldl 7‘E@§§WFQIF‘PS,¢PWFQSHC56{W ttiect r on

W t hdr aw n%rcﬁfd&%n' {hef? Bk asPhlrmackltichl® and P %ﬁic@anc os:ﬂ(grls(lgﬁ ifig flem,

hal ogen-contal ni ng substituent (e.g. tri or onet preferably
in the nmeta- position. For exanple t he 8- aryl nnlety may be cyanophenyl

it h |, t t | ph I .
Chi or ophenyl . e Bitesh BSREh el RIS rphn gt R ol opefiscsiceion o
% he rrgl epulaeccgnyleahlsfodng B‘yU'mtyhaf Lxﬂubatn:xd;utoeﬁxcynhcdmmwsbi lﬁdlgé;rﬁzﬁ‘omﬁﬁ:pﬁﬁé@l ly
- substituyte W t a al Ke 00X B
aryl oxy, WB %W{ba"r#ﬁ é?ﬂ Homs %‘?%Fﬁgﬁ’ﬁiﬁg‘g‘%”éﬂ%}g‘hﬂ%&y&ﬁ F&itiefo, or
al kami do, \Mﬂﬁét@l (ag . ghdayl, wﬂi@n &etwn@n bénzoRitarhnyl, SFBERbthidHirazbRyl Or ﬂwht carbon

atons, optionally bearing a carboxy, or carboxy ester or hydroxy group
and/ or opt iresteyleng bedgR ignPergYEeT PYriddmethy b urefera u@mmowbwompmw

B bonzyl - 197 n8 BOR S UERRLOCkRERAE Sp RO of MR e Bliied yipioosen. ¢
optional 'y fér aaﬂnplb |phwbdbpnzyl,g-p,ynd;d endepypidiyinedy], loptiamally bmdng hea:l]manyl ring
5 0P onal g SOk Lk Ktk Pto Rl ook oty WS Bl SRR WS D 25
especially with an electron w1thdrawmg substituent, e.g., nitro, nitrilo, imino, halogen or a
halogen-containing substituent (e.g. trifluoromethyl), or cyano, preferably in the meta-
position. For example, the 8-aryl moiety may be cyanophenyl, nitrophenyl, tetrazolylphenyl
(e.g. tetrazol-1-ylphenyl), or chlorophenyl. Optionally, the double ring of the naphthyridine
portion of the molecule may also be further substituted or disubstituted, especially 6-
substituted, with hydroxy, alkyl, alkenyl, alkynyl, alkoxy, aryl, aryloxy, amino, arylamino,
diarylamino, alkamino, dialkamino, arylamido, or alkamido, wherein "alk" refers to an aliphatic
moiety of up to eight carbon atoms, optionally bearing a carboxy, or carboxy ester or hydroxy

group and/or optionally containing an ether linkage and/or ester linkage.

" In particular, the invention provides novel 8-phenyl- and 8-benzyl-1,7-naphthyridines,
wherein the [,7-naphthyridine double ring is optionally 6-substituted, e.g., as exemplified
below, and the pheny] ring is optionally substituted by an electron withdrawing substituent

such as nitro; e.g., compounds of Formula I:



WD 98/ 18796 : :

PCT/ EP97/ 05898 -2- Jerr]
Rlerr] is phenyl, benzyl, 3-nitrophenyl, 3-chlorophenyl, 3-cyanophenyl,
3-(tetrazo yl, benzofurazanyl, or benzot hi of uraza ; S

hydr oxy, a#%%%ﬁﬁﬁgifluoronethanesulphonyl, allyl, aIkyI,qghwgﬁ@ﬁ?&%lkynyl,
al koxy, aryl, aral kyl, aryloxy, am no, arylam no, diarylamno, alkam no,

di al kam no, al karyl, arylam do, or al kam do, and esters and am des t hereof;
in free or pharmaceutically acceptable-.galt form In formula I and
el sewhere in the present description "alk" and "aryl" have the neani ngs as
gi ven above in relation to the 8-ar ~0aBht hyri di nes of the invention.
Preferably, R2 is selected from hydrox I no, arylamno (e.g.,
phenyl am no), aryl (e.g., phenyl), Ne.g. |ower alkylphenyl),

al kenyl (e.g., vinyl), alkynyl (e.g., et ynyI}, al koxy contai ni ng an et her
| i nkage and/or ester |inkage (e.g., meth&ycarbonyl methoxy), and al kam do
(e.g., acetam do). In particular it has been surprisingly

di scover ed™ssi a whol |y new class of 6,8-aryl-1,7- naphthyridines are
useful as pharmaceuticals, in particular as orally active PDE 4 inhibitors,
e.g. for the treatnent of asthma. Thus in a preferred enbodi nent

t he i nvent Rois pbenyhibgeayl.@-niwenheanl,doehderophepyl. 2-syaserheme ritetmzelylphengl. (phenyl |
benzo[ c]t hib 'ﬁgﬁ%ﬁyl,.oﬁ’%&@ﬁ%@&rﬁia&gﬂ azanyl)-1,7- naphthyridines, and esters
in

and am des ereor, ree or phafmaceutically acceptable salt form

Mor e pr ef e Rabslhydrokyaminoy gifluommehanesilgbenyh allyl; aleyl iatkenylhalkyrlyl, alkoxly, aryl,
aralkyl, aryloxy, amino, arylamino, diarylamino, alkamino, dialkamino, alkaryl, arylamido, or
alkamido,

and esters and amides thereof;

in free or pharmaceutically acceptable salt form.

In formula I and elsewhere in the present description “alk™ and “aryl” have the

meanings as given above in relation to the 8-aryl-1,7-naphthyridines of the invention.

Preferably, R; is selected from hydroxy, amino, arylamino (e.g., phenylamino), aryl
(e.g., phenyl), alkaryl (e.g. lower alkylphenyl), alkenyl (e.g., vinyl), alkynyl (e.g., ethynyl),
alkoxy containing an ether linkage and/or ester linkage (e.g., methoxycarbonylmethoxy), and

alkamido (e.g., acetamido).

. In particular it has been surprisingly discovered that a wholly new class of 6,8-aryl-1,7-
naphthyridines are useful as pharmaceuticals, in particular as orally active PDE 4 inhibitors,

e.g. for the treatment of asthma.
Thus in a preferred embodiment the invention provides 6-(carboxyphenyl or
carboxymethylphenyl)-8-(phenyl, benzo[c]thiadiazolyl or benzofc}furazanyl)-1,7-

naphthyridines, and esters and amides thereof, in free or pharmaceutically acceptable salt form.

More preferably, the invention provides 6-(4-carboxyphenyl or 4-
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car boxynet hyl phenyl ) - 8- (phenyl, 4-benzo[c]thi adi azolyl or

4- benzo[ c] f, 3821?39%' )-1,7- naphthyridines, and esters a”%@‘}lﬁ?ﬁss&i‘er eof ,
in free or pharnmaceutically acceptable salt form Yy

benzo[ c]thi adi azol yl and benzo[c] furazanyl are neant radicals of fornula A

and B respectively: J[err] Thus in a particularly preferred
enbodi nent the invention provides a compund of formula I
[err] nis zero or one; R err] is hydroxy, am no,

([ err] al kyleaBbiinettyiphihye)- &I@E@mmﬁé[eﬁmmmom bvdbmw[cmra@mnqn-and ei t her
R3is Hand R4 is nitro, halo (e.g. chloro), cyano, or tetrazolyl %ng

1-t et r azol paphthysidinespad estersand anjidesithereafge fisepr mhempacenticalliaceentabld sals or
Rlerr], Rerr], Rerr] and Rlerr] together are =N-O N= or =N-S-N=; and
esters and am des thereof; in free or pharmaceutically acceptable salt
form By benzo{c}]thiadiazolyl and benzo[c}furazanyl are meant radicals of formula A and B

=N, =N,
S (o}

~ 7 -~

N N

Thus in a particularly preferred embodiment the invention provides a compound of

respectively:

formula II

wherein

n is zero or one;

R7 is hydroxy, amino, C,.salkylamino, or C;.4alkoxy, preferably hydroxy or amino;

and either

R; is H and Ry is nitro, halo (e.g. chloro), cyano, or tetrazolyl (e.g. 1-tetrazolyl), and Rs and
R¢ together form an additional bond, or

Ra, R4, Rs and Rg together are =N-O-N= or =N-S-N=;

and esters and amides thereof;

in free or pharmaceutically acceptable salt form.

Suitable pharmaceutically acceptable salt forms of the 8-aryl-1,7-naphthyridines, e.g.,



Sui t abl e pharmaceutically acceptable salt forns of the

8-aryl -1, 7-napht hyri di nes, e.g., WO 98/ 18796

PCT/ EP97/ 05898 -4-  of
Formul a | okyd dgnsider Pharmaceutical use are prepared by copuenhional neans.
For exanpl e, conpounds having a free carboxylic acid group, e.§. conpounds
of formula Il in which Rerr] is OH nay be contacted with a suitable base,
e.g. an am no sugar such as an N-nmethyl- glucamne, to provide a
correspondi ng base addition salt. Convenigently such base addition salts may
be water sol uble. The 8-aryl -1, 7-napht hyri di nes of the invention

e.g., of foofffdraulalonHy fdrhpiepaiticst usy af’e@%iahﬂeﬂgy conventlonal means. For example,

ZCyan03pr|d¥l chetonltrlle with an acid F@ﬁ H A, erein A

is a hal oge Ef? aying aifies carbexylis acid ﬁfquaec & GAPBRMNAS effformaad]jimwhich Ry is

[err] V\bHCHlaY«B@cdnE&fédbﬁthfdehhﬁlﬁé bétele o/ 3h hrafd sﬁ%r?l%%gnﬁmnds of the
S

i nvention, e.g. a Cross- coupllng reaction Ing netal reagents in
the pr esencé‘“@ﬂfm% Haﬂ’fp‘é!é¢ a permsponidingdiasecaidision salt. Convepientlysuch bisendditiorbon
bond, for egg?tmj Suzuki, or Heck reaction, i.e., reacting a
corrpound of for nﬁf’gw% Mhﬂﬂ% a conpound Y-R[err] V\/ner ein Yis anetallic
| eavi ng group, e.qg. B(O—D[err] (CH err])[err] Sn-

(CH[err](CH[err].é{? .and r].is an aryl_noi ety as defined
above, e.g., ben egr?f}l){;f ?f‘E‘% B‘J(S‘Pﬁ'lerﬁ ’t‘?fgm%‘i/arleg‘ﬁl‘)hﬂl’rﬁ@af%rrpound
of formul a byreacting 2—cyano-3-pyndylacetommle [err]
b) wwth a Gignard reagent, e, I\/g wherein R err] is an 8-aryl
moi ety as defi ned i &cidee g, H‘%éﬂ)ﬂﬂm 6r15 ﬂpzmoqamebrymmemobmram t he
corr espondi M&ggpmmgfamor mula I'V; or c) with an al kali
met al - al kanol ,” e. g. sodi um net hanol, m xture to obtain a conpound of
formula 111" Z - NH:
\N ! ~ZN
A m

which can then be further derivatized to obtain compounds of the invention, e.g., with a cross-
coupling reaction using metal reagents in the presence of a palladium or nickel catalyst to form
a carbon-carbon bond, for example a Stille, Suzuki, or Heck reaction, i.e., reacting a
compound of formula III with a compound Y-R; wherein Y is a metallic leaving group, e.g.,
B(OH);-, (CH2);Sn- (CH3(CH_)3)3Sn- , and R is an 8-aryl moiety as defined above, e. g -

benzyl or 3-nitrophenyl, to obtain the corresponding compound of formula IV

z Xy N
\N =N
R,y v

or
b) with a Grignard reagent, ¢.g., Rg-MgBr, wherein Rg is an 8-aryl moiety as defined
above, e.g., benzyl or 3-nitrophenyl, to obtain the corresponding compound of formula IV;
or
c) with an alkali metal-alkanol, e.g. sodium-methanol, mixture to obtain a compound

of formula I’
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[err] where Al k denotes a (Jerr]-Cferr] al kyl group, e.g. nmethyl. The
-0 Al k subst may be converted to hal ogen A and the gggﬁg
thereafters‘;glgwgsg%ﬁ sed at the 8 position as descri bed abose or}dfhﬂse
conpound of forrmula I11. The amno group in Formula 11, 11" or
IV is anmenable to further reaction, e.g., (i) activation with a
suitabl e activating reagent, e.g., with-§cifluoronmethane sulfonic acid and
NaNO2, to obtain the triflate of fornmula V: err] wherein Qis either
a hal ogen A as defined above, an - ot uent as defined above for

t he conpound of fornmula IIl"', or ap 8-
whi ch is a novel and highly useful
conpounds of the invention, e.g., when in Formula | is joined to the
rest of the nolecule via a carbon-carbon b@gd}l’the substitution can be
acconplished, e.g., with a cross-coupling action using netal reagents in
t he presencehesf Ak derditsC1HC) kylizrauppd. g andtal yRie -O0ATk QbR fieiandybe-convehed
bond, for exanple aa‘S}éi | 1e, Suzuki, or Heck reaction, e.g., reacting a
conpound ofto PRIPERY 4y 204 s sPmpaung thereafier derjvatised gt the 8 pasitomas dsteribed sherafor. Ro
wherein Y ige &nipohdd bf for@a@i.Ng group as defined above and Rlerr] is the
desired carbon substituent, e.g., alkyl, alkenyl, alkynyl, aryl or alkaryl
as defined above for fornmula I, optionally in protected form followed by
deprotection if ' ; i . d jon (e.qg.,
by reaction wit kﬁg%g{ro%g%u 3?1 P%“I%ﬂgﬁl %ralﬂ‘gé‘h‘gr%%’?‘éyﬁg%‘?%{‘5°h’g ()é"gi ve the
desired secondary or tertiary am ne; or (tii) acylation (e.g., by

(eactl on W G3ERGEH b S5 RER bBLRA B ot o

acid and NaNO,, to obtain the triflate of formula V:

P
~ = o‘s)<|=

7\
Sy o KAN

noiety Rlerr] as defined above,
iate for the preparation of

Q v

wherein Q is either a halogen A as defined above, an -O-Alk substituent as defined above for
the compound of formula III’, or an 8-aryl moiety R; as defined above, which is a novel and
highly useful intermediate for the preparation of compounds of the invention, e.g., when Ry in
Formula I is joined to the rest of the molecule via a carbon-carbon bond, the substitution can
be accomplished, e.g., with a cross-coupling reaction using metal reagents in the presence of a
palladium or nickel catalyst to form a carbon-carbon bond, for example a Stille, Suzuki, or
Heck reaction, e.g., reacting a compound of Formula V wherein Q is Rg with a compound of
formula Y-R; wherein Y is a metallic leaving group as defined above and R; is the desired
carbon substituent, e.g., alkyl, alkenyl, alkynyl, aryl or alkaryl as defined above for formula I,
optionally in protected form, followed by deprotection if required; or |

(ii) alkyl or aryl substitution (e.g., by reaction with a corresponding alkyl halide or
organometal) to give the desired secondary or tertiary amine; or
| (iii) acylation (e.g., by reaction with a carboxylic acid or an acid anhydride) to give the

corresponding amide, using conventional procedures; or
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(iv) conversion to hydroxy, e.g., by reaction with NaNJ err] in the

presence ofygosibigt € acid, e.g., sulfuric acid, and opti q;lq.lq,ﬂpngsg ol her
derivatized, e.g., Oalkylated, for exanple by reaction with an a{ Kyl

hal i de under suitable reaction conditions. The preferred

6- (car boxy-, or carboxynethyl- -phenyl)-8-(phenyl, benzo[c]thiadazolyl or
benzo[ c] furazanyl)-1, 7- napht hyri di nes, -&- esters or am des thereof, e.g. of
formula I'l, are conveniently prepared by the follow ng nethod (A) for

preparation of @v)Gotwasitrotoyhydoxy,.cag. thyxgactomyith NaNBe inthg p@senphefiadilute

b t hi I b ] f 1) = e ht.hyri dj : t

or am des PR e teant AESTondll AR o e AR O ot SRl
benzo[ c] f ursagawiltr ah, alleyd Balie yididr dhindlewbdclomebnditions; ar boxy-, or

car boxynet hyl - -phenyl) or ester or am de thereof, or reacting a
6- (car boxy- or carboxynet hyl - -phenyl)-8-X-1, 7-napht hyri di ne or ester or

am de thereof w 16- y ﬁhm t N 70| r :
benzo[ c] furaz am%?r%mﬂéar 6e i(ér?agﬁg A hr a?‘g‘[ﬂﬁ@a{ﬁhg%ﬂég bﬁl %‘%ﬁb%ﬁ‘%f]éh mod?mlyl
par ti ci pat bfenzélcFm@Emyh-1CPH4phibyfidines 6f éstfs orfabided Xirraok &.g. WhdHRiIR Miare S

trifluoronethanesul fonyl or hal ogen, e.a. brom ne or chlorine, and X is a
metal | i c | eenverigntlyrrsensreddydhe follpying mg boron (e.g. -B(OH)[err],

- B(QAl k = | | | t hyl
tr |( al kyl) [s'? g‘& nf;/)f’ﬁr{: %ﬁéuﬁgﬁr[ﬁgféﬁ?‘?{éaﬁ%ﬁ‘?‘é‘% Y[pg r ﬁl%%(ﬁg;r'ﬁ% CH?(rar (ra] ) %/ez r ]OrSn-)
or a G i gnbémofcittiiadadolyl er wenzdftiBirazanyihl (Frnaphthyidikdspsrabtess of axaities thereof,

6- (car boxy- or carboxynet hyl - -phe%lz)-8- gg‘hen |, benzo[c]thiadazolyl or
benzol c] f ureagtingyd §-X18-(phamydhenzal¢lthiadezalyltan benzelgifurapinyl)dri-paphthyridine w ia or

err])al kyl.am ne, t t ai he correspaondin m de; and/ or
ot onal |y % SRS of BBl nefh bERER O el EreHF. o RRGIR n ey
benzo[ c] t hoachaEaxlyskthg)- -flenyipp -1 Trmapkbyrdinelor éstereg Atniderthadedfavithiah/X’a sui t abl e
al cohol, e.g. a (Cferr] )alcohol, to obtain the corresponding ester; and
recoveri ng(lgﬁwlr@%q[ﬂ“ﬁ agolylog bprzelelfugazanyl), Wherpinet 3| X" argJeaving SIO¥RS( pheny| |
benzo[ c] t hj : Y e el or ester or
am de[ t ]her g%%%?ah}%rpgéatg‘%r}égFrt%lg;_%brqlﬁ]WXMlo& tér &%@@%W}é&ﬁgégﬁal tions for step
(A) are as triflvommethanesutfonyl or hadogenas brontiopér chipring and Kbiss mesalgleadng|

reagents, ¢ . d £ SESRLESS00E £ nomE BRSAN ln btk KRS g0 fOrm
methyl or ethyl) or trialkylstannyl (e.g. (CH3(CH,)3);Sn- or (CH;);Sn-) or a Grignard radical
(e.g. MgBr; and/or
(B) optionally reacting a 6-(carboxy- or carboxymethyl- -phenyl)-8-(phenyl,
benzo[clthiadazolyl or benzo[c]furazanyl)-1,7-naphthyridine with a suitable amine, e.g.
ammonia or (C,4)alkylamine, to obtain the corresponding amide; and/or
(C) optionally reacting a 6~(carboxy- or carboxymethyi- -phenyl)-8-(phenyl,
benzo(c]thiadazolyl or benzo[c]furazanyl)-1,7-naphthyridine with a suitable alcohol, ¢.g. a (C..
4)aléohol, to obtain the corresponding ester; and
recovering the resulting 6-(carboxy- or carboxymethyl- -phenyl)-8-(phenyl,
benzo[c]thiadazolyl or benzo[c}furazanyl)-1,7-naphthyridine, or ester or amide thereof, in free

or salt form.

Reaction conditions for step (A) are as known in the art for cross-coupling reactions

using metal reagents, e.g. in the f)resence of a palladium or nickel catalyst, to form a carbon-
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bond; for exanmple, as in a Stille, Suzuki, or Heck reaction. Reaction

condi tions (@bgmb&Ps (B) and (C) are as known in the art jofpmhpsesati on of
am des fromreaction of carboxylic acids and am nes and for preparation of
esters from carboxylic acids and al cohols, e.g. under acidic or basic
conditions. Recovery and purification are by usual nethods, e.g. by

chromat ography or crystallisation. ~-7- Thus in a preferred enbodi nent
the invention provides a process for the preparation of a conmpound of
formul a || carhen bieklj foe cxample; @5 inaditile] Suznkj, oeldskireagtion. Reaqtion nchditfons fornul a VI
([ag(r)\r/]e with stgp%@ﬁ%%{]ﬁ‘a%eﬂs%%% Frﬁ&x%%.{t]fdr plxai'peaxragilm o&%&és]fro%lgeméo%ro?caargox%ﬁgl ned
[err] acidy\irlragiiies Rhé for prepadtiofi ofs®rsdrontieirbix§He lidi\ead alestibls, egoMaed ng t he
conmpound of formula Il thus _obtained in free or salt form

6- X- 8- ( pheAgiflic oppasicHORGitipns, Becoypry|and punification are by pswakipsthodsae.g b apht hyri di nes
and 6- (cag@gg‘xfogg hf & ReaERESY | - - phenyl)-8-X-1, 7-napht hyri di nes or
esters or amdes thereof” for use in the above reactions are suitably
prepared by reacting 2-cyano-3-pyridylacetonitrile with an acid, e.g. HA,
where A is a halpge . 0e . in a. un formula |1,
and thereafter #ﬁ'%t'ﬁgp ?eégehr?idvél%lmsi@‘cf “%‘Hs’g%@g%‘?"r“e"&‘,% léegg%gos%ér‘%'ifgje © BiSRYation of

The above desmpoinddf formaRds as défined hbwve poonipaisiag reactingfa dofpound of formula VI

8-aryl -1, 7-naphthyridines of the inyention,in particular the preferred

6- (car boxy-, or carboxynethyl- -p phenyl ,

V1

wherein Rs, R4, Rs, Rg and X are as defined above with a compound of formula VII
XI

viI
Ry O
wherein R; and X’ are as defined above, and recovering the compound of formula II thus

obtained in free or salt form.

6-X-8-(phenyl, benzo[c]thiadazolyl or benzo[c]furazanyl)-1,7-naphthyridines and 6~
(carboxy- or carboxymethyl- -phenyl)-8-X-1,7-naphthyridines or esters or amides thereof for
use in the above reactions are suitably prepared by reacting 2-cyano-3-pyridylacetonitrile with
an acid, e.g. H-A, where A is a halogen, e.g. bromine, to obtain a compound of formula II],

and thereafter further derivatised as required, as described above.

The above described processes for the preparation of the 8-aryl-1,7-naphthyridines of
the invention, in particular the preferred 6-(carboxy-, or carboxymethyl- -phenyl)-8-(phenyl,
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benzo[ c]t hi adazol yl or benzo[c]furazanyl)-1, 7-napht hyri di nes and esters and

am des ther‘gm9 ns76d € New as are the intermedi ates of for nyéf}ﬁwtu\{ y and VI,
and t hese nove? pro I %Bﬁe

cesses and internedi ates are included W scope
of the present invention. It will be appreciated that conpounds of formula
Vin which Qis R err] and conmpounds of fornula IV are enconpassed by the
8-aryl -1, 7-napht hyri di nes of the inventign. Thus in further
aspects the invention provides internediates of formula V
[err] bk [cgthiad&olyil 6r HeaksIGitazaayl)-1 P-rplithyyitiied afd kstHE A BSded thereof,
Clerr]-Clerr] alkyl group, and fornula Vi
[err] are neyyas ags the RpesmediatespfdpmmulacriVe Vrand VIR and thesemevelpraessseaandief | ned

above. Tlﬁﬁex;n%hiam%mmitﬁﬁl e &oi)é bitid ﬁr@&ew ﬁ:ive%ioﬁ. Iipwillrbveea%lieggfed that

compounds of formula V in which Q is Rg and compounds of formula IV are encompassed by

the 8-aryl-1,7-naphthyridines of the invention.

Thus in further aspects the invention provides intermediates of formula V’

P
O A

7N\
NS ! =N o/ \o
N
Q’ v!
wherein Q’ is halogen, or -O-Alk where Alk denotes a C;-C; alkyl group, and formula VI
=z SN2
X =N
N
V1
RG
RS R R4

wherein Ri, Ry, Rs, Rg and X are as defined above.

The following examples are illustrative of the invention.
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EXAMPLES EXAMPLE 1: 6- Ami no-8-(3-nitrophenyl)-1, 7-napht hyridi ne A

2- Cyano- 3- Ry bghehecetonitrile To a stirred suspension of popmporosses
3-cyanonet hyl pyridi ne-N-oxide (30 g, 0.22 nol; for synthesis see Shigenobu
kuda, M chael M Robison, J. Am Chem Soc. 81 740 (1959)) in

di chl or onet hane (200 m) i s added tri et hyl si | anecarbonitrile (26 g, 0.26
nmol). To this suspension is added di nethgkcarbanyl chloride (28 g, 0.26
mol ). The mxture is stirred for 45 h. The solvent is renoved and the
resi due dissolved in ethyl acetate. EXAMPLESi on is washed with 1 N NaOH
and water and concentrated in vacuo. The product is purified by flash

col um chr omat ography on silica gel (15:2 toluene/acetone) affording the
title conpENAMPMESS SMinbd®(3lnitrdfitlehyIng.7RApIyRRe63 [err] C.  B.

6- Am no- 8- brono-1, 7- napht hyri di ne. Through a stirred sol uti on of
2- Cyano- 3- g¥ri d}@@@%@ﬂﬂgﬁ%‘é@gﬂ@ g, 0.025 nol) in toluene (80 m) is
bubbl ed HBryf é)s?m"éd Ehs?é;ﬂﬁﬂ of 5My“ﬁ>ﬂétﬂry§pyﬁafn€w$hﬂc ?d‘g%jngl ?J?‘%ynﬁhb%ﬁ%@é' on

stirred vigorously he m xtuire is 'tered and thé product wa
wat er and dihigsdobucPkusaVicheei M.Grobisondh Anl. Chere. Sﬂ:f%inﬂ@(ﬂﬁ@)) int| e conpound.

o ani no- 5. (AekfE OR) b ik i ARG 8 s, G wap T i o
6- am no- 8- uspensidn if amarihlﬁrhqthylchrm)(léhlgndd)(ze £50. m)in))l) | The aniRturet isl §tired ffor 45

t et r ahydr of 80 m ded
b?sz SI %eag - anﬁé%ﬁ‘}&’lsé%f%?‘ﬁgIaf“gg‘gg‘?l%fsd(“%glbgdc‘:%‘gl)@?e‘%‘ﬁ1 The SPWP[b\I‘L‘éI 605 ogphene
(0.37 g, 0. m,lﬂnrmldﬂ aOwatertin rcefmamémwaiow&%rgdueas Buﬁﬁedcbyq?aa, 53?1!!!)1!1 The

m xture is stirred for 16 h at 80[err]C. The m xture is ltéred, eth

acet at e addsrpmaeEraphy ofisiticg 88 (13 mdusnpdpsctons\affosding &n@ﬂm@ﬁouncm\éass

solvent is f gsi due suspended in ether. Filtration affords
the title céﬁrrpqgigﬁgm%g)awfﬁ/ﬁkﬁzm 221-223C.  EXAMPLE 2:

6- am no- 8- (B- ber@hgﬁwﬁr@ﬁﬁm h_a_pkm_?[ndhg@ht hvr i di ne To a sti rred

sol ution of_6-am ng- 8- br ono- napt hyri di ne g 1)
VO 98/ 18796l hrough a stirred solution of 2 Cyano—3-pyndylacetomtnle 3.6¢g, 0 025 mol) in toluene (80

PCT/ EP97/ 0588 % bubbled HBr for 5 h. Then, 4N NaOH is carefully added and the suspension stirred
vigorously. The mixture is filtered and the product washed with water and dried.
Crystallisation from toluene affords the title compound.

Mass M+H 225. Melting point 188°C, decomposition.

C. 6-amino-8-(3-nitrophenyl)-1.7-naphthyridine

To a stirred solution of 6-amino-8-bromo-1,7-naphthyridine (4 g, 0.018 mol) in a mixture of
tetrahydrofuran (80 ml) and aqueous Na,COs (34 ml, 2N) is added
bis(dibenzylideneacetone)palladium (0.40 g, 0.0007 mol), triphenyiphosphene (0.37 g, 0.0014
mol) and 3-nitrophenylboronic acid (3.7 g, 0.022 mol). The mixture is stirred for 16 h at 80°C.
The mixture is filtered, ethyl acetate added and the mixture washed with 2N NaOH and water.
The organic solvent is removed and the residue suspended in ether. Filtration affords the title
compound.

Mass M+H 267. mp 221-223°C.

EXAMPLE 2: 6-amino-8-(4-benzo[c]furazanyl)-1.7-naphthvriding

To a stirred solution of 6-amino-8-bromo-1,7-napthyridine (3.0g, 13.4mmol) in DMF



-10- (50m ) are added bi s(di benzyli denacetone) pall adi um (308nyg,

0. 54mol ), triphenyl phosphi ne (565ng, 2.15mml) and

4-trimet hyl st annyl - benzo[ c] furazanyl (4.92g, 16.0mvl). The m xt ure i s kept
at 125 for Jhogfabdty! acetate (500m ) is added, followed by, ssodE (40%
100m ). The mXxture is stirred vigorously for 45m n and f| tered The
organi c phase is separated, washed with water and concentrated. The residue
is taken up in ether (20rr1) stirred for 30mn (0) and filtered to give the
title conpound (2.8g). MrH=264 np 244- 290- EXAMPLE 3:

6- Hydr oxy- 8- (3-ni trophenyl ) -1, 7- napht hyri di ne To a sol ution of

6- ami no- 8- (Bmi)i are a:tdhtbﬁyﬂd)benzyﬁdmpt\omypﬂudium (B6R0gr G, S4nBY), wipbttnylgbp@p'm ed

accordl ng oncentrat.ed s r| C wa 1, 2
e gl Bsal Dt phd s ERREE N S a Rt ahitiaaty 28 i, R o igfie

m nutes, tRe&epte 12526 415 Eﬂgmmaé (S(mﬁd) is h&&dmonwwby Suists KF(40%, 10mIy. or 30

m nutes. the reaction mxture is ured gnto_ice, and the solution is

neutral i zea‘h%‘}“x&ﬂﬂfsﬁb}"%‘é)ﬁligﬁwpﬂ}' f,"&f* BHAng filtered. 'BTeé’&aﬂ}ctR;‘P% i seppratedler ed and

washed W t G 0@l ¥ith Wate? 2l BHcbifralcldl iR €88RAY fmm iPinefer é@éﬂs sun@m@bfﬁm
6- Met hoxycar bony| met hoxy- 8- (3-ni trophenyl ) -1, 7- napht hyri di ne

suspensi on{®j mstfﬁscmddszgtvsﬂ(@%cpmmr@ﬁgi Mﬁ{#?éﬂmnﬁﬂﬂr?épne (107ny, 0 40
nmol ; produced according to the preceedi ng exanple, optionally w thout
furt her purification), potassiumcarbonate (55nmg, 0.40 mmol) and

bromacetlﬁmthMMl@g@m& is stirred for two hours
i n acet one- dlmehlforma 1: 1 nt, . .te ra t hyl
acetate i s adde éf’ﬁi‘“{ ﬁ&‘? 8- 'Hﬁ’?@h%“gﬁv}ﬁa??é’hgwq‘ﬂe %&N&dﬁ’ ’Pﬁg\'sol vent
i's removedp icEar&diﬁdéBrdmgdoEk&nﬂé Urka chiceAtiadd suffué!Adid w43t (B B IRI)38 hdded
thin-1ayer chromatography to give the title conpound. Mass MrH 340; np
160- 162C. sodiyganimae (135 Beabat mmobat $°£( Afigr 30 apntesy the ice, baﬂnammqm.lam ne
hydr ochl ori de
6 o no- 6 (ks Ry SO0 ok o igpessythretcsion e i poyeed oot g e
accordi ng i sEnasis %elil:)an%zpbyaﬁsing@ocﬁ&h@m&r&tsmé IR dr&bipitattlis fillerdd 40! ) 1N
pyridine (1 m) and dinethylformamde (3 m) is Kept" at 80C for three
hours. Wat avashied withreater affgrdingtheditie cpmpeundemp 362-263°€r ed and t hr oughl y washed
with water. Filtration affords the title product. WO 98/ 18796
PCT/ EP97/ 05898

EXAMPLE 4: 6-Methoxycarbonylmethoxy-8-(3-nitrophenyl)-1.7-naphthyridine

A suspension of 6-hydroxy-8-(3-nitrophenyl)-1,7-naphthyridine (107mg, 0.40 mmol;
produced according to the preceeding example, optionally without further purification),
potassium carbonate (55mg, 0.40 mmol) and bromoacetic acid methyl ester (37ul, 0.4 mmol)
is stirred for two hours in acetone-dimethylformamide (2 ml,1:1) at ambient temperature.
Eﬁyl acetate is added and the organic phase is washed with 2N NaOH. the solvent is
removed in vacuo and the crude product is purified by preparative thin-layer chromatography
to give the title compound.

Mass M+H 340; mp 160-162°C.

EXAMPLE 5: 6-Acetamido-8-(3-nitrophenyl}-1,7-naphthyridine hydrochloride

A suspension of 6-amino-8-(3-nitrophenyl)-1,7-naphthyridine (300mg, 1.1 mmol;
prepared according to example 1) and acetic acid anhydride (0.12ml, 1.2 mmol) in pyridine (1
ml) and dimethylformamide (3 ml) is kept at 80°C for three hours. Water is added and the
precipitate is filtered and throughly washed with water. Filtration affords the title product.



- 11 - Mass MtH 308; np 235-238[err]C EXAMPLE 6: 6- Am no- 8- benzyl -

1. 7- napht hyri di ne To a solution of 2-cyano-3-pyridylacetonitrile (2
g, 0.014 nol) in toluene (20 mM) is added benzyl magnesi um brom de 8.4 ml,
2Min tetrapydgphey an, 0.17 nol) at anbient tenperature. péf/phorbsest he
reaction i s quenched W|th a saturated solution of ammoni um chloride. The
product is extracted with ethyl acetate and the organic | ayer washed with
2N NaOH and water. The product is purified by flash colum chromat ography
on silica gel (10:3 toluene/acetone) afflording the title conpound. Mass MtH
236; np 113-116[err]C EXAMPLE 7:

6- Phenyl amMias BHEB308; mp@3ieadiQ.- 1, 7- napht hyri di ne To a sol ution of
triphenyl bismuth 182 ng, 0.41 nmol) in dichloromethane (0.5 m) and
tetrahydrofuran (0.5 nl) is added peracetic acid (0.083 m, 40 %. The
mxture is ggﬁfg[Ar;ug,s_ 1. FnapRthiiidign of

6- am no- 8- ( 3- mtrophen - nap yridr ne (100 ng, 0.37 nmol ; prepared
according to ex&‘malselum)n ¢f@ﬂmmﬁm¢uémm5rxlem2 5 091p rmiljmmr-fcr(e@%mmx; i s

added. Oopp 10 tirred for
40 h. The guéegenm 1 gngsm bﬂ@é&h?ﬁ%ﬁ?ﬁrﬂﬁe@ﬂ%«i{ﬂ? 22%@#3?%% tsThe
filtrate i gerdpesdnae. A\&érh tQtlhlerdHetﬁcem h@ﬂ:lmdm}m]awdnmdarolmdofhmnamgmm c layer
concentrated i.n cuo., Preparative, thin-1ayer rorrat a
G Cht or oo ehistioy-15% BRHES Segets i Y rp Rl 00 T otahe T SRORAMAR N
158- 160[ er ml4oH andEwdYPitke ftoduct is purified by flash column chromato§raphy on silica gel (10:3
6-Tri fl uoronet hanesul fonyl - 8- (3-ni trophenyl ) -1, 7- napht hyri di ne To a
soI ution oﬂolﬁemmﬁmﬂa(feﬂmgtth@fﬁmwmﬂ 7-napht hyridine (1.24 g, 0.0047
pr epar. le 1) in trifluoronethane sulfonic acid (12
|s addé‘gas Sf%gvel’gﬂ)%%rlﬁlﬁﬁg sodiumnitrite (0.64 g, 0.0093 nol). The
soI ution is heated to 60C and stirred overnight. The solution is poured
onto a mxture of ethyl acet ate and |ce Then, 2N .NaOH was added until the
aqueous phdSAMBSEL} 0ok paphthygding e with water and
concentr at e 4 Qs upmgiré}@m%mv P§2 xhé opwmﬁlm«;ﬁ, dichidrbAcareQb. 7)) and

chromat ography on sil 7: 3 hexane/ethyl acetate) affording the title
conpound. tetrahydrofuygd (Q@/mk}?%ded peracetic acid (0.083 mi, 40 %). The mixture is stirred for 1

PCT/ EP97/ 0%@%@6["

a solution of 6-amino-8-(3-nitrophenyl)-1,7-naphthyridine (100 mg, 037 afmol;
prepared according to example 1) in dichloromethane (0.5 ml) and THF (0.5 ml) is added.
Copper (30 mg, 0.47 mmol) is added and the suspension is stirred for 40 h. The suspension is
diluted with ethyl acetate and filtered. The filtrate is washed with 2N, Na,CO; and water and
the organic layer concentrated in vacuo. Preparative thin-layer chromatography (8:2
dichloromethane/n-hexane) affords the title compound.

Mass M+H 343.1; mp 158-160°C.

EXAMPLE 8: 6-Trifluoromethanesulfonyl-8-(3-nitrophenyl}-1.7-naphthyridine

To a solution of 6-amino-8-(3-nitrophenyl)-1,7-naphthyridine (1.24 g, 0.0047 mol;
prepared according to example 1) in trifluoromethane sulfonic acid {12 ml) is added in several
portions sodium nitrite (0.64 g, 0.0093 mol). The solution is heated to 60°C and stirred
overnight. The solution is poured onto a mixture of ethyl acetate and ice. Then, 2N NaOH
was added until the aqueous phase was alkaline. The organic phase is washed with water and
concentrated in vacuo. The product is purified by flash column chromatograpfxy on silica gel

(7:3 hexane/ethyl acetate) affording the title compound.



Mass MtH 400; npl06-108[err]C. EXAVPLE 9:

6- Phenyl - 8- (3-ni trophenyl ) -1, 7- napht hyri di ne To a sol ution of
6-trifluoronmet hanesul fonyl -8-(3-nitrophenyl)- 1 ,7-naphthyridine (300 ng,
0.75 mmol ; §&P@sged according to exanple 8) in tetrahydr ofcmabsaed ) 1S
added phenyl boronic acid (11 8 ng, 0.97 mol ), bis(di benzyli deneacetone)
palladium (1 8 ng, 0.03 mmol ), triphenyl phosphine (16 ng, 0.06 mvol) and
aqueous Naf[err]CdJerr] (2N, 1.44 m ). The solution is kept at 60[err]C for
20 h. The solution is diluted with ethyll2acetate, filtered and washed with
1IN NaOH and water. The solvent is renoved in vacuo to give pure product.
Mass MrH 3Mpss MyH408; mpH)6108°C, EXAMPLE 10:

6- Vi nyl -8-(3-nitrophenyl)-1, 7- napht hyri di ne To a sol ution of
6-trifluoronet hanesul fonyl - 8- (3-nitrophenyl)-1, 7- napht hyri di ne (250 ng,
0.62 mvol BEXAMPEE 92 6Phewhil 8¢ 3initramkienyibl E7-habhthiyfidinet r ahydrofuran (3 m) is

D1 i benoy! | de bk eQbERs RarhderPur e gy Bt SoPhrar 1 TP URGHRO phi ne
(13 ng, O. ormﬂrﬂol Ehr &dab&mngledsafahﬂ&dﬂ&e&mydﬂof%gmb)sadme mxture is

kept at 70Covern| he solution is diluted with et acetate, filtered
and washed pmrw}bovmcamd (bt emar?] melot)hblﬁ{mbawhdqzlnacem@a@ iy (18gng 0.03

gldfghllgrlfrenraﬁl@ﬂwghﬁéglgh&sgb@ﬁrﬁdé)t%@aﬁl trop eny:}%ﬁsl %‘Iﬁ]ﬁgzﬁéhyrl di ne

A 6- t ri melutigt is keptlae60TC ot 203h. (The lolmimpbdmtéc) with éhylagoérhta)filteeidraad i S
prepared as follows: To a solutiaon

6-trifl uor Srstedaritis\i NaRbi ang water. rﬁherselrfﬁrgmeywxedrmrvawthgwpaprﬁ@rqdzeto ng,

0. 50 mmol o exanple 13) in dinmethylformam de (1 ml)

and trlethy‘%ﬁ?ﬁg?%%@ﬁﬁqﬁ?lagx%dded ethynyltrinethylsilane (0.078 m, 0.56

nmol ), bi s(di bensyl i deneacet one) pal | adium (5.8 ng, 0.020 nmol ),

tri phenyl phosphin 5.3,.m.. Q. 020 I and copper i odide (3.8 ng, 0.020
Tho ERAMBLE 1po5 o ion is d

nol ) . he solution is diluted

with ethyl acet qbasaadom@muwchﬁmwsmonym@s amgwﬁww -fphthidak @0 f | ash
col um chromat o on silica gel 2 toluene/acetone) affording

6-tri met hylms P@E@wmpa@d@scqrﬁms wernplp)m) in tetrahydrpigramfd i) is added VO

98/ 18796 1 0.6 4
PCT] EP97/ 0 gggétnbuty]stannanc (218 mg, 0.68 mmol), bxs(dlbcnzyhdcncacetonc)palladmm(ll mg, ?.I(\)/%SS

348; np 160nmG3 thphehydphosphif: (13 nig 0843 pimel)i apd lidfium chloride (78 mg, 1.86 mmol).

) e L e B R ARE ich  RS e eBnt

hydr oxi de (yfhsKed with water. Preparative thin layer chromatography (8:2 dichloromethane/n-hexane)

s M-H

affords the title compound.
Mass M+H 278; mp 145-151°C.

EXAMPLE 11: 6-Ethynyl-8-(3-nitrophenyl)-1.7-naphthyridin

A. 6-trimethylsilylethynyl-8-(3-nitrophenyl)-1,7-naphthyridine is prepared as follows:

To a solution of 6-trifluoromethanesulfonyl-8-(3-nitrophenyl)-1,7-naphthyridine (200 mg, 0.50
mmol; prepared according to example 13) in dimethylformamide (1 ml) and triethylamine (0.5
ml) is added ethynyltrimethylsilane (0.078 ml, 0.56 mmol), bis(dibensylideneacetone)palladium
(5.8 mg, 0.020 mmol), triphenylphosphine (5.3 mg, 0.020 mmol) and copper iodide (3.8 mg,
0.020 mmol). The mixture is kept at 60°C for 2 h. The solution is diluted with ethyl acetate
and washed with water. The product is purified by flash column chromatography on silica gel
(20:0.2 toluene/acetone) affording 6-trimethylsilylethynyl-8-(3-nitrophenyl)-1,7-naphthyridine.



m). The mixture was stirred.for 2 h. The suspension is filtered and the
product washed with water and ether affording the title conpound. Mass M-H
276; np 215[err] C deconposition. EXAMPLE 12:

6- (4- car bowm¥sasyds) - 8- ( 3- cyanophenyl - 1, 7- napt hyri di ne PCT/EPPRO389% 0l ut i on
of 6-trifluoronethanesul fonyl-8-(3-cyanophenyl)-1, 7-napt hyri di ne (2.15g,
5.67mmol) in DVF (21.5m ) is added 4-carboxy-phenyl boronic acid (1.13g, 6.8
1mol ), bis(di benzylidenacetone) palladiym (13 1ng, 0.23mol),

tri phenyl phosphi ne (95ng, 0.36mmol) and 1gqueous KlerrJCdJerr] (2N, 17m).

The reactig at 80 for 2.5h. The hot solution is
filtered tr{p’é'ffglﬁ ge”ﬁpﬂf’p%% é:ﬁg)crude product is precipitated by carefully

addi ng water (10m ) and aqueous HCI (2N, 8m ). The suspension is filtered
and the crude product is stirred in hot THF (30m ). The cold suspension is
filtered adhi n oagplutieh QﬂﬁetrlmcﬂWbﬂﬂeﬁmdﬁﬁ(nlﬁ’ﬂpﬂgyyl)-Mﬂmndm(7t7imtg poi nt

>300[ err]. tentlo

Super spher é’b ée%%bw:}@) an%f?in ace gqhefi :ng (agsm?%&r%’ade .22
%TFA) =45: 55:11) Imih/xmw:,‘c wigiseréd fon2 at Tl&’:’sﬁﬁpﬁhsmn is Iﬁ](éﬁﬁ’laﬁl the product washed with

6- (4- car banoyl phen hen -1, 7-napt hyri di ne To a
suspensi on wefen&%e')&ffgaﬁ%‘ﬁéﬂg?%@ B%-cyanophenyl ) - 1, 7- napht hyri di ne (100
ng, 0.28 myphok Mt b, e A 5¢E dlompbsiri@dded thionyl chloride (0.1 m, 1.37

mol ). the reaction mxture is kept at reflux for 3 hours. The soI vent is
evaporated and the residue taken up in THF (2 m ). Aqueous anmonia i s added

and the sol | tir for two s at _anbiept t rature. Ethyl
acetate is Mgﬁéhﬂéjﬁ%@%ﬁﬂﬁ%@&%ﬁmm%ter to yi ZI d pure
title conpound 1@\ sBGtian 6BS-trifigropRttahestifordBE-(24Pdnophenyl)-1,7- r\Aﬁh?ﬁdxﬂeW%

PCT/ EP97/ 05898 - EXAMPLE
14: 6- (4- caf%éwpﬁ?amlbm@wf%éﬁbpépﬂwwh@#mWﬁld#&e A.

6- Ami no- 8- g ety bik ﬂbeﬂ%ﬁoéﬂuétbﬁb Balladium (231Jg> 023amob! irPReriphdQfing™ (3. 20,

0.139nmol) in msthano m ) wasS added ano- 3- pr|C|Iaceton|tr|Ie
(20g, 0.139A%m3, mmmbamweliz@@x@m ETmRsIhe reactiommixgire isatirred at$@bfoznt

t t i t of th
ot hanol |t T tetSiin & SRR b BN o SR R R B e
B. 6- Tri fdamﬂrlb'rxdﬂxhgwasu(lbmnyahd Spueeus (2, &nh);élﬂhlshspeﬁsﬁbmeﬁltcrcd andth® a

| ut f 6: t.h h 9 1:1
mxtur o of e drORS T BT ORD TR folobention b ruisisiap AR o v R,
added a solmrelcamﬁ@fndqodng;mnﬂassz Mf(ltltig;ilﬂ'lt ﬁo@@ﬁe@ﬁt}onlumefmm =(H8min at O

[err]C. After the coqling bath is re ed
(column: LiChroCart 125-4, Supersphere 60 RP—selectB 40°; eluent: acetonitrile-water

(0.1%TFA)=45:55; 1ml/min; detection at 254nm).

EXAMPLE 13: 6-(4-carbamoylphenyl)-8-(3-cvanophenyl)-1.7-napthyridine
To a suspension of 6-(4-carboxyphenyl)-8-(3-cyanophenyl)-1,7-naphthyridine (100

mg, 0.28 mmol) in toluene (2 ml) is added thionylchloride (0.1 ml, 1.37 mmol). the reaction
mixture is kept at reflux for 3 hours. The solvent is evaporated and the residue taken up in
THF (2 ml). Aqueous ammonia is added and the solution stirred for two hours at ambient
temperature. Ethyl acetate is added, and the organic layer is washed with water to yield pure

title compound having a melting point of 237-240°C.



and the reaction mxture stirred for an other hour at anbient tenperature.
Then, ethyl acetate (500m ) is added and the solution is neutralized by
addi ng sodi um bi carbonate (4N, 11). The water phase is extracted again with
et hyl acet ave /8% 00Nn ). The organi ¢ solvent is evapor at eHCEHERD7i05898 Ccr ude
product is purified by flash colum chromat ography on silica gel ( 20:3
t ol uene/ acetone) affording the title conpound. M+ 308; Melting point
99-101C. C. 6- (4- car boxyphenyl ) - 8- nethoxy 1, 7- napht hyri di ne To a
solution of 6-trifluoronethanesul fonyl - 44 met hoxy- 1, 7- napt hyri di ne (1.5g,

[ I

LR S e et

tri-o-tolyl phosphi ne (96ny, 032mm|) and aqueous Na[err]qurr] (14 em ,
2N, ). The rgact sQnikb8tiéRoNyS] ﬁhgﬁ@?g@& 110[err] for 3h. The hot sol utlon
is filtred through cellit and the solution evaporated to dryness. The crude
product is di ssdpwsatutipn pbsodimm Gr2g( @M@Olhmdnmohﬁé‘&mlbwa%@dmgﬂﬂmﬁ th
et hyl acet se b
y 3,3 ddﬁ%?o%me (Szﬁgf(‘g P{d&%ﬁf@%@ Pé‘ag&&r% LE ok SR @ﬁlﬁﬁ‘&e dntﬂtkg y

careful ly aqueou e suspension’is tere
crude pr oduepdratusd. Mhewdvaegd700mh) vhastadﬁdm:ki oa(wmirau{gaﬁm bf thEheetbanotithe

suspensi on |5 {1 LLShed b SLAANE Lkl FcgReUnd (1.100). W 280; bl ting

PCT/ EP97/ 05898 -15- D
6- (4- car boxyphenyl ) - 8- brorm 1. 7- napht hyr| d| ne . To a sol ution of
6- (4-car bo>ﬁ//phe T8 3 p ApAGyridi ¥y, 0.892mmol) in DW

(10m) ' s added 125y Lsdn, 4% Gl s nOTRY ) PenaB G HERE 160 0okt o gy feat o

to 100[err]C for 30mn t he suspe SI on oure to water
and the soImrmomahed\dmﬂhoremmanaséﬂoatwc(m&ﬁnib Js. camﬁellsoadyadmsolsMn/ant is

oo ol t et R BE S Hiollh Wele? (AP i 0°E: afliin T GRIR Bl stehbrdi® o
E. ] 4- Fe ?fzanﬂctﬂefmimibﬂmdkmkwtmd Corgmggxgr h(lmr at antiest teﬁﬂ:anitu?nThB‘n, ethgél acetate .
4-benzo| c n f In fetr r.of ur ane an
e on ) B N aaa2d SAAE st R periteeq by Bidine GO AN, e
tetraethyl ewmngmﬁ% éxttibted Qg With thylTdeetate (Bx500M1). TR dtfdnic sdivelt ik Bvdperatsae,

0.022nol ) is added dropwi se at -100[err]C and the solution ig stirred for 5
ni nut es nord@d t*merqdé&éwwww figdeby Qaﬁmnl@an.chqué%raameemﬂ@mgai(%Qr%f

sat ur at ed_ABR)ARAL afbldlf AYGud BBl EMPIRS Broldha Gt BER6ACH L et hyl

acetate. The organi c 'sol Isre and”t he cr product is taken up
i n di chl oronet han/ n- hexane (5:6). The suspension is filtered to yield the

title conmpqund (6}(- 4%2&2 xv\/r}\‘iexg,t_mu -é-%xekﬁ%?ﬂ-l‘e’i-nta[ﬁ%tri !fnl,él‘t her purification.
To a solution of 6-trifluoromethanesulfonyl-8-methoxy-1,7-napthyridine (1.5g,
4.86mmol) in DMF (40ml) is added 4-carboxy-phenylborenic acid (0.866g, 5.34mmol),
bis(dibenzylidenacetone) palladium (112mg, 0.167mmol), tri-é-tolylphosphine {96mg,

0.32mmol) and aqueous Na,CO; (14.6ml, 2N,). The reaction mixture is stirred at 110° for 3h.
The hot solution is filtred through cellit and the solution evaporated to dryness. The crude
product is dissolved in hot water (60ml) and the water phase washed with ethyl acetate
(3x50ml). The product is precipitated from the water phase by carefully adding aqueous HCI
(2N, 6ml). The suspension is filtered and the crude product is stirred again in hot ethyl acetate
(50ml). The cold suspension is filtered to yield the title compound (1.10g). M+ 280; Melting
point >300°.



F. 6- (4- car boxyphenyl) - 8- (4-benzo[ c] furazanyl)- 1, 7-napthyridine

To a solution of 6-(4-carboxyphenyl)-8-brono-1, 7-napht hyri di ne (100ng,
0.304nmmol ) in DW (2.5m ) is added 4-benzo[c]furazanyl boronic acid (60ng,
0. 36mmol ) , wo ssfigrdeenzyl i denacet one) pal | adi um (7ng, 0. 0126vEP}/05898
tri-o-tolyl phosphine(7.4ng, 0.024mmol) and aqueous NaJerr]CJerr] (0.9mM,
2N). The reaction mxture is stirred at 80[err] for 2h. The hot solution is
filtred through cellit and the solution evaporated to dryness. The residue
is stirred in ethyl acetate (20m), the §uspen3|on is filtered and the
organi ¢ sol vent |s rermved The re5| due I s dissolved in hot DVF (7m) and
the crude PFr odu@f4-ca % ATERRGYRIGIIE) addi ng aqueous HO (2N,
1m ). The crud I | r itle
compound (68g) 1 @ﬁi‘“ﬁ%é* %@?@ g %’hm St Dgbyyhalg Ghesl |
HPLC = 10. ammmehm Dhﬁ(mmmmd@ad PBﬂﬁséiml S6prome] i EheaegborRmixtwt isdeatd] 40;

0,
3\!0“82; 13(7:St O{Uo‘é !for 30Mh q{\er( (a'xe%l{gl;:cn xmf1 1% poéx’ed }n% /wgexn (50m?)t ﬁﬂe%glu%n \%5 %ecm
PCT/ EP97/ 0088&thyl acctate (2x50m1) The orgamc solvdit is removedBnd tigrewde produchatirpdacedur e
y p

described in the a ri.ape ex above and usj pria rting
material s EHEr i‘rB‘Ff’ “ﬁ ndy) ﬁﬁ‘hf?gpﬂg tl}e&}t}ﬁﬂoglppu%@?gm)a%{;@gggmf g‘}-,snéq%h ed

bel ow i n Tablogpbsition. Table | [err] Exanpl e
Rl err] R err] mel ti ng No. 15 [err]
-NH err] 141- 143

E. 4-benzolclfurazanyl boronic aci

To a solution of 4-benzo[clfurazanyl bromide (4g, 0.020mol) in tetrahydrofurane
(80m1l) and n-pentane (20ml) is added triethylborate (3.8ml, 0.022mol) and N,N,N,N-
tetraethylendiamine (3ml, 0.02mol). Then, n-BuLi (8.8ml, 2.5N in hexane, 0.022mol) is added
dropwise at -100°C and the solution is stirred for 5 minutes more. The reaction mixture is
poured into an aqueous solution of saturated ammonium chloride and the water phase is
extracted with ethyl acetate. The organic solvent is removed and the crude product is taken up
in dichloromethan/n-hexane (5:6). The suspension is filtered to yield the title compound

(1.05g) which is used without further purification.

F. 6-(4-carboxyphenyl)-8-(4-benzo{c]furazanyl)-1,7-napthyridine

To a solution of 6-(4-carboxyphenyl)-8-bromo-1,7-naphthyridine (100mg, 0.304mmol)
in DMF (2.5ml) is added 4-benzo[c]furazanyl boronic acid (60mg, 0.36mmol),
bis(dibenzylidenacetone) palladium (7mg, 0.0122mmol), tri-o-tolylphosphine(7.4mg,
0.024mmol) and aqueous Na,COs (0.9ml, 2N). The reaction mixture is stirred at 80° for 2h.
The hot solution is filtred through cellit and the solution evaporated to dryness. The residue is
stirred in ethyl acetate (20ml), the suspension is filtered and the organic solvent is removed.
The residue is dissolved in hot DMF (7ml) and the crude product is precipitated by carefully
adding aqueous HCI (2N, 1ml). The crude product in recrystallized from hot DMF to yield the
title compound (68mg). MH+ 369; Melting point > 300°C. M+H=369. Retention time HPLC
= 10.40min (column: LiChroCart 125-4, Supersphere 60 RP-select B, 40°; eluent: acetonitril-
water (0.1%TFA)=45:55; 1ml/min; detection at 254nm).



16 [err] ' ! 173-176 17 [err]

18 [err] [err] 95-98 19
[err] 60 20 " [err] 92- 95 21
[err] WO 98/18796 94- 96 WD 98/ 18796 PCT/EP97/05898
PCT/ EP97/ 05898 - 17 - Exanpl e
Rl err] R err] mel ting No.
point [err]C 22 [err] "
102- 104 23 [err]l6- " 95- 98
24 [err] " 155-158 25

[err] [err]
By repeating the procedure described in the appropriate example above and using

appropriate starting materials the following compounds of formula I are obtained as identified
below in Table 1

Table 1
Z l xR
X N
N 7
1
Example R, R; melting
No. point °C
15 ©/ -NH; 141-143
Cl
16 ©/ " 173-176
CN

0| =)~ ’
N\
N’N
18 —CH; —NH‘Q 95-98
s “ CLD | -
N

F
20 * o) c':’F 92-95
/ -~ sl ~ F
7\
O o
21 " 94-96

Cl




26 [err] 27 !
-Clerr]-GH 28 [err] [err]
265- 267 29 [err] " >260
deconp. WO 98/18796) [err] [ err] pcrmporossss 234- 236
31 [err] " 295
deconp. 32 [err] [err] 225- 227
WD 98/ 18796
PCT/ EP97/ 05898 -17- - 18 -
Exanpl e Rl err] R err] mel ting
No. - oi nt
[err]C Exgmple R Jerr] R, melting
214- 216 No. Bagse addition salts jof conpounds having!f pettGr hoxy
groups, e.g. |as descrijped abgse ny be |prepared by contact{ng the cdnpound
W th an apprqpri &2e anfi no s @ e.g. Njmethyl- " 102-104
CN
/N\
23 @; 0o " 95-98
N
=N .
24 Y 155-158
N/
. | = |
)
26 /c‘\C/H
i
H
27 * —C=C~—H
28 Q/ C {,0 265-267
OH
Cl
29 " >260
decomp.
NO,
/o
30 _®_c/ 234-236
N
NH,
Cl
31 " 295
decomp.
' NO,
[¢)
32 O/ 225-227
N
OCH,
Cl




D- gl ucami ne.

such base addition salts. EXAMPLE 34:

6- (4- car boxyphenyl ) - 8- (4-benzo[c] furazanyl)-1, 7-napt hyri di ne: salt
w t h N-nmet hylo-dghigesicam ne To a hot solution of PCT,EP97,05898
6- (4- car boxyphenyl ) - 8- (4-benzo[ c] furazanyl)- 1,7-napthyridine (1g,

2.72mmol ) in
The sol vent i

recrystallized from hot nethano
Mel ting point:
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i nhi bition: Reconbi nant PDE4,§ P 4B PDE4C and PDE4D [ soenzyrre i nhi bition
with N-methyl-D-glucamine
To a hot solution of 6-(4-carboxyphenyl)-8-(4-benzo[c]furazanyl)-1,7-napthyridine
(1g, 2.72mmol) in DMF (100m]) is added N-methyl-D-glucamine {0.53g, 2.72mmol). The

solvent is removed under reduced pressure and the residue is recrystallized from hot methanol
(ca. 50ml) to yield pure product (1.11g). Melting point: 230°C, decomposition. Retention time
HPLC = 6.65min (column: LiChroCart 125-4, Supersphere 60 RP-select B, 50° eluent:
gradient from 0%B/100%A to 70%B/30%A in 15minutes; A: 2.7g KHP0,/0.027g Na,HPO,
in 900m] water/100ml acetonitrile and B: 100ml water/900ml acetonitril; detection at 220nm).

The product is water soluble.

8-Aryl-1,7-naphthyridines of the invention, e.g., of formula I, and in particular the
preferred 6-(carboxy-, or carboxymethyl- -phenyl)-8-(phenyl, benzo[c]thiadazolyl or
benzo|[c]furazanyl)-1,7-naphthyridines, and esters and amides thereof, in free or salt form

(hereinafter referred to as AGENTS OF THE INVENTION) exhibit pharmacological activity
and are useful as pharmaceuticals, e.g. for therapy, in the treatment of diseases and conditions

as hereinafter set forth.

In particular AGENTS OF THE INVENTION exhibit cyclic nucleotide phosphodiesterase



assays. Coning and expressioon: PDE4 cDNA coding for the four isoenzynes,
human PDE4A (as described by Sullivan et al., Cell Signal 1994; 6:793-812),
rat PDE4B (as described by Colicelli et al., Proc. Natl. Acad. Sci. USA

1989; 86: 35 &ﬂgg& human PDEAC (as described by Engel s gicradporoshdsBS Lett.
1995; 358:305-310), and human PDE4D (as descri bed by Baecker et al., Cene

1994; 138:253-256) is cloned either into an extrachronosonal yeast

expressi on vector (PDE4C, PDE4D) or integrated (PDE4A, PDE4B; single copy)
at the pep4 | ocus of a Saccharomyces ceré%Fsiae strain | acking both of the
w | d-type yeast PDE genes. Yeast strains expressing PDE4 isoenzynmes are
grown in 11(RRE)tispcnsymetinigbidng prtivitntselectivaforftypsAdspenzymiek  honogeni zat i on.
Honogeni zation: Pelleted yeast (5 nmL) is suspended in 50 nL of buffer (10
mM tris- hydroxynmet hyl am nonet hane, 1 nmM et hyl enedi am ne-tetraacetic acid,

1 ng/ nL eac AGENTSOPTHE INVENTIOBbsthd antiAnfldmihatony/ anti-aiwewy hypeirbactisitt gmdony |
fluoride, 1 mMMdithiothreitol, pH7.4 with HJ). After centrifugation, 15 g
of gl ass bebeschiodilzonpropastigs. By fuithes RRwess SNEHRCSUPRIRSIYE TN Seciftighed wit h

butfer are %%%?tgr}l a?nFto %}:‘ Plgalng%o(ifg?cgl ﬁchkﬁieég%%ybtcﬁémg%rsn%{ed ?rygtgn?lﬁrdq&q 60 g of

chol am dopr opane “sul pho Cl d-are added an urry 1s vigorously
agi t at ed f otnetholis for exapléldsdoNoaasst cel | s are di sintegrated, as observed
m croscopi cally (phase-contrast optics) as dark cells and is >30% (usual ly
509%9. The slurry is transferred to a coarse gl ass funnel and the honbgenate

col | ect ed by, pDEH ihibiGehd ReEsHikEt PIDEAAPTIH4BS $DBSO dfd PDEAD &ot2ymb imhibiddn nL
buffer. Cell fragnents are separated fromcytosol by centrifugation
(2000xg, 102¥a¥s: 4C). The pellet is resuspended in 15 nL of buffer and
assayed for PDE activity together with WO 98/ 18796

PCT/ EP97/ 05@49&hing and expression: PDE4 ¢cDNA coding for the four isoenzymes, human PDE4AQas  t he
cytosol . O herw se i soené%rrgggrepar atrons are derived from human sources.
©

Type 3 and dessribgshyafulliyas e Signal d894; 817P?8 1 Db RPEHR (asfdescribedbYedoni nance
of type 3 i i fogd. [ NAYE 0 il s
appl );C!Ong thgﬁqg %?gﬁ'hgﬁf gﬁ:ﬁ%?‘gﬁée§°%§égﬁgf?ﬁ§?’3é%?g@ﬁ’es ar zdr%%tg%ine?&z}e aon
ice in trisbyBngdOetmh/) PFEBY Lett.d 89: 3583033103 and bgmarf PBB4D4s degetibed Uy miV|

dithiothreitol .(1 I YA pepstatin A (1 rrdal C and
Dhenyt - et hiReaEt b geersaErga T ARORF BFA ey b by bl SnoriB e T1C
honogeni zat iegpigssioNeséton(PDBE4S, PDEAD) ¢ inegcted (PIDE4 A IPDEABY siagle 2opy) dt thy pepde
obt ai ned from hu bl ood and soni cate Br anso rope, 4 Xx ec.). Human
lung (type s?%“%\ cqaéowﬁmvdsxa}ersgmnggﬁqlgﬁpél o? L!R: WlPd—tpr yeastJPEbbsgeneQ.

Yeast strains expressing PDEA isoenzymes are grown in | 1 cultures at 30°C, pelleted and

frozen until homogenization.

Homogenization: Pelleted yeast (5 mL) is suspended in 50 mL of buffer (10 mM tris-
hydroxymethylaminomethane, 1 mM ethylenediamine-tetraacetic abid, 1 mg/mL each of
Jeupeptin and pepstatin A, 175 mg/mL phenylmethylsulphony! fluoride, 1 mM dithiothreitol,
pH 7.4 with HCI). After centrifugation, 15 g of glass beads (425-600 mm, acid washed, Sigma
Chemical Co.) washed with buffer are added to the pellet. To this slurry, 1 mL of buffer and
60 mg of cholamidopropane sulphonic acid are added and the slurry is vigorously agitated for
4 h at 4°C. The yeast cells are disintegrated, as observed microscopically (phase-contrast
optics) as dark cells and is >30% (usually 50%). The slurry is transferred to a coarse glass
funnel and the homogenate collected by suction and washing of the glass beads with a total of
15 mL buffer. Cell fragments are separated from cytosol by centrifugation (2000xg, 10 min,
4°C). The pellet is resuspended in 15 mL of buffer and assayed for PDE activity together with



under goi ng surgery and honogeni zed using a Pol ytron honogeni zer (two bursts
of 30 sec). | soenzyne preparations: PDE 3 and 4 (substrate cAMP 1 [err] M
preparations consist of |ow speed supernates of the platelet and

neut rophi | RgwResbat es, respectively. Types 1 (substrate ¢AMRpohosfRE’ ] M
Ca[err] 0.5 nM cal rmdulln 125 nM, 2 (cAWP 100 [err]M anQMSE (c@QwP

llerr] M are separated by ani on-exchange chronmat ography (Q Sepharose) using
a gradient of NaCl in honogenization buffer w thout sucrose and PMSF (0 to
0.1 MNad in 2.5 colum volunes, 0.1 t-®06.45 Min 24 colum vol umes). PDE
1: fractions where hydrolysis of cAMP 1 [err]Mcan be stinulated by
Ca[err] + chdepabal.in (0.5 nM and 125 nM respectively); eluting at
0.17-0.18 M NaC . PDE 2: fractions showi ng substantial cAMP hydrolytic
activity at 100[err]Mbut not at 1 [err]M eluting at 0.31-0.32 M Nad .

PDE 5: fraccbthﬁmssesﬂbmmnc\mémralnynkm daived fmﬁimanihn s@urees NT'ype Srand ¢ pidparhfiensr | M

eluting at 0.20-0.24 M ay pr ot ocol |s based upon
t he two-st ¥ T‘Pﬁﬁ’(zfalﬂﬁ% vapiage Tﬁgﬁgﬂ’fﬁ&ﬂ%’éw (SAEIW’“S%’E(PHEF %_%@éﬁger
Phosphopr otgldy Beaizymicd {@neutidpiiiR a?ﬂ}mg%ﬂévﬁﬂ {eQHm gwell mcrotitre

plates. Briefly, enzyme is diluted wth hormgenl za on buffer (see above)
in order to obtain between 10% and 30%total substrate hydrolysis during

of Csupar s at s b ssudydfe KFRGEADRS e S PHAAS Pl RN S68RE b 20 ™
(see bel oWmMABIETA 3enM; dithicisreiad] (BHMY, lehfeptin land pepatatin Ar(1 pg/nﬂbﬁuhmaddl n a

WO 98/ 18796
PCT/ EP97/ 05domyl-methyl-sulphonyl fluoride (PMSF, 0.17 mg/ml added just before the homogenization) ot

wat er bath P&t@lﬁ&)@‘lfslégre 2) z{Hd"ﬂl'attﬁétL ﬁtgﬁéﬁ%tagl]a 3251’3 oﬁﬁfﬂk@ﬂmﬁ'ﬁuhﬁﬁ’ bfRBdatdcubat ed

for 10 m nutes err]Cwth -nucl eot1 dase (Snake venom from
oi ophaghus doalnmach(BrSISgnam@hm tasecGHuman langrigypes 1 and §ds ebtymedl'ﬂwn patieat{»ct ed

SRR R A A T N

form in O. 2%(v/v) acetic acid. The Dowex is pelleted by centrlfugatlon
(150xg, 5 mn). quots of _the supernates are transferred onto 96-wel |,

sol i d- phas els%"@FHP‘F P‘Fa‘tf?ttﬂﬁ‘s JiRk éand &Hﬁﬂa&w&ﬂww@%ewayst@é 9% an
S0Lorr] 0 SRR e M e Moo L ol L (S, (o
st ock sol utdAMB lauM, Gaehaimd, qa}mamuhnuwmnnmhm@deo (B1yiaal) S&aﬁ‘MﬂlluM)emt
separated by anion-exchange chromatography (Q-Sepharose) using a gradient of NaCl in
homogenization buffer without sucrose and PMSF (0 to 0.1 M NaCl in 2.5 column volumes,
0.1t0 0.45 M in 24 column volumes). PDE 1: fractions where hydrolysis of cAMP 1 pM can
be stimulated by Ca® + calmodulin (0.5 mM and 125 nM, respectively); eluting at 0.17-0.18
M NaCl. PDE 2: fractions showing substantial cAMP hydrolytic activity at 100uM but not at

1uM; eluting at 0.31-0.32 M NaCl. PDE §: fractions selectively hydrolysing cGMP 1 uM over
cAMP 1uM; eluting at 0.20-0.24 M NaCl.

PDE assay: The assay protocol is based upon the two-step method described by Thompson et
al. (Adv. Second Messenger Phosphoprotein Res. 1979; 10:69-92), modified for 96-well
microtitre plates. Briefly, enzyme is diluted with homogenization buffer (see above) in order to
obtain between 10% and 30% total substrate hydrolysis during the assay. To start the reaction,
25 mL of diluted enzyme is added to 25 mL of substrate ([3H}-cAMP, 1.25 mM, 740 Bg) and
75 mL of inhibitor solution (see below). After 30 minutes at 37°C, the reaction is stopped in a



with water/DVSO to achieve 7 concentrations selected to cover the range of
30%to 70% i nhibition. The concentration of DMSO is kept constant at 50

mL/ mL t hroughout the assay. Det erm nation of inhibition parameters: The
concentrat i @@ oghsg)i ch hal f-nmaxi mal inhibition occurs (I Cpgifchbdnidsd the
steepness of the dose-response curve (Hill"'s coefficient) are determ ned

fromconcentration-inhibition curves by non-linear |east-squares fitting to
the two-paraneter |ogistic equation. Results are expressed as the negative
deci mal | ogarithm of inhibitor concentragleon at which half-mxi nal
inhibition is observed (1 Cferr]) (in nol/L; plCerr]). 95% confidence

i nt erval s waotevates bathd6 €, émdmaaq)rlﬁatme eaplgsi ondieriandlinqubatgd for 1@ mimuésra|
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group (i. slﬁ’ﬁ(afc&&e%xﬂx)ﬁmg%@//v b &i@Thé oweRWRTibERbpnRifagivn €Xhi bi t
selectivity for inhibition of PDE type 4 D isoenzyne in co arison with the
PDE type 4 @SOmeam) Ad)qu%@ﬁhymmates are transfenpdogitol %7 9ell, solid-phase

PCT/ EP97/ 05 -
Anti-inflam ‘“““““°“a%‘?‘°s i i TR S e ek ] %‘?mate“tp’%"é‘%“.godﬁ"‘%g

fornyl - Met Lemﬁdsiﬁor( Midrél).ab 2290) dfiedt leastd h aeﬁ@,"(})apﬂwduste(i {O4nbernrg Paukhrld in 0.2m
HBSS) are s Iated with fMP (1[err]M in the presence of |ucigenin
(25[err] M. ?1 WPtion of the oxidative burst (measured as changes in

cheni | um nescence) is deternmned fromdose response curves using the

| ogi stic equati on. AGENTS OF THE | NVENTI ON are active in the abgve test
met hod at chhitiers;: nhibipasstenk splpdorsagrprepared ip dimeshydspiphoyide (PMSO) apd ditedr ) | y

in the |ow ghthrangemMIOto 5&59@9%%&5&&?&6&7}241&&% t$ %ver B $4rRB 6E30%9 %0 A% | CL err]
in this assay of 0.006 [err|M Havi ng regard their anti-inflammatory

activity, tmbibitidnaTheconcentiondfiMGe lhkqmcmremttatﬁ) nmeh@wmmpm theassit e in
relation to PDE isoenzyne inhibition, in particular as selective type 4

Determination of inhibition parameters: The concentration at which half-maximal inhibition
occurs (ICsp) and the steepness of the dose-response curve (Hill's coefficient) are determined
from concentration-inhibition curves by non-linear least-squares fitting to the two-parameter
logistic equation. Results are expressed as the negative decimal logarithm of inhibitor
concentration at which half-maximal inhibition is observed (ICs) (in mol/L; pICso). 95%
confidence intervals were estimated and expressed as pL and pU (negative decimal logarithms of
the lower and upper confidence limits, respectively). Concentrations which cause a visible

precipitation in the assay are excluded from the analysis.

In this test method AGENTS OF THE INVENTION ﬁredqminantly inhibit PDE isoenzymes
of type 4 having relatively little effect in relation to types 1, 2, 3 and 7. Within the PDE type 4
isoenzyme group (i.e. PDE types 4 A to D) AGENTS OF THE INVENTION generally
exhibit selectivity for inhibition of PDE type 4 D isoenzyme in comparison with the PDE type
4 A, 4B and 4C isoenzymes.



I nhi bitors, AGENTS OF THE | NVENTI ON are useful for the treatnent, in
particul ar prophylactic treatnment, of obstructive or inflammtory airways
di sease. Thus by continued and regul ar adm ni stration over prol onged

peri ods of v sgasfeENTS OF THE | NVENTI ON are useful in propdgipsgoesashyance
protection agai nst recurrence of bronchoconstrictor or other synptomatic
attack consequential to obstructive or inflammtory airways di sease or for
the control, anelioration or reversal of basal status of such disease.
Havi ng regard to their bronchodilator aéZrvity AGENTS OF THE | NVENTION are
useful as bronchodllators e. o;_for the treat ment of chronic or acute

br oncho- coAsti-iaflamngs nhibition of gesinophib ¢ chifermyl-MetLoyBhg

i nfl ammat ory airways dlsease The mords "treatment” and treatlng as
used t hroughout the present specification and clains in relation to
obst ruct i veusfiedihafrassoshiophiys (A0Yweéllia 0dintl SEBSS) arestimolated withdMLPL(OOM) in the
accordingly as enbracing both prophylactic and synptomatic nodes of

t herapy. Ppresengeefdpeisanie(2a1LMD. Inhibitipp P%@Q pngattvnémm swred ay¢hangeoin f urt her

provi des 796
PCT 1 EP97/ O gégglummescenus is determined from c%se response curves using the logistic equan%

a) for the treatnent of airways hyperreactivity, b) of effecting

br onchodi | at ion of treating obstruyctive or

i nf | anmat oAP ?S/éf}é”& ]g‘gééﬁm“ are active i H“’é?’% NgI5ss method agfé’éEF“E'ﬁ‘é?"éG\f{ theyhi ch
met hod COR@H&@@@‘@W&%?%%&%@%&C Whﬁﬁjan il Peﬁgrragouﬁégie&faxhg fe 235Punt

of an AGE I NVENTI tructive or ory alrways

di seases t ensihiéetas bMECHInBB REsay BFG006 V1. appl i es | ncI ude ast hmma,
pneunoconi osi s, chronic obstructive airways or pul nonary di sease (COAD or
COPD) and adult respiratory distress syndrome (ARDS), as well as

exacer bat | ?ﬁvﬁlé re%er r Widir alYRRTalr uaa%r%%tfv}fy GRASHAERRE od Arvily Mifpeftddlvibyner ary.

e.g. aspirin o - agoni st
and their profile in relation to PDE isoenzyme mhtbmon, in particular as selective type 4

inhibitors, AGENTS OF THE INVENTION are useful for the treatment, in particular
prophylactic treatment, of obstructive or inflammatory airways disease. Thus by continued and
regular administration over prolonged periods of time AGENTS OF THE INVENTION are

useful in providing advance protection against recurrence of bronchoconstrictor or other

symptomatic attack consequential to obstructive or inflammatory airways disease or for the

control, amelioration or reversal of basal status of such disease.

Having regard to their bronchodilator activity AGENTS OF THE INVENTION are useful as
bronchodilators, e.g. for the treatment of chronic or acute broncho-constriction, e.g. for the

symptomatic treatment of obstructive or inflammatory airways disease.

The words "treatment” and "treating” as used throughout the present specification and claims
in relation to obstructive or inflammatory airways disease are to be understood accordingly as
embracing both prophylactic and symptomatic modes of therapy.

In accordance with the foregoing the present invention further provides

A. A method



The present invention is applicable to the treatnent of asthma of whatever
type or genesis, including intrinsic and, especially, extrinsic asthnma. It
is applicable to the treatment of allergic (atopic/lgE-nediated) asthma. It
is al so appliyeahssst 0 the treatnment of non-atopic asthma, pipgpsitsds € 0.
bronchitic, exercise induced and occupational asthma, ast ﬁma | nduced

fol |l ow ng bacterl al infection and other non-allergic asthmas. It is further
applicable to the treatnent of wheezy infant syndrone (infant, incipient
ast hma) . The invention is applicable t284¢he treatnment of pneunobconi osis
of whatever type or genesis including, for exanple, alumnosis,

ant hracosi s, astaéﬁlrd!ﬂitataﬁmabﬂidmiyshymnbmisit}s siderosis, silicosis,

t obacoosi s and ) nv s applicable to the treatnent
of COPD or %ﬁega}r"%brgﬁ?%ﬁ?%d%?gﬁ% ' pul nonary enphysaema or
dyspnea associ atcgdfttrdmdhgmhsh’ﬁcnve oThﬂamamiymmaysﬂisaéss,o applicable to the
treatnment of bronchitis of whatever type or genesis including, e.g. acute,
arachidic, catarrhal, chronic, croupus or phthinoid bronchitis etc..

Having regard t qntala@d'éc: BChced ttieb&oﬁ%vh‘%' ﬁ&ﬁdd&mpﬂgeshums‘krmg to it duBjettlan

rel ease, AGENTS CE TRE WO 9
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| NVENTI ON are al so useful for the down-regul ation or inhibition of
TNF-[err] release, e.g. for the treatnment of diseases or conditions in

whi ch TNF- [ebsn]ucni\eloemmmtdryrpirv‘vmtdisdases topirhiglsthapresmdhmxiting appliceincleda .

di seases or conditions havi a I nvol of. b|d
for exanpl e® %Q??M@‘os&gﬁgglFVESWnYﬁﬁ?édﬁ? %&Pé‘ﬁ“ﬁ*%ﬁf d@ﬁie%{rcte
particul ar ¥ adhieespiffay ABGEssQindi &GO ARDS)4s @amteaxdefbaﬁmxm

treatnment of AIDS [cf. Sharief et al, Mediators of Inflarrmatlon 1 323- 338
(1992)].  hynerreRstiliBHCossequent 1o ARer A MEfapy £ei RS ITd-aaonishibepat ment  of
cachexi a associated with norbid TNF-[err] release or TNF-[err] bl ood-serum
| evel s of whatever origin, including cachexia consequential to, e.g.
bacteri al , Vhepsearinpmtios istapplicablkfitetheitemment df astbhmp bf whdtévantype ofghesis, or at i on
of

including intrinsic and, especially, extrinsic asthma. It is applicable to the treatment of allergic
(atopic/IgE-mediated) asthma. It is also applicable to the treatment of non-atopic asthma,
including e.g. bronchitic, exercise induced and occupational asthma, asthma induced following
bacterial infection and other non-allergic asthmas. It is further applicable to the treatment of

wheezy infant syndrome (infant, incipient asthma).
The invention is applicable to the treatment of pneumoconiosis of whatever type or genesis
including, for example, aluminosis, anthracosis, asbestosis, chalicosis, ptilosis, siderosis,

silicosis, tobacoosis and byssinosis.

The invention is applicable to the treatment of COPD or COAD including chronic bronchitis,

pulmonary emphysaema or dyspnea associated therewith.

The invention is also applicable to the treatment of bronchitis of whatever type or genesis

including, e.g. acute, arachidic, catarrhal, chronic, croupus or phthinoid bronchitis etc..

Having regard to their activity as selective inhibitors of TNF-¢. release, AGENTS OF THE



hunoral or other organic, e.g. renal function. It is for exanple applicable
to the treatnment of cancerous, nalarial and vermal cachexia, cachexia
resulting fromdysfunction of the pituitary, thyroid or thynus glands as
wel | as urepgegfsddhexia. It is in particular applicable tgff8,hiseat ment of
Al DS-rel ated cachexia, i.e. cachexia consequential to or associated with to
H V infection. The nmethod of the invention is also applicable to the
treatment of septic shock, e.g., shock conditions resulting from bacteri al
infection. In this regard it is to be n@ged that the present invention
provides a nmethod for the treatnent of septic shock as such as well as of
condi t i ons INVENEYON afd aido dsefubfor thy MpivAFegulion br inBbitiod o0 TNFhwetkeasd, 0)g. foxanpl e
ARDS (adult respiratory distress syndrone). The net hod of the invention
is further tlmplatrmmfe;ﬁseeses necqndiéianmmhi@fm-geds@eésdnméegmmplﬂys 20 HV

i nfection, e. to th ioration.or trol of the advance of
such. di sonaatbing ila g disases G bop Oy RBY hovEledh PPty HHBNIES or TR RR BRI o o
PDE i soenzyies,mpdufdesitdie, @ide];sﬁeedr@ﬁa%ﬁulht@@mfd Rikascfh piRticulad forkiel 1

i mrunosuppressive activity, AGENTS OF THE | NVENTI ON are also useful as

[ rrrrunosuppmstmemfag@nms or mdQIOXfrmhocmdtm teatmrent iof AID3) {if oSharrefit aldi seases, in
parti cul argj’ tt he ltgﬁ ggr}lt g%@l ne di seases in which inflammuatory
processes ?ff’)f’ﬁ 'n i nfl ammat ory conponent or
aetiology, or as anti-inf I ammt ory WO 98/ 18796

PCT/ EP97/ 05898
agents for WA ewmos&f the dnveption is ppelicehls (orte ggatpent of ?aﬁheﬁb?ratsi“{?lﬂe&rw‘fbdfmf-’ﬂe

treatment gh ﬁfrélmw _ob1SSRSRunh v bRV LI \fd liaps are

i nplicated or having an aut ol nmune conmponent or Exanpl es of
such di seagensequentialad, etg baqperind oirtal cirrpmmtxi:,onfe&:&maqnpd :ile;:abmmnmndétadmnon of

aut oi mune hemat ol ogi cal di sorder, o a,., apl astic
anaeni a, pUPEOFALEF QRYTOTEARIC, £r8 TR im\(cﬂ?'gﬁtdf fﬂrﬁx%ﬁ’ﬂl 5}8@’5’%&9& gatment of o i ¢
| upus er yt keRiicas,WalarRPindckRand chdhesia, cicteRia @EkERIAR frodAlyShafidtiod lofthe pitikakYST S,
dermat omyositis, chronic active hepatiti smg%ast heni a gravi s

St even- Johntspid 9y HyryRglands s s aremissaghexiagliisip Rartiewan agplicahide ey bowel

di sease (e.g tmehparﬁabsvfaa&qlchéueﬁma&dc&mmcoﬁlsafuéﬁﬁ% )or 8854d8iG1el R to HIV

opht hal rmpatﬁ G ave's di sease, sarcoidosis, alveolitis, chronic

hyper sensi tmfvmoy pneunonitis, nmultiple sclerosis, primary biliary
cirrhosis, juvenile diabetes (diabetes nellitus type I), uveitis (anterior
and posterior), keratoconjunctivitis sicca and vernal keratoconjunctivitis,
i nterstiti athelmetdgdfof ttmom’rmnorpmalsb applicatzle tdthe tri:asmem(df sHpteretrack e shockt i s

(with and Vgo}\&}tonggs rgs% mg rtoltr? basél}éng]r tm3 tion, Inqms reg d'l tis tgbé r?clstgcp tﬁ%ﬁhé: prgsee hr otic

invention provides a method for the treatment of septic shock as such as well as of conditions

consequential to or symptomatic of septic or shock, for example ARDS (adult respiratory

distress syndrome).

The method of the invention is further applicable to the treatment of disease consequential to

HIV infection, e.g. AIDS, e.g. to the amelioration or control of the advance of such disease.

Having regard to their profile in relation to inhibition of PDE isoenzymes and/or TNFo release
inhibition, as well as their immunosuppressive activity, AGENTS OF THE INVENTION are
also useful as immunosuppressive agents, e.g. for the treatment of autoimmune diseases, in
particular for the treatment of autoimmune diseases in which inflammatory processes are

implicated or which have an inflammatory component or actiology, or as anti-inflammatory



syndrome or minimal change nephropathy), as well as inflammatory and/or
hyperproliferative skin diseases such as psoriasis atopic dermatitis,
penphi gus and, in particular, contact dermatitis, e.g. allergic contact

dermatitis. S OF THE INVENTION are in particular u potiisodt NE
treatnment of arthritis, and other rheumatic or inflanmatory di Sease,
especially for the treatnent of rheumatoid arthritis. As

I mmunosuppressants AGENTS OF THE | NVENTION are further indicated for use in
the prevention of graft rejection, e.g. -fa5- the mai ntenance of all ogenic
organ transplants or the like, e.g. in relation to kidney, liver, |ung,
heart, hear tagéntsifpr theaneatmenbafiinflammmatony dishkserin paticdarfortbe treatmerg pf ant .

Havi ng regard.to their anti-j.nfl anmator ctivity, .i ticular, in

el at ron to SRR Sied mLubiehapimas feabia &t nhplicaled 8 bpving s dhngisinie oy
are al so usqﬁy@omﬁfmuhﬁomgﬁatnent of eosinophil related disorders, e.g.

eosi nophilia, 1n particular eosinophil related disorders of the airways
(e.g. involving norbid eosinophilic infiltration of pul nonary tissues)

I ncl udi ng
PCT/ EP97/ 05
hyper eosi noemkgiokgisl disorddrs ¢ bemdipticanasmainsapiastily amacrhia pyse md celbinaemig and or
exanpl e, eosi.nophil.- related.di sorders of the airways .consequential or
concom 1 ant gy b SeIteRint AEEAE TrR ol B BRSO e
particul ar nwegaearinulcmatesisaddrmatofysitis) dhbglc hetive hepatitis asianthgnid grav,,
bronchopul monary _.aspergil.l osis, polyarteritis nodgsa (i ngl udj

Chur g- St r auSVEg oo SYncroRe; RispRpicoErgy AR BHEF BHEnBYEYSHE] % G

di sorders afyfjQ@gkive Eolitid anBCOBR’Y FisLMe P odme @Mhﬁﬁ:ﬂf@ﬁ%@ disease,l3aébiBEkis,
regard to their profile in relation to inhibition of PDE isoenzynes, in
particul ar taineplitispehsenic Bypgeseasitivity pneunanitisemultiplp selespsis peman bENNSITROSEHE

| NVENTI ON ar, ] : =0 nhl bi . s L he
treatment. o tnls Gafedtagbbke Byt Be, Ci (Ao Sostcrh, KRR Rnl ice
degener at i vesicta sehearn! kératbbamjunotindtis irderptitiahlung fitrokiy,ipsariatia hxthritinadé pl et i on,

especially osteoporosi.s. . l.p this.regard they. . are fucther useful. for the

Cr bat mont  ofearaippaer il irp TR ol SRR, < FieiEiner fGpdtic heout

conj unct i vi tsyfidromt 0Pminirflsl ichRige hephropathly), asweiRasinflarfrastbry @nd/orliypsiproliférative
allergies; as,vasodil ators, gﬁg for. the _treatnent c(i)f' a%gilﬁa, hypert ensi on,
congesti ve IFkildisepses Suchas pepgiasis, ptopic depmayitis, peraphighsiand. in RYUEHIT. ¢98ECt [ eat nent
of other conghhipRSe pRBEBicOaideimtiigf PDE 4 is indicated, for exanple,
depression, conditions and di seases characterized by inpaired cognitive
function including Al zheinmer's di sease, Parkinson's disease

AGENTS OF THE INVENTION are in particular useful for the treatment of arthritis, and

§mples WRuABAiLBEIB which the present invention is applicable include autfaimzl%un_e

other rheumatic or inflammatory disease, especially for the treatment of rheumatoid arthritis.

As immunosuppressants AGENTS OF THE INVENTION are further indicated for use in the
prevention of graft rejection, e.g. for the maintenance of allogenic organ transplants or the
like, €.g. in relation to kidney, liver, lung, heart, heart-lung, bowel, bone-marrow, skin, or

comeal transplant.

Having regard to their anti-inflammatory activity, in particular in relation to inhibition of
eosinophil activation, AGENTS OF THE INVENTION are also useful for the treatment of
eosinophil related disorders, e.g. eosinophilia, in particular eosinophil related disorders of the

airways (e.g. involving morbid eosinophilic infiltration of pulmonary tissues) including



and stroke.  Havi ng regard to their ability to interact synergistically
W t h i nmunosuppressive and/or anti- inflamuatory drug substances, AGENTS OF
THE | NVENTI ON are al so useful as co- therapeutic agents for use in

conj unct i onyiokigs8¢/ch drugs, e.g. as potentiators of therappibdfosgdgti vity
of such drugs or as nmeans of reducing required dosaging or potential side

effects of such drugs. Drug substances wth which AGENTS OF THE | NVENTI ON
may suitably be co-adm nistered include, e.g. cyclopeptide, cyclopeptolide
or macrolide inmmunosuppressive or anti-i26f-l ammatory drug substances, for
exanpl es drugs belonging to the cyclosporin class, e.g. cyclosporins A or
G the dr ud!ypvwmpmbsmaefmm thaairv(ays smi/ckrlm aswelFss, 0 6¥amples eeninophilr and

i oovor {1 B PEbhent B b8 iR R e LA Bl b app i e
i ncl ude e. Gosifidphilitipheanania parasitici(it pmimﬂaimutazoa]gmfemwuwmdi@aﬁspscel or
Sg; Hé;ggl amgs&l;[lgph}/hagj g]cﬁopuin?glyary aspnggxllgssls,hefyae;tcrh%(sa];locioga ar?csuiiggr(t_‘ﬁ]drg-Strauss

PCT/ EP97/ 0@2%0mcg eosm_?ﬂhlhc ﬁIV anuloma and eosinophil-related disorders affecting the" axr% g In
particul ar ENTI ON are suitable for use in co- therapy as

af or esai d, Cscajlonﬂ)w@m&fw?i%ses of i mmunosuppressive, anti-inflammtory or
anti-asthmatic treat ment, e.g. to achieve cyclosporin, e.g. cyclosporin A,
macrol i de- or steroi d-spari ng effect. I n accordance with the foregoing

t he presentHavingeregardto tMilsproﬁledlvieﬂm'sn to inkbition Af PIRE isochzymes, in patjcular tHeipr t he

down-r egul atl n_or hi b|t of b for e

i nhi bi ti on B ?’Efaselfc\n eotgﬁ lbé8'fst 5‘5}2@{5%}%& INYENTIQN %??“5‘8 uf's

| Munosupprt Rl?Emhlb;]tors fod},xamplé for }hhbeathfeﬁtéﬂf'ﬂ%&fse @ivolvit |ti§_§ﬁé%hl@i‘u)hddi sease,
or ; or the treatnent of an articular condition or disease as
her ei nabov "'B]é't‘m\‘v ByRafficular degenerativeisgases, bf ‘g“c'?onieﬁ“‘h@éﬂ invglvingslcivmgepietipnbt hod

conpri ses of an
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inﬂammatory diseases such as rhinitis, conjunctivitis, atopic dermatitis, urticaria and gastro-
intestinal allergies; as vasodilators, e.g. for the treatment of angina, hypertension, congestive
heart failure and multi-infarct dementia; and for the treatment of other conditions where
inhibition of PDE 4 is indicated, for example, depression, conditions and diseases
characterized by impaired cognitive function including Alzheimer's disease, Parkinson's disease

and stroke.

Having regard fo their ability to interact synergistica]ly with immunosuppressive and/or anti-
inflammatory drug substances, AGENTS OF THE INVENTION are also useful as co-
therapeutic agents for use in conjunction with such drugs, e.g. as potentiators of therapeutic
activity of such drugs or as means of reducing required dosaging or potential side effects of
such drugs. Drug substances with which AGENTS OF THE INVENTION may suitably be
co-administered include, e.g. cyclopeptide, cyclopeptolide or macrolide immunosuppressive or
anti-inflammatory drug substances, for examples drugs belonging to the cyclosporin class, e.g.
cyclosporins A or G, the drug substances tacrolimus (also known as FK 506), ascomycin and
rapamycin and their various known congeners and derivatives, as well as glucocorticosteroid
drugs. Diseases to which such co-therapy may be applied include e.g. any disease or condition

requiring immunosuppressive or anti-inflammatory drug therapy, e.g. as hereinbefore set forth.



C. An AGENT OF THE | NVENTI ON for use as a pharnmaceutical, for exanple
for use in any nethod or in the treatnent of any di sease or
condition as hereinbefore set forth, e.g. as defined under A or B
above. DogpasREP! oyed in practicing the present inventpcemrpsdstesOf
course vary depending, e.g. on the particul ar disease or condition to be
treated, the particular AGENT OF THE | NVENTI ON used, the node of _
adm nistration and the therapy desired. In general, however, satisfactory
results, e.g. for the treatnent of di sea®ks as herei nbefore set forth are
indicated to be obtained on oral adm nistration at dosages of the order
from about Ihdtichiar AGENTRY QF THEINVENJEONreesnitale fdrmse imcartipdrapyasaforssaidan

i ndi cat ed dai | osage for. oral adm nistration will accordingl e in the
ange of 1 r SR LEE PgesssSl g s parts e iR rmilony or 3 At teobfiont

di vi ded dosgg. 13 attievéXyélaipobin @g. cyclGupiiiRAr) @thciolil® % Stefoid-spariblbffecl0Sage forns
for oral WD 98/ 18796
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adm ni Stratgpaecérbmcmtme%&gsmgmap?&eﬁmme&% vidds® 75 or 150, e.g.
fromabout 0.2 or 2.0 to 50, 75 or "100 ng AGENT THE | NVENTI ON, toget her
with a pharmaceutically acceptable diluent or carrier therefor. For use
in the tre?_hmant %{\Eﬁﬁ% ronic or obstructive airways di sease, e.g. asthm
AGENTS OF THE | may al so be adm nistered by the inhaled route.

Agai n dosages erg)l oy dor the Bdwisgylatién & inliBiienel TF-Gnteledze, parti cul ar di sease
or condition, the particular AGENT OF THE | NVENTI ON enpl oyed, the

particul ar node ®f ad®ithe mhibitioneh PDE 4gscepmmepstivisy dry powder inhal ation or
ot herwi se) and tlie ef fdesi eral, however, an indicated

i nhal ed daily dosage o\ff\ngﬁcuggﬁ%#’%u or g‘?’ of fromabout 2.5 to about 130.0
[err] g/ kg/ day e.d). f rfonthe srbasmentb8irflatnmatinpdisea8® o0 [ err] g/ kg/ day. For | arger

l's, f le h ieNdi idy d f 1 i i
by i nhai at fon, &g, i1 Opaet oAl PRl Ridtonis RRARs afherdiboll kil °"

fromabout 0.2 to about 10.0 ng, e.g. fromabout 1 to about 5 ng,
conveniently given in one single_admnistration or 2 or 3 sega‘; as)e

admi ni strati ons PrRSBYEH & Reed therephwhichmethod comprisgs adgindsieging ta paid subject an

adm ni strati on Wefeetitd UtSourEofGlh AdueN® OterHRiINVERM@pout 200 [err]g to about
3.3 ng, with admnistration up to 3 tinmes daily, suitably adm nistered from
a dry powder inhalation delivery device in a series of 2 to 8 puffs at each
admi ni stratipn resenﬁﬁﬁé}{ﬁﬁngﬁoﬂdﬁideENT' ON may al so be adm nistered by any

ot her appropn%te route, e.g. by infusion, for exanple for the treatnent of
endot oxi n shock; nasally, for exanple for the treatnment of rhinitis;

ocularly. fer xRl ntPbrtfafi hARALRR! R lsstyh Oh NG 6l FEP SRR rof 18 n

any method or in the treatment of any disease or condition as hereinbefore set forth,

W
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e.g. as defined under A or B above.

Dosages employed in practicing the present invention will of course vary depending, e.g. on
the particular disease or condition to be treated, the particular AGENT OF THE
INVENTION used, the mode of administration and the therapy desired. In general, however,
satisfactory results, e.g. for the treatment of diseases as hereinbefore set forth are indicated to
be obtained on oral administration at dosages of the order from about 0.01 to 2.0 mg/kg. In
larger mammals, for example humans, an indicated daily dosage for oral administration will
accordingly be in the range of from about 0.75 to 150 mg, conveniently administered 1x or in

divided doses 2 to 4x daily or in sustained release form. Unit dosage forms for oral



eye; dermally, i.e. topically to the skin, for exanple for the treatnent of
dermat oses or psoriasis; or rectally, e.g. via enemation or suppository,
for exanple for the treatnment of inflamuatory bowel disease. Suitable
dosages for hfgtion by such routes will generally be Qfrhbgdisger of 10
to 100x | ess than those required for oral adm nistration. arnmaceuti cal
conposi tions conprising AGENTS OF THE | NVENTI ON may be prepared using
conventional diluents or excipients and techni ques known in the gal enic.
art. Thus oral dosage forns may include-t®bl ets, capsules and the like.
Formul ations for dermal adm nistration may take the form of creans,

oi ntments, gdrhinistrationttinasrssitahiyedmpmize frony aposty0s2 ©ITS,or 150, e.g. froM@Eb&RV100E 2D

PCT/ EP97/ 0589 . -.é9 - e.g.
pat ches and® Wn7 AP mmABENTRE THE INYENLON, together, with 2 phagpecsptically) y
contain skimmaggﬂgﬂmkhgﬂcgﬁﬁam@ﬁmg,agents, again as known in the art.
Conpositions for inhalation nmay conprise aerosol or other atom zable

formul ations as well as inhalable dry powder fornulations, with or wthout

di fuent . 1 Opoadilitheirldtht:R bf BikoRRYr a&&n&%i{aﬁgﬁfd&%ﬁ?&g%m@%@%%ﬁy stem

as known in the art. For e preparation o er-for
i nhal at i on, TEGENYENDEON siay| ai¢otbe/atibitistered by she ibhlgd eowpel. Agaid dpsages employed

pharmaceutically acceptahble agid iti.on salt for The. sai t.formis
suitably m WﬁLba?{y’&ggS%ﬁg‘?%°’éﬁ‘°£f“%%%8‘i A‘%ﬁ”¢c"e§r‘8‘?ﬁ‘%°’m“t°lpﬂ‘§'8‘§‘ﬁ$gﬂ§§t Qf finely
di vi ded i nhaBINYENTUORemployed, they:rticnlaa tncde of aﬂﬂni@@dtiohqé.?e. whetheebedryof ca.

2-3[err]. Appropriately at least 90% of the material will have an average

particl e di Bowslesinhglptioarotheryise)and thereffect desired. rzsparplaveves ap wdisatedan
4.8[err]. | ﬂ:thE&jﬁa{il[ytstag@ %ng ?Pﬁ’ﬂe ggfei- S ¥rdth attie 2818 %BL% Wﬁ@?f frbfant

particul ate product suitab or mnistration by 1n y powder
from it maybdae1R0 e foabé®0 igkghibye For Jaiget nagmals, fohexamplel huthahs) gi dicasd

prem xed with an appropriate inhal able carrier nedium_ e.g. |actose, under
condi ti ons 84ilydosags &ef adwipidration,pyinhalation, @a.dn thedssatencpl of psthima will beifgheig t he

present inv ' ul?b.‘é‘fbﬁﬁﬁitl ! | ' &gﬁ]g@' | QR I sing an
AGENT OF T@Fﬁ%ﬁ%‘% t oget her w@?ﬁ&zé ghar rrtgt(’:ééﬁ!tl itca y g‘%bep?gg‘fngsldi | uent
or carrier given mfope single gdministratiereon 2ordrsgparate hdilinisgrations irovghbwithe diwf Amed.
appropriate dosage per administration will thus be of the order of from about 200 g to about
3.3 mg, with administration up to 3 times daily, suitably administered from a dry powder

inhalation delivery device in a series of 2 to 8 puffs at each administration.

AGENTS OF THE INVENTION may also be administered by any other appropriate route,
e.g. by infusion, for example for the treatment of endotoxin shock; nasally, for example for
the treatment of rhinitis; ocularly, for example for the treatment of autoimmune diseases of the
eye; dermally, i.e. topically to the skin, for example for the treatment of dermatoses or
psoriasis; or rectally, e.g. via enemation or suppository, for example for the treatment of
inflammatory bowel disease. Suitable dosages for application by such routes will generally be

of the order of 10 to 100x less than those required for oral administration.

Pharmaceutical compositions comprising AGENTS OF THE INVENTION may be prepared
using conventional diluents or excipients and techniques known in the galenic art. Thus oral
dosage forms may include tablets, capsules and the like. Formulations for dermal

administration may take the form of creams, ointments, gels, or transdermal delivery systems,



- 30 - ' CLAIMS 1. A conpound of

formula | [err] wher ei n Rl err] is phenyl, benzyl,

3-ni trophenyl, 3-chl orophenyl, 3-cyanophenyl, 3- (tetrazol yl)phenyl,
benzof ur az 98,19;915 benzot hi of urazanyl ; Rlerr] is hyq,léqiﬁg.mgggsno,
trifluoromethanésul phonyl oxy, allyl, alkyl, alkenyl, alkynyl, al koxy,
aryl, aral kyl, aryloxy, am no, arylam no, diarylam no, alkam no,

di al kam no, al karyl, arylam do, or al kan do, or an ester or,
am de thereof; in free or salt farm. 2. A conpound according to
claiml of formula II [err]

wher ei n e.g. patched afid i adiitiodNe inert diluentSpreafriers, Saf yidtably Contaifiiskia, penetration

C err]al kylam np, or (err]al koxy, preferably hydroxy or am no; and
ei t her enhygcingagents; agpin Brp fheia® it r o, hal 0, cyano or tetrazolyl,
and Rlerr] and Rl err] together forman additional bond, or

Rlerr], Rerr], Rerr] and Rerr] together are =N-O-N= or =N-S-N=;
Compositions for inhalation may comprise aerosol or other atomizable formulations as well as

inhalable dry powder formulations, with or without diluent, for administration by any
appropriate dry powder inhalation system as known in the art. For the preparation of dry
powder forms for inhalation, AGENTS OF THE INVENTION are suitably employed in
pharmaceutically acceptable acid addition salt form. The said salt form is suitably milled, e.g.
using an air-jet or ceramic mill to provide a finely divided inhalable powder, e.g. having an
average particle diameter of ca. 2-3lL. Appropriately at least 90% of the material will have an
average particle diameter of less than 7.8, more preferably of less than 4.8y. In order to
ensure obtention of an appropriate and consistent particulate product suitable for
administration by inhalation in dry powder from, it may be preferable to effect milling of the
active ingredient premixed with an appropriate inhalable carrier medium, e.g. lactose, under

conditions of reduced temperature.

In accordance with the foregoing the present invention also provides: a pharmacentical
composition comprising an AGENT OF THE INVENTION together with a pharmaceutically

acceptable diluent or carrier therefor, e.g. for use in any method as hereinbefore defined.



- 31 - or an ester or. am de thereof; in free or

phar maceutically acceptable salt form 3. A conpound according to
claiml1l which is 6- am no-8-(3-nitrophenyl)-1 ,7-naph thyridine,
6- am no- 8- ( 4ededeC] f urazanyl ) - 1, 7-napht hyri di ne, PCT/EP97/05898

6- hydr oxy-8-(3-nitrophenyl)- 1, 7-naphthyridi ne,

6- met hoxycar bonyl nmet hoxy- 8- (3-ni trophenyl)- 1, 7-napht hyri di ne,
6- acet am do- 8- (3-nitrophenyl)- 1 ,7-naphthyridi ne hydrochl ori de,
6- am no- 8-benzyl - 1 ,7-naphthyridine, -30-

6- phenyl am no- 8- (3-ni trophenyl)- 1, 7-napht hyri di ne,

6-trifl uoronet hanesul f onyl oxy-8-(3-ni t€CbARMSY| ) - 1, 7- napht hyri di ne,
6- phenyl - 8- (3-ni trophenyl)- 1 ,7-naphthyridi ne,

6- vi nyl - 8- (3-nitrophenyl) 1 ,7-naphthyridine,

6- et hynyl - 84( 3- nAh Bapid/Ntaphthyridiné oriNpiRida sheteds, indree or salt form.

6- (4- car boxyphenyl ) - 8- (3-cyanophenyl)- 1 , 7-napht hyri di ne,

6- (4- car banmoyl phenyl ) - 8- ( 3- cyanophenyl ) - 1, 7- napht hyri di ne,

6- (4- car boxyphenylehm Eodn&a&am[tsh&mﬁ@famum 1, 7-napht hyri di ne,

6- (4- car boxyphenyl ) - 4-benzo[ c] furazanyl) 7 napht hyridi ne N-net hyl -

gl ucam ne salt, a conpoungxo | in which R err] |s
3-chl orophenyl and R[err] i s am no, err] is 3-cyanophenyl and
Rlerr] is am no, Rerr] is 4- olyl) phenyl and Rlerr] is

am no, Rlerr] is benzyl and R err] ﬂs pihenyl am no, Rlerr] is
benzyl and Rl err] is di phenyl am no, IRferr] is benzyl and Rerr] is
trifluoronet haneau%rFQ‘nyl oxy Rlerr] is 3-chlorophenyl and Rlerr] is
trifluoronethanesu onyI oxy, Rlerr] is 3-cyanophenyl and R err] is
trifluoronet hanesul fonyI oxy, Rlerr] is 4-benzo[c]furazanyl and

Rlerr] is triflu on X
4- (5-tetrazol yl) F“y ’8“ %ﬂ?‘ X)‘:‘v%ﬁ‘%}%t%@!ﬁ*@@ﬁ!ﬁ& oXY,
Rlerr] is benzyl @tP&oﬂ)ﬁﬁdﬁﬂrl b&xz@ﬁlﬁﬂ or benzothxofurazanyl
- 32 - err] is benzyl and &[herr IS Vi 3{ Rerr]
benzyl and R[errRe ;sgxygrpwmno, mﬂuorom anesulphonyl ally], alky}, alkeny), alkynyl alkoxy,
aryl, aralkyl, aryloxy, amino, arylamino, diarylamino, alkamino, dialkamino, alkaryl,
arylamido, or alkamido,
and esters, and amides thereof;

in free or salt form.

3. A compound according to claim 1 which is a 6-(carboxypheny! or carboxymethylphenyl)-
8-(phenyl, benzo[c]thiadiazolyl or benzo[c]furazanyl)-1,7-naphthyridines, and esters

and amides thereof, in free or pharmaceutically acceptable salt form.
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Rlerr] is 3-chlorophenyl - and .Rlerr] is 4-carboxyphenyl, Rlerr] is

3-nitrophenyl and Rlerr] is 4-carboxyphenyl, Rerr] is

3-chl orophenyl and Rl err] is 4-am nocarbonyl phenyl, Rlerr] is

3-ni trophenglo @hsheRl €rr] i s 4-am nocarbonyl phenyl, PR RPéH0s808

3-chl orophenyl and Rlerr] is 4-methoxycarbonyl phenyl, or Rlerr] is

3-nitrophenyl and Rlerr] is 4-nethoxycarbonyl phenyl. 4, A conpound

according to any one of clainms 1 to 3 for use as a pharmaceutical . 5.

A phar maceuti cal conposition conprising-3leonpound according to any one of

clains 1 t03. 6. The use of a conpound according to any one of

claims 1 to43 i nAcemaponadatensding © cigimga of formula redi canent for treatment of

i nfl ammati on. 7. The use according to cl ﬁiHDnG, i n which the

i nflammation is an inflanmmtory or gt ruthyvé di sease of the

ai rways. 8. The use according to c 7, in ich the disease is

ast hma. 9. A process for p on of a conpound of fornula II

as defined in claim 2, ng reacting a conpound of fornula Vi

[err] wherein " Rlerr], Rerr], Rerr] are as defined

inclaim2 and Xis a leaving grougl with a I compound of formula VII

err

[ : R, This Sheet Has Been Replaced
2% AT
S Rg 4 ,

wherein

n is zero or one;

R; is hydroxy, amino, C,4alkylamino, or C, salkoxy, preferably hydroxy or amino;
and either

R; is H and Ry is nitro, halo (e.g. chloro), cyano, or tetrazolyl (e.g. 1-tetrazolyl), and
Rs and R¢ together form an additional bond, or

Rs, Ry, Rs and Rg together are =N-O-N= or =N-S-N=;

and esters and amides thereof;

in free or pharmaceutically acceptable salt form.

5. A compound according to claim 1 or 3 of any one of examples 1 to 33.

6.. A compound according to claim 1 for use as a pharmaceutical.

7. Pharmaceutical compositions comprising a compound according to claim L

8. The use of a compound according to claim 1 in the manufacture of a medicament for

treatment of inflammation, particularly inflammatory or obstructive diseases of the airways,

e.g., asthma,

0. A process for the preparation of a compound of formula If as defined in claim 4,

comprising reacting a compound of formula VI
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wherein R
recovering
form 10.
wherein R
| eavi ng gr
1 substant
Exanpl es |

err] is as defined.in claim2 and X is a |eaving group, and
t he conpound of fornmula Il thus obtained in free or salt
A conpound of fornula V' [err]

QﬁéquﬁQ@rr] Rierr], Rerr] are as defined in glaipdhdsggnd X is a
oup. : A process for the preparation of a conpound of claim
lally as here| n descri bed with reference to any one of
to 34.
-32.
z X X This Sheet Has Been
S T
Vi
Rg
Rs R R,

3
wherein Ra, Ry, Rs, R are as defined in claim 4 and X is a leaving group, with a

compound of formula VII
x’

v
R, SO
wherein R is as defined in claim 4 and X’ is a leaving group, and recovering the

compound of formula II thus obtained in free or salt form.

10. A compound of formula V’

o)<F

~ZN o o

wherein Q’ is halogen, or -O-Alk where Alk denotes a C,-Cs alkyl group.

11. A compound of formula VI

=z ¥
\N ! ZN
Vi
6
R; R, R,

wherein Rs, R4, Rs, Rg are as defined in claim 4 and X is a leaving group.
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