TITLE Arginine Salt and Am de Inhibitors of NO Synthase. and Cycl ooxygenase
DESCRI PTI ON The invention relates to conpounds havi ng dual bi ol dgi cal ’
activity, as inhibitors of both the L-Arginine/nitric oxide (NO pathway
and the cycl ooxygenase pathway, to a process for their preparation and to
phar maceuti cal conpositions containrkg them Considering the potential role
of NO synt hase and cycl ooxygenase i n physi opat hol ogy, the conpounds nay
provi de f{dctive and favourabl e benefits in the treatment of: - car di ogand
cerebrovascul ar disorders, including,.for exanple, mgraine, stroke,
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fever, rheumatoi.d arthritis or other types of arthritis, osteoarthrosis,

asthma: pg§ ofysorders, including viral or non viral infections,
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excessi ve production of nitric oxide and/or arachidonic acid netabolites is
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t herapeutic responses ‘are of ten i1 nconplete and théy are not .consi dere@ to

be an ad®ysat@neereandany PRIROINSIRS Where ant excessbiespradicting ofhmitric oxide and/or

anti - i nfdrachid@dmé cidntetabatited RlinGslved BUBEAAR ér hiBRI t | es, these conpounds
have al so been used in thronbosis and with evi dence of a reduction of

oedema, in brain ischem a nodels and hence proposed in the treatnent and
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" -5-methoxy-2-methyl-1H-indole-3-acetic acid) and sulindac (DCI of 5-fluoro-2-methyl-
-1-[(4-methyl-sulphinyl-phenyl)-methylene]-1H-indene-3-acetic acid), derivatives of
N-phenyl-anthranilic acids (meclofenamate, fenamates), propionic acid derivatives such C
as ibuprofen (DCI of p-isobutylhydratropic acid), naproxen and fenoprofen, are largely
employed and have been largely demonstrated, with however some undesirable side
effects at high doses, as efficient drug therapy of inflammation (R. Flower, S. Moncada
and J. Vane, Mechanism of action of aspirin-like drugs - In the pharmacological basis of
therapeutics Goodman and Gilman 1985, 29, 674-715). Moreover, these compounds
have been used in both acute and prophylactic treatment of migraine. The value of these
drugs is without question although their therapeutic responses are often incomplete and
they are not considered to be an adequate treatment by some patients. Considering their
anti-inflammatory and platelet anti-aggregant properties, these compounds have also been
used in thrombosis and with evidence of a reduction of oedema, in brain ischemia
models and hence proposed in the treatment and prevention of infarcts, stroke and
cerebrovascular diseases (W. Armstrong Recent trends in research and treatment of
stroke. SCRIP, PJB publications. 1991).
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-2- Biol ogi cal act|V|ty of i nhibitors of nitric oxide synthase has been
di scovered only recently and their potential therapeutic use is just being
consi dered. These substances, whose structures are represented by
L- Argi ni ne anal.ogues and are disclosed in British Patent Application
2240041, are inhibitors of nitric oxige (NO generation. The current
know edge on NO has been exhaustively reviewed in 1991 by Mncada et al,
(S. Nﬁﬁcada R MJ. Palnmer, E.A H ggs. Ntric oxide: Physiology,
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indomethacin or meclofenamate. Such beneficial effects o the combmatlon of two
active principles in the same molecule, is likely to be found in human patients suffering
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from migraine, stroke, infarcts, cerebral ischemia, pain inflammations and various
‘immunological diseases. The association of inhibitor of nitric oxide synthase and
inhibitor of cyclooxygenase have been disclosed in the above mentioned Patent
. Application for the treatment of shock states. However, it has been found that the
combination of such compounds provided a better synergic effect than the association.

The invention provides a salt of a cyclooxygenase inhibitor and the L-form of an
arginine analogue,
the cyclooxygenase mh1b1tor havmg the general formula RCOOH wherem the carboxy

the cyclooxygenase inhibitor,
the L-form of an arginine analogue having the general formula
RN N -
C—NH—(CH;);—CH
nd
3 L7
wherein R; represents a hydrogen atom or a methyl or ethyl group,' Epresents a
hydrogen atom or a nitro group and R; represents an amino, methylamino, ethylamino,

hydrazino, methyl or ethyl group, with the proviso that if Ra represents a hydrogen atom




" the L-formof an arginine anal ogue having the general f or mul a‘[err] wherein®

[err] represents a hydrogen atomor a nethyl or ethyl group;ferr] .
represents a hydrogen atomor a nitro group and R3 represents an ani no,

met hyl am no, ethyl am no, hydrazino, nmethyl or ethyl group, with the proviso
that if [err] represents a hydrogengatom -3- then R3 does not represent
an am no group, the salt having the general fornula [err] [err] The

i nvent i othedRQldes avt fé@ﬁesaft @runqﬁo%f-o@,cycl ooxygenase inhibitor and the
e cycl ooxygenase i nhi bitor having t he »?

L-form of an I ni anal

gener al thrsﬁ*ﬁ%ﬁg.’R&G%-g g&ﬁmpﬁe carboxy group COOH is_an. accessible
acidic function and R st andsRiENL he appropri ate r ;al ®CR he

cycl ooxygenase inhibitor, the ar __ggi{ i ng the eneral fornul a
[err] [err] wherein [err] represé nts a h en a m or a nethyl or ethyl
group, [err] represents a: hydR@gen atomor a. nitro @Qﬂ&-and R3 represents
an am no, nethylam no, -ethylam no, hydra2| no, nethyl or ethyl group, the"
anm de having the general fornulg [err] err I'n a preferr od| nt, the
cycl ooxyaéﬁwénﬂl%?-lﬁ? PEpvides a§eﬂ“i“é% pfacy g‘é?rtpﬁﬂcf&' Qrm nani c

acid, ibaisihe &nalbgﬁfé;nﬂlbfmldbx%erﬁsd nmﬂbmor hmng ithe fgenerall formasli REOOH t he
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of water at a tenﬁerature of from anbl ent tenperature to theA
/C—-NH—-(CHo)3—CH . _ _ _
Ry” ~ coor,

wherein R; represents a hydrogen atom or -a- methyl or-ethyl group, R-, represents a
hydrogen atom or a nitro group and R3 represen_ts an amino, methylamino, ethylamino,
hydrazino, methyl or ethyl group,
the amide having the general formula _
' O

RN . NH——C—R
C—-NH—(CH»);,,—CH _
‘R3 _ COOR;.
In a preferred embodiment, the cyclooxygenase inhibitor is sal_icyﬁc acid, acetylsalicylic ‘ |
acid, mefenamic acid, ibuprofen, indomethacin or sulindac. In a preferred embodiment, U

the arginine analogue is N—w-monomethyl-L—argihine, - N-w-nitro-L-arginine or
N-w-nitro-L-arginine methyl ester. ' o

~ The invention provides a process for the preparation of a salt 'according to the iﬁvention
the process comprising reacting, in substantially equimolar proportlons in water or in a
mixture of water and alcohol, at a temperature of from ambient temperature to the
boiling point of the reaction mixture; a cyclooxygenase inhibitor as herem_deﬁned with

~ an arginine analogue as herein defined. The cyclooxygenase inhibitor may be used in this
process as such or in the form of a salt, such as its sodium salt. The alcohol used in
admixture with water may be methanol or ethanol. '

The invention provides a process for the preparation of an amlde accordmg to the
invention, the process comprising reacting, in substantlally .equimolar proportlons in
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boi l'i ng poi nt* of the react lon m xture, a cycl ooxygenase inhibitor as herein
defined with an argi ni ne anal ogue as herein defined. The cycl ooxygenase

i nhibitor may be used in this process as such or in the formof a salt,

such as its sodiumsalt. The al cohol used in adm xture with water may be
net hanol or ethanol . The invention @ovides a process for the preparation
of an.-am de according to the invention, the process conprising reacting, in
substanfﬁcalollgtﬂqu ntbe apreganep ool iaohasei rat a temperabie oofi fiom °Ch te rembieatsence

of a basgm mpélaife,’ SBAIANY HRald ué a9 Refef Héfired anAR EsthpdBaPRCON uherefi R
arglnlneaa ere|n Tined a a conpo X wherein R1s as
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be used isad Exhttﬁ 86 such o éhtherform of Mor fimstance] its hpirocHletide) CEhe baké is

~ hydr ochl or Igg! aase is preferably triethylamne.” The invention also
pf ovi ded " conposition conprising a salt or am de according

to the i nvent | on in adm xture with a.pharmaceutically acceptabl e diluent or

S carrier. I t %
salt of 'Iel%:eﬁl sa‘+| CSPI Cx’égiglﬁg m&m%%o%er{'ﬁﬁfﬁd@ %ﬁé &r‘%gx%ﬂpm'}l% ny
(0. 52 mmpqrd)c/ﬂg to mﬂmvan@prgm egmixsusowithod phmnas@eq le; dilvent Qfer e
di ssol vedrfi&. 10 m of ethanol (95% at roomtenperature. Stirring was
mai ntai ned for three hours at roomtenperature. The sol ution was
concentrated to dryness and the obtained residue was treated with 25 m of
wat er, tmollyswixi‘g'ls' eé llustrefedhd Bf¥enof t he required conpound (white
SO m p. [err]). [err] 7.80-6.60 (m 4H, aromatic); 3.50 (t, 1H,
&%—!} 10 (m 2H, [err]-NH); 2.60 (s, 3H, CH3-NH); 2.15 (s, 3H,
[err]- C(E_xgmm_gm 1.30 (m 4H CH[err]). Exanple 2 The salt of salicylic
acid and N-w rmonomnet hyl - L- Argi ni ne (L-NMVA 0.52 mol of
*N- e- nononet hyl - L- Ar inine acetate and 0.52 mml of sodiumsalt salicylic
aci d werEhegsaiisf|agety sahcymaad and NMQW}&TIUAQIHE@I(LFW Alas mai nt ai ned

at

99 mg (0.52 mmol) of L-NMMA and 95 mg (0.52 mmol) of acetylsalicylic acid were
dissolved in 10 mi of ethanol (95 %)'at room temperature. Stirring was maintained for
three hours at room tempei‘ature. The solution was concentrated to dryness and the
obtained residue was treated with 25 ml of water, then lyophilised to yield 190 mg of the
required compound (white solid; m.p. = 170°C).

'"H-NMR (100 MHz, D,0):

7.80-6.60 (m, 4H, aromatic); 3.50 (t, 1H, CHCOOH); 3.10 (m, 2H, CH,-NH); 2.60
(s, 3H, CH3-NH); 2.15 (s, 3H, CH3-CO); 1.90-1.30 (m, 4H, CH-CH»-CH,).

Example 2

The salt of salicylic acid and N-w-monomethyl-L-Arginine (L-NM

0.52 mmol of N-w-monomethyl-L-Arginine acetate and 0.52 mmol,
salicylic acid were dissolved in water at room temperature. Stirring Wag mgint
room temperature until the solution became limpid. The sodium acetate formed was
eliminated and the solution was lyophilised to yield 160 mg of the required compound
(white solid; m.p. = 172-175°C).

'"H-NMR (100 MHz, D,0):

7.75-6.70 (m, 4H, aromatic); 3.55 (t, 1H, CH-COOH); 3. 00 (m, 2H, CH>-NH); 2.60
(s, 3H, NH-CHj); 1.90-1.30 (m, 4H, CH,-CHj).



roomtenperature until the solution becarme |inpid. The sodi um acetate
fornmed was elimnated and the solution was |yophilised to yiekd 160 g of
the required conpound (white solid; mp. = [err]). [err] 7.75-6.70 (m 4H,’
aromatic); 3.55 (t, 1H, CH COOH); 3.00 (m 2H, CH2-NH); 2.60 (s, 3H,
NH-[err]); 1.90-1.30 (m 4H, [err]). 5 L -5 - Exanple 3: The salt of
acetylsalicylic acid and N-wnitro-L=Argi nine (L-NO 500 ny (2.28 mml) of
N- W ni tﬁg- rl!;l@ggl nine and 411 ng (2.28 nmol) of acetylsaljcylic acid 5 were
di ssol m xture of ethanol ./ H20 (100 mM /70 m) in the heat. The ,J:
stirrin i ntai ned_for,_one hour. under reflux. The solution was . .. -
concent ?é@t%’ a@ﬁxlmxh%@dtanéhbmmmmgum&m@é treated with 100 ml of
wat er, then |yophilised to yield 900 ng of the required conpound (mhlte
solid; mp. > [err]). [err] 10 7.85-6.70 (m 4H, aromatic) ; '3.70 (t, 1H,
CH- COO-BOO fg 1028 inimol} bf Ntevnitto-N-Argitind find 411 @k (2 QBBz)mon oﬂﬁeétylSﬂxc@lit acidi,
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Example4 :

The salt of salicylic acid and N-w-nitro-L-Arginine (L-NO)

15 500 mg (2.28 mmol) of N—u)’-n_itroL—Afginine and 315 mg (2.28 mmol) of salicylic acid were
dissolved in a mixture of e;hahbl_/ HzO_(IOO ml/70 ml) in the heat. The stirring was
maintained for one hour under reflux. The solution was concentrated to -dryness and the
obtained residue was treated with 100 m! of water, then lyophilised to yield 810 mg of the
required compound (white solid ;m.p. > 26_0_° Q). :

20 1H-NMR (100 MHz,D;0): C :
7.78-6.71 (m, 4H, aromanc) 3.53 (t, 1H, CH- COOH) 3.11 (m, 2H CHo-NH) 2 00-1 30 (m, .
4H, CHy-CHy). | | s

Example 5 :

25  The salt of acetylsalicylic acid and N-w-nitro-L-Arginine methyl ester (L-NAME)

This compound has been prepared by mi'xin'g, in equimolar proportions, acetyl salicylic acid
and N--nitro-L-Arginine methyl ester, according to the method as described in example 3
(yield 98.7 %) ; (white solid ; m.p. > 260° C). '
1H-NMR (100 MHz, D;0) :

30 7.8-6.70 (m, 4H, Ph) ; 3.80 (t, 1H, CH-CO2H) ; 3.65 (s, 3H, CO,CHa3) ; 3 10 (m, 2H,
CHpNH) ; 2.11 (s, 3H, Cﬂ3CO) 1.90-1.35 (m, 4H, CHp-CHp) ~
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Thi s commpound has been prepared by m xing, in equinolar proportions, acetyl
salicylic acid and N-wnitro-L-Arginine nethyl ester, according to the

met hod as described in exanple 3 (yield 98.7 %9 ; (white solid; mp. >
[err]). [err] 30 7.8-6.70 (m 4H, Ph) ; 3.80 (t, 1H, CH[err]); 3.65 (s,
3H, [err]); 3.10 (m 2H, CH2NH); 2.11 (s, 3H, [err]); 1.90-1.35 (m 4H,
CH2- Ci42). Exanpl e 6: The salt of ind&methacin and N-w-nitro-L-Arginine
(L- NOMThis conpound has been prepared by mxing, in equinolar proportions,
i ndonet ha 5 N-wnitro-L-Arginine according to the nethod as
described in exanple 3 (yield 97.8 %; (white solid ; mp. > [err]). [err]

7.70-6. 35 ; his) o : : ; 3.62 , 3H,

3.35 (s, g&%ﬁﬁ@%&ﬁ@g??ﬁ?lﬁ%ﬂ%ﬁﬂ?%m a2,‘ 10 (25,(83H, CngES)

1.72-1.30 (m 4H, 10 [err]). Exanple 7: The salt of sulindac and

N o a1 D o i Mo 503 fBAb nc

N w med hy N-@-pigrgilriArginiee aepoeding e sheamagiod @s wascribed Hp ¢xampleed (yipliel.8 o) ;
le 2 | : %9 <; lid, .S . 1H-NMR (100 Hz,

Corr]) 7 Oyt i B 60RO 20 & (i ait P B): 6,20 (m LH G H:

3.15 (m 3SHNMR d68MHaP9): 2.72 (s, 3H [err]-NH); 2.60 (s, 3H

[ err ]- fSO_) 7.70-835 (25 7512 Brondtic) ¢13195) (m,]l;l'ﬂ_(tﬂ.@(OGH) . Bgnrd) 3HFRH30) €335 %hrm

salt of i r n nifro-l- ni - S COm s, be

pr epar ed wh%ﬁbﬁ 5 "I”r'&g%l %1 Q&%m@gpt%@aﬁ*vg#m?%ﬁgg (m, 4,

N- WeNilo r oJH-ACHRNI ne, according to the nethod as described in exanmple yeld

99% ; (white solid, mp. > [err]). [err]

Example 7 :

The salt of sulindac and N-w-monomethyl-L-Arginine (L—NMMA)

This compound has been prepared by mixing, in equimolar proportions, sodium salt of
15 sulindac and N-w-methyl-L-Arginine acetate, according to the method as described in
~ example 2 (yield 98 %) ; (orange solid, m.p. > 260° C). '
1H-NMR (100 MHz, D70) : _
7.45 (m, 4H, Ph-SO) ; 6.95-6.60 (m, 3H, Ph-F) ; 6.29 (m, 1H, =C-H) ; 3.15 (m, 5H,
CH-COOH, CH2-COOH, CH;NH) ; 2.72 (s, 3H, CH3-NH) ; 2.60 (s, 3H, CH3-SO) ; 1.83 (2s,
20 3H,CH3-C=) ; 1.40 (m, 4H, CHy-CHy). '

Example

The salt of ibuprofen and N-w-nitro-L-Arginine (L-NO)

This compound has been prepared by mixing, in eqﬁimolar 50
25  N-o-nitro-L-Arginine, according to the method as described inf €xap
(white solid, m.p. > 260° C).: X
IH-NMR (100 MHz, D;0) : - %
7 (m, 4H, aromatic) ; 3.6-3.3 (m, 2H, 2CHCO,H) ; 3.05 (m, 2H, CH 35
Ph) ; 1.8-1.3 (m, 5SH, CH2-CH; and CH(CH3)7) ; 1.2 (d, 3H, CH-CH3) ; 0.9 (d, 6H, 2CHy3).




7 (m 4H,
2H, [err]
;0.9 (d,

N-wnitro-

equi nol ar

aromatic) ; 3.6-3.3 (m 2H, [err]) ; 3.05 (m 2H [err]): 2.35(

Ph); 1.8-1.3 (m 5H_ CH2-CH2 and CH(CH3)2): 1.2 (d, 3K. CH[err])

6H,[err]). -7- Exanple 9: The salt of nefanam c acid and
L-Arginine (L-NO This conpound has been prepared by m xing, in

d,

proportions, nmefenamc acid gnd 5 N-wnitro-L-Arginine, according

to the method as described in exarrple??'(yield 98 %9; (white solid, mnp.
ﬁ | &§m 1H, H arom won o. de [err}); 7.3-6.5 (m 6H, aromatlc)

[err]). [
3.6 (t,
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N- w- nono
m xi ng, i
N- w- et hy
exanpl e 2 1y
7H, aroma

 CH2- COPH)

[err]-C)
and N-wn
prepared

25 descr
[err] 7.3

3.3 (m 2H, CH2NH); 22and23(23 6H, [err]);

2: CH2 e The salt of indonethacin and -
(ﬂﬁ/?ﬂfa—' ia‘ ‘waﬁﬁ?m sLedraine e ND been prepared by

n equi nol ar proportions, sodium sal t of indomethacin and
| - L- Argini ne acet at e, accor di ng to the method as descri bed in 15
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(whtZZolid Wp(PpedtrC).[err]). 20 Exarrpl e 11: The salt of suli ndac
iy ester (L-NAME) This conpound has been

bymm%ﬂegﬁbﬁsar proportions, sodiumsalt of sulindac and -
N- w- ni t r 0-8.¢edy BHNHheronetonyd. desCOsHpy dr3e6.51(ar, |6H=, aramatic)dj 31§ (t.01HhEH@DIHY; as

5! S5 CRIRS, 2.2 9 o3 rf, i) € 26800 ke~ 21T

(m 1H CH OOOH); 3.62 (s, 3H, Oferr]) : 3.18 (bs, 2H, [err]- COOH); 300

(m 2Hg [
(m 4H e

15

T
The salt of indomethacin and N-w-monomethyl-L-Arginine (L-NMMA)

This compound has been prepared by mixing, in equimolar pro'portions sodium salt of

qﬁ%a&:&ﬂlm?'m (s, 3H, [err]-SO; 1.83 (bs, 3H, CH3-C=); 1.90-1.3

0

mdomethacm and N- (o-methyl L-Argmme acetate, according to the method as described in

example 2 (yield 99 %) ; (yellow solid, m.p. > 260° C)
H-NMR (100 MHz, D,0) :

7.70-6.35 (m, 7H, aromatic) ; 3.67 (2s, 3H, CH3O) 3.47 (m, 1H, CH-COOH) ; 3.35 (s, 2H

20

25

CH>-COOH) ; 2.97 (m, 2H, CH»-NH) ; 2.57 (s, 3H, CH3-NH) ; 2. 05 (2s, 3H, CH3-C=) ;
1.72-1.30 (m, 4H, CH,-CHy).

Example 11 :

The salt of sulindac and N-w-nitro-L-Arginine methyl ester (L-NAME)

This compound has been prepared by mixing, in equimoiar prop'ortions, sodium salt of
sulindac and N-'(:JFnitro-L-Ar'gininé methyl'ester hydrochloride, according to the method as
descnbed in example 2 (yield 98.6 %) ; (orange solid, m.p. > 260° C)

H-NMR (100 MHz, D;0) :
7.30 (m, 4H, Ph-SO) ; 6.70 (m, 3H, Ph-F) ; 6.11 (m, 1H, -C H) 3.78 (m, 1H, CH-COOH) ;
3.62 (s, 3H, O-CH3) ; 3.18 (bs, 2H, C H,-COOH) ; 3. 00 (m, 2H CH __z-NH) 2.61 (s, 3H,
CH3-S0O) ; 1.83 (bs, 3H, CH3-C=) ; 1.90-1.30 (m, 4H, CHZ-CHZ) '

e

¥
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- 8- Exanple-12: The salt of mefanam c acid and N-w nononet hyl - L- Argi ni ne
(L-NmvB) This corrpound has been prepared by m xing, in equinolar
proportions, mefenamc acid and 5 N w nethyl-L-Arginine, according to the
nmet hod as described in exanple 3 (yield 99 %; (white solid, mp. > [err]).
[err] 8 (m 1H Harom on o. de [err])g. 7.3-6.5 (m 6H Ph); 3.56 (t, 1H,
[err]); 3.2 (m 2H, [err]) ; 2.85 (s, 3H, [err]) ; 2.2 and 2.3 (2s, 6H
[err]y): 1. BxdmMle @2: 4H, 10 [err]). Exanple 13: The salt of sulindac and
N-wnitro-L-Arginine (L- NO) Thi's conmpound has been prepared by mXxing, in
equi nol ar El)_hoportlons sulindac and 15 Nwnitro-L-Arginine, according to
the net hod ssaitaef:niefmdniimaeidan@Nw&néDdrﬁétHyl%—ﬁ&@irﬁm(&nUMM@l)i d mp. >
[err]). 1H NMR (100 WMHz, [err]): 7.30 (m 4H, Ph-SO ; 6.70 (m 3H Ph F);
6.11 (m 1H =CH) ; 3. 78 (m 1H, CH COOH); 3.18 (bs, 2H, [erd]

300 (m 2Thiscemppund-has beenregased By mixing, i8@Quimolacpropertiogs:m mamnsacid)and
1 90- 1,90 11y it Ll Adbinin @EBlds (NG bs dsciBld UGG y@lon o)

N-wnitro-L-Arginine nmethyl ester (L-NAME) This conpound been prepared
by i xi ng, (WhitessglidmiPap 2000631 t i ons | SOdI um salt of 25 sal i cyI ic acid and

N- W ni t r o- LHAMR |10@3Mmir(yﬂ) El(ggr hydrochl ori de, accocording to the nethod
as describ 7.
ferr) 7. m?@msﬁﬂﬁi*&m oy e TR £ B imCBCRRL ;55 aF), LrrGobi] Lbigm.
.11 (m 22H, [CHsNHN:)2.82 (Q,OBH Bn_i(NrH) 412.2 and].3 (2s, 6H 2CH3) ; 1.8-1.6 (m, 4H,
10 CHz-CHp).
\/
Example 13 :

The salt of sulindac and N-w-nitro-L-Arginine (L-NO)

This compound has been prepared by mixing, in equimolar proportions, sulindac and
15 N-w-nitro-L-Arginine, according to the method as described in example 3 (yield 98 %) ;

(orange solid, m.p. > 260° C). :

1H-NMR (100 MHz, D;0) :

7.30 (m, 4H, Ph-SO) ; 6.70 (m, 3H, Ph-F) ; 6.11 (m, 1H, =C-H) ; 3.78 (m, 1H, CH-COOH) ;

3.18 {bs, 2H, CH»-COOH) ; 3.00 (m, 2H, CH>-NH) ; 261 (s, 3H, CH3-SO) ; 1.83 (bs, 3H,
20 CHj3-C=); 1.90-1.30 (m, 4H, CHz-CHz)

Example 14 :

25 - salicylic acid and N--nitro-L-Arginine methyl ester hydrochloride, accordig
as described in example 2 (yield 97.8 %) ; (white solid, m.p. > 260° C).
1H-NMR (100 Mz, D20) : - |
7.70-6.68 (m, 4H, Ph) ; 4.00 (t, 1H, CH-COOH) ; 3.65 (s, 3H, COOCH3) ; 3.11 (m, 2H,

'CH»-NH) ; 2.00-1.30 (m, 4H, CH,-CH)).



Exanpl e 15: The salt of indomethacin and N-wnitro-L-Arginine methyl ester
(L-NAME) Thi s conpound has been prepared by m xing, in equimlar , ~
proportions, sodiumsalt of 5 indonmethacin and N-wnitro-L-Arginine nethyr
ester hydrochl oride, according to the nethod as described in exanple 2
~(yield 98.5 % ; (yellowsolid, mp. > Jerr]). [err] 7.70-6.35 (m 7H,
aromatic): 3.95 (m 1H CH COOH); 3.69-(bs, 6H, [err]): 3.35 (s, 2H,

[err]); 3.08 ( 2H, [err]-NH); 2.10 (2s, 3H, CH3-C=); 1.72-1.30 (m 10

4H, [err%@&&ple 16: The am de of acetylsalicylic acid and Mgy
N-w-nitro-L-Arginine nethyl ester (L- NANE) N-w-ni tro-L-Arginine rrethyl

est er hyThioe ¢fii nhydr ous '
acet oni %,?iﬂl e (1§hgﬂ&?§tﬁ%‘ﬁ%%.}\$w§1ﬁ§?‘ gmﬁﬁwaﬁn?{l%?&m‘&ﬁﬁﬁasyadded under

stirring. The resultant |inpid soI ution was cooled to [err] then acetyl

orect pr 1 B Phldtgh haf Slep Drepdl8R o) WARESHUARDIE irbpdibnti Soai s e 2

t enpey at mﬂ@methn@ﬂ@aﬂﬂ%mm Imﬁésmmetra@tbybﬁgerMﬁlfosh@&defaﬁcqﬁa‘gttﬁéhef methodt e

concent r xeldb@S%}%él%%v 5616, sip. ¥P60°aty, omat ogr aphed on
silica 2 95/5 as eluent), to yield the required
'conpound I|d mp.=[err]). [err] 8.10-6.90 (m 4H, Ph)

4. 85 (m7 aro&aﬁa);(sgsw 55, CH-CODHYP; 867 (846K, €H] eNEt))ocmﬁc)Q (s,

e 2@9&3%?2;@&‘?99 L AR CHRNRIS s o el

pr eptr eddBByCHsiCHp)chl ori de of sulindac and N-wnitro-L-Arginine nethyl
ester, according to the rret hod as described in exanple 16 (yield 70 %;
(yellow30 solid, mp. =([err]). -10- [err] 7.30 (m 4H, Ph- SO) ; 6.70"""
(m 3H, Brammlel166.11 (m 1H =C-H); 3.60 (s, 3H, [err]); : _

The amide of acetylsalicylic acid and N-w-nitro-L-Arginine methyl ester (L-NAME)

N--nitro-L-Arginine méthyl ester hydrochloride (675 mg, 2.5 mmol) was suspended in
15 anhydrous acetonitrile (15 ml), then 0.7 ml of triethylamine (5 mmol) was added under
stirring. The resultant limpid solution was cooled to 0° C then acetyl salicoy! chloride (0.5 g,
2.5 mmol) in acetonitrile (8 ml) was added and a precipitate formied. The stirring was
maintained for two hours at rdofn temperami‘e._Thereaftcr the preci'fjimte was filtered off and
the filtrate concentrated until dryriess : the obtained residue was chromatographed on silica
20 column (CHClz/MeOH 95/5 as eluent), to yield the required compound (73 %) ; (white solid,

" m.p.=180°C). -~
1I-I-NMR'(IOO MHz, CDCI3/D30) : _ ' _ N/
8.10-6.90 (m, 4H, Ph) ; 4.85 (m, 1H, CH-COOH) ; 3.82 (s, 3H, OCH3) ; 3.40d(m, 2H,
CH,-NH) ; 2.40 (s, 3H, CH3-CO) ; 2.20-1.50 (m, 4H, CH»-CHy).

25 Example 17:
The amide of sulindac and N-w-nitro-L-Arginine methyl ester (L-NAME)
This compound hhs beeﬁ prepared by using chloride of sulindac and N-w-nitro-L-Arginine

methyl ester, according to the method as described in example 16 (yield 70 %) ; (yellow
30  solid, m.p. = 154-156° C). '



-

3.15-3.05 (m ‘5H, [err]); 2.61 (s, 3H, [err]); 2.05 (2s, 3H, CH3-C9);
1.8-1.3 (m 4H,[err]). 5 Exanple 18: The am de of i buprofen and
N-wnitro-L-Arginine nmethyl ester (L-NAME) This conpound has been prepared
by using brom de of ibuprofen and NNwnitro-L-Arginine nmethyl ester
according to the rret hod as described i.ngexanple 16 (yield 78 %; (white
solid, =10 mp. [err]). [err] 7 (m 4H Ph); 3.6 (s, 3H [err]) ; 3.5-3.3

2Hy' H, ; 2.35 (d, 2H CH2, Ph) ;
1m8 1.3 ?%kg—igéw(%febrﬁ 20% égrr]:%?—l err]@( (d, 6H, )err . 15
The corrpou'hé@ (8%, 4HhePl-802116. Bh(madHd. Badh s@b{ é@s d ﬁﬁ%ﬁnej 69((50&" Hyst s
invitro a@dsnmy(xﬁosnteua éﬁeo&cmt CHLNH):2. 61 0€18H, CHAB O | 2.08(2¢I3H,

synt hase ( C €) and the cyclooxygenase nor eover, the
conbi nat i ggsé 3I$5§1% Eé‘gl)tlve than the sinple association of the

t Wo active pr| nci pl es. The| r activity has been al so assessed in

pat hol o nsg g Ha ghs in animals; they have been conpared with reference
subst ance aspirin, 20 indonethacin and L-[err]-nono-nethyl
arginine (L-NMW), and the sinple association of these conpounds. 1- In
virro effedheamiéosfibuptiifer Snd\Q-GnittdiBSRrgifiné fRftthyd @btef GU-NAMB)or t a:
Preparations of isolated rat aorta wi th endotheli'umwere prepared as
previ ously described (M Auguet, S. Delaflotte, P.E. Chabrier and P.

Braquet - {piRmpoLNENAIHe8R P?ep@fed%mmﬁrbﬂﬁﬂe?& 1bﬁ%‘$f&hﬁ&id3NLm-lﬁtré-l—Ar ginine

di butyrate in rat aorta, Li 3&( ?Cgaé\% g}?&&

methy} esteymscerding g tﬁ%é‘éﬁ%aéﬁsemiﬁi n GEAmp
y rat r

dl\gdr%cmlom mRRI3AE)L horacic aorta removed and cl eaned of the surroundl ng

tissue. ended in organ baths containing 10 m of

physi ol ogi ggi’@&r@bw m&éWmtlon see below) under a tension of 2 g
at [err] andmgass®t) Wth&l(sOZHZ OCHQ) 30 5-3.9%m¥&2H, KiﬂﬁIOl*Cd?ﬂCﬁzGHg) g&.ﬂf)oﬁnlﬁéﬁ

wer e neasu U, 0 a

to 5 Gout dCERR 238 GopBn CHARRGCT BT L SEE SO CHE SIER ) 1P 8

al | oned be€br€Hak 8Kdn§ﬁi aCﬁsh Normal physi ol ogi.cal sol uti on was conposed

of (MM : NaCl, 118 ; KO, 4.7 ; [err], 2.5, KH2POX, 1.2; [err], 0.6 ;

NaHCCB 25 gI ucose, 11.
he compounds of the invention have been subjected to some biological tests in vitro and in

vivo, to prove their activity to block the nitric oxide synthase (constitutive and inducible) and
the cyclooxygenase ; moreover, the combination is biologically more active than the simple
association of the two active principles. Their activity has been also assessed in pathological
models in animals ; they have been compared with reference substance such as aspirin,
20 indomethacin and L-NG-mono-methyl arginine (L-NMMAY), and the simple association of
et these compounds.

Male Sprague Dawley rats (270-360 g, Charles River, Paris) were sacrified by cervical
dislocation and the thoracic aorta removed and cleaned of the surrounding tissue. Rings 2 mm

wide were suspended in organ baths containing 10 ml of phjrsiological solution (for
composition, see below) under a tension of 2 g at 37° C and gassed with O2/ CO2
30 (95 % /5 %). Contractile responses were measured, using force displacement transducers
(Statham UC3) coupled to a Gould 8000 S polygraph. An equilibration period of one hour



After equilibration in normal nedium the preparation was subjected to a
near maxi mal dose (about 95 % of phenylephrine (PE, 1 uM. Wen the
contraction was stable, carbachol 5 (10 uM was tested in order to

. eval uate the presence or absence of endothelium After washing the
preparation and a further reequilibration period of 45 mnutes, the
preparation was subjected to PE (1 uM.gnd carbachol (10 uM was

adm ni stered to acconplish nmaxi mal rel axatlon The ant agoni sts were then

tested in ghalicWddrsiese éraﬁ&n@ﬁbxamnhmqﬂ{yamd itd) 3bltibA Was CHM! SM&’(

At e Summar NEGh 1R s e |,|<8%¢1§§25 SRGH S 1o Mp0n, D etnEs, ?gieglcr!’ggﬁl;ﬁirﬁsof

resul ts, eAftei équlibridend irowormab sicdium,i the prparayion hmeubjeé’wd k' a \iedr Bakifat dbsedn

pucible A8 956 b LoniBgl PR . Ak o ASolBHOVEk Y aifche
Br aquets - Eﬂcwtihwlas tmtcdnﬂe;dendmnalmg@mswemrfabmcebf endothehum
NG nmononet hyl -L- Argi ni ne 15 on endot oxi n-i nduced al terations of vascul ar

reactivity, Life Sciences, 1991, 48, 189-193), the conpounds were tested on

i sol ated rAftergyashing: the pispatetian andna furthen eeqpilibatonaaried af A% minnes3te
g) were i nﬁﬂeﬁ&%ﬁbh%@ﬁ'shbfett@ﬂ aot PE Mnm? Qihdoéaﬁ-bbéhdl J(Qor;my@asoadmﬂered to

sol vent (saline Thr ee ours

ater ot OXI ed api
PR ARG AL TR S PO ey S P g amaiverpse Rsion
| et har gy. ditetheaiCsg AMnhibiory Corwentratich 5§ %)etwreyatseoﬂzelrelaammn ofiparbatifol was

ool " ERRRRIANE 1 4 SABAGRE e MGG e REAUGRR T e

of Krebs- Henlemnef resulis, entided (’qu;oncm@mnvgmsynmaspu 7; [err] 2. 5 [err]
gl ucose, 11. This solution was continuously gassed with [err] (95 %15 %.
The endot hel i um was mechanl cal ly di srupt ed by gent | y 25 rolling a snall
forceps on2tlngiresffeg e hge-1alg dt gl

of 90 m nut es contractlon was |nduced by appl i catlon of a maxi mal

jbigct

qu|I|brat|on peri od 1

ccompl | areaPir B RpEREht wf*(‘ e 1 %H%%SF%XM%CEE}@ bl ﬁﬁﬁbmy

of endot hedndiFa Bfaﬂ;)let -FEndothelingt mdMenmmmnwdffemwﬁ dnamthtba -IviArginge
per of €12DPbh ExticiSiin Mok Aidtad dggo[f%écln {ifY SenctliA0bF: 4# 4189 3193), e

SUITTTB.I’I SEd Inth ow ng on t ECO fesu fs,
entitled mmw@ds m@stsql oo @%@hm rom shoclqexumm

‘Male Sprague Dawley rats (240-320 g) were intrapertioneally injected with exidotoxin
(10 mg/kg) or with solvent (salme, 1 mg/kg). Three hours later, endotoxin-treated animals
displayed the signs of endotoxemia including’ plloerecuon, diarrhea and lethargy. The rats

20 were sacrified by cervical dislocation and the thoracic aorta removed and cleaned of the \J

surrounding tissue. Rings 2 mm wide were suspended under a tension of 2 g in organ baths
containing 10 mi of Krebs-Henseleit solution (mM) : NaCl, 118 ; KCl, 4.7 ; CaClp, 2.5;
KH7POy4, 1.2 MgSO4, 1.2 ; NaHCO3, 25 ; glucose, 11. This solution was continuously
gassed with O2/ CO2 95 % !5 %). The endothelium was mechamcally disrupted by gently

25 rolhng a small forceps on the luminal surface of the rings. After an equilibration period of 90
minutes, contraction was mduced by apphcauon of a maximal concentration of
phenylephrine (PE, 1 uM). When contraction studies were accomplished, carbachol (10 pM)
was tested in order to verify the integrity of éndbthelium (11).-Antagonists were introduced
into the bath 45 minutes before applicmibn of PE and the ICsp was calculated. The results

30 are summarised in the following table, on the second column of resuits, entitled "Test on
inducible NO synthase”. N

»

*

-



Test on -constitutive: Test on inducible NO synthase

NO synt hase

conpounds [err] (M L-NWWA [err] '
[err] aspirin : NA i ndonet haci n NA
NA example 1 [err] [err] exanple 2 [err]
exanpl e 3 [err]. exanple 4 [err] exanple 5 [err]
exanpl £-6 [err] exanple 8 -12-[err] exanple 10 [err]
exanpl 12 [err] exanple 13 [err] exanple 16 [err]
exanpl e 17 [err] NA = Non Active 3- In vitro effect on inducible NO
synthase in the |ipopol ysacchar 'E‘es‘ CPS), treé‘l’an bt h nuscl e
cells: Sonme of the conpounds we} °%P§8°?S)é'§{‘e'8 b etsh%“‘s‘ﬁﬂ I nlisc  cells
inculture ,where the NO 5 synf haB© symshaseduced DO §ynthdsd! Apguet, M Q
Lonchanpt, S. Del atiop [err[ and]P. l?a - HEBS TAlTers,” T9pP2, in press).
Smot h nmuscle cells ' Pl | agenase
di gestion of rat thpridcNMM®A tal as @.HWw} ously} descrilgel (P. E| Chabrier, P.
Roubert, M O Lonchpmpt, P. Pl ap and Braquef - J. ol .Chenf, 1988, 263,
13199- 13202). They werdSB] .ns_ureg_fcr %A; ' ith] 10 % f oet al
cal f serum and used] iedomsthagispage 3Nwd 7. Cells mN®l ayer sfwere washed
and the nediumwas feplaced wmth 2 nl DVEM Eont ali Z | ut am ne,
antibiotics, 0.1 mv +£°§?,@pg'l'an b nejlé)m'vb’) —w gzw.ﬁbﬂeut _I%S
(Escherichia Coli).| AlekampRR hoprs, @0 was ektracoedromcglls, by rapid
aspiration of the nedlumaﬁéaddltlo g1 M pr O.Jﬁﬂ)_&-lu T0jeach wel |.
TheSanpl es were fr i A-Rat-pA——hye

example 4 = 2.10°6 10-5

example 5 10-5 .5.106

example 6 8.10-6 8.10-6

example 8 4.10-6 10-6

example 10 5.10°6 6.10-6

example 12 10-3 4.10-6

example 13 3.10:6 10-6

example 16 9.10-6 4,106

example 17 5.106 5.10-6

NA = Non Active
3- In virro effect on inducible NO synthase in the li lysaccharid PS) t Vasc

smoth muscle cells :

Some of the compounds were also tested on the smooth musclg
synthase was induced by LPS (M. Auguet, M.O. Lonchampt,{S
P. Braquet - FEBS Letters, 1992, in press).

thoracic aorta, as previously described (P.E. Chabrier, P. Roubert, M.O, Lonchampt, P. Plas
and P. Braquet - I.Biol.Chem., 1988, 263, 13199-13202). They were cultured for 4 days in
DMEM with 10 % foetal calf serum and used between passage 3 and 7. Cells monolayers
were washed and the medium was replaced with 2 ml of DMEM containing 2 mM glutamine,
antibiotics, 0.1 mM isobutylxanthine (IBMX), with or without LPS (Escherichia Coli). After
24 hours, cGMP was extracted from cells, by rapid aspiration of the medium and addition of
1 ml of 0.1 n HC! to each well. The samples were frozen until cGMP determination, by

10



e S
-13- radi oi nmunoassay (NEN kit). To study the inhibitory effect, cells were

i ncubated for 24 hours in RPM 1640 (the concentration of L-arginine was

1.2 M), with or without LPS (0.1 ug/m). IBW (0.1 mM was added 30 ®

m nutes before cGW extraction, in presence or not of the tested substances
([err] M. D mnution of cGW production was neasured (% of 5 dimnution)

and the obtained results are sunmariseg3zas follows. dimnution of cGW
production (% control 0 L- NMVA

35 exanpl eadioimmunoassay (NEN kit). To Ifudyxeherihkibiory effect, cells were incubatd® for 24

géagg;ﬁp? gogrs in RPMI 1640 (the con%ént%x%gp(gﬁ[ﬁﬁregxgme was 1.2 mM), with or wnEgut%? 3&
exanpl e 1%0.1 pg/ml). IBMX (0.1 mM) wg&s gﬂd@dﬁpemmmes before cGMP extraction, BOprésenc@ or -
virtro efigehe @9 ks @649, Tifmtdion! &ﬂ?

“platel ets: Tfls @E&Fﬂ ?ﬁ\i/]vaé(usegwto as@gly t ? ‘%?‘ he ?g?r%g%?d@b

“the cyél o@%?ﬂéﬁ%‘)@n \thexebtringd msulty argsumaagisedasfoll @E{F-l on ‘was carried out
according to Cazenave et al. (Ann. BiolL Chem 1983, 41, -167-179). Bl ood was

" taken fromthe auricular artery of JEHIE N q?,cg oMU I0 rapprt (2.5 kg nean
body weight) on ACQL(citric acid./ 1NUHOR; Wﬂ?@%j;as

{
I

anti coagul ant. Thdg vvasheéi,d@,lo@tel ets \/\/eré"preparq;i_. and' then trgnsferred in
the cuvet of the 4ggreqgo er (L,nro 0g agyg i CS).
Additi ons of the dntaag And arbchi danic acida (0.5 rri\/h \/\Pre made and
| percentage of trarjsmi ssexqﬁlpw[respohdl ng to agglgggatlon (or i t}s i nhibition)
| was nmeasured, in qrder to determne tne [err]. éne Fesurts—arsg 15
sunmmari sed as fol ljows, S53BRG He NA Bhbreviation épanl ng -non gctive". -
~ example 3 | | 25 o’
~ example 4 R o '
example 5 | . 35
example6 | 35
exampie 8 B 25 -
~example 13 5 25
example 17 L 30 -

This protocol was used to assay the effect of the compounds on the cyclooxygénasé
Measufement of platelet aggregation was carried out according to Cazenave et al. (Ann. Biol. -
Chem. 1983, 41, 167-179). Blood was taken from the auricular artery of male New Zealand V'
10 rabbit (2.5 kg mean body weight) on ACD (citric acid/ sodium citrate / dextrose) as .
' -anticoagulant. The washed platelets were prepared and then transferred in the cuvet of the
aggregomete_f (Chronolog aggregometer Coultronics). Addiﬁphs of the antagonists and
- arachidonic acid (0.5 mM) were made and percentage of transmission corresponding to
_ aggregation (or its inhibition) was measured, in order to determine the ICsg. The results are
15 summarised as follows, with the NA abbreviation meaning "non active",

]

L{}
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-14- conpounds, ' ,‘ [err] (M aspirin [err] indonethacin

[err] L- NMVA NA exanple 1 [err] exanple 2

>[err] exanple 3 [err] exanple 4 >[err] exanple 5
[err] exanple 6 [err] 5- In vitro effect onnitrite production
induced by LPS + INFy on J774 [err] nonocyte | macrophage cell |ine:

‘Macrophage type cells like J774 Al cell 414e are interesting to used since
theyware inportant 5 cells in irnflammuation and express | arge anount of NO
(due to the induction of NO synt hase) and cycl ooxygenase products. They are
activated with |ipopol ysacchpride gbl@di N presqn el@; nterferon y (INFy).
This assay was used to conpa -een%%g-fnds—of the i nvention
with the association of theiy sepamsgidad par en! C(ﬁmﬂ)‘hndé. Muri ne

.monocyt e/ macr ophage cells wefe gr.own ' becg¢o ¢li fijled Eagle's nmedi um
at 10 [err]. The cells mere—pl—a-i—égﬂg%—ezﬂg—e—dl ate (NUNC) and
were used for experinents at{ abouL-NMMAerr] ¢el | NAI at The cells were

activated with LPS (ug/nm) ffom Ee Co (S055% B5) ﬁiw m{rl ne reconbi nant
|FNy (50 U m) and then incu : sence of the
conpounds. After 48 h nitritk ([eexgn)p_lbével 6| whibE.A0dorrjol ate with the

activation of NO synthase, were assessleg in the czu] re jJredia colorunetric
met hod 15 according to G eep —CcFeeh , J. G ogowski ,

P. Ski pper ,J. Wshwok and S. WanneeimphMAnal y$i s>5>.ﬂ0 itrlate, nitrite and
[15N] nitrate in biological [lul dsKAmn | 5t I cal |BI cg:megn sty 126. 131- 138,

82). The production of [erH- e AR R, \%az-l—e—o— nce or presence of
t h&" conpounds when the cells Wereexmnjlaétlvat d. 4.10-#&ctijvated cells, the

| G50 for L-NVMA, L-NO and L-NAME were 20 8 x 10-6 M 1.5 x 10-5 M and
10-3 M respectively, V\/nereas the c cI ooxyenase |nh| bltor counterparts
salicylic achdin s g ¢ DE : i 4

virtual ly |nac .non S|gn|f|cat|ve |nh| b|t|on betvveen 0.5 to 15
%

Macrophage type cells like J774 Aj cell line are interestirig to used since they are important
5 cells in inflammation and express large amount of NO (due to the induction of NO synthase)
and cyclooxygenase products. They are activated with lipopolysaccharide (LPS) in presence
of interferon ¥ (INFYy). This assay was used to cOmpzire the effects of compounds of the

 a—

invention with the association of their separated parent corripounds.

Murine monocyte/macrophage cells were grown in Dubecco's modified Eagle's medium at

Y 10 37°C. The cells were plated in 24 well culture plate (NUNC) and were used for expenments
at about 2 x 105 cells/plate. The cells were activated with LPS gienly_fromE. Coli

(SO55:B5) and murine recombinant IFNy (50 U/ml) and then inty I- 8SE \ce or

absence of the compounds. After 48 h nitrite (NO3-) level "hlcﬁ ; d the

activation of NO synthase, were assessed in the culture media B} tfféz;‘fﬁh) od

15 according to Green et al (L. Green, D. Wagner, R Glogowskl P.
Biochemistry 126, 131-138, 1982).

The production of NO»- was undetectable in absence or presence of the compounds when the
cells were not activated. In activated cells, the IC5q for L-NMMA, L-NO and L-NAME were

20 8x106M, 1.5 x 105 M and 10-3 M, respectively, whereas the cyclooxygenase inhibitor
counterparts salicylic acid, acetyl salicylic acid, indomethacin, meclofenamate were virtually
inactive, giving a non significative inhibition between 0.5 to 15 %.



- T ——

-15- To illustrate the nore potent activity of the conpounds i-n conparison
W th the association, sone exanples are presented in the follow ng table,
whi ch presents the percentage of inhibition of nitrite production, induced *

by LPS + INF on J774 cell line: % OF I NH BI TI ON Conpounds

Concent rat.-i on (M [err] L- NMVA + acetyl salicylic acid 27% 29% Exanpl e
1 43% 48 % _167 % L-NWA + sallcyllc aci d

11 % 29% 33% Exanple 2 : 53 % 61% 75.5 % L+NO

+ acetyl s§bijfydttate B! Hore potent activity of the cé ouﬂd‘s/i’n Bt v
46% 49 % 76 % L NVMA 4 | ndojet he Hho °°"?L%Q% i fie dssociation. e

Exanpl e 10S0m€ examples are presente:(iTE in rt\tﬁk(ﬂéowgg tgble, ml}_pmemssqyp,mwtage of
'21% 37 %nhibifiéh GXaimixe prddiction, induced by LPS + INF on 17745:félfbhn563% 71 % L- NAME
"+ sulindac 7% 24% 29 % Exanple 17 '
49% 57 % 73 YpFhe—tfeothi-t—how—tihat Pt maitioi-aanti On are nore
active, at equivajent 5 concentration, than |t hé-@FINHIBITIONO Oft t he
separat e parent cpnpounds f h they ar g orgqinat ed. I ndi cates al so
a potentialising pffect of Pﬁ&‘l’%wg‘. nation of—a_g%s- ) q I'bitor and a
. cycl ooxygenase inhibitor. 6- In vitro effect jori0ff oStlegﬂ'en_diM @r oduct i on

o [AAT T ' ' ST LT T, 1L0 In the

I nduced by LS + | [ _ ,
[ same experinents e PGt G T det$ L8 conpounds
| of the invention xd.m;tlbe! assocatlon on the JgrotﬁJ%tlom%f cdr¥qoxygenase
| products, in orde e[ 1T V..l .. the enhancerrent a HUY. t he
conpounds are al smm 11&‘49 ‘ 1'. - \?ﬁ;q%“\ se. Levels

J I

of one of the i "lEmm:dpleQxygenase products prOcBH:%d 61 %4751 ‘eII bine -
glhee'cel ?ulr(gt geé?a_gm?mﬁpy get abol' 1 tje cg%[ erﬂ%\ﬁ'r_ﬁ) Jsessed in

Example3 | 46%) 49%)] 76%|

L-NMMA + indomethacin 15%) 34%| 20%)

Example 10 - | 51%| 63%] 66%

1 L-NO + sulindac _ o 21%| 37%| 40%

Example13 1 s6%| 63%| 71%|

L-NAME + sulindac b 1%| 24%]| 9%

Example 17 _ 9% 57%| 3%

The results show that compounds of the invention are more active, at equivalent
5 ¢on¢entration than the association of the sebarate parent compounds from which they are

'ongmated It indicates also a potermahsmg effect of the combination of a NO synthase -~

1nh1b1tor and a cyclooxygcnase inhibitor. - :

\__J

10 In the same experiments as above described, we compared the effects of compounds of the
invention with the assocation on the production of cyclooxygenase products, in order to
verify if the enhancement in activity of the compounds are also correlated on the inhibition of
cyclooxygenase. . '

Levels of one of the main éyclooxygenase products produced by J774A1 cell line (i.e.: 6 keto
15 PGFjq) the stable metabolite of PGIy were assessed in the culiure medm by a specific
radioimmunoassay (NEN, Kit NEK 025).



r adi oi munoassay (NEN, Kit NEK 025). -16- Firstly, it was observed that
the release of 6 Keto [err] in the culture nmedia was not affected by

L- NMMA, L- NAME or L-NO but abolished i a dose dependent manner with
i.ndonet hacin and aspirin with an approxinmate [err]. The percent age of

i nhi bition of 6-keto PG F1 production induced by LPS + INF in J774A1 5
cell line, are presented in the follow-i§-table, which shows t hat

conbi Hhat i ons pr esent a great er activit t han the associ ati on. % OF
| NH'E1 T1 ON Kirstlyolwas observed that the release of 6dgtRGiFrenin e cultgre medig was ngd affected

Acetyl sal iy ) SoaboliGied%in o 2
B8 5 % By E-WI’S 1L¥AME o I:Ir03§u€) 0#30 i na ﬁ&%@%@ﬁﬂi&g n%anneé'Sw(%tgl

84 % - thacjp and aspirin with an approximate I 5@9&?},0‘61\471116/010{%% . L-NAME +
Sul i ndac 37 % 48 %. 63 %Exarrpl e 17

T o e b S b Vo B b A S ST b

show ng s5a mﬂﬁ;mtmtpresehledlmylheffolldmmgyuablaetwlndd showyp chm domitfirations qresend a
with the associati. oy of 10 cycl ooxygenase with an

I nhi bitor cﬁr% yﬁfqﬁgé"gqﬂ%%‘%g+1§¢$éxperl nments were performed on nurine
activated nmacrophages. Peritoneal nacrophage re obtained fr {he
peritoneal cavitly of femal BBA/2 mice at 7-$ mek%%FﬁQﬁIBﬁ'I! s affer

i njection of thijoglycollate (3 % 15m / nouse}—ecro TageSTer ! cet }o wel )
‘were activated gt [err] wiCompR®d§E. Coli: (111B4Concaniration (Man ine 15
reconmbi nant INFyY (100 Um) in wells of a 9 7l 160! fo .QOIn on
RRMT 1640, 10 % :lﬁJL,UL::.lgu |u?&g Iio il s were

i ncbated in atﬁeh&+mty@sdgheecldf t he dilf f er edt oltd® ar'Mr%l trite
| evel s were rreas%&glﬁlgz)the culture nedi a ag al rec%sd% %Sb%c 91

percent age of the—varrattomr—conpared—to—thecomtrdt Frqrm o for
t he conbi nati on | L-NMMA + Indomethacin 55 % 85% 84% -
| Example 10 | 94%| 97%| 100%| -
L-NAME + Sulindac : - 37%| 48%| 63%
Example 17 : - 74%| 83%{ 92%
7- Inyi ff itrite pr ion fr i iv,

To confirm the results obtained in J774 cell line showing a more potent activity of the
synthetized compounds when compared with the association of an inhibitor of

10 cyclooxygenase with an inhibitor of NO synthase, S1m11ar experiments were performed on
murine activated macrophages.

15  recombinant INFy (100 U/ml) in wells of a 96 well-microjiate 14

of the different compounds and nitrite levels were measured 11=gie

“described.

The percentage of the variation compared to the control, is of from 56 % for the combination
20  of indomethacin and L-NMMA (i.e. example 10), 32 % for the association of indomethacin
and L-NMMA, and less than 30 % for each separate compound.



20 of |ndorret hacin and L-NMVA (i.e. exanple 10), 32 % for the association
of indonethacin and L-NVMA, and | ess than 30 % for each separate corrpound

-17 - Moreover, the percentage is of from48 % for the conbination of

i ndonet haci n and L- NAVE (i.e. exanple 15), 25 %for indonethacin, and | ess
than 15 % for L-NAME and the association 8- Invitro effect on Iethality

i nduced by NVDA (N-Methyl -D-Aspartate): 1 dutanmate and aspartate are

i mportant - neuroexcitotix mediators which'are involved in cerebral ischema.

IVl o oot | g, BGRB8 iy 48 ol né DomBRNENS @gﬂ Rl

than 35 sedleApyaapigpbiinds Thfarmindamethacin, andeless thamrls) %t fart LYAME tanidsthe
test are cQoR§&iciifioad as potential antiischenic conpounds. Since the effects
of glutamate or aspartate are possibly 10 medi at ed by- an exagger at ed

rel ease of NO we used this test to screen t he corrpounds and to

di f f er ent i #-dnivitroveffe ot DMDANEMethyiDdAsparegelaci-at i on of the -
separat e compounds. l\/al e CFl m ce’ (20 22 g, _Charl es River) were injected
with 250 ng/ kg NVMDA (iv) 1 h after administration by oral route of the
subst anfes.Gntamatefand aspantate swgsimpoxtant aguroggcitoriyumediaterscwhivhnarei involved in

much nore aghdnegl kmlsh%éﬁp%hehs afénﬂmungﬁmc?@ﬂﬁu%s u ﬂx@ﬁ&%‘tﬁﬁ'%ﬁdﬁA
&

al so shows a synergi.sm-w
igduced the mortality in nice imless ppamn

(o7 kg 1Py, Teceplors{ ¥ prenEof ORERARs i N

5.7 35 sec. Any compofindsaihieli|dagi delayckhe timd\bfMBthality in (s Rst-arfe: cbhsidered as
gc:aéarrpl © potentlal anmschengc FOMPRRRSS: Kk the effects of glutamate or aspengtlelarg Iplc)s:s1bly
3 Sali cl i anediawd by lanikdggerated relée 4f N@).va7psed this test to screen the coxpophds ahd to

1 M\A&hfferennate np%x?&”thé'ce?f‘eat of a cgminnanon and an assocﬁuég of the separate

18.2 L-N
compounds

Male OF1 mice (20-22 g Charles vaer) were mjected w1th 250 mg/kg NMDA @iv)lh after
admxmstrauon by oral route of the substances Tlme of survival was measured

15 Thus, the combination is much more acuve than the separate compounds, alone or in
association. It also shows a synerg1sm with the combmauon

COMPOUNDS _DOSE (mg/kg- IP) | % OF PROTECTION

| Salicylic acid | 4. . | - R
L-NMMA _os1 | 6 A\
Salicylic acid + L-NMMA (4.0 +5.7) | 6
Example2 = |- 100 66
Salicylicacid - 04 . ] ]

L-NMMA __ 1 - os7 - L 3

| Saticylic acid + L-NMMA (0:4 + 0.57) ; ¥
Example 2 ' ' 1 . .. 63
sulindac ' ] 6.4 - - 182 .

L-NMMA 3.4 54
sulindac + L-NMMA (6.4 +3.4) 20
Example 7 w54

- &N

L 7§



suIrndac+LNNNA ' (6.4 + 3.4) 20 Exanple 7

k]

10 54.5 - 18- i ndonet hacin 6. 55

L- NMVA ' 3.40 4.5 indonethacin +
L- NMVA (6.55 + 3.40) 4.5 Exanple 10

10 33.5 Salicylic acid 3.7 L-NAME

6.3 .. : 5 Salicylic acid + L-NAMVE (3.7 + 6.3)

5 Exagple 14 10- 18 - 26 9- In vivo

effect on neuronal death after focal cerebral ischema in mce: Systemc
i ntraperitoneal (ip) admnistration of the conpounds was carried out 5

hours after coffrcal .JJnjarction 1nduce e occl st on of the m '
cerebral arter WDQALQQ mcel 5 / ’)[Q aclcordi n_rLf ¥ nl\lnrg r et
al . - Phar macol pgyMMAcer ebral i schem a i r340| egl stej n and Obrespr chl er},

W ssenschaftli ghe VerTragsg hpft, Statt I, T 409-4 Four |days
| ater, the mcgl ' =12 be

then sectioned|ERafigleaal slices of 10 uM ti0 ckness.| Area irg3§ction v{as

measured by i €. anal Y51 5. Reauctjon of T1ni.arcted vjol une was neasur ed and
conpared with .Lgﬂﬂrl_’ééﬂﬂd_a.n.r_ua.l__‘ i Ih‘e_l-a—;eieen-t—age hdi-cated- n

reduction of ipnfagaMErom six aninpls per @®up - Mq 801, a NMDA ant agoni st

was used as a ¢Qnirol supsi e,  The obtalne esults are as tpollows: W
801 (3 nmy/kg)-% alig l&@ﬁ’rdp‘ﬁ' sﬂgéM O-kg)- (§,7+g_35 =68l ex g)
-55 exanpl e 3 {Bxsmplead . -70 % exanppe 10 (3} ny/ kg) 26 -164 %

exanple 17 (3 TRT) -b9 7 10- TN VIVO elrTect on endotoxin treated
pithed rat: As prevrously reported, the assocratron of an inhibitor of NO
synt hase ang- i it tofd Ine Gfonalvdeathoaties €oa sisrgbisel péi ficti ¢ effect to
restore the bl ood pressure and vascular reactrvrty

Systemic intraperitoneal (ip) administration of the compounds was carried out 5 hours after
cortical infarction induced by the occlusion of the middle cerebral artery in male Swiss mice
5 (20-22 g), according to Duverger et al. - Pharmacology of cerebral ischemia in Krieglstein
and Oberpichler, Wissenschaftliche Verlagsgesellschaft, Stuttgart, 1990, 409-413. Four days
later, the mice were decapitated and their brain removed and frozen 1o be then sectioned in
coronal slices of 10 uM thickness. Area infarction was measured by image analysis.
Reduction of infarcted volume was measured and compared with non treated animal. The
10  percentage indicated the mean reduction of infarct from six animals per group - MK 801, a
NMDA antagonist was used as a control substance. The obtained results are as follows:

MK 801 (3 mg/kg)
example 1 (3 mg/kg)

example 2 (3 mg/kg) _ :
example 3 (3 mg/kg) . -70% .
example 10 (3 mg/kg) -64 % L
example 17 (3 mg/kg) -69 %

10- In_vivoe effect on endotoxin treated pithed rat :

As previously reported, the association of an inhibitor of NO synthase and an inhibitor of
cyclooxygenase have a synergistic effect to restore the blood pressure and vascular reactivity
15  in endotoxinic or septic animal.



15 in endotoxinic or septic animal. -19- Mal e Sprague Dawl ey rats (body ' # -
wei ght 280-320 g) were pithed. One hour after pithing, animal's wefe given,
endot oxi n (EDTX, Escherichia Coli, |ipopolysaccharide, 0 Il

B4=300ug/ kg/ h) for 60 mnutes. This resulted in an inportant hypotension
and a |l oss of vascular reactivity to vasopressor agents, such as

nmet hoxam ne. After 60 mnutes of perfusion 5 of the conpounds mﬁth
endotoxin, a dose response curve to nethggam ne was constructed in a -
cunul ative fashion and an ED50 val ue (50 % of the effective dose to resto&#

normal acti ‘Mil)! S %ﬂé ﬂ?ﬁ’%ﬁﬁ‘ ey (boay mgmrznmszvb E)’wé@ Rﬁe'ii' ‘Uhe@ﬂﬁ'r&?ﬂe? pltﬂfn
each ani nal . obt ai ned res Its, ar | |.ows C%ul g
éﬁt‘ye‘fﬁo Zh¥eh GRAGHOR D sépﬁ'?%uﬁrwce% ipopolysaccharide, S,

vascul ar r @8R

79 9 EDTX B4800dgkg/l)ydor 60 minutes. Thls resulted in an 1mportzﬁli&y§éteh31bh/lﬂ§d a loss of
gg exanpl e yascular reacnvn%gogva%sopraegs%r agéhts, such as metggxanfge e&.g%qoemgmtes of perfusji(:))’xg5

30 5 of the compounds 94th epBotoximnp deseresponse curve td@nethoxamine was constructed in
76 12 exampl Grihiative fashion, amtfan ED50 value §50 % of the effecfive daﬁe BRIGR lnB{:Hfal allvity
Product s vvere aam NI per .0s (p.o.) y_intraperrtonea

(i.p.), in & owphoxsming) wasdetopningd M@WW&%ﬁ’f EW’(Q‘@E m obfaingd sgsulgs
of ani mal s q,g-@asqgng@g-sed of from 10b and 1000 per os, and of from 150 and
500 by i.p. Posol ogy: The conpounds of the invention may be adm ni stered-at

a dose of fr opdt0. 200 ngpordi.om Y o MG
Compounds Dose vascular reacuvny to methoxamme
' ' mg/kg/h . DEsp(ugikg) -\
control | B 79+ 9
EDTX treated animal _ | _ 278+34
LNMMA | 50 18915
aspiin___ - | 150 | 13629
example 1 30 _ 82:18
example 2 30 o 98+ 35
example3 | 30 o 76%12
example 4 30 o 72+11
Taxicology

10  Products were administered per os (p. 0.) or by intraperitoneal route (i.p.), in groups of
10 mice wnh mcreasmg doses. LDsg (lethal dose 50 %) of ammals are comprised of from 10bw’
and 1000 per os, and of from 150 and 500 by i. p

- Posology: . | o
The compounds of the invention may be administered at a dose of from 1 to 300 mg per diem.



-20 CLAIMS 1. A salt of a cycl ooxygenase inhibitor and the L-formof an
argi nine anal ogue, the cycl ooxygenase i nh| blt—ef—haw-ﬁq—ﬂ"re—gem‘ral formul a

RCOCH wherein the carboxy group COCH is ‘an ac nction and R
stands for the appropriate radical of the cycﬂmﬂ ;Bﬁm j ’ﬂrt or, the
L-form of an argini ne anal ogue having the gen

7NH2 wherein [err] represents a hydrggen atom or a nethyl or ethyl group,
R2 represents a hydrogen atom or a nitro group and R3 represents an ani no,

met hyT amiGIAIMS hyl ami no, hydrazi no, methyl or ethyl group, with the proviso
that if err s nt an

am no gr E)up ]‘Af %@Pé@? ? ?%é?/’%ﬁg%g%?&%éﬁogﬁagpt#&]?#ﬁﬁ; é1 gf'ne aﬁ%&;@ﬁ% de of a
cycl ooxygenaghke |th10bxygﬁnammh1h€9thﬂm$n the gemerl giosmpla RCGOQHuavherdie the

cycl ooxygenaggy &%2 gfdugn acceggl %}l?ea&eg"sgﬂ@'acidié MihdtidiCERE RI8ERES fob Ghe

car boxy group e acl function and R stands for the
appropri at e raRBrOpaRtegRdic @éF%QWGﬁ%?@T@“iWPﬁ%Mor t he argi ni ne anal ogue

having the gmi@LaforﬁuQifrmlaaglhﬁxéra}mewmmgmer nérapfeefimld s a hydrogen atom

or a nmethyl or ethyl group Rﬁresents a hy roge m or a nitro group
and R3 represents an am no | am no, et hyl am,og&ﬁhydram no, nethyl or

et hyl group, the am de having the (Q-e-lm-aJ-(C[-b)jWCH err] 3. A conpound
according to either preceding Igl im wherein the c ygenase i nhi bitor

is salicylic acid, acetylsallcy’llc acid, nefenanic aC| | bupr of en, * C
L M S * - zthrquhgtqugspmts @rhyglmgen@;gm or a methyl or ethyl group, 2 represents a

i hydrogen atom or a nitro group and R; represents an amino, methylamino,
ethylamino, hydrazino, methyl or ethyl group, with the proviso that if R, represents
a hydrogen atom then Rj does not represent an amino group,
the salt having the general formula | :
RN _NH;" "OCR
C—NH—(CH,);—CH

R3/ COOR,;.

2.  An amide of a cyclooxygenase inhibitor and the L-form of an arg_iriine analogue, the
cyclooxygenase inhibitor having the gener;ll formula RCOOH wherein the carboxy
group COOH is an accessible acidic function and R stands for the appropriate
radical of the cyclooxygenase inhibitor, the arginine analogue having the general

;. formula
V RN S _NH
C—NH—(CH,);—CH
R3/ - COOR;
wherein R, represents a hydrogen atom or a methyl or ethy! g R
hydrogen atom or a nitro group and Rj represents r

ethylamino, hydrazino, methyl or ethyl group,
the amide having the general formula

RoN a _
% C—NH—(CH,);—CH

R3 COOR 1-

3. A compound according to either preceding claim wherein the cyclooxygenase
inhibitor is salicylic acid, acetylsalicylic acid, mefenamic acid, ibuprofen,



4. A conpound according to any preceding claimwherein t he ar gi ni ne

anal ogue i s N-w nononet hyl - L-ar gi ni ne, N-w nitro-LC-argrnine—ot o
N-wnitro-L-arginine nethyl ester. 5. The salt Ialm 1 of *®
acetylsalicylic acid and N-w nmononet hyl - -L-argi gﬂ,%iﬁl’

according to claiml| of salicylic acid and N-w nmonRo 7.
' The salt according to claim1 of ac%;yl salicylic acid and
iN-wnitro-L-arginine. 8. The salt™ according to claim1 of sali cyI ic acid
-and N-wnitr The salt according to claim1 of
~acetyl sal i cqutll&cbngegl?'{ maﬁlgs %\t/l\?cm tro-L-arginine methyl ester. 10. The salt "“5
according to claim 1 of indonethacin and N w nitro-L-arginine. 11.. The salt
~according to &'c%h:'ﬁbimd)faccﬁ&hg%ca@n ? ﬂﬂwwahﬁé Qkgthing- anll%§uéf hﬁ

salt accordi to'claim1 of en an N-W-I’lltI‘O L- argini ne, e
sal t accor di rh?farraomra?thy b @%’g‘ﬂ’é‘Pe m*fetratlrafgawae WP HER-L-asgiging; methyh 4
The salt acc%@t ng to clai m 1 of i ndomethacin and -
¢ N-w nononet hyl -L-argi nine. 15. The salt according to claiml of suI i ndac
{ and N-wnitro-L-arginine nethyl ester. 16. The salt according'to claim1l of
. mef enam &. aciheasalt Neoserdingrtot blaim L 1a0fi adetydsalitylic Tdoad saldt Naoemominmeghylo
claim1 of sub ngac .and N-wnitro-L-arginine. 18. The salt according to
claim 1 of salt yI'irc acid and NNwnitro-L-arginine nethyl ester. -22-
19. The salt according to claim | of indonethacin and N-wnitro-L-arginine

met hyl esg,er TiRQalt BiGrafE 48 cRERAr 6F AficyiR: & R oimaiotytal ieuling aci d

and N-wnitro-L-arginine nethyl ester.” 21. The am de according to claim2
of sulindac and N-wnitro-L-argini ne nmethyl ester 22. The am.de according
to clai mR ofThetsaRraodordingno cléim Inoft acetylsaticgliooie and Noghnites- Ledrgindiz, A o/

process for the preparation of a salt according to claim1, the ‘process _
conprising reacting, in substantially equinolar proporti Ons in water or in
a m xt ur 8.of Thetsalt aseradiagdoichim laof salicimpanidand N-efmitro-brarginiesnt

tenperature to the boiling point of the -

9.  The salt according to claim 1 of acetylsahcyhc acid-and N-w-nitro-L-arginine methyl
ester..

10. lThe salt according to cl_aim 1 of indomethacin and N-w-nitro-L-arginine. |
11, The salt a_cbording -to clafm 1 of sulindac and N-w-monomethyl-L-arginine.
12.  The salt according to claim 1 of ibuprofen and N—w-ﬂitro-L—arginine.
13. The salt according to claim 1 of.mefe'namic abi_d and N-w-nitro-L-arginine.
14, ;rhe salt aqco;ding: to claim 1 qf indomethacin and N-w-monomethyl-L-arginine.
150 E"..'l."t-l;éi-'sa_ltlaccording to claim 1 of sulindac and -N—w—nitro-L—arginine metﬁyl ester.
16. Thé ',sal_t according to claim 1 of mef§namic acid and N—w;monomethyl-L—argin_ine.

17. The salt according to claim 1 of sulindac and N-w-nitro-L-arginine.

. 18. The salt accordmg to claim 1 of salicylic ac1d and N-w-nitro-L-arginine methyl
ester.



<

reacti:on m xtur e,' a cycl ooxygenase inhibitor as defined in claiml with an

argi nine anal ogue as defined in claim1., 24. A process for the—preparation

of an anide according to-claim2, the process conprising reacting, in
substantial ly equi nolar proportions in acetoni “ “mlmﬂ ;“r‘ ence of a
base, at a tenperature of from[err] to anbi enﬂm ﬁn : ar gi ni ne
anal ogue as defined in claim2 and g,conpound REOX wherdin’R i s .as defined
in ch@ m2 and X represents a hal ogén atom 25. A pharnmaceuti cal
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ester. .

20. The amide according to claim 2 of acetylsalicylic acid and N-w-nitro-L-arginine
methyl ester.

21. The amide according to claim 2 of sulindac and N-w-nitro-L-arginine methyl ester.
22. The amide according to claim 2 of ibuprofen and N-w-nitro-L-arginine methyl ester.

A process for the preparation of a salt according to claim 1, the process comprising
reacting, in substantially equimolar proportions in water or in a mixture of water and
alcohol, at a temperature of from ambient temperature to the boiling point of the
reaction mixture, a cyclooxygenase inhibitor as defined in claim 1 with an arginine
analogue as defined in claim 1. '

24. A process for the preparation of an amide according to claim 2, the process
comprising reacting, in substantially equimolar proportions in acetonitrile in the
presence of a base, at a temperature of from 0°C to ambient temperature, an
arginine analogue as defined in claim 2 and a compound RCOX wherein R is as
defined in claim 2 and X represents a halogen atom.

L 25. A pharmaceutical composition comprising a compound according to any of claims 1
to 22 in admixture with a pharmaceutically acceptable diluent or carrier.
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