Argi ni ne Anal ogs Acting as Inhibitors of the NO synthase The invention
concerns derivatives of L-arginine, a procedure for their preparation and

' -t 5 of the
i nvention have a biological activity as inhibitors of the NO synthase.
Taki ng i nto account -the potential role of NO synthase in physiopathol ogy
(S. Moncada, RMJ. Palmer et al, Ntric Oxide: Physiology,
Pat hophysi ol ogy, - and Pharnacology Phar maceuti cal Reviews, vol. 43, nunber
2, pp. 109-142), i ho Amynghu§nhdnknsefebebﬂgsyaﬂhwpotenS|on
anti bacteri al, |nnunosuppressant antiarterosclerotic, vasotropic, -
anal gesfhe xﬂfr\éxhﬂi@ﬂ cohfdins eivatived bf -&igininef a cpibtemﬁbefb'r ¢helf PiéParalibHs one
may consider using these conpounds.as the active principle of "amedication
for theandpharmmceutical-gompositions eentainingdhemal and peri pheral nervous
system such as: -cerebral infarctus, -m graine and headaches, epil epsy,
cerebral or spinal traunsm, neurodegenerative and/ or autoinnune;diseases
such asTRezompBlinds 6f &ReERentidhkidveanbiblegieslativieas inhibitos of hea¥O
anyotrophlc | ateral sclerosis, infectioqus cerebral "neuropathies (A DS),
acute asxhthasenTaking mtoiasreuntthe pefential ralp of NQGyNHhase inplrsiopathology -

d t alsohal |
dopr esi MoRRRL TOM.PIB it 3 X GRS, PRAGEte]; PARGIOR ey . <o
as t hosPhamthaéalogy oPRyrshaceuticahReviews) #o#3; nairﬁieesz, ppalloaﬂdz);rsuahry system

of the infla tory type, or, not |ike ulcerous coli gastritis, Chronn's
di seaseSOMPPHALF ARY u$ be dntexestmng, st Bypatensiony apfi ;gcteg rrhea, but also

for pat | r ary system
such as teﬁg)l nggﬁ{ Pagler osc@%gflg QA’ ?%%r?ﬁ ‘%’r OSI. ?ﬁagj‘#]}\goder m a, :
ast he, ophthmlogma/lp er hﬁﬁam;nccag“ehts) sThus dhalmray sondider usinigathesé ory or .

I nfectious di seases, such as art 03|s polyart septic_sh
vascul  $98poBRds gerthe active pumGRleqt aimeh gwx t&s.tgqﬁm@r! 98@@?*&5@&%&#

The | VG beiprd] W{)Qﬁp{\gﬁl ?.%Hd(ui’é éy)é‘%énoéu&m Qé QLenbial Beabdifis %fg‘{aﬁ{e Qg mula

headaches, epilepsy, cerebral.or spmal trauma, neurodegenerative and/or

autoimmune diseases such as Alzheimer's disease, Parkinson's disease, Saint V1tu.s
dance, amyotrophic lateral sclerosis, infectious cerebral neuropatlﬁes (AIDS), acute
and chronic pain, tolerance to and dependence upon morphine derivatives,
psychotropic drugs and alcohol, occular neuropathy, and depression. One may
likewise consider using them for other pathologies such as those related to
dysfunctions of the gastrointestinal and urinary system of the inflammatory type or
not like ulcerous colitis, gastritis, Chronn's disease, urination troubles, esophagus
gastro reflux, diarrhea, but also for pathologles connected to the cardiovascular or
bronchopulminary system such as hypertension, atherosclerosis, pulmonary fibrosis,
sclerodermia, asthma, pulmonary hypertension, cirrhosis, diabetes, for inflammatory
or infectious diseases such as arthrosis, polyarthritis, septic shock, vasculitis, or even

for troubles of erection, priapism, or contraception.



in which: A represents a hydrogen atom a |ower alkyl group, or the nitro

radi cal; E represents an oxygen atomor a covalent bond; n is equal to zero
eor—an—ateger—fromt—to—1t2—and,—ertter—RerrT and R err] represent _ '
i ndependently a branched or linear |ower alkyl chain, or Rerr] and R err]

formw th the nitrogen atomto which they are attached, a ring of 5 or 6
groups, saturated or- unsaturated, of the formnul a:

[ eFr] in which X represents an atom of oxygen, of sulfur, or of nitrogen,
the i Mhe idlvientibil ddceftis ! detivitivesafilcatginiie of theegeneeaipforatulef: gener al
formula | conpounds in which n is equal to zero. E represents a coval ent
bond and either A repr Sqnks -t he:hydrogen agom and R[er'rd and R err]

represent independently a’l Hal | _or 5.0 g‘et her the

pi peri di ne, norpholine, oy ¥Mmdazole rin "‘EK(FBplr’.'é' s the nitro

radi cal and R err] and R[%Pr] formthe pi idine ring. ™ By lower alkyl is
meant the al kyl radicals containing from1l to-6 carbon atons. This :
pref er aBMWRKReerns al kyl radicals, linear or branched, containing from1l

101, CTRBELED £U5aESp BAITIO RS 6N 200700

t oget helE répresdrits ani dxygETNatono or taccormalerit Homely are attached, a ring with 5
or 6 groups, saturated or pynsaturat e_g. é’E.e réngs t hus fornmed may be chosen
from am’j'n% ‘T:ﬂ}Pi&Péer‘bioﬁeﬂ Hyteger %9% tRdFn@9i ni dazol e, i ni dazol i di ne, "

pyr azol e i il . _ - St )

e i, ALY FESRL) 8 bl GLpen Lty 84998 o Bl LG A i,

2 or Ryeand Rg foimmmwithnthermitrogen etgar toi whidy theytare attachednalsing ofyB oeréal
formula | in which n.is an int r froml to 12, and preferably when E

r epr ese®rSUPFSabyiAled oétmahﬂa;%ﬁl‘gégﬁ?gq‘ﬂg"nitroka&.&al or the hydrogen
atom and R err] and Rlerr] formthe norpholine, $xperi ®ne, or imdazole

ring. The invention concerns nore particularly |ik&ise/the conpound of
general formula | in which nis equal to zero, E represents

in which X represents an atom of oxygen, of sulfur, or of nitrogen, me_ammb,
.alkylinﬁno, or methyléhe radical, with the exception of general formula I compounds
in which n is equal to zero. E répresents_ a covalent bond and either A represents the
hydrogen atom and R, and R, répre_s_ent hﬁépmdmﬂy a lower alkyl radical or form
together the pip'éridine, morphdlin,e, or imidazole ring, or A _represénts the nitro

- radical and R; and R, form the piperidine ring.

By lower alkyl is meant the alkyl radicals containing from 1 to 6 carbon atoms. This
preferably concerns alkyl radicals, linear or branchéd, containing from 1 to 4 carbon

-atoms chosen from among the -'Ir'iéthyl,_ ethjrl, n-propyl, isopropy}, n—butyi, isobutyl, or
ter-butyl groups. | | :

R, and R, ﬁlay form tbgethef_With', the ﬁitrog_en atom to which they are attached, a
ring with 5 or 6 groupé, saturated or unsaturated. ‘The rings thus formed may be
chosen from among pyrrole, piperidine, pyrrolodine, imidazole, imidazolidine,

- pyrazole, pyrazolidine, pyridiné,_ piperazone, pyrazine, py_rimi_ﬂin& pyridazine,

isothiazole, or morpholine.



a coval ent bond, Athe nitro radical, and R err] and R err] formthe

nor phol i ne ri ng. The invention Irkemrse concerns pharmaceutically
ention. The salts

are fornmed fromorganic or inorganic acids such as hydrochloric acid,

hydrobronrc acid, acetic, fumaric, sulfonic, toluenesulfonic, naleic,

car boxylic, or phosphorrc aci d. The carboxylrc aci ds may be chosen for

exanpl e from anmong the acids acetyl salrcylrc salrcylrc mef enam c,

i brupy of sul i ndac, or i ndomet haci ound ene ? fo | a [ in
whi che n Tae dRYiention coperns En?’c?pP%@é’HFaéﬂSé’f}&’o?,%R BAR %ﬁég ﬂarai orRpula |

r epr esen aelaﬁg r

pi Berr di %vgr%l?ﬁ ﬁyﬁhﬁﬁg e ri %}R%?QAL?g gg&ﬁél@]wﬁgﬁg% é?\g% (tzltgf]&%erh[ err]
and R erafonfi,0 MEpmspntsdhedune raidibcp] olna:he hlydwgeieam,bmﬂ Rqr andeR) foren dteir e.

I n these doc ean Jo cinal,.Chem stry, vol. 23, . 6
(Toss) - HOBBHORNE: PIPEHIRG, Ox,inkiahole s e TUEiAN SonrEs O PR 0as
-and FR 2 t |

an mt’he ot‘i'ﬁﬂ 'dffgaén;él i E@%ﬂﬁ%ﬁﬁﬂmﬂﬁ&@n i9 regphﬁ?tc%&%'fligfréﬁ?sé?{ts

derivatives of L-arg |ne as oti1cs. The compound of

whi ch' n agowaleat bondzeﬁr the fitre padisalpand R,candaRe ftrnb dhel mérphepinesemg.s t he
hydrogen atom and Rl err] and R err] formtogether the i m dazole ring is .
descri bed as a synthesis |nterrred| ary (Orr gins of Life, vol. 14 (1984), pp.

351- 357) 1y, é—%\r\@é{,ﬁ{ HQ,L[T [ ese
products. " The act(ﬁ/rﬁ?y of ot her fg é(Iag)ryvat ﬁgﬁﬁﬁaﬁftﬁghﬁ?ﬁggéa
to zero, a&ordn@methesmentmal efhe saitschrelformpdefwnt@ganm dmymourgmmcattcodn sunth
err] an epr. dependent ower, al
Conpat e BT AARPHE Refch S rADTORRc g acbpCchymaris, pulfonid, Spluehgsulignics o
1973; I 1670
ZOJCP]\ le?@)’éa%?ﬁ{lﬁc ngiggds?hon » Th'ca e@é&? C%Eids ﬂt%grzbe PRosehtft- )

But th onmalns o d| abet re very
_ exinfpler from smomgt the ajmdsaacretplf salioytiy realicglic mefeansc iprupmfenesent
| nvent i on. The i n ent l,on.concerns a procedure for preparing general

fornul a ﬁulgﬁ?ﬁoﬂﬁ% ﬂW’ﬂﬁ'ooedure consi sts of -causing the reaction of a
conpound of general formula (2): __ _ [err]

Compounds of general formula Iin Wh1ch nis equal to zero, E represents a covalent |
bond and either A represents the hydrogen atom, R; and R, form together the
piperidine or morpholine ring, or A represents the nitro radical and R, and R, form
the piperidine ring, have been described in the literature. In these documents _
(European Journal of Medicinal Chemxstry, vol. 23, No. 6 (1988), Biochemistry, vol.

23, No. 1 (1984), patent apphcatlons FR 2320088 and FR 2240720), these derivatives
have been used for the preparation of derivatives of L-arginine as anti-thrombotics.
The compound of formula I in which n is equal to zero, E represents.'a covalent bond,
A represents the hydrogen atom an'd__-R1 and R, form bgether the imidazole ring is
described as a synthesis intermediary (Origins of Life, vol. 14 (1984), pp. 351-357).

- However, no pharmacological activity has been attributed to these products. The
activity of other formula I derivatives in which n is equal to zero, E represents a
covalent bond, A represents the hydrogen atom and R, and R, represent
independently a lower alkyl radica1 was compared with that of insulin (Z.
Naturforsch. Teil C., vol. 28, No. 5-6, 1973; HOpe—'Seyler's Z. Physiol. Chem., vol. 353,
#11, 1972, pp. 1661-1670). But the domains of thrombosis and of diabetes are very
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in which A represents a lower alkyl radical or the nitro radical and R3 a
protector group, with a conpound of general formula (3):

(G —Rerriyand Rerriare
as defined above, in the presence of a coupllng agent, at a tenperature

. ranging between 0 and 30 degrees C, then to cleave the protecting group R3
of the canpound thus obtained fromthe general fornmula (4): [err] to
obtai n the conpound of the general fornula | in which A represents the. :
ni tro,radiffeaéntOfroth HRMEbnRlik W Nediyirthesis Eo@éi@ddgﬁ tHeprdsenPtivinfion. Compound
of general formula | in which A represents a hydrogen atom one uses the -
correspondi ng conpound of general fornula I I n mhrch A represents t he

NJ err] ch and t nitro ra | eaved. v done
oy iy o O B oSt it Blufetor! e Be iRy Beinetel Fosmil fiPmpomes,
repres em‘vhldlhprcﬁldeﬂli.@e icoflsis®) ofidauskifo e Pdadtion df el @sthpblifd GWFgeRieRaSforslula N
which A represents a |l ower al kyl radical nay be prepared according to known

nmet hods QZ ynt h. Conmun. 21 (1) 99 (1991). The first stage is done at a-

tenperature rangi ng bepwepn 0. gnd 30 degree® C and preferably between 0
degrees C and anbient tenpe sed nmust di ssol ve the '
derivative of the nrtroar I ne g?/?tﬁisigé# ferably DVF is used. The
reaction is conducted by u5|ng a couplin nt n agent chosen from anong
4 - the coupling agents commonly used in peptide synthesrs woul d wor k;

th Iy
benio? pﬁgzn%}‘(%?% M?re%ﬂzﬁ’%s? 4l%afa§2§rllg)m p ospﬁéﬁ)a 1canexaflf‘suorpm eSi:sophate
. (BOP) orgﬂmapzohrthaz@m e\yhda)ﬁgdnerai foymudd (3)i nophosphoni um
hexaf | h hat BOP Kk b d with th
. cg)tjgl I ggrggegfpag feor I:Zxarrpl eé%aﬁemiﬁrleyzgle (aagts)e o\rNI ©
400 ot i WRICRORYEL R N RVARI ot MeiRedabok BOHHE pIREBIF 2 ¥BLPERE Sgkf, at

accel erate coup I Ng car bodi.
a temperature rangmg between 0 and 30 degrees C, then to cleave the protecting

group R; of the: compound thus obtamed from the general formﬁl‘a “):
A‘-HN Rl i

>/NH\/\/V 2
> . C—-E—(Cl-lz)n -N\

to obtain the compound of the general formula Iin which A represents the nitro
radical or a lower alkyl radical. If one desires to obtain a compound of general
formula I in which A represents a hydrogen atom, one uses the corresponding

compound of general formula I in which A represents the NO, radical and the nitro

radical is cleaved: the cleavage may be done by hydrogenolysis.

The starting compounds (3) and (2) in which' A represents the nitro radical are
known and marketed: the compounds (2) in which A represents a lower alkyl radical
may be prepared according to known methods (Synth. Commun. 21 (1), 99 (1991).
The first stage is done at a temperature ranging between 0 and 30 degrees C and
preferably between 0 degrees C and ambient temperature. The solvent used must
dissolve the derivative of the nitroarginine of formula II: preferably, DME is used.

The reaction is conducted by using a coupling agent. An agent chosen from among
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The protector group R err] may be any of the protector groups commonly used
I n peptide synthesis such as benzyl oxycarbonyl (Z) and t-butoxycarbonyl

: i ' ' ' ' A represents a
hydrogen atom the radical R3 is preferably a radical which may be cl eaved
under -condi ti ons of hydrogenolysis for the cleavage of the nitro radical.
In this way the cleavage of the radical R3 and of the nitro radical may be

conduct ed si nul t aneously. The invention also concerns pharnaceutical
CONMPOURHE coliplifgi dpenty coMmElyaedddvin péptide Byrathasis easld Wwoek ComiRHK MRl
general fornula l:" [err] i which: represents a_hydrogen atom a Fower

al kyl gsedNNdicydleohgxyl earpadiimide (DEG)e penzairiazob ydoy¥en atom or a

coval ent: hand.: m 1S.equal AR 1% a o or and 12; and, :
ei t her Qﬁfgﬁ{r}%ﬂéﬂl&é e&#orség?esenth%%%%%%fed%g‘gﬁﬁl?/ Z(hmnrbcrﬁed or linear |ower

al kyl  deazotriazdileyFdxyds-pyerolidifiophosphgaitnar hexafluordyghosphate PyBOB on _
whi ch t hey, _are'att?,(i(hed_ a_ring of tgtgr 6. grooups, satuyrated 0{ unsat ur at ed,

of the Adflitiyeg may likewise be used with the coupling agent as for example .~ [ ¢ ]

ni t rogelnl,d’%:'egl % no, ?&@ﬁ@é’?q&‘?ﬁ‘q@ﬁiﬁ enegﬁgigfl@%p? Wi EL“{}ﬁEeh %(ecept I on
of conaiowis infpephiclegsyithadis ko aatdlérate coupling in which earbldiimideephaysfa '
represents a coval ent "bond and either A represents the hydrogen afom and

Rl err] Pasl Rlerr] represent independently a |ower alkyl radical or form
toget her the im dazole, norpholine, or pirperidine ring, or A represents the
nitro radical and Rlerr] and R err] formthe piperidine ring, or a salt of
t hese ddvepprotector graupdty maiydre any bf dhe pratectongroups noinmgonlyensedoin '

Phar TR Rt 88 SRR 2 herhllyarbonyl (2) and tbutoxycarbonyl (BOC). During

the preparation of a compound I in which A represeﬁts a hydrogen atom, the radic_al

R; is preferably a radical which may be cleaved under conditions of hydrogenolysis
for the cleavage of the nitro radical. In this way the cleavage of the radical R; and of

- the nitro radical may be conducted simultaneously.

The inve_hti_on‘ also concerns ph'armaceutical:'compounds including by wa'y.of active

principle at least one compound of general formula I

A—HN, - 0 |
. : NH 1 . /R‘
HN ' . NHy R,

in which: _

A represents a hydrogen atom, a lower alkyl group, or the nitro radical; -

E represents an oxygen atom or a covalent bond; |

n is equal to zero or an integer between 1 and 12; and, _
- either R, and R, repfesent indepén_déhtl_y__ a branched or linear lower alkyl chain or R,

and R, form _tdgethér with the nitrogen atom on which they are attached a ring of 5

or 6 groups, saturated or unsafurat_ed, of the formula

VR
-~ X



The invention |ikew se concerns pharmnmaceutical conpositions containing by
way of active principle at | east one conpound of forrmula I[err]: [err]

—t+ it eh—Atrepresents—amatomof—hydrogenr—aTower aft RkKyt—group, or the
nifro radical; E represents an atom of oxygen or a covalent bond; n is
.equal to zero or an integer between 1 and 12; and, either Rlerr] and R err]
represent. i ndependently a branched or linear alkyl chain, or Rerr] and R2
formtogether wrth the nitrogen atomto which they are attached a ring of 5
or 6 gr GHPFhiFAKUWePr&bned al HSGnU6RG:8Hen0bf 5HRUf, V1B ritrogen, the imino,
[err] in which X'represents an atom of hydrogen, of sulfur or of _
ni t r ogeralkyhmine: o5 meathylene wpdical, iwith she iextepsionael eampowunds of e geveral i on
of conp . ek r 0 I 1. ' ' : .0 zero, E
repres e'(r)lftg gqu leégg\}éng%%ﬁbr% %%%q\iﬁr%egg,e%%ﬁ %eﬁé&ﬁ%#%g}é%ﬂa %Ir?ﬁgg‘ﬁg ?[S?‘ee?r‘? and
Rlerr] nepresats thenHpdroptenitoyn and RyeandiRK yépreselitdadependerithyf & loWvet e
conmpounds” i n_association with at |east one diluting agent or o
phar mac ciadiead orfosmctogethardhedmidagole, morpholine, or piperidine ring, or A

6 . tical ti car di i . _
adapt ed li%p%%:g&g ESHERS e %%ﬁ Ir?‘lt“!gt rs’i°?§‘ng{ee§§%£‘ld§?‘% ?/ﬁ. g §¥%2§na:]:198f Hiese
par ent erc@mpdiieds Fysddeifidiewith atkasidrie diluting agentop phasmachi@ticallyi | | s,

gel s, drinkable solutions, injectable solutions, or ina formadapfed to
pr ol ongedscepablg gehiglea coppounds according to the intention may be

adm ni stered at a dose rangi ng between 0.1 and 1000 ng per day. Preferably
t he conpounds may be admi ni stered at a dose rangi ng between 1 and 100 ny.
The i nvérhe mventionelikewisertaincgrrishpharsmcetiticerdongpositiensoontaming ynwagfofa
general formula IJerr ' ' -

active principle ag ieast one compound of formula I,:

D

NN ecapn-N]
HN -NHQ . — R2

in which: _

‘A represents an atom of hydrogen, a lower alle group, or the nitro radical;.

E répre_sents an afoir__t of oxygen or a c_ovalent bond;

n'is equal to zero or an ihfegef between 1 and 12; and, -

either R, and R2 represent independently a branched or Hnear'élle chain, or R; and
" R, form together with the hitr’ogen atom to which they are attached a ring of 5 or 6

groups, saturgted or unsaturated, of the formula - /__\x
N J

in which X represents an at_om. of hydrogen, of sulfur or of nitrogen, the methylene,
alkylimino, or imino radical, with the excéptidn of compounds of the general
formula I, in which n is equal to zero, E represents a covalent bond, A represents' the
hydrogen étom and R, and R2 repres’ént independently a lower alkyl radical or a salt
of these compounds in association with at least one diluting agent or

pharmaceutically acceptable vehicle. |



[err] in which: A represents an atom of hydrogen, a |ower al kyl group
or the nitro radical; E represents an atom of oxygen or a coval ent bond; n

'S equal to zero or an Integer betweenm I amdt— 2 —amd,—erther—Rrer+]} and
Rlerr] represent independently a branched or linear alkyl chain; or Rerr]
and Rlerr] formtogether with the nitrogen atomto which they are attached
aring qof+5 or 6 groups, saturated or unsaturated, of the formula '

[err] i‘n which X represents an at om of hydrogen of sul fur, or. of

ni t r ogefhe phermetduticab eompdsistydnsnamordmg torthednverdicrahrd mdapﬂed tprmpar ation
of a medication,for the treafnent of. pathol ogies -of ih central g
periph sen apode of W@Fﬁtf*}ﬁo%ﬁmﬂl an Angparenied €y feay thus be for

gastrmé;{aﬁgé lenal 1%43’135 SRftiorgr  of
pat hol ogi e gonntgg{}g e carhl ngt-: Par or bronc pu*#g%g?éssystogrgﬁ
The i nvamin afofm adalpjled rtalpedldmgedhelésél Eihercgnq:mmdseaaccordmg to the a
7 holln et h ester  of I ni ne

(L- NNA)mtenﬁo@may e 5 art]ay desg ranging bemr - and a0, e dag.
(10 er rpreldraBly HidkAGOYHES hay bk RRA Y r&a@md&@ 5}.' Bé@evﬁﬁ 1B PHROH | ne
s di ssolieverg |yn 30 m ﬁg anhyo}nousfl di et T ormam gle D%F), then 3 x 8
10[ er r ]m@} of di et hyl am nopyri di ne (DI\/AP) | s added. The solution is cooled
to.0 degrees C and 10[err] M of dicycl ohexyl carbodiinide (DDC) is added.
It is stirred at O degrees C for 10 minutes, then the stirring is continued

at The invention concerns finally the use of derivatives of L-arginine of a general

formula IB
 A~HN

}/NHMC—E—(CH,M-N

NH, R

- A represents an atom of hydrogen, a lower alkyl group or the nitro radical;

E represents an atom of oxygen ora covalent bond; '

n is equal to zero or an integer between 1 and 12; and, _

either R, and R, represent independently a branched or linear alkyl chain;

or le and R, form together with the nitrogen atom to which they are attached a ring

of 5 or 6 groups, saturated or unsaturated, 'ef the formula |
4 X

N’

in which X represents an atom of hydrogen, of sulfur, or of nitrogen, the methylene,
alkylimino, or imino radical for the preparation of a medication for the treatment of
pathologies of the central and peripheral nervous system, of pathologies of diseased
of the gastrointestinal and urinary system of the inflammatory type or not, or of

pathologies connected to the cardiovascular or bronchopulmonary system.

The invention is illustrated by the following examples:



roomtenperature for 24 hours. The precipitate of dicyclohexyl urea forned

Is filtered and the solvent elimnated. The residue is recovered by ethyl
——acetate—then—washed—once wth—water—and once W T h satur at ed NaQ . The

elim nation of the solvent |eaves a viscous product which is-

chr omat ographed on-a silica columm (eluant CHO 3/ MeOH9595 then 90: 10); the

conpound, ¢4) i's obtained in the formof an oil which crystalizes. Mlting

~point:. 128 degrees C. CCM rf: 0. 38 (CHCI[err]/EtC]—I 85:15). I.R (cnferr])

j ol %ﬂ holaR@iy] ester] ofckNF-nitt e(ENN&): 1710. Ma
nuj ol £ : Mofpho y][ esster] o qarginipé (k1 ss

spectru 433" RWerr]H, 100 MHz, CDC [err], TMS, [err]ppm 7.8 (2H
NH err]): 5.5 (d. 1H. NHBoc): 4.3 (m. 3H & NHCO. err]CHerr]); 3832.
(m_ 7H. CH er W 2NQ,CH] eE=l6 OCH aii 2. NH)-,-Nf 5 (s 30H2N;, 1.7 (m

CH err]CH err]); 1.4 (sing, 9H tBu). 2Rsl stage¥d-e’protect|on of the NH2

function. The conpound (4) obtained in the previous stage is dissolved in
anhydrous di oxane; an excess of 4N HC is added drop by drop in. dioxane at
anbi ent léb%at ure.  The ‘sol ution beconmes cloudy, then is sti rred

-V' gor OUAY e é 'im?:ﬁcﬁﬁﬁ’ ﬁu*ﬁl?ré (10? M)'&fi—N—Boc—NG-mtroargnme and

precipitate slowy forns. The dioxane is decanted; (it is washed

tvm ce va-FB—h piyokyetiylemioepholimelis disselvediinB0mnd iof enbydeeus dissethyihe sol i d

15,8 sequed L1 Yo LIRS bieg e TR SRRGHA e CPATS RSdD. e

CCM_: rf @ Rexiyl. a%ﬁdﬁrbﬂi‘feD 3s
[err] g‘%&‘@f%@aqaqjmﬁ}ﬁ?gg %@ﬂﬁz%é?]w[cerr]ppm 4 iISD(C% 2H.

c err ] @dded: | It:is stitrect at Qﬂeg@d@l@l[f@r 19 mm;ltesztlmﬂ't rrinyg sroontinyed;at) ) -
3.4 - 3. . D lid :
. Exanpl e rgogxg %P?ﬁ%‘i%e q*JyZPQ ng@r rﬁ{;ﬁﬁ AN A_Jtyc%il&ﬁ]ur(é\y[fgﬁﬁlﬁ is

filtered and the solvent eliminated. The re51due is recovered by’ ethyl acetate, then

washed once with water and once with saturated NaCl The elimination of the
solvent leaves a viscous product which-is chromatographed ona silica column
_ (eluaﬁt CHCI13/ MeOH959S then 90:10_); the compound (4) is obtained'il_l the form of
“an oil which crystalizes. ' | ' '
Melting point: 128 degrees C.
CCM: rf: 0.38 (CHCl,/EtOH 85:15).
LR. (cm™) nujol v-NH: 3400 - 3200; y-ester: 1740; ¥-BOC: 1710.
‘Mass spectrum: MH+ = 433.
RMNH, 100 MHz, CDCL, TMS, 3ppm: 7.8 (2H NH,): 5.5 (d. TH. NHBoc): 43 (m. 3H.
CH NHCO. CO,CH,); 3.8-32 (m. 7H. CH,;NH. CH,-O-CH, NH); 2.5 (m. 6H. 3CH,N;
1.7 (m. 4H. CH,CH,); 1.4 (sing, 9H. Bu). -

2nd stage: deprotection of the NH, function.
~ The compound (4) obtamed in the previous stage is dissolved in anhydrous dioxane;
an excess of 4N HCl is added drop by drop-in dioxane at ambient temperature. The

solution becomes cloudy, then is stirred vigorously for 15 hours until a white



[err] 1st stage: The correspondi ng conpound of general formula (4) is
obt ai ned according to the nethod as described in exanple 1, 1st stage,

using—NA{ter—hydroxyethy)—7pirpertdime TSt ead of

N—([err] hydr oxyet hyl ) - morpholine). Waite solid - nelting point: 98 degrees
. CcCcmrf: 0.22 (CHC [err]/EtOH 8:2) RWerr]H, 100 MHz, CDCl[err], TMB
[err]pp 7:6 (2H. NH[err]) 5.5 (t. 1H NHBoc); 4. 3 (t 3H. CH-NHCOand
CCIerr]CH[err]) ﬁ[solld 3H. CH err]NH NH); 2.3 (solid, 6H
3CH2N) : precipitate. saowéxo omms.1The dlmga@cmﬁ tedf]u) is Washmi swu:gewuhthe conpound

IS obta t for f. d or| efol

descri bélgﬁ?#oq'f %‘E‘F rH %1‘5 ‘is‘?%g 6va&ﬂr h ?MEZ%H"AC] ésga%&hﬁrﬁd 1N water
hygros Cﬂﬂdfl M@lﬂlﬂedmﬂﬁb compound I is obtamed in the form of dichlorohydrate. 9
CCM rf: 36 (2 pro anoI/H[err]O’NH[err]O—I 7:3:0.1) M+ = 331 (base) [err]

= +5 78F+R30 dpgyee opipwilite poyVeer.] O [err]ppm 4.5 (m 2H.

cqerr] rk) 3.5 - 2.7 (m 8H 4CHerr]N);
1.7-1. SEF[M‘C“ %)I—?sgéffgr’?ﬁ&/%gﬁﬁpﬁ?%@ %)C'll met hyl am no) propyl ester of
L- NNA MH+ (bas¢)et BB3 1st stage: The correspondi ng conpound of general

formul a i s_obtained according to the nmethod as described in exanple 1,
1st st a[_jépé')]usr'ﬁélﬁzﬂ? et hyl am no) - pr opanol

RMN™H, 100 MHz, D,0, ppm:
45 (m. 2H. CO,CH,): 41 (t, 1H. CH(NH,)CO); 3. Ten. 4HL, 1, CHOCH,); 34 - 31 (. 8H.
CH,N): 1.9 - 1.5 (solid 4H, CH,-CH,).

Example 2: Piperidinoethyl ester of L-NNA
: ’ - Ry L ——
‘A=NO,  E=O n=2 "1‘( = ‘N .

1st sta ge: _ _
The correspondmg compound of general formula 4)is obtamed accordmg to the

method as described in example 1, 1st stage, usmg N-(B-hydroxyethyl)- plperldme
mstead of N-(B-hydroxyethyl)-morpholme)

White solid - melting point: 98 degrees C

CCM:tf: 022 (CHCL/EtOH 82)

RMNH, 100 MHz, CDCL, TMS 8pp |

7.6 (2H. NH,); 5.5 (t. 1H. NHBoc); 4.3 (t, 3H. CH-NHCO and CO,CH,); 34 (solid, 3H.
CH,NH. NH); 2.7-2.3 (solid, 6H. 3CH,N): 1.7 - 1.4 (solid, 19H. tBu and 5CH,).

~ 2nd stage: _
The compound is obtained in the form of dihydrochloride following the method as

described in example 1, 2nd stage.
Melting point: 250 degrees C - hygroscopic white solid



i nstead of N-([err]-hydroxyethyl)-norpholine. The conpound (4) is purified
by flash chronmat ography (CHC [err]/EtO—| 8:2). A viscous product is
__' - —0- -MHz, CDCl[err],
[err]ppm 5.4 (d. 1H NHBoc); 4.2 (m 3H COOCH[err] and CHNHBoc) 3.4
(m 2H NHCH[err]) 2.3 (m 8H CHerr]Nand (CHerr])[err]N): 1.7 (m 6H,

3CH err])° 2nd stage: The conpound | is. obtained in the form of

di hydrochl ori de-foll owi ng the nethod as described in exanple 1, 2nd stage.
Mel t i ng qOWMRES: 0 ‘éﬁ& 1[1—12()]71 qm@qy\/m te powder CCMrf: 0.28
(2-propanol/H20/ NH errJTOH 7: 370 (base) = 378 RW[err]H, 100 Mz,

D er r ] OMFbr F13Hn{base) 5 (m 3H CH(NH[err])CO COOCH[err]) 3.1 (m 4H,
NHCH[err[k ﬂpdd%r-lb % 10
2.2 (s. ‘6R eﬁz) 1.7 (m 6H 3CHerr]). . Exanple 4:

Mor phol |Mq|qy10@m Ol-8p Ppm ferr] lst stage OQperating as
' ' age, but usin oI|no r opanol i nstead

described in exa e st § g

of N- ([ b {miagkE. E@@QI’M )4~1r(tr@ GHANH)EOX: x5re315’ Wit 74143 (s

obt ai newmwr is purified by flash chromatogr aphy Melting point 106
degr ees 0.34 (CHC [err]/EtOH 85:15). RWerr]H, 100 Mz,

CDCl[err], TMs, [err]ppm 78(2H NH err]); 54(d 1H. NHBoc) 4.3 (m
3H. CHNHBoc. err CH err] 8 - 3.3 (m 7H. "CH err]NH,
CH err]m@gl?" laMMPmylssﬂef HIN}\I

A='N02 " E=0 -n_-.3_- __N" = N’%i

1st stage: | D

The corresponding compound- of general formu’la (4) is obtained accordixig to the
method as described in example 1, 1st stage, {iSifig 3-(dimethylamino)-propanol
instead of N-(B-hydroxyemyl)-morpholiné. The compound (4) is purified by flash
chromatography (CHCL,/EtOH 8:2). A viscous product is obtained.

CCMerf: 0.17 (CHCl,/MeOH 7:3). R

RMN'H, 100 MHz, CDCl,, TMS, dppm:

5.4 (d. 1H. NHBoc); 4.2 (m 3H, COOCH, and CHNHBOC), 3.4 (m. 2H, NHCH, _2), 2.3
(m. 8H, CH,N and (CH,),N): 1.7 (m. 6H, 3CHL).

2nd stage:
The. compound 1 is obtained in the form of dxhydrochlonde following the method as

described in example 1,2nd stage.
Melting point: 178 degrees C - hygroscopic white powder
CCM:rf; 0.28 (2-propanol/H,0/NH,OH:7:3:0.1)
- MH:+ (base) = 378 |
RMN"H, 100 MHz, D,O, dppm: |
4.15 (m. 3H. CH(NH,)CO, COOCHS,); 3.1 (m. 4H, NHCH, and CH,N);

10 -



1.9 (m 6H 3CHerr]); 1.4 (sing. 9H tBu). 2nd stage: The conmpound | is
obtained in the formof dihydrochloride follow ng the method as described
te
powder CCMrf 0.39 (2- propanoI/H[err]O’NH[err]O—I 7:3: 0 1) [err] = +8.2
(Herr]O M+ 347 (base) RWerr]H, 100 MHz, Derr]O, [err]ppm 4.15 (m -
3H, CH(NH[err])CO Cderr]CHerr]); 3.9 - 3.3 (m 6H CHerr]OCHerr],
CH.err]NH), 3.1:-- 2.9 (m 6H, 3CHerr]N); 2 1.4 (solid, 6H 3CH2).
Exanpl eZ&(sNbet(ﬁng)NDuek?l(rmﬁéBC@.)L NNA [err] 1st stage:
Qperating as described in exanple 1, 1st stage, but using
6- nor phol i nohexanol instead of N-([err] hydr oxyet hyl ) - m)rphollne t he

corresp%%uq? %’%}Qﬂ rbpyPBted BEE- NINA | atter-is purified by flash
chr omat 6grapny err]|FEt 90:10). A viscous product is obtained.
Mel ting point 99 degrees C CCM rf: 0.32 CHCI [e@m 85:15). RWerr]H,

1 w ~-

100 VHz, T err 7.7 H2 d. - 1H, NHBoc); 4. 25
(m 3H, G%oc%ﬂ[er%ﬁ%l-i[er]r?)g@:% 6° -Ng (ﬁI] N, [(err]NH. °¢) '

CH err]CH err]. NH:2.4 (m 6H, 3CH[err]§b 1.8 - T3 (solid, 23H tBu +
6CH err]). 2nd stage: The di hydrochl oride of the conpound | is obtained
accor di [1gL$jngEhe met hod. described in exanmple 1, 2nd st age. Mel t i ng poi nt

(2 or op kR AR R SREDRR AT 15 e bl g 5*“5°’-‘Ph°1m°Pr°Pan°1
| instead of N—(B-hydroxyethyl)—morphohne, the corresponding compound (4) is -
obtalned The latter is purified by flash chromatography

Melting' pomt: 106 degrees C.

CCMirf: 0.34 (CHCL,/EtOH 85:15).

RMNH, 100 MHz, CDCl,, TMS, 8ppm: o
7.8 (2H"NH,); 5:4 (d. 1H. NHBoc); 43 (m. 3H. CHNHBoc. CO; C_H_z) e
3.8 -3.3 (m. 7H. CH,NH, CH rO-CH,, NH); 2.4 (m. 6H. 3CH,N); |
1.9 (m. 6H. 3CH,); 1.4 (smg_. 9H. tBu).

2nd stage: L _
The compound I is obtained in the form of dlhydrochlonde following’ the method as

described in example 1, 2nd stage. _

'Meltmg point: 232 degrees C - hygroscoplc white powder

CCM: rf 0.39 (2-propanol/ HZO/ NH.,OH 7:3: 0 1)

[aDm] +82 (H,0)

MH+ = 347 (base)

RMN'_‘H, 100 MHz, D,O, dppm:

4.15 (m. 3H, CH(NH,)CO. CO,CH,); 3.9 - 3.3 (m. 6H, CH,OCH,, CH,NH),
3.1 - 2.9 (m. 6H, 3CH,N); 2 - 1.4 (solid, 6H,_3CHz).

11



[err] = +6.67 (Herr]O RWerr]H 100 Mz, Derr]O [err]ppm 4.1 (m 3H,
CH(NH err])CO CJerr]CHerr]); 4 - 3.3 (SO|Id 6H, CHerr]OCH err],

. 2 . ; , 6CHerr]).
12 Exanpl e 6: | m dazol oet her est er of L- NNA [err]
1st stage: The correspondi ng conpound (4) is obtained according to the
operating node outlined in Exanple 1, 1st stage, but by using
2- hydr oxyet hyl -3 i m dazol e i nstead of N- ([-err]-hydroxy-ethyl)-norpholine.
The Iatﬁka@' 10 5 Mogshdlihohek9] &dter of LANNA a (CHC [err]/EtOH 9:1 then
88:'12). Melting p?ihnt: lggyd'egrees C. ccMmrf: 0.19 o
(CHC [err]/EtOH/ NH err] OH 85:15:0.1). RWN[ err] H,__100 I\/Hz, ChDd[err],
TVB, [err] ppmA=N@,(2H EMderr])n=§. 6 (147 NH)_,, 7. 4£d. i m dazole); 5.7
(d. 1H, NHBoc); 4.3 - 4.1 (m B5H, CHNHBOC\cheI‘I‘ [ r] , '
CH err]-imdazole); 3.3 (d. 2H CHerr]NH;" 1.4 (m H, tBu, 2CH err]).
2nd stage The desired conpound | is obtained in the formof
di hydro e follow.ng the met hod previously described in exarrpl e 1,

2 S eperpel g0 Asply, SIIER. Sheyfs MBI NSRS i
RWN[ er r jristedd 0f M-{B-hpideoxyéthy])anoipimline, the dofréspatiding wotgsmire) (4)4s4 (m
- o ia]u%_l erTrl'!e lg'?tgr %_l%%; e-dll;?r as Olcleu)'omatograpjhy (CHC13/EtOH 90:10). A

viscous product is obtained.

Melting point: 99 degrees C

CCM:rf: 0.32 (CHCL,/EtOH 85:15).

RMNH, 100 MHz, CDCl,, TMS, $ppm: .

7.7 (2H, NH,): 5.4 (d. 1H, NHBoc); 425 (m. 3H, CHNHBoc CO,-CH,)

3.6 - 3.3 (m. 7H, CHZNH CH,OCH,. NH);'Z4 (m 6H, 3CH,N);

- 1.8 - 1.3 (solid, 23H, tBu + 6CH2)

2nd stage:
The dlhydrochlonde of the compound Ii is obtamed according to the method

‘described in example 1, 2nd stage.

Melting point: 214 degrees C - hygroscopic compound

CCM:rf: 0.52 (2-propanol/H,0/ NH40H.7 3: 0. n

MH+ = 389 (base)

[aD = +6.67 (H,0)

RMN‘H 100 MHz, D,0, 8ppm _

4.1 (m. 3H, CH(NH,)CO. C02CH2), 4-33 (solid, 6H CH20CH2, CHZNH)
21-19 (m. 6H, 3CH2N),18 1 (m 12H, 6CH,).

12



CH(NH err])CO; 3.1 (t. 2H CHerr]NH; 1.5 (m 4H 2CHerr]). Exanpl e
7: I\/brpholinoethyl ester of L-arginine. [err]

1 .

13— tst—stage—Cperattng—accordrmgto—the Tethod prevr ousry descri bed
(exanple 1, 1st stage), the correspondi ng -conpound (4) is obtained reacting
the L-N(Z)-N err]-nitroarginine, i.e..the conpound Il in which the radical
R3 represents the Z'protector group, wth

N- ([ err]-hydroxyethyl)-norpholine. The conmpound is purified by flash

- chr omat : dmarnzolopther @ster:of L-AINAg9: 11). A viscous product is
obtained. Melti ng poi nt: 65 degrees C CCM Rf: .0. 28 HCl [ err]/ Et OH 85: 15)
RW err]H, 100 , CDCl[err], TI\/IS err,}lbpm 8. 5 ., NH); 7.3 (2H;

NH err]); 7ﬁ2-(b£0z5H Bebr)); 9= (d =M NHBD, N(s] 2H CHerr]): 4.2 (m
3H, CHNHZ and CJerr]CHerr]); 3.6 (m 612 CHZNH a CHerr]OCHerr]); 3.4
(1H NH); 2.4 (m 6H 3CHerr]N); 1.6 (m 4H 2CHerr]). 2nd stage: The
corrpoungaé_é%_g%bt ained in the previous stages is dissolved in ethanol and
subj ect ydr ogenol ysis; the hydrogenolysis is done in a PARR apparat.us
in the HEes@mespm\djﬁg’othﬂpbm’td §)ds ebtained abccﬁﬂupg to the apuraemg medeer at ur e.

The di sappe nce, of the precurs f ol Io e reactr nds .
i n four Gvlin %S inxample 1, dst stagey {’I'ét YSI"\?H}ﬁ Y%%Aﬁ F%‘g ?

The vis r Phmn ochl or i c '
acid i n(igﬂétwbgyher Iﬁ&co%ﬁ{&&gn la%ln ;ﬁ @%ﬁlﬁ ?;Hg& for ](yhgrneﬁeg hours. A
pr eci pi t(@[—;(:lngf@HQEt&lenlss 12)ttle. The solid is decanted and washed tw ce :

with dry ether. is dried under reduced pressure and |yophilized. A
slightl 5yM 8)RP§VG Wodegrees C.opt ai ned cont ai ni ng hydrochl oric acid which

is very i I rees C (deconposi ti on) M+ =
28 ( Y COREASH99 ©CHOR/EHOBLAQHNOH: 5486160
RMN“H 100 MHz, CDCl,, TMS oppm:
8 (2H, NH2), 76 (1H NH), 7 (d 2H, umdazole),57 (d. 1H NHBoc), 43-41
wevs fTRL _51-_1, CI;INHBoc, CO,CH,, CH,-imidazole); 3.3 (d. 2H, ‘CH,NH); 14 (m. 13H tBu,

2CH,).

2nd stage
The desired compound Ii is obtained in the form of dmydrochlonde followmg the

method prewously described in example 1, 2nd stage

Melting point: 228 degrees C - hygroscopic yellow solid

MH+ = 314 (base) |

CCM:rf: 0.39 (2-propanol/H,0/NH,OH:7:3:0.1).

RMNH, 100 MHz, D,O, $ppm:

7.3 (d. 2H, imidazole); 4.4 (m. 4H, CO,CH, and CH,-imidazole); 4 (t. 1H,
CH(NH,)CO); 3.1 (t. 2H, CH;NH); 1.5 (m. 4H, 2CH,).

_Examp_le 7: Morpholinoethyl ester of L-erginine.

R,

"
4
(&)

A=H, E=0 n=2 =N
RZ'
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RW[err] H 100 MHz, Dierr]O [err]Jppm 4.4 (m 2H CJerr]CHerr]); 4.1
(t. 1IN, CH(NH[err])CO) 3.7 (m 4H, CH[err]OCH[err]); 3.4 (m

24— AH,CHerT N NACHer )53 T (mr A N(CHerT ) fermi = 6(m
4H,. 2CH err]). = Exanple 8: Pi peridi noethyl ester of L-arginine. . [err]
1st stage: The corresponding conpound of the general fornula (4) nay be
obt ai ned according to the operating nethod of exanple 7, 1st stage but by
usi ng- Sg[ err] hydroxyet hyl) - pi peri di ne i nst ead of

N- ([ er ristisiagesxyet hyl ) - nor phol i ne. The conmpound can be purlfled by flash

 obt o meBERRG pocoblthe 1 85 OB KRN agRBbalBRARIE LM dadiyghe
st age) .corrdspampling 2ompouridi )db @bt&inédeea&tng)ﬂid_E{N@)FNﬁmtroargmme, i.e. the

[err] 1st sta The corresp ndi ng conmpound, of_the general fornula (4) may.
be obt aﬁqmaoaﬁgim thgga gélgsrﬁgfeﬁ@atﬁahe&p X Sroup withst age, * but

D AP AR R Sy s
~chr Oﬁat(@'!@l}VBtOH Qﬂdtliéhml 1). A viscous. product is obtained.
Melting point: 65. degrees C '
_ CCM:Rf: 0.28 (CHCl,;/EtOH 85: 15)
- RMNH, IOOMHz CDC13,TMS Sppm:. _
85 (1H, NH); 7.3 (2H, NH,); 7.2 (5. 5H, ¢); 57 (d. 1H, NHZ), 5 (5. 2H,
CHi$): 42 (m. 3H, CHNHZ and CO,CH,); 3.6 (m. 6H, CH,NH and CHZOCH,),
34 (16, NH); 2.4 (. 65, 3CELN); 16 (m. 4H, 2CH)

2nd stage: o T _
The compound (4) obtained in the previous stages is dissolved in ethanol and

sub]ected to hydrogenolyms, the hydrogenolysis is done i ina PARR apparatus in the
presence of 10% Pd/C at a pressure of 50 psi at ambient temperature. The
disappearance of the precursor is followed by CCM and the reaction ends in four
hours. After filtering, the solvent is eliminated at 40 degrees C. The viscous residue
is recovered by a minimum of ethanol. 1N hydrochloric acid in diethyl ether is
“added and it is left stirring for three hours. A precipitate forms little by little. The
solid is _ j o
decanted and washed twice with dry ether. It is dried under reduced pressure and
lyophilized. A slightly yellowish product is obtained containing hydrochloric acid
- which is very hygroscopic.
Melting point: >240 degrees C (decomposition)
MH-+ = 288 (base) '
RMN? H, 100 MHz, D,O, dppm:
4.4 (m. 2H, CO,CH,); 4.1 (t. 1H, CLI_(NHZ)CO),f 3.7 (m. 4H, CH,O0CH2); 3.4 (m.
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The hydrochl ori de of conpound I nmay be obtained according to the nethod

previously described (exanple 7, 2nd stage). Exanpl e
10 i = = TTTi = ) . [err]
/1/0t stage: - The correspondi ng conpound of the general fornula
“(4) may be obtained according to the operating nethod of

exanpl e 1y 1st stage, by causing a reaction of t he
L-N(Z)-N err] methylarginine and N-([err]-hydroxyethyl)-norpholine. The
conpoundts §FL,N, NHCH,); 3.bémpdH, INEZHYDy); tior(omedldg2@PhYy on a silica col um.

2nd st age: The hydrochl ori de of conpound |I nmay be obtained:
according to the nethod descri bed in exanple 7, 2nd stage.
Exanpl e Exdmpe 8p Pobéridindetifa esferlofMarginine. A=N[ err] E
=covalent [err M 1st stage am de of L-NBoc-NG nitroarginine..
‘Equi nol ar quantities of L-N-Boc-Nerr] Ektroargl , horphol i ne and

1- hydroxy A=H : Ebﬂlzotrlmal e ( T) aFe ¥ ssorved in anhydrous DVF,
i't is cooled to O degrees.C “Rnd an edwfal ent of DDC i s added.
It is kept at O degrees C for 10 m nutes. The reaction is

continued for 20 mnutes at O degrees C, then at anbient tenperature for 6
hours. Astsfagehe usual treatments, an oil which crystalizes is obtained by

fl ash ' h I ' , 'y '

(s Thesgrreperf e QAR &6 daial Sk ) DM 8Bl esoings 0

:I_N%SOO td gi¢ bpériiflig bethdd b Rample 7, 1st stagdPtdyr hbing100 Mz, CDCl [err], -
LN }é)-gydroxyethyl)-plpendme instead of N-(B-hydroxyethyl)-morpholine. The

compound can be purified by flash chromatography.

2nd stage:
~s  The hydrochloride of the compound I may be obtained accordmg to the method
previously described (example 7, 2nd stage)

Example 9: N-imidazoloethyl ester of L-argin_i_ne.

A=H ExO a=2 . N P l

Ist stage

The corresponding compound of the general formula (4) may be obtamed according
to the operating method of example 7, 1st stage, but by using -
N—(B-hydroxyethyl)-plpendme instead of N-(B-hydroxyethyl)—morphohne The
compound can be punﬁed by flash chromatography

2nd stage
The hydrochlonde of compound I may be.obtained accordmg to the method

previously descnbed (example 7, 2nd stage)

15



P

I d. NHBoc); 3.7 (m 1H, CHNBoc): 3.5 (solid 4H,

16 5.8 I
3.4 (m 2H NHCHerr]); 2.8 (m 4H, CH[err] N-CH[err]) 1.7

2CH err] O ; El

. B , i [BU) 2Td st dge: uepr otectiom of
the. NH err] function. The product (4) obtai ned during the previous state is

.di ssol ved in anhydrous dichl oromet hane and 20%trifl uoroacetic acid is

added. It~is stirred at anbient tenperature and it is followed by gaseous
rel ease. The solvent is elinminated and the residue recovered with water.
The sotution is. passed through an ion exchanger resin. A viscous product is
obtain hid116- ' 1Pt 1 & QDM ting point 246
degree#éﬁ@S@%‘fﬁﬁ%tﬂgP&&Pﬁ%‘qﬁeﬁl]/ CﬁﬁﬁﬁZ) [err] = +17. 2
(Herr]O I.R: nujol: cnmerr]: [err] 340@,- 3300, rr] 1630 RVMN[err] H,
100 Mz, D ergak@H{errlgp@ 3. 8pEm 1I—L_bﬂ—|(lNngrL,} 3 3.5 (m 8H,

‘norpholine); 3.1 (m" 2H, CHerr]NH; 1. 4‘@_?]1 4H, OHLefr]CH[err]) Exanpl e
yl

12: Salt of ibuprofen and of norpholino et ester of
L-N err]-nitroarginine 2x10[err] M of ibuprofen is dissolved in 15 nl of
wat er cististageg:ng 2 eqw val ents of sodium hydr OXI de; then this sol ution is

added slowy .to an ueous sol ut ) ]
rTDI’phO|JIrﬁ8§¥WPP8g oprnpe Nﬂﬁ&ffﬁs Sfﬁ’fﬂf% gro J,ﬁ%ﬁg@ OHY% Fsgrd

whil e s{d fHd Ggeia@m @ﬁfﬁ&@ﬁeﬁaﬁtple BO1stisbages by cAusingea readtmﬂnj mth_es obt al ned
which after coolin philized to yield a white powder. Melting point

>260 debeéZ)-NG-meﬁiyﬂangI){mtaetd bb(ﬁ:bydrqmynﬂsfl)-mrpho s4Fhe op d can
E(ranrr]Gapp g‘p%k&ci'@&la pflyonasﬂ NCi)and.CCIerr]CI—|[e.rr]) 3.7 - 3.4

2nd stage:
The hydrochloride of compound I may be obtained accordmg to the method

described in example 7, 2nd. ..s,tage

Example 11: Morpholino amide of L-NNA.

A=NQO, E=Ico_v'alent n=0 _—N-. = -N o
~ bond : e '

1st stage: amide of L-NBoc-NG- nitroarginine.

'Eqmmolar quantities of L-N-Boc-NC-nitroarginine, morphohne and 1—hydroxy
benzotriazole (HOBT) are dissolved in arthydrous DMEF; it is cooled to 0 degrees C
and an equivalent of DDC is added. It is kept at 0 degrees C for 10 minutes. ‘The
reactioh is conﬁnued for 20 minutes at 0 degrees C, then at ambient temperature for 6
hours. After the usual treatments, an oil which crystalizes is obtained by flash
chromatography (eluant CHCl,/ MeOH: 95:5).

CCM:rf: 0.66 (CHCl,/MeOH 8:2)

IR nujol em™: Yyt 3400 - 3300; Yaoe 1700; Yomige 1630

RMN-H, 100 MHz, CDCl,, TMS, ppm: |
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(m 4H, N(CHerr])[err]); 2.3 (d. 2H, CHerr]-[err]); 1.7-1.5 (solid, 5H,
2CH err] and CH); 1.2 (d. 3H, CHerr]); 0.7 (d. 6H, 2CH3). The ester salt
) T ' ' ' f this sane
ester with sulindac (exanple 14) are obtained according to the sane nethod. -

Al'l of these salts are hygroscopic. Exanpl e 15[sic]: Salt of acetyl
salicylic acid and of the.norpholino am de of L- NNA. The
nmor phol i no am de of the L-NNA.is dissolved in 30 nl of water. Acetyl
sal i cyt i%8 4BI.cil.i NFbwdB. At d Ht CHNBag):ah8 (selid 45, Q) 8dolme2kn t he

m xture. y At\h earn, SOLUt { PRI S 4 higdJ i te er is -
obt ai ned%ﬁé%&h@%’h@é@é%ﬁg éfg’ﬁ?%&agi 2‘#\,@'5}5:18?@%“5'The salts.

of exanmple 11 with other carboxylic acids such as salicylic acid, sulindac -
or ibuprofen, nmay be obtained according to the same nmethod. Al of these
sal ts arZnchgagesdepratectiompb tyt Bllbgiunehionct i vity of the compounds according

to the iqgvention iS,illust ed by the follaqwing t.estsS, ¢..1. asure of
bi o 0gi coHe BEedlkt B bhiied Shuiing the' Bityitin S dif&itFed in SobRBRM hace
The i nhidichioremtieaes hd 2004 teRB6datetid ¥eidapddded| iTalis Sitred nitankieat t he
products are estimated fromtheir ability to antagonjze the_dependent

endot helEBReraur ANdoit it dolewwed byt gaseeus Beleate- ohhe Relvens ineliminaled anst thene
rat precRmiAGl88vikd with water. The solution is passed through an ion exchanger resin.

A viscous product is obtained which crYstali_zes upon the additi_oh of acetone.
Melting point: 246 degrees C | |

MHi+ = 289 -
. CCM: 1f: 0.18 (CHCl;/MeOH 8:2)

[0™] = +17.2 (H,0). | B |
'LR.: nujol: cm™ : g 3400 - 3300; Yyqe 1630 - [
RMNH, 100 MHz, D0, 5ppm: N |

3.8 (m. 1H, CH(NH,)COY): 35 (m. 8H, morpholine); 3.1 (m. 2H, CH,NH);

14 (m. 4H, CH,CH,). | | S

Example 12: Salt of ibuprofen'and of morpholino ethyl ester of
L-NC-nitroarginine

2x10° M of ibuprofen is dissolved m 15 ml of water containing 2 equivalents of
sodium hydroxide; then this solution is added slowly to an aqueous solution (7 ml)
of 2 x 10° M of morpholinoethyl ester of L-NNA. The mixture grows cloudy; it is
heated while stirring to 60 degrees C for 30 minutes. A clear solution is obtained
which after cooling is lyophilized to yield a white powder.

Melting point >260 degrees C - salt is water soluble

RMNH, 100 MHz, D,0, dppm:

7 (4H, ¢); 4.6 (m. 3H, CHNCO and CO,CH,); 3.7 - 3.4 (m. 6H, 2CH,N); 3 - 2.9
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18 phenyl ephrine (Auguet et al., 1992). - Materials and Met hods
The thoracrc aorta is extracted from Sprague Dawl ey male rates (290 - 350
<g—krtted—by cervicat—rupture—The~aorta s piace T the girucosed l'\reDS

Hensel eit medium of the foll ow ng corrposrtlon (mvp NaCl :..118; KC1
~MSJerr]: 1.17, KH[err]Pqerr] ©1.18; CaCl[err]: 2.5; NaHCCIerr]
gl ucose: 411. Thr s nmediumis kept at 37 degrees C and continually. traversed

by a current of -carbogen (95% r], 5% err Af t I
b on bt DD S5 S0, Chaoh 7 Lo oolite b, 2R nd RER L0 e S
rings ( under a tension of -2 grans in 20 nl vats.
The rec@'ggrpr"\é\tgg ’t%%b@a@?ﬁgns i s done using isonetric probes connected
:[Aa(‘) a dat ahacqw fsi tion system (105 Dei-Lierre). Products and treat nent

ter an hour o ret f e e
pheny| epheiester(sit @ fmrw‘i %é%@h’éa&fin(‘?’@éﬁ’l&iﬁ@&m ﬁa?'}s/%’&}l? fRRE( 10
m nut es Fajﬂg]% A Leciig thiod. C t he
i ntegri % fet Pﬁylfle engg‘t?l(re 1<21‘ﬂ>)earl}/é O#Eamprgre)ar atﬁ%ﬁ‘g% %atﬁﬁ\efﬁémshe%ﬂa%r?d
after 4&1@3@1@&1@&1 eécopi®ie PE (10[err] M is re-introduced into the bath

Y

at the maxi num of the contraction; the 10[err] M carbachol. is injected when
the maxi numrel axation is reached. The tested products are introduced into

the bat ﬁxaﬁ'l;ﬁé' His2d)t Ykt %?Sa%étyl sahcyhc acid and of the morphohno amide of
o L—NNA .

The morpholino amide of the L-NNA is dissolved in 30 ml of water. Acetyl sahcyhc

acid is added while stirring and will slowly dissolve in the mixture. Then the clear
-solution is lyophihzed and a white powder i is obtained. '

- Melting point >240 degrees C - salt is water soluble. |
The salts of example 11 with other 'cafbox'yiic-ac_:ids such as salicylic acid, sulindac or
- ibuprofen, may _be'_OBMed according to the same method. “All of these salts are

hygrdscopic.

The biological aetivity of the compounds according to the invention is illustrated by
the following tests.

1. Measure of biological activigg in_vitro
1.1. Endothelial constitutive NO synthase

The inhibiting pfoPerties of constitutive endothelial NO synthase of the produets are
estimated from their ab111ty to antagomze the dependent endothelium relaxation

‘caused by the carbahol on the 1solated aorta of the rat precontracted by

18
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19 The results are summmuarized in Table 1 which foll ows: TABLE 1

Product s Clferr] ([err]M L- NMVA 12 L-NA
e ey =100 ExanpteT 0O Exanpie 2

30 Exanple 3 75 Exanple 4 10 Exanple 5

5-Exanple 6 80 Exanple 7 >100 Exanple 11

>100 Exanple 12 ’ 5 Exanple 13 10 Exanmple 14

9° 1.2. Neuron-constitutive NO synthase - Introduction The neasure of

t he ackiphenylepfhrive e4aghetset dlgs192en done according to the procedure

described by Bredt and Snyder (1990). - Materials and net hods The Sprague

Daw ey rat cerebel lums (280 g. Charles River) were extracted quickly, dried

at 4 degmgﬁrglgaﬂdm zed in an extraction buffer volune correspondi ng

to5mM o er per gramof tissue using Thomas' potter (10 round
trips). The honogenates were then centrifuged (21,000 g for 15 mnutes at 4

degrees T@e thoracic aorta is extracted from Sprague Dawley male rates (290 - 350 g) killed by
- cervical rupture The aorta is place in the glucosed Krebs Henseleit medlum, of the
followmg composition: :
~ (mM), NaCl: 118; KCL 4.7; Mgso,, 1.17; KH,PO,: 1.18; CaCl,: 2.5; NaHCO,: 25
glucose: 11. This medium is kept at 37 degrees C and continually traversed by a
current of carbogen (95% O,, 5% CO,). | o
Af_ter having eliminated the excess conjunctive tissue and fat, the vessels are carefully
cut into rings (2 mm wide) and suspended under a tension of 2 grams in 20 ml vats.
The recording of the contractions is done usmg 1sometr1c probes connected to a data

- acquisition system (IOS De1-L1erre) e
- Products and tréatment

After an hour of rest, the tonus of the artery is increased by phenylephrme (PE 10 |
M). When the contraction reaches its maximum (10 mmutes), the carbachol (10; M)
is mtroduced into the vat to check the integrity of the endothelial layer. The
preparatlons are then washed and after 45 minutes of rest, the PE (10, M) is
re-introduced into the bath at the maximum of 'c_he contracuon, the 105 M carbachol is
injected when the maximum relaxation is reached. The tested products are

introduced into the bath in cumulative doses.

19



20 The floating matter was renoved and passed through a colum o

f 1
m of Dowex AG 50 WK-8 Na+ (BioRad form previously rinsed with distilled
water and by the extTaction buffer—After-——passage through—the—cotumm—the
sanpl es were stored at 4 degrees C and quickly prepared in doses. The
.dosage was done in glass test tubes in which 100 [err]| of incubation
buffer was distributed containing 100 mM of HEPES, pH 7.4 of EDTA, 2.5 nM
cof .Cadl[err], 2-mMof dithiotreitol, 2 nmM of reduced NADPH, 10 [err]g/m of
cal rodullhegeswlés ate fummarizgd inTableytindticlo followsie. 25 [err]| were added of
a sol ut&.grmﬁfgtai ning 100 nMof tritiated [labeled with tritiun] arginine
(specific activity: 56.4 C/mole, Arersham and 40 [err] M of _
non-r adPeedi¢tse argi nine. THELygadyion is started by adding 50 [err]l of
honobgenate, the final volunme being 200 [err]l (the mssing 25 [err]]| are
ei t her water-or—a-tested-prodoct)™ After 30 m nutes of incubation at
anbi ent Lﬁwture t he enzyme reaction is stopped by the addition of 2
mllili {"ers of “stopping buffér (20 nM of HEPES, pH 5.5; 2 nM EDTA). The
sanpl esLaN@ passed through I ml colums of Dowex AG 50 WK-8 resin. Na+

forms and js eluted with 2 m_of distilled water. After the addition of 10

m of s&mIaguanidine i qui d, 400 radi oactivity is quantified by means of a
liquid gghRtdidhation spectrqgeter. The whites were made according-to the
sane expe?‘?\?ent al protocol, the 50 [err]| of .sanple being replaced by 50
[err]| Bkampleaction buffer.30The total radioactivity was: determ ned for
each test.. Tli;’e results are_expressed in pnoles of citrulline formed per
m nut e g@mri’ée of proteins Re protein concentration was done according to

Br adf org',émﬁéaod (1976) (Taple 2).

Example 5 -5
Example 6 80
Example 7 ...  >100
' Example. 11 - >100
Example 12 5
Example 13 10
Examplé 14 9

1.2. N_euron constitutive NO_ synthase

- In&oduction _
The measure of the activity of NO synthase has been done according to the
procedure described by Bredt and Snyder (1990).

- Materials and methods ;

The Sprague Dawley rat cerebellums (280 g. Charles River) were extracted quickly,
dried at 4 degrees C and homogenized in an extraction buffer volume corresponding
to 5 ml of HEPES buffer per gram of tissue uSihg Thomas' potter (10 round trips).
The homogenates were then centrifuged (21,000 g for 15 minutes at 4 degrees C).

20



21 TABLE 2 Product s Cl[err] ([err]M L- NMVA

2.8 L-NA 0. 6 Am noguani di ne 510 Exanple 1

Z. 3 EXanpie 2 Z—Exanmpte3 toExampte—=4

1.5 Exanple 5 = _ 2 Exanple 6 , 1.8 Exanple 7

>10 Exanmple 11 >300 Exarrpl e 12 0. 36 Exanpl e 13
1 Exanple14 o I nduci bl e NO synthase  The

macr ophages,. pr.oduced nitrogen Xi de- fr an i.nducj bl.-e

e Pt A aBRE St waS%e%@msﬂ Thitiet & <Rlgrnd Annat Gt vesar ed
froma -8 Nfa+é§fd‘lﬁ&%ﬂmﬂﬁv%ﬁ§1 ‘iﬂs@d%ith%lﬁ*ilféﬁ Qi ard it ted
“for 48 hours by LPS coli) and by err]. . - Materials and t hod

1. Cel | extragtion rbeuféard Aften passauged-hmlkgh e eqlnntrasthe samples were stored at 4
. degrees C and quickly prepared in doses. '

The dbsa"ge was done in _glaé's test tubes _ir_t.'x/vhich"loo ul of incubaﬁdn buffer. was
distributed containing 100 mM of HEPES, pH 7.4 of EDTA, 2.5 mM of CaCl2, 2 mM
of dithiotreitol, 2 mM of reduced NADPH, 10 p.g/ml of calmoduhne and 10 pM of .
tetrahydroblopterme 25 pl were added ofa ‘solution contalmng 100 nM of tritiated
[labeled with tritium] arginine (spec1f1c activity: 56.4 Ci/mmole, Amersham) and 40
MM of non-radioactive argirﬁne. The reaction is started by adding 50 nl of

_ homogeﬁate, the final volume being 200 nl (the missing 25 ul are either water or a

tested product).

After 30 minutes of incubation at ambient temperature the enzyme reaction is
'stopped by the addition of 2 milliliters of stqpping buffer (20 mM of HEPES, pH 5.5;
- 2mM EDTA). The samples are paséed through 1 ml columns of Dowex AG 50 WX-8
~ resin. Na+ forms and is eluted with 2 ml of distilled water After the addmon of 10
-ml of scintillation llquld the rad10act1v1ty is quanhfled by means of a hquld
scmtrllahon spectrometer. The whites were made according to the same experimental
protocol, the 50 ul of sample being replaced by 50 pl of extraction buffer The total

- radioactivity was determmed for each test.
The results are expressed in pmoles of cifrullin'e formed per minute per mg. of -

proteins The protein concentration was done accordmg to Bradford's method (1976)
(Table 2) ' '
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The J774A[err] cells (ATCC ref. TIB 67) were cultivated in DVEM at 10% of
SVF at 37 22 degrees C under

[ : 0 . X 107 Eerr]
cel.ls/cnerr] in 150 cnerr] flasks. The incubations were done in the
presence of LPS (1 [err]g/m) and IFN-[err] nurin (50 Um) in DVEM at 10%
of SVF for' 24 hours: 2. Preparation of the partially purified NO synthase
The cell’s were washed with PBS, then put on the Cell Scraper in 4 m of
cold buffer A (4 degrees C) (buffer A: hepes 50 mMdithiothreitol 0.5 mM
adj ust edTAB 4 with NaCH 1N). There were added extenporaneously:
pepstatine A1 ng/m, leupeptine 1 ng/m, inhibitor of trypsine fromsoya 1
mg/ M, antipaine 1 ng/m, PMSF (Pefobloc) 10 mg/m .  After centrifuging
(1000 g,phbdirgs ees C, 5 m nuigg)(umhe centrifuged deposits were collected
and put back in 1 m of buffer A and then sonically treated at 4 degrees C
and the hammgenate underwent an ultra-centrifuging (100,000 g, 4 degrees C,
60 m nut _ﬂM%the mat eri al fénoati ng on top was added 10% gl ycerol before
freezi ngf - degrees C, |t'2 avi ng been previously fractionated. The :
prepar atjippawas tested the sgme day, but it retained its active nature
after ten days of storage at -80 degrees C. A fraction was kept for dosage
of prot efminpgumnigdmerd s m 81@nmet hod. 3. Enzyne test The test consisted
of the tgansfpryation by NO gynthase of L-arginine into L-citrulline.

a. Conve%r%ﬁ%ofab argi ni ne |§ to L-citrulline - Reactional buffer or B
buf fer: Eﬁgﬁﬁlel‘@o mv] dithioghreitol 1 mMadjusted to pH 7.4 with NaCH 1N.

This buffer was kept several days at 4 degrees C. The NO synthase cofactors

wer e addémaplesdpor aneous!y, 1&amel y: - 10 [err] M tetrahydrobi opterine, 10
[err]M RAD, 2 NADPH, 2.5 CaCl[err], 1 mg/m BSA (in order to nake the
enzyne s‘%ﬁﬁﬁ?@) idgl _ :

Example 5 2
Example 6 - | 1.8
Example 7 >10
Example 11 ' >300

* Example 12 036
Example 13 1
Example 14 | 0.7

1.3. Inducible NO synthase

The macrophages produced nitrogen monosxide from an inducible NO synthase by
pro-inflammatory stimuli. The macrophage inducible NO synthase is prepared from a
homogenate of J774A, myelom'Onocyté cells previously stimulated for 48 hoﬁ.rs_ by .
LPS (E. coli) and by IFN, | | | |

- Materials and _'Method

1. Cells: culture and induction of the NO synthase | _
The J774A, cells (ATCC ref. TIB 67) were cultivated in DMEM at 10% of SVF at 37

2



23 L-arginine solution: L-arginine ends up at 40 [err]M To continue
the reaction an isotope solution was made by adding ([err]H) -L-arginine to

= par ati on:
According to a test done previously showi ng the enzyne activity, the
solution was used pure or at 1/10 degree.” - Inhibitor: This was prepared in

the B buffer from a: concentrated solution in aqueous nediumor in DVSO and
tested conpared-with a control wt hgut Lnhibitor. A DVSO control was added
wher e apisgreesd-aindenan atraesphererqf|d% (L& They were seeded afthe rate of SorhPet e
B Argini : 1 pr - ; T buf f er
buf f e c@g@]ﬂ?{\ i 950 cﬁg?@fgﬁs ﬁ&%@hb&ﬂo%%@é aﬁ)ﬁe%%é ]presence of LPS (1

50. Cont @/ ml) akbIFN-t murin (50 @9'ml) in DMEM at 16% I SVBifon24 hol2&
25 50 . The i.ncubation was done in a double boiler at 37
degrees C for 15 m nutes. St opp| ng the reaction: The reaction was stopped

by addi f DTA, pH 5.5 adjusted with 1IN
HCO . L%g%e nrla‘rfl’ignaq%f; Itg:ltru I|ne separa?nHMSEThl s was-done on 0.5 m of

Dovex  5@heScdllsatviers washbd veith BBS; ithgn puevndhe|GelbSarapht irt 4 mhof kokdr buffer n
D et o gt RS &' RBBESH Yt SR, o abRhE] 8 5ok 4wl
NaOH IN). There were added extemporaneously pepstatine A 1 mg/ ml, leupeptme
1 mg/ml, inhibitor of trypsine from soya 1 mg/ml antlpame 1 mg/ml PMSF
(Pefobloc) 10 mg/ mlL

After centrifuging (1000 g, 4 degrees C 5 minutes), the centnfuged deposits were

" collected and put back in 1 ml of buffer A and then somcally treated at 4 degrees C
and the homogenate underwent an- ultra-cenmﬁxgmg (100,000 & 4 degrees C, 60
| mmutes) To the material floating on top was added 10% glycerol before freezing at
-80 degrees C, it having been previously fractionated. The preparation was tested the
same day, but it retained its active nature after ten days of storage at -80 degrees C.

A fraction was kept for dosage of proteins by Bradford's micromethod.

3. Enzyme test
The test consisted of the transformation by NO synthase of L-arginine into
- Lecitrulline. |

a. Conversion of L-arginine into L-citrulline
- Reactional buffer or B buffer: Hepes 100 mM, dithiothreitol 1 mM ad;usted to pH
7.4 with NaOH IN. This buffer was- kept several days at 4 degrees C. The NO
synthase cofactors were added extemporaneously, namely: 10 pM
tetrahydrobiopterine, 10 pM FAD, 2 mM NADPH, 2.5 mM CaCl,, 1 mg/ ml BSA (1n

order to make the enzyme soluble).



24 The 50X-8 retained the L-arginine. The sanple collected was
stored and the rest was eluted fromthe citrulline by 2 m of distilled

and. the scintillation flasks were counted a Packard probe. Cal-cul ati ons:
The foll ow ng cal cul ation was carried out for each val ue: -
[cpm( sanpte) cpm( whi te)]/[cpn(control) - cpmwhite)] The r-egression

| i ne’” was then pl-otted in Fig. P 6C and the Cl[err] of the products was
det er mi-nésargihime@ob@tion: the average of two experinents perf or med on

ditherepl SRRIRRl 05 R 0L T8 hERYE tRe FLRuBRIRCRCESpd SolliBBnSwas made

by adding. (3H)-L-argm1ne to the solution in a final concentrahon of 100 nM.
- Enzyme preparation: _
Accordmg to a test done prevmusly showmg the enzyme act1v1ty, the solutxon was
‘used pure or at 1/10 degree
- II‘lhlbltOI‘ _ _

 This was prepared in the B buf'fef: from a cdhcentrafed solution in aqueoﬁs medium

orin DMSO and tested compared w1th a control w1thout mh1b1tor A DMSO control
-was added Where apphcable | '

Volumes (nl) used in the test

Sarhple Complete B Argmme solutlon Enzyme preparatlon  Complete A. ...
| | buffer - - ' buffer

White 125 25 - 50

Control 125 25 50 | -

Inhibitor 125 25 50 -

The incubation was done in a double boiler at 37 degrees C for 15 mimites.

Stoppmg the reaction:
The reaction was stopped by adding 2 ml of C buffer: 20 mM Hepes, 2 mM EDTA,

pH 5.5 adjusted with 1N HCL

L—arginine and L-citrulline separation:

This was done on 0.5 ml of Dowex 50X-8 (cation exchahger resin) previously brought
to equilibrium in buffer C in 2 ml syringes stopped by a glass ball which therefore let
only the liquid pass through. ' ' |

24



25 TABLE 3 Products Cl[err] ([err]M L- NA

20.5 L- NMVA 9.5 Am noguani di ne 29.6 Exanple 1
29—xarmpte—2 53—Exanpte—3 30 Exanpte 4

110 Exanple 5 380 Exanple 6 15 Exanple 7
.22 Exanple 11 >300 Exanple 12 40 Exanple 13

28 Exanple 14 ° . 38 2. In vivo bi oI ogi cal activity measurenent

Carrageenan edema - Principle The sub- pI ant ar ggectlon of .a suspension of

car r ageTheB0Xn8 retpineds the harginine.o e ef% Aguas stated and the wehwas
i nfl amm f nds are able to antagonize
this ed! ?&r@#ﬁmgﬁﬁhef é%‘r?{}{éwag&a%@or [ nd)étdtc)%%lur : goni 2

To the 4 ml of aqueous medium were added 16 ml of Instagel Plus and the

scihti]]ation_ flasks were counted a Packard probe.

“Calculations:
The following calculation was carried out for each value:

f[cpm(sample) - cpm(White)]/ [cpm(control) - cpm(white)]

The regression line was then plotted in Fig. P 6C and the ClIy, of the products was
determined. The CI50 is the average of two experiments performed on different

enzyme preparations. The results are presented in Table 3.



node of action (Wnter et al., 1962). NO synthase inhibitors have shown a

certal n effect on th| S test (Antunes et aI , 1991). - I\/aterl al s and .
les El beuf) of 140 26 . to 215
.grams kept fasting for- 18 hours were used (n = 8). - The edema was obtai ned

by i nj ectson in the plantar pul vinus of one of the posterior paws, of a
suspensjon of carrageenan at 1% i.n physi ol ogl cal serumat the rate of 0.1
m per, MBEES - The volune of the paw was neasured by plethysnography
bef or e, h&\n 1: 30 and 3:00 h@u ter injection of the carrageenan. A -
per cent g@% B#Si nfl ammat i on o 5*t aw. was cal cul ated for each animal and
each nmeasuring time (water pl-ethysnometer - Ugo Basile). .- Results The
results™are presented I'n Tabl e 4. (NS = not significant; * = significant; :
** = yelyN&# gnificant; *** 20 ghly significant)-. Tabl e 4 Products  Dose

(no/ kg) LmﬁAamtl on redquél on percent age

90 min. 180 m n. 15 -60. 2**
-52. 8** Ambidghanidine 296 -30. 5* -21.9 NS
Am noguani dine = 15 - -9 NS - -13 NS Exanple 1 15
-62. 5« Example1 .55 7+* Bdéple 20 15 . -58. 3%*
-56 3** 3 15 _ -48. 7** -61. 2** Exanple 5
mgpz -75. 2**-53 - -48** Exanple 11 15
+3 NS _Exampleg_ -18 NS Exaggl e 12 15 | -85, 9**
: - Example 4 ' 110
Example 5 380
Example 6 15
~ Example 7 o 22
E Example 11 >300
Example 12 - 40 ”
Example13 28
 Example 14 38

2. In vivo biological activity measurement -

Cerrageenan edema

- Prirtci;gle

The sﬁb-pléntar injection of a suspension of carrageenan, mucopolysaccharides
extracted from algae, induces a local inﬂammatory reaction. Anti-inﬂamm"atory'
compounds are able to antagonize this edema in a different way according to their
mode of action (Winter et al,, 1962). NO-syntha'se inhibitors have shown a certain
effect on this test (Antunes et al., 1991). | ' '

- Materials and Methods
Lots of 8 Sprague Dawley VAF male rats (Charles River, St. Aubin les. Elbeuf) of 140

26



27 Patent C ains 1. Derivatives of L-arginine of general formula
| [err] I n whi ch: A represents a hydrogen atom a | ower

atkyt—group,or—tte-TrtTo radicat E—represents—an—atom of oxygen or .
a coval ent bond, nis equal to zero or an integer from1l to 12; and. - .
either Rerr] and R err] represent . | ndependent |y .a branched or |inear
al kyl chatrn, or Rlerr] and R err] formtogether with the nitrogen
atomto.which they are attached, a ring-of 5 or 6 groups, sat ur at ed
or unsatal2db egamsfkdptefastimgfivrni8 hotrs were nsediml+ &.r epresents a hydrogen
atom of _sulfur, or of nitropgen,.the . imno; . l.kyl i m no, ot mnethylene
fadi cal - Thersema veazehiined By tiesaonin the planjay pulvintis of engfdheiRosigrion
I'S equabalaz, 68 %Osusgeﬁ%h%ﬁéﬁiﬁ%[eﬁ%%_@% -irbR?B?si&Bkical seru@l dt'@e rte of 0.1
represents a hydrogen atomand Rl err] and R'efr] represent independently

an al kymlkpeii aaimals t oget her formthe piperidine, norpholine, or inidazole

i ng, or: A ts_the nitro;radical and: d Rh
the i partig PRlopd B g B el Spfieer i R TIERysPRafb§Y Berd3! Rt B vl
i . De BioodoweSafeiiCiajeition dfothel Arfigbedd. mpéﬂmeﬁtaigé cffinflafagation ofithd o0

paw was calculated for each animal and each measuring time (water plethysmometer
- Ugo Basile). | |
| - Results - _ : : : _ -
The results are presented in Table 4. (NS = not significant; * = significant; ** = very .
significant; *** = highly significant). = -

Table 4 | _
Products = Dose (mg/kg) Inflammation reduction percentage
. %0min 180 min.
LNA 15 L e02% 52.8%*
LNMMA 15 | 305 219 NS
Aminoguanidine 15 9NS -13 NS
Example 1 15 -62.5% 557+
Example2 15 583" 563
Example 3~ 15 | . 487 -61.2%
Bxample5 15 7520 48+
Example 11 15 +3 NS ‘18 NS
Example 12 15 . 859 g5

27



3. Derivatives according to claim2 for which E represents the oxygen
atom A represents t he nitro radi cal or a hydrogen atom and R[err]

atrd—Rferri—Formthe norphotme—prpertdime,—or Tmdazote ring. 4.

A derivative according to claim1 in which nis equal to zero, E represents
.a coval ent bond, A the nitrogen radical and R err] and R err] form

t he morpholin€ ring. 28 5.

A procedure for. preparing conmpounds according to any of the clains 1 '

~ t hr ough PhtemhCidinger ocedure consists in reacting a ce
formula (2): [err] in which A represents I cal
or the nitro radical and R3 a pr ot ect or group, m“ﬁvmllm'ﬁ ‘IrﬂcﬂF
general 4 or

I—I-E-(CH[err]m‘Perr%ﬁmerh ﬁﬁerri oféeneralformulam}nch n, E R[err] and
Rlerr] are as defAmtiNabgye, in the pr@sence of a/tmupl I.ng agent, at
a tenperature ranging ya't : é'_cbg[ggancu then to cleave the
protecting group RIHI - the conmpoundpghus obt al ned\lzromthe general fornula-
(4): [err] “in order to obtain the conpolnd df the general .
formula | in which A represents the nitro radical or a lower alKkyl
radi cal and, infwhixh: conmpound of general formula | in V\/m ch A

represents a hydrogen, at S des red rot ect
cor r espondi nchtSRf)%GHHS 6?‘%‘&5‘?’5? #ﬂ!ﬁ"ﬁe‘f apﬁylﬁﬁ‘i"ﬂigr eni Or’éa&“é?éents the
NJ err] radi Rlrepreseh@atpaom iof (0§ g@hfdr%a!l&ﬁ'&ﬁ{d 6. ~ Aprocedure
according to claim5 in which the Ilnglta%ent used is N,

(i)

N - di cycl ohexylis e@mlbf@czqrm afeary imteger tyony 3zand either Bxymd R, represent
independently a branched or linear alkyl chain, or R, and R, form together

with the nitrogen atom to which they are attached, a ring of 5 or 6 groups,
saturated or unsaturated, of the formula: _N/""Sx
_ ~——~

in which X represents a hydrogen’a_tom,l of sulfur, or of nitrogen, the imino,
Ealk'ylimine,-or methylene radical, with the exception of general formula I
compounds in which n is-equal to zero, E represents a covalent bond and
either A represents a hydrogen atom and R, and R, represent mdependently
an alkyl radical or together form the piperidine, morpholine, or imidazole ring,
or A represents the nrtro radical and R, and R, form the piperidine ring; and

their pharmaceutically ac_ceptable salts.
2. Derivatives according to claim-1 for which n is an integer from 1 to 12.

3. Derivatives according to claim 2 for which E represents the oxygen atom, A
represents the nitro radi'ca_lz or a hydrogen atom, and R, and R, form the

morpholine, piperidine,. or imidazole ring;

4. A derivative according to claim 1 in which n is equal to zero, E represents a

covalent bond, A the nitrogen rédi‘ca_l and R, and R, form the rn0rpholine rmg
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tris(di nmet hyl - am no- phosphoni um hexaf | uor ophosphate (BOP) or
benzotriazol e-1-yl -oxy-tris-pyrrolidi nophosphoni um hexaf | uor ophosphat e
. ‘or 6 1in

mthh C1- ‘hydroxybenzotriazol e (HOBt) or 4- di met hyl am nopyri di ne ( DVAP)
I s used as an additive to the coupling agent. 8. A procedure
according“to any of-'the clains 5 through 7 in which the Rerr] :
- protectpgr group-is benzyl oxycarbonyl (Z) and t-butoxycarbonyl (Boc). 9.

A procegure Cpesetidigelfor @ﬂup&tng bém@loainds azcd o 8nfyaf theeclgihepar at i on
of a compound | in which- A represents a hydrogen atom _.in which the
radi cal R3 througing, whichproceduze censistarin repetiigea compaunchebgeneral 10,
of active principle at | east

Phar naceut i C%rxﬁ Q@J ti ons cont ai ni ng by way

one . conpoun cor oszpy Ql ms 1 through 4 in
association with at | ea pha eGH—@H Iy accept abl e vehicle or
di l'uting agent. 11. PharHSceut i cal corrpqsmg,l onsgzgont ai ni ng by way of
active principle at |east one conpoufid -of the fornmula I[err]: [err]
i n-which: A represents a hydrogen atom a |ower al kyl group or the
nitro radical, " E represents an oxygen atomor a coval ent bond,

nis equal t dn aelnicho represahtsgaaloxbent u&ghrddlaaicbﬂﬂte nitro radical arid Rga Rl err]

and Rlerr] re res nt |nde dent ched r. Linear. |ower alkyl
chain or R e "t‘%@‘é Prt] Iﬁ‘émﬁﬁ‘far fen at om on whi ch

they are - at t ached a ri rlg.m(c;@,qmlﬁxgr qt;ps saturated or unsaturated,
of the fornula-
in which n, E R,, and R, are as defmed above, in the presence of a coupling

agent, at a temperature rangmg.between_ 0 and 30 degrees C, then to cleave the
protecting group R; of the compound thus obtained from the general formula

@) A-HN

)NH\/.\/VC——E—(CHZM-N

NHR, 2 (@

Rl.

in order to obtain the compound of 'the general formula I in which A
r‘epresehts the nitro radical or a lower alkyl radical and, if the compctznd of
general formula I in which A represents a hYd_rogen _atdtn is desired, to
dé-prdt_ect the ccrrespond_ing comp”otmd of general formula I in which A

represents the NO, radical by cleavage of the nitrogen radical.

6. A procedure acco_rding to claim 5 in which the coupling agent used is N,
N'-dicyclohexyl- carbodiimide (DCC), benzotriazo_l—l—yl-cxy-
tris(dimethyl-amino-phosphonium hexafluorophosphate .(BOP) or
_benzotriazole—1-y1—o*y-tris—pyrrol_idinbphosphonium hexaﬂuorophosphate'
(PyBOP). | |

7. A procedure accordmg to either of the claims 5 or 6 in which
-hydroxybenzotnazole (HOBt) or 4—d1methy1a1mnopyr1dme (DMAP) is used

as an additive to the couplmg agent.

e
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[err] in which X represents a hydrogen, sulfur, or nitrogen atom
the i m no, al kylimno, or nethylene radical, with the exception of

conpounds of the generat formora-t—Tmwhithmn—+s—eguat—to—=zero,— & -- -
represents a covalent bond and -~ - either A represents the hydrogen atonti
and R[err] and, Rlerr] represent independently - . a lover alkyl radicat

a salt of* this conpbund, in association with at |east

30 - -one diluting agent or pharnaceutlcally acceptable vehlcle
12. Usg, of @ew@édatesac%r&mgrtaldﬂ e élE'i?néJE TRfcgH Wiﬁ%l%ch[tﬁé’ﬁa,

[err] = : A“représents.a hydrogen atom -a |ower &l kyl

group or the protecmrr grmq:ais benzyloxyEarlxm)ds(Zihade utosycasbonyl (Boc)or a

coval ent bond; ‘n i's equal to zero or an integer between 1 and 12; and
ei t her R[err] and Rerr] represent independently a branched or Ilnear aIkyI -
chain, or - A prbteiuirk s08rdthg tblarfy0sMHeOA8RES thbligh Bhor thé wep&taﬁbﬁreft@ |

whi ch t hey are attached a - ring of 5 or 6 groups, saturated
unsat ur at ed, cgmpoung L imyhich A represents a hydrogen atom, in which the rad1cal R,

Lerr] g Y A AR ViR W ABRGoug! T Ur, O i rogen atom

the net hyl ene, mno ra or a salt of these
derivatives, for the preparation - of a nedication for the treat rrent of
pat hol oai es of 'the central and peripheral, . . nervous system

of deri¢8ti v&hagmageytieal rﬁonep @%@%ﬂﬂeﬁmww fachve Pringipleeat lphstmﬁ m
12, f
pat hol ogi esO(r)?Hb%lﬂ{‘Fg F‘g%rl‘ﬂ ﬁﬁé e&gﬁl {rlfgé‘)’ andiFn gga%%lﬁhp%t}lnagl

system of t hdaeashiqharptﬁrmaceutlcally_ acceptable vehicle or diluting agent

11.  Pharmaceutical composmons contammg by way of active prmc1ple at least one

compound of the formula L:

- A—HN | L0 R,
: } NH N/ s
BN NH, Ry
in which:

A represents a hydrogen atom, a lower alkyl group or the nitro radical, |
E represents an oxygen atom or a covalent bond,
n is equal to zero or an integer between 1 and 12;
and either R, and R, represent independently a branched or linear lower alkyl
chain or R, and R, form together with the nitrogen atom on which they are
attached a ring of 5 or 6 groups, saturated or unsaturated, of the formula
—N/-‘.\X

~—r~"
in which X represents a hydrogen, sulfur, or nitrogen atom, the imino,
alkylimino, or methylene radical, with the exception of compounds of the
general formula I in which n is equal to zero, E represents a covalent bond and
either A i‘epresents the hydrogen atom and R, and R, represent independently

a lower alkyl radical or a salt of this compound, in association with at least

30
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type or not. 14. Use of derivatives of L-arginine of general fornula

I[err] as defined in claim12 for the preparation of a nedication for
The.treat nent of “pat hol oglres connected WtTh—t e bronchoputmomary—ot
car.di ovascul ar system - _ 31
; an = R .
L 4
' one diluting agent or pharmaceutically acceptable vehicle. ”IIIIII "II" III" "III " IIII

12.  Use of derivatives of L—-arguune of the general formula Iy

A-HN_ \y 0 A
~ - C-—E——(CH»)n-N
HN NH, TR
in which:

A représéhts a hydrogen .aton_i,.a iower aikyl group or the nitro radical;
E represents an atom of oxygén or a covalent bond;
n is equal to zero or an integer between 1 and 12; and
either R, and R, represent independeti_tly a branched or linear alkyl chain, or
R, and R, form together with the nitrbgen atom to which they are attached a
ring of 5 or 6 groups, saturated or_unéamrated, of the formula

' o

—

in which X represents a hydrogen, sulfﬁr_,_ or nitrogen atom, the methylene,
alkylimino, or imino radical- ora: sélt of thesé dérivatives, for the frepatation
ofa medlcahon for the treatment of pathologies of the central and penpheral

nervous system.

13.  Use of derivatives of L-arginine of genéral formﬁlé I as defined in claim 12,
for the preparation of a medication for the treatment of pathologies of
dysfunchomng of the urmary and gastromtestmal system of the mﬂammatory
type or not.

14.  Use of derivatives of L-arginine of general formula I as defined in claim 12 for

the preparation of a medication for the treatment of pathologies connected

- with the bronchopulmonary or cardiovascular system.
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