‘ Argmme Analogs Acting as Inhibitors of the NO synthase

The invention concerns denvatrves of L—argmme, a procedure for their preparatron

and pharmaceutical compositions contammg them

'l‘he‘ compourlds ol: the invention have a biological éctivify as inhibitors of the NO |
synthase. Taking into account the potentral role of NO synthase in phys1opathology
. Moncada, RM.J. Palmer et al, Nrtnc Oxide: Physmlogy, Pathophysmlogy, and .
Pharmacology Pha.rmaceutlcal Rev1ews, vol. 43, number 2, pp- 109-142), such
compounds may thus be interesting as hypotensmn, antrbactenal .
mmunosuppressant antiarterosclerotic, vasotroplc, analges1c, antuh1grame,

- ophthalmological, or antidiabetic agents. Thus one may consider using these
compounds as the active principle of a medication for the treatment of pathologxes of -
the central and peripheral nervous system such as: cerebral infarctus, rmgrame and
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 patholog1es 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.
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The invention concerns the derivatives of L-ai:gim’ne of the gener'al formula I:

H
Mc—s—rc&r,m -N/

NHs ’

A-HN

>’

in which:

A represents a hydrogen atom, a lower aikyl group, or the nitro radical; |

E represents an loxyg.en atom or a covalent bond;

n is equal to zero or an integer from 1.to 12; and, .
either R, and R, represent independently a branched or linear lower alkyl chain,
or R, and R, form with the nitrogen atom te which they are attached, a ring of 5 or 6
groups, saturated or unsaturated, of the formula:
%

- X

~—

in which X represents an atom of oxygen, of sulfur, or of nitrogen, thei lmmo,

.alkyhn:uno, or methylene radlcal with the exceptlon of general formula I compounds

in which n is equal to zero. E represents_ a covalent bond and either A represents the
hydrogen atom and R, and R, represent independently a lower alkyl radical or form
together the piperidine, morpholine, or imidazole ring, or A _represents 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 branched, containing from 1 to 4 carbon

-atoms chosen from among the 'nr'iEthyI,_ ethjrl, n-propyl, isopropy}, n—butyi, isobutyl, or

ter-butyl groups.

R, and R, may form together w1th the mtrogen atom to which they are attached, a
ring with 5 or 6 groups, satarated or unsaturated. The nngs thus formed may be

chosen from among pyrrole, plpendme, pyrrolodine, umdazole, imidazolidine,

- pyrazole, pyrazolidine, pyridine, piperazone, pyrazine, pyrimidine, pyridazine,

isothiazole, or morpholine.



‘The invention concerns more particularly the compounds of general for‘rnula Iin
wh1ch nis an mteger from 1 to 12, and preferably when E represents the oxygen
atom, A represents the nitro radical or the hydrogen atom, and R, and R, form the
morphohne piperidine, or imidazole ring. - The invention concerns more particularly
likewise the compound of general formula I in which n is equal to zero, E represents

a covalent bond, A the nitro radical, and R, and R, form the morpholine ring.

The invention likewise cbnce_rns pharrnaceutically acceptable salts of the derivatives

according to the invention. The salts are formed from organic or inorganic acids such

. . as hydrochlori_c acid, hydrobromic acid, acetic, fumaric, sulfonic, toluenesul_fonic,

maleic, carboxylic, or phosphoric acid. The carboxylic acids may: be chosen for
example from_ among the acids acetyl salicylic, salicylic, mefenarnic, ibruprofen,
sulindac, or indomethacine. ” " -
Compounds of general formt_ﬂa Iin wh_ieh n 1s equal to zero, E represents a covalent |
bond and either A represents the hydrogen'atqm, R; and R, ann together the
piperidine or morpholine ring, or A represents the nitro radical and R, and szorm
the piperidine ring, have been described in the literature. In these documents _
(European Journal of Medicinal Chemrstry, 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-argmme as ant1~thrombot1cs
The compound of formula I in which n is equal to zero, E represents a covalent bond,
A represents the hydrogen atom and__-R1 and R, form together the imidazole rmg 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; pre-'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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« different from the domain of NO synthesis covered by the present inve_ntioh.

The invention concerns a procedure for preparing general formula I compounds,
which procedure consists of causing the reaction of a compound of general formula

(2):
A=HN

V*‘M

@

in Wthh A represents a lower alkyl radical or the nitro radical and . R3 a protector
group, with a compound of general formula @)

. H-E«(CHp-NRR; 3)
in which n, E, Rl, and R, are as defined above, in the presence of a couphng agent, at
a temperature ranging 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 )

NH o
D% Mc—s—(cuz)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 coupling agents commoiilyf used in peptide synthesis would work; thus one may
use N,N' -dlcyclohexyl carbodiimide (DCC), benzotnazol-l-yl—oxy—
tns(dlmethyl-ammo-phosphomum hexaﬂuorophosphate (BOP) or
benzotnazol-l-yl-oxy-tns—pyrrohdmophosphomum hexaﬂuorophosphate (PyBOP)
Additives may likewise be used with the coupling agent as for example

—hydroxybenzotrmzol (HOBt) or 4-dimethylaminopyridine (DMAP) which are
known in peptide synthesi.é to accelerate coupling in which carbodiimide plays a
part. '

The protector group R; may be any of the protector groups commonly used in
peptide synthesis such as benzyloxycarbonyl (Z) and t—butoicycarbonyl (BOC). During
the preparation of a compound I in which A represeuts a hydfogen atom, the radic_al
R; is preferably a radical which may be cleaved under conditions of hydrugenolysis
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 mventxon also concerns pharmaceuhcal compounds including by way of active -

.prmc1ple at least one compound of general formula I

CATEN, NH /R.

)f MC“HC!izh-N
. NH, .

in which:

A represents a hydrogen atom, a lower atkyl group, or the nitro radlcal

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 indepénd'ehtly 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

VR
-~ X



. in which X r'epresents an atoém of oxygén, of sulfur, or of nitrbgen, ‘the imino,
alkylimino, or methylene radical, with the exception of compounds of the general
formula I in which n is equai td zeré, E represents a covalent bond and either A
- represents the hydrogen atom and R, and R, represeht independently a l_bwer alkyi
radical or form together the imidazole, morpholine, or piperidine ring, or A
represents the nitro radical and R, and R, form the piperid_ine ring, or a salt of these
compoﬁnds in association with at least one diluting agent or pharmaceutically - |

acceptable vehicle.

The invention likewise concerns pharmaceutical compositions containing by way of
active principle at least one compound of formula I,:

A—HN Ry

>, Mc—c—-«:nm-u
NH, -

in which: _

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

E répresents an afoin of 0xygen ora cdvalent bond;

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

either R, and R2 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, samréted or unsaturated, of the formula - /__\x
BN 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 w1th at least one diluting agent or

pharmaceutlcally acceptable veh1cle
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s The pharmaceutical composuwns accordlng to the mventlon are adapted to the
'chosen mode of adm1mstrat10n, espec1ally oral and parenteral. They may thus be for
example in the form of capsules p111s gels, drinkable solutions, m]ectable solutions,
or in a form adapted to prolonged release. The compounds accordmg to the
intention may be admlmstered at a. dose ranging between 0.1 and 1000 mg per day.

Preferably the compounds may be administered at a'dose ranging between 1 and 100

. mg.

The mvenhon concerns finally the use of derivatives of L-argmme of a general
formula IB
A~HN

}/NHMC—E—(CH,M-N

NH, "R,

- in whi ch: D g | N |
- A represents an atom of hydrogeh; a lower alkyl group or the nitro radical;
E :represehts an atom of oxygen 'dr a covalent bond; | '
n is equal to zero or an integer.betweer.t land 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 fepresents an atom of hydrogen, of sulfur, or of nitrogen, the methylene,
alkylimino, or imino radical for the prepafation 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:
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E Example 1: Morpholinoettiyl ester of L-NG-Iﬁtroargirunef (L-NNA):

.. . ) _ - Ry ’
A=NO; E=O n=2 N = N 0

1st stagg _ _
An equlmolecular mixture (10‘ 2 M) of L-N-Boc-NG-mtroargmme and

o Nﬁ-_hydroxy_ethyl_ morpholine is dxssolved_ in 30 ml of anhy_d_rous dlmethjd

formamide (DMF), then 3 x 10° M of dimethylaminopyridine (DMAP) is added. The

solution is cooled to 0 degrees C and 1()2 M of dlcyclohexyl carbodiimide (DDC) is

added It is stirred at 0 degrees C for 10 minutes, then the stirring is contmued at

~ room temperature for 24 hours. The prec1p1tate of dicyclohexyl urea formed is

filtered and the solvent eliminated. The re51due is recovered by’ ethyl acetate, then
washed once Wlth water and once with saturated NaCl The elimination of the

solvent leaves a viscous product which is chromatographed on a silica column

~(eluant CHCI13/ MeOH9595 then 90: 10) the compound @) is obtamed in 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.

RMN‘H, 100 MHz, CDCl,, TMS, §ppm: 7.8 (2H NH,): 5.5 (d. 1H. NHBoc): 4.3 (m. 3H.
CH NHCO. C02CH2); 3.8-3.2 (m. 7H. CH,NH. CH,-O-CH,.NH); 2.5 (m. 6H. 3CH,N;
1.7 (m. 4H. CH,CH,); 14 (sing, 9H. tBu).

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



precipitaté slowly forms. The dioxane is decanted; it is washed twice with
anhydrous ether, and it is dried with the rotavapor. The soiid is dissolved in water
and lyophilized. The compound I is obtained in the form of dichlorohydrate.

F: 230 degrees C - hygroscopic white pdwder. |

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

MH-+ (base) =

[0p] = +3.81 (H,0)

RMN™H, 100 MHz, D,0, ppm:

4.5 (m. 2H. CO,CH,): 4.1 (t, 1H. CH(NHZ)CO), 3. 7(m 4H, CHQOCHz), 34 -3.1 (m. 8H.
CHL,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

CCMrf: 0.22 (CHCl;/EtOH 8:2)

RMN"H, 100 MHz, CDCl,, TMS 8pp |

7.6 (2H. NH,); 5.5 (t. 1H. NHBoc); 4.3 (t, 3H. CH-NHCO and CO,CH,); 3.4 (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



~

-~ CCM:rf: 0.36 (2-propanol/H,0/NH,0H:7:3:0.1)
MH¢+ = 331 (base) o
'_[aDzo] +5. 78(H20)
RMNH, 100 MHz, D,0, sppm:
4.5(m. 2H. CO,CH,); 41 (t 1H. CH(NHZ)CO), 35-27 (m. 8H. 4CH2N), 1.7-1.3 (m.
10H. 5CH,).

Example 3: 3-(dimethylamino)propyl ester of L-NNA

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). . |

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

5.4 (d. 1H. NHBoc); 4.2 (m 3H, COOCH, and CH:NHBOC), 3.4 (m. 2H, NHC_Z), 2.3
(m. 8H, CH,N and (CHy),N): 1.7 (m. 6H, 3CH,).

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,0H: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 -
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. 2.2 (s. 6H, (CH.N); 1.7 (m. 6H 3CH,).

Example 4: Morpho-lmopropyl 'e'ster.'-of_L-. NNA

. . _ . R
aeNos  E=0 me3 a0 e al B

Operoﬁng as described in3example' 1, 1st .st'ag'e, but using 3-morpholinoprop'anol
instead of N—(B-hydroxyethyl)—morphohne, the correspondmg compound (4) is -
obtamed 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. coz-c_H_z) e
3.8 - 3.3 (m. 7H. CH,NH, CH,-O-CH,, NH); 24 (m. 6HL. 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, 3CH,).

11



- Example 5: Morpholinohexyl ester of L-NNA

) A=NO, E=0 n=6- -N/ ! =" '_N‘ \6
' “Re A4
- 1st stage:

Operating as described in example 1, 1st stage, but using- 6-morpholinohexanol
instead. of N-(B-hydroxyethyl)-mdrpholine, the corresponding compound @) is

' obtamed The latter is purified by flash chromatography (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); 4.25 (m. 3H, CHNHBoc CO,-CH,)

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

1.8 - 1.3 (solid, 23H, tBu + 6CH,). |

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
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. Example 6: Imidazoloether ester of L-NNA
A=NO; E=O0 = ns2 =N = -5‘—!'

1st stage: .
The corresponding compound 4) is obtamed accordmg to the operating mode
outlined in Example 1, 1st stage, but by using 2-hydroxyethyl-3 imidazole instead of
N-(B—hydrbxy-ethyl)—morpholine. The later is purified in a column of silica'.
(CHCI,/E{OH 9:1 then 88:12).
Melting point: 102 d-egfees. C.

. CCMerf: 0.19 (CHCL,/EtOH/NH,OH: 85:15:0.1).
RMN"H 100 MHz, CDCl,, TMS, dppm:

8 (2H, NH2), 7 6 (1H, NH); 7 (d. 2H, umdazole), 5.7 (d. 1H NHBoc); 43 -4.1

wove A 5H CHNHBoc, COZCH CH,-imidazole); 3.3 (d. 2H, CH,NH); 1.4 (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, O/ NH,OH.7.3.0.1)

RMN'H, 100 MHz, D,O, dppm:

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'

13



~

| -1st stage: _ o

~ Operating according to the méthod ..previously described (example 1, 1st stage), the
:correspo'nding compbund (4) is obtained reacting the L-N(Z)-NS-nitroarginine, i.e. the
compound IIm which the radical R; represents the Z protector group, with o
N-( B-hydr’oxYethyI)—morphbline The Eompbund is purified by flash chromatography
(CHC13/ EtOH 9:1 then 89:11). A viscous. product is obtained.

Melting point: 65. degrees C '
_ CCM:Rf: 0.28 (CHCL,/EtOH 85: 15)
- RMN'H, 100 MHz, CDCl,, TMS, Sppm:. _
85 (1H, NH); 7.3 (2H, NH,); 7.2 (s. 5H, ¢); 57 (d. 1H, NHZ), 5 (5. 2H,
CH;9): 42 (m. 3H, CHNHZ and CO,CH,); 3.6 (m. 6H, CHNH and. CHZOCH,),
3.4 (1, NH); 24 (m. 6H, 3CH,N); 16 (m. 4H, 2CH))

Ty e

2nd stage: _

The compound (4) obtained m the previous stages is dissolved in ethanol and

subjected to hydrogenolysis; the h‘ydrogeholyéis is done in a PARR apparatus in the

pfesence of 10% Pd/ Cata pressure of 50 psi at ambient temperafure. 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); 3.7 (m. 4H, CH,OCH2); 3.4 (m.

14
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. 4H, CH,N, NHCH,); 3.1 (m: 4H, N(CH,),); 1.6 (m. 4H, 2CH,).

Example 8: Piperidinoethyl ester of L-arginine.

1st stage:

The corresponding conipound of the general formula (4) may be obtaihed accofding

to the operating method of example 7, 1st stage, but by using
N-(B-hydroxyethyl)-piperidine instead of N-(B-hydroxyethyl)-morpholine. The
compound can be purified by flash chromatography.

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

previously described (example 7, 2nd stage)

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

A=H E.a'l'.d- a=2 N~ RPN ..-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)-piperidine 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
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Example 10: Morphohnbetii‘y‘i ester of L-N®-methylarginine (L-NMA). '

R; ' .
A=CH, E=0 =2 —N = o D

lst stag

The correspondmg compound of the general formula (4) may be obtained according
to the operating method of example 1, 1st stage, by causing a reaction of the
L-N(Z)-N€ methylarginine and N-(-hydroxyethyl)-morpholine. The compound can

'be purified by chromatography on a silica column.

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

described in example 7, 2nd .stage.

Example 11: Morpholino amide of L-NNA.

A=NO; E = covalent n=0 —N_ = = o
~ bond - e '

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

'Eqmmolar quantities of L-N-Boc-N-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
reaction 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 CHC,/MeOFH: 95:5). |

CCMe:rf: 0.6 (CHC,/MeOH 8:2)

IR nujol e Yigg: 3400 - 3300; Yaoe 1700; Yagae 1630

RMN"H, 100 MHz, CDCL, TMS, Sppm: |

16
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. 5.8 (IIL d. NHBoc); 3.7 (m. 1H, CHNBoc): 35 (solid 4H, 2CH,0); 3.4 (m. 2H,
- NH-CH,); 2.8 (m. 4H, CH,N-CH,); 1.7 (m. 4H, CH,CH,); 1.4 (sing. 9H, tBu).

2nd stag' e: deprotection of the NIH2 function.
The product (4) obtained during the previous state 1s dissolved in anhydrous
dichloromethane and 20% trifluoroacetic acid is added. Tt is stirred at ambieh’_c
temperature and it is followed by "gase'ous release. ‘The solvent is eliminated and the
residue recovered with water. The solution is passed through an ion exchanger resin.
A viscous product is obtained wl'uch crystahzes upon the addltlon of acetone.
'Meltmg pomt'_ 246 degrees C '
MH+ = 289 "
- CCM: =f: 0.18 (CHCl,/MeOH 8:2)
[o] = +17.2 (H,0). |
LR nujol: cm™ : Yy 3400 - 3300, Yo 1630 - -
RMNH, 100 MHz, D,0, 8ppm: |
3.8 (m. 1H, CH(NHZ)CO) 3.5 (m 8H morpholme), 3.1 (m. 2H, CHsz
14 (m. 4H, CH,CH,).

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

17
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(m. 4H, N(cHz)z), 2.3 (d. 2H, cH2 9); 1.7-15 (solid, 5H 2(:H2 and CH); 12 |
(d. 3H, CH,); 0.7 (d. 6H, 2CH3) |

The ester salt of example 1 with sahcyhc ac1d (example 13) and the salt of this same
ester with sulindac (example 14) are obtamed accordmg to the same method All of

these salts are hygroscopic

.Examp. le 15[sic]: Salt of acetyl salicylié acid and of the morphblinb amide of
. LNNA. - - |

The morpholino amide of the L-NNA' is dissolved in 30 ml of water. Acetyl salicylic
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 _bé'_obtahed according to the same method. “All of these salts are

hygroscopic.

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

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

The inhibiting pfoPerties of constitutive endothelial NO synthase of the produéts 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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"~ phenylephrine (Auguet et al., 1992).
- Materials and Methods

The 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

: acqulsltlon system (IOS De1-L1erre) L 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 introduced into the vat to check the integrity of the endothelial .layer. The
preparatiohs 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 contracﬁon} the 105 M carbachol is
injected when the maximum relaxation is reached. The tested products are

introduced into the bath in cumulative doses.

19
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. The results a'ré summarized in Table 1 Wthh follows:

Example 14

TABLE 1 S
Products CI, (pM)
L-NMMA 12
L-NA 7

" Aminoguanidine 100

| Ekampl_e 1 10
Example 2 30

~ Example 3 75
Example 4 | 10
Example 5 5
Example 6 80
Example 7 >100
' Example. 11 - >100
Example 12 5
Example 13 10

9

1.2. N_euron constitutive NO_ synthase

- Introduction

The measure of the activity of NO synthase has been done according to the

proéeduré 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
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U The ﬂoatmg matter was removed and’ passed through a column of 1 ml of Dowex
AG 50 WX-8 Na+ (BioRad form) prewously rinsed with dlstrlled water and by the
N extractlon buffer. After passage through the column, the samples were stored at 4

. degrees C and qmckly prepared in doses.

The dosa"ge was done in _glass test tubes _ir_t.rvhich"IOO ul of incubatioh 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 stopping buffer (20 mM of HEPES, pH 5.5;
- 2mM EDTA). The samples are passed 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 citrulline formed per minute per mg. of -

proteins The protein concentration was done accordmg to Bradford's method (1976)
(Table 2) ' '
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TABLE2

Products : Cls, (1M)
L-NMMA 2.8
L-NA 0.6

~ Aminoguanidine 510

| Example 1 | 23

Example 2 4
Example 3 - 10
Example 4 1.5
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



, degrees C iinder an atmosphere of 5% CO,. They were seeded at the rate of 5 x 10°
cells/¢m? in 150 cm? flasks: 'i'he 'incubatibns were done in the presence of LPS(1
pg/ml) and 'IFN-'c'muri'n (50 U/ml) in -DMEM at 10% of SVF for 24 hours.

- 2. Preparation of the parhally punﬁed NO synthase

- The cells were washed with PBS, then put on the Cell Scraper in 4 ml of cold buffer
A4 degrees C) (buffer A: heépes 50 mM dithiothreitol 0.5 mM ad]usted to pH 4 w1th
NaOH 1N). 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/ ml '

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-centnfugmg (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

. L-citrulline.

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).
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- L—arguune solutlon _
L-argmme ends up at 40 uM. To contmue the reaction an 1sotope solution was 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‘: _ o
 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

SamPle Complete B Argmme solutlon Enzyme preparatlon  Complete A. ...
| ' buffer. o ' - . ' bUffei‘_

White 125 25 - 50

Control 125 25 50 | -

Inhibitor 125 25 50 o -

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

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. ' ' |
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. The 50X-8 retained the L-arginine. The sample collected was stored and the rest was
eluted from the citrulline by 2 ml of distilled water.

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:

[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.
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. TABLE 3

2. In vivo biological activity measurement -

Carrageenan edema

- Principle

The sﬁb-pléntar injection of a suspension of carrageenan, mucopolysaccharides
extracted from algae, induces a local inflammatory reaction. Anti-inflammatory
compounds are able to antagonize this edema in a different way according to their

mode of action (Winter et al, 1962). NO-syntha's_e' inhibitors have shown a certain

Products Cl, (pM)
. LNA 205
 L-NMMA 95
Aminoguanidine 296
Example 1 29
Example 2 53
Example_S.. 30
Exampie 4 110
Exarhple 5 380
Example 6 15
~ Example 7 2
- Example 11 >300
Example 12 40 ”
Example 13 28
Example 14 38

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



‘to 215 grams kept fastmg for 18 hours were used (n 8)
" ~The edema was obtained by injection in the plantar pulvinus of one of. the posterior

paws, of a suspension of carrageenan at 1% i in physlologlcal serum at the rate of 0.1

- ml per animal.

- - The volume of the paw was measured by. plethysmography before, then 1: 30 and
3:00 hours after injection of the carrageenan A percentage of inflammation of the
paw was calculated for each ammal and each measurmg time (water plethysmometer

- Ugo Basile).

- Results _
The results are presented in Table 4. (NS not s1gn1ﬁcant *= 31gmf1cant ** = very .

significant; *** = highly 51gm.f1cant)

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 -9 NS | -13 NS
Example 1. 15 -62.5%* -5_5.7** '
Example2 15 583" 563
Example 3~ 15 | . 487 -61.2%
Bxample5 15 ~ 75.2m 48+
Example 11 15 +3 NS -18 NS
Example 12 15 . 859 g5
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* Patent Claims

1.

* [ L ] s *

R

Derivatives of L-arginine of general formula 1

A~HN_
}’ Mc—&—(cn,)n—n

NH; Ry

in which:

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

E represents an atom of oxygen or a covalent bond,

n is equal to zero or an integer from 1 to 12; and either R, and 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,. of sulfur, or of nitrogen, the imino,

Ealk'ylimind,-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.
Derivatives according to claim 1 for which n is an integer from 1 to 12.

_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;

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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A procedure for prepanng compounds according to any of the claims 1

through 4, which procedure consists in reacting a compound of general

- formula (2): - :
_()_ A=HN_ NH é9OH

HN - NHRy ()

in Wthh A represents a lower alkyl radical or the nitro radical and R3 a
protector group, with a compound of general formula (3)

H—E—(CH;)n-NR;R; 3
in Whlch 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
4): Ry

)NH\/.\/VC——E—(CHZM-N

NHR, 2 (@

in order to obtain the compound of the general formula I in which A
r’epresenfs the nitro radical or a loWer alkyl radical and, if the compound of
general formula I in which A represents a hydrogen atom is desired, to
de-protect the correspondmg compound of general formula I in which A

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

A procedure acco_rding to claim 5 1n which the coupling agent used is N,
N'-dicyclohexyl- carbodiimide (DCC), benzotriazol-1-yl-oxy-

- tris(dimethyl-amino-phosphonium hexafluorophosphate (BOP) or

_benzotriazole-1-y1—oxy-tris—pyrrol_idinophosphonium hexaﬂuorophosphate
(PyBOP). |

A procedure accordmg to either of the claims 5 or 6 in which

-hydroxybenzotnazole (HOBt) or 4—d1methy1ammopyr1d1ne (DMAP) is used

as an additive to the couphng agent. .
"
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1.

A procedure accordlng to any of the clalms 5 through 7 in Wh1ch the R3

- protector group is benzyloxycarbonyl (Z) and t-butoxycarbonyl (Boc).

A procedure accordmg to any of the claims 5 though 8 for the preparatron ofa

compound Iin wh1ch A represents a hydrogen atom, in which the radical R,

- and the mtro rad1ca1 are cleaved sunultaneously

Pharmaceutical'compositions 'containing by way of active principle at least one
compound according to any of the claims 1 through 4 in association with at

least one _pharniaceutically_ ecceptablle.vehicle or diluting agent.

Pharmaceutical composmons contammg by way of active prmcrple at least one

compound of the forrnula L:

"A—HN o R,
) NH W A
. >, ; MC’—.E._T(CH:)R*N\ .
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

~—
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 represents 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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12.

13,

14.

one g e prarmcenity s U

Use of derivatives of L-arginine of "the gehéral for'mula I:

A-HN_ \y 5 A
b4 MC——E——(CH»)::-N
HN NH, R;
in which:

A représéhts a hydrogen .ato:qi,.a iower aikyl group or the nitro 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 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

' Faa

—

in which X represents a hydrogen, sulfﬁr_,_ or nitrogen atom, the methylene,

alkylimino, or imino radical ora: sélt of thesé derivatives, for the prepata'tion

ofa medlcahon for the treatment of pathologies of the central and penpheral

nervous system.

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.

Use of derivatives of L-arginine of general formula Iy 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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