; e3eVaxXXyd[\ 0" 6aTva9 January 2003 1 S-NI TROSOTH OLS AS AGENTS FOR THE
TREATMENT OF Cl RCULATORY DYSFUNCTI ONS Fi el d of the inventi8dabuaih@ops esent
invention relates to novel Snitrosothiols derivatives of penicilfamne or
gl ut at hi one havi ng vasodi |l ati ng effect and which inhibit the aggregation of
the platelets and which therefore are useful for the preparation of

medi canents for treatnent of dysfunc 10 tions of the circulatory system
speci al |y at car di DVPHSRASKTHINNE| ASBACEYTSURAROTHENERERTEENT F It is wel |

known that conpounds capabl e @kcteiRor®apBFURCLESGEN Ooxide (NO into the
organi smexhibit in many cases sone type of activity of the vascul ar

system .for exanple vasodilating activity or inhibition of the aggregation

of the pl atelg$q ¥Bi Che BkEddiem potentially useful for the treatnent of
different disorders related 20 to dysfunctions of the circulatory system

Further, $t is descri 0@t t areseat speviemtdoger ingdiicess Wwhi choweit asn a
S-nitrosothi gl gL ou £, gd JEdi gal i nty.Qf .view,  advan eous
characteri stlgétgue t’?%ﬂ?]\fﬁat t %;thre caé;?)%ﬁeg&o%hr%melg& r?gr ﬁgul%ﬁg:gggne
organi sm 25hRudoaskisedi bt indBref frctPlardradulch (119625 t10he 3457%489a-
describes that _the-S;pLt t higne, ( ound_are ¢ blLe of

i nhibiting t%gogcgfvf% E?agg%a%%atggﬁeﬁgg@ﬁlteﬁggg gag,reoursggﬁgt }E%’ﬁ
Research, 71thNop&epaggpion 30 wedicabests hfibrStmettwentysfedgefiuscecapabl e

f inhibjting.the agtiyity, Latelets, due t fect of
ant i Chr obbos td RS BE kG XiBud DERRY SLEFER: o PEEPL 150, S ERRE R i e

Phar macy. (1e843r l&yeb, describes that the GSNO produces a strong rel axing
effect of the arterioles. W95/ 12394 describes the use of S-nitroso adducts
of 5 peptides, anong others the S-nitroso-Nacetyl penicillam ne (SNAP), as
protecti ng agebkgragad nst tiasduiventivhl anmati on of traumatic origin.

W95/ 07691 descri bes tlf%e use af. di ffereﬂl'gl Sni t rosot(?i ol s, iﬂ paj{ti cul ar the
GSNO, in the treatment Olsan"%FojﬂT AR oRPRY FREPAMREDNCI2bHe Pt afelets and

t he 15 leasing nitrogen oxide (NO) into the organism exhibit in
many cases some type of activity of the wvascular system,
« for eiample vasodilating activity or inhibition of the
aggregation of the platelets, which make them potentially
useful for the treatment of different disorders related

20 to dysfunctions of the circulatory system.
Further, it is described too that sgpecific de-
rivatives which contain a S-nitrosothiol group have, from
a medical point of wview, advantageous characteristic due
to that they are capable of releasing NO in the organism.
25 Radomski et al., Br. J. Pharmacol. (1992) 107, 745-
749, describes that the S-nitrosoglutathione (GSNO) com-
pound are capable of inhibiting the activity of the

platelets.

Golino et al, Ciréulétion Research, 71, No 6 (1992),
30 describes that S-nitrosocysteine is capable of inhibiting
the activity of the platelets, due to an effect of anti-

thrombosis.
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formati on of thronbosis at the damaged vascul ar surface. W93/ 09806
describes S-nitrosated proteins or am no acid residues, c%plé'ﬂﬂ%ygf’%

rel easi ng NO, which have a relaxing effect on the nuscul ature and an
inhibitory effect 15 on pl atel et aggregati on. EP-B1-412699 descri bes
S-nitrosothiols which correspond to follow ng general formula: z R R SNP 3
R~ NX2 X1 and its use as therapeutic agents agai nst cardi ovascul arr

di seases, in partigulteh ast anrtli.-hypertensiod. (imes easddn2Q blppadmaepssur e)
and as agents he,ireat ment of, angjha _ pegtoris. The nunber of possible
conpounds Wi t ﬁﬁ%gggi dlgbr %u@eﬁgré]ﬁ%? nkﬁgta ﬁetﬁéﬁaegﬁ?ﬁw?%naoﬁpyong
explicitly degelLakesgsepsal dfernheofarsweiopesducts. Further, there is only
di scl osed dat a concern)' ng their general vasodi 25 lating effect, and
nothing is menti on®FPIMTH 4t FOFTPEhE Rt 158t §Lof " PhETPFARERREES The

S-ni trosotdi ohspdeses i bed bymbhg documiHes-grent i ongd above_do gL by-itself
solve all the conplicated problenms within the treatnment of vascular disor
3 9 January 2008tubrenigielaming &NAR-di ¥V aBERF Ft vy epgentsi sgphesef ore

necessary to ggyel, PR NAYYE COMRAURAS oMhiccRuakei BDEE potent and effective. 5
Summary of the invention: An object of the present”invention relates to

novel Snitrosothi HHROYET6Pk | vd&sHFilseni ke anife orofgl it fdare; Wi ch

both have a ppiepbsyasdid ating ﬁf:E?E&léPdtﬁehicgﬁoi,mli{xbi%119{ yepbigginon the
aggregation of the platelets. 18 Further, an object of the present

i nventiont® el apés prevenbigBe off € A6GePnc@fpoulels PRerel abs mamdf acharr e of
medi cament s f ; Hosdissarders L&k i of the
circulatory s%?%%]@lcgs%:%a f atoscar gi ovascu%a%%‘gv\ré%%%%t%ﬁ%e%? {
description of thedQIB/ERE0EN dereidgsoUhdst tofosated muerttdims are amino
S-nitrosothiol derjvatives o | Ci ] rglut at hi.one,. and their 20
phar maceut i ca?ﬁ/ga]é%%lpé%eb%e Jéaaé)?egs‘h!,e vf#l %Téi;%ar%ensggo%d t“gufco I oa\‘/?,i’rengal g’é%ér al
formul a(l) B PadtSMN) &5 &rt romileh muAcaridtBrar enghenylinhibipsrore £ tget her
formthe fest_30 q—(iauzj](gg—lz constituting a ring of six units in which Q

represents oxYgeR FsNFur RGP P8up NR3, in which R3 is hydrogen or an

al kyl group Cl-C9:EP-B1-412699 describes S-nitrosothiols which corre-

« spond to following general formula:

2

, R
RAL

NT X2

4
and its use as therapeutic agents against cardiovascularr\
diseases, in particular as anti-hypertension (increased
20 blood pressure) and as agents for the treatment of angina
pectoris. The number of possible compounds within said
faormula is enormous and the description only explicitly
describes several tens of such products. Further, there
is only disclosed data concerning their general vasodi-
25 lating effect, and nothing is mentioned in relation to

the activity on the platelets.
The S-nitrosothiols described by the documents
mentioned above do not by itself solve all the compli-

cated problems within the treatment of vascular disor-



4 9 January 2003 Rl is an acyl rest, which nmay be an aliphatic acyl group

Cl-CS or a rest of glutamc acid bound via its non am no acid carboxyl;

R2 is a hydroxyl group or a glycine rest bound via a 5 peptide bond; with

the proviso that if Rl is an aliphatic aryl rest then Rig g,R¥9r9%403
and if R is a rest of glutamc acid then R2 is a glycine Trest.

group,

Co tly, th f the invention correspond 10 to fol |l ow ng
nsequent |y e COQP°“”?§|?3t[39§rﬂl€Y§$&9%5Q3 D N ASRgitRetsEse N
~OH 15 H ~ Hpb O NS, Qd Iélévéllolpl Inek d@!ﬁb@ﬂn& apgh 8 have fhe

gener al

f or

miFAS. (13959RL

r?f@{éin'%?sand

menti oned above and RO is an alkyl group Cl1-C9, or a pharnaceutica
accept abl e safffeofitehis. 20 Preferred exanpl es of conpounds within the
obj ect of the invention are foll ow ng:

N acetyl - 2- am no- 2-[ 4- (4- Sni t rosoner capt ot et rahydropyran)]acetic acid (1).

25 O O SNO ~gfekin of_tQEBanention:

N-acetyl - 2- am no-

(2).

9 January Ah~opjBcH3of Kh® PNesentOHihiBGitioN Hela2e® to novel S-

10

15

20

25

30

nitrosothiols derivatives of penicillamine or glutathione,
which both have a potent vasodilating effect and a high
inhibitory effect on the aggregation of the platelets.

Further, an object of the present invention relates to
the wuse of the novel compounds for the manufacture of
medicaments for the treatment of disorders related to
dysfunctions of the circulatory system, specially at

cardiovascular level.

Detailed description of the invention

The compounds of the invention are S-nitrosothiol
derivatives of ©penicillamine or glutathione, and their
pharmaceutically acceptable salts, which correspond to

following general formula(I)

in which:
A and B are phenyl groups or together form the rest
-CH,-Q-CH,- constituting a ring of six units in which Q
represents oxygen, sulfur, or a group N-R®, in which R® is

hydrogen or an alkyl group Ci;-Cy;

-[4-(4-S-nitrosonercapt o- 1net hyl pi peridin)]acetic acid

and



5 N-acetyl - 2-am no- 3- benzyl - 3- S- ni t r osoner capt o- 4- pheny3but anoi ¢ acid (3}.
C6H5 CsH5 O SNO OH H3C~- N H I 3_ 0 N [Ny-L-glutanyl-2-amno-2- (4- (4-S
ni t rasoner capt o}tetrahy-dropyran?}acetyl]-glycine (4. OOOSNO, ,~/~ ~N

HON. OHHNHp O4 10 N[N-yLglutarryl-24—amn02(4(4Sn| pt o
met hyl - pi peri di n})acetyl] glycine (5}. H3\ N O O SNO "u~ ~E%IEW(@% NH2
O15Y 9 Januarx " 6 N N Y-L-glutanyl-2-am ne- 3-benzyl - 3-

(S ni t r osoner capt R~~i8 @”pk?éﬁ’}l Eﬁ?éno?b}c}bl%ﬁﬂ ﬁ@ @) 21EBPREESHE Y TToND

,,~[/ ~N HO N OH C1C5 or a rest of glutamic acid bound via its non amino
acid carboxyl; and
R? is a hydroxyl group or a glycine rest bound via a
5 peptide bond;
with the proviso that if R' is an aliphatic acyl rest then R is
a hydroxyl group, and if R? is a rest of glutamic acid then R®
is a glycine rest.
Consequently, the compounds of the invention correspond

10 to following general formulas (II) or (III)

B B
A A
0 SNO Q Q sno 9
RV N on HOWN NULOH
15 Hd NH, "B
an In

in which A and B have the meanings mentioned above and R® is an

alkyl group C;~C4, or a pharmaceutical acceptable salt of this.
20 Preferred examples of compounds within the object of the

invention are following:

N-acetyl-2-amino-2-[4-(4-S-

nitrosomercaptotetrahydropyran)jacetic acid (1).

O

0 SNO
AT,

H3C
ﬂol

25

30 N-acetyl-2-amino-2-[{4-(4-S-nitrosomercapto-1-
methylpiperidin)]acetic acid (2).



HNHz O6 S For the skilled person it is obvious that the conpounds of the
i nvention conprise chiral centers end , this permts to distig ui sh between
t he possible isome and/or the mi xtures of these. It should be stood 10
that both the m xtures of isoners and the pure isoners are within the
object of the invention. The latter nay be obtained fromthe m xtures of

i somers 'through conven . tional techn ﬁﬁes well known to the expert or

t hrough asymetrically synthesis al so welN—known to him 15 The conpounds
of the invention may be obtained in difftereny manners and the specific
manner will generally depends of its bas tructure. For exanple, the
conpounds of the general formula (Il)ﬁﬁby e ¥ ai ned according to the
sequence of steps 20 illustrated i mHthe™ idfg schemre. B Ba A~ A A SH
, H. ~ OSHOSNOOH 4~ CH ~ 4~ OHH2N ¥ R I} ~ HOO~Oan - I|.e,
starting fromthe chlorhydrates of the ami no@acids, which may be obtai ned
according to ﬁgomn net hods (see e.g. DE-A-3023830 and DE- A-2801848),

foll onwed by a T,CEtxi:Eﬂumamw_aogéhz fg¥latipn of the am no acid nitrogen
group throughlﬁgﬂﬁﬁﬂgigggh techniqueg, Eﬁ‘%%&ﬁq@omebwageoaghghchIoride, and
in an final step is then “nf{#bduced a nitroso group at the r%%%%anic

sul phur, al so by use of conventional 5 tgchniques. In relation to the
conpounds of the general formula (IIE) %’y may be obtai ned according to
the sequence of steps illustrated in"® |l owi ng schenre. CH CH B A AB
~Aw SH, HIJO OH~ S . HG _ ~S HzN N Boo-H OO O

. OH

5
3

O

N[N-y-L—glutamyl-2—amino~2— (4-(4-s

nitrosomercapto)t trah r -
pyran))acetyl] giyci
| lycine (4)

.

NH,
10 :

/JL\T/’\\,/H\ g [
HO N
p‘l OH

NH,
15

fen



1 AAOOSNOOOOSHOHOHNOHHOHNY "OHNHZ ONHZ Oaln to I.e.,
starting fromthe sane chlorhydrates of the am no aci ds a8 Janudarhéiitase
above, followed by a protection of the mercapto group through the fornmation
of a thioether of p-methylbenzyl. This is followed by a pro 15 tection of
the am no acid nitrogen through the knowA t echni gque of Boc and thereafter

is formed th ip i ,thothe. rests dutam g acid and' G ycine (am no
acid Cterm na ﬁbf iYnEE%’Fﬂga%%s% }%%S:{fqﬁ? \Mrt‘ul_?égﬁﬁ?b%%sc('% 4’ Bar any,
G et al., The dephiidegandyl]-dRsise Fg)20 Mei enhof er, Eds. Acadenic Press,
NY (1980); Stewart, J.M et al., Solid Phase Peptide Synthesis, Freenman,
San Francisco, CA (1969); Bodanszky, M Et al., Peptide Synthesis, 2d ed. |,
Wley, NY (1976) ) . r 9 January 2003 8 Thguf ormation of the tripeptide
conprises follow ng steps: a) Anchoring ¢fhe amjno acid C-termnal dycine
(@y), informof a tert-butoxycgrbonyl c) /deS rivgtive, at a resin of
pnet hyl benzyl hydryl am ne/ pol yst yflene. b) [Renoyi &% t hejjBoc group with
trifluoroacetic acid and neutt, i rat the internedi ate
protected nodified 10 am no acid. %I [

Eval ua'f{i ng|the cou ng reaction via
ni nhydrin, (Kaiser, E et al., AnaMNt2Bi ochem k6 @4, 595 (1970)). e)

Repeati ng the steps above for the residue yl5 Qutantc acid (y-d u) which
is incorperated as a Boc-derivative or benzyl protected (Boc-d uOBzl). f)

Aci dolysis with anhydrgus HE to.unpratect the tripeptide and rel ease it
fromthe resin. 20 g) gﬁﬁ i c?aﬁ]%lﬁqg d BEFEFRC ' i Zat POR U A i Hae
products. Onamuigdefuridsi pept kde |imviearned tdiweigriss paeeadeshnias A fhadal

step, to the i.trosati.otn of t etrtercapgfor?%roup 25hrel easedlfromits
protecting grt(rhl‘ﬁ PRFE st por i orift Sde MG EEFEtL ENEnBPSERRI Pober ¢
S-ni tr osat ed goypaUNtse ohitkdiereBvestt | ohehave1a \@sedidl atd Nngnastivbdéy whi ch
is, at I(:al%st, conpar ble to that of the GSNO and in sane cases highly
super i or ZOFurtidr _ t hBG HUFEYRRS i Histo&efsefair‘éic;u@n R abfreyat i on of
the ' platel efxe WHittindlthe oBjekbtSofothe ShvBdElomr ThEPGALOEr AgaEapared to
the GSNO, in saone caseg consi der apl y superior, _

obtaine rom the mixtures of isomers through conven-

. tional techniques well known to the expert or through

asymmetrically synthesis also well known to him.

15 The compounds of the invention may be obtained in
different manners and the specific manner will generally
depends of its basic structure.

For example, the compounds of the general formula
(II) may be obtained according to the sequence of steps

20 illustrated in the following scheme.

B B

B
A A A
SH o /ﬁ\ SH Q SNO
OH AN oH — ™ OH
HoN R l':ll R u
o o ‘ o

an
I.e., starting from the chlorhydrates of the amino
acids, which may be obtained according to known methods

(see e.g. DE-A-3023830 and DE-A-2801849), followed by an



- 9 Janua~r 2003 9 This results in that the conpounds of the in vention
may be used in a very efficient manner for the manufact ured ddnumryre2ghcanent
wi th vasodilating and antithronbotic effect for the treatnent of-
dysfunctions of 5 the circulatory system specially at cardiovascul ar and
coronary | evel. Cbnsequently, t he conpouhds of the general fornmula (1), as
wel |l as the phar ceutic ceptable salts of these, may be used, via
the use of coHvet %ﬂﬁﬂo ()%%1 W&éénﬁ?%%lnf%Eﬂ%?ﬁu€§°“PthFR@9Bréﬁ&?at|on
of nedi camentwenhicialnayedienagids)i star edxadpé f B?r e HBRACIEh1AS @)
exanpl e they may be adm nistrated orally in the formof pharnaceutica

pr epar at i ons s abiBel E%%%u}%sth%?rﬁBEraﬁdc%ﬁsﬁe@§¢Gﬁ§o REoamt er al |y
in 15 forms schtRS mBreShtddNSsOpHRAl H1ARS. bt Gse TREY é%éléi%n%q

adm nistrated topically in formof creans, po nades; balsans, etc., and
transdernﬁcan%FWQﬁqqﬁﬁanple through the use of patches or bandages They
may al so be appliagh didieatibh kB the tBRbYIHAS SYPRAS LRMHe8S1 MEwda
preparations may conprise phy5|olog|cal y acceptable Car riers, excipients,
activators, chielilti idreagdms, besioiispiinedsacepsding cto| fheasequenin] e¢t i ons
there may be dngar equalts%@aeédpmserd %'ﬂ@ul agehpRabl e buffers,

sol ubi I'i zi ng agents or isotonics. ail ose nmay be varied depend 25
ing on the specific synptons, the age the body wei ght of the patients, the
speci fic node of administration, etc., andy,g daily normal dose fgg an adult
person could be khetween 0,1 to 580 ng, coul d be adgi ni std as one

dose only or ed into sevgral) dosg ring the day.» 30 | e wor ki ng
exanpl es her ei stde ipfra) a gscritbed h detail Lt ahT& processes to
obtain variou conpounds cCyydi ng ‘to The gener fewrmula (1). In
view of these ‘exanples, it isHtNthgn the skilled $erfong(r 9 January 2003
to general know edge to obtain theoconpounds not expliciely exenplified
herein, via suitable nodifications the of working exangl es herein.
Consequently, the working exanples herein 5 should not tbe interpreted as
limting the scope of the gnvention, but solely as an aglditional detailed
explication, which guidgs the skilled person to a nnw epIy under st andi ng
of the inventiog. -10 B §015 30

How” I N /U\|/\/U\ “\/U\

NH,
(1)

10
I.e., starting from the same chlorhydrates of
the amino acids as in the case above, followed by a pro-
tection of the mercapto group through the formation of a
thicether of p-methylbenzyl. This is followed by a pro-
15 tection of the amino acid nitrogen through the known
technique of Boc and thereafter is formed the tripeptide
with the rests Glutamic acid and Glycine (amino acid C-
terminal) in solid phase through known techniques (see
e.g. Barany, G. et al., The Peptides, 2,1, Gross, E.
20 Meienhofer, Eds.Academic Press, NY (1980); Stewart, J.M.
et al., Solid Phase Peptide Synthesis, Freeman, San Fran-
cisco, CA (1969); Bodanszky, M. Et al., Peptide Synthe-
gis, 2™ ed., Wiley, NY (1976)).



25 30 Inthe experinental part of the exanples fol-low ng abbreviations are
used: AcOEt et hyl acet ateAcOHaceti c 9 January 2003

aci dBoct er c- but oxycar bonyl Bzl benzyl DCCdi cycl ohexyl car bodi i m de' -

DCMi chl or onet haneDl EAN- et hyl di i sopr opyl am neDI P- Cl di rect introduction
probe - chemical ioni-zationDVFdi nethyl f 8r mani deDVSO- dsdi et hyl sul f oxi de

hexa- deut er i unEDT 4 I ag:n t et.i.c,acid sodi um )
sal t Et OHet hanol Et @E%i g%)g%@%:%Ag%gsF%g?%#n%lcdeoo%%]ﬂr%ﬁﬁ CERPLOEI 52
GQuanosi ne 3',8tepmnophosphat eHPLC ~hi gh pressure |iquid
chr omat ogr aphyMe cetonitrile et hanol N5 .npss_spectronetry. ODQ
[ 1H[ 1, 2, 4] oxadi Z0 [%%pa c?qrullnr(f"ml\(/‘z:tl in- 12604 301551 rc'tpegrm}é‘r?&ar él%’a‘?? ~ 11
PyAOP hexaf | uor ophosptGityd ofin/-fazabefzat tert-butdxydadddyl S(ksyy r@ld di ne)
phosphoni ;én t BuOH terc-hbutanol TFA trifluoroacetic acid 5 The

tes

chl or hydr of the ST V& no actds ,a # synt H&SPed as @Escribed in the
German patent appli c-metHydnsnizl Ayd0? BSathead 10E4H+2881849. The Nucl ear
Magneti c Resonancqe spectra have been realized in a Varian Gem ni-200
apparatus. 10 I n Rhe FARNWRS%S RO ArF URd i Edthe of HiHd umsoRiaetL of rasisency
and the sol vent used 4 ke rbhezspeshrum 1'| ~ position of the signals is
indicated in 8 (ppm , use ~, c~ .~ reference the signal of the- protons of
the solvent. '1' o~ rEEAEEtFRPuEE Al BETE A iRA RO tEeE achInerdi forew and
2.~~~ 151ppm for the gegHerkye di meGiyl sul foxide. Wthin bracket.. are

i ndi cated the nunber of protons corresponding to eacl. -signal 'neasured by
el ectronical |y iftlegrEdElowrting tihe ~cpppbing giegsalions Yl guitrddydrsiong

followi ng abbre,ria tig@nsers (8i.Ndke) a1.d (daubl etpiocheflri t) mocdd
(douhl ~: ~ 20 of doubl et s) °sb (signal broad) : sc %%?ger’n’gl’ c?rf%’l 2220 d.e.
Dz0 (di sappears durind*®l)i-zation of the spect~rm-: after addition of some

drops of deuteri %ry \/vq{teg)(r()el.a)ti g t@l‘?els}?e 550 g‘%r?ﬁ?%r SBE??'?@% m%]tuayt_\r/]\/ce)rE; i

:w, frequency and 't he vent on eac rum

signal s iig indi cat ed dlut@ippEkid UF-ODuASWERIIS=1E ERESrpbLastgnal @f the
protons of the solvent. The rc.t-er ence values are 77.00 ppmfor the

chl orof orm and ~3~~ Boc=deri¥aff{¥e¢ tRE JdBGPEYT umPAPHEERSH aul Bea-Gadu-
further, thgse have lggnyrealized magnetic :~i.~~ 30 cl ear resonance
experiments using the Attached Pr~. ~tor~ Test (APT) . Analysis by HPLC to
det erni ne the purfi)t ~Acidodygppeswitht e 2BBYE  Witie HFF oF P oMY USRS t ithls: Y

tripeptide and release it from the resin.
20 g) Purification and characterization of the final
products.
Once the tripeptide is formed there is pro- ,
ceeded,
as a final step, to the nitrosation of the mercapto group
25 released from its protecting group.

. The tests performed demonstrate that the novel
S-nitrosated compounds of the invention have a vasodilat-
ing activity which is, at least, comparable to that of
the GSNO, and in some cases highly superior. Further,

30 they have an inhibitory effect on the aggregation of the
platelets which also results to be similar or superior as
compared to the GSNO, in some cases considerably supe-

rior.



9 January ~c~!; 12 A- General gradient Colum: RP-C18, Syrmetry 150x3.9 mMm

5H, 10U Mobil e phase: HZOtH, POQ 0. 1% CH3CN + S % HzO i 003

Tenperature: roomtenperature Flow 1 nmi/mn Vol unme of inj ect | on %_

B-1socratic Colum: RP-C18, Symmetry 150x3.9 mm 5~,, 100 A 10 Mobil e

phase: 50% de H20+H3 P04 0.1%y 50%de CGH Cl 5% HBO + 0 . 1 %H PO

Tenperature: roomte rature FEl ow " Vol une, of %e ection: 10 ~L
p

15 In the preparation ot% h%eﬁﬂ%ﬁfepf?gké‘afeﬁhe pTYRTSEs Rephbar itde

chr omat ogr apkgnandn HRG afee llm)Qﬁ a vy i dFf idteert Ustenand the kdentity
of the product i:; ~vr wf by mass spectronetry and am no acid anal ysi
s; '~~h~ purFW“B‘FC'EWéetPFpé‘pt"i%%@%aﬂ’%dvﬁﬁomﬁﬂfﬁjraﬁdZenFé)rI oW ng

conditions: eakbRBo®ict ¥pecCl8 AC] €S Y IredtmehtMBs 138Ps AindOi BE LEow de 1
m./mn; eluents A - ii:.; (+0.045% TFA) y B = CH, CN (+0. 036% TFA). The

ul traviol 8t $PECIHACPIEREYe SHSERT SRS 1aljse 3¢ SaBAinrasen I 60nd
spectrophotoggt:gﬁarfoie‘egr< 1 25 the conpounds is indicated the wave | ength
(~.) ini~~~~ ..., , the m)lecular absorption (s) incml1 nol-1 L. For high
pressure 1 iquid ChroR@WGRSRF1Y, she compounds gft £hei GPeeTphofedi ode

Hewl et t - Packamaloflﬂ A dat Weii: & has b?ﬁ&rﬂr@@é’uti@al@@”ﬁh@eﬂ:table
bt ai ni nct N-acet 2- am no- 2- (9 = ~4~, zi tro-soner ca~t ot etrahvdropyran)

1 acer. ~y §éﬂg5|p; these, gmghnﬁgrysggggvig the use of conventional
10 pharmaceutical techniques, for the preparation of medica-

ments which may be administered in different manners.

As an example they may be administrated orally
in the form of pharmaceutical preparations such as tab-
lets capsules, syrups and suspensions. Parenterally in

15 forms such as in solutions or emulsions, etc. They may
also be administrated topically in form of creams, po-
mades, balsams, etc., and transdermically £for example
through the use of patches or bandages. They may also be
applied directly in the rectum as suppositories. The
20 preparations may comprise physiologically acceptable car-
riers, excipients, activators, chelating agents, stabili-
sators, etc. In case of injections there may be incorpo-
rated as physiologically acceptable buffers, solubilizing
agents or isotonics. The daily dose may be varied depend-
25 ing on the specific symptoms, the age, the body weight of
the patients, the specific mode of administration, etc.,
aﬁd a daily normal dose for an adult person could be be-
tween 0,1 to 500 mg, and could be administrated as one
dose only or divided into several doses during the day.
30 In the working examples herein (vide infra) are
described in details suitable processes to obtain various
of the compounds according to the general formula (I). In

view of these examples, it is within the skilled persons



510152025 0O00OSH~HCO ~OSH---YOSNOOH ~ CH ~ OH H2N ~ H3C H ~
HBC HO OO Step 1) In a 250 nL glass flask provided vmth9dargmy2&03
agitation 4.0 g. (17.6 nmmol) of the chlorhydrate of the

2- am no- 2-[ 4- (4- mer capt ot et r ahydr opyran)hacetic acid and 60 nL of a

sol ution of potassium hydroxide 0.5N are introduced. Afterwards 3.07 g.
(21.8 muol) odaeraﬁmﬁﬂdrkrmlpadgass&ioumbcanbonam cangpthdal reft Ma@\l:an&lq,dded.

The r:ixture al do an_i.ce bath.,and 1.4

acetyl chi orlelﬁ}ée“gfolss%%\?ed%@ré%b f %ﬁ@glre réiéfﬁﬁa%rlf?ﬁsam%

Fi nal i zed thnsozrioitmﬁammpﬂlyelrbardmﬂ 5N i s added until pH 9-10. The m xture
is agitated at roomte eraturelfor }Rours Aft erwards 2N hydrochl oric
acid is added until PERAT e %ol vE Fd%iRhat S42RP ?@dué‘é’&eﬂlnessure
The obt ai med siohildt Iﬁoﬁ/abuumldérﬁdetﬂélcﬁra@hQSBﬁQI’l@@S RNt SXbEe, o8N pit 1S
suspended in 150 m. of absol u e Et OH and agjtated at_room tenperature. The
i nsol ubl e r estYGE I%”ér@ shd R8s RBd adfr iaved dabBled emmd isg-vent i s
elimnated attigducesii egeides Bnd8sgitisdepehrsbhe ddtgr medibateproduct
N-acetyl - 2-am n ee’ifl %\} mer capt ot et r ahydropyran) ] acetic acid are obfai ned,
whi ch is submft4SFGNaE; BhstrevEr&I Y P8par ati ve chromat ogr aphy phases t o
obtain 80 ng of the product of 90s of purity (HPLC gradient A ~, =205 nn).
1H NWVR (200 Mz, DMSO-ds) : 7.40 (1H, d, J=IOHz, NH) , 4.13 (1H d; J=l OHz,
CH), 3.73%. stxqmpiess c., CH2), 1.90-1 .80 (4H, s.c. , CH2) , 1.65 (3H, s,
CH3) . r 9 January 2@93@4 Jexgewaeﬁé@l Mpz. MO @iy - e;{zanpﬁgs(@glm

168. 90 (CO Y 63 . 69 (CH2) 27 (CH2) 62.80 {CH) , 49 37.
58 (CHz) ( 36lagineaPprevistpans GHE) useg:step 2) 80 ngy (0. 34 mml) of i
N-acet yl - 2- am no- Zdof( 4Mer capf0tRidagydropyran)) acetic acid are dissol ved
in 4000 ~L of MeOH, and afterwards 500 ~L of HClL 1 Nsolut ion and 13 6 ~L
of NaNO2 5 M sol URSO8n are 2RRIGF aCtRe re sulting solution is treated for 1
mnute iRgn ultraggeund 10 p@,g.ﬁmx?gg%gﬁ {fs 50 ~L NaCH 10 N and 14 ~, L
HBO are added. Fromthe resulting solution an aliquot part A of 470 ~L is
separated and to tB¥d rest we®#¥4n abundance is added, frozen down and

| yophi lized to obtgin 190 r@l@cl%h;@ngggéggghgdéol id Bwhichis sli ghtly
hum d. HPLC( gr adi ent A): 220 nm purity of fraction A 68% 339 nm purity of

fraction A 95% DC dlchloromethane
DIEA N-ethyldiisopropylamine
20 DIP-CI direct introduction probe - chemical ioni-
zation
DMF dimethylformamide
DMSO-d, dimethylsulfoxide hexa-deuterium ¢

EDTA Na, ethylendiaminotetraacetic acid sodium salt

25 EtOH ethanol

EtOEt diethyl ether

FAB fast atomic bombardment

CGMP cyclic Guanosine 3',5' monophosphate

HPLC - high pressure liquid chromatography
30 MeCN acetonitrile

MeOH methanol

MsS mass spectrometry

onQ (1H-(1,2,4]loxadizol (4-3a]lquinoxalin-1-onal



20 NMR fraction 8:1H NVR (200 Mz, DMSO-d6): 8.00-7.50 (1H, s.c.,NH),
,4.50-4.00 (1H, s.c., CH), 3.80-3.40(4H, s.c.,CHZ), 2. 40- 198an@ati, /.-
.Cc.,CH2), 1.88 (3H, s,CH3).25 1'CGNWR (50 Mz, DMSO-ds) : 173.00(CO ,
169.52(CO ,67 .69 (CHz-O , 63 .45(CH) , 53 .78 (O ,32.17 (CHz) , 22
.80(CH,) . Exanple 2.- Obtaining_N acetyl-2-am no-2-(4-14-S 30
nitro-sonercapto-1-nethvlniperidin)lacetic acid (2 ) . ., 9 Januar~r 2003
15 H3C H3C H3C NWROEN SH hpgaflucrgphesgha3NO OF OA- az@peH2NH3C N H3C~ N 1

HI HOOO?2 st 1) | 0 h i
hgi tation 3 69 geglyj S 230 ogktsi@sgoj,{rgﬁm Ry g8dsphddlpanetic

(4- mer capt o- 1ettBuGh per i éﬁeﬁ}‘]—h@b@m@l acid dichlorhydrate and 30 nL of 5 a
0. 5N sol ution ofﬁ ot assi ug}tﬁlgﬁgﬁ lde are J goduced Afterwards 2.2 g. (16
e

mrol ) of anhydri pot assi um car bonat e ant f MeCN are added. The

m xtureSis cool ed dowhe n:hel@rlh@'érbaeh efid thel Srtlar(clérrmﬂibl )acdlﬁsaGet yl

chl orine dISS ved % are drop.hb drop Finalized
F OXI Mei P %

this, 0.5N p’(’)r%ahsessllum e |s “3ddéd Fro- fﬁ eﬁ‘ eal?lp thfe is

agitated atti@mnuEempéSrantBt&!B@ bod RERBu2BO18ML.erwards 2N hydrochloric acid
is added until pH=6 f}ﬁd t uchI ver}% stell nated at reduced p&essure. The
obtai ned solid is vacdim drted™ over*$hospho Sﬁgnﬁgﬁelfﬁ’%‘iﬁr&e R4°t he dried
solid is suspandedlizelDAnre vhrabsotehin £tA0d &ﬁiﬂ)a&@jthat ed at room

tenperature. The |ns | ubl e rﬁ It“‘g}ge S flltered and washed wi th absol ute
Et OH arftd t hesol vent §’ & YRS pt ted Fhe §orkihg of the

i nt er nedi at ergrpashect ,ar[‘& aed Ydoldredlt m—e& [t4 (k120 the spectrum. Th.-
mer capt omet hyl pi peridin)]acetic acid are obtained, which are submtted to

various reiesiistesdr 4ty & icmrdFaibgi BERG2pPAsER & ol ai #S0'5g'of the

product of ng/éxcgno@”dﬁé’ éf%rk—_éi‘l %?dtﬁ@t pébtgngzgag 'Ema sog5e1lt"|\w (200 Mz,
DVBO- ds) : 8.3 d, 3701 . 73735.3.00

(4H, s.c. @%rer@e?wa(lms §reC|1|3§24 Pemzéoq t@@ qmlwrcgoem an@Hz)@ 1. 85

(3H, s, Cl*%})m for ¢ thg aéaea£yu@09§mé@19}f&1%1&0 M’&hl%&}a@.‘ﬁl 170. 55
(CON) (5 (CH 33 (CHD) . 49.28 (CHZ) ., 46.38 (O

42 .26 (CHHre Jagizwt(e@mhe ngstbemoé@wtrenszch:zre(mrydmg to each
$ignal measured by electronically integration and th.
type of signal is indicated using following abbrevia
tions: 8 (single), d (doublet), t (triplet), dd (doublet

20 of doublets), sb (signal broad), sc (signal complex)
d.e. D,0 (disappears during realization of the spectruu:
after addition of some drops of deuterium water.)

In the C-MNR spectra are indicated the working
frequency and the solvent on each spectrum. The posit i

25 of the signals is indicated in & (ppwm), using as refer
ence the signal of the protons of the solvent. The retrer
ence values are 77.00 ppm for the chloroform and 39.50
ppm for the deuterium dimethylsulfoxide.

Further, there have been realized magnetic nu

30 clear resonance experiments using the Attached Prcton
Test (APT).

Analysis by HPLC, to determine the purity oi

samples, are done under following conditions:



5 Step 2) 50 mg (0.20 mmol) of o
N-acet yl - 2- ani no- 2- [ (4- (4ner capt o- 1- met hyl pi peri di n)] acé Januasid'are

di ssolved in 800 ~,L of 1 N HC1L and afterwards 80 ~L of 5 M NaNOz sol ution
are added. The resulting solution is treated for 1 10 minute in an

ul trasound bath and afterwards 80 ~tL of;510 N NaOH and 40 ~L H20 are added.
Fromthe resulting solution 100 ~L of an aliquot part A are separated and
the rest is fxoLemededngaadiepbphilized to obtain 190 ng of a solid B. 15
HPLC(gradient A): ~, 230 nm purity fraction A 90% purity fraction B 93 ~,
334 nm purity fr SOLHBR: ARBES 8pu$3)(/'f“96'?rﬂéc1t51°d"r?-l§ 0 98% NMR ftacti on H:

1H NVR (200 Mz, He@iied.phhdelH Ho+0bD, 8. 707@u2@ (BHssscy (OHZ) (1. 95
(3H, s. , CH, - 1.71 (3H, s, CH3-CO . 25 "C-NNR(SO Mhz, DzO): 172 51
(CO, 171.52 (CO),HJ%QL« .08 (CH) , S8.18 (C) , 48.09 (CHz-N) , 48.01 (CHa-N

3 42Cbt185(CP3'N)Temﬁ@rééufg}t}oonﬂ¥%égéKégﬁgea 20.17 (CH3-CO . 30 Exanple
- ainirlq .

N acet yl - 2- ami no- 81Bn2~mL4nER; - t r osoner capt o- 4- phenyl - but anoic acid 3 ) .

9 January ,'t!4 ; [ HS CeHS . HOl SH ~ ~ SH ~ ~ SNc~
OH OH W, HzN mcvézﬁgékﬁlfg#%&t%%ﬁ)” n a 100 nL glass flask provided

wi t h magnet ~B-Iagicratiion 2.0 g. (5.9 mmol) of 2-am no- 3-benzyl -3

mer capt o- 4- phenyl -b&ut anoic_a and 20 nL of a 0.5N soli~ 5 tion of

id
pot assi um hydr oxi 848+ | %??‘g:iﬁte%wm’)ﬁttré’r Ve 03 - 218 gSK( 7190 hol ) of

anhydr oug opot assi ugbeaebpnake: aso3 e of,oMe@N, abeigadgedosThe Muxtwre is
cooled down ~mice _bath and 0.5 nL (6.5 n’m)ll) of acetyl chloride ,~ solved
in 8 nL of MeCN aP& Hrdpr By 1dr $pF3dded. Final.iz,u 10 this, 0.5N potassium

hydroxi de is addegeRpbihrit 12rd¥dhenfeddtifd S agitated at room
tenperature for 2 hour: Afterwards 2N hydrochloric acid until pH=6 are

added Wn:. the s8LPEnt P&/B}%ninated at reduted ‘pressure. The , tained
crude i s suspendegqhld00s My Ple@hso) ute i OH . az~~

15 In the preparation of the tripeptides tocls
niques of preparative chromatography and HPLC are usged L::
'purify the crude and the identity of the product in <o
firmed by mass spectrometry and amino acid analysis  “h
purity of the tripeptides is analyzed by HPLC under ihc
20 following conditions: column of type Cl8 Nucleosyl, 2%
4 wm, 120 A, 10 pm; flow de 1 mL/min; eluents A - .
(+0.045% TFA) vy B = CH,CN (+0.036% TFA).

The ultraviolet spectra (UV) have been made !

use of a Shimadzu UV-160A spectrophotometer. For edcl
25 the compounds is indicated the wave length (&) in v ..
tHe molecular absorption (g) in cm™ mol™ L.

For high pressure liquid chromatography (ithLs
an ultraviolet photodiode Hewlett-Packard 1040 A detecto:
has been used.

. 30
Example 1.-  Obtaining  N-acetyl-2-amino-2-{4-(4-5
nitro-somercaptotetrahvdropyran)lacet..”
acid (1). '



15 agitated at roomtenperature. The insoluble residue i-. filtered and
washed with absolute EtOH The solvent elimnated at reduceghpugssihze. The
residue is r:wcrystallized in water. The insoluble part is filtered .."

di scarded. The filtrate is frozen down and |yophili~~~.~ 20 1.64 g of the

i nternedi ate product, N-acetyl-2-am neis

benzyl - 3- mer capt o- 4- phenyl - but anoi ¢ acid, are obtam--~c Yield: 81~. 1H NWMR
(200 Mhz, DMSO-ds) : 7.68 (1H, d, J=8Hz, NIiI; . 25 7 . 35-7.05 (10H, sc,
CHa=) , 4. 36 »«{1H, d, J=8Hz, CH) (o ~~3 . 02 (2H, CHz- Car) ,
2.95-2.55 (2H,/sC\CHz) , 1.82 (-3 ¥i. § CH,) 9 Janugry \~~;: t. . 18 5
10 15 L' G NMR (50 Ahz, DIMBO- ds) ((%9 , A38 . 55 (Ca~) /
(2CHa~) , 127.78 ~) 2% 53126 |.6 {€Hdr)>, 6f . W) , 55 . 62
(CHz) , 23 . 14 OH 172 . 94 Qik} DHr) 132 .35ﬁ(2 ryod 1 -.
(2CHar) , 126MM4 (i ~ . (O™ 43l 70](cH2) ( 486~ Elstefl 2) 0.62

(1.8 nmmol ) of N acevyl -2-am no- 3-benzyl 0 nmercapto-4-phenyl - ut anbic acid
are dissolved in 25 nL, of MeOH, and afterwards 25 nL of 1N HCl and 250 ngy
of NaNC~, solution in 25 nL of HZO are added. The resulting sol n tion is
agitated forSt@p di)nut s at 2600nit gipes af Lask prdwirdd andhvashptaid h wat er.
After drying a G=. I,~= pres in presen of .RPZOS, .0.33 of a solid
are ot~ ¥ai%g&EahﬁEE(ﬁégcﬁﬁtiéHgﬁ m“n)Zf% %ﬁF 63P€f'Y@f@§§4%fnﬁﬁ“bureza
100% 20 1H RHVBRmi2002Miz - (DS cl)tateBrikydtdPythn)ladc@idc Ncid. 28:&. 00
(10H, sC r) ., 33 (1H, .d, J=I.CHZ 4 . 3.90 (2H, sc, CHz) ,
3.88-3.38 { ,)mSLC,O%CﬁZ) S:°qi‘.t§ém(é’ffi P°&ﬁ§%“‘ﬁ"@fﬁ\ﬂ¥1@§o("l\ﬁ%‘, P/EGs) - 171.

55 (CO-N) , tkeBuced.r BftePbakds,3 IB5.A1 (6€Cas) mmolB5% 2 TafHydinous k¥l . 52

CHdr) , 1.:31 (E Har)., 128.15 r) , .128.0S (CHdr). , 127. 04 (CHdr
b ) AP e CETpRAr S, SR8, b rlpf Mok, £8S( SR Theagrec) 30
Exanpl e1d. +tubbt aidi co NN dodm grhubamike2takhneme {42 WL (19.7

i ~ i ? ' !
S i trosore cap) o) et L aAgr O AN AGELYL B VEL NS ) o wech SMIATY 2003

drop by drop added. Finalized this potassium hydroxide
\O.SN is added until pH 9-10. The mixture is agitated at
'room temperature for 2 hours. Afterwards 2N hydrochloric
15 acid is added until pH=6 and the solvent is eliminated at
reduced pressure. The obtained solid is vacuum dried over
phosphorous pentoxide, and it is suspended in 150 mL of
absolute EtOH and agitated at room temperature. The in-
soluble residue is filtered and washed with absolute
20 EtOH. The solvent is eliminated at reduced pressure. 3.98
g crude of the intermediate product N-acetyl-2-amino-2-
[4- (4-mercaptotetrahydropyran)lacetic acid are obtained,

which is submitted to various reverse preparative chroma-
tography phases to obtain 80 mg of the product of 90% of
25 purity (HPLC gradient A, A=205 nm).
'H-NMR (200 Mhz, DMSO-d,): 7.40 (1H, d, J=10Hz, NH),
4.13 (1H, 48, J=10Hz, CH), 3.75-3.50 (4H, s.c., CH;),
1.90-1.80 (4H, s.c., CH,), 1.65 (3H, s, CH,).



19 CH CH5 OO~ ~0OSH- HG-" . HO -- OHS S OHH N HZN Boc-NOHOH OO
OOOOSHO~ OOSNOOHOHNOHHOHNV 'OH NH2 O NHy9drauagy @803) In a
250 nmL glass flask provided with magnetic agitation 5.8 g (25.5-mol) of of
2- am no- 2- (~- (4mer capt ot et r ahydr opyran) ) acetic acid chlorhydrate, 4.7 g 5
(25.5 mmol ) of oc-brono-p-xylene, and 199 nmL of a m xture of H20/EtCH 3:1
are mxed. 11 nL of triethylamne are ~. added, an argon atnosphere is

made, and the mxt’aFEMRs 450 t atled, deMSDBnglbursnat spooTd-amper atag .o 50 i

nor e of HZO’ : re d ture_is agitated for 2 10 nore
hours. The re ﬁ%'%@spgﬂg?m%g &%aﬁ afd- @85388% £9-180 (A -of water
and SO nL of 3ELGBI. (BHgI0l 1366 .112 dloH) ,nedza/\/huchcmg dried at reduced pressure.

300 nmL of concentrated hydrochloric acid is added over the solid and the
solvent is elimnated at reduced pressure. This 15 acid treatnent is
repeated 8 seeepd 1) neot emgobi®in amapl) dovhinchcesydr b eshnaio reducad -
pressure. 1.59 %aof the int rnedlat product of |nterest ar e obt ai ned.

1H NVR (200 FRFCaphRESHEFRYIRPRFaR)d0 peRfighaciBNgre 1%%03(‘2%1 dn J=8 Hz,

ggaf)mk éﬂ 1%068H5Ldof3wf’eddz1 Bﬁdags)ft%Q'w%rgg 644l il§ 8%% X %ﬁ!PB ?5 (6H9

January 2043t26n1aﬁdNNlR6(5m Mfz NaBGEG dd;)soltiltﬁ&n A e( GAded.18be 64-(Ca~ ) ,

(g, a0 okt sg Tt A exdifpd dogiDtnust p Pt Fahyngs (on,)

5 Step1@) BEeHA MEhOfatdervdiay hyelrgtenaby 10 N and 14 L H,0 ar
2-am no- 2- (4- (4( p- et hyl benzyl rrercapt o) tetrahydropyran))aceti ¢ aci d ( . 029

nmol ) are su§6€ﬁéed in 20 m of tBuOH H20 2:1 and 5% NaOH i s added unfi |

pH=9. Afterwards 3 egpbiatgrat sch1dihPosidlon 3ddedigidet Par-pi Xt yge is
|l eft reacting for 30 mn, where after the pHis adjusted to pH=9 once nore.

The reacti on4i’¢ pbohéngeﬁafﬁ@re@(ﬁnﬂ rrodihe aedtt WeteH irs abuwdlameet éd agai n.
comparing W LAgkAe $-BLLENGoRH! Ba At Qphm%%ﬂ?gf 8@@&@ LobNfigsher bl ng

am no acid, using ayer cronatogra 3 conf rrned t hat
t he reacliionhlsres"Olseenl(—:Oﬁtleedeﬁjwhlch is slightly humid.

’HPLC(éradient A):
A 220 nm: purity of fraction A 68%
A 339 nm: purity of fraction A 95%.
20
NMR fraction B:

'Y-NMR (200 Mhz, DMSO-d,): 8.00-7.50 (1H, s.c., NH), .
4.50-4.00 (iH, s.c., CH), 3.80-3.40 (4H, s.c., CH,),
2.40-1.80 (4H, s.c., CH,), 1.88 (3H, s, CH,).

25 BC-NMR (50 Mhz, DMSO-d.): 173.00 (CO), 169.52 (CO),
6"7.69(CH2—O), 63.45 (CH), &3.78 (C), 32.17 (CH,), 22.80
(CH,) .

Example 2.- Obtaining N—acetyl—z—amino—z-14;54—8—
, 30 nitro-somercapto-1i-methylpiperidin)]acetic
acid (2).



The product is isolated by two consecutive extractions with 50 nL of
hexane, and the aqueous phase is treated wwth 1N HCL 1IN p rds
three extraction 20 steps with 60 nL of AcCEt in each arel_é:‘?a ﬁil%do\ﬁa
solution of AcOEt is dried with anhydrous MyS04 and, after elimnation of
t he sol vent by evaporation, the product is redissolved in DCM and

evapor at ed agg_'wﬁ;G This step is repeated two tinmes nore and there to obtain
1191 ng (3.01 ml ) of the N-BS% protected intermedi dif product . The
product is char exi zed by: a) TLCN
phase. E1 Rf =0. 48, t observing si
HPLC i n gradi ent J0%H0_100% of J
MeCN for 5 min. resylting purifly i o% 96 % (220nm). NAuary
2003 21 c) MassH onetry by,E fe: Meal cul gt )
experinmental =396. 0 d)! NVR ( CDC13) : 7”18 2H, d, J=8 Hz) 7. 091(2 d, ,J=8
Hz), 5.54 (1H, d, J=91.2 Hz), 4.44 (1H, d, J=8.3 Hz), 5 3.69 (1‘P+ d,”
J=11.2 Hz), 3.57 (1H, d, J=11.2 Hz), 3.75-3.9B (4H, sb) , 2.32 (3H, s) ,
1.26-2 . 19 (4H, d2 1.46 S) Step 3) The tripeptide is prepared by
t echni ques of E&A )10Bha§e§%ﬁt Fés %, asst sy prowid=hSwigh magnetic

of aBoc- G y- ﬁ%&m&asnnsé Neosyst &1 Y &e zN%nBPnQ;O%O%O“(Q &%@grg}gég 1.

substitution. e scal e of working isofl1. 005mmol . The gener tocol for

the addition &fathylpippuidtry] agatic @lfdommwg;dmr)@mm iangl 30 thie e€sin

wi th 5 washes of o OspmkaydE oDV 2)RerrKiing t@% & o Ain
DCM I xI mn + 1x20 m n. 203) WAshi ng)dv%i th 1%9@ n&% %g‘t@#ﬁlg v%‘g

ni nhydri n. 5) Wadltiemyandsh 2DRFg - 3x(16mmnC8))C(nﬁplamﬂgytﬂmd%1 pmmsspnmm odanf 1.5
hours. 7) Washi ng, h 1 0 M) dasigng g I)?;I\/!

m n. 9) Testing Vi at%| nﬁyl:??ﬁ‘ﬁl'n c;Mse tﬁ\é%t IeagtEl Vil a&ﬂlen ture lstﬁcéo clecﬁllal step
i Ss positive, ddwer énj gnpug«celeédéd gral rle-Oc olipl |(mgr eunpéat oﬁgabheYStepsoof

bos. oo SOURlY diBdetakh? el Hht Med BIUNR S addfndl aBbFAadedd O

h CHC13/ MeOH AcOH 8 :S as mobile
of the starting materia. 30 b)
in 30 mn + |socd ig at 100% of

Boc- am no aci d "and active agent, Tase ¥
(hexaf | uol@phd&pﬁé@@edf thAazal@eﬁHomqta@ahum hbfd@opctlldles J(spmcn@éd duno)1l

phospho . O%q]a%ﬁ%ryq%gomeupéuﬂ aG0fatdf SOUPRLATL Gholfa¥ifd el Used

Boc- G u- (a Finalizing the co I Nng sequence,
peptidylr esi n 2 shautsy tAfserwerdei @yl )lfszldscmhﬂhrﬁ:lél pddesicl  &Aded 1‘)1ntf.1)l 1

hour at 0 C. @C&:%r a%\éagﬁ{eatéo%ienttheisgOéi-ﬂninated at reduced pressure.

The obtained solid is vacuum dried over phosphorous pen-
15 toxide and the dried solid is suspended in 100 mL of ab-
solute EtOH and agitated at room temperature. The insolu-
ble residue is filtered and washed with absolute EtOH and
thesolvent is eliminated at reduced pressure. 2.8 g crude
of the intermediate product, N-acetyl-2-amino-2-[4-(4-
20 mercaptomethylpiperidin)]acetic acid are obtained, which
a're submitted to various reverse preparative chromatogra-

phy phases to obtain 0.5g of the product of 99% of purity
(HPLC gradient A, A=210 nm).

25 'H-NMR (200 Mhz, DMSO-d;) : 8.35 (1H, d, J=10Hz, NH) ,
4.43 (1H, 4, J=10Hz, CH), 3.35-3.00 (4H, s.c., CH,), 2.70
(3H, s, CH,), 2.20-1.90 (4H, s.cC., (".‘Hz), 1.85 (3H, s,
CH,) .



residue is extracted with anhydrous Et OEt and afterwards the peptide is

i solated by extraction with AcOH 10% Once the vol une is pedhHead 2093
evaporation, the crude is lyophilized and characterized by: 10 a) HPLC in a
gr adi ent from5%to 65%of MeCN in 30 min. b) MS by techni que of

El ectrospray: M-al c=377. (Mrl-1") eXp=378€ 2 The anopunt of peptide is
quantified by amno acid analysis: m=329 ng (0.873 mmol ). In all the
peptide 15 quantifications the peptide analysis of adding an extern patron
of Ile (IsoleucinefCtOMRhe(Fanphe,t onhgd;ql)yzems sgusedo-Nj ~ ™m.os

purification he tr i.n_two tch S madethrou HPLC at
preparative sgépz ?% 1720 (tscblgte%gug d (icgl?)f ol ?%vfﬁg (CRgy umt-e %fS el eosyl,
200x20 nm 12@2A26 10cHyn, 3Bl agenicH,) A=BB014 +0cH,)% TBA). 42BxBON (+0. 1 %
TFA). -Gadient : Isocratic 0% B for 40 min + gradient de 0% a 10s B en 40
mn. 25 -Fflow. 25 m/mn. Atotal quantity of 227 nmg (0.602 mml) of the

i ntermedi ate ttiepepyi d@ img obd aicnasomhi 6h Nsa@eagat:teamzﬁa- f(8)(4HPLC in
a gradient from5%to 45%%3, MeCN in 20 30 mn e resulting purity is 95
~ (220 nm). TRETHRRGY - pe% W PaPEr i in b cderisiss 3¢ ea}@u%gsmlom tinons,

until it di sappgals, Py essiyel ngnt p
BBBALE: o PY1 Pl OHICSR %fY:;e‘i“leggg dot e 8EPL! ﬁgpcorrespon i

Accordingly, it isr 9 January con ed t

to an aggregation are; adﬂetihe'l‘h?l peEtllt—:lenq amlltmbioanlextdaated) femdlit is
therefore considered. as a valid duc b) . M5 El ect spray:. Mwdl ~=377

( MrH~) expl(g78m§n§£%t A To&°sof ﬁt Eolr:lho?l)’?ffzt 1538 St Lo O e

tri pepti de obiabnesnd M(Stlﬁ'_pl{g:ola{keg%déd of 1IN HCl 76 ~.L of a 0.5M NaNQZ
solution are added. Agitation is perforned in a ultrasonic bath at robm

tenperature for 1 m ritnaa té?@drﬁﬁt-léltmgd@%tignoﬂoma@id oONagolaltiiquotar e

added. The ob ajgn S n hi e nd .t he
obt ai ned sol i égfé %hgggctgé %Jd %ﬁl\/ﬁ%%%(}% CH&%I%B&D% %n% qé’o 8. 50
(2H, sb, NH) opbBiBbzg¢dHo dD,btatimOlPﬁ nCHf A4 .sH)48 B0 (3H, sc, CHZ
1.95-1.6 4H, sc, 2CH- ) . 15 1'CGNWR (50 Mz , DVMBO-ds): 172.18 (CON)
171. 21 ( N) , 168 .40 (COO , 63 .03 (CHz) , 62.31 (C) , S9.56 (CH |,
53 . 19 (CH) HPM(QOECQJ'GHE A):32. 94 (CHz) , 31 . 71 (CHZ) , 31 .41 (CH2)

27 . 12 (CH2) . t hod A 4 ~.. 334
(purity (95%) uv: OK@P%) ggt'ﬂiésrwo %1 &%Euruﬁ% é?iﬁ?rﬁ% "
Cbt ai ni ng Nf N-x-L- gi%utarryl-Z am no- 2- (4- (4-

S-nitrosonercapt o- 1- net hyl -ni ~eri di n))ace~11 %I yc i ne 5)
A 334 rm: purity fraction A 98%; purlty fraction B

20 98%

NMR fraction B:
'H-NMR (200 Mhz, D,0): 4.71 (1H, s, CH), 2.70-2.20
(8H, sc, CH,), 1.95 (3H, s., CH,-N), 1.71 (3H, s, CH,-CO).
25
" BC-NMR (50 Mhz, D,0 ): 172.51 (CO), 171.52 (CO),
61.08 (CH), 58.18 (C), 48.09 (CH,-N), 48.01 (CH,-N), 42.18
(CH,-N), 30.44 (CH,), 29.85 (CH,), 20.17 (CH,;-CO).

30 Example 3.- Obtaining N-acetyl -2-amino-3-benzyl-3-S-
/
ni-trosomercapto-4-phenyl-butanoic acid

(3) .



Y 9 January % :. ; 5101520 H3\ N.HGSH'-' OHHYNOH3 \ NOO SH O
~"N ~N-i ~HO~H~CHINH 024 Hf i _~ Boc H- \ N O @JBNG® N~ ~ HO

~OH NHZ O5 Step 1) In a 100 nL glass flask provided with m~~~f:agitation

6.4 g (23 mol) of the dichlorhydrate of am no-2- (4-

(4-nmercapto-1-nethyl pipericj.in) ) , acefic acs <~ . 4.3 g (23 mmol) of

a- brono- p-xyl eno, and 40 mL of a mix ture of H20/EtOH 1:1 are mixed. 13 nL
of trlethylannF‘ﬁ % added, an argon d&stsphere is createdcgand the ma;;
ture is agltﬁvbd for 42 h at roontdHgnpeyature. FromttgHgesujting sol ution
the solvent is spat-&§! at reduve! ure and to the ai ned crude 20
nL absolute f:t~~h argyadded. The solta s filjferefd 8fd washed
gym cessivel i t Rfabsol ut e Exg a ?, and it ug "'t educed
pressure . 2 . 11 goof the i nt er medi At e BHrodu; chl orhydrdte 2 -amno-2 -
(4 - ( 4 - (p-nethyl benzyl mercapt_~ 1- nethylplperldln))acetlc acid, are
obt ai ned. Yi~m 29.6. The NVR spectrum are regi stered in D20 and as

(21 SSRGS PR, oy 0,

bt a nea

J=8 HZ, CHa-~ %,
CH2- C~, ~ %3a9512at(1m 52 WCHAN) |, (B-94-8mol) (46lf sé- ami@bl23|\9>enz321 76 (3~J

sf)’SO) : 173 .'%?Lé C%i 4 i’ff%%l%t%%&?c ac?§3é45' ﬁéc‘&%’@ 1%25 5%0 ngo) N?Z’
131 . 95 qC]—Q;cc)n o63 potEaBs(lgm- le¥droxide are introduced. Afterwards
1.0 g. (7.2 mmol) of anhydrous potassium carbonate and 2o
mL of MeCN are added. The mixture is cooled down iu
ice bath and 0.5 mL (6.5 mmol) of acetyl chloride Jd:
solved in 8 mL of MeCN are drop by drop added. Finalizocl
10 this, 0.5N potassium hydroxide is added until pH 12-13
The mixture is agitated at room temperature for 2 hou:=s
Afterwards 2N hydrochloric acid until pH=6 are added an:.
the solvent is eliminated at reduced pressure. The ob
tained crude is suspended in 100 mL of absolute EtOH .aud
15 agitated at room temperature. The insoluble residue -
filtered and washed with absolute EtOH. The solvent -
eliminated at reduced pressure. .The residue is r~o
crystallized in water. The insoluble part is filtered o
discarded. The filtrate is frozen down and lyophili.o.:
20 1.64 g of the intermediate product, N-acetyl-2-amino s
benzyl-3-mercapto-4-phenyl-butanoic acid, are obtainc«

Yie;ld: 81%.

'H-NMR (200 Mhz, DMSO-d,): 7.68 (1H, d, J=8Hz, Nii:.
25 7.35-7.05 (10H, sc, CH,), 4.36 (1H, d, J=8Hz, CH), 3.4z
3.02 (2H, sc, CH,-C,), 2.95-2.55 (2H, sc, CH,), 1.82 {(3H.

s, CH,)



9 January 2003 25 52 .48 (CHz) +, 50. 65 (C) , 45 . 66 (CH-N) , 34 . 05
(CHz) , 32 . 35 (CHz) , 31. 28 (CHz) , 22.77 (CH3) . StepRJanBagrding from
1016 ng (2.958 mmol) of the inters nediate obtained in the former step and
proceeding in the manner as described in step 2 of exanple 4, 1016 ngy
(2.490 mmol ) of the N-Boc protected int]g_'rredi ate are obtained, which is
characterized by: a) CCF (nobile phase Cl 3/ MeOH AcOH 85:10:S). 10

Rf =0. 32, without thengkRgnedo ofvHzhe sueotdNG Prieducl |s(c@b§§3rveqj b) HPLC
gr adi ent from 10%to 100% of MeCN in 30 nin. The purit 6%(220 nm. c)
M5 by FAB t eclii qud:38wran<4ed «( M-\ Exp=488) 9 11§2d)36 aF_)I ectrospray

t echni que: (M'QUH% gxXp=499.7 ' &lcep.)3) 1be Bk pq@bhdga i ngggnggl a%(e; IS

obt ai ned, using fhe method described in step 3 “exanpl e 4, starting from
794 ny of thel2r5e§§n (FHatl i oRBlBbLEGR). . ThHe- 4dr I(Chg 2@3sd8l dCHs) 0. 52 ol . Due
to the di&ficuhtj ess0f145qkbilizing the Boc-derivative it is chosen to use
Nmet hyl nor phol i he" as base (3 ‘equival ents) in stead of DIEA in the coupling
reaction nentioned above. After the in corporation of ~y@u, the tripeptide

i's assenbl edé’?%g’ e02§ pgp t de-dfsin oropd s ¢ 1og%g géo_laglgg%%/%is in the

sanme way as ove Flnalyacruel I ned which
is |yophili zmr&ﬁﬁtQU@mhqr}ﬁdb&tﬂmeomrmld18?errgléeoBﬁéd nim| )5 ofiL. tdie

i nternedi ate pe d i and- c r e e y: 30 £a LC

isocratic gra F)ke{nt Bég}o? ﬁrﬁaﬁ zr}eg%% %50/{% CH‘% 95§ H #f’ Fs seen

t hat t helPn] @@tledlgnoduct25| mLacdt ilGOsekat iagitesl .utBse V\r¢$u1theng ramty which

makes it nec r ld ze oth a ry, 20 26 aliquots to
%ﬁ%ﬁ %ﬁ fd& 3% ﬁﬁgﬁFes ﬁ% 98% t%m ﬁ%ﬁ?ﬁi P

elimnate the aC| ssol vé lirzateI'n In this way
t he peptide ¢eukd baald)bwesh@@i whthnartadmta,phmxftamd dtyidqt es afc_ﬁ 8 mnin

t he gradient use ectr ray, chni 390( MFH )

e, ~=3 91 . prﬁeg’lﬁﬁ% f1 cgﬁegﬁng %%egzcgudeo |3§3 gormedso |§ BLC, ' at
preparative sedahed.with the paraneters already described in exanple 4.
There islglso applied an iso

HPLC (isocratic B):
. ‘ A 220 nm: pureza 91%

A 342 nm: pureza 100%

20 'H-NMR (200 Mhz, DMSO-d.): 8.77 (1H, d, J=10Hz, NI
7.28-7.00 (10H, sc, CH,), 5.33 (1H, d, J=10Hz, CH), 4.i>
3.90 (2H, sc, CH,;), 3.88-3.38 (2H, sc, CH,), 1.86 (3H,.
CH,)

C-NMR (50 Mhz, DMSO-d,): 171.55 (CO-N), 169.67 {(;

25 ©0), 135.51 (C,), 135.27 (C,), 131.52 (CH,), 131 1.
(cH,.), 128.15 (CH,,), 128.05 (CH,), 127.04 (CH,), 65.L.
(CH), 56.11 (CH), 40.91 (CH,), 40.15 (CH,), 22.29 (CH,)

30 Example 4.- Obtaining N[N-y-L-glutamyl-2-amino-2-(4- (4 -
S-nitrosomercapto) tetrahydropyran))acety!]

glvcine (4) .




10 cratic of 0% of B for 40 mn followed by a gradient from0%to 10% of B
for 40 mn. In this way 107 ng (0.274 mol) of the producg jgk r@@b@gned,
characterized by: a) HPLC gradient fromO0%to 0% for 10 mn plus 0% to 30%
for 20 mn. The purity is 94% (220 nn). It is 15 confirnmed that the
additional peak at 8.0 min cor responds,igh this case too to aggregation and
this is accordingly assigned to correct product. b) M by El ectrospray
techni que: Meal =390 (MrH ) exp=391 . 1 20 Step 4) Starting from 10.0 ny
(0.026 nmml) of the tripeptide internedi atg obtained in the fprmer step the

nitrosation is pgrforned as described jn{step 4 of exanpl g4 "1 usi ng 52
~L of 0.5M Na / char 25 agtexi y: 1' G- NWR (50
Mhz , DMVMBO-ds) : : 70. 5 (G N 1Y0. 76 (B&“N), 168. 20
(COO, 60.23 (O, : : , 49.027(¢c 42.20 (CH3) ,
41.59 (CHz) , 30% : 29. 31,(.Ck -OH26. 05 (CHz) 30
HPLC (Method B) : ~, 9220 nm (purityo74% ;o ~, 334 n’r'n(urlty 88% W -~
346 nms (H20) 198 cm 1 m)l L ., 9 January 2003 27 Exanpl e 6. -
Obt ai ni ng
Nf N-~f-L-ctl ut arryl -2 am no 3bgnzyl - 3 (S-nitrosomner capt o) phenyl but anoyl ] gl
ycine ( 6 ) . CsHs {{CsHs SH HCI O-|-|=|§LN->OC o CI§S OH Boc-N
H O CsHs CsHs C6 H»GILQ@NN oy O6 5
o NH; e}

4

Step 1) In a 250 wmL glass flask provided with magnetic

agitation 5.8 g (25.5 mmol) of of 2-amino-2-(4-(4-

mercaptotetrahydropyran))acetic acid chlorhydrate, 4.7 g

5 (25.5 mmol) of o-bromo-p-xylene, and 100 ml of a mixture

of H,0/EtOH 3:1 are mixed. 11 mL of triethylamine are

« added, an argon atmosphere is made, and the mixture is

agitated for 18 hours at room temperature. 50 ml: more of

H,0/EtOH 3:1 are added and the mixture is agitated for 2

10 more hours. The resultant suspension is filtered and

washed with 100 mL of water and S0 wmL of EtOH. A solid is

obtained which is dried at reduced pressure. 300 mL of

concentrated hydrochloric acid is added over the solid

and the solvent is eliminated at reduced pressure. This

15 acid treatment is repeated a second time to obtain a

solid which is dried at reduced pressure. 1.59 g of the
intermediate product of interest are obtained.

'H-NMR (200 Mhz, DMSO-d¢): 8.80-8.30 (3H, sb, H;N+),

7.26 (2H, 4, J=8 Hz, CH,), 7.12 (2H, d, J=8 Hz, CH,),

20 4.03 (1H, s, CH-N), 3.85-3.55 (6H, sc, CH,-C,, CH,-0),

2.26 (3H, s, CH;), 2.05-1.08 (4H, sc, CH,).



10 15 20 Step 1) In a 100 nL glass flask provided with nmagnetic agitation

1.25 g (3. 7mpl) of the chlorhydrate of 9 January 2003

2am no- 3- benzyl - 3- ner capt o- 4- phenyl but anoi ¢ acid, 0.68 g (3.7 nnol) de

a- brono- p-xyl ene, and 40 nL of a mxture of HZOEtOH 1:1 are mxed. 1.6 nL
of triethylamne are added and the majorpgart of the suspended solid is

di ssol ved. An argon atnosphere is created and the m xture is agitated for

24 h at room t enpérGtNifRe. (StheMhet haPMSO-ahdl: pass. o8 (0@ trixt.bed and,pe, are

elimnated at ed, pries clh esul ti,ng.,aq us suspension is
filtered and ]aiﬁh%e (B0 155 ai e Eb?ﬁgu?’@%@d Be Ll (o A0 phase
col um chronei@EFapHgHWNY h @4,.C8-(EX0. 320003 niclf ,MeH 1WA (dx,} ,ar®o agided over
t he obt ai ned i, d d_.th | vent is elimnated at reduced pressure. 0.5 g
of the inter né(g]}’ét'eggr'géu‘g??ﬁc'hl or hydr at e of

2- am no- 3sbenzyl - 3- (4net hyl benzyl mer capt o) - 4- phenyl but anoi ¢ acid, are

obtai ned. r 9 ,lan 2003 .28 .5 1Q .15 v 20 25 30 1H NWR (200 Mz,

DVSO- d6) 8.%‘?%.%8 7804 B8t 1§ Cgbl,"ré}‘tiélf?t? ?.% dgarare-4; (5- 69 (2H, d,
J=10 Hz, CHar()p-mek3AbehldylaercAptdHetStahyfditépCehih) ) akdtzi-Car) , Zeid 90-2 .
60 2.20 (3H s CH) 1'GNVR (50 Mz, DVSO.ds) & 168 70 136 . 00 (Car) |,
134. 94 (Car)(¥-Oph mugd ] AFe spspepdagy 0 20081 @F CBHRHIH.0 2d 3wl 127 07
(CHar) , 57 .sH&NLEHFN addsll -whidi i @uA{LCHAFterddrds99 GadentLQs € (CHI)
. (3H, sb, H3N+) , J=10 Hz, CHa~) , s, . CHN), 3.55 (2H, sc, CHZ) , (CO |,
136. 53 (@&8r) BoRyayre apgipd pid (g ymixtumgs s lefsg reasripgrdior 3%2 | 22
(CHz) , 41. 653 epwiarst artéAgehé oput he taw sitaat kN Bt djed hdy-d hey
former step (180 ng of the 83%of purity and 530 ng of the 94% of purfty)
and proceedi NJ*SasreREHIhetf i RFStAFeS dorerddnfti@ Aore33ngdy the, 4381 ol ) of
the intermedic,a-NBea pIpliect @mphedHst waks ehtakbged: Aty LhalAcierd zed by:

By comparing whit the starting amino acid, using thin
15 layer cromatography (TLC), it is confirmed that the reac-
tion has been completed.

The product is isolated by two consecutive ex-
tractions with 50 mL of hexane, and the aqueous phase is
treated with 1N HCl 1N pH=2. Afterwards three extraction
20 steps with 60 mL of AcOEt in each are made. The solution

of AcOEt is dried with anhydrous MgsSO, and, after elimi-
nation of the solvent by evaporation, the product is re-
dissolved in DCM and evaporated again. This step is re-
peated two times more and there to’obtain 1191 mg (3.015
25 mmol) of the N-Boc protected intermediate product.
The product is characterized by:
a3 TLC, with CHCl,/MeOH/AcOH 85:10:5 as mobile phase. El
Rf=0.48, not observing signal of the starting mate-
rial.
30 b) HPLC in gradient from 10% to 100% of MeCN in 30 min +

isocratic at 100% of MeCN for S min. The resulting pu-

rity is of 96 % (220nm).



a) CCF (CHC13- MeOH HOAc 85:10:5) , Rf=0 . 63 . b) HPLC G adient from10%to
100% MeCN, 30 min, isocratic 100% 5 mn, purity: 91% (22Q® JHRuaf)2003

EM MALDI - TOF (rmass spectrum): Matrix of di hydroxybenzoic acid, M-al ~=505
(MtH ) ~=528 . 585 (M+Na) d) NVMR The presence of the Boc group is
confirmed. Step 3) The tripeptide interzediate is obtained, using the

nmet hod described in step 3 of exanple 4, starting fromO0.43 nmmol of the
resin mentiorfdd %oV eSPRFPEI Y & dOAFt fechpiguy: c Megd dud aitedl=396d whi ch

contains 14.4 nymM:29) WxpdWImen@h1L56s tg i peptide internediate which is
characterized by: a) HPLC analytic gradient from5%to 65%for 30 mn,

appr oxi mat ed Purfiy 96BE1H): EMIS e@H.osPr ay=R-H=)=48700 MH3H), . dM-3488 .3 r
9 January : f " yy29:Step gy Sfardd r 5. 01 pl.) ,of, the t.~ ,
tide internediate dbtarned h the fggr'rfér %?t)ép,z'?ﬁe((ggi ééltln.ggk'lashzS ‘

ef fectuat éd as @e$Crilldld i sfepl £ ofiz¥, asbAg Q4 ,~Ldpf QISIMNaNey, The

product obtamm araghLeriged - HRLC t hod Y O,np purity 68%
~, 334 nm puri t?'gg%&%\? 1%‘1%52»4%‘?%'mis_|'( O§ 6880)c’m ‘%%I_g'g% (ig]' Eﬁghpl e 7.-
Tests fvr in vitr-éd6évds8Bdi $htati on. The nethod used in the assays is
substant- ~ , the sane as described in the follow ng references: *
Furchgot, R F. "Methods in nitric oxide researci~~. Feelisch & Stanl er eds.
John Wl ey &Srep 3ChiTbet Lripdptide isEpgeandedppyS56€chBiquesToongyand chnam
K, et al.,_ Jpn,J. Pharmagglg.%. 79c, et al. Eur. J.

; 11:167-173. * Sal E.,
Phar macol? 188458 5Y07H881S o ﬁ%@rééﬁ%ounggo'are iLgéFed 49 o,8%different
cornv Ti tratHoenslyabCH,-Cancertiat | @rosgagentr ored, O wrb®sory" ~bf USi ng
from6 to 9 grterial rjngs for.,each conpound ~' ~e ohtained results are
conpared to taan'cée ?‘T%Hgf hgu&ish%%rht g?ﬂ?orﬁé:a(]& (WHREEPE | d5usel as
refert~~ ~-~a .29spmedlct. The results are shown in table 1 below and ire
provi ded as CESO (conc,@gt ration effective . ..S.the concentration

5Q) , whicl; .
of each of the tested tonpoaRAE*WhBECRPTY héPE i Dr 8dditdor wisobi® at ati on
of 50% of st heremiatiades! addns i g Aanevwongty contracted with 1 ~, M of
Nor epi nephri ne. 1)rSwelling up the resin with S5 washes of 0.5 min
- with DCM.
2) Removing the Boc group with 40% TFA in DCM, 1x1
min + 1x20 min.

20 3) Washing with DCM, 5x 0.5 min.

4) Testing wvia ninhydrin.

5) Washing with DMF, 3xl1l min.

6) Coupling for a time period of 1.5 hours.

7) Washing with DMF, 3x1 wmin.
25 8) Washing with DCM, 5x 0.5 min.

9) Testing via ninhydrin.

In case the test via ninhydrin in the final
step iss positive, there is proceeded to re-coupling re-
peating the steps of 5-8.

30 The coupling is realized with 6 equivalents
(eq) of DIEA, 3 eq. of Boc-amino acid and 3 eq. of active

agent, which in this case is PyAOp (hexafluorophosphate

of 7-azabenzotriazol-l-il-oxitris (pirrolidino) phospho-



9 January ~e~:;, 30 Tablel.-Test ofvasodil atati onConpoundCESO (aver age~~M ~
,;1;GSNOL . 56 0 , ;:~ ~, Productobt ai nedi nexanpl e10. 375 g january 2003

0. 0~~Pr oduct obt ai nedi nexanpl e20. 024 t 0. 003Pr oduct obt ai nedi nexanpl €30. 63

t 0. 21" Product obt ai nedi nexanpl e41. 73 0. 27Pr oduct obt ai nedi nexanpl e51,99 :;.g~
As it can be observed, all the conpoundg te~;t .- , have a potent

vasodi lating activity, simlar or supe~m5 to that of the reference

conpound (GSMQm) angothehe RewRdidghas @evasedil ald nesaet Byityibiahl y
superior that of the reference product. Exanple 8 . - Tests in vitro of the
i nhi bi ti on of°BZ}=y 10 agaregation of the platelets. The nethod used in

the assays is subsitantizitg cthe ﬁﬂsif; R RendesCehbede k01 £ oLLOYLHT
references: * Loscal zo J, éet al'q.:O n: ﬁt h&(aj%ni nnitri ~=°15 ?hg p%gearch
(Feel i sch M tBlahesinsisedybpitted| ¢p @deied ysdhi chiddt eHF/Bngrandl pp
583-p9~. & OoNEKE MY gyl -atBro«d Phaxie~—avanoratiSh 9% 181: * Sal as
E et al . S?Q%ha?_mr_, ~*1 %20 1994 A AR ioh (Zz%#goﬁ%ggdare
tested at fotesiived erexteantadatiishs anbyingupl Bttt and r sft5rvar@s3

di f f er k~~xc. JARS % 2003, C%%\%)% i r t rejconpared to
those from t%%e %) ni t rosogl ut at %}1:8%2&? ,C(E\l%k%?cﬁggg %gg% gg%f e?%?eence
product. Thethesublymar ésshednced bableyapozadiane RS presdeediasly sa

(concent rati(L%%holfiVén iRt icﬁgrgggermdclg i,s the concentration of each of the
S

tested conpo erein there s pr oducéd an inhibition of 50% of
aggr egatlicon abtERLfednnat kradsebt nisomrdls col bageonf ase@entr &&d onin(.1 9/~) 10

-(I)_??:i)(rarp(z)ﬁ;]d;r )E)SO?fgrs'égglﬂ(ﬂti N Phni e P! at g etsglhg. Aqgredatyon 5., [
(M+H') ,,,=378.2
The amount of peptide is quantified by amino
acid analysis: m=329 mg (0.873 mmol). In all the peptide
15 quantifications the peptide analysis of adding an extern
patron of Ile (Isoleucine) to the sample to hydrolyze is
wused. -
The purification of the tripeptide (in two
batches) is made through HPLC at preparative scale. The
20 system used is following:
-Column: C18 Nucleosyl, 200x20 mm, 120 A, 10 pm.
-Eluents: A=H,0 (+0.1 % TFA), B=MeCN (+0. 1 % TFA).
-Gradient: Isocratic 0% B for 40 min + gradient de
% a 10% B en 40 min.
25 -Flow: 25 ml/min.

A total quantity of 227 mg (0.602 mmol) of the
intermediate tripeptide is obtained, which is character-
ized by:

a) HPLC in a gradient from 5% to 45% of MeCN in 20
30 min. The resulting purity is 95 % (220 nm). The
minor peak at 8.4 min decreases in relative pro-

portions, until it disappears, by progressively

diluting the applied sample. Accordingly, it is



SD) GSNQO. 48 0. 19., Product obt ai nedi nexanpl €10. 07

0. 02Pr oduct obt ai nedi nexanpl e20. 19 0. 02Pr oduct obt ai nedi nex#hydre®@0; 24"

0. 027Pr oduct obt ai nedi nexanpl e40. 20 0. 12Pr oduct obt ai nedi nexanpl e50. 047

0. 011Pr oduct obt ai nedi nexanpl €e60.35 t0.11 As it can be observed in table 2,
all the conpounds tested have a potent iahibiting activity on aggregation
of the platelets, simlar or superior to that of 15 the reference conpound
(GSNO), and the congenadydedapirs Haveorresponds tic@racdaragaton 'pldt el et s
aggregation highly erd.or Iyhat t referen raguc Ex le 9.-
Tests in vitro of t%ggi necr?l aegjglg t(ﬁglfdl ng ttrglgtl- p%‘ﬁ%ltgtoq)‘lqevée ds 0 c. r
9 January 2003 32 Thbéereofipvancombiderest dm eexandplde p8o@bytis tested in vitro
to test its capagit yat Q41 he intra:platelet s of GWc in a
preparation of h%&a#smgéhggigﬁ%gfa@}'et%4§?1°35%ek%}?lﬁdﬁ"%zéé§#i nthe test is
substanti @ | yStdre arm s stdscribbedfi n4t.kRe meef @ .e8cesodi)t ed itheexanpl e 8.
The conpounds are tested at four different concentrations, using different

pl atel ets fr ot idenoPEainRe 1B BHTRI hetP r2lUitls A &M didar’®d Mo %Ehése from

the GSNO (refg@rgnaeny,0ductitiandanet Adhba.bagakarabiess Taerbeault Snare
shown in table 3, expressed as pnol/109 platelets. Table 3.- Test of the

i ncrease of theultKasEhiaRad FleVerYn oFCERPERCUNPMERPE FBABEL109Nd

pl at el et s) GS 27+6 .6 L 5 6 .68. 50 ~-
D B0T1T b T g aa 887l ordalou i, dhistich sieSfugha] frnd, B
conpound 1% i norigeskesseheiant rbs pfaceert doewel andf L @MPhihizedi andlatheanner
to that of th(—:DtCélSl Qd %Egggngg.cljléras%pe%]?zeb&fk{{gnti oned that for val ues cl ose

to the ICso, the compoun i'nduces Tevel's of “‘GWc | ower as 20 that of the
GSNO when it is uskeNdR daneemhzat inMBD-cl,0se &.00-8s SOCSRH, rsb, . NH) ,9

January 2003 o g (1H, d, J=10 Hz, CH), 4.10-3.00 (3H, sc, CH,, CH),
1.95-1.65 (4H, sc, 2CH, ).
15 BC-NMR (50 Mhz , DMSO-d,): 172.18 (CO-N), 171.21
(CO-N), 168.40 (CO-0), 63.03 (CH,), 62.31 (C), 59.56
+ (CH), 53.19 (CH), 41.20 (CH,), 32.94 (CH,), 31.71 (CH,),
31.41(CH,), 27.12 (CH,).

20 HPLC (Method A): A 220nm (purity 94%); A 334nm (pu-
rity 95%) »

UV: A 346 nm €(H,0) 502 cm™ mol™* L

25 Example 5.- Obtaining N[N-y-L-glutamyl-2-amino-2-(4-(4-

S-nitrogsomercapto-1l-methyl -piperidin))ace-

tyllglycine (5).



33 Exanple 10.- Test in vitro of the bl ockage of platel et agc~reg~ation

i nhibition. The nethod used in the test is substantially §J§h@m?awe=as
described in the references cited in exanple 8, conpleted with t

reference: Mro MA, et al. Pr Nat Acad Sc USA. 1996 ; 93:14805. 10 The ODQ
is tested in vitro to block the inhibitipn of platelet aggregation reached
by the obtained products in human washed pl atel et preparations. The
conpound obtai red in exanple 5 (5) ischested at three dehferent
concentrations, presence gnd 15 zaf{sence of*Y0DQ (1 , using platelets
from5 differen dgnorss The/ob ai resultsy¢are c ed to those from
the G _SNO (referen r odutt g M th-the—val i /ab'-+—=sence of ODQ The
results are showp~i fabl es 4 _andob and express & the percentage of
inhibition of the ngxi mum 20%agdf egati on. TaBI# 4]- Reference product
(GSNO [ ACM % i nhi bition wi thout VD% i nhibition wh
CDC&92.65t0.932.650.90&@]9.33t173.330.134.2t250+&ﬁble 5.- Conpound 5[ ACM %
i nhi biti i i biti i —960 r 9 January 2003
34 0.0383t1.400.011700. 30300 The ODQ (1 A(I@ i | e of blocking the

i nhi biting effectf of 58t He cempeund) ol dose of the
conpounds i s use i " be effect of

i nhibition of the gregation is better bloeked in t case of the conpound
5 as conpared to the case of the reference product. .) 35 9 January 2003
CLAI M5

Step 1) In a 100 mL glass flask provided with maqa '
agitation 6.4 g (23 mmol) of the dichlorhydrate of
amino-2- (4- (4—mercapto~1—methyl~piéeridin) 2- , acetic acid.
5 4.3 g (23 mmol) of a-bromo—p;xyleno, and 40 mL of a mix
ture of H,0/EtOH 1:1 are mixed. 13 mL of triethylamine
are added, an argon atmosphere is created, and the muix
ture is agitated for 42 h at room temperature. From t h:
resulting solution the solvent is eliminated at reduced
10 pressure and to the obtained crude 20 mL absolute Rt o
are added. The obtained solid is filtered and washed szu.
cessively with absolute EtOH and EtOEt, and it is dric«
at reduced pressure. 2.11 g of the intermediate produ
~ chlorhydrate of 2-amino-2-(4-(4-(p-methylbenzylmercaptc}
15 1-methylpiperidin))acetic acid, are obtained. YieiA
29.6.
Th’e NMR spectrum are registered in D,0 and as referenoc
is taken 4.75 ppm for HDO.
'H-NMR (200 Mhz, D,0): 7.28 (2H, d, J=8 Hz, CH,),.
20 7.15 (2H, 4, J=8 Hz, Ch,), 3.64-3.74 (2H, sc, CH,-C,}
3.62 (1H, s, CH-N), 3.4-3.1 (4H, sc, . CH,-N), 2.76 (3d
s, CH,-N), 2.24 (3H, s, CH,), 2.15-1.92 (4H, sc, CH,).
BCc-NMR (50 Mhz,D,0): 173.15 (CO), 141.00 (C,,!.
136.39 (C,.)., 132.58 (CH,), 131.95 (CH,,), 63.57 (CH-N:



1.- S-nitrosothiol derivatives of penicillamne or glutathione, and their
phar maceutical ly acceptable salts, 5 which correspond to follow n ener al
formula (1) a A'"*"SNOR™ R2 N10 HO in which: A and Bar%%@ﬁﬁlg@roups
or together formthe rest -CH2-Q CH2- constituting a ring of six units in
whi ch Q 15 represents oxygen, sulfur, Of.a group NR3, in which R3is
hydrogen or an alkyl group C1-C9; Rl is an acyl rest, which may be an

al i phatic acgb . gsoupaGls Co0re(d)ests Pfs H{iﬂam\ﬁ a§|4d Qoq@q Vi a4t non

am no acid car boxyl and 20 RZ i's a hydroxyl group or a egC| ne rest bound
via a peptldéCHdnd31\M213h (CHe pradi’o (Hat-if R is an aliphatic acyl rest
then RZ is a hydroxyl group, and if RL a rest of glutamc acid then RZis a
glycine rest. 25 2.- S-nitrosothiols of claim1, which correspond to

fol | owi ng gefé&eR| 21 oPharaigg | Fren3poks  m ENCP 58 QRGP ofN the J(rtt~e135 36 9

January 2903q:8; 40 Chlots kth B Al AT IRlNSd aﬁhak%&e-g@ﬂr\% S0 alkyl

group C1-C9. 3.- The conpound of any o “the cfal s
acetyl - 2- anmi nengef 4.a64- ¢ r ilpzdmenc apten elr ahfy dregpyrar) |4 acedic agd (1):

O SNO 10 I QE‘&§63 $£f$ of Phe N-Boc protected intermediate are ob-

tained, which is characterized by:
a) CCF (mobile phase CHCI,/MeOH/AcOH 85:10:5).
10 R¢=0.32, without the signal of the starting product

is observed.

b) HPLC gradient from 10% to 100% of MeCN in 30 min.

The purity is 96% (220 nm).

c) MS by FAB technique: M,,,=408 (M+H"),,=408.9
15 d) MS by Electrospray technique: (M+H),,=409.3

‘* Step 3} The tripeptide intermediate 1is obtained, using
the method described in step 3 of example 4, starting
from 794 wmg of the resin mentioned above. The working
20 scale is 0.5 mmol. Due to the difficulties of solubiliz-
ing the Boc-derivative it is chosen to use N-
methylmorpholine as base (3 equivalents) in stead of DIEA
in the coupling reaction mentioned above. After the in-
corporation of yGlu, the tripeptide is assembled and the
25 peptide-resin bond is broken by acidolysis in the same
way as described above. Finally a crude in 10% AcOH is
obtained which is lyophilized and quantified after-
wards. 137 mg (0.351 mmol) of the intermediate tripeptide

are obtained and characterized by:
30 a) HPLC, isocratic gradient 0% for 10 min + 5%—>65%
of MeCN for 30 wmin. It is seen that the in-
jected product in acetic solution elutes with the

front, which makes it necessary to lyophilize the



4.- The conpound of any of the clains 1 or 2, N15

acetyl -2-am no- 2-[ 4- (4- S-ni trosomner capt o- 1- et hyl pi peri di g Janeaky 20o3ci d

(2): HH\ N20 O SNOOHH3C~- NH~ 2 O 25 5.- The conpound of -any of the
clains 1 or 2,

Nacet yl - 2- am no- 3- benzyl - 3-S-ni t rosorrerc%ﬁt 0- 4- phenyl but anoi ¢ acid (3) CsHS
30 CsHs O SNO ~ OH H3Q iquddd | 8 Q@13mibateS-thd r asohhiples pf-&iaidn,d, which
correspond to follow ng general formula III)H 37 9 January 2003 B AOO
SNO O5 HON N v ' OH %¥§ Bldzats FrwiiMh ERLandnBthie way ddis meg-i n

claim1l. 10 7.- The aompourdudll aBy UbLdrdle® dnPbmbrographic and it
N[ N-y-Lgl utanyl - 2-am no- 2- (4-(4-S-ni trosomner capt o) t et rahydr opyr
an))acetyl]-glyci ne (@)utess ab 6-8NOin in] the Hrad@nteoadd2 O 4 8.- The

AL y- Lgl Ut amy - 27 i . (A0( 4- SHRFEFSRBERY capt SSIhAIT)1 pif %0
ridin))acetyl]-glyci n@4th) sp=391.2

The purification of the crude is performed via

HPLC, at preparative scale, with the parameters already

described in example 4. There is also applied an iso-

10 cratic of 0% of B for 40 wmin followed by a gradient from

0% to 10% of B for 40 min. In this way 107 mg (0.274

mmol) of the product are obtained, characterized by:

PO

a) HPLC gradient from 0% to 0% for 10 min plus 0% to
30% for 20 min. The purity is 94% (220 nm). It is
15 confirmed that the additional peak at 8.0 min cor-
responds in this case too to aggregation and this
. is accordingly assigned to correct product.
b) MS by Electrospray technique: Mcalc=390
(M+H") gp=391.1
20
Step 4) Starting from 10.0 mg (0.026 mmol) of the tripep-
tide intermediate obtained in the former step the nitro-

sation is performed as described in step 4 of example 4,

—a

using 52 puL of 0.5M NaNO,. The obtained product is char-
25 acterized by:
DC-NMR (50 Mhz , DMSO-dg): 171.57 (CO-N), 170.99
(CO-N), 170.76 (CO-N), 168.20 (C0O-0), 60.23 (C), 59.53
(CH), 51.57 (CH), 49.02 (CH,), 42.20 (CH,), 41.59 (CH,),
30.49 (CH,), 29.75(CH,), 29.31(CH,), 26.05 (CH,)
30 HPLC (Method B): A 220 nm (purity 74%); A 334 nm
(purity 88%).
UV: A 346 nm ¢€(H,0) 198 cm™ mol™ L



H3\ N30 ~sSNOON-I ~NON~OHHI NH2 O5 35 9.- The conpound of any of

clains 1 or 6, N[Ny-L 9 January 2003
gl ut anyl - 2- am no- 3- benzyl - 3- (S-ni trosoner capt o) - 4- phenyl but anoyl{ - gl yci ne
(6): 38 9 January 2003 CsHs CsHs O SNOO5 N~-1 ~ HON ~OH H NH2 O 10

10. - Pharnmaceutical conposition conprising one or nore of the conpounds
according to any of clains 1 to 9 as aciyve ingredient(s), optionally
toget her with physiologically acceptable carriers, excipients, activators,
chel ati ng agmzkspardbtor st alivddisdtmers. 15 MiN-y-UsglatasyToppadindoos - any of

the clains 1 to 9 for the nufqp%ur of a nedi canent for the treatnent of
circul atory dysfunctions. g%2¥§?§—8§3:8%553%%¥%%§¥§5éFéény of the claims 1
to 9, for the nmanufacture q@ugugggkgagggpdgggngh@syreatnent of dysfunctions
of the cardi ovascul ar system 13.- Pharmaceutical conposition according to
claim25 10, for the treatnent of circulatory dysfunctions. 14.-
Phar maceuti cal conposition according to claim10, for the treatnent of
dysfunctions of the cardi ovascul ar systemects A(@6 A, . A& | . A& grvA. A@ A,

. : Af Y. AaE. A" S. A;

<?<g] <<<<?<<?<<
pP?0??8xX| X<X??2X~XXXQ| X%&X| XXXpXp8pP8 XXX 22X 2XXXX?0XXX>
xx2xxx| | >| | <>><<X] x[| | X| | >xx| | <><x<<8<
>| >X| <SKKSXXKXXXXXXX[P>>88X>Xp| | | | | X BXXXSX<X| 8y <p<?~<pe&x<<x<<| X>| <| <xx8>8xX
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x<| >>>7>>@5T ¥y b9 1 3RNVK ze/ S 6] X ot ] CatV] eny] caloralyaaheal cakcaj cal ca ca
Joa] cal oal cal calcal op] g2 p2] el cal cal qattcathical sal caleal 3, L1 o &
(3.7 mmol) de a-bromo-p-xylene, and 40 mL of a mixture of
10 H,0/EtOH 1:1 are mixed. 1.6 mL of triethylamine are
added and the major part of the sugpended solid is dis-
solved. An argon atmosphere is created and the mixture is
agitated for 24 h at room temperature. The ethanol and
part of the triethylamine are eliminated at reduced pres-
15 sure. The resulting aqueous suspension is filtered and a
white solid is obtained. It is purified via reverse phase
column chromatography with CH,CN-H,0. 100 mL of MeOH/HCl
1:1 are added over the obtained solid and the solvent is
eliminated at reduced pressure. 0.5 g of the intermediate
20 product, chlorhydrate of 2-amino-3-benzyl-3-(4-
methylbenzylmercapto) -4-phenylbutanoic acid, are ob-

tained.



{vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] caV] ca] caV]ca
V] caV] ca] ca] ca] ca] c<al] c<a] cRa] ca] ca] ca 9 January 2003

CFSW K+. E~xsni d_Y] U] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] caU] ca] ca] cd] ca] ca] ca] ca
] cay] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ga] ca

+- M\l "45DEKL| wr mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] EJ]a] C]a] C]a] C]a] ca] cal'Bafer] ¢a¢@]amn]a,tﬂm?ais%:a] ]eabs Fé']LB/@f\(W]iﬁ ]%IBI }Nrmhb] W i:a] i:
alU] ca]ca]ca]ca cal ca a] ca] ca] ca] ca] ca] ca] ca] ca] ¢ al ca] ca
ca] ca] ca] ca] ca—] 4:{]](;76‘ %DGP]%?T V\Wiﬂaé} ~7T6vxul9i oj €7 [ V] ca?éaa] ca] c$a]
cay ca] ca] ca] ca]sm] cedmﬁ]@ﬂlxca]malzcalc@iaj>ca] ca]@a] @ﬁ—l cad cabﬂqca] c alg.

a] ca] cal] ca] cc]dcaI #&LM w mhcMY] e calc 9]

a] cal] ca] cal] cajtalfla) 85u] €5 c‘lBH] calc}lba]:@)’*a] Al @a]zcé]oca]%‘a] ciFca]@a)l ca] cal ¢

e Al gl b IZI(F.(RH? oy \W 1 ] cal ! | ca] ca] ca] ca]
i vakf a ca] ca] ca] caV] ca] ca] ca] caV] ca] ca] ca] ca] ca] ¢

a] ca] caV] ca] ca] ca] cA- o aPlaits) 5’}"59]‘%@)] ca’]\gﬁaF]@ Joa] B 4GA 1 (Cny 4" " g
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cal p*g*** [ +\ +V+wH+++++++7
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CR'a]Rgll\?%]REfH Q()S] 2]<]€/] c/a']amcpq]%cg cal cal_'lhcéa] écg‘] %i’]{] cil\c{g]c%a)] ca%?c%]qc%a% cat] cat]rca\/] cal
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ZZ7#\ 6\ N\ b\

’m| wrmhe] Xj e [\/]a])cacjcc’\a gg}tgﬁ%g] %Qa ta ca]\9] ca] cg]fca]ca] cal] ca] ca] cal] ca] ca

] caV] ca] ca] ¢a] ca] d¢q] dﬁlﬂ]cbeﬂr@d]leﬁa] &aC]rc"Jeqcat]@almmi//\/\?:\@/\mi\ﬂ/\/\ﬂso-

I # + b~ccccchdj d yca] caV] cal cal ca
] caU] ca] caU] ca] caUJ] cé%%lga cg?1 Lyj ca ca ﬁa]adc ] Ktﬁ:a] I:Aa]fjca] (L:J]’\aj (L:IJ]r di

iiij2j) 20 c) EM-MALDI-TOF (mass spectrum) Matrlx of dihy-
k( kZzknJoPo_oboqqzrr - g%tu2u<uEuHuuvvv | x~yt Qi ] ca } caJcalc
aU] ca] cal] ca] ca] ca] cajcafca cgl]‘c%ﬂ 83’\4%%??@%? ]gca] @% cal caV]

cal| xx&yl\/yPyYy\ yyWyWyy‘yyygyggence of the Boc group is confirmed

zzzzzz"z%$z+zyt ni cAXSi d] cal] ca] cal] ca] cal] ca] cal] ca] ca] cal] ca] cal] ca] caU] cau

] ca] ca] ca] ca] ca] ca] calU] ca] c™a] ca] c”a] ca] c”a] ca] ca] ca] ca

+2/ 2426292Dz| z&zdiz P2z Yhiez | tzaizepgike oZgrsrinefi} &7¢ \ ier {ahif iRl c"lXS}lcfa] ca]ca

| Carhor ot sherhahag ealkaaleolh g gl i calaathenl s Uhealenthcal el
cal ca c ca]

*gmnl | vgkf " [ U] £ ad cat] mm]:taU]Eca}xealr]e«sa]—xca]em’ta]ooa]ic’b@]oc@] caiitagrcata] caV] c

a] ca] ca] ca] ca] cal c ca caV] cal ca #( 5 ’\fhz i
#!’/( +] zu]pkf !a\ ] L%]c]c‘{ﬁ cé] La] l%‘%la] cga] ca 12%] cfla] cl'[]] caj cJa r5]’] ca[f]1 cal caVv
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Y] cU] ] ] ca] ca] ca] ca] cal ca cal] ca] ca] ca] ca] c”a] ca] c”a] ca] ca] ca] ca] caV] ca] ca]
ca] cal] ca] ca] c@l]%laﬁ%‘faﬂ 8ycal ca
&"& ['ytojge [Vl cUcalwd] calaskeal gahapddcatLin] ald ad s] £82] s@] @ahral cal ¢
a] ca] cal cafca] cal ca] ca] ca] ca] c*aJca] c*a] ca] c”a
| @DIY\fi9p:.5% z~xsrﬁRPIZ’E$]16‘é]ieé]Icla’]Jd%(] ®&Fca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca
U ca] ca] ca]j ca] caj 1%‘&61:5?21 ahca gahqrlgel cal cahgh} § 0SAD<NRouzzupkf
a\Wd_ZU]]ca] ca] caJca ca ca] ca] cal] ca] of-} ca] cal ca] Ul ca] ca] ca] ca]ca]ca]c
a] ca] ca] ca] cal] ca] cal] ca] caU] ca] caU] ca
z. 1TA"b<NRouzzupkfa\ Wd_ZU] ] ca] ca] ca] ca] ca] ca] ca] cal] ca] caU] ca] cal] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca] ca@pgE! p) 9f I 10%pHpH&' (
)-@9f110% y& ()-@3

10948 () - F10%H& () - &@B10%H&' () - 1" @O%I& ()-3NL_{VY: &#! 10%&' ()-'y
10%44H& ()--y 109%4& ()--'9!109%H& ()- f9!'10% f& ()- If9fl10fVcE|—If|—l& O)-@:z[<1
10H : 109 () -;
10948 () - 9&10%&' () - M &y#! 10%1H&' () - ! p&y#! 10%pHpH& () - ! yEQy#! 10% HyH& () - E



gF 10H , #10%]& ()-1!, #10%& ()-1!, #10%&' ()-1s10%& ()-!10%& ()-1 10H 10H
WUSF |, #109%& ()-1lhk, #10%<& ()-1!1c0, #10% & ()-1!p, #J@ggm;s(.)@l_,‘!,
#10%&'() 1t, #109T& ()-1 /{\= | 10% & ()-110% & ()- 10 1

101 :: 10%&' ()-M N, #10%&' ()-1!, #10%&' ()-1/ K+E}[9{\ =

11 @9!"10% " & ()-2!a99! "10% : & ()-ZL10% & ()-! SLY #10%"-"& ()-'aLY #10% ":
"& ()-LY #109%&' ()- QX6{\= !! @44#100/' "& (¥21 684#109%& () - L310% & ()-!|

&* 1008V’ () - 95&230 1 ! 092" 2" & 1L#109% " & () - -!
1L#109% " &'(%)-ES &Félg&é&??l?& s1 W‘%ﬁ §E) 79%1(1(%)(%]2 thncd €ole) enbt 1 0

10" " YwU3uSl! | k9geodErErEediate fabRIR@I@i& (Hhe lfprn@@r%sx&pg) tth., X
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4, using 24 pL of 0.5 M NaNO,. The product obtainea 1 .

5 characterized by:
HPLC (Method A): A 220 nm purity 68%; A 334 nm pu-
rity 86%.

UV: A 345 nm ¢€(H,0) 368 cm™” mol™? L.

10 Example 7.- Tests for in vitro vasodilatation.
The method used in the agsays is substant . !
the same as described in the following references:
* Furchgot, R.F. *"“Methods in nitric oxide research’

Feelisch & Stamler eds. John Wiley &Sons, Chich: ;-

15 ter, England, pp 567-581.
. * Trongvanichnam, K, et al. Jdpn J. Pharmacol. 199«;
71:167-173.

* Salas, E., et al. EBur. J. Pharmacol. 1994; 258:17-
55.

20 The compounds are tested at .5 different conci -
trations, at a concentration range from 0, 001 y 10 M,
using from 6 to 9 arterial rings for each compound. ihe
obtained results are compared to those from the ;-
nitrosoglutathione (GSNO), which is wused as referc. . :e

25 product.

The results are shown in table 1 below and are
provided as CE,, (concentration effective 50), which is
the concentration of each of the tested compounds whei¢in

there is produced a vasodilatation of 50% of the arterial

30 ring previously contracted with 1 pM of Norepinephrine.
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As it can be observed, all the compounds test-.

have a potent vasodilating activity, similar or supe: o

5 to that of the reference compound (GSNO), and the ..@»
poumq 2 has a vasodilating activity highly superior

that of the reference product.

Example 8.- Tests in vitro of the inhibition of tiw

10 aggregation of the platelets.

The method used in the assays is substantiaoil,

the same as described in following references:

* Loscalzo J, et al. En: Methods in nitric
15 ide research (Feelisch M, Stamler JSs, eds )} Juhe

Wiley & Sons, Chichester, England, pp 583-591.

* Radomski MW, et al. Br J Pharmar
1987;92:181-187.
* Salas E, et al. Br J Pharmac !
20 1994;112:1071-1076.

The compounds are tested at four different o

centrations, using platelets from 5 to 23 different o
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Product obtained in example 3 0.24 + 0.027
Product obtained in example 4 0.20 + 0.12
Product obtained in example S 0.047 + 0.011
Product obtained in example 6 0.35 + 0.11

As it can be observed in table 2, all the com-
pounds tested have a potent inhibiting activity on aggre-
éation of the platelets, similar or superior to that of

15 the reference compound (GSNO), and the compounds 1 and 5
have an inhibiting activity on platelets aggregation

highly superior to that of the reference product.

Example 9.- Tests in vitro of the increase of the in-
20 tra-platelet levels of GMPc.
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15

The compound § increases the intra-platelet
levels of GMP in a similar manner to that of the GSNO
reference. It should be mentioned that for values close
to the IC,, the compound 5 induces levels of GMPc lower as

20 that of the GSNO when it is used at concentrations close

to its IC,,.
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Table 5.- Compound 5

{uM] $ inhibition without ODQ{ % inhibition with ODQ

0.3 96 0

0.1 96 0
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to the case of the reference product.
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2.— S-nitrosothiols of claim 1, which correspond
to following general formula (II)
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ROBP10% ] & ()-i dB+8P10% ] & ()!8P10%]1& ()-i-!8P10%]& ()-i!8P10%]& ()-i8P1
0%]&'()-|8P104]&() i 8P10% ] & ()-i

] @+8P10% ] & (8P10% | & ()-i!8P10% ] & ()-i8P10%] & ()-i Ao6j RO 8P10%]& ()-i
% G+8P10% | & 8P10% ] & | 8P10% ] & 8P10% ] & 8p1 - 1.§P109
]f&() |8P@1%)%](&() .o%l (_% ' A& (gl A1& ()-1881041& () §P1O0%
G+8P10% ] ! 8P10% ] & ()-1!8P10%] & ()-i!8P10%] & ()-i8P10%] & ()-i Aobj
RO:EG-IOT}[G+8P1M<]T1 SPEOF) BearR- rePleiined (Y jclagpl doppd’ RY -is Eﬂnl@@Q(]Y& ()-i
18P10% | & () gk @PQ%] & () -1 TWgj | ;

G+8P10%]lai & ()-118P10%]& ()-i!8P10%]& ()-i8P10%]& ()-i Aokj
RQrtu|}[G+8P10%]'8P10%]&() 1 8P10% ] & ()-1i - '8P10%]&() i - 8P10%]&()-i!

8P10% ] & ()-1i '8P10%]&_3(-) | Ihe com ound of of he claims 1 or -
G+8P10%] | 8P10% 1 & ()-1i! 8P10érd % ! 8P10° O)- | 8P10% ] & ()-i A06]
RO} [ G+8P1D% 768 ]0‘%]3&1(19’ 2 8FTO%y &nfyrqsqn@rﬂ%@e%?*@?‘(l)ahydgpmmr}81 ()-i!8P10%

11& ()-i!8P18A4& (Rl

G+8P10% ]! 8P10% 1 & () - ||8P10%]&() i 18P109% ] & ()-i8P10% ] & ()-i AoBj

ROH[ G+8P10% | | 8P10%4 ] & ()-!8P10% ] & ()-i ) 8P10% ] & ()-i-8P10%]& ()-i!8P10%
J11& ()-i!8PL0%] & ()-i];
G+8P10% ]! 8P10% ] & ()-i18P10%] & ()-i!8R10%& ()-i8P10% ] & ()-i A6j
RO}[G+8P10%]!8P10%] '()-18P10% ] & ()d M m&'()-i-smo%]&'()-i!8P10%
11& ()-i1BPLOW ] & ()-i !]; '
G+8P10%]!8P10%]&() i 18P10% ] & (), 8P10%

RO ) +, 38} [ G+8P10% ] ! 8P1 0%]&() 18P10%_|]&"*() -18PLO% | & ()-i- 8P10%_|]&()
| 8P10% ] & ()-i! 8P10% ] & () 89| ?7G+8P10% ]| 9*s! 10%" y& ()- 9*s! 10% & ()-
TO*s! 10% "t & ()-8P10% ] & ()-i Ao6j RO vU4P10% XY 10%&() " L@@ @& () -

1 10%@ @ ()-"10"10"10" 910% & ()-M 4s! 10% & () - zf GWK} ] AvU4P10%
XYL10% | & ()-L10% ! & ()= +10% &céporticl GO lafiv( Jo£@ENe" T0UKE () o@ 2) N-

e L R AR 0 SRl AR bl 1€, ) 10

-hL, 4L10% ! &4{) ) lak@icga¢id' (200% ! & () L10% ! & ()-L10%!& ()-'eGH4L10% ! & (
)-"'L10%! & ()-LlO%!& ()-L10%!'& ()-'L10%!'& ()-eE+4L10%!'& ()-L10%!& ()-
10% & ()-L10%!'& ()-'-L10%!& ()-L10%!& ()-! @dc+4L10%l& ( 3(&10% & () -

W 110%"~& ()- RE- 110%"y& ()- ,:10%'8%()-L10%!& ()-' BDGH JY\ vU4L

& 109D24D8& () - 10% 2# & ()- ! 10% 2# & () - 0"10" 910% & ()-M

(&0 & ()- 9pZ|[; vUAL 11092#& () - !109 & ()- ?!109%R#& () -

[*1109R#0 ()- & 10%2# & ()- & 109 :
& ()-Zil)i%10% 2# & ()-Si %610% 2# & ())E)a
-Si%10% 2# & ()-S

f110% 2# & ()-eGH %10% 2# & ()-S )SI30/610W2# ¢ ()-8 %10% 2# & ()-Si %810%
2#° & ()-S' ) si %10% 2# & () - SH) *. 68eE+i %10% 2#' % ()-1 %10% 2# & () - Si %s10%
2# & ()-Si%10% 2# & ()-S' )s-i %10% 2# & () -Si %810% 2# & () - S89: OPQRX0oQlLi n1

i 10%2# & ()-}"$iinlj10% 2# & ()-}nlj10% 2# & ()-}1nlj10% 2# & ()-}i %10% 2#
& ()-S' 2%XgeEli n1j 10%ndj 108e 2#018pdu)rrd} nlj H08%p 24 &he) <Haipnd0% 3# &, (N-}'$in

1j 10% 2# & 0% 2#

O/ij 910% & (§ ‘)*‘E%*lﬁj]% i 8?53%“} A3 L0% TP M ET SFRT] TS SRY RP 1530 % i 1096 24°
& ()-1' $i W ynd 0 !:f & () - nlO%'f&() n10% ! f& ()- y10%!f& ()-

yl, 10% ! f& ()-

10" 10" 10" hL, 7n10% ! f & ()-n10% ! f& ()-% Yn10% ! f& ()-n10% ! f& ()-n10% ! f& ()
- Y| dC, 7n10% ! f 910986 & ()- .Y ' 11094 & ()oeH§ Y

1110986 &) -n10% ! f& ()-" Ynl0% ! f& () cepyU4 F "109%& ()- F "10% & ()-

y10% & % 10% & ()-10% 109 109% 910984 / xWevU4 \ &y#109%668& ()-'
D&y#109% & ()-'! &y#109%k& ()-' ! W.9910% K& ()} ~SNO
L9g10%t h&' ()-! WA 991094 1& ()-N$' z|[; '()- + 10%& ()-@
&9%10% & ()- &y#10%"a& ()-' Sey#109k"-&N)-- \&y#éﬁ%"es&'()-'rqo
10% & ()-y s10% & ()- 10 10 10! 0&0@L0%&' ()- +&0@O0YA & () -
S&O@O0YM M ()-}(|[:rQQ a0910% & ()- L"10% & ()- L: 109 R& () -
G:10% & ()- #L:10% & ()- S'10% & ()-(7A{Z9rQD t9/10% & ()- -9/10%
& ()- 9/30%& ()- y9)"10%@d @& ()-!|910% ! & ()- 19109 & ()-9:; <NRovT3

6.— S-nitrosothiols of claim 1, which correspond

() i 8P10% | & () - i Ao6j _
[

%;%%/ 2# & ()-S/i %10% 2# & ()

to following general formula (III)



SI10% & ()-! (Sl 10%?& ()- 10% & ()-(10!'10!'10! 9 10N & ()-S
9f810% & ()-ouz.|[:vT3 910 & ()- 10% & ()-S L10%W & ()- 10% & ()-
10% & ()- SI10% & ()-.1AT{Z9vT3 &9.10% & ()- n09.10%& ()- 9& "10% & () -
9310% & ()-!1c9310%& ()- Ls10% & ()-AvU3 L~910% {& ()- 10%8/%%&3@3; 1030 10"
Y:10% & ()-g &B#10% & ()- &9.10% & ()-’\bFF: vU3 ! 1F(#10%6& () -
"H#10% Wt & ()- ~&HIOYKW K& ()-s k&HL0YXY X& ()-s 7910% $ & ()- 910%
& ()-bMb|[:vU3 I 1F(#10946 & ()-@"#10% Wt & ()- ~&H#L0WKW K& ()-s
K&H109X% X& ()-s 7910% $ & ()- , 10W6 & §)- Nornmal" "Heading 13]c"
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7.~ The compound of any of claims 1 or 6, N[N-y-L-

glutamyl-2-amino-2-(4-(4-S-nitrosomercapto) tetrahydropyr-

an))acetyl]-glycine (4):

15
O
0 ® sno
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HO N OoH
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NHy 4
8.- The compound of any of claims 1 or 6, N[N-y-L-

glutamyl-2-amino-2- (4-(4-S-nitrosomercapto-l-methylpipe-
25 ridin))acetyl]-glycine (5):
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35 9.- The compound of any of claims 1 or 6, N[N-y-L-

glutamyl-2-amino-3-benzyl-3-(S-nitrosomercapto)-4-phe-

nylbutanoyl]-glycine (§6):
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10.- Pharmaceutical composition comprising one or

more of the compounds according to any of claims 1 to 9 as
active ingredient(s), optionally together with physiologically
acceptable carriers, excipients, activators, chelating agnets

and/or stabilisators.

11.- Use of a compound of any of the claims 1 to 9
for the manufacture of a medicament for the treatment of

circulatory dysfunctions.

12.- Use of -a compound of any of the claims 1 to 9,
for the manufacture of a medicament for the treatment of

dysfunctions of the cardiovascular system.

13.- Pharmaceutical composition according to claim

10, for the treatment of circulatory dysfunctions.

14.- Pharmaceutical composition according to claim
10, for the treatment of dysfunctions of the cardiovascular

system.



