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Technical background

Nitric oxide (NO) 1s one of the smallest and simplest of the
biologically active molecules in nature. Moreover, NO appears
to be one of the most ubigquitous molecules in mammalian
species. As one of the most widespreéd signalling molecules,
NO is a major player in controlling nearly every cellular and
organ function in the body. NO is the only endogenous
molecule able to function as a neurotransmitter, autacoid,
constitutive mediator, inducible mediator, cytoprotective

molecule, and cytotoxic molecule.

Because NO plays multiple physiological roles in regulating
numerous and diverse organ functions, defects in the NO
pathway lead to the development of many different
pathological conditions. These disorders include
hypertension, atherosclerosis, coronary artery diseases,
cardiac failure, pulmonary hypertension, stroke, impotence,
vascular complications in diabetes mellitus, gastrointestinal
ulcers, asthma, and other central- and systemic- nervous

system disorders.
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the NODs and the site where NO is generated is also of great
importance. All these considerations are important since they
explain the very different pharmacological profiles obtained

with the different NODs described in the literature and make

it necessary to fully characterize the pharmacological

profile of newly developed NODs in research and development.

Pharmaceutically useful NODs having a isosorbide-mononitrate
skeleton are disclosed in WO 00/20420. The compounds as such
disclosed therein do not form part of the present invention.
That application describes organic nitrates capable of
providing a potent vasodilating effect and which at the same
time show a small or null tolerance effect. However, no
indication exists for the possible use of said compounds for
the treatment of platelet activation; thrombosis; stroke;
tissue damage due to ischemia and/or to ischemia/reperfusion;
pathological conditions where oxidative stress plays an
important role in their pathogenesis; and/or atherosclerosis.
Accordingly the new use of said compounds forms part of the

present invention.
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ionsenzyrghd hedll can result in cell swelling and the
inappropriate activation of cellular enzymes. One enzyme that
is activated by the rise in intracellular calcium during
ischemia is xanthine dehydrogenase (XDH). Under normal
conditions, hypoxanthine (a breakdown product of ATP
metabolism) is oxidized by XDH, in an NADPH-dependent manner,
to produce xanthine and uric acid. However, during the
hypoxic condition of ischemia, hypoxanthine levels rise
within the cell due to ATP hydrolysis, and there is a
calcium-dependent activation of proteases that convert the
NADPH-reducing XDH to an oxygen-reducing form of the enzyme,
namely, xanthine oxidase (X0). On restoration of blood flow
(reperfusion) to the tissue and with the reintroduction of
molecular oxygen, XO will convert hypoxanthine to xanthine
and uric acid, and it will catalyze the reduction of
molecular oxygen to form both superoxide anion radicals (0,7)
and hydrogen peroxide (H0;). This XO-dependent mechanism of
oxygen radical production has been invoked to explain the
involvement of O, and H;O0; in reperfusion injury to a variety
of organs, including intestine, brain, heart, and skeletal

muscle.

The generation of oxygen radicals in postischemic tissues

appears to overcome the capacity of endogenous antioxidants
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with both properties: being a NO-donor and at the same time

with antioxidant properties.

Atherosclerosis is an active process initiated by a
continuous damage of the vascular endothelium. The view of
atherosclerosis as a response to a damage of the endothelium
was developed when the association of atherosclerosis with
risk factors (high LDL plasma levels, low HDL plasma levels,
hypertension, oxidative stress, tobacco consumption, diabetes
mellitus, high Lp(a) plasma levels or modification of LDL
such as oxidation or glycation that prevent LDL removal by
the specific receptors) was studied. LDL accumulates in the
vascular wall as a consequence of a vascular endothelial
cells active transport. During this process, the LDL suffers
the oxidation of a part of the molecule. The presence of
oxidated-1DL (ox-LDL) is of capital importance in the
development of the atherosclerotic lesion. To the same
extent, the theory that oxidized LDL is responsible for some
of the pathological features of atherosclerotic lesions
derives from the findings in cultured cells systems that

oxidized LDL causes cellular changes that correlate with
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process, the LDL suffers
Accordingly, novel nitrated organic compounds which, in
addition to the vasodilating activity, could combine
activities that would allow them to modify other pathologic -
processes involved in cardiovascular diseases, such as
atherosclerosis and tissue damage due to ischemia and/or due
to ischemia and reperfusion, will represent an important

advantage with respect to the compounds nowadays in use.

Summary of the invention

An object of the invention is a novel type of compounds,
derivatives of dianhydrohexite mononitrate, which are capable
of providing a potent vasodilating effect and which at the
same time modify other pathologic processes involved in
cardiovascular diseases such as, atherosclerosis, cardiac
allograft wvasculopathy, and tissue damage due to ischemia

and/or to ischemia-reperfusion.

Another object of the invention is a novel type of compounds,
derivatives of dianhydrohexite mononitrate, which are capable
of providing a potent antithrombotic effect even at a dose
that does not modify the blood pressure.
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sanme extent, the theory that oxidized LDL is
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It is an object of the present invention to provide a
compound according to formula (I), or a tautomer, a
pharmaceutically acceptable salt, a prodrug or a solvate
thereof:

R
|

X~s(0),

wherein:
n is an integer of 0, 1, or 2,
X represents -S(0O)p-, -(C=0)- or a single bond, wherein m is

an integer of 0, 1, or 2; with the proviso that when X
represents - (C=0)- then n is 0,
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It 1s an. object of the present invention to provide a
conpbtddl according to formula (1), or a tautoner, a

thiophenyl;

nitrosyl;

S-cysteinyl;

S-glutathionyl; and

wherein R* is selected from the group consisting of
hydrogen, Ci-g alkyl, Co_g alkenyl, C3_g cycloalkyl,
Cq-g cycloalkenyl, acetyloxy, hydroxyl, ONOs and

halogen,

wherein R@ optionally is substituted by one to three
groups independently selected from Cq_g alkyl,

Co.g alkenyl, Ciz.g cycloalkyl, C4q.g cycloalkenyl,
acetyloxy, hydroxyl, ONO, and halogen.
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bond, wherein is an integer of 0, 1, or 2 ; with the

provi so that when X represents -(C=0O- then nis 0O,R

represents hydrogen or is agresidue R, which residue
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an C1-C4 alkyl group, aryl group, or an aralkyl group.

Surprisingly, in addition‘to the potent vasodilating effect
with small or null toleraﬁce, the compounds of formula (I)
possess anti platelet activation, anti thrombotic, anti
stroke, anti oxidant, anti tissue injury/damage due to
ischemia and/or ischemia/reperfusion, and anti

atherosclerotic properties.

Another embodiment of the present invention relates to a
pharmaceutical composition comprising as active ingredient at
least one of the derivatives of dianhydrohexite mononitrate
according to formula (I), a tautomer, a pharmaceutically

acceptable salt, a prodrug or a solvate thereof.

A further embodiment of the present invention relates to the
use of at least one derivative of dianhydrohexite mononitrate
according to formula (I), a tautomer, a pharmaceutically:
acceptable salt, a prodrug or a solvate thereof as active
ingredient for the manufacture of a pharmaceutical
composition for the prevention and/or treatment of

atherosclerosis, endothelial dysfunctions, vasospasm, cardiac
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groups independently selected from _g al kyl, al kenyl,

cycl oal kyl, cycl oal kenyl, aegetyl oxy, hydroxyl, and
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The expression “pharmaceutically acceptable salt, solvate or
prodrug thereof” describes any pharmaceutically acceptable
salt, ester, solvate or any other compound that, administered
to a patient (directly or indirectly), provides a compound
described herein. Nevertheless, it will be considered that
the pharmaceutically non acceptable salts also are included
within the limits of this invention since these compounds can
be useful in the preparation of pharmaceutically acceptable
salts. Preparation of salts, prodrugs and derivatives can be

carried out by methods known in the state of the art.

For example, pharmaceutically acceptable salts of compounds
described herein are synthesized from the corresponding
compound, that contains an acid or basic group, by
conventional chemical methods. Generally, these salts are,
for example, prepared by means of the reaction of free acidic
or basic forms of these compounds in a stoichiometric amount
with a corresponding base or acid in water or an organic
dissolvent or a mixture of both. Non-aqueous media like
ether, ethyl acetate, isopropanol or acetonitrile are
generally preferred. Examples of acid salts include mineral
acid salts such as hydrochloride, hydrobromide, hydriodide,
sulphate, nitrate, phosphate and organic acid salts such as
acetate, maleate, fumarate, citrate, oxalate, succinate,

tartrate, mandelate, methylsulphonate and p-toluensulphonate.
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Any compound that is a prodrug of a compound of formula (I)
belongs to the scope of the invention. The term “prodrug” is’
used in the amplest sense and includes derivatives that “in
vivo” are metabolized into compounds of the invention. Such
derivatives include, depending on the present functional
groups in the molecule and without limitation, the following
derivatives: esters, esters of amino acids, phosphate esters,
metallic salts of sulfonated compounds, carbamates and amide

esters.

The compounds of the present invention can preferably be in
their crystalline form, or like free compounds or solvates.
The solvation methods which can be applied are those
generally known in the art. The suitable solvates are
pharmaceutically acceptable solvates. It is preferred that

the solvate is a hydrate.

It is preferred that the compounds of formula (I), or their
salts or solvates are in their acceptable pharmaceutically
substantially pure form. By pharmaceutically acceptable form
it is understood, “inter alia”, having an pharmaceutically

acceptable level of purity excluding usual pharmaceutical



salts. Preparation of salts, prodrugs and derivatives
can be carried out by nethods known in the state of

w0 b@sas1s42 For exanpl e, pharmaceutical |y acceptBdii/@P2004/010882
salts of conpounds described herein are synthesized
fromthe correspondi ng conpound, that contains an acid
or basic group, by conventijgnal chem cal nethods.
Generally, these salts are, for exanple, prepared by

o] e_reaction _of _free acidic or SIC rns of
SRV CER TR L AR et SR e AR
mateniq bsponsidgrédseonrtarid an havets ovf anopmngandoses. The

levgl§58f §@£19§ ﬁof1§ﬁgr§r9§ QPehov@PnS?ﬁquﬁggf ggg%§| vyer

ke et acet ate I SOpropano acet oni
a%dg%%%hlmfglr%rréiefeé@lblagwe% bf Bei@nsares more

pref@ﬁf@@eeﬁ%éﬁiﬁén@CtHeSébﬁﬁo§#@§ &8 hyah@thl o) degr the
di de, nitrate, phosphate

sal By O O €8 ol LRSS, RS EOE St ot b Py DRk

fumarate, citrate, oxalate succi nate, tartrate,
t te oI nsul 0
g?%ﬁ%é%&%f aQM% ?gaﬁnc %gtf%%rﬁ g??gagﬁcﬁhe
formglaalik @dn smicbhwe perassiomereal @emmdamon ubhe
preé'@rg&;esd)f‘r@:hf‘fa‘fn (5‘1” um aRdr{ & LA AR » 8N, 08 B3P GeS8LLSng on

such as et %Iene i am ne, et hanol am nhe

the \DRESRRFK P b riBet REAPbE JPPRES {FPRtPRaToP ke n; B) ucEae neure

1som@ﬁbba§m£h5i6m§r§foﬁndﬁ@sﬁéréﬁhsaﬁﬁtéﬁﬁﬁdCﬂﬁ@imelxtures
r ef erre derivatives, or ﬁ{odru s are those that

are; nJCF}eJa%e %es%?%%v% | 637 | HC PO of t he

present invention when such conmpounds are adm ni stered
Thetfbfh$ﬁﬁafg6en" refers to fluorine, chlorine, bromine, or

iodine, whereof bromine is preferred.

The term "Cq.g alkyl" as used herein refers to a straight or

branched chain alkyl moiety having from 1 to 6 carbon atoms,

including for example, methyl, ethyl, n-propyl, isopropyl, n-
butyl, iso-butyl, sec-butyl, t-butyl, pentyl, and hexyl.

The term "Cop_g alkenyl" as used herein refers to a straight
or branched chain alkenyl moiety having from 2 to 6 carbon
atoms and at least one double bond of either E or %
stereochemistry where applicable. This term would include,
for example, vinyl, allyl, 1- and 2-butenyl, and 2-methyl-2-
propenyl.

The term "C3.g cycloalkyl" as used herein refers to an
alicyclic group having from 3 to 8 carbon atoms. Some
illustrative examples of such cycloalkyl groups are
cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl.

Accordingly, the term "C3_g cycloalkyl wherein one CHp group
is replaced by O, S, NH or NCH3" refers to an alicyclic group

having from 3 to 8 carbon atoms wherein one CHy group is



(for exanple, allow ng that an adm ni stered conpound
of oral formnore quickly is absorbed in blood) or
wo b@sme3shat | ncrease the |iberation of the PCT/EP2004/010882
correspondi ng conpound to a bi ol ogi cal conpart nment
(for exanple, the brain or the |Iynphatic system) . Any
conpound that is a prodrug a conpound of fornul a
(1) belongs to the scope of the invention. The term
“pro is_used in the anpl est sense and includes
repagFﬁéaPVv8s Phal'ivP¥oNCHBe RETGLOLLZEGTREEE C6HABRAGS ©F
suchf gkbepknuest tebrabyahoggruval i ¥esrangludeurdependi ng

t £ f t [ I I d
oy oL naEe 8T TREParrAREct neProPrERP Ry Bet S aFRoBE, cotors,
esters of am no acids, phosphate esters, netallic

Theseékﬁ 0&+ﬁg|EgE§B§g5882EQUEg§ergaEgagﬁtgilépglﬁgi%%oup

esters oun e present I nvent
havppgf EraBl § be Bncﬁﬁbpﬁ gtpmeal Frie fdlustontivie ekpaples

of 59&H0@Pe§oankéﬁyya§@§u Ehﬁréohyéibganﬁéhdesc9?&6he§éﬁyl
he ar

e _applied are tho ener nown in
CYCEBP?EEFEY oft¥ t8¥ciPQgEﬁBVﬁaceutlcally accept abl e
solvates. It is preferred that the solvate is a

re DY9pLRe kLol PpBLekerLedoLhat ot Reqganuaunds of AQUAUI R,
¢ adkepplabfe-phayahcalkiydal Cy-gubyraneilibhylpur€i1for m

b d,
6 a@ky@?ég"30695182%%¥130Q@g r%gggﬁ @ga% t§cyBdenehoad
phenyl or (Ci_g alkyl) pheny , Whereas Cqi_g alkyl is

especially preferred.

It is further preferred that in formula (I) either one or
both of m and n is 0.

Also it is preferred that X represents a single bond or -S-.
It is especially preferred that the compounds of formula (I)

correspond to compounds which are represented by formula (Ia)
and/or formula (Ib):

R R
I l

X~8(0)n

P
Z,
%

X~s(0),

(la)

The compounds of formula (I) also include (R) and (S)

diastereoisomers according to the formulas (Ic) and (Id):



acceptabl e | evel of purity excluding usua
phar maceutical 1 1 additives such as diluents and

w@ a005i081882 and i ncl udi ng material consi dered nPOI/EP2ZHRE/C10882
at levels of normal doses. The levels of purity for
the drug are over 50% preferably over 70% and stil
nore preferable over 90% In,an even nore preferred
enbodi ment the conpounds of "formula (1), or the salts,
sol vates or progrugs thereof have qgrity over 95% The
conpounds of tife present inventionprepresented by the
fornmula (1)O%H) i ngl ude enanti @wiss, dgpending on the
presence of chﬁral?oqjisoneric centrer sz qu/or
dependi ng on tHe preseqnce of nultipl eponds (for
exanple, Z, E\. The re i somers, [
di ast er eoi sonmer ©7ag heir m xturespoargwthin the
scope of the presept i ntion. The tgfm Vhal ogen”
refers to fluorine, cﬁﬁﬁé?ne, bronine?qor<?%@2ne,
wher eof brom ne izksreferred. The term /'C] _ al kyl" as
used herein refer 0 a straight or bilihched chain
al kyl moiety having from1l to carbon atons, including
for exanple, nmethyl, ethyl, n-propyl, isopropyl,
nbytyl, iso-butyl, sec-butyl, t-butyl, pentyl, and

Esprepgttly PRefeErRarRERYINIgs Ofs @R G fldeP&fs to a

strai ght or branched chain al kenyl noiety having from
2 o rbon_a apd_at | east . one doubl e bond of
ei%hgﬁgglgpsgggggsegEﬁgﬁpg ?éa&ﬁére applicable. This
t ebrbWodiditmettode, 2f odiskangiésogomplideal | yl, 1- and

2'EURE@M§1tﬁ@gi%bgBEBXBe'52mononitrate,

2-[(R) -methylsulfinyl]isosorbide 5-mononitrate,

2-[(S)-methylsulfinyl]isosorbide 5-mononitrate,
2-methyl-sulfinylisosorbide 5-mononitrate,
2-methylsulfonylisosorbide 5-mononitrate,
S-nitroso-2-thioisosorbide 5-mononitrate,
2-(tetrahydropyran-2-yl-thio)isosorbide 5-mononitrate,
2-(isosorbidyl-2’-dithio) isosorbide 5-mononitrate, and
2- (5" —acetyloxyisosorbidyl-2’~-dithio) isosorbide 5-

mononitrate.

Further, it is especially preferred to use 2-acetylthio-
isosorbide-5-mononitrate (compound (12)), a tautomer, a
pharmaceutically acceptable salt, a prodrug and/or a solvate

thereof:
O

M

HaC

)
-
-
-




propenyl. The term cycloal kyl" as used herein refers

to an alicyclic group having from3 to 8 carbon atons.
weovs/opishust rat i ve exanpl es of such cycl oal kyl PQr/@p184/010882

are cycl opropyl, cyclobutyl, cyclopentyl and

cycl ohexyl . Accordingly, the termcycloal kyl wherein

one group is replaced by 0,5 NHor NCH3 ' refers to

an alicyclic group having from3 to 8 carbon atons

wher.ei n .one group is12 replaced by , S, NH or NCH3.

as 36 Vel |l@§tr@9tﬂ1e@é EoamsnEs MG ULaCH Uico s sambarmaceutical
combekighyer gpyr ane prefeatidnobucaee: tRgtaldrdi nes

[ di d t et t hi oph .
BB oo ar Soy /i ey e S Gy g shiamia
and4otroby dachemiat emsl rSpee fiusliost, r dyipes texaipirgs wefsospasm,
ath%%'%c%lé‘ijo%%]sk%%/oqf QURY 1 3lE g‘% to%%tc%{lydﬁalthy o

cycl ohexeny cycloheptenyl cyclo
preferred that R represents hydrogen, C _ g al kyl,

Adda_ltli@mall,lygyeclr@aldw{ ou%d%' o lfemﬂulag @ kylaspecmll 2-

ccof G Ra s (G AL L e oaleony ghenl, or (Sre,

phammebememtauuy|abdépﬂdma@ am&terr@ﬁxﬂtmmgéraﬁdngnﬂuaﬂé@
the?ﬁot%e,;(m%ngr 1SO tshé.l%];al % ée(?ralpy %%r tthesﬁeg}ce%rtrl%qn
andéope tirglaltpeprte fodt @@dlemqv@tcltenr@sa@lm@macﬁ Fldrapraft( 1)
vasculopathy, platelet activation, thrombosis, stroke,
pathological conditions where oxidative stress plays an
important role in their pathogenesis, and/or tissue damage
due to ischemia and/or due to ischemia-reperfusion. These
compounds may especially be used in the prevention and/or
treatment of pathological conditions, where oxidative stress’
plays an important role in their pathogenesis, such as
allergy, stroke, Alzheimer’s disease, and/or ischemic
cardiovascular diseases. The pharmaceutical compositions may
be administered by different routes. For example, they may be
administered orally in form of pharmaceutically preparations
such as tablets, capsules, syrups and suspensions.
Parenterally in form of solutions or emulsions, etc. They may
also be administered topically in form of creams, pomades,
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 preparations may comprise
physiologically acceptable carriers, excipients, activators,
chelating agents, stabilizers, etc. In case of injections
there may be incorporated physiologically acceptable buffers,

solubilizing agents or isotonics.

The pharmaceutical compositions according to the present
invention may further comprise a thrombolytic agent,
preferably plasminogen activator, urokinase, streptokinase,

alteplase or anistreplase. They may also contain an



correspond to conpounds which are represented by
formula (la) and/or formula (Ib): NO (la) The
wa@eoppostsds of fornmula (1) also include (R) andPCTBEP2004/010882
di ast ereoi somers according to the formulas (lc) and
(1d):1 3 RO=S. HO=S. HONO ONCc (lc) (1d) Especially
preferred conpounds of fornula (1) ar e:
thioisosorbide 5 nmononitrate, 5, '-dinitrato-2,
dllsosor |.t hi oi sosor, bi
ant SRR otesho: PrafelTRl Y it Tyl 1 Sod6r P be
aceﬁb¢mmmmw¢latemoiap@ffhe @Etﬁ@mtmﬁémrpmlyssbﬁatbldMoreover,
0 n
they T RO L e B LY AT e s EERET 4L ©
prei’zeera@ﬁYs@@@t d%alh@ywbm:tacaz@, @lpxredami/@lr o‘pgx@h@pldine,

clo;?idryoc%ei” 0&f§9§9§§1 de%énf@é‘é)ﬁ“ BEBSSu1Bard| SOSQHLL Syrhat .
i sosorb nmononi tr at e, and 2-

They 5ca%c%wg%%. %%%%%%y@n ipene it Ay kbR of bi feagment

ther@ndridvaie. a Fspébeficityi Boﬁs@Eﬁd:c&ﬂJi:dt@iﬁf erppdite.
use 2-acetylthio -

Alternately, the pharmaceutical compositions according to the
invention may further comprise an hypolipemiant agent
preferably simvastatin, lovastatin, atorvastatin,
pravastatin, fluvastatin, eptastatin, lifibrol, acifran,
acitemate, glunicate or rosuvastatine. They may also contain
an antioxidant / free radical scavengers agent, preferably
selected from nicaraven, ranolazine, emoxipin, glutatione,
edaravone, raxofelast, lycopene, N-acetyl-L-cysteine, N-
acetyl-D-cysteine, a racemic mixture of N-acetyl-L-cysteine

and N-acetyl-D-cysteine, or carvedilol.

The pharmaceutical compositions according to the present
invention may be used for the treatment and/or prevention of
atherosclerosis, cardiac allograft vasculopathy, platelet
activation, thrombosis, stroke, tiésue damage due to ischemia
and/or due to ischemia-reperfusion, and/or pathological
conditions where oxidative stress plays an important role in
their pathogenesis (such as but not limited to allergy,
stroke, Alzheimer’s disease, ischemic cardiovascular
diseases); and/or pathological conditions where a deficit of
NO plays an important role in their pathogenesis. They can
also be used for the treatment and/or prevention of
dysfunctions of the circulatory system preferably

cardiovascular and coronary dysfunctions.

The daily dosé may be varied depending on the specific
symptoms, the age, the body weight of the patients, the
specific mode of administration, etc., and a daily normal
dose for an adult person could be between 0.1 to 500 mg, and



i sosorbide - 5mononitrate (conmpound (12)), a
tautoner, a pharmaceutically acceptable salt, a
w@e@dostg4and/ or a sol vate thereof: 121 4 as acPCWEP2004/010882
ingredient for the manufacture of a pharnmaceutica
conposition for the prevention and/or treatnent of
thronmbosis, ischema, cell/{d4 ssue damage induced by
i schem a and/ or by ischem a and reperfusion,
pertension, . vasqgs at.heroscl erosi s, an
coudd B IR pe 228 R pah Ry CORRAP T GndrI S Teded into
seveoapodndssofiukanguktae( Hpy.especial ly 2-
acetyl thioi sosorbi de 5-nononitrate (12), their
tautoners, pharmaceutical ® acceptable salts, prodrugs
TheapampeludsesTt hErebreseny An¥enbaonsean heapriemeasy by

preb@kat h8nPHE¥BBHEO0RNBRE/ 9h %h@ahg%ntbeadaptatlon of the
at heroscl erosj s, cardiac_allog raft vascul opat

knogpaPLPEESSEFi Yt FBR, S#H#éﬁeogﬁgsogtpakéy Bapﬁ&l@§Q9%ss
deseendetli basowher e oxi dative stress plays an inportant
role in their pathogenesis, and/or tissue damage due
to ischem a and/or due to ischem a -reperfusion. These
Hencenpeundhenaymbsgémbatlybehesedebanthénpeevéwmimnlates to
2 p2BALGLCLI e8LE pgglp@t belpalaal sendblians (where
oxi dative st npor t ant e in the
tauﬁafﬂﬁégen@§a§ma§aéﬁlg§lém éf:gypt§bﬂ-ékéal}x|s/zh@+r@éru§s and
soldbseasenheaBdfFor ischenm c cardi ovascul ar di seases. The
phar maceuti cal conpositions nmay be adm ni stered by
different routes. For exanple, they may be
According to the invention it is preferable to prepare a

compound of the formula (I), a tautomer, a pharmaceutically
acceptable salt, a prodrug or a solvate thereof by the

process outlined below:

R
|

X~s(0),

wherein:

n is an integer of 0, 1, or 2,

X represents -S(0O)p- or a single bond, wherein m is an

integer of 0, 1, or 2,

and R represents hydrogen or is a residue R&, which residue

R& is selected from the group consisting of:



adm nistered orally in formof pharmaceutically

preparations such as tablets, capsules, syrups and
wgaaEpesmsieons. Parenterally in form of sol uti onBCDEP2004/010882

enmul sions,  etc. They may al so be adm ni stered

topically in formof creans, pomades, bal sans, etc.

and transdermcally for examwle through the use of

pat ches or bandages. They nmay al so be applied directly

in the rectum as suppositories. The preparations my

conpri se physiologically acceptable carriers,

exCh pgenafigylacti vators, chelating agents, stabilizers,

et I.n f, injections there nay be incorporated

ph§§ élog?§§V? accept abl e buffers, solubilizing

agéptg owcleatsmiles. The pharnaceutlcal conposi tions

ac%g g'@Qcﬁgaﬂﬂ§lpr@ﬁ%@Elhn$%@tbgg G@%u& %h%%placed by O,

rise”a Abol ytic agent f érabl'y pl asm nogen
actr vAtoPr HF8Rinase, streptoklnase al t epl ase or

anchge@yagealmbﬁylnay al so contain anl 5
élcoa% ; g ef er,abl hggarln di coumar ql_, d b
Ao8oUKE gxapdrth&*or é&n 2af "PoPy &G F&Pe ace Y
NbOeoSerNtheyN@ﬁg contain additionally an
E gnbotlc agent preferably acetyl salicylic acid,
yri anDIe ticlopidine, clopidrogel, triflusa
peﬁVéédﬁlpolysulfate or abci xi nab. They can further
cogggbﬁﬁeﬁgllnnunoglobulln or fragment thereof having
ge0|f| ity for glycoprotein Ilb/Illa. Aternately,
th@ bRaf¥aéeuti cal conpositions according to the
i ngeayseaingy;further conprise an hypolipen ant agent

S-glutathionyl; and

wherein R* is selected from the group consisting of
hydrogen, Ci-g alkyl, Co_g alkenyl, Cz-g cycloalkyl,
Cyq-g cycloalkenyl, acetyloxy, hydroxyl, ONOy and

halogen,

wherein R& optionally is substituted by one to three
groups independently selected from the group consisting of
Ci-g alkyl, Co.g alkenyl, C3.g cycloalkyl, Cg-g
cycloalkenyl, acetyloxy, hydroxyl, ONOs and halogen,

which process comprises conducting the following steps:

a) effecting the hydrolysis of a compound of formula
(ITa):



preferably sinmvastatin, |ovastatin, atorvastatin,

pravastatin, fluvastatin, eptastatin, lifibrol,
W@e0i0s1037842 aci t emat e, gl uni cate or rosuvast at i NECT/EPI¥94/010882

may al so contain an antioxidant / free radica

scavengers agent, preferably selected from nicaraven,

ranol azi ne, enoxipin, glutatjone, edaravone,

raxof el ast, |ycopene, N-acetyl - Lc-ysteine, Nacetyl -
D-cysteine, a racem g m xture of N-acetyl -Lc-ysteine
and N-acetyl - Dc-ystieine, or carvedilol. The

phar maceuti cal conpos '§ns according to the present

i nvention may be uged forytheHtreat ment and/ or
prevention of atherosclergsisi -Gardiac allograft

vascul opat hy, platelet agtivatio t hronbosi s, stroke,
ti ssue damage due to ischeniad.and/or due to ischem a
-reperfusion, and/or pathé?o"c condi ti ons where

oxi dative stress plays an ingirt@nt role in their

pat hogenesi s (such as but not Iin?nemgto al l ergy,
stroke, Al zheiner's disease, (jjggchem ¢ cardi ovascul ar

di seases); and/or pathol ogical conditions where a
deficit of NO plays an inportant role in their

pat hog@hegedn Rheyscin-8lbselb¥lusedetferabhy mesatdento
and/ or opk@yanthen refi 1dyshynebgdsinefl: the circul atory
system preferably cardi ovascul ar and coronary
dysfunctions. The daily dose may be varied dependi ng
on the specific synptonB,H§he age, the body wei ght of
the patients, the specific def op admini stration
etc., and a daily nornal '

and

o

optionally, effecting on the compound prepared

according to the step (a):

I. an oxidation reaction to obtain:

ON—g

H

and/or



dose for an adult person could be between 0.1 to 500
ng, andl 6 could be adm ni stered as one dose only or
waloosaam4: nt o several doses during the day. ThECT/EP2004/010882
conmpounds of the present invention can be prepared by
preparati on nethods known in the art, by adaptation of
t he known processes by the.skilled person or by a new
process described bel ow. Hénce, another enbodi nent of
the present invention relates to a processes for,
prepar i ngOP&ApBaRdY SPLEEMRA RY( P) Secaitoreisation to
phar maceubbealihy taeceptablengakbmpophedr ugs and
sol vates thereof. According to the invention it i
preferable to prepare conmpound of the formula (
tautonmer, a pharmaceut'’tcaH y acceptable salt, a
prodrug or a solvate t gofoby the process outlined
below. R X- S(O wherein: [n i§ an integer of 0, 1, or
2, X represents -S(0) i ngl e bond, wherein mis
an integer of 0, 1, or B R represents hydrogen or
is aresidue R, which redidug Ris selected fromthe
group consisting of:17 al kyl; ©S(O),

S
I

), a

H

wherein:

n is 1 or 2,
X is -S(O)p~, wherein m is 0, 1 or 2, and

R* represents hydroxyl or ONO»;
IT. a substitution reaction to obtain:
a compound according to formula (I), wherein:

n is an integer of 0,
X represents a bond,
and R does not represent nitrosyl,

optionally followed by an oxidation to obtain a

compound according to formula (I), wherein:

n is an integer of 0,

X represents -S(O)m-, wherein m is an integer of
0 or 1,

and R does not represent nitrosyl;



al kenyl ; cycl oal kyl; cycl oal kyl, wherein one group is
replaced by , S, NH or NCH ; cycl oal kenyl;

weywboaiskenyl , wherein one group is replaced bRCOEPZ)4/010882
NH or NCH ; phenyl; pyridyl; thiophenyl; nitrosyl;
S-cysteinyl; S-glutathionyl; and wherein R* is
sel ect ed fron1the gr oup conf?sting of hydrogen, C g
al kyl, alkenyl, C _ g cycloal kyl, cycl oal kenyl,
acetng hydr g and hal ogen, wherein R optlonally
i s subbttt R edby bﬁ%t%%ntﬁ?%%tb?%UB% ¢hbepahdent | y

sel ected fromthe group consisting of C _ al kyl,

| k I, cl | k I |
ﬁyd?giyl ’ %aﬁcdj aqurbc!ena}/ %‘ﬁ%}ﬁlgg?cocgé]% ace{];é) oxvyhereln

conducting the follow ng steps: a) effectlng t he
hydrol ysi g, ofs a oo ofs for me (Ha) 18

X represents -S-;

optionally followed by an oxidation to obtain a

compound according to formula (I), wherein:

n is an integer of 1 or 2, and

X represents -S(O)p~, wherein m is 0, 1 or 2; or

IV. a nitrosation reaction to obtain:

N—S
d?

H

b g [THLEY

o
“NO; |

According to the above process of the invention it is
especially preferable to prepare a compound of the formula
(Ia), a tautomer, a pharmaceutically acceptable salt, a

prodrug or a solvate thereof:

wherein n, X, m and R have the above meaning,



wherein R is C]_-C alkyl, preferably nethyl, to

obtain the follow ng conpound: and (b) optionally,
wepdososismy on the conpound prepared accordi ng POI/ER®04/010882

step (a): | . an oxidation reaction to obtain: ON HO

HHHOv and/orl 9 optionally followed by a second

oxi dation to obtain the fol}ow ng conpound: S(O

wherein: nis 1 or 2, Xis -S5O 1n- , whereinis 0, 1

or 2, and R* represents hydroxyl or Il. a substitution

reaction to obtain: a conmpound according to formula
and( Whersfier @aid priczed’ iddhpdesedf cdndidtapiesert Fodlowing
Stebond, and R does not represent nitrosyl, optionally

£51°l owed by an oxidation to obtain a

a) effecting the hydrolysis of a compound of formula
(II):

(0)
R)Li_t'

O—no,

(II)

wherein R’ is C1-Cg alkyl, preferably methyl,
to obtain 2-thioisosorbide 5-mononitrate (1),

H-~g

wtl I

and

(b) optionally, effecting on compound (1) prepared
according to the step (a):

I. an oxidation reaction to obtain:
5,5’ -dinitrato-2,2"-dithiodiisosorbide (2) or

2-{isosorbidyl-2’-dithio)isosorbide

S5-mononitrate (8),



conpound according to fornula (1), wherein: n is an
integer of 0, X represents -S(O - , wherein mis an
w0 niosgams4nf O or 1, and R does not represent nPCT/BB3004/R10882
O Illl. a substitution reaction to obtain: a conmpound
according to fornula (1), wherein: n is an integer of
0, and X represents -S-; optionally followed by an
oxi dation to obtain a conmpound according to fornul a
(1), wherein: nis an integer of 1 or 2, and X |
r epr esent LR LN liarsd ky a srcond gxjdatipn to
ni trosati dptLactd Wb & dbo AL ddrdauihe ahoyve
process of the invention it is especially preferable
to prepare a conpound Qf the fornula (la), a tautomer,
a pharmaceutically accgptdile salt, a -prodrug or a
sol vate thereof: wherei H and R have the above
nmeani ng, 2 1 and wher ei ocess conpri ses
conducting the foll owixg sl . a) effecting the
hydrol ysis of a conpour@ of Tornula (1D (H

X~s(0),

Z
%,

wherein:

n is 1 or 2,
X is -S(O)p~, wherein m is 0, 1 or 2, and

R* represents hydroxyl or ONOjp;
II. a substitution reaction to obtain:
a compound according to formula (Ia), wherein:

n is an integer of 0,
X represents a bond,

and R does not represent nitrosyl,

optionally followed by an oxidation to obtain a

compound according to formula (Ia), wherein:

n is an integer of 0,
X represents -S(0O)m~-, wherein m is an integér of
0 or 1,

and R does not represent nitrosyl;



wherein R is alkyl, preferably nmethyl, to obtain
2-thi oi sosorbide 5-nononitrate (1) (D and (b)

wopiososmhl y, effecting on conpound (1) prepar eRCT/EP2004/010882
according to the step (a): |I. an oxidation reaction to
obtain: 5, '-dinitrato - 2, 'd-ithiodiisosorbide (2)
or 2- (isosorbidyl- 2 -dithi;0)isosorbide 5-nononitrate
(8),2 2 optionally followed by a second oxidation to

obt ai compound .,accaqrding to fornula (le): CHX

S(O) H[i\%ﬁer & ﬁ:u%ﬁ%ilgu%l&l zr,%a)?%ilgn- $COPRRA L \wherein is
O, 1 or 2, and R* represents hydroxyl or Il. a
substitutio i,0 in; conpau cc [ .
o formi & PapBthHeRergraThe Be BoRRIRE, N3pTo. Wit
represents a bond, and R does not represent nitrosyl,

optional |y fal hawediRYyeanogxpdatihgn to obtain a

X represents -S-;

optionally followed by an oxidation to obtain a

compound according to formula (Ia), wherein:

n is an integer of 1 or 2, and

X represents -5(0)p-, wherein m is 0, 1 or 2; or
IV. a nitrosation reaction to obtain:
S-nitroso-2-thioisosorbide 5-mononitrate (6).

Optional step (b) of this new process of the invention is
described schematically in Schemes 1 to 4 for specific
compounds of the invention. These Schemes 1 to 4 relate to
the oxidation reaction I, the substitution reaction II, the
substitution reaction III, and the nitrosation reaction IV,

respectively.

A specifically preferred process of the invention includes

steps (a) and (b) II for the preparation of:

2-[(R)-alkylsulfinyl]isosorbide 5-mononitrate and/or
2-[(S)=-alkylsulfinyl]lisosorbide 5-mononitrate.

It is further preferred that both diastereoisomers are
separated subsequently, which separation may be carried out

by using conventional methods known in the art.

A further preferred preparation process of the invention

concerns the preparation of a compound of formula (11) or a



conpound according to fornula (la), wherein: nis an

integer of 0, X represents -S(0)m- , wherein is an
w0 niosgams4nf O or 1, and R does not represent nPCT/BB3004/R10882

3 1Il. a substitution reaction to obtain: a conmpound

according to fornula (la), wherein: nis an integer of

0, and X represents - S- ; optionally followed by an

oxi dati on to obtain a compound according to fornula

%Ia), wher nis .an_integer of 1 or
tautgpREseft B aé(!@)@fhltlca\}d%éfr gcrepsagler S@rltz ao:pnoelrua or a
solrbteosakiredfrreacti on to obtain: S-nitroso -

2t - hi oi sosorbi de 5-nononitrate (6). Optional step (b)

of this New procgss of the invention is described

schematically injjSchenes 1 to 4 for specific conpounds

of the inventi?pﬂ\fhese Schenes 1 to 4 relate to the

oxi dation reaction'd, tpe substitution reaction II,
the substitution reagti®n
reaction IV, respectf very.
process of the inventio
for the preparation :

UL and the nitrosation
speC|f|caIIy preferred

i ngl udes steps (a) and (b) I

([ (R -

alkylsulflnyl]lsosorbldﬁ 54ononitrate and/ or
5—S

=
-
-

o

o)

:

ONO,
(11)

which process comprises the following steps:

a) effecting an oxidation reaction of a compound of
formula (III):

(III)

wherein R’ is C3-Cg alkyl, preferably methyl,
to obtain 2,2’'-dithio-diisosorbide (10),



2- [(S)- alkylsulfinyl] isosorbide 5-nononitrate . It

is further preferred that both diastereoi soners are
wa@aepaisisezl subsequently, which separation nmay BPEI/EP2004/010882

carried out by using conventional nethods known in the

art. A further preferred preparation process of the

i nvention concerns the prepgfation of a conpound of

formula (11) or a2 4 tautoner, a pharnaceutical!.]/

accept abl e salt,Ha1prodrug or a solvate thereof: S S

ONO (11) which procgssHconprises the foll ow ng steps:

a) effecting an oxi Eef _reaction of a compound of

formula (111): H((IKI)|[wherein R' is alkyl,

preferably nethyl, te-ebtiain 2 ,2'-dithio

di -i sosorbide (10),2 5HHHg(18 ) and (b) effecting a

nitration reaction of the co nq)prepared in step

(a) with a nitrating agent i

carboxylic anhydride, prefer agetic

and

(b) effecting a nitration reaction of the compound
prepared in step (a) with a nitrating agent in the
presence of a carboxylic anhydride, preferably acetic

anhydride.

Finally, another embodiment of the present invention relates’
to 2,2’-dithiodiisosorbide, compound (10), which is an
intermediate compound in the preparation of compound (11) of

the invention.

In the working examples herein (vide infra) there are
described in detail 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 general
knowledge to obtain the compounds not explicitly exemplified
herein via suitable modifications of the working examples
herein. It will be apparent to the skilled person that these
examples are solely for illustrative purposes and must not be

considered to limit the invention.
Examples
The compounds obtained in the examples that appear below are

identified by their proton (*H-NMR) and carbon-13 (*C-NMR)

nuclear magnetic resonance spectroscopy data.



anhydride . Finally, another enbodi nent of the present
invention relates to 2,2'-dithiodiisosorbide, conpound
wQ¢ 2@5/03%M2 ch is an internedi ate compound i n t hBCT/EP2004/010882

preparati on of compound (11) of the invention. In the
wor ki ng exanpl es herein {vide infra) there are
described in detail suitablg:processes to obtain
vari ous of the conpounds accordlng to the genera
formula (1). In view of these exanples, it is within
the skilled persons general know edge to obtain the

Thec onjedends magheeX el irgisiony nexe Epleicftirad weekeire cdirgled with

it infAincat i rking o | es  herein.
Varﬁ%nmﬁﬁ%ﬁ gDQBBQrent%?él%ﬁeE£§H| 0[)éer éQHP gitfhese
exanpl es are solely for |Ilustrat|ve purposes and nust

Then %E:eti% GRS Fdeled nly, 'a'n'EE' tt hteh%o'l%%%t hQRd PRPRIRTTRGe

fpounds "gbtai'ned i'n th nﬁwes that appear bel ow

SPe&Féquéﬁ@IﬂP@dC@¢e@héPrt@ﬁbt% Rkﬁpﬁﬁ@5aan@h6apﬁ6htlon of
the3 sl gra INVRE ritm@lle,@rtewgrmeﬁl GppRFONGNER ﬁa@ctsﬁg&wpysf the

l E%rz 6.The nu;ﬁfar netl resonan%§¥§p ra wer 1 .
solyendy BEQ TR Eh LoKE A RS CI5666 <6 g C iRt Yalues
were3002§p@¢mrdhﬁt@e&tefhae@pemdbr@go&neqmmhéy4&h¢mmhéor

|
deu%% %&%Wﬁ%t%&rlra %%lhfgg%?% fﬁ@%tg @n%rle 'b'%%':]%aetqe ¢
tetur@me@éwé@lul@n@ (B9, priatienshd ssiogialsionatlly deikeen@s an

intRrAANS AR RS W' H & YpaNeRed i@ eI AAA%e. The
number of protons for each signal as measured by electronic
integration and the type of signal are indicated in
parentheses, using the following abbreviations: s (singlet),
d (doublet), t (triplet), dd (doublet of doublets), ddd
(doublet of doublet of doublets), bs (broad signal), cs
(complex signal), s.a. DO (simplifies upon deuteration),

d.a. D,0 (disappears upon deuteration).

The operating frequency and the solvent used in each spectrum
are indicated in the 'C-NMR spectra. The position of the
signals is indicated in 6 (ppm), with the signal of the
solvent carbons taken as the reference. The reference values
are 77.00 ppm for deuterated chloroform and 39.50 ppm for
hexadeuterated dimethyl sulfoxide.

In some cases, nuclear magnetic resonance experiments were
also carried out using the pulse sequences APT (Attached
Proton Test), HETCOR (Heteronuclear Chemical Shift
Correlation) or COSY (Correlated Spectroscopy) as an aid to

assignment.

In the experimental part the following abbreviations are

used:

AcOEt ethyl acetate



were 7.24 ppmfor deuterated chloroformand 2.4 9 ppm
for deuterated dinethyl sulfoxide. The signal obtained
WO c@si08842 anet hyl sil ane (TMS) protons i s occasPCIEP1094/010882
taken as an internal reference, with O ppmused as a
reference val ue. The nunber of protons for each signal
as measured by electronic ijntegration and the type of
signal are indicated in parentheses, using the
foll ow ng abbreviations: s (singlet), d (doublet), t
(tripl e]t"g Had (doubl ettSSitifotstét s), ddd (doubl et of
doubl et pmbodapbl et s) hd}&d@rmﬁécgrhmﬁeth@ $enfgt B
signal) a. D O(SI fle onldeuteratlon) , d.a.
D O (di ggéiﬂears upon C% The operating
frequenByOBhd t he sol vasm'ylu%ﬂlem each spectrum are

i ndi cat n the -NWR f N b
si gnal sﬁigstl ndi cat ed |r?1lrbgp(pp r?(ﬂé %e@'%cgnakﬁ%a ography
the sol ¥&nt carbons t4KSHES the reference. The

referengerval ues are {30, ppmdde deut er at ed

chl oroform and 39.50 p mf exadeut er at ed di net hyl
sul f oxi 48%"I n sonme caé"g% ﬁu rhe%ﬁah gneti C resonance

experi neotsAper gmMal so mumcbcb}mﬁmmgngapmmcs@heric
sequences APT (Attached P %

(Het er onucl ear Chem CZ“{ eSJhg'H]g rre:% aa%ll on %mass
(Correl ated Spectroscopactasonetz d to assi gnrrent . In

the expgrjmental part gihg d.0ld oydpg @by eviations are

used:
s.e.m. standard error of mean

THP tetrahydropyranyl

EXAMPLE 1

Method to obtain 2-thioisosorbide S5-mononitrate (1).

o)

)Ls_ "s,

1) NaOH/MeOH

L
-

1 -
(A
an O

2) HCl

H

In a 50 mL flask, 1.00 g (4.02 mmol) of 2-
acetylthioisosorbide 5-mononitrate (12) obtained according to
WO 00/20420 were dissolved in 20.0 mL of methyl alcohol. 10.0
ml. of a 10% methanol solution of sodium hydroxide were added
all at once. After rapidly covering and stirring for 1 min at
room temperature (ca. 25 °C), 2.23 mL of concentrated

hydrochloric acid were added all at once. It was stirred and



AcCOEt ethyl acetate27 AcOH acetic acid DVSO-d

hexadeut erat ed di nmet hyl sul f oxi de Et OH et hyl al coho
wEe@sn3sehyl et her HPLC hi gh performance |i quiPICT/EP2004/010882

chr omat ogr aphy Hx hexane Mel nethyl iodide MeOH net hyl

al cohol L - (Apd )M |iquid chromatography-at nospheric

pressure chem cal ionizatiojg mass spectronetry s.d.

standard deviation . .m standard error of nean THP

t et rahyd |, EXAMPLE 1.Met hod t bt ai
conSERE6E St B bide AL ROROHY t PALELPT} 19 RACHPREERNS) 3HO
rediOed- pNEestArknad B0tkembkasknré. B8lgw( 4002Cnmol ) of 2-

acetyl t hi oi sosorbide 5-nononitrate (12) obtai ned

according to WO 00/ 20420 were dissolved in 20.0 nL of
Thensepytlugl veRosuspended in chloroform. This chloroform

solution was filtered and then dried over anhydrous magnesium
sulfate. After filtering the solvent was eliminated at
reduced pressure. It was dried at reduced pressure to obtain
0.83 g of an orange-yellow o0il corresponding to the product
of interest. Yield: 100%.

'H-NMR (200 MH=z, CDCls): 5.36-5.26 (1H, m, CHONO,), 4.95 (1H,
t, J=5.0 Hz, CHCHONO.), 4.42 (1H, d, 4.8 Hz, CHCHS), 4.07
(1H, dd, J=4.6 Hz, J=4.4 Hz, H-CHCHS), 3.97 (1H, dd, J=5.64
Hz, J=2.5 Hz, H-CHCHONO,), 3.87-3.76 (2H, cs, H-CHCHS, H-
CHCHONOz), 3.45-3.35 (1H, m, CHS), 1.77 (1H, d, J=8.6Hz, SH).

13c-NMR (50 MHz, CDClz): 91.21 (CHCHS), 81.22 (CHONO,), 81.07
(CHCHONO,), 76.15 (CH,CHS), 69.26 (CH,CHONO,), 42.82 (CHS).
EXAMPLE 2

Method to obtain 5,5’-dinitrato-2,2’-dithiodiisosorbide (2)




mL of a 10% net hanol sol ution of sodi um hydroxi de were
added all at once. After rapidly covering and stirring
wo 0005037180 at room tenperature (ca. 25 C), 2. 2BCTEPD4/010882

concentrated hydrochloric acid were added all at once.
It was stirred and2 8 concentrated until dryness,
elimnating the solvent at Jeduced pressure at a
tenperature below 30 C. The residue was suspended in
chl.oroform This chl oroformsolution was filtered and

Proe@d@r8rfed over anhydrous magnesium sul fate. After
filtering the solvent was elimnated at reduced

ressur dried_at uge r t
0.5 G384 SrakheUEESLLE0sRha! AU HERLBTRL L 0200 Bhfasnea
accprdmgt tofwpnoer é@ﬂZOYwes ddigeolyest mmlpzoommf oethyl
alc %&E%€»€$}5528§u£%55 wgg}gﬁg%i¥téd8édi Hro% b% érEPFEto 200
nL gEghempg, piaama bg, aH2 é:mn@) fleséwem sggong= slaenei:&
stidren F@hekhékﬁkgbﬁ)hlxﬁugé w§s7§t62kbd05t HoeHCHS,
R LS B S L G bl
enQSEABIES P, 16 RRCLS0TRRLISRPLIC] CrBfehYipchEHERd over
50080. A2 OCHONOLPNniBTiQE @Ehﬁk(ﬁfhirlﬁﬁ ¥590CHUEHS) , observing

6 42. 82 ( t

theBharAnE BEER R FRREEn 05 ST HORE BT Sotbibrds LA H C
corges$popdbngcedutbe: plasma proteins. It was centrifuged at
3000 rpm and at 20 °C for 30 min, the liquid separated and
the solid (protein mass) suspended over 250.0 mL of
acetonitrile. It was stirred and centrifuged under the same
conditions as above (3000 rpm/20 °C/30 min).

The supernatant liquor was decanted and combined with the
previous one. The solvent was evaporated at reduced pressure
at a temperature below 30 °C. The resulting aqueous residue
(about 200 mlL) was extracted with 4 x 500 mL chloroform. The
organic phases were combined and dried over anhydrous
magnesium sulfate. After filtering the solvent was
concentrated at reduced pressure. This results in 350 mg of a
white solid which is purified by chromatography: (CHCls/AcOEt
6:1), isolating 250 mg of a white solid corresponding to the
2-thioisosorbide 5-mononitrate disulfide product (2). Yield:
60%.

Procedure 2:

In a 50 mL flask, 1.00 g (4.02 mmol) of 2-
acetylthioisosorbide 5-mononitrate (12) obtained according to
WO 00/20420 was dissolved in 20 mlL of methyl alcohol and 10
mL of a 10% methanol solution of potassium hydroxide were
added. The reaction mixture was covered and stirred for 5

hours at room temperature. The precipitation of a white solid



0.50 g of 2-acetylthioisosorbide -nononitrate (12)
obt ai ned according to WO 00/ 20420 was di ssolved in
wQae08/0878¢f et hyl al cohol. This solution was SPOWER2004/010882

added, drop by drop, to 200 nL of human plasma in a

250 nL flask with strong magnetic stirring. The

reaction mxture was stirr at roomtenperature for

15 hours. The reaction crude was poured over 500.0 niL

of acetonitrile while stirring vigorously, observin
corrﬁ§p9ﬁ§%aattﬁrge?pﬂﬂapﬂéﬁdsf<2>fﬁgceﬁﬁsﬁ eﬁhﬁ?él§8|?ae
rea@ibASPONEi Bg1La (he phaserepr of€i Afd Whshed several times

..centrjfuged a 00Q rpm and at .20 for_30_m.n, th
witf REhY LS8 lr el  anaveng a5 Faofehrbradslkyy Vi81as 0.58
g ofuapehdled swdid250r@esbonfiiagetonihei Rethipiwasorbide 5-
I a L f d - di ti; .a50s
A SR R = IR P R
was decanted and conbined with the previous one. The

1H—I§’£@lvm(t) ) g\@@%g%ﬁqd: _?. 5r:Le-CBJ.C4|63JI_ @HES S ez@{opmz_)é 4.96
enperature bel qw . ere g aqueouys,_resi
(2Hg abour=208 HE) %&§C§9ppé2teﬂ'§fthéﬁ'%350 2408 2, “2CHens) ,
4.0ehBonof qLou, The , ongaRCROPDAS STHAEHS, cantisned and dri ed

over anhydrous magnesium sul fate. After filtering the

sol vent was concentrated at reduced pressure. This
Beaemul (59 iMHZ235@MPQIde W8St @ 6s dRCHCHBI ¢ h 8i3s 3gur(RCHOY Y /

r hy: 4 §H6h al AcCllcis)l) .69 S0 atddigc2ofoyy, 064.01

81'§Bm3??geggﬁ?ayboﬁrespoédiﬁg%to %he 2-thi%ﬁ§%§orbi e
(2C8Sppnonitrate disul fide product (2). Yield: 60%

EXAMPLE 3

Method to obtain 2-methylthioisosorbide 5-mononitrate (3).

I
\\‘\\m
n

o

1) KOH/MeOH

_—

2) Mel

H

O—no,

(3]

In a 50 mL flask, 1.00 g (4.02 mmol) of 2-
acetylthioisosorbide 5-mononitrate (12) obtained according to
WO 00/20420 were dissolved in 20.0 mL of methyl alcohol and
5.0 mL of a 10% methanol solution of potassium hydroxide was
added all at once. The reaction mixture was covered and
stirred for 5 minutes at room temperature. 2.0 mL of methyl
iodide (32.00 mmol) were added all at once, the mixture
covered and stirred for 2 hours at room temperature.It was

concentrated to dryness, eliminating the solvent at reduced



Procedure : In a 50 nL flask, 1.00 g (4.02 mmol) of 2-

acetyl thi oi sosorbide 5-nononitrate (12) obtained
waecwsogtismy t o WO 00/ 20420 was di ssol ved in 20 POT/8P2004/010882

met hyl al cohol and 10 nL of a 10% net hanol sol ution of

pot assi um hydr oxi de were added. The reaction m xture

was covered and stirred fory45 hours at room

tenperature. The precipitation of a white solid3 0

correspondlng t he dlsulflde 2% i; observed duri g
Pre$RBrf eattt ohe S THRS sBRP dIWaSOFV et Bd 0P f Manat wagﬂn@ao orm
andsessnad wivkRsS50ihh oetwhxteal cOhel orfeyi 60pREseeddsed

ressyre, ,yields.0.58 g,of it lid, correspondi ng
sepBESFRY Sl EraieovEinasst Rord bE BFCharEET | Fan
product of interest (2). Yield: 70% H NVR (200 MHz,
(2H
Aftg}/s%ggsl)lg oéer éﬁl‘agﬁ@%\%ﬂ ahleszml% ’):e, f’t wgs 3
flltﬁreécmilsyhe golveny elsmlnatsd(imfe u§ed Eeﬁﬁé:llmo
After28HyCHS, a2CHS)uced3 erlh/ﬁré50tM'.‘|§ r@é@@cg in: 088848 of a
£ Egi@ RN (20C00 ) 1324 .
whitg oTE4588 ASeR CRONEF) PSHUGY PBOHEFEEeERANBLE
7653 Method to obtain -nmethyl thioisosorbide -nononitrate
(3) - H1) KOH MeCH 2) Mel NO,
lH-NMR (200 MHz, CDCl1ls;): 5.34-5.26 (1H, m, CHONOz), 4.93 (1H,
t, J=5.2 Hz, CHCHONO,), 4.48 (1H, d, J=4.8Hz, CHCHS), 4.14
(14, dd, J=9.7 Hz, J=4.8 Hz, H-CHCHS), 4.01 (1H, dd, J=11.2
Hz, J=3.0 Hz, H-CHCHONO.), 4.01-3.81 (2H, cs, H-CHCHS, H-
CHCHONOj,), 3.30-3.24 (1H, m, CHS), 2.15 (3H, s, CHj).

13c-NMR (50 MHz, CDCls): 88.65 (CHCHS), 81.55 (CHCHONO;),
81.26 (CHONO,), 73.87 (CH,CHS), 69.10 (CH,CHONO,) 50.74 (CHS),
14.74 (CHa).

EXAMPLE 4
Method to obtain 2-[ (R)-methylsulfinyl]isosorbide 5-

mononitrate (4) and 2-[(S)-methylsulfinyl]isosorbide 5-

mononitrate (4bis)

CH3
~3 -0 E_0
—_— +
H  oNo, H  oNno, H . oNo,

(3) (4) (4bis)



NO 12 In a 50 L flask, 1.00 g (4.02 mol) of 2-

acetyl thi oi sosorbide 5-nononitrate (12) obtained
waewsogtismy t o WO 00/ 20420 were di ssol ved i n 20PO1/ER2004/010882

met hyl al cohol and 5.0 nL of a 10% net hanol sol ution

of potassi um hydroxi de was added all at once. The

reaction mxture was covered, and stirred for 5 mnutes

at roomtenperature. 2.0 niL of nmethyl iodide (32.00

wer e_added all at once, the n1xture covereg % 5

In §t59b eBlf §1asknotiEsWaf AosRPLERfer afuPe. (PR - dalmol)
metﬁ?ﬂ@ﬁﬂbiéb@drb@dérBHQSﬁothkﬁtﬁatBmgobhalﬁ@HVEﬁboadlng to

d3 Th d
ExaMRECof 2Rl dPobl HEa o HESRed WoP LRQoHL o0 Tadrel. (Re?
mmod} gafii §afibase id9 sépafawedeandawashdddwively3sios0yo drop
by HEPgétgﬁheEheéfEFEFgE&'gg geﬁoﬁthgrQB%m”%gﬁ %EH@hret The

tere he solvent eli nat ed
nixtegaceaspredsered Andeihgnyithg aforangce¥aspeedBapeted from

thel Ri$tra8UHl B¢ BJACEE ﬁr@Es@r@hlﬂ%OSﬁtlngQé&@§pQ@angdded
Thekﬁ&&gggg{%dgcg %ralgt %h glelg f) IR %2%%
7S, egtrag 2

chl18r3fbrhH, it wad=Gried HﬂerCHﬁH@N@oﬁs mégneélﬂm(suﬁfaﬁe,
fllyeﬁeé ﬁE%Hépéﬁgagsént ellHlT%FQFHatdgng%F% prézgﬁr? 3ThlS
resul@sHin H—@H@H@NOa)rea¢t10@1€3ude8cpn@gmnlggsa mixture of
dlagtgﬁggg H%ggHQHOa%ﬁroﬁortgog oF 658 $l MH andCH8k of

(4bis) . The resulting reactlon crude was recrystallized from
dioxane twice to obtain 2.9 g of the product of interest (4)
with a purity of 95% by HPLC. Using the mother liquors from
the first recrystallization, the solvent was eliminated at
reduced pressure and the resulting residue recrystallized
from dioxane to obtain 1 g of the product of interest (4bis)
with a purity of 95% by HPLC.

2-[(R) -methylsulfinyl]isosorbide 5-mononitrate (4):

'H-NMR (200 MHz, CDCls3): 5.39-5.28 (1H, m, CHONOz), 5.02 (1H,
dd, J=5.6 Hz, J=1.6 Hz, CHCHS), 4.89 (1H, t, J=5.5 Hz,
CHCHONO,), 4.29 (1H, dd, J=10.4 Hz, J=6.4 Hz, H-CHCHS), 4.20-
3.91 (3H, cs, H-CHCHS, CH,CHONO, ), 3.38-3.31 (1H, m, CHSO),
2.61 (3H, s, CHjz).

13c-NMR (50 MHz, CDCl;3): 82.11 (CHCHONO;), 81.51 (CHCHS),
80.55 (CHONO,), 69.65 (CH,CHS) 69.28 (CH,CHONO,), 66.24
(CHSO), 37.28 (CHs).

Microanalysis
calculated (%): 35.44 C; 4.67 H; 5.90 N; 13.51 S; 40.47 ©
experimental (%): 35,31 C; 4,67 H; 5,98 N; 13,5 S; 40,60 O



C-NWR (50 MHz, CDOl ) : 88 . 65 (CHCHS) , 81 . 55
(CHCHONO ) , 81 . 26 (CHONO) , 7 3. 8 7 (CH CHs)
W@2®5/037B4D (CH CHONO ) 50 . 7 4 (CHS) , 1 4 .PCr/BP{0CGH010882
) . EXAMPLE 4 Method to obtain 2 - [(R) -nethyl
sulfinyl] isosorbide 5- nmononitrate (4) and 2- [(9S)
-met hyl sul finyl] isosorbigg 5 nononitrate (4bis) H3C
H ONO ONO ONO, (3) (4) (4bis)32 In a 500 L flask, it
di,ssol ved 7 3 dmp] ) 2- +
Mas 5 SRR IR ok of fgg&géﬁgﬁonltfgﬁé'( 38 o5 Hed
according to Exanple 3 in 75 nlL of dioxane. A solution
Meltifng/ .Ebint { 35D tanddy RAC of water was added very
slowy, drop by drop, and then stirred for 1 hour at
roomtenperature. The mxture was filtered and %hen
Monadwey sk FreRam PfFracient T ¢IRIFIFIF RN T the

diadeOuGRd. Pr eSS 6 stB01 140 of s watey -gwer espaoed. (Fhec3, (S)-

m xture was extracted with 2 x 300 nL portions of
C4, cHlototorm it was dried over anhydrous magnesi um
sulfate, filtered and the solvent elimnated at
reduced pressure. This results in 6.6 g of a reaction
crude containing a mxture of diastereoisonmers in a
2-[ (8 pposthyhswlf 55892 b s¢ayride Bomenonibrate (4pis):
resulting reaction crude was recrystallized from
lH-NMR (200 MHz, CDCls): 5.39-5.28 (1H, m, CHONOz), 4.89 (1H,
t, J=5,6 Hz, CHCHONO;), 4.68 (1H, d, 5,4 Hz, CHCHS), 4.40-
3.88 (4H, cs, CH,CHS, CH,CHONOz), 3.48-3.40 (1H, m, CHSO),

2.58 (3H, s, CHs).

13c-NMR (50 MHz, CDCl;): 82.89 (CHCHS), 82.26 (CHCHONOz),
80.55 (CHONO,), 69.19 (CH,CHONO;), 67.88 (CH,CHS), 66.94
(CHSO), 36.64 (CHs).

Microanalysis

calculated (%): 35.44 C ; 4.67 H; 5.90 N; 13.51 S; 40.47 0O
experimental (%): 35.65 C; 4.66 H; 5.87 N; 13.56 S; 40.57 O
Mass Spectrometry (LC-(ApcI)MS to 20V): 238 (M+H) *

Melting Point: 115 °C by DSC

Monocrystal X-Ray Diffraction: The configuration of the
diasteromer (4bis) is establish as: (S)-S, (s)y-cz2, (S)-C3,
(s)-c4, (R)-C5

EXAMPLE 5

Method to obtain 2-methylsulfonylisosorbide 5-mononitrate (5)



di oxane twice to obtain 2.9 g of the product of

interest (4) with a purity of 95% by HPLC. Using the
woiokms7sh: quors fromthe first recrystalli zat i PCT/EP1ve4/010882

solvent was elimnated at reduced pressure and the

resulting residue recrystallized from di oxane to

obtain 1 g of the product of,interest (4bis) with a

purity of 95% by HPLC. 2-

[(R -nethylsulfinyl]isosorbide -nmononitrate (4): H NWR

(200 Mz, ¢ ) : 5. 39- 5. 28 ( IH , CHONO)

5 . o~23(1¢1 dd, J=5 . 6 Hz, \@7 . Hz, CHCHS) , 4 . 8
9 (IH, ,-J5§ . Hz, CHCHON®S, 4. 29 (IH dd,
J=10. I . 4 Hz, H =@ . 20- 3. 91 (
3H, c CH 38-3.31(

| H, cn%qz .61 ( 3H s, @t~ CNWR (50 M,
cod ) - g2 O-Lyb (CHCHONO ) , 8H M5 1 (CHCHS) , 8

0. 55 (CHONO ) 269.65(CHCl—|SST"!=3|‘l©2.28(CH
CH(]\IO),66.24(CHSO),37. 8 (CH) .

M croanal ysigs cal cul ated (%: 35.445C; 4.67 H 5.90 N
; 13.51 S; 40.47 0 experinmental (%: 35,31 C; 4,67 H
5,98 N; 13,5 S; 40,60 033 Mass Spectronetry (LC

In SAQQEENslkowggvhis%%gvéwhh)O | tiang RBeiony: o¥53-C by

C Monocrystal X-Ray Diffrac |on The conflguratlon

metbvltthéoaﬁa§9éioéﬁ1§r 5('Z£‘PHP§1€§F§SI (S gbtagrpd  gccegping to
exaﬁ@le(§)1§320(ﬁl o4 aceRbn€r2iel(8) solution of 4.11 g

18,TE XE§U|fIn%ELB%g%o%%£ge HWR?'M&géuadéég”Se once, and
then stirred during 48h at room temperature. 50 mL of a
saturated solution of Na,SO3; are added. It is extracted with
2 x 30 mL of methylene chloride. The organic phases are
united and they are washed with 2 x 30 mL of a saturated
solution of Na,S0O;. It was dried over anhydrous magnesium
sulphate, filtered and the solvent eliminated at reduced
pressure. 662 mg are obtained of the product of interest (5).
640 mg of the crude are suspended in 25 mL of hexane,
filtered, and washed with 7.5 mL of chloroform, obtaining 450
mg of the product (5) with a purity of 99.7% by HPLC.

'H-NMR (200 MHz, DMSO-dg): 5.53-5.47 (1lH, m, CHONOz), 5.00-
4.88 (2H, cs, CHCHONO,, CHCHS), 4.38 (1H, dd, JU=9.8 Hz, J=1.8
Hz, H-CHCHS), 4.12-3.86 (4H, cs, H-CHCHS, CHCHONO;, CHSOz),
3.07 (3H, s, CHs).

13¢_NMR (50 MHz, DMSO-d¢): 82.77 (CHCHS), 82.36 (CHCHONO3),
81.81 (CHONO,), 68.95 (CH,CHONO,), 68.46 (CH,CHS), 67.48
(CHSO,), 39.31 (CHjs).

Microanalysis
calculated (%): 33.20 C; 4.38 H; 5.53 N; 12.66 S; 44.23 O
experimental (%): 33.45 C; 4.34 H; 5.52 N; 12.69 S; 44.43 O



H NVR (200 MHz, CDO ) : 5.39 -5.28 (IH , CHONO),

4.89 (IH t, J=5,6 Hz, CHCHONO ), 4.68 (IH d , 5,4
WO20050398HS) , 4. 40- 3.88 (4H, cs, CH CHS, CH CHZIMNOEP2004/010882

3.48-3.40 (IH, , CHSO, 2.58 (3H, s, CH). CNWR (50

MHz, CDO ) : 82.89 (CHCHS), 82.26 (CHCHONO ), 80.55

(CHONO ), 69.19 (CH CHONO g5 67.88 (CH CHS), 66.94

(CHSO) 36. 64 (CH). Mcroanal ysis calculated (%:

Mass S o1 |tfr';ce?1 eifrif /c;_)l" 3 %%I %g,t%&ws g@?%HQ) +13. 56 S

40 57 0 Mass Spectronetry (LC— (Apcl)Ms to 20V): 238
MeléM‘#")Pé\ﬂE] n@ﬁm@tb 13&- C by DSC Monocrystal X-Ray
raction con iguration of the diasteroner
(4bis) is establish as: (S)- S, (S5)-C2, (5)-C3,
(S)-A4, (R-C5 EXAMPLE 5 Method to obtain
E ;gt yl sul fonyl i sosorbi de 5-nmononitrate (5)3 4 \ NO
= naflask it was dissolved 1.0 g (4.5 mmol) of
2- et hyl t hi oi sosor bi de 5- rmnoni trate (3) obtained
o di € [ idr
vetifd S et fy FHPfqdo 1 Al 1 oo 20R A0 Shitdontizate ()
added at once, and then sti rred during 48h at room
ten‘peﬁgture. 50 nL of a N—g

H

o)

O0—no, O—-no,

[ -
-]

In an amber vial, 0.5 g (2.41 mmol) of 2-thioisosorbide 5-
mononitrate (1) obtained according to Example 1 were
dissolved in 4.0 mL of MeOH, covered and stirred in an ice
bath. 320 pL (0.249 g, 2.41 mmol) of tert-butoxynitrite were
added and stirred while covered and under cold conditions for
7 hours. The white solid was filtered off and the filtrate
was concentrated to dryness at reduced pressure protected
from exposure to light and at room temperature. This results
in 0.48 g (yield: 84%) of a deep red solid identified as S-

nitroso-2-thioisosorbide 5-mononitrate (6).

'H-NMR (CDCls, 200 MHz): 5.40-5.25 (sc, 1H, CHONO.), 4.84-4.64
(sc, 2H, CHSNO, CHCHONO;), 4.40-4.30 (m, 2H, H-CHCHSNO,
CHCHSNO), 4.12 (dd, 1H, J=11.4 Hz, J=2.6 Hz, H-CHCHONO:) ,
4.00-3.80 (sc, 2H, H-CHCHSNO, H-CHCHONO;) .

13c-NMR (CDCl;, 50 MHz): 88.2 (CHCHSNO) , 81.9+81.1 (CHCHONO3,
CHONO,), 73.4 (CH,CHSNO), 69.5 (CH,CHONO;), 51.6 (CHSNO).



saturated solution of are added. It is extracted wth
2 x 30 nL of nethylene chloride. The organi c phases
wae@susissed and they are washed with 2 x 30 nmlPOI/ER2004/010882

saturated solution of was dried over anhydrous

magnesi um sul phate, filtered and the sol vent

elimnated at reduced pressige. 662 g are obtai ned of

the product of interest (5). 640 ng of the crude are
EXA&#iﬁe ded in 25 nL of hexane, filtered, and washed

.5 nmL of chloroform obtaining 450 ng of the
product (5) with a purity of 99.7% by HPLC. H NWVR (200

sl 0 2 VO S0 3 ol o-
mononirraleC®MS), 4.12 -3.86 (4H, cs, H CHCHS, CH CHONO
, CHSO), 3.07 (3H s, CH). C-NWR (50 Mz, DVBSO -d ):

82.77 (CHCHS), 82.36 (CHCHONO ), 81.81 (CHONO ), 68.095

(CH CHONO ), 68.46 (CH C}ED[;Bj;48 (CHSO ), 39.31 (CH
). Mcroanalysis calculated|((%: 33.20 C; 4.38 H
5.38N,; 12.66 S; 44.23 0 expg tgl (%: 33.45 C
4.34%H 3 5 52 N; 12.69 S; 44.43 03 5 Mgss

Spe y(LC— (-Apct=M5 to 20 4 \MtH) Mel ting

Poi nY C by DSC EXAMPLE 6 Meth bt ai n

S—nltrQ§o 2 -thioisosorbide -nonon|tﬁpt (6) -NO NO
O—nNo, O—No

1 7

0.5 g (2.41 mmol) of 2-thioisosorbide 5-mononitrate (1)
obtained according to Example 1 were suspended in 6 mL of
3,4-dihydro-2H-pyran and the mixture cooled in an ice bath.
0.10 g (0.40 mmol) of pyridinium p-toluenesulfonate were
added and stirred overnight under an nitrogen atmosphere at
room temperature.. 50 mL of EtOEt were added and the mixture
washed with 2 x 40 mL of a saturated NaCl solution. This
results in 1.15 g of a reaction crude that is purified by
chromatography (Hx:AcOEt = 3:2), which yields 0.65 g of the
product of interest with a purity of 83%. Recrystallization
from hexane gave 0.45 g of the product with a purity of 95%,
identified by its spectroscopy data as 2-(tetrahydropyran-2-

yl)-2-thioisosorbide 5-mononitrate (7)

'H-NMR (CDCls;, 200 MHz): 5.28 (ddd, 1H, J=11.0HZ, 5.4Hz,
2.8Hz, CHONO;), 5.0-4.85 (sc, 2H, CHSTHP, CHCHONO,), 4.59
(dd, 1H, J=11.2Hz, 4.6Hz, CHCHSTHP), 4.20-3.80 (sc, b5H,
CH;CHSTHP, H-CHCHONO,, CHj gup), 3.60-3.40 (sc, 2H, H-CHCHONO,,
CHrpp), 2.00-1.45 (sc, 6H, 3CHz mup) -

13c-NMR (CDCl;, 50 MHz): 89.5 and 89.1 (CHCHS), 83.0 and 81.6
(CHCHONO,), 81.4 and 81.3 (CHSTHP, CHONO;), 74.9 and 74.1 (CH
eap), 69.0 and 68.9 (CH,CHSTHP), 64.8 and 64.7 (CH,CHONO,),



In an anber vial, 0.5 g (2.41 nmol) of
2-thi oi sosorbide 5- nononitrate (1) obtai ned according
wo o00Ex3Tspt e 1 were dissolved in 4.0 L of MeOH, PCDER20641010882
and stirred in an ice bath. 320 nL (0.249 g, 2.41
mol ) of tert -butoxynitrite were added and stirred
whi e covered and under colyé conditions for 7 hours.
The white solid was filtered off and the filtrate was

concentrated to dryness at reduced pressure ot e d
49.% rWeiEoéu?@H% gup)i gL 'fﬁﬂf%fdar]o'o%n E%f?p@?gt u?é.‘ ETE{;QZ me) /
21.7esnlitg1ie QCH8.@)(yield: 84% of a deep red solid

identified as S- nitroso - 2-thioi sosorbide

5-nmononitrate (6). HNWR (CDCl , 200 MHz) : 5. 4 0- 5

. 25 (sc, IH CHONO) , 4. 8 4- 4. 6 4 ( sc, 2H
E CHCHONO ) , 4 . 40-4 . 3 0 (m 2H H CHCHSNQ,

) , 4 . 12 (dd, IH, J=Il . Hz , J=2 . Hz,

HCHCHONO ) , 4 . 00 - 3...8.0 (sc, . 2H, H NO,
Methp@HERCRPERLD %rmvﬁofmdglﬁﬁ&yéitblsr“?%%%@ ,
mon&nitrafa8lg) 1 (CHCHONO , CHONO ) , 7 3 . 4 (CH CHSNO

, 9. 5 (CHCHONO) 51 . 6 (CHSNO .3 6 EXAMPLEY

Method t o obtain 2- (tetrahydrow an 2--yl-thio)

i sosorbide 5- nononitrate (7) ) 0.5 g (2.41

mmol ) of 2-thioi sosorbi de 5-nononi te@l) obtained

according to Exanple 1 were suspegded]|in L of 3,

HS - di hydro-2H p-yrfh and the m xtures g in an ice
-bath 0. 10 g (040 mmol) of pyridi @ um

ol benesul f pna rs"_lvvere %\S
~_-0
ONO, o)
1 g8 O
ONO,

A solution of 0.170 g (1.72 mmol) of succinimide in EtOH was
added to 0.323 g (1.56 mmol) of 2-thioisosorbide
5-mononitrate (1). After a white precipitate appears, 0.168
mg (2 mmol) of NaHCO; were added. After stirring at room
temperature for 3 hours and 45 minutes an additional 100 mg
(1.19 mmol) of NaHCOs; and 10 drops of water were added. After
an additional 1 hour and 30 minutes of stirring, the mixture
was brought to reflux. After two hours at reflux, the EtOH
was eliminated at reduced pressure; 150 mL of water and 150
mlL of AcOEt were added. An emulsion is formed and NaCls is
added until the two phases are separated. The organic phase
is separated and the aqueous phase washed with 2 x 150 mL
portions of AcOEt. Each of the three organic phases is washed
separately with 100 mL of water and the organic phases are
combined and dried over anhydrous Na,SOs;. This is filtered,
washed with AcOEt and the solvent eliminated from the
filtrate at reduced pressure, obtaining 336 mg of a reaction

crude on which flash chromatography is performed. Use of a



added and stirred overnight under an nitrogen

at nosphere at roomtenperature. 50 nL of EtOEt were
w@odasa3mmzl t he m xture washed with 2 x 40 nlL OPCHEP2004/010882

saturated NaCl solution. This results in 1.15 g of a

reaction crude that is purified by chromatography

(Hxr AcOEt = 3:2), which yielgls 0.65 g of the product

of interest with a purity of 83% Recrystallization

ron1h X of the product with a purit
le%Fr§596 ?dg gg#iégAﬁéEgt%ss%%c?f%%%%p%oﬁa%%easpZ- d
chrometpghpdhdpysepazatybp re2ulhsoisosorfadsion of 98 mg of
5 Lt pat N , 200 VHz 5.28 (ddd,
the EngHB oo g§€§ﬁz§t Wgﬁé Ee) o (sg, 2H,
CHSTHP CHCHONO ), 4.59 (dd IH J Il.2Hz, 4.6Hz,
‘g~ ﬁlﬂﬂﬂﬁé’dﬂﬁ’)m{é 2@Dc§3)805(&m »H2 Q“.H-QH%B‘JP CHCbI\@jQ‘QiOOA 4.98

60 . 340
1H2 Géxlcﬂgﬂ@& 6#(2@#) c@% ¢opcC) 505)|v?—|§y4 36 &1H,
cs,agdo89,14(CBCHSL2 §3H) aed - SHOQ'@'ml NO4). | 008](3gi ,aike, 3H-
48153
) 6g% %E’ﬂﬁsﬁg L Y 8&8@& 53,0758, 1
H- camd 2.5, (BH(CH,THPS.9 521 OH3.and 3 1 . 2 (CH THP) 2
5. 4(CH), 21 . 7and 2 1. (CHTHP) . EXAMPLES

Method t o obtain 2- (isosorbidyl - 2 -dit |p) -1
Infrasesr spe@tsqmartﬁat EBrgpefidedie 3461 cm 2987 cm*®

1642 cm™t , 1465 cm™, 1279 cmd, 1077 cm™t, 846 cm™

Microanalysis:
experimental (%):39.53 C, 34.70 H, 4.77 O, 3.96 N, 17.04 S.
calculated(%):39.23 C, 34.84 H, 4.66 O, 3.81 N, 17.45 S.

Mass spectrometry:

Electrospray: 368 (M+1l).

Electron impact (m/z, (% relative abundance)): 367 (7.4) (M+),
261 (3.8), 160 (8.6), 129 (15.5), 127(14.2), 85 (35.7), 69
(100) .

EXAMPLE 9

Step 1

Method to obtain 2-~thioisosorbide (9) and 2,2’ -
dithiodiisosorbide (10)



8 ONO, A solution of 0.170 g (1.72 mmol ) of
succinimde in EtOH was added to 0.323 g (1.56 mmmol)
W@2003/08184Di sosor bi de 5-nononitrate (1). After BCWRP10684/010882
precipitate appears, 0.168 g (2 mml) of NaHCC>3 were
added. After stirring at roomtenperature for 3 hours
and 45 m nutes an additionalg 100 ng (1.19 nmmol ) of and
10 drops of water were added. After an additional 1
hour and 30 minutes of stirring, the gpxture was
brought to reflux. After two hours at reflux, the EtCH
o was elimnated at reduced pressure; 15

>>150 L of AcOEt were a¢ydd. An enul sio

ni c phases is
and the organi c phas
over anh ous Na SO . This filtered, washe
AcCEt an he solvent eliminated fromthe filtrde a

redaifd pressure, obtaining, 336 ng of a reag ion crud H
on ch flash chronatograg%y i s perforned. e of a3
8 mxture of 1:1 CHO /AcOEt as an eluent for the

tn STUGUTHESEPRILC, PE0S! PSPPIy KR SELL D 8Le BB
(13) obtaililed5aBofdihgcke WWHAND' 30450 0d4redd98solved in 225
ml, of EtOH. A 85% solution of 11.3 g of KOH in 150 mL of
water is added. The resulting mixture is stirred at room
temperature for 2 hours, neutralized with AcOH() and the EtOH
eliminated at reduced pressure. The resulting solution is
brought to basic pH by adding NaOH(), and stirred at room
temperature while bubbling an air stream through the solution
for 10 hours. The solution is acidified with HCl(, and
brought to pH=4. The water is eliminated at reduced pressure
and the resulting residue redissolved in CHCl;, filtered and
dried over anhydrous Na;SOs. The solution is filtered, washed
and the solvent eliminated from the filtrate at reduced
pressure, obtaining 9.22 g of a reaction crude which is
purified by flash chromatography using different mixtures of
cyclohexane/ethyl acetate as eluent. The elution is started
with 3 L of a 1:1 mixture, and after that, the percentage of
the polar solvent increased, first with 2 L of a 3:5 mixture,
later with 2 L of a 1:2 mixture and finally eluted only with
AcOEt. A 2.64 g fraction of the thiol (9) and another 3.06 g
of the disulfide (10) are isolated from the eluate.

2-Thioisosorbide (9)

H-NMR (200 MHz, CDCls): 4.68-4.58 (1H, cs, CHCHOH), 4.48-
4.40 (1H, cs, CHCHSH), 4.34-4.18 (1H, bs, s.a. D0, CHOH),



(IH, cs, CHCHONO ), 4.70 -4.60 (3H, cs, 3CH), 4.36
-4.26 (IH, cs, CHOH), 4.22 -4.12 (2H, cs, 2HCH

W@ 2068/03%4D0 (3H, cs, 3HCH), 3.94 -3.86 (2H, CcSPCREPIOB)/010882
, 3.68 -3.56 (3H, ¢cs, 2CH- S, 1 HCH, 2.55 (IH d,
J=6.9 Hz, OH). Infrared spectroscopy (in KBr pellet) :
3461 cm 1, 2987 cm1l , 164%&m 1 , 1465 cnf'l, 1279 cm
1, 1077 cnfl, 846 cm- 1 Mcroanalysis : experinental

1153 Bt bodr JacB8mEm /3385 79, 185 oes s Hgtron, B-
CHCHBH45 S. 62NBS§OsmédchBetﬂyH EH@HDHdspﬂaﬁ8—3686(MmH) cs,

aE %Cdr%éﬁpagt%@%)zeo(g%ﬁ 'V§ gux?z‘lig_”%ﬂ’))f B85 (1H,

d, ﬂzﬁ(ﬁz,z*,d ag5D¢@6. 9) - 69 (100) : EXAI\/PLE 9 Step 1
Met hod to obtain 2-thioisosorbide (9) and 2 2

13, dithiodiisosorbide (10)13 1n a 500 L f 15 % %74
CTRGT ) (R} Mz GBAIGAF 0P80 48r BEAERERS) e dindgtcho]; 76.27

(CHaCE®H fj npd t @0 W RAHNN20 7. di €HoHed 43 225(CHSHf .
EtOH A 85% solution of 11.3 g of KOH in 150 niL of
water is added. The resulting mxture is stirred at
roomtenperature for 2 hours, neutralized with AcOH

2aﬂ51Eﬁ§o§E§§o§BEE&HétQQO§t reduced pressure. The
resulting solution s
'H-NMR (200 MHz, CDCls): 4.68-4.56 (4H, cs, 2CHCHS, 2CHCHOH),
4.34-4.19 (2H, cs, s.a. DO, 2 CHOH), 4.19-~3.97 (4H, cs,
2CH,CHS), 3.92-3.80 (2H, cs, 2H- CHCHCH), 3.66-3.52 (4H, cs,
2H-CHCHOH, 2CHS), 2.63 (2H, d, J=6.6 Hz, d.a. D,O, 20H).

13c-NMR (50 MHz, CDCls): 87.42 (2CHCHS), 81.98 (2CHCHOH),
73.93 (2CH,CHOH) 72.89 (2CH,CHS), 72.07 (2CHOH), 54.74
(2CHS) .

Step 2
Method to obtain 5,5’-diacetyloxy-2,2’-dithiodiisosorbide

(14) and 2- (5’ —acetyloxyisosorbidyl-2’'-dithio) isosorbide 5-

mononitrate (11)



brought to basic pH by adding NaCH ), and stirred at
roomtenperature while bubbling an air streamthrough
wo b@sswisut i on for 10 hours. The solution i s acPdi/EPmd4/010882
with HO and brought to pH=4 . The water is elimnated
at reduced pressure and the resulting residue
redi ssolved in filtered and,dried over anhydrous -Na SO
The solution is filtered, washed and the sol vent
elimnated fromthe filtrate afpreduced pressure,
obtaining 9.22 g of a reactionlcrude which is purified
by flash chromat ography usi ng/éli\t erent m xtures of
HO cyHI ohexane/ et hyl acetate as el uelj.
start dwith 3 L of a: mxture, Affer that, the
age of the polar solvent i first with
of Ja 3:5 m xture, later wth L_Lf 1:2 m xture
/nal ly eluted only with AcOEtO /%2.64 fraction
of the%thl ol (9) and another 3.06 g df tﬁ’g_dssulflde
H Ssoljgt ed fromthe elsate. 2-Thi ol so§orlﬂ de
(9) I—LNI\/R-ZO@%—IZ, CDCl ) : 4.68-4.58 (IH o¢s3i-0
CHCHOH) , 4. 487 4. O(IH cs, CHCHSH), 4.34-4.
bs, s.a. 404 . 16-4. 06 ( IH,

Hhe elution is

CHCHSH) 3 O79% . 78 (2H c s, H CHOHOH, H)
, 3. 62-3H5% IH cs, 1 HCHCHOH) , 3 . 48 -OR
.36 (IH CS,s. .DO CHS) , 2. 80- 2. 60 (
|H,1_%s,d.a.Do,0H),1.75(|RglCO Hq,d
9 —
"Bl

. a. DO SH . CGNWR (50 Mz, cDd )
(CHOHSH) . 8 1 . 4 7 (CHOHOH) . 7 6 . 2%
74.00(CHCHO—|),72.04(CHO—|),43.81

A nggﬂgghng mixture is prepared by adding, slowly and with
caution at 0 °C, 1.8 mL of 60% HNOs; to a mixture of 7.5 mL of
acetic anhydride and 12.5 mL of acetic acid. In a 100 mL
flask fitted with reflux cooler, thermometer and magnetic
stirrer, 2.77 g (8.6 mmol) of 2,2’-dithio-diisosorbide (10)
obtained according to Example 8 are dissolved in 17 mL of
acetic acid and 3.5 mL of acetic anhydride are added. The
mixture is cooled at 0 °C in an ice/salt bath. 4 mL of the
previously prepared nitrating mixture is added dropwise over
15 minutes. It is stirred at 0 °C for 2 hours, observing the
solidification of the reaction crude. Then it is stirred for
2 hours and 30 minutes at room temperature. The reaction
crude is poured over 100 mL of water, filtered and washed
with plenty of water. The resulting solid is dried at reduced
pressure in the presence of P,0s. This results in 2.69 g of a
reaction crude which is purified by preparative reversed
phase chromatography. A 1:1- mixture of acetonitrile:water is
used as an eluent for the chromatography. A 1.01 g fraction
of the diacetate (14) (R=COCHj3) and another 0.5 g fraction of
acetate-nitrate (11) (R=NO;) is isolated.



2, 2 -Dithiodiisosorbide (10) H NVR (200 MHz, CDC )
4. 68 4. 56 (4H c s, 2CHCHS, 2CHG*}ﬂ , 4 . 3
W@ 2005437841 9 (2H, ¢cs, s . a. DO 2 CHOH) , APCT/EPD04/810882

. 97 ( 4H, cs, 2CHCHS) , 3. 92 - 3. 8 0 ( 2H, cs,

2H CHCHOH) , 3. 6 6- 3. 52 ( 4H ¢ s, 2H CHCHOH,

2CHS ) , 2. 6 3 (2H, d , Jip .- 6H, d. a. DO

20H) . G- NWR (50 MHz, CDC % 87 . 42 (ZC}K}ED , 81

.98 ( 2CHCHOH) , 7 3 . 9 3 (2CH CHOH) 7 2 . CH
5,50H8incetyloxy-8, 2’ (diEhifpdiigogorbide (ReFOCHs) S%éb

Met hod to obtain 5,5 - dlacetyloxy -,2

d- it hi odii sosorbi de (14)

"H-NMR ¢ (2 0% WESs TR )1 - 16d'5t I%%o)(l(%bsd’rsm FEHPCO) , 4.85-

4. 7HDmQHItbéLeZCElb4¢ S §.6310.R6=(CACHc34 RCHOM)A 4.17-4.05

(231g; BF: cBBEPBA af -B0C: TH REE of Shols PR 6 - %6%33?% §pi

cs, 726HB) of2a69tK6Hanhyd€Hdb and 12.5 nL of acetic acid.
In a 100 nL flask fitted with reflux cool er,
t hermometer and magnetic stirrer, 2.77

13 % (8.6 mmol ) of
C-NMR _(HQ Rz - EDEo3or B78e2(167COBY aPred 3ad26HEHSY t §0-76

<2cﬁéﬁdple7§ ane dc&&olved 68 12cALciof) ACRO | L6 achduamd) ,
dride are added The m xture is

54. égoI@8H§t'a%%t%gnaggéﬁéalt bath. 4 m_ of the

2- (5’ ~Acetyloxyisosorbidyl-2'~-dithio)-isosorbide 5-
mononitrate (R=NO;) (11) .

lH-NMR (200 MHz, CDClz): 5.37-5.28 (1H, cs, CHONOz), 5.18-5.06
(1H, cs, CHOCO), 5.02-4.94 (1H, cs, CHOC), 4.87-4.78 (1H, cs;
CHOC), 4.64-4.56 (2H, cs, 2 CHOC), 4.18-3.75 (8H, cs, 4CHz),
3.59-3.50 (2H, cs, 2 CHS), 2.10 (3H, s, CHs).

13c_NMR (50 MHz, CDCls): 170.29 (CO), 88.25 (CH), 87.43 (CH),
81.58 (CH), 81.16 (CH), 80.79 (CH), 73.80 (CH), 72.78 (CHp),
72.66 (CH,), 70.51 (CHp), 69.32 (CHp), 54.42 (CHS), 53.72
(CHS), 20.65 (CHs).

Mass spectrometry:
Chemical ionization (NHs): 410 (M+1)*, 427 (M+18)™.
Tests for vasorelaxation

The method used in the assays is substantially the same as

described in following references:

* Furchgot, R.F., "Methods in nitric oxide research";
Feelisch & Stamler, eds., John Wiley & Sons, Chichester,
England, pp 567-581.



previously prepared nitrating m xture is added
dropwi se over 15 mnutes. It is stirred at 0 C for 2
whows®37sabser ving the solidification of the reBCI/EPI004/010882
crude. Then it is stirred for 2 hours and 30 m nutes
at room tenperature. The reaction crude is poured over
100 nL of water, filtered ag@ washed with plenty of
wat er. The resulting solid is dried at reduced
* T%Sg?f%{hﬁlcﬂ BRerreg%”% JE% Sy ? %%%'1“71” (2999 ;
reaction ¢ru i"¢h puri y prepar at ive
167ré\7§rsed phase chromat ogr aphy. A 1:1- mxture of
+ saggkonitri ke: wat er phys  Uged pas ral cehuents sf 3&9@4@ 47-55.
chronat ography. ‘A 1.01 g fraction of the diacetate
(14) (R=COCH ) and anot her 0.5 g fraction of acetate
The- Al ffatrentltbrippunsiel atredt42tkd, a% 'S5 ddiffeetyltoxy-2

cone@aFf%%&%é%qll OSO%%h%%E@Efgogﬁ:Aﬂﬁ%tﬁ%%%ﬁo(%%%lwgé51o
mM, - u4ing7 £2H, 6c to O 2@Herial) rings, fe3- £achs cemppiEnds Fhe
obt81%€§O§L§u&%5 g%e7com%ar§g %o(%Hos%sff@ﬁ'ﬂgQ 1sd%orﬂgde 5=

monpgytr@tg, w@gqg is gsedoag ce ﬁre§ce @quuctc NNR (50
170 . 2 7 (2CO , 8 7 . 3 (2CHCHS) , 8

Thecﬁgful%§ @%gcgggwpzéﬁ éﬁéﬁ g%$16%4 Z%féﬁgfgpgéagq as

ECs63( Xt ive of&ent Acetan IEdX)y,I sasioeibi Os gthe dcenddntation

ot (BT R2ep TasTIPUGB AR bl oA G e
equ(allHtoc§0 CledCOhe Fagd muh gHnE| Ht @énoQH@@)e 4 t@TY- £ipg has
bee@lﬁon%§acted with 1 pM of Phenylephrine.

Table 1.- Test of vasorelaxation

Compound ECs0 mM (mean * s.d.)
Isosorbide 5-mononitrate 0.92 £ 0.2

(1) 0.041 £ 0.006

(2) 0.0053 &+ 0.001

(3) 0.043 = 0.006

(4) 0.338 = 0.01

(6) 0.0012 = 0.0001

(7) 0.05 = 0.009

(9) 0.024 + 0.005

(12) 0.023 £ 0.010

As it can be seen from the table, all the compounds tested

are more potent as vasorelaxants than the reference product.




CHOC), 4.64 -4.56 (2H, cs, 2 CHOC), 4.18-3.75 (8H, cs,
4CH ), 3.59 -3.50 (2H, cs, 2 CHS), 2.10 (3H, s, CH).
W@200M37850 Mz, CDCOl ) : 170.29 (CO), 88.25 (CRT/EBRNABL0SS?

(CH, 81.58 (CH), 81.16 (CH), 80.79 (CH), 73.80 (CH
72.78 (CH), 72.66 (CH), 70.51 (CH), 69.32 (CH),
54.42 (CHS), 53.72 (CHS) , 29.65 (CH ). Mass
spectronmetry: Chem cal ionization (NH): 410 (M) ,

In 44ErbMedBl ofT&HeS i AT Unelodx alleOp 1 He 1! hfhsption

in the assays is substantially the sane as descri bed
in follow ng references: * Furchgot, R .F., "Methods

Thel fefthbdl Gsed de resealsehys Eeelsiusaeha&tsmmyerthee@,me as
ester Engl and, pp 567 -581.43

John W l.ey ons, Chi
des?F&ﬁ&QaﬁBié%&iﬁ%%ng(ﬁ? TenCgin 3 . Pharmacol . 71
(1996); 167-173. * Salas, E., et al., Eur. J .

x gBharmagol . e?c5%51( %?t)e AT 55 Ihe 1di fifer e(ﬂ99¢49“p0wﬂ3-1076.

Sre f estéd at rent ‘concentrations,
concentration range fromO0. 0001 to 10 u3|ng fron16 to

Thed Rhc@findls Hr0: ddeLagh %@@i&‘ier@?ﬁ: Q@rﬂié’i‘ﬁﬂ:atlons,

resu caonpar d to ose fro the |soso d
05 LG BPEEICE, FTelh % i O 5 o of{ufi Frgent
heanesyl hsmaameoszlmma J rrkteabﬂeesu]lﬂselomitzaamréoaraecqor@m;tmoas:o
tho%eLf r?}:%nlr atellcs%nsce t:L et Im(%ar%w.oncptr’at\@1 %llcsh tll'ge used as

reference product.

The results are shown in table 2 and are expressed as ICgg
(inhibitory concentration 50), which is the concentration of
each of the tested compounds yielding an inhibition equal to
50% of the aggregation obtained with a submaximal '
concentration (1-4 pM) of ADP (a submaximal concentration of
ADP is the minimal amount of ADP which produces the maximal

aggregation).

Table 2.- Test of inhibition of the aggregation of the
platelets (Human Platelet Rich Plasma)

Compound ICsp mM (mean * s.d.)
Isosorbide 5-mononitrate 2.68 = 0.33

(1) 0.11 + 0.01

(2) 0.01 = 0.007

(3) 0.41 £ 0.09

(4) 1.00 £ 0.01

(4bis) 0.85 + 0.15

(6) 0.0019 £ 0.0005

(7) 0.58 + 0.021

(12) 0.089 + 0.01




of each of the tested conpounds yielding a
vasodi |l atati on equal to 50% of the nmaxi num tone at
wokiosi3 e artery ring has been contracted w t PCT/EP2004/010882

Phenyl ephrine. Table 1 .- Test of vasorel axation
Compound EC50 (nmean s.d.) Isosorbide 5-nononitrate
0.92 0.2 (D 0.041 0.006 @& 0.0053 0.001 (3) 0.043
0.006 (4) 0.338 0.01 (6) 0.0012 0.0001 (7) 0.05

As &a08 (fed. @J_Zélm ’Qakgpé élzalp 43 cOnPdOndStbstaMBee a

seen, fron]t e table, all the conpoupds tested are nore

POt eRt efft H%l%%r%¢%%%h?¥ PRaRITHE ng"f“a%‘? eftethe oltiete4ts .

that Niyidupetbst ©b thetiohi bhéioarefetide pbapehed.
aggregation The nethod used in the assays is
substantially the sane as described in follow ng

reference: Salas, E., et al. . Pharmacol . 112
Inh%ﬂ$€4an J@ZﬂuﬂQZngbgc QgpQH& §lé€S£§ﬁe ﬁoﬁoﬁé human
er ent concentratlo usi p atelet rich plasm

endothpd it fekhssthan 6 dlfferent healthy human donors .
The results obtained are conpared to those from

5-i s0s
The metho ébﬁggdn?gogﬂergggaygh{ghdeteggfgeathe effect of the

compounds on platelet and monocyte adhesion to human
endothelial cells are substantially the same as described in

the following references:

Del Maschio A. et al., J Cell Biol 1996 ; 135 : 497-510
Bombeli T. et al., Blood 1999; 93 : 3831-3838

Colomé C. et al; Atherosclerosis 2000; 149: 295-302; and
Martin-Satue M. et al; British Journal of Cancer 1999; 80;
1169-1174

The adhesion of the U937-monocyte cells to confluent human
microvasculature endothelial cells (HMEC-1) activated by
means of TNF-o (50 ng/ml) and the platelets to human
umbilical endothelial cells (HUVEC) were the methods used to
determine the inhibitory effect of compounds on cellular
adhesion. The adhesion of monocytes previously labeled with
calcein-AM (Molecular Probes) to HMEC-1 activated by TNF-q,
was assessed by determination of the associated-cell
fluorescence. The adhesion of washed human platelets
previously labeled with MoAb against CD36-FITC to activated-
HUVEC (50 pg/ml of LDL minimally modified, LDLmm) was
determined by Laser Scanning Cytometry (LSC, Olympus)
determining the associated-cell fluorescence. Results are
expressed as the percentage of inhibition respect to control
(adhesion of the cells in the absence of compounds). Table 3
shows the effect of compounds on U937 adhesion to activated-
HMEC-1. Table 4 shows the effect of compounds on platelet
adhesion to activated HUVEC.



reference product. The results are shown in table 2
and are expressed as 1 C50 (inhibitory concentration
w®G)05/03%Mmt ch is the concentration of each of tPET/ERBD€010882

conmpounds yi el ding an inhibition equal to 50% of the
aggregation obtained with a submaxi mal concentration
(1- 4 mv) of ADP (a submexdamal concentration of ADP
is the m ninmal anount of ADP which produces the

maxi mal aggregation) . Table 2 .- Test of inhibition
of the aggregation of the platelets (Human Pl atel et

Ri ch Pl asma) Conpound 1C50 M (nean s.d.) I|sosorbide

TabPeM@nonitrate 2.68 0.33 (D 0.11 0.01 (2) 0.01 O0.007

(3) 0.41 0.09 (4) 1.00 0.01 (4bis) 0.85 0.15 (6)
0.0019 0.0005 (7) 0.58 0 021 (12) 0. 089 0. 0145 A-s

Inh€BhtbenseenudBONMmbAbLtet2, adhksibe tonpouhdatest EMERave

hum%ngéggig%E?%giEgixsactivity on aggrigation of the
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Componpdund. | nhibition of hupnofiohvbybétand pbacehgtol

adhesi on to human (mean * s.e.m.)

(1) 30 + 8
(12) 15 £ 2
Table 4

Inhibition of platelet adhesion to HUVEC activated by LDLmm
(50 ng/ml)

Compound % of inhibition to control
(mean * s.e.m.)
(12) 87.5% £ 5.1%

Inhibition of LDL transcytosis in human microvascular
endothelial cells

The method used in the assays to determine the effect of the
compounds on LDL transcytosis in human microvascular
endothelial cells is substantially the same as described in
Colomé C. et al; Atherosclerosis 2000; 149: 295-302. This
test allows a prediction on the anti-atherosclerotic
potential of the compounds, since the accumulation of LDL in
the vascular wall as a consequence of a vascular endothelial
cell active transport is one of the first steps in the

development of atherosclerosis.

The method used in the assays to isolate LDL particles from
fresh human plasma and the labelling with Dil is

substantially the same as described in Pedrefio J. et al.,



endothelial cells The nmethods used in the assays to
determ ne the effect of the conpounds on platelet and
wonRwsoy18e2 adhesi on to hunman endot helial cel |l s BECEEP2004/010882
substantially the sane as described in the foll ow ng
references: Del Maschio A. et a ., J Cell Biol 1996 ;
135 : 497-510 Bonmbeli T . g% al., Blood 1999; 93 :
3831 -3838 Colome C . et al; Atherosclerosis 2000;

149: .295- 302, d rt.i
AthexQFGHT S5F= Zr@gr’ %&9 %890%6112;65\4@11#46#% g}l’:ﬁﬁelsfég‘nd of
Yuraiche di . G. mohodyits & Adss 1 Sonfl AR5 HRiAfn

m crovascul ature endothelial cells (HVEC- ) activated

by nmeans of TNF -a (50 ng/ m ) and the pl.atel t.0
ACtW@’?@@ U ihIhisidsing )i ant a9 a(%)%éﬁ@fﬁéﬁ@%ﬂe were
culﬂla;ta’t@iﬁ sathd mﬁﬁxewalme dmanmﬂnd wf efdectuod until

co ounds on ceII ré A %Q)hesfﬁ’ OfLDL—Dil (up
qe{b ed Wll%(?‘l cein -

to Zd‘ﬂ)l;ﬁ;:/ﬁﬂaJa)L mFérsotEk:)ed candt\/EEeLlsaomr@tJerdSLﬁ@a’qW fer Zwds in
assesse t I

cne SRR M URIPI L0 A NREo00L B the e fug Rours,

trarprat aalss yof dﬁ@p—é@%nwwm@%@gwoweﬂé% cells

was %éﬂé}f{)ﬁ%&%‘g@%ﬁ%ﬂéﬁ of 4dd pradandd Yool foeelscence
ser Scannin
in (heAORIL S ot BHIATE G tHCUE 0T ARER ALY 4%

expid HEESEE NS cheSagd SoAr Enlepl essedraspedie percemtage (in

the‘gbéég%éné cgbéﬁg §§§ tcﬁ&%igr§lshows the effect of the

compounds on the LDL-Dil transcytosis through HMEC- 1.

Table 5

Inhibition of LDL transcytosis in human microvascular

endothelial cells (% of inhibition to control (mean *

s.e.m.))

Compound Resting cells Stimulated cells
(1) 58 + 15 122 = 8

(12) 51 + 19 80 £ 12

Inhibition of LDL oxidation

The method used in the assays to determine the effect of the
compounds on LDL oxidation is substantially the same as
described in the following references:

Spranger T., et al., Chem. Phys. Lipids 1998 ; 91 :39-52
Lynch S.M., et al., Biochim. Biophys. Acta 2000; 1485:11-22
Pedrefio J., et al., Thromb. Res. 2000; 99: 51-60.



(adhesion of the cells in the absence of conpounds)

Tabl e 3 shows the effect of conpounds on U937 adhesion
wo 00080878¥at ed- HVEC - . Tabl e 4 shows the effekRCT/B8P2004/010882

compounds on pl atel et adhesion to activated HUVEC. 46

Table 3 Inhibition of W37 nonocyte adhesion to

activated HVEC - human endotéelial cells Conpound % of

inhibition to control (mean s.e.m ) (D 30 + 8 (12)

Thelﬁefh%dT@gE@ &nlﬂhbbhgnn? 8op5§b§ L&k %%ﬂefbg%lkges from

UVEC acti vat ed ng %ﬁ ound %o
freﬁhhhemﬁpoﬁlﬁéméoﬁﬁrépb§ﬁ§aﬁla Yethe) seme) agy dsgrribegh in
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endothelial cells The nmethod used in the assays to

determ ne the effect of the conpounds on LDL
Oxitinanseymosiisicathompinilowedaasiltyr lepdptiotlciial (EOL)s is

curE%n%ﬁgskgggk@EhytBhSeS§g§8g%r%23%5%g§d§82tg%hlg%ego ment

eroscl erosi’s tes
of athewosslsrediict condsavereuanti digeneeosdher sepesition of

LDL to globin-free haemin (the complex of ferric ion (Fe3*)
with protoporphyrin IX), derived from the haemoglobin in
circulating erythrocytes, serves as a physiological source of
pro-oxidant Fe®' capable to promoting LDL oxidation. The
compounds were added in vitro to determine their inhibitory
activity on LDL oxidation induced by haemin and Hz0,. LDL at
a final protein concentration of 0.2 mg/ml was incubated in
the presence of 2.5 pM haemin and 5 pM H;0,. Oxidative
modification of LDL particles was assessed by measurement of
conjugated dienes. Experimental samples were incubated at 37.
°C and the increase in absorbance at 234 nm was automatically
recorded every 5 min for at least 5 h. The effect of
compounds on the LDL oxidation induced by haemin was tested
at 7 different concentrations using LDL preparations from 7
different healthy donors. Table 6 shows the inhibitory
activity of the compounds at 10 pM expressed as the
percentage of increase of lag phase (time that is required so
that the reaction of formation of conjugate dienos begins)

with respect to control.

Table ©

Inhibition of LDL oxidation

Compound % of increment of lag phase

with respect to control (mean

+ s.e.m.)
Isosorbide 5-mononitrate 0
(1) 290 £+ 8

(12) 117 £ 56




potential of the conmpounds, since the accunul ati on of
LDL in the vascular wall as a consequence of a

wo a®s0Bmi2 endot hel i al cell active transport i SPOTEPIIN4/010882
the first steps in the devel opnent of atherosclerosis.
The method used in the assays to isolate LDL particles
fromfresh human plasma andsthe labelling with DIl is
substantially the same as described in Pedre o J . et
al.,4 7 Atherosclerosis 2001; 155: 99-112, and Stephan
Z . . and Yuracheck . . J . Lipid Res. 1993; 34:325
-330 Activated (100 nmM hi stam ne) and non acti vated

InhiBE6i on W8f epLakhb Vakedatiohhe upper wel | of inserted
of coculture until to reach confluence (Fal con HTS

FluorBl oK) . Then, LDL-Dil (up to 200 ng/m) was added
The andtlced | ssagr éni bhabasedyfoto2dbtenmihe phesefifecandf

f Al h .
congOHIE 81 SOBRURAEey L L BEEECH LNy 19
subgbhhbinbdyatbessauebysddeeenipadi bn 8prenagepr Esefteadt

Chefy! PRVESEEDEGs| Bobhe bowesoushl of insert of cocul ture.
Results are expressed as percentage of inhibition

respect to control (in the absence of conpounds) .
LipdB@bbeebnsbevgatheneihagteaf ihheiceopotngsasnat he kkbected
to -Di | téa scytoiis t yogﬁh HN?ﬁ%- ., Tabl e ?elnhibLtigg nin

BPPEBECEFansEYTBERRT | HORGaRT nt BF ov4RERF]F SARdBFAERAP™
thecettsr{&d ovalhbi bkidehibn cbnpiabméniéapoproleihy was
assessed as the capacity of oxidation of heparinized plasma
and was measured by spectrophotometry as in increase in
absorbance at 234 nm. The compounds were added in vitro to
determine their inhibitory activity over the capacity of
oxidation of plasma induced by cu?t (CuS0y) . Heparinized
plasma was diluted with phosphate~buffered saline solution
(PBS) containing 0.16 M NaCl and the oxidation was started by
50 pM CuSO4. Experimental samples were incubated at 37 °C and
the increase in absorbance at 234 nm was automatically
recorded every 15 min for at least 12h. The effect of
compounds over the capacity of oxidation of plasma induced by
Cu®' was tested at 7 different concentrations using
heparinizaded plasma from 7 different healthy donors. Table 7
shows the inhibitory activity of the compounds at 10 pM
expressed as the percentage of increase of lag phase with

respect to control.



Compound Resting cells Stinmulated cells (D 58 15 122
8 (12) 51 19 80 12 Inhibition of LDL oxidation The
woreikos7sused in the assays to determ ne the ef PEEPHDN4/010882

t he compounds on LDL oxidation is substantially the

same as described in the follow ng references:

Spranger T., et al., Chem sBhys. Lipids 1998 ; 91

.39-52 Lynch S .M, et a ., Biochim Biophys. Acta
Tab%%og; 1485: 11 - 22 Pedrefio J., et al., Thronb. Res.

_ 99: 51-60.4 8 The nethod used in the assays to

isolate LDL particles fromfresh human plasma is

Inh§yp§{@@tégjéya§ﬁ§ §§p@a@§ogescr|bed in Pedrefio J., et

ar——Attheroscterosrs 2001 Lﬁb. 99-1172.
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and LDL at a final protein concentration of 0.2 ng/ni
was i ncubated in the presence of 2.5 nM haenin and 5 m

Oxi dati ve
Preventive and curative effect on atherogenesis in rabbits

fed on high cholestexol diet

The method used is substantially the same as described in
Shore B, Shore V., In: Day CE (ed) Atherosclerosis Drug
Discovery, Plenum Press, New York and London, pp 123-141,
1976. ‘

Twenty-one male New Zealand White rabbits (10 weeks old at
the beginning of the protocol) were maintained under
standardized conditions (22 °C, 40% to 60% humidity) with
regular day/night cycle and free access to water. The animals
were randomly assigned to 1 of 3 groups. Group 1 (n=5)
received standard maintenance diet for 75 days; group 2

(n=16) received the same diet but supplemented with 1%

(wt/wt) cholesterol for 45 days. At the end of this period,
group 2 was classified into two randomly groups. The treated-
group (n=9) receiving for additional 30 days 1.9 mg/kg/day of
compound 12 (maintaining the 1% cholesterol in its diet), and
the non-treated group (n=7) receiving a diet with a 1% of

cholesterol for additional 30 days.

Study variables included triglycerides and total cholesterol.
Animals were euthanized on day 75 after the start of the

protocol with pentobarbital i.v. The entire aorta was removed
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at 234 n was automatically recorded every 5 mn for at

|l east 5 h . The effect of conpounds on the LDL

oxi dati on i nduced by haem Biwas tested at 7 different
concentrations using LDL preparations from7 different
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begins) with respect to control. Table 6 I nhibition of
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camera. Subsequently, 3 sections were taken from the aortic
arch area, the thoracic aorta, and at the abdominal aorta
(renal orifices). Sections were paraffin-embedded, were cut
with a microtome Ultracut (Spain) and stained conventionally
with hematosiline eosin. Images of aortas stained with Red
0il and hematosiline eosin were taken with a standard camera.
Images were imported into Photoshop (Adobe) with a AGFA slide
scanner. By means of the procedure previously described by
Lillie RD (Lillie, R.D., 1994, Stain Technology, vol. 19, pp
55) the surface of injury in all the aorta and the thickness
of the intima in histological samples was determined. The
surface or area of the atherosclerotic injury (evaluated from
the stained aortas with the Red 0il) are determined by the
number of pixels of the image turned to mm?. The intima
thickness of the arteria (evaluated from the stained
histological samples with Haematosiline-Eosin) was quantified
in mm in a similar way to that described the surface or area
of the atherosclerotic injury. For it, the sections that
contained injuries of fatty striae were selected and the
thickness of the intima was determined (from the arterial
media to endothelium). The mean thickness of the lesion area
was assessed in representative sections per aortic quadrant,
and the statistical mean was calculated. The fasting
plasmatic total cholesterol, HDL cholesterol and

triglycerides levels are shown in table 8. The statistical



Li poprotein oxidation induced in vitro in plasma is
expected to represent a relevant nodel of the
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of plasma |ipoproteins was assessed as the capacity of

oxi dation of heparinized plasnma and was neasured by
spectrophotonetry as in i nG2ase in absorbance at 234

nm The conmpounds were added in vitro to determ ne
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1L E R oW PPt BRCWTH GROSANAL B CORNRLFBH BAPFREL DouP

(th&oh¥bugNn6PBREdeeRtatinbng @ité MiaCchandstheol diet) in
oxi dation was started by 50 m CuSO . Experi nental
regaafpkesrheFBaj hébhdted at 37 C and the increase in
absor bance at 234 nmwas automatically recorded every
15 mn for at least 12h. The effect of conmpounds over
the capacity of oxidation of plasma induced by Cu was
. bhes ed at 7 different concentrations using
8OHE&p&ri ni zaded plasma from 7 different healthy donors.
Table 7 shows the inhibitory activity of the conpounds

p1ahatd MY BXR! 89329185 (A9 RS GRULAIE 8lclAchease of
| nhi bition @%HpkéiﬁzbbxféaFrgh'Eﬁékﬁkéfg%éh'tm@r@@m@@und
of lag phage with respect to copdgphp(depp)s.e.m ) '
Basal End Basal End
Total 42 =+ 1073.9 % 33.3 £ 1461 = 147
cholesterol 4.4 4.9 4.1
Triglycerides|185 =% 312.7 £ 130|121 + 34 347 * 82
50

The area rate covered by the atherosclerotic lesions are
shown in table 9.

Table 9

Atherosclerotic lesions

Group Area percent of
atherosclerotic lesions (%)
(mean * s.e.m.)

Control 62 £ 6

Treated with the compound 15 £ 3

example (12)

The thickness of intimal layer of the aorta is shown in table
10.




(D245 26 (2) 7 1 (12) 200 10 Isosorbide
5-nmononitrate O Preventive and curative effect on
w@rdvsnamgenesi s in rabbits fed on hi gh chol est epGI/ER1064/010882
The nethod used is substantially the sane as descri bed
in Shore B, Shore V., In: Day CE (ed) Atherosclerosis
Drug Discovery, Plenum Press, New York and London, pp
123- 141, 1976. Twenty -one nmal e New Zeal and Wite
rabbits (10 weeks old at the beginning of the
rot ocol) were maintained under standardized
Tabiend?ti ons (22 C, 40%to 60% hum dity) wth regul ar
day/ ni ght cycle and free access to water. The aninals

Thi%/\ﬁere ran]g_o_ﬂ% asE:LLcni_ dlto 1 otf E} %rougg. Group. I (n=)5)

Grozp(n=16) received the san@hdic&helst mawgpleane tt ed ewmt. N

% (WE/wWt) cholesterol far d } the end of this
Con%%?liod’ g?‘ Cup 2 wacoe ol aoc:of'égé &Xiﬁoﬁ?ﬁ ranrlnnfl \/

VAU =) CT UAUJ T 1TTCCO C ATTOUUTTY _y

Tregtedpsitiheher eapdgndup |Ond9p tebeid¥iOng f or
exarﬁﬁﬂét i(gg'zl! 30 days 1.9 ng/kg/day of conpound 12

ni o HE= Ihal

trarntarhtngthe—%ochotesterot—rn—its—dret)——and—the
non-treated group (n=7) receiving a diet wwth a 1% of
chol esterol for additional 30 days. Study variabl es

i ncluded triglycerides and total chole rol.
In table 8 it ig ghown that there was no gg%ference in plasma

lipids between the control and the medicated group thereby
demonstrating that the compound (12) did not influence upon
lipid metabolism. As seen in table 9 and in table 10, both
‘area percent of the atherosclerotic lesions as the intimal
thickness were significantly reduced in the group treated

with the compound (12) in comparison with the control group. -

Preventive and curative effect on atherogenesis in apo E-

deficient mouse

The preventive and therapeutic effect of the present
compounds on atherosclerosis will be also illustrated by way

of the following example.

Preventing and curative effect on atherogenesis of the
compounds it is investigated in apo E-deficient mouse fed on
standard diet model. Male and female apo E-deficient mouse
(OLA129X C57/BL6J) of three months old were fed on standard
diet. The control group included 8 males and 7 females mouse,
while the treated group consist of 8 males and 7 females
mouse. All the animals had similar cholesterol and body
weight at the beginning of the experiment. Both the control
and the treated groups were studied for 12 weeks. The treated

group received 5 mg/Kg/day of the compound (12).



Ani mal s were euthanized on day 75 after the start of

the protocol with pentobarbital i.v. The entire aorta
woa®@snamseyedS 1 1 or 2 cminto the iliac arterPEFERIU4/010882

fixed in buffer phosphate 0.1 M (pH 7.4) with

gl ut aral dehyde (4% . Macroscopic and m croscopic

anal yses of the sanples werg perforned in a blinded

fashion. Aortas were dissected and stained with Red

p1aShk- lﬁ%M%P%b&%%bt%%% W@%tﬁqw%%%qes%%gtﬂprﬁﬁﬁjW@ﬁﬂesterol

opened longitudinally, imersed in Red G 1 solution
andy &rls\}éfﬂ%r@ﬁ%esw@ﬁe@&lﬁaﬁﬂaﬁws@ﬁ@%dm%rﬁ@(@& Sntigo-
proat%lgatanﬂimf AR, 1Iemg%s @fe reh ;caGiras] \W®ﬁe@1€3€t@ar\ﬂllﬁ‘ﬂécﬁ
st an 3 sgecti.ons were t

t
Bt Ador COAPA aPincR KU ROTICI'E A" Ard ap che
thotrlaelab@@mtraalwaaaomsal(art@lcﬂalan@r isttiades)d .tcSetticomsingeritde area

af {
°r P RE s SR AT LR, s
wal o§|fn tm%@d@dofv%@ﬁtla§nsta§iq<?é@mgt fy ifidd thig PaamﬂdOll method

Ll'i‘?ﬂ%t OH.Ij.ne 18e8i N WeHe TR MIY, avglanq@rdﬁgarg%ra
| mages wer e |rrported i nt o Phot oshop (Adobe) with a
AGFA slide scanner. By neans of the procedure

Theprasitdnsy plmﬂnbfdd@yem ldfi &oRR1( ldHdlieasteRall). HDL

994 . St.ai hnol.a val . 19 e surf of
cnotdSheyany B EiRtaRy R sndshRrbRib B 1

leviedtsi marel rshinivet olmgna@dle s]dnpl es was determ ned. The
surface or area of the atherosclerotic injury
(evaluated fromthe stained aortas with the Red Q1)
are determ ned by the nunber of pixels of the inmage
Tapllernad to nm2 . The intina

Plasmatic lipids and oxidative stress parameters (mean =*
s.d.)
Male Female
Control |Treated Control Treated
with with the
compound compound
(12) (12)
Total cholesterol|l4.3 * 18 £ 3 9.5 = 2 11.3 £ 1.5
(mmol.L-1) 2
HDL-cholesterol 0.5 % 0.47 = 0.4 £0.1(0.48 =
(mmol.L~1) 0.15 0.15 0.13
Triglycerides 2.6 % 1.5+ 0.4(1.9 £ 0.6|1.3 £ 0.2
(mmol.L-1) 0.0
8—-iso- 273 % 101 £ 13 |182 £ 19 |99 £ 7
prostaglandin 18
F2a
(pg.mL-1)




thi ckness of the arteria (evaluated fromthe stained
hi stol ogi cal sanples with Haematosiline - Eosin) was
wQe@sosfeiied in mMmmin a simlar way to that deseCT/BRZN04/010882

the surface or area of the atherosclerotic injury. For

it, the sections that contained injuries of fatty

striae were selected and th&sthi ckness of the intinma

was determned (fromthe arterial nmedia to
Theegg%%h§hkgn%ove2%% Qh%hEQKQQ%écQ%rBQQJ @%sg%ngr%% the

was assessed in repréesentative sections per aort
inngiadpant OLafkdret %%N%ﬁﬁéa?nﬁ]eﬁﬁev\/&ée@alc@m%ﬁe@d Wl‘Fﬁ’e
nachdphkgg sphasmhiownt ahakaghel esterol, HDL chol esterol

and triglycerides |levels are shown in table . The

statistical 52 exam nation (Student t ) has reveal ed no

significant di fference between the nedicated group and
Tab Qe %ontrol group (the group not nedicated but wth

%igh chol esterol diet) in regard to plasma |ipid.

Table 8 Plasmatic lipid profile [nmo/dl] (nean s.e.m)

Groggntrol Treated Wit Eo%@?eGOWEQHnJAﬁé npre (12) Basa
d Basal End |Tot aI 42 1073:§ 1461 147
ce

chol esterol 4. Zﬂa&rgplilﬁﬂeﬁ[iﬁi‘ r@ia%%rq%@legqé.lq 130
121 34 347 §21%@n * s.e.m.) lesions [pm?] (mean +

s.e.m.)
Control 80 + 27 60 *
Treated with 55 £ 19 45 + 9

the compound

example (12)

In table 11 it is shown that compound (12) is able to
decrease the levels of triglycerides in plasma as well as the
oxidative stress of those animals. In table 12 it is shown
how the compound (12) reduces both the area of the
atherosclerotic lesions and the area covered with

macrophages.

In vivo antithrombotic effect

The method used is substantially the same as described by
Kurz (Kurz K.D., et al., Thromb. Res. 1990, 60:269-280) and
modified by Feuerstein (Feuerstein G.Z., et al.,
Artherioscler. Thromb. Vasc. Biol. 1999, 19: 2554-25562).

Rats received a single oral dose of 100 mg/Kg of the

compounds.



The area rate covered by the atherosclerotic |esions

are shown in table 9. Table 9 Atherosclerotic |esions
wOx@ap3’iea percent of atherosclerotic |esi onsPCEEP2004/010882

(mean s.e.m) Control 2 6 Treated with the conpound

15 + 3 exanple (12) The thickness of intimal |ayer of

the aorta is shown in tabled0.5 3 Table 10 Thi ckness

of the intimal layer f the aorta Group Thi ckness nm

Forégefgv% mgngsé C%@%%ggdgs§% lggfglﬁeIEeghggsW%%@l%E@ with

exa In table it
sodsﬁmmﬁeﬂﬁabarhétélMA§On@gdkgﬁe#eﬁeé RRAp[casya WELS gdaced

1atbet ueesathe eantreka2ed tRe redi eatgdcanovpatlgr eby
denonstrating that the conpound (12) did not influence

upon lipid netabolism As seen in table 9 and in table
Thelmefbobhrat&d peteent wak tiselatkedr escl er dhirafliési dnsheet

(7 &b bhERi ot FERI2NHCEER! GALT IR Whediced. T An
electromagnetic sounding of flow (Transonic Systems Inc.) was

placed on the artery to measure blood flow.

Sixty minutes after product administration, a paper patch
saturated with FeCls; solution (70%) was placed {(and not
removed for the whole duration of the experiment) on the left
carotid artery downstream from the sounding of flow to
initiate thrombosis. The blood flow was controlled during the

60 min later to the application of the patch in the artery.

The vessel was considered totally occluded by the thrombus
formed when no blood flow was detected (0.0 ml/min). In this
model, thrombus formation usually takes place within 15 to 20
minutes in non-treated animals. An animal was considered as
fully protected by treatment if a thrombus did not occlude
the vessel during the period of study (60 min after FeClj

continue patch application).

The results are shown in table 13 and are expressed as

percentage of animals fully protected by the treatment.

Table 13

In vivo anti-thrombotic activity

Compound % of animals fully protected
1 100
3 100
4 80
12 71




with the conpound (12) in conparison with the control
group. Preventive and curative effect on atherogenesis
WO noogfoa7siErief i ci ent nouse The preventive and t hPCEHPPRD4/¢10882

effect of the present conpounds on at herosclerosis
will be also illustrated by way of the follow ng
exanpl e. Preventing and curzlive effect on
at herogenesi s of the conpounds it is investigated in
apo E-deficient nouse fed on standard diet nodel. Mle
and femal e apo E-deficient nmouse (OLA129X C57/BL6J) of

Bs dhr 68nBRt RESGFHHorB fall6n 150 aRdar 418 SoTDPNEA Tested

haveoRlt bekeagtodp wAg¢budadi8tmmbesotnd Ackemwalkes nouse,
while the treated group consist of 8 nales and 7

femal es nmouse. All the animals had simlar chol estero
and body wei ght at the beginning of the experinent.

d s were studied
In $9%%1% aeegqg&ghegggégpgg g?%b% Fg%gggéd 5 ng/ Kg/ day

of the conmpound (12).54 Plasma |ipid paranmeters (total
TheC ﬁ%'é:%?ﬁeh%btd kiBL sQB@lt%%tl:&%‘l'lya@ﬂet gy 68" 'd@%l%‘.)rla%@@ by
oxi dative stress (neasu S 8-iso_- prostag
Kurgo d Kugze s P - we fé asqu&OQg -pFEfet éPmPme % n@%g 3%9 and
mod&ffti%ﬁ b@nmbabir@me@h t(revad@triist Gazi.on emeallod t he
oraC| aor wa Iate d ljned qt.0 Lenn
. Brt §1§F§ <ot &%&O her cIe%&Pﬁc ﬁ%?uflgg d§%§5|te3%%ﬁ
the internal wall of the blood vessel in according

Ratch c%q%e@eg glhgq%tgg%l(ﬁbse'%f BnePor 184 corbAiAtion of

hnol O%y
two compounds as descrlbed 1n table 14. The doses of the

compounds used did not modify the blood pressure nor the

heart rate of the animals.

Forty-five minutes after dosing administration, rats were
anaesthetized with sodium pentobarbital (40 mg/kg, i.p.) and
they were placed later dorsally on a heated (37 °C) surgical

board.

The left carotid artery was isolated and a Parafilm M sheet
(7 x 20 mm, American National Can) was placed under it. An
electromagnetic sounding of flow (Transonic Systems Inc.) was

placed on the artery to measure blood flow.

Sixty minutes after product administration, a paper patch
saturated with FeCls solution (70%) was placed (and not
removed for the whole duration of the experiment) on the left
carotid artery downstream from the sounding of flow to
initiate thrombosis. The blood flow was controlled during the

60 min later to the application of the patch in the artery.

The vessel was considered totally occluded by the thrombus
formed when no blood flow was detected (0.0 ml/min). In this

model, occlusive thrombus formation usually takes place



The fasting plasmatic |evels of total chol esterol, HDL

chol esterol, triglycerides and 8-iso -prostaglandin
WO-2@5l08%8et s are shown in table 11. Table 11 Pl BSTEP1004/010882

i pids and oxidative stress paraneters (nean s.d.)

Mal e Femal e Control Treated Control Treated with with

t he conpound conpound (12)5@12) Total chol esterol 14.3

+ 18 + 3 9.5 2 11.3 .5 (mol . ) 2 HDL

wit%ﬁﬁoigsﬁgrgﬁ ﬁhﬁhté% L Qoﬁ—ﬁr@a%eg §§1m£ﬂED|AH aﬁlmal was

erl .

congideredsas nhglly- pl;o %t%dllé.‘é tr??EmeIl'Gllf 1@ ‘ilaéom%s did
not 9<9cd'11?d@r@1§é agh a86i nadBi (gatlﬁ@gﬁagtlo&l55f-r§€u@§/e@60 aten

ftcov]Fe gf the at her oscl er at esi.ons on the inner
altqml Qﬁ%quﬁ9%ﬁea covered with

nacrophages are shomn |n table 12.

The fractional product concept was used to identify synergy
between the compounds. In accordance with this concept, if we

consider the full protection of the animal as:

Fractional inhibition = (1—5;)x100

where A is the rate of animals with thrombotic occlusion in
treated group; and B is the rate of animals with thrombotic

occlusion in the control group.

For two drugs that act of independent way:

Fractional inhibition= |:1 (‘; IZIleOO

where A; is the rate of animals with thrombotic occlusion in
the treatment group Ai; Ay is the rate of animals with
thrombotic occlusion in the treatment group A,;; and B is the

rate of animals with thrombotic occlusion in the control

group

If the protection obtained with the combination of the drugs
is higher than the fractional inhibition for two compounds

acting independently then synergism is considered to occur.

The results are shown in table 14 and are expressed as rate

of animals with thrombotic occlusion in each group.



Table 12 Group Area covered with Area of macrophages
[m2] atherosclerotic (nmean .e.m ) lesions [m 2]
w@emands42e. m ) Control 80 27 60 + 8 Treat edP@i/EP2055010882
19 45 9 the conmpound exanple (12) In table 11 it is
shown that conpound (12) is able to decrease the
| evel s of triglycerides ingplasma as well as the
oxi dative stress of those aninmals. In table 12 it is
Tabf%of@ how t he conmpound (12) reduces both the area of

e atherosclerotic | esions and the area covered with

nmacrophages. In vivo antithronbotic effect The nmethod

Groyised is substantially the saﬁgt@soge§ﬁiﬁggg bytKurz
1%§urz K.D, et al., Thronmb] Res. 1990, 60:269-2 g; of

and rodified by Feuerstein (FREEFRPELR %?C%PSlg?
Art herioscler. Thronb. Vase|aBimhls1P98tedBed)

zbb4 Z5562) . Rats received ngle oral dose of
C @3({1 ﬂf fhﬂ r*nrrpnunric . 5 R goi@"gf' \lr\ m 1t oo af

ni
LILILI Ilul Co

Aceﬂ?ﬁl sglnawlweaelanaeeo het i redsoi tA0%Hdi um
mg/ge?&gg?rgkgﬁt %ég §gé§93)'-p-) and they were pl aced

Compound 12 (22.3 mg/Kg, oral,|0.5 (50%)
acute the day of study)

Acetyl salicylic acid (100 0 (100%)
mg/Kg/day, oral for 3 days) +
compound 12 (22.3 mg/Kg, oral,
acute the day of study)

Clopidogrel (1.5 mg/Kg/day, 0.50 (50%)
oral for 3 days)
Clopidogrel (1.5 mg/Kg/day, 0.17 (83%)

oral for 3 days) + compound 12
(22.3 mg/Kg, oral, acute the
day of study)

Fractional inhibition (acetyl salicylic acid + compound 12) =

[1 (f%ixf%i)]x1oo = 75%

As the percentage of animals protected with the combination
of the two drugs (acetyl salicylic acid + compound 12) is
higher than 75% (it is 100%) there is a synergism between the

two products.

Fractional inhibition (clopidogrel + compound (12)) =

[l (EEEXE%QJ}XIOO = 75%




| ater dorsally on a heated (37 C) surgical board. The

| eft carotid artery was isolated and a ParafilmM
wGeh@s37892 x 20 mm American National Can) was PCHEPRIN04/010882

under it. An electromagnetic sounding of flow

(Transonic Systens Inc.) was placed on the artery to

nmeasure bl ood flow. Sixty @iOnutes after product

adm ni stration, a paper patch saturated with sol ution

(70%9 was placed (and not renoved for the whole

duration of the experinent) on the left carotid ar
H@%n%?¥%%%¥$g%n??h%né%%%ﬂlHﬁOB?CF?QMW%BhlEh?lSP@blna£¥°n

of ﬁﬁéOFW?Sdﬁ?gghecDprdoéf@M/Mﬂﬁ?mpﬁhﬁdlheﬁ darhmghéhetﬁan
omn ate e_application of t atch
75% 01 {6, 35 hakP bOSeR Ra S ok et e BaPAEY bBei Bq by

prodhet$hronbus formed when no bl ood fl ow was det ect ed
(0.OM/mn) . In this nodel, thronbus fornation
usual ly takes place within 15 to 20 m nutes in non
-treated aninmals. An animal was considered as fully

In ?%9&8Cﬁﬁ@r@ﬁti&ﬁaégBﬂhstftﬁetB?QB?aﬁidhg%thdﬁeéhuﬂg
e vesse urin e p stu ter
°xY€%ﬂtFﬁﬂé°ﬁ£FcHségﬁlFéﬁtggh PEalaichifligf enakHVER GRLLR -
tabl e 13 and are expressed as percentage of aninals

t db
e SR LGB B PErt EBL It Pl Bkt o
Cavedat Bet edt 12100 (J. Clin. Invest. 1996; 886-893)

For the determination of the capacity to inhibit the
cytotoxicity induced by oxygen radicals Human Umbilical Vein
Endothelial Cells (HUVEC) were used. HUVEC were isolated and
cultured in M199 and 20% FCS (Fetal Calf Serum).

Test XTIT assay is based on hydrolysis by the metabolically
active cells of the salt of tetrazolio XTT to form an orange
product, the formazan dye formed is soluble and is directly

quantified using an spectrophotometer.

HUVEC cells were cultivated until a sub-confluence status in
a 96 well tissue culture plate and pre-treated with 50 pM of
the compound for one hour. After that, cells were treated

with 800 pM of peroxynitrite for an overnight.

After overnight incubation cells were incubated with the
yellow XTT solution (final concentration 0.3 mg/ml) for 4
hours. After this incubation period, orange formazan solution
was formed, which was spectrophotometrically quantified using
an ELISA plate reader at 450 nm

The results are shown in table 15 and are expressed as

percentage of death cells.



3 100 4 80 12 715 7 As it can be observed in table 13,
all the conpound tested have a potent in vivo anti
WO tdososiset i c activity. In vivo synergistic PCT/EP2004/010882

antithronbotic effect The nmethod used is substantially
the same as described by Kurz (Kurz K.D., et al.
Thronb. Res. 1990, 60: 269-&80) and nodified by
Feuerstein (Feuerstein G.Z., et al., Artherioscler.
Thronb. Vase. Biol. 1999, 19: 2554 -25562) . Rats
received a single oral dose of one or the conbination

Tabde dRo conpounds as described in table 14. The doses
of the conpounds used did not nodify the bl ood

pressure nor the fneart rate of the aninal s. FOrty
In Vitye Wﬁﬁpg@wﬂtéﬁ’edé@ﬂ%g{lia{m nistration_rats were

compBaagt heti zed with sodiun1pé%tabaﬁbbtalc@&qsng/kg,

I.p.) and they were placed ljater dorsally on a heated
1 (37 C) surgical board. The | i d-artery was

2 isolated and a ParafilmMsh&ét (7 x 20 mm Anmerican
ctone |l ne \ wne nl ann~d

3 Nat 1 onal Can) was placed unc%b It. An electromagnetic
T ulluoﬁ‘i C uy’\)l. CIiro LINLLA ) 7 VA O PI uvcu

cotndinag nf flaow (Tranc
A\ A | T 1 OV \
12 on the artery to neasure bl qo® flow.  Sixty mnutes

EAALEA )] llg
after product adm nistration, a paper patch saturated
wth Fed solution (70% was placed (and not

As it can be observed in table 15, all the compound tested
have a cell protective activity (P<0.05) against the cell

damage induced by oxygen radicals.

In vivo protection against ischemia-reperfusion damage in the

heart.

Experiments were performed according to the model previously
described by Hirata Y et al (Journal of Cardiovascular
Pharmacology. 1998, 31: 322-326)

After a food fasting period of 6 hours, animals were divided
into groups of at least 8 animals each. Doses of products
were given by oral sounding 1 h before the ischemia
induction. Animals were anaesthetized with pentobarbital (40
mg/kg, i.p.) and the standard limb lead II electrocardiogram
was recorded to detect the S-wave depression. 0.3 U/kg
arginine-vasopressin (AVP) (Sigma Chemicals, St Louis, Mo,
USA) was injected into the carotid artery to induce
vasoconstriction of small coronary arteries and increase in
coronary resistance. In all the groups received AVP 60 min
after the test drug. In all groups, after AVP injection of 10

minutes ECG recording was performed.




renoved for the whole duration of the experinent) on
the left carotid artery downstream fromthe soundi ng

wotookloams4z 0 initi ate thronbosis.

The bl ood

f | ORMCTVER2004/010882

controlled during the 60 min later to the application

of the patch in the artery. The vesse

was consi der ed

totally occluded by the thr&hbus fornmed when no bl ood

flow was detected (0.0 m/mn)

In this nodel

The0§€59§t¥eakgrgﬁgwﬁ Eﬁrﬂﬁb&@n1€SQﬁH|Mrba%ﬁﬁr@%@%@5as S-wave

W t

hin 15 to

20 mnutes in non -treated ani mal s.

An

decZRAMRRFSWAEVEShS) dered as fully protected by treat ment

if a thronbus did not occlude the vesse
period of study (60 mn after

appl i cati on) The fractional

d
FeC continu
product conc

Tabfle ildentify synergy between the conpounds.

accordance with this concept,

if we consid

uring the

e patch

ept was used
In

er the full

protection of the animal as: Fractional inhppitiop;5,1,¢
x| OO B) where A is the rate|gEtwafienals with % ng% e
Compoghdsi on | iasereat' &g, gPeap) and Bmgstthg. a$eW®Ve
ani mal s wilth thronbotic occllG&F6A™ R H CORLEBLment (%)
group-—For two drugs that—agt _of |noepen0e way:
VehFFé€t|onaI —inhibition= - f-x4860 4wHere iS the rate
12 of ani mal zmdth t hronboti c 0QQ|@SHOB ion t hestreat ment
group 1S yfe rate of ani mars Wi Th Ehronbotlg occlusion
12 in the treaPRent group and R8 & __anLnaLg______
9 wth thronbotic occl usion |r16he g019t. 180 64
9 100 9.7 + 4.6 79
4 20 36.5 £ 11.6 21
4 100 5.9 £ 3.9 87

As it can be observed in table 16,

all the compounds tested

protect against ischemia-reperfusion damage in the heart.



group If the protection obtained with the conbination
of the drugs is higher than the fractional inhibition
WO e005103x84z0npounds acti ng i ndependently then SROEEB:084010882
is considered to occur. The results are shown in table
14 and are expressed as rate of animals with
thronbotic occlusion in eaeB group.59 Table 14 G oup
Rate of animals with thronmbotic occl usion (% of
Scheme mal s protected) Control 1 (0% Acetyl salicylic
acid (100 0.50 (50% nyg/Kg/day, oral, for 3 days)
Compound 12 (22.3 ngjkg, oral, 0.5 (509 acute the day
of study) Acetyl salicylicyacid (100 0 (100%
ng/ Kg/ day, oral for 3¢days)) + conpound 12 (22.3 ng/Kg,
oral, acute the day ofly y) O opidogrel (1.5
mg/ Kg/ day, 0.50 (50% oral g, 3 days) C opidogre
(1.5 ng/Kg/day, 0.17 (83} oral for 3 days) + conpound
12 (22.3 ng/Kg, oral, acute the

1st oxidation
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0. 0.
o] 3 0 kS
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ONO, ONO,
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2nd oxidation
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day of study) Fractional inhibition (acetyl salicylic
acid + conmpound 12) = 0.5 0.5 1- xI OO = 75% A s the
w@essmessayge of aninmals protected with the conmbPCHEPIN4/010882
of the two drugs (acetyl salicylic acid + conmpound 12)
I's higher than 75% (it is 100% there is a synergism
bet ween the two products. Féactional inhibition
(cl opi dogrel + compound (12) ) = xI OO 75% 0 As the
percentage of animals protected with the conbi nation
Schge; g6t wo drugs (cl opidogrel + conpound 12) is higher
than 75% (it is 83% there is a synergi sm between the
two products . In vitro protection against the
cytotoxicity induced by oxygen radicals using the
XTT-based nethod in HUVEE cells . The nethod used is
substantially the sane as~deseri bed by Caveda L., et
al. (J. din. Invest. 1996; |98) 886-893). For the
determi nation of the capaer to inhibit the
cytotoxicity induced by oxygenpfgdi cal s Human
Unbi | i cal Vein Endothelial Cells (HUVEC) were used.
HUVEC were isolated and cultured in M99 and 20% FCS
(Fetal Calf Serum) . Test T assay i s based on
hydrol ysis by the netaboliclally active cells of the
salt of tetrazolio XTT to foreHbgittiey ange product, the
formazan dye formed 'is soluble and is directly

R,
J o)
.y,
. ONO,
l oxidation
R™—§0) R™Y9) .
~ O kY O
0] O
ON 0O, ONO;

sulfinyl sulfonyl



quantified using an spectrophotoneter. HUVEC cells
were cultivated until a sub-confluence status in a 96
wowedos/osisgsue culture plate and pre -treated w PET/BP200d10882
of the conmpound for one hour. After that, cells were
treated with 800 nM of peroxynitrite for an overnight.
After overnight incubationéa=xlls were incubated with
the yellow XTT solution (final concentration 0.3
ng/ M) for 4 hours. After this incubation period,
Schewange formazan sol ution was formed, which was
spectrophotonetrically quantified using an ELI SA pl ate
reader at 450 ran The results are shown in table 15
and are expressed as pgrcentage of death cells.61
Table 15 In vitro cytopyrotestive activity Conpound %
of death cells 1 80 2 g0 12 50 As it can be
observed in table 15, e compound tested have a
cell protective activity (P (QS) agai nst the cel
damage i nduced by oxygen1fad|cals. In vivo protection
agai nst ischenia-reperfug on damage in the heart

substitution
R\
58,
F O,
L
ONO,
oxidation
R R
N\ Nemy ——
SO) ;——q_o) 920) m 92._(_3) 2
3 o . o
o, (@)
ONO,

ONO,



Experinments were perfornmed according to the nodel
previously described by Hrata Y et a (Journal of
w@asdioansascul ar Phar macol ogy. 1998, 31: 322- 32B0T/BP1064/010882
a food fasting period of 6 hours, animals were divided
into groups of at |east 8 aninmals each. Doses of
products were given by oralé&ounding 1 h before the
i schem a induction. Aninmals were anaesthetized with
pentobarbital (40 ng/kg, i.p.) and the standard linb
lead Il el ectrocardi ogram was recorded to detect the
8ch5k%aﬁe depression. 0.3 U kg argi nine -vasopressin
P)(Si gnma Chemicals, St Louis, My, USA) was injected
into the carotid artery to induce vasoconstriction of
smal | coronary arteries and increase in coronary
resistance. In all the groups received AVP 60 mn
after the test drug. |H & |dgroups, after AVP

i njection of 10 m nutes Fecordi ng was perforned. 62
The results are shown in<able/16 and are expressed as
S-wave decrements (mvolt®:. \Table 16 Protection of

S-wave Conpound dose(ng/ kg, Hp. oN®, S-wave decrenent (mV
) decrenment (% Vehicle - %@.2 4.9 -

nitrosation

(6)



12 20 22.6 5.9 52 12 100 8.6 2.8 81 9 20 16.5 9.8

64 9 100 9.7 4.6 79 4 20 36.5 11.6 21 4 100 5.9 3.9
W@7008937882 can be observed in table 16, all thePCT/EP2004/010882

conmpounds tested protect against ischem a -reperfusion

damage in the heart.63 Schene : HS ONO (1) 1st

oxidation s- s. s- s ONO O8@ (2) (8) 2nd oxidation O

=- SQ ONO ONO O NO HO ( E ONO ONO64 Schene

CLAIMS

1. A compound according to formula (I) or a tautomer, a
pharmaceutically acceptable salt, a prodrug or a solvate

thereof:

R
I

X~5(0)n

wherein:
n is an integer of 0, 1, or 2,

X represents -S(0)p—, —-(C=0)- or a single bond, wherein m is
an integer of 0, 1, or 2, with the proviso that when X

represents -(C=0)- then n is 0,

R represents hydrogen or is a residue R%, which residue R& is

selected from the group consisting of:

Ci-¢ alkyl;

Co-g alkenyl;

C3-g cycloalkyl;

C3-g cycloalkyl, wherein one CHp group is replaced by 0, S,
NH or NCH3;

Cgq-g cycloalkenyl;

C4-g cycloalkenyl, wherein one CHp group is replaced by O,
S, NH or NCH3;

phenyl;



ONO (1) substitution R a ONO oxidation R- SO ONO ONO
sul finyl sulfonyl6 5 Schene : ONO (1) substitution

WOR2@5/0378€NO oxi dation R\ ) - 30) - p ) ONO ONOBEB2004/010882
Schenme : - (1) nitrosation

68

pyridyl;
thiophenyl;
nitrosyl;
S-cysteinyl;
S-glutathionyl; and

wherein R* is selected from the group consisting of
hydrogen, Cj-g alkyl, Co_g alkenyl, C3.g cycloalkyl,
Cq-g cycloalkenyl, acetyloxy, hydroxyl, ONOp and

halogen;

wherein R2 optionally is substituted by one to three
groups independently.gelected from Cy.¢ alkyl,

Co_.g alkenyl, C3.g cycloalkyl, C4_g cycloalkenyl,
acetyloxy, hydroxyl, ONO,; and halogen,

provided that when RXS(0O)p- and -ONOy are trans to each other
with respect to the ring plane as depicted in formulae (Ia)
and (Ib):

R
|

7
(A
"0




NaO=HON( 6)6 7 CLAIMS 1. A conpound accordi ng
to formula (I) or a tautoner, a pharmaceutically
waewspsmht e salt, a prodrug or a solvate ther eBET/EP2004/010882

wherein: nis an integer of 0 1, or 2, X represents
-S(O1n- , - (C=O- or a single bond, wherein is an
integer of 0, 1, or 2, wit&othe proviso that when X
represents -(C=0) - then nis 0, Rrepresents hydrogen

or is aresidue R, which resid Ris selected from

t he group consisting of: aIkyIiEELkenyl; cycl oal kyl ;

ther! WMK ’do\@%ern%'tn QRS QD 45 rs&ac@meméﬁ} 7S.isNHn
cycl oal kenyl ; cycl oal kenyl %6e|n one group

C1-Gis arléwlacger@%y Gryd, NQWr QEHan goup-

2. A compound according to claim 1, wherein either one or
both of m and n is 0.

3. A compound according to any one of claims 1 to 2,

wherein X represents a single bond or -5-.

4, A compound according to any one .of claims 1 to 3,
wherein R represents hydrogen, Cij_g alkyl, Co-g alkenyl,
C3-g cycloalkyl, Cyg-g cycloalkenyl,

(C1-g alkyl)C3-g cycloalkyl, (Ci-¢ alkyl)Cyq-g cycloalkenyl,
phenyl, (C1-¢ alkyl)phenyl, 5-acetyloxyisosorbid-2-yl,
5-hydroxyisosorbid-2-yl or 5-nitratoisosorbid-2-yl.

5. A compound according to any one of claims 1 to 4,

wherein R 1s Ci-g alkyl.

6. A compound according to any one of claims 1 to 5, which is

a compound according to formula (Ic) or (Id):

O

|
w.

i

H §

ONO, ONO,

(Ic) (1d)

7. A compound according to any one of claims 1 to 6, which is

selected from:

2-thioisosorbide 5-mononitrate,
5,5’—dinitrate—2,2’~dithiodiisosorbide,



pyridyl; thiophenyl; nitrosyl; S-cysteinyl;

S-glutathionyl; and H wherein R* is selected fromthe
w@re@ap3maensi sti ng of hydrogen, al kyl, al kenyl , PCT/EP2004/010882

cycl oal kyl, cycl oal kenyl , acetyl oxy, hydroxyl, and

hal ogen; wherein R optionally is substituted by one to

three groups i ndependentl|y7osel ected from _g al kyl,

al kenyl, cycloal kyl, cycl oal kenyl, acetyl oxy,

h%d{nm 1ta@@1@8 8981 P50 ded;that ashen RXS(O) - and
BRacPEoAs st

ect to the ring plane
a§ d é B.) cm@a hmih Sﬂéif ma[yéé l(5p§}> raﬁele( PhonRNkE rgte) 69

then BXS(n@)chylggﬁlﬁgtl]&%B@%&@&He, swheheind t£aite an
rou n aralk | group. 2 . A

aIkyI oup, §
c8TP6E é@ééﬂ hg Péofbéﬂﬁl mWHQPé & g@vher one or
bQt-hleahyarszdl1rfom§1asosobed@ompmmnam@:t@ ng to any
ogenltr%g%l@Btklolsosorblde 5-mononitrate,
2- (tetrahydropyran-2-yl-thio)isosorbide 5-mononitrate,
2-(isosorbidyl-2’-dithio) isosorbide 5-mononitrate,
and
2- (5’ —acetyloxyisosorbidyl-2’-dithio) isosorbide

5-mononitrate.

8. A pharmaceutical composition comprising as active
ingredient (s) at least one compound according to any one of
claims 1 to 7, optionally together with one or more
physiologically acceptable excipient(s), activator(s),
chelating agent(s) and/or stabilizer(s).

9. The pharmaceutical composition according to claim 8,
which further comprises a thrombolytic agent, preferably a
plasminogen activator, urokinase, streptokinase, alteplase or

anistreplase.

10. The pharmaceutical composition according to claims 8 or )
9, which further comprises an anticoagulant agent, preferably
heparin, dicoumarol, acenocoumarol, enoxaparine or pentosan

polysulfate.

11. The pharmaceutical composition according to any one of
claims 8 to 10, which further comprises an antithrombotic
agent, preferably acetylsalicylic acid, dipyridamole,
ticlopidine, clopidrogel, triflusal, pentosan polysulfate or

abciximab.

12. The pharmaceutical composition according to any one of
claims 8 to 11, which further comprises an immunoglobulin or



wherein X represents a single bond or -S-. 4. A

conpound according to any one of clains 1 to 3,
wob@ses184R represents hydrogen, al kyl, al kenyl PCBEPR04/010882

cycl oal kyl, cycl oal kenyl, (C _ alkyl) cycloal kyl, (C _

al kyl') cycl oal kenyl, phenyl, (C _ al kyl)phenyl,

5-acetyl oxyi sosorbid 2--yl,715- hydr oxyi sosorbid -2- vyl

or 5-nitratoi sosorbid-2-yl. 5 . A conpound according

o) I Og j S
2 £ e Lo AaTing doefectORER), Bobafyifbrorefn
IIbJ’% @ conpound according to formula (l1c) or (1d): R O=S

H O=S. H ONO ONO (Ic) (Id) 7 . A corrpound accordi ng to

3. any one of laJB j_l is selected fr
13. oM BRabE3rBREECS! nﬁﬂ%ﬂ?f%%%%n %CgordHPﬁuF?a?Ey ope of
claimsi 8 htodi2 soshibhdéurOh@r nediytibesi snshybollépemiant

- Mo h [ ' .
soofE TOREBHERLEy ini{RAPRh VISU LTI BRaREL R in,
praﬁaab@bhntrélevaaéahynsyﬁptaytagbsorbldélBrﬂbnoacifaae,
acitORLBY! syl hinnyhisosngbidsuvapEopiAT ate,

14. The pharmaceutical composition according to any one of
claims 8 to 13, which further comprises an antioxidant/free.
radical scavenger agent, preferably nicaraven, ranolazine,
emoxipin, glutatione, edaravone, raxofelast, lycopene, N-
acetyl-L-cysteine, N-acetyl-D-cysteine, a racemic mixture of

N-acetyl-L-cysteine and N-acetyl-D-cysteine, or carvedilol.

15. The pharmaceutical composition according to any one of
the claims 8 to 14 for the prevention and/or treatment of
atherosclerosis, endothelial dysfunctions, vasospasm, cardiac
allograft vasculopathy, dysfunctions of the circulatory
system, platelet activation, thrombosis, stroke, pathological
conditions where oxidative stress plays an important role in
their pathogenesis, pathological conditions where a deficit
of nitric oxide plays an important role in their
pathogenesis, and/or tissue damage due to ischemia and/or due

to ischemia-reperfusion.

16. The pharmaceutical composition according to claim 15,
wherein the pathological conditions where oxidative stress
plays an important role in their pathogenesis are selected
from allergies, stroke, Alzheimer’s disease, and ischemic

cardiovascular diseases.

17. The pharmaceutical composition according to any one of
claims 8 to 14 for the treatment and/or prevention of
dysfunctions of the circulatory system, preferably

cardiovascular and/or coronary dysfunctions.



S-nitroso -2-thioisosorbide -nmononitrate, 2-
(tetrahydropyran - 2- y t-hio)isosorbide
w®200608181L r at e, 2- (i sosorbidyl - 2'-dithio)i SPEDEPRI0d€010882
5-nononitrate, and 2- (5'-acetyl oxyi sosorbidyl -
2'd-ithio)isosorbide 5-nononitrate . 8. A
phar maceuti cal conposition Tdnprising as active
i ngredient (s) at |east one compound according to any
one of claims 1 to 7, optionally together with one or
nore physi ol ogically acceptabl e excipient (s),
18. aB6PvREORES | e25EheNgt CREPRYERt OF) foralde Stabir Zer (s)
tauto&erTha Phé&ﬁﬁ%@dlﬂzll%@ll?o&@@% tb8N caeeak]i BY phredehdl Br a
8 rther conprises a thronbol ytic agent,
SOlKPEFngﬁ £ *pl asmi nogen activator, urokinase,
streptoklnase al tepl ase or anistreplase. 10. The
phar maceuti cal coRposition according to clains 8 or 9,
whi ch further conprises an anticoagul ant agent,
preferably hepari m—gi@pu roI, acenocoumnar ol ,
enoxaparine or pentosan ps sul fate. 11. The
phar maceuti cal conposi ] cording to any one of
clainms 8 to 10, whic her) conpri ses an
antithronbotic agent, 2 bly acetylsallcyllc aci d,
di pyridanol e, ticlopi z% opi drogel, triflusa
ci®

pent osan pol ysul fate or kn%g
0]
wherein:
n is an integer of 0, 1, or 2,
X represents -S(0)p~-, —(C=0)- or a single bond, wherein m is

an integer of 0, 1, or 2, with the proviso that when X

represents - (C=0)- then n is 0,

R represents hydrogen or is a residue R2®, which residue R2 is

selected from the group consisting of:

C1-¢ alkyl;

Cop_¢g alkenyl;

C3-g cycloalkyl;

C3-g cycloalkyl, wherein one CHp group is replaced by O,
S, NH or NCHgz;

C4-g cycloalkenyl;

Cq-g cycloalkenyl, wherein one CHy, group is replaced by
O, S, NH or NCHg3;

phenyl;

pyridyl;

thiophenyl;

nitrosyl;



12. The pharmaceuti cal conposition according to any
one of clains 8 to 11, which further conprises an

w0 popsfodmgobul in or7 1 a fragnent thereof havi NBCHEP2004/010882
specificity for glycoprotein Ilb/llla. 13. The
phar maceuti cal conposition according to any one of
clains 8 to 12, which furthez conprises an
hypol i pemi ant agent, preferably simvastatin,
| ovas ?@ le1m torvastatln pravastatin, fluvastatin,
eptastatin |f|brol aC|fran aci temat e, glunlcate
an§-Edsirpasdianvd.; 88d The phar maceutical composition
according to any one of clainms 8 to 13, which further
conpri ses an antioxidant /free radical scavenger
agent, preferably nicara¢#en, ranol azine, enoxipin,
gl ut ati one, edaravone, sl ast, | ycopene, Nacetyl
-L-cysteine, Nacetyl -D etPe, a racem c mxture
of N-acetyl - Lc-ysteineCand|{N acetyl - Dc-ysteine, or
carvedilol. 15. The phar L@al conposition
according to any one of eEcl@inms 8 to 14 for the
prevention and/ or treatnment Gl t her oscl erosi s,
endot hel i al dysfunctions, vasospasm cardiac allograft

vascul opat h dysfunctions of the circul atory stem
plaﬁgl %ﬂvdﬁi&ﬁ ShEGhsSMs %§t&§ﬂyp 6&&@&%&% ngal°t
cor@hjytdz@@ﬁanvyh@le 6gxalld@t1| NV E st e&skemlyays C%n_gl ry@lcantyl,
ro in theijr pat hogenesi hoI cal tlons
whe? -8 &5 4¥EJH ’trlg%g % g% 5% e

r ol daillpgemei r pat hogenesi s, and/or tlssue danage due
to ischem a and/or due

wherein R& optionally is substituted by one to three
groups independently selected from Cj_g alkyl,

Co_g alkenyl, C3.g cycloalkyl, C4s_g cycloalkenyl,
acetyloxy, hydroxyl, ONO, and halogen,

as active ingredient (s) for the manufacture of a
pharmaceutical composition for the prevention and/or
treatment of atherosclerosis, endothelial dysfunctions,
vasospasm, cardiac allograft vasculopathy, dysfunctions of
the circulatory system, platelet activation, thrombosis,
stroke, pathological conditions where oxidative stress plays
an important role in their pathogenesis, pathological
conditions where a deficit of nitric oxide plays an important
role in their pathogenesis, and/or tissue damage due to

ischemia and/or due to ischemia-reperfusion.

19. Use of at least one compound of formula (I):



to ischem a -reperfusion. 16. The pharnmaceutica
conposition according to claim15, wherein the
w@aiokoBsgt cal conditi ons where oxidative stresBCPER3084/010882
an inportant role in their pathogenesis are sel ected
fromallergies, stroke, Al zheiner's disease, and
i schem c cardiovascul ar di seases. 17. The
phar maceuti cal conposition according to any one of
clains 8 to 14 for the treatnment and/ or prevention of
dysfunctions of the circulatory system preferably
cardi ovascul ar ang/or coronary dysfunctions.72 18. Use
of at least one c swy] of fornmula (1) or a tautoner,
a pharmaceutcal |y acceptabl e salt, a prodrug or a
sol vate thereof: wher <1mQs an i nteger of 0, 1, or
2, X represents -S(OdUn- C=0 - or a single bond,
wherein mis an integep-of 1, or 2, with the
provi so that when X reprq§en s -(CGO- then nis 0 R
represents hydrogen or is a Bssidue R, which residue
Ris selected fromthe group cdﬂ@?sting of : al kyl;
al kenyl ; cycloal kyl ; cycl(Bal kyl, wherein one group is
repl aced by O,

or a tautomer, a pharmaceutically acceptable salt, a prodrug
or a solvate thereof as active ingredient (s) for the
prevention and/or treatment of atherosclerosis, endothelial
dysfunctions, vasospasm, cardiac allograft vasculopathy,
dysfunctions of the circulatory system, platelet activation,
thrombosis, stroke, pathological conditions where oxidative
stress plays an important role in their pathogenesis,
pathological conditions where a deficit of nitric oxide plays
an important role in their pathogenesis, and/or tissue damage

due to ischemia and/or due to ischemia-reperfusion,
comprising administering said compound or a tautomer,
pharmaceutically acceptable salt, prodrug or solvate thereof
to a patient in need thereof,

wherein:

n is an integer of 0, 1, or 2,

X represents -S(0)p~, -(C=0)- or a single bond, wherein m is
an integer of 0, 1, or 2, with the proviso that when X

represents -(C=0)- then n is 0,

and R represents hydrogen or is a residue R2%, which residue

R2 is selected from the group consisting of:

C1-¢ alkyl;



S, NH or NCH3; cycl oal kenyl; cycl oal kenyl, wherein one
group is replaced by 0, S, NH or NCH3; phenyl;
wW@oosayiss2 t hi ophenyl ; nitrosyl ;7 3 S-cystei nyl PCT/EP2004/010882
S-glutathionyl; and H wherein R* is selected fromthe
group consisting of hydrogen, C]__ g al kyl, al kenyl,
cycl oal kyl, cycl oal kenyl, &&etyl oxy, hydroxyl, and
halogen wherein R optionally is substituted by one to
& e gg@ﬁgﬁ ﬂndependently sel ected from al kyl,

al k i oaIkyI cycl oal kenyl , acetyl oxy,
hy@BeByFYC palkylogen, as active |ngred|ent(s) for the
ma@gf actyica oafl ky 1IPham@Eeeut baal c P aB freplbked by o,
e

ﬂglgn ag@éﬁr treat nent of at erosc rosis,
en ot N&l P&l N ‘uncti ons, vasospasm cardiac aIIograft
vasqubopgbhwaldya@unctions of the circulatory system
pI%te% cy n%ﬂ ME %@q Siote CHo group is replaced by

O, S, NH or NCH3;

phenyl;

pyridyl;

thiophenyl;

nitrosyl;

S-cysteinyl;

S—-glutathionyl; and

wherein R* -is selected from the group consisting of
hydrogen, Ci-g alkyl, Co_g alkenyl, C3-g cycloalkyl,
Cy4-g cycloalkenyl, acetyloxy, hydroxyl, ONOp and
halogen;

wherein R2 optionally is substituted by one to three
groups independently selected from Cj._g alkyl,

Cy.g alkenyl, C3_g cycloalkyl, Ca.g cycloalkenyl,
acetyloxy, hydroxyl, ONOy and halogen.

20. The use according to claims 18 or 19, wherein either one

or both of m and n is 0.

21. The use according to any one of claims 18 to 20, wherein

X represents a single bond or -S-.



stroke, pathol ogical conditions where oxidative stress
pl ays an inportant role in their pathogenesis,
w@aiokoBsgt cal conditions where a deficit of niPE€T/EP2004/010882

oxi de plays an inportant role in their pathogenesis,
and/or tissue danage due to i schem a and/or due to
i schem a -reperfusion. 19. Mgse of at | east one
compound of forrmula (1):7 4 or a tautoner, a

22 . Phatdaegditi cabrqacsepbabhe dtof acPEHAEUY8 OE0a21, wherein
sol vate thereof as active |ng¥ed|ent éi% for the

R rpEResRtont BABPSP t r Bat AeRt KBt/ atRef oRLKERSLr s,

c3_§ndp¢h@éiaﬁlﬂygﬁu beGDSalMé?pSﬁasn} ca{diac al | ograft
vasc n t t
Ve gprehy, Erstinetyons O he gyl Loy eugt

phexphddti 6Bs-ghatkybkxpdative stress plays an inportant
role in their pathogenesis, pathological conditions
where a deficit of nitric oxide plays, an inportant .
23-roT@ein@h@¢¢Op@%h@gEﬁe@mz,0%%d¢grc ?88FelBahfgé2dusherein
R ikocisghgnkgiand/or due to ischema -reperfusion,
conprising adm nistering said conpound or a tautoner,
pharmaceutically acceptable salt, prodrug or solvate
24 .t heheofis¢ caacpatii pgt tbnangedné hef eotaimbel ®i ho A3j swharein
i nt eger _qf . S S:=S(0.1n- - .
the LoESlnd %82?%8F§5b§8d§°%ﬁgggiKE?lengi%%QBSPnSfaS?Ordlng
to formula, (Bfl horhéI@g) ovi so that when X represents
-(CO- then n is 0,

H

ONO,
(Ic) (1d)

25. The use according to any one of claims 18 to 24, wherein

the compound of formula (I) is selected from:

2-thioisosorbide 5-mononitrate,

5,5’ -dinitrate-2,2’-dithiodiisosorbide,
2-methylthioisosorbide 5-mononitrate,

2-[(R) -methylsulfinyl]}isosorbide 5-mononitrate,
2-[(8)-methylsulfinyl]isosorbide 5-mononitrate
2-methylsulfinylisosorbide 5-mononitrate,
2-methylsulfonylisosorbide 5-mononitrate,
S-nitroso-2-thioisosorbide 5-mononitrate,

2- (tetrahydropyran-2-yl-thio)isosorbide 5-mononitrate,
2-(isosorbidyl-2"-dithio)isosorbide 5-mononitrate,

and



and R represents hydrogen or is a residue R, which
residue Ris selected fromthe group consisting of:
wabdoplo37882 al kenyl ; cycl oal kyl; 3- 8 cycl oal kyl PCTVERI064/010882
one group is replaced by 0, S, NHor NCH; 4- 8
cycl oal kenyl ; 4- 8 cycl oal kenyl, wherein one group is
replaced by 0, S, NH or NCH7; phenyl; pyridyl;
&glophenyl nitrosyl; S-cysteinyl; S-glutathionyl; and
er, el fir he [ of
o808 3 CASSRL B0 bhe daraue caesorbind
cﬁcN@@b@éﬁ%ﬁteacetyloxy hydroxyl, and hal ogen;
wherein R optionally is substi t ut ed by one to three

groups i ndependently selectegg%ron1 g al kyl -2-6
26. alKenytse Gt U KA Het 3?90{?/“ e
compyE@XYs Za@dehﬁlbﬁfﬁlsosorblde 5-mononitrate, which is
represented by the following formula:

O

PN

HaC~ S

1T

=

O~\o,

27. The use according to any one of claims 18 to 26, wherein
the pharmaceutical composition further comprises a '
thrombolytic agent, preferably a plasminogen activator,

urokinase, streptokinase, alteplase or anistreplase.

28. The use according to any one of claims 18 to 27, wherein
the pharmaceutical composition further comprises an
anticoagulant agent, preferably heparin, dicoumarol,

acenocoumarol, enoxaparine or pentosan polysulfate.

29. The use according to any one of claims 18 to 28, wherein
the pharmaceutical composition further comprises an
antithrombotic agent, preferably acetylsalicylic acid,
dipyridamole, ticlopidine, clopidrogel, triflusal, pentosan

polysulfate or abciximab.

30. The use according to any one of claims 18 to 29, wherein
the pharmaceutical composition further comprises an
immunoglobulin or a fragment thereof having a specificity for

glycoprotein IIb/IIIa.



20. The use according to clains 18 or 19, wherein

ei ther one or both of and nis O . 21. The use
waewsngtismy to any one of clains 18 to 20, wherBCTEX004/010882

represents a single bond or -S- .1 6 22. The use

according to any one of clainms 18 to 21, wherein R

represents hydrogen, al kyl,7&l kenyl, cycl oal kyl,

cycl oal kenyl, al kyl) cycl oal kyl, al kyl) cycl oal kenyl,

31.Pheryk ﬁre(gceo&dﬁhéykk QR@”%Be &% cI%ﬁnH§9iﬁQEp@@ ng

to ang@one cl al , wher ei n i s al
whetigd ny b e PEGEmasse Utd cady C@ﬁ’@O@rltéOéli s rtdar czosnprlses a

hyp\Mlqlp%lnﬂaHte HRARQU e&%&%‘bd.lyngsﬁr&afﬁralﬂirg Qlovdstatin,
N aﬁ%und accordi n% tq formula %) R.O=S O=S
a °6V 2NB 1 ( PEPVESHR élvl?s? lor GG G Eriy rone
lifdabrolai reilf&ang %11:\msrt@|,n dlve icaeowrd mfsivarahdtan.
(1) is selected fron1 2-t hi oi sosor bi de 5-nononitrate,
5,5'-dinitrate - 2, "d-ithiodiisosorbide,
32.2- mBehyisehiagicossidnig de amynonet Pat slaims 18 to 31, wherein

the pharmaceutical composition further comprises an
antioxidant/free radical scavenger agent, preferably
nicaraven, ranolazine, emoxipin, glutatione, edaravone,
raxofelast, lycopene, N-acetyl-L-cysteine, N-acetyl-
D-cysteine, a racemic mixture of N-acetyl-L-cysteine and
N-acetyl-D~cysteine, or carvedilol.

33. The use according to any one of claims 18 to 32, wherein
the pathological conditions where oxidative stress plays an
important role in their pathogenesis are selected from
allergies, stroke, Alzheimer’s disease, and ischemic

cardiovascular diseases.

34. A process for preparing a compound of formula (I), a
tautomer, a pharmaceutically acceptable salt, a prodrug or a
solvate thereof:

wherein:

n is an integer of 0, 1, or 2,



2- [(R -methylsulf inyl]isosorbide 5-nononitrate, 2-
[(S)-nmethylsulf inyl]isosorbide 5-nononitrate -nethyl
W@ 200898788Dsor bi de 5-nononitrate, PCT/EP2004/010882
2-met hyl sul fonyl i sosorbi de -nononitrate, S-nitroso -
2t - hi oi sosorbi de -nononitrate, 2- (tetrahydropyran -
2-y t-hio)isosorbide 5-nonomgtrate, 2- (isosorbidyl -
2 dithio)isosorbide -nononitrate, and77 2-(5
-acetyl oxyi sosorbidyl - 2 d-ithio)isosorbide
S5-nmononitrate . 26. The use according to claim 18 or
X reprogeets imS R rcomioundingle hesdy| twhiegiedds ar Hisd@n
integ@n T tor,atig, sphixch is represented by the foll ow ng
formul a: 27. The use according to any one of clains 18
to 26, wherein the pharnmaceutical conposition further
andc Rpreipges en tHshigrhralgan oradenta, rersdferaalld), athich residue
I ' i vat.or r oki r ept.oki nase
a ’ ’ ) )
R %S?ép%;l;ég%%{)ar afgraolms%rheeplgécsél% é{él’% Séﬁlg} ke accor di ng to
any one of clainms 18 to 27, wherein the pharnmaceutica
cogRosi LheRf;urther conprises an anticoagul ant agent,
pre erabl&@heparin, di counar ol , acenocounar ol ,
enbRapafilfE gl ipent osan pol ysul fate. 29. The use
accardi rgcie@aamyigne of clains 18 to 28, wherein the
phar maceut i.cal, .canposi ti an furtgz conprises an
AN SYSAC e g PR e PR | e SR i AR agEH oY O
S, NH or NCH3;
Cgq-g cycloalkenyl;
C4-g cycloalkenyl, wherein one CHp group is replaced by
O, S, NH or NCH3;
phenyl;
pyridyl;
thiophenyl;
nitrosyl;
S-cysteinyl;
S-glutathionyl; and

wherein R* is selected from the group consisting of
hydrogen, Cj.g alkyl, Cp_g alkenyl, C3_g cycloalkyl,
C4-g cycloalkenyl, acetyloxy, hydroxyl, ONOp and
halogen,

wherein R2 optionally is substituted by one to three -
groups independently selected from the group consisting of
C1-6 alkyl, Co_g alkenyl, C3_g cycloalkyl, Cy-g
cycloalkenyl, acetyloxy, hydroxyl, ONOy and halogen,



di pyri danol e, ticlopidine, clopidrogel, triflusal,
pent osan pol ysul fate or abci xi mab. 30. The use
waewsngtismy to any one of clains 18 to 29, wherBPCTEP1064/010882

phar maceuti cal conposition further conprises an

I mmunogl obulin or a fragment thereof having a

specificity for glycoproteigollb/ll1la.78 31. The use

according to any one of clainms 18 to 30, wherein the

phar maceuti cal conposition further conprises a

_hypol i pemi ant agent, preferably sinvastatin,
whlr:év%fagf%ﬁﬁ, CRMBRIEStarPRAVEEAPES A6 .frplﬁpmwgt SRS

eptastatin , lifibrol, acifran, acitemate, glunicate

or _rosuvastatin,. 32, The.use_according to_an f

ol 80 e 8ot a1 TN by et A Y RES PRk RasalFeuaD of TRl

corfpdsilti on further conprises an antioxidant/free

radi cal scavenger agent, preferably nicaraven,

ranol azi ne, enoxi pi n, gl utatione, edaravone,

raxof el ast, |ycopene,)\ N-acetyl -Lc-ysteine, Nacetyl -

D-cysteine, a raceniésﬂdéture of N-acetyl - Lc-ysteine

and N-acetyl - Dc-wstein

according to any one of c

pat hol ogi cal conditions

an inportant role in thei 1

fromallergies, stroke, AQhg nBr' s di sease, and

i scheni ¢ cardiovascul ar di sedlbesy 34. A process for
preparing a conpound of fornmula (Tmuogi

(lla)

orHcarvedil ol . 33. The use
is-08 to 32, wherein the
Idative stress plays
hogenesi s are sel ected

wherein R’ is Cq1-Cg alkyl, preferably methyl,

to obtain the following compound:

HS

and

(b) optionally, effecting on the compound prepared
according to the step (a):

I. an oxidation reaction to obtain:



tautomer, a pharmaceutically acceptable salt, a

prodrug or a solvate thereof: wherein: n is an integer
wW@R008/037B42 or 2,7 9 X represents -S(O - or a SPCDEP2004/010882

bond, wherein is an integer of 0, 1, or 2, and R

represents hydrogen or is a residue R, which residue

Ris selected fromthe grouwa consisting of: alkyl;

al kenyl ; cycl oal kyl; cycl oal kyl, wherein one group is

replaced by , S, NH or NCH ; cycl oal kenyl ;

CYSIN kenyl wherein one group is replaced by 0, S,
NH or phenyl pyridyl ; thloﬂheqyl nitrosyl;
S-cyst : S—glutathlonyl and reig R* is

sel ecfed | the group consistin rogen, al kyl,

g cycl oal kyl,

and/or

optionally followed by a second oxidation to

obtain the following compound:

R*

H

wherein:
n is 1 or 2,
X is -5(0)p~, wherein m is 0, 1 or 2, and
R* represents hydroxyl or ONOy;
II. a substitution reaction to obtain:
a compound according to formula (I), wherein:
n is an integer of 0,

X represents a bond,

and R does not represent nitrosyl,



cycl oal kenyl, acetyl oxy, hydroxyl, and hal ogen,

wherein R optionally is substituted by one to three
w@re@aps7sindependent |y sel ected fromthe group PCT/EP2004/010882

consi sting of alkyl, alkenyl, C _ cycloal kyl,

cycl oal kenyl , acetyl oxy, hydroxyl, and hal ogen,8 0

whi ch process conprises con8acting the foll ow ng

steps: a) effecting the hydrolysis of a conmpound of

formula (Ha) : wherein R is C_-Cg alkyl, preferably

methyl, to obtain the fo conpou . and (b)

opt i onal | y°P chlfcf’bagﬁt %]ri?W%é T dto ‘obtain a

accordi ng ¢Qmp¢undn&nndfﬁlng tozﬁbﬁmuﬂﬁt(ph,rﬁﬁﬁiebm

to obtain:81 NI and/or optionally foll owed by a second

oxi dation to obtain the follow ng conpound: S(O

wherein: miks lawrimteges £ ,0 1n- wherein is 0, 1 or

2, and R* y epuasandrd IV Q- Ofwherein m is an integer of
0 or 1,

and R does not represent nitrosyl;

ITI. a substitution reaction to obtain:
a compound according to formula (I), wherein:

n is an integer of 0, and

X represents -S-;

optionally followed by an oxidation to obtain a :

compound according to formula (I), wherein:

n is an integer of 1 or 2, and

X represents -S(O)p—-, wherein m is 0, 1 or 2; or

IV. a nitrosation reaction to obtain:

35. A process according to claim 34 for preparing a compound
of formula (Ia), a tautomer, a pharmaceutically acceptable

salt, a prodrug or a solvate thereof:



Il1. a substitution reaction to obtain: a conmpound

according to fornmula (1), wherein: nis an integer of
wW@200%08mp2 esent s a bond, and R does not repr eSPCI/EP2004/010882

nitrosyl, 82 optionally foll owed by an oxidation to

obtain a conpound according to fornula (1), wherein: n

is an integer of 0, X repre&®nts S(0)m- , wherein m
is an integer of 0 or 1, and R does not represent
nitrosyl; 111. a sgbstitution reaction to obtain: a

conpound accordingjto fornula (1), wherein: nis an

i nteger of 0, and X\L esents - S ; optionally

foll owed by an oxi dat g@ntﬁ obtain a conpound
according to fornula (I9-_®herein: n is an i nteger of
1 or 2, and X represe (O\Ln- , wherein is 0O, 1 or
2; or IV. a nitrosation reaction to obtain: 35. A
process according to cl@img 3% for preparing a conpound
of formula (la), a tautondgt, pharmaceutical ly
acceptable salt, a prodrug or éw@givate thereof:8 3
wher ei n: (Ia)

wherein:

n is an integer of 0, 1, or 2,

X represents -S(0O)p- or a single bond, wherein m is an
integer of 0, 1, or 2,

and R represents hydrogen or is a residue R2, which residue

R2 is selected from the group consisting of:

C1-¢ alkyl;

Co.g alkenyl;

C3-g cycloalkyl;

C3-g cycloalkyl, wherein one CHp group is replaced by O,
S, NH or NCH3zy;

Cyg-g cycloalkenyl;

Cq-g cycloalkenyl, wherein one CHy group is replaced by
0, S, NH or NCH3;

phenyl;

pyridyl;

thiophenyl;

nitrosyl;

S—-cysteinyl;

S-glutathionyl; and



nis an integer of 0, 1, or 2, X represents -S(O - or

a single bond, wherein is an integer of 0, 1, or 2,
w@n@s@318epr esent s hydrogen or is a residue R , PQITERID04/010882

residue R is selected fromthe group consisting of:

al kyl ; al kenyl/ cycl oal kyl; cycl oal kyl, wherein one

group is replaced by 0, S, & or NCH3; cycl oal kenyl;

cycl oal kenyl, wherein one group is replaced by , S, NH

or NCH3; phenyl; pyridR” tnlophenyl ni trosyl;

S-cysteinyl; S—glutathlo yl £ a dmhereln R* is selected

fromthe group consisti dr ogen, Cc_ al kyl,

al kenyl , cycl oal kyl, cy kenyl, acetyl oxy,

hydroxyl and halogen : R optlonally IS

substi t ut ed by one to threeng-ups I ndependent |y

sel ected fromthe group consist’i g of

wherein R* is selected from the group consisting of
hydrogen, Cj_g alkyl, Co_g alkenyl, C3_g cycloalkyl,
C4-g cycloalkenyl, acetyloxy, hydroxyl, ONO» and
halogen,

wherein R2 optionally is substituted by one to three
groups independently selected from the group consisting of
Ci-6 alkyl, Cp-g alkenyl, C3.g cycloalkyl, Cyq-_g
cycloalkenyl, acetyloxy, hydroxyl, ONOy and halogen,

and wherein said process comprises the following steps:

(a) effecting the hydrolysis of a compound of formula
(II): ‘

8

A
ant m
(111 I

O—no,
(IT1)

wherein R’ is C1-Cg alkyl, preferably methyl,
to obtain 2-thioisosorbide 5-mononitrate (1),



al kyl, al kenyl, cycl oal kyl, cycl oal kenyl, acetyl oxy,
hydr oxyl , and hal ogen, and wherein said process
w@eospiosses the foll owi ng steps: (a) effecting PEIEEP2004/010882
hydrol ysis of a conpound of fornula (H) : NO wherein
R is alkyl, preferably nethyl, to obtain
2-t hi oi sosorbi de 5-nononitrate (1),85 NO (D and (b)
optionally, effecting on the conmpound (1) prepared
according to the stepH-<ak: |. an oxidation reaction to
obtain: 5, '-dinitrato - 2, Md-ithio diisosorbide (2)
or 2- (isosorbidyl - 2 -drbioi-sosorbide 5-
nononitrate (8), option wed by a second
oxidation to obtain a co . ccording to formul a
(le): S(OHwherein: nis¥l17or ¢, Xis -S5O 1n- ,
wherein is 0, 1 or 2, and86HRr* @mﬁaents hydr oxyl or
2

(1)

and

(b) optionally, effecting on the compound (1) prepared
according to the step (a):

I. an oxidation reaction to obtain:
5,5"-dinitrato-2,2’~dithio-diisosorbide (2) or
2-(isosorbidyl-2/-dithio)-isosorbide 5-

mononitrate (8),

optionally followed by a second oxidation to

obtain a compound according to formula (Ie):

R*

wherein:

n is 1 or 2,

X is -S(O)p—, wherein m is 0, 1 or 2, and



Il1. a substitution reaction to obtain a conpound

according to fornula (la) wherein: nis an integer of
wW@200%08mp2 esent s a bond, and R does not repr eSPCI/EP2004/010882

nitrosyl, optionally foll owed by an oxidation to

obtain: a conmpound according to formula (la), wherein:

nis an integer of O X repd@ésents -S(0)m, wherein is

an integer of 0 or 1, and R does not represent

ni trosyl; gulrd@r 4 A d QL Jeast igfb4 0 obtain: a
compound according to fornula (la), whe ein: nis an

integer of 0O, and X represents - S ; optionally
fol | oved. by snbsxitdation teaobiehnta €68ROHNE compound

:
Tor 2, et oo Faedn Ballf Wy e e °T0 2,

or |V. anltrosatlon reaction to obtain: S-nitroso -

2t - hi oi sosprii dg, Srmaani tyate (6) 36. A process
accordi ng tol claim 34 or 35 that i ncl udes steps (a)

and (b) I fERPEIREPrefakdndn of: 8 7 2- [(R) - net hyl
sul finyl]izses hidles Shdoneiddsdrt: mrddy1,

optionally followed by an oxidation to obtain:
a compound according to formula (Ia), wherein:
n is an integer of 0,
X represents -S(O)m-, wherein m is an integer of
0 or 1,
and R does not represent nitrosyl;
III. a substitution reaction to obtain:

a compound according to formula (Ia), wherein:

n is an integer of 0, and

X represents ~S-;

optionally followed by an oxidation to obtain a

compound according to formula (Ia), wherein:

n is an integer of 1 or 2, and

X represents -S(0)p—, wherein m is 0, 1 or 2; or
IV. a nitrosation reaction to obtain:
S~nitroso-2-thioisosorbide 5-mononitrate (6)

36. A process according to claim 34 or 35 that includes
steps (a) and (b) II for the preparation of:



2- [(S)- nmethylsulfinyl]isosorbide 5-nononitrate. 37.

A process according to claim 35, that includes the
wa@e@anasion of both di astereoi somers . 38. A PCDERHS4/010882

for preparing a conpound of forrmula (11) or a

tautomer, a pharmaceutically acceptable salt, a

prodrug or a solvate thered7 H -Q ONO (11) which

process conprises the followi ng steps: a) effecting an

oxi dation of a conmpound of forrmula (Il1l) : (111)8 8

r refera Iy methyl, to obtaln
m‘e Fgﬂt H?etfsz%]of %@%% orpjee: snwombtr%%{r (@yd/or
efZ-e[c(tS ngn@:hylslalfmyb]flscbmomw@umdn@zﬁ@@ﬁtﬁﬁtén step

(a) with a nitrating agent in the presence of a

carboxyllc anhydride, preferably acetic anhydrlde
37. A process accordlng to claim 35, that includes the

separation of both diastereoisomers.

38. A process for preparing a compound of formula (11) or a

tautomer, a pharmaceutically acceptable salt, a prodrug or a
solvate thereof:

A

Tl

T hisese

ONO,
(11)

which process comprises the following steps:

a) effecting an oxidation of a compound of formula
(III):

(ITII)



39. 2, '-dithiodiisosorbide.
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wherein R’ is C1-Cg alkyl, preferably methyl,
to obtain 2,2’-dithiodiisosorbide (10),

H—o

att 7
o

and

(b) effecting a nitration of the compound prepared in
step (a) with a nitrating agent in the presence of a
carboxylic anhydride, preferably acetic anhydride.

39. 2,2’-dithiodiisosorbide.



