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wandsdses2 Ther eof Field of the invention The ppeserioos/ 010882

invention relates to disulfide, sulfide, sulfoxide,

and sul fone derjvatives of 1,4:3,6 dianhydrohexite
nmononitrate and their use for the prevention and/or
treatment of vascul ar disorders. Technical background
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share the common property of

_ Nltrlc ox1de (NO) is one of the smallest and 31mplest of the

blologlcally active molecules in nature. . Moreover, NO_appea:s‘
to be one of the most ubiquitous molecules in mammalian
species. As one of the most widespread 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 phy51olog1cal reles in regulatlng

'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

wlcers, asthma, and other central- and systemic— nervous

system disorders.




producing NO-related activity when applied in

bi ol ogi cal systens and thus m m c endogenous NO :
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formation/rel ease differ significantly anong the

conmpound cl asses, as do their chemcal reactivities.

Wher eas sone conpounds require enzymatic catalysis,
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Pharmaceutically useful NODs having a isosorbide~mononitrate .
skeleton are disclosed in WO 00/20420. The compounds &s such
disclosed therein do not form part of the present invention..
That appllcatlon descrlbes organic nitrates capable of.

' providing a potent vasodllatlng 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/ox atheroscle:oéié.
Accordingly the new use of said compounds forms part of the .

present invention.
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inmportant role in their pathogenesis; and/or
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f-1schemla 1s xanthlne dehydrogenase (XDH) . Under normal.

condltlons, hypoxanthlne (a breakdown product of ATP
metabollsm) 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 AfPahydrolysis, and there is a
calciumjdependent activation of proteases that convert the
NADPH—reducing‘XDH to an oxygen-reducing form of the enzyme;1
namely, xanthine oxidase (X0). On restoration of blood flow
(reperfu51on) to. the tlssue and with the reintroduction of

: molecular ‘oxygen, XO w1ll convert hypoxanthine to xanthlne'f;

and uric acid, and 1t will catalyze the reduction of _
molecular oxygen to form both superoxide anion radicals (O{Wt
and hydrogen peroxide (Hz0;). This XO-dependent mechanism of
oxygen radical production has .been invoked to explain the
involvement of 0" and H;0; in reperfusion injury to a variety
of organs, including intestine, brain, heart, and skeletal
nmuscle.

The generation of oxygen radicals in postischemic tissues

appears to overcome the capacity of endogenous antioxidants
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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
‘ mellltus, hlgh Lp(a) plasma levels or modlflcatlon of LDL

- such-as ‘oxidation or glycatlon ‘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. Thé presence of
oxidated~LDL (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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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.
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Sumnmary of the invention

An object of the invention is a novel type of compounds, _
:derlvatlves of dlanhydrohex1te mononltrate, which are capable"
of providing a potent vasodllatlng effect and which at the
same time modify other pathologic processes involved in
‘cardiovascular diseases such as, atherosclerosis, cardiac
allograft vasculopathy, 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.




endot hel i al vasodi |l ator dysfunction is a comon and
early marker for the devel opnent of cardiac allograft
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themto nodify other pathohygic processes involved in
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invention is a novel type of conpounds, derivatives
of di anhydrohexite nononitrate, which are capable of
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groygs,—art , otics, antioxidants
and hypol i pem ant drugs. A further object of the
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derivatives  of dianhydraqhexite nononitrate for the

compound_accordlng to formula (I), or a tautqmer,-a Co

pharmaceutically acceptable salt, a prodrug or a solvate

thereof:

T
X~5(0)y

wherein:
n is an integer of 0, 1, or 2,
X represents -8(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,
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manuf acture of a pharmaceutical conposition for the
treatnment of cardiovascul ar disorders related to
WanpRy 33 er osis. Detail ed description of thepCcr/Er2004/010882
invention It is an object of the present invention to
provide a conpound. according to formula (1), or a
tautomer; a pharnaceutical by acceptable salt, a
prodrug or a solvate thereof: R "X, S(On HO OH
R r% b&d erein: _nis an integer of 0, 1, or 2,
PFSB?QE?n IeEgfnPr igcaoresdfug anWél@anESldue Ra is
selahéed|ﬁrumlsheagrbﬁpegeﬁsggt@ng1ofor 27 wWth the
proviso that when X represents -(C=0O- then n is O,
WO 2005/ 037842 PCT/ EP2004/ 010882 7. R represents '
hydi egedlbylis a residue Ra, which residue Ra is

setected; the group consisting of: O -6.al kyl;
g é % ﬁéﬁﬁl C3_8 cycloal kyl; C3_g cycloalkyl

mh%3e8ncbﬁioﬁiﬁy Bifoup is replaced by 0, 5, NH or’
NQﬁ§*8C3y§l§HPk§PlKﬁ@&feln one CHp group is replaced by O,

S, NH or NCH3;

Cy-g cycloalkenyl; ;

C4-g cycloalkenyl, wherein one CHZ group is replaced by
O, S, NH or NCHj3: ‘

phenyl ; | <

pyridyl; |

thiophenyl;

nitrosyl;

S-cysteinyl;

S—glutathionyl; and

wherein R* is selected from the group consisting of
| hydrogen, Ci-g alkyl, CQ,G alkenyl, C3-g cycloalkyl,
Cyg cycloalkenyl aceﬁylbxy;‘hydrqul, ONOQMand‘
halogen, ' o '

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

C2-6 alkenyl, C3.g cycloalkyl, Cz.g cycloalkenyl,
acetyloxy, hydroxyl, ONO5 and halogen.




C4_8 cycl oal kenyl, wherein one CH2 group is replaced
by 0, S, NH or NCH3; phenyl; pyridyl; thiophenyl;
Wl 2003089842 S-cysteinyl; S-glutathionyl; and. PBf/EHz(anossz
OH wherein R* is selected fromthe group consi sting
of hydrogen, Cl1_6 alkyl, C2_6 al kenyl, C3_8
cycloal kyl, C4_8 cycloalkeggl acetyloxy hydr oxyl ,

ONO2 and halogen wherein optionally is
groups independent!y

b ut ed , by e to three
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: (I) when RXS(O) n- and ‘CBDZ are trans to each other
Wth respg8ct .to the ring plmRne, as depicted in
formulae (la) and (1Db): RR)%) X, S(On HX S(On

Hoo  *=s(), Oh 4

H.
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that then RXS(0),- does not represent Z 8—, wherein 2 is
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 1schem1a/reperfu51on, and anti
atherosclerotic properties. ' ém)

Another embodiment of the present invention relates to a
pharmaceutlcal composition comprlslng as active 1ngred1ent at

]'least one of the derlvatlves of dlanhydrohex1te 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 vharmaceutical
composition for the prevention and/or treatment of
 atherosclerosis, endothelial dysfunctions, vasospasm, cardiac
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OHH (la) O-NO2 O-NO2 (Ib) O that then RXS(0)n-

does not represent ZS- , wherein Zis an CL-C4 al kyl
Wer2ekP3782yl group, or an aral kyl group. Sur pricIirebos/o10ss2

in addition to the potent vasodilating effect wth

small or null tolerance, the conpounds of fornmula (1)

possess anti platelet activagion, anti thronbotic,

anti stroke, anti oxidant, anti tissue injury/danmage
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sol vate thereof as active |ngred|ent for the

-Thengggfgctur of afpharnaceutlcal conposition for the .
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bEleNdothellaI dysfunctions, vasospasm cardi ac WO, ;
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vasculopathy, dysfunctions of the cfrculatory system
The peapeeesiant I pheirowcentirioaddsi sicatpriolele patihgl egilsaite or

prodrug thereof” describes any pharmaceutically acceptable
salt, ester, solvate or any other compound that, administered
to a patlent (directly or indirectly), provides a compound

described ‘herein. Nevertheless, it will be con51dered 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 synthe31zed from the correspondlng

compound that contains an acid or basic group, by

'-conventlonal chemlcal 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.




condi tions where.oxidative stress plays an inportant
_role in their pathogenesis such as but not limted to
WOGMOHM3Rr ' s di sease, pathol ogi cal conditi onsPOYEPZE0H010882
deficit of nitric oxide plays an inportant role in
t hei r pat hogenesis, and/or tissue damage due to

i schem a and/or due to.ischgm a- reperfusion. The

above used expressions will be outlined in nore detai
Exa QW F ' SSi 0 har maceuti cal Ly accept abl e
. %ggt, soIJ%fQEJSéPégdﬁ?% u?%e%%%FgaBé§cFﬁBé§ &Hgh as salts
of $tHrHnc ARtaws] lmacmbﬂznhrh,e armad:mluﬁﬁt ﬁﬁgn&@ll‘ﬁﬂ{t, €aQtiminium

and anytHatder &RDT%}Q“ gLed at.i ent
thgdlgrectl or .in |rectly3 pﬁ%g# e5°a EBHESBﬁ%lamlne'." ‘
16‘@% Newdgnerthawolaning) | tbéethasblentde,
gluddrdme el Mmmw%f Yorlfily afceplabl e salts also

are included wthin the I|n1ts I's invention
since these conpounds can be useful in the

The|magmaQMMan1yﬁpnﬂﬁﬁﬂﬁﬁﬁﬂdéﬁiﬁdﬁ&ﬁ@§e@iaﬁk@drﬁggt§re those
pr.odr.ugs and derivative

Pr. i.0 f.salts
thatbé???%%%ou?ﬁ% Bravsd rﬁP%E%E%d§f0£héh@rpresent-
1nvep:§|a.0@xa’21§tlne;qﬂﬁamm¢@lmdmldr}e aﬁﬁﬁh’::ﬁ@t@ré%' :E:é Qf%)ahtlent
(forC S n.are esi,zed from

(+o c%gggggon aniﬁﬁ'Eggﬁﬁg{%¥héfﬁl5H¥§Fﬁge%nC%%Paun%r £ oral
formygere graGHELYnys ebmeaisicorial hiven)cabr metbodsthat '
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of the reaction of free aci

blOISEIFﬁésgoﬁﬁﬁﬁSWﬁ@§ i ox §ﬁ@mﬂ%ﬁnnﬁhﬁ(b¥ﬁmmwmr whe h a

lympbetiespygndiemy.base or acid in water or an organic
di ssol vent or a m xture of both. Non-aqueous nedi a

like ether, ethyl acetate, isopropanol or
Any Q@@PQHHdrthatans agpmeﬂ&bbyoﬁrafQmmgﬁnuﬁxaﬂplfgkmgla (I)

el oS, PRI B W S 10
usedn%@r Bire, a@ﬁé@Ehaﬁ@naﬁdaodganc&udesddﬁﬁﬂﬂaﬁﬂmﬁszthat “i
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 amidé_
esters. '

The compounds of the present 1nventlon can preferably be in
thelr crystalllne form, or Yike free compounds or solvates.
The solvation methods Wthh 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
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acetate, maleate, fumarate, citrate, oxal ate,
succi hate, tartrate, mandel ate, nethyl sul phonate and
WO 08Y3%2 Ul phonat e. WO 2005/ 037842 PCT/ EP2004/RETDER04/010882
10 Exanples of basic salts include inorganic-salts
- such as salts of sodium potassium calcium
anmoni um magnesi um al um ntum and |ithium and.
organic salts such as. ethy[enedianine et hanol am ne,
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esters, esters

[ e follo atives;
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sul f onat ed conpounds, carbamates and am de esters.

T f t bly
o koot S5 IGH LKL, Lptai, o
lodpregorierert brdpirel vatpoafesradds which-can be - . .

applied are those generally knomn in the art. The'

__suitable solvates are '
The term léa ‘qkyl" as used hereln refers to a straight or

branched chain alkyl moiety having from 1 to 6 carbon atoms, -
including for example, methyl, ethyl, n-propyl, iscpropyl, n-
butyl, iso-butyl, sec-butyl, t-butyl, pentyl, and hexyl.

The term "Cp.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 %

'_stereochemlstry where appllcable This term would 1nclude,
for example,‘v1nyl allyl - and 2 butenyl and‘2~mgthyl =

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.

Ac;ordingly, the term "C3.g cycloalkyl wherein one CHy group
is replaced by 0, S, NH or NCH3" refers to an alicyclic group
having from 3 to .8 carbon atoms wherein one CHp group is




pharmaceutical |y acceptable solvates. It is preferred

that the solvate is a hydrate. It is preferred that
qugalwﬁﬁounds of forrmula (I), or their salt$CIFEP2004/010882

solvates are in their acceptabl e pharmaceutically

substantially pure form By pharmaceutically

acceptable form it is undemstood, "inter alia",

havi ng an pharmaceutically acceptable |Ievel of purity

al utigcal 5/ 037842
rep%c%dépz‘}gozr/?f é‘ﬁgr@l e t§%%vj\gnﬂs‘hs Wiy eitadfe of
- such 59uss ar@(](j:ehn@djm%rm,ertairaimmﬁhe,

pyrﬂﬁlldiﬁg(3§¥péf¥6¥ﬁé(ﬁaﬂE"{E%r%§¥§¥%th Ievels of

purity f'or the drug. are over pre over
70% and still nore preferable over 9096 In an even

The M Meleioyed BMhegiyPnted i SUBUNAY (0l SO Ao

havi or % alts, solvates or pro er eo
it mhdort O B o TR RIS RO e Sp‘;rr@é‘éme examples
of sum'erwodmarleq@m@ﬂe@trednd ot aﬁéﬂhe;yéwpaﬂt@r{w% ) J,Iclirﬁ}wi!ﬁa,
r ependi ng. on the presence of, chiral or
. cyCl?@%#%rlgac%ﬁpgr JEpendlng .on the presence of
mul ti pl e bonds (for exanple Z, E) The pure i soners,
It i8N f%rfg(eao agt S xtur S, are
X i s%ggg % %%ﬁée%gggént |nv 6T &Vmcg“

6 @ h%ﬂyégeEB BeF@ﬁéOﬁdleuoﬂgmg Gﬂﬂhmahhenyﬂnodﬁne or
P allk?(i')ﬁ%’_g"\’&9bieﬁlhl§9m % %&@J 't%-?-ﬁ Egv%tlb%&'ﬂen% 6

as useg hetfein r

phengﬂaﬁEhéglcﬁaF Xﬂk?@eﬁﬂﬂetWhﬁé@@ﬁgcﬂpﬁnﬁikwd éscar bon

espeatialy piagkudeng for exanple, nethyl, ethyl,
n-propyl, isopropyl, n- butyl, iso-butyl, sec-butyl,
t-butyl, pentyl, and hexyl.. The term"C2_6 al kenyl"

It l&sfugéhehepeeﬁereédrshbm ansﬁbam@hh (an bﬁ@ﬁ@&e@n@h@kn

b thab%egy ety paving.-from2 to 6 carbon, atons and
o2 eaéPtheEéogble bond of elther Eorz = SR

7 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):

! 'i‘
| X‘*S(O)n | x“*S(O)n

(ib)

The compounds of formula (I) also include (R) and (S)
diastereqisomers ‘according to the formulas (Ic) and (Id):




¢ stereoehem stry where applicable. This term woul d

for exanple, vinyl, allyl, 1- and
‘Wéqgl#gﬁv?,,.and 2-nethyl -2 propenyl. The ter R{T/EB2094/010882

cyclo.alkyl" as used herein refers to an aI]cycllc _
group having from3 to 8 carbon atons. Sone - )
i'llustrative exanpl es of sugh cycl oal kyl groups are

cycl opropyl’, cyclobutyl, cyclopentyl and cycl ohexyl.
Accordlngly, thE tern1"C3 8 cycl oal gyl wherein one CH2
group is gfgﬁgced by 0, S, NH or MCH3" refers to an

alicyclic hHV| ng from3 Qv% cagbon atons-
‘wherei n, one CHz ) i's WD 2005/ 087832
PCTIEP2004/010.82 epl aced by NP, or NCH3
Sone itlustrati exanpl es of "suc are

t et rahydr opyr ank¥, et ahydrofurane O pyr Iidine

pi peri di ne, and teira N4 %th|ophene The 4?
cycloal kenyl " refers to afh alicyclic grou;gzﬁ\j EV|ng

from4 to 8 carbonpatons. Sone |Ilustr®&|ve exanpl es
of such cycl oal kenyl groups are cycloﬁ tenyl,
cycl ohexenyl, cycl oheptenyl and cyclooctenyl It is

preferred that R represents hydrogén, Cl_6 al kyl, C2-

EsP@cggF?EBbgecyc 8§YEyﬁBlpﬁfs6 ar%?F%ﬁgoal $ %68|§§%§|?
phenyl or (Cl1_6 alkyl)phenyl, whereas ClL_6 al kyl is

esﬂeﬁhﬁbi¥o§6§$fﬂée§~mbhoh§t§HEEher preferred that in
éng ei t her one or mand nis 0. Also
1

p@%?%??%ﬁof%a? Xﬁ%@hi@géhﬁ§sarblﬁgle bond or
-52~metmy15h£§p§@s@£bYdersiﬁbﬁsﬂl£9§£ethe conpounds of

T R e R
2_{(S)—methylsqlflnyll1sosorbide S-mononitrate,
'2~methyl¥sulfinylisbsorbide-S—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.

Farther, it is especially preferred to use 2-acetylthio-

- 1sosorb1de~5~monon1trate (compound (12)), a tautomer, a .
_'pharmaceutlcally acceptable- salt, a prodrug and/or ‘a solvate

thereof:

O

A

$ o

HaC




RR X S(On HX~-S(On H O= OHHO1 O~ NO2 NO2

(1 a) &Ib) The conpounds of fornula (I) also include
WO(%Q?”‘E #2(S) di astereoi somers according to t RET/EP2004/010882

formulas (Ic) and (1d): e. WD 2005/037842

PCT/ EP2003/010882 13 R RO0=5 HOS-H .0=0 OO

H ONO2 H ONO2 Oc) (id) Especially preferred

compounds of _forinula (1) are: 2-thioi sosorbide

nig
as %ﬂgﬂf%l nl{:{ra S Fo% S SRTESST et @ pharmaceutical
conpusdtinn tinni e qEvntS.amrod Aonateceatment  of

el TS TS BB By ocnnsa.

Yhyl Sl e ands ssmesifee Ionpo hopetans ion, vasospasm,
athedomitdanild o icyoserbiide gﬁa&f&ofeﬂatsfc%tl%pathy
nmon

S-ni troso-2-t hi oi sosor.bi de onitrate
2- (tetrahydropyran-2-yl-thio)i sosorbide 5-nononitrate,

Addiz-i(aredslgr,bitthd - mpotiridsi @)fi f@s:ﬁmladqﬁ)  MeReRidiratis; 2-
 aceditni R s AGAY 030 0LV 22) Ol o) sog0r bl de
pharmaceutically acceptable salts, prodrugs and solvates
- thereof, may also be used in a therapy for the prevention
-and/or treatment of atherosclerosis,.cardiac allograft
vasculopathy, platelet activation,rthﬁombosis,'stroke,
pathological conditions where oxidative stress plays an
important rxole in their pathogenesis, and/or tissue damage
due to ischemia and/or due to ischemia-reperfusion. These
compounds may espec1ally be-used -in the preventlon and/or
" treatment of pathologlcal condltlons, where ox1dat1ve stressf
plays an important role in their pathogene51s, 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 transdermlcally for example through the .
use- of patches or bandages They may also be applled dlrectly"
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




' Further, it is especially preferred to use
_2-aqety|thio- i sosor bi de-5-nononitrate. (conpound
WO 5037842 ¢ qut omer, a phar maceutical |y accept Z6IT&EP2004/010882
salt, a prodrug and/or a solvate thereof: O H3CIS H
O HHON2 12 WO 2005/037842 PCT/ EP2004/ 010882 14
as active ingredient for. tize manufacture of a
phar maceuti cal conposition for the prevention and/ or
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K&t ag I% T 8 ’?ﬁ%t?’b&% Rubip ekt Lspgment

thergdferosdlrey asispediafittiacy atd g afdop ¥e@SEUhOPALIY I Ta.
pl atel et activation, th;onbosis, stroke, pathol ogica

condi tions where oxidative stress pl ays an inportant
liqrgadgly ot i Hhﬂﬁmgpauﬁmaalznuﬁgusitssme dacegdingdueo the

*:anéxﬁ;doip?f%fy R C%LI e usgﬁﬁ%fﬁﬁe L?@%gﬁ% TEese

conmpounds may espe

Prefgi@dy Simvastaiinof #ﬁﬁﬂﬁﬂ&ﬁynnﬂaﬁﬂﬁﬂﬂﬁtQMSn,mhere

 pravadtdatinge rIrestat iRl a)é'i)t@%’dami?ft Q.'Efﬂ?:}:af 2l na!:bﬂ:én,
: at hog enﬁsls uch as allergy,. zher ner
aci &F§§§g ei§€hémquastat1ne. They may also contaln

an ant10x1dant / free radical scavengers agent, preferably
selected from nicaraven, ranolazine, emoxipin, glutatione,
_edaravone, raxofelast lycopene, Nwacetyl L-cysteine, N- _
acetyl~D- cystelne, a racemic mixture of N- ‘acetyl-L~ cystelne-f
and Nuacetyl 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
.thelr pathogenesis (such as but not llmlted to allergy,

' stroke, Alzhelmer s dlsease, 1schemlc ccardiovascular ”
diseases); and/or pathologlcal 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 dose 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




cardi ovascul ar di seases. The pharnaceutica
ositions may be admi nistered by different routes.
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of pharnmaceutically preparations such as tablets,
capsul es, syrups and suspensions. Parenterally in
formof solutions or enul silahs, etc. They may al so be
adm nistered topically in formof creans, ponades,
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pol ysul fate or abci xi mab. They can further conprise
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X~g(0),

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

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

integer of 0, 1, or 2,

and R represents hydrogen or is a residue R2, which,iesidue
R2 is selected from the group consisting of:




« pravastatin, fluvastatin, eptastatin, lifibrol,
aci fran acitemate, glunicate or rosuvastatine. ~They
WO ont ai n - an anti oxi dant / free radi caPCI/EP2004/010882
scavengers ‘agent, preferably selected from nicaraven,
ranol azi ne, enoxipin, glutatione, edaravone,
raxof el ast, |ycopene, N acetiyl -L-cysteine, N
acetyl -D-cysteine, a racem c. m xture ‘of
N=acetyl -L-cysteine and N-acetyl-D-cysteine, or
carvedi |l o/ . The pharmaceuti cal conpositions according
t 0 Gheb SR i nvention may be used for the
tr%g?igﬂﬁlkﬁﬁy;y-prevention of - atherosclerosis,
cardl ac al l.ograft. vascul opathy, platelet activation,
t hioibSFEct ikﬁai, ti ssue danage due to ischenia
and/zpug dueclarllsehenmiereNerdis i Oy, @PMPris replaced by 0,
paténolhﬁ_gl&alNC}fo,nm ti ons where oxidative stress plays ‘
an 1'npor tant fote in their pat hogenesi s (such as but
noCg-griayetl qad kadydr;gy, stroke, Al zheinmer's di sease,

i sgherg r ol ul i.seases)..and/or_ '
pat@r%cﬂrgog:l ca djdclong|3t%'o%£he\%el§le%}e3eq}|l?ciéjr%lf‘p No 'Eﬁ?%%/%ced by
an Grnpor t8hto% d%@3/n their pat hogenesis. They can

al phebs1ysed for the treatnment and/or prevention of
dysfunctions of the circulatory system preferably
caPditdvi¥dcul ar and coronary dysfunctions. The daily
dostinmphemgivari ed dependi ng on the specific

sy ns, .the age, the body wei ght of the patients,
tthEgﬁggﬂfic node of administration, etc., and a
daBlgystenmlyl;dose for an adult person could be

'EE?%E%%&%}%&%%§ goa, 6 ?23|gﬁLéoggﬁ?§r§fgred as one’

dose only or divided into several doses during the
day. The conpounds of - Rije pﬁeSeht i nventi.on can ‘be
prepared by preparatio neghqgs known in the art, -by
adaptation of the i

wherein R* is selected from the group consisting of
hydrogen, Cj.g alkyl, Co_g alkenyl, C3_g cycloalkyl,
C4-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-6 alkyl, Cp_g alkenyl, C3_g cycloalkyl, Cy4_g
cycloalkenyl, acetyloxy, hydrbxyl, ONOg-énd halogen,




known processes by the skilled person or by a new
process described bel ow. Hence, another enbodi nent of

the present invention relates to a processes for
preparing conpounds of formula (I), tautoners,
pharmaceutically acceptable salts, prodrugs and

providedy dhed tmhmmedtXs Kgor dimg +ONOhearmy &miiren e éach other

: bl.e, t r C t f I

vt B e e e B o BB sehar, e Rad L)

PPddrug or a solvate thereof by the process outlined

beloww R X S(On HO O=HO~ NX wherein:. nis an

integer pf 0, 1, or 2, X repgesents -S(OM or a
or 2,

singl e bpnd, wherein mis anj integer of 0, 1,
and Rr @gts hydr ogen -or Xi-SS€>0 ‘esi due Ra, which
resi due F%L@,"ié]ected from t he(gtodth consisting of:

, £.@-6 alkyl; C2-6

and {

WO 2005/ 0378
al kenyl kyl; C3_8 wher ei n one
CH2 group i pla d by 0, S, t ;
: Aot
o 0
~ \NOZ

then RXS{0},- does not represent'Z 8—, wherein Z is an

C1~C4 alkyl group, aryl group, or an aralkyl group.
which proceés comprises conducting‘ghe following steps:

a) effecting the hydrolysiS'of'a compound of formula

(IXa):




C4_8 cycl oal kenyl; C4_8 cycl oal kenyl, wherein one CH2
roup is replaced by 0, S, NH or NCH3; phenyl;

WO-g‘iPPm #2 thi ophenyl; nitrosyl; S-cysteinyPCI/EP2004/010882

S-glutathionyl; and R* O OH wherein R* is selected

fromthe group consisting of hydrogen, Cl_6 alkyl,

C2_6 al kenyl, C3_8 cycloalkyl, C4_8 cycloalkenyl,

acetyl oxy, hydroxyl, ONO2 and hal ogen, wherein Ra

~optionally is substigfuted by one to three groups

i ndependent|y sel ectied fromthe group consisting of

ClL 6 alkyl, C2-6 al &, C3_8 cycloalkyl, C4_8

cycl oal kenyl, ace oxy, % hydBoxyl , ONO2 and hal ogen,

“17a provided that when D and -ONO2 are . trans

to each other wth resgect {to the ring plane as

depicted in fornmulae (la 3 Ib): R R I | X

S(On H X-S(On }{ 00 (90!%

(tla)

wherein R' is C1-Cg alkyl, p;eferably methyl, to
obtain the following compound:

and

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

I. an oxidation reaction to obtain:

and/or




* .

Fie. O-N02 Fi NO2 Q(la) (Ib) O then RXS(O n- does not

represent Z S- wherein Zis an Cl1-C4 al kyl group,
W%F%’“@Tsé%p, or an aral kyl group. which procesBCI/EP2004/010882

conprises conducting the follow ng steps: a)

effecting the hydrolysis of a conpound of fornula

Ma) :. WO, 2005/ 037842 PCT/ ER3004/010882 18 OH R

tilOON®X ~0)a) wherein. R is Cl-C6 al kyl,

pr ef er abl th t bt ai,n_t he foll ow ng, conpoun
FsTh o o RTaRabasy' Bandovas Rk fonarpyd rAdstRay bA
t he conpoehliapnepheefiolacewbndi agmpouhte step (a): |
an oxidation reaction to obtajn: 02N-0

R*

I.:',-I .

wherein:

.n'is 1 or 2, - ‘
X is -S(0)p~, wherein m is 0, 1 or 2, and
R* represents hydroxyl or ONOjp;

ITI. 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 represehtfnitrpsyl['

optionally followed by an oxidation to obtain a

compound according to formula (I), wherein:

" n is an integer of 0,

X represents -5(0)m~, wherein m is an integer of
0 or 1,
and R does not represent nitrosyl;




HO OO0 OHO SIsHSSH tl:lI!':o0 ON)2 and/or HO

~NO2 WD 2005/ 037842 PCTIEP2004/010882 19 optionally
WQRHOFBHEH by a second oxidation-to obtain thePCI/EP2004/610882

follow ng compound: R HO O H X, S(On NC-,* 0 NO2

wherein: nis 1 or 2, Xis -S(Om, wherein mis 0, 1

or 2, and . R* represents hygyoxyl or ONO2; Il. a

substitution reaction to obtain a conpound accordi ng

to forppyl an |nte of 0, X

(1
represents asb%ﬁ&l &qﬂ(ﬁﬁﬁ$ %ﬁ&nnltrosy

a compound according to formula (I}, wherein:

n is an integer of 0, and
X represents =-5-;

optionally followed by an oxidation to obtain a
compound according to forﬁula (1), wherein:

n is an integer of 1 or 2, and

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

IV. a nitrosation reaction to obtain:

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
Aprodrug or a solvate thereof:

R
i
X~

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




optionally followed by an oxidation to obtain a
compound according to fornmula (1), wherein: nis an

Wc)l%‘f?%'ﬁ‘é?”of 0, X represents -S(O m, wherein RCTEFZH/010882

integer of 0 or 1, and R does not represent nitrosyl;
WD 2005/ 037842 PCT/ EP2004/ 010882 20 111
a.substitution reaction tozebtain: a conpound
according to fornmula (1), wherein: n is an integer of
0, and X represents -S-; optionally followed by an.
oxi datjon to obtain a conpound according to fornula
and whereiersdid prdeesm domegsreofcdhdicting@ntheX following

steg$presents -S(Omwherein mis 0, 1 or 2; or 1V. a

nitrosation reaction to obtain: NS0 OH-O 1~ N2
According to the above process of .the invention it is
e&ne@ﬁﬂdqtﬁmﬁ&%%a@@@ﬂdlﬁﬁﬁQQﬁ?aﬁdﬁ%?&ﬂﬂ%jdf £d¥8u1a
fo la (la), a tautomer, a pharnmaceutically

ac t'abl e salt, a prodrug or a solvate thereof: R

X-.S(On HO O
.

S.
R’ '—.'_'__*

(IT)

. wherein R’ is'Cl—CG alkyl, préfefably methyl}
to obtain 2~-thioisosorbide 5-mononitrate (1),

H-g

H

O
NC&
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
5-mononitrate (8),




HO1~ N0O2 (la) wherein n, X, mand R have the above
meani ng, WO2005/ 037842 PCT/ EP2004/ 010882 21 and

WORMSE3M45ai d process conprises conducti ng t hePCT/EP2004/610882
following steps:, a) effecting the hydrolysis of a
conpound of forrmula (I1): RHO OHO-NXZ (I1I)

wherein R is O-C6 alkyl, pyeferably nmethyl, to
~.obtain 2-thioisosorbide 5-nononitrate (1), Hg HI O

OHO-NX»2 (. and optionally, effecting on

conpound (Bt ‘;Sg iy & $eavadsoxd dedyion to

an oxi datldntarleacaldﬁmﬁdh&bta@dbrdmg to formula (Ie):
55" - d|n|trato 2,2'-dithiodiisosorbide (2) or

. .R*

g

T [Htses

wherein:

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

R* represents hydroxyl or ONOj;
- 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 nltrosyl

optionally followed by an oxidation to obtain a

compound according to formula (Ia), wherein:

n is an integer of 0, _

X represents -S(0)m~, wherein m is an integer of
~ Oor 1, |

and R does not represent nitrosyl;




. 2-(isosorbidyl-2"-dithio)isosorbide 5-nononitrate
éS%, WO 2005/037842 PCT/ EP2004/ 010882 22 optionally
WOEREH2 by a second oxidation to obtain a cEEEFPAH/010882
according to fornula (le): R HO OHXS(On HO O
ONXR (le) wherein: nis lor 2, Xis -S(Om,
mherein mis O, 1 or 2, and3 R* represents hydroxyl or
ONO02; a substitution reactlon to obtaln a

fﬁ?gggﬁ a%g%'%gr%pﬁr'g%le aa oinocﬁ "%%ao e%“j&?es EoltS "

represent nitrosyl, optlonally follomed by an

oxi dat i ongt @o%wn@ B cckammoun %@%@%@ i fowﬂa&m

(la), wherein: nis an |nteg repre énts
-S(Om, wherein mis an |nteger of
n is an integer of 0; and

X represents -5-;

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 -$(0)p-, whexein m is 0, 1 or 2; or

IV. a nitrosation reaction'to'obtain:
S-nitroso-2~thioisosorbide 5-mononitrate (6).

Optional stép (b) of this new proceés 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 1, 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 fqr the preparation Qf:.

2*[(R)—alkylsulfinyl]isosorbide 5~mon0ni£rate and/or‘

2-[(S)-alkylsulfinyllisosorbide 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




0 or 1, and R does not represent nitrosyl; W : :

2005/ 037842 PCTI EP2004/ 010882 23 I11. a substitution ' '
WO2B%MB7%A to obtain: a compound according to PEATRH2604/010882

(la), wherein: nis an integer of 0; and X represents

-S-; optionally followed by an oxidation to obtain a

conmpound according to fornyha (la), wherein: n is an

integer of 1 or 2, and X represents -S(Om, wherein m

' nitros n reaction to
tautdhck, = Uodmiant Sea b AESTHAIE Sbord (PReTB)or 2
SOlvaﬁﬂ(ﬁhﬂranﬁm (b) of this new process of the invention

is described schematically in Schenes 1 to 4 for

specific conpoynds of the invention. These Schenes 1

to 4 relate' to he oxidation reaction |, the

substitution reaction |1, the substitution reaction

11, and the rMitroGati gp reaction IV, respectively. A

speC|f|caIIy preferNedsprqcess of the invention

i ncludes steps (a)/an Il for the preparation of:

2-[(R)-al kyl sul finy ]i gosopbi de 5-nmononitrate and/ or

2-[(S)-al kyl sul finyld1T<$0s9rbi de 5-nononitrate. It is

further preferred thatkpot$ di ast er eoi soners are

separ at ed subsequently, whsehssepﬂratlon may be

carried out by using conventi®naf nethods known in _

the art. A further preferred i on process of T b

the invention concerns the n of a conpound

of formula (11) or a WD, 2005/ é CT/ EP2004/ 010882

Tl

ONO,
(11)

- which process comprises the fplldWing steps:

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

(II1)

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




24 tautoner, a pharmaceutically acceptable salt, a
w@r@dos4spr a solvate thereof: O Jo HO O =5 :
" O RONO2 (11) which process conprises the fqlrg§ﬁn§hgh“msz

steps: a) effecting an oxidation reaction of a

compound of formula (111):. 0 R HO 0.=H OCH

(I'11) wherein R is d-C6 cptﬁ(yl, preferably nethyl,

to obtain 2,2"-dithio-diisosorbide (10), WO

2005/ 037842 PCT/ EP2D044010882 25 HO H ~io O

.0 .

bu i T

(10}
and

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

It is another object of the present invention to provide use of at least one compound
of formula (I) or a tautomer, a pharmaceutically acceptable salt, a prodrug or a

solvate thereof:
R
X
~S(O)

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

X represents ;-S (OYm—, —(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,




HS-SH 00 HOH (10) and (b) effecting a
nitration reaction of the conpound prepared in step
(a) with a nitrating agent 23athe presence of a
carboxylic anhydride preferably acetic anhydride. It

R ré&fke‘%’% dn Y 1 é’rféSQPu' ”}-‘@”t L:RFF}O &' ‘?t"dx?& R2 is

one conpound

sele&&ﬁ@brﬁe&om atsfmagmmqrmiwlagceiﬁtabl e salt, a
prodrug or a solvate thereof: R X, S(On HNOO =

HO11 N2 _ (1) wherein: nis an integer of 0, 1, or
2C1x g éﬂfl%éle'nts -S(Om, -(C=0- or a single bond,
Wrerg mlRdréyl;an integer of 0, 1, or 2, with the

4Eo;|so tquﬂﬁgég represents -(C=0)- then.n is p,
Ba nts hydrogen or is a residue Ra, .-
wiizcly rysilched M3 i swhesmdiact enle f CHM Ghougr d8preplaced by O,
c@nsiit 1410 i ;
Cq4-g cycloalkenyl; :
Cq-g cycloalkenyl, wherein one CHs group is replaced by
O, S, NH or NCH3y;
"phenyl;
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,
Ca-g cycloalkenyl, acetyloxy, hydroxyl, ONOy and

halogen;

wherein R2 optionally is substituted by one to three
groups independently selected from Cj_g alkyl,

Co.g alkenyl, C3_g cycloalkyl, Cy_g cycloalkenyl,
acetyloxy, hYdroxyl, dNOz and halogen,




Cl1_6 alkyl; C2-6 alkenyl; C 3_8 cycloalkyl; C3_8
cycl oal kyl , wherein one CHQ group IS replaced by 0,

S, NH or hE}B C4-8 cycloalgsg Cq_g cycl oal kenyl
wherein one CH2 group is re ced by 0, S, NH or
NCH3; phenyl pyridyl ; thiophenyl ni trosyl;

: t t h and R' HO QOH wherein
as a%ﬁ?% 2 %rcét 119{)#1 a% Iop%ﬁpmé‘BHﬁ@tti“ﬁ& &t %ydrogen,
phargaceuglilogl C@anﬁnalﬂaemylfo&tﬂecwrle@@lnl;)dkm aGgh;d_;lgor
h n ogen;
trea&%%ﬁ‘&?n%@%ﬁ%l e Yas YBRASEhea SO bR RS
. Vasogpragfs cadeiasdedt %BEﬁﬁ%cYeGCﬁﬂgpﬁ@hyﬁ aﬂqﬂaléﬁ 6
actlﬁhKQBML,tﬁ%d%baéiéﬁﬂé%Qer ¥§b§§E§§bﬂondltlons where

dro ONO02 an as active

X
Ode?ﬁ é E%FF ﬁlﬁ?rﬁﬂRﬁ%E?ﬂFereiea1“pﬁ%¢ﬁ&%eut|cm
pathogepesnt;l opaftmltdgeqmemmmlaﬂgl fhere a deficit of

nitric oxide plays an important role in their pathogenesis,
. and/or tissue damage dﬁe to ischemia and/or'due to ischemia-
reperfusion.

.Flnally, another embodiment of the present invention relates™ -
to 2 2’*d1thlodllsosorb1de, compound (10),'wh1ch 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 expllcltly exempllfled
hereln via sultable modlflcatlons of ‘the worklng 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 (M-NMR) and carbon-13 (*C~NMR)
nuclear magnetic resonance spectroscopy data.




treatnent of atherosclerosis, endotheli al
sfunctlons vasospasm cardiac allograft
athy, pl atel et activation, thronbosPSTEP2004/010882
stroke pat hol ogi cal conditions where oxidative
stress plays an inportant role in their pathogenesis,
pat hol ogi cal conditions whese a deficit of nitric
oxi de plays an inportant role in their pathogenesis,
and/or tissue danage due to ischem a and/or due to
i schem a- reperfusion. Finally, another enbodi nent of
The {1HeC RIS dFITIGIVER FRTORANCR expeqtyra were recorded with

- VarZar' Gehirdi -0t 0 ¢ asOrPi San CRAINBE I Mpe n&g&&ﬁ&én

“internmedi ate conpound in the preparatiol compound
(11) of the invention. In the working exanples herein

The (opeshen ti infg ?erédgfémwald dﬁsa:rsdlaféhﬂm weidido stidcatd &he
sses to, obtain various e _conpou

s SLATF IR A PRl Y oy PRRRFR-\RER pgpition of

thet&mmlea(armlmmatacs nm thi(ppie skithl ethepeigmmed of the

sol ral @lélfetz_ré%c%o qis flence values -

. _81 Clttly exeg;) fle ereln via.Sul
wergmi 44 i dir euwammcr@@éaﬁqﬁneﬁndw& ei% ppt Hwird |

' deui@caﬁﬁ%ﬁrﬁﬂeﬂrﬁzl heysiddd A Bl A dhat dﬂt%i%ecﬁw es

are olely for jllustrative purposes and _nust not be
erddanse | {THS) MRetamkeds arcasianildy taken as an R
1nte£aﬁxmom§i5e1®btca§ neditl ¢ prexmad es tdﬂ&teﬁ&ré@ﬁfe RRIQW. The

are identifie rot.on ('H NVR carbon-13
nuntf5E oSS E Y %F&She% o R Bk o S Fo e
1nte::t_ataat:1dﬂ)a£ﬁi)5ﬂfé’37@4& RCfF/diE_;Z(XlMEﬁ:E)a&ﬁlc%&eﬁldmucl ear
%ggﬂgg d.w.th V L 3n
‘ -ZO rei Zﬂgoq'é'e f%&rge%gc%ei SPeters. 5‘$ Ter),
d (dspBriatiing tf r@cﬁl@i@t)a{ndﬂd He:lcsxhhﬁéhtofus@miﬂ@trse)aodddt he
(doublet of doublet of doublets), bs (broad signal),. cs
(complex s:Lgnal), s.a. D0 (simplifies upon deuterat‘lon),
" d.a. D0 (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 & (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 dlmethyl sulfox:Lde

In some cases, nucléar magnetic reéonance 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 exper:unental part the following abbreviations are
- used: '

AcOEt ethyl acetate




spectrumare indicated in the "H NWR spectra. The
“P03|t|on of the signals is indicated. in.S (ppm,
QPPNFE42i gnal of the solvent protons takenPEEEPHSH010882
reference. The reference values were 7.24 ppmfor
deuterated chl oroform and 2.49 ppmfor deuterated
di met hyl sul foxi de. The si gmal obtained from
tetramet hyl sil ane ( TMVB) protons is occasionally taken
as an i nal referenﬁe . ppm used as a
reference val ue. The W ﬁ%% %?l rotons for each
si gnal d¥SGeakured by késadectiratedtdynethyph subifohide
type of al are ind d rent heses, u5|ng
t he . foIF%&?ﬂg abbrewa%?%%f aiéﬁhgﬁglet) d
“(doubl etBECHE (tri pl et )etidl (edr et of -doubl ets), ddd -
(doubl etyrgfc doubl et 0fh§@HQ§@$§&rm§Ebe(fgiﬁfh ?hromatography
signal) cs (conplex signal), s.a sinmplifies
upon deﬁ?%ratlon) d. BeX#P® (di sappear's upon
deut er atdedn) . The opermétlingl fic@guesncy and the sol vent .
used in spectrum_ar.e in the 13CNWR
spectraug$%£ position ?§%Q%% q&?@ﬁiﬁs is indicated in
S (pﬁn) LC}M ﬂ@deSqugnJaiqtﬁd tdteromsil acpreploardionss ghakeic
as the reference. The U are 77.00
for deuterated chloroﬁ%ﬁ%%éﬁggéggﬁyéﬁi %Onlzatlon‘%gss
hexadeut er at ed di met hygpseif@angty | n sone cases, a
nucl ear gggnetic resomgf@q{ém Spvere also
carried out using the pul se sequences APT (Attached
‘Proton feStP- HETCOR (Heawiditli Gt emaddl Shift
Corr el atriHen) or COSY (¥t ¥£l @b BRAGEHN OScopy) as an
~aid ta. assignment. In the experinental part the
follow ng abbreviations are used: AcOCEt ethyl acetate
WO 2005/ 037842 PCT/ EP2004/010882 27

EXAMPLE 1

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

HS

wi L

1) NaOH/MeOH.
2) HCl -

H

In a 50 mbL 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 sclution 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 stirxrred and




AcOH acetic acid DVMSO d5 hexadeut erated di net hyl
sul foxide EtOH ethyl alcohol EtOEt ethyl ether HPLC
WOPYHOHENX or mance |iquid chromat ography —Hx heXGHEPMB#010382
nmet hyl iodide MeOH nethyl al cohol LG (Apcl)M liquid
chr omat ogr aphy- at nospheric pressure chem cal
ioni zation mass spectronetwy s.d. standard deviation
s.e.m standard error of mean THP tetrahydropyranyl

onEHF, ai
5- mn%%%rlg{?%ffd#%%@ }_ﬂ_énﬁ'é im%%%)wg%ﬁ%tz?tm
redpied) Ry fEFULe "MNo2 demperauze Soekew f3GskG. 1. 00 g

(4 02 mol ) of 2- acetylthi.oi sosorbide 5-nmononitrate

k; %b‘?bt ai ned according-to_ WD 00/20420 were dissolved -
T eme B° N2 df SHERIRACA] Ho M ou@t rm i Tl s sch bogoform

solueibrnehs P Ut d s afnd agh &N dyl @ xb-Eer V@ﬂil@y@ﬁgﬁg mébhes:.um
sul %tgnc Af L%e%é%\ﬁ% %/tctgovsefgi‘ﬁgngnd St%{:{rlgﬂ?r%ated atm n
red@mdemmmlenb hiytd rvpecsh | dr i e aecti drmhl@ecaokﬁwks@hi"eato obtain
0. B%Eq_/%gz%%vg%i%%%je%&pdol\@&%oz%s 71%13‘.2119{ tothe} product

'of interest. Yield: 100%. :

*H-NMR (200 MHz, CDCl3): 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-
CHCHONO2), 3.45-3.35 (1H, m, CHS), 1.77 (1H, d, J=8.6Hz, SH).

~ BC-mMR (50 MHz, CDCly): 91.21 (CHCHS), 81.22 (CHONOp), 81.07"
(CHCHONO;), 76.15 (CH.CHS), 69.26 {CHQCHONoz), 42.82 (CHS).
EXAMPLE 2

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




i

Y

28 concentrated until dryness, elimnating the sol vent
at reduced pressure at a tenperature below 30 C. The
WO288¥03ifd2was suspendedi n chlorof orm This. chlerwErmmo108s2
solution was filtered and then dried over anhydrous
magnesium sulfate. After filtering the solvent was
elimnated at reduced preggure. It was. dried at
reduced pressure to obtain 0.83 g of an orange-yell ow
P oi ogrespondlng to the product of interest. Yield:
TocedH% 4°H NVR (200 MHz, CDCL3) 5.36-5.26 (1H, m
CHONO2), 4.95 (1H, t, J=5.0 Hz; CHCHONO2), 4.42 (1H,

3 0. SOd éﬁ%%c§§g§%ls§§°rﬁ%ﬂ%ﬁg‘%ﬁ%€1€r%@%ffé' 40b'_g&iined

: _accoHd ; 08./2042. 07 6va(2 Ml i s 1 kb dCHOHSL O HD Iﬁlrl@b{]\ﬁl@)hyl

alcoﬁgg@%%% %M’Eﬂon s, 5139&712(1%%[5)3&1?%@@ &p, to 200
mL Oﬁchm@)plagmaown( ek ML YICHRIONS) g emgeic

stirECGCHENCD) ot 8% (FHBure W&l@@ré\@ti‘@dré obt ai n
dinitratg-2,2' -dithiodiisosorbide (2) ONLO OH

temp@faFBE%s erHi® Rougss [y Jeactd ocryde W Pepred over

500.0 mL of acetonitrile while stlrrlng vigorously, observing

‘the instant precipitation of a flocculant white solid

corresponding to the 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 rpwm/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: (CHCl3;/AcOEt
6:1), 1isolating 250 mg of a white solid corresponding to the
2 thlolsosorblde 5~monon1trate dlsulflde product (2) Yield;

Procedure 2:

In a 50 mI, £lask, 1.00 g {4.02 mmol) of 2-
acetylthioisosorbide S5-mononitrate (12) obtained according to
WO 00/20420 was dissolved in 20 mL 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




2 WD 2005/ 037842 PCT/ EP2004/ 010882 29 Procedure 1
0.50 g of 2-acetylthioisosorbide 5-nononitrate (12)
WOHOMPHESR  according to WO 00/ 20420 was di ssol Pew/mEpR004/010882
10.0 nL of nethyl alcohol. This solution was slowy.
added,. drop by drop, to 200 niL of human plasma in a
250 nL flask with strong magnetic stirring.. The
reaction mxture was stirred at room tenperature for
15 hours. The r gﬁélon fude was, poured over ~500.0 nL
COrFFSRRR U (79 | SiakR BILELAR | ) vi §oPBEEFYEon¥eRFiong e
rea(tttteomnsrmts@m@lms af%me@édaoffoaﬁul aBkhek %%ve&@ﬂll dimes
or t he teins.
with et SRS obving: & SRuBd B BRugty Witige 0-58
g Of|auwhht&x&mkﬁ@dc@nﬂesphndsmg|ﬂo(phetérﬂhﬁa&Sbsorblde 5- -

5%5%%%9%? o fc I It 2
mon stirred an 1%%% f% g%uunder ?ﬁgggéég %Z&ndFﬁgéﬁ% gg
above (3000 rpn120 C730 mn). .The supernatant |iquor

TH-ES @eraMed dMEEIRi: n@dswubhmhq;zfpr Gl %cﬁ\f@z) The 9¢
sol vent was eva&éat ed at reduced ressure

(ZH't drpefat ut dlbel FHESORO2 IFh e s ui4in P agiicbu Hém 4GECHS) ,
4.04ab018 208K 1igs wesceydHaR,Led2oHLbHS, X 2688 ) L
chloroform The organic phases were conbi ned and
‘dried over anhydrous magnesium sul fate. After
B3c-RiRkt €50 NYHE hemsbvagu Wes. 460 nzcencna» ed8at, 3nedaosdNO,) ,

o 8 SRRt 70 0 MEFRATE 86 3 WA TOD , oh.n

(2CH31), isolating 250 ny of a mhlte SO|Id cor respondi ng
to the 2-thioisosorbide 5-nmononitrate disulfide.
product (2). Yield: 60% Procedure 2: In-a 50 nL
flask, 1.00 g (4.02 mmol) of 2-

. EXAMPLE 3

Method to cbtain 2~methjlthi6isosorbide'S-mononitrate {3).

o

)\" | —S H
S %,
: M 5 i0

1) KOH/MeOH

2} Mel

In a 50 mI, 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 nrbL 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




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

according to WD 00/20420 was dissolved in 20 nL of
WO cohol and 10 nl of a 10% net hanol sdUYERZAE4010882

of potassi um hydroxi de were added. The reaction

m xture was covered and stirred for 5 hours at room

tenperature. The precipitatggn of a white solid CVO

2005/ 037842 PCT/ EP2004/ 010882 30 corresponding to the

ISul.f b d t.h t Th
prefehis., 8ot She iRl 3R SNy L AR E (9 entiqpom
andnweishedakéshob0 DLy ofg watt arad (ed qnmu phadee|vis
sesz%%edgaﬂH @a@'g'ehgwi‘ﬂh' SO EIP su"{}’? %‘&t Ae-

2-thioi sosorb nononi t rate e pr oduct of -
interest (2). Yield: 70% H-NI\/R (200 :MHz, DMSO- d6) :

4.04-3.73

£118 05 £O0 S BAbKERT SHTISTITRY T TP Wit
AftBBOr¢hhy 88. ﬂfﬁd@&@ticﬂ&)e,ssﬁ&éil HRACHMN AN ks . iHl-.B&8 g of a

| Aftaresarglﬁg b2tk Whaﬁe‘?ﬁuﬂ( ?éﬁlfat)e] 5.4 e

51 (

.whléécg?l@%loz jres R}éﬁg C’IC\;EE{?O&”:(O&P%@ 1nteregt Yield:

76%2- et hyi t hi oi sosorbi de 5-nononitrate (3). OSH-SH
O1) KOHMeOHO 2) Mew O HONXR:0-'NX®2 12 In a 50
nmL flask, 1.00 g (4.02 mml) of 2-
TB-19R ¢ qullﬁi%os@%lzié 5 bhromi 26 af BH( 12) CHONOsIed 4.93 (1H,

t, aatsogdnﬁg égcné%gpl 29428 vwere d)s§ohVefl,! NcREHE) M 4004
me (o ol

e s35e9hgl .8 Hz, H-CHCHS), 4.01 (1H, dd, J=11.2

Hz, J=3.0 Hz, H-CHCHONO,), 4.01-3.81 (2H, ¢s, B—~CHCHS, H-

CHCHONOz), 3.30-3.24 (1H, m, CHS), 2.15 (3H, s, CHs).
**c-NMR (50 MHz, CDCls): 88.65 (CHCHS), 81.55 (CHCHONO:),. )
81.26 (CHONOz), 73.87 (CHpCHS),; 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)

HyC ¢

af 1T
I""Il
I!lll‘n- :

O

=

N

ONO, | ONO,
@ (4) o (4bis)




5.0 nL of a 10% net hanol sol ution of potassium

hydr oxi de was added all at once. The reaction m xture
SE¥E ed and stirred for 5 minutes at roofET/EP2004/010882

tenperature. 2.0 nL of nethyl iodide (32.00 mol) were

added all at once, the m xture 71 covered and stirred

for 2 hours at roomtenperaqure.lt was concentrated to

dryness, elimnating the solvent at reduced WO

0) 8 PCT/ 2004/ Q1088 1 e . The
In & 0800 O E L e 41988 ned i PArE T 4 o iRy of 2-
methm&#hmpmwmaosﬁlue pfmoadeitrThe ¢Bpaohtaphadeavasrding to

r t Ch%ﬁ§ e 3. o ter. A r
‘ Exagé ? over an yd?ogé&%%gﬁés%ugg%gF¥$? éfm? o4 9 35 2
mm0¥ll@% I@mantﬂéogdLv@ﬁtweten1waﬁeddétdrwduyeﬁlowly, drop .

by F&SS LK tﬁéﬁeétﬁfyéﬁgféﬁ {1 egyGeds 9r§§§Mr€em%Q£§ture The
results In white soli correspon Ing t

MLXG e p%%lu%%lwr?%t%ﬁl%s’ﬁhewﬂéﬁddlomae W3E NvRLpDegted from
theh&tltﬁiiaaat Eeﬁdc§d2§fébbu€é Ciﬁb&ﬁ% %{éw&@eflhbretadded
mhe jrigfutl N ced @0k 1 faod e B 568 |
chlaithfdedl. Pt wks JdeBed éterFhﬁhﬁﬂfbﬁﬁ)ma@néﬁ&ﬁhBﬂulﬂ&te,

20163 G Ghe L VTRt 0000 ridfhe oo This

resyIgHCHS) , 6 84. $50f GHOHENGRIon  81uds . ¢@HONOR)ng 78. Bixture of
dlaéé%§g3§g m&Ps 10 ( %io§00546£§}§% (af4add $5439f

MPLE 4 Met hod to o
(ab38). Y Bbereesesuing nW?‘F’éb%Tér Brade svasorRprYshaliagd from

dloﬁt‘}b 2418 -tetdyt suh 2 Nyl § 1 6OSERDI PLoBacthOppNi it @t &st (4)
Wlté a pgrf%ﬂ é%{55° by HPLC. Using the mother liquors from
the first recrystallization, the solvent was eliminated at
,fedﬁced bressuré_and the résulting residue recryStallized
from dioxane to obtain 1 g of the product of-interést‘(4bis)_
with a purity of 95% by HPLC.

2f[(R)-methylsulfinyi]isosorbide S~-mononitrate (4):

'H~-NMR (200 MHz, CDCls): 5.39-~5.28 (1H, m, CHONO,), 5.02 (1H,
‘dd, J=5.6 Hz, J=1.6 Hz, CHCHS), 4.89 (l1H, t, J=5.5 Hz,
|CHCHONOz), 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, CHs). - |

c-NMR (50 MHz, CDCl;): 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 O
‘experimental (%): 35,31 C; 4,67 H; 5,98 N; 13,5 S; 40,60 0




, H3C,S HO=Sr HO=8>H 0 O=000=0HON2 Fi ONO2
H ONO2 (3) (4) (4bis) WD 200-5/037842
WO PCYOER2004/ 010882 32 In a 500 nL flask, it PEEP2004/010882
di ssolved 7.3 g (32.9 muol ) of 2- nethylthi-oi sosorbide
5-mononitrate (3) obtained according to Exanple 3 in
75 nL of . di oxane. A solutign of 7.04 g (32.9 nmmol) of
Nal O4i n 110 nmL of water waS added very slowy, drop

t f our. +
Mass % éeg:ét?:% Tﬁﬁp ﬁpc{fﬁ% V\ilgi #q‘ﬁt'erze% a@%o"t hen t he
di oxane vvas elimnated from the filtrate at reduced
MeltipgePeoumnd: 1538 MfC dfy vig@®r were added. The m xture was
© extracted with 2 x 300 nL portions of chl oroform it

‘was dried over anhydrous magnesiumsulfate, filtered
Monocaws tefle sRape Rifftan piand e rmfc:étprm’féﬁur@ e s

dlast'é%metzs (4 p 6.6 Shifp B S18aed § oRyrdidescqt ai (BN (8) -

m Xt ure o di astereoi soners I1n a proportlon of 65% of -
C4, (RAyCand 35% of (4bis). The resulting reaction crude
was recrystallized from dioxane twice to obtain 2.9 g
of the product -of interest (4) w.th a purity of 95%
by HPLC. Using the mother liquorsifrom the first
2- [ (S etieydivalshd 1zRitrivdlr), i ¢ o swl dee rﬁ—nmmreiltmmt etbiat) :
reduced pressure and the resultlng resi due
recrystallized fromdioxane to obtain 11% of the . -
‘H-NMBr 6806t MBE,i 6D6Aebt PoBPsP-28i (hHa Bur CEONGE) 050688 (1Hr‘

t, J= F’lscﬂlzfL [ﬁ%@?ﬁgf&'w' %ulefg[)ngﬂ'%psgr‘*al @ﬁé%@i@@x@mtﬁam—

3. 88 CAENOmS, 51 H@lHCHz@HON@t)sv 6 +H8-3=40 6(3%: f@H(%%O
2.58 43&9 @;Hcggg J=5.5 Hz, CHCHONO2), 4.29.(1H, dd
6.4 Hz, H CHCHS), 4. 20-

PC-NMR (50 MHz, CDCl;) : 82.89 (CHCHS), 82.26. (CHCHONOZ), ~
80.55 (CHONO_z_), 69.19 (CH2CHON02} 67.88 (CHZCHS), 66 94
(CHSO), 36.64 (CHj). |

Microanalysis

calculated (%): 35.44 C ; 4.67 H; 5.90 N; 13.51 s; 40.47 O
experimental (%): 35.65 C; 4.66 H; 5.87 N; 13.56 S; 40.57 O
 Mass S?ectrometry (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)-C2, (S)-C3,
(s)-c4, (R)-C5

EXAMPLE 5

Method to obtain-2-methylsulfonylisosorbide S5-mononitrate (5)




3.91 (3H, .cs, H CHCHS, CH2CHONO2 ), 3.38-3.31 (1H,
m CHSO), 2.61 (3H, s, CH3) 13C-NMR (50 MHz, CDC13):
W@ 2003438CHCHONO2) , 81.51 (CHCHS), 80.55 (CHONGZ)/EP2004/010882
69. 65 (CH2CHS) 69.28 (CH2CHONO2), 66.24 (CHSO, 37.28
(CH3). Mcroanalysis calculated (%9: 35.44 C 4.67 H
5,90 N, 13.51 S; 40.47 O géperimsntal (%: 35,31 G
4,67 H 5,98 N, 13,5 S; 40,760 0O WD 2005/ 037842
PCT/ EP2004/ 010882 33, Mass Spectronetry (LC (Apcl) M
to 20V): 238 (Mtl)+ Melting Point: 153 C by DSC
Monocryst gl X-Ray Diffractiony ®he configuration of
- the di ast=r8rrer (4) is est@,la:l:SShms (R) - S (S)-C2,
(S) G3, A, (R-G .0
2- ((S) Nethy! gul fimyTTTs850r bi- “nowoni trate (obis):
"H—NI\/RQZEO MHz, CDCl13): 5.39-§. 1H, m CHONOR),
4.89 (1H H déOGHZ CHCHO\|02)468(1Hd54
Hz, CHCHS), 4.4 *+3.88 (4H, cs, CH2CHB-1\1@—|2CHO\I02)
3. 48- 3. 40 (1H,. m CHSO, 2.58 (3H, s, CH3)
i 3C-NMWR, . (59 Miz,, CDCL3) 82.89 (CgICHS), 82. 26
( CHCHONO2) ,= 80.55 (CHONC2), 69.19~( CH2CHONCO2), 67.88
(CH2CHS) 66. 94 (CHSO) 36.64 (CH3). Mcroanal ysi s

. cuI d X 1 1S

In zﬁ# %e%éae/%%sfﬁ /ol @ (E!I Cr‘5 5287 N

nethgl 86 s o 8yl di s\ﬁamcspammas)y qumlaa&r@ing to
) int .b

e 3 ot 40 Wk AR Mot F 4 1 o

(13rt]héani+)a§tferRma1roqadb|€st)1d s{HsgPabl ¥ah aédeﬁsyltsonce, and .

thed DtiGed %)er%lg 48h at room temperature. 50 mlL of a

saturated solution of Na,S0; 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 ‘
solutlon of Nz2S03. It was dried over anhydrous magneSLum
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, o
filtered, ‘and washed with 7.5 mL of chloroform, obtaining 450
mg of the product (5) with a purity 6f 99.7% by HPLC.

'H-NMR (200 MHz, DMSO-~dg): 5.53-5.47 (1H, m, CHONO;), 5.00~
4.88 (2H, cs, CHCHONO,, CHCHS), 4.38 (1H, dd, J=9.8 Hz, J=1.8
‘Hz;, H-CHCHS), 4.12-3.86 (4H, cs, H-CHCHS, CH,CHONO;, CHSO;),
3.07 (3H, s, CHs). | o | |

Bc-NMR (50 MHz, DMSO-dg): 82.77 (CHCHS), 82.36 (CHCHONO,),
81.81 (CHONOQ,), 68.95 (CH,CHONO,), 68.46 (CH,CHS), 67.48
{CHS02), 39.31 (CHs). '

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 0




(S)-A, (R -C5 EXAMPLE 5 Method to obtain

2- et hyl sul onyl i sosorbi de 5-nononitrate (5) WO
WRuUusIY3¥842 PCT/ EP2004/ 010882 34 S O H H CQCHEr004/010882

OO OHNO 2 HHO. N2 35 In aflask it was

di ssolved 1.0 g (4.-5 mol ) of 2- nethylthioisosorbide

5-nononitrate (3) obtainedsgccording to exanple 3 in

20 mL of acetonitrile. Asolution of 4.11 g (18 1

ms r‘?cg?{orrgtr dIYC a&%ﬁ@room n’pg?'? ﬁ‘i 0 m_ag?

a sat ur at ed solutlon of Na2SO3 are added. It is
MeltSlg el Wity o X, 3Ghdp of methylene chloride. The
. organj ¢ phases are uni t.ed and they are washed with 2
x 30 nL of 'a saturated solution of Na2SC3. It was
dried over anhydrous magnesi um sul phate, filtered and
| vent elimnated at reduced pressure. 662 ng
EXA4#£§ %gtained of the product of interest (5). 640 ng
of the crude are suspended in 25 nL of hexane

d d t
metnigd 48 Shraddh SRF B S WO T W P 2B e ()
99. 7% by HPLC. 1Pk NVR (200 Nz, DWBC>d6) 5.53- 5, 47
(lH,dQ CHONOZ2) , 5. 00- Ne— o
H

)

=
=

0

O\
<
. u m
(1]

H H

O—no, C~no,
(. - 6

In an -'am'be'.r' vial, 0.5 g (2 4] mmol) of 2~ thloz.sosorblda 5- j L
_mononit'r'at‘e (1) obtalned accordlng to Example 1 were )
dissolved in 4.0 mlL 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 proteéted
from exposure to light and at room‘temperature. This results
in 0.48 g (yield: 843) of a deep red solid identified as S—
-_nit;oSo—zbthioisosqrbidg'S—mononit:atek(ﬁ),

"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 (CHCHONO,
CHONO;) , 73.4 (CH,CHSNO), 69.5 (CH,CHONOz), 51.6 (CHSNO).




4.88 (2H, cs, CHCHONO2, CHCHS), 4.38 (1H, dd, J=9.8
Hz, J=1.8 Hz; H CHCHS), 4.12-3.86 (4H, cs, H CHCHS
WEPPOPRIED, CHS02), 3.07 .(3H, s, CH3) 13C NWRT(EX004/010882

MHz, DMSO-d6): 82.77 (CHCHS), 82.36 (CHCHONO2), 81.81
(CHONOZ2), 68.95 (CH2CHONOZ2), 68.46 (CH2CHS), 67.48
(CHS2), 39.31 (CH3) . Mcrganalysis calculated (%
33.20 C, 4.38 H 5.53 N, 12.66 S; 44.23 0

EXAﬁgﬂgrynental (99: 33.45 C 4.34 H 5.52 N, 12.69 S

3 0 WD 2005/ 037842 PCT/ EP2004/ 010882 35 Mass

Spectronetry (LG (Apcl)Ms to 20V): 254 (MtH)+ Melting

e e LG Y Qe B bon Tr ot i e e hide &

moneniLrak® /NO Z Z 1 6 In an amber vial, 0.5 g (2.:41 -
mmol ) of 2-thioisosorbide 5- nononitrate (1) obtalned
according to Exanple 1 were dissolved in 4.0 nL of

MeOH, covered and stirred i ice bath. 320 pL
(0.249 g, 2.41 mol) of terf-bufoxynitrite were added
andiSst iy red while covered a ér gold conditions.
for 37:hqyrs. The white solid was f'ﬁt@;ed off and the

_ reduced
us rotected from exposure’f ol ht and at room
tenpérjtuye. This results in 0.4 qﬁ( (el d: 84% of a

deep red solyg identified as S- O~—~no
ni troso- 2=t hi of sosor bi de 5-nononitrate, (6). 4H NVR

(CDC13, 200 MHz): 5.40-5.25 (sc, 1K, CHONGR),
4. 84- 4164 L

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~dihydrd;2ﬁ—py£an 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 EtOEL were added and the mixture
washed with 2 x 40 mIL of a saturated NaCl solution. This
results in 1.15 g of a reaction crude that is purified by
chromatography (Hx:RAcOEt = 3:2), which yields 0.65 g of the
prpduct of interest with a purity of 83%. Recrystallizatidn
from hexane gave 0.45 g of the product with a purity of 95%,
1dent1f1ed by its spectroscopy data as 2- (tetrahydropyran 2-
_y1)~2 thlolsosorblde S—mononltrate (7) ' o

TH-NMR (cnc13, 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, 5H,
CH,CHSTHP, H-~CHCHONO,, CH; q4p), 3.60-3.40 (sc, 2H, H-CHCHONO,,
CHrue) , 2.00-1.45 (sc, 6H, 3CHz me) .

1?c-NMR (CDCl;, 50 MH=z): 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,
rae), 09.0 and 68.9 (CHCHSTHP), 64.8 and 64.7 (CH,CHONO;},




(sc, 2H, CHSNO CHCHONOZ2), 4.40-4.30 (m 2H,

H- CHCHSNO, CHCHSNO), 4.12 (dd, 1H J=11.4 Hz, J=2.6
WORR0SASF8IBCHONC2) 4. 00-3.80 (sc, 2H, H CHCHSNQCT/EP2004/610882

H CHCHONOZ2) . 13C-NMR (CDC13, 50 MHz): 88.2 (.CHCHSNO ,

81.9+81.1 (CHCHONO2, CHON®2), 73.4 (CH2CHSNO), 69.5

(CH2CHONO2), 51.6 (CHSNO).=4 Q 2005/ 037842

PCT/ EP2004/ 010882 36 EXAMPLE 7 Method to obtain

2- (tetrahydropyran-2-yl-thi Q)iLsosorbide 5-
49'1nﬁﬁ8n??r gt ECFv)m@, rﬁi-iga@?rﬁg- 3o(&}ﬂz @t 0130A HCHz me)
21.7CanbAR1.& {CHO,B:)3 (2.41 mmol ) of 2-thioisosorbide

5-nmononitrate (1) obtained according to Exanple 1

wer e suspended in 6 nL of 3, 4-di hydro-2H pyran and

-the m xture cooled in an ice bath. 0.10 g (0.40 mmol")
EXAMgiEpyrldlnlun1p tol uenesul fonate were added and

stirred overni ght under an nitrogen atnosphere at

room tenperature.-50 nL of EtCEt were added and the
Methadytqr ebtadghéd (heprozbidyd —R{ ~¢f thisdtinaacsdiso5-
monof@tyhten(gyhis 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% Recrystallizatio from hexane gave

0.45 g of the. product with a puri 095%

i dentified by its spectroscopy d
2 (tetrahydropy@an-2- yl)-2-thio

nEponltratE:ig 0

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 '
S5-mononitrate (1). After a white precipitate appears, 0.168 -
mg (2 mmol) of NaHCO; were added. After stirring at room

“\\m

1 R
- ONO,

temperature for 3 hours and 45 minutes an additional ‘100 mg
{1.19 mmol) of NaHCO; and 10 drops of water were added. After
an addltlonal 1 hour and 30 minutes of stlrrlng, the mixture

. was brought to reflux After two hours at reflux, the_EtOH

was eliminated at reduced pressure; 150 nL 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 nL
pbrtionS'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;S04. 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




1H NVR (CDC13i 200 MHz): 5.28 (ddd, 1H, J=11.0Hz,

5.4Hz, 2.8Hz, CHONR), 5.0-4.85 (sc, 2H, CHSTHP,
WQRROSOSKS}, 4.59 (dd, 1H, J=11.2Hz, 4.6Hz, CHOSHERRN010882

4.20-3.80 (sc, 5H, CH2CHSTHP, H CHCHONC2, CH2THP),

3.60-3.40 (sc, 2H, H CHCHONOR2, CHTHP), 2.00-1.45 (sc,

6H, 3CH2 THP) . 13C NMR (CD§E3, 50 MHz) 89.5 and 89.1

(CHCHS), 83.0 and 81.6 (C}[}KAKE) 81.4 and 81.3

<SRS0 bl 6 DU

Cth@@EPQE?B’hZCP@"E/PEmmmtSSIM@ Tragrid o7 of 96CmE ©

theT??bduc%lo% apdedbst (@H2 THp) , 25. 4 (CHZ THP) ,
21.7 and 21.6 CH2 é) EXAVMPLE 8 Method to obtain

2-(isosorbidyl-2"-dithi-:o)isosorbide 5- nononitrate (8).
- O30 1@-129 d:DbM., S $. 49BN 0(1u 8 &Oc@i@)g A.04-4.98

(1582 o ARcBOND=0: 34976741686 o ?Qo?’ 358 i & ggssraﬁjﬁh

cs, 5€HOH(on| ur. 2ke-4(. 1P (Bfﬂt ercsa \BiR—OR Y r e&c:l]m—tqatoe) dmiaam,, 3H~

CH)ét§ 3”%6(2(2'111"‘"35, D NGB e A4 i) L, 20H-5, 1

, rrrirng - at
H-CH), 2.55 (lH, d J=6.9 Hz, OH).

Infrared spectroscopy (in KBr pellet): 3461 cm™t, 2987 cm*-,
1642 cm™ , 1465 cm™, 1279 cm™, 1077 cm™, 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 0, 3.81 N, 17.45 S.

Mass spectrometry:

Electrospray: 368 (M+1).

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’ ~
dithiodiisosoxrbide (10)




+ tenperature for 3 hours and 45 m nutes an additiona
100 %él 19 mmol ) of NaHCO3 and 10 drops of water
WW&P@”‘%& d. After an additional 1 hour and 38CHERZR04410882
‘of stirring, the. mxture was brought to reflex.
After.two hours at ref lux, the EtOH was elim nated
at reduced pressure; 150 m3%»f water and 150 nlL of
AcOEt were added. An enulsion is formed and NaCl(i) is
added until the two phases are separaHél. The .organic
phase is separated and the aqueous pha%e washed wth
x 150 nL portions of AcOEt. Each of
/th ani ¢ phases is wasH#g separately wi
er and the organic p sescgre conbi @ed "awd dri ed
annydrous Na2SHA. Ahrg ixfiltered, wag e Wi th
fTand\t he sorvert &i milnatdd from the fi te at
r uced essure, obtai ®ng 6 nmg of a reactlon-~ 0
cr @e on{whi ch flash chromato l_gphy i s perforned.
5/ 037842 PCT/ EP2004/010882 38 nixtu-§
1:1 CHC13/ AcOEt as an eluent for the chromatogriéphic
sepakgtion results in a fragtion of 98 ny the '
prodgrgt of interest (8) 1aH§NI\/R (300 MHz, C%%l OH.
5.40-5.32 (1H, cs, , 5.04-4.98 (1H cs,

m SEHNE) e1fef2 109 (38 (3t mﬁsuB@Cﬁaéit%%éﬁnggggwmde
- {13k sobBeiined) aceogtﬂmg%omﬂ 084202R0Chre 316803V6 (-BH225
ml, &8, 26k Sp é5°Hth'ht1%n5éf(it' 30I éf6K8H"K

I nfrared spectroscopy % let) 3461 c%§%. 2987
watepiis, adggdy dhe resyd snanmlx E?Q éﬁﬂStiGF?dcﬁ¥ rog#e

A temﬁ@t&turéﬂ gpeanahysirs, aéﬁe&amaﬂleal lwfl%l ﬁ@oﬁgcécanam;ﬁ@ EtOH
Cul a

L H 4,77 0, 3.96 N, 17.04 S,
eLimingtéd, 25 35o5cey Brersute: ERe TefhlELahoeo Bhith o
brought to basmc pH by adding NaOH(), and stirred at room

'OV

temperature while bubbling an air stream through the solutlon'
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 CH,Cl,, filtered and
dried oﬁer anhydrous Na;S0s. 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
'51 with 3 L of a 1:1 mlxture, and after that, the percentage of

' the polar‘solveht 1ncreased 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. D;0, CHOH),



El ectrospray: 368(Mtl). Electron inmpact (nmz, (%

rel gtlve abundance)): 367 (7.4)(M+), 261 (3.8), 160
W%"“e’f 8459 (15.5), 127(14.2), 85 (35.7), 69 RCIHOH2004/010882

EXAMPLE 9 Step 1 Method to obtain 2-thioi sosorbide

(9) and 2,2'- dithiodiisosorbide (10) 4 x WD

2005/ _037842 PCT/ EP2004/ 010882 39 HOOO \, SHSO0 O

DD + SS OOOOHOHO 13 9 10 ™H In a 500 nL

‘- 1??‘2?&55%80%?%. CHBETy, Sop80u500 al2har 80 begrenbBaLa-
CHCRPH bt &t brr3a585¢dHel g6 ob BFCHEHGHY, o8 . 480HB i B6 15DHpics,

s.a0f DORIEHS ) 5 AdtRc  dhe(TesWs, Nd.a mMpghur gphS st htsr qqﬂ
d, %t om tenperature for 2 hours, neutralized Wit
Q}E A tHPEBH - elininated at reduced pressure

The resultl ng solution is brought to basic pH by

ol NG Lot SLY 50 Be 00 hetper AR ' 6.2

{CHABIFE., THe bl (XH.6HOHY ,a02di0fi dGHOH) h BE161) (RLH) .

2,2'-Dithiodiisosorbide (10)

'H-NMR (200 MHz, CDCls): 4.68-4.56 (4H, cs, 2CHCHS, 2CHCHOH),
4.34~4.19 (2H, cs, s.a. D;0, 2 CHOH), 4.19-3.97 (4H, cs,
2CH,CHS), 3.92-3.80 .(2H, cs, 2H~- CHCHOH), 3.66-3.52 (4H, cs,
 2H-CHCHOH, 2CHS), 2.63 (2H, d, J=6.6 Hz, d.a. D,0, 20H).

*C-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’ -acetyloxyiscosorbidyl-2'~dithio)isosorbide 5-

mononitrate (11)




. ) brought to pH=4. The water is elimnated at reduced
%fure and the resulting residue redissolved in
1742t i1tered and dried over anhydrous NBREBER2004410882
solution is filtered, washed and the sol vent
elimnated fromthe filtrate at reduced pressure,
obtaining 9.22 g of a reaction.crude which is
purified by flash chronat ography using different
m xtures. of cycl ohexane/ et hylQacetate as eluent. The
elution is started: with 3 L a 1:1 mxture, and
after that, the percentage : e pol ar sol vent
HCW.|Hcreased first with 2 L of a 3: dﬂxture later .
' wrthgz L of a 1:2 mxture and fi ny uted only with
AFCEtN A 2.64 g fraction:of -the ¢ and anot her
of the disulfide (10) are._i ayed fromthe
cuate. 2Th|0|sosorb|de(9) 1H9|\/F§( 90 MHz, CDCL3):
4168-% 5§(1H cs, CHCHOH), 4.48- 4.M0 (&H-gcs,
CHCHSH) , . 34- 4. 18 HH—bs—s. a. D20, CHOH)Z o

WD, 2005/ 08Z882.0°CT/ EP2004/ 010882 40 4. 16- 4 m
H CHCHS .78 (2H, cs, H CHCHOH, H
3.62-3.58 (1M o, 1 H CHCHOH), 3.748-3.36 (
s.a. D20,0CHB)T\2.80-2.60 (1H, bs; d.a. D20, .75

(1H, d, J=8HHz %y a. D20, SH). 13C NMR (50 . OR
3): 90.42 (CHCHSH), 81.47 (CHCHOH), 76.27 ‘

- (GH2CHSH), 74.00 (CH2CHOH), 72.04 (CHOp = cﬁsc&% @GHSFD
2,2'-Dithiodiisosorbide (10) 1H NMR (2%9 :
34- 19

4 68-4.56 (4H4 CS 2CHCHS, 2CHCHOH) ,
s.a. D20, 2 , 4.19-3.97 (4H, cs, ZC}QC}ED

s oI it BB i, Ay i
cautygp)at §3CCNVR- %SULI\/HZ‘? 6OBCHNP: B9, aspixpareHsf. 7.5 nl of
Cacet$é. Qﬁhgagkﬁe[h%d 1@359§ﬂ(%ﬁigﬁkﬁh&:g%1%9 Q%CHZ@Ug)mL L

flasz fitt 5 1t% reflux cooler, thermometer and magnetlc
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/szlt bath. 4 mL of the .
- previously prepared nitrating mixture is added dropwise over
| éﬁ‘ 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, flltered and washed

with plenty of water. The resultlng solid is drled 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=COCH3) and another 0.5 g fraction of
acetate-nitrate (11) (R=N0O,) is isolated. |




(2CHS). Step 2 Method to obtain
5, 5' -di acetyl oxy- 2, 2' - d|th|od|isosorbide (14) and
W(Q2Q05’037§é%t yl oxyi sosor bi dyl -2' -di t hi 0) i sosor bi B&I/BP2004/010882
nononitrate (11) WD 2005/ 037842 PCT/ EP2004/ 010882 41
O HOO do HOO'SSHHS-SH OO OOHOHHOR
' 10 R=000H3 14 R=NO2 11 é nitrating mxture is
prepared by addi ng, slowy and with caution at 0 C
m. of 60% HNOB to a m xture of 7.5 nL of acetic
n%w??sxslaﬁu 3925 thitodicktosorkide (R=GO¢HY n{14)

flask fitted with reflux cool er, therrmmeter and

. 'H ’@%n&iﬁ‘m@m %&bgdég(éss)g g]é?lal ﬁéd 2CHO @Ing 4r 83

4. 7Exann;ec§ apenddssp) vede3n 196 M2wf cefetBoat| d4and-4.05

etjc ydri are_ ad e t
(21 Gsq e BroBFE ko nn§]1ﬁ‘{e/g&?'t Soare e or3rhErY: f8' Yon,
cs, pz@%busﬁy()@ré@ﬁu edl, rCH¥)ating mixture .is added

dropwi se over 15 minutes. It is stirred at O C for 2
hours, observi n%ét he. solidification of the reaction

C-IMBRA45OTMER i €OF3s)t i kT2t 0F2CD) hodit 87 AnE2BUCHS hut 88-76
(2CREHOPONT S ePDE BEHG £, 7Ti19666523¢ﬂ2@?13), 70.46 (2CH,CHO),
54,42 (2CHS), 20.63 (2CHj) .

2—(5’ﬁAcetyloxyisosorbidy1~2'—dithio):isosorbide 5-
mononitrate (R=N0;) (11)

N
'H-NMR (200 MHz, CDCls): 5.37-5.28 (lH, cs, CHONO;), 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; ACHp),
3.59-3.50 (2H, cs, 2 CHS), 2.10 (3H, s, CHs).

c-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 (CHa),
72.66 (CHz), 70.51 (CHp), 69.32 (CHp;), 54.42 (CHS), 53.72
(CHS), 20.65 (CHj). -

Mass spectrometry ‘ _ o
'f'Chemlcal ionization (NH3) 410 (M+1)f, 427 (M+1€f+.
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.




, crude is poured over 100 nL of water, filtered and
washed wth plenty of water. The resultlng solidis

WO ¥P384%4 reduced, pressure in the presence WFT/EBI84/010882

This results in 2.69 g of a reaction crude which is
purified by preparative reversed phase
chromat ography. A 1:1- nmi»%ure of acetonitrile: water
is wused as an eluent for the chromatography. A 1.01 g
* Trdngednioichdmt ke, dbacel aj eJpi4) J( ReEREh3)-oand7anetbek) ;
167~ 3‘07:_’5 g fraction of acetate-nitrate (11) (R=NO2) is
i'sol ated. WD 2005/ 037842 PCT/ EP2004/ 010882 42
* Sallpd -Rli acet yabxy-Ruf. - di t Rhadinasodor Bbde ((RSCDEHEY -55.

'-(14)' "H NWR (200 MHz, CDC13): 5.16-5.02 (2H, cs, :

- . 2CHOCO), 4.85- 4.76 (2H, cs, 2CH0-0O), 463456(2H
The it TeeUic) compaynds osre (2ested, agHSCHLff4re0t3. 74 (6H, -
concéﬁ%ré%%%é%v’a§(§603né§nﬁgﬁkl?ﬁsra%&@skroétﬁgog@w & 10
mM, %@cﬁ%@orﬂs@ t8 9 (orierEpl 73ng§ @Qer@?chmomsound The
obtaildaiXa)lt 0248 £BRHREED) to BRo4E Eggﬁskhezgségorblde 5-

monor%?t(c’%@%(ce‘f%%&yjr%o‘%%?%u a3y r%feH?Pﬁreo?rP%gBr bi de 5-
nmononi trate (R=NO2) (11) 1H NWR (200 MHz, CDC13)

o e R el (PR 0,00 Hhotbripeg, oo

ECso @wctmmczmsenpzamo@s P02 ,CHOQ)ch 45188 TONBHE nagion

of e R iy S50y SEE g A0xksbu R tBin

equals7tCn§me thyy mmximmy, t%ﬁelét(EPI}Ch%h%a{ftﬁﬂfY y3ngohas
been (@htradckdd «GH#)1 pﬂ2®§6Pﬁé¥$BepK91§é (CH2), 69.32
(CH2), 54.42 (CHS), 65 (CH3). Mass
spectronetry: Chem cal ionization (NH3) 410 (M1)+,
427 (W18) +. S o .

|Table 1.~ Test of vasorelaxatibn'
Compound , : ECsp 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 - o7 D.024 % 0.005
(12) ' 0.023 * 0.010

As it can be seen from the table, ail the compounds tested
are more potent as vasorelaxants than the reference product.




Tests for vasorel axati on The nmethod used in the assays
substantially the sane as described in follow ng
W%Qﬂé/ﬁ%'ﬁé%s * Furchgot, R F., "Methods in nitPCEHEBXI0HR10882
research”; Feelisch & Stan1er, eds., John Wley &
Sons, Chichester, England, pp 567-581. WD 2005/ 037842
PCT/ EP2004/ 010882 43 * Troff§vanbi chnam K., et al.
Jpn. J. Pharmacol. 71 (1996); 167-173. * Salas, E
In gitab. teElr of) thBhdmElGti c?b®H 1M o1 Ak1al: ag-al%gatlon
di fferent conpounds are tested at 5 different
concentrations, at a concentration range from 0. 0001
Thet metbodnwbedsiingtﬁrneoms&atyw 4 sastulsitain triialgsy fudre eande as
‘ n I .s are conpared to those-
des ?g§?§h2n|§§239%?§§1E%g%%%%ﬁltrate ‘which is used as
reference product. The results are shown in table 1
- * shehey Bnd akeaprovipged A pHECRRA JAL! 6qld V@ 994) ; 1071-1076.
concentration 50) which is the concentration of each
of the tested conpounds yielding a vasodil atation

TheeqUonhﬁdéogteftbb@e@ﬁﬁﬂﬂﬂ@dﬁmaiﬁﬂéﬁ@ﬂﬂﬂbdﬂaéﬁﬂﬂéﬁﬂbns,

t th nM Ph
ass 50930081 DoRERORS ARt od e Ak AMLel Fhemd eine
-healinbgnhusad. Jlonbses oThied e esuitiso wbttad he d) 292 dbmﬁdiﬁﬁ to

tho%afﬁ‘-‘#@s%o@%oa%ﬁe% O%%ﬁgﬁtg%’cﬁoo%h )15, 65300

reference product.

.The results are shown in table 2 and are expressed as ICso
(inhibitory concentration 50}, whlch is the concentration of
each of the testeéed compounds yielding an inhibition equal to
. 50% of the aggregation obtained with a submaximal . :
‘conicentration (i-4 pM) of ADP (a submaximal concentratlon of
ADP is the minimal amount of ADP which produces the maximal
dggregation). '

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

Compound ICs0 mM (mean + s.d.)
Isosorblde 5~mononltrate 2.68 + 0.33
RION . g1l #.0.01
12 ‘ | 7 lo.01 % 0.007
(3) - 0.41 * 0.09
{(4) 1.00 *+ 0.01
{4bis) 0.85 + 0.15
1(8) 0.0019 * 0.0005
{7 0.58 + 0.021
(12) 0.089 £ 0.01




[

(9) 0.024 0.005 (12) 0.023 0.010 As it can be seen
fromthe table, .all the conpounds tested are nore
WELH0B33782 vasorel axants than the reference proIURER200DI0882
2005/ 037842 PCT/ EP2004/ 010882 44 In vitro test of the
inhibition of the platelet aggregation The nethod
used in the. assays is substantially the sane as
described in following reference: * Salas, E., et a
As Ban be Peanndcoin th:bZ.E( E?Qénldt?fél'cwl&)uncﬂhzﬁasted have a
re.tes at_ four different concentrations,
por A AR TPEy BReR ity 78 PRGREREE REOF AP (¢ latelets,
tha@lﬂﬁeﬁ@pﬁrlheatphyhhmﬁmﬁ dbrorsfeThacresuinpowtd .ai ned
are conpared to those from 5-isosorbide nmononitrate,
which is used as . reference product. The results are
shown in table 2 and are expressed as |C50
InhﬁbﬂhhbhtQEYhﬁﬁEﬁeﬁbhéh&%@ alh. ?mQ%%&eEsédﬂE%%on to human.
%g g at| n of each™of the Tested conpounds
endgiEhpht Fﬁhlbltlon equal to 50% of the
aggregatlon obtained with a submaxi mal concentration

oty fheA0F B3 RTREL L COBEERLRL FROT AL L e

compgyndgachop)atFabkeadd- mdastydé adhiebiibinorcothure

oncBPREERR 001 9% LD ofhatebelsy (/0R8 ELALELE (Riehined 1n
the5fﬁ%h@w1mgar@fgrgacee 33 (1) 0.11..0.01 (2) ... 0.01.
0.007 (3) 0.41 0.09 (4) 1.00 0.02

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 o6f Cancer 1999; 80;
1169~1174 o o S

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 endothellal cells (HUVEC) were the methods used to-

‘determine the inhibitory effect of compounds on cellular
_adheSLOn The adhesion of monocytes prev1ously labeled w1th

calce1n—AM (Molecular Probes) to HMEC-1 actlvated by TNF oy

- was assessed by determlnatlon of the assoc1ated~cell
Ffluorescence. The adhesion of washed human platelets

prev1ously labeled with MoAb agalnst CD36-FITC to actlvated-
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 controi
(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.




(obis) 0.85 0.15 (6) 0.0019 0.0005 (7) 0.58 0.021
(12 089 0.01 WO 2005/037842 PCT/ EP2003/010882 45
WOA@D:&,’% e seen fromtable 2, all the conpouncPGRER28#/010882
have a potent inhibitory activity on aggregation of
the platelets, that is superior to that of. the
reference, conpound. |Inhili€tion of human nonocyte and
pl atel et. adhesion to hunman. endothelial cells The
nmet hods used in the assays to determ ne the effect of
the conmpounds on platel et and nonocyte adhesion to
human endothelial cells are substantially the sane as
Tablgescribed in C the follow ng references: Del Maschio
' A et aI , J Cell Biol 1996 ; 135.: 497-510. Bonbel

Rl.Aaad. 1000 ‘no : 9001‘ oooo Col onp-——C et

I. CT alr DU —"1TIJJ9Y9, . . CUT-UTTE T O

Inhijitimrherodtd cmrso@tc)@ afiM@SleQSt(Bthted HMEC-1
humaMh@HdbgﬁgjgaﬁA éﬁl@' Brltlsh Journal of Cancer 1999;

wno 1.1
llDU LLI4 T QUHCbIUI UI lHC UUOI HUHUbth CCTTo

ComPPélT@onfl uent human ni cr ovpscef atrfiidobhbion hed i ednteeel s
{HMEC- 1) activated by meanﬁn@gn TNFs & (I§O) ng/ m) and

rthe ptatetets—to tomam—unpr T cat—endothetiat——cett—s

(1) (HWEC) were the nethods us¥ ¥ deternine the
(12)inhibitory effect of conpoprgiston: cel lul ar adhesi on.

e adhesi on of "MONMOCYUEeS previ ousty tabeted—wth
cal cei n- AM (Mol ecul ar Probes) to HVEG- 1 acti vat ed. by
TNF-a, was assessed by determ nati.on of -the
Tab1aS oci ated-cell fluorescence. The~adhesi on of washed
furfan pl atel ets previously | abel ed Mﬁth MoAb agai nst
CD36- FI TC to acti vat ed-

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

Compound - . T . 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 transcyt051s in human mlcrovascular

;'-f-endothellal cells is- substantlally the same as descrlbed 1n- ;'

Colomé C. et al; Atherosclerosis 2000; 149: 295 -302. Thls
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 Pedrefic J. et al.,




N HUVEC (50 pg/m of LDL mnimally nodified, LDLmMM) was
determ ned by Laser Scanning Cytonetry (LSC, d ynpus)
WHUeEPITHRI ng t he associ at ed-cel | fl uor escence PCRERM0-5010882
are expressed as the percentage of inhibition respect
to control (adhesion of the cells in the absence of
conpounds). Table 3 showg7the effect of conpounds on
W37 adhesion to activated- HVEC-1. Table 4 shows the

reno k- s T B 10 e A 2 £
YUIa¢hﬁFbiEi@n.6f3%93?iﬂ%ﬁ%cyl%9%ﬂh%%1%%5t%3&ct|vated

HNEC—l human. endot helial ~cells Conpound % of
h|b|t|on to contro] (nean s.e.m) (1) 30 + 8 %%%%[

Actl‘igteé (389 %M@%%W%%)orﬁqu TRy %‘F%%V%H‘ﬁ‘ésﬁ%ﬁcfa .
cultiblEEdachi viaé egbiyr LRAIIM of Sthawlvdd - &pnpesnticdref until
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. ransc OSI S uman m cCcro cel
transsyEQSSSanfubWLnylnpamﬂnskﬁﬁckﬁx@m@@dem@otnblmﬁé cells

was QésééseéﬂBff&éﬁéfﬁfﬁééﬁéﬁmE& 21 $3@§e§9@ Ehf§u02§§hence
lows a prediction on the anti-atherosclerotic
in the lower well of 1nsert of coculture. Results are -

expressed as percentage of inhibition respect to control (ln
the absence of compounds). Table 5 shows 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 cel;s
(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.
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LDL in the vascular wall as a consequence of a
wovassmatsae endot helial cell active transport ipCToEER0©f016882
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modification of LDL particles was assessed by measurement of
conjugated dieﬁes.'Expe;imEntal samples were incubated at 37.
°C aﬁd.the inérease'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 Eested
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 requlred S0
that the reaction of formation of conjugate dienos begins)
with respect to control.

Table 6

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
+ 56

(12) 117
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\ The nethod used in the assays to deternine the effect

of the conpounds on LDL oxidation is substantially

WOurps/08#+2 as described. in the follow ng ref eCEEL2B/610882
Spranger T., et al., Chem Phys. Lipids 1998 ; 91
:39-52 Lynch S.M, et al., Biochim Biophys. Acta
2000; 1485:11-22 Pedreno 4k, et al., Thronb. Res.
2000; 99: 51-60. WD 2005/037842 PCT/ EP2004/010882 48
The nmethod used in the assays to isolate LDL particles
from fresh human plasma is substantially the sanme as
described it Pedreno J., et al., Atherosclerosis
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. lowdensity |ipoprotein. (LDL) is currently bel i eved

to be a central event in the devel opnent of
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I.nnhl DI tor activit o e ‘conpounds at

'plasQ&ﬁwégsgnggeghylth phosphate~buffered. sallne solutlon

(PBS) containing 0.16 M NaCl and the oxidation was started by
50 M CuS0,. 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 differeht healthy donors. Table 7
shows the inhibitory activity of the compounds at 10 nM.

texpressed as the percentage of 1ncrease of lag phase Wlth

respect to control




percent age of increase of |lag phase (tinme that is
required so that the reaction of formation of
WO28ky338%#2e di enos begins) with respect to COrrCEEP2004/010882

Table 6 Inhibition of LDL oxidation Conpound % of
increnment of |ag phase wth respect to control (nean
s.e.m) I|sosorbide 5-nmononktrate 0 (1) 290 8 (12)
117 56 WD 2005/037842 PCT/ EP2004/ 010882 49

Tabl&nhi bi tion of plasma oxidation The nmethod used in the
assays to determne the effect of conpounds on the
capacity of oxidation of the plasmm is substantially

Inh1bh61§ﬂn@faﬁld%&ﬁﬂdﬁiﬁdﬁléﬂﬁaﬂger T. et al., Chem

Comp?Hﬁaced invitro in plas &l of die fbnse
rel evant nodel of the |ipopriafteirespdddati Oreditrdlhgmean
arterial wall. Oxidation oQ_pl%fna» | i poproteins was

CrpirdS 19987 917 "39-52LIpoprotern UXI datTon
Yo%
Y

(1) plasma and was neasured bﬁ@pe&ct%ophot o'rretry as in

Increase In absorbance at 72 4nm The conpounds were

acted—-R—vi-t F-o—to—det oriHe tHert—irhi-bit-ory ety

T VALY

{(12) over the capacity of oxid 000¢depI asma i nduced by

Isosg‘ﬁéldé% %QIPPH%Q%@QHI ZEE Prasne; vvaeDglcl\ uted W th

ot an
_oul 61 (T DO —Ctortarn

’)

cont-al-ni-n
1T

«p

AT T MUl mocT ot I

0.16 M NaCl and the oxidation was. started by 50
" pMCuSO4. Experinental sanples were.incubated at 37 C

and_. the increase in absorbance at 234 nm was .
Preveptiwat prdl pprative effect on atherogenesis in rabbits

fed on high cholesterol 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) recéived the same diet but supplemented with 1%

{wt/wt) cholesterol for 45 days. At the end of this’ perlod
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




recorded every 15 nmin for at |east 12h. The effect of
conpounds over the capacity of oxidation of
WP 288583783 duced by Cu" was tested at 7 differ BEE/EP2004/016882

concentrations. using heparinizaded plasma from7
different healthy donors. Table 7 shows the
inhibitory activity of the Zonpounds at 10 pM
expressed as the percentage of increase of |ag phase
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sta@ﬂ H'gﬁtﬁhﬁFSSB Lol adiehe ] §aﬂefgedwg§egg$3ved anﬂ aortas
Bstanti a e sane as described in ore B, or
werv.ppénedD&yn@EtaddhaAﬁyermmméesedl$nERs@ Oilssoﬂatypn for
Pl e # Pres New Yor k and ond § 123- 141t 19%?.
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under standardi zed conditions (22:C, 40%to 60%
.camﬁuﬁmdSub;eqpehtlYegalaﬁc§a9nﬁ|gﬁrecyék@naﬁuomrbbe aortic

arcfCSEeS  SnthRheadls BRLE, Sandtohf LR00OMGARE Of8Hca
(refBinbenaneesyli esekotofb days p@f@ﬂﬁjp-z?embedded, were cut

with a microtome Ultracut (Spain) and stained conventionally

3.

with hematosiline eosin. Images of aortas stained with Red
01l and hematosiline eosin were taken with a standard camera.
';Images were 1mported into Photoshop . (Adobe) with a AGFA sllde
scanner. By means of the procedure prev1ously descrlbed 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
'hlstologlcal samples. with Haemat05111ne~E031n) was quantlfled
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




(n=16) received the, sane diet but supplenented wth .
1% (wm/w) cholesterol for 45 days. At the end of
WQ H0x037842 od, group 2 was classified into twPOERRIONM/§10882
© groups. The treated- group (n=9) receiving for
addi tional 30 days 1.9 ng/kg/day of conmpound 12
(mai ntaining the 1% chol esb@rol in its diet), and the
non-treated group (n=7) receiving a diet with a 1% of
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- regqnf ot ilasRamc Edr i es and fixed in buffer phosphate
0.1 M(pH 7.4) with glutaral dehyde (4% . Macroscopic
and m croscopi ¢ anal yses of the sanples were
performed-in a blinded fashion. Aortas were dissected
Tabfnﬁ%' stained wwth Red G|. Adventitial fat was
O01%nbved, and aortas were opened | ongi tudi nal ly,
imersed in Red oil solution for - overnight, washed in
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1994, Stain Technol'ogy, vol. 19, pp ' 55) the surface
of injury in all the aorta and the thickness

The area rate covered by the atherosclerotic lesions are

shown in table 9ﬂ

Table 9

Atherosclerotic lesions

“{Group = - ) o Area percent of o
T ' ' 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.




of the intima in histol ogical sanples was detern ned.
The surface or area of the atherosclerotic injury
W@ 20ai03eed from the stained aortas with the Red/EP2004/010882
are determ ned by the nunber of pixels of the inmage
turned to mR. The intima thickness of the arteria
(evaluated fromthe staineds3histol ogi cal sanpl es.
wi th Haenmat osiline-Eosin) was quantified in mmin a
simlar way to that described the surface or area of
t he, atherosclerotic injury. For it, the sections that
Tablg, n}glned injuries of fatty striae were sel ected and
the thickness of the intim was determned (from.the
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medi cated group and the control groUp (the, group not
medi cated but. with high chol esterol: diet) in regard.

| lasma |ipid. Table 8 Plasmatic ‘lipid profile
In 1{4@ 1§ Iwebasshown) taht EbRTEr vasedowiditf ferencenpoupdasma

llpﬁaﬁﬂﬁéﬁwééﬁ)tﬁ@sébnEBQlBﬁﬁéltﬁ@dme E%Eeﬁz r%g£3tﬁereby
1461 147 cholesterol 4, 1 Triglycerides

demozlsﬁécragt@? thab 459 compgund §32 >5G‘1d ot infLbence tpon
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.

- Prevent1ng and curatlve effect on atherogene51s of the L

compounds it is 1nvest1gated in apo E- -deficient mouse fed on
standard diet model. Male and female apo E- def1c1ent -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}.




The area rate covered by the atherosclerotic |esions ;
are shown in table 9. Table 9 Atherosclerotic
WO 2005037842 oup Area. percent of atheroscl er otPCI/EP2004/010882
lesions (0) (nmean s.e.m) Control. 62 6 -Treated
with the conpound 15 3 exanple (12) The thickness of
intimal layer of the aortasds shown in table 10. WO
2005/ 037842 PCT/ EP2004/ 010882 53 Table 10 Thi ckness
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nouse The preventlve and t herapeutic effect of the

'»Thepf§§€ﬂhg plasmatic levels of total cholesterol, HDL
cholesterol, triglycerides and 8-iso-prostaglandin F2a
levels are shown in table 11.

= .

Table 11
| Plasmatic lipids and oxidative stress parameters (mean %
s.d.) o ‘ ' | -
' Male Female
{Control |Treated Control jTreated
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 £0.170.48 &
(miol . L-1) 0.15 - |0.15 o l0.13”
Triglycerides 2.6+ 1.5 % 0.4|1.9 + 0.6}1.3 + 0.2
(mmol .L-1) 0.6 o '
|8-iso- 273 * 101 +£ 13 [|182 £ 19 |99 % 7
prostaglandin 19 '
F2a
(pg.mbL-1)
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is investigated in apo E-defi.cient nouse fed on
standard diet nodel. Male and femal e apo E-deficient
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rablRarefeters (total cholesterol, HDL chol esterol and

triglycerides) and oxidative stress (neasured as

8-iso-_prostaglandin Fla |levels) were. neasured at
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In table 11 it is shown that compound (12) is able to
decrease the levels of triglycerides in plasma as well as the

_ox1dat1ve stress of those animals. In table 12 it is shown

how the compound (12) reduces both the area of the
atheroSclorotic lesions and the area covered with
macrophages.

In vivo antithrombotic effect

The method used is substahtially 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.




with with the conpound conpound (12) (12) Total

cholesterol 14.3 18 3 9.5 2 11.3 1.5 (mmol.L-1) 2
woRwsobmHesterol 0.5 0.47 0.4 0.1 0.48 (m‘rﬂfmltzod.hmossz

0.15 0.15. 0.13 Triglycerides 2.6 1.5 0.4 1.9 0.6

1.3 0.2 (mml.L-1) 0.6 8-iso- 273 101 13 182 19

99 7 prostaglandin 19 F2&s (pg. nL-1) WO 2005/ 037842

PCT/ EP2004/ 010882 55 The area rate covered by the

For@%bgiQéCh@ﬁ?kandgﬁgggnaogfn%hfatén@@ m@née@ih%@fzed with

vesse e area covere
sodhpe BABGALRBPLEBLe (42, mTakye 420 G oanpdAtla@ycwm ezdlaced

1at@4:tao£§s§19fonrra%eah.@ee%sﬁpw ShhLo3f 8EQEEC - (mean
's.e.m) lesions. [pn?] (mean s.e.m’) Control 80 27

- 60. 8 Treated with 55 19 45 9 the conpound exanple
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7 058 R FREFEESE HRESLENT o] hd VS okl s an
eleahrnmhgnetmctabbﬁdiﬁglbflﬁlSMOwhransonlc Systems Inc.) was
placed on the artery to measure blood flow.

- Sixty minutes after product administrétion, a paper patch
saturated with FeCl; solution (70%) was placed (and not
removed for the wholé duration of the experiment) on the left
carotid artery downstream from the soghding 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 con51dered 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 FeCljs
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 | o - |00
3 100
4 | 80

12 71




N

how t he conmpound (12) reduces both the area of the
atherosclerotic | esions and the area covered with
WaEeIBRHges. In vivo antithronbotic effect Th@CHEPReN/010852
used is substantially the sane as described by Kurz
(Kurz K. D., et al., Thronb. Res. 1990, 60:269-280) and
nodi fi ed by Feuerstein (Feuéfistein G Z., et al.
Awtherioscler Thronb. Vasc. Biol. 1999, .19:
2554- 25562) Rats received a single oral dose of 100

of th conpounds. WD 2005/ 037842
e T K00 - compound RaRie (19 FhhiilR cpmRgubdiaRsed
haveatas posrfem taraestiiet iarad WHitomisoei ¢ragentobar bi tal (40
nmg/ kg, i.p.) and they were placed later dorsally on a

heat ed (37 C) surgical board. The left carotid artery
-was isoIated and a ParafilmM sheet (7 x 20 mMm

In ATRd G ) ce An
m g ectromag etr c sou gi ng A %t?l dg( ansom ¢ Systems

Inc.) was placed on the artery to neasure bl ood fl ow.

Theshﬂétﬂ‘zortﬂ RS 18 sofb SURAUGEH BAM Y Sdid 100, d@sd&%ﬂferd by
saturated wi_ith FeCl3 sol ution 470@@ was
|%§9 280) and

Kur@an(é{“ﬁ&t -Pempfdd lor (T eI P A0+

- mod@ied mg»ntr)eu@&stttéad e(@eu&@’@éird @z &f yetdtams,t ream
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t he appllcatlon of the patch in the: artery The
| th
rate38ek NRh colsLiRed LAl Al Shel JHEL DEUD S LIS of
two gomposndgpdsl desierding frortaltlion dis e Wasse 9hltdee
Comwohli‘ﬂd% 1260 4@ YRS 40 ﬂ'}fg‘ BI&A Ay ® $10/A%he

ani mal was considered as “fully prot ected by treatnent -
hea;; aaﬁﬁr8ﬁbﬁ§ed@@lﬁ@tSocclude

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.

' 8ixty minutes after”ﬁrbdudt adﬁiniétratidn, 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 vessel during the period of study (60 mn after

FeCl3 continue patch application). The results are
WOZHRWRI7$43 tabl e 13 and are expressed as per CPUTAY200H010882

animals fully protected by the treatnent. Table 13 In

vivo anti-thronbotic activity Conpounds of aninals

fully protected 1 100 349480 4 80 12 71 WO

2005/ 037842 PCT/ EP2004/ 010882 57 As it can be

with@hsesved bp h@ﬁh%e%S1nahanQ§e%Q%BPQBQmEg%te%nIyﬁfﬁéi was

in vivo anti-thronbotic activit

COHSE@F?EF&. 8Fi EVahYi PEPEREGEC: baf ftef@tatmﬁ@tn@tfh@d thyeghus did

‘not subitdst kakl yetsbelsam&ﬁ@; @a@cglel@qédbbf é 3( KYZ min
et al Thro and
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Art heri oscler. Thronb. Vasc Bi ol . 1999 19
[ I d f
The £P33LERRGR) profiLe LBRELE gsa%'&%%ait%é%ﬂsg%ﬁ%efgow%%%y
betwﬁ@bléh@4comheuddseslofaph@rdaoapoumuh thed diothceptt, if we
cons IBELT ¥nEheubl 0BAoREEEIUEE oBOLLLNER AERr L tat e of the

animals. Forty-frve mnutes after 03|n
adm nistration, rats were anaesthetlzed w th sodi um

. ent obar bj t al 40 ngy ) and they were placed
Frac?h?%??dﬁPéﬁPF§ oh a gtagég‘ 7 1C). surgical board.
The left carotid artery s isolated and a ParafilmM -
sheet. (7 x 20 mm Anerican National Can) was placed
wher@nﬂeis'ﬁheAPate 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:
. L ea e : A A
-Fractional inhibition= |(1- B ) x 100

- where A; is the rate of animals with thrombotic occlusion in
the treatment group A;; A; 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.




el ectromagneti ¢ soundi ng of flow (Transonic Systens
Inc.) was placed on the artery to neasure bl ood fl ow

W Th2nut es after product admini stration, aPOEEEL00+/010882
patch saturated with FeCl3 solution (70% was pl aced
(and not renoved for the whol e duration of the
experinment) on the left .c&potid artery downstream
fromthe sounding of flowto initiate thronbosis. The

~ pap¥ @Qd flow was controlled during the 60 mn |later to

' the application of the patch in the artery. The

vessel was considered totall]y occluded by the thronbus

Grodr med when no bl ood flow w @t@ftgglﬁglg mLﬁm n).
- I'n this nodel, occlusive thronbus formati ysua IL

takes place WD 2005/ 037842 PR EB2OBUF 0268 ysigy” (%
within 15 to 20 minutes in nonhdbatgdoBacpals. An
ani,nal was considered as full otected by treatnent
Confro la t-hronbus—di-d—not—oce! Lﬁdee{Q%\){e vessel dﬁri rg—t-he
Acetgsr ised. iafy lSiicidye (BN  af feer5FeCb@sEonti nue patch -
o i cati 0 ) . fot}:esfrctl product concept was used

& t

s.-a

Compa:cnmi dé’nc(eZBMZt mg A cma:le,pQ 5f(5\@r) conS| der the full
CEth ct A d ni rral as: Fract,i onal ! nhi bi t! on =

Acett}tir oo s aiais) diih ¢ FEfn GH0& bup, and B 15 the
rYOf AU S Wty fdyr anboti ¢ - occlusion in the
cont o

.group. For two 'drugs that dct of independent

comﬁﬁayld A2 Ghars Akshi M1%alonE ~1- (" 4' XA2 )]x100 B B

acuﬁ@&;lh% Aay ot tgq;dcgt)e of anijrals with thronbotic
OCCTUSIon 1 n/ngt}eat MENTF OTONP £s, 72 1S The rate”

Lopjrdogtistal s w £ day,
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) =.

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)) =-

[1 (%ix-?-l—S-)]xIOO = 75%




thronmbotic occlusion in the treatnent group A2; and B
is the rate of animals with thronbotic occlusion in
WQW85/8GP2r ol group If the protection obtai nedP@i/EPRODIE10882

conbi nation of the drugs is higher than the

fractional inhibition for two conmpounds acting

i ndependently then synergi & i s consi dered to occur.

The results are shown in table 14 and are expressed as

rate of animals with thronbotic occlusion in each

roup. WO 20 O §é03 784 2 PCT] EP20Q4/ 010882 59 _Tabl e

As the EESGFRAEE AT ATIRALS BEYHECHRFOHDER ERBCEPHRIRACIOD
of th¥ atvo aniug s(drapietdeth]l Contembotnf09®) Asehyhher than

al.i-cyl ic,.aci 100, 0.°50_(509 . no/ Kg/ day. al, for 3
755 Jroit o ohtr o 5. 3 e koMb e ohn sLhBobYO acur e
produegsday of study) Acetyl salicylic acid (100 0 (100%
ng/ Kg/ day, oral for 3 days) + conmpound 12 (22.3 ng/Kg,
-oral, acute the day of study) Copidogrel (1.5 -
g/ Kg/ day, 0.50 (50% oral for 3 days) C opidogrel
Tn vitre PHHYARGn hoei d $8%he Pptot8kidi 88y Shdiiced by
conmpound 12 (22.3 / Kg, oral, acute the. day of
OXygEny F TEHARY i %#T?ﬂ?ﬁ%%@éﬂ%hg% wyﬁﬁxﬁsc‘?ﬁllﬁ-
- conmpound 12) :
The method used is substantially the same as described by - .

Caveda L., et al. (J. Clin. Invest. 1996; 98: 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 XTT 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 wefe.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-8007ﬁMﬂdf:perokynitrite-fof_an overnight. R

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.




s 0.5 0.511 x x10075% As the percentage of animals

protected with the conbination. of the two drugs
WO AMSst0§T84al i cyl i c acid + conpound 12) is. hi BOBEP2U0HN10882

75% (it is 100% there is a synergi smbetween the two
products. Fractional inhibition (clopidogrel +
conpound (12)) .5 0.5 (0.%11- x100 = 75% WO
2005/ 037842 PCT/ EP2004/ 010882 60 As the percentage of
animal s protected with the conbination of the two
grugg (cl opi dogrel + compound 12) is higher than 75%

Tabdp; 1pg 83% . there is a synergismbetween the two
products. in vitro protection. against the cytotoxicity

I nduced OXygen radical 5. using the XTT-based metrhod
In ¥ g g e%t t¥sed is substantially the

CompatRdas descri bed by CavedﬁaLof gkagh. cedisCin.

[ nvest. 1996; 987 886-3893). For the determnatlon of

_]‘__t_h.e__g.a.paci ty to inhibit. the 8p\/]‘ ot oxi ci Ly Lnduced h\/
2 oxygen .radi cal s Human Unbilleal Vein Endothelial

3 Cell's (HUVEC) were used. HU\E were | sol at éd and
eut-ur-ed—i-A—MEO9—and 20%-FES—{(Fet

|12 XTT assay is based on hydrolyels by the nmet abolically

active cell's of the salt of tetrazolio XTT to forman
orange product, the formazan dye forned is sol uble
‘and is directly quantified using.an

As 968550?F058§5E95d E%N%gbié'gg “E?F EHEtEXQ%SﬂPH”EbEt@d

sub-con uence status I n
havg| at eedhdrppEertbueed i vhtB0 (BrP 0f3) agalnst the cell

damage induced by oxygen radicals.

In vivo protection agaiﬁst'ischemié-rqbe:fusion-daﬁage 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 soundlng 1 h before the 1schemla
‘induction. Anlmals were anaesthetlzed with pentobarbltal (40

| mg/kg, i.p.) and the standard llmb lead II electrocardlogram

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.




the conpound for one hour. After that, cells were
treated wth 800 OMof peroxynitrite for an
WOaMS0aT8ght . After overni ght incubation cells wcmmmommmssz
i ncubated with the yellow XTT solution (fina
concentration 0.3 ng/m ) for 4 hours. After this
i ncubation period, orange 6&rmazan sol ution was
formed, which was spectrophotonetrically quantified
The %&bﬁgtsaErELbﬁéwﬁ’i ahf vgAader Alarftb G riin JHord €584 t$s 36‘-9.4ave
ta Ie 15 and are expressed as percentage of
decr&@ﬁgﬁ chVQ t§-200- 5/ 037842 PCT/ EP200 t/ 010882 61
Table 15 In vitro cytoprotective activity Conpound %
of death cells 180 2.- 80 3 80 12 50 As it can be
~observed in table 15, all the conmpound tested have a
Tableeﬂﬁ protective activity (P<0.05) against the cel
damage i nduced by oxygen radicals. In vivo protection
agal nst fschem a-reperfusign danage in thd_ heart..
Experinents were perforned |acgari ng to trgﬁééﬁﬁtlon of
Comppuedi ouslgosddsgr/iMoad by .Hijrata Y et al _(J&uwaale of

Car di ovagcul ar  Phar rracol og;ﬁewn S(PV)SL %‘e%%%égeﬁftt;&or)
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VehichBo grolips of at | east 8 adior® ¢-dach. Ddses of
product s 2per €. gi ven by or@z %pqn@ ng 1 F5@efore. t he

j

I SCIICTIT A | IIUUL,I.T UTT. /'-\III ||u| > VWCT € dlldEDl Iltl.i Lcd V\Ii t il.
12 pentobarbif8l (40 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 87

As it can be observed in table 16, all the compounds tested
protect against ischemia-reperfusion damage in the heart.




5 ng/ kg, i.p.) and the standard linb lead I _
electrocardlogran1 was recorded to detect the S-wave

WO Y81 %on. 0.3U kg ar gi ni ne-vasopressin ( ARSTER2§f10882

Chemicals, St Louis, Mo, USA) was injected - into the
carotid artery to induce vasoconstriction of snal
coronary arteries and incr@dse in coronary
resistance. In all the groups received AVP'60 min

Schegei dr the test drug. In all groups, after AVP

i njection of 10 nminutes ECG recording was performed.
WO 2005/ 037842 PCT/ ERR0041010882 62 The results are
shown in table 16 and ; xpressed as S-wave
decrenents (pvolts). qabl e )16 Protection of S-wave
Conpound dose(ng/ kg, po0. )X S-wave - decrenent (pV)
decrenent (0) Vehicle - 46. on054.9 - 12 20 22.6 5.9 52
12 100 8.6 2.8 81 9 2@ 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 87 As it can be

observed in table 16, aljl. the conmpounds tested
prot ect agai nst ischem g- _usi on danmage in the
heart. WD 2005/037842 P /Eﬁﬁ %3010282 63 Schene 1:
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(6) 67 CLAIMS 1. A compound according to formula (1)
or a tautoner, a pharnaceutically acceptable salt, a
WO 20r a sol vate thereof: R X~S(On H PREEPD4/010882
NO2 (1) wherein: nis an integer of 0, 1, -or 2, X
represents -S(0)m, -(C=0- or a single bond, wherein
mis an integer of 0, 1, & 2, with the proviso that
when X represents -(C=0 - then nis 0, R represents
hydrogen or is a residue Ra, which residue Ra.is
sel ected fromthe group consisting of: Cl-6 al kyl;
Schér?eﬁ; al kenyl;  C3_9 cycloal kyl; C3_8 cycl oal kyl,
wher ei n one CH2 group is repl aced by 0, S, NH or
NCH3; C4_8 cycl oal kenyl ;- C4_8 cycl oal kenyl '
wher ei n-one CH2. gr-oup i s repl aced by 0, S, NH or.
NCH3; phenyl; A?ACPdf Cf out CT 68
- HT§ oy

H onop

nitrosation =

(6)




pyridyl; thiophenyl; nitrosyl; S-cysteinyl;
S-glutathionyl; and R* HO OiHag wherein R* is
selected fromthe group consisting of hydrogen, Cl1 6
al kyl, C2_6 al kenyl, C3_8 cycloal kyl, C4_8
cycl oal kenyl, acetyl oxy, hy’ifoxyl, ONO2 and hal ogen;
wherein Ra optionally is substituted by one to three
groups independently selected fromCl_.6 al kyl, C2_6
al kenyl, C3_8 cycl oal kyl, C4_8 cycl oal kenyl,

acetyl oxy, hydroxyl, ONO2 and hal ogen, provided that
when RXS(On- and -ONO2 are trans to each other wth
respect to the ring pl an&L®dMepicted in fornulae (Ia)
cand (Ib): R R X S(O)n HX-S(Qn H OOHHO~ NR
O'N®R (la) (Ib) 69 0 then RXS(O) n- does not repr esent

1. AZEompthﬂrabnoZdrhgamo<Ib£%hiﬁl%d)Eﬂﬁnﬁ)téﬁW6m@fPU@

phar& A3 &&ja% %%Qable salt, a prodrug or a solvate
thereof:

wherein: .

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

X represents -5(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 hydrogén or is a residue R2, which residue R2 is

selected from the group consisting of:

Cl_s
Ca-6
C3-8
C3-8

alkyl; ‘

alkenyl;

cycloaikyl :

cycloalkyl, wherein one CHy group is replaced by 0, S,

_NH or NCH3:

C4 8 cycloalkenyl,

C4-g cycloalkenyl, wherein.one CHy group is replaced by 0,
S, NH or NCH3; N | :
phenyl;
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2. A compound according to claim1, wherein either one
or both of mand nis 0. 3. A conpound according to
any one of claims 1 to 2, wherein X represents a
single bond or -5-. 4. A comgpund according to any one
of clains 1 to 3, wherein R represents hydrogen, Cl_6
al kyl, C2_6 al kenyl, C3 8 cycloalkyl, C4-8
cycloalkenyl (Cl1_ 6 alkyl)C3 8 cycloalkyl (CL_6
BYEJAYEL 8 cycloal kenyl, phenyl, (CL_6 al kyl)phenyl,
ihaoghyhgxyisosorbid 2- yI, 5-hydroxyisosorbid-2-y| or
nltra10|sosorb|d 2-yl. 5. A conpound. according to
5ﬁ§ g€46f clains 1 to 4, wherein Ris Cl 6 al kyl. 6.
A-cygmpeungtiaccording to any one of clains 1 to 5,

: np d accordlng to formula (lc) or
?hg@t{‘eﬁﬁlg&% PeRes 10 o O-H.ON®2 H ONO2
(19 (1d) 7. A conpound accordlng to any one of
clains 1 to 6, which i B" _sqlected from
2-t hi oi sosor bi de' 5-nono trat
5 5'-dinitrate-2,2"-dit
r,,re--. 70 2-nethyltKh
[ (R -nethylsulf inyl] @
2-[(S)- nethylsulflnyl]lsosq1b|

orbide, Alr& nr-n

i de 5-nononitrate, 2-
ide 5-nononitrate,

e S-nononitrate

r

Sy . wherein R* is selected from the group consisting of
hydrogen, Cj.g alkyl, Cp.g alkenyl, C3..g cycloalkyl,
C4-g cycloalkenyl, acetyloxy, hydroxyl, ONO, and
halogen;

wherein R? optionally-is substituted by one to three
groups independently selected from Ci-g alkyl,

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

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

R. * R
§ J
“~SOh | | X‘*S(O)n
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)
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2-met hyl sul fi nylisosorbide 5-nononitrate,
2-nmet hyl sul fonyl i sosor bi de 5-nononitrate,
S-ni troso-2-thi oi sosorbide 5-nmononitrate,
2-(tetrahydropyran-2-y|-tmcgdsosorbide 5-nmononi trate,
2- (i sosorbidyl-2"-dithio)isosorbide 5-nononitrate,
and 2-(5'-acetyl oxyi sosorbidyl-2"-dithio)isosorbide
5-nononitrate. 8. A pharmaceutical, conposition
conprising as active ingredientiil\at | east one
conmpound according to any one of lains 1 to 7,
theg, RS QNny dafst Mat wisBretentr Znor §physheregncél g an
C1-egcenkall grouy, Pl Yrows) Iaﬁtg &k (Tﬁ}alkg;hﬁgglé{d 9

agent (s) and/or stabilizer(s). e phar
whi ch further

conposi tion according to claim S8, 7
2. CORpPELABOuAdt RLeERAivY & ALY im PI ST Yn3either one or

| asm_nogen acgtivat or, uroki nase, streptokinase,
bOtgl?ngagggoP 18ni0st repl ase. 10. The phar maceuti ca

conposition according to clains 8 or 9, which further

- C ' nt.i.coaqul ant _agent, preferapl hepari n,
3. GOELRSSAN AULLEARAY B B0 Re ST 5 DERY
wvhexpiy sy repeesentsThesphglendbeuntd cal ~cbnposi ti on

according to any one of <clainms 8 to 10, which further

cggprises an antithronbotic agent, preferably
4. ACbSATRIWRG | RecaEdiNg dEpyRNTadblee of Klaligs di e 3,

wheraiapiRlr &hnts| HpakogBANt 0927 RALYAY! faf ¢ |

C a%gc%n%(wesz. The Eha‘fﬁﬁlgﬁut@ii %Qgé%%dsi% g‘?h%[lkenyl'
3-8, Yo ang-BneYGHOaLkardd 8 to 11, which further
(C1-gorprk sl sy | cymhogl o) | 0CYL ¢7 21 kg1l Cad g Wydlenaedinyl,
phen@@X'Wtfié“§¥&§ifﬁﬂgh§ff gLy&e Qggg&gsosorbid—Z—yl,

- 5-hydroxyisosorbid-2-yl or S-nitratoisosorbid-2-yl.

5. A compound_accofding to any one of claims 1 to 4,
wherein R is Cj_g alkyl.

6. A compound according to any one of claims 1 to 5, which is
a compound according to formula (Ic) or (Id):

R
’
0=§, H
~3 -0
0% o
H  ono,

(ic) (1d)

7. A compound according to any one of claims 1 to-ér which is

. selected from:

2-thioisosorbide 5-mononitrate,
5,5’ -dinitrate-2,2‘~dithiodiisosorbide,
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[1b/11l1a. 13. The pharmaceutical conposition according
to any one of <clainms 8 to 12, which further conprises
an hypol i pem ant agent, preferably sinvastatin,
| ovastatin, atorvastatin, p¥8vastatin, fluvastatin,
eptastatin , lifibrol, acifran, acitemate, glunicate
and rosuvastatin. 14. The pharmaceutical conposition
according to any one of <clains 8 to 13, which further
- cohpretiegl tiniahtooxirdade/ brvenonatireak, scavenger

agﬁﬂt(Rf“é%éﬁf@%dlfiﬁ?i?g§g?o BE&EaFLﬁSnodTﬂﬁéﬂE'q

gl ut ati one, €edaravone ycopené
acet IS —msihel siel f Ay bigpserkide cprimongnidaarhie
mg“m%&?j{iuﬂf ﬂéoéoﬁﬂf&@'Bem@ﬁgnlﬁrate,

cetyl - el or _carve . '
pHATTR %0%%%%%%#%%&%%@1?5&5@ one of
ttﬁrnﬂtﬁo&n%ﬁ4thﬂahé@moth£d@rSM@@moﬁﬁtﬁadéor t r eat ment
0h_ (@E@?EB§8E8E?§E§ 2e§§932 l'al %ﬁ&i '§mﬁ0nonitrate,

vasospasm vasc opa
dyst ﬁ}ms%dﬁlﬂw’e-ttimm)axmyorMQ eﬁrmpn@mlmtate .

act@ﬁal(n1 t hronbosi s, stroke, pathol ogical

ndltlons e OX|dat|ve stress. pl ays.an i npqrtant
R a8 bhs OeBABR NS

wﬁemem@mmﬂhmud of nitric oxide plays an inportant
role in their pathogenesis, and/or tissue damge due

to ischem a and/or due to ischem a-reperfusion. 16.
8. Thepbhumaveebitcsil comppedittioon canparidiing taos ckat ivéds,

1ngﬂ’$&iﬁr§1@(§)hea19aféﬁ)§9%ﬁél §ﬂ§9\}xﬁa°£é?ﬁ’98&%§°ﬁ%od%lﬂry%ne of
stress p ays an | elr at ogeriesi! s
claiggs LdiectePriiym lYetfg%%hegtvekb OpEzIRa] MATSS

physicﬂ.&ﬁ_ﬁi&:alaﬂd e{cﬁféllﬁmme Céikatéiipy@ﬁ@ (11 )a:j Qb%t.%%e:%r dsh., f
ar na | Ca onposi t] on accor di ng o0 any one 0
Chek%%% :ﬁ?fﬁﬂ ; sHaRHEt¢ELPhent and/ or

preventlon of dysfunctlons of - the eirculatory Systeh1
9. p&%%ebﬁgkﬁaceutical 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 pharmaceuticai'C6mpoéition 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
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cardi ovascul ar and/or coronary dysfunctions. 72 18.
Use of at |east one conpound of formula (1) or a

taut omer, a pharmaceutically7acceptable salt, a
prodrug or a solvate thereof: R X, S(On HNOO =
HO01 3 N2 wherein: nis an integer of 0, 1, or 2, X
represents -S(OM, -(C=O- or a single bond, wherein
amfragmeant i hhegerfoha®ing,a rpé;i S dint  hisop repicsgprcitatin
Thenr¥y . represents -(C=0- then n is 0, Rrepresents
hydrogen or is a residue Ra, which residue Ra is

sel ected fromthe group consisting of: '). Cl-6 al kyl;

IQZG'rﬁlé@Hkﬁzﬁlacelﬁ:ﬁcﬁl CYSThSHH k 1:ﬁgco§d%ﬁlg1@%g<lg{ny one of
i up NCH3;
g & Foctfe ‘g'zﬁglgftgf A %ﬁﬁyes Ve TeiRe IoemeRp
agem_;lp pBef@mIabjecbhyvaﬁatﬁ,n NH o6ta sMGHEn , pletivastatin,
p9¥6é§5géin}r%fﬁ%ﬁ%%géin, eptastatin , lifibrol, acifran,

acitemate, glunicate and rosuvastatin.

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 compositioﬁ according to any one of
claims 8 to 14 for use in the treatment and/or prevention of
dysfunctions of the circulatory system, preferably
~cardiovascular and/or coronary dysfunctions. |




nitrosyl; 73 S-cysteinyl; S-glutathionyl; and R* N-H
wherein R* is selected fromthe group consisting of
hydrogen, Cl_6 al kyl, C2_6 al kenyl, C3_8 cycl oal kyl,
C4_8 cycl oal kenyl, acetyloxy, hydroxyl, ONO2 and
hal ogen; wherein Ra optionally is substituted by one
to three groups independently selected fromCl_6
al kyl, C2_6 al kenyl, C3 g cycloalkyl., C4 g
cycl oal kenyl, acetyl oxy, hydroxyl, ONO2 and hal ogen,
18.agsacbivati Ngkedi ent( sbnpBunthe rMBRhRALUNE)0fo,a o
¢ uEharrmceuthcal con203|ihon for the_prevention and/or
autPRET nefit PO FRPAEPGSER L YsRECERAABLReISAdIt, @ prodrug or a
soldgséubberens; vasospasm cardiac allograft
- vascul opat hy, platelet activation, thronbosis,
st r oke, pathologiﬁal condi ti ons where oxidative -
stress plays an ifportant role in their pathogenesis,
pat hol ogi cal conde%fg where a deficit of nitric
oxi de pl ays an inpor( Hole in their pathogenesis,
and/ or tissue danmge 5t gni schemi a and/ or due to
i schem a- reperfusiog. kKlnrn of Irrr 74 19. Use
- of at |east one conpsundiof forrmula (1): R X

wherein:

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

X represents -$(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:

Ci_g alkyl;
Cz-¢ alkenyl;

C3-g cycloalkyl; ' :

- C3-g cycloalkyl, wherein one CHy group is repléced by O,
S, NH or NCH3; ‘

Cs-g cycloalkenyl; .

C4-g cycloalkenyl, wherein one CHo group is replaced by
0, S, NH or NCH3; : '
phenyl;

pyridyl;
- thiophenyl;
nitrosyl;

o
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S(On HO O011 N2 (O or a tautoner, a

phar maceutically acceptable salt, a prodrug or a

sol vate thereof as active ingredient(s) for the

manuf acture of a medi canent JLor the prevention and/or
treatment of atherosclerosis, endothelial

dysfunctions, vasospasm cardiac allograft

vascul opat hy, platelet activation, thronbosis,

st Pok¥SteAdiogi cal conditions where oxidative

st segd ulad¥s oafli;"Raid ant role in their pathogenesis,
pat hol ogi cal conditions where a deficit of nitric

oxi de plays an inportant role in their pathogenesis,
and/or tissue danage due to ischenm a and/or due to

I schem-a- reperfusion, rigi ng adm ni stering said
conmpound or a tautoner, gputically accept abl e
salt, prodrug or solvate to a patient in need
t hereof, wherein: nis of 0, 1, or 2, X
represents -S(Om, -(C=00"gr—fa single bond, wherein
mis an integer of 0, 1, orH2, with the proviso that
when X represents -(C=0- then nis 0, and R
represents hydrogen oris a residue Ra, which residue
Ra wseseimcRedi$rsaltbeedr duRnt At Srdip Eonhsbing of

MIﬁ@drggénfzbnglgfg¥hi C2-¢ 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 C;_g alkyl,

Ca2.¢ alkenyl, C3.g cycloalkyl, Cy4.g cycloalkenyl,
acetyloxy, hydroxyl, dN02 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, 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. '
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C3_8 cycl oal kyl; C3_8 cycl oal kyl, wherein one CH2
group is replaced by 0, S, NH or NCH3; C4_8
cycl oal kenyl ; C4_8 cycl oal kerryl, wherein one CH2 group
is replaced by 0, S, NH or NCH3; phenyl; pyridyl;
t hi ophenyl; nitrosyl; S-cysteinyl; S-glutathionyl;
and R" H OPH wherein R* is selected fromthe group
18enYEst phgabflehydr ogencoffowngl &y | for@i e al kenyl ,
C3_8 cycl oal kyl, C4-8 cycl oal kenyl, acet Yl oxY,
hydroxyl, ONO2 and hgl ogen; wherein Ra optionally is
substituted by one tojthree groups independently
selected fromCl _6 al kyl _6 al kenyl, C3_8
cycl oal kyl, C4_8 cycloal§ Yl acetyl oxy, hydroxyl,
ONO2 and hal ogen. 20. The € agcording to clains 18
or 19, wherein either on
21. The use according to anylone/of clains 18 to 20,
wherein X represents a sithglze Bond or -S-. ANArMirn

cur-[="r 76 H O

(U

or a tautomer, a pharmaceutically acceptable salt, a prodrug

or a solvate thereof as active ingredient(s) for the
manufacture of a medicament for the prevention and/or
treatment of atherosclerosis, endothelial dysfunctions,
vasospasm, cardiac allograft vasculopathy, 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(O)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

R is selected from the group consisting of:

C1-¢ alkyl;




is

22. The use according to any one of clains 18 to 21,

wherein R represents hydrogen, Cl1-6 alkyl, C2_6

al kenyl, C3_8 cycloal kyl, C9 8 cycloal kenyl, (Cl1_6

al kyl ) C3_8 cycl oal kyl, (Cl_6sal kyl)C4_8 cycl oal kenyl,
phenyl or (Cl -6 al kyl)phenyl. 23. The use according to
any one of clains 18 to 22, wherein Ris ClL 6 al kyl.
24, The use according to any one of clains 18 to 23,

mh%?eGna kerYtonpound according to formula (1) is a

oDPogINcly @TsHI WYY to fornula.(lc) or (Icﬂ RR OSH
25.. The

us‘gj“a%c%}(ﬁ}?é)l{%lan%Sﬁgl&f Oéllealcrz?e? %S:C{ %43) LRRdasies Py O,

-th%,d@wpmuﬁﬂcbj formula (lI) is selected from

é{}€ %lnnnonltrate 5 5 -dinitrate-2,
hio |sosor I de 2- et hyl t hi oi sosor bi de
5 %rﬁ)rﬁwh'f%lkelzylf( Rybesehpl onlef G Jgrsupoilsi deplaced by

S5-grononify ad £, NCE? fF(S)-methylsulfinyl]isosorbide

5-nononitrate 2- nethylsulflnyllsosorblde
SIﬂgﬁﬁﬁrtrate, 2- et hyl sul fonyl i sosor bi de

Syyomiaylt;r ate,  S-nitroso-2-thioisosorbide

5-
_ Qﬁ¥Q% ﬁgTopyran 2- yI-thlo)lsosorblde 5-nmononi trate,

2De¢§@§wﬁb|dyl -di thio)isosorbi de 5-nononitrate,
S-cysteinyl:;
S-glutathionyl; and

wherein R* is selected from the group consisting of
hydrogen, Cj.g alkyl, Cz-.6 alkenyl, C3_g cycloalkyl,
C4-g cycloalkenyl, acetyloxy, hydroxyl, ONOz and
halogen;

wvherein R2 optionally is substituted by one to three
groups independently selected from Cl g alkyl,
Ca-¢ alkenyl, C3_g cycloalkyl Cq-g cycloalkenyl

. acetyloxy, hydroxyl ONOz and halogen.

20.

21.

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

" or both of m and n is 0.

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

X represents a single bond or -S5-.
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and Aa Ar.Inrnnl ,r-rr. 77
2- (5" -acetyl oxyi sosorbidyl-2'-dithio)isosorbide
5-mononitrate. 26. The use according to claim 18 or
19, wherein the conpound is
2-acety|thioisbsorbide5-nnﬁghitrate, which is
represented by the following fornmula: 0O HHCAS HO H O
ONQZ 27. The use according to any one of clainms 18 to
22. 2@ hevegei accaidd nsh&orsoeutonal oﬁorn#;oms i h tfcmriherwhereln
SHDE yt
Rr pl asr%rf]igsqen %%ﬁesg??r écamlifnasgf étﬁept [ nase
C3- &ﬂq ok farQ¥ﬂ Lkergyl.The use according to
(C1-aMa1ng jady.of &tyﬂiob&ktyl,27{Cf‘h§r£1lEyl)t@f 8 cycloalkenyl

arnac tlcal sition further conprises an
pheé& “nt? %ﬁﬁyﬂg%ﬁﬁﬁkerably heparin, di counarol

acenocounarol enoxapari ne or pentosan pol ysul fate.
2 T n of clal 8 tn, 28
23. %‘he Iﬁ%e ﬁ‘:c;:c% ek ) glja?:gu:a?l c}/n ef03| glr? furt]tn fb wherein
R lscéhmﬂﬁ antlthronbotlc agent, preferably
acetylsallcyllc acid, dipyridanole, ticlopidine,
clgpldrogel trlflusal pent osan. polysul fate or
BBExM3Eb ACSOTITRE (e 2BYc O A (F24RY dfe tF 23 aivherein

the &8mpoudd ackerding tbe fptauIRceUl) Gal aCceMPTdridPccording
to £hihhRE" (F2TPLS{TaR"

i ;

ONO, ONO,

(k) (Id)

25. The use according to any one of claims 18 to 24, wherein
the compound of formula (I) is selected from:

2~thioisosorbide S-mononitraté,

5,5 ~dinitrate-2, 2'—dithiodiisosOrbide,

2—methylthlolsosorb1de 5-mononitrate,

2~ [(R)—methylsulflnyl}1sosorb1de S-mononitrate, .

2-[(S)-methylsulfinyl}lisosorbide 5-mononitrate

Z2-methylsulfinylisosorbide 5-mononitrate,

2-methylsulfonylisosorbide 5-mononitrate,

S-nitroso-2-thioisosorbide S-mononitrate,

2- (tetrahydropyran-2-yl-thio)isosorbide S-mononitrate,

2-(isosorbidyl-2‘-dithio)isosorbide S-mononitrate,
and ' '
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i mmunogl obulin or a fragment. thereof having a

specificity for glycoprotein Ilb/llla. 78 31. The

use according to any one of clains 18 to 30, wherein

t he pharnmaceuti cal conposit|% further conprises a
hypol i pem ant agent, prefera Iy si mvastatin,

| ovastatin, atorvastatin, pravastatin, quvastatin,

eptastatin |lifibrol, acifran, acitemate, glunicate or

rOEﬂVﬁSfa¢ény16£yi§h30n5¢d§¢eardhﬁ@ﬂ&bﬁﬂﬁbéﬁkbi&e
clal , Wherein the pharnmaceuti cal
cdﬁﬁgé?%ﬁ ?ﬁ%ther conprises an antioxidant/free
radi cal scavenger agent, preferably nicaraven,

26.1 aﬁraleaasaeacese&h.ﬁbntogl:litaam A%€.0,£080 AN Erein th
r axof.e N-acetyl -L- cystelne acet

as ene, :
ComBPBQQtéFné aseFa Hﬂelﬁﬁﬂﬂﬁh54ﬁ 5¢Qﬂﬁ9®4t£§§?st§¥h§h is
repaedenbledchbyyth®- gpitiewiag For&rilwedi l ol . 33. The use
according to any one of clainms 18 to 32, wherein the
pat hol ogi cal conditions where oxidative stress plays
pat hogenesi s are sel ected

an inportant role inptheir
from allergies, stﬁgugr Al zhei ner' s di sease, and

i schem ¢ cardi odg®’ul arS di geases. 34. A process for

preparing a conpound of For
phar maceutical |l y accept :
solvate thereof: r s)

a prodrug or a

27. The use according to any one of claims 18 to 26,
the pharmaceutical composition further comprises a

|$(I)’ a tautoner, a

wherein

thrombolytic agent, preferably a plasminogen activator,

urokinase, streptokinase, alteplase or anlstreplase.

28. The use according to any one of claims lé to 27,
the pharmaceutical composition further comprises an
anticoagulant agent, preferably heparin, dicoumarol,
acenocoumarcl, enoxaparine or pentosan polysulfate.

29. The use according to any one of claims 18 to 28,
the pharmaceutical composition further comprises an
antlthrombotlc agent, preferably acetylsallcyllc a01d

wherein

wherein

dipyridamole, thlOpldlne, clopldrogel trlflusal pentosan'

polysulfate or abciximab.

30. The use according to any one of claims 18 to 29,
' the pharmaceutical composition further comprises an

wherein

immuneglobulin or a fragment thereof hav1ng a spec1f101ty for

glycoproteln IIb/IIIa
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~N>2 (1) wherein. nis an integer of 0, 1, or 2, 79
X represents -S(Om or a single bond, wherein mis an
integer of 0, 1, or 2, and R represents hydrogen or is
a residue Ra, which reS|du% Ra is selected fromthe

group conS|st|ng of: Cl1 aﬁkyl C2_6 al kenyl; C3_8
cycl oal kyl; C3_ cycloalkyl mherein one CH2 group is

repl aced by 0, S, NHor hK}B; Cq_g cycl oal kenyl; C4_8
31. cychaIheaybpcwhdﬁabntonan@an@r@&pdlﬁlmSpnaced By, O,
H I ; th| | .
whe?‘elblogﬂé 3. a?tégll%ﬁclal %éﬁna%gl ] onfq"%f%%a@r%d c&mpﬁlsﬁs a
hypﬂllmﬁménﬁ Rqeunst,s@wre@teef@bﬂazommm@sg:eoum,cdwagttmgmf

atobygéeﬂﬁmn,CFr@v@%EHEAnCZIQUQQQQ 1m,C%¥§a%¥%k9ﬁlkyl
qg cycl gal kenyl , _acet Xy, hydroxyl; ON02
1ifibrol, acifran,’ acitemate, glunicate or rosuvastatln

32. The use according to any one of claims 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

cardlovascular 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 integér of 0, 1, or 2,
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hal ogen, wherein Ra optionally is substituted by one
to three groups:-independently selected fromthe group
consisting, of Cl1-6 alkyl, C2_6 al kenyl, C3_8
cycl oal kyl, C4_8 cycloal kenyl, acetyl oxy, hydroxyl,
ONO2 and hal ogen, 80 whi ch ’Br ocess conpri ses
conducting the follow ng steps: a) effecting the

hydrol ysis of a conpound of fornmula (lIla): OS RHO
HO-1 N2 (lla) wherein R is Cl1-C6 aIkyI, preferably

Q ai_n th fall :.HS H.O _O
%%2 Sgtst d("o(%t) t|(?3'onaltrfg3'?ﬂIa g?%§t|%65ﬂl?h% 15 an
lnt@@ﬁﬁb@#ﬂOprépapgdZ:accordlng to the step (a): 1. an
oxi dation reaction to obtain: 81 02N-0 HO

and R-represents'hydrogen or is ‘a residue R2, which residue
R® is selected from the group consisting of:

Ci-¢ alkyl:
Co_g alkenyl;
C3-g cycloalkyl:;
C3-g cycloalkyl, wherein one CHy group is replaced by O,
S, NH or NCH3;
C4--g cycloalkenyl;
C4-g cycloalkenyl, wherein one CHy group is replaced by
O, S, NH or NCH3;
phenyl; '
pyridyl;
thiophenyl;
nitrosyl;
- S-cysteinyl;
S-glutathionyl; and

-
r

wherein R* is selected from the group consisting of
hydrogen, Cy_g alkyl, Cp.g alkenyl, C3_g cycloalkyl,
Cq--8 cycloalkeﬁyl, acetyloxy, hydroxyl, ONO; and
halogen,

wherein R2 optionally is substituted by one to three
groups independently selected from the group con51stlng of

Ci-¢ alkyl, Cp-g alkenyl, C3.g cycloalkyl, C4-g |
cycloalkenyl, acetyloxy, hydroxyl, ONOy and halogen,
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OH OHO SASHSS 0O0O0OH O OHO O HNX®2 O
and/or NO2 optionally followed by a second oxidation
to obtain the followi ng compound: R* HO O X-'S(On
HO OO-~NO2 wherein: nigglor 2, Xis -S(0)m,
wherein mis 0, 1 or 2., and R* represents hydroxyl or
ONO2; _ 1l. a substitution reaction to obtain: a
compound according to fornula (1), wherein: nis an
integer of 0, X represents a bond, and R does not

whiéﬁﬂﬁfﬁﬁﬁgsfﬁdﬂé¥wges conducting the following steps:

a) effecting the hydrolysis of a compound of formula
(IIa): | |

(lla}
wherein R’ is C;~Cg alkyl, preferably methyl,

to obtain the following compound:

and

__(b} optionally, effecting on the compound prepared
according to ‘the step {(a):

I. an oxidation reaction to obtain:
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82 optionally followed by an oxidation to obtain a
conpound according to fornula (1), wherein: nis an
integer of 0, X represents -S(Om, wherein mis an
integer of O or 1, and R dggs not represent nitrosyl;
I1l. a substitution reaction to obtain: a conpound
according to fornmula (1), wherein: n is an integer of
0, and X represents -S-; optionally followed by an
oxi dation to obtain a conpound according to formula
(If@%‘ﬁhqgein: nis an integer of 1 or 2, and X

t3 oS(Om, wherein mis 02 lHor 2; or 1V. a
ipn eaction to obtain: N 3 H Ol~ NO2
segs according to claim34 f reparing a
conpound 5 formula (la), a tauto :
phar maceut i ctg aﬁceptable salt,
sol vate thereof3 AAE,Ar,Inrn nl nrr 83
o .

and/or

optionally followed by a second oxidation to
obtain the following compound:

R*

wherein:
n is 1 or 2, )
X is -S(0)p—, wherein m is 0, 1 or 2, and
R* represents hydroxyl or ONOp;
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,

ARATAIRATDY N arerr




ti 0" N2 (la) wherein: nis an integer of 0, 1, or
2, Xrepresents -S(OM or a single bond, wherein mis
an integer of 0, 1, or 2, and R represents hydrogen
or is aresidue Ra, which residue Ra is selected from
the group consisting of: CL8% alkyl; C2_6 alkenyl;
C3_8 cycloal kyl; C3_8 cycl oal kyl , wherein one CH2
group is replaced by 0, S, NH or NCH3; C4_8
cycl oal kenyl ; C4_8 cycl oal kenyl, wherein one CH2 group

is replac g%b D1 gxég, h

thiophenyﬁﬁ) nf}ro IfAHHS cyst ﬁ@ﬁ &% F $ % o%??aln a
and 84 RCPPYTRH aqﬂﬂﬁdﬂﬂgFtolﬁpﬁmﬂb@t@wfrmheraEn
group consi sting of

n is an integer of @,

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

gnd R does not represent nitrosyl;

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

n is an integer of 0, and
X represents -S-;

1bptionally 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)y-, wherein m is 0, 1 or 2; or

IV. a nitrosation reaction to obtain:

ﬁ

o
“NO,

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:
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hydrogen, Cl_6 al kyl, C2_6 al kenyl, C3_8 cycl oal kyl,
C9_8 cycl oal kenyl, acetyl oxy, hydroxyl, ONO2 and

hal ogen, wherein Ra optionally is substituted by one
to three groups independenghy sel ected fromthe group
consisting of Cl 6 alkyl, C2_6 al kenyl, C3_8

cycl oal kyl, €4 8 cycl oal kenyl, acetyl oxy, hydroxyl,
ONO2 and halogen .and wherein said process conprises
the followng stepg (a) effecting the hydrolysis of
a conpound of formyla (Il): OH RZONX®2 O (Il)
wherein R is Cl_ce(ﬁﬁ@ig preferably nmethyl, to
obtai n 2-thi oi sosorbi de Uononltrate (1), 86 HSH
"ORZON®2 (1) and (b) 2 omally, effecting on the
conpound (1) prepared, g to the step (a): |I.

an oxi dation reaction : /n:
5,5'-dinitrato- 2 2' - dlﬂﬂugchlsosorblde (2) or
2- (i sosorbi dyl -2' -dit hi 0) H sqgorbi de 5- nononitrate

(8), optionally follomed by a somgpd oxidation to
(la)

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

X represents -S5(0)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 re31due
R2 is selected from the group consisting of’ ‘

Ci-¢ alkyl;
Co_¢ alkenyl;
C3-g cycloalkyl:
C3.g cycloalkyl, wherein one CHy group is replaced by O,
S, NH or NCH3; '
C4-g cycloalkenyl;
Cyq-8 cycloalkenyl, wherein one CH2 group is replaced by .
O, 5, NH or NCHj3;

' pheriyl;
pjridyl;
thiophenyl ;

" nitrosyl;
S-cysteinyl;
S-glutathionyl; and
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rmula (le): R HO
e) wherein: nis 1
0, 1 or 2, and 86 R*

obtain a conpound according to f
OHX,S(On HO OHOI1~ N®2 (
or 2, Xis -S(Om, wherein mis

[
represents hydroxyl or ONO2; 1I. a substitution
reaction to obtain a conpouﬁ& according to formul a
(la), wherein: nis an integer of 0, X represents a
bond, and R does not represent nitrosyl, optionally

*

foll owed by an oxidati t oqobtain: a conpound
according to formula (l1ay, _®heyein: n is an integer
of 0, X represents -§( I ein mis an integer of
0 or 1, and R does not nitrosyl; 111. a

substitution reaction toOcbjar

H ;
wherein R* is selected from the group consisting of
hydrogen, Cj_g alkyl, Cy_g alkenyl, C3.g cycloalkyl,
Cq4-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, Cq-g
cycloalkenyl, acetyloxy, hydroxyl, ONO2 and halogen,

and- wherein said process comprises the following. steps:

(a) effecting the hydrolysis of a compound of formula
(I1}): ’

(11)

wherein R’ is C3-Cg alkyl, preferably methyl,
to obtain 2-thioisosorbide S-mononitrate (1),
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a conpound according to fornula (la), wherein: nis
an integer of 0, and X represents -S-; optionally

foll owed by an oxidation to obtain a conpound
according to fornula (la), rein: nis an integer of
l.or 2,. and X represents -S(Om, wherein mis 0, 1
or 21- or IV. a nitrosation reaction to obtain:
S-nitroso-2-thioi sosoybi de 5-nononitrate (6) 36. A
process according to PaSn1§f or 35 that includes
steps (a) and (b) Il for % he pregparation of. 87

2-[ (R -nmethyl sul finyl]isgs ' 5-nononi trate, and/or
2-[(S)-nethyl sul finyl)ispsorfbi de?5-nmononitrate. 37. A
process according to claigr35~¢that includes the
separation of both diastereéiSo ers. 38. A process for
preparing a conpound of fornul agy or a tautoner, a
phar maceutically acceptable salt, a pfodrug or a
solvate thereof: Jo HO OH)S>SHO ONO2 (11) which
process conprises the followng steps: a) effecting an
oxi daffgh of a conpound of formula (I11):

(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 -5{(0)p~, wherein m is 0, 1 or 2, and
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O R HO OHOH 1 (Ill) A% Ar, Irlrn "1 m--r 88
wherein R is Cl1-C6 al kyl, preferably nethyl, to
obtain 2,2 -dithiodiisosorbide (10), HO HO OHSS
HHOH OO01 (10) and (b)B%ffecting a nitration. of

t he compound prepared in step (a) with a nitrating
agent in the presence of a carboxylic anhydride,

preferably acetic anhydride. 39.
2, 2' -di t hiRddiregoszrdntde. hydroxyl or ONO3;

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,
opticonally followed by an oxidation to obtain:
a compound according to formula (Ia), wherein:
n is an integer of 0,
X represents -5(0}m-, wherein m is an integer of
0 or 1,
and R does not represent nitrosyl;
ITIT. 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 -S5(0}yp~, wherein m is 0, 1 or 2; or

IV. a nitrosation reaction to obtain:
S-nitroso-2-thioisosorbide S-ﬁononitiate (6)

36. A process according‘to claim 34 or 35 that includes
steps (a) and (b) II for the preparation of:
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2~[ (R)-methylsulfinyl]isosorbide S5-mononitrate, and/or
2-[{S)-methylsulfinyl}isosorbide S5-mononitrate.
A process according to claim 35, that includes the

37.
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

i

o af 11T

- ONO,

(11)

which process comprises the following steps:
a) effecting an oxidation of a compound of formula
(ITI): - | o |
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wherein R’ is C3-Cg alkyl, preferably methyl,
to obtain 2,2’ -dithiocdiisosorbide (10),

H—o

(10)

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.
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