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i nvept'ion 5 The mm“m\“ﬂkintl on relates to novel derivatives

i spsor bi de m)no“‘m have a potent vasodilating activity and which,
at the same tinme, have«~a significantly reduced tol erance. 10 Background art
The nitric acid esters of organic conpounds, conmon known as nitrated '

organi ¢ ConNpoundPERIVATIVES OINA SHSORBILE NONONITHAIA! AND 2gengsE AN t hin
t hese, the usefulness of mono and di-nitrated i sosor 15 bide is well known,

and further there hav¥PPRRIRELNG | MERNES POt RERYGEP VEQLERPMCEand cor onary

activities based on substitution reactions of the free hydroxyl group of
i sosorbide nmononitrate. For exanple, the US-A4891373 patent describes
derivatives of Fél@ilﬂemfo@%ﬁmndxipmespondi ng to the formulas I02NO H X OH O

OHOOHOQOHO X H ONO et{p;ft t ector
system c Zgjand pul m)naré %E%]gné?ora]i r}ltllj)é1 A?gégg%%q:pggt eﬁYe%‘Jescrl bes

t he i sosorbi de rBvabrimeist rceft a@s;m@hﬂsadtorogdmmte)fwﬁthHare a pbtdAY 2003
2 OCOCH3 O H OJstdQlQMQ%g activity and which, at the same time, have

a significantly reduced tolerance.

10 Background art
The nitric acid esters of organic compounds,

common known as nitrated organic compounds, are knbwn
and are used as vasodilating agents. Within
these, the usefulness of mono and di-nitrated isosor-—

15 bide 1is well known, and further there have been de-
scribed compounds with vascular and coronary activities
based on substitution reactions of the free hydroxyl
group of isosorbide mononitrate. For example, the US-A-"
4891373 patent describes derivatives of aminepropanol

20 corresponding to the formulas
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for the treatment of the angina pectoris and systemic
25 and pulmonary hypertension.
The US-A-5665766 patent describes the isosor-

bide 5-mononitrate 2-acetylsalicylate, of formula

I
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as well as its platelets anti-aggregating activity. One o.f the principal

.problens of the nitrated 5 organic conpounds nenti oned above r .E@§mﬁn t he

fact-that these are quite sensible in relation to the phenonena Known as
tachyphyl axy or tol erance, which relates t? that its effect on the organi sm
decreases during prolonged treatnent, and Tt is then required t.o 10
sensitively elevate the adm nistered doses in a graduated nanner or
ot herwi se to perform a pharnacol ogi gakhy wash out. It is also known that
one way of reducing the tolerance c‘ 3 gééém;d or gani ¢ conpounds
consists of 15 introducing a thiol § /b in the nolecule, for exanple by
use of sul phur containing am no aci ds. \The European patent EP-B-036257S
describes nitrated organi ¢ conpounds w ENaor por ated cystei ne and,
mai nl'y, nethionine nol ecul es. 20 The pateng~appbi cati on WO A- 92/ 04337
describes organic nitrated derivatives of ihg of the thiazolidine with
vasodi lating activity and a reduced tol er apees~JFhe patent application
WO A- 93/ 03037 de25 scribes an enornously anoypt h different nitrated or
gani ¢ vasodil ati ng conpounds, with reduced toler 8%, of highly variable
structures, wthin which are included generically, .i.e. wthout specifying
nor describing one single specific product, derivatives of 7 MAY 2003 3
i sosor bi de nondfi FRate3dcébEdPAgtedetsl patiingysredeting SREIOGEN , | HIN O
O ,0NO2 in which RS reprgggn _ {10 - I I
phenyl, etc. 5 The nitrated g? gg%%q%ggggﬁ%'sTgéggg%ﬁigﬂ?Hh%%égﬂggﬁﬁ%ﬁts
ment i oned abovBTEBNAGt GHRAWET Benyioned phoNeeneides neti tiyef riaatt he
tol erance of 1 BRabi knlsed HFOAGLELEORRONNBI e SI1CFe LIERG: SED! knBA G-
problens in relation to | ow vasodil ating activity, hig 0 tolerance, etc..
Accordi ngly, iPOTEN&t i fMOYecassadrdchrie\atbponovietl axiancsedwbi ganime=
conpounds whi chabayeta Rhak uasodidraldingAatHaid LA ?%%ﬁ@f%@gad&r-e

y.

decreased | evel of tolerance bei ng mai ntai ned persisten ummary of
the invention AR9ol]Ekongeqd hérﬁﬁ\%@ﬁﬂiton 3rd g igovks thyse ofeqeimedinds,
derivativem of sef950EDEde NOIORALE alithe W AR GRRADI € O%o?ég\/iiq{-'n% a
potent vasodilating effect 20 and which at the sane tinme show a smal |l or

nul | tol eranceg§?‘f{‘g€F.e‘dA"fatﬂ"ter¥er°6bj%td"te]6“flstehet9ré@érﬁoriﬂhv@nﬁih@rrmra@loat es to
the use of theipgvek1deriyahi yes. of isosorbide nononitrate for the

manuf acture of a nedican?nt_for t he
t is also known that one way of reducing the

tolerance of the nitrated organic compounds'consists of

15 introducing a thiol group in the molecule, for example
by use of sulphur containing amino acids. The European
patent EP-B-0362575 describes nitrated organic com-
pounds with incorporated cysteine and, mainly, methion-
ine molecules.

20 The patent application WO-A-92/04337 de-
scribes organic nitrated derivatives of the ring of the
thiazolidine with vasodilating activity and a reduced
tolerance.

The patent application WO-A-93/03037 de-

25 scribes an enormously amount of different nitrated or-
ganic vasodilating compounds, with reduced tolerance,
of highly variable structures, within which are in-
cluded generically, i.e. without specifying nor de-

scribing one single specific product, derivatives of



25" treatnment of disorders related to dysfunctions of the circul atory
system in particular at the level of the coronary system Det é@SQOOS

" description of the invention 7 MAY 2003 4 The novel derivativ ¢

i sosor bi de nononitrate, and its pharnaceutlcally acceptabl e salts which are
obj ect of the invention corresponds to fold owing general fornula (1) 5 AR
O(l) O5 Hg in which A and B independently represent any of the %roups 10
O-ONCZ ; -Z- I g r,su r.ato IS an
Ayl CL o grdas oEhELR, fopppdtrareoReeBt ity (S A A Sl ighe
substituted, or the group ~\ i N SR i nSRhi Rl is hydrogen or an al kyl
.C1-CQ group, an aryl 20 group or an ar group, eventually substituted.
All of this with the proviso that: ( Apr B is always - ONO2, but”
never both of them at the sane tineg; (b) when: Z3 s5an sul phur jatom R i s an
al kyl C1-CQ 25 group, an aryl group o n ar gl kK oup, eventwally
substituted; and (c) when Z is an oxygen ato i he group

T
Q
Z
@)

N

in which Rs represents a hydrogen atom, a C;-Cg alkyl
group, a phenyl, etc.

5 The nitrated organic compounds described in
the documents mentioned above do not in itself solve
the problems originating from the tolerance.of the ni-
trated organic compounds, since these still have prob-
lems in relation to low vasodilating activity, high

10 tolerance, etc.. Accordingly, it is still necessary to

~develop novel nitrated organic compounds which have a
high vasodilating activity combined with a more de-
creased 1level of tolerance being maintained persis-
tently.

15
Summary of the invention

An object of the invention is a novel type of
compounds, derivatives of isosorbide mononitrate, which
are capable of providing a potent vasodilating effect

20 and which at the same time show a small or null toler-
ance effect.

A further object of the present invention re-
lates to the use of the novel derivatives of isosorbide
mononitrate for the manufacture of a medicament for the

25 treatment of disorders related to dysfunctions of the
circulatory system, in particular at the level of the

coronary system.

Detailed description of the invention



7 MAY 2003 5 ~\ i N SR in which Rl represents the groups indicated above. 5
~Wthin the novel derivatives of the invention it is'preferredmkgﬁhgﬂﬂgn Z
is a sul phur atom Ris a short chain Cl1-C9 al kyl group, and

oxygen atom Rl is a hyrdrogen atomor a short chain Cl-C4 al kyl group.
More preferably, wthin above mentioned céite 10 ria, Bis the - ONO2 group,
i.e. the conpounds wherein the nitrate ester is at p05|t|on 5in the

ri ng- shaped syst em of th% |sosore%d% ﬁ?refer ces ne ned above
shoul d not in any way be ¢6nsid 85HF Y?ﬁg‘%hel§%%%5 €t FONSBES | ect
of the present tiratrent iamnd itlsC@herﬂécestiwﬁl’.’qgeacé@ptE@D@OHBdﬁsOfwhtiMh '
i nvention could be [epl fen d _.as an& g two taut ome ~§ i NS 20 N
SH H and both &f %t h2°{%% &% udryre lgﬂodfﬁxﬁgnf8ﬁ§ld%?e§°& Wi n the
obj ect of the @@membuoﬁorﬁmaapue$ of specific conpounds mnthln t he ob25
ject of the.invention could be follow ng: isosorbide

o 2- (2'-ethy|?h|o)n|cot|nate 5-nononitrate, of formula 7 MAY 2003 6 Hs 5

i sosorbide 5-('2 -ethylthio)nicotinate Zngponitrate, of formula

in which A and B independently represent any of the
groups |
10
O

R

-ONO, ; -7 R

wherein Z is an oxygen atom or sulphur atom, and R is

an alkyl C;-C4 group, an aryl group or an aralkyl group,
15 eventually substituted, or the group

ﬁ/Nj\sr@t‘

in which R! is hydrogen or an alkyl C,-C4 group, an aryl
20 group or an aralkyl group, eventually substituted. -
All of this with the proviso that:
(a) one of A or B is always -ONO,, but never both
of them at the same time;
(b) when Z is an sulphur atom R is an alkyl C;-C4
25 ' group, an aryl group or an aralkyl group,
eventually substituted; and

(c) when Z is an oxygen atom R is the group



O2N0O HHs O~ 2 n H3C S N 10 isosorbide 2-(2 -nercapto)nicotinate
_5-mononitrate, of formula SHON~ "OH/ .2 O3 O5 NO?2 isosg@{yﬂeo

5-(2 -mercapto)nicotinate 2-nononitrate, of fornula is 7 MA 0¥% 02n0
HO2 O- 4 HOHS N5 2-acetyl mercapt oi so%orbi de 5-nononitrate, of formula

OHC- S.. HO 505

i
in which R! represents the groups indicated
above.

5 Within the novel derivatives of the invention
it is preferred that when 7z is a sulphur atom, R is a
short chain C;-C4 alkyl group, and when Z is an oxygen
atomn, R' is a hydrogen atom or a short chain C;-C4 alkyl
group. More preferably, within above mentioned crite-

10 ria, B is the -ONO, group, i.e. the cdmpounds wherein
the nitrate ester is at position 5 in the ring—shaped
system of the isosorbide.

The preferences mentioned above should not in
any way be considered as limiting the scope of the ob-

15 ject of the present invention.

In case R! is hydrogen the compounds of the

invention could be represented as any of its two

DRl BN

20 ’

tautomers

and both of the tautomer structures should be consid-
ered as within the object of the invention.
Examples of specific compounds within the ob-
25 ject of the invention could be following:
isosorbide 2-(2’-ethylthio)nicotinate 5-mononitrate, of

formula



NO. z isosorbide 2-(2'-nethylthio)nicotinate 5-nononitrate, of formnmula SCH3
"OH/ .2 0: 6 OHONOy 10 isosorbide 5-(2'-nethylthio)nicotinate
2-nononitrate, of formula NOHO2 5 Ofi Oo ~ ~ ? H3CS N " MAWP03003 3
as well as the pharmaceuti cally acceptable salt of these, in particular
their hydrochl ori des. The conpounds | and its hydrochl oride and the
conpound 5 are particularly preferred. 5 The conpounds of the present

i nvention can be obtained by techniques of_.esterification using known or
accessi ble starting products described in ?he basi ¢ organi c chemi cal
literature known to the skilled peigsgn, for exanple the publications of
Chem cal Abstracts Ser 10 vice, tgg Bei | stei n Encycl opedi a of organic
products, or in any other appropgtate publication available at university
i braries. For exanple, when Z i¢$ an|joxygen atomthe conpounds may be

obtai ned fromisosorbide or thg spondi ng i sosorbi.de nononitrate

t hrough a reaction of esterifi n ofgtﬁbse with.the correspondi ng
carboxylic acid or an activate i vatare this, for exanple an acid
chloride, an acid anhydride, an active\estler,/etc. |If the starting product
is isosorbide, it will be 20 necessary Oriising with a further step
consisting of nitrating the free hydroxyl Hr f the isosorbide, a thing
which is not necessary if there is started fromany of the isosorbide
nononitrates in position 5 or in position 2 of the ring-shaped structure of

sai d cons pourkbodenidl bs by s eapDini SRS SOMAWds_hayen2efLee T hiol

group and can be oxidi zed produci ng di sul phur di ners. case
di mers can be 4 to the correspondi ng nononers by reac
0N
>~
5
0;
H o
TN 2
=
Hie” s N

isosorbide 2-(2'-mercapto)nicotinate S-mononitrate, of
formula |
10

(@] )
Thiee ot
“ O

1

isosorbide 5-(2'-mercapto)nicotinate 2-mononitrate, of
formula
15



30 tion with triphenyl phosphine in water, as described in R Hunphrey
(1964), Analytical Chem 36,1812 and L.E. Overman (1974), Syntheﬁk@$ 99, 7
MAY 2003 9 When Zis a sul phur atomthe situation isvery simla YR8t s
enough to start fromthe cor-respondi ng thiocrboxylic acid, instead of the
carbox-ylic acid nentined above, and to use techniques wel | 5known to the
exprt for the formation of the thioesterbond. On the othr hand, if any of
the reactions inplythe epinerizatioof a chjral center, there may be usedas
a starting cnpound the adequate enantioner’ of theisosorbide, forxanple the
i somanni de. 10The ~tsts perfornggglenpnstrate that thenovel

i sosor bi denpononitrate derivativesicﬁgthe i nven-tion show a vaodil ating

activity conparabl e, as am ni num/7n ‘ht of the isosorbide nononitrate by
it-self, and in soa cases highly\superypor. Further, theyl5Snmanifest a
sign' ficant inferior tolerance asOC@mpyredto thayg observedwith said

conpound and in sone casesit approadhesoprcticallTy null.Conseqgently, the
conpounds of the inventionmay very effigietly be used for the manufacture
of a20nedi canment wi thvasodil ating eff ¢, he treatnentof dysfunctionsf
the circulatory system in particu-|lar at hhe cardi vascul ar and coronary

| evel . Accord' ngly, the conpounds of thggge alformula (1), aswell as their
pharmaceutical |y accept-25able salts, naybe used, via the use of
conventi onal pharmaceuti cal tchniques, in the manufacture of ne-dicanents
whi chray be adizi-pictitgiiek RBa g Iy RMT 1 &Snohihie¥a B! 6ok NEY ABY A PE

adm nistered orally 30 in formof phar aceutically preparations such as tab
| ets, capsules, yrups and suspensions. Parenterally in formof solution or
enul sions, etc. They may al so be adm nigstered t pically in formof creans,
pomades, bal sans, etc., a d transderm ¢lally for exanple through 35 the use
of patc es or bandages. They nmay ah%@ sap 7 MAY 2003 10 plied directly
in the rectum as suppositories. The ‘prep& ati ons may conprise
physi ol ogically acceptable carriers, exci/fhg , activators, chelating
agents, stabilisators, etc. In case of i¥j ighs théxe may be 5

i ncorporated physiol ogically acceptabl e b@ff:er§, sol ubilizing agents or

i sotonics. ghe daily dose may be varied depéhdiamgpn t he specific synptons,
the age, the body weight of the patients, the specific node of

adm ni stration, etc., and a daily normal dose for an 10 adult person could
be between 1 tQs5@@>rﬂ5ﬁdeand2€ml'i%@&@Mﬁﬁi@&qrﬁ%eones%rﬁ{ﬂﬁ/atﬁé

di vided into several dqses during the day. In the working exanpl es herein
(vide infra) aPé~58§@PiBed in details suitable processes to obtain 15
various of the conpounds accordi ng é?kt e general for mula (1). In view of
these exanples, it is within the skjI'P%f persons general know edge to
obtai n the conpounds not explicit éified herein via suitable

nodi fications of the working exa 2l nd 20 Consequently, the working
exanpl es herein should not be int sl 'ting t he scope of the

i nvention, but solely as an additional deai expk Rcati on, whi ch gui des
the skilled person to a nore deeply under feihg of the invention. 25
Exanpl es The conpounds obtained in the exanpﬁesﬁnﬁioM/are identified via
its data in Infrared spectroscopy (IR), and/or Nucl’ear Magnetic Resonance
spectroscopy of 30 proton (1H NMR) and of carbon 13 (13C-NMR). The IR
spectra ha¥e béeaspeblideed-(2' -Methwlohapvigbeihatet h CChInohitRakBr, toabl et
in a PERKINELNEE&EI&g nodel 1700 apparatus. The position of the nost
significant peaks are indicated in cm1l.

IEE her
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7 MAY 2003 11 The Nuclear Magnetic Resonance spectra have been realized in
a Varian Gemni-200 apparatus. in the spectra of LH-NWVR are IndIA$H§8 t he
“‘'wor ki ng frequency and the solvent used to make the i S spectruﬁN

position of the signals is indicated in 8 (ppm). using as reference the
signal of the protons of the solvent. The8reference values are 7.24 ppmfor
the deuterated c~orof ormand 2. 49 ppn1for the deut er at ed di met hyl sul f oxi de.
Wthin brackets are in 1cated % lgrotons correspong %é
each signal neasied'd ePécU#5h| Fﬁ?@ﬁ?ﬁ 6R-ald 39ER “f 58 b

i ndi cat ed usiﬂﬁeé@l|DMAp@rﬁ¢&HKQMEﬁhéME;ﬂ?ﬁdﬁ?HﬁBﬁﬂ?isd (doublef) t
(triplet), dd (doubl et of doubl et oad signal). .sc ex
signal), d.e. D20 (disap'i% E@Qﬁ%?%ﬁﬁ £ g?@aFFfapgSHOSPlPﬁé §pé@9r&%§after

addi tion of soRBmPEIRS §fag@n55¥ﬂignyggfy)préﬂbgggaspectra of {13C-NMWR are
i ndi cat ed the wor ki ng fTequency and the sol vent on each spectrun1 The

posi tion of°the signal s The|¢emreirds | of stippRyesastngnyenidopefanedee t he

signal of the %Qéwédoﬁytﬁécﬁﬂ%n?& ofheseeiefeesel&sel ueanar%namo%rppm
for the deuterated chl oroform an pm for the deuterated

di met hyl sul f oxp@eesEipihertar i@ m%u%*éend%em%a haghbei bagdel ear

resonance expeghfeat ehaﬁwgltlieté%eabed ero%ort@%T@Sng\E& petslhe
experinmental part of the exanples the omnnghabbreV|at|ons are uséd:

AcCEt ~ ethyl &e¥taramPhso-he EP%%ﬁ??SQWond REtg2adedbetiramts0 SEIroEt
di ethyl etsfier & é8P|%h%‘%Ef&éﬂéﬂh'EHéngbgédga(%n?t8¥§£ﬂi8)ﬁf&@déﬁ?e
5-nmononi trate hydrochl oride (1) Y
or in any other appropriate publication available at
university libraries. '
For example, when Z 1is an oxygen atom the
compounds may be obtained from isosorbide or the corre-
15 sponding isosorbide mononitrate through a reaction of
esterification of these with the corresponding carbox-
_ylic acid or an activated derivative of this, for exam-
ple an acid chloride, an acid anhydride, an active ester,
etc. If the starting product is isosorbide, it will be
20 necessary finishing with a further step consisting of
nitrating the free hydroxyl group of the isosorbide, a
thing which is not necessary if there is started from
any of the isosorbide mononitrates in position 5 or in
position 2 of the ring-shaped structure of said com-
25 pound.
When R! is hydrogen, these compounds have
a free thiol group and can be oxidized
producing disulphur dimers. In this case, the dimers
can be reverted to the corresponding monomers by reac-
30 tion with triphenylphosphine in water, as described in
R. Humphrey (1964), Analytical Chem, 36,1812 and
L.E.Overman (1974), Synthesis, 59.



1520 HOH 0.0:0 0-_=-" HONXZ / ~~OH~/ ~ ~C '\N S"CH3 \N S"CH3 CH3 H

CIO~:‘i,~\~‘HiooHO\IOZCHSsJON~,‘~H~~/~OOH()\I(); .- In
“a 50 nL glass flask, provided with a reflux refrigerator, closeﬁvfﬁ?%a

CaCl 2 tube, and magnetic agitation, 4.25 g (23.2 mmol) 2-ethylthionicotinic
acid are dissolved in 20 nL of thionyl chl%ride (1.64 g/m; 275.6 nmol).
The reaction mixture is refluxed for 3.5 h. After this period, the mxture
is cooled down and excesi?J t hi onyl, chl Oresir’r‘g‘e is elimnated under reduced
pressure while adding poPPRBns? oft St of ueiEPIAY eR ARy RS aS L@ kden 1s
pressure, 4.67vgrgf sampalalrowdisttesolt di soeneagandbngthe tt e @ci thehteri de of
interest are obtai neg.. Yi etlrhgi 20%% tep 2.- In,a 50 m %I ass flask, -
provided with FEGREFFL it AT PRy &t 1353 Fef FRERFAT0PT Sl GR¥RRX2
nmol ) of the agildcchidird deewbiehe@dabbvehe asicept@bage aferhisfidds/ege1 under
Ar atnosphere, .in 25 ni ridine. The solution is cooled down in a ice-bath
and 4.49 g %23.k§°Wﬁnlt)° d‘%yei SURTI dEOS- hBRokPERatdolr € Taddir). thheeskti on

mxture is agi bahad @h ro@MdEHPerRdnd e vndahyAbratires phaf@ fots 18y Af ter
this period the solvent i.s elimnated at reduced pressure. The residue is

di ssol ved i n 56DALeBAMEHEF3tARR RdsReFhifRls CORtER  5FhAr fmay Papssedo3 13

wat er, secondl yswid hsSfrtln@quenpgsusal Wheonadq e diCinandionee W ecyd th 50
nm. water. The organiﬁ.ﬁhasg is dried over ang%/dro_us MyS09, filtered, and
the sol vent is*8PFPRFRATEd 4PFr 8Y¥APRYC prREsHF@MaMR1d?- drying at reduced 5

pressure, 7025 g of the predutkset | peereshmepar cealinditiede Yieldk 88% Step
3.- Ina 250 m three neck%gg%:ass flask, provided with a refl ux,
refrigerator cP8%&d W74 P trf’&gfﬁe FELREIYRT oRE 4hE PRI ti on
funnel of com tQopenshbdwed Pressod, 1atithed L6183 tyMOLImphrhBeepr ogsiCts
obtained in the.gr. evi ous.gbe% are isﬁ?f" ved in 150 mL of EtOEt. The -
solution is agMtAtBH™at "F58m-Palp&ratiife 130F b ife Fonarddrads RY ok~

sat urated wit hsklCt, ( sabutironsquié otapeepni gH1hubbbergolrCl Fgas Héi,eatHay i Nt o
t he Et OEt 1]55 unt i Lfsaéur at i on%.gre addedfdr Qp by ro“%, roducing a whjte
solid precipit At The Sol FHIRETEFRYRr 84 L4Md OFas R%F afSe 519 Bt OEt

and it is driedoatthaedustetbipreebswieh 6ad8 @ompould puch GbmenteIRsd are
obt ai ned. Yielgt 9996929 1g+h%f%ggoolfmt .£P§C>d6): | 0. 26 (1HL s, d.e. EQ?,
HC1), 8.60 (1H TddPP528CRES BEqCR¢3I I Bwl-g 20" ( 1H dd, J=7 . 7 He, J=2

Hz, CHar) , 7 . 22 ( 1H Cduosedudntiky, JtBeHzonpdamds, &F 9Be( iktkerfiton

CHON02) , 5. ﬁgy(%e@yd©f¥§%f§%tfg+égcg)éd5f%§ %Ié ééngfgééugg’of a

20 medicament with vasodilating effect for the treatment

- of dysfunctions of the circulatory system, in particu-

lar at the cardiovascular and coronary level.

Accordingly, the compounds of the general

formula (I), as well as their pharmaceutically accept-

25 able salts, may be used, via the use of conventional
pharmaceutical techniques, in the manufacture of me-
dicaments which may be administered by different
routes.

For example they may be administered oraily

30 in form of pharmaceutically preparations such as tab-
lets, capsules, syrups and suspensions. Parenterally in
form of solutions or emulsions, etc. They may also be
administered topically in form of creams, pomades,
balsams, etc., and transdermically for example through

35 the use of patches or bandages. They may also be ap-



25 CH), 9.65 (1H, d, J=5 Hz, CH), 9.20-3.80 (4H, sc, CH2), 3.17 (2H q,
J=7.6 Hz, CH2-S), 1.23 (3H, t, J=7.6 Hz, CH3) . 13C NMR (50 NHgWFgH§6§d6)
6

164 . 06 (C=0

, 161 . 34 (Car' COO , 152. 88 (CHar) , 139

122 . 48 (Car30-S) , 119. 13 (CHar) , 86._ 19 (CH ONO2) ,

81.78 (CH),
7 NMAY 2003 14 Exanple 2 Obtaining isosorbide

(CH3)

5-(2' et hyl t hi
02N0 H O O H

20

10

15

20

25

30

78.10 (CH0-CO), 72.90 (CH2),189.33 (CH2), 23 89 (CH2 S)

preparations may comprise phy51ologlcally acceptable
carriers, excipients, activators, chelating agents,
stabilisators, etc. In case of injections there may be
incorporated physiologically acceptable-buffer§, solu-
bilizing agents or isotonics. 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 1 to 500 mg, and could be
administered as one dose only or divided into several
doses during the day.

In the working examples herein (vide infraf
are described in details suitable processes to obtain
various of the compounds according to the general for-
mﬁla (I). In view of these examples, it is within the
skilled persons general knowledge to obtain the com-
pounds not explicitly exemplified herein via suitable
modifications of the working examples herein.

Consequently, the working examples herein
should not be interpreted as limiting the scope of the
invention, but solely as an additional detailed expli-
cation, which guides the skilled person to a more

deeply understanding of the invention.

Examples

The compounds obtained in the examples below
are identified via its data in Infrared spéctroscopy
(IR), and/or Nuclear Magnetic Resonance spectroscopy of
proton (!H-NMR) and of carbon 13 (}3C~-NMR) .

The IR spectra have been realized in film
evaporated with CHCl; or in KBr tablet, in a PERKIN-
ELMER FTIR model 1700 apparatus. The position of the

most significant peaks are indicated in cm™

14 31
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. H3CG-S~N~ H Step 1.- The sane nethod as in step 2 of exanple 1 is used,
applying as starting product the isosorbide 2nononitrate. The 9%%
interest is obtained at a chemical yield of 880. Step 2.- Ina 3three
necked gl-ass flask provided with a reflux refrigerator stopped with a Cad 2
tube, magnetic agitation, and a additijgn funnel of conpensated pressure,
7.0 g (19.66 nmol ) of the product obtained in the fornmer step are dissol ved
ina mxture of 200 nmL of EtOEt + 100 nL de CHzZCl12. The solution is
agitated at room terruﬂfeatunelamd IMuqgrie tofc BREEONn8OLEL i grecataur abhed Wi t h HC

(solution prior pr pay e bubb HCI as .di b ctI |n o the Et OEt until
saturation) & r'e Ig%agle dpc}p B’ylvl(‘?r[g‘p p();reg‘dum Ir%g% 8§81 d precipitate.

The solid is fil terechandhwas&wﬂ:ma hofin "ex s @fre ifhdVIOA t2003t0S Et OFt
and dried at reduce ressure. 0 of roduct i nferest, are
obtaineq. WG BRI o Tt CERarenl) CBeh, Yo eEE e Y, oe
. 8 Hz, SCHaéﬁectﬁm 3[314 itn bf ache D20yndlEH ).S1lﬁdlcggeé tdHs dd J 8
Hz, J=1.8 Hz, CHar), (1H, dd, J=3 Hz, J=7, 8 H2, CHar) 5. 44( 1H,
d, J=3 . 2 (-m)m)GHOleXD}‘J as rebarengpy the, sépoRA2CL the muoton of J=5 .. 6

CHz, ), 4G (:;&ngnt‘]‘ﬁél Jr'gfe%ce ngu§s89r(34H 2C, éﬂ"zf)orr the 08 (2H;
q, J=7.2 Hz, CHD-S) MR (50 Mz,

DVBO- d6) :  1sgtaunted-gh °f° ‘Ei“ %@d(é:ﬁP °f mdewf@)emadynetﬂymlm (CHar) ,

122 . 05 (%xﬁe1 iﬁgth (EHHte ts 8§re65116<ﬂfb@‘@8) bh§4nun1ﬂ>3r(g'ﬁ 80. 79
(¢cH , 74 . 48 (CHOCO , 70. 78 (CH2-0) -, 70. 70 (CH2-O_ , 15 23. 67
(CHz) 1014, prﬂthr@rmorreéWl@gs to' @t mifasodiraed by elec-

2- (2 nercan{&)[ﬁccotl natlﬁtégr:raﬁ,@aht aate chd) tygeoot%rgdal lidiSH N SH 20
HOH OO HONOZ SH O N, \~HOOHONQZ Step 1.- In a 100 nL gl ass

flask, provide&f wiusHng rE‘P]rl:&w%"é‘Jr |ad?§°r§ﬁ"d1ats‘t°d}fpedsvm {A1a9keH 2~thibe and

magneti ¢ 25(cﬁﬂ151asﬂ)0n t3 (@rapd2)35 dHTD|()ioQBl%tnE<B§aﬂbQBIl@QEI)nl Gacid are
suspended in 30 ni |onyF chloride (1,64 413.4 mmol ). The m xture

is left to raragk ?bﬁ’“"‘?h" obSertAMy ixte %If%%%fhtl Gneof HRe &HII®duri ng
this pesi opeakhe diiriny &dal izeelied davtandgdr mucesstey dduiandn

of some drops of deuterium water) .

In the spectra of C-NMR are indicated the
working frequency and the solvent on each spectrum. The
position of the signals is indicated in & {ppm), using

20 as reference the signal of the protons of the solvent.
The reference values are 77.00 ppm for the geuterated chloroform
and 39.50 ppm for the deuterated dimethylsulfoxide.

Further, there have been realized magnetic

nuclea'r resonance experiments using the Attached Proton
25 Test (APT).
| In the experimental part of the examples

the followihg abbreviations are used:

AcOEL - ethyl acetate
DMSO-dg dimethylsulfoxide hexa-deuterium
30 . EtOEt diethyl ether
Example 1 Obtaining isosorbide 2-(2" -
ethylthio)nicotinate S-mononitrate

hy.drochlqride (1) .



7 MAY 2003 16 chloride is elimnated under reduced pressure while adding
portions of toluene. After drying at reduced pressure, 3.35 g of ] o
“'yel | ow-orange solid corresponding to the acid chloride of inte MY 203
obtained; Yield: 5 100% Step 2.- In a 250 nL glass flask, provided with a
reflux refrigerator and nmagnetic agitatiod2 3.0 g (17.29 mmol) of the acid
chloride obtained in the forner step are suspended, under Ar atnosphere, in
75 nmL of pyri 10 dine. The suspension is cooled down in an ice bath and
3.30 g (17.29 nmmol ) of .isosorbide 5-nDnonitW%t@ are added. Thg reaction
m xture is agitated at roomtenperature und C, tnnsphereé?o? 19 h, a
period of tine wherein the m xture becones darK. ce the k€acyi on 15 has
is elimnated$ht reduc®dipressure. THe rksidue is
C13 ang first fwi ONO250 g BF weg ef,
secondly with 250 |pL aqueous s¢l ut]j on of 50 HCI and once wi f£h:290
wat er. The organy s dri 2ppydrous 20 MyS04, “filt
the solvent is elimnated at reduced pressure. After drying at redd
pressure, 5.45 g of a yellow soljd are obtained, which are recryst &l
in isopropanol to obtain 4.83 g‘%ﬁ a white solid which is reacted in acid
medium for 20 mn. with 25 trupAeBylphosphine (1:1.25 nol ar) in methanol,
with a 100 of water. The sglvegnt iffls el imnated at reduced pressure and the
residue is dissolved in Qg%ﬁt S bnqﬂthe solution with some water. The
organi c phase is dried &h oIvénh;h; el imnated at reduced pressure,

fini shed, the solve
di ssolved in 2

X
o=

tihe

re 30 covering the product of™~nter bW preparative chromat ography.
Yield: 35.70. 1H NWR (200 MHz, CD3 B 7.90 (1H, dd, J=6.1 Hz, J=1 . 6
Hz, CHar) , 7 . 70 ( 1H, dd, J=7 . 2 H{Z, %wl - 6 HZ, CHar) , 6.97 (1H, dd,
J=6.4 Hz, J=7.2 Hz, CHar), 5.63-5.55 (1H, 35 sc, CH ONCZ), 5.38 (1H, d,
J=3.4 Hz, O CO, S .09 (1H, 7 MAY 2003 17 t, J=5.1 Hz, CH), 4.75 (1H,
d, J=4.% Hz, CH), 4.20-3.85 (4H, sc, CH2) . IR

(b, Ker): 3438, 29851135, 1933, 47 bl S0P adic S (Bl 4o ALy

i sosorbide ~ 5= TTer capt o) ni cotIi %glte 2- rmanon'i trate %4“0’;2‘%5 %’l%}ﬂ%zm O
O_| O t --~rpfoigeKasprH @ @@4d | wiHEhN-a 1GaCda 88 nl agBassadreatsic
provided widh g.kebkyuxnref iy ggrator | Jma iCc agitati i 04 (L7 29
mol ) of the ac?d'ch?o?(de obtai%@d ?ﬁﬂstep 3f exd%pl%Pth%gggiiéﬁ%ed,

under Ar atnpsphéflearnen digakiaed of 80 ml pyfi dhaenydd 28 onidef GHEKB. The
suspension is g9Rhed275.6 mmol). The reaction mixture is refluxed for

3.5 h. After this period, the mixture is cooled down
and excess thionyl chloride is eliminated under reduced
10 pressure while adding portions of toluene. After drying
at reduced pressure, 4.67 g of a vyellowish solid
corresponding to the acid chloride of interest are ob-
tained. Yield: 100%.
Step 2.- In a 50 ml glass flask, provided with magnetic
15 agitation and reflux refrigerator, 4.67 g (23.2 mmol)
of the acid chloride obtained in the step above are
dissolved, under Ar atmosphere, in 25 ml pyridine. The
solution is cooled down in a ice bath and 4.44 g (23.2
mmol) of isosorbide 5-mononitrate are added. The reac-
20 tion mixture is agitated at room temperature under Ar
atmosphere for 19 h. After this period the solvent is
eliminated at reduced pressure. The residue is dis-

solved in 50 mL of CHCl; and washed: first with 50 mL of



15 down in an ice bath and 3.30 g (17.29 mol ) of isosorbide 2-nononitrate
are added. The reaction mxture is left agitating at roomterrpgrgt Eiéoeo under
" Ar atnosphere for 19 h, a period of tine wherein the mxture b dar k.
Once the reaction has finished, the solvent is 20 elimnated at reduced
pressure. The residue is dissolved in 30013l of CHCL3 and washed: first
with 300 nL of water, secondly with 300 n1_ aqueous sol ution of ‘50 HC1 and
once more with 300 nL water, The, Qrgani c_phase i s dried over anhydrous
MyS09, filterel2t8hd SFENGH Verlii tg'S g@ Bl ATRRVF oot el dopr éésd%l

After drying abnﬂe(ﬂﬂﬁﬁj Peesswieh HO0ng @ktarwhities Y6J:%QM1§hp§QEbd iy e
obt ai ned, whic re- crgaéglllzed in |531ﬁ1{0 anol to obtain of a

white solid wh Eﬁe s°VE&hc ARoUE; HInBei refy A e WOlvent is

triphenyl phospbiprifdtad2at erMé}édZQQ%sb&r@m Ak el dﬁztlh@n@b; Mduted 10%
of water. Tajt:e solvent is eI nats%qd F} reduced ressure and the residue is
di ssol ved i*h ABERPSUhEshi n'gfst h& utPBn REYHFoninatdierette 8Fgat phase
is dried and tbeineliveniela: 5gg4im nated at reduced pressure, recovering
the product of jnterest by preparative chromatography. Yield: 37.6. 1H NWR
(200 MHz, CD3 5 ~718g3 (fIEi% H@ thrge) ﬁf?fkefg gi2F s fhAskeHpreviderds (1M,
dd, J=4.9 Hz,wied. & Wefﬁrﬁr)rdfrﬁg%a(tﬂﬂ 6ﬂosd&4wat|ﬂ2 aJe4cl, Haupehar ) ,
550536(2Hs Clt—l- dlcﬁ 7 Hz, CH),474(1H
d, J=3.4 Hz, g%‘eﬁlﬁoagl‘ée LAy §8d éﬂz)a jjtgon “Firinel ' ot " Gon-

(p. KBr) : 3395, 2836s47ad, Pas3sliead], 1698, 1329(L16L287§ w51 Fxaw! end. prdaudicni ng
2-acetyl mer capt otsosorbl de 5Snononi trateHg . OHO H TosO H O O H3C-S HOO
= O H OH H OH Bl &PHIBss RFYEPYS 1SERB2 356 Steipolved nin 150 Biass
fl ask provi dedofi mhontrefﬂxeledsmti@erﬁi Qdgi e ldid I&ani wm@er@‘ture
conpensat ed press uig ﬁrr% %19 t| C f‘gl fation, 60 g ( '
i somanni de, 8829 ™t ) ha? AL Hehes bR c”ﬁ’r"oh HC7l MWlZ‘JGG?le

prior prepared bubbling HCl gas directly into the EtOEt

15 until saturation) are added drop by drop, producing
a white solid precipitate. The solid is filtered
and washed with an excess of EtOEt and it is dried at reduced

pressure. 6.55 g of the product of interest are ob-
tained. Yield: 99%.

20 'H-NMR (200 MHz, DMSO-dg): 10.26 (1H, s, d.e. D,0,
HCl), 8.60 (1H, dd, J=5 Hz, J=1.8 Hz, CHa), 8.20
(1H, dd, J=7.7 Hz, J=2 Hz, CH.), 7.22 (1H, dd,

J=3 Hz, J=8 Hz, CHa), 5.43 (1H, sc, CH-ONO;), 5.30

(1 H,d, J=3 Hz, CH-0-CO), 5.05 (1H, t, J=5.5 Hz,
25 CH), 4.65 (1H, d, J=5 Hz, CH), 4.20-3.80 (4H, sc,

CHp), 3.17 (2H, q, J=7.6 Hz, CHp,-S), 1.23 (3H, t,

J=7.6 Hz, CHs).

3C-NMR (50 MHz, DMSO-de¢): 164.06 (C=0), 161.34 (Car-

CO0), 152.88 (CHar), 139.63 (CHay), 122.48 (Clar-‘
30 S),  119.13 (CHa), 86.19 (CH-ONO;), 82.64 (CH),
81.78 (CH), 78.10 (CH-0-CO), 72.90 (CHy), 69.33

(CHz), 23.84 (CH,-S), 14.31 (CHj).



ride, 296 nL of COg, 33 nL of CH2C12 and 247 nL of HZO are m xed. An Ar
~atrosphere is nmade and a solution of 29.9 g (453 mml ) of 850 E&b%%@ogdded,
drop by drop, while maintaining the reaction tenperature at 5 C

period of time of the addition is 1 h 20 mn. The resulting m xture is
agitated at 5 Cfor 7 h. The solid is filtéred and washed with 2 x 125 ni
portions of HZO and dried at reduced pressure. The obtained solid.is

re-crystallized,i 09 10 nl of,QC1d, ., hot filt he filtrateg is

|l eft to cool dﬂxgﬂ Qobtained'%rysﬁélg?are fiﬁ%ggggﬂgﬂévmashe 3Pelding

54.5 g of a fraction A of the prethyglthio)miarteigtataronot Gsylcaiomidfrate

i somanni de. The solid obtained iﬁ {g%figgrégi is 15 re-crystallized in

| 000 nL of CC19 obtaining 29.5 g 6 al%rac ion-B 'of the product of '

interest. Step 2.- In a 500 nL glass flask provided with a refl ux

refrigerator and nmagnetic agitation, 22.7 g (76 nnDI)%ég nonot:osyl at e of

“isomannide and 13.0 g (113 nmol) of 20 potassiumthio éiatb are mxed in
| 13 nL of n-butanol. An Ar atnpsphere is made and the reasti m xture i's

refluxed for 1 h. Th ed with 200

m xture P&NGoahed down, filtered

m. et hanol and the sqgjvents are el gt ed at reduced press . 20 g of a’
solid are 25 o i fyéd. "G\ t higa | ayer mat ographis anal ysiHs Wyt h

i ndependent safpl elishows that the €t of interest is not ajmjor part
of the crude. [ rude is @remted with 300 ni of ol and
40 mL of thioacetic acid and refluxed f 1 h. The mxture is le cool

down and filtered over a Si02 |ayer. The solvents of the kab{
evaporated at reduced pressure and a crude is obtained wWit%h i% suBnitted
to a Flash chromatography. o,KoMAY, 2003 20 For the chromatographic
separation a m xture CHC13l RcORt g: is used as eluent. A fraction of 4.14
g of 2-acetyl nmercaptoi sosorbid i~ ai ned, sufficiently pure to be used
in the subsequent step of syntkesils. Various fractions of product of
interest are obtained with quit®@ & TRt of inpurity. These latter fractions
are submtted to_reverse phase pr@par tivegggﬁanatography achi eving the
purification of the desired product. _ptep 3.- Anitrating mxture is
prepared by adding, 10 slowy and : y 2.4 nm of 600 HNO3 into a

m xture of ‘10 nL of acetic anhydride anfl 10jnL of acetic acid. The m xture
is prepared at 0 C. In a 100 nLHgWQEES NK provided with a refl ux
refrigerat%{ and magnetic agitation, 2.51lg (12.3 15 mmol) of the product
obtained inm the forner step are dissolved at OCin 4.5 nL of acetic acid
and, after agitation for a while the nitrated mixture previously nmade is
added drop by , 1f ar ] i Lhtgini St SIPES af U at O
C. The reactid%ﬁgﬁxgureT%% F§ﬁ§2?§%%%§ﬁjg?nghhggfgcggfh?ﬁz£crude %sigoured
on 200 niL wat efSe@énd aFRe Y@l 5 ng tAbtinde PEO@REE adhed Hesrdide0dnl

portions of AcgEtoniEaghe Of Thie éiﬂHcﬁfctooéfi QRERESL VASHED, SARYALA VoW th 2
x 220 nmL portions of a saturate 200 nL of water. The

_ C ¢ NaHCO03 sol uti on and
ob 25 taiddd sebremienlivierdedt o8@%- Na2S09, filtered, and the solvents are

elimnated at sgggcgd-przelssdur@o It OnPlec AnEEREE 818sQPERLDRILVHLEHET ©
submtted to a Frash Chromatography using a m xture of CHClB/RcCEt 25:1 as
eluent. 2.08 gWwdthpprodifthl Wt Fafeiesrabpe SbrRPREd.WiYihe|dl: C80168tobedH NVR

(200 Mz, CDCl@)gne 86- Bq28atibh, SGndCHONEL: t fordOfGn0) (1HorSC, Chih.
4.44-9.37 (1H, sc, , 2.22-4.10 1H, sc 4.10-3.98 (2H, sc, CH2) ,
3. 92-3 .78 (2%“%%%8,582@33 {3@4 9s,(1é13%5 .mmoy) yRE 2AgER product
15 obtained in the former step are dissolved in a mixture
of 200 mL of EtOEt + 100 mL de CH,Cl,. The solution is
agitated at room temperature and 30 mL of EtOEt solution
saturated with HC1l (solution prior prepared bubbling HC1
gas directly into the EtOEt until saturation) are added
20 drop by drop, producing a white solid precipitate.

The solid is filtered and washed with an excess of



- 21 isC_NWR (50 MHz, CDC13) : 194. 48 (C=0) , 86.50 (CHONQZ) , 81. 44 (CH |,
'81. 22 (CH) , 78 . 48 (CHz) , 69.25 (CHz), 45.92 (CHS), 30.48 (CI—B%. I R(cm
- 1): 300-2800, 1700, 1650, 1630, 1280,.1080, 5 960. Exanple 6 oFtMih

i sosor bi de 2-(2' net hyl t hi 0) ni cotl nate 5-npnonitrate (6) . 10 SCH3 O O HO H
ON\ ~OHC ~t- ---~/ OO =\NSCH3*HIONOZ Og ~ H ON02 15 20 25 In a
50 m glass flask, provided vmth magnetic agitation and refl ux 4
.refrigerator, ) _ of vyl t hi oni coti aC|d i de are
suspended, undé}:BgF %rmsp g:erg #h f%dw%e% éldesnseurerhen’lm%xt ufe s gh 51 ed
down in a ice pabHuahdol?. Ddtgrédo. aYrerrmid)ﬁanfed.sO&@r]bi :d®1%-.nononitrate are

S mosphers for 15 i C50p® A RSBk LOPH, RS PEIE [ Hfnar ke afzreduced
pressure. The reS|aIee BSHdi,SSI(HLME}d 8 3B0(1i, ofb CHT18. abdonwarbey, Bi.est with
50 nlL of er dl h ut i 50 and | nce
nore with fg‘? qﬂe ‘t(I)r%q%c ‘f)a]g qrs’ 3:?% Janh %us

filtered, and the SerHnt |s—e18mmateﬂarar, Seducedﬂprassuee ZAH'fz.eI’CElF-yI nlgd
.at reduced pressur ? %@Mér% qtgaezg EI §g| ge Yi e
775 7 MBY 2003 3 NRRT 26 “3:‘8?)? & d Zpy, 3=1.
8 Hz, CHar) , 8 . QH{ 1H,6md(1H,-7d, J= BIzleﬁ? H‘ZH)CH&I:)ZO 3. 802(6(1,1blc|,ddd
J=3 HZ, J=8Hz, CHaE 4( th J=6Hz, , 34(IH, d,
J=3 Hz. CH O CO), s (i#’? (3 S T2 Hﬁ?ss%kfg;q}%)mf%g:

4.18-3. 8AMH, sc, J€Hz;) Hz?2 CHH(3H, s, CH3-S) . 13C NMWR (50 MHz, DMSO- d6):

163.91 (C=0), 161.H - 1 0 9 122 .20
(GO, @aﬁg@”;g@o}m% %é;oféﬂ(%%)n é;’ 4)1, (](Cﬂ"as'ﬂ glC

(Car-S) , 10 ~18 . 3 (CH)
v 77 . 87 (CH O OQFOQ) 72152677( c}ez)ar),6939024(q—az1)ar), 13.223405( CH3),-S) 15

Exanple 7 Qbtaini gg}gzs%for(te&dﬁ 2 ﬁgt&_\ﬁﬁ_&g@ |,coé‘;}nf|§e (%}ﬂonogbtl}gte (7

) . oxn O02NO H
(CH), 74.48 (CH-0-CO), 70.78 (CH,-0), 70.70 (CH;-0),

15 23.67 (CH,), 14.14 (CHj).
Example 3.- Obtaining’ isosorbide 2-(2' -

mercapto)nicotinate 5-mononitrate (3).

X
..\\O
1T

e 1
o.
[%2]
I
(o]

oNO X '

- OH — N €
.' P = 2 5
I

20 H Yono,

Step 1.- In a 100 mL glass flask, provided with a re-
flux refrigerator stopped with a CaCl, tube and magnetic
25 agitation, 3.0 g (19.35 mmol) of 2-~mercaptonicotinic
acid are suspended in 30 mL of thionyl chloride (1.64
g/ml; 413.4 mmol). The mixture is left to reflux for
2h, observing the dissolution of the solid during this

period. The mixture is cooled down and the excess of thionyl



7 1n a 50 m glass flask, provided with magnetic agitation and refl ux
~refrigerator, 2.00 g (10.7 mol) of 2-nethylthionicotinic acid l?yi}lgo%ri ge are
sus 20 pended, under Ar atnosphere, in 12 m pyridine. The mi x{ 0g
cooled down in a ice bath and 2.04 g (10.7 mml) of isosorbide
2-nmononitrate are added. The reaction mixt@re is agitated at room

t enperature under Ar atnosphere for 15 h. After this perlod the solvent is

25 elim nat ed d ed re T ue di ssal Ve of
CHC13 and vvashe%’ilgfl #ét gt h%!%%{ E]f‘tefge E‘f&ﬁ’eg sreéc(g"lnC < \ﬁre 3515 mL g%gous
sol uti on of 5sadifing pPoNANGIRO08f23talukemnce Aftee valltyhlrﬁﬁ) At waedncedihe

organi ¢ phase i oyek-anhydr qu 4 nd_t he l.yent is
el i m nated at f?)g g%’:‘éggbréséarg %gf ge?’eg/q??’naré 5{% §gje‘ SrgeggﬁPé,gdé?95 g of
t he product oftontheesicidrehbbbidanmed. muelresw&%e 1db NV RDOY Ml :
DIVBOdG) 2$8 18@?‘2 1H, dd, J=5 Hz, J=1. 8 Hz, CHar) , 8 . 27!( 1H, dd, J=7
: Hz ,727(IHde3Hz J=7.8 Hz, CHar), 5.42-5.31 (1H
sc 10 J 2 Hz Hep Elz , IOHONZZ0 ) ml. §1asB0 flakk, qb,rojz;:eied iy L£He©EO)

S0y hon (3ER0L Parsprdeof Sh hgrsi” ddficatibn, B S Elop8 o
| 61.89 15 (Carnuﬁim £l Bhe. afAd Cdﬂalr@r:,del&fbtaame@CHlar )the 1Qd.rme1923té:pr-8) ,
(o0 00 T otdrgo ShopBightl” ek A loladifley 1R 200Ridh fri-tt
Tests for Masodihat aThensuzpenkéonetisodtonded dnwhhenasasaysze sba;ubsaaatl ally
the sane as de§c§bbeﬁn ﬁ&e%% ﬁ@’ﬁg@ r%fferegggﬁrbl%gurch no’nl§§ate I\/gt hods in

nitric oxide resear St am ohn ons
Chi chester, Engtided, ﬁpeSG’e\a@&Iionzfmmthrr@ngmam chra@mtah(edet alat Jpood.

Pha . 199 &7 Sal.a I . Ph .. 1994;
252?2??25. Theé%mg%re%g% cgrr%gouna%s are se)sht gaa%mjszu{dgféo Tae(rsk%’aér’ﬁaicc’C)Cl O%

concentrati onstim¢ whevatenthet mémtuargbetonas 0dOK. tGmck0 tik] resichgofir om 6

to 9 arterql £inos toreach cqupoundy,Ihe Qbtaligd fesyl ts ar e gorpared to

t hose fromthe 1 sosor fononi tra whi Cch ref erén
product . 7 NAle 28@8e 24The residue 1is dlssolved 1n 250 mL of CHCl3

and washed: first with 250 mL of water, secondly with

250 mlL. aqueous solution of 5% HCl and once more with

250 mL water. The organic phase is dried over anhydrous

20 MgSQ4, filtered, and the solvent is eliminated at re-

duced pressure. After drying at reduced pressure, 5.45

g of a yellow solid are obtained, which are re-

crystallized in isopropanol to obtain 4.83 g of a white

solid which is reacted in acid medium for 20 min. with

25 triphenylphosphine (1:1.25 molar) in methanol, with a

10% of water. The solvent is eliminated at reduced pres-

sure and the residue is dissolved in AcOEt, washing the

solution with some water. The organic phase is dried

and the solvent is eliminated at reduced pressure, fe—

30 covering the product of interest by preparative chroma-
tography. Yield: 35.7%.

'H-NMR (200 MHz, CD3COCD;): 7.90 (1H, dd, J=6.1 Hz,

J=1.6 Hz, CHa), 7.70 (1H, dd, J=7.2 Hz, J=1.6 Hz, CHa),

6.97 (1H, dd, J=6.4 Hz, J=7.2 Hz, CH;), 5.63-5.55 (1H,

35 sc, CH-ONOz), 5.38 (1H, 4, J=3.4 Hz, CH-0-CO), 5.09 (1H,



The results are shown in table 1 below and are provi ded as CEso
~.(concentration effective 50), which is the concentration of eagqggg &ge
test ed conmpounds wherein there is produced a vasodilatation of: /go 5
the arterial ring previously contracted with 1 ~M of Norepi nephrine. Table -;
1.- Test ofvasodil atati onConpoundCEso (avéragenM SEM i sosorbi de
5-mononi trat e0. 92 0. 2Product obtained in exanple5 (5)0,g5 0. 1Product

obtai ned in exanplel (1)0.13 0.0 be obseryed in the table, the two
compounds t est &d fO%hévéza gggen%'éssgggfaging'gc i PPy CHAr %9 3si8Ri | ar
to that of the(4rfesepceH,jand the conpound 1 has a vasodilating activity

ol ar ance. The di {1 SRot- KORboRY 4 2ot e 3 d Sepan dndddin) Uaim ni st er ed

to rats at a dose of 10 ng/Kg for three days, each eight hours, and the

assay is then done ex yivo tQ test. the capacify to vasodilateithe ar 20
terigl segE%ntgﬁﬁﬁEiﬁegréts $ M iNge subcutaﬁéﬁﬁ§' ni stration (éf “t he
conpound. The method fol | onwagkicaid)stiadtiabkky¥ bhRosaABtastdegayibed in
follow ng references: * De Garavilla, L., et al. Eur. J. Pharn@col. 1996;
25 313:89-96. * Keith, R A, et al. J. Pharmacol. Exp. Ther. 1982; :
221: 525-531. 7 MAY 2003 25 - The different conpoundgnere tested at 5
different concentrations, at a concentration range from=0.801 to 10 nM
‘using from6 to 9 arterial ringgdor each conpound. The/obf
are conpared to 5 thgse from' e‘iséborbide 5-mononi trat e, {fwhi/ch ~i s used
as reference pr ~and wth t +-Oht ai ned fromthe &K galg wherein
t‘here have not adf ni stker ed{an ourd—Tte r esul t sHobt@i ned, al so
shown as CESo, ar 0 shown in tabte2(Table 2. Test of

t ol er anceConpountAni ®Hl s wi t hout anylAni\sml s with com conpou - pound
adm ni steredtered during threeduring three daysdays (G oup A).(
B). CEsp mM (average f SEM C Esp mM (average SEMi sosorbide 94 0.26.5

1. 5nmononi trat eProduct obtained0.95 0.10.99 0.1in exanple 5 (5)Produét
obtained0.13 0.010.59 0.1in exanple 1 (1) It should be understood that a
compound dével psat 2ber ahcgluhenflask Chsvowidddevprlodacie fhuk heetbiyascul ar

rings of. the apimals which have been-submtted. tqQ adm nistrati on of {he
conpound, as s%re%r'??:lreangbon\llae?m? S SupLtr Tty tﬁe8C§so(£?'%he “E‘kﬂr'}ﬁouﬂ in
t he vascul ar rilmgsaocfidt vk larinel obthickdhdwe gtatp beebfs wxanrdled 3 care

AR e R R E s i
pyridine and 25 mL of CHCl3. The suspension is cooled
15 down in an ice bath and 3.30 g (17.29 mmol) of isosor-
bide 2-mononitrate are added. The reaction mixture is
left agitating at room temperature under Ar atmosphere
for 19 h, a period of time wherein the mixture becomes
dark. Once the reaction has finished, the solvent is
20 eliminated at reduced pressure. The residue is dis-
solved in 300 mL of CHCl; and washed: first with 300 mlL
of water, secondly with 300 mL aqueous solution of 5%
HC1 and once more with 300 mL water. The organic phése
is dried over anhydrous MgSO4, filtered, and the solvent
25 is eliminated at reduced pressure. After drying at re-
duced pressure, 5.10 g of a white-yellowish solid
are obtained, which are re-crystallized in isopropanol
to obtain 4.55 g of a white solid which is reacted in

acid medium for 20 min. with triphenylphosphine (1:1.25



7 MAY 2003 26 tered was seven times superior as conpared to that of the not

~treated aninmals. CESO Group B CESO Group A 5 which indicate a M%
devel opnents of tolerance for the reference product. On the co ry, "~ for

the two conpounds tested, 1 and 5, which formpart of the object of the

i nvention, the CESO obtained for both of tthem are 10 significantly | ower,

whi ch indicate a devel opnent of |ess tolerance as conpared to the reference

product; it is_r rkab] e t o] Rd t ve 1ty Of

tol erance is pf“é)gni%&al I%/n n%‘??ﬁ%{ﬁge’r Pfﬁtelgeng?t° cogfnd‘P?Fgﬁ’s. E%g ;VI%IN 2003
27 ~~A~MS 1. Cdspozhitsindtiexh ate rédeuicedt pressimgf asdedHrdi deskmdneniity at ~,
and their ph.~ rnmaceuti.cally acceptabl l.t.s i oh, cor (o S.jCc~
~c~| | owi ng gexgérsg’??ivtegr %ﬁl}i\ac :E i )‘"?arSh\%lr@?e%hne A%lgpagﬁng?gﬁdagf“gy e
represent any aert.heTgec-organic -pINGF@ is- ~dRiedwrarcki thg i solvemikyden.
atom or sul phur ;atom_.and R i » ZVras 9 r gr I!Q% o a.n.
ar al kyl gro%p, e(%ﬁ |l(r)1r?§' g yatsu %Cﬁ‘}ct%ﬁjt %’téﬁor THe %%%ﬁ%eﬁgﬁé \sll“vhgr é):}n ~C-qg’i S
hydr ogen car aofl--Ghceatdst gopuppreparmayivgrovpronadngasphkyl Yiedujp,
aptidnally sub§t7i ,Gt%ut ~ed;

14-NMR (200 MHz, CD;COCD3): 7.98 (1H, dd, J=4.2 Hz,

10 J=1.0 Hz, CHy), 7.76 (1H, dd, J=4.9 Hz, J=1.0 Hz, CHa.),

7.34 (1H, dd, J=4.5 Hz, J=4.8 Hz, CHa), 5.50-5.36 (2H,

sc, CH-ONO,+CH-0-CO), 5.02 (1H, t, J=3.7 Hz, CH), 4.74
(1H, d, J=3.4 Hz, CH), 4.20-3.90 (4H, sc, CH,).

TR (p.KBr):3395,2876,1727,1653,1631,1593,1291,1276.

15

Example 5.- Obtaining“ 2-acetylmercaptoisosorbide 5-

mononitrate (5).
TosO
—_—
e Y
H ‘ono,

20

Step 1.- In a 1 L glass flask provided with a reflux
refrigerator, an addition funnel of compensated
pressure, and magnetic agitation, 60 g (411 mmol) of

isomannide, 88 g (461 mmol) of paratoluenesulfonyl chlo-



with the proviso that: (a) r~~.e of Aor His always -c~~TC7~ , but

_rietxs~r both _ , ‘' 7 MAY 2003 28 of them at the $ane tnnyMA$%0&Wen ~
is a. sulphur atomRis a G-C4 a~. kyl group, an aryl. group or
ara~.|l~yl group, optionally substituted; arid ( a ) wk~en Zi s an

oxyc~c~z~ a tvmR i s t he gx-c~up N6F~~ rnnoherein Rl represents the groups
~.n.d~. cated alaQve . Conpounds o~ clain11 character~.2ed in that when Z
is a sul phur ato group, and when. ~ is an oxygen

. is
atom Rl ie a hﬁgﬁ%ge%gﬁt%%19£rcgl€z 3%4mLaP%yFHgFémpan§ 247 gL @f #0

Cor npQUr ~ds of gliaimile@! 2Zn @Harﬁﬁﬁc%ﬁﬂee& i st Raak add 4 hsoTMNESR QFoup -
The conpound i sosarbide 2-(2'- yIthlo)n|c0t~ nate nonc~nitrate and its

pk~ar maceut i cal 23~ %Cﬁedﬁéﬁlémgéﬂt ofh85¢ofBlnte addedsordiqe by dzop,

- et hyl t hi o) ni C%mﬁr@tm&mnﬁmy turd eredek 145 PhmperREeEL i gal by accepkabl e
salt. xhe canpound, i sosrar bi de 2 & ~-neraapto)n|cot|nate 5nc~ne~nitrate and
I

its pharnacémnﬁﬁﬂ%®da%%eb%%%léfs he  agdbl tthotmdli Soed1min ~j Bhg~reo:
- mer ca~a~, ¢~) nsﬁl@ﬁ{qrr}ﬁﬁu“ﬁ@nﬁs nh§iek€e@ndti 63 Rhafd@Cepuli egdlyso1idg

gaﬁ%ﬂ);ﬁ:ﬂt reat62~ :Es fllte?:gdcgnd OvElJaI\‘]sdhezd- %vclet;[h~r2| rI{erl%aS Eng g@iﬂgﬁg of H,O and
dried at reduced pressure.

The obtained solid is re-crystallized in 1200

10 mL of CCly, hot filtered and the filtrate is left to
cool down. The obtained crystals are filtered and
washed yielding 54.5 g of a fraction A of the product
of interest, monotosylate of isomannide. '

The solid. obtained in the filtration is

15 te—crystallized in 1000 mL of CCl,; obtaining 29.5 g of a
fraction B of the product of interest.

Step 2.- In a 500 mL glass flask provided with a reflux
refrigerator and magnetic agitation, 22.7 g (76 mmol)
of monotosylate of isomannide and 13.0 g (113 mmol) of

20 potassium thioacetate are mixed in 113 mL of n-butanol.
An Ar atmosphere is made and the reaction mixture is
refluxed for 1 h. The mixture is cooled down, fil-
tered and washed with 200 mL ethanol and the solvents
are eliminated at reduced pressure. 20 g of a solid are

25 obtained.

A thin layer chromatographic analysis with
independent sample shows that the product of interest
is not a major part of the crude.

The obtained crude is treated with 300 mL of

30 n-butanol and 40 mL of thioacetic acid and refluxed for
1 h. The mixture is left to cool down and filtered over
a 85i0; layer. The solvents of the filtrate are evapo-
rated at reduced pressure and a crude is obtained which

is submitted to a Flash chromatography.



7 MAY 2003 29 The use of the conpaur~d of ariy of the clains ~. ts~ 8 fQ
~the manufacture of a nmedicanment with va.~odilat~. ng effect for 7@%2003
treatnment crf dysfunctians of the c3raulatc~ry system 10. The use,
according to claim9, of the ccrnpc~und of any of the cla~.ns 1 to 8, far
t he manufacture of a nedicanment fc~r the &featnme~.t of aard-~.ovasaul ar and
coronary dysfur~ations . 11. The use of a conpound of any one of clains 1

to 8 in the manufacture of a medicanment for the treatnent of dysfunctions
of the circulatory systemeriXthernghgemategbeplihg s6Paraitarnl a chbkteteri zed

in that the dygfHiGYAeB8LOhL:1he sCiuseul Alsoral vBhEt.eM af e Al s Q@sgul argand
coronary dysfunctions. 13. A pharnaceutical eonpc~sition oc~nprising ?he
oonpound of anyforfe e tAngnaRPLoisqyorbife d pekiaingicasufyiaterblabl e

carrier. 14. Rgafr_@cgéabtecjfsé&eiﬁr%%&%@Iewes%ww%gﬁtﬁ@y@ne of
claims 1 tra g which conprises: (a.) esterificatian of isosarbide or the
ac~r r espand? ng VIG5 bf tP et ¥enanehi Rrosietnioh iREeEspEeFEn PR ined

carboxylic aci qyieh tfiiararpax i & aghsh Lady anmacll Yated: defdvatsnyare
thereof; (b) when isosorbide is the starting proc3uot, subsequent7.y
nitrating the pro¥d&test teegevrseandhasy PRPPATAT1Yea ¢lojonmerd RIPhY

pre~~nt and r-~pr@sertiaghyaet E_ﬁ%ﬁ'f,icb'ﬁ@ﬂnrSguﬁﬁentgeéb?:eﬁrﬁgé!&ﬁc@f ~t~p (a)
ax (b) with tr~., ph~nyl phaaphine in water. 15. Conmpounds of the O?e.nex-al
fe~rmu~. a (T) S48 ocdssed fBLLERBERY prEpdiErS ohS HHaRARt P¥aladding,

canpca~a~. 10 0N 16NkAlMNAN G drdernialy, et ods. s Us@S ANdY A% theRure
substant~. al ly %s h~r ei nbef oxe described with referena~ to any cane of the
exanp~. a~. .AFW.AGQNTQ“QfA@QP%@C anhydride and 10 mL of acetic acid.

. AUR. AYUe. Al U. Afe. AiktAEcAUsAbYePfabBRaARAEDA C. '
U. AU, . AAe. AYhe. A{. AU. A3U_A3. , . AF. AFU2" . Ay. Af 9. Ayhy. Ahe, s: Y 99(45 9C -
((((#. #. | x~~222227~22222[9 2| N O>pbsplosp< gk mnovndedowheh—p-|req 7~| >~

~| ~~?~~?~~>~?| F1AR?¥EFHiYerator and magnetic agitation, 2.51 o4 L253
72 2777297 953 2pmrimmes 999~7> D] PD=DISHPPIRISSD 35999995 27| 2~2

2992929925350
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>~~~>>>p00?7222 153329227 3% A2 207 2P 25K 232> 22300 2P T P HRR> 7> 7>
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made is added drop by drop, for 20 minutes, while main-
taining the temperature at 0° C. The reaction mixture
20 is.agitated for 2 h at 0° C, the crude is poured on 200
mL water, and the resulting mixture is extracted with 3
x 200 mL portions of AcOEt. Each of the three portions
are washed separately with 2 x 220 mlL portions of a
saturated NaHCO3 solution and 200 mL of water. The ob-
25 tained solution is dried ovér Na,S04, filtered, and the
solvents are eliminated at reduced pressure. 2.4 g of a
crude are obtained which are submitted to a Flash Chro-
matography using a mixture Qf CHC13/AcOEt 25:1 as elu-
ent. 2.08 g of product of interest are obtained. Yield:
30 68 %.
'"H-NMR (200 MHz, CDClj): 5.36-5.24 (1H, sc, CH-
ONO;), 4.90-4.80 (1H, sc, CH), 4.44-4.37 (1H, sc,
CH), 4.22-4.10 (1H, sc, CH), 4.10-3.98 (2H, sc,
CHz), 3.92-3.78(2H, sc, CHp), 2.33 (3H, s, CHj).
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\$F10%H&r()-9atm@%PR9¥%4i9rlé~161- After this period the solv?nt is
L910%& (20! pl Of {0 Eed (at@ kOahd0U& ) QBMIZZXGL\ =LL '%%ﬁ% (h3k-
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1 10944H8 () - ! &ali098HEs & rona Y % ¥4h! & 0Ysthil O%udold - 5%¥3L1Q¥RP& ()58 Hel

&' - & - &' -M 10HH
s10% () $Y1%4%1(%n§%0£%éé £4th 50 mL water. The organic phase is

dried over anhydrous MgSO4, filtered, and the solvent is

25 eliminated at reduced pressure. After drying at reduced
pressure, 2.80 g of the product of interest are ob-
tained. Yield: 77%.
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BCc-NMR (50 MHz, DMSO-dg¢): 163.91 (C=0), 161.64
(Cax=COO), 152.80 (CHar), 139.27 (CHay), 122.20 (Ca-S),

10 118.83 (CH.), 85.97 (CH-ONO,), 82.41 (CH), 81.53 (CH),
77.87 (CH-0-CO), 72.67 (CHp), 69.07 (CHp), 13.34 (CHs).

Example 7 Obtaining isosorbide 5—(2’;
methylthio)nicotinate 2-mononitrate
15 (Z) - 0N
~3-0
O,NQ ‘
0 2 i, <;:£:%Z
Z l o+ — H™ O
o7z X
SN sCHy H Yo 1
7 Z

In a 50.“;&1 glamss vflask, provided with mag-

netic agitation and reflux refrigerator, 2.00 g (10.7
mmol) of 2-methylthionicotinic acid chloride are sus-

20 pended, under Ar atmosphere, in 12 ml pyridine. The
mixture is cooled down in a ice bath and 2.04 g (10.7
mmol) of isosorbide 2-mononitrate are added. The reac-
tion mixture is agitated at room temperature under Ar
atmosphere for 15 h. After this period the solvent is

25 eliminated at reduced pressure. The residue is dis-
solved in 50 mL of CHCl; and washed: first with 50 mL of

. water, secondly with 50 mL aqueous solution of 5% HCI1
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gybnce_more with 50 mL water. The organic phase is

dried over anhydrous MgSO4, filtered, and the solvent is
eliminated at reduced pressure. After drying at reduced
pressure, 2.75 g of the product of interest lare ob-

tained. Yield: 75%.

lH-NMR (200 MHz,
J=1.8 Hz, CH..), 8.27

DMSO-dg) : 8.90 (1H,dd,J=5
(1H,dd,J=7.7 Hz, J=2 Hz,
7.27 (1H,dd,J=3 Hz, J=7.8 Hz, CHa), 5.42-5.31 (1H, sc,
J=2 Hz, J=6 Hz, CH-ONO,), 5.60 (1H,d, J=3.2 Hz, CH-O-
CO), 5.06 (1H, t, J=5.5Hz, CH), 4.92 (1H, d, J=5.6 Hz,
CH), 4.10-3.88 (4H, CHy), 1.24 (3H, s, CHa-S).

Hz,
CHar) [4

sc,

BC-NMR (50 MHz, DMSO-dg):
(Car=COO), 152.77 (CHar), 139.04 (CH,;), 121.92 (Car-S),
118.87 (CHa.y), 86.56 (CH-ONO,), 84.05 (CH), 80.69 (CH)
74.41 (CH-0-CO), 70.69 (CHz), 70.61 (CH,), 13.37 (CHs).

163.71 (C=0), 161.89

Tests for vasodilatation.

Example 8.-

The method used in the assays is substan-

tially the same as described in following references:

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

* Trongvanichnam, K, et al. Jpn J. Pharmacol. 1996;
71:167-173.

* Salas, E., et al. Eur. J. Pharmacol. 1994;

258:47-55,

The different compounds are tested at 5 dif-

ferent concentrations,
0.001 to 10 mM,

at a concentration range from
using from 6 to 9 arterial rings for
each The obtained results

compound. are compared to

those from the isosorbide 5-mononitrate, which is used

as reference product.
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10 have a potent vasodilating activity, at least similar
to that of the reference, and the compound 1l has a
vasodilating activity superior to that of the reference

product.

15 Example 9.- Assay of tolerance.

The different compounds tested are subcutane-
dusly administered to rats at a dose of 10 mg/Kg for
three days, each eight hours, and the assay is then
done ex vivo to test the capacity to vasodilate the ar-

20 terial segments of the rats after the subcutaneous ad-
ministration of the compound.

The method followed is substantially the same

as described in following references:
* De Garavilla, L., et al. Eur. J. Pharmacol. 1996;
25 313:89-96.

* Keith, R.A., et al. J. Pharmacol. Exp. Ther.
1982; 221:525-531.
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5 those from the isosorbide 5-mononitrate,

[:vU4l | F310%l! & ()-

whichgis used
as reference product, and with those obtained from the
animals wherein there have not been administered any
compound.

The results obtaihed,

10 shown in table 2

also shown as CEsy, are

Table 2. Test of tolerance

Compound

Animals without any
compound adminis-
tered during three

days.(Group A).

CEsg mM {average * SEM)

Animals with cdm—

pound administered

during three days
(Group B).

CEso mM (average * SEM)

isosorbide 5-

in example 1 (1)

0.92 £ 0.2 6.5 * 1.5
mononitrate
Product obtained 0.95 + 0.1 0.99 + 0.1
in example 5 (5)
Product obtained 0.13 + 0.01 0.59 £ 0.1

It should be understood that a compound de-

velops tolerance when the CEsq

of the product in the

15 vascular rings of the animals which have been submitted

20

to administration of the compound, as specified above,
is superior to the CEsy of the compound in the vascular
rings of the animals which have not been submitted to
administration of the compound.

The CEsq of isosorbide 5-mononitrate in the

group of animals wherein said compound was adminis-
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which indicate a strong developments of tolerance for.
the reference product. On the contrary, for the two
compounds tested, 1 and 5, which form part of the object
of the invention, the CE;; obtained for both of them are

10 significantly lower, which indicate a development .of
less tolerance as compared to the reference product; it is
remarkable that for the compound 5 the development of
tolerance is practically null under these test condi-
tions.

15
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wherein Z is an oxygen atom or sulphur atom, and R ig a
Cy-Cq alkyl group, an aryl group or an aralkyl group,
optionally substituted, or the group

»

wherein R! is hydrogen or a €1~Cy4 alkyl group, an aryl
group or an aralkyl group, optionally gubstituted;

R

’

with the provigo that:

(a) one of A or B ig always -ONO3, but never both

[
!
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28
of them at the same time;

(b) when 2 is a sulphur atom R is a C3-C4 alkyl
group, an aryl group or an aralkyl group,
opticnally substituted; and

(¢) when z is an oxygen atom R is the group

»

wherein Rl represents the groups indicaced
above,

Compounds of claim 1, characterized in that when Z is a
sulphur atom, R is a C1-C4 alkyl group, and when Z iz an
oxygen atom, Rl is a hydrogen atom or a C1-Cq alkyl
group.

Compounds of claim 1 or 2, characterized in that B is
the -ONOs group.

The compound isosorbide 2-(2'-ethylthio)nicotinate 5-
mononitrate and its pharmaceutically acceptable salt.

The compound isosorbide 5-(2'-ethylthio)nicetinate 2-
mononitrate and its pharmaceutically acceptable salt,

The compound iscsorbide 2-(2'-mercapto)nicotinate 5-
mononitrate and its pharmaceutically acceptable salt.

The compound isosorbide 5-(2'-mercapto)nicotinate 3-
mononitrate and its pharmaceutically acceptable malt.

The compound 2-acetylmarcaptolsosorbide S-mononitrate.
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11. The use of a compound of any one of claims 1 to 8 in the
manufacture of a medicament for the treatment of dysfunctions

of the circulatory system.

12.  The use according to claim 11, characterized in that the
dysfunctions of the circulatory system are cardiovascular and

coronary dysfunctions.

13. A pharmaceutical composition compriging the compound of
any one of claims 1 to 8 and a physiologically
acceptable carrier,

l4. A process for the preparation of the compound of any one
of ¢laims 1 to 8 which compriges:

(a) esterification of imomorbide or the corresponding
isosorbide mononitrate with the correspbnding
carboxylie acid or thiocarboxylic acid or an
activated derivativa thereof;

(b) when isosorbide iz the starting product,
subsequently nitrating the product of step (a); and
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~substantially as hereinbefore described with reference
to any one of the examples.



