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20 inhibitors or angiotension receptor blockers.

In patients with atherosclerosis, who are suffering e.g. from angina pectoris, one of the
established standard treatments involves treatment with organic nitrates, specifically
nitrate esters, such as glyceryl trinitrate (nitroglycerine), isosorbide dinitrate, or penta-

25  erythrityl tetranitrate, which act all as coronary vasodilators and improve symptoms and
exercise tolerance. Most organic nitrates (e.g. mononitrates and trinitrates) are fast acting
pharmaceuticals with a relatively short halflife and have the typical disadvantage that
patients develop a nitrate tolerance, meaning that part of the pharmacodynamic effect is
lost during chronic treatment and a three times daily dosing regimen.

30
In the case of peripheral arterial disease (PAD) which is typically caused by hypertension
and atherosclerosis and presents clinically with intermittent claudication, compounds with
vasodilating properties have been shown to improve symptoms and walking. Two
established licensed compounds for treatment of PAD patients are cilostazol (a phospho-

35 diesterase lll inhibitor) and pentoxifylline. Cilostazol (U.S. Patent 4,277,479) acts as a
direct arterial vasodilator. In addition to its reported vasodilator and antiplatelet effects,
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derivatives have recently been recognized as alternatives for nitrates, setting free two
molecules of NO under physiological conditions. A diazeniumdiolate derivative of tacrine

is described by L. Fang et al., J. Med. Chem. 51, 7666-7669 (2008).

Summary of the invention
10

The invention relates to compounds of formula
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or the corresponding oxy-imine derivative
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—(C
—(C
—(CH2CH,0).CH,CH-—0O-NOy;
—(

—(

)a=(CH2)¢—CH[(CH2)e~O-NO;];
)—NR1—(CH2)b_O_NOQ;
—(C=0)-0—(CH2),—O-NOy;
_CHQO_(C=O)_NR1_(CH2)b_O_NOQ; or
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20 C=0



(C=0) - 0- (CH2) b- O NO2; CH20- (C=0) - NI R1- (CH2) b- 0- NO2; or WD

2010/ 063724PCT/ EP2009/ 066159 3 CH20- ( C=0) - 0- (CH2) b- O NC2;

CH20- ( C=O0Wo(CH2A)B4O- NO2; a is 0 or 1; b is between 1 amrdTEP2008066189 1, 2 or
3; dis 0, 1 or 2; eis between 1 and 4; Rl is H Cl_4-alkyl or

- CH20- (C=0) - NH- (CH2) b- O N@2; and such conmpounds wherein -0-NO2 is repl aced

by 0 - | Afr N |0 R2 and R3 are both ethyl or 2-am noethyl,
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conposi tions cogprising t he

aisOori,;

b is between 1 and 10;

5 cis1,2o0r3;

dis 0,1 or2;

e is between 1 and 4;

R"is H, Cy.4-alkyl or —-CH,O—(C=0)-NH—(CH>),—O-NO;;

and such compounds wherein —O-NO; is replaced by

|O_

+
AN e

wherein R? and R?® are both ethyl or 2-aminoethyl, or NR*R?® together represent pyrrolidine,

10

piperidine, piperazine or 4-methylpiperazine.

Furthermore the invention relates to pharmaceutical compositions comprising the

15  compounds as defined hereinbefore, to the compounds as defined hereinbefore for the
treatment of vascular and metabolic diseases, and to a method of treatment of vascular
and metabolic diseases using the compounds and pharmaceutical compositions as
defined hereinbefore.

20  The compounds of the invention represent useful medicaments for the treatment of
vascular and metabolic diseases, for example, atherosclerosis, in particular connected
with hypertension, also ocular and pulmonary hypertension, heart failure, in particular
chronic heart failure after a heart attack (myocardial infarction), stroke, angina pectoris,
cerebrovascular disease, coronary artery disease, left ventricular dysfunction and

25  hypertrophy, and peripheral arterial disease (PAD), in particular intermittent claudication.
The compounds of the invention have superior vasodilating properties compared to
cilostazol (formula 1, A = hydrogen).

Detailed description of the invention

30
The compound of formula 1, wherein A is hydrogen, is known under the name cilostazol.
The compound of formula 1A, wherein A is hydrogen, is a tautomeric form of cilostazol,
wherein the amide function is present as an oxy-imine function (keto-enol tautomerisim).
When, in a compound of formula 1A, A is different from hydrogen, the oxy-imine function
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including abnormalities in micro- and macrovascular function such as neuropathy,

20  endothelial dysfunction, cold feet, impaired wound healing, ischaemic ulcers and necrosis,
critical limb ischaemia, intermittent claudication, chronic or intermittent pain syndromes
related to peripheral artery disease, polyneuropathy, and chronic and acute inflammatory
vascular diseases. Furthermore, treatment and prophylaxis is considered of complications
after peripheral vascular interventions such as balloon angioplasty and/or stenting, portal

25  hypertension, chronic inflammatory vascular diseases, mixed connective tissue diseases
with vascular complications, treatment of vascular complications in patients with Morbus
Raynaud or Morbus Osler, treatment of typical micro- and macro-vascular complications
of diabetes mellitus, abnormalities of platelet function such as increased platelet adhesion
and resulting hypercoagulability, and conditions typically accompanying vascular diseases

30 as described above.

Metabolic diseases considered are, for example, diabetes mellitus type 1 and 2, impaired
glucose tolerance, all dyslipidaemias such hypercholesterolaemia, hypertriglyceridaemia,
abnormalities of high density lipoproteins alone or in combinations with other

35 dyslipidaemias, abnormalities of Apolipoprotein A1 or other subfractions of lipoproteins,
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More preferred are compounds of formula 1, wherein

A is —-(C=0),—(CH5),—O-NO, or —(C=0),—(CH5)s—CH[(CH2)e—O-NO,],; and
30 aisOori1;bisbetween1and6;dis0,10or2;andeis 1or?2.

Even more preferred are compounds of formula 1, wherein
A is —-(C=0),—(CH5),—O-NO, or —(C=0),—(CH5)s—CH[(CH2)e—O-NO,],; and
ais1;bis2,3,40r5;disOor1;andeis 1 or2.

35

Even more preferred are compounds of formula 1, wherein



Preferred are conpounds of formula 1, wherein Ais -(C=0)a-(CH2)b-O NO2;
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R"is H, Cy4-alkyl or —-CH,O—(C=0)-NH—(CH>),—O-NO; and

10  such compounds wherein —O-NO: is replaced by

O_
| +
AN e

wherein R® and R® are both ethyl or 2-aminoethyl, or NR*R® together represent pyrrolidine,
piperidine, piperazine or 4-methylpiperazine.

15  Further preferred are compounds of formula 1 or 1A, wherein
A is —(C=0)a~(CH2)s—O-NOz; ~(C=0)a—(CH2)s—CH[(CH2)e~O-NO.]2;
—(C=0)-NR'—(CH)y—O-NO5; —(C=0)-0—(CH5),—O-NO;
—CH»0-(C=0)-NR"'—(CH_),—O-NQ,; —CH,0—(C=0)—-0—(CH,),—O-NO,; or
—CH,0—(C=0)—(CH2),—O-NO;

20 aisOor1;bisbetween1and6;dis0,10r2;eis 1 or2;
R"is H, methyl or -CH,0—(C=0)-NH—(CH,),—O-NO,; and
such compounds wherein —O-NO: is replaced by

|O_

+
/O\Nd\l\ NR2R3
wherein R® and R® are both ethyl, or NR°R® together represent pyrrolidine.
25
Even further preferred are compounds of formula 1, wherein
A is ~(C=0).~(CH2)s~O-NO5; ~(C=0).~(CH2)¢—CHI[(CH2)e~O-NO;]; or
—CH»0-(C=0)-NR'—(CH>),—O-NO;
ais1;bis2,3,40r5;disOor1;andeis 1 or2;
30 R'is Hor -CH,0—(C=0)-NH-(CH_),—~O-NO,; and
such compounds wherein —O-NO: is replaced by



ais Oor 1, bis between 1 and 10; dis O, 1 or 2; e is between 1 and 4;
RlL is H 01 4-alkyl or -CH20-(0=0)-NH (CH2)b-0-NO2; and 10 such conpounds
wher ei n -WoN@R/G63728epl aced by 0 - AN NR2R3 wherein R2 aonu/ER300a066159t h
ethyl or 2-am noethyl, or NR2R3 together represent pyrrolidine, piperidine,
pi perazi ne or 4-nethyl pi perazine. 15Further preferred are conpounds of
formula 1 or 1A, wherein Ais -(0=0), (0OH2)b-0-NQ2;

- (0=0) a- (OH2) d- CHROH2) e- 0- NO212;  (0=0) - NR1- ( OH2) b- 0- NC2;

-(0=0)-0-(OH2) /- 0- ; OH20- (0=0) - NR1- ( OH2) b- O NO2;
- 0H20- (0=0) -B° W; OH20- (0=0) - (OH2) b-O-N®2; 20a is O or 1; b is
between 1 and 6; dis 0, 1 or 2; eis 1 or 2; RLis H nethyl or

- CH20- ( 0=0)whidrbilt AIFZRDtogeiNER fepas@nspidfoligi@epounds wherein -0-NO2 is repl aced
by O - IL+ Af'r NR2 R3 wherein R2 and R3 are both ethyl, or NR2R3 toget her
represent pyrrolidine. 25 Even further preferred are conpounds of formula

1, wher ei n Myst prefdrizeldra 1t boutdBoRthe-Hxa@mpled: ( OH2) d- CHROH2) e- O- NO212; or
5

The present invention relates also to pharmaceutical compositions that comprise a
compound of formula 1 or 1A as active ingredient and that can be used especially in the
treatment of the diseases mentioned above. Compositions for enteral administration, such
as nasal, buccal, rectal or, especially, oral administration, and for parenteral

10  administration, such as intravenous, intramuscular or subcutaneous administration, to
warm-blooded animals, especially humans, are especially preferred. The compositions
comprise the active ingredient alone or, preferably, together with a pharmaceutically
acceptable carrier. The dosage of the active ingredient depends upon the disease to be
treated and upon the species, its age, weight, and individual condition, the individual

15  pharmacokinetic data, and the mode of administration.

The present invention relates especially to pharmaceutical compositions that comprise a
compound of formula 1 or 1A, and at least one pharmaceutically acceptable carrier.

20  The invention relates also to pharmaceutical compositions for use in a method for the
prophylactic or especially therapeutic management of the human or animal body, in
particular in a method of treating a vascular and metabolic disease, especially those

mentioned above.

25  The invention relates also to processes and to the use of compounds of formula 1 or 1A
for the preparation of pharmaceutical preparations which comprise compounds of formula
1 or 1A as active component (active ingredient).

A pharmaceutical composition for the prophylactic or especially therapeutic management

30 of a vascular and metabolic disease, of a warm-blooded animal, especially a human,
comprising a novel compound of formula 1 or 1A as active ingredient in a quantity that is
prophylactically or especially therapeutically active against the said diseases, is likewise
preferred.
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pr ef er aBl y 2PPOFERHEY ¢ rRRR B t Retyeinorgdiertp PR PRSERFPS 8 fofhe dosage
of the actigkgmpRgtededand deRRRdSIablpRNanpeulds, SRAS uboditridd, eatgssurid upon
t he speci ei: 'bts age, wei ght, and i ndividual condition, EPhe i ndi vi dLi.a|
15phar macokiUfBET LSadE LM NS XFBWE: SINURANS i SR PEHASIES: PRESpHINLWRS: P
i nvention et} empessprasatiispersondac. Befildscab capsutsddntimag fromtabeanpri se a
conpound of Jorrml % 1 ?r 1A, and at | east one pharmaceutically acceptable
carrier. 0.001 g to about 1.0 g active ingredient.
10
The pharmaceutical compositions of the present invention are prepared in a manner
known per se, for example by means of conventional mixing, granulating, coating,

dissolving or lyophilizing processes.

15  Preference is given to the use of solutions of the active ingredient, and also suspensions
or dispersions, especially isotonic aqueous solutions, dispersions or suspensions which,
for example in the case of lyophilized compositions comprising the active ingredient alone
or together with a carrier, for example mannitol, can be made up before use. The
pharmaceutical compositions may be sterilized and/or may comprise excipients, for

20 example preservatives, stabilizers, wetting agents and/or emulsifiers, solubilizers, salts for
regulating osmotic pressure and/or buffers and are prepared in a manner known per se,
for example by means of conventional dissolving and lyophilizing processes. The said
solutions or suspensions may comprise viscosity-increasing agents, typically sodium
carboxymethylcellulose, carboxymethylcellulose, dextran, polyvinylpyrrolidone, or gelatins,

25  or also solubilizers, e.g. Tween 80® (polyoxyethylene(20)sorbitan mono-oleate).

Suspensions in oil comprise as the oil component the vegetable, synthetic, or semi-
synthetic oils customary for injection purposes. In respect of such, special mention may be
made of liquid fatty acid esters that contain as the acid component a long-chained fatty

30 acid having from 8 to 22, especially from 12 to 22, carbon atoms. The alcohol component
of these fatty acid esters has a maximum of 6 carbon atoms and is a monovalent or
polyvalent, for example a mono-, di- or trivalent, alcohol, especially glycol and glycerol. As
mixtures of fatty acid esters, vegetable oils such as cottonseed oil, almond oil, olive oil,
castor oil, sesame oil, soybean oil and groundnut oil are especially useful.

35



20The invention relates al so to pharnaceutical conpositions for use in a
nmet hod for the prophylactic or especially therapeutic nanagenent of the
human or woi2oelosbrzdy, in particular in a nmethod of treatrCcm@Eracomascaasd ar and
nmet abol i ¢ di sease, especially those nenti gned above. 25The invention
relates also to processes and to the use of conmpounds of fornula 1 or 1A

for the preparation of har euti cal .epar i ons whi ch conprise conpounds
of ' tor mil a THesranatie sLINePHsBREHR ™ SLeral BB R Staie Sondiiore,
phar maceut iggad thedilipgsfot eminm@,rmfofaenwuw@wlvaﬂu, lafd BHe RSPES bithk Yohta@eapeut i c
managenent 30of a vascul ar and netabolic di sease, of a warm bl ooded ani mal ,

especi ally a human, conprising a novel conpound of formula 1 or 1A as
active i ng@da@@batr@rﬁar@l&pémélw fllbat siich ausrsu@bw &ﬁtdxémFleMa@dSsei‘%Q&ﬁllaéﬂsby

therapeutically acti nst the said di eferred

VD 201006 SEIRH BP0 POMPRS P P B PR BRI R BTOSAE oL PSP Bonpr | se

fr om appr oxiigardigh phadsphate @l e é’n asgfel med aIQQbEIGEQHI;uchSdsﬂﬂétehé@SG
adm ni strati on fo s CO r|S|n% in t g% errF q glnent frgm

appr oxi mat APVEXSERIE PRk TIvE CEP Sl Siatel: Moy CRleRs: BYIOXRIOMOF W hat ar e
got of si n@bmxld%eos/eoduume:aﬁmp_ mbmy:aguuzl%ist a@dfpr@dlwmmé@mw BRdVbr, f ffrdémr?d
approxmate pto a | ely pactliv edl ent se or ne
P e i Got SOB A8 5 oo meEN/op o BicBes. HRo R BRyingi Ty Siarch
supposipor Ic&%,sllrﬂ{ed%mmly@?rrollaéhé heiginideRRUS dwtrtﬁer@bie sudhods :gxﬁlmla@mate

ol ntnents , ast es oansg nct ur tlCcKsS, I OpsS rays

o et o SRR R pibre sRabRAly oMo EERetE AT S B o ¢ b
about 1.0 @ciﬂictalo/etdaﬂgéeldlo@lélés therebh euprhas ﬁ?gﬁemum@k c@leuumf eéra@man(fvbr L he
present inveptjon ar epare ner known per se, for exanple by
means of c&WB@HWE@ﬁéﬁ“ELQF%ﬂWaB E?@Prng, coating, dissolving or

I yophi | i zi ng processes. 15Preference is given to the use of solutions of

t he act ve redient, and a si ons di sper si ons, es i al

e ok Ve 1aBH E5TeS f PR RV R SRS, SRoedl A REA RS S odeRe Bsa it o
in the casw@ffaliaye@mehtrzt@d sagum@mnbn@wmcﬁmrdompmgetgbm Aghic elci payvadient

al one or to h r wwth a carrier e .manni t o

e or e use PIFHEODRAHRBUETE Ay CaL Brey B ER B P e cesioisDL3tE Bitane may

conpri se emgaqmcesfﬁlxﬁants‘ O soRRAX AR res, T efselhﬁéqlirépeﬁétlonsdf ahierit zeathgsy&dllitions

agents and/ ?swta%ye ceIIuI'ogé %repa?a{tlgr?é lsluér?gg acet?lcelFulose phthalate or hydroxypropyl-

20  methylcellulose phthalate. Dyes or pigments may be added to the tablets or tablet
coatings, for example for identification purposes or to indicate different doses of active

ingredient.

Pharmaceutical compositions for oral administration also include hard capsules consisting

25  of gelatin, and also soft, sealed capsules consisting of gelatin and a plasticizer, such as
glycerol or sorbitol. The hard capsules may contain the active ingredient in the form of
granules, for example in admixture with fillers, such as corn starch, binders, and/or
glidants, such as talc or magnesium stearate, and optionally stabilizers. In soft capsules,
the active ingredient is preferably dissolved or suspended in suitable liquid excipients,

30 such as fatty oils, paraffin oil or liquid polyethylene glycols or fatty acid esters of ethylene
or propylene glycol, to which stabilizers and detergents, for example of the polyoxy-
ethylene sorbitan fatty acid ester type, may also be added.

Pharmaceutical compositions suitable for rectal administration are, for example,

35  suppositories that consist of a combination of the active ingredient and a suppository



regul ati ng osnotic pressure and/or buffers and are prepared in a manner
known per se, for exanple by neans of conventional dissolving and

| yophi | i 2Wogoprwwsreses. The said sol utions or suspensi ORSTERY000OKFIS? Se

vi scosity-increasing agents, typically soQ?un1carboxynethylcelIu | ose,
car boxymnet hyl cel lu | ose, dextran, polyvinylpyrrolidone, or gelatins, 25or

al so solubilizers, e.g. Tween 80(r ol yoxyet hyl ene( 20) sor bhi t an
oo o bat b5 S ¥ianR lsnasTBR katPs ol i iR bALIE pT SR e
veget abl e, payih@idrécar®dnss poliethylBhd\glytdls oF higharusiamorr y for injection

purposes. In respect of such, special nention may be nade of liquid fatty
acid esters that contain as the acid conponent a | ong-chained fatty 30acid

havi ng fromoBpaeni?al adrfastaibhyaducens d@ufiohs2? an @afieoRgrtiRABIn weler-&didndol
conponept of these fag;% aci d eﬁéﬁrs has a maxi.nmum of 6 carbon atons.and is
a rmonoval er?MbiO"SERTPE Akt WalPlsPolulle SRl O FAMRRYS-NIeEion sYFPNSIAPSIRH CONENc ohol |
especi al | y vigeysigtinaragsial Yasstaces Adr elaxiplé 66digh chiiokymamiyidelRBdse! Sorbistget abl e
oils such as fottonseed (¥éﬁ .alnoqa.oil, olive @}I“ g%atﬁr oil, sesane oil,
soybean oi RGP IGFRImaRT isiredy Rtz AL FSpetialy tHita € active ingredient,
2010/ 06|3|7Z%Bﬁiﬂeﬁ?g@é%&@ﬁg@ciﬁieﬁ&?fm@wé g_éfm_J!h@ férin bffd I@@rﬁrﬁltﬂa]ga_ ﬂcﬁcﬁaﬂtﬁf i ons
is usually carried oyt under sterile conditions, as is.the filling, for
exampl o, | MACINGG TLioBbelfra parenigrel ackunisiaion by taF gdiion suiigip Falvents.

Sui table carriers are especially fillers, such as sugars, for exanple

| act ose, saccharose, 5S5mannitol,_or sorbitol, cellulose preparations, and/or
cal ci um ph I9pR SUChy 35 arg s ph fer %%”Lpéﬁ?’é?rmr‘i%@Lﬂ%m'a'SHgt'%g?% 3R P dr ogen
phosphat e, eaiployabse iffusioeesiutisisch as starches, for exanple corn, wheat,
rice or potato starch, nethylcellu | ose, hydroxypropyl nethyl-cellulose,
sodi um car boxynet hyl cel | ul ose, and/or pol yvinyl pyrrolidone, and/or, if
desibred, dﬁef@tre@pwﬁ@r\@%@mb, falfseidl?@(;@tah‘lﬁexiﬁ@rn%,isaﬁﬁdis_%‘(‘sj@frbib@&iid,_aﬂ SO -
car boxypet hyl starc crossl.i nked pol yyjnyl pyrrolidone, alginic acid or
2 sal t |PheMgPDicBES Sush S SAIRIAGT 8 REFEC 2R 11 onal exci pi ent s are
especially flow conditioners and lubricants, for exanple silicic acid,

j such as nesi um.or cal ci um st ear at e,
R o FUFuE

talc, stearic acid or salts tht?r of ,
and/ or pol JJ EIRESERLINYEIHOG relajgs er@?qrmafq D&M yrihe Yegtaisnter & yseulaEand pe

provi deld_ Winidtatsalictdiebise, a/ﬂ’@cth' @umdrls]les eam&ﬁét@m%ngzaﬁedmmdtdnmmta 1 be1Ase of,

| nt er all a, ,conc ntrate S ar sol uti gns |.C may .CO | Se m ar | C

Lo o A RS AR R e ye BamEAiSch Adeire Bhorla B Cr L. o
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1 eprepar tion enteric oall n SO tions of suUjta e C ul ose
e P Rt ot fSdl e 4 Btk el e Arma s g esbeSaly
20met hyl celid theGsen phiHaahatduticAlempokition ) PrRiphglabialiper tdepdutically ereferddlet s

or tablet coatings, for exanple for. tif t to i ndjcat
di fferent dbIRATBRNLEIEPYE SILEIeGRIC TBFRSRRHE AR ELPIORIRLIAMRL S &XREPIOr al

adm ni st r atal Kumnad, seyuirihgl sude tréatihtbnt ap e @8 e @0 Ak individial RSeig gBb@iwdightand al so

sof t, al ed capsul es consi st of | at i . LCl ,
Z? a%out% kg the daﬁy ose a{cpn%nl(s)ter |s?rolmnap%r;gxw%apellya(%b? !ﬁg gpprg%%gte%/s
5 g, preferably from approximately 0.25 g to approximately 1.5 g, of a compound of the

present invention.

The present invention relates especially also to the use of a compound of formula 1 or 1A,

30 assuch orin the form of a pharmaceutical formulation with at least one pharmaceutically
acceptable carrier for the therapeutic and also prophylactic management of a vascular
and metabolic disease, in particular of peripheral arterial disease.

The preferred dose quantity, composition, and preparation of pharmaceutical formulations
35 (medicines) which are to be used in each case are described above.



gl ycerol or sorbitol. The hard capsules may contain the active ingredient
in the formof granules, for exanple in adm xture with fillers, such as
corn starwb,2otwmesmas, and/or glidants, such as talc or ragmPIOvESEarat e,
and optionally stabilizers. In soft capsukes, the active ingredient is
preferably dissol ved or suspended in suitable liquid excipients, 30such as

fatty oils raffin oil or UId | ycols or fatty acid
coters of EeRPPae dpé aRimnanievrs S et bi et ol p Siael isBese,

det ergent s ,wrmrcoem@igpé admfmitémwpctqwa fa)y feemalasobi A avhdréih the adicdisesider
type, may aIsE P%@ ed. Pharna (g @ b ositions _suitable for rectal
admi ni st r attYBRCE MEUNg 5 delined BRYS: b7 AN iglfectiynagaipst spidgisease,
conbi nat i oo @fwdrfelGsel\e@irhdl geQ iR duchm@afngigpposi tory WO

2010/ 063724PCT/ EP2009/ 066159 10 base. Suitabl e suppository bases are, for
exanpl e’ natural or synthetic triglycerides, paraffin hydrocarbons,

pol yet hyl emaegbliamEERMBlegEaie & iHatalsthe iienpé @M Binitiag Mhainsérthiions
aqueous sol utions of an active ingredient in water-soluble 5form for
exanpl e of SE°Rfat er-sol ubl e salt, or aqueous injection suspensions that
contain viscosity-increasing substances, for exanple sodi um

car boxynet IceIIquse sorbitol and/or dextran, and, if desired,

stabilizer gaespe0|ally suitable. The active ingredient, optionally

t oget heo with exci pients, can also be in the formof a Iyophlllzate and can
be nmade into b addltlon of
sui t abl e scets - e 22p St rOQHN
parent er al 1aiytj- mosba;taw gmpaa@mm daetoeawhl@mm)as I nf usi on sol uti ons.
Preferred preservatives are, for exanple, antioxidants, such as ascorbic
acid, or 15m crobicides, such as ic acid or benzoic acid. The pr esent
invention relates furthernore to thod for the treatnent of a vascul ar
and net abol i ¢ di sease, which conp s admi nistering a conpound of formula
1 or 1A, wherein the radicals and synbols have the nmeanings as defined
above for forma :

di sease, to a uiring such treatnent. The conpounds
of fornula }£ be adm ni s d as such or especially in the form of
phar maceut i cal onp05|tions, prophylactically or therapeutically,

preferably in nount effective against the said diseases, to a
war m bl ooded ani mal, for exanple a human, requiring such treatnent. In the
case of an indiw | having a bodywei ght of

>

15  Equivalent amounts of 6-[4-(1-cyclohexyl-1 H-tetrazol-5-yl)butoxy]-3,4-dihydroquinolin-
2(1H)-one (cilostazol, formula 1, A = H, 554 mg, 1.5 mmol), 4-hydroxy-(3-hydroxymethyl)-
butanoic acid dimethyl ketal (261 mg, 1.5 mmol), dicyclohexyl carbodiimide (DCC,

309 mg, 1.5 mmol) and 4-dimethylaminopyridine (DMAP, 183 mg, 1.5 mmol) are stirred in
5 ml CH.Cl; for 3 days at room temperature. Dicyclohexylurea is filtered off, and the liquid

20 evaporated and purified by chromatography (dichloromethane/diisopropylketone 97.5:2.5).
The title compound 2 is obtained in 67% yield.

'H-NMR (400 MHz, CD;OD/CDCl; 9:1): & 1.27-1.58 (m, 4H), 1.40 (s, 3H), 1.41 (s, 3H),

1.72-2.06 (m, 12H), 2.28-2.37 (m, 1H), 2.66-2.71 (m, 2H), 2.84-2.89 (m, 2H), 3.01 (¢, J =

7.6 Hz, 2H), 3.05 (d, J =6.7 Hz, 2H), 3.71 (dd, J = 7.2, 11.8 Hz, 2H), 3.99-4.07 (m, 2H),
25 4.31-440 (m, 1H), 6.78 (dd, J =2.8,8.7, 1H),6.82 (d, J = 2.8, 1H), 7.23 (d, J = 8.7, 1H).



25 about 70 kg the daily dose admnistered is fromapproximtely 0.001 g to
approximately 5 g, preferably from approximtely 0.25 g to approxi mately
1.5 g, ofwe2ewmpseuad of the present invention. The presect/HEPaNSOLHION

rel ates especially also to the use of a cespound of fornula 1 or 1A 30as
such or in the formof a pharmaceutical fornulation with at |east one

phar maceut i ) th 3 tic and

prophyl act i ; LERE ' 1aH ? -
of peri phervabutaxﬂem dihydhog&laslm 2(1%@021@1:9/ 063724PCT/ EP2009/ 066159 11
Furthernore, the invention provides a nethod for the treatnent of a

nmet abol i ¢ di sease, which conprises~adm nistering a conpound of fornula 1 or
1A, wherein the radicals and sy have the neani ngs as defined above, in

cul ar

a quantity effective against said sease, to a warm bl ooded ani ma
requiring such treatne A The follomnng Exanpl es serve to illustrate the

i nvention wt ‘ pveRtion in its scope. Exanpl es Exanpl e 1:
2-{2-(644-(1- 0 1FFtetra'o’ 5-yl ) but oxyl - 2- oxo- 3, 4- di hydr oqui nol i nl
H y1) - 2- oxoefhy&I-pfopane- 1, 3-di y1 acetone diketal (2) 2 15Equi val ent
anounts of 6-] (1-cyc|ohexyl-lk#tetrazol-5-y1)butoxy]-3,4-dihydroquinoIin-
2(11-1)-one (&'l ostazol, formula 1, A =H 554 ng, 1.5 mmol),

4- hydr oxy- ( 3- hyd ynet hyl ) - butanoi ¢ acid dinmethyl ketal (261 ng, 1.5
mol ), dicycl ohéxyl] carbodiimde (DCC, 309 ng, 1.5 nmol) and

4- di met hyl am noPByri®ine (DVAP, 183 ng, 1.5 mmol) are stirred in 5 mM CH2Q 2
for 3 days at roomtenperature. D cyc?ohexylurea is filtered off, and the

| i qui d 20evaporated and purified by chronatograph

ot ai netl 1 . Rote oLy RTPYEGE T SE e e i Wiy FORRO R, °® 1y

4H), 1.40 (@dhydBiquinolin-4H-y()s2-o8ddthyl}iprégarie-06- c(yhacé.tﬁliﬁ dikBtaP @, Ex8mpler) abH) ,
2 82,71 o gthe, Btebad B o buoR Pt gty e

254. 31- 4. 40ndnitprebHy, TLES. 78te( daimplation &.t8e k&alledMdpe, the 8axt(x, is dltered. dhid thed) |

7.23 (d. J fﬂ:tra%é gOnc%lﬁPrated under reduced pressure. The product is purified by flash

10  chromatography.

Example 3: 1-[4-Bromo-3-(bromomethyl)butanoyl]-6-[4-(1-cyclohexyl-1 H-tetrazol-5-
ylbutoxy]-3.4-dihydroguinolin-2(1 H)-one (4)

15 Br Br 4

To a solution of 6-[4-(1-cyclohexyl-1 H-tetrazol-5-yl)butoxy]-3,4-dihydroquinolin-2(1 H)-one
(cilostazol, 1, A = H, 2.0 g, 3.50 mmol), N,N-dimethylaminopyridine (0.043 g, 0.35 mmol)
and triethylamine (0.5 ml, 0.35 mmol) in THF (100 mL) at 0°C and under nitrogen, a

20  solution of 4-bromo-3-(bromomethyl)butanoyl chloride (0.97 g, 3.50 mmol) in THF (5 mL)
is slowly added and the reaction mixture stirred at room temperature for 2 hours. Then itis



WO 2010/ 063724PCT/ EP2009/ 066159 12 Exanpl e 2:

1- 14- Hydr oxv- 3- (hydr oxynet hyl ) but anov11- 6- 14- (1- cycl ohexyl - 1H-t et razol - 5-
v1) but oxywe2ptmdatrydr obui nol i n-2(11-1)-one (3) 3 5A niPktrmreooofoedsamol
2-{2-(6-[4-(1l-cycl ohexyl-1Htetrazol - 5-yl)put oxy] - 2- oxo- 3, 4-

di hydr oqui nol i n- 1Hy1) - 2- oxoet hyl } - propane- 1, 3-di yl acet one di ketal (2,

Exanpl e 1) FeCl3-Si 02 re nt s stir room
Exampl o 3 oaladid Qaler L e o SR A £ 5L e Bt o he
ketal cl eavagmte Bhe251ink|.Uhe dr@arfd plizgeasdri@neéler Ne.$0) sidtacennaentThat ed
e e SR A purts TR Sty BB abb 3R 74 Chr omat oo aphy.
1-[ 4- Br ono- 3- ( br ononet hyl ) but anoyl] 6- [4 (1-cycl ohexyl 1Htetrazol -

vl ) but ogv] 4 | i 4 1 .
6-[4-(1%c : ' P RO 2

(cil ost azoI1H\,21) ZAxeetth}-Mage 1;3&@ dimpétb (5)N N-d| rret hyI am nopyri d| ne (0 043
g, 0.35 mol) and triethylamne (0.5 m, 0.35 mmol) in THF (100 nL) at 0C
and under nitrogen, a 20solution of 4-brono-3-(brononethyl)butanoyl
chloride (0.97 g, 3.50 nmmol) in THFlIS m) is slowy added and the reaction

m xture stirred at room tenperatur r 2 hours. Then it is WO
2010/ 063724PCT/ EP2009/ 066159 13
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10  1-[4-Bromo-3-(bromomethyl)butanoyl]-6-[4-(1-cyclohexyl-1 H-tetrazol-5-yl)butoxy]-3,4-
dihydroquinolin-2(1H)-one (4, 1.5 g, 2.5 mmol, Example 3) is dissolved in CH;CN (30 ml),
and AgNO; (0.93 g, 5.5 mmol) is added in the dark and under nitrogen. The mixture is
stirred at 85°C for 24 hours. Then it is cooled and poured into a phosphate buffer solution
(pH = 3). Solid sodium chloride is added and the mixture is extracted with ethyl acetate.

15 The organic phase is washed with phosphate buffer (pH = 3, 1 x 25 mL), brine (3 x
50 mL), dried over Na,SO, and concentrated. The crude material is purified by flash
chromatography (CH.Cl,/acetone 8:2) affording crude compound, which is dissolved in
H-O/CH3;CN and freeze dried to give the desired dinitrate.

20  Alternatively, the compound is prepared from the corresponding diol 3 (Example 2) in the
following way: 1-[4-Hydroxy-3-(hydroxymethyl)butanoyl]-6-[4-(1-cyclohexyl-1 H-tetrazol-5-
yl)butoxy]-3,4-dihydroquinolin-2(1 H)-one (23.7 g, 0.049 mol) is added slowly to 15 g HNO;
(100%, 0.24 mol) at -10°C. The resulting mixture is stirred for 10 min at 0°C, 15 g ice
added to it, and stirring continued for 2 h at room temperature until brown gases (NO,)

25  disappear. The mixture is cooled to 5°C, and 2-butanol added carefully. The mixture is
neutralized to pH = 6 with 15.6 g NaHCO; at 0°C. After separation of the phases, the



partitioned between ethyl acetate and phosphate buffer (pH = 3) and
extracted with ethyl acetate (3 x 25 nL). The organic phase is dried over
Na2SO4 amstocormuestzaat ed. The crude material is purifiedPoy/HPRewin66159
chromat ography (CH2C 2/ acetone 7:3). 5Exapple 4: 242464441 - Cycl ohexyl -
Htetrazol - 5- yI ) but oxyI 2- 0x0- 3, 4-di hydrodui nolin- 1

H yl)-2-oxoet hyll- ne- 1 dinitrate 5,101

Ui b oo e MR gt HaS DY - e sy et Blasap® pariied as above to
F#tetrazolgﬁmmhéaugﬁxyimﬁa@ dlhydrqu|noI|n 2(11-1)-one (4, 1.5 g, 2.5
mol , Exanple 3) is dissolved in CH3CN (30 m ), and AgNG3 (0.93 g, 5.5
nmml) is added in the dark and under nitrogen. The mxture is stirred at
85C for 24 Ehawpk 5:-Then Chioréisitargl) sd4andyponset1 Hiéteazal-pynsmbala puf f er
solutiog (pH = 3). Soli sodign1ch|oride is added and the mxture is
extract8d ﬁwﬁﬂﬁ§éﬁ$ﬁléggﬁéﬁéi—h5The organi ¢ phase is washed with phosphate
buffer (pH =3, 1 x 25 nL), brine (3 x 50 nL), dried over Na2504 and
concentrated. The crude materi al puri fied by flash chromat ography
(CH2A 2/ acetone 8:2) affording cr onpound, which is dissolved in

H20/ CH3CN and freeze dried to givethe desired dinitrate. 20Alternatively,
the conpound is prepareg fromthe cqQrresponding diol 3 (Exanple 2) in the
foll owi ng way:
1-[ 4- Hydr oxy- ) /,ynethyl)butéhnﬁl] 6-[4- (1-cycl ohexyl-1Htetrazol - 5-
yl ) but oxy] - 374 hydf oqui nol i n-2(11-1)-one (23.7 g, 0.049 nol) is added
slowy to 15 g HNGB (100% 0.24 nol) at -10C. The resulting mxture is
stirred for 1@mn at 0C, 15 g ice added to it, and stirring continued for
2 h at roomtenperature until brown gases (NOx) 25di sappear. The mixture is
cooled to 5C, and 23butanol added carefully. The m xture is neutralized to
pH =6 with 15.6 g NaHCO3 at 0C. After separatlon of the phases, the WO
2010/063724PCT/EP2009/066159 14 organi cbphase is dried with MySO4. The
resulting crude mxture is purified as above to give the desired dinitrate.

Exanpl e 5:
1- ( Zp Chl or diswa sldipn)of §44-({-eydgaxshbiyetrazpl-p-#bbwewl-38t-¢ihydaawnglin-2 1 &)-one

5di hydr opuifRkiadsrq 14 =1 -18MR §,8h.6 mmol), pyridine (6.42 g, 81.2 mmol) and 4-dimethyl-
10  aminopyridine (DMAP, 6.45 g, 52.8 mmol) in 135 mL chloroform at room temperature is

added slowly 4-chlorobutanoyl chloride (7.45 g, 52.8 mmol). The mixture is stirred at 70°C
for 20 hours. The reaction mixture is diluted with 1000 mL CH,Cl,, and washed with 1N
HCI, saturated NaHCO; solution and brine. The organic phase is dried over sodium
sulphate, and concentrated. The residue is purified by flash chromatography (silica gel,
15 CHCly/tert-butyl methyl ether 90:10) to give the title compound in 42% vyield.
'H-NMR (400 MHz, CDCls): & 1.25-1.48 (m, 3H), 1.75-1.81 (m, 1H), 1.87-2.01 (m, 1H),
2.28-2.37 (m, 10H), 2.19-2.25 (m, 2H), 2.70-2.73 (m, 2H), 2.83-2.87 (m, 2H), 2.92 (¢, J =
7.6 Hz, 2H), 3.21 (¢, J = 7.0 Hz, 2H), 3.67 (t, J = 6.4 Hz, 2H), 4.05 (d, J =6.1 Hz, 2H),
4.08-4.17 (m, 1H),6.72 (d, J=2.9, 1H), 6.75 (dd, J = 2.9, 8.8, 1H), 7.29 (d, J = 8.8, 1H).
20



Cl 6 To a solution of

6-[4-(1-cycl ohexyl-1Htetrazol - 5-yl) but oxy] - 3, 4-di hydroqui nol i n-2(11-1)-one
(cil ost azwb,200/06872¢ H, 15.00 g, 40.6 muol ), pyridi ne (6P¢Z/ER2008D6A5MMOI )
and 4-di met hyl - 10am nopyridine (DVAP, 6.45 g, 52.8 mmol) in 135 nL
chloroformat roomtenperature is added slowy 4-chl orobutanoyl chloride

sat ur at ed Na{d@@i]umhmmﬂv) oﬁh@d?bl‘l ne. The or ganl c phase IS dr| ed over sodium
sul phate, and concentrated. The residue is purified by flash chromatography
(silica gel, 15CH2d 2/tert-butyl net ether 90:10) to give the title
conmpound in 42%yield. 1H NVR (400 CDClI 3): 51.25-1.48 (m 3H),
1.75-1.81 (m 1H), 1.87-2.01 (m 1 128-2.37 (m 10H), 2.19-2.25 (m
2H), 2.70-2.73 (m 2H), 2.83-2.87 (m[2H), 2.92 (t, J=7.6 Hz, 2H), 3.21

3

(t, J=7.0 Hz, , J. =64 H, 2H, 4.05 (d, J = 6.1 Hz, 2H),
4.08-4.17 (m ] D , 6.75 (dd, J = 2.9, 8.8, 1H), 7.29
(d, J = 8.8, 2010/ 063724pCHl EP2009/ 066159 15 Exanpl e 6:

<644- (1-cycl ohexyl -1Htetrazol - 5-y1) but oxyl - 3, 4-
(11-1)-one (7) ONO2 7 51-(4-Ch
(1-cycl ohexyl-1Htetrazol - 5-yl ) but oxy] - 3, 4- di hydr oqu
(6, Exanple 5, 1.0 g, 2.1 mol) is dissolved in CH3CN
(50 nmL), and AgNG3 .53 g, 3.15 mol) is added in the dark and under
nitrogen. The mxture is stirred at 75C for 12 hours. Then it is cooled and
poured into a phosph@Ne, buffer solution (pH = 3). Solid

7

1-(4- Nltroxa.t.
di hydr oqui nol i n-
| or obut anoy1l) -
inolin- 2(11-1)-on

5  1-(4-Chlorobutanoyl)-6-[4-(1-cyclohexyl-1H-tetrazol-5-yl)butoxy]-3,4-dihydroquinolin-

2(1H)-one (6, Example 5, 1.0 g, 2.1 mmol) is dissolved in CH;CN (50 mL), and AgNO;
(0.53 g, 3.15 mmol) is added in the dark and under nitrogen. The mixture is stirred at 75°C
for 12 hours. Then it is cooled and poured into a phosphate buffer solution (pH = 3). Solid
sodium chloride is added and the mixture is extracted with ethyl acetate. The organic

10  phase is washed with phosphate buffer (pH = 3, 1 x 25 mL), brine (3 x 50 mL), dried over
Na,SO, and concentrated. The crude material is purified by flash chromatography
(CH:Cl,/acetone 8:2) affording the desired nitrate.



sodiumchloride is added and the m xture is extracted wth ethyl acetate.
The organi c 10phase i s washed wi th phosphate buffer (pH =3, 1 x 25 nl),
bri ne (3 wo2010mis}724dri ed over Na2504 and concentrat ed. Phe/EPeard@cdse eri al
is purified by flash chromatography (CH2 /[ acetone 8:2) affording the
desired nitrate. WD 2010/ 063724PCT/ EP200 066159 16 Exanple 7:
1-{4-(644-
di hydr oqui
5

dlhydroqumolm 1H—y|) 4-oxobut-1 onxy} 2 pyrrolldlnodlazene 2-oxide (8)

1- (4- Chl orobut anoy1l) - 6-[ 4- (1- cycl ohexyl-1Htetrazol - 5-yl ) but oxy)] 3, 4-di hydr
oqui nolin2(11-1)-one (6, Exanple 5, 1.0 g, 2.1 mmol) is dissolved in CH3CN
(50 mL) and treated with 1.5 equival ents of sodi um pyrrolidinyl

di azeni undi ol ate (0.48g, 3.15 mol e reaction mxture is stirred for 2
days at roomtenperature until sta g material is totally consuned 10as

i ndicated by TLC. Then the m xture concentrated and the residue is

di ssolved in 50 nL ethyl acetate The organic solution is washed with water
(3 x50 nm) a ove dreus Wp2SO4. After renmoval of the sol vent

t he crude prod ur|f|ed by s i ga gel chromatography eluting with a
sol vent m Xtg# yl acetate and hexane. The product is obtained as a
colorless sirup.| 15 WD 2010/ 063724PCT/ EP2009/ 066159 17 Exanple 8: 1
-(2-Nitroxyet i nocar bonyl oxynet hyl )-644-(1 -cycl ohexyl-1 Htetrazol -5-
yhbut oxy1- 3, 4- di hy/dr oqui nol i n-2(11-1)-one (9) and

1-1W (2-ni troxyet hyh) - N-gg2- ni t r oxyet hyl am nocar bonyl oxynet hyl ) - am nocar bony
| oxynet hyl | - 644-( 1- clycl ghexyl - 1H-t et razol - 5-

y1) but oxyl - 3, 4-di hy #Tfjﬁ-Z(ll-l)-one (10) ONON2 H 9

8

1-(4-Chlorobutanoyl)-6-[4-(1-cyclohexyl-1 H-tetrazol-5-yl)butoxy)]3,4-dihydroquinolin-
2(1H)-one (6, Example 5, 1.0 g, 2.1 mmol) is dissolved in CH;CN (50 mL) and treated with
1.5 equivalents of sodium pyrrolidinyl diazeniumdiolate (0.48g, 3.15 mmol). The reaction
mixture is stirred for 2 days at room temperature until starting material is totally consumed
10  asindicated by TLC. Then the mixture is concentrated and the residue is dissolved in
50 mL ethyl acetate. The organic solution is washed with water (3 x 50 mL) and dried over
anhydrous Na,SO,. After removal of the solvent the crude product is purified by silica gel
chromatography eluting with a solvent mixture of ethyl acetate and hexane. The product is
obtained as a colorless sirup.
15



cfsi/\/ ONO2 ONO2 H 10 To a solution of

6-[4-(1-cycl ohexyl-1Htetrazol - 5-yl) but oxy] - 3, 4-di hydroqui nol i n-2(11-1)-one
10(ci | ostwoab10/63724 = H, 1.00 g, 2.71 mmol) in dry THF @C2/EPR)09Ned15§ 60% i n
mneral oil, 0.217 g, 5.41 mml) is addedyat room tenperature under an
argon at nosphere. The reaction m xture |s eated to ref lux for 30 mn,
then cooled to 0C, A [ of . chI Or 0 et hyl )
(1.075 g, SXAMDGR 1-(eRutroxyelny|a ool el nd
chl or onet hwl)b@tbk»qu dihmqumanrQﬁQ) Bn@KQ)QGdI1I1AB@%|U¢>@bﬂh)/I)WI(2lﬁﬂFbﬁe¢Hk/I-3 L)
i s added dr%) the re act f

t enper at ur & : aroony’g e £
and THF relwu@tdx\qrzg admoa@au|nemagxombﬁé (10‘[he resul ting aqueous m xture is
extractgd with CH2G 2 WD 2010/ 063724PCT/ EP2009/ 066159 18 (3 x 50 mL). The

conbi ned organic |layers are dried (MgJSO™), and sol vent renoved under vacuum
to leave a yellow oil. The crude product is purified by colum
chromat ography (silicagel, heptanes/ethyl acetate 1:9) to give the title

conmpound 9 in 19%yield as a colo $s oil. 51H NMR (CDCI3): 6 6.95 (d, J=
10, 1H), 6.7 - 6.6 (m 2H), 5.8 (brys, 2H, 5.4 (t, J =7, 1H, 4.5 (t, J=
7, 2H), 4.1 -4.0 (m 1»—%\%@9\](,\7 2H), 3.55 -3.45 (m 2H), 2.9 - 2.7
(m 4H), 2.6- 2. 6 4m 11H), 1.4 - 1.2 (m 3H). 130 NWR
(CDCI 3) 6: 17) 8, 155.5, 15 , 132.9, 128.1, 116.6, 114.9, 113.4,
72.1, 68.4, 0679 70, 38.8, 33.3, 32.2, 28.9, 25.9, 25.7, 25.2, 24.3,

23. 4. 10LCMS 534 (M+Na). Conpound 10 carrying two

ni t roxyet hyl am no®ar bonyl oxynet hyl functions is obtained as a side product
in 5%vyield:

N/\/ON02
: 9
'\\l_'q

o
O)\N/\/ON02

o

O)\N/\/ON02

H
10

To a solution of 6-[4-(1-cyclohexyl-1 H-tetrazol-5-yl)butoxy]-3,4-dihydroquinolin-2(1 H)-one
10  (cilostazol, 1, A=H, 1.00 g, 2.71 mmol) in dry THF (12 mL) NaH (60% in mineral oil,
0.217 g, 5.41 mmol) is added at room temperature under an argon atmosphere. The
reaction mixture is heated to reflux for 30 min, then cooled to 0°C. A solution of
chloromethyl 2-(nitroxy)ethylcarbamate (1.075 g, 5.41 mmol, obtainable from 2-nitroxy-
ethyl ammonium nitrate and chloromethyl chloroformate in CH.Cl, at 0°C in 80% yield) in
15  THF (1.3 mL) is added dropwise at 0°C, and the reaction mixture stirred for 1 h at room
temperature. The reaction mixture is carefully quenched with water (5 mL), and THF
removed on a rotary evaporator. The resulting aqueous mixture is extracted with CH.Cl,



H NVR (broad peaks due to carbamate rotaners, 0D013): 6 6.95 (1H), 6.7 -
6 (2H), 5.8 15(2H), 5.4 - 5.1 (3H), 46-44(4H),4.1-4.0(1H),3.9
H), 3.8we28100624H), 3.5 - 3.45 (2H), 2.9 - 2.7 (4H), P2TAP2003/066162H), 2.0
1.6 (11H), 1.4 - 1.2 (3H). 130 NMR (0D0}g): 6 171.0, 156.1, 155.5, 154.8,
53.9, 132.6, 128.0, 116.3, 114 5 113.2, 73.2, 72.0, 70.0, 69.5, 67.7,

57.8, 45.5, 38 6, 33.1, 32.0 25. 7 5.5 .0, 24.1, 23.2 . 716

(M#Na) 20 %%&r%)@he iomﬁél”‘é%ﬂﬁ&éﬂﬁday&rs ?'E?r‘ﬁi?ﬁé“"ﬂégﬁ)’fﬁ 6°'ieTAem8"e<J_“ €rein

A is (C=0)ac(and) leate AGBIow oil. The crude product is purified by column chromatography
(silicagel, heptanes/ethyl acetate 1:9) to give the title compound 9 in 19% vyield as a

!
6.
(2
1

colourless oil.

5 'HNMR (CDCls): 8 6.95 (d, J=10, 1H), 6.7 - 6.6 (m, 2H), 5.8 (br s, 2H), 5.4 (t, J=7, 1H),
45(t J=7,2H),4.1-40(m, 1H),3.9(t, J=7,2H), 3.55-3.45 (m, 2H), 2.9 - 2.7 (m,
4H),2.6 —-2.5(m, 2H),2.0-1.6 (m, 11H), 1.4 — 1.2 (m, 3H).

'*C NMR (CDCl;) 5: 171.3, 155.8, 155.5, 153.9, 132.9, 128.1, 116.6, 114.9, 113.4, 721,
68.4,67.9, 58.0, 38.8, 33.3, 32.2, 28.9, 25.9, 25.7, 25.2, 24.3, 23 .4.
10 LCMS: 554 (M+Na).

Compound 10 carrying two nitroxyethylaminocarbonyloxymethyl functions is obtained as a
side product in 5% vyield:
'H NMR (broad peaks due to carbamate rotamers, CDCls): & 6.95 (1H), 6.7 - 6.6 (2H), 5.8
15 (2H),5.4-5.1 (3H), 4.6 — 4.4 (4H), 4.1 - 4.0 (1H), 3.9 (2H), 3.8 - 3.6 (2 H), 3.5 -3.45
(2H),2.9-2.7 (4H),2.6 —2.5(2H),2.0 - 1.6 (11H), 1.4 — 1.2 (3H).
3C NMR (CDCls): 8 171.0, 156.1, 155.5, 154.8, 153.9, 132.6, 128.0, 116.3, 114.5, 113.2,
73.2,72.0,70.0,69.5,67.7,57.8, 45.5, 38.6, 33.1, 32.0, 28.9, 25.7, 25.5, 25.0, 24.1, 23.2.
LCMS: 716 (M+Na)
20



(C=0) - (CH2OCH2) cCH2- 0- NO2;  (CH2CH20) cCH2CH2- 0- NO2; or 10

-(C=0) a- (CH2) d- CHRCH2) e- O- NO212;  (0=0) - NR1- ( CH2) b- O NC2;

(C=0) - 0- (wB2pt/oe81@2; OH20- ( C=0) - NR1- ( OH2) b- 0- NC2; PCT/EP2009/066159
OH20- (C=0) - 0- (OH2) b- 0- N@2; or 15 -0H20-(Csf)-(OH2) b-0-NO2; and a is 0 or 1;
bis between 1 and 10; cis 1, 2 or 3; dis 0, 1 or 2; 20e is between 1 and
4; and \Iﬁ i1s H 01 4-alkyl or -CH20-(C=0)-NH (CH2)b-O NO2; and such
compounds WH&B n -0-NO2 is replaced by WD 2010/ 063724PCT/ EP2009/ 066159 20
O -1 + Afel NR2R3 wherein R2 and R3 are both ethyl or 2-am noethyl, or

ZI[QZWER?h;ngbgségérﬁggu%%%?%or%[ar10%} ‘FA ne, piperidine, piperazine or

OV\/\(N N
L1y -
%

A

1

Wm

1A

wherein A is
=0),—(CH2),—O-NO;;
O)_(CHQOCHQ)CCHQ_O_NOQ;

—(C
—(C
—(CH2CH,0).CH,CH-~0O-NO,; or
—(

—(

10 )a=(CH2)¢—CH[(CH2)e~O-NO;];
)—NR1—(CH2)b_O_NOQ;
—(C=0)-0—(CH2),—O-NOy;
—CHQO—(C=O)—NR1—(CH2)b—O—NOQ;
_CH,0—(C=0)-O—(CH,),—O-NO»; or
15  —CH0O—(C=0)—(CH.),—O-NO,; and
aisOorft;

C=0
C=0

b is between 1 and 10;
cis1,2o0r3;
dis 0,1 or2;
20 e is between 1 and 4; and
R"is H, Cy4-alkyl or —-CH,O—(C=0)-NH—(CH,),—O-NO; and
such compounds wherein —O-NO: is replaced by



52. The conpound according to claim1l of formula 1, wherein Ais

-(C=0)a- (CH2) b- O NO2; -(C=0)-(CH20CH2) cCH2- 0- NO2;  ( CH2CH20) cCH2CH2- 0- NC2;
- ( C=0)wOChR)y@3CHRCH2) e- O- NO212. 3. The conpound aecom®2eg/o6€as5¢! ai m 1

of formula 1, wherein 10 A is -(C=0)a-(CH3)b-O N or

-(C=0), (CH2) d- CHRCH2) e- O- NO212; and a is or 1; bis between 1 and 6; dis

O, 1 or 2, and e is 1 or 2. 4. The conpound according to claim1l of
formula 1, whereinOX is -(C=0)a-(CH2)b-O N2 or
- (C=0), (CHZ)d- e-O-NQ212; and 15a is 1; bis 2, 3, 4 or 5 dis 0 or

1l; and e is 2RBe corrpound according to cIa|m1 of formula 1,
V\/nereln Ais -(C-O) ( IE)d CHRCH2)e-O-N2] 2, and ais 1, dis 0 or 1, and e

is 1 or 2. wibein Riané ®ipeibsth 2a606:102-agnirdoethyl, ar NREROfogébentédpeesknbpyriohidine,

wherein A -(C=0).a 0) a- ( CH2) d- CHRCH2) e- O- NOC212;
Dobs R PRgHEe PRppe & PR G P ER P oD, Nop, )
CH20- ( C=0) - NRl(O—|2)b0N02 _ OH20- ( C=0) - 0- ( OH2) b- 0- NC2; or

022 {50 R BBy ol il RSP 200 20 0 100, 1 o

. CH20- ( C=0)A bl C L) (BH) NO2NCand Cs 03 CeopReds G aN@i; n - - 0- NOQ is replaced
y 0 - 11+ erei a
2- am noet hYI H&Hm%d@fﬁ@? Orregqg%e ({&%ﬁ\%pg ﬁb‘bs 8 '%g? perl di ne,
pi perazi ne or 4-nethyl pi perazine.
3. The compound according to claim 1 of formula 1, wherein
10  Ais —-(C=0).—(CH2)s—O-NO; or —-(C=0),—~(CH5)s—CH[(CH)e—O-NO:],; and
aisOor1;bisbetweeniand 6;dis0,1o0or2;andeis 1 or2.

4. The compound according to claim 1 of formula 1, wherein
A is —-(C=0),—(CH5),—O-NO, or —(C=0),—(CH5)s—CH[(CH2)e—O-NO,],; and
15 aisi1;bis2,3,40r5;disOor1;andeis 1 or2.

5. The compound according to claim 1 of formula 1, wherein
A is —-(C=0),—(CH5)s—CHI[(CH2)e—O-NO;],, and ais 1,dis0or 1,and eis 1 or 2.

20 6. The compound according to claim 1 of formula 1 or 1A, wherein
A is —(C=0)a~(CH2)s—O-NOz; ~(C=0)a—(CH2)s—CH[(CH2)e~O-NO.]2;
—(C=0)-NR'—(CH)y—O-NO5; —(C=0)-0—(CH5),—O-NO;
—CH»0-(C=0)-NR"'—(CH_),—O-NQ,; —CH,0—(C=0)—-0—(CH,),—O-NO,; or
—CH-0—(C=0)—(CH2)s—O-NOy;

25 aisOor1;bisbetween1and 10;dis 0,1 or 2; eis between 1 and 4;
R"is H, Cy4-alykl or —-CH,O—(C=0)-NH—(CH,),—O-NO; and
such compounds wherein —O-NO: is replaced by

|O_

+
AN e

wherein R® and R® are both ethyl or 2-aminoethyl, or NR*R® together represent pyrrolidine,
30 piperidine, piperazine or 4-methylpiperazine.

7. The compound according to claim 1 of formula 1 or 1A, wherein



7. The conpound according to claim1l of fornmula 1 or 1A, wherein 21 Ais
-(C=0) a- (CH2) b- O NO2; -(C:O)a-(CI—|2)d-CI—|RCI—|2)e-ON0212;

(0=0) - NRIwO@hi)yds324 NO2; - ( C=0) - 0- ( OH2) b- O- PCT/EP2009/066159
OH20- ( C=0) - NR1- ( OH2) b- 0- NO2; - OH20- (C=0) - 91(042)b 0- NO2; or

OH20- (C=0)- (OH2) b-0-NO2; 5a is O or 1; b 1s betwen 1 and 6 d is 0, 1 or

gé)ngolufldg Or'éréQT%ED&@ 5‘9}\‘%1& QCQQP E@Q@d %T'ﬁgngNv %&? erein Rgngngu%g

are both etigio)-mR’ _oagjejz heC=03p0e©2N},—O¥NOg] i di ne. 10 8. The conpound

et o LSl (L ULL8 o HALE T b SR S

bi s2, 3, 4or5ml-|2@Og[n=10)a, (i) s OND,; 15 R1 is H or -0H20-(C=0) - NH-(C]—IZ)b ONOZ
and SUCE un Sbwq)etween 1 anc'i\lgzd Is 0, 1ecPr|2a%(?sd1 %}/2,

R"is H, methyl or -CH,0—(C=0)-NH—(CH,),—O-NO,; and

such compounds wherein —O-NO: is replaced by

|O_

+
/o\Nd\l\ NR2R3
wherein R® and R® are both ethyl, or NR°R® together represent pyrrolidine.
10
8. The compound according to claim 1 of formula 1, wherein
A is ~(C=0).~(CH2)s~O-NO5; ~(C=0).~(CH2)¢—CHI[(CH2)e~O-NO;]; or
—CH»0-(C=0)-NR'—(CH>),—O-NO;
ais1;bis2,3,40r5;disOor1;andeis 1 or2;
15 R'is H or —-CH,0—(C=0)-NH—(CH,),—O-NO;; and
such compounds wherein —O-NO: is replaced by

|O_

+
AN e

wherein NR?R? together represent pyrrolidine.

20 9. The compound according to claim 1 of formula 1, wherein
A is —(C=0)-CH,—CH[CH—O-NO:]..

10. The compound according to claim 1 of formula 1, wherein
Ais —(C=0)-CH,—CH,—CH-—~O-NO:..

25
11. The compound according to claim 1 of formula 1, wherein
A is —CH,0O—(C=0)-NH—(CH2)>—O-NO..

12. The compound according to claim 1 of formula 1, wherein
30 Ais -CH,O—(C=0)-NR'—(CH,).~0O-NO, and R" is —-CH,0—(C=0)-NH—(CH>)-—O-NO:..



0 - 11+ Afi'r N R2 R3 wherein NR2R3 together represent pyrrolidine. 209. The
conpound according to claim1l of fornmula 1, wherein Ais

- ( C=0) - ORROGH0OI2720- NO2] 2. 10. The conpound accordi ng t ectieeRombeass f or mul a
1, wherein Ais -(C=0)-0H2-0H2-0H2- 0- NO2. »5 11. The conpound according to

claiml of formula 1, wherein Ais -0H20- 0) NH-(O—|2)20N02 12.
The corrpou%%(icordln to claiml1l of fornmula 1, O|ereln 30 Ais
- 0H20- ( C=0)'>NRIRNAERs S IiGahGEPPYRIOREOTRISIRGB GONPAH) (ddﬁgzt)"?”éi et wo

2010/ 063724Rmé ER2999/ 066159 22 13. A pharmaceuti cal conposition
conprising a conmpound according to any one of clains 1 to 12. 14. A
conpound according to any one of clains 1 to 12 for the treatnent of

vascul ar and, A&nint %cdér&ﬂ%&@ény oddof duifet1ited 2abr the @ahiifdtt oPfastaBeShAr
and netabolic di seases whi ch conprises administering a conpound according

to any Bne Mtakqligd #€38€%0 12 in a quantity effective against said di sease,
to a warm bl ooded ani mal requiring such treatnent. 10

15. A method of treatment of vascular and metabolic diseases, which comprises
administering a compound according to any one of claims 1 to 12 in a quantity effective
against said disease, to a warm-blooded animal requiring such treatment.

10



