TI TLE OF THE | NVENTI ON "ANG OTENSI N || RECEPTOR PCT/EP2004/051550
BLOCKER DERI VATI VES" ****** The present invention
woeb@tess46 0 Angi otensin |1 Receptor Bl ocker (ARBY/EP2004/051550
derivatives. Mre particularly, the present invention
relates to ARB nitroderivatives, pharnmaceuti cal
conpositions containing themand their use for the
treatnment of cardiovascul ar, renal and chronic liver
di seases, inflammatory processes and netabolic
syndrones. Wth the armgildEensi AHE| INEEPIQN bl ockers a

Commoncn BB e L A B o e

Tel m sartan, Val sartan, Eprosaktans |rbesartan and
O nesartan. ARBs are approved only for the treatnent

of hyper t'&¥si GHESERE anPVAYHEPE enSPiRIGRL i W7 t y P& Qhpesin 1T

i Mkyedirelmddee Nineglkade roiaille s €CRPLOr SapthdiRE 1y, the
consequent reduced pressor effect of angiotensin IlI.

Angi X1 | Ln¥erkiPRt esalRéesynt Hesi $REnd BékFedswivatives,
of alidostIane ARd Jo?ﬂp%%?%:m)ﬁgd cBheasHifgVifeR BABCYheir use
effect . Now, It Ras been

di rect vasoconstri ctor
r epofered thikat teerjinctrensipf |dandiceptsonlbrockerrstlhagnd chronic

Side_EffECté%égCh as for fg%ﬁgg3?g?§%ggfg§gs%%’ and, metabolic

hypleJk%‘?raem ) Eﬁsi/eaﬁ’gi a%nt; espl rat ract ~di sorders,

Ilenasyndromes.

With the angiotensin II receptor blockers a class of
compounds 1is intended, comprising as main components
Losartan, EXP3174, Candesartan, Telmisartan, Valsartan,
Eprosartan, Irbesartan and Olmesartan.

15 ARBs are approved only for the treatment of
hypertension, the antihypertensive activity 4is due mainly
to selective blockade of AT; receptors and the consequent
reduced pressor effect of angiotensin II. Angiotensin II
stimulates the synthesis and secretion of aldosterone and

20 raises blood pressure via a potent direct vasoconstrictor
effect.

Now, it has been reported that angiotensin II receptor
blockers have side-effects such as for example hypotension,
hyperkalaemia, myalgia, respiratory-tract disorders, zrenal

25 disorders, back pain, gastrointestinal disturbances,
fatigue, and neutropenia (Martindale, Thirty-third edition,
p. 921). ‘

It was now object of the present invention to provide
new derivatives of ARBs able not only to eliminate or at

30 least reduce the side effects associated with their parent
compounds, but also having an improved pharmacological
activity. It has been so surprisingly found that

angiotensin II receptor Dblocker nitroderivatives have a




di sorders, back pain, gastrointestinal disturbanP&I/EP2004/051550
fatigue, and neutropenia (Martindale, Thirty - third
wedidsicemdsp . 921) . It was now obj ect of the PCEEERN04/051550
invention to provide new derivatives of ARBs abl e not
only to elimnate or at |east reduce the side effects
associated with their parent conpounds, but also
havi ng an i nproved pharmacol ogi cal activity. It has
been so surprisingly found that angiotensin Il
r eceptari filceckdy ninpoderd vavevesl hamfadegms i camphyed to
i nproved overal | of il e.as.,conpared to native .
corrpI%)‘—ilJtnl S bSCHPPR er r}ﬁo%h wder eﬁﬁ‘ar?r%cé’ﬁlc%rca?harma‘:doglcal
act i adtwiand aedhanbedcéal esbdidbitlty .l n particul ar, it
has been recogni zed_that the angi otensin Il receptor

bl ocker it r &F&E-FHEVes dF tRRSprBS®ht TovHt iz that the
exhi Hhdi A SigiONIr BNtrecebiblam® ey At réddOrRatives of the
and antiplatelet activity and can be furthernore

enpl BERIFTor ¥ERLIRG ocXpievEnt PngSheary faptirenflammatory,
”yocéﬁ§ﬂ rddﬂb@ﬁet' %ﬂ.'%ﬁgﬁgh%téﬁéekeactivity .and can be
at heroscl erosi s, ocular and pul nonary hypertensi on,
hypefuansimpredi abeloyedephvopdtteptiper i pherakeventing heart
vascul ar, di seasgg, oL ehdavent eyl ar; dysf unglig.a0d - seroke
hyper?ropﬁwy, i VET°Ti Fosis, porta ypert énsi on- and !
Iitet abiold o ssyirdiosies . Gbpket ofartdhe pudsentriynvemyperttension,
ﬁ{f;%%§$ﬁ§%$ﬁ§@gAgﬁ&§éggfér Aépﬁ%%%% %5 nggggﬂeral vascular

diseases, left ventricular dysfunction and hypertrophy,

liver fibrosis, portal hypertension and metabolic
syndromes.
15 Object of the present invention are, therefore,

Angiotensin II Receptor Blocker nitroderivatives of general
formula (I) and pharmaceutically acceptable salts or
stereoisomers thereof:
R-(Y-ONOz)s  (I)
20 wherein:
s is an integer equal to 1 or 2;
R is selected from the following Angiotensin II Receptor

Blocker residues of formula (II) or (III):

25 (II)

wherein:




formula (1) and pharmaceutically acceptabl e sal t PGF/EP2004/051550
stereoi soners thereof: R (Y-ONO 2)s (D wherein: s is
wanoisieger equal to 1 or 2; R is selected froRCTEE2004/051550
followi ng Angiotensin Il Receptor Bl ocker residues of
formula (Il) or (Il1l) :H1is Ri s - Nor -No which
is a group capable to bind to Y , having one of the
foll owing neaning: - COO- , - 0- , - CONH- , - OCO -
, -OCOO - or o0- 0O WOi R" Rwherein R' and R' are
the same or HWlifferent, and are H or straight or
branched N I kyl; R is selected fromthe group
consisting\tof/ NN CROHICCH 3
Ro is N—N
or —-Np which is a group capable to bind to Y, having one of
the following meaning:

-C00-, -0-, -CONH-, -0CO-, -0OCOO- or

-
o r,o O
' I R" 4
Rl
5 0

wherein R’ and R’’’ are the same or different, and are H or
straight or branched C;-C4 alkyl;

R; is selected from the group consisting of:

O
Cl H3C CH3
10 (IIa) (IIb)
N
\ 0
_<N
O\
FQC——/ N
(IXc)
N
\ N
CH,
H,C |
N
Nau N~ ch\/\« / NO
N
OH
CH, or
(IId) (ITe)
3




(Ha) (lib) N\ N OH3C N (Hc) or (Hd) (He)wherei PCTIEP2004/051550

an integer equal to O or 1 and NO is as above defi ned;
wol2¢dsloi)é4eher ei n N1 has-the sane neani ng as N BCOEP2®4/051550

equal to - COOH, with the proviso that at |east one of

the groups Nis equal to - CO0O - or - CONH - , i.e. it

is a group capable to bind to Y ; Y is a bivalent

radi cal having the follow ng neaning: a) - straight or

branched Cl- C20 | kyl ene, preferably C - G o, being

opt i ematéin gubist i grutiedegietrh egue lokondr erofl &hd Ny is as above

subs&é%ygn&_s sel ected fromthe group consisting of:

hal ogen At dns, hydroxy, - ONO 2 or To wherein To is -

OoC(O (C1-c10al kyl) - 210{5- o(Ci- GO0 alkyl) -

ONO 2; - cycl oal kyl e h' 5 to 7 carbon atons into

cycl oal kyl ene

N
C/\/\(/\Nl
N

S

\ /

H,

(I1I)

5 wherein Ny has the same meaning as Ny or is equal to -COOH;
with the proviso that at least one of the groups N; is
equal to -COO- or -CONH-, i.e. it is a group capable to
bind to Y;

Y is a bivalent radical having the following meaning:
10 a)
- straight or branched C:-Cy a lkylene, preferably C;-Cig,
being optionally substituted with one or more of the
substituents selected from the group consisting of: halogen
atoms, hydroxy, —-ONO, or Ty, wherein Ty is ‘
15 —0C (0) (C1-Cy0 alkyl)-ONO; or —-0(C1-Cip alkyl)-ONO,;
- cycloalkylene with 5 to 7 carbon atoms into cyclcalkylene
ring, the ring being optionally substituted with side
chains T, wherein T is straight or branched alkyl with from
1 to 10 carbon atoms, preferably CHs;

20  Db)

CH2)nr——
—(CH,);




ring, the ring being optionally substituted w t hP&TdEP2004/051550

chains T, wherein T is straight or branched al kyl with
wébramolidtte 10 carbon atons, preferably CH3; b PCTEP2)W051550

-(CH2¢c)-(CH2 ; wherein nis an integer fromO to 20,

and nl is an integer from1l to 20; d) X1- (CHA - (R2)n

wherein: nl is as defined above and n 2 is an integer

fromOto2; Xi =- OO- or - COO- and R2 is H or

CH3 Y- X1- (CH2)n - R 2 wherein : nl, n2, R2 and

Xi are as defined above; Y1 is -CH 2- or -

CH=CH (CH 2)n 2 ; f) 2 J 2 o ({

—(CH), COOH

wherein n is an integer from 0 to 20, and n’

from 1 to 20;

is an integer

d)
7Y
I =
5 (()I{Z)nz
wherein:
n' is as defined above and n®? is an integer from 0 to 2;
X; = -0CO- or —-COO- and R? is H or CHs;
e)
v
10 (OR?), -
wherein:
n', n?,R? and X; are as defined above;
Y! is -CH,-CH,;- or —CH=CH- (CH;)n’-;
£)
2 20
O/ (CI_IZ)n1
15 NHR3
wherein:

n! and R? are as defined above, R® is H or —-COCH3;

with the proviso that when Y is selected from the bivalent
radicals mentioned under b)-f), the -0ONO; group is linked
20  to a —-(CHz)." group:
g)
_(i -CH,X,) = CH-CH;— i R
2 2 —(CHZ-CH-XZ)nTCHZ-CH —




NHR3 wherein : nl and R2 are as defined above, RBOWER2004/051550
or - COCH 3; with the proviso that when Y is sel ected
wéramoitede bi val ent radi cal s nenti oned under b PETMEP2004/051550

the - ONO 2 group is linked to a - (CHa)n 1 group; g9)

- (CHAAN-XACHCH 2 2 2 (CH2-CH X2)- CH 2-CH

-wherein X2 is - O or - S, n3is an integer froml

to 6, prreferably from1l to 4, R2 is as defined above;

h) R4 R - [C- Y- [Cn R6 R? wherein : n4 is an

|nt egerdimoi0 iso 10 @5 i§- anni ntiegem fimmden ofdfy 1 to 6,
a ar dlff ren and are H

or s‘%rreaj‘iegrnatb(ié’rI§ Pgnghé%l a%e&fgkw d% C?aakﬁ Y4, R

5, MG R7 are H; wherein the - ONO. group is linked

to
R4 R’

[Cl—Y2—(C] 3

R6 R7
5 wherein:
n* is an integer from 0 to 10;
n® is an integer from 1 to 10;
R*, R°, R® R’ are the same or different, and are H or
straight or branched C;-C; alkyl, preferably R*, R®>, R%, R’
10 are H;

wherein the -ONO, group is linked to

|
—[€] ,

wherein n° is as defined above;

Y? is an heterocyclic saturated, unsaturated or aromatic 5
15 or 6 members ring, containing one or more heteroatoms
selected from nitrogen, oxygen, sulfur,

and is selected from

i
oY Yo

H
(Y1) (Y4) (Y5)
0
|
I @
E ‘@‘ KN) N
H
(Y6) (Y7) (Y8) (Y9) (Y10)
6




-[C] wherein n is as defined above; Y2 is an PCT/EP2004/051550

heterocyclic saturated, unsaturated or aromatic 5 or 6
warni3@is46i ng, contai ning one or nore heteroat BAE/EP2004/051550

sel ected fromnitrogen, oxygen, sulfur, and is

selected fromN H( 2) (Y3) (Y4 (Y5) NNHHC(Y Db)

(Y7) (Y8) (Y9 (YIO. NH-NNNNHH((YII ) (Y12

(Y13) The term Cl-C20 al kyl ene"” as used herein refers

to branched or straight chain Cl- C20 hydrocarbon,

preferably]ﬁaw ng from1l to 10 cggbon atons such as
nmet hyde e Nethyl eqge, I en i propylene
n- buty ent yl ené exyI ne ahd the Iike.

(Y11) (Y12) (Y13)

The term ™“C;-Czy alkylene” as used herein refers to

5 Dbranched or straight chain C;-Cyy hydrocarbon, preferably

having from 1 to 10 carbon atoms such as methylene,

ethylene, propylene, isopropylene, n-butylene, pentylene,
n-hexylene and the like.

The term ™“C;-Cip alkyl” as used herein refers to

10 branched or straight chain alkyl groups comprising one to
ten carbon atoms, including methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, t-butyl, pentyl, hexyl, octyl
and the like.

The term “cycloalkylene” as used herein refers to ring

15  having from 5 to 7 carbon atoms including, but not limited
to, cyclopentylene, cyclohexylene optionally substituted
with side chains such as straight or branched (C1~Cqp) -
alkyl, preferably CHj.

The term “heterocyclic” as wused herein refers to

20 saturated, unsaturated or aromatic 5 or 6 members ring,
containing one or more heteroatoms selected from nitrogen,
oxygen, sulphur, such as for example pyridine, pyrazine,
pyrimidine, pyrrolidine, morpholine, imidazole and the
like.

25 Another aspect of the present invention provides the
use of the compounds of formula (I) in combination with at
least a compound used to treat cardiovascular disease
selected from the group consisting of: ACE inhibitors,
HMGCoA reductase inhibitors, Dbeta-adrenergic blockers,

30 calcium channel blockers, diuretics, antithrombotics such

7




The termCi- C .0 alkyl" as used herein refers tBCT/EP2004/051550

branched or strai ght chain al kyl groups conprising one
woaotsniaear bon atons, including nethyl, ethyl, PCT/EP2004/051550

n- propyl, isopropyl, n-butyl, isobutyl, t-butyl,

pentyl, hexyl, octyl and the |ike. The term

"cycl oal kyl ene" as used herein refers to ring having

from5 to 7 carbon atons including, but not limted

to, cyclopentyl ene, cycl ohexylene optionally

subsﬁitmﬁpikﬂmxhn$trbsaﬁmdnBCEudhhabiSbra}ghﬁtmbsated HMGCoA

branched (C1- | Kyl refera

B orte i b e PAPROFRT ST P o Giirege Plockers,
unsatirisetcar adp OABA i a:nc5 it B sARebe s uréPles .

contalnlng one_or nore heteroatons selected from | .

ni t r ogenSUdkghen, A6HI pREEPISEN aBME P esefiffitése inhibitors,

@Nr'ﬁgﬂgiadﬁéhéégﬂg Pyl ddbide, RYARQLWDI NBhannel  blockers,
nor phol i ne, i m dazol e and the |ike. Anot her aspect of

t he qgrt@s‘célmombﬁvéﬂsu oﬁmpir oxfiﬂd]éf@ttlﬁé usgreof degcribed in  the
conpaynds, gﬁ?H ? % ALl onswd L4 Atk o} past
use o tre car

a conpoun i ovascul ar di sease
sel ect ed suioabl he mitowgsadedsi sbmpgumds ACE | dihEbi¢sed, in WO

ol ook ) BPCay ERaRbel bt ol SGEr et s,

1@nt it hr onbet bamisushast Bspidi thenicbhpsahed #Mdre reported can
i nhi bitors,, nitrosated. HMGCoA r eductase inhi bjtors,
ni t s 4t3&d 166t gut U EhER T W Yo OFe PECCRP F1 B35 ed

aspirin and npieosat ed ndleui@bhCSalso provides pharmaceutical
kits comprising one or more containers filled with one or
more of the compounds and/or compositions of the present

15 invention and one or more of the compounds used to treat
cardiovascular diseases reported above.

As stated above, the invention includes also the
pharmaceutically acceptable salts of the compounds of
formula (I) and stereoisomers thereof.

20 Examples of pharmaceutically acceptable salts are
either those with inorganic Dbases, such as sodium,
potassium, calcium and aluminium hydroxides, or with
organic bases, such as lysine, arginine, triethylamine,
dibenzylamine, piperidine and other acceptable organic

25 amines.

The compounds according to the present invention, when
they contain in the molecule one salifiable nitrogen atom,
can be transformed into the corresponding salts by reaction
in an organic solvent such as acetonitrile, tetrahydrofuran

30 with the corresponding organic or incrganic acids.

Examples of organic acids are: oxalic, tartaric,

maleic, succinic, citric acids. Examples of inorganic acids




Sui t abl e ACE i nhi bitors, HM3CoA reductase inhi bi P@EEP2004/051550
beta - adrenergic blockers, calciumchannel bl ockers,
wanoistohraaebot i cs and diuretics are descri bed i RCTHEE2004/051550
literature such as The Merck Index (13th edition)

Sui tabl e nitrosated conpounds are disclosed in WO

98/ 21193, WD 97/ 16405 and WD 98/ 09948. The

adm ni stration of the conmpounds above reported can be

carried out simultaneously or successively. The

present: | migntiicon Bydooghlodides phipheceut | phbskhbsic acids.

conpLising qQne ar. _nore cqntainers_filled with one or

nor ESBF 1 HE ChAGtmds SR/ OF ¢ CMPSEribns of t he

present iTeeddrpduadd offe the HRFEn®fod hehtahmMEURdSone or more
used to treat cardi ovascul ar di seases, reported above.

As sf‘%l’%‘&ef&b’tﬁ/e,catq]‘r’@ni n#eATEonCPAcl Best al 39 tpetically pure
phar aRetfdiedd Y a66RPt abl R t38bbhepl, t NENnSRPPOMRES Ofixtures,
formila (1) and ster eoi soners thereof. Exanples of _
phar AERERTIWMATF acBept@tft® saPnsnhieneft heracengse mixtures,
W U LOOIOAN CoDasESen 2L 22 SO UMty AU ASBIUMbpject of the
cal cium and al um ni um hydr oxi des, or wth organic
basesnvanichrrastey silse adrdgithien@ossibéehybamene, stereoisomers
di benzyl am.ne, .pi.peri dine, and other acc abl e.organi c
ani netd SR e anbsnias aleef et infie o sodnine” ¥R
imvent i orgremenrcedheymponhas eid thwsemolfe€okaudae(r) wherein:
salifiaple nitrogen atom cinea;

Y is a bivalent radical having the following meaning:

a)

- straight or branched C;-C;; alkylene, being optionally

15 substituted with Ty, wherein Ty is as above defined;

b)

I (CH,),—

_(CH2 n

' is an

wherein n i1s an integer equal to 0 or 1, and n
integer equal to 1; with the proviso the -ONO; group is
20 linked to a —(CHz).' group;
g)
——1EH43Q-ZE;-}LCH;—'

2 2

wherein X, is —-0- or -S-, n® is an integer equal to 1 and R?
is H;
25 The following are preferred compounds according to the

present invention:




can be transfornmed into the corresponding salts BCT/EP2004/051550
reaction in an organi c solvent such as acetonitrile,
woeorsahyds of uran with the correspondi ng or gani BCOEP2004/051550
i norgani ¢ acids. Exanples of organic acids are:
oxalic, tartaric, maleic, succinic, citric acids.
Exanpl es of inorganic acidsare: nitric, hydrochloric,
sul phuric, phosphoric acids. Salts with nitric acid
are preferred. The conpounds of the invention which
have one or nore asynmetric car €h atoms can exist as
optically pure enantioners uf\e di astereoners,
enantioners m xtyues, di ast,ére er sOni re,sONO
enanti oner racenic Nnixtures, lwacenate$ or racenate
m xtures. Wthin the object o[ t he |n€ENt|on are al so
all the possible isoners, stereoisoners aldHt heir
m xtures of the conpounds of f [ //ﬁ%eferred
conpounds are those of fornulal( n. s and R
are as above defined; Y is a biw r adi cal havi ng
the follow ng neaning: a) - stralght orbranched C -
Ci o al kyl ene, being optionally subst[tut d with TO,
wherein To is as above defined; b ) (CH)nr (CH2 T
wherein n is an integer equal to O or 1 , and nl is an
integer equal to 1; with the proMiso the - ONO 2 group

i's _Cl
)Y
AN 0
HSC \\\\\\\ S II\I” ~ W - \ONOQ
0
_ N,,,'\'\ITJH
/// -;’/N

o
o,
(2)
Cl
N
H,C AN 0~~~ _ONO
., T g -
o N/N \rl\”_l
// i R
\*:?Jz /
by
e
5 =
(3)
10




linked to a - (CH2) 1 group; g) (CH CH2-X2)"CH CRCZ/EP2004/051550
wherein X2 is - 0- or - S- , nis an integer equal to

wa 200501842 is H; The follow ng are preferred pOmE®20d851550
according to the present invention: H3C ONO, H3C ONG
(2) A N-r HCJI \ O ONONON HN IN(3)d ONO
HBC N O/ NH NN

Cl NN
y—s' /Jj U’ ONO,
H3C RN /4«. N />\/ O \\H NP
L\ A //N B TTJH
/ ] N‘\;fN

N
(4)
N _Cl N
3 |T| ~— W 3 \//ONOQ
0
“ »;N'\'NH
/,/ “. N |
,// / o
‘\;;:—«/\ .
s
/! /
(5)
?NOZ
Cl P

@)
L e N’N\ITIH
r -
! |
= //
I
/! /
5 =
(6)
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(4) d NHBC7\y ON - ONCO ONNH N IN (5 ORQGTHEP2004/051550
NH3C U X o NO NNHNIN// (6)H3C ONO (7) C N H3C
wWOLVB/Mic4ONO. OV NN H// [/ PCT/EP2004/051550

r
(8)
N-- _Cl
He. o~ A . 0. _~__~.__oNo,
T
/ / ' / r—:? N
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o
o
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. -/J
5
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(8) ci NH3CI I o ONO NO NH N IN ITi (9)ONO PCT/BRP2004/051550
J// (100 N\ \ HBC. \' I ¢ ONO NTONNHNN ;ii )
wOoRis/CieaN- // H3IC WO PCT/EP2004/051550

(12)
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--./ NONNH f

, N©T i' I (12 )ONO ( 13) ONO PICTNMEP2004/051550
, H3C ,0- N/ O NNHNI // / NJIf (24 ) A \" H3 .0
WO 20N011dd6N NH 1i j J Ii | (15)d -ONO PCT/EP2004/051550
Cl

N — ONO
HC o~ /«‘—/\—'\\ .O__<\_—//>_/ 2
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NH3C/ o- NIl ONNHNN(16) ONO, C N \ . HBCT/EP2004/051550
/ o- 1 o NN NHI N/f/ (17 ) ONO H3CCHH3Cii L o- N
waQ 2005MiNdHs/ T N N Y' (18 )ONO, H3C CH H3 PCT/EP2004/051550

T
N—C! EQ g\/ONo2
/A —
HSC\/»\\/\I\%I/O
l

O N—

0o 1 /N
HSC‘\ e /H\ /O"‘—“(\\ y
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(19) HBC CH O L=\ ONOH3C. 0- \ \ NO N NH N I NCT/E®2004/051550
) HBC CH, 0 HBC O NONO, O NNHNIN/r (21)HX CH 3\
wO2¥011#8C JI ,0- NONNHNNT- (22) PCT/EP2004/051550

,C_ CH,

N ,/'

H
0O 1 Ve
H3C . //\\v,/u e N - \H/O—&\ ///
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ONO. HBCCHv wOHICO- NONNHNINII (23) HA8I/EP2004/051550
O ONOH3C 11 o- NONNHNINJIf I" 1 (24 ;HC CH O
wO20N01H36 N O NH \ \ NV JN > ~ PCT/EP2004/051550

3™ A .
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/ / ~N
T
A
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(/{ ) /
5 =
(24)
17




(25) H3 CHO 3 ONO. H3C N O N NH N N (26) H. 3cPGREP2004/051550

ONOH- ONIi I ONHNIN( 2 7 )H3Cx .ChL ONO2
wO02&5)0148V r N CH O2NO ' NO PCT/EP2004/051550
HC CH,
HyCo )k j — "ONO,
O
\ N N”N\’?'H
[/I//\/\\Z \7::N
= .7//%\\&‘
)]
o
(25)
H,C  CH,
i . AONO,
H3C\ —~ L O~
N |
\\\ . NN‘\hllH
/ / =N
"”/’/x /[
S
(26)
H3C. ,CHS
c Il l 00 N0
H,C. _ AN
flﬂ I
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// / =N
—= - J
// S
5 s J
(27)
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NHNIT // NJ// (29) NJI \ CH®@NON O \\ N OPSA/EP2004/051550

INTI i (30)CH @®@NO NH (31) r // NI / wN OCH ONO
w0 20050016 O NH N I Ii j NIl (32 ) N// W N OPCHEP2004/051550
H,C_CH,
0 )
~.__ONO,
H3C > ﬂ\ /\IT/O\/\S
L\ O /N.\NH
“N. N |

(28)
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e N o
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X2NO o NONHNINT (33)ONO (34 ) / //--N W1 ROFEP2004/051550
NONHONO h NI Il / NJJ[In (35 ONO NO CH O\\
wOl2@5NHidMs N (36)ONO CH ( 3 7 ) ONO Ci, N PCT/EP2004/051550
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a conpound of the present invention of fornmula (PCT/EP2004/051550
together with non toxic adiuvants and/or carriers
waualoiwsenpl oyed in the pharmaceutical fiel d. PCDAEP2004/051550
daily dose of active ingredient that should be
adm ni stered can be a single dose or it can be an
effective anmount divided into several smaller doses
that are to be administered throughout the day.

Usual |y, total daily dose may be in anounts preferably
fromb50 to 500 ng. The dosage ~men and

adm ni stration frequency for treating thenentioned

di seases with the conmpound theCNﬁventlon and/ or
with the pharnaceutlgal coﬁpo _Li 0Bs of~t heOd@sent
invention will beH ected iNT” acor dance With a
variety of factors, |nclud|nP f exanpl e age, body
wei ght, sex and medi cal condi t|on of tNe-Ngatient as
wel | as severity of the diseasg, “routh of!

adm ni stration, pharmacol ogi cdl c nS|d¢réN|ons and
eventual concom tant therapy witd+other drugs. In sone
i nstances, dosage |evels bel ow or apove the aforesaid
range and/or nore frequent may be equate, and this
logically will be within the judgment._ t he physici an
and wil|l depend on the disease state. The conpounds of
the invention may be adm ni ster 28 oral ly,

parenterally, rectally or top| P by inhal ati on or
aerosol, in formnulations eventually cont ai ni ng
conventional non- toxic pharnmaceutically acceptable
carriers, adjuvants and vehicles as desired. Topica

N .,,"’:L'\ O H

\
PR - NN oN
H,C N’ ﬂ 2
0
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admi ni stration may al so involve the use of transB&T&EP2004/051550
adm ni stration such as transdernal patches or
woamsoptvas esi s devices. The term "parenteral " BESTEBEM4/051550
herei n, includes subcutaneous injections, intravenous,
i ntramuscul ar, intrasternal injection or infusion
techni ques. Injectable preparations, for exanple
sterile injectabl e agueous or ol eagi nous suspensi ons
may be fornul ated according to known art using

sui tabl e di spersing or wetti .agents and suspendi ng
agents. The sterile |nJectabBe\E{eparat|on may al so be
a sterile injectable solN uspenS|on in a non
-toxic parenterally acc p l e Q)Iuen\ or Soltﬁﬂﬁ
Among the accepj gl é\yéhr Pes nd S0l Vet s “af e maier

Ri nger's solutidn and |so§on|%£sod|un1chlor|de In
addition, sterile, fixed oils™are cdwv ionally

enpl oyed as a sol vent or su endlnl nedlun1 For this
purpose any bl and fixed oil//may/be agpNoyed i ncl udi ng
synthetic nono ordlglycerldES// n addition fatty acids
such as oleic acid find use in tnef reparation of

i nj eat abl es. Suppositories for rgbtal adm ni stration
of the drug can be prepared by n1ang the active
ingredient with a suitable non - ifritating excipient,
such as cocoa butter and pol yet hyl ene glycols. Solid
dosage forns for oral adninistﬁégion may i ncl ude
capsul es, tablets, pills, powders, granules and gels.
In such solid dosage forns, the active conpound may be
adm xed

N_T’ \OH
N\ o .~._.~__ONO,
Rem Nl °
O
L N’"‘N\[TIH
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with at | east one inert diluent such as sucrose, PCT/EP2004/051550

| act ose or starch. Such dosage forns may al so

woan@ariisdé as in normal practice, additional SROSERIDESS1550

other than inert diluents, e.g. lubricating agents
such as magnesium stearate. In the case of capsules,
tablets and pills, the dosage forns may al so conprise
buffering agents. Tablets and pills can additionally
be prepared with enteric coatings. Liquid dosage forns
for oral adm nistration may i\ncl,ude pharmaceutically
acceptabl e enmul sions, solutio spensi ons, syrups
i 1 Oh

and elixirs containing i ts nl @N@sed in
the art, such as maLgr./ﬁbch/coqnpsL{ions al so

- - / ™. ) .
conprise adjuvaptg, sueh ag wetti ng agenys,

emul si fying and §uspending agept s, and sweet eni ng,
flavouring and the like. The conpoundb~gfy the present
i nvention can be synthesizedzﬁE&IolNomsj A ) The

conpound of gener al fornula( 1) or a“ph¥rmaceutically
acceptabl e salt, as above defimed: R/ (Y- ONO 2)S (I)
when R is the residue of formula (}t), can be obtained

by a process conprising: i) reactj/ng a conpound of
formula (IV) © R2-(Y-Hal) (1V) whereitd s =1 and R2 is
the residue of fornmula (I11A) :(HA

(76)
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wherein R3 is the group of formula (VA): A N NREAYEP2004/051550
wherein A = Hor W, Whbeing a tetrazole protecting
warespisdeh as trityl, tert -butoxycarbonyl (BECI/ERR®4/051550
et hyl oxycarbonyl or R3 is - C00 - , a group capable to
bind Y; R is selected fromthe groups (Ha) - (lie),
as above defined, wherein N Qis a group capable to
bind Y; Y is as above defined and Hal is an hal ogen
atompreferably d, Br or I ; with AgNg3 in a

suitabl e organic solvent such as acetonitrile or
t et rahydrofuran (THF) under nitroge »’%ark at
t enperatures range bet N -OBDC:\%L QN,sz t he
reaction with AgNU 3 c;@fbe perfor meéd under m crowave
irradiation in salxvant/s uc Qonitrile or THFE at

t enper at ures i Aa¥he rangeNbet ween 100- 180 OC for
short tinme (1-60 mn) andLi i )Ooptionglly acid
hydrol ysing the tetrazol e | -ecting g'ﬁ%‘up W, as well
known in the art, for exan&bgké SCENbed in T . W.
Greene "Protective groups i /()J,Zani synt hesi s",
Harvard University Press, 198(fand/%ii) i f desired,

converting the resulting conpoung i"?gener al formula
t abl/e

-

(1) into a pharnmaceutically acce

(79)
—ONO,

As mentioned above, object of the present invention
are also pharmaceutical compositions containing at least
a compound of the present invention of formula (I) together
with non toxic adiuvants and/or carriers usually employed

10 in the pharmaceutical field.

The daily dose of active ingredient that should be
administered can be a single dose or it can be an effective
amount divided into several smaller doses that are to be
administered throughout the day. Usually, total daily dose

15 may be in amounts preferably from 50 to 500 mg. The dosage

regimen and administration frequency for treating the
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salt thereof.- The conmpound of formula (1V) can PET/EP2004/051550
obt ai ned by reacting a conpound of formula (V): (V)
wohers@imsRS i s the group of forrmula (VA) as abBe¢®EP2004/051550
defined or - COOH and R4 has the same neaning as R
with NO = - COOHor - OH i.l) when R5 is the group
(VA), RA = Rand R is the group (Ha) wherein m=1
and No = -OH, with a conpound of fornmula (VI) or (V1)
: Hal -Y- COAct (VI) Hal - Y- OCQAct (VII) wherein Hal
and nerrieomssl abdgeades | rveid;handhéctcdmpdﬂaid orofa the invention

gﬁ;g‘?x%) i C a.lgcifhdé_ ct ip atrglg}q gl used | g}rét the present

reacimmhﬁforgme_uahdey sédé[:l:@d out at@oma&wmw a variety of
I norgani c or organjic base in an aprotic polar/non -

pol afe&d /entd Y O gFERIC GrpRy 2bgdly weight, sex and
tsemﬁé@idgles:dn@aagohew/e@ﬁb 5o t6Ra10la sl Re@1d94bL &y PMASE oF the

system H2qg/ Et 20
disease, route of administration, pharmacological
considerations and eventual concomitant therapy with other
drugs. In some instances, dosage levels below or above the
aforesaid range and/or more frequent may be adequate, and
10 this logically will be within the judgment of the physician
and will depend on the disease state.

The compounds of the invention may be administered
orally, parenterally, rectally or topically, by inhalation
or aerosol, in formulations eventually containing

15 conventional non—-toxic pharmaceutically acceptable
carriers, adjuvants and vehicles as desired. Topical
administration may also involve the use of transdermal
administration such as transdermal patches or iontophoresis
devices. The term “parenteral” as used herein, includes

20 subcutaneous injections, intravenous, intramuscular,
intrasternal injection or infusion techniques.

Injectable preparations, for example sterile injectable
agqueous or oleaginous suspensions may be formulated
according to known art using suitable dispersing or wetting

25 agents and suspending agents. The sterile injectable
preparation may also be a sterile injectable solution or
suspension in a non-toxic parenterally acceptable diluent
or solvent. Among the acceptable wvehicles and solvents are
water, Ringer’s solution and isotonic sodium chloride. In

30 addition, sterile, fixed oils are conventionally employed
as a solvent or suspending medium. For this purpose any

bland fixed oil may be employed including synthetic mono or
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t enper at ures range between 20 - 400C ; The conpouR@/&P2004/051550
formula (VI) where Act is = Hal are commercially

wavaisioatd4ie or can be obtai ned fromthe correspldtiERgp04/051550
acids of formula (VII1) : Hal - Y- COOH (VII1) by well
known reactions, for exanple by reaction with thionyl
or oxalyl chloride, halides of P111 or Pv in solvents
inert such as toluene, chloroform DWW, etc. The
correspondi ng acids are comercially avail abl e
conp@igﬂ@s:erﬂdesconmowdtﬁwfonf ofamtlya £aAds V\dsnecrle ést oileic acid
not can he %Eﬁal ned from:t hef corre%g‘g
conp J56¢ oA BEERAS 2 Whdt €At IrS eBy reacting
with N ddpboeXysueekNESE dee Ofa Wddhihhe tappiopréAtthe drug can
substituded phenols in the presence of a base as known
in the RIARSTRCuPY. mTﬁénﬁo%LﬁFd%W@f lPSFﬁ‘ﬂF‘én’%WJr‘Eh a SUltable

Wher eofiClrdiSaT1HB!  ah& iGARARY Ci alon avad | abbeo®r e@8Bter and
be obtained fromthe corresponding al cohols of fornula

(I X)polygihyleve @lyEPX5-by reaction with triphosgene
| n preSQQ%$f§Q§%§‘%r g ?8§eor5EbFﬁﬂﬂPP fgn may include

f or mul a I'sS not can tal ne
from:ammre’sqd@lmj]mg pwlﬂmunploﬁd&aig, \A@E&I@Jk&t asdHgkls. In

appr OBTI e L BEPT BEAEH: BRoDI A0 e CBRBSENGa b i adnixed
lwasewiish kitoweaist bhe hLhéee &ﬂi[[L&anszm@Ihnatsl ¥etyoséhelactose or
Conpggggﬂgf géﬁﬂ“ﬁé@é&Q”fé?%;k%%;ﬂgfgg“%%mprlse, as in normal
practice, additional substances other than inert diluents,
e.g. lubricating agents such as magnesium stearate. In the
case of capsules, tablets and pills, the dosage forms may
15 also comprise buffering agents. Tablets and pills can
additionally be prepared with enteric coatings.

Liguid dosage forms for oral administration may include
pharmaceutically acceptable emulsions, solutions,
suspensions, syrups and elixirs containing inert diluents

20 commonly used in the art, such as water. Such compositiocns
may also comprise adjuvants, such as wetting agents,
emulsifying and suspending agents, and sweetening,
flavouring anq the like.

The compounds of the present invention can be synthesized

25 as follows.

A) The compound of general formula (I) or a
pharmaceutically acceptable salt, as above defined:
R-(Y-ONO;) s (1)
when R is the residue of formula (II), can be obtained by a
30 process comprising:
i) reacting a compound of formula (IV):
Ro-(Y-Hal)s (IV)

wherein s = 1 and R, 1s the residue of formula (IIA):
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by reacting a conpound of formula (V) as defi nedRGIT/EP2004/051550
i.1), wwth a conpound of formula (VIII) , as above

wdebisretbh4end commerci al ly avail abl e, in preseneeTmP2@4/051550
condensi ng agent |i ke dicycl ohexyl carbodiim de (DCC),
EDAC in the presence of a catal ytic anount of DVAP or

activating agent as NN - carbonyldiimdazole (CDl)
in solvent such as DW, THF, chloroformat a
tenperature in the range from- 50C to 500C ; i.2)
when R5 i SR group (VA) or - COOH R =Rl and R is
sel ected from hroups (Ha) - (lid) wherein m=0
and No =- h a compound of formula (IX), as
above df #d, ™ presence of a condensing agent I|ike

di cycl g car bodi i m de (DCC), EDAC in the presence

»nyl di i m dazole (CDI) in solvent such as DVF, THF,
chlordformat a tenperature in the range from- 5Cto
500C . The comaynds of fornula (IX) are comercially
avai l able. Alternatively, transform ng the group -
cooH et dimmMsadsi Vae edir aey |0 Hosruda gVA)hto anot her
group suitable for esterification, according to

nmet hod9d well known in the literature, and carryi ng out

the estgrification in presence of a organic or
i norgani g base in an aprotic polar/non - polar solvent
such gs- , THF or CH2Cl 2 at tenperatures range

bet ween 0- 65C or in a double phase system H20/ Et 20
dt tefperatures range between 20 - 40C,

wherein A = H or W, W being a tetrazole protecting group
such as trityl, tert-butoxycarbonyl (BOC) and
ethyloxycarbonyl or Rz is —-C0O0-, a group capable to bind Y;
Ry is selected from the groups (IIla)-(IIe), as above
10 defined, wherein Ny 1s a group capable to bind ¥; Y is as
above defined and Hal is an halogen atom preferably Cl, Br
or I;
with AgNO; in a suitable organic solvent such as
acetonitrile or tetrahydrofuran (THF) under nitrogen in the
15 dark at temperatures range between 20°-80°C; alternatively
the reaction with AgNO; can be performed under microwave
irradiation in solvents such acetonitrile or THF at
temperatures in the range between 100-180°C for short time
(1-60 min) and
20 ii) optionally acid hydrolysing the tetrazole protecting
group W, as well known in the art, for example as described
in T. W. Greene “Protective groups in organic synthesis”,
Harvard University Press, 1980 and
iii) if desired, converting the resulting compound of
25 general formula (I) into a pharmaceutically acceptable

salt thereof.
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Al) Alternatively, the conmpounds of formula (1) &CT/EP2004/051550
above defined, when Ris the residue of fornula (Il),
woamseiabt ai ned by reacti ng conpounds of for MBCERU)04/051550

as above defined: i.1.1) when R5 is the group (VA), R

4 =R and R is the group (Ha) wherein m= 1 and No =

- OH wth a conmpound of formula (X): 2NO Y- COZ (X

where Y is as previously defined and Z is OH or the

group Act already defined, with the best suitable

synt hethe atopraund fofr foxamwgkee (IN) praseheeobfasned by reacting

condensi i LC ohexyl car bodi i m de (DCC) or

EDACgo(?&%L?%{al%nlngémﬁngNYﬂ\[ '- carbonyl diim dazol e

(CDI) in solvent such as DVF, T

tenperature in the range from -

the presence of a organic or |

compounds of fornula (X) can

correspondi ng al cohol s by r¢ on with nitric acid

andacetic anhydride in a peFat ure range from- 500C

to 00C or reacting the cofrespondi ng hal ogen

derivatives of formula (M) or (MI1) with AgNO 3 as

al ready described. i.2.1) ®hen R5 is the group (VA) or

- COOH, R=Rl and Rl is selectgd fromthe groups (Ha)

- (lid) wherein m= 0 and NO = - COOH, wth a conmpound
fheraia Bl y5 BTyt XormHer dVA) Yaksabevabdadined or

def i n@sbn IAhPRGSEAS 1S Bur®ORLEASHATas R, with N, = —COOH or —
OH,

i.1) when Rs is the group (VA), Rs = R; and R; is the group
(ITa) wherein m = 1 and Ny = -OH, with a compound of
10 formula (VI) or (VII):
Hal-Y-COAct (VI)
Hal-Y-OCOAct (VII)
wherein Hal and Y are as above defined and Act is Hal or a

carboxylic acid activating group used in peptide chemistry
15 as:

p (J)H _ “-BH— - B
,/’<\ L Z:;\ = \\\\ P F
Act = /N _OH ‘ I I
\ l F F
© NO, 1

The reaction is generally carried out in presence of a
inorganic or organic base in an aprotic polar/non-polar

20 solvent such as DMF, THF or CHyCl, at temperatures range
between 0°-65°C or in a double phase system H,0/Et,0 at

temperatures range between 20°- 40°C;
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agent |ike dicycl ohexyl carbodiinide (DCC) or EDAE®F/EP2004/051550
an activating agent as N ,N '- carbonyl diimdazole
wQaDIs)01iaa6 sol vent such as DMF, THF, chl or of or nPa@I/E®2004/051550
tenperature in the range from- 50C to 5Q0C . The
conmpound of formula (XI) can be obtained by reacting a
conpound of formula (1 X) with ANOin a suitable
organi ¢ solvent such as acetonitrile . or THF under
nitrogen at tenperatures range between 20 - 80C
al t eFimat iqpeippunlde rafac fioonuhi t h(VAgI\IONBeJcanAb:e: is = Hal are

perf or dun mcro |rrad|at|on|ns vent s s
acet ORI LT ry THFE %At a;é rrperat ures in ei hthFt‘_’lnlgn u&om the

bet w@méﬂﬂandﬁfgo a@€dbobfshortutd V()60 min) .
Alternatively when R5 is t ar - COCH R4

= R1and R is select ed Hf E Fﬁ?ﬁ@ﬁgroﬁbsu()l-la) - (lle)

whergyn wala Okﬁaﬁan@actloQQW fdM“éxém £08PNd @b ction with
formula (XI.1) : Q2NO Y- Cga(l vvhere Y an

are 5]%1%%\” @3%|)9X§éﬁ7ﬂ-ne@hjfﬂlmf t fRgiAAst h@fpr%sgﬁ@éf PY in
of ap,iNofgan| Gof Srgane Papgabl ?ﬂPoxst?ﬂd Y, I8, etc. The

carboxylic group. B ) The conpound general formil a
(1), copessiRndinchea¢lialy daee ofofmwened al (1 Idl\)‘ailaiélre becmpounds .

g RN S R
10 1 | blaanthddl 1ft@m - tlEOCOcoryedponding compounds of formula (VI)
where Act 1is Hal by reacting with N-Hydroxysuccinimide or
with the appropriate substituded phenols in the presence of
a base as known in the literature.
The compounds of formula (VII) where Act is = Hal are
15 commercially available or can be obtained from the
corresponding alcohols of formula (IX):
Hal-Y-CH (IX)
by reaction with triphosgene 1in presence of an organic
base; the compounds of formula (VII) where Act is not = Hal
20 can be obtained from the corresponding compound (VII) where
Act 1s Hal by reacting with N-Hydroxysuccinimide or with
the appropriate substituded phenols in the presence of a
base as known in the literature.
Alternatively, the compound of formula (IV) can be obtained
25 by reacting a compound of formula (V) as defined in i.1),
with a compound of formula (VIII), as above defined and
commercially available, in presence of a condensing agent
like dicyclohexylcarbodiimide (DCC), EDAC in the presence
of a catalytic amount of DMAP or activating agent as N,N’-
30 carbonyldiimidazole (CDI) in solvent such as DMF, THEF,
chloroform at a temperature in the range from -5°C to 50°C;
i.2) when Rs 1s the group (VA) or -CCOH, Ry = R; and R; is
selected from the groups (IIa)-{(IId) wherein m = 0 and Ng =
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and Hal are as above defined,with AgN q3 as al re®GT/EP2004/051550

descri bed. Conpounds of formula (XIl) are obtai ned by
woearstoige a conpound of formula (XI11) : XOOH SO0HEP2004/051550
(XI'11) with conpounds of fornula (IX), as above

defined, in presence of a condensing agent |ike

di cycl ohexyl carbodii m de (DCC) or EDAC or an

activating agent as N N - carbonyl diimdazole (CDI) in

sol vent such as DMF, THF, chloroformat a tenperature

i n tHeOQHngel fhr omn com@umml 500 Fasnala ebtl) descralbeck defined,

Alternativ nsform ng the group, - COOH into an .
actij\[/ll?at ed g%?‘%ﬁ%ori dgEnor i it o anoriverSgfdup Slfigteﬁ%! e Like
for é@btwridiecatlicampodttot dé NgDCO) peEbadsinethekpe@wBehBe of a

the literature, and carrying out the esterification in

pr esEheE B % ag}oélggi o oP%%o‘?@aﬁﬁthtﬂslé’gi APEnCapPtyEic group
B0l &k fromgerOlaar N5 aF veatbSMETH BiSni Ak (ED1F1PnaboBrent such
tenmperature in the range between 0-65C or in a double

phas®s stk enfBiB| \Chdaredram 96| ¢, teRBeERbpBRINGS fe range from
genergdc fiqr myleay (1) as above defined, when Ris the

residue of formula (I11) , can be obtained by reacting

t he Bohposmrpueidst efmibamgdd | {JXwigde sopowpodadlpfavailable.

for éééﬁgérvéi abQ&%ng%gkﬂfgg i@hgr6§§%%s otC%OH into an

condensing or activating agentas already

10 activated acyl chloride or into another group suitable for
esterification, according to methods well known in the
literature, and carrying out the esterification in presence
of a organic or inorganic base in an aprotic polar/non-
polar solvent such as DMF, THF or CH,Cl, at temperatures

15 range between 0°-65°C or in a double phase system H;O/Et,0
at temperatures range between 20°- 40°C;

Al) Altermnatively, the compounds of formula (I) as
above defined, when R is the residue of formula (II), can
be obtained by reacting compounds of formula (V) as above

20 defined:

1.1.1) when Rs is the group (VA), Ry = R; and R; is the
group (IIa) wherein m = 1 and Np = -OH, with a compound of
formula (X):

02NO-Y-COZ (X)

25 where Y is as previously defined and Z is OH or the group
Act already defined, with the best suitable synthetical
path, for example in presence of a condensing agent like
dicyclochexylcarbodiimide (DCC)or EDAC or activating with
N,N’ -carbonyldiimidazole (CDI) in solvent such as DMF, THF,

30 chloroform at a temperature in the range from -5°C to 50°C
and/or in the presence of a organic or inorganic base.

The compounds of formula (X) can be obtained from the

corresponding alcohols by reaction with nitric acid and
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described. Alternatively, transforning the groupPCT/EP2004/051550
COOH into a salt with an inorganic or organic base
weacoewrodiadg to nmet hods well known in the |iteraPdrEP2@mds1550
reacting with: ®@NOY - Hal (Xl.1) as known in the
literature . C) The conpounds of formula (1), as
above defined, when s =1 and Ris the residue of
formula (I11), wherein RO is the tetrazole group and Ri
is the group (Ha) wherein m=1 and Nois ..Ch CWAO
O RadRujhieraihyd®idearid R 'temaregraasiraboweegdeffiroad -56088 to 0°C

be obtalned reactin nd of f rmul a \Va

ro- oRg )t [ YefrRepenee i Podhg degiatives  of
as aftm_«t@mnmed orRYVIBI} hei mgmo@Vé\); aRﬂedCB_{ tdé@:crlbed
group (Ha) wherein m= 1 and IS

conp’oﬁw'ol)of"’hleé‘r Ral = (59° agsmé’é’m/éfAéiePFnegooﬂn %‘Yesg‘ﬁc%nd Ry is

Gf adb G GO LAAr §ABhSs DSk ) N B POhREr8@hVRNL @Sand N, =
DMF, THF, acetonitrile at a tenperature in the range
f r oGO, 0@ it 8COCTBPURG Qf doupiid apH&de s syst em as

al ready known in the Ilter@tN@r§ OEhe %[Tpounds (IVa)
can b e obtained by reacti ng a conpoun
wherein Y is as above defined; in presence of a condensing

agent like dicyclohexylcarbodiimide (DCC) or EDAC or an
10 activating agent as N, N’ -carbonyldiimidazole (CDI) in
solvent such as DMF, THF, chloroform at a temperature in
the range from -5°C to 50°C.
The compound of formula (XI) can be obtained by reacting a
compound of formula (IX) with AgNOs; in a suitable organic
15 solvent such as acetonitrile, or THF under nitrogen at
temperatures range between 20°-80°C;
alternatively the reaction with AgNO; can be performed
under microwave irradiation in solvents such acetonitrile
or THF at temperatures in the range between 100-180°C for
20 short time (1-60 min).
Alternatively when Rs is the group (VA) or -COOH, Rs = R;
and R; is selected from the groups (IIa)-(Ile) wherein m =
0 and Ny = -COOH, with a compound of formula (XI.l):
0,NO-Y~-Hal (XI.1)
25 where Y and Hal are as previously defined by reacting in
the presence of an inorganic or organic base able to salify

the carboxylic group.

B) The compound of general formula (I), when R is the
30 residue of formula (III), can be obtained by reacting a
compound of formula (XII):
-(Y-Hal)s (XII)
wherein s = 2, Rg¢ is the residue (III) and N; is -COO0O-, Y
and Hal are as above defined,
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of formula (V) as above defined, wherein R5 is tRET/EP2004/051550
group (VA , R4 = Ri and R is the group (Ha) wherein

waneoshiead N o = -COH, with a conpound of for nuPaTEyedoapsi550
Hal - CR R - OCOAct (Vila) where Act as the sane
nmeani ng above described for (VII) , in the sane manner

al ready described for the conpounds (I1V); and

optionally acid hydrolysing the tetrazole protecting
group as above described. D) The conpounds of fornula
(1) ,wiash dodWe adefalmeshdywhiescsibédand R is the resi due

o G B hr WS RO (1ed FHERECLE SR ing

and d\&npcsmco.ofV\lE@rﬂlJLa BRwherein R' and R'' are as
above defined, can be obtaj néd by reacting a conpound
of formula (V), wher H he group (VA), R4 = Ra
and Ris the group erein No = - COCH, with a
compound of fornmul 2 /) . Hal - CRR''-0C0OO - Y-ONO
(XI'V) wherein Half Y, R' and R'' are as above
defined, in presegce of an organic or inorganic base
in a pol nt coblg acetonitrile at a
tenpgr@ture in from- 50Cto 6Q0C or in a
doubl & phase sy | regdy known in the

literature.

em as

5 (XIII)
with compounds of formula (IX), as above defined, in
presence of a condensing agent like
dicyclohexylcarbodiimide (DCC) or EDAC or an activating
agent as N,N’-carbonyldiimidazole (CDI) in solvent such as
10 DMF, THF, chloroform at a temperature in the range from -
5°C to 50°C as already described.
Alternatively, transforming the group -COOH into an
activated acyl chloride or into another group suitable for
esterification, according to methods well known in the
15 literature, and carrying out the esterification in presence
of a organic or inorganic base in an aprotic polar/non-
polar solvent such as THF or CHpCl, at a temperature in the

range between 0°-65°C or in a double phase system.

20 Bl) Alternatively, the compounds of general formula
(I) as above defined, when R is the zresidue of formula
(III), can be obtained by reacting the compound of formula
(XIII) with a compound of formula (XI), as above defined,
in presence of a condensing or activating agent as already

25 described.

Alternatively, transforming the group -COOH into a salt
with an inorganic or organic base according to methods well

known in the literature, and reacting with:
45




Conpounds of formula (XIV) can be obtained by re®ETHIP2004/051550

conpounds (XlI) with conpounds (Vila) as above defi ned.
wOheosroesasi on is generally carried out in preseat@&Pefo4/851550

base in an aprotic polar/non -polar solvent such as

THF or CH2Cl 2 at tenperatures range between 0- 65C or

in a double phase system H20/ Et 20 at tenperatures

range between 20 - 400C ; and optionally acid

hydrol ysing the tetrazole protecting group as above

descri bed. E ) the conp&uidsYdfal or nfi¥Ial(l), as above

defiggaﬁngﬁfrki%§ﬁé lﬁ@gr?gk§ethe resi due of formul a

(rn), ereln s the razole group and R is
selected fromthe groups (Ha) - (llc) can al so be
obt ai ned ¢eathéngompopadsd cif fofmal=a (XV) st hhbbve defined,

C ound of formula (XVI) commercially .
a@gip Wgﬁrll S R7-{ R DR ERVEFUGhet ef e s(klje wherein R

resi deetfltetrdtdB) ,gRUD iart tH1€i8r eHP §¥Ap aEraHBhherein m
I s as already defined. The reaction i S generally

carrTell B Nnifresence o f a base in an aprotic

pol ar/non - polar solvent such a s DM, THF o r CH 2C

2 at tenperatures range between - 15 - +80 9 Cor in

a doubl e phase 2¥SLEH1H 2q/ Et 2q at tenperatures range

bet wee 20 ©.4.0 0\C / and eventual |y acid hydrol ysi ng

t he tétfﬁﬁblg/broteéking group a s above descri bed.
o MR

10 wherein R’ and R’’ are as above defined,

can be obtained by reacting a compound of formula (IVa):
R2-(CR'R’ " -Hal)s (Iva)

wherein s =1, Ry and Hal are as above defined, R3 is the
group (VA), R; is the group (IIa) wherein m = 1 and Nj is

15 -0Ccoo-,
with a compound of formula (X) as above defined, in
presence of an organic or inorganic base in a polar solvent
as DMF, THF, acetonitrile at a temperature in the range
from ~5°C to 60°C or in a double phase system as already

20 known in the literature.
The compounds (IVa) can be obtained by reacting a compound
of formula (V) as above defined, wherein Rs is the group
(VA), Ry = R; and R; is the group (IIa) wherein m = 1 and Ny
= -OH, with a compound of formula (VIIa):

25 Hal-CR’R’’ -0OCOAct (VIIa)
where Act as the same meaning above described for (VII),
in the same manner already described for the compounds
(IV); and optionally acid hydrolysing the tetrazole
protecting group as above described.

30
D) The compounds of formula (I), as above defined,

when s =1 and R is the residue of formula (II), wherein R,
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Conpounds o f forrmula (XV) can b e obtained b y PCT/EP2004/051550
reacting conpounds o f fornmula (XVIl) : R 8- (Y - Hal)
woOxMislonieaberein Ri s the residue o f fornul a PEREPIH04/051550

(Hb. 1) or (Hc. 1) : CH (Ha. 1) (Ho. 1) (Hc. 1

)wherein PGis a N -protecting group such as BOC or

trityl, with AgQNC>3 as al ready descri bed and

optionally hydrolysing the N-protective group.

Con‘pounds (XVI1) where Ris (Ha.1l) wherein m=1 and N

0 = iCOhe catdzzddlet agrmg f rod (Rie sOracesgonfltory the groups

I h h d of f I Vi
0 co\/ﬁ%}) én%ﬁ &é}gga\é\ﬁs{grlbeggnr&%gnaf'goho?;ngbgvé )

def| ned, are obtain by known protection and

reduct loon rgactions, fromcomercial ly available
corrpoﬂndﬁgo formul@ (Ha. 2): (Ha. 2) wherein mis O
and Noo n Corrpounds (XVI1) where Rs is (Ha.1)
with m=® andI\IO COO-orR8is(Hb1) or (Hc.1)

Wit hwlll\énp Q%%d R(’\anagg g aa}oion edc{] tdhe

corresponcf1 I Nng aci ds by reaction Wt corrpbunds of
foor @ peX)oesialededdy desctibgda compound of formula (V),

wherein Rs; is the group (VA), Rs = R; and R; is the group

(IIc) wherein Ny = -COOH, with a compound of formula (XIV):
Hal-CR’'R’’ -0CO0-Y-0ONO, (XIV)

wherein Hal, Y, R’ and R’’ are as above defined,

10 in presence of an organic or inorganic base in a polar
solvent as DMF, THF, acetonitrile at a temperature in the
range from -5°C to 60°C or in a double phase system as
already known in the literature.

Compounds of formula (XIV) can be obtained by reacting

15 compounds (XI) with compounds (VIIa) as above defined.

The reaction is generally carried out in presence of a base
in an aprotic polar/non-polar solvent such as THF or CH,Cl,
at temperatures range between 0°-65°C or in a double phase
system Hy0/Et,0 at temperatures range between 20°- 40°C;
20 and optionally acid hydrclysing the tetrazole protecting

group as above described.

E) the compounds of formula (I), as above defined,

when s = 1 and R is the residue of formula (II), wherein Ry

25 is the tetrazole group and R; is selected from the groups
(IIa)-(ITIc) can alsc be obtained reacting compound of
formula (XV) with a compound of formula (XVI) commercially

available:
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The correspondi ng acids of (Ha.1l) above defined, PEEEP2004/051550

obt ai ned from conpounds (Ha.2) wherein mis 0 and NOO
WO02005/0CH® by known protection and oxi dati on reBCTEBZ®4/051550

The correspondi ng acids of (Hb.1) and (Hc.1) above

defined, are obtained fromcomercially avail able (Hb.

2) and (Hc. 2) : HNg g ¢ H3C CH3(Hb. 2) (Hc. 2)

wherein o is - COOH by known protection reations . The

followi ng exanples are to further illustrate the
invention without limting it. Exanple 1RZbuiyl -
4-chloro-1 - [[2'- (I Htetrazol - 5-yl)
[1,1" -bi phenyl] - 4-yl]nmethyl] -

| H i m dazol e- 5- met hanol 4- (nitrooxy e¥Y1Z0i C
acid ester (coRr&&s¥MAing to Fonmpound
Tri phenyl net hyl chloride (4.68 g, 1&738~#rl) was added

in portions to a )ution of Losartlan potassi um salt

(7.0 g; 15.2 mol) "in THF (150 m )y, The resul ting

m xture was stirred at roomtenperature for 240Rdlirs.

Then the reaction was adsorbed on silica gel and

purified by flash chronmat ography (n-Hexane/ AcOEt 6:4)

af f owlcbreg - bt Wihed-redidired ¢I1k) {(I2c), Rs is the group (VA)

(5L yRngey) et ottt Lo L e )
5 carried out in presence of a base in an aprotic polar/non-
polar solvent such as DMF, THF or CH,Cl, at temperatures
range Dbetween -15°-+80°C or in a double phase system
H,0/Et;0 at temperatures range between 20°- 40°C; and
eventually acid hydrolysing the tetrazole protecting group
10 as above described.
Compounds of formula (XV) can be obtained by reacting
compounds of formula (XVII):
Rg- (Y-Hal)
(XVII)

15 wherein Rg is the residue of formula (IIa.l), (IIb.1l) or

(IIc.l):
1 PG
N
N N N
LT N
3 N O
Cl1 H,C CH,
20 (ITa.l) (IIb.1)
PG\ N,
_<N
0\
HBC—/ N
(IIc.1)
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66% . Fromthis conpound the title conpound (4)PCHWEP2004/051550
be achieved through two different synthetic procedure:
wepnisivetd4e procedure A To a solution of 2-butyPCT/E£2004/051550
chloro - I- [[2 - (1- triphenylnmethyltetrazol - 5- yl)
[1,1" -Dbiphenyl] - 4- yl]methyl] - IH imdazole -
5-nmethanol (1.7 g 2.6 mol ), 4- (nitrooxynethyl)
benzoic acid (0.66 g, 3.38 mml) and
N, Ndi net hyl am nopyridine (0.049 g, 0.4 mmol) in
CH? . Wi&xeir2(Pdr s amdN ot ning coolugd stuehl aE, BOC or trityl,

sol utj.an of dicycl ghexyl carbodijm.de (0.722 .50 .
ool 61 S5 S s R 3R E PP SRadgoRhoTaLtY Byarolysing
r eacthONWAS teldtiedgabupoom t enperature for 24 hours.
Then_the fornmed dicycl ohexylureawas filtered off, and

t he OPERANESHNESE hadPeaRc &t Fat ébla The EherR! hat e7h and No =

was potfdf | @4 D¥eSiobi-aangg! fEBROMRMOBAMYEponding alcohols by
(n- Hexane/ AcCEt 75:25) affording 2-butyl -4- chloro-1-

[ [ 2' reqgqtian pHéhY| riet eprpebpdz ?f - forpuyal 1(VI). or (VII) as
bi ph = I yl] -IHimdazole - 5-nethanol 4-
(nit%%yo%/d%ﬁ%élc)]rgg[ﬁ?éi c acid ester (1.2 g, 55% as a
whi tBhssol aticoRelrut yhbevd- chkbined, | - afp2r obt@lined by known

triphenyl nethyltetrazol .- 5- yl) [1,1 - biphenyl] .
L PrrR e - Reaistiod bl TROR | comercially
10ni t & 0XyarEtehHompbaenaei 6 £ aco thmelst er11c122 :9, 1. 42 mol )

was dissolved in CH2ClI 2 (10 m) and HCO was bubbl ed

into the

Cl
{(IIa.2)

wherein m is 0 and Ny is —-CHO.

15 Compounds (XVII) where Rg is (IIa.l) with m 0 and Ny =
~-C00- or Rg is (IIb.1l) or ({(IIc.l) with Ng = -CO0~ can be
obtained from the corresponding acids by reaction with
compounds of formula (IX) as already described.

The corresponding acids of (IIa.l) above defined, are

20 obtained from compounds (IIa.2) wherein m is 0 and Ny 1s -
CHO by known protection and oxidation reactions.

The corresponding acids of (IIb.1l) and (IIc.l) above

defined, are obtained from commercially available (IIb.2)

and (IIc.2):
25
0 oM

N N

0 \ﬂ//\\,/“\CH N

3

I 0 s \
H,C CH, H,C N
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solution for 20 min . The mixture was the then PCT/EP2004/051550
concentrated and purified by flash chromatography
WO his0icdAcet one 8: 2 then Acetone) affording a eCuae2004/051550
conmpound that was dissolved in HO CH 3CN and freeze -
dried affording 2-butyl -4- chloro - 1- [[2'- (IH
tetrazol - 5-yl) [1,1' -biphenyl] - 4-yl]nmethyl] -
| H m dazol e- 5-nethanol 4- (nitrooxymethyl)benzoic
acid ester as a white solid (0.304 g, 36 %9. 1H NWR
(DMBO - dBYb:2).73- 7.56 (7H, m) {IIx.24 (IH d);
7.00(4H m;..5.60 ):..5,39(2H, s).: 5..28(2H,S);
2 6ITSREL): Ve B 5O Py B ol oS e caAt e
Synthetic procedure B To a solution of 2-butyl - 4-
chloro - |- 2'- (1- triphenylmethyltetrazol - 5- vyl
[1,Fh?bi6ﬁéﬁ§%}ng 4~X%Wﬁ%%ﬁh§%F -tPrL%?ﬁ#%%%oPélﬁst¥a%e the
8- matRaRek oh lwTtBou?- BiniAlnk: i4- (chl oronethyl)
benzoic acid (0.571 g, 3.35 mmvol) and N, N
di met hyl am nopyridine (0.049 g, 0.4 mmol) in CH?C1?
(20 M) and THF (6 M) cooled to 0 OC,

di cycl ohexyl carbodiim de (0.644 g, 3.12 mmol) was
sl ollzgmpdeed and the reaction was stirred at room

te a e,f 2 ur s, , _Then ned s _
2o B TP B TS LIRERI B 1. -pipnenyi)
1phagewad meahg®ht 1B+ bali dakHvd eciStde thaholi al  whs (mpitridoxythe thyl)
by flash . chroogt ography (n-Hexane/ AcOEt 75:25

o f PRS2 B LRy ROLeh g onding) o compild (4))

(I - trdiphenyhrethyit ehrazode Sty g8 (4, 116.8i phenyl kas added in

-4-yl]lnmethyl] -IH imdazole -_5-nmethanol A |,
( chirsrdHeniRy FPbéns6iletaen dobst kps3at s Rptaasdvg #8d¢ (7-0 9/

15.2 mmol) din THF (150 ml). The resulting mixture was

15 stirred at room temperature for 24 hours. Then the
reaction was adsorbed on silica gel and purified by flash
chromatography (n~Hexane/AcOEt 6:4) affording 2-butyl-4-
chloro-1-[[2’ - (lL-triphenylmethyltetrazol-5-yl1l)[1,1'-
biphenyl] -4-yl]methyl]-1H-imidazole-5-methanol (6.7 g,

20 66%) .

From this compound the title compound (4) can be achieved

through two different synthetic procedure:

Synthetic procedure A

25 To a solution of 2-butyl-4-chloro-1-[[27 - (1~
triphenylmethyltetrazol-5-yl) [1,1’ -biphenyl]-4-yl]lmethyl]-
1H-inmidazole-5-methanol (1.7 g, 2.6 mmol) , 4-

(nitrooxymethyl)benzoic acid (0.66 g, 3.38 mmol) and N,N-
dimethylaminopyridine (0.049 g, 0.4 mmol) in CHyCl, (20 ml)
30 and THF (6 ml) cooled to 0° C, a solution of
dicyclohexylcarbodiimide (0.722 g, 3.50 mmol) in CHyClz (5
ml) was slowly added and the reaction was stirred at room

temperature for 24 hours. Then the formed dicyclohexylurea
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2-butyl - 4- chloro - I- [[2'- PCT/EP2004/051550

(I-triphenyl nethyltetrazol - 5- yl) [1,1'-biphenyl] -
wa2yislometsbyl ] - | H imdazole - 5-nethanol 4- PCT/EP2004/051550

(chl oronet hyl) benzoic acid ester (0.807 g, 0.98 nmol)

was di ssolved in CH3CN (15 m) and AgNO 3 (0.305 g,

1.8 mmol ) was added, in the dark and under nitrogen.

The m xture was stirred at 60 OC for 6 hours. Then the

precipitated silver salts were filtered off and the

or gaviae ﬁhé@%r@@SOﬁfAu@e@ Whe hoAGOEL c aptdasashed wbhhentrated.

NaH'% A Cﬁ/ﬁdez %Qere%landwgsrrlhgecru 1e]<':10 mb&al’ gﬂr.ifcqa gel

over nd concenfrated Tat er was
purithfmhimoqﬁapﬂw clr-credaogy/ aApOyt (15 : Eﬁxaaeféeﬂfig 2-butyl-4-

75:25) af fordi ~but yl 4-chl oro- .

(7 oRbreret T o Bnbeny s tiitte erpits w1 11 1

& y| bipheny 1] -4yt imeit g1 Pl e SimEd A1 - Fme thanol 4-
(nltrooxynethyl)ben20|c acid ester (0.553 g, 6699 .
Fron1QlfﬁﬁﬁﬁymetkyléﬁFBFelclachZQSter (1.2 g, 55%) as a white
(I -tgsphenyl methyl tetrazol - 5- yl) [1,1"-bi phenyl] -
4-ylJmethyl] - I Himdazole - 5-nethanol 4-

(nitrooxynethyl) benzoic acid ester the title conmpound

2, Dol lar.g Sy (B peran

ID—neyhhhbJl7¥bnphemw0®xﬂﬁgnmméﬁmyﬁWHﬂH:umﬂdizeiées mashanol 4-
obtalned aci y$Ls as des r|be i.n Proce ure

=) ‘f*ﬁb? %gﬂ%@fenz ¢hl 8F6% efs 9. mmol) was
(I H &6t s el Syl @udcl,1'(1bi phenyhl - frblylv}armtliwdled Hnto the

m dgozfllltel-ons for et @%n m1n4 gl ter ?ngx¥gl£ea&glscthe then concentrated
and purified by flash chromatography (CH;Cl,/Acetone 8:2

15 then Acetone) affording a crude compound that was dissolved
in H,O/CH3CN and freeze-dried affording 2-butyl-4-chloro-
1-[[2’-(1H-tetrazol-5-yl)[1,1’ -biphenyl] -4~yl]methyl]~1H-
imidazole-5-methanol 4-(nitrooxymethyl)benzoic acid ester
as a white solid (0.304 g, 36 %).

20 H-NMR (DMSO-dg) : 7.73-7.56 (7H,m) ; 7.24 (1H,d) ;
7.00(4H,m); 5.60(2H,s); 5.39(2H,s); 5.28(2H,s); 2.61(2H,t);
1.53(2H,m); 1.28(2H,m); 0.82(3H,t).

Synthetic procedure B

25 To a solution of 2-butyl-4-chloro-1-[[2" - (1-
triphenylmethyltetrazol-5-yl) (1,1’ -biphenyl]-4-yl]lmethyl]-
1H-imidazole-5-methanol (L.7 g, 2.6 mmol), 4 -
(chloromethyl)benzoic acid (0.571 g, 3.35 mmol) and N,N-
dimethylaminopyridine (0.049 g, 0.4 mmol) in CH,Cl, (20 ml)

30 and THF (6 ml) cooled to 0 °C, dicyclohexylcarbodiimide
(0.644 g, 3.12 mmol) was slowly added and the reaction was
stirred at room temperature for 24 hours. Then the formed

dicyclohexylurea was filtered off, and the organic phase
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acid ester (corresponding to conpound (2))This PCT/EP2004/051550
conpound can be achi eved through four different
weypnisietd4e procedure: Synthetic procedure A ToP@T/EP2004/051550

solution of 2-butyl - 4- chloro - |- [[2"- (1-
triphenyl nmethyltetrazol - 5- yl) [1,1'-biphenyl] - 4-
yllmethyl] - IH - ipiidazole- 5-nethanol (1.7 g 2.6

nmol ) {obtained in Exanple 1), 4-nitrooxybutanoic acid
(0.536 g, 3.6 mml) and N - di net hyl am nopyri di ne
(0. 082y, condemimdted.n TBER Cr2dé20ankriahdwddHFo@Bifded by flash

ngi§ﬁ%%ﬁ%éé§%aﬁh é&) eogpopAgbﬁgakﬁgg%%l%?%bSéHAéﬁéE%utyl-4—
sl ov%lylaﬂkd-ek:l-f [Arect —t(nﬁttfphéﬁ_md?@ﬁe:m&dlas gopp, 1/ -
d| g&ér e "%gajﬁ'?%#Yﬁ eliigimkdaz lEFH‘QtBPﬁ‘%l c 4-

masecm&ﬁa@m)bahedmw@l&ré@&mlerslsalg Waseld 73%) .
purified by flash chronmat ography (n- Hexane/ Et OAc 7: 3)
affording 2-butyl -4- chloro-1 - [[2'-

|-t 1 | J - I LY e
(bR o Bl logih o
ni t rEOKYbLR aridisheagld-ésy Bind (S G- 10%iazo2ebtybthanol -

4- Ch 5%#5 omé %§ Egh % Eﬁgﬁyl thylbe%6§20|-b.§3 %Hkl) was

[1,1 pheny M3 87
1% med hasmol vett thEﬂX\ymearmlx: aﬁddA@ﬁD@r (013059g,1.128 mmol)

1) _was._ di sso CH2Cl
pubEiat St e SgieLtegh FOR S8 nht FheotBacl iR mre vas
thens’@i)ﬂﬁ@mattatﬁﬁ anctopure e shy Theashehposat 9oy silver

(C}QggfésﬁggégnEAltéiég1off and the organic phase was diluted
with ACOEt and washed with NaH,PO, (5%, 2 x 10 ml) and

15 brine (2 x 10 ml), dried over Na,S0, and concentrated. The
crude material was purified by flash chromatography (n-
Hexane/AcOEt 75:25) affording 2-butyl-4-chloro-1-[[2’'-(1-
triphenylmethyltetrazol-5-yl) [1,1’ -biphenyl] -4-yl]methyl]-
1H-imidazole-5-methanol 4- (nitrooxymethyl)benzoic acid

20 ester (0.553 g, 66%).

From 2-butyl-4-chloro-1-[[2’-(l-triphenylmethyltetrazol-5-
vyl) [1,1’-biphenyl]-4-ylimethyl]-1H-imidazole-5-methanol 4-
(nitrooxymethyl)benzoic acid ester the title compound 2-
25 butyl-4-chloro-1-[[2’ - (1H-tetrazol-5-y1)[1,1’ -biphenyl]-4-
yl]lmethyl] -1H~imidazole-5-methanol 4-
(nitrooxymethyl)benzoic acid ester was obtained by acid

hydrolysis as described in Procedure A.

30 Example 2
2-butyl-4-chloro-1-[[2' - (1H-tetrazol-5-yl)[1,1’ -biphenyl] -
4-yllmethyl] -1H~imidazole~5-methanol 4-nitrooxybutanoic

acid ester (corresponding to compound (2))
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Acetone) affording crude conmpound as a white foaRCT/EP2004/051550
That was dissolved in HQO CH 3CN and freeze dried to
waizes/02tdaait yl - 4- chloro- |- [[2' - (| Htetrazol PEBEPLY04/051550
[1, 1" - bi phenyl] -4-yl] nethyl] -
| H i m dazol e- 5- met hanol 4-nitrooxybutanoic acid ester
(0.507 g, vyield 71% as a white solid. 1H NVR ( DMSO
dg): 7.66 (2H,d); 7.57 (IHd); 7.49 (I1Hd); 7.09
(2H,d); 6.95 (2H,d); 5.25 (2H,s); 4.99 (2H s);
4 491ﬁ&$ tcompoudd. b4n(2b¢ tadhievdd Qbrolfh tfquy Xifferent
1. 32 (4HmM ; 0. 84
(3H S¥ﬂ5h@tl§yﬁtrﬁ8Fa8£%rocedure B To a solution of

2-butyl - 4- chloro - |- [[2r - (1-
triphenyl met h Itetrazol 5- yl) [1,1" -biphenyl] - 4-
yl] tic e - 5-nmethanol (obtained in

Exampl e 1) a(1. 7 @11%i@amol ) og 4- brompbyt anobgi @ed-ti-1127 - (1
(0.561 g, 3.36 mmol ) and N , Ndi et hyl am nopyri di ne

(o 05 iph e vd nedly} £ AT GHRE1D- Y120l Infly -@mh%ﬁlt*ﬁ‘lwlﬂmethyl]—
cool t a:cs ' of .(dicycl o | carhodi i : .

ﬂ‘f’iﬂ%&e R oG 25k Tds TTPaar y (Rfiliped an
and Emﬂpﬂeﬁdﬁl oﬁ—msrsoicyblemrancr eorhd dapéBatar €3 fommol) and

24, g SsugThst e o o ofel phenyl W poUER, i cmcr, 20
1The mrudeanat amral \ﬁ/aSmD),lrlcfcbcEldadJytS)I | b€a gel a solution of
Chr OBt o SN (11 HEXANBLETQR 151 890,81 1010y o) 1
(I -tenjehenyd met)hyldsetsnagak- add¥l) ahd, the BépheidH lwas stirred
-4- yI]rrethyI] -1 Himdazole - 5-nethanol 4-
room  temperature for 24 hours. Then the formed
dicyclohexylurea was filtered off, and the organic phase
15 was concentrated. The crude material was purified by flash
chromatography (n-Hexane/EtOAc 7:3) affording 2-butyl-4-
chloro-1-[[2’ - (l-triphenylmethyltetrazol-5-yl1)[1,1' -
biphenyl] -4-yl]methyl] -1H-imidazole-5-methanol 4-
nitrooxybutanoic acid ester (1.45 g, 70%).
20.
2-butyl-4-chloro-1-[[2' - (1-triphenylmethyltetrazol~5-
yl) [1,1’ -biphenyl]-4-ylimethyl]-1H-imidazole—-5-methanol 4-
nitrooxybutanoic acid ester (1.0 g, 1.25 mmol) was
dissolved in CHyCl; (20 ml) and HC1l was bubbled into the
25 solution for 20 min. The reaction was then concentrated and
purified by flash chromatography (CH,Cl,, Acetone 8:2 then
Acetone) affording crude compound as a white foam. That was
dissolved in H;O/CH3CN and freeze dried to give 2-butyl-4-
chloro-1-[[2’ - (1H-tetrazol-5-yl) [1,1’ -biphenyl]-4-y1]
30 methyl] -1H-imidazole-5-methancl 4-nitrooxybutanoic acid
ester (0.507 g, yield 71%)as a white solid.
"H-NMR (DMSO-dg): 7.66 (2H,d); 7.57 (1H,d); 7.49 (1H,d);
7.09 (2H,d); 6.95 (2H,d); 5.25 (2H,s); 4.99 (2H,s); 4.49
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br onobut anoi ¢ acid ester (1.27 g, yield 60% . PCT/EP2004/051550
2-butyl-4-chloro - |- [[2"- (I-
wonro@hemsb net hyl tetrazol - 5- yl) [1, 1" - bi phenpCT/EP2004/051550
-4-yl] methyl] -IH - imdazole - 5-nethanol 4-
br onobut anoi ¢ acid ester (1.2 g, 1.47 mmol) was
di ssolved in CH3CN (20 m) and AgNO3 (0.475 g, 2.8
nmol ) was added in the dark and under nitrogen. The
m xture was stirred at 60 C for 8 hours . Then it was
par t (24 0ned 2hSiwdéH, El OAZ. Gihd(Jhd9phdt. é0bRHemn) f pHEBY (2H,m) ;

) rg Sg was washed with phosphate
bufpje?’?(p(i-ﬂl:q's? ggg E‘?@ brlne (3 x25mM) , dried
over Na2SO4 and concentrat ed. The crude material was
pur|f| ed by flash chromat ography (n - Hexane/ AcCEt
7:3) H#‘%ﬁ%%grecsewy? - chloro- I- [[2 - (1-

t5 i pgnyl mat hyl t & 11azQ), - 5 ¥E) [1lequ@h@n¥hloro 1-[[27-(1
4-yl ] methyl] -1 Himdazol e- 5-net hanol
4- ni ’WWW&’CQ’@F@Z@%‘(@TW( 0L1819 -pirhpeyvd] 769yl Heethyl] -

a f but h [

triphe yr+: O;?;LIet gt %ﬁ%fz:f'o}?nof -%%m[eff f'[n %Xaﬁ%nyl (14'-7 gr 2.6
yl]nmmth] 4 -Btdmanudanolie achdnghandl g4- 3.36 mmol) and N,N-
nitr ut.anai c_aci.d. est e ti ound

D bR ep g2 i 821 56, 09%e | 4§ SEBCUGE pyzciz 20 ma)
101, landi phenyl [(6- 4-my) ] neddydd - tbH-ioh dazol ea- solution of
5- nmet hanol 4- mtrooxgbut anoi c_acjd ester vvas obt ai ned

by attd WSPELGEIIRLLT | h_u/4 Bxatmile BoL) 1in CH2C12 (5
Pr 00@)‘”%& sépew aﬂide7d1 2Ad t@%é’bﬁiﬂl%nprvf&%e@ﬁle:r@d-r%t room

a solution of 2- yl - 4- chloro - |- [[2'- (IH
tetr%%weratslreylfpr[ f41'hoblffﬁheﬁ'§iﬁ]1 thg. forpedt AyFyclohexylurea
| H Wi@d@@f&é&edf%fﬁﬁrgﬂﬁﬂthe organic phase was concentrated.

15 The crude material was purified by silica gel
chromatography (n-Hexane/ETOAc 75: 25) affording 2-butyl-
4-chloro-1-[[2’ - (1-triphenylmethyltetrazol-5-y1)[1,1’ -
biphenyl] ~4-yl]methyl] -1H~-imidazole-5-methanol 4-
bromobutanoic acid ester (1.27 g, yield 60%).

20
2-butyl-4-chloro-1-[[2'-(l-triphenylmethyltetrazol-5-

vl) [1,1"-biphenyl]-4-yl]lmethyl]-1H-imidazole-5-methanol 4-
bromobutanoic acid ester (1.2 g, 1.47 mmol) was dissolved
in CH3CN (20 ml) and AgNO3 (0.475 g, 2.8 mmol) was added in

25 the dark and under nitrogen. The mixture was stirred at 60°
C for 8 hours. Then it was partitioned between EtOAc and
phosphate buffer (pH=3, 40 ml). The organic phase was
washed with phosphate buffer (pH=3, 2 x 25 ml), brine, (3 x
25 ml), dried over Na2804 and concentrated. The crude

30 material was purified by flash chromatography (n-
Hexane/AcOEt 7:3) affording 2-butyl-4-chloro-1-[[2'-(1-
triphenylmethyltetrazol-5-yl1) [1,1’ -biphenyl]-4-yl]methyl] -
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(3.6 g, 8.5 mmol), N - dinethylam nopyridi ne (0PCTgEP2004/051550

0.85 mmol) and TEA (1.18 m, 0.85 nmmol) in THF (60 m)
woaalsgdidteo 0 OC and under nitrogen a sol ution BET/EP2004/051550

4- br onobut anoyl chloride (0.98 m, 8.5 mmol) in THF (1

m) was slowy added and the reaction was stirred at

roomtenperature for 1.5 hours . Then it was

partitioned between Et OAc and phosphate buffer (pH=3,

40 m) and extracted with EtOAc (3 x 15 m) . The

or gdii-dmidaseoleaS-vethahalyer Naisodorybutameint r @cdd  ester

mat eri al s, purified by flash
chroﬁ{a%gg gphylf%g&%/ﬁ:etoriag *2) affording 2-butyl
-4 chI oro-1- [[2'- (IHtetrazol- 5- yl) [1,1 -biphenyl]
- met_h -1 Himdazaql e - t hapol
4- br ulza%&}%g lagrgretesil 12 'g‘lngéPHe%-‘i%‘eHy]d:etraZOl“s’
\(&Pll_b{?i f[@J 'ldl—b_@pﬁléﬁ%’i] =44 Ci A1 -ha- H’nzdazole 5-methanol 4-
etrazol -

1,1 - bi phenyl ] yl ] met %é
-1 Hmrﬁwabétanelﬁeﬁﬁaﬁo|eslperbrtélﬁot¥u{talﬁo|@H&&U@ -Hutyl-4-
(0. Q192 VESt Q SHEN4 Ja-and
AgN 3 0, éls%mim ’C%Z%sl #ggée[d, in the %125511? and
undeyl ]memh&géanThelmmlﬁr-e‘S ~medheniolr ittt @@xgbfipanoic acid

8hour nit ool ed and, p

phosp %ete g%%f Obt Sﬁl?ﬁ oir)]? pal%q% ﬁgéﬁﬁg%ygl%a% d?s%lrlbed n
1vas maded eand Plaecmiutelrze moe'xtgr,acuea wi th Et CAc.

The organi ¢ phase was washed wi th phosphate buffer

(pH=3, 2 x 25 m) , brine, (3 x 25 mM) , dried over

Na2 g i icopeesedatedc The crude material was
purifred by flash chronat ograp% CH2C12/ acetone 8:2
t hentcét ofed W &¥Fbr fng? Thifde qrg-1-[12" - (1H-tetrazol-5-

y1l) [1,1’ -biphenyl] -4-yl]methyl]-1H-imidazole~5-methanol

15 (3.6 g, 8.5 mmol), N,N-dimethylaminopyridine (0.1 g, 0.85
mmol) and TEA (1.18 ml, 0.85 mmol) in THF (60 ml) cooled to
0 °C and under nitrogen a solution of 4-bromobutanoyl
chloride (0.98 ml, 8.5 mmol) in THF (1 ml) was slowly added
and the reaction was stirred at room temperature for 1.5

20 hours. Then it was partitioned between EtOAc and phosphate
buffer (pH=3, 40 ml) and extracted with EtOCAc (3 x 15 ml).
The organic phase was dried over Na;S0O4 and concentrated.
The crude material was purified by flash chromatography
(CH;Clz/Acetone 8:2) affording 2-butyl-4-chloro-1-[[2'-(1H-

25 tetrazol-5-yl)[1,1’-biphenyl]-4-yl]lmethyl]-1H-imidazole-5~
methanol 4-bromobutanocic acid ester (2.5 g, yield 51%) as a

white solid.

2-butyl-4-chloro-1-[[2’/-(1lH-tetrazol-5-yl) [1l,1’ -biphenyl]-
30 4-yllmethyl]-lH-imidazole-5-methanol 4-bromobutanoic acid

ester (0.56 g, 0.98 mmol) was dissolved in CH3;CN (15 ml)

and AgNO; (0.83 g, 4.9 mmol) was added in the dark and

under nitrogen. The mixture was stirred at 60° C for 8
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as a white foam That was dissolved in H2O CH 3CRGNEP2004/051550
freeze dried to give 2-butyl-4-chloro-I-

WORMsAldet et razol -5 - yl) [1, 1 -bi phenyl] - 4PgEJEP2004/051550
methyl] - |I'H imdazol e-5-net hanol Anitrooxybutanoic
acid ester (0.3 g, yield 55% as a white solid.
Synthetic procedure D To a solution of 4-bronmobutyric
acid (0.91 g, 5.4 nmmol) , pentafluorophenol (1.00 g,
5.4 mol) and DVAP (0.13 g, 1.1 nmol) in CH2C 2 (10
m) kowred Then A€ wedercasiladogarl Poured into a phosphate
, Ndi hexyl car bhodi i.ni.de, (1. 70 8.1 ) wa
addegxf%}g%or(%/ll%%sog d(gﬁ imgl’ ié hmghéq\}aecalctslo&ﬁ%éssﬁgafg and the
war neilxtore oenst empenateare vt sEt0Aed The drhadis. phase was

The dicjclohexylyrea,was filtere f nd the nother
|iqu‘6?s%\%‘i ‘“Eo%é’ﬁ"ﬂsé’thé ea%Hf T | &?}%dgf'b} fi gehml), Drine, (3 x
chr op®t agrgphyriad HexamehEL EHC 9832) caddtdidti@d. The crude
4- bronpbutyric aci d pentafl uorophenyl ester as a

col ofifFesibil @ES40 @ugvhed A nP¥tureflsfsh ~ chromatography
4'br@@ﬁ@¢427£ééﬁﬁﬂéjdﬁ%nkﬁﬁhu%h%QBﬁgyla?%&f&%ég'gé?&b compound
1.9 mol) and AgNO 3 (0.83 g, 4.9 mmol) in CN (8

m) ds2warheel tramro et yes20ifsalved dm H40CH3CN and freeze
m cr . faoroed sal rp L4 tered qbf L e e
sol vgﬁ?gﬁas-@gnc r%{&r%at eg %ﬁ‘éy\?hg <%ﬂelsclI ug r}ﬁr&l fi(gg B?/traml 5
¥q asyl kbt cifethdgtepiyyt | C4- ek anethyt QA DSt dazbler Bimgthanol 4-

i i i fl henyl, ester. . -
S B S HAL PR SP i

chl ogoelidl) - [[2'- (IH tetrazol - 5-

Synthetic procedure D

15 To a solution of 4-bromobutyric acid (0.91 g, 5.4 mmol),
pentafluorophenol (1.00 g, 5.4 mmol) and DMAP (0.13 g, l.l'
mmol) in CHoCl, (10 ml) cooled to 0 °C under nitrogen, N,N-
dicyclohexylcarbodiimide (1.70 g, 8.1 mmol) was added in
portions. After 1 h the reaction was slowly warmed to room

20  temperature and stirred for 5 hours. The diciclohexylurea
was filtered off and the mother liquor was concentrated and
purified by flash chromatography (n-Hexane/EtOAc 98:2)
affording 4-bromobutyric acid pentafluorophenyl ester as a
colourless oil (1.40 g, 78%).

25
A mixture of 4-bromobutyric acid pentafluorophenyl ester
(0.65 g, 1.9 mmol) and AgNO; (0.83 g, 4.9 mmol) in CH;CN
(8 ml) was warmed at 70 °C for 20 minutes at the microwave.
The formed salts were filtered off, the solvent was

30 concentrated and the residue purified by flash
chromatography (n-Hexane/EtOAc 95:5) affording 4-
nitrooxybutyric acid pentafluorophenyl ester as a clear oil

(0.38 g, 62 2).
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yl) [1,1" -biphenyl] - 4-yl]lmethyl] - IH imdazolRCT/EP2004/051550

5-nethanol (0.48 g, 1.1 mmol), TEA (0.16 m, 1.1 mol)
weanasbyvie (0. 14 nmg, 1.1 mmol) in DMF (3 m), ceorEe210e/051550

0 0C, a solution of 4-nitrooxybutyric acid

pent af | uor ophenyl ester (0.36 g 1.1 mmol) in DVF (3

m ) was added. The reaction was slowy warnmed to room

tenperature and stirred for 3 hours . Then the sol vent

was evapor ated under reduced pressure. The residue was

dissolved in EtCﬁc (10 M) and washed wth a buffer

sol u |on .t hen h e orga

dri ed o&% R%E o c&%@én??é¥£d4 ?ﬁﬁ Wéé 63X§r5%hr3201 =5
chr opny pg,map#mp(lﬁlﬂ&mo]z/zl MEQTE&%/LQ]) I}D-Jﬁflfdérz@ltehg ﬁxétlﬁ@nol

0.41 6 Exa
PP R8s (G T Bime, T 00, 161 md - B Shemgh] and DMAP (0.14
I t z 5- 0

%ayn%gEogighﬁg%%aﬁgéghgilgieg?ér cgggegﬁondln 3 Solution of
conpbtmit (G Youisirig: Ehédpp@néﬁ&ﬂ&nﬂbphenym kedeirn(0.36 g, 1.1

aTmAS DA R gL 0m2 B gt RO i sy

blphﬁﬁwﬁdd td- ybbﬂekﬁmbbraftkénhﬂ@Z@Eereé wet-handlours. Then
(1 7 6 nnDI and 11- nltrooxyundecan0|c acid (0.78
=% ; FfGMERER- %%ﬁy@vapﬁreﬁ%rdm §. fpguceqipressure. The

Jtdl DP@MM@tm&t@iE,%D\becﬁ yh)etdad (PhpheNYhd washed with a
-4-yl]nmethyl] - I Himdazole - 5-nethano

11- nPEFERyePbickaTi (o8 )d tererwith brine. The organic layer

was dried over Na;S504, concentrated and purified by flash
chromatography (CH2Cl,/ MeOH 98:2) to afford the title
compound (0.41 g, 66%).

15

Example 3
2-butyl-4-chloro-1-[[2’ ~(1H-tetrazol-5-yl) [1,1’ -biphenyl]-

4-yl]lmethyl] -1H-imidazole-5-methanol 1ll-nitrooxyundecanoic
acid ester (corresponding to compound (68))

20 Using The procedure A described in Example 2 but starting
from 2-butyl-4-chloro-1-[[2"-(l-triphenylmethyltetrazol-5-
y1) [1,1" -biphenyl]-4-yl]methyl]~1H-imidazole-5-methanol
(1.7 g, 2.6 mmol) and 1l-nitrooxyundecanocic acid (0.78 g,
3.36 mmol) , 2-butyl-4-chloro-1-[[2" -~ (1-

25 triphenylmethyltetrazol-5-yl)[1,1’-biphenyl]-4-yl]methyl]-
l1H-imidazole-5-methanol 1l-nitrooxyundecanoic acid ester
(1.65 g, 80%) was obtained.

From acid hydrolysis of this compound (1.6 g, 2.0 mmol) 2-
butyl-4-chloro-1-[[2’ - (1-triphenylmethyltetrazol-5-

30 yl)I[1,1’-biphenyl]-4-yl]lmethyl]-1H~imidazole-5-methanol 11-
nitrooxyundecanoic acid ester (0.91 g,70%) was obtained

after crystallization from Et,0/n-Hexane.
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(1.65 g, 80% was obtained. From acid hydrol ysi sRET/EP2004/051550

this conmpound (1.6 g, 2.0 mmol) 2- butyl-4-chloro - |-

WO R@s5/01(d46 tri phenyl met hyltetrazol - 5- yl) PCT/EP2004/051550
[1,1 -bi phenyl] -4-yl]nethyl] - I Himdazole -

5-net hanol 11- nitrooxyundecanoic acid ester (0.91

g, 70% was obtained after crystallization from Et 29/ n-
Hexane. (DVMBO): 7 .bb (2H,d); 7.57(1Hd); 7 .59(IHd);
7.09(2H,d); b.95(2H,d); 5.25(2H,s); 4.99(2H,s); 4 .49

( 2H, {DMSO). 54 1.4 (2}, d2 ;017 28 ()4, A)..62(72HIGLE, d) ;  7.09(2H,d) ;

1.49(2 : 4.35: - 4 ((16H, 084 (BHot) ..o\ . .
Exanérgk@%fg?m y?'-245-1§: '396-:1'[99[‘[25"?§' itk e 72,50 2,
(I H2e0t gzl t)5- yl )1 .[62,(24; h) pheny) 49 c2Hmyl;] metthgbl1.14 (168, m) ;
- Hbﬁé‘?&%o'@_ 5-met hanol 3- (nitrooxynethyl) benzoic

acid-e H orrespondi ng to conmpound (5))

% butyl-4-chloro-1 - [[2'- (I- triphenyl nethyl -

tetrazol - 5- yl) [1,1"-biphenyl] - 4-yl]nmethyl] - I H

i mi dB¥MRle 4. et hanol (Prapared in Exanple 1) (1.0 g,

1.5 AT l_Laoirne, [ Q ) qand._ - -
b Tl M08 Ll ST 1199 M eny

e R R L W A i B e e

Tho RPRRHE 4B BeErodchP FRPRATRCY & SOTBRRAS &)

et 5 T 2 0 I - e o e e -

Sxf{¥$€§§qu2g$&%ggﬁ?tzgéf?megmﬁquﬂg%ng%gggigLSYQSthanol
(Prapared in Example 1) (1.0 g, 1.5 mmol), triethylamine
(0.42 ml, 3.0 mmol) and N,N-dimethylaminopyridine (36 mg,
0.3C mmol) were dissolved in CH,Cl, (10 ml). Then 3-

15 (chloromethyl)benzoyl chloride (0.24 ml, 1.7 mnmmol) was
added and the reaction was stirred at room temperature for
4 hours. The mixture was diluted with EtOAC (50 ml) and the
organic phase was washed with NaH,POs; (5 %, 2 x 25 ml),
NaHCO3 (5 %, 2 x 25 ml), brine (2 x 25 ml), dried over

20 NapS04 and concentrated. The crude material was purified by
flash chromatography (n-Hexane/EtOAC 75:25) affording 2-
butyl-4-chloro-1-[[2' - (1-triphenylmethyl-tetrazol-5-
yl) [1,1’ -biphenyl] -4-yl]methyl] -1H-imidazole-5-methanol 3~
(chloromethyl)benzoic acid ester (1.0 g, 81 %) as an oil.

25
2-butyl-4-chloro-1~[[2’ - (l-triphenylmethyl-tetrazol-5-

yl) [1,1" -biphenyl] -4-yl]methyl]-1H-imidazole-5-methanol 3-
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flash chromat ography (n- Hexane/ Et OAC 75: 25) af f B\GlI/&P2004/051550

2- butyl -4-chloro - I- [[2"- (I- triphenylnethyl -
woebwrsaatl46-5- yl) [1, 1" -bi phenyl] -4-yl]methyl PCT/EP2004/051550

-l Himdazole - 5-nethanol 3- (chloronethyl) benzoic

acid ester (1.0 g, 81 %9 as an oil.

2-butyl-4-chloro-1- [[2'- (I- triphenyl nethyl -

tetrazol - 5- yl) [1,1 -biphenyl] -4-yl]methyl] - | H

i m dazol e - 5-nethanol 3-(chloronethyl) benzoic acid

est etc{i@dsimeghyld) Bénpobt ) awdd ssseendell 66h CHIAN2( 1Gmol) was

m) and Nal (0.24 g, 1.6 mol) was added. The reaction

was swefpandad fior CHsbmur(10t hen dinkutvad wiot.B4EGQAQ .62mol) was

m) . The organi ¢ phase was washed with H2O (3 x 25

M) addéd edriy ereda3Granth £ oncatdcdt &br Tihendiiydechen diluted

materi al was dissolved in CH3CN (4 m) and AgNO 3

(0. 3diteh 2romml )2yas1 pdoegk | Bréddie: dagks andyadldgished with H,0
nitrogen. The reaction was stirred at roomtenperature

fsor 23 hougs, m&?endkie&aévgklHégghméﬁalé%ﬁ¥¥5§f§%é@) The crude

The organlc phase was washed t

éﬁdalbrw#helésé 304 ), c rdme 4%%‘).%@ ﬁgﬁB%lgo 34 g, 2

concentrat ed CI'U e nmaterl

Chrggﬁiﬂgr y gggéﬁng{Etgﬁp 7 ZE) %Ifgé%ﬁng nitrogen. The

h or - - rlphenyl
tetrazol hen

P PR g 9 bt n? rggm(ﬁm%%?]y%% H{ﬁ]]? Gerits, then
d -b 4 - l-[rz
(TRt e rgl itk obraBer (28sidyr) e proant [phase was

bi ph [1 - 4-yl t hyl m dazole - 5-ne
é)l p(%]gn%bwﬁ{?gp%%n&som z?rcixdlésf%iP gedzér@neo 22?< 10 ml),

nnnlgrled over NaS0O4 and concentrated. The crude material was
purified by flash chromatography (Hexane/EtOAc 75:25),
affording 2-butyl-4-chloro-1-[[2’ - (1-triphenylmethyl-
tetrazol-5-yl) [1,1’ -biphenyl] -4-yl]methyl] -1H-imidazole~5~

15 methanol 3-(nitrooxymethyl)benzoic acid ester (230 mg, 33

oe

).

2-butyl-4-chloro-1-[[2’ - (l-triphenylmethyl-tetrazol-5-

yl) [1,17 -biphenyl] -4-yl]methyl]-1H-imidazole-5-methanol 3-
20 (nitrooxymethyl)benzoic acid ester (0.23 g, 0.27 mmol) was

dissolved in CHCl, (5 ml) and HCl1 was bubbled in the

solution. 10 minutes later the reaction was concentrated

and purified by flash chromatography (CH;Cl,/acetone 8:2

and then acetone). The yellow foam obtained was treated

25 over decolorizing carbon, dissolved in H;O/CH3CN and
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di ssolved in CH2ClI2 (5 ml) and HCO was bubbl ed i ROATHEP2004/051550
solution. 10 mnutes |ater the reaction was

woanmsmiatat ed and purified by flash chromat ogr BODEP2004/051550
(CH2d 2/ acetone 8:2 and then acetone) . The yell ow

f oam obt ai ned was treated over decol orizing carbon

di ssolved in H O CH 3CN andfreeze - dried affording

2-butyl - 4- chloro-I - [[2'- (IHetrazol - 5- yl)

[1,1" -biphenyl] - 4-yl]nmethyl] -IHimdazole - 5-

nmet hiéared zemdrdieldr obenzyfbedizoy ¢ aciZtbedtydr4achboxdri €[ [27 - (1H~
solid (0.11 g, 63 %. (CDAA3) : 7.90 (2H M ; 7.78

(| H €Btrakdi6-5-3) ML, 1’ Foéfhdryl 1Ma-yl] ke thyyH] d)H-imiazole-5-
(2H d) . 6.83 (2H. d): 5.40 (2H,8): 5.24 (2H S): 5. 14

(Zkiﬁathéhdﬁ7dJHiﬂibbeﬁz§1béﬁfbﬂa acild3@staF. B a @h8le solid
(3H m . Exanple 5 2-butyl - 4- chloro - |- [[2'- (IH
tetrazoly 4,568 kL1, 1' -bi phenyl] - 4-yl]nethyl] - IH

i m dazol e - 5- mat hanol 6-nitrooxyhexanoic acid ester

QﬁongiﬁP?d'”g 50 CﬁﬂFQMnd (89 2- 19“&?' 456Chh?£%1 7.40

I'- tfiphenyl'met’hyl - tetraz

| th I .
5- ma ﬂ{;ﬁ@y ](7prlgapszfllrl}éélg}5 —E'XAG dijﬁ:fi 0(%8'%% QZH dbl )5'40 (2H,s)
nT ao X aC|
i Ty [ Mooy 1 6 18 frg? B3 (G 178 Jem s 132
t 1 m, 9.3 I d | ved
f 2%5%(@0 W Taifder R so u{*}*‘én’wﬁ‘;’riool oLl b
Then 1- (3- d| met hyl am nopropyl) - 3-

et hyI carbodii m de hydrochloride (EDAC) (0.94 g, 9.3

g vvas added and the reacti on was
10 xam

2-butyl-4-chloro-1-[[2’ - (1H-tetrazol-5-yl) [1,1’ -biphenyl] -
4-yl]lmethyl] ~1H-imidazole-5-methanol 6-nitrooxyhexanoic
acid ester (corresponding to compound (69)
2-butyl-4-chloro-1-[[2’' - (l-triphenylmethyl-tetrazol=-5=

15 vyl1)[1,1"-biphenyl]-4-ylimethyl]-1H-imidazole-5-methanol
{prepared in Example 1) (2.0 g, 3.0 mmol), 6-bromohexanoic
acid (0.90 g, 4.6 mmol), N,N-dimethylaminopyridine (38 mg,
0.3 mmol), triethylamine (1.3 ml, 9.3 mmol) were dissolved
in CH2Cly (20 ml) and the solution was cooled to 0°C. Then

20 1-(3-dimethylaminopropyl) -3-ethylcarbodiimide hydrochloride
(EDAC) (0.924 g, 9.3 mmol) was added and the reaction was
slowly warmed to room temperature and stirred overnight.
The organic phase was washed with NaH;PO; (5 %, 20 ml) and
brine (20 ml), dried over NaySC; and purified by flash

25 chromatography (n-Hexane/EtOAc 7:3) affording 2-butyl-4-
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slowy warned to roomtenperature and stirred PCT/EP2004/051550
overni ght. The organi c phase was washed with NaH 2PCU
WO0300%0116d0 M ) and brine (20 m) , dried over RaTBE2@wd51550
purified by flash chromat ography (n - Hexane/ Et OAc

7:3) affording 2-butyl -4-chloro - 1- [[2'-

(I-triphenyl nethyl - tetrazol-5-yl) [1,1" - biphenyl]
-4-yllmethyl] - I'H imdazole - 5-nethanol 6-

br omohexanoi c acid ester a s an oil (1.94 g, 76 %) .

2- bekyoro-Uk=[ I|ddotriphefhyPmethyl-tetrazol-5-yl) [1,1’ -
triphenyl nethyl-tetrazol - 5- yl) [1,1" - biphenyl] -

4-  ybiphetnl] 14-yilimeirhgtd} o1 B~imbdaxeldrdaetbanol 6-
br or aohexanoic acid ester (0.77 g, 0.90 punol) and

Nal ¥BoBchexandid actidmeklemer£s dissoived .ioa gH 3EN:( 10

m) and the m xture was refluxed for 1 hour. Then it

was diluted with EtOAc (50 mM) and the organi c phase

was washed wth é X 25 m% dried over N a2SC

ahd €onekent r%TCé&ODPh -E L2 0e (ISt SRRQISH@ed hivA - CRRTRE 9 7~ 5-

m) and AgNU 3 (0.60 g, 3.5 nmol) was added. The

r eacY1bh! mes it d]at-ybome tlardblerldtmd dazplehb-datlkanol 6~
and under nitrogen, for 3 hours . Then it was

par t Promerekayativear it @acet3A0nrTY andlphosphalle duf eI (0.30
(pH=3, 25 m) . The organi c phase was washed with

phosphatZe Gbufihel) ( pid=®, Qixs@bred ) iandCiydNne ({8 135 and the
m) , dried over Na2SO4 and concentrated. The crude

mat enistumveaswyrirtéflackda ydd asmhely.omaiggriaphyad Miluted with
Hexane/ Et OAc 7:3) affording 2- butyl -4-chloro-I-

1d 2' Et@Ac 150 plienyddetdnd ordeaelilcazBlaseSwa¥l vashed with H,0 (2
[1, 1" -bi phenyl] -4-yl]lnmethyl] -1Hindazole -

5- et hanoh1 B, duAdOOkhexaned £ 26 dofsbglrasdd TRAMrude was
(0.69 g, 64 %) .

suspended in CH3CN (7 ml) and AgNO; (0.60 g, 3.5 mmol) was
added. The reaction was stirred at room temperature, in the
dark and wunder nitrogen, for 3 hours. Then it was
15 partitioned between EtOAc (30 ml) and phosphate buffer
(pE=3, 25 ml). The organic phase was washed with phosphate
buffer (pH=3, 2 x 25 ml) and brine (3 x 25 ml), dried over
Na,504 and concentrated. The crude material was purified by
flash chromatography (n-Hexane/EtOAc 7:3) affording 2-
20  butyl-4-chloro-1-[[2’-(l1-triphenylmethyl-tetrazol-5-
y1l) [1,1’ -biphenyl] -4-yl]lmethyl]~1H-imidazole~5-methanol 6~

nitrooxyhexanoic acid ester as a foam (0.69 g, 64 %).

2-butyl-4-chloro-1-[[2’ - (1~triphenylmethyl-tetrazol-5-
25 yl)[1,1’-biphenyl]-4-yl]lmethyl]-1H-imidazole-5-methanol 6-

nitrooxyhexanoic acid ester (0.88 g) was dissolved in
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2- butyl - 4- chloro - |- [[2' - (I- triphenylmet BCT/EP2004/051550

tetrazol - 5- yl) [1,1 '- biphenyl] - 4- yl] nmethyl] -
wOBbos/oim46lazol e - 5- net hanol 6- nitrooxyhexanBCT/Eaziod/051550

ester (0.88 g ) was dissolved inCH2A 2 (20 m) and HC

was bubbled into the solution for 20 mnutes. The

m xture was then concentrated and purified by flash

chr omat ogr aphy (CH2C 2/ acetone 8:2 and then acetone)

affording the product as a yellow foam That was

treafBdwi t{ROdet bl @nd ZHOY was borkbldids saltwetthensb2(VChh for 20

3CN and freeze - dried to give product 2-butyl -

-chl nlloutes. [f12 -miztet nazoltherb-dtinkehtratedi ph@nyhtified by

- 4-yl]lmethyl] -IH imdazole-5 - nethanol

6- ni ELe6ekYyhRxaneot 6ggitd, ealB1afadeWid €830l 4k (Lndd acetone)

g, 68 %. (CDA3): 7.79 (IH d); 7.63 - 7.49 (2H, m);

7. 41affb&dﬂﬂg #rd8p £8hlcd) a56a7%1e(laldw Boam - %a(tz'?lzas treated

s); 4.88 (2H, s); 4 38 (2H, t); 2.38 (2H, t); 2.0

(2H, (6 30 :(4H,

05285W(m:])1, 8 efZQlE%ﬂanle% ‘gérbﬁﬁr) ¥ vba’ -(“[[5126]/ BN and

(I B tetLazoh &y VL) b%ﬂ( % é@am ‘g‘f&yaﬂ ut 11'4]-%?1&3%]-1 [[2' - (1H-

-1 H1 m dazol e-5- car rooxy) propyl f
A
eSt eE«te(:fé’ééf—%’—g)%q ek 1t OQESEEdef 4 n;?fdlaz%hglﬁoﬁgt 'éx?&‘ggﬁole 5-
B 5%
ol b ‘aﬁarca]s P SRt S MD FBEeRg 25 g8, ghite solid

nmol )< {ﬂ(oégo m ) was added. After 6 ninutes at
room?efﬂ)e‘?’at 'the m xture was quenched by addition
of 40%

10 (CDC13): 7.79 (1H, d); 7.63-7.49 (2H, m); 7.41 (1H, d);
7.08 (2H, d); 6.77 (2H, d); 5.14 (2H, s); 4.88 (2H, s):
4.38 (2H, t); 2.38 (2H, t);v 2.06 (2H, m); 1.70-1.50 (e6H,

m); 1.37-1.30 (4H, m); 0.85 (3H, t).

15 Example 6
2-butyl-4-chloro-1-[[2'- (1H-tetrazol-5-yl) [1,1’ -biphenyl] -
4-yl]lmethyl] -1H-imidazole-5-carboxylic acid (3-
nitrooxy)propyl ester (corresponding to compound (7))
To a solution of 2-butyl-4-chloro-5-formyl imidazole (1.2
20 gr 6.4 mmol) in t-ButOH (35 ml) and 5% aqueous Na,HPO,
solution (25 ml), a solution of KMnO4 (6.1 g, 38.6 mmol)in
water (40 ml) was added. After 6 minutes at room
temperature, the mixture was quenched by addition of 40%
aqueous NaHSO3 solution. The suspension was filtered,
25 washed with H;O0 and the filtrate was freeze-dried. The
residue was taken up with H;O (50 ml) acidified to pH 2.5
with HC1 3N and extracted with EtOAc (3 X70 ml). The

combined organic extracts were dried over NaySOs; and
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aqueous NaHSO sol ution. The suspension was filteP&I/EP2004/051550

washed with H20 and the filtrate was freeze-dried. The
woesistus49as taken up with H O (50 m) aci difi edT/ES2#051550

2.5 with HJO 3N and extracted with EtQAc (3 X 70 nl).

The conbi ned organic extracts were dried over Na2SO

andevaporated to dryness to give 2-butyl -

4-chl oro-i m dazole 5- carboxylic acid (1.07 g 83% as

a white solid. To a solution of 2- butyl - 4- chloro -

i M dazagera¥-edc&pbdxyhess ave dri(ve @rbyty3-Anoh)loro-imidazole 5-

3-bro ropanol (Q. 3.74, I and N .

N- di %n’%iﬁ%/’?@rﬁcn%%gi 2%692 03‘0884395?%& %5““%%6?) SPhtdHE (12

m) cooled to O C, dicyclohexylcarbodiimde (0.91 g ,

4.4 mmol) was slowly added in portions and the .
react? oft iRy et ard ~PYEHL T et A UTE 24 ehorirgprboxylic

Eenndhe {oraedy di gyehohexys Lses 1pfaimlotleu@ql sof g, an84 mmol
the organi c phase was concentrated. The crude material

was purid i BdVsingthvdangapreht & offt dphys, 0.65 mmol) in THE
(n- C 3 aft ordi - - e

4-ch orgﬁﬁi %élo%%z%?cgr bgkypgggggg%&éyjb?aor%o&l&gﬁfe (0.91 g,
estef.{ Qublg, w88Y¥plawly avhid¢d frogmrt2opet ghd-tHde reaction was

chloro. - im dazgle 5;: carboxylic_aci - hr onmopr opyl

ot oy Curtp o AOZR08, S BBL0N Ce8E T BRERTOIARR) (ps £ormed
10 ) @helyAPNExY1(Reb3 wis E tareld oes adtédthdherganic phase
m xture was stirred at. roomtenperature for 8 h , Then ., _,

t he FrediPits é&t§gl-v@?e s%W‘ie \'%t@rﬁapt UREJPBF+ELGY by silica
t he @f10adh CorRhase WAy dhl—HbﬁgnWA&DMZ)anﬂfﬂ\@ﬁirﬁ&@ 2-butyl-

with NaH 2PO4 (5% 2 x 10 ml) and brine (2 x 10 m) ,
dri etr FarodmidgFodnd IuTREHALEd acid  3-bromopropyl ester

(0.5 g, 50%) as a white foam.
15
2-butyl-4-chloro-imidazole 5-carboxylic acid 3-bromopropyl
ester (0.807 g, 2.47 mmol) was dissolved in CHi:CN (15 ml)
and AgNO; (0.63 g, 3.7 mmol) was added. The mixture was
stirred at room temperature for 8 h. Then the precipitated
20 silver salts were filtered off and the organic phase was
diluted with ACOEt and washed with NaH;PO4 (5%, 2 x 10 ml)
and brine (2 x 10 ml), dried over Na,S0O, and concentrated.
The crude material was purified by flash chromatography (n-
Hexane/AcOEt 70:30) affording 2-butyl-4-chloro-imidazole 5-
25 carboxylic acid 3-nitrooxypropyl ester (0.377 g, 50%).

To a solution of 2-butyl-4-chloro-imidazole 5-carboxylic
acid 3-nitrooxypropyl ester (0.76 g, 2.5 mmol) in
dimethylacetamide (DMA) (13 ml) cooled to 0 °C and under
30 nitrogen, potassium tert-butylate (0.28 g, 2.5 mmol) was
slowly added in portions. After 10 min stirring a solution
of N-(triphenylmethyl) -5~ (4'-bromomethylbiphenyl-2-yl-
)tetrazole (1.7 g, 3 mmol) in DMA (10 ml) was added and the

63




The crude material was purified by flash PCT/EP2004/051550
chr omat ogr aphy (n- Hexane/ AcOEt 70: 30) affording

wa-2mstoyie4d- chl oro- i m dazol e 5- carboxyl i c aci BCT/EP2004/051550
3-ni trooxypropyl ester (0.377 g, 50%. To a solution
of 2- butyl - 4- chloro - imdazole 5- carboxylic acid
3- nitrooxypropyl ester (0.76 g, 2.5 mmol) in
di met hyl acetam de (DMA) (13 m) cooled to 0 OC and
under nitrogen, potassiumtert- butylate (0.28 g, 2.5
mol hiweers| o ysatdet | at pordn orsupeAfaterrelFard . h. Then the
stirring a solution N - (triphenylmethyl) - 5- (4
'~ prononet hylbi I?enyllt-loﬁc-a&ylb%"fee%nr af@lt)él)( 1.5“759, ]g%op*c' The
nnnl¢rg£mim#\§ﬂﬁs@1)wmas adgedasad, t hapigur eve@S Na,SO, and

stirred at temperature for 1 h . Then the mxture
vas PEPEFT AR bt WBEn I B Brdac A The s hRfc by Flash

Qhas@hﬂﬁﬁhﬁﬁﬁﬁﬂﬁﬁbed(ndﬂéﬁﬁhéV@¥OAH325C§)aﬂ§kford1ng 2-butyl-4-
concentrated. The crude nmaterial was purified by flash

chr ofBIRFRHthI (11 (1 -teinhenrlupehyA tatraprd -&yd) [1, I

2- bub ¥y 19l A1 hethl 2]~ 10-inidazole-5- - . )
(I-trl%henylnethyltgtrgzél Bvii 3 T =3 51Dl gﬁyﬁfc acid 3

- 4- yﬂ}tﬁ9¢ﬂMHrOHYH-e#teazdﬂe55 @aﬁﬁﬁwyllc acid 3-
nitrooxypropyl ester (1.56 g, 80% . From 2-butyl - 4-

chloro - I- [[2"- (I- triphenylnethyltetrazol-5 - yl)

101, gFrdth pfﬁe-ﬁyslt]gl-— 44chybkaethyl} | - {Htrﬂpﬁe@h&lﬁb&hyégetrazol—S—
car bo a 3-ni oxXypro ester 1 , 1. .
nol ¥ thﬁt %P@h@8¥ﬁg % %5%?%3&%&ﬂ%%ﬂ%ﬁﬁ¥? g&ﬁrév%ﬁrboxyllc

t hr oughd acBednhydsekystSpals deset | bed §9r1aQ@|qgggs the title

compound i n Exanple 1 _procedure A (0.2 409
1H NKEERDMISO (Whdéf soPlgp vay. W%%%throvg%nza@w Rydrolysis

6. 9235 described for analogous compound in Example 1 procedure
15 A (0.28 g, 40%).
'H-NMR  (DMSO-dg): 7.60-7.20 (4H,m); 7.12 (2H,d); 6.92
(2H,d); 5.72 (2H,s); 4.58 (2H,t); 4.50 (2H,t); 2.54 (2H,t);
2.31 (2H,m); 1.49 (2H,m); 1.32 (2H,m); 0.84 (3H,t).

Studies on vascular tone

20 The ability of the nitroderivatives of ARB to induce
vasorelaxation in comparison to native ARB, was tested in
vitro in isolated rabbit thoracic aorta preparations
(Wanstall J.C. et al., Br. J. Pharmacol., 134:463-472,
2001) . Male New Zealand rabbits were anaesthetized with

25 thiopental-Na (50 mg/kg, iv), sacrificed by exsanguinations
and then the thorax was opened and the aorta dissected.
Aortic ring preparations (4 mm in length) were set up in
physiological salt solution (PSS) at 37°C in small organ
chambers (5 ml). The composition of PSS was (mM): NaCl 130,

30 NaHCO3 14.9, KH;PO4 1.2, MgSO4 1.2, HEPES 10, CaCl, , ascorbic
acid 170 and glucose 1.1 (95% 0, /5% CO; ; pH 7.4). Each
ring was mounted under 2 g passive tension. Isometric

tension was recorded with a Grass transducer (Grass FTO03)
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(2H,d); 5.72 (2H,s); 4.58 (2H,t); 4.50 (2Ht); 2PRA/EP2004/051550
(2H,t); 2.31 (2H M; 1.49 (2H M ; 1.32 (2H, M ; 0.84

WO 2bi5toi 1648t udi es on vascul ar tone The ability BETER2004/051550
nitroderivatives of ARB to induce vasorelaxation in
conmparison to native ARB, was tested in vitro in
i solated rabbit thoracic aorta preparations (Wanstall
J .C. et al., Br. J . Pharnmacol., 134:463 - 472,
2001) . Male New Zeal and rabbits were anaesthetized
wi t lettteichieent &b - aNaBIGRRGg/M&E],S0 vBystsmer i Prepardlyions were
exsangui nati qns and_ .t.hen the thorax.was open and th
aorta;ﬁdjlwsegiec?cé’d. %urjtlllc;%rra};cﬁg pér%é:pa)r&a}ft’i or?srpcf4e%rﬁnl n cohtracted

| engdupnasm@ 13§t with mdtasicabogheal (N2al t1 s@hut e68), when the
(PSS) at 370C in small organ chamhers (5 m)_. The
conpod s 16R Fis%sm&;ag&%m 39 oPed 1nRaHES Ty 1409, M) was

KH2PQhek 2, MIBO dkdnt?, rdiRER el Go Gafl £nai @8Rl Rife presence
acid 170 and glucose 1.1 (95% Q2 /5% CO2 ; pH 7.4).

Eactr® | agfiasthowmt eandpbieel tugy péRssedks t BRgt onere unable to

| SOnBd [ eRgl Q3 e eacarded: Wt i &y FASSoh ANSAUL I carded.
(G ass ﬂl#&%) attache two a Bl OPAC I\/P1150 Syst%m caras
Pr epiireat | ensswrle alblrowedttackipni | wbsateeddred,h, aamimulative
then_ contracted submaxinmal Ly w th noradrenaline (NA .1
SR RSO T R SORR FacT T o vER S a5, o tfe (Mhorblaxant
lacetaydeahad | nas( AGbtailfledMimasaddedesAncel axinta functional

response .tQ.ACh indicated the presence of a functjonal
endGTHEATH Wes ST { At Tt Gilbl daro Tt ant “RACLY one

or shaweidana ohel exat heibieoAChnyerasei-ecakded. WieBoker, the
stabl e precontracti on_was reached, a cunul ati ve,
effect of the soluble guanylyl cyclase inhibitor ODQ (1-H-
(1,2,4)-oxadiazol (4, 3~a)quinoxalin-1l-one) on vasorelaxation
15 elicited by the compounds was examined preincubating the
aortic rings with ODQ (10 uM) for 20 min. ‘
Responses to relaxing agents are expressed as a percentage
of residual contraction and plotted against concentration
of test compound . ICsgp values (where ICso is the
20 concentration producing 50% of the maximum relaxation to
the test compound) were interpolated from these plots.
During the experimental period, the plateau obtained with
NA was stable without significant spontaneocus loss of
contraction in the aortic rings. Under these experimental
25 conditions, the ARB losartan, did not produce relaxation at
any of the concentration tested, the curve being not
different from that buillt up in the presence of vehicle
alone.
As shown in Table 1, the nitroderivatives of the invention
30 were able to induce relaxation in a concentration-dependent
manner. Furthermore, in experiments performed in the
presence of ODQ (10 uM), the vasorelaxant responses to

tested compounds were inhibited.
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concentration-response curve to either of the PCT/EP2004/051550
vasor el axant agents was obtained in the presence of a

wéumstoitael endot helium Each arterial ring waBCEEpL®eds1550

to only one conbination of inhibitor and vasorel axant.

Moreover, the effect of the sol uble guanylyl cyclase

inhibitor ODQ (1-H (1,2,4 )- oxadiazol (4, 3-

a)qui noxalin - 1- one) on vasorelaxation elicited by

t he conpounds was exam ned preincubating the aortic

rings wth ODQ (10 mv )Talke ) nin. Responses to

r el axi ngragents areexpressed—as—apercentage—of
resi dual ion and pliotted ai,n concentr at
of test :6 Ocl;}%l. | C50 val yes (wh %‘P@gﬁ PS™t he
concent r atéoartamoduci ng 50% ab &hecarxigndd neloaxat 1jon
to the test conpound) werejinterpolated fromthese
pl ots. Dicomghidie cexpgriimental peri od, zt g pl at eau
obt ai nedfwi th NA was stabl e w thout significant
spont aneptismpAR™ @ff €XNprac¢tion in g @ tic rings.
Under these experinental conditions, the ARB | osartan,
did not PFQRREd SlFak&t hon[at any OfythrergoncentTati on
tested, fhe curve%bei ng not differer?t4 ’r’r%ﬁnhat buifl t
up in th SRR Exvehrtteatone A hrown—n
Tabl e 1, tcﬁlcqe nit r%gg?:ix\'/gti es of thelg? ﬁ/eﬁti on wer ¢
abl er¢qQ MAUCELLEl @XAd TIIT A CORGEAtT Bh%‘itjgp%tﬁ??mof the
manner. Furthernore, in experinents perforned in the

pr esedEiersie.0ODQ (10 nM ), the vasorel axant responses

to

on

5 Effect of losartan nitroderivative on inflammatory pathways
in vitro

The experiments were performed using RAW 264.7 monocyte
macrophage cell line. Cells were stimulated in the presence
of lipopolysaccharide (LPS) (1 npg/ml) for 16 hrs. At the
10 end of the incubation, the culture media were collected and
analyzed for nitrite content using a standard Griess
reaction.
The results reported in Table 2 are expressed as % of
nitrite content for each treatment vs. LPS-treated samples.

15

Table 2

Study of inhibition of LPS-induced nitrite
accumulation in RAW 264.7 macrophages

Compound Concentration Nitrite
(M) ($ vs vehicle)
Losartan 25 99+ 9
Compound of EX.4 25 61+ 3
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tested conmpounds were inhibited. Table 1 Conpound RCBEP2004/051550

(mMV) sem Losartan no effect up to 100 mM Conpound of
weXx0d5/03846 12 Conpound of EX 2 15 + 3 Conpound BETEK2004/051550

54 + 16 Conpound of EX.5 18 6 C50 is the

concentration which inhibits 50% of the response .

Ef fect of losartan nitroderivative on inflammtory

pat hways in vitro The experinments were perfornmed using

RAW 264. 7 nonocyte macrophage cell line. Cells were

st i niys askdwi nin HEalple shnoE fdferenpadpolfysacthar pates il RY)mpound,

1 m).for.16. hrs . At the end aof _the incubatjon, , . . .

Lhe CoF + i 620w iae dsePBceEn afd=hingl yJet Tois to inhibit

ni trthe gonimiliatisnngfanstantdas diAuiess veaeki.on . The

results reported in Table 2 are expressed as % of

nitrite content for each treatnent vs. LPS - treated

NP esdy 1o thtdpilatdi eef abBe Dl | O sderitan hAE¥EQErivatives
nitrite accunul ati on in RAW 264. 7 macr ophages Conpound
Conc&RtYhEF®dn Nitrite (pM (% s vehicle)

The ability of losartan nitroderivatives to inhibit
platelet aggregation was evaluated in wvitro in human
platelets. Platelet aggregation was measured in 0.25 ml
10 platelet reach plasma (PRP) samples according to Born
method (Gresele P, Arnout J, Deckmyn H, et al., J Clin
Invest. 1987;80:1435-45). Aggregating agent used was
U46619, a TxA,; analog, based on the evidence that this
agonist 1s sensitive to the effects of nitric oxide.
15 Compounds were incubated at 37°C for 2 min before adding
the aggregating agent. Aggregation was followed for 5 min
and the maximal amplitude (cm) was measured. DMSO (0.05%
final concentration) was used as vehicle. Compounds were

tested at concentrations ranging from 10 to 100puM.

20
Table 3
Study of antiplatelet activity of losartan
nitroderivatives vs losartan in human
platelets
Compound Platelet aggregation
(PRP)
{(incubation time: 2 min)
ICsp ]JM
Losartan 33
Compound of EX.1 5
Compound of EX.2 11
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Losartan 25 99+ 9 Conmpound of EX 4 25 61 3A s sh®@T/IEP2004/051550

Table 2, differently fromthe parent conpound, the
waizoersedens vat i ve (conmpound of Ex. 4) was abl e POT/EP2004/051550

inhibit the accunul ation of nitrites induced by LPS.

Study of antiplatelet activity of |osartan

nitroderivative s in vitro The ability of |osartan

nitroderivatives to inhibit platelet aggregation was

evaluated in vitro in human platelets. Platel et

aggr dgatshomnwaisn nEableed,i ntld: 26intogeat e Bivaseaegdre able to

pl as P | es.accordi t orn _net hod. (Gresel e

B AR o Rk ST aP LAt Tl n AP REearc Fop i byiced by
1 14384664%) Losdggregahbhgdagemndakiseffamas U46619, a TxA

2 anal og, based on the evidence that this agonist is
sensitive to the effects of nitric oxide. Conpounds

VEer estidybat og at Sihypdirténgidebef W idddyNg e  1osartan
aggregating agent. Aggregation was followed for 5 mn

and PhEreRegiimtiy®pint ¥d¥o(cm) was measured. DVBO
(0.05% final concentration) was used as vehicle.

ConpBundsbinery taSterbattapomdémpdatrivasivangiagpdueinof Ex.2)

(%19 It]gslar an e.rﬁstgfgég?sc\i/g:prrséejsés’%&s?ar‘tévé lr?éa‘%lll?&r?t%&;;a#tyconscmus
pl at spet isarGonpdyndyiBeateheti vaggaegali$®Rs) . Two groups of SHRs
10 (250-300 g) received a daily oral dose of either losartan
(10 mg/kg po) or losartan nitroderivative (equimolar dose)
for 3 days. Systolic blood pressure (SBP) and heart rate

were monitored by telemetry at different time points after

dosing.
15 Table 4
Systolic blood pressure (mmHg)
Compound Baseline | 30 min | 12 hrs 24 hrs
Losartan 143 133 135 136

(10 mg/kg po)

Compound of EX.2 143 115 126 128
(12 mg/kg po)

As shown in Table 4, differently from the parent compound,
the nitroderivative (compound of Ex.2) was able to induce a
clear reduction in blood pressure levels over the treatment

20 period.
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(PRP) (incubation tine: 2 mn) IC50 mM Losartan PLT/EP2004/051550

Conmpound of EX. I 5 Conpound of EX. 2 11A s shown in
woabls@1B46 he nitroderivatives were able to PCT/EP2004/051550

significantly inhibit platelet aggregation induced by

U46619. Losartan showed a weak effect. Study of

anti hypertensive activity of losartan nitroderivative

in vivo The ability of losartan nitroderivative

(conpound of Ex.2) to decrease bl ood pressure was

eval uated in consci ous spont ac2ad®By hypertensive rats

(SHRs) . Two groups of SHRs (250- 300 g) received a

daily oral dose of either losartan (10 ng/ kg po) or

| osalt an sbhposied | dBtdate (aquHcrahal doseprf ar pBadaySeutically

Systolic blood pressure (SBP) and heart rate were

noni EEFRRIFHYLS Siadife OFy SEETEPFFErTntthan®@f50i nts after

dpsing. Table 4 Systolic bl oog-piessane (i) Hg)
Conpound Baseline 30 mn 12 hrs 24 hrs Losartan 143
133 138ra3® (10 ng/ kg po) Conpound of EX. 2 143 115

126 &2§s an integer equal to 1 or 2;
R is selected from the following Angiotensin II Receptor

Blocker residues of formula (II) or (III):

10

(IT)

wherein:
Ro is

H
N

7
N
N—N
15 or -Ng which is a group capable to bind to Y, having one of
the following meaning:
-C00-, -0-, -CONH-, -0CO-, =-0OCO0- or
00—
0. O h%
’ ”/ R"/ R'
o
wherein R’ and R’’ are the same or different, and are H or

20  straight or branched C;-C; alkyl;

Ry is selected from the group consisting of:
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(12 nmg/ kg po) A s shown in Table 4 differently fP@H/EP2004/051550

t he parent conpound, the nitroderivative (conpound of
war005d)1648s abl e to induce a clear reduction i RCDIEBZ®4/051550

pressure | evels over the treatnent period.CLAIMS 1 . A

conpound of general fornula (1) or a pharmaceutically

acceptabl e salt or stereoi soner thereof: R-(Y-ONO 2)s

(D wherein : s is an integer equal to 1 or 2; Ris

sel ected fromthe follow ng Angiotensin Il Receptor

Bl ocker residues olf formula (11) or (Il1l) : or - NO

which is a group pabje tQ bind to Y , hav|ing one of

the follown 4—~C No- 0- N -
B,i O K wher ei n
erent, and are H or
branched G - C4 alkylg R is selected,Efo (Ing gr oup
consisting of: , NNN. CH H3C CH 3 <Ha) (lib) O

{IIa) (IIb)

H,C

OH

(I1d) (ITe)

wherein m is an integer equal to 0 or 1 and Ny is as above

defined;
Nl
N
I%C/”\~//\\§; TN,
s
\_/
10 (111)
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H3CN(lie) NNNCH or (Hd) (He) wherein mi PCa&/EP2004/051550

integer equal t 0 0 or 1 and Ni s a s above defined,
woOl2005(0liic4y wherein N i has the sane neani ng as RCOEB200HS51550

equal to - COOH, with the proviso that at |east one of

the groups Nl is equal to - COO- or - CONH - i.e. it

is a group capable to bind to Y ; Y is a bivalent

radi cal having the follow ng neaning: a) - straight or

branched Cl- C20 al kyl ene, preferably Cl- C10, being

opt i Bharein Mibdeist Ghedsane meringr ik of tl!aeequ?l to —-COOH;

subsi.ttwe d e p nsi st of : .

nal ofen atoos EA o0t al (KD 298 s narsi o g M 48

- OC( Qpud C1EC1680RY| px ONTCNHeY, -1 H.CHC i al kHopONApable to

2; 'b:?zﬁl ooalﬁ}gyl ene with 5 to 7 carbon atoms into

cycl 0a ytr en€ ring, the ring being optionally .
substiisubedivalénsigaiickal havIngWiee efdl Towish infedindRly :
or branched alkyl with from1 to 10 carbon atons,
pref@ ably CH3/

- straight or branched C3;-Cyy alkylene, preferably C;-Cig,
being optionally substituted with one or more of the
substituents selected from the group consisting of: halogen
10 atoms, hydroxy, -ONO; or Ty, wherein Ty is

—0C(0) (C1-C10 alkyl) -ONO; or —-0{C3-Cip alkyl)-ONO;;

- cycloalkylene with 5 to 7 carbon atoms into cycloalkylene
ring, the ring being optionally substituted with side
chains T, wherein T is straight or branched alkyl with from

15 1 to 10 carbon atoms, preferably CHs;

b)
CHy),—
—(CH,);
c)
CHz)xF'—
—(CIL); COOH

20 wherein n is an integer from 0 to 20, and n?!

from 1 teo 20;
‘@ X, —(CH),—

d)
(OR?),

is an integer

wherein:
25 n' is as defined above and n? is an integer from 0 to 2;
Xy = -0CO- or -COO- and R? is H or CHj;

e)
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b) (CH2)nr (CH2 c) wherein n is an integer fronPCT/&EP2004/051550
20, and nl is an integer from1l to 20; d) Xi- (CH2)n
wo 2003R1)642 wherein: nl is as defined above andPQ®EP200a051550
integer fromO to 2; X1 =- OCO- or - COO- and R2 is
Hor CH3; e)Y - X1 - (CH2)n - (OR wherein: n1, 2
R 2 and X i are a s defined above; Y 1i s -CH 2 -CH -
or -CH=CH (CH2)2- ; f) o (CH2)n - NHR 3 wherein
:nl1land R2 are a s defined above, R3i s Hor -
COCH 3 ; with the provi that when Y i s selected

fromthe bival ent —
Yl——X1 _(CHz)n‘
(0R2)nz

wherein:

rﬂ, nz,R2 and X; are as defined above;

Y' is -CH,-CH,- or -CH=CH- (CH,).’-;
5 )

2 20
O/ (CHZ)n1

NHR3
wherein:
n' and R? are as defined above, R® is H or ~COCH3;
with the proviso that when Y is selected from the bivalent
10 radicals mentioned under b)-f), the -ONO, group is linked
to a —(CHz).' group;
g)

2 2

2

—(CH-CH,-X,)CH-CH;—
> —(CH,-CH-X,) 5 CH,-CH —

r
wherein X, is -O- or -S-, n’ is an integer from 1 to 6,

15 preferably from 1 to 4, R? is as defined above;

h)
R4 1115
[Cla—Y*—IC] 3
RS R7
wherein:

n'* is an integer from 0 to 10;

20 n° is an integer from 1 to 10;
R4, 'RS, R6, R’ are the same or different, and are H or
straight or branched C;-C4y alkyl, preferably rRY, R, RS, R’

are H;
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radicals nentioned under b ) - f ) , the - ONO 2REDBPIEP2004/051550
i slinkedt oa- (CH2)I11group; g) -

WO ChdsOHR4%2) "CH CH - 2 y PCT/EP2004/051550

- ((CC2- H HCCHH2- ) - - XXCCH2H- - CC- HE wherein X i s - O -

or - S-, ni saninteger fromlt o 6,

preferably fromlt o4, R2i s as defined above; h

) R4R-[C- Y2- [On R6 R7 wherein: n4i s an

integer fromOt o 10; n5i s aninteger fromlt o
10; WherelRthe RNO:, gROUP drse Utiméedatre o r different,
and are Ho r straight or branched C1 - C 4 alkyl,
preferably R4, R5, R6 , R 7lare H ;wherein the -
ONO 2 group is linked to - [C] I#Erein n5 is as
defined above; Y2 is an heterocytl®c saturated,
unsaturated @gr, aromafic 5 or 6 nenbers ring,

cont &g dheor® S MECePBYBHs sel ected from
ni trojeis éﬁQﬂHﬂbrdﬂ#dﬁdE,saturated, unsaturated or aromatic 5

5 or 6 members ring, containing one or more heteroatoms
selected from nitrogen, oxygen, sulfur,

and is selected from

% !
N Y Y [ j Ny
) NP NS R e &
N H o | N
(Y1) (Y2) (Y3) (Y4) (Y5)
0
Cr 0 € €
_N ‘\N
10 N/ N” E H §
(Y6) (Y7) (Y8) (v9) (Y10)
H
% ¥
N N
0 o |
(Y11) (Y12) (Y13)

15 2. A compound of general formula (I) or a pharmaceutically
acceptable salt or stereoisomer thereof according to claim
1 wherein Y is a bivalent radical having the following
meaning:
a) straight or branched C;-Cip alkylene, being optionally
20 substituted with Ty, wherein Ty is as above defined;

b)
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and is selected fromHH (Y2) (Y3) (Y4) (Y5)

NWH(Y6) (Y7) (Y8 (YIO HNN(YIl) (Y12) (Y13) 2 .
waesrmpoend of general fornmula (1) or a PCT/EP2004/051550

pharmaceutically acceptable salt or stereoisoner

thereof according to claim1 wherein Y is a bival ent

radi cal having the follow ng neaning : a) straight or

branched Cl1- Cl10 al kyl ene, being optionally

substituted with To, wherein To is as above defined; b

):CH2)nr - (CH2X: wherein n is

1

the - ONO 2 group is |inked ta
(CH CH2- X2) n"CH CH 2-—(CH,);

10

15

nteger equal to O or
W th the proviso

"1 group; Q)

and nl is an integer equal

i

CHZ

wherein n is an integer equal to 0 or 1, and n' is an
integer equal to 1; with the proviso the -ONO; group is
linked to a —(CHj)a! group;

g)

2 2

—(EH—CHz-XZ)nS—iH-CHZ—

wherein X, is -0- or -S-, n® is an integer equal to 1 and R?

is H.

3. A compound according to claims 1-2, selected from the

group consisting of:

_Cl
N
[\
HC. -~ AL W 0. . _-ONO
T’ I
: \.\’//, N/N - ITIH
ﬂ / ==
- \/’/\:\
[ /
(1)
N Cl
R\ )
H,C -~ AT © i " TONO
T [ NO,
0
\ N-
S N I‘!\IH
1"
] f/// mh
/i /
(2)
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R2 i wherein X2 is - 0- or - S , n3 is an integPCT/EP2004/051550

equal to 1 and R2is H. 3 . A conpound according to
wobheaisrgice 2, sel ected fromthe group consi sti RQTEP2000051550

H3C O ONONONHNI // 7 N/ (DI NHC// V 0O N ONO

ON.NHII (2JONO (3) A N NO

(3)
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H3C// O NONNHNIN// ( 4) A NH3CJI-!Il WAANEP2004/051550
ONOO NNHNN (5 ONOH CON\ // NHNI -N(6) C
wOkeB/Hvic4eV 0 ONO N O PCT/EP2004/051550

(6)
.Cl
N—
/ N\ o. - _ONO
H3C‘\\/’"h\"\.\,""'A"“u N N N 2
]
. N-_
R . “NH
/'// N i
// / N2 N
— /
A
I
/A
o
(7)
A,,.CI
\\\

(8)
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NH// NYI (7) A NH3CIl ONONO O NNH NI /PCT/EP2004/051550
(8)ONOONO. (10 ) d N// H3CJJ O--. ONO NO NNH N
WO [20(510i1 16DNO, PCT/EP2004/051550

N
/
Hsc\v,.A\/A/\;,\L”/O\/\V/\JONOZ

|
L0 ,N IT]H

/ N NN

C \\«

(9)
y_C
He. o~ A \ O g -ONO,
0 N
. N
// =N
S
e
o
(10)
el
HC. o~ A W o - g ONO,
- N
9 N-NH

ey
I
=t
5 ot
(11)
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A (12) d N/ = ONO H3C. 0 - WJ, \' \ / |/ NPCNMEP2004/051550
-,N- NHNI1 . " N/ (13; ONO O NH3C o- \\ // N
woO200sMiNs i il Hr | i | / '14H3C PCT/EP2004/051550
ONO,
.Cl :
T -
|0
N ,/,N\I?IH
/// Ay NJ&N
I )
(12)
.Cl
N—¢ ~._  ONo,

3~ P - W ./
.o N-.
e < NH
f “ N |
// / //fN
R /
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[ /
==t
(13)
ONO,
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2\ O—< N
HsC N k ~ N4
IT] " A 14
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/i N
/ / / r,/N
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5 =z
(14)
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ONO (is: G ONO NH3C Wo- NONNHNN( 16) - E&TIEP2004/051550
N HBC M1 o- o NNHIi NN/ // " [/ (17 YONO H,C CH,
WO 2805K364¢ 18 ) - ONO, H3C CH PCT/EP2004/051550

Nl \ _%“__ono,




OHIC O - N\ ONNHNN(19) H3C CH3 0 ONO H3CRTTF/E¥Y2004/051550
O NNHrr NIN(200H3 CH3 OH3C ON ONO ON NH (21)
wél205/0CH36 O V -ONO, HO N ITEf[O N NH PCT/EP2004/051550

T N s
0]
N NN\h||H
// \\/ ~=N
o= /[
-
/ N
7y
x:;fw/
(19)
H,C CH,
@] ! S ON02
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N N/
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- ‘ ;’// /
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z_/// /
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[f/ NN - f J1(22) NOHICCHOHICO - N OPCNEP2004/051550
NNIf (23)H3C CH3 O ONO H3C ,0- NO\ NNHNIN( 2 4
WO 26601 GH6 O V PCT/EP2004/051550

(23)
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H3C- 0 - ONO N O/ N NH
H3C - ,0NO MNH ,/I

: ;] 535) H3C CH PCEINBP2004/051550
woRNGMBE O o N X NH V N

6) H3C o YCH3
PCT/EP2004/051550

HC. o A A
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(27 ) H3C CH3 OONO. HBC 0O N O N N IN (28 ) NWNPGIE#2004/051550
@2NOO\V N ONHANN ;:=-/ Jli (299@2NO (30) N// W
wOl2050H16@2NO 1/4 -\\ N O NH N PCT/EP2004/051550
H,C_ CH,
ci _~_ONO,
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NT T
(27)
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(31) NNOCH®NOQ OI\ NONHNI | N / / PEBEP2004/051550
. C2NO (33) N// \\ /| NOCHNONHNONO, N (34 ; --'
wO200501H6 O NO PCT/EP2004/051550
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NH ONON I // N// (35 ONO N NH (36) ONO. N WN BG:H'EEono4/05155o
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/Il OCH// N- -, 1/4 NONHNI ONO { 4 0 ; /PGTNEP2004/051550
XW // \\ NOCH3 o ONO NONHIli NV NJ (41 )CH N
woOl2805/011640d N CH / CH O\\ O ONO PCT/EP2004/051550
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/1 \\ "K' 0- HHNONNHNI N'I {so; 4. A comR@NEP2004/051550
of general fornmula (lI) according to clains 1- 3 for

wagasasdiade nedi cament. 5 . Use of a conpound aceoraiPzm4/051550

to clainms 1- 3 for preparing a drug having anti -

inflammatory, antithronbotic and anti pl at el et

activity. 6. Use of a conpound according to clains 1-

3 for preparing a drug that can be enployed in the

treatment or prophylaxis of cardiovascul ar, renal and

chronic liver diseases, inflammatory processes and

met abol i ¢ syndrones.7 . Use of/a conpound according to

claim6 for preparing a { t h&?Hcan be enpl oyed in

the treatment or prophylaxiy of Reart failure,

myocardi al i nf aggi4on, A i~ dgt\r/o/kg,\o/\/or\lo2

at her oscl erosi s,®ocul ar a pu|l nonary hypertension,

hypert ensi on, diabetic nephr orfat hy, X/Ner'ljfher al

vascul ar di seases, |eft ventritul ap dysl# unction and

hypertrophy, liver fibrosis fand”™ or ta=Mypertension. 8
A pharmaceutical conposition-—conprjsing a

(73)
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pharmaceutically acceptable carrier and a PCT/EP2004/051550

phar maceutically effective anount of a conpound of
waenmsroalesbormul a (1) or a salt or stereoi soner PCHEPEDHI/051550

according to clains 1- 3 . 9. A pharnmaceutica

conposition according to claim8 in a suitable form

for the oral, parenteral, rectal, topic and

transderm ¢ adm nistration, by inhalation spray or

aerosol or iontophoresis devices. 10. Liquid or solid

phar maceutical conposition f oral, parentera

rectal, topic and transdern1gKai |strat|on or

i nhal ation in the form ofN Ietqmgz?ﬁﬁﬁes a1 s

eventually with enteric bat&ng, ers nules

gel s, enuIS|ons+|€ﬁIGbV6ﬁeN/s:§?enS|o s,/%yrups

elixir, injectabl®e forns uppgsitories, in

transdermal patches or |iposo , codﬂahm4ng a

conpound of formula (1) or ajSalt oN stere0|soner

t hereof according to clains i 3/and™

pharmaceutically acceptable ¢ er. 11 A

phar maceuti cal conposition conprisitig.a conmpound of

general fornula (1), at least a c ound used to treat

cardi ovascul ar di sease and a pharnacedtlcally

acceptabl e carrier.12. Pharmaceutical conposition

according to claim 11 wherein tfyg)conpound used to

treat cardiovascul ar disease is selected fromthe

group consisting of: ACE inhibitons, HVGCEN®@educt ase

i nhi bitors, beta- adrenergic bl o€ ers caIC|un1channe

bl ockers, diuretics, antithr flCéJHuch
~ ﬁ ,O*“%A b

HC™ ™7 T W N
O
i © .,NA\ITIH

// “
/1 / \‘7;:'N
e
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as aspirin, nitrosated ACE i nhibitors, nitrosatedCT/EP2004/051550
HMGCoA reductase inhibitors, nitrosated beta
woaadrsmengi ¢ bl ockers, nitrosated aspirin and PCT/EP2004/051550
nitrosated diuretics . 13. A pharnmaceutical kit
conprising a conmpound of general fornula (1) as
defined in claim1l1l, a conpound used to treat
cardi ovascul ar di sease as conbi ned preparation for
si mul t aneous, separated, sequential use for t he
treatment of cardiovascul ar |sease 14~
phar maceutical kit according Q/clalgi\z whereln the

conpound used to treat cgrdidvaidl a

selected fromthe group |st| CE |nh|b|tors
HMGCoA reductaﬁggﬁﬁthyt RE« - adrenerglc

bl ockers, cal ci channel "Dl ers diuretics,
antithronbotics such as aspiri®, nitNQ_ ed ACE

i nhibitors, nitrosated HMECpATedugfas nhi bi t ors,

nitrosated bet a- adrenerglchldbkers,;N trosated
aspirin and nitrosated diur tic
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4. A compound of general formula (I) according to claims 1-

3 for use as a medicament.

5. Use of a compound according to claims 1-3 for preparing
10 a drug having anti-inflammatory, antithrombotic and

antiplatelet activity.

6. Use of a compound according to claims 1-3, for preparing
a drug that can be employed in the treatment or prophylaxis
15 of cardiovascular, renal and chronic liver diseases,

inflammatory processes and metabolic syndromes.
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7. Use of a compound according to claim 6, for preparing a
drug that can be employed in the treatment or prophylaxis
of heart failure, myocardial infarction, ischemic stroke,
5 atherosclerosis, ocular and pulmonary hypertension,
hypertension, diabetic nephropathy, peripheral vascular
diseases, left ventricular dysfunction and hypertrophy,

liver fibrosis and portal hypertension.

10 8. A pharmaceutical composition comprising a
pharmaceutically acceptable carrier and a pharmaceutically
effective amount of a compound of general formula (I) or a

salt or stereoisomer thereof according to claims 1-3.

15 9. A pharmaceutical composition according to claim 8 in a
suitable form for the oral, parenteral, rectal, topic and
transdermic administration, by inhalation spray or aerosol

or iontophoresis devices.

20 10. Liquid or solid pharmaceutical composition for oral,
parenteral, rectal, topic and transdermic administration or
inhalation in the form of tablets, capsules and pills
eventually with enteric coating, powders, granules, gels,
emulsions, sclutions, suspensions, sSyrups, elixir,

25 injectable forms, suppositories, in transdermal patches or
liposomes, containing a compound of formula (I) or a salt
or stereoisomer thereof according to claims 1-3 and a

pharmaceutically acceptable carrier.

30 11. A pharmaceutical composition comprising a compound of
general formula (I), at least a compound used to treat
cardiovascular disease and a pharmaceutically acceptable

carrlier.
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12. Pharmaceutical composition according to claim 11
wherein the compound used to treat cardiovascular disease
is selected from the group consisting of: ACE inhibitors,

5 HMGCoA reductase inhibitors, beta-adrenergic Dblockers,
calcium channel blockers, diuretics, antithrombotics such
as aspirin, nitrosated ACE inhibitors, nitrosated HMGCOA
reductase inhibitors, nitrosated beta-adrenergic blockers,
nitrosated aspirin and nitrosated diuretics.

10
13. A pharmaceutical kit comprising a compound of general
formula (I) as defined in claim 1, a compound used to treat
cardiovascular disease  as combined preparation for
simultaneous, separated, sequential use for the treatment

15 of cardiovascular disease.

14. A pharmaceutical kit according to claim 13 wherein the
compound used to treat cardiovascular disease 1s selected
from the group consisting of: ACE inhibitors, HMGCOA

20 reductase inhibitors, beta-adrenergic blockers, calcium
channel blockers, diuretics, antithrombotics such as
aspirin, nitrosated ACE inhibitors, nitrosated HMGCoA
reductase inhibitors, nitrosated beta-adrenergic blockers,
nitrosated aspirin and nitrosated diuretics.

25
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