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PROCESS AND PREPARATI ON THEREOF" ** The present

invention relates to a process for preparing nitrooxy
esters, nitrooxy thioesters, nitrooxy carbonates and
nitrooxy thiocarbonates of conpounds having at | east

an hydroxyl or thiol functional group, and also to

I nter medi at es usef el to their
preparation . In |i erature severa net hods for
SWRQ@S& |El¢gl PREPARENG | R TRQONY |ESTERSS uNITROOXE ATHIOESTERS

hy xyy boxy
gﬁ om n| t rg%’gwél carooxyl i cﬁa%:qc S are Fl=fp:ozr$°§&ms

VINTERMEDEM ' Bde S USEFDE t IN pSAERr aPROCESS 4AND PREPARATION
(@I&?ﬁ/ﬁm no) phenyl 4-nitrooxybutanoate The product

[ ned by "“condensation (esterification) of the
phenol i c group of 4- (acety#vam'*no) phenol with the
carboxylic gro of ,4- bro rmbut% acid. The thus

obt ai Pg:reél’?ﬁ‘ﬁut ARYSPEIPR r® J:’t‘%%s wiltth & | wocess for
nbtdpdEingThai proae} Paktdrapbagksoekyt heniakerergpaitboxy

synthesis are the use of the si]Jver salts in an apount
N EPafes and nitrooxy thiocarbonates of compounds having

at least an hydroxyl or thiol functional group, and also to
intermediates wuseful in said process and to their
preparation.

In literature, several methods for synthesizing
nitrooxyalkyl/alkylaryl substituted esters from haloalkyl/
hydroxyyalkyl carboxylic acids or from nitroxyalkyaryl-
carboxylic acids are reported.

WO 01/12584 describes the preparation of 4-(acetylamino)
phenyl 4-nitrooxybutanoate The product is obtained by

“condensation (esterification) of the phenolic group of 4-

(acetylamino)phenol with the carboxylic group of 4-
bromobutyric acid. The thus obtained 4-bromobutancate is
reacted with silver nitrate.

The principal drawbacks of the above reported synthesis are
the wuse of the silver salts in an amount more than
‘stoichiometric. The use of the silver nitrate in a large
amount makes the method expensive and not useful under the
point of view of the industrial application. Furthermore
the use of a transition metal in the last step of the
process, makes difficult the complete removal of the same
from the active pharmaceutical product, unless techniques

of chromatographic purification are applied.



stoichionetric. The use of the silver nitrate in a
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Furthernore the use of a transition nmetal in the | ast
step of the process, nmakes difficult the conplete

renoval of the sanme fromthe active pharmaceutica
product, unless techni ques of chromatographic

PR | PREAREDPS adesappbeed aWDGHEDATES sasbesbes od 21-147 -

sis 0 L
I BB at el Contibonseraideas comprising  the
t heacteiant | onfof aa 221#byﬁnn@yﬂﬂbwﬂcortncoster@hﬂs wwihh a
PRI Y wBRET o R BeC FR RS By oFF Rrmura
RLOC(O O wherein RlO can be an aryI group. The
reaction is carried out in the presence of a suitable
coupling agent when Ris O in the presence of a
suitabl e base when R' is a al ogen atom or the group
R10C(O O . The present appl i) provides a new
nmet hod of synthesis which owefconmes the drawbacks of
t he previous nethod using as ktgernedlates
ni trooxy-substituted carboxyll %cid and
ni trooxy-substituted car aci d derivatives in the
ready-for-use formof actrvaged esters or activated
carbonates. Said intermediates are easily isolable in
a substantially pure, easy t@)yeact, easy to handle

aﬁﬁegggn R’ is OH, an halogen atom or RmC(O)O— wherein R
can be an aryl group. The reaction is carried out in the
presence of a suitable coupling agent when R’ is OH, or in
the presence of a suitable base when R’ is an halogen atom
or the group R'Y®C(0)0-.
The present application provides a new method of synthesis
which overcomes the drawbacks of the previous method using
as intermediates nltrooxy—substltuted carboxylic acid and
nitrooxy-substituted carbonic acid derivatives in the
ready-for-use form of activated esters or activated
carbonates. Said intermediates are easily isolable in a
substantially pure, easy to react, easy to handle and not
explosive.
Moreover, it was surprisingly found that if other
functional groups are present in the molecule to be
derivatised, as for example a carboxylic group, or a N'H-
tetrazole group, they can Dbe unprotected during the
reaction.

It was thus an object of the present invention to
provide a new process for preparing nitrooxy esters,

nitrooxy carbonate, nitrooxy thioesters and nitrooxy



expl osi ve. Mreover, it was surprisingly found that if
ot her functional groups are present in the nolecule to

wheoodeesivat i sed, as for exanple a carboxylic gPOU/PP200$/050459
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a NlHt etrazol e group, they can be unprotected during

the reaction. It was thus an object of the present
invention to provide a new process for preparing

nitrooxy esters, nitrooxy carbonate, nitrooxy

t Hiisraardonaged oift mmpyuhd@chammt@% Hagorpoumdiroxyl or

hgmiqgn$%ek%%§klgga?ygﬁ or and thiol functiona

group ject o |nvent|on is a process for
pr epariheg obdrptundstbé geveront dsmeal arpbbsya f.or preparing

SRR o el 5 AT [riboR o e

cHhopravsimyy sichaokei ng: (a) a conpound of formula (1) (b)
a compound of forrmula (I1) i n the presenge of
di met hyl am nopyri di ne (DVAP) or dinethyldﬁinopyridine

aRé()ﬁH Lewi W—a%-d—wFLeY-P-ONO n fogml 4—)—0 d)t Y—ONO
mh ein X1 s 0 g& S i s the radic of a coqgoun
cted fromth broup conpri si ng: (Ia) UlﬁR ) (if)

comprising reacting:

(a) a compound of formula (I)

{(b) a compound of formula (II)

in the presence of dimethylaminopyridine {DMAP) or
dimethylaminopyridine and a Lewis acid

wherein:

in formula (I), R(X)-, wherein X is O or 8, is the radical

of a compound selected from the group comprising:

Cl

OMe S

(1c) (14)



(lg) (Ih) - in formula
sel ected fronm(2d) (2e)
whedoomps196 i n formula (I

1) , tisOor 1, Wis
2f) (2g) (2h) Y is as defined
1), t , R(X)- and X arBCHEP2005/050459

above defined, Y is a bivalent radical having the
following neanings : a ) - straight or branched Cl-C20

al kyl ene, preferably Q L- C O al kyl ene, nore

preferably C3-C6 al kyl ene, being optionally

substituted with one or nore of the substltets %1

(
(
|
i

g€ chains T ,
th fromlto

; (2i) wherein
nis an integer fromO0 t© 20, preferably nis 0 or 1
,nl is an i(Aeeger from1l to 20, preferably nilf)s an
integer froml to 6 , nore preferably nl is 1, n2is
Oor | r preferably n2 is O ;

14

@) 0;17_ (o)

Me
HO 1OH HO Me| O =
Me Me '

O 14 O 4
5
(1i) (11)
-~ in formula (II), t is 0 or 1,
W is selected from
F Cl
F o— cl o— ¢
O_
F F c Cl
|
16 F , Cl ¢ c
(2a) (2b) (2¢)



with the proviso that the -ONO2 group is linked to -
(CH2) nigroup; ¢ ) (21) d) (2m wherein X2 i s Oor S

WQ 2008/008196 and n 6 are integer independently sSePEDERWO5/050459
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fromO to 20, preferably n4 and n 6 are selected from
1 to 5 nore preferably n4d and n 6 are 1 , preferably
N3 is selected fromO to 4 , nore preferably n3 is 0
n5 is an integer fromO to 6 , preferably fromO to 4
nore preferably n5is 0, is H, CH3 or nitMNOxy
group, prefer ly Ris H, R7 is CH3 or ni
gr oup; s sel ect ed I gOthe bival ent
of the ¢ oup c ) the -roup is linked t|p
( e~NgEoup; when Y i : 0 :
rgd_ll%lgls of the group d )“fhe -ONQ 2 grouf is |inked
to-CH(R? group; e ) V\hereln: n 7 is an integer
fromo td ; n 8 is an %ﬁegerfromlto 10{“R'8 R 9,
Riop Rh are the nme or different, and are H or

a
sté(ght or brgnchgd Cl-C4 al kyl, preferably R 8 Rg,

\

C/

4

(29) (2h)
Y is as defined below;
- in formula - (III), t, R(X)—- and X are as above defined,
Y is a bivalent radical having the following meanings:
a)
~ straight or branched C;-Cy alkylene, preferably C;-Cip
alkylene, more preferably C3-C¢ alkylene, 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 f
—0C(0) - (C1—Cy1p alkyl)-ONO; or —0O-(C1—Cig alkyl)-ONO,;
- cycloalkylene having from 5 to 7 carbon atoms, the ring
being optionally substituted with side chains T, wherein T
is straight or branched alkyl with from 1 to 10 carbon
atoms, preferably T is CHj;
b)

(CHy)e—

—(CH
(Ch ™ ooy,

(21)
wherein

n is an integer from 0 to 20, preferably n is 0 or 1,



are H; wherein the -ONO2 group is linked to | -[C] |
n8 wherein n 8 i s as defined above; Y2 is an

whedoenesayel i ¢ saturated, unsaturated or aromat PCI/BPINS/E50459
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menbers ring, containing one or nore heteroatons

sel ected fromnitrogen, oxygen, sulfur, and is

selected from (Yl) (Y2) <Y3) (Y4) (Y5 (VYIIl) (Y12)

<Y13) Anot her object of the present invention are
cohpourass Joftdgemmiflram( [ o\ 204 CPEEfeRalgNO 21 (349 an integer
wher eiqn Y_ar i ned,,; said conpounds are
intenfr;rle&l\égkésmgffgtﬁ%eﬁ‘%)%é@?gqglbg\%eir’eported. VWhen in
frot g & ©Or) I, herRfXyabepimleis 9sas defined by formul a

it h IS, .K > [
L 2 B STTE St o 08 i Pt B8 AL nalftE] o0 (G -

(¢d0up; t he conpound is known as Captopril; when in
fosrrrula (1) the R(X) residue is represented by fornula
(‘fc) , the compound is known as ferulic acid;

—?H_(CHZ)F X5 [(|3H_(CH2)n’4'Xz]F (|:H—(CH2)§—
Re Re Re

(21)

d)
—(CH,),5—CH—X,—{(CH,) 7 —CH—X,l55~(CH, ) CH—
L 3 R,

(2m)
wherein X, is O or §,
n3, n4 and n6 are integer independently selected from 0 to
20, preferably n4 and n6 are selected from 1 to 5, more
preferably n4 and n6 are 1,
preferably n3 is selected from 0 to 4, more preferably n3
is O,
n5 is an integer from 0 to 6, preferably from O to 4, more
preferably n5 is 0,
Re¢ is H, CHsz or nitrooxy group, preferably Rg is H,
Ry is CH3z or nitrooxy group;
when Y is selected from the bivalent radicals of the group
c) the -ONO; group is linked to —(CH;)a.s— group;
when Y is selected from the bivalent radicals of the group

d) the -ONO; group is linked to —CH(R;)- group;



when - n formula (1) the R(X) residue is represented
by formula (1d) and Zis H, the conpound is known as

wWa 2oweload196 when in forrmula (1) the R(X) resi duePCBEEP2005/050459
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represented by fornula (le) , the conpound is known as
hydrocorti sone; when in fornmula (1) the R(X) residue
is represented by formula (If ) the conmpound i s known
as dexanet hasone; when in fornmula (1) the R(X) residue
i8) represented by formula (1g) , the compound is known
as prednisolone; when in formula Gl) the R(X) residue
is represented by for mulBs (rn) , e conpound i s known
as budesoni de; when in flormula (I) the R(X) residue is
represented by formi=[d]f; T d is known as

f 1 umet hasone; when in fdrnul a (I)It e R(X) residue is
represented by formula (111) , thelconpound is known as
fluni solide; The conmpoundof fornuﬂ%l(l) above reported
ale.£onercially available or may be obtained
according to processes known in the art; in

paf tizwrarintegsar tfanmcAntbel pr epared as described in D
: ini al.. J.. . Chem 34, 2525 (1991).
Cré%tiosp% 121é°r$%tbe§ gﬁfte)lbﬂa:rteiég/gfsjo'descri bed in M. A.
QRgeRs,i ,RId,. RM . aCashiten, sdke 2803830 F feaicdem ddS9 are H or
4046889 .and US 4105776 977 77, 1978 Feruyli¢ acjd,
TP T G e d LA Ay HBF L1 S Sl Sendsonie R
badesioni de, fl unmethasone and flunisolide are

CONTELL! a‘l:lhley —%Xl%lzl gxbclat?p'is linked to

—I[C]
| n8

wherein n8 is as defined above;

Y2 is an heterocyclic saturated, unsaturated or aromatic 5
or 6 members ring, containing one or more heteroatoms
selected from nitrogen, oxygen, sulfur,

and is selected from

o T P0G

(Y1) (Y2) (¥3) (Y4) (¥5)
O
O 0 O €3 8%
= N
NéN H H H
(Y6) (Y7) (Y8) (Y9) (Y10)



The term ""C -C20 al kyl ene" as used herein refers to
branched or straight C -C20 saturated hydrocarbon

w@eb@snogibat results fromthe renoval of two hyPCDEPRI005/050459
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atons froman acyclic saturated hydrocarbon,
preferably having from1 to 10 carbon atons such as
-CH 2- , -CH2-CH2- , -(CH2 3, - (CH)4- , -(CHR) S
-(CH2 6- and the like. The term"C -G 0 alkyl" as used
herein Mefers to branched or rai ght chain al kyl

gr S I Si one\tg tef canbon atons, including
t , “@thyl, n-pro , I sopropyl, nbutyl, isobutyl,
t-bu n- pentyl , ﬂf exyl , gctyl and the |ike. The

term "gycl oal kyl enegg as used ﬂerein refers to ring

having fromb% to 7 carbon,atons including, but not

[im to, cyclo | ene, | ohexyl ene optionally
subs¥?¥%&ed with g?ggychaingggﬁch as straight or

bhaothei ¢l ¢ciCl OF - thkkdrespnsf drateingi6R arfhecamgomnds of
"Qg}ﬁﬁfgy&ﬂ5c" as used herein refers to saturated,
unsaturated 'or aromatic 5 or 6 nenbers ring,

contai ning one or nore Ieteroatons selected from

ni trogen, oxygen, sul phdk, such as for exanple

pyridine, pyrazine, w§r1 Qe YpyPN&i di ne,

nor phol i ne, im dazole and the Iike.ln one aspect of

the invention and as reportddIabove in the genera

r i chene react b t ¥

f‘gﬁ% iz;[p(vl(% ghdyt tﬁg%nia?’?o%i%er?év%%%ié I;%%#C%?@rmlta t(ﬁ are
intermediates of the process above reported.

When in formula (I) the R(X) residue is as defined by
formula (la), the compound is known as Losartan;

when in formula (I) the R(X) residue is represented by
formula (1b), the compound is known as Captopril;

when in formula (I) the R(X) residue is represented by
formula (lc), the compound is known as ferulic acid;

when 3dn formula (I) the R(X) residue is represented by
formula (1d) and Z is H, the compound is known as timolol;
when in formula (I) the R(X) residue is represented by
formula (le), the compound is known as hydrocortisone;

when in formula (I) the R(X) residue is represented by
formula (1f), the compound is known as dexamethasone;

when in formula (I) the R(X) residue is represented by
formula (1g), the compound is known as prednisolone;

when in formula (I) the R(X) residue is represented by
formula (lh), the compound is known as budesonide;

when in formula (I) the R(X) residue is represented by
formula (1li), the compound is known as flumethasone;

when in formula (I) the R(X) residue is represented by

formula (11), the compound is known as flunisolide;



is carried out in the presence of
di nmet hyl am nopyridine (DMAP) in at |east an equi nol ar

wa@pmanoesisespect to conpound (H) The nol ar rat i BPCDEP2005/050459
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compounds of fornulas (I) :(Il) is from1l to 0.5. The
nmolar ratio (I1) :DVAP is 1 . Wien in the structure of
conpound (I) of fornmula R(CX)H a free carboxylic acid
group or a INH tetrazole group is present an

atiel t¢@Riunsy@ifnbbamubap (it afovienggaeirtedr ape gapmercially

b ,@épp T, j di | P
t?‘?ﬁlta)sﬁ%:o%;hl e %%sgétdad%}c%d %ée@?red;lctﬁno %" (ilepsisgaﬁ Ililnown
chn rilead antit; iim parehpetature range from about -15C to
f er abl rom - 0. , .
oty b8 Bl SPGB O Dy grgfpmint ot
sal veni., MgeheCaklny 3af, apf28 i €Lodl)went, such as
| ene chl ori de rofo ol ar

pyr.idine,. neth i de, . or chl m or di
e T b Rea Tt 5 9 Perl Phny ™ &1 GABSLAY, o,
dif neChyhhan nedEde70B8ES ; , eldenhyUpyi0dbBdON@nd US 4105776

(sjgigﬁ ariegwac?%ggi trile or in a mxture thereof,

pendi ng on solubility of the conmpounds invol ved
i Fetdileid eaetiap; thenquoaf,er retedol sciinedr e Apdhyt®NEisone,

cIoricjC SDI\/F,_ 'xturg of t hyl ene chl qri.de and .
canitiinsgien RRPEOBH oot THSHECRRG! FOG SN DAL ide, are
adahriefciamigderaniabhe. reacti on bet ween the

The term ™“C;~-Cyo alkylene” as used herein refers to
branched or straight C;-Cyp saturated hydrocarbon chain that
results from the removal of two hydrogen atoms from an
acyclic saturated hydrocarbon, preferably having from 1 to
10 carbon atoms such as —CHz—~, =-CH-CHp-, - (CHz)3—, - {(CHy)s—,
- (CHy)s—, —-{(CH3)g¢— and the like.
The term “C;-Cjo alkyl” as used herein refers to branched or
straight chain alkyl groups comprising one to ten carbon
atoms, including methyl, ethyl, n-prfopyl, isopropyl, n-
butyl, disobutyl, t-butyl, n-pentyl, n-hexyl, n-octyl and
the like.
The term ™“cycloalkylene” as used herein refers to ring
having from 5 to 7 carbon atoms including, but not limited
to, cyclopentylene, cyclohexylene optionally substituted
with side chains such as straight or branched (C;-Cip)-
alkyl, preferably CHs.
The term “heterocyclic” as used herein refers to saturated,
unsaturated or aromatic 5 or 6 members ring, containing one
or more heteroatoms selected f£from nitrogen, oxygen,
sulphur, such as for example pyridine, pyrazine,
pyrimidine, pyrrolidine, morpholine, imidazole and the

like.



compound of formula (1) and the nitrooxyderivative of
formula (I1) is carried out in the presence of a

W@ aioalggipe anount of a Lewis acid catal yst SucPCEHEP2005/050459
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bi smuthe triflate, scandiumtriflate, and in the

presence of at |east an equi nol ar anmount of DVAP

respect to conpound (Il) . The preferred Lewis acid
catalyst is Scandiumtriflate. The nolar ratio of
cblhpl’nmd@Rﬁctf @inuhasiléve)ntiqri iand @sf reprrted gosve in the

t I 0 a(al ])yeg%%ﬁgp %51(9 %% ‘E%Q kéﬁc’?f@?lbé Tﬁ% h@énﬁ{ound

sq?f uEoxmel of (Ebrrpndl nthé | yll’otocmydnmara?(lﬁ)eH csf ffemula (II)
Cfé b% tycL:E.g a gr Ou%h L}Dre n|_cI cgf aéglngtﬂgfgxglncgp%rldlne

presenf an additi onal A Sanpunt 0
o(l@@&ﬁ‘)c bases Jsamsit as @kd&[a‘!moIEA apyuntdi ne$peEll:tPEztb compound
t utylphosphlne has added. The preferred base is
Preferably when the conpound of fornula (1) has
arhemilcdliar wairiot ect edmpouneds af dedrshies (D) eonppung ffom 1
orrgjlq (1) , Yis the group of formula (2i) wherein
.e. Yis a benzylic nitrate) the reaction is
armysom rJ:iaﬁﬁ.oOL(t[Iy\kDMAISQi(s()'ﬁf.) 3 in the presence of

excess. of DMAP. The reaction i ically carri
ST P53 B LA RS ahbacPPaTaS oty 5 derfilapEfoE a
lﬂﬁb@&:arb@ﬁjfﬁ@bhylﬁrglﬁ‘buﬁ Q2 tp #D-BCtetkdyolBegroup is
co ds of fqormula (I1) agove deflned %re
opt F4 bgg %F+%Rﬁ%ﬁ:@@ulmo ar amount inoganic or

organic bases such as 'DMAP, TEA, pyridine, DIPEA
tributylphosphine has added.

The reaction is typically carried out in a temperature
range from about -15°C to about 100°C, preferably from -5°C
to 40°C,

Generally, the reaction is carried out in an organic
solvent, generally an aprotic solvent, such as pyridine,
methylene chloride, or chloroform or dipolar solvents such
as acetone, tetrahydrofurane, dimethylformamide (DMF), N-
methylpyrrolidone, sulfolane, acetonitrile or in a mixture
thereof, depending on the solubility of the compounds
involved 1in the reaction; the preferred solvent are
methylene chloride, DMF, a mixture of methylene chloride
and THF, or a of mixture of methylene chloride and DMF.

In another embodiment the reaction between the
compound of formula (I) and the nitrocoxyderivative of
formula (II) is carried out in the presence of a catalytic
amount of a Lewis acid catalyst such as bismuthe triflate,
scandium triflate, and in the presence of at least an
equimolar amount of DMAP respect to compound (II). The

preferred Lewls acid catalyst is Scandium triflate.

10



The conp ounds of formula (I1) wherein Wand Y are as
above defined and t is 1 , are obtained by reacting:

w@owposiges of formula (I1Va) HO Y-ONO 2 (1Va) WETIER2005/050459
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conmpounds of fornmula (V) WCOO (V) wherein Wis as

above defined, in the presence of DMAP The nolar ratio

of (V) :(lVa) :DVAP is 1.2:1:2; The reaction is

carried out in an organic solvent, generally an

aBrotil agongdre, ofuchmpsunls iafi fexrmydely(&he (ER] ofs disom 1
o Gorof ormor dipolar solvents such as acetone,

tetrahyrofurane, dinethyl formam de (DMF) , N

-rest gl dlhiedongarsvdfiod afid) @M@E’orhistiti.l e or in a

gil'}%g Y8 Lhereat, (I;[I'Z %@Qﬁét 'sroco(mﬁe) f C_ﬁ C_Lar ried

in a'téenperat o ‘about
]Wmerf)(ianeherabtrycf:ﬁﬁm eSchmpdﬁcﬂ)C(I)ZAfl)EoIhﬁla R(X)H a
bove

O B v hYaT Pabic SbPOR, %1 af ekl bytregelengrove 1e
c r VW atai F‘éﬂ)@e PBr@ olft at Ned by TF8ARIFngrowP
corgettds aaf  &adiul Gnd 1Vl eqlitlol¥t) amdintphesgensogdnic or
S HPUREenE D! e Breseice Glpp baigsUch 28 o g prees
of r It Ylphd siphihier Bakhg&d@ed. The preferred base is DMAP.
Preferably when the compound of formula (I) has an acidic
unprotected function and when in compound of formula (II),
Y is the group of formula (2i) wherein nl is 1 (i.e. ¥ is a
benzylic nitrate) the reaction is always carried out with
Sc(0Tf)3 in the presence of an excess of DMAP.
The reaction is typically carried out in a temperature
range from about -15°C to about 100°C, preferably from -5°C
to 40°C,
1A) The compounds of formula (II) as above defined are
obtained as below reported.
The compound$ of formula (II) wherein W and Y are as above
defined and t is 1, are obtained by reacting:
compounds of formula (IVa)
HO-Y-ONO; (IVa)
with a compounds of formula (V)
W-COC1
(V)
wherein W is as above defined, in the presence of DMAP
The molar ratio of (V):(IVa):DMAP is 1.2:1:2;
The reaction dis carried out in an organic solvent,
generally an aprotic solvent, such as pyridine, methylene
chloride, or chloroform or dipolar solvents such as

acetone, tetrahyrofurane, dimethylformamide (DMF') , N-

11



The reaction is typically carried out in a tenperature
range from about -15 0OC to about 100 OC , preferably

w0 e@a0®® to 40 0OC . 2B) Alternatively the conpOUREROH050459
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formula (11) wherein Wand Y are as above defined and

t is 1, are obtained by reacting: conpounds of

formula (I'Va) HOY-ONO 2 (Iva) with a conpounds of
formula (V) WCOO (V) wherein Wi s as above defi ned,

i et praodidenef autfbddyei cacelmittiflea dreviins aagiikture
Cﬂdéle%’o%. such as bisnmuthe triflate, scandiumtriflate,

an at | east an equi nol ar anobunt of DMAP respect to
cOmpourdctifpn. iEhetypicallat cartifd: (quVa)in Se (GHfpdrature

]PI\{'lA fc'rom abou% 1%52%‘”'%_?::1&'{ eacctlo%n ét ngy | gg%}?uﬁrom -5°C

ganlc sol'vent ;g an apr C sol've
a’so paiai ne, net hyl ene chlori de, or chl orof orm or

di ar_sol vents sych cet qne, ,.f.etrahyr of ur ,
CRan T3S, FERbRutHE e ARTIRST () 48 HBRkE" Hinea are
stibriind redie, 1 13c et e iddle orot N aral Xbbieihbar ety . Theacting
reaction.is |cai ({]‘@)rried out in a tenperature

r QAR B, b about 100 0C , preferably
from 5 0C to 40C. 2B.1) The goumpounds of formula (V)

al.t?opv eos%eefnlen%% %E::eLphosgene in the presence of a base such
as pyridine, TEA or DIPEA in methylene chloride, or THF or
DMF or a mixture thereof.
The reaction is typically carried out in a temperature
range from about -15°C to about 100°C, preferably from 0°C
to 40°cC.
2B) Alternatively the compounds of formula (II) wherein W
and Y are as above defined and t is 1, are obtained by
reacting:
compounds of formula (IVa)

R HO-Y-ONO; (IVa) e
with a compounds of formula (V)

W-COCl (V)

wherein W 1is as above defined, in the presence of a
catalytic amount of a Lewis acid catalyst such as bismuthe
triflate, scandium triflate, and of at least an equimolar
amount of DMAP respect to compound (V).
The molar ratio (V): (IVa):Sc{(OTf)3:DMAP is 1.2:1:0.12:2.
The reaction is carried out 4in an organic solvent,
generally an aprotic solvent, such as pyridine, methylene
chloride, or chloroform or dipolar solvents such as
acetone, tetrahyrofurane, dimethylformamide (DME) , N-—-
methylpyrrolidone, sulfolane, acetonitrile or in a mixture

thereof.
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commercially avail able or are obtained using nethod
described in 2A. 1) . 2B.2) The conpounds of fornula

W@ bogapodd® Y- ONO 2 (1 Va) wherein Y is as above PEf/EP®0;/050459

10
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are obtained by reacting the commercially avail abl e
conpounds of fornmula HO Y-Hal (lva' ) wherein Hal is

an halogen atom and Y is as above defined, with AgNCe

in a suitable organic solvent such as acetonitrile or

t Bh¢ apacoionads( TEHRiemder aRrrdgén ot the darkemperature

t e+ be = ' oal t ' _co
EARE S AR 2 (SR Moo B BERBLLUBLY 1 sec
it a0 A4 on in solvents such acetonitrile or THF at

tggpﬁra es, | rang en,abo -18 > far
tTne raﬁgé %ng?ﬁgs%oggiﬁ?g$#§%Co‘ﬂou%%sgggv%o%ﬁﬁﬁgea are
(¢Sahercigld ycomveridiablley avai laadd e drtaiamdbe wiiral nedethod
by method, wel I, .known in-' the literature; 3A) The
c%%%gﬁﬁ331§P %fT fa (Il) wherein Wand Y are as above

d2m® | e drten d:ompiosns, ofir Boxiild (W)by reacti ng:

conpounds of formula (}\Yb) _ - Y- 2 (1Vb) wherein
Y is as above defi ned,h%%hggg%o( 58dnd of formul a (V1)

Whtfadn WWier aisnabbire asthabeie adef iobedinkd bhereacting the
pégggggéaéyiyaavailable compounds of formula HO-Y-Hal (IVa’)
wherein Hal is an halogen atom, and Y is as above defined,
with AgNO3 in a suitable organic solvent such as
acetonitrile or tetrahydrofuran (THF) under nitrogen in the
dark at temperatures range between 20°-80°C; alternatively
the reaction with AgNO3; can be performed under microwave
irradiation in solvents such acetonitrile or THF at
temperatures in the range between about 100-180°C for time
range about 1-60 min.

The compounds of formula (IVa’) are commercially available
or can be obtained by method well known in‘the literature;
3A) The compounds of formula (II) wherein W and Y are as
above defined and t is 0, are obtained by reacting:
compounds of formula (IVDb)

HOOC-Y-ONO,; (IVb)
wherein Y is as above defined, with a compound of formula
(VI)
W-H (VI)

Wherein W is as above defined, in the presence of a
condensing agent such as DCC, EDAC.HCIl.
The reaction is carried out in dichloromethane, THF, DMF or
other solvent.

47) Alternatively, compounds of formula (II) as above

defined are obtained by reacting:

13



condensi ng agent such as DCC, EDACHC . The reaction is
carried out in dichloronethane, THF, DVMF or ot her

waei0sees19¢ 4A) Alternatively, conpounds of forpail/BPZ0D3/)50459
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as above defined are obtained by reacting:a conpound
of formula (M1) W- CG(O-Y-OH (M) by in situ
derivatization and nitration with triflic

anhydri de/ quaternary ammonium nitrates salts in the

7 exEmpeangf ofx fesmubi &Vdse such as DMAP, pyri di ne,
TEA or DI PEA. Preferred guaternary amoni um nitrates
is tetraethyl ammoniumnfjtrate. The reaction is
carried out at a tenmpgaoHqO)arye-OHom about -50 0C
to 100 OC . Preferably in a tenperature range from-50
OCto 40 0C . The reaction (&Idarried out in an

ani.c en eneral l.y _in SO e fr .

HERIRC SPLHT he AR A bn, " aBab OnYERL LB OGEh T TBr1 10

Nedgtdnildsy/queltiedoaey sahfrohdne, addtrariesri |sglts in  the
| ene oride. Preferred s%l ven

P G enaRee0F o CRIBTIS RS PHRE, PHRASHE o R o
rEtBER(VII) :triflic anhydride rtetraal kyl ammoni um
rggé éf%éé;]ﬁé%é%fkary ammonium nitrates is tetraethyl
ammonium nitrate.
The reaction is carried out at a temperature range from
about -50°C to 100°C. Preferably in a temperature range
from -50°C to 40°C.
The reaction is carried out din an organic solvent,
generally in a solvent selected from acetone,
tetrahydrofurane, dimethylformamide, N-methylpyrrolidone,
sulfolane, acetonitrile, methylene chloride.
Preferred solvent are dichloromethane or dichloro
methane/DMF.
The molar ratio (VII):triflic anh;aride:tetraalkylammonium
nitrate is 1:2:2 1
4A.1) Compounds of formula (VII) where t 1is 1 can be
obtained from compounds (V) and commercially available
compounds of formula (VIIa)
HO-Y-OH
(Viia)
using the same procedure described in 2B) wusing the
compound (VIIa) instead of compounds (IVa).
4A.2) Compounds of formula (VII) where t is 0 are obtained
using method described for the preparation of compounds
(II) reacting (VI) with commercially available compounds of
formula (VIIb)
HO-Y-COOH

14



4A. 1) Conpounds of formula (VIl1) where t is 1 can be
obt ai ned from conpounds (V) and commercially avail abl e

w@eowpoesigs of formula (Vila) HO Y-COH (Vila) usPCIOEP19E5/050459
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same procedure described in 2B) using the compound
(Vila) instead of conpounds (IVa) . 4A.2) Conpounds of
formula (VIl) where t is O are obtai ned using nethod
descri bed for the preparation of compounds (I11)
reacting (VI) wth conmercial (¥4I ai | abl e conpounds of

[ @ ol d e AFEL L BB) SbOnl 09 8T BEENGE Blac el as

condéensi'ng agents ‘as nown
thelJarltnOVBA)lnArther patively, corrpounds of formula (II)

SaPDME JRLined1 o © opalfed Dol eRcking: | 3:59™PRN dbove
sdefimed rAme mibthihedabgoreh aigiigx the met hod known in
PSR A 220N akgi bhs. SA 1) Conpounds of -
formula (MI1) where t is@ are obtained
W—&—(O)t—— —OH
(VII)

with sulfonitric mixture according to the method known in
the art.

The compounds of formula (II) may be isolated and stored at
-20°C degrees.

5A.1) Compounds of formula (VII) where t is 1 are obtained
as described in 4A.1)

5A.2) Compounds of formula (VII) where t is 0 are obtained
using method described 4A.2).

6A) Alternatively, compounds of formula (II) as above
defined are obtained by reacting:

it

compounds of formula (VIII)

W——l(l)—(O)t—Y—HaI
(VIII)

wherein Hal is an halogen atom selected from Cl,Br, I, Y
and t are as above defined;
with nitrating agents such as alkaline metal nitrates,
quaternary ammonium nitrates, quaternary phosphonium salts
and AgNQOs, Zn{NOs), 6H,0. Preferably AgNO:; is used.
The molar ratio (VIII)/nitrating agent is from 1:2 to 1:10,
preferably the molar ratio is 1:3.
The reaction is carried out in a temperature range from

about 0°C to about 150°C.

15



as described in 4A. 1) 5A 2) Conpounds of fornula (V)
where t is 0 are obtained using nethod described 4A. 2)

WO 2@4)0sabd er nati vel y, conmpounds of fornula (I PCEHEP2005/050459
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25

above defined are obtai ned by reacting: conmpounds of
formula (M I1I) (MI1Il) wherein Hal is an hal ogen atom
selected fromd ,Br, | , Y and t are as above defi ned,
with nitrating agents such as alkaline netal nitrates,
qUiae er ﬂraﬂyt'awmaniiusm ncaratest, qubt edmar ysphosphonsugh  as

R e PR G E) e, PPE FAEY elirho cne

froemetdich tim & mﬁlprpweﬁeraﬂqbq/ramzs .molar ratio is 1:3.
T 4
EE Z[ | %%1' st o%rg gOVB@:Iauf_%ngefﬁ a%rycﬁeﬁfra?ﬁg as above

fromabo € feaction is
cdescreibalitandn tsdlsvantarsucbtasnadebgnirbactiéng Heglpounds of

fEPBtEv e har ALY G CRBONAE Or T ol SRS of

whetmen MY aqvd IYaar e as above described and t is 1 are
obt ai ned by reacting conpgunds of fornmula (VI) with
commerci al ly avail abl e colffpound of fornula (Villa) HO

G O- Y-Hal (Mlla) yo—Cc—0—Y—Hal

(VIIIa)
in dichloromethane, THF, DMF or other, in the presence of a
base such as Pyridine, TEA, DIPEA and DMAP as known in the
art.
6A.2) Compounds of formula VIII where W and Y are as above
described and t 0 can be obtained reacting compounds of
formula (VI) with commercially available compound of

formula (VIIIb)

'Hal—C— Y—Hal
(VIIIb)
in dichloromethane, THF, DMF or other, in the presence of a
condensing agent as DCC or EDAC.HC1 and DMAP according to

method known in the art.

The following examples are to further illustrate the

invention without limiting it.
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i n dichl oronet hane, THF, DMF or other, in the presence
of a base such as Pyridine, TEA, DI PEA and DVAP as

wopmenosipe t he art. 6A. 2) Conpounds of fornul a RET/EP2005/050459
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where Wand Y are as above described and t 0 can be
obt ai ned reacting conpounds of formula (VI) with
comerci ally avail abl e conpound of formula (VIIIDb)

Hal - C Y-Hal (M I1b) in dichloromethane, THF, DMV or
oExample d t he presence of a condensing agent as DCC or

W’ J4AR t ggjrﬂ, id 4~

The fo t=T‘E{';\%jtr]g efa%%?‘g%ggrgg ttog fqﬁr(?%glr:gll usdtl%r%%%t ﬁieéld 4

| aceranigiephienyduesteni of nfprmulE a(FFTa)1 Two- st ep

process synthesis of 4- (NitgooX but anoi ¢ acid 4-

acet am dophenyl egper af % I aQJOND]ia) Step 1
synthesis o f 4-||(Ni 0XY) tanoi c acid

pent af | uor opheny¥ esgi€r ¥Preparation 1 ) To a sol ution

of 4-bronobutyric acllld(o.glg , 5.4 itimol) ,

pent af | uor ophenol (1.00 g , 5.4 mmol) and DVAP (0.13 ¢

i T\ET
ook ), | L,ORA2 (10 B holer 1o 8 IGUSSE | cs
NPeha B Rtesdyinepoeti (Ptepddttilonl 1) the reaction

was sl ow'y ] ) )
To a solution of 4-bromobutyric acid (0.91 g, 5.4

mmol), pentafluorophencl (1.00 g, 5.4 mmol) and DMAP {(0.13

g, 1.1 mmol) din CHyCl, (10 ml) cooled to 0 °C wunder
nitrogen, N,N-dicyclohexylcarbodiimide (1.70 g, 8.1 mmol)
was added in portions. After 1 h the reaction was slowly
warmed to room 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%).

A mixture of "Z—bromobutyric acid pentafluorophenyl ester’”
(0.65 g, 1.9 mmol) and AgNO3 (0.83 g, 4.9 mmol) in CH3CN
(8 ml) was warmed at 70 °C for 20 minutes at the microwave.
The formed salts were filtered off, the solvent was
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 %).

14 NMR (CDCl3;) 3: 4.60(2H,t), 2.86(2H,t), 2.23(2H,m).

Step 1: synthesis of 4- (Nitrooxy)butanoic acid

pentafluorophenyl ester (Preparation 2)

To a mixture of pentafluorophenol (3.3 g, 17.96 mmol),
4-bromobutanoic acid (3.0 g, 17.96 mmol) and DMAP (0.440 g,

17



warmed to roomtenperature and stirred for 5 hours .
The diciclohexylurea was filtered off and the nother

wo p@anesivms concentrated and purified by fl ashPCT/EP2005/050459
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chr omat ogr aphy (n- Hexane/ Et OAc 98: 2) affording

4- bromobutyric aci d pentafl uorophenyl ester as a
colourless oil (1.40 g, 78%. A m xture of

4- br omobut yric aci d pentafl uorophenyl ester (0.65 g ,

13 69wy Lllanth AGKOL3 (B0 88LlY, , cdole Y076y FRAONHE (5.2

S o j nut t &
0 DB dAdE) Mo dnded Pl PO Ohdinddling wes then
sotimend wEs ICeondent Bat inainek + Mthareditdwesparaflnatly warmed

fl ash r t ogr.aph n: Hexane tt(ggc ' B). di
41:‘gn]|:?§lg o‘gg%%?g?‘?@r%cﬁ{%d p%ljtra]?%djor op h428n%y ﬁalerg{%e%r'a 121%&? the
chearus | wéd. 381gted 62i%n) NaHIPONMRIUECRE 83%d 50 ml) and

4,.60(2H t), 2,86(2H,t . 23(.2 . Step 1 i

ot l{}l\(ﬁ‘% r‘86§€) §4%glt ai'ﬁ‘]oi %O agihd %p-gft aﬁeﬁgroggﬁg%rt@g%%f was
E%};&m{md g@réa 1hé’|0aquga'>oé$ upﬁEeé pent @ﬁdtprgcﬁphemdxlth CH,C1,

. nmo , 4-bronobut anol c.ac|l . . .
172 6 St o DR poC AT Mrtngiae ol e Refap dried
(aﬁbfﬂ%f%?ogohﬁd fﬁaﬁﬁ%qﬁEaNadCPi@ﬁ.Engoi%ZBhgﬂ_ﬁa$gpmﬁified
S e | ortion. e mxtiure t I rr .

o5 RS SheRRrheetiomnor TS tare S Ratn TR M e it 1g 4
r OesR SRR Gld L ian et flad rbphiedBD @&iart €65.Thgn 84 as

m xture was diluted with NaH 2PO4 aqueous (5% 50 m)
A FIe®PMitth HO INto pH 3-4 . The organic

phamex¥aseseparaiednandtiheiaqdeods pphasel v@sophenyl ester
e%Ergcé?dlﬁééf éﬁg¥? and AgNOs (6.6 g, 39.03 mmol) in CHiCN
was heated at 60°C for 300 minutes under nitrogen, in the
dark.

Then the mixture was cooled, concentrated and diluted with
EtOAc. The silver salts were filtered off, the solvent
evaporated. After flash chromatography purification (n-
Héxane/EtOAc 95:5) 4- (nitrooxy)butanoic acid
pentafluorophenyl ester (3.9 g, 80%) was obtained as a

colorless oil.
H NMR (CDCls) &: 4.60(2H,t), 2.86(2H,t), 2.23(2H,m).

Step 2: synthesis of 4-(Nitrooxy)butanoic acid 4-

acetamidophenyl ester of formula (IIIa)

To a solution of 4-acetamidophenol (Paracetamol) (0.96
g, 6.30 mmol) TEA (0.64 g, 6.3 mmol) and DMAP (0.77 g, 6.3
mmol) in CH,Cl,/THF (9:1, 30 ml) kept at 0°C, under
stirring and under nitrogen atmosphere, a solution of 4-
(nitrooxy)butanoic acid pentafluorophenyl ester (2.0 g,
6.30 mmol) (Preparation 2) in CHyClz (10 ml) was added. The

resulting solution was kept under stirring for further 240
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(2 50 mM) . The organic phase was washed with brine,
dried over N a2SO and evaporated to give an oil that

wa®eperidd i ed by flash chromat ography (n-Hexane¢ EERWE5/050459
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98:2) t o yield 4- bronobutanoic acid

pent af | uor ophenyl ester (5.2 g, 86% a s a colorless

oil. Amxture o f 4-bronobutanoic acid

pent af | uor ophenyl ester (5.2 g, 15.61 mol) and AgNO
ity at39rogmmidnpanatOHMeCN Wee Hemddoat BO:D@re was

];595 J?’eocp irﬂ r&’aﬁ? é’ ffe@cj tso@.%% o in (éggu?agdf irpenaéﬂﬁfled
xture was coole concentrate uted v
ENDQC HThelsM ver sl 3t wene éxt:t@criefdi dﬁtht%lézcéol ¥éntx 50
or d. _After flash chroma rap ur ti
fpl—le?é%eloé%&clc% %384- TR t"}ragglxy h%u an%ft‘%ﬁ%c (360 ml) .
peﬁiailamrsmimylsu&ﬁee £13d e ppo3l%d wasdeobvacwed. as

a%COI = OI%%H¥Hfs¥§ﬁ%§9§5t%§rapﬁgsf%p(%ﬁ%t&@81dUe n-

(NEJ‘:&MA@OEBM]&HQI aael dhé- tateéaﬂbnip@hmﬂ]édls ﬁstmltﬁ solid
T

GG a8 oS3 Hrads BRI IORBEE hansisvent

nwiil) cgdflﬂa r(ﬂéd?lnggge&frtiﬁgﬁéﬂﬁre InHCH chﬁ’ THF

n?li rﬁg%ﬁﬁ) @,P}ﬂSﬁ i ?é (zkih ox&;} {2m, d) ;

but egoiza a0 d 2p.e7l1t a(leﬂueu ppnensytzfe,stt)er 2. 24(135,3) 6. 30
mmol) (Preparation 2 ) in CH2AA 2 (10 m) was added.
The

Example 2
Two-steps process synthesis of 2-butyl-4-chloro-1-[[2'-(1H-

tetrazol-5-yl) [1,1’ -biphenyl] -4-yl]lmethyl]-5-[ (3- (nitrooxy)
propyl) carbonyloxy]methyl-1H-imidazole of formula (IIIb)

\/\/Q‘S\/\/\/\

(ITITb)

Step 1: synthesis of 4—- (Nitrooxy)butanoic acid

pentafluorophenyl ester.

The compound was synthesized using the method described in
(Preparation 2)

Step 2: synthesis of 2-butyl-4-chloro-1-[[2'-(1H-tetrazol-
5-y1) [1,1’-biphenyl]-4-yl]lmethyl]-5-[ (3- (nitrooxy)

propyl) carbonyloxy]methyl-1H-imidazole; 4-(nitrooxy)

butanoic acid
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resulting solution was kept under stirring for further
240m nutes at roomtenperature. The reaction m xture

woa®epasised in a pH 3 buffer solution (about SPCTEP2005/050459
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acidified with HO 1 Nto pH 3-4 and extracted with
CH2A 2 (2 x 50 mM) . The organic phase was washed with
brine (100 m) , dried on sodiumsulfate and

evapor at ed under vacuum Purification by Flash

chsormt ddreaplspmel Phecedsielualqafiydbgde AAcCExanply 1 but

titl onp te Ssolirdoel, D -
8%%//%&1&% f%l\/& andEFgE@]a?aV%}{s]iogov\gre[qgoné?%tgentraZOl ™3
Wlh[lialt’a-hl@ﬂn@nw&d Aﬂylmethyle]r-étﬂmelldimm—@ﬂwlﬁ al

| H S) 27,49 7.

%ﬂ Eﬁﬁﬁ)(é }31§'(§ m%??) f%%h@?WBQE§oéx?§b§ggh$2c acid

Tpen’&tﬁpmrpnp@ceesﬂ sgsﬁd:tes(ls.&ﬂf @r bbit §4 - #ameh) oA8A| -(0.7 ml,

I etr -yl 1 .1 ,-bi nyl]. -4-:

t%ljm(n ff.réébiﬁ, 0P68%1 )nml%li‘? dda - 4s¥hd pvr as
casbam omyﬂemetﬂmﬂ i Kt hire dazo| &l Jofi tear muilch bhﬂbaer( dhb)tion
Step 1 : nt hesi s of i L1 ooxy)_Jut anoi
péﬂﬁé#'uof%ﬁhé’ |35t 8 Ju%’ﬁl%écgﬁpouﬁb Crls] E)g/ﬁt héﬁt}lé: was
u&kﬂgaiﬁlﬁi rmihl@d mesel.i e | srdRiiepapis®nwids) wWatsted?2 with
nt he 2- but 4 chl qro-1 - b .

(PH{ éfb? BV ffafs 4 an iﬁﬁ@ﬁ?%][‘g‘?ﬂ:y|’f]heneﬁerﬂ?1‘ﬁue was
ﬁu%if:ﬁ?d(nw&tﬁgxyﬂll.a{ﬁlﬁpyg])lrozratography of the residue
car bonyl oxy] ne ~l Hi mi dazol.e; 4- (nitrooxy .
bltHafdiéM %%%‘d%éi%’g e %Jﬁl&cgmguaasw bélatwed as a
Exampd esdiut(1.48 g, 53%).
m.p. 66-68°C
4 NMR (CDCls) 5: 7.85(1H,d), 7.58(2H,m), 7.42(1H,d),
7.11(2H,d), 6.79(2H,d), 5.15(2H,s), 4.94(2H,s), 4.42(2H,t),
2.53(2H,t); 2.21(2H,t), 1.93(2H,m), 1.56(2H,m), 1.29(2H,
m), 0.85(3H,t).

Example 3

Two-steps process synthesis of 2-butyl-4-chloro-1-[[2'-(1H-
tetrazol-5-yl) [1,1’ -biphenyl] ~4-yl]methyl]-5-[ (3- (nitrooxy)
propyl) carbonyloxy]methyl-1H-imidazole of formula (IIIb)
Step 1: synthesis of 4- (Nitrooxy)butanoic acid

pentafluorophenyl ester.

The compound was synthesized using the method described in
(Preparation 1)

Step 2: synthesis of 2-butyl-4-chloro-1-[[2'-(lH-tetrazol-
5-y1) [1,1’ -biphenyl]-4-yl]lmethyl]-5-[ (3- (nitrooxy)propyl)

carbonyloxylmethyl-1H-imidazole of formula (IIIb)

To a solution of 2-butyl-4-chloro-1-[[2’-(1H-tetrazol-
5-yl) [1,1" -biphenyl]-4-yllmethyl]-1H-imidazole-5-methanol
(0.48 g, 1.1 mmol), TEA (0.16 ml, 1.1 mmol) and DMAP (0.14

20



starting from 2-butyl-4-chloro-1- [[2 r-
(Il Htetrazol-5- yl) [1, 1 '-biphenyl] -4-yl] nethyl]

WO bdde/obamelazol e- 5- net hanol (Losartan) (2 .13 BCT/EB20081050459
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nmol ) and 4- (nitrooxy)butanoic acid pentafl uorophenyl

ester (1.59 g, 5.04 mol) TEA (0.7 m, 5.04 mol),

DVAP (0.615 g , 5.04 nmmol) and using DMF as sol vent.

Then the m xture was diluited with buffer solution

(pd+=3) . ntrted ) pHinwasFadBusileyd too2e@ band0tWe m xdalneion of
s extracted with Ef OAc. The organi c._phase wa hed
TR REbET b ove RIS TR YRPST as et T 5 O 1.1

rlﬁmﬂuelwa@murqa‘iﬁﬂ) Wiz Rasd. crm&smtre@c‘apdmy @zfast hﬂowly

resi due (CH2C 2/ MeOH 98: 2) and the t e com%m}l1 h

ORISR d- A sT O FPRPSER IS 1223 gt /afo surs." Then

66nS8Gol-MVR WeDPCh3dp Qratgd %'ihdéer réﬁﬁced 7p5853ure The

(2Hr22¥?7 42 (IH, d), 7.11(2H, d) 679{5 a)

Srasy gfas 42 Jgﬁﬁczlp(% 1ny gez&qq t(} Bl 3(:1? lw)ashed with a

ZpddaH, éalutlm?ﬁ((%ﬁd'ﬁ)) the?b Widit Mrinel. 2HLHrdBnic layer

0.85(3H,t l e 3 Two-steps process synthesis of
zwabfm grie cﬁV%¥ oNF29[04['2 qonceptepFaoPRds By fipdy by flash
- b ARl yyl lcﬂi‘%t‘ 1y! Inecu [9(832]2(n1¥_c§r%@ﬂ36)rdpf@ﬁé” )title

carbonylox i mdazole of fornmula (I1Hb) Step
1comegiiich |§1ogr456%%&trooxy) but anoi ¢ aci d

pent af | uor ophenyl ester . The conpound was synthesi zed
usi ng the nmethod described in

Example 4

Two-steps process synthesis of 2-butyl-4-chloro-1-[[2' - (1H-
tetrazol-5-yl1) [1,1’ -biphenyl] -4-yl]methyl]-5-[ (4- (nitrooxy)
butyl)carbonyloxy]methyl-1H~-imidazole of formula (IIIc);

{IIIc)

Step 1: synthesis of 5-(nitrooxy)pentanoic acid

pentafluorophenyl ester (preparation 3)

Starting from 5-bromopentanoic acid (1.0 g, 5.52 mmol)
and pentafluorophenol (1.0 g, 5.52 mmol), applying the same
procedure described in'Preparation 2, 5-bromopentanoic acid
pentafluorophenyl ester (1.5 g, 78%) was obtained as a
colorless oil.

From 5-bromopentanoic acid pentafluorophenyl ester (1.5 g,

4.32 mmol) and AgNOs (1.8 g, 10.80 mmol), heating to reflux
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(Preparation 1 ) Step 2 : synthesis of
2-butyl-4-chloro-1- [[2" - (IHtetrazol- 5-yl)

w(Q kgob/oedapphenyl ] - 4-yl Jmet hyl ]-5- (3- (nitr ooXBQT/EP2005/050459
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propyl) carbonyl oxyjnmethyl-1Hi piidazole of fornula

(HIb) To a solution of 2-butyl-4-chloro-1- [[2 r-

(I Htetrazol- 5-yl) [1,1" -biphenyl] -4-yl]nmethyl]

-1 Him dazol e-5-net hanol (0.48 g , 1.1 mmol), TEA

(d erAlyingl tiimo Is;imarmrwr(eo desrgibed1inmBreparriten 2,
45' f{%gr oo@%b F %%ogéﬁé;gr%}%%f I uorlggﬁg:‘]:; Ionest(IérHe(}E)a.mS%/EgtOAc
9& 2) rrﬁnl()mtnoaw) Qaltm@onwasaa@l@edaeﬁmélp@a@ph@nmasester
S|y gardiRg 19! 80M. 1 SIperatlLe ang s bhr ot for 3

hout s the 8oPVERt " Was evapor at €4 under T educed
p’rl-bsm d.CDtL‘ﬂlg) réedd .hid 2das ) di 38?)7 (2 tn 2-O8cl( 86 (Af)m) .
and washed with a buffer solution (pH=3) then with

brine. The organic |ayer was dried over Na2SO4

csmgenz £ abgﬂta@ﬂlspuasff 2e1dqu44-aBﬂo¢deﬁmﬁédf_@hvtetraZOl-
( . :

ZCMM{yM]IMlel—lﬁ{-J?midaz(dH et razol - 5- yI )

P TS e L e A0k ML)
(st} Siep 1 fromynt hesiat of - H-cHIkido—aexy R’ pemnanetmzol -5-
ool S ersntens, sl (prapara on 2 ) SLerlls
(Losartan) (0.93 g, 2.19 mmol) and 5-(nitrooxy)pentanoic
acid pentafluorophenyl ester (0.72 g, 2.19 mmol) TEA (0.30
ml, 2.19 mmol), DMAP (0.27 g, 2.19 mmol) after purification
with Flash chromatography of the residue (CH;Cl;/MeOH 98:2)
the title compound (0.72 g, 60%) was obtained as a white
foam.

4 NMR (CDCl3) &: 7.72-7.48(4H,m); 7.10(2H,d); 6.94(2H,d);
5.24 (24, s) ; 5.00(2H4,s); 4.44(2H,t); 2.10(2H,t); 1.57-
1.44(6H,m); 1.29(4H,m); 0.83(3H,t).

Example 5
Two-steps process synthesis of 1-[(28)-3-[(3-(nitrooxy)

propyl)carbonylthio] -2-methyl-1-oxopropyl] —L—prol:l.ne of
formula (IIId).

(IIId)
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and pent af | uorophenol (1.0 g, 5.52 mml), applying

t he sane procedure described in Preparation 2 ,
wG20s0esapent anoi ¢ aci d pent af | uor ophenyl est er PCIVEB20g5/050459

78% was obtained as a colorless oil. From

5- br onopent anoi ¢ aci d pentafl uorophenyl ester (1.5 g ,

4.32 mmol) and AgNO (1.8 g , 10.80 mmol), heating to

refluxand applying the same procedure described in

Frtgmriat | synthesisf taff 4 @Gk reprihRvYERRelhyacid pentafluoro

ég cadan (n-Hexane /Et OAc 98: 2) 5- (nltrooxy)

gg%raéort—acrd pent af | uor ophenyl ester (0.72 g , 50%

V\Hse omnaqmmﬂi awsa paltbepékedwasing e NMER@bGecribed in
3 77 (2H,t), 2.00-1.85 (4H,n) . Step 2

synt eS|s 0 5 butyl -4-chloro-1- [\2" - (IHtetrazol-

5 5-yl) [I, -blphenyl] 4-yl]methyl]- 5- [(4- (nltrooxy)
byl ) a@rbOM Q! - |
Zeqdyldzlnld]eﬁemlethﬁz[LQl o;gdmm;aﬂﬂaieprs;tme; (1, 1

(Loshriaty (ool s ebae ) SERGEERT, T EIgHRE 1 oo

petdsioic axicth paﬁﬂaﬂBMeBemémnaptaaﬂﬂmet@Ql¥2 gxopRod@l 1 -L-

0 TEIEAL 0 510 7)o DU (63000 b

t Heid epéniter (MIRGHYIMAO- s38:r2) (0160 tg,t 11e ScompdYndrEA (0.26

O 72 60% S t ai as,_.a ite faa 1H

3? g mpolf5° 3 F”Z‘% (0. 2911@ (2&'2%; ‘%“CSE\{R after
(ﬁﬁkﬂﬁlc&% hidlins) rl5sﬁo éli’i'tbl&)ﬁogﬁka@&y( 2bift ) th@. 1fesidue
ZHHZtC)l'Z/%éesizsne 80:20) the title compound (0.140 g, 20%)

15 was obtained as a white foam.
4 NMR (CDCl3) &: 4.61 (1H,m); 4.51 (2H,t); 3.61 (2H,m);
3.15 (1H,dd); 3.02 (1H,dd); 2.72 (2H,t); 2.39 (1lH,m); 2.08
(5H,m); 1.27 (3H,d).

20" Example 6
Synthesis of 2-butyl-4-chloro-1-[[2’ - (1H-tetrazol-5-yl)

[1,1’-biphenyl]-4-ylimethyl]-5-[[ ((4- (nitrooxy)methyl)
phenyl]carbonyloxy]methyl-1H-imidazole of formula (IIIe)
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1.44 (6H,m; 1.29(4H m; 0.83(3H,t). Exanple 5
Two- st eps process synthesis of 1- [(2S) -3- [(3-

W@ mob0a81%6/) propyl ) carbonyl t hi o] PCT/EP2005/050459

10

15

20

25

30

-2-met hyl -1 -oxopropyl ]-L-proline of fornula (H d) .
(Hd)Step 1 : synthesis of 4- (N trooxy) butanoic acid
pentaf | uoro phenyl ester. The conmpound was synthesized
using the nmethod described in (Preparation 2 ) Step 2

- Stamt Hesj ssyithiesis 2QF - :{4—r(p3trpﬁxyme.§hfyl}hmﬂ1\c acid

| i HoBhkn 1MEL ¥£ k QB$5]4)L prollne )
Exanpl e 1 but
start|3ﬁ§rﬁp@g|1frp¢253 (bromomethyl)benzoic- acid (5.0 g,

(é%pﬁﬁﬁ?) AH %Enka?%@&%&@%’%r]ol LREOE' o235 25 mmol),

bamallcwrcg a:ched qmret afﬂmnduphedysceslv@d %lﬂ) Boexgaagamogl 2, 4-
nT.no 1.9 ol 2
Tf oAy I R he bed a1 o PBRehD) 2858er Y20 .

Eh&»{lgmsjmt(a@hﬁﬁl a/sﬂﬁnt@ftfe vﬂfit%O)sctlhel title conpound

t d ' H
9 o= B0g I FOLRLIY 850 WIS AU AR cocer
5°>(j1502(¢H 1351£|t1)2 r&_lcﬂl? %M% 2578 gzmz)%ogm%lxd Hyeahing
OF62}%%3y§_¢?gL|8PB}V}H%[§he'??ﬁ$t8nggzoyr%yc%?%§&ged in

Preparation 2, after flash chromatography purification (n-

Hexane/EtOAc 95:5) [4- (nitrooxy)methyl]benzoic acid
pentafluorophenyl ester (4.2 g, 88%) was obtained as a
white solid.

m.p. 75-76°C

1y NMR (CDCls) &: 8.26(2H,d), 7.60(2H,d), 5.55(2H,s).

Step 2: synthesis of 2-butyl-4-chloro-1-[[2'-(1H-tetrazol-
5-v1) [1,1’ -biphenyl]-4-yllmethyl]-5-[[ ((4- (nitrooxy)methyl)

phenyl]carbonyloxy]lmethyl-1H-imid&%ole

To a solution of 2-butyl-4-chloro-1-[[2'-(1lH-tetrazol-
5-yl) [1,1’ -biphenyl]-4-yllmethyl]-1H-imidazole-5-methanol
(Losartan) (3.1 g, 7.27 mmol) Sc(OTf)s (0.3 g, 0.61 mmol)
and DMAP (1.5 g, 12.12 mmol) in CHyCl, (25 ml) kept at -
5°C, under stirring and under nitrogen atmosphere, a
solution of [4-(nitrooxy)methyl]lbenzoic acid pentafluoro
phenyl ester (2.2 g, 6.06 mmol) in CH2Clz (5 ml) was added.
The resulting solution was kept under stirring for further
16 hrs at room temperature. The reaction mixture was poured
into a pH 3 buffer solution (about 50 ml), acidified with
HCl 1 N to pH 3-4 and extracted with CH.Cl: (2 x 50 ml).
The organic phase was dried on sodium sulfate and

evaporated.
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[1,1"-Dbiphenyl] -4-yl] methyl] -5- [[((4- (nitrooxy)
nmet hyl ) phenyl] carbonyl oxy] net hyl -1 H i m dazol e of

wo e00rbs9¢ H le) (Hie)Step 1 ; synthesis of [4-PCI/EP2005/050459
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(nitrooxy) nethyl] benzoic acid pentafl uorophenyl

ester (preparation 4 ) Starting from4- (brononethyl)
benzoic- acid (5.0 g, 23.25 mvol) and

pent af | uor ophenol (4.3 g , 23.25 mmol ) , applying the
shiffeep rordddcatiescyi e dFiastPradipapatrghaphy gf the residue

E E&%‘%%%/g 9@?@{Oit%eaC{&fgnE@ﬁlﬁgQﬁ@p%gyl ofSlfiled as a

was’ obtai ned as an off white solid. From
4eh{tr credret Hl- YObenz&7%) aci d pent af | uor ophenyl ester
Qgg? G 583 12 nmmol ) and AgNO 3 (5.6 g , 32.80 mmol),
heating to reflux and applying the sane procedure
d'es oMROEBMEN) PEepar a3+ drb® (SHfer 7f.kasK2H,d) 77.24 (1H,d);

chr r.ap L,ficati = 95,5 Ty .
TR e P iR e o oot anearr dorbaheng o (At
est B3 ({H.nd ;g 1888) 2Has) pbt B81e3H,&9 .a white solid. mp.
75-76 0C 1H NMR (CDC 3) d : 8.26(2H,d), 7.60 (2H, d),

5.55(2H,s). Step 2 : synthesis of 2-butyl-4-chloro-I-

[ggéggléjztetrazol- 57y|) [1,1"-Dbiphenyl]-4-yl]
B WA R T BAB by parnenace
2- but yto 4a cBbotieidn bE2'penthifiteropratol 5(¥| J,[ 15.4B mmol)
LAY Jo 74 L Lo L el %L Bl g oc
MaRY) under nitrogen, a solution of 4-chlorobutyl
chloroformate (0.76 ml, 5.43 mmol) in CHCl: (1 ml) was
dropped into. The mixture was allowed to warm to room
temperature and stirred for 480 minutes. Then it was
diluted with aqueous KHSOs (2%), the two phases were
separated and the organic phase was dried and evaporated
yielding 4-chlorobutyl pentafluorophenyl carbonate (1.69 g,
98%) as a colorless oil that was used without further
purification.
A mixture of 4-chlorobutyl pentafluorophenyl carbonate
(1L.69 g, 5.3 mmol) and NalI (7.99 g, 53.3 mmol) in CH;CN (20
ml) was refluxed under nitrogen for 960 minutes. Then the
solvent was evaporated and the residue taken up with CHxCl,
and washed with water (2 x 50 ml). The organic phase was
then dried and evaporated yielding 4-iodobutyl
pentafluorophenyl carbonate (1.95 g, 90%) as a yellow oil

that was used without further purification.
A mixture of 4-iodobutyl pentafluorophenyl carbonate (1.95

g, 4.75 mmol) and AgNO; (14.6 mmol) was stirred under

nitrogen in the dark at room temperature for 24 hrs.

25



and DVAP (1.5 g, 12.12 mmol) in CH2A 2 (25 m) kept
at - 5C, under stirring and under nitrogen atnosphere,

w@2®elsipon of [4- (nitrooxy) nethyl] benzoi c BCT/EP2005/050459
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pent af | uoro phenyl ester (2.2 g, 6.06 mol) in CH2d 2
(5 M) was added. The resulting solution was kept
under stirring for further 16 hrs at roomtenperature.
The reaction m xture was poured into a pH 3 buffer

SWian ithe EdBuer 6oLt )weradilditered anth Follaving ghsysame
gﬂ%%r@(téﬂ% mﬁé@cdgﬂ?eq 2(£’3_2ef§a1_5‘9c1@rb 2) ,Th%fter flash

rgani ¢ phase was dried on sodium sul fate and
estaporatostaphyer purificedtioon wWetHEta BtOAc  95:5)  4-

chr t h ft ' 985 o
PSR S SR CURCTOEL2LURGN S8 Do e cov
4744 .obhainetbaslel dMVR(DNMBO0id .. 7.73-7.56 (5H M ;

T AL C2H ) 7 24 (] : 00 36062 '
SR 25 G5, i, Q718 My don s
1.28(2H, m; 0.82 (3H,t). Exanple 7. Synthesis of 4-

(gitrggxx} butyl pent afl uorophenyl carbonate To a

f pentafl uorophenol (1 g, 5.43 nmol) and
Téyneds Nl of 52 [BF(N) tico:GH@hy8 Iphppyiool 4dnitraggenyl
and .under nitrogen, a solution of 4-chlorobutyl
Fr RS mte (0.76 M, 5.43 mol) in CHO 3 (1 m)
was drejapesiingt @heThamsi proceduas dekonticed oimaPreparation
. : : _
wgg”EE%np§¥§¥é£H% apd stirrgd for. 8% mutgs. Jhen it 44 ¢
mmol) and 4-nitrophenyl chloroformate (10 g, 49.6 mmol)
after purification of the residue by flash chromatography

(n-Hexane/EtOAc 85:15) 3-(bromomethyl)phenyl 4-nitrophenyl

carbonate (3.7 g, 21%) was obtained as white solid.

A mixture of 3-(bromomethyl)phenyl 4-nitrophenyl carbonate
(3.6 g, 10.2 mmol) and AgNO3z (8.66 g, 51 mmol) in CH3CN
under nitrogen, in the dark, was heated to 60°C for 48 hrs.
Then applying the same procedure described in Preparation
2, after Flash chromatography purification [3-
(nitrooxy)methyllphenyl 4-nitrophenyl carbonate (3.3 g,
96%) was obtained as a pale yellow solid.

g NMR (CDCls3) 3: 8.33 (2H,d); 7.49 (2H,d);7.49-7.20
(4H,m); 5.58 (2H,s).

Example 9

Synthesis of 4- (Nitrooxy)butanoic acid N-succinimidyl ester
To a mixture of N-hydroxysuccinimide (3.3 g, 28.74 mmol),
4-bromobutanoic acid (4.0 g, 23.95 mmol) and DMAP (0.59 g,
4.82 mmol) in CHyCl, (40 ml), cooled to 0°C, DCC (7.4 g,

35.93 mmol) was added in portion. The mixture was then
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diluted with aqueous KHSO4 (2% , the two phases were
separated and the organi c phase was dried and

werapoosved yi el di ng 4-chl orobutyl pentafl uor optIERP1005/050459

5

10

15

carbonate (1.69 g , 98% as a colorless oil that was

used wi thout further purification . A mxture of

4- chl orobutyl pentafl uorophenyl carbonate (1.69 g ,

5.3 mol) and Nal (7.99 g, 53.3 mmol) in CH3CN (20
rAYinmesl saf DiKedori derimitasog&herof to8as ngrrdwal LyTi@ggmed

the s I t r egind n

R e T B R o, DGR en fRen che

cmugamrte Mmeduhstdmeﬁntir @@P&hd(‘éQ/aIpb)r ated yhel @loﬂr@d was

T T

paes fiaden mthAEmomzuaadothé podabiit yphase was washed with

%g‘%afl ugr O%EIMF C\%g%‘at élegg Qrat4 75THgD|r)es§§qe was

34 i F1ed Und rogen in
C_bllﬂ(].:ﬁited oo E&aﬁphr athiomatograghir an—lﬂbaanehe EgiOReer70:30)

saJt vere filtered and, fol | o n the n d
A R e L S
c«m&@naiﬂy aphyepgpilidicati on (n Hexane | Et OAc 95:5) 4-
(n|t 0X but yl pent af | uoro hen ar,bonat e g
c\?béﬂé:%BBt a‘?%eé1 §§013018%1faorf‘ Jecss ﬁ 1? n %ﬂ)%gé) Frer
(14 %19(2*6 1'53)2 nold (a2, tAGNGE. 9(?5 |(94h_lj,n’)1”Ex(a4rprlmoB)1n CH;CN
Synthesis of [3- (Nitro ¥ pheny! . .
Y‘h‘?t?‘l‘)bh@ﬁ?l 85‘?:%‘%5? 9)6 2: %.8] minhuwtes in a microwave
apparatus (Creator®, Biotage). Then the mixture was cooled,
diluted with EtOAc and the silver salts were filtered off
and the solvent evaporated to give 4-(nitrooxy)butanoic
acid N-succinimidyl ester (1.4 g, 83%).
gy NMR (CDCl3) &: 4.59 (2H,t); 2.87 (4H,m); 2.79 (2H,t);
2.21 (2H,m).
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Fol | owi ng the sane procedure described in Preparation
3 f but starting from3- (bronone thy 1 )phenol (9.3 g

wQ 2008/0819601 ) and 4-nitrophenyl chl orof or mat e PADERR0)5/050459

10

15

20

49.6 mmol ) after purification of the residue by flash
chr omat ogr aphy (n-Hexane/ Et OAc 85:15) 3- (brononethyl)
phenyl 4-nitrophenyl carbonate (3.7 g, 21% was

obtai ned as white solid. A nixture of 3- (brononethyl)
phenyl 4-nitrophenyl carbdme®®!§3.6 g , 10.2 nml) and
AgNO 3 (8.66 g , 51 mml) in CH3CN under nitrogen, in
the dark, was heated to 600C for 48 hrs . Then

appl yi Agprheesantopr prephiriand asmayeds) pipaaperadi erpula
, af ) Fl ash chromat ogr aphy purification [ 3-

(ni érooxy) met hyl ] phenyl 4-nitrophenyl carbonate (3.3
g, 96% was obtained as @ pale yellow solid. 1H NWMR
(CDA3) d: 8.33 (2 g 49-7 .20
(4H M) : 5.58 (2H, s;kgz)a s n‘PNég.s of 4-

(N trooxy) butanoi c acid N—suCEEh|n1dyI ester To a
m xt ure of N-q%grox succinimde (3.3 g, 28.74 mol),
4- bFSHOBLT HMDI 94.0 g , 23.95 mmol) and DVAP

(0. 59) J a donbuA®lof itBrh&l 2140 n), cooled to 00C

DCC (7.4 g , 35.93 mml)l_%lz%%l_?dded in portion. The
n1xture was thenstirred at or 30 mnutes. Then it
was gradual ly warmed to roomiyenperature and stirred
for 480 mnutes. Then the m xture was diluted with

Et OAk) (48 ¢pmrnd (e fosmrdawdEiXiltered of f and the
sol vent was evapor at ed. EFe resi due

W—C—(0)—Y—ONO,
(I1)
in the presence of dimethylaminopyridine (DMAP)

or dimethylaminopyridine and a Lewis acid

wherein:

in formula (I), R(X)—,'therein X is O or S, 1is the
radical of a compound selected from the group

comprising:
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was taken with Et OAc and the organi c phase was washed
wWith brine, dried over Na2SO4 and evaporated. The
w0 e®omosaIsvas purified by Flash chromat ography PCT/EP2005/050459

(n-Hexane: EtOAc 70:30) yielding 4-bronobutanoic acid
N-succinimdyl ester (3.0 g, 48% as a white solid. A
sol ution of 4-bronobutanoic acid N-succinimdyl ester
(1.8 g, 6.82 nmml) and AgNO 3 (2.9 g, 17.04 nmol)in
CH3CN (18 ml) was heated to 700C for 18 mi es in a

m crowave appar at us (Creator@ B| otage) ¢ Then the
m xture w 3COPH ut ed h Et OAc and the sil ver
sal t ltered off and t | vepP "&i'(@'és)z
gi v 5 ooxy) butanoic acid S\ycci ni m dyl ester

(1.4 ¢ . 1H NWVR (CDA 3) d N 4r~59(2Ht) 2.87
(4H, M ; 20M9(2Ht) 2,21 (2H m Q:LAII\/Bl. ,
process for _preparing conpounds of gene fornula
(111) OR(XISE- (O -Y-ONO 2 (Hi) conprls{lﬁid reacting:

(a) a compound of formula (I) R(X)-He (b) a con‘po%

of forrrula(lla =

(0)
HO 1QOH mMe
o) , ’
(1e) (1£)
5
(1i) (11)
10 - in formula (II), t is 0 or 1,

W is selected from

29



(IDin the presence of dinethylam nopyridi ne (DVAP) or
di met hyl am nopyridine and a Lewis acid wherein : in

wo o00bs9q 1 ), R(X)-, wherein Xi s 0 or S i s PCEEP2005/050459

10

15

20

radi cal of a conmpound sel ected fromthe group
conprising: (la) (Ib)(lc) (Id) (le) (If) - in formula
(1), t is O0Oor 1, is selected from(2d) (2e) (2f)
(29) (2h) Y i s as defined below, - in fornula (111),

t , ROXFE and X are as abog defined, Y i s a bivalent
radiggal skhaviqug-the f nmpanings : a ) Gl

strai g br anched . Kyl ene, preferably A—
Cl-C10 | ene, nore pre pl y C3-C6 al kylg bei ng

opt igpfiaky Hbstltuteq% e _or nore of t
substituents'sel ected Tromthe Blroup CoNgij2 ,
hal ogen fat ons, hy,dr oxy, -0 2 or Tg, wherein T |sCl p
-0C(O) - OCIOaIkyI)O\lO or -O(OOO@IkyI)O\lO
2; - cytd3dal kyl ene havi ng¥om 5 to 7 carborl

the ring being optionally substituted with si dqoghal ns

T, wherein T o— NO, o SOH
ON : ’ , —0 ]
(2d) (2e) (2£)
0O E\l
é(r\l—o/ | NSs
0 AN
(29) (2h)

Y is as defined below;

- in formula (III), t, R(X)- and X are as above defined,

Y is a bivalent radicals having the following meanings:

a)

- straight or branched C;-Cy alkylene, preferably Ci-Cio
alkylene, more preferably Cs3-Cs alkylene, 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

—0C (0) = (C1—-C1p alkyl)-ONO; or —0O-(C3—-Cip alkyl)-—-ONOz;

- cycloalkylene having from 5 to 7 carbon atoms, the ring
being optionally substituted with side chains T, wherein T
is straight or branched alkyl with from 1 to 10 carbon
atoms, preferably T is CHs;
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Is straight or branched alkyl with from1 to 10 carbon
atons, preferably Tis CH3;b ) (2i) wherein nis an

wo paoeges19d rom 0 to 20, preferably nis 0 or 1 PCHEP1085/050459

an integer from1l to 20, preferably nl is an integer
froml to 6, nore preferably nl is 1 n2is 0 or 1,
preferably n2 is O ; with the proviso that the - ONO2
group is linked to - (CH2)ni group; ¢ ) (21) d) (2m
wherein X2 is 0 or S, n3, n4 and n6 are integer
Phdependently selected fromO to 2 0 preferably n4 and
né are selected from1l to S nagre preferably n4 and nb
are 1 , preferably n3 is s§ eddy to 4, nore
preferably n3 is OL. n5 i géi™fromO0 to 6 ,
preferably from 0-to(@H,), ¢§bz_[ably n5is 0, Re
is H, CH3 or nitrooxy group, p )@bly Ris H, R7
is CH3 or nitrooxy group;whey;)Y is selected fromthe

bi val ent radicals of the group
wherein

n is an integer from 0 to 20, preferably n is 0 or 1,

nl is an integer from 1 to 20, preferably nl is an integer
from 1 to 6, more preferably nl is 1,

n2 is 0 or 1, preferably n2 is 0;

with the proviso that the -ONO; group is linked to —(CHz)ni—

group;
c)
—CH— (CHz)n_a—Xz_[(I:H_(CHz)H X2]E—C|>H —(CHy)—
3 3 v
(21)
d)

—(CHp)yg— CH—X,—1(CHz)— CIH_XJ’,F(CHz),F‘CI)H—
||:"7 R, Ry
(2m)

wherein X2 is O or S,
n3, n4 and né are integer independently selected from 0 to
20, preferably n4 and n6 are selected from 1 to 5, more
preferably n4 and né are 1,
preferably n3 is selected from 0 to 4, more preferably n3
is 0O,
n5 is an integer from 0 to 6, preferably from 0 to 4, more
preferably n5 is O,
R¢ is H, CHz or nitrooxy group, preferably Re is H,

Ry is CH3 or nitrooxy group;
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c ) the -ONO2 group is linked to - (CH2)n group; when
Y is selected fromthe bivalent radicals of the group

wa@l2006068396 ONO 2 group is linked to -CH(R 7)- grPOUIPP2085/)50459

wherein: n7 is an integer fromO to 10; n 8 is an
integer from1l to 10; R R RO Rn are the sanme or
different, and are H or straight or branched G - C4

al kyl , preferably Re RR o/ Rn. are H; wherein

wm‘_f gmupel@ctw]k@@m ¢he Hizplenhgrafiirain 7B FEe %rouP

aqyalj G-satsngs ed,
uﬁ 1?ura ed § ormtl%%é]f(;?&g ﬁen%’e%s ?i nglg
ebaba¥nis gsehectﬂid nbran Hdtee laedes ts spdécads f phnthe group

Tl RV Sns T E el ) S 9 Sess
agcording to claim1 in which the nolar ratio of

compounds of fornulas (l) : (Il)li'gsfromlto 0.5 and
the nmolar ratio (I1) : Pisl.L A process
according to clainms 1 apd 2 , wherein in

[Cl7—Y*—ICl 5

RIO Rll

wherein:
n7 is an integer from 0 to 10;

n8 is an integer from 1 to 10;

Rg Ro, Rio, Ri1 are the same or different, and are H or
straight or branched C;-C4 alkyl, preferably Rs Ro, Rios Ri1
are H;

wherein the —-ONO; group is linked to

|
—ic1,

wherein n8 is as defined above;

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

and is selected from

o

(Y1) (¥2) (Y3) (Y4) (Y5)
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conpounds of formula (1) , R(X)- is (la), (Ib) or (lc)
, and an addi tional equinolar amount of an inorganic
Wr0eeEN ¢ bases . 4 . A process accordi ng toPCI/EPI9BS/150459

to 3, wherein in fornulae (1) and (Il11) Yis a

strai ght or branched G - C20 alkylene, 5 . A process
according to clains 1 and 2 , which is carried out in
presence of dinmethyl amm nopyridine and a lewis acid. 6

A process according to [ms 5 in the /Mol yr

ratFo( 1) : e ( 1: L r Ss
rdi to ai 5 an ere
Sc 3. 8% rocess fccording

Lewi s™agid is
_ clainms 5pto 1,
&ﬂer in in,for ae (}JI1) and (1L1) Yisb )., (2i)Ht
erein nis an_jnteger fromO to 2 I is 1 'S
0 ; (Wth the pridvidso that{¥£L Qéggup i's If%ﬁéd to
- (CH2)pgi - group; 9 . A process according to clains 5

to [ [ Bund -
‘W@K @ma (1)) R9- s
N N
H H l

r 14

(Y11) (Y12) (¥Y13)

2. A process according to claim 1 in which the molar ratio
of compounds of formulas (I): (II) is from 1 to 0.5 and
the molar ratio (II):DMAP is 1.

3. A process according to claims 1 and 2, wherein in
compounds of formula (I), R(X)- is (la), (1b) or (1lc) ,
and an additional equimolar amount of an inorganic or
organic bases.

4. A process according to claims 1 to 3, wherein in
formulae (II) and (III) Y is a straight or branched Ci-
Cyp alkylene,

5. A process according to claims 1 and 2, which is carried
out in presence of dimethylamminopyridine and a Lewis
acid.

6. A process according to claims 5 wherein the molar ratio
(IT) : DMAP: Sc(OTf)s3 is 1:1:0.1.

7. A process according to claims 5 and 6 wherein the Lewis
acid is Sc(OTf)s.

8. A process according to claims 5 to 7, wherein in

formulae (II) and (III) Y is
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and the process is carried out in presence of an
addi tional equinolar nolar anount of an inorganic or

wore@anisidbases . 10. Conpounds of fornula (II)PEEEP2005/050459

10

15

20

i nternedi ates of the process of claiml (H wherein b
i s 0Oor 1l W selected from(2a) (2b) (2c)<2d) (2e)
(2f) (29) (2h) Y is a bivalent radical having the
following neanings : a ) - straight or branched Cl-C20
al kbl ene, preferably Cl1-Cl0 al kyl ene, nore preferably
C3-C6 al kyl ene, being optionally substituted with one
or nore of the substituentg ected fromthe group
consi sting of: hal ogen at s, Hy %J -ONQ2 or TO,
wherein TO is -OC(_Q)_(@Q gl kyl)-ONO 2 or -0-(CGi -C
10 al kyl)-0NO 2; - cycloal kyl e(@@&ing from5 to 7
car bon at ons, the ring belnaroptlonally substituted
with side chains T, wherei#® is strai ght or branched
al h from1l to 10 carbon atons, preferably T is
%ebe@sl&l(zl)

n is an integer from 0 to 20,

nl is 1,

n2 is 0;

with the proviso that the -ONO; group is 1linked to -
(CH2) n1i— group;

9. A process according to claims 5 to 8 wherein in
compounds of formula (I), R(X)- is (la), (1b) or (lc),
and the process is carried out in presence of an
additional equimolar molar amount of an inorganic or
organic bases.

10. Compounds of formula (II) as intermediates of the

process of claim 1

I
W—C—(0)—Y—ONO,

(1I1)

wherein t is 0 or 1,
W is selected from

F Cl
F o— cl o— G

O_

F F c Cl

F cl , Cl c

(2a) (2b) (2¢)
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wherein nis an integer fromO to 20, preferably n is
Oor 1, nl is aninteger from1l to 20, preferably nl

WO 200at008196 eger from 1l to 6 , nore preferably nPCT/BPI05/050459

10

15

20

,N2 is 0 or 1, preferably n2is O ; with the proviso
that the -ONO2 group is linked to - (CH2)ni- group; c
) (21) d) (2m wherein X2 is Oor S, n3, nd4 and n6
are integer independently selected fromO to
preferably n4 and n6 are §

preferably n4 and n6 are
fromO teg 3 nore prefe
fromoO t pr ef er abl

e ected froml to 5
2 preferably n3 i
@37is 0n5is
Oto 4, nore

nd kfhﬁ 2 s H, CH3 o _pptrooxy group, 4ffefefably R
s H2," R7 is CH3 o nitrodXy group; when is selected -

fromthe inilent radi cal E%f the group ¢ ) the

group is I'PAked to - (CH2 group; when Y is se{ected

fronpt he bival ent~yadicals of the group d ) the - ONO2
grouff is linke |t3\ CH (R 7)- group;

7~
N—O T S
@)
o) N\
(29) (2h)

Y is a bivalent radical having the following meanings:

a)

- straight or branched C;-Cz alkylene, preferably Ci-Cio
alkylene, more preferably C3-Cs alkylene, being
optionally substituted with one or more of the
substituents selected from the group consisting of:
halogen atoms, hydroxy, —ONOz or To, wherein Tg is

-0C (0) - (C1—-C10 alkyl)-ONO; or —O-(C;—Cio alkyl)-ONOz;

- cycloalkylene having from 5 to 7 carbon atoms, the
ring being optionally substituted with side chains T,
wherein T is straight or branched alkyl with from 1 to

10 carbon atoms, preferably T is CHs;
b)

(CH )

—(CH,J, (COOH),,

(21)
wherein
n is an integer from 0 to 20, preferably n is 0 or 1,
nl is an integer from 1 to 20, preferably nl is an

integer from 1 to 6, more preferably nl is 1,
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e ) whereinin 7 i s an integer fromOt o 10; nd is
an integer froml to 10; R8 R9, Rio Rn are the sane

w@roodiobsies ent, and are H or straight or branchedr/€pr20ez1050459

al kyl, preferably RB Rg RiO, Ru are H; wherein the
-ONO 2 group is linked to |l -[C] | nd wherein n 8 is
as defined above; Y2 is an heterocyclic saturat ed
unsaturated or aromatic 5 or 6 menbers ring,
cormt2a|1r$| Agosnd, cPreftE it 8odfollE sel ect ed from
eheA Q) tied 1fimeed( ¥b —
1%?\(%‘ é%)gg?i’(%)s&%{%) (e$7) N?%s?%%) (YO 11.

N3 nes gﬁfOlerrruIa(II) wherein Y a ) - straight or
bragched Cl1- C20 al kyl ene, preferably Cl G 0 al kyl ene,

preferably C3-C6 al kyl ene, being optionally

substit utedgm-t-(CHg)g—O(—ﬁﬁH—(ﬁH;)ﬁeXé;gb +(fedE—

sel ected frdmthe group cohsi sti ng of: hal ogen atons,
hydr oxy, - or TO, wherBin TO is _ooRy-(G-ad 0
al kyl )-ONO 2 or -0-(G -G 0 al kyl)-ONO 2; ’
(21)
d)

—(CH,),5— CH—X,—1(CHp)— ?H_Xz]Fs_(CHz)rT(I)H_
IL, R, R;
(2m)

wherein X; is O or S,
n3, n4 and n6 are integer independently selected from 0
to 20, preferably n4 and n6 are selected from 1 to 5,
more preferably n4 and n6 are 1,
preferably n3 is selected from 0 to 4, more preferably
n3 is O,
n5 is an integer from 0 to 6, preferably from 0 to 4,
more preferably n5 is 0,
Rg¢ is H, CHs or nitrooxy group, preferably Re is H,
R; is CHs or nitrooxy group;
when Y is selected from the bivalent radicals of the
group c) the -ONO; group is linked to —(CHz)ne— group;
when Y is selected from the bivalent radicals of the

group d) the —-ONO; group is linked to —CH(R7)- group;

e)
FoooT
[Cl [<|:] -
Ryo Ry;
wherein:
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- cycl oal kyl ene having from5 to 7 carbon atons, the
ring being optionally substituted with side chains T ,

wob@ees19d i s straight or branched al kyl w th PCDRPDOH/50459

10

15

10 carbon atons, preferably T is CH3; b ) (2i) wherein
nis an integer fromO to 20, preferably nis 0 or 1 ,

nl is an integer from1l to 20, preferably nl is an
integer from1l to 6 , nore preferably nl is 1, n2is

0 oR711ls 3n efmyesisizy fiomi § BO:1Qi th the proviso that

the,g QN2 010UR LS kbglked 49 ro{ CHR)ni - group; 12.
Conpounds oflq?%%lgjr?ul a (Il) accordi ng_to clains 10 and

11 Bs R tRiooxP): reardic sanel penthfferrdphemyd are H or
est L {nLtr ntanoi G1a5hd ReRalbBeLyoRReRy) R,
est g??a?%é(ﬁ%t ?’géi{%/sl&?ret&h%ﬁ bgéril’lzoi C aci da ¥ e
penRaf lawer 8phenyl ester, 4- (nitrooxy) butyl

pent af | uor opheny a te - i trooxy) methyl]
phe‘r’@?riyﬁi r%phdéqr%))c?l 5?:%?%0%%%%]{5@' Ni t rooxy) butanoic
acid N-succinimdyl ester. |

—[(lj] n8

wherein n8 is as defined above;

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

and is selected from

B \
N (Y N
o &Y Y

H H
N
N
€
(Y1) (¥2) (¥3) (Y4) (¥5)
0
p RS IS SR el
N o H H
(Y6) (Y7) (Y8) (Y9) (Y10)
H
L X O
N N
H H |
(Y11) (Y12) (Y13)
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11. Compounds of formula (II) wherein Y

a)

- straight or branched C;-Czy alkylene, preferably Ci1-Cig

alkylene, more preferably C3—Cs alkylene, being
5 optionally substituted with one or more of the

substituents selected from the group consisting of:

halogen atoms, hydroxy, —ONO, or Ty, wherein To is

—0C (0) - (C1-C1p alkyl)-ONO, or —0-(C;-Cio alkyl)-ONOy;

- cycloalkylene having from 5 to 7 carbon atoms, the
10 ring being optionally substituted with side chains T,

wherein T is straight or branched alkyl with from 1 to

10 carbon atoms, preferably T is CHs;

b)

(CHo)m—

——(CH
(CHJ, (COOH),,

15 (21)
wherein
n is an integer from 0 to 20, preferably n is 0 or 1,
nl is an integer from 1 to 20, preferably nl is an
integer from 1 to 6, more preferably nl is 1,
20 n2 is 0 or 1, preferably n2 is 0;
with the proviso that the -ONO; group is linked to -
(CH2) n1— group;
12. Compounds of formula (II) according to claims 10 and 11

4- (Nitrooxy)butanoic acid pentafluorophenyl ester,

25 5- (nitrooxy)pentanoic acid pentafluorophenyl ester,
[4- (nitrooxy)methyl]lbenzoic acid pentafluorophenyl
ester,

4- (nitrooxy)butyl pentafluorophenyl carbonate,
[3- (Nitrooxy)methyl]lphenyl 4-nitrophenyl carbonate,

30 4- (Nitrooxy)butanoic acid N-succinimidyl ester.
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