(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

wo 20097106471 A2 I 0K OO

o SN
1 rld Intellectual Property Organization /) -sady
(19) World Intellcctual Property Organization i 1IN NI A0 00 800100 R0 AN A
International Bureau S,/ )
3\ 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10)
3 September 2009 (03.09.2009) PCT WO 2009/106471 A2
(51) International Patent Classification: chu [GB/US]; 47 Brookville Road, Edison, New Jersey
CO7D 403/10 (2006.01)  CO7D 405/14 (2006.01) 08817 (US).
C07D 403/14 (2006.01) A6IP 9/00 (2006.01) (74) Agent: BARCHIELLI, Giovanna; Nicox Research Insti-
(21) International Application Number: tute Stl, Via L. Ariosto 21, I-20091 Bresso (Milano) (IT).
PCT/EP2009/051943 (81) Designated States (unless otherwise indicated, for every
(22) International Filing Date: kind of national protection available): AE, AG, AL, AM,
19 February 2009 (19.02.2009) AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
25) Filing L . Enclish CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ,
(25) Filing Language: nglis EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT, HN,
(26) Publication Language: English HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
o KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(30) Priority Data: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
61/064,276 26 February 2008 (26.02.2008) Us NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG,
61/193,354 20 November 2008 (20.1 1.2008) us SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT, TZ, UA,
(71) Applicants (for all designated States except US): NICOX UG, US, UZ, VC, VN, ZA, ZM, ZW.
S.A. [FR/FR]; Taissounicres HB4, 1681 route des Do- (84) Designated States (unless otherwise indicated, for every
lines - BP313, F-06560 Sophia Antipolis -Valbpnne (FR). kind of regional protection available): ARIPO (BW, GH,
MERCK & CO. INC. [US/US]; 126 East Lincoln Av- GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
enue, Rahway, New Jersey 07065-0900 (US). ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
(72) Tnventors; and TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
(75) Inventors/Applicants (for US only): ALMIRANTE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
Nicoletta [IT/IT]; Via Caracciolo 26, I-20155 Milano MC, MK, MT, NL, NO, PL, PT, RO, SE, SL, SK, TR),
(IT). NICOTRA, Alessia [ITAT]; Via Montale 10, OnPL (B B CF, CGL €L CM, GA, GN, GQ, GW, ML,
1-22070 Grandate (Como) (IT). MANDELLL, Valentino - NE, SN, TD, TG).
[IT/T]; Via Enrico da Monza 34, 1-20052 Monza (Mi- Published:

lano) (IT). BIONDI, Stefano [IT/IT]; Via Modigliani 2,
[-20144 Milano (IT). STEFANINI, Silvia [IT/IT]; via
Morandi 11/B, [-20097 San Donato Milanese (MI) (IT).
SEBHAT, Iyassu K. [GB/US]; 212 Warren Street, Apt 4,
Jersey City, New Jersey 07302 (US). LO, Michael Man-

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: NEW ANGIOTENSIN II RECEPTOR BLOCKER DERIVATIVES

=

(1)

(57) Abstract: New angiotensin II receptor blocker nitroderivatives of general formula (I) and pharmaceutically acceptable salts
or stereoisomers thereof: and their use for treating cardiovascular, renal and chronic liver diseases, inflammatory processes and
metabolic syndromes.



10

15

20

25

30

WO 2009/106471 PCT/EP2009/051943

TITLE OF THE INVENTION
“NEW ANGIOTENSIN II RECEPTOR BLOCKER DERIVATIVES”

ko ok s skook

The present invention relates to new Angiotensin II
Receptor Blocker (ARB) derivatives. More particularly, the
present invention relates to new ARB nitroderivatives,
pharmaceutical compositions containing them and their use
for the treatment of cardiovascular, renal and chronic
liver diseases, inflammatory processes and metabolic
syndromes.

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

ARBs are approved for the treatment of hypertension,
post-myocardial infarction and heart failure, the
antihypertensive activity 1is 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 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, renal
disorders, back pain, gastrointestinal disturbances,
fatigue, and neutropenia (Martindale, Thirty-third edition,
p. 921).

WO 2005/011646 describes angiotensin II receptor
blocker nitroderivatives, pharmaceutical compositions
containing them and their wuse for the treatment of

cardiovascular, renal and chronic liver diseases,
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inflammatory  processes and metabolic syndromes. The
publication describes a variety of angiotensin II receptor
blocker compounds each of which are covalently linked to a
bivalent radical capable to release nitric oxide. Specific
examples include angiotensin II receptor blockers with one
or two nitric oxide-releasing moieties directly linked to
the angiotensin II receptor blocker compound through esters
or carbonates.

WO 2005/023182 describes nitrosated and nitrosylated
cardiovascular compounds, and compositions comprising at
least one nitrosated and nitrosylated —cardiovascular
compound and optionally at least one nitric oxide donor.
The cardiovascular compound which is nitrosated or
nitrosylated may be an aldosterone antagonist, an
angiotensin II receptor antagonist, a calcium channel
blocker, an endothelin antagonist, a hydralazine compound,
a neutral endopeptidase inhibitor or a renin inhibitor.
The nitric oxide donor may be selected from S-
nitrosothiols, nitrites, nitrates, N-oxo-N-nitrosamines,
furoxans, and sydnonimines.

WO 2006/093864 discloses novel cardiovascular
compounds comprising at least one nitric oxide enhancing
group, and pharmaceutically acceptable salts thereof. The
cardiovascular compounds can be, for example, aldosterone
antagonists, angiotensin II antagonists, endothelin
antagonists, hydralazine compounds, neutral endopeptidase
inhibitors and renin inhibitors. The nitric oxide enhancing
groups are nitroxides and/or heterocyclic nitric oxide
donor groups such as furoxans, sydnonimines, oxatriazole-5-
ones and/or oxatriazole-5-imines.

WO 2007/019448 describes novel nitric oxide enhancing
angiotensin II antagonist compounds comprising at least one

nitric oxide enhancing group directly or indirectly linked
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to the angiotensin II antagonist compound through one or
more sites such as carbon, oxygen and/or nitrogen via a
bond or moiety that cannot be hydrolyzed.

It was now object of the present invention to provide
new derivatives of ARBs containing at least a nitric oxide-
releasing moiety 1linked to the angiotensin II receptor
blocker through an amino acid bridge.

The Applicant has surprisingly and unexpectedly found
a specific class of nitric oxide-releasing ARBs with good
pharmacological profile and oral bicavailability,
associated with prolonged duration of action.

In particular, it has been recognized that the
angiotensin II receptor blocker nitroderivatives of the
present invention exhibit a strong anti-inflammatory,
antithrombotic and antiplatelet activity and can Dbe
furthermore employed for treating or preventing
hypertension, congestive heart failure, pulmonary
hypertension, renal insufficiency, renal ischemia, renal
failure, renal fibrosis, liver fibrosis, portal
hypertension, cardiac insufficiency, cardiac hypertrophy,
cardiac fibrosis, myocardial ischemia, cardiomyopathy,
glomerulonephritis, complications resulting from diabetes
such as nephropathy, vasculopathy and neuropathy, glaucoma,
elevated intra-ocular pressure, atherosclerosis, restenosis
post-angioplasty, complications following wvascular or
cardiac surgery, erectile dysfunction, hyperaldosteronism,
lung fibrosis, scleroderma, anxiety, cognitive disorders,
complications of treatments with immunosuppressive agents,
metabolic syndromes and other diseases known to be related
to the renin-angiotensin system.

Object of the present invention are, therefore, new

angiotensin II receptor blocker nitroderivatives of general
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formula (1) and pharmaceutically acceptable salts or

stereoisomers thereof:

wherein:
A and A’ are independently selected from the group
consisting of —(Y-ONO2), —-(Y’-ONO2) or (la)

(la)
s is 1 or 2;
s’ is 0, 1 or 2;
R is sgselected from the following residues of formula (II)
or (III):
R,

H
/N7)Z
N
) N—N

or Ny which is a moiety capable to bind the groups A and A

Ry is the group (IV

as defined hereinafter;
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R:1 is selected from the groups (Va-Ve):

RN(N/ N,

N

(Va)
wherein Ry is C;-Cs linear or branched alkyl, preferably n-
5 propyl or n-butyl;
Rs is an halogen atom such as C(Cl1, Br, I, or a
perfluorurated C:-C; alkyl chain, preferably Cy;Fs5, or the
group -C(CHs),0H;

T N
R4
N
10 (Vb) ; (Ve)

wherein R; is n-Bu or -0OEt;

\ N,
CH,
H.C
CH, N,
Nal N
NI N
P
H,c” N7 N0
A CH,
or ;
15 (vd) (Ve)
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or R is the residue of formula (III):

N S
HsC\/\/« ) = N

(I1I)

wherein Ny is a moiety capable to bind the groups A and A’,

having one of the following meanings:

1)
L0 & o
N N
/- J N@ -
O o 0
K' K' , K'
(VIa) (VIb) (VIc)

wherein K’ is equal to -C00-, -CONH-, -CH,-0-CO-, -CH,;-0-
CO0O- or -CHy;-0O-CONH- and K’ is bound to the group A wherein
A is —-(Y-ONOy) or (la), with the proviso that when A 1is
(la), then K’ is -CO0O- or -CH,-0CO0O-;

2) —-0CO-NH-J-K’, -CO-NH-J-K’ or -CH,-0-CO-NH-J-K’ wherein J
is selected among (VIIa-VIIKk):

CH3 S’CH3
CcH H,C CH, HC He CH,
H2 3 3 3
¥
(VIIa) (VIIDb) (VIIc) (VIId) (VIIe) (VITIL)
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H 0 NH, H
NH,
Q|
0 N
(VIIqg) (VITIh) (VII1) (VIIj) (VITk)

wherein K’ is equal to -C00-, -CONH-, -CH,-0-CO-, -CH,;-0-

5 COO- or -CH;-O-CONH- and K’ is bound to the group A wherein
A is —-(Y-ONOy) or (la), with the proviso that when A 1is
(la), then K’ is -CO0O- or -CH,-0CO0O-;

3) -0-CO-NH-K-K*, -CH;-0-CO-NH-K-K* or -CO-NH-K-K* wherein
10 K is selected among K;, K, or Kz wherein:

Ki is selected among (VIIIa-VIIId)

wgkﬂ%

(VIITa) (VIITb) (VIIIc) (VIIId)
wherein Rs is H or a group selected from -C0O-, -CO0O- or -
15 CONH- capable to bind a group A’ wherein A’ is — (Y’ -0NO;);
Ky, is selected among (VIIIe-VIIIf):

0]
O Rs 7
I
R6
(VIIIe) (VIIIE)

wherein Rgs is -0OH or a group selected from -0- or -NH
20 capable to bind a group A’, with the proviso that when A’

is (la), then Rgis -0-;

K; is selected among (VIIIg-VIIIh):

7
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NH-R; H NHR

s

NH

(VIIIqg) (VIIIh)

5 wherein R; and Rg are H or a group selected from -CO- or -
COO- capable to bind a group A’ wherein A’ is - (Y’ -0ONO;);
K* is equal to K’ as above defined or -COOH and when K* is
equal to K’ is bound to the group A, with the proviso that
when A is (la), then K’ is -CO0O- or -CH,-0CQO0-;

10 4)

-CH,-O-CO-NH -O-CO-NH -CO-NH
RNH" K RNH™ K R,NH” ~K*
(IXa) (IXDb) (IXc)

wherein R; and K* are as above defined;

15
with the proviso that:

i) when R; is the group (Va), then Ny is selected from
the group consisting of (VIb), (VIc) -CO-NH-J-K',
-CH,-0-CO-NH-J-K’, -CO-NH-K-K*, -CH,-0-CO-NH-K-K~*,

20 (IXc) and (IXa):;

ii) when R; is selected from the groups (Vb), (Vc) or
(Ve), then Ny is selected from the group consisting

of (VIb), -CO-NH-J-K’, -CO-NH-K-K* and (IXc);
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iii) when R; is the group (Vd), then Ny is selected from
the group consisting of (VIa), -OCO-NH-J-K’, -0-CO-
NH-K-K* and (IXb);

iv) when R 1is selected from the residue (III), then Ng
is selected from the group consisting of (VIb), -
CO-NH-J-K’, -CO-NH-K-K* and (IXc):;

V) when R is selected from the residue (II) and Rp is
Ng, then R; is the group (V)

vi) when R is selected from the residue (II), then s is
1 and s’ is 0 or 1;

vii) when R 1is selected from the residue (III), then s

is 2 and s’ 1is 0 or 2.

Y and Y’ independently are bivalent radicals having the
following meaning:

a)

- 8traight or branched Ci:-C,;; alkylene, preferably Ci-Cig,
being optionally substituted with one or more of the
substituents selected from the group consisting of: halogen
atoms, hydroxy, -ONO, or R', wherein R' is

—OC(O) (Cl—clo alkyl) -ONO, or —O(Cl—clo alkyl) —-ONOy;

CH)),—
—(CH,);
c)
X
| (CH,);
—(CHy, COOH

wherein n is an integer from 0 to 20, and n' is an integer
from 1 to 20;
d)
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N
w X, —(CHy),—
(OR?),.
wherein:
n' is as defined above and n’ is an integer from 0 to 2;

X, = -0CO- or —-C00- and R? is H or CHs;

e)

Y?—X,—(CH,),—
(ORZ)n 2

wherein:
n', n?,R° and X, are as defined above;

v? is —-CH,-CH,- or —-CH=CH- (CH,).’-;

with the proviso that when Y or Y’ is selected from the
bivalent radicals mentioned under b)-e), the -ONO, group is
linked to a -(CHy)." group;

f)

—(EH-CHZ-Xz)nS—cle-CH—(CHz)n4-
R? R3

2

R2 BZ
—(CHZ-CH-Xz)nTCHz-CH —_

wherein X, is -0- or -S-, n° is an integer from 1 to 6,

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

R® is H or -ONO, and n® is 0 or 1.

The term “Ci1-Cyy alkylene” as used herein refers to
branched or straight chain C;-Cy; hydrocarbon, preferably
having from 1 to 10 carbon atoms such as methylene,
ethylene, propylene, isopropylene, n-butylene, pentylene,

n-hexylene and the like.

10
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The term “C;-Cig alkyl” as used herein refers to
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.

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: aldosterone
antagonists, renin inhibitors, ACE inhibitors, HMGCoA
reductase 1inhibitors, beta-adrenergic Dblockers, alpha-
adrenergic antagonists, sympatholytics, calcium channel
blockers, endothelin antagonists, neutral endopeptidase
inhibitors, potassium activators, diuretics, vasodilators,
antithrombotics such as aspirin. Also it is contemplated
the combination with nitrosated compounds of the above
reported compounds.

Suitable aldosterone antagonists, renin inhibitors,
ACE inhibitors, HMGCoA reductase inhibitors, beta-
adrenergic blockers, alpha-adrenergic antagonists,
sympatholytics, calcium channel blockers, endothelin
antagonists, neutral endopeptidase inhibitors, potassium
activators, diuretics, vasodilators and antithrombotics are
described in the literature such as The Merck Index (13"
edition).

Suitable nitrosated compounds are disclosed in WO
98/21193, WO 97/16405, WO 98/09948, WO 2004/105754, WO
2004/106300, WO 2004/110432, WO 2005/011646, WO
2005/053685, WO 2005/054218, WO 2007/045551.

The administration of the compounds above reported can
be carried out simultaneously or successively.

The present invention also provides pharmaceutical

kits comprising one or more containers filled with one or

11
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more of the compounds and/or compositions of the present
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.

Examples of pharmaceutically acceptable salts are
either those with inorganic bases, such as sodium,
potassium, calcium and aluminium hydroxides, or with
organic bases, such as 1lysine, arginine, triethylamine,
dibenzylamine, piperidine and other acceptable organic
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
with the corresponding organic or inorganic acids.

Examples of organic acids are: oxalic, tartaric,
maleic, succinic, citric acids. Examples of inorganic acids
are: nitric, hydrochloric, sulphuric, phosphoric acids.
Salts with nitric acid are preferred.

The compounds of the invention which have one or more
asymmetric carbon atoms can exist as optically pure
enantiomers, pure diastereomers, enantiomers mixtures,
diastereomers mixtures, enantiomer racemic mixtures,
racemates or racemate mixtures. Within the object of the
invention are also all the possible isomers, stereoisomers
and their mixtures of the compounds of formula (I).

In one embodiment, R is the residue of formula (II)
wherein Ry is the group of formula (IV), R; is the group of
formula (Va), Ry 1s n-butyl, Rs; is Cl and all other

variables are as above defined.

12
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In another embodiment, R 1s the residue of formula
(I1) wherein Rg is the group of formula (IV), R; is the
group of formula (Va), R, is n-propyl, Rs; is the group -
C(CH3),0H and all other variables are as above defined.

In another embodiment, R 1s the residue of formula
(I1) wherein Ry is the group of formula (IV) as defined
above, R; is the group of formula (Vc)as defined above, Ry
is -OEt, and all other variables are as above defined.

In another embodiment s; is 0 and A is the group (VI.)
or (VIy) or (VI.) as defined above wherein K’is -C00-, and
all other variables are as above defined.

In another embodiment s; is 0 and A is -CO-NH-J-K’ or -CHj,-
O-CO-NH-J-K’ wherein J 1is the group (VIIa) or (VIIb) as
defined above,wherein K’is -C0O0-, and all other variables
are as above defined.

In another embodiment s; is 0 and A is -CH;-0O-CO-NH-K-K* or
-CO-NH-K-K* wherein K is Ks; which is the group (VIIIg) or
(VIII,) as defined above, and all other variables are as

above defined.

In another embodiment of the invention Y and Y’
independently are bivalent radicals having the following
meaning:

a)
- straight or branched C;-Ci;y alkylene, being optionally
substituted with one or more -ONO;;

b)

CHZ)n1_
_(CH2 n

wherein n is an integer from 0 to 5, and n' is an integer

from 1 to 5;

13
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with the proviso that when Y or Y’ is selected from the
bivalent radical b), the -ONO, group is linked to a - (CHy).'
group;
f)

_(ﬁH'CHz'Xz)ns_ (le'CH_(CHz)nzt'

2 R2 R3

wherein X, is -0- or -S-, n’ is 1, R® is H, R° is H or —ONOy

and n®“ is 0 or 1.

The following are preferred compounds according to the

10 present invention:

ONO; oo,
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ONO,
N Cl O
H
/&/O N O
H C\M
; N Al
O
N O
\
—N
H
(2)
ONO

15
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Cl Q ONO,

H3C\/\/E&/O\H/H O

—N
H
(4)
ONO,
N Cl @)
H
/&/O N O
HCM
3 |

16
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i
N
Hscv\/«Niﬁ/O\n/N

0
° 5 L{: >ﬁ
ONO

2

17
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Cl
HgC\/\/EN‘&/O\EHX/—O
O o) ¥\_/0N02

—N
H
(10)
Cl H.C,
7&/0 N CHy
H3C\/\/<
VT Yo

18
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NH,

H,C

ONO,

(12)

ONO,

H,C

(13)

19
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(15)
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cl
S
chMN \([)]/ }—o

\/\
@)
/Y\ONoz
ONO,

ONO

N
(17)
A ]
H3C\/\/«&/O N
n \([)]/ >o ONO,

VWCHg
O ONO,
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Ir=z

(19)

22
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ONO,
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ONO

Cl
N Q ONO
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N 40 ONO,
M ) N o/\/OVH
N

ONO,

ONO

(38)
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N O
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® °
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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
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
may be in amounts preferably from 50 to 500 mg. The dosage
regimen and administration frequency for treating the
mentioned diseases with the compound of the invention
and/or with the pharmaceutical compositions of the present
invention will be selected in accordance with a variety of
factors, including for example age, body weight, sex and
medical condition of the patient as well as severity of the
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 adegquate, and
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
conventional non-toxic pharmaceutically acceptable
carriers, adjuvants and vehicles as desired. Topical

administration may also involve the wuse of transdermal
administration such as transdermal patches or iontophoresis
devices. The term “parenteral” as used herein, includes
subcutaneous injections, intravenous, intramuscular,

intrasternal injection or infusion techniques.
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Injectable preparations, for example sterile injectable
agqueous or oleaginous suspensions may be formulated
according to known art using suitable dispersing or wetting
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 vehicles and solvents are
water, Ringer’s solution and isotonic sodium chloride. In
addition, sterile, fixed o0ils are conventionally employed
as a solvent or suspending medium. For this purpose any
bland fixed o0il may be employed including synthetic mono or
diglycerides, in addition fatty acids such as oleic acid
find use in the preparation of injectables.

Suppositories for rectal administration of the drug can
be prepared by mixing the active ingredient with a suitable
non-irritating excipient, such as cocoa butter and
polyethylene glycols.

Solid dosage forms for oral administration may include
capsules, tablets, pills, powders, granules and gels. In
such solid dosage forms, the active compound may be admixed
with at least one inert diluent such as sucrose, lactose or
starch. Such dosage forms may also comprise, 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
also comprise buffering agents. Tablets and pills can
additionally be prepared with enteric coatings.

Liquid dosage forms for oral administration may include
pharmaceutically acceptable emulsions, solutions,
suspensions, syrups and elixirs containing inert diluents
commonly used in the art, such as water. Such compositions

may also comprise adjuvants, such as wetting agents,
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emulsifying and suspending agents, and sweetening,
flavouring and the like.
The compounds of the present invention can be synthesized

as follows.

Synthesis procedure

1. The compounds of general formula (I)

R (A)s
(A') ..
(I)
wherein:
s is equal to 1;
s’ is equal to O
A is - (Y-ONO;) wherein Y is as above defined;

R is selected from the residue of formula (II) wherein Ry
is (IV) and R; is selected from the group (Va) wherein:

Ry, is n-butyl and Rs is Cl, and Ny is selected from:

1) (VIc), wherein K’ is equal to -CO0O-, -CONH-, -CH;-0-CO-,
-CH,-0-C0O0- or -CH,-O-CONH- and K’ is bound to the group -
(Y-ONO3) ;

2)-CHy;-0-CO-NH-J-K’ wherein J is selected among (VIIa-VIIk)
and K’ is as above defined;

can be prepared as follows:

la) by reacting a compound of formula (Ia)
Ra___[Y——ONC)Z]S

(Ia)

wherein s and Y are as above defined in 1., R, is selected
from the residue of formula (II) wherein R;, R,, Rz and Ng
are as above defined in 1.; Ry is equal to (IVa) and is

equal to:
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Ph

Ph
Ph

N o
—N

N

(IVa)
with anhydrous or aqueous organic or inorganic acid to
hydrolyze the trityl protective group following procedure
well known 1in the literature; alternatively the trityl
protective group can be removed treating with an alcoholic
solvent such is metanol or ethanol at temperature from 20-
100° C for 1-48 hrs;

1b) by reacting a compound of formula Rizs or Rrra

/

N\
’ /NH
N=N N=N
RIIa RIIa’

with:

1b.1) a compound of formula (Xa.)-(Xa.) depending on the

o
OZN/O/ N
o
0=~ oA

(Xaa)

meaning of K’

wherein A 1s - (Y-ONO3)
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0
0 /®/ N
v
© N/ \ONOZ O\\<

Y-ONO,
o)
(Xap) (Xac)
o) o)
ON N ON N
© 0 ONC: © H__,ONO,
o\\( Y o\« Y
o) o)
(Xaq) (Xae)

wherein Y is as above defined;

9

or

1b.2) compounds of formula (Xb,)-(Xbe) depending on the

meaning of K':

P—NO;-CsH4-O-CO-NH-J-COO-A (Xbs)
p-NO,-CsH4—-O-CO-NH-J-CONH-Y-0ONO; (Xbyp,)
P—-NO;-CsH4-0O-CO-NH-J-CH,0-CO-Y-0ONO; (Xbe)
P—-NO;-CsH4-0O-CO-NH-J-CH,0-CO0O-Y-0ONO; (Xbg)
P—NO;-CsH4-0O-CO-NH-J-CH,0O-CONH-Y-0ONO; (Xbe)

wherein A is —-(Y-ONO,), Y and J are as above defined;

in the presence of a inorganic or organic base in an

aprotic polar/non-polar solvent such as DMF, THF or CHyCl,
at temperatures range between 0°-100°C for time range of 1-
60 hrs, or under microwave irradiation in the presence of
DMAP and a Lewis acid such as Sc(0Tf); or Bi(0Tf)s; in
solvents such as DMF, CH;Cl, at temperatures range between
60°-120°C for time range of 1-120 min,;

Compound Rz 1is Losartan and compound Rrrar 1s trityl

losartan: Dboth compounds are known and commercially
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available. When Rrrz is used the deprotection step described
in la) is required.

For the preparation of compounds of formula (Xa,)-(Xae)
and (Xb.) - (Xbe) see Appendix 1: preparations Al-A6.

2. The compounds of general formula (I)

R (A)s
(A') ..
(I)
wherein:
s is equal to 1;
s’ is equal to O
A is - (Y-ONO;) wherein Y is as above defined;

R is selected from the residue of formula (II) wherein Ry
is (IV) and R; is selected from the group (Vd) and Ny is
selected from:

1) (VIa), wherein K’ is equal to -CO0O-, -CONH-, -CH;-0-CO-,
-CH,-0-C0O0- or -CH,-O-CONH- and K’ is bound to the group -
(Y-ONO3) ;

2)-0-CO-NH-J-K’ wherein J is selected among (VIIa-VIIk) and
K’ is as above defined;

can be prepared as follows

2a) by reacting a compound of formula (Ib)
R— [ Y—ONO,]
(Ib)
wherein s and Y are as above defined in 1., Ry is selected

from the residue of formula (II) wherein R; and Ny are as

above defined in 2.; Ry is equal to (IVb) and is equal to:
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H,C ’
%CHS
N
N

N—N
(IVb)

with anhydrous or aqueous organic or 1inorganic acid to
hydrolyze the t-butyl protective group following the
procedure described in 1la);
2b) by reacting a compound of formula Rrrp

CH, OH

N~ X

s |

H,C” N7 N7 o

N=N

Rimp
with:
2b.1) a compound of formula (Xa.)-(Xa.), described in 1b),
depending on the meaning of K’ ; or
2b.2) a compound of formula (Xb.)-(Xbe) above defined 1b),
depending on the meaning of K’;
using the procedure already described in 1b). Compound Rrrp
is the t-Butyl ©protected Enoltasosartan (the active
metabolite of tasosartan) and can be synthesized as
described by John W. Ellingboe et al. in J. Med. Chemn.
1998, 41, 4251-4260.

3. The compounds of general formula (I)
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R/ (A)s
(A') ..
(I)
wherein:
s is equal to 1;
s’ is equal to O
A is —(Y-ONO;) wherein Y is as above defined,

R is selected from the residue of formula (II) wherein Ry
is (IV), Ry is selected from the group:
i) (Va) wherein Ry is n-butyl and Ry is Cl;
ii) (Va) wherein R; is n-propyl and R; is CyFs,
iii) (Va) wherein R; is n-propyl and R; is the group
C (CHs) ,0H;
iv) (Vb);
v) (Vc) wherein Rs is n-butyl;
vi) (Vc) wherein Rs is -OEt;
wherein Ny is selected from:
1) (VIb), wherein K’ is equal to -C0O0O-, -CONH-, -CHy-
0-C0O-, -CH,-0-CO0O- or -CH;-0-CONH- and K’ 1is bound to
the group - (Y-ONO;):;
2)-CO-NH-J-K’ wherein J is selected among (VIIa-VIIk)
and K’ is as above defined;
and
can be prepared as follows

3a) by reacting a compound of formula (Ic)
RC___[Y——ONC)Z]S

(Ic)
wherein s and Y are as above defined in 1., R. is selected
from the residue of formula (II) wherein Ny is as above
defined in 3. and R; is as above defined in the points i)-
vi); Ry 1is equal to (IVa) and is as previously defined,

following the same procedure described in 1la);
68
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3b) by reacting:

i) a compound of formula Rrrc

/

N=N

RIIC

Wherein Npp; is —-COOH, -COHal or —-COOAct wherein Hal is an
halogen atom such as Cl, Br, F; Act is a carboxylic acid

activating group used in peptide chemistry such as:

O W
— F F
Act = N
_< F F
© NO, F s

10 1ii) a compound of formula Rrrg

C,F

rX,

n-Pro N Noo

/

N=N

Rr1a

wherein Npg 1s as previously defined; or

15 1ii) a compound of formula Rrre
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H,C
CH,
OH
N00
N=N
RIIe
wherein Npg 1s as previously defined; or
iv) a compound of formula Rris
H,C_ CH,

n-Bu

O /N\N/Trt
/

N=N
Rrre
wherein Ny is as previously defined;

v) a compound of formula Riig

/
N=N
RIIg

wherein Nyg is as previously defined;

vi) a compound of formula Rrm

70
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N
!
EtO/< Q
N
! NOO

N=N

Rim

wherein Ny is as previously d
with
3b.1) a compound of formula

meaning of K’

efined;

(Xca) - (Xce) depending on the

HN
COO-A
(Xca)
wherein A is - (Y-ONO;)
HN HN

CONH-Y-ONO, CH,0-CO-Y-ONO,
(Xcp) (Xce)

HN HN
CH,0-COO0-Y-ONO, CH,0-CONH-Y-ONO,,
(Xcq) (Xce)

wherein Y is as above defined;
or

3b.2) a compound of formula
meaning of K’

NH,-J-

(Xd,) - (Xde), depending on the

COO-A

(Xda)
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wherein A 1s - (Y-ONO3)

NH,-J-CONH-Y-0ONO;
(Xdp)
NH,-J-CH;0-CO-Y-ONO,
(Xde)
NH,-J-CH;0-CO-0-Y-0ONO;
(Xda)
NH,-J-CH;0-CO-NH-Y-ONO,

(Xde)
wherein Y and J are as above defined;
by reaction with:
1) i1f Ngo = -COOH:
a condensing agent such as dicyclohexylcarbodiimide (DCC)
or N,N’-carbonyldiimidazol (CDI) or other known condensing
reagents such as O-(7-azabenzotriazol-1-yl1)-N,N,N',N'~-
tetramethyluronium hexafluorophosphate (HATU), in the
presence or not of 1-Hydroxybenzotriazole (HOBT) in solvent
such as DMF, THF, chloroform at a temperature in the range
from -5°C to 80°C in the presence or not of a base as for
example DMAP.
2) 1f Ngo = -COHal or -COOAct:
the reaction 1is generally carried out in presence of a
inorganic or organic base in an aprotic polar/non-polar
solvent such as DMF, THF or CH;Cl, at temperatures range
between 0°-80°C or in a double phase system H,0/Et,0 at
temperatures range between 20°-40°C; or in the presence of
DMAP and a Lewis acid such as Sc(0Tf); or Bi(0Tf)s; in
solvents such as DMF, CHyCl,.
For the preparation of compounds of formula (Xcg) - (Xce)

and (Xd.)-(Xde) see Appendix 1, preparations Al-A6.
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Compounds Rrre-Rrrn wherein -Nyy is —-COHal or -COOAct were
obtained transforming a compound Rrrc-Rirn wherein -Ngo is -
COOH by known procedures.

Alternatively compounds Rr;. wherein -Ny; is -COOAct and
preferably -Nypg is the N-hydroxysuccinimido ester:

C

RIIC

can be prepared more efficiently by reacting compound A

with the commercially available compound B:

llc

The reaction is generally carried out in presence of a base
in an aprotic polar/non-polar solvent such as DMF, THF or
CH,Cl, at temperatures range between -15°-+80°C or in a
double phase system H,0/Et,0 at temperatures range between
20°- 40°C.

Compounds of formula A can be obtained by reacting
compounds of formula C with compound Act-OH, and preferably

with N-hydroxysuccinimide following known procedures:

13



10

15

WO 2009/106471 PCT/EP2009/051943

Compound C can be prepared by KMnO,; oxidation as described
in WO 2005/011646 of the corresponding aldehyde D,

commercially available:

Rrrc wherein -Nyy is —-COOH can be prepared from compound Rrrec

known as EXP 3174:

N\
’z /NH
N=N
Rrree (EXP 3174)

by reacting with trityl chloride and TEA in CHyCl,
following known procedures;

Rrrq wherein -Nyy is -COOH is known as trityl DuP 532 and can
be prepared as described by Michael E. Pierce in J. Org.
Chem. 1993,58,4642-4645;

Rrre wherein -Nyp is —-COOH is known as trityl olmesartan and
is commercially available;

Rrr¢ wherein -Npy is —-COOH is known as trityl valsartan and

is commercially available
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Riry wherein -Nyg is —-COOH can be prepared from compound Rrrgg
known as CV 11194 by reacting with trityl chloride as

already described for Rrrees

N

n-Bu”’z<

N

L

N=N

COOH

RIIgg/ Cv-1119%94

Rirqg can be prepared as decribed by Kubo, K. et al, in J.
Med. Chem. 1993,36, 1772-1784.
Rrn wherein -Nypg is —-COOH is known as trityl candesartan
and is commercially available.

4. The compounds of general formula (I)

R (A)s
(A') ..
(I)

wherein:
s is equal to 1 or 2;
s’ is equal to O,
A is —(Y-ONO;) wherein Y is as above defined,
R is selected from:
i) s = 1: the residue of formula (II) wherein R; 1is

selected from (Ve) and Ry is Ny and is selected from:
1) (VIb), wherein K’ is equal to -C0O0O-, -CONH-, -CHy;-
0-C0O-, -CH,-0-CO0O- or -CH;-0-CONH- and K’ 1is bound to
the group - (Y-ONO;):;
2)-CO-NH-J-K’ wherein J is selected among (VIIa-VIIk)

and K’ 1s as above defined;

75



WO 2009/106471 PCT/EP2009/051943

ii) s = 2: the residue of formula (III) wherein Ny is
selected from:
1) (VIb), wherein K’ is equal to -C0O0O-, -CONH-, -CHy-
0-C0O-, -CH,-0-CO0O- or -CH;-0-CONH- and K’ 1is bound to
5 the group - (Y-ONO;):;
2)-CO-NH-J-K’ wherein J is selected among (VIIa-VIIk)
and K’ is as above defined;
can be prepared as follows:
4a) by reacting a compound of formula Rrr; or a compound of
10 formula Rrrr= with compounds (Xcy) - (Xce) or (Xd,) - (Xde)
alredy described, following the same procedure described in
3b) using a ratio of (Xc.)-(Xce) or (Xda)-(Xde) 1:1 or 2: 1

if more than one group -COOH is present.

15 Compound R:r; is known as telmisartan and is commercially

CH,
H,C N
4
N N
N
L O
COOH

Compound Rrrra 1s known as eprosartan and is commercially

avallable:

Rrri

20 availlable:

COOH

RIIIa

5. The compounds of general formula (I)
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R/ (A)s
(A') ..
(I)
wherein:
s is equal to 1;
s’ is equal to 0Oy
A is —(Y-ONO;) wherein Y is as above defined,

R is selected from the residue of formula (II) wherein Ry
is (IV) and R; is selected from the group (Va) wherein:

Ry is n-butyl, Rs; is Cl, and Ny is selected from:

1) —-CHy,-0O-CO-NH-K-K* wherein K* is equal to K’ and is equal
to -COO-, -CONH-, -CH,-0-CO-, -CH;-0-CO0O- or -CH;-O-CONH-
and K* is bound to the group - (Y-ONO;); K is selected from
K:, K, or Ks and 1s selected from (VIIIa)-(VIIIh) wherein
Rs, R; and Rg are -H, Rg is -OH

2) (IXa) wherein K* is equal to K’ and is as above defined
and R; is -H;

can be prepared as follows:

5a) by reacting a compound of formula (Id)
RJ;f[\L—iDNCb]S

(Id)

wherein s and Y are as above defined in 5., Ry is selected
from the residue of formula (II) wherein R;, R, and Rz are
as above defined in 5.; Ry is equal to (IVa) and 1is as
defined in la); Ny is equal to Ngs and is equal to:

5a.1) -CH,-0-CO-NH-K.,-K* wherein K* i1s as above defined in
5. and K* is bound to the group —-(Y-ONO;); K, is selected
from (VIIIaa)-(VIITIha) (see Appendix 1, preparation AT7);

or

5a.2) Np. is the group IXa,
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-CH,-0-CO-NH

BocNH K*

IXas
wherein K* and Boc are as previously defined;
with anhydrous or aqueous organic or 1inorganic acid to
5 hydrolyze the +trityl and the other protective groups
following procedure well known in the literature;

5b) by reacting a compound of formula Rrrsr above described:

/

N=N
Rrrar
10 with:
5b.1) a compound of formula (Xe,)-(Xe.) depending on the
meaning of K*:
p-NO;-C¢Hs-0O-CO-NH-K,-COO-A
(Xez)
15 p-NO,-CsH4-0O-CO-NH-K,-CONH-Y-0ONO;,
(Xeyp)
p-NO;~CeHys—0O-CO-NH-K,-CH;0-CO-Y-0ONOy
(Xeq)
p-NO;-CsHs-0O-CO-NH-K,-CH;0-CO-0-Y-0ONOy
20 (Xeq)
p-NO;~C¢Hys4—-0-CO-NH-K,-CH;,0-CO-NH-Y-ONO;

(Xee)

18
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wherein A is —(Y-ONO;) and Y and K, are as above defined;
or
5b.2) a compound of formula (Xf.)- (Xf.):

NO,
(@)
ST

5 BocNH COO-A
(X£.)
wherein A 1s - (Y-ONO3)

NO2 N02
@) @)
ST ST

BocNH” ~CONH-Y-ONO, BocNH” ~CH,0CO-Y-ONO,

10 (Xfy) (Xfe)

NO2 N02
@) @)
ST ST

BocNH CH,OCOO0-Y-ONO, BocNH CH,OCONH-Y-ONO,,

(Xfaq) (Xfe)
wherein Y is as above defined;
following the procedure described in 1b).
15 For the ©preparation of compounds of formula (Xey) -
(Xee) and (Xf.)-(Xf.) see Appendix 1, preparations A7 and
AS8.

6. The compounds of general formula (I)
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R/ (A)s
(A') ..
(I)
wherein:
s is equal to 1;
s’ is equal to O
A is —(Y-ONO;) wherein Y is as above defined,

R is selected from the residue of formula (II) wherein Ry
is (IV) and R; is selected from the group (Vd) and Ny is
selected from:

1) -O0-CO-NH-K-K* wherein K* is equal to K’ and is equal to
-C00-, -CONH-, -CH,-0-CO-, -CH,-0-CO0O- or -CH,-0O-CONH- and
K* is bound to the group —-(Y-ONO;); K 1is sgelected from
(VIIIa)-(VIIIh) wherein Rs, R; and Rg are -H, Rg is -OH

2) (IXb) wherein K* is as above defined and R; is -H;

can be prepared as follows

6a) by reacting a compound of formula (Ie)
Rg;f[\ﬁ—iDNCb]s

(Ie)

wherein s and Y are as above defined in 6., R. 1is selected
from the residue of formula (II) wherein R; and Ny are as
above defined in 6.; Ry is equal to (IVDb) and is the t-
butyl protecting group as defined in 2a); Ny is equal to Ny
and is equal to:

ba.l) -0-CO-NH-K.-K* wherein K* 1is as above defined in 6.
and K* is bound to the group - (Y-ONO;); K. is selected from
(VIIIaa)-(VIITIha) as already described in 5a); or

ba.2) Ngp is the group IXb.:
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-O-CO-NH

BocNH K*
IXb,
wherein K* and Boc are as previously defined;
with anhydrous or aqueous organic or inorganic acid to
hydrolyze the t-butyl and the other protective groups
following procedure well known in the literature;
6b) by reacting a compound of formula Rrrp:
CH, OH

N~ X

s |

H,C” N7 N7 o

N=N

Rimp
with:
ob.1) compounds of formula (Xey)-(Xe.) above described,
depending on the meaning of K*; or
ob.2) compounds of formula (Xf.)-(Xf.) above described,
depending on the meaning of K*;
following the procedure described in 1b).

7. The compounds of general formula (I)

wherein:
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s is equal to 1;
s’ is equal to 0Oy
A is - (Y-ONO;) wherein Y is as above defined,
R is selected from the residue of formula (II) wherein Ry
is (IV), Ry is selected from the group:
i) (Va) wherein Ry is n-butyl and Ry is Cl;

ii) (Va) wherein R, is n-propyl and R; is CyFs,

iii) (Va) wherein R; 1s n-propyl and R; is the group -
C (CH3) ,0H;
iv) (Vb);

v) (Vc) wherein Rs is n-butyl;

vi) (Vc) wherein R4 1s -0OEt;

wherein Ny is selected from:

1) -CO-NH-K-K* wherein K* is equal to K’ and is equal to -
Cc00-, -CONH-, -CH,-0-C0O-, -CHy;-0-COO- or -CHy;-0O-CONH- and K*
is bound to the group - (Y-ONO;); K is selected from
(VIIIa)-(VIIIh) wherein Rs, R; and Rg are -H, Rg is -OH;

2) (IXc) wherein K* is as above defined and R; is -H;

can be prepared as follows:

7a) by reacting a compound of formula (If)
R{;f[\ﬁ—iDNCb]s

(If)

wherein s and Y are as above defined in 7., Rf is selected
from the residue of formula (II) wherein R; is as above
defined in 7. in the points i)-vi); Ry is equal to (IVa)
and 1is as previously defined, Ny is equal to Ng. and 1is
equal to:

7a.1l) -CO-NH-K.,-K* wherein K* is as above defined in 7. and
K* is bound to the group - (Y-ONOy); K, is as defined in
ba); or

7a.2) Ny. is the group IXc.:
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-CO-NH

BocNH K*

IXcCs
wherein K* and Boc are as previously defined;
with anhydrous or aqueous organic or 1inorganic acid to
hydrolyze the trityl and the other protective groups
following procedure well known in the literature;
7b) by reacting compounds of formula Rrire—Rrmn already
defined in 3b) with:
7b.1) a compound of formula (Xgs)-(Xge), depending on the
meaning of K*:

NH;-K,-COO-A
(Xg2)
NH,-K,-CONH-Y-0ONO;
(X9p)
NH;,-K,-CH,O-CO-Y-0ONO;
(Xg:)
NH;-K,-CH,0-CO-0-Y-0ONOy
(Xga)
NH,-K,-CH,O-CO-NH-Y-0ONO»

(Xge)
wherein A is —-(Y-ONO;), Y and K, are as above defined; or
70.2) a compound of formula (Xh.)-(Xhe), depending on the
meaning of K*:

NH, NH,

BocNH COO-A BocNH CONH-Y-ONO,

(Xh.) (Xhp)
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NH, NH,
BocNH CH,OCO-Y-ONO, BocNH CH,OCOO0-Y-ONO,
(Xhe) (Xhg)
NH2
BocNH CH,OCONH-Y-ONO,
(Xhe)
wherein A 1s —(Y-ONO;) and Y is as above defined;

following the procedures reported in 3e¢) for:

1) Ngo = -COOH:

2) Npo = -COHal or -COOAct:

For the preparation of compounds of formula (Xg.)-(Xge.) and

(Xh.) - (Xhe) see Appendix 1, preparations A7 and AS8.

8. The compounds of general formula (I)

R (A)s
(A") .
(1)
wherein:
s is equal to 1 or 2;
s’ is equal to 0;
A is —(Y-ONO;) wherein Y is as above defined,

R is selected from:
1) s = 1: the residue

selected from (Ve) and Rg

of formula (II) wherein R; 1is

1is Ny and 1s selected from:

1) -CO-NH-K-K* wherein K* is equal to K’ and is equal to -

co0-, -CONH-, -CH»,-0-CO-,

-CH,-0-CO0O- or -CHy,-O-CONH- and K*
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is bound to the group - (Y-ONO;); K is selected from
(VIIIa)-(VIIIh) wherein Rs, R; and Rg are -H, Rg is -OH;

2) (IXc) wherein K* is as above defined and R; is -H;

ii) s = 2: the residue of formula (III) wherein Ny is
selected from:

1) -CO-NH-K-K* wherein K* is as above defined and is equal
to -COO-, -CONH-, -CH,-0-CO-, -CH;-0-CO0O- or -CH;-O-CONH-
and K* is bound to the group - (Y-ONO;); K is selected from
(VIIIa)-(VIIIh) wherein Rs, R; and Rg are -H, Rg is -OH;

2) (IXc) wherein K* is as above defined and R; is -H;

can be prepared as follows:

8a) by reacting the compounds of formula Rrr: or Rrrrs
described in 4a) with compounds (Xg.)-(Xge) and (Xh.)- (Xhe)
depending on the meaning of K* and described in 7b)
following the same procedure described in 7b) using a ratio
of (Xg.)-(Xge) and (Xh,)-(Xhe)) 1:1 or 2: 1 if more than one
group -COCOH is present.

9. The compounds of general formula (I)

wherein:

s and s’ are equal to 1;

A and A’ are - (Y-ONQO;) or —(Y’'-0ONO;) wherein Y and Y’ are
equal or different and are as above defined,

R is selected from the residue of formula (II) wherein Ry
is (IV) and R; is selected from the group (Va) wherein:

Ry, is n-butyl, Rs is Cl, and Ny is selected from:

1) -CH»,-0O-CO-NH-K-K* wherein K* is equal to K’ is equal to
-C00-, -CONH-, -CH,-0-CO-, -CHy-0-CO0O- or -CH>-0O-CONH- and
K* is bound to the group - (Y-ONO;); K is selected from K,
K, or K3 and is selected from (VIIIa)-(VIIIh) wherein Rs is
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selected from -CO-, -COO- or —-CONH-; Rs 1s selected from -
O- or -NH; R; and Ry are selected from -CO- or -COO- and K
is bound to the group - (Y’-0ONO;);

2) (IXa) wherein K* is as above defined and R; is selected
from -CO- or -COO- and R; is bound to the group - (Y’'-0ONOy);
can be prepared as follows:

9a) by reacting a compound of formula (Ig)

R, [Y—ONO,]

[Y'-ONO,l

(Ig)
wherein s, s’, Y and Y’ are as above defined in 9., R, 1is
selected from the residue of formula (II) wherein R;, R, and
Rs are as above defined in 9.; Ry is equal to (IVa) and is
as defined in la); Ny is equal to:
9a.1) -CH»,-0-CO-NH-K-K* wherein K and K* are as above
defined in 9.;
9a.2) (IXa) wherein K* and R; are as above defined in 9.;
with anhydrous or aqueous organic or 1inorganic acid to
hydrolyze the trityl protective groups following procedure
well known in the literature;

9b) by reacting a compound of formula Rrr.-:

/

N=N
Rrrar
with:
9b.1) compound of general formula (Xi.)-(Xi,):
P—-NO;—CcH;,—-0O-CO-NH-K-K*
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(X1a) = (Xi,)
wherein K* and K are as above defined in 9.
For a complete description and for preparations of (Xi,)-
(Xi,) see Appendix 1, preparations A9-A23; or
9b.2) a compound of general formula (Xj5)-(Xje)

o NO,

P

HN O

R,NH K*

(Xja) - (Xje)

wherein K* is equal to -C00-, -CONH-, -CH,-0-CO-, -CH,;-0O-
CO0O- or -CH;-0O-CONH- and K* is bound to the group - (Y-
ONO2); Ry is selected from -CO- or -COO- and R; is bound to
the group - (Y’ -0ONOy) .

following the procedure described in 1b);

For the preparation of compounds of formula (Xj.)-(XJe) see
Appendix 1, preparation A24,.

10. The compounds of general formula (I)

wherein:

s and s’ are equal to 1;

A and A’ are -(Y-ONO;) or -(Y’'-0ONO;) wherein Y and Y’ are
equal or different and are as above defined,

R is selected from the residue of formula (II) wherein Ry
is (IV) and R; is selected from the group (Vd) and Ny is

selected from:
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1) -0O-CO-NH-K-K* wherein K* is equal to K’ and is equal to
-C00-, -CONH-, -CH,-0-CO-, -CH,-0-CO0O- or -CH,-0O-CONH- and
K* is bound to the group - (Y-ONQO;); K is selected from K,
K, or Ks; and 1is selected from (VIIIa)-(VIIIh) wherein Rs is
selected from -CO-, -COO- or —-CONH-; Rg is selected from -
O- or —-NH; R; and Rs are selected from -CO- or -COO- and K
is bound to the group - (Y’-0ONO;);

2) (IXb) wherein K* is as above defined and R; is selected
from -CO- or -COO- and R; is bound to the group - (Y’'-0ONOy);

can be prepared as follows:

10a) by reacting a compound of formula (Ih)

R— [Y—ONO,],

[Y'-ONO,l

(Ih)

wherein s, s’ Y and Y are as above defined in 10., R, 1is
selected from the residue of formula (II) wherein R; and Ng
are as above defined in 10.; Ry is equal to (IVb) and is
the t-butyl protecting group as defined in 2a); Ny is equal
to:

10a.1l) -0O-CO-NH-K-K* wherein K is selected from K;, K, or Kj
and K and K* are as above defined in 10.; K;, K;, Kz and K*
are respectively bound to the group -(Y’'-ONO;) and - (Y-
ONO2) ¢

10a.2) (IXb) wherein K* and R; are as above defined in 10.;
R; is bound to the group - (Y’ -0ONO;);

with anhydrous or aqueous organic or 1inorganic acid to
hydrolyze the t-butyl group following procedure well known
in the literature;

10b) by reacting a compound of formula Rirp:
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CH, OH

N=N

Rimp
with:
10b.1) a compound of general formula (Xii)- (Xi,)
defined
P—-NO;—CcH;,—-0O-CO-NH-K-K*
(X1a) = (Xi,)
following the procedure described in 1b); or
10b.2) a compound of general formula (Xj,)-(XJje)
9b), following the procedure described in 1b).

11. The compounds of general formula (I)

wherein:
s is equal to 1;

s’ is equal to 1;

as above

defined 1in

A and A’ are —-(Y-ONQO;) or —-(Y’'-ONO;) wherein Y and Y’ are

as above defined,
R is selected from the residue of formula (II)
is (IV), Ry is selected from the group:

i) (Va) wherein Ry is n-butyl and Ry is Cl;

ii) (Va) wherein R, is n-propyl and R; is CyFs,

89
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iii) (Va) wherein R; 1s n-propyl and R; is the group -
C (CHs) ,0H;

iv) (Vb);

v) (Vc) wherein Rs is n-butyl;

vi) (Vc) wherein Rs is -OEt;

wherein Ny is selected from:

1) -CO-NH-K-K* wherein K* is equal to K’ and is equal to -

C00-, -CONH-, -CH,-0-CO-, -CHy-0-CO0O- or -CHy;-0O-CONH- and K*

is bound to the group - (Y-ONO;); K is selected from K;, K

or K3 and is selected from (VIIIa)-(VIIIh) wherein Rs 1is

selected from -CO-, -COO- or —-CONH-; Rg is selected from -

O- or —-NH; R; and Rs are selected from -CO- or -COO- and K

is bound to the group - (Y’-0ONO;);

2) (IXc) wherein K* is as above defined and R; is selected

from -CO- or -COO- and R; is bound to the group- (Y’ -0ONO;) ;

can be prepared as follows:

1lla) by reacting a compound of formula (Ii)

R— [Y—ONO,I,

[Y

ONC5]§
(I1)
wherein s, s’, Y and Y’ are as above defined in 11., R; 1is
selected from the residue of formula (II) wherein Ny is as
above defined, R; is as above defined in 11. in the points
i)-vi); Ry is equal to (IVa) and is as previously defined,
with anhydrous or aqueous organic or 1inorganic acid to
hydrolyze the trityl and the other protective groups
following procedure well known in the literature;
11b) by reacting compounds of formula Riie- Rrmn already
defined in 3b) with
11b.1) compounds of general formula (Xk,)-(Xk,)

NH;-K-K*

(Xka) = (Xko)
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wherein K* and K are as defined in 11.;

or

11b.2) compound of formula (XL.)-(XLe), depending on the
meaning of K*:

NH,

R,NH” K

(XLa) = (XLy)

Wherein R; is selected from -CO- or -COO- and R; is bound to
the group - (Y’ -0ONOy) ;

following the procedures reported in 3e¢) for:

1) Ngo = -COOH:

2) Ngo = -COHal or -COOAct:

For the preparation of compounds of formula (Xky)-(Xk,) and
(XL.) - (XL.) see Appendix 1, preparations A9-A24.

12. The compounds of general formula (I)

wherein:

s is equal to 1 or 2;

s’ is equal to 1 or 2;

A and A’ are - (Y-ONQO;) or —(Y’'-0ONO;) wherein Y and Y’ are

as above defined,

R is selected from:

i) s =1, s’ = 1: the residue of formula (II) wherein R; is

selected from (Ve) and Ry is Ny and is selected from:

1) -CO-NH-K-K* wherein K* is equal to K’ and is equal to -

C00-, -CONH-, -CH,-0-CO-, -CHy-0-CO0O- or -CHy;-0O-CONH- and K*
91



10

15

20

25

30

WO 2009/106471 PCT/EP2009/051943

is bound to the group - (Y-ONO;); K is selected from K;, K
or K3 and is selected from (VIIIa)-(VIIIh) wherein Rs 1is
selected from -CO-, -COO- or —-CONH-; Rg is selected from -
O- or —-NH; R; and Rs are selected from -CO- or -COO- and K
is bound to the group- (Y’ -0ONQOy) .
2) (IXc) wherein K* is as above defined and R; is selected
from -CO- or -COO- and R; is bound to the group - (Y’'-0ONOy);
ii) s = 2, s’ = 2: the residue of formula (III) wherein Ng
is selected from:
1) -CO-NH-K-K* wherein K* is equal to K’ and is equal to -
C00-, -CONH-, -CH,-0-CO-, -CHy-0-CO0O- or -CHy;-0O-CONH- and K*
is bound to the groups - (Y-ONO;); K is selected from Ki, Ky
or K3 and is selected from (VIIIa)-(VIIIh) wherein Rs 1is
selected from -CO-, -COO- or —-CONH-; Rg is selected from -
O- or —-NH; R; and Rs are selected from -CO- or -COO- and K
is bound to the groups - (Y’ -0ONO;).
2) (IXc) wherein K* is as above defined and R; is selected
from -CO- or -COO- and R; is bound to the group - (Y’'-0ONOy);
can be prepared as follows:
12a) by reacting the compounds of formula R or Rrrra
described in 4a) with:
12a.1) compounds of general formula (Xk,)-(Xk,)

NH;-K-K*

(Xka) = (Xko)
defined in 11b); or
12a.2) compound of formula (XL,)-(XL.), defined in 11b);
following the same procedure described in 7b) using a ratio
of (Xky)-(Xk,) and (XL,)-(XLe) 1:1 or 2: 1 if more than one
group -COCOH is present.

13. The compounds of general formula (I)
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(L)
wherein:
s is equal to 0;
s’ is equal to 1;
A’ is - (Y'-0ONO;) wherein Y’ is as above defined;

R is selected from the residue of formula (II) wherein Ry
is (IV) and R; is selected from the group (Va) wherein:

Ry is n-butyl, Rs; is Cl, and Ny is selected from:

1) -CH;-0O-CO-NH-K-K* wherein K* is equal to —-COQOH; K is
selected from K;, K; or Ks; and is selected from (VIIIa)-
(VITIh) wherein Rs is selected from -CO-, -COO- or —-CONH-;
Rs is selected from -0O- or -NH; R; and Rg are selected from
-CO- or -COO- and K is bound to the group - (Y’ -0ONO;):;

2) (IXa) wherein K* is equal to -COOH and R; is -CO- or -
COO- and Ry is bound to the group - (Y’ -0ONOy):;

can be prepared as follows:

13a) by reacting a compound of formula (Ij)

R— [ YY—ONO,]I ..

(I3)

wherein s’ and Y’ are as above defined in 13., Ry 1is
selected from the residue of formula (II) wherein R;, R, and
Rs are as above defined in 13.; Ry is equal to (IVa) and
is as defined in la); Ny is equal to Ny, and is equal to:
13a.1) -CH,-0O-CO-NH-K-Ki* wherein Ki* is equal to -COOt-But;
K 1is selected from K;, K; or Kz and 1s selected from
(VIIIa)-(VIIIh) wherein Rs is selected from -CO-, -COO- or
-CONH-; Ry 1is selected from -0- or -NH; R; and Rg are
selected from -CO- or -COO- and K is bound to the group -
(Y"-ONOz) ;

or

13a.2) Nps is the group IXay
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-CH,-O-CO-NH

R,NH” ~COO-t-But

IXay

wherein t-But is the tert-butyl protecting group and R; is
selected from -CO- or -COO- and binds the group - (Y’ -0ONO;);
with anhydrous or aqueous organic or 1inorganic acid to
hydrolyze the trityl and the other protective groups
following procedure well known in the literature;

13b) by reacting a compound of formula Rizyr above

described:

/

N=N

RIIa’

depending on the meaning of K, with:
13b.1) compound of formula (Xi.,)-(Xisg)
p-NO;-C¢H4-0-CO-NH-K;-COOtBut
(X1a4) = (X1se)
wherein K; 1is selected from (VIIIa)-(VIIId) wherein Rs 1is
selected from respectively:
i) -CO-  (Xia4);
ii) -COO- (Xiss); or
iii) —CONH- (Xiae)
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and K; is bound to the group -(Y’-0ONO,;) (see Appendix 1,
preparation A9/2);

13b.2) compound of formula (Xigs), (Xieq) :

p-NO;-C¢H4-0-CO-NH-K,-COOtBut
(Xif3), (Xifg)

wherein K, 1is selected from (VIIIe), (VIIIf) wherein Rg is
selected from respectively:

i) -0- (Xif3) or

ii) -NH-  (Xigq)

and K; is bound to the group -(Y’-0ONO,;) (see Appendix 1,
preparation Al4/2);

13b.3) compound of formula (Xixs), (Xikq):

P—NO;—-CegHs-0O-CO-NH-K3-COOtBut

(Xixsz) , (Xixa)

wherein K; is selected from (VIIIh), (VIIIg) wherein R; and
Rg are selected from respectively:

i) -CO- (Xiys) or

ii) -COO- (Xdixaq)

and K; is bound to the group -(Y’-0ONO,;) (see Appendix 1,
preparation Al9/2);

13b.4) compounds of formula (Xja3)- (XJaa:

NO
o 2

P

HN O

R,NH” ~COOtBut

(Xja3) - (Xja4)

wherein R; is selected from respectively:
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i) -Co- (XJz3) s

ii) -COO- (XJa.z) and R; is bound to the group - (Y’ -0NO)
(see Appendix 1, preparation A24/2);

following the procedure described in 1b).

14. The compounds of general formula (I)

R (A)s
(A') ..
(I)
wherein:
s is equal to 0;
s’ is equal to 1
A’ is — (Y’ -0ONO,) wherein Y’ is as above defined;

R is selected from the residue of formula (II) wherein Ry
is (IV) and R; is selected from the group (Vd) and Ny is
selected from:

1) -O-CO-NH-K-K* wherein K* is equal to —-COQH; K is
selected from K;, K; or Ks; and is selected from (VIIIa)-
(VITIh) wherein Rs is selected from -CO-, -COO- or —-CONH-;
Rs is selected from -0O- or -NH; R; and Rg are selected from
-CO- or -COO- and K is bound to the group - (Y’ -0ONO;):;

2) (IXb) wherein K* is equal to -COOH and R; is -CO- or -
COO- and Ry is bound to the group - (Y’ -0ONOy):;

can be prepared as follows:

1l4a) by reacting a compound of formula (Ik)
Rk___[Y'——ONOZ]S

(Ik)
wherein s’ and Y’ are as above defined in 14., Ry 1is
selected from the residue of formula (II) wherein R; is as
above defined in 14.; Ry 1is equal to (IVb) and is as
defined in 2a); Ny is equal to Ng, and is equal to:
14a.1) -0-CO-NH-K-Ki* wherein Ki* is equal to -COOt-But; K

is selected from K;, K; or Kz and is selected from (VIIIa)-
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(VIIIh) wherein Rs is selected from -CO-, -COO- or -CONH-;
Rs is selected from -0O- or -NH; R; and Rg are selected from
-CO- or -COO- and K is bound to the group - (Y’ -0ONO;):;

or

5 14a.2) Ny, is the group IXby
-O-CO-NH

R,NH” ~COO-t-But

IxXby,

wherein t-But is the tert-butyl protecting group and R; is
10 selected from -CO- or -COO- and binds the group - (Y’-0NO;):;
with anhydrous or aqueous organic or 1inorganic acid to
hydrolyze the trityl and the other protective groups

following procedure well known in the literature;

15 14b) by reacting a compound of formula Rirp:
CH, OH

N~ X

s |

H,C” N7 N7 o

N=N

Rrmp

depending on the meaning of K, with:
20 14b.1) compound of formula (Xi.g)- (Xiag)
p-NO,-CsHs-0O-CO-NH-K;-COOtBut

(Xj—a4) - (Xj—a6)
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described in 13b.1)
14b.2) compound of formula (Xigs), (Xieq) :
P—-NO;-CsH4-0O-CO-NH-K,-COOtBut
(Xif3), (Xifg)
described in 14b.2)

14b.3) compound of formula (Xiyxs), (Xikq):

P—NO;—-CegHs-0O-CO-NH-K3-COOtBut

(Xixsz) , (Xixa)

described in 13b.3)
14b.4) compounds of formula (Xja3)- (XJaa:

NO
o 2

P

HN O

R,NH” ~COOtBut

(Xja3) - (Xja4)

described in 13b.4):

following the procedure described in 1b).

15. The compounds of general formula (I)

wherein:
s is equal to 0;

s’ is equal to 1;
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A’ is - (Y'-0ONO;) wherein Y’ is as above defined;
R is selected from the residue of formula (II) wherein Ry
is (IV), Ry is selected from the group:

i) (Va) wherein Ry is n-butyl and Ry is Cl;

ii) (Va) wherein R, is n-propyl and R; is CyFs,

iii) (Va) wherein R; 1s n-propyl and R; is the group -
C (CH3) ,0H;
iv) (Vb);

v) (Vc) wherein Rs is n-butyl;

vi) (Vc) wherein R4 1s -0OEt;

wherein Ny is selected from:

1) -CO-NH-K-K* wherein K* is equal to —-COOH; K is selected
from K;, K, or Kz and is selected from (VIIIa)-(VIIIh)
wherein Rs 1s selected from -CO-, -COO- or -CONH-; R 1is
selected from -0O- or -NH; R; and Rs are selected from -CO-
or -CO0O- and K is bound to the group - (Y’ -0ONO;);

2) (IXc) wherein K* is equal to -COOH; and R; is selected
from -CO- or -COO- and R; is bound to the group - (Y’'-0ONOy);

can be prepared as follows:

15a) by reacting a compound of formula (IL)
RL___[Y'——ONOZ]S

(IL)

wherein s’ and Y’ are as above defined in 15., R; 1is
selected from the residue of formula (II) wherein R; is as
above defined in 15. in the points i)-vi); Ry is equal to
(IVa) and is as previously defined, Ny is equal to Ng. and
is equal to:

7a.l) -CO-NH-K-Kyi* wherein Ky* is equal to -COOt-But; K is
as defined in 15.; or

7a.2) Ny. is the group IXcp:
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-CO-NH

R,NH COO.t-But

IXcCs
wherein R; and t-But are as previously defined;
with anhydrous or aqueous organic or inorganic acid to
hydrolyze the trityl and the other protective groups
following procedure well known in the literature;
15b) by reacting compounds of formula Riie- Rrmn already
defined in 3b), depending on the meaning of K with:
15b.1) compounds of formula (Xk.s)- (Xkae) :

NH;-K;-COOtBut
(Xkas) = (Xkas)

wherein t-But is as above defined and K; is selected from
(VIIIa)-(VIIId) wherein Rs is selected from regpectively:

i) -CO- (Xkas) ¢

ii) -COO0O- (Xkas); or
iii) —-CONH- (Xk.g):;
and K; is bound to the group -(Y’-0ONO,;) (see Appendix 1,
preparation A9/2); or
15b.2) compounds of formula (Xkss), (Xkeq) @

NH,-K,-COOtBut
(Xke3) = (Xkea)

wherein K, is selected from:
l) -0- (ka3) oxr
ii) -NH-  (Xk:zg)
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and K; is bound to the group -(Y’'-0ONO;) (see Appendix 1,
preparation Al4/2); or
15b.3) compounds of formula (Xkyxs), (Xkyq) :
NH,-K3-COOtBut
(Xkxs) = (Xkka)

wherein K; is selected from (VIIIh), (VIIIg) wherein R; and
Rg are selected from respectively:

i) -CO- (Xkys) or

ii) -COO-  (Xkya)
and K; is bound to the group -(Y’-0ONO,;) (see Appendix 1,
preparation Al9/2); or

15b.4) compounds of formula (XL.s), (XLag):

NH NH

2

O,NO-Y'-CONH COOtBut O,NO-Y'-OCONH COOtBut

(XLas) (XLaa)

wherein Y’ and t-But are as previously defined; (see
Appendix 1, preparation A24/2);

following the procedures reported in 3¢) for:

1) Ngo = -COOH:

2) Ngo = -COHal or —-COOAct.

16. The compounds of general formula (I)

wherein:

s is equal to 0;
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s’ is equal to 1 or 2;

A’ is - (Y'-0ONO;) wherein Y’ is as above defined;

R is selected from:

i) s = 1: the residue of formula (II) wherein R; 1is
selected from (Ve) and Ry is Ny and is selected from:

1) -CO-NH-K-K* wherein K* is equal to —-COOH; K is selected
from K;, K, or Kz and is selected from (VIIIa)-(VIIIh)
wherein Rs 1s selected from -CO-, -COO- or -CONH-; R 1is
selected from -0O- or -NH; R; and Rs are selected from -CO-
or -CO0O- and K is bound to the group - (Y’ -0ONO;);

2) (IXc) wherein K* is equal to —-COOH; and R; is selected
from -CO- or -COO- and R; is bound to the group - (Y’'-0ONOy);
ii) s = 2: the residue of formula (III) wherein Ny is
selected from:

1) -CO-NH-K-K* wherein K* is equal to —-COOH; K is selected
from K;, K, or Kz and is selected from (VIIIa)-(VIIIh)
wherein Rs 1s selected from -CO-, -COO- or -CONH-; R 1is
selected from -0O- or -NH; R; and Rs are selected from -CO-
or -CO0O- and K is bound to the group - (Y’ -0ONO;);

2) (IXc) wherein K* is equal to -COOH; and R; is selected
from -CO- or -COO- and R; is bound to the group - (Y’'-0ONOy);
can be prepared as follows:

16a) by reacting the compounds of formula R or Rrrra
described in 4a) with compounds (Xkaq) = (Xkas) , or
(Xks3) , (Xkgeq) , or (Xkys) = (Xkxs)

depending on the meaning of K and described in 15b.1-15b.3
or compounds of formula (XL.;), (XL.s) described in 15b.4;
following the same procedure described in 3¢) using a ratio
of  (Xkasa) - (Xkas), or (Xkes), (Xkea), or  (Xkgs) = (Xkyxs), O
(XLas), (XLag) 1:1 or 2: 1 if more than one group -COOH is
present.

17. The compounds of general formula (I)
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wherein:

s is equal to 1;

s’ is equal to O

A is equal to (la) and is the group

(la),

R is selected from the residue of formula (II) wherein Rg

is (IV), Ry is selected from the group:

i)

iii)

1v)

vi)

(Va) wherein Ry is n-butyl and R; is C1;
(Va) wherein R; is n-propyl and R; is the group

C (CH3z) 20H;

(Vb) ;

(Vc) wherein R4 is -OEt;

wherein Ny 1is selected from:

1) (VIb), wherein K’ 1is equal to -C0O0O-, and K’ is
bound to the group (la)
2)-CO-NH-J-K’ wherein J is selected among (VIIa-VIIk)

and K’ 1s as above defined;

can be prepared as follows

17a) by reacting a compound of formula (Ic’)

Rc_ [A] s
(Ic”)

wherein A and s are as defined in 17. and R, 1is selected

from the residue of formula (II) wherein Ny 1s as above

defined in 17. and R; is as above defined in the points i),
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iii),iv) and vi); Rg is equal to (IVa) and is as previously
defined, following the same procedure described in 1la);
17b) by reacting:

i) a compound of formula Rrrc

/

5 N=N

RIIC

Wherein Ngg is —-COOH, -COHal or —-COOAct wherein Hal and Act
are as previously defined in 3.; or

10 1iii) a compound of formula Rrre

N=N

RIIe
wherein Npg 1s as previously defined; or

iv) a compound of formula Rris
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H,C_ ,CH,

0O
)J\ N Noo

n-Bu

Rirs
wherein Npg 1s as previously defined; or

vi) a compound of formula Rrm

N
!
EtO/< Q
N
! NOO

5 N=N

Ry
wherein Ny is as previously defined;
with

3b.1) a compound of formula (Xc.)

HN

PR
o)
10 O
(Xca)

wherein A is the group (la),

15
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or
3b.2) a compound of formula (Xd,)
NH,-J-COO-A
(Xda)
5 wherein A is (la) and J is as above defined;
following the procedure described in 3.
17b’) alternatively by reacting:

i) a compound of formula Rrrca Or Rrrep

10 N=N
RIIca
Cl
SOR
n-Bu)\N N\J OH

O /N\N/Trt
/

N=N
Rirep
15
Wherein J i1s as above defined, with compound (XIa)
Appendix 1, preparation Al.
ONO,
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(XIa)

and a condensing agent such as dicyclohexylcarbodiimide
(DCC) or N,N’-carbonyldiimidazol (CDI) or 1l-ethyl-3-(3'-
dimethylaminopropyl)carbodiimide hydrochloride (EDC) or
other known condensing reagents such as O-(7-
azabenzotriazol-1-y1)-N,N,N',N'-tetramethyluronium
hexafluorophosphate (HATU), in the presence or not of 1-
Hydroxybenzotriazole (HOBT) in solvent such as CHyCl,, DMF,
THF, chloroform at a temperature in the range from -5°C to
80°C in the presence or not of a base as for example DMAP.

17c) by reacting compound Rrr. defined in 3b)

/

N=N RIIC

wherein Ngy is as previously defined, with compounds (1b)

or (1lc)

HN

COOMe NH-J-COOMe
(1b) (lc)

wherein J is as previously defined using a condensing agent
as l-ethyl-3-(3'-dimethylaminopropyl)carbodiimide
hydrochloride (EDC) and l-hydroxybenzotriazole as known in
the literature and hydrolysing the final methyl ester with
NaOH in solvent such as MeOH as well known in the

literature.
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Appendix 1

Al. Synthesis of compounds (Xa,) and (Xc,)

0
%N/(:i?/ N
0
0™ >0-A

5
(Xaz)
wherein A is —(Y-ONO,), and Y is as above defined, or the
group (la)
O
H
10 IH

(la),

can be obtained by reacting compound (Xc,) wherein A is as
above defined with commercially available -
nitrophenylchlorocarbonate 1in the ©presence of a base

15 following procedures well known in the literature.
OCOCI
HN

07 ™0-A
NO,
(Xca)
Compounds (Xcs) can be obtained from commercially available
Boc-proline by the procedures depicted in the scheme 1
20 following procedures well known in the literature:

Scheme 1
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condensing agent

boc—N + OH-A — = boc—N
(Xla)
HOOC COO-A
Boc-Proline
HCI HN
COO-A
(Xc,)

Compounds of formula (XIa) wherein A is the group (la) are
commercially available.

Compounds of formula (XIa) wherein A is the group - (Y-ONO;)
are obtained by reacting compounds of formula HO-Y-Hal
(XITa) wherein Y is as above defined and Hal is an halogen
atom such as Cl, Br, I or compounds of formula HO-Y-OTs
(XITIIa) wherein Ts 1is the tosyl group, with AgNOs; or
MetalNOs; wherein Metal is K', Na' Li' in a suitable organic
solvent such as acetonitrile or tetrahydrofuran (THF) under
nitrogen in the dark at temperatures range between 20°-80°C
using a nitrate ammonium salt as catalyst; alternatively
the reaction with AgNO; or MetalNO; 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 1-120 min. The compounds of formula (XIIa)
and (XIIIa) are commercially available or can be obtained
from commercially available compounds HO-Y-OH (XIITb) with
methods well known in the literature.

A2, Synthesis of compounds (Xa,) and (Xcp)

o)
OzN/®/ 7]—N
o)
Y<
o ”/ ONO,

(Xap)
wherein Y is as above defined, can be obtained by reacting

compound (Xcp) with commercially available P-
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nitrophenylchlorocarbonate 1in the ©presence of a base

following procedures well known in the literature.
OCOcCl
HN

NO
(Xcp)

5 Compounds (Xcp) can be obtained from commercially available

Boc-proline by the procedures depicted in the Scheme 2

following procedures well known in the literature:

Scheme 2
condensing agent
boc—N + NH,-Y-ONO, —— boc—N
(XIb)
HoOC CONH-Y-ONO,
Boc-Proline
HCI HN
CONH-Y-ONO,
(Xc,)

10
The compounds of formula (XIb) are obtained by reacting
compounds of formula BocNH-Y-Hal (XIIb) wherein Y and Hal
are as above defined or compounds of formula BocNH-Y-OTs
(XIVa) wherein Ts 1is the tosyl group, with AgNOs; or

15 MetalNO; as already described i1in Al, eventually acid
hydrolysing the Boc protective group. The compounds of
formula (XIIb) and (XIVa) are commercially available or can
be obtained from commercially available compounds BocNH-Y-
OH (XIVb) with methods well known in the literature.

20 A3. Synthesis of compounds (Xa.) and (Xc.)

o L0

CH,0-CO-Y-ONO,

(Xac)
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wherein Y is as above defined, can be obtained by reacting
compound (Xce) with commercially available P-

nitrophenylchlorocarbonate as already described:

OCOCl

HN +

CH,0-CO-Y-ONO, {6

5 (Xce)
Compounds (Xc.) can be obtained from commercially available
Boc-prolinol by the procedures depicted in the Scheme 3
following methods analogues to those described in WO
2006/008196.

10 Scheme 3

DMAP
boc—N + C.F,0-CO-Y-ONO, ——— boc—N
X
CH,OH (Xle) CH,-OCO-Y-ONO,
Boc-Prolinol
HCl HN

CH,-OCO-Y-ONO,
(Xc,)

The compounds of formula (XIc) are obtained as described in
WO 2006/008196.
A4. Synthesis of compounds (Xayg) and (Xcg)

oL

o)
CH,0-CO-0-Y-ONO,

15

(Xaq)
wherein Y is as above defined, can be obtained by reacting
compound (Xcq) with commercially available P-

20 nitrophenylchlorocarbonate as already described:

OCOCl

HN +

CH,0-CO-O-Y-ONO, {6
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(Xcq)
Compounds (Xcg) can be obtained from commercially available
Boc-prolinol by the procedures depicted in the Scheme 4
following methods analogues to those described in WO

5 2006/008196.

Scheme 4
DMAP
boc—N + pNO,-C;H,-0-COO-Y-ONO, ————=  bOC—N
(X1d)
CH,OH CH,-OCO-0-Y-ONO,
Boc-Prolinol
HCI HN

CH,-OCO-0-Y-ONO,
(Xcy)

The compounds of formula (XId) are obtained as described in
10 WO 2006/008196.
A5. Synthesis of compounds (Xa.) and (Xc.)

oL

CH,O-CO-NH-Y-ONO,
(Xae)
wherein Y is as above defined, can be obtained by reacting
15 compound (Xce) with commercially available P-

nitrophenylchlorocarbonate as already described:

OCOCl

HN +

CH,0-CO-NH-Y-ONO, {6

(Xce)
Compounds (Xce) can be obtained from commercially available
20 Boc-prolinol by the procedures depicted in the Scheme 5
following methods well known in the literature:

Scheme 5
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boc—N 4+ PNO,-CgH,-0-CO-NH-Y-ONO, __DMAP  _ boc—N
Xie) Sc(OTH),
CH,OH CH,-OCO-NH-Y-ONO,

Boc-Prolinol

HCI HN

CH,-OCO-NH-Y-ONO,
(Xc,)

The compounds of formula (XIe) are new compounds and are
obtained from (XIb) described in A2 following procedure
5 described for analogues compounds:
NH,-Y-0ONO; + PNO,-C¢H,-0OCOC1
(XIb)
A6. Synthesis of compounds (Xb,)-(Xb.) and (Xd,) - (Xd.)
The compounds of formula (Xb,)-(Xbe) wherein J is as above
10 defined depending on the meaning of K’:
PNO;-CsH4—OCONH-J-COO-A
(Xba)
wherein J 1is as previously defined and A is -(Y-ONO;) or

the group (la)

15
PNO;-CgH;—~OCONH-J-CONH-Y-0ONO;
(Xby)
20 pPNO,-CsH4-OCONH-J-CH,O0-CO-Y-0ONO,
(Xbe)
pNO,-CsH4-OCONH-J-CH,O0-CO-0-Y-0ONO,
(Xbg)
PNO;-CgH;-OCONH-J-CH,0-CO-NH-Y-0ONO;
25 (Xbe)
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Wherein J and Y are as previously defined, are obtained by
reaction with pNO;-C¢H,-OCOCl of the corresponding compounds
(Xda) = (Xde) :

5 NH,-J-COO-A + PNO,-CgH,-0COC1
(Xda)

Wherein A is as previously defined;

NH,-J-CONH-Y-0ONO; + PNO,-C¢H,-0OCOC1
10 (Xdy)
NH,-J-CH,OCO-Y-0ONO; + PNO,-C¢H,-0OCOC1
(Xde)
NH,-J-CH,OCO-0-Y-0ONO9 + PNO,-C¢H,-0OCOC1
(Xda)
15 NH;-J-CH;OCO-NH-Y-0ONO; + PNO,-C¢H,-0OCOC1
(Xde)

Wherei J and y are as previously defined.

Compounds of formula (Xd,)-(Xde) depending on the meaning

of J can be obtained starting from the corresponding Boc
20 protected amino acid or Boc protected amino alcohol

following the procedure described in Al-A5 depending on the

meaning of K’.

A7. Synthesis of compounds (Xe,)-(Xe.) and (Xg.) - (Xge)

25 The compounds of formula (Xe,)- (Xeg)
P-NO,-CcH,~-0-CO-NH-K.-COO-A
(Xea)

wherein A is - (Y-ONO;) or the group (la)

30
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p-NO,-CsH4-0O-CO-NH-K_,-CONH-Y-0ONO;
(Xeyp)
p-NO,-CsHs-0O-CO-NH-K,-CH,O-CO-Y-0ONO>
(Xeq)
5 p-NO,-CsHs—O-CO-NH-K_,-CH,O-CO-0-Y-0ONO;
(Xeq)
p-NO,-CsH4-0O-CO-NH-K,-CH,O-CO-NH-Y-0ONO,
(Xee)
wherein:
10 Y is as previously defined, and K, is selected from

(VIIIaa)-(VIITha):

TrtO
THO TrtO.__CH, TS
(VIITaa) (VIIIba) (VIIIca) (VIIIda)
] H
0 NH-Boc N. _NHPbf
O t'BUtO Y
t-But- NH
15 , , ;
(VIIIea) (VIIIfa) (VIIIga) (VIITha)

wherein Trt is the trityl protecting group; t-But is the t-

Butyl protecting group; Boc is the Boc protecting group;
20  Pfb is the (2,2,4,6,7-pentamethyl-dihydrobenzofuran-5-

sulfonyl)- protecting group;

are obtained by reaction with pNO;-CgH;~0COC1l of the

corresponding compounds (Xg,) - (Xge) :

25 NH,-K,-COO-A + pNOQ—C6H4—OCOCl

(Xga)
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NH,-K.-CONH-Y-0ONO, + PNO,-C¢H,-0OCOC1
(Xap)
NH;,-K,-CH,O-CO-Y-0ONO; + PNO,-C¢H,-0OCOC1
(Xg:)
5 NH;-K,-CH,0-CO-0-Y-0ONOy + PNO,-C¢H,-0OCOC1
(Xgq)
NH,;-K.-CH,O-CO-NH-Y-0ONO, + PNO,-C¢H,-0OCOC1
(Xge)

wherein A, Y and K. are as previously defined.

10 Compounds of formula (Xgs)-(Xge) depending on the meaning
of K, can be obtained starting from the corresponding N-

Fmoc protected amino acid (VIIIab)-(VIITIhb):

THO:I\ TrtO:I:CH3 THS:I\

Fmoc-NH COOH Fmoc-NH COOH Fmoc-NH COOH

14 14

15 (VIIIab) (VIIIbb) (VIIIcb)

t-ButO
TrtO O N
t-But-OJi

Fmoc-NH COOH Fmoc-NH COOH Fmoc- NH COOH

(VIIIdb), (VIIIeb) (VIIIfD)
NH-Boc H
N\H/NHPM
NH
FmocNH COOH Fmoc-NH COOH
20 (VIIIgb) (VIIIhb)

or corresponding N-Fmoc protected amino alcohol (VIIIac)-

(VIITIhc):
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WO 2009/106471
Trtoj\ TrtO CH, TrtS
Fmoc-NH CH,OH Fmoc-NH CH,OH Fmoc-NH CH,OH
(VIIIac) (VIIIbc) (VIIIcc)

t-ButO

O
TrtO O
t-But-O
Fmoc-NH CHZOH Fmoc- NH CHZOH

Fmoc-NH CH,OH

5 (VIIIdc), (VIIIec) (VIIIfc)

NH-Boc

H
NTNHbe
NH
Fmoc-NH CHZOH

FmocNH CH,OH

14

(VIIIgc) (VIIIhc)

10 following the procedure described in Al-A5 depending on the
meaning of K* that is equal to K’, eventually hydrolyzing

the Fmoc protected group following methods well known in

the literature.

A8. Synthesis of compounds (Xf,)-(X£f.) and (Xh,)- (Xh.)

NO, o NO,
] g
HNJ\OQ/ HNJ\O

15

BocNH COO-A BocNH CONH-Y-ONO2

(X£f2) (X£5)
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NO,
@)
ST

BocNH” ~CH,0CO-Y-ONO, BocNH” ~CH,0COO0-Y-ONO,
(Xfe) (Xfq)
2
HN""Ng
BocNH” ~CH,OCONH-Y-ONO,
5 (Xfe)

Wherein A, Y and are as previously defined in Al.
The compounds of formula (Xf,)-(Xf.) wherein A and Y are as
previously defined in Al., are obtained by reaction with

10  pNO,-CgH,-0OCOC1l of the corresponding compounds (Xh,)- (Xhe):

NH, NH,
BocNH COO-A BocNH CONH-Y-ONO,
(Xh.) (Xhy)
NH NH

2 2

BocNH CH,OCO-Y-ONO, BocNH CH,OCOO0-Y-ONO,

(Xhe) (Xhg)

15
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NH,

BocNH CH,OCONH-Y-ONO,

(Xhe)

5 wherein A, Y and Boc are as previously defined.
Compounds of formula (Xh.)-(Xh.) depending on the meaning

of K* that is equal to K’ can be obtained starting from the

corresponding N-Fmoc protected derivatives (IXaa) or
(IXab) :
HN—Fmoc HN—Fmoc
10 BocNH” “~COOH BocNH™  "CH,0OH
(IXaa) (IXab)

following the procedure described in Al-A5 depending on the
meaning of K*, eventually hydrolyzing the Fmoc protected
group following methods well known in the literature.
15 A9/1. Synthesis of compounds (Xi.;), (Xi,2), (Xi.3) and
(Xka1) , (Xka2) and (Xkas)
Compounds of formula
P—NO;-CsH,-0O-CO-NH-K;-COO-Y-0ONO;
(X1a1) = (X143)
20 wherein Y is as above described and K; 1is selected from
(VIIIa)-(VIIId) wherein Rs is selected from regpectively:
1) -CO-  (Xia);
ii) -COO- (Xisp); or
iii) —-CONH- (Xia3):;
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and K; is bound to the group -(Y’'-ONO;) are obtained by
reaction with pNO;-C¢H,-OCOCl of the corresponding compounds
(Xka1) = (Xks3) @

5 NH,-K;-COO-Y-0ONO;, + PNO,-C¢H,-0OCOC1
(Xka1) = (Xkas)
wherein Y is as previously defined and K; is selected from
(VIIIa)-(VIIId) wherein Rs is selected from regpectively:
i) -CO-  (Xka1):
10 ii) -COO- (Xka2):; or
iii) —-CONH- (Xka3):;

Compounds of formula (Xka1) - (Xkas3) can be obtained as
follows:
15 1) (Xk,1) : wherein K; 1is selected from (VIIIa)-(VIIId)
wherein Rs is -CO:
la) by reacting Fmoc protected compounds of formula (XVai)-
(XVdi1) (Scheme 6a) with compounds (XIa) applying the same
procedure described in Al, eventually hydrolyzing the Fmoc
20 protective groups of the resulting (XVIai) - (XVIdy)
following methods known in the literature.

Scheme o6a

condensing agent

deprotection Y'-ONO,
_AA OH-Y-ONO AA
Fmoc-NH™ ~ "~COOH XI > Fmoc-NH™~ '™~COO-Y-ONO HN/K1\COO-Y-ON02
a 2 2
XVa,)-(XVd
(XVay)-(Xvdy,) (XVla,)-(XVId,) (Xk,,)

25
wherein Y is as above described; AA; are regpectively the
residue of formula (XVaa)-(XVad):
OCO-Y'-ONO, H,C OCO-Y'-ONO, SCO-Y'-ONO,,

% % %

(XVaa) (XVab) (XVac)
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OCO-Y'-ONO,

%

(XVad)
wherein Y’ as above defined; following the procedure
5 already described in Al;
1b) Compounds of formula (XVa;)-(XVd;) are obtained by
reacting respectively the corresponding commercially
available Fmoc-serine, Fmoc-treonine, Fmoc-cysteine, or
Fmoc-tyrosine with compounds (XIc):
10 CsFs0-CO-Y’ -ONO;
(XIc)
following procedure described in WO 2006/008196. Compounds
(XIc) have been already described in A3.
2) (Xk,2) : wherein K; 1is selected from (VIIIa)-(VIIId)
15 wherein Rs; is -COO:
2a) by reacting Fmoc protected compounds of formula (XVay)-
(XVdy) with compounds (XTa) applying the procedure

described in Scheme 6b:

Scheme 6b
condensing agent deprotection ‘Y'-ON 02
_AA, OH-Y-ONO _AA
Fmoc-NH™~ *~COOH Xla _ FmocNH™ ~ 27-COO-Y-ONO, HZN/K1\COO-Y-0N02
20 (XVa,)-(XVd,) (XVla,)-(XVId,) (Xk_,)
wherein Y is as above described; AA, are respectively the
residue of formula (XVba)-(XVbd):
OCOO-Y'-ONQO, H,C OCOO-Y'-ONO, SCOO-Y-ONO,
25 (XVba) (XVbb) (XVbc)
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OCOO-Y'-ONO,

%

(XVbd)
wherein Y’ is as above defined;
2b) Compounds of formula (XVay)-(XVdy,) are obtained by
5 reacting respectively the corresponding commercially
available Fmoc-serine, Fmoc-treonine, Fmoc-cysteine, or
Fmoc-tyrosine with compounds (XId):
p—-NO,-CsHs0-COO-Y’ -ONO,
(XId)
10 following procedure described in WO 2006/008196. Compounds
(XId) have been already described in A4.
3) (Xk,3): wherein K; is selected from (VIIIa)-(VIIId)
wherein Rs is —-CONH-:
3a) by reacting Fmoc protected compounds of formula (XVas)-
15 (XVds) with compounds (XIa) applying the procedure
described in Scheme 6c:

Scheme o6c

condensing agent deprotection Y'-ONO,,
_AA OH-Y-ONO AA
Fmoc-NH™ ~ *~COOH Xla > Fmoc-NH~ *~~C00-Y-ONO, H N/K1\COO-Y-ON02
2
(XVa,)-(XVd,) (XVlag)-(XVid,) (Xkq)
a.

20 wherein Y is as above described; AA; are respectively the
residue of formula (XVca)-(XVcd):
OCONH-Y-ONO, H,C OCONH-Y'-ONO,, SCONH-Y'-ONO,

% % %

(XVca) (XVcb) (XVce)
25
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OCONH-Y'-ONO,,

%

(XVcd)
wherein Y’ is as above defined;
3b) Compounds of formula (XVas)-(XVd;) as above defined are
obtained by reacting respectively the corresponding
commercially available Fmoc-serine, Fmoc-treonine, Fmoc-
cysteine, or Fmoc-tyrosine with compounds (XIe):
P-NO;-CcH,0-CONH-Y’ -ONO;
(XIe)
following procedure described in AS5.
A9/2. Synthesis of compounds (Xi.s), (Xi.s), (Xize) and
(Xkas) , (Xkas) and (Xkae)
Compounds of formula
P—NO;-CsH4-0O-CO-NH-K;-COOtBut
(X1a4) = (X146)
wherein K; 1is selected from (VIIIa)-(VIIId) wherein Rs 1is
selected from respectively:
1) -CO-  (Xiaa);
ii) -COO- (Xi.s); or
iii) —CONH- (Xiae);
and K; is bound to the group -(Y’'-ONO;) are obtained by
reaction with pNO;-C¢H,-OCOCl of the corresponding compounds
(Xkas) = (Xkas) ¢

NH,-K;-COOtBut + PNO,-C¢H,-0OCOC1
(Xkaa) = (Xkas)
wherein K; 1is selected from (VIIIa)-(VIIId) wherein Rs 1is
selected from respectively:
i) -CO- (Xkas) 7
ii) -COO0- (Xkas); or
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Compounds of formula (Xk.s)-(Xkss) can be obtained

1) (Xkas) : wherein K; is

5 wherein Rs is —CO are obtained:

by reacting respectively the corresponding commercially
available compound (VIIIad), (VIIIbd), (VIIIcd)
(VIIIdd) with compounds (XIc) (Scheme 6d):
Scheme 6d
HO
10 Fmoc-NH COOtBut n CeFs0-CO-Y’ -ONO,
(VIITIad) (XIc)
HO CH,
Fmoc-NH COOtBut n CeFs0-CO-Y’ -ONO,
15 (VIITIbd) (XIc)
HS
Fmoc-NH COOtBut n CeFs0-CO-Y’ -ONO,
(VIIIcd) (XIc)
20
HO
Fmoc-NH COOtBut n CoF-0-CO-Y’ —~ONO,
(VITIIdd) (XIc)
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wherein Y’ is as above described, following procedure
described A3 and eventually deprotecting the Fmoc group by

known methods.

5 2) (Xk,5): wherein K; is selected from (VIIIa)-(VIIId)
wherein Rs is -COO:
are obtained by reacting respectively the corresponding
commercially available compound (VIIIad), (VIIIbd),
(VIIIcd) and (VIIIdd) with compounds (XId) (Scheme 6e):

10 Scheme 6e

HO

Fmoc-NH COOtBut

+ P—NO,;-C¢H40-CO0O-Y’" —~ONO>
(VIIIad) (XId)
15
HO CH,
Fmoc-NH COOtBut n p-NO,—-CsHs0-COO-Y’ —~ONO,
(VIIIbd) (XId)
HS
20 Fmoc-NH COOtBut n p-NO,—-CsHs0-COO-Y’ —~ONO,
(VIIIcd) (XId)
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HO

Fmoc-NH COOtBut n p-NO,-C:H,0-COO-Y’ —ONO,
(VITIIdd) (XId)

wherein Y’ is as above described, following procedure
5 described A4 and eventually deprotecting the Fmoc group by
known methods.
3) (Xk.g) : wherein K; is selected from (VIIIa)-(VIIId)
wherein Rs is —-CONH-:
are obtained by reacting respectively the corresponding
10 commercially available compound (VIIIad), (VIIIbd),
(VIIIcd) and (VIIIdd) with compounds (XIe) (Scheme 6f):

Scheme 6f
HO
Fmoc-NH™ ~COOtBut + p-NO,~CsH,0-CONH-Y” ~ONO;
(VIIIad) (XIe)
15
HO._ _CH,
Fmoc-NH™~COOtBut + p-NO,-CsH.0-CONH-Y’ ~ONO,
(VITIbd) (XIe)
20
HS
Fmoc-NH™COOtBut T p-NO,-CsH.0-CONH-Y’ ~ONO,
(VIIIcd) (XIe)
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HO

Fmoc-NH™ ~COOtBut T p-NO,~CsH,0-CONH-Y” ~ONO;

(VIIIdd) (XIe)

wherein Y’ is as above described, following procedure
5 described A5 and eventually deprotecting the Fmoc group by

known methods.

Al10. Synthesis of compounds (Xip;), (Xipz), (Xip3) and

(Xkp1) , (Xkp2) and (Xkps)
10 Compounds of formula

p-NO,-CsH4-0O-CO-NH-K; -CONH-Y-0ONO>
(Xip1) = (Xips)

wherein Y is as above described and K; is selected from

(VIIIa)-(VIIId) wherein Rs is selected from regpectively:
15 i) -CO- (Xip1) ;

ii) -COO0- (Xipp); or

iii) —-CONH- (Xips3):;

and K; is bound to the group -(Y’'-ONO;) are obtained by

reaction with pNO;-C¢H,-OCOCl of the corresponding compounds
20 (Xkp1) = (Xkps)

NH,-K;-CONH-Y-0ONO; + PNO,-C¢H,-0OCOC1
(Xkp1) = (Xkps)

wherein Y and K; are as above defined;
25 Compounds of formula (Xkp1)-(Xkyps) can be obtained as

follow:

1) (Xkp1) : wherein K; 1is selected from (VIIIa)-(VIIId)

wherein Rs is -CO:

la) by reacting compounds of formula (XVa;)-(XVd;) obtained
30 as described in A9 with compounds (XIb) applying the same
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procedure described in A2, eventually hydrolyzing the Fmoc
protective groups of the resulting (XVIag) - (XVIdy)
following methods known in the literature (Scheme 7a):

Scheme 7a

5
condensing agent deprotection T'-ONO2
_AA NH,-Y-ONO AA
Fmoc-NH™ ~ "~COOH me ? Fmoc-NH™ '"~CONH-Y-ONO, HZN/K1\CONH-Y-ON02
(XVa,)-(XVd,) (XVla,)-(XVId,)

(XKyq)

wherein Y and AA; are as previously defined.

2) (Xkyp2) : wherein K; 1is selected from (VIIIa)-(VIIId)
10 wherein Rs is -COO:

2a) by reacting Fmoc protected compounds of formula (XVay)-

(XVd,;) obtained as described in A9 with compounds (XIb)

then deprotecting the obtained compounds (XVIas)- (XVIds)

applying procedures already described (Scheme 7b):

15 Scheme 7b
condensing agent deprotection Y'-ON 02
_AA NH_-Y-ONO AA
Fmoc-NH™ ~ “~COOH me ? Fmoc-NH™ #™~CONH-Y-ONO, HZN/K1\CONH'Y'ON02
(XVa,)-(XVd,) (XVlag)-(XVIds)

(XKy)

wherein Y and AA, are as already described;

20 3) (Xkp3): wherein K; 1is selected from (VIIIa)-(VIIId)
wherein Rs is —-CONH-:
3a) by reacting Fmoc protected compounds of formula (XVas)-
(XVds) with compounds (XIb) applying the same procedure

described above (Scheme 7c¢):

25 Scheme 7c
condensing agent deprotection ‘Y'-ON 02
_AA NH_-Y-ONO AA
Fmoc-NH™ ~ *>~COOH me ? Fmoc-NH™ *"~CONH-Y-ONO, HZN/K1\CONH'Y'ON02
(XVa;)-(XVd,) (XVlag)-(XVIdg) (XK...)
b3
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wherein Y and AA; are as previously defined;
All. Synthesis of compounds (Xi.1), (Xi.z), (Xio3) and
(Xke1) , (Xke2) and  (Xkcs)
Compounds of formula
p-NO,-CsHs-0O-CO-NH-K; -CH,0O-CO-Y-0ONO>
(Xic1) = (Xics)

wherein Y is as above described and K; is selected from
(VIIIa)-(VIIId) wherein Rs is selected from regpectively:

i) -CO- (Xic1) s

ii) -COO0- (Xisp); or
iii) —CONH- (Xic3):
and K; is bound to the group -(Y’'-ONO;) are obtained by
reaction with pNO;-C¢H,-OCOCl of the corresponding compounds
(Xke1) = (Xkes) ¢

NH,-K;-CH,0-CO-Y-0ONO; + PNO,-C¢H,-0OCOC1
(Xke1) = (Xkes)

wherein Y and K; are as above defined;
Compounds of formula (Xker) = (Xkes) can be obtained as
follow:
1) (Xkc1) : wherein K; is selected from (VIITIa)-(VIIId)
wherein Rs is -CO:
la) by reacting Fmoc protected compounds of formula (XVag)-
(XVdy) with compounds (XIc) applying the same procedure
described in A3, eventually hydrolyzing the Fmoc protective
groups of the resulting (XVIa;)-(XVId;) following methods
known in the literature (Scheme 8a):

Scheme 8a

DMAP deprotection ‘YI'ONOZ
_AA C.F.-OCO-Y-ONO AA
_ 1 6 5 2 - — Ky —
Fmoc-NH CH,OH Xlc Fmoc-NH™~ ""~CH,-0CO-Y-ONO, HN CH,0CO-Y-ONG,

(XVa,)-(Xvd,) (XVla,)}-(XVid,) (Xk.,)
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wherein Y 1is as above defined and AA; has been already
described in A9;

2) (Xks2) : wherein K; is selected from (VIIIa)-(VIIId)
wherein Rs is -COO:

2a) by reacting Fmoc protected compounds of formula (XVas)-
(XVds) with compounds (XIc) applying the same procedure

described above (Scheme 8b):

Scheme 8b
DMAP deprotection TI'ONOZ
_AA C.F.-OCO-Y-ONO
Fmoc-NH Z\CHZOH oo 2Fmoc-NH/%\CHZ-OCO-Y-ONOZ H N/K1\CHZOCO-Y-ONO2
Xlc 2
(XVag)-(XVdy) (XVlag)-(XVidy)

(Xke2)

wherein Y and AA, havs been already defined;

3) (Xke3) : wherein K; is selected from (VIIIa)-(VIIId)
wherein Rs is —-CONH-:

3a) by reacting Fmoc protected compounds of formula (XVag)-
(XVdg) with compounds (XIb) applying the same procedure
described above (Scheme 8c):

Scheme 8c

DMAP Y-ONO,

deprotection ‘

C4F,-OCO-Y-ONO,

Fmoc-NH™ *~CH,0OH Fmoc-NH™

N%\CWOCO%OM% Hw/&\CHpCOYON%
(XVag)-(XVds) Xle (XVlagh-(XVIdy) Xk
wherein Y and AA; have been already described.
Al2. Synthesis of compounds (Xigs1), (Xigz), (Xigz) and
(Xkq41) , (Xkq2) and (Xkgs)
Compounds of formula:
P—NO;-CsH4-0O-CO-NH-K;-CH;0-COO-Y-0ONO;
(X1g1) = (Xig43)
wherein Y is as above described and K; is selected from
(VIIIa)-(VIIId) wherein Rs is selected from regpectively:
i) -CO- (Xia1) 7
ii) -COO- (Xigp); or
iii) —-CONH- (Xigz):
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and K; is bound to the group -(Y’'-ONO;) are obtained by
reaction with pNO;-C¢H,-OCOCl of the corresponding compounds
(Xkar) = (Xkas) =

NH,-K;-CH;0-COO-Y-0ONO; + PNO,-C¢H,-0OCOC1
(Xkg1) = (Xkas)

wherein Y and K; are as above defined;
Compounds of formula (Xkgr) - (Xkg3) can be obtained as
follow:
1) (Xkg1) : wherein K; 1is selected from (VIIIa)-(VIIId)
wherein Rs is -CO:
la) by reacting Fmoc protected compounds of formula (XVag)-
(XVdy) with compounds (XId) applying the same procedure
described in A4, eventually hydrolyzing the Fmoc protective
groups of the resulting (XVIajp)-(XVId;p) following methods
known in the literature (Scheme 9a):

Scheme 9a

DMAP
deprotection Y'-ONO,,
EmoeH - o p-NO,C,H,-OCO-O-Y-ONO, A —
2 Xid Fmoc-NH ™~ 1\CHZ-OCOO-Y-ONOZ H2N/K1\CHZOCOO-Y-ONO2
XVa,)-(Xvd
(Ve -xvdy) (XVia - (XVido) e

wherein Y and AA; have been already described in A9;

2) (Xkg2) : wherein K; 1is selected from (VIIIa)-(VIIId)
wherein Rs is -COO:

2a) by reacting Fmoc protected compounds of formula (XVas)-
(XVds) with compounds (XId) applying the same procedure
described above. (Scheme 9b):

Scheme 9b

Y-ONO,
DMAP deprotection ‘

- —_—

p-NO,C,H,-OCOO-Y-ONO, H,N

_AA, Ky
Fmoc-NH CH,OH AA 7 CH,0COO0-Y-ONO,
FmocNH™ “"~CH,-OCO0-Y-ONO,
Xld (Xkep)

(XVlay,)-(XVid,)

(XVag)-(XVdy)

wherein Y and AA, have been already defined;
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3) (Xkg3) : wherein K; is selected from (VIIIa)-(VIIId)
wherein Rs is —-CONH-:

3a) by reacting Fmoc protected compounds of formula (XVag)-
(XVdg) with compounds (XId) applying the same procedure
described above (Scheme 9c):

Scheme 9c

DMAP

. deprotection Y'-ONO,
_AA, pNO,-OCH,0CO0-Y-ONO, AA l(
Fmoc-NH *"CH,OH Fmoo-NH™ "~ *™~CH,-0C00-Y-ONO, 4y~ "~ CH,0C00-Y-ONO,
Xid
(XVag)-(XVds) (XVla,)-(XVid,,) Xk

wherein Y and AA; have been already described.
Al3. Synthesis of compounds (Xi.1), (Xi.z), (Xie3) and
(Xke1) , (Xkez) and (Xkes)
Compounds of formula
p-NO,-CsHs—-O-CO-NH-K; -CH,O-CONH-Y-0ONO;
(Xie1) = (Xie3)

wherein Y is as above described and K; is selected from
(VIIIa)-(VIIId) wherein Rs is selected from regpectively:

i) -CO- (Xie1) s

ii) -COO0- (Xiep); or
iii) —CONH- (Xie3):
and K; is bound to the group -(Y’'-ONO;) are obtained by
reaction with pNO;-C¢H,-OCOCl of the corresponding compounds

(Xke1) = (Xkes) @
NH,-K;-CH,O-CONH-Y-0ONO> + pNOQ—C6H4—OCOCl
(Xke1) = (Xke3)

wherein Y and K; are as above defined;

Compounds of formula (Xker) = (Xkes) can be obtained as
follow:

1) (Xke1) : wherein K; is selected from (VIIIa)-(VIIId)
wherein Rs is -CO:

la) by reacting Fmoc protected compounds of formula (XVag)-

(XVdy) with compounds (XIe) applying the same procedure
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described in A5, eventually hydrolyzing the Fmoc protective
groups of the resulting (XVIais)-(XVId;s) following methods
known in the literature (Scheme 10a):

Scheme 10a

DMAP, Sc(OT¥),

deprotection Y'-ONO,
_AA, p-NO,C,H,-OCO-NH-Y-ONO, —_— \
Fmoc-NH \CHZOH Xle F AAA Ki—
moc-NH CH,-OCONH-Y-ONO, 4 = ' ~CH,OCONH-Y-ONO,
(XVa,)-(XVd,) z
(XVlay,)-(XVid,) (XK, )
e

wherein Y and AA; have been already described;

2) (Xke2) : wherein K; is selected from (VIITIa)-(VIIId)
wherein Rs is -COO:

2a) by reacting Fmoc protected compounds of formula (XVas)-
(XVds) with compounds (XIe) applying the same procedure

described above (Scheme 10b):

Scheme 10b
DMAP Sc(OTf), deprotection Y'-ONO,
_AA, p-NO,CH,-OCONH-Y-ONO, AA |
Fmoc-NH ™ 2~CH,OH Xle Fmoc-NH ™" 2™CH_-0C-NH-Y-ONO, HZN/K1 ~—CH,OCONH-Y-ONO,
(XVag)-(XVd,) (XVlay,)-(XVid,,) (Xk)

wherein Y and AA, have been already defined;

3) (Xke3) : wherein K; is selected from (VIIIa)-(VIIId)
wherein Rs is —-CONH-:

3a) by reacting Fmoc protected compounds of formula (XVag)-
(XVdg) with compounds (XIe) applying the same procedure
described above (Scheme 10c):

Scheme 10c

DMAP, Sc(OT¥),

deprotection Y'-ON02
AA p-NO,C H,-OCO-NH-Y-ONO, AA |
- 3 -
Fmoc-NH CH,OH Fmoc-NH™ *"~CH,-OCONH-Y-ONO, HZN/K1\CHZOCONH-Y-ON02
Xle
(XVag)-(XVdy) (XVla,g)-(XVId,,) (k)

wherein Y and AA; have been already described.
Al4/1. Synthesis of compounds (Xif ), (Xif2) and (Xkgs) - (Xks2)

Compounds of formula
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p-NO,—-CsHs—O-CO-NH-K»,-COO-Y-0ONO»
(X1if1), (Xif2)
wherein Y is as above described and K, is selected from
(VIIIe), (VIIIf) wherein R; is selected from regpectively:
i) -0- (Xif) or
ii) -NH- (Xis)
and K; is bound to the group -(Y’'-ONO;) are obtained by
reaction with pNO;-C¢H,-OCOCl of the corresponding compounds
(Xks1) , (Xke2) @

NH;-K,-COO-Y-0ONO, + PNO,-C¢H,-0OCOC1
(Xks1) - (Xke2)

wherein Y is as previously defined and K, is selected from:

i) -0- (Xks1) or

ii) -NH-  (Xke2)
Compounds of formula (Xke1), (Xkep) can be obtained as
follows:

1) (Xks1): wherein Y and Y’ are equal and K, is selected
from (VIIIe), (VIIIf) wherein Rg is -0O-:

la) by reacting the Fmoc-glutamic acid or Fmoc-glutaric
acid with compounds (XIa) applying the same procedure
described in Al and using 2 equivalents of (XIa),
eventually hydrolyzing the Fmoc protective groups following
methods known in the literature.

1) (Xks1) : wherein Y and Y’ are different and K, is
selected from (VIIIe), (VIIIf) wherein Rg is —-0O-:

la’) by reacting compounds of formula (XVIIai), (XVIIby)
with compounds (XIa) following procedure already described
in Al (Scheme 1lla):

Scheme 1la
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HO

Fmoc-NH COO-Y-ONO,

(XVIIa)

HO

Fmoc-NH

(XVIIby)

COO-Y-ONO,

PCT/EP2009/051943

+ HO-Y’-0ONO,

(XIa)

+ HO-Y’-0ONO,

(XIa)

Eventually deprotecting the Fmoc group by known methods.

Compounds (XVITa;) and (XVIIb;)

10  compounds (VIIIeb) and (VIIIfb)

compounds (XIa),

ester group:

t-But-O

Fmoc-NH COOH

15 (VIIIeb)

t-ButO

Fmoc- NH

(VIIIfDb)
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2) (Xkgz) : wherein Y is as above defined and K, is selected
from (VIIIe), (VIIIf) wherein Rg is —-NH-:
2a) by reacting compounds of formula (XVIIai), (XVIIbi)
already defined with compounds (XIb) following procedure
already described in A2 (Scheme 11b):

Scheme 11b

HO

Fmoc-NH COO-Y-ONO, + NH.-Y’ -ONO
27 - 2

(XVIIa) (XIb)

HO

Fmoc-NH COO-Y-ONO, + NH.-Y’ -ONO
27 - 2

(XVIIby) (XIb)

Eventually deprotecting the Fmoc group by known methods.
Al4/2. Synthesis of compounds (Xifs), (Xifs) and (Xkgss) - (Xksa)
Compounds of formula
P—-NO;-CsH4-0O-CO-NH-K,-COOtBut
(Xif3), (Xifg)
wherein K, 1is selected from (VIIIe), (VIIIf) wherein Rg is
selected from respectively:
i) -0- (Xifs) or
ii) -NH-  (Xigq)
and K; is bound to the group -(Y’'-ONO;) are obtained by
reaction with pNO;-C¢H,-OCOCl of the corresponding compounds
(Xks3) , (Xkeg) @

NH;-K,-COOtBut + pNOQ—C6H4—OCOCl
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(Xke3) = (Xkea)

wherein K, is selected from:

i) -0- (Xkss) or

ii) -NH-  (Xk:zg)
Compounds of formula (Xkez), (Xkeg) can be obtained as
follows:

1) (Xks3) : wherein K, is selected from (VIIIe), (VIIIf)
wherein Rg is -0-:

la) by reacting commercially available compounds of formula
(VIIIde) and (VIIIdf) with compounds (XIa) applying the
same procedure described in Al (Scheme 11lc) eventually
hydrolyzing the Fmoc protective groups following methods
known in the literature.

Scheme 1lc

HO

Fmoc-NH COO-t-But + HO-Y’ -ONO,

(VIIIde) (XIa)

)
HO

Fmoc- NH COO-t-But + HO-Y’ -ONO,

(VITIIdf) (XIa)

2) (Xkss) : wherein K, is selected from (VIIIe), (VIIIf)
wherein Rg is —-NH-:

2a) by reacting commercially available compounds of formula
(VIIIde) and (VIIIdf) with compounds (XIb) applying the
same procedure described in A2 (Scheme 11d) eventually
hydrolyzing the Fmoc protective groups following methods

known in the literature.
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Scheme 11d

HO

Fmoc-NH COO-t-But +  NH,-Y’ -ONO,

(VIIIde) (XIb)

HO

Fmoc- NH COO-t-But 4 NH,-Y’ -ONO,

(VITIIdf) (XIb)

Al5. Synthesis of compounds (Xig1), (Xig2) and (Xkg1) - (Xkg2)
Compounds of formula

p-NO,-CsH4-0O-CO-NH-K»,-CONH-Y-0ONO;,

(Xig1) , (X1g2)

Wherein Y 1is as above described and K; is selected from
(VIIIe), (VIIIf) wherein R; is selected from regpectively:
i) -0- (Xiq1) or
ii) -NH-  (Xig)
and K; is bound to the group -(Y’'-ONO;) are obtained by
reaction with pNO;-C¢H,-OCOCl of the corresponding compounds
(Xkg1) , (Xkg2)

NH;-K,-CONH-Y-0ONO; + PNO,-C¢H,-0OCOC1
(Xkg1) = (Xkg2)
Wherein Y is as previously defined and K; is selected from:
i) -0- (Xkq1) or
ii) -NH-  (Xkg2)
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Compounds of formula (Xkq1), (Xkg2) can be obtained as

follow:
1) (Xkg1) : wherein Y is as above defined and K, is selected
from (VIIIe), (VIIIf) wherein Rg is -0-:

5 la) by reacting compounds of formula (XVIIay), (XVIIb,;) with

compounds (XIa) following procedure already described in Al

(Scheme 12):
Scheme 12
HO

Fmoc-NH™ “CONH-Y-ONO, . .
- - 2

10
(XVIIas) (XIa)
@)
HO
Fmoc-NH CONH-Y-ONO,
HO-Y’ -ONO;
(XVIIby) (XIa)
15

Eventually deprotecting the Fmoc group by known methods.
Compounds (XVITIa;) and (XVIIb,) can be obtained by reacting
compounds (VIIIeb) or (VIIIfDb) with compounds (XIb)
following procedure described in A2 (Scheme 15):

20 Scheme 15

t-But-O

(VIIIeb) (XIb)
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t-ButO

FmOC' NH COOH NH2_Y_ONO2

(VIIIfDb) (XIDb)
5 2) (Xkg2) : wherein Y and Y’ are equal or different and K; is
selected from (VIIIe), (VIIIf) wherein Rg is —-NH-:
2a) wherein Y and Y’ are equal: by reacting the Fmoc-
glutamic acid or Fmoc-glutaric acid with compounds (XIb)
applying the same procedure described in A2 and using 2
10 equivalent of (XIb), eventually hydrolyzing the Fmoc
protective groups following methods known in the
literature.
2a’) wherein Y and Y’ are different: by reacting compounds
(XVIIay) and (XVIIb;) above described with compounds (XIb)
15 as above described, (Scheme 16) eventually hydrolyzing the
Fmoc protecting group:

Scheme 16

HO

Fmoc-NH CONH-Y-ONO, L NH.-Y7 —ONO
27X - 2

20 (XVIIay) (XIb)

HO

Fmoc-NH CONH-Y-ONO, L NH.-Y7 —ONO
27X - 2

(XVIIby) (XIb)
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Alé6. Synthesis of compounds (Xini), (Xinz) and (Xkni) - (Xknz)
Compounds of formula
p-NO,-CsH4—-0O-CO-NH-K»,-CH,OCO-Y-0ONO>
(Xin1) , (Xing)
Wherein Y 1is as above described and K; is selected from
(VIIIe), (VIIIf) wherein R; is selected from regpectively:
i) -0- (Xin1) or
ii) -NH- (Xin)
and K; is bound to the group -(Y’'-ONO;) are obtained by
reaction with pNO;-C¢H,-OCOCl of the corresponding compounds
(Xkn1) , (Xkn2) @

NH;-K,-CH,0CO-Y-0ONO» + PNO,-C¢H,-0OCOC1
(Xkn1) = (Xkn2)

wherein Y is as previously defined and K, is selected from:

i) -0- (Xkp1) or

ii) -NH-  (Xkn2)
Compounds of formula (Xkn1), (Xkns) can be obtained as
follow:

1) (Xkp1): wherein Y is as above defined and K; is selected
from (VIIIe), (VIIIf) wherein Rs 1is -0- and K; binds a
group —-Y’-ONO;:
la) by reacting compounds of formula (XVIIas), (XVIIbs) with
compounds (XIa) following procedure already described in A3
(Scheme 15):

Scheme 15

HO

Fmoc-NH™ “CH,0CO-Y-ONO, .,
- - 2

(XVIIas) (XIa)
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HO

Fmoc-NH™ ~CH,0CO-Y-ONO, HOmY" —ONG
- - 2

(XVIIbs) (XIa)

5 Eventually deprotecting the Fmoc group by known methods.
Compounds (XVITIajs) and (XVIIbs) can be obtained by reacting
compounds (VIIIec) or (VIIIfc) with compounds (XIc)

following procedure described in A3 (Scheme 16)

Scheme 16
10
O
t-But-O
Fmoc-NH CHZOH
+ CyFsO0-CO-Y-0ONO,
(VIIIec) (XIc)
t-ButO
Fmoc-NH" COOH +  CeFs0-CO-Y-ONO,
15 (VIIIfc) (XIc)

2) (Xknz) : wherein Y is as above defined and K, is selected
from (VIIIe), (VIIIf) wherein Rg is —-NH-:
2a) by reacting compounds (XVIIas) and (XVIIbs) above
described with compounds (XIb) as above described, (Scheme
20 17):
Scheme 17
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HO

Fmoc-NH™ “CH,0CO-Y-ONO, .,
27 - 2

(XVITas) (XIb)

HO

Fmoc-NH™ ~CH,0CO-Y-ONO, ML Y7 —ONO
27 - 2

(XVIIbs) (XIb)

eventually hydrolyzing the Fmoc protecting group as already
described.
Al7. Synthesis of compounds (Xi;;), (Xi;i2) and (Xkii) - (Xk;»)
Compounds of formula

p-NO,-CsHs—0O-CO-NH-K»,-CH,OCOO-Y-0ONO>

(X1i1), (Xi:2)

wherein Y is as above described and K, is selected from
(VIIIe), (VIIIf) wherein R; is selected from regpectively:
i) -0- (Xii1) or
ii) -NH-  (Xiip)
and K; is bound to the group -(Y’'-ONO;) are obtained by
reaction with pNO;-C¢H,-OCOCl of the corresponding compounds
(Xki1) , (Xkiz)

NH;-K,-CH,O0CO0O-Y-0ONO> + PNO,-C¢H,-0OCOC1
(Xki1) - (Xki2)

Wherein Y is as previously defined and K; is selected from:

i) -0- (Xk;i1) or

ii) -NH-  (Xkig)
Compounds of formula (Xki1), (Xkiz) can be obtained as
follow:
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1) (Xki1): wherein Y is as above defined and K; is selected
from (VIIIe), (VIIIf) wherein Rg is -0-:
la) by reacting compounds of formula (XVIIag), (XVIIbg) with
compounds (XIa) following procedure already described in A3
5 (Scheme 18):
Scheme 18

HO

Fmoc-NH™ “CH,0C00-Y-ONO, . .,
- - 2

(XVITIay) (XIa)

HO

Fmoc-NH™ ~CH,0C00-Y-ONO,

10 + HO-Y’-0ONO,

(XVIIbg) (XIa)

Eventually deprotecting the Fmoc group by known methods.

15 Compounds (XVIIas) and (XVIIbg) can be obtained by reacting
compounds (VIIIec) or (VIIIfc) with compounds (XId)
following procedure described in A4 (Scheme 19):

Scheme 19

t-But-O

Fmoc-NH CHZOH

20 + p-NOy,-CsH40-COO-Y-0ONOy

(VIIIec) (XId)
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t-ButO
Fmoc-NH"COOH +  p-NO,-C:H,0-COO-Y-ONO,
(VIIIfc) (XId)
2) (Xkiz): wherein Y is as above defined and K, is selected
from (VIIIe), (VIIIf) wherein Rg is —-NH-:

5 2a) by reacting compounds (XVIIas) and (XVIIby) above
described with compounds (XIb) as above described, (Scheme
20)

Scheme 20
O
HO
Fmoc-NH CH,OCOO0-Y-ONO, ¢ NH,-Y’ -ONO,

10 (XVITIay) (XIb)

HO °
Fmoc-NH CH,OCOO0-Y-ONO, NH,—¥’ ~ONO,
(XVIIba) (XIb)

eventually hydrolyzing the Fmoc protecting group as already

15 described.

AlS8. Synthesis of compounds (Xijl),(Xijz) and (ijl)_(ijZ)

Compounds of formula

P—-NO;—-CegHs-O-CO-NH-K,-CH;OCONH-Y-0ONO,

(Xi51), (Xi52)

20 wherein Y 1s as above described and K

(VIIIe), (VIIIL)
i) -0- (Xi41) or

ii) -NH- (Xij)
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and K; is bound to the group -(Y’'-ONO;) are obtained by
reaction with pNO;-C¢H,-OCOCl of the corresponding compounds
(Xkjy1) , (Xky2) ¢

NH,-K,-CH,OCONH-Y-0ONO» + pNOQ—C6H4—OCOCl
(Xky1) - (Xky2)

wherein Y is as previously defined and K, is selected from:

i) -0- (Xky1) or

1i) -NH-  (Xkj2)
Compounds of formula (Xky1), (Xk;2) can be obtained as
follow:

1) (Xkj1) : wherein Y is as above defined and K, is selected
from (VIIIe), (VIIIf) wherein Rg is -0-:

la) by reacting compounds of formula (XVIIas), (XVIIbs) with
compounds (XIa) following procedure already described in A3
(Scheme 21):

Scheme 21

HO
Fmoc-NH CH,OCONH-Y-ONO,,
+ OH-Y'-ONOy
(XVIIas) (XIa)

HO

Fmoc-NH CH,OCONH-Y-ONO,, HO-Y’ —ONO
- - 2

(XVIIbs) (XIa)

Eventually deprotecting the Fmoc group by known methods.
Compounds (XVIIas) and (XVIIbs) can be obtained by reacting
compounds (VIIIec) or (VIIIfc) with compounds (XIe)
following procedure described in A5 (Scheme 22):
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Scheme 22

t-But-O
Fmoc-NH CH,OH
+ pPNO,-CsH4O-CONH-Y-0ONO9
(VIIIec) (XIe)

t-ButO

Fmoc- NH CHZOH
+ pPNO,-CsH4O-CONH-Y-0ONO9

(VIIIfc) (XIe)

10 Eventually deprotecting the t-But ester by acid hydrolysis
following known methods.
2) (Xkj2) : wherein Y is as above defined and K; 1is selected
from (VIIIe), (VIIIf) wherein Rg is —-NH-:
2a) by reacting compounds (XVIIas) and (XVIIbs) above
15 described with compounds (XIb) as above described, (Scheme
23):
Scheme 23

HO
Fmoc-NH CH,OCONH-Y-ONO,,
+ NH,-Y’ -ONO;

20 (XVIIas) (XIb)
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HO

Fmoc-NH CH,OCONH-Y-ONO,, NH,—Y7 —ONO
27 - 2

(XVITbs) (XIb)
eventually hydrolyzing the Fmoc protecting group as already
described.

Al9/1. Synthesis of compounds (Xiyi), (Xix2) and (Xkyi) - (Xkg2)
Compounds of formula
p-NO,—-CsHs—O-CO-NH-K3-COO-Y-0ONO,
(Xix1) , (Xixo)
wherein Y is as above described and K; is selected from

(VIITh), (VIIIg) wherein R; and Rg are selected from

respectively:
l) -CO- (Xlkl) oxr
ii) -COO- (Xdix2)

and Ks; 1is bound to the group -(Y’'-ONO;) are obtained by
reaction with pNO;-C¢H,-OCOCl of the corresponding compounds
(Xkx1) , (Xky2) @

NH;-K3-COO-Y-0ONO; + PNO,-C¢H,-0OCOC1
(Xkx1) = (Xkxk2)
Wherein Y is as previously defined and K; is selected from

(VIITh), (VIIIg) wherein R; and Rg are selected from

respectively:
i) -CO- (Xkyx1) or
ii) -COO0-  (Xkk2)
Compounds of formula (Xkyx1), (Xkyo) can be obtained as
follow:

1) (Xkyx1): wherein Y is as above defined and Ks; is selected

from (VIIIg), (VIIIh) wherein R; and Rg are —-CO-:
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la) by reacting compounds of formula (XVIIIai), (XVIIIb1)
with compounds (XIc) following procedure already described

in A3 (Scheme 24a):

Scheme 24a

FmocNH COO-Y-ONO,
+ CgFs0-CO-Y’ -ONO,

(XVIIIa,) (XIc)

FmocNH COO-Y-ONO,
+ CgFs0-CO-Y’ -ONO,

(XVIIIb,) (XIc)

Eventually deprotecting the Fmoc group by known methods.
Compounds (XVIIIa;) and (XVIIIb;) can be obtained by
reacting compounds (VIIIgb) and (VIIIhb) already described
in A7 with compounds (XIa) as already described, eventually
acid hydrolyzing the Boc or Pfb protective groups (Scheme
25):

Scheme 25

NH-Boc

FmocNH COOH +  HO-Y-ONO,

(VIIIgb) (XIa)
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H
NTNHbe
NH
(VIIIhb) (XIa)

2) (Xkxz2) : wherein Y is as above defined and K; is selected
from (VIIIg), (VIITh) wherein R; and Rg are —-COO-:

5 la) by reacting compounds of formula (XVIIIai), (XVIIIb1)
already described above in Al9 with compounds (XId)
following procedure already described in A4 (Scheme 24Db):

Scheme 24b

FmocNH COO-Y-ONO,
+ pP-NO;-CzH,0-COO-Y’ -ONO;

10 (XVIITay) (XId)

FmocNH COO- Y-ONO
+ pP-NO;-CzH,0-COO-Y’ -ONO;

(XVIIIb,) (XId)

15 Eventually deprotecting the Fmoc group by known methods.
Al19/2. Synthesis of compounds (Xiys), (Xixs) and (Xkgs) - (Xkga)
Compounds of formula

p-NO;-C¢H4-0-CO-NH-K5-COOtBut
(Xixs) , (Xixs)
20 wherein K3 1is selected from (VIIIh), (VIIIg) wherein R; and

Rg are selected from respectively:
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i) -CO- (Xiys) or
ii) -COO- (Xdixaq)
and Ks; 1is bound to the group -(Y’'-ONO;) are obtained by
reaction with pNO;-C¢H,-OCOCl of the corresponding compounds
5 (Xkxs3) , (Xkka) :

NH,-K3-COOtBut + PNO,-C¢H,-0OCOC1
(Xkxs) = (Xkka)
Wherein K; is selected from (VIIIh), (VIIIg) wherein R; and
10 Rs are selected from respectively:
i) -CO- (Xkys) or
ii) -COO-  (Xkys)
and Ks is bound to the group — (Y’ -0ONO;)

15 Compounds of formula (Xkys) , (Xkya) can be obtained as
follow:

1) (Xkyxs3) : wherein Ks; 1is selected from (VIIIg), (VIIIh)
wherein R; and Rg are -CO- and Ks is bound to the group -
(Y" -ONO3) :

20 1la) by reacting commercially available compounds of formula
(XVIIIcy), (XVIIIdy) with compounds (XIc) following
procedure already described in A3 (Scheme 24c):

Scheme 24c

NH,

FmocNH COO-t-But n CoF-0-CO-Y’ —~ONO,

25 (XVIIIcy) (XIc)
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H
N\n/NH2
NH
FmocNH COO-t-But n CoF-0-CO-Y’ —~ONO,
(XVIIId,) (XIc)

Eventually deprotecting the Fmoc group by known methods.

2) (Xkyxs) : wherein Ks; 1is selected from (VIIIg), (VIIIh)

wherein R; and Rg are -CO0O- and K; is bound to the group -

(Y" -0ONO3) :

la) by reacting compounds of formula (XVIIIci), (XVIIId;)
10 already described above with compounds (XId) following

procedure already described in A4 (Scheme 24d):

Scheme 24d
/[:J/THz
FmocNH COO-t-But n p-NO,-C:H,0-COO-Y’ —ONO,
(XVIIIcy) (XId)
15
H
N\”/NH2
/[ij/ NH
FmocNH COO-t-But +  p-NO,-CsH,0-COO-Y’ —~ONO,
(XVIIId;) (XId)
Eventually deprotecting the Fmoc group by known methods.
20

A20. Synthesis of compounds (Xir;), (Xipz) and (Xkri) - (Xkiz)
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Compounds of formula
p-NO,-CsHs—-0O-CO-NH-K53-CONH-Y-0ONO;,
(Xir1), (Xir2)
wherein Y is as above described and K; is selected from

(VIITh), (VIIIg) wherein R; and Rg are selected from

respectively:
i) -CO- (Xiz:) or
ii) -COO- (Xdirzz)

and Ks; 1is bound to the group -(Y’'-ONO;) are obtained by
reaction with pNO;-C¢H,-OCOCl of the corresponding compounds
(Xkr1) , (Xkp2) @

NH,-K3-CONH-Y-0ONO; + PNO,-C¢H,-0OCOC1
(Xkr1) = (Xkz2)
Wherein Y is as previously defined and K; is selected from

(VIITh), (VIIIg) wherein R; and Rg are selected from

respectively:
i) -CO- (Xkz:) or
ii) -COO0-  (Xkpio)
Compounds of formula (Xk11), (Xk12) can be obtained as
follow:

1) (Xkp1): wherein Y is as above defined and Ks is selected
from (VIIIg), (VIIIh) wherein R; and Rg are —-CO-:
la) by reacting compounds of formula (XVIIIay), (XVIIIby)
with compounds (XIc) following procedure already described
in A3 (Scheme 26a):

Scheme 26a

NH

FmocNH CONH-Y-ONO, +  C.F-0-CO-Y’ —-ONO
e sO-LU—Y" — 2

(XVIIIay) (XIc)

153



10

15

WO 2009/106471 PCT/EP2009/051943

FmocNH CONH-Y-ONO, +  C.F-0-CO-Y’ —-ONO
prsU—LUTLT —UNU2

(XVIIIby) (XIc)

Eventually deprotecting the Fmoc group by known methods.
Compounds (XVIIIa,;) and (XVIITIb,) can be obtained by
reacting compounds (VIIIgb) and (VIIIhb) already described
in A7 with compounds (XIb) as already described, eventually
acid hydrolyzing the Boc or Pfb protective groups (Scheme
27) :

Scheme 27

NH-Boc

FmocNH COOH +  NH,-Y-ONO,

(VIIIgb) (XIb)

H
N NHPbf

\Tr/

NH
Fmoc-NH COOH + NH,-Y-0ONO,
(VIIIhb) (XIb)
2) (Xkpz) : wherein Y is as above defined and K; is selected

from (VIIIg), (VIITh) wherein R; and Rg are —-COO-:
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la) by reacting compounds of formula (XVIIIay), (XVIIIby)

already described above in A20 with compounds (XId)

following procedure already described in A4 (Scheme 26Db):
Scheme 26b

FmocNH CONH-Y-ONO,
+ pP-NO;-CzH,0-COO-Y’ -ONO;

(XVIIIay) (XId)

I

FmocNH™ “CONH-Y-ONO, +  p-NO»-CgH,0-COO-Y’ ~ONO,

(XVIIIby) (XId)

Eventually deprotecting the Fmoc group by known methods.
A21. Synthesis of compounds (Xipi), (Xine) and (Xknpi) - (Xkpe)
Compounds of formula
P—-NO;—-CsH4-0O-CO-NH-K3-CH,0-CO-Y-ONO;
(X1m1) , (Xim2)
wherein Y is as above described and K; is selected from

(VIITh), (VIIIg) wherein R; and Rg are selected from

respectively:
i) -CO- (Xim) or
ii) -COO- (Xdip2)

and Ks; 1is bound to the group -(Y’'-ONO;) are obtained by
reaction with pNO;-C¢H,-OCOCl of the corresponding compounds
(Xkn1) , (Xkn2) ¢

NH;-K3-CH,O0-CO-Y-0ONO, + PNO,-C¢H4-0COC1
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is selected from

(VIITh), (VIIIg) wherein R; and Rg are selected from
respectively:

i) -CO- (Xkm1) or

ii) -COO0-  (Xkpo)
Compounds of formula (Xkn1) , (Xkupo) can be obtained as
follow:

1) (Xkp1): wherein Y is as above defined and Ks; is selected
from (VIIIg), (VIIIh) wherein R; and Rg are —-CO-:
la) by reacting compounds of formula (XVIIIas), (XVIIIbs)

with compounds

in A3 (Scheme 28a):

(XIc)

following procedure already described

Scheme 28a

FmocNH CH,0CO-Y-ONO,
+  CgFs0-CO-Y’ -ONOy
(XVIITIas) (XIc)
FmocNH CH,0OCO-Y-ONQ,
+  CgFs0-CO-Y’ -ONOy
(XVIIIbs) (XIc)

Eventually deprotecting the Fmoc group by known methods.

Compounds (XVITIIas)
reacting compounds

in A7 with compounds

and

(VIIIgc)

(XIc)

(XVIITIbs) can be obtained by

and (VIIThc) already described

as already described, eventually
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acid hydrolyzing the Boc or Pfb protective groups (Scheme

29):
Scheme 29
NH-Boc
FmocNH CH,OH + CgFs0-CO-Y’ -ONO;
5 (VITIgc) (XIc)

H
N NHPbf

\Tr/

NH

Fmoc-NH CHZOH
+ CgFs0-CO-Y’ -ONO,

(VIIIhc) (XIc)
2) (Xkn2) : wherein Y is as above defined and K; is selected
10 from (VIIIg), (VIITh) wherein R; and Rg are —-COO-:
la) by reacting compounds of formula (XVIIIas), (XVIIIbs)
already described above in A21 with compounds (XId)
following procedure already described in A4 (Scheme 28Db):
Scheme 28b

NH,

FmocNH CH,0CO-Y-ONO,

15 + p-NOy,-C:H4,0-CO0-Y’ -ONOy

(XVIITIas) (XId)
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FmocNH™  "CH,0CO-Y-ONO, +  p-NO,-C¢H,0-COO-Y’ —ONO,

(XVIIIbs) (XId)

Eventually deprotecting the Fmoc group by known methods.
A22., Synthesis of compounds (Xi,i), (Xinz) and (Xkni) - (Xkn2)
Compounds of formula
P—NO;-CsH4-0O-CO-NH-K3-CH;0-COO-Y-0ONO;
(X1n1), (X1n2)
wherein Y is as above described and K; is selected from

(VIITh), (VIIIg) wherein R; and Rg are selected from

respectively:
i) -CO- (Xin:) or
ii) -COO- (Xding)

and Ks; 1is bound to the group -(Y’'-ONO;) are obtained by
reaction with pNO;-C¢H,-OCOCl of the corresponding compounds
(Xkn1) , (Xkn2) @

NH;-K3-CH,0-CO0O-Y-0ONO» + pNOQ—C6H4—OCOCl
(Xkn1) = (Xkn2)
Wherein Y is as previously defined and K; is selected from

(VIITh), (VIIIg) wherein R; and Rg are selected from

respectively:
i) -CO- (Xkn1) or
ii) -COO0-  (Xkny)
Compounds of formula (Xkn1), (Xkpo) can be obtained as
follow:

1) (Xkp1): wherein Y is as above defined and Ks; is selected

from (VIIIg), (VIIIh) wherein R; and Rg are —-CO-:
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la) by reacting compounds of formula (XVIIIas), (XVIIIbg)
with compounds (XIc) following procedure already described

in A4 (Scheme 30a):

Scheme 30a

FmocNH CH,0COO-Y-ONO,,

5 +  CgFs0-CO-Y’ -ONOy
(XVIITIas) (XIc)
H
N\ﬂ/NH2
NH
FmocNH CH,OCOO-Y-ONO,
+  CgFs0-CO-Y’ -ONOy
(XVIIIba.) (XIc)
10

Eventually deprotecting the Fmoc group by known methods.

Compounds (XVIITIas) and (XVIITb,) can be obtained by

reacting compounds (VIIIgc) and (VIITIhc) already described
15 in A7 with compounds (XId) as already described, eventually

acid hydrolyzing the Boc or Pfb protective groups (Scheme

31):

Scheme 31
NH-Boc

FmocNH CH,OH
+ pP-NO;-CzH,0-COO-Y’ -ONO;

20 (VIIIgc) (XId)
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H
N NHPbf

\Tr/

NH

Fmoc-NH CHZOH

(VIIIhb)

PCT/EP2009/051943

+ p-NOy,-C:H4,0-CO0-Y’ -ONOy
(XId)

2) (Xknp2) : wherein Y is as above defined and K; is selected

from (VIIIg), (VIITh) wherein R; and Rg are —-COO-:

5 la)

already described

by reacting compounds

above 1n A22

of formula (XVIIIag), (XVIIIbg)

with compounds (XId)

following procedure already described in A4 (Scheme 30Db):

NH,

FmocNH

10 (XVIITay)

FmocNH

(XVIITby)

CH,0CO0-Y-ONO,

CH,0CO0-Y-ONO,

Scheme 30Db

+ p-NOy,-C:H4,0-CO0-Y’ -ONOy
(XId)

+ p-NOy,-C:H4,0-CO0-Y’ -ONOy
(XId)

15 Eventually deprotecting the Fmoc group by known methods.

A23. Synthesis of compounds (Xi,1), (Xio2) and (Xkoi1) - (Xko2)

Compounds of formula

P—-NO,—CegHs-O-CO-NH-K3-CH,0O-CONH-Y-0ONO;

(Xj—ol) 14 (Xj—o2)
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wherein Y 1s as above described and Ks; 1s selected from

(VIITh), (VIIIg) wherein R; and Rg are selected from

respectively:
i) -Co- (Xio1) or
5 ii) -COO- (Xdie2)

and Ks; 1is bound to the group -(Y’'-ONO;) are obtained by
reaction with pNO;-C¢H,-OCOCl of the corresponding compounds
(Xko1) , (Xko2) @

10 NH;-K3-CH,O-CONH-Y-0ONO9 + PNO,-C¢H,-0OCOC1
(Xko1) = (Xko2)
wherein Y is as previously defined and K; is selected from

(VIITh), (VIIIg) wherein R; and Rg are selected from

respectively:
15 i) —-CO- (Xko1) or
ii) -COO-  (Xku2)
Compounds of formula (Xko1) , (Xko2) can be obtained as
follow:

1) (Xko1): wherein Y is as above defined and Ks; is selected
20 from (VIIIg), (VIITh) wherein R; and Rz are —-CO-:
la) by reacting compounds of formula (XVIIIas), (XVIIIbs)
with compounds (XIc) following procedure already described
in A4 (Scheme 32a):
Scheme 32a

NH

FmocNH CH,OCONH-Y-ONO,

25 + CeFs0-CO-Y’ -ONOy

(XVIIIas) (XIc)
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FmocNH CHZOCONH-Y-ONO2 4 C.F-0-CO-Y’ -ONO
e sL-LU—T" = 2

(XVIIIbs) (XIc)

Eventually deprotecting the Fmoc group by known methods.

5 Compounds (XVIITIas) and (XVIITIbs) can be obtained by
reacting compounds (VIIIgc) and (VIIIhc) already described
in A7 with compounds (XIe) as already described, eventually
acid hydrolyzing the Boc or Pfb protective groups (Scheme
29):

10 Scheme 29

NH-Boc

FmocNH CH,OH
+ pPNO,-CsH4O-CONH-Y-0ONO9

(VIIIgc) (XIe)

H
N NHPbf

\Tr/

NH

Fmoc-NH CHZOH

15 + PNO;-C:H4O0-CONH-Y-0ONO;

(VIIIhb) (XIe)

2) (Xko2) : wherein Y is as above defined and K; is selected

from (VIIIg), (VIITh) wherein R; and Rg are —-COO-:
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la) by reacting compounds of formula (XVIIIas), (XVIIIbs)

already described above in A23 with compounds (XId)

following procedure already described in A4 (Scheme 32Db):
Scheme 32b

FmocNH CH,OCONH-Y-ONO,
5 + pP-NO;-CzH,0-COO-Y’ -ONO;

(XVIIIas) (XId)

FmocNH CH,OCONH-Y-ONO,
+ pP-NO;-CzH,0-COO-Y’ -ONO;

(XVIIIbs) (XId)
10
Eventually deprotecting the Fmoc group by known methods.
A24/1. Synthesis of compounds (XJja.i1), (XJja2) and (XL.i) -
(XLa2) i (XJp1) , (XJp2) and (XLp1) - (XLpz) ;' (XJe1) , (XJc2) and
(XLc1) - (XLc2) 5 (XJa1) , (XJa2) and (XLai) - (XLaz) ;' (XJe1) ; (XJe2)
15 and (XLei) - (XLe2)

Compounds of formula

NO, NO,
LT i
NJJ\O HNJJ\O

R,NH COO-Y-ONO, R,NH CONH-Y-ONO,,

(XJa1) — (XJa2) (XJp1) = (XJp2)
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NO, NO,
LT LT
HNJ\O HNJ\O

RNH~ CH,0CO-Y-ONO, RNH~ CH,0C00-Y-ONO,

(XJc1) = (XJe2) (XJa1) — (XJa2)

RNH~ CH,OCONH-Y-ONO,

(XJe1) = (XJe2)

wherein Y is as above described and Ry is selected from
10 respectively:

i) -CO- (XJa1) » (XJp1), (XJe1), (XJa1), (XJe1)

11) -CO0-  (XJa2), (XJrz), (XJc2), (XJaz), (XJe2):

and R; i1s bound to the group -(Y’'-ONO;) are obtained by

reaction with pNO;-C¢H,-OCOCl of the corresponding compounds
15 (XLa1) , (XLa2) 7 (XLp1) = (XLy2) 7 (XLe1) = (XLe2) 7 (XLg1) = (XLaz) 7

(XLe1) = (XLez) ¢
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NH,
R,N H/ECjOYONO2

(XLal) - (XLa2)

R,NH CONH-Y-ONO,,

(XLip1) = (XLnz)

RNH~ CH,0CO-Y-ONO,

(XLCI) - (XLC2)

RNH” CH,0C00-Y-ONO,

(XLag1) - (XLgz)

RNH” CH,OCONH-Y-ONO,
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(XLel) - (XLe2)

wherein Y is as previously defined and R; is selected from

respectively:
i) -CO- (XLa1) , (XLp1), (XLe1), (XLa1) ,  (XLe1)
11) -COO0-  (XLa2), (XLp2), (XLc2), (XLa2), (XLez2)

Compounds of formula (XL.1), (XLpi), (XLg), (XLa1), (XLe1),
(XLa2) , (XLw2), (XLe2) , (XLg2) and (XLez)
can be obtained as follow:
1) (XLa1), (XLyp1), (XLc1), (XLgi) and (XLei) : wherein Y is as
above defined and Ry is -CO-:
la) by reacting compounds of formula (XIXa;)-(XIXas) with
compounds (XIc) following procedure already described in A3
(Scheme 33):
Scheme 33
NH-Fmoc

H N COO-Y-ONO, +  C.Fs0-CO-Y’ -ONO,

(XIXaq) (XIc)
NH-Fmoc

H2N CONH-Y-ON02 +  CeFs0-CO-Y’ -0ONO,

(XIXas) (XIc)
NH-Fmoc

H,N”" ~CH,0CO-Y-ONO,  CLPLO-CO-Y —OND,

(XIXas) (XIc)
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NH-Fmoc

H,N”" ~CH,0C00-Y-ONO,  CLPLO-CO-Y —OND,

(XIXas) (XIc)
NH-Fmoc

(XIXas) (XIc)

5
Eventually deprotecting the Fmoc group by known methods.
The compounds (XIXa;)-(XIXas) can be obtained by acid
hydrolyzing the Boc protective group of compounds (Xh,)-
(Xhe) already prepared as described in AS8;

10 2) (XLa2), (XLp2), (XLe2), (XLg2), (XLe2): wherein Y 1is as
above defined and Ry is —-COO-:
la) by reacting compounds of formula (XIXa:)- (XIXas) above
described with compounds (XId):

p—-NO,-CsHs0-COO-Y’ -ONO,
15 (XId)

following procedure already described in A4 and eventually
deprotecting the Fmoc group by known methods.
A24/2. Synthesis of compounds (XJja.3), (XJa2z) and (XL.3) - (XLas)

Compounds of formula
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NO,

HN O

R,NH” ~COOtBut

(Xja3) - (Xja4)

wherein R; is selected from respectively:

i) -Co- (XJz3) s

ii) -COO- (XJaz) and R; is bound to the group - (Y’ -0NO)
are obtained by reaction with pNO;-CgH;~0COC1l of the
corresponding compounds (XL.s), (XL.g) :

NH,

O,NO-Y'-CONH COOtBut
+ pNOQ—C6H4—OCOCl

(XLa3)

O,NO-Y'-OCONH COOtBut
+ pNOQ—C6H4—OCOCl

(XLaa)
wherein Y’ is as previously defined;
Compounds of formula (XL.s) and (XL.s) can be obtained by
reacting commercially available compound of formula (XIXag)
with respectively compounds (XIc) and (XId) following
procedure already described in A3 and A4 (Scheme 34):
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Scheme 34
NH-Fmoc

H.N tBut
2 COOtBu 4 CLFL0-CO-Y’ -ONO,

(XIXag) (XIc)

NH-Fmoc

H,N” ~COOtBut

5 + pP-NO;-CzH,0-COO-Y’ -ONO;
(XIXag) (XId)
Eventually deprotecting the Fmoc group by known methods.
10 The following examples are to further illustrate the
invention without limiting it.
EXAMPLE 1
Cl
N H Q
0]
A
N™ X
\
N—N
15 H
2=(((1-((2'"-(1H-tetrazol-5-yl)biphenyl-4-yl)methyl)-2-

butyl-4-chloro-1H-imidazol-5-yl)methoxy)carbonylamino)ethyl

4- (nitrooxy)butancate (corresponding to compound (110)

169



WO 2009/106471 PCT/EP2009/051943

A mixture of Losartan (2.20 g; 5.20 mmol), N, N-
dimethylaminopyridine (DMAP) (l.16 g; 9.46 mmol) and
scandium trifluoromethanesulfonate (0.466 g; 0.946 mmol)
and 2-((4-nitrophenoxy)carbonylamino)ethyl 4-
5 (nitrooxy)butanoate (Intermediate 2) (1.69 g; 4.73 mol) in
CH,Cl, (40 ml) was heated in a microwave apparatus (80°C,
40 min). Then the mixture was diluted with CHyCl, and
washed with NaH,P0O, (5%, 2 X 40 ml). The organic layer was
dried over sodium sulfate and concentrated under reduced
10 pressure.
The residue was purified by flash chromatography
(CH,Cl,/MeOH: 98/2) yielding the title compound.

EXAMPLE 2
15
C
NX\/ N I
/
H.C \/\/(N o\n/N\é/\OJJ\/\/ONo2
O _\©
=0
NT X
I\
—N
H
(S)-2-(((1-((2'"-(1H-tetrazol-5-yl)biphenyl-4-yl)methyl)-2-
butyl-4-chloro-1H-imidazol-5-yl)methoxy)carbonylamino)-3-
20 phenylpropyl 4- (nitrooxy)butanoate (corresponding to

compound (111):

Starting from Losartan and (S)-2-((4-
nitrophenoxy)carbonylamino)-3-phenylpropyl 4-
(nitrooxy)butanocate (Intermediate 5) and following the same
25 synthetic procedure described 1in Example 1 the title

compound was obtained.
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EXAMPLE 3

C

O
HgC\/\/«N_g\/O\n/H\)J\O/\/\/ONOz

4- (nitrooxy)butyl 2-(((1-((2'-(1H-tetrazol-5-yl)biphenyl-4-

5 yl)methyl)-2-butyl-4-chloro-1H-imidazol-5-

yl)methoxy)carbonylamino)acetate (corresponding to compound
(9) :
Starting from Losartan and 4-(nitrooxy)butyl 2=((4-

nitrophenoxy)carbonylamino)acetate (Intermediate 3) and
10 following the same synthetic procedure described in Example
1 the title compound was obtained.

EXAMPLE 4

cl
N o
HSC\/\/«N_g\/O\n/H\E)J\O/\/\/ONoz

SUR
~

N
Pl
\

I=Z.

15 4- (nitrooxy)butyl 2-(((1-((2'-(1H-tetrazol-5-yl)biphenyl-4-

yl)methyl)-2-butyl-4-chloro-1H-imidazol-5-

yl)methoxy)carbonylamino)-6-aminohexanoate (Corresponding

to compound (12)

Step A (25)-4- (nitrooxy)butyl 6- (tert-

20  butoxycarbonylamino)-2-(((2-butyl-4-chloro-1-((2'-(1-
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trityl-1H-tetrazol-5-yl)biphenyl-4-yl)methyl)-1H-imidazol-

5-yl)methoxy)carbonylamino)hexanoate

A mixture of trityl Losartan (0.755 g; 1.14 mmol), N,N-
dimethylaminopyridine (0.116 g; 0.946 mmol), scandium
trifluoromethanesulfonate (0.093 g; 0.189 mmol) and 4-
(nitrooxy)butyl 6- (tert-butoxycarbonylamino)-2-((4-
nitrophenoxy)carbonylamino)hexanocate (Intermediate 4)
(0.500 g; 0.946 mol) in CHyCl, (14 ml) was heated in a
microwave apparatus (80°C, 40 min). Then the mixture was
diluted with CH,Cl, and washed with Na;HPO; (5%, 2 X 40 ml).
The organic layer was dried over sodium sulfate and
concentrated under reduced pressure.

Step B: (S)-4-(nitrooxy)butyl 2-(((1-((2'-(lH-tetrazol-5-

yl)biphenyl-4-yl)methyl)-2-butyl-4-chloro-1H-imidazol-5-

yl)methoxy)carbonylamino) -6- (tert-

butoxycarbonylamino)hexanoate

The crude obtained in Step A was dissolved in MeOH (14 ml)
and the reaction was heated in a microwave apparatus (90°C,
23 min). Then the mixture was evaporated under reduced

pressure and the residue was purified by flash

chromatography (DCM/MeOH:98/2) yielding the title
compound.
Step C: 4- (nitrooxy)butyl 2= (((1-((2'"-(1lH-tetrazol-5-

yl)biphenyl-4-yl)methyl)-2-butyl-4-chloro-1H-imidazol-5-

yl)methoxy) carbonylamino)-6-aminohexanoate

Compound obtained in Step B was dissolved in CHyCl, (4 ml)
and cooled to 0 °C. Then HCly.s was bubbled for 2 hours. At
the end of the addition the solution was concentrated and
the residue was treated with diethyl ether, affording the

title compound.
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EXAMPLE 5

Cl
B
HSCMN N\)J\O/\/\/ONOQ
(0]

4- (Nitrooxy)butyl 2-(1-((2'-(1lH-tetrazol-5-yl)biphenyl-4-

yl)methyl)-2-butyl-4-chloro-1H-imidazole-5-

carboxamido)acetate corresponding to compound (36)

Step A: 4-(Nitrooxy)butyl 2-(2-butyl-4-chloro-1-((2"'-(1-

trityl-1H-tetrazol-5-yl)biphenyl-4-yl)methyl)-1H-imidazole-

5-carboxamido) acetate

To a solution of 4- (nitrooxy)butyl 2-(tert-
butoxycarbonylamino)acetate (Intermediate 6) (0.479 g, 2.07
mmol) and TEA (362 ul, 2.59 mmol) in CHyCl, (20 ml) a
solution of 2,5-dioxopyrrolidin-1-yl 2-butyl-4-chloro-1-
((2'-(2-trityl-2H-tetrazol-5-yl)biphenyl-4-yl)methyl)-1H-
imidazole-5-carboxylate (1.20 g, 1.73 mmol) (Intermediate
1) in CHy;Cl, (10 ml) was added. The reaction was stirred at
room temperature for 24 hours. Then the organic layer was
washed with a solution of 5% NaH;P0O.,, brine and finally
dried over sodium sulfate and concentrated under reduced
pressure. The residue was purified by silica gel
chromatography (n-hexane/EtOAc 8:2) affording the title
compound.

Step B: 4-(Nitrooxybutyl 2-(1-((2'-(2H-tetrazol-5-

yl)biphenyl-4-yl)methyl)-2-butyl-4-chloro-1H-imidazole-5-

carboxamido) acetate

A suspension of compound obtained in Step A (0.800 g, 0.94

mmol) in MeOH (18 ml) was heated in a microwave apparatus
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(90°C, 20 min). Then the mixture was concentrated under
reduced pressure and the crude was purified by silica gel

chromatography (CH,C1,/MeOH 97:3) affording the title

compound as a white solid.

'"H-NMR (DMSO-&¢): 8.4 (1H,t); 7.71-7.49(4H,m); 7.05(4H,s);
5.47(2H,s) ; 4.51(2H,t); 4.09(2H,t); 3.99(2H,d);2.55-
2.51(2H, m) ; 1.79-1.61(4H, m) ; 1.54-1.40(2H, m) ; 1.31-
1.25(2H,m); 0.82(3H,t).

EXAMPLE 6

S)-4-(nitrooxy)butyl 2-(1-((2'-(1lH-tetrazol-5-yl)biphenyl-

4-yl)methyl)-2-butyl-4-chloro-1H-imidazole-5-carboxamido) -

3-phenylpropancate (corresponding to compound (35))

Following the same synthetic procedure described in Example
5 Dbut starting from (S)-4-(nitrooxy)butyl 2-amino-3-
phenylpropanoate (Intermediate 7) the title compound was
obtained.

'"H-NMR (DMSO-&¢): 8.40 (1H,d); 7.71-7.48 (4H,m); 7.31-7.13
(bH,m); 7.1-6.8 (4H,m); 5.34 (2H,s); 4.69-4.58 (1H,m); 4.47
(2H,t); 4.05 (2H,t); 3.21-3.0 (2H,m); 2.6-2.5 (2H,m); 1.71-
1.52 (4H,m); 1.5-1.4 (2H,m); 1.35-1.12 (2H,m); 0.8 (3H,t).
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EXAMPLE 7

O\/\/\
ONO,

Cl
N
}%C\V/\\//ZN§;\W/£:;E/
o 7
O

(S)-4-(nitrooxy)butyl 1-(1-((2'-(2H-tetrazol-5-yl)biphenyl-

5 4-yl)methyl)-2-butyl-4-chloro-1H-imidazole-5-

carbonyl)pyrrolidine-2-carboxylate corresponding to

compound (40)

Starting from (S)-4- (Nitrooxy)butyl pyrrolidine-2-

carboxylate (Intermediate 8) and following the same
10 synthetic procedure described in Example 5 the title

compound was obtained.

'"H-NMR (DMSO-&¢): 7.71-7.4 (3H,m): 7.4-7.3 (1H,m); 7.2-6.9

(4H,m); 5.18 (2H,dd); 4.5 (2H,m); 4.3 (lH,m); 4.07 (2H,M);

3.5-3.0 (2H,m); 2.67 (2H,m); 2.3-2.1 (1H,m); 1.9-1.4
15 (7H,m); 1. 1.2 (2H,m); 1.85 (3H,t).

0
Hscwgévn$omomz
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(S)-bis (4- (nitrooxy)butyl) 2-(1-((2'"-(2H-tetrazol-5-

yl)biphenyl-4-yl)methyl)-2-butyl-4-chloro-1H-imidazole-5-

carboxamido) succinate (corresponding to compound (42)

Starting from (S)-bis(4-(nitrooxy)butyl) 2-aminosuccinate
5 (Intermediate 9) and following the same synthetic procedure

described in Example 5 the title compound was obtained.

'"H-NMR (DMSO-&¢): 8.49(1H,d); 7.75-7.48(4H,m); 7.05(4H,s);

5.45(2H,s); 4.80(1H,q); 4.58-4.42(4H,m); 4.15-3.9(4H,m);

2.77(2H,dq) ; 2.61-2.52(2H, m) ; 1.79-1.55(8H,m) ; 1.57-
10 1.39(2H,m); 1.31-1.28(2H,m); 0.8(3H,t).

EXAMPLE 9

O ONO

N 2
HSC\/\/«NX\'(H\)LO/\/\)\/ON 0,

N

N
N—N
H

15 (S)-(5,6-bis(nitrooxy)hexyl) 2-(1-((2'"-(1lH-tetrazol-5-

yl)biphenyl-4-yl)methyl)-2-butyl-4-chloro-1H-imidazole-5-

carboxamido) -3-phenylpropanocate (corresponding to compound

(32) )

Starting from (S)-((R)-5,6-bis(nitrooxy)hexyl) 2-amino-3-
20 phenylpropanoate (Intermediate 10) and following the same
synthetic procedure described in Example 5 the title

compound was obtained.

"H-NMR (DMSO-08¢) : 8.42 (1H,d); 7.71-7.48 (4H, m) ; 7.29-
7.65(5H,m); 7.11-6.9(4H,m); 5.41-5.32(3H,m); 4.95(1H,m);

25 4.71-4.58(2H,m) ; 4.03(2H,t); 3.2-2.9(2H,m) ; 2.55-
2.47(2H,m); 1.75-1.62(2H,m); 1.6-1.3(6H,m); 1.3-1.15(2H,m);
0.8(3H,t).
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EXAMPLE 9a

ONO

2

(S)-((R)-5,6-bis(nitrooxy)hexyl) 2-(1-((2'-(lH-tetrazol-5-

yl)biphenyl-4-yl)methyl)-2-butyl-4-chloro-1H-imidazole-5-

carboxamido) -3-phenylpropancate corresponding to compound

(32), isomer 5R)

Step A: methyl (25)-2-{[(2-butyl-4-chloro-1-{[2'- (1H-

tetrazol-5-yl)biphenyl-4-yl]methyl}-1H-imidazol-5-

yl)carbonyl]amino}-3-phenylpropanocate

A mixture of 2-butyl-4-chloro-1-{[2'-(1H-tetrazol-5-
yl)biphenyl-4-yl]methyl}-1H-imidazole-5-carboxylic acid
(6.5 g, 14.9 mmol) (Intermediate 11) L-phenylalanine,
methyl ester (4.10 g, 19.4 mmol), l-ethyl-3-(3'-
dimethylaminopropyl)carbodiimide hydrochloride (EDC) (4.28
g, 22.3 mmol), l-hydroxybenzotriazole (3.02 g, 22.3 mmol)
and triethylamine (7.5 g, 74.5 mmol) in N, N-
dimethylformamide (80 mL) was stirred at room temperature
overnight. The solvent was removed in wvacuo, and the
residue was partitioned between water (100 mL) and a
mixture of chloroform and isopropanol (3:1) (40 mL). The
aqueous layer was extracted with a mixture of chloroform
and isopropanol (3:1) (40 mLx3). The organic layers were
combined, dried (sodium sulfate), and concentrated in
vacuo. The residue was purified by column chromatography
to give the title compound, which was used in the next step

without further purification. LC-MS: m/z 598 (M+H).
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Step B: (28)-2-{[ (2-butyl-4-chloro-1-{[2'-(1H-tetrazol-5-

yl)biphenyl-4-yl]methyl}-1H-imidazol-5-y1l)carbonyl]amino}-

3-phenylpropanoic acid

To a methanol (100 mL) solution of methyl (28)-2-{[(2-
butyl-4-chloro-1-{[2'-(1H-tetrazol-5-yl)biphenyl-4-
yl]lmethyl}-1H-imidazol-5-yl)carbonyl]amino}-3-
phenylpropanocate (6.6 g, 11 mmol) was added 1IN aqgueous
lithium hydroxide (33 mL), and the resulting mixture was
stirred at room temperature for 2 hours. The reaction
mixture was then concentrated in vacuo and added 100 mL of
water. This mixture was washed with diethyl ether (50 mL x
3), and the organic layers were discarded. The aqueous
layer was acidified with diluted hydrochloric acid to pH 3,
then extracted with a mixture of chloroform and isopropanol
(3:1) (50 mL x 3). The organic layers were combined, dried
(sodium sulfate), and concentrated in wvacuo. The residue
was purified by column chromatography on silica gel to
afford the title compound. 'H NMR (400 MHz, CDsOD): &
7.67-7.50 (4H, m), 7.24-7.16 (5H, m), 7.10 (2H, d, J = 8.4
Hz), 7.04 (2H, 4, J = 8.0 Hz), 5.49 (2H, s), 4.80 (1H, m),
3.29 (1H, m), 3.11 (1H, m), 2.62 (2H, t, J = 8.0 Hz), 1.56
(2H, m), 1.34 (2H, m), 0.88 (3H, t, J = 7.6 Hz). LC-MS:
m/z 584 (M+H).

Step C: (S)-((R)-5,6-bis(nitrooxy)hexyl) 2-(1-((2"'-(1H-

tetrazol-5-yl)biphenyl-4-yl)methyl)-2-butyl-4-chloro-1H-

imidazole-5-carboxamido) -3-phenylpropanoate

(25)-2-{[(2-Butyl-4-chloro-1-{[2'-(1H-tetrazol-5-
yvl)biphenyl-4-yl]methyl}-1H-imidazol-5-y1l)carbonyl]amino}-
3-phenylpropancic acid (0.50 g, 0.86 mmol), (2R) -6-
hydroxyvhexane-1,2-diyl dinitrate (0.19 g, 0.86 mmol), 1-
ethyl-3-(3'-dimethylaminopropyl)carbodiimide hydrochloride
(EDC) (0.16 g, 0.86 mmol), and N,N-dimethylaminopyridine

(0.11 g, 0.86 mmol) were mixed and stirred in
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dichloromethane (10 mL). After 3 days, the reaction
mixture was concentrated in wvacuo. Purification of the
reaction mixture by reversed-phase mass-directed high-
performance liquid chromatography afforded the title
compound. '"H-NMR (CDC13) : 8.02 (1H, d, J = 7.6Hz); 7.63
7.5Hz); 7.56 (1H, t, J = T7.6Hz); 7.47 (1H, d, J
= 7.6Hz); 7.34-7.24 (3H, m); 7.22 (2H, d, J = T7.3Hz); 7.12

(15, t, J

(24, 4, J

8.0Hz); 6.91 (2H, 4, J = 7.8Hz); .79 (1H, 4, J
= 6.0Hz); b5.56 (1H, d, J = 1b5.8Hz); 5.37 (1H, d, J =
15.8Hz); 5.33-5.24 (1H, m); 4.76 (lH, dd, J = 2.6, 12.9Hz);
4.67 (1H, g, J 6.1Hz); 4.49 (l1H, ddd, J = 6.6, 8.0,
13.0Hz); 4.18 (1H, td, J = 5.9, 11.0Hz); 4.02 (1H, td, J =
5.7, 10.7Hz); 3.19 (1H, 4dd, J = 6.2, 13.7Hz); 3.14 (1H, dd,
J=28.0, 14.0Hz); 2.70 (2H, t, 7.6Hz); 1.8-1.6 (m, 5H),
1.55-1.35 (m, 5H), 0.91(3H, t,

J =
J = 7.4Hz) . LC-MS: m/z 790
(M + H).

EXAMPLE 10

=N
‘ ~ _NH
((S)-bis(4-(nitrooxy)butyl) 2-(1-((2'"-(2H-tetrazol-5-

yl)biphenyl-4-yl)methyl)-2-butyl-4-chloro-1H-imidazole-5-

carboxamido)pentanedioate (corresponding to compound (44))

Starting from (S)-bis(4- (nitrooxy)butyl) 2=
aminopentanedicate (Intermediate 12) and following the same
synthetic procedure described in Example 5 the title

compound was obtained
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'"H-NMR (DMSO-8¢) : 8.6 (lH,d); 7.71-7.45 (4H,m); 7.11-7.05
(4H,m); 5.49-5.3 (2H,m); 4.52-4.38 (5H,m); 4.1-3.98 (4H,m);
2.6-2.5 (2H,m); 2.4 (2H,t); 2.15-1.89 (2H,dm); 1.71-1.52
(8H,m);1.51-1.40 (2H,m); 1.3-1.19 (2H,m); 0.8 (3H,t).

EXAMPLE 11
Cl

N 0
HSC\/\/«NX\'(H\)J\ /\/\/ON o,

N
0O H
_N
S0

4-(2-(1-((2'-(lH-tetrazol-5-yl)biphenyl-4-yl)methyl) -2

ZI;
IZ./

10 butyl-4-chloro-1H-imidazole-5-carboxamido)acetamido)butyl

nitrate (corresponding to compound (45))

Starting from 4-(2-amincacetamido)butyl nitrate

(Intermediate 13) and following the same synthetic
15 procedure described in Example 5 the title compound was

obtained.

'"H-NMR  (DMSO-3¢) : 8.06 (1H,t); 7.92 (lH,t); 7.71-7.49

(4H,m); 7.05 (4H,s); 5.52 (2H,s); 4.49 (2H,t); 3.83 (2H,d);

3.15-3.075 (2H,m); 2.6-2.48 (2H,m); 1.7-1.59 (2H,m); 1.507-
20 1.4 (4H,m); 1.31-1.18 (2H,m); 0.802 (3H,t).
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EXAMPLE 12

gy
O ONO,

4- (nitrooxymethyl)benzyl 2=-(1-((2'"-(2H-tetrazol-5-

yl)biphenyl-4-yl)methyl)-2-butyl-4-chloro-1H-imidazole-5-

5 carboxamido)acetate (corresponding to compound (46))

Starting from 4-[(nitrooxy)methyl]benzyl 2-aminocacetate
(Intermediate 14) and following the same synthetic
procedure described in Example 5 the title compound was
10  obtained.

'"H-NMR  (DMSO-&;) : 8.49 (1H,t); 7.71-7.41 (8H,m); 7.04
(4H,s); 5.56 (2H,s); 5.45 (2H,s); 5.16 (2H,s); 4.07 (2H,d):
2.59-2.49 (2H,m); 1.51-1.40 (2H,m); 1.32-1.19 (2H,M); 0.804
(3H,t) .

15
EXAMPLE 13

ML J o . -ONO,

NH
/
N:N\
~_ _NH
S

(S)-4-(nitrooxy)butyl 2-(1-((2'-(2H-tetrazol-5-yl)biphenyl-

IZ

4-yl)methyl)-2-butyl-4-chloro-1H-imidazole-5-carboxamido) -

20 5-guanidinopentancate (corresponding to compound (47))

Starting from (S)-4-(nitrooxy)butyl 2-amino-5- (3~
(2,2,4,6,7T-pentamethyl-2, 3-dihydrobenzofuran-5-
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ylsulfonyl)guanidino)pentanoate (Intermediate 15) and
following the same synthetic procedure described in Example
5 and then acid hydrolizing the Pfb protective group as
described for analogue reaction in Example 4, the title

compound was obtained.

EXAMPLE 14

ONO,

L\_<1( o Hobtui

(35, 3aR, 6R, 6aS)-6- (nitrooxy)hexahydrofuro[3,2-b] furan-3-yl

{[(2-butyl-4-chloro-1-{[2'-(1H-tetrazol-5-yl)biphenyl-4-

yl]lmethyl}-1H-imidazol-5-yl)carbonyl]amino}acetate

(corresponding to compound (113))

Step A: (35,3aR, 6R, 6aS)-6- (nitrooxy)hexahydrofuro[3,2-

bl furan-3-y1 {[(9H-fluoren-9-ylmethoxy)carbonyl]

aminolacetate

A mixture of Fmoc-glycine (10.0 g, 33.6 mmol), isosorbide-
5-mononitrate (7.07 g, 37.0 mmol), l-ethyl-3-(3'-
dimethylaminopropyl)carbodiimide hydrochloride (7.74 g,
40.4 mmol), l-hydroxybenzotriazole (6.18 g, 40.4 mmol), N-
methylmorpholine (11.1 mL, 101 mmol) and 4-
dimethylaminopyridine (0.411 g, 3.36 mmol) was stirred in
dichloromethane (300 mL) at room temperature overnight.
The solvent was removed 1in wvacuo, and the residue was
partitioned between water (300 mL) and ethyl acetate (300

mL). The agueous layer was extracted with ethyl acetate
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(300 mL. x 3), and the combined organic layers were dried
(sodium sulfate) and concentrated in wvacuo. The residue
was purified by column chromatography over silica gel to

give the title compound. LC-MS: m/z 471 (M+H).

Step B: (35,3aR, 6R, 6aS)-6- (nitrooxy)hexahydrofuro[3,2-

bl furan-3-yl1 {[(2-butyl-4-chloro-1-{[2'-(1H-tetrazol-5-

yl)biphenyl-4-yl]methyl}-1H-imidazol-5-y1)carbonyl]

aminolacetate

To a N, N-dimethylformamide solution (100 mL) of
(35, 3aR, 6R, 6aS)-6- (nitrooxy)hexahydrofuro[3,2-b] furan-3-yl
{[(9H-fluoren-9-ylmethoxy)carbonyl]amino}acetate (8.33 g,
17.7 mmol) was added piperidine (1.75 mL, 17.7 mmol).
After 1 hour, 2-butyl-4-chloro-1-{[2'-(1H-tetrazol-5-
yl)biphenyl-4-yl]methyl}-1H-imidazole-5-carboxylic acid
(3.18 g, 7.277 mmol), (benzotriazol-1-
yloxy)tripyrrolidinophosphonium hexafluorophosphate (4.06
g, 7.79 mmol) and triethylamine (4.0 mL, 28.7 mmol) were
added, and the reaction mixture was stirred overnight.
Purification of the reaction mixture by reversed-phase
mass-directed high-performance liquid chromatography
afforded the title compound.

'"H-NMR (CDCl3): 7.77 (1H, d, J = 7.6Hz); 7.57 (lH, t, J =
7.7Hz); 7.44-7.52 (2H, m); 7.40 (1H, d, J = T7.6Hz); 7.01
(24, d, J = 8.0Hz); 6.94 (2H, d, J = 8.0Hz); 5.50 (2H, s):
5.33 (1H, dt, J = 2.6, 5.4Hz); 5.20 (l1H, d, J = 2.8Hz);
4.96 (1H, t, J = 5.2Hz); 4.48 (1H, d, J = 4.8Hz); 4.11 (2H,
d, J= 5.2Hz); 3.98 (l1H, t, J = 10.9Hz); 3.91-3.97 (2H, m);
3.84 (l1H, dd, J = 5.4, 11.3Hz); 2.78 (2H, t, J = 7.8Hz);
1.61 (2H, gquintet, J = 7.7Hz), 1.32 (2H, sextet, J =
7.5Hz), 0.84 (3H, t, J = 7.4Hz). LC-MS: m/z 667 (M + H).

EXAMPLE 15
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(35,3aR, 6R, 6a8)-6- (nitrooxy)hexahydrofuro[3,2-b] furan-
3-y1 (28)-2-{[(2-butyl-4-chloro-1-{[2'-(1H-tetrazol-5-

yl)biphenyl-4-yl]methyl}-1H-imidazol-5-

yl)carbonyl]amino}propanocate

(corresponding to compound (114)

The title compound was prepared by the procedure
described for Example 14, except that in Step A the reagent
Fmoc-glycine was replaced by Fmoc-L-alanine and in Step B
the reagent (38, 3aR, 6R, 6aS)-6-(nitrooxy)hexahydrofuro[3,2-b]
furan-3-yl {[(9H-fluoren-9-ylmethoxy)carbonyl]amino}acetate
was replaced by (S)-((3S, 3aR, 6R, 6a3) -6-
(nitrooxy)hexahydrofuro[3,2-b] furan-3-yl1) (28)-2-( ((9H-
fluoren-9-yl)methoxy)carbonylamino)propanoate.

'"H NMR (500 MHz, CDsCN) 87.81 (d, J = 6.8 Hz, 1H),
7.72 (d, J = 8.5 Hz, 1H), 7.65 (td, J= 7.7, 1.2 Hz, 1H),
7.55 (¢, 9= 7.1 Hz, 1H), 7.50 (d, J = 7.8 Hz, 1H), 7.13
(d, J = 8.5 Hz, 2H), 7.09 (d, J = 8.2 Hz, 2H), 5.50 (s,
2H), 5.40 (td, J = 5.4, 2.3 Hz, 1H), 5.14 (d, J = 3.2 Hz,
1H), 4.91 (t, J = 5.4 Hz, 1H), 4.45 (gquintet, J = 7.2 Hz,
1H), 4.40 (d, J = 5.0 Hz, 1H), 3.98-3.92 (m, 2H), 3.89-3.83
(m, 2H), 2.87 (t, J = 7.8 Hz, 2H), 1.59 (gquintet, J = 7.7
Hz, 2H), 1.35 (d, J = 7.4 Hz, 3H), 1.32 (sextet, J = 7.3
Hz, 2H), 0.85 (t, J = 7.4 Hz, 3H); LC-MS: m/z 68l1.2 (M +
H) .
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INTERMEDIATE 1

2,5-dioxopyrrolidin-1-yl 2-butyl-4-chloro-1-((2'-(2-trityl-

2H-tetrazol-5-yl)biphenyl-4-yl)methyl)-1H-imidazole-5-

carboxylate (Corresponding to compound of formula (Rrze))

Step A: 2,5-dioxopyrrolidin-1-yl 2-butyl-4-chloro-1H-

imidazole-5-carboxylate

To a solution of 2-butyl-4-chloro-1H-imidazole-5-carboxylic
acid (10.0 g, 49.4 mmol) in THF (100 mL), cooled to 0 °C,
1,1-N,N-carbonyl diimidazole (12.0 g, 74.1 mmol) was added.
The reaction was warmed to room temperature and stirred for
3 hours. Then N-hydroxysuccinimide (5.68 g, 49.4 mmol) and
sodium ethylate (672 mg, 9.88 mmol) were added and the
mixture was stirred overnight. The reaction mixture was
partitioned between EtOAc (100 mL) and NaH;PO,; (5%, 100 mL).
The organic phase was washed with NaH;PO; (3 x 50 mL) and
brine (3 x 50 mL), dried over Na,S0, and concentrated. The
crude was ©purified by flash chromatography (BIOTAGE
equipment, column diameter 75 + L, EtOAc/Hexane gradient -
EtOAc 12%, 999 mL; EtOAc 12% to 100%, 9999 mL; EtOAc 100%,
1998 mL) affording the title compound as a white solid.
"H-NMR (CDC13) : 10.13(1H,s); 2.91(4H, 8) ; 2.73(2H,t);
1.73(2H,m); 1.36(2H,m); 0.93(3H,t).
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Step B: 2,b-dioxopyrrolidin-1-yl 2-butyl-4-chloro-1-((2'-

(2-trityl-2H-tetrazol-5-yl)biphenyl-4-yl)methyl)-1H-

imidazole-5-carboxylate

2,5-dioxopyrrolidin-1-yl 2-butyl-4-chloro-1H-imidazole-5-
5 carboxylate (2.13 g, 7.10 mmol), 5-(4"'-
(bromomethyl)biphenyl-2-yl)-1-trityl-1H-tetrazole (3.96 g,
7.10 mmol) and K;COs; (1.18 g, 8.50 mmol) were dissolved in
DMF (25 mL) and stirred overnight. The salts were filtered
off and the mixture was partitioned between EtOAc (50 mL)
10 and NaH,P0O; (5%, 50 mL). The organic phase was washed with
NaH,PO:s (5%, 3 x 50 mL), and brine (3 x 50 mL), dried over
Na;30s and concentrated. The crude was purified by flash
chromatography (BIOTAGE equipment, column diameter 651,
EtOAc/Hexane gradient - EtOAc 12% 471 mL; EtOAc 12% to 80%,
15 4710 mL; EtOAc 80% 942 mL-) affording the title compound
(Ri1c) as a white solid.
'"H-NMR (CDCls): 7.90(1H,dd); 7.49(2H,m); 7.46-7.22(10H,m);
7.11(2H,d); 6.92 (6H,m) ; 6.80(2H,d) ; 5.34(2H,s); 2.82
(4H,s); 2.52(2H,t); 1.63(2H,m); 1.26(2H,m); 0.85(3H,t)
20
INTERMEDIATE 2

2

2-((4-nitrophenoxy)carbonylamino)ethyl 4-

(nitrooxy)butanocate (following ©procedure described in

25 Appendix 1, A3)

Step A: 2-(tert-butoxycarbonylamino)ethyl 4 -

(nitrooxy)butanocate

tert-butyl 2-hydroxyethylcarbamate
Step B: 2-aminocethyl 4- (nitrooxy)butanoate hydrochloride

30
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Step C: 2-{((4-nitrophenoxy)carbonylamino)ethyl 4-

(nitrooxy)butanocate

To a solution of 2-aminoethyl 4- (nitrooxy)butanocate
hydrochloride (1.16 g; 5.06 mmol) and NaHCOs; (0.850 g; 10.1
mmol) 1in CH3:CN (32 ml) cooled to 0°C, was added dropwise a
solution of 4-nitrophenyl chloroformate (1.02 g; 5.06 mmol)
in CH3CN (16 ml). The resulting mixture was stirred at room
temperature for 18 hours. Then the mixture was diluted with
EtOAc and washed with agueous NaH,PO, (5%, 2 X 50 ml) and
brine (40 ml). The organic layer was dried over sodium
sulfate and concentrated under reduced pressure.

The residue was purified by flash chromatography
(hexane/EtOAc=6/4; Rs=0.21), vyielding the title compound.

INTERMEDIATE 3
0]

H\)j\ ONO
N /\/\/ 2
O\]/ O

|: ] O
O,N

4- (nitrooxy)butyl 2-((4-nitrophenoxy)carbonylamino)acetate

(following procedure described in Appendix 1, Al)

Step A: 4-hydroxybutyl 2- (tert-butoxycarbonylamino)acetate

Step B: 4- (nitrooxy)butyl 2-(tert-

butoxycarbonylamino)acetate

Step C: 4-(nitrooxy)butyl 2-aminoacetate

Step D: 4-(nitrooxy)butyl 2-((4-

nitrophenoxy)carbonylamino)acetate

The title compound was prepared from 4-(nitrooxy)butyl 2-
aminoacetate and 4-nitrophenyl chloroformate as described

in Intermediate 2 Step C.

INTERMEDIATE 4
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o
: ,OTH\)I\O/\/\/ONOZ

HNO“/O\K

(S)-4-(nitrooxy)butyl 6- (tert-butoxycarbonylamino)-2- ((4-

O,N

nitrophenoxy)carbonylamino)hexanoate (following procedure

described in Appendix 1, A7).

Step A: (S)-4-(nitrooxy)butyl 1-(9H-fluoren-9-y1)-13,13-

dimethyl-3,11-dioxo-2,12-dioxa-4,10-diazatetradecane-5-

carboxylate

Commercial N (a)-Fmoc-N{(g)-Boc-L-1lysine pentafluorophenyl
ester (6.51 mmol) and 4-(nitrooxy)-l-butanol (6.55 mmol)
were dissolved in DMF (12 ml) and the mixture was cooled to
0°C. N,N-dimethylaminopyridine (DMAP) (6.55 mmol) were
added and the reaction was slowly warmed to room
temperature and stirred for 4 hours. Then the mixture was
concentrate under reduced pressure and diluted with EtOAc,
washed with 5% aqueous NayHPO, and brine. The organic layer
was dried over sodium sulphate and concentrated under
reduced pressure.

The residue was purified by flash chromatography (n-
hexan/EtOAc 70:30 as eluent) yielding the title compound.
Step B: (S)-4-(nitrooxy)butyl 2-amino-6- (tert-

butoxycarbonylamino)hexanoate

To a solution of (S)-4-(nitrooxy)butyl 1-(9H-fluoren-9-yl)-
13,13-dimethyl-3,11-diox0o-2,12-dioxa-4,10-diazatetradecane-
S5-carboxylate (2.52 g, 4.30 mmol) in CHsCN (30 ml),
piperidine (2.12 ml, 21.5 mmol) was added in the dark, the
reaction was stirred at r.t. for 25 min. Then the mixture
was concentrated to a small volume and diluted with EtOAc
(150 ml) and washed with 5% aqueous NaHPO; (2 x 70 ml). The
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organic layer was dried over sodium sulphate and
concentrated under reduced pressure.

The residue was purified by flash chromatography
(CH,C1l,/MeQOH 98:2 as eluent), vyielding the title compound.

5 1H-NMR (DMSO-d6): 6.78 (1H, t), 4.55 (2H, t), 4.07 (2H,m),
3.26 (2H,t), 2.87 (1H,m), 1.73-1.65 (4H,m), 1.64-1.40
(2H,m), 1.37 (9H,s), 1.36-1.22(4H,s).

Step C: (S)-4-(nitrooxy)butyl 6-(tert-butoxycarbonylamino) -

2-{((4-nitrophenoxy)carbonylamino)hexanoate

10 The title compound was prepared starting from (S)-4-
(nitrooxy)butyl 2-amino-6- (tert-
butoxycarbonylamino)hexanocate as described in Intermediate

2 Step C.

15 INTERMEDIATE 5

(S)-2-((4-nitrophenoxy)carbonylamino) -3-phenylpropyl 4 -

(nitrooxy)butanocate

The title compound was obtained from (S)-tert-butyl 1-
20 hydroxy-3-phenylpropan-2-ylcarbamate following the

procedure described for Intermediate 2.

INTERMEDIATE 6

(0]
HQN\)J\O/\/\/ONOZ

4-(nitrooxy)butyl 2-aminocacetate

25

Step A 4- (nitrooxy)butyl 2-(tert-

butoxycarbonylamino)acetate
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The title compound was obtained from N-Boc-L-glycine, N-
hydroxysuccinimido ester following procedures described in
Intermediate 4, Step A.

Step B: 4-(nitrooxy)butyl 2-aminoacetate

5 To a solution of 4- (nitrooxy)butyl 2-(tert-
butoxycarbonylamino)acetate (3.00 g, 1.03 mmol) in CHCl,
(40 ml) cooled to 0 °C, HCly.s was bubbled for 2 hours. The
solvent was concentrated and the residue was treated with
diethyl ether, affording the title compound as a white
10 solid.

INTERMEDIATE 7

)
HZN\E)J\O/\/\,ONO2

(S)-4-(nitrooxy)butyl 2-amino-3-phenylpropanocate

15 The title compound was prepared from N-Boc-Phenylalanine

following the procedure described in Intermediate 6.

INTERMEDIATE 8

HN

O~
y ONO,
o)

20 (S)-4- (nitrooxy)butyl pyrrolidine-2-carboxylate

The title compound was prepared as an oil from N-Boc-L-
Proline following the procedure described in Intermediate

6.

25 INTERMEDIATE 9
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@]
HZNJ\O/\/\/ONOZ
: O~
\T(/ ONO,
O

(S)-bis (4- (nitrooxy)butyl) 2-aminosuccinate

The title compound was prepared from Boc-L-glutamic acid

following the procedure described in Intermediate 6.

INTERMEDIATE 10

0 ONO,
HZN\\//u\o,»\\//~\v/J\\/,0Nc%

o

(S)-((R)-5,6-bis(nitrooxy)hexyl) 2-amino-3-phenylpropanoate

The title compound was prepared from BRoc-L-Phenylalanine
10 and (2R)-6-hydroxyvhexane-1,2-diyl dinitrate (prepared as
described in WO02005070868 (Al)) following the procedure

described in Intermediate ©

INTERMEDIATE 11
Cl

8%
*%C\¢/\\//Q ! COOH

N

O N:N\
_ N-CPh,
et

2-butyl-4-chloro-1-{[2'-(2-trityl-2H-tetrazol-5-

15

yl)biphenyl-4-yl]methyl}-1H-imidazole-5-carboxylic acid

Step A: 2-butyl-4-chloro-1-{[2"'-(lH-tetrazol-5-yl)biphenyl-

20 4-yl]lmethyl}-1H-imidazole-5-carboxylic acid
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Water (10 L) was added to a 22 L 4-neck round bottom flask.
The water was cooled to 0 °C. At 0 °C, potassium hydroxide
(855 g, 15.24 mol) was added followed by losartan potassium
(500 g, 1.09 mol)), sodium periodate (554 g, 2.59 mol) and
ruthenium (III) chloride hydrate (12 g, 0.05 mol) and the
reaction mixture was sStirred at 0 °C overnight. The
reaction mixture was filtered. IPA (90 mL) was added to
the filtrate while stirring. The solution was warmed to 25
°C and stirred for 2.5 hrs. After 2.5 hrs., phosphoric
acid (1200 mL) was added, maintaining the temperature below
+30 °C. The mixture was stirred for 30 min and the product
was filtered, washing with water. The residue was dried in
the vacuum oven at 55 °C overnight. The solid was dissolved
in methanol (4 L) and isopropyl acetate (12 L), and
charcoal (activated carbon) (100 g) was added. The mixture
was stirred at rt for 3.5 hrs, filtered and concentrated.
The product was redissolved in DCM/MeOH and precipitated
with heptane to afford the title compound as a
greenish/brown foam which was used in subsequent steps

without further purification.

Step B: 2-butyl-4-chloro-1-{[2'-(2-trityl-2H-tetrazol-5-

yl)biphenyl-4-yl]methyl}-1H-imidazole-5-carboxylic acid

To a solution of E3174 (234.58 g, 0.54 mol) in DCM (4500
mL) was added triethylamine (85 mL, 0.59 mol) followed by a
solution of trityl chloride (159 g, 0.56 mol) in DCM (800
mL) and the reaction mixture was stirred at rt overnight.
The reaction mixture was washed with water, dried (MgS04),
filtered, and concentrated in wvacuo. Chromatography over
silica eluting with 20-80% acetone/heptane afforded the

title compound as an orange solid.

INTERMEDIATE 12
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0O
HzN\_)ko/\/\/ONOZ

O
\/\/\ONO2

(S)-bis (4- (nitrooxy)butyl) 2-aminosuccinate

The title compound was prepared from Boc-L-aspartic acid

following the procedure described in Intermediate

INTERMEDIATE 13

O
HzN\)kN/\/\/ONOZ
H

4- (2-aminoacetamido)butyl nitrate

Step A tert-butyl 2-(4-hydroxybutylamino)-2-

oxoethylcarbamate

4-Amino-1-butanol (0.686 g, 7.70 mmol) and triethylamine
(0.779 g, 7.70 mmol) were dissolved in CH;Cl, (40 ml) and
the mixture was cooled to 0° C. A suspension of commercial
N-Boc-glycine N-hydroxysuccinimido estere (2.10 g; 7.70
mmol) in CHy;Cl, (40 ml) was added and the reaction was
slowly warmed to room temperature and stirred for 24 hours.
Then the mixture was diluted with CHyCl, (150 ml) and
washed with 5% agqueous Na,HPO, and brine. The aqgqueous layer
was extracted twice with CHyCl, and twice with a mixture of
EtOAc/MeOH 98:2. The organic layers were dried over sodium
sulphate and concentrated under reduced pressure. The
residue was purified by flash chromatography (n-hexane/i-
prOH 80:20) affording the title compound.

Step B: tert-butyl 2-{(4-(nitrooxy)butylamino)-2-

oxoethylcarbamate
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To a solution of tert-butyl 2-(4-hydroxybutylamino)-2-
oxoethylcarbamate (2.16 g, 8.77 mmol), tetraethylammonium
nitrate (3.37 g, 17.54 mmol) and 2,6-di-tert-butyl-4-
methylpyridine (2.71 g, 13.16 mmol) in CH2C12 (60 ml)
cooled to -70°C and under nitrogen, a solution of
trifluoromethansulfonic anhydride (2.72 g, 9.65 mmol) in
CH2C1l2 (40 ml) was added drop wise. The resulting mixture
was stirred for 3 hours at -65°C. Then the mixture was
slowly warmed to room temperature, diluted with CH2C1l2 and
washed with 5% aqueous Na2HPO4. The organic layer was dried
over sodium sulphate and concentrated under reduced
pressure.

The residue was purified by flash chromatography CH;Cl,/
CH3CN 70:30 as eluent) affording the title compound

Step C: 4-(2-aminocacetamido)butyl nitrate

To a solution of tert-butyl 2-(4-(nitrooxy)butylamino)-2-
oxoethylcarbamate (1.73 g 7.0 mmol)in CH2C12 (40 ml) cooled
to 0 °C, HClg.s was bubbled for 2 hours. The solvent was
concentrated and the residue was treated with diethyl

ether, affording the title compound as a white solid.

INTERMEDIATE 14

O
N

ONO,
4-[(nitrooxy)methyl]benzyl 2-aminocacetate
Step A 4-(chloromethyl)benzyl 2-(tert-

butoxycarbonylamino)acetate

The title compound was prepared from N-Boc-Glycine N-
hydroxysuccinimido ester and 4-(chloromethyl)benzyl alcochol
following procedure reported in Intermediate 3 Step A.

Step B: 4-[ (nitrooxy)methyl]lbenzyl 2-(tert-

butoxycarbonylamino)acetate
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To a solution of 4- (chloromethyl)benzyl 2-(tert-
butoxycarbonylamino)acetate ester (0.605 g, 1.78 mmol) in
CH5CN (13 ml), AgNOs (0.756 g, 4.45 mmol) was added and the
reaction was heated in a microwave apparatus (150° C, 20
min) . The formed salts were filtered off and the solvent
was concentrated, then the residue was diluted with EtOAc
(100 ml) and washed with brine. The organic layer was dried
over sodium sulphate and concentrated under reduced

pressure yielding the title compound.

Step C: 4-[(nitrooxy)methyllbenzyl 2-aminoacetate

The title compound was obtained by acid hydrolysing 4-
[ (nitrooxy)methyl]benzyl 2-(tert-butoxycarbonylamino)
acetate following procedure described in Intermediate 2

Step B.

Studies on vascular tone

The ability of ARRB nitroderivatives to induce
vasorelaxation in comparison to native ARBs, 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
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,
NaHCO; 14.9, KH,PO, 1.2, MgSO4 1.2, HEPES 10, CaCl, , ascorbic
acid 170 and glucose 1.1 (95% 0O, /5% CO, ; pH 7.4). Each
ring was mounted under 2 g passive tension. Isometric
tension was recorded with a Grass transducer (Grass FTO03)
attached to a BIOPAC MP150 System. Preparations were

allowed to equilibrate for 1h, and then contracted
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submaximally with noradrenaline (NA, 1 uM) and, when the
contraction was stable, acetylcholine (ACh, 10 uM) was
added. A relaxant response to ACh indicated the presence
of a functional endothelium. Vessels that were unable to
contract NA or showed no relaxation to Ach were discarded.
When a stable precontraction was reached, a cumulative
concentration-response curve to either of the vasorelaxant
agents was obtained 1in the presence of a functional
endothelium. Each arterial ring was exposed to only one
combination of inhibitor and wvasorelaxant. Moreover, the
effect of the soluble guanylyl cyclase inhibitor ODQ (1-H-
(1,2,4)-oxadiazol (4,3-a)gquinoxalin-1-one) on vasorelaxation
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. ECsg values (where ECsg is the
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 spontaneous 1loss of
contraction in the aortic rings. Under these experimental
conditions, the parent compounds did not produce relaxation
at any of the concentration tested, the curve being not
different from that built up in the presence of vehicle
alone.

As shown in Table 1, the compounds of the invention were
able to induce relaxation in a concentration-dependent
manner. Furthermore, in experiments performed 1in the
presence of 0ODQ (10 uM), the wvasorelaxant responses to

tested compounds were inhibited.
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Table 1

Compound ECso (uM)* sem
Losartan no effect
EXP 3174 no effect
Candesartan no effect
Compound of EX. 1 23.6 t+ 3.9
Compound of EX. 2 40.1 + 2.7
Compound of EX. 3 9.2 + 4.1
Compound of EX. 4 46 + 7.2
Compound of EX. 5 9.2 + 2.5
Compound of EX. 6 14.2 + 8
Compound of EX. 7 7.1 + 1.9
Compound of EX. 8 10.4 + 2.5
Compound of EX. 9 3.4 + 0.8
Compound of EX. 10 5.4 + 1.8
Compound of EX. 11 38.7 + 5.3
Compound of EX. 13 30.6 + 4.7
Compound (2) 43.4 + 11
Compound (112) 47.8 + 16

Study on angiotensin receptor antagonism

Tissue preparation
Thoracic aorta was obtained from male rabbits. Each animal
was sacrificed by exsanguinations under pentobarbital-Na

anesthesia and the thoracic aorta was rapidly removed.
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After removing adhering fat and connecting tissues, the
thoracic aorta was cut into 4-5 mm long rings. Each
preparation was placed in a 5 ml organ bath containing
physiological salt solution (PSS) at the following
composition (mM): NaCl 130.0, KC1 3.7, NaHCOs 14.9, KHy;PO,
1.2, MgSOse 7H,O 1.2, Glucose 11.0, HEPES 10.0, CaCl;*2H;0
1.6. The solution in the bath was constantly aerated with
95% 0, and 5% CO, and kept at 37°C (pH 7.4). Contractile
force was measured with isometric transducer (Grass FT03),
connected to a BIOPAC MP150 System. After 1 h of
equilibration with a appropriate resting tension (2g), the
rings were primed by exposure to 90 mM KCl (3 times) with
intervening washings. Then each ring was contracted
submaximally with methoxamine 3 M and, when the
contraction was stable, acetylcholine (ACh, 3 uM) was
added. A relaxant response to ACh indicates the presence of

a functional endothelium.

Interaction with Angiotensin II Receptors

The +vascular preparations were exposed to increasing
concentrations of Angiotensin II (AngII) until the maximal
contractile effect was achieved. Then the vascular tissues
were washed and recovered to baseline. After an incubation
time of 30 minutes with antagonist at the selected
concentration, a second concentration-response curve for
agonist was constructed. In parallel control experiments,
vehicle was given before the second agonist curve was
constructed.

Responses are expressed as percentage maximal contractile
effect achieved in the first cumulative curve.

Antagonist activity was assessed by the ability of

compounds to produce rightward shifts in the dose response
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curve for angiotensin II-induced contraction of the
isolated rabbit aorta.
All the compounds of the invention showed an angiotensin II

receptor antagonism.

Study of antihypertensive activity of ARB nitroderivatives
in vivo

The ability of the compounds of the invention to decrease
blood pressure was evaluated in conscious spontaneously
hypertensive rats (SHRs). SHRs (250-300 g) received a
single oral dose of EXP 3174 or the corresponding
nitroderivative. Systolic blood pressure (SBP) and heart
rate were monitored by telemetry for 24 hours after dosing.
SBP was evaluated before (baseline) and after (i.e. 6, 24
hours) treatment by oral administration of the compounds.
The data were processed both as the absolute value or as a

delta between the absolute value and its own baseline.

The Dataquest v telemetry system (Data Sciences
International) was used for measurement of systolic
pressure, diastolic pressure, mean arterial pressure, heart
rate, and motor activity. The monitoring system consists of
a transmitter (radio frequency transducer model TAl1PA),
receiver panel, consolidation matrix, and personal computer
with accompanying software. Before the device was
implanted, calibrations were verified to be accurate within
3 mmHg . Rats were anesthetized with
ketamine/xylazine/acepromazine, and the flexible catheter
of the transmitter was surgically secured in the abdominal
aorta just below the renal arteries. The transmitter was
sutured subcutaneously. Rats were housed in individual
cages after the operation. Each cage was placed over the
receiver panel that was connected to the personal computer

for data acquisition. The rats were unrestrained and free
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to move within their cages. Hemodynamic data were sampled

every 2 minutes for 10 seconds.

As shown in Table 2, the nitroderivatives of the invention
were able to induce a reduction in blood pressure levels
over the treatment ©period, associated with prolonged
duration of action and resulted more effective than the

parent compounds.

Table 2

A Systolic blood pressure (mmHg)

Compound 6 hrs |24 hrs
-5 2

EXP 3174 (10 mpk, po)*

Compound of EX. 5(10 mpk, po) -7 -11

Compound of EX. 6(10 mpk, po) -12 -13

Compound of EX. 10(10 mpk, po) -6 -11

Compound of EX. 11(10 mpk, po) -6 -17

* Systolic blood pressure for EXP 3174 was evaluated with
tail-cuff method (Whitesall S.E et Al.; Am. J. Physiol.
Heart Circ. Physiol 286: H2408-H2415, 2004).

Solubility test

The solubility of the tested compounds in PEG 400/H,0 7/3
was evaluated using a standard curve constructed of six
calibration points by plotting the peak areas of the

compounds of the invention versus the concentration.

Test solution: 5.0 mg of the nitroderivative were dissolved
in 0.7 ml of PEG 400 in a glass volumetric flask and 0.3 ml
of water were added. The solution was mixed for 1 hour and

filtered through 0.45 um Acrodisc filter.
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As shown in Table 3, the nitroderivatives of the invention

showed a very good solubility.

Table 3
Solubility
Compound PEG400/H,0 70:30 (mg/ml)
target 5 mg/ml

(2) > 5
Compound of EX. 3 > 5
Compound of EX. 2 > 5

(112) > 5
Compound of EX. 1 4
Compound of EX. 5 4.2
Compound of EX. 6 > 5
Compound of EX. 9 4.9
Compound of EX. 7 > 5
Compound of EX. 11 4.6

(46) 5.07
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CLAIMS

1. A compound of general formula (I) or a pharmaceutically

acceptable salt or stereoisomer thereof:

10 wherein:
A and A’ are independently selected from

consisting of —(Y-ONO2), —-(Y’-ONO2) or (la)

(la)
15 s 1s 1 or 2;

s’ is 0, 1 or 2;

R is sgselected from the following residues of formula

or (IITI):
R1

20 (IT)
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H
/N7)Z
N
) N—N

or Ny which is a moiety capable to bind the groups A and A’

Ry is the group (IV

as defined hereinafter;

R:1 is selected from the groups (Va-Ve):

RN(N/ N,

N

(Va)
wherein R, is C;-Cs linear or branched alkyl, preferably n-
propyl or n-butyl;
Rs is an halogen atom such as C(Cl1, Br, I, or a
10 perfluorurated C;-C; alkyl chain, preferably C,Fs, or the
group -C(CHs),0H;

o AN
OI \H/\ACH3

N
0 R—<\
HCc” cH BN

(Vb) ; (Ve)

0

15 wherein R, is n-Bu or —-QOEt:

N
\ N
“CH,
H.C
CH, N,
Noal N
NI N
P
H,c” N7 N0
A CH,

or
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or R is the residue of formula (III):

N S
HsC\/\/« ) = N

(I1I)

wherein Ny is a moiety capable to bind the groups A and A’,

having one of the following meanings:

1)
L0 & o
N N
/- J N@ -
O o 0
K' K' , K'
(VIa) (VIb) (VIc)

wherein K’ is equal to -C00-, -CONH-, -CH,-0-CO-, -CH,;-0-
CO0O- or -CHy;-0O-CONH- and K’ is bound to the group A wherein
A is —-(Y-ONOy) or (la), with the proviso that when A is
(la), then K’ is -CO0O- or —-CH,-0CO0O-;

2) —-0CO-NH-J-K’, -CO-NH-J-K’ or -CH,-0-CO-NH-J-K’ wherein J
is selected among (VIIa-VIIKk):
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,CH
CH, S 3
H,C CH, CH,
H, CH, (\E/ H,C Hsc?@
0¥ \{Ks’

(VIIa) (VIIb) (VIIc) (VIId) (VIIe) (VIIT)
N NH O R
O N
(VIIqg) (VITIh) (VIIi) (VIIF) (VITk)
5
wherein K’ is equal to -C00-, -CONH-, -CH,-0-CO-, -CH,;-0-
CO0O- or -CHy;-0O-CONH- and K’ is bound to the group A wherein
A is —-(Y-ONOy) or (la), with the proviso that when A is
(la), then K’ is -CO0O- or —-CH,-0CO0O-;
10
3) -0-CO-NH-K-K*, -CH;-0-CO-NH-K-K* or -CO-NH-K-K* wherein
K is selected among Ki, K, or K; wherein:
Ki is selected among (VIIIa-VIIId)
15 (VIITa) (VIITb) (VIIIc) (VIIId)

wherein Rs is H or a group selected from -C0O-, -CO0O- or -
CONH- capable to bind a group A’ wherein A’ is — (Y’ -0ONOy);
Ky, is selected among (VIIIe-VIIIf):

O Rs 7

Rs

% %
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(VIIIe) (VIIIf)
wherein Ry is -OH or a group selected from -0- or -NH
capable to bind a group A’, with the proviso that when A’
is (la), then Rgis -0-;
5 Ks is selected among (VIIIg-VIIIh):

NH-R; H NHR

s

NH

(VIIIqg) (VIIIh)

10 wherein R; and Rg are H or a group selected from -CO- or -
COO- capable to bind a group A’ wherein A’ is - (Y’ -0ONO;);
K* is equal to K’ as above defined or -COOH and when K* is
equal to K’ is bound to the group A, with the proviso that
when A is (la), then K’ is -CO0O- or -CH,-0COO-;

15 4)

-CH,-O-CO-NH -O-CO-NH -CO-NH
RNH" K RNH™ K R,NH” ~K*
(IXa) (IXDb) (IXc)

wherein R; and K* are as above defined;
20

with the proviso that:

i. when R; is the group (Va), then Ny is selected from

the group consisting of (VIb), (VIc) -CO-NH-J-K',
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a. —CH,-0-CO-NH-J-K’, -CO-NH-K-K*, -CH,-0-CO-NH-K-
K*, (IXc) and (IXa);:
ii. when R; 1is selected from the groups (Vb), (Vc) or
(Ve), then Ny is selected from the group consisting of
5 (VIb), -CO-NH-J-K’, -CO-NH-K-K* and (IXc):;
iii. when R; is the group (Vd), then Ny is selected from
the group consisting of (VIa), -OCO-NH-J-K’, -0O-CO-NH-
K-K* and (IXb);
iv. when R is selected from the residue (III), then Ny is
10 selected from the group consisting of (VIb), -CO-NH-J-
K’, -CO-NH-K-K* and (IXc):;
v. when R is selected from the residue (II) and Rg is Ng,

then R; is the group (V)

vi. when R 1s selected from the residue (II), then s is 1
15 and s’ 1s 0 or 1;
vii. when R is selected from the residue (III), then s is 2

and s’ 1is 0 or 2.

Y and Y’ independently are bivalent radicals having the
20 following meaning:

a)

- 8traight or branched Ci:-C,;; alkylene, preferably Ci-Cig,

being optionally substituted with one or more of the

substituents selected from the group consisting of: halogen
25 atoms, hydroxy, -ONO, or R', wherein R' is

—OC(O) (Cl—clo alkyl) -ONO, or —O(Cl—clo alkyl) —-ONOy;

CHZ)n1_
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X
| (CH,)

—(CHy), COOH

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

from 1 to 20;

d)
Y
w X, —(CHy),—
5 (OR?),.
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)
Y?—X,—(CH,),—
OR?
10 (ORD,

wherein:
n', n?,R° and X, are as defined above;

v? is —-CH,-CH,- or —-CH=CH- (CH,).’-;

15 with the proviso that when Y or Y’ is selected from the
bivalent radicals mentioned under b)-e), the -ONO, group is
linked to a -(CHy)." group;

f)

—(EH-CHZ-Xz)nS—cle-CH—(CHz)n4-
R? R3

2

R2 BZ
20 —(CHZ-CH-Xz)nTCHz-CH —_—

wherein X, is -0- or -S-, n° is an integer from 1 to 6,

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

R® is H or -ONO, and n® is 0 or 1.
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2. The compounds of formula (I) according to claim 1
or a pharmaceutically acceptable salt or stereocisomer
thereof wherein R is the residue of formula (II), Ro is the
group of formula (IV), R; is the group of formula (Va), Ry
is n-butyl, R; is Cl and all other wvariables are as defined

in claim 1.

3. The compounds of formula (I) according to claim 1
or a pharmaceutically acceptable salt or stereocisomer
thereof wherein R is the residue of formula (II), Ro is the
group of formula (IV), R; is the group of formula (Va), Ry
is n-propyl, Rs 1is the group -C(CH3);0H and all other

variables are as defined in claim 1.

4. The compounds of formula (I) according to claim 1
or a pharmaceutically acceptable salt or stereocisomer
thereof wherein R is the residue of formula (II), Ro is the
group of formula (IV), R; is the group of formula (Vc) as
defined in claim 1, R; is -OEt, and all other variables are

as defined in claim 1.

5. The compounds of formula (I) according to claim 1
or a pharmaceutically acceptable salt or stereocisomer
thereof wherein s; is 0 and A is the group (VI,) or (VIy) or
(VI.) wherein K’is -C00-, and all other variables are as

defined in claim 1.

6. The compounds of formula (I) according to claim 1
or a pharmaceutically acceptable salt or stereocisomer
thereof wherein s; is 0 and A is -CO-NH-J-K’ or -CH;-0-CO-
NH-J-K’, J is the group (VIIa) or (VIIb), wherein K’'is -

CO0-, and all other variables are as defined in claim 1.
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7. The compounds of formula (I) according to claim 1
or a pharmaceutically acceptable salt or stereocisomer
thereof wherein s; is 0 and A is -CH;-0-CO-NH-K-K* or -CO-
NH-K-K*, K is K; which is the group (VIIIg) or (VIIIy),

and all other wvariables are as defined in claim 1.

3. A compound of general formula (I) or a
pharmaceutically acceptable salt or stereoisomer thereof
according to claim 1-7, wherein Y and Y’ independently
are a bivalent radical having the following meaning:

a)
- straight or branched C;-Ci;y alkylene, being optionally
substituted with one or more -ONO;;

b)

CHZ)n1_
_(CH2 n

wherein n is an integer from 0 to 5, and n' is an integer
from 1 to 5;

with the proviso that when Y or Y’ is selected from the
bivalent radical b), the -ONO, group is linked to a - (CHy).'
group;

)

—(EH-CHZ-Xz)nS—cle-CH—(CHz)n4-
R? Rs3

2
wherein X, is -0- or -S-, n’ is 1, R® is H, R° is H or —ONOy

and n®“ is 0 or 1.

9. A compound according to claims 1-8, selected from the

group consisting of:
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ONO; oo,
N Cl O
H
/&/O N ©
H CM
; N
O  CH,
N
NT AI!D’
\
—N
H
(1)
ONO,
Cl O
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—N
H
(3)
O 0 ONO,
H
/&/O N ©
HCM
3 ad
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ONO
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(7)

Cl
N
Hsc\/\/«Niﬁ/O\n/N
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H,C

ONO,

(11)

NH,

H,C

ONO,

(12)

ONO,

H,C

(13)
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(15)
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cl
S
chMN \([)]/ }—o

\/\
@)
/Y\ONoz
ONO,

ONO

N
(17)
A ]
H3C\/\/«&/O N
n \([)]/ >o ONO,

VWCHg
O ONO,
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Ir=z

(19)
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ONO,
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ONO

ONO
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N 40 ONO,
M ) N o/\/OVH
N

ONO,

ONO

(38)
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O
N H
/ \ N /\/\/ON02
O
N
O\/\/\
© ONO2
® ’
N:N\
N /NH
(42)
Cl O ONO2
N O
N
o) ONO,
N:N\
~ /NH
e
(43)
Cl 0
N H
N
O
O
\/\/\ONO2
® °
N::N\
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Cl
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N H
O
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(53)

H,C

Cst O
N H
N
0
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ONO
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ONO

ONO
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ONO
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10
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(84)

pd
O§
O
pd
O

/
H3C\/\/<N
.{O |
e

" \
/NH
N:N
)
H3C\/\/<N
" \
/NH
NQN
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~Z

EtO N

10
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N
A
Et0” N H\v/ﬁ\ ONO,
O ONO,
="\
/NH
NQN
(93)
N
A
EtO N O ONO,,

ONO,

249



WO 2009/106471 PCT/EP2009/051943

N
A
Et0” N ’ O
N S ONO,
O °
O
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/N\ O
/NH
N:N
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O
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or a pharmaceutically acceptable salt or stereoisomer

thereof.

10. A compound of formula Riieq:

/

N=N
RIIC
10 wherein Trt is the trityl protecting group, t-But is the t-
Butyl protecting group and Ny 1is -COOAct with Act =

_<O
DS

O

11. A process for preparing the compound Rrr. according to

15 claim 10, by reacting a compound A with the commercially

available compound B:

llc
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in presence of a base in an aprotic polar/non-polar solvent
such as DMF, THF or CH;Cl, at temperatures range between -
15°-+80°C or in a double phase system H,O/Et,0 at

temperatures range between 20°- 40°C.

12. A compound of general formula (I) according to claims

1-9 for use as a medicament.

13. A compound according to claims 1-9 for use as a drug
having anti-inflammatory, antithrombotic and antiplatelet

activity.

14. A compound according to claims 1-9, for use in the
treatment or prophylaxis of cardiovascular, renal and
chronic liver diseases, inflammatory processes and

metabolic syndrome.

15. A compound according to claims 1-9, for use in the
treatment or prophylaxis of hypertension, congestive heart
failure, pulmonary hypertension, renal insufficiency, renal

ischemia, renal failure, renal fibrosis, 1liver fibrosis,

portal hypertension, cardiac insufficiency, cardiac
hypertrophy, cardiac fibrosis, myocardial ischemia,
cardiomyopathy, glomerulonephritis, renal colic,

complications resulting from diabetes such as nephropathy,
vasculopathy and neuropathy, glaucoma, elevated intra-
ocular pressure, atherosclerosis, restenosis post
angioplasty, complications following wvascular or cardiac
surgery, erectile dysfunction, hyperaldosteronism, lung
fibrosis, scleroderma, anxiety, cognitive disorders,
complications of treatments with immunosuppressive agents,
metabolic syndromes and other diseases known to be related

to the renin-angiotensin system.
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le. 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 1-9.

17. A pharmaceutical composition according to claim 16 in a
suitable form for the oral, parenteral, rectal, topic and
transdermic administration, by inhalation spray or aerosol

or iontophoresis devices.

18. 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, solutions, suspensions, syrups, elixir,
injectable forms, suppositories, in transdermal patches or
liposomes, containing a compound of formula (I) or a salt
or stereoisomer thereof according to c¢laims 1-9 and a

pharmaceutically acceptable carrier.

19. A pharmaceutical composition comprising a compound of
general formula (I) according to claims 1-9, at least a
compound used to treat cardiovascular disease and a

pharmaceutically acceptable carrier.

20. Pharmaceutical composition according to «c¢laim 19
wherein the compound used to treat cardiovascular disease
is sgelected from the group consisting of: aldosterone
antagonists, renin inhibitors, ACE inhibitors, HMGCoA
reductase 1inhibitors, beta-adrenergic Dblockers, alpha-
adrenergic antagonists, sympatholytics, calcium channel

blockers, endothelin antagonists, neutral endopeptidase
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inhibitors, potassium activators, diuretics, vasodilators,
antithrombotics such as aspirin or nitrosated compounds

thereof.

21. 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 or sequential use for the treatment

of cardiovascular disease.

22. A pharmaceutical kit according to claim 21 wherein the
compound used to treat cardiovascular disease is selected
from the group consisting of: aldosterone antagonists,
renin inhibitors, ACE inhibitors, HMGCoA reductase
inhibitors, beta-adrenergic blockers, alpha-adrenergic
antagonists, sympatholytics, calcium channel Dblockers,
endothelin antagonists, neutral endopeptidase inhibitors,
potassium activators, diuretics, vasodilators,
antithrombotics such as aspirin or nitrosated compounds

thereof.
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