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ABSTRACT 

The invention relates to nitrooxyderivative of corticosteroids 
of general formula (I) and pharmaceutically acceptable salts 
or stereoisomers thereof wherein R is a corticosteroid residue 
selected from: The compounds are useful in the treatment of 
respiratory diseases. 
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NITRC OXDE RELEASING STEROIDS 

0001. The present invention relates to use of nitric oxide 
releasing steroidal compounds having an improved pharma 
cological activity and low side effects in the treatment of 
respiratory diseases, and to a process for their preparation. 
The present invention also relates to nitric oxide releasing 
steroidal compounds and to pharmaceutical formulations 
containing them. 
Respiratory diseases comprise asthma, COPD (chronic 
obstructive pulmonary diseases), ARDS (Acute Respiratory 
Distress Syndrome), allergic rhinitis, respiratory tract dis 
eases associated with inflammation. 
0002. At present, the most drugs used in the treatment of 
respiratory diseases are steroids. However the currently avail 
able steroids have unsatisfactory site selectivity, for example 
all inhaled steroids are absorbed systemically from the lungs, 
and thus cause serious adverse effects by long-term adminis 
tration. 
0003. Therefore, there is a demand for development of a 
new class of compounds for use in the treatment of respiratory 
diseases which exerts a powerful effect and low systemic 
effect. 

BACKGROUND OF THE INVENTION 

0004. In the prior art nitrooxy derivatives of steroids, 
which are usable also as cardiovascular agents for the coro 
nary insufficiency orangina pectoris therapy, are described. 
0005 For example, German patent DE 2.222.491 
describes the preparation of pregnane derivatives having in 
position 21 the —CH2—O NO group. In said patent it is 
stated that said derivatives have a cardiotropic activity. This 
activity represents a drawback for said compounds, since they 
modify the cardiac frequency. 
0006 U.S. Pat. No. 3,494.941 describes steroid deriva 

tives from 3-hydroxyextrane or from extr-4 en-3 one, used as 
vasodilators in the treatment of cardiac affections such as 
coronary insufficiency and angina pectoris. In the structure of 
said compounds a ONO group is at the free end of the 
alkylene chain which is linked by an ether bond to the steroid 
in position 17. According to said patent it is possible to have 
nitrate groups also in the positions 3 and 16 of the steroidal 
structure. The same drawbacks mentioned above as regards 
the effects on the cardiac frequency can be repeated for the 
compounds of this patent. 
0007 U.S. Pat. No. 3,183,252 describes derivatives of 
16-nitrate-alkylpregnanes wherein the alkyl group is linked to 
the pregnane structure by a carbon-carbon bond. The com 
pounds according to said patent can be used as vasodilators. 
The same drawbacks reported for the above prior art can be 
repeated. 
0008 WO 98/15568 and WO 03/064443 in the name of 
the Applicant describe nitrate esters of steroidal compounds, 
wherein between the steroidal structure and the nitrooxy 
group a bivalent linking group is inserted. Said compounds 
show a good efficacy and/or good tolerability with respect to 
the corresponding precursors. 
0009 Patent application WO 00/61604 in the name of the 
Applicant describes nitrooxy derivatives of steroidal com 
pounds with various linking groups having at one end a 
nitrooxy group, and covalently linked with the other end to a 
steroidal compound. In said application the uses concern the 
compounds usable in the treatment of patients in oxidative 
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stress. Said compounds contain in the molecule also a biva 
lent linking group which must be capable to prevent the free 
radicals production and is selected on the basis of the tests 
reported therein. 
0010. The Applicant has surprisingly and unexpectedly 
found a class of nitric oxide releasing compounds with a 
better efficacy, bioavailability and/or a prolonged release of 
NO in comparison with the compounds known in prior art. In 
general the compounds of the present invention have a better 
drugability in comparison to the corresponding compounds 
of the prior art. 
0011. An object of the present invention is to provide nitric 
oxide releasing compounds of general formula (I) 

and pharmaceutically acceptable salts or stereoisomers 
thereof for use in the treatment of respiratory diseases, 
wherein in formula (I) R is a corticosteroid residue selected 
from: 

(II) 

O 

O 

CH3, 
CH3 O 

HO O 

CH3 

O 

(III) 

p 
O 

CH3 O 
HO CH3 

CH r 

O 

(IV) 

  









US 2010/0041633 A1 

I) 

0079 

(i1) 
-C(O) NH-(T-Y-ONO) 

R5 R6 
(i2) 

H 
-N C(O)-(T-Y-ONO) 

R6 R5 

wherein R is H, R is H, or RandR when taken together are 
a double bond, Tand T'areas above defined and Y is as below 
reported; 

L) 

0080 

(11) 

(12) 
CH3 

wherein T and T are as above defined and Y is as below 
reported; 

M) 

0081 

(ml) 

--C(O)-(T-Y-ONO) 

(m2) 

NH-(T-Y-ONO) 
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wherein T and T are as above defined and Y is as below 
reported; 

N) 

0082 

(n1) 
-NH-(CH) 

N 
--(CH2)-C(O)-(T-Y-ONO) 

21 
(n2) 

21 
-C(O)-(CH)-- 

N 

(CH)-NH-(T-Y-ONO) 

wherein c is as above defined, d is equal to 0 or 1, Tand Tare 
as above defined and Y is as below reported; 

O) 

0083 

(o1) 

N 

N 

(o2) 
(T-Y-ONO) 

N 

—co-cr-f 
R8 

R7 

wherein R is H. Riis H, or RandR when taken together are 
a double bond, c is as above defined, T and T are as above 
defined and Y is as below reported; 

P) 

0084 

(p1) 

HN N-CH-C(O)-(T-Y-ONO) 

(p2) 
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wherein T and T are as above defined and Y is as below 
reported; 

Q) 
0085 

(ql) 

wherein T and T are as above defined and Y is as below 
reported; 

R) 
0086 

-XO-co-it-y-oop 
—co-C-T-Y-oo: 

wherein T and T are as above defined and Y is as below 
reported; 

S) 
0087 

(q2) 

(r1) 

(r2) 

(sl) 
C(O)-(T-Y-ONO) 

N 

N-(T-Y-ONO) 

wherein T and T are as above defined and Y is as below 
reported; 

T) 
0088 

(t1) 

C(O)-(T-Y-ONO) 

NS N 
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-continued 
(t2) 

N 
N Y(T-Y-ONO.) 

wherein T and T are as above defined and Y is as below 
reported; 

U) 
0089 

(u1) 
R11 

-logo 
R10 R9 

(u2) 
R11 

-os-tro 
R9 R 10 

wherein RandR'' are H, CH, R'' is CH or 4-piperidinyl 
with the proviso that RandR'' are H when R'' is 4-piperidi 
nyl and RandR'' are CH, when R'' is CHT and T'areas 
above defined and Y is as below reported; 

V) 
0090 

(v1) 
C(O)-(T-Y-ONO) 

CH3 

(v2) 
-C(O) 

us 
CH 

O NH-(T-Y-ONO) 

wherein T and T are as above defined and Y is as below 
reported; 
with the proviso that in the formula (I): 
a is 0 or a is 1 and Z is —CH(R')—O— wherein R' is as above 
defined, when R is: 
(0091 (a2), (a4) or (a8); 
0092 (as), (a6), (a9) or (a10) and R' is selected from the 
group A10); 
0093 (b2), (b4) or (b8) 
0094 (b5), (b6), (b9) or (b10) and R is selected from the 
group B10); 
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0.095 (c2); 
0096] (d5), (d6), (d.9) or (d10) and R'' is selected from the 
group D10); 
0097 (e2), (f1), (g2), (h1), (i1), (12), (m2), (n2), (o2), (p2), 
(q2), (r2), (S2), (t1) or (u2); 
a is 1 and Z is —C(O)—, when R is: 
0098 (a1), (a3) or (a7): 
(0099 (as), (a6), (a9) or (a10) and R' is selected from the 
groups A8) and A9); 
01.00 (b1), (b3) or (b7); 
0101 (b5), (b6), (b9) or (b10) and R is selected from the 
groups B8) or B9); 
0102 (c1): 
(0103 (d1), (d2), (d3), (d4), (d7) or (d8); 
0104 (d5), (d6), (d9) or (d10) and R is selected from the 
groups D8) or D9); 
0105 (e1), (f2), (g1), (h2), (i2), (11), (ml), (n1), (o1), (p1), 
(q1), (r.1), (S1), (t2) or (ul). 
Y and Y are bivalent radicals each independently selected 
from the following meanings: 
a) 
0106 straight or branched C-C alkylene, preferably a 
straight or branched C-C alkylene, 
0107 straight or branched C-C alkylene substituted 
with one or more of the substituents selected from the group 
consisting of halogen atoms, hydroxy, —ONO or T, 
wherein T is —OC(O)(C-C alkyl)-ONO or —O(C-Co 
alkyl)-ONO, preferably Y or Y is a straight or branched 
C-Co alkylene Substituted with a —ONO group: 
0108 cycloalkylene with 5 to 7 carbon atoms into 
cycloalkylene ring, the ring being optionally substituted with 
one or more straight or branched C-C alkyl chains, prefer 
ably the ring being optionally substituted with CH: 
b) 

b) 
N 

wherein 
n' is an integer from 0 to 20, preferably n is 0 or 1: 
n' is 0 or 1, preferably n' is 1: 
0109 U is a linear or branched C-C alkylene optionally 
substituted with a ONO group, preferably U is a linear 
C-C alkylene or U is a linear or branched C-Co alkylene 
substituted with a —ONO group; 
c) 

c) 

rs --(U)-(CH)"- al 
(CH: 40 COOH 

wherein 
n" is an integer from 0 to 20, preferably n is 0 or 1; 
n' is 0 or 1, preferably n' is 1: 
0110 U is a linear or branched C-C alkylene optionally 
substituted with a —ONO group, preferably U is a linear 
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C-Co alkylene or U is a linear or branched C-Co alkylene 
substituted with a —ONO group; 
d) 

d) 

1s 
o --T-(U)-(CH)'- 

2é 
(OR)2 

wherein: 
n is an integer from 0 to 2, R' is H or CH, T is —O C 
(O)— or —C(O)O—: 
n' and U are as above defined; 
e) 

1s 
(OR)2 

n is an integer from 0 to 2, preferably n is 1: 
R" is Hor CH, preferably R' is CH: 
Y' is —CH, CH or -CH=CH-(CH2). , whereinn 
is 0 or 1, preferably Y' is -CH=CH-(CH), and n is 
0: 
T= O C(O)— or —C(O)O—, preferably T is C(O) 
O—; 
n' is 0 or 1, preferably n' is 1: 
U is a linear or branched C-Co alkylene optionally Substi 
tuted with a ONO group, preferably U is a linear C-Co 
alkylene or U is a linear or branched C-Co alkylene Substi 
tuted with a —ONO group; 
more preferably n is 1, R' is CHY' is -CH=CH-(CH) 

and n is 0, T is C(O)O— and U is a linear C-Co 
alkylene; 
e') 

e') 

1s 
-Y)-H i-T-ul-cis ex 

(OR)2 

wherein: 
n is an integer from 0 to 2, preferably n2 is 1: 
R" is Hor CH, preferably R' is CH: 
Y' is —CH, CH or —(CH), CH=CH , wherein 
n is 0 or 1, preferably Y is —(CH), CH=CH- and in 
is 0; 

0111 n' is 0 or 1, preferably n' is 1: 
U is a linear or branched C-Co alkylene optionally Substi 
tuted with a —ONO group, preferably U is a linear C-Co 
alkylene or U is a linear or branched C-Co alkylene Substi 
tuted with a —ONO group; 
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more preferably n is 1, R' is CHY is CH-CH (CH) 
and n is 0, T is —OC(O) and U is a linear C-Co 

alkylene; 
f) 

- (CH-CH-T), 3-CH2-(CH2)"- 

wherein T is —O— or —S —NH preferably T is 
—O , n is an integer from 1 to 6, preferably n is 1: 
when Y and Y are selected from b), c), d), e), e') or f), the 
–ONO, group of -(TY ONO), -(T-Y-ONO), -(T"- 
Y ONO), -(T-Y ONO), -(T"-Y ONO) and -(T"- 
Y ONO) is linked to the —(CH)*— group: 
g) 

wherein: 
n is an integer from 0 to 10, preferably n is 0 or 1: 
n is an integer from 1 to 10, preferably n is 1: 
0112 R. R. R. R7 are the same or different, and are 
H or straight or branched C-C alkyl, preferably R'', R', 
R" and R7 are H: 
wherein the —ONO group is linked to 

wherein n is as defined above: 
I0113 Y is an heterocyclic saturated, unsaturated or aro 
matic 5 or 6 members ring, containing one or more heteroa 
toms selected from nitrogen, oxygen, Sulphur, 
and is selected from the group consisting of: 

(Y1) 

-H C 

N 
H 

(Y3) 

- D 
N 
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-continued 
(Y4) 

O 
(Y5) 

1's - I -- 

N4 
(Y6) 

1s 
Ne 

(Y7) 

1s 
e 

1N (Y8) 
- T N! 

H 
(Y9) 

-"N 
N 

(Y10) 
NC y 
& 9 

H 
(Y11) 

- N 
& 9 

H 

N (Y12) 

NC 1 
Q 3) 

(Y13) 1aN 

0114. The term "C-C alkyl as used herein refers to 
branched or straight alkyl groups including methyl, ethyl, 
n-propyl, isopropyl. n-butyl, isobutyl, t-butyl, pentyl, hexyl, 
octyl and the like. 
0115 The term "cycloalkylene' as used herein refers to 
ring having from 5 to 7 carbon atoms including, but not 
limited to, cyclopentylene, cyclohexylene optionally Substi 
tuted with side chains such as straight or branched (C-Co)- 
alkyl, preferably CH. 
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0116. The term "heterocyclic” as used herein refers to 
saturated, unsaturated or aromatic 5 or 6 members ring, con 
taining one or more heteroatoms selected from nitrogen, oxy 
gen, Sulphur, such as for example pyridine, pyrazine, pyrimi 
dine, pyrrolidine, morpholine, imidazole and the like. 
0117 Respiratory diseases comprises asthma, COPD 
(chronic obstructive pulmonary diseases), ARDS (Acute Res 
piratory Distress Syndrome), allergic rhinitis, respiratory 
tract diseases associated with inflammation. 
0118. An embodiment of the invention relates to nitric 
oxide releasing compounds of general formula (I) 

and pharmaceutically acceptable salts or stereoisomers 
thereof for use in the treatment of respiratory diseases 
wherein in formula (I) 
the corticosteroid residue R is selected from: 

(II) 

CH3, 
CH3 O 

HO 

CH3 

(III) 

(IV) 
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-continued 
(V) 

p 
O CH3 

CH3 o- ( CH HO O 

CH3 

O 

F 

a is 0 and 
R is selected from: 
(a2) - C(O) CH(R') NH-(T-Y ONO) 
wherein 
R" of the group A1) is selected from H, isobutyl, benzyl, 
CHS CH2—CH2—, 2-monosubstituted benzyl, or 
3-monosubstituted benzyl or 4-monosubstituted benzyl 
wherein the substituent of the benzyl is selected from —F. 
—C1, I., NO. —CF, —CH, CN, C.H.CO : 
R" of the group A2) is selected from —CH, OH, -CH 
(CH)OH or —CH2(CH)-(4-OH), or 
R" of the group A3) is selected from —CH2 NHR", 

(CH4). NHR", -(CH2). NHR", -(CH), NHR", 
wherein R" is H, or C(O)CH: 
R" of the group A4) is selected from —CH C(O)R", 
—(CH), C(O)R", -(CH), C(O)R" wherein R" is 
OR wherein R is Hora linear (C-C) alkyl: 
T is —C(O)— —C(O)—X" wherein X" is —S or —O— 
preferably T is —C(O)—: 
Y is as below defined; 

or R is 
0119 (a4) C(O) CH(R-T"-Y ONO.) NHR'. 
wherein R' of the group A5) is selected from —CH2—O , 
—CH(CH)O— or —CH2—(CH)-(4-O)—, or 
R" of the group A6) is selected from —CH NH , 

(CH2). NH-, -(CH2). NH-, -(CH2). NH-, or 
R" of the group A7) is selected from —CH C(O) , 
(CH), C(O)— —(CH), C(O)—, 

I0120 T" is –C(O)– or -C(O) X" wherein X" is 
—S or —O , when R'' is selected from the group A5) or 
A6), preferably T" is C(O)–: 
T" is - O -, - S -, - NR' or - O -CH(R') O C 
(O)— wherein R is H or —CH, when R' is selected from 
the group A7), 
Y" is as below defined; 
or R is selected from: 
(a5) R' CH(NHR) C(O)-(T-Y ONO) 
(a6) R' CH(COOR)NH-(T-Y ONO) 
(a8) R' CH(NH-T-Y ONO.) C(O)-(T-Y ONO) 
O 

(a10) 
ONO) 
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wherein T is —O— or —S— —NH-, preferably T is 
—O , nis 1 or 2, 
when Y and Y are selected from d), e), e") or f), the —ONO. 
group of -(T-Y ONO), -(T"-Y ONO), -(T"-Y - 
ONO), -(T"-Y ONO), -(T"-Y ONO.) and -(T"-Y 
ONO) is linked to the —(CH)*— group. 
0144. Another embodiment of the present invention is to 
provide nitric oxide releasing compounds of general formula 
(I) 

R-(Z)-R (I) 
and pharmaceutically acceptable salts or stereoisomers 
thereof for use in the treatment of respiratory diseases, 
wherein in formula (I) 
the corticosteroid residue R is selected from: 

(II) 

O 

O 

CH3, 
CH3 O 

HO O 

CH3 

III O (III) 

O 

O 

CH3 O 
HO CH3 

CH Cr) 
C IV O (IV) 

(V) 

CH3 o–7( HO CH 

CH3 
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a is 0, 
Ris 
(0145 
wherein 
R" of the group A1) is H 

0.146 
a) 

0147 a straight or branched C-C alkylene, 
0.148 a straight or branched C-C alkylene substi 
tuted with a —ONO group: 

0.149 Another embodiment relates to nitric oxide releas 
ing compounds of general formula (I) 

and pharmaceutically acceptable salts or stereoisomers 
thereof for use in the treatment of respiratory diseases, 
wherein in formula (I) 
the corticosteroid residue R is selected from: 

(a2) - C(O) CH(R') NH-(T-Y ONO) 

Y is selected from 

(II) 

CH3 O -7N-ni. HO 

CH3 

(III) 

WS 

(IV) 
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-continued 
(V) 

O 
CH 

CH3 O 

p 
( HO C H3 

CH3 

a is 0, 
R is selected from 
R is selected from 

0150 (as) R' CH(NHR) C(O)-(T-Y ONO.) 
0151 (a6) R' CH(COOR')NH-(T-Y ONO.) 
O 

0152 (as)) R' CH(NH-T-Y ONO.) C(O)-(T- 
Y ONO) 

wherein 
R' of the group A10) is C(O) CH , 
R" is Hora (C-Cs) alkyl, 

R“ is H or C(O)CH, 
0153. T is selected from - O - S - NR' wherein 
R" is as above defined, T is —C(O)—and 
Y and Y are each independently selected from 
a) 

I0154) a straight or branched C-C alkylene, 
(O155 a straight or branched C-C alkylene substi 

tuted with a —ONO group. 
0156 Another embodiment relates to nitric oxide releas 
ing compounds of general formula (I) 

R-(Z)-R (I) 

and pharmaceutically acceptable salts or stereoisomers 
thereof for use in the treatment of respiratory diseases, 
wherein in formula (I) 
the corticosteroid residue R is selected from: 

(II) 

CH3, 
CH3 O 

HO O 

CH3 
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-continued 
(III) 

(IV) 

(V) 

CH 

F 

a is 1 and Z is —C(O)—, 
Ris 

0157 (aS) R' CH(NHR) C(O)-(T-Y ONO) 
(oiss (a8) R' CH(NH-T-Y ONO.) C(O)-(T- 
Y ONO) 

wherein R' of A10) is —O CH or -4-O-(CH)— 
CH2—, 
R“ is Hor C(O)CH, 
0159 T is selected from - O - S - NR' wherein 
R" is as above defined, 
T is —C(O)—and 
0160 Y and Y are each independently selected from 
a) 

0.161 a straight or branched C-C alkylene, 
0162 a straight or branched C-C alkylene substi 
tuted with a —ONO group. 

(0163 Another embodiment of the invention relates to 
nitric oxide releasing compounds of general formula (I) 

and pharmaceutically acceptable salts or stereoisomers 
thereof for use in the treatment of respiratory diseases, 
wherein in formula (I) 

  



US 2010/0041633 A1 

the corticosteroid residue R is selected from: 

(II) 

CH3, 
CH3 O 

HO 

CH3 

(III) 

(IV) 
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-continued 

(V) 

O CH3 

HO CH3 of 
CH3 

O 

F 

a is 0, 

Ris 

(0164 (b2) C(O) CH, CH(R) NH-(T-Y 
ONO) 
wherein 

R° of the group B1) is H, 

T is –C(O)–: 

0.165 Y and Y are each independently selected from 
a) 

(0166 a straight or branched C-C alkylene, 
(0167 a straight or branched C-C alkylene substi 

tuted with a —ONO group. 
0.168. The most preferred nitric oxide releasing com 
pounds of general formula (I) for the use in the treatment of 
respiratory diseases are: 
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16 

-continued 
(3) 

(4) 

O 

HN ONO. 

(5) 
NHAC 

(6) 
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17 

-continued 

(7) (8) 

(9) (10) 
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18 

-continued 
(13) 

(14) 

(15) 

(16) 
NHAC 
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19 

-continued 
(17) 

(20) (21) 
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-continued 

(24) 

ulu 
O r-n-ros, 

O O 

OCOCH2CH3 
HO w CH3 

(25) 

(26) 

(27) 
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21 

-continued 

(28) 

(30) 

NH ONO 

oul-ONo. 

OCOCH2CH3 
CH 

(31) 

OH 

OCOCH2CH3 
HO CH3 
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22 

-continued 

(35) 

(36) 

(37) 

(38) 
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23 

-continued 
(39) 

(42) (43) 

(44) 
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-continued 
(g2) 

-C(O) R3 

N-(T-Y-ONO) 

wherein R is H, CH, propyl, (CHs),CH-, 1-naphtyl 
CH , benzyl, allyl, 2-bromobenzyl, 2-chlorobenzyl, 
3-chlorobenzyl, 4-fluorobenzyl, 4-bromobenzyl, 4-methyl 
benzyl, preferably R is H. Tand T are as above defined and 
Y is as below defined; 
H) 
0235 

(h1) 
(T-Y-ONO) 

-C(O) N O 

R4 
(h2) 

O N CO-(T-Y-ONO) 

R4 

wherein R is H. benzyl, 4-bromobenzyl, 2-bromobenzyl, T 
and T are as above defined and Y is as below defined; 
I) 
0236 

(i1) 
-C(O) NH-(T-Y-ONO) 

R5 R6 
(i2) 

H 
-N C(O)-(T-Y-ONO) 

R6 R5 

wherein R is H, R is H, or RandR when taken together are 
a double bond, Tand T'areas above defined and Y is as below 
reported; 
L) 
0237) (11) 

N C(O)-(T-Y-ONO) 
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-continued 
(12) 

CH3 

wherein T and T are as above defined and Y is as below 
reported; 
M) 
0238 

(ml) 

--C(O)-(T-Y-ONO) 

(m2) 

NH-(T-Y-ONO) 

wherein T and T are as above defined and Y is as below 
reported; 
N) 
0239) 

(n1) 
-NH-(CH) 

N 
--(CH2)-C(O)-(T-Y-ONO) 

21 

(n2) 
21 

-C(O)-(CH)-- 
N 

(CH)-NH-(T-Y-ONO) 

wherein c is as above defined, d is equal to 0 or 1, Tand Tare 
as above defined and Y is as below reported; 
O) 
0240 (o1) 

N 

N 
- (CH)-C(O)-(T-Y-ONO) 
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-continued 
(o2) 

(T-Y-ONO) 

N 

1 
-C(O)-(CH2).-- 

R8 

R7 

wherein R is H, R is H, or RandR when taken together are 
a double bond, c is as above defined, T and T are as above 
defined and Y is as below reported; 

P) 

0241 

(p1) 

HN N-CH-C(O)-(T-Y-ONO) 

(p2) 

-C(O)-CH-N N-(T-Y-ONO) 

wherein T and T are as above defined and Y is as below 
reported; 

Q) 
0242 

(ql) 

-N 
H / \ \ . N-CH-C(O)-(T-Y-ONO) 

\ / 
(q2) 

wherein T and T are as above defined and Y is as below 
reported; 

R) 

0243 

-XO-co-cryono 
-C(O) —{O- (T-Y-ONO) 

(r1) 

(r2) 
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wherein T and T are as above defined and Y is as below 
reported; 

S) 

0244 

(sl) 
C(O)-(T-Y-ONO) 

N 

N-(T-Y-ONO) 

wherein T and T are as above defined and Y is as below 
reported; 

T) 

0245 

(t1) 

C(O)-(T-Y-ONO) 

N 
N N 

(t2) 

C(O)- 

N 
N Y(T-Y-ONO.) 

wherein T and T are as above defined and Y is as below 
reported; 

U) 

0246 

(u1) 
R11 

score -N 

R10 R9 
(u2) 

R11 

R9 R 10 

wherein RandR'' are H, CH, R' is CH or 4-piperidinyl 
with the proviso that RandR'' are H when R'' is 4-piperidi 
nyl and RandR'' are CH when R'' is CHT and Tareas 
above defined and Y is as below reported; 
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V) 
0247 

(v1) 
C(O)-(T-Y-ONO) 

CH3 

(v2) 

us 
CH3 

O NH-(T-Y-ONO) 

wherein T and T are as above defined and Y is as below 
reported; 
with the proviso that in the formula (I): 
a is 0 or a is 1 and Z is —CH(R')—O— wherein R' is as above 
defined, when R is: 
0248 (a2), (a4) or (a8); 
0249 (as), (a6), (a9) or (a10) and R' is selected from the 
group A10); 
(0250 (b2), (b4) or (b8); 
(0251 (b5), (b6), (b.9) or (b10) and R’ is selected from the 
group B10); 
0252 (c2); 
(0253 (d5), (d6), (d9) or (d10) and R'' is selected from the 
group D10); 
0254 (e2), (f1), (g2), (h1), (i1), (12), (m2), (n2), (o2), (p2), 
(q2), (r2), (S2), (t1) or (u2); 
a is 1 and Z is —C(O)—, when R is: 
0255 (a1), (a3) or (a7): 
(0256 (as), (a6), (a9) or (a10) and R' is selected from the 
groups A8) and A9); 
0257 (b1), (b3) or (b7); 
0258 (b5), (b6), (b9) or (b10) and R is selected from the 
groups B8) or B9); 
0259 (c1); 
0260 (d1), (d2), (d3), (d4), (d7) or (d8); 
10261) (d5), (d6), (d9) or (d10) and R'' is selected from the 
groups D8) or D9); 
0262 (e1), (f2), (g1), (h2), (i2), (11), (ml), (n1), (o1), (p1), 
(q1), (r.1), (S1), (t2) or (ul). 
Y and Y are bivalent radicals each independently selected 
from the following meanings: 
a) 
0263 straight or branched C-C alkylene, preferably a 
straight or branched C-Co alkylene, 
0264 straight or branched C-C alkylene substituted 
with one or more of the substituents selected from the group 
consisting of halogen atoms, hydroxy, —ONO or T, 
wherein T is —OC(O)(C-C alkyl)-ONO, or O(C-Co 
alkyl)-ONO, preferably Y or Y is a straight or branched 
C-C alkylene Substituted with a —ONO group: 
0265 cycloalkylene with 5 to 7 carbon atoms into 
cycloalkylene ring, the ring being optionally substituted with 
one or more straight or branched C-C alkyl chains, prefer 
ably the ring being optionally substituted with CH: 

29 
Feb. 18, 2010 

b) 

b) 
N 

- H(U)-(CH2)"- 
2 

-(CH: 0 

wherein 
n" is an integer from 0 to 20, preferably n is 0 or 1; 
n' is 0 or 1, preferably n' is 1: 
U is a linear or branched C-C alkylene optionally substi 
tuted with a —ONO group, preferably U is a linear C-Co 
alkylene or U is a linear or branched C-Co alkylene Substi 
tuted with a ONO group: 
c) 

c) 

rs --(U)-(CH)"- ya 
-(CH5, COOH 

wherein 
n' is an integer from 0 to 20, preferably n is 0 or 1; 
n' is 0 or 1, preferably n' is 1: 
0266 U is a linear or branched C-C alkylene optionally 
substituted with a —ONO group, preferably U is a linear 
C-Co alkylene or U is a linear or branched C-Co alkylene 
substituted with a —ONO group; 
d) 

d) 

------ 2 
(OR)2 

wherein: 

n is an integer from 0 to 2, R' is H or CH, T is —O C 
(O)— or —C(O)O—: 
n' and U are as above defined: 
e) 

1s - H --Y-T-(U)-(CH)"- 
al 
(OR)2 

n is an integer from 0 to 2, preferably n is 1: 
R" is Hor CH, preferably R' is CH: 
Y' is —CH, CH or -CH=CH-(CH), , wherein 
n is 0 or 1, preferablyY' is -CH=CH-(CH), and in 
is 0; 
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T = O C(O)— or —C(O)O—, preferably T is C(O) 
O—; 
n' is 0 or 1, preferably n' is 1: 
U is a linear or branched C-C alkylene optionally substi 
tuted with a —ONO group, preferably U is a linear C-Co 
alkylene or U is a linear or branched C-Co alkylene Substi 
tuted with a ONO group; 
more preferably n is 1, R' is CHY' is -CH=CH-(CH) 
— and n is 0, T is —C(O)O— and U is a linear C-Co 

alkylene; 
e') 

1s e') N 

-Y)-H -it-it-cis nue 
(OR)2 

wherein: 
n is an integer from 0 to 2, preferably n is 1: 
R" is H or CH, preferably R' is CH: 
Y' is —CH, CH or —(CH). CH=CH , whereinn 
is 0 or 1, preferably Y is —(CH), CH=CH- and n is 
0: 

0267 n' is 0 or 1, preferably n' is 1: 
U is a linear or branched C-Co alkylene optionally Substi 
tuted with a —ONO group, preferably U is a linear C-Co 
alkylene or U is a linear or branched C-Co alkylene Substi 
tuted with a —ONO. group; 
more preferably n is 1, R' is CHY' is -CH=CH-(CH) 

and n is 0, T is —OC(O)—and U is a linear C-Co 
alkylene; 
f) 

- (CH-CH-T) - CH-(CH)"- in 3 

wherein T is —O— or —S , —NH , preferably T is 
—O , n is an integer from 1 to 6, preferably n is 1: 
when Y and Y are selected from b), c), d), e), e') or f), the 
–ONO, group of -(TY ONO), -(T-Y-ONO), -(T"- 
Y ONO), -(T-Y ONO), -(T"-Y ONO) and -(T"- 
Y ONO) is linked to the —(CH)*— group: 
g) 

R 14 R15 

-C4-Y2-C's 
R 16 r 

wherein: 
n is an integer from 0 to 10, preferably n is 0 or 1: 
n is an integer from 1 to 10, preferably n is 1: 
0268 R', R. R. R'' are the same or different, and are 
H or straight or branched C-C alkyl, preferably R'', R', 
R" and R7 are H: 

Feb. 18, 2010 

wherein the —ONO group is linked to 

wherein n is as defined above: 
0269 Y is an heterocyclic saturated, unsaturated or aro 
matic 5 or 6 members ring, containing one or more heteroa 
toms selected from nitrogen, oxygen, Sulphur, and is selected 
from the group consisting of 

(Y1) 

(Y2) 

N 
H 

(Y3) 

N ?) 
N 

H 
(Y4) 

O 
(Y5) 

1's - I -- 

N4 
(Y6) 

1s 
Ne 

(Y7) 

1s 
e 

- I - N! 
H 

(Y9) 

-C D 
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wherein T is —O— or —S —NH preferably T is 
-O-, n is 1 or 2. 
when Y and Y are selected from d), e), e") or f), the —ONO 
group of -(TY ONO), -(T-Y ONO), -(T"-Y ONO), 
-(T-Y ONO), -(T"-Y ONO) and -(T"-Y ONO) is 
linked to the —(CH)*— group. 
0291 Another object of the present invention provides 

nitric oxide releasing compounds of general formula (I) and 
pharmaceutically acceptable salts or stereoisomers thereof 

wherein R is a corticosteroid residue selected from: 

(II) 

CH3, 
CH3 O 

HO 

CH 

(IV) 

OC(O)CHCH 
CH 

(V) 

O 
CH3 

CH o- (< 
HO 3 3 CH3 

CH3 

O 

F 

a is 0, 

Ris 
0292 (a2). C(O)-CH(R') NH-(T-Y ONO) 
wherein 
R" of the group A1) is H 

Feb. 18, 2010 

0293 Y is selected from 
a) 
0294 a straight or branched C-C alkylene, 
0295 a straight or branched C-C alkylene substituted 
with a —ONO group: 
0296 Another object of the present invention provides 
nitric oxide releasing compounds of general formula (I) and 
pharmaceutically acceptable salts or stereoisomers thereof 

wherein R is a corticosteroid residue selected from: 

p 
CH3, 

CH3 O 
HO 

CH3 

(II) 

(IV) 

OC(O)CHCH 
CH3 

O 
(V) 

p 
O 

CH 
CH o- (< HO ; CH3 

CH 

O 

F 

a is 0, 
R is selected from 
R is selected from 
0297 (aS) R' CH(NHR) C(O)-(T-Y ONO) 
0298 (a6) R' CH(COOR)NH-(T-Y ONO-) or 
0299 (aS) R' CH(NH-T-Y ONO.) C(O)-(T- 
Y ONO) 
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wherein 
R” of the group A10) is C(O)—CH , 
R" is Hora (C-C) alkyl, 
R“ is H or C(O)CH, 
0300 T is selected from - O - S - NR' wherein 
R" is as above defined, 

0301 Y and Y are each independently selected from 
a) 
0302) a straight or branched C-C alkylene, 
0303 a straight or branched C-C alkylene substituted 
with a —ONO. group. 
0304 Another object of the present invention provides 

nitric oxide releasing compounds of general formula (I) and 
pharmaceutically acceptable salts or stereoisomers thereof 

R-(Z)-R (I) 
wherein R is a corticosteroid residue selected from: 

p 
CH3, 

CH3 O 
HO 

CH 

(II) 

(IV) 

OC(O)CHCH 
CH3 

(V) 

CH3 o- (< HO CH3 

CH3 

a is 1 and Z is —C(O)—, 
Ris 
0305 (as) R' CH(NHR) C(O)-(T-Y ONO)or 
0306 (aS) R' CH(NH-T-Y ONO.) C(O)-(T- 
Y ONO, 
wherein l, of A10) is —O CH or -4-O-(CH)— 
CH2—, 
R“ is H or C(O)CH, 
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0307 T is selected from - O - S - NR' wherein 
R" is as above defined, 
T is —C(O)—and 
(0308 Y and Y are each independently selected from 
a) 
0309 a straight or branched C-C alkylene, 
0310 a straight or branched C-C alkylene substituted 
with a —ONO group. 
0311. Another object of the present invention provides 
nitric oxide releasing compounds of general formula (I) and 
pharmaceutically acceptable salts or stereoisomers thereof 

R-(Z)-R (I) 
wherein R is a corticosteroid residue selected from: 

(II) 

CH3, 
CH3 O 

HO 

CH 

(IV) 

OC(O)CHCH 
CH3 

(V) 

CH3 o- (< HO CH3 

CH3 

a is 0, 
Ris 
0312 (b2) 
ONO.) 
wherein 
R° of the group B1) is H, 
T is –C(O)–: 

C(O) CH, CH(R) NH-(T-Y 
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0313 Y and Y are each independently selected from 
a) 
0314 a straight or branched C-C alkylene, 
0315 a straight or branched C-C alkylene substituted 
with a —ONO. group. 
0316 The most preferred nitric oxide releasing com 
pounds of general formula (I) are: 

(1) 

(2) 

(3) 
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-continued 
(4) 

N-Nu ONO 

(5) 
NHAC 
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-continued 
(7) 

(8) 

(9) 
NH2 
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-continued 

(11) 

(12)   
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-continued 
(13) 

ulu 
O r-n-ros, 

O 

---O 

O 
(14) 

O 

1-1-N-ONO2 O 

N 
O 

s--" 

(15) 
O 

1N1-N-ONO2 O 

NH2 

(16) 
NHAC 
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-continued 

(18) 

(19) 
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-continued 
(20) 

(22)   
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-continued 
(23) 

ulu 
O r-rose, 

O 

OCOCH2CH3 

(24) 

ulu 
O ^-n-ros, 

O O 

OCOCH2CH3 
HO a CH3 

O 

(25) 
O 

11-ONO2 O 

N 
O 

(26) 
O 

1n 1--ONO2 O 
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-continued 
(27) 

NHAC 

(29) 
ONO 
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-continued 
(30) 

NH2 ONO2 

Null-le 

OCOCH2CH3 
HO CH3 

(31) 
NH2 

(32) 
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-continued 

O 

H 
NN 

OH 

O 
O O 

O 

OCOCH2CH3 
HO CH3 

0317. Another object of the invention is a composition 
comprising a compound of formula (I) above reported and at 
least one bronchodilator or a pharmaceutical acceptable salt 
or solvate thereof. 

Bronchodilators that can be used in the composition of the 
invention include: anticholinergic bronchodilators which 
includes tiotropium and ipratropium, f-agonists which 
include salbutamol, bitolterol mesylate, formoterol, isoprot 
erenol, levalbuterol, metaproterenol, salmeterol, terbutaline 
and fenoterol. In addition to B-agonists and anticholinergics, 
other bronchodilator that may be used in the composition of 
the present invention are ephedrine and Xanthines. Represen 
tative Xanthines include theophylline, aminophylline and oxt 
riphyline. 
0318. In another embodiment, the compound of formula 
(I) and at least one bronchodilator are administered simulta 
neously wherein the two components may be administered by 
the same or different administration pathways. 
0319. In another embodiment, the compound of formula 
(I) and at least one bronchodilator are administered sequen 
tially wherein the compound of formula (I) may be adminis 
tered before or after the bronchodilator and the two compo 
nents may be administered by the same or different 
administration pathways. 
0320 In another embodiment the invention provides the 
use of a composition comprising a compound of formula (I) 
above reported and at least one bronchodilator or a pharma 
ceutical acceptable salt or solvate thereof in the treatment of 
respiratory diseases which comprise asthma, COPD (chronic 
obstructive pulmonary diseases), ARDS (Acute Respiratory 
Distress Syndrome), allergic rhinitis and respiratory tract dis 
eases associated with inflammation. 

0321. As stated above, the invention includes also the 
pharmaceutically acceptable salts of the compounds of for 
mula (I) and stereoisomers thereof. 
0322 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 lysine, arginine, triethylamine, dibenzylamine, pip 
eridine and other acceptable organic amines. 
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(33) 
ONO. 

0323. 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, tetrahydro 
furan with the corresponding organic or inorganic acids. 
0324 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. 
0325 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, race 
mates or racemate mixtures. Within the object of the inven 
tion are also all the possible isomers, stereoisomers and their 
mixtures of the compounds of formula (I). 
0326. The compounds of the present invention are formu 
lated in the corresponding pharmaceutical compositions, also 
with belated release, for parenteral, oral and topic use, such as 
for example inhalatory, Suppository, transdermal, according 
to the well known techniques in the art, together with the 
usual excipients; see for example the publication "Reming 
ton's Pharmaceutical Sciences' 15" Ed. 
0327. The amount on a molar basis of the active principle 
in said compositions is generally the same, or lower than that 
of the corresponding precursor drug. 
0328. The daily administrable doses are those of the pre 
cursor drugs, or optionally lower. The precursor daily doses 
can be found in the publications of the field, such for example 
in the “Physician's Desk reference'. 

Synthesis Procedure 

0329. 1) The compounds of general formula (I) as above 
defined whereina is equal to 0, the radical R is selected from 
(a2), (a4), (a8), (b2), (b4), (b8), (c2), (e2), (f1), (g2), (h1), (i1), 
(12), (m2), (n2), (o2), (p2), (q2), (r2), (S2), (t2), (u2), (v2), can 
be obtained: 

1-i) by reacting a compound of formula (II) 
R H (II) 
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-continued 
(n2) 

21 
-C(O)-(CH)-- 

S 

(CH2)-NH-(T-Y-Q) 
(o2) 

yo 
1 N 

-C(O)-(CH2).-- 

R8 

R7 

/ \ (p2) 
-C(O)-CH- N-(T-Y-Q) 

(q2) 

-C(O)-CH- N \ / \-stry. 
(r2) 

-C(O) –{ON TYo 
(s2) 

C(O)- 

N-(T-Y-Q) 

(t2) 

C(O)- 

N Y(T-Y-Q) 
(u2) 

R11 

-C(O) ar 
R9 R 10 

(v2) 
-C(O) 

H3C -- . 
CH 

O NH-(T-Y-Q) 

wherein R,R,R,R,R,R,R,R,R'',b,c,d,e and fare 
as above defined; 
wherein P' is a hydroxylor thiol protecting group such as silyl 
ethers, such as trimethylsilyl, tert-butyl-dimethylsilyl or trityl 
and those described in T. W. Greene “Protective groups in 
organic synthesis'. Harvard University Press, 1980, P2 is a 
carboxylic protecting group Such as tert-butyl ester and those 
described in T. W. Greene “Protective groups in organic Syn 
thesis'. Harvard University Press, 1980, P is a amino pro 
tecting group such as Boc, Fmoc or those described in T. W. 
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Greene “Protective groups in organic synthesis”, Harvard 
University Press, 1980, 
T, T, T", Y and Y are as above defined, 
Q is independently —ONO or Z wherein Z is selected from 
the group consisting of a chlorine atom, a bromine atom, a 
iodine atom, a mesyl group or a tosyl group, and 
1-ii) when Q is Z., by converting the compound obtained in 
the step 1-i) into nitro derivative by reaction with a nitrate 
Source such as silver nitrate, lithium nitrate, sodium nitrate, 
potassium nitrate, magnesium nitrate, calcium nitrate, iron 
nitrate, Zinc nitrate or tetraalkylammonium nitrate (wherein 
alkyl is C-Co alkyl) in a Suitable organic solvent Such as 
acetonitrile, tetrahydrofurane, methyl ethyl ketone, ethyl 
acetate, DMF, the reaction is carried out, in the dark, at a 
temperature from room temperature to the boiling tempera 
ture of the solvent. Preferred nitrate source is silver nitrate and 
1-iii) optionally deprotecting the compounds obtained in step 
1-i) or 1-ii) as described in T. W. Greene “Protective groups in 
organic synthesis'. Harvard University Press, 1980. 2' edi 
tion. Fluoride ion is the preferred method for removing silyl 
ether protecting group. Trifluoroacetic acid or anhydrous 
inorganic acid are the preferred method for removing Boc 
protecting group, anhydrous organic or inorganic acid is the 
preferred method for removing trityl protecting group. 
Organic base such as piperidine is the preferred method for 
removing Fmoc protecting group. Aqueous or anhydrous 
organic or inorganic acid is the preferred method for remov 
ing t-butyl ester protecting group. 
1-i-1) The reaction of a compound of formula (Ia) wherein 
W= -OH and X is as above defined, with a compound of 
formula (II) may be carried out in presence of a condensing 
agent as dicyclohexylcarbodiimide (DCC), N'-(3-dimethy 
laminopropyl)-N-ethylcarbodiimide hydrochloride (EDAC) 
N,N'-carbonyldiimidazole (CDI), in the presence or not of a 
base as for example as N,N-dimethylamino pyridine 
(DMAP). 
0341 The reaction is carried out in an inert organic dry 
solvent such as N,N'-dimethylformamide, tetrahydrofuran, 
benzene, toluene, dioxane, a polyhalogenated aliphatic 
hydrocarbon at a temperature from -20° C. to 50° C. The 
reaction is completed within a time range from 30 minutes to 
36 hours. 
1-i-2) The reaction of a compound of formula (Ia) wherein 
W= O—R, wherein R and X are as above defined, with a 
compound of formula (II) may be carried out in presence of 
a catalyst, such as N,N-dimethylamino pyridine (DMAP) or 
in the presence of DMAP and a Lewis acid such as Sc(OTf) 
or Bi(OTf). 
0342. The reaction is carried out in an inert organic solvent 
such as N,N-dimethylformamide, tetrahydrofuran, benzene, 
toluene, dioxane, a polyhalogenated aliphatic hydrocarbon at 
a temperature from -20°C. to 40°C. The reaction is com 
pleted within a time range from 30 minutes to 36 hours. 
1-i-3) The reaction of a compound of formula (Ia) wherein 
W= Cl, and X is are as above defined, with a compound of 
formula (II) may be carried out in presence of an organic 
base such as N,N-dimethylamino pyridine (DMAP), triethy 
lamine, pyridine. The reaction is carried out in an inert 
organic solvent such as N,N-dimethylformamide, tetrahy 
drofuran, benzene, toluene, dioxane, a polyhalogenated ali 
phatic hydrocarbon at a temperature from -20°C. to 40°C. 
The reaction is completed within a time range from 30 min 
utes to 36 hours. 
0343. The compounds of formula (II) are commercially 
available. 
1a) The compounds of formula (Ia) wherein W is —OH, and 
X is the radical selected from (a2"), (a4), (b2), (b4"), (c2"), 
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(p2"), (q2), (r2), (s2'), (t2'), (u2"), (v2), and y is the radical Y 
when X is selected from (a4) or (b4), wherein Y and Y are 
as defined above, and 
la-ii) when Q is Z., by converting the compound obtained in 
the step 1a-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
la-iii) optionally deprotecting the compounds obtained in 
step 1a-i) or 1a-ii) as above described. 
0349 The reaction of a compound of formula (IIIa) 
wherein P' and X are as above defined, with a compound of 
formula (IVa) wherein W is OH, y, Q are as above defined, 
may be carried out as described in 1-1-1) or in presence of 
other known condensing reagents such as O-(7-aZabenzotria 
Zol-1-yl)-N.N.N',N'-tetramethyluronium hexafluorophos 
phate (HATU). 
0350. The reaction of a compound of formula (IIIa) 
wherein P' and X are as above defined, with a compound of 
formula (IVa) wherein W is O. R., y, Q are as above 
defined, may be carried as described in 1-i-2). 
0351. The compounds of formula (IIIa) are commercially 
available or can be obtained as known in the literature. 
0352. The compounds of formula (IVa) wherein W is OH, 
y and Q are as above defined, can be obtained from the 
corresponding alcohols of formula HOOC-y-OH (IVb) by 
reaction with nitric acid and acetic anhydride in a temperature 
range from -50° C. to 0°C. or from the corresponding deriva 
tives of formula HOOC-y-Z. (IVc) wherein Z is as above 
defined, by reaction with a nitrate source as above described. 
Alternatively the reaction with AgNO, can be performed 
under microwave irradiation in solvents such acetonitrile or 
THF attemperatures in the range between 100 and 180°C. for 
time range from 1 to 60 min. 
0353. The compounds of formula (IVb) are commercially 
available. 
0354. The compounds of formula (IVc) are commercially 
available or can be obtained as known in the literature. 
0355 The compounds of formula (IVa) wherein W is 
O—R, y, Q are as above defined, can be obtained from the 
corresponding acids of formula (IVa) wherein W is OH as 
known in the literature. 
0356. The compounds of formula (Ia) wherein W=C1 or 
O—R, X is selected from (a2), (a4), (b2), (b4"), (c2"), (e2), 
(f1), (g2'), (h1"), (i1'), (12"), (m2), (n2), (o2"), (p2), (q2). 
(r2), (s2'), (t2'), (u21), (v2), wherein R" is selected from A1). 
A2"), A3') or A4), R is selected from A5) or A6), R is 
selected from B5) or B6) and R is selected from B1), B2), 
B3') or B4), and wherein Y.Y. and Q areas above defined and 
T and T" are C(O), can be obtained from the corresponding 
acids (Ia) wherein W is —OH as known in the literature. 
1b) The compounds of formula (Ia) wherein W is —OH, X 
is the radical selected from (a2), (a4), (b2), (b4) (c2"), (e2"), 
(f1), (g2'), (hil'), (il'), (12"), (m2), (n2), (o2'), (p2), (q2). 
(r2), (s2'), (t2), (u2), (v2), wherein R' is selected from A1), 
A2"), A3') or A4), R' is selected from A5) or A6), R is 
selected from B5) or B6) and R is selected from B1), B2), 
B3') or B4'), Y and Y are as above defined, T and T" are 
C(O)—X", wherein X" is —O— or —S can be obtained 
1b-i) by reacting a compound of formula (IIIa) 

P2 X, (IIIa) 

wherein P and X are as defined above, with a compound of 
formula (IVd) 
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0357 wherein R. X" and Q are as above defined, y is the 
radical Y when X is selected from (a2), (b2), (c2"), (e2), 
(f1), (g2'), (h1"), (i1'), (12"), (m2), (n2), (o2"), (p2), (q2). 
(r2), (s2'), (t2), (u2"), (v2), and y is the radical Y" when X is 
selected from (a4) or (b4), wherein Y and Y are as above 
defined, and 
1b-ii) when Q is Z., by converting the compound obtained in 
the step 1b-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
1b-iii) optionally deprotecting the compounds obtained in 
step 1b-i) or 1b-ii) as above described. 
0358. The reaction of a compound of formula (IIIa) 
wherein P' and X are as above defined, with a compound of 
formula (IVd) wherein R. X", y and Q are as above defined, 
may be carried out as described in 1-i-2) 
0359. The compounds of formula (IVd) wherein R. X", y, 
Q are as above defined, can be obtained from the compounds 
of formula HX"-y-Q (IVe) wherein X", y, Q are as above 
defined, as known in literature. 
0360. The compounds of formula (TVe) are commercially 
available or are known in literature. 
0361. The compounds of formula (Ia) wherein W is —Cl 
or O R. X is selected from (a2"), (a4), (b2), (b4), (c2"), 
(e2), (fl'), (g2'), (hil'), (il'), (12"), (m2), (n2), (o2'), (p2'), 
(q2), (r2), (s2'), (t2), (u2"), (v2), wherein R'' is selected from 
A1), A2"), A3'), A4"), R' is selected from A5) or A6), R is 
selected from B5) or B6) and R is selected from B1), B2), 
B3'), B4'), Y.Y. and Q are as above defined, T and T" are 
C(O) X" wherein X" is O or S, can be obtained from the 
corresponding acids (Ia) wherein W is —OH as known in the 
literature. 
1c) The compounds of formula (Ia) wherein W is —OH and 
X is a radical selected from (a8) or (b8"), wherein R' is 
selected from A5) or A6), R is selected from B5) or B6), Q 
is as above defined, Tand T" are C(O), Y and Y are the same 
and are as above defined, can be obtained 
1c-i) by reacting a compound of formula (IIIb). 

wherein P is as above defined, X is the radical of formula 
0362 (a8") C(O)-CH(R''. H) NH, 
0363 (b8") C(O) CH, CH(R* H) NH, 
wherein R'' is selected from A5) or A6), R is selected from 
B5) or B6), with a compound of formula (IVa) 

wherein W and Q are as above defined, wherein y is the 
radical Y or Y', wherein Y and Y are as above defined, and 
1c-ii) when Q is Z., by converting the compounds obtained in 
the step 1c-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
1c-iii) optionally deprotecting the compounds obtained in 
step 1c-i) or 1c-ii) as above described. 
0364 The reaction of a compound of formula (IIIb) 
wherein P and X are as above defined, with a compound of 
formula (IVa) wherein W is OH, y and Q are as above 
defined, may be carried out as described in 1a-i) using a ratio 
(IIIb)/(IVa) 1:2. 
0365. The reaction of a compound of formula (IIIb) 
wherein P and X are as above defined, with a compound of 
formula (IVa) wherein W is OR y and Q are as above 
defined, may be carried out as described in 1-1-2) using a ratio 
(IIIb)/(IVa) 1:2. 
0366. The compounds of formula (IIIb) are commercially 
available or can be obtained as known in the literature. 
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0367 The compounds of formula (Ia) wherein W is —Cl 
or O R. X is the radical selected from (a8) or (b8") 
wherein R' is selected from A5) or A6), R is selected from 
B5) or B6) and wherein Y.Y. and Q are as above defined and 
T and T" are C(O), can be obtained from the corresponding 
acids (Ia) wherein W is —OH as known in the literature. 
1 d) The compounds of formula (Ia) wherein W is —OH, X 
is the radical selected from (a8) or (b8), wherein R" is 
selected from A5) or A6), R is selected from B5) or B6), Q, 
Y and Y are as above defined, T is C(O) or C(O) X" 
wherein X" is as above defined, T" is C(O), can be obtained 
1d-i) by reacting a compound of formula (Ib) 

P? X. (Ib) 

wherein P' is as above defined, X is the radical of formula 

wherein R' is selected from A5) or A6), R is selected from 
B5) or B6), with a compound of formula (IVa) 

wherein W and Q are as above defined, wherein y is the 
radical Y', wherein Y" is as above defined, and 
1d-ii) when Q is Z., by converting the compounds obtained in 
the step 1d-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
1d-iii) optionally deprotecting the compounds obtained in 
step 1d-i) or 1d-ii) as above described. 
0370. The reaction of a compound of formula (Ib) wherein 
P and X are as above defined, with a compound of formula 
(IVa) wherein W is OH, y and Q areas above defined, may be 
carried out as described in 1a-i). 
0371. The reaction of a compound of formula (Ib) wherein 
P and Xs, are as above defined, with a compound of formula 
(IVa) wherein W is ORy and Qareas above defined may be 
carried out as described in 1-i-2). 
0372. The compounds of formula (Ib) wherein T is C(O), 
P and X are as above defined, are obtained as described in 
1a). 
0373 The compounds of formula (Ib) wherein T is 
C(O) X", P and X are as above defined, are obtained as 
described in 1b). 
0374. The compounds of formula (Ia) wherein W is —Cl 
or O R. X is the radical selected from (a8) or (b8") 
wherein R'' is selected from A5) or A6), R is selected from 
B5) or B6) and wherein Q, Yand Y are as above defined, T is 
C(O) or C(O) X" wherein X" is as above defined, T" is 
C(O), can be obtained from the corresponding acids (Ia) 
wherein W is —OH as known in literature. 
1e) The compounds of formula (Ia) wherein Wis —OH, X is 
the radical selected from (a8) or (b8), wherein R" is selected 
from A5) or A6), R is selected from B5) or B6), Q is as 
above defined, Y and Y are the same and areas above defined, 
T and T" are C(O) X" - wherein X" is as above defined, 
can be obtained 1e-i) by reacting a compound of formula 
(IIIb) 

P’ X, (IIIb) 

wherein P' and X are as above defined, with a compound of 
formula (IVd) 

wherein R, and Q are as above defined, wherein y is the 
radical Y', wherein Y" is as above defined, and 
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1e-ii) when Q is Z., by converting the compounds obtained in 
the step 1e-i) into nitro derivative by reaction with a nitrate 
Source as above described and 

1e-iii) optionally deprotecting the compounds obtained in 
step 1e-i) or 1e-ii) as above described. 
0375. The reaction of a compound of formula (IIIb) 
wherein P' and X are as above defined, with a compound of 
formula (IVd) wherein Ry and Q are as above defined, may 
be carried out as described in 1-i-2) using a ratio (IIIb)/(IVd) 
1:2. 

0376. The compounds of formula (Ia) wherein W is —Cl 
or O R. X is the radical selected from (a8) or (b8") 
wherein R'' is selected from A5) or A6), R is selected from 
B5) or B6) and wherein Y and Y, Q is as above defined and T 
and T" are C(O)—X"—wherein X" is as above defined, can 
be obtained from the corresponding acids (Ia) wherein W is 
—OH as known in literature. 

1f) The compounds of formula (Ia) wherein Wis—OH, X is 
selected from (a8) or (b8"), wherein R'' is selected from A5) 
or A6), R is selected from B5) or B6), Q, Y and Y are as 
above defined, T is C(O) or C(O) X" wherein X" is as above 
defined, T" is C(O) X", can be obtained 
lf-i) by reacting a compound of formula (Ib) 

P? X. (Ib) 

wherein X, and P are as above defined, with a compound of 
formula (IVd) 

wherein W and Q are as above defined, y is the radical Y', 
wherein Y" is as above defined, and 
lf-ii) when Q is Z., by converting the compounds obtained in 
the step 1 f-i) into nitro derivative by reaction with a nitrate 
Source as above described and 

lf-iii) optionally deprotecting the compounds obtained in 
step 1 f-i) or 1f-ii) as above described. 
0377 The reaction of a compound of formula (Ib) wherein 
P and Xs, are as above defined, with a compound of formula 
(IVd) wherein W is OH, y and Q areas above defined, may 
be carried out as described in 1a-i). 
0378. The reaction of a compound of formula (Ib) wherein 
P and Xs, are as above defined, with a compound of formula 
(IVd) wherein W is OR, y and Q are as above defined may 
be carried out as described in 1-i-2). 
0379 The compounds of formula (Ib) wherein T is C(O), 
P and X are as above defined, are obtained as described in 
1a). 
(0380. The compounds of formula (Ib) wherein T is 
C(O) X", P and X are as above defined, are obtained as 
described in 1b). 
0381. The compounds of formula (Ia) wherein W is —Cl 
or O R. X is a radical selected from (a8) or (b8") wherein 
R" is A5) or A6), R is B5) or B6) and wherein Q, Y and Y 
are as above defined, T is C(O) or C(O) X" and T" is 
C(O)—X, wherein X" is as above defined, can be obtained 
from the corresponding acids (Ia) wherein W is —OH as 
known in literature. 

1g) The compounds of formula (Ia) wherein W is —OH, X 
is a radical is selected from (a8) or (b8), wherein R" is 
selected from A5) or A6), R is selected from B5) or B6), Q, 
Y and Y are as above defined, T is C(O) or C(O) X" 
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wherein X" is as above defined, T" is C(O) NR' wherein R' 
is above defined, can be obtained 
1g-i) by reacting a compound of formula (Ib) 

P’ X. (1b) 

wherein P' and X are as above defined, with a compound of 
formula 

wherein R. Rand Q are as above defined, y is the radical Y', 
wherein Y" is as above defined, and 
1g-ii) when Q is Z., by converting the compounds obtained in 
the step 1g-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
1g-iii) optionally deprotecting the compounds obtained in 
step 1g-i) or 1g-ii) as above described. 
0382. The reaction of a compound of formula (Ib) wherein 
P and Xs, are as above defined, with a compound of formula 
(IVf) wherein R. R', y, Qareas above defined, may be carried 
out as described in 1-i-2). 
0383. The compounds of formula (Ib) wherein T is C(O), 
wherein P and Xs, are as above defined, are obtained as 
described in 1a-i), 1a-ii). 
0384 The compounds of formula (Ib) wherein T is 
C(O) X", wherein P and X are as above defined, are 
obtained as described in 1b-i), 1b-ii). 
0385. The compounds of formula (IVf) wherein R', y and 
Q are as above defined, can be obtained from the compounds 
of formula HRN-y-Q (IVg) by reaction with a chloroformate 
as known in the literature. 
0386 The compounds of formula (IVg) wherein y is as 
above defined and Q is Z are commercially available, the 
compounds of formula (IVg) wherein y is as above defined 
and Q is —ONO may be obtained from the compounds of 
formula P. RN-y-ONO (IVh) wherein P is as above 
defined by deprotection of amino group as known in litera 
ture. The compounds of formula (IVh) wherein Pandy areas 
above defined may be obtained from the alcohol P RN-y- 
OH (IVi) by reacting with tetraalkylammonium nitrate as 
already described for analogous compounds. The compounds 
of formula (IVi) are commercially available or known in 
literature. Alternatively the compounds of formula (IVh) 
wherein Pandy are as above defined may be obtained from 
the corresponding compounds of formula P. RN-y-Z, 
(IVT) wherein P, y and Z are as above defined, by reaction 
with a nitrate source as above described. 
0387. The compounds of formula (Ia) wherein W is —Cl 
or O R. X is a radical selected from (a8) or (b8") wherein 
R'' is selected from A5) or A6), R is selected from B5) or 
B6) and wherein YY and Q are as above defined and T is 
C(O) or C(O) X", T" is C(O) NR' , wherein X" and R' 
are as above defined, can be obtained from the corresponding 
acids (Ia) wherein W is —OH as known in literature. 
1h) The compounds of formula (Ia) wherein W is —OH, X 
is a radical selected from (a8) or (b8), wherein R" is selected 
from A7), R is selected from B7), Q, Yand Y are as above 
defined, T is C(O) or C(O) X", T" is X" wherein X" is above 
defined, can be obtained 
1 h-i) by reacting a compound of formula (Ie), 

P’ Xs (Ie) 

wherein P is defined above, Xs is the radical of formula 
0388 (a8") - C(O) CH(R'' OH) NH-(T-Y-Q) 
0389) (b8") C(O) CH, CH(R* OH) NH-(T- 
Y-Q) 
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wherein R' is selected from A7), R is selected from B7), 
with a compound of formula (IVe) 

wherein X" and Q are as above defined, y is the radical Y', 
wherein Y" is as above defined, and 
1 h-i) when Q is Z., by converting the compounds obtained in 
the step 1 h-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
1h-iii) optionally deprotecting the compounds obtained in 
step 1 h-i) or 1 h-i) as above described. 
0390 The reaction of a compound of formula (Ie) wherein 
P and Xs are as above defined, with a compound of formula 
(IVe) wherein y, X" and Q are as above defined, may be 
carried out as described in 1-i-1). 
0391 The compounds of formula (Ie) wherein T is C(O), 
wherein P' and X are as above defined, are obtained as 
described in 1a-i), 1a-ii). 
0392 The compounds of formula (Ie) wherein T is 
C(O) X", wherein P' and X are as above defined, are 
obtained as described in 1b-i), 1b-ii). 
0393. The compounds of formula (Ia) wherein W is - Cl 
or O R. X is a radical selected from (a8) or (b8") wherein 
R" is selected from A7), R is selected from B7) and 
wherein Y. Y" and Q are as above defined, T is C(O) or 
C(O) X", and T" is X" wherein X" is as above defined, can 
be obtained from the corresponding acids (Ia) wherein W is 
—OH as known in literature. 
1i) The compounds of formula (Ia) wherein Wis—OH, X is 
a radical selected from (a8) or (b8"), wherein R" is selected 
from A7), R is selected from B7), Q, Yand Y are as above 
defined, T is C(O) or C(O) X" wherein X" is as above 
defined, T" is —NR' wherein R is above defined, can be 
obtained li-i) by reacting a compound of formula (Ie), 

P2 Xs (Ie) 

wherein is P and Xs are defined above, with a compound of 
formula (IVg) 

wherein R' and Q are as above defined, y is the radical Y', 
wherein Y" is as above defined, and 
li-ii) when Q is Z., by converting the compounds obtained in 
the step 1 i-i) into nitro derivative by reaction with a nitrate 
source such above described and 
li-iii) optionally deprotecting the compounds obtained in 
step li-i) or li-ii) as above described. 
0394 The reaction of a compound of formula (Ie) wherein 
P and Xs are as above defined, with a compound of formula 
(IVg) wherein R', y and Q are as above defined, may be 
carried out as described in 1a-i). 
0395. The compounds of formula (Ia) wherein W is - Cl 
or O R. X is the radical selected from (a8) or (b8") 
wherein R' is selected from A7), R is selected from B7) 
and wherein Y.Y. and Q are as above defined, T is C(O) or 
C(O) X" wherein X" is as above defined, and T" is NR 
wherein R is as above defined can be obtained from the 
corresponding acids (Ia) wherein W is —OH as known in 
literature 
11) The compounds of formula (Ia) wherein Wis—OH, X is 
a radical selected from (a8) or (b8"), wherein R' is selected 
from A7), R is selected from B7), Q, Yand Y are as above 
defined, T is C(O) or C(O) X" wherein X" is as above 
defined, T" is —O CH(R)—O C(O)—, wherein R' is as 
above defined, can be obtained 
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11-i) by reacting a compound of formula (Ie), 
P’ Xs (Ie) 

wherein is P and Xs are defined above, with a compound of 
formula (IVm) 

wherein R' and Q are as above defined, Hal is an halogen 
atom, y is the radical Y', wherein Y" is as above defined, and 
11-ii) when Q is Z., by converting the compounds obtained in 
the step 11-i) into nitro derivative by reaction with a nitrate 
source such above described and 
11-iii) optionally deprotecting the compounds obtained in 
step 11-i) or 11-ii) as above described. 
0396 The reaction of a compound of formula (Ie) wherein 
P and Xs are as above defined, with a compound of formula 
(IVm) whereiny, Q, R' are as above defined may be carried 
out in the presence of a inorganic or organic base in an aprotic 
polar/non-polar solvent such as DMF, THF or CHCl at 
temperature in the range between 0° and 100° C. or in a 
double phase system HO/EtO temperature in the range 
between 20° and 40° C. 
0397) The compounds of formula (IVm) whereiny, Q, R' 
are as above defined, Hal is an halogenatom may be obtained 
by reacting a compound R-CH CHO, commercially 
available, with a compound of formula Hal-(O)C-y-Q (IVn), 
whereiny and Q are as above defined, Hal is a chlorine atom 
and ZnCl2 as known in literature. 
0398. The compounds of formula (IVn) may be obtained 
as known in literature. 
0399. The compounds of formula (Ia) wherein W is - Cl 
or O R. X is a radical selected from (a8) or (b8") wherein 
R'' is selected from A7), R is selected from B7) and 
wherein Y. Y', and Q are as above defined, T is C(O) or 
C(O) X" wherein X" is as above defined, and T" is 
—O CH(R')—O C(O)— wherein R' is as above defined 
can be obtained from the corresponding acids (Ia) wherein W 
is —OH as known in literature. 
1 m). The compounds of formula (Ia) wherein W is —OH, X 
is a radical selected from (a8) or (b8), wherein R' is selected 
from A7), R is selected from B7), Q, Yand Y are as above 
defined, T is C(O) or C(O) X" wherein X" is as above 
defined, T" is O CH(R') O C(O)O-, wherein R' is as 
above defined, can be obtained 
1m-i) by reacting a compound of formula (Ie), 

P2 Xs (Ie) 

wherein is P and Xs are defined above, with a compound of 
formula (IVo) 

wherein R' and Q are as above defined, y is the radical Y', 
wherein Y" is as above defined, Hal is an halogen atom, and 
1m-ii) when Q is Z., by converting the compounds obtained 
in the step 1m-i) into nitro derivative by reaction with a nitrate 
source such above described and 
1m-iii) optionally deprotecting the compounds obtained in 
step 1m-i) or 1m-ii) as above described. 
0400. The reaction of a compound of formula (Ie) wherein 
P and Xs are as above defined, with a compound of formula 
(IVo) wherein y, R', Q, Hal are as above defined may be 
carried out as described in 1m-i). 
04.01 The compounds of formula (IVo) wherein y, R', Q 
are as above defined, may be obtained by reacting the com 
pounds of formula Hal-(R')CH-OC(O)Hal, wherein Hal is 
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as above defined, commercially available, with a compound 
of formula HO-y-Q (IVe) whereiny, Q are as above defined, 
in the presence of a inorganic or organic base in an aprotic 
polar or in an aprotic non-polar solvent such as DMF, THF or 
CH2Cl attemperatures range between 0° to 65° C. 
0402. The compounds of formula (Ia) wherein W is —Cl 
or O R. X is a radical selected from (a8) or (b8") wherein 
R' selected from A7), R' selected from B7) and wherein Y. 
Y and Q are as above defined, T is C(O) or C(O) X" 
wherein X" is as above defined, and T" is —O CH(R)— 
O C(O)O—, may be obtained from the corresponding acids 
(Ia) wherein W is —OH as known in literature. 
1n) The compounds of formula (Ia) wherein W is —OH, X 
is a radical selected from (a4) or (b4"), wherein R" is selected 
from A7), R is selected from B7), Y', Q and R', are as above 
defined and T" is X" wherein X" is as above defined, can be 
obtained 
1n-i) by reacting a compound of formula (IIIc) 

P’ Xs (IIIc) 

wherein P is defined above, Xs, is 
(0403 (a4") C(O)-CH(R-OH) NH' 
0404 (b4") - C(O) CH, CH(R-OH) NHR'. 
wherein R is selected from A7), R is selected from B7), 
with a compound of formula (IVe) 

wherein X" and Q are as above defined, y is the radical Y', 
wherein Y" is as above defined, and 
1n-ii) when Q is Z., by converting the compounds obtained in 
the step 1 n-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
1n-iii) optionally deprotecting the compounds obtained in 
step 1n-i) or 1-ii) as above described. 
04.05 The reaction of a compound of formula (IIIc) 
wherein Xs, and P' are as above defined, with a compound of 
formula (IVe) wherein X", y, Q are as above defined may be 
carried out as described in 1-i-1). 
(0406) The compounds of formula (IIIc) wherein Xs, and P 
are as above defined, are commercially available or can be 
obtained as known in the literature. 
0407. The compounds of formula (Ia) wherein W is —Cl 
or O R. X is a radical selected from (a4) or (b4), wherein 
R" is selected from A7), R is selected from B7), Y and Q 
areas above defined, T" is X", wherein X" is as above defined, 
can be obtained from the corresponding acids (Ia) wherein W 
is —OH as known in literature. 
lo) The compounds of formula (Ia) wherein W is —OH, X 
is a radical selected from (a4) or (b4"), wherein R" is selected 
from A7), R is selected from B7),Y, Q and Rareas above 
defined and T" is —NR' wherein R is as above defined, can be 
obtained 
lo-i) by reacting a compound of formula (IIIc) 

P’ Xs (IIIc) 

wherein P and Xs are as above defined, with a compound of 
formula (IVg) 

wherein R' and Q are as above defined, y is the radical Y', and 
lo-ii) when Q is Z., by converting the compounds obtained in 
the step 1 o-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
lo-iii) optionally deprotecting the compounds obtained in 
step lo-i) or lo-ii) as above described. 
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0408. The reaction of a compound of formula (IIIc) 
wherein Xs, and P are as above defined, with a compound of 
formula (IVg) wherein R', y and Q are as above defined may 
be carried out as described in 1a-i). 
04.09. The compounds of formula (Ia) wherein W is —Cl 
or —OR, X is a radical selected from (a4") or (b4), wherein 
R'' is selected from A7), R is selected from B7) and 
wherein Y and Q are as above defined and T" is —NR' 
wherein R is as above defined, can be obtained from the 
corresponding acids (Ia) wherein W= OH as known in lit 
erature. 

1p) The compounds of formula (Ia) wherein W is —OH, X 
is a radical selected from (a4) or (b4"), wherein R" is selected 
from A7), R is selected from B7),Y, Q and R'' areas above 
defined and T" is - O -CH(R') O C(O), wherein R is as 
above defined, can be obtained 
1p-i) by reacting a compound of formula (IIIc) 

P2 Xs (IIIc) 

wherein P and Xs are as above defined, with a compound of 
formula (IVm) 

wherein R' and Q are as above defined, y is the radical Y', 
wherein Y" is as above defined, Hal is an halogen atom and 
1p-ii) when Q is Z., by converting the compounds obtained in 
the step 1 p-i) into nitro derivative by reaction with a nitrate is 
Source as above described and 
1p-iii) optionally deprotecting the compounds obtained in 
step 1 p-i) or 1p-ii) as above described. 
0410 The reaction of a compound of formula (IIIc) 
wherein P and Xs are as above defined, with a compound of 
formula (IVm) wherein R', y, Q. Hal are as above defined, 
may be carried out as described in 11-1). 
0411. The compounds of formula (Ia) wherein W is —Cl 
or OR, X is a radical selected from (a4) or (b4"), wherein 
R'' is selected from A7), R is selected from B7) and 
wherein Y and Q are as above defined and T" is the group 
—O CH(R')—O C(O), wherein R is as above defined, 
can be obtained from the corresponding acids (Ia) wherein 
W= OH as known in literature. 
1q) The compounds of formula (Ia) wherein Wis —OH, X, is 
a radical selected from (a4) or (b4), wherein R' is selected 
from A7), R is selected from B7),Y, Q and R“are as above 
defined and T" is - O CH(R') O C(O) O , wherein 
R" is as above defined, can be obtained 
1q-i) by reacting a compound of formula (IIIc) 

P’ Xs (IIIc) 

wherein P' and Xs, are as above defined, with a compound of 
formula (IVo) 

wherein R' and Q are as above defined, y is the radical Y', 
wherein Y" is as above defined, Hal is an halogen atom and 
1q-ii) when Q is Z., by converting the compounds obtained in 
the step 1 q-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
1q-iii) optionally deprotecting the compounds obtained in 
step 1 q-i) or 1 q-ii) as above described. 
0412. The reaction of a compound of formula (IIIc) 
wherein P and Xs are as above defined, with a compound of 
formula (IVo) wherein R', y, Q. Hal are as above defined, may 
be carried out as described in 11-1). 
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0413. The compounds of formula (Ia) wherein W is —Cl 
or OR, X is a radical selected from (a4) or (b4"), wherein 
R" is selected from A7), R is selected from B7) and 
wherein Y and Q, are as above defined and T" is the group 
—O—CH(R')—O C(O)—O—, wherein R is as above 
defined, can be obtained from the corresponding acids (Ia) 
wherein W= OH as known in literature. 
2) The compounds of general formula (I) as above defined 
wherein a is equal to 1, the radical R is selected from (a2). 
(a4), (a8), (b2), (b4), (b8), (c2), (e2), (fl), (g2), (h1), (il), (12), 
(m2), (n2). (O2), (p2), (q2), (r2), (S2), (2), (u2), (V2), Z is 
—CH(R')—O— wherein R' is selected from H or straight or 
branched C-C alkyl, can be obtained: 
2-i) by reacting a compound of formula (II) as above defined 
with a compound of formula (If) 

wherein Hal is an halogen atom, R and X are as above 
defined and 
2-ii) when Q is Z., by converting the compounds obtained in 
the step 2-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
2-iii) optionally deprotecting the compounds obtained in step 
2-i) or 2-ii) as above described. 
0414. The reaction of a compound of formula (If) wherein 
X and Rare as above defined, with a compound of formula 
(II) may be carried out as described in 11-i). 
0415. The compounds of formula (If) are obtained by 
reacting a compound R' CHO, wherein R' is as above 
defined with compounds of formula (Ia) 

W X (Ia) 

wherein W is a chlorine atom, X is as above defined, and 
ZnCl2 as known in literature. 
3) The compounds of general formula (I) as above defined 
wherein a is equal to 1, the radical R is selected from (al), 
(a3), (a7), (b1), (b3), (b7), (c1), (e1), (f2), (gl), (h2), (i2), (11), 
(ml), (n1), (o1), (pl), (q1), (r.1), (S1), (t1), (ul), (v1), Z is 
C(O), can be obtained 
3-i) by reacting a compound of formula (II) 

R-C(O)-O-R (II) 

wherein R and R are as above defined, with a compound of 
formula (Ig) 

H- X2 (Ig) 

wherein X is a radical having the following meanings: 

wherein R. R. R. R* are as above defined 
R" is selected from P', OR or 

wherein Rs is as above defined; 
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0422 (c1") - HN-(CH), C(O)-(T-Y-Q): 

n-> 

\ R. 

ar 
y-r 

R4 

H 

r 
R6 R5 
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(f2) 

(h2) 

(i2) 

(11) 

(ml) 

(n1) 
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-continued 
(p1) 

-XO-co-cryo 

(q1) 

N 

(t1) 

Nn N 
(u1) 

R11 

Sk 
R10 R9 

CH3 

wherein T, T", Y and Y are as above defined, 
3-ii) when Q is Z., by converting the compounds obtained in 
the step 3-i) into nitro derivative by reaction with a nitrate 
source such above described and 

3-iii) optionally deprotecting the compounds obtained in step 
3-i) or 3-ii) as above described. 
0423. The reaction of a compound of formula (II3), 
wherein R and R are as above defined, with a compound of 
formula (Ig) wherein X is as above defined, may be carried 
out as described in 1-i-2). 
0424 The compounds of formula (II) wherein R and R. 
are as above defined, are obtained from the compounds of 
formula (II) by reaction with the compounds of formula 
C1 C(O)—O R, wherein R is as above defined, as known 
in literature. 

3a) The compounds of formula (Ig) wherein X is selected 
from (a1'), (a3'), (b 1'), (b3'), (c1"), (e1"), (f2), (g1'), (h2"), (t1'), 
(u1'), (v1), wherein R' is selected from A1), A2"), A3') or 
A4), R' is selected from A7), R is selected from B7) and 
R’ is selected from B1), B2), B3') or B4'), Y and Y are as 
above defined, Tand T" are X" wherein X" is as above defined 
may be obtained 
3a-i) by reacting a compound of formula (IIIe), 

P X (IIIe) 
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wherein P is as above defined, X is a radical having the 
following meanings: 
0425 (a1") HN CH(R') C(O) OH 
0426 (a3") HN CH(R'' OH) COOR." 
0427 (b1") - HN CH(R). CHC(O) OH 
0428 (b3") HN CH(R, OH) CHCOOR 
wherein R' is selected from A1), A2"), A3') or A4), R'' is 
selected from A7), R is selected from B7) and R is selected 
from B1), B2), B3') or B4'), and R is defined above 
0429 (c1") —HN-(CH), C(O) OH: 

n-> 
(CH2) 

(f2") 

\ (CH)-C(O)-OH 

(O-CH-Ph), 
R3 (g1") 

-- 
(h2") 

y 
R4 

H 
N 

N 

O r 
R6 R5 

(12") 

(11") 
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-continued 

-N 

-XO-co-o: 
(s1") 

NS N 
(ul") 

R11 

Sk 
R10 R9 

CH3 

with a compound of formula (IVe) 
HX"--Q (IVe) 

wherein Q and X" are as above definedy is the radical Y when 
X is selected from (a1'), (b1"), (c1"), (e1"), (r2), (g1'), (h2"), 
(i2"), (11), (m1'), (n1"), (o1"), (p1), (q1'), (r1'), (s1'), (t1'), (ul') 
and (v1), y is the radical Y" when X is selected from (a3') and 
(b3'), wherein Y and Y are as defined above, and 
3a-ii) when Q is Z., by converting the compounds obtained in 
the step 3a-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
3a-iii) optionally deprotecting the compounds obtained in 
step 3a-i) or 3a-ii) as above described. 
0430. The reaction of a compound of formula (IIIe) 
wherein P and X are as above defined, with a compound of 
formula (TVe), whereiny, Q and X" are as above defined, may 
be carried out as described in 1-i-1). 
0431. The compounds of formula (IIIe) are commercially 
available or can be obtained as known in the literature. 
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3b) The compounds of formula (Ig) wherein X is selected 
from (a1'), (a3'), (b 1'), (b3"), (c1"), (e1"), (r2), (g1'), (h2"), (t1'), 
(u1'), (v1), wherein R' is selected from A1), A2"), A3') or 
A4), R' is selected from A7), R is selected from B7) and 
R’ is selected from B1), B2), B3') or B4'), and R.Y. and Y 
are as above defined, T and T" are —NR' wherein R is as 
above defined may be obtained 
3b-i) by reacting a compound of formula (IIIe), 

P X (IIIe) 

wherein P and X are as above defined, with a compound of 
formula 

HRN-y-Q (IVg) 

wherein R' and Q are as above defined, y is the radical Y when 
X is selected from (a1'), (b1"), (c1"), (e1"), (r2), (g1'), (h2"), 
(i2"), (11), (m1'), (n1"), (o1"), (p1), (q1'), (r1'), (s1'), (t1'), (ul') 
and (v1), y is the radical Y" when X is selected from (a3') and 
(b3'), wherein Y and Y are as defined above, and 
3b-ii) when Q is Z., by converting the compounds obtained in 
the step 3b-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
3b-iii) optionally deprotecting the compounds obtained in 
step 3b-i) or 3b-ii) as above described. 
0432. The reaction of a compound of formula (IIIe) 
wherein P and X are as above defined, with a compound of 
formula (IVg) wherein R', y, Qare as above defined, may be 
carried out 1a-i). 
3c) The compounds of formula (Ig) wherein X is selected 
from (al"), (a3'), (b1"), (b3"), (c1"), (e1"), (r2), (g1'), (h2"), (t1'), 
(u1'), (v1), wherein R' is selected from A1), A2"), A3"), A4), 
R'' is selected from A7), R is selected from B7) and R is 
selected from B1), B2), B3'), B4'), and R. Y and Y are as 
above defined, T and T" are -O-CH(R)-O-C(O) , 
wherein R' is as above defined, may be obtained 
3c-i) by reacting a compound of formula (IIIe) 

P X (IIIe) 

wherein P, X are as above defined with compounds of 
formula (IVm) 

wherein R' and Q are as above defined, Hal is an halogen 
atom, y is the radical Y when X is selected from (a1"), (b1"), 
(c1"), (e1"), (f2), (g1'), (h2"), (i2"), (11), (m1'), (n1"), (o1"). 
(p1'), (q1'), (r1'), (s1'), (t1'), (ul') and (v1), y is the radical Y 
when X is selected from (a3') and (b3'), whereinY and Y are 
as defined above, and 
3c-ii) when Q is Z., by converting the compounds obtained in 
the step 3c-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
3c-iii) optionally deprotecting the compounds obtained in 
step 3c-i) or 3c-ii) as above described. 
0433. The reaction of a compound of formula (IIIe) 
wherein P and X are as above defined, with a compound of 
formula (IVm) whereiny, Q, Rare as above defined, may be 
carried out as described in 11-i) 
3d) The compounds of formula (Ig) wherein X is selected 
from (a1'), (a3'), (b 1'), (b3"), (c1"), (e1"), (r2), (g1'), (h2"), (i2), 
(11), (m1'), (n1"), (o1"), (p1), (q1'), (r1'), (s1'), (t1'), (u1'), 
(v1), wherein R1' is selected from A1), A2"), A3') or A4), R' 
is selected from A7), R is selected from B7) and R is 
selected from B1), B2), B3') or B4'), and R',Y and Y areas 
above defined, T and T" are - O CH(R') O C(O)O- 
wherein R' is as above defined may be obtained 
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3d-i) by reacting a compound of formula (IIIe) 
P X (IIIe) 

wherein P and X are as above defined, with compounds of 
formula (IVo) 

wherein Rand Q areas above defined, Hal is an halogenatom 
y is the radical Y when X is selected from (a1'), (b1"), (c1"). 
(e1"), (f2), (g1'), (h2"), (i2"), (11'), (m1'), (n1"), (o1"), (p1), 
(q1'), (r1'), (s1'), (t1'), (u1") and (v1), y is the radical Y" when 
X is selected from (a3') and (b3'), wherein Y and Y are as 
defined above, and 
3d-ii) when Q is Z., by converting the compounds obtained in 
the step 3d-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
3d-iii) optionally deprotecting the compounds obtained in 
step 3d-i) or 3d-ii) as above described. 
0434. The reaction of a compound of formula (IIIe) 
wherein P and X are as above defined, with a compound of 
formula (IVo) whereiny, Q, Rare as above defined, may be 
carried out as described in 11-i). 
3e) The compounds of formula (Ig) wherein X is selected 
from (a7) or (b7) wherein R' is selected from A5) or A6), R 
is selected from B5) or B6)T" is C(O) , T is X", NR', 
O CH(R') O C(O) or - O -CH(R') O C(O) 

O— wherein X" and R',Y and Y areas above defined, may be 
obtained 
3e-i) by reacting a compound of formula (Ih) 

P: X, (Ih) 

wherein P is as above defined and X, is the radical having the 
following meaning 
0435 (a7") HN CH(R''. H) C(O)-(T-Y-Q) 
0436 (b7") HN CH(R. H) CH, C(O)-(T-Y-Q) 
wherein R' is selected from A5) or A6), R is selected from 
B5) or B6), with compounds of formula (IVa) 

wherein W and Q are as above defined, y is the radical Y', 
wherein Y" is as above defined, and 
3e-ii) when Q is Z., by converting the compounds obtained in 
the step 3e-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
3e-iii) optionally deprotecting the compounds obtained in 
step 3e-i) or 3e-ii) as above described. 
0437. The reaction of a compound of formula (Ih) wherein 
P and X, are as above defined, with a compound of formula 
(IVa) wherein y, Q, W, are as above defined may be carried 
out as described in 1-i-1), 1-i-2), 1-i-3) and 1a-i). 
0438. The compounds of formula (Ih) wherein P and X, 
are as above defined, T is —X" are obtained as described in 
3a). 
0439. The compounds of formula (Ih) wherein P and X, 
are as above defined, T is —NR are obtained as described in 
3b). 
0440 The compounds of formula (Ih) wherein P and X, 
are as above defined, T is —O CH(R')—O C(O)—are 
obtained as described in 3c). 
0441. The compounds of formula (Ih) wherein P and X, 
are as above defined, T is —O CH(R')—O—C(O)O— are 
obtained as described in 3d). 
3f) The compounds of formula (Ig) wherein X is selected 
from (a7) or (b7) wherein R' is selected from A5) or A6), 
R" is selected from B5) or B6)T" is –C(O) X", Tis-X", 



US 2010/0041633 A1 

NR', O CH(R') O C(O) or - O -CH(R') O 
C(O)O - wherein X" and R. Y and Y are as above defined, 
may be obtained 
3f-i) by reacting a compound of formula (Ih) 

P: X, (Ih) 

wherein P and X, are as above defined with compounds of 
formula (IVd) 

wherein R. X" and Q are as above defined, y is the radical Y', 
wherein Y" is as above defined, and 
3f-ii) when Q is Z., by converting the compounds obtained in 
the step 3f-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
3f-iii) optionally deprotecting the compounds obtained in 
step 3e-i) or 3f-ii) as above described. 
The reaction of a compound of formula (Ih) wherein P and 
X, are as above defined, with a compound of formula (IVd) 
whereiny, Q, Rare as above defined, may be carried out as 
described in 1-i-2). 
3g) The compounds of formula (Ig) wherein X is selected 
from (a7) or (b7") wherein R' is selected from A5) or A6), 
R" is selected from B5) or B6), T" is C(O) NR', T is X", 
NR', O CH(R') O C(O) or - O -CH(R') O C 
(O)O– wherein X" and R', Y and Y are as above defined, 
may be obtained 
3g-i) by reacting a compound of formula (Ih) 

P-X, (Ih) 

wherein P and X, are as above defined, with compounds of 
formula (IVf) 

wherein R and Q are as above defined, y is the radical Y', 
wherein Y" is as above defined, and 
3g-ii) when Q is Z., by converting the compounds obtained in 
the step 3g-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
3g-iii) optionally deprotecting the compounds obtained in 
step 3g-i) or 3g-ii) as above described. 
0442. The reaction of a compound of formula (Ih) wherein 
P and X, are as above defined, with a compound of formula 
(IVf) wherein y, Q, R, and R' are as above defined may be 
carried out as described in 1-i-2). 
0443) The compounds of formula (Ih) wherein P and X, 
are as above defined, T is —X" are obtained as described in 
3a). 
0444 The compounds of formula (Ih) wherein P and X, 
are as above defined, T is —NR are obtained as described in 
3b). 
0445. The compounds of formula (Ih) wherein P and X, 
are as above defined, T is —O CH(R')—O C(O)— are 
obtained as described in 3c). 
0446. The compounds of formula (Ih) wherein P and X, 
are as above defined, T is —O CH(R')—O—C(O)O— are 
obtained as described in 3d). 
3h) The compounds of formula (Ig) wherein X is selected 
from (a7) or (b7) wherein R is selected from A7), R is 
selected from B7), T" is X", T is X", NR', O CH 
(R') O C(O) or O CH(R') O C(O)O wherein 
X" and R', Y and Y are as above defined, may be obtained 
3h-i) by reacting a compound of formula (Ih) 

P X, (Ih) 
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wherein P is as above defined and X, is as above defined 
wherein R" is selected from A7), R is selected from B7), 
with compounds of formula (TVe) 

wherein X" and Q are as above defined, y is the radical Y', 
wherein Y" is as above defined, and 
3h-i) when Q is Z., by converting the compounds obtained in 
the step 3 h-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
3h-iii) optionally deprotecting the compounds obtained in 
step 3h-i) or 3h-ii) as above described. 
0447 The reaction of a compound of formula (Ih) wherein 
P and X, are as above defined, with a compound of formula 
(IVe) wherein y, Q, X" are as above defined, may be carried 
out as described in 1-1-1), 1-1-2) and 1a-1). 
0448. The compounds of formula (Ih) wherein P and X, 
are as above defined, T is —X" are obtained as described in 
3a). 
10449) The compounds of formula (Ih) wherein P and X, 
are as above defined, T is —NR are obtained as described in 
3b). 
0450. The compounds of formula (Ih) wherein P and X, 
are as above defined, T is —O CH(R')—O C(O)—are 
obtained as described in 3c). 
10451. The compounds of formula (Ih) wherein P and X, 
are as above defined, T is —O CH(R')—O—C(O)O— are 
obtained as described in 3d). 
3i) The compounds of formula (Ig) wherein X is selected 
from (a7) or (b.7") wherein R' is selected from A7), R is 
selected from B7), T" is NR', T is X", NR', -O-CH 
(R') O C(O)-or-O CH(R') O C(O)O– wherein 
X" and R', Y and Y are as above defined, may be obtained 
3i-i) by reacting a compound of formula (Ih) 

P: X, (Ih) 

wherein P and X, are as above defined, with compounds of 
formula (IVg) 

wherein R' and Q are as above defined, y is the radical Y', 
wherein Y" is as above defined, and 
3i-ii) when Q is Z., by converting the compound obtained in 
the step 3i-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
3i-iii) optionally deprotecting the compounds obtained in 
step 3i-i) or 3i-ii) as above described. 
0452. The reaction of a compound of formula (Ih) wherein 
PandXs, areas above defined, with a compound of formula 
(IVg) wherein y, Q, Rare as above defined, may be carried 
out as described in 1a-i). 
31) The compounds of formula (Ig) wherein X is selected 
from (a7) or (b7) wherein R is selected from A7), R is 
selected from B7), T" is - O CH(R') O C(O) , T is 
X", NR', O CH(R') O C(O) or O CH(R') 
O C(O)O– wherein X" and R', Y and Y are as above 
defined, may be obtained 
31-i) by reacting a compound of formula (Ih) 

P: X, (Ih) 

wherein P and Xs are as above defined with compounds of 
formula (IVm) 

wherein R' and Q are as above defined, y is the radical Y', 
wherein Y" is as above defined, Hal is an halogen atom and 
31-ii) when Q is Z., by converting the compounds obtained in 
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the step 31-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
31-iii) optionally deprotecting the compounds obtained in 
step 31-i) or 31-ii) as above described. 
0453 The reaction of a compound of formula (Ih) wherein 
P and X, are as above defined, with a compound of formula 
(IVm) whereiny, Q, Rare as above defined, may be carried 
out as described in 11-i). 
3m) The compounds of formula (Ig) wherein X is selected 
from (a7) or (b.7") wherein R is selected from A7), R is 
selected from B7), T" is - O -CH(R') O C(O)O , T is 
X", NR', O CH(R') O C(O) or O CH(R') 
O C(O)O– wherein X" and R', Y and Y are as above 
defined, may be obtained 
3m-i) by reacting a compound of formula (Ih) 

P: X, (ii) 

wherein P' and Xs are as above defined with a compound of 
formula (IVo) 

wherein R' and Q are as above defined, y is the radical Y', 
wherein Y" is as above defined, Hal is an halogen atom and 
3m-ii) when Q is Z., by converting the compounds obtained 
in the step 3m-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
3m-iii) optionally deprotecting the compounds obtained in 
step 31-i) or 3m-ii) as above described. 
0454. The reaction of a compound of formula (Ih) wherein 
P and X, are as above defined, with a compound of formula 
(IVo) whereiny, Q, Rareas above defined, may be carried out 
as described in 11-i). 
3n) The compounds of formula (Ig) wherein X is selected 
from (a3') or (b3'), wherein R' is selected from A5) or A6), 
R’ is selected from B5) or B6), Y is as above defined, T" is 
C(O) may be obtained 
3n-i) by reacting a compound of formula (IIIf), 

P Xo, (IIIf) 

wherein P is as above defined, Xs is a radical having the 
following meaning 
0455 (a3") HN CH(R* H) COR 
0456 (b3") HN CH(R. H) CHCOOR 
wherein R' is selected from A5 or A6) and R is selected 
from B5) or B6), wherein R is as above defined, with a 
compound of formula (IVa) 

wherein W and Q are as above defined, y is the radical Y, 
wherein Y" is as above defined, and 
3n-ii) when Q is Z., by converting the compounds obtained in 
the step 3n-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
3n-iii) optionally deprotecting the compounds obtained in 
step 3n-i) or 3n-ii) as above described. 
0457. The reaction of a compound of formula (IIIf) 
wherein P and X are as above defined, with a compound of 
formula (IVa) wherein W, y, Q are as above defined, may be 
carried out as described in 1-1-1), 1-1-2), 1a-1). 
0458. The compounds of formula (IIIf) wherein PandX, 
are as above defined, are commercially available or obtained 
as known in literature. 
3o) The compounds of formula (Ig) wherein X is selected 
from (a3') or (b3'), wherein R' is selected from A5) or A6), 
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R’ is selected from B5) or B6), Y is as above defined, T" is 
C(O)—X" wherein X" is as above defined, can be obtained 
3o-i) by reacting a compound of formula (IIIf) 

P Xo, (IIIf) 

wherein P and X are as above defined with a compound of 
formula (IVd) 

wherein R. X", Q are as above defined, y is the radical Y', 
wherein Y" is as above defined, and 
3o-ii) when Q is Z., by converting the compounds obtained in 
the step 3o-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
3o-iii) optionally deprotecting the compounds obtained in 
step 3o-i) or 3o-ii) as above described. 
0459. The reaction of a compound of formula (IIIf) 
wherein P and Xo are as above defined, with a compound of 
formula (IVd) wherein R. X", y, Qare as above defined, may 
be carried out as described in 1-i-2). 
3p) The compounds of formula (Ig) wherein X is selected 
from (a3') or (b3'), wherein R' is selected from A5) or A6), 
R’ is selected from B5) or B6), Y is as above defined, T" is 
C(O)—NR' wherein R is as above defined, can be obtained 
3p-i) by reacting a compound of formula (IIIg), 

P Xo, (IIIf) 

wherein P and X are as above defined, with a compound of 
formula (IVf) 

wherein R. Rand Q are as above defined, y is the radical Y', 
wherein Y" is as above defined, and 
3p-ii) when Q is Z., by converting the compounds obtained in 
the step 3p-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
3p-iii) optionally deprotecting the compounds obtained in 
step 3p-i) or 3p-ii) as above described. 
0460. The reaction of a compound of formula (IIIf) 
wherein P and Xo are as above defined, with a compound of 
formula (IVf) wherein R. R', y, Q are as above defined, may 
be carried out as described in 1-i-2). 
4) The compounds of general formula (I) as above defined 
wherein a is equal to 1, the radical R is selected from (d1), 
(d2), (d3), (d4), (d7) or (d8), Z is C(O), can be obtained 
4-i) by reacting a compound of formula (II) as above defined 
wherein R is as above defined, with a compound of formula 
(Im) 

wherein X2 is the radical R having the following meaning 

(CH4)-4-OP', —CH2 (CH)-(3,5-diiodo)-4-OP', 
—CH2 (CH)-3-nitro-4-OP: 
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D3') - CH NHR", (CH). NHR", -(CH), 
NHR", -(CH), NHR", wherein R" is as above 
defined; 
D4') —CH C(O)R", -(CH), C(O)R", -(CH) 
C(O)R", wherein R" is as above defined: 
wherein R' is as above defined; and 
4-ii) when Q is Z., by converting the compounds obtained in 
the step 4-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
4-iii) optionally deprotecting the compounds obtained in step 
4-i) or 4-ii) as above described. 
0468. The reaction of a compound of formula (II) 
wherein R and R are as above defined, with a compound of 
formula (Im) wherein X is as above defined, may be carried 
out as described in 1-i-2). 
4a) The compounds of formula (Im) wherein X2 is selected 
from (d1), (d2), (d3) or (d4') wherein R'' is selected from 
D1). D2), D3') or D4) and R' is selected from D5) or D6), 
Y and Y areas above defined, Tand T" and T" are C(O) can 
be obtained 
4a-i) by reacting a compound of formula (IIIi), 

P' Xs (III) 

wherein P' is P or P' as above defined and X is a radical 
having the following meaning 
0469 (d1") - HN CH(R') CH, OH 
0470 (d2") - O CH, CH(R') NH, 
0471 (d3") HN CH(R* H) CHOP 
0472 (d4") O CH, CH(R'?" H) NHR'. 
wherein R'' is D1), D2), D3') or D4), R is D5) or D6), 
R" and P' areas above defined, with a compound of formula 
(IVa) 

wherein Q and W are as above defined, y is the radical Y 
when X is selected from (d1') or (d2"), y is the radical Y 
when X is selected from (d3) or (d4), wherein Y and Y are 
as above defined, and 
4a-ii) when Q is Z., by converting the compounds obtained in 
the step 4a-i) into nitro derivative by reaction with a nitrate 
Source as above described and 

4a-iii) optionally deprotecting the compounds obtained in 
step 4a-i) or 4a-ii) as above described. 
0473. The reaction of a compound of formula (IIIi) 
wherein X and P' areas above defined, with a compound of 
formula (IVa) wherein Wy and Q are as above defined, may 
be carried out as described in 1-i-1) and 1-i-2). 
0474 The compounds of formula (IIIi) wherein X and 
P' are as above described, are commercially available or 
known in literature. 

4b) The compounds of formula (Im) wherein X is selected 
from (d1), (d2"), (d3') or (d4') wherein R'' is selected from 
D1), D2), D3') or D4) and R is selected from D5) or D6), Y 
and Y are as above defined, Tand T" and T" are C(O) X", 
wherein X" is as above defined, can be obtained 
4b-i) by reacting a compound of formula (IIIi), 

P X (III) 

wherein P' and X are defined above, with a compound of 
formula (IVd) 
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wherein Q, R, and X" are as above defined, y is the radical Y 
when X is selected from (d1') or (d2"), y is the radical Y 
when X is selected from (d3) or (d4), wherein Yand Y are 
as above defined, and 
4b-ii) when Q is Z., by converting the compounds obtained in 
the step 4b-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
4b-iii) optionally deprotecting the compounds obtained in 
step 4b-i) or 4b-ii) as above described. 
0475. The reaction of a compound of formula (IIIi) 
wherein X and Pare as above defined, with a compound of 
formula (IVd) whereiny, Q, R, and X" are as above defined, 
may be carried out as described in 1-i-2). 
4c) The compounds of formula (Im) wherein X2 is selected 
from (d7") or (d8) wherein R' is selected from D5) or D6), 
Y and Y is are as above defined, Tand T" and T" are C(O), 
can be obtained 
4c-i) by reacting a compound of formula (IIIl), 

P' X1 (IIII) 
wherein P' is P’ or P.Xa is the radical having the following 
meaning 
0476 (d7") - HN CH(R* H) CH, OH 
0477 (d8") O CH, CH(R'? H) NH, 
wherein R'' is selected from D5) or D6), with a compound of 
formula (IVa) 

wherein W and Q are as above defined, y is the radical Y', 
wherein Y is as above defined, and 
4c-ii) when Q is Z., by converting the compounds obtained in 
the step 4c-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
4c-iii) optionally deprotecting the compounds obtained in 
step 4c-i) or 4c-ii) as above described. 
0478. The reaction of a compound of formula (IIIl) 
wherein P' and X are as above defined, with a compound of 
formula (IVa) wherein W is OH, y and Q are as above 
defined, may be carried out as described in 1-1-1) using a ratio 
(III1)/(IVa) 1:2. 
0479. The reaction of a compound of formula (IIIl) 
wherein P' and X are as above defined, with a compound of 
formula (IVa) wherein W is OR y and Q are as above 
defined, may be carried out as described in 1-1-2) using a ratio 
(III1)/(IVa) 1:2. 
0480. The compounds of formula (IIIl) wherein P' and 
Xa are as above described, are commercially available or 
known in literature. 
4d) The compounds of formula (Im) wherein X is selected 
from (d7") or (d8) wherein R'' is selected from D5) or D6), 
Q, Yand Y are as above defined, T, T" and T" are C(O), can 
be obtained 
4d-i) by reacting a compound of formula (In) 

Pi—Xs (In) 

wherein P' is defined above and X is the radical having the 
following meaning 
0481 (d7") HN CH(R* H) CH-O-(T"-Y-Q) 
0482 (d8") - O CH, CH(R3 H). NH-(T-Y-Q) 
wherein R' is selected from D5) or D6), Y. Q, Tand T" are 
as above defined, with a compound of formula (IVa) 

wherein W, y and Q are as above defined, y is the radical Y', 
wherein Y" is as above defined, and 
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4d-ii) when Q is Z., by converting the compounds obtained in 
the step 4d-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
4d-iii) optionally deprotecting the compounds obtained in 
step 4d-i) or 4d-ii) as above described. 
0483 The reaction of a compound of formula (In) wherein 
P" and X are as above defined, with a compound of formula 
(IVa) wherein W is OH, y and Q areas above defined, may be 
carried out as described in 1-i-1). 
0484 The reaction of a compound of formula (In) wherein 
P' and XIs areas above defined, with a compound of formula 
(IVa) wherein W is OR, y and Q are as above defined, may 
be carried out as described in 1-i-2). 
0485. The compounds of formula (In) wherein P' and Xs 
are as above defined, Tand T" are C(O)— can by obtained 
as described in 4a). 
4e) The compounds of formula (Im) wherein X is selected 
from (d7") or (d8) wherein R'' is selected from D5) or D6), 
Y and Y are the same and areas above defined, T, T" and T" 
are C(O)—X" wherein X" is as above defined, can be 
obtained 
4e-i) by reacting a compound of formula (IIIl), 

P' X1 (IIII) 

wherein P' and X areas above defined, with a compound of 
formula (IVd) 

wherein R. X" and Qare as above defined, y is the radical Y", 
wherein Y" is as above defined, and 
4e-ii) when Q is Z., by converting the compounds obtained in 
the step 4e-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
4e-iii) optionally deprotecting the compounds obtained in 
step 4e-i) or 4e-ii) as above described. 
0486 The reaction of a compound of formula (IIIl) 
wherein P' and X areas above defined, with a compound of 
formula (IVd) wherein R. X", y and Q are as above defined, 
may be carried out as described in 1-i-2) using a ratio (IIIl)/ 
(IVd) 1:2. 
4f) The compounds of formula (Im) wherein X is selected 
from (d7") or (d8) wherein R' is selected from D5) or D6), 
Q, Y and Y are as above defined, T" is C(O) X", Tand T" 
are C(O) or C(O)—X", wherein X" is as above defined, can be 
obtained 
4f-i) by reacting a compound of formula (In) 

P Xs (In) 

wherein P' and XIs areas above defined, with a compound of 
formula (IVd) 

wherein R. X" and Q are as above defined, y is the radical Y', 
wherein Y" is as above defined, and 
4f-ii) when Q is Z., by converting the compounds obtained in 
the step 4f-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
4f-iii) optionally deprotecting the compounds obtained in 
step 4f-i) or 4f-ii) as above described. 
0487. The reaction of a compound of formula (In) wherein 
P' and XIs areas above defined, with a compound of formula 
(IVd) wherein R. X", y and Q are as above defined, may be 
carried out as described in 1-i-2). 
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0488. The compounds of formula (In) wherein Tor T" are 
C(O), P and XIs are as above defined are obtained as 
described in 4a-i), 4a-ii). 
0489. The compounds of formula (In) wherein TorT" are 
C(O) X", wherein P' and XIs are as above defined are 
obtained as described in 4b-i), 4b-ii). 
4g) The compounds of formula (Im) wherein X is selected 
from (d7) or (d8) wherein R* is selected from D5) or D6), Q, 
Y and Y areas above defined, T" is C(O) NR' , Tand T" 
are C(O) or C(O)—X", wherein X" is as above defined, can be 
obtained 
4g-i) by reacting a compound of formula (In) 

P' Xs (In) 

wherein P' and XIs are as above defined, with a compound of 
formula 

wherein R. Rand Q are as above defined, y is the radical Y', 
wherein Y" is as above defined, and 
4g-ii) when Q is Z., by converting the compounds obtained in 
the step 4g-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
4g-iii) optionally deprotecting the compounds obtained in 
step 4g-i) or 4g-ii) as above described. 
10490. The reaction of a compound of formula (In) Pand 
Xs are as above defined, with a compound of formula (IVf) 
wherein R. R', y, Q are as above defined, may be carried out 
as described in 1-i-2). 
0491. The compounds of formula (In) wherein TorT" are 
C(O), wherein P' and XIs are as above defined, are obtained 
as described in 4a-i), 4a-ii). 
0492. The compounds of formula (In) wherein TorT" are 
C(O) X", wherein P' and XIs are as above defined, are 
obtained as described in 4b-i), 4b-ii). 
4h) The compounds of formula (Im) wherein X is selected 
from (d7) or (d8) wherein R* is selected from D7), Q, Yand 
Y are as above defined, T" is X", wherein X" is as above 
defined, Tand T" are C(O) or C(O) X", wherein X" is as 
above defined, can be obtained 
4h-i) by reacting a compound of formula (Ir). 

P-X16 (r) 

wherein P' is defined above and X is the radical having the 
following meaning 
0493 (d7") HN CH(R'? OH) CH, O-(T-Y- 
Q) 
0494 (d8") O CH, CH(R* OH) NH-(T-Y-Q) 
wherein R'' is selected from D7), with a compound of for 
mula (TVe) 

wherein Y', X" and Q are as above defined, y is the radical Y', 
wherein Y" is as above defined, and 
4h-i) when Q is Z., by converting the compounds obtained in 
the step 4h-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
4h-iii) optionally deprotecting the compounds obtained in 
step 4h-i) or 4h-ii) as above described. 
0495. The reaction of a compound of formula (Ir) wherein 
P' and X are as above defined with a compound of formula 
(IVe) wherein y, X" and Q are as above defined, may be 
carried out as described in 1-i-1). 
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0496 The compounds of formula (Ir) wherein TorT" are 
C(O), P and X are as above defined are obtained as 
described in 4a-i), 4a-ii). 
0497. The compounds of formula (Ir) wherein TorT" are 
C(O) X", P and X are as above defined, are obtained as 
described in 4b-i), 4b-ii). 
4i) The compounds of formula (Im) wherein X is selected 
from (d7) or (d8) wherein R' is selected from D7), Q, Yand 
Y are as above defined, T" is NR' wherein R' is as above 
defined, Tand T" are C(O) or C(O) X", wherein X" is as 
above defined, can be obtained 
4i-i) by reacting a compound of formula (Ir). 

P' X 16 (Ir) 

wherein P' and X are as above defined and R'' is selected 
from D7), with a compound of formula 

HRN-y-Q (IVg) 

wherein R' and Q are as above defined, y is the radical Y', 
wherein Y" is as above defined, and 
4i-ii) when Q is Z., by converting the compounds obtained in 
the step 4:i-i) into nitro derivative by reaction with a nitrate 
source such above described and 
4i-iii) optionally deprotecting the compounds obtained in 
step 4:i-i) or 41-ii) as above described. 
0498. The reaction of a compound of formula (Ir) Pand 
X are as above defined, with a compound of formula (IVg) 
wherein R', y, Q are as above defined, may be carried out as 
described in 1-i-1). 
41) The compounds of formula (Im) wherein X is selected 
from (d7) or (d8) wherein R' is selected from D7), Q, Yand 
Y are as above defined, T" is - O CH(R') O C(O) , 
wherein R' is as above defined, Tand T" are C(O) or C(O)– 
X", wherein X" is as above defined, can be obtained 
41-i) by reacting a compound of formula (Ir). 

P' X 16 (Ir) 

wherein P' and X are as above defined and R'' is selected 
from D7), with a compound of formula (IVm) 

wherein R' and Q are as above defined, Hal is an halogen 
atom, y is the radical Y', wherein Y" is as above defined, and 
41-ii) when Q is Z., by converting the compounds obtained in 
the step 41-i) into nitro derivative by reaction with a nitrate 
source such above described and 41-iii) optionally deprotect 
ing the compounds obtained in step 41-i) or 41-ii) as above 
described. 

0499. The reaction of a compound of formula (Ir) wherein 
P" and X are as above defined, with a compound of formula 
(IVm) whereiny, Q, Rare as above defined, may be carried 
out as described in 11-i). 
4m) The compounds of formula (Im) wherein X is selected 
from (d7) or (d8) wherein R' is selected from D7), Q, Yand 
Y are as above defined, T" is - O CH(R') O C(O)– 
O—, wherein R' is as above defined, T and T" are C(O) or 
C(O)—X", wherein X" is as above defined, can be obtained 
4m-i) by reacting a compound of formula (Ir), 

P X16 (Ir) 

wherein P' and X are as above defined and R'' is selected 
from D7), with a compound of formula (IVo) 
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wherein R and Q are as above defined, Hal is an halogen 
atom, y is the radical Y', wherein Y" is as above defined, and 
4m-ii) when Q is Z., by converting the compounds obtained 
in the step 4m-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
4m-iii) optionally deprotecting the compounds obtained in 
step 4m-i) or 4m-ii) as above described. 
0500. The reaction of a compound of formula (Ir) wherein 
P" and X are as above defined, with a compound of formula 
(IVo) wherein y, R', Q, Hal are as above defined, may be 
carried out as described in 11-i). 
4n) The compounds of formula (Im) wherein X is selected 
from (d3') or (d4') wherein R is selected from D7), Y is as 
above defined, T" is X", wherein X" is defined above, can be 
obtained 
4n-i) by reacting a compound of formula (IIIm), 

P. X, (IIIm) 

wherein P' is defined above and X, is the radical 
(0501) (d3") HN CH(R'? OH) CHOP 
(0502 (d4") O CH, CH(R* OH) NHR'. 
(0503 wherein R''' is selected from D7), wherein P' and 
R" are as above defined, with a compound of formula (IVe) 

HX"--Q (IVe) 

wherein X" and Q are as above defined, y is the radical Y', 
wherein Y" is as above defined, and 
4n-ii) when Q is Z., by converting the compounds obtained in 
the step 4n-i) into nitro derivative by reaction with a nitrate 
source as above described and 
4n-iii) optionally deprotecting the compounds obtained in 
step 4n-i) or 4n-ii) as above described. 
0504 The reaction of a compound of formula (IIIm) 
wherein P' and X, are as above defined with a compound of 
formula (IVe) whereiny, X" and Q are as above defined, may 
be carried out as described in 1-i-1). 
0505) The compounds of formula (IIIm), wherein P' and 
X, are as above defined, are commercially available or 
obtained as known in literature. 
4o) The compounds of formula (Im) wherein X is selected 
from (d3) or (d4') wherein R''' is selected from D7), Y is as 
above defined, T" is—NR' wherein R is as above defined, can 
be obtained 
4o-i) by reacting a compound of formula (IIIm), 

P X, (IIIm) 

wherein P' and X, are as defined above, wherein R' is 
selected from D7), with a compound of formula 

HRN-y-Q (IVg) 

wherein R' and Q are as above defined, y is the radical Y', 
wherein Y" is as above defined, and 
4o-ii) when Q is Z., by converting the compounds obtained in 
the step 4o-i) into nitro derivative by reaction with a nitrate 
source such above described and 
4o-iii) optionally deprotecting the compounds obtained in 
step 4o-i) or 4o-ii) as above described. 
0506. The reaction of a compound of formula (IIIm) 
wherein PandX, are as above defined, with a compound of 
formula (IVg) wherein R', y, Qare as above defined, may be 
carried out as described in 1a-i). 
4p) The compounds of formula (Im) wherein X is selected 
from (d3) or (d4') wherein R''' is selected from D7), Y is as 
above defined, T" is - O -CH(R') O C(O) wherein R' 
is as above defined, can be obtained 
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4p-i) by reacting a compound of formula (IIIm), 
P' X, (IIIm) 

wherein P' and X, are as defined above, wherein R' is 
selected from D7), with a compound of formula (IVm) 

wherein R' and Q are as above defined, Hal is an halogen 
atom, y is the radical Y', wherein Y" is as above defined, and 
4p-ii) when Q is Z., by converting the compounds obtained in 
the step 4p-i) into nitro derivative by reaction with a nitrate 
source such above described and 
4p-iii) optionally deprotecting the compounds obtained in 
step 4p-i) or 4p-ii) as above described. 
0507. The reaction of a compound of formula (IIIm) 
wherein P' and X, areas above defined, with a compound of 
formula (IVm) wherein R', y, Q are as above defined, may be 
carried out as described in 11-i). 
4q) The compounds of formula (Im) wherein X is selected 
from (d3') or (d4') wherein R''' is selected from D7), Y is as 
above defined, T" is - O CH(R') O C(O) O 
wherein R is as above defined, can be obtained 
4q-i) by reacting a compound of formula (IIIm), 

P' X, (IIIm) 

wherein P' and X, are as defined above, wherein R' is 
selected from D7), with a compound of formula (IVo) 

wherein R' and Q are as above defined, Hal is an halogen 
atom, y is the radical Y', wherein Y" is as above defined, and 
4q-ii) when Q is Z., by converting the compounds obtained in 
the step 4q-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
4q-iii) optionally deprotecting the compounds obtained in 
step 4q-i) or 4q-ii) as above described. 
0508. The reaction of a compound of formula (IIIm) 
wherein P' and X, areas above defined, with a compound of 
formula (IVo) whereiny, R', Q, Hal are as above defined, may 
be carried out as described in 11-i). 
5) The compounds of general formula (I) as above defined 
whereina is equal to 0, Risa radical selected from (d5), (d6). 
(d9) or (d10), wherein R'' is selected from D10) can be 
obtained 

5-i) by reacting a compound of formula (II) as above defined 
with a compound of formula (Is) 

wherein W is as above defined, Xs is the radical having the 
following meanings 
0509 (d5). RIP CH(NHR) CH, O-(T"-Y-Q) 
0510 (d6). RIP CH(CHOH) NH-(T-Y-Q) 
0511) (d.9") R' CH(NH-T"-Y-Q)-CH, O-(T-Y- 
Q) 
0512 (d10) R'2 CH(CH, O-T"-Y-Q)-NH-(T-Y- 
Q) 
wherein R'' is selected from D10), T, T", Y.Y. and Qareas 
above defined and 

5-ii) when Q is Z., by converting the compounds obtained in 
the step 5-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
5-iii) optionally deprotecting the compounds obtained in step 
5-i) or 5-ii) as above described. 
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0513. The reaction of a compound of formula (II) as 
above defined, with a compound of formula (Is) wherein W 
and X are as above defined may be carried out as described 
in 1). 
5a) The compounds of formula (Is) wherein X is a radical of 
formula (d5') or (d6'), wherein R'' is selected from D10), T 
and T" are C(O) can be obtained 
5a-i) by reacting a compound of formula (IIIn), 

P’ Xio (IIIn) 

wherein P' is as above defined, X is the radical having the 
following meanings 
0514) (d5") R'2 CH(NHP) CH, OH 
0515 (d6") R'? -CH(CHOP') NH, 
wherein P' and P are as above defined and R'' is selected 
from D10), with a compound of formula (IVa) 

wherein W, y, Q are as above defined, y is the radical Y. 
wherein Y is as above defined, and 
5a-ii) when Q is Z., by converting the compounds obtained in 
the step 5a-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
5a-iii) optionally deprotecting the compounds obtained in 
step 5a-i) or 5a-ii) as above described. 
0516. The reaction of a compound of formula (IIIn) 
wherein P and Xio are as above defined, with a compound of 
formula (IVa) W, y, and Q are as above defined may be 
carried out as described in 1-i-1), 1-i-2), 1-i-3) and 1a-1). 
0517. The compounds of formula (IIIn), wherein P' and 
X are as above defined, are commercially available or 
obtained as known in literature. 
5b) The compounds of formula (Is) wherein Xis is a radical of 
formula (d5') or (d6), wherein R'' is selected from D10), T 
and T" are C(O) X", wherein X" is defined above, can be 
obtained 
5b-i) by reacting a compound of formula (IIIn), 

P’ Xio (IIIn) 

wherein P' and X are as above defined, with a compound of 
formula (IVd) 

wherein R, and Q, X" are as above defined, y is the radical Y. 
wherein Y is as above defined, and 
5b-ii) when Q is Z., by converting the compounds obtained in 
the step 5b-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
5b-iii) optionally deprotecting the compounds obtained in 
step 5b-i) or 5b-ii) as above described. 
0518. The reaction of a compound of formula (IIIn) 
wherein P and Xio are as above defined, with a compound of 
formula (IVd) R, y, Q, X" are as above defined may be 
carried out as described in 1-i-2). 
5c) The compounds of formula (Is) wherein Xis is a radical of 
formula (d9), wherein R'' is selected from D10), Y and Y 
areas defined above, T is C(O) and T" is C(O) or C(O)– 
X", wherein X" is defined above, can be obtained 
5c-i) by reacting a compound of formula (It), 

P’ X20 (It) 

wherein P' is as above defined and X is the radical having 
the following meanings 
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wherein R'' is selected from D10), T",Y and Qareas above 
defined, with a compound of formula (IVa) 

wherein W and Q are as above defined, y is the radical Y', 
wherein Y" is as above defined, and 
5c-ii) when Q is Z., by converting the compounds obtained in 
the step 5c-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
5c-iii) optionally deprotecting the compounds obtained in 
step 5c-i) or 5c-ii) as above described. 
0520. The reaction of a compound of formula (It) wherein 
P and X areas above defined, with a compound of formula 
(IVa) wherein W, y, Q are as above defined, may be carried 
out as described in 1-i-1), 1-i-2), 1-i-3) and 1a-1). 
5d) The compounds of formula (Is) wherein Xis is a radical of 
formula (d9"), wherein R' is selected from D10), T is 
C(O) X" and T" is C(O)– or C(O) X", wherein X" is 
defined above, can be obtained 
5d-i) by reacting a compound of formula (It), 

P’ X20 (It) 

wherein P' and X areas above defined, with a compound of 
formula (IVd) 

wherein R, and Q, X" are as above defined, y is the radical Y', 
wherein Y" is as above defined, and 
5d-ii) when Q is Z., by converting the compounds obtained in 
the step 5d-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
5d-iii) optionally deprotecting the compounds obtained in 
step 5d-i) or 5d-ii) as above described. 
0521. The reaction of a compound of formula (It) wherein 
P and X are as above defined, with a compound of formula 
(IVd) R.Y. Q. X" are as above defined may be carried out as 
described in 1-i-2). 
5e) The compounds of formula (Is) wherein X is the radical 
of formula (d10), wherein R'' is selected from D10), Y and 
Y are as defined above, T" is C(O)— and T is C(O) or 
C(O)—X", wherein X" is defined above, can be obtained 
5e-i) by reacting a compound of formula (It), 

wherein P is as above defined and Xo is the radical having 
the following meaning 
0522] (d10") R'2 CH(CH, OH) NH-(T-Y-Q) 
wherein R' is selected from D10), T, Y and Q areas above 
defined, with a compound of formula (IVa) 

wherein W and Q are as above defined, y is the radical Y', 
wherein Y" is as above defined, and 
5e-ii) when Q is Z., by converting the compounds obtained in 
the step 5e-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
5e-iii) optionally deprotecting the compounds obtained in 
step 5e-i) or 5e-ii) as above described. 
0523 The reaction of a compound of formula (It') wherein 
P and X are as above defined, with a compound of formula 
(IVa) wherein W, y, Q are as above defined, may be carried 
out as described in 1-i-1), 1-i-2), 1-i-3) and 1a-1). 
5f) The compounds of formula (Is) wherein X is the radical 
of formula (d10'), wherein R'' is selected from D10), T" is 
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C(O) X" and T is C(O)– or C(O) X", wherein X" is 
defined above, can be obtained 
5f-i) by reacting a compound of formula (It'), 

wherein P' and X are as above defined, with a compound of 
formula (IVd) 

wherein R, and Q, X" are as above defined, y is the radical Y', 
wherein Y" is as above defined, and 
5f-ii) when Q is Z., by converting the compounds obtained in 
the step 5f-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
5f-iii) optionally deprotecting the compounds obtained in 
step 5f-i) or 5f-ii) as above described. 
0524. The reaction of a compound of formula (It') wherein 
P and Xo are as above defined, with a compound of formula 
(IVd) R.Y. Q. X" areas above defined may be carried out as 
described in 1-i-2). 
6) The compounds of general formula (I) as above defined 
wherein a is equal to 1, R is a radical selected from (d5), is 
(d6), (d9) or (d10), wherein R'' is selected from D10), Z is 
—CH(R')—O—, wherein R is defined above, can be 
obtained 
6-i) by reacting a compound of formula (II) as above defined 
with a compound of formula (Iu) 

wherein Hal is an halogen atom, R' is as above defined and 
X is a radical selected from (d5), (d6'), (d9') or (d10'), 
wherein R'' is selected from D10), and 
6-ii) when Q is Z., by converting the compounds obtained in 
the step 6-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
6-iii) optionally deprotecting the compounds obtained in step 
6-i) or 6-ii) as above described. 
0525. The reaction of a compound of formula (Iu) wherein 
Hal, X and R' are as above defined, with a compound of 
formula (II) as above defined may be carried out as described 
in 11-i). 
0526. The compounds of formula (Iu) are obtained by 
reacting a compound R' CHO, wherein R' is as above 
defined with compounds of formula (IIIo) 

W—X22 (IIIo) 

wherein W is a chlorine atom, X is the radical having the 
following meanings 

wherein R', P, P', T, T",Y',Y and Qareas above defined, 
and ZnCl2 as known in literature. 
0531. The compounds of formula (IIIo), wherein W and 
X- are as above defined, may be carried out as described in 
5). 
7) The compounds of general formula (I) as above defined 
whereina is equal to 1, Risa radical selected from (d5), (d6). 
(d.9) or (d10), wherein R'' is selected from D8) or D9), Z is 
—C(O)—, can be obtained 
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7-i) by reacting a compound of formula (II) as above defined 
wherein R is as above defined with a compound of formula 
(IV) 

H—X2 (Iv) 

wherein X is a radical selected from (d5), (d6'), (d9') or 
(d10'), wherein R'' is selected from D8) or D9), and 
7-ii) when Q is Z., by converting the compounds obtained in 
the step 7-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
7-iii) optionally deprotecting the compounds obtained in step 
7-i) or 7-ii) as above described. 
0532. The reaction of a compound of formula (IV) wherein 
X and is as above defined, with a compound of formula (II) 
as above defined may be carried out as described in 11-i). 
8) The compounds of general formula (I) as above defined 
whereina is equal to 0, R is a radical selected from (a5), (a6). 
(a9) or (a10), (b5), (b6), (b9) or (b10) wherein R' is selected 
from A10) and R’ is selected from B10), can be obtained 
8-i) by reacting a compound of formula (II) as above defined 
with a compound of formula (IZ) 

wherein W is as above defined, Xa is the radical R having 
the following meanings 

wherein R is selected from A10), R is selected from B10), 
T. T.Y and Q areas above defined and 
8-ii) when Q is Z., by converting the compounds obtained in 
the step 8-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
8-iii) optionally deprotecting the compounds obtained in step 
8-i) or 8-ii) as above described. 
0541. The reaction of a compound of formula (II) as 
above defined wherein R is as above defined, with a com 
pound of formula (IV) wherein W and X are as above 
defined may be carried out as described in 1). 
8a) The compounds of formula (IZ) wherein X is a radical of 
formula (as"), (a6), (b5') or (b6'), wherein R' is selected from 
A10) and R is selected from B10), Tand T are C(O) can be 
obtained 
8a-i) by reacting a compound of formula (IIIq). 

P’ X as (IIIq) 

wherein P is as above defined, Xs is the radical having the 
following meanings 
(0542 (aS") R' CH(NHP) C(O) OH 
(0543 (a6") R' CH(COOP). NH, 
(0544 (b5") R? CH(NHP) CHC(O) OH 
(0545 (b6") R' CH(CHCOOP)NH, 
wherein P’ and P are as above defined and R' is selected 
from A10), R is selected from B10), with a compound of 
formula (IVa) 

wherein W and Q are as above defined, y is the radical Y. 
wherein Y is as above defined, and 
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8a-ii) when Q is Z., by converting the compounds obtained in 
the step 8a-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
8a-iii) optionally deprotecting the compounds obtained in 
step 8a-i) or 8a-ii) as above described. 
0546. The reaction of a compound of formula (IIIq) 
wherein P' and Xsareas above defined, with a compound of 
formula (IVa) W, Y, and Q are as above defined may be 
carried out as described in 1-i-1), 1-i-2), 1-i-3) and 1a-1). 
(0547. The compounds of formula (IIIq), wherein P' and 
Xs are as above defined, are commercially available or 
obtained as known in literature. 
8b) The compounds of formula (IZ) wherein X is the radical 
of formula (as"), (a6), (b5') or (b6'), wherein R' is selected 
from A10) and R is selected from B10), Tand T are C(O)— 
X", wherein X" is defined above, can be obtained 
8b-i) by reacting a compound of formula (IIIq). 

P’ X2s (IIIq) 

wherein P' and Xs are as above defined, with a compound of 
formula (IVd) 

wherein R. Q and X" are as above defined, y is the radical Y. 
wherein Y is as above defined, and 
8b-ii) when Q is Z., by converting the compounds obtained in 
the step 8b-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
8b-iii) optionally deprotecting the compounds obtained in 
step 8b-i) or 8b-ii) as above described. 
0548. The reaction of a compound of formula (IIIq) 
wherein PandXs are as above defined, with a compound of 
formula (IVd) R, y, Q, X" are as above defined may be 
carried out as described in 1-i-2). 
8c) The compounds of formula (Iz) whereinX is the radical 
of formula (aS) or (b.9") wherein R' is selected from A10), 
and R is selected from B10)Y and Y are as defined above, 
T is C(O)—or C(O) X", wherein X" is defined above and T 
is C(O) can be obtained 
8c-i) by reacting a compound of formula (ly), 

P’ X26 (Iy) 

wherein P is as above defined and X is the radical having 
the following meanings 
(0549 (as)") R' CH(NH) C(O)-(T-Y-Q) 
0550 (b.9") – R CH(NH) CHC(O)-(T-Y-Q) 
wherein R' is selected from A10) and R is selected from 
B10), with a compound of formula (IVa) 

wherein W and Q are as above defined, y is the radical Y', 
wherein Y" is as above defined, and 
8c-ii) when Q is Z., by converting the compounds obtained in 
the step 8c-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
8c-iii) optionally deprotecting the compounds obtained in 
step 8c-i) or 8c-ii) as above described. 
0551. The reaction of a compound of formula (ly) wherein 
P and X are as above defined, with a compound of formula 
(IVa) wherein W, y, Q are as above defined, may be carried 
out as described in 1-i-1), 1-i-2), 1-i-3) and 1a-1). 
8d) The compounds of formula (IZ) wherein X is the radical 
of formula (aS) or (b.9") wherein R' is selected from A10), 
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R’ is selected from B10), Y and Y are as defined above, T is 
C(O)– or C(O) X", wherein X" is defined above and T is 
C(O) X" can be obtained 
8d-i) by reacting a compound of formula (Iy), 

wherein P' and X areas above defined, with a compound of 
formula (IVd) 

wherein R and X" are as above defined, y is the radical Y', 
wherein Y" is as above defined, and 
8d-ii) when Q is Z., by converting the compounds obtained in 
the step 8d-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
8d-iii) optionally deprotecting the compounds obtained in 
step 8d-i) or 8d-ii) as above described. 
0552. The reaction of a compound of formula (ly) wherein 
P and X is are as above defined, with a compound of 
formula (IVd) R. Y. Q. X" are as above defined may be 
carried out as described in 1-i-2). 
8e) The compounds of formula (IZ) wherein X is the radical 
of formula (a10) or (b10') wherein R' is selected from A10), 
and R is selected from B10)Y and Y are as defined above, 
T is C(O)—or C(O) X", wherein X" is defined above and T 
is C(O) can be obtained 
8e-i) by reacting a compound of formula (Iy"), 

wherein P' is as above defined and X is the radical having 
the following meanings 
0553 (a10") R' CH(C(O) OH) NH-(T-Y-Q) 
0554 (b10") R CH(CHC(O) OH) NH-(T-Y- 
Q) 
wherein R is selected from selected from A10) and R is 
B10), with a compound of formula (IVa) 

wherein W and Q are as above defined, y is the radical Y, 
wherein Y" is as above defined, and 
8e-ii) when Q is Z., by converting the compounds obtained in 
the step 8e-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
8e-iii) optionally deprotecting the compounds obtained in 
step 8e-i) or 8e-ii) as above described. 
0555. The reaction of a compound of formula (Iy') 
wherein P' and X are as above defined, with a compound of 
formula (IVa) wherein W, y, Q are as above defined, may be 
carried out as described in 1-i-1), 1-i-2), 1-i-3) and 1a-1). 
8f) The compounds of formula (Iz) wherein X is the radical 
of formula (a10) or (b10') wherein R' is selected from A10), 
and R is selected from B10), Y and Y areas defined above, 
T is C(O)—or C(O) X", wherein X" is defined above and T 
is C(O)—X" can be obtained 
8f-i) by reacting a compound of formula (ly"), 

P’ X26. (Iy') 

wherein P' and X are as above defined, with a compound of 
formula (IVd) 

wherein R, and X" are as above defined, y is the radical Y, 
wherein Y" is as above defined, and 
8f-ii) when Q is Z., by converting the compounds obtained in 
the step 8f-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
8f-iii) optionally deprotecting the compounds obtained in 
step 8f-i) or 8f-ii) as above described. 
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0556. The reaction of a compound of formula (Iy') 
wherein P and X are as above defined, with a compound of 
formula (IVd) R, y, Q, X" are as above defined may be 
carried out as described in 1-i-2). 
9) The compounds of general formula (I) as above defined 
whereina is equal to 1, R is a radical selected from (as), (a6), 
(a8) or (a10), (b5), (b6), (b9) or (b10) wherein R' is selected 
from A8) or A9), R is selected from B8) or B9), Z is 
—C(O)—, can be obtained 
9-i) by reacting a compound of formula (II) as above defined 
with a compound of formula (Ix) 

wherein X, is the radical selected from (as"), (a6), (a9"), 
(a10), (b5), (b6'), (b.9") or (b10'), wherein R' is selected from 
A8) or A9), R is selected from B8) or B9), and 
9-ii) when Q is Z., by converting the compounds obtained in 
the step 9-i) into nitro derivative by reaction with a nitrate 
Source as above described and 
9-iii) optionally deprotecting the compounds obtained in step 
9-i) or 9-ii) as above described. 
0557. The reaction of a compound of formula (IX) wherein 
X, and is as above defined, with a compound of formula (II) 
may be carried out as described in 11-i). 

EXAMPLE 1. 

Synthesis of (11B, 16B)-9-Chloro-1 1,17-dihydroxy 
16-methyl-21-1-oxo-((2-(4-(nitrooxy)butyloxy 

carbonylamino)acetyl)-pregna-1,4-diene-320-dione 
0558 

(11B, 16.f3)-9-Chloro-11,17-dihydroxy-16-methyl-21 
1-oxo-2-((tert-butylcarbonylamino)acetyl)-pregna 

1,4-diene-320-dione 
0559 

O 

-->   
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0560. To a solution of beclomethasone (0.6 g. 1.46 mmol) 
in acetone (35 ml), N-Boc-glycine (0.334g, 1.90 mmol) and 
DMAP (cat. amount) were added. The reaction was cooled at 
0° C. and EDAC (0.365g, 1.90 mmol) was added. The reac 
tion was stirred at room temperature for 2 hours. The solvent 
was evaporated under vacuum. The residue was treated with 
water (50 ml) and methylene chloride (50x3 ml), the organic 
layers were dried over sodium sulfate and concentrated under 
reduced pressure. The residue was purified by flash chroma 
tography, eluent n-hexane/ethyl acetate 6/4. The product (0.8 
g) was obtained. 

(11B, 16.f3)-9-Chloro-1 1,17-dihydroxy-16-methyl-21 
1-oxo-2-((carbonylamino)acetyl)-pregna-1,4-diene 

3.20-dione hydrochloride 

0561 

0562. A solution of compound A (0.8 g., 0.41 mmol) in 
methylene chloride (70 ml) was stirred at room temperature. 
HCl gas was buddle in the solution for 1 hour. The solvent was 
evaporated under reduced pressure. The product was used in 
the next step without any purification. 

(11B, 16.f3)-9-Chloro-1 1,17-dihydroxy-16-methyl-21 
1-oxo-(2-((4-(nitrooxy)butoxy-carbonylamino) 

acetyl)-pregna-1,4-diene-320-dione 

0563 To a solution of B) (0.75 g, 1.46 mmol) in methylene 
chloride (40 ml), 4-nitrooxybutyric acid pentafluorophenyl 
ester (0.41 g, 1.46 mmol), DMAP (cat. amount) and triethy 
lamine (0.3 ml, 2.19 mmol) were added. The reaction was 
stirred at room temperature for 24 hours. The solution was 
treated with a 5% solution of HPO (50 ml). The organic 
layer was dried over Sodium sulfate and concentrated under 
reduced pressure. The residue was purified by flash chroma 
tography, (Biotage System, column FLASH 40+MTMKP-Sil) 
eluent:gradient n-hexane/ethyl acetate 1/1 (130 ml), to ethyl 
acetate 100% during 130 ml, ethyl acetate 100% (130 ml). 
The product (0.62 g) was obtained as white powder. 
0564) H-NMR: (DMSO), 8: 8.42 (1H, t): 7.30 (1H, d); 
6.22 (1H, dd); 5.98 (1H, s); 5.46 (1H, d); 5.42 (2H, s); 5.05 
(1H, d); 4.84 (1H, d); 4.5 (2H, t); 4.34 (1H, sb); 3.97 (2H, d): 
2.71-2.57 (2H, m); 2.5-2.2 (6H, m); 2.0-1.7 (5H, m); 1.65-1. 
35 (5H, m); 1.25-0.97 (4H, m): 0.8 (3H, s). 
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1. Nitric oxide releasing compounds of general formula (I) 
R-(Z)-R (I) 

and pharmaceutically acceptable salts or stereoisomers 
thereof for use in the treatment of respiratory diseases, 
wherein in formula (I) R is a corticosteroid residue selected 
from: 

(II) 

(H, O-7N1)-ch 
HO O 

CH3 

(III) 

(IV) 

(V) 
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R“ is as above defined: 
or R is selected from: 
E) 

(e1) 
-N C(O)-(T-Y-ONO) 

(Ph). 

(CH2) 
(e2) 

-C(O)NH-(T-Y-ONO) 

(Ph). 

(CH2) 

wherein c is equal to 0 or 1, d is an integer from 0 to 3 with 
the proviso that c is 0 or 1 when d is 0 and c is 0 whend 
is 1, 2 or 3, T and T are as above defined and Y is as 
below defined; 

F) 

(f1) 
-C(O)-(CH), 

N-(T-Y-ONO) 

(O-CH-Ph) 
(f2) 

\ (CH)-C(O)-(T-Y-ONO) 

(O-CH-Ph), 

(XI) 
whereine and fare equal to 0 or 1, with the proviso that f 

is 0 when e is 0 and f is 0 or 1 when e is 1, 
T and t' are as above defined and y is as below reported; 
G) 

(gl) 

\ R N C(O)-(T-Y-ONO) 

N-(T-Y-ONO) 

wherein R is H, CH, propyl, (CH),CH-, 1-naphtyl 
CH , benzyl, allyl, 2-bromobenzyl, 2-chlorobenzyl, 
3-chlorobenzyl, 4-fluorobenzyl, 4-bromobenzyl, 4-me 
thylbenzyl, T and T are as above defined and Y is as 
below defined; 
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H) 

(h1) 
(T-Y-ONO) 

-C(O) N O 

R4 

(h2) 

O N CO-(T-Y-ONO) 

R4 

wherein R is H. benzyl, 4-bromobenzyl, 2-bromobenzyl, 
T and T are as above defined and Y is as below defined; 

I) 

(i1) 
-C(O) NH-(T-Y-ONO) 

R5 R6 

(i2) 
H 

-N C(O)-(T-Y-ONO) 

R6 R5 

wherein R is H, R is H, or RandR when taken together 
are a double bond, Tand T'areas above defined and Y is 
as below reported; 

L) 

(11) 

N C(O)-(T-Y-ONO) 

(12) 

-C(O) N 

NH-(T-Y-ONO) 

wherein T and T are as above defined and Y is as below 
reported; 
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M) 

(ml) 

--C(O)-(T-Y-ONO) 

(m2) 

NH-(T-Y-ONO) 

wherein T and T are as above defined and Y is as below 
reported; 

N) 

(n1) 
-NH-(CH), 

N 
--(CH)-C(O)-(T-Y-ONO) 

21 

(n2) 
21 

-C(O)-(CH)-- 
N 

(CH)-NH-(T-Y-ONO) 

wherein c is as above defined, d is equal to 0 or 1, Tand T 
are as above defined and Y is as below reported; 

O) 

(o1) 

N 

N 
--(CH)-C(O)-(T-Y-ONO) 

(o2) 
(T-Y-ONO) 

N 

wherein R is H, R is H, or RandR when taken together 
are a double bond, c is as above defined, T and T are as 
above defined and Y is as below reported; 
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P) 

/ \ (p1) 
-N N-CH-C(O)-(T-Y-ONO) 

(p2) 

-C(O)-CH-N N-(T-Y-ONO) 

wherein T and T are as above defined and Y is as below 
reported; 

Q) 

(q1) 

wherein T and T are as above defined and Y is as below 
reported; 

R) 

-XO-co-it-y-oo: 

—co-C-T-Y-ONo. 
wherein T and T are as above defined and Y is as below 

reported; 

(q2) 

(r1) 

(r2) 

S) 

(sl) 
C(O)-(T-Y-ONO) 

N 

N-(T-Y-ONO) 

wherein T and T are as above defined and Y is as below 
reported; 
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T) 

(t1) 

N 
N N 

(t2) 

C(O)- 

N 
N ST-Y-ONO.) 

wherein T and T are as above defined and Y is as below 
reported; 

U) 

(ul) 
R11 

---- 
R10 R9 

(u2) 
R11 

-C(O) -it-y-oop 

R9 R10 

wherein RandR'' are H, CH, R' is CH or 4-piperidinyl 
with the proviso that R and R'' are H when R'' is 
4-piperidinyl and RandR'' are CH when R'' is CH, 
Tand T'areas above defined and Y is as below reported; 

V) 

(v1) 
C(O)-(T-Y-ONO) 

CH 

(v2) 
NC(O) 

H3C 
N 

CH3 

O NH-(T-Y-ONO) 

wherein T and T are as above defined and Y is as below 
reported; 

with the proviso that in the formula (I): 
a is 0 or a is 1 and Z is CH(R')—O— wherein R' is as above 

defined, when R is: 
(a2), (a4) or (a8); 
(as), (a6), (a8) or (a10) and R' is selected from the 

group A10); 
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(b2), (b4) or (b8); 
(b5), (b6), (b.9) or (b10) and R is selected from the 

group B10); 
(c2); 
(d5), (d6), (d9) or (d10) and R'' is selected from the 

group D10); 
(e2), (f1), (g2), (h1), (i1), (12), (m2), (n2), (o2), (p2), 

(q2), (r2), (S2), (t1) or (u2); 
a is 1 and Z is —C(O)—, when R is: 

(a1), (a3) or (a7); 
(as), (a6), (a9) or (a10) and R' is selected from the 

groups A8) and A9); 
(b1), (b3) or (b7); 
(b5), (b6), (b.9) or (b10) and R is selected from the 

groups B8) or B9); 
(c1); 
(d1), (d2), (d3), (d4), (d7) or (d8); 
(d5), (d6), (d9) or (d10) and R'' is selected from the 

groups D8) or D9); 
(e1), (f2), (gl), (h2), (i2), (11), (ml), (nl), (o1), (p1). 

(q1), (r.1), (S1), (t2) or (ul). 
Y and Y are bivalent radicals each independently selected 

from the following meanings: 
a) 

straight or branched C-C alkylene, 
straight or branched C-Co alkylene Substituted with 
one or more of the substituents selected from the 
group consisting of halogen atoms, hydroxy, 
—ONO, or T, wherein T is —OC(O)(C-Co 
alkyl)-ONO or —O(C-C alkyl)-ONO; 

cycloalkylene with 5 to 7 carbon atoms into cycloalky 
lene ring, the ring being optionally Substituted with 
one or more straight or branched C-Co alkyl chains: 

b) 

2 

wherein 
n" is an integer from 0 to 20; 
n' is 0 or 1: 
U is a linear or branched C-C alkylene optionally Sub 

stituted with a —ONO group; 
c) 

c) 
N 
--(U)-(CH)*- l 2 

- (CH3)6 COOH 

wherein 

n" is an integer from 0 to 20; 
n' is 0 or 1: 
U is a linear or branched C-C alkylene optionally Sub 

stituted with a —ONO group; 
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d) 

d) 
N 

- H --T-(U)-(CH)"- 
2a 2 
(OR)2 

wherein: 
n is an integer from 0 to 2, R' is H or CHT is —O C 
(O)— or —C(O)O—: 

n' and U are as above defined: 
e) 

1s - H --Y-T-(U)-(CH)"- 
2é 2 
(OR)2 

n is an integer from 0 to 2, 
R" is H or CH, 
Y' is —CH, CH or -CH=CH-(CH), , 

wherein n is 0 or 1, 

n' is 0 or 1, preferably n' is 1, 
U is a linear or branched C-C alkylene optionally Sub 

stituted with a —ONO group; 

1s 
-Y)-H -it-ul-cis ex 

(OR)2 

wherein: 
n is an integer from 0 to 2, 
R" is H or CH, 
Y' is —CH2—CH2— or (CH), CH=CH-, wherein 

n is 0 or 1, 

n' is 0 or 1, 
U is a linear or branched C-C alkylene optionally Sub 

stituted with a —ONO, group; 
f) 

-(CH-CH-T), 3-CH-(CH)"- 

wherein T is —O— or —S —NH , preferably T is 
-O-, n is an integer from 1 to 6; 

when Y and Y are selected from b), c), d), e), e") or f), the 
- ONO group of -(TY ONO), -(T-Y ONO), 
-(T"-Y ONO), -(T-Y ONO), -(T"-Y ONO) 
and -(T"-Y ONO) is linked to the -(CH)*— 
group; 
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g) 

R 14 R15 

-C4-Y2-C's 

r 
wherein: 

n is an integer from 0 to 10, 
n is an integer from 1 to 10, 
R. R. R. R'' are the same or different, and are H or 

straight or branched C-C alkyl, 
wherein the —ONO. group is linked to 

wherein n is as defined above; 
Y is an heterocyclic saturated, unsaturated or aromatic 5 

or 6 members ring, containing one or more heteroatoms 
Selected from nitrogen, oxygen, Sulphur, and is selected 
from the group consisting of 

(Y1) 

1s 
e 

rs. (Y2) 
N 

(Y3) 

rh . 
N 

H (Y4) 

N (Y5) 

?h 
Ne 

(Y6) 

2 
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wherein: 
n is an integer from 0 to 2, R' is H or CH, T is —O C 
(O)— or —C(O)O—, 

n' is 1 and U is a linear C-Clio alkylene or U is a linear or 
branched C-C alkylene substituted with a —ONO 
group; 

e) 

1s - H --Y-T-(U)-(CH)"- 
2é 2 
(OR)2 

n is 1, R' is CHY' is -CH=CH-(CH), and n 
is 0, 

T is —C(O)O— and U is a linear C-C alkylene; 

1s -(Y)-H -T-C-City 
ex 
(OR)2 

wherein: 
n is 1, R' is CH, 
Y' is —(CH), CH=CH and n is 0, 

n' is 1 and U is a linear C-Clio alkylene or U is a linear or 
branched C-C alkylene substituted with a —ONO 
group; 

f) 

-(CH-CH-T), 3-CH-(CH)"- 

wherein T is O— or - S - NH and n is 1 or 2, 
when Y and Y are selected from d), e), e') orf), the —ONO 

group of -(TY ONO), -(T-Y ONO), -(T"-Y - 

Feb. 18, 2010 

ONO), -(T-Y ONO), -(T"-Y ONO) and -(T"- 
Y ONO) is linked to the —(CH)*— group. 

5. The nitric oxide releasing compounds according to claim 
4 wherein 
Ris 
(a2). C(O)-CH(R') NH-(T-Y ONO.) 
wherein 
R" of the group A1) is H. 

Y is selected from 
a) 
a straight or branched C-Co alkylene, 
a straight or branched C-C alkylene substituted with a 
—ONO group; 

6. The nitric oxide releasing compounds of claim 4 wherein 
R is selected from 

(a5) R' CH(NHR) C(O)-(T-Y ONO) 
(a6) R' CH(COOR)NH-(T-Y ONO-) or 
(a8) R' CH(NH-T-Y ONO.) C(O)-(T-Y 
ONO) 

wherein 
R' of the group A10) is C(O)-CH , 
R" is Hora (C-C) alkyl, 
R“ is H or C(O)CH, 
T is selected from —O——S——NR' wherein R is as 

above defined, 
T is —C(O)—and 
Y and Y are each independently selected from 
a) 

a straight or branched C-C alkylene, 
a straight or branched C-Coalkylene Substituted with a 
—ONO group. 

7. The nitric oxide releasing compounds according to claim 
4 wherein 
Ris 
(b2) - C(O) CH, CH(R) NH-(T-Y ONO) 
R° of the group B1) is H, 

Y is selected from 
a) 

a straight or branched C-C alkylene, 
a straight or branched C-Coalkylene Substituted with a 
—ONO group: 

8. Nitric oxide releasing compounds according to claim 3 

(3)   
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-continued 
(4) 

O Ory-O 
HN ONO. 

(10) 
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-continued 

(21) 
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-continued 

(32) 
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-continued 
(37) 

O 

1n 1--ONO2 O 

NH2 

(43) 
O 

9. Nitric oxide releasing compounds according to claim 5 
-continued 

(2) 

lu 
O Yn-n-roso, 
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-continued -continued 
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-continued -continued 

(11) 

ONO. 

OH 

(22) 

ONO. 

(18) 

ONO. (27) 
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-continued -continued 
(29) 

ONO. 

(40) 

ONO. 

(33) (41) 

O ONO. NH2 ONO 

H 
NN 

OH 

O 
O O 

O 

OCOCH2CH3 
HO Q 1CH3 
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-continued -continued 
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-continued 
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12. Nitric oxide releasing compounds according to claim 1 
wherein the respiratory diseases comprise asthma, chronic 
obstructive pulmonary diseases, Acute Respiratory distress 
syndrome, allergic rhinitis and respiratory tract diseases asso 
ciated with inflammation. 

13. Nitric oxide releasing compounds of general formula 
(I) 

R-(Z)-R (I) 

and pharmaceutically acceptable salts or stereoisomers 
thereof 
wherein R is a corticosteroid residue selected from: 

(II) 

CH 
HO O 

CH 

(IV) 

OC(O)CHCH 
CH3 

-continued 
(V) 

O CH3 

O 
CH3 CH3 

HO O 

CH3 

O 

F 

a is 0 or 1, 
Z is a group capable of binding R and is selected from 
—C(O)—, or —CH(R')—O— wherein R' is selected 
from Hora straight or branched C-C alkyl, preferably 
R" is H or -CH: 

R is a radical selected from the Following meanings: 
A) 
(a1)-HN CH(R') C(O)-(T-Y ONO.) 
(a2). C(O) CH(R') NH-(T-Y ONO) 
(a3) HN CH(R-T"-Y ONO.) COOR 
(a4) C(O) CH(R-T"-Y ONO.) NHR 
(a5) R' CH(NHR) C(O)-(T-Y ONO) 
(a6) R' CH(COOR)NH-(T-Y ONO) 

Y ONO) 
(a8) R' CH(NH-T-Y ONO.) C(O)-(T-Y 
ONO) 

(a10) R' CH(C(O)-T-Y ONO) NH-(T-Y 
ONO.) 

wherein: 
R" is selected from: 
A1) H. —CH, isopropyl, isobutyl, sec-butyl, tert 

butyl, methylthio-(CH) , phenyl, benzyl, 
CHS CH2—CH2—, 

2-monosubstituted benzyl, or 3-monosubstituted benzyl 
or 4-monosubstituted benzyl wherein the substituent 
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(XI) 
whereine and fare equal to 0 or 1, with the proviso that f 

is 0 when e is 0 and f is 0 or 1 when e is 1, 
T and T are as above defined and Y is as below reported; 
G) 

(gl) 

(g2) 
-CO), 

N-(T-Y-ONO) 

wherein R is H, CH, propyl, (CHs),CH-, 1-naphtyl 
CH , benzyl, allyl, 2-bromobenzyl, 2-chlorobenzyl, 
3-chlorobenzyl, 4-fluorobenzyl, 4-bromobenzyl, 4-me 
thylbenzyl, 

T and T are as above defined and Y is as below defined, 
H) 

(h1) 
(T-Y-ONO) 

-C(O) N O 

(h2) 

CO-(T-Y-ONO) 

R4 

wherein R is H, benzyl, 4-bromobenzyl, 2-bromobenzyl, 
T and T are as above defined and Y is as below defined; 

I) 

(i1) 
-C(O) NH-(T-Y-ONO) 

R5 R6 
(i2) 

H 
HN C(O)-(T-Y-ONO) 

R6 R5 

wherein R is H, R is H, or RandR when taken together 
are a double bond, Tand T'areas above defined and Y is 
as below reported; 
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L) 

(11) 

N C(O)-(T-Y-ONO) 

(12) 

-C(O) N 

NH-(T-Y-ONO) 

wherein T and T are as above defined and Y is as below 
reported; 

M) 

(ml) 
H 

-N 

--C(O)-(T-Y-ONO) 

(m2) 

wherein T and T are as above defined and Y is as below 
reported; 

N) 

(n1) 
-NH-(CH) 

N 
--(CH2)-C(O)-(T-Y-ONO) 

21 

(n2) 
21 

-C(O)-(CH)-- 
N 

(CH)-NH-(T-Y-ONO) 

wherein c is as above defined, d is equal to 0 or 1, T and T' 
are as above defined and Y is as below reported; 
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O) 

(o1) 

N 

N 
- (CH)-C(O)-(T-Y-ONO) 

(o2) 
(T-Y-ONO) 

N 

1 
-C(O)-(CH)-- 

R8 

R7 

wherein R7 is H, R is H, or RandR when taken together 
are a double bond, c is as above defined, T and T are as 
above defined and Y is as below reported; 

P) 

(p1) 

-N N-CH-C(O)-(T-Y-ONO) 

(p2) 

-C(O)-CH-N N-(T-Y-ONO) 

wherein T and T are as above defined and Y is as below 
reported; 

Q) 

(ql) 

C(O)-CH N -C(O)-CH-N w 

\ / \-servoo, 

wherein T and T are as above defined and Y is as below 
reported; 

R) 

-XO-coity-oo: 
-C(O) —{Ot-y-oo: 

(q2) 

(r1) 

(r2) 

Feb. 18, 2010 

wherein T and T are as above defined and Y is as below 
reported; 

S) 

(sl) 
C(O)-(T-Y-ONO) 

N 

N-(T-Y-ONO) 

wherein T and T are as above defined and Y is as below 
reported; 

T) 

(t1) 

C(O)-(T-Y-ONO) 

N 
N N 

(t2) 

C(O)- 

N 
N Y(T-Y-ONO) 

wherein T and T are as above defined and Y is as below 
reported; 

U) 

(u1) 
RI 

--or-so 
R10 R9 

(u2) 
RI 

-C(O) X cry -ONO) 
R9 R 10 

wherein RandR'' are H, CH, R'' is CH or 4-piperidinyl 
with the proviso that R and R'' are H when R'' is 
4-piperidinyl and RandR'' are CH when R'' is CH, 
Tand T are as above defined and Y is as below reported; 
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V) 

(v1) 
C(O)-(T-Y-ONO) 

CH3 

(v2) 

us 
CH 

O 

wherein T and T are as above defined and Y is as below 
reported; 

with the proviso that in the formula (I): 
a is 0 or a is 1 and Z is —CH(R')—O— wherein R' is as 

above defined, when R is: 
(a2), (a4) or (a8); 
(as), (a6), (a8) or (a10) and R' is selected from the 

group A10); 
(b2), (b4) or (b8); 
(b5), (b6), (b.9) or (b10) and R” is selected from the 

group B10); 
(c2); 
(d5), (d6), (d9) or (d10) and R'' is selected from the 

group D10); 
(e2), (f1), (g2), (h1), (i1), (12), (m2), (n2), (o2), (p2). 

(q2), (r2), (S2), (t1) or (u2); 
a is 1 and Z is —C(O)—, when R is: 

(a1), (a3) or (a7); 
(as), (a6), (a') or (a10) and R' is selected from the 

groups A8) and A9); 
(b1), (b3) or (b7): 
(b5), (b6), (b9) or (b10) and R is selected from the 

groups B8) or B9); 
(c1); 
(d1), (d2), (d3), (d4), (d7) or (d8); 
(d5), (d6), (d9) or (d10) and R'' is selected from the 

groups D8) or D9); 
(e1), (f2), (gl), (h2), (i2), (11), (ml), (n1), (o1), (p1). 

(q1), (r.1), (S1), (t2) or (ul). 
Y and Y are bivalent radicals each independently selected 

from the following meanings: 
a) 

straight or branched C-C alkylene, 
straight or branched C-C alkylene substituted with 
one or more of the substituents selected from the 
group consisting of halogen atoms, hydroxy, 
—ONO or T, wherein T is —OC(O)(C-Co 
alkyl)-ONO or —O(C-C alkyl)-ONO; 

cycloalkylene with 5 to 7 carbon atoms into cycloalkylene 
ring, the ring being optionally substituted with one or 
more straight or branched C-Co alkyl chains; 
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b) 

b) 
N 
--(U)-(CH)*- 

-ch1\1 

wherein 

n' is an integer from 0 to 20; 
n' is 0 or 1: 
U is a linear or branched C-C alkylene optionally Sub 

stituted with a —ONO, group; 
c) 

c) 
N 
--(U)-(CH)"- 

1. al in 1 2 

-(CH2)6 COOH 

wherein 

n' is an integer from 0 to 20; 
n' is 0 or 1: 
U is a linear or branched C-C alkylene optionally sub 

stituted with a —ONO, group; 
d) 

d) 

--in-en 2é 
(OR)2 l 

wherein: 

n is an integer from 0 to 2, R' is Hor CH, T is —O C 
(O)—or —C(O)O—: 

n' and U are as above defined: 
e) 

1s 
(OR)2 

n is an integer from 0 to 2, 
R" is H or CH, 
Y is CH, CH, or —CH=CH-(CH), , 

wherein n is 0 or 1, preferably Y is -CH=CH 
(CH), and n is 0, 

n' is 0 or 1, preferably n' is 1: 
U is a linear or branched C-C alkylene optionally Sub 

stituted with a —ONO group; 
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N 

-Y)-H -it-on-cis ex 
(OR)2 

wherein: 
n is an integer from 0 to 2, 
R" is H or CH, 
Y' is —CH, CH or 

wherein n is 0 or 1, 
(T)'= O—C(O)—: 
n' is 0 or 1, 
U is a linear or branched C-C alkylene optionally Sub 

stituted with a —ONO group; 
f) 

(CH), CH=CH-, 

wherein T is —O— or —S— —NH-, 
when Y and Y are selected from b), c), d), e), e") or f), the 

- ONO group of -(TY ONO), -(T-Y ONO), 
-(T"-Y ONO), -(T-Y ONO), -(T"-Y ONO) 
and -(T"-Y ONO) is linked to the —(CH)*— 
group; 

g) 

R 14 R 15 

—d-y- s la ls 
R 16 R17 

wherein: 
n is an integer from 0 to 10, 
n is an integer from 1 to 10, 
R'', R. R. R7 are the same or different, and are H or 

straight or branched C-C alkyl, 
wherein the —ONO group is linked to 

wherein n is as defined above: 
Y is an heterocyclic saturated, unsaturated or aromatic 5 

or 6 members ring, containing one or more heteroatoms 
Selected from nitrogen, oxygen, Sulphur, 

and is selected from the group consisting of: 

(Y1) 

1s 
d 

Feb. 18, 2010 

-continued 

1. (Y2) 

N 
H 

H (Y3) 
N 

-?h 
N 

H 

(Y4) 

O 
(Y5) 

1S 
Ne 
N 

1s (Y6) NN - - - 
s 

N2 
1s (Y7) N 

- - - - 

es s 

1N (Y8) 
- I -, N! 

H 

O (Y9) 

1N 
N 

H 

(Y10) 
NC Y 
Q2 

H 

(Y11) 

-? - 
Q2 

H 

-N (Y12) 
-: r y 

N 
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N 

-Y)-H -it-on-cis ex 
(OR)2 

wherein: 
n is 1, R' is CH, 
Y' is —(CH), CH=CH- and n is 0, 

n' is 1 and U is a linear C-Co alkylene or U is a linear or 
branched C-C alkylene substituted with a —ONO. 
group; 

f) 

- (CH-CH-T) -CH,-(CH3)'- 

wherein T is —O— or —S— —NH-, 
n is 1 or 2. 
when Y and Y are selected from d), e), e') orf), the —ONO 

group of -(TY ONO), -(T-Y ONO), -(T"-Y - 
ONO), -(T-Y ONO), -(T"-Y ONO) and -(T"- 
Y ONO) is linked to the —(CH)*— group. 

17. The nitric oxide releasing compounds according to 
claim 16 wherein 
R is 
(a2) C(O) CH(R') NH-(T-Y ONO) 
wherein 
R" of the group A1) is H. 

Y is selected from 

97 

13 
O O 

- 
"Y- N-Nuoso, 

O 
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a) 
a straight or branched C-Co alkylene, 
a straight or branched C-Coalkylene Substituted with a 
—ONO group. 

18. The nitric oxide releasing compounds of claim 16 
wherein 
R is selected from 

(a5) R' CH(NHR) C(O)-(T-Y ONO) 
(a6) R' CH(COORNH-(T-Y ONO-) or 
(a8) R' CH(NH-T-Y ONO.) C(O)-(T-Y 
ONO.) 

wherein 
R' of the group A10) is —C(O)-CH , 
R" is Hora (C-C) alkyl, 
R“ is H or C(O)CH, 
T is selected from —O——S——NR' wherein R is as 

above defined, 
T is —C(O)—and 
Y and Y are each independently selected from 
a) 

a straight or branched C-Co alkylene, 
a straight or branched C-Coalkylene Substituted with a 
—ONO group. 

19. The nitric oxide releasing compounds according to 
claim 16 wherein 
Ris 
(b2) - C(O) CH, CH(R) NH-(T-Y ONO) 
R° of the group B1) is H, 
T is —C(O) , 
Y is selected from 
a) 

a straight or branched C-Co alkylene, 
a straight or branched C-Coalkylene Substituted with a 
—ONO group; 

20. Nitric oxide releasing compounds according to claim 
(3) 

CH 

o-7s, 
O 

(4) 

O O 
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-continued 
(10) 
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-continued 

(21) 
O 

1N1-N-ONO2 O O 

-N NH2 
O O 

s--" 

(25) 
O 

1n 1-ONO2 O 

N 
O 

(26) 
O 

1N1-N-ONO2 O 

  

  










