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15 dermatitis, inflammation, eczema, erythema, papulation,
scaling, erosion,‘ oozing, crusting, pruritis, psoriasis,
epidermalysis bullosa, erythema, hidradenitis suppurative,
warts, diaper rash, jock itch, ruber lichen planus.
Dermatitis and eczema result from inflammatory processes

20 that involve the upper dermis and epidermis of the skin.
When eczema develops, the keratinocytes in the epidermis
distend from one another and fluid is accumulated there
amongst in a process known as spongiosis.

In chronic forms o©f eczema or dermatitis the main change

25 include thickening of the epidermis, which leads to
itching, roughening and scaling of the skin surface. The
loss of water from the skin leads to inflammation of the
horny layer, which later results in cracked and sore skin.
Dermatitis is further classified into contact dermatitis

30 {allergic or non allergic), atopic dermatitis and
seborrheic dermatitis. Non—allergic contact dermatitis
occurs in respdnse to skin irritants, such as acids,

alkalis, oils, detergents and solvents.
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to the affected subject.

Skin diseases or disorders are usually treated by creams,

gels or ointments containing steroidal agents and/or
20 antibacterial agents and/cr antifungal agents.

Topical corticosteroids are a powerful tocl for treating

skin disease.

In clinical practice, for example the use of super potent

topical steroids 1is typically limited to only two weeks
25 because of their use may be associated with adverse side

effects such as skin atrophy, burning, itching, irritation,

dryness, folliculitis, hypertrichosis, acne, hypo

pigmentatioen, perioral dermatitis, allergic contact

dermatitis, maceration of the skin, and secondary
30 infection.

Although topical administration of corticosteroids

minimizes the side-effects as compared to systemic
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localized application of the dermatological agent to a skin
surface, these topical formulations have not provided a
complete solution as typically only partial improvement
25 results even with an optimal formulation, e.g., oftentimes
recalcitrant skin lesions remain, and/or treatment times
have not been appreciably shortened.
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Difluoro~17.alpha.- (l-oxopropoxy)-11.beta.-hydroxy-
30 16.alpha.-meth yl-3-oxo-androsta-1,4-diene-17-0-carbothioic
acid S-fluoromethyl ester (known by the generic name of

fluticasone propionate} and derivatives thereof, these
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20 improved pharmacological activity and lower side effect
compared to their parent compounds.

Wo00/61604 discloses nitrqoxyderivatives of
corticosteroids in which the nitrooxy group 1is covalently
linked through an “antioxidant moiety” to the

25 glucocorticoid moiety, such “antioxidant mecieties” are
compounds capable to prevent the production of free
radicals and are selected on the basis of tests described
in the patent applicaticon. The document repcrts that these
compounds can be used for the treatment of pathologies

30 associated with an oxidative stress condition in which the
corresponding parent compounds show lewer activity or

higher toxicity.
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Hyun E. et al, British Journal of Pharmacology (2004)
15 143, 618-625, relates to a study of the activity of
hydrocortisone 21-[4'-{(nitrooxymethyl)benzoate] in a model
of irritant acute dermatitis, in this study oedema
formation and recruitment of leukocytes were evaluated and
the results demonstrate that the compound has a higher
20 anti-inflammatory activity than the parent compound
hydrocortisone. The document does not report any
information regarding the effect of the compound on the
skin afterx a long-lasting treatment. Moreover the
experimental model described by Hyun E. et al 1is not

25 predictive for other dermatological disorders.

DISCLOSURE OF THE INVENTION

' The present invention solves the above-mentioned
problems by providing new nitrooxyderivatives of
corticosteroids having an improved pharmacoleogically
30 profile, better pharmacokinetic and pharmacodynamic
properties and fewer adverse side effects, in particular
the compounds of the invention show an improved local

tolerability, such as reduction of skin blanching and skin
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(II)

15 wherein
Ri is -0C{(0O}OmR; wherein m is 0 or 1, R; is a branched or
straight C;-Cio alkyl, preferably R; 1s a branched or
straight C;-C¢ alkyl, preferred R; groups are: methyl,
ethyl, n-propyl, n-butyl;

20 R; is an hydrogen atom or —-CHa;

or R; and R; when taken togethexr are the group of formula

—0 ><RA1
RA2

{(ITI)
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is a fluorine atom; or

- Ry is -0OC(O)OxR; in position o wherein m is 1 and R; 1is
15 ethyl and R; and Rs are hydrogen atoms; or

- Ry is -OC{Q)OpR; in position o wherein m is 0, Ry is n-

butyl, Ry is -CHy in position B, Rs is a fluorine atom;

Z is a group capable of binding X selected from the group

consisting of: |
20 -C(0)-, -C(O)C- or

\H/OXOY

o R Ro
(IV)

wherein R’ and R'' aré independently selected from H or

straight or branched C;-C4 alkyl; preferably Z is -C(O)- or
25 ~C{0})0-;

X is a bivalent radical having the following meanings:

a) straight or branched CC;-Cs¢ alkylene, preferably a

straight or Dbranched ¢€;-C;y alkylene, being optionally

substituted with one or more of the substituents selected
30 from the group consisting of: halogen atoms, hydroxy, -ONO,

or T, wherein T 1is -0C{0) (C1-Cip alkyl)-ONO; or -0{C;-Cyyg

alkyl)-ONO;; preferably X is a straight C,-Cyy alkylene;
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1030 integer from 0 to 5; more preferably n is 0 or 1;

BR{\list\listtenpl atei d90680
AHOOR))|evel j cO\ | evel j cnO\ |

n' is an integer from 1 to 20, preferably n' is an integer

from 1 to 5; more preferably n' is 1;

e)

(CH,)m

— (CHp)m—Zy—(CH,),

nia

15 (VI)
wherein n!?® is an integer from 1 to 20, preferably n'® is an
integer from 1 to 10;
Z; is-C(0)0- or -0C(0)-; preferably Z, is -C(QO)O-
n is as above defined;
20 n' is as above defined;
preferably in formula (VI) n'® is an integer from 1 to 10;
Z, is-C(0)0-, n is 0 or 1 and n* is 1;
with the proviso that when X is selected from the bivalent
radicals mentioned under c¢)-e), the -0ONO2 group of formula
25 (I) is linked to the —(CHa),'- group:
)
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Xy is - {CH),**~ wherein n'® is as above defined, or the

92

bivalent radical of formula (V) wherein n and n' are as

above defined;

preferably in formula (VII) Y! is —-CH=CH- (CH,).?*- wherein
15 n? is 0, 21, is -0C{O)-, n? is 1, R? is CHj, X1 is - (CH),'*-,

wherein n'? is an integer from 1 to 10;

with the proviso that in formula (VII) the -ONO; group of

formuia (I) is linked to the X; group;

g)
20 (OR?) 2
(VIII)
wherein:

Y! is -CHp-CHp- (CHz)n?®-, or -CH=CH-(CH;),**- wherein and n®*

is an integer from 0 to 10; preferably n?® is 0 or n®® is an
25 integer from 1 to 6;

n** is 0 or 1;

Z1 1s5-C{Q)0O- or -QC(0O}-:

n’ is 0 or 1; preferably n? is 1;

R’ is H or CH;; preferably R? is CHj;
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(IX)
15 wherein

X2 is -0- or —-S—-, preferably X; is -0-:

n® is an integer from 1 to 6, preferably from 1 toc 4, and

n®® is an integer from 1 to 10, preferably from 1 to &,

% is 1 or 2:

moré preferably n
20 n*® is an integer from 1 to 10, preferably from 1 to 6,

more preferably n®¢ is 2;

i)

R4 R3

[Cl7—Y*—[C] 3

RS R?
25 (X)

wherein:

n' is an integer from 0 to 10;

n® is an integer from 1 to 10;



\jclisttab\tx360}\1istid32629066}{\1ist\listtenplatei d1612842455\1i st
simplel{\Ilistlevel\levelnfcO\level nfcnO\IleveljcO\leveljcnO\levelfollo
WO\ | evel st awtoadodrdebarel spaced32\ | evel i ndent 0{\ | evel t ext \ PEOBERr20@AD 7746
}{\ I evel nunbers\' 02; }\f51\fs19\cgrid \fiO\li72
\jclisttab\tx432}\1istidl683397}{\list\Il{isttenpl atei d1284768628\1i sts
i mpl el{\listlevel\level nfcO\level nfcnO\| evel jcO\Il eveljcnO\Ilevel fol |l ow
O\l evel st art &t,458F evaf spale432) | evel isadentd{ \ Héjébtext) ' G\ '£0): H or
}{\l evel nunbers\: 02: }\ 151\ fs19\ ¢cgri d. \fi.Q\l,i 72 4 5 6 7
\jclisttab\t%ﬁ%%}il?s?Fd §689§6§{€¥T%&\ﬁ#k%%%nﬁﬁ%ﬁ%ﬁ%%ﬁ%fﬁ??ﬁ%&|Fstsﬁ
mpl el{\ i stl gwvel N} evel nfcO\l evel nfcnO\I evel jcO\Il evel jcn0O\I evel fol | ow0
\level startat46\| evel s ace432\|eve|indent0§\leyeltext\fqg(\'OO);

1{\ I evel numb&Reres?: ihs 518N §FOyPi a5\ FPENPIF2(2) 1s linked to
\chisttab\tx432}\|istid93392372}{\|ist\Ifstteanateid1672047407\list
simplel{\Ilistlevel\levelnfcO\level nfcnO\leveljcO\leveljcnO\levelfollo
WO\ | evel startat52\| evel space432\l evel in Ir,(B{\Ieveltext\'03(\'00);

}{\ Il evel unbers\' 02; }\f22\fs19\ char scal ex115\ cgri d
\fi144\li194§ﬁéf+i§t$apgt%§33;f£5§&i§gg$gj646}{\Iist\IistteanateidSB
2192710\l i stsinplel{\listlevel\level nfcO\level nfcnO\l eveljcO\leveljcn
0\l evel f ol | oWD\i®vah shakenecus ] &y e spueat o6\ Presal § ittt 038 | avetaiehq \5

"03(\" 00) : }{\| evel rs\' 02: 1\ f 22\ f.518) ri?
\fi0\|i2088\%%|ﬁ§t9§ ?ﬁgzlng%isﬁﬁﬂ%%%§§%%l} 0P X1 "SE Cennf &5 672180
9594667\ 1 i st se hptedd \ f e | revetddeaavelafyg2d\ | evéltnten23\ | evel j cO\ Il evel j

cnO\IevehLoIIO¥D}£eg§£sé§g zﬁ-—l\levelspace792\levelindentO{\IeveItext
\' 01\" 6d' ;1§\ WER fs24\cgrid \fio

evel nunbeérs;
u |
N N N
r N N N -
N H H | N

rF

(Y1) (Y2} (Y3) N (Y4) (Y5)
0
O € tF £33 %
1
l
— N N N N
N/l N7 H H H
(YG) (Y7} (Y8} {Y9) {YL0)
H
Oy
15 , .
(Y11} (Y12) (Y13);
with the proviso that when in formula (I) Z is -C{0O)- and

in formula (II) Ry and Ry both in position o are taken
20 together and forms the group of formula (III} wherein Rp
and Ra» are -CHi, R3 is a fluorine atom, then X has not the

feollowing meaning:
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V)

wherein n is 0 or 1 and n' is 1;

e)

(CH, )

—— (CHym—Z7—(CHyJ,

15 (VI})
wherein n'® is an integer from 1 to 10, 2Z; is -C(0)0O- or -
OC(O)=-, n is Q0 or 1 and nt is 1;
with the proviso that when X is selectéd from the bivalent
radicals mentioned under c)-e), the -~ONO; group of formula

20 (I) is linked to the -(CHz)a'- group:

£)
A
—(¥Y" L Xi—

(OR?), 2

(VII)

25 wherein:
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or in formula (VIII) n®® is 0, 2, is -0C(0O)- or -C{(O)0O-, n

2

is 1, R® is CH; and ¥; is =(CH),'®- wherein n'® is an integer
15 from 1 to 10;

with the proviso that in formula (VIII) the -CNO, group of

formula (I) is linked to the X, group:

h)
—[(CH,)=5 Xl (CH, )
20 {IX}
wherein
Xo is -0O-;

n’ is an integer from 1 to 4;

n® is 1 or 2;

25 n’¢ is 2;
One preferred embodiment of the present invention is
compeunds of formula (I)
R-Z-X-0NO;
(I)
30 wherein R is the corticosteroid residue of formula (II)

above reported wherein:
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(V)

wherein n is 0 or 1 and n' is 1;
15 &)

(CH)m—

— (CHym— Z—(CH,),

nia

(VI)
wherein n'® is an integer from 1 to 10, Z; is-C{0)0O- or -

QC{0)-, n is 0 or 1 and nt

is 1;
20 with the proviso that when X is selected from the bivalent
radicals mentioned under c¢)-e), the -0NQO; group of -formula

(I) is linked to the -(CHa)n'- group:

£)
—-—(YU{EZ;;}-Zﬂrfxr-

(OR%),2
25
(VII)
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}\Fi1648\ 11648\ sb180\ sl - 334\ sl nul t O\ now dct | par\adj ustri ght
\ f 16\ f s24\ expnd4\ expndt w22\ cgrid { The present invention %e[iffj\to
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H\exp _ m%[r gg/\om yder e
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\par }\fi-504\sb108\sl|-319\sl multO\now dctl par\adjustright
\ fs26\ expnd3\ expndtwl7\cgrid {5 }{\fs24\cgrid thereof, and their use
for treatingsihiozeszzmucosal }{\fs24\ expndO\ expndt w 4\ cgpd-Frsiesanaae
di seases or disorders. \par
FAFiO\Ii 3816\ sb144\ sl - 191\ sl nul t O\ nowi dcs{ par\ adj ustri ght
\ f 10\ f s20\ expndO\ expndt w0\ cgri d { BACKGROUND ART \ par
}\fi1648\11648\sl-331\sl rrul t @\ now dct | par\ adj ustri ght
\ f 16\ f s24\ expnd2\ expné{s BZON%e skin or nucosal

menbr ane di seaseg, or pnd3\ pn \cgrl d disorders are the
result of |anarrma 3 by \ par” }\pard
\'s4\ qj\fi-648\ #6448 C ‘Osl 67\ sl nul t 0\ now dct | par\ aspal pha\ aspnum
nocw ap\ adj us . \bl ai n \csb\f16\fs26\ expnd4\ expndt w23\ cgrid {10
}{\fs24\cgri 8 |nflammtory a ents such as, but not limted to,
H\ fs24\ expnd- 1\ expndt w- 5\ cdgrild bact erial fungal, viral, parasitic,
aut oi mune, allergic, }{\fsg4\expndO ‘éﬁﬂ%?? cgrid hornonal and/or
mal i gnant i nfl anmat or y._age _~he H\ fs24\ expnd1\ expndt wB\ cgri d
common skin di seases orf “q,u%order i nclude, but is not
F{\ fs24\ expndO\ o"f ﬂ %Q# li%ite d to, corticosteroid-responsive

(46)

(49) (50)




\par }\ri72\sl-363\sl multO\now dctl par\adjustright

\ expndO\ expndtw4\ cgrid {15 }{\fs24\cgrid dermatitis, inflanmmation,
eczema, erywoenwyopapul ation, }{\fs24\ expndO\ expndt w 2\ cgrince28mabt7ag,
erosi on, oozing, crusting, pruritis, psoriasis, }{\fs24\expnd-1
\expndtw6\cgrid epidermal ysis bullosa, £fythema, hidradenitis
suppurative, }{\fs24\expndO\expndtw 4\cgrid warts, diaper rash, jock
itch, ruber lichen planus.§\par }\pard

\'s2\ gr\ri 36\ sb108\sl - AN Ogetiedct | par\ aspal pha\ aspnum nocwr ap\

\s4\ gj\fi-648\1iEsersH 363\ sl rrul t O\ now dct | par\ aspal pha\ aspnum
nocw ap\ adj ust r

Cespnd0\ expndt wO\ cgrid When e czenma devel ops, the
keratinocytes in the epidermps }{\fs24\ expndO\expndtw2\cgrid distend
fromone another and fluidois accunul ated there

H\ f s24\ expndO\ expndtw4\ g% in a process known as
spongi osi s. \par }\pard )%‘c’
\s2\gr\ri 36\sb108\sl - 2™ fimul t O¥AGer act piar\ aspal pha\ aspnum nocwr ap\

adj ustright \pl af9 6 S expndO\ expndt w3\ cgrid {In chronic




\par }\pard
\s4\qgj\fi-648\1i648\sb108\ sl -365\sl nult0O\now dctl par\aspal pha\ aspnum
nocw ap\ adj wetnemghsssk pl ai n \ cs5\ f 16\ f s26\ expnd3\ expndt wigyger2uak/of29s
}{\fs24\cgrid include thickening of the epiderm s, which |leads to
}{\fs24\ expndO\ expndt WO\ cgri d itching, rs9ughening and scaling of the
skin surface. The }{\fs24\expndO\expndtw 1\cgrid | oss of water from
the skin leads to inflanmmgion of the }{\fs24\expndO\ expndtw 4\cgrid
horny | ayer, which later & oi:oin cracked an@ oo, \ par
}\pard
\s2\gr\ri 36\sb108\sl
adj ustri ght \pl a9

j ont act der

further classifigd _

\s4\ gj \fi - 648\ @@ 6144\ s - 363\ sl
nocw ap\ adj us pl ain \ cs5\f 16XT xpnd4\ expndt w23\ cgrid {30
}{\fs24\cgrid (al{sggic or non allergic), atopien)dermatitis and
}{\fs24\ expndl\ expndtwb\ cgrid seborrheic d ermatitis. Non-allergic
contact dermatitis }{\fs24bexpndl\ expndtw8\cgrid occgrs in response
to skinirritants, such 3; chdsh \bs24\ expnd1\ expnﬂn@%ﬁyb\gﬁl d

. H{\ fs24\ expndl\ expndtv\B\c rd, }{\f524\ expndO\gxp q)tw-4\cgr| d

al kalis, oils, deterg

2 2

(63) {64)

10




\ par

}\ pard\ pl ai n\sect\ sect d\ st extfl ow0O\ mar gl sxn1487\ mar gr sxn1371\ mar gt sxn
1066\ mar gbsywa208Rktdsnex0\ sect def aul t cl \ pard\ pl ai n PCT/EP2006/007746
\'s2\ i 432\ sl -194\ sl mul t O\ nowi dct | par\tgr\tx8633\ aspal pha\ aspnum nocw
ap\ adj ustright \cs3\f22\fs18\expnd- 1\ exppgtw 6\cgrid { WD 2007/
025632\t ab }{\ expndO\ expndt wO\ cgri d PCT/ EP2006/ 007746 \par }\pard
\'s2\ 114680\ sb216\ sl -216\ sl mul t O\ now dtt | par\ aspal pha\ aspnum nocw ap\ a
dj ustright \f16\fs24\expndQ\e gri~xd-t2-SNvar

PNaj\1i576\ri 72\ sb180\ sl - 361\ | t O\ now dct | par\ adj ustri ght

\ expnd4\ expndt w21\ cgrid {Al [®rgic contact dermatitis occurs as a
result of }{\expnd-1\ &prdtdw5\¥Yri d sensitization to repeated
exposure to an am'. A -} {\ expndl\ expndt w8\ cgrid con tact

=0

dermatiti s appearg Eﬂ}- areas that were in
H{\ expndO\ expngfin2 Cqr d direct contact with the antigen. \par
}\pard
\s4\qj\fi-502\|i576\ri7 \.sb108\ sl - 357\ sl mul t O\ nowi dct | par\ aspal pha\ as
pnum nocw ap\ adj ustrig 6)\plain \csb\f 16\ fs26\ expnd3\ expndtwl7\ cgrid
{5 }{\fs24\cgrid Atopic dermatitis] which affects mainly infants, is
}{\f524\expnd0\expndtm+2\?ﬂii arg” >~ e

0 O

(69)

10 Another embodiment of the present invention is the use
of compounds of formula (I)
R-Z-X-ONO,
(I}
for treating skin or mucosal membrane diseases or
15 disorders, wherein in formula (I}:

R is the corticosteroid residue of formula (II}:



cterized by sensitization of the skin to a wi de range

}{\ fs24\ expndO\ expndt w4\ cgrid of common antigens. \par }\pard

\'s2\ gc\ | i 50doshod@Rdsask - 331\ sl mul t O\ nowi dct | par\ aspal pha\ aspmerthisacrmap
\adjustright \plain \cs3\f16\fs24\expndl\ expndtws\cgrid {Seborrheic
dermatitis affects the scalp and other hairy\line

}{\ expndO\ expndt w2\ cgrid areas, the face, and flexural areas and
results fromyeast \par }\pard

\s4\qgj\fi-576\1i576\ri 72\ sb108\sl - 368\slnultO\noanéélpar\aspalpha\as
pnum nocw ap\ adj ustri ght \plain \cs5\f16\f526\exp OV'expndtw- 1\ cgrid
{10 }{\fs24\cgrid or bacteria induced infla :
suffer from}{\fs24\ expndl\ expndtws \cgrid dasgruff that is a mld
form of seborrheic dermatitis. }{\st4\expndﬁ%:x- rgdt WO\ cgri d

Psoriasis is a dom nant aut osomnal y
H{\fs24\ expnd3\ expndtwl7\ cgri d di sease 'edfﬁy enhanced
proliferation of }{\fs24\expndO\ exprigtya brati nocytes whi ch

(IT)

wherein

R, is -0C{O)OszR; wherein m is 0 or 1, Ry is a branched or
5 straight C;-C;p alkyl, preferably R; 1s a branched or

straight C;~Cs alkyl, preferred R; groups are; methyl,

ethyl, n-propyl, n-butyl;

R is an hydrogen atom or —-CHs;

or R; and R, when taken together are the group of formula
10 (III)

_ ___CE><:jRA1
Raz
(ITT)
wherein Ra; and Rap are independently selected from H, a C;-
Cip linear or branched alkyl chain, preferably (C1-Cs)
16 alkyl; more preferably Ra and Ra are -CH; and the group of
formula (III} is a isopropylidenedioxy:;
R; and R can be linked to the carbon atoms in 16 and 17 of
the steroidal structure in position « or 8;
R; is a hydrogen atom or a fluorine atom:;

20 preferably in formula (II) R;, R, and Rs3 have the following

meanings:



\par }\sl-355\slnmultO\now dctl par\adjustright \expndO\expndtw 3\cgrid
{15 }{\fs24\cgrid scaly plaques on, for exanple, the knees, el bows,
butt ocks, }ofse&eespndO\ expndtw 4\cgrid and whi ch are aasti@bicmathy
unpl easant and cause disconfort to the affected subject. \par }\pard
\s2\fi288\1i288\ri72\sb108\ sl -353\ sl nmul tp% now dct | par\ aspal pha\ aspnum
\ nocwrap\ adj ustright \plain \cs3\f16\fs24\ expndO\ expndtw 2\cgrid
{Skin di seasesrprartti SOr ders arepusualiby &reatetabyncteqdbher and forms
}{\ expnd3\ exEndt wl8\ cgri d gel s_or Qi nime ts contai nicpgR st er oi dal
agents and/ of§{9FS9R\ BXphdeTEXpndth \88?FGlQORM and "Ry are -CHs, Rj
}{\ expndO\ expgdf wil\eand andmbagterial agents and/or antifungal
agents. \par }\fiO\li576\sl-316\sl nultO\now dctl par\adjustri ght )
\ expnd0\ expndt RO\ §r r@C{ PoPrRiali e P2 oiierdi WReBe €" aMporerlf ANG ddl 1S
for treatd ng.skin, dkSGASLR.\PAE hydrogen atoms; or _
}\qc\li504\ri 0\5b144 sl - 338\ sl rruI}fO\ now dct | par\adjustright {In
clinical practRceisfoPCdRafipgte irhepesietishn supéhepptent\ Lsnd, Ri is n-
{ expndil expagy S\ anisd ol £al pSL & ALAS T %t VBT Ak Yo LB oA 0
only two weeks *7" °° - T

Z is a group capable of binding X selected from the group

consisting of:

10 -C{0)—-, -C(0)0O- or
g
o R R g

(IV)

wherein R’ and R’’ are independently selected from H or -

straight or branched C;-Cy, alkyl; preferably Z is -C(0)- or
16 ~C(0)0-;
X is a bivalent radical having the following meanings:
c) straight or branched C;-Cy alkylene, preferably a
straight or branched C;-Cyg alkylene, being opticnally
substituted with one or more of the substituenis selected
20 from the group consisting of: halogen atoms, hydroxy, -ONO;
or T, wherein T is -0C{0O) (C3-Cip alkyl)-ONQO; or -0{C;~Cjg
alkyl)-ONO;; preferably X is a straight C;-Cio alkylene:
d) a Cs—Cy; cycloalkylene group opticnally substituted with
linear or branched C1-Cyp alkyl group, preferably CHjs;
25 ¢)

CH,),—
—(CH,J,

(V)



\par }\pard
\s4\qgj\fi-576\1i576\ri 72\ sb108\ sl -357\sl mul t O\ now dct | par\ aspal pha\ as
pnum nocw aphoemdpurbeseght \ pl ain \ cs5\f 16\ f s26\ expndO\ ex prcit/meosgntds
{25 }{\fs24\cgrid because of their use nay be associated with adverse
side }{\fs24\expnd-1\expndtw 7 \cgrid eftects such as skin atrophy,
burning, itching, irritation, }{\fs24\expnd4\expndtw22\cgrid dryness,
folliculitis, hypertrichosis, acne, hyp ar }\pard

\'s2\1i 576\ sb108\ sl - 281\ sl mul t O\ nowi dct | ) %ﬁ64glo\tx4435\tx6415\t
gr\t x8906\ aspal pha\ aspnum nocw ap\ adj ud yht “Y pi'ali n

\ cs3\ f 16\ f s24\ expnd- 1\ expndt w--6\-gGH, ¥ : éﬁtion,\tab perioral\tab
}{\ expnd- 1\ expndtw8\cgrid dermatitis,\tab (? lerg ic\tab

}{\ expndO\ expndt wO\ cgrid contact \par } pa{d
\s2\fi576\ri 72\ sb108\ sl - 320\ sl mul t O\ nowi dct | par\t x2542\t x5810\tgr\t x8
906\ aspal phavaspaim nocwr agn adhueded ghtom eR phd- 2Vex prdtiwrb®lagri dis an

{dermatitis, \ d3\ exp dt&%@\ i ratign.of the\tab
}{\expnd-4\e%%ﬁggéﬁ23?§§r?d€§kgh, é%%g%ﬂggggﬁgoge;%ngtéﬁ\Egrid and
secondaryi!liné }¢§\és26hexpadOfexpndt wo\ €@y i grdferably n' is an integer
}{\expndO\exggg%mg\ggrgd infectio

more pref%rably n' is 1;

e)

(CH,)=
- (CHz)nT Z;—-(CHZ n

(VI)

2 i3 an integer from 1 to 20, preferably n'? is an

10 wherein n
integer from 1 to 10;
Z1 1s-C{(Q)0- or -0C{0)-; preferably Z; is -C(0O}C-;
n is as above defined;
n' is as above defined;

15 preferably in formula (VI) n'® is an integer from 1 to 10;
Z, is-C(0)0O~, n is 0 or 1 and n! is 1;
with the proviso that when X is selected from the bivalent
radicals mentioned under c)-e), the -ONO, group of formula

(I} is linked to the - (CH:)a.'- group;
20 f)
_““(Y‘)@’ZFXF“
(()F(z)nz

(VII)

wherein:



\par }\pard
\s2\fi648\1i576\ri 72\ sb144\ s| - 331\ sl mul t O\ now dct | par\ aspal pha\ aspnum
\ nocwr ap\ adygShéiiys: \ expndl\ expndt wo\ cgrid { Al t hough t ogi@@s2006/007746
adm nistration of corticosteroids }{\expnd3\expndtwl8\cgrid mnimzes
the side-effects as conpared to system c,)par
}\ pard\ pl ai n\sect\sect d\ st ext fl ow0O\ mar gr sxn1399\ mar gt sxn1086\ mar gbsxn
2078\ | i nex0\ gecigdef-gubtah-pamd) praj Nor -CH=CH- {CHz) »**~ wherein and n®
\'s2\ | i 504\ sl -223\ sl mul t O\ nowi dct| par\t ar\ t x8662\ aspal pha) a58num nocwr
ap\ adj ust ri ght TBs3PEEEEFsIABKphdt8\ dRpndFRL2ATRGYi @ (W O or 1s an
2007/ 025632\ { @bege £ \ £XMN A RAexpndt w38\ cgrid PCT/ EP2006/ 007746 \ par
}\ pard
\s2\1i 4752\ shr16%srC816t 5| Atil tOVALW dct | par\ aspal pha\ aspnum nocw ap\ a
djustrig \ gx \ dt I
PNagj\li 6?8\ ri 7 %ggjl \%%I r?gllglm now dctl par\ adj ustri ght
\ expndO\ expn%ﬁvm\cﬂgrqrdcﬁadnvneétrablmrfi tiseCHet i ve conpounds are
still absorbgd \ ex O\exp 4\ cgnkd;int g t I CLIL on V\/her ”
they are syts%?emléal I{;ﬂgct i veugﬂ%eip%{dm expnﬁ’f wLrl gljgrl(&l ﬁl&/ “the
absorption ofitabiral reditetostfer bodsulan (Veswhierein n and n' are as
}H{\ expndO\ exp dt V\BA églrl d, in reversibl e hypothal am c-pituitary-adrenal
(HPA) axi s ove efined;

10 preferably in formula (VII) Y' is -CH=CH-(CHj),?*~ wherein

n® is 0, 2, is -0C(0)-, n? is 1, R® is CH3, X; is —(CH)."-,
wherein n'® is an integer from 1 to 10;
with the proviso that in formula (VII) the -~ONO:, group of
formula (I) is linked to the X, group:;

15 g)
//I::;EP_(Ygﬁyzr_iKr_
(OR?),2
(VIII)
wherein:

Y! is -CHp-CHy- (CHa)o%%-, or -CH=CHE-(CH2},**- wherein and n®
20 is an integer from 0 to 10; preferably n®*® is 0 or n®*® is an
integer from 1 to 6;
n*® is 0 or 1;
Z1 is-C(0)0- or —-0OC(O)~-
n? is 0 or 1; preferably n® is 1;
25 R? is H or CH;; preferably R® is CHj;
X, is - (CH),'*- wherein n'* is as above defined, or the
bivalent radical of formula (V) wherein n and n' are as
above defined; .
preferably in formula (VIII) n’*? is 1, vl is -CH=CH-
30  (CHz).2®- wherein n® is 0, 21 is -C(0)0~, n® is 1, R? is CHj,

la

X, is = (CH)g'®- wherein n!® is an integer from 1 to 10; or in



\par }\pard

\'s4\qgj\fi-504\1i648\ri 72\ sb108\ sl - 367\ s| mul t O\ nowi dct | par\ aspal pha\ as
pnum nocw awoadymsidst ght \ plain \cs5\f 16\ fs26\ expnd5\ expratmdspaiid
{5 }{\fs24\cgrid suppression, Cushing' s syndronme-like synptonis,

}H{\ fs24\ expndO\ expndt w1\ cgrid hyperglyc,g¢m a, effects on bone growth
in children and on }{\fs24\ expnd- 1\ expndtw 8\cgrid bone density in
the el derly, foctuhbs ¢onpl) cat’ ass o(,catlatactocw)— or -C{0)0-, n® is 1,
}§>L;ﬁ3\ eﬁggdp}l\e%gndtwﬂéc lr |l% f_o<rcm§1tiaon Inaugepmag é;lnndlntkeger £ rom
\s2\ gj\fi576) 1 ¢f2)@j 72\ sb108\ sl - 334\ sl mul t O\ nowi dct | par\ aspal pha\ aspn
um nocw ap\ adj ustright \plain \cs3\f16\fs24\ exgndO\ expndtw 1\cgrid

{ Fur t her nor e ¥RchYphpraxt 80 nkhaF estl £oFPehi t eI bk bRet [ENOz group of
H\ expndQ) expagdt o) gnl d 40 foRicalo sher al dyrdnas

}\fi1648\ 11648\ sl -360\sl nmul t 0\ now dct | par\ adj ustri ght

\ expnd- 1\ exp]htltw-S\ cgrid {Wiilst the nodern glucocorticoids are very
much safer }{\expndO\expndtw 4\ cg g‘? originally

i ntroduced, it remains an object (S? )En?"gﬁgm ndtw 1\cgrid researc
h to pr oduce new nol ecul es and formul ations havi ng

}{\ expndO\ expndt w4\ cgrid an inproved cl¥$i cal efficacy, and reduced

ere

side effects % %{ }\pard
\sa\gj \fi-6480TT64B\ ri 72\ sb108\ s| - 368\ s| mul t O\ nowi dct | par\ aspal pha\ as
pnum nocMr ap¥adjsusto-i giet \Splrai n \ cs5\ f 16\ f s26\ expnd1\ expndt wo\ cgri d

15 }{\fs24 i | ndt woh ¢
Loy (it s ‘\‘foq el SERLETY 3nfi 0LCR) SpDaYE DIRP ARe!ORRA 40 iy

is an integer from 1 to 10, preferably from 1 to 6,

3b

more preferably n’ is 1 or 2;

n’® is an integer from 1 to 10, preferably from 1 to 6,

15 more preferably n°® is 2;
i)

R¢ RS

|

[Cl7—Y*—[C] 3

RS R7
(X)
wherein:
20 n'’'is an integer from 0 to 10;
n® is an integer from 1 to 10;
R', R®, RS, R’ are the same or different, and are H or
straight or branched C;-C, alkyl, preferably R*, R’, R% R’
are H; '

25 wherein the —-ONO; group of formula (I} is linked to

|
—Ie)

5

wherein n’ is as defined above;



rease the efficiency and/or effectiveness of a topical

H\ fs24\ expndl\ expndt w7\ cgrid agent, although thus far such protocols
have nmet W W 2hdobss34\ expndO\ expndtw 1\ cgrid |imted sucaeaasds®iries
exanpl e, dernatol ogi cal agents.have }{\fs24\expndO\ expndtw 3 \cgrid
been provided in a variety of topical foygwulations such as \par

}\ sl -369\ sl mul t O\ nowi dct | par\ adj ustri ght \expndO\ expndtw 2\cgrid {20
H{\fs24\ cgridf areans,hddtonssligel sa@andtiehie |lurea tiutaattiernpt stomatic 5
i ncrease the delivery efficiency. However, while enablin irect,

}{\F 524 expritf: 1\%exBREPSEB CGrTdY | GERIPIBAMGpiTiCab ofObf (et croatons
der mat ol ogi cad 1 age M nSkirdgeh) f 924y expnd@) expndt wil cgrid surface,
t hese topical fornulations have not provided a

H{\ f 524\ exprRft eb it WSS ifd %®onpl et e sol ution as typically only
partial inprovenent \par }\sl- 357\s|nu|t0\nomndct|p r\adjustright
\expndO\expndtMF4\cgr|d {25 }{\f524\cgr| results e en with an

opti nmal fornulatlon entinmes }{ 524\exp xpndtm#l\cgrld
recal ci trant eS|ons enal , and/ qr tr at men t|
}{\f524\cgr| ot been ap reci abl sh rtene

5 '
{Y1l) (Yzy (Y4d) (YS)
O {l{\ (OJ T
o A )
(Y6) (Y7) : (Y8) (Y9) {Y10)
10 (Y11) (Y12) (Y13} :;

The most preferred compounds cf feormula (I), above
reported, that can be used for treating skin or mucosal

membrane diseases or disorders are:




\par }\pard
\s2\gj\fi648\1i648\ri 72\ sb108\ sl - 331\ sl nmul t O\ nowi dct | par\ aspal pha\ asp
num nocw apwadjoerzdzgdzght \ pl ain \cs3\f 16\ f s24\ expnd- 1\ ex ppei/np00ca8F74 6l
{U.S. Pat. No. 4,335,121 discloses 6.al pha., 9.alpha.-

}{\ expndO\ expndt w 3\ cgri d D'fluoro-17.alyg -(1-ox

opropoxy) - 11. bet a. - hydr oxy\ _}{\fs20\ expndO\ expndtwO\ cgrid \par

}\ pard

\s4\gj\fi-648\1i648\ri 72\sb 8\s| 355\ sl mul t O\ nowi dct | par\ aspal pha\ as
j i \Lzsgwj16\f526\expndO\expndtMF4\cgr|d

-17 0 car bot hi oi ¢ H\ f s24\ expndO\ expndt wl
ester (known by the generic nane of
}{\f524\expnd A exipnd ﬁﬁ\cgrld fluticasone propionate) and derivatives
t hereof, the8e \par
}\pard\plaln\sect\sectd\ste&?flomD\nargIsxn1451\nargrsxn1407\nargtsxn

\s2\1i 432\ sl - 193\ sl nu°rp @\ t x8647\ aspal pha\ aspnum nocwr
ap\ adj ustri ght \®X 31 Lﬁkz%cg@mu {WD 2007/ 02563 2\tab
1{\ expnd0\ expndiwil cgli PFCT/ EP2006/ 007746

10

(11) (12)



\par }\pard _

\'s2\|i 4680\ sb216\ sl - 186\ sl nul t 0\ now dct | par\ aspal pha\ aspnum nocw ap\ a
dj ustright Wwedpodsespndtwol\cgrid {4 \par }\pard PCT/EP2006/007746
\'s2\|i648\sb180\ sl -288\sl nmult O\ nowi dctl par\tqr\tx3024\tx3628\tx4744\t
gr\t x8884\ aspal pha\ aspnum nocw ap\ adj ust £} ght

\f 16\ f s24\ expnd- 1\ expndt w- 6\ cgri d {conpounds\tab

H\ expnd- 2\ expndt w- 10\ cgri d ¢have\tab }{good\tab 0

H \ expndO\ expndt w- 4\ cggy | ammat or y\d.ab OJK/\/\ONO

}{\ expndO\ expndt yg\ . vity, “\ par yp) pand], ’

\'s2\1i 648\ sb108\s Vgt O\ now det | p @ . p@’gaspnum nocw ap\ ad

D ;Y on topical

applications. A dc i 576\ sl - 338 \Hnovm dct | par\ adj ustri ght

\ expndO\ exanltWL 2\ Cogrid {EP 0929565 i scl 6ses ni troxyesters of

corticosteroids that\liin® }{\expnd2\ expndt wi3\ cgri dlér’mng system c

uses can be used for the treatnment of \par }\pard

\s4\ gj\fi-504\1i648\ri 72\ sb 8\ sl - 367\ sl mul t O\ nowi dct | pgr\ aspal pha\ as
¥ bﬁwc'w\“f“fe\ f 526\ exph‘ :

{5 }{\fs24\ cgri diderrndis
}H{\ 524\ expndO\ expldt W\ ee® i di scl os

10

AN g OO,

OMe




es nitroxyesters of corticosteroids in which the

}{\fs24\ expndO\ expndt w 1\ cgrid nitroxy group is covalently |inked
through an @lgoshr@babn }{\fs24\ expndO\ expndt wi\ cgrid to $REepr00s007746
gl ucocorticoid noiety. The document reports that

H\ fs24\ expnd3\ expndtwl7\ cgrid these nitgoderivatives of steroids,
after systemc \par

}\fi-648\sb144\ sl -365\ sl nul t O\ now dgt | par\ adj ustri ght

\expnd1\ expndtwé\ cgrid {10 }{\fs2d\eqrird adubm,stration, displayed
enhanced efficacy and bett epL}{ 24\'expnd- 1\ expndt w8\ cgri d system c
tolerability, such as Bgttef "gasific tolerability, }{\fs24

\ expndO\ expndt w 2Rcgmild -f@d»c@ed ows di ovascul ar side effects, conpared
with their }{\fs2{ ‘(‘éxpndtw—4\cgri d parent conpounds. \par

H

2\~ 4\ sl mul t O\ now dct | par\tx3528\tx5400\tqr\tx8884\ a
spal pha\ aspnum nocw ap\ adj ugtyri ght \plain

\ cs3\ f 16\ fs24\ expndO\ expndt ws 4\ cgrid {WO03/ 064443\t ab

H \ expnd- 1\ expndt w- 8\ egqr jg scloses\talrHdmel t rooxyderi vati ves\tab




\par }\pard

\s4\qgj\fi-576\1i576\ri 72\ sb144\ sl -368\ sl nul t O\ now dct | par\ aspal pha\ as
pnum nocw awoadiveidse ght \ plain \csS\f16\f526\expnd0\exgnﬁmwa&kﬂgfma
{15 }{\fs24\cgrid corticosteroids in which the nitrooxy group is
coval ently }{\fs24\ expnd4\ expndtw2l \cgrig |inked through an aromatic
or a heteroarylic ring }{\f524\expnd2\expndtma4\cgrid cont ai ni ng

| i nker to the glucocortigpid noiety. The
}{\f524\expnd3\expndtmﬂ7\cgp|d docunent reports that these
-.f~-£M§xpndtm9\cgr|d ste roids, after

|\ﬁbmndct par\adjustrlght
\ expndO\ expndt @ }{Xfs24\cgrid inproved pharnacol ogi ca
activity and |
conpared to fhei’r parent conpounds. \par }\pard

\'s2\ 111296\ sb108\ sl - 266\ sl %0\ nowi dct | par\t x3528\t x5400\ t gr\ t x8884\
aspal pha\ aspnum nocw ap\ adj ustri ght \plain

\ cs3\ f 16\ f s24\ expnd0\ expndt vy 4\cgr|d W00/ 61604\t ab

H\ expnd- l\expndtMF8\8~ Ctab }{\ expnd- 2\ expndt w 10\ cgri d
‘ Jﬂmuammcgrid of




\par }\pard
\s2\1i648\ri 72\ sb108\ sl - 335\ sl mul t O\ nowi dct | par\tqgr\tx3024\tx3528\t x4
168\t x6271\ﬁ,§,72§§,§,\2g6g5\ t x8884\ aspal pha\ aspnum nocw ap\ adj g¢ste608k007746

\ expndO\ expndt w1\ cgrid {corticosteroids in which the nitrooxy group
is covalently\line }{\expnd- 1\ expndtw 6 % grid linked\tab

}{\ expndO\ expndt w4\ cgrid through\tab }{\'expndO\ expndtwO\cgrid an\tab
H\expnd- 1\ expndt w8\ cgri & "anti oxi dant\tab }{\expnd0\expndtw 4\cgrid
noi ety"\tab }{\expndO\ex ,dH%M»Q\,c—g\r)cho; o\tab the \par §\pard
\s4\gj\fi-648\1i 648\ rf gsb 08\'sl - 371\ sl nul t O\ nG¥

pnum nocw ap\ adjHogt ol
{25 }{\fs24\cgri

ophal as
\ expndt we\ cgri d

Xi nt noieti es”

lHucocpriti coi d noi ety,

{?ndt \C/’vlS\cgri d co ¢
production of {\ fs24\ expndO\ expngFw=Atcgrid radicals and are
sel ected on the basis (%fg tests descri bed (39)
H{\ fs24\ expnd- 1\ expndt W-é\cgri d in the patent application. The
docunent reports that these }{\fs24\cgrid conmpounds ¢ an be uysed for
the treatnent of pathol ogie§
}\ sl - 357\ sl mul t O\ nowi &gt-Mpat St g, | expndO\ eXfAaton-~4 CoF T k{38,
}{\fs24\cgrid asgQcialse 'toh an oxidative styges 0 SLioon in which

: \Fc?gri d correspondi O/cor‘?pounds show

-4

(40) {41)

10




\cgrid higher toxicity. \par

}\ pard\ pl ai n\sect\ sect d\ st ext fl ow0O\ mar gl sxn1452\ mar gr sxn1406\ mar gt sxn
1066\ mar gbswokddAesdznex0\ sect def aul t cl \ pard\ pl ai n PCT/EP2006/007746
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}{\ expndO\ expndt wO\ cgri d PCT/ EP2006/ 007746 \par }\pard

\'s2\1i4680\sb216\ sl - 188\ sli ItO\nomndctIpar\aspalpha\aspnun\nocwwap\a
dj ustri ght \expndO\exB P2ONG,
PNaj Vi 648\ ri 72\ \sI wi dct | par\ adj ustri ght

\ 16\ f s24\ expndO\ e pn |d {The above- nenti oned docunents do
not disclose t 0}{\expnd 1\ expndtw8\cgrid of the

ni t rooxyderi vat.ixe§ Jof cortlcoster0|ds after topical }{\expnd3
\expndtmﬂG\cBrld adm ni str 3n and in particular do not report any
4Pdr mat i on req&hgkng the | oca

}{\ expnd2\ expndt wi4\ cgrid i
tolerability of the

10




\par }\ql\li144\riO\sb108\sl-280\slnultO\now dctl par\adjustright
\ f s26\ expndO\ expndtwO\ cgrid {5 }{\fsZ24\cgrid conmpounds. \par

P\ aj \ i 648\ wiordyGl2se3®5\ sl mul t O\ now dct | par\ adj ustri ght \dE2eB26@fob 46
{NO 97/ 34871 di scloses nitrosated or nitrosilate steroids
}{\expnd- 1\ expndtw8\cgrid and their use;for the treatnent of
respiratory disorder, in }{\expndO\expndtw 2\cgrid particular d
escribe the activity i¢51g pul nronary nodel of }{\exmgndl\expndtwe\cgrid
allergic asthma and |ung ipflammation of

9-fluoro-11P\ _}{\fO0\fs20\cHuie \-5¢W§\pard
\sd4\qgj\fi-648\1i648\ri,7r2\}sh108\ 35 bﬁgltO\nomndctlpar\aspalpha\as

pnun\nocmwap\adjustr|-’- \mLﬁLpr/csg fI6\fs26\cgrid {10 }{\fs24\cgrid
hydr oxy- 16a, 17a- {9 RiRyP et iyl T"dene) bi s(oxy) ] pregna-1, 4-
ooxy) - but anoate. The patent

di ene- 3, 20- di ong:-P
f¥ 2\ cgrid application does not nention the use

H{\ f 524\ expnd
of the conpoyfitte {\fs24\ expndO\ expndtw 4\ cgrid treatnent of skin

di sorders. \par }\pard CH,ONO,
\s2\gr\ri 72\ sb108\ sl - 296\Mnovm dct | par\ aspal pha\ aspnum nocw ap\

adj ustright \plain \cs3\fof6™MsS24\ expndO\ expndt w2\ cgrid {Hyun E. et
al, British Journal ofo Phapnmacol ogy (2004)

10

(59) {(60)
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143, 618-625, relates to a study of the activity of

}H{\ fs24\ expndO\ expndt w- 3\ cgrid hydrocortigone 21-[4
-(nitrooxynet hyl )benzoate] in a nodel }{\fs24\expnd3\expndtwl6\cgrid
of irritant acute dermatit@gs, in this study oedema ¢

}{\ fs24\ expndO\ expndt w 4\ d4#$4mnﬁﬂ%on and recrU|5ﬁ% O~ oo

| eukocytes were eval ugted and }{\fs24\ expndl\ expndt cgrid thé
results demonstrate thyt tlhe copgpound has a hig
3\ sl -371\ sl nul t 0Y%rs d'paryadyustri ght \59-"f
}{\fs24\cgrid ant i B 3 |
}{\ fs24\ expnd4 w23\ cgrid hydrocorti ]he docunent does not
report any } ¥t i At o¢” mati on regardi ng the
effect of the conpoundugn the }{\fs24\ expnd3\ expndtpgk9\ cgrid skin
after a long-lasting treatnment. Mbreover the

H{\ fs24\ expnd2\ expndtwll\ cgri d experinental nodel describegd.by Hyun
E. et al is not \par }\par agimmgi;lam

\ s2\ sb108\ sl - 302\ sl mul t O\g10 ”ﬁbera?Vn@palpha\aspnun\ 0 LSS I i
ght \plain \cs3\f16\f 26 [ di ot i

der mat ol ogi cal digordgr$

X'Pn cgrid {20
pa ent conpound

u-llo

(63) {64)

10




\par }\1i2880\sl-227\sl multO\now dctl par\adjustright

\ fs22\ expndl\ expndt w8\ b\ cgrid {D SCLOSURE OF THE | NVENTI ON \ par

}\ pard WO 2007/025632 _ _BCT/EP2006/007746
\s2\fi648\11648\ri 72\ sb108\ sl - 345\ sl mul t O\ nowi dct | par\tx2239\t x2981\t
x4702\ t x5566\ t qr\ t x8928\ aspal pha\ aspnum ggcwr ap\ adj ust ri ght

\ f s24\ expndl\ expndt wo\ bO\ cgri d {The present invention solves the
above- nenti oned }{\expnd- 1\ expndtw6\cgrid probl e ns\tab

H\ expndO\ expndt wO\ cgri d by\tab Nexpnd exyPadt w- 4\ cgri d

provi ding\tab }{\expndO\ ex{gwdt cgrl d newt ab

}H{\ expnd- 2\ expndt w 10\ cgrg°d @il ty ooxyderi vati ves\tab

}H{\ expndO\ expndt WO\ cgrdsd-of® \ pa®Me} \ par d

\'s2\1i 648\ sb108\ gb.- 294\ s/, i dctl par\tgr\tx8928\ aspal pha\ aspnum
\ nocwr ap\ adj ustrig @- nd0\ expndt w4\ cgrid {corticosteroids\tab

H{\ expnd3\ expngfwt? ir+d havi ng an i nproved pharmacol ogi cally \ par

}\ pard
\s4\gj\fi-648V11648\ri72\sb108\sl|-367\sl mult O\ now dct | par\ aspal pha\ as
pnum nocwr ap\ adj ustright \ 1&iin \ cs5\f 16\ f s26\ expnd3\ expndt wib\ cgri d
{30 }{\fs24\cgrid profile, fjbetter phar %Okl netic and pharmacodynani c
}{\ fs24\ expndO\ expndt wO\ agr 3 “esV%nd fewer adverse side
effects, in particul aro aconmpmun f the invention show an

i nproved | ocal ¢ g,dki@f@(,pndtWB\ cgrid tolerability, such as
reduction of skin n g and skin

0
(68)
o . CH,0ONO,
)‘\/\ro\/@
0
N
5

(69)

The compounds of the present invention are useful for
the treatment of skin or mucosal membrane diseases or
disorders comprise, but not limited, corticosteroid-

10 responsive dermatosis, atopic dermatitis, contact

dermatitis, seborrheic dermatitis, inflammation, eczema,
erythema, papulation, scaling, erosion, oozing, crusting,
pruritis, psoriasis, epldermalysis bullcsa, erythema,
hidradenitis suppurative, warts, diaper rash, jock itch,
15 ruber lichen planus, seborrheic dermatitis which affects
the scalp and other hairy areas.
The compounds of the present invention are particularly
useful for the treatment of corticosteroid-responsive
dermatosis, . atopic dermatitis, contact dermatitis,

20 psoriasis, seborrheic dermatitis.
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The term “heterocyclic” as used herein refers to
saturated, unsaturated or aromatic 5 or & members ring,
containing one or more heteroatoms selected from nitrogen,
oxygen, sulphur, such as for example pyridine, pyrazine,

16 pyrimidine, pyrrolidine, morpholine, imidazole and the
like.

This invention includes also the pharmaceutically
acceptable salts of the compounds of formula (L),
sterecisomers and epimers thereof.

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

25 amines.

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

30 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,
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formula (11):
seborrheic dermatitis, inflammation, eczema, erythema,

papulation, scaling, erosion, oozing, crusting, pruritis,
10 psoriasis, epidermalysis bullosa, erythema, hidradenitis
suppurative, warts, diaper rash, Jock itch, ruber lichen
planus.
Also within the scope of the invention are
pharmaceutical formulations suitable for topical
15 administration comprising at least a compound of formula
(I) of the present invention.
Preferred pharmaceutical dosage forms include cream, lotion
and cintment formulation or topical spray compcsitions.
The pharmaceutical dosage forms are prepared according to
20 procedures well known in the art.
The proportion of the active component of formula (I} in
the topical formulation according to the invention depends
on the precise type of formulation to be prepared but will
generally be within the range of around 0.001-12% by
25 weight, more preferably 0.001 to 10% by weight. Generally,
however for most types of preparations advantageously the
proportion used will be within the range of from 0.001 to
1% by weight, more preferably 0.01-0.5%, and especially
around 0.025 to 0.1%.
30 various optional ingredients may also be present in the
topical formuiations. These are: one or more various
solvents such as various short chain alcohols including,

but not 1limited to, ethyl alcoheol, propylene glycol,
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thereof; surfactant such as, but are not limited to,
CETOMACROGOL.RTM. 1000, {Crodor, Inc.) glycerocl
10 monostearate, glycerol distearate, glyceryl stearate,
polyoxyethylene stearate, a blend of glyceryl stearate and
PEG-100 stearate (as ARLACEL 1653), polysorbate 40,
polysorbate 60, polysorbate 80, CETETH-20.RTM., sorbkitan
monopalimate, sorbitan monostearate, sorbitan monooleate,
18 and combinations thereof. Other various optional
ingredients may also be present in the topical formulation.
These are carriers (such as water or mineral oil), skin
conditioners (such as lanolin, glycerine, cholesterol,
cetostearyl alcochol, dimethicone PEG 100, PEG 200, PEG 300,
20 PEG 400 or isopropylmyristate), buffers (such as sodium

citrate/citric acid, dikasic sodium phosphate/citric acid,

or monobasic sodium phosphate/citric acid), or
preservatives {such as imidurea, methylparaben, or
propylparaben) .

25
EXPERIMENTAL PART

Synthesis procedure

The compound of general formula (I) as above defined

wherein Z is -CO- and X 1s as above defined, <can be
30 obtained |

la) by reacting a compound of formula (ITa), i.e. the

precursor corticoesteroid,
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(IIa)

wherein R;, R; and R; are as above defined with a compoﬁnd
of formula (Ib)
5 W-C(C)-X-Q
{Ib)
wherein
W 1is -0OH, Cl, or -0QC(O)R, wherein R; 1is a linear or
branched C;-Cs alkyl or R; is R,; selected from the group
10 consisting of: pentafiuvorphenoxy, 4-nitrophenoxy or
succimidinyloxy;
Q 1is -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, in the presence of a
16 condensing agent, and
1b} when Q is Z;, by converting the compound obtained in
the step a) into a nitro derivative by reaction with a
nitrate source.
In step la) the reaction of a compound of formula (IIa)
20 with the compound of formula (Ib) wherein W is -OH, may be
carried out in presence of a condensing agent as
dicyclohexylcarbodiimide {(DCC), N’-(3-dimethylaminopropyl)-
N-ethylcarbodiimide hydrochloride (EDAC) and a catalyst,

such as N, N-dimethylamino pyridine ( DMAP) or N,N’-
25 carbonyldiimidazole (CDI}. The reaction is carried out in
an inert organic solvent dry such as N,N’-

dimethylformamide, tetrahydrofuran, benzene, toluene,
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with the compound cof formula ({Ib}) wherein W is ~OC(O)R,
wherein Ry 1s as above defined, may be carried out in
presence of a catalyst, such as N,N-dimethylaming pyridine
{DMAP) or in the presence of DMAP and a Lewis acid such as
Sc(OTf); or Bi(0Tf),.

The reaction is carried out in an inert organic solvent
such as N,N’-dimethylformamide, tetrahydrofuran, bhenzene,
toluene, dioxane, a pclyhalogenated aliphétic hydrocarbon
at a temperature from -20°C and 40°C. The reaction is
completed within a time range from 30 minutes to 36 hours.
In step la) the reaction of a compound of formula (IIa)
with the compound of formula (Ib) wherein W is Cl, X 1is as
above defined and Q is Z,, may be carried out Iin presence
of an organic base such as N,N-dimethylamino pyridine
(DMAP), triethylamine, pyridine. The reaction is carried
out in an inert organic sclvent such as N,N’-
dimethylformamide, tetrahydrofuran, benzene, toluene,
dioxane, a polyhalogenated aliphatic hydrocarbon at a
temperature from -20°C and 40°C. The reaction is completed
within a time range from 30 minutes to 36 hours.

In step 1b) the nitrate source may be silver nitrate,
lithium nitrate, sodium nitrate, potassium nitrate,
magnesium nitrate, calcium nitrate, iron nitrate, =zinc
nitrate or tetraalkylammonium nitrate (wherein alkyl is C;~
Cip alkyl). The reaction is carried out in a suitable
organic solvent such as acetonitrile, tetrahydrofurane,
methyl ethyl ketone, ethyl acetate, DMF, in the dark, at a

temperature from room  temperature to the boiling
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documents reported in The Merck Index - Thirteenth Edition.
The compound of formula {Ila) above reported wherein R; and
R» hoth in position o are taken together and forms the
group of formula (IITI) wherein Ra; and Ry are -CHs, Ry is a
fluorine atom is known by generic name of Triamcinolone
acetonide.

The compound of formula (Ila) above reported wherein R; is
-0C{0O)OpR; in position o wherein m is 1 and R; is ethyl, Rs
and R; are hydrogen atoms 1is known by generic name of
prednisolone—i?—ethylcarbonate.

The compound of formula (IIa) above repcrted wherein R; is
-0C(0)0OxR; in pesition o wherein m is 0 and R; is n-butyl,
Ry is —-CH; in position B, R3; is a fluorine atom is known by
generic name of betamethasone-17-valerate.

The compounds of formula (Ib) wherein ¢ is OH and X and %,
are as above defined, are commercially avallable or can be
synthesized from the corresponding hydroxyl acid of formula
HO-C {0} -X~OH by process well known in the art;

The compounds of formula (Ib) wherein Q is ONO; may be
prepared from the corresponding compounds wherein Q is Z,
by conversion to the nitro derivative as above described in
step 1b).

The compounds of formula (Ib}) wherein W = -0C(O)R, and
wherein R, X and Q are as above defined may be obtained
from the corresponding acids wherein W = -0OH by ‘reacticn
with a chloroformate such as iscobutylchlorcoformate,
ethylchloroformate in presence of a non-nucleophilic base
such as triethylamine in an inert organic solvent such as

N,N’-dimethylformamide, tetrahydrofuran, a polyhalogenated
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5 obtained from the corresponding acids wherein W = -0OH by
reaction with a thionyl or oxalyl chloride, halides of P'™
or PY in solvents inert such as toluene, chloroform, DMF.

The compound of general formula (I) as above defined
wherein Z is -C(0)0~- and X is as above defined, can be

10 synthesised
2a) by reacting a compound of formula (IIa) above reported,
with a compcund of formula (Ic)

Ry—-C (0) O-X-Q
(Ic)

15 wherein X and Q are as above defined, Ry is Cl, Br or Ran
wherein Rs1 is as above defined:
2b) when Q is Z,, by converting the compound obtained in
the step 2a) into the nitro derivative by reaction with a
nitrate source as described above.

20 In step 2a) the reaction 1s generally carried out in
presence of a inorganic or organic base 1in an aprotic
polar/non-polar solvent such as DMF, THF or CHpCl, at
temperatures range betﬁeen 0°-65°C or in a double phase
system H;O/Et,0 at temperatures range between 20°- 40°C; or

25 in the presence of DMAP and a Lewis acid such as Sc(OTf)s3
or Bi(OTf)3 in solvents such as DMF, CH,Cl,.

The compound of formula (Ic) wherein X and ¢ are as above
defined and R, is Cl, Br may be synthesized from the
corresponding alcochol of formula (Id} HO-X-Q by process

36 well known in the art.

The compounds of formula {Ic) wherein Q 1is Z, are

commercially available.
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5 are as above defined, Ry is R;; may be obtained reacting a
compound of formula (Id) HO-X-Q, with a compound of formula
(Ic’} Rp~C{0O)0O-Z» wherein Z, 1is as zabeove defined. The
reaction 1s generally carried ouf in presence of a
inorganic or organic base in an aprotic polar/non-polar

10 solvent such as DMF, THEF or CHyCl: at temperatures range
between 0°-65°C or in a double phase system H;O0/Et,0 at
temperatures range between 20°- 40°C; or in the presence of
DMAP and a Lewis acid such as Sc(0Tf); or Bi(OTf}; in
solvents such as DMF, CH.Cls.

15 The compounds of formula (Ic’) wherein R, is R, and Z; is

as above defined are commercially available.

EXAMPLES
Example 1
20 Synthesis of (11B,16a)-9-fluocro-1ll-hydroxy-16,17-[l~methyl
ethylidenebis(oxy)]-21-[1l-oxo-[4~(nitrooxymethyl)benzoxy]]

pregna-1,4-diene-3,20-dione

ONO,

25
To a solution of triamcinolone acetonide {(2.47 g, 5.7 mmol)

in dichlorometane (55 ml), 4-(nitrooxymethyl)benzoic acid
{1.38 g, 7.0 mmol), DMAP (0.07 g, 0.54 mmol) and EDAC {1.39

g, 7.2 mmol) were added. The reaction was stirred at room
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dichloromethane/ethyl acetate 95/5. The product (1.2 g) was
obtained as white powder. '

ly-NMR (DMSO) &: 8.05 {(2H, dy; 7.64 (2H, dj; 7.29 (1H, d):
6.23 {1H, dd}; 6.01 (1H, s); 5.68 (24, s); 5.52 (1lH, d);
5.42 (1H, d); 5.01 (1H, d}); 4.86 (1H, d); 4.2 {(lH, bs):
2.7-2.25 (4H, m); 2.15-1.72 (4H, m); 1.65-1.45 (5H, m):
1.36 {(3H, s); 1.21 (3H, s)y; G.87 (3H, s).

Example 2
Synthesis of (11p)-17-[(ethoxycarbonyl)oxy]-1ll-hydroxy-21-
[l-oxo-[4-(nitrooxy methyl)benzoxy] ]pregna-1,4-diene-3,20-

dione

To a solution of prednisclone 17-ethylcarbonate (1.77 g,
4.1 mmel ) in dichlorometane {40 ml), 4-
(nitrooxymethyl)benzoic acid (1.0 g, 5.0 mmol), DMAP (0.05
g, 0.41 mmol} and EDAC (1.0 g, 5.2 mmol} were added. The
reaction was stirred at room temperature for 24 hours. The
solution was treated with water, the organic layers were
dried with sodium sulfate and concentrated under reduced
pressure. The residue was purified by flash chromatography,
eluent n-hexane/ethyl acetate 6/4. The proauct‘(0.47 ay was
obtained as white powder by crystallization with n-

hexane/ethylacetate. m.p. = 113-118°C
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§ (1H, m); 1.90-1.78 (4H, m); 1.6-1.36 (54, m); 1.25-1.15

(4H, m); 1.10-0.% (5H, m).

Example 3

Synthesis of {11B,16B)-9-fluoro-ll-hydroxy-16-methyl-21-[1-
10 oxo-[4-(nitrooxy methyl}benzoxy]]-17-{valeryloxy}pregna-

l,4-diene-3,20-dione

1 To a solution of betamethasone-17-valerate ({2.5%4 g, 5.3
mmol) in dichlorometane {50 ml), 4-(nitrooxymethyl}benzoic
acid (1.3 g, 6.5 mmol), DMAP (0.065 g, 0.53 mmol) and EDAC
(1.53 g, 8.0 mmol) were added. The reaction was stirred at
room temperature for 4 hours. The solution was treated with

20 water, the organic layers were dried with sodium sulfate
and concentrated under reduced pressure. The residue was
purified by flash chromatography, eluent n-hexane/ethyl
acetate 65/35. The product (0.72 g) was obtained as white
powder Dby crystallization with n-hexane/ethylacetate.

25 m.p.=158-160°C
'H-NMR {DM30) &: 8.03 (2H, d); 7.63 (2H, d); 7.29 (lH, d);
€.24 (1H, dd); 6.02 (1H, s); 5.68 (2H, s); 5.6 (1H, d):
4.97 (1H, d); 4.71 (1H, d); 4.24 (1H, m); 2.7-2.2 (4H, m};
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\par }\pard\plabni.?5 (6H, m); 1.58- 1.05 (13H, m); 0.9 (3K, s); 0.85
\'s2\|i 4536\ sl %28\ InuItO\nomndctIpar\aspalpha\aspnun\nocwwap\adjustr
i ght \csB\fZée 82& expnd- 1\ expndtw6\cgrid {( I 1| )

Example 4

5 Synthesis of (11p)-17-((ethoxycarbonyl)oxy]-1i-hydroxy-21-
[l-oxo-[3-{nitrooxymethyl}benzoxy] Ipregna-1,4-diene-3,20-

dione
o}
CH,ONO,
0]
zr/o
&)
A) (L1B)-17-[ (ethoxycarbonyl}oxy]-ll-hydroxy-21-[l-oxo~-[3-

10 (chloromethyl}benzoxyl}lpregna-1,4-diene-3,20-dione
To a solution of prednisolone 17-ethylcarbonate (1.5
g,‘ 3.5 mmel) in dichlorometane {40 ml), 3-
{chloromethyl)benzoic acid (0.73 g, 4.2 mmol), DMAP (0.043
g, 0.35% mmol) and EDAC (0.89%9 g, 4.45 mmol) were added. The
15 reaction was stirred at room temperature for 24 hours. The
solution was treated with a saturated soclution of socdium
bicarbonate, water, the organic layers were dried with
sodium sulfate and concentrated under reduced pressure. The
residue was purified by flash chromatography, eluent n-
20 hexane/ethyl acetate 1/1. The product (1.32 g) was obtained
as white powder.
B) (118)-17-[(ethoxycarbonyl}oxy]l-1l-hydroxy-21-[l-oxo-[3-
{nitrooxymethyl}benzoxy] lpregna-1,4-diene-3,20-dione
A solution of compound obtained in step A) (1.3 g,
25 2.22 mmol) and silver nitrate (0.75 g, 4.44 mmol) in
acetonitrile (20ml) was stirred at 60°C, in the dark, for
10 hours. The precipitated (silver salts) was filtered off
and the solvent was evaporated undér vacuum. The residue

was purified by flash chromatography, eluent n-hexane/ethyl
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10 Example 5
Synthesis of (1103, 16p)-9-fluoro-ll-hydroxy-16-methyl-21~
[l1-oxo-[3-{nitrooxy methyl)benzoxy]]-17-(valeryloxy)pregna-
1,4-diene-3,20-diocne

CH,ONO,

15 '
C) (113,16B)-9-fluoro-1ll-hydroxy-16-methyl-21-[1l-oxo-{3-

(chloromethyl)benzoxyl]l-17-(valeryloxy)pregna-1,4-diene-
3,20-dione
To a solution of betamethascone 1l7-valerate (1.5 g, 3.1
20 mmol) in dichlorometane (35 ml), 3-{chloromethyl)benzoic
acid (0.76 g, 4.5 mmol), DMAP (0.038 g, 0.31 mmol) and EDAC
(0.77 g, 4.0 mmol) were added. The reaction was stirred at
room temperature for 24 hours. The solution was treated
with. a saturated solution of sodium bicarbonate, water, the
25 organic layers were dried with sodium sulfate and
concentrated under reduced pressure. The residue was

purified by flash chromatography, eluent n-hexane/ethyl
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A solution of 'compound C {(1.68 g, 2.67 mmol) and

silver nitrate (1.8 g, 11.2 mmol} in acetonitrile

and tetrahydrofurane (2 ml) was stirred at 60°C,

(25 ml)

in the

dark, for 12 hours. The precipitated ({(silver salts) was

10 filtered off and the solvent was evaporated under vacuum.

The residue was purified by flash chromatography, eluent n-

hexane/ethyl acetate 6/4. The product (1.1 g) was obtained

as white powder.

l4-NMR (DMSO) &: 8.11 (1H, s); 8.03 {1H, d); 7.80 (1H, d);
15 7.62 (1H, t)}; 7.30 (lH, dd); 6.24 (1H, dd); ©6.02 (1H, s);

5.67 (1H, s); 5.58 (1H, d); 4.99 (1lH, d); 4.73 (1H, d):

4.29-4.,20 (lH, m); 2.59-2.25 (8H, m); 2.1%-2.01 (1H,

m);1.89-1.78 (4H, m); 1.56-1.07 (11H, m); 1.0-0.61 (6H, m).
20 Example 6

Synthesis of {11B,16a)-2-fluoro-11-hydroxy-16,17-[1-

methylethylidenebis (oxy)]-21-[l~oxo~-[3~- (nitrooxymethyl)

benzoxyl lpregna-1, 4-diene-3,20-dione

(®) CH,ONO,
HO “'O7<

. il e]

25

E) (11B,16a)-9-fluoro-ll-hydroxy-16,17-[1l-methylethylidene

bis (oxy})]-21-[1l-oxo=-[3-(chloromethyl)benzoxy!lpregna-1,4-

diene-3,20-dicne
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b3 stirred at

room temperature for 24 hours. The solution was treated

with a saturated solution of sodium bicarbcnate, water, the
organic lavyers were dried with scodium sulfate and
concentrated under reduced pressure. The product (1.86 g)

was cbtained as white powder.
F} (11(3,16«a)-9-fluorc-1l-hydroxy-16,17-[1-methylethylidene
bis{oxy)]-21-[1-oxo-[3-(nitrooxymethyl)benzoxy] ]pregna-1,4-
diene-3,20-dione

3.07 mmol) and silver
{25 ml)

in the dark,

A solution of compound E (1.8 g,
(1.1 g, 6.5 mol)

tetrahydrofurane (10 ml)

nitrate in acetonitrile and

was stirred at 60°C,

for 18 hours. The precipitated (silver salts) was filtered

off and the solvent was evaporated under vacuum. The
residue was purified by flash chromatography, eluent n-
hexane/ethyl acetate 65/35. The product (1.3 g} was
cbhtained as white powder

'H-NMR (DMSO) &: 8.12 (1H, s); 8.03 (lH, d); 7.80 (1H, dj};
7.63 (1H, t); 7.30 (1H, d); 6.23 (1H, dd):; 6.0L (1H, s);:
5.66 (2H, s):; 5.46 (1H, bd); 5.45-5.37 {1H, m); 5.05-4.98
(lH, m); 4.8¢ (1H, bd}); 4.22 (1H, bs); 2.72-2.29 (3H, m);
2.13-1.71 {(4H, m); 1.62-1.49 (5H, mj); 1.42-1.29 (4H, m):
1.2 (3H, s); 0.9 (3H, s}).

Example 7

Synthesis of (11pB,Ll6a)-9-fluoro-11,21l-dihydroxy-16,17-[1-
methylethylidenebis (oxy) ]pregna-1, 4-diene-3,20-dione-21-[3-

carboxy-l-oxopropoxy)-3-{nitrocoxymethyl)benzene]
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G) (11B,léa)-9-Fluoro-1l1,21l-dihydroxy-16,17-[l-methyl
ethylidenebis(oxy)|pregna-1,4-diene-3,20-dione 21-
5 hemisuccinate
To a solution of triamcinolone acetonide (1.0 g, 2.3
mmol) in tert-butanol (20 ml), succinic anhydride (0.72 g,
7.0 mmol) and triethylamine {0.98 ml, 7.0 mmol) were added.
The reaction was stirred at room temperature for 3 hours.
10 The solution was treated with a solution of phosphoric acid
2.5% and dichloromethane, the organic layers were dried
with sodium sulfate and concentrated under reduced
pressure. The product (1.33 g) was obtained as white powdex
H) (11B3,1l60)-9-Fluoro-11,21-dihydroxy~16,17-[1l-methyl
15 ethylidenebis(oxy)]pregna-l,4-diene-3,20-dione-21-[3-
carboxy-l-oxopropoxy)-3-{nitrooxymethyl)benzene]
To a solution of compound obtained in step G (1.23 g,
2.3 mmol) in dichlorometane {50 ml), 3-
(nitrooxymethyl)phenol (0.43 ¢, 2.53 mmol), DMAP (0.028 g,
20 0.23 mmol}) and EDAC (0.56 g, 2.9 mmel) were added. The
reaction was stirred at room temperature for 2 hours. The
solution was treated with water, the organic layers were
dried with sodium sulfate and concentrated under reduced
pressure. The residue was purified by flash chromateography,
25 eluent n-hexane/acetone 7/3. The product (1.13 g} was
obtained as white powder
'H-NMR (DMSO)} &: 7.5-7.41 (1H, m); 7.40-7.31 (1H, m); 7.30
(2H, m}; 7.19-7.12 {(1H, dd); 6.25-6.18 (1lH, dd); 6.01 (1H,
s}: 5.54 (2H, s); 5.43 (1H, dd); 5.22-5.12 (1H, d): 4.85
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I) (118)—17—[(efhoxycarbonyl)oxy]—ll,21—dihydroxypregna—
1,4-diene-3,20-dione 2l-hemisuccinate
To a solution of prednisolone l7-ethylcarbonate (1.1 g,

15 2.54 mmol) in tert-butanol (22 ml), succinic anhydride
(0.77 g, 7.7 mmel) and triethylamine (1.1 ml, 7.75 mmol)
were added. The reaction was stirred at room temperature
for 3 hours. The solution was treated with a solution of
phosphoric acid 2.5% and dichloromethane, the organic

20 layers were dried with sodium sulfate and concentrated
under reduced pressure. The preoduct (1.5 g) was obtained .
L) {(11R)-17-[ (ethoxycarbonyl}oxy]l-11,21l-dihydroxypregna-
l,é—diene—3,20—dione 21-[3-carboxy-l-oxopropoxy)-3-
{nitrooxymethyl) benzene]

25 To a solution of the compound obtained in step I (1.35 g,
2.5 mmol) in dichlorometane (50ml), 3-(nitrooxymethyl)
phenol (0.473 g, 2.79 mmol), DMAP (0.031 g, 0.25 mmol) and
EDAC (0.62 g, 3.2 mmol) were added. The reaction was

stirred at room temperature for 4 hours. The solution was
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1.1-0.9 (1H, m); 0.91 (3H, s).

essure The

PHARMACOLOGICAL EXAMPLES

15 Example 9

In vivo determination of inhibition of TPA-induced ear

oedema after topical administration of test compounds.

The tested compounds are:

- (118,16a) -9-fluorc-11~hydroxy-16,17-[l-methylethylidene
20 bis{oxy)]-21-[l-oxo-[4-(nitrooxymethyl)benzoxy]] pregna-

1,4-diene-3,20-dione, prepared as described in example 1;

- Triamcinolone acetonide that is the reference compound

for the éompound of example 1;

- {(L1B)Y-17-[(ethoxycarbonyl)oxy]l-1ll-hydroxy-21-[l-oxo-[4-
25 {(nitrooxy methyl)benzoxy] ]pregna-1, 4-diene-3, 20-dione,

prepared as described in example 2;

- Prednicarbate that is the reference compound for the

compound of example 2;

The tests were performed according to the methods described
30 by Carlson et al., Agents Actions 17:197-204, 1985, and

Lucas et al., J Pharmacol Exp Ther 304:1172-1180, 2003.

Groups of 5-9 male Swiss mice of 27+5 g were used.

Inflammation dermatitis was induced by applying 2 ug/ear of
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group. Compounds were tested at equimolecular doses.

10 Animals were sacrificed at 3h or 5h post TPA dose. Equal
sections of both ears were punched out immediately after
and weighed. The percentage of change of the weight of left
ear versus the weight of right ear was calculated for each
animal, and the percentage of inhibition of change in

15 weight of treated animals versus the change in weight of
non-treated animals (negative control) was measured. The

results of this test are given in Table 1.

Table 1.
% inhibition % inhibition
Compound 3 hours 5 hours
post—-treatment post—-treatment
Compound of Ex. 1 22.70 . 21.01
Triamcinolone acetonide 14.90 12.19
Compound of ex., 2 33.26 -
Prednicarbate 19.58 -—
20
Example 10

Effects of test compounds on the 12-0-tetradecanoylphorbol
acetate (TPA)-induced increase of inflammatory markers (
PGE; and TNF-a) in mouse ear.

25 The tested compounds are:
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inner and outer surfaces of the right ear of mice. A &ear

10  secticn of the right ear of mice were homogenized in 500 ul

saline, and after centrifugation at 1,200 g for 15 min at
4°C, the PGE2 and TNF-a levels were . determined by

radicimmunoassay (Hoult et al., Methods Enzymol 1994) or hy
time-resolved fluorecimmuncassay (Pennanen et al.,Int J
15  Immunopharmacol. 1995), respectively. Test éompounds
dissolved in the vehicle were applied topically 15 min

before TPA administration. Results are reported in table 2.

Table 2.
TNFalpha PGE:
Compound (pg/ml) (ng/ml)
Vehicle + TPA 316.2%£35.5 897.9+6.1

Compound of Example 1
(0.48 ng/ear)

Triamcineclone acetonide
(1 pg/ear)

149 ,5%£17.8** [ 53.244 . 5%%*

158.0+24.6%*%  43.0+3.8**

Results show MeantS.E.M. (n=10).
20 ** pP<(0.01 with respect vehicle-TPA group
Results demonstrated that at low doses, the compound of
example 1 of the present invention displayed reduction of
PGE; level than higher dose of the prior-art compound, the
25 results show that the compound of the invention is more
effective in reducing the inflammation than the

correspondent parent compound.
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-diene-3,20-dione, prepared as described in example 1;
- Triamcinolone acetonide that 1s the reference compound .
for the compound of example 1 {(ref. compound);

15 - | (11p)-17-[ (ethoxycarbonyl)oxy]-11-hydroxy-21-[l-oxo-[4-
‘(nitrooxy methyl)benzoxy] }pregna—l,4—diene—3,204dione,
prepared as described in example 2;

Irritant contact dermatitis was induced by applying 5%
benzalkonium chloride (100 pl per site, dissclved in olive

20 oil: acetone, 1:5 wv/v) on the decrsal aspect of the two
ears. Bar diameter was measured as a parameter for edema
formation, before and hourly for 6 hours after benzalkonium
chlcoride application, using an electronic calliper. The
last measurement was performed at 8-hours after dermatitis

25 induction.

The tested compounds were applied topically dissolved in
ethanol:sterile water (1:1) and applied at a final volume
of 100 pl, five minutes after irritant contact dermatitis
will be induced.

30 Ear edema (left ears) value for times 1 to 4 hours after
irritant stimuli with benzalconium chloride are represented

in the table 3.
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Comp. Ex. 1 | 5 52040.006 | 0.035+0.008 | 0.05740.011 | 0.065%0.010
1 nmol

Comp. Ex. 1 | 5 018+0.004 | 0.042+0.007 | 0.042+0.010 | 0.070+0.007
3 nmol

Ref. comp. | 13740.005 | 0.06340.010 | 0.041+0.018 | 0.068%0.022
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Example 12
F.

microscopy in mice

The tested compounds are:

Anti-inflammatory properties in a model of Intravital

- {113,16a)~9-fluoro-1ll-hydroxy-16,17-[1l-methylethylidene

bis(oxy)]l-21-[l-oxo-[4-(nitrooxymethyl)benzoxy]]

1l,4-diene-3,20-dione,

pregna-

prepared as described in example 1;

- Triamcinolone acetonide that is the reference compound

for the compound of example 1;

- {(11B)-17-[{ethoxycarbonyl) oxy]

{(nitrooxymethyl)benzoxyl

-ll-hydroxy-21-

[1-oxo-[4-

lpregna-1,4-diene-3,20-dione,

prepared as described in example 2;

-~ Prednicarbate

that

compound of example 2;

C57Bl6

male

is

mice

the reference

will

be

anaesthetized

compound for the

by

intraperitoneal injection of a mixture of 10 mg/kg xylazine

(MTC Pharmaceuticals,

Cambridge,

Ontario,

Canada)

and 200
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will carefully be separated from the underlying tissue, but
remained attached laterzally, so the blood supply to the
skin flap remained intact. The skin flap will be extended
16  over a viewing pedestal to expose the dermal
microvasculature and secured along the edges using 4.0
sutures. The exposed dermal tissues will be superfused
with a bicérbonate—buffered saline pH 7.4, to avoid tissue
dehydration. The microcirculation will be observed using an
20 inverted microscope (Nikon) with a X20 objective lens, and
rhodamine 6G allows wvisualization and gquantification of the
number of rolling and adherent ieukocytes, by epi-
illumination at 510-560 nm, using a 590-nm emission filter.
Single unbranched wvenules (20-40 pm in diameter) will be
25 selected for the study. Images of the selected venule will
be recorded for-5 min, after a 15-min equilibration period
and the end of this 5-min interval was considered as time
0. Leukocyte adherence will be determined Iupon video
playback, on 100 um vessel length (table 4). A leukocyte
30 will be considered adherent to the endothelium if it
remained stationary for 320 s or nmore. Leukocyte flux will
be defined as the number of leukocytes per minute moving at

a velocity less than that of erythrocytes, which passed a
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a080e667500habdfxkAfedl 2ddR/a2ed2d008£bR§R018a6 dfGFHal29408l0s solved in
ethancl:sterile water (1l:1} and applied at a final volume
cf 100 ul, £five minutes after irritant contact dermatitis
will be induced.
Results demonstrated that the compound of the inventiocn
10 displayed statistically significant changes 1in vessel
diameter (Table 4), moreover, both the tested compounds
reduced statistically the rolling leukocytes (Table 5), a
primary inflammation endpoint, in higher degree than prior-
art compounds.

15 Table 4: Changes in vessel diameter

Area under the curve

Treatment {change in vessel diameter)
Vehicle 546 + 135
Compound Ex. 1
+ &
(3 nmol) 114 + 32
Triamcinolone
+
(3 nmol) 278 = 78
Compound Ex. 2
+ *
(3 nmol) 175 £ 70
Prednicarbate 282 + 71
{3 nmol} -

* Statistically different from vehicle

20
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Vehicle 941 + 188
Compound Ex. 1
(3 nmol) 247 + 35%
Triamcinolone 376 4 129+
(3 nmol)
Compound Ex. 2 300 + 75%
(3 nmol}
Prednicarbate 12 + 112+
{3 nmol)

* Statistically different from vehicle
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wherein

R, is -0C(0C)0OyR; wherein m is 0 or 1, R; i1is a Dbranched or
straight C.-Cip alkyl;

R; 1s a hydrocgen atom or -CHai;
R: and R, can be linked to the carbon atoms in 16 and 17 of the
steroidal structure in position o or §;
R; is a hydrogen atom or a fluorine atom;
Z is a group capable of binding X selected from the group

congisting of:

-C(0)-, -C(0)YO- or
R

o R" R’ O

{IV)

wherein R’ and R’’ are independently selected from H or straight
or branched C¢;-C, alkyl;
¥ is a bivalent radical having the following meanings:

a) straight or Dbranched (C;-Csy alkylene, being opticnally

substituted with one or more of the substituents selected from
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formula (I) is linked to the X; group;
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(IX)
wherein
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with the proviso that in formula (VII) the -ONO; group of
formula (I) is linked to the X; group;
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Compounds acceording to any of c¢laimse 1 to 5 for use as

medicaments.

Use of the compounds of formula (I} according to any of claims 1
to 5 for the preparation of drugs for treating corticosteroid-
responsive dermatosis, atopic dermatitis, contact dermatitis,

psoriasis, seborrheic. dermatitis.

Use of the compounds of formula (I) as described in claim 7 for
the preparation of drugs for treating skin or mucosal membrane
diseases or disorders which comprise eczema, erythema,
papulation, scaling, erosion, oozing, crusting, pruritis,
inflammation, epidermalysis bullosa, erythema, warts, diaper

rash, jock itch, ruber lichen planus.

Topical pharmaceutical formulation comprising at least a
compound of formula (I) according to any of claims 1 to 5 and

pharmaceutical acceptable eccipients.

Topical pharmaceutical formulations according to c¢laim 9
selected from the group comprising creams, lotions, ointment

formulations or topical spray compositions.

Process for the preparation of a compound of formula (I) of
claim 1 wherein Z is -CO- comprising:

la) reacting a compound of formula (IIa)

{IIa)

wherein
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R; ids -0C(QO)OyR; wherein m is 0 or 1, R; is a branched or
straight C;-Cip alkyl;
R; is a hydrogen atom or -CHj;
R; and R, can be linked to the carbon atoms in 16 and 17 of the
steroidal structure in position o or B;
R; is a hydrogen atom or a fluorine atom;
with a compound of formula (Ib)

W-C(0) -X-0

(Ib)

wherein
W is -QH, Cl, or -0C(0O)R, wherein R; is a linear or branched C;-
Cs alkyl or R, is R, selected from the group consisting of:
pentafluorphenoxy, 4-nitrophenoxy or succimidinyloxy;
¥ is as described in claim 1
Q0 is -ONO, or Z, wherein Z, is selected from the group consisting
of: a chlorine atom, a bromine atom, a 1lodine atom, a mesyl
group or a tosyl group, in the presence of a condensing agent,
and
1b) when Q is 2., converting the compound obtained in the step

a) into a nitro derivative by reaction with a nitrate source.

Process according to claim 11 wherein when W is -0OH in the step
la) the condensirng agent is selected from the group comprising
dicyclohexylcarbodiimide, N'-(3-dimethylaminopropyl) -N-
ethylcarbodiimide hydrochloride and a catalyst, N,N-

dimethylamino pyridine or N,N’-carbonyldiimidazole.

Process according to claim 11 wherein when W is -OC(0O)R, in the
gstep la) the condensing agent is a catalyst selected from the
group comprising: N,N-dimethylamino pyridine, or N,N-
dimethylamino pyridine and a Lewis acid selected from Sc(0OTE£),

or Bi(QOTf);.

Process according to claim 11 wherein when W ig Cl and Q is 2Z.,

in the step la) the condensing agent is an organic base selected
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from the group comprising: N,N-dimethylamino pyridine,

triethylamine or pyridine.

Process according to any of claims 11 to 14 wherein the step la)

is carried out in a suitable organic solvent selected from N,N’-
dimethylformamide, tetrahydrcfuran, benzene, toluene, dioxane or
a polyhalogenated aliphatic hydrocarben, at a temperature from -

20°C and 40°C.

Process according to claimg 11 wherein in step 1b) the source of
nitrate 1s selected from the group comprising: silver nitrate,
lithium nitrate, sodium nitrate, potassium nitrate, magnesium
nitrate, calcium nitrate, iron nitrate, zinc nitrate or

tetraalkylammonium nitrate.

Process according to c¢laims 11 and 16 wherein the step 1b) is
carried out in the dark, in a solvent selected from the group
comprising: acetonitrile, tetrahydrofurane, methyl ethyl ketone,
ethyl acetate or N,N’-dimethylformamide, at a temperature from

room temperature to the boiling temperature of the solvent.

Process for the preparation of a compound of formula (I) of
claim 1 wherein Z is -C{0O)0O- comprising:

2a) reacting a compound of formula (IIa)

(ITa)

wherein
R, 1s -0C(0O)OyR: wherein m is 0 or 1, R; is a branched or

straight C;-Cip alkyl;
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R, 1s a hydrogen atom or -CHs;
R; and R, can be linked to the carbon atoms in 16 and 17 of the
steroidal structure in position o« or B;
R; is a hydrogen atom or a fluorine atom;
with a compound of formula (Ic)

Rp-C(Q)0-X-Q

(Ic)

wherein Q 1sg -ONQ, or Z, wherein Z; is selected from the group
consisting of: a chlorine atom, a bromine atom, a icdine atom, a
mesyl group or a tosyl group;
R, is €1, Br or R.: wherein Ry, Ra; selected from the group
consisting of: pentafluorphenoxy, 4 -nitrophenoxy or
succimidinyloxy;
2b) when Q is Z,, converting the compound obtained in the step

2a) into the nitro derivative by reaction with a nitrate source.

Process according to claim 18 wherein step 2a) is carried out
in presence of a inorganic or organic base in an aprotic
polar/non-polar solvent selected from the group comprising:
N,N’-dimethylformamide, tetrahydrofuran or a polyhalogenated

aliphatic hydrocarbon, at temperatures range between 0°-65°C.

Process according to claim 18 wherein step 2a) is carried out
in presence of a inorganic or organic base in a double phase

system H,0/Et,0 at temperatures range between 20°- 40°C.

Proceges according to claim 18 wherein step 2a) is carried out in
presence of N,N-dimethylamino pyridine and a Lewis acid selected
from 8Sc({0Tf); or Bi(0OTf)s;, 1in a solvent selected from N,N’-

dimethylformamide or a polvhalogenated aliphatic hydrocarbon.

Process according to claim 18 wherein in step 2b) the source of
nitrate is selected from the group comprising: silver nitrate,

lithium nitrate, sodium nitrate, potassium nitrate, magnesium
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nitrate, calcium nitrate, iron nitrate, zine nitrate or

tetraalkylammonium nitrate.

Process according to claims 1é and 22 wherein the step 2b) is
carried out in the dark, in a golvent selected from the group
comprising: acetonitrile, tetrahydrofurane, methyl ethyl ketone,
ethyl acetate or N,N’-dimethylformamide, at a temperature from

room temperature to the boiling temperature of the solvent.



