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WO 2007/ 025632 PCT/ EP2006/ 007746 STERQO DS
NI TROOXYDERI VATI VES TECHNI CAL FI ELD The present

WO 2098425680 rel ates to new steroids PCT/EP2006/007746
nitrooxyderivatives, to topical pharmaceutica
formulations 5 thereof, and their use for treating
skin or nucosal menbr ane di seases or di sorders.
BACKGROUND ART NniﬁudmstméﬂﬂduXﬁﬂEHﬁnﬂmmuEmenbrane
di seases or disorders_are.the r§§g é i nfl anmati on
caused by 10 |nflannaT%? ﬁﬁéﬁt &Bch as, but not

l'im tied top Baeherialnyduposh, MdRleeparasitigew steroids
aut0|nnune allergic, hornonal and/or nalignant

nuﬁﬂqawmﬁqr%waggw&s, ﬁhetqpscalcphﬁﬁmagkuﬁldaéeégéwuﬁations

sor rs | but is
st D1 o [ Ebbbnst 18 dbrhat bEFeT BPoprEifs ©OF mucosal
rideirlid islsdddd anpat & 0so r@626 M, erythem,
papul ati on, scaling, erosion, 00zing, crusting,

pruritis, psoriasis, BRCFSRAMNR AR | | 0sa, eryt hems,

i dr RGNI Uik SURRUr 3L Ke, or BRI o £ ARRImS AN Ieases or

|tch en planus. Dermatitis and eczema
dmanﬂdeﬁsonareflwMQﬂ(mgsm&bces§es1dﬁlddmﬁtiwwolveused by

éiﬁgﬁﬁyer derm s and epldern1s of t e ski n. Vhfn ted

Y 0p8ISHE kerdt T hocyfes i Mt he "&b det Histe to,
Hli steands f r opuRggl anetihen angh f4dhidid s ageymhahed allergic,
there anongst in a process known as spongiosis. In

hemmoriacl f einge of mezégmaot dénfagiwmpsorhe meﬂtéhan@ee most

c%%LrhC' 4qq A h ‘i‘é%%' 24 of,th SBEQ%EE‘he i”’i‘h&@ legds 10 not

I ng,” roug enlng and “sca |ng 0 I n sOrface.
1Bhe tdbss onf wmhendagnathP&@spdmgmmetmenﬁd&uﬁma|omtoplc

of the horny layer, which later results in cracked
%klnl“f%%mﬂ%F???s i BCEEPEher SEVESEMEir ed PR 3 ELon,

sfc%rltlaf@ dertmtidi,s 36z (Labl erghGs PIngon @hlergi€) . psoriasis,
atopic dermatitis and seborrheic dermatitis.

eNordeatnakyd ies cont debaderamattinens, o@t@r@denlté§p§Mﬂpqnatlve,

ski.n irritants, such. as, ac d kal oils,
T D et 8o a8V erPE Fl B0 b5Eea eneh' Branus.

ﬂgzﬂéﬁﬁ&ﬂﬁ/@ﬂﬁ74@czema result from inflammatory processes
that involve the upper dermis and epidermis of the skin.
When eczema develops, the keratinocytes in the epidermis
distend from one another and fluid 1is accumulated there
amongst in a process known as spongiosis.

In chronic forms of eczema or dermatitis the main change
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

(allergic or non allergic), atopic dermatitis and
seborrheic dermatitis. Non-allergic contact dermatitis
occurs 1in response to skin irritants, such as acids,

alkalis, oils, detergents and solvents.
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2 7\ 1 Allergic contact dermatitis occurs as a result
of sensitization to repeated exposure to an antigen.
WORM0102f682 contact dermatitis appears in skin BECHEB2006/007746
that were in direct contact with the antigen. 5
Atopic dermatitis, which affegts mainly infants, is
characterized by sensitization of the skin to a w de
Aldrge icof commwotantdegemns.iiSebor pheucsderamti &i s result of
affects the scal p and otaer hairy areas, the. face, .
SERG IR ar2ab BAALFEsFPS SHrEmYyedst S1bLoFN- Allergic
cbacker agkhduead jisnf Lagg@atrlsoninl\/bﬁiﬁeoﬁ@a§ufu‘r%rt_ frMe in
dandruff that is a mld formof seborrheic dermatitis.
dRgecitasion tias ta wiigi ndre st osomal i nherited
i_nf l.ammat or di sease characterized by enhanced. .
AﬁPgPFTeraﬁ{o%tb lskerﬁ&fﬁ%ﬁyt%ﬁkﬁﬁgﬁhyﬁFﬁfﬁﬁ%rai?%%nts’ 1S
dheads tle if25drad § o 061 15zscaby plfagwes in ftod a wide range
exanpl e, the knees, el bows, buttocks, and which are
Ode SOREGc AN 4Pt easant and cause disconfort to the
S%%%%Q%%qcsugb§§5tigﬁkn 9f§§@§§stgﬁad%§%ﬁ§9r§n§r%mher‘ hairy
usually treated by creams, gels or ointnents
acertsal Mgy Sdee i dall ddgentgadndimaas 2Zhdntébatter fapbm yeast
agﬁgts and/ or _antifun agent s. Toaic?I £
OCortd oSt &t of BEU4FE a U Vool "P5F HEEA hgS EkPR from
dinsiease. LRael ipical praeti eermf o5r examrerdie ugerebtitis.
super potent topical steroids is typically limted to
Pominy asvis weekst dsmpagatse2 ofCspRat uddiarilf e inflammatory
dﬂ%%%%@ategﬂgﬂgké¥¥§¥§f S%QP e%%%%%%é&”“ Q%lﬁ%%Qation of
atrophy, burning, |té%|ng, irritation, dpyness,
kealatiicudytiess ppett r pechdsiferaadne, bhypds to formation of
pi gmentation, perioral dermatitis, allergic_contac
Her it AL ForE I Her skih, FARRS seGoRGAPy DY tocks,
anldf eatiicon.a A thoughet opi el @dpiobshnat bR ehuse discomfort
corticosteroids mnimzes the side-effects as
toompar ed far bt e D 2007/ 025632 PCT/ EP2006/ 007746

éiin diseases or disorders are usually treated by creams,
gels or ointments <containing steroidal agents and/or
antibacterial agents and/or antifungal agents.

Topical corticosteroids are a powerful tool for treating
skin disease.

In clinical practice, for example the use of super potent
topical steroids 1is typically limited to only two weeks
because of their use may be associated with adverse side

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

dryness, folliculitis, hypertrichosis, acne, hypo
pigmentation, perioral dermatitis, allergic contact
dermatitis, maceration of the skin, and secondary
infection.

Although topical administration of corticosteroids

minimizes  the side-effects as compared to systemic
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adm ni stration, the active conpounds are stil
absorbed into the circulation where they are

WQoWremedal | y active. Systenmic absorption of PGHEER206/007746

corticosteroids can result in reversible

hypot hal am c-pitui tary-adrenay (HPA) axis 5

suppressi on, Cushing's syndrone-I|ike synptons,

shyperigd ey, eftfrect acanhvboneogpowhtisi nacdi lsdrign amtbsorbed

on bone density in the elderly, ocular conplications

IO¢& diet I Fothmit 1 Oh AN Gl %%%%n%ieaﬁi‘lsgﬁ?hcatliéipﬁﬁt”e°

fﬁé&ﬁrmgsﬁokﬁghwhxdfaxw ey restHit JIemtheiseaRf result

tthe 10 topical steroid. V@I|St t he nodern

igl ucooortd idvli @s myeover yamuchpshfieraryhadrehese (HPA)  axis

orggjnalh¥ i ntrod ceﬁ. It remains a oq;g t, of N

SIS TH Y producé® %ﬂﬂnﬁlecul&?%ﬁ%ﬁ?orﬁh¥%tionssymp oms,

Had it y i Apr evedceki nircabogtf iggasyth and feduertn and on

side effects. 15 A variety of protocols have been

bgavee|dspEdt 190 1R yERe el Ae¥ eBseCERL2Ef FPBPEAEY taRd@PForcataract
NYi | C t ugh thus far

R OB Rl oG P B E e R

Faxart ego ey mahohggheabxagemtsy haveulbeénopr aviededse nof the

a varie&y of Rgpical fornul ati ons such as 20 creans,

B GHs, S¢St @nd the like in attenpts to increase

the dgliivar yegf flnehepaY g 1w AMide £MabLlERY much safer
direct, localized application of the dernmatol ogi ca

tdgantthesa okilginsuddivacie)t 1orisecd opiitalrefgrimy adf oaBject of

h t [ Luti | - -
Do 0o PLOVLAEA. 2 Sahee. aalul gl SE LR naving

aaptinpad ofed nul ot i onl ef ficaoff eahdmesducredakdider aftfects.
skin lesions remain, and/or treatnent times have n

ot
been PappRet? bl 9 Is AL S U1&Ve pagenngle v pRed o4 try to

4 s psest RedlB .01 h @) PR@d7or effectiveness of a topical
Di fl uoro-17. al pha. - (I - oxopropoxy) -1 1. bet a. - hydr oxy- 30
d:rdl phaltmestugh thus far such protocols have met with
yl -.3- oxo-andr ost a- 1., 4- di_ ene-,17- 0-,car hot hi oi. ci

T ORAPRY T Seat €97 (KAOWIL '8y  FECBaRGTPE hage pyente have
gddit | gason@=Pr 0pi anatae) caand dfert vt cyestohaneat johbesach as
WD 2007/ 025632 PCT/ EP2006/ 007746, 4 conpounds have
%ﬁﬁﬁﬁ%nn49¢%ﬁm%nnﬁ?éﬁya&@uﬁh%3Alke in attempts to increase

the delivery efficiency. However, while enabling direct,
localized application of the dermatological agent to a skin
surface, these topical formulations have not provided a
complete solution as typically only partial improvement
results even with an optimal formulation, e.g., oftentimes
recalcitrant skin lesions remain, and/or treatment times
have not been appreciably shortened.

U.S. Pat. No. 4,335,121 discloses 6.alpha., 9.alpha.-
Difluoro-17.alpha.-(l-oxopropoxy)-11.beta.-hydroxy-
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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particularly on topical applications. EP 0929565
di scl oses nitroxyesters of corticosteroids that anong

W@ 9Mrem682 uses can be used for the treatnent oPCT/BP2006/007746

dermat ol ogi cal disorders; in particular the patent

di scl oses nitroxyesters of cogfticosteroids in which

the nitroxy group is covalently linked through an
argdurehai n Haovd he ghocodcortacoi dindietyatdhe activity,
docunment reports that these nitroderivatives of
PSdrsida T laf 1 SRt et @ADL et hPSFrati on, di spl ayed

hheneeds ef i cacy sand Netislye Sesiem £ tolerabktbt¥ids that

such as better gastric tolerability, reduced

aganrdl ovystwimdre siuge sef feot sbecoupad edf aw t Hhcheitireatment  of
arent .conpounds. .,  WO03/064443 di scl oses.

4%5%%%8&&%&? tif&§?ﬁéeﬁ%’con]co§F‘%&9ﬁ%%% wiiléh patent

diRe N ddPOXY tFHRUR It reoValrent byt i bbbkedot AEOUGR afhich the

aromatic or a heteroarylic ring containing linker to

e UMUCOERRR | é6i F IR TheinliBeurertCudepott sathat chain

ddeRfeN 41 QOXYGPLI¥BLAVER ey St ARAI 5o BRERE WSISME that

adm™nistration, displayed an %0 |nprovea

tprararacoliagicel riactti wdy and | owere riides ef f editer systemic

conpared to their parent conpounds. WO0Q/ 61604

SR NS 19T ooxYHer | TUET vesn B CREr t PEGSFErd g€ Petter

%t@nf@%ﬂéf@@iﬁ/iﬁ%ﬂoué’ut§ govakentkygakirked tbhieou@h 11y,

an "antioxidant nmoiety" to the 25 glucocorticoid .

resiuetgd  sacHivgasicodisdans iAo etfifeet sr ecomgapedndsith their

capahl e to preyvent the production of free radicals

Fahn rhré“%%Vgé ed on the basis of tests described in

t he paieentoappll cati aascIbeedocunenit repoydsrihatives of

these conpounds can be used for the treatnent of

G NSV T B adBoditdt@U Wie hndh ToxrdatI VRt Fesgovalently

condid i oppi-BuWhi Chyd he 5 reQERESPONGE NG sparght e FONPPUNES ring

show | ower activity or higher toxicity. WO '

@O0AH 05682 PCTKER200B7 007746 o8 UFescgliovaeiitbnt rohedy- The
ocuneq;s do not, di s Hﬂﬁ? tQﬁlactiviLXIo th

rﬁ%%ﬁggkydeﬁ$¥ﬁ?$5%s of corticosteroids é%?%#ﬁ%ﬁﬁﬁﬁﬁives of
steroids, after systemic administration, displayed an
improved pharmacological activity and lower side effect
compared to their parent compounds.

W000/61604 discloses nitrooxyderivatives of
corticosteroids in which the nitrooxy group 1is covalently
linked through an “antioxidant moiety” to the
glucocorticoid moiety, such “antioxidant molieties” are
compounds capable to prevent the production of free
radicals and are selected on the basis of tests described
in the patent application. The document repcrts that these
compounds can be used for the treatment of pathologies
associated with an oxidative stress condition in which the

corresponding parent compounds show lower activity or

higher toxicity.
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adm nistration and in particular do not report any
information regarding the local tolerability of the 5

W@ a9p02eds. WO 97/ 34871 di scl oses nitrosated OPCT/EP2006/007746
nitrosilate steroids and their use for the treatnent
of respiratory disorder, in wparticular describe the
activity in a pul nonary nodel of allergic asthm and
ﬂhﬂmpbwﬁéfmﬁmmiODCOfdgbﬁMQOK@IddQﬁMﬁ disclose the activity

I M TR R SO

ataﬁrtlemst@pcpllércatbﬁa dags neirEALLOA the usef thBort any
compounds in treatnent of skin disorders. Hyun E et

leﬂfOIBrattli@h Joagaadisag PHarsracéPegy (Zogprabysl gy, of  the
2) relates to a study of the activity of

(ﬁy rocorﬁlsone 21-[4' - (nitrooxynet hyl ) benzoate] in a

wmdel /3aB7ilr rdi antoaest e ideramttidd spri mitissstady steroids

oedema formation and recruitnment of |eukocytes were

Itttied iRl fehethestiFe3taeRbnStr AREPLRAL fhe d1sorder, in

Lamoynd, hageachigher: 20 apthipll ammg oy @M Ymodel of
than the parent conmpound hydrocortisone. The docunent

adldesr gigt raﬁﬂhmaanyminﬁuwmmnrﬁﬁammynxnwmCﬁhe%ﬂﬂﬂyﬁro—llﬁ—

the co t he ong-| asti
e e b bob o TRenT Sxpaft HERR ! PRoder st Pesag L ¢
doye iy, B -@tomé-2 5 ( moltlltiaéopwdb@tamaafc@r. ot hehe patent
der mat ol ogi cal dlsorders DI SCLOSURE OF THE | NVENTI ON

aptrel igtadskrit FAGENtIUn BBNVesIt Féabove- Réntihegompounds in
6yé§gﬁgg%'nypdgvhdapgopgg&gltrooxyderlvatlves of
S

corticosteroi having an i nproved pharmacol ogi cal |y
30 mﬂjuﬂeﬁ betted, pmmmnmaﬂqJmunmahndfpﬁaammeo@ynawld2004)

p oper d fewer_ adverse Sld fects, .in .
Hatt i c he rc% thdstdf & he entc?%n AowdgFivity of

Hm@/&e&iw@é 2ol evahhlllttrysoxw@ﬁh@q R4t ofn a model
ski n bl anching and skin WO 2007/025632

HCT/ EPRDDBND07 P46t %6 al?Bphyithsfastionsidtivf aEpFPgn oedema
@J}qnaaﬂldr{“?&r?&s?gc?(]fﬂt&%%% #ﬂ“%&}@&%éé%@get ARLG3ted and

corticosterolds ticu
the results demonstrate that the compound has a higher

anti-inflammatory activity than the parent compound
hydrocortisone. The document does not report any
information regarding the effect of the compound on the
skin after a long-lasting treatment. Moreover the
experimental model described by Hyun E. et al 1s not
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 pharmacologically
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



the nitrooxyderivatives of corticosteroids of the

present invention are nore effective than the parent
wWQIz@Wwge2562 5 reduci ng | ocal inflamrati on nedi at BCI/EP2006/007746

vasodi l atation resulting in a reduction of oedena and

of the infiltration of inflagmtory nediators. An

obj ect of the present invention is conpounds of

agergrtal, 4 ofaslka lgetlloR- ZeXi ONO2nd( 19n iz\hereiaaea leg ticacy

he cortlcoster0|d reS|du%_of fornul a

tReD (BRe SO R GOPIR TR SR d@(@)ar icular

QR Wb 8L DBV $2019Es1 oM chbst fcB5aBeReAsOlGf the present
straight Cl1-Cl10 al kyl, preferably Ri is a branched or

lStWEmtngn Chre6 abkyl eérf@f:éw@d Rhagr o@lp% draremet gugs  in

et L -pro n- bu 20.R2 is _an drogen atom :
5 rg = ée%FFQ h%%ya?% Qlo?oge?ﬁer ére thgaso%ll%tatlon

ﬂgsdﬂﬂﬁﬂdftn(é|kbdGbKBAn P RAZIAMR 2007/ 625682 infiltration
PCT/ EP2006/ 007746 7 (I111) wherein RAL and RA2 are

qﬂukﬁﬁ%ﬂﬁﬂﬁq®ﬁ%éT%@%%ﬁm¥¥on1H a Cl- C10 linear or
W . PAET; Yi €l bkl e 1
pre € 5%1a$§w&h % %ﬁfggrégﬁ%%gjﬁa %ﬁéa?gup of GYenera
ﬁanmnﬂ&a(ﬂll) is a isopropylidenedi oxy;
10 R-27-X-ONO,
(I)

wherein R is the corticosteroid residue of formula (II):

(IT)

15 wherein
R; is -0C(0O)0OmxR; wherein m is O or 1, R; is a branched or
straight C;-Cy¢ alkyl, preferably R; 1s a branched or
straight C;-Cs alkyl, preferred R; groups are: methyl,
ethyl, n-propyl, n-butyl;

20 R, is an hydrogen atom or -CHj;
or R; and R, when taken together are the group of formula

(ITI)
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Rl and R2 can be linked to the carbon atons in 16 and
17 of the steroidal structure in position a or Ny R3

WO 2008/0k8687 ogen atom or a fluorine atom preferBdl/EP1006/007746
formula (I1) Rlr R2 and R3 have the following 10
meani ngs: - R1 and R2 both inyposition a are taken
together and form the group of fornmula (I11) wherein
RA1 and RA2 are -CH3r R3 i¢Ialfluorine atom or - Rl

is -OC (O OrRi .in positi ' is 1 and R j
WL Ty anGh R Fand . S CHOR DOEhY aFBHEE o TIRT b @ O
o, FC (RN POSHELOD aawbgreidhmhs Opr&Feksbly (C,-Cs)

butyl, R2is -CH3 in position (3, R3 is a fluorine
adtkonh; Znde go e bepalehpablie aofd Hlaadihg XCHel eedetinfr gmoup of

h i sti f: 20. - - -C(0)0- "Y O
ORI | eflonfBiadiPia B 9 O

H,ndepemrdepbhybselieetked fycorHd afariséi akghhs oinbtanehed 17 of
01-CA4 al kyl; preferably Zis -C(O- or 25 -C(0)0-; X

tihe SRRl EN Tl hal® gt hel #Bl #oRF n§’ meani ngs:

) 18! Lahght oo ranehed GLGA0 Al byl gy, preferadly a

strai ght “or ranéahe 01- C10 al kyl ene, being optionally
sufstrighityedimi fbronéaor Idnr & of Rt henduBsthéuentse following
selected 30 fromthe group consisting of: hal ogen

B 9%ydroxy, -ONO2 or T, wherein Tis -OC (O

(G- Gr & kHoth ONN2peEit QohloCHYe aldidn) - ED§Ether and form
preferably X is a straight 1-C10 al kyl ene; WO
2007910256321 PEPLEPAG06/ 10077460 eBe b} BaCRITy Raz are -CH;, Rs

cycl aal kyliene ag%&Hp ptional |y substituted with

| near or branched Cl-d o al kyl group, preferably CHS3;
<)RCH2) n+-OC(CHR,R; in position o wherein m is 1 and R; is
ethyl and R, and R; are hydrogen atoms; or
- R; is -0C(0O)OxR; in position o wherein m is 0, R; 1is n-
butyl, R, is -CH; in position B, R; is a fluorine atom;
Z 1is a group capable of binding X selected from the group
consisting of:
-C(0)-, -C(0O)O- or
\H/OXO\H/

o R R o

(IV)

wherein R’ and R’’ are independently selected from H or
straight or branched C;-C4 alkyl; preferably Z is -C(O)- or
-C(0)0-;
X is a bivalent radical having the following meanings:
a) straight or branched €;-Cy¢ alkylene, preferably a
straight or Dbranched C;-C;y alkylene, being optionally
substituted with one or more of the substituents selected
from the group consisting of: halogen atoms, hydroxy, -ONO;
or T, wherein T 1is -0C(0) (C1-Cip alkyl)-ONO; or -0(C;-Cyp

alkyl)-ONO;,; preferably X is a straight C;-C;p alkylene;
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(V) d) CH2)n, (CH2 n COOH (V') wherein n is an

integer fromO to 20, preferably nis an 10 integer
WO p@i0Zr68 5; nore preferably nis 0 or 1; n' PGI/EP2006/007746

integer from1 to 20, preferably nl is an integer

froml to 5, nore preferably g1 is 1; e) (CH2 A (CH

2)."- Z (CH2 n 15 (VI) wherein nla is an integer

Hir ome1CtoC20;y pred Bkabtye nhaous aptibnbéger shbemiluted with

10; Z1 is-C(Q -. preferably _Z1 |

Lo i had dbova dot kibdb - S0bn 1 br S REahh gy 61
defined; preferably in formula (VI) nla is an integer
from1l to 10; Z1 is-C(OO, nis Oor 1 and nl is 1;

with the proviso that when XRs§_selected fromthe

bi val ent radical s nmentione d C‘ﬁ e)_,_the - ONO2
group of formula 25 (I) i etd‘the-(CHZ)nI
group; f) WO 2007/-02%680)" FP2006/ 007746 9 (Y') Zia
Xi (OR2)" 2 (Vi) wherein: 5 Yi is -CHz- CHz- (CH2)
n2-, or -CH=CH (CH2) nia- whefein and nza is an
integer fromO to 10; preferably n 2a is 0 or is an

Ynteger from1l to 6; Ziais -OC (O - or -C(0)0-; n 2
is O or 1; preferably n 2 is J;

—(CH,J,

(V")

wherein n is an integer from 0 to 20, preferably n is an
integer from 0 to 5; more preferably n is 0 or 1;

n! is an integer from 1 to 20, preferably n' is an integer
from 1 to 5; more preferably n' is 1;

e)

(CHy)=

(CHz)ma Z1 (CHZ n

(VI)
wherein n'® is an integer from 1 to 20, preferably n'® is an
integer from 1 to 10;
Z1 is-C(0)0O- or -0C(0)-; preferably Z; is -C(0)0-;
n is as above defined;

n! is as above defined;

preferably in formula (VI) n'® is an integer from 1 to 10;
Z1 1is-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 -O0ONO; group of formula

(I) is linked to the —(CHz)nl— group;
f)
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10 R2 is Hor CH3; preferably R2 is CH3; X1 is -
(CH) nia- wherein nia is as above defined, or the

Whpapah2zies2 r adi cal of fornula (V) wherein n andP@GI/EB2086/007746

as above defined; preferably in formula (M1) Y is
-CH=CH (CH2) n2a- wherein 15 #za is 0, Ziais -OC (0)
-, n2is 1l R2is CH3r X1 is - (CH) nia-, wherein

nia is an integer from1l tg O, vvlth t he proviso that

in formula (VII1) the - ONOE D a(fmnula(l) IS
linked to the X1 group(;g\g %52 (OrRZ)" z (VII1)
wherein: Y1 is -CHz-CHz- (CHz &3y, Or -CH=CH (CH2)

nza- wherein and nza is an |ntege}" fromO to 10;
preferably nza is O or nzais an 25 integer froml to

6; n3ais O0or 1; Z1 is-C(0)0- or -OCC (U -; n2is 0

or 1; preferably n2 is 1; R(@ris H or CH3; preferably

R 2 is CH3; WD 2007/025632 PCT/ EP2006/ 007746 10 X1 is
WNETEHN 'nl a- wherein nla is as above defined, or the

yoi val entyradicalegl Formy,a (M- @{qlewhp PaANGLAYc8HE and n?
as above deflned preferably in formula VIII) n3a is

ik, afl [Lste@berI-ﬁ-rcsn(@l—mp nda- wheferabhp n§* 0iszP jar is an

%:Q;e n2|sl is CH3, Xlis - (CH) nla-
mﬁﬁg‘l nteger froml to 10; or in fornula

A4Y114 Yonda i &o cZd)b-$ -OC (n) - or -C (O O, n2
is i, R2is CH3 and X1 is -(CH 'la- wherein nnlais
nlﬁnpe@ér Ifr ofefere® 00 16Swilth the proviso that in
1{? H oQVbh' Xﬁipgfe%% gROUPs Of, f ormula (1) i's
to t group; K
Xy, 1is - (C - wherein n1a is as above defined, or the

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

preferably in formula (VII) Y! is -CH=CH- (CH;),*®*- wherein
n*® is 0, 21, is -0C(0)-, n® is 1, R® is CH;, 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;

g)
Q(Yl)nh 2i—X—
(ORz)nz
(VIITI)
wherein:

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

2a

. . . 2 \
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;

n? is 0 or 1; preferably n? is 1;

R? is H or CHj3; preferably R? is CHj;
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[(CH2) nsb X2]--n7 (CH2 n (IX) 15 wherein X2 is -0-
or -S-, preferably X2 is -0-; n3 is an integer froml
W 2008/025982f erably from 1l to 4, and nab is an PCE/EBSP6/007746
from1l to 10, preferably from1l to 6, nore preferably
nab is 1 or 2; 20 n3, is an inmfeger from1l to 10,
preferablyfromlto6 nore preferably n3c is 2; i)
R4 RS I-(CH) W—[@]ndx@llm n5 R6sR7as 2%0Xe (Maertelen\, ndr the
IS an integer from nteger fromd
iy A ot 306 7895632 TRERLER2008) QBT THE L 3t ARG are as
a%vé?d@fﬁqg@e sane or different, and are H or
strai ght or branched Cl-C4 al kyl, preferably R4, RS,
RELREbLY e I8 Weemeils th@IIGNOanroyﬁ ok, f or Ml al%l)'CH CH-
Ilnaked 19 9, Wherein ns defd ne boye; .
@|§ an“heeteerloncyr((:ﬁlc \;Qtur at'ed, dﬁosa ura{leglsd EPR® s i,
xar arati(cHy tor Whamnhens'er i Bgancontagbirng rome 10rtore or in
heteroatons selected fromnitro en oxygen sqlﬂfur,“z
R A A

fr bR | §VERT bePed ¥ ofn He: NN 3OCAPY - ©F

R? is CHs; and X; is —(CH)n - wherein n'® is an integer from

1 to 10;

e
is 4,

with the proviso that in formula (VIII) the -ONO; group of
formula (I) is linked to the X; group:;
h)

—[(CH,) = X, (CH )

(IX)
wherein

X, is ~0- or -S-, preferably X, is -0-;
n’ is an integer from 1 to 6, preferably from 1 to 4, and

n’® 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,

more preferably n*¢ is 2;

i)

R R

[ClY*—[C] 3

R® R7
(X)

whereiln:

n® is an integer from 0 to 10;

n’ is an integer from 1 to 10;



-(N) NHHN (Yl) (Y2) (Y3) (Y4) (Y5) O -( NN HH
H NCj (Y6) (Y7) (Y8) (Y9 (YI0O) HNaN 15 HH

W@ 307p256¥212) (Y13); with the proviso that whenPCHEP2006/007746
formula (1) Zis -C(O- and in forrmula (11) RL and R2
both in position a are takeni120 together and forns
the group of forrmula (111) wherein RA1 and RA2 are

R’ ,R3R1,s a'flaueri neeatsame t hen &i hésreaot, t kewd are H or
fol I owi ng meani ng; WO 2007/ 025632 PCT/ EP2006/ 00,7746, 6 7
sEF agyaidt 1 gﬁFathBPaﬁéﬁgﬁ @i?é@ éﬂrl%ﬁ:éer , ypr%l]"er%\bl yoo R

ade §f.raight or branched Cl-Cl10 al kyl ene, being

optionally substituted with one or nore of the

whigrstiint uéret s Q¥hegtredp faoforhcre lgr oUp cohsisthed o :

hal ogen atons, hydroxy, -ONO2 5 or T, wherein T is -OC

(0) (C1l-C10 al kyl) -ONO2 or -0 (C1-C10 al kyl)-0ON02;

preferably X is a straight —CLCQ:lQ al kyl ene; preferred
5 bi val ent radicals X are: a) str@ight Cl-C10 al kyl ene;

c) CH2)n,. 10 (CH2 (V) wherein nis O or 1 and nl is
wheredn n” is as defined above;

Y? is an heterocyclic saturated, unsaturated or aromatic 5

5

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

10 and is selected from

g |
N ™ Y [j Ne
¥ S T N A F
N H H | N
(Y1) (Y2) (Y3) N (Y4) (Y5)
0
O O £ %
N N N N
N NZ H H H
(Y6) (Y7) (Y8) (Y9) (Y10)
H
L X (3
N N T
15 H ) H ,
(Y11) (Y12) (Y13) ;
with the proviso that when in formula (I) Z is -C(O)- and

in formula (II) R; and R, both in position o are taken
20 together and forms the group of formula (III) wherein R
and Ra, are -CH;z, R3 is a fluorine atom, then X has not the

following meaning:



I\ (CH2 n~i (CH2),,,a Z~ (CH2)n 15 (VI) wherein nla
is an integer from1l to 10, Z1 is -C(0)0- or - OC (0)
WO 2000/02%30D or 1 and n' is 1; with the provi so PCHEPXNNE0N7746
X is selected fromthe bivalent radicals nmentioned
under c)-e), the -ONO2 groupioef fornmula 20 (1) is
linked to the -(CH2)nl- group; f) (YY) Zia Xi (OR2)"
a2 (Mdaighab wher e mend>@007/-0256321 PCTEEP2006,60E7461ly a

13 Y1 is -CH= 2vvhere|n is 0, Ziais

Eopiont: qn Aratghed ot TLiiPeedy npalfouneraipnally
Wb%ﬂf%u%ﬁxinﬁﬁgﬁroE%OQh:Lné@elgf WHE $hes provisest Ratiected
in formula (VII) the -ONO2 group of 5 fornmula (1) is

flriomk gchet g P Xoys beiping) of Y’ pséozrenxatO(@Rz)fwdzcoxy, ~ONO;
VILL) | wh 10_n3 Y' CH2) n2
5 o JFGI) A'h :erfrllsng iinl %d(sod q(cd) CGO al?ﬁ?ﬁn\&) ()rn =oici-cuo

a@hi%ﬂ XDNGS ; - pC)feramier 6 nnla discainght nteges érlomdne,
to 10 or in fornulaéVlll) nda is 0, Z1, is -OC (0) -
pge Leg e VA kit i 52dicRpS % TBand X1 is - (OH)---

er el e%ar@ gl e15from1to 10; with the
a\r/)}?owsoat at in formila VIII) the -ONO2 group of

dlormula (1) is linked to the X1 group; h) rr | ~

CHZ)n1_

—(CH
10 (CHLJ,

(V)

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

Cress

(CHz)ma Z1 (CHZ)n

e)

15 (VI)
wherein n'® is an integer from 1 to 10, Z, is -C(0)0O- or -
OC(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 -ONO, group of formula

20 (I) is linked to the -(CHz)n'- group;
f)
_(Y‘)Q" 2 X—
(OR?), -

(VII)

25 wherein:
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L(CH2) nab X2J7n3 (CH2 n3c 20 (I X) wherein X2 is -0-;
n3 is an integer froml to 4, nab is 1 or 2; 25 n3,

WQ 2002025882 preferred enbodi ment of the presentPCI/EP2006/007746

invention is conpounds of forrmula (1) RZ-X-ONO2 (1)

30 wherein Ris the corticostigroid residue of fornula

(I'l) above reported wherein: WO 2007/ 025632 .
YPCTEEP20664H00T 746, 14 wheRtiand”R2i Hob h &n pesitd@iMla, n° is
are_taken together and foy,ns he group,of formla

161 1R 1fhéter nXRALS and CHA2 érewﬂ"él%% i $5aP GBEFAET From
atymyr - Rlis -OC (O OrRi in position a wherein m
is1land R is 5 ethyl, R2 and R3 are hydrogen atons;

wirth- Rie i pro@CspOth@tRi in nfpomirt bon VA hefle¢ n—ANPs group of

%rﬂkﬂaﬂe(ﬁgé%/ﬁ lf%éiﬁggh%pro&s%@? X has Itf]ea

ol l owi ng meanings: 10 a) straight Cl-C o al kyl ene;
c) CH),,, (CH2 n (V) whereinnis Oor 1 and n' is

1; 15 e) (CH2)71 (CEHZNa Z (CH2)n (VI) wherein nla
is an integer from1l @ éll)j_sZIC(_O)klo-_ or -

i
(OR?),
(VIII)
wherein:

n¥ is 1, Y' is -CH=CH- (CH;).?*- wherein n®®

is 0, 2, 1is -
C(0)0o-, n? is 1, R? is CH;, X; is - (CH),'®- wherein n'® is an
integer from 1 to 10;

or in formula (VIII) n®* is 0, 2, is -0C(0)- or -C(0)O-, n?
is 1, R? is CH; and X; is - (CH).'®- wherein n'® is an integer
from 1 to 10;

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

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

h)
""‘[((3?12);;57)(2 = ((3?12 5
(IX)
wherein
X5 is -0C-;

n’ is an integer from 1 to 4;

n® is 1 or 2;

n* is 2;
One preferred embodiment of the present invention is
compounds of formula (I)
R-Z-X-0ONO;
(I)

wherein R 1s the corticosteroid residue of formula (II)

above reported wherein:



OoC (0) -, nisOor 1 and nl is 1; 20 wth the proviso
that when X is selected fromthe bivalent radicals
wWoreerzveezl under c)-e), the -ONO2 group of forPQl/EP2004/907746
is linked to the -(CH2),,1- group; f) (Y1) Zia X1
(OR2)n 2 25 (VI1) WD 2007/ 02532 PCT/ EP2006/ 007746 15
wherein: Y1 is -CH=CH (CH2) 2a- wherein n2a is 0, Zia
4 Ry- GEA( B, both? iirs pdsitRDn sx CGH3s Xeakes £ogCHhemi and forms
wherein nia_is an inte from 1 to_ 10; 5 th the
SROTLO R nar EA et & 1TTERBES ORon GrbulortE ~Cita, R
fsormpdc(ﬂj)né satdhkedr-to the Xi group; q) ~Yl)n3a Z~
Y~ (CRZ)nz(VIII) 10 wherein: n3ais 1, Y is '
~ Q=G (CF2P) AR WhePesAtARAa i Whereipsm ig o} oand Ri 1s
1S ( nl.a- _wherein nlais
5 e&%yl nthederndf %dma *to y%%g gH)ofnor’rml a (VIll) n3ais
0,RZI1$5-00C0( O)R; Ofi pCs(@)iob- o Mheddihsml,idR20jSR; is n-
CH3 and Xi is - (CH nla- wherein niais an i nt eger.

Fytamh 1 Reo 180: Ghist P\”t RESPIESPsE -t Rat 1Fn2f 6FHEFa EVAIEL
1 he, - gré)]yp_ J)ornula(l) is linked to the Xi
group; ?(CI—( 2) nab X21--n7 CH2 Aso (IX)
xMTerseiUh@(Zf@Jslex@kng meanings:
10 a) straight C;-Cjo alkylene;

c)

X

| (CHy),
—(CH,J,
(V)

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

15 e)

(CHz)n1a Z1 (CHZ)n

(VI)
wherein n*® is an integer from 1 to 10, 2; is-C(0)0O- or -
OC(0)-, n is 0 or 1 and n' is 1;
20 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 = (CHy)n'- group;

£)
_(Y')@ Zi—X—

(OR?), 2
25
(VIT)
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n3 is an integer from1l to 6, preferably from1l to 4,
25 nabis 1 or 2, nis 2; with the proviso that when

wWopoofioesest a (1) Zis -C(O- and in formula (1PQT/RP208610D7746

R2 both in position a are taken together and forns
the group of formula (I11) wherein RAL 30 and RA2 are
-CH3, R3is a fluorine atom then X can not be
whterraiight Ci - G o al kyl ene; WO 2007/ 025632

PCT/ EP200 /007746 .16 ri ie npbst pre ed .co .

Yo F o iR 1 et » g b?é?éﬁt o D oharie B o is

1CH%£“E% crQ, Ox, HQsl - /w@uQ%lnFrPPFlgla@ @htbbbr from
O CH2ONO? HO O Ff (3) 0 O'-\ONO2

1Ft©f1ﬂ) (5) O 0O Ow O
with the proviso that in formula (VII) the -ONO; group of

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

q)
(YO 2i—X—
(OR?),:
(VIII)
wherein:

n*® is 1, Y! is -CH=CH- (CH;).%*- wherein n?® is 0, 2Z; is -

C(0)0-, n® is 1, R? is CH;, X; is - (CH).*®- wherein n'® is an
integer from 1 to 10;

or in formula (VIII) n*® is 0, Z; is -0OC(0)- or -C(0)0-, n?
is 1, R is CHs; and X; 1is - (CH) ,'*- wherein n'® is an integer
from 1 to 10;

with the proviso that in formula (VIII) the -ONO, group of
formula (I) is linked to the ¥X; group:;

h)
—[(CH,)= X, (CH, )=
(IX)
wherein
X5 is -0-;

n’ is an integer from 1 to 6, preferably from 1 to 4;

n** is 1 or 2;

n*c is 2;

with the proviso that when in formula (I) Z is -C(0O)- and
in formula (II) R; and R, both in position o are taken
together and forms the group of formula (III) wherein Ra
and Rz, are -CHs;, R3 1s a fluorine atom, then X can not be

straight C;-Cjq alkylene;



HOO <O,O0N02 OFH 10 (6) 0 0O OW 0 HOO-K I
0OON®2 OFH(7) OCHRONR2 OHO~ OF O/ f 15 (8)
WODO208568D25632 PCT/ EP2006/ 007746 17 i 0 \  CPOI/EPDOG/H07746
HO-. p-K ONO2 HO ... p-K CHZON®2 0 '0 FHFJHO/ O

/(9) (10) 00 OO0 ,ON®2 O1-0O'" \ONX2Z HO K HO O~ /
e/ _eFHFH OO/ 5 (15 (16) OO/
The most preferred compounds of formula (I) of the present

invention are:

(0]
(o] o CH,ONO,
" O7<
'O

(>

10

15




QAO-~"\ONC2 0 0 O\ CH2ZONO®2 ... O\ HO... p~ AVo F
HO/ 0 (17) (18) 100 OM HO.., p~/ Al~ ON®

WO 200702588F H O/ (19) 0 10\ O-~ONO2 O O | BCHEPDOFE)TT46
O O F Fi O15 (20) WD 2007/ 025632
PCT/ EP2006/ 007746 18 0 / p1#~iONO2 0 O 00 OMe HO
p-K FH O/ (21) 0 Il p)O CH2ON®R

2 2

10




HO-Kp !l / f10 FO/ (22) OCH2ON® Op~01 / HO
.., p-Kp O FHO/ (23) OO0 pO\ OO0\ CHZONOZ 0
WGIOTBIB6B ., O( JjV/ _ _ > ONO2 0 HH O/ O 1eCT/RE006/007746
(25) p CHRONO2 0 OO0 \ O/ON® aH H .,,~0~0 HO H
"IOCOHHH OO (26) (27) 1@ 0 0-4--,-0----\ONO2 HO
OO0 HHO15 (28) WO 2007/ 025632 PCT/ EP2006/ 007746
19 ooaow , O Q
O/\/\/ONOZ

OMe

10

15



O 00OHO _ ~u\/\~ONOZ HHH O/ (29) 0 0 Ow

o 2 HOOr0O OAl ONO HI HH O (30) 5 JyCH2ON®R HO
W@200002363H H O (31) O\ o\ AHO 0 0/ aH HOTRRRHADTT46
H"' t00CH2ON2 HH O O/ 10 (32) (33) 0 0 O OAONR
OOON® HOH~Oro HOH ,n0Qg H H H H

~
A

10

15



O/ O/ (34) (355 ~0~ 0 O ON®R 0" ' vA~ONC2 HO H
,~~0~0 HOH"~O-OHHHF O/ O(36) (37) 15 WD
WQO7ATBB3E32 PCT/ EP2006/ 007746 20 0 O 0 OACRCTURBROEI0T746
0k 0'-"-"-\ON2 HOHO\r 0 HO0O' O HHHFi O/ O
(38) (39) 0 OAO'~O ONO2 2@ OLO CH2ONO2 OO HO H 00
HOH O / HFI Hli o/ O 5 (40) (41) 0 o JL

0
00
O

10




100 0l \ 0~~,ON02 OO O\ HOO\ 0 OM H//ham1l /
Eo HHO/ (43) 0 O0~/ON®2 OOOHO ""o\ 0 O H
WOR@IN25E82 (44) WO 2007/ 025632 PCT/ EP2006/ 0077 4BCT/RR200Q007746
OO0 CHZONOZ HO,.00p |l / H HH O/ (45 CHON®R

HOW OH / O HHO/ (46)28 0 0 CH2ONO2

0
0 CH,ONO
O 2 2
% o}
Q

0
OJ\© M~ ono,
o} o]




FHS5 (47) (48) p CH2ONOZ
HO,mp/ vv FHFHO/ O/

O HO o~p' v v FCHERD06/007746
7746 22 Ovwe OO O
(52) 0 OM OO0 O/

0O OO0O/ON®2 OOOHO "N
wW@Q2®y/02%6) 0 0 )L'~'0

(51) WO 2007/ 025632 PCT/ EP2006/

O0,ONO HO"p/ vv/ E- FH2

pKIONO2 HO "p/ v v

©8




FH O(53) cICH2ON® OOHO"p/ vv FH5 (54) o
K--Q O00O0 ONO2 0 0 CHRONC2 HO "p/ v v HO "p/ Vv v

WE2047823630 /| O/ (55) (56) 0 0 p) ONCR2 O ONOZPGIDERIDO6/007746
"p/ vv FIli FHO O/ 10 (57) (58) WD 2007/025632

PCT/ EP2006/ 007746 23 QAl "Oh30 ONO2 O "~~ ONO2 HO

ml -- v HOFHH O/ O/ (59) (60) o0 0 pJL ONO2

A O-~-ONO2 O OO0ll v v FHHOHOD
OJ\/\/\ONO

2

2 2

(63) (64)

10




FHOO/ 5 (61) (62) O0A 0"-0"\ONO2 0b0 CH2ONO2 O
QUuO0OHOA FHo/ O(63) (64 100 000 OO0 | / OA
W@ 20R02563HO "np' v v FH O/ (65) WO 2007/ 0258GREP2006/007746
PCT/ EP2006/ 007746 24 0 0 0,-, ,,-~ON02 010 0 ~0
O HO""pKvv FHO(66)22 0Op- ON2 010 0 O

O HOFH O(67) O

N O/\/\/ONO2

OMe

(69)

10 Another embodiment of the present invention is the use
of compounds of formula (I)
R-Z-X-0ONO;
(1)
for treating skin or mucosal membrane diseases @ or
15 disorders, wherein in formula (I):

R is the corticosteroid residue of formula (II):
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20

OCH2ZON02 O Nz OO0 AOI' / HOFH O(68) O
\Y

CH20NO2 Ol / O OO O HO "np' FHO(69) 10
WoWrHzF632nmbodi ment of the present invention iBCT/RR2006807746
of conpounds of formula (1) R-Z-X-ONO2 (I) for

treating skin or nucosal nmengrane di seases or 15

di sorders, wherein in formula (1): Ris the
corticosteroid residue of formula (11): 2007/ 025632
PCT/ EP2006/ 007746 25 OA OHOCH3 R R CH3 R-3 O
(I'l) wherein RLis -0C (0) OnRi whereDn mis 0 or 1,
Ri is a branched or

wherein

R; 1s -0C(0O)OpR; wherein m is 0 or 1, R;y is a branched or
straight C;-Cyy alkyl, preferably Ry 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

(III)
__—O><:fRA1
—0 Ra
(ITIT)

wherein Rp:; and Ra; are independently selected from H, a Ci-
Cip linear or branched alkyl <chain, preferably (C;-Cs)
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 a or (;

R; is a hydrogen atom or a fluorine atom;

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

meanings:
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5 straight Cl1-Cl0 al kyl, preferably R is a branched
or straight Cl1-C6 alkyl, preferred R groups are;

WOorgaongese32 et hyl , n-propyl, n-butyl; R2 is an hpdr/Bpznc/007746

atomor -CH3; or Rl and R2 when taken together are the
group of forrmula 10 (II11) Oy¢Ral O RA2 (I11)
wherein RA1 and RA2 are independently selected fromH.
-aGlan@l®, | brear ior darsanched caldyd chaém, tpgetreabbyd forms
C1-C5) 15 alkyl; nore preferably RA1 and RA2 are
EHP tBE §PaTHL1ef (Flgrmie g n) Ris apd Rao are -CHi, R;

lSS%Erﬂ%glqi?éﬁegg&g(y ol and R2 can be linked to the
car

on atons in 16 and 17 of the steroidal structure
4 IRposs t -0 (a GﬁRerRBposmlbyldroogHmmDmn or i 1 and R; 1s

flu ne ato r ef er abl n formula (I1) R, R2
OlReﬁﬁa\?@dt"hé #5F1 B ﬁageﬁeéﬁPﬂés ) (200)7/ 025632
PG/ EP2006£ 087446, 26 BbsandoR2 cbatheidi posi iionpa areis n-

taken toget her and forns the group of formula (III)
hmefrleu erRAﬁ afd:RA2 BPeiLCrBr PR3RsI 5Saaf FubPFhBcaBoRT/

Zo dSR‘? Iggoug ta%% ng I%gfh%e lvglzecreed anE)rhstgie group

rogen at ons;
cRuhsil%th@Qjﬁ}lRi in position a vvhereln mis 0, Ri |s
IS -CH3 in position (r, R3 is fluorine
aﬁ@ Tm 2€ ) & ftoup capabl e of binding X sel ected
romdhe g)”oup consisting of: 10 -0(0)-, -C(0)0- or

R* RO(IV) wherein R and R are
sel ected fromH or straight or branched

aIkyI preferably Zis -C(O- or

wherein R’ and R’’ are independently selected from H or
straight or branched C;-C; alkyl; preferably Z is -C(0O)- or
-C(0)0-;

X is a bivalent radical having the following meanings:

c) straight or branched C,-Cyy alkylene, preferably a
straight or branched C;-C;y alkylene, being optionally
substituted with one or more of the substituents selected
from the group consisting of: halogen atoms, hydroxy, -ONO;
or T, wherein T 1is -0C(Q) (C;-C1o alkyl)-ONO, or -0(C;-Cg
alkyl)-ONO;; preferably X is a straight C;-Ci;o alkylene;

d) a Cs—C7 cycloalkylene group optionally substituted with
linear or branched C;-C;q alkyl group, preferably CHj;

c)

CH,),—
—(CH,J,
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15 -C(0)0-; X is a bivalent radical having the
foll ow ng nmeanings: c) straight or branched Cl-C20

W@RWy21983 preferably a straight or branched EIFERD06/007746

al kyl ene, being optionally substituted with one or
nore of the substituents selected 20 fromthe group
consi sting of: hal ogen atons, hydroxy, -ONO2 or T,
wherein Tis -OC (O (Cl-dag-alkyl) -ONO2 or -O
(Cl-Ad o alkyl)-0ONO2; prefe qﬁ a_straight
Cl-Clo al kylene; d) a C5-C oa y2l)rene group
optional Iy substitutegpwth ear or branched Cl-Clo

al kyl group, preferably "CH3; 25C&90H2)n, (CH2 n (V)

d) WO 2007/ 025632 PCT/ EP2006/ 007746 27 CHZ)n, (CH, n

COOH (V') whereinnis an i \{e)ger fromO to 20,
dHé?éﬁ@bﬁylﬁ'éhaﬂnté?éﬁg%&&ﬂ(Un@otQO5 g & rably n is an
preferably nis O "is an integer from1lto
20 eqreflrabl § ﬁq bs IaﬁrEnpegéerabmnnlltsoOsormirr

refer abI ( ZT (LCH2)

VI) b V\,hg(f‘ (Fﬁ % 8ml sl a%?énq egéq_%%(r)‘?ng yto 26)S an integer
et er abd ys nldots pReféntpyernfromil; to 10; Z1

is-C(0)0- or -OC (O -; preferably Z1 is -C(0)0-; n
9)s as above defined; nl is as above defined; 15

preferably in formula (VI) nla is an integer froml to

10; Z1 is-C(OO, nis 0 or 1 ang [

(CHz)n1a Z1 (CH2)n

(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(O)O~-;
n is as above defined;
n' is as above defined;
preferably in formula (VI) n'® is an integer from 1 to 10;
Z1 1s-C{0)0-, n is 0O 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:).'- group;
f)
ol e
(OR?), -

(VII)

wherein:
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with the proviso that when X is selected fromthe

bi val ent radicals nentioned under c)-e), the -ONO2
wQ@ewa2ws2 formula (1) is linked to the - (CH2)PCTEEP2006/007746

group; 20 f) (Yl) Z-X1- OR2 )n 2 (VIl) wherein: WO

2007/ 025632 PCT/ EP2006/ 0077468 28 Y1 is Cl -12- CH2-

CH2), 2a-, oi -CH=CH (CH2) n2a- V\hereln and n"a is

van isnt eges- Cfrrzemdbxzﬁgaio @r ef @rably (fida) i°$- Owberies narend n®

|nteerfrom1 0 6; Ziais -00 Q)0; 5n2is

rgl”ﬁ?@?éraﬁ[cﬂ n2 ite 1lO'R2p§ }ﬁrﬁkléf(@“, pi&f & apf yis an
Iﬁ% dge CH3iomi1 I8 -6{CH) .,ia- wherein nla i s as above
defined the uor bivalent radical of formla (V)

Zwherei OB (@hd ar aréOa®/ above defined; 10 preferably

2n. formula (V1) Y CH2) n2a- wh 2
1aio DoPs e Pab(or e T . o 16 G, X is - (&)

ril as Hherrelcmmlprés(aaabu@t R@e[stH)m 1to 10; with the
roviso that in fornmula (V]]) . the-()\IOZ group of .
orkl a (GH) s | WAREEG it Phe ¢ qrdupbors g? Eyned, or the

bjl)val ot Zk?éhcaﬁq%%? férgnwlﬁl) va%'h%'r'%ln '%nd n' are as

n2a- (CH2) n2a- V\,herel n
mmmfﬁ@ds an i nt eger fromO to 10; preferably n2a

n2a|s inte lto a i Qr
O TR 0] 01 ot %Eé 30 ot EH PhPdFBely o e rein
p
rVS 1s 0, 7. is —OC(O) , n® is 1, R? is CHs, 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;

g)
Q(Yl)n3a Z I__X r
(OR?), .
(VIII)
wherein:

Y! is -CH,-CH,- (CH,),°®-, or -CH=CH-(CH,).%®- wherein and n®®

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 1s-C(0)0- or -0OC(O)-

n’ is 0 or 1; preferably n® is 1;

R? is H or CHy; preferably R? is CHs;

X1 1s —(CH)nla— 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, Y! is -CH=CH-
2

(CH,) ,2®*- wherein n® is 0, Z; is -C(0)0O-, n® is 1, R? is CHs,

X; is - (CH)n'*- wherein n'® is an integer from 1 to 10; or in



25 R2 is Hor CH3; preferably R2 is CH3; Xl is -(OH)-
wherein nla is as above defined, or the bivalent
WO 2u7028630f formula (V) wherein n and n' are aRCT/ER2N&007746
defined; preferably in formula (VIIl1) n3ais 1, Yl is
-CH=CH 30 (CH2) n2a- whereira:2 is 0, Z1 is -C(0)O0-,
n2is 1, R is CBi Xl is -(OH)- whereinnlais an _
fiontreger feoM 1 06 IG ®©r in MO 20070 025682-C(0)0-, n° is 1,
PCT/EP2006/OO7746 29 f rqyla Viii ).n3a 15 O,
(6) &d_)@ (1(5 I—? erew s CB %rﬁdl?%eggr from
1- dLH)p;nl a- wherein nl a |s an I nt eger from 1 to 10;
with the proviso that in formula (VII1) the -ON0O2
wyrtdu p- o psomsnultaa(q)m sanimkled tolihe XhegréWp: Hyoup of
-t 21 ab 1n3 Inn (I1X) . _wherein 10 X2 is
5 flb(fmula <Sﬂ l“}é% |n?eger>f( I)Ql "k 6, preferably
Hirom1l to 4, and nab is an |nteger from1l to 10,
preferably from1 to 6, nore eferably n 3bis 1 or
2; n3, is an integer{{Cdm) =Xl Jeferably from1
to 6, 15 nore preferably n3, is 2 |) R4 RS | [C] n4d
YZ[C R6 R7 (X) wherein: (20 n4 is an integer from
Oto 10; n5is an integer from1l to 10; R4, R5, RG,
wWRE et he same or different, and are H or straight

10 X(gritgraggh%qlf C_:JS-_Q4 al kyl, preferably R4, R5, R6, R7

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

n’® 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’c is 2;
i)

R* RS

[Cla Y —IC] 5

RS R7
(X)
wherein:
20 n' is an integer from 0 to 10;
n°® is an integer from 1 to 10;
RY, R®, R®, R’ are the same or different, and are H or
straight or branched C;-C4 alkyl, preferably RY, R®, R6, R’

are H;

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

wherein n’ is as defined above;



are H 25 wherein the -ONO2 group of formula (1) is

linked to -[C] | n5 wherein n5 is as defined above;
WOB2080568025632 PCT/ EP2006/ 007746 30 Y2 i s anPCT/EP2006/007746

heterocyclic saturated, unsaturated or aromatic 5 or

6 nmenbers ring, containing one or nore heteroatons

sel ected fromnitrogen, oxygen, sulfur, and is

v$eliectaed HawmdtydN ic NsAENrSthdH MnlsaNurdted (o )aty@ytic 5

Y. AN NNHHH Y6 Y7) (Y8
EVIE) MEIRERE AN IRE W O (V) {SAS VES) | RRE mbst eroatons
%&%f%re@e%m%mfg&{ foryada (d)1c@pove reported,
hat can be used for treatlng skin or mucosa

am@wbﬁaﬁ@léwgéabégxnm disorders are;: 00 OOOO
CHZONO2 MO ~HOOI / Xf ONO / FFi FHOO/ 15

(1) (2)

i N
N
/\\ |/\ I/\ I/W /N\§
3 J LS N
N | N/
5 r 14 H 14 14 14
(Y1) (Y4) (YS)
Sh¥
I
H
(Y6) (Y7) (Y8) (Y9) (Y10)
10 (Y11) (Y12) (Y13);
The most preferred compounds of formula (I), above

reported, that can be used for treating skin or mucosal

membrane diseases or disorders are:
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(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-
responsive dermatosis, atopic dermatitis, contact
dermatitis, seborrheic dermatitis, inflammation, eczema,

erythema, papulation, scaling, erosion, oozing, crusting,
pruritis, psoriasis, epidermalysis bullosa, erythema,
hidradenitis suppurative, warts, diaper rash, Jjock 1itch,
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,

psoriasis, seborrheic dermatitis.
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O/ O/ 5(63) (64 00O0O-~OI A p'i,~ ~ON2 HO
,,,per vv FH O/ (65) 10 0 ~O~0ON2 O0OO0O-~0n
wW@rw7/028683 ,,,p/ FH O (66) WO 2007/ 025632 PCT/EP2006/007746
PCT/ EP2006/ 007746 39 0/ O- ON0O2 0 010\ O O Ow
HO, "OFH OG7 0O0OCHOWR OO0OO0O~MN Ol / HOnfo

kv v

The Lerm “Ci;-Cyo alkylene” as used herein refers to
branched or straight C;-C,p hydrocarbon chain, preferably
having from 1 to 10 carbon atoms such as methylene,
ethylene, propylene, 1isopropylene, n-butylene, pentylene,
n-hexylene and the like.

The term “C;-Cipy alkyl” as wused herein refers to
branched or straight alkyl grou
atoms, including methyl, ethyl, n-propyl, isopropyl, n-
butyl, isobutyl, t-butyl, pentyl, hexyl, octyl and the
like.

The term “heterocyclic” as used herein refers to
saturated, unsaturated or aromatic 5 or 6 members ring,
containing one or more heteroatoms selected from nitrogen,
oxygen, sulphur, such as for example pyridine, pyrazine,
pyrimidine, pyrrolidine, morpholine, imidazole and the
like.

This invention includes also the pharmaceutically
acceptable salts of the compounds of formula (1),
stereoisomers and epimers thereof.

Examples of pharmaceutically acceptable salts are
either those with inorganic bases, such as sodium,

potassium, calcium and aluminium hydroxides, or with

organic bases, such as lysine, arginine, triethylamine,

dibenzylamine, piperidine and other acceptable organic
amines.
Examples of organic acids are: oxalic, tartaric,

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

The compounds of the invention which have one or more
asymmetric carbon atoms can exist as optically pure
enantiomers, pure diastereomers, enantiomers mixtures,

diastereomers mixtures, enantiomer racemic mixtures,
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FH O/ (68) 0 CHR0ON® OO O0JOMO/ HOMOV Vv
FHS5 (69 The conpounds of the present invention

wae@nzwBul for the treatnment of skin or mucoREE/EP2006/007746

menbr ane di seases or disorders conprise, but not

limted, corticosteroid 10 regponsive dermatosis,

atopic dermatitis, contact dermatitis, seborrheic
defaraiddd sori nfd@emat ¢ omixeczerm, Wetpthenehe scope of the
papul ati on, scaling, _.erosion, 00 if , . crusting, .
BRI BEor R8PS 2 dpitdier RSt B Duf FORRE Ser pEREARLSOTeTS

M Oradeniti s suppreati ve, vaet seoflhbanghsr ash, jreGkula (1),
Itch, 15 ruber Iichen planus, seborrheic dermatitis
il lotd iafd ecit>st utde secal phandiot AepahbirylareasorEiye

conmpqunds of the present invention ar.e particularly,.
usef%%%%n the f1é&atitent %?m%ﬁ???cosﬁﬁéés-%es%ﬁns%#gorders

defdwatasi s, rRtopi aoder Mthtiicsd,contaet idesmatidiics.:res2dnsive
soriasis, seborrheic dermatitis. WO 2007/025632 L
HPFO0E/ 00774680140 THE BEYTHPICL- C20°alrk§Fene" deggatitis,
d herein get tog br qH&; straig - CLO h
%ﬁﬁhocg{(%n égaﬁ%?lgrgferggﬁg% znﬁé%ﬁ?ro§$ig%g'loeryt emd
reardort iatrons ssadhings netdyl @ne, ooetilngl,enerupt dOpyl emeuritis,
i sopropyl ene, n-butyl ene, pentylene, 5 n-hexylene and .. .
RIF13%e THE B S Go Al &Las%ﬁ%ﬁ?qﬁﬁ%i%ldra&énltls
JfBIS d0se branehed ofiasdrairght al kybkgreups ruber lichen
conprising 1 to 10 carbon atons, including nethyl,

petényds . n- propyl, isopropyl, n-

Also within the scope of the invention are
pharmaceutical formulations suitable for topical
administration comprising at least a compound of formula
(I} of the present invention.

Preferred pharmaceutical dosage forms include cream, lotion
and ointment formulation or topical spray compositions.

The pharmaceutical dosage forms are prepared according to
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
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%.

Various optional ingredients may also be present in the
topical formulations. These are: one or more various
solvents such as various short chain alcohols including,

but not limited to, ethyl alcohol, propylene glycol,
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butyl, isobutyl, t-butyl, pentyl, hexyl, octyl and the
10 i ke. The term "heterocyclic" as used herein refers

WQ 2007827682 at ed, unsaturated or aromatic 5 or GPEEEPMNG007746
ring, containing one or nore heteroatons selected
fromnitrogen, oxygen, sul pgyr, such as for exanple
pyridi ne, pyrazine, 15 pyrimdine, pyrrolidine,
tmaeRhalime, Hen @bzt e ghdcbhe lanke. ddnmsinaweshsonthereof;
i ncludes al sq the pharnmaceutically acceptable salts,
S§f teke ScoRpEdNds V6T PPeRHSa CPRE ~ §0er ebfsoREFSeRd 1n the
copiinens thereof.: 20, Bxalpl &5 of phar naceuthical lyinited to,
acceptable salts are either those with inorganic
peased atsuch asi codinygtapotrassiwax, caflchehhandne, beeswax,
al um ni um hydr oxi de or wi.th ,organic ses, sgch ag
TSI, &Hghni ned trFeEhyl AHHAS ¥ty nenee Dutter,
cRirPerindi ne angyof her aggeptabl eror.gani c (25 am pesnd of
Exanpl es of organic acids are: oxalic, tartaric, ' ,
ipgeire L fsuedEaiva c i taniderci d9.aumedipl @s offNichoFgaRiigations
(R e ar ey, LG iqehlari oo sul UM Gor  1imited  to,
phosphori ¢ ‘acids.  Salts with'nitric acid are
cpreiaoredt0I3RTHe conpouhds of (thedonyenti bncwhi ch glycerol
have one or nore. asymetric carbon atons can exi st

. as
MORCSERIANR S5ur e IEHERFPomerSl SRA €2 U ast &rleGifers,  stearate,

SNANLIQITBS S JHX LW ESrat &i agt 8EAREISY M XIAL LS st t d
pengﬁiionefg}acenic n%itures, WO 2007/3%%%32§§ stearate an
PECT/1EP20061 007746 4023 ac@RLAGEEs of6bhcei malleysorbate 40,
m.xtures.. Wthin the scope, of e i i al
Eﬁﬁy%ﬂégﬁ%%s%EVe %g S?%Ea% eﬁggisg§g¥§@ﬁgﬁgfﬁﬁer ¥rbitan

midindiparnesnaafe ,t heoepapaundsowds f@s pat @, (Isorbiti udbhAgoleate,
m xtures enriched in a particular isomer. 5 Skin or ,
3 os O ahen ¥l sehBBEeBE - di sGtdEs  coRptPeR, bgptional

iRt dd el AT 41 SOt er ol ds L espPASiNg 8T PBYE0$bSmulation.
atopic dermatitis co tact dermatitis, seborrheic

Tihersmeat at ¢ s camfilearamat sonh eczewateer ytthemaperal oil), skin
conditioners (such as 1lanolin, glycerine, cholesterol,
cetostearyl alcohol, dimethicone PEG 100, PEG 200, PEG 300,
PEG 400 or isopropylmyristate), buffers (such as sodium

citrate/citric acid, dibasic sodium phosphate/citric acid,

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

EXPERIMENTAL PART
Synthesis procedure
The compound of general formula (I) as above defined
wherein Z 1s -C0O- and X 1is as above defined, can be
obtained
la) by reacting a compound of formula (IIa), 1i.e. the

precursor corticosteroid,
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papul ati on, scaling, erosion, oozing, crusting,
pruritis, 10 psoriasis, epidermalysis bullosa,

wWe@eaprzied2 hi dradenitis suppurative, warts, dPEREP2006/007746

rash, jock itch, ruber lichen planus. Also within the
scope of the invention are pharnaceutica

formul ations suitable for topical 15 adm nistration
conprising at |east a conmpound of forfda (1) of the
present invention. Preferred phabnace ti cal dosage
forms include cream lotion and oiwtnent formul ation
or topical spray conpositions. Rmaceut i cal
dosage forns are preparétDQc i) procedures
wel | known in the art. The of the active
conmponent of fornula ( ith ¢al formul ation
according to the inve A~ depends on the precise
type of formulation PRepared but will generally
be within the range ng-0. 001- 12% by 25 wei ght,
nore preferably 0Y001 to 10% by wei ght. Generally,
however for nost types of prf?ggations advant ageousl y
the proportion used wll bé Wi thin the range of from
Whed@lid ®,, 1% bynderRghire nos ealpoet edabliye@. @1£0. 53%cocapdund
especially around 0.025 to 0.1% 30 Various optiona
fn s(ﬂ%& al so be present in the topical

formul ations. These are: yare@r- e various solvents
such as various short chain al cohols including, but
not limted to, ethyl alcohollb)propyl ene glycol, WO
y %g%!ggSGSZ PCT/ EP2006/ 007746 42 triacetin, hexylene
g yc&i, and conbi nati ons thereof; suitable occlusive
wgent s-vthat gay berpresend)rRn therdiopi eal fornmul atirosar or
include, but are not limted to petrol at um

By dEd st atFa el vak, odi it hi2oRer BBLEGART F HATeFAF 9gTroup

Qsi SGUA angy el i qub by pREREEEPN8BEY, DUL LeR, ¢ ERRARE o
wax, SEPI'CEL. RTM (a blend of  isoparaffin/nol yacry7l

samcderidilgureths 7), and conbinations thereof;
qurifsac—tcﬁ\lﬂ(gz Sggh Zazs’wgcléltre%rle i]zmilsl rQetleedctteod 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
condensing agent, and

1b) when Q 1is 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)
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’ -
carbonyldiimidazole (CDI). The reaction 1is carried out 1in
an inert organic solvent dry such as N,N"-

dimethylformamide, tetrahydrofuran, benzene, toluene,
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CETOVACROGECL. RTM 1000, (Crodor, Inc.) glycerol 10
nonost earate, glycerol distearate, glyceryl stearate,

W 0yHx3682 hyl ene stearate, a bl end of gl yceryl PGI/ER2084/607746
and PEG 100 stearate (as ARLACEL 165), polysorbate
40, polysorbate 60, polysorhate 80, CETETH 20. RTM,
sorbitan nonopalimte, sorbitan nonostearate,

dSardartegn rmnqm:bbﬂ‘t:e+ud;_6uaheiucoarbipa&i.dms bgerecfirbon at a

SPBEUACTTE | Weohopr Dar PBPMATAL orin® THRRet opg 1o completed

WAl fiSkchy éﬂfaf%mogo %ﬂﬁﬁ@&%b)% skuRs;
conditioners (such as lanolin, glycerine, chol esterol,

I@et@*separlyﬂl atbehaleaddiimst hpEoe PEG®AQN] PEG HOOTUPEG (11a)
Q P'%%r#(’&u Of 1-SOPEQOPYL YT itogt e%hengfefvﬁ (guchc (o

e
as soglum Ci'tra eIC|tr|c acrd, asi ¢ sodi um

whkasphat @/ ciitd i @sacadoveordémm@@sl ®80dbem carried out in
phosphate/citric acid), or preservatives (such as oy
AL S, © het h§ilay§§r1é(l§én grch p%%p@l%a?é%eﬁ?‘” ggino pyridine

ERl NENTAL Fﬁgzpréﬁghg%sb% RGedH £ Thﬁe&PEDQHEQ Qfich as

general formu as above defined wherein
SaCOTfAndoX Bs (@3 fahove defined, can be 30 obt a| ned
acting a conpg nd of fornula

b la), i.e..th
TSR cErabE 260y (1t oSeergs NPT N SIS L
el E830Q6/W3ﬁ5et14§l§blrm£}ngj'8, Rite tHQRAr&Her 85, Benzene,

(Ila) wherein Rl, R2 and R3 are as above defined with
QQLﬂﬁﬁﬁnmgloxane, 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 la) the reaction of a compound of formula (IIa)
with the compound of formula (Ib) wherein W is Cl, X is as
above defined and Q is Z,;, may Dbe carried out 1in presence
of an organic base such as N,N-dimethylamino pyridine
(DMAP), triethylamine, pyridine. The reaction 1is 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 and 40°C. The reaction is completed
within a time range from 30 minutes to 36 hours.

In step 1lb) 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 1is C;-
Cip alkyl). The reaction 1is <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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of formula (Ib) 5 WC(0)-X-Q (Ib) wherein Wis -CH,
G, or -OC(0)Ra wherein Ra is a linear or branched

W@200082wBkyl or Ra is Rai selected fromthe grBUREP206/007746

consi sting of: pentafl uorphenoxy, 4-nitrophenoxy or
succim dinyloxy; Qis -ON02 ars Z2 wherein Z2 is
sel ected fromthe group consisting of: a chlorine
tatnqra r et Wreom et it ogw 1 @enodi Nee ptoffpracnesyl rgteuponrce is
a to%yl group, in the presence of a 15 condensing
IH%& *when Qis Z2, by converting the

TH@W%%W@OQQ&@'@%jﬂékmﬁﬂ§ ?ﬁ@@ a)a AN Qo@mBEEL 811y available
derivative by reaction wwth a nitrate source. In Step

dra) dére ﬂgact$xmmm¢sase@np@anddgﬁct@bﬁdlal@lléﬁe 2@eference

e of f b) wherein, Wis
dr?a%}mbeé“ht oar TG Dhe T i 7 oLGRch bFUR conBBGE 1G SgeRELE1on
ngy rﬁhe@(fﬂﬁﬁfrb@ﬂhl nrde) (BE6)e reported wherein R; and
met hyl am nopr opyl ) - N—ethylcarbod||n1de . .
%yd?@*é*hl G do§ EbACH ahdua’vca’f%’l’?m togidpasand forms the

dL*Bad 6? L4 po (pyrh ding %?&(“P 0 2%e -CHi, R; 1
car bony %n1da§ole %éDI? T“the rea%??gﬁrls é%rr?éﬂ 3 18 4
fdutorime antbmeris okgaminc spl wentediry seok asf NINiamcinolone

dineth;;fornan1de t et rahydr of uran, benzene, tol uene,
ANG B007025632 PCT/ EP2006/ 007746 44 di oxane, a

e Yhahogenat ed zbirphati ¢ thydr ogesPONrapodted wherein Ry is

tenperature from-20C and 40C. The reaction is
NS éEd 1 PlvisA ta ani e whewgrl rr@mlgolmarm ds ti¢ 38-hyl, R

P 1 2 i e ke S8k By SR an Br by mame of
pafetrei so Wris- 1 OGO Racanbeneta. Ra i s as above defi ned,

may be carried _out in_ presence of a catal uch as
TN%%?%?WyﬁFaﬁfnéoﬁwlﬁu ne 1y Dl\mv%rrffﬂotrﬁﬁ prwi‘e.ee‘r‘?cha‘1 Ry 1s

2 (%g?nQnaplees\Mt%cﬁW& SHePc@s mSG(OTH) 3nQ' R, is n-butyl,

R, is -CH; in position f$, R3 is a fluorine atom is known by
generic name of betamethasone-l7-valerate.

The compounds of formula (Ib) wherein Q is OH and X and 7Z;
are as above defined, are commercially available or can be
synthesized from the corresponding hydroxyl acid of formula
HO-C (0) -X-0OH by process well known in the art;

The compounds of formula (Ib) wherein Q 1is ONO, may be
prepared from the corresponding compounds wherein Q 1is 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 = -OH by reaction
with a chloroformate such as isobutylchloroformate,
ethylchloroformate in presence of a non-nucleophilic base
such as triethylamine in an inert organic solvent such as

N,N’-dimethylformamide, tetrahydrofuran, a polyhalogenated



10

15

20

25

30

10 The reaction is carried out in an inert organic
sol vent such as N, N -di net hyl f or mam de,

W 2aoraesedr of ur an, benzene, tol uene, di oxane, BCT/EP2006/007746

pol yhal ogenat ed al i phatic hydrocarbon at a

temperature from-20C and 40Gg The reaction is

conpleted within a tinme range from 30 m nutes to 36
ahawrst 115 Hyisieprb@) dheareaepé oatoteareonpeandcofand 40°C.
formula (Il1a). with the conpound of fornmula (1b)
Tiiereiar Wes &F, CRMPd € bV et i heBeard@ @S st 1 to 8
H Qe carried out in presence of an organic base

such as N, N-di net hyl ami no pyridi ne (DVAP),
Tt etcloylpaninges, Py i domewldhe (feact wbaresncaried @D may be

ut .in an_inert organic solvent such as N -. B
TRy 1 BF HR“dE, ot F SHYER GF UF af ioon7anere 10l flers, “OH BY
Adioxang, & ol yhahogeanat ed ddphat i enhyei@sarhaniaksaor p''t
temperature from-20C and 40C. The reaction is
gorfpl énedo lwiertisn @it ydAn e frorH 302 i put @50forBe DME.
hour 25 |.B) entr rc b LV -
nitr 31%*, C+[th>(f§1h|t)rﬁ(f9n r?ikft rg[a%he?ﬂslod?%?nmﬁ??r a(t%(%fm%sot ggg#’%m%{efmed
whdradire, Z nBgnesi(OnDRi tarad eX ciad casm abbdvat eefiimenl, can be
nitrate, zinc nitrate or tetraal kylammoniumnitrate

iPefd kyl is Cl- Cl0 alkyl) The reaction is

A1 rayed.»e%tmg ay SUbhBbL 8430r OFgARLEaSQYENt a3UGR a%ported,
acetonitrile, tetrahydrofurane, nethyl ethyl ketone,
watty |a acetratwe)d DM, formehe dagk, at a tenperature
fromroomtenperature tq t il WO 2007/ 025632

PCT/ EP2006/ 007746 45 t% gﬁé%?@réé gjfg t he solvent. The
preferred nitrate source is (=)l ver nitrate. The

conmpounds of fornula (l1la) are commercially avail abl e
Bre &M e 8PAt Kestsed3as 2ReSEr iBE 19t hBo r éfefdncdPT 50T Rar

ents reportedi BT k Index - Thirteenth
@w_@ gportedpibeThe r¥Riek

he conpound of fornula (1la) above reported
iﬁherehﬂnRD al ZR2 b&?ﬁ@ﬂV%ﬂEﬁH@onha arengakeh ebtained in
B 5 Shmel P A L L O LR o i
Attt S dhovee bys geset + coeaneneteTri anti nol one
In step 2a) the reaction 1is generally carried out in
presence of a 1inorganic or organic base 1in an aprotic
polar/non-polar solvent such as DMF, THF or CHxCl, at
temperatures range between 0°-65°C or in a double phase
system H,O/Et,0 at temperatures range between 20°- 40°C; or
in the presence of DMAP and a Lewis acid such as Sc(OTf)3
or Bi(0OTf)s; in solvents such as DMF, CH,Cl,.
The compound of formula (Ic) wherein X and Q are as above
defined and R, is Cl, Br may be synthesized from the
corresponding alcohol of formula (Id) HO-X-Q by process
well known in the art.

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

commercially available.
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10 acetonide. The conpound of formula (I1a) above
reported wherein RLis -0OC (0) OrRl in position a

WoLw7eRie3n is 1 and R is ethyl, R2 and R3 arBCT/EP2006/007746

hydrogen atons is known by generic nane of

predni sol one- 17- et hyl car bonaye. 15 The conpound of

formula (I1a) above reported wherein RLis -0OC (0)
ﬂaﬁﬁbbmyposﬁsiOﬂfafwhemadwKnts Ovrence iR s s butNg,, may be
RZis - i n 03|t|on R R3.is a quorlge atomis

Pﬁﬁé\ﬁﬁe&&/ EeRefNE e TPt Hiet AESBARBNES. vii%hSe. @ 1s 2

plhecRmaungds «f did m&@rél@ary\@ﬂﬁw i gphandsXribed.
and Z2 20 are as above defined, are comercially

Taneai ¢ iy @uon eénﬂm;m%%mthé@lzéd €fonPthel whereln Y and Q
corresp ndi ng ;h droxyl aC|d formul a
Y PR Rt PRSI TR e Kart PeT Gt S of SEcting a
doaipaulnay (dfO)fdwmaIm Ny Qj) SH@I-\KJQQnawle apeeppbaddf b@Mformula
t he correspondlng conpounds wherein Qis Z2 25 Qy .
(deriver Sk0f (POOrke nitebederi%at ilve &5 aBbP&cdeseliiped- The
un hor (1,0)
2 Ra An T GRor SR ReS X SRd Otare b dboyshoe ot a
uMdhmwﬁxnayrb&uwmmlueéaédomnthﬁlcmpnaqmmdpngaadhOQ—polar
gﬁgreln W= -CH bﬁ rea tlon 30 '%E a %hlorofornat
Mds FLoBudi ¥5r0f6¥h3?€ Chethyl 8hl Jrofiyrmat e §n range
Hiterenceoof cg°pons pugheophiddup RasghasdChs @Stem H,0/Et,0 at
triethylamne in an inert organic solvent such as
trqme-r@;trmqwlrfamqmrﬁ@éﬂe%t2&%@7&6?@?aﬁr an the presence of
h genat.e 7/ 0 2 / OO 46, . -
e e hydragar b 4 8o bmper atir &1 rom “20E taat) i
s@@entﬁﬁ@uceacas oMt s ciogral,eted within a tinme range
from1l to 8 hours. The coq?ounds of  formul a é
Ti¥fe P WS S0 O el PR LS bt al nBASFF b FnetS Rai bna 2, is

2GOTIRARONA G AE1 LSe WS B Pc WY F1 9 Ok BY1ap€aCtion with
a thionyl or oxalyl chloride, Yldes of PIIl or Pv

in solvents inert such as toluene, chl orof orm DM.

The conpound of gener al f;ﬁﬂﬂhﬁ ) as above defined
wherein Zis -C(0)O and I'S agﬁibove defi ned, can be

Example 1

Synthesis of (11f,16a)-9-fluoro-1l-hydroxy-16,17-[{1-methyl
ethylidenebis{(oxy)]-21-[l-oxo-[4~(nitrooxymethyl)benzoxy]]
pregna-1,4-diene-3,20-dione

ONO

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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10 synthesised 2a) by reacting a conpound of fornula
(I'la) above reported, wth a conmpound of formula (Ic)
WEROGE®I2 O X-Q (lc) 15 wherein X and Q are BGI/EP2N&007746
defined, Ro is O, Br or Rai wherein Rai is as above
defined; 2b) when Qis Z2, bygconverting the conpound
obtained in the step 2a) into the nitro derivative by
tegacidiaarud t foa 2M t hatue ssouTice a® ldesicrri bedsaboveat@d with
In step 2a) the reaction is general|y carried out in
"Sredenck e o 9organt €S bF &?egfgni@fbégewl&haﬁ% tofj gultate
P arbnopnpokakgsal et sualicas DM sdiE or TE2GIEs Blue was
t enperatures range between 0-65C or in a doubl e phase
psysitfamdH20/ Bt 207 at  t erdfpersdt ur es cangealieoweemy20- 40Celuent

r 25 in the presence of P a is_acid h
LeBrchedhB OIS 8 htT) Sanes L BaBihie 1Y) was
2G4 The wonpouselw@irfornula (1c) wherein X and Q
are as above defined and Rb is O, Br may be

'dyNMResiDMED ) riom & HeS  ¢dir edpondi.ig aldbhol) of 7f 8P milid, d);

I HO- X- y proces 30 well_ known_jn the art. T .
6(032%0&}1%5 8P?f"or 5 ?i“é) ér el ‘né]% i‘%hzz Sgr'eag‘52 Q?H’ a
comerecizal Iy ;aval pabliey Wy 20074/ @25684, d); 4.2 (1H, bs);
PCT/ EP2006/ 007746 47 The conpounds of fornula (lc)
Aler%eidd Q(#E, ONOR/ mity We'l .prlepafBd fitlom €hé&5-1.45  (5H, m);
c e ndi\ng compo S erei p-Q,Ls Z1, by conversion
118;4 h@qﬁi tér)o’ dg'rélu‘\ear?@e %2' a bgé éggér%%éd. The
compound of forrmula (Ic) Ro-C(O O Y-Q wherein Y and Q
5 are as_above defined, Rb is Rai nay be obtained

i a conpound of formula (1d) HOX-Q wth a
s ob ef of frup A1 9L €' t RBx G b OboyZ2 oWhgreinn nddiroxy-21-
S as above def'( -b’aThe ?.(%Mne A IIiQ& rge\ggtqi on ih? Y
[germercat 14~ carrieexpunethy bt esenesyof ] aregnergadi-¢igme-3,20-
Qerochaeni c base in an aprotic pol ar/ non-pol ar

CH,ONO,

To a solution of prednisolone 17-ethylcarbonate (1.77 g,
4.1 mmol) 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 product (0.47 g) was
obtained as white powder Dby crystallization with n-

hexane/ethylacetate. m.p. = 113-119°C
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10 sol vent such as DMF, THE or CH2Cl2 at tenperatures
range between 0-65C or in a double phase system
WO2Q/B23862 at tenperatures range between 20- A4BRCE/ER2006/607746
the presence of DMAP and a Lewi s acid such as
Sc(Orf)3 or Bi(Orf)3 in solwvwents such as DVF, CH2C12.
15 The conpounds of formula (lIc' ) wherein Rb is Rai
'angMZ2 (imis@s dbowe (def ipeg ane gcommeyeci abhy d); 7.32 (1H,
avai | abl e. EXAMPLES Exanple 1 20 Synt hesi s of
dALER, 966 - 91} uerd- 112 H3Adr oKy 18) 17 Fometdyl )7 515 (2H,

t.h 2 1, t t b
1 B ognirL. 4! bl dnc s, 2061 81d O B0 Ho coNe T B¢
HHO Rp; TQ .& 650l .Wwd onlpf hﬂlanElE©+bnE8adGﬂDniﬂE,(2 A471-1.99

i di chl 5
i“(rnlI{“?oox%/n%hl‘&niﬁagdfg{'gnlgtb?ge ( 13832{; (?Ho ot ) 1-2°-1-15

AP {,0. 07 & -®. 4ol ) and EDAC (1.39 g, 7.2 nmmol)
were added The reactlon was stirred at room WO
2007/ 025632 PCT/ EP2006/ 007746 48 tenperature for 24
éwourﬁiegwe solution was treated with water, the
ayers were dried with sodiumsulfate and

senerirated undef1cedugedl ppessunehydrexkesicdue thgs -21-
purified by flash chronmatography, eluent 5
%ﬁ%ﬂl%‘r@ﬁé’tlﬁa??éy et hyreggt glp@ngeﬁs I Thé —prédacty Lexy2 pregna-

A ] e white powder. 1HT\TMR (DMSO 5: 4
054 ?ﬁ%’e?'ﬁ%? C,gl.&%‘? vv-) Zu, d) , /| .64 (2H Q ; /
.29 (1H, d) ; 6.23 (1H, dd); 6.01 (1H, s); 5.68 (2H,
s); 5.52 (1H, d); 5.42 (1H, d), 5.01 (1H, d); 4.86
(1H, d); 4.2 (1H, bs); 10 2.7-4.25 (4H, m; 2.15-1.72
(4H, m; 1.65-1.45 (5H, m; 4

To a solution of betamethasone-17-valerate (2.54 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
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.
m.p.=158-160°C

'H-NMR (DMSO) &: 8.03 (2H, d); 7.63 (2H, d); 7.29 (1H, d);
6.24 (1H, dd); 6.02 (1H, s); 5.68 (2H, s); 5.6 (1lH, d);
4.97 (1H, d); 4.71 (lH, d); 4.24 (1H, m); 2.7-2.2 (4H, m);
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1.36 (3H, s); 1.21 (3H, s); 0.87 (3H, s). Exanple 2
Synt hesi s of

W@ 200(/83563% - [ (et hoxycar bonyl ) oxy] - 11- hydr oxy- 21RPCT/EP2006/007746
[ 1- oxo- [ 4- (nitrooxy mnethyl)benzoxy]
] pregna- 1, 4-di ene-3,20- diongg®O OO HOO~) O
CH2ZONO2 HO HH(::~ OTo a solution of
Zpriedii sl onel L 7xet hyil .car-bonal®e (1377 gy ; 20. 3. 13#nok) ; 0.85
i.n dichloronetane (40 m), 4- (nitrooxynethyl)benzoic
@did ¥1.0 g, 5.0 nmol), DVAP (0.05 g, 0.41 nmol) and
EDAC (1.0 g, 5.2 mmol) were added. The reaction was
stirred at roomtenperature for 24 hours. The
Fsiﬂmnlieorflwas treated vvith vvater the organic Iayers

25 dri S Ifate nd n trate
du8 Y\ﬂpigésg Of%g 5%“ ﬁoxgﬁl flqed roxy—ZI_
[fﬂ—&ﬁIb-C[fH'-Omii@Jgf@)PWeth?Ub@ﬂkoﬁﬁﬂ:@babgné 144 a/léneme 20-
(0 1g9) 1---- n-hexane/ethyl e ie product ~ rN A g~

diet bt ai ned as white powder by crystallization with
n- hexane/ethylacetate. mp. = 113-419C WO 2007/ 025632
PCT/ EP2006/ 007746 49 'H NMR (DMSO)|| a: 8. 07 h(é“ ;
7.66 (2H d): 7.32 (1H, dd)5y 6.4 83(1H

s) 5.70 (2H, s) 5.15,62H, 9,90 ( d) 4.33 (1H,
m 4.12 (2H m; 2.80-27 , O 2:56-2.50 (1H,
;. 2.32-2.28 (1H, 945 (1H, m; 1.90-1.78
(4H, m; 1.6-1.36((5 -1.157 (4H, m;
1.10-0.9 (5H m
O
A) (11B)-17-{ (ethoxycarbonyl)oxy]-11-hydroxy-21-[1l-oxo-[3-

(chloromethyl)benzoxy]lpregna-1,4-diene-3,20-dione

To a solution of prednisolone 1l7-ethylcarbonate (1.5
g, 3.5 mmol) 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 g, 4.45 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 organic layers were dried with
sodium sulfate and concentrated under reduced pressure. The
residue was purified by flash chromatography, eluent n-
hexane/ethyl acetate 1/1. The product (1.32 g) was obtained
as white powder.
B) (11B)-17-[{ethoxycarbonyl)oxy]-1l-hydroxy-21-[l-oxo-[3-
(nitrooxymethyl)benzoxy] ]pregna-1,4-diene-3,20-dione

A solution of compound obtained in step A) (1.3 g,
2.22 mmol) and silver nitrate (0.75 g, 4.44 mmol) 1in
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 under vacuum. The residue

was purified by flash chromatography, eluent n-hexane/ethyl
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Exanpl e 3 Synt hesis of
(11(3,16(3)-9-fluoro-11- hydroxy-16-net hyl -21-[1- 10

W@ 27 p2568Ni t r ooxy PCT/EP2006/007746

met hyl ) benzoxy]]-17-(val eryl oxy) pr egna-
1,4-diene-3,20-dione 0 OO0 @CH2ZONO2 HO..OFH O

15 To a solution of betanethasone-17-valerate (2.54 g,

a2e3 avmmlgy d4i.n dhehl prosetane (503 )was obtained as white
4- (ni trooxynet hyl ) benzoic acid (1. 3 g, 6. 5 nmol) ,

PO I(-0. 065 g, 0.53 mmol) and EDAC (1.53 g, 8.0

“TeRier ELPGT o8 2 mor LEETH SoPapiion Uks Vel e Lh-

2@ wat e, the or gami gikayeis; weresdriled waih sadiumid, s);
sul fate and concentrated under reduced pressure. The

59 dirdl wes) ; piurlil éafﬂlloymﬁlrash1 éﬂﬁohldirogﬁ%)phy‘l gludhti, bs);

shexaneleihyl ?tﬁt%ﬁ 2o myne Progluetsd 078 Ok . 2.22-

was o dlned as ite ycr st al |zat|onvv|

°n-3h2exame/ etdiyl acetiat-€.. 525\911;;) 31568- 166C 11H NVER, m); 1.6-
6803(2Hd) 7.63 (2 729 (1H, d) |

1632<41 ) idd) 1%, (1‘H SE 115(S gl % B - 5.6 (1H,

d) ; 4.97 (1H d); 4.71 (1H d); 424 1H ;

2.7-2.2 (4H, n) WO 2007/ 025632 PCT/EP2006/007746 50

Ezca;.rszlpﬁr;(aH ; 1.58- 1.05 (13H, rr) 0.9 (3H, s):

3H, th
(yf’lgt’it)esg_lf [ ﬁwl%carﬁ%ny?)%;? ‘?iiﬁyﬁ?/%i?%l” methyl-21-
([11-c0260- [ B- (i t F xcy e iy ) ooz oxy{ ] pr %@n&lvilérgﬂléﬂ@ ) Pregna-

20 dione O O 0O 11 CH2ONC2 -10 HOB,
1,4-diene-3,20-dione

C) (113,16B)-9-fluoro-11l-hydroxy-16-methyl-21-[1-oxo-[3-
(chloromethyl)benzoxy]]l-17-(valeryloxy)pregna-1,4-diene-
3,20-dione

To a solution of betamethasone l17-valerate (1.5 g, 3.1
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 treate
with a saturated solution of sodium bicarbonate, 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
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O HHO A
(113)-17-[ (et hoxycar bonyl ) oxy] - 11- hydr oxy-21-[ 1- oxo-[ 3

WO 2000/025632 PCT/EP2006/007746

(chl oronet hyl ) benzoxy] ] pregna- 1, 4- di ene- 3, 20-di one To
a solution of prednisolone 1%ethyl carbonate (1.5 g,
3.5 mol) in dichloronmetane (40 m), 3-
a(ehlaarecone? Byl ) benzgireodagid (0.83 @), 422 nobbpinBNARs white
(0.043 g, 0.35 mpol) and EDAC( 0. 8 9 g, 4. 45
9 were added. The 15 reaction was stirred at room
dermer(altwelé@y é’—élfb@&fé 1Ihﬁyd%kytn@nm%%ytlt@qtqq oxo-[3-
th a sat'urated sol ution of sodi um bicarbonate,
(mtterooxmr@msgla)rb@mt@me}h Wer évalt ¢ edlokyhoregdiam, 4-diene-
S Qﬁa.%)and concentrated under reduced pressure. The
rési due Was purified by flash chromat ography, eluent n
20 hexaneheathyn aset at@ndddnd The Aredvct g(l.32679) m@sl) and
obt ai ned as white powder. B) . o \
S(lllymn 17 fx2ERoxycdr Bonyl ) okyFrei. hyldr B3GR ZALT 4L bk®- [(3> mi)
I nzpxy r ienes 3, Z0r¢i on
R o P T BN ol A ned {n St&s 0 {130 250 he
cI?:erQ, miok) Jhd hsiurser Thér atree (iR itz grd 4.(44 Iveo] )seiihts) was
was stirred at 60C, int

acet t | 20
A s Fob s SRR s oo DUl el afei T ARo M 14 haEs” vacuum.

1Hd ety of fua @ngut hei s@l yent1uas @M@e%@bg@}am@er eluent n-
vacuum The residue was purified by flash

hetwagveatedgralphyse ek ben /A- h&xenéerdiat WO 2b0g) 0#8632btained
JgquEPZOOQQQ 1I46 51 acetalLe 6/4 The product (1 g)
obtained s white powder. '"H NMR (DMSO 5: 8.11

1({1HMR”) oMSD)) 043(184;11“) 1u/7- 89 ;:(BHo3mM¢1H,7. @)2 (2HgomM(G1H, d);
0 (1 H n) . (1H n’i; 5.91 (1H s) 5.67 (2H,
73,)62 5IH1 [ 2H 7rr)30 4.1B8 ddH BdR4: 4H31 c(czm bs§2; (1H, s);

.%%-(§E§2 ffH, << 8 éZ%S(%rg5n%2%? ? %89(1tl7gzﬁ?ﬂl d);

mpd-6-20. 3(dH, nhy; 1.185638, 25) ; mH;L Om9;(4H,.19-2.00 (1H,

Exampl e 5
m);1.89-1.78 (4H, m); 1.56-1.07 (11H, m); 1.0-0.61 (6H, m).

Example 6
Synthesis of (118, 16a)-9-fluoro-11-hydroxy-16,17-[1-
methylethylidenebis(oxy)]-21-[1l-oxo-[3-(nitrooxymethyl)

benzoxy] l]pregna-1,4-diene-3,20-diocne

E) (11f,16x) 7
bis(oxy)]-21-[1-oxo-[3-(chloromethyl)benzoxyl]]lpregna-1i,4-

diene-3,20-dione
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Synt hesi s of (113,
163) - 9-fl uoro- 11- hydroxy- 16- net hyl - 21-

W 200040286BB- (ni t r ooxy PCT/EP2006/007746

met hyl ) benzoxy]]-17-(val eryl oxy) pr egna-

1, 4-di ene-3, 20-dione 0 CH2ZON& -11 O O HO VHF 15 O

C)

(1137TH63) - 8ot Luape- Ll hydi axy: 161 oBé hplce2britieox O | 3- g, 3.4

014 20 GHE TG ATS P ORI ol b1 "Mdvanst NBEsRoTet 1) BRnzoic

aﬂsad/ad(ﬁr@;eg(lz;%qmgaﬂ BOABTPH ) 0 B gl cpl, gaombaneand EDAC
(35 m), 3- (chloronethyi benzoi ¢ aci 0.76 g, .5

r@mﬂ4) .9 DMAPY (0MmO38 gere. @l.idm@bl )TF@dI@AOOIQOWW gtirred at
vveeadd eactlo was stirred at
OghnFDWés tblrrg f%?rz}tlhou?%rsThe%hsol Gti on*was was treated

mrteﬁtaecgawﬁilc@dseémm@ﬂ 56l ybodmobisadbbkte, water, the
bi car bonate, water, the 25 organic layers were dri ed |
Al isodi LAY SEPf ate Hhd dééﬁeent‘fla*%‘éd §REEMTT edticeliate  and

The d o by rhla
C%Lr%%ﬁnﬁ%gtrea&phlﬁﬁgékug%t n- e afnée%eltg yl \;\1%2 7(7douzc5%3él'86 )

mB@T/cE:FtwﬁﬁchCb?sM&ns@ poetlate 8/ 2. The product (1.6 Q)

bt d whi t
R G Lot St Pl aho = Th et iy 12TeF ivagshpdidene
h(lrya )gmynﬂhyiamszylﬂuﬂzo&mﬂnewy@w%a&egw ga.régelﬂa 1,4-

ene- 3, 20-di one A solution of conpound C (1
CQLGGV%TBNDHQ Grehesilver nitrate (1.8 g; 11.2 nmol) |n

t trds! t dr of ur ) S -
Rl R R A S
rprteccatmta(tled (il ver 55ainb$) was ldcdidteredleoef f (Ahdml) and
the sol vent was ev i\ ed under, vacuum Tbe resi

d
AT R B 1 { BEnmLhr Ot 6 & WBhtCn. ih the dark,
iﬂﬁxaﬂ?/ﬁéﬁ¥£ a@ﬁgah@thiniIhﬁxprQQMP&eﬁ15413% Wa8s filtered

obtained as white powd
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
obtained as white powder

'H-NMR (DMSO) &: 8.12 (1H, s); 8.03 (1H, d); 7.80 (1lH, d);
7.63 (1H, t); 7.30 (1H, d); 6.23 (1H, dd); 6.01 (1H, s);
5.66 (2H, s); 5.46 (1H, bd); 5.45-5.37 (1H, m); 5.05-4.98
(1H, m); 4.86 (1lH, bd); 4.22 (1H, bs); 2.72-2.29 (3H, m);
2.13-1.71 (4H, m); 1.62-1.49 (5H, m); 1.42-1.29 (4H, m);
1.2 (3H, s); 0.9 (3H, s).

Example 7
Synthesis of (11B,16a)-9-fluoro-11,21-dihydroxy-16,17-[1-
methylethylidenebis (oxy) ]pregna-1,4-diene-3,20-dione-21-[3-

carboxy-l-oxopropoxy)-3-(nitrooxymethyl)benzene]
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1HNWVR (DVSO 6: 8.11 (1H, s); 8.03 (1H, d); 7.80 (1H,

d; 15 7.62 (1H, t) ; 7.30 (1H, dd) 6.24 (1H, dd)
W@2@2/02bB2 s) ; 5.67 (1H, s) ; 5.58 (1H, d) 4PGUEP2PH/007746

d 4.73 (1H, d) ; 4.29-4.20 (1H, m; 2.59-2.25 (8H,

m; 2.19-2.01 (1H, nm ; 1.8%41.78 (4H m ; 1.56-1.07

(11H, m ; 1.0-0.61 (6H, m 20 Exanple 6 Synthesis of

(11(3,16x)-9-fluoro-11-hydro®y-16, 17-[ 1-
met hyl et hyl i denebi s(gxy) J.- 213 1- 0x0- [B- (pil r om hyl
) benzoxy] | pregna- 1, 24di e@e- 37-20- df ong o

HOO F H O HR_E

(113, 16(y)-9-fl up a
bi s(oxy)] - b-f3- (chl oronet hyl ) benzoxy] ] pr egna-
, 4- di ene 0 phe WO 2007/ 025632 PCT/ EP2006/ 007746
53 To a&ol ufion“of tiiancinoione acetonide (1.5 g,
3.4 mol) in dichlorometane (35 m),

- (chl thyl )b i id (0.83 g,.4. | P
o s g T B AT Es L Ehd Aatens 1 €t 1 has e e
catdad.de e L@ty 0 Magn $11 | § €@ @he 531 20ANE 6ABERALUT €

for 24 hours. The solution was treated wth a
heatipugced adél uti on of sodi um bi carbonate, water, the

organi_c re-d ri, F2r. ' sadi a n

cdggen rg?égEaﬁggrgge&ﬁ%ﬁ%ﬁ%%g%%%?%.%%ﬁgQ%§%Jucg?(?.g%' 23
ol )waish ot et fiedt asowhi(B6 pawdersuddirf)c anhydride (0.72 g,
KA 3ed® hd T e AR5 18s i LT 5 MBIV T M2 aea.

S (10394 + &1 - {14 50%@-i[:3-di 4 ¥ oeyyRet-RYiphenzoy] tHF egnaocurs.
-1, 4- diene-3,20-dione A solution of conpound E (1.8 .
Te IOUtmiml Wahd-sedved whikrateofatiog, o6, phespporac acid

2@%%}oghariéf%ﬂggrg%gtﬁgge, the organic layers were dried

with sodium sulfate and concentrated under reduced

pressure. The product (1.33 g) was obtained as white powder
H) (11R,16ua)-9-Fluoro-11,21-dihydroxy-16,17-[1-methyl
ethylidenebis (oxy) ]pregna-1,4-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 g, 2.53 mmol), DMAP (0.028 g,
0.23 mmol) and EDAC (0.56 g, 2.9 mmol) 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 chromatography,
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 (1H, dd); 6.01 (1H,
s); 5.54 (2H, s); 5.43 (1H, dd); 5.22-5.12 (1H, d); 4.85



10

15

20

25

15 tetrahydrofurane (10 m) was stirred at 60C, in the
dark, for 18 hours. The precipitated (silver salts)
waR®7023682red off and the sol vent was evapor aREUEPIVI&07746
vacuum The residue was purified by flash
chromat ogr aphy, eluent n- hexane/ ethyl acetate 65/ 35.
The product (1.3 g) was 20 obtained as white powder
{1k ,NMR ( DWVSEE-6:. 78. 1(2L'r(1Hn‘ 5)4 28. Q3 H,1Hpsd) 2.9280.79 (4H,
1H 7.63 (1 ; ( 23 ( d
) ig. %)1%%1?1 24y | 4(Hfs ’86 (z?Hlf’s)l 7]25 a%%muﬁ ‘od) %gl 1968
4515§67§) L, 15205194085 £ 16k o) i34, 86) (1H, bd);
22 (1H, 2.72- 9 (3H, ; 13 1. 71 (4H,
;162149(5Hn) 142129(4Hn) 1.2 (3H,

E(g; qﬁs 3H, s). Exanple 7 Synthesis of
-9-fluoro-11, 21-di hydroxy-16, 17-[1- 30
s"lpmtgq\eseltshyéﬁ denepj s{oxy) : pregpaatbdngi ¢ney3-20- dilererddroxy

W-@E%@(ylrl‘l‘d;&ﬁﬂ%p%b(%@?@i?ﬁ?f? box3yfet RPKYben2ERET FWOxY) ~3-
%Q%%Og%ggtfgr/ggggggé p07746 54 O O O O CH2ONC2 HO

(1113, 16a) - 9- Fl uor o- 11, 21-di hydr oxy- 16, 17- [ 1- et hyl
ethyl|deneb|s(oxy)]pregna 1, 4-diene-3,20-dione 21 5
hem succi nate To a solution of [frianci nol one acetoni de
(1.0 g, 2.3 mmol) in t@

Y Qﬂv‘?c@ﬂzﬁl"@z
anhydride (0.72 Oy "oh thy e (0.98
wé'? T OeactlQm as_56tirred at

m, 7.0 mol)

roomtenperature 10 The sol ution was
treated with ¢ ort of pRosphoric acid 2.5% and
di chl or orret ha orijani ¢ | ayers were dried with
sodi um sul f@ 3 eoncentrated under reduced
pressure The product (1.33 g) was obtained as white
povvder

0117 ﬂlsla@ Lol FH LoebheiyoardphRyds exyd 16 11 71 fikydnpxypregna-

1,4-diene-3,20-dione 21-hemisuccinate

To a solution of prednisolone l7-ethylcarbonate (1.1 g,
2.54 mmol) 1in tert-butanol (22 ml), succinic anhydride
(0.77 g, 7.7 mmol) 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
layers were dried with sodium sulfate and concentrated
under reduced pressure. The product (1.5 g) was obtained .
L) (113)-17-[ (ethoxycarbonyl)oxy]-11,21-dihydroxypregna-
1,4-diene-3,20-dione 21-[3-carboxy-1-0Xopropoxy) -3~
(nitrooxymethyl) benzene]

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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15
et hyl i denebi s(oxy)] pregna-1, 4-di ene- 3, 20-di one- 21-[ 3-

W@ 2003023631 - oxopr opoxy) - 3- (ni t r ooxymnet hyl ) benz eP@l/EP2D06/6)7746
solution of conmpound obtained in step G (1.23 g, 2.3
mol ) in dichloronmetane (50 mlg), 3- (nitrooxynethyl)
phenol (0.43 g, 2.53 mmol ), DMVAP (0.028 g, 20 0.23
tmaRltldandi EDAG{ e bF ¢,h. Srammli Wweageaddederdhelried with
reaction was stirred at roomtenperature for 2 hours.

S?ﬁéu“SﬁWhﬁ%ﬁ?\@ﬁ?t??ﬁﬁ%ﬁFﬁﬁ?%dmb?%?F fREUBRGaRFESSure. The
JeRYeNS WELE ﬁﬁﬁf%ﬁgwdmnﬁoghgghsU£ﬁ§$ﬁa@89rapby, eluent n-

concentrat ed under reduced pressure. The residue was
hpueinfel/ed dnorfd a3l 3chromat egoaplnye, 26. él uent was obtained as
n-.hexane/ acetone 7/3. The product (1.13 g) was

"OB&i rﬁ)éjd“%§ white powder ''H NVR (DMSO) d: 7.5-7.41

ke 057 3L AAH 1@ 1538 362H 14D iq); 19:79121y, q);

%1E}:4Rdé)D;M§g.[}2§-'6. 18 (1Hmdd)t;7’6. of’%( ATEE SiE 5?549( KD

IS4 5(43B, (dMH; dd)i6 5(22; 5112 (6LH,5 djiHA. 86)WD5.91 (1H, s);
2007/ 025632 PCT/ EP2006/ 007746 55 (1H, d); 4.83:4. )

SO, e 4500 (L bo3ir 21634 35 (A W 1 S bThe be)

44 Mu,; B 15 L 72 (46, ML 65-d2 4%2(15Hm) ;M2 ;74 361, m);
3H, s) ; 1.21 (3H, s) ; 0.87 (3H, s) 5 Exanple 8

2SyntZheid s(bff, m); 2.28 (1H, m); 2.15-1.92 (2H, m); 1.90-
(113) - 17-[ (et hoxygcar yl ) oxy]-11.21-di hydr ox .

1p%égn5%§ﬁ4gﬁr gf"fﬁ-ggﬁx 1$4 2 ié?on%- 1-?;;cﬁfdﬁ%xi??’ )

1.1-0--9 . (LH,_ ™) ; VYpIvpyxy)-dr. (ni trooxynet hyl)

benzene] O OO0~ CHZONOZ HOOOOH HH 10 O1)

(21 (3)-17-[ (et hoxycar bonyl ) oxy] -11, 21-di hydr oxypr egha-

1, 4-di ene- 3, 20- di PRARMATHEIHCTHRG] FdapPEs Sol ution of
predni sol one 17-ethyl carbonate (1.1 g, 15 2.54 mvol)

Exampdret -Sut anol (22 ml ), succinic anhydride

In vivo determination of inhibition of TPA-induced ear
ocoedema after topical administration of test compounds.

The tested compounds are:

- (11B,16a)~-9-fluoro-1l-hydroxy-16,17-[1l-methylethylidene
bis(oxy)]=-21-[1l-oxo-[4-(nitrooxymethyl)benzoxy]] pregna-
1,4-diene-3,20-dione, prepared as described in example 1;

- Triamcinolone acetonide that 1is the reference compound
for the éompound of example 1;

- (11B)-17-[ (ethoxycarbonyl)oxy]-11-hydroxy-21-{l-oxoc-[4-
(nitrooxy methyl)benzoxy] Jpregna-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
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> g were used.

Inflammation dermatitis was induced by applying 2 pg/ear of



(0.77 g, 7.7 mmol) and triethylamne (1.1 m, 7.75
mol) were added. The reaction was stirred at room
W 2o9permsure for 3 hours. The solution was trREEEBN006/007746
with a solution of phosphoric acid 2.5% and
di chl oronet hane, the organiccg20 |ayers were dried with
sodi um sul fate and concentrated under reduced
Terzessi er addeapopduehof bod @keMxtaﬁﬁ@ums@lvedLylth ethanol
%}13) 17- [(ethoxycarbonyl% l 11, 21- di hydr oxypr egna-
S4>1d1té‘-‘né>r8 ZE ot b 24-93- 84 %%?ytbeoQ%lséﬂxoﬁﬂ’%t of both

ngr ) benzene] 25 To a solution of the
corpo dp talﬁed instep !l (1.35 g, 2.5 mol) in
1di chlior ormi anes (500d) , aSp ( DELE 0OXYNBENYITPA, pheAcle received
(0.473 g, 2.79 mmol ), DVAP (0.031 g, 0.25 nmol) and

5 tERACHIOL Y2 @,uI3. Qfmfm$c)lWeienadﬁedesifheome@@nki@n Wass9 nM in

stir roomt enpe re for hours The, sol uti

G 12007 0956952 PET: EBDGOGROOIHAGT 51 r ShtBdbhi e left
At efat PReORGRNILC d ayefsamel e100ked oM thi gi$OdEHM. vehicle-
sul fate and concentrated under reduced pressure. The

Viegsidie wasahed f mégebywekrashieht odad ograpmegad iignt control
7 T
DI FBRLIR 112 Theer S0UEl (o (BB apogy

10 Anlihals ; wgrQGS@leﬁﬂqeﬁ 29 GhHord)5h PYost~zrEM {osk. Equal
ivi ) ; v, iii/ i 106 (1H, I[l) ; 6. 15 (1H, G CI% :
sqpt¥ﬂpqlpﬁ §¥ﬂﬂl a5y (WeHe guncge@4c%§+|lmyedla giy after
ot wedghed: 28hd %ﬂﬂzr@&%ta 8. é«@ &gla"n @)ofzt%@ (v%"i"gh@ ’of left
282 (ZH ) 2.74 (1H ) 6-9.4

qamqvq@sui qﬁelwgngZHoﬂﬁrlqqupaq_QQS(a&ﬂcnﬂat§d4for each

B a0 PEARROPL DG BAL EXAVPLEE LT 0l ¢ inge <o

15  WdigHtvoo dettetemivrat | &Mimh 1 s nkichistison:10é TRAnigeducedweaght of
oederma after topical adn1n|strat|on of test conpounds.
nﬁﬁbtﬁéﬁﬁéﬂicéﬁﬁaéﬁés fpegative control) was measured. The

r(eejgu?ltjsfs‘@f G o o521 Pé{d(59?5¥n1§nl’za[3}er@t.hyl et hyliden

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 12-0O-tetradecanoylphorbol
acetate (TPA)-induced increase of inflammatory markers (
PGE, and TNF-0) in mouse ear.

25 The tested compounds are:
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20 bis(oxy)]-21-[1-o0xo0-[4-(nitrooxynethyl)benzoxy]]
pregna- 1, 4-di ene-3, 20-di one, prepared as described in

W@ior®32; - Tri ancti nol one acetoni de that is PEHEP2006/007746

ref erence conpound for the conmpound of exanple 1; -
(11(3)-17-[ (et hoxycar bonyl ) oxg - 11- hydr oxy- 21-[ 1- oxo- [
4- 25 (nitrooxy nethyl)benzoxy]
- pr eginia>, I, 8k i &net 30 20- ti onedropyepér éd-as —desowillbedylidene
i.n exanple 2; - Pred rbate that js e reference
R Tor e ConboLhtL b BRarp &1 YPERRE Fodr o Pregna-
wer-g; ipafd-oy meg acses di @gewréaeageasge@lg@acahb@aan@qe 1;
by Carlson et al., Agents Actions 17:197-204, 1985,
—anBrl@m@asoépnal .3CI PhbdeacoR tExpS ThEe 0% qnemca 1 gempound
s mce of 275 g were

ihe Cx% annﬁ%l%ﬁ %géﬁ%§¥ﬁ?s was i nduced by appl yi ng

2 po/rear i A D0/ 025632 PETHEP2006F007246meb? TRAuUp. 12-

Tetradecanoyl Phorbol Acetate) dissolved with ethanol | in
TS0 R GH PheP R P at e 26F téitehet 2 t hePdor salPlaspeéfoofed 10

jUnJl é%HéhéfK%Eégfﬁ%e @gsnbﬁpb§ggr§nt@@ aRPkiGatH@N to both

TPA, mce received 5 topically 20 of a solution
uﬁndesan®onp05nd§UQda§$sﬂ@ﬁnth@thagbt)e@@rQﬁtmuce A ear

appl.ied dir the skin of the ear .and, t.he
AT Cociinat - S0608 S broF | BREScaf T oVBRTEEER 198t difg 500 11
ddeated ahgeareee ld@e{tudieﬁd@&irtﬁga&tve,gont rl fogr !Dﬂpmln at
Compounds were tested at equi nol ecul ar doses. 10

481, ,mal sheer @G8acr idndedTAE-8@h dﬁV@iSposwefrEPA desermined by
Equal sections of both ears were punched ou
HafedirgtErse efd er (Handt wak ghdd: Pﬁﬁéheenscéﬁtzaﬁ@lofl994> or by

*}?é}:t esgcgwé“@ mg}@@%o@ﬁmmggsss@r VeLsHsnkhe w g@tl Ofrne g

was ca ated for each aninmal, and
1mmwnnpkqmm&ﬂolnhlbi&?bh,cﬁ KHEHERIHVEM% meﬂ@hﬂ:ofcompounds

rea ted ni.mal s. versus, t he chan g .
(?e an?ﬁﬁls %%%@2 |J§”%on?Pgﬂf & E é%ﬁ%éa 15 min
b%réeﬁﬁﬁtédrﬁ){ni!ﬂtﬁat@§h aresgiyenaira T@bloetled Tablteble 2.
1. inhibition %inhibition

Table 2
TNFalpha PGE,
Compound (pg/ml) (ng/ml)
Vehicle + TPA 316.2+35.5 97.9+6.1

Compound of Example 1

+ * K + * %
(0.48 ng/ear) 149.5+17.8 53.2+4.5

Triamcinclone acetonide

158.0+24.6** | 43.043.8**
(1 pg/ear)

Results show MeantS.E.M. (n=10).
** 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
results show that the compound of the invention 1is more
effective in reducing the inflammation than the

correspondent parent compound.
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Compound 3 hours 5 hours post-treatnent
post -treat nent Conpound of Ex. 1 22.70 21.01
Waeeoaneiesdl one acet oni de 14.90 12.19 ConpoundPGF/ER3006/007746
33.26 - Prednicarbate 19.58 -- 20 Exanple 10 Effects
of test conpounds on the 12- @<t etradecanoyl phor bol
acetate (TPA)-induced increase of inflamuatory markers
SRGEZ ianich gINF- a)thieéd npeselear. sBbwThehtagst ethe onpoupaigsnd  of
are: WD 2007/025632 PCT/ ERP2006/ Q07746 .58
SEPIN LF5 ) - -fm%rB.rF??H§dﬁ8%§9f6,0f7-l[nﬂl§?elﬁ@|te*i%y*?%%%se of
TR S{OXY) Iridtrd - 9%0ehdy ( RhbhoTeb Ay} berzoxyYddpound as
pregna- 1, 4-di'ene- 3, 20-di one, prepared as described in
degnipved; in Trakakei Ael oHec e oni e inlgatnpset g fective in

ref erence ¢ rg)rr%lflantdions Iggeflsﬁe conmpound of exanple 1;

e SW%s hal € M ce”wer'e used for treatnent group. 12-
Hxalgileadecanoyl phor hol acetate (2.0 ;:g, TPA)
di ssolved in 20 pl ethanol absol ute was appl1i ed in 10
Mtivoinfiemmat o h  PEORET THfF outBr surfREE8lof the contact
%éfmtiqairs 4 ndli & lﬁ(eﬁénéglﬁgxgihxlﬂniﬂfmigé.“ ght ear

Y

m ce were honogenlzed in 5 saline, and after
Thenttra fgtcomainds 200eg for 15 min at 4C, the PGE2

and TNF-a._levels were term ned adi oi noassay, .

L rou T 6 SR E Hote- B SHBFOL 805} - o gy “me T 12¥HM s ene
dild@sypsel vedr 114ke6-0f pnunoassayycEenpaneenebxal 1, | nt pregna-
15 I mmunophar macol . 1995), respectively. Test
lodhmsbiigs 3 Gsdl el | Preharedhi el ecferebapplinegxample 1;

—ta:”gk‘;‘ghla égoﬁ‘é” a(g?e{&gledérp'%ggqm {‘é St hat i P@fﬁﬁ?&t %ompound
ported In table 2. Table 2. Conpound al pha

RGEZ hd pgdndqur{ahgd fil ¢ xavehecl e (e TPACBd0H0R8B)5 97. 96. 1

- (11B)-17-{ (ethoxycarbonyl)oxy]-11-hydroxy-21-[l-oxo-{4-

(nitrooxy methyl)benzoxy] Jpregna-1,4-diene-3,20-dione,
prepared as described in example 2;

Irritant contact dermatitis was induced by applying 5%
benzalkonium chloride (100 pul per site, dissolved in olive
0il: acetone, 1:5 v/v) on the dorsal aspect of the two
ears. Ear diameter was measured as a parameter for edema
formation, before and hourly for 6 hours after benzalkonium
chloride application, using an electronic calliper. The
last measurement was performed at 8-hours after dermatitis
induction.

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

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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Compound of Exanple 1 149.517.8** 53.24.5**

(0.48

pg/ ear) Trianti nol one acetoni de 158. 024. 6** 43. 03. 8**

W@ 20052932 ) Results show MeanS.E. M (n=10).

P<0.01 with respect vehicle-TPA group Results

denonstrated that at

exanple 1 of

Tofe Rapbdrevelr thad hi ghernt dosecot ibhe (poinpr.- axt. 1)
the 25 results show that the conpound of the

compound,

| ow
t he present

doses,

t he conpound of

20PET/EP2006/007746

i nvention displayed reduction

showed

3 ndeReroRPEadfBte CEFFEELI VR iR Irddiding £RE edema with a

10N than the

tGATLSRONARIY  RRIEMn 1GTPOURd . 1y

SEgals é?'“% t
ﬁ% 2007 25632 PCT/ EP2006/ 007746 59 Surprisingly, the ®
cragsluletrs tsiheys t hat t he conpound of exanple 1 of the
resent 1 nvention inhibits the release o TNF-a I n a
: n . , i nhi bi h | ¢ ,
ﬁ%ﬁﬁ%r potency than the prior art conpound as
displayed in table 2 therefore being nmore effective
in 5 redUClnglm@fbaﬂﬁatb@ﬁzb@k@h&umE&@@ph@allon (hours)
Ant ¢ 2tméhampat ory—properti-es—+n—a rodel—of —contact
dermatitis ijnducedlby Berlzal kordumin|mce. 3The tested 4
%g ou gs are:. 10 -
fWu@Qé*QlO%ydr©x931ﬁ)Imw[l-Qﬁﬁ3§ﬁ0e9ﬁ9l de®47+0.007
hl c- nvu\1 21 r| oxXO r ( H—I t-roox et h v B anZC/\y]
ﬁpégnaEX1:M digeney 3y 200 8li|0neo s preRased @ﬁxﬁ@%@bh@edd.@6sio.01o
exanmpim@l1; -| Tri anctinol one acetonide that is the
reher engce conpound  f t/h 0 of e
(refqmﬁonpoug§y91%§0:864 S.SEERL%RH o.&ﬁﬂ%.%1% 0.0704+0.007
(Adp) bhpl. (ef hoxycarb M oxyl-11-hydioxy-21-TT-qoxb-
- (NidaQoXY n@tﬂéﬁf%eﬁ@%xy?‘¥%3ig:glo & 5?50 018 CL%68¢0.022
@m@gn@xl,ﬁ-dle one e ribe
i n 2xal e 2 PEPtQ ?O nPaE%aﬁiT t?gJS %Rau q5061i0‘007
by appl yi ng @b benzalkonlun1chlor|de (100 pl per
si Vehidissol véd OBA+BI PYL | 0.052+0.008 | 0.067+0.007 | 0.079+0.007

Example 12
4-

microscopy in mice

The tested compcounds are:

bis (oxy)]

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

(118, 16a)
_21_

[l-oxo-[4-

Triamcinolone acetonide that

-9-fluoro-1ll-hydroxy-16,17-

for the compound of example 1;

(11B) -

-[ (ethoxycarb

(nitrooxymethyl)benzoxy]

onyl)oxy]-11

-hydroxy-21-

(nitrooxymethyl)benzoxy]]

[1-ox0-

Anti-inflammatory properties in a model of Intravital

[l1-methylethylidene

pregna-

prepared as described in example 1;

is the reference compound

(4~

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

prepared as described in example 2;

Prednicarbate

that 1is

compound of example 2;

C57B16

male

mice

the

will

reference

be

compound

anaesthet

for

ized

the

by

intraperitoneal injection of a mixture of 10 mg/kg xylazine

(MTC Pharmac

euticals,

Cambridge,

Ontario,

Canada)

and 200
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20 oil: acetone, 1:5 v/v) on the dorsal aspect of the

two ears. Ear dianeter was neasured as a paraneter for
We@awn92s68r mat i on, before and hourly for 6 houPGI/EP2086/007746

benzal koni um chl oride application, using an

el ectronic calliper. The |asgti neasurenent was

perfornmed at 8-hours after dermatitis 25 induction.

mbhe gt es¢ edn coapoynd aerer iappl i(Bdghopiscal, | yLahdso) vedtario,

in ethanol:sterile water (1:1) and.applied at a fjnal .

CPoragite - of "EBBVE A VB T Mt A af“tlill 7% | PERL OCBIFact? Skin

rdgrgmat i tirs ot |l phe dduced g 3Q Eanedema (lgft @akshlizing

value for tinmes 1 to 4 hours after irritant stinuli

Iwiutkie chydrez/al robrti e iohl oidedd sar entepresentiedoyi reitele  trans-

.t 3b| e 3. iV\@1 2007/T(%2‘35r§>E PCT/ EFEZEOOG/ 0%@763%6%(60 The . o will

lcl r‘flﬁnollﬁlr?& ot t he pr esent”iTivertion (@orrp. e.Slﬁ’ showed

rac@ase- dependgntaetheck | Dnijsbthbhi ngreas edermradddnta dye,

better profile than triancinolone acetonide, mainly at N

rERAaTEN Y | fes.(SSITahl 3 TRRELIAS t 10/ benZAt kniPuy/ kgl - At

i | O ; e _

BB 266 608 05 HeT0. 00 6058 800607 o PA S =

hGanpoeEx. shdkrD200. 006d). 0850: D0, 6870l @IMocyte kinetics.
L0650, 010 1 nmol Conp. Ex. 1 Q.0180. 004 0. 0420. 007

B5Gargt GO bl RA00PH07 0 oI RN Cbpr B2 0876 B6BEd, £rom

ﬂ%éoa§pa§ﬂ9a%m94%QtQ;§HQKPG§Q-Q%% Dt €eEBonEX. 2he skin
0. 0250. 008 0.0280. 009 0.0400.009 0.0610.007 3 nnol
Wdhi ¢lag L0390, 00 75 R B5R20e ®08r 010676, DDReO1lY790. ¢aFsue, but

J@%yﬂﬁé% 1§ttached laterally, so the blood supply to the
skin flap remained intact. The skin flap will be extended
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 bicarbonate-buffered saline pH 7.4, to avoid tissue
dehydration. The microcirculation will be observed using an
inverted microscope (Nikon) with a X20 objective lens, and
rhodamine 6G allows visualization and quantification of the
number of rolling and adherent leukocytes, by epi-
illumination at 510-560 nm, using a 590-nm emission filter.
Single unbranched venules (20-40 um in diameter) will be
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 Dbe determined wupon video
playback, on 100 um vessel length (table 4). A leukocyte
will be considered adherent to the endothelium 1f it
remained stationary for 30 s or more. 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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4- Anti-inflanmmatory properties in a nodel of
Intravital 10 mi croscopy in mce The tested conpounds

WQL@7/025632 PCT/EP2006/007746

(11(3,16a)-9-fluoro-11- hydroxy-16, 17-[ 1- net hyl et hyl i de
ne bis(oxy)]-21-[1-oxo0-[4-(ngdrooxynet hyl)benzoxy] ]
pregna- 1, 4-di ene-3, 20-di one, prepared as described in
rexaecd; pbs nt Thhanthaol vareu beet diiade chbhateiss the flux of
ref erence conpound t he compound o

TEMANT RN %%?c%IgLnP?)8¥§?Eiieﬂyaﬁoﬁﬁ%g%rFf%ﬁﬁ)qetween
thre (MidpopxyretV)beNZoXykocytes at each interval and the
] pregna- |, 4-di ene- 3, 20-di one,~ prepared as descri bed
Has aax anptlee 2; opOrel Prednieakbavecshatabset Re -r ef er ence

onpound f.or_ the nmpound of e I 816 I .

ﬁh e Edeéxg%)eéyﬁatW§§§ 5@prh$$a§é’lf%ﬁe alBs81ved in
eltrnaefdl | o of 1 Be MsXture @f: 100 amdkgppyliazi ne eﬁl\/lf@nal volume
Phar maceuti cal s, Canbridge, Ontari o, Canada) and 200
WK)2@@7#025&&&d%ﬁiEP@@@Gb@@%Z4&rmMI¢mﬂkQOReaanim@rmatitis

qrgvylor Rogar/ STB, London, Ontario, Canada)

%?% pscopy will be performed on skin flap,
R@“gﬁftg hijekRess rdeest Nnehaal | eme Vicdldg dgo . the invention
| eukocyt e/ endothelial cells interaction b
dirsmsa3d | | s hasEbdaaltNer efiomd figfardy aﬁ%@%@ﬁ§5|an vessel
I i ve, an ou e

PG et 58 ') Rodh Fo o0 (&7 Tome & Tou; & ngmpounds
de e dH Statlékléblltyhl@@osellmhgdammmdsab&sble 5), a
| eukocytes_and pl atelets and_  has shown to hav
SO Ak DT ATBEKGEY t P RPAGDF co R0 YPRER, O e (e Prior-
Ahdomnaduidgi sion will be perfornmed, from the
di aphragm extending to the pelvic region. The skin
Eﬂbﬂe(ﬁﬂ%ﬁmﬂmge%ei@epaﬁaﬁéddﬁﬁ@ﬁﬁ?ﬁe underlying

+H SSte€, but refated cAL t aulcud' t‘ﬁ"l arl SOt ||c ui ood
supp5¥e%Q skin f] ent ned ﬁ.g YThe s
mbe ext ended T8 Ber rb‘(ﬁe?ﬁ g petfe %?lé
expose the dermat—nircrovascutature and secured dIUlg
the ellgescdsing 4.0 sutures. Thed ekpbsed der nal
tissues—wH—be—superfused
Compound Ex. 1 114 + 32%
(3 nmol)
Triamcinolone
78 + 7
(3 nmol) 218 8
Compound Ex. 2 175 + 70+
(3 nmol)
Prednicarbate 282 + 71
(3 nmol)

* Statistically different from vehicle



wi th a bicarbonate-buffered saline pH 7.4, to avoid

ti ssue dehydration. The mcrocirculation wll be
W@R®EH02®a2 usi ng an 20 i nverted m croscope (N KBCH/ERI0D$007746

a X20 objective lens, and rhodanm ne 6G al |l ows

visual i zati on and quantificaghon of the nunber of

rolling and adherent | eukocytes, by epi- illum nation

at 510-560 nm using a 590-nmem ssion filter. Single

unbranched venul es (20-40 pmin dianeter) wll be 25
T§@ﬁ@cﬁed@9ﬁ'%Wﬁe%ﬁQEﬁFYq%%ges of the selected venul e

Wi beTecorded

equi | i Bratitorenger | deré%ﬂgngge 1%” éju 2r ?Ilrgr{b

i nterval was consi

adherence will be Heternined 09Y d88. playback—obn
100 pmyessel length (table 4)94A keyg@cyte 30 will|be
considered adherent to the endotheliumif it remaihed

starmpowady Eor 130 hore. or Leukggyjestysu will :
U LI (Berdeflilned as;the nunber of | eukocytes per ninute

noy | gmginogoxgloc ty less than that of erythrocytes,

whi ch ;passe WO P007/ 025632 3PGT/AER2Z006/ 007746 62
ref erencé point inlthe venule. The changes in flux of
r @lompreginide ko c W es mnll be eval # gted,as differences
bet waén nntdie nunber rolling euRocytes at each

I nterval and the oasal nunber of rolling | eukocyte
(t SBFENSFar®afite t ested conmpounds mereappl i ed
top|c§¥l®m@lésolved in ethanol:sterile water (1:1)
and—apptted—at—a final—votunme —of 100+, five mnutes
after irritant contact dermatitis w Il be induced.
*Regulttis tderadnst ratfefte tdvat £ hem compoahe of the
invention 10 displayed statistically significant
changes in vessel dianeter (Table 4), noreover, both
the tested conpounds reduced statistically the
rolling | eukocytes (Table 5), a primary inflammtion
endpoi nt, in higher degree than prior- art conpounds.
15 Table 4: Changes in vessel dianeter Area under the
curve

2}




10

15

20

1247

Treatment (change in vessel dianeter) Vehicle 546
135 Conpound Ex. 1 114 32* (3 nnol) Triantinol one

W@ 200m2d6$2 278 78 Conpound Ex. 2 175 70*  ( 3PGHBP006/007746

Predni carbate (3 nnol) 282 71 * Statistically

different fromvehicle 20 W@42007/ 025632

PCT/ EP2006/ 007746 63 Table 5: Rolling | eukocytes

TreatnEnt A«ea under the c@ﬂ&ﬁnu{change in flux of

rollin %ﬁ e 94 8 Compound Ex. 1
%¥%% % "nmol ) 376 129*

Conpound Ex. 2 * (3 nnDI)Ring_dﬁb Predni carbate (3

nmol) 412 112* * Statistically different from

vehi cl e WD 2007/ 025632 PCT/EPQDO6/OO7746 64 C ai ns

L wite gggun S ft%%nerrtﬂégé er ﬁa)nefqéé%((¥«¥%{ﬁgla (I1)

whérein he cort costeroi reS| ornu

ere
(r):

(I1)

wherein

Ry is -0OC(0O)OxR; wherein m is 0 or 1, R; is a branched or

straight C;-Cyip alkyl;

R, is a hydrogen atom or -CHs;

or R; and R, when taken together are the group of formula

(III)

(ITI)
wherein Ra; and Rp, are independently selected from H,

C1-C10 linear or branched alkyl chain;

a

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 1s a group capable of binding X selected from the

group consisting of:

-C(0)-, -C(0)0- or
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OAO HOCH3 R RR CH3 R3 O (lIl) wherein RLis -OC
(O OR wherein mis O or 1, R is a branched or 10

we200a02e82 C1- C o al kyl; R2 is a hydrogen at om BCT/EE}86/007746

or Rl and R2 when taken together are the group of

formula (I1l) OKRal O RA26515 (111) wherein RA1 and

RA2 are independently selected fromH a Cl1-Cl0

i near_©Or_ bp@ached al kyl chain; Rl and R2 can be

i nk to/f\he flarbon atons in 16 and 17 of the

stergydrl sRugture in position a or 13; 20 R3 is a

hydrogen atomor a fluorine atom Z is a group capable

of bindiyng X selected fromthe group consisting of:

-C (O -, -C(0)0- or WO 2007/025632 PCT/ EP2006/ 007746

65whem/l®~@~ Rnd ' o arpvyingreeside R varte rected gfgom H or

fro strai ght or branched

Q%gg??ﬁ l)¥ E?< ggng |Cva er%tp% aldl cal having the

fokl Owi agbmeamengsraai)lcsatlr dlaghitngort Her ardhiedy iClg G9anings:

aIkIene e|n tion bstituted wt

one or .
SO & F88ﬁ§ §é|’§&eaoUWJo‘?H‘?hegSFB@pOptlonally
005§b§tch99t@ﬁ- r\lﬁltqgenoﬁéonﬁr more of the substituents

selected from the group consisting of: halogen atoms,
hydroxy, -ONO, or T, wherein T 1is -0C(0O) (C;-Cyp alkyl)-
ONQO; or -0O(C;-Cig alkyl)-ONOy;

b) a Cs-C7; cycloalkylene group optionally substituted
with linear or branched C;-C;o alkyl group:;

c)

AN
| (CHZ)N
——(CH,Y,
(V)
d)
AN
| (CH,) =
—(CH,J, COOH
(V')

wherein n 1s an integer from 0 to 20;

n' is an integer from 1 to 20;

e

(CHy)sm—Z7—(CHy),

e)

(VI)
wherein n'? is an integer from 1 to 20;

Z1 1s-C(0}0- or -0C(O)-
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hydroxy, -ONO2 or T, wherein Tis -OC(O (Ci1l-C10
al kyl )- 10 ONO2 or -O (C1-C10 al kyl) -0ONO2; b) a C5-C7

W@ yoo268Y | ene group optionally substituted WEHEP2006/007746

i near or branched Cl-Cl0 al kyl group; c) CH) (CH2 "

15 (V) d) CH2) (CH2 " COOHgY') wherein n is an

integer fromO to 20; 20 n' is an integer from1l to

200 &} &€HabBovE GeHihad;" (VI) wherein nla is an

integer from1 to 20; 25 Z1 is-C(0)0- or -OC (O -; WO
20@7/@5%%?%‘?5@%@’6?867746 66 r, is as above

defii pgd; tpb 15-89; abovendefined; wthdhedrowso thalm the

when X is selected fromthe bivalent radicals

melnt vehedt undeld cg)lsementheone@NO2n@e bup) —8) of ther miNp2 group
(1).is linked the .- (332) r,' - qr Qup; f) (Y ) Zia
Xigf(gfé‘)“fllfi & iy igors e B o Pl o)

n2ay, or -CH=CH (CH2) n2a- wherein and n2a is an

(VII)
wherein:
Y! is -CH,-CH,- (CH;),°®-, or -CH=CH-(CH;),"*- wherein and
n’® is an integer from 0 to 10;
Z1a 18 -0OC(0O)- or -C(0O)0O-;
n’ is 0 or 1;
R? is H or CHs;
X, is -(CH).'*- wherein n'® is as above defined, or the
bivalent radical of formula (V) wherein n and n' are as
above defined;

with the proviso that in formula (VII) the -ONO; group
of formula (I) is linked to the X; group;

g)
/@(Y‘WZF—XI—
(OR?),:
(VIII)
wherein:

y! is -CH,-CH,- (CHy),**-, or -CH=CH-(CH,),?*~ wherein and

n*® is an integer from 0 to 10;

n*® is 0 or 1;

Z1 1s-C{0)0C- or -0OC(0O)-;

n® is 0 or 1;
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n2 is Oor 1; 15 RRis Hor CH3; Xi is - (CH nia-
wherein nia is as above defined, or the bival ent

WO 20762863Df formula (V) wherein n and ni are aBRCT/EP290E007746

defined; with the proviso that in fornula (VI1) the

-ONO2 group 20 of forrmula (lg7is linked to the Xi

group; g) I (Y )"3a ZaXi (OR2)" z (MI1) wherein: 25

Yi Rf sis QH2e CH2H3{ CH2) n2a-, or - CH=ECH (CH2) n2a-

wherei.n an n2a i s_an i.nteger .fromO to 10; . nia is O

or 11 71 1 H0) 0 TBFLEGE (D) L7 W PEoHCordd gy oF the
20014022632 RAKER2006/ B0Fhd6a 67) RhdsSedh Or a3 Xlare as
is - (CH nia- wherein nla is as above defined, or the

bi vRPEAt deddin€sl’ of fornula (V) wherein n and nl are

as . .ahove defjined;, 5 with.th | SO in. for

(vVh%g s %\ﬂ‘gl%?oﬁ}égkoﬁg‘f o TR )({/??Ifi Ao OGS, group
t hetXIogmaup; (M) [L(CHD)nkeab D23 (GHY roup (1 X) 10

wherein X2 is -0- or -S-; n3 is an integer from1l to

6; " nab is an integer from1 to 10; n3c is an integer

froml to 10; 15 |__)__Iﬁ{:|_ﬁ\’2 nsz]nT(CHz =

(IX)
wherein

X, is -O0- or -S-;

n’ is an integer from 1 to 6;

n’® is an integer from 1 to 10;

n®*¢ is an integer from 1 to 10;
i)

R4 R

wherein:

n? is an integer from 0 to 10;

n’> is an integer from 1 to 10;
R?, RS, R6, R’ are the same or different, and are H or
straight or branched C;-C4 alkyl;

wherein the -0ONO, group of formula (I) is linked to

> {s as defined above;

wherein n
Y* is an heterocyclic saturated, unsaturated or aromatic
5 or 6 members ring, containing one or more heteroatoms

selected from nitrogen, oxygen, sulfur,
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[C-y2-[( nd4d n5 R6 R7T (X) wherein: n4d is an integer

fr

omO to 10; 20 n5 is an integer from1 to 10; R9,

WERHN7BB63IR7 are the sane or different, and ar ePEI/BP2006/007746

st
gr

rai ght or branched Cl1-C4 al kyl; wherein the -ONO2
oup of formula (1) is linked to 1C n5 25 wherein

n5 is as defined above; Y2 is an heterocyclic
satiut at ®dse lasatdr ated or aromatic 5 or 6 nenbers

ri

ng, containing one or nore heteroatons selected

from ni trogen, oxygen, sulfur, W 2007/ 0 5632
PCT/ EP2006/ 007746 68 and |sH el ect ed fN m H N -

HN (Y) (Y3) (
5 (Y6) \(-QE(Y aN H H X
P e prow at vvhen N fornT af\rB*

- 10a |nformJIaH(II) Rlan(FIRZbot

pOSItIOﬂ aare ’ ’

<

(Y1) (Y3) (Y4) (Y5)

@@@ SIS

14 14 ’

(Y6) (Y7) (Y8) (Y9) (Y10)

(Y1ll) (Y1l2) (Y13);

with the proviso that when in formula (I) Z is -C(O)-
and in formula (II) R; and R, both in position o are
taken together and forms the group of formula (III)
wherein Ra; and Ras are -CHs, Rz is a fluorine atom, then
X has not the following meaning:

a) straight or branched C;-C,p alkylene being optionally
substituted with one or more of the substituents
selected from the group consisting of: halogen atoms,
hydroxy, -ONO, or T, wherein T 1is -0C(0O) (C;-Cio alkyl)-
ONO; or -0 (C;-Cig9 alkyl)—-ONO;y;

. Compounds of formula (I) according to claim 1 wherein:

in the radical R of formula (II) the groups R;, R; and Rj

have the following meanings:
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taken together and fornms the group of formula (I11)
wherein RA1 and RA2 are -CH3, R3 is a fluorine atom

W@ bwi023¢3has not the follow ng nmeaning: a) strBCYRP2006/007746

branched Cl-C20 al kyl ene being optionally 15

substituted with one or noreesf the substituents

sel ected fromthe group consisting of: hal ogen atons,
hydr & y,ar=dONB2 bp LT, iwhepe'srhti'otlsacmféO)ta(K@ILOl@gether and

I 1) - 2 -0 1 - ClO
o b he Yoyt R RS Ak e e B A e axe
radcgal ®R afs formmuler (dd )atdhe; gsoups Rl, R2 and R3

have the followi ng nmeani ngs: WD 2007/ 025632
PCT/ EPZO%f@@?@ZL@mRﬁgURJP%Jth@H bt HhERepBsitt iien la adrk Ri is

ta 0 g of formula (111)

\/\h%?g % dﬁlﬁ%g Q{ﬁ %ﬂ &?Ss a %I uori ne atom
or--RRligs- @@(‘OQO}ROﬁRl pds posdh | @nwhaewbenemn im i0s R; is n-
and R _is_ 5 ethyl R2 and R3 are, hydrogen atoms; or -
RIPPEYIcRE O)S Ol i T Y Hom & whét éith n T 1 35T

N- Adund® 46 f%w PP?'SJ:QBr&llnEBtbSC@aUnUQr WR€rein

atom 3. Conmpounds of fornula (1) acCording to claim 2
vvhéresn CZO)s o€ (O)HCorr -C (O O; 10 X has the

t. ht b hed C1-C10
yﬁ%ﬁnghg‘eegﬁéﬁgéﬁ'ﬁﬂ oﬁ%lalsfvr %L%St i ?Lt etrja\r/]vlptﬁ one or

rmw ofa th@tréy@ﬁtltldﬁ:nt sbsgherted e heagkpupne, being
consi st n% hal ogen atons, hydroxy, -ONO2 or T,
whePEiANg |l§ 15 WS O uted- CHo Hl kyPPe. o2 ofore of  the

(C%_ﬁgg'gléh@{lt% gé@%cte%l) gi'%}nn th%d_%r%u(pv) 0@51@?_'21)ng of:

halogen atoms, hydroxy, -ONO, or T, wherein T 1is -
OC(O) (Cl—clo alkyl)-ON02 or —O(Cl—clo alkyl)—ONOz;

c)

A
| (CHZ)n
——(CH,Y,
(V)
d)
A
| (CH,)
—(CH,J, COOH
(V')

wherein n is an integer from 0 to 5;

n' is an integer from 1 to 5;

/@" (CH)—
4

(CHz)nm Z1 (CHZ n

e)

(VI)
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20 COOH (V1) wherein nis an integer fromO to 5;
nl is an integer froml to 5; e) (CH)), | \ 25

W@ am2yppRed2 Z- (CH2) (V1) WO 2007/ 025632 PCT/EP2006/007746

PCT/ EP2006/ 007746 70 wherein iila is an integer from
1to 10; Z1 is-C(0)0- or -OGo(O -; n is as above
defined; n' is as above defined; 5 with the proviso
t hate when X9 abseirecitr&daqemnﬁrtdme 1 bival@nt radicals
msntloned under c) -eé the -ONO2 group of formula (1)
41 15 AT 20 tHelQTCH2) nl- group; f) (Vi) Zia
xln (OR22 280,EVEEY guberein: Y1 is - Cro-cie- (Q2)
n2a- or - (CH2) n2a- wherein and n2a is O or
i snani g rﬁt%g&etvoverocriﬁeﬁ_lmdﬁ 15 ZI ais -0C (O) - or

n2 0.0 CH3; Xl
nl‘é%%()\he?}é?n é]f%vféoast%%%vew et |o:1ed tehlec e|O\{/éljll_fl)err?tm the

ragi ¢alept franAula s( Wenthigfreid whand as -are ase 20NO, group

above defined; with the prow so that in formula (VII)
thef- BRI group) of fLépkEra tel fFhiss 1iGked t &R XL

grepp; 9)
_(Y‘)@ L X—
(OR?), 2
(VII)
wherein:

Y!' is —CH,-CH,- (CHjy),%%*-, or -CH=CH-(CH,).’®- wherein and

n*® is 0 or is an integer from 1 to 6;

Z1a 1s -0C(0O)- or -C(0O)0-;
n? is 0 or 1;

R? is H or CHs;

X; is —(CH),'®- wherein n'® is as above defined, or the

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

above defined;

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

of formula (I) is linked to the X; group;

g)
(OR?), -
(VIII)
wherein

v is —CH,-CHy- (CH») ,2%-, or -CH=CH- (CH,),**~ wherein and

n’® is 0 or n*® is an integer from 1 to 6;

n is 0 or 1;
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(Y')n3a zZi Xi (OR2)n 2 25 (MVII1) wherein: Yl is
-CH2- CH2- (CH2) n2a-, or -CH=CH (CH2) n2d- wherein

W@ew7/02%32 is O or n2a is an integer from1 to BCT/EB206/607746

0 or 1; WD 2007/025632 PCT/ EP2006/ 007746 71 Z1 is

-0(0)0- or -0OC(0)-; n2is 0o 1; R2is Hor CH3, X1

is - (CH nla- wherein nla is as above defined, or the

5 bi viad ert (e cal ebcforaula (V) wherein n and n' are

as ,above defjined; with the proviso that i n fornula

(VT 198 thePZ 0ND2 group of fornula (1) is linked to

t hgz X1 gf oup;cf), 10 [(CH2) nab X2]n3 (CH2 n3c (I1X)
wherein X2 1s -0- or -S-, n3 is an integer from1l to

6, X1 15sn 3CH)s.'&n wheegen fir'dmis tas 6abomei slefnined, or the

integer from1.to.6; . 3¢c i i) R4 RS |l n51 | R6 _R7
(X]?.lgﬁgeﬂ/ﬁelr@i%:caﬁ %5 gﬂr?ﬁiﬁggr\/)fr"g{'ﬁ@%% §oandps j gre as
anabhptegeerfinea;1 to 10;

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

of formula (I) is linked to the X; group;

h)

—[(CH,)=5 X5~ (CH, )=

(IX)
wherein

X, 1s -O0- or —-S-,

n’ is an integer from 1 to 6,

n® is an integer from 1 to 6,

n’“ is an integer from 1 to 6;
i)

R4 R?

[ClZ—Y*—I[C] 3

R® R7

wherein:

n? is an integer from 0 to 10;

n° is an integer from 1 to 10;
R*, R®>, R®, R’ are H;

wherein the -ONO; group of formula (I) 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



456" R R R Rare H wherein the -ONO2 group of

formula (I) is linked to [i] n5 25 wherein n5 is as
wa@iedoraz@3zabove; Y2 is an heterocyclic saturat eBCT/EP2006/007746

unsaturated or aromatic 5 or 6 nenbers ring,

contai ning one or nore heteroatons WO 2007/ 025632

PCT/ EP2006/ 007746 72 sel ected from nitrogen, oxygen,

subtliectandd fironseal ectegen f r oryHenN sN1-fGN, NaiHiN selected

(YL) (Y2) (Y3) (Y4) (Y5) O -CNN AN,NHHH 4N 5

(Yé)fo Y7) (Y8) (Y9) (Y1I0) HNaN HH(YIl) (Y12)

(Y13); with the proviso that when in fornmula (1) Zis

-C(0)- 10 and in formula (11) andRzggthin

position a are taken toget herN and fornsNbe group of

for a (1) in RAL are|-CH3 R3|s
fljgorime _at om X has not ﬂpefollovvl
a)lla straight or 1Q anched CM al kyl ene}{ be| ng

N
(Y1) (Y4) (Y5)
3y Lx
|
_+£:At;f__ _4£;Af:L— k\ / N
/
e H
(Y6) (Y7) (Y8) (Y9) (Y10)
H
N N N
H H |
(Y11) (Y12) (Y13);

with the proviso that when in formula (I) Z is -C(O)-
and in formula (ITI) R; and R, both in position o are
taken together and forms the group of formula (III)
wherein Ra; and Ra» are -CHsz, R3 is a fluorine atom, then
X has not the following meaning:
a) a straight or branched C;-Cyq alkylene, being
optionally substituted with one or more of the
substituents selected from the group consisting of:
halogen atoms, hydroxy, -ONO, or T, wherein T 1is -
OC (Q) (C1-Cqp alkyl)-~-ONO; or -0 (C1-Cyp alkyl)-ONOy;
preferably X is a straight C;-C;y alkylene;

4. Compounds of formula (I) according to claim 3 wherein
X has the following meanings:
a) straight C;-Cy19 alkylene;

c)
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15 optionally substituted with one or nore of the
substituents selected fromthe group consisting of:

Wh 2006425832t ons, hydroxy, -ONO2 or T, wherei n TPCHEP2006007746

(0) (C1-C10 alkyl) -ONO2 or -0 (C1-C10 al kyl) -0ONOZ;
preferably X is a straight CkaC o al kyl ene; 20 4.
Conpounds of fornula (1) according to claim 3 wherein
X has the followi ng nmeani ngs: straight Cl-Co

al kyl ene; c¢) WD 2007/ 02563 Eﬁ) 6/ 007746 73
CH2)n, (CH2 n (V) wherein $ M and n' is 1,
e) (G2 )n 5 (CH)nepsy” (CH)n (VI) wherein nlais
an integer from1l to 10721 is -C¢(0)0- or -0(CO-, n
is Oor 1 and nlis 1; with tfig proviso that when X is
sel ected fromthe 10 bivalent radicals nentioned
undeerejned, ish8 ooONO2agcowp ief lfornula (1) is |inked
to fhe -(CH2)nl - group; f) (Y') Zia Xi (OR2)n 2 15

( ) Wherein: Y' is -CH=CH (CH2) 2a- wherein n2a is

0, Ziais -OC (0) -, n2 is 1 R2 CHs X1l is
-(CH) -, wherein nlais anlnteger (# 9 10;

with the proviso that in fornula

of formula (L) _j éH) %d_t_qcfm

(VI)

ONO2 group
XI~gfoup; Q)

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

with the proviso that when X 1is selected from the
bivalent radicals mentioned under c¢)-e), the -ONO, group

of formula (I) is linked to the -(CH,).'- group;

f)
ol e
(OR?), 2
(VII)
wherein:

Y! is —-CH=CH- (CH,).**- wherein n?® is 0, Z;, 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:

(OR?), 2

g)

(VIII)
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(Y)n3a Zi (OR2). 2 (M 11) WD 2007/ 025632
PCT/ EP2006/ 007746 74 __ wh etClll: n3ais if Y is

WO @H20r363Y CH2) 2a_ wherein n2a is 0, Z1 is - QCUEPDOG/007746

n2 is 1, R2is CH3r X1 is - (CH) nla- wherein nla is

an integer from1l to 10; 5 orjgin fornula (MI1) n3ais

0O, Z1 is -00(0)- or -C(0)0-, n2is 1, R2Zis CH3 and

Xlwhsreif€H) nla- wherein nla is an integer from1l to

in.;wth the rowsothat i n fogul VIII) the - 2 .

grBuplSof rforﬁlullas (T§HFET Wik to”far}fer%“g?ouﬁ %Ioh% s -
f £(o)oh{CR) 1830 XAPLNg (GHY (1 X Waenein Xehdsein n'* is

- 0- n3 is an integer fromlto4 nablsl n3c
|sa2 lwttenetrhérpmodl so tlfat vvhen in formula (1) Zis

f I'1)a b th t
acéfelnz Otrlgﬂlé?otrggfe&(er ?anolsf rrB ]theogrourgogom H 9% (0)0-,

foptruba @l,119% wherehn RAZ and iBAZ2- arie) [/ CH3whR3elis &' is an

fluorine atom then X can not be strai ght C1-C10

al kjFeser srotodpéenddiof formula (1) according to any

of | ol ecgte he,fetl owhng _ono

gr”é%E;ﬂ Thes 1% Crf%nﬁﬁgho%ﬁo@rwg SO E L 2 group
of formula (I) is linked to the X; group:;

h)
——[(CHZ):;XZ]'H-;(CH2 5%
(IX)
wherein
X, 1is -0-;

n’ is an integer from 1 to 4;

n® is 1;

n’c is 2;

with the proviso that when in formula (I) Z2 1is -C(O)-
and in formula (II) R; and R; both in position o are
taken together and forms the group of formula (III)

wherein Ra; and Ray are -CHi;, Rs; is a fluorine atom, then

X can not be straight C;-Cio alkylene.

5. Compounds of formula (I) according to any of claims 1 to

4 selected from the following group:
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O O (2) WD 2007/025632 PCT/ EP2006/ 007746 75 p CH2O\2

f HO~0 FO(3) 0 o0----- ---"ONO2 HOOK4 FH
w@R@705%30D 0 o HO ... p-,< OA ,/ONO 2 0 F RCT/BF2006/007746
p O O HOp- pAON2 O HOF (7) CH2ZONO2 O O HO
0-7< O 75




FH10 (8 oo OpopHO... p-< ONO2 HO ... o-
CH2ZON®2 .0O..o0 FHHO/ O/ (9 (10) 15 WO
WQO®7/02%36532 PCT/ EP2006/ 007746 76 0 0 0 O OP@MER200/Q)7746

O-~\ON® HO... p-KHO, O- 00 FHFHOO/ (15)
(16) p 0\~ ~ 0-0~~0 ON®R G OAC' v _CH2ON® HO .,
b~ HOmoo\ FHFHO/ O45(17) (18) 0 O M HO
Cp~11 O Oc FH o/ (19) 10 It

° 0~ ~0” >"ono,

10

O/\/\/ONO2

OMe




10

0 0/ \ per/\~ONOR OO0 HO.., 0-KOve O FHO/
(200 0 O-,ON2 O' | Ool OHO., p-KOV O F FI
Wa@2§078%6621) WO 2007/ 025632 PCT/ EP2006/ 007746 PGIEPDO07746
00 CH2ZON2® HO ,~, 00 ~0 F H O/ (22) O CH2ONX®R

0Zz-0-01 / Il OKO .11g70 HOF H (23) 5
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OO0 0 O CH2ZON® HOH ,a0(-0 HOHO('OI / / E- O
ONR2/ =0 HHHHO/ 0/ (24) (250 CHZONR2 00 O

W@R@ROR5632 | |

0 0-K-----

OOHOH,,,,

O-O XjV HHO/ O (PGYEPRFY007746

~-\ON02 HOO OH 100 (28) O rHs 0 /
o HOO | / ONO2 O H O ( 29) 0D 2007/ 025632

PCT/ EP2006/ 007746 78 0 0 OO aH O-O | / 0)ON®2 H
0 HO (30) CHRON®® 00O |/

OMe
(0]



HOOO HI HHO 5 (31) OO OOOOHOVHH "n0" O
ON02 HOO OCH2ZON® HHOO (32) (33) OO0 O
W@2a(/02568N02 O O ONO2 HO VHHS ,,,t O-O HO H "PORBPIH0607746
OO/ 10 (36) (35) OO0 0 O~v"ONO2 0 O v ,' ONO2 X:j
H" 0 /roX H" 00 HFL7dHOO (36) (37) 00 O
QAO-, ON02 O O~ O-\ON2 \ff-OH O aAH .0, 0 HO,,, O
HHOOO 15 (38) (39) WD 2007/ 025632
PCT/ EP2006/ 007746 79




OO0/ OAO-~"\ONCZ OLO\ CHZONGZ HO H 00~0 aH H
,~O-OHHH O/ O(40) (4150 HO.00 0 OJ ON®R H
WOR@TNZRY2 0 0 \ O-\/~iONC2 O O O HO 0 O OMVe PGI/EPM06/@7746
/ 10 (43) 0 OG,, ,,-~ONO2 0OOOaH 00 OM HO H
O(44) 0 0 OO\ CH2ONO2 'wg@ 0 Ol / HaHA O15

(45) WD 2007/ 025632 PCT/ EP2006/ 007746

o \/©/CH20NOZ
O
Ok/\’(
o °

(0]
/U\ . ~-CH.,ONO,
O \ < <

o) 4




80 OCH2ZONO2 Op~OHI aHOO HO((46) 0 O

.CHONO OI OO OOHNTf ~20®2 HO "np~ HOm F H
WO-2047/083682 / (47) (48) p CH2ONO2 O /ONO2 O | PCTZEPEO06/007746

"p/ vv HOF H/ "5:j9f 5 O (49) (50) O

plkl-1O-""~ONO2 OO/ HOmMpljvv  FH O/ (51) O

pPo
O
OMe
ONO
/loj\/\/ OJ\/ 2
mQ




OO0 ON®® HOnmgyp/ vv FH 10 0 (52) WD 2007/ 025632
PCT/ EP2006/ 007746 81 0 /-OM OO0 OO /[ pA"-, ON®R
u

0

wWoRUIp2se2 v F H O (53) CH, ONO, O/ O O HPGI/BPHO&I07746
FHO(54) 50 0l1- 000 ONO2 0 0 CH2ON®2 HO HO F
HFHO/ O/ (55) (56) 0 0gg)ONO2 O ONO2 O ~0 00

0 Q
o/u\o/\/\/ONO2 OJ\O/\/\ONOZ

2 2

10
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HO "p' v v HOmplO0"_ FHHO/ O/ (57) (58) 00 O
vVONO2 CAvvONR2 AF""pl v v HOSE/ HHOO/ 10
W@ 3®y/0t%6) WO 2007/ 025632 PCT/ EP2006/ 007746  S8RCTZER2006/007746

OL ONO2 010 -"~ON02 OOOOHO.,,,p/Ov VHOp FH

6t3 HO/ O/ (61) (62) OA @5~ 0"-"-\10NO2 OAO
CH2ZONO2 O uOOHONp~ Ao FHO/ O5 (63) (64) 0 @
00O/ p,ON02 HOF O (65) 10 O

O/A\V/A\V/ONoz

6. Compound of formula (I) according to claims 2 and 3 that

is (11, 16a)-9-fluoro-11-hydroxy-16,17-[1-methylethyli

denebis(oxy)]-21-(1l-oxo-[4-(nitrooxymethyl)benzoxy]]

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

7. Compounds according to any of claims 1 to 6 for use as

medicaments.

8. Use of the compounds of formula (I)
R-7-X-0ONO,
(1)

for the preparation of drugs for treating

corticosteroid-responsive dermatosis, atopic dermatitis,
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20

00,-,_,,-,_I1ON2 AJ~0'kO0OOO®w HOFH O/ (66)
WD 2007/ 025632 PCT/ EP2006/ 007746 83 OO -,,.,- ONOX

w@QeA025662 0 ~ OMe HO ."p/ v v F HOfell CQ/EP2006/007746

CH2ZONO2 OOOOIlI / HOFH O(68) OCHZONXRZ OO0O
HOFH 5 (69) 6. Compoundgaf formula (1) according

to clains 2 and 3 that 1is

(144:3; d6@) - Qethwoiaitl- hydrooxyasliGy, 17-dboet hyl et hgkirmatitis

10 L
déﬁé%IF%J(rbey‘?] f?im[li‘-ao%_) [ 4- (nitrooxynet hyl ) benzoxy] ]
Preana- dn4-db ene-3s20rdi@Neesidue of formula (II):

(IT)

wherein

R; is -0OC(0)OgR; wherein m is 0 or 1, R; is a branched or
straight C;-C;p alkyl, preferably R; 1is a branched or
straight C;-C¢ 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

(ITI)

(IT11)
wherein Rp; and Rp, are independently selected from H, a
C1-Cy1o linear or branched alkyl chain, preferably (C;-Cs)
alkyl; more preferably Ra; and Ra» are -CHs; 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 a or B;

R; is a hydrogen atom or a fluorine atom;
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7. Conpounds according to any of clains 1 to 6 for use
as nedicanents. 15 8. Use of the conpounds of fornula

W@ p007/088632 X- ONO2 (1) for the preparation of dPCEEPF006/007746

treating 20 corticosteroid-responsive dermatosis,

atopic dermatitis, W 2007/ 025632 PCT/ EP2006/ 007746

84 contact dermatitis, psoriasis, seborrheic

depratet bl ywhenei formufiar milta)(l Ry, R Rs tdred R; have the
corticosteroid residue of fornmula (I11): QA O HO CH3

R fRblo¢HRI~BEan1pIsSE (11) wherein RL is -OC (0) OnRi

wher e nﬂd SR Bbcd, R bes@chbanched or ¢ 8idi 88hether and
Cl-C10 a yl, preferably R is a branched or straight

Cl£66mal kyle, qrefreresdfRrmgheups fdre; whvetdih , Raleind Ra, are

et hy|, n-propyl,_n-butyl; R2 is an hydrogen atom or
- Cl_—él,ﬁ'opR?llsgr?d fRp? F tHkEl tOgether are the group

of _farmua-o€l b . KRAIpo O RA2n dSwhkkk)lnwWheriei n RAld R; is
and RA2 are independently selected fromH a Cl1-C10
| i Aty lor Rbraméhdd afky1Yenag e, prerei abfy (Cl-C5)

- Ry is -0OC(0O)OgxR; in position o wherein m is 0, R; is n-
butyl, R, is -CH3; in position B, R; is a fluorine atom;
Z 1s a group capable of binding X selected from the
group consisting of:
-C(0)-, -C(0O)O- or
\\H/CL><:O\H//

oR R

(IV)

wherein R’ and R’’ are independently selected from H or
straight or branched C;-C; alkyl; preferably Z is -C(O)-
or -C(0)0-;
X 1s a bivalent radical having the following meanings:
e)straight or branched C;-C, alkylene, preferably a
straight or branched C;-C;0 alkylene, being optionally
substituted with one or more of the substituents
selected from the group consisting of: halogen atoms,
hydroxy, -ONO, or T, wherein T 1is -0C(O) (C;-Cyp alkyl)-
ONO, or -0(C;-Cip alkyl)-ONO,; preferably X is a straight
C1-Cip alkylene;
fya Cs-Cy7 cycloalkylene group optionally substituted with
linear or branched C;-Cip alkyl group, preferably CHs;

c)
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al kyl; nore preferably RA1L and RA2 are -CH3 and the
group of formula (Il11) is a isopropylidenedi oxy; 20

WQR003M26682 can be |inked to the carbon atons i PCIEPZAEI007746

17 of the steroidal structure in position a or ; R3

is a hydrogen atomor a fluoggne atom WO 2007/ 025632

PCT/ EP2006/ 007746 85 preferably in formula (I1) Rlr

R2ziand R3 have the follow ng neanings: - Rl and R2

both in position a are taken together and forns the

group of formula (111) wher and RA2 are 5

-CH3, R3is a fluorine ato 1615%* CC (0) OnRi

in position a wherein mi Ri i's ethyl, R2 and

R3 are hydrogen atoméCHgr, E&0C (O o in

position a wherein mis 0, R is™n- butyl, RZis -CH3

in position (3, R3 is a fluqkrne atom 10 Zis a

group capabl e of binding X selected fromthe group
conséstimgnots acg @@)teger. @(r@))noo dgro 20 oroferably n is an
R-<R'"' ~Or V) .1 erein are
inﬁg%%%%ﬁnf§9msglg8rgd PPS%] re@erapgglahﬁfbp 6Fénched
Cln'CAial kyh; irefesablorch is -€40)20,0r pref@)ChilyX hS ds an
bi val ent radical having the fol | owi n meani ngs:

e)5trayght LHPMbt ahehéd @rezerwf@;ﬂa@aé/ Tor éfv‘eﬁ-am y a

ego strai ght or branched Cl-Cl10 al kyl ene, bei ng

optionally substituted with one or nore of the
substituents selected fromthe g Q_consi sting of:
hal ogen atons, hydroxy, -ONO2 or ; is -OC
(0) (C1-C10 alkyl)- ONO2 or -O lJakfﬁ - ONO2;
preferably X—s(@y QghL.c 0 al kylene; f)a
Co-C7 cycloalkyfene group optlonally substituted with
i near or branched Cl1-C10 aI§¥I group, preferably CHS3;

wherein n'® is an integer from 1 to 20, preferably n'® is
an integer from 1 to 10;

Z1 1s-C(0)0- or -0C(0)-; preferably Z; is -C(0)0-;

n is as above defined;

n' is as above defined;

preferably in formula (VI) n'® is an integer from 1 to
10; Z; 1is-C{0)0-, n is 0O or 1 and nt is 1;

with the proviso that when X is selected from the

bivalent radicals menticned under c)-e), the -ONO, group

of formula (I) is linked to the -(CH:).'- group;

— (Y')@’ 2 Xi—

(OR?),

£)

=

<
=
b

wherein:
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c) CH2 )., (CH2 n 30 (V) WD 2007/ 025632
PCT/ EP2006/ 007746 86 U) CH2), i | \ (CHZ n COOH

W@ 00y/02382rein n is an integer fromO to 20, pPErEPHDE/GT746

nis an 5 integer fromO to 5; nore preferably nis O

or 1; n" is an integer fromX#to 20, preferably nl is

an integer from1l to 5 nore preferably nl is 1; e)

(CrH2 im) -QICHDHZTCHEHRZY R, 100 VT H=(lier @ifn) ni°a iwhamein and

integer froml1l to 20 referably nla i i nt.eger .
O TS G RO AT e B BT 00 6P LH0( G aetst by 910 oF is
I sanCA)Byer Brbs astabeve defined; 15 nl is as above
defined; preferably in formula (VI) nla is an integer

frém st cOCU®) ZP1 ssAQ)H: 0-, nis 0 or 1 and nl is
1, wmth the proviso.that,when X is selected fromthe
o} Ul tht0 1o halRESES ?%%édgunb%rfb)-e), the - ONO2
grelipis 20 of €ormyee(ddabsy |Rhked dm;the - (CH2) nl -
group; f) (Yl) Zia Xi (OR2)n z (N TT)h 5 wherein: WO
2087/ 62563 PET/ EP2DO6FOD7746 1S 2as above deifined, or

r the
bivalent radical of formula (V) wherein n and n' are as
above defined;
preferably in formula (VII) v!ois -CH=CH—(CH2)fa— wherein
n®® is 0, Z2;, is -0C(0)-, n® is 1, R® is CH;, 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;

g)
(YO X —
(OR), -
(VIII)
wherein:

Y' is -CH,-CH,- (CH,),?*-, or -CH=CH- (CH,),?®*- wherein and

n?® 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 1s-C(0QO)0O- or -0OC(0O)-;

2

n® is 0 or 1; preferably n?

is 1;

R® is H or CH;; preferably R? is CHs;

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, y! is -CH=CH-
(CH,) ,*%- wherein n® is 0, Z; is -C(0)O-, n® is 1, R? is

CH;, X1 1is —(CH)HM— wherein n'? is an integer from 1 to
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87 Y1 is -0112-CH2- (CH2) n2a- or -CH=CH (CH2) -
wherein and n2a is an integer fromO to 10;

Weeeierwbly n2a is O or is an integer from 1 PGI/BP2026/607746

is -0C(O - or -C(0)0; 5n2is 0 or 1; preferably n2

is 1; RRis Hor CH3; preferddy R2Zis CH3; Xl is -

(CH) nla- wherein nia is as above defined, or the

bi va} entr rani calrmofi af ofr Wil &) (W)® wher & ,n ﬁlamd mOQNQﬁ or -
as_ above defi ne 10 pref rabl in fornu (M) la
i sC{eHoH “(CHE)qn2§' WierSicn 228 &%, iﬁg %f?reln n
(0)s-ann2nk8glr R2oks 10Ho 1§; is - (CH) nla"_mhere|n

nia is an |nteger from1 to 10; with the provi so that
|nWiohml‘LIh@ (qualstcheth@txlozngrfmmnuloa‘ Okl athe) Q02 group

g won (st (000

-ChHFCH (CH2) n2a- wherein and 20 n2a is an |nteger
fromO to 10; preferabl n2a is 0 or n2a is an

integer from1 to 6"h5§&ypﬁxgmvnctbmzr'is-C (0) 0- or

-OC (0) -; n2is 0 or 1; preferably n2 is 1; 25 R2 is

Hor CH3; preferably R2 is GH3) Xi is - (CH) nla-
wherein nia is as above defined, or the bivalent

radheakiof formula (V) wherein n and nl are as above
dg%éned;_ [eferagly in formula (MIII) niais 1, Yl is
30 (CH2)”n2a- wherein n2 is 0, Zi is -C(0)0-,

N2nfsid, &2 iste&EBr ofonl S1- toCH), nbaefwhepeiyn Mo is to 4,

an |3teger from1l to WD 2007/ 025632 PCT/ EP2006/ 007746
88an

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

more preferably n’® is 1 or 2;

n’® is an integer from 1 to 10, preferably from 1 to 6,
more preferably n*¢ is 2;

i)

R* R>

[Cl7—Y>—[C] 3

wherein:

n? is an integer from 0 to 10;

n° is an integer from 1 to 10;

R4, R5, R6, R’ are the same or different, and are H or
straight or branched C;-C; alkyl, preferably R4, R5, Rﬁ
R’ are H;

wherein the -ONO; group of formula (I) is linked to

wherein n° is as defined above;



10

15

10; or in formula (MI1) n33is 0, Z1 is -OC (0) - or
- C(O O, n2isl1l RZis CH3 and X1is - (CH Ia-

woRw7eie3hla is an integer from1l to 10; w t hP€HEP2006/007746

proviso that in forrmula (VII1) the -ONO2 group 5 of
formula (1) is linked to theg¥l group; h) R¥% 2J n3b
X2"J ~3 (CH2\n 3c (I X) wherein 10 X2 is -0- or -S;
n3ri siamai nhegerofyomit tsa thyraireef,ernatdatdromd ¢o 4romatic
and n is an integer.froml to.10, preferably fro to

3 BorETRdrar Bh1Y: nSB"F1115p" Bhers o g Hteratoms
'r@éi%%tééoﬁ}émtQi%@og@h?f%&g@%ﬁ,f%@EELrLO 6, nore
preferably n3, is 2; i) RAA RS[C ndY -[C] n5 R6 R7
(X¥nd 20s wheterhedndrp® an integer fromO to 10; n5 is
an integer fromlto 10; 456 "' R R R Rare the
sane or different, and are H or straight |or branched
Cl-C4 al kyl, preferably R4, Ry R6, 25 R{ are H,

wherein the - oup of r a (I)ﬁs%i nked toN_|
%ﬂg%F-nq reimn5 i defTmed gbove;, VO X
7/ Oj5632 P P2006/ 0077 N “ I
N =

N H | N

|
’ 14 14 14 ’

H
(Y1) (Y2) (Y3) (Y4) (Y5)
0

P N N N N

N NZ H H H
(Y6) (Y7) (Y8) (Y9) (Y10)

| |

N N N

H H |
(Y11) (Y12) (Y13) ;

9. Use of the compounds of formula (I) as described in

claim 8 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, 3jock 1itch, ruber 1lichen

planus.

20 10. Use of the compound of formula (I) of claim 6 for the

preparation of drugs for treating corticosteroid-
responsive dermatosis, inflammation, eczema, erythema,

papulation, scaling, erosion, oozing, crusting,
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89 Y2 is an heterocyclic saturated, unsaturated or
aromatic 5 or 6 nenbers ring, containing one or nore

woewepwsbns sel ected from nitrogen, oxygen, BGCI/ER2006/007746

and is selected fromH N NN"" A5 NHHI N(Y)

(Y2) (Y3) (Y4) (Y5) O CNiNN "NHHH (Y6) (Y7)

(Y8 (Y9) (YIO) HNaN HH10 (YIl) (Y12) (Y13); 9.
Userotithe, ceppounds lofs forml Bo{d,) asydeseei bedritis, diaper
claim8 for the preparati on of drugs for treating skin ,
orrﬁﬁEosaﬁﬂﬁﬁhbréﬁégdisé@gﬁ%rorq&FgSPder%l%ﬁ?%h seborrheic
cogprinseitsseczemn, erythemm, papul ation, scaling,

erosi on, oozing, «crusting, pruritis, inflammtion,

epi dermal ysi s bullosa, erythema, warts, diaper rash,

jock jrch r?be;ﬁ{aigggﬁg‘adoplfa%sfm Oaf éEI)tI,L]JoZF 91.the6 for the

12

cdnpodﬁ%.?§ clarm

prepapatben ol odr uas gfsore da eatd 10 reprd d gost ef@imhtitis.
responsi ve dermatosis, inflanmmation, eczema, erythema
papul ati on, scaling, erosion, o0o0zing, crusting, WO

2.09§é0%%63@b50y ﬁ%%%‘é{ 09€7é@rm%9apfz;i;)”£§’ claim 6 for the

O,
epl dermal ysi s bullfosa, erythema, warts, diaper rash,

j opkeptehfipuberf ldrolyen fgmanusatsielradeiact dermatitis.

13

14.

15.

16.

17.

18.

dermatitis. 5 11. Use of the conmpound of formula (I)
of claim6 for the

. Use of the compound of formula (I) of claim 6 for the

preparation of drugs for treating psoriasis.

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

5 and 8 and pharmaceutical acceptable eccipients.

Topical pharmaceutical formulations according to claim
14 selected from the group comprising creams, lotions,

ointment formulations or topical spray compositions.

Topical pharmaceutical formulation comprising the
compound of formula (I) of claim 6 and pharmaceutical

acceptable eccipients.

Topical pharmaceutical formulations according to claim
16 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)



preparation of drugs for treating atopic dermatitis.
12. Use of the conmpound of formula (1) of claim®6 for
Wa bw7/0piedpar at i on of drugs for treating contacRCI/EP2006/007746
dermatitis. 10 13. Use of the conpound of formula (1)
of claim6 for the preparatiggn of drugs for treating
psoriasis. 14. Topical pharnmaceutical formnulation
conprising at least a 15 conpound of OForrmula (1)
according to any of clainms 1 to ~5 ang 8 and
pharmaceuti cal acceptabl e ecci pi engg” 15. Topica
phar maceuti cal formnulations accocQ|noFﬁo claim 14
sel ected fromthe groupH&a R, | otions,

pr ay
conpositions. 16. Toplcal ‘ cal formul ation
conprising the co of - TS la (I) of claim6 and
pharmaceutical acc e §Co|p|ents 25 17. Topica
phar maceuti cal forge org_gecording to claim 16

sel ect ed fron1théDgroup conpr|3|ng creans, |otions,

oi ntnment fornul ations or tog ? spr ay conpositions.
30 18. Process for the prepar on of a conpound of
foxmataifl) of claiml wherein Zis -CO conprising

| a reactlng a compound of formula Ila
2007/ 1625632 P EPYOGERI07 746t S oA o &mlﬁa a perpghed or

C@t@lg&(&lﬂém wherei.n RL is -OC (0) OnRi wherein m
is 1, is a bfanched or 5 straight Cl-C10
aIRyI%s a hydrogen atom or -CHjs;

or R; and R, when taken together are the group of formula

(ITII)
__—C)><:\,RA1
—0 Raz
(ITII)

wherein Ra; and Ray; are independently selected from H, a
C1-Ci9 linear or branched alkyl chain;
Ry 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;
with a compound of formula (Ib)

W-C(0)-X-0Q

(Ib)

wherein
W is -OH, Cl, or -0OC(O)R, wherein R, 1s a linear or
branched C;-Cs alkyl or R; is R, selected from the group
consisting of: pentafluorphenoxy, 4-nitrophenoxy or
succimidinyloxy;

X 1is as described in claim 1
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R2 is a hydrogen atomor -CH3; or RL and R2 when taken
together are the group of formula (I11) O KRAC O RA2

W@ ogrriey2 wher ei n RA1 and RA2 are independent | BCT/EP2006/007746

19

20.

21.

22.

selected fromH a Cl1-Cl0 |inear or branched al kyl

chain; Rl and R2 can be linkeg to the carbon atons in

16 and 17 of the steroidal structure in position a or

(30 1% RNG, achydroger ratiom or Bs f kyoecnedatfomm whth group
a conpound of forrmula (Ib) WC0)-X-Q (Ib) wherein
20CPPESTORG Of 6r FACH'O® Rt Mher i ATREINS atPMnedr 1odine
oratgﬁ?nﬁhﬁgs§%78§dﬁﬂqer(H Ros 8 Rabusel eat efdef H@Wsence of

the group consisting of: pentatl udorphenoxy,

4- ai toopheroxry engensuyceind di nyl oxy; X is as descri bed
in.claiml 2007/ 025632 PCT/.EP2006/ 007746 9 i S. .
N S Bndror e 750 BVEakdChed TF o PRE “graugPt Sined in
copgksticRg ofy anebl arine: A8 ofkravhE QNS At BMcBion with a
iodine atom a nesyl group or a tosyl group, in the
preséneécofougce€ondensi ng agent, and 5 I'b) when Qis

Z2, converting the conpound obtained in the step a)

into a nitro derivative by reaction with a nitrate
Sobrcees$9.addaacHssy accordang ti8 chiae ne 18 wheneivh ikerOH in

Lol BET G4 ot | b Mg tkigtd crrgne 13 He PG Brom the

di gygl.ghexyl &asbodih g de.qiNydi3shexylcarbodiimide, . N’-(3-
di et hyl am nopr opyl ) = N-et hyl'car bodi’i m de hydrochl ori de

andimetayakydnopNoRydi) mettntrantiare sy idide or  RyNrochloride
Cagggnygdlég£g§§gk?. N, N-dimethylamino pyridine or N,N’-

carbonyldiimidazole.

Process according to claim 18 wherein when W is -OC(O)R,
in the step la) the condensing agent 1is a catalyst
selected from the group comprising: N,N-dimethylamino
pyridine, or N,N-dimethylamino pyridine and a Lewis acid

selected from Sc(OTf)3 or Bi(OTf)s;.

Process according to claim 18 wherein when W is Cl and Q
is Z,, 1in the step 1la) the condensing agent 1is an
organic base selected from the group comprising: N,N-

dimethylamino pyridine, triethylamine or pyridine.

Process according to any of claims 18 to 21 wherein the
step la) 1is carried out in a suitable organic solvent
selected from N,N’-dimethylformamide, tetrahydrofuran,
benzene, toluene, dioxane or a polyhalogenated aliphatic

hydrocarbon, at a temperature from -20°C and 40°C.



15 20. Process according to claim18 wherein when Wis
-OC(ORa inthe step |a) the condensing agent is a
W@ 210a/09%82 sel ected from the group conpri si ng: PCT/EP2006/007746
N, N-di met hyl ami no pyridine, or N, N-dinethylam no
pyridine and a Lewis acid 2®g3selected from Sc(OrIf)3
or Bi (OIf)3. 21. Process according to claim 18 wherein
23whenoW¢Es GlccandiiQg i soZ2laiimst s svleprea) time step 1b) the
condensi ng _agent i s an organi c, base selected fromthe .
o BT COnEE: Singa T NS 25 o eithy S oy PF ditRe Comp I sing:
triethybam e P Pyri di Nenidd. Rrocesse acCydliNGntOnitrate,
any of clainms 18 to 21 wherein the step la) is
cappiedsoun imltarsist able@nesgami cnsbreéar Selecdednitrate,
fromN N -di pet hyl f ormam de,. .t et.r ahydr of uran :
5 benzéhe, To ﬁ%%%ﬁ di%%gﬁe(ﬂlaf%% yhéfbgeﬁa?gagqkylammonlum
al hpbatte. hydrocarbon, at a tenperature from -20C and
40C. WD 2007/ 025632 PCT/ EP2006/ 007746 93 23. Process
according to clains 18 wherein in step | b) the source
249,f PBEEQEe a'c%oﬁ:%{ﬁﬁ;{],egof E,@L@ﬂnlge 1H OHRCOPIId ATin the step
silver nitrate, lithiumnitrate, sodiumnitrate
pofassiissm matratc@, onEgnesi thenida@t e, ioaleci sl ettt atselected
5 iron nitr%ge, zinc_ nitrate or tetraal kyl ammoni um tril
ni trafe. 2408 oces I EetOr di ngCYBPEFAHE® 18 angdCrsonitrile,
wheeeikBntAeosthieRnel, bmdth gAr £t BY1 OWetiohet,hee dafk, akBrate or
sol vent selected 10 fromthe group conpri sing:
acBt Bhr gimpéhyl éorappddst ur atle, Aet MATMRATAFULRt 0REPM  room
et r N,-.di et ]
CehP BB Py 56 FoSme Lanesr SCuRE b The Doi 11 LYo
tenperature of the solvent. 15 25. Process for the

reparation of conpound of forpula (I of claim1l
15 2550 EFarRSS Fov. ) BP gt Kb 22) crabeeffgos. foshula (1)
cogpound;iff 1f ohawkan(lzl s ©Ho)0- Gddising:

2a) reacting a compound of formula (IIa)

10

(IIa)

20 wherein
R; is -0OC(0O)OxR; wherein m is 0 or 1, R; is a branched or
straight C,-Cip alkyl;
R, is a hydrogen atom or -CHj;
or Ry and R, when taken together are the group of formula

25 (III)
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HOR2Z CH3 R3 O (lla) 20 wherein RLis -OC (O OmRi

wh

erein mis 0 or 1, R is a branched or straight

W@2000085633 kyl ; R2 is a hydrogen atom or -CH3; BCT/RR208610)7746

26.

R
(1

when taken together are the group of formula 25
1) WO 2007/ 025632 PCT/ EP2QQ6/ 007746 94 ORAL O

RA2 (Il11) wherein RAL and RA2 are independently

se
ch
in
or
a
wh
th
at

Rb is
15

4-
coO
th
SO
st

27.

|l ected fromH a Cl-C-e—-l0 nea
ain; 5 RlL and R2 can be Ii
16 and 17 of the steroid structure in position a

(3; R3 is a hydrogen ato & fluorine atom with
compound of formula (Ic) -C (6 OX-Q 10 (lc)

erein Qis -ONO2 or Z2 whef # Z2 is selected from

e group consisting of: a chlorine atom a brom ne
Pheraini @di nenat ey areesyHegeadpnanl ya sc0sndt gt ofippm H, a
is d, Br or Rai wherein Rai Rai selected fromthe
CoioapldBREFS PFnG TaNC e a1 dor S eibixy,

Ri tEo@hgNOoXyn QL SHEREM FINWRXY5a4n WeS K 18 42, and 17
nverting the conpound obtained in the step 2a) into
efntheosdericvatilve thy ateast iion pestilicn i teat®

rce. 20225). Pr ocess accor ding to _claim25 wherein

blz%)al ydrogen atom or a orin€é atom;

with a compound of formula (Ic)

ar branched al kyl
to the carbon atons

Rp=C (0)0-X-Q
(Ic)

wherein Q¢ is -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;

R, 1is Cl, Br or R, wherein R,; Ras 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 25 wherein step 2a) 1is
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 25 wherein step 2a) 1is

carried out in presence of a inorganic or organic base

in a double phase system H,O/Et;0 at temperatures range

between 20°- 40°C.



carried out in presence of a inorganic or organic base
in an aprotic pol ar/non-pol ar solvent selected from

W@ b@7/02ff63up conpri sing: N, N -di met hyl f or mami dePCREP2006/007746

t et rahydrofuran or a pol yhal ogenated ali phatic

hydr ocar bon, at tenperatures gsange between 0-65C. 27.

Process according to claim25 wherein step 2a) is

carried out in presence of a inorganic or organic base

30 in a doubl e phase S¥SteﬁlH20/Et20 at tenperatures
28 ra%@%ceﬁétmééﬁoﬁélnﬂo

PQ?AEEEQQGQ9977%@ 8§eg§ncgrqg§s§iQ@Qﬁmﬁgﬂﬁbféhfﬂéﬂ'@yrldlne

OWDC286% 035639 herelin ep 2a) 1is

5 wherein step 2a) carried out in presence of

N a\hdl aeLhyhanan@dpySHldam@d dnobra 1e(@st acicd dal €fitfdds, in a
from Sc Cﬂf)s or

fr%ﬁl

al p@h%wowdé@@ar BOAph2Qi PreeRTTAWH ding to claim
25 wherein in step 2b) the source of nitrate is

sel ected fromthe group conprising: 10 silver

ect e

SRt v 3one Rl atkiekite o a

292:%£8 SSSllgggéngH. r@gewsfg%ylugbnhjﬂéyé%rlp95a§§f the

10

15 30.

20

e, magnesi um itrate, calciumnitrate, Iro

ni toaree EEH@lMﬂEUﬁ(iSNSéEEGEEdkﬁf@mnbheugronptC@W@rlSlng:
15 30. Process according to clains 25 and 29 erein

thelsVep 2B CTatRarri kbt dtE™i n HHer Hafk, Wy yErtrate,
sebgehedi ukl oM ¢ Ne: 95 OWR FRMNISI HQtré%@to%iIéi@m nitrate,
t et rahydr of ur ane, nethyl et hyl ket one, ethyl acetate
orirfnN -mi et byl f orzvans de Nidirata emser at Gied repdmylggmonium
20 tgnggrature to the boiling tenperature of the

sol'ven

Process according to claims 25 and 29 wherein the step
2b) 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.



