GLUCOCORTI CO DS ATTACHED TO NI TRATE ESTERS VI A AN AROVATI C LI NKER I N

POSI TION 21 AND THEIR USE I N OPHTHALMOLOGY The invention relates to

ni t r ooxy wenowatipstes of steroids, methods for their preparareao/s8572
pharmaceuti cal conpositions containing these conpounds, and net hods of
usi ng these conpounds and conpositions for treating ocul ar diseases, in
particul ar diabetic macul ar edema, diabetic retinopathy, macul ar
degenetato@rriagesr €Hateth rackl @aTE e BrRs atrth 0N arRdmAOteer 1diesens @®sofronet i na
and nmeeuk HEERRUSEhEN pDetiTHRAMOIOGYhe part of the eye that is sensitive to
light. The macula lutea is the region of the retina that allows us to read
and recogni ze faces. Diseases of the macul a, h as a e-relgted nac%far

degener at i on ?ﬂﬁ%??rﬁﬁiﬁ%ﬁseﬁ%nﬁlt588éﬁn SEoree) 6 Causes

bl i ndnes&ﬂ&a@@@f theserdi peapgsatdomari @mr@hfac@uﬁg%ahave:ob@%ltlons
investigated for their effects on blinding disorders. Currently, these

drug$ ar®melinvered toefhe madllcaralTd retitha Veahsdsgi cal préeedur édiesich
as intray ﬁg&ﬁld&r ARef 85Rg§égt£8550tfoof‘s’tr%r M 5¥8§?%C Jou es. . Sur,gi cal

met hods often require repe I Rj éctions and serious ocul'ar
conplicq&uﬂmxu]mmludua@eemdopmwnmraflsed@mmnaJdﬂ@b@th@en&eummmpmmﬂeous
henDrrh%%gjjfg§GWég§éng¥§E§g%C aggénkgﬁggéaonmggular degeneration and
'
other diseases of retina and macula lutea.

10 The retina is the part of the eye that is sensitive to
light. The macula lutea is the region of the retina that allows
us to read and recognize faces. Diseases of the macula, such as
age-related macular degeneration and diabetic macular edema,
account for major causes of blindness.

15 To combat these diseases, a variety of drugs have been
investigated for their effects on blinding disorders.

Currently, these drugs are delivered to the macula and retina
via surgical procedures such as intravitreal or periorbital
injections, or wvia systemic routes. Surgical methods often

20 require repeated injections and may lead to serious ocular
complications, including endophthalmitis, retinal detachment,
and vitreous hemorrhage. Likewise, systemic administration is
associated with a wvariety of potential systemic side effects
and with the difficulty of delivering therapeutic levels of the

25 drugs to the retina.

Recently, there have been many reports of the effectiveness of
intravitreal triamcinolone acetonide for the treatment of
diffuse macular edema, refractory to laser treatment.

Intravitreal triamcinolone injections are however associated

30 with many ocular complications. The complications of
intravitreal triamcinolone therapy include steroid induced
elevation of intraocular pressure, cataractogenesis, post-
operative infectious and non-infectious endophthalmitis, and

pseudo-endophthalmitis.



associated wth a variety of potential systemc side effects and with the
difficulty of delivering therapeutic levels of the drugs to the retina.
Recent | y,wohermibswve been many reports of the effectiveresEredosiossdsravitreal
trianci nol one acetonide for the treatnent of diffuse nmacul ar edens,
refractory to laser treatment. Intravitieal triancinolone injections are
however associated with many ocul ar conplications. The conplications of
intravitreak tﬁkéE@h@°'8ﬁ@mé@§é§&¥y'ncéﬁé¥b§&§rQth'QQHQﬁngJe%ﬁﬂyﬁ}ég

i ntraocul ar pressure, cataractogenesis, post operative infectious and

non- i nf eicth duist @redopht haljmirt | st £ aratpsevdovsrdopint hamptpsat At phesemy,
chenot her apy, ter0|ds nd carbonlc anhydra e |nh or S fflcacy
are useg)qﬁ sﬁ tonatlc ?ﬁg % SBut thei effe%Flvé%e segs nd%gest |shed
and t heiddnaidid dx sS4 4add ofofroraa 1oy tiine | eagsst aocedeneneacef sfdeide
effects such as cataract, steroid induced el evation_ of intraocular
pres§ur§fEﬂ%ﬁ&onﬁucgmjQ%ﬁe%%?%ﬁ%c¥husSé@ﬁ@ﬂﬁuodﬁ@ﬁﬁ?@ﬁ ehegatdprigs 9t

chronic ﬂ{%ﬁlaéug %éugéab%tl%c%?n' L] T sy i@@'&ﬂ&%" EPHQd%ronttq%uous
ci rcunst ances P 09 di scl’oses cofmpounds™ 0 eneral fornula B- NO2
wher ei n B<ontfai m@ea;st erobd r esi du]e;conncpacdissemm hydrdcorad sanebegmrds X i
is a blval%_ connect | brlqg W@ICHZ

mellitus, 1is 1cul under he circumstances.

EP 0929565 discloses compounds of general formula B-X;-NO;

10 wherein B contains a steroid residue, in particular

hydrocortisone, and X; is a bivalent connecting bridge which is

a benzyl ring, an alkyl chain or a ether. The compounds may be
used in the treatment of ocular disorders.

EP 1 475 386 discloses compounds of formula A-B-C-NO; wherein

15 A contains a steroid residue and B-C is a bivalent connecting
bridge which contains an antioxidant residue. The compounds may
be used in the treatment of oxidative stress and/or endothelial
dysfunctions.

In the disclosed compounds the antioxidant linker is linked to

20 the 21-0H of the steroid through a carboxylic group forming an
ester bond.

WO 03/64443 discloses compounds of general formula B-X;-NO,
wherein B contains a steroid residue and X; is a bivalent
connecting bridge which 1is a benzyl ring or a heterocyclic

25 linker. The compounds may be used in the treatment of ocular
diseases

WO 07/025632 discloses compounds of formula R-Z-X-ONO,
wherein R-X contains triamcinolone acetonide, betamethasone
valerate or prednisolone ethylcarbonate residue and X; is a

30 bivalent connecting bridge which is an aromatic ring, an alkyl
chain, an ether, ferulic acid, wvanillic acid or an heterocyclic
ring. The compounds may be used in the treatment of skin or
mucosal membrane diseases and in particular in the treatment of

atopic dermatitis, contact dermatitis and psoriasis.



a benzyl ring, an alkyl chain or a ether. The conpounds may be used in the
treatnment of ocular disorders. EP 1 475 386 di scl oses conpounds of formula
A- B- G- NO2wotreroaiieseA contai ns a steroid residue and B- C ipeTAPRI09AbESTL
connecting bridge which contains an antioxi dant residue. The compounds may
be used in the treatnent of oxidative stress and/ or endotheli al
dysfunctions . In the disclosed conpounds the antioxidant |inker is |inked

to the 21-6H of,1hessteroi dit hrpugh %x%%ﬁ@ﬁﬁ@i&@?rg%@6tor@®ngf@1¢ﬁﬂ4¥9
bond. WO 03/64443 discl oses conmpounds of general formula B-X1-NO2 wherein B

cont ai nsdlisstarad d rébidue aftbXd i sod bi vaal ent depanethiagnédri dgd vihidch is
a benzyl_ring or h FFﬁﬁ&%fliC | i nker. The conpo%nds y be used in
S

t he
t r eat medt® Bf GIA i | 'SeasEC MG 07/ 6956327 di S(I:I]O(Sis?es co?rn%oun Xpoefrlfmoernrﬁf'lqa
R- Z- X- ONQ 2- Whet ed 1o Ri-X rciniad nglddidanki el ene aesbeni. dehebetaireilhasane
val erate or predni sol one ethyl carbonate residue and X i is a bival ent
connéct i FREBIG S M cH'ds AFErondlts % i AP lakyIt7etRd n,2 afdt-herthe

ferulic ach e yanid cactd Ofc anAHSLOEYELLE bEogenThe: rommounds, JY,be
used in the treatnment of skin or nmucosal nenbrane di seases and I n
particul@redssutdeitceatsent tbk impairment of retro bulbar circulation,
and the morphological changes in the ciliary bodies possibly
induced by topical treatment with corticosteroids.
10 It is an object of the present invention to provide nitrooxy-
derivatives of steroids for treating inflammatory diseases.
Another object of the present invention to provide nitrooxy-
derivatives of steroids for the prevention or the treatment of
ocular diseases, in particular diabetic macular degeneration,
15 diabetic retinopathy, age-related macular degeneration and
other diseases of retina and macula lutea. In one aspect of the
invention, one or more of these compounds reduce the side
effects associated with the standard therapy with steroids. 1In
a further embodiment, one or more of these compounds possess
20 improved pharmacological activity compared to current standard
therapy.
An object of the present invention is a compound of

formula (I) or a salt or a stereoisomer thereof

25 Rs



atopic dermatitis, contact dermatitis and psoriasis.F . Galassi et al . Br
J Opht hal nol ogy 2006, 90, 1414-1419 discloses the effects of an
dexanet hasone10ali2sef (4- nitrooxynmethyl) ]benzoate in a nedelEpedooesgser i nent al
corticosteroid-induced glaucoma in the rabbit. The NO-rel easing
dexanet hasone was administered topically twice a day, the results show that
t he conpound may prevent the intraocul ar pressure increase, the inpairnent
of retrqzihuldar circul ation, and the norphol ogi cal changes in the ciliary
bodi es possibly induced by topical treatnent with corticosteroids. It is an
obj ect dl: tilse Ophedent si Adent bRt it dui de keint togeyderi vat vés ofr osteercdi ds
for treggin infL tory di seases. Another object of the present invention
to provid%rn %%o:§ﬁderivatives of steroids for the prevention or the
treatment of ocul ar di seases, in par—+agul apdi abetic nmacul ar degenerati on,
di abetic retinopathy, age-related maculr/dedeneration and ot her diseases
of retina and macula lutea. In one aspe of the invention, one or nore of
t hese conpounds reduce the side effectd assqciated with the standard
therapy with steroids. In a further embodi meht, one or nore of these
conpgunds possess i nproved pharnacol ogiicgl activity conpared to current
standard therapy. An object of the present invention is a conpound of

R; is a hydrogen atom or F and Ry is F or Cl,

with the proviso that:

- when R; is OH and R, is CH;, R; is a hydrogen atom;

- when R; and R; taken together are the group of formula (II),
10 Ry is F;

Ri, Ry, Rs and R4 are linked to the carbon atoms in 17, 16, 6 and

9 of the steroidal structure in position o or R;

R is:

0]
@] o’Y
?LO
@]
“CH,

15 (ITII)

or

O
0 Y
N 0
O
HO
OH

(IV)
wherein
20 Y is selected from:
1) -Rs—-CH(ONO;y) R4
2) —Rg-CH (ONO3) - (CR7Rg) n,—CH (ONO3) Ro
3) —[(CHz)o=X]p= (CH2)4~CH (ONO2) Ro
4) —[(CHz)o= (X)]p= (CH2) q~CH (ONOz) = (CR7Rg) n~CH (ONO2) Ro

25 wherein



formula (1) or a salt or a stereoisonmer thereof :Dwherein Ri is OH R2 is

CH3,

R i and R taken together are the group of formula (Il) (Il) Ris a

hydr ogen woamoari2d67and R4 is F or G, with the provi so trhateP2e09sssm R i is
OH and R2 is CH3, R3 is a hydrogen atom - when Ri and R2 taken together
are the group of formula (11), RAis F Ri, R, R3 and R are linked to
t he carbon atons in 17, 16, 6 and 9 of Phe ster0| dal structure in position

a or

- R5- CH(

I S a ran S d f n S
% aor 4 \Q%M%J@IB Y, bﬁ éeb?%% [1%@5) %_,) rl_a% %%;?303%4) (R@,O'\éz)R9

4 - | qtcm)ant (%yckpalkﬂemqrm (O\IOZ) (CR7Rg) n- CH(O\IO 2) RO wher ei nR5

is a st rP%i q@t o bran(%hed CI |0 al k)é %et195

10

15

20

25

or a straig bra ﬁg&.ypmeferé%ly R is H
or -CH,;

R; and Rg at each occurrence are independently H or a straight
or branched C;-Cs; alkyl; preferably R; and Rg at each occurrence
are independently H or CHs;

Ry is H or a straight or branched C;-Cs alkyl, preferably Rg is H
or -CH,;

n is an integer from 0 to 6; preferably n is 0 or 1;

0 is an integer from 1 to 6; preferably o is an integer from 2
to 4, more preferably o is 2;

p 1s an integer from 1 to 6; preferably p is an integer from 1
to 4; more preferably p is 1 or 2;

g is an integer from 0 to 6; preferably g is from 0 to 4, more
preferably is 0 or 1;

X is O, S8 or NRijpy wherein Rig is H or a C,-C, alkyl; preferably X
is O;

with then proviso that the invention does not include the

compounds of formula (I) wherein R; and R, taken together are

the group of formula (II)
_——i><:CH3
—0 CH,
(I1)
Ry is F and R; is a hydrogen atom, and R is the compound of
formula (III) wherein and Y is -Rs-CH(ONO,)Rs and R is H.
In another embodiment of the invention, there is provided

a compound of formula (I)



straight CG-C 6 alkylene; R6 is Hor a straight or branched G -C 6 al kyl,
preferably R6 is Hor -CH 3 ; R7 and R8 at each occurrence are

i ndependewol2g10i1es67a strai ght or branched G -C 6 al kyl ; pprafrescalosss7R7 and
R8 at each occurrence are independently Hor CH3; Rg is Hor a straight or
branched G -C al kyl, preferably R9 is Hor -CH3; n is an integer fromO
to 6 ; preferably nis Oor 1; ois an‘integer from1l to 6 ; preferably o
is an integer from2 to 4 , nore preferably o is 2R P is an integer from1l
to 6 ; preferably pis an integer from1l to 4 ; Qbre preferably pis 1 or 2
; qis an integer fromO to 6 ; preferably A is fromO to 4 , nore
preferably is O or 1 ; Xis O, Sor NRo v‘\' n RiOis Hor a C1-C4

al kyl; preferably Xis O; with then prow%’q* R, t he invention does not

i ncl ude the conpounds of fornmula (HQWhe I R 2 taken together are
the group of formula (I1) R4 is F ant drogen atom and Ris the
conpound of formula (I11) wherein &, (ONO 2)R6 and R6 is H.

wherein
R; is F, Rz is F, and
5 R; and R; taken together are the group of formula (II)

—OQ  CH,

X

—0 CH,
(I1)
Ri, Ry, Rz and R; are linked to the carbon atoms in 17, 16, 6 and

9 of the steroidal structure in position o

10 R is:
0]
?LO
(ITT)
or
15 (IV)
wherein

Y is selected from:



I n anot her enbodi nent of the invention, there is provided a conpound of
formula (I)wherein R4 is F, R3is F, and Ri and R 2 taken together are
t he groupwofofoomessia (11 (H) R, R2, R 3 and R are |i rkedpre@otobss7zar bon
atonms in 17, 16, 6 and 9 of the steroidal structure in position a;, Ris:
ciii ) orl ) -R5-CH(ONO 2)R6 2 ) -R5-CH%O\I02)- (CR7Rs) n-CH(ONO 2)R9 3 ) -
[ (CH2)0-X]p- (CH2)g-CH (ONGR)R9 4 ) - [ (CH2)o- (X) ]P- (CH2)g-CH (ONGR)-
(CR7Rg) 1y CHL.ONQ 2NR9)#herein RS is a straight or branched G -G o al kyl ene;
preferably R5 is a strai ght G -C alkylene; R6 is Hor a straight or

br anche® )Ci =KC-€HAICRWL: ) - pEBfRen ablCl (R801)RH or -CH 3 ; R7 and R8 at each

or of er abiy o HHA B! At HCE OHeOIFeRce are i ndependent |y M or G RO i H
or a strai ght (of,)br anchedc@ y.Ccé (alky] - (PR ef.er-abi yoirs, )irs H
5 wherein
Rs is a straight or branched C;-Ciy alkylene; preferably Rs is a
straight C1-Cs alkylene;
Rs is H or a straight or branched C;-Cs alkyl, preferably Rs is H
or -CH,;

10 R; and Rg at each occurrence are independently H or a straight
or branched C;-Cs; alkyl; preferably R; and Rg at each occurrence
are independently H or CHs;

Ry is H or a straight or branched C;-Cs alkyl, preferably Rg is H
or -CH,;

15 n is an integer from 0 to 6; preferably n is 0 or 1;

0 is an integer from 1 to 6; preferably o is an integer from 2
to 4, more preferably o is 1;

p 1s an integer from 1 to 6; preferably p is an integer from 1
to 4; more preferably p is 1 or 2;

20 g is an integer from 0 to 6; preferably g is from 0 to 4, more
preferably is 0 or 1;

X is O, S8 or NRijpy wherein Rig is H or a C,-C, alkyl; preferably X
is O.
In another aspect of the invention, there is provided a

25 compound of formula (I)



or -CH3; nis an integer fromO to 6 ; preferably nis Oor 1 ; ois an
integer froml to 6 ; preferably ois an integer from2 to 4 , nore

pr ef er ablwoaoiosi1isey p is an integer from1l to 6 ; preferabpp2@iosssan
integer from1l1l to 4 ; nore preferably pis 1 or 2 ; qis an integer fromO
to 6 ; preferably g is fromO to 4, nope preferably is Oor 1 ; Xis 0, S
or NRio wherein RiOis Hor a Cl-C4 alkyl; preferably Xis 0 . In another
aspect of the invention, there is provided a conpownd of formula (1)wherein
R and R2 taken together are the group of forrrulao(l Il (i i : RAis F and
R3 is a hydrogen atomm R, R 2 and R4 are |jnkedf to the carbon atons in 17,
16 and 9 of the steroidal structure in posithg# a; Ris: :iii) or (1V)
wher ei n

wherein
R; and R; taken together are the group of formula (II)

—0O CH,

X

—0 CH,
5 (IT)
R; is F and Rs is a hydrogen atom;
R:, R, and Rs are linked to the carbon atoms in 17, 16 and 9 of

the steroidal structure in position o

R is:

0]
@] o’Y
?LO
@]
“CH,

(I1I)

10

or

O
0 Y
N 0
O
HO
OH

(IV)
15 wherein
Y is selected from:

1) -Rs—-CH (ONO2)Rs



Y is selected from 1 ) -R5-CH(ONO 2)R62 ) -R5-CH(ONO 2)- (CR7Rs) n-CH(ONO
2)R9 3) - [ (CH)O-Xp- (CH2)g-CH (ONR)R9 4 ) - [ (CH2)o- (X) ]P-

( CH2) g- CRvOGN@AN1256f CR7Rg) n- CH(ONO 2) R9 wherein R5 i S aPST/ERR@atosssr2
branched C -G o al kylene; preferably R5 is a straight G -C 6 al kyl ene; R6
is a straight or branched G -C 6 al kyl, preferably R6 is -CH 3; R7 and R8
at each occurrence are independently H or a straight or branched G-C 6

al kyl; prefetably dR6, andc t _eaehnosayr rence are independently H or CH3;
RO is H or a stral htﬁ‘o(rél %{rﬁiffﬁl}chedQ %C%I kyl, preferably R9 is Hor -CH 3;

nis an 3nteb@?HzﬂBOZﬁi;O(thizﬁq‘,CPU@@ﬁably nis 0 or 1 ; ois an integer from
l1to 6 ; pre |n 0 referably0|52;
pis an Pt eégﬁs |(n}9)l éég %ﬁgg&%{) n&%RS %H( %%e? fromlto 4 ; nore

preferablpeseis 1 or 2 ; q |s an |nteger fromO to 6 ; preferably g is from
O0to 4, nore preferably i s Oor 1; Xi s 0, S or NRO wherein RO i s Hor
a C15 Cigaﬂﬁy@-sﬁﬁ%ﬁ%ﬁ%b@y &rpngh@d C1-Cio alkylene, preferably Rs is a

straight C1-Cs alkylene;
R¢ 1s a straight or branched C;-Cs alkyl, preferably Rs 1s -CH,;
R; and Rg at each occurrence are independently H or a straight
or branched C;-Cs; alkyl; preferably R; and Rg at each occurrence
10 are independently H or CHs;
Ry is H or a straight or branched C;-Cs alkyl, preferably Rg is H
or -CH,;
n is an integer from 0 to 6; preferably n is 0 or 1;
0 is an integer from 1 to 6; preferably o is an integer from 2
15 to 4, more preferably o 1is 2;
p 1s an integer from 1 to 6; preferably p is an integer from 1
to 4; more preferably p is 1 or 2;
g is an integer from 0 to 6; preferably g is from 0 to 4, more
preferably is 0 or 1;
20 X is O, S8 or NRijpy wherein Rig is H or a C,-C, alkyl; preferably X
is O.
In another aspect of the invention, there is provided a

compound of formula (I)

25 wherein



I n anot her aspect of the invention, there is provided a conmpound of formula
(I') whereinRi is OH R2is CH3, R3is a hydrogen atomand R4 is F; R
and R ar ewbi2nload2360 t he carbon atons 17 and 9 of the stecwoiEPadodsssarture in
position a, Ris linked to the carbon atom 16 of the steroidal structure in
position b; Ris: (I1V) wherein Y is sel%cted from 1) -R5-CH(ONO 2)R6 2 )
-R5- CH(ONO 2)- (CR7Rs) n-CH(ONO 2)R9 3]) [ (CH2)0-X]p- (CH2)qg-CH (ONO2) RO
4) - [ {CR) o (%), 1B clOHa diCH-| %)oge@lcazago aadC@gﬁ@@ )R9 wherein RS
is a strai ght or branched | ene; preferabl 5 1s a straight G-C
al kyl enér Rénils H orra §I1rrd1€ght t@r b}n%mcﬁ@eﬁbcm @temal kyT, aprdef éraCbifytIR@ is
H or each occurrence ar

_ d | h
or *br anchett G 605 RGP By efleraity. B ot P8 ¢ Cach Bbcld SREe AVE O

i ndependetdnh y1dH ©f @H3;steroidal structure in position B;

5 R is:
0]
0] o’Y
%O
O
(ITT)
or
10 (IV)
wherein

Y is selected from:
1) -Rs-CH(ONO;)Rg
2) —-Rs—-CH (ONO;) - (CR7Rg) ,—CH (ONO3) R,

15 3) _[(CH2)O_X]p_(CH2)q_CH(ONO2)R
4) -[(CHz)o— (X)]p- (CH2)g—CH (ONOz) - (CR7Rg) n~CH (ONO2) R
wherein

Rs is a straight or branched C;-Ciy alkylene; preferably Rs is a
straight C1-Cs alkylene;

200 Ry is H or a straight or branched C,-C; alkyl, preferably Rs is H
or -CH,;
R; and Rg at each occurrence are independently H or a straight
or branched C;-Cs; alkyl; preferably R; and Rg at each occurrence
are independently H or CHs;

25 Rg is H or a straight or branched C,;-C; alkyl, preferably Ry is H
or -CH,;

n is an integer from 0 to 6; preferably n is 0 or 1;



RO is Hor a straight or branched G -C 6 al kyl, preferably RO is Hor -CH 3
; nis an integer fromO to 6 ; preferably nis O or 1 ;0 is an integer

from1l towb2pignefeerably o is an integer from2 to 4 , moraEppeosfhisssably o i s
2 ; pisaninteger froml to 6 ; preferably pis an integer froml to 4 ;

nore preferably pis 1 or 2; qis an integer fromO to 6 ; preferably q is
fromO to 4, nore preferably is 0 or 1 Xis O, Sor NRo wherein RiO is

Hor a Cl-{&4 al kiplsefueferably i, %reﬁ&m F@rl@sagecltn &flhefme{ep&gn

there is provided a compound of formula (1) wherein i

R3is acmyfdrogelreatmﬁ%\mblwmuaS@ Ri and R4 are Ilnked to the carbon

atons 17 and of t he ste |, structur p03|t| on a,
t he carbon at® ]l%teo? lf cejﬁo Yal’ %F rﬁ%

oulwwMﬂm%@ﬁMmMﬁmmorz

I on

5 g is an integer from 0 to 6; preferably g is from 0 to 4,

preferably is 0 or 1;

X is O, S8 or NRijpy wherein Rig is H or a C,-C, alkyl; preferably X

is O.

' ked
¥ P posith ort’ egell-'ifl%rln el to

In another aspect of the invention, there is provided a

10 compound of formula (I)

wherein
R; is OH, Ry is CHs, Rs is a hydrogen atom and Rgs is Cl;

R; and R; are 1linked to the carbon atoms 17 and 9

of the

15 steroidal structure in position o, Ry is linked to the carbon

atom 16 of the steroidal structure in position f;

R is:
0
0] o’Y
e
O\CH3
(I1I)

20 or



1) -R5-CH(ONO 2)R6 2 ) -R5-CH(ONO 2)- (CR7Rs) n-CH(ONO 2)R9 3 ) - |

(CH2) O-X] p- (CH2)q-CH (ONGR)R9 4 ) - [ (CH2)o- (X) ]P- (CH2)g-CH (ONCR)-
(CR7Rg) rwOH(aR2y RO wherein R5 is a straight or branclred/eEB2oo@iosssat kyl ene;
preferably R5 is a straight G -C alkylene; R6 is Hor a straight or
branched G -C 6 alkyl, preferably R6 is Hor -CH3; R7 and R8 at each
occurrence are independently H or a straight or branched G -C 6 al kyl;
preferably R7 and R3 at each occurrence are independently Hor CH3; RO is H
or a straighp or brdnched C-C 6 alkyl, preferably RO is Hor -CH 3; nis
an integer Jfroy 0® ; preferably nis Oor 1 ; ois an integer from1l to
6 ; preferabl s an integer from2 to 4 , nore preferably ois 2 ; pis
an integer f®omfl to 6 ; preferably pis an integer from1l to 4 ; nore
preferably pisdHor 2 ; qis an integer fromO to 6 ; preferably qis from
Oto 4, nore preferably is Oor 1 ; Xis O, Sor NRowerein RiOis H
or a C1-C4 alld); preferably X

wherein

Y is selected from:
5 1) -Rs-CH(ONO;)Rg
2) —-Rs—-CH (ONO;) - (CR7Rg) ,—CH (ONO3) R,

3) -[(CHz)o-X]p- (CHz)4CH (ONOz) Ry
4) -[(CHz)o- (X)]p- (CH2)4—CH (ONO;) - (CR7Rg) n—~CH (ONO2) Ro
wherein

10 Rs is a straight or branched C;-Ciy alkylene; preferably Rs is a
straight C1-Cs alkylene;
Rs is H or a straight or branched C;-Cs alkyl, preferably Rs is H
or -CH,;
R; and Rg at each occurrence are independently H or a straight
15 or branched C;-Cs; alkyl; preferably R; and Rg at each occurrence
are independently H or CHs;
Ry is H or a straight or branched C;-Cs alkyl, preferably Rg is H
or -CH,;
n is an integer from 0 to 6; preferably n is 0 or 1;
200 o0 is an integer from 1 to 6; preferably o is an integer from 2
to 4, more preferably o is 2;
p 1s an integer from 1 to 6; preferably p is an integer from 1
to 4; more preferably p is 1 or 2;
g is an integer from 0 to 6; preferably g is from 0 to 4, more
25 preferably is 0 or 1;
X is O, S8 or NRijpy wherein Rig is H or a C,-C, alkyl; preferably X
is O.

Preferred R are:



is O. Preferred Rare:(Hle: (i i if) (IvVa) (IVb) (ivc: :ivd) In another
aspect of the invention, there i s provided a conpound selected fromthe
fol | owi ngwgrowgi2seéd (2 ) :3 ) "A) 5 )( 6 : ( 7 : ( S) pc¥EP2¢00/08857F | |
21 2) 1 3) i 4) i 5) (16 :(17) In another aspect of the
invention, there is provided a conpoun :gf formula (1) for treating

i nflammatory di seases. |In another aspect” of the invention, there is

provi ded a conmpound of fornmula (1) for treating gcular diseases, in
particul ag.4li abeti ¢ macul ar edenm, diabetic retifjopathy, nacuIaBNo
degenerati on;

Zagp-revated mecul @ degendiat Mo Ot hef diseases “of retina
and nmacul a |

eal A preferred conpound
o)

o)

1{)§O 1{{L§O
IIIa IIIb
o
IIIC (ITIId)
(@] ONO
/\/O\/\o/\/ONO :
33* Y e
(@]
(I1Ie) (III£)
O /v[
reYoj;j)Lo/\/\/ONoz TGY :@)L
(@]
HO
(IVa) (IVb)
% Q)Lo/\/\/\/ONO Vy j;j)k
(IVc) (IVd)

In another aspect of the invention, there is provided a

compound selected from the following group:

15 F



is the conpound of formula (1) above reported. In another aspect of the
invention, there is provided a conpound of fornula (I) including the
conpoundswoffoaripasra (1) wherein R i and R 2 taken togetrhoemEprasos/osdse2 gr oup
of formula (I1l) (H R4 is Fand R3 is a hydrogen atom and Ris the
compound of formula (I111) wherein and Y s -R5-CH(ONO 2)Re and R6 is H
for the use in the prevention or in the treatnent of diabetic macul ar
edemn, diabetic retjjnopathy, macul ar degeneration, agerelated macul ar
degeneration and ot her diseases of retina and macula lutea, in particular
di abetic macul ar edena.“%Por-fePred conmpound i s the conpound of fornmula
(18)(i s : In yet another aspe of the invention, there is provided a
phar maceut i cal conposi[ﬁ%n snpr?g}ﬂg\g/ﬁzérnaceuticaIIy ef fecti ve anount
of a conpound of fermfayl) and/or a saltoeo, stereoisoner thereof and at
| est an opht hal m y acceptable excipient in a suitable formfor

i ntravitreal™ ) Srpital adninistration . The term"excipient" is used
herein to de e _any i ngredient other than the conpound (s) of the

e of the excipient wll to a |arge extent depend on
the particular node of adm nistration, the




effect of the excipient on the stability, and the nature of the dosage
form In still another aspect of the invention, there is provided a

phar macewvocalo/messposi ti on wherein the conmpound of the POTAEPRI0ON5$532
adm ni stered as a suspension or enulsion in an ophthal mcally acceptable
vehi cl e. The conpounds of the inventio E;ntended for pharnmaceutical use may
be adm ni stered as crystal line or anorphous products. The conpounds of the
i nvention intended for pharnaceu%hgal use may be adm ni stewed al one or in
conbi nation with one or nore other *conpounds of the inventigp The utility
of the conpounds of the invention as nedical agents for the treatnment or
prevention of diabetic nagyl edema, diabetic retinopathy, nmacul ar
degeneration, age-rel ated fracul ar degenerati on and ot her di seases of retina
and macul al utea i s denonstrated by the activity of t/he,conpounds in
conventional assays. S§ sis procedure 1) The/?b pound of gener al
formula (1) wherebn R ,o,vR2, °R 3 and R4 are as alfovgnadefi’ned, the radical R
is as definﬁg ino@\rnulae 11 is as above defined, can be
obt ai ned: 1. e’

ONO,
ONO,

ONO,




wherein R, R2, R3, R are as above defined, Wis Hor C(O-C with a
conpound of forrmula (M) or (MI1) (VIl) (VIIl) wherein Y is as above
defined awd 2Woo1ex7H when Wis -C(O-C or Wi is -C(O »Cr/Ere0090352 R a
when Wis H, wherein Ra | S pentaf |uorophenyl or 4-nitrophenyl, Pi is a
di ol protecting group such as acetal, §@§h as p-nethoxybenzylidene,
butyl i dene, and those described in T . Greene "Protective groups in
organi ¢ synthesis", Harvard UnlverS|ty Press, 1980, 2nd editi
the reaction of a conpound of for
formula (MI1) or (VII1) wherein

1.1, a)
@ (V) wherein Wis Hwith ao&pnpound of
i is -C(O- d, or the reaction of a
conpound of fornmula (V) wherein Wis -C (0) -d with a conmpound of formula
(VI1) or (VII1) wherein vw{()s H, may be carried out ion presence of an
organi ¢ base such as N , Ndj nmet hyl am no pyridi ne (DVAP), /triethyl am ne,
pyridi ne. The reaction i rried out in an inert org sol vent such as N

,N " -dinmethylf ornmam dg, t rahydr of uran, benzene, t% e, dioxane, a

Patjue hydrocarbon at a tenper’ p@ frém -20 0C and 40

oC .
hour s

(13)




1.1. b ) the reaction of a conpound of fornmula (V) wherein Wis Hwith a
conpound of forrmula (VII) or (VIIl) wherein Wi is -C(O- OR a, wherein Ra
i s as abowe 2mfdized, nmay be carried out in presence of acratradogssss7such as
DVAP or in the presence of DMAP and a Lewis acid such as Sc(OIf) 3 or
Bi (OIf) 3 . The reaction is carried out.Jjn an inert organic solvent such as
N ,N- dinethylf ormam de, tetrahydrofuran, benzene, toluene, dioxane, a
pol yhal ogenat ed al i phati gediydr ocarbon at a tenperature from- 20C and 40 OC
. The reaction is conmplete thin a time range from30 mnutes to 36
hours; 1.2) optionally d ctioag the conpounds obtained in step 1.1. a)
or 1. 1 b ) accordi ng Bo<\met ods descritbed in T . W. Geene "Protective
groups in organic nthesPs", Harvard Uni v@%cmd?ress 1980, 2nd edition.
Hydr ochl ori gyqci d §id e ahydr ofurane is the pref erred nethod for renovi ng
acetal prot eccwu . Preparation of the compounds of fornula (V) 2 )

oI5 G ormula (V) wherein: - Wis Hand Ri is OH R2 is CHS,
om R4 is For Cd; - or Wis H, R3is a hydrogen atomor F
, R4 is & i and R taken together are the group of formula (Il)are
commercially available. 2.1) The conmpounds of formula (V) wherein Wis
-C(O-d or -CO

(17)
In another aspect of the invention, there is provided a
5 compound of formula (I) for treating inflammatory diseases.

In another aspect of the invention, there is provided a
compound of formula (I) for treating ocular diseases, 1in
particular diabetic macular edema, diabetic retinopathy,
macular degeneration, age-related macular degeneration and

10 other diseases of retina and macula lutea. A preferred compound
is the compound of formula (1) above reported.

In another aspect of the invention, there is provided a
compound of formula (I) including the compounds of formula (I)

wherein R; and Ry, taken together are the group of formula (II)
_O><CH3
15 —o0
(I1)
Ry is F and R; is a hydrogen atom, and R is the compound of
formula (III) wherein and Y is -Rs-CH(ONO;)Rs and Rs is H, for
the wuse 1in the prevention or in the treatment of diabetic
20 macular edema, diabetic retinopathy, macular degeneration, age-
related macular degeneration and other diseases of retina and
macula lutea, in particular diabetic macular edema. A preferred

compound is the compound of formula (18)



0-Raand R, R2, R3 and R4 are as above defined can be obtained fromthe
correspondi ng commerci ally avail abl e conpounds of fornmula (V) wherein Wis
H usi ng meohodmikssown in the literature . Preparation ofctrier2eonpssonds of
formula (M1) or (MI11) 3 ) The conmpounds of formula (VII) or (VIII)
wherein Wi is H, Pi is as above defined and Y is: -R5-CH(ONO 2)R6 - |
(CH2) 0- X] p- (CH2)g-CH (ONO2) R9 wherein , R6, Rg, o, p and g are as above
defined can be prepared as follows: 3.1uve® ) by geacting a conmpound of
formula (I1X) or (X), (IX) (X) wherein Pis roxyl protecting group such
as silyl ethers, such as trimethylsilyl o bu -dinmethylsilyl or trityl
and those described in T . W. G eene, Rrot ectiveyig\rﬁhswsoi\mjl2 organic
synt hesi s", Harvard University Prégs,/ 1980 2nd edition, P i is as above
reported, with a conpound gf forlmaoéﬁ) or (XIl) HOR 5-CH(QR 6 or (XlI)
0]

(18)

In yet another aspect of the invention, there is provided a

5 pharmaceutical composition comprising a pharmaceutically

effective amount of a compound of formula (I) and/or a salt or

stereoisomer thereof and at lest an ophthalmically acceptable

excipient in a suitable form for intravitreal or periorbital
administration.

10 The term "excipient" 1is used herein to describe any
ingredient other than the compound(s) of the invention. The
choice of the excipient will to a large extent depend on
factors such as the particular mode of administration, the
effect of the excipient on the stability, and the nature of the

15 dosage form.

In still another aspect of the invention, there is provided a
pharmaceutical composition wherein the compound of the
invention 1is administered as a suspension or emulsion in an
ophthalmically acceptable vehicle.

20 The compounds of the invention intended for pharmaceutical
use may be administered as crystalline or amorphous products.
The compounds of the invention intended for pharmaceutical use
may be administered alone or in combination with one or more
other compounds of the invention.

25 The utility of the compounds of the invention as medical
agents for the treatment or prevention of diabetic macula
edema, diabetic retinopathy, macular degeneration, age-related

macular degeneration and other diseases of retina and macula



HO [(CH2)O0-X]p- (CH2)g-CH(QR 9(XI I ) wherein R5, R6, Rg, o, p and q are
as above defined and Qis ONO2 or Q, wherein Qi is a chlorine atom a
brom ne avormpimiessdi ne atom a nesyl group or a tosyl gPOWEP2000/0585¢2
presence of a condensing agent such as dicycl ohexyl carbodiimde (DCC), N '-
(3-di net hyl am nopropyl) -Nethyl carbodi ilrg' de hydrochloride (EDAC), N ,N -
carbonyl dii m dazole (CDI), optionally in the presence of a base, for

exanpl e DMAR, The peashikeRaksqcapyi adyoutydinan i nekt prgani Gsalyent iqry
such as N, N '-dinmethylf ormam de, tetrahydrofuran, benzene, tol uene,

di oxane,canypolyhalogerrtad al | phati c hydrocarbon at a tenperature from -20
0C and 5%019 . J.:I'she ]_Ioeacl_ilon is conpleted within a tinme range from 30

ni nut es 10 Hours:°F .%3 by reacting a conpound of fornula (1X) or (X)
as abovely epie¢ t edmpblihda ogonrfeewic 10ff dxamumd a({ Xl Whyretin( Xt VR, WRRECHHK) R 6
or (XII1) WB- [(CHZ)O-X]ﬁp.- (CH2)g-CH(QR 9 (XIV) wherein R5, R6 R9, o, p ,

q ané Qe as abeve defimed and agradical is as defined in formulae

ITI and IV wherein Y is as above defined, can be obtained:

1.1) by reacting a compound of formula (V),

W
O
O
cH, R
HO
~ 17 /R2
16
CH39
R4
6
O
R3
(V)

10 wherein R;, Rz, Rs, Rs are as above defined, W is H or C(0)-Cl

with a compound of formula (VII) or (VIII)

1
o)
LY |
0 O Y
W, O
o)
o)
o) |
“CH, P—O
(VII) (VIII)

wherein Y is as above defined and
15 W; is H when W is -C(0)-Cl or
W, 1s -C(0)-Cl or -CO-0-R, when W is H, wherein R, 1is
pentafluorophenyl or 4-nitrophenyl, P; 1is a diol protecting
group such as acetal, such as p-methoxybenzylidene,
butylidene, and those described in T. W. Greene “Protective
20 groups 1in organic synthesis”, Harvard University Press, 1980,

2" edition.



C, Br, I , in the presence of a organic base such as 1,8- diazabiciclo [5
.4 .0]undec-7-ene (DBU), N ,N-diisopropylethyl am ne, diisopropylam ne or

an i nor gavoeotaesessuch as al kal i neearth netal carbonat e por/ErPyan0z38sdE,

pot assi um car bonate, cesium carbonate, in an inert organic solvent such as
N ,N - dinethylf ormam de, tetrahydrof n, acetone, nethyl ethyl ketone,
acetonitrile, a polyhal ogenated aliphatic hydrocarbon at a tenperature from

-20 0C andh 40 0Ge pPreterabl yrfrombmtotfi29€. rEbRLT8aGY) ORNES GO &led;
within a tinme range from1 to 8 hours. Wien WB i s chosen anong chl orine or

br om ne wher eactdwpoisdcafrifedmodt i(WIgnesence/ lan )i odigwee wal fs isuckt @ Kl .
3.1.0 bé/l reoarcti ng a conpound of formula (1Xa) or (Xa) (lIXa) (Xa) wherein P
and P i ar’e as above defined, and Rb is pentaf |uorophenyl, 4-nitrophenyl,
or - (N-succiddelylgn , o & hcamponpaund ebrhalaul@) (xhererin( Xl i HG-®R)-c1
5-CH(QR 6 or (XI) HO [(CHZ)O-X]lp- CI-lZ)q-CI—l(v?)R 9 (XI'l) wherein R5, R6,
Rg, . prEh o afeiepare as abBsTEldef(iVddd, or (VIII) wherein W; is H, may

be carried out in presence of an organic base such as N,N-
dimethylamino pyridine (DMAP), triethylamine, pyridine. The
reaction is carried out in an inert organic solvent such as
N,N’ -dimethylformamide, tetrahydrofuran, benzene, toluene,
10 dioxane, a polvhalogenated aliphatic hydrocarbon at a
temperature from -20°C and 40°C. The reaction 1is completed
within a time range from 30 minutes to 36 hours
1.1.b) the reaction of a compound of formula (V) wherein W is H
with a compound of formula (VII) or (VIII) wherein W; is -C(O)-
15 O-Rs, wherein R, is as above defined, may be carried out in
presence of a catalyst, such as DMAP or in the presence of DMAP
and a Lewis acid such as Sc(0OTf)s; or Bi(0Tf);. The reaction is
carried out in an inert organic solvent such as N,N’-
dimethylformamide, tetrahydrofuran, benzene, toluene, dioxane,
20 a polyvhalogenated aliphatic hydrocarbon at a temperature from -
20°C and 40°C. The reaction 1is completed within a time range
from 30 minutes to 36 hours;
1.2) optionally deprotecting the compounds obtained in step
1.1.a) or 1.1.b) according to methods described in T. W. Greene
25 “Protective groups 1in organic synthesis”, Harvard University
Press, 1980, 2" edition. Hydrochloric acid in tetrahydrofurane
is the preferred method for removing acetal protecting group.
Preparation of the compounds of formula (V)
2) The compounds of formula (V) wherein:
30 - W is H and R; is OH, R, is CH;, Rs is a hydrogen atom, R; is F
or Cl;
- or W is H, R; is a hydrogen atom or F, R, is F and

R; and R; taken together are the group of formula (II)



in the presence of a catal yst, such as DVAP or in the presence of DVAP and
a Lewis acid such as Sc(Orf) 3 or Bi (OIf) 3 . The reaction is carried out
in an i new0 20rogamec sol vent such as N, N '-dinmethylf orramekey09/058572

t etrahydrof uran, benzene, toluene, dioxane, a polyhal ogenated aliphatic
hydrocarbon at a tenperature from -20 and 40 OC . The reaction is
conpleted within a tine range from 30 mnutes to 36 hours; 3.1.d) by
reacting a conpound of fornmula (I Xb)—af (X?}§(IXb) ( Xb) with a conmpound of

formula (XI) or (XII)HO-R5-CH (Q R6 or (CH2 ) 0-X] p- (CH2 )
q-CH (Q RO (XII) wherein R5, R6, Rg, o . q and Q are as above defi ned,
a

in the presence of an organic base suc , N-di met hyl am no pyri di ne
(DVAP), triethylamne, pyridine. The 1 *@act’oh is carried out in an inert
organi ¢ solvent such as N, N dlﬂEthyJ or mam de, tetrahydrofuran
benzene, toluene, dioxane, a polyhalogenated al i phatic hydrocarbon at a
t enper atarre dogmamrciZ2 0 PCndl A HC . The reaction is conpleted within a
time ragge from30 mnutes to 36 hours 3 2% by . reactlng th? conmpound

obt ai ne i}?t$ﬁgsqgmgo%gq§a§f formula eréin C(0)-Cl or -CO-

5 O-R, and R;, Ry, Rs3 and Ry are as above defined can be obtained
from the corresponding commercially available compounds of
formula (V) wherein W 1is H wusing methods known in the
literature.

Preparation of the compounds of formula (VII) or (VIII)
10 3) The compounds of formula (VII) or (VIII) wherein W; is H, P;
is as above defined and
Y is:
-Rs-CH (ONO;) Rg
—[ (CH2) s=X] = (CHz)o~CH (ONO2) Ro
15 wherein Rs, Rs, Rg, 0, p and g are as above defined
can be prepared as follows:

3.1.a) by reacting a compound of formula (IX) or (X),

o) P

| 0
OH 0

PL OH
0
7
0
CH, P—O
(IX) (X)

20 wherein P is a hydroxyl protecting group such as silyl ethers,
such as trimethylsilyl, tert-butyl-dimethylsilyl or trityl and
those described in T. W. Greene “Protective groups in organic
synthesis”, Harvard University Press, 1980 2" edition, P; is as
above reported,

25 with a compound of formula (XI) or (XII)

HO-Rs-CH(Q)Rs or
(XI)
HO-[ (CHz) o=X] = (CH2) o~CH (Q) Ro



3.1.d) wherein Qis Q, with a nitrate source such as silver nitrate,
lithiumnitrate, sodiumnitrate, potassiumnitrate, magnesiumnitrate,
cal ci um nworatoi2seron nitrate, zinc nitrate or tetraal kpcamroomwwsssmtrate
(wherein alkyl is G-C o alkyl) in a suitable organic solvent such as
acetonitrile, tetrahydrofurane, nethyl hyl ketone, ethyl acetate, DV,
the reaction is carried out, in the dar at a tenperature fromroom
tenperat yggeryto the boiling terrperature of the solvent. Alternativel y the
reaction vvlth AgN g3 can be perfornmed under microwave irradiation in
sol vent svistchi racet, omist r Rb.e cor pTHmChtq taafrﬁoa%ltahcese idetheed ange Bet ne@¥O:
about 100-180 0 for.tl ran mn. Preferred pitrate s%erce's
%E ine

silver nitrate “énedr%l.ré) plﬂq’o aFﬁ r‘ré VI é)mt he' h}i)/r %%(rﬁl ot'ecti vé group P

accor di ng-dng, témndr@lhqﬁsoms&flabe@bgﬁ Tgrxoy, G eene "Protective groups in
organi ¢ synthesis", Harvard University Press, 1980, 2nd edition. FI uori de
i on Ps the prePerre®@IRECASE f orC enp@i ng CORESSISyIT et h%ifefg‘? oupSugh) TR

Cgppgggdogmg} f&{&%&éeﬂd%ﬂﬁld MU b%ggere'm - dl%eié{% 1rf|§n%§>ﬁ?%l‘§lﬁ2 )

O X] p- €CHZLQadCH (nONER ) - (ORy@Rs¢hhorG&b(O\lO 2 XERAC), N, N’ -
carbonyldiimidazole (CDI), optionally in the presence of a
base, for example DMAP.

10 The reaction is carried out in an inert organic solvent dry
such as N,N’ -dimethylformamide, tetrahydrofuran, benzene,
toluene, dioxane, a polvhalogenated aliphatic hydrocarbon at a
temperature from -20°C and 50°C. The reaction 1is completed
within a time range from 30 minutes to 36 hours;

15 3.1.b) by reacting a compound of formula (IX) or (X) as above
reported
with a compound of formula (XIII) or (XIV)

W5-Rs-CH (Q) Re or
(XTIT)
20 W3—=[(CHz)o=X]p= (CH2)~CH(Q) Ro
(XIV)

wherein Rs, Rg Ro, 0, p, g and Q are as above defined and W; is

cl, Br, I,
in the presence of a organic base such as 1,8-
25 diazabiciclo[5.4.0]undec-7-ene (DBU) , N,N-diisopropylethyl

amine, diisopropylamine or an inorganic base such as alkaline-
earth metal carbonate or hydroxide, potassium carbonate, cesium
carbonate, in an inert organic solvent such as N, N’ -
dimethylformamide, tetrahydrofuran, acetone, methyl ethyl
30 ketone, acetonitrile, a polvhalogenated aliphatic hydrocarbon
at a temperature from -20°C and 40°C, preferably from 5°C to
25°C. The reaction 1is completed within a time range from 1 to

8 hours. When W3 1is chosen among chlorine or bromine the



wherein R5, RO, R7, R8, o, p and g are as above defined and n is 0 can be
prepared as follows: 4.1. a ) by reacting a conpound of formula (IX) or (X
as above wepornmese7wi th a conmpound of fornula (XV) or (XEpRi0RBsHS7LH=CH R
9 (XV) HO [(CH2) -X ]P- (CH2)q-CH=CH-R 9 (XVlI) wherein R5, o, p, g, X
and R9 are as above defined, according Jo the method described in 3.1. a);
4.1.b) by reacting a conpound of forrmul'a (1 X) or (X) as above reported,

with a compound, of of ol ad. xyw o z%wew%rﬁagatw B2 doVbhdn Ve
[(CH2) -X ]P- (CH2)qg-CH= wherein R5, o , , 9, Xand R9 are
as abovelldefined and WB |s CI Br, I , according to the met hod described in

3.1.b) 3.1.¢c) by reacting a compound of formula (IXa) or (Xa)
o P
| 0
O-Rb O
P O-Rb
0
I
O\
s CH, P—0O
(IXa) (Xa)

wherein P and P, are as above defined, and Ry is
pentafluorophenyl, 4-nitrophenyl, or - (N-succimidyl),
with a compound of formula (XI) or (XII)
10 HO-Rs-CH(Q)Rs or
(XI)
HO-[ (CHz) o=X] = (CH2) o~CH (Q) Ro
(XI1I)
wherein Rs, Rs, Re, 0, p, g and Q are as above defined,
15 in the presence of a catalyst, such as DMAP or in the presence
of DMAP and a Lewis acid such as Sc(0Tf)s; or Bi (OTf);
The reaction is carried out in an inert organic solvent such as
N,N’ -dimethylformamide, tetrahydrofuran, benzene, toluene,
dioxane, a polvhalogenated aliphatic hydrocarbon at a
20 temperature from -20°C and 40°C. The reaction 1is completed
within a time range from 30 minutes to 36 hours;

3.1.d) by reacting a compound of formula (IXb) or (Xb)

0

| 0

Cl O
Po cl
o
|
o}
“CH, P—O

25 (IXDb) (Xb)

with a compound of formula (XI) or (XII)



4.1.c) by reacting a conpound of formula (l1Xa) or (Xa) as above reported,
with a conpound of forrmula (XV) or (XVlI) HOR 5-CH=CH R 9 (XV) HO [(CH2)
-X 1 P- (G¥dpatodtzeH R 9 (XVI) wherein R5, o , g , XpemkpPRIAFESTAS above
defined, according to the nethod described in 3.1.c)4.1.d)by reacting a
conmpound of formula (1Xb) or (Xb) as abgve rep d wth a compound of
formila (XV) or (XVI) HO R 5-CHECH-R 9 {XV) HO
(CH2) g- GREGE R RV yrwherein RS, o, p, g, X an
defined, according to the nethod described in 3.1.d
a conpound of (¥lormula (VITA) or (MI1A) (MI1A) (VIIIA), wherein P and P i

| :
e 2 S el A, R OO R B (G [

(XII)

5
p .
3.1
orte
[(CH2)o-X] P-

and R are as above

) 4 .2 .a) by reacting
I

5 wherein Rs, Rs, Re, 0, p, g and Q are as above defined,
in the 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,
10 a polyvhalogenated aliphatic hydrocarbon at a temperature from -
20°C and 40°C. The reaction 1is completed within a time range
from 30 minutes to 36 hours.
3.2) by reacting the compound obtained in the steps 3.1.a)-
3.1.d) wherein Q 1is Q., with a nitrate source such as silver
15 nitrate, lithium nitrate, sodium nitrate, potassium nitrate,
magnesium nitrate, calcium nitrate, iron nitrate, zinc nitrate
or tetraalkylammonium nitrate (wherein alkyl is C;-Cip alkyl) in
a suitable organic solvent such as acetonitrile,
tetrahydrofurane, methyl ethyl ketone, ethyl acetate, DMF, the
20 reaction 1is carried out, in the dark, at a temperature from
room temperature to the boiling temperature of the solvent.
Alternatively the reaction with AgNO; can be performed under
microwave irradiation in solvents such acetonitrile or THF at
temperatures 1in the range between about 100-180°C for time
25 range about 1-60 min. Preferred nitrate source 1is silver
nitrate and
3.3) optionally removing the hydroxyl protective group P
according to the methods described in T. W. Greene “Protective
groups 1in organic synthesis”, Harvard University Press, 1980,
30 2" edition. Fluoride ion is the preferred method for removing
the silyl ether group.
4) The compounds of formula (VII) or (VIII) wherein W; is H, P;
is as above defined and

Y is



wherein R5, o, p, g and RO are as above defined, wth a nitrate source
such as silver nitrate, in presence of iodine in a suitable organic sol vent
such as awetwmidieisre, tetrahydrofurane, nethyl ethyl ketomEp2@bhyds7acet ate,
DMF, the reaction is carried out, in the dark, at a tenperature from- 20C
to the boiling tenperature of the sol Vet . Alternatively the reaction can
be performed under mcrowave irradiation in solvents such acetonitrile or
THF at t erat hies) Ln ra en about 100-180 OC for tinme range
about 1- ‘éfoﬂ%mcﬁl_( Al t)er r(lg%%}%e)fly@%?gﬁ%)v%y di hydroxyl ati on of the doubl e bond
of the conpGiihd.of] ol a CEVPNE) - 6ER(RA) L +@) (@boni&kodef i ned to obtain a

conpound (VI 1B) or (VIILB)ywherein P and P_i_ are as above defined and.Y" is
RS OIS Gt B o1 [y B R e CERRTG- GO ei oy SRS Wndrel n
R5, o, , g and RO are as above defined, with a reagent for Sharpless

asymmetric di hydroxyl ation such as ADm x al pha or ADm x beta in a m xture
wat eP/ t €131 Bt dictPaERrd £% ehper@tre from -20 0C and 30 0C , preferably

Lgag‘s‘ 5G 10, DC pyhecheachibon i soeumlet 88 Wolhinaa (ivye §2angg) framl 4o 24
reported,
with a compound of formula (XV) or (XVI)
HO-Rs-CH=CH-Rg
10 (XV)
HO-[ (CHz) o—X] .- (CHy) ;~CH=CH-Rq
(XV1I)
wherein Rs, o, p, g, X and Ry are as above defined,
according to the method described in 3.1.a);
15 4.1.b) by reacting a compound of formula (IX) or (X) as above
reported,
with a compound of formula (XVII) or (XVIII)
W3-Rs—-CH=CH-Ry
(XVIT)
20 Ws—[ (CHz)o—X]p~ (CHy) o—CH=CH-Ro
(XVITI)
wherein Rs, o, p, g, X and Ry are as above defined and Ws; is C1,
Br, I,
according to the method described in 3.1.Db)
25 4.1.¢c) by reacting a compound of formula (IXa) or (Xa) as above
reported,
with a compound of formula (XV) or (XVI)
HO-Rs-CH=CH-Rg
(XV)
30 HO-[ (CHy)o—X] - (CHy),~CH=CH-Rg
(XV1I)
wherein Rs, o, p, g, X and Ry are as above defined,

according to the method described in 3.1.c)



4.3) by reacting the conpound obtained in the steps 4.2.b) with nitric acid
and acetic anhydride in a suitable organic solvent such as nethyl ene

chl ori de,wonos/tiessper at ure range from-50 0C to OC accordirmpda0/osssthods
well known in the literature. 4.4) optionally deprotecting the conpounds
obtained in step 4 .2 .a ) or 4.3) as cribed in T. W. Geene
“Protective groups in organic synthesis™, Harvard University Press, 1980,
2nd edition.g E&F0£é9§tiﬁﬁ éscEﬁﬁoBB%f%&rﬁﬁnﬂﬁiﬂ@difﬁ5 r@PDYkB %%'%%o%%her
protecting group 5 ) The conpounds of forrmula (VII) or (VIII) wherein Wi
is H, Pépdistes wbdver defigmahdand ¥ dsnulRs- QFV(@\IOZQXVJ( CR7R8) n- CH ( ONC2) RO
- [(O%Z)PPO)ﬂpCHL?HZ_)Rq CH (ONG2) - (CR7Rs) n-CH(ONO 2) R9 wherein R5, R9, R7,
R8, o , as above defined and n is an integer from1l to 6 can be
prepared as bq}loms 5.1) by reacting a conpound of fornmula (I1X) or (X) as
above reported with a co ound of formula (XIX) or (XX) WB-R5-CH (Q 2)-
(CR7F8) HGH (72 FS) or (X0 X W8] CH2) 0. p- (CH 2) a- CH (Q 2) - (CR 7R)
n-CH@) R (xvr)

wherein Rs, o, p, g, X and Ry are as above defined,

according to the method described in 3.1.d)

10 4.2.a) by reacting a compound of formula (VIIA) or (VIIIA)
0

o-Y'
Po O-Y'

Oo—T

0
O\CH3 \P
(VIIR) (VIIIA),
wherein P and P; are as above defined
and Y’ is:
15 -R5-CH=CH-Ry
—[ (CH2) o=X]p= (CHy) q~CH=CH-Ro
wherein Rs, 0, p, g and Ry are as above defined,
with a nitrate source such as silver nitrate, in presence of
iodine in a suitable organic solvent such as acetonitrile,
20 tetrahydrofurane, methyl ethyl ketone, ethyl acetate, DMF, the
reaction is carried out, in the dark, at a temperature from -
20°C to the boiling temperature of the solvent. Alternatively
the reaction can be performed under microwave irradiation in
solvents such acetonitrile or THF at temperatures in the range
25 between about 100-180°C for time range about 1-60 min.
Alternatively
4.2.b) by dihydroxylation of the double bond of the compound of
formula (VIIA) or (VIIIA) above defined to obtain a compound
(VIIB) or (VIIIB)



(XX) wherein R5, RO, R7, R8, n, o, p and q are as above defined, Q is
ONO 2 or OHand WBis O, Br, I , according to the nmethod described in
3.1.b); Swdpotwwiemacti ng the conpound obtai ned in the sPrepgEp200d)osssherein Q
is OH wth anitrate source according to the nethod described in 4.3);
5.3) optionally renmoving the hydroxyl p%ptective group P according to the
nmet hod described in 3.3); Preparation of conmpounds (I1X) , (I1Xa) , (IXb) ,
(X) , (Xa) and (Xb) 5 ) The compounds of formula (IX), (IXa), (I1Xb), (X)),
(Xa) and (Xb) wherein P, P d Ro are as abgve descri bed, can be
prepared starting fro€1va yc @Y'd or gallicoacigd, wjich are comrercially
avai l abl e, according te known in the lite fe O-¥reparation of
conmpounds (XI) - (XX 69 1) TThe conpounds of fo (XI)-(XI'V) wherein R5,
Rb, RO, o, p, q and WB ar® as above defined @and Qis Qi wherein Qi is
as above defined, are connerbcagly avai |l abl e OIP-6a) be obtai ned according
nmet hods known in the literature. 6.2) The conpounds of formula (XI)-(XIV)
wherein R5, Rb, R9, o, p (VIgrand W8 are as aboveIdet) ned and Qis ONO 2

can be obht ai ned
wherein P and P, are as above defined

and Y” is:
5 -Rs-CH (OH) -CH (OH) -
—[ (CH2) o=X] = (CHz)4~CH(OH) -CH (OH) -
wherein Rs, 0, p, g and Ry are as above defined,
with a reagent for Sharpless asymmetric dihydroxylation such as
ADmix alpha or ADmix beta in a mixture water/tert-butanol, at a
10 temperature from -20°C and 30°C, preferably from -5°C to 5°C.
The reaction is completed within a time range from 1 to 24
hours.
4.3) by reacting the compound obtained in the steps 4.2.b) with
nitric acid and acetic anhydride in a suitable organic solvent
15 such as methylene chloride, in a temperature range from -50°C
to 0°C according to methods well known in the literature.
4.4) optionally deprotecting the compounds obtained in step
4.2.a) or 4.3) as described in T. W. Greene “Protective groups
in organic synthesis”, Harvard University Press, 1980, ond
20 edition. Fluoride ion 1is the preferred method for removing
silyl ether protecting group.
5) The compounds of formula (VII) or (VIII) wherein W; is H, P;
is as above defined and
Y is
25 -Rs-CH (ONO;) - (CRyRg) ,—CH (ONO;) Rg
—[ (CH2) o=X] = (CH2) 4~CH(ONO,) = (CR7Rs) n~CH (ONO2) R
wherein Rs, Rg, Ry, Rg, 0, p and g are as above defined and n is
an integer from 1 to 6

can be prepared as follows:



fromthe correspondi ng conpounds wherein Qis Qi by reaction with a
nitrate source as above described. 6.3) The conpounds of fornula (XV)-(XX)
wherei n W80 2R/ 01887 R7, R8, n, o, p and q are as abovecusProeasssaz e
commerci al | yavai | abl e or can be obtai ned according to nethods known in the
literature . Exanple 1 - (Conpound (I))2§Wnthesis of 4- (nitrooxy) butyl 4-
((2- ((6S, 9R 10s, Us, 13S, 16R, 17S) -6, 9-dif luoro-IIl-hydroxy-1 6 , 17-
16, 17- f lryrepbyleihylidengbis, )6 40.£ 13 dimet fiy) ‘éZOX?() 6as Lbod . 9
, 10, 11, 12, 13, 14, 15, 16, 17-dodecahydro-3H cyclopenta [ a]
phenant reare 1Byl ) - 2- oxoet hoxy) carbonyl oxy) -3-nethoxybenzoate (D A ) 4-
(Ni trooxy), .butyl 4-hydroxy-3-nmethox zoat e a solution of vanillic acid
(5.0 g,Qgﬁpfﬁ(%ﬁﬁﬁgﬁél%?ﬁ%mm%ﬁ%ﬁ y‘f?ﬁr&%%%e (50 m), cesium carbonate
(9.68 g w:-29-78 (onp! )crwvas) addedy,)Rie peacti on was cool ed at 00C and a 20%
solution of |-brono-4- (nitrooxy) butane in dichloronethane (29.45 g ) was
added. The re@ttilon was stirred at roomtenperature for 69 hours. The

m xt ur e ya ed. i ntpray 5 e H | uti on and extracted with
di et hyl %ﬁé@%&%rﬂ ek %(?#S%%’i 2 E%Fsgﬁe@%ﬁ%ashed with water (70 m) |
dried over sodiXim sul fate and concentrated under reduced

wherein Rs, Ros, Ry, Rg, n, o, p and g are as above defined, Q, is
ONO, or OH and Ws is Cl1l, Br, I,
10 according to the method described in 3.1.Db);
5.2) by reacting the compound obtained in the steps b5.1)
wherein Q is OH, with a nitrate source according to the method
described in 4.3);
5.3) optionally removing the hydroxyl protective group P
15 according to the method described in 3.3);

Preparation of compounds (IX), (IXa), (IXb), (X), (Xa) and (Xb)

5) The compounds of formula (IX), (IXa), (IXb), (X), (Xa) and

(Xb) wherein P, Py and R, are as above described, can be
20 prepared starting from vanillic acid or gallic acid, which are

commercially available, according to method known in the

literature.

Preparation of compounds (XI) - (XX)

6.1) The compounds of formula (XI)-(XIV) wherein Rs, Rg, Ro, o,
25 p, g and W3 are as above defined and Q is Q1 wherein Q; is as

above defined, are commercially available or can be obtained

according methods known in the literature.

6.2) The compounds of formula (XI)-(XIV) wherein Rs, Rg, Ro, o,

P, 9 and W; are as above defined and Q is ONO; can be obtained
30 from the corresponding compounds wherein Q 1is Q; by reaction

with a nitrate source as above described.

6.3) The compounds of formula (XV)-(XX) wherein Wi, Rs, Ro, Ry,

Rg, n, o, p and g are as above defined, are commercially



pressure. The residue was purified by flash chromatography (Biotage System
Cartridge colum FLASH 65+Mtm KP-Sil, eluent:gradi ent n-hexane/ et hyl
acetate 9§0O20(07A86m ) , to nhexane/ ethyl acetate 1/1 decirmp2e008ssmt ,

n- hexane/ et hyl acetate 1/1 (500 m)). The product (5.88 g ) was obtained. B
) 4-(Ni trooxy) butyl-3-methoxy-4- ((4-njdrophenoxy) carbonyl oxy) benzoate
To a solution of conpound A (2.94 g , 10.30 mol) in dichloromethane (50

m), co%%ﬁbp@%r exﬁl an%b(tlal%dmacé&ﬁ%m ) m@hdo @5 NkhEQRNERY e

chl orof ormate (2. , mol ) were added. The reaction was stirred
at roomltletm)@imme for 16 hours The m xture was washed wth I M aqueous
HO (2x org:anl C Iaé{/eg1 s dried over sodiumsulfate and
concentra’f er dude pressure. The residue was purified by flash

chr omat Ofgjratp{é/sisBI@ﬁa@e Hyist iRy )@rt ¥i dge( cod urm FLASH 65+Mtm KP-Sil,
el uent: ?radl ent n-hexane/ethyl acetate 93/7 (50 to n- hexane/ et hyl
1

acet at e V@Sroﬁfm A060 S ]a7rﬁe)/ @%ﬂl%@%&élﬂmwﬂg) The
pr oduct (6315P a@%@@ﬂ%n s Mllr(ﬁ%dy Dyt ;«(1&01(68 9R,

10S, US,” 173S, uor o-1 roxy-16, 17 16,
(1- net hyd €t r@/w,d]ehelb]l,slz(,ob(?y)lﬁ)rlfiww Wﬁ@dﬁdy@r@xﬁ%ﬁ;ﬂcl@en@L 110, 11,

il'gi 0)1(-3 et;?]ﬁl 1n5thr1e6ri 1177 ylc% Cah eqcr xsyH ¢ r oorpflnchay [ 83] Hpehc%]oaxn3}bhéneznoa syl

10 F
A) 4- (Nitrooxy)butyl 4-hydroxy-3-methoxybenzoate

MeO o)
HO@/«OK

15 To a solution of wvanillic acid (5.0 g, 29.73 mmol) in N,N-

ONO,

dimethylformamide (50 ml), cesium carbonate (9.68 g, 29.73
mmol) was added. The reaction was cooled at 0°C and a 20%
solution of l-bromo-4- (nitrooxy)butane in dichloromethane
(29.45 g) was added. The reaction was stirred at room
20 temperature for 69 hours. The mixture was poured into a 5%
aqueous NaH;POs solution and extracted with diethyl ether
(3x70ml) The organic layers were washed with water (70 ml),
dried over sodium sulfate and concentrated under reduced
pressure. The residue was purified by flash chromatography

25 (Biotage System, Cartridge column FLASH 65+M™ KP-Sil, eluent:



car bonyl oxy) -3-nethoxybenzoate To a solution of conpound B (1.00 g , 2.28
mml) in chloroform (30 m), scandiumtriflate (0.10 g, 0.22 mvol) and
DVAP (0. 5%0@o10/42%6 nmol ) were added. The reaction was eowlerdooats$30L and
fl uoci nol one acetonide (0.99 g, 2.28 mmol) was added. The reaction was
stirred at roomtenperature for 2 8 hm;;cil;i The m xture was diluted with
di chl oronet hane (30 m), washed with 5% NaH 2PO4 and then with saturated
aqueous sodijupcar bonatenTheergani g-Layer wass dri eqsoyer gedi umsylfate
and concentrated under reduced pressure. The residue was purified by flash
chr omat dorapiyy/,c (1B bt aget Byst b dorunm FLASHMAQ+M-tueakR-/Sithy lelageritate

gradi ent, pn-h e/ ethyl acetate,9/1 00, M), to exane/ ethyl acetate 3/7
during Z]OG]O anﬁe)x'ane &t r%ﬁo%%%% a§%’§§7g%6&fﬁf rﬁrkj a}lrﬁc{e' product (0.29 g )

was obt ai.ned.,__The product crystallized by.n-hexane/ethyl acetate Mp.=
150- 200 b T e Chenaar g - RoYBE ByohZ T ot L7 BEANRIS) [ roBB L5 NP 5
) ; 5.60 (LHnzdAke 5.50 (IH, s ) ; 5.35 (2H, m) ; 4.60 (2H, t ) ; 4.35
(2H, t ) ; 4.20 (IH, m) ; 3.89 (3H, s); 2.75-2.50 (2H, m) ; 2.25 (IH, m)
; 2.00 (2H, m) ; 1.90-1.30 (13H, m) ; 1.15 (3H, s); 0.83 (3H s ) .
Exanple 2 - (Conpound (3329\, Synt hegis of 5 o 6- bis (nitrooxy) hexyl 4- ((2-

i /i@/( N o

0]

2

To a solution of compound A (2.94 g, 10.30 mmol) in
dichloromethane (50 ml), cooled at 0°C, pyridine (1.01 ml,
10 10.30 mmol) and p-nitrophenyl chloroformate (2.07 ml, 10.30
mmol) were added. The reaction was stirred at room temperature
for 16 hours. The mixture was washed with 1M aqueous HC1
(2x50ml), the organic layer was dried over sodium sulfate and
concentrated under reduced pressure. The residue was purified
15 by flash chromatography (Biotage System, Cartridge column FLASH
65+M™ KP-Sil, eluent: gradient n-hexane/ethyl acetate 93/7 (500
ml), to n-hexane/ethyl acetate 1/1 during 4000 ml, n-
hexane/ethyl acetate 1/1 (500 ml)). The product (3.50 g) was

obtained.

20 C) 4-(nitrooxy)butyl 4-((2-((65,9R,10S,115,135,16R,17S)-6, 9-
difluoro-11-hydroxy-16,17-16,17-(1-methylethylidenebis (oxy))-
10,13-dimethyl-3-0ox0-6,7,8,9,10,11,12,13,14,15,16,17-
dodecahydro-3H-cyclopentala]lphenanthren-17-yl)-2-oxoethoxy)
carbonyloxy)-3-methoxybenzoate

25 To a solution of compound B (1.00 g, 2.28 mmol) in chloroform

(30 ml), scandium triflate (0.10 g, 0.22 mmol) and DMAP (0.54
g, 4.56 mmol) were added. The reaction was cooled at 0°C and
fluocinolone acetonide (0.99 g, 2.28 mmol) was added. The
reaction was stirred at room temperature for 28 hours. The
30 mixture was diluted with dichloromethane (30 ml), washed with

5% NaH,P0O, and then with saturated aqueous sodium carbonate. The



((6S,9R 10S,11 S, 13S, 16R, 17S)-6, 9-dif luoro- 11-hydroxy- 16 , 17- ((1-

nmet hyl et hyl i dene) bis (oxy) )-10, 13-dinethyl-3-o0oxo- 6 , 7 8 9, 10,
11, 12, Mo 20d/013%7 16, 17-dodecahydro- Skbyclopenta [a]Pumamampm&6m217 yl)
- 2- oxoethoxy) car bonyl oxy) -3- nethoxybenzoate F :3) D) Hex-5-enyl

4- hydr oxy- 3- met hoxybenzoat eTo a sol uti of vanillic acid (0.6 g, 3.56
nmmol) in N,N- dinethylf ormam de (7 gﬁ), dii sopropyl ethylam ne (0.93 m,

5.35 m“%ﬁgéHEEGIQQQEDnﬁ%;|d§@§d(Qﬁ%&r¢®d§u§5éﬁﬂ¥9U¥B£§daqgﬁQeﬁU¥%ted

reaction was stirred at 50 for 8 hours. The solvent was evaporated under
vacuum ﬂﬂﬁeresmﬁhexmhspp@ﬁﬁwﬁed b{fhel ashschrnemavoyr aphyl { Bidt dge Systsém

col uim FLASH 40+ t KP- el uent radi ent n-he et AC e 95/5
(200 rri)Lh TH %égy@nf1 loﬁ? eét§y§F durlﬁ% §BOO§§£§A e%gneﬁgfhy

acetate @Jlﬂer(tdroogﬁbﬁhen{henplﬁ@ﬂ&lﬁé/é@hﬁﬁ GJetsas obvai nexho Em)l ) Hext &5- enyl
4- (tert- butyldlnethyIS|Ionx¥ - 3- nethOXﬁBenzoate To a solution of
Corméuncfl%%fle/l%tlbvl AHP P ) 7| AUNEDRAPREP IS Srigrcae/c30vH poetate

im dazol§/—§ 1 d& dmol)g.and @régts)#) v di ngthyl chl orosil ane (1.31

, 8.7 wer e a ed The reaction was irred at roomtenperature for 12

hours. The mxiur& was; poured {0 yater, (0,04, splution and extracted with
M.p.= 199-200°C

'"H-NMR: (DMSO), &: 7.65 (2H, d); 7.38 (1H, d); 7.27 (1H, d):

10 5.60 (1H, dm); 5.50 (1H, s); 5.35 (2H, m); 4.60 (2H, t); 4.35
(2H, t); 4.20 (1H, m); 3.89 (3H, s); 2.75-2.50 (2H, m); 2.25
(1H, m); 2.00 (2H, m); 1.90-1.30 (13H, m); 1.15 (3H, s); 0.83
(3H, s).

15 Example 2 - (Compound (3))
Synthesis of 5,6-bis(nitrooxy)hexyl 4-((2-
((6S,9R,10S,115,135,16R,17S)-6,9-difluoro-11-hydroxy-16,17-((1-
methylethylidene)bis (oxy))-10,13-dimethyl-3-oxo-
6,7,8,9,10,11,12,13,14,15,16,17-dodecahydro-3H-

20 cyclopentala]phenanthren-17-yl)-2-oxoethoxy)carbonyloxy)-3-

methoxybenzoate

(3)
25 D) Hex-5-enyl 4-hydroxy-3-methoxybenzoate



di ethyl ether (3x50m ) The organic |layers were dried over sodiumsulfate
and concentrated under reduced pressure. The residue was purified by flash
chr omat ogwephw/(1B6ot age System col um FLASH 40+Mtm) KPcSiEP008l0585m1

n- hexane/ et hyl acetate 95/5. The product (1.56 g ) was obtained. F) 5,
6-Bi s (nitrooxy) hexyl-4- (tert-butyldiyethylsilyloxy) -3-

nmet hoxybenzoat eTo a solution of conmpound E (1.4 g, 3.97 nmol ) in
acetonitrile (30 m), silver pedrate (@8 g, 4.77 mol) was added. The

reaction was cooled at -15C and \ne//(1.21 g, 4.77 ol ) was added. The
reaction was stirred at -15Cf mrputes. The tenperature was risen to
25C and iodine (2.7 g, 15.9 mol S agﬁédf\lng\reaction was heated to
100 OC for 60 m nutes under mcrowave irradiati o\ The resulting m xture
was cool ed, filtered and the sol vent was renoved under reduced pressure.

The resigue was, pyribied byEhash;ehromag ognaphyg ( Biptmagegyshem  cql wm
FLASH 40+Mtnm) KP-Sil, eluent: gradient nhexane/ ethyl acetate 9/1 (400
m), to dineexane]etipiiceet at 817/ 3 diurdary 200Gty 1 amivexane/ @3 hpll , adetZdt e

RexyP 4 WU S Het ey beizbat O TbOA Sttt | Bh ot "CoNbold S FOR6 T3 4%
mol ) i nrdetvadydrnefur ane 40 nh} coot edat 80 BCursa sohatignwint was

evaporated under vacuum. The residue was purified by flash

chromatography (Biotage System, column FLASH 40+M™ KP-Sil,

eluent: gradient n-hexane/ethyl acetate 95/5 (200 ml), to n-

10 hexane/ethyl acetate 7/3 during 2000 ml, n-hexane/ethyl acetate

3/7 (400 ml)). The product (0.59 g) was obtained.

E) Hex-5-enyl 4-(tert-butyldimethylsilyloxy)-3-methoxybenzoate

MeO 0
e
/S/i /\/\/\
\ N

To a solution of compound D (1.16 g, 4.64 mmol) in N,N-

15 dimethylformamide (30 ml), imidazole (1.18 g, 17.40 mmol) and
tert-butyldimethylchlorosilane (1.31 g, 8.7 mmol) were added.
The reaction was stirred at room temperature for 12 hours. The
mixture was poured in water (50 ml) solution and extracted with
diethyl ether (3x50ml) The organic layers were dried over

20 sodium sulfate and concentrated under reduced pressure. The
residue was purified by flash chromatography (Biotage System,
column FLASH 40+M™ KP-Sil, eluent: n-hexane/ethyl acetate
95/5. The product (1.56 g) was obtained.

F) 5,6-Bis(nitrooxy)hexyl-4-(tert-butyldimethylsilyloxy)-3-
25 methoxybenzoate
M

eO e}
k?@/«(vw\/@%

i

N\

—S
ONO



tetrabutylamniumfloride IMin tetrahydrofurane (2.43 m, 2.43 mol) was
added. The reaction was stirred at 00C for 2 O mnutes. The m xture was
pour ed i nwo 2a106Plemqueous NaH 2PO4 sol uti on and extract esdCwEPboostosssli2 acet at e
(3x50m ) The organic |layers were washed with water (50 m ), dried over
sodi um sul fate and concentrated under reduced pressure. The residue was
purified by flash chronmat ography (Biotage System colum FLASH 40+Mtm
KP-Si |, &l uento)gradhent Rohexane/ et %Lz@QEta§e99/%m6¥ 050 JacedPitrile
n- hexane/ethyl acetate 1/1 during 100 ,_nhexane/ ethyl acetate 1/1 (200
m) , to(¥hexane/ emhyeradeltiart@tefl/ 60d@ri ag 200/t mme-lhexane/ e&&@@dacéth@t e
4/6 (400 m The rodu ) vas . obt |ned 6 CS, US,
138, 16R S ATEOT o6 G TR0 beT 12y deasly s 1o6hE 13 2L (B e URYY T cite)
bi s (0xyddqgedO, TEL@ (ilelﬁiitflyﬂn— %@%Ostﬁrrea at8 719°C ¥Oor 1o d2Znuids.l4helS,
16, 17-dodecahydro-3H cycl openta £a1 phenant hren-17-yl) -2- oxoethyl
car benocHES TRt & eTo" 3 sbt B ohC of O f F uBERnéPBhESadet dnPde 101 2 1§01 ) 2 gt
mol ) 'rb&cf‘éc{ahk‘ﬁé‘)fﬂéra%’%‘io(nz“wﬂ)he%‘e%ectoatlé’é’%:a%ru%bﬂ Nﬁuﬁ@sz%@der
t ol uene solution of phosgene ( ) was addeﬂ The reaction
was sti muiedratatdC inra@@anlnutesTaed a@suianQquuzmmwe forsl2 doauresl, The
excess of. phos S .renpv heatin 0 or m nutes. The
Sol vent %eeés oAl oo ash VSRt TThECEPtRE proict " HBS HRed T THE next
step residue was purified by flash chromatography (Biotage
10 System, column FLASH 40+M™  KP-Sil, eluent: gradient n-
hexane/ethyl acetate 9/1 (400 ml), to n-hexane/ethyl acetate
7/3 during 2000 ml, n-hexane/ethyl acetate 7/3 (400 ml)). The

product (1.19 g) was obtained.

G) 5,6-Bis(nitrooxy)hexyl 4-hydroxy-3-methoxybenzoate

MeO e}
15 ONO,
To a solution of compound F (L.19 g, 2.43 mmol) in
tetrahydrofurane (40 ml) cooled at -0°C, a solution of
tetrabutylamonium floride 1M in tetrahydrofurane (2.43 ml,

2.43 mmol) was added. The reaction was stirred at 0°C for 20
20 minutes. The mixture was poured into a 5% agueous NaH,POq4
solution and extracted with ethyl acetate (3x50ml) The organic
layers were washed with water (50 ml), dried over sodium
sulfate and concentrated under reduced pressure. The residue
was purified by flash chromatography (Biotage System, column
25 FLASH 404+4M™ KP-Sil, eluent: gradient n-hexane/ethyl acetate 9/1
(200 ml), to n-hexane/ethyl acetate 1/1 during 1000 ml, n-
hexane/ethyl acetate 1/1 (200 ml), to n-hexane/ethyl acetate
4/6 during 200 ml, n-hexane/ethyl acetate 4/6 (400 ml)). The

product (0.9 g) was obtained.



W thout any purification. I ) 5, 6-Bis (nitrooxy)hexyl 4- ((2- ((6S, 9R
10S, 11S, 13S, 16R, 17S) - 6 , 9-dif luoro-II-hydroxy-16, 17-

((1- net hwet2hyldigsne) bis (oxy) )- 10, 13-di nethyl - 3- ox®@c®/EP2008/058592 , 10,
11, 12, 13, 14, 15, 16, 17- dodecahydro-3H cycl openta [ a]

phenanthren 17-yl) -2-oxoet hoxy) carbony oxy) -3-nethoxybenzoate To a

sol ution of conpound H (0.56 g , 1.09 nnnl) i n dichloronethane (24 m),
dllsoprqubeéﬂxbagkn@oéolgé ke, 168, ﬁﬁ§5l6w@3d§@Qﬁgr0I@§ 59695k901@a§7-
cool ed at 00 a’sol ution of conmpound G (0.4 nfrol )

di chl or onet(HanaeetByAkrhwds daddedisThay eadi 6R ﬂa@eghvﬂrédoap room

tenperatur o S I v er cuu The

resi due wa ’pﬂ%f# é@ EE Fﬁagﬁ ﬁar ﬁﬁéggrapﬁ %% gys?éﬁloESHﬁﬁn FLASH
40+M t m Kl?a$bhenahuambn gragi enb -nxhexage/ @tahbbn@@ﬁll@tr@dalcé (200 M), to
n- hexane/ et hyl acetate 2/8 during 2400 m, nhexane/ethyl acetate 2/8 (400
m)). The product (0.67 g ) was obtained. 1H NVRc(CDA 3) , d: 7.70 (2H
d) ; 7.30 (IH d) ; 7.07 (IH, d) ; 6.45 (I ; 6.38 (IH, dd) ;
5.52-5.28 (2H, m) ; 5.16-4.91 (2H, dd) ; cq. 04" (I d) ; 4.74 (IH, dd) ;
4.50 (IH, m) ; 4.43-4.35 (3H, m) ; s,) ; 2.60-2.10 (4H, m) ;
1.90-1.47 (16H, m) ; 1.25 (3H,s) HOQ Exanpl e 3 (Conpound (5)
)

To a solution of fluocinolone acetonide (1.2 g, 2.65 mmol) in
tetrahydrofurane (24 ml), cooled at 0°C and under N,, a 20%
toluene solution of phosgene (5.58 ml, 10.6 mmol) was added.
The reaction was stirred at 0°C for 30 minutes and at room
10 temperature for 12 hours. The excess of phosgene was removed by
heating at 40°C for 45 minutes. The solvent was evaporated
under vacuum. The crude product was used in the next step
without any purification.
I) 5,6-Bis(nitrooxy)hexyl 4-((2-((65,9R,10S8,115,135,16R,17S) -

15 6,9-difluoro-11l-hydroxy-16,17-((l-methylethylidene)bis (oxy)) -
10,13-dimethyl-3-0ox0-6,7,8,9,10,11,12,13,14,15,16,17-
dodecahydro-3H-cyclopentala]lphenanthren-17-yl)-2-oxoethoxy)
carbonyloxy)-3-methoxybenzoate

To a solution of compound H (0.56 g, 1.09 mmol) in
20 dichloromethane (24 ml), diisopropylethylamine (0.21 ml, 1.2
mmol) was added. The reaction was cooled at 0°C and a solution
of compound G (0.45 g, 1.2 mmol) in dichloromethane (3 ml) was
added. The reaction was stirred at room temperature for 12
hours. The solvent was evaporated under vacuum. The residue was

25 purified by flash chromatography (Biotage System, column FLASH

40+M™ KP-Sil, eluent: gradient n-hexane/ethyl acetate 8/2 (200
ml), to n-hexane/ethyl acetate 2/8 during 2400 ml, n-



Synthesis of 2- (2- (2- (nitrooxy) ethoxy) ethoxy) ethyl 4- ((2-

((6S,9R 10S,11S, 13S, 16R, 17S)-6, 9-dif luoro- 11-hydroxy- 16 , 17- ((1-
met hyl et hwbi2dewma)sebi s (oxy) )-10, 13-di net hyl - 3- oxo- 6, PCB/EP2009/058572
9,10,11,12,13, 14, 15, 16, 17- dodecahydr o- 3Hcycl openta [a] phenanthren-17-yl)
- 2- oxoet hoxy) carbonyl oxy) -3- met hoxy zoate (5) J ) 4-

(tert-butyldi methylsilyloxy) -3-methoxybenzoic acid To a solution of

vani | |'i 1) (4 met f e 658 o
i m daZOFne (4. Oxgtg&ﬂ a(_;é%aé%@ mancfo{@erl\{td\g’utyl g%%et%%tgr Ogl I ame;) 48 g

, 29.72 o )naver e added. The reaction was stirred at room tenper ature for
24 hours, hem xture was poured in water (70 m) solution and extracted with
di et hyl &R - (3xTank) , The o gani EHlayErsW\é@e (tlH} ed) ovérO@odiLHm sukfate

and conc under reduced p ue was_ pu flash
chromato Ja%h{/”?'Bl t'ag% %%/s{:]éﬂ] :1{}?1 ﬁ%@éoﬁﬁ,\yg rFi 'KF561§3 ZLS F
gradisentg@cetoni4 r e/ wat erg 6b( 351}( 6Qﬂj M )a. 30 gocetantrdlefwatsey 8&4,20
during 1200 nl) . The product (0. 70 8@ Wwas obt ai ned. K:€ 2- (2-

(2-chl orvet hox3) etthoxg); et Myl = ?4-1C(t R~ oty di ety 7 sl sdony); 1.25
-3-netho§é$e zoq}gaTo SO utlon of conmpound J (1.25 g, 4.42 mmol) in

di chl or onet’hane (60 §h’ - (chl or oet hoxy) -ethoxy ethanol (0.83

Example 3 (Compound (5))

10 Synthesis of 2-(2-(2-(nitrooxy)ethoxy)ethoxy)ethyl 4-((2-
((6S,9R,105,115,135,16R,173)-6,9-difluoro-11-hydroxy-16,17-((1-
methylethylidene)bis (oxy))-10,13-dimethyl-3-oxo-
6,7,8,9,10,11,12,13,14,15,16,17-dodecahydro-3H-
cyclopentala]phenanthren-17-yl)-2-oxoethoxy)carbonyloxy)-3-

15 methoxybenzoate

J) 4- (tert-butyldimethylsilyloxy)-3-methoxybenzoic acid

20
MeO 0
XP@/«C’H
—8i

To a solution of wvanillic acid (2.0 g, 11.89 mmol) in N,N-
dimethylformamide (50 ml), imidazole (4.04 g, 59.45 mmol) and
tert-butyldimethylchlorosilane (4.48 g, 29.72 mmol) were added.

25 The reaction was stirred at room temperature for 24 hours. he



g, 575 mvol) and DVAP (cat. amount) were added. The reaction was cool ed
at 00C and EDAC (1.10 g, 5.75 mmol) was added. The reaction was stirred at
room t enpwoaviwwm2deor 12 hours. The sol vent was evapor at edTmrde@9/ossscuum The
residue was purified by flash chromatography (Biotage System Cartridge

col um FLASH 40+Mtm KP-Sil, eluent: gsrdbadi ent n-hexane/ethyl acetate 9/1
(40 mM), to n-hexane/ethyl acetate 6/4 during 2000 m, nhexane/ ethyl
acetateJﬁyfk&fgx%ig)ﬁeug@@ PﬁOQHEér(}735m9 ) sWastobtaibned el h2ed 3ritn
(2-nitrooxyet hoxy) ethoxy) ethyl 4- (tert-butyldimethyl silyloxy)

- 3- net hakydEnzbategTea sexutlindn offheonpogadik (1aB3rg ,wsrs4 dimsdd iaver

acetonitrile (45 ), sodiymiodide (3.1 .. 21.24 mmol.) was added. . The
Feact 1 orf Y Theatad S 190106 TOrT5 o7 by PR 6 AT B b ¥ 1 Atiton.
The resutdd ng:dn wbBr euras icepl ied, fllalsherad-ant ddesmol veBt ovager eypmed,
under reduced pressure. To a solution of residue in acetonitrile (45 m),
silver MtrdEte (2.504%9, 1406 mol )KRws dded!S The rda@iton wadHseatad t o

120 OC f i nut i irradiatio : t 1 X, was
cool ed, Ti1Tered and The solvont wag’r Graved tndss Fedicsd br sastr o Fhe
resi due dvasimpurifQednly. f | &sh whramet ogr dphy ) Biat aget System col uimm FLASH
40+Mtm KP-Sil, eluent: gradient nhexane/ ethyl acetate 9/1 (600 mM), to
n- hexanad)ethyb-deetafleroethoxy)ethoxy)ethyl-4- (tert-butyldimethyl

silyloxy)-3-methoxybenzoate

10
MeO o
Lt
>4 S
O _al
To a solution of compound J (1.25 g, 4.42 mmol) in

dichloromethane (60 ml), 2-(chloroethoxy)-ethoxy ethanol (0.83
g, 5.75 mmol) and DMAP (cat. amount) were added. The reaction
15 was cooled at 0°C and EDAC (1.10 g, 5.75 mmol) was added. The
reaction was stirred at room temperature for 12 hours. The
solvent was evaporated under vacuum. The residue was purified
by flash chromatography (Biotage System, Cartridge column FLASH
40+M™ KP-Sil, eluent: gradient n-hexane/ethyl acetate 9/1 (40
20 ml), to n-hexane/ethyl acetate 6/4 during 2000 ml, n-
hexane/ethyl acetate 6/4 (400 ml)). The product (1.25 g) was

obtained.

L) 2-(2-(2-nitrooxyethoxy)ethoxy)ethyl 4-(tert-butyldimethyl
silyloxy)-3-methoxybenzoate
25



6/ 4 during 2000 m, n-hexane/ethyl acetate 6/4 (400 m)). The product (1.37
g ) was obtained. M) 2- (2- (2-nitrooxyethoxy) ethoxy) ethyl

4- hydr oxywd-20mihesey benzoate To a sol ution of conpound BCTEPI®IYsSS7L. 4
mmol) in tetrahydrofurane (40 m ) cooled at -0 OC, a solution of
tetrabutylamoniumfloride IMin tetrahydrofurane (2.4 m, 2.4 mol) was
added. The reaction was stirred at 0O0OCTor 2 0 mnutes. The m xture was
poured 7 o, as ol aaueoys Nofbahd golut 59n4(160sal h@ng &xt racked witih e
ethyl acetate (3x50m ) The organic |ayers were washed with water (100 m),
dri ed ovetS sodium sedifane iand deonc¢ent Bated dhdérd redudedwprsessdded. THae

resi due was purified flash_ _chr graphy. ( Bi ot age Syst cal unm FLASH
HoM R T P fentet R B CA Hosgan S he I iaes: STer et (B o
n- hexanei ety a @icet atend/ de gl t Dy 200081 re Nwhexanel ethylf iacet-atie abdl (400

m)). The product (0.76 g ) was obtained. N) 2- (2- (2- .
(ni t Poox8) EtHOXyYeEhd@PCvéchypnder ( c2ducesls PR sukss, 08, A380116R0N179)

-6, 9-di e%i%ﬂ[é)‘ﬂl‘QXQEB?ﬂt}i@e’ 8- (1- r@ﬁ)’é@%ﬂi&‘@é‘ﬂﬂ%% §ox¥s 1610,
13-di methyl-3-oxo- 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,
17- dodecatyldr ov8H aydddpehta fajcphenanthrbpat@dyk) 1208Koéblmoyyminutes
Carbonyhﬁﬁxgr-%ig?éggég E%Qé ?g%ion. The resulting mixture was cooled,
filtered and the solvent was removed under reduced pressure.
10 The residue was purified by flash chromatography (Biotage
System, column FLASH 40+M™  KP-Sil, eluent: gradient n-
hexane/ethyl acetate 9/1 (600 ml), to n-hexane/ethyl acetate
6/4 during 2000 ml, n-hexane/ethyl acetate 6/4 (400 ml)). The

product (1.37 g) was obtained.

15 M) 2-(2-(2-nitrooxyethoxy)ethoxy)ethyl 4-hydroxy-3-methoxy

benzoate
MeO o)
HO/O/QO/\/O
O™ \_-oNo,
To a solution of compound L (1.10 g, 2.4 mmol) in
20 tetrahydrofurane (40 ml) cooled at -0°C, a solution of

tetrabutylamonium floride 1M in tetrahydrofurane (2.4 ml, 2.4
mmol) was added. The reaction was stirred at 0°C for 20
minutes. The mixture was poured into a 5% aqueous NaHy;PO4
solution (100 ml) and extracted with ethyl acetate (3x50ml) The
25 organic layers were washed with water (100 ml), dried over
sodium sulfate and concentrated under reduced pressure. The
residue was purified by flash chromatography (Biotage System,
column FLASH 40+M™ KP-Sil, eluent: gradient n-hexane/ethyl
acetate 9/1 (600 ml), to n-hexane/ethyl acetate 1/1 during 2000



To a solution of conpound H (0.508 g, 0.98 mml) in dichloronethane (15
m ), diisopropylethylamne (0.18 nm, 1.06 nmol) was added. The reaction was
cool ed atwOQ@oangsea sol uti on of conpound M (0,37 g , 1. ®@8T/EPRA0Y/058F72
di chl oronet hane (3 m ) was added. The reaction was stirred at room
tenperature for 12 hours. The sol vent evapor at ed under vacuum The
residue was purified by flash chromat ography (Bi otage System columm FLASH
40+M't My, KP- §iﬁex§$@¢@EhyEré@b%ﬁ%enlbﬁxqmﬁkﬁkhm| acﬁﬁétﬁrgégcézQ@ W%)g-to
ethyl acetate 100% duri ng 2400 , ethyl acetate 100% (400 m))
product W& 7P pinawds obt ai ned. 1H—NNR (cbd 3) , d: 7.70 (2H d ) ; 7.30
(IH, d) ; 7.07 (IH d) ; 6.45 (IH, s); 6.38 (IH, dd) ; 5.52-5.32 (IH, m)
. 5.15-A)92-(2H,(2ddhitrbo@4) EkHoxg) thody) BTh&1. 49 ((4H, m) : 4.41 (IH, m)
2.10

85 R O A B e el L

( Comgound (thmgzﬁgm@§h§1@aeﬂe bmbtbggxyllbuqudameeﬁgi 3-ox0-
((6S,9R, 10S,11 S, 13S, 16R, 17S)-6, 9-dif |uoro-| é roxy-1 6 , 17- ((1-
X

nethy:FthyﬁvaeﬁeP %psléekﬁ)lﬁ 16,1i316pﬁ€rﬁ9ﬁega 6:0670 gyclopents
9,10 7~ -17-
}%ipﬁéh ﬁt% e% }9°§§939¥§&§ grOX§E8B?BkﬁgEQLy9—%D%QERBQQ yl)

- 2- oxoet ho car ony énzoa
benzoate
To a solution of compound H (0.508 g, 0.98 mmol) in

10 dichloromethane (15 ml), diisopropylethylamine (0.18 ml, 1.06
mmol) was added. The reaction was cooled at 0°C and a solution
of compound M (0,37 g, 1.08 mmol) in dichloromethane (3 ml)
was added. The reaction was stirred at room temperature for 12
hours. The solvent was evaporated under vacuum. The residue was

15 purified by flash chromatography (Biotage System, column FLASH
40+M™ KP-Sil, eluent: gradient n-hexane/ethyl acetate 8/2 (200
ml), to ethyl acetate 100% during 2400 ml, ethyl acetate 100%
(400 ml)). The product (0.70 g) was obtained.

'"H-NMR: (CDCls), ®: 7.70 (2H, d); 7.30 (1H, d); 7.07 (1H, d);

20 6.45 (1H, s); 6.38 (1H, dd); 5.52-5.32 (1lH, m); 5.15-4.91 (Z2H,
dd); 5.04 (1H, d); 4.57-4.49(4H, m): 4.41 (1H, m); 3.95 (3H,
s); 3.84 (2H, dd); 3.78 (2H, dd); 3.68(4H, m); 2.60-2.10 (4H,
m); 1.90-1.47 (10H, m); 1.25 (3H,s); 0.95 (3H, s).

25 Example 4 (Compound (6))
Synthesis of 4-(nitrooxy)butyl 3-((2-
((6S,9R,105,115,135,16R,173)-6,9-difluoro-11-hydroxy-16,17-((1-
methylethylidene)bis (oxy))-10,13-dimethyl-3-oxo-
6,7,8,9,10,11,12,13,14,15,16,17-dodecahydro-3H-

30 cyclopentala]phenanthren-17-yl)-2-oxoethoxy)carbonyloxy)-4,5-
dihydroxybenzoate



(6 ) 0) Methyl 7-hydroxy-2- (4-nethoxyphenyl )benzo [d] [1, 3]dioxol e-5-
carboxylate To a suspension of nethyl gallate (10 g , 54.3 mol) in tol uene
(25 m), wotzolwmapsul f onic acid (29 ng) and p-ani sal dehyde/mpreveiobssiacet al
(11.56 mM, 67.88 mvl) were added. The reaction was refluxed for 1.5 hours
wi th continuous renoval of water. The mjxture was diluted with

di chl oronet hane (70 mM) and washed wi th a saturated aqueous NaHC g3
solution (100 m) and extracted with ethyl acetate (&0 m ) The organic

| ayer was washed with water (100 ml), dried over sodi um ul phate and
concentrated under reduced pressure. The residue s crystallized by
nhexane . The product (8.6 g ) was obtained.©P J 7-Hydroxy-2-

(4- nmet hoxyphenyl ) benzo [d] [1, 3 ]dioxol e-5-/carboxylic acidTo a
suspensi on of conpound O (8.6 g , 28.41 in water/ethanol 5/95 (260

m ), sodium hydroxide (2.5 m, 62.5 mmol p added. The reaction was
refluxed for 15 hours The sol vent was evé o ated under vacuum The residue
was di ssolved in water (150 m) andextratted with et hyl acetate (100 m)
The aqueous | ayer was aci di fia & (r £<¥Ath I N aqueous HCO and extracted
with ethyl acetate (6x50 m) anbC-| ayers were dried over sodium

ul phate and concentrat ed unde

0) Methyl 7-hydroxy-2-(4-methoxyphenyl)benzo[d][1l,3]dioxole-5-
carboxylate

HO (o)

0]

5 MeO
To a suspension of methyl gallate (10 g, 54.3 mmol) in toluene
(25 ml), p-toluensulfonic acid (29 mg) and p-anisaldehyde
dimethylacetal (11.56 ml, 67.88 mmol) were added. The reaction
was refluxed for 1.5 hours with continuous removal of water.

10 The mixture was diluted with dichloromethane (70 ml) and washed
with a saturated agqueous NaHCOs solution (100 ml) and extracted
with ethyl acetate (3x50 ml) The organic layer was washed with
water (100 ml), dried over sodium ulphate and concentrated
under reduced pressure. The residue was crystallized by n-

15 hexane. The product (8.6 g) was obtained.

P) 7-Hydroxy-2- (4-methoxyphenyl)benzo[d] [1,3]dioxole-5-

carboxylic acid



pressure. The crude product (5.78 g ) was used in the next step w thout any
purification. Q) 4-(nitrooxy) butyl-7-hydroxy-2- (4-nmethoxyphenyl) benzo
[d] [1, 3]woizomaiiesss- car boxyl ate To a sol ution of conmpourdTRPE&IDHB8s5g2, 20. 05
mmol) in N ,Ndinethylf ormam de (50 m ), cesium carbonate (6.52 g , 20.05
mmol ) was added. The reaction was cool ed, at 00C and a 20% sol uti on of

| - brono-4- (nitrooxy) butane in dichloronmethane (19.85 g ) was added. The
reaction was stirred at room tenperatupe for 4@ hours. The m xture was
poured into a 5% aqueous NaH 2PO4 sol uti nd/extracted with diethyl ether
(2x70m ) The organic | ayers were washe bgr (50 m), dried over
sodi um ul phate and concentrat ed under redpced pressure. The residue was
purified by flash chromatography (Bigtrage System SNAP Cartridge silica 100
g , eluent: gradientn-hexane/ethyl etate 9/1 (200 m) , to n-hexane/ethyl
acetate 1/1 during 1200 m, n- he anef et hyl acetate 1/1 (400 m)). The
product (4.36 g ) was obtalned MR ) 4- (Nitrooxy) butyl 7- ((2- ((6S, 9R,
165, 11§00 135, é@Bpeaz&n-Gof9 dél)lmfpo'ulﬂl@r od | - hyds oxy; 1628141 mmol) in
((1-nethyl ethylidene) bis % - 10, 13-dinethyl -3-o0x0-6,7, 8 , 9, 10,
11, 12, waenzethmio 165/@15 62\; _carydr oseﬁuésﬁcllﬁﬁéﬁﬂ@q%] (2.5 ml, " e2.
gggggm}ﬁf T WHE) st @XORhBOa SARPMYLE* e £1didf FEENDSYPREAYL) mhe

solvent was evaporated under vacuum. The residue was dissolved

in water (150 ml) and extracted with ethyl acetate (100 ml).

The aqueous layer was acidified to pH 4 with 1IN aqueous HC1l and

extracted with ethyl acetate (6x50 ml) The organic layers were

dried over sodium ulphate and concentrated under reduced
10 pressure. The crude product (5.78 g) was used in the next step

without any purification.

Q) 4-(nitrooxy)butyl-7-hydroxy-2- (4-methoxyphenyl)benzo[d] [1, 3]

dioxole-5-carboxylate

HO o)

ONO,

15 MeO

To a solution of compound P (5.78 g, 20.05 mmol) in N,N-
dimethylformamide (50 ml), cesium carbonate (6.52 g, 20.05
mmol) was added. The reaction was cooled at 0°C and a 20%
solution of l-bromo-4- (nitrooxy)butane in dichloromethane
20 (19.85 g) was added. The reaction was gstirred at room
temperature for 40 hours. The mixture was poured into a 5%
aqueous NaH;POs solution and extracted with diethyl ether
(2x70ml) The organic layers were washed with water (50 ml),
dried over sodium ulphate and concentrated under reduced
25 pressure. The residue was purified by flash chromatography

(Biotage System, SNAP Cartridge silica 100 g, eluent: gradient



di oxol e-5-carboxylate F To a solution of conpound Q (0.519 g , 1.28 mmwol)
in dichloronethane (13 m ), diisopropylethylamne (0.179 m, 1.28 mmol) was
added. Thwonematizn was cool ed at 00C and a sol uti on of pcomproan@ssd’0,6 g ,
1.16 mmol) in dichloronethane (3 mM) was added. The reaction was stirred at
roomtenperature for 16 hours. The sol vent was evaporated under vacuum The
resi due was purified by flash chromatography (Bi otage System SNAP
Cartridge sild ca/ 00,9 aceluents, gradhentn- hexane/ elhyl, gcetate Yk (200
m), to n-hexane/ethyl acetate 3/7 during 1200 m, nhexane/ ethyl acetate
3/7 (400 M )Jurite produnt,(@-97Xege) awdylobtctead: ULl (NEE® ooky) - buthle
3-((2-((6S,9R,, 105,11 S, 13S, 16R,.17S) -6,9- dif luoro-I1-hydroxy-16, 17-
((1-netﬁ?f%§ﬁyii eﬁ%?qéiém?%k§§t3£Q%ﬁ'13- di et hyl - 3-oxo0-6, 7, 8, 9, 10,
11, 12, 13, 14, 15, 1 17- dodecahydro-3 cl opent g .[ al, ph nthren-17-yl)
- 2- oxoet o%Y%N&5F885¥$8%§Y1-4, 5%'dﬁﬁy5r ﬁﬁhggﬁbglﬁjlf% | ’ﬂgﬁsdﬁ%9_
compeund Ry(8194:r8-111n08ra00L) 6, n7tetnahrdnof urane i G22e4bak) oxl/N) aqueous
HC (22.4 m) was added. The reaction was stirred at roomtenperature for
17 hours. TRelsoPvaathwasevdporat’ed  dnd€r 1haddum’, ThelPedbdld-was

extracted wiLh 60Ul ,aGELALE (EXRPTI) ) FAEAQRIADLE -3y s yere dried over

oxoethoxy)carbonyloxy)-2- (4d-methoxyphenyl)benzo[d] [1, 3]

dioxole-5-carboxylate

//JK/PNOZ
O% o]
g 0
OMe
10 F
To a solution of compound Q (0.519 g, 1.28 mmol) in

dichloromethane (13 ml), diisopropylethylamine (0.179 ml, 1.28
mmol) was added. The reaction was cooled at 0°C and a solution
of compound H (0,6 g, 1.16 mmol) in dichloromethane (3 ml) was
15 added. The reaction was stirred at room temperature for 16
hours. The solvent was evaporated under vacuum. The residue was
purified by flash chromatography (Biotage System, SNAP
Cartridge silica 100 g, eluent: gradient n-hexane/ethyl acetate

9/1 (200 ml), to n-hexane/ethyl acetate 3/7 during 1200 ml, n-

20  hexane/ethyl acetate 3/7 (400 ml)). The product (0.979 g) was
obtained.
4- (Nitrooxy)butyl 3-((2-((6S,9R,105,115,135,16R,173)-6,9-

difluoro-1l-hydroxy-16,17—((1l-methylethylidene)bis (oxy))-10,13-
dimethyl-3-ox0-6,7,8,9,10,11,12,13,14,15,16,17-dodecahydro-3H-



sodi um sul phate and concentrated under reduced pressure. The residue was
purified by flash chronmat ography (Biotage System purified by flash

chr omat ogwepbhw/(1B6ot age System SNAP Cartridge silica 1@0TgP008l0585m1

gradi ent acetone/di chl oronet hane 5/95 (200 m) , to acetone/dichl oronet hane
2/ 8 during 900 m, to acetone/dichloro hane 3/7 during 600 m ). The
pr oduct (0 344 g ) was obtained. 1H N (cbd 3) , d: 7.51 (2H dad) ;
7.14 (IH { -
5. 24- 4. 93y ﬁe%%ﬂg%ﬂégéaﬁhﬁ&% s Mme&% Reaodd it 3{19(3H5 m) :
2.54- 2. 1dhk(341¢owk)en2®m 1.65 (8H, m) ; 1 53 (3H s); 1.47 (3H,s); 1. 25
(3H,s); 0.94 (3H, s ) . Exanple 5 - (Conmpound (10)) Synthesis of 4-
(nitrooxsy batylsa3ut(iE2 (¢BR, cddSpuhbS, RI3S(0186R, 3;78) F.@®f mmol) in

luoro- 11, %’dr OX ré)lf?urgane 1&21141%1{;%' ety éggggé Bg% 8>§Y) 2{\1%0 wa]é3 ad%{ %Et hyl

- 3- 0X0-

17- d@deoﬁfé/df@aétl@&@'QQ@nTsﬁlﬁc@bdp%%naJHdM efedde ¥d dur- 830t hOXYirs. The
car bonyl oxy) -4, 5- dihydroxybenzoateONO (10) S) 2- ( (9R 10Cs, 11S, 13S, 16R,

17S ) %ol V4njoreas s 1¢vaRgdproKY- VNG T VﬁCUU(m(lThe mee Ay @@hyaﬁdm)ramt@d
(oxy) ) &{%hlétg§fegg¥ka§eo&%x%0ml 8T%e Organic layers were dried over
sodium sulphate and concentrated under reduced pressure. The
residue was purified by flash chromatography (Biotage System,

10 purified by flash chromatography (Biotage System, SNAP

Cartridge silica 100 g, eluent: gradient
acetone/dichloromethane 5/95 (200 ml), to
acetone/dichloromethane 2/8 during 900 ml, to
acetone/dichloromethane 3/7 during 600 ml). The product (0.344

15 g) was obtained.

'"H-NMR: (CDCls), &: 7.51 (2H, dd); 7.14 (1H, d); 6.47 (1H, s);

6.40 (1H, dd); 5.52-5.32 (1H, m); 5.24-4.93 (2H, dd); 5.03 (1H,

d); 4.53 (2H, t): 4.43-4.33 (3H, m); 2.54-2.17 (4H, m); 2.00-

1.65 (8H, m); 1.53 (3H, s); 1.47 (3H,s); 1.25 (3H,s); 0.94 (3H,
20 s).

Example 5 - (Compound (10))

Synthesis of 4-(nitrooxy)butyl 3-((2-((9R,10S5,11S5,138,16R,17S) -

9-fluoro-1l-hydroxy-16,17-((1l-methylethylidene)bis (oxy))-10,13-
25 dimethyl-3-oxo0-6,7,8,9,10,11,12,13,14,15,16,17-dodecahydro-3H-

cyclopentala]phenanthren-17-yl)-2-oxoethoxy)carbonyloxy)-4,5-

dihydroxybenzoate



11, 12, 13, 14, 15, 16, 17-dodecahydro-3H cyclopenta [a] phenant hren
-17-yl) -2-oxoethyl carbonochloridate To a solution of triantinol one

acet oni dew020/012%679 Mol ) in tetrahydrofurane (33 m), pcoaipealoasssoHC and
under N2, a 20%tol uene solution of phosgene (21.8 m, 41.4 nmol) was
added. The reaction was stirred at 00C4f30r 1 hour and at roomtenperature
for 17 hours. The excess of phosgene was renoved by heating at 40 OC for 30
m nutes. The sol vent was evaporated under vacuum The aoyde product was
used in the next step without any purification. T) (Ni trooxy) butyl 7-
((2- ((9R, 10s, Us, 13S, 16R, 17S) -9-f luoroll- hydroxy-16, 17-

((1-nmethyl ethylidene) bis (oxy) )-10, 13- di rrekh -3-oxo0-6, 7, 8, 9, 10,
11, 12, 13, 14, 15, 16, 17-dodecahydro- 3H cyc oéenta [a] phenant hren-
17-yl) -2-oxoethoxy) carbonyl oxy) - 2- (4-nmethoxyphenyl) benzo [d] [1, 3

] di oxol e-5-car boxyl at eONO To a sol uti on ofo ound Q (0.583 g , 1.32 nmol)
in dichloromethane (14 nl), diisopropyl et e (0.231 m, 1.32 mml) was
added. The reaction was cooled at 00C and @H§ol uti1 on of corrpound S (0,6 g,
1.2 mmol) in dichloromethane (3 m )Hyas added. The reaction was stirred at
room tenperature for 16 hours ‘ sol. 9 was evapor ated under vacuum The
residue was purified by fla C rat,0graphy (Bi otage System SNAP

(10)

S) 2-((9R,10S8,115,13S,16R,173)-9-fluoro-11-hydroxy-16,17-((1-
methylethylidene) bis(oxy))-10,13-dimethyl-3-ox0-6,7,8,9,10,
5 11,12,13,14,15,16,17-dodecahydro-3H-cyclopenta[a]lphenanthren
-17-yl)-2-oxoethyl carbonochloridate

To a solution of triamcinolone acetonide (3 g, 6.9 mmol) in
tetrahydrofurane (33 ml), cooled at 0°C and under N, a 20%
10 toluene solution of phosgene (21.8 ml, 41.4 mmol) was added.

The reaction was stirred at 0°C for 1 hour and at room

temperature for 17 hours. The excess of phosgene was removed by

heating at 40°C for 30 minutes. The solvent was evaporated
under vacuum. The crude product was used in the next step
15 without any purification.

T) 4- (Nitrooxy)butyl 7-((2-((9R,10S8,115,135,16R,17S)-9-fluoro-
l11-hydroxy-16,17-((1l-methylethylidene)bis (oxy))-10,13-
dimethyl-3-ox0-6,7,8,9,10,11,12, 13,14,15,16,17-dodecahydro-
3H-cyclopenta[alphenanthren-17-y1l)-2-oxoethoxy)carbonyloxy) -

20 2-(4-methoxyphenyl)benzo[d] [1,3]dioxole-5-carboxylate



Cartridge silica 100 g , eluent: gradi ent n-hexane/ethyl acetate 9/1 (200
m), to n-hexane/ethyl acetate 3/7 during 1200 m, nhexane/ ethyl acetate
3/ 7 (400 wo)p1o/0ikss7pr oduct (0.819 g ) was obtained. U ) péa/Rpbivnsssry) butyl
3- ((2- ((9R, 10s, Us, 13s, 16R, 17S) -9-f luoroll- hydroxy-16, 17-
((1-nethyl ethylidene) bis (oxy) )-10, 13- dinmethyl -3-oxo- 6 , 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17- dodecahydro- 3Hcycl openta [ a]

phenanthren 17-yl) -2-oxoethoxy) carbonyloxy) - 4 ,5ed,hydroxybenzoate To a
solution of conpound T (0.81 g, O 93 mml) in tetrdahydrofurane (19.5 m),
I N aqueous HCO (19.5 m) was added. The reaction s stirred at room
tenperature for 18 hours. The solvent was e of ated under vacuum The

resi due was extracted with ethyl acetate (2x3 ) The organic | ayers were

dried over sodium sulfate and concentrated er reduced pressure. The
resi due was purified by flash chromatogr Bi ot age System purified by
fl ash chromat ography (Bi ot age Systen1 PCart i dge silica 10Qg, eluent:

(209 , to acetone/dichl oronet hane
@ha e 3/7.(200 m ). The product (0.245
do:~7.5 H dd) ; 7.23 (IH, d) ;
{90 (2H, ) ; 5.03 (IH, d) ; 4.53

OMe

gradi ent acetone/ di chl or onet hane 5/%
3/7 during 900 ni, acetone/ diwhl orffbif
g ) was obtained. 1H NVR (CD,

6.38 (IH s); 6.18 (IH dd)
(2H, t ) : P

To a solution of compound Q (0.583 g, 1.32 mmol) in
dichloromethane (14 ml), diisopropylethylamine (0.231 ml, 1.32
mmol) was added. The reaction was cooled at 0°C and a solution
5 of compound S (0,6 g, 1.2 mmol) in dichloromethane (3 ml) was
added. The reaction was stirred at room temperature for 16
hours. The solvent was evaporated under vacuum. The residue was
purified by flash chromatography (Biotage System, SNAP
Cartridge silica 100 g, eluent: gradient n-hexane/ethyl acetate
10 9/1 (200 ml), to n-hexane/ethyl acetate 3/7 during 1200 ml, n-
hexane/ethyl acetate 3/7 (400 ml)). The product (0.819 g) was

obtained.

U) 4- (Nitrooxy)butyl 3-((2-((9R,105,115,13S,16R,173)-9-fluoro-
l11-hydroxy-16,17-((1l-methylethylidene)bis (oxy))-10,13-

15 dimethyl-3-oxo0-6,7,8,9,10,11,12,13,14,15,16,17-dodecahydro-
3H-cyclopenta[alphenanthren-17-y1l)-2-oxoethoxy)carbonyloxy) -
4,5-dihydroxybenzoate

To a solution of compound T (0.81 g, 0.93 mmol) in
tetrahydrofurane (19.5 ml), 1IN aqueous HCl (19.5 ml) was added.

20 The reaction was stirred at room temperature for 18 hours. The

solvent was evaporated under vacuum. The residue was extracted
with ethyl acetate (2x30ml) The organic layers were dried over
sodium sulfate and concentrated under reduced pressure. The
residue was purified by flash chromatography (Biotage System,

25 purified by flash chromatography (Biotage System, SNAP



4.41-4.32 (3H, m) ; 2.69-2.35 (4H, m) ;
s); 1.45 (3H,s); 1.24 (3H,s); 0.94 (3H, s . Exanple 6 - (Conpound (17))
2- (2- (2wo(niwmesszy) ethoxy) ethoxy) ethyl 4- ((2- ((9RCTAEPZN090K5743S,
16R, 17S) -9-f luoro-I1l-hydroxy-1 6 , 17- ((1 -nethyl ethylidene)bis (oxy)
)-10, 13-dinethyl-3-0x0-6, 7, 8, 9, , 11, 12, 13, 14, 15, 16,
17- dodecahydr o- 3H cycl openta [a] phenanthren-17-yl) - 2-oxoethoxy)
car bonyl@%ﬂerloﬁ;@eébpw@e@é@ t eefL&é)ﬂ;Th%r%%%n%c\&%@m@ﬁlo&%%&fa% t he
procedure described in exanpie 3 starting from conmpound S and conpound M .
1H NVR DO (390, md);, 7.7 @QHtode)/dlc?il%o(HBHhade) 3/77 d@r(mc}ﬂ 940) ml,6 31
(I'H, dd) 6. 12 I 4,91 ( (
456 (2w G gt S irhe) (et togPhs Tl
) ; 3. 76vd2Hbta)ngd 3. 67 (4H, m) ;2. 65 2.35 (4H m) ; 2. 15 2.00 (I'H, m)
; 1.92-1.84 (IH, m) ; 1.72-1.55 (2H, m) ; 1.51 (3H, s); 1.45 (3H,s); 1.25
(5H, sm ) g-\r93 (C3d1-$,)5: Exempleny aqf Compoundifl18y) 4- 6( BBt 1 eAXY}) butyl
4- ((2-((9R, 1Cs, 118, 13S, 16R, 178) -9-f luoro-11- h droxy-16 17-
(1- met hy@eltﬂwyﬂﬁaerfé@lrs 5(0&15/74)9010 2Pi1_,36%ﬁrr;et51w3 BClexdi 6 4.9, (&, 9 10,
11, 12 31 5 6, 17-do cJ [ ah,rnl yl)
-2-oxoetlf110xy)lflc3a2}b 3n@l my) é-j3éjéacr;e2%oxy enzoat DHEA 6% &W % oo

s); 1.45 (3H,s); 1.24 (3H,s); 0.94 (3H, s).

2.00-1.65 (104, m) ; 1.53 (3H,
)
|

10 Example 6 - (Compound (17))
2-(2-(2-(nitrooxy)ethoxy)ethoxy)ethyl 4-((2-
((9R,10S8,115,13S8,16R,17S)-9-fluoro-11-hydroxy-16,17-((1l-methyl
ethylidene)bis (oxy))-10,13-dimethyl-3-ox0-6,7,8,9,10,11,12,
13,14,15,16,17-dodecahydro-3H-cyclopental[a]lphenanthren-17-y1) -

15 2-oxoethoxy)carbonyloxy)-3-methoxybenzoate

07\ _oNo,

The compound was synthesized using the procedure described in

20 example 3 starting from compound S and compound M.

'H-NMR: (CDCls), &: 7.71 (2H, d); 7.26 (1H, d); 7.15 (1H, d):
6.31 (1H, dd); .12 (1H, s); 5.12 (1H, 4d); 4.91 (1H, d); 5.01
(2H, d); 4.56 (2H, m); 4. 49 (2H, t): 4.40 (1H, m); 3.95 (3H,
s)y; 3.79 (2H, t); 3.76 (2H, m); 3.67 (4H, m); 2.65-2.35 (4H,

25 m); 2.15-2.00 (1H, m); 1.92-1.84 (1H, m); 1.72-1.55 (2H, m);
1.51 (3H, s); 1.45 (3H,s); 1.25 (bH, m); 0.93 (3H, s).

Example 7 - (Compound (18))



(18) The conmpound was synt hesi zed using the procedure described in exanple
1 starting fromtrianti nol one acetoni de and conpound B . 1HNWVR (CDO 3) ,
d: 7.65w8Hp1om1sey 7.26 (IH d ) ; 7.17 (IH d ) ; 6.4@ctiEro0d0¥ss726. 10
(IH, s); 5.11-4.84 (2H, dd) ; 4.99 (IH d) ; 4.53 (2H, t ) ; 4.37 (2H, t )
; 3.93 (3H, s); 2.71-2.30 (5H, m) ; 2.00-1.50 (6H, m) ; 1.87 (4H m) ;
1.50 (3H, s); 1.41 (3H, s); 1.22 (3H, slpé)) ;7 0 .92 (3H, s ) . Exanple Fl:
Assay on, v Si_ Si Cofpoimn ipgd 1 -
Corrpoungl14 (gflc%gecg%ﬁ)gfelgcg% 4Ex.pererﬁ){dgcé}g'rrlpoosu'nld ('5) dglséc%'i)lbe in Ex. lE%Cp_clo@r(rdpound
(6) desdrydenkynl &L 74(1l-@orpolaidh (Nid)eBdsict { pad )i nl B 3 -5l Curtpound | 18)

described in .o I, Reterence ¢ . Fl.uoci nol gne, acet.oni de (FC)

Tri anti noo>foon6e’E?e(1’c8e’t%ﬁ if:lj(ahéé)ggg’an%d’lsliQ’ylﬁf&?%eec%o%%%%%&g of the invention
t o i nduceyyaseased axatd odh d it Feespar] -Sen) 420- R EELHSOf ) EOMmautswas3 £ ested in
vitro in isolated rabbit thoracic aorta preparations (Wanstall J .C . et al

., BP. Jnetipharficetate 134: 463- 472, 2001).

The compound was synthesized using the procedure described in

10 example 1 starting from triamcinolone acetonide and compound B.

'"H-NMR: (CDCls), ®: 7.65 (2H, m); 7.26 (1H, d); 7.17 (1H, d);

6.40 (1H, dd); 6.10 (1H, s); 5.11-4.84 (2H, dd); 4.99 (1lH, d);

4.53 (2H, t); 4.37 (2H, t); 3.93 (3H, s); 2.71-2.30 (5H, m);

2.00-1.50 (eH, m); 1.87 (4H, m); 1.50 (3H, s); 1.41 (3H, s);
15 1.22 (3H, s); 0.92 (3H, s).

Example F1l: Assay on vascular tone

Test compounds:

- Compound (1) described in Ex.
20 - Compound (3) described in Ex.

- Compound (5) described in Ex.

> w N

- Compound (6) described in Ex.

- Compound (10) described in Ex. 5

- Compound (18) described in Ex. 7
25 Reference compounds:

Fluocinolone acetonide (FC)

Triamcinolone acetonide (TAAC)



Mal e New Zeal and rabbits (1,8-2 Kg) were used. The animals were

anaest heti zed with sodiumthiopental (50 ng/kg, iv) , sacrificed by
exsangui naDi2ome1258d t hen t he thorax was opened and the aomiEee®sssct ed. The
aortas were placed inmediately in Krebs-HEPES buffer (pH 7.4; conposition
mvt Nad 130.0, KA 3.7, NaHCO 3 14.9, KHPO4 1.2, MySO 4 7H20 1.2, ducose
11.0, HEPES 10.0, Cad 2"2H20 1.6) and cut into ring segnents (4-5 mmin

I engt h) ¢y Fach, 1ing, wase plaged ddy, td§5%ebatﬁvfédt| iefdh With Krehs
HEPES buffer (37C) aerated with 9 %02 and 5% CO2 and was then attached to
a force taansducert (& ass E?F@@)arlS@omt@ct}embmor%plBl mmsowSystt@rﬁﬁe@P
measur enent of ,t he |sorretr| 1C t ensi o ?h%P arat| ons were a

equi li brt e YOF 17 h*at a5 satte g tensk? 01?1 th"j(?ﬁaf'%geéj efpatrl?gcmlﬁ r11‘Sfer

every 15(Wwadre£s] anoI:t@m §IJ Jn qat e, %We ti3 AU aM KA, (Bdines)
wi th interveni ng washi s At er equilibration, the rings were

pr ecént Ricte ARt FE | J2NPE B mbt hdxankae (STAMIFednd Thfhen ifRgs were
contraction rgach; a steady %&amnatﬁyﬁyé%gye 99“&%9%@3" 10N)- T €SPONSE LUy ve

to the test conmpounds was obtai ned tinme interval s between doses were
based orby hexdamenireedechs cam@achea floél tlaosasadyssbataeedeapdm;@e Respenses

L0, o5t SOIPOUIIS. vare cxhressod ss 3 PeLEEnAIE AL LSE bl YL Bk
buffer (pH 7.4; composition mM: NaCl 130.0, KC1 3.7, NaHCO;

10 14.9, KH,PO, 1.2, MgS0,-7H,O 1.2, Glucose 11.0, HEPES 10.0,
CaCl,*2H,O0 1.6) and cut into ring segments (4-5 mm in length).
Fach ring was placed in a 5 ml tissue bath filled with Krebs-
HEPES buffer (37°C) aerated with 95% 0O, and 5% CO; and was then
attached to a force transducer (Grass FT03), connected to a

15 BIOPAC MP150 System for measurement of the isometric tension 2.
The preparations were allowed to equilibrate for 1 h at a
resting tension of 2 g with changes of the buffer every 15
minutes and then stimulated by exposure to 90 mM KCl (3 times)
with intervening washings. After equilibration, the rings were

20 precontracted submaximally with methoxamine (3 M) and, when
the contraction reach a steady state a cumulative
concentration-response curve to the test compounds was
obtained. The time intervals between doses were based on the
time needed to reach a full a steady state response.

25 Responses to test compounds were expressed as a percentage of
residual contraction and plotted against concentration of test
compound. ECsg values (where ECsg is the concentration producing
50% of the maximum relaxation to the test compound) were
interpolated from these plots.

30 As shown in Table 1, the test compounds were able to induce

relaxation in a concentration-dependent manner.



compound. EC50 val ues (where EC50 is the concentration produci ng 50% of the
maxi mum rel axation to the test conpound) were interpolated fromthese

pl ot s.

Aswehowmiess7Table 1 , the test conpounds were ablpeTiEP2000058522

relaxation in a concentrati on-dependent nmanner. Exanple F2 Eval uation of the
efficacy of the conpounds of the inventjon in an in vivo VEG-induced

| eakage rat nodel. Vascul ar endothelial growth factor (VEGF) activates
comon pat hways of vascular teakage associ ated W tiT vari pus pat hol ogi cal
processes i nffakiiegl di$ay comucaserlageteng DVE) Test conpounds: - Conpound
(1) disclosefd in Exanple 1 - Fluocinol one acetonide (FC)|: reference

conpound of

ound (D - . Conpound (18) d ri in Exapple 7 -
Tri anti nol on?%%%t%??é}%u?drAAC) o ref erencgﬁ%nﬁ%d of cpnpound (18) Mal e

Spr ague Dawl

e anestheti zed

with isoflurgre inhalation and a drpp of @Qo5%fifetcrtacai ne|was topically
applied on the eyes. Pupils were dijated with 1%t opical |cycl opentol ate
hydrochl ori decdmpseedt hie) needl e to gui de thezi.gtravitreal injection.

Reconbi nant ratvascular endothelial|growh factor (VEG-; |100 ng/eye) or

VEGF

10

15

20

Compound (3) 0.21 £ 0.07

Compound (5) 0.83+0.25

Compound (6) 1.44+40.41

TAAC no effect

Compound (18) 1.56

Compound (10) 2.35%0.98
Example F2

Evaluation of the efficacy of the compounds of the invention in
an in vivo VEGF-induced leakage rat model.

Vascular endothelial growth factor (VEGF) activates common
pathways of vascular leakage associated with various
pathological processes including diabetic macular edema (DME)
Test compounds:

- Compound (1) disclosed in Example 1

- Fluocinolone acetonide (FC): reference compound of compound
(1)

- Compound (18) described in Example 7

- Triamcinolone acetonide (TAAC): reference compound of

compound (18)

Male Sprague Dawley rats (~250g; Charles River laboratory)
were anesthetized with isoflurane inhalation and a drop of 0.5%
tetracaine was topically applied on the eyes. Pupils were
dilated with 1% topical cyclopentolate hydrochloride to see the

needle to guide the intravitreal injection. Recombinant rat



at 100 ng/eye plus test conpounds were prepared in 0.5% carboxynet hyl
cellulose (CMO) in sterile saline and was injected into the vitreous with a
30- gauge woeeadimi¢n, Q , et al. Invest. Ophthal nol. Visprcs@pr20094885789- 794,

2001) .

The

conmpounds of the invention were conpared to correspondi ng

steroid cores at equinolar doses. For exanple, to conpare to fluocinol one
acetonide at both 25 and 50 ng/eye, conpound (1) was dosed at 42 4 and 84.7
mg/ eye, Jespectl vehyocLontLol ani el scdecsl vedryphi alg. (prpaundo (18 was
simlarly dosed al ongside triantinol one acetoni de for conparison. Retinal
vascul arat eakdye n@/ﬁmamﬂm at@&:tescsmnmrpisevwmm y ppépar@d  em all.. 5%

| nvest .
i njecti o

t hal nol 7 94,. 200 f 18
rr}?mfyemn%)thc\-ﬁ oﬁ%dsul?% S \/(g%g anesnt het | Zet %Me'[%agg#%m ﬁeg?g&%sp%t

g/ kg) &Lﬂdjé@de?cilﬂﬁté4tﬁ@/ kg)tﬁe%usThmmSarrga/oK@aﬁ\g@nsléﬁdme(EB) was , et
injected into the jugular vein. The dye was allowed to circul ate for

hour S.

|n05|\4&111

wer e car ef ul

The cHéstedavi P?h\%élfﬁﬁénedvhﬁd r¥ts ¢ hér *gérruséd wthll- %féqkhaal in

cfl?ﬁcgsl by 4 ercj(eoH 3R t3 G QIR e A8 t t‘{ae”tcfo'ﬁieespo ilRAs

ssected from enucl eated eyes, placed in pre wel ghe

Eppendorsftem cdréedaicn espeac hvsac ulms @ver nE@hn careanrdlrey, wed ghbsipreeortded.

18

10

15

20

25

30

Evans b|£Jlu

was

Jes, sxtracted BY; Locukating, each fatiag 1 n, 420 m fgriRy dg,for

dosed at 42.4 and 84.7 nug/eye, respectively. Control

animals received vehicle. Compound (18) was similarly dosed

alo
Ret

(Xu
200
rat

mg/

ngside triamcinolone acetonide for comparison.

inal wvascular leakage was measured as described previously
, 0., et al. Invest. Ophthalmol. Vis. Sci., 42:789-794,
1). After about 18 hours post injection of test compounds,
s were anesthetized with ketamine (80 mg/kg) and xylazine (4

kg) IP. Then 45 mg/kg Evans blue (EB) was injected into the

jugular vein. The dye was allowed to circulate for 2 hours.

The

o\°

chest cavity was opened and rats then perfused with 1

formalin in 0.5 M citrate buffer (pH 3.5, 37°C) through the left

ven

eye

tricle. Retinas were carefully dissected from enucleated

s, placed in pre-weighed Eppendorf tubes, dried in gspeed

vacuum overnight and dry weights recorded. Evans blue was

ext
hou
of

abs

cal

620

racted by incubating each retina in 120 pl formamide for 18
rs at 70°C, centrifuged for 2 hours at 6000 rpm. Absorbance
60 U1 of extract was measured at 620 nm and background
orbance was determined at 740 nm. Net absorbance was

culated by subtracting the background 740 nm from that at

nm. Measurement of a standard curve of Evans blue in

formamide was also done and Evans blue leakage expressed as

Ul/g/h was calculated as shown below:

[EB (ng/ml)x120 (ul)x1000]/[dry weight retina

(mg) xcirculation time (h) xplasma EB (ng/ml)x100]



hours at 70C, centrifuged for 2 hours at 6000 rpm Absorbance of 60 m of
extract was neasured at 620 nm and background absorbance was determ ned at
740 nm NeO 2atmeaedsance was cal cul ated by subtracting thecharkzgowosssdz 740 nm
fromthat at 620 nm Measurenent of a standard curve of Evans blue in
formam de was al so done and Evans bl ue goeakage expressed as m/g/h was

cal cul ated as shown below. [EB (ng/m) © 120 (mM ) c 1000 ]/ [dry weight

retina (4m) sxSkhcuhati i Ad Me, (BL1XR! agme BB (ne/al )i LY A S showpoi Rig
Figure la below, intravitreal injection of 100 ng VEG- resulted in a 3

. 5-fol d VGgF eassulied 17p Px0. D5)-fnldasicul@magser neabrl i1y, 18 Hours) afiter
injection, Treatnent w.th 25 eye of fluocinol.one.acetonide and 42..

o) eye OF oMU (T h b B4 e VEGE P Rdageq o dakage By Sac1d did"

77.1% respegtéyel yr (Figueesol ana@ndckboninde 9nd B2Q40%)./ eSienmdrardgmpd vl
ny/ e%e dose of trianctinolone acetonide and its equival ent dose of conpound

(18) Scauskd reddétited by67. B9FaNTNSaCeY, st i vl y8PFl gurayd 24 ‘and 12b)
compounds 1 the Tavent 1o (Somaotids (1) and (18)) &nd i1s carresponding |
st er oi d Idor eg/Exanplasd-30Ev dlnisnamafortcheaaaebnddat izonl of t st erpiid=ilreduced
intraOCngge of compound (18) caused reduction by 67.5% and 54.3%,
respectively (Figures 2a and 2b). In all cases, the inhibition
10 of leakage was similar in magnitude for both compounds of the

invention (compounds (1) and (18)) and its corresponding

steroid core.

Example F3

15 Evaluation of the amelioration of steroid-induced intraocular
pressure (IOP) elevation in vivo in rats by the compound of the
invention.
Test compounds:
- Compound (1) disclosed in Example 1

20 - Fluocinolone acetonide (FC): reference compound
-Des-nitro analog of compound (1): Butyl 4-((2-
((6S,9R,105,115,13S5,16R,173)-6,9-difluoro-11-hydroxy-16,17-
16,17-(1l-methylethylidenebis (oxy))-10, 13-dimethyl-3-oxo-
6,7,8,9,10,11,12,13,14,15,16,17-dodecahydro-3H-cyclopentalal]

25 phenanthren-17-yl)-2-oxoethoxy)carbonyloxy)-3-methoxybenzoate.

Male Brown Norway rats (250-275g; Charles River laboratory)
were acclimated for a week before IOP measurements. Baseline
IOP measurements with Tonolab Tonometer (Tiolat Inc) were done
30 in conscious rats (Pease, M. E., et al J. Glaucoma, 15:512-519,
2006) before intravitreal injection of test compounds. Then
the rats were anesthetized with isoflurane inhalation and a
drop of 0.5% tetracaine was topically applied on the eyes.

Pupils were dilated with 1% topical cyclopentolate



pressure (1OP) elevation in vivo in rats by the conpound of the invention .
Test conpounds: - Conpound (1) disclosed in Exanple 1 - Fluoci nol one

acet oni dewOR®)o/a1256ef er ence conpound -Des-nitro anal og ofPcrmppagnsssii) :
Butyl 4- ((2- ((6S, 9R, 10S, US, 13S, 16R, 17S) -6, 9-dif
luoro-11-hydroxy-1 6 , 17- 16, 17- (1-nethylethylidenebis (oxy) )-10,
13-di net hyl -3-oxo0- 6 , 7 8, 9, 10, 11, 12, 13, 14, 15, 16,

17- dodeqahydsa; 34 cyo! openta shalorhenantyens eyl ko 2X08tdoxykd1e o
car bonyl oxy) - 3-nethoxybenzoate . Mil e Brown Norway rats (250-275g; Charles

Ri ver | abor atlor yinwezel aced ] matgdct opn aosﬁeembef:omeouwsneaﬁmeemmund
Basel i ne ICP neasurenents with T nol a Tono terk£T|oIat Inc%@w%%ﬁ ne in
0

conSC|oug‘rats (Ega%% (% to E-CTEC SR ln%] cora C%%ESi%dS .

before imttayi theabg Y €Cckig@Amofl atresdo coaPOERAS. e%@@léhe tloat SoMBE e to
anest hetized wth isoflurane inhalation and a drop of 0.5%tetracai ne was
top|éMI§ﬂ%ﬂﬁﬂﬁQkPQﬁl@ﬁ%t@yége PGmQQ$Ww%% épﬁﬂiﬁjHW{$quﬁﬁéﬁpéapd (1)

cycl opent.ol at ehydroch) ori dg, and, 2756, g@gey' ?8@%’@@%1'\7‘91&/[0 568 a%%-@ﬁec@ eto

aimthe intravitreal injection of te onpounds onpound (1) was
conpar echrnial @proesponaddugd st By ovas copeedndtt 6 9t he pdeésniet rle@canaladgnat for

equinnl dos;;a Fqgﬁbxazﬁl%%3méﬁéx¥gggf%éé)Jéﬁggﬁéuﬂ one acetonide at both

25 and

Five measurements were averaged for each time point. IOP
10 measurements were taken at one and two weeks after intravitreal
injection of test compounds.
Baseline IOP in the Brown Norway rats was 18 mm Hg. As shown
in Figure 3 below, one week after injection of fluocinolone
acetonide, IOP increased by 4 mm Hg with 25 pg/eye and 3 mm Hg
15 with 50 pg/eye, respectively. This was maintained after two
weeks (p<0.05). However, injection of compound (1) at 25 or 50
ng/eye equivalent (42.4 and 84.7 ng/eye, respectively) caused
no change in IOP at one or two week time points (Figure 3). In
another experiment seen in Figure 4 below, des-nitro analog of
20 compound (1) at 25 npg/eye equivalent (39.1 ng/eye) and
fluocinolone acetonide (FC) at 25 ng/eye caused increase in IOP

compared to compound (1) at 25 pg/eye equivalent (42.4 ng/eye).

Example F4

25 Evaluation of the efficacy of the compounds on intraocular
pressure, ocular haemodynamics and on retina protection and
evaluation of inflammatory cytokines content in aqueous humor
in an in wvivo endothelin-1 (ET-1) induced ischemia in New
Zealand White rabbits.

30 Test compounds
- Compound (1) of Example 1
- Fluocinolone acetonide (FC): reference compound

Test system and methods



was dosed at 42.4 and 84.7 ng/eye, respectively. The des-nitro anal og of
conpound (1) was dosed at 39.1 ng/eye (equivalent for 25 ng FC) . Control
ani mal s rwoebwad23sehi cl e. Five nmeasurenents were aver agedTiRreooeasss7i i ne
point. |1 OP neasurenents were taken at one and two weeks after intravitreal
injection of test conpounds. Baseline | in the Browmn Norway rats was 18
mm Hg. As shown in Figure 3 bel ow, one Week after injection of fluocinolone
acet oni de, IR nereased by & oy Hao i Lha2R1 ABAEY @8R4 3 W@i@%i\f‘@t 50 5

ng/ eye, respectively. This was nmaintained after two weeks (p<0.05) .
However ,Kg nyectei onedf foonpdundekpyrance2sser Thel arg/neyles eqeivabentded2.i4 and
84.7 nyl/evye, £e§}9ec%i veIt ) caused..no crr1an1{qme riln Ir(;P at opge or t\/vor.vmve%kE tli e
poi nts (FQufe’3§ ~°fn ar?otsr?eerClexlpcer? nent seen i RA°E gure©4 BE oW "2
des- ni t ror eed 0 Hf worpounsnfdimat t25 spbeye equi vakentss3iktiwhey&orand
fl uoci nol one acetonide (FC) at 25 ng/eye caused increase in | OP conpared to
complundRYAY2 &L 25N nyAéy-eNequl v aPht e 420 4oy, 8¢eP luEtanpld FehEvEFEatdion
of the eliifacy ofqthe corpaunds ondMtHAOCUEl PLESPULE:yOGULakice for
haenodynam cs and on retina protection and evaluation of inflammuatory

cyt oki nesheontentof naaguedss dmdrowere aronduvievd epdot hehtmotif&Tid) of

i nduced jschema in w, . : :
ftallan regulation on protection of animals used for

experimental and other scientific purpose (DM 116/1992) as well
10 as with the European Union Regulations (0J of ECL 358/1,
12/12/1986). The rabbits were kept in individual cages, food
and water was provided ad Iibitum. The animals were maintained
on a 12-12 h light/dark cycle in a temperature controlled room
(22°-23°C) .
15 Ischemia model of optic injury was obtained throughout by
injection, twice a week, for 6 weeks, of endothelin-1 (ET-1)
250 nM, 500 pl of sterile saline, into the posterior
vitreous body of both eyes, using a lachrymal cannula, under
general anesthesia produced by tiletamine plus zolazepam
20 (Zoletil 100, 0.05 mg/kg) plus xilazine (Xilor 2%, 0.05 ml/kg)
i.m.

Fluocinolone acetonide (FC) (0.5 mg/eye 1in 100 nul of
vehicle) or Compound (1) (0.5 mg equivalent/eye in 100 ul of
vehicle) were instilled intravitreally (IVT) two weeks after

25 the start of ET-1 treatment (T2), in one eyes, the same volume

of vehicle was instilled in the other eve.

- Intraocular pressure

Intraocular pressure (IOP) was measured twice a using a Tono-
30 Pen XL (Medtronic Solan. USA) as described by Maren’s group

(Exp. Eye Res. (1992) 55: 73-79; Exp. Eye Res. (1993) 57: 67-

78) with a two-point standard pressure measurement. Two

independent investigators (C.U. and R.M.), wusing the same

tonometer performed I0P measurement.



Zeal and Wiite rabbits. Test conpounds - Conmpound (1) of Exanple 1 -

Fl uoci nol one acetonide (FC) : reference conpound Test system and

nmet hods Tweotg1oadedey nmal e New Zeal and Al bi no rabbits wei goirmp2@9858%7Kg wer e
used for the experiments. The animals were divided in two groups for the
specific treatnent chosen. The experingﬂgal procedures were conformto
those of the Association for Research in Vision and Qpht hal nol ogy

Resol ut i 0.t he use ot qaniel s, andy i 0nagr eenentpi{ he the Goed Lahoratory
Practice for the use of animls and were conducted upon authorization of

I taliannetudat itdre oA Opr ottect Nen ofcahinadl silused frarblexper i ABntcali naddnet her

ientifi pose. (DM 116/ 199 | | i th the. Eur i
Regul ot 1018 0 of "L S88] 1 127397 L9867 Th® FabBitS aPe ept iRuced

i ndi vi duadcrcagies, baodrandoy@t £4rpas npirevicded rad td Hiitem £dhecanhgaler-wer e
mai ntai ned on a 12-12 h light/dark cycle in a tenperature controlled room
(22- 230)1ndyerheni @ 9fodel VoY BPt iCIf 18T el BB HEW t hdoughout by
injection, twice a week, for 6 weeks, of endothelin-1 (ET-1) 250 nM 500 ni
of sterile saline, into the posterior vitreous body of both eyes, using a

| achrymal| cannul a, under . .
Table 2: Effect of Fluocinolone acetonide (FC) or compound

(1) vs vehicle on IOP

IOP was taken before daily drug treatment

IOP (mmHG)

Vehicle FC* Vehicle Compound (1)
basal 13.00%+2.83 13.5020.17 | 12.60£2.01 12.70+1.89
ET-1 13.50+0.71 13.00+2.83 | 12.80%+1.55 13.30+1.49

I 14.00%+2.83 15.50+£0.71 | 13.30+1.49 15.30%+0.95
week
IT
14.40+0.71 19.00£0.00 | 13.60%+1.96 15.00%£1.33
week
ITT
15.00%+1.41 19.00£1.41 ] 13.40%+1.51 13.50%£1.08
week
IV
13.50%+1.27 20.80+£0.71 | 14.204£2.15 13.20%+1.23
week
v 13.30+1.77 22.20£0.00 | 14.10£2.064 15.00%2.45
week
VI
13.00%+1.56 21.10£0.00 | 14.80£2.90 15.22+1.09
week

* p<0,001 vs vehicle (N = 10).

10 - Electroretinogram (ERG)
The Electroretinogram (ERG) was performed in Dbasal condition
(TO0), before the start of drug treatment (T2) and at the end of

drug treatment (T6) . Slit lamp and indirect funduscopic



general anesthesia produced by tiletam ne plus zol azepam (Zoletil 100, 0.05
ng/ kg) plus xilazine (Xilor 2% 0.05 m/kg) i .m Fluocinolone acetonide
(FC (0. 5vogbeym2sem 100 ml of vehicle) or Conpound (1) @OTEPR®I/058572

equi valent/eye in 100 m of vehicle) were instilled intravitreally (1VT)
two weeks after the start of ET-I treatJent (T2), in one eyes, the sane

vol ume of vehicle was instilled in the 5&her eye. Intraocul ar pressure

'ntraocu£ﬁ%an§%¥%H§3&é£$5p¥%§oﬂﬁééuéﬁdaﬁwﬂ%9e§ B%EBQeatﬁ%n%t %%n
(Medtronic Sol an. USA) as described by Maren"s group ( . es (1992)

55: 73- 7 inkexds @gmpmﬁﬁma%ﬂm®3q05ﬁea57©r78¢nanDhaaltwoogomﬁwl@@énmamﬁge

pressur asur enent wo_ i ndependent estigators si hg
Phe: san BHomet sy perTbr HEA°T BB 1easr ohERe The 4AES FESOP €A1 MEpAT 3
show thaISlEngI diecatamid  di D notoxpdidns ddiend OR idr New oealeaand Nhidsa ne,
rabbi ts. Fluocinol one acetonide increased intraocular pressure follomkgg

I

ET- | i ndiRstP3)schetfifa, Oft hé'doht rri2 §95t r #0C ultaP igitds s Gt 1fiGiatdwitng
i nduced 4 sehenia yas nof "%&1 g&' i, Compoundo (1), 1pg Réoglh%%r\éeh'a%lqe (N
= 10; - E ectroretlnogran1 The Electroretinogram was performed
in basalsttomthtd oARGs recorded in both eyes using corneal electrodes.
The reference and ground electrodes were made of stainless
steel surgical needles, and were inserted into the ears. The

10 ERG signals were recorded using Retimax (CSO, Florence, Italy).
The dark-adapted scotopic response (rod response) and scotopic
flash response (photopic erg cone), were recorded. Flashes
varied in intensity from -2.50 to + 0.4 log scot cd s/m’. An
average of three separate ERGs was determined for each eye. The

15 amplitude (uV) of a- and b- waves were calculated for each
step. The Dbaseline wvalues were compared to the response
obtained at T2 and at the end of treatment (T6).

ET-1 treatment significantly reduced the amplitude of photopic
erg cone (T2, p<0.05 versus TO and T6 p<0.05 versus TO).

20 Results reported in Table 3 show that eyes treated with
Fluocinolone acetonide (FC) or Compound (1) exhibited
significantly (p<0.05 versus vehicle) less reduction in the ERG
wave amplitude than those treated with wvehicle. Moreover,
Compound (1) was slightly more effective than Fluocinolone

25 acetonide.

Table 3: Effect of compound (1) or fluocinolone acetonide

(FC) vs vehicle on photopic erg cone after ET-1 treatment.

Photopic erg cone (amplitude (uVv))

Basal Vehicle FC Compound (1)

147.41%£7.43 68.85+6.41 136.34£11.98 140.94%£6.22




(TO, before the start of drug treatnent (T2) and at the end of drug
treatnent (T6) . Slit lanp and indirect funduscopi cexam nations were
per f or mredwonoaldi2ayes before the study began. Ani mal s degcwmebeécinsssg2 cor neal
or lens opacity or retinal damage before the study were excluded. Topi cal
anaest hesi a was applied using one drop Q. 2% oxybuprocai ne hydrochl ori de
(Novesi ne, Sandoz) . The eyes were dil ated by topical application of
tropi cam dec{ 1961 adaptied-to dardgness for at |east 2 hours, and standard
ERGs recorded in both eyes using corneal electrodes. The reference and
ground el ectrodes were nade of stainless steel surgical needles, and were
inserted i(?tuch[at hehaearosd TheicEsRG signals were recorded using Retimax (CSQ,
Fl orence, T4 ]5 2THE 5H:'aarIT«ada_pt ed scotopic response (rod response) and
scot opi giddrasdyiasonse (IphotiopiC ekgeCcope)forwete teresdeth Hashes oaried
inintensity from-2.50 to + 0.4 log scot cd s/n2 . An ayera%e of three
sepaPat SERGS adYdeteraii néd! f 6 eaehH éyel Thelakpl i T IUV)EWioRe dd b-
waves waie £al culaied fop19achostens Theabaseht necyal Hesyhl € COMRRIA, O
t he respolnse obt ai n at T2 and at the end o% treatnment (T6) . ET-I fitd
t r eat nentCsl gniifivearitilgea trieduc e fiolre affkilt ude]jeft phot opl'€) er dpo<ione ( The
p<0.05 versus T_.O and T6 p<0.05 versus JO . Results reported in Table 3
show jtha?tae‘@/ufesoér e%flé% Wﬁlﬁ—“ﬁ&&&?ﬁbl e aé on‘?ElesC%]ﬁC)e% mpoufd B
exhibitedreatment (T6). Special attention was devoted to the evaluation
10 of ophthalmic and <ciliary artery circulation. Blood flow
velocities were measured for each vessel and the Pourcelot
Resistance Index (RI) was calculated (Galassi F. et al., Acta
Opht. Scand Suppl. (2000) 37-38).
Data reported in table 4 show that Fluocinolone acetonide
15 significantly increased (p<0.001 versus vehicle) the resistance
index in opthalmic artery indicating a decrease in Dblood
perfusion; this effect was not evident with compound (1)

treatment.

20

Table 4: Effect of Compound (1) or Fluocinolone acetonide
(FC) vs vehicle on ocular haemodinamic evaluated as

resistance index

Resistence Index
Basal After 2 weeks After © weeks
Vehicle 0.46+£0.07 0.44+0.06 0.48+£0.05
FC 0.45+0.0606 0.45+0.0606 0.60+£0.04
Compound (1) 0.432£0.06 0.43+£0.08 0.41+£0.03

* p<0,001 vs vehicle ( N = 10).



significantly (p<0.05 versus vehicle) less reduction in the ERG wave
anplitude than those treated with vehicle. Mreover, Conpound (1) was

sl i ghtly wonelafit®cti ve t han Fl uoci nol one acet oni de. p<0pQ@ErPr@omssdsiel e ( N=!
- Ccul ar haenodynam cs Haenodynam c eval uati ons were perfornmed using an
eco- col ordoppl er DynaView TM Il SSD-17QQ. (Al oka Hol di ng Europe AG Ml an
Italy) . Al aninmals underwent Col or Doppler Imaging (CDI) investigation

before ET-in#1Utd¢ O (FAok RO tAfud N thidodr ug instillation (T2) and
at the end of the drug treatnment (T6) . Special attention was devoted to
t he evalAratéors ohuopht hadmp teandiesid | aryhdreeny fiancubatihonanBtoodr f laow

velocities were neasur.ed f each vessel and the Pourcel.ot Resi.stance | ndex
(B e S ol G s Lo RS Mgy ogReh 808 HOE SR R e R A S 0
37-38). Dady repsyide i n drabl e Linsihow dhadi il uoe Mol anenpaeeioni da ) or
significantly increased (p<0.001 versus vehicle) the resistance index in

opt hal mi el &Y I T afCRGoa 1GEcr €Bskr | @16l 088 petT usTEn; Ot hits SefEet™Swas
ot P anfh) e ameunb s e eeLmahe A o e Bl eciaot ool ()
as The agqueous humor samples were 1immediately frozen at -80°C
until use.
Tumor necrosis factor (TNFa) and interleukin 6 (IL-6) were
10 determined in aqueous humor with a commercial kit wusing an
ELISA method (Amersham Pharmacia Biotech). The minimum
detectable concentrations were 0.10 pg/ml for IL-6 and TNFa. The
interassay coefficient of variation was 0.7% for all assays.
Data reported in table 5 show that ET-1 treatment significantly
15 increased TNFoa, IL-6 and VEGE content in agueous humor samples

and that Compound (1) counteracted these effects more

efficaciously than fluocinolone acetonide (FC).

Table 5: Effects Compound (1) and fluocinolone acetonide
(FC) on TNFo, IL-6 and VEGFE content in agqueous humor.

TNFEo VEGEF ILo

(pg/ml) (pg/ml) (pg/ml)

Basal 0.55+0.44 - 0.67+£0.43
Vehicle 27.00+£4.30 166.76%x4.54 20.47+£2.97
FC 20.76x1.74 114.58+£5.61 16.82%+0.98
Compound (1) 18.934£0.98 105.79+£1.98 15.70+1.73

20 * p<0,001 vs vehicle (N=o0).

- Retina protection: Morphological analysis
The eyes of each animal was enucleated, cornea and crystalline

were removed and the eyes was paraformaldehyde-fixed. Then



resi stance i ndex Resistence |Index Basal After 2 weeks After 6 weeks Vehicle
0 .460.07 0.440.06 0 480 05 FC 0 .450.06 0.450.06 0 600 04 Conpound (D O

. 430. 06 OW02010082567410 03 * p<0, 001 vs vehicle ( N = 10pCTAEPROOIOSSHIAL Or y
cyt oki nes in aqueous hunor Aqueous hunor sanples were w thdrawn from both
anterior and posterior chanber fluids of’ each eye before ET-I

adm ni stratiaon (TO bfor the ad I stratiaon d

f1 uor ociFiot olnees a"(%e%onlCfa (]ef m%t the end r%ft 8gt Sc%ﬁfg)%tra.mon ane
vol ume of5@’al 15fe- agfr-a 0o )nt rmﬂw;ed%\?era)tctolhm tﬂ‘eeatamrﬁn,usthurrayesamtdm
were immediately frozen at -80 OC until use. Tupor necrosis factor iTNFa)

and int éjr-"t"étﬂﬁch EDEPL- BYOWR R et it i &quedtist hdbra hi tf?tl%tlrbo i al

kit using,afpFLESA ﬂf‘éém&ﬁ”%smf&@t ”ﬁ%‘r@eB' ofiged) theTh§a DeSURere
det ect abl e concentrations were 10 pg/ for IL-6 and T . e i nterassay

coef bi cipanta fofi nramitetdded \Nasse)ct?%rﬁ or 8al Iunasstanﬂs:k Dawar e epélttaede'dn tweildihe 5
show thqt %T't treat r£ent signj.ficant lt%/ ncr eas eld TNFa IL 6 alnS re b
content ‘4 fqt?exé’us "hu sanp 6 And At Corrlpeound (w Ccolnt®eracted these
effects dificizing camera applied a light microscope with a 20x and 40x

objective. On the digitized images was performed a
morphological analysis of retinal tissue.

10 The analysis of retinal tissues showed that 1long term ET-1
treatment induced profound morphological dhanges thereby
confirming the functional impairment observed in ERG
measurements. These morphological changes were not equally
present in animals treated with Compound (1), whereas

15 Fluocinolone acetonide was not effective.
Detailed description of drawings

Figure 1la: Measured retinal 1leakage in VEGF-induced rats:
20 control, treated with compound (1) and its corresponding
steroid core, fluocinolone acetonide (FC)
Figure 1b: Resultant percent inhibition of leakage by FC and
compound (1), derived from Figure la
Figure 2a: Measured retinal leakage 1in VEGF-induced rats:
25 control, treated with compound (18) and 1its corresponding
steroid core, triamcinolone acetonide (TAAC)
Figure 2b: Resultant percent inhibition of leakage by compound
(18) and its corresponding steroid core, triamcinolone
acetonide (TAAC), derived from Figure 2a
30 Figure 3: In vivo IOP effects of intravitreally administered
fluocinolone acetonide versus compound (1) in Brown Norway rats
Figure 4: in vivo IOP effects of intravitreally administered
fluocinolone acetonide (FC), compound (1), and des-nitro analog

of compound (1) in Brown Norway rats

SUBSTITUTE SHEET (RULE 26)



ef ficaciously than fluocinol one acetonide (FC) . p<0,001 vs vehicle (N=6)

- Retina protection: Morphol ogi cal analysis The eyes of each ani nal was
enucl eat eatp 20ovmnew7and crystalline were renoved and t hePeyaEP200009583az af

or mal dehyde-f ixed. Thensanpl es were dehydrated wi th increasing al cohol
concentration (50-75 0-95 0-100) . Afte?8 95 al cohol treatnent, the eyes
were divided into two parts following a |longitudinal plain fromcornea to
insertion of optical nerve. Thus the sanples were paraffin-enbedded.
Section 8 mmthick were stained wth dHagmmt oxyl i n-Eosin. M croscopi cal
fields were registered by digitizing camera applied a |light mcroscope with
a 20x and- 40 olsjicapoig., ©h theermlilg ti(Zéd ¢hragesSabs [FaT f dr e Eeo1somer
nor phol Oﬁ}gcglognal ysis of retinal tissue. The analysis of retinal tissues
showed t hat ‘?ong term ET-1 treatnent induced profound norphol ogi cal changes
thereby confirmng the functional inpairnment obsersRd in ERG neasurenents.
These norphol ogi cal changes were not equally pre¥ent in aninals treated

wi th Conpound (1), whereas Fluocinol one acgjoni de was not effective.

Det ai | ed description of drawings Figure la: Wedsured retinal |eakage in
VEGF-induced rats: control, treated with capmpgua® (1) and its corresponding

N 2
CH,
Ry
6
0]
5 R,
(1)
wherein
R; is OH, R, is CHs, or R; and R; taken together are the group
of formula (II)
"'—0><CH3
10 —o
(IT)
R3 is a hydrogen atom or F and Ry is F or Cl,
with the proviso that:
- when R; is OH and R; is CHi3, R; is a hydrogen atom;
15 - when R; and R, taken together are the group of formula
(IT1), Ry is F:
R:;, R;, R3 and R; are linked to the carbon atoms in 17, 16, 6
and 9 of the steroidal structure in position a or f;
R is:
0]
O o’Y
%o
@)
20 “CH,
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steroid core, fluocinolone acetonide (FC) Figure Ib: Resultant percent
i nhibition of |eakage by FC and conpound (1), derived fromFigure la Figure
2a:. Measuweaoroatiesal | eakage in VEG- i nduced rats: cont polr/EPRoceasssd2 wit h
conpound (18) and its corresponding sterqQid core, triantinolone acetonide
(TAAC) Figure 2b: Resultant percent inthition of | eakage by conpound (18)
and its correspondg?gI§teroid core, triantinolone acetonide (TAAC |,

a

derived from Fi gur Figure 3 : In vivo IOP effects of intravitreally

adm ni st ered fbwuoci nol one acet oni de versus conpound (1) in Brown Norway
rats Figure 4 : in vivo |OP effects of intravitreally adm nistered

fl uoci nol one acgét oni de (ﬁ), conpound (1), and des-nitro anal og of conpound
(1) in Brown No ¥ ; d° 1 . A compound of formula (I) or a salt or a
st er eoi soner thefeof rein Ri is OH Ris CH3, or Ri and R taken

toget her are the f formula (I1) (IDRis a hydrogen atomor F and R4
is For d, wth the 3ﬁoviso t hat :

5 wherein
Y is selected from:
1) —-Rs—CH(ONO;) Rg
2) —-Rgs—CH(ONO;) - (CR7Rg) n,—CH (ONO3) Rg
3) —[(CHz)o—X]p— (CH2)q~CH (ONO2) Re
10 4) —[(CHz)o~ (X)]p= (CHz) q—CH (ONO2) - (CR7Rg) n—CH (ONO2) Ro
wherein
Rs is a straight or branched C;-Cjp alkylene;
R¢ is H or a straight or branched C;-Cqs alkyl;
Ry and Rg at each occurrence are independently H or a
15 straight or branched C;-Cg alkyl;
Ry 1is H or a straight or branched C;-C¢ alkyl;
n is an integer from 0 to 6;
0 is an integer from 1 to 6;
is an integer from 1 to 6;

20 is an integer from 0 to 6;

woQ 'O

is 0, S or NRjp wherein Ryp is H or a C,-C, alkyl; preferably
X is O;

excluding the compounds of formula (I) wherein R; and R
taken together are the group of formula (II)

—O0,  cH

X

_ CH
25 0

3

3
(I1)
Ry is F and R3 is a hydrogen atom, and R is the compound of

formula (III) wherein and Y is -Rs-CH(ONO;)R¢ and Rg is H.
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- when Ri is OHand R2 is CH3, R3 is a hydrogen atom - when Ri and R2
taken together are the group of fornmula (Il) , Ris F; i 2r R3 and R4 are
| i nked t owOhlelogEeisEoN atons in 17, 16, 6 and 9 of the st @COEFa0IHFSSAZL Ure in
position a or b; Ris:(lIlIl) or (I1V) wherein Y is selected from 1)
-R5-CH(ONO 2)R5 2 ) -R5-CH(ONO 2)-(CR 78&) n-CH(ONO 2)R9 3 ) - [(CH2)o- X
1p- (CH2)g-CH( ONO 2)R9 4 ) - [(CH2) - (X )]p-(CH2)g-CH (ONQ2) - (CR 7R8) n- CH
(ONO2) RO wherein R5 is a straight or branched G -C 0 alkylene; R6 is Hor a
strai ght2 or AramghrtC adddaliky t Relanc RS valeredeh RQCEBr FENBE Bs eF,
independentl% H or _a straight or branched G -Ce alkyl, RO is Hor a

strai ght or Br aRehBd ©GkeB PESTRCH #%© ahNF ndeer ?goﬁﬁ@“‘t‘%anIb is an

integer from 1 R0 6r; and R, are linked to the carbon atoms in 17, 16, 6

5 and 9 of the steroidal structure in position o.

3. A compound according to claim 2 wherein Y is:
1) -Rs—CH(ONO3) Rg
wherein Rs is a straight C;-Cs alkylene and Re¢ is H or -CHj;
10 or
2) -Rs-CH(ONO;) - (CR7Rg) n,—~CH(ONO,)} Ry wherein
R; is a straight C;-C¢ alkylene, Ry is H, R; and Rg at each
occurrence are independently H or CH; and
n is 0 or 1;
15 or
3) —[(CHp)o-X]p— (CHz) o~CH (ONOz) Ry wherein
Rg is H,
o is an integer from 2 to 4,
p is an integer from 1 to 4,
20 q is from 0 to 4 and X is O;
4. A compound according to claim 1 wherein R; and R; taken
together are the group of formula (II),
R; is F and R; is a hydrogen atom and
25 R;, Rz, R; and Ry are linked to the carbon atoms in 17, 16, 6

and 9 of the steroidal structure in position «o.

5. A compound according to claim 4 wherein Y is:
1) -Rs—CH(ONO;) R
30 wherein Rs is a straight C;-C¢ alkylene and Re¢ is -CH;;
or
2) -Rs-CH(ONO;) - (CRyRg) ,—CH (ONO;) Rg wherein
Rs is a straight C;-C¢ alkylene, Rg is H,

R; and Rg at each occurrence are independently H or CHj,
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pis an integer froml to 6 ; qis an integer fromOto 6 ; Xi s 0, S or
NRio wherein R 0i s Hor a Cl- C4 alkyl ; preferably Xi s 0 ; excluding
t he conpowodsioafizfeer mul a (1) wherein Ri and R2 taken t @egetires0sasss7t he
group of fornmula (Il) R4 is F and R3 is a hydrogen atom and Ris the
conpound of formula (111) wherein and Y¥s -R5-CH(ONO 2)R6 and R6 is H .2 .
A conpound acc.orcgn to claiml wherein Ris F, Ris F, Ri and R taken
toget her ar @' thie GrBugof formula (11) R, R2, Rand R4 are linked to the
carbon atonggdn 17, 16, 6 and 9 of the steroidal structure in position a. 3
. A conpound according to claim2 wherein Yis: 1) -R5-CH(ONO 2)R6 wherein
R5 is a stratlghtl GHoC6 4] kylEhe«afd (P B4 yhexefs; or 2 ) - R5- CH(ONO
2)-(CR 7Rs) - GH(ENO 2) R9 wherein R5 is a straight G-Cg alkylene, Ris H,
R7 and R at €ach oécurrence are i ndependently Hor CH3 and nis 0 or 1 ; or
3 ) 5[(CH2)OD] pn (ICHD)gprCH{XANO 2)tRg 4vherein RO is H ,

p is an integer from 1 to 4,

g is from 0 to 4 and X is O.

6. A compound according to claim 1 wherein
10 R; is OH, R, is CHi3, Rz is a hydrogen atom, Ry is F, and
R; and Ry are linked to the carbon atoms 17 and 9 of the
steroidal structure in position o, R, 1is 1linked to the

carbon atom 16 of the steroidal structure in position B.

15 7. A compound according to claim 6 wherein Y is:
1) -Rs—CH (ONO;) Rg
wherein Rs is a straight C;-Cs alkylene and Rg¢ is H or -CHj;
or
2) =Rs—CH(ONO,) - (CR7Rg) ,—CH (ONO,) Rg wherein
20 Rs 1s a straight C;~Cg¢ alkylene and Rg is H;
R; and Rg at each occurrence are independently H or CHj;

n is 0 or 1;

or
3) —[(CHjz)o—X]p—(CHz) q—CH(ONO2) Ry wherein
25 Rg is H,

o i1s an integer from 2 to 4,
p i1s an integer from 1 to 4,

q is from 0 to 4 and X is O.

30 8. A compound according to claim 1 wherein
R; is OH, R, is CH3, Rz is a hydrogen atom and Rq is C1;
R; and Ry are linked to the carbon atoms 17 and 9 of the
steroidal structure in position «, R, 1is linked to the

carbon atom 16 of the steroidal structure in position B.
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ois an integer from2 to 4, pis an integer fromlto 4, qis fromO to
4 and Xis 0 ; 4 . A conpound according to claiml1l wherein Ri and R taken
t oget her woeotda2group of formula (11), Ris F and R3 i PCAU/Hrg@0OsSM2 at om
and R, R2, R3 and R are linked to the carbon atons in 17, 16, 6 and 9 of
the steroidal structure in position a. 5% A conpound according to claim4
wherein Yis: 1) -R5-CH(ONO 2)R6 wherein R5 is a straight G -C6 al kyl ene
and Ris -CH3; or 2 ) -R5-CH(ONO 2)- (CR7Rs) n-CH(ONO 2)R9 wherein Ris a
strai ght @ .- Caakkybenad RcbsrHingRtand1Rifm a8t waaghiaccurrence are
i ndependently Hor CH3,ni s O or 1, or 3 ) - [(CH)o0-X P- (CH2)qg-CH
(ONO2) RO wher&i AaSR9 is H, ois an integer from2 to 4 , p is an integer
from1lto 4 , is f tt\, 4 and Xis O. 6 . A conpound according to
claim1 wher EIlﬂ RoLERToMod %, w °

5 wherein Rs is a straight C;-Ce¢ alkylene and Rg is H or -CHj;

or
2) -R5-CH(ONO;) - (CR7Rg) n—CH{ONO;) Ry wherein
Rs is a straight C;-C¢ alkylene and Rg is H;
R; and Rg at each occurrence are independently H or CHs;
10 n is 0 or 1;
or
3) —[(CHz)o-X]p— (CHz) q—CH(ONO;) Ry wherein
Ry is H,
o is an integer from 2 to 4,
15 p is an integer from 1 to 4,

q is from 0 to 4 and X is O;

10. A compound according to claim 1 selected from:

20
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Rl is OH R2is CH3, R3is a hydrogen atom R4 is F, and Ri and R are

| inked to the carbon atons 17 and 9 of the steroidal structure in position
a, R2 is Workedi1es7t he carbon atom 16 of the steroidal $CTEPRAOOSISM2
position b . 7 . A conpound according to claim6 wherein Y is: 1)
-R5-CH(O\IO 2)R6 wherein R5 i s a straight3C - C alkylene and Ri s H or
-CH3; or - R5- CH((%\Io 2)-(CR7Ra) n-CH(ONO 2)R9 wherein R5 is a straight C
| - C al kyl ene and R9 H; R7 and R at each occurrence are independently H
or CH3; nis Oor 1 ; or 3)M CH2p - X ]P-(CH2)g- CH (ONO2) R9 wherein R9
is H, ois an integer from2 L@J is an |nteger fromlto4, qis
fromO to 4 and Xis O . oun orlhgtoclalmlwherelanis
OH R2is CH3, R3is a atomandR4| o®,; Ri and R4 are linked to
t he carbon atons 17 [ iti [
i nked to the

N
07\ ono,

(6) (7)
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carbon atom 16 of the steroidal structure in position b .A conpound
according to claim8 wherein Yis 1) -R5-CH(ONO 2)R6 wherein R5 is a
strai ght wWD-2@04l1k367ene and R6 is Hor -CH 3; or 2 ) -RSPCHERNDIAFSS(LR 7Re)
n- CH(ONO 2) R9 wherein R5 is a straight CG-C alkylene and Rg is H; R7 and
R at each occurrence are independently H®r CH3; nis O or 1 ; or 3 ) -
[(CH2) -X ]P- (CH2Jg-CH(ONO 2)R9 wherein RO is H, 0 is an integer f&gn12

to 4, pis an integer fromlto 4, q is®™¥omO0O to 4 and X is O ; A
conpound according to claim1 selected ffom( 2 ; ( 4 ; ( 6) ( 7 ;:' ~go: .
i) i 2)y (13;(15) (17 : 11. conpound according to any e of
clains 1 to 10 for use as nedi cagjrent—. 12. A conpound accordi ng tg—any one
of clains 1 to 10 for use in ° °
F F
ONO,
ONO,
(o]
OH
5
ONO,
ONO,
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the treatnment of inflammtory di seases. 13. A conpound according to any one
of claimse 1 to 10 for use in the treatnent of ocul ar di seases. 14. A
conmpound wocorodiiegs7t o cl ai m 13 wherei n ocul ar di seases POTIEPA@IMNSHEDEL | C
macul ar edenma, diabetic retinopathy, nmacul ar degeneration, age-related
macul ar degeneration and other diseases 8% retina and macula lutea. 15. Use
of a conpound according to any.gne of claims 1 to 10 for the preparation of

a nedi canent for the treatnent ofi=hofljammatory di seases. 16. Use of a

conpound according to any one @ikZiﬁT%@ to 1@ndor the preparation of a

medi canent for the treat ment,of ocul ar a?éﬁﬁ&w%%. 17 . Pharmaceutica

conposi tion conprising a®bharnmexeutically effective ampbunt of at least a
: laims 1 to 10 and ophthal mically acceptable

or intravitreal or periorbital

adm ni stration. 18 vdceuti cal conposition according to claim17 for

use in the treat i nfl ammatory di seases. 19. Pharnaceuti cal

conposition acording to claim 17 for use in the treatnment of ocul ar

di seases. F

excipients in a sui

(14)

2

10 11. A compound according to any one of claims 1 to 10 for use as

medicament.
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20. A conpound of forrmula (I) or a salt or a stereoisoner thereoffor use in
the treatnment of ocul ar diseases, wherein in formula (1) Ri and R2 taken

t oget her woeotoa2ggroup of forrmula (I1] (H R3 is a hydregempratonsssRt is F ,
Ri, RR and R4 are linked to the carbon atons in 17, 16 and of the steroidal
structure in position a; Ris: (IIl) Yis -R5-CH(ONO 2)R6 and R6 is H . 21.

A conpousnd ;ac i t | ; i i S inel iabetic
macul arij%dep@ mﬁco%&%égg% iagcc(raerfdllrr? gr’t%er{fmdgluﬁoa(‘.#g %lg%rﬁ Zit ie%n,lrtggfejcgfelfga%te&ﬁ{
macul ar degéreratdaomeartd aff hierf ldirseasesy afigestdsgam and macul a | utea. 22. The
compound according to clains 20 or 21 of formula (18) (is: 23.

Phar maceutical conposition conprising a pharmaceutically effective anount

of at |easty asmotndfod#di2Umy s a aphithal mcally recapable
excipients in a suitable formTor intravitreal or periorbital

adnidni st r attiteh. t reAtiEy i anyd el EoiRRs a4 on according to claim 23 for
use in the treatnment of ocul ar di seases.

14. A compound according to claim 13 wherein ocular diseases
include diabetic macular edema, diabetic retinopathy,
macular degeneration, age-related macular degeneration and

10 other diseases of retina and macula lutea.

15. Use of a compound according to any one of claims 1 to 10 for
the preparation of a medicament for the treatment of
inflammatory diseases.

15

16. Use of a compound according to any one of claims 1 to 10 for

the preparation of a medicament for the treatment of ocular

diseases.

20 17. Pharmaceutical composition comprising a pharmaceutically
effective amount of at least a compound according to any of

claims 1 to 10 and ophthalmically acceptable excipients in a

suitable form for intravitreal or periorbital
administration.
25
18. Pharmaceutical composition according to claim 17 for use in
the treatment of inflammatory diseases.
19. Pharmaceutical composition according to claim 17 for use in
30 the treatment of ocular diseases.

20. A compound of formula (I) or a salt or a stereoisomer

thereof
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for use in the treatment of ocular diseases,
wherein in formula (I)
5 R; and R, taken together are the group of formula (II)
“_—é><:CH3
—0 CH,
(I1)
R; is a hydrogen atom, Rgq is F,

Ry, R, and R; are linked to the carbon atoms in 17, 16 and 9

10 of the steroidal structure in position o;
R is:
0]
O Q’Y
o
O\CH3
(III)

Y is -Rs-CH(ONO;)R¢ and Rg is H.

15
21. A compound according to claim 20 wherein ocular diseases
" include diabetic macular edema, diabetic retinopathy,
macular degeneration, age-related macular degeneration and
other diseases of retina and macula lutea.
20
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22. The compound according to claims 20 or 21 of formula (18)

23.

24.

ONO,

Pharmaceutical composition comprising a pharmaceutically
effective amount of at least a compound of claims 20 or 22
and ophthalmically acceptable excipients in a suitable form

for intravitreal or periorbital administration.

Pharmaceutical composition according to claim 23 for use in

the treatment of ocular diseases.
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