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PROSTAGLANDI N NI TROOXYDERI VATI VES 5 The present
invention relates to new prostagl andi n derivatives.

wopms/opsaet i cul arly, the present invention rel aPEFEPI®04/014820

prostagl andi n ni trooxyderivatives, pharmaceutica
conpositions containing themand their use as drugs
for treating glaucoma and ocul ar hypertension. 10

d auconm i s opti€R%%V@EN%HW&§@?°8¥%§WIﬂ??XE?ated with
i ncreased intraocul ar pressure (10OP), that leads to
progressive, irreversible loss of vision. . A nobst 3
mllion people in the United States and 14 mllion
peopl e worl dwi de have glaucoma; this is the third 15
| eadi ng cause of blindness worl dw de. G aucoma occurs

when @ | alange ihveneddet | @alandsdraonagew ofpfdatiaylandin
in the eye (agqueous hunor) increases eye pressure to ,
weidiatiyveevel Moret PITkAGWARERYL eltBfat &F 9SO tcanthEention

%euia%%. 20 pﬁroti al | yg?8‘§£5ﬁh§5§gi§y admﬁ c%).k%rivatives,
gs ich either reduce the production of aqueous
hatrermadddtiicd heceyposttions containing them and their use
as drugs for treating glaucoma and ocular hypertension.

Glaucoma‘is optic nerve damage} often associated with
increased intraocular pressure (IOP), that leads to
progressive, irreversible loss of vision.

. Almost 3 million people in the United States and 14
million people wprldwide have glaucoma; this 1s the third
leading cause of blindness worldwide.

Glaucoma occurs when an imbalance in production and
drainage of fluid in the eye (aqueous humor) increases eye
pressure to unhealthy levels.

It is known that elevated IOP can be at least
partially controlled by administering drugs which either
reduce the production of aqueous humor within the eye or
increase  the fluid drainage, such as beta—blockers, o-
agonists;  ~ cholinergic agents, éarbonié | anhYdrase
inhibitors, dr prostaglandiﬁ analogs.

Several side effects are associated with the drugs
conventionally used to treat glaucoma.

Topical Dbeta-blockers show serious pulmonary side
effects, depression, fatigue,- éonfusion, impotence, hair
loss, heart failure and bradycardia. '

" Topical oa-agonists have‘ é. féiriy high incidence of
allergic .or toxic reactions; topical cholinergic agents

(miotics) can cause visual side effects.
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i ncrease the fluid drainage, such as beta -bl ockers,
a- agonists, cholinergic agents, carbonic anhydrase

WO pivslos840r s, or prostagl andin anal ogs. 25 . SeRE€T/AP2004/014820

side effects are associated with the drugs
conventionally used to treat gI aucoma. . Topi cal

bet a- bl ocker s show seri ous ry. side effect
depresT§ieon S¥3g i gfélect éonfaﬁssii aﬁ%@pot‘éﬁ&}% f&r ﬁ‘ carbonic

éﬂ‘ﬁﬁ}{df‘é%aé tlrfkﬁﬂlbgo?csarhqnﬁlﬁfg’cﬁiﬁg%e 3QnkoRicad, atepression,

sts have a fairly high inci dence of aIIerglc or
tpame;strl"maa)wstd tmmlelﬁﬂﬂﬁ%@ @@g@rmasll(ﬁﬁﬁﬁ i Q:ste Merck

oA ey Satjgﬁll osfjlzﬁdeacna ngﬁltrgap% ase meﬂcr%)%fdltlon' e

Im,féfo!ed%d‘oatﬂ gl&rm@rﬁm(ma:rsi,em@s.smn Chparigst)hesi as
and serum_ el ectrolyte abnornalities (The l\/brck Manual

of Di dgFedilyrand THE apy, toRhHk eenttF Biag ndi . yanalogs
Bﬁ’%‘%% C, Beri Fﬁ%gtor ra%%brd%t Gha ]xﬂg‘)prostone used

e toplc prost’agl'andi'n anal ogs
(dhi mehepr bstathahanopf osilatganepr csin apdodnopr ostehey side
%S%étns ,t hs%ctlrlr %ast rg.ennc} reoaf segci apulcg?nneaﬁt a1 oL ofj Y olcrull sa,r ocular
irritation, conjunctival hyperaemia, iritis, uveitisa and
macular oedema (Martindale, Thirty-third edition, p. 1445)

U.S. Pat. No. 3,922,293 describes monocarboxyacylates

of prostaglandins F-type and theirA15B isomers, at the C-9
position, and processes for preparing them; U.S. Pat. No.
6,417,228 discloses 13-aza prostaglandins having functional
PGFyy receptor agoﬁist activity and their use in treéting
glaucoma and ocular hypertension.

WO 90/02553 -discloses the use of prostaglandins
derivatives of PGA, PGB, PGE and PGF, in which the omega
chain contains a ring structure, for the treatment of
glaucoma or ocular hypertension.

Wo 00/51978 describes = novel nitrosated and/or
‘nitrosylated prostaglandins, - in ~particular  novel
derivatives of PGE;, novel compositions and their use for
treating sexual dysfunctions.

U.S.- Pat. No. 5,625,083 "  discloses: dinitroglycerol
esters of prostaglandins which may be used as vasodilators,
antihypertensive cardiovascular égents~or bronchodilators.

U.S. Pat. No. 6,211,233 discloses compounds of the

"general formula A-X3-NOz, wherein A contain'sj ‘a

~prostaglandin residue, .in partlcular PGEl, and X1+ is &

bivalent connecting bridge; .-and thelr ‘use for- treating

impotence.
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effects, such as increased pignmentation of the iris,
ocular irritation, conjunctival hyperaema, iritis,

wa@shes2and nacul ar oedema (Martindal e, ThirtReT/BP20d4/014820

edition, p . 1.445) U S. Pat. No. 3,922,293 describes

_ nonocar boxyacyl at es of prostaglandins F- type and

their_ 15b isoners, at the C 9 position, and processes
for prepdr iafy qbfﬂéﬁt Q1S thea PraREN e PVE APt FF$Rs de new
Lor 1323 KRS tagl l%\ﬁlrl% fand ialoAGF 2A eliminate or

receptor agoni st actl |ty and their use in‘treatin
gltauteaatancedeag archieypeidensiiectiaD 96s02383ed with these

d| scl ose e .use, of rosta Iandl ns derl
S b Fr Landins gerivat] ves.0f. co1ogi cal

5§a ¢

%Qﬂ:tlaﬂlpc%/ a rd 'FﬁasStHé&"I LHLﬁcprleflridlLej tﬂcﬂ.ﬁidTBjHawfprostaglandln
gl aucoma or ocul ar hypertension. V\D 00/.51978 descrj bes
ﬁmodﬂnlrv@éfdtveﬁf aﬁ@/‘@r A t rsdé?ﬁ IdieRrpriost dgieaniiess, overall

tl ClELDJ s 33 d dq_fd \{,l l;ﬂf lancﬁqw_ﬁelboth in terms

eir use g sexua

st ungtdens. -leSnaeoJRajlce[\b. 5,a6:25v(i$& di sehdses atihanced
'QQE%;QQQ??{Q In particular, 1t has been recognized that
the prostaglandin nitroderivatives of the present invention
can be employed for treating glaucoma and ocular
hypertension. The compounds of the present invention are
indicated for the reduction of intraocular pressure in
patients with open-angle glaucoma or with chronic angle-

closure glaucoma who underwent peripheral iridotomy or

‘laser iridoplasty.

An object of the present invention 1s, therefore,
prostaglandin nitroderivatives of general formula (I) and

pharmaceutically acceptable salts or stereoisomers thereof

R-X~Y-ONO;
(1)

wherein R is the prostaglandin’residue of fo;mula (II):
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esters of prostagl andins which may be used as
vasodi |l ators, antihypertensive cardi ovascul ar agents

woeroosioessehodi | ators . U S. Pat. No. 6,211, 233 POCFEPZI€614820

conmpounds of the general forrmula A - Xi-NO 2, wherein

A contains a - -prostaglandin residue, .in particular

.PGE i, and Xi - is a bivalent connecting bridge; .and

their use for treating inpotence.lt is an object of
Jyiesent invention to provide new derivatives of

prostagl andins able not only to elimnate or at |east

ridchuceyntldvel si-te e s So @ it WanHl tdiege double bond;

onpounds, .bu | so .t.o p ess. ' oved
é:hmc%éocdti%c%f%o&r& IS y{.)O%I%IO élénbdefezﬂf%su'r prisingly
found that prostaglandin nitroderivatives have a
significantly inproved overall profile as conpared to
native prostaglandins both in term&Fef -wider
pharmacol- Ef'acact ivity and e ced tolerability.
l-n particufar, hag beem 1&co ed that the

_prostagl andi n nitroderivatives of the’present

i nventi on can be enpl oyed for treabing gl aucoma and
ocul ar

- —EE)TCH, o

X is -0-, =-S- or -NH-;
Y is a bivalent radical having the following meaning:

a)

- straight or branched C;-Cy alkylene, preferably Ci-Cio,
being optionally substituted with one or more of the
substituents selected ‘fronl the group consisting of:
halogen atoms, hydroxy, -ONO; or T, wherein T is
—0C (0) (C1-C1p alkyl)=ONO; or —0(Cy-Cig alkyl)-ONOz;

- cycloalkylene with 5 to 7 carbon atoms into
.cycloalkylene ring, the ring being optionally
substituted with side chains Ti, wherein T; is

straight‘or branched C;-Cip alkyl, preferably CHs;

AN

| JCH);

_(CHZ n
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hypertensi on. The conpounds of the present invention
are indicated for the reduction of intraocular

w@e@sses4el i n patients with open - angl e gl aucoPET/BP2004/014820

with chronic angle - closure glaucoma who underwent
peri pheral iridotony or |aser iridoplasty. An object

of the present invention is, therefqre, prostaglandin
whereder invats Vs bfﬁt%‘é%r%WIflan%PagPr) s Is an Integer

rmceut i-gal | y acceptable salts or stereoisoners
&Eg?eof%é- EE)Y-CNO 2 (D. wherein Ris the

prdyst agl andin residue o.fformula (I1):wherein the
synbol represents a single bond or a double bond; L is.

sel ected fromthe foll groups: Xis - 0-, - S
or -NH; Y is a bival +cX|, a@-ng the foll ow ng
meani ng: a ) - straight ranched Cl-C20 al kyl ene,

preferably Cl-Cl10, being opt{(@J2ly substituted with
one or nore of the . R

wherein ‘

X; = -0CO- or -COO- and R® is H or CHs;

Z is —(CH)nL-or the bivalent radical defined above under b)
n! is as defined above and n? is an integer from 0 to 2;

e)

Qe ivE—

(OR?), 2

wherein:

vl is —CH,-CHgy- (CHp)p?—; or —CH=CH- (CHg)np*~;

Z 1is —(CH)J} or the bivalent radical defined above under b)

nl, nz,R2 and X; are as defined above;
)
2 Rzo
o~ (¢H2)n1

NHR3
wherein:
nland R? aré as defined above, R® is H or -COCHs;
with the proviso that when Y is selected from the bivalent
radicals mentioned under b)-f), the terminél —Oszgroup is
bound to - (CHz)n';
g)
f—(iH-CHé-XZ)FQH—CHr

2 : : 2
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substituents selected fromthe group consisting of:
hal ogen atons, hydroxy, - ONO 2 or T, wherein Tis -

w6 - C10 al kyl )-ONO 2 or - O(C i-C 0 al kpCI/EP200MD4820

2; - cycloalkylene with 5 to 7 carbon atons into
.cycl oal kyl ene ring, the ring being optionally
substituted with side chaips Ti, wherein Ti is
strai ght or branched Cl- 0 aIkyI eferably CH3; b
) c)wherein n is an_i t ZQ* and nl is an
integer from1 to 20; ?gﬁg %%5%2?%9% I{ - or -
COO - and RRis Hor CH3; Zis - (CHn 1 - or t he
bivalent radi cal defined above under b ) nl is as

2&%%% %PO & angd_ n%ris—§n,iﬂteggreﬁfoﬂhgeégrszo%.h_ to. 6,
preferably from 1 to 4, R? is as defined above;

n)

R4 1|15
[CII] Z Y—[C] 3
Lok

wherein:

n* is an integer from 0 to 10;

n® is an integer from 1 to 10; '

R, R°, RS, R’ ére the same or different, and are H or
straight or branched Ci-C; alkyl, preferably R4, R®, RS, R’
are H; '

wherein the -ONO; group is linked to

|
—Ie1 ,

wherein n® is as defined above;

¥? is an heterocyclic saturated, unsaturated or aromatic 5

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

and is selected from

o TP

vy (x2) (Y3) (Y4) (Y5)
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Yi- X1t - wherein: Yl is - CH2-CH 2- (CH2) 2- ; or
- CH=CH (CH2)n 2- ; Zis - (CHNn 1 - or the bivalent

wo agsoed42tdef i ned above under b ) nl, n2, R2 andPOI/EPZN€014820

as defined above; f) NHR 3 wherein: nl and R2 a-re as
defined above, R3is Hor -COCH 3; with the proviso
that when Y is sel ected fromthg bi val ent radicals

nmenti oned under b -f) th 2 gr [

bo Chﬁ%

r ] i s an i er
fr .

H
(Y6) (Y7) (Ys) (Y9) (Y10)
H
o L
N \\zg;;
H H
(Y11) (Y12) (Y13)

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

The term “C;-Ci9 alkyl” as wused herein refers to
branched or straight chain alkyl groups comprising one to
ten carbon atoms, including methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, t-butyl, pentyl, hexyl, octyl
and the like. '

The term “cycloalkylene” as used herein refers to ring
having from 5 to 7 carbon atoms "in¢luding, but not limited
to, cyclopentylene, cyclohexylene obtionally substituted
with side chains such as straight or branched (C1=Cig) -
alkyl, preferably CHs., V | o

‘The term “heterocyclic” as used herein refers to

‘saturated, unsaturated or aromatic 5 or 6 members ring,

containing one or more heteroatoms selected from nitrogen,
oxygen, sulphur, such as for exémple pyridine, pyraiine,
pyrimidine, pyrrolidine, 'morpholine, imidazole and ﬁhe

like.
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preferably from1l to 4, R2 is as defined above; h ) R4
R5 [C]--TY2 [C] R6 R7 wherein: n4 is an integer fromO

WO 008068426 i s an integer from1l to 10; R4, R5, PROEERN04/014820

are the sanme or different, and are H or straight or
bra’ﬂched C-CA4 alkyl, preferably R4, R5, R5, R7 are H

; erein the - ONO 2 gro is, linked to wherein n5.is

as defFned@tabéde; 292vFs aﬁg)%etjer%%’?/%}?% s%ﬁ%ruadeesd, also  the
UASALULALE] 1 13 OBRLLGLAR0E 6 SERIRCT Bff | RGle  compounds  of
ontaining one or nore”heteroatons selected from
iotcmoden, ( TOX pgeh steukebdsongsd itdegelodot ed fronO -

Examples of pharmaceutically accepfable "salts are
either those with inorganic bases, such as sodium,
potassium, calcium and aluminium hydroxides, or with
organic bases, such as lysine, arginine, triethylamine;
dibenzylamine, piperidine and other acceptable organic
amines.

The. compounds according to the present invention, when
they contain in the molecule one salifiable nitrogen atom,
can be transformed into the corresponding salts by reaction
in an organic solvent such as acetbnitrile, tetrahydrofuran
with the corresponding organic or inorganic acids. '

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

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

diastereomers mixtures, enantiomer racemic mixtures,

.. .racemates or racemate mixtures. Within the scope of the - -

invention are also all the possible isomers, stereoisomers

and  their mixtures of the compounds of formula (I),

. including mixtures enriched in a particular isomer.
. Preferred compounds of formula (I) are those wherein R, L,

.. X are . as defined in claim 1.and Y is a bivalent radical

having the following meaning:
a)
- . straight or branched Ci;-Czy alkylene, being-optionally

substituted with one or more of the substituents



11 r (Y6) (Y7) (Y8 (Y9 (YITO Hi N, NHHI
(YI'l) (Y12) (Y13) The term Cl-C20 al kyl ene" as used

wheoosiosB4eef ers to branched or strai ght chai n QiCT/ER04/014820
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hydr ocar bon, preferably having from1 to 10 carbon

atonms such as nethyl ene, ethylene, propyl ene,

I sopropyl ene, . n-buty| ene entyl ene, .n- hexyl ene and

the | 19ALCCHAE { SO CEDS CHBORPIYPR 48 H188d Ger diFrosen atoms,
ref er s, Jp-Brpnchegh 0l St aiv@lt-eghaimn ial Kyl groups

conprising one to ten carbon atons, including rrethb?ll,

et hyl ,—0¢ Ho(Ba-C1é @3pydpyPNOn- ot yP (Ci<abialiyl) ~ONOz;

t-butyl, pentyl, hexyl, octyl and the like., The term .

"cycl o%\f‘?gﬂagr%ﬁied%e usé’&tﬁer e‘éf n r&erd t SHWG ha\‘—’}i%ﬁas' into

from & ¢&1 Ja ey haie at aftag,ncl geeng, rbdly Nobeihdi t esbtionally
substituted with side chains T;, wherein T; 1is

straight or branched C;-Cigo alkyl;

b)
A
| _ (CHz)m
——(CH,Y,
c)
A
| (CH,).
—(CH,%, COOH

wherein n is an integer from 0 to 20, and n' is an integer
from 1 to 20;
d)

N .
@ X, —(CHy),—

(OR?)

wherein:

n' is as defined above and n? is an integer from 0 to 2;

X, = -0CO- or —CO0O- and R® is H or CHs; -
e)
v
- (OR%) > -
wherein:

nt, n2,R2 and X; are as defined above;



to, cyclopentyl ene, cycl ohexylene optionally
substituted with side chains such as straight or
whe@sobsadl (Cl- C10)- al kyl, preferably CH3 . TPET/ERI003/014820
"heterocyclic" as used herein refers to saturated,
unsaturated or aromatic 5 or 6 menbers ring,
cqntaining one or nore heteroatoms selected from
Nt A8geRHzdBagerr sl ((daen ds for exanpl e
pydi di ne, pyrazine, pyrindine, pyrrolidine,
/m;r pholine, imdazole and the |ike.As stated above,
the invention includgs abg the pharitiaceutically -
accept abl e salts of ound %f—&ﬁml a (1) and
stereoi soners therea# nmp @'{39{: armaceutically
acceptable salts are either those with inorganic
bases, such as sodium p sium cal ci um and
al um ni um hydr oxi des, or h organi c bases, such as
lWwdmen-arginine, triethylamne, dibenzylam ne,
piperi g}gpe and ot her acceptable grganic amnes. . The
FONPRENG's A ardidRf e d P Preséht 1enteREi ohOHAEN

with the proviso that when Y is selected from the bivalent

radicals mentioned under b)-f), the —-ONO; group is bound to
- (CHz)n';
g)

—-(E—I—CHZ-XZ);a— CH-CH;—

2 2
10 >

R2
| R’

—(CH,-CH-X,) 5 CH,-CH—

wherein X, is -0O- or -S-, n® is an integer from 1 to 6 and

15 R? is as defined above;

h)
R4 I|<5
[Cla—Y*—IC] 3
‘RS R
.whereihf

20 n® is an integer from 0 to 10;
n® is an integer from 1 to 10; )
R4, "Ri‘ Rﬂ R’ are the same or different, and are H or
straight or branched C;-C4 alkyl;
wherein the -ONO; group is linked to

10



they contain in the nolecule one salifiable nitrogen
atom can be transfornmed into the corresponding salts
whoos®es3ei on i n an organi c solvent such as PCT/EP2004/014820
acetonitrile, tetrahydrofuran with the correspondi ng
organi c or inorganic acids. Exanples of organic acids
are: oxalic, tartaric, maleic, succinic, citric acids.
Exanpl es of .inorganic acids ark: nitric, hydrochloric,
sul phuric, phosphoric acids—a]ts with nitric acid
are preferred. The conpounds of the invention which
. have one or nore asymmetric carbon atons can exi st as
opidredld ynpls eaendemf imedrsboypar e di ast ereomers,
enantioners m xtures, diastereoners m

Shaei Gor TSR M T E4Ee ramenireet B Falefit gromatic 5.

Xt Y eSenMELDi Netdle, SCRRR LOMmitde bAENbrOMm@Fe aet®roatoms
all the possible .isomers, stereoisoners and their
5 meltantesl dfrarhe nddmpeEeids RYSUISALEWE, i ncl udi ng

m_xt ures enri.ch in a particular isomer. Preferred
Eb s T T i

ormula (1) are. those wherein R L, . X
are .as defined inclaiml .and Y is-a biyalent
r adi cal H N
: N .
> 3 J ¢y
AN . — ~N
p/ Z
o H | N
(Y1) (Y2) (Y3) (Y4) (Y5)

~ N N
10 (Y6) (Y7) (Y8) (Y9) (Y10)
H
N
H H |

. Preferred compounds of formula (I) are those wherein

the prostaglandin residue R is selected from tﬁe' group’
15 - consisting of latanoprost, travoprost, unoprostone and

cloprostenol, preferably R is latanoprost. '

X is preferabiy -0- or —-S-; ‘

A preferred group of compounds of general formula (I) are

those. wherein Y is a bivalent radical ‘having the follbWing‘
20 meaﬁing: . A '

a)

11
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having the followi ng neaning: a) . . - straight .or
branched Cl1-C20 al kyl ene, being optionally .

weniwsestdsat ed with one or nore of the PCT/EP2004/014820

substituentssel ected fromthe group consisti ng of :
haI ogen atons, hydroxy, - ONO2 or T, wherein s -
-Cio alkyl)-ONO 2 aor - Of C| ao allk%?'1
cyc*l o§| yllléir]ilé Vo hb-satl@h?dcgﬁb%ﬁ %%lé}ﬁ%elil%to g 03tZonal 1y
cycl oal fyl. e _I [ ORt (NBY,
subst %tu%eg%%t dqgwﬁ{éﬁchgwral% ?%, nﬁmher’age%lﬁl |Ts is as above
st rai ghifioredpr anched Ci-C o alkyl; b) C) - wherein n
is an |nteger fromO to 20, and nl is an integer from
1 to 20; B) - (CH2V wherei n:

X
| / (CHZ)n1

_(CHZ n

wherein n is an integer from 0 to 5, and n' is an integer
from 1 to 5;
9
—( H—CHZ-XZ);—CH-CH;—
2 2
C L F
——(CHZ-CH-XZ)nTCHZ-CH —

3 is 1, R? is as defined above.

wherein ¥X; is -0~ or -S-, n
Most preferred meanings of Y are:

a) - branched C;-Cs alkylene or straight or branched C,-Cg

alkylene being optionally substituted with -ONO; or T,

wherein T is as defined in claim 1;

b)

—(CH,

wherein n is 0, and n' is 1.

- g)

_(iH_CHZ-XZ)n_S— H;CH;—
2 " R2

12
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nl is as defined above and n2 is an integer fromO to
2; XL =- OCO- or - COO and R2 is Hor CH3; e )

wWIr10058d842( CH2V wherein: nl, n2 R2 and Xi are ABCTIEPI00€0114820

above; Y1 i s - CH2- CH2- or - CHCH - (CH2 )n 2- ;
f ) (CHa)n- wherein: nl and R2 are a s defined above,
R3is Hor - COCH 3 ; with the proviso that when Y i s
selected fromthe bivalent radicals nentioned under b

_ roplﬁ?*bpynﬁt%ls(r@d&) Py
%Téﬁbln &gzlsou@ % d 20,18 b R dyeh; 9 )
Another preferred group of compounds of general formula (I)

are those wherein Y is a bivalent radical having the

following meaning:

d)
X, — z—
(OR?)_,
wherein
X, = -0CO- or -COO- and R® is H or CHs;

7 is —(CH)p'- or the bivalent radical defined above under b)
wherein n is an integer from 0 to 5;
n' is an integer from 1 to 5 and n’ is an integer from 0 to

2;

e)

e

(OR2),:

wherein:
Y! is —CHy-CH,— (CHy)p%-; or —CH=CH- (CHz)p*-;

7 is —(CH)p'- or the bivalent radical defined above under D)

nl,-nz,R2 and X; are as defined above;
£)
2 Rzo

| CH,),

O//( 2
NHR3

wherein:

n' and R? are as defined above, R® is H or COCHs; .

13
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-(CH2-CH X2) rCH2-CHwherein Xi s - 0-o0or - S , n
i s an integer fromlt o6 and R2 i s a s defined

wabwsoes4l ) R RS [C]- Y2- [C]nF R6 R7 wherei n: POT/AP100£014820

an integer fromO to 10; n5 is an integer from1l to
10; R4, R5-, R 6 R7 are the sane or different, and

are H ar stral 0 rapcheqg Cl-C4 y I.n

o Feyrotr 120 FhrBa P Baners: A8 b Mg iy Pivalent
ahvRia 1Y thén BbAed ehRgyE! br- 5 Ut R edoNopspidiatied Kiund to
aromatic 5 or 6 nmenbers ring, containing one or nore

het@t0atons sel ect ed from nitrogen, oxygen, sulfur,
%Bd is selected from

R* R?

[Cl7—Y>—C] 3

R® R7
wherein:
n? is an integer from 0 to 3;
n’ is an integer from 1 to 3;
R4, R5, R6, R’ are the same and are H;

and wherein the -ONO, group is linked to

|
—[C
€]
¥? is a 6 member saturated, unsaturated or aromatic

heterocyclic ring, containing one or two atoms of nitrogen

and selected for example from

(Y1) (Y2) (Y4) (Y5) (Y13)

. The following are preferred compounds according to the

present invention:

14



.Preferred conpounds of fornmula (I) are those wherein

the prostaglandin residue Ris selected fromthe group
w@omwsioet4eng of | at anoprost, travoprost, unopr OBCTER20841014820

cl oprostenol, preferably Ris latanoprost. X is

preferably - 0- or - S; A preferred group of

conpounds of general fornmula (1) are those. wherein Y

i€ a W : t henpol | owi n rreanlong oNO,
a) strai ght br anched €2- C6 giky' R

opti-sQakl ysubsPituted with - or T vvhe@ein T
i$o as abave Yefined; b ) wherein g is a;' t eger from
0to5 d&hgl is anlntegerfromlto BH; -

(HH CH 2- X CH CH 2- -(CH2-CH X2)- CHz-
wherein X2 | - 0-0or - S , n3isl R2I as defi ned
above. (1)

HO,

5

10
. CH,ONO, HO ' NHCOCH,
\\\\E/\/\[(O\/O/ 3 o \)\[‘/O\/\/\ONOZ
Q
OMe
F O\/\/\ONOZ
(0]

15 (11)

15



Most preferred neanings of Y are: a ) branched C2-C6
al kyl ene or straight or branched C2- C6 al kyl ene bei ng

wopiosoeskl y substituted with - ONO 2 or T , WhPCPEP2004/014820

10

is as defined in claiml ; b ) whereinnis 0, and nl
is1l. g -(CHCHZ2-X2 - CHCH2-wherein X2 is - O or
- S, n3is 1, R2is hydrogen; Another preferred group
of conmpounds. of genera “ormilaNgl) are those wherein

0
W%s\\wnﬁrowh\bévi ng the 5 fol | owi ng
ganj ng: d) X1-l Zwherein Xi = - OCO - or - COO - and
2 2N¢ CH3;°OZis-(CH)nl-orthebivaIent
b ) wherein nis an

ONO,

16
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nl is an integer from1l to 5 and n2 is an integer from

O0to 2, 5e Y- X1- Z- wherein: Y1 is -CH2-CH2-

W@ avdpe42t ; or -CH=CH (CH2)n 2-; Z is - (CH) nPAT/EP2904/014820
the bival ent radical defined above under b)) O T f
2,R2 and Xi are as defined above; f) (CH2) TNHR 3

wher ei n: n; and R2 are

HO

HO OH i
CF,
(22)
CH,ONO,
Hca” \\‘E/\/\Iro
Ck&\/\ °
£ ¥ 0
HO & |
CF,
(24)
HO_" \\\\—=/\/\H/O\Q
Ck&\/\ (0] CH,ONO,
N Y "o
HO OH I
CF,
(20)

17

as defi ned above,

R N e _proyhsQ t hat H%e\wreo{gd\of/wm
tiva ent rddi cal s nentione ider b ) - the™
ONO-"R-grQUR_1's bound to =

i?Sis H or

NO,

s H 0o
HO & |
CF,
(23)
HO ‘ :
Ckf\/\ © CH,ONO,
HO i 9
OH @\
CF,
(25)
"S \/©\
% \\\“\_—_/\/\n/o CH20N02
Ck/\/\ ©
§ )
HO ~  OH i
' CF,



10

- (CHz)n'1; h) Rg- [Q- Y2 - [C]n- R6 R7 wherein :
nd is an integer fromO to 3; n5is an integer from1l

wo 2003/068241 R5, R6, R7 are the sane and are H ;PEREP2004/014820

wherein the - ONO 2 group is linked tol I n5r Y2 is
a 6 nenber saturated, unsaturated or aronmmatic

heterocyclic ring, c H%gél_pi ng one or two atons of
H 3
Mot rogen and sel ecte of exanpl e from

% §&\¢=Q/N\//\“/S \J/\\/”\ONoz
(0]
<::I\¢’h\Y/A\ °

OMe

(30)
(\N/V\ONOZ
HO
3 “\\“:/\/\H/O\/\/N -
Ckf\/\ ©
< H O
HO OH i
CF,
(31)
HO
. &w\\:zv/A\v/A\“/o\V/A\N
% o K/N\/\/ONoz
< z O
HO OH |
CF,
(32)
o o
o /\l/ONO2
HO? \\\“\z—_/\/\n/o\)\/ONOZ : HO o\)o\/ONo
. * % \\\\=/\/\“/ 2
0\4\/\0 ° 0\4\/\ °
S H § 0
HO OH T . HO 6H
CF, i ~CF,
" (33) (34)

18



(Yl) (Y2) (Y4) (Y5) (Y13) .The followng are preferred
conpounds according to the present invention: .(5 ) (6

wO28/0882(H )( 1 3 ) 1 4 (is: ONO 10 (i s : (BOI/ER200J/014820
(25 ) (27 ) (28 )(29) (30 ) ;32 ) 1038 ( 43 ) ( 44
)( 45) ( 46 ) ( 48 )10 :58 ) (59 )CH2ONO2 '64 ' ( 65
)

HO OMe
% \\‘\=/\/\n/o
Q%\A © O™ ono,
N ¥ (@]
= (o]
HO OH i
CF,
(35)
HO
7 “‘&t/\/\ﬂ/O\@\/\ Ji |
< H 0O ’
HO OH i
CF,
(37)

s Y o
HO OH i
5 CFg
(38)
Hq o HO .
2 \\\_____/\/\n/ \/\/\ONO2 Z \\\__:/\/\n/o\/\ O/\/ONOz
CKA/\ © Ck%\/\ 0
s ¥ 0 § ¥ 7o
HO OH i HO OH i
Cl Cl
(39) (40)
" \\MO$5N ONO, "S \\\\MO\Q/CHzONOz
- O\%\/\ © . <.j\¢\/\ ©
§ " o $ T o
HO OH i : HO OH i
cl ' cl
10 (41) . ' (42)
. CH,ONO. :
HO \\\:_/\/\n/o i i Ho—: \\\\\;—-/\/\Iro\@
@N\O ° QNO ° CH,ONO,
HO W f HO &H f
Cl Cl
(43) (44)

19



69)(71) ( 72 ) 10 (76) 777 8)
) (84 ; 10 ( 8 5) ONO 15
93 ; :94 :(95 96 10103 ) PCT/EP2004/014820

10 (66) :67 : 15
.15(8i: ( 8 2)

(83
W@ 3@p08821 (90 ) 10 (

"S o\/©\
o \\‘t/\/\n/o 7 ‘\\\\‘t/\/\[r CI"|2ONO2
' o}
CKA/\ © ChONG: N o o}
HG 2 HO (é)H
c cl
(45) (40)
CH,ONO,
Hoa \\\\=/\/\n/0\/©/
Ck%\/\ °
$ - (0]
HO &H |
Cl
(47)
NHCOCH,
HO’ S 0]
3 yh\:=,/\\/”\ﬂ/ ~"~"ono,
Ck%\/\ ° ° ‘
N H (0]
HO OH i
5 Cl
(48)
HO OMe
% \\‘\MO
o]
<;:1\¢9\\,»\ © 7 ~"ono,
N H 0
= (0]
HO OH
f: ~cl -
(49) :
r/\N"\/\ONo2
HO .
% \\“'\_—:/\/\n/o\/\/N
Q\?\/\ °
< H O
HO SH |
10 Cl
(50)

20



(io4 : 105 ONO, 10 6 100NO, ONO, (in: (112) :ii4) (us;
(116) As nentioned above, objects of the present

w0 pwsfoss4en are al so pharmaceutical conpositi 0oNBCT/EP2004/014820
contai ning at |east a conmpound of the present
invention of formula (1) together with non toxic
adjuvants and/or carriers usually enployed i n the
arnQQEELLQ\L/i“}d ;IQ? preferred route of

a i stration ills top| The conpounds of the

pr s nventiof can b Wed as- sol uti ons,

pensi ols

§H§ 3 r emnul si ons (dlsper3|ons) i n an
OH

5
(54)
HO I
OH i .
cl
(56)
HO
z “‘\EN\[]/O\/\‘/N .
<;:1\47\\/A\ © R
$ Y 0
HO OH i
c
10 (57)
HO HO
T % \\\\“t/\/\[ro\/\/\ONOZ % \\“\E/\/YO\/\O/\/ONOZ
<:j;v/\m/“\/A\3»\V/ <::L»/\m/«\/,\3}\v/
HO i HO 5
(58) (59)

21
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15

ophthal mcally acceptable vehicle. The term
"ophthal mcally acceptabl e vehicle" as used herein

WO 2§08/068421 0 any substanceor conbi nation of SUbBCHERHS4/014820

whi ch are non - reactive with the conpounds and
suitable for admnnistration to patient. Preferred are
agueous vehi cles suitable for topjcal application to

t pat i_enk s : hey oNegr edi ent g whi CH,ONO,
dgStyable to usk in tRe opht hal ni ‘WQ;@/
N sent nQ/entl on incl ude an
maeserva I VES, Sol vent s, sumd act ant and

vi scosit{ bui | di n agents. The inventiorf al so rel ates

to a method for ( ﬁgéatl ng gl aucoma or ocul ar

hypertension, said method consisting in contacting an
q_{o ective intraocul arC'erQ‘é:sure reducr ng armunt of a

(:orrpo;;.J\t_|_o,DNer/t»~IqTF:a aye in orddl red
pressure and to [ sai d pr

st agl andi t od ri vaPr ve 3BH,0NO,
aridard cliniggl techfi ques~ang are

in the sa@e range or less than those dée&cribed for the

correspondi ng urfdéni vati zed, conmercially ava{é43bl e

\}

H
R ‘c/\/\n/o % ‘\\\M—_/\/\n/ CH,ONO,
O\/Y\/\o/\/
2ONG; ,

22
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prost agl andi n conpounds as reported in the:
Physi ci an's Desk Reference, Medical Econom cs Conpany,

wo pas/oefdendel |, N. J., 58th Ed., 2004; The PCT/EP2004/014820

phar macol ogi cal basis of therapeutics, Goodman and

Glmn, .J.. G. Hardman, L . e . Linbird, Tenth Ed.

The 'conpositions contain 0.1- 0.30 ng, especially 1-

ﬂi.quw%ggﬁégmiﬁgﬂLLan the active conpound. The

t r/Eaf me may” be advanﬁbge usly carried out in that

0 rop of_the @onposi#Ldﬁ>/6BPF@9ponding to about 30

rq§ .1's mmt's about 1 to -2 tines per day to

the patiemt's eye. It is further contenplated that the

conpounds .of theopresent - invention can be used with

ot her nedi canments knoan to be - useful in the

treatment of .glauca owbar . hypertension, eitkgex ~ONO,

separately or .in
S

0 : .

. gonmbi nati on. #pr exanple the ONO
Wopygéen‘?“g% nventi of ammn@%\m :
bet a- bl ock , such as tinol bet axol ol , O

like (see U S P

49952, 58 ); (ii) carbonic anhydrﬁ%e i nhi iiors, such
as (71) (72)

23



brinzol am de; (iii) adrenergic agonists including

.clonidine derivatives, such as apraclonidine or
wheiosoes4di ne (see U. S. Pat. No. 5,811, 443. Al SPCT/EP2004/014820

contenpl ated is the conbination with nitrooxy

derivatives of the above reported conpounds, for

exanpl e nitrooxy derivatives of beta-blockers such as

tose described in U Pat HONo. 6, 242, 432. The

CORPQ Ndznv g sn@zed
a Il ows. Syntfesis proce The conpou

gel la (1) as above W 2d,~can b e ONO
old ai ned: i, )| by reacting aHGonpound of| fornula (111)-
(ren) whe?'di L. is as above definegZF ™R is Hor a
hydr oxylic ecting group such as si et hers, such

as trinmethylsilyl, tert - butyl - dinethylsilyl or
acetyl and (Bldse described in T . W. Gr e 4
"Protective groups in organic synthesis", Harvard

OMe

24
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Uni versity. Press, 1.980, 2nd edition, p .14-118;, W
is- OH. d,- or - C(OR i wherein R is a linear or

whre@sobsadi C1- C5 al kyl ;with a conmpound of for neCHEP1003/014820

Z-Y-Q wherein Y is as above defined, Z is HX or Z1,
bei ng X as above defined and Z sel ected fromthe group
consi sti ng of: chlorine, brom , 1 odine, nesyl,

NS

"{95 5 Qis Zi and II)\W
‘rtlng the c npounoo%taln n the step ill) into

n| (ivativeOby reaction wi trate sBurce

suyeh as sgTver nitrate, lithiuggnitratd, odium

nitrate, p!ﬂ)t siumnitrate, magnesmmﬁﬁt ate, 10
cal ciumnit , iron nitrate, zinc nitror

tetraal kyl aTee 'd,*m nitrate (wherein al kyl™%>,- Co
al kyl) in i tabl e organi ¢ sol vent suc
ﬁg%g

acetonitri t et rahydr of ur ane, met hyl F%yf ket one,
et hyl acetate, DMF, the reaction '|§ carried out, in

e dﬂn}\/{gﬁﬁwfromoow ono,
tm/\/g\teﬂp rature” of th@h@olv@\/@?red JTO/\

ni esource i9 silver nitrate an
§ ¥ 0 s H
HO z, | HO OH i
CF, , CF,
(89) (90)
HO \/L HO
% \\\E/\/\n/ ON02 . \\‘\_/\/\[r \(\ONO
_ 0 \ ONO,
5 Z Of HG z Of
CF, CFy
(91) (92)
OMe

OMe

25
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iii) optionally deprotecting the conpounds obtained in
step i) or ii) as described in T. W. Geene

WO Riosesaei ve groups in organi ¢ synthesis", HarREr/EP2004/014820

Uni versity Press, 1980, 2nd 20 edition, p . 68-8 6.
Fluoride ion is the preferred nethod for renoving
silyl ether protectingvgroup. The reaction of a
aanpound of formula ( ) wherein W= - P and X
(Y R N %(%.ézof formul a

ar _as' e &g g
(1 wherein Y agd efiined, Z is HX may

be¥ta t in preSence a dehydrating agent as

dmiyclohegylgarbodiinide (DCEC) or : ., N- (3-

di met hyl am opyl) -N- ethyl carbodiim de

hydr ochl ori EDAC) and a catal yst, such as N,N - 30
di met hyl ami nd” py¥edi ne (DVAP) . The reaction is
carried : .@H) in an inert organic solvent dry such
overam de, tetrahydrofuran,

gxane, a pol yhal ogenat ed :
nperature from- 200C and

qi. N,N"'- dinethylf
b‘bzeggk=L%ngpeﬁ;odi
e

a ate
4 eact Pon ~s€orgphetd No,time range
fﬁ§n1 Ehultes to 36 hours .dgmr$kﬁ*b ?
OH i
CF,
(90)
HO HO o) ONO
% ‘\\“\z—_/\/\lr O\/\ON02 % \\“v—_/\/\n/ NN 2
<::l\§7\y/ﬂ\ © $ = °
5 x o) 3 H 0]
HO (=)H | HO . OH |
cl cl
(97) (98)

(99) (100)
; §m\:=,/\\/”\n/ ONO, @\\;=//\\/’\"/ \E/\ONO2
Ck/\/\ ° Q/\/\ ©
¥ = ¥ = ONO,
$ " o WS g e
HO & i 1 oM i '
cl cl
(101) - (102)

26



The conpounds of fornula (I11) wherein W= - OH and P
= H are commercially avail abl e; The conpounds of
wo orosbs2(111) wherein W= - OH and P is a hydrOR¥P1004/014820
protecting group nmay be prepared fromthe
correspondi ng conpounds wherein P = H as well known in
the art, for exanple 8s. described in T . W. Geene
"er ot ective groups_injorgani c synthesis", Harvard
Uny essd Q8 2nd edition, p .14- 118 .
«e eaction of g @ ng.of of orqula (111) wherei
= YOOI R in R Ts 3 abov@Ngefined and P
0 a hydr$|_>|<yloi C protecting ¢group, with a conpound of
formul a ( erein Y is as above defined, Zis - OH
and Qis - 2 may be carried out in presence of a
catal yst, su & N, N - dinmethylam no pyridine (DVAP).
The reacti di03 carried out in an inert organic
| vent such as N , N oMgi et hyl f or mami de,
t et ralydrofuyan pnzane, toluene, dioxane, a

W
H

1> !

p aSJgenat ed c/hydroocar bogHzgrt\loza tenperature
285 16
H o
HO & |
cl
(104)

5
(105)
OMe
HO
% \\\\:—/\/\H/O\©\/\/
o . o
Q.
Cl
(106)
HQ o HO’ 0 ONO
=" 0N, S e T
HO 8 - HO 5 .
10 (107) . (108)
HO ’ HO R
T S —— SN P VN C ReN—=
\\\\\_/\/\n/ ONOZ Q \_W \r\ONOZ
<l/\”/\/\o/\/ ‘ >
HO 5 HO 5
(109) (110)

27



from- 200C and 400C . The reaction is conpl eted

wthin a tinme range from 30 mnutes to 36 hours. .. The
wa@orpoesids of formula (111) wherein W= - OC( Q&I/EPZNH014820

P = H may be obtained fromthe correspondi ng aci ds

wherein W= - OH by reaction with a chloroformate such

as i sobutyl chloroformate, ethylchlorofornmate in

piesence of a non -nugl eophH®ic base such_as.’

> ! . - 0
triet e No, OF ¢fa f“E\'fe‘I/\/érrt/\P'[ﬂchflEOMz, N
'-rrethylforrra'_de, tetrahydrofuran, a o

polyymal-ogenral ee\ a D T 8 °loéW81ure

.B6om - 2Q0C and 400C . TheHPeactiog is conpl gt ed

within a tine range from1l to 8 hours .- reaction

of a con‘pou(rH-]df formula (I111) wherein V\/ITS)O—I and P

= H, wth a conmpound of fornula (IV) wherein Y is as

akove defined, Z is zfMand Qis - ON(V may be carried
0

OUE i\p\pge}enpe\xﬂ} a-oxgani ¢ base such 5 as |, 8-
dibi ciclo[5. 4/lo] y

i\ ppR oy eyl
ba§e suchllas al kal i

FopropyNami ne or i norganic
net al carbonate or

(113)
OMe
HO
% \\‘°\—_-_/\/\[ro
o) \©\/\“/o CH,ONO,
HG 0 \O
(o]
(114)
Ho ) OMe
2 ‘\\vt/\/\n/o CH,0ONO,
0 % o\/J::j/
HS o
0
(115)
OMe
HO
E §h\:=//\V/\TrO\E:E]\v/\\/
(0] 2 (0]
HO o]
0
(116)

‘As. mentioned above, objects of the present invention
are also pharmaceutical compositions containing at least a
compound of the present invention of formula (I) together
with non toxic adjuvants and/or carriers usually employed
in the pharmaceutical field.
The preferred route of administration is topical.
‘The. compounds of the present invention can be administered
as solutions, suspensions or emulsions (dispersions) in an
- ophthalmically acceptable vehicle. The term “ophthalmically

acceptable vehicle” as used herein refers to any substance
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hydr oxi de, potassium carbonate, cesium carbonate, in
.an inert organic solvent such as NNN - 10 di nethylf

woeosaibsdel tetrahydrofuran, acetone, nethyl etPgi/EP2004/014820

ket one, acetonitrile, a polyhal ogenated aliphatic
hydrocarbon at a tenperature from- 200C and . 4CDC
preferably from50C tao 25C. The he tion is conp

o memmmomaﬁv@fe Rt A oer SRS aRs SrRnentTaBsEt ife with
g@@%ﬁﬁéﬂgﬂa'éHiﬂEbﬂH(HBﬂ“édHB%ﬂéﬁﬁﬁﬂﬂUh'ﬂb patient.
Car rie out |1

n presence an iodi ne conpound such as Ki.
- The Prredetired odra ca@mmm vehietenl sylitablahépsi rtoplcal

nd P.is.as f| with a conmpound of
ﬁ?g%ﬁ 2 159 ﬁbﬁa&ﬁ |s gg’é%ove defined, Zis -
OH andtRdrs ingd¥Qiznray v\bﬁdrﬁﬁrfalyed)@ldeslrrdwl%eﬁcelsﬁ in the
a of a organic bas e such as N, N - dinethylam no

eptitdidgtc - C@@RMP}thflPetorﬁ/l Bh?n@repiﬁntdu hRVenghgn include
SRS SR YA O, ST iR © Silaetionts and

or'mam de,” tetr ahydrof uran,
henzersd, tt auddrEng agents.

The invention also relates to a method for treating
glaucoma or ocular hypertension, said method consisting in
contacting an effective intraocular pressufe reducing
amount of a composition with the eye in order to reduce eye
pressure and to maintain said pressure oﬁ a reduced level.

The doses of prostaglandin nitroderivatives can be
determined by standard clinical techniques and are in the
same range or less thah those deécribedA for the

corresponding underivatized, commercially available

. prostaglandin compounds as reported in the: Physician’s

Desk Reference, Medical Economics Company, Inc., Oradell,
N.J., 58™ Ed., 2004; The pharmacological basis of
therapeutics, Goodman and Gilman, .J. G. Hardman, L. e.

Limbird, Tenth Ed.

The 'compositions contain 0.1—0;30 ng, especially 1-10

ug, per application of the active compound.

The treatment may be advantageously. carried out in
that one drop of the composition, corresponding to about 30
pl, . is administered about -1 to 2 times per day to the
patient’s eye.

It is further contemplated that the compounds of the
present  invention can be used with other medicaments known

to be- useful in the- treatment of  glaucoma. or ocular

. hypertension, either separately or "~ in . combination. For

example the compounds of the present invention can be
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di oxane, a pol yhal ogenated -aliphatic hydrocarbon at a
tenperature from- 200C and 400C . The reaction is

WO caspbsaeed within a tinme range from 30 m nut eBCT/BPBE4/014820

hours. 30 The conpounds of fornula (l111) wherein W=
G may be obt ai ned fromthe correspondi ng aci ds
wherein W= - rea tion a thi on}vlg pOr oxal

SRIENGE. | HéFPdes G ol veRPE™i ne?tl s c?‘rIanlOl
%tt\?%a%glg EEb@BQB@im DV -'Elf‘l% coppeundseof uf. grnmubat. No.

, wherein Yis as 5 above defi ned can be
dbt9diZnédlas f Giidowscamhenicor raé@p@}msrﬁg dnbibitors, such as

ol RSO, LB o S GBI s

\WReri&it i4ed,s s@ﬁ:mb@V%pi%fdemm wa [bdmoaidine (see U.S.
reactions, for exanp reaction wth 10 th*lonyl

&adl-y| Nehl §riddd, 4I4§I | Q@SSQ)f cppiemplapgd, ieshe ombination
LR P Ty bieb s npounan
Midy cexhend Mat hverbsxygadeirédaditvess aboveta-blockers such as
those described in U.S. Pat. No. 6,242,432.

The compounds of the present invention can be
synthesized as follows.

Synthesis procedure

The compounds of general formula (I) as above defined, can

be obtained:

i) by reacting a compound of formula (III)

wherein

1. is as above defined; P is H or_a:hydroxylic protecting

group such as silyl ethers, such as trimethylsilyl, tert-

butyl—diméthylsilyl or acetyl and those described in T. W.
Greene “Protective groups in organic synthesis”, Harvard
University. Press, 1980, 2™ edition, .p.14-118;. W is -OH, .
Cl, or -0OC(O)R; whereip Ry is a linear or branched C;-Cs

alkyl;
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described. Alternatively the diol derivative can be 15
nitrated by reaction with nitric acid and acetic

warivgaes4de in a tenperature range from- 500C PCI/BE2004/014820

according to nmethods well known in the literature. The
conmpounds of fornula Zi-Y-ONO 2, wherein Y and Zi are

as above defined can b bt ai_ned f t he hal 20
o PV SISl b A 5 LS NA09 20 avove
suihesi zegl ageargdi Bg 1, Mekheds wekk ki | Bethged and 7,

l'tterature, by conversion to the nitro derivative as
ated e teek diridre dheTlgr cwpmeeRFdS g &frful a H- X-Y- Zi

wherei,n X , Y and Zi .25, are bo fined can be .
%’ﬁzﬁrﬁ&? f PRRTERE HydLr%o%)%gljle’derm ?e\s/sé@i’v\é:%ﬁq&-’v OH,

eonEer-gNg,| yravaidmdl e or synthesized according to
nmet hods well known in the literature, by well kno

AddctWoms, Of drs kanpP® BYPVEAELNEn Thi% HCPRPORE gPrained in
R
tdltterte  sblhecef gunh DNWE, stkver nitrate, lithium nitrate,
sodium nitrate, potassium nitrate, magnesium nitrate,
calcium nitrate, iron nitrate, zinc nitrate or
‘tetraalkylammonium nitrate (wherein alkyl is Ci-Cio alkyl)
in a suitable organic solvent such as acetonitrile,
tetrahydrofurane, methyl ethyl ketone, ethyl acetate, DMF,
the reaction is carried out, in the dark, at a temperature
from room temperature to the boiling temperature of the
solvent. Preferred nitrate source is silver nitrate and

iii) optionally deprotecting the compounds obtained in step
i) or 1ii) as described in T. W. Greene “Protective groups
in organic synthesis”, Harvard University Press, 1980, 2nd

edition, p. 68-86. Fluoride ion is the preferred method for

removing silyl ether protecting group.

- The reaction of a compound of formula (III) wherein W
= -OH, P and X; are as above defined, with a compound.
of formula (IV) wherein Y and Q are as above defined,
7% is HX may be carried out in presence of a
dehydrating agent as dicyclohexylcarbodiimide (DCC) or
N’—(3—dimethylaminopropyl)—N—ethylcarbodiimide '
"hydrochloride (EDAC) and é catalyst,A‘éuch as “N,N—
‘dimethylamino pyridine (DMAP). The reaction is carried

.out in an inert organié solvent dry such as. N,N’-
dimethyiformamidé, tetréhydféfﬁfaﬁ, bénzene, toluene,:
dioxane, a polyhalogehafed aliﬁhétié hyarodarbon at a

temperature from -20°C and 40°C. The reaction is
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The follow ng exanples are to further illustrate the
invention without Ilimting it. EXAMPLE 1 Synt hesi s of

wQ b@s/opd4a( Z) , 2a (R*), 3a 5a]]-7- [ 3, 5-di hydr oxyPET/EP2004/014820

(3-hydroxy - 5-phenyl pentyl) cyclopentyl] -

El;\llggpf_énoi c acid 4- (nitrooxy)butyl ester (conmpound 1)
SO.ONO Br'  MW72..11 MN153. Q2 MWV 198. 02 MN

500, 5 SRRSO R 2 LR BL TENTRITTS | TRy G Bt anebf CO 36

4- br onphtanol Tetrahydrofuran (12.5 g - 173 punol)

was charged under nitrogen in a reactor cooled to 5-

100C Thidy dhooyperirisisomifd£qrmud-ag. (T 196 Wahmsin W tHepnd P =

e Fod 2o Ertasiad S R e Pl s
di | ut gtheniddnpRirkd® 6f €okdubat drIand wheerepht of +hi-®H and P

solution was adjusted to pH=5 - 7 by adding 27.65%
sodi urhshydmusdaRE Y12 D RF 9L 9defihJadhe + difperks Riergred from

5- 109G ‘corresponding compounds wherein P = H as well
known in the art, for example as described in T. W.
Greene “Protective groups 1in organic synthesis”,
Harvard University Press, 1980, 2™ edition,p.14-118.

- The reaction of a compound of formula (III) wherein W
= -0C(0O)R; wherein R; is as above defined and P = H or
a hydroxylic protecting group, with a compound of
formula (IV) wherein Y is as above defined, Z is -OH
and Q is -ONO, may be carried out in presence of a
catalyst, such as N,N-dimethylamino pyridine (DMAP).
The reaction is carried out in an inert organic
solvent such as N, N’ -dimethylformamide,
tetrahydrofuran, benzene, toluene, dioxane, a
polyhalogenated aliphatic hydrocarbon at a temperature
from -20°C and 40°C. The reaction is completed within
a time range from 30 minutes to 36 hours.

..The compounds of formula (III) wherein W = 4OC(O)R1
and P = H may be obtained from the corresponding acids

. wherein W = -OH by reaction with a chloroformate such

- as isobutylchloroformate, ethylchloroformate in
presence of a non—nucledphilicA base such as
triethylamine in an inert organic solvent such as
N,N’ -dimethylformamide, .tetrahydrofuran} a
'polyhalogenatéd aliphatic hydrocarbén at a temperature
from -20°C and 40°C. The reaction is completed within

‘a time range from 1 to 8 hours.
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The sol ution was then extracted twice with
di chl oronet hane (13.25 g ) . The conbi ned organic

w@hbasmesser e washed with -25%brine (7.5 g ), Bdi/BB1084014820
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to pH=6 - 7 with 27.65% sodi umhydr oxi de and dri ed over
magnesi um sul fate. Di chl oronet hane was distilled off

and crude 4-bronobutanol (10.3 g - 66.9 nmmol) was
obt ai n%eme@cm@mdoéf aal5omPOPrIsh o fzvnﬁrlblﬁarm@n Wierein W

4-brompbulyl pigrafe_ 'E*r;ez@‘i‘igs éé?rg}ag%.gohﬁd Jt t $odfme1a  (IV)

nitric aci fumng(8 was slowy a

- to a swhetteion vf 198%Usswifand odeaﬁ:imbc(,lSZ Oig Z1180d n@oLy -ONO,-

in dichl ororret hane §118 g g 212 mmol 4- br onobut anol
(10.2 BPY 8. B2AbPY QES LHeR*SFGEG 6’ftr‘ﬁsoﬁﬁ%&%ﬁ ase such -

and thssreqctslmar%ltana&%%sw JoethRic-7-2dd 5QBmBYEr N, N-

a period of 2- 5 hours. The mxture was poured into
col d vt ksoguamy kg tikebynhee t haitigqpaoayiaainet ween ingrganic

0C and_30C . After decan pper ueaqus
phase%vvas extFEet ed i th d?ls% %r%gr}e angleg% Carbonate o

conbi neghoFgiadd £ PHBSESier eawnshedew blesmtnercarbonate, in
adjusted to pH=6 - 7 by addition of 27.65% sodi um
hydr oxd®le, W&SKEd wi PHIBRLRe amtPHY$RE ovériSPagnedfum N, N’ -

SU'fai&imé%ﬁ§ﬂfgfﬁgﬁ{ﬁg¥eV%E%f%ﬁ?&féfﬁ&an, acetone, methyl

“ethyl ketone, acetonitrile, a polyhalogenated
aliphatic hydrocarbon at a temperature from -20°C and
40°C; preferably from 5°C to 25°C. The reaction is
completed within a time range from 1 to 8 hours. When
Z1 1s chosen among chlorine or bromine the reaction is
‘carried out in presence an iodine compound such as
KI.

- The reaction of a compound of formula (III) wherein W
= Cl and P is as above defined, with a compound of
formula (IV) wherein Y is as above defined, Z is -OH
and Q is -ONO; may be carried out in presence of a of
a 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,
dioxane, a polyhalogenated -aliphatic hydrocarbon at a
temperéture from -20°C and 40°C. The reaction is-

.completed within a time range from 30 minutes to 36

hours.
‘The compounds of formula (III) wherein W = Cl may be
obtained. from the corresponding acids wherein W = -OH .

by reaction with a thionyl or oxalyl chloride, halides
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of f under vacuum and crude 4-bronobutyl nitrate (12.7
g - 64.1 mmol) was recovered in a yield of about 96%

WO Reo3/o684epar ation of [IR [la-(2),2b (R*), 3a, S5e¢T/ERF2004/014820

[3,5- dihydroxy-2 - (3- hydroxy - 5-phenyl pentyl)
cycl opentyl] - 5- heptenoic acid 4- (nitrooxy)butyl

ester Lata r ost id (97. 7% S-isoner <19 213ny,
0. 54 rafol )P@%soéi sgf)l Véd isr?igge@té aﬁﬂ?HFouégﬁlg\l/F.a%&%luene'

(206- , e . KI (77 ng, 0.46 mol ) and

- br ono utoyﬁjontfb%r dte (5‘805 my, 25% w w i n met hyl ene

chloride, 1.02 mmpl) were added. The reaction m xture

was hemafedcandoshdsr ed ofoanubs aHP-&vaPOeat oheateids-Y is as

500C . After 1._5 hour, TLC (Si, a 2- MeOH, .59
showedR0%f &MY aci®™ . be O%_Iﬁ%aewreéjacﬁson ﬁﬁ%ﬁ?ﬂse The
Was d'édﬁﬂg’&ﬂ&ln@o m| efifyl acgbatgatWeshed Védnbnercially
brine (3 x 50 m),” dried over MJySO 4 and evaporated to

gi ve yetdicwitslre 0idr (920theyized PXMREII3ENNWR SiRRmsdons, is

on el R SR 68 SoTLRL, MAMUEL, LBALDEL b A0 s,

startiglg w&id. kiesh du@bcBobNent fod- example by reaction with
thionyl or oxalyl chloride, halides of P'™ or PY ,
mesyl chloride, tosyl chloride in solvents inert such
as toluene, chloroform, DMF, etc. The conversion to
the nitro derivative 1is cérried out as above
described. Alternatively the diol derivative can be
nitrated by reaction with nitric acid and acetic
anhydride in a temperature range from -50°C to 0°C
according to methods well known’in the literature.
The compounds of formula Z;~-Y-ONO;, wherein Y and 71
are as above defined can be obtained from the halogen
derivative Z,-Y-Hal, commercially avallable or
synthesized according to methods well known in the
literature, by conversion to the nitro derivative as
above described. . ' ‘
The compounds of formula H—X—YfZ;, wheréin X, Y and Zl
are as above defined can be obtained from the hydroxyl
derivative  H-X-Y-OH,  commercially arailablc or
synthesized according to mcthods well known in the'
~literature, by well knowntrcactions, for example by
reaction with thionyl or oxalyl chloride, halides of
P'™ or P' , mesyl chloride, tosyl chloride in solvents

inert such as toluene, chloroform, DMF, etc.

The following examples are to further illustrate the

invention without limiting it.
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bromobutyl nitrate and target ester were the main
peaks. Butylnitrate ester showed simlar UV spectrum
w@goosassaappr ost and relative retention tinme WaBCEHEP2004/014820
expected. Instrument: Bruker 300 MHz Sol vent: CDO 3
1H NWVR (CDA 3 ) d: 7. 29 7. 19 (5H m Ar) ; 5
Séuﬂ,mCH:CH);S. (IHmCH:CH);.4
: t, CH2-ONO2 ) ; 4. 18 IH m CH ;
4, . 0. (2H -
Pt Lot U g ?z“?’ﬁg'%é' ; oﬂ%f?*%q%ioxy :
§Lﬁy&ﬁﬁky¢59pheﬁ®lpéhﬁy1ﬁﬁy¢@op eyl —EFMé#téﬁOLClac1d 4-
90-1.35(16Hn).13C— MR (CDA 3 ) ppm 173 .
m?m@wbq‘ml eqtq&r q%@ou%dsl)(cs) 129 . 50
; 128 . ;125.9378.8 (Cu) ; 74 .5
( (GCONO2) ; 71 . 39 (G 5) ;
% g%’ghze“%%atg"égé (Cl12) :'51. 99 () : 41.30
(G 0); 39.16 (Ci6); 33.66; 32.21; 29.73; 27.04; 26.70;
25. 04 N9l 23. 72; 15 37, m¥MAMBLE 2 Synt he of
[1R 7Y, 26 g R )35 85*1—7—1'3 5%?%% - 2-
(3-hydrpxy - 5- phenylpentyl) cycl opentyl] - 5- :
heptenppGa 3¢ d [ 2mw 153.02 MW 198.02

K;COs

MW 390.51 MW 507.62

IT EXPERIMENTAL

IT.1l Preparation of 4-bromobutanol

Tetrahydrofuran (12.5 g - 173 :mmol) was charged under
nitrogen in a reactor cooled to 5-10°C. Hydrogen bromide
(7.0 g - 86.5 mmol) was then added slowly and the reaction ’
-médiUm was stirred over a period of 4.5 hours ét'5—10°c[
The mixture was diluted with 22.5 g of cold water and the
pH of this solution was adjusted'tb §H=5—7 by addinQ 27;65%
sodium hydroxide (2.0 g) keeping the'temperature at 5-10°cC.
The solution was then extracted twice with dichloromethane
~ (13.25 g). The combined organic phases were washed with 25%

brine (7.5 g), adjusted to pH=6-7 with 27.65% sodium
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met hoxy - 4- [2-propenoyl oxy (4- nitrooxybutyl)
]1 phenyl ester (conpound 11) A ) Preparation of

wo-e00alossa2aci d 4- (brono) butyl ester To .a sol uPCDREPZHDN4/014820
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ferulic acid (lg, 5.15mmol) in tetrahydrofurane

(40m ), triphenyl phosphine (2.7g, 10.3mpl) and

t et r abr ononet hane (3.41g, 10.3nmmpl) we - added.. The
M3GaR%e A and | 45 RF a&V%cWﬁ%%ﬁéF%t%H 3t 4 Poghloromethane
Thes MiXEu] £1 YRS il teredand the, sohvsotaNBs (10.3 g - 66.9
evapor at ed under vacuum The crude residue was

punea )i echhyolsidiread gisd & hriented ogff agddgut el tent nhexane/

ethyl acetate 7/3. The product (0.77g) was obtained as

a yellow solid. (Yield 46%9 Mp.=83 - 88C B )"
RregarRatemarafi deref | £-baednepnt yninitgedadd butyl ester

A solution of conmpound A (0.8g, 2.43mmol) and silver

nir{ rad e %oﬂe@%@mg 1 S0et i Fid eaéﬁc@r@ﬁmﬂ\zﬁ_? (8.5 g -

~stirred at 400C, in the dark, for 16 hours. The

pr3ci phodl evesi |alarwisal adjedasof id tepbat bdt afid I8ke sulfuric
solyvent yes gvapqray &d dder, VasUM, IS FERLIYGe MBS g — 212
mmol). 4-bromobutanocl (10.2 g —»66.6 mmol) was - then added
to this mixture and the reaction medium was stirred at -5
to 5°C over a period of 2-5 hours. The mixture was poured
into cold water (110 g) keepingithe temperature between -5
°C and 3°C. After decantation, the upper agqueous phase was
extracted with dichloromethane and the combined organic
phases were washed with water, adjusted to pH=6-7 by
addition of 27.65% sodium hydroxide, washed with brine and
dried over magnesium sulfate. Dichloromethane was distilled
off under vacuum and crude 4-bromobutyl nitrate (12.7 g -

64.1 mmol) was recovered in a yield of about 96%.

II1.3 Preparation of [IR-[1a(Z),2B (R*),3a,5a]]-7-[3,5-

dihydroxy—Z—(3—hydroxy—5—phenylpentyl)cyclopentyl]—S—

heptenoic acid 4-(nitrooxy)butyl ester

Latanoprost acid (97.7%, S-isomer <1%) (213mg, 0.54 mmol)
was dissolved in 5.0 g anhydroué DMF. K,CO3 (206 mg, 1.49
mmol), KI (77 mg, 0.46 mmol) and 4-bromobutylnitrate (805
mg, 25% w/w in methylene chloride, 1.02 mmol) were added.
The reaction mixture was heated and stirred on a rotary
evaporator at 45-50°C. ' .

‘After 1.5  hour, TLC (Si, - CH;Cl,-MeOH, 5%) showed - no

- starting acid.
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purified by flash chromat ography, eluent nhexane/
ethyl acetate 75/25. The product (0.4g) was obtai ned

w@go00aosg4e1 powder (yield 53% M p.=63-64C C ) PCT/EP2004/014820
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Preparation of [IR [la(Z) ,2b (R*) ,3a, 5a] ]- 7-

[3,5 - dihydroxy - 2- (3- hydroxy - 5- phenyl pentyl)
cyclopenty|] - 5- . heptengjc acid - hoxy - 4-

[ 2Pr EpRAoYI R ¥ YT R ‘t’?%o‘_%]g‘a?%)wﬁ‘bhg% mﬁs%}ﬂy#oa‘aetater
SQL AN oftl atANQpI oStz agd d560’1%9?1é0-§ilﬂ8@| )owrdlrnygsm and

tetrahydrofuran (10m)-, in atnosphere inert, ferulitc

aevabdrated t rooxiye by ylowsseroil ((432gng) . 1. 02nmmol )
and DVAP (cat . amount) were added. The reaction was

col {3 0 and EDAC (0, 149, 0,76 ). was added.

Tﬁg ﬁ@%@t o s_SEPWPéeot(aaﬁgeﬁgo%o%%ﬁ%ng?atausr et §PIpF product
hedgSthdhey Soh Usbid yesrt1eat &b rombbbt Yot Bfrafd and DMF.
chloroform the organic |ayers were anidrified with

sHh@m shevied e RRd Torceiry atadidnddresbditrdd  solvent, 4-
pgf@ﬂ%ﬁ&%yﬂﬁ%%f§%%‘“§%d '%@?g@yr'ééﬁg} bW¥rE|a§ﬁb main peaks.

Butylnitrate ester showed similar uv spectrum as

latanoprost and relative retention time was as expected.

Instrumentf Bruker 300 MHz
Solvent: CDCls

ly_NMR (CDCl3) &: 7.29-7.19 (5H, m, Ar); 5.45 (1H, m,
CH=CH); 5.38 (1H, m, CH=CH); 4.48 (2H, t, CH,-ONOp); 4.18
(1H, m, CH-OH); 4.10 (2H, t, COOCHz); 3.95 (1H, m, CH-OH);
3.68 (1H, m, CH-OH); 2.87-2.60 (2H, m); 2.35 (2H, t); 2.25
(2H,m); 2.13 (2H,m); 1.90-1.35 (16H, m).

13c_NMR (CDCls) ppm: 173.94 (C=0); 142.14; 129.55 (Cs);
129.50 (C¢); 128.50; 125.93 78.80 (Ci1); 74.50 (Co);
72.70(C~ONOz) ; 71.39 (Cis); 63.57; 52.99 (Ciz); 51.99 (Cs);
41.30 (Cio); 39.16 (Ci); 33.66; 32.21; 29.73; 27.04; 26.70;
25.04; 24.91; 23.72; 15.37. :

EXAMPLE 2

Synthesis of [lR—[la(Z),ZB(R*),3a;5a]]—7—[3,5—dihydroxy—2—
(3rhydroxy—5—phenylpentyl)cyélopentyl]—S—heptenoic acid [2-
metthy—4—[2—propenoyloxy(4—nitrookybu£yl)]]phenyl ‘ esfer ,
(compound 11) ‘

A) Preparation of Ferulic acid 4-(bromo)butyl ester

~To .a solution of ferulic acid .(1g, 5.15mmql) in”
tetrahydrofurane (40ml), triphenylphosphine (2.7g,
10.3mmol) and tetrabromomethane (3.41g, 10.3mmol) were

-added. The mixture was stirred at room temperature for
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chr omat ogr aphy, el uent n-hexane/ethyl acetate 3/7. The
product (0,2g) was obtained.1H NWR (CDO 3 ) d : 7 .

WG285064464 d , CH=CHCO) ; 7 . 3 0 - 7 . 0 3 (8PCT/EP2004/014820

Ar) ; 6. 35 (IH d, CHCHCO ; 5. 4 8 (2H, m

GEGH ;4.5 2 (2H 1 O2-ONE ) o 425 (2H t

, 000 CH2 ) : 54 . 17 (1H m

m CH4 duzs g Thg %l%@PFeswaScﬁﬁét?rEdsand6§hF|%$lvﬁnt was
CHO._Deva(go(%aﬁec? (\?r}fl%em ’va%.uum6 1'1(1'%_' %’&de r_es%wd%e was

(cbd ?Qurlpﬁmd 13y 62110 ; 6. G:Qll(c(mafn)ogrlaplﬂ:ﬁl /gluent n-

144.3¢; 142 04; 14156, 133, 62: 12

128. 4 ééﬁ 3. ??etf%f %%3117%58 &iig%ﬁé 780g179) was
74. 84’ob7t7a1%c( Gs NQAtow 32id 63(6lk1DH%RS; 52. 99;

51.91: 42.54: 39.08: 35.79: 33.37, 32.12; 29. 68;

27.03:M26.5-95 ®9: 24.90; 23.73. 15 EXAVPLE 3
Synthesis of [IR [la (Z) 2b (R),3a 5a]]- 7- [3,5-

g;géggﬁ%@éﬁégi(slxaif éﬂgufqyl&ﬁ%fggxy)butyl ester

e PoTTTTUT \J

nltroox met hyl henyl ester (co und 4
( golut!ﬁ% gf é%mpound é npg

2 43mmol) and silver
nitrate (1.2g, 7.29mmol) in acetonitrile (50ml) was

. stirred at 40°C, in the dark, for 16 hours. The
precipitate (silver salts) waé filtered off and the
solvent was evaporated under vacuum. The residue was
purified by flash chromatography, eluent n-
"hexane/ethyl acetate 75/25. The product (0.4g) was
obtained as white powder (yield 53%)

M.p.=63-64°C

C) Preparation of [IR-[1la(Z),2B(R*),3a,5a]]-7-[3,5-

dihydroxy-2-(3-hydroxy-5-phenylpentyl) cyclopentyl]-5-

heptenoic acid [2-methoxy-4-[2-propenoyloxy (4-

nitrooxybutyl) ] ]lphenyl ester

To a solution of latanoprost acid (0,2g, 0.5lmmol) in
dry tetrahydrofuran (10ml), " in. atmosphere inert,
ferulic acid 4- (nitrooxy)butyl ester , (0,32q,
1.02mmol) and DMAP (cat. amount) were added. ‘The
reaction was cooled at 0°C and EDAC (0.14g, 0.76mmol)
was added. The4 reaction was stirred at room
temperature for 24 hours. The solution was treated
with water and chloroform, the organié layers were
anidrified with sodium sulfate and concentrated under

* reduced pressure. The residue was purified by.ﬁlésh
chromatography, eluent n-hexane/ethyl acetate 3/7. The
product (0,2g) was obtained.
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1 . Preparation of 3- [(Brono)nethyl] phenol 3-
[ (Hydroxy) nethyl] phenol was dissolved in

wa@e@sossseril e (300 m) and di chl oronet hane (90PGT/EPZN4014820

the resulting m xture was poured in the flask kept
under argon; magnetic 25 stirring was set on. The
sol ution was then cooled with an ice. bath and carbon

tetrabrom de and tri phenil phosphi ne were added. The
| at t er’H-WR ad@eglin Srmal V-pbrt(bhs ich ofHeFHES); 7.30-7.03

mai nt a{8H t hen,t eRperat@rdd at(1ds. 2, CBEHCThe solddti d@H, m,
was stecH=ew) f o4.32 hoRH, at, 2CH30ONGHd; theds f ¢2H30tanCOO0-CH,) ;
addi t i oned m),urm,at CHOOR) | eBpesat(ame. m)f tar-dr)i;s ps3 oBH, s,
the resgt) on $00yensHoN o chegked) by 2THG, UBiNOm); 2.61 (2K,

Et O‘\C/Bﬁr | p4p e hefsd/ hps 1 f@—flz@nwgwsm)conpl ete.
The obtal ned mxture was evapor at. ed under reduce

pressums 5 f rol of
Et OAC MQ g Io éé?| (C=0)
Tk 1 eif g) 513'{39;2 o 129.62;
The m%&%rdelwajsmf(e Fé't 111.32;
t emper & Wtk ovigr¥ ht 7§n§§ubé%q9]e9 I'y f71I 13@r'ed65n i 55.94;
conceM4 al®d unbe?l i edteedbr esdUr @87 f udhi §hi ng3eed’ 50 32.127
g of &P ey 2HIuel6 They 025 09; 24.90; 23.73.

EXAMPLE 3

Synthesis of [1R-[la(Z),2B(R*),3a,5a]]-7-[3,5-dihydroxy-2-
(3—hydroXy—5—phenylpentyl)cyclopentyl]—S—heptenoic acid 3-
(nitrooxymethyl)phenyl ester (compound 4)

1. Preparation of 3-[(Bromo)methyl]phenol

3-[ (Hydroxy)methyl]lphenol was dissolved in acetonitrile
(300 ml) and dichloromethane (200ml) and the resulting
mixture was poured in the flask kept under argon; magnetic
stirring was set on. The solution.wae then cooled with an
ice. bath and carbon tetrabromide and triphenilphesphine
were added. The latter.was added in small portions in order
to maintain the temperature at ca. 2-3 °C.

The solution was stirred for 1 hour at 2- 3 C and then for
an additional hour at room temperature. |
After this period the reaction eqnve;sion (checked by TLC,
using EtOAc/Petreleum ether 3/7 es the eluent)“ was
complete. The obtained mixture was evaporated under reduce
pressure and 500 ml of petroleum ether and 500 ml of EtOAc
were added to the resulting ye;iow thick oil in a 21 round
flask. Ap'pitchy solid Was formed. The mixture was kept

under stirring at room temperature overnight and
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was purified by flash chromatography over 600g of
silica gel, using Et OAc/ Petrol eumether 2/8 as the

w@bkwsisg42Furt her purificati on was achi eved by PCT/EP2004/014820

crystallising the resulting brom de from petrol eum
ether. A white solid was obtained (24 g, 64%

G, R Ll S0, 80, i
;%E?ss&%,o’f&fg%h%%ﬁl%a%%o 880, 794, oZﬂi r%%@.du%.- The oil

eparation o i t rooxy) et hyl] phend
[W(eBr opo) Et byl foyphEhash wabramssopvephiyn @M 66Pg of silica

TSI T ST s

SEUFT 1 ek BSn SR sONacidxed Biyt rates el 1 iy added resulting
under these conditions, maintaining the tenperature )
rierseide 0EromTHRe red @b re el sePnad it | aeddpyrap ebtained

( p%c/Pg Joleumether 3/7 as the eluent) . After 4
hour s ’andiﬁ)o' m nutes the conversi on was

Analysis ,
TLC: (EtOAc/Petroleum ether 3/7) Rf =0.4

HPLC purity: > 98%

© FT-IR (KBr, cm*) : 3252, 1589, 1479, 1392, 1270, 1208,

1155, 952, 880, 791, 741, e8e.

2. Preparation of 3—[(Nitroqu)methyl]phenol

3-[ (Bromo)methyl]phenol was dissolved in 30 ml of
acetonitrile and poured in the flask, kept far from light
sources at 0-5°C under argon; magnetic stirring was set on.
Silver nitrate was then added under these conditions,
maintaining the temperature under 5 °C. The réaction course
was followed by TLC (EtOAc/Petroleum ether 3/7 as the
eluent). After 4 hours and 30vminutes the conversion was
complete. The reaction mixture was then filtered, the
precipitated solid was washed Wiﬁh Et,0 and the filtrate
was separated in two batches. The first batch (islml) was
kept under argon and in acetoniﬁrile.solution at -20 °C.

The second batch (15 ml) was wofked—up as follows. The

. acetonitrile solution was concentrated under reduce

.pressure and the resulting oil was dissolved in
dichloromethane (15 ml) and washed with‘brine (15mi). The
ocrganic .phase was separated and the aqueous phase was
extracted twice with Adichlorometh;ne (2 x 25 ml). The
combined organic phases wéfe then driedA'over Mgéom

filtered and evaporated; The residue was purified by flash
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conplete. The reaction mxture was then filtered, the
precipitated solid was washed with Et2g and the

WO Rioses421 was separated in two batches. The fiPGI/ER2DoN4820
(15 m) was kept under argon and in acetonitril e
solution at - 20 OC . The second batch (15 m) 'was
wor ked - up as follows, Th acetonl teaiwl e solution

qooﬂ%%P}@ho%‘felfe‘bQ&eo BT €95 d T HeS rsOA%4 Br roLeun
hefi2 tﬁéi'ﬁ/ﬁéi éIh&&*@Nl@d@rE?iM& (dBs )t &Ned as an oil

rine (15nm) . The organic .phase was
sECpa& aeddnd t he agueous phase was extract ed - tw ce

i th dbi chl oromethane (2 x 25 m) . The conbi ned
g—’é%ﬂ—cisphases were then dried over MySO, filtered
anct eveRRs Atk t AdEs e S thuer VIBsT )purr i i-eal, 35/

fl ashchr omat ogr gqh% over 4Qg of silica gel using
E ROAE /Bt e e i er 2/8 as the eluent. The nitrate

v%s(ﬁg% dj[ (0.6 g, 67% . Analysis TLC

et eum et hér 3/7) Rf =0.35 HPLC purity: >

&&%ﬂws (BSkt )oilp8 dr) : 3365, 1632, 1599, 1459, 1282,
1160, 923, 867, 793, 757. ‘

'y NMR (CDCls, 300 MHz) & 5.31 (2H, s), 5.45 (1H, br s),

6.78-6.84 (2H, m), 6.87-6.92 (1H, m), 7.17-7.24 (1H, m).

3. Preparation of [1R-[la(Z),2B(R*),3a,5a]]1-7-[3,5-

dihydroxy-2- (3-hydroxy-5-phenylpentyl)cyclopentyl]-5-

heptenoic acid 3-(nitrooxymethyl)phenyl ester

To a solution of latanoprost acid (0,11g, 0.28mmol) in
chloroform (20ml), in atmosphere inert, 3-
(nitrooxymethyl)phenol (0.0l1g, 0.56mmol) and DMAP (cat.
amount) were added. The reaction was cooled at 0°C and EDAC
(0.08g, 0.42mmol) was added. The reaction was stirred at
room - temperature for 24 hours. The solution was treated
with water, the organic layers were anidrified with sodium
" sulfate - and concentrated wunder reduced pressure. The
residue was purified by flash chromatography, eluent n-

hexane/ethyl acetate 3/7. The product (0,1g) was obtained.

- H-NMR (CDCls) &: 7.41 (1H, t, Ar); 7.31-7.10 (8H, m, Ar);

©.5.48 (2H, m, CH=CH); 5.43 (2H, s, CH-ONOz); 4.16(1H, m,

CH-OH); 3.95 (1H, m, CH-OH); 3.65 (lH, m, CH-OH); 2.75 (2H,
"m); 2.61 (2H, t); 2.48-2.20 (5H, m); 1.9-1.20 (11H, m).

EXAMPLE 4 ) . ‘

- Synthesis of [1R-[10:(Z),2B (R*),3a,50]]1-7-[3,5-dihydroxy-2-
(3—hydroxy—5—phenylpentyl) cyclopentyl]-5-heptenoic acid 4-
(nitrooxymethyl)benzyl ester (compound 9)
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(2H,

m), 6.87 - 6.92 (IH, m), 7.17 - 7.24 (IH m).

3 . Preparation of [IR [la(Z) ,2b (R*),3a,5a]]- 7-

[3,5- dihydroxy - 2- (3- hydroxy - 5-phenyl pentyl)
cycl opentyl] - 5- heptenoic acid 3- (nitrooxynethyl)
phenyl ester To a solution of |atanoprost acid (0, 1lg,
0.28mmol ) in chloroform (20m ) , in atnosphere inert,
3- (nitrooxynethyl) phenol (O dg, 0.56mvl) and DVAP
(cat.

QCcA

AnLEDAC (B OB ) | v S AP B | B

o T R SRR AR e igeic acie

sol ut
wer e
under
flash
3/7.

-wat er, the organic layers
aht (rdmanck th it h) sotk win sttdat e and concentr at ed
reduced pressure. The residue was purified by

chromat ogr aphy el uent nhexane/ et hyl _acetate ,
Tife Pr8QUREPB, 19) prifhiisset d‘f’LClg (0,55, % 1. 2mmo1) in

chloroform (50ml), in inert atmosphere, 4-
(bromomethyl)benzyl alcohol(0.4g, 1.92mmol) and DMAP
(cat. amount) were added. The reaction was cooled at
0°C-and EDAC (0.37g, 1.92mmol) was added. The reaction
was stirred at room temperature for 5‘ hours. The
solution was treated with water, the organic layers
were anidrified with sodium sulfate and concentrated
under reduced pressure. The residue was purified by
flash chromatography, eluent n-hexane/ethyl acetate
3/7. The product (0,47g) was obtained.

[1IR-[1la(Z),2B(R*),3a,5a]]-7-[3,5-dihydroxy-2-(3-
hydroxy-5-phenylpentyl) cyclopentyl]-5-heptenoic acid
4- (nitrooxymethyl)benzyl ester

A solution of compound A (0.4g, O.7mmol) andAsilve;
nitrate (0.23g, 1.4mmol) in acetonit:ile.A(SOmi)‘ was
stirred at 40°C, in fhé dark, for 4 hours. The
?recipitated (silver salts) was filtered off aﬁd)the
solvent was evaporated under'vacuum.'Thé residqé was
purified by flash chromatography; eluent n-
"hexane/ethyl acetate 7/3. The product (0.15g) was

obtained as oil.

'"H-NMR 8: 7.39 (4H, s, Ar); 7.31-7.17 (5H, m, Ar);

5.44 (2H, m, CH=CH); 5.42 (2H, s, CHp-ONO2); 5.30 (2H,
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7.
m
WQ@2005468426(1H, m, CH OH);

1H-NVR (CDA 3) d :
m, Ar); 5.48 (2H,

41 (IH, t , Ar); 7.31 - 7.10 (8H
, CH=CH); 5.43 (2H, s, CH2- ONO
95 (IH, m, CH BEBH/EP2084/014820
.65 (IH m, CH OH); H ' in); 2.61 (2H t );

3.
2. (2

2.48-2.20 (5H, m); 1.9- 20 (HH, m. EXAMPLE 4
Synthesis of [IR- b

Z) _,2 (R* 3a, 5 - 7- [3,5-
di hydrioxyP= C@‘A@Jhﬂdi@)&} Bl phen Hdénta%flgf’ 1H[ m, CH-OH);
cyclo & h i L 7 opXHTE 1) -
benzylpoecra%ter con‘pgﬁ% )A?%?Rﬁz[lgi(l OAOZb (%}y PSR
5a] ]-7-2(q 3(5eHl mydr oxy - 2- (3- hydroxy -
5- phenyl pentyl) cycl opentyl] - 5-heptenoic acid 4-
(brononet hyl ) benzyl ester To a solution of-
| Bty ost acid (0,59, 1.2mol ) in chloroform (50m)
, Ininert atnosphere, 4- (brononethyl) benzyl al cohol

ﬁ}’ntm@sli 2 i JalntZ DI\ZW(O%’E&BO(QMMJ( E/\kgr@-caﬂdﬁ@lroxy—z—.
e reaction was coo an D ..374, . .
A 9 Yo SRR SFHe 1o O PSS, S TP isoracia 3-
t&[@@f@gw epfcpﬁg P s, T&@poﬁﬁ{@tjg))n was treated with

wat er, the or gani c Iayers were anidrified with sodium
:ﬂhéacemgndndongemynﬂhﬁﬁlzed using the procedure described

in EXAMPLE 4 starting from latanoprost acid and 3-

75
1,

bromopropanol.

EXAMPLE 6

Synthesis of [1R-[1a(Z),2B(R*),3&,5&]]—7—[3,5—dihydroxy—2—
(3-hydroxy-5-phenylpentyl) cyclopentyl]—S-héptenoic acid 2-
(nitrooxy)ethyl ester (compound 77).

The compound is synthesized using the procedure described
in EXAMPLE 4 starting from latanoprost acid and 2-

bromoethanol.

EXAMPLE 7

Synthesis of [1R-[la(Z),2B(R*),3a,50]]~7-[3,5-dihydroxy-2-

. (3-hydroxy-5-phenylpentyl) cyclopentyl]-5-heptenocic acid 6-

(nitrooxy) hexyl ester (compound 79). ‘
The .compound i1s synthesized using the procedure described
in EXAMPLE 4 starting from latanoprost acid and 6-

bromohexanol.

EXAMPLE 8

Synthesis of [1R-[la(Z),2B(R*),3a,5a]]-7-[3,5-dihydroxy-2-
(3—hydfoxy—5—phenylpentyl) cyclopentyl]-5-heptenoic acid 2-
(nitrooxy)-l-methylethyl ester (compound 80).
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under reduced pressure. The residue was purified by
flash chromat ography, eluent n- hexane/ethyl acetate

W@2005/084321 pr oduct (0, 47g) was obtained. . B) [PEFEP2004/014820
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[la(Z) ,2b (R*),3a, 5a] ]- 7- [3,5- dihydroxy - 2- (3-
hydroxy - 5-phenyl pentyl) cyclopentyl] - 5- heptenoic
d n|troo met hyl ester A solution of
RS o CRERIPE. S GV R BT Soh qus T ROe i T R Sagescribed

)1lAnE?AMPLE @C§E99t5ﬁ5|Er&ﬁoﬂéﬁan®@§o§ﬁ|ré@ﬂdaénéogcbromo 2-

in the dark, for 4 hours. The precipitated (silver
spFeRinohs flltered of f and the sol vent was evapor at ed
under vacuum The residue was purified by flash
chromat ogr aphy, eluent n- 'hexane/ethyl acetate 7/3.
TexampoEUBt (0.15g) was obtained as oil. 1HNWVR d :

7.39 (4H, s, Ar); 7.31-7.17 (5H m, Ar); 5.44 (2H m

S@t@ﬁlssoﬁzuaﬂllg (ZCHRB ( RJ\DQ()C;5®] 3867(-231,5 digydroxy-2-

Eﬁg %¥Sr%x%—é—%9e%yﬁégh¥9%}+ xéggpégéyl%S (éﬁpg%§g102a01d 2-
(At febkyipropy? esteB- (dompduld (46H m

.The compound is synthesized using the procedure described
in EXAMPLE 4 starting from latanoprost acid and 2-chloro-
l-propanol.

EXAMPLE 10

Synthesis of [1R-[la(Z),2B (R*) 3a,5a1]—7—[3,5—dihydroxy—2—‘
(3-hydroxy-5-phenylpentyl) cyclopentyl]-5-heptenoic acid 2-
(nitrooxy)-1-(nitrooxymethyl)ethyl ester (compound 82).

The compound is synthesized using the procedure described
in EXAMPLE 4 starting from latanoprost acid and 1,3-

dibromo-2-propanol.

EXAMPLE 11

Synthesis of [1R-[la(Z),2B(R*),3a,5a]]-7-[3,5~-dihydroxy-2-
(3—hydroxy—5—phehylpentyl):cyClOpentyl]—5—heptenoic aéid
[2-methoxy-4-[2-propenoyloxy (2-nitrooxyethyl) ] ]phenyl ester
(compouna 83).

- The .compound is synthesized using. the procedure. described

.in EXAMPLE 2 starting from latanoprost acid and ferulic

acid 2-(nitrooxy)ethyl ester.

. EXAMPLE 12 S o
Synthesis of [1R—[1a(Z),2B(R*),3ap5a]]—7—[3;5rdihydroxy—2—
. (3-hydroxy-5-phenylpentyl) cyclopentyl]-5-heptenoic acid 2-
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EXAMPLE 5 Synthesis of [IR [la(Z2),2b (R*), 3a, 5a]
1-7- [3,5- dihydroxy - 2- . (3- hydroxy -

wG2pheesspent yl ) cycl opentyl] -5-heptenoi c aci BCBEP2004/014820

(nitrooxy) propyl ester (conmpound 78). The compound is

synt hesi zed using the procedure described i n EXAMPLE 4
startlng from | at anopr ost ? |d and 3- bro ﬁrop

Ey@ @ﬁs&%rm%nwl?m THE- X% BRE R ¥z£m %%th iphenyl
Tas %BE%&X% 2- (3- hydroxy - 5- phenylpentyl)

cyc opent eptenoic acid 2- (nitrooxy) ethyl

eBher c(:mpnpndnds??s)ynﬂftmsmrpouﬁﬂngstélyenmmmmsdia@cribed

th d bed EXAVPLE 4 rt f
|18 RRBRBLH" 3 "SPOHNSS bPooaranstrasaprete ¥ ferulic
Yot hesl %Pirdiéﬂméﬂ@yi)zﬁhé’rbyi R9t&a, 5a]]- 7- [3,5-

di hydroxy - 2- (3- hydroxy - 5-phenyl pentyl)
cycl opentyl] - 5 hept enoi ¢ acid 6- (nitrooxy) hexyl .

st ApiE oppound 79)

Synthesis of [1R~[1la(Z),2B(R*),3a,5a]]-7-[3,5-dihydroxy-2-
(3-hydroxy~-5-phenylpentyl) cyclopentyl]—S—heptenoic acid 2-
methoxy-4-[2-propenoyloxy (4-nitrooxmethylbenzyl) ] ]lphenyl
ester (compound 85).

The compound is synthesized using the procedure described
in EXAMPLE 2 starting from. latanoprost acid and ferulic
acid 4-(nitrooxymethyl)benzyl ester.

EXAMPLE 14

Synthesis of [1R-[la(Z),2B(R*),3a,5a]]-7-[3,5~dihydroxy-2-
(3-hydroxy-5-phenylpentyl) cyclopentyl]-5-heptenoic.acid .
(4-nitrooxmethyl)phenyl ester (compound 6).

The compound is synthesized using the procedure described
in EXAMPLE 4 starting from latanoprost acid 4-
(chloromethyl)phenyl ester.

EXAMPLE 15 t ‘ ‘
Synthesis of [1R-[la(Z), 2B (R*),3a,5a]]-7-[3,5-dihydroxy-2-
(Srhydroxy—S—phenylpentyl)‘cyclopentyl]—5—heptenoic.acid
(3—nitrooxméthyl)benzyl ester (compound 8).

The: compound is synthesized. using the procedure described
in EXAMPLE 4 starting from latanoprost acid 4-
(bromomethyl)benzyl ester.
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The conpound is synthesized using the procedure

described in EXAMPLE 4 starting from| atanoprost acid
w@nas0684pr onohexanol . EXAMPLE 8 Synt hesi s of PCREP00&014820

(2),2b (R*),3a,5a]]- 7- [3,5- dihydroxy - 2- .

(3 hydroxy - 5-phenyl pentyl) cycl opentyl] -

he tengié acid 2- (nitrooxy) - 1-nethylethyl ester
%%ﬁé%ﬁﬁ] 0). The conpound is synthesized using the
€ JeSEf 'Q?%Oﬁﬂkr@mf&%&nﬁéﬁﬁim ﬂigﬂg(A
n MPLE 9

Iatanoprost acid and [ -bromo - 2- propano
SyTR-hEBd 67 0f 2t (¥ ) [3@,5&)]2@—(&*5 Sahpdadky-7- (B3hpdroxy-5-

di hydroxy - 2- (3- rox pheny| pentyl )

&Wﬁ%ﬁkﬂﬂ%ﬂﬁl CEquRﬁﬁ iﬁRF%po¥?n%?%%xy) propy!
éfg) 1%@ $) synt hesi zed usi ng

e ﬁ%oce éﬁ%rl% In NPLE 4 starting from

Iatanoprost aC|d and 2- chloro - 1- propanol . EXAMPLE

1“ Syrthesis—ofFHR—|t+alZA2b (R 3asSal 4 —F3+5
Qﬁspt 5. LrEeEs V7 Y%amotnt (mgy/ml)

Compound 1 0.1

Tween 80 5

Benzalkonium chloride 0.2

Buffer g.s.

Buffer:

NaCl 4.1 mg/ml

NaH,POs (anh.) 4.74 mg/ml

NaH;P0; (monohyd.) 4.6 mg/ml

water for injection gs.

EXAMPLE 17

Evaluation of nitric oxide-mediated activity

"The . formation of cyclic guanosine-3’,5’ monophosphate
(cGMP) in cells in the eye is involved in the regulation of
aqueous humor flow. Thus, elevation,of cGMP levels leads to
decreased aqueous humor‘ broduction and reductioh of

intraocular pressure.

-We measured the effects of test-drﬁgs on cGMP formation in

a well established cell assay.

Undifferentiated pheochromocytoma ceils (PC1l2) were used.
The monolayer cells were incﬁbated‘for 45 min in Hank’s
Balanced Salt Solution enriched with 10 mM Hepes, 5 mM
MgCl, and 0.05% ascorbic acid at the final pH of 7.4 and
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(3-hydroxy - 5-phenyl pentyl) cyclopentyl] - 5-

heptenoic acid 2- (nitrooxy) - 1- (nitrooxynethyl)

(conpound 82). The conpound i s syPCTrEBi0a€014820

usi ng the procedure described in EXAMPLE 4 starting

fromlatanoprost acid and 1, 3- dibrono - 2-propano

EXAMPLE 11 Synt hesis of [IR— [la(Z),2b (R*),3a,5a] ]-

morﬁ‘CﬁEllItthmQ)wa xf (’fé'lehy@hQﬁ@/h ?W%en’e@%bltor,

cyclopentyl - tenoi ¢c_acid met hox

st ﬂ%&gﬁ@n MR oxVE Y ) ]Ophé‘H[ylggstgFe guanylyl
. C und S hesizegd t

proce ure %:%crl% |%6DE?<AI\/PEE§2 g?%rt?r%%fr&l%% B the

I&ppumgmx&ﬂeacomb@murabxqm;c ahedr2a0¢npmrM@QntQﬁMQnated by

este EXAVRPLE . ..9ynthesis o a.(2), .2b
(§%§ rqp%ya%af%? the [ép%gkg ﬁﬁgdr%Q%feE %g}io%éd by the
Myl OYon 5ofIOB©nY.| wt:lyd()/ Cy€topsTd ybthanbi. hepten@itate was
acid 2-nmet hoxy - pr openoyl oxy

(t;zemd@@a@epnyleah |)aJH phEyH é@tiefth@cewﬁdw gayssolved,
g%§€§§g26¥”9na3aﬁ¥ﬂ§98é'6%§n55kﬁﬁm&ﬂ%l%ﬁﬁgeéH&Slable cyclic

cGMP enzyme immunoassay kit.

in Téble 1.

The results are reported " The concomitant
application of different concentrations of the various
Latanoprost nitroderivatives  (1-50 uM) elicited cGMP

accumulation in a concentration-dependent fashion.

These effects were not shared by the parent drug

Latanoprost suggesting that such effects are dependent on

the release of exogenous NO.

Table 1

‘Potency and Efficacy of Latanoprost and respective

nitroderivatives on cGMP accumulation in rat
pheochromocytoma cells.
Drugs . ECso ‘Enax

(uM) (% over vehicle)
Latanoprost Not effective Not effective
Compound 1 (ex.1l) 2.4 290
Compound 4 (ex.3) 4.4 450
Compound 11 " (ex.2) 1.5 480
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in EXAMPLE 2 starting from | atanoprost acid and
ferulic acid 3- (nitrooxynethyl) phenyl ester. EXAMPLE

wadospessbesi s of [IR [la(Z) ,2b (R*), 3a, 5a] PETEP2004/014820

[3,5- dihydroxy - 2- (3- hydroxy - 5- phenyl pentyl)

cycl opentyl] -5- heptenoic acid 2- nmethoxy - 4- [2-
propenoyl egfy (4-ni trooxmet hyl benzyl) henyl este

Rertpodnd Ctivige W%@%nt Y Usi byt 1{hema‘xmlal

plf@%lé@rw% descrl bed in EXAMPLE 2 starting from

| @t anopy oSt @i depdd- ferulic acid 4- (nitrooxynethyl)

behzyl ester. EXAMPLE 14 Synthesis of [IR [la (2),2b
(R*),3a,5a]]- 7- [3,5- dihydroxy - 2- (3- hydroxy -

W#p:gé:tyl) cycl opentyl] .- 5- heptenoic .acid .

nmet hyl ) phenyl ester (conpound 6). The
W&@léﬁ synthesi zedh uséNgorhe oM R deserddedivative
imn tXAIVPLI: 4 startl ng from [ at anoprost acrd 4-

EXAMPLE 15
Male NZW rabbits ranging from 3-5 kgs of body weight were

used in this study. Briefly, the ability of Latanoprost
nitroderivative (compound 4, EXAMPLE 3) at reducing
intraocular pressure (IOP) was tested in animals previously
treated with intracameral injection of 0.25% carbomer
solution installation until after a stable increase of the
intraocular pressure was reached. In this particular
study, test drugs were administered to one eye with the
dosage schedule of 1 drop/eye/day for 5 days a week with a
physiologic solution containing 0.005% of control or test
compounds. The IOP was monitored 3 h after drug
application, two-three times weekly for a total of 4 weeks.
This concentration was chosen as it reflects that of
latanoprost isopropyl ester currently used. in clinic. to

treat the increase of IOP observed in glaucoma patients.

. Furthermore, at each visit, about 200 pul of aqueous humor

was collected using a 30 gauge needle from both eyes under
lidocaine anesthesia for further biochemical evaluation of

cGMP, camp and nitrite/nitrate contents.

' The - installation of 0.25% carbomer solution into the eye'

resulted in a profound increase of the IOP to about 40 mmHg
that remained stable thereafter However, the
administration of the compound 4 (EX. 3) with the dose
schedule. outline in the - method. session, decreased the
intraocular pressure of these animals of about 50% within
7“daye of repeated treatments and over 65% by the enajef
the study. (See Table 2). In contrast, neither Latanoprost
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Synthesis of [IR [la (2),2b (R*),3a,5a]]- 7- [3,5-
di hydroxy - 2- (3-hydroxy - 5-phenyl pentyl)
weyasopsaat yl ] - 5- heptenoic .acid (3-nitrooxneCtyEPl004/014820
benzyl ester (.compound 8). The : conpound is
synthesized usi ng the procedure described i n EXAMPLE 4

S DA e P ol M PO o
£?20§%§£8ﬁ1§§1@9chhﬁbe [E@ézfabié CR.) civddh & 1rtdrature

ydroxy-2 - hydroxy - 5 - phenyl pentyl
(aﬂﬂxﬁﬁb&ql@oeuﬁehépﬂgndﬂﬁﬁacﬂ@tﬁnogﬂﬂiqoéﬁy)Vbntyal y not

SRR o o LSR8 S AT LIBLET ) SOy <o e
5 -é%trfﬂﬁﬁéﬂ-t@hﬁhe4présﬁﬁb€1oNaHh%P@r%dﬁUﬂbﬁld%'ﬂNo moiety
rg%gg Latanoprost nitroderivative rather than the parent
compound.
Biochemical measurements of cGMP, cAMP and NOx in the
intraocular agqueous humor further sﬁpported the rble of NO
10 at decreasing the IOP of these animals. In fact, as shown
in Table 3, the extent of cGMP and NOx increased following
the application of the compound 4 (EX. 3) over the 4-week
treatment. These effects turn out to be highly specific as
the amount of intraocular cAMP remained unaltered in these
15 animals Latanoprost isopropyl ester did not SLgnlflcantly
affect the levels of either cGMP, CAMP or nitrites when

given at equimolar doses to that of the respective

nitroderivative (see Table 3).

Table 2

20 Reversal of stimuli carbomer-evoked increase in IOP before

(pre-treatment) and after eye-installation of equimolar

Latanoprost isopropyl =~ ester  or the respective’
nitroderivative
0P Pre- : Co :
Day2 | Day7 | Dayl0 | DaylS | Dayl7 | Day23 | Day25
mmHg treatment* ‘
Latanoprost

3742 34+2 | 3343 ,30i1 3142 | 30+2 | 3282 30&2
isopropyl ester " o :

Compound 4 4242 | 3141 | 2641 | 2041 | 1842 | 16+1 | 15+1 | 14+1
(ex.3) '

25 * Pre~treatment values correspond to baseline IOP evoked following the

intracameral installation of 0.25% carbbmer solution.
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NaH PO (nmonohyd.) 4 .6 ng/m water for injection gs.
EXAMPLE 17 Evaluation o f nitric oxide-nedi at ed

W@easwes4g1 The formation o f cyclic guanosi ne -PGI/EP2084/014820

nonophosphate (cGW) in cells in the eye i s involved

in the regulation o f aqueous hunor flow Thus,

el evation o f cGW levels leads t o decreased aqueous

hunor production and red&gﬁ%gn o f intraocul ar

pressure. We - neasured e?fects of t e st drugs

on ¢cGW formation in a well estahlished cell qi%iy. .
rr'eespectzl.ve

Fff99s ot | ZREARERESSHT GiRRA RF T (BRi2)

UsEiteoddiss JIRILYES aciPl | 8aMPr @ndnRoRalRA Hedit 4P FdFbomer-
in Hank' s Bal anced Salt Solution enriched with 1 0 mM
Hepssted yabM¥4yCl 2 and 0. 05% ascorbic acid at the

Lnal n Ll n f 7 NAl~nnt ni A 10N

o

[ xant hi nEOPTBMX) |, Boraaidueke [ he Yguanyl W cy

e T o1 T =F aluuunta ng LOUU i'i"l‘v'i Of t 1T
hosphodi est erase i hhi Ipigor, | i sQnmet hyl _-butyl '
phosp ot YA cybi L | IV
nhi bi t stmHgC |, and the test Weghs |atWedke apWieshs il at¥eek
concentrati on. The reaction Was term nated by

¢GMP (fmol/mg prot)
Latanoprosf isopropyl ester 87+6 88+6 98+6 99+6 100+6
Compound 4 (ex.3) 88+5 10245 12515 | 14045 160+5

c¢AMP (fmol/mg prot)

Latanoprost isopropyl ester | 510+18 | 550422 | 600130 | 620+31 | 625+31

Compound 4 (ex.3) 520+20 | 600+25 | 650+31 | 680+28 | 660122
NOx (nmol/mg prot)
Latanoprost isopropyl ester 16+1 18+2 18+1 19+2 19+2
Compound 4 (ex.3) 17+1 2242 25+3 26+3 28+3

* Pre-treatment values correspond to baseline IOP evoked following the

intracameral installation of 0.25% carbomer solution.
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the renoval of the incubating buffer foll owed by the
addition of 50 L of 100%ice - cold ethanol. The plate

wor®sobsanl dri ed under hot air steam and t he r eRCOER2004/014820

di ssol ved, extracted and anal ysed using commercially
avai |l abl e cyclic cGW enzyne i mmunoassay kit. The

results are reported in Tablg #. The concom t ant
application of different conCentfati ons of the various

Lat anoprost nitroderivatives (1- 50 mM) elicited cGW
accunul ation in a concentration - dependent fashion.

These Zf f ecospaere noPIishardanesgk he parewtadrudl) or a

T R e S e o

on th exogenous

Ef fi cagyedotat anoprost and respective-
nitroderivatives on cGWwW accunul ation in rat

pheochr onocytoma cells . Drugs EC50 Emax (nM) (% over

vehi cl e) R-X-Y-ONO,
(I)

ot ency and

wherein R 1is the prostaglandin residue of formula

(II):

wherein
the symbol =--- represents a single bond or a double
bond;

L is selected from the following groups:

CF,

) —o
- —(CH)CH, —o—@{ .

X is -0~, =S- or -NH-;
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Lat anoprost Not effective Not effective Conpound 1
(ex.1) 2.4 290 Conpound 4 (ex.3) 4.4 450 Conpound 11

W@ 005868421 | : 5 480EC50 = ef fective concentrati OPCT/EP2004/014820

produci ng half maxi mal response Emax = maxi num effect
EXAMPLE 18 Eval uation of the efficacy of Lat anopr ost
ni troderivative on |ntr qcul_ar press

r abbi tfs isafg iy arlicsm q@ds %ﬁ%w Feaping:
in th| st udy. Brlefly, t he abillty of Lat anopr ost

mtroé‘erl vative (conpound 4, EXAMPLE 3) at reducing
| nt ¥ acidaAIgHY ess Usea dIGR) Ga&ztoeaﬂkylieneanihmlmg optionally
previously treated with intracaneral Jt’fCtl on of

un

b, 250X RBGHIT S| HiGn PRS! aPFat FORCuNtT | Hig er° dpstituents

st abl g dncreasers ofy thge i gkéaﬁcebaglel&@ﬁ@ua% Wa%logen atoms,
reached. In this particular study, test drugs were

admi nihstderaety ,t o-@e @yeT\M vhetrkRénddsage schedule of 1

drOp/Q¥§{QﬁychEloagE¥§ = ekb¥ml6]éﬁ—cm alkyl)-ONOgy;
‘- cycloalkylene with 5 to 7 carbon atoms into
cycloalkylene ring, the ring being optionally
substituted with side chains T;, wherein T; 1is

straight or branched C;-Cio alkyl;

b)
AN
| (CH,).;
_—(CHZ n
c)
AN
| (CH,)
—(CH,), COOH

' ' ' 1 '
wherein n is an integer from 0 to 20, and n* is an

integer from 1 to 20;

d)
e

(OR?),2

wherein
X, = -0CO- or -COO- and R? is H or CHs;
-7 is —(CH)p'*- or the bivalent radical defined above

under b)
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physi ol ogi ¢ sol uti on containing 0.005% of control or
test conmpounds. The I OP was nonitored 3 h after drug

wa@ppbkioesei on, two - three tinmes weekly for a tPCHEPD4/614820

weeks. This concentration was chosen as it reflects

that of |atanoprost isopropyl ester currently used, in
clinic to treat the increase of ICE pbserved in

gl aucde lgatiserial Imad (3R randal eb®hali sRtedghodrom 0 to
200 wb of aqueous hunor was col |l ected using a 30 gauge
needl € from both eyes under |idocai ne anesthesia for
further) bi ochem cal evaluation of cGw, canp and
nitrite/nitrate contents. The installation of 0.25%

car bomer sol ution int ke eye resulted in a profound

i ncrease of the | OP—t qut Yo—XyHg—that remai ned

stable thereafter. Howewsf, the adm nistration of the
conpound 4 (EX. 3) with t hEOBYse schedul e outline in

the nethod session, decreased the intraocular pressure

of the@@ﬂéﬁHWals of about 50% wi thin 7 days of

repeatgad.tre over %, mf t he
stude&( ée aBIe %ﬁf% (:ontoggstctﬁy_neltrﬁgiqu()PI
Latanaprostacmn{Qaatarndﬂmshbmm;lent|ﬁadm@mmrdpﬁﬁned above

derivative elicited
under b

nt, n?,R?> and X1 are as defined above;

£)
2 R2 O L
7~ (C’I_IZ)n1

NHR3
wherein:
n' and R? are as defined above, R® is H or -COCHs;
with the proviso that when Y is selected from the
bivalent radicals mentioned under Db)-f), the -0NO;
group 1is bound to - (CH2) n*;
g)

—(EH—CHZ- z)nTCH'CHz_'
2 2

2 Bz

——(CH -CH-X,) 5 CH,-CH—

wherein X, is -0- or -S-, n® is an integer from 1 to 6
and R? is as defined above;

h)
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any appreci able change (see Table 2 ). Gven the
literature avail abl e docunenting that Latanoprost is
wa Roos0684Rly not effective in rabbits, the obserREHEP2004/014820
effects are likely to be attributed to the presence of
the nitric oxide (NO noiety onto Latanoprost
nitroderivative rather than the papgnt conmpound.
Bi ocheni cal neasur ement sSRof cGWP, AMP and NOx in the
i ntraocul ar aqueous huno further upported the role
of NO at decreasing the ] i.antnals In fact,
as shown in Table 3, E @xt ent of |CEWP and NOX
i ncreased follow ng the ppl|cat|o+ of the conpound 4
(EX. 3) over the 4-week R& eat nent. RThese effects turn
out to be highly specific as the anobunt of intraocul ar
CAMVP iermicned unaltered in these aninmals. Latanoprost
I sopropyl ester d|d not Si g |f|0f$tly af fect the
| evel & ofSefRheRteddp, TE or°niffites when given at
equi baisdgﬁe§n%g épafrgﬁ iheoregpective
nitroderivative (see Table 3). Table 2
R* ’ R® ’ RG, R’ are the same or different, and are H or

straight or branched C;-C4q alkyl;
wherein the -ONO; group is linked to

|
—Ie

wherein n’ is as defined above;

Y?> is an heterocyclic saturated, unsaturated or
aromatic 5 or 6 members ring, containing one or more
heteroatoms selected from nitrogen, oxygen, sulfur,

and 1s selected from

& i} S8

(Y1) (Y4) (Y5)

o oTOY
@- KN) N
. H
(Yo) (YT) (Y8) (Y9) (Y10)
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Reversal of stinmuli carbomer-evoked increase i n | OP
before (pre-treatnent) and after eye-installation of

weowsoes4ar Lat anoprost i sopropyl ester or the PCI/EP2004/014820

10

15

20

25

WP, 2 ¢ AN EIRE ot ent2 TP

respective nitroderivative |1OP Pre- Day2 Day7 Dayl O

Dayl 5 Dayl 7 Day23 Day25 mmi Hg treatnent* Lat anopr ost

37+2 342 333 . 30+1 312 302 gY 302 i sopropyl ester
ConpbUnda 422 311 6%42ho+1 1828361 15+1 14+1 (ex. 3)

Pre - treatnent values correspond t o baseline | OP

evoked followi ng the intracaneral installation of O .

2% Bacbopenndolodt igamekadl ef FnEi¥actE) oficcardaspr ot claim 1
i sopropyl. ester and t respect.i \io‘ra'lbni tsfag)ﬂ_ferié/at i ve on

oEFe T t Pt ey-orcolsomer
rabbid s . H&rein R, L, X are as defined in claim 1 and
Y is a bivalent radical having the following meaning:

a) ,

- straight or branched Ci-Czo alkylene, being optionally
substituted with one or more of the substituents
selected from the group consisting Qf: halogen atoms,
hydroxy, —-ONO, or T, wherein T is .

—0C(0) (C1—-Cy0 alkyl)-ONO2 or —-0O(Ci—Cio alkyl)-ONO3;

- cycloalkylene with 5 to 7 ~carbon atoms into

cycloalkylene ring, the ring being optionally

substituted with side chains Ti, wherein T; 1is

straight or branched C;-Cig alkyl;

b)
AN
I _ (CHZ)n1
_(CHZ n
c)
X
| (CH))
—(CH,%, COOH

wherein n is an integer from 0 to 20, and n' is an integer

from 1 to 20;
d)

. X1 i (CHZ)n1_
(OR?),

N
g
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IOP I Il treatnment 111 1V nmHg A Week Week Week Week
cGW (fnol/ngprot) Latanoprost isopropyl ester 876

W@ 2006/088881 996 1006 Conmpound 4 (ex.3) 885 1025 RCHEPHAOB14820

1605 cAWP (frnol/ng prot) Latanoprost isopropyl ester

51018 55022 60030 620+31 62531 Conpound 4 (ex.3) 52020

60025 65031 68028 66022 NOx (nnol/ng prot) Latanoprost

iRREDHRA ester 161 182 181 192 192 Conpound 4 (ex. 3)

bl 1%2%s2é%f%ﬁ%d2%%ove%%d- n?rfgtaﬁninvé@eﬁsnom 0 to 2;

correspond t o baseline | evoked follow ng the

i*hit Fac@Eerabri NS08 amidoR ois B or28Hsicar boner

solution. CLAIM5S A conmpound of general fornula (1) or a
€ﬁrmaceutlcally acceptabl e salt or stereoi somer

thereof R- X- Y- ONO 2,9Q§§

' Y1—X, —(CH,), ™

I
X o,

wherein:

nl, n2,R2 and X; are as defined above;

Y! is -CHp-CHp— or —CH=CH- (CHz)n’-;

)

2 Rzo
~ (CHY,

- NHR®

wherein:

n' and R? are as defined above, R® is H or -COCHs;

with the proviso that when Y is selected from the bivalent
radicals mentioned under b)-f), the -ONO,; group is bound to
- (CH2)n';

g)

—(E—I—CHZ-XZ)FCH-CHZ——

2 2

R2
| R?

—-(CHZ—CH-Xz)nTCHZ-CH —

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

R? is as defined above;

-~ h)

56



wherein Ris the prostagl andin residue of fornula

(I'l): wherein the synbol represents a single bond or a
walowbloessbond; L is selected fromthe foll owi ngPQr/BPE4/014820

CF3CH/) d - (CH)5- CH3 Xi s - 0-, - S or -NH;

Y is a bivalent radical having the follow ng neaning:

a) straight or branched Cl-C20 al kyl.ene, being

optional [y substituted wRth one or re of the

substituents selected fregmthe grodp consisting of:

hal ogen atons, hydroxy, ~ONGhor élmberein Tis -

OC(O (Cl- CL0 al kyl)- ? or - G 0 al kyl)-ONO
2; cycloal kylene with 5 o 7 carboA atons into

RS R7
wherein:

~n* is an integer from 0 to 10;

n® is an integer from 1 to 10;

5 R4, R®, R®, R’ are the same or different, and are H or
straight or branched C;-Cs alkyl;
wherein the —-ONO, group is linked to

|
—Iel

wherein n®

is as defined above;

10 Y2 is an heterocyclic saturated, unsaturated or aromatic 5
or 6 members ring, containing one or more heteroatoms
selected from nitrogen, oxygen, sulfur,

and is selected from

FelRs e lels

15 ‘ (Y1) (Y2) (Y3) (Y4) (Y5)
O
oy €F €3
“ Pfﬂq H H
(Yo) (Y7) (Y8) (Y9) (Y10)

14 14
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cycl oal kyl ene ring, the ring being optionally
substituted with side chains Ti, wherein Ti is

W@ eooaiogfae1 or branched C1-Cl0 al kyl; b ) -(CH 2rdT/EP2004/014820

wherein nis an integer fromO to 20, and nl is an
integer from1l to 20; d) wherein X1 = -OCO- or - COO

and |s H or is - ( - or the bival ent
rad|®@{ )def i ned aHgQé Junder éﬁ%ﬂl i s as defined above
and n2 i s an integer fromOt o 2; e ) Y - Xl1- Z-

3. A compound of general formula (I) according to claim 1

or 2, wherein L is selected from the following groups:
CF,

. A compound of general formula (I) according to anyone

19

of the claims from 1 to 3, wherein the residue R is
selected from the group consisting of travoprost,

unoprostone and cloprostenocl;

5. A compound of general formula (I) according to claim 1

“or 2 wherein the residue R is latanoprost.

6. A compound of general formula (I) according to anyone

of the claims from 1 to 5, wherein X is -0~ or —-S-.

7. A compound of general formula (I) according to anyone
of the claims from 1 to 6, wherein Y is a bivalent

radical having the'folldwing“meaning:

a)straight or branched Co~Cg alkylene, being
optionally substituted with -ONO; or T, wherein T is
as defined in claim 1; )

b)
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wherein : Y1 i s - CH2- CH2- (CH2) 2- ; or -
CH=CH (CH2)n 2- ; Zi s - (CHnNn 1 - or the bival ent

wo agsoed42tdef i ned above under b ) nl, n2, R2 anPCKEPZN€014820
a s defined above; f ) NHR3 wherein : nl and R2 are as
defined above, R3 i s Hor - COCH3; with the proviso
that when Y i s selected fromthe bivalent radicals

nmenti oned under b ) - f ) ,

t o -

ONO group i s bound

(CH2) 1; g) -(CH CH2-
—(CHZn

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

integer from 1 to 5;

g)

-—(E—I—CHZ-XZ)FCH-CHZ—
2 2

TZ , Bz.
_(CHz'CH'Xz)n_S CH,-CH—

wherein X, is -0- or =-S-, nd is 1, R? is as defined in

claim 1.

8. A compound of general formula (I) according to
anyone of the claims from 1 to 6 wherein Y is a
bivalent radical having the following meaning:

a) straight or branched (C;-Cs alkylene being

-substituted with -ONO, or T, wherein T is as defined

in claim 1;

o)

X
| (CH,),
—(CH, ),
vwherein n is 0, and n' is 1;
g)
———(iH-CHz-XZ}HE—CH-CHz—-' '
2 2
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-(CH2-CH X2) - CH2-CH wherein X2 i s - 0- or - S, n3
i s an integer fromlt o 6 and R2 i s as defined

wW@bwsoes41 R4 R5 - [Cl- 2--[Cln- R6 R7 wher ei nPCT/RE200$014820

an integer fromO to 10; n5 is an integer from1l to
10; R4, R5, R6, R7 are the sane or different, and are

H or stralght or .branche C4a|k reinthe - .
ON2 SRS i Frﬁea8 %F ] 5 e}em%e rijs\’ct.x}szo‘?‘en'
defi ned above; Y2 is an heterocycl i ¢ saturated,

unsaturated or aromatic 5 or 6 menbers ring,
conPaiki ognpeendr ofpfermula (I) according to anyone of the

claims from 1 to 6 wherein Y is a bivalent radical

having the following meaning:

d)
X,— z—
(()I{Z)nz
wherein
X, = -0CO- or —-COO- and R? is H or CHs;

7 is —(CH),*- or the bivalent radical defined in claim

1 under b) wherein n is an integer from 0 to 5;

n! is an integer from 1 to 5 and n? is an integer from

0 to 2;

e) ‘
(ORz)nz

wherein:

Y' is —CHp-CHp- (CHz)n”~; or —CH=CH-(CHz)n’-;

7 is —(CH)p'- or the bivalent radical defined above
under b)

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

£)

0O

CH)T
O/( )y

2 'R2

NHR3
'wherein:

n' and R? are as defined above, R} is H or COCH3;
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het eroat ons sel ected from nitrogen, oxygen, sulfur,
and is selected from (Yl) (Y2) (Y3) (Y4) (Y5: (Y6)

WO YWp/0638) (Y9) (g io: (Yl ) (Y1l2) (Y13) 2 . APCDEPO4014820

of general fornula (1) according to claim1l or a
phar maceuti cal » accept abI e salt or stereoisoner
t hereof wherein R, ﬁge as defiped, in claim

d
Y i s ¥ifhyaFest prréd”tgéﬂ FFEng™iHE fol 1 DwiSHg Sre&M agrom the
strai ghtyaQlernRf aBSB@éa% Gon el kybenaindsi ng)omhi,onahky -ono,

subst it ut ed with one or nore of the substltuents

sel ectgedufer s blesinglr @@p‘d@ﬁﬂsbstrl ng of: hal ogen atons,

hydroxy, - ONO2 or T, wherein Tis - OC(O (Ci-Cl10

al kyl -O\IOZ or - 0(GC-GO0 alkyl) -ONO®2; cycl oal kyl ene

with 5 to 7 carbon atonspinto cycl gal kyl ene ring, the

ring being optionally su?stituted ith side chains Ti,

wherein Ti is straight of branched!Cl- Cl10 al kyl; b))
[ClaY"—ICl 3

n

RS R7

wherein:
n* is an integer from 0 to 3;
n® is an integer from 1 to 3;
R4, R5, R6, R’ are the same and are H;
and wherein the —-ONO; group 1is linked to

N

s

;

Y?> is a 6 member saturated, unsaturated or aromatic

heterocyclic ring, containing one or two atoms of

nitrogen and selected for example from

(Y1) (Y2) (Yd) (Y5) . (Y13)

10. A compound according to claim 1, selected from the

group consisting of:
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c) (CH2 COOH wherein nis an integer fromO to 20, and
nl .is an integer from1l to 20; d) Xi- (CH2 -wherein:

W 2005068131 def i ned above and n2 is an integer fPCIEB20090014820
2 ; Xi =- 0CO- or - COO- and R2is Hor CH3; e ) -
- Yl - -(CH2)n OR )n wherein: nl, n2, R2 and X are a s
dﬁéi ned above; - Y1 i s - CH2-CH2- or -CH=CH (CH2) - r
f R

HO
““\\:N\n/o\/\/\ONOz E \\\\E/\/\H/O\/\ c)/\/ONOZ

(7) o (8)

\/O/CHzONOz "o ) NHCOCH, .
‘“\\E/\/\H/O PR \)\H/O\/\/\ONOZ

10
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Rl ' (CHa)n NHR 3 wherein: nl and R2 are as defined
above, R3is Hor - COCH 3; with the proviso that when

w2008/068akect ed from t he bi val ent radi cal s nent PONERR2004/014820

10

under b )-f), the - ONO 2 group is bound to -(CHs)n 1;
g) - (CHCHR2-X2)"CHCHR2 R (CH 2-CH X2) 3 CH 2-CH
wherein X2 is - 0- or - S-, n3 is an integer froml to

6 and R2 is as defined Ve TN,RA RS [Cl- Y - [C
Fté%R?\\\‘\_—_/\/\[ro\/\/@

OMe
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wherein: n4 is an integer fromO to 10; n5 is an

integer from1l to 10; R4, R5, R6 R7 are the sane or
waledobmesant , and are H or straight or branched BUF/EB2004/014820

al kyl; wherein the - ONO 2 group is linked to - [C] 5

I wherein n5 is as defined above; Y2 is an

heterocyclic saturated, unsaturated or aromatic 5 or 6

menbers ri n§19):ont ai ni ng one or m)re heteroatorrs

sE d f |
%Wio(vz) ?@é?e?v {Du‘ R (Y) \(73/\%)\/0NO

S
( 40 By (v12) (1 ourd of
ge@er al for I’ﬁJ| a (1) according tw cl ai ml r 2, wherein
L is sel eé‘@iromthe fol |l ow ng group%H.
CF, CF,
(20) (21)
Hog \\\\=/\/\n/ NS A~_-ONG, HQ__ . \\\\\t/\/\n/o\@CHgONOZ
q&\/\ © Ckm ©
s = O = H O
HO OH i Ho OH i
CFy CF
5 (22) (23)
‘o CH,ONO, HO
% “‘\:/\/\n/o 3 ‘\\\\—WO\Q\
QAA 0 Ck/\/\o ° CH,ONO
= E (0] S H
HO GH | HO OH i
CFy CF,
(24) (25)
= O\/Q " 0\/©\
o \—/\/\n/ % \\\“\_—_/\/\n/ CH,ONO,
P o! CH,ONO, CKN J
§ Y 0 § -gie!
HO OH i HO OH i
10 CF, CF,
(26) (27)

64



10

- - (CH2)5- CH3 4. A conmpound of general fornula (1)
according to anyone of the clains from1l to 3, wherein

wo b@snesictiue R i s sel ected fromthe group consPGI/EPIO©H14820

travoprost, unoprostone and cloprostenol; 5 .A
conmpound of gener al fornula (1) according to claim1
or 2 wherein the resi is |atanoprost. 6 . A
casrpound of general f rnu @ (I) according to anyone of

t hé_clea %
.Az;ggggﬁggﬂéf ggneral gormula (1) according to anyone

of froml to 6, wherein Y is a bival ent
redi cal h@g the foll owi ng nmeani ng: a)straight or

branched By al kyl ene, being optionally substituted
wth - T, wherein T is as defined in claim1l
b) - : .o .mﬂ%rein nis an integer from0O to 5,
and nl is an@@mteger fromltob5,; g)

OMe

(30)
NN ONO,
HO
% ‘o\‘\=/\/\n/o\/\/N
Ck%\/\ °
s H (0]
HO &1 |
CF,
(31)
HO o
3 \\\‘\\—_/\/\n/ \/\N
<::L\4%\{/\ 0 L\/N\«/\\/ONO
N H (@]
HO OH i
CF,
(32)
0
JLV/«\/ONO :
o 2
HO o/\/ONOz
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-(CCHH--C2-C- XH2XH) CHI -CH 2- ?2 F Y -(CH 2-CH X 2)-n
CH 2-CH - wherein X2 i1 s -0-0r -S , n3i s1,

wW@R2005/068421 s defined i n claiml1 . : 8 . A conpPCIEPIN4/014820

general fornula (1) according to anyone of the clains
froml to 6 wherein Y is a bivalent radical having the
foll ow ng neani ng: ao%l strai ght or branched C2- C6

akkyl ene being substi Uted with - ONO2 or T, wherein

TW% im1l: b) whereinnis 0, and
n g ) - - ?2wherein X2 is -
0- 3orNe §3 is 1, mmgo 9 . A compound of

f8?mul a () Jiccordl ng t8 anyone of t he

CF,
(35)
b \©\/\
O\/\Ao
HO OH i
CF,
(37)

N ¥ 0
HO =
OH i
CF,
(38)
HO o HO
% \\\\=/\/\n/ ~""ono, % \\E/\/\nzo\/\ A ONO
5 & 0 § Y o
Cl Ci
(39) (40)
HO
B \\\:/\/\n/o\/\ ~~_-CONO HO—__ \\\\\_MO\Q/CH ONO,
<~l¢\/\ ° <.:k¢\/\ ©
] . 0 : = .= (0]
HO GH i 4 HO &H i
Cl . Cl
(41) (42)
o GH,ONO, Ho .
% \\‘E/\/\[ro 3 \\“\‘t/\/\[]/ \©\
<.l¢\/\ 0 QN\ © CH,ONO.
5 [o) S 0
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claims froml to 6 wherein Y is a bivalent radical
having the foll owi ng neaning: d) wherein Xi = -0CO or
WO 209006842and R2 is Hor CH3; Zis - (CHnNn 1 - OPCI/BR2004/014820
bi val ent radical defined in claim1 under b ) wherein
nis an integer fromO to 5, nl is an integer froml
to 5 and n2,is an integer fromO to 2; gl _ X _
wherein: Y142 o cp. Go- (CH2)n 2-; or -CH:CI-"I-44?CH2)n
2-
HO

2 N O\Q\
HO‘-_ S —— O\/Q . ‘\\\\=/\/\“/ CHZONOZ
o W . _ 3
\ / 0O CH,ONO, g o

OMe

10 ' (49)
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Zis - (CHn 1 - or the bivalent radical defined above
under b ) nl, n2, R2 and X are as defined above; f)

w@ argpesaberein: . - nl and R2 are as defined aPCWEP20RB014820
is Hor COCH3;with the proviso that when Y is sel ected
fron1the bi val ent radicals nentioned under b)-f), the

QNO 2 group is bound to - (Cf )n 1, h) RA R- [(]-

QLQ_B@/RZ/%QFDQJR\ND4WIS an integer fromO to 3;
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n5 is an integer from1 to 3; R4, R5, R6, R7 are the

sane and are H; and wherein the - ONO 2 group is
woemwged4eD | | N5 r Y2 is a 6 nenber satur at edPCT/EP2004/014820

unsaturated or aromatic heterocyclic ring, containing

one or two atonms of nitrogen and sel ected for exanple
from (YD (Y2) (Y4% (Y5) (Y13) 10. A conpound %ggrdi ng
tcH) claim1, sele @4 fromthe gr%%p consisting F.:(5)
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(95 ) 96 10 (99) (io00;:i03 ) ( 104 ; :io7 ) (108 )(113
) ;ii4 ) 10 115 (116) 15. 11. A process for preparing
wa2osopsaand of general formula (1) as defi ned POT/EPZ0#7014820
1, which process conprises: i) reacting a conpound of
formula (I111).Q(P) (Il1l) wherein L is as defined in
roxylic protecting group and W
is a linear or

claiml1l; Pis Hor a d
OC(OR"i wherein Ri
hé&:el/\_cx\@/f?conpound of formula (1V)
is
= OYV\ONOZ
o

10 A
OMe
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10

defined in claiml1, Zis HX or Zi, being X as defined
inclaiml and Zi selected fromthe group consisting

w@boosobd4or i ne, brom ne , iodine, nesyl, tosyl;PCI/EB2004/014820

ONO 2 or Zi and ii) when Qis Zi, converting the
conpound obtained in the step i ) into nitro
derivative by reactio vvlth a nitrate source and iii)
opxtl onal I'y depr otectinyg the conpounds obtained in step
i) % v nd of general formula (1)

or dise. ascaongdi cament. 13.

Us orpound accyr di 0 5 1- 10 for the
pe&par atl n of a medi carrent or Yeating gl aucona and
ocul ar hyg sion. 14. A pharnmaceutical conposition

conprising &
phar maceut i caf | ycfef f ecti ve amobunt of a conpound
of general fayawla (1) and/or a salt or stereoisoner

HO, \\ \/©/CH ,ONO,
/
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X
OII/
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thereof as defined in clains 1- 10. 15. A

phar maceuti cal conposition according to claim14 in a
waiosabd4el f orm for the topical adm nistrati on. PABEPA04/014820

phar maceuti cal conposition according to clains 14- 15

for' the treatnent of glauconma and ocul ar

hypertension. 17 . A pharmaceutical conposition

aeoordlng to clalns 1y- 16, Heherein the conpound of

afyi ni BLg _ S JONO
nS|on or e S|on in an{’! ;haln1ca|| o ac ptaﬁ

&~,A nethod for trJ grajcona or‘@@ﬂlar
hyperten5|g sai d net hod CGﬁBIStIrm&JH contacting an
effectivel ocul ar pressure reducl nount of a
pharnaceutltziﬂgonp03|tlon accor di ng HgiiLalns 14- 17,
with the eye in Brder to reduce eye pressuPb and to

mai ntai n salt0bressure on a reduced |evel(1029. A
pp@rnaceutlcal conposi®™eon conprising a mixture of a

oqnq:gpxivpﬂﬁﬁ as defined in claim1 and (i)
a a -bl ocker
or N 0

o)

SD

a cangnic anhydrase inhi bitor
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(iii1) an adrenergic agonist or a nitrooxy derivative

thereof. 20. A pharmaceutical conposition conprising a
worRoosesa2pf a conmpound of formula (1) as defi nPCI/EP2004/014820

claim1 and tinolol or a nitrooxy derivative thereof.

OMe

10

-15. 11, A process for preparing a compound of general formula
(I) as defined in claim 1, which process comprises:

i) reacting a compound of formula (III).
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12,

13.

14,

wherein

L is as defined in claim 1; P is H or a hydroxylic
protecting group and W is -OH, Cl, or -0OC(0O)R; wherein
R; is a linear or branched C;-Cs alkyl;

with a compound of formula (IV) Z-Y-Q wherein Y is as
defined in claim 1, Z is HX or Z;, being X as defined
in claim 1 and Z; selected from the group consisting
of:

chlorine, bromine , iodine, mesyl, tosyl;

Q is -ONO; or Z; and

ii) when Q is Z;, converting the compound obtained in
the step 1) into nitro derivative by reaction with a
nitrate source and

1ii) optionally deprotecting the compounds obtained in

step i) or ii).

A compound of general formula (I) according ‘to claims

1-10 for use as a medicament.

~Use of a compound according to claims 1-10 for the

preparation of a medicament for treating glaucoma and

ocular hypertension.

. A pharmaceutical composition comprising a

pharmaceutically acceptable carrier and a

‘pharmaceutically effective amount of a compound of
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general formula (I) and/or a salt or stereoisomer

thereof as defined in claims 1-10.

15. A pharmaceutical composition according to claim 14 in

a suitable form for the topical administration.

16. A pharmaceutical composition according to claims 14-15

for' the treatment of glaucoma and ocular hypertension.

17. A pharmaceutical composition according to claims 15-
16, wherein the compound of general formula (I) is
administered as a solution,lsuspénsion or emulsion in

an ophthalmically acceptable vehicle.

18. A method for treating glaucoma or 6cula£ hypertension,
said method consisting in contacting an effective
intraocular pressure reducing amount of a pharmaceutical
composition according to claims 14-17, with the eye in
order to reduce eye pressure and to'maintain said pressure

on a reduced level.

19. A pharmaceutical composition comprising a mixture of a
compound of formula (I) as defined in claim 1 and (1) a
beta-blocker or (ii) a carbonic anhydrase inhibitor or
(iii) an adrenergié agonisf or a nitrooxy Aderivative

thereof.
20.A pharmaceutical composition comprising a mixture of a

compound of formula (I) as defined in claim 1 ‘and

timolol or a nitrooxy derivative theréof.
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