WO 2005/ 068421 PCT/ EP2004/ 014820 PROSTAGLANDI N NI TROOXYDERI VATI VES 5 The
present invention relates to new prostaglandin derivatives. Mre
particularly,, the present invention relates to. prostaglandin

ni t r ooxyder, L pharmaceuti cal conpositions containing them and their
use as drgggﬁ@gygﬁgﬁating gl aucoma and ocul ar hypert ensi SHEYPOEOLEFYm i s
opti c nerve damage, often associated with increased intraocular pressure
(I1OP), that leads to progressive, irreversible | oss of vision. Al nost 3

mllion people in the United %% %EM trrodktidr@taagep! € worl dwi de have
gl aucoma; this is the third P1 Réa I'ng cause of blindness worl dw de.

@ aucoma occurs when an inbal ance in production and drainage of fluid in
t he eye (aqueous hunor) increases eye pressure to unhealthy levels. It is
known that elevated IOP can be at |least 20 partially controlled by

adm ni stering drugs which either reduce the production of aqueous hunor
within the eye or increase the fluid drainage, such as beta-bl ockers, a-
agoni st s;3chol i n@hgi cpreagaftt s inventidonc ashgteasetoi nbebi trestaylandin

prostagl andin anal ogs. 25 . Several side effects _are associgted with the
drugs conveHFF&ﬁQ%ﬁyeﬁsed]$Qf?reﬁfr€%ﬁﬁ%% Y“Toﬁsgalgﬁﬁﬁﬁi o CREF R GHAR

serious pul ”E@%)fe%i de efhects, JePLessiOnainati gue st QU Hsd Olyat IR0L ence,

hair loss, heart failure and bradycardia: 30 '.Topical a-&dgonists have a
fairly high pherdeseestdicalald¢engdsitionst-ophtaisdoyi diissm t apdcaheir use

e Lo ol o 2 UL B S P e 1] Sk M0 2000 ovBi21

i nhibi togg includg)fatbaye.i ANPEXd ane AP 888488, often associated with
increased intraocular - pressure (IOP), that leads to
progressive, irreversible loss Gf visien. _

. Almost 3 million people in the United States and 14
million people wprldwide have glaucoma; this is the third

15 leading cause of blindness worldwide. ' -

‘ Glaucoma OCCUrS wﬁen an imbalante 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

20 partially controlled by administering drugs which either

reduce the production of aqueous humor within the eye or

- increase  the fluid drainagé, such as betafblockers, o-

agonists,  °~ cholinergic =~ agents, éarbonié | anhydrase

inhibitors, of prostaglandiﬂ analogs.

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

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

30 ¢ " Topical a-agonists havé' él féiriy- high incidence of
allergic 'or toxic reactions; topical.:cholihergic égents

(miotics) .can cause visual side effects.



par est hesi as and serum el ectrolyte abnormalities (The Merck Manual of

Di agnosi s and Therapy, Seventeenth Edition, M H 5 Beers and R Berkow
Editors, Sec. 8, Ch. 100). Finally, the topical prostaglandin anal ogs

( bi mat opr oMO 200$0@Hpr ost, travoprost and unopr ost one), useCI/EP204/ta820
treatment of gl aucoma, can produce ocul ar side effects, such as increased,
pi gnentation of the iris, ocular 10 irritation,-conjunctival hyperaem a,

iritis, uveitis and nmacu)] ar oedenn (Nhrtlndale Thirty-third edition, p.
1445) U S. Pat. NBS 359%€ 2RTHRSEFi h@SSATG L4y bWyl gFad ofcarbonic

prostaglandlgﬁhFdEXQ@ QHHlEE%b% 1§E%ﬂﬁﬂ@“%€%ag%%6t%%ggf%gapoﬁ fgks%g@hza

processes for preparing them di scloses
pr ost agl andi parbathegibansehidosalruRGele atevdpter abgominstl iddiesvi {theaMetdiei r

use in treatin | aycQma and,ocul ar _hypertensi on 0/ 02553 di sc|l oses the
use of - prost%@gﬁﬁg g 8&@9?95??vé§%0F PYp evﬁéﬁeéﬁghPéﬁl|H99Mﬂﬂﬂ1ﬁhe

omega 205 chghbarEORLEI RS EeE:kBG ﬁg&%wesd:or st hentregpyent of = glaucoma or

ocul ar hypertension. WD 00/51978 descri bes novel nitrosated and/ or
nitrosyl ated prosFagabhﬂ;ns, tha partmpubai novptosdag&madumes ohﬂ%ﬂﬁgs
novel conpositions and £ ei use for reatlng sexual. E{ﬁtlons

t 0585 s
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Pat. No. 5, 6981B88OPHPS anElPﬁPFitog Fyagreiros UBPP 06 Q&I e

whi ch maybe ‘yse \55Q@H]AOor rtegshVv vqﬁgg s or
br onchodi | at%?sdc%és Pat . éﬁt %f ?mgggﬁggsclgiﬁse%%%ﬁds 0 ﬁe%g%%}

general forneffeatX) - NO2h ahexacneaSednpagmsnaatponsbﬁgthadumisesbmmiaﬁ|1

ti PGE d X1 bi v t t Ih
For It(r:g A oL FribefLie. SASPRI0S DboAYPRerTER200H bikB20 Ureltis  and'*®

macular oedema (Martindale, Thirty-third edition, p. 1445)-
U.S. Pat. No. 3,922,293 describes monocarboxyacylates

of prostaglandins F-type and their'lSB isomers, at the C-9
position, and processes for preparing them; U.S. Pat. No.

15 6,417,228 discloses 13-aza prostaglandins having functional
PGFyq receptor agoﬂiét 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

20 chain contains a ring structure, for the treatment of
‘glaucoma or ocular hypertension. ‘

WO 00/51978. describés?‘ novel nitrosated and/or
‘nitrosylated prostaglandins, - in ’“particula; _novel
derivatives-of PGE;, novel compositions -and their use for -

25 treating sexual dysfunctions. |

U.S.- Pat. No. 5,625,083 discloses: dinitrdglycerol
esters of prostaglandins which may. be used as vasodilators,
antihypértenéive cardidﬁascular‘ééents-ér bronchodilators.

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

"30"generai formula A¢X1—NO£{ _wherein A coﬁtains: a
"uprOStaglandin residue, . in -particular :PGE,, and Xl-iéA_a
bivalent connecting bridge; .-and thei& ‘use for treating

impotence.



It is an object of the present invention to provide new derivatives of
prostagl andins able not only to elimnate or at |east reduce the side
effects associated with these conpounds, but also to possess an inproved
pharmacol ogi cal 5 activity. It has been surprisingly found that

pr ost agl angYQﬂOOﬁ’Pfﬂ"éberl vatives have a significantly inprBCeaPeenRisho
profile as conpared to native. prostagi andins both in terns of w der

phar macol ogi cal activity. and . enhanced tolerability. In particular, it

has been recogni zed that 10 the pro gl_andi n n|trod rivatives of
present inventi oﬁ% gﬂiﬁﬂ gfg’re aﬁjﬁ'&rﬁl’ Jaée new

hypert ensi ondeIE%a%qmuraﬁts ﬁfogﬁ%ﬁ&ﬁ@m a«m\ée@tdtprbxﬂrye td disgatpa d op-the
reduction of intraocular pressure’n patients with opéen-angle gl aucona or

wi th chroni catingleast ctasiee ghaucoide wef fienisr wassopdaitekderalthr ittooey or
| aser.iridoplast of the resent igventio t her ef or e,

pr ost agl andi fi°® WPEPB&@H \If’é’tqtl \Fe][ss%ft%efﬁ‘é aF 5% o RurtdRErYe, %ndﬁlapqm rehl |y
accept abl® sgkt$vokyst §Ledaz0mRES, Is %?%Q%ln%QgR'f%u\ﬁ‘cQ%t (ﬂrosﬁ’ﬁ_ﬁiraeﬂdlrﬁ i's
t he prostagl andin reS|due of fornmula HO O HO Q(H) Il

2005/ 068421 RLTHEPROGXAOIA8Z0 halver eien SAENIYiHseInt Livepriageroveda sivegtasl bond:

or a double bongileLalssc%?nlpg(J::Ee ﬁ:%oga‘t:g%ef %lrlo% gg_a% %_lfl% bo%h in terms -

of -wider pharmaceological = .actiwvity. and - -enhanced

. tolerability.. In particular, it has been recognized that

10  the prostaglandin rtitroderivatives of the present invention

can be - employed - for treei.t:ing glaucoma and .ocular

hypertension. The compounds of the present invention are

indicated for the reduction of intraocular pressure ;Ln

patients with open-angle glaucoma or with chronic angle-

15 c¢losure glaucoma who underweﬁt peripheral :tridotomy or
'laser. iridoplasty. _

An object of the present invention is, therefore,
prostaglapdin nitroderivatives of general' formula (I) and
pharmaceutically acceptable salts or stereoisomers thereof

20 7
R-X-Y~ONO;
(I)-

wherein R is the prostaglandin residue of formula (II): .

25

(11)



CF3 -CH2\ / - O\ C1 - (CH2)5CH3 -0 Xis -0-, -S or -NH; Yis a

bi val ent radical having the follow ng neaning: a) 10 - straight or branched
Cl- C20 al kyl ene, preferably Cl-Clo, being optionally substituted with one
or nore of WhU5/8ef43t | t uents sel ected fromthe group conspPETiERgooab1ds2hal ogen
atons, hydroxy, -ONO2 or T, wherein T is -OC (0) (C1l-C10 al kyl) -ONO2 or -0
(Cl-Cd o alkyl) -0ONO2; 15 - cycloalkylene with 5 to 7 carbon atons into
cycl oal kyl ene ring, the ring being optionally substituted with side chains
T1, wherein Tl is straight or branched Cl-Cl o al kyl, preferably CH3; b)
CH2).,- 20 - gdéenp©O) | CHZ),,, ---(CHZ COOH 4 WD 2005/068421

PCT/ EP2004/ 014820 wherein n is an integer fromO to 20, and nl is an
integer frofhe syr@@l dr-Nzepfesehty GRETWIS Witarkior XidoubleChond; - COO-

and R2 is H irigH%élected from the following groups:

5
' - CF,
) oD
' - Cl
- —(CH)CH, —o—@
X is -0-, -8- or -NH-; . _
Y is a bivalent radical having the following meaning:
a) _ } ,
10 - straight or branched C;-Cyp alkylene, preférably Ci~Cjio,
being optionally substituted with one or more of the
substituents selected from the group consisting of:
halogen atoms, hydroxy, -ONO; or T, wherein T is
-0C(0) (C1~C1p alkyl) -ONC; or —0(Ci1-Cips alkyl)-ONO;;
15 - cycloalkylene with 5 to 7 carbon atoms into
.cycloalkylene  ring, the ring ©being optionally
substituted with side chains Ty, wheiein T, is
_ straight_or branched C;-Cip alkyl, preferably CHs;
b) |
. CHyyr—
—(CH
20 ( 2/n
c)
| CHpem
—(CHL T coom



Zis -(CHnl- or the bivalent radical defined above under b) nl is as
defined above and n2 is an integer fromO to 2; 10 e) Yi--XI Z (OR2)n 2
wherein: Y1l is -CH2-CH2-(CH2)n2-; or -CH=CH (CH2)n2-; Zis -(CH).'- or the
bi val ent r &P 2W5/06882E ned above under b) 15 nl, n2, R2 anecCKtlrrasrsass2eefi ned
above; f) 2 RO (CH2nO .. . NHR3 wherein: nl and R2 are as defined above,
R3is Hor -COCH3; 20 with the proviso that when Y is selected fromthe
bi val ent radicals mentjoned under b)-f), the termnal -QN02 group is bound
to -(CHZ)nI w@)ereeqz s sancipteges 5ToB § WO 2005/ ABATL FCHERDAIOT 4820
(CHZCH— %1 2(6‘]V\:h€l’€ln X2 is -0- or -S-, n3is an integer froml
to 6, preferalyfro 1to 4, R2is as defined above 5h ~4 (S 1C 4
_r~n5 R6 R7 dherein: : ,

(OR2),.
5
wherein
Xy = -0CO~ or -COO~ and R? is H or CHs;
Z is —-{CH)p'- or the bivalent radical defined above under b)
n'-is as defined above and n® is an integer from 0 to 2; |
10 e) |

e

(OR?), -
wherein: B
Y! is —~CH,-CHz~ (CHz)n?~; or —CH=CH- (CHz)n’~;
Z is —(CH),'- or the bivalent radical defined above under b)
15 n?, n% R? and X; are as defined above;
£)
2 Rzo
o (o

NHR3
wherein: |
n' and R? are as defined above, R’ is H or -COCHj;; o
20 with the proviso that when Y is selected from the bivalent
radicals mentioned under b)-f), the términél —ONbggroup is
bound to -(CHz)p';
g)
—(iH-CH;-- = CH-CH;—

2 . ' P 2

25



nd is an integer fromO to 10; 10 n5 is an integer from1l to 10; R4, R5,
R6, R7 are the sane or different, and are Hor straight or branched Cl1-C4
al kyl, preferably R4, R5, R6, R7 are H wherein the -ON02 group is linked
to -1Cl NEO205/06#38tein n5 is as defined above; . Y2 is a0Th®b@ueassdi C
saturated, unsaturated or aromatic 5 or. 6 nmenbers ring, containing one or
nore heteroatons selected fromnitrogen, oxygen, sulfur, 20 and is selected
from. HN .. NHH((Y) (Y2) (Y3) (Y4 (Y5) 6 WO 2005/068421
PCT/ EP2004/ 014820 O HHH (Y6) (Y7) 8) (Y9) 100 HHH (YIl) (Y12
(Y13) 5 The term "Cl-C20 al kyl ene" | herefn refers to branched or
strai ght chain Cl1-C20 hydrocarbﬁﬁﬁcﬁﬁé3§§§gkgﬁiﬁg ing from1 to 10 carbon
atons such as nethyl ene, ethylene, propyl ene, isopropylene, n-butylene,
pentyl ene, 10 n-hexylene and the like. The term"Cl-Cl0 al kyl" as used
herein refers to . . 3 . . -

wherein X; is -0- or =-S-, n° 1s an integer from 1 to 6§,

preferably from 1 to 4, R? is as defined above;

5 h)
Ré '?P
[Cl7—Y*—[C] 3
RS | R7
wherein:

n' is an integer from 0 to 10;

10 n® is an integer from 1 to 10; _ _
RY, R°, R% R’ are the same or different, and are H or
straight or branched C;-C4 alkyl, preferably R!, R®, R®, R’
are H;

wherein the -ONO; group is linked to

]
el ,

wherein n® is as defined above;

¥? is an heterocyclic saturated, unsaturated or a?omatid 5
.or 6 members ring, containing one or more heteroatoms
selected from nitrogen, 5xygen, sulfur,

20 and is selected from

[SHREE

(Y1) . (Y2) (Y3) (Y4)




branched or straight chain al kyl groups conprising one to ten carbon atons,
i ncluding nethyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, t-butyl,
pentyl, hexyl, octyl 15 and the |ike. The tern1"cyc|oa|ky|ene as used
herei n refwnsoetmoesyng having from5 to 7 carbon atoms i ngé 40&%0 not
limted to, cyclopentylene, cyclohexylene optionally substltuted wth sid
chai ns such as straight or branched (Cl-C o)- 20 alkyl, preferably CH3.. The
term "heterocyclic" as used herein refers to saturated, unsaturated or .
aromatic 5 or 6 nenbers ring, containir sel ected
fromnitrogen, en, sul such i
pyri m di ne, i
2005/ 068421 1' €T/ ER 004/ 0188207 As st atrd a
t he pharnmaceuti cAl’l y accept salts oH the conpoHnds of foHmla (1) and
st ereoi soners thereof. 'Exanples ofr pharmaceuti cally acceptable saltsrare 5
either those w H"GJ nor gani c b@fﬁs such a‘g;ms)odi um p(eﬁtgqsm um Y‘i%l ci um and
al um ni um hydr oxi des, or with organic bases, such as |ysine, arglnlne
triethylamne, dild@nzylam ne, piperidine nd ot’her acceptabl e organic
am nes. 10 The. ounds T esent invention, when they
contain in the I e one | e gitrogen atom can be transforned
into the correspondirhg salts ctio {4 an organi c sol vent such as
acetonitrile, tetNahydrofuran respondi ng organi c or inorganic
acids. 15 ExaanéB of organic ddids are: dxalic, tartaric, maleic,
succinic, citric acids. '"Exanpl es of.ihorganic acids

(Y11) (Y1Z2) {(Y13)

The teinl “C3-C20 alkylene” as used herein refers té
branched or straight chain Ci-Czp hydrocarbon, preferably
having from 1 to 10 carbon atoms  such as methylene,
ethylene, propylene, isopropylene, n-butyiene, pentylene,

10 n-hexylene and the like. '

The term “Cl"Cm alkyl” as used herein refers to
branched or straight chain alkyl groups comprising one to
ten carbon atoms, including methyl, ethyl, n-propyl,
isopropyl, n-butyl, iscbutyl, t-butyl, pentyl, hexvyl, bctyl

15 and the like. ' :

R . The term “cycloalkylene” as used herein refers to ring
_having from 5 to 7 carbon aﬁoms'inéluding, but not limited"

to, cyclopentylene, cycldhexylene 'obtionally substititted

with side &hains such as straight or branched (Ci=Cig)-

20  alkyl, preferably CHs. B ' ‘ T

‘The term “heterocyclic” as 'used"herein refers to
'.'saturategl, unsaturated or aromatic 5 or 6 -members .ring,
containing one or more heteroatoms selected from nitrogeﬁ,
oxygen, sulphur, such as for exémple pyridipé, pyraiine,
.25;~pyrimidine, pyrrolidine,-fmqrpholine, imidazole and -the

like.



are: nitric, hydrochloric, sulphuric, phosphoric acids. Salts with nitric
acid are preferred. The conpounds of the invention which. have one or nore
20 asymmetric carbon atons can exist as optically pure enantioners, pure
di ast er eor¥PS0050684%i oners mi xtures, di astereoners m Xt WCISEP266ARLE200 TET
racem c mxtures, racemates or racemate m xtures: Wthin the scope of the
I nvention are also all the possible.isoners; stereoisoners 25 and their

m xtures of the conpounds of fornulaﬁé§) |nclud|ng m xtures enriched in a
partlcular i some®s  StEtEd ol NFWETTHAPR (FPC&P@GSthééﬁomhﬁhéln R

L, X are. ﬂﬁgﬁ i§g£3Y S \Y; di ng he
fol |l owi ng m%’%lnlnEi ébgigfralg or rdﬁ% B gég %IQ%%@%NE%%%lngE
optionally ﬁmﬂmﬂmalmxmiamdfstﬁmﬁaﬂsdmﬁxscﬁhétmoﬁubstltuents 8 WO

2005/ 068421 PCT/ EP2004/ 014820 sel ect ed frcg&the group - conS|st|ng of :
halogen at ons, ﬁ?@ﬂ&%@ - Qo2 Wrarpagidy Ly Scexpigbker-abtal kere- CN02

- Q( Cls C1Q kel ) - - wirs! oaldl eng t@aée%gtrfﬁéhbo%éﬂ %iﬂho

cycloalkylene ring, e rlng bei ng optionally su uted wth STde chains
T1, wherei npdtaissiust,r aighlcium brandhedl GhifiOmal kiyldrdxli déd7) " tor 10weth
CH2)17- -(CH2 COQH wherein n |s an |nte er fromQ to 20, and nl_is an-
i nt eger organic bases, such as ne, arginine, trlethylamlne,
. dibenzylamine, piperidine and other acceptable organic
amines.
10 : 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. ‘

15 _ 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

20 asymmetric carbon atoms can exist as optically pure

enahtiomers; 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
© 25 - and’  their mixtures of the compounds of formula (I), -
- including mixtures enriched in 'a particular isomer.
'.ﬁPreferred 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:
30 . a) '
‘- - straight or branched Ci-Czo alkylene, being:optionally

" substituted with one or mecre of the substituents



froml to 20; 15 d) X1-(CH2)"' (OWa2 wherein: n' is as defined above and
n2 is an integer fromO to 2; 20 X1 -OCCO or -COO and R2 is Hor CH3; e)
Y1-XI -(CHZ)"" (OR2)z wherein: n', n2,RR and X1 are as defined above; 9
WO 2005/ 06802203A684HP2004/ 014820 Y' is -CH2- CH2- or - CH¥gt/ef3ddd/dsie ) 2
R2 p/ (CH2)n - NHR3 wherein: 5 nl and R2 are as defined above, R3 is H or
-COCH3; with the proviso that when Y is selected fromthe bivalent radicals
menti oned under b)-f), the -ON02 group is bound to (CH) nl;, g) z z 10 2 2
- (CH2- CH X2) n3_ CPelertarerfgian Xhe sITeRpP ofonsistingi ¢fan Hadoager dtamsl to

band 15 R2. Ts Asdglined Abovs: ) #ndrein T is
—0C(0) (C1—C1g 2lkyl}-ONO; or —-0{C;-Cjp alkyl)~ONOy; A
- cycloalkylene with &5 to 7 carbon "atems into

5 cycloalkylene ring, the ring being optionally
substituted with side <c¢hains T, wherein T; is

straight or branched Ci-Cip alkyl;

b)
CH)y—
) "‘“"(CHz n
10
c)
CHy)—
—(CH), COOH
wherein n is an integer from 0 to 20, and n' is an integer
from 1 to 20;
15 d)

Q X, —-(CHz)nf'.—

™ (OR?),;

wherein:
n' is as defined above and n® is an integer from 0 to 2;

20 X, .= -0CO- or -COO- and R?® is H or CHs; -

| ‘@7 Y'—X; —(CH,), ™

(ORD)2 - . .

e)”

wherein:

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



nd n R6 R7 wherein: 20 n4 is an integer fromO to 10; n5 is an integer
fromlto 10; RO, RS-, R6, R7 are the . sane or different, and are H or

strai ght or branched C1-C4 alkyl; wherein the -ONO2 group is linked to 10
WO 2005/ 06842805R6844P2004/ 014820 -1Cl n5 wherein n5 is ﬁﬁ,ﬂgﬁ,%mgﬁbove;

Y2 is an heterocyclic saturated, unsaturated or aromatic ers
ring, containing one or nore heteroatoms 5 selected fromnitrogen, oxygen,
sul fur, and is selected fromH N HH (YI) (Y2) (Y3) (Y4) (Y5) O ~N\ HH
H 10 .(Y6) (i (~{8)-CHay QflewﬂuEHhH&thLH,Preferred conpounds of formul a.
(1) are those wherein the prostaglandin residue Ris selected fromthe'

group' c%%5|st|ng of | atanoprost, travoprost, unoprostone and
cloprostenol preferably Ris Iagan%%ﬂgst. X is preferably -0- or -S-;
o (CHY, i
NHR3
wherein:

5 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
- (CHz)n's '
g9) .
—( H‘CHz'Xz)nT‘ CH-CH;—
2 2

10 .

2 Bz'

—(CH,-CH-X,~CH,-CH—

wherein X; is -0- or -5-, n? is an integer from 1 to € and

15 R? is as defined above;

h)
R4 IIF
[ﬁﬂ,ﬁ Y?_ ~[Cl 5
,: RS o R’I '
. wherein:

20 n' is an integer from 0 to 10;
n® is an integer from 1 to 10; ) _
RY, -R%, R®, R’ are the ‘same or different, and are H or
straight or branched C;-Cs alkyl; '
wherein the -ONO; group is linked to

10



A preferred group of conmpounds of general formula (1) are those. wherein Y
Is a bivalent radical, '"having the following 20 neaning: a) 11 WO

2005/ 068421 PCT/ EP2004/ 014820 - strai ght or branched C2-C6 al kyl ene, being
optlonallywosmbgoc;sum ed with -ONO2 or T, wherein T is as leed; b)
CH2) o+ -(CH2 n wherein nis an integer fromO to 5, an%éﬂ g??ﬂg%h?ﬁteger
froml to 5, g) HCH2X2n)ClZz 2 2 10 2 1-2 -(CH CH X2)na CH2-CH wherein X2
is -0- or -5-, n3is 1, R2is as defined above. Mst preferred neanings of
Y are: a) branched C2-C6 al kyl ene or straipht or branched C2-C6 15 al kyl ene
bei ng optionally substituted with -0NO2 ] wherein T is as defined in
claim1l1; b) .L. j CH)n+ -(CH2 n 20 whergmn is 0, and n1 is 1. @)

H &-X213H-CH .- 2 12

“wherein n’ is as defined above;

Y? is an heterocyclic saturated, unsaturated or aromatic 5

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

and is selected from

{N} kN» kN» Q wEN}

r

(Y1) (¥Y2) (Y3) (Y4) (¥5)
10 (Y6) (Y7) (Y8) (Y2} (Y10)

. Preferred compounds of formula (I) are those wherein

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

cloprostenql}.preferably R is latanoprost. ; |

X is preferably -0- or -S-; '

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

those.wherein Y is a bivalent radical ‘having the follbﬁing‘
20 meaning: | ' '

a)

11



WO 2005/ 068421 PCT/ EP2004/ 014820 wherein X2 is -0- or -S-, n3is 1, R2is
hydr ogen; Another preferred group of conpounds. of general formula (1) are
those wherein Y is a bivalent radical having the 5 follow ng neaning: d)
X1- Z- (ORgondpswhesein X, = -0CO- or -COO and R2 is H @lerigph

is.-(CH""'- or the bivalent radical defined above under g,)ﬁ: vmg?“g)l]lgszﬁ is an
integer fromO to 5; n" is an integer from1l to 5 and n2 is an integer from
O0to. 2; 15e) Yj-X1L Z- (OR2)n 2 wherein: Y, is -CH2-CH2-(CH2)2-; or

- CH=CH- (CH2) n2-; stiaightChdal branchizel Wivdeatl kydneq| isifrigedpabongl ugder
b) 20 n', n2, R2 and X, are as defined above; f) 2 R2 O (CH2)' NHR3
wherein: nl and Sl@sd‘?]et%e%ef“ﬁlﬁgd R, 0R3 Tir s ‘ﬁ??%?’”(?d%l—@} % vgPove
2005/ 068421 PCT/EF Q]Aécp.14820 with the proviso that when Y is selected from
t he bi val ent ca nenti oned under b)-f), the -0N0O2 group is bound to

(CH2) n h)
CH,),—
5 -—_(CHZH
wherein n is an integer from 0 to 5, and n' is an integer
_ from 1 to 5; A
.J! .V g) .I .
——(CH-CH,-X, )+~ CH-CH; —
2 2
10

2 ?2
——(CHZ—CH-Xz;)nTCHZ-CH—
wherein X, is —-0- or -S-, n® is 1, R? is as defined above.
Most preferred meanings of ¥ are:
a) - branched C;-C¢ alkylene or straight or branched C;-Cg
15 alkylene being optionally substituted with -0ONO; or T,

wherein T is as defined in claim 1;

wherein n is 0, and n' is 1.

b)

'_—(CHZ n

20

| A

2

12



14 1S ~4 y2-{I1 nS 5 R6 R7 wherein: n4 is an integer fromO to 3; n5is
an integer froml to 3; R4, R5, R6, R7 are the sane and are H, 10 and
wherein the -ONO2 group is linked to _[i]n5 Y2 is a 6 nenber saturated

unsat ur at egoQhosaic@4mti ¢ heterocyclic ring, containing o ns
nitrogen and selected for exanple fromH--G 15 (Y1) :$2; P@Wm?% (Y13)

The. follow ng are preferred conpounds according to the 20 present
i nvention: WO 2005/ 068421 PCT/ EP2004/014820 HO 0 HO a 11 -, \~ ONO
O~p~\~-ONOZ O p HOOHHOOCH\ I \' I (1) (2) HO OpNO :JcHo0% 20N02\ I\
I (3) (4) CHRONOQZ HOHp \ O O (,/ 04 ./ CHzONOZ HO HO OH OH 5 (6) (5)
wherein ¥X; is -0- or -S-, n” is 1, R® 1s hydrogen;
Another preferred group of compounds. of general formula (I)

are those wherein Y 1is a bivalent radical having the
5 following meaning:

d)

wherein
X; = -0CO- or -COO- and R®* is H or CHa;

10 2z 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;
15 e)
e
(OR?),- :
jwherein:

"Y' is —CHp~CHz- (CHz)n?-; or —CH=CH- (CHp)u?-; N
: .Z is —(CH) - or the bivalent radical defined above under b)
20 n',.n*R? and X; are as defined above;
£) . )
| 2 Rzo :
o

NHR3
wherein:

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

13



Ho CHONOz HOd 11 0\ | a, 11 0 OCHONCZ 0 HOOHHOOH/ | I (7) \ (8)
10 CHI ONO2 NHCOCH, HO ,0 HO :a~/\/\ISV11ION ~/~ONCz O 1A HOH 6H \ | \ |
(9) (10) OVe vio 0 o/--/ '--\ ONOZ HO O OH 15 (11) is WD 2005/ 068421
PCT/ EP2004/ 014820 HO ( N'~ONO2 O OH (12) ON HO ONE/ONO2 HO OH (13) 0 O
ONGs pi \ / GKIQi2005(486421~ A (0, LONO, HO O, _,~, ONOZ v v 0 ~- -PCTVEI2004/014820

with the proviso that when Y is selected from the bivalent -

radicals mentioned under b}-f), the -ONO; group is bound to

- (CHz) nl H
h)
R4 Ts
[Cl7Y—IC] 3
5 RS R?
wherein:

n' is an integer from 0 to 3;
n® is an integer from 1 to 3;
RY, R®, R%, R’ are the same and are H;

10 and wherein the -ONO; group is linked to

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

heterocyclic ring, containing one or two atoms of nitrogen

and selected for example from

- r

15

(Y1) (¥2) (Y4) (Y5) (Y13)

~ The following are preferred compounds accoxding to the

20 present invention:



" H6 OH/ HO OH (14) (15) OMe HO O | ~ONOX HO O OH/ (16) . HO fxl
HO OH 10 (19) ~ONO2 HO ON O HO OH ( 6 WD 2005/ 068421
PCT/ EP2004/ 014820 HOOHO O1OC 0- HOHOH O OH \ CF3 CF3 (20) (21) HO

OO Yo dgosaup CeNE O HOOCHFOOH QT CF3 Gy ppgithol 38

'_\\

10

(9) : | (10)
OMe

15

1 &



HO CH2ONC2 HO O / 0 CH2ZONO2 O =0 HOHO OH OH 5 6,CF, &CF3 (24) (25) HO
,, O\ 1 HQ~, 0O\ CHO CHZONOZ ( v v sONO2 HOOH O HO O &, CF3 6"CF,
(26) (27) /| CHRON®2 HO O HOOH\ | CF3 10 (28) WD 2005/ 068421
PCT/ EP200444) 380684NHCOCH3 HO~- O - ~ \ | pEFRP2d03@I4sgE HO

O-~-ONOZ HO=0 11 OH
O/~1"(\/ 0OOf~-ON&XZ HO O OH

I/\N’\/\om2

..@“\_-—/\/\"/0\/'\/"‘\/|

10

16



~ 1 CF3 (30) HOTrN-\ONO2 v~/\ 0 HOO OHCF3 (31) HOO (~it p

~N~~/ONOZ HOOO+ \ ~CF3 (32) 0.. ONO2 0 OYONOZ HO O/ vONO2 HO
a~, J-~O,_,1,,ONO0Z 0O ie HOO HOOH Oto CF3 GF3 (33) (34) 18 WO
2005/ 068421 PCT/ EP2004/ 014820 Owve HO O o~~ONO2 HO O off LCF, (35)
WO 2005/068421 PCT/EP2004/014820
HO HO
% ,\\\=/\/\n/o\/\/\ONoz z \\¥/\/\|r0\/\o/\/0N02
__G\//\/\ © q¢\/\ ©
= H & H 0.
Ho OH E HO OH f
CF, CF,
(20) {21)
Hq-' '.~\“\MowSNONOZ Hq= \\“E/\/ﬁro CHzoNOZ
QN © N O ©
£ H 0 s E 0
HO &n l 5 HO ) _6H T
CF, . » CF,
) (22) (23)
HQ CH,ONQ, HO=

‘ 5 -3 3
(24) {25)
"3 = © 'S 0\./@\
¥/\/\l_r z “‘\‘E/\/\I’r CH,ONO,
\ P . 0 CH,ONO, -O\&\/\ (o]
5 H £ 0
HO OH t HO © OH i
] .
CFa CF:‘I
(26} (27)

10 ®



\1vVv O HOO OHS5 CF3
OH HO OH (39) (40) HO

O O 10 (41) (42) .

\ pofdrrobdoldnd (44)
ONOD2

HO y=\O 1 / OONO2 HO OH &CF3 (37) O ONO2.
(38) HOHO O-/\'ONO, Ol~,~ 0»,ON02 OO
OONO2 HOO CH2ONCR2 0 14 0 HO 0 HO OH~ OH \ | !
CH2ONO2 HOWdOnbs/ocaazd 1 (O 11 O r v O HOHOt)H- O \ |
10 WD 2005/ 068421 PCT/ EP2004/ 014820 HO Ho -,

NHCOCH,

..\\‘M—/\/ﬁrs\)\[ro\/v\ ONO,
Q
C]\,\A o
Q

OMe

10

18



OHXONO2 0 HOOH OH\ HO/ C &C (45) (46) | CH2ONO2 HO~O~1 0O HO OH
~~1 C (47) NHOOCH3 HO 50 ---A~ONC2 0 OHOO OHI| O (48) OMe HO O O
| ONO2 HOO O OHb (49) INA~"ON®2 J HO OW 0 HOb"d

WO 2005/068421 PCT/EP2004/014820

OMe

T
o
Qnn
Q
]
I
O,
Ot
QE_
o

HO
Hq‘ ...\\E/\/ﬁ]/o\/\s/\/ ONO, % .«\\\.:/\/\I,ro\@/CHzONOz
G\?\/\ - © - . :Ck'?\/\o °
F X (=] 3 :
= HO H
HO &1 8H 2
cl _ . x [+
10 (41) : L (42)
: GH,ONO, HO o
Hq" \\‘\;—_./\/\’r o % \\\k—./\/ﬁror )
G\/\/\ © = © CH,OND
s AN s 0 2 2
5 ¥ o) H
HO i 1 HO 6H i
o cl
(43) (44)

10



OHLO (50) 20 WD 2005/ 068421 PCT/ EP2004/ 014820 HO LN, ..,~9N02 0 4F L~ HO 6H
& (51) 0 0/ONO2 O ON02 HOHO ;O !1 /ONO .a"~/~/O,~~ONOZ p ~ 2 f~ O

Hh 0 HOO OHOH \ O d (52) (53)

(54) HO &®%008/088420N02 HO O OH CI (56) ONO2 HO

5
(48)
OMe
HO" s\‘\—-__/\/\rro
O\?\/\ © AN O o,
HC; : 9 : (o}
, OH i
cl . .
(49) :
N/\/\ONoz
Hc% \'\‘\=/v\'r0\/\/N —
Q/V\ ©
_z
HO A
OH t

20

O HOO ~~ 0 O-~ON02 0 HO oH 5 6, cl

PCT/EP2004/014820

el
CH,ONO,



.. ~0~/N.. OHO' O OH \ | C 10 (57) HO p~~ONO HO ON0O2 HO O Ho 0
(58) (59) WO 2005/068421 PCT/ EP2004/ 014820 HO 0~\ S*/ ON0O2 HO O CH2ONO2
HOHOp 0 (60) (61) CH2ON2 HOHOO _ CHZONOZ HOHO OO0 5 (62) (63
0 Il CHZONOZ 0 CH2ONO2 HO HO 0 p (64) (65) 10 CH2ON®2 -HO O HO 0
WO 2005/068421 PCT/EP2004/014820
HO o
% .\\“\-—_'/\/\[r \’/\N/\I
NO
-O\N © Ao
HO (E)H
cl
(51)
9 ONO.
0/“\/\/0“02 HO \/c(:\/. ’
) E 2 8 ONQ
O\y\/\ © O\f\/\ °
> § Y o
§ " o HG" £ .
HO SH ? . OH i
‘,) Ql . Gl
(52) (53)
OMe
HOE \\‘\EN\"/O
Q\//’\/\ ° O on,
HO 5 OT 0 ‘
5 al
(54)
G\%\/\ © O’H\/\/\ONOz
N Y o
HOI &H | _
al
(56)
| ONO,
HQ: \\WOWN :
0.
QV\AO
HO E
t\d
10 (57)
HO O ONO.
S "“WOW\ON% 7 .\\*\_—y\/\"/o\,/\o/\/ 2
HO HO '

~ .



(66) NHOOCHZ HO *.., 5 '---" ~ONOCZ 0 0 HOO (67) O HO O ° ONO2 HO O
15 (68) HO N-\ONC2 INTr's/ O HO O (69) 22 WO 2005/ 068421
PCTI EP2004/ 014820 HO N p ONE/ONO, HO 0 (70) 0 O/ONO, 0" ONO, HO HO O./v

j ONO O w6sdsfy HO O HOO (71) (72) Ove HO 0 O /\ /pc@N@004/014820

oOT —

10

15

27



Hh 05 (73) -1/ O ~ON®2 H O (75) ON0O2 HO O-—~~N(\/ 0 HO 0 10 (76) HO
HOO ONO2 00 =HOOHHo OH (77) (78) HOHO ~ OONOy ONO2 0 0 HO Ho OH
OH . 15. (79) (80) WD 2005/ 068421 PCT/ EP2004/ 014820 HO HO ONO2 O CONO2 O

ONO2  HO 6Q Hosptdae8l) (82) Owve HO O PCT/EP2004/014820

10

15

272



0/ / ON~ONO2 HO6H O 5 (83) O HO 01 CH2ONO2 HO 6H O (84) OVe HO “~O
\ \ CH2ON®2 0 0 HOO OH 10 (85 O HOO O/ / OONO2 HD O OH 15 (85)
24 WD 2005/ 068421 PCT/ EP2004/ 014820 HO 0 HO ~-~ONO2 O~~~ "O-iONpx p O O
HO OH

HO GMO 2BBR6842CF3  (87) (88) HO 0 HO O OND2 ONO 2 (PUIIVER2004/014820

(81) - (82)

OMe

10

15

24



OO OHHO OH &CF3 CF3 5 (89) (90) HOHO ~ ~ "0 ONO2 ~~O CONO3 00 ONO2
HO OH HO OH &CF3 &CF3  (91) (92) oM HOOO O~ONO2 OO0 HOOHI . CF3 10
(93) O\ HO OOl OH2ZON H& 0O OH CF3 (94) 25 WD 2005/068421

PCT/ EP20044 8266238420 OVe X1.0 CH3ONOz o0 o al HO O PCT/EP2004/014820

HO HO

“““E/\/\Ir 0\/\ ONOQ, ‘\‘*\=/VYO\/\/ON02
0

HO & . HO | H |
CFS . CFg
(B7) -{88)
HO o HO
% o —s \/\/\/\ E o —
. ONO, ONO,
e o . ¥ e o
§ . § ¥ "o . -
hG z, 0 oH i
CF, — , CF,
5 (89) ‘ (90)
HO \/I\ HO .
% “/\/\f oNO, ﬁ‘t/\/\[r T\ONO’
s}
. .Ck?\/\ ° : ;O\?\/\ ONO,
HO &1 HO OH
CF, ~ TCF,
(91} (92)
OMe
HO,

. \«‘\‘\=/\/\er |
: o]
Ck?\/\ © Z ~"ono,
2 0 .

10 ?

25



OH6 CF (95) O HO O b'r OONO2 HOO OHCF3 (96) HOHO O '---'ONCZ
,,,,e~~ON02 HOOH HO6H 5 Cl 6CI (97) (98) HOHO OO \ONOZ rONOZ O HO p
OH HO OH. 6C ci (99) (100) 10 HOHO . . .. . , Il ONOZ ONCONO3 1O o

N3 0 0 Ci ci
F\‘QO%S%?SH? PCT/EP2004/014820

(95)
0
HO Me
o] 0
g//’v\ h F \"/\/\ ON 02
S EY
Hi BH 0
! CF,
{96)
Hq HO

5
{(97) (98)
HO, HO
% o \/\/\/\ o
S ¥ o § Y "0
HO OH i HO OH
| cl NN
(99) (100)
10

[a V-



(101) (102) WO 2005/068421 PCT/ EP2004/014820 Owve HOO I / / 9" ' ONOX
<~PI ~~HO~ 0 OH&C (103) Ow HC (104) OV HO YO\ CH20NO2 HO 5~~HO
O\ Cd 5 (105 Ow HOO b~"-/ OCONO2 HO =0 OH &C (106) O-ON2
H(J~1, OON&D206®068421 01 O | O Hp O H'S 10 (107) (108) PCT/EP2004/014820

OMe

10

27



HO HO 0O- ONO2 2 0 HOH O (109) (110) 27 WO 2005/068421 PCT/ EP2004/ 014820
:cc O:>0c:02 NO 7 1\ ONOO (111 ) (112) M HO HOOO 5 (113) M HOO O
\ CH2ZONO2 HO O (114) HOw OOal HOO (115 OGwvw HO O/ / OONO 10 HO
0 0 (116) WAX200feR42lbned above, objects of the present i nreniEPod/oaseo al so

pharmaceutical conpositions containing at |east a 45 conpound of the present
i nvention of formula (1) together wth non toxic adjuvants and/or carriers

usual | y enpl oyed

: !
2 e 0
o \_/\/\n/ ONO,
o)
HO -

o)
(111)
Vie
HO
% .\\“‘t/\/\"/o
5Ck/\n/\/\o/\/ & \\/\ONOZ
HO 0 0
5 {113)
e
HO
z “\\&/\/\[ro
HO o (o]
{114)
Ho ‘ OMe
G \\\____/\/er CH,ONO,
o F 0\/I::J/
HO 0 0
(115)
OMe
HC
% ‘\\“\-:/\/\,‘rO\@\/\/
Q/\n/v\o/\/ 7 O\"/\/\ONoz -
HO o]
f 10 o . '
{116)

- As. mentioned above, objects of the present invention
are also pharmaceutical compositions containing at least a
.15  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
20 as solutions, suspensions or emulsions {dispersions) in an
. ophthalmically acceptable vehicle. The term “ophthalmically

acceptable vehicle” as used herein refers to any substance

28



in the pharmaceutical field. The preferred route of admnistration is
topical. 'The conpounds of the present invention can be adm nistered 20 as
sol utions, suspensions or enulsions (dispersions) in an ophthalmcally
accept abl e WHM08/06842The term "opht hal mically accept abl e rehiepk@ioas2esed
herein refers to any substance 28 WD 2005/068421 PCT/ EP2004/ 014820 or
conbi nati on of substances which are non-reactive with the conpounds and

suitable for adm nistration to patient. Preferred are aqueous vehicles
sui tabl e for FopFeEPLPAPHPH c & oﬁu}?%t?%‘ée?)af”&' ‘éﬁ’f‘l 2R eBONSTERREL VRN gF &R ent s

whi ch may betﬂ%Sicro?rgJo‘ﬁrﬁd% ‘é%gl iéﬁi@%%l@%ﬂ‘%dﬂi%i%&ﬂ Qs e ddige present

I nvention include ntimcrobials, preservatives, co-solvents,” surfactants
and. viscosity buPrdifiegregenise Huymeomsentebhcaéso sndltatbdse t foa neddbddalor
treating 10 glayconmg or ocular hypertension, said nethod consisting in

cont acti ng aﬁ?@ﬂ-flé’@ttil\%l it_r‘?t 8&c BES Shte Ss G¥&S-educi ng  amount of a _ _
conposi tipn with btﬁﬁe?cygng%%@ﬁrtst %h&%ﬂ“ﬁ%ye?:%prd%;sﬁa W1 ad J NBi NERLN

said pressure on a reduced |eve The doses o gl andi n
ni troderi vat bphshedmilte cdfpdet eionsedbytse apdasend | imvahtienhnirmiasdand
are.in the sane r,anggiigr | ess than those descrihed for the _correspondi ng

under-i vat i zeBPEEBAE My R¥FEEEANES 1VStas CRGISATER tompiidS TRt /Rt e

in the, Physi¢LaRs3+yPBsK1Reher eRed+sMedi cal Economi cs Conpany,. I nc., -
Oradell, 20 N. J., s58tYIP?EEd. , 2%04;6 Thg phar macol ogi cal basis of
t her apeuti cs, Goo@han ianenGilommnalsd. reGatids dpmna method LEabi rdbedaleinidn Ed.

of the aliVEIEBABBANGT BSUHRE PREMTHES Ty bes ddUahageba0ey SLand o out
In . contacting an effective intraocular pressure 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
15 determined by standard clinical techniques and are in the
' same range or less thaﬁ those deécribed- for the
corresponding underivafized, commércially available
. prostaglandin compounds as reported in the: Physician’s
Desk Reference, Medical Economics Compény, Ing., Oradell,
20 N.J., ©58%™ =Ed., 2004; The pharmacological basis of
therapeutics, Goodman and Gilman, .J. G. Hardman, L. e.
) Limbird, Tenth Ed. |
The 'compositions contain O.le(?O nug, especially 1-10
pg, per application of the active compound.

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

It is further contemplated that the compounds .of the

.30 present’ invention can be used with other medicaments known
to be- useful in the‘ treatment . of - glaucoma. or ocular

. hypertension, either separately oxr " in . combination. For

example the compounds of the present invention can be

29



that one drop of the conposition, corresponding to about 30 pl,.is
adm ni stered about 1 to 2 tinmes per day to the patient's eye. It is further
contenpl ated that the conpounds of the 30 present invention can be used
wi th ot her WRAPEABIXs known to be. useful in the treat mMAQI/ER2D)4H1a8200 8.
or ocular hypertension, either separately or in conbination. For exanple
t he conpounds of the present invention can be 29 WD 2005/068421

PCT/ EP2004/ 014820, conbined w th, (i), beta-pl ockers, such as _tjnol ol

bet axol ol , | T éf’ri‘%qt he 17 ke ?%‘é%qtf%‘?ﬁ%’f'_ No?“cr}h, 985 58&}{“"%&1)
carboni ¢ anhylasen1 ¢l billelichursie)l agndbringohamedeséki i, dr eRgr gi §o,
agoni sts including.clonidine 5 derivatives, such as apraclonidi ne or

bri noni di ne (&éd2). 1) Pat{iiNo. cerienigsanhydmsentiemiiittars,s shieh as

cxanpl o it G ETRA el bt Bt St o SN a SR G ER BB e,
U.S. Pat.5No.qefh i34k #iads, 1adhea € aipraiidsn i ind P esamdni dyeat  98e cgnshe

synt hesi zed as foll ows. Synthesis procedure The conpounds of general formula

(1) as above Bédf.i nld; Safllizi4se oblapneentiemrdptesacis nfhe coopoinatoen -
tormia (1T B2 a0 UL W i b g Sl e, 1
trinethylsilor t€dmple nitrooxy derivatives of beta-blockers such as
those described in U.8. Pat. No. 6,242,432.
10 The compounds of the present invention <can be
| synthesized as follows.

Synthesis procedure

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

15 be obtained:

i) by reacting a compound of formula (III)

S o)
20 o (IID)

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.

25 Greene “Protective groups in organic synthesis”, Harvard
University. Press, 1980, 2™ edition, .p.14-118;. W is -OH, .

. Cl, or -OC(OJR:1 wherein Ry is a linear or branched C;-Cs

alkyl;



butyl -di nethyl silyl or acetyl and those described in T. W 25 G eene
"Protective groups in organic synthesis", Harvard University. Press, 1.980,
2nd edition, p.14-118;, Wis, -OH,. d; or -.DC(OR, wherein R is a

| i near or WOarvokeeB4Cl- C5 al kyl ; 30 WO 2005/ 068421 PCT/EP?@ﬂA@gk&g;ﬁnomnth a
conpound of forrmula (IV) Z-Y-Q wherein Y is as above defined, Zis HX or

Z1, being X as above defined and Z1 selected fromthe group consisting of :
chl orine, bromne , iodine, nmesyl, tosyl Qis -ONO2 or Z1 and ii) when Q
is zir by cowbEht Bn G RO Wrsmedu e TEHAl rléfaf rZ e @t@ﬁm Y ikt Bsidbove

derivative by peaghi onywith & pit rzat eb%?ﬂ?fex sugh 8% v | Y85 ALl al ey

lithiumnitrate, séditUmnitrate, pétassiumnitrate, magnesi um i tra e2110
caIC|un1nltrgéeecte@nf&bmr&m@,gzbmp gohsdist iorg dfet raal kyl ammonium nitrate
(wherein alkyl is Cl1-Cl0 alkyl) .in . a suitable orgam c solvent such as
acetonitril eChlﬁéf’-PéhyH’ﬁ@Fﬁ}ﬁﬁne iIREiRgr e™MBPYlett®fyliet hyl acetat'e, DV,
t he reac@(m1|f abgbedogug Ay the dark, ata tenperature 15 fromroom
tenperature to ﬁlng{mmmauueofthe solvent. Preferred nitrate

source is suiypr whidrr ape iand;, i iy omivenaihy dépr ct@giéurgd t bbtadmeelns
obtained in step i) or,ii) as described in T. W Geene "Protective groups
in organic sHehelFep,; %hrVﬁFﬁ’UHPF5P5|99rPWé§§V919BE PeChoRdiWibR, P.

Ge- 86. i uory der Lop | 5ol he, PLGLSI el UMM T ot e bRV Nkl b (St

protecting group e reaction of a conpound o orml

-OH, P and Xao@iﬂmasn&haw&edehpuﬂhsamdﬂ1enrtm@bend magnesiafn fwmmﬁatéJ\O
wher ei n and Q are as above defined, Zis may be carried, out I n presence
of a delz\/dr%@r%bu’&genplz;s’:a&iecycl &I:Fé’i’yl cd?lt))‘iiéﬁ"?‘?’n de {tHee) opitrate = or

tetraalkylammonium nitrate (wherein alkyl is C3-Ci alkyl)

in a suitable organic solvent such as acetonitrile,

- tetrahydrofurane, methyl ethyl ketone, ethyl acetate, DMF,

the reaction is carried out, inithé dark, at 'a temperature

15 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 ii) as described in T. W. Greene “Protective groups

in organic synthesis”, Harvard University Press, 1980, gnd

20 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 X1 are as above defined, with a compound.
25 .. of formula (IV) wherein Y and Q are as above definéd,
Z is HX may be carried out in presence df a
dehydrating agent as dlcyclohexylcarbodllmlde (DCC) or
Nf-{3- dlmethylamlnopropyl)vN ethylcarbodllmlde
'hydrochlorlde (EDAC) and a <catalyst, such as 'ﬁ,N—
30 . dimethylamino pyrldlne (DMAP) The reaction is carried
. _out in an inert organlc solvent dry such as. N,N’-
dlmethylformamlde, tetrahydrofuran, benzene, toluene,.
dioxane, a polyhalogenated allphatlc hydrocarbon at a

temperature from -20°C and 40°C. The reaction is
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- (3-di net hyl am nopropyl ) - N-et hyl carbodi i m de hydrochl oride (EDAC) and a
catal yst, such as N, N 30 dinethylam no pyridine (DVAP). The reaction is
carried o %ﬁ an inert organic solvent dry such as. N, N -

di methyl fo Y8984t r ahydrof uran, benzene, tol uene, di BYEHR2004/014820

pol yhal ogenat ed al i phatic hydrocar bon at a tenperature from-20C and 40C.
The reaction is 31 WO 2005/ 068421 PCT/ EP2004/ 014820 conpleted within a
time range fron13 t hqur. T S (:

wherein W= - %é’mBﬁlétt%a ‘Qlég%lﬁn‘r%r cti%LaEi ;ﬁ?%v%émgg?ﬂ g%gﬁgg%r%of#dségf
formula (111) \Ahehewmsw— -OHand P is a hydroxyllc protectl ng group nay be
prepared from the correspondi ng conq;gﬂvs( ere| as well kpown in

the art, for exanpP& S8T@LEESsH&F iG? éeﬁ’@‘e'rlsrl& 8t tT v raRBsPi T
organi c synthesisg, 510 Ha [ rs,l tg_ BIj_%SS 1980, 2nd edition, p.14-118.
The reaction of a cgrrpoun51}{1%ft@1’1l?ﬂl NG a wherein W = -OC(0)R1 wherein R1
is as above defi nEHeamdniPcundsorof afhyrdubaxyl(MIbr@rhecrteumg WreuPROHi tench P

conmpound of formyla ( ein Y is as above defined is - 5 and Q
is -ONO2 may be cafr \aehygapxly,l,l&r @§é’ﬁ€é’%&flgagr€&?al &Y, b&dﬁfe&aredl from

. N, N-di et hyl am nEthréﬂW N m‘?hy%d&ﬁg | QRekaifarsi ed qut kn a4 nert

organi ¢ sol vent such as rmam de, tet rahydrofuran benzene,
t ol uene, di oxane, kao€fi pal yite ogpepat Edr akbkphpiec asy dlesrariiosd aina T. W.

tenperature. from,-20C ang _40 he reaction is, conpletedq within. a tipe
range from 30 nmi nGFBE™ €0 36REECTLVE THF MMFoutfis F‘J?Bﬁ-h’ul agy(qiqqe)s%e'r ein
W= -0 RL andHErvafH”@M1’9§r9@E§' @%st;{ OMbBE SO IRBRIUVH . ALLLE .

- The reaction of a compound of formula (III) wherein W

= -QC({0Q)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 -QCH

15 . and Q is -ONO, may be carried out in presence of a-
catalyst, such as N,N-dimethylamino pyridine (DMAP).

The reaction 1s carried out in an inert organic

solvent such as N,N’ -dimethylformamide,
tetrahydrofuran, benzene, toluene, dioxane, a
20 polyhalogenated aliphatic hydrocarbon at a temperature

from -20°C and 40°C. The reaction 1s completed within
a time range from 30 minutes to 36 hours.
. The compounds of formula (III) wherein W = -OC(O)R;
and P = H may be obtained from the corresponding acids
25 - '-.wherein W = —-OH by reaction ‘with a chloroformate such
. as  isobutylchloroformate,  ethylchloroformate  in
presence of a non-nuclecphilic base such as
triethylamine in an inert’ organic' solvent such as
N, N’ -dimethylformamide, tetrahydrofuran, a
30 ‘polyhalogenatéd aliphatic hydroéarbén at a temperatufe
from -20°C and 40°C. The reaction is completed within .

'a time range from 1 to 8 hours.
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25 wherein W= -OH by reaction with a chloroformate such as

I sobutyl chl orof ormate, ethylchloroformate in presence of a non-nucl eophilic
base such as triethylamne in an inert organic solvent such as

N, N - di netywpl Hos/omazde, tetrahydrofuran, a 30 pol yhal ogenatggrmbi/piagte C
hydrocarbon at a tenperature from-20C and 40C. The reaction is conpl eted
within a tine range froml to 8 hours. 32 WO 2005/068421 PCT/ EP2004/ 014820

- The reaction of a compound of forrmula (I1l) wherein W = -OH and P = H,
with a conpound ofTHermact{dn/)of whereinpo¥nids ods falrowd adefliligd, wiersidlWand

Qis -ON2- may be cagried out in presence of a organi.c base such 5 3s
1, 8- di azabi ci cl of 5. 4."%ur‘?d§£- % eﬁee{'DB’ff)“?EN,aY\I- c%?@ﬂﬁgoﬂfe%ﬁﬂ“éﬂ fne (IV)
di i sopropyl am ne QhdRArgani £5 Basapsheh R M@l inerean! hfPt@l 3 gar te

or hydroxi de, potassium carbonate, cesium carbonate, in .an rnert organic
solvent such as Nmey 1@ diamtind fouheabh dpresencahpdr ef wraganiac dtame, soehhyl

Lyl ketone, aceLonit L b 2,BRLKI 98 9L B urdlnlotle MERGSRT PR R,
is conpleted withiin Roldpe 1206948 Ai8,]l H2i8cpedpy1aMleR d7 ZhhdsSgshgsen
anong chlorine or bromne the réaction’is carried out I n presence a% I odi ne

conpound such as biise Theigleacason adfkad icemesauntd ofmétoalul eafbbnateherern W

= C and P is as abave defined, wth a compound of 20 fornula (V) wherein
Y is as above defi HQJPXZ“%FS e rt o e Sy CHEL WA FP@&‘POB%‘Fei'n -in

presence of a of 4@ orgﬁqéftbaseoﬁg:ﬁ@s NJN1aigigt hyl agi-Ro Pyg i di ney, N’ -
10 dimethylformamide, tetrahydrofuran, acetone, methyl .

. ethy}l 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

15 Zl‘is chosen among chlorine or hromine 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

20 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'-~

25 " dimethylformamide, tetrahydrofuran, benzene, toluene,

. dioxane, a pélyhalogenated-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.
- 30 : The éompéunds of formula (ITI} wherein W = Cl may be
obtained. from the corresponding acids -wherein. W = -OH .

by reaction with a thionyl er oxalyl chloride-, halides



(DVAP), .triethylamne, pyridine.. The reaction' is carried out in an inert
organi ¢ solvent such as NN 25 di nethyl formam de, tetrahydrofurah, benzene,
t ol uene,_ di oxane, a pol yhal ogenated d-aliphatic hydrocarbon at a

t enper at WPSNYYRI2120C and 40C. The reaction is conpl etPEI/HR2004/H4820 i me
range from 30 mnutes to 36 hours. 30 The conmpounds of formula (I11)
wherein W= C nmay be obtained. fromthe correspondi ng acids wherein W=

-OH by reaction:wtfiza thi qryl ;qr hlgride., | i )

2005/ 068421 PCIPEPZ004) (14830 SF P%ﬁ%%lbt i%és‘gfvesn 5 i(rj?‘gsft tsg%he%%f

tol uene, chl oreghbsrvf&dMr, DME.conpounds of formula HO Y-ONO2, wherein Y is
as 5 above defined can be obtained as follows. The correspondi ng di ol

derivative, conmercially available, or synthesized by well known reactions,
is converted i Ph¢iocwngouniseref n f2rmud aasHhovGef ivieeireiny Yrelk lkawown

reactigns, for exanple, by, reaction_w th 10 1 hionyl or oxal chl oride,
hal i des of Pal ig%?‘g% e We‘ghl or FaB, {}Ssy?égﬁ%%%/ﬁidea?n gBﬁé’h’Fs i ﬁ@l’q such
as toluene, chlgspfosmandMy etc. Theotonveyessidatise,t he abgnhgr@qra{l\aa}];ive IS

carried out as above = described. Alternatively the.diol derivative-can be 15
nitrated by reaxvdbmlieh ot syothesdzeddbycatdld kondvrdrieacthonstenperat ure

range from-50C to O ccordin o net hods |l ;known i.n the |it.erafure.
The conpounds ocforf‘fﬁ%?cg #- gp@%@’%}'mﬁb?ﬁfaﬁn\\%én&szfs FRO%R G5 EdE S i ned
can be obtai nedyy ren 1 henbahogeB cti0ndsr ifvat issimpheY-Bial re §68WBAC Al

avai |l abl e or synthesi zed according to methods wel'l known in the Iivterature,
by corfersion tididnyhi oro aralyht chdogdde, halides of P or P ,

mesyl chloride, tosyl chloride in solvents inert such
as toluene, chloroform, DMF, etc. The conversion to
the nitro derivative is cérried out as above
described. Alternatively the diol derivative can be
15 nitrated by reaction with nitric acid and acetic
anhydride in a temperature range from -50°C to O"C
according to methods well known in the literature.
The compounds of formula Z4;-Y-ONO;, wherein Y and Z1
are as above defined can be obtained from the halogen
20 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. ‘ o _
The compounds of formula H—X—Y-l.Z;, wheref':i.n X, ¥ and Z1
25. are as above defined can be obtained from the hydroxyl
- derivative H-X-Y-0H, _.co;nmercially 'én‘railablte. 6r
synthesized according to Ii:l‘—eth‘(.:)-dsv well known in_ the_
~literature, by well knéwn' re_aétions, for example by
reaction with thionyl or 6xaly1 chloride, halides of
30 P or P' , mesyl chloride, tosyl chloride in solvents

inert such as toluéne, chloroform, DMF, etc.

The following examples are to further illustrate the

invention without limiting it.
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above described. The conpounds of forrmula H X-Y-Z1, wherein X, Y and Z1 25,
are as above defined can be obtained fromthe hydroxyl derivative H X-Y-COH,
comercially available or synthesized according to nethods well known in
the |itWOR/@842y wel | known reactions, for exanpl e bycTeEeswkonig2oM t h

t hi onyl or oxalyl chloride, halides of 30 P111 or PV , nesyl chloride,

tosyl chloride in solvents inert such as toluene, chloroform DWW, etc. The
foll owi ng exanples .are to further illustrate the invention without limting
it. 34 WD 688421 PCT/ EP2004/ 014820 EXAMPLE 1 Synthesis of

EéRhglLl?(()Q/ éﬁgﬁﬁl%g: ”{)lg’yc{ﬁg‘gg‘gt'?ﬁd‘r Q()S e%’t o I T 3654'd3(1?13i"§¥%¥y?but yl
ester (compoupdgkbxy-Is-griRaticsthal HO dﬂ@ht%;?ﬂ;%%%g%ei§£ C%@h 4- Bflé

UMV72.11 MW153.0 19870 x-er
p -- 0 HOnkKR2CO®xMPbOHYRI eGllerMAC3a@obidW)507.62 10 |1 EXPERI MENTAL 11.1
Prepar§tion of 4-bronobutanol 15. Tetrahydrofuran (12.5 g - 173 muol) was

char ged under
I Synthetic Pathway

o
Q g TN Br/\\/\/ONoz

MW 72.11 MW 153.02 - MW 188.02

MW 290.51 ' MW 507.62
10
IT EXPERIMENTATL,
! IT.1 Preparafion of 4-bromocbutancl
15. - Tetrahydrofuran (12.5 é - 173 ‘mmol) was charged under

-nitrogen in a reactor cooled to 5-10°C. Hydrogen bromide
(7.0 g.4-86.5 mmol) was then added slowly and the reaction~ ’

medium was stirred over a period of 4.5 hours at 5-10°C.

-The mixture was dlluted with 22.5 g of cold water and the

20 pH of this solution was adjusted to pH—5 -7 by addlng 27 65%

sodium hydroxide (2.0 g) keeping the temperature at 5-10°C.

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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nitrogen in a reactor cooled to 5-10C. Hydrogen bromde (7.0 g. - 86.5
nmml ) was then added slowy and the reaction nediumwas stirred over a
period of 4.5 hours at 5-10C. The m xture was diluted with 22.5 g of cold
wat er and®Q M@S9B43H of this solution was adjusted to pHeET/EPRgo4mddizag 27. 65%
sodi um hydroxi de (2.0 g) keeping the tenperature at 5-10C. The sol ution was
then extracted twce with dichloronmethane (13.25.9). The conbi ned organic
phases were washed with 25% brine (7.5 g), adjusted to pH=6-7 with 27.65%
sodi um 35 NHSTRIESI gD 19 Pd EPOBD AP RIRSSHM hst Bt ele Bh@ha@re@e*éhéne
magnesi um guldf o] t L Cru

4- brom)butzz[r%lolaléjei%tglf&l:1 nggagﬁgn ]m%%sgo %%*ég t?%$% 390 3 gf abggt977@6 5
'l ..2 Prepammiiolon wafs liraimmddit yrh aniy:realcé dh alwaet ofr7€00led to -5 to 5C
nitric acid fumng (6.5 g - 135 mvl) was slowy added to a solution of 98%
sul furic acid (13.0 g - 130 mol) in dichloronethane (18.0 g - .212 mol).
4- br onobut gl FrEparatidib.f Mrhjomstsuttemiadekeick 10 to this m xture and
the reaction nmediumwas stirred at -5 to 5C over a period of 2-5 hours. The

m xture was_pour.e i nt o.cold wat g).. e.te er ure between
-5 C and 3& rﬁﬁcgordecco ééd‘o% fhe"’( 1115;1)‘;%& ag%]rfg : gét aBted with
di chl ororretllzgnem@cm) thasccgrliwlgﬂ 44801 €012 M@@ld@rsfwdsmfﬁr%t er,
adjusted to p addi tion of 27.65% sodi um hydroxi de, washed wth

brine and agmied](ﬁ/é{ ané§i0ummjl)f a?tl'e dixkhvoenethanne (Ms Odisstt | 28 of f
under vacuum nd ¢y yde 4- bronD t trate 7 64. 1

recovered T ; yi e‘{gj ot ﬂ)% % 1? 3 Fé 26a 1&‘??%)}1 B'FS r? 283ed

[ 1R-[ 184 Z) £+30¢R%)s 3@ padde 7ahd, The reactlon medium was stirred at -5

di.hydr oxy- 2- ( 3- hydr oxy- 5- phenyl pentyl ) cycl opentyl ]-5- heptenoic acid
4- (nltrooxypb@tﬂ @Eglra period of 2-5 hours. The mixture was poured

into cold water (110 g) keeping‘the temperature between -5

°C and 3°C. After decantation, the upper agueous phase was
extracted with dichloromethane and the . combined organic

15 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%.

20
II.3 Preparation of [IR-[1a(Z),2B(R*),3a,5a]]-7~[3, 5~

R dihydroxy—2~(B—hydroxy—S—phenylpentyl)qyclopentyl]—5—

heptenoic acid 4-(nitrooxy}butyl ester

Latanoprost acid (97.7%, S-isomer <1%) (213mg, 0.54 mmol)
.25 was dissolved in 5.0 g anhydrous DMF. K,CO; (206 mg, 1.49
nmmol), 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. - '
.30 After 1.5 hour, TLC (Si, CHsCIL,-MeOH, 5%) showed -no

- gtarting acid.
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Lat anoprost acid (97.7% S-isonmer <1% (213ng, 0.54 mmol) 25 was di ssol ved
in 5:0 g anhydrous DMF. K2CO8 (206 ng, 1.49 mol), K (77 ng, 0.46 mol)’
and 4-bromobutylnitrate (805 ngy, 25% w w in nethylene chloride, 1.02 mmuol)
wer e addwe.200579f842%leacti on m xture was heat ed and stirr eBCDEPEO4/014820
evaporator at 45-50C. 30 After 1.5. hour, TLC (Si, CH Cl2-MeOH, 5% showed
-no starting acid. 36 WO 2005/ 068421 PCT/ EP2004/ 014820 The reaction

m xture was_diluted with 100 m ethy|,6 acetate, = washed with brine (3 x 50
m), driedT&fer SAFEGPMAY- X et orag S t3F \i'él%ll(i%l% oFhyl 420ekgfe 5 1H
NVR/ 13C N d .t e l.ecyl-e as i pr t it one
starting Z/ﬁgr%gl%n\eﬁu&f%gl?t trbgggleantiBDM% QOHgE%PLhOV\g%i%\% sc%‘gérll?i ngisaq:\% d.gna

Resi dual sekwueoiratéed hroonpbed well Xovatsh aridl t @detmaist er were the nmmin peaks.
Butylnitrate ester showed simlar UV spectrumas 10 | atanoprost and rel ative
retention t{ine m%ﬁaas expected. Instrunment; Bruker 300 MHz Sol vent: CDC13
15 1H %H:D@i’l@ g FMPg. shawedsiharget gpgleculs efy aj majogHergdust 38

1H, m r . ' : — il i 10 (2H,
- oooore) oyt HRckn ety R i gbndeVinaghacd Sl ol 15,0
2.35 (2H, HPLC2. 2howeZH, mo, 2ZtkIH(idld Meacid .90 Res3auElI6H, Mol hd3C NVR
(CDC13) ppm 173.94 (G=0): 142.14; 129.55 (CO  129.50 (CO, 128.50; 125.93
78.80 (Cllpromgbygylagirate spdctaggat ¢Ftsy (was§. tés spaip) mepked2):
51.99 (CB): 0); 6 2 33 d v 215+, 29. 23 4: . 70;
25 25. 04, Bc§1PIb5eTEY) 16355 R i Rhpfipe, s i1 e Hov®D drec Bl 20

10 latanoprost and relative retention time was as expected.

Instrument :' Bruker 300 MHz
Solvent: CDClj; '

15 'H-NMR (CDCl3) &: 7.29-7.39 (5H, m, Ar); 5.45 (1H, m,
CH=CH); 5.38 (1H, m, CH=CH); 4.48 (2H, t, CH,-ONOz); 4.18
(1H, m, CH-OH); 4.10 (2H, t, COOCHp); 3.95 (1H, m, CH-OH);
3.68 (1K, 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).

20
8c~NMR (CDCl3) ppm: 173.94 (C=0); 142.14; 129.55 (Cs);
129.50 (Ce¢); 128.50; 125.93 78.80 (Cu); 74.50 (Cs);:
72.70(C-ONO2); 71.39 (Cis); 63.57; 52.99 (Ciz2); 51.99 (Cg):
41.30 (C10); 39.16 (Cie); 33.66; 32.21; 29.73; 27.04; 26.70;

25 25.04; 24.91; 23.72; 15.37. : . ‘

EXAMPLE 2 7 _
Synthesis of [IR-[la(Z),2B(R*),3a,5a]]~-7-[3,5-dihydroxy-2-
‘30 (Be—hydroxy-S—phenylpentyl)cyélopentyl]—‘5—hept.enoic acid [2—‘_
. methoxy-4- [2-—pr_openoylo§y(4~nitrookybu£jl) ]l1phenyl esiier ‘
(compound 11) . |

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

35 : -
~To .a solution of fe;ul;i.c acid {1g, 5.15mmo_l) in_.
tetrahydrofurane (40::;_1); triphenylphosphine (2.79,
10.3mmol) and tetrabromomethane (3.41lg, 10.3mmol) were

-added. The mixture was stirred at room temperature for
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Synthesis of [1R[1la(2), 2p(R*), 3a;5a]]-7-[3, 5-di hydroxy-2- 30

( 3- hydr oxy- 5- phenyl pentyl ) cycl opentyl]-5-heptenoic acid [2-

met hoxy- 4- [ 2- propenoyl oxy(4-ni trooxybutyl)]] phenyl ester (conmpound 11). A)
Pr epar at worzoed/odseziul i ¢ aci d 4- (brono) butyl ester 35 TopergpiodibiRef
ferulic acid (1g, 5.15mmmol) in tetrahydrofurane (40nl), triphenyl phosphine
(2.7g, 10.3mvol) and tetrabrononet hane (3.41g, 10.3nmmol) were added. The
m xture was stirred at' roomtenperature for 37 WO 2005/068421

PCT/ EP20041014820 hoursur SheThei swrervagadiitered eandnghehesslotarnt waas

ted und Th d id ified b i) I
chr omat ogr aphy. CSFHGRECRE naWLRH ot KOT et atder) $7UTE pPoSacis 0. 998) uas
5 obtai ned as a?ﬁ@hEQ@ﬁSObyd.sﬁﬂﬂaéj N Mnron@dod$ephl), Prepassti of..of

Ferulic acid 4-(nitrooxy)butyl ester I0 A sol ution of compound A (0. 8g,
2.43mmol ) and sheyene/athydt eacetage 7728moThe | iprzshicthi t (G 27¢B0ndaswas

stirred at 40C, jpn_the . dark, for .16 haurs. The recippitate (silver salts)
was fiﬁ%ered obegﬁﬁn?ﬂeassélV&ﬁ&OWaEOgﬁgpo#gﬁséauﬁgéﬁ vacuum The resi due
was 15 purifiegt,. py=BBagp°ehr omat ography, eluent n- hexane/ethyl acetate
75/ 25. The product (0.4g) was obtained as white powder (yield 53%
M p. =63-64C 20 C) Preparation of[1R-[la(Z2),20(R*), 3a,5a]]-7-[3, 5-
di hydr oxy- 2- (B3- Bydpexgtbephefly Fpentlyilc) erddogerdnykrobxyhbptterioies tast d
[ 2- met hoxy- 4- [ 2- pr openoyl oxy(4- nitrooxybutyl)]]phenyl ester

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

nitrate (1.2g, 7.29%9mmol) in acetonitrile (50ml) was
. stirred at 40°C, in the dark, for 16 hours. The
precipitate (silver salts) was filtered off and the
solvent was evaporated under vacuum. The residue was
15 purified by flash chrométography, eluent n-
"hexane/ethyl acetate 75/25. The product (0.4g) was
obtained as white powder (yield 53%) |
M.p.=63-64°C

20 C) Preparation of [1R-[1a(Z),2B(R*),3a,50]}1-7-[3, 5-
dihydroxy-2-{3-hydroxy-5-phenylpentvl) cyclopentyl]-5-

heptenoic acid [2—methoxy—4-[2-propenoyloxy(4—_
nitrooxvbutyl) ] Iphenyl ester

To a solution of latanoprost acid (0,2g, 0.5lmmol) in
25 . dry tétrahydrofuran (10ml), " in. atmosphere inert,
ferulic acid 4-(nitrooxy)butyl ester | (0, 32q,
1.02mmol) and DMAP {cat. amount) were added. The’
:eaﬁtion,was cooled at 0°C and EDAC (0.14g, 0.76mmol) .
was added. The- reaction was stirred at room
30 -temperatﬁre for 24 hours. The solution was treated
. with water and chloroform, the organié ‘layers were
anidrified with sodium su;fatezand concentrated under
.. reduced pressure. The residue was purified knf.ilésh
-chromatography, eluent n-hexane/ethyl acetate 3/7. The
35 . product (0,2g) was obtained. .



To a solution of |atanoprost acid (0,2g, 0.51mol) in 25. dry
tetrahydrofuran (10m ), 'in. atnosphere inert, ferulic acid
4-(nitrooxy)butyl ester (0,32g, 1.02nmol) and DVAP (cat: anount) were
added. Twe 200%e@42ion. was cool ed at 0C and EDAC (0. 149, p@r/m5i0bias20Vas
added. The reaction was stirred at room 30 tenperature for 24 hours. The
solution was treated wth water and chloroform the organic |ayers were
anidrified with sodium sul fate and concentrated under .reduced pressure.
The residue-was purified by.f'lash chromatography, eluent n-hexane/ethyl
acetate 3/7. Théy-RER. peodugt 60, 29)s8as(iabt aidyedcH=88cHD; 20?)53@564%

PCT/ EP2004/ 0148 N 5 §1H o= 7. 3947, 8H,
T e (1%(;; Hm 'VFM 363)353 (%LH5 & cHLc:}%tb‘) C%:&éi@ﬂ (C]\IOZ)

;3ﬁ 25 §2H t, ?4%}% m 72% 48328&23O
’n
ESH?r)lQlQ%ﬂP I N | o 1t '62‘“(:_8) 669
(C=0); 10 151. %07 ?4483 21?42(56514 ™) £1 ]5§'11§  AfSHyodtle2:  129.41; 128. 40;

125.85,123..27: 121.27: 117.96; 111.32: 78.81; 74.84; 72.64 (C ONO2):
71.32: 63.61: S5®4MR . 5(CI0L:)51. bm:42.194. 629, 0F=C35. 7L6REB7: (32012
29.68;1(®7. 03; 2@5334025. 0044 2%6,90; 123..03,; 15 EXAELE 33Syathesi2 of 62;
[1R-[1 a(Z), 2( 3(R2p..3a,;5abk- 10[;3155disy doaxw72- 121.27; 117.96; 111. 32
Y e RS YR SIS WY, e G 81 65, 5o.as
51 (57 o) ety EDRRH0b 3 3, ( kSt Leeoi Baneny: sl 0 Sl ved 112

acetonigri | e

EXAMPLE 3
© Synthesis of [1R-[la(Z),2B(R*),3a,5a]]-7-[3,5- dlhydroxy -2-

(3~hydroxy-5~phenylpentyl) cyclopentyl]~5-heptenocic acid 3-
20 (nitrooxymethyl)phenyl ester (compound 4)

1. Preparation of 3-[{(Bromo)lmethyllphenol

3~[ (Hydroxy)methyl]phenol was dissolved in acetonitrile
(300 ml) and dichloromethane (900mi) and the resulting
- mixture was poured in the flask kept under argon; magnetic
25 stirring was set on. The solutionuwae-then oooled wifh an
ice bath and carbon tetrabromide apd t:iphenilphoephine
were added. The latter.was added in small portions in ordex:
to malntaln the temperature at ca. 2-3 °C. h- _
The solution was stirred for 1 hour at 2- 3 C and then for
30 an additional hour at room temperature. _
After this period the reaction oonve;eion (checked by TLC,
using EtOAc/Petroleum ether 3/7 as the eluent)_ was
complete. The obtained mixture was evaporated under reduce
‘ pressure and 500 ml of petroleum ether and 500 ml of EtQAc
" 35, were added to the resulting yellow thick oil in a 21 round.
flask..A~pltchy solid wes formed. The mixture was kept -

under stirring at room ‘temperature overnight and
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(300 m) and dichl oronet hane (900m) and the resulting mxture was poured
in the flask kept under argon; magnetic 25 stirring was set on. The solution
was then cooled with an ice. bath and carbon tetrabrom de and

tri pheni Wohmephésazs were added. The latter. was added i pcemebdosofisepons in
order to maintain the tenperature at ca. 2-3 C. . The solution was stirred
for 1 hour at 2-3C and, then for 30 an additional hour at roomtenperature.

After this period the reaction conversion (checked by TLC, using
Et OAc/ Pet r Shbsmamerdrl3/ 7 fad tewede| vaRd) WEncedimpsitecce. Thdesbt araducei xt ure

was evapor nder duce . pressurena 0] petrol eum ef.her and 500
m of Et m@tr%%.s‘ﬁ\%%ﬂe LRy 1331 80 {‘5? r?gﬁoy%ﬂ %#Ythﬁl(‘fﬁle'i ﬁﬁ%‘? 29+ ound
flask. A pihehywel ftledapyf of Tsh Eheombkburaphgs et copgdelostiflkpg at

room tenperature overnight and 39 WO 2005/068421 PCT/ EP2004/ 014820
subsequent Bglfi Bednad Eapbdiedarnleate e theder? e @sc £ hepradosente, Furhhehi ng

ca. 50 of ~an Qi ly.resi . L 1 S 4 f | ash chro ogr aphy
over 600g st %F?P@él‘%@‘?ggsiar%%ﬁq’lﬁ&lc/%t rc(%yeél};r%lgtqhsg'%‘%/ gﬁgs ‘{]%%@{:ﬁgﬁt.
Further 5 pubhfideatffin Wpetaehieamediner€r Yat ahliitel ngoihe wasul dbiginbgonm de
frompetroleumether. A white solid was obtained (24 g, 64%. Analysis
TLC: (Et OAéEPeBr obdGm-et her 3/7) Rf =0.4 . 10 HPLC purity: > 98% FT-1R (KBr,
cm1l) . 32§§al%§§%’ 1479, 1392, 1270, 1208, 1155, 952, 880, 791, 741, 686.
2. Prepara 3-[ (Ni trooxy) net hyl ] phenol 15- 3-[ (Brono) net hyl ] phenol was
di ssol ved Trnc30 (Btopk/prageiiriuy idtteand /pour @d =0 .4he flask, kept far from
| i ght _sources at 0-5C under argon; nagnetic stirring was set on

10  HPLC purity: > 98% o

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

1155, 952, 880, 791, 741, 686.

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

15 3—[(Bromo$methyllphenol 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

20 was followed by TLC (EtOAc/Petroleum ether 3/7 as the
eluent) . After 4 hours and 30 minutes the conversion was °

completé. The reactlon mixtufe ~was then £filtered, the

precipitated solld was wasﬁed ﬁiﬁh Etz0 énd the filtjate

'ﬁas separated in two batches. The first bétch (iS_ml) was

25>'kept under argon and in acetoh@frile solution at -20 °C.

The second batch (15 ml) “was wofkédwﬁp _as follows. The

. acetonitrile solution was concgntr;tgd‘ under reduce

.pressure and the resulting oil. was dissolved in

dichloromethane (15 ml) and washed with.bxine (15ﬁl). The

- 30 organic .phase was separated and the ‘aquegus ‘phase was

extracted +twice with .gichlorpmethqne (é: x 25 ml). The

_combined organic phases were thep d;iéd_'bver Mgéoh

filtered and evaporated; The residue was purified by flash
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Silver nitrate was then added under these conditions, maintaining the
tenperature under 5 C. The reaction course 20 was foll owed by TLC

(Et OAc/ Petrol eum ether 3/7 as the eluent). After 4 hours and 30 m nutes the
conver si oW0waes/068421pl et e. The reacti on m xture was then pat/ipiodso14dehe
precipitated solid was washed with Et20 and the filtrate was separated in
two batches. The first batch (15 m) was 25 kept under argon and in
acetonitrile solution at -20 C. The second batch (15 nl) was worked-up as
fol | ows. Thehragwatesiephye ossitdleh ofas 1ddsde Bedatied ngh ddrOAelRetr o peemsur e

and the resul{ing,okl _was.di ssol ved i i;chl_oronet hane (.15 and washed
with brine ?ﬁéﬁf)z?bTﬁg '%&eo 3 |nc;%‘pr¥glsee%\f\7§§:a§(§p§’ra§t &t Efcﬂg%cﬂ}éoﬂ%fphase
was extractigdetyl cg7ehth dichl oromethane (2 x 25 m). The conbined organic

phases were then dried over MyS04, filtered and evaporated. The residue was
purified byAREA¥RIS4A0 WO 2005/ 068421 PCT/ EP2004/ 014820 chromat ography over

409 of sl gel L ngEt QAc/ Pet r ol eum, her, -2/ the eluent. The
nitrat esdvvasrfg%t al(ﬁgéhggf’ghrgﬁleum( S%Eegn‘?é?% ) E{,‘Enal ygi%s 5 TLC

( Et OAc/ Pet rgbpeimethey: 367pgRf =0.35 HPLC purity: > 98% Ms (ESI-) @ 168
(Mt-1) FT-IR (neat oil, cm 1%03365, 1632, 1599, 1459, 1282, 1160, 923, 867, -
793, 757. 1S 1(ENMR { CDER3,(M30D) MHz) 8 5.31 (2H, s), 5.45 (1H, br s),
6.78-6.84 (2H, ,,.06.87-6..92 (1H1,m), 7y 44 7. 1H, o 3. paratjon of
ST 2)1%_{316&)(1%%&&561 517_[511:15_) v 33%5,7 18391 18y, 3. [EEPAAL D

di hydr oxy- 2t {&6 hyaz ®xyg &7 phengl pestyl ) cycl opentyl]-5- 15 heptenoic acid

3- (nitrooxynet hyl ) phenyl ester To a .solution of |atanoprost ac¢id (0,1lg,
0.28mmil0) i*® 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),28(R*),30,5a]]1-7~[3,5-

dihydroxy-2- (3-hydroxy-5-phenylpentvl)cyvclopentyl]~5-

15  heptenoic acid 3-(nitrcoxymethyl)phenvyl ester

To 'a solution of latanoprost acid (0,11g, 0.28mmol) in
chloroform (20ml), in atmosphere inert, - 3-
(nitrooxymethyl)phencl (0.0lg, 0.56mmol) and DMAP (cat.
amount) were added. The reaction was cooled at 0°C and EDAC

20 (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 under reduced pressure. The
residue was purified by flash chromatography; eluent n-

25 . hexane/ethyl acetate 3/7. The product (0,lg) 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 (2K, s, CH.-ONO;); 4.16(1H, m,
CH-OH); 3.95 (1H, m, CH-OH); 3.65 (1H, m, CH-OH); 2.75 (2H,
30 "m); 2.61 (2H, t); 2.48-2.20 (5H, m); 1.9-1.20 (11H, m).-

EXAMPLE 4 o _ _
Synthesis of [LR-[1a(Z),2B(R¥),3a,50]]-7~[3,5~dihydroxy-2-
35 (3-hydroxy—5—phenylpentfy‘l) cyclopentyl]-5-heptenoic acid 4-
{nitrocxymethyl)benzyl ester {compound 9)
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chloroform (20m), in atnosphere inert, 3- (nitrooxynethyl) phenol (0.d g,
0.56mvol ) and DMVAP (cat. anount) were added. The reaction was cooled at 0C
and EDAC 20 (O 08g, 0.42mmvl) was added. The reaction was stirred at room
t enper at ¥¥@2405/068421 hours. The sol ution was treated w t RCWAP2I04/6148200r gani C
| ayers were anidrified with sodium sulfate. and concentrated under reduced
pressure. The residue was purified by flash chronatography; eluent n 25
hexane/ et hyl acetate 3/7. The product (0,1g) was obtained. 1H NVR (CDC13)
6: 7.41 (1H, t,.Ar); 7.31-7.10 (84 m, Ar); .5.48 (2H, in, CH=CH); 5.43
(2H, s, CH2-0ONO2); 4.16(1H, in, CHOH; 3.95 (1H m CHOH).; 3.65 (1H, in,
CHOH); 2.75 (2H, 30 'm; 2'.61 (2H, t); 2.48-2.20 (5H, m; 1.9-1.20 (11H,
m. EXAMPLE 4 'Synthesis of [1R[la(2),2(3(R*),3a,5a]]-7-[3,5-di hydroxy-2-

35 (3-hyd - 5- phenyl I I |]1-5-h [ id 4-

(i 7 o0xyrret ) ) DA ot 48 (Dot B) 11 b 2005y Goeag12 - (3-

PCT/ EP2Q04/ 014820 . , A). [ IR [l a ) - dry 13,90-.di hydroxy-2-(3 5
hydr oxy-95- phenyl%ﬁ(edn %ﬁ”&%ﬁcﬁ%ﬁ@rﬁ%&g h%g(fale%%%t-‘é]t]ildéi }ﬁe-?%‘?%%ﬁe%/’ﬁ)}ﬁ benzyl
ester To a sol ut4-ofb@mdrdtian stz @cidbf{dx 59, 1.2mmol) in chloroform
(50mM ), in inert atnosphere, 4- 10 (brononethyl)benzyl al cohol (0., 4qg,

1.92mmol ) and DVAP (cat. anmount) were added. The reaction was cooled at O0C
and EDAC (0. 37g,Tdl.®2subl}igas ofddet.arfiprostacacbn (Gadgst iTr2mnal ) r dam

tenperature for hours. The |ugion was treated with water, the organic
| ayers 15 were é‘%l&ﬁoriiso@ﬂ‘ Wi t ﬁg@ﬂm um sdff at e"BHEE conBEAERS €rundert”

reducegqgpressur e(br%n{e%%}y‘iq%e‘fﬁ%lpuélébﬁglw.,4%;', asih, ey 0ghaPhymael uent
n- hexane/ et hyl acetate 3/7. The product (0,47g) was obtai ned.
(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
15 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.

20 B) [1R-[10:(Z),2B (R*), 3, 5a]1-7-[3, 5-dihydroxy-2- (3~

L

hydroxy-5-phenylpentyl) cyclopentyl]-5-heptenoic acid
4-{nitrooxymethyl)benzyl este:_rf_

A solution of compound A (0.4g, 0.7mmol) and. silver

25 - nitrate (0.23g, 1.4mm<31) in, acétpni_tr__i,‘l.e‘ .(SOI_Ili)_ was
stirred at 40°C, in the dark, for 4 hours. The
ﬁfecipitated (silver salts) was filtered off aﬁd 'the

solvent was evaporated under ‘vacuum. “The' J;es:i_.dl{é "was

_ purified by flash chromatography,‘ élueﬁt n-

30 - "hexane/ethyl acetate 7/3. The product (0.15g) was

obtained as oil.

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

5.44 (2H, m, CH=CH); 5.42 (2H, s, CHz;~ONOz):; 5_.30 (2H,
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20 B) [IR[la(2), 2P (R*), 3a, Sal ]-7-[3,5-di hydroxy-2-(3-
hydr oxy- 5- phenyl pentyl) cycl opentyl]-5-heptenoic acid
4- (ni trooxynet hyl ) benzyl ester A solution of conmpound A (0.4g, 0.7mmol) and

silver 3o pioksegae: (0. 239, 1.4mmol) in. acetonitrile (S@h)epH@R14h! rred at
40C, in the dark, for 4 hours. The precipitated (silver salts) was filtered

off and the solvent was evaporated, under vacuum 'The residue was
purified by flash chromatography, eluent n 30 hexane/ethyl acetate 7/3. The
product (0. 15g) swma3-Clbirai)red A OiH, mH CBAOW); 73.39 (zm B, AH%DH),

7.31-7.17 (5H, 5. 44 4 CH2- ONO2

(2H, 42 \/\é) 20050@&4% H pcHy E@%I%‘Mmﬁ%m '@:ﬁm(% ?1 A2Hg( b7 @3 @H—O—D
3.95 (1H, m CHQ 0%13??@ in, 2.75 (2H, m); 2.41 (2H, t);

2. 48- 120(16H03 LESSyntheS|s of [1R-[I ot

(2),2P(R*), 3a, 5a]]-7-[3, 5=di hydroxy-2-. -(3-hydroxy-5-phenyl pentyl)

cyclopegtyl - 5 éfnoic acid 3- (nitrooxy)propyl ester (compound 78). The
compoun '§£g§ﬁ$ﬁ£ zed using the procedure described 10 in EXAMPLE 4

LR [1 a(2) SRSt SR Ba S 1B b e i L 5 iy ar XY S kerg pent v1 )
cyclOpentylbdhyaysxyuaxpﬁaayhéén&yuﬁréyamﬁpéﬁﬁpd1fﬁuﬁép&@ﬂapeuaela7b The
conmpound i s synthe5|zed usi ng the "procedure descrlbed I n EXAMPLE 4 starting

from | at andpridgtocry ) rory 2 -edfresnoetdnpmind 208)

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

) bromopropanol.

EXAMPLE 6
Synthesis of [1R-[1la(Z),2B(R*), 3a, 5a]1-7-[3, 5- -dihydroxy-2-
15 {3-hydroxy-5-phenylpentyl) cyclopentyl] ~5=- hepten01c 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.
20
EXMJPLE 7 _
) Synthesis of [1R-[10(2),2B(R*), 3, 5¢]1]1-7-[3, 5-dihydroxy-2-
.(3-hydroxy—s-phenylpentyl) cyclopentyl]-5-heptenoic acid 6—h
(nitrooxy)hexyl ester (compound 79}. _ .
25 The .compound is synthesized using the procedure described
A.in EXAMPLE 4 starting from latanoprost acid .and 6-

bromohexanol.

EXAMPLE B .

30 sSynthesis of [IR-[1la{Z),2P(R*),3a,5a]]-7~[3,5~-dihydroxy-2-
(3—hydfoxy—5—phenylpentyl) cyclopentyl]-5-heptenoic acid 2~ .
(nitrooxy)-1-methylethyl ester (compound 80).

43



EXAMPLE 7 Synthesis of [1R-[la(2),2(3(R*), 3a,5a]]-7-[3,5-di hydroxy- 2-
(.3-..hydroxy-5-phenyl pentyl) cycl opentyl]-5-heptenoic acid 6-

(ni trooxy) hexyl ester (conpound 79). 25 The conpound is synthesized using

t he procdRRSHPes1i bed in EXAMPLE 4 starting from | at ZAGRA3644/044820, . and
6- bronohexanol. EXAMPLE 8 30 Synthesis of _
[IR-[la(2),2[3(R*),3a,5a]]-7-.[3,5-di hydroxy-2- (3- hydroxy 5- phenylpentyl)
cycl opentyl -hept enoi ¢ acid 2-.(ni.traox hyleth este coppound
50y . 85 Wb So85FEREPTBCES ERYBERFRLABS0 TG CENpoBRACEEUEEnRAS SEhede ng
the procedusg ﬂm&»m@eq st rEXAMPLeE ofh ita%ratﬂog&ofsrtomalc%aw Sty Rh - g0d

1- brono-2- propanol. 5 EXAMPLE 9 Synthesis o

[1IR- [l a(2), Q;Gpﬂnpl3a,5.a]] 7-[ 3, 5-di hydroxy-2- (3-hydroxy-5-phenyl pentyl)
cycl opentyl]-5-heptenoic acid 2- (nitrooxy)propyl ester (conmpound 81). .The
conpound i s synthesized using the procedure. described 10 in EXAMPLE 4
starting fregaygtangprost acid and 2-chi oro- 1-propanol. EXAMPLE 10
Synthesis of [1R[la(2),2(3(R*),3a,5a].]-7-[3,5-di hydroxy-2-. 15

( 3- hydr oxy- §y@hleesh.peafyI[lReymuQaepEﬁlck*S Bepten)9i-7-48i, 6-&ihydroxy-2-
(nitrooxy)-1-(nitrooxynethyl)ethyl ester &conpound 82% The conpound is
synt hesi zed{ 3R yYigreRE-probenkiteedb¥d) i 6¥&LlopsnEXANPEER@PEEAPLICNG b -

| at anopr ost I 0 EXAMPLE 11 Synthesis of
[1R-[1a(2), &‘?j(#?g?ggg ér?’fy g ?é‘b’%%?ﬁ%ﬁ@?@azﬁﬁ |
-The compound is synthesized using the procedure described
100 in EXAMPLE 4 starting from latanoprost acid and 2-chloro-
l-propanocl.

EXAMPLE 10
Synthesis of [1R*[1a(Z),ZB(R*),3a,5a}3—7—{3,5~dihydroxy—2—:
15 . (3-hydroxy-5-phenylpentyl) cyclopentyl]-5-heptenocic 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.
20
EXAMPLE 11
) Synthesis of [1R-[1a(Z),2B(R*),3a,5a]]~-7-13,5~dihydroxy-2—
(B—ﬁydroxy—B—pheﬁylpentyl):cybldpentyl]—5*heptenoic aéid
[2-methoxy-4-[2-propenoyloxy (2~-nitrooxyethyl) ] Jphenyl ester .
25 (compound 83). ' | .
- The .compound is synthesized. using. the procedure. described .
...in EXAMPLE 2 starting from "latanoprost acid and ferulic

acid 2-(nitrooxy)ethyl ester.
30 . EXAaMPLE 12

Synthesis of [1R-[la(Z),2B(R*),30,50]1}-7-[3,5~dihydroxy-2~
. {3-hydroxy-5-phenylpentyl) cyclopentyl]-5-heptencic acid 2-
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. (3-hydr oxy-5- phenyl pentyl ). cybl opentyl]-5=heptenocic acid

[ 2- met hoxy- 4-[ 2- pr openoyl oxy(2-ni trooxyethyl)]] phenyl ester 25 (conpound
83). The .conpound is synthesized. using. the procedure. described.. .,.in
EXAMPLE 2 starting from..latanoprost acid and ferulic acid

2- (ni trooxgreedmssaaster. 30 . EXAMPLE 12 . Synthesis. OfPCT/EP2004/014820
[IR-[1la(.2),2(3(R*),.3a,.5a]]-7-[3, 5-di hydr oxy- 2-

(3- hy. droxy-5-phenyl pentyl) cycl opentyl|-5-heptenoic acid 2- 44 WO

2005/ 068421 PCT/ EP2004/ 014820 .

met hoxy- 4- [ Rephopandyl [ExprdpsinaydexiEifresyethyd@hsany laslt laherytihpound
84). The conﬁgund IS S nt%g@Méed usi ng the procedure described in EXAMPLE 2
starting fro thAHS $P%¢E%d "and ferulic 5 acid 3- (nitrooxymnet hyl ) phenyl

ester. EXAMPLE Ldmpputesis @ynthesized using the ﬁrocedure described
[1IR-[la(2),2(3(R*),3a,5a,]]-7-[3,5-di hydroxy-2- (3-hydroxy-5-phenyl pentyl)
cycl opent yl In5EESMBFoi ¢ stpatingiofrom latanoprost = acid and ferulic

met hoxy-4-[ 2- pr,opengyl oxy(4- ni.trogx | I)]]phenyl ester (conpound '
85). Théﬁcoﬁﬁgﬂng R§¥§§ﬁ¥% s?;égaggg%égghg%gé%éedure described in EXAWMPLE 2
starting fromlatanoprost acid and ferulic acid 4-(nitrooxynethyl)benzyl

ester.. 15 EXAMPLE 14 Synt hesi s of
[1R-[l-a(2) , BPRMPLE3R353] | - 7-[ 3, 5- di hydr oxy-2- (3. - hydr oxy- 5- phenyl pent yl )

26 The. ConpBURBIF -8y Af nALRz8AE) ngPRS) prtic DG & s s BB IMIRRPLE. 4
starting fromyokanQpr8shnafidpdnt el 0yeTBLENEYRIEBYhR¥ R0 FXAYR-B15
10 methoxy-4~[2-propenoyloxy{4-nitrooxmethylbenzyl)]]phenyl
ester (compound 85}.
- The compound is synthesized using the procedure described
in EXAMPLE 2 starting from-latanqprost acid and ferulic
acid 4-(nitrocoxymethyl)benzyl ester. .
15 '
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).
20 The compound is synthesized using the procedure described
in EXAMPLE 4 starting from latanoprost acid 4-
) (chloromethyl)phenyl ester.

EXAMPLE 15 _ _
25 B8ynthesis of [1R—[1a(Z);2ﬁ(R*),3&,5&}1—7—[3,5-dihydroxy—2;
- (3-hydroxy-5-phenylpentyl) cyclopentyl]-5~heptenocic .acid .
(3-nitrocxméthyl)benzyl ester {(compound 8)..
The: compound is synthesized. using the procedure described
in EXAMPLE 4 starting from latanoprost acid 4-
30 (bromomethyl)benzyl ester.



25 Synthesis of [1R[1la(Z2),2(3(R*),3a,5a]]-7-[3,5-di hydroxy- 2-

( 3- hydr oxy- 5- phenyl pentyl) cycl opentyl]-5-heptenoic.acid
(3-nitrooxmet hyl )benzyl ester (.conpound 8).. The conpound is synthesized.
usi ng t hav@erensedsd2e descri bed in EXAMPLE 4 starting freoristenapisset acid
4- 30 (brononet hyl )benzyl ester. WO 2005/ 068421 PCT/ EP2004/ 014820 EXAMPLE
16 Preparation of an ophthal mc conposition using [1R-[la
(2),2a(R*),3a,5alJ-7- [ 3, 5-dihydroxy-2- (3-hydroxy-5-
phenylpentj@&%?%iépiﬁtyl]-5-heptenoic acid 5 4-(nitrooxy)butyl ester
(conpound 1 redi st NLoh PEA M) c CRRRAYNE; 44,045 ndeen 80 5
Benzalkonid%¥%ﬁ?or?%e Oégnggué?er q.s.C Bu@?er: ké%]u%}g mg/m 10 NaH2PO4
(anh.) 4. 7411l 1 o (DR { TRAOBY] 1)-74.[8 , BBEAh ydwek !Lz_f-qrs-'h@o%t;a 4s.
EXAMPLE 17 15 Evaluation of nitric oxide-nmediated acfivity The formation of
cyclic guargsmelpentyl noyobtpsphat b-S-ltedv@olia geidis in the eye is

i nvol ved in the, regul at.ion of queous hunor. ow. Thus, elevation of cGW
| evel s Sead%—c%}t %%gggﬁﬁygqﬁﬁgﬁg ﬁﬁﬂ%?ob?%dLLtion and reduction of 20

i ntraocul ar pressure. -W neasured the effects of test drugs on cGW
formation in a well established cell assay Undifferentiated

pheochr onod@nasedient s (PCL2) were used.| The noAsioapdr (o@/md)were i nclbat ed
for 45 m nHA—Hanrk—s
Compound 1 0.1
Tween 80 S
Benzalkonium chloride : 0.2
ﬁ Buffer g.s.

Buffer:

NaCl 4.1 mg/ml
10 NaH,PO4; (anh.) 4.74 mg/ml

NaH2P04 (monohyd.) 4.6 mg/ml-

water for injection gs.

EXAMPLE 17

15 Evaluation of nitric oxide-mediated activity

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

20 intraocular pressure.

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

a well established cell assay.

Undifferentiated pheochromocytomarceils {Ple)_were used.
The monolayer: cells were incﬁbated.for 45 min in Hank's
25 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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.25 Bal anced Salt Solution enriched with 10 mM Hepes, 5 mM MyC12 and 0. 05%
ascorbic acid at the final pHof 7.4 and 46 WO 2005/068421
PCT/ EP2004/ 014820 contai ning 100 M of the phosphodi esterase i nhibitor,
I soret hyl wbubgd/eessait hi ne (1 BMX), 30 gM of the guanylyl mygkesessnBrditor,
YC-1, and the test drugs at the .appropriate concentration. The reaction
was termnated by 5 the renoval of the incubating buffer foll owed by the
addition of 50 L of 100%ice-cold ethanol. The plate was then dried under
hot air steaonaednting r é9i0du@di ool wéd phosphodee sdred sl yigddi bistag,
comercially available cyclic cGW enzyne inmunoassay kit. 10 The results
are reporteﬂSDmetawﬂebytYihéaaﬁﬂkWﬁtéﬁéMxéppl3@aﬂﬂ6nQﬁ diti¢ erguanylyl
rost . nitroderivatives (1

concentrations.of the vari.ous Lajanop deyriy -50 M
elicited ccR¥91588un&P§9¥8 S a%%gg%bnt?%gioa-%ep %ﬁgntdfag'ioﬁ&:ThEgﬁ
effects wergoppbpshated dondehe arien. drige A6abel MOona8S TR Ip{ hat
such effects ‘are dependent on the rel ease of exogenous NO Table 1 Potency

and Effidcacyhef temewviaprosf ablder ebpedhaiing nibuidsn i milewedn kyG\VPthe

accunul ation,i.n_rat 0 chronpeytona _cel:ls. ugs, . 0. E~ over

vehi cl e) Eﬂ?ﬂﬁ%b?%sp%hﬁﬁp§$f%%tE@@°N&feéf¥¥5§n%ﬁ§én%gﬁpoEﬁgelFﬁ€§§€§®§.4 290

Conpound 4 {jexn 3}rded 48Qie:CopOUBErlbtearn Andl Ehd80e47aU0 200H/ 6421

PCT/ EP2004/ 014820 EC50 = effective concentration frodu0|n hal f naxi nal
extracted and analysed using commercially available cyclic

cGMP enzyme immunoassay kit.

10 The results are repecrted in Téble 1. The concomitant
application of different concentrations of the various
Latanoprost nitroderivatives {i-50 uM) elicited cGMP

accumulation in a concentration-dependent fashion.

These effects were not shared by the parent drug
15 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

- 20 pheochromocytoma cells.

Drugé .'ECEQ:, . , _Emu-.

| (uM) L] (% over veﬁicle)
Latanoprost ' Not effective Not effective
Compéund i (ex.l) 2.4 v ‘290
Compound 4 (ex.3) | __‘4.4 | _'. N - 450
Compound 1i'(ex;2) - T1is S o 480
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response E. = maximumeffect 5 EXAVPLE 18 Eval uation of the efficacy of

Lat anoprost nitroderivative on intraocular pressure. Male NZWrabbits
rangi ng from 3-5 kgs of body weight were wused in this study. Briefly, the
abil ity oWobkatswsspriost 10, nitroderivative (conpound 4,pdpvdbdnidgait
reduci ng intraocul ar pressure (1 0OP) was tested in aninmals previously

treated with intracaneral injection of 0.25% carboner solution installation
until after a stable increase of the intraocular pressure was reached. In
this parti cBFsr 15 sefiflgctivst apngsnwspEiann prodecdagt o hadd eymxinhlt he
dosage schedakposfsel drop/eye/day for .5 days a week with a physiologic

sol ution COEtalnln Q. 005%%%f %ontrol or test conpounds. The | OP was
noni t ored 3 F*aft ication, two-three times weekly for a total of
4 weeks. 20 This concentration was chosen as it reflects that of

| at anopr ost i sopropyl ester currently used. in clinic to. treat the

i ncreas® of EX&MPEEsdBved i n gl aucoma pati ents. Furthernnre at each visit,
about. 200 gﬁgggﬁgggéfﬁééom
both eyes W i ' Frest z i on
of cQwP, Qgﬁplﬁ@gaabhgh&eb@égggkg contents The |nstallat|on of 0.25%
carboner' solution into the eye resulted in a profound increase of the | OP

to about 46MakeHy it eablyidremi ranrgnabfronhadréafkasr .ofHobeder vetight30vere

adm ni strati onof, th [ d 4 (EX th S outline in
the net hod-288dsiigh, q%%%nggggﬁ th r*?ﬁ?%bc%ﬂﬁr%ﬁéiéhﬁ gfiﬁﬁgﬁ?Eﬁﬁﬁﬁls of
about 50% Wi hi8deZidaysvel reRepcetid el merkauand over 659 by-eldhge Byl of

t he study (See Table 2). In contrast, nei t her Lat anoprost 48
intraocular pressure (IOP) was tested in animals previously

treated with dintracameral injection of 0.25% carbomer
solution installation until after a staﬁle increase of the
intraoeular pressure was reached. Iﬁ this particular

15 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 IQOP was monitored 3 h after drug
application, two-three times weekly for a total of 4 weeks.

20 This concentration was chosen as it reflects that of
latanoprost isopropyl ester currently used. in clinic. to
treat the increase of IOP ocbserved in glaucoma patients.

.. Furthermore, at each wvisit, about 200 pl of aqueous humor
was collected using a 30 gauge needle from both eyes under
.257 lidocaine anesthesia for further biochemical evaluation”ofr
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'

30 administration of the compound 4 (EX. 3) with the dose
schedule. outline in the - method. session, decreased the
intraccular pressure of these animaie'_df aboue 50% within
7-daye-of repeared treatments and over 65% by the ena.ef

the study. (See Table 2). In contrast, neither Latanoprost
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WD 2005/ 068421 PCT/ EP2004/ 014820 acid (data not shown) nor its isopropyl
derivative elicited any appreciable change (see Table 2). G ven the
literature available docunenting that Latanoprost is virtually not

ef fecti veyi 4fiS, the observed effects are likely t rkputed to
t he presen?gogﬁ?&?he nitric oxide (NO noiety onto Lat a%(gl?%l?tﬂ%ﬁukﬁ
nitroderivative rather than the parent conpound. Bi ochem cal neasurenents
of ¢cGw, cAMP and NOx in the intraocular aqueous hunor further supported
the role of a3 1dagh dedr edsiwr) triver I1@R disophrepylarierdatilve felticiBed shown
in Table 3, the extent of cGVP and NOx increased follown the application,
of the conpéﬁﬁdaPPFE%}QQPQnRﬁaQQEBﬁ§%%e?ab%?e%inéﬁ%Ve¢h§%@(ﬁ#@ﬁﬁ%ﬁ@t@n
out. to be hjgt ecy f . the ung, ' cuj ar i ne

nai tered | AU Enabet B ot AP AR ChaConbBhEBER LT PR LD TR0

si gni ficant kyreatfieet ihheabbitlss ahecicbserveGVBLfeAWR @ranilliiidlss tdhese
given at_equinol ar doses to that of "the'respective nitroderivative (see
Tabl e 3)3 Tabbeibupedrépertd WHesANGRIIGT cleh®orEk L6 oREddENdMNOAs @ ieloP
before (pre:ire af 2 ]| at. f Lmol.ar- L opr ost
| sopr opyl eg?%ér" gﬁrﬂ; egl?%s]%%ctéﬁrﬁn%%%%évaﬁggeg _Igggér e}élﬁ%y’? 2" Day10
Dayl5 Dayl7c&ayddn@ay25 mmHg treatnment* Latanoprost 37+2 34+2 33+3 30+1
31+2 30+2 32+2 30+2 |sopropyl ester Conpound 4 422 311 261 201 18+2 161
15+1 141 Biechympeal preasheanaBhe veof ucSMeor r 68MBndand HHGEl e ke

evoked fol | gy PgLL0e, -1 BLTREATPHAnd:n AL Wiyfloft SE% 2" RRTEX 3Ol | on.

10 at decreasing the IOP of these animals. In fact, as shown

) . in Table 3, the extent of cGMP and NOx increased foliowing
| the application of thé’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 significantly
affect—thé levels of either—cGMP, éAMP or nitrites when

given at equimolar doses to that of the respectiﬁe

nitroderivative (see Table 3).

Table 2

20 Reversal of stimuli carbomer-evoked increase in IOP before

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

Latancprost isopropyl - ester " or -the respective
nitroderivative ‘
I0P Pre- . R ' S .
. Day2 | Day7 | Dayl0 | Dayl5 | Dayl7 | Day23 | Day25
mmHg treatment* ‘ :
Latanoprost

Aatandl 3742 | 3442 | 3343 | 3041 | 3142 | 3042 | 3242 | 3042
isopropyl ester s A -7 . .

Compound ¢ 4242 | 3141 | 2641 | 20+1 | 1842 | 1621 | 15+ | 141
(ex.3) ‘ ‘ {

25 . ¥ pre-treatment values correspond to baseline IOP evoked following the

intracameral installation of 0.25% carbbmer solution..
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49 WO 2005/ 068421 PCT/ EP2004/ 014820 Table 3 Effects of Latanoprost

| sopropyl ester and the respective nitroderivative on cGW, cAMP and NOx
content in carboner- treated rabbits. Pre | HIIlI IV nmmHg treatnment W ek
Week WeeRVN2IS/O68420P (fnol /ng prot) Latanoprost i sopropPCTarRen/087820886 986
99+6 1006 Conmpound 4 (ex.3) 885 1025 1255 1405 1605 CAMP (fnol/ng prot)
Lat anoprost isopropyl ester 51018 55022 600+30 62031 62531 Conpound 4
(ex.3) 52020 60025 65031 68028 66022 NOx (nnDI/ng prot) Latanoprost

i sopropyl ester 161 182 18+1 19+2 é? Conpound 4 (ex.3) 171 222 253 26+3
283 5 * Pre-treatnent values corr f%&ﬁh o basel i ne | OP evoked foll ow ng
the intracaperal ingtallation of 0,25% carponer solution. 10 15 20 25

50 WO 2005/55E804%S pef EB3GRPRFORbh oL SeRIPRIEL 1SSKet o ABSLINER® f *gEReFAR VoI MUl a

bl f
(R '_ ;(_ or O"’\‘DZH{}?‘EM+£€:H¥ 86CERLB0! €288 tard ML GUSHE in cghs b2k

treated rabbits.

' Pre- | '
10P ‘ I II i v
mmHg : treat*ment Week Week Week Week
¢GMP (fmol/mg prot)

Latannprost' isopropy} ester 87+6 88+6 98+6 99+6 .| 100+6
Compound 4 (ex.3) 88+5 10245 | 12545 | 14045 | 16045

cAMP (fmol/mg prot)

Latanoprost isopropyl ester | 510+18 | 550+22 | 600+30 620_+_3 1 | 625431

Compound 4 (ex.3) 520+20 600+25 | 650+31 | 680+28 | 660+22
NOx (nmol/mg prot)
Latanoprost isopropyl ester 1641 18+2 18+1 19+2 1942
Compound 4 (ex.3) 17+1 2242 25+3 2613 | 2843
5
* Pre-treatment values correspond teo baseline IOP evoked following the
intracameral installation of 0.25% carbomer solution.
}
10
15
20
25
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(1) 10 wherein Ris the prostaglandin residue of formula (Il1): HOO HOL
H (I1) 15 wherein the synbol represents a single bond or a double

bond; L is selected fromthe following groups: 20 CF3 -CH2 OClL - (CH2)5
CH3 - O Xwigs2008)068421S- Or -NH-; 51 WD 2005/ 068421 PCTI EPXOdLPHdPedsy 1S a
bi val ent radical having the follow ng neaning: a) straight or branched

Cl- C20 al kyl ene, being optionally substituted with one or nore of the
substituents 5 selected fromthe groug consi sting of: hal ogen atons,
hydroxy, -ONO2 or T, wherein T is -OC(8FR&MSC10 al kyl) -ONO2 or -0(Cl-Cl0

al kyl') -ONO2; - cycloalkylene with 5 to 7 carbon atons into cycloal kyl ene
ring, the ring being optionally 10 substituted with side chains T1l, wherein

Tl.is strahpght ar braggimchCl- GO al lggnedal CHYdrmula - (T) ot a

pharmaceutically acceptable sSalt or stereoisomer

5 thereof .
R—X-Y—ONOz‘
(I)

10 wherein R is the prostaglandin residue of formula
y (II):

15
} wherein
; +the symbol --- represents a single bond or a double

bond;

L is selected from the following groups:

CF,
. "*CHz—O ho—O |
I

- "_(CHQJ—CE% —0

3 ‘ 2

20

X is -0-, -5- or -NH-;
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-(Cn 150 CH2)n --(CHZ n COOH wherein nis an integer fromO to 20, and
nlis an integer from1l1l to 20; d) XI- 20 (OR2)n2 wherein X1 = -0OCO or
-COO and R2 is Hor CH3; Zis (CHn'- or the bivalent radical defined above
25 under WP 205/448421005/ 068421 PCT/ EP2004/ 014820 n' is asPCEEPIedombzve and
n2 is an integer fromO to 2; e) Y-X1 Z- (OR2)n 2 5 wherein: Y1 is
-CH2-CH2- (CH2) n2-; or -CH=CH (CHz)n2-; Zis -(CH)ynl- or the bival ent radical
defi ned above upder b) nl, n2, R2 and Xé are as defined gbove; 10 f) 2 20
O - (CH2)n+ NHRZ wheRePhvalgitapgdrsady Bayinge Pﬁe5°i§8V&PgR§%@§%QQﬁ
-COCH3; with thegproviso that when Y is selected fromthe 15 bivalent

radi cal s nentioned under b)-f), the -0ON02
- straight or branched Ci-Cz alkylene, being optionally

substituted with one or more of the substituents
5 selected from the group consisting of: halogen atoms,
hydroxy, -ONO, or T, wherein T is
-0C (0} (C3~-C10 alkyl)-ONOz or —0(Ci~Cip 2alkyl)—-ONO;;
-~ cycloalkylene with 5 to 7 carbon atoms into
| cycloalkylene  ring, the ring ©being optionally
10 substituted with side <chains 7Ti;, wherein T; 1is

straight or branched C;-Cip alkyl;

b)
A CHZ)n?—-_
—(CH,J;
15 c)
2
l (CHz)n1
—(CH), COCH

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

integer from 1 to 20;

d)
20 (ORz)n2

wherein

X, = -0CO- or ~COO- and R? is H or CHs;
. -7 is —(CH),'- or the bivalent radical defined above
25 under b)
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group is bound to -(CH2)nl; g) L HCHz-XZr,- -CH 2 2 V2 ~2 20

-(CH2-CH X2)n, CHZ CH wherein X2 is -0- or -S-, n3is an integer froml to 6
and R2 is as defined above; h) 25 53 WD 2005/068421 PCT/ EP2004/ 014820 fR4
RS | | -nwo20ésm684 R7 wherein: n4 is an integer from Gdopp@osodde S an
integer from1l1l to 10; 5 R4, R5, R6, R7 are the sane or different, and are H
or straight or branched Cl1-C4 al kyl; wherein the -ONO2 group is linked to

5 -1 I n wherein n5 is as defined above; 10 Y2 is an heterocyclic
saturat ed, unsatmt at®dasrdedinedt eboFeorargl ménter | i imtegent firamng ae or
nore heteroato selected fromnitrogen, oxygen, sulfur, and is selected
fromN HH15 (41) (Y2) (Y3) (Y4) (Y5)

e)
e

(OR?), -

5 wherein:
Y! is —CH;—CHp~ (CHp)a*~; or ~CH=CH- (CHa)a?~; -
Z is —(CH),*- or the bivalent radical defined above
under b)
n!, n? R? and X, are as defined above;
10 £)

0
CEQ 1
0/( )

2 2

NHR3

wherein:

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

with the proviso that when Y is selected from the
15 bivalent radicals mentioned undexr b)-f), ~the -ONO:

group is bound to ~(CHa) n': |

<))

= H—CHz-XZ)nfCH-CH{—

2 2

2 $2

—-—-(cﬂz-CH-Jg);;-CHZ-CH——

20
“wherein ¥; is -0- oxr -—8-, n® is an integer from 1 to 6
and R® is as defined above;
h)

25
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O HHH((YE) (Y7) (Y8 (Y9 (Y10) 14 HH 54 WO 2005/068421

PCT/ EP2004/ 014820 (YIl) (Y12) (Y13) 2. A conmpound of general formula (1)
according to claiml1l .or a pharnmaceutically acceptable salt or stereoisoner
5 t her eof Wihat0si0a8421 |, X are as defined in claim1 and Yciraraodatoysdzent

radi cal having the foll ow ng neaning: a) straight or branched Cl-C20

al kyl ene, being optionally substituted with one or nore of the substituents
10 selected fromthe group consistin? of : hal ggen atons, hydroxy, -ONO2 or
T, wherein. T is -0C (0) (Cl1-Clo al kt) -ONO2 -0(C1-C10 al kyl)-0NOZ2;
cycl oal kylene with 5 to 7 carbon atons |nto §§cloalkylene ring, the ring
being optionally 15 substituted_w. s Ti, wherein T1l is straight
or branched C1-C10 al kyl; b) / C}Zi 4 CHZ gc)i \ CHR)n;, -(C COOH

wherein n is an integer fromO to. 20, and nllis an integer from1l to 20;
d Xi -(CHn 25 --()(0OR2) RS R7 :
wherein:

n? is an integer from 0 to 10;
n® is an integer from 1 to 10;
5. R4, Rg, R®, R’ are the same or different, and are H or
straight or branched C;-Cs alkyl;
wherein the -ONO; group is linked to

wherein n° is as defined above;

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

and is selected from

ﬁ} @ ﬂiff} fi%ﬁi}

15 (Y1) (¥2) (¥3) (Y4) (Y5)

(Y6) (¥Y7) (YB) (Y9) (Y10)



WO 2005/ 068421 PCT/ EP2004/ 014820 wherein: nl is as defined above and n2 is
an integer from0O to 2; X1 =-0CO or -COO and R is Hor CH3; e) -
Y1-X1-(CH2)n' 5 (OR2)n2 wherein: n', n2, R2 and X1 are as defined above;
Y1 is -CH2-CH2- or -CH=CH (CH2)n2-; f) 2 R2 O (CH2)~1- 10 NHR3 wherein: nl
and R2 ar WQ200886843kd above, R3 is H or -COCH3; wi th thePQT@®P2GG/014826 When Y
Is selected fromthe bivalent radicals nentioned under b)-f), the -ONO2
group is bound to 15 - (CH2) nl; g) HCHR-X2)-,jHCHZ- } 2 2 R2 2 -(CH2

CH X2)-9 CH2-CH-_ 20 wherein X2 js -0- or_-S, n3is an integer from1l to 6
and R2 is as defied above; %1@6 WO 25%%5’068421 PCT/ EP2004/ 014820 R4 RS

flol

2. A compound of general formula (I) according to claim 1
.or a pharmaceutically acceptable salt or stereoisomer
5 thereof wherein R, L, X are as defined in claim 1 and
Y is a bivalent radical having the following meaning:
. - straight or branched C;-Cz alkylene, being optionally
substituted with ome or more of the subétituents
10 selected from the group consisting of:'halogen atoms,
hydroxy, -ONO, or T, wherein T is ' |
~0C(0) (C1~Cig alkyl) -ONO, or -0(Ci-Cip alkyl)-ONOy;
- cycloalkylene with 5 to 7 «carbon atoms into
cycloalkylene ring, the ring being optionally
15 ‘ substituted with side chains T;, wherein T: is

straight or branched C;~Cig alkyl;

b)
N
| e
__'(CHZ n
20 c)
C}ﬁh1
""'""(CHQ n . CQOH

wherein n is an integer from 0 to 20, and n' is an integer
Ifromzl to 20; ‘
d)
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-LI]n4 i,-tq R6 R7 wherein: n4d is an integer fromO to 10; n5 is an
integer froml to 10; 5 RO, R5, R6, R7 are the sane or different, and are H
or straight or branched Cl1-C4 al kyl; wherein the -ONO2 group is linked to
--[C] 5 )WR2WS/eef€dein n5 is as defined above; 10 Y2 is REI/AR064/€Id$20| i C
saturated, unsaturated or aromatic 5 or 6 nenbers ring, containing one or
nore heteroatons selected fromnitrogen, oxygen, sulfur, and is selected
fromH HH%S éYI) (Y2) (Y3) (Y4) (Y5) O- HHH((Y6) (Y7) (Y8) (Y9 (Y10)
N H H 57 WI'2965+868421 PCT/ EP2004/ 014820 (Y11) (Y12) (Y13) 3. A conpound
of general foryulas (ddsrAGEQr dhHbet gnglﬁﬁ rmsl arp 1q{te?geﬂ"“§f@rh”0 Ly sz sel ected
fromthe followng groups: CF3 -0 ( 2) 5 . A corrpound of
gener al forXul=a {0§0-aczordCO®g-t andnﬁonles H or CHs,

e)
7@— Yi—X, —(CH,),—
5 (ORD,:
wherein:
nl, nz,R2 and X; are as defined above;
Y! is —CH;-CHz- or ~CH=CH- (CHp)n -
: £)
. 2 R20
o~ (CHY,
10 - 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 b}-£f), the -ONO; group is bound.to
15 - (CHz)n';
g)
m(i CHZXJ—E -CH;—
2 2

N
—(CHZ-CH-}Q)FCPQ-CH—
20
wherein X; is -0~ or -5-, n’ is an integer from 1 to 6 and

R? is as defined above:

- h)
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of the clains from1 to 3, wherein the residue. Ris 10 selected fromthe
group consisting of travoprost, unoprostone and cloprostenol; S. A conpound
of general fornmula (1) according to claiml1l .or 2 wherein the residue Ris
| at anopr oo 208806842/ conmpound of gener al fornula (1) acc one of
the clains from1lto 5, wherein Xis -0- or -S-. 7. A con%gﬁﬁgﬂg%ﬁgggg
formula (1) according to anyone 20 of the clains from1l to 6, wherein Y i's
a bivalent radical having the follow ng neaning: a)strai ght or branched
C2-C6 al kylerie, being optionally pubstitute®Swith -ONd2 or T, wherein T is
25 as defined in claim1; b) 58 / 2) n+ - ( n wherein n is an integer
fron10 to 5, and nl is an integer froml to 8 5¢9) -(HCH2 2 CHZ n 2 V2

-(CHZ CHX2)n 3 CHZ CH wher eTR[GTaTsY2 0 {61 55, n3 is 1, R is as
deflned in claim1. 10 8. A conpoupd of geneiar formula (1) according to
any one of clainms 1 to 6 wherein Y Is a bival qt radi cal having the
fol |l ow ng neani ng:

wherein:
~n* is an integer from 0 to 10;
n® is an integer from 1 to 10;
5 =R R’ R%, R are the same or different, and are H or
straight or branched Ci-Cs alkyl; '
wherein the -ONO; group is linked to

|
—Iel

5is as defined above;

wherein n

10 Y% 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

H
N N
& O P €
I / - /
H H |
15 (Y1) (Y2} (¥3) (¥4} (Y5)
SRSy £
(Y6) (Y7) (YB) (¥9) (¥10)
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a) straight or branched C2-C6 al kyl ene being 15 substituted with -ONO2 or
T, wherein T is as defined inclaiml;, b) CH). -(CH2 20 wherein nis O,
and n' is 1; é) -éH CH2 X2 ~-,JHCH2 n 2 59 wherein X2 is -0- or -S-, n3
is 1, R2 V%OPRP Potfeh; 9. A conpound of fornula (1) accor @CEEPRe4AM4820Ne Of
claims 1 to 6 wherein Y is a bival ent radical having 5 the follow ng
meaning: d) Xl- Z - (QR2)n2 mherein XL =-0CO or -COO and R2 is H or CH3;
10 Z is -(C}Dn#- r. the bival radlcalzgﬁflned in claim 1 under b)
wherein n is an-i )eger from {5 )an integer from1l to 5 and n2 is
an integer from 0 to 2; 15 e) Y -X1- Z (OR2)n 2 wherein: Y is -CH2-CH2-
(CH2) n2-; or -CH=CH (CH2)n2-; Zis -(CHnN' - or the bivalent radical defined
above 20 under b) '

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

5 or 2, wherein L is selected from the following groups:
Cr,
—O0 _"-‘Gﬂiﬁ§‘C3%
Cl
_0 L]

4. A compound of general formula (I) according to anyone
of the claims from 1 to 3, wherein the residue R is
10 selected from the group consisting of travoprost,

unoprostone and cloprostenol;

5. A compound of general formula (I) according to claim 1
or 2 wherein the residue R is latanoprost.
15 f
6. A compound of general formula (I) according to anyone

of the claims from 1.to 5, wherein X is -0- or -8-,

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

radical having the'folldwing-meaning:

‘a)straight or bianched Cp~Cs alkylene, |being
optionally substituted with -ONO; or T, wherein T is
25 as defined in claim 1: )

by
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ni,

25 nl

n2, R2 and X1 are as defi ned above;
and R2 are as defined above, R3 is

f) 2 R O (CH2)n" NHR3 wherein:
H or COCH3; 60 WD 2005/068421

PCT/ EP2004/ 014820 w th the proviso that when Y is selected fromthe

bi val ent
-(CH2) "

3;

and wherein the -ONO2 group is linked to
sat ur at ed, g
atons of

(Y13) 10. A conpound according to claiy
consi sting of:

radi cal s nentioned under b)-f),
)
n5 is an integer froml to 3; R4, R5

unsaturated or aromatic het
ni trogen and sel ected for exg
[}

20 _(CHz n

wherein n is an integer from 0 to 5,

integer from 1 to 5;
5 g)

45 1 n4dn5 5 R R/ wherein:

the -ONO2 group is bound to

nd is an integer fromO to

, R6, R7 are the sanme and are H, 10

-[C] n5 Y2 is a 6 nenber

xyclic ring, containing one or two
@ﬁ%}i_LYl) (Y2) (Y4) (Y5)

sel'ected fromthe group

and n' is an

—(EH-CHQ-XZ)F iH—CHz—

2

2

2

BQ

—(CHZ-CH-XZ)'HTCHZ-CH —

wherein X; is -0- or -8-, n® is 1, R? is as defined in
claim 1.
10
8. A compound of general formula (I) according to
any one of claims 1 to 6 wherein Y is a bivalent
radical having the following meaning:
a) straight or branched (C;-C; alkylene being
15 gubstituted with -ONO, or T, wherein T is as defined
in claim 1;
b)
CHy)y—
““““}%nx
20
wherein n is 0, and n' is 1;
g)
_(iHCHz-Xz)nS—iH-CHZ—
2 2
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61 WD 2005/ 068421 PCT/ EP2004/ 014820 HO O HO ONO, 0%, ,ONC2 0 O HO OH HO OH
(1) (2) HOOONOHO2 0 HONO,, HOOHHOOH\ | \ f (3) (4 CHON®R HO 0 HO
0 O) / CHONO HOOHHOOHS5 (5) (6) HO \ | : HOCCH2ZONO2 PNO2 (6) (7)
CH2ONC2 - NHCOCH3 HO : cHOONO2 SLIMe O 10 (g) (10)° Ove HO ~; Il o\ 0 ONCZ

wherein X; is -0- or -S-, n’ is 1, R? is hydrogen;

9. A compound of formula (I) according to any one of
claims 1 to 6 wherein Y is a bivalent radical having
5 the following meaning:
d)

'/\l X — 7Z—
I\% 1

(OR?),,
wherein
X; = -0CO- or -COO- and R*? is H or CH,;
10 Z ig -(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;
15 e) ‘
(OR?), -
wherein:

y! is —-CH,-CH,- (CH,) %-; or -CH=CH- (CH,),%-;

7Z 1is -(CH),'- or the bivalent radical defined above
20 under b)
n', n?,R? and X, are as defined above;
f)
2 Rzo
o~ (CHy),"
NHR3
wherein:
25 n' and R? are ag defined above, R® is H or COCH;;
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0 oN'> (11) 62 WD 2005/ 068421 PCT/ EP2004/ 014820 NO2 ~N-~\CHO O NJ O HO
OH(2) HOON,,,,~, ONOZ HOOH (13) O )) /\ ONO2 0,\iONO= HO O | ONO2 HO
00-/ONO 2 HO HO OH OH (14) (15) Owe HOO 0--\ ONO2 HO OH O (16) HO O O

v ONO2 wWx@soe$42118) ONO2 HO 0, O PCT/EP2004/014820

with the proviso that when Y is selected from the
bivalent radicals mentioned under b)-f), the -0NO,
group is bound to - (CHj).':
h)

R4 R’

| |

[Cl7—Y*——(]] 3

RS R7
wherein:
n’ is an integer from 0 to 3;
) n® is an integer from 1 to 3;
rRY, R®, R®, R’ are the same and are H;
10 and wherein the -ONO; group is linked to
|
—[C
€16
¥Y? is a 6 member saturated, unsaturated or aromatic
heterocyclic ring, containing one or two atoms of

nitrogen and selected for example from

15
(Y1) (Y2) (Y4) =~ (Y5) . (Y13)

10. A compound according to claim 1, selected from the
group consisting of:

20
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00 (109) (110) HOHOV v IXf ONOZ 2 O HOOO 5 (11 1) (112) oM HO O
0(// 0~\ONOZ HOO (113) M HOC O/ / O CHONO* HO OO0 (114) Me HO
O1l~ Flo O 10 (115 M HOY v ONOz HO O (116) 15. It. A process for

preparing, &, &Qgpypd of general formula PCT/EP2004/014820

10

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

i} reacting a compouncd orf rormula (III).

Ts



(I') as defined in claim1, which process conprises: i) reacting a conpouna
or formula (111). 75 W POO POL QP) (Ill) wherein L is as defined in
claiml1l, Pis Hor a hydroxylic 5 protecting group and Wis -OH, d, or
-OC(ORL wherein Rl is a linear or branched Cl1-C5 alkyl; with a conpound of
formula (1V) Z-Y-Qwherein Yis as defined in claiml1, Zis HX or Z1, being
X as defined in claiml and Z1 selected fromthe group consisting 10 of:
chlorine, bromne , iodine, mesyl, tosyl; Qis -ONgg or Z1 and ii) when Q
is Z1, converting the conmpound obtained in the step i) into nitro
derivative by reaction with a 15 nitrate sourc iii) optionally
deprotecting the conpounds obt%@ned in ste or 10). 12. A conpound of
general formula (lI) according t 0%a O of clainms 1-10 for use as a
medi canent. 13. A pharnmaceuti ca nposition conprising a pharmaceutically
acceptable carrier and a 25 pharnegeutically effective anmbunt of a conpound
of general formula (1) and/or a Salt™e oner thereof as defined in
any one of clainms 1-10. 76 14. P6 pharnaceu‘lcal conposition according to
claim1l3 in a suitable formfor topical qgﬁbnlstration

(IIT)

wherein

L is as defined in claim 1; P is H or a hydroxylic
5 protecting group and W is -OH, Cl, or -OC(0)R, wherein

R; 1s 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
10 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
15 nitrate source and

iii) optionally deprotecting the compounds obtained in

step i) or ii).

12. A compound of general formula (I) according to any one

20 of claims 1-10 for use as a medicament.
13. A pharmaceutical composition comprising a
pharmaceutically acceptable carrier and a
25 pharmaceutically effective amount of a compound of

general formula (I) and/or a salt or stereoisomer

thereof as defined in any one of claims 1-10.
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15. A pharmaceutical conposition according to clainms 13 or 5 14 for the
treatnent of glaucoma and ocul ar hypertension. 16. A pharnaceuti cal
conposition according to claim 13, wherein the conpound of general fornula
(I') is 10 admi nistered as a solution, suspension or enulsion in an
ophthal m cally acceptable vehicle. 17. A pharmaceutical conposition
conprising a mxture of a conpound of forrmula (1) as defined in claim1l and
(i) a 15 beta,bhopk8imakelititad é@ﬁ?@@h@1@ﬂh¥968§81h§ht8'EQélﬂrlé'hh) an
adrenergi c agoni st or a nitrooxy derivative thereof A pharnaceuti ca
conposi tion conpr#sEngtabhexfore 6®ratOEDC@bn®@mhu1%trab1ﬁuLa (1) as defined

inclaiml and

15.

5
1s.

10
17.

15
18.

20

tinolol or a nitrooxy derivative thereof. 77

A pharmaceutical composition according to claims 13 or
14 for the treatment of glaucoma and ocular

hypertension.

A pharmaceutical composgition according to claim 13,
wherein the compound of general formula (I} 1is
administered as a solution, suspension or emulsion in

an ophthalmically acceptable wvehicle.

A pharmaceutical composition comprising a mixture of a
compound of formula (I) as defined in claim 1 and (i) a
beta-blocker or (ii) a carbonic anhydrase inhibitor or
(iii) an adrenergic agonist or a nitrooxy derivative

thereof.
A pharmaceutical composition comprising a mixture of a

compound of formula (I} as defined in claim 1 and

timolol or a nitrooxy derivative thereof.
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