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Claims

A pharmaceutical composition comprising a hydrogel-linked prodrug for use in the

revention, diagnosis and/or treatment of an ocular condition.

A pNarmaceutical composition comprising a hydrogel-linked prodrug for use for

mmtraocWar injection.

A pharmacewjcal composition comprising a hydrogel-linked prodrug for use for

intraocular injed{jon in the prevention, diagnosis and/or treatment of an ocular

condition.

The pharmaceutical compRsition for use of claim 1 or 3, wherein the ocular condition

is in particular an anterior ocWar condition or posterior ocular condition.

The pharmaceutical composition Xpr use of claim 4, wherein the anterior ocular

condition is sclected from the group Womprising aphakia, pscudophakia, astigmatisim,
blepharospasm, cataract, conjunctival \diseases, conjunctivitis, corneal disecascs,
corneal ulcer, dry eye syndromes, eyelN diseases, lacrimal apparatus diseases,
lacrimal duct obstruction, myopia, presbyopi\ pupil disorders, refractive disorders,

glaucoma and strabismus.

The pharmaceutical composition for use of claim 4,\wherein the posterior ocular

condition is selected from the group comprising acute Wpacular neuroretinopathy;
Behcet's disease; choroidal neovascularization; diabetic Wyeitis; histoplasmosis;

infections, such as fungal or viral-caused infections; macular cncration, such as

retinopathy), proliferative vitreoretinopathy (PVR), retinal arterial occlusive dise

retinal detachment, uveitic retinal disease; sympathetic opthalmia; Vogt Koyanagi-
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influenced by an ocular laser treatment; posterior ocular conditions caused by or
influenced by a photodynamic therapy, photocoagulation, radiation retinopathy,
epiretinal membrane disorders, branch retinal vein occlusion, anterior ischemic optic
neuropathy, nonretinopathy diabetic retinal dysfunction, retinitis pigmentosa, and

giucoma.

The phNmaceutical composition for use of any one of claims 1 to 6 contained in a

container \ited for engagement with an injection device.

The pharmaceutdgal composition for use of any one of claims 1 to 7, wherein the

hydrogel is a biodetadable hydrogel.

The pharmaceutical comMgsition for use of claim &, wherein the hydrogel is a PEG-

based hydrogel.

The pharmaceutical composition Ypr use of any one of claims 1 to 9, wherein the

hydrogel-linked prodrug is bead-shap

The pharmaceutical composition for use & any one of claims 1 to 10, wherein the

beads have a diameter of 1 to 1000 um.

The pharmaceutical composition for use of any o of claims 1 to 11, wherein the

hydrogel is a hydrogel obtainable by a process compris\g the steps of:
{(a) providing a mixture comprising
(a-1) at least one backbone reagent, wherein the at least one bah\kbone reagent has

a molecular weight ranging from 1 to 100 kDa, and compri

amines (-NH; and/or -NH-);
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(i) at least two carbonyloxy groups (—(C=0)-0- or -0—(C=0)-), and
additionally
(i) at least two activated functional end groups selected from the group
consisting of activated ester groups, activated carbamate groups,
5 activated carbonate groups and activated thiocarbonate groups,

and being PEG-based comprising at least 70% PEG; and

(a-iiid first solvent and at least a second solvent, which second solvent is
inMuiscible in the first solvent,

10
in a weight ratyg of the at least one backbone reagent to the at least one crosslinker

reagent ranging thm 1:99 to 99:1,

(b) polymerizing the mixtug of step (a) in a suspension polymerization to a hydrogel;

15 and
(c) optionally working-up the hydro¥el.

13, The pharmaceutical composition for use oXclaim 12, wherein the mixture of step (a)

20 further comprises a detergens.

14.  The pharmaceutical composition for use of claim 12AQr 13, wherein the polymerization

in step (b} is initiated by adding a base.

25 15, The pharmaceutical composition for use of any one of clailgs 12 to 14, wherein the

mixture of step (a) is an emulsion.

16.  The pharmaceutical composition for use of any one of claims 12 to 1, wherein the at
least one backbone reagent is selected from the group consisting of
30

a compound of formula (1)

B(- (A% — (SP)z — A= P — A’ Hyp")x (D),
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wherein
B is a branching core,
SP is a spacer moiety selected from the group consisting of C;s alkyl, Cos

alkenyl and Cs.s alkynyl,

is a PEG-based polymecric chain comprising at least 80% PEG, preferably at
least 85% PEG, more preferably at least 90% PEG and most preferably at
least 95% PEG,

Hyp a moiety comprising an amine (-NH, and/or -NH-} or a polyamine
rising at least two amines (-NH; and/or -NH-),
X 18 an INteger from 3 to 16,

x1, x2 are indepyndently of each other 0 or 1, provided that x1 18 0, 1f x2 18 0,

A% A", A*  are inddgendently of each other selected from the group consisting of

0
'“I:-'—N_'” '—"NI b
1
R

wherein R' and R are independently of cach other sclectc

alkyl;
a compound of formula (II)

Hyp’— A’ ~P-A*—Hyp’ (),
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P 15 defined as above in the compound of formula (I},
,Hyp” are independently of each other a polyamine comprising at least two
amines (-NH; and/or -NH-), and

are independently selected from the group consisting of

R 0
N—-, —1.—1l1—c—':, --‘.—N—-I —N—-,
i g g e
0
: —':—O—I(“!—II\T -
Rl
0

°© 4
and 0/ oL

wherein R' and R'® are independently of e\ch other selected from H and C; ¢ alkyl;

a compound of formula (II)

P! — A’ — Hyp* (11D,
wherein
P! is a PEG-based polymeric chain comprising \at least 80% PEG,

preferably at least 85% PEG, morc preferably at 1ogst 90% PEG and
most preferably at least 95% PEG,
Hyp is a polyamine comprising at least three amines (-NH> an

A’ is selected from the group consisting of
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0
1 1 t 1 ) “ 1 ] [] I t
04—, 84—, —+N-- (4, —5—$+, —N=N—,
|1
R
1
0 0 0 R 0
1 lé 1 'H ] ! I : ] l l' ] H ]
—-0—C—+  —(C—04— - """I‘—.—, “J.“N"*IC“.—, —:I— —Iil—i,
Rl d R] Rla
S O 0]
! g t | g 1 1 “ t
AN, N0, —H0—CN
Rl R]a R1 Rl
O

wherein R and R'® are indepeently of each other selected from H and C, 4 alkyl;

and
a compound of formula (IV),
T' - A® - Hyp® aw),

wherein

5

is 2 polyamine comprising at least three amines (\\H; and/or -NH), and

Hyp
A® is selected from the group consisting of
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1 ! 1 ' ” | 1 ' 1
=04, +5+, +—N—-+, =—C+4-, —+5—5F+—, —LN=N—,

R
(U i
ot o i bt v
l|{1 g IIK] |]a

S 0 0
V| TR SN 47(%@_1?—:;,
R]

wherein R' and R'® al independently of each other selected from H and Cy_

alkyl; and
T'  is selected from the\group consisting of Cy.so alkyl, Ca.s0 alkenyl or

Ca.s0 alkynyl, which f¥ggment is optionally interrupted by one or

membered heterocyclyl, phenyl 3 naphthyl.

The pharmaceutical composition for use of any one of &aims 12 to 16, wherein Hyp',

Hyp?, Hyp’, Hyp®, and Hyp® are selected from the group coxgisting of

a moiety of formula (e-i)

NH

2
/LM/N H, (e-i)
. p1
wherein
pl is an integer from 1 to 5, preferably pl is 4, and

the dashed line indicates attachment to A if the backbone reagent has a structure o
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a moiety of formula {e-ii)

(e-if)

5 wherein
p2,p3 and p4  are identSgal or different and each is independently of the others an
1 to 5, preferably p2, p3 and p4 are 4, and
the dashed line indicates attachent to A? if the backbone reagent has a structure of
formula (1), to A* or A if the backMone reagent has a structure of formula (I1), to A’ if
10 the backbone reagent has a structure cxformula (I1I) and to A® if the backbone reagent

has a structure of formula (IV);

a moiety of formula (e-iii)

HN
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wherein
pStopll are identical or different and each is independently of the others an integer

from I to 5, preferably p5 to pl1 are 4, and
the dashed line indicates attachment to A” if the backbone reagent is of formula (1), to

X or A* if the backbone reagent is of formula (II), to A’ if the backbone reagent is of

forowla (I11) and to A® if the backbone reagent is of formula (IV);

a moiety o formula (e-iv)

0O 0 0
H
HNk N N%H/f\}mq2
12 Npl-’ NH2 P14

H_
HN NH,
pls
0
NH,
HN 16
NH,
H- 2
HN N NH,
P17 18
0 0 V 0

R-iv)

5 2
h.):
5z
=

a

P26

wherein
pl2to p26 are identical or different and each is independently of the others an'Wteger

from 1 to 5, preferably p12 to p26 are 4, and

the dashed line indicates attachment to A? if the backbone reagent has a structure o
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the backbone reagent has a structure of formula (IIT) and to A® if the backbone reagent

has a structure of formuia (1V);

moiety of formula (e-v)

wherein

p27 and p28 are identical or Nfferent and each is independently of the other an integer
from 1 to 5, preferaRly p27 and p28 are 4,

q 1s an integer from 1 to\§, preferably q is 2 or 6 and most preferably 1 is 6,
and

the dashed line indicates attachment to A if the backbone reagent has a structure of

formula (1), to A* or A" if the backbone rea

the backbone reagent has a structure of formulaXI11) and to AS if the backbone reagent

t has a structure of formula (II), to A®if
has a structure of formula (IV);

a moicty of formula (e-vi)

[ NH,
p2s

‘/\\/N,[\/]/N Hy  (e-vi)
Y p3o

wherein
p29 and p30 are identical or different and each is independently of the oth
from 2 to 5, preferably p29 and p30 are 3, and

formula (D), to A* or A* if the backbone reagent has the structure of formula (II), to
if the backbone reagent has the structure of formula (IIT) and to A® if the backbone

e

reagent has the structure of formula (IV);
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a moiety of formula (e-vii)

{ NH,
p32
H
N N NH,
T \g/ 033
p3l (e-vii)
[ NH,
.
N N_ _N NH,
p34\g/ p36
wherein
5 p31 to p36 are identical or\{ifferent and each is independently of the others an integer

from 2 to 5, prefer€\bly p31 to p36 are 3, and

the dashed line indicates attachident to A® if the backbone rcagent has a structurc of
formula (1), to A’ or A* if the backPyne reagent has a structure of formula (II}, to A if
the backbone rcagent has a structurc oNormula (111) and to A® if the backbonc reagent

10 has a structure of formula (IV);

a moiety of formula (e-viii)
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[ NH,

o p39
SN,
N g

O

[ NH,
H H p42
([ e P o
R Gt
NH,

[T
\/NHNHZ
p47
[ NH,
ﬁ b4s
N NH,
P50

(e-viii)

wherein

p37 to p50 are identical or different and eX¢h is independently of the others an mteger
from 2 to 5, preferably p37 to p50Nre 3, and

5 the dashed line indicates attachment tdA2 if fh backbone reagent has a structure of
formula (I), to A® or A? if the backbone reagent has\ structure of formuta (11), to A’ if

the backbone reagent has a structure of formula (III) aM{ to AS if the backbone reagent

has a structure of formula (IV); and

10 a moiety of formula (e-ix):
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wherein
pS1 to p80 are identical or different and each is independently of the others an int

from2 to 5, preferably p51 to p80 are 3, and
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the dashed line indicates attachment to A? if the backbone reagent has a structure of
formula (I), to A% or A if the backbone reagent has a structure of formula (IT), to A> if
the backbone reagent has a structure of formula (II1) and to AS ifthe backbone reagent

as a structure of formula (IV); and

wherNn the moieties (e-i) to (e-v) may at each chiral center be in either R- or S-
configuiytion, preferably, all chiral centers of a moiety (e-i) to (e-v) are in the same

configurati

10 18.  The pharmaceutidal composition for use of any one of claims 12 to 17, wherein the -

backbone reagent is Y\ compound of formula (1).

19.  The pharmaceutical compNsition for use of any one of claims 12 to 18, wherein the

branching core B is selected Bpm the following structures:

15
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5 wherein
dashed lines indicate attachment to A® or, if x1 and x2 are both 0, to A,
t is 1 or 2; preferably tis I,
v 181,2,3,4,5,,6,7,8,9,10,11, 12, 13 or 14, preferably, vis 2, 3, 4, 5,
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The pharmaceutical composition for use of any one of claims 12 to 19, wherein B is of

formula (a-xiv).

The pharmacentical composition for use of any one of claims 12 to 20, wherein A’ is

The pharmaceytical composition for use of any one of claims 12 to 21, wherein x1 and

x2 are 0.

The pharmaceutical co¥gposition for use of any one of claims 12 to 22, wherein P has

the structure of formula (

wherein n ranges from 6 to 900, more Pxeferably n ranges from 20 to 700 and most

preferably n ranges from 20 to 250.

The pharmaceutical composition for use of any oNg of claims 12 to 23, wherein the

moiety — A% — Hyp' is a moiety of the formula

wherein
the dashed line indicates attachment to P; and

E' is selected from formulas (¢-i) to (e-ix).

The pharmaceutical composition for use of any one of claims 12 to 24, wherein

backbone reagent has the following formula:
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O }IE NH,
HN NH,
NH, O
HN\H/I\/\/\NH?_
@]
O . NH,
N.
N NII,
H
NH,
HN
\{.(‘\/\/\NH2
Q
et 4

wherein
n ranges from 10 to 40N\preferably from 10 to 30, more preferably from 10 to 20.
The pharmaceutical composition Ry use of any one of claims 12 to 25, wherein the
backbone reagent is present in the forly of its acidic salt.

The pharmaceutical composition for use oNany one of claims 12 to 26, wherein the

crosslinker reagent is a compound of formula

]
i 2 3 4
Y#D N Dqﬁ(ﬁf

AT 10| 4\ 44 !
O R R R R O
v4 7
sl )

V),
wherein

selected from the group comprising O, NR®,S and CR
group comprising
RL R™ RE R R R™ RY, R™ R’ and R™ are identical or different
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to form a Cs; cycloalkyl or to form a ring A or are joined together
with the atom to which they are attached to form a 4- to 7-membered
heterocyclyl or 8- to 11-membered heterobicyclyl or adamantyl;

is selected from the group consisting of phenyl, naphthyl, indenyl,

indanyl and tetralinyt;

)/%\/0 £
s

\ ’

' m

ranges from 120 to 920, preferably from 120 to 460 and more
referably from 120 to 230,

is

rl, 12, r7, r8 are indezendently Q or 1;

r3, 16 are ind¢pendently 0, 1,2, 3, or 4;
r4, r3
sl, s2
Y, Y?

wherein
the dashed lines indicate attachment to the rest of the molecule,
b isl1,2,30r4

x" is Cl, Br, L, or F.
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28.  The pharmaceutical composition for use of any one of claims 12 to 27, wherein the

crosslinker reagent is of formula (V-1) to (V-53):

Y M%\/OMM/YQ

(v-1)
i i
1 2
™o : O%VOMOMO/TW 2)
0O 0O 9] 0
it L
Y\O/\Ms\o O\EH/\O/M'J*\O/Y(M)
0 ﬁ 0o 0
S P N S
\O 4 O’{/\/ m 4 O/
(vV-4)
0O 0] 0O O
5 WA g
~0 ) 0’{/\/ ﬂ\{\o \ o
(v-5),
O O 0 N
e S O B S A
o 6 ot ™ ﬁ\m/\O 6 ° (V-6)
O ﬁ 0 |O
o ; o’{/\/ i\m/\o 07
- (v-7),
0O 0 ) 0O
0 8 0’{/\/ \}\m/\o g 07 V-5)
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o 0 0 0
PRl 3
Y\o)\%o’{/\/o‘}\m/\o%o/&;

v-9)
i i
o Foo o
o 10 O’k\/ MO 100" (V-10)
i i
1 |
Y\M[YJ\ Oﬁ\/\([k]/‘Lo/Yz |
m .
i i
Y]\ O%\/ o O/Y2
(V-12)
i i
1
™ S . o
(V-13)
o] 0] Q 0
A0 o O\
~ O’P\/ ﬁ\m/\o O
(V-3
0 ﬁ 0 0
Yl\o | WP\/OMO | O/YZ
(V-15),
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0o 9 o 0
Yl\o O”P.\/ Oi\/\ | o~ v
(V-22)
() ﬁ 0 0|
i 2
o 3 OIP\/O\}\IH/\OWO/T
(V-23)
0 0 0
N . o | Y
o 3 0'{/\/ i\m/\OJ\rH\sH\O/ (V-24)
0 0 0 0
L | | -
o o 0\}\/\0 0~
m 4 (V-25)

Q
|

i | i

! Y

Y\OWO{/\/O . o 2 o -
i i i i

! Y

Y\Ojj{/\‘\ﬂ:\()%\/oi\m/\o N 3 s -
i | i

Y2 0 Y
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0 ' 0
\WWMW)Z
(V-29)
j i i
AN {«/4\/\)7@7%“
\ (V-30)
O 0 0
N Woﬂz
" (vV-31)
Y‘\O JH/\O /ﬁ/&o ) 0%:/\0 /l’A{\rﬁo/Yz

(V-32)
0] Q 0 0
i
Y 0 Y
\O%OW‘\U{/\/ D OJJ\(P*G’H?I)J\O/
5 {V-33)
i ' i
1
¢ 0 \ Y
\OJL(H\SOH?‘/LOAP\/ i\m/\o N SMO/
(V-34)
O l0 O O
1
Y 0 YZ
\OMOH:{J\O,P\/ E/\OJ\THI J ; o
(V-35)

| | | L r
YI\O/T;,,._‘viO{/\/O%\m/\Q%.-"‘\ ()/Y'(V-3
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|
0 0'{/\/0%\111/\0 < v
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A PO
0" R Y
Y\O O/[/\/Oi\m/\o AN G
(V-43)
I I | |
¥ 0 Y
~o ‘ O’P\/ \}\m/\o o
‘ (V-44)

5
¥ /|T | | Y
S o’P\/ © 1 0 o~
(V-46)
[ =
v 0 v
A (V-47)
10
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g i@i . LO/L v
(V-48)
. WAL
{(V-49)
u { | L
™o O‘P\/ O‘]}/\o o
(V-50)
1 | |
Y\o/ﬁithio{/\/ ) S TLO/ v
(V-51)
. | |
\LQL{/\/M "
{(V-52)

\-x\

(V-533)
wherein
each crosslinker reagent may be in the form of its racemic mixture, where applidgble;
and
m ranges from 120 to 920, preferably from 120 to 460 and more
- preferably from 120 t0 230, T T T T -
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Y, Y? are identical or different and each is independently of the other

selected from formulas (1) to (f~vi):

_-’" NOg
O 0
A )
’ \N // O X\O
of’Q 3 i
(£1) , NO: (£i), NO, (f-1id),
F
F
or  ——
F &V (Ev)
F

wherein

the dashed linesNadicate attachment to the rest of the molecule,
b i51,2,3 0or¥
X" isCl,Br,J, or
The pharmaceutical composition for use 0 any one of claims 12 to 28, wherein the

hydrogcl obtained from the polymerization is 3shaped article.

The pharmaceutical composition for use of any onM\of claims 12 to 29, wherein the
hydrogel is in the form of microparticular beads hdying a diameter of 1 to 500

micrometer.

The pharmaceutical composition for use of any one of claims\ to 30, wherein the
hydrogel-linked prodrug comprises a biologically active moiety\gelected from the
group consisting of anesthetics and analgesics, antiallergenics, antilstamines, anti-
inflammatory agents, anti-cancer agents, antibiotics, antiinfectives, antibagterials, anti-
fungal agents, anti-viral agents, cell transport/mobility impendindy agents,
antiglaucoma drugs, antihypertensives, decongestants, immunological rdponsc
modifiers, immunosuppresive agents, peptides and proteins, steroidal compoids

(steroids), low solubility steroids, carbonic anhydrize inhibitors, diagnostic agents

~ antiapoptosis agents, ~gene ~therapy - agents, " sequestering - agents, - reductants, -
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antipermeability agents, antisense compounds, antiproliferative agents, antibodies and
antibody conjugates, bloodflow enhancers, antiparasitic agents, non-steroidal anti
inflammatory agents, nutrients and vitamins, enzyme inhibitors, antioxidants,
anticataract drugs, aldose reductase inhibitors, cytoprotectants, cytokines, cytokine
igibitors, and cytokine protectants, UV blockers, mast cell stabilizers, and anti
neovgscular agents such as antiangiogenic agents like matrix metalloprotease
inhibito and Vascular endothelial growth factor (VEGF) modulators,
neuroproteNtants, miotics and anti-cholinesterase, mydriatics, artificial tear/dry eye
therapies, axti-TNFe, 1L-1 receptor antagonists, protein kinase C-f inhibitors,

somatostatin analgs and sympathomimetics.

An ophthalmic deliver\ device comprising the pharmaceutical composition of any one

of claims 1 to 31.
A method of preventing, diagiNsing and/or treating an ocular disease, wherein said
method comprises the step of adinistering a therapeutically effective amount of a

pharmaceutical composition of any on§ of claims 1 to 31 to a patient in need thereof.

The method of claim 33, wherein the phar®aceutical composition is administered by

intraocular injection.
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Claims

A pharmaceutical composition comprising a hydrogel-linked prodrug for use in the

prevention, diagnosis and/or treatment of an ocular condition.

A pharmaceutical composition comprising a hydrogel-linked prodrug for use for

intraocular injection.

A pharmaceutical composition comprising a hydrogel-linked prodrug for use for
intraocular injection in the prevention, diagnosis and/or treatment of an ocular

condition.

The pharmaceutical composition for use of claim 1 or 3, wherein the ocular condition

is in particular an anterior ocular condition or posterior ocular condition.

The pharmaceutical composition for use of claim 4, wherein the anterior ocular
condition is selected from the group comprising aphakia, pseudophakia, astigmatism,
blepharospasm, cataract, conjunctival diseases, conjunctivitis, corneal diseases,
comeal ulcer, dry eye syndromes, eyelid diseases, lacrimal apparatus diseases,
lacrimal duct obstruction, myopia, presbyopia, pupil disorders, refractive disorders,

glaucoma and strabismus.

The pharmaceutical composition for use of claim 4, wherein the posterior ocular
condition is selected from the group comprising acute macular neuroretinopathy;
Behcet's disease; choroidal neovascularization; diabetic uveitis; histoplasmosis;
infections, such as fungal or viral-caused infections; macular degeneration, such as
acute macular degeneration, non-exudative age related macular degeneration and
exudative age related macular degeneration; edema, (such as macular edema, cystoid
macular edema and diabetic macular edema; multifocal choroiditis; ocular trauma
which affects a posterior ocular site or location; ocular tumors; retinal disorders, such
as central retinal vein occlusion, diabetic retinopathy (including proliferative diabetic

retinopathy), proliferative vitreoretinopathy (PVR), retinal arterial occlusive disease,

~retinal detachment, uveitic retinal disease; sympathetic opthalmia; Vogt Koyanagi-

Harada (VKH) syndrome; uveal diffusion; a posterior ocular condition caused by or
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10.

11.

12.

influenced by an ocular laser treatment; posterior ocular conditions caused by or
influenced by a photodynamic therapy, photocoagulation, radiation retinopathy,
epiretinal membrane disorders, branch retinal vein occlusion, anterior ischemic optic
neuropathy, nonretinopathy diabetic retinal dysfunction, retinitis pigmentosa, and

glaucoma.

The pharmaceutical composition for use of any one of claims 1 to 6 contained in a

container suited for engagement with an injection device.

The pharmaceutical composition for use of any one of claims 1 to 7, wherein the

hydrogel is a biodegradable hydrogel.

The pharmaceutical composition for use of claim 8, wherein the hydrogel is a PEG-

based hydrogel.

The pharmaceutical composition for use of any one of claims 1 to 9, wherein the

hydrogel-linked prodrug is bead-shaped.

The pharmaceutical composition for use of any one of claims 1 to 10, wherein the

beads have a diameter of 1 to 1000 um.

The pharmaceutical composition for use of any one of claims 1 to 11, wherein the

hydrogel is a hydrogel obtainable by a process comprising the steps of:
(a) providing a mixture comprising
(a-1) at least one backbone reagent, wherein the at least one backbone reagent has
a molecular weight ranging from 1 to 100 kDa, and comprises at least three
amines (-NH; and/or -NH-);
(a-ii) at least one crosslinker reagent, wherein the at least one crosslinker reagent

has a molecular weight ranging from 6 to 40 kDa, the at least one

crosslinker reagent comprising

157




10

15

20

25

30

13.

14.

15.

16.

(i) at least two carbonyloxy groups ((C=0)-O- or —O—-C=0)-), and
additionally

(ii) at least two activated functional end groups selected from the group
consisting of activated ester groups, activated carbamate groups,
activated carbonate groups and activated thiocarbonate groups,

and being PEG-based comprising at least 70% PEG; and

(a-iii)a first solvent and at least a second solvent, which second solvent is

immiscible in the first solvent,

in a weight ratio of the at least one backbone reagent to the at least one crosslinker

reagent ranging from 1:99 to 99:1;

(b) polymerizing the mixture of step (a) in a suspension polymerization to a hydrogel;

and

(c) optionally working-up the hydrogel.

The pharmaceutical composition for use of claim 12, wherein the mixture of step (a)

further comprises a detergens.

The pharmaceutical composition for use of claim 12 or 13, wherein the polymerization

in step (b) is initiated by adding a base.

The pharmaceutical composition for use of any one of claims 12 to 14, wherein the

mixture of step (a) is an emulsion.

The pharmaceutical composition for use of any one of claims 12 to 15, wherein the at

least one backbone reagent is selected from the group consisting of

a compound of formula (I}

e o B (A = (SP)a — A= P A2~ Hyp')y - (D) o oo e e
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wherein

B is a branching core,
Sp is a spacer moiety selected from the group consisting of Ci.¢ alkyl, Cig
alkenyl and C,.¢ alkynyl,

5 P is a PEG-based polymeric chain comprising at least 80% PEG, preferably at
least 85% PEG, more preferably at least 90% PEG and most preferably at
least 95% PEG,

Hyp' is a moiety comprising an amine (-NH; and/or -NH-) or a polyamine
comprising at least two amines (-NH; and/or -NH-),
10 X is an integer from 3 to 16,

x1,x2  areindependently of each other 0 or 1, provided that x1 is 0, if x2 is 0,

A% A', A are independently of each other selected from the group consisting of

0
' ! 1 ' ' ' ! || ! I | ' [
-0, —+5+, -+1‘|\I—!—, ——C—+, —+—5—§+, —+N=N--,
R
1
.0 i i i
—L0—C—=-, —HC—0-+, -—I:-émll\l—l'., ;:N—ﬁ;:, ;:II\I— —I—'+-,
R! 8 LR
i
‘.—llxl—c—llxr—i—, +1T1—c—04'.—, —0—C—N-+,
R! R & &!
I
—+ ° 4y
N
/ X and 1 N
g X & s
15 wherein R' and R'™ are independently of each other selected from H and Cj
alkyl,;
a compound of formula (1I)
20 Hyp? - A*-P-A*—Hyp® (1),

wherein
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P is defined as above in the compound of formula (T),
Hyp’, Hyp®  arc independently of each other a polyamine comprising at least two
amines (-NH» and/or -NH-), and

A’ and A* are independently selected from the group consisting of

1 ' 1 ] ' | ' | 1 1 3 1 \
O, S, N “‘!—é— —-5—S—-, —-N=N—-,
R1

1

O 0O R
1 y: 1 l” 1 1 || I 1 | ' 1 || 1

—-0—C—+, —+C—0-1 —'.C—ITJ—‘., —:—N—ﬁ—:, —:T|\I—C—I|\I -
R’ 0 R R"
) | 1 1 | L] [] l L]
'.—N—é—N‘.—, +1|\I—é—0+ +o—é—1T1+,
RI Rla RI 1

5
wherein R' and R" are independently of each other selected from H and C.¢ alkyl;
a compound of formula (III)
10
P! - A’ - Hyp' (11D),
wherein
P! is a PEG-based polymeric chain comprising at least 80% PEG,
15 preferably at least 85% PEG, more preferably at least 90% PEG and
most preferably at least 95% PEG,
Hyp® is a polyamine comprising at least three amines (-NH; and/or -NH), and
A’ is selected from the group consisting of
20
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SO, S, N, G, RS —Se —EN=NS
1
0 0] Rl
! ” ! ‘I ! ! |é 1 1 | ' 1 ” !
-0—C—, -0+ —+C— I—l—, —‘.N—-—ﬁ—-.—, —'.1|\T—-C—N—:,
1
R 0 1 la
I i
_:|_I|\1_ _I I| 5 :TIIq_C—O—‘ll—-, _E_O_ N |I ’
R’ R R} Rl
0
- ©
N
/X and C,
g X 7 Nk

wherein R' and R" are independently of each other selected from H and C,_¢ alkyl;
and

a compound of formula (IV),

T'— A®— Hyp’ (Iv),
wherein
Hyp® is a polyamine comprising at least three amines (-NH; and/or -NH), and

AS is selected from the group consisting of
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S0, S, N 4, —-5—§+, —N=N-,
|
i i i
Lo—C , —-0—0- ;'.C—Il\l—'t, ;'.N——ﬁ;'., —N— —1|\I—':,
RI o R] R]a
” ' l 1 3
AN—CN, N0, oG
1 Rla RI R1
I
— © iy
/ . and v
¢ X 7 Vs

wherein R' and R'® are independently of each other selected from H and C
alkyl; and

5 T is selected from the group consisting of Cy_sp alkyl, Cs.50 alkenyl or
Ca.s0 alkynyl, which fragment is optionally interrupted by one or
more group(s) selected from -NH-, -N(C,_4 alkyl)-, -O-, -S-, -C(O)-,
-C(O)NH-, -C{O)N(C,4 alkyl)-, -O-C(O)-, -S(0)-, -5(0),-, 4- to 7-

membered heterocyclyl, phenyl or naphthyl.

10

17.  The pharmaceutical composition for use of any one of claims 12 to 16, wherein Hyp',

Hyp®, Hyp®, Hyp®, and Hyp® are selected from the group consisting of

a moiety of formula (e-i}
15
NH,
: NH, (e-i)
pi
wherein

pl 1s an integer from 1 to 5, preferably pl is 4, and

20 formula (I) and to A® or A* if the backbone reagent has the structure of formula (II);
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a moiety of formula (e-ii)

HN%N H,

NH,

(e-ii)
NH,

H
\ N NH,
AN A

O

5 wherein
p2,p3 and p4  are identical or different and each is independently of the others an
integer from 1 to 5, preferably p2, p3 and p4 are 4, and
the dashed line indicates attachment to A” if the backbone reagent has a structure of
formula (D), to A* or A* if the backbone reagent has a structure of formula (IT), to A’ if
10 the backbone reagent has a structure of formula (I1T) and to A® if the backbone reagent

has a structure of formula (IV);

a moiety of formula (e-i11)

O
HNJT/*f\pSE%NHz
NH,
NH,
NH,
p7

O
HNW

0 0 (e-iii)
HN%NHZ
NH,

NH,

H E NH

N N 2

P
‘\[\4/139 p10 pil
0O 0

15
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wherein

p5Stopll are identical or different and each is independently of the others an integer
from 1 to 5, preferably p5 to pl1 are 4, and

the dashed line indicates attachment to A” if the backbone reagent is of formula (I), to

A? or A*if the backbone reagent is of formula (II), to A’ if the backbone reagent is of

formula (III) and to AS if the backbone reagent is of formula (IV);

a moiety of formula (e-iv)

o) 0 o
H H
HN/H\%%i‘N ESH\H%ﬂNEEZ
p12 NH, NH;
HN NH,
pl1s

0 O

HNJH/Fﬂq\[H2

P16
N}?z NH,

HN NWNHZ
P17 P18
o ©

© 0

NH,

| H
HN N P20

P9 NH,
NH,

HN NH,
p21

5o
NH,

! NJJ\FWPM
NH NH
H H i 2
\ N N N NH .
/ Y 2 (e-iv)
N pz2 P23 p25 p26
O O 8]

wherein

pl2 to p26 are identical or different and each is independently of the others an integer

from 1 to 5, preferably p12 to p26 are 4, and

~‘the dashed liné indicates attachmert t6 A% if the backbone reagént has a stiictute of ™ ™~

formula (1), to A® or A* if the backbone reagent has a structure of formula (II), to A’ if
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the backbone reagent has a structure of formula (III) and to AS if the backbone reagent

has a structure of formula (IV);

a moiety of formula (e-v)

NH, (e-v)

P28

wherein

p27 and p28 are identical or different and each is independently of the other an integer
from 1 to 5, preferably p27 and p28 are 4,

q is an integer from 1 to 8, preferably q is 2 or 6 and most preferably 1 is 6,
and

the dashed line indicates attachment to A? if the backbone reagent has a structure of

formula (1), to A* or A* if the backbone reagent has a structure of formula (II), to A’ if

the backbone reagent has a structure of formula (IIT) and to A% if the backbone reagent

has a structure of formula (IV});

a moiety of formula (e-vi)

. NH i
/‘\/NH/ 2 (e-vi)
. p3o

wherein

p29 and p30 are identical or different and each is independently of the other an integer
from 2 to 5, preferably p29 and p30 are 3, and

the dashed line indicates attachment to A? if the backbone reagent has the structure of

formula (1), to A? or A* if the backbone reagent has the structure of formula (1I), to A’

if the backbone reagent has the structure of formula (III) and to AS if the backbone

reagent has the structure of formula (IV);
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a moiety of formula (e-vii)

[ NH,
32
H P
N_ _N NH,
[ T T p33
P3O (e-vii)
[ NH,
.
. N N N NH,
- psﬁ]/ p36
O
wherein
5 p31 to p36 are identical or different and each is independently of the others an integer

from 2 to 5, preferably p31 to p36 are 3, and
the dashed line indicates attachment to A if the backbone reagent has a structure of
formula (1), to A% or A* if the backbone reagent has a structure of formula (II), to A’ if
the backbone reagent has a structure of formula (III) and to A® if the backbone reagent

10 has a structure of formula (IV);

a moiety of formula (e-viii)
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wherein

p P43
0
[ NH,
T
[ N N NH,
p4s p47

p37 to p50 are identical or different and each is independently of the others an integer

from 2 to 5, preferably p37 to p50 are 3, and

the dashed line indicates attachment to A” if the backbone reagent has a structure of

formula (I), to A® or A* if the backbone reagent has a structure of formula (IT), to AYif

the backbone reagent has a structure of formula (III) and to A% if the backbone reagent

has a structure of formula (IV); and

a moiety of formula (e-ix):

167




O [ NH,

H H H ﬂ,p&l

e e

59
psl P pa( P65

O O 0
[ NH,

H ﬂ/PGE’

N

NH,N H,
pﬁh]/ p70
o)

[ NH,

| ’]’I:;H/NHZJNIN\H/N H,

[

p73
O [ NH,
P76

H
[ N N NH,
PN p77
0

[ NH,
H H H P79
YN N N N
< H e H WNHNWNHN% €59
: P66 p74 p78 p80
O O o)

wherein

p51 to p80 are identical or different and each is independently of the others an integer

e - -~ T from 2 to*S;‘preferably‘pS1‘t0'p80'are‘?:;and' T T e T
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the dashed line indicates attachment to A” if the backbone reagent has a structure of
formula (1), to A® or A* if the backbone reagent has a structure of formula (II), to A’ if
the backbone reagent has a structure of formula (III) and to A® if the backbone reagent

has a structure of formula (IV); and

wherein the moieties (e-i) to (e-v) may at cach chiral center be in either R- or S-
configuration, preferably, all chiral centers of a moiety (e-i) to (e-v) are in the same

configuration.

The pharmaceutical composition for use of any one of claims 12 to 17, wherein the

backbone reagent is a compound of formula (I).

The pharmaceutical composition for use of any one of claims 12 to 18, wherein the

branching core B is selected from the following structures:
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wherein
dashed lines indicate attachment to A’ or, if x1 and x2 are both 0, to A,
t is 1 or 2; preferably tis 1,

..y . 1s1,2,3,4,5,,6,7,8,9,10,11,12, 13 or 14; preferably, vis 2, 3, 4, 5,

more preferably, v is 2, 4 or 6; most preferably, v is 2.
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20.  The pharmaceutical composition for use of any one of claims 12 to 19, wherein B 1s of

formula (a-xiv).

21.  The pharmaceutical composition for use of any one of claims 12 to 20, wherein Alis
3 5!
tode . AN o o
) g

22.  The pharmaceutical composition for use of any one of claims 12 to 21, wherein x1 and

10 x2 are 0.

23.  The pharmaceutical composition for use of any one of claims 12 to 22, wherein P has

the structure of formula (c-1):

' .
‘ N
7 ON
n

15 (c-),

wherein n ranges from 6 to 900, more preferably n ranges from 20 to 700 and most

preferably n ranges from 20 to 250.

20 24,  The pharmaceutical composition for use of any one of claims 12 to 23, wherein the

moiety — A — Hyp' is a moiety of the formula

H 1
/N\‘/E
O

wherein
the dashed line indicates attachment to P; and

25 E! is selected from formulas (e-1) to (e-ix).

25.  The pharmaceutical composition for use of any one of claims 12 to 24, wherein the

backbone reagent has the following formula:
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10
15
20

O NH
H H 2
N N
C\\/O\P/\OJ/I]\/ \((;r\/\/\E \f\/\/\NHZ
NH,

g 2
BN NH,

NH, )

H NWNHz
0]

O

— 4

wherein

n ranges from 10 to 40, preferably from 10 to 30, more preferably from 10 to 20.

The pharmaceutical composition for use of any one of claims 12 to 25, wherein the

backbone reagent is present in the form of its acidic salt.

The pharmaceutical composition for use of any one of claims 12 to 26, wherein the

crosslinker reagent is a compound of formula (V):

O 0]
vl |p! D’ g | D’ Dl ¥
A B A g © © 3\ 3a 6| 4\ 4 s
O R R R R R R R R O
r2 rd 5 7
sl s

2

V),

wherein

D', D?, D’ and D* are identical or different and each is independently of the others
selected from the group comprising O, NR’,S and CR’R™;

RY, R'™ R% R% R, R® RY R™ R® and R*™ are identical or different and each is
independently of the others selected from the group comprising H
and CL¢ alkyl; optionally, one or more of the pair(s) R'/R'?, RY/R*,

| RURP, RYR®, RVRY, RUR', RRY, and R™VR® form a chemicl

bond or are joined together with the atom to which they are attached

to form a Cs.g cycloalkyl or to form a ring A or are joined fogether
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with the atom to which they are attached to form a 4- to 7-membered

heterocyclyl or 8- to 11-membered heterobicyclyl or adamantyl;

A is selected from the group consisting of phenyl, naphthyl, indenyl,
indanyl and tetralinyl;
p? is
/\‘/f\/ O {
K m
m ranges from 120 to 920, preferably from 120 to 460 and more

preferably from 120 to 230,

rl, 2,17, 18 are independently O or 1;

r3, 16 are independently 0, 1, 2, 3, or 4,

4, 15 are independently 1, 2, 3, 4,5, 6,7, 8,9 or 10;

sl, s2 are independently 1, 2, 3, 4, 5 or 6;

Y, Y? are identical or different and each is independently of the other

selected from formulas (f-1) to (f-vi):

. NO,
A0 . o
SNt/ >
o=
(1) , NO; (£}, NO, (Eii),
F
o Fy -
> O F
. |
. or —-4-“-X’
(), r () (Ev)
F
F
wherein

the dashed lines indicate attachment to the rest of the molecule,
b i$s1,2,30r4
xH is C1, Br, I, or F.

The pharmaceutical composition for use of any one of claims 12 to 27, wherein the

crosslinker reagent is of formula (V-1) to (V-53):
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N G 151

(V-10),

0o 0 0o 0
SO PPSE
i (v-11)
0o 0 0 0
YI\O% OWOMOU/LO Ps
" (v-12)

I ||Yz

M\C{/\/ o

i i
WOMMI\M

(V-14)

(V-15),

bl

(V-16)
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O O 0 O
l I | |
Y\OWO%\/O\]\I“/\OWO/ -
i i i ]
| v
i i i i
| v
N N N
i i i i
| v
Y\OW O/P\/OM WO/
(V-26)
i i i i
! v
Y\ojH\s]i\o{/\/ OMOA/]’HFI:\O/
(V-27)
i ] I
1
S LG S e
(V-28)
i i i i
1
Y\OWO’{/\/ OMOWO/\;(V 29)
i i i i
| v
Y\OWO{/\/O%\(\WO/ (V-30)
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Yl b, O (L Y2
\O '<:%O,P\/ %mwo o O/
(V-46)
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Y
~0
|O
1
Y “r,
\O
wherein

10

each crosslinker reagent may be in the form of its racemic mixture, where applicable;

and
m ranges from 120 to 920, preferably from 120 to 460 and more
preferably from 120 to 230;
Y, v? are identical or different and each is independently of the other
selected from formulas (f-1) to (f=vi):
0 0 ' o
&
T \N 74
==
D, NO, (£, NO; (g,
F
0 & -
> O F
| 1
(f-IV), " or B — XJ i
P EY) (Ev)
F
F
wherein
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30.

31.

32.

the dashed lines indicate attachment to the rest of the molecule,
b isl,2,3o0r4
X" isCl,Br,J, orF.
The pharmaceutical composition for use of any one of claims 12 to 28, wherein the

hydrogel obtained from the polymerization is a shaped article.

The pharmaceutical composition for use of any one of claims 12 to 29, wherein the
hydrogel is in the form of microparticular beads having a diameter of 1 to 500

micrometer.

The pharmaceutical composition for use of any one of claims 1 to 30, wherein the
hydrogel-linked prodrug comprises a biologically active moiety selected from the
group consisting of anesthetics and analgesics, antiallergenics, antihistamines, anti-
inflammatory agents, anti-cancer agents, antibiotics, antiinfectives, antibacterials, anti-
fungal agents, anti-viral agents, cell transport/mobility impending agents,
antiglaucoma drugs, antihypertensives, decongestants, immunological response
modifiers, immunosuppresive agents, peptides and proteins, steroidal compounds
(steroids), low solubility steroids, carbonic anhydrize inhibitors, diagnostic agents,
antiapoptosis agents, gene therapy agents, sequestering agents, reductants,
antipermeability agents, antisense compounds, antiproliferative agents, antibodies and
antibody conjugates, bloodflow enhancers, antiparasitic agents, non-steroidal anti
inflammatory agents, nutrients and vitamins, enzyme inhibitors, antioxidants,
anticataract drugs, aldose reductase inhibitors, cytoprotectants, cytokines, cytokine
inhibitors, and cytokine protectants, UV blockers, mast cell stabilizers, and anti
neovascular agents such as antiangiogenic agents like matrix metalloprotease
inhibitors and Vascular endothelial growth factor (VEGF) modulators,
neuroprotectants, miotics and anti-cholinesterase, mydriatics, artificial tear/dry eye
therapies, anti-TNFe, IL-1 receptor antagonists, protein kinase C-§ inhibitors,

somatostatin analogs and sympathomimetics.

An ophthalmic delivery device comprising the pharmaceutical composition of any one

of claims 1 to 31.
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