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Claims

1. A method to prepare a biodegradabie hydrogel said method comprising reacting
at least a first reactive polymer with a cleavable crosslinker compound

wherein said cleavable crosslinker compound comprises a first functional group th
reacts with the reactive polymer and a moiety that is cleaved by elimination under phystological

conditions wherein said moiety comprises a second functional group that reacts with/a reactive

polymer.

2. The method of claim 1 wherein the cleavable crosslinker copipound is
of formula (1)
o i
R-C ~{GH=GH],, mC - X
M RS
wherein
mis 0 or 1;

X comprises a functional group capable of conriecting to a reactive polymer that is
amenable to elimination under physiological condigions and said second functional group, Z>;
wherein at least one of R', R?, and R® comfiprises said first functional group Z' capable of
connecting to a polymer;
wherein one and only one of R' apl R> may be H or may be alkyl, arylalkyl or
heteroarylalkyl, each optionally substigted;
at least one or both R! and BZ is independently CN; NOy;
optionally substiftited aryl,
optionally substituted heteroaryl;
optionally guibstituted alkenyl;

R isHor optionally substituted alkyl;

aryl or arylalkyl, each optionalily substituted;

heteroaryl or heteroarylalkyl, each optionally substituted; or

OR’ or NR; wherein each R is independently H or optionally
substituted alkyl, or both R® groups taken together with the nitrogen to which they are
attached form a heterocyclic ring;

SR* wherein
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R* is optionally substituted alkyl;
aryl or arylalkyl, each optionally substituted; or
heteroaryl or heteroarylaikyl, each optionally substituted,;
wherein R' and R? may be joined to form a 3-8 membered ring; and
each R® is independently H or is alkyl, alkenylalkyl, alkynylalkyl, (OCH,CHy),
wherein p=1-1000, aryl, arylalkyl, heteroaryl or heteroarylalkyl, each optionally subs

3. The method of claim 2 wherein
X is succinimidyl carbonate, sulfosuccinimidyl carbonate, nitrophenyt carbonate,

chloroformate, fluoroformate, or
0

O—!J,‘_T*_(CHz)zY._ZZ

wherein T* is O, S or NR® wherein R® is H, optionally substituted alkyl, optionally

substituted aryl, optionally substituted heteroaryl, optionally gubstituted arylalkyl, or optionally
substituted heteroarylalkyl; z is 1-6; and Y is absent or is @R or SR’, wherein R’ is optionally
substituted alkylene, optionally substituted phenylene gr (OCH,CHy>),, wherein p=1-1000, and

7% is a functional group capable of connecting with/4 reactive polymer.

4, The method of claim 3 whereiy each of Z' and Z* independently comprises N,
NH,;, NH-CO,'Bu, SH, S'Bu, maleimide,
alkyne, cyclooctyne, acrylate, or acryl

»H, CO,'Bu, 1,3-diene, cyclopentadiene, furan,
ide; and wherein when one Z comprises N3 the other
does not comprise alkyne or cycloogfyne; when one Z comprises SH the other does not
comprise maleimide, acrylate, or/Acrylamide; when one Z comprises NH;, the other does not
comprise CO,H; when one Z gomprises 1,3-diene or cyclopentadiene the other does not

comprise furan.

5. The method of Claim 1 wherein the cleavable linker compound has the formula

A G [CH=CH), ™ G- W CHICHOHOY, -+ (2)
H g

P

nis 1-1000;
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sis 0-2;
tis 2,4, 8, 16 or 32;
o o
W is O(C=0)O, O(C=0)NH, O(C=0)S, GQ?CHE w3, or O Gy g,
a¥ B

Q is a core group having a valency=t;
wherein at least one of R', R?, and R® comprises a functional group Z' capabj of
connecting to a polymer, and
at least one or both R' and R? is independently CN; NOy;
optionally substituted aryl;
optionally substituted heteroaryl;
optionally substituted alkenyl;
optionally substituted alkynyl;
COR’ or SOR® or SO;R’ wherein
R? is H or optionally substituted a
aryl or arylalkyl, each optionally stibstituted;
heteroaryl or heteroarylalkyl, gach optionally substituted; or
OR’ or NR?, wherein each K is independently H or optionally
substituted alkyl, or both R® groups taken together with the nitrogen to which they are
attached form a heterocyclic ring;
SR* wherein
R* is optionally substituted alkyl;
aryl or arylalkyl, each optionally substituted; or
heteroaryl or heteroarylalkyl, each optionally substituted;
wherein R' and R? y be joined to form a 3-8 membered ring; and
wherein one and ghly one of R! and R? may be H or may be alkyl, arylalkyl or
heteroarylalkyl, each gptionally substituted; and
each R’ is iidependently H or is alkyl, alkenylalkyl, alkynylalkyl, (OCH,CHy)p O-alkyl
wherein p=1-1000, aryl, arylalkyl, heteroaryl or heteroarylalkyl, each optionally substituted,

6 The method of claim 5 wherein Z' comprises N3, NH,, NH-CO,'Bu, SH, S'Bu,
maleipdide, CO,H, CO;'Bu, 1,3-diene, cyclopentadiene, furan, alkyne, cyclooctyne, acrylate, or
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7. The method of claim 2 wherein Z' comprises Na, NH,, NH-CO-'Bu, SH, S'Bu,
maleimide, CO,H, CO,'Bu, 1,3-diene, cyclopentadiene, furan, alkyne, cyclooctyne, acrylate, or

acrylamide.

8. The method of claim 3 wherein each Z' and Z? independently comprises
NH,, NH-CO,'Bu, SH, $'Bu, maleimide, CO,H, CO,'Bu, 1,3-diene, cyclopentadiene, faran,
alkyne, cyclooctyne, acrylate, or acrylamide.

9. The method of claim 1 wherein the first and any second polymer is selected from
the group consisting of homopolymeric or copolymeric polyethylene glycgls, polypropylene
glycols, poly(N-vinylpyrrolidone), polymethacrylates, polyphosphazenés, polylactides,
polyacrylamides, polyglycolates, polyethylene imines, agaroses, dextrans, gelatins, collagens,
polylysines, chitosans, alginates, hyaluronans, pectins, or carrageénans that either comprise
suitable reactive functionalities in their native state or have bgén derivatized so as to comprise
suitable reactive functionalities or is of the formula [Z>-(C 2)s(CH2CH20),]:Q, wherein Zisa

reactive functional group, n is 10-1000 and s, Q, and t gfe as defined in claim 5.

10.  The method of claim 1 wherein a first and a second reactive polymer are reacted

with said cleavable crosslinker compound, segtientially or simultaneously,

11.  The method of claim 10 wherein the first and second functional groups are the
same.
12. A hydrogel proddced by the method of claims 1-11.
13.  The hydrogel of claim 13 which further comprises a drug.
14,  The Hydrogel of claim 13 wherein the drug is contained in a residue
of formula (3)
RZ R 0
Rl__.é—(CH=CH)n—$—O_g_Y_D )
I
Ili R?

wherein at least one of R', R%, R® comprises a first functional group for linking to a
lymer and wherein R', R%, R’ and m are as defined in claim 2;

D 1s the residue of the drug; and
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Y is NH or NBCH; wherein B is H, alkyl, arylalkyl, heteroaryl, or heteroarylalkyl, each
optionally substituted.

15. A hydrogel that is biodegradable under physiological conditions which hydrogel
comprises one or more polymers crosslinked by a linker that decomposes by an eliminati

reaction.

16.  The hydrogel of claim 13 wherein the linker, when disposed in the polymer, is a

residue of formula (1)

RMC~{CH=CH), ~C-X (1)
H ¥

wherein at least one of R!, R?, R® is coupled to said one or'more polymers as is X and

wherein R', R%, R® , m, and X are as defined in claim 2.

B B
A G (CH=CH, G~ (G
H AY

1vh

wherein at least two of said R', R%/R® is coupled to said one or more polymers and
wherein R', R*, R , m are as defined i’ claim 2, and
nis 1-1000;
515 0-2;

tis 2,4, 8, 16 or 32;

o &
W is O(C=0)0, O(C=O)NH, O(C=0)S, L ~§=Thy <0, or D+Cof=GHg 8
=) RE

L

The hydrogel of any of claims 15-17 which further comprises a drug.
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19.  The hydrogel of claim 8 wherein said hydrogel includes a residue of formula (3)
R? R® 0
Rl_(l:_(CH=CH)n_J:_0_E_Y_D 3
b RS
wherein at least one of R!, R?, R® comprises a first functional group for linking to
polymer and wherein R', R%, R® and m are as defined in claim 2;
D is the residue of the drug; and
Y is NH or NBCH; wherein B is I, alkyl, arylalkyl, heteroaryl, or hetergarylalkyl, each
optionally substituted.

20.  The hydrogel of claim 16 or 17 wherein the polymer is gf the formula
[Z°-(CH,)(CH,CH,0),):Q, wherein Z* is a reactive functional group, nis 10-1000 and s, Q, and

t are as defined in claim 5.

21. A crosslinking compound of formula (4)

Hi—g—gf;;}x‘:cHzm——g_—_—a bRl GH ) -2 (D)
H R q¢

wherein at least one of R', R%, and R fupther comprises a first functional group Z'
capable of connecting to a polymer;
wherein
mis Qorl;
R® is H, optionally substituted alkyl, optionally substituted aryl, optionally substituted
heteroaryl, optionally substituted’arylalkyl, or optionally substituted heteroarylalkyl;

Y is absent or is OK’ or SR’, wherein R is optionally substituted alkylene, optionally
substituted phenylene, 6r (OCH,CHz),, wherein p=1-1000;
7% is a functj6nal group capable of connecting with a reactive polymer;
at least oge or both R! and R? is independently CN; NOs;
optionally substituted aryl;
optionally substituted heteroaryl,
optionally substituted alkenyl;
optionally substituted alkynyl;
COR? or SOR? or SO,R? wherein
R? is H or optionally substituted alkyl;
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aryl or arylalkyl, each optionally substituted;
heteroaryl or heteroarylalkyl, each optionally substituted; or
OR’ or NR®; wherein each R is independently H or optionally
substituted alkyl, or both R® groups taken together with the nitrogen to which they a
attached form a heterocyclic ring;
SR* wherein
R* is optionally substituted alkyl;
aryl or arylalkyl, each optionally substituted; or
heteroaryl or heteroarylalkyl, each optionally substitugéd;
wherein R' and R”> may be joined to form a 3-8 membered ring; apd
wherein one and only one of R! and R? may be H or may be alKyl, arylalkyl or
heteroarylalkyl, each optionally substituted; and
each R® is independently H or is alkyl, alkenylalkyl, alkyfiylalkyl, (OCH;CHb>), O-alkyl
wherein p=1-1000, aryl, arylalkyl, heteroaryl or heteroarylalkyl, each optionally substituted.

22. The compound of claim 21 wherein eac Z! and 7° comprises N3, NHz,
NH-CO,'Bu, SH, S'Bu, maleimide, CO;H, CO.'Bu, ,3-diene, cyclopentadiene, furan, alkyne,
cyclooctyne, acrylate, vinyl sulfone, vinyl sulfondmide, or acrylamide and wherein when one Z
comprises N3 the other Z does not comprise alkyne or cyclooctyne; when one Z comprises SH
the other Z does not comprise maleimide, dcrylate, or acrylamide; when one Z comprises NH;
the other Z does not comprise CO,H; when one Z comprises a 1,3-diene or cyclopentadiene the

other Z does not comprise furan.

23. A crosslinking €ompound of formula (2)

R’ H“‘
i { :

), '"Q""lfcﬁi"‘{:ﬁﬂrz "G W {CHAATHCM G, ) (2)
H RE

wherein
whefein in at least two instances R’, R?, and/or R® further comprises a functional group
Z capabl¢ of connecting to a polymer;
mis Qorl;
nis 1-1000;
5 is 0-2;
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tis 2,4, 89, 16 or 32;
W is O(C=0)O, O(C=0)NH, O(C=0)S, {3« oM=THg O, or O Gefi{Hy =B,
A i
Q is a core group having a valency =t;
at least one or both R' and R? is independently CN; NO»;
optionally substituted aryl;
optionally substituted heteroaryl;
optionally substituted alkenyl;
optionally substituted alkynyl;
COR? or SOR® or SO,R? wherein
R? is H or optionally substituted alkyl;
aryl or arylalkyl, each optionally substituted;
heteroaryl or heteroarylalkyl, each optighally substituted; or
OR’ or NR%, wherein each R is inde endently H or optionally
substituted alkyl, or both R® groups taken togethér with the nitrogen to which they are
attached form a heterocyclic ring;
SR* wherein
R? is optionally substityted alkyl;
aryl or arylalkyl, each optionally substituted; or
heteroaryl or heteroarylalkyl, each optionally substituted;
wherein R' and R? may be jojfied to form a 3-8 membered ring; and
wherein one and only one/6f R' and R? may be H or may be alkyl, arylalkyl or
heteroarylalkyl, each optionally substituted; and
each R® is independehtly H or is alkyl, alkenylalkyl, alkynylalkyl, (OCH,CHy), O-alkyl
wherein p=1-1000, aryl 4rylalkyl, heteroaryl or heteroarylalkyl, each optionally substituted.

24, The¢’compound of claim 23 wherein z! comprises an N3, NH,, NH-CO,'Bu, SH,
S'Bu, maleimigé, CO-H, CO,'Bu, 1,3-diene, cyclopentadiene, furan, alkyne, cyclooctyne,

acrylate, acrylamide, vinyl sulfone, or vinyl sulfonamide.

25.  The compound of claim 23 wherein Q is pentaerythritol, tripentaerythritol, or
heyaglycerin.
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26. A method to prepare a drug-releasing degradable hydrogel comprising
the steps of:
(a)  reacting a first multivalent polymer comprising reactive functionalities with a
substoichiometric amount of a linker-drug of formula (3)
R? R? 0]
Rl_é—(CH=CH)n_J§_O_y1_Y_D 3

IlI RS

wherein one of R', R, and R’ is substituted with a group that is reactive with thé reactive
functionality present on the first polymer,
wherein

misQorl;

D is the residue of a drug;

Y is O, NH or NBCH;, wherein B is H, alkyl, arylalkyl, Heteroaryl, or heteroarylalkyl,
each optionally substituted;

at least one or both R' and R? is independently CNY NO;
optionally substituted aryl;
optionally substituted heteroaryl,;
optionally substituted alkenyl;

optionally substituted alkynyl;

attached form

R* is optionally substituted alkyl;

aryl or arylalkyl, each optionally substituted; or

heteroaryl or heteroarylalkyl, each optionally substituted;
herein R' and R? may be joined to form a 3-8 membered ring; and

wherein one and only one of R' and R* may be H or may be alkyl, arylalkyl or
teroarylalkyl, each optionally substituted; and
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each R® is independently H or is alkyl, alkenylalkyl, alkynylalkyl, (OCH,CH,), O-alkyl
wherein p=1-1000, aryl, arylalkyl, heteroaryl or heteroarylalkyl, each optionally substituted;

so as to form a drug-loaded first polymer;

(b)  optionally isolating the drug-loaded first polymer; and

(c) crosslinking the remaining reactive functionalities on the drug-loaded firs
polymer with a cleavable crosslinking compound of formula (1) or formula (2) so as t¢ form a

hydrogel.
27. A drug-releasing degradable hydrogel prepared by the methogof claim 26,

28. A drug-releasing degradable hydrogel of claim 27 whergin the reactive
functionality on the first polymer is a cyclooctyne, and the reactive functionality on the

compound of formulas (1), (2) and (3) is azide.
29. A drug-releasing degradable hydrogel of cladm 27 wherein D is exenatide.

30. A drug-releasing degradable hydrogelGf claim 27 wherein

the first polymer is an 8-arm polyethyleneglycol comprising a cyclooctyne group at the
terminus of each arm; and

the linker-drug of Formula (3) has the formula
NQ\QW« ggﬁé conatide

N

Na

ES

opgionally substituted alkenyl;
ptionally substituted alkynyl;
COR’ or SOR’® or SO,R? wherein
R* is H or optionally substituted alkyl;
aryl or arylalkyl, each optionally substituted;
heteroaryl or heteroarylalkyl, each optionally substituted; or
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OR? or NR’, wherein each R’ is independently H or optionally
substituted alkyl, or both R® groups taken together with the nitrogen to which they are
attached form a heterocyclic ring; or

SR* wherein

R* is optionally substituted alkyl;

aryl or arylalkyl, each optionally substituted; or

heteroaryl or heteroarylalkyl, each optionally substituted.

31.  The hydrogel of claim 30 wherein the cleavable crosslinking ¢ompound is of
Formula (2).

32.  The hydrogel of claim 31 wherein in said Formula (2, m is 0, n is 90-110, s is 0,
tis 4, W is O(C=0)NH, Q is C(CH,)4, R' is CN, R? and one of R® is H, and the other R’ is
(CHa)sNs.

33.  The hydrogel of claim 32 wherein R' in Formula (3) is SO,R? wherein

R’ is H or optionally substitutgd alkyl;

aryl or arylalkyl, each optighally substituted;

heteroaryl or heteroarylalkyl, each optionally substituted; or

OR? or NR’, whereip'each R is independently H or optionally
substituted alkyl, or both R® gropps taken together with the nitrogen to which they are

attached form a heterocyclic ying.
34, The hydrogel of€laim 33 wherein R' in Formula (3) is MeSO,.

35. A drug reléasing degradable hydrogel wherein a multi-armed polymer of formula
[Z3-(CH,){(CH,CH,0),]:Q, wherein Z* is a reactive functional group, nis 10-1000 and s, Q, and
t are as defined in ¢faim 5 is cross linked by a cleavable cross linking compound of Formula (1)

or Formula (2) 36 which hydrogel is coupled a linker-drug of Formula (3)
Moo an

§
E

i ¥ g ¢ .
R’; o ﬁ RN {; ar {:} -c-\\\?\%»'ﬁ‘s B g\x@mim (3)
3 $ :
¥

%

Ny
wherein R'=CN; NO,;

optionally substituted aryl,;
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optionally substituted heteroaryl;
optionally substituted alkenyl;
optionally substituted alkynyl;
COR? or SOR? or SO,R? wherein
R? is H or optionally substituted alkyl;
aryl or arylalkyl, each optionally substituted,;
heteroaryl or heteroarylalkyl, each optionally substituted; or,
OR’ or NR®; wherein each R® is independently H or optighally
substituted alkyl, or both R® groups taken together with the nitrogen 6 which they are
attached form a heterocyclic ring; or
SR* wherein
R* is optionally substituted alkyl;
aryl or arylalkyl, each optionally substitutéd; or
heteroaryl or heteroarylalkyl, each optionally substityted.

36.  The hydrogel of claim 35 wherein the cléavable crosslinking compound is of
Formula (2).

37.  The hydrogel of claim 36 wheréin in said Formula (2), m is 0, nis 90-110, s is 0,
tis 4, W is O(C=0)NH, Q is C(CH,)s, R' 6 CN, R? and one of R® is H, and the other R is
(CHa2)sNs.

38.  The hydrogel of an# of claims 35-37 wherein R' in Formula (3) is SO;R?

wherein

aryl or arylalkyl, each optionally substituted;
eteroaryl or heteroarylalkyl, each optionally substituted; or
OR’ or » wherein each R’ is independently H or optionally substituted alkyl, or both
R® groups takep together with the nitrogen to which they are attached form a heterocyclic ring.

The hydrogel of claim 38 wherein R’ in Formula (3) is MeSO,.
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CLAIMS:

1. A hydrogel that is biodegradable under physiological conditions which hydrogel
comprises one or more polymers crosslinked by a linker that decomposes by a beta elimination

reaction,

wherein the linker, when disposed in the polymer, is a residue of formula (1)

R? R’
R1~—c|:--(CH=CH)m-—(I:———X 1)
H R?

wherein at Jeast one of R!, R?, R® is coupled to through a first functional group to said one or
more polymers and wherein X is coupled to a polymer through a second functional group,
wherein one and only one of R' and R? may be H or may be alkyl, arylalkyl or heteroarylalkyl,
each optionally substituted;
at least one or both R' and R? is independently CN; NO»;
optionally substituted aryl;
optionally substituted heteroaryl;
optionally substituted alkenyl;
optionally substituted alkynyl;
COR’ or SOR? or SO;R’ wherein
R? is H or optionally substituted alkyl;
aryl or arylalkyl, each optionally substituted;
heteroaryl or heteroarylalkyl, each optionally substituted; or
OR’ or NR’, wherein each R’ is independently H or optionally substituted alkyl,
or both R” groups taken together with the nitrogen to which they are attached form a
heterocyclic ring;
SR* wherein
R*is optionally substituted alkyl;
aryl or arylalkyl, each optionally substituted; or
heteroaryl or heteroarylalkyl, each optionally substituted;
wherein R and R? may be joined to form a 3-8 membered ring; and
each R’ is independently H or is alkyl, alkenylalkyl, alkynylalkyl, {OCH,CH,), O-alkyl
wherein p=1-1000, aryl, arylalkyl, heteroaryl or heteroarylalkyl, each optionally substituted,
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wherein X is a carbonate, a carbamate, thioether, an ester or optionally substituted phenol
wherein X is coupled to the polymer through said second functional group; or

wherein said linker is a residue of formula (2)

R R*
N L]

R'C—(CH=CH)m —G-W=(CH,),(CHCH;0), ~+-Q  (2)
H R®

t

wherein at least two of said R', R?, R are coupled through functional groups to said one or
more polymers;

misQorl;

n is 1-1000;

s is 0-2;

tis 2,4, 8, 16 or 32;

Q is a core group having the valency t;

o 0
W is O(C=0)0, O(C=0)NH, 0(C=0)S, O- 6~N~CH2 —0,0r 0-C-N-CH, —S;
Ré R®

wherein R® is H, optionally substituted alkyl, optionally substituted aryl, optionally substituted
heteroaryl, optionally substituted arylalkyl, or optionally substituted heteroarylalkyl;
wherein one and only one of R' and R? may be H or may be alkyl, arylalkyl or heteroarylalkyl,
each optionally substituted;
at least one or both R' and R? is independently CN; NOy;
optionally substituted aryl;
optionally substituted heteroaryl;
optionally substituted alkenyl;
optionally substituted alkynyl;
COR? or SOR? or SO,R? wherein
R’ is H or optionally substituted alkyl;
aryl or arylalkyl, each optionally substituted;

heteroaryl or heteroarylalkyl, each optionally substituted; or
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OR’ or NR?, wherein each R’ is independently H or optionally substituted alkyl,
or both R? groups taken together with the nitrogen to which they are attached form a
heterocycelic ring;
SR* wherein
R* is optionally substituted alkyl;
aryl or arylalkyl, each optionally substituted; or
heteroaryl or heteroarylalkyl, each optionally substituted;
wherein R' and R may be joined to form a 3-8 membered ring; and
each R’ is independently H or is alkyl, alkenylalkyl, alkynylalkyl, (OCH2CH,), O-alkyl
wherein p=1-1000, aryl, arylalkyl, heteroaryl or heteroarylalkyl, each optionally substituted.

2. The hydrogel of claim 1, wherein in formula (1), X is

—-O—|CI—T*—(CH2),_Y1—
wherein T* is O, S or NR® wherein R® is H, optionally substituted alkyl, optionally substituted
aryl, optionally substituted heteroaryl, optionally substituted arylalkyl, or optionally substituted
heteroarylalkyl;
z is 1-6; and
Y' is absent or is OR or SR’, wherein R’ is optionally substituted alkylene, optionally
substituted phenylene or (OCH>CHy),, wherein p=1-1000, wherein Y' is coupled to a polymer through

said second functional group.

3. The hydrogel of claim 1 or 2 wherein each said functional group independently
comprises N3, NH,, NH-CO;'Bu, SH, $'Bu, maleimide, CO;H, CO,'Bu, 1,3-diene, cyclopentadiene,
furan, alkyne, cyclooctyne, acrylate, or acrylamide; and wherein when one functional group comprises
N3 the other does not comprise alkyne or cyclooctyne; when one functional group comprises SH the
other does not comprise maleimide, acrylate, or acrylamide; when one functional group comprises
NH>, the other does not comprise CO,H; when one functional group comprises 1,3-diene or

cyclopentadiene the other does not comprise furan.

4. The hydrogel of any of claims 1-3 which further comprises a drug.
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5. The hydrogel of claim 4 wherein said hydrogel includes a residue of formula (3)

T Yo
R'—C—(CH=CH)m—(IJ—O—C—Y2—D 3)
1|{ R’

wherein at least one of R', R%, R’ is coupled to a polymer;
mis Qorl;
D is a drug or prodrug;
Y? is NH or NBCH, wherein B is H, alkyl, arylalkyl, heteroaryl, or heteroarylalkyl, each
optionally substituted; and
wherein one and only one of R! and R? may be H or may be alkyl, arylalkyl or heteroarylalkyl,
each optionally substituted;
at least one or both R' and R? is independently CN; NO,;
optionally substituted aryl;
optionally substituted heteroaryl;
optionally substituted alkenyl,
optionally substituted alkynyl;
COR? or SOR? or SOZR3 wherein
R’ is H or optionally substituted alkyl;
aryl or arylalkyl, each optionally substituted;
heteroaryl or heteroarylalkyl, each optionally substituted; or
OR? or NR®; wherein each R’ is independently H or optionally substituted alkyl,
or both R groups taken together with the nitrogen to which they are attached form a
heterocyclic ring;
SR* wherein
R* is optionally substituted alkyl;
aryl or arylalkyl, each optionally substituted; or
heteroaryl or heteroarylalkyl, each optionally substituted;
wherein R' and R* may be joined to form a 3-8 membered ring; and
each R’ is independently H or is alkyl, alkenylalkyl, alkynylalkyl, (OCH,CH,), O-alkyl
wherein p=1-1000, aryl, arylalkyl, heteroaryl or heteroarylalkyl, each optionally substituted.
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6. The hydrogel of any of claims 1-5 wherein

one of R' and R? is H and the other is CN or SO,R* wherein R® is optionally substituted alkyl;

aryl or arylalkyl, each optionally substituted; or

heteroaryl or heteroarylalkyl, each optionally substituted; or

OR’ or NR’, wherein each R® is independently H or optionally substituted alkyl, or both R’
groups taken together with the nitrogen to which they are attached form a heterocyclic ring; and/or

one of R® is H and the other is (CHa), Z wherein n is 1-6 and Z is a functional group to connect

to said polymer.

7. The hydrogel of any of claims 1-6, wherein the polymer is of
the formula [-(CH;){(CH,CH,0),],Q, wherein
n is 10-1000;
s 15 0-2;
tis 2,4, 8, 16 or 32 and represents the number of arms of said polymer; and
Q 1s a core group having a valency=t,
and said polymer is coupled to said linkers through functional groups at the terminus of each of

said arms.

8. The hydrogel of claim 8 wherein t is 4 and each arm of said polymer is terminated by

two orthogonal functional groups.

9. The hydrogel of claim 7 or 8 wherein Q is pentaerythritol, tripentaerythritol, or

hexaglycerin.

10. The hydrogel of claim 6 wherein
the polymer is the residue of an 8-arm polyethylene glycol comprising a cyclooctyne group at

the terminus of each arm wherein at least some of said arms have been coupled to

H H O H
Rlﬁ(:j—(:j—OJI—lll-—peptide
H  (CHy)s
N
wherein R'=CN; NO,;
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optionally substituted aryl;
optionally substituted heteroaryl;
optionally substituted alkenyl;
optionally substituted alkynyl;
COR? or SOR? or SOZR3 wherein
R? is H or optionally substituted alkyl;
aryl or arylalkyl, each optionally substituted;
heteroaryl or heteroarylalkyl, each optionally substituted; or
OR’ or NR’, wherein each R’ is independently H or optionally substituted alkyl,
or both R? groups taken together with the nitrogen to which they are attached form a
heterocyclic ring; or
SR* wherein
R* is optionally substituted alkyl;
aryl or arylalkyl, each optionally substituted; or
heteroaryl or heteroarylalkyl, each optionally substituted.

11.  The hydrogel of any of claims 6 -- 10, wherein the cleavable crossiinking compound

1s the formula

R? R®
A i

R'-C = (CH=CH)y —G-W=(CH,),{CH,CH;0), -+-Q
H R®

wherein m is 0,

nis 90-110,

sis 0,

tis 4,

W is O(C=0)NH,

Q is C(CHy)a,

R' is CN or SO,NR?, wherein R? is optionally substituted alkyl;
aryl or arylalkyl, each optionally substituted; or

heteroaryl or heteroarylalkyl, each optionally substituted;
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R? and one of R® is H, and
the other R® is (CH,)sN:.

12. A crosslinking compound of formula (4)

1|12 R’ 0
R1—(ll—(CH=CH)m—(|3—O—|J—ITI—(CHQ)VYI 4
H R’ R®

wherein at least two of R', R?, and R® and Y further comprise a functional group capable of
connecting to a polymer;
wherein
misQorl;
RS is H, optionally substituted alkyl, optionally substituted aryl, optionally substituted
heteroaryl, optionally substituted arylalkyl, or optionally substituted heteroarylalkyl;
vis 1-6;
Y'is H or is a bond if Y' comprises a functional group or is OR’ or SR’, wherein R is
optionally substituted alkylene, optionally substituted phenylene, or (OCH>CH,),,, wherein p=1-1000;
at least one or both R! and R? is independently CN; NO»;
optionally substituted aryl;
optionally substituted heteroaryl,
optionally substituted alkenyl;
optionally substituted alkynyl;
COR? or SOR” or SO,R* wherein
R? is H or optionally substituted alkyl;
aryl or arylalkyl, each optionally substituted;
heteroaryl or heteroarylalkyl, each optionally substituted; or
OR’ or NR?, wherein each R’ is independently H or optionally substituted alkyl,
or both R? groups taken together with the nitrogen to which they are attached form a
heterocyclic ring;
SR* wherein
R* is optionally substituted alkyl;
aryl or arylalkyl, each optionally substituted; or

heteroaryl or heteroarylalkyl, each optionally substituted;

55



wherein R! and R® may be joined to form a 3-8 membered ring; and

wherein one and only one of R' and R” may be H or may be alkyl, arylalkyl or heteroarylalkyl,
each optionally substituted; and

each R® js independently H or is alkyl, alkenylalkyl, alkynylalkyl, (OCH;CHz3), O-alkyl
wherein p=1-1000, aryl, arylalkyl, heteroaryl or heteroarylalkyl, each optionally substituted,;

or of formula (2)

R2 R®
y 1

A'-C—(CH=CH),, —C-W~(CH,).(CHCH:O), -1-Q  (2)
H R®

wherein in at least two instances R, R%, and/or R’ further comprises a functional group capable
of connecting to a polymer;
misQorl;
nis 1-1000;
s is 0-2;
tis2, 4,8, 16 or 32;
Q is a core group having a valency = t;
Q 0
W is O(C=0)0, O(C=0)NH, O(C=0)S, O-C-N-CH> —O,0r O-C-N-CH; —8§;
R® R®
wherein R® is H, optionally substituted alkyl, optionally substituted aryl, optionally substituted
heteroaryl, optionally substituted arylalkyl, or optionally substituted heteroarylalkyl;
at least one or both R' and R? is independently CN; NO,;
optionally substituted aryl;
optionally substituted heteroaryl;
optionally substituted alkenyl;
optionally substituted alkynyl;
COR’ or SOR? or SO,R* wherein
R’ is H or optionally substituted alkyl;
aryl or arylalkyl, each optionally substituted;
heteroaryl or heteroarylalkyl, each optionally substituted; or
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OR® or NR?, wherein each R’ is independently H or optionally substituted alkyl,
or both R® groups taken together with the nitrogen to which they are attached form a
heterocyclic ring;
SR* wherein
R* is optionally substituted alkyl;
aryl or arylalkyl, each optionally substituted; or
heteroaryl or heteroarylalkyl, each optionally substituted;
wherein R' and R? may be joined to form a 3-8 membered ring; and
wherein one and only one of R' and R* may be H or may be alkyl, arylalkyl or heteroarylalkyl,
each optionally substituted; and
each R’ is independently H or is alkyl, alkenylalkyl, alkynylalkyl, (OCH,CH,), O-alkyl
wherein p=1-1000, aryl, arylalkyl, heteroary! or heteroarylalkyl, each optionally substituted.

13.  The crosslinking compound of claim 12 wherein each functional group capable of
connection to a polymer comprises N3, NH,, NH-CO,'Bu, SH, S'Bu, maleimide, CO-H, CO,'Bu,
1,3-diene, cyclopentadiene, furan, alkyne, cyclooctyne, acrylate, vinyl sulfone, vinyl sulfonamide, or
acrylamide and wherein when one group comprises Nj the other does not comprise alkyne or
cyclooctyne; when one group comprises SH the other does not comprise maleimide, acrylate, or
acrylamide; when one group comprises NH; the other does not comprise CO;H; and when one group

comprises a ,3-diene or cyclopentadiene the other does not comprise furan.

14.  The crosslinking compound of claim 12 or 13 wherein Q is pentaerythritol,

tripentaerythritol, or hexaglycerin.

15. A method to prepare a biodegradable hydrogel of any of claims 1-11 said method
comprising reacting polymer(s) with a cleavable crosslinker which crosslinker

comprises at least two functional groups separated by a moiety that is cleaved by (- elimination
under physiological conditions,

wherein said functional groups react with said polymer(s) to form said biodegradable hydrogel.
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