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Synthesis of Boc-Lys(Z)-Tyr(tBu)-Lys(Z)~Ome: To a solution ofFmoc-Tyr(tBu)­

Lys(Z)-OMe (7.72 g, 10.49 mmol) in THF (105 mL), was added dimethyl amine (52.5 mL, 2

M, 104.9 mmol). This reaction was allowed to reach room temperature and stirred for 1.5 h.

5 At this time, the reaction mixture was concentrated in vacuo. To the yellowish solid, was

added DCM (225 mL) and DMF (45 mL). To this solution, was added Boc-Lys(Z)-OH (4.19

g, 11.01 mmol), then HOBt (1.488 g, 11.01 mmol), then EDC'HCI (2.112 g, 11.01 romol).

This solution was allowed to stir for 8 h at which time the organic solution was washed with

1 N HCI (3 x 100 mL), then saturated NaHC03 (3 x 100 mL), and finally H20 (3 x 100 mL).

10 The organic layer became jelly like and MeOH was added to break the gel. The organic layer

was dried over MgS04 and concentrated in vacuo to yield a white solid. Column

chromatography (0-1 % MeOH, CHCb) afforded the product (5.51 g, 65% yield).
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Synthesis of Boc-Lys-Tyr(tBu)~Lys-OMe(KYK): To a solution of

15 BocLys(Z)Tyr(tBu)Lys(Z)OMe (1.79 g, 2.04 mmol) in MeOH (113 mL) and TFA (0.304

mL, 2 equiv.), was added Pd/C (catalytic). This solution was flushed with H2 for 30 min. and

then fitted with a H2 balloon. The reaction was allowed to proceed for 8 h at which time the

mixture was filtered through celite, and conc. in vacuo to yield pure clear product (1.63 g,

95% yield). The tyrosine-containing monomer was then copolymerized with galactoryl

20 chloride to form a tyrosine-containing copolymer:

61



WO 2006/091894 peTIUS2006/006743

H H 0 H 000
-.-:::

Yo ~ // '

Synthesis of the protected galactara-KYK copolymer: Boc-Lys-Tyr(tBu)-Lys­

OMe (0.881 g, 1.05 mmol) along with NazC03 (0.369 g) was stirred in 30.0 mL ofHzO. To

this vigorously swirling solution, was added a solution of galactoryl chloride (0.345 g, 1.05

5 mmol) in 10 mL CC14. This biphasic mixture was stirred for 30 min at room temperature. The

precipitate was collected by filtration and washed with water to yield a white solid. The

polymer was characterized: Mil = 4.9 kg/mol, Mw = 8.9 kg/mol.
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Deprotection ofthe fully protected galactara-trilysine copolymer: To a solution of

10 '50% TFA in HzO (15.0 mL) was added to protected polymer (0.600 g). After 4 h, the solution

was concentrated providing the deprotected polymer (quantitative). To increase the

copolymer's water solubility, the following terpolymer was also synthesized through

copolymerization of a dilysine monomer (KK), a tyrosine-containing comonomer (KYK),

and a carbohydrate diacid chlori~e monomer. As one example shown in the Scheme XX, the

15 synthesis of one such a polymer was performed using 0.3 equivalents ofthe KYK monomer

and 0.7 equivalents of the KK monomer.

I
0'1"'00

2TFA H,N~~~NH,
~oc I

I dilysine (KK) ~o0 0 NHBoc 0 OH OH
o 0 i)H) I 'fJHr )l .J-.. .J-.. \o NHBoc 0 0 - H\N ~ N N' '( '( I17 0H
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, ~ 0 000 ~#

\/ ~ b HO
/"0 KYK KK-KYK-sugar copolymer

Scheme XX
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Reaction Conditions: i) 0.3 equiv. KYK, 0.7 equiv. KK, 1.0 equiv sugar diacid

chloride, H20/CC14, Mn = 13K, Mw = 21K ii) TFA / Water

NMR showed about 50:50 molar ratio of the KK and KYK monomer units in the

polymer chain. This means that the KYK monomer was somewhat more reactive than the

5 KK monomer. The Mn of the KK-KYK-sugar copolymer is higher than the copolymer of the

KYK comonomer and the sugar diacid chloride. The synthetic details are described as

follows.

by-o 0 H NHBoc 0 K;- K;-
H(N~!JN~N~~YrrJOHH H)g H 0 0 0

• -...0:: 0-1

Yo ~ ~ KK-KYK-sugar copolymer

Synthesis ofthe protected KK-KYK-sugar copolymer: Boc-Lys-Tyr(tBu)-Lys-

10 OMe (0.332 g, 0.386 mmol), Boc-Lys-Lys-OMe (0.528 g, 0.856 mmol) along with Na2C03

(0.434 g) was stirred in a beaker containing 28.0 mL ofH20. To this swirling solution, was

added a solution of galactoryl chloride 4 (0.406 g, 1.24 mmol) in 12 mL CCk This biphasic

mixture was stin-ed for 30 min at room temperature. The precipitate was collected by

filtration and washed with water to yield a white solid (0.380 g yield): Mn = 12.9 kg/mol, Mw

15 =20.4 kg/mol.

I
o 0

H(N~tJ°~N~OH
H H)9. H OH OH 0

--=: 0-1

~ ,j

HO

Deprotection of the fully protected KK-KYK-sugar copolymer: To a solution of

50% TFA in H20 (10,0 mL) was added to protected polymer (0.380 g). After 4 h, the solution

was concentrated providing the deprotected polymer (quantitative).

20 Cross-Linking the Tyrosine-containing Copolymers to Form Hydrogels

As' illustrated previously in Scheme N, the inventor contemplated two methods for

cross-linking tyrosine-containing copolymers in aqueous solution. The first uses

Ru(III)(bpY)3 as an oxidant (generated from Ru(II)(bpY)3, ammonium persulfate and light).
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The second uses a peroxidase and hydrogen peroxide in the presence of superoxide

dismutase. It was demonstrated here that both chemical and enzymatic routes were efficient

to cross-link the tyrosine-containing copolymers into hydrogels (Scheme XXI)

I
0yO ° ~NH2 ° OH OH

H(N~r;N .N~OH i)orii)

H f.\ ° H OH OH °
-...-;; 0-1

HO ~ ~ KK-KYK-sugar copolymer

-q jv
rNH

°
NH

0=\y
Hydrogel

5 Reaction Cpnditions: i) Ru(II)(bpy)3C12, Ammonium Persu1fate, Visible Light, 180-120s.

ii) HOOH, superoxide dismutase, Horse Radish Peroxidase (HRP)

ScherneXXI

Detailed conditions for hydrogel formation is described as follows:

/}-{-
y-- HN 0

~ I °
NH

o~
Hydrogel

10 Hydrogel formation using Ru(II) catalyst: To a solution ofKK-KYK-sugar

copolymer (70.0 mg) in PBS (0.250 mL) was added enough NaOH (2.5 M, 3 drops), to

precipitate the polymer. The polymer was brought back into solution with a minimum

amount ofHCl (O.lM, 8 drops). Then, to this solution was added Ru(II)(bpY)3Clz.2HzO (1.5

mg, 0.002 mmol) and a solution of ammonium persulfate (1.55 mg, 0.00679 mmol) in PBS

15 (0.100 mL). This solution was mixed thoroughly and irradiation for 180 s. A translucent

orange gel f0n11ed.
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Hydrogel formation usingHOOH and HRP: To a solution of ofKK-KYK-sugar

copolymer (70.0 mg) in boric acid/borate buffer (0.25 M, 0.250 mL) was added enough

NaOH (2.5 M, 2 drops), to precipitate the polymer. The polymer was brought almost

5 completely back into solution with a minimum amount ofHCl (0.10 M, 8 drops). Then, to

this solution was added HRP (1.75 mg) and SOD (1.75 mg). This solution was mixed

thoroughly, then to it was added a solution ofHOOH (28 ilL, 0.03% solution). A slightly tan

colored gel formed within 5 minutes.

Cell Culture on KK-KYK-sugar Copolymer Hydrogels

10 Several hydrogels using the conditions as described were prepared for cell growth

studies. The as fonned hydrogels were washed with PBS buffer a few times until they were

not acidic. As one example for cell culture experiment, smooth muscle cells (SMC's) were

seeded onto the gels and their growth was monitored. The cells were growing healthily after

5 days.

15 New Tyrosine-containing Copolymer Synthesis

To improve the solubility of the copolymers at higher pH, acidic moieties were

included in the following hydrophilic polymer design. For this purpose, Scheme XXII below

shows the synthesis of a KK monomer that has a cleavable acid group:

o
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NH80c
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+
~

o 00
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H NHBoc
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Reaction Conditions: i) EDC, HOBt, DIPEA, 12h, 90% yield.

ii) PdlC, 2 equiv. TFA, 12 h, 95% yield

Scheme XXII

peTIUS2006/006743

This monomer was then used in interfacial polymerizations as test conditions for

5 copolymerization with the KYK monomer as outlined in Scheme XXIII below. The

polymerization proceeded well with an Mn of9118 and anMw of 14.390 g/mol. The TFA

deprotection of the t-butyl ester took 24 hours compared to the deprotection of the acetonide

and Boc protecting groups which only takes around 3 hours.

CIYy~trrCI i)ii)

0'\-0'\-0
HOyO ° OH OH °

H(N~N~~~OH
H H NHBoc a OH OH

10 Reaction Conditions: i) 1.0 equiv. KK, 1.0 equiv diacid chloride, H zOICC14, Mn =

9.1K,Mw =14.5K; ii) 1:1 TFAI Water 24 hours

Scheme XXII!

This new monomer and the KYK monomer were also copolymerized with a sugar

diacid chloride to form the following terpo1ymer (Scheme XXIV). The molecular weight of

15 this polymer was comparable to that of the previous KK-KYK-sugar copolymer system, with

an Mn of8.6K and an Mw of 13.5K.
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H or Me-OYf;0HrNH2 0 oH OH

H(N~N N NVYiOOH
H H 0 H OH OH 0

'""" 0-1
~ /J 0

HO

Reaction Conditions: i) 0.70 equiv. KKOtBu, 0.30 equiv KYK, 1.0 equiv diacid chloride,

HzOICC14, Mn = 8.6 K, Mw = 13.5 K; ii) 1:1 TFA 1Water 24 hours.
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Scheme XXIV
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Still further data, experiments, and considerations are described in Angew. Chem. fut.

Ed. 2005, 44, 6529-6533, along with the supporting information (e.g., electronically available

at www.angewnadte.org), which are expressly incorporated by reference herein.
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Thus, specific embodiments and applications ofpolymeric materials have been

disclosed. It should be apparent, however, to those skilled in the art that many more

modifications besides those already described are possible without departing from the

10 inventive concepts herein. The inventive subject matter, therefore, is hot to be restricted

except in the spirit of the appended claims. Moreover, in interpreting both the specification

and the claims, all tenns should be interpreted in the broadest possible manner consistent

with the context. In particular, the terms "comprises" and "comprising" should be interpreted

as refelTing to elements, components, or steps in a non-exclusive manner, indicating that the

15 referenced elements, components, or steps may be present, or utilized, or combined with

other elements, components, or steps that are not expressly referenced. Furthermore, where a

definition or use of a term in a reference, which is incorporated by reference herein is

inconsistent or contrary to the definition of that term provided herein, the definition ofthat

term provided herein applies and the definition of that term in the reference does not apply.
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CLAIMS

1. A chimeric polymer having a stmcture according to Formula I:

peTIUS2006/006743

Formula I

wherein M is independently a carbohydrate moiety, and N is independently an amino

acid;

wherein xl, x2, y1, y2, zl, and z2 are independently an integer between 1 and 10000,

inclusive,

wherein xl is optionally null when y2 is greater or equal to 1, and wherein y2 is

optionally null when x1 is greater or equal to 1; and

wherein the carbohydrate moiety and the amino acid are coupled to each other such

that the carbohydrate moiety and the amino acid for a backbone of the polymer.

2. The chimeric polymer of claim 1 wherein at least one ofxl and x2 is an integer

between 2 and 20.

3. The chimeric polymer of claim 1 wherein at least one ofyl and y2 is an integer

between 2 and 20.

4. The chimeric polymer of claim 1 wherein a plurality ofN form an amino acid

backbone, and wherein the amino acid backbone is formed via a covalent bond

between one of an alpha, beta, gamma, or epsilon amino group of an amino acid and

one of an alpha, beta, and gamma carboxylate group of a second amino acid.

5. The chimeric polymer of claim 1 wherein the carbohydrate is covalently coupled to

the amino acid via an amide bond.

6. The chimeric polymer of claim 1 wherein at least one ofthe carbohydrate moieties is

a cyclic carbohydrate.

7. The chimeric polymer of claim 1 wherein at least one of the carbohydrate moieties is

an acyclic carbohydrate.
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8. The chimeric polymer of claim 1 wherein at least one ofthe amino acids is a non­

naturally occurring amino acid.

9. The chimeric polymer of claim 1 wherein at least one ofM and N comprises a

crosslinking flillctionality, and wherein the crosslinking flillctionality is covalently

bound to another crosslinking flillctionality of another chimeric polymer to thereby

fonn a crosslinked polymer.

10. The chimeric polymer of claim 1 wherein at least one ofM and N comprises a

crosslinking functionality, and wherein the crosslinking functionality is bOlilld to

another crosslinking functionality of another chimeric polymer through at least one of

an ionic bond, a hydrogen bond, a disulfide bond, and a hydrophobic interaction to

thereby fonn a crosslinked polymer.

11. The chimeric polymer of any of claim 9 or claim 10 wherein the crosslinked polymer

is a hydrogel that optionally includes at least one of a phannaceutical agent and a cell.

12. The chimeric polymer of claim 1 wherein the polymer is fonnulated in a fonnulation

suitable for at least one of implantation, injection, topical, mucosal, and oral

administration.

13. A phannaceutical composition comprising the chimeric polymer of claim 1 and a

pharmaceutically active agent, wherein the phannaceutically active agent is optionally

covalently attached to the polymer.

14. The phannaceutical composition of claim 13 wherein the phannaceutically active

agent is encapsulated in a matrix fonned by the polymer.

15. The phannaceutical composition of claim 13 wherein the phannaceutically active

agent is a peptide, and wherein at least one of (N)yl and (N)y2 comprises the

phannaceutically active agent.

16. The phannaceutical composition of claim 13 wherein the polymer has a composition

that is suitable for biodegradation to thereby release the phannacologically active

agent.
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17. A cell-containing stmcture comprising the chimeric polymer ofclaim 1.

18. The cell-containing stmcture of claim 17 wherein the chimeric polymer is crosslinked

with at least one other chimeric polymer.

19. The cell-containing stmcture of claim 18 wherein the chimeric polymer is part of a

hydrogel that is formed by a plurality of other chimeric polymers.

20. The cell-containing stmcture of claim 17 wherein the chimeric polymer comprises a

cell adhesion enhancer that is covalently bound to the chimeric polymer.

21. The cell-containing stmcture of claim 17 wherein the stmcture is configured as an

implant.
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