Supporting Information

Alendronate-Functionalized Poly(2-oxazoline)s

with Tunable Affinity for Calcium Cations

Maria J. Sanchez-Ferndandez,* Mikey R. Immers,” Rosa P. Félix Lanao,’ Yang Fang, * Johan
C. M. E. Bender,® Jasmin Mecinovi¢,™ Sander C. G. Leeuwenburgh,**+ and Jan C. M. van

Hest*,T:II:J_

"Department of Bio-Organic Chemistry, Institute for Molecules and Materials, Radboud

University, 6525 AJ Nijmegen, the Netherlands
iDepartment of Regenerative Biomaterials, Radboudumc, 6525 EX Nijmegen, the Netherlands
SGATT Technologies BV, 6525 ED Nijmegen, the Netherlands

IDepartment of Bio-Organic Chemistry, Institute for Complex Molecular Systems, Eindhoven

University of Technology, 5600 MB 10 Eindhoven, the Netherlands



S1. Procedures for the Synthesis of Alendronate-Functionalized Poly(2-oxazoline)s.
Polymerization: Synthesis of Methyl Ester-Functionalized Polymers Pla—P5a

P(EtOx90-MestOx10) Pla
] ﬁ) According to the general procedure described in the experimental section,
4NY%,£N*1%H$0H polymerization was conducted using methyl tosylate (0.68 mL, 4.52
N

) Oo\s mmol), 2-ethyl-2-oxazoline (41.04 mL, 406.59 mmol) and 2-
methoxycarbonylethyl-2-oxazoline (6.23 mL, 45.18 mmol) in dry MeCN (68 mL, 4 M). The
polymerization was terminated by the addition of 2-ethanolamine (2.72 mL, 45.18 mmol)
affording the desired polymer Pla (52.12 g, 4.39 mmol). *H NMR [400 MHz, & (ppm),
CDCl3]: 3.63 (br, 3 H, 5-CH3), 3.65-3.35 (br, 8 H, 1-CHy), 2.70-2.50 (br, 4 H, 4-CH,), 2.50—
2.20 (br, 2 H, 2-CH), 0.95-1.15 (br, 3 H, 3-CHs). Experimentally determined comonomer

ratio: m/n 90:10. SEC: M 10.6 kDa,  1.11. MALDI-TOF MS: M, 9.7 kDa. Yield: 97%.

P(EtOxso-MestOxz0) P2a

ﬁ) According to the general procedure described in the experimental section,
o) 2

1 1 H
4NY£N“1%N$°H the reaction of a solution of methyl tosylate (0.46 mL, 3.01 mmol), 2-
o) 4
4 (ONg

o]

’ ethyl-2-oxazoline (2432 mL, 24094 mmol) and 2-
methoxycarbonylethyl-2-oxazoline (8.31 mL, 60.24 mmol) in dry MeCN (43 mL, 4 M),
terminated by the addition of 2-ethanolamine (1.82 mL, 30.12 mmol) afforded the desired
polymer P2a (36.22 g, 2.93 mmol). *H NMR [400 MHz, & (ppm), CDCls]: 3.65 (br, 3 H, 5-
CHs), 3.65-3.35 (br, 8 H, 1-CHy), 2.75-2.50 (br, 4 H, 4-CHy), 2.50-2.20 (br, 2 H, 2-CHy),
0.95-1.15 (br, 3 H, 3-CHs). Experimentally determined comonomer ratio: m/n 80:20. SEC: M,

9.6 kDa, b 1.17. MALDI-TOF MS: M, 9.8 kDa. Yield: 97%.

P(EtOx70-MestOx3o0) P3a



] ﬁ) According to the general procedure described in the experimental section,
4N%NMHwOH the reaction of a solution of methyl tosylate (0.68 mL, 4.52 mmol), 2-ethyl-
J 2-oxazoline (31.92 mL, 316.23 mmol) and 2-methoxycarbonylethyl-2-
oxazoline (18.68 mL, 135.53 mmol) in dry MeCN (63 mL, 4 M), terminated by the addition of
2-ethanolamine (2.72 mL, 45.18 mmol) afforded the desired polymer P3a (55.78 g, 4.40
mmol). *H NMR [400 MHz, & (ppm), CDCls]: 3.65 (br, 3 H, 5-CHs), 3.70-3.35 (br, 8 H, 1-
CHa), 2.70-2.50 (br, 4 H, 4-CHy), 2.50-2.20 (br, 2 H, 2-CHy), 0.95-1.15 (br, 3 H, 3-CHb).
Experimentally determined comonomer ratio: m/n 70:30. SEC: M, 10.6 kDa,  1.11. MALDI-

TOF MS: M, 10.6 kDa. Yield: 98%.

P(PropOxgo-MestOx10) P4a

o X
N A AIN~,, the reaction of a solution of methyl tosylate (0.57 mL, 3.76 mmol), n-
f¢) 5
N0, propyl-2-oxazoline (3759 mL, 33882 mmol) and 2-
o

methoxycarbonylethyl-2-oxazoline (5.19 mL, 37.65 mmol) in dry MeCN (52 mL, 4 M),

s According to the general procedure described in the experimental section,

terminated by the addition of 2-ethanolamine (2.72 mL, 37.65 mmol) afforded the desired
polymer P4a (42.08 g, 3.55 mmol). *H NMR [400 MHz, & (ppm), CDCls]: 3.65 (br, 3 H, 6-
CHa), 3.65-3.35 (br, 8 H, 1-CHy), 2.70-2.50 (br, 4 H, 5-CHy), 2.40-2.10 (br, 2 H, 2-CH),
1.70-1.50 (br, 2 H, 3-CH2), 1.00-0.80 (br, 3 H, 4-CHz). Experimentally determined
comonomer ratio: m/n 90:10. SEC: M, 10.2 kDa, & 1.08. MALDI-TOF MS: M, 10.4 kDa.

Yield: 94%.

P(PropOx7o-MestOx3o) P5a

J“ According to the general procedure described in the experimental section,

o 2

4NﬂN§%“on the reaction of a solution of methyl tosylate (0.57 mL, 3.76 mmol), n-
[¢) 5

SO~ propyl-2-oxazoline  (29.24 mL, 26353 mmol) and 2-

methoxycarbonylethyl-2-oxazoline (15.57 mL, 112.94 mmol) in dry MeCN (50 mL, 4 M),



terminated by the addition of 2-ethanolamine (2.72 mL, 37.65 mmol) afforded the desired
polymer P5a (46.44 g, 3.62 mmol). 'H NMR [400 MHz, § (ppm), CDCls]: 3.65 (br, 3 H, 6-
CHs), 3.65-3.30 (br, 8 H, 1-CHy), 2.65-2.45 (br, 4 H, 5-CHy), 2.40-2.10 (br, 2 H, 2-CHy),
1.70-1.50 (br, 2 H, 3-CHj), 1.00-0.80 (br, 3 H, 4-CHs). Experimentally determined
comonomer ratio: m/n 70:30. SEC: M 10.1 kDa, H 1.12. MALDI-TOF MS: M; 10.9 kDa.

Yield: 96%.
Amidation reaction: Synthesis of Hydroxyl-Functionalized Polymers P1b-P5b

P(EtOx9-OHuo) P1b
i According to the general procedure described in the experimental section,

S 2
1 1 H
4“Yﬂ~ﬁﬁ”ww the reaction of Pla (43 g, 4.07 mmol) with 2-aminoethanol (8.60 mL,

°© H

’ i N\S/KOH 142.40 mmol) afforded the desired polymer P1b (38.05 g, 3.50 mmol). *H
NMR [400 MHz, § (ppm), D20]: 3.65 (br, 2 H, 7-CHs), 3.75-3.45 (br, 8 H, 1-CH>), 3.35-3.25
(br, 2 H, 6-CHy), 2.75-2.60 (br, 2 H, 5-CHy), 2.60-2.40 (br, 2 H, 4-CHy), 2.45-2.25 (br, 2 H,
2-CH>), 1.00-0.80 (br, 3 H, 3-CHz). Experimentally determined comonomer ratio: m/n 90:10.

MALDI-TOF MS: M, 10.2 kDa. Yield: 86%.

P(EtOxs0-OH20) P2b
) ﬁ) According to the general procedure described in the experimental section,
4N¥ﬁwﬂﬁnv\w the reaction of P2a (34 g, 3.05 mmol) with 2-aminoethanol (12.88 mL,

) ’ I H%OH 213.47 mmol) afforded the desired polymer P2b (31.46 g, 2.64 mmol). *H
NMR [400 MHz, § (ppm), D20]: 3.65 (br, 2 H, 7-CHs), 3.75-3.45 (br, 8 H, 1-CHy), 3.35-3.25
(br, 2 H, 6-CHy), 2.80-2.60 (br, 2 H, 5-CH), 2.60-2.50 (br, 2 H, 4-CHy), 2.50-2.25 (br, 2 H,
2-CHy), 1.00-0.80 (br, 3 H, 3-CHs). Experimentally determined comonomer ratio: m/n 80:20.

MALDI-TOF MS: My 9.9 kDa. Yield: 87%.

P(EtOx70-OHzs0) P3b



. ﬁ) According to the general procedure described in the experimental section,
AN N*&HWOH the reaction of P3a (51 g, 4.35 mmol) with 2-aminoethanol (27.55 mL,
"o 456.55 mmol) afforded the desired polymer P3b (43.98 g, 3.49 mmol). tH
NMR [400 MHz, § (ppm), D20]: 3.66 (br, 2 H, 7-CHs), 3.75-3.45 (br, 8 H, 1-CH>), 3.35-3.25
(br, 2 H, 6-CHy), 2.75-2.60 (br, 2 H, 5-CHy), 2.60-2.50 (br, 2 H, 4-CHy), 2.45-2.25 (br, 2 H,
2-CH>), 1.00-0.80 (br, 3 H, 3-CHz). Experimentally determined comonomer ratio: m/n 70:30.

MALDI-TOF MS: M, 11.1 kDa. Yield: 80%.

P(PropOxg-OHzio) P4b
J4 According to the general procedure described in the experimental section,
o 2
4N%ﬁn{N&ﬂn}Hw0H the reaction of P4a (42 g, 3.55 mmol) with 2-aminoethanol (21.43 mL,
" ) HWBOH 354.99 mmol) afforded the desired polymer P4b (34.49 g, 2.80 mmol). 'H
NMR [400 MHz,  (ppm), D20]: 3.65 (br, 2 H, 8-CH>), 3.75-3.45 (br, 8 H, 1-CH>), 3.35-3.30
(br, 2 H, 7-CH), 2.75-2.60 (br, 2 H, 6-CH>), 2.60-2.50 (br, 2 H, 5-CH>), 2.45-2.25 (br, 2 H,
2-CHy), 1.65-1.50 (br, 2 H, 3-CH>), 1.00-0.80 (br, 3 H, 4-CHz). Experimentally determined

comonomer ratio: m/n 90:10. MALDI-TOF MS: M, 10.7 kDa. Yield: 79%.

P(PropOx70-OHao) P5b
J‘* According to the general procedure described in the experimental section,
o 2
JN%%H{N&ELHWOH the reaction of P5a (46 g, 3.62 mmol) with 2-aminoethanol (22.93 mL,
) 650 H%BOH 379.97 mmol) afforded the desired polymer P5b (37.13 g, 2.72 mmol). 1H
NMR [400 MHz, § (ppm), D20]: 3.65 (br, 2 H, 8-CHs), 3.75-3.45 (br, 8 H, 1-CHy), 3.35-3.20
(br, 2 H, 7-CHy), 2.70-2.60 (br, 2 H, 6-CHy), 2.60-2.50 (br, 2 H, 5-CHy), 2.40-2.15 (br, 2 H,
2-CHy), 1.65-1.45 (br, 2 H, 3-CH3), 0.9-0.70 (br, 3 H, 4-CHz). Experimentally determined

comonomer ratio: m/n 70:30. MALDI-TOF MS: M, 11.6 kDa. Yield: 75%.



Succinic Anhydride Coupling: Synthesis of Carboxylic Acid-Functionalized Polymers

P1c-P9c

P(EtOx9-COOH10) P1c
) According to the general procedure described in the experimental

[0)

4“‘;%&3/‘ section, the reaction of a solution of P1b (38 g, 3.50 mmol), 4-
T T “:/\oj%go“ dimethylamino pyridine (0.86 g, 7.00 mmol) and succinic
anhydride (4.20 g, 41.98 mmol) in CH2Cl2/MeCN 9:1 (27 mL, 2 M) afforded the desired
polymer P1c (36.01 g, 3.03 mmol). *H NMR [400 MHz, & (ppm), D20]: 4.25-4.15 (br, 2 H,
7-CHy), 3.70-3.40 (br, 10 H, 1-CHa + 6-CHy), 2.75-2.60 (br, 6 H, 5-CH; + 8-CHy), 2.60-2.45
(br, 2 H, 4-CH>), 2.40-2.25 (br, 2 H, 2-CH>), 1.10-0.95 (br, 3 H, 3-CHz3). Experimentally

determined comonomer ratio: m/o 90:10. MALDI-TOF MS: M, 11.1 kDa. Yield: 87%.

P(EtOxs0-COOH20) P2c

s According to the general procedure described in the experimental
4“%1%1“.&@% section, the reaction of a solution of P2b (31 g, 2.64 mmol), 4-
Y Newoks/sﬁo(o” dimethylamino pyridine (1.29 g, 10.56 mmol) and succinic
anhydride (6.34 g, 63.38 mmol) in CH2Cl,/MeCN 9:1 (38 mL, 2 M) afforded the desired
polymer P2c¢ (29.74 g, 2.18 mmol). *H NMR [400 MHz, & (ppm), D20]: 4.25-4.15 (br, 2 H,
7-CHy), 3.70-3.40 (br, 10 H, 1-CH, + 6-CHy), 2.75-2.55 (br, 6 H, 5-CH, + 8-CHy), 2.50-2.45
(br, 2 H, 4-CHy), 2.40-2.25 (br, 2 H, 2-CH), 1.10-0.95 (br, 3 H, 3-CHs). Experimentally

determined comonomer ratio: m/o 80:20. MALDI-TOF MS: M, 11.2 kDa. Yield: 83%.

P(EtOx70-COOHz30) P3c

3 According to the general procedure described in the experimental
[¢)
A AAF section, the reaction of a solution of P3b (10 g, 0.79 mmol), 4-

SON%OWOH dimethylamino pyridine (0.58 g, 4.76 mmol) and succinic



anhydride (2.86 g, 28.54 mmol) in CH2Cl,/MeCN 9:1 (17 mL, 2 M) afforded the desired
polymer P3c (9.85 g, 0.64 mmol). *H NMR [400 MHz, & (ppm), D20]: 4.25-4.15 (br, 2 H, 7-
CHy), 3.80-3.45 (br, 10 H, 1-CH, + 6-CHy), 2.75-2.60 (br, 6 H, 5-CH2 + 8-CHy), 2.60-2.45
(br, 2 H, 4-CH2), 2.40-2.25 (br, 2 H, 2-CH), 1.15-1.00 (br, 3 H, 3-CHz3). Experimentally

determined comonomer ratio: m/o 70:30. MALDI-TOF MS: M, 13.5 kDa. Yield: 81%.

P(PropOxg-COOHA10) P4c
2t According to the general procedure described in the experimental
A AF section, the reaction of a solution of P4b (28 g, 2.31 mmol), 4-
Y N%O*fﬁo(o“ dimethylamino pyridine (0.56 g, 4.62 mmol) and succinic
anhydride (2.67 g, 26.7 mmol) in CH2Cl/MeCN 9:1 (17 mL, 2 M) afforded the desired
polymer P4c (21.20 g, 1.61 mmol). *H NMR [400 MHz, & (ppm), D20]: 4.10-4.00 (br, 2 H,
8-CHy), 3.60-3.20 (br, 10 H, 1-CH; + 7-CH>), 2.65-2.50 (br, 6 H, 6-CH> + 9-CH>), 2.50-2.30
(br, 2 H, 5-CH), 2.30-2.10 (br, 2 H, 2-CH>), 1.55-1.40 (br, 2 H, 3-CH>), 1.00-0.80 (br, 3 H,
4-CHzs). Experimentally determined comonomer ratio: m/o 90:10. MALDI-TOF MS: M, 11.5

kDa. Yield: 70%.

P(PropOx70-COOHz30) P5¢

J4 According to the general procedure described in the experimental

O, 2

AN AN section, the reaction of a solution of P5b (34 g, 2.50 mmol), 4-
o) 5 o]

eo“fokg/gﬁo(o“ dimethylamino pyridine (1.83 g, 15.01 mmol) and succinic
anhydride (9.01 g, 90.03 mmol) in CH2Cl2/MeCN 9:1 (54 mL, 2 M) afforded the desired
polymer P5c (39.91 g, 2.41 mmol). *H NMR [400 MHz, § (ppm), D20]: 4.05-3.85 (br, 2 H,
8-CHy), 3.55-3.10 (br, 10 H, 1-CH; + 7-CHy), 2.65-2.50 (br, 6 H, 6-CH, + 9-CHy), 2.50-2.10
(br, 4 H, 2-CHz + 5-CHy), 1.55-1.35 (br, 2 H, 3-CH), 0.90-0.75 (br, 3 H, 4-CHa).
Experimentally determined comonomer ratio: m/o 70:30. MALDI-TOF MS: M, 12.1 kDa.

Yield: 96%.



P(EtOx70-OH20-COOH10) P6C

According to the general procedure described in the
i ° H/S\Q/O 5 10 OH

Oﬁ)z O ¢ o experimental section, the reaction of a solution of P3b (15 g,

N, 1.19 mmol), 4-dimethylamino pyridine (0.29 g, 2.38 mmol)
N Hon
[¢]

and succinic anhydride (1.43 ¢, 14.27 mmol) in
CH2Cl2/MeCN 9:1 (9 mL, 2 M) afforded the desired polymer P6¢ (12.28 g, 0.90 mmol). *H
NMR [400 MHz, 5 (ppm), D20];: 4.25-4.15 (br, 2 H, 9-CH>), 3.80-3.45 (br, 16 H, 1-CH, + 7-
CHa + 8-CHy), 3.35-3.25 (br, 2 H, 6-CHy), 2.75-2.60 (br, 8 H, 5-CH, + 10-CHy), 2.60-2.45
(br, 4 H, 4-CH2), 2.45-2.25 (br, 2 H, 2-CH), 1.15-1.00 (br, 3 H, 3-CH3). Experimentally

determined comonomer ratio: m/n/o 70:21:9. MALDI-TOF MS: M, 12.2 kDa. Yield: 76%.

P(EtOx70-OH10-COOH20) P7c
According to the general procedure described in the
3 5 N/S\g/o < 7 OH R . . .
oﬁ)z OJ H o experimental section, the reaction of a solution of P3b (15 g,
AN A A A
o~ 0T 1.19 mmol), 4-dimethylamino pyridine (0.58 g, 4.76 mmol)

H 7
5 N\/\OH
6

° and succinic anhydride (2.86 g, 28.54 mmol) in
CH2Cl2/MeCN 9:1 (17 mL, 2 M) afforded the desired polymer P7c (17.33 g, 1.19 mmol). H
NMR [400 MHz, & (ppm), D20]: 4.25-4.15 (br, 2 H, 9-CH3), 3.80-3.45 (br, 16 H, 1-CH, + 7-
CH: + 8-CH>), 3.35-3.25 (br, 2 H, 6-CH>), 2.75-2.60 (br, 8 H, 5-CH> + 10-CH2), 2.60-2.45
(br, 4 H, 4-CHy), 2.40-2.25 (br, 2 H, 2-CH>), 1.15-1.00 (br, 3 H, 3-CHj3). Experimentally

determined comonomer ratio; m/n/fo 70:12:18. MALDI-TOF MS: M, 12.5 kDa. Yield: 94%.

P(PropOx70-OH20-COOH10) P8c

According to the general procedure described in the

o o
3 -4 s N/\go i\ - OH ) ) ) )
OJ o ds o experimental section, the reaction of a solution of P5b (13 g,
AN Ay AN A
N 0.96 mmol), 4-dimethylamino pyridine (0.23 g, 1.91 mmol)

and succinic anhydride (1.15 g, 11.47 mmol) in



CH2Cl2/MeCN 9:1 (7 mL, 2 M) afforded the desired polymer P8c (11.62 g, 0.80 mmol). *H
NMR [400 MHz, 5 (ppm), D20]: 4.10-3.90 (br, 2 H, 10-CHy), 3.70-3.20 (br, 16 H, 1-CH2 +
8-CH; + 9-CHy), 3.15-3.00 (br, 2 H, 7-CHy), 2.75-2.60 (br, 8 H, 6-CH2 + 11-CHy), 2.65-2.40
(br, 4 H, 5-CHy), 2.40-2.10 (br, 2 H, 2-CH), 1.60-1.35 (br, 2 H, 3-CH3), 1.00-0.70 (br, 3 H,
4-CHs). Experimentally determined comonomer ratio: m/n/o 70:20:10. MALDI-TOF MS: M,

11.5 kDa. Yield: 79%.

P(PropOx70-OH10-COOH20) P9c
According to the general procedure described in the

3t o NN O OH . . . .
OJ ods "o " experimental section, the reaction of a solution of P5b (38 g,

/{NﬂN&Wﬂ'NYﬂ\* . . ..
Of”}\i;H 2.80 mmol), 4-dimethylamino pyridine (1.37 g, 11.18 mmol)
NN om
0 and succinic anhydride (6.71 g, 67.08 mmol) in

CH2Cl2/MeCN 9:1 (41 mL, 2 M) afforded the desired polymer P9c (41.10 g, 2.64 mmol). *H
NMR [400 MHz, § (ppm), D20]: 4.10-3.90 (br, 2 H, 10-CH>), 3.70-3.20 (br, 16 H, 1-CH. +
8-CH2 + 9-CHz2), 3.15-3.00 (br, 2 H, 7-CH.), 2.65-2.60 (br, 8 H, 6-CH: + 11-CH>), 2.65-2.40
(br, 4 H, 5-CH), 2.40-2.10 (br, 2 H, 2-CH), 1.60-1.35 (br, 2 H, 3-CH>), 1.00-0.70 (br, 3 H,
4-CHs). Experimentally determined comonomer ratio: m/n/o 70:10:20. MALDI-TOF MS: M,

12.8 kDa. Yield: 94%.

Carbodiimide Reaction: Synthesis of N-Hydroxysuccinimide-Functionalized Polymers

P1d-P9d

P(EtOx90-NHS10) P1d

3 According to the general procedure described in the

2

(0}
4“‘%%&22* experimental section, the reaction of a solution of Plc (6 g,
(0] 4

o O
s Hwowp 0.51 mmol), N-hydroxysuccinimide (0.64 g, 5.57 mmol) and
(o] o] O

N,N’-diisopropylcarbodiimide (0.94 mL, 6.07 mmol) in CH.Cl,/MeCN 9:1 (60 mL, 0.2 M)



afforded the desired polymer P1d (5.65 g, 0.44 mmol). *H NMR [400 MHz, § (ppm), DMSO-
ds]: 4.00-3.90 (br, 2 H, 7-CH>), 3.50-3.10 (br, 10 H, 1-CH2 + 6-CH>), 2.90-2.85 (br, 2 H, 8-
CHy), 2.75-2.70 (br, 4 H, 9-CH,), 2.65-2.60 (br, 2 H, 8-CHy), 2.60-2.40 (br, 2 H, 5-CHy),
2.30-2.10 (br, 4 H, 2-CH + 4-CH), 0.85-0.70 (br, 3 H, 3-CH3). Experimentally determined
comonomer ratio: m/o 90:10. SEC: Mn 11.7 kDa, H 1.25. MALDI-TOF MS: M; 11.5 kDa.

Yield: 87%.

P(EtOxso-NHS20) P2d

3

o According to the general procedure described in the

2
1 1
/{NYﬁNAA:
oYy o
7

T Newoka/ﬁofN {  2.40 mmol), N-hydroxysuccinimide (6.08 g, 52.87 mmol) and

o . experimental section, the reaction of a solution of P2c (33 g,
N,N’-diisopropylcarbodiimide (8.93 mL, 57.67 mmol) in CH>Cl2/MeCN 9:1 (556 mL, 0.2 M)
afforded the desired polymer P2d (35.63 g, 2.27 mmol). *H NMR [400 MHz, § (ppm), DMSO-
ds]: 4.00-3.90 (br, 2 H, 7-CH>), 3.50-3.10 (br, 10 H, 1-CH; + 6-CH>), 2.90-2.85 (br, 2 H, 8-
CHy), 2.75-2.70 (br, 4 H, 9-CHy), 2.65-2.60 (br, 2 H, 8-CHz), 2.60-2.40 (br, 2 H, 5-CH>),
2.30-2.10 (br, 4 H, 2-CH> + 4-CH>), 0.85-0.70 (br, 3 H, 3-CHj3). Experimentally determined
comonomer ratio: m/o 80:20. SEC: My 12.6 kDa, & 1.21. MALDI-TOF MS: M, 13.0 kDa.

Yield: 95%.

P(EtOx70-NHS30) P3d
. ﬁ) According to the general procedure described in the
4“%&»11“9{;‘ o . experimental section, the reaction of a solution of P3c (61 g,
) OHWOLE(E% 3.91 mmol), N-hydroxysuccinimide (14.85 g, 129.00 mmol)
and N, N ’-diisopropylcarbodiimide (21.79 mL, 140.72 mmol) in CH2Cl>/MeCN 9:1 (1346 mL,
0.2 M) afforded the desired polymer P3d (57.06 g, mmol). *H NMR [400 MHz, & (ppm),
DMSO-ds]: 4.00-3.90 (br, 2 H, 7-CH), 3.50-3.10 (br, 10 H, 1-CH> + 6-CH>), 2.90-2.85 (br,

2 H, 8-CHy), 2.75-2.70 (br, 4 H, 9-CH), 2.65-2.60 (br, 2 H, 8-CH>), 2.60-2.40 (br, 2 H, 5-



CHy), 2.30-2.10 (br, 4 H, 2-CH> + 4-CHy), 0.85-0.70 (br, 3 H, 3-CHz3). Experimentally
determined comonomer ratio: m/o 70:30. SEC: M 15.6 kDa, P 1.25. MALDI-TOF MS: M,

16.9 kDa. Yield: 79%.

P(PropOxg-NHS10) P4d
JA According to the general procedure described in the

©) 2
ANAGAS experimental section, the reaction of a solution of P4c (20 g,

o 5 o 0, 10
}L(Hwo)vﬁ(p 1.52 mmol), N-hydroxysuccinimide (1.93 g, 16.76 mmol) and

o 7 9 5 0
N,N’-diisopropylcarbodiimide (2.83 mL, 18.29 mmol) in CH2CIl2/MeCN 9:1 (180 mL, 0.2 M)
afforded the desired polymer P4d (19.88 g, 1.41 mmol). *H NMR [400 MHz, & (ppm), DMSO-
de]: 4.10-4.00 (br, 2 H, 8-CH2), 3.50-3.30 (br, 10 H, 1-CH: + 7-CH), 2.95-2.90 (br, 2 H, 9-
CHy), 2.75-2.70 (br, 4 H, 10-CH>), 2.70-2.65 (br, 2 H, 9-CH>), 2.65-2.40 (br, 2 H, 6-CH>),
2.35-2.10 (br, 4 H, 2-CH> + 5-CH>), 1.60-1.40 (br, 2 H, 3-CH), 0.90-0.80 (br, 3 H, 4-CHa).
Experimentally determined comonomer ratio: m/o 90:10. SEC: M,12.2 kDa, H 1.21. MALDI-

TOF MS: M, 12.1 kDa. Yield: 93%.

P(PropOx7o-NHS30) P5d
Ja According to the general procedure described in the

(@) 2
AN A A experimental section, the reaction of a solution of P5c (28 g,

O)\%(Hwo)okA;E;g 1.69 mmol), N-hydroxysuccinimide (6.41 g, 55.71 mmol) and
N,N’-diisgpropylcarbo;iimide (9.41 mL, 60.77 mmol) in CH2Cl2/MeCN 9:1 (581 mL, 0.2 M)
afforded the desired polymer P5d (26.28 g, 1.35 mmol). *H NMR [400 MHz, & (ppm), DMSO-
ds]: 4.00-3.90 (br, 2 H, 8-CH>), 3.50-3.10 (br, 10 H, 1-CH2 + 7-CHy), 2.90-2.85 (br, 2 H, 9-
CHy), 2.75-2.70 (br, 4 H, 10-CHy), 2.65-2.60 (br, 2 H, 9-CHy), 2.60-2.40 (br, 2 H, 6-CHy),
2.35-2.10 (br, 4 H, 2-CHa + 5-CHy), 1.65-1.40 (br, 2 H, 3-CHy), 0.85-0.70 (br, 3 H, 4-CHs).
Experimentally determined comonomer ratio: m/o 90:10. SEC: M, 15.7 kDa, £ 1.20. MALDI-

TOF MS: M, 13.7 kDa. Yield: 80%.



P(EtOx70-OH20-NHS10) P6d

According to the general procedure described in the

o o o o

7 9 10
A~_O _N . . . .
Q I NO experimental section, the reaction of a solution of P6c

4NY%N“PL£NYJD* (12 g, 0.88 mmol), N-hydroxysuccinimide (1.12 g, 9.70

m
4
o) H \
4 \5/\OH
(0]

mmol) and N,N’-diisopropylcarbodiimide (1.64 mL,
10.58 mmol) in CH.Cl>/MeCN 9:1 (104 mL, 0.2 M) afforded the desired polymer P6d (11.48
g, 0.79 mmol). *H NMR [400 MHz, & (ppm), DMSO-ds]: 4.25-4.15 (br, 2 H, 8-CHy), 3.75—
3.40 (br, 16 H, 1-CH, + 6-CHa + 7-CHy), 3.35-3.25 (br, 2 H, 5-CHy), 3.10-3.00 (br, 2 H, 9-
CHa), 3.00-2.90 (br, 4 H, 10-CHy), 2.90-2.80 (br, 2 H, 9-CHy), 2.65-2.45 (br, 8 H, 4-CHy),
2.45-2.25 (br, 2 H, 2-CH), 1.10-1.00 (br, 3 H, 3-CHs). Experimentally determined
comonomer ratio: m/n/o 70:21:9. SEC: M;12.7 kDa, & 1.25. MALDI-TOF MS: Mn 12.6 kDa.

Yield: 89%.

P(EtOx70-OH10-NHS20) P7d

According to the general procedure described in the

¢} 10
o 0]
?j ﬁ))k ”NONOE% experimental section, the reaction of a solution of P7c
o ) Ox 4 o]
4”%%&%”%, (12 g, 0.82 mmol), N-hydroxysuccinimide (2.08 g,
oY

¢ ON%EOH 18.07 mmol) and N,N’-diisopropylcarbodiimide (3.05
mL, 19.72 mmol) in CH2Cl2/MeCN 9:1 (190 mL, 0.2 M) afforded the desired polymer P7d
(11.95 g, 0.72 mmol). *H NMR [400 MHz,  (ppm), DMSO-dg]: 4.15-4.00 (br, 2 H, 8-CH>),
3.75-3.40 (br, 16 H, 1-CH2 + 6-CH, + 7-CH>), 3.35-3.25 (br, 2 H, 5-CH), 3.05-2.95 (br, 2 H,
9-CHy), 2.95-2.85 (br, 4 H, 10-CH>), 2.85-2.70 (br, 2 H, 9-CH>), 2.75-2.65 (br, 8 H, 4-CH>),
2.40-2.10 (br, 2 H, 2-CH,), 1.05-0.95 (br, 3 H, 3-CH3). Experimentally determined
comonomer ratio: m/n/o 70:12:18. SEC: M, 14.7 kDa, b 1.25. MALDI-TOF MS: M, 14.4

kDa. Yield: 88%.

P(PropOx70-OH20-NHS10) P8d



According to the general procedure described in the

e s O A AN . : : .
Oﬁ)z/ o) H o Do I experimental section, the reaction of a solution of P8c
ANYﬁ”A&NY\b* (20 g, 1.37 mmol), N-hydroxysuccinimide (1.74 g,
o7 Y T
5 N~ y ges . .
e o 15.08 mmol) and N,N’-diisopropylcarbodiimide (2.55

mL, 16.45 mmol) in CH2Cl,/MeCN 9:1 (162 mL, 0.2 M) afforded the desired polymer P8d
(17.41 g, 1.12 mmol). *H NMR [400 MHz, & (ppm), DMSO-ds]: 4.15-4.00 (br, 2 H, 9-CHy),
3.55-3.30 (br, 16 H, 1-CH2 + 7-CH + 8-CHy), 3.30-3.20 (br, 2 H, 6-CHy), 3.00-2.90 (br, 2 H,
10-CHy), 2.85-2.75 (br, 4 H, 11-CHy), 2.75-2.65 (br, 2 H, 10-CHy), 2.65-2.45 (br, 8 H, 5-
CHa), 2.35-2.05 (br, 2 H, 2-CHy), 1.55-1.30 (br, 2 H, 3-CHy), 0.90-0.70 (br, 3 H, 4-CHj).
Experimentally determined comonomer ratio: m/n/o 70:20:10. SEC: M, 12.2 kDa, b 1.25.

MALDI-TOF MS: My 12.1 kDa. Yield: 70%.

P(PropOx70-OH10-NHS20) P9d

According to the general procedure described in the
o

O

) J ) YHL”NONOE% experimental section, the reaction of a solution of P9c
JN;%N&A&N%}‘ (41 g, 2.63 mmol), N-hydroxysuccinimide (6.66 g,

; O“%OH 57.86 mmol) and N,N’-diisopropylcarbodiimide (9.77
mL, 63.12 mmol) in CH2Cl2/MeCN 9:1 (608 mL, 0.2 M) afforded the desired polymer P9d
(38.62 g, 2.20 mmol). 'H NMR [400 MHz, & (ppm), DMSO-ds]: 4.05-3.90 (br, 2 H, 9-CH>),
3.55-3.30 (br, 16 H, 1-CH; + 7-CH2 + 8-CHy), 3.30-3.20 (br, 2 H, 6-CHy), 3.05-2.95 (br, 2 H,
10-CHy), 2.95-2.85 (br, 4 H, 11-CHy), 2.85-2.70 (br, 2 H, 10-CH,), 2.70-2.55 (br, 8 H, 5-
CHa), 2.35-2.05 (br, 2 H, 2-CHy), 1.55-1.30 (br, 2 H, 3-CHy), 0.90-0.70 (br, 3 H, 4-CHsa).
Experimentally determined comonomer ratio: m/n/o 70:10:20. SEC: Mn 14.9 kDa, b 1.21.

MALDI-TOF MS: Mn 14.4 kDa. Yield: 84%.

Amidation Reaction: Synthesis of Alendronate-Functionalized Polymers Ple—P13e



P(EtOxg0-Aleio) Ple
N 9 o 8: According to the general procedure described in the
ﬁ))k Ho" 0 experimental section, the reaction of a solution of

NM{N

o o P1d (5.0 g, 0.39 mmol), sodium alendronate
trihydrate (253 g, 7.79 mmol), N-
hydroxysuccinimide (0.45 g, 390 mmol) and N-(3-dimethylaminopropyl)-N -
ethylcarbodiimide hydrochloride (0.75 g, 3.90 mmol) in PBS (32 mL, 0.5 M) afforded the
desired polymer Ple (1.29 g, 0.09 mmol). *H NMR [400 MHz, & (ppm), D20]: 4.30-4.10 (br,
4 H, 7-CHy), 3.75-3.40 (br, 16 H, 1-CH; + 6-CHy), 3.30-3.20 (br, 2 H, 9-CHy), 2.75-2.45 (br,
16 H, 4-CH> + 5-CH2 + 8-CHy), 2.45-2.20 (br, 2 H, 2-CH>), 2.05-1.75 (br, 4 H, 10-CH> + 11-
CHy), 1.15-0.95 (br, 3 H, 3-CHj3). 3P NMR [400 MHz, & (ppm), D20]: 18.19. Experimentally

determined comonomer ratio: m/o/p 90:1:9. MALDI-TOF MS: M;, 12.0 kDa. Yield: 24%.

P(EtOxso-Ale2o) P2e
o QHOH According to the general procedure described in the
YHL N Ho o experimental section, the reaction of a solution of

N{N >

o ° o P2d (15 g, 0.96 mmol), sodium alendronate
trihydrate (1245 g, 38.28 mmol), N-
hydroxysuccinimide (2.20 g, 19.14 mmol) and N-(3-dimethylaminopropyl)-N -
ethylcarbodiimide hydrochloride (3.67 g, 19.14 mmol) in PBS (155 mL, 0.5 M) afforded the
desired polymer P2e (5.47 g, 0.30 mmol). *H NMR [400 MHz,  (ppm), D20]: 4.25-4.10 (br,
4 H, 7-CHy), 3.80-3.35 (br, 16 H, 1-CH: + 6-CH>), 3.30-3.20 (br, 2 H, 9-CHz), 2.75-2.45 (br,
16 H, 4-CHy + 5-CH2 + 8-CHy), 2.45-2.25 (br, 2 H, 2-CHy), 2.05-1.75 (br, 4 H, 10-CH, + 11-
CHy), 1.15-0.95 (br, 3 H, 3-CHz). Experimentally determined comonomer ratio: m/o/p 80:1:19.

31p NMR [400 MHz, § (ppm), D20]: 18.15. MALDI-TOF MS: M, 15.0 kDa. Yield: 31%.

P(EtOx7o-Aleso) P3e



o onAccording to the general procedure described in the

OQZ oﬁ HNOW”WOH experimental section, the reaction of a solution of
P P3d (15 g, 0.81 mmol), sodium alendronate
0 o trihydrate (1580 g, 48.61 mmol), N-
hydroxysuccinimide (2.80 g, 24.31 mmol) and N-(3-dimethylaminopropyl)-N -
ethylcarbodiimide hydrochloride (4.66 g, 24.31 mmol) in PBS (66 mL, 0.5 M) afforded the
desired polymer P3e (5.81 g, 0.26 mmol). *H NMR [400 MHz, & (ppm), D20]: 4.25-4.10 (br,
4 H, 7-CHy), 3.80-3.30 (br, 16 H, 1-CH; + 6-CHy), 3.25-3.15 (br, 2 H, 9-CHy), 2.75-2.45 (br,
16 H, 4-CH> + 5-CH2 + 8-CHy), 2.45-2.15 (br, 2 H, 2-CH>), 2.15-1.70 (br, 4 H, 10-CH + 11-
CHy), 1.15-0.95 (br, 3 H, 3-CHj3). 3P NMR [400 MHz, & (ppm), D20]: 18.25. Experimentally

determined comonomer ratio: m/o/p 70:2:28. MALDI-TOF MS: M, 19.5 kDa. Yield: 32%.

P(PropOxgo-Aleio) P4e

According to the general procedure described in the

(0] (0]
7 9 10 12P
3~ 4 5 (0] OH . R R .
OJ oﬁﬁwa Y experimental section, the reaction of a solution of

e HO"0
4NY1‘EN%ONY\E* P4d (15 g, 1.06 mmol), sodium alendronate
(0] 5 H . (0] .
SON%OWOH trihydrate  (6.92 g, 2129 mmol), N-

hydroxysuccinimide (1.23 g, 10.64 mmol) and N-(3-dimethylaminopropyl)-N -
ethylcarbodiimide hydrochloride (2.04 g, 10.64 mmol) in PBS (87 mL, 0.5 M) afforded the
desired polymer P4e (6.57 g, 0.43 mmol). *H NMR [400 MHz, § (ppm), D20]: 4.30-4.15 (br,
4 H, 8-CHz), 3.80-3.30 (br, 16 H, 1-CH + 7-CH>), 3.30-3.20 (br, 2 H, 10-CH), 2.75-2.45
(br, 16 H, 5-CH; + 6-CHy + 9-CHy), 2.45-2.15 (br, 2 H, 2-CH>), 2.05-1.75 (br, 4 H, 11-CH, +
12-CHy), 1.65-1.45 (br, 2 H, 3-CHy), 1.15-0.95 (br, 3 H, 4-CHs). 3P NMR [400 MHz, &
(ppm), D20]: 18.17. Experimentally determined comonomer ratio: m/o/p 90:1:9. MALDI-

TOF MS: M, 12.2 kDa. Yield: 40%.

P(PropOxzo-Aleso) P5e



9 o According to the general procedure described in the

OJ 4 OJL HNOwHﬁZH experimental section, the reaction of a solution of
P~ P P5d (8.0 g, 0.41mmol), sodium alendronate
trihydrate  (8.00 g, 24.62 mmol), N-
hydroxysuccinimide (1.42 ¢, 1231 mmol) and N-(3-dimethylaminopropyl)-N -
ethylcarbodiimide hydrochloride (2.36 g, 12.31 mmol) in PBS (99 mL, 0.5 M) afforded the
desired polymer P5e (2.93 g, 0.13 mmol). *H NMR [400 MHz, & (ppm), D20]: 4.30-4.15 (br,
4 H, 8-CHy), 3.80-3.30 (br, 16 H, 1-CH, + 7-CHy), 3.20-3.10 (br, 2 H, 10-CHy), 2.75-2.45
(br, 16 H, 5-CH; + 6-CH + 9-CHy), 2.45-2.15 (br, 2 H, 2-CHy), 2.05-1.75 (br, 4 H, 11-CH, +
12-CHy), 1.65-1.45 (br, 2 H, 3-CHy), 1.00-0.85 (br, 3 H, 4-CHs). 3P NMR [400 MHz, &
(ppm), D2QO]: 18.15. Experimentally determined comonomer ratio: m/o/p 70:3:27. MALDI-

TOF MS: M, 17.5 kDa. Yield: 31%.

P(EtOx70-OH20-Ale1o) P6e

o o According to the general procedure described
ﬁ)“*u&gof\ﬁw
oﬁj SR o ° o4 inthe experimental section, the reaction of a
/{N\ﬂ{NJ\&N\%HNJ\K}* W o ’ O ,-OH
o nn o%\/}z(“wo)%.(“‘v:ﬁg? solution of P6d (12 g, 0.83 mmol), sodium
N Nop OH

o

alendronate trihydrate (4.88 g, 15.02 mmol),
N-hydroxysuccinimide (0.86 g, 7.51 mmol) and N-(3-dimethylaminopropyl)-N -
ethylcarbodiimide hydrochloride (1.44 g, 7.51 mmol) in PBS (62 mL, 0.5 M) afforded the
desired polymer P6e (3.41 g, 0.22 mmol). *H NMR [400 MHz,  (ppm), D20]: 4.30-4.10 (br,
4 H, 8-CH), 3.80-3.40 (br, 22 H, 1-CH2 + 6-CH2 + 7-CHz), 3.40-3.30 (br, 2 H, 5-CH>), 3.30-
3.20 (br, 2 H, 10-CHy), 2.75-2.15 (br, 22 H, 2-CH> + 4-CH: + 9-CH>), 2.05-1.75 (br, 4 H, 11-
CHz + 12-CHy), 1.15-0.95 (br, 3 H, 3-CHs). 3P NMR [400 MHz, & (ppm), D,O]: 18.15.
Experimentally determined comonomer ratio: m/n/o/p 70:21:1:8. MALDI-TOF MS: M;, 12.6

kDa. Yield: 26%.



P(EtOx70-OHio-Ale2o) P7e
o o According to the general procedure described
Oﬁjz o ‘ 0 in the experimental section, the reaction of a
& ”N OW“\)\OM“MOH solution of P7d (12 g, 0.74 mmol), sodium
° alendronate trihydrate (8.69 g, 6.74 mmol),
N-hydroxysuccinimide (1.54 ¢, 13.37 mmol) and N-(3-dimethylaminopropyl)-N -
ethylcarbodiimide hydrochloride (2.56 g, 13.37 mmol) in PBS (108 mL, 0.5 M) afforded the
desired polymer P7e (4.15 g, 0.23 mmol). *H NMR [400 MHz, & (ppm), D20]: 4.30-4.10 (br,
4 H, 8-CHy), 3.80-3.40 (br, 22 H, 1-CHa + 6-CH2 + 7-CHy), 3.40-3.30 (br, 2 H, 5-CHy), 3.30—
3.20 (br, 2 H, 10-CHy), 2.75-2.15 (br, 22 H, 2-CH, + 4-CH_ + 9-CHy), 2.05-1.75 (br, 4 H, 11-
CHz + 12-CHy), 1.15-0.95 (br, 3 H, 3-CH3). 3P NMR [400 MHz, 5 (ppm), D20]: 18.25.
Experimentally determined comonomer ratio: m/n/o/p 70:12:2:16. MALDI-TOF MS: M;, 14.6

kDa. Yield: 30%.

P(PropOx7o-OHzo-Aleio) P8e

According to the general procedure described

o o
4 5 /B\/O 0 o ] ] ] ]
OQZ/ oﬁﬁ e e ™ in the experimental section, the reaction of a
1 1 1 OH
AN ARAIN AN A o Osp-OH
tm h ! spH o 0 H 1 ; .
o " AR AL NMOH solution of P8d (7.0 g, 0.45 mmol), sodium
5 N\/LOH o o HO (w)\\o
o ° alendronate trihydrate (2.93 g, 9.00 mmol),

N-hydroxysuccinimide (0.52 g, 4.50 mmol) and N-(3-dimethylaminopropyl)-N -
ethylcarbodiimide hydrochloride (0.86 g, 4.50 mmol) in PBS (37 mL, 0.5 M) afforded the
desired polymer P8e (2.71 g, 0.16 mmol). *H NMR [400 MHz, § (ppm), D20]: 4.30-4.10 (br,
4 H, 9-CHz), 3.80-3.40 (br, 22 H, 1-CH> + 7-CH> + 8-CH>), 3.40-3.30 (br, 2 H, 6-CH>), 3.30—
3.20 (br, 2 H, 11-CHy), 2.75-2.15 (br, 22 H, 2-CHa + 5-CHa + 10-CH>), 2.05-1.75 (br, 4 H,

12-CHa + 13-CHy), 1.65-1.45 (br, 2 H, 3-CH>), 1.15-0.85 (br, 3 H, 4-CHs). 3P NMR [400



MHz, & (ppm), D20]: 18.20. Experimentally determined comonomer ratio: m/n/o/p 70:20:1:9.

MALDI-TOF MS: My 12.5 kDa. Yield: 36%.

P(PropOx7o-OH1o0-Alezo) P9e

According to the general procedure described

4 5 N/\/O OH
H 9 10

N N ° in the experimental section, the reaction of a

1 1 1 1 OH ’
/{N\/%N/\{HN\{HN/\/}* y o " O\\FL,OH

T'm s N o 5PN 2 0N 12
Yy S’%\s/\f ¥ V\a)pio” solution of P9d (12.5 g, 0.62 mmol), sodium
s Ny © o] HO™ 17O

alendronate trihydrate (12.05 g, 37.07 mmol),
N-hydroxysuccinimide (2.13 g, 1854 mmol) and N-(3-dimethylaminopropyl)-N -
ethylcarbodiimide hydrochloride (3.55 g, 18.54 mmol) in PBS (150 mL, 0.5 M) afforded the
desired polymer P9e (4.82 g, 0.22 mmol). *H NMR [400 MHz,  (ppm), D20]: 4.25-4.10 (br,
4 H, 9-CHz), 3.80-3.40 (br, 22 H, 1-CH> + 7-CH2 + 8-CH>), 3.35-3.30 (br, 2 H, 6-CH>), 3.25—
3.15 (br, 2 H, 11-CHy), 2.75-2.20 (br, 22 H, 2-CH2 + 5-CHa + 10-CH>), 2.05-1.75 (br, 4 H,
12-CHa + 13-CHy), 1.65-1.45 (br, 2 H, 3-CHj), 1.00-0.85 (br, 3 H, 4-CHjs). 31P NMR [400
MHz, 6 (ppm), D20]: 18.12. Experimentally determined comonomer ratio: m/n/o/p 70:10:3:17.

MALDI-TOF MS: M, 17.9 kDa. Yield: 35%.

P(EtOx70-COOH20-Aleio) P10e

According to the general procedure described in the

(0] Os \ OH
Oﬁj ﬁjk NNGOTOKSA WOH experimental section, the reaction of a solution of
2 HO” (S\HO
ANYﬂNwVJ“ P3d (15 g, 0.81 mmol), sodium alendronate
M trinydrate (1054 g, 3241 mmol), N-

hydroxysuccinimide (1.86 g, 16.20 mmol) and N-(3-dimethylaminopropyl)-N -
ethylcarbodiimide hydrochloride (1.86 g, 16.20 mmol) in PBS (131 mL, 0.5 M) afforded the
desired polymer P10e (5.22 g, 0.28 mmol). *H NMR [400 MHz, § (ppm), D20]: 4.30-4.10 (br,
4 H, 6-CHz), 3.80-3.40 (br, 16 H, 1-CH: + 5-CHy), 3.30-3.20 (br, 2 H, 8-CH2), 2.75-2.15 (br,

18 H, 2-CH: + 4-CH: + 7-CHy), 2.05-1.75 (br, 4 H, 9-CH: + 10-CH), 1.15-0.95 (br, 3 H, 3-



CHs). 3P NMR [400 MHz, & (ppm), D20]: 18.18. Experimentally determined comonomer

ratio: m/o/p 70:17:13. MALDI-TOF MS: M;, 16.3 kDa. Yield: 34%.

P(EtOx70-COOH10-Ale2o) P1le
According to the general procedure described in the
. ﬁj YHL N o experimental section, the reaction of a solution of
4NV%{N«HNVJN a P3d (15 g, 0.81 mmol), sodium alendronate
) H%OMOH trinydrate (1054 g, 3241 mmol), N-
hydroxysuccinimide (1.86 g, 16.2 mmol) and N-(3-dimethylaminopropyl)-N-
ethylcarbodiimide hydrochloride (3.11 g, 16.20 mmol) in PBS (131 mL, 0.5 M) afforded the
desired polymer P11e (4.99 g, 0.24 mmol). *H NMR [400 MHz, & (ppm), D20]: 4.25-4.10 (br,
4 H, 6-CH>), 3.80-3.40 (br, 16 H, 1-CH + 5-CH>), 3.25-3.15 (br, 2 H, 8-CHz), 2.75-2.15 (br,
18 H, 2-CHy + 4-CHy + 7-CHy), 2.05-1.70 (br, 4 H, 9-CH2 + 10-CHy), 1.15-0.95 (br, 3 H, 3-
CHs). 2P NMR [400 MHz, & (ppm), D20]: 18.25. Experimentally determined comonomer

ratio: m/o/p 70:10:20. MALDI-TOF MS: M;, 16.3 kDa. Yield: 30%.

P(PropOx70-COOH20-Ale1o) P12e

According to the general procedure described in the

O\OH
] J ’ JLNNON WOH experimental section, the reaction of a solution of
2 HOéHo
ANYﬂN“HNA P5d (5.0 g, 0.26 mmol), sodium alendronate
o Wo. 9
SONst)KB/WOTOH trihydrate  (1.67 g, 5.13 mmol), N-

hydroxysuccinimide (0.30 g, 256 mmol) and N-(3-dimethylaminopropyl)-N -
ethylcarbodiimide hydrochloride (0.49 g, 2.56 mmol) in PBS (21 mL, 0.5 M) afforded the
desired polymer P12e (2.17 g, 0.12 mmol). *H NMR [400 MHz, § (ppm), D20]: 4.30-4.15 (br,
4 H, 7-CHy), 3.80-3.30 (br, 16 H, 1-CH; + 6-CHy), 3.30-3.20 (br, 2 H, 9-CHy), 2.75-2.15 (br,

18 H, 2-CHa + 5-CH; + 8-CHy), 2.05-1.75 (br, 4 H, 10-CHz + 11-CHy), 1.65-1.45 (br, 2 H, 3-



CHs), 1.15-0.95 (br, 3 H, 4-CHj3). 3'P NMR [400 MHz, & (ppm), D20]: 18.00. Experimentally

determined comonomer ratio: m/o/p 70:22:8. MALDI-TOF MS: M, 14.8 kDa. Yield: 46%.

P(PropOx70-COOH10-Ale) P13e

According to the general procedure described in the

. ﬁll—‘OH
OY‘( ﬁjk N WOH experimental section, the reaction of a solution of
2 HO” é\Ho
4NY§£N“HNVJ§ P5d (15 g, 0.77 mmol), sodium alendronate
o) w o, © \
’ ONstWOH trinydrate  (30.77 g, 10.01 mmol), N-

hydroxysuccinimide (1.77 g, 1539 mmol) and N-(3-dimethylaminopropyl)-N -
ethylcarbodiimide hydrochloride (2.95 g, 15.39 mmol) in PBS (125 mL, 0.5 M) afforded the
desired polymer P13e (4.33 g, 0.20 mmol). *H NMR [400 MHz, & (ppm), D20]: 44.30-4.15
(br, 4 H, 7-CH,), 3.80-3.30 (br, 16 H, 1-CH> + 6-CH), 3.30-3.20 (br, 2 H, 9-CH>), 2.75-2.15
(br, 18 H, 2-CHj + 5-CH2 + 8-CHy), 2.05-1.75 (br, 4 H, 10-CH2 + 11-CHy), 1.65-1.45 (br, 2 H,
3-CHz), 1.05-0.80 (br, 3 H, 4-CHs). 3P NMR [400 MHz, & (ppm), D:0]: 18.21.
Experimentally determined comonomer ratio: m/o/p 70:10:20. MALDI-TOF MS: M, 17.0

kDa. Yield: 26%.
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Figure S1. 'H NMR spectra of P(PropOxzo-MestOxso) P5a, P(PropOxz-OHszo) P5b,
(PropOx7o-COOH30) P5c¢, P(PropOx70-NHSs0) P5d, and P(PropOxzo-Alesg) P5e and 3P NMR

spectrum of P(PropOxzo-Aleso) (bottom).
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Figure S2. Overlay of normalized MALDI-TOF MS M;, spectra.

Table S1. Thermodynamic Parameters, i.e., Binding Constant Kc,?*, Stoichiometry N between
Ca?* and Polymer, Enthalpy AH and Entropy AS of the Interaction between POx-Ale and Ca?*

as Quantified Using ITC (n = 3).

Polymer Smmhﬁan% Kca?* (M) AH (cal mol™) ASﬁzﬁ?gﬂ

Alendronate 05+0.0 7.8x10°+1.8x10° 1.3x10%+8.5x10? 22.4+23
Ple P(EtOxgo-Alei) 6.3+0.1 12x10*+1.8x10° 25x10°+1.5x10? 27.1+0.3
P2e P(EtOxgo-Alez) 143+14 9.1x10+3.9x10° 12x10°+1.3x10? 269+04
P3e P(EtOx70-Aleso) 256+24 24x10°+4.0x10° 15x10%+2.4x10? 29.6+£0.8
P6e P(EtOx70-OH2o-Ale1g) 6.1+04 1.8x10*+6.7x10> 1.9x10%+1.0 x 102 259+0.3
P7e P(EtOx70-OH1o-Aley) 151+0.2 1.2x10°+3.6 x10% 1.1x10%+2.7 x 102 27.1+0.9
P10e P(EtOx70-COOH2o-Ale1g) 12.3+£0.9 6.7x10°+27x10° 1.8x10°+23x10? 28.0+0.7
Plle P(EtOx70-COOH10-Alez) 187+1.1 1.6 x10°+5.7x10% 1.8x10%+8.6 x 10* 295+£0.3
Pde P(PropOxgo-Aleig) 7904 35x104+23x10° 22x103+3.2x10? 28.0+0.9
P5e P(PropOxzo-Alesg) 242+1.0 1.6 x10°+1.0x10* 2.0x10%+9.3 x 10* 30.6+0.2
P8e P(PropOxo-OHzo-Aleso) 8.2+05 42x10°+87x10° 21x10%+1.1x 102 27.0+ 0.4
P9e P(PropOxzo-OH1o-Alez) 13.8+1.6 1.1x10°+1.8x10* 22x10%+2.9 x10? 299+0.9
P12e  P(PropOxz-COOH2-Aleig) 9.9+0.7 22x10+1.7x10° 21x10°+3.3x10? 27.8+£1.0
P13e  P(PropOxz-COOH10-Alex) 176+0.1 10.0x10°+3.3x10° 2.2x10°+1.9x10? 304+04




Table S2. Visual Screening of Gelation at Different Polymer and Calcium Concentrations.

[Ca?*] (mM)

Polymer [POX] [Ale] 90 1800 3600
(Wt %) (mM)
10 73 X X X
Ple P(EtOxgo-Ale1o) 20 146 X X X
30 219 ° ° °
10 134 X X X
P2e P(EtOxgo-Alezo) 20 268 X X X
30 402 X ° °
10 154 X A A
P3e P(EtOx7o-Alesg) 20 308 X A A
30 462 X ° °
10 63 X X X
P6e P(EtOX7o-OH20-A|elo) 20 126 X X X
30 189 X ° °
10 127 A A A
P7e P(EtOx70-OH1o-Alex) 20 254 ° ° v
30 381 v v v
10 80 X X X
P10e P(EtOx70-COOH2-Aleso) 20 160 X X X
30 240 ° ° °
10 127 X A A
Plle P(EtOx7-COOH;0-Aley) 20 254 X A A
30 381 X ° °

Legend: X solution; e viscous solution; v transparent gel; A white gel. The physical

appearance of transparent (P(EtOx70-OHz1o-Alezo)) and white gels (P(EtOxzo-Aleso) and

P(EtOx70-COOH10-Alezo)) is shown in Figure S4.



Figure S3. Scanning electron micrographs with elemental mapping for calcium of lyophilized
gels containing 30 wt % of: (A) P(EtOxz-Aleso), (B) P(EtOx70-COOHz10-Alezo), and (C)
P(EtOx70-OH10-Alexo) and 20 wt % of CaCl,. Scale bars correspond to 50 um. In (A) and (B),

yellow arrows indicate localization of precipitates.
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Figure S4. In vitro stability of hydrogels: 1 P(EtOx7o-Aleso), 2 P(EtOx70-COOH10-Alezo) and
3 P(EtOx70-OHz0-Alex) in 100 mM EDTA. Stable hydrogels were stuck to the bottom of the
glass vials for all polymers except for polymer 3 P(EtOx70-OHio-Ale2) which disintegrated

completely after 3 h of immersion in 100 MM EDTA.



