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Experimental section
Materials and instrumentation

Chemicals were purchased from Aldrich (Milwaukee, WI), Acros Organics, TCI America
used as received, unless otherwise stated. B-Lactams (H-CHp, (H-COB, (H-MMB, (H-DMp
were synthesized according to previously reported procedures.® Anhydrous dichloromethane was
freshly distilled from calcium hydride under N,. Tetrahydrofuran (THF, anhydrous, inhibitor
free) and dimethylacetamide (DMAc, anhydrous) were purchased from Aldrich and used in the
glove box without further purification. NMR spectra were obtained on a Bruker AC-300 and
Bruker Avance spectrometers at 400 MHz and 500 MHz for *H and on a Bruker AC-300 at 75
MHz and Bruker Avance spectrometers at 100 MHz and 125 MHz for **C. CDCl; and D,0 for
NMR were purchased from Aldrich. Polymerization reactions were carried out in an MBraun
Labstar glove box under N,. The number-average molecular weight (M,), weight-average
molecular weight (M,,) and polydispersity (PDI = M,/M,) for polymeric samples were obtained
using a gel permeation chromatography (GPC) instrument equipped with a Shimadzu LC-10AD
liquid chromatography (HPLC) pump and a Wyatt Technology miniDAWN multi-angle light
scattering (MALS) detector (690 nm, 30 mW) in series with a WyattTechnology Optilab-rEX
refractive index detector (690 nm). All measurements were performed using two GPC columns
(Waters Styragel HR4E) linked in series, with THF as mobile phase at a flow rate of 1.0 mL/min
at 40°C. The data were processed using ASTRA 5.3.4.20 software (Wyatt Technology) with a
dn/dc value of 0.1. For HG containing polymers that are not soluble well in THF, N,N-
dimethylacetamide (DMACc) is used in GPC analysis. Sidechain protected HG containing
polymers were analyzed on a Waters GPC instrument equipped with two Waters Styragel HR
4E columns (particle size 5 pm) linked in series and a refractive index detector (Waters 2410).
DMACc containing 10 M LiBr was used as the mobile phase at a flow rate of 1 mL/min at 80 <C.
Number-average molecular weight (M,), weight-average molecular weight (M,) and
polydispersity index (PDI) were calculated using the Empower software and calibration curves
obtained from at least nine PMMA standards with peak average molecular weight (Mp) ranging

from 690 to 1944000. The observed degree of polymerization (DP) for a particular polymer was
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calculated based on the deduced M, value, the initial ratio of B-lactam monomers used for the

reaction, and the molecular weight of the B-lactam monomers, as described previously.*

Polymer synthesis

All polymerizations were carried out in a N2-purged dry box at room temperature. In a typical
polymerization reaction, B-lactam monomers were weighed out in the appropriate molar ratio
and placed in a reaction vial. To the vial was then added anhydrous THF or anhydrous DMAc
and tbuBzCl (co-initiator) to achieve the desired monomer:co-initiator ratio and a monomer
concentration of 0.1 M. The mixture was allowed to stir until all materials had dissolved.
Polymerization was initiated by addition of Li(NSiMej3), solution (2.5 equiv. to the starting co-
initiator concentration) in THF or DMAc. The resulting solution was stirred overnight at room
temperature. The reaction vial was removed from glove box, and the polymerization was
quenched by adding 3-4 drops of methanol. The resulting polymer was precipitated by pouring
the solution into pentane. The solid was isolated by centrifugation, and the supernatant liquid
was decanted off. The solid was re-dissolved in THF and the re-precipitated with pentane. After
two more repetitions of precipitation/centrifugation procedure, the white pellet was dried under
vacuum to constant weight.

Deprotection of the Boc was carried out by dissolving the polymer in 2 mL neat
trifluoroacetic acid. For polymers containing trityl groups, 100 uL tri-isopropyl silane was added.
The reaction vessel was placed on a shaker for 2 hours (room temperature). The resulting
solution was poured into cold ether to cause the deprotected polymer to precipitate. The solid
was isolated by centrifugation, and the supernatant liquid was decanted off. The solid was dried
under a stream of N,. The precipitate was washed with ether twice and dried under vacuum. The
material was then dissolved in 5-10 mL of water and lyophilized to yield the polymer as white
fluffy solid.
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Synthesis of (H-4-(Trityloxymethyl)-azetidin-2-one (HSp).

1. TMSCI, ET;N, ether,

(0]
Ph /" Ph 0°C 2 hrs
ph\/oj‘/\ﬁl\o/\ K2C03 Ph\/ \H/\Hk

MgCI 0°C,1 hr

O NH;"  H,0/EtOAc, 30 mins ( @
TsO )
(%) o
HN— HN
NaBH, Ph,;CCI, DMAP
—_—
MeOH, 2hrs Et;N, DCM, overnight, RT
5H OCPh,
HSp

#)
#)

(-Dibenzyl ester of aspartic acid: To a 500 mL round bottomed flask was added rac-aspartic
acid dibenzyl ester p-toluenesulfonate salt (50 g, 0.1 mol) and K,CO3 (42.7 g, 0.31 mol) ina 2:1
mixture of H,O:ethyl acetate (375 mL) at room temperature. The resulting solution was stirred
for 2 hours, and the layers were separated. The aqueous layer was washed with ethyl acetate (3
X 30 mL). The combined organic layers were washed with brine and dried over MgSO,. After
the drying agent was filtered off and solvent was removed by rotary evaporation, 32.1g (>99%)
of product was obtained as viscous yellow oil. *H NMR (300 MHz, CDCls) & 2.71-2.92 (m, 2H),
3.87 (dd, J = 7.1, 4.8 Hz), 5.10 (s, 2H), 5.13 (s, 2H), 7.27-7.39 (m, 10H); **C NMR (75 MHz,
CDCl3) 6 39.1,51.4, 66.8, 67.2, 128.4-128.7, 135.6, 135.7, 171.1, 174.1. ESI/EMM mass
spectrum m/z calc. 314.1387 [M+H]", obs. 314.1389 [M+H]".
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Figure S1. *H NMR spectrum of ()-dibenzyl ester of aspartic acid.
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Figure S2. 3C NMR spectrum of (-dibenzyl ester of aspartic acid.
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(-Benzyl azetidin-2-one-4-carboxylate: To a solution of ()-dibenzyl ester of aspartic acid
(32.1 g, 0.102 mol) in 400 mL diethyl ether at 0°C was added trimethylsilyl chloride (14.3 mL,
0.113 mol) and triethyl amine (17.1 mL, 0.122 mol). The resulting suspension was stirred for 2
hours under nitrogen atmosphere at 0°C. Dropwise addition of t-butylmagnesium bromide (102
mL of a 2 M solution in diethyl ether, 0.204 mol) at 0°C yielded an immediate yellow green
suspension that was stirred for one hour under nitrogen atmosphere. The suspension was
quenched by careful addition of 2 N HCI saturated with NH4Cl (300 mL), and the organic layer
was separated. The aqueous part was washed with ethyl acetate thrice. The combined organic
portions were then washed with brine, and dried over MgSO,. After the drying agent was
filtered off and solvent was removed by rotary evaporation, a pale yellow oil was obtained. SiO,
column chromatography using 1:1 hexane:ethyl acetate as the eluent of the crude oil yielded
product (14 g, 67%) as white solid. *H NMR (300 MHz, CDCls) & 3.08 (ddd, J = 14.9, 2.7, 2.0
Hz, 1H), 3.33 (ddd, J = 14.9, 5.9, 1.5 Hz, 1H), 4.21 (dd, J =5.9, 2.7 Hz, 1H), 5.21 (s, 2H), 6.17
(bs, 1H), 7.30-7.43 (m, 5H); *C NMR (75 MHz, CDCI3) & 43.8, 47.5, 67.7, 128.7-128.9, 135.1,
166.4, 171. ESI/EMM mass spectrum m/z calc. 223.1008 [M+NH,]", obs. 223.1011 [M+NH.]".
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Figure S3. *H NMR spectrum of (#)-benzyl azetidin-2-one-4-carboxylate.
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Figure S4. *C NMR spectrum of (8)-benzyl azetidin-2-one-4-carboxylate.

(H-4-(Hydroxymethyl)-azetidin-2-one: To a solution of (3-benzyl azetidin-2-one-4-
carboxylate (14 g, 0.07 mol) in 250 mL dry methanol was added sodium borohydride (5.3 g,
0.14 mol) at 0°C under nitrogen atmosphere. The mixture was stirred for 2 hours at room
temperature, and then neutralized by addition of conc. HCI under cold conditions. After
evaporation of the solvent, the residue was suspended in 2:1 CHCI3:MeOH (450 mL) and stirred
for two hours in presence of MgSQO, as drying agent. The precipitate and drying agent were
filtered off, and the residue was washed thoroughly with the same solvent mixture. Evaporation
of the solvent from the combined filtrates by rotary evaporation provided a pale yellow oil. SiO,
chromatography of the crude product using ethyl acetate containing 10 vol % methanol as the
eluent provided product (6.3 g, 92%) as a white solid. Mp: 71.0-71.6°C (literature Mp 60-66°C)°.
'H NMR (400MHz, CDCl3) & 1.86 (bs, 1H), 2.76 (ddd, J=14.8, 2.5, 1.3 Hz, 1H), 3.03 (ddd, J=
14.9, 5.1, 2.2 Hz, 1H), 3.66 (dt, J= 11.5, 6.0 Hz, 1H), 3.77-3.93 (m, 2H), 6.0 (bs, 1H). *C NMR
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(125 MHz, CDCls) 6 39.9, 48.5, 64.6, 167.7. ESI/EMM mass spectrum m/z calc. 203.1027
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Figure S5. *H NMR spectrum of ()-4-(hydroxymethyl)-azetidin-2-one.
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Figure S6. *C NMR spectrum of (8-4-(hydroxymethyl)-azetidin-2-one.
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(H-4-(Trityloxymethyl)-azetidin-2-one (HSB). Triphenylmethyl chloride (26.1 g, 0.093 mol)
was added over 5 minutes at room temperature to a stirring mixture of (3-4-(Hydroxymethyl)-
azetidin-2-one (6.3 g, 0.062 mol), triethylamine (8.6 mL, 0.062 mol), DMAP (1.22 g, 0.01 mol)
in dry CH,Cl, (150 mL). The resulting solution was stirred at room temperature overnight under
nitrogen atmosphere. The solution was washed with water thrice. The aqueous part was
backwashed with CH,Cl,. The combined organic portions were washed with brine and dried
over MgSO,. After the drying agent was removed by filtration, the solvent evaporated to yield a
yellow oil. The crude product was purified using SiO, column chromatography using 1:1
hexane:ethyl acetate to yield the product (14.5 g, 68%) as a white solid. Mp: 161.1-161.9°C. 'H
NMR (500 MHz, CDCl3) 6 2.63 (ddd, J = 14.9, 2.5, 1.5 Hz,1H), 2.99 (ddd, J = 14.8, 5.2, 1.9 Hz,
1H), 3.18 (dd, J = 9.8, 7.2 Hz, 1H), 3.34 (dd, J = 9.8, 4.0 Hz, 1H), 3.8 (ddt, J = 5.6, 2.6, 1.3 Hz,
1H), 5.88 (bs, 1H), 7.21-7.36 (m, 9H), 7.38-7.46 (m, 6H). *C NMR (125 MHz, CDCls) & 40.9,
47.4,66.1, 86.9, 127.4, 128.1, 128.7, 143.7, 167.6. ESI/EMM mass spectrum m/z calc. 361.1911
[M+NH,4]", obs. 361.1919 [M+NH,4]".
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Figure S7. *H NMR spectrum of (-4-(trityloxymethyl)-azetidin-2-one.
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Table S1. Molecular weights and polydispersities of protected DM+CH+HS copolymers.

(o]
o) o o) Q )g
NH NH NH N
X,
$ y z R
N n
BocHN OCPh;
tBu

Ratio GPC data for protected polymer

(x:y:2) Mn (Da)® | Mw (Da)’ | PDI° | Expected DP? | Obs. DP®
50:40:10 | 5731 6271 1.09 20 28
50:25:25 | 7482 8050 1.08 20 32
40:50:10 | 5443 5916 1.09 20 28
40:40:20 | 5539 5832 1.05 20 26
45:45:10 | 4943 5535 1.12 20 25
50:50:0 | 4766 5004 1.05 20 26

®the number average molecular weight; ® the weight average molecular weight; “polydispersity index;

ddegree of polymerization, i.e., the average number of subunits.
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Figure S9. GPC chromatograms for Boc- and trityl-protected copolymers, with detection by
light scattering (A) and refractive index (B).
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Table S2. Molecular weights and polydispersities of protected MM+CO+HS copolymers.

)
0 o) )g
NH NH N
N
A R
n

OCPh,

tBu

GPC data for protected polymer

Ratio (x:y:z) | Mn (Da)® | Mw (Da)° | PDI° | Expected DP? | Obs. DP®
60:30:10 | 5441 5798 1.07 20 25
60:25:15 | 6296 7981 1.27 20 28
60:10:30 | 8873 9341 1.05 20 35

60:40:0 | 4402 4686 1.06 20 22

®the number average molecular weight; " the weight average molecular weight; “polydispersity index;

GIdegree of polymerization, i.e., the average number of subunits.
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Figure S10. GPC chromatograms for Boc- and trityl-protected copolymers, with detection by

light scattering (A) and refractive index (B).
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Bioassays of polymers

Bacterial growth inhibition assays (MIC). Assays were performed as previously reported
with some moderate changes in the procedure.® The bacteria used in these assays were
Escherichia coli JM109,* Bacillus subtilis BR151,° Staphylococcus aureus 1206,° and
Enterococcus faecium A634.” Antibacterial activities were determined in sterile 96-well plates
(BD Falcon 353072 tissue culture plates). Bacterial cells were grown overnight at 37 <C on agar,
after which a bacterial suspension of approximately 2 x 10® CFU/mL in Luria Bertani (LB)
growth medium was prepared. Samples (50 pL) of this suspension were added to 50 pL of
medium containing the polymer in 2-fold serial dilutions for a total volume of 100 pL in each
well. The plates were then incubated at 37 <C for 6 h. Bacterial growth was determined by

measuring the optical density (OD) at 650 nm using a Molecular Devices Emax precision
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microplate reader. Positive control was OD without addition of polymer and negative control
was OD of the medium without inoculum. The minimum inhibitory concentration (MIC) is
defined as the lowest concentration at which complete inhibition of bacterial growth was
observed (no increase in OD over the course of the experiment). MIC determinations were

reproducible to within a factor of 2.

Hemolytic assay: Assays were performed as previously reported with some moderate changes
in the procedure.® Human red blood cells (NRBC) were washed three times with Tris-buffered
saline (pH 7.2, 0.01 M Tris-HCI, 0.155 M NaCl) and centrifuged at 3500 rpm, until the
supernatant was clear. Two-fold serial dilutions of polymer in Tris-buffered saline were added to
each well in a sterile 96-well plate (BD Falcon 353072 tissue culture plates), for a total volume
of 100 pL in each well. A 2% (v/v) hRBC suspension (100 pL in Tris buffer) was added to each
well. The plates were incubated at 37 <C for 1 h, and then the cells were pelleted by
centrifugation at 3500 rpm for 5 min. The supernatant (80 puL) was transferred to a fresh plate,
and hemoglobin was detected by measuring OD at 405 nm. The average OD of cells incubated
with TX-100 at 1600, 800, 400, 200 ug/mL defines 100%; the OD of cells incubated in Tris

buffer defines 0% hemolysis.
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Figure S12. Representative dose-response curves of antibacterial activity of MM+CO+HS

copolymers.
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Table S3. Molecular weights and polydispersities of protected DM+CH+HG copolymers.

o
2 NH R N&
y 4 R
tBu
] GPC data for protected polymer
Ratio (X:y:z) 5 . .
Mn (Da)? | Mw (Da)” | PDI® | Expected DP® | Obs. DP
40:50:10 4383 5324 1.21 20 26
50:40:10 4341 5406 1.25 20 24
50:25:25 5539 6927 1.25 20 33
47.5:47.5:5 3558 4280 1.20 20 20
45:45:10 3174 3928 1.24 20 18

2the number average molecular weight; ° the weight average molecular weight; °polydispersity

index; “degree of polymerization, i.e., the average number of subunits.

B. subtilis E. coli
100 100 - == DM50CH50
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Figure S13. Representative dose-response curves of antibacterial activity of DM+CH+HG

copolymers.
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Table S4. Molecular weights and polydispersities of protected MM+CO+HG copolymers.

o
o Q Jg
j NH / N\,\R
*HsN "
tBu
_ GPC data for protected polymer
Ratio (x:y:z) 5 5 5
Mn (Da)? | Mw (Da)” | PDI° | Expected DP® | Obs. DP
60:30:10 5352 6888 1.29 20 29
60:25:15 5704 7485 1.31 20 31
60:10:30 5670 8077 1.43 20 33

®the number average molecular weight; °the weight average molecular weight; °polydispersity index;

ddegree of polymerization, i.e., the average number of subunits.

B. subtilis E. coli
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Figure S14. Representative dose-response curves of antibacterial activity of MM+CO+HG

copolymers.
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'H NMR (500 MHz, D,0)
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IH NMR (500 MHz, D,0)
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'H NMR (400 MHz, D,0)
deprotected DM, ,CH;,HG,,
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IH NMR (400 MHz, D,0)
[ —
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IH NMR (400 MHz, D,0)
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IH NMR (400 MHz, D,0) /
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'H NMR (400 MHz, D,0)
deprotected MM,CO,-HG
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'H NMR (400 MHz, D,0) ’
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