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ANTIMICROBIAL CATIONIC POLYCARBONATES  

PARTIES TO A JOINT RESEARCH AGREEMENT 

[0001] This invention was made under a joint research agreement between 

International Business Machines Corporation and the Agency For Science, Technology and 

Research.  

BACKGROUND 

[0002] The present invention relates to antimicrobial cationic polycarbonate 

polymers, and more specifically, to cationic polycarbonate homopolymers and random 

copolymers having 85 mol% to 100 mol% cationic carbonate repeat units.  

[0003] The increasing presence of antibiotic resistant bacteria has caused an urgent 

need to develop new antibiotics.  Antimicrobial peptides have high activity, biocompatibility 

and excellent selectivity. However, despite over 1000 antimicrobial peptides having been 

identified, only four peptides have successfully entered phase III clinical trials for wound 

healing. The primary reasons for their extremely limited use arises from challenging 

syntheses, high construction costs and in vivo instability due to protease degradation.  

Synthetic cationic polymers offer inherently lower cost alternatives that lack enzyme 

recognition.  Synthetic polymers bearing cationic charges can analogously associate with 

bacterial membranes through comparable electrostatic interactions. Furthermore, synthetic 

cationic polymers can be readily synthesized to have hydrophobic regions capable of being 

integrated within bacterial membranes.  However, increasing hydrophobicity in an effort to 

gain activity has often proved problematic because of selectivity loss as evidenced by 

dramatic increases in hemolytic activity and/or cytotoxicity.   

[0004] Thus, synthetic antimicrobial polymers are sought having enhanced 

antimicrobial activity without sacrificing microbial selectivity. 

SUMMARY 

[0005] In an aspect, an antimicrobial cationic polymer is disclosed having a structure 

in accordance with formula (1): 

Z'-P'-Z'' (1), 

wherein  
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Z' is a monovalent C1-C15 first end group, wherein Z' is linked to a backbone carbonyl 

group of P',  

Z'' is a monovalent second end group selected from the group consisting of hydrogen 

and C1-C15 moieties,  

P' is a polymer chain consisting essentially of cationic carbonate repeat units, wherein i) 

P' has a degree of polymerization (DP) of about 5 to about 45, ii) each of the cationic 

carbonate repeat units comprises a backbone portion of the polymer chain and a C6-C25 

cationic side chain linked to the backbone portion, and iii) the cationic side chain comprises 

a positive-charged heteroatom Q' of a quaternary ammonium group and/or quaternary 

phosphonium group, 

about 25% to about 100% of the cationic carbonate repeat units, designated first cationic 

carbonate repeat units, have a cationic side chain comprising 13 to about 25 carbons, and  

about 0% to about 75% of the cationic carbonate repeat units, designated second cationic 

carbonate repeat units, have a cationic side chain comprising 6 to 12 carbons. 

[0006] In another aspect, disclosed is an antimicrobial cationic polymer having a 

structure in accordance with formula (6): 

 (6), 

wherein  

n' represents the number of cationic carbonate repeat units, and n' has a value of about 5 

to about 45,  

Y' is a monovalent first end group comprising a covalently bound form of a biologically 

active compound selected from the group consisting of steroids, non-steroid hormones, 

vitamins, and drugs,  

Y'' is a monovalent second end group selected from the group consisting of hydrogen 

and C1-C15 moieties,  

each L
a
-Q'(R

a
)u' is an independent C6-C25 cationic side chain comprising a quaternary 

ammonium group and/or quaternary phosphonium group, wherein L
a
 is a divalent linking 



3  

group comprising at least 3 carbons, Q' is a tetravalent positive-charged nitrogen or 

phosphorus, u' has a value of 1 to 3, each R
a
 is an independent radical having a valency of 1 

to 3, and each R
a
 comprises at least 1 carbon, 

each R' is an independent monovalent radical selected from the group consisting of 

hydrogen, halogens, methyl, and ethyl, 

each R'' is an independent monovalent radical selected from the group consisting of 

hydrogen, halogens, and alkyl groups comprising 1 to 6 carbons,  

each t is an independent positive integer having a value of 0 to 2, 

each t' is an independent positive integer having a value of 0 to 2, 

no cationic carbonate repeat unit has t = 0 and t' = 0, and 

each X' is an independent negative-charged ion; 

and wherein 

about 25% to 100% of the cationic carbonate repeat units of the cationic polymer, 

designated first cationic carbonate repeat units, have a cationic side chain L
a
-Q'(R

a
)u' 

comprising 10 to about 25 carbons, and  

0% to about 75% of the cationic carbonate repeat units of the cationic polymer, 

designated second cationic carbonate repeat units, have a cationic side chain L
a
-Q'(R

a
)u' 

comprising 6 to 9 carbons.  

[0007] In another aspect, further disclosed is an antimicrobial cationic polymer 

having a structure in accordance with formula (7): 

 (7), 

wherein  

n' represents the number of cationic carbonate repeat units, and n' has a value of about 5 

to about 45,  

W' is a monovalent C1-C15 first end group,  
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W'' is a monovalent second end group comprising a covalently bound form of a 

biologically active compound selected from the group consisting of steroids, non-steroid 

hormones, vitamins, and drugs,  

each L
a
-Q'(R

a
)u' is an independent C6-C25 cationic side chain comprising a quaternary 

ammonium group and/or quaternary phosphonium group, wherein L
a
 is a divalent linking 

group comprising at least 3 carbons, Q' is a tetravalent positive-charged nitrogen or 

phosphorus, u' has a value of 1 to 3, each R
a
 is an independent radical having a valency of 1 

to 3, and each R
a
 comprises at least 1 carbon, 

each R' is an independent monovalent radical selected from the group consisting of 

hydrogen, halogens, methyl, and ethyl, 

each R'' is an independent monovalent radical selected from the group consisting of 

hydrogen, halogens, and alkyl groups comprising 1 to 6 carbons,  

each t is an independent positive integer having a value of 0 to 2, 

each t' is an independent positive integer having a value of 0 to 2, 

no cationic carbonate repeat unit has t = 0 and t' = 0, and 

each X' is an independent negative-charged ion; 

and wherein 

about 25% to 100% of the cationic carbonate repeat units of the cationic polymer, 

designated first cationic carbonate repeat units, have a cationic side chain L
a
-Q'(R

a
)u' 

comprising 10 to about 25 carbons, and  

0% to about 75% of the cationic carbonate repeat units of the cationic polymer, 

designated second cationic carbonate repeat units, have a cationic side chain L
a
-Q'(R

a
)u' 

comprising 6 to 9 carbons. 

[0008] In another aspect, another antimicrobial cationic random copolymer has a 

structure in accordance with formula (8): 

Z'-P''-Z'' (8), 

wherein  

Z' is a monovalent C1-C15 first end group,  

Z'' is a monovalent second end group selected from the group consisting of hydrogen 

and C1-C15 moieties,   

P'' is a polymer chain consisting essentially of I) about 85 mol% to 99.9 mol% of 

cationic carbonate repeat units, and II) 0.1 mol% to about 15 mol% of carbonate repeat units 
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comprising a covalently bound form of a steroid and/or a vitamin compound, wherein i) P'' 

has a degree of polymerization (DP) of about 5 to about 45, ii) each of the cationic 

carbonate repeat units comprises a polymer backbone portion and a cationic side chain 

portion linked to the polymer backbone portion, and iii) each cationic side chain portion 

comprises a positively charged heteroatom of a quaternary ammonium group and/or a 

quaternary phosphonium group, 

25% to 100% of the cationic carbonate repeat units, designated first cationic carbonate 

repeat units, have a cationic side chain comprising 10 to about 25 carbons, and  

0% to 75% of the cationic carbonate repeat units, designated second cationic carbonate 

repeat units, have a cationic side chain comprising 6 to 9 carbons. 

[0009] In another aspect, also disclosed is a polycarbonate comprising a carbonate 

repeat unit, the carbonate repeat unt comprising a covalently bound form of a vitamin 

compound selected from the group consisting of calciferol, ergocalciferol, cholecalciferol, 

alpha-tocopherol, beta-tocopherol, gamma-tocopherol, delta-tocopherol, alpha-tocotrienol, 

beta-tocotrienol, gamma-tocotrienol, delta-tocotrienol, and combinations thereof. 

[0010] In another aspect, further disclosed is a method comprising, 

forming a polycarbonate by an organocatalyzed ring opening polymerization (ROP) of 

a cyclic carbonate monomer, wherein the ROP is initiated by a mono-nucleophilic 

compound selected from the group consisting of steroids, vitamins, compounds comprising 

a covalently bound form of the foregoing steroids and vitamins, and combinations thereof; 

optionally endcapping the polycarbonate; and 

treating the polycarbonate with a quaternizing agent, thereby forming an antimicrobial 

cationic polymer,  

wherein  

the cyclic carbonate monomer has a structure of formula (20): 
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  (20), 

wherein  

L
a
 is a divalent linking group comprising at least 3 carbons, 

E' is a substituent capable of reacting to produce a cationic moiety Q'(R
a
)u' linked to L

a
, 

wherein Q' is a tetravalent positive-charged nitrogen or phosphorus, u' has a value of 1 to 3, 

each R
a
 is an independent radical having a valency of 1 to 3, wherein each R

a
 comprises 1 

or more carbons, and together Q'(R
a
)u' and L

a
 comprise 6 to about 25 carbons, 

each R' is an independent monovalent radical selected from the group consisting of 

hydrogen, halogens, methyl, and ethyl,  

R'' is a monovalent radical selected from the group consisting of hydrogen, halogens, 

and alkyl groups comprising 1 to 6 carbons,  

t is a positive integer having a value of 0 to 2, 

t' is a positive integer having a value of 0 to 2, and 

t and t' cannot both be zero. 

[00010a] In another aspect, further disclosed is an aqueous composition for killing a 

microbe comprising the cationic polymer as defined above, wherein the concentration of the 

cationic polymer is below the critical micelle concentration of the cationic polymer. 

[00010b] In another aspect, further disclosed is a method of killing a microbe, 

comprising contacting the microbe with the cationic polymer as defined above, wherein said 

method is not a method of treatment. 

[0011] The above-described and other features and advantages of the present 

disclosure will be appreciated and understood by those skilled in the art from the following 

detailed description, drawings, and appended claims.  
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CLAIMS 

What is claimed is: 

1.   An antimicrobial cationic polymer having a structure in accordance with 

formula (1): 

Z'-P'-Z'' (1), 

wherein  

Z' is a monovalent C1-C15 first end group, wherein Z' is linked to a backbone 

carbonyl group of P',  

Z'' is a monovalent second end group selected from the group consisting of 

hydrogen and C1-C15 moieties,  

P' is a polymer chain consisting essentially of cationic carbonate repeat units, 

wherein i) P' has a degree of polymerization (DP) of about 5 to about 45, ii) each of 

the cationic carbonate repeat units comprises a backbone portion of the polymer 

chain and a C6-C25 cationic side chain linked to the backbone portion, and iii) the 

cationic side chain comprises a positive-charged heteroatom Q' of a quaternary 

ammonium group and/or quaternary phosphonium group, 

about 25% to about 100% of the cationic carbonate repeat units, designated first 

cationic carbonate repeat units, have a cationic side chain comprising 13 to about 25 

carbons, and  

about 0% to about 75% of the cationic carbonate repeat units, designated 

second cationic carbonate repeat units, have a cationic side chain comprising 6 to 12 

carbons. 

2.   The cationic polymer of claim 1, wherein the cationic carbonate repeat units 

have a structure according to formula (2): 

 (2),  
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wherein  

L
a
-Q'(R

a
)u' is a C6-C25 cationic side chain comprising a quaternary ammonium 

group and/or quaternary phosphonium group, wherein L
a
 is a divalent linking group 

comprising at least 3 carbons, Q' is a tetravalent positive-charged nitrogen or 

phosphorus, u' has a value of 1 to 3, each R
a
 is an independent radical having a 

valency of 1 to 3, and each R
a
 comprises at least 1 carbon,  

each R' is an independent monovalent radical selected from the group consisting 

of hydrogen, halogens, methyl, and ethyl, 

R'' is a monovalent radical selected from the group consisting of hydrogen, 

halogens, and alkyl groups comprising 1 to 6 carbons,  

t is a positive integer having a value of 0 to 2, 

t' is a positive integer having a value of 0 to 2, 

t and t' cannot both be zero, and  

X' is a negative-charged ion;  

and wherein 

the first cationic carbonate repeat units have a cationic side chain L
a
-Q'(R

a
)u' 

comprising 13 to about 25 carbons, and  

the second cationic carbonate repeat units have a cationic side chain L
a
-Q'(R

a
)u' 

comprising 6 to 12 carbons. 

3.   The cationic polymer of claim 1, wherein the cationic carbonate repeat units 

have a structure according to formula (3): 

 (3), 

wherein 

L
b
-Q'(R

a
)u' is a C5-C24 cationic moiety comprising a quaternary ammonium 

group and/or quaternary phosphonium group, wherein L
b
 is a divalent linking group 
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comprising at least 2 carbons, Q' is a tetravalent positive-charged nitrogen or 

phosphorus, u' has a value of 1 to 3, each R
a
 is an independent radical having a 

valency of 1 to 3, and each R
a
 comprises at least 1 carbon, 

R'' is a monovalent radical selected from the group consisting of hydrogen, 

halogens, and alkyl groups comprising 1 to 6 carbons, and 

X' is a negative-charged ion; 

and wherein 

the first cationic carbonate repeat units have a cationic side chain C(=O)O-L
b
-

Q'(R
a
)u' comprising 13 to about 25 carbons, and  

the second cationic carbonate repeat units have a cationic side chain C(=O)O-

L
b
-Q'(R

a
)u' comprising 6 to 12 carbons. 

4.   The cationic polymer of claim 3, wherein the first cationic carbonate repeat 

units have a structure selected from the group consisting of 

, , ,  

and combinations thereof, wherein X
-
 is a negative-charged ion. 

5.   The cationic polymer of claim 1, wherein the cationic carbonate repeat units 

have a structure according to formula (4): 
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 (4), 

wherein 

L
c
-Q'(R

a
)u' is a C5-C24 cationic moiety comprising a quaternary ammonium 

group and/or quaternary phosphonium group, wherein L
c
 is a divalent linking group 

comprising at least 2 carbons, Q' is a tetravalent positive-charged nitrogen or 

phosphorus, u' has a value of 1 to 3, and each R
a
 is an independent radical having a 

valency of 1 to 3, wherein each R
a
 comprises at least 1 carbon, 

each R' is an independent monovalent radical selected from the group consisting 

of hydrogen, halogens, methyl, and ethyl, 

R'' is a monovalent radical selected from the group consisting of hydrogen, 

halogens, and alkyl groups comprising 1 to 6 carbons, and 

X' is a negative-charged ion;  

and wherein 

the first cationic carbonate repeat units have a cationic side chain NHC(=O)O-L
c
-

Q'(R
a
)u' comprising 13 to about 25 carbons, and  

the second cationic carbonate repeat units have a cationic side chain 

NHC(=O)O-L
c
-Q'(R

a
)u' comprising 6 to 12 carbons. 

6.   The cationic polymer of claim 1, wherein the cationic polymer is effective in 

killing a microbe selected from the group consisting of Staphylococcus epidermidis 

(S. epidermidis), Staphylococcus aureus (S. aureus), Escherichia coli (E. coli), 

Pseudomonas aeruginosa (P. aeruginosa), Candida albicans (C. albicans), 

Methicillin-resistant Staphylococcus aureus (MRSA), Vancomycin-resistant 

Enterococcus (VRE), Acinetobacter baumannii (A. baumannii), Cryptococcus 

neoformans (C. neoformans), Klebsiella pneumoniae (K. pneumoniae), and 



 115  

combinations thereof. 

7.   An antimicrobial cationic polymer having a structure in accordance with 

formula (6): 

 (6), 

wherein  

n' represents the number of cationic carbonate repeat units, and n' has a value of 

about 5 to about 45,  

Y' is a monovalent first end group comprising a covalently bound form of a 

biologically active compound selected from the group consisting of steroids, non-

steroid hormones, vitamins, and drugs,  

Y'' is a monovalent second end group selected from the group consisting of 

hydrogen and C1-C15 moieties,  

each L
a
-Q'(R

a
)u' is an independent C6-C25 cationic side chain comprising a 

quaternary ammonium group and/or quaternary phosphonium group, wherein L
a
 is a 

divalent linking group comprising at least 3 carbons, Q' is a tetravalent positive-

charged nitrogen or phosphorus, u' has a value of 1 to 3, each R
a
 is an independent 

radical having a valency of 1 to 3, and each R
a
 comprises at least 1 carbon, 

each R' is an independent monovalent radical selected from the group consisting 

of hydrogen, halogens, methyl, and ethyl, 

each R'' is an independent monovalent radical selected from the group 

consisting of hydrogen, halogens, and alkyl groups comprising 1 to 6 carbons,  

each t is an independent positive integer having a value of 0 to 2, 

each t' is an independent positive integer having a value of 0 to 2, 

no cationic carbonate repeat unit has t = 0 and t' = 0, and 

each X' is an independent negative-charged ion; 

and wherein 

about 25% to 100% of the cationic carbonate repeat units of the cationic polymer, 
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designated first cationic carbonate repeat units, have a cationic side chain L
a
-Q'(R

a
)u' 

comprising 10 to about 25 carbons, and  

0% to about 75% of the cationic carbonate repeat units of the cationic polymer, 

designated second cationic carbonate repeat units, have a cationic side chain L
a
-

Q'(R
a
)u' comprising 6 to 9 carbons.  

8.   The cationic polymer of claim 7, wherein the first cationic carbonate repeat 

units of formula (6) have a cationic side chain L
a
-Q'(R

a
)u' comprising 13 to about 25 

carbons, and the second cationic carbonate repeat units have a cationic side chain 

L
a
-Q'(R

a
)u' comprising 6 to 12 carbons; or 

  wherein Y' comprises a covalently bound form of a steroid or 

 a cholesteryl group:  

, or.   

  wherein Y' comprises a covalently bound form of a vitamin selected from 

the group consisting of vitamin E compounds, vitamin D compounds, and 

combinations thereof; or 

  wherein Q' is a positive-charged phosphorous. 

9.   An antimicrobial cationic polymer having a structure in accordance with 

formula (7): 
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 (7), 

wherein  

n' represents the number of cationic carbonate repeat units, and n' has a value of 

about 5 to about 45,  

W' is a monovalent C1-C15 first end group,  

W'' is a monovalent second end group comprising a covalently bound form of a 

biologically active compound selected from the group consisting of steroids, non-

steroid hormones, vitamins, and drugs,  

each L
a
-Q'(R

a
)u' is an independent C6-C25 cationic side chain comprising a 

quaternary ammonium group and/or quaternary phosphonium group, wherein L
a
 is a 

divalent linking group comprising at least 3 carbons, Q' is a tetravalent positive-

charged nitrogen or phosphorus, u' has a value of 1 to 3, each R
a
 is an independent 

radical having a valency of 1 to 3, and each R
a
 comprises at least 1 carbon, 

each R' is an independent monovalent radical selected from the group consisting 

of hydrogen, halogens, methyl, and ethyl, 

each R'' is an independent monovalent radical selected from the group 

consisting of hydrogen, halogens, and alkyl groups comprising 1 to 6 carbons,  

each t is an independent positive integer having a value of 0 to 2, 

each t' is an independent positive integer having a value of 0 to 2, 

no cationic carbonate repeat unit has t = 0 and t' = 0, and 

each X' is an independent negative-charged ion; 

and wherein 

about 25% to 100% of the cationic carbonate repeat units of the cationic polymer, 

designated first cationic carbonate repeat units, have a cationic side chain L
a
-Q'(R

a
)u' 

comprising 10 to about 25 carbons, and  

0% to about 75% of the cationic carbonate repeat units of the cationic polymer, 

designated second cationic carbonate repeat units, have a cationic side chain L
a
-
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Q'(R
a
)u' comprising 6 to 9 carbons. 

10.   The cationic polymer of claim 9, wherein the first cationic carbonate repeat 

units of formula (7) have a cationic side chain L
a
-Q'(R

a
)u' comprising 13 to about 25 

carbons, and the second cationic carbonate repeat units have a cationic side chain 

L
a
-Q'(R

a
)u' comprising 6 to 12 carbons 

11.   An antimicrobial cationic random copolymer having a structure in 

accordance with formula (8): 

Z'-P''-Z'' (8), 

wherein  

Z' is a monovalent C1-C15 first end group,  

Z'' is a monovalent second end group selected from the group consisting of 

hydrogen and C1-C15 moieties,   

P'' is a polymer chain consisting essentially of I) about 85 mol% to 99.9 mol% 

of cationic carbonate repeat units, and II) 0.1 mol% to about 15 mol% of carbonate 

repeat units comprising a covalently bound form of a steroid and/or a vitamin 

compound, wherein i) P'' has a degree of polymerization (DP) of about 5 to about 

45, ii) each of the cationic carbonate repeat units comprises a polymer backbone 

portion and a cationic side chain portion linked to the polymer backbone portion, 

and iii) each cationic side chain portion comprises a positively charged heteroatom 

of a quaternary ammonium group and/or a quaternary phosphonium group, 

25% to 100% of the cationic carbonate repeat units, designated first cationic 

carbonate repeat units, have a cationic side chain comprising 10 to about 25 

carbons, and  

0% to 75% of the cationic carbonate repeat units, designated second cationic 

carbonate repeat units, have a cationic side chain comprising 6 to 9 carbons. 

12.   The antimicrobial cationic random copolymer of claim 11, having a 

structure in accordance with formula (9): 
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 (9), 

wherein 

n' represents the number of cationic carbonate repeat units, wherein n' has a 

value greater than 0,  

m' represents the number of carbonate repeat units, wherein m' has a value 

greater than 0,  

n' + m' has a value of about 5 to about 45,  

a ratio of m':n' is about 15:85 to about 0.1:99.9, 

Z' is a monovalent C1-C15 first end group,  

Z'' is a monovalent second end group selected from the group consisting of 

hydrogen and C1-C15 moieties,   

each L
d
 is an independent divalent linking group selected from the group 

consisting of single bond and monovalent radicals comprising 1 to about 10 

carbons, 

each H' is an independent monovalent radical comprising a covalently bound 

form of a steroid and/or a vitamin compound, 

each L
a
-Q'(R

a
)u' is an independent C6-C25 cationic side chain comprising a 

quaternary ammonium group and/or quaternary phosphonium group, wherein L
a
 is a 

divalent linking group comprising at least 3 carbons, Q' is a tetravalent positive-
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charged nitrogen or phosphorus, u' has a value of 1 to 3, each R
a
 is an independent 

radical having a valency of 1 to 3, and each R
a
 comprises at least 1 carbon, 

each R' is an independent monovalent radical selected from the group consisting 

of hydrogen, halogens, methyl, and ethyl, 

each R'' is an independent monovalent radical selected from the group 

consisting of hydrogen, halogens, and alkyl groups comprising 1 to 6 carbons,  

each t is an independent positive integer having a value of 0 to 2, 

each t' is an independent positive integer having a value of 0 to 2, 

no cationic carbonate repeat unit has t = 0 and t' = 0, and 

each X' is an independent negative-charged ion; 

and wherein  

about 25% to 100% of the cationic carbonate repeat units of the cationic polymer, 

designated first cationic carbonate repeat units, have a cationic side chain L
a
-Q'(R

a
)u' 

comprising 10 to about 25 carbons, and  

0% to about 75% of the cationic carbonate repeat units of the cationic polymer, 

designated second cationic carbonate repeat units, have a cationic side chain L
a
-

Q'(R
a
)u' comprising 6 to 9 carbons, or  

 wherein the first cationic carbonate repeat units of formula (9) have a cationic side 

chain L
a
-Q'(R

a
)u' comprising 13 to about 25 carbons, and the second cationic 

carbonate repeat units have a cationic side chain L
a
-Q'(R

a
)u' comprising 6 to 12 

carbons, or 

 wherein H' comprises a covalently bound form of alpha-tocopherol, or   

 wherein H' comprises a covalently bound form of ergocalciferol. 

13.   An aqueous composition for killing a microbe comprising the cationic 

polymer of claim 1, wherein the concentration of the cationic polymer is below the 

critical micelle concentration of the cationic polymer.   

14.   The composition of claim 13, wherein the composition can be administered 

by injection.   

     



 121  

15.   A method of killing a microbe, comprising contacting the microbe with the 

cationic polymer of claim 1, wherein said method is not a method of treatment.   

16.   A polycarbonate comprising a carbonate repeat unit, the carbonate repeat 

unit comprising a covalently bound form of a vitamin compound selected from the 

group consisting of calciferol, ergocalciferol, cholecalciferol, alpha-tocopherol, 

beta-tocopherol, gamma-tocopherol, delta-tocopherol, alpha-tocotrienol, beta-

tocotrienol, gamma-tocotrienol, delta-tocotrienol, and combinations thereof. 

17.   A method of forming the polycarbonate of claim 16, comprising, 

agitating a mixture comprising a solvent, an organocatalyst, an initiator, an 

optional accelerator, and a cyclic carbonate monomer comprising a covalently 

bound form of a vitamin compound selected from the group consisting of calciferol, 

ergocalciferol, cholecalciferol, alpha-tocopherol, beta-tocopherol, gamma-

tocopherol, delta-tocopherol, alpha-tocotrienol, beta-tocotrienol, gamma-

tocotrienol, delta-tocotrienol, and combinations thereof, thereby forming the 

polycarbonate by ring opening polymerization (ROP) of the cyclic carbonate 

monomer.  

18.   The method of claim 17, wherein the cyclic carbonate monomer is MTC-

VitE:  

 or. 

  wherein the cyclic carbonate monomer is MTC-VitD2: 
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. 

19.   A method comprising, 

forming a polycarbonate by an organocatalyzed ring opening polymerization 

(ROP) of a cyclic carbonate monomer, wherein the ROP is initiated by a mono-

nucleophilic compound selected from the group consisting of steroids, vitamins, 

compounds comprising a covalently bound form of the foregoing steroids and 

vitamins, and combinations thereof; 

optionally endcapping the polycarbonate; and 

treating the polycarbonate with a quaternizing agent, thereby forming an 

antimicrobial cationic polymer,  

wherein  

the cyclic carbonate monomer has a structure of formula (20): 

  (20), 

wherein  

L
a
 is a divalent linking group comprising at least 3 carbons, 

E' is a substituent capable of reacting to produce a cationic moiety Q'(R
a
)u' 

linked to L
a
, wherein Q' is a tetravalent positive-charged nitrogen or phosphorus, u' 

has a value of 1 to 3, each R
a
 is an independent radical having a valency of 1 to 3, 

wherein each R
a
 comprises 1 or more carbons, and together Q'(R

a
)u' and L

a
 comprise 

6 to about 25 carbons, 
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each R' is an independent monovalent radical selected from the group consisting 

of hydrogen, halogens, methyl, and ethyl,  

R'' is a monovalent radical selected from the group consisting of hydrogen, 

halogens, and alkyl groups comprising 1 to 6 carbons,  

t is a positive integer having a value of 0 to 2, 

t' is a positive integer having a value of 0 to 2, and 

t and t' cannot both be zero. 

20.   The method of claim 19, wherein the quaternizing agent is selected from the 

group consisting of tertiary amine, tertiary phosphine, and combinations thereof; or 

   

  wherein the initiator is selected from the group consisting of  

(Cholesterol), 

(Chol-OPrOH), . 

(Chol-OTEG-OH), 
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 (alpha-Tocopherol),  

(Ergocalciferol), 

and combinations thereof  

  


	Description - SOI pg 1 to 6
	Description - SOI pg 7 to 110
	Claims - amended pg 111 to 124_3842015_1

