
 

 

 University of Groningen

Lipase-Catalyzed Ring-Opening Copolymerization of ε‑Caprolactone and β‑Lactam
Stavila, E.; Alberda van Ekenstein, G.O.R.; Woortman, Albert; Loos, Katja

Published in:
Biomacromolecules

DOI:
10.1021/bm401514k

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2014

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Stavila, E., Alberda van Ekenstein, G. O. R., Woortman, A. J. J., & Loos, K. (2014). Lipase-Catalyzed Ring-
Opening Copolymerization of ε‑Caprolactone and β‑Lactam. Biomacromolecules, 15(1), 234-241. DOI:
10.1021/bm401514k

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 10-02-2018

http://dx.doi.org/10.1021/bm401514k
https://www.rug.nl/research/portal/en/publications/lipasecatalyzed-ringopening-copolymerization-of-caprolactone-and-lactam(da475d05-b47d-4ff9-b41a-a580509e511d).html


 1

Supporting Information 

Lipase-catalyzed ring opening copolymerization of 

ε-caprolactone and β-lactam 

E. Stavila, G. O. R. Alberda van Ekenstein, A. J. J. Woortman, K. Loos* 

Department of Polymer Chemistry, Zernike Institute for Advanced Materials, University of 

Groningen, Nijenborgh 4, 9747 AG Groningen, The Netherlands 

 

Percent yield calculation: 

Reaction: ε-CL + β-lactam � copolymer + poly(ε-CL) + poly(β-lactam) 

For 1:1 ratio of εεεε-CL and ββββ-lactam 

mol ε-CL = mol β-lactam = 1.4 mmol 

Due to 1:1, ratio mol repeating unit of copolymer = 1.4 mmol 

Theoretical yield of copolymer = mol of repeating unit × molar mass of repeating unit 

Theoretical yield of copolymer = 1.4 × 10-3 mol × 185.12 g/mol = 0.2592 gram 

Yield (%) = (actual yield/theoretical yield) × 100% 

Yield (%) from experiment 1 = (0.1388/0.2592) × 100% = 53% 

Yield (%) from experiment 2 = (0.1228/0.2592) × 100% = 47% 

Average yield (%) from duplicate experiments = (53% + 47%)/2 = 50% 
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For 1:3 or 3:1 ratio of εεεε-CL:ββββ-lactam 

a. For 1:3 

mol ε-CL = 0.7 mmol  

mol β-lactam = 2.1 mmol  

ε-CL act as limiting reagent, therefore mol repeating unit = mol ε-CL = 0.7 mmol  

Theoretical yield = 0.7 × 10-3 mol × 185.12 g/mol = 0.1296 gram 

Yield (%) from experiment 1 = (0.0175/0.1296) × 100% = 13.5% 

Yield (%) from experiment 2 = (0.0140/0.1296) × 100% = 10.8% 

Average yield (%) from duplicate experiments = (13.5% + 10.8%)/2 = 12.1% 

 

b. For 3:1: 

mol ε-CL = 2.1 mmol  

mol β-lactam = 0.7 mmol  

β-lactam act as limiting reagent, therefore mol repeating unit = mol β-lactam = 0.7 mmol  

Theoretical yield = 0.7 × 10-3 mol × 185.12 g/mol = 0.1296 gram 

Yield from experiment 1 (%) = (0.0625/0.1296) × 100% = 48% 

Yield from experiment 2 (%) = (0.0519/0.1296) × 100% = 40% 

Average yield (%) from duplicate experiments = (48% + 40%)/2 = 44% 
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Figure S1. 
1
H NMR spectrum of poly(ε-CL-co-β-lactam) in CDCl3 

 

 

Figure S2. 
1
H NMR of the evaporated ethyl acetate fraction from the ring opening 

polymerization of ε-CL and β-lactam in different feed ratios of ε-CL:β-lactam (a) 25:75 and (b) 

75:25 
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Figure S3. 
1
H NMR spectrum of poly(ε-caprolactone) in CDCl3 

 

 

Figure S4. 
1
H NMR spectrum of poly(β-lactam) in D2O 
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Figure S5. MALDI-ToF spectrum of poly(ε-caprolactone) 

 

Figure S6. MALDI-ToF spectrum of poly(β-lactam) 
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Table S1. Structures of poly(ε-CL-co-β-lactam) resulted from the reaction with feed ratio 50:50 

of ε-CL:β-lactam. 

Symbol adduct Structures 
Mass of end group 
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Table S2. Structures list of the symbols for figure S8 and figure S9 

Symbol adduct Structures 
Mass of end group 

(amu) 
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Figure S7. MALDI-ToF spectrum of the side product dissolved in formic acid 

 

 

Figure S8. MALDI-ToF spectrum of poly(ε-CL-co-β-lactam) with addition of NaTFA 

 



 9

 

 

Figure S9. MALDI-ToF spectrum of poly(ε-CL-co-β-lactam) from the reaction with feed ratio 

75:25 of β-lactam:ε-CL 

 

 

Figure S10. MALDI-ToF spectrum of poly(ε-CL-co-β-lactam) from the reaction with feed ratio 

25:75 of β-lactam:ε-CL 
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Table S3. Structures of poly(ε-CL-co-β-lactam) from the reaction with feed ratio 25:75 of β-

lactam:ε-CL 

Symbol adduct Structures 
Mass of end group 

(amu) 
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Scheme S1. Proposed reaction mechanism of CAL-B-catalyzed formation of poly(ε-CL-co-β-
lactam). 
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Figure S11. DSC curves of poly(ε-caprolactone) 

 

Figure S12. DSC curves of poly(β-lactam) 


