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Abstract 

This master’s degree project optimized the synthesis route to a functional lactide by increasing 

the total yield from 25 to 33 % and reducing the number of unit operations from 17 to 10. This 

was done by optimizing an existing synthetic pathway to better fit larger scale manufacturing. 

The monomer was also successfully copolymerized with ʟ-lactide and functionalized by 

attaching poly(ethylene glycol) units of varying chain lengths to the polylactide chain, which 

gives some antifouling properties to the copolymer. The resulting material, a functionalized 

polylactide, is an interesting material suitable for the use in medical implats, largely thanks to its 

versatility and ability to be tailored for a specific purpose. 
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Sammanfattning 

I detta examensarbete optimerades en syntesväg till en funktionaliserad laktid genom att öka 

utbytet från 25 till 33 % samt minska antalet enhetsoperationer från 17 till 10 st. Detta gjordes 

genom att anpassa en befintlig syntesväg till tillverkning i större skala. Monomeren 

sampolymeriserades även med ʟ-laktid och funktionaliserades genom att polyetylenglykol av 

varierande kedjelängd fästes till polylaktidkedjan, vilket gav en hämmande effekt på 

celladheransen till materialets yta. Det resulterande materialet: En funktionaliserad polylaktid, är 

ett intressant material som lämpar sig för användning i medicinska implantat, mycket tack vare 

sin mångsidighet och möjligheten att utforma materialen för specifika ändamål. 
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List of Abbreviations 

 

Br-LA Bromo-lactide 

CGM  Complete growth medium 

CSRR Relative cell survival rate 

Đ Dispersity (Mw/Mn) 

DCM Dichloromethane 

EM-LA Exo-methylene lactide 

hDF Human dermal fibroblasts 

LLA ʟ-lactide 

Mn Number-average molecular weight 

Mw Mass-average molecular weight 

NBS N-bromosuccinimide 

NMR Nuclear magnetic resonance 

PDS 2,2′-dipyridyl disulphide  

PEG Poly(ethylene glycol) 

PLA Polylactide 

PLLA Poly(ʟ-lactide) 

ROP Ring-opening polymerization 

SEC Size exclusion chromatography 

Trt-S-LA Thiotrityl lactide 

TEA  Triethylamine 

TFA Trifluoroacetic acid  

Trt Trityl 
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1. Introduction 

1.1. Degradable functionalized implants 

TIGR® matrix is a resorbable surgical mesh produced and marketed by Novus Scientific. The 

mesh is originally intended for the repair and prevention of hernias by temporarily acting as 

tissue reinforcement and barrier in the abdominal wall. It is currently also used for the 

reinforcement of incisions during reconstructional or cosmetic breast surgery. [1] 

The mesh is produced by interknitting two different polymer fibres that degrade at different 

rates, depending on the composition of the copolymer. The fast-resorbing fibre is intended to 

provide mechanical stability in the acute would healing phase and consists of a block copolymer 

of ʟ-lactide, glycolide and trimethyl carbonate. The slow resorbing fibre intends to gradually put 

increasing strain and stress onto the native tissue and consists out of a block copolymer of lactide 

and trimethyl carbonate. The mesh is completely resorbed after three years of implantation. 

New developments that could prove useful in the next generation of 

surgical meshes is the use of functionalized polymers. Adding a 

functionality to the polymer would make it possible to alter many of 

the properties of the polymer, such as tissue interaction of the surface, 

mechanical properties or thermal properties of the polymer. This can 

be obtained by post-polymerization functionalization which can cause 

some chain scission in the polymer. It could also be achieved by using 

a monomer that has a pending functionality, which enables less 

invasive post-polymerization modification. 

The division of Fibre and Polymer Technology at KTH alongside 

Novus Scientific has performed research in this domain previously, and 

found a promising pathway to a lactide functionalized with a thiotrityl 

group (Figure 1) which would be a suitable candidate for incorporation in 

degradable implants. [2] 

In order to evaluate how the functional groups affect the mechanical properties of the polymer in 

bulk, larger quantities of the monomer must be synthesized, copolymerized with lactide and 

thoroughly tested. 

  

Figure 1: Structure of 
thiotrityl-functionalized 
lactide (Trt-S-LA). 
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1.2. Aim 

The aim of this master’s thesis project includes: 

 Scaling up the synthesis of the monomer Trt-S-LA. 

 Copolymerize Trt-S-LA with ʟ-lactide. 

 Attempt to make post-polymerization modification to the polymer by attaching PEG-SH 

with different molecular weights to replace the trityl group and perform comparative 

analyses of the functionalized materials. 

2. Background and Theory 

2.1. Monomer synthesis 

Cyclic monomers that ring-open during polymerization have some advantages to the 

polycondensation of a diol and diacid or a monomer with both functionalities. For instance, in 

comparison to polycondensation, ROP enables higher molecular weights, smaller dispersities, 

and the ability to yield block copolymers. Another advantage is that no side-product needs to be 

continuously removed during ROP.  

There are basically two major pathway categories to adding functionalities to monomers to be 

used in ROP. One is to add the functional group prior to ring formation and the other is to add 

the functionality to an existing ring. For lactide, the literature reports that both pathways have 

successfully been used to obtain a functionalized lactide.  

2.1.1. Synthesis of functionalized lactide 

The literature on previous research concerning functionalized lactide monomers describes 

several ways to functionalizing lactide type monomers, for instance by Kimura et al, who 

synthesized and polymerized glycolide functionalized with protected carboxyl groups. This was 

done by functionalizing aspartic acid prior to ring closing of the modified aspartic acid as 

described in Figure 2. [3] 

 

Figure 2: Simplified scheme of the synthesis performed by Kimura et al. 
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Gerhardt et al used a similar approach to functionalize lactide by coupling functionalized acid 

chlorides described by Figure 3. Depending on which amino acid is chosen to be converted into 

its corresponding α-hydroxy acid, the R-group can be tailored. [4] This is a compliment to the 

pathway described by Kimura et al for the glycolide. Pounder and Dove used a similar pathway 

to the synthesis of multi-functionalized lactide from malic acid. [5] 

 

Figure 3: Simplified scheme for the synthesis of functionalized lactides performed by Gerhardt et al. 

Hillmyer et al described a way of functionalizing a cyclic monomer in its cyclic state, which as 

opposed to the pathways described earlier, adds a functionality to an already formed cyclic 

molecule. The reaction was described as the first two steps in Figure 4, which gives an ene-

functionality on the lactide that was used by Hillmyer et al to attach a cyclic diene in a Diels-

Alder reaction. [6] As part of the doctoral thesis by T. Fuoco, the same pathway was used to 

synthesize a thiol-functionalized lactide (3-methyl-6-((tritylthio)methyl)-1,4-dioxane-2,5-dione) 

or Trt-S-LA, that is the target molecule for this project, but instead of the Diels-Alder chemistry, 

the thiol is attached by nucleophilic 1,4-addition, described by Figure 4. In the same doctoral 

thesis this pathway to Trt-S-LA is deemed most convenient. [2]  

 

Figure 4: Schematic view of the synthesis of 3-methyl-6-((tritylthio)methyl)-1,4-dioxane-2,5-dione (Trt-S-LA). 

The reaction is a bromination/elimination approach. First 3-bromo-3,6-dimethyl-1,4-dioxane-

2,5-dione (Bromo-lactide, Br-LA)  (Figure 4: 2) is synthesized by radical reaction of N-

bromosuccinimide (NBS) and ʟ-lactide (LLA) through a Wohl-Ziegler-like mechanism 

described in detail later.  

The added bromide is in the next step removed along with an antiperiplanar hydrogen by 

reacting with triethylamine (TEA), which yields 3-methyl-6-methylene-1,4-dioxane-2,5-dione 

(exo-methylene-lactide, EM-LA) (Figure 4: 3). In the final step, the thiotrityl group is added to 

the methylene group by Michael addition catalysed by TEA, yielding 3-methyl-6-

((tritylthio)methyl)-1,4-dioxane-2,5-dione (Trityl-S-lactide, Trt-S-LA)  Figure 4: 4. 
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2.1.1.1. Mechanism 

The mechanisms of the three steps of forming Trt-S-LA are well known mechanisms used in 

several similar reactions and are all described in organic chemistry textbooks. [7], [8] 

 

Figure 5: Mehanism for the reaction of lactide and N-bromosuccinimide to form  
3-bromo-3,6-dimethyl-1,4-dioxane-2,5-dione. 

The mechanism for the bromination of lactide is a radical reaction, described in Figure 5, which 

begins by adding the initiator, benzoyl peroxide, which is cleaved into two radical initiators 

under heat exposure.  

The second part of the mechanism is the reaction of N-bromosuccinimide with HBr, which reacts 

to form succinimide and Br2. NBS is used in this kind of bromination reactions in order to keep a 

low concentration of Br2 which is available for cleavage by the radical initiators. This creates a 

bromine radical that abstracts a hydrogen from the α-position of lactide, creating a tertiary 

carbon radical (Figure 5: 1). This radical then attacks a Br2-molecule and binds to the bromide, 

creating the desired product (Figure 5: 2) whilst creating a new bromine radical. This can be 

considered a propagating state similar to radical polymerization. The propagation is terminated 

by two radicals reacting. [8] 
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Figure 6: Elimination of bromide forms 3-methyl-6-methylene-1,4-dioxane-2,5-dione. 

The bromide added in the first step of the reaction is then eliminated by reacting with TEA in a 

β-elimination reaction displayed in Figure 6, which also converts TEA to triethylammonium 

bromide. [7] 

Last, to yield the desired functionalized lactide, the tritylthiol (Trt-SH) is added by a Michael-

addition catalyzed by TEA. This mechanism is shown in Figure 7. 

 

Figure 7: 1,4-addition of thiotrityl group to lactide. 

 

2.2. Polymerization 

The literature reports, besides synthesizing cyclic monomers for ring-opening polymerization, 

the condensation co-polymerization of functionalized lactic acid and non-functionalized lactic 

acid. [9]. This work will, however, focus on ring-opening polymerization. 

Ring opening polymerization (ROP) offers an alternative way to polymerize aliphatic polyesters 

that normally would be synthesized via condensation polymerization. Condensation 

polymerization requires accurate stoichiometric balance, high temperatures and the removal of a 

condensation product, which is usually water for the polycondensation of polyesters. Ring-

opening polymerization can be carried out without any condensation side product, which enables 

the reaction to be carried out at lower temperatures. Also the method provides the possibility to 

make block copolyesters.  
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2.2.1. Ring opening polymerization 

ROP can be carried out via an anionic or cationic mechanisms, where the propagation of the 

polymerization has an anionic or cationic end, respectively. ROP can also be carried out via a 

radical mechanism. In this work, an insertion-coordination mechanism is utilized by using a 

Tin(II)octoate catalyst. The mechanism is described in Figure 8. [10] 

 

Figure 8: Scheme of insertion-coordination mechanism in the ring-opening polymerization  
of lactide using metal-ligand (M)-(Ln) and initiator –OR. 

 

2.2.2. Copolymerization 

In the work done by Fuoco et al, thiol-functionalized lactide Trt-S-LA has been successfully 

copolymerized with lactide and ε-caprolactone in ring-opening polymerization using 

dimethyl(salicylaldiminato)-aluminum complex as catalyst. [2]  

2.3. Post-polymerization modifications 

The polymerized poly[(Trt-S-LA)-co-LLA] has a protected pendant thiol group, meaning that the 

protective trityl group can be removed and replaced by a functional molecule that can give the 

polymer a new set of properties, depending on which molecule is attached. Previously sulphur-

functionalized polyesters such as poly(ε-caprolactone) and polylactide have been used for post-

polymerization functionalization using chemo-enzymatic approaches as well as thiol chemistry 

approaches. Cysteine-terminated amino acid oligomers have been attached to thiol functionalized 

polyesters by Fuoco et al [11] and poly(ethylene glycol) (PEG) with a thiol end group has 

previously been attached to a poly[(pyridyl-SS-caprolactone)-co-(ε-caprolactone)] by Chen et al. 

[12].  

Protein adsorption to synthetic surfaces is a vast problem in many applications, from ship hulls to 

medical implants. This can be viewed as a consequence of introducing a hydrophobic surface 



12 

 

into a water-based system. Naturally, coating the hydrophobic surface with a protein layer will 

minimize the free energy of the system. In order to reduce the protein adsorption to the synthetic 

surface, it can be modified to form a hydrophilic surface, for instance by grafting a hydrophilic 

polymer to the surface, which has a negative effect on the protein adsorption. A different 

proposed mechanism for this decrease is that the grafted polymer introduces a brush-like 

morphology at the hydrophobic surface, which hinders large proteins from coming in contact 

proximity of the hydrophobic surface. [13] 

Surfaces of polymers with covalently attached PEG-molecules have been observed to have a 

negative effect on the protein adsorption and cell adhesion to the surface. [12] 

A possible route to the attachment of PEG to Trt-S-functionalized PLA is to use the same three-

step route as Fuoco et al. and Chen et al. described in Figure 9 below. First step is the 

deprotection of the Trt-group using a great excess of trifluoroacetic acid (TFA) and triethylsilane 

(Et3SiH), forming the SH-functionalized polymer. This step needs to be carried out in an oxygen-

free environment since in the presence of oxygen, this polymer is prone to crosslinking by 

creating sulphur bridges. The second step is the reaction with the 2,2′-dipyridyl disulphide (PDS) 

which adds to the pendant thiol group. 

 

Figure 9: Post-polymerization reaction to form poly[(Py-SS-LA)-co-LLA] as previously performed. [11] 

The third step of functionalization is to replace the thiopyridyl group with the desired thiol end-

capped PEG-molecule according to Figure 10. 

 

Figure 10: HS-PEG attachment to functionalized polymer as previously performed. [12] 
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2.4. Monomer synthesis process scale-up 

Scaling up or intensifying a chemical synthesis requires that special attention is given to issues 

that may arise as a consequence of the scaling. The amount of literature in the field is vast, and 

there is no blueprint to solve the issues one may encounter in the scaling of a chemical process.  

Below is a selection of issues that may be encountered when scaling up from laboratory scale to 

small manufacturing scale.  

Some of the operations that are most affected by a scale up are filtration, drying, mixing and 

reaction [14]. The majority of these issues can arise in the separation processes, where filtration, 

multiphase mixing and drying or evaporation happens. 

Scaling up reaction vessel often means increased volume to surface area, which has an effect on 

the heat and mass transfer in the bulk. With constant heat transfer coefficient, it takes much 

longer time to heat or cool a larger bulk quantity.  

The unit operations of the synthesis due for optimization in this project is summarized below in 

Figure 11 and consists out of 17 basic operations. A primary goal of this project is to reduce the 

number of operations that need to be performed in order to yield Trt-S-LA and maintain a 

reasonably high yield.  

 

Figure 11: Unit operations summary of the synthesis of Trt-S-LA as performed in previous studies. 
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The previous syntheses as performed by Hillmeyer et al. and Fuoco et al. has been performed in 

benzene, dichloromethane or acetonitrile solution [6] [11]. An initial risk assessment of the 

project identified several serious health hazards involving the use of benzene including acute 

toxicity and carcinogen effects. Therefore benzene must be replaced as solvent. Dichloromethane 

is therefore used as solvent in the syntheses. The lower boiling temperature of DCM is expected 

to have a negative effect on the reaction rate during the reflux step of the synthesis, as the 

reaction is required to be carried out at a lower temperature. 

3. Experimental 

3.1. Materials and methods 

Air sensitive materials were manipulated under nitrogen atmosphere using Schlenk techniques or 

in a MBraun Labmaster glovebox. Glassware was dried in an oven at 100°C before use. 

Materials used are summarized in Table 1 below.  

Benzoyl peroxide was purified before use by recrystallized from chloroform and methanol (3:1), 

dried for five days in desiccator and stored at 5°C. Dichloromethane (DCM) was dried by 

refluxing over calcium hydride for 1.5 hours (19.5 g CaH2 for 800 ml DCM) and distilled.  

Triethylamine was dried, and stored, over molecular sieves.  

1
H NMR Spectra and molecular assignments for the synthesized compounds is attached in 

Attachment A. 

Table 1: Table of materials, abbreviations and source of purchase.  

Name of chemical Abbreviation Supplier 

ʟ-lactide LLA Sigma-Aldrich 

N-bromo succinimide NBS Fisher Scientific 

Benzoyl peroxide  Fisher Scientific 

Triphenylmethane thiol Trt-SH Fisher Scientific 

2-{2-[2-(2-mercaptoethoxy) 
ethoxy]ethoxy}ethanol 

PEG200 Sigma-Aldrich 

Poly(ethylene glycol) methyl ether thiol PEG800 Sigma-Aldrich 

Dichloromethane DCM Fisher Scientific 

Triethylamine TEA Acros 

Sodium bisulfite NaHSO3 Fisher Scientific 

Calcium hydride CaH2 Fisher Scientific 

Sodium chloride NaCl Fisher Scientific 

Hydrochloric acid HCl Sigma-Aldrich 

Magnesium sulfate MgSO4 Fisher Scientific 

Stannous octoate Sn(Oct)2 Sigma-Aldrich 

Methanol MeOH Prolabo 

Triethylsilane Et3SiH Aldrich 

2,2′-dipyridyl disulfide PDS Aldrich 
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3.2. Synthesis of Trityl-S-lactide 

Trt-S-LA was synthesized using the pathway described in Figure 4: Schematic view of the 

synthesis of 3-methyl-6-((tritylthio)methyl)-1,4-dioxane-2,5-dione (Trt-S-LA).Figure 4. The 

route was optimized to fit a larger scale manufacturing by a series of trials. Initially the reaction 

was carried out in three steps as described in previous sections, and the following syntheses were 

carried out to investigate different pathways to the final product.  

3.2.1 Synthesis of Br-lactide from ʟ-lactide 

To a 500 mL three-necked round flask, ʟ-lactide (72.65 g, 0.50 mol) and NBS (97.95 g, 0.55 

mol) was added and dissolved in 350 mL DCM and brought to a reflux temperature. Benzoyl 

peroxide (2.447 g, 10 mmol) was dissolved in 30 mL DCM.  The benzoyl peroxide solution was 

added dropwise to the reaction during approximately 30 minutes using a syringe. The reaction 

was left on reflux overnight. After approximately 18 hours the reaction mix had changed 

appearance to dark yellow/orange and some precipitate had formed. A 1H-NMR sample showed 

low conversion (4 %). The reaction was left for another 76 hours, totally 94 hours. The reaction 

was then cooled to room temperature and the solid precipitate, consisting of succinimide, was 

filtered off.  

The solution was washed with 500 mL 0.2 M sodium bisulfite three times and once with 500 mL 

saturated sodium chloride solution. The organic phase was dried over magnesium sulfate, filtered 

and transferred to a round flask. The solvent was removed by rotary evaporation which yielded 

71.6 g of bright yellow solid. 
1
H NMR showed that the solid consisted out of ʟ-lactide (6.5 % 

(mol/mol), 4.3 % (w/w)) and Br-lactide (93.5 % (mol/mol), 95.7 % (w/w)), which gives a yield 

of 60.8 %.  

The solid was purified by recrystallization from 300 mL ethyl acetate and 300 mL hexane. After 

4 hours at 5°C some white crystals had formed. The crystals were filtered off and the mother 

liquor was evaporated to dryness and recrystallized from ethyl acetate and hexane twice again. 

Totally 36.0 g of crystals was collected, corresponding to a 31 % yield. 

3.2.2. Synthesis of exo-methylene-lactide from crude Br-Lactide 

5.00 g of crude, unpurified Br-LA from previous synthesis containing 35.2 mmol Br-LA was 

placed in a 100 mL Schlenk-flask and dried under vacuum for 2 hours. The crude Br-LA was 

dissolved in 25 mL DCM and TEA (35.2 mmol, 2.84 mL) was added dropwise to the solution 

using a syringe. The reaction mix changed appearance from yellow to brown during the 

charging. After 30 minutes the reaction was brought to room temperature and a precipitate was 

observed. Another 10 mL of DCM was added to increase mobility in the reaction mix. After 

another 70 minutes the reaction mix was dissolved in another 25 mL DCM and  washed four 

times with 125 mL 0.1 M HCl and once with 125 mL saturated NaCl solution. The organic phase 

was dried over MgSO4 and evaporated to dryness. 
1
H NMR showed 71 % conversion of Br-LA 

into EM-LA. 
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3.2.3. Synthesis of Trityl-S-lactide from crude exo-methylene-lactide 

1.20 g of crude EM-LA (containing 738 mg, 5.15 mmol pure EM-LA and 469 mg, 2.10 mmol 

Br-LA) from previous synthesis was placed in a 50 mL Schlenk-flask and dissolved in 15 mL of 

DCM. Trt-SH (1493 mg, 5.40 mmol) was dissolved in 15 mL DCM along with 150 µL TEA (1 

mmol) in a 100 mL Schlenk-flask and placed on ice bath. The EM-LA solution was added 

dropwise to the Trt-SH solution using a syringe during 40 minutes. The reaction mix was left on 

ice bath for 1.5 hours and brought to room temperature for 2 hours. Conversion 
1
H NMR 

samples were analysed at times 1.5 hours and 3.5 hours which did not show full conversion of 

the EM-LA, and no apparent difference between them, which was believed to be due to the 

consumtion of TEA in the conversion of residue Br-LA in the crude mix, into EM-LA. Another 

150 µL of TEA was added dropwise to the reaction which was left in room temperature over 

night. On the following morning a 
1
H NMR showed full conversion of the EM-LA. The reaction 

mix was washed three times with 80 mL 0.1 M HCl, three times with 80 mL 2 M sodium 

bisulfite solution and twice with 80 mL saturated NaCl solution. The organic phase was dried 

over MgSO4 and evaporated to form a bright yellow solid, product confirmed by 
1
H NMR. No 

yield data is available, as the purpose of this synthesis was to try the feasibility in circumventing 

some of the reagent work-up steps.  

3.2.4. Synthesis of Trityl-S-lactide from purified Br-lactide 

Recrystallized Br-LA (36.0 g, 0.161 mol) was dried in vacuum for 3 days and dissolved in 350 

mL dry DCM in a 1000 mL three-necked round flask. The flask was put on ice bath and 24.8 mL 

TEA (0.178 mol) was added dropwise to the solution during 25 minutes using a dropping funnel. 

The reaction was left to react at 0°C for 30 minutes.  

Trityl-SH (Trt-SH) (44.62 g, 0.161 mol) was dried in vacuum for 24 hours and dissolved in 200 

mL dry DCM along with catalytic amounts of TEA (4.5 mL, 32.3 mmol) in a 500 mL three-

necked round flask. The thiol solution was added dropwise to the 1000 mL round-flask 

containing the lactide reaction solution, using siphon technique, during 30 minutes. The reaction 

was left on ice bath for another 90 minutes. 
1
H NMR samples showed full conversion of both the 

Br-LA and the intermediate EM-LA.  

The solution was transferred to a 2000 mL separation funnel and washed three times with 700 

mL 0.1 M hydrochloric acid and once with 700 mL saturated sodium chloride solution. 

The organic phase was dried over magnesium sulfite and the solvent was evaporated to dryness. 

The product formed a white/bright yellow foam upon evaporation, which amounted to 59.1 g of 

solid product. 
1
H NMR of the dry product showed that the composition of the solid was Trt-S-

LA (67.9 % (mol/mol), 43.2 g), unreacted Trt-SH (21.0 % (mol/mol), 8.8 g) and a side product, 

1-oxo-1-(tritylthio)propan-2-yl 2-oxopropanoate (TrtS-POPE) (11.1 % (mol/mol), 7.1 g), 

corresponding to the yield: 64.0 %. 

15.6 g of the solid product was further purified using column chromatography, where 9.6 g of 

purified Trt-S-LA was collected. Yield of column chromatography: 84 %. Total yield: 54 %. 
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1
H NMR analysis showed a diastereomer composition of the isomers (3S, 6R):(3S, 6S) = 55:45. 

The product was dried in vacuum and stored in glove-box. 

3.3. Synthesis of poly[(Trt-S-LA)-co-LLA] (Polymerization) 

The copolymerization of Trt-S-LA with LLA was performed in a series of copolymerizations 

where the general procedure is described by the following example.  

To a 50 mL round flask was added, inside glovebox, Trt-S-LA (674.2 mg, 1.61 mmol), LLA 

(5676.1 mg, 39.4 mmol), Stannous octoate (24 mg, 59 µmol) and ethylene glycol (4.0 mg, 60 

µmol) along with a magnetic stirrer. The flask was sealed with a septum and placed in an oil bath 

on hot plate outside of glove-box. The mix was immediately heated to 110°C and left for 40 

hours. During this time the reaction slowly turned viscous and solid.  

The solid product was dissolved in chloroform and precipitated three times in 600 mL 

methanol:heptane (1:9) to yield a bright grey solid polymer. Yield 4.239 g (68 %)  

3.4. Post-polymerization modifications 

3.4.1. Deprotection of thiol groups and pyridyl group attachment 

Poly[(Trt-S-LA)-co-LLA] (2.94 g, containing 2.13 mmol Trt-groups) was dried in vacuum 

overnight in a 100 mL Schlenk flask and dissolved in 35 mL dry DCM. Et3SiH (1.0 mL, 6.4 

mmol) and triflouro acetic acid (TFA) (1.1 mL, 15 mmol) was added dropwise to the solution 

under nitrogen flow. The reaction was left under stirring for 21 hours at room temperature. 

Solvent was evaporated trap-by-trap and the polymer was washed twice with 10 mL heptane and 

dried in vacuum for 2 hours.  

The polymer was dissolved in 30 mL dry DCM, and 2,2′-dipyridyl disulfide (PDS) (1.406 g, 6.38 

mmol) was dissolved in mL dry DCM in a 100 mL three-necked round flask. The polymer 

solution was added dropwise to the PDS solution under stirring at room temperature for 30 

minutes and was left on stirring for another 1.5 hours, after which the reaction solution had 

turned yellow.  

The polymer, dissolved in DCM, was precipitated three times in 600 mL methanol:heptane (1:5). 

3.4.2. Poly(ethylene glycol) (PEG) functionalization 

To a 10 mL glass vial was added Poly[(Py-SS-LA)-co-LLA] and 1.1 molar equivalent of PEG-

SH according to table below. Reagents were dissolved in 7 mL tetrahydrofuran (THF). The 

reaction was stirred with magnetic stirrer for 18 hours. SEC analyses were carried out to confirm 

that functional group replacement had occurred.  
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Table 2: Performed PEG-functionalizations of poly[(Py-SS-LA)-co-LLA]. 

 

Sample ID 

 

13-200 13-800 17-200 17-800 

Poly[(Py-SS-LA)-co-LLA] 507.3 mg 498.6 mg 
- - 13 % mol functional groups 

Mn = 96700 g/mol 
0.40 mmol 0.40 mmol 

Poly[ (Py-SS-LA)-co-LLA] 
- - 

407.2 mg 399.5 mg 

17 % mol functional groups 
Mn = 24500 g/mol 

0.41 mmol 0.40 mmol 

PEG-SH 200 103.2 mg 
- 

105.5 mg 
- 

M = 220 g/mol 0.47 mmol 0.48 mmol 

PEG-SH 800 - 
352.1 mg 

- 
354.7 mg 

Mn = 800 g/mol 0.44 mmol 0.44 mmol 

Yield 387.4 mg 412.9 mg 356.4 mg 352.7 mg 

 70.3 % 53.3 % 74.6 % 52.1 % 

 

Polymers 13-200 and 13-800 were precipitated once in 80 mL pure methanol and once in 80 mL 

pure heptane. Polymers 17-200 and 17-800 were precipitated in 80 mL pure heptane and washed 

twice with 40 mL methanol. 

3.5. Film casting 

In order to achieve a surface to perform cell adhesion analysis, films were cast from the PEG-

functionalized polymers. To a 10 mL glass vial, 100 mg of polymer was added and dissolved in 

1.3 mL of chloroform. The vials were placed on a flat surface, covered with a glass plate, and left 

to dry for 3 days. After drying the films were immersed in methanol and carefully revoved from 

the vials using tweezers. Successful films were cast of poly[(Trt-S-LA)-co-LLA] and PEG-

functionalized polymers 13-200, 13-800 and 17-800. Brittle films of low quality were obtained 

from PEG-functionalized polymer 17-200. 

3.6. Characterization methods 

3.6.1. Nuclear Magnetic Resonance (NMR) 
1
H NMR was used in order to identify the chemical structure of the products throughout the 

project, and to determine the conversion of syntheses. A Bruker Advance DPX-400 NMR 

operating at 400.13 MHz was used at 25°C. 4-8 mg sample was dissolved in CDCl3 and 

transferred to a dry NMR tube. Unless stated otherwise, 16 scan analyses were performed. 

MestReNova software was used for data evaluation. 
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3.6.2. Size exclusion chromatography (SEC) 

SEC analyses were carried out on selected samples in order to determine the molecular weights 

of the synthesized polymers. The equipment used is a Verotech PL-GPC 50 Plus system 

equipped with two PLgel 5 μm MIXED-D (300×7.5 mm) columns, an autosampler, and a 

refractice index detector. System was calibrated with polystyrene standards ranging from 160 to 

371 000 g/mol. Eluent used was chloroform and toluene was used as internal standard (peak is 

marked with F in chromatograms). For each measurement, 7-8 mg of sample was dissolved in 3 

mL of chloroform and filtered through a 0.45 µm PTFE filter. Sample injection volume was set 

to 0.1 mL and flowrate was set to 1.0 mL/min. Cirrus GPC software version 3.2 was used for 

data processing. 

3.6.3. Cell adhesion test 

Cell adhesion tests were carried out on 5 mm radius polymer discs cut from the films that were 

cast in Section 3.5. For each sample, three or four replicates were performed. Each polymer disc 

was placed in a 96-well tissue-culture plate and 200 µL of 70 % ethanol was added for 

sterilization. The ethanol was left in the wells overnight to evaporate and was stored in a sterile 

environment. To the dry discs was added 140 µL complete growth medium (CGM) and 10 µL 

suspension of human dermal fibroblast cells (hDF) in CGM with a concentration of 8x10
5
 

cells/mL, totaling 8000 cells per well.  

Control samples were analysed, where the blank sample contained only CGM, the positive 

sample contained CGM, hDF and 0.1 % Triton X100, and the negative sample contained CGM 

and hDF.  

The tissue-culture plate was incubated for 24 hours at 37°C in 5 % CO2 atmosphere. 

To each well, 100 µL of alamarBlue solution was added, which changes its color from blue to 

red in response to the chemical reduction of the cell medium that occurs during cell growth [15]. 

The fluorescence was measured using a Tecan Infinite 200 PRO multifunctional microplate 

reader with the following settings: Excitation wavelength = 560 nm, emission wavelength = 590 

nm, gain = 70. The obtained absorbance data was evaluated by manually calculating the relative 

cell survival ratio, CSRR:  

𝐶𝑆𝑅𝑅 =
𝐴𝑠𝑎𝑚𝑝𝑙𝑒 − 𝐴𝑏𝑙𝑎𝑛𝑘

𝐴𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 − 𝐴𝑏𝑙𝑎𝑛𝑘
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4. Results and discussion 

4.1. Scale-up and synthesis of Trt-S-LA 

One of the aims of this thesis was to optimize the synthesis route from LLA to Trt-S-LA, starting 

at the route performed by Fuoco et al. [11] in previous studies. The route was initially divided 

into three subreactions that totally consisted out of 17 unit operations summarized in Figure 11. 

When optimizing the route, several factors have been considered in order to find a synthesis 

pathway suitable for a larger scale production of the monomer. First, the number of unit 

operations should be brought to a minimum. Secondly, the yield should be increased, if possible. 

Third, the use hazardous solvents should be avoided.  

The result from the series of syntheses performed in this project shows that a large part of the 

work-up between the synthesis steps can be avoided. One goal was to avoid performing column 

chromatography separation since this is a time and solvent consuming separation technique. 

Some attempts to recrystallize the finished Trt-S-LA was performed but without success, 

probably because of the size of the trityl group that largely affects the solubility and polarity of 

the molecule. Since this trityl group is present in both the product, excess reagent and in the side 

product (which is discussed in detail later), the three compounds are difficult to separate by 

recrystallization technique. Column chromatography offers better resolution in polarity 

separation and is therefore the preferred choice to purify Trt-S-LA.  

Reactions to form Trt-S-LA from crude reagents, as performed in sections 3.2.1 to 3.2.4 shows: 

EM-LA can be synthesized from crude Br-LA with a conversion of 71 %, where the literature 

reports 60 % yield after purification by sublimation. This conversion is also assumed to grow 

further in the following step, as EM-LA is consumed to form Trt-S-LA, shifting a presumed 

equilibrium to favor EM-LA formation.  

The synthesis in section 3.2.4 shows that from crude Br-LA, Trt-S-LA can be synthesized in one 

step, by adding reagents sequentially. This makes the unstable EM-LA an intermediate and the 

issues in storing and degradation of this product via PLAE, as described by Chen et al. and 

illustrated in Figure 13, are resolved [16]. In this synthesis one can also observe the increase in 

yield discussed previously, as the total yield as described in previous research adds up to 41 %, 

while the new route described in section 3.2.4 gives a yield of 54 %. 

Table 3: Yield comparison between new pathway and as described in literature. 

Product Yield in literature Yield in new pathway 

Bromo-lactide 62 % 61 % 

Exo-methylene-lactide 60 % 
54 % 

Trityl-S-lactide 68 % 

Total yield 25 % 33 % 
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The result of this project is that the number of unit operations can be decreased from 17 to 10, as 

many of the steps described in the literature have been circumvented, which is illustrated in 

Figure 12. 

Additionally the hazardous solvent benzene and acetonitrile have been replaced by 

dichloromethane.  

 

Figure 12: New proposed route to the synthesis of Trt-S-LA. Numbers in  
parenthesis are for comparison with original route in Figure 11. 

 

4.1.1. Side-product formation 

During the formation of EM-LA, the formation of a side product occurs, which was first 

observed in proton NMR as a singlet at 2.5 ppm. This side product has been described earlier by 

Chen et al. [16] and the side product was identified as puryvic lactic acid ester (PLAE), which 

can be seen in Figure 13, where the formation of the product is also described. It can be noted 

that the formation is a consequence of trace contaminations by water. 
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In the first polymerization attempts, Trt-S-LA was used wihout purification, in order to simplify 

the purification process by simply removing unreacted thiol upon polymer precipitation and 

using the PLAE as an initiator, as it contains a primary hydroxyl group. However, 

polymerization was difficult to initiate with the unpurified Trt-S-LA, which led us to perform 

column chromatography of the monomer, during which it was noted that the side-product 

occurred in overlapping fractions with the desired product, Trt-S-LA, suggesting the two 

compounds have similar polarity.  

The cause for this is thought to be that the PLAE has been converted into the thiol-ester product 

of PLAE reacting with Trt-SH, forming 1-oxo-1-(tritylthio)propan-2-yl 2-oxopropanoate (TrtS-

POPE), which does not contain a hydroxyl group, and thus is unable to initiate polymerization.  

 

Figure 13: Formation of side products puryvic lactic acid ester (PLAE) and  
1-oxo-1-(tritylthio)propan-2-yl 2-oxopropanoate (TrtS-POPE). 

In order to further increase yield of the monomer synthesis it is important to protect the system 

from contamination by water. Since water catalyses the reaction, even trace amounts can create a 

large amount of TrtS-POPE forming. One way of controlling the TrtS-POPE formation could be 

to further limit the reaction time. For this to be possible, a thorough kinetic study of the synthesis 

as well as the side-product formation must be performed. 
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4.2. Copolymerization 

The acquired monomer was successfully copolymerized with LLA, as predicted and previously 

performed. The attempts to polymerize the unpurified Trt-S-LA was partially successful: The 

polymerization proved to be possible, but only at low conversions. 

Table 4: Summary of performed copolymerizations of Trt-S-LA and ʟ-lactide. Further reaction conditions: 110°C, a: PLEA assumed 
initiator, non purified Trt-S-LA, b: Et(OH)2 initiator, purified Trt-S-LA. Nd: Composition could not be determined due to low 
conversion and yield. Molecular weights were not determined for polymerizations JL8-JL17.   

ID Reaction 
conditions 

Monomer feed 
 (%) 

Conversion 
 (%) (NMR) 

Composition  
(%) (NMR) 

Molecular weights 
(kg/mol) (SEC) 

 
FLLA FTrtSLA XLLA XTrtSLA NLLA NTrtSLA Mn1 Mn2 Ð1 Ð2 

JL8 24 h, a 87 13 50 58 85 15 - - - - 

JL9 24 h, a 88 12 33 55 nd nd - - - - 

JL10 24 h, a 94 6 39 58 88 12 - - - - 

JL11 24 h, a  88 12 29 45 89 11 - - - - 

JL12 72 h, a 88 12 9 14 nd nd - - - - 

JL13 48 h, a 94 6 21 49 nd nd - - - - 

JL14 48 h, a 88 12 8 20 nd nd - - - - 

JL16 24 h, a 94 6 17 56 nd nd - - - - 

JL17 24 h, a 88 12 13 54 nd nd - - - - 

JL18 24 h, b 95 5 76 80 92 8 100.4 45.0 1.06 1.08 

JL19 24 h, b 90 10 72 83 86 14 45.8 17.6 1.10 1.14 

JL20 48 h, b 96 4 67 67 87 13 120.4 43.8 1.11 1.14 

JL21 48 h, b 90 10 37 56 83 17 30.5 14.0 1.04 1.06 

     

The conversion of ʟ-lactide and Trt-S-LA was measured using 
1
H NMR, for Trt-S-LA by 

comparing the integrals of the peaks corresponding to to the CH2-group adjacent to the sulphur, 

in the polymer and the monomer, respectively. For ʟ-lactide, the shifts at 5.00 – 5.25 have been 

used for conversion checks. Figure 14 visualizes how the evaluation was performed. ʟ-lactide 

conversion was calculated by dividing the integral of peaks at 5.25 – 5.15 ppm (green line) by 

the sum of the two peaks (red line). Right: The Trt-S-LA conversion was calculated by dividing 

the integrals of the peaks ranging from 4.6 to 4.3 ppm (blue line) by the sum of the integrals of 

the peaks ranging from 4.6 to 3.6 ppm (red line). 
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Figure 14: 
1
H NMR peaks and shifts used in the calculation of monomer conversion. Overlay of a spectrum of unpurified polymer 

(polymer + monomer, red spectrum) and one of a purified polymer (blue spectrum). The peaks disappearing in the 
transformation from red to blue corresponds to the monomer state. 

 

As the conversion analyses are carried out with low polymer concentration, the amount of Trt-S-

LA is very low in the samples, which affects the accuracy of both the conversion and 

composition data of the Trt-S-LA. For lactide, however, the conversion data is more accurate.  

An interesting phenomenon observed is that the Trt-S-LA generally reach higher conversion than 

lactide in the copolymerization despite the bulkiness of the trityl side group, which also leads to 

higher quota of Trt-S-LA units in the composition of the polymers, than in the monomer feed. 

The conversion of LLA also seems to decrease as the feed of Trt-S-LA increases.  

The composition was also calculated using NMR data from analyses of purified polymers, and is 

the quota of the integrals of the peaks corresponding to the S-adjacent CH2-group (peaks at 2.88 

– 2.60 ppm) and the peaks corresponding to the backbone CH-groups (5.21 – 5.16 ppm). 

Full conversion of LLA is not reached when incorporating Trt-S-LA, and when compared to 

previous research in the copolymerization of these monomers it seems that 

(salicylaldiminato)aluminium catalysts have been more efficient in the copolymerization process, 

as the copolymerization of LLA and Trt-S-LA reached 90 % yield using the 

(salicylaldiminato)aluminium compound [11]. The maximum conversion of LLA reached in this 

project using Sn(Oct)2 catalyst is 78 %. One reason for this could be that the Sn(Oct)2 complex is 

sensitive to electron-rich oxygen, and perhaps sulfur has a similar effect on the catalyst. This 

hypothesis gains support in the fact that lower conversions were reached when using the 

unpurified Trt-S-LA, contaminated by both Trt-SH and Trt-S-POPE, which is inactive in the 

polymerization but despite this seems to affect the polymerization negatively.  

SEC analyses of the polymers show bimodal molecular weight distributions with two maxima of 

the polymer weights, where the larger molecular weight is more than twice the lower one. This is 

probably an effect of the inhibition of the catalyst which does not seem to be able to initiate all 

hydroxyl groups present in the reaction. As the initiator is a dialcohol, Et(OH)2, some initiator 
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molecules are only initiated on one hydxoxyl group, which theoretically gives half the molecular 

weight of a polymer which has two propagating ends. All analysed poly[(Trt-S-LA)-co-LLA] 

displayed this bimodal distribution. Using a mono-ol as initiator would likely yield a monomodal 

weight distribution. 

 

Figure 15: Example of bimodal SEC chromatogram of a poly[(Trt-S-LA)-co-LLA]. 
This example is sample ID JL19, where Mn1 = 45.8 kg/mol and Mn2 = 17.6 kg/mol 

4.3. Post-polymerization functionalization 

Post-polymerization attachment of PEG-SH was performed successfully in three steps: 1. The 

protective Trt-group was removed by reacting with TFA and Et3SiH, unprotecting the thiol 

groups. 2. A pyridyl group was attached to the unprotected thiol group by reacting with 2,2′-

dipyridyl disulphide. 3. PEG-SH was attached to replace the pyridyl group. No analysis were 

performed on the deprotection step since the pathway has been thoroughly investigated in 

previous research. The poly[(Pyridyl-SS-LA)-co-LLA] was analyzed with NMR to confirm 

conversion, which can be seen by the shift of the S-adjacent CH2 group to a higher shift upon S-

S bond formation, from 2.88-2.60 to 3.51-3.21. No observable or measurable shift is expected to 

occur in the adjacent protons when attaching a different functional group with a S-S bond, 

therefore the PEG-S-attachment cannot be confirmed by 
1
H NMR alone.  

In order to confirm the attachment of PEG, the molecular weights were analysed using SEC, 

since the replacement of a pyridil group with a PEG group is likely to change the hydrodynamic 

volume of the polymer. Samples of poly[(PEG-SS-LA)-co-LLA] were collected and analysed by 

SEC without being purified before. During this analysis was discovered a polymodal weight 

distributions with molecular weights corresponding to poly[(PEG-SS-LA)-co-LLA], PEG-SS-

PEG and PEG-SH for all polymers measured, summarized in Table 5. The presence of peaks in 
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the chromatograms corresponding to these molecular weights suggests that not all pyridyl groups 

have been replaced by PEG-S-groups, but some PEG-SH molecules have coupled. 

Table 5: Result of Mn and (Đ) measurements by SEC to monitor the molecular weight change upon PEG-attachment.  

Step: Sample 1: JL23 Sample 2: JL25 Compound 

Deprotection 
 

Mn1  = 96700 (1.14) Mn1 = 24500 (1.15) poly[(Py-SS-LA)-co-LLA] 

   

PEG-200 
attachment 
 

Mn1 = 93400 (1.12) Mn1 = 24300 (1.15) poly[(PEG200-SS-LA)-co-LLA] 

Mn2 = 426 (1.01) Mn2 = 438 (1.01) PEG200-S-S-PEG200 

Mn3 = 246 (1.01) Mn3 = 241 (1.01) PEG200-SH 

   

PEG-800 
attachment 
 

Mn1=101400 (1.18) Mn1 = 27700 (1.23) poly[(PEG800-SS-LA)-co-LLA] 

Mn2 = 1808 (1.18) Mn2 = 1725 (1.18) PEG800-S-S-PEG800 

  

After purification by precipitation and washing with methanol and heptane, the PEG-

functionalized polymers were re-analyzed using SEC and also analyzed with proton NMR. After 

purification, the SEC chromatograms showed monomodal, monodisperse polymers, and the 

lower molecular weight PEG-SH and PEG-SS-PEG-oligomers were successfully removed from 

the specimen. Proton NMR of this specimen confirmed that the attachment of PEG-SH was 

successful as the peaks originating from PEG residue appeared in the spectra (Figure 16), but no 

oligomers remained in the specimen. This confirms that the PEG-S molecule is attached to the 

lactide polymer. The NMR spectra do, however, show some remaining pyridyl groups in the 

PEG200-functionalized samples, judging by integral size up to 70 % of the functional groups are 

still pyridyl groups. For the PEG800-functionailized samples, only trace amounts of pyridyl 

groups are found. 

 

Table 6: Amount of functional pyridyl groups successfully replaced by PEG.  
Trace = too low pyridil content to determine exact composition. 

Sample ID 13-200 13-800 17-200 17-800 

Functioal group 
composition 
(PEG:Pyridil) 

 
42:58 

 
Trace 

 
67:33 

 

 
Trace 
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What can also be noted is that the specimen went from bimodal to monomodal upon deprotection 

and pyridyl group attachment, which suggests the lower molecular weight polymers were 

removed when precipitating in MeOH, which is also a probable reason for the low yields in the 

post-polymerization functionalizations (52 – 75 %, see Table 2).  

 

Figure 16: 
1
H NMR spectra of poly[(Pyridyl-SS-LA)-co-LLA] (red), PEG800-SH (green) andpoly[(PEG800-SS-LA)-co-LLA]. Spectra 

shows that the attachment of PEG-units was successful, but that the pyridyl groups replacement is not complete. 

 

4.3.1. Cell adhesion test 

The cell adhesion to the films was tested by a conventional alamarBlue assay which is used to 

determine the cytotoxicity of materials by leaching/swelling the sample in cell medium which is 

then exposed to hDF cells, and the cell concentration is measured spectrally using an automated 

cell counter. As a uniform area of samples was introduced to each well, the survival rate 

compared between wells reflects on how much cells are growing on the specimen. 

  



28 

 

Table 7: Results of cell adhesion tests. 13-Trt is the JL23 polymer without performing any post-
polymerization modifications. Deviation is absolute, not relative. 

Sample ID Functional 
group density 

PEG Mn Survival rate Deviation 

13-Trt 13 % - 100% 83% 

13-200 13 % 200 74% 7% 

13-800 13 % 800 81% 12% 

17-200 17 % 200 99% 4% 

17-800 17 % 800 23% 15% 

 

The results in Table 7 show that sample 17-800 is the sample that best corresponds to what is 

expected – that the PEG-functionalized polymers would trigger less cell growth than the Trt-

functionalized. Primarily due to a more hydrophilic surface than the Trt-functionalized polymer. 

One immediate problem with drawing any conclusions from this comparison is that the absolute 

standard deviation of the survival rate of sample 13-Trt is nearly as high as the measured value. 

Comparing internally samples 13-200 and 17-200 would indicate that increasing the PEG200-

concentration has a positive effect on cell adhesion, which is opposite of what is expected. The 

previous research in the antifouling effects of PEGylated implants has, to the authors knowledge, 

only covered PEG with Mn > 500 g/mol [13], [17], [18], which could be an indication that PEG 

chains of this length has no antifouling effects. 

Comparing samples 13-800 and 17-800, an expected tendency is confirmed. Increased PEG-

functionality seems to have a negative effect on cell adhesion.  

An important difference between samples 23-* and 25-* is that the molecular weights are very 

different (101 vs 28 kg/mol as seen in Table 5) which could have a significant effect on the 

morphology of the polymers. As 25-800 has much lower Mn, and the incubation is performed in 

water at 37°C for 24 hours, it is possible that a larger amount of PEG is able to diffuse to the 

surface of the film than for sample 13-800, where the PEG-molecules are locked into the high 

Mn PLA network. 

An alternative way to increase the selectivity of this type of measurement would be to gain better 

control of the surface morphology and functional group density. This can be done by 

functionalizing only the surface of the polymers, which would also give the opportunity to 

preserve the mechanical properties and the hydrophobicity of the Trt-functionalized polymer, 

while gaining the advantages of a PEGylated surface. Another way of controlling the surface 

morphology is to anneal the solid polymer in aqueous solution for a specific time at a 

temperature above the glass transition temperature, in order to fully allow PEG chains to diffuse 

to the surface of the solid polymer.  
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5. Conclusions 

Functionalized polylactides is an interesting set of materials for use in medical implants such as 

surgical meshes, largely thanks to their versatility and adaptability by varying the functionality of 

the polymer.  

This master thesis project was intended to focusing of the scale-up of monomer synthesis and 

polymerization of Trt-S-LA, which is a promising pathway to the industrial application of 

functionalized polylactide. The number of unit operations performed in the synthesis of Trt-S-

LA has been reduced from 17 to 10. Hazardous benzene has been replaced with less hazardous 

dichloromethane, and the total yield of the route has been increased from 25 to 33 %. 

The copolymerization of Trt-S-LA and LLA has also been successfully performed using 

(SnOct)2 catalyst with moderate results. As the catalyst activity seems disturbed by the presence 

of sulphur, using a monoalcohol would be preferred in order to get monomodal and 

monodisperse polymers. 

Poly[(Trt-S-LA)-co-LLA] has been successfully deprotected and functionalized with PEG-SH 

molecules of varying size, and the HS-PEG800 functionalization seems to have an antifouling 

effect on the polymer material.   

5.1. Future work 

In order to fully understand the organic pathway of the monomer synthesis, the kinetics of the 

process should be studied, in order to also understand the formation of the side products. Perhaps 

the sequential adding of TEA and TEA/Trt-SH makes it possible for the EM-LA to form PLAE. 

A simultaneous addition of only TEA/Trt-SH would perhaps consume the EM-LA before PLAE 

can form, making EM-LA truly an intermediate in the synthesis. For this to be possible, the 

kinetics of the reactions must be understood. 

Further investigations need to be performed to why the copolymerization does not convert more 

LLA than it currently does. The possibility of sulphur inhibiting the Sn(Oct)2 should be 

examined, and alternative catalysts should be tested. Controlling the conversion and monomer 

means controlling the molecular weights, which proves important for the mechanical properties 

of the polymer. 

Better control of the morphology and surface concentration of functional groups should be 

gained, and the antifouling properties should be re-examined. This should preferably be done by 

performing post-polymerization modifications only to the surface of the (Trt-S-LA)-LLA 

copolymer which has several advantages over bulk functionalization. First, the surface 

morphology is better controlled. Second, the mechanical properties of the copolymer are not 

affected to the same extent if only the polymer surface is modified. 
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Appendix A: 1H NMR Spectra 
1
H NMR Spectrum of 3-bromo-3,6-dimethyl-1,4-dioxane-2,5-dione (Br-LA)
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1
H NMR Spectrum of 3-methyl-6-methylene-1,4-dioxane-2,5-dione (EM-LA)
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1
H NMR Spectrum of 3-methyl-6-((tritylthio)methyl)-1,4-dioxane-2,5-dione (Trt-S-LA)
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1
H NMR Spectrum of Poly[(Trt-S-LA)-co-LLA] 
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1
H NMR Spectrum of Poly[(Pyridyl-SS-LA)-co-LLA] 
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1
H NMR Spectrum of poly[(PEG800-SS-LA)-co-LLA] (Sample 13-800)
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1
H NMR Spectrum of poly[(PEG200-SS-LA)-co-LLA] (Sample 13-200)
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1
H NMR Spectrum of poly[(PEG800-SS-LA)-co-LLA] (Sample 25-800)
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1
H NMR Spectrum of poly[(PEG200-SS-LA)-co-LLA] (Sample 17-200)

 


