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Abstract: 

Poly(2-oxazoline)s have gained significant interest in the past decade, especially driven by their 

high potential for biomedical applications, amongst others to substitute poly(ethylene glycol). 

Within this perspective article the emerging trends in the area of poly(2-oxazoline)s are discussed 

with a focus on synthetic advances, including the development of high molar mass polymers, the 

broadening of the cyclic imino ether monomer range, and the development of degradable poly(2-

oxazoline) derivatives. Furthermore, emerging trends in the use of poly(2-oxazoline)s will be 

highlighted, including their use to study basic fundamental polymer properties, specific 

biomedical applications, including drug delivery and 3D scaffolds, as well as other applications as 

interlayers in organic devices and polymer gel electrolytes. Finally, this perspective article 

provides a discussion on the future vision for the area of poly(2-oxazoline)s. 
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1. Introduction  

The use of polymers has strongly contributed to modern society. Despite that the concept of 

polymers was only discovered about hundred years ago by Staudinger, they have had a 

tremendous impact on a wide range of applications from disposable plastics, via light-weight 

construction materials and high-strength composites to biomedical devices and drug therapy. 

Current times are sometimes even referred to as the ‘Polymer Age’.[1]  

About 55 years ago, poly(2-oxazoline)s were first reported based on the living cationic ring-

opening polymerization (CROP) of 2-oxazoline monomers as shown in Figure 1.[2-6] This 

polymerization proceeds via nucleophilic attack of the monomer onto the initiator leading to the 

formation of a 2-oxazolinium group while the leaving group of the initiator ends up as counter-

ion. Subsequent nucleophilic attack of the next monomer on the carbon on the 5-position of the 

2-oxazolinium ring leads to the ring-opened poly(2-oxazoline)s, while the incoming monomer 

ends up as the 2-oxazolinium chain end. This monomer addition process continues until all 

monomer is consumed, after which another monomer can be added to make block copolymers 

or a nucleophile can be added to terminate the polymerization and to introduce a functional end-

group.[7-9] Depending on monomer nucleophilicity and the counter-ion stability, there may be an 

equilibrium between 2-oxazolinium cationic propagating species and covalent dormant 

propagating species in which the anionic leaving group is attached to the chain end.[10] The 

properties of the resulting poly(2-oxazoline)s can be controlled by variation of the 2-substituent 

of the 2-oxazoline monomer, which becomes the side-chain of the polymer.[7,8] This variability of 

the side-chain provides access to a wide range of polymer properties ranging from hydrophilic, 

via hydrophobic to fluorophilic and from highly flexible polymers, via semi-crystalline to rather 

rigid polymers as well as responsive polymers.[10-12]  

termination

initiation

propagation

= initiator

= terminator

 

Figure 1. Simplified schematic representation of the living cationic ring-opening polymerization of 2-

oxazolines leading to poly(2-oxazoline)s.  
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After the discovery of poly(2-oxazoline)s, the majority of early publications focused on the 

polymerization mechanism as well as expanding the monomer scope.[7] However, despite that 

the CROP of cyclic imino ethers is not limited to 2-oxazolines, the vast majority of publications 

only focused on the polymerization of 2-substituted-2-oxazolines. Furthermore, the 

physicochemical properties of the resulting poly(2-oxazoline)s were studied in detail enabling in 

depth understanding of how the side-chains influence the physicochemical properties of the 

polymers. In the early years, the application potential of poly(2-oxazoline)s was mostly evaluated 

for bulk applications, such as compatibilizers, surfactants and polymer networks.[7] To date, only 

poly(2-ethyl-2-oxazoline) (PEtOx) has found wide-spread applications in such bulk applications 

and is marketed under the tradename Aquazol® by Polymer Chemistry Innovations.[13]  

Nowadays, the major field of research on poly(2-oxazoline)s focuses on their potential use in 

biomedical applications, such as biomedical devices, tissue engineering and drug delivery.[14,15,16] 

This interest is inspired by the  seminal work of Zalipsky who was the first to demonstrate 

enhanced blood circulation for PEtOx and  poly(2-methyl-2-oxazoline) (PMeOx) decorated 

liposomes, with similar blood circulation times compared to poly(ethylene glycol) (PEG) 

decorated liposomes.[17] These results indicated that PMeOx and PEtOx have similar ability to 

shield non-specific interactions with proteins and cells as PEG. However, it should be noted that 

more and more evidence arises that a large percentage of Western population has antiPEG 

antibodies, which may induce an allergic response upon treatment with PEGylated formulations, 

including COVID-19 vaccines,[18,19] further stimulating research on alternative polymers that 

suppress non-specific interactions,[20-22] including poly(2-oxazoline)s. Even though there are no 

approved biomedical applications of poly(2-oxazoline)s yet, Serina Therapeutics has reported 

that a poly(2-oxazoline)-drug conjugate is safe and well-tolerated in a preliminary clinical trial 

with 19 human patients.[23] In addition, they demonstrated that once-a-week subcutaneous 

administration of the poly(2-oxazoline)-drug conjugate led to continuous blood plasma levels of 

the drug. More recently, a poly(2-oxazoline) based hemostatic patch, as developed by GATT 

technologies, also entered human clinical trials.[24] Even though to date there are no therapeutics 

or medical devices based on poly(2-oxazoline)s approved for the clinic, the approval to start these 

clinical trials implies that poly(2-oxazoline)s have been demonstrated to be non-toxic in multiple 

animal models and can reproducibly be manufactured in sufficient purity. 

Within this perspective article, the emerging trends in the synthesis of poly(2-oxazoline)s will be 

first addressed, mostly focusing on recent synthetic advances that contributed to their, 

biomedical, application potential. Secondly, the emerging trends in the properties and 

application potential of poly(2-oxazoline)s will be discussed. Finally, a personal view on the future 

of poly(2-oxazoline)s will be provided. 
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2. Emerging trends in the synthesis of poly(2-oxazoline)s  

The synthesis of a wide-variety of poly(2-oxazoline)s with various (functional) side-chains and 

end-groups is well-established and is continuously being further expanded with both new 

monomers as well a new functionalization strategies and protocols.[9-11] This section will, 

however, not focus on these continuous improvements, but rather aims to discuss recent 

emerging trends in the synthesis of poly(2-oxazoline)s that have enabled the preparation of 

previously unattainable and/or unexplored poly(2-oxazoline)s and poly(2-oxazoline)-derivatives. 

One of the main challenges for the development of poly(2-oxazoline)s by CROP of 2-oxazolines 

(Figure 2a) has been the occurrence of intrinsic chain transfer side reactions during the CROP that 

obstruct the reproducible synthesis of defined high molar mass polymers, which is required for 

their use in applications where polymer chain entanglements are required to enhance the 

mechanical properties, such as pharmaceutical excipients or additive manufacturing. It is 

believed that the lack of straightforward access to high molar mass poly(2-oxazoline)s is one of 

the main reasons why they have been abandoned for use in bulk polymer applications. It should 

be noted that Aquazol is available with a mass average molar mass up to 500 kg/mol, but the 

number average molar mass (Mn) of this Aquazol 500 is limited to 120 kg/mol,[25] indicating that 

a broad molar mass distribution is obtained during production, likely due to chain transfer and 

polymer coupling side reactions. Only very recently, our team reported a methodology for 

preparing defined high molar mass poly(2-oxazoline)s with a Mn up to 287 kg/mol and a dispersity 

of ~ 1.15.[26] This was achieved by stringent purification of all reagents, in combination with 

selecting chlorobenzene as a non-interfering, rate accelerating solvent that allowed 

polymerization at 40 °C. It was rationalized that this low temperature was required to suppress 

intrinsic chain transfer side-reactions that were ascribed to tautomerization of the 2-oxazolinium 

cationic chain end to an enamine form. The access to defined high molar mass poly(2-oxazoline)s 

enabled the discovery of phase separation in blends of PEtOx with poly(2-n-propyl-2-oxazoline) 

(PnPrOx)[27] and the development of thermogelling PnPrOx-b-PEtOx-b-PnPrOx triblock 

copolymers.[28] It should be noted, however, that the use of low polymerization temperatures 

(40 °C) leads to a significant increase in polymerization time up to 28 days to obtain a Mn of 300 

kg/mol, severely limiting industrial applications. In this regard, the future use of sulfolane or 

trifluoromethylbenzene could be considered as solvents for the preparation of high molar mass 

poly(2-oxazoline)s, as these solvents were demonstrated to accelerate the CROP of 2-

oxazolines.[29,30] 

In recent years, there is an increasing interest in expanding the monomer scope of cyclic imino 

ethers beyond the common 2-substituted-2-oxazolines with alkyl or aryl substituents.[31] The 

polymerization of the six-membered cyclic 4,5-dihydro-1,3-oxazines, commonly referred to as 2-

oxazines, has gained interest as the resulting poly(2-oxazine)s have an additional methylene 

group in the main chain resulting in higher flexibility, i.e. lower glass transition temperature, and 

slightly higher hydrophobicity compared to poly(2-oxazoline)s with the same side chain (Figure 

2b).[32] Interestingly, the statistical copolymerization of 2-oxazolines and 2-oxazines leads to the 
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spontaneous formation of gradient copolymers, whereby the 2-oxazine is incorporated faster 

than the 2-oxazoline providing straightforward access to amphiphilic gradient copolymers.[33] The 

poly(2-oxazine)s are gaining interest for biomedical applications as the higher chain mobility has 

been demonstrated to lead to improved antifouling properties compared to poly(2-oxazoline)s 

and PEG[34] while also being beneficial for drug delivery.[35,36] However, recently it was 

demonstrated that core-crosslinked micelles coated with poly(2-methyl-2-oxazine) and poly(2-

ethyl-2-oxazine) revealed more interactions with blood immune cells than core-crosslinked 

micelles coated with PEtOx and, especially, PMeOx.[37] These results demonstrate that antifouling 

behavior and biocompatibility depends on the investigated polymer as well as the formulation 

indicating the importance of in depth comparative studies. Furthermore, the incorporation of 

poly(2-oxazine) structures has been demonstrated to be beneficial for the development of 

thermoresponsive hydrogels that can be used for 3D printing and for melt-electrospinning 

writing.[38,39] 

Further increasing the cyclic imino ether ring-size to the 7-membered 4,5,6,7-tetrahydro-1,3-

oxazepine structure, commonly referred to as 2-oxazepines, has been proven to be very 

challenging, despite that the 2-(1-pyrridinyl)-2-oxazepine monomer was already reported by 

Saegusa in 1997.[40] However, the presence of the pyridinyl side-chain leads to the formation of 

polyureas, which could be obtained using methyl triflate as initiator while the use of benzyl 

chloride led to the exclusive isomerization to 1,1’-carbonyl-di-pyrrolidine. Only some years ago, 

our group demonstrated the successful synthesis of the second 2-oxazepine monomer, namely 

2-phenyl-2-oxazepine, and its polymerization, which was found to be more than 500 times slower 

than the CROP of the corresponding 2-phenyl-2-oxazoline monomer (Figure 2c).[41] The slower 

polymerization of the 2-oxazepine monomer was ascribed to the non-planarity of imino ether 

moiety obstructing its isomerization to the final tertiary amide of the resulting polymers. 

In 2019, Wu and Swager introduced 2-ethylthio-2-oxazoline as versatile monomer for the living 

CROP resulting in defined poly(2-ethylthio-2-oxazoline) (Figure 2d).[42] Subsequent oxidation of 

the ethylthio side chains of this polythiocarbamate activates the side chain for mild nucleophilic 

substitution with a broad range of thiol and amine containing nucleophiles leading to diverse 

functional poly(2-oxazoline) analogues with thiocarbamate and urea functionalities, respectively. 

It should be noted that similar polyurea analogues can also be prepared through hydrolysis of 

poly(2-oxazoline)s to linear polyethyleneimine (PEI) followed by full amidation with 

isocyanates,[43] which, however, is much less elegant and is limited by the availability and 

reactivity of the isocyanates. 

A final 2-oxazoline monomer that is receiving more and more attention in recent years is 2-

isopropenyl-2-oxazoline (iPOx) (Figure 2e).[44] Both the CROP and radical polymerization of iPOx 

were first reported by Kagiya and Matsuda in 1972.[45] The CROP of iPOx is rather challenging as 

the conjugated side-chain vinyl group induces significant chain transfer and termination side-

reactions leading to the formation of short oligomers with broad molar mass distributions. 

Therefore, current interest is focused on the polymerization of the vinyl group of iPOx, which can 
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be achieved by (controlled) radical polymerization,[46-48] anionic polymerization[46,49,50] or group 

transfer polymerization.[51] The renewed interest in PiPOx is inspired by the work of Kronek and 

coworkers who demonstrated the good biocompatibility of this hydrophilic polymer.[52,53] More 

recently, we demonstrated the high stability of PiPOx in phosphate buffered saline.[54] 

Furthermore, PiPOx has 2-oxazoline side chains that can be easily modified by reaction with 

carboxylic acids providing straightforward access to a wide range of functional polymers through 

post-polymerization modification reactions,[46-51,55] which also enabled the straightforward 

preparation of hydrogels and networks through crosslinking with dicarboxylic acids.[56-58] 

a) b) c)

d) e)

 
Figure 2. Schematic representation of 2-oxazoline (a), 2-oxazine (b), 2-oxazepine (c), 2-ethylthio-2-

oxazoline (d) and 2-isopropenyl-2-oxazoline (e) monomers and the corresponding polymers, respectively.  

 

One of the intrinsic limitations of poly(2-oxazoline)s is that they are non-biodegradable, even 

under the strong acidic conditions that are present in the stomach.[59] Oxidative degradation of 

poly(2-oxazoline)s has been reported under oxidative stress, but this is only relevant for mid- and 

long-term applications and is rather uncontrolled.[60] In recent years, this limitation has been 

addressed by developing degradable poly(2-oxazoline) analogues. Schubert and coworkers 

reported a synthetic method to convert poly(2-oxazoline)s into poly(2-oxazoline)-polyglycine 

copolymers as shown in Figure 3a.[61] The glycine units could be introduced by first hydrolyzing 

PEtOx to obtain linear PEI. Subsequent partial oxidation provided access to a copolymer of PEI 

and glycine, which was transformed back to the poly(2-oxazoline) by acylation of the secondary 

amine groups of linear PEI. The introduced secondary amide units are susceptible to enzymatic 

degradation by proteases enabling the degradation of the polymer backbone into shorter 

oligomer fragments. These degradable poly(2-oxazoline) analogues were also incorporated as 
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hydrophilic block into amphiphilic block copolymers with poly(2-n-nonyl-2-oxazoline) or 

polycaprolactone as hydrophobic block.[62]   

A poly(2-oxazoline)-inspired degradable polymer was developed by Wang and Hadjichristidis.[63] 

Therefore, cyclic N-acylated-1,4-oxazepan-7-one monomers were developed having both an 

ester and a tertiary amide in the ring-structure. Subsequent organocatalyzed ring-opening 

polymerization of the ester units led to the formation of the poly(2-oxazoline)-inspired poly(ester 

amide)s that are degradable through hydrolysis of the ester units (Figure 3b).  

co

a) b)

 
Figure 3. Chemical structures of poly(2-oxazoline)s with degradable secondary amide (a) or ester (b) 

groups in the main chain.  

 

3. Emerging trends in the properties and applications of poly(2-oxazoline)s 

This section will discuss some of the emerging trends in the properties and applications of poly(2-

oxazoline)s that were reported in recent years, ranging from fundamental insights in polymer 

properties, via biomedical applications to other applications. This perspective article does not 

intend to be a comprehensive review of recent progress in properties and applications of poly(2-

oxazoline)s, but rather aims to provide an insight in some important emerging recent trends, 

from the perspective of the author. 

At first, some emerging trends will be discussed for the use of poly(2-oxazoline)s as research tool 

to gain fundamental insights in polymer properties in general. In this regard, poly(2-oxazoline)s 

have provided a platform for the in depth evaluation of effect of cyclic polymer topology on their 

properties.[64] The synthesis of cyclic poly(2-oxazoline)s was first reported by Grayson through 

copper(I)-catalyzed azide-alkyne cycloaddition of α-alkyne-ω-azido-functionalized poly(2-

oxazoline)s, as basis for the preparation of cyclic polyethyleneimines.[65] A similar methodology 

was adapted by the group of Benetti to demonstrate the superior antifouling and lubrication 

behavior of cyclic polymer coated substrates[66,67] as well as enhanced stability of cyclic polymer 

coated nanoparticles,[68] based on a direct comparison of linear and cyclic poly(2-oxazoline) 

coatings as illustrated in Figure 4 for polymer-coated iron oxide nanoparticles. In addition, it was 

demonstrated that the polymer topology of the polymer coating determines the formation of a 

protein-corona on polymer coated iron oxide nanoparticles.[69] Furthermore, Jang reported the 

synthesis of linear and cyclic poly(2-isopropyl-2-oxazoline)s as basis to evaluate the effect of 

polymer topology on the thermoresponsive lower critical solution temperature (LCST) behavior 

of the polymers.[70] It was found that the cyclic polymer topology increases the cloud point 

temperature of the polymer solutions and that intermediate cloud point temperatures could be 

achieved by mixing of linear and cyclic polymers. Similarly, it was demonstrated by Reimhult that 

the flocculation temperature of iron oxide nanoparticles coated with cyclic thermoresponsive 
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poly(2-isopropyl-2-oxazoline) was higher compared to linear polymer analogues.[71] Cyclic poly(2-

oxazoline)s with reactive side chains were also used for the fabrication of the first reported 

covalent cyclic polymer hydrogel.[72] The cyclic polymer hydrogel showed unique properties, such 

as an increase in swelling degree when prepared at higher polymer concentration while linear 

polymer hydrogels generally show the opposite behavior. The difference was ascribed to the 

higher steric constraints in the cyclic polymer hydrogels, which also led to a higher storage 

modulus for the cyclic polymer hydrogel compared to linear polymer analogues.  

 

 

Figure 4. Schematic representation of the synthesis of linear and cyclic poly(2-ethyl—2-

oxazoline)s and their use for coating of iron oxide nanoparticles. Reprinted with permission from 

ref 68.  

Poly(2-oxazoline)s have also been widely used to study fundamentals and structure-property 

relations of thermoresponsive polymers.[12,73] Some recent highlights in this area will be 

discussed here, as a full coverage of this area is beyond the scope of this perspective article. Tiller 

reported a systematic investigation on the effect of the comonomer structures on the LCST phase 
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diagram of the corresponding copolymers.[74] This is an important contribution to the area of 

LCST polymers as, nowadays, phase diagrams are only sporadically reported. The study revealed 

that copolymers with similar LCST show differences in the LCST phase diagrams depending on 

the (non-)similarity of the hydrophilic-hydrophobic balance of the utilized comonomers, whereby 

a lower concentration dependence of the cloud point temperatures was observed if the 

comonomers have similar hydrophilic-hydrophobic balance. This observation was translated to 

hydrogels in which it was demonstrated that a normal thermal transition could only be obtained 

when the cloud point temperature of the polymer building blocks are independent of 

concentration.[75] Becer also demonstrated that the variation of the linker in between the poly(2-

oxazoline) backbone and a side-chain sugar functionality can be used to tune the cloud point 

temperature of the copolymers.[76] Furthermore, the lectin-binding of these glycopolymers was 

also found to depend on the length of the linker. Thermoresponsive poly(2-oxazoline) block 

copolymers were also used by Kjoniksen to study the effect of temperature and concentration 

on the self-assembly behavior.[77] The group of Mulhaupt exploited thermoresponsive poly(2-

oxazoline)s with LCST behavior to gain thermal control over the aggregation and dispersion 

behavior of silver nanoparticles and graphene oxide, providing opportunities for efficient catalyst 

recycling by a mild increase of temperature.[78,79] Furthermore, it was demonstrated that 

thermoresponsive poly(2-oxazoline)-coated particles with LCST behavior could be shuttled 

between water and ethyl acetate by variation of the temperature allowing efficient transport of 

a loaded cargo in between the phases of this biphasic solvent system.[80] Similar shuttling of 

poly(2-oxazoline) block copolymer micelles has previously also been demonstrated in biphasic 

water-ionic liquid systems.[81,82] 

Another interesting fundamental aspect of poly(2-oxazoline)s is their crystallization behavior that 

was discussed in full detail in a review by Oleszko-Torbus.[83] Especially crystallization of poly(2-

isopropyl-2-oxazoline) (PiPrOx) from an aqueous solution that is annealed above the cloud point 

temperature is quite unique, as first reported by Demirel and Schlaad.[84] The presence of PiPrOx 

crystals in a PiPrOx coated substrate has been demonstrated to promote proliferation of human 

dermal fibroblasts by Dworak.[85] The PiPrOx crystallization process has also been utilized for 

heating-induced irreversible formation of micelles and nanorods with a crystalline core from 

MeOx-b-PiPrOx block copolymers by Taton and Lecommandoux,[86] and very recently for the 

living, heat-induced crystallization of MeOx-b-PiPrOx block copolymers into defined stealthy 

nanorods by Davis and Kempe.[87,88] However, the potential irreversible crystallization of 

thermoresponsive poly(2-oxazoline)s from aqueous solution can also interfere with potential 

applications. Therefore, reports appeared on thermoresponsive poly(2-oxazoline) copolymers in 

which statistical comonomer distributions, e.g. in PiPrOx-PnPrOx copolymers and PEtOx-poly(2-

nonyl-2-oxazoline) copolymers, lead to absence of crystallinity as reported by Dworak and 

Oleszko-Torbus.[89,90] 

Poly(2-oxazoline)s are receiving significant interest for various drug delivery and therapeutic 

applications, including matrix for formulations, polymer-drug conjugates, polymer-protein 

conjugates, micellar carriers for drug loading, shielding of drug delivery vehicles and antimicrobial 
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polymers.[35,36,91-94] The progress in each of these areas is significant and selected recent 

examples will be discussed to illustrate this emerging area.  

Even though the first use of PEtOx as matrix excipient for the preparation of oral drug formulation 

was reported in 2012,[95] this area only strongly expanded in recent years with reports on the use 

of PEtOx as matrix excipient for drug formulation for oral drug delivery through tablets[96] or an 

inhaler,[97] ocular drug delivery[98] as well as buccal drug delivery.[99] Furthermore, poly(2-

oxazoline)s have been demonstrated for the formation of amorphous solid dispersions of various 

drugs, thereby enhancing the solubilization of poorly water-soluble drugs by suppression of drug 

crystallization.[100-102]  

Covalent drug-conjugation to polymers through cleavable linkers is a popular strategy for drug 

delivery as it enables stimuli-controlled or slow release of the active drug, while the polymer-

drug conjugate usually is inactive.[103] This concept has been used by Serina Therapeutics for the 

development of injectable slow release formulations of rotigotine based on a rotigotine-PEtOx 

conjugate that revealed stable blood plasma concentration of the drug in humans upon once a 

week subcutaneous injection.[23] More recently it was proposed that these slow release kinetics 

are driven by shielding of the degradable ester linkage by the polymer chain, thereby slowing 

down the enzymatic drug release kinetics.[104] Our group demonstrated that the nature of the 

utilized poly(2-oxazoline) is important as it determines the maximum hydrophobic drug loading 

capacity while retaining sufficient aqueous solubility required for intravenous administration, 

whereby the more hydrophilic PMeOx allows higher covalent drug loading than PEtOx.[105,106] For 

depot formulations, more hydrophobic poly(2-oxazoline)s lead to longer-term release 

kinetics[107] while the use of hydrophobic polymer-drug conjugates with dynamic cloud point 

temperatures enables longer term near-zero-order release kinetics due to enhancement of 

polymer hydration upon partial release of the conjugated hydrophobic drug.[108] An interesting 

concept was reported by Liu, Li and coworkers who demonstrated that PEtOx end-functionalized 

with temozolomide self-assembled into micellar drug carriers, thereby enhancing the blood 

circulation time and increasing the accumulation in and inhibition of glioblastoma.[109] Ashjari 

reported a poly(2-oxazoline)-based block copolymer drug conjugate consisting of a hydrophilic 

PEG block and a thermoresponsive PiPrOx block having doxorubicin conjugated through pH-

degradable hydrazine linkers to the poly(2-oxazoline) chain end.[110] This provides a dual-

responsive micellar drug delivery vehicle for which it was demonstrated that most efficient drug 

release occurred at slightly elevated temperature and a low pH of 5, as is the case in a tumor 

microenvironment. 

Recently, Sengstock, Klostermeier, Tiller and coworkers reported the synthesis of amphiphilic 

block copoly(2-oxazoline)s end-capped with ciprofloxacin as polymer-antibiotic conjugates.[111] It 

was demonstrated that these copolymers showed activities against various bacterial strains, 

including ciprofloxacin-resistive bacteria. It was hypothesized that this enhanced activity is 

related to the concentration of the amphiphilic polymers in the bacterial cytoplasm, which 

delicately depends on the hydrophilic-hydrophobic balance of the poly(2-oxazoline) block 



11 
 

copolymer carrier. In recent years, the group of Liu also introduced peptide mimicking poly(2-

oxazoline)s as antimicrobial agents Figure 5).[112] Poly(2-aminomethyl-2-oxazoline) (Gly-POX) was 

demonstrated to be a potent antimicrobial agent, that was even effective against bacterial strains 

that are highly resistant against antibiotics.[113] Importantly, it was demonstrated that multiple 

treatments with Gly-POX did not induce any resistance. The introduction of a longer alkyl spacer 

in poly(4-aminopropyl-2-oxazoline) (GABA-POX) was demonstrated to lead to a different mode 

of action, also enabling potent antimicrobial activity.[114] The mode of action of the more 

hydrophobic GABA-POX was ascribed to membrane-targeting, while mode of action of the more 

hydrophilic Gly-POX was associated to DNA targeting (Figure 5). More recently, the amino-groups 

of the GABA-POX were transformed into guanidine groups, which was shown to induce potent 

antifungal activity by fungal cell membrane penetration followed by organelle disruption.[115] 

These poly(2-guanidine-propyl-2-oxazoline)s were very selective against fungi and did not induce 

antifungal resistance. 

 

Figure 5. Schematic representation of the development of poly(2-oxazoline)s with pendent 

glycine (Gly-POX) and γ-aminobutyric acid (GABA) groups as antimicrobial agents, together with 

their proposed DNA-targeting and membrane-targeting mechanisms, respectively. Reprinted 

with permission from ref 114. 

 

Amphiphilic ABA triblock copoly(2-oxazoline) micelles have been developed by Jordan, 

Luxenhofer and Kabanov who demonstrated their potential as excellent carriers for various 

hydrophobic drugs, enabling very high drug loading.[116] These systems have been further 

developed, amongst others, for treatment of ovarian and breast cancer through codelivery of 

cisplatin and paclitaxel,[117] as well as for lung adenocarcinoma through immunotherapy with 

resiquimod,[118] which were both demonstrated to be effective in in vivo using mice models. More 

recently, Kabanov and coworkers also reported the use of such ABA triblock copoly(2-oxazoline)s 

as stabilizer for a Remdesivir formulation for aerosol treatment of COVID-19.[119] Finally, an in 

depth preclinical bioequivalence study using standardized protocols revealed that a paclitaxel 

loaded ABA triblock copoly(2-oxazoline) nanoformulation had comparable pharmacokinetic 
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profiles as Abraxane®.[120] Systematic studies on variation of the polymer structure and micellar 

formulation of various drugs by Luxenhofer and coworkers provided fundamental understanding 

of the effects of the hydrophilic corona-forming and hydrophobic core-forming blocks on the 

drug loading and solubilization.[121-123] In addition to ABA triblock copoly(2-oxazoline)s, 

amphiphilic gradient copoly(2-oxazoline)s are receiving increasing interest as potential drug 

carriers for hydrophobic drugs, driven by the straightforward one-step synthesis of 

spontaneously formed gradient copolymers when selecting comonomers with sufficiently 

different reactivity.[33,124] Pispas, Demetzos and coworkers were the first to report the use of 

poly(2-oxazoline) gradient copolymers based on MeOx and 2-phenyl-2-oxazoline (PhOx) for the 

micellar formulation of hydrophobic drugs,[125,126] which was later extended towards 

coformulation with phospholipids[127,128] as well as the complexation of nucleotides using 

partially hydrolyzed gradient copolymers.[129] More recently, comparative studies between block 

and gradient copolymers revealed higher drug loading efficiency of rifampicin for gradient 

copolymers of MeOx and PhOx or MeOx and 2-(4-butylphenyl)-2-oxazoline[130] while similar 

loading capacity of curcumin was found for block and gradient copolymers of MeOx and PhOx.[131] 

Amphiphilic gradient copolymers consisting of 2-methyl-2-oxazine and 2-n-propyl-2-oxazoline or 

2-n-butyl-2-oxazoline were also demonstrated as carriers for hydrophobic drug loading, revealing 

similar loading capacity as the corresponding block copolymers.[33,132] Such spontaneously 

formed gradient copolymers with similar loading capacity as block copolymers might still be 

beneficial over the block copolymers as they are more easy, and thus more economical, to 

prepare with higher anticipated reproducibility, albeit the latter has not been reported in detail 

to date. 

Besides drug delivery and therapeutic applications, poly(2-oxazoline)s also gained significant 

interest for the development of hydrogels and scaffolds for tissue engineering.[133,134] The interest 

in poly(2-oxazoline)s for these applications are driven by their high biocompatibility, easy 

functionalization as well as good processability. Noteworthy recent developments include the 

development of poly(2-oxazoline)s for 3D printing[38,135,136] and 2-photon-polymerization[137,138] 

as well as its use for electrospinning[25,139] and melt-electrowriting.[39,140] These reports indicate 

that poly(2-oxazoline)s can be processed through various additive manufacturing methods for 

the creation of 3D structures. Poly(2-oxazoline) hydrogels that actively interact with living matter 

are also emerging as tissue adhesive hemostatic materials[24,141,142] and bone adhesives[143] as 

well as for cell scaffolds for tissue engineering and protein sensors based on the introduction of 

peptide crosslinkers that can be cleaved by matrix metalloproteinases.[133,144,145] 

Finally, there are some exciting emerging applications of poly(2-oxazoline)s for technological , 

rather than biomedical, applications. Kim, Bradley and Kim introduced PEtOx as dipole interlayer 

that enhanced the efficiency of bulk heterojunction solar cells.[146] This pioneering work was 

followed by a significant number of reports that demonstrated improved solar cell efficiency 

upon application of PEtOx interlayers for various types of solar cells, field effect transistors and 

light emitting diodes.[147-154] In the area of batteries, it has been demonstrated that effective gel 
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electrolytes can be prepared based on cationic poly(2-oxazoline) macromonomers as gel 

elctrolytes for lithium ion batteries.[155] 

 

4. Future vision 

The area of poly(2-oxazoline)s has seen major progress in the last decade, ranging from 

significant advances in the synthesis of defined high molar mass, block and gradient copolymers 

as well as functional poly(2-oxazoline)s and related poly(cyclic imino ethers). Furthermore, 

specific polymers have been designed for a wide variety of biomedical applications and the first 

poly(2-oxazoline)s materials, namely a polymer drug conjugate and a hemostatic patch, have 

entered clinical trials. Moreover, poly(2-oxazoline)s remain important materials for studying 

basic concepts in polymer science, such as cyclic polymers and thermoresponsive materials. 

Finally, we have seen major progress in the construction of poly(2-oxazoline)-based hydrogels 

and 3D-materials, as well as in previously unanticipated applications as electronic interlayers in 

devices and as lubricants in oil. However, these applications are believed to be just the initial 

steps towards the broader application potential of poly(2-oxazoline)s, as we are at the beginning 

of broader biomedical use of poly(2-oxazoline)s.  

The synthetic versatility of poly(2-oxazoline)s is believed to continue to support their use as 

functional polymers for developing proof-of-concept studies for a wide-range of biomedical 

applications, to gain fundamental understanding of structure property relationships and to 

investigate novel concepts in polymer science. Remaining synthetic challenges are the 

development of high molar mass poly(2-oxazoline)s in shorter times as well as the synthesis and 

polymerization of 2-oxazepines. The properties and application potential of poly(2-oxazine)s also 

remains to be further explored, as their application potential only seems to be limited by the 

imagination of the involved scientist. As example, the CROP of cyclic imino ethers provides a 

tunable platform for designing and preparing a wide range of amphiphilic gradient copolymers 

that deserve to be further explored as easily accessible alternatives for amphiphilic block 

copolymers. Moreover, functional amino-side chains were recently demonstrated to lead to very 

high potential antimicrobial agents, and many other side chains remain unexplored today. 

Once the first poly(2-oxazoline)-construct is approved for use in the clinic, this is expected to 

further boost the interest from both academia and industry for this class of polymers. Important 

challenges for biomedical use of poly(2-oxazoline)s remain the in depth evaluation of 

biocompatibility and potential immune-response, which should be performed for different 

poly(2-oxazoline)-derivatives, different types of medical devices and implants as well as drug 

carriers.   

For the coming decade, it is believed that the use of poly(2-oxazoline)s will go beyond their use 

in biomedical applications, including for example for cosmetics and personal care. However, for 

these type of applications it will be crucial to develop degradable analogues, being one of the 

emerging areas. An important challenge remain the development of straightforward synthetic 
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protocols for developing degradable poly(2-oxazoline)-analogues. For more technical 

applications, it will be important to develop scalable production methods for poly(2-oxazoline)s 

enabling straightforward and economical access to larger quantities of polymers, as has been 

developed for PEtOx by Polymer Chemistry Innovations.[13] 

Altogether, I believe that we are at an important moment for poly(2-oxazoline)s as they are about 

to breakthrough for biomedical applications and I expect that the interest in these polymers will 

strongly increase in the coming decade. 

 

Conflict of interest statement 

RH is one of the founders of Avroxa BV that commercializes poly(2-oxazoline)s as Ultroxa® and has been 

listed as inventor on a range of patent families dealing with poly(2-oxazoline)s. 

 

5. References 

1. M. Sutton, ‘The birth of the Polymer age’, Chemistry World, 2020 

https://www.chemistryworld.com/features/the-birth-of-the-polymer-age/4011418.article 

(last accessed 17 March 2021). 

2. D.A. Tomalia, D.P. Sheetz, Homopolymerization of 2-alkyl- and 2-aryl-2-oxazolines, J. Polym. 

Sci. Part A-1 Polym. Chem. 4 (1966) 2253–2265. 

3. W. Seeliger, E. Aufderhaar, W. Diepers, R. Feinauer, R. Nehring, W. Thier, H. Hellmann, 

Recent Syntheses and Reactions of Cyclic Imidic Esters, Angew. Chemie Int. Ed. English. 5 

(1966) 875–888. 

4. T.G. Bassiri, A. Levy, M. Litt, Polymerization of cyclic imino ethers. I. Oxazolines, J. Polym. 

Sci. Part B Polym. Lett. 5 (1967) 871–879. 

5. T. Kagiya, S. Narisawa, T. Maeda, K. Fukui, Ring-opening polymerization of 2-substituted 2-

oxazolines, J. Polym. Sci. Part B Polym. Lett. 4 (1966) 441–445. 

6. R. Hoogenboom, 50 years of poly(2-oxazoline)s, Eur. Polym. J. 88 (2017) 448-450. 

7. K. Aoi, M. Okada, Polymerization of oxazolines, Prog. Polym. Sci. 21 (1996) 151-208. 

8. B. Verbraeken, B. D. Monnery, K. Lava, R. Hoogenboom, Eur. Polym. J. 88 (2017) 451-469. 

9. G. Delaittre, Telechelic poly(2-oxazoline)s, Eur. Polym. J. 121 (2019) 109281. 

10. E. Rossegger, V. Schenk, F. Wiesbrock, Design Strategies for Functionalized Poly(2-

oxazoline)s and Derived Materials, Polymers 5 (2013) 956-1011. 

11. M. Glassner, M. Vergaelen, R. Hoogenboom, Poly(2-oxazoline)s: A comprehensive overview 

of polymer structures and their physical properties, Polym. Int. 67 (2018) 32-45. 

12. S. Jana, M. Uchman, Poly(2-oxazoline)-based stimulus-responsive (Co)polymers: An 

overview of their design, solution properties, surface-chemistries and applications, Prog. 

Polym. Sci. 106 (2020) 101252. 

13. https://www.polychemistry.com (last accessed 20 July 2021) 

https://www.chemistryworld.com/features/the-birth-of-the-polymer-age/4011418.article
https://www.polychemistry.com/


15 
 

14. R. Luxenhofer, Y. Han, A. Schulz, J. Tong, Z. He, A.V. Kabanov, R. Jordan, Poly(2-oxazoline)s 

as polymer therapeutics, Macromol. Rapid Commun. 33 (2012) 1613-1631. 

15. T. Lorson, M. M. Lübtow, E. Wegener, M. S. Haider, S. Borova, D. Nahm, R. Jordan, M. 

Sokolski-Papkov, A. V Kabanov, R. Luxenhofer, Poly(2-oxazoline)s based biomaterials: A 

comprehensive and critical update, Biomaterials 178 (2018) 204-280. 

16. T. Dargaville, J.-R. Park, R. Hoogenboom, Poly(2-oxazoline) Hydrogels: State-of-the-Art and 

Emerging Applications, Macromol. Biosci. 18 (2018) 1800070. 

17. S. Zalipsky, C. B. Hansen, J. M. Oaks, T. M. Allen, Evaluation of Blood Clearance Rates and 

Biodistribution of Poly(2-oxazoline)-Grafted Liposomes, J. Pharm. Sci. 85 (1996) 133-137. 

18. https://www.sciencemag.org/news/2020/12/suspicions-grow-nanoparticles-pfizer-s-covid-

19-vaccine-trigger-rare-allergic-reactions (doi:10.1126/science.abg2359; last accessed 20 

July 2021). 

19. M. A. Bruusgaard-Mouritsen, J. D. Johansen, L. H. Garvey, Clinical manifestations and 

impact on daily life of allergy to polyethylene glycol (PEG) in ten patients, Clin. Exp. Allergy 

51 (2021) 463-470. 

20. K. Knop, R. Hoogenboom, D. Fischer, U. S. Schubert, Poly(ethylene glycol) in Drug Delivery: 

Pros and Cons as Well as Potential Alternatives, Angew. Chem. Int. Ed. 49 (2010) 6288-

6308. 

21. M. Barz, R. Luxenhofer, R. Zentel, M. J. Vicent, Overcoming the PEG-addiction: well-defined 

alternatives to PEG, from structure–property relationships to better defined therapeutics, 

Polym. Chem. 2 (2011) 1900-1918. 

22. T. T. H. Thi, E. H. Pilkington, D. H. Nguyen,J. S. Lee, K. D. Park, N. P. Truong, The Importance 

of Poly(ethylene glycol) Alternatives for Overcoming PEG Immunogenicity in Drug Delivery 

and Bioconjugation, Polymers 12 (2020) 298. 

23. C. W. Olanow, D. G. Standaert, K. Kieburtz, T. X. Viegas, R. Moreadith, Once-Weekly 

Subcutaneous Delivery of Polymer-Linked Rotigotine (SER-214) Provides Continuous Plasma 

Levels in Parkinson's Disease Patients. Mov. Disord. 35 (2020) 1055-1061. 

24. https://www.clinicaltrials.gov/ct2/show/NCT04819945 (last accessed 8 July 2021).  

25. B. Stubbe, Y. Li, M. Vergaelen, S. Van Vlierberghe, P. Dubruel, K. De Clerck, R. Hoogenboom, 

Aqueous electrospinning of poly(2-ethyl-2-oxazoline): Mapping the parameter space, Eur. 

Polym. J. 88 (2017) 724-732. 

26. B. Monnery, V. V. Jerca, O. Sedlacek, B. Verbraeken, R. Cavill, R. Hoogenboom, Defined high 

molar mass poly(2-oxazoline)s, Angew. Chem. Ind. Ed. 57 (2018) 15400-15404. 

27. E. Schoolaert, R. Merckx, J. Becelaere, M. Everaerts, J. F. R. Van Guyse, O. Sedlacek, B. G. De 

Geest, G. Van den Mooter, D. R. D’hooge, K. De Clerck, R. Hoogenboom, Immiscibility of 

Chemically Alike Amorphous Polymers: Phase Separation of Poly(2-ethyl-2-oxazoline) and 

Poly(2‑n‑propyl-2-oxazoline), Macromolecules 53 (2020), 7590-7600 . 

28. B. Monnery, R. Hoogenboom, Thermoresponsive hydrogels formed by poly(2-oxazoline) 

triblock copolymers, Polym. Chem. 10 (2019) 3480-3487. 

https://www.sciencemag.org/news/2020/12/suspicions-grow-nanoparticles-pfizer-s-covid-19-vaccine-trigger-rare-allergic-reactions
https://www.sciencemag.org/news/2020/12/suspicions-grow-nanoparticles-pfizer-s-covid-19-vaccine-trigger-rare-allergic-reactions
https://www.clinicaltrials.gov/ct2/show/NCT04819945


16 
 

29. M. Vergaelen, B. Verbraeken, B.D. Monnery, R. Hoogenboom, Sulfolane as common rate 

accelerating solvent for the cationic ring-opening polymerization of 2-oxazolines, ACS 

Macro Lett., 4 (2015) 825-828. 

30. B. Pásztóia, T. M.Trötschler, Á. Szabó, B. Kerscher, H. Tenhu, R. Mülhaupt, B. Iván, 

Quasiliving cationic ring-opening polymerization of 2-ethyl-2-oxazoline in benzotrifluoride, 

as an alternative reaction medium, Polymer 212 (2021) 123165.  

31. M. M. Bloksma, U. S. Schubert, R. Hoogenboom, Poly(cyclic imino ether)s Beyond 2-

Substituted-2-oxazolines, Macromol. Rapid Commun. 32 (2011), 1419-1441. 

32. Z. Varanaraja, J. Kim, C. R. Becer, Poly(2-oxazine)s: A comprehensive overview of the 

polymer structures, physical properties and applications, Eur. Polym. J. 147 (2021), 110299. 

33. O. Sedlacek, K. Lava, B. Verbraeken, S. Kasmi, B. G. De Geest, R. Hoogenboom, Unexpected 

Reactivity Switch in the Statistical Copolymerization of 2‑Oxazolines and 2‑Oxazines 

Enabling the One-Step Synthesis of Amphiphilic Gradient Copolymers, J. Am. Chem. Soc. 

141 (2019) 9617-9622. 

34. G. Morgese, B. Verbraeken, S. N. Ramakrishna, Y. Gombert, E. Cavalli, J.-G. Rosenboom, M. 

Zenobi-Wong, N. D. Spencer, R. Hoogenboom, E. M. Benetti, Chemical Design of Non-Ionic 

Polymer Brushes as Biointerfaces: Poly(2-oxazine)s Outperform Both Poly(2-oxazoline)s and  

PEG, Angew. Chem. Int. Ed. 57 (2018) 11667-11672. 

35. A. Zahoranova, R. Luxenhofer, Poly(2-oxazoline)- and Poly(2-oxazine)-Based Self-

Assemblies, Polyplexes, and Drug Nanoformulations—An Update, Adv. Healthcare Mater. 

10 (2021), 2001382. 

36. O. Sedlacek, R. Hoogenboom, Drug Delivery Systems Based on Poly(2-Oxazoline)s and 

Poly(2-Oxazine)s, Adv. Therap. 3 (2020), 1900168. 

37. M. N. Leiske, M. Lai, T. Amarasen, T. P. Davis, K. J. Thurecht, S. J. Kent, K. Kempe, 

Interactions of core cross-linked poly(2-oxazoline) and poly(2-oxazine) micelles with 

immune cells in human blood, Biomaterials 274 (2021) 120843. 

38. L. Hahn, M. Maier, P. Stahlhut, M. Beudert, V. Flegler, S. Forster, A. Altmann, F. Töppke, K. 

Fischer, S. Seiffert, B. Böttcher, T. Lühmann, R. Luxenhofer, Inverse Thermogelation of 

Aqueous Triblock Copolymer Solutions into Macroporous Shear-Thinning 3D Printable Inks, 

ACS Appl. Mater. Interf. 12 (2020) 12445-12456. 

39. D. Nahm, F. Weigl, N. Schaefer, A. Sancho, A. Frank, J. Groll, C. Villmann, H.-W. Schmidt, P. 

D. Dalton, R. Luxenhofer, A versatile biomaterial ink platform for the melt electrowriting of 

chemically-crosslinked hydrogels, Mater. Horiz. 7 (2020) 928-933. 

40. M. Miyamoto, K. Aoi, T. Saegusa, Ring-opening polymerization of six- and seven-membered 

cyclic pseudoureas, J. Polym. Sci., Part A: Polym. Chem. 35 (1997) 933-945. 

41. B. Verbraeken, J. Hullaert, J. Van Guyse, K. Van Hecke, J. Winne, R. Hoogenboom, The 

Elusive Seven-Membered Cyclic Imino Ether Tetrahydrooxazepine, J. Am. Chem. Soc. 140 

(2018) 17404-17408. 

42. Y.-C. Wu, T. M. Swager, Living Polymerization of 2-Ethylthio-2-oxazoline and 

Postpolymerization Diversification, J. Am. Chem. Soc. 141 (2019) 12498-12501. 



17 
 

43. M. A. Mees, R. Hoogenboom, Full and partial hydrolysis of poly(2-oxazoline)s and the 

subsequent post-polymerization modification of the resulting polyethylenimine 

(co)polymers, Polym. Chem. 9 (2018) 4968-4978. 

44. B. Kopka, B. Kost, M. Basko, Poly(2-isopropenyl-2-oxazoline) as a reactive polymer for 

materials development, Polym. Chem. 13 (2022) advance article, doi: 10.1039/D2PY00660J.   

45. T. Kagiya, T. Matsuda, Selective Polymerization of 2-Isopropenyl-2-oxazoline and Cross-

linking Reaction of the Polymers, Polym. J. 3 (1972) 307-314. 

46. N. Zhang, S. Huber, A. Schulz, R. Luxenhofer, R. Jordan, Cylindrical Molecular Brushes of 

Poly(2-oxazoline)s from 2-Isopropenyl-2-oxazoline, Macromolecules 42 (2009) 2215-2221. 

47. C. Weber, T. Neuwirth, K. Kempe, B. Ozkahraman, E. Tamahkar, H. Mert, C. R. Becer, U. S. 

Schubert, 2-Isopropenyl-2-oxazoline: A Versatile Monomer for Functionalization of 

Polymers Obtained via RAFT, Macromolecules 45 (2012), 20-27. 

48. V. Raus, A. Hološ, J. Kronek, J. Mosnáček, Well-Defined Linear and Grafted Poly(2-

isopropenyl-2-oxazoline)s Prepared via Copper-Mediated Reversible-Deactivation Radical 

Polymerization Methods, Macromolecules 53 (2020) 2077-2087. 

49. H. Feng, M. Changez, K. Hong, J. W. Mays, N.-G. Kang, 2-Isopropenyl-2-oxazoline: Well-

Defined Homopolymers and Block Copolymers via Living Anionic Polymerization, 

Macromolecules 50 (2017) 540-62. 

50. F. A. Jerca, V. V. Jerca, A. M. Anghelache, D. M. Vuluga, R. Hoogenboom, Poly(2-

isopropenyl-2-oxazoline) as a versatile platform towards thermoresponsive copolymers, 

Polym. Chem. 9 (2018) 3473-3478. 

51. N. Zhang, S. Salzinger, B. S. Soller, B. Rieger, Rare Earth Metal-Mediated Group-Transfer 

Polymerization: From Defined Polymer Microstructures to High-Precision Nano-Scaled 

Objects, J. Am. Chem. Soc. 135 (2013) 8810-8813. 

52. Z. Kroneková, M. Mikulec, N. Petrenčíková, E. Paulovičová, L. Paulovičová, V. Jančinová, R. 

Nosál', P. S. Reddy, G. D. Shimoga, D. Chorvát Jr., J. Kronek, Ex Vivo and In Vitro Studies on 

the Cytotoxicity and Immunomodulative Properties of Poly(2-isopropenyl-2-oxazoline) as a 

New Type of Biomedical Polymer, Macromol. Biosci. 16 (2016) 1200-1211. 

53. E. Paulovičová,Z. Kroneková, L. Paulovičová, M. Majerčíková, J. Kronek, Cell-Mediated 

Immunoreactivity of Poly(2-isopropenyl-2-oxazoline) as Promising Formulation for 

Immunomodulation, Materials 14 (2021) 1371. 

54. M. N. Leiske, A. M. Mahmoud, N. M. Warne, J. A. C. M. Goos, S. Pascual, V. Montembault, 

L. Fontaine, T. P. Davis, M. R. Whittaker, K. Kempe, Poly(2-isopropenyl-2-oxazoline) – a 

structural analogue to poly(vinyl azlactone) with Orthogonal Reactivity, Polym. Chem. 11 

(2020) 5681-5692. 

55. F. A. Jerca, V. V. Jerca, R. Hoogenboom, In Vitro Assessment of the Hydrolytic Stability of 

Poly(2-isopropenyl-2-oxazoline), Biomacromolecules 22 (2021) 5020-5032. 

56. F. A. Jerca, A. M. Anghelache, E. Ghibu, S. Cecoltan, I.-C. Stancu, R. Trusca, E. Vasile, M. 

Teodorescu, D. M. Vuluga, R. Hoogenboom, V. V. Jerca, Poly(2-isopropenyl-2-oxazoline) 

Hydrogels for Biomedical Applications, Chem. Mater. 30 (2018) 7938-7949. 



18 
 

57. B. Kopka, B. Kost, K. Rajkowska, A. Pawlak, A. Kunicka-Styczyńska, T. Biela, M. Basko, A 

simple strategy for efficient preparation of networks based on poly(2-isopropenyl-2-

oxazoline), poly(ethylene oxide), and selected biologically active compounds: Novel 

hydrogels with antibacterial properties, Soft Matter 17 (2021) 10683-10695. 

58. M. Ceglowski, V. V. Jerca, F. A. Jerca, R. Hoogenboom, Reduction-Responsive Molecularly 

Imprinted Poly(2-isopropenyl-2-oxazoline) for Controlled Release of Anticancer Agents, 

Pharmaceutics 12 (2020) 506. 

59. H. P. C. Van Kuringen, J. Lenoir, E. Adriaens, J. Bender, B. G. De Geest, R. Hoogenboom, 

Partial Hydrolysis of Poly(2-ethyl-2-oxazoline) and Potential Implications for Biomedical 

Applications? Macromol. Biosci. 12 (2012) 1114-1123. 

60. J. Ulbricht, R. Jordan, R. Luxenhofer, On the biodegradability of polyethylene glycol, 

polypeptoids and poly(2-oxazoline)s, Biomaterials 35 (2014) 4848-4861. 
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