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We report the synthesis of catechol-functionalized symmetric 

triblock polymers comprising densely functionalized catechol 

endblocks using anionic ring-opening polymerization (AROP) and 

thiol-ene click chemistry. The simplicity and modularity of our 

approach rely on a two-step synthesis that eliminates the need for 

catechol protection and enables the functionalization of precisely 

synthesized precursor polymers with catechol-containing thiols. 

Partial oxidation of the catechols on the triblock polymers to 

quinones enabled rapid gelation (within seconds) while retaining 

strong adhesive attributes. 

Polymers that establish strong surface-independent adhesion in 

aqueous environments are attractive materials in biomedical 

and industrial applications.1  Mimicking the adhesive chemistry 

harnessed by marine organisms (e.g., Mytilus californianus or 

California mussel, which secrete proteinaceous glues) has 

emerged as a versatile approach to achieve robust wet 

adhesion.2, 3 Interchain crosslinking and polymer-substrate 

anchoring of these protein glues is primarily attributed to 3,4-

dihydroxyphenylalanine (DOPA) residue,2-4 which can undergo 

covalent crosslinking through oxidative conversion of its 

catechol groups to quinone and subsequent catechol-quinone 

coupling.3, 5 At the same time, catechol groups form interfacial 

bonds with various surfaces through covalent bonds (Michael 

addition and Schiff base reactions) and non-covalent 

interactions (e.g., hydrogen bonding and metal coordination).6-

8 Hence, the incorporation of DOPA moieties in synthetic or 

bioderived polymers has been pursued to create adhesives and 

antifoulants9-12 that can replace water molecules on wet 

substrates to achieve robust contact and adhesive bond 

formation through diverse modalities. 

Despite the widespread adoption of catechol adhesion in 

synthetic platforms (examples such as polypeptides,9, 13 

polyamides,14 and polyethylene glycol or PEG5, 11), the adhesive 

properties of catechol-adhesives are limited by the inability to 

tune the content and placement of catechol groups on the 

polymer backbones. The biocompatibility, hydrophilicity, and 

diversity of its end-group chemistries have made PEG an 

attractive candidate for facile catechol modification.5, 11, 15 

Linear and multi-arm PEG chains functionalized with catechol 

end groups have been demonstrated to form hydrogels through 

partial oxidation of the catechol chain ends (elastic modulus, 

 𝐺′~13 kPa).5 However, the oxidative conversion of singular 

catechol into quinone often compromises the network’s 

interfacial binding affinity (lap shear adhesion strength ≤ 10 

kPa on tissue16), leading to adhesion/cohesion trade-offs.5, 16 

Furthermore, the phenolic coupling efficiency and the curing 

time through catechol-quinone bonding depends on the 

catechol redox potential and the intermediate conversion of 

DOPA into derivatives, resulting in polymers with singular DOPA 

end groups curing very slowly (hours to days).5, 16 

In this contribution, we report a modular strategy to synthesize 

catechol-functionalized PEG-based triblock polymers 

comprising densely functionalized catechol endblocks by 

utilizing anionic ring-opening polymerization (AROP) and thiol-

ene click coupling chemistry (Scheme 1). While catechol-

functionalized block and random copolymers have been 

synthesized,17, 18  catechol protection/deprotection steps were 

necessary to avoid undesirable oxidation of the catechol groups 

during synthesis. A key advantage in our approach is the highly 

efficient conversion of a widely available reagent, dopamine 1, 

to DOPA-thiol 2, which was amenable to thiol-ene click coupling 

under ultraviolet (UV) irradiation without the need for 

protection of catechol groups against oxidation. DOPA-thiol 

synthesis was achieved by aminolysis of thiolactones (namely 𝛾-

thiobutyrolactone), which can be efficiently ring-opened via 

nucleophilic amine groups in dopamine 1 to release thiols 

through a one-pot synthesis19, 20 without exposing catechol 

groups to conditions that can result in their oxidation. 
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Symmetric ABA triblock polymer precursors were synthesized 

by oxy-anionic ring-opening polymerization of allyl glycidyl 

ether (AGE) from a PEG macroinitiator 3 to produce poly(allyl 

glycidyl ether-block-ethylene glycol-block-allyl glycidyl ether) 

(P(AGE-b-EG-b-AGE)) 4, as shown in Scheme 1. The use of AGE 

as monomers is advantageous because the controlled cyclic 

ring-opening of their epoxide groups enables the synthesis of 

symmetric triblock polymers with well-defined lengths and 

sequences and narrow length distributions while featuring a 

high density of reactive alkene functionality on the endblocks. 

The terminal alkene groups along the PAGE backbone favor 

post-polymerization modification of endblocks through thiol-

ene coupling.21, 22 Thus, DOPA-thiol reaction with terminal 

carbon-carbon double bonds can be pursued to create catechol-

functionalized water-soluble symmetric triblock polymers 5 

(referred to here as triblock polycatechol or tbPC). 

The successful synthesis of the “clickable” DOPA-thiol 2 was 

confirmed via 1H NMR and FTIR spectroscopy. Figure 1A depicts 

a 1H NMR spectrum of DOPA-thiol 2, contrasted against the 

spectrum of dopamine 1 (starting reagent). The successful 

formation of DOPA-thiol was signified by the peaks at chemical 

shifts 𝛿 = 1.81, 2.43, and 2.60 ppm while retaining the 

signatures of the catechol groups at 𝛿 = 6.50 – 6.66 ppm. 

Fourier-transform infrared (FTIR) spectra, shown in Figure 1B, 

further corroborated the successful synthesis and highlighted 

the noticeable appearance of thiol stretching from 2 in 

wavenumbers = 2550 – 2600 cm-1, which was absent in 1.  

Consonant chemical fingerprints between 1 and 2 were 

captured (Figure S1A, ESI), albeit with higher absorbances at 

wavenumbers corresponding carbonyl (Figure S1B, ESI) and 

secondary amine (Figures S1C and S1D, ESI) attributable to 2. 

To confirm the absence of unwanted oxidation in 1 and 2, 

ultraviolet/visible (UV-Vis) absorbance spectra of both species, 

shown as solid lines in Figure 1C, were compared to their states 

after oxidation with sodium periodate (NaIO4) (dashed lines). 

The unoxidized samples (39.5 mM of 1 and 29.5 mM of 2) were 

transparent, showing nearly identical spectra with no peaks 

corresponding to the oxidized derivatives like quinone (which 

would appear at wavelength 𝜆 ≈ 400 nm). Adding NaIO4 (0.9 

mM) to the dopamine 1 solution resulted in the appearance of 

a brown color in the solution. Correspondingly, a broad 

absorbance peak with a maximum at 𝜆𝑚𝑎𝑥 ≈ 400 nm, indicating 

quinone formation, appeared in the UV-Vis spectra. Similarly, 

DOPA-thiol 2 turned dark brown after adding NaIO4, and 

increased absorbance at a wavelength approaching 𝜆 ≈ 300 nm 

was observed. 1H NMR analysis of the benzene rings in 1 and 2 

also corroborated that catechol remained unchanged (Figure 

1A), unlike oxidized dopamine, which exhibited spectra of 

oxidized DOPA derivatives (see Figures S2, ESI). 

The successful synthesis and functionalization of symmetric 

triblock copolymers are demonstrated in Figure 2, which 

contrasts the 1H NMR spectra of the starting PEG midblock 3, 

precursor polymer P(AGE-b-EG-b-AGE) 4, and the functionalized 

product tbPC 5. In Figure 2A, only the methyl protons appear in 

the NMR spectra. The appearance of allyl protons from 

repeating AGE units (𝛿 = 5.29 and 5.89 ppm) in Figure 2B 

confirmed the growth of the PAGE blocks. Comparing the 

integrations of allyl peaks of PAGE with methylene peaks of PEG 

and PAGE (𝛿 = 3.50 – 3.70 ppm) allowed estimation of the 

degree of polymerization of the PAGE blocks – estimated here 
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to be 𝑛 = 6. Gel permeation chromatograms, shown in Figure 

2D, confirmed (i) that 𝑚~ 120 and (ii) the growth of the PAGE 

blocks resulting in a noticeable increase in 𝑀𝑊  and 𝑀𝑛  after 

AROP, indicated by the shift in retention times to lower values. 

Notably, the chain length distribution (𝑀𝑊/𝑀𝑛 = 1.06) 

remained nearly unchanged after triblock synthesis, indicating 

products with very narrow molecular weight distributions. 

Post-synthesis functionalization of PEG-based triblock polymers 

(as shown in Scheme 1) was pursued by utilizing thiol-ene click 

chemistry due to its mild reaction conditions at room 

temperature and quantitative yields.23 Complete consumption 

of the allyl groups and the appearance of catechol peaks (𝛿 = 

6.50, 6.64, and 6.66 ppm) in Figure 2C were observed, 

confirming the successful functionalization. DOSY spectra, 

shown in Figure 2E, revealed that the PEG midblock and 

catechol functionalized endblocks have nearly the same 

diffusion coefficients, suggesting their presence on the same 

macromolecule. Moreover, their diffusion coefficients were 

~30× smaller than the solvent (D2O), pointing towards the large 

size of the tbPC macromolecule. FTIR spectroscopy contrasting 

4 and 5 highlighted the appearance of carbonyl and an increase 

in hydroxyl stretch in 5, likely due to the presence of catechol 

groups (see Figure S3, ESI). The resulting tbPC 5 was a densely 

functionalized, symmetric triblock polymer with catecholic 

endblocks and a PEG midblock. 

The precise placement of catechol groups on the endblocks and 

their higher content (compared to a single terminal catechol 

group on a polymer chain) ameliorates the curing of catechol-

based hydrogels and adhesives. We explored the hydrogelation 

of tbPC by characterizing their time-dependent oxidative 

crosslinking via torsional rheometry (Figure 3). The curing of 

hydrogels based on our polymers was pursued via partial 

oxidation of their catechol units and catechol-quinone 

crosslinking, resulting in rapid hydrogelation and the formation 

of networks with high shear strengths. As representative 

systems, 20 wt% tbPC ([catechol] = 132 mM, pH = 7.0) was 

mixed with NaIO4 to produce hydrogels with [NaIO4]/[catechol] 

= 0.5. Instant changes in color and flow behavior were observed 

after NaIO4 addition – suggesting the presence of oxidative 

polymerizations, which resulted in cross-linking between the 

catechol units.5 The abrupt increase in elastic and loss moduli 

(𝐺′ and 𝐺′′), shown in Figure 3, indicated swift gelation. This fast 

gelation was possibly due to the abundance and variety of 

oxidized DOPA derivatives that increased the availability of 

cross-linkable groups and accelerated gelation. Within a few 

minutes, the storage modulus reached above 10 KPa (inset of 

Figure 3), and in a little over an hour, plateaued at 𝐺′~45 KPa. 

Adhesion experiments on glass and collagen demonstrated 

diverse and robust adhesive attributes of tbPC hydrogels. The 

polymers were oxidized (10 wt%, [NaIO4]/[DOPA] = 0.5) and 
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allowed to cure between two substrate surfaces (adhesive joint 

preparation is shown as schematic in Figure S4). The stress 𝜏 - 

strain 𝛾 relation obtained from lap shear adhesion tests are 

shown in Figures 4A and 4B for glass and collagen substrates, 

respectively. A maximum lap shear strength 𝜏𝑚𝑎𝑥 ≈ 0.1 MPa 

with failure at 𝛾𝑚𝑎𝑥 ≈ 2% was recorded when adhering to glass 

(Figure 4A), ascribed to hydrogen bonding between silanol 

groups on glass and hydroxyl groups of catechol.6 The adhesion 

on collagen exhibited 𝜏𝑚𝑎𝑥 ≈ 0.3 MPa and 𝛾𝑚𝑎𝑥 ≈ 100% (Figure 

4B), likely arising from covalent bonds between catechols and 

quinones of the polymers and amine groups on collagen.7, 8 The 

higher 𝛾𝑚𝑎𝑥  observed during collagen stretching can be 

attributed to the extensible nature of collagen substrates. 

In conclusion, we demonstrate a modular strategy to synthesize 

PEG-based triblock copolymers with controlled placement and 

content of catechol groups. This strategy eliminated the need 

for protection/deprotection steps of catechol by utilizing 

efficient ring opening of thiolactones to create catechol-

containing monomers that are amenable to thiol-ene click 

chemistry. We further demonstrated the superiority of the 

catechol-containing triblock polymers in forming strong, 

adhesive hydrogels. We envisage the utility of this platform in 

creating hydrogel adhesive libraries with precisely tuned 

catechol functionality, sequence, and oxidation states. 
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