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A B S T R A C T   

Ferulic acid, a natural cinnamic acid derivative with hydroxyl and methoxy group, was quantitatively converted 
into protected functional styrene monomers via 4–vinylguaiacol (VG) as an intermediate. In a facile and scalable 
two-step reaction including decarboxylation followed by protection reactions, the monomers 1-ethoxy ethoxy-VG 
and tert-butyldimethylsilyl-VG were obtained in high yields. Living anionic polymerization of the acetal (1- 
ethoxy ethoxy-) and silyl (tert-butyldimethylsilyl-) protected styrenes proceeded to well-defined polymers with 
narrow MWD, although the reaction temperatures in THF were dependent on the protecting groups of the 
monomers. Deprotection of the acetal and silyl groups was conveniently attained under acidic conditions both in 
THF and water, resulting in well-defined poly(vinylguaiacol). In addition, demethylation with boron tribromide 
was performed to obtain poly(vinylcatechol) copolymers, which were used to complex Fe(III). Random copo
lymerization was observed for the statistical EE-VG and styrene copolymerization in THF at –95 ◦C. Aiming at a 
fully biobased approach, 4-isopropylstyrene was synthesized from cuminaldehyde by Wittig reaction, and the 
copolymerization of the latter with EE-VG was also performed, resulting in multi-hydroxyl functional macro
initiators after deprotection, which were employed for subsequent L-lactide and 4-methyl-ε-caprolactone 
grafting.   

1. Introduction 

Sustainable polymer materials, relying both on biobased feedstocks 
and biodegradable polymers, have become a central research topic in 
the recent decade [1,2]. Applications of high-performance materials 
range from chemistry to medicine, diagnostics, packaging, energy, and 
electronics [3–8]. To replace existing petroleum-based polymers, sus
tainable feedstock-based compounds must exhibit at least similar or 
even improved properties compared to the materials available at pre
sent. The living anionic polymerization of styrene and diene monomers 
is widely used for the manufacturing of thermoplastic elastomers (TPEs) 
[9–12]. High structural precision and a high degree of functionalization 
in linear polymers and block copolymers can be attained using anionic 
living polymerization [13–15]. Complex architectures with well-defined 
structure have been synthesized by anionic polymerization of hydro
carbon monomers or of monomers containing stable and protected 
functional groups in the presence of carbanions, such as ethers, acetals 
and esters [16–18]. Sustainable feedstock-based materials with specific 

molecular structures for special purposes can be used instead of fossil 
fuel-derived compounds, promising reduced environmental impact 
[1,19–23]. 

When compounds from plants are utilized as a renewable feedstock, 
the resulting polymers are often referred to as “bioderived”. An inter
esting approach recently gained popularity in science and industry, 
where biological fermentation is used to produce chemical commodities 
from agricultural feedstocks [24,25]. In most cases, such as for poly 
(lactide acid) (PLA), this feedstock is based on glucose obtained from 
corn starch. 

Lignin is a complex, polyphenolic biopolymer with variable structure 
depending on its origin. It is the second most abundant biopolymer, 
produced on large scale as a byproduct of the paper industry (~70 
million tons annually) [26]. Immense efforts in academia and industry 
have been made to transform lignin waste into chemical commodities 
[26–30]. A minority of lignin waste is employed in high-value applica
tions in upcycled products, such as a fillers in tires [31,32], concrete and 
asphalt [33,34], and furthermore in some specialized applications such 
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as polymer composites [35], epoxy resins [36,37], and other materials 
[38–40]. 

Ferulic acid (3-methoxy-4-hydroxycinnamic acid) is a natural, aro
matic compound that belongs to a variety of phytochemicals. It is one of 
the main constituents of many plant cell walls, e.g. in flax shives, oat, 
rice, and wheat bran [41]. Cellulose and lignin are the key structural 
materials of the cell wall, as they provide strength and rigidity [42]. 
Lignin serves as a filler in between cellulose, hemicellulose, and pectin, 
in particular in vascular and support tissues. Extraction of ferulic acid is 
attained by alkaline hydrolysis of lignin fibers [43]. Several works have 
focused on the biotechnological production of ferulic acid from eugenol, 
which is obtained from clove oil [44,45]. Fermentation-based processes 
offer several advantages, such as aqueous processing environments, 
nontoxic waste, besides the non-fossil-based feedstock. A crucial prop
erty of lignin is the prefabricated carbon scaffold consisting of different 
cinnamic acid derivatives that can be decarboxylated under mild con
dition to generate styrene derivatives. Historically, researchers found 
that cinnamic acid was decarboxylated to form a compound called 
“cinnamene” or “cinnamol”, which appeared to be styrene [46–48]. 

Terpenes, consisting of a carbon scaffold of condensed isoprene 
units, are another class of naturally occurring compounds with a large 
diversity of chemical structures and biological activities. Cuminalde
hyde (4-isopropylbenzaldehyde) is a terpene found in cumin and other 
related species. The aromatic aldehyde may be viewed as a natural 
precursor for styrene, prepared via the facile introduction of a poly
merizable vinyl bond by Wittig olefination. Polymer scientists have 
increasingly exploited naturally occurring aromatic molecules as 
building blocks for biobased polymers [49]. Aromatic components 
typically increase glass transition temperatures because of quadrupolar 
interactions, π - π stacking, and increased sterical hindrance (4- 
isopropylstyrene). 

The common synthesis routes for functional styrene derivatives can 
be divided into two strategies. The functionality is either introduced at 
the beginning, along with a protective group, followed by the intro
duction of the vinyl double bond, or vice versa [13,50,51]. The styrene 
vinyl group as well as the functional moiety are prone to undergo side 
reactions upon heating and reaction with strong electrophiles and 
nucleophiles. 

Recently, Kamigaito and coworkers published an elegant synthetic 
strategy to obtain biobased functional styrenes by decarboxylation of 
cinnamic acids, followed by the introduction of various silyl-protecting 
groups [52,53]. Reversible-addition-fragmentation chain transfer 
(RAFT) polymerization of the protected styrene derivatives afforded 
poly(3-methoxy-4-hydroxy styrene) after deprotection [52]. Haraguchi 
et al. investigated the biodegradation of poly(3-methoxy-4-hydroxy 
styrene) by microorganisms (especially Moraxella and Penicilium) in 
soil [54]. They observed that vanillic acid seems to be the first biodeg
radation product, followed by further oxidation to the monomethyl ester 
of β-carboxymuconic acid, maleic and oxalic acid. Evaluation of the 
intermediate degradation products reveals that the degradation 
pathway is similar to lignin by microorganisms [54]. 

Catechol-containing polymers, are designed with respect to surface 
adhesion, complexation and antioxidant properties [55–62]. Due to the 
incompatibility of protic OH-functionalities and the living carbanion 
during the polymerization, suitable protecting chemistry was employed 
[51,63–66]. The first successful example of this strategy using a pro
tective group is the synthesis of poly(4-vinylphenol), protected by tert- 
butyldimethylsilyl chloride, resulting in 4-tert-butyldimethylsilylox
ystyrene, which was subjected to carbanionic polymerization in THF at 
− 78 ◦C [64]. In previous works, catechol-containing vinyl monomers (4- 
vinylcatechol and 3-vinylcatechol acetonide) have been investigated 
with respect to kinetics, reactivity ratios, and formation of tapered block 
copolymers with pronounced monomer gradient [51]. The acetonide- 
protecting group remained stable under the polymerization condi
tions, but was readily removed by the addition of diluted hydrochloric 
acid, resulting in well-defined poly(vinylcatechol)s. Acetal protecting 

groups recently gained increasing attention due to their convenient ac
cess and removal in post-modifications, along with excellent stability 
against nucleophiles [67]. In a previous report, we introduced p-(1- 
ethoxy-ethoxy)styrene, based on ethyl vinyl ether and the respective 4- 
vinylphenol, for anionic polymerization, enabling rapid access to poly 
(hydroxy-styrene) after deprotection [68]. 

More importantly, 4-tert-butoxystyrene is generally used as the 
favored protected precursor monomer for the synthesis of poly 
(hydroxystyrene) [69,70]. 4-Tert- butoxystyrene is suitable for carba
nionic polymerization, but the latter requires harsh deprotection pro
tocols. Indeed, this moiety exhibits simple benefits such as steric 
hindrance and high stability that enriches the chemist’s toolbox in many 
ways. Usually, the tert-butyl moiety is removed under strongly acidic 
conditions using 1,1,1-trifluoroethanol as a solvent and tri
fluoromethanesulfonic acid at − 5 ◦C [71]. Alternative removal strate
gies rely on trimethylsilyl iodide at 60 ◦C to obtain poly(hydroxystyrene) 
[70]. 

Addressing the scarcity of biobased styrenic monomers suitable for 
anionic polymerization, we report the synthesis of biobased functional 
polystyrene (co)polymers with well-defined structure, relying on natu
rally occurring ferulic acid and the introduction of either an acetal or a 
silyl protecting group. A series of different homopolymers, copolymers 
with styrene and 4-isopropylstyrene, and graft copolymers consisting of 
L-lactide and 4-methyl-ε-caprolactone (4MCL) respectively, have been 
prepared by living anionic polymerization to validate the versatility of 
the approach towards functional polymers based on renewable 
resources. 

2. Results and discussion 

2.1. Monomer synthesis 

Starting from the naturally available cinnamic acid derivative ferulic 
acid, 4-hydroxy-3-methoxystyrene (4-vinylguaiacol, VG) was synthe
sized by decarboxylation in DMF at 100 ◦C in 99 % yield (Scheme 1). 
However, the phenolic group in the monomer has to be protected for 
anionic polymerization by suitable protective groups. For this purpose, 
two different protective groups were introduced, and the polymerization 
of the resulting monomerts was studied regarding polymerization 
behavior and subsequent deprotection. VG can be protected either by 
ethyl vinyl ether as an acetal, or by tert-butyldimethylsilyl chloride 
(TBDMSCl) to obtain silyl protected hydroxyl groups. Both protective 
groups represent stable moieties towards nucleophiles, but can be 
removed under acidic conditions. 

The formation of acetals as a protecting group for ethyl vinyl ether 
with alcohols or phenols is a common strategy in organic chemistry. The 
protection of the phenol moiety of VG with ethyl vinyl ether using tri
fluoroacetate/pyridine as a catalyst proceeded quantitatively, never
theless in only 80 % isolated yield. However, quantitative consumption 
of VG was achieved after seven days, and the conversion was tracked 
daily by NMR. The loss of EE-VG is attributed to the auto-polymerization 
of EE-VG, (1-ethoxyethoxy vinylguaiacol) and VG during the distillation 
at elevated temperatures under reduced pressure. 

TBDMSCl and imidazole were applied to protect the hydroxyl group 
of VG. The reaction proceeded in 82 % yield without solvent. TBDMS-VG 
could be purified via distillation under reduced pressure, in contrast to 
literature procedures [52]. This work demonstrates an improved puri
fication method, avoiding column chromatography and additional 
work-up protocols. Details of all monomer syntheses and NMR spectra 
are given in the Supporting Information. (Figs. S1-S3). 

2.2. Polymerization of EE-VG and TBDMS-VG 

Living anionic polymerization of all synthesized protected VGs was 
examined using sec-BuLi as an initiator in THF at low temperatures. For 
both monomers, a series of homopolymers with increasing molecular 
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weight was synthesized. Molecular weight determination was carried 
out by size exclusion chromatography (SEC), showing that higher mo
lecular weights of P(EE-VG) and P(TBDMS-VG) are underestimated by 
SEC (eluent THF, PS calibration). Aiming at even higher molecular 
weights (>50 kg/mol), pronounced tailing towards molecular weights 
was observed (Figure S9). The results are summarized in Table 1 and 
Fig. 1. NMR and MALDI-TOF spectra are given in the SI (Figure S4-S8). 

Due to its high reactivity, EE-VG requires very low polymerizations 
temperatures of − 95 ◦C (acetone/ N2(l)) in THF. Attempts were made to 
polymerize EE-VG at − 78 ◦C (isopropanol/dry ice), but the results show 
that severe termination occurs during the polymerization, leading to a 
broad molecular weight distribution. TBDMS-VG was polymerized 
under standard conditions at − 78 ◦C in THF. 

In contrast to the anionic polymerization of EE-VG in THF at − 95 ◦C, 
the polymerization of EE-VG in cyclohexane using sec-BuLi as an initi
ator at 25 ◦C did not proceed at all, indicated by the immediate disap
pearance of the color of the anionic species after the addition of sec-BuLi. 
This can be attributed to deactivation of the generated carbanion by 
nucleophilic attack at the 1-ethoxy ethoxy group. In particular, the 
acidic proton in vicinity to the acetal can be abstracted by the nucleo
philic organo-lithium initiator or living chain end. Furthermore, initia
tion of TBDMS-VG resulted in a red colored solution, indicating the 
living chain end. However, the color of the living chain end disappeared 
over the course of 15 min, and only oligomers of < 2000 g/mol were 
detected with SEC (Figure S10 and Figure S11). These observations 
indicate that the TBDMS protective group is generally more stable to
wards strong nucleophiles than the 1-ethoxy ethoxy group. The nucle
ophilicity strongly depends on the temperature and on the employed 
solvent. 

The resulting polymers of EE-VG and TBDMS-VG differ in their glass 

transition temperatures, Tg. Whereas the 1-ethoxy-ethoxy acetal lowers 
the Tg to 15 ◦C (Figure S12), the Tg of the polymer of TBDMS-VG was 
determined to be 79 ◦C (Figure S13). This can be attributed to the 
flexible ethyl side chains of EE-VG, whereas the bulky TBDMS group 
provides rigidity. 

The most pronounced difference of the monomers EE-VG and 
TBDMS-VG was observed in the deprotection of their phenol groups. SEC 
traces of the deprotected homopolymers (P1d-6d) are shown in 
Figure S14. EE-VG is deprotected under mild conditions by the addition 
of diluted hydrochloric acid within one hour at 25 ◦C. A typical 1H NMR 
spectrum of the deprotected homopolymer is shown in Figure S 15. 
However, the removal of silyl groups either requires tetra- 
butylammonium fluoride (TBAF) or concentrated hydrochloric acid 
under reflux for 24 h. The facile deprotection of acetals is an important 

Scheme 1. Synthesis of biobased functional styrene monomers derived from ferulic acid with different protecting groups.  

Table 1 
Properties of homo- and copolymers of protected VG.  

entry VG þ protecting group xfeed 

Styrene, % 
Composition VGþ/Sty Mn,theo, 

kg/mol 
Mn (SEC)a, kg/mol Đ a Tg, 

◦C 

P1 1-ethoxy ethoxy – –  5.0  4.9  1.06 – 
P2 1-ethoxy ethoxy –   10.0  11.1  1.15 – 
P3 1-ethoxy ethoxy – –  30.0  16.8  1.08 15         

P4 TBDMS – –  5.0  4.8  1.10 79 
P5 TBDMS – –  8.0  7.7  1.06 – 
P6 TBDMS – –  20.0  14.6  1.06 –         

P7 1-ethoxy ethoxy 88 10/90  10.0  11.2  1.06 81 
P8 1-ethoxy ethoxy 77 25/75  10.0  9.6  1.07 95 
P9 1-ethoxy ethoxy 47 50/50  10.0  12.1  1.08 45 
P10 1-ethoxy ethoxy 38 75/25  10.0  9.2  1.08 35 
P11 1-ethoxy ethoxy 23 90/10  10.0  11.8  1.11 30         

P12 TBDMS 90 10/90  10.0  10.1  1.06 – 
P13 TBDMS 75 25/75  10.0  10.8  1.08 – 
P14 TBDMS 57 50/50  10.0  9.9  1.07 – 
P15 TBDMS 35 75/25  10.0  15.5  1.08 – 
P16 TBDMS 24 90/10  10.0  10.8  1.08 –  

a Determined by SEC in THF (UV signal, PS calibration). 

Fig. 1. SEC traces (eluent THF, PS calibration) of P1-6.  
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benefit of the 1-ethoxy ethoxy protecting group. In addition, the 
deprotection of P(EE-VG) can be performed in a one-pot reaction by 
adding a mixture of degassed methanol and diluted hydrochloric acid 
directly into the polymerization medium at − 95 ◦C to terminate the 
polymerization and to deprotect the polymer. After heating to room 
temperature and precipitation in cold methanol, the polymer was 
already deprotected, resulting in well-defined poly(4-hydroxy-3- 
methoxystyrene) in quantitative yields. Removal of the acetal protecting 
group increased the Tg to 77 ◦C (P3deprotected, Figure S12). 

2.3. Copolymerization with styrene 

EE-VG and TBDMS-VG were copolymerized with styrene in different 
ratios via statistical anionic copolymerization (Scheme 2), ranging from 
23 to 88 % styrene content and 24–90 %, respectively to assess the 
reactivity of the biobased monomers in comparison to styrene. All re
sults are given in Table 1. 

All copolymers showed narrow MWD (Figures S15-S16). The incor
porated amount of styrene was determined by NMR spectroscopy 
(Figures S17-S18). The ratio of VG and styrene determines the Tg of the 
resulting copolymer (Figure S20). With increasing styrene content, the 
Tg increases in a linear fashion. This linear dependence of increasing Tg 
is an indication that the copolymer sequence is random [72]. Using the 
Fox-equation, the polymers follow a linear tendency shown in Fig. 2. 

2.4. Copolymers with 4-isopropylstyrene 

Since 4-isopropylstyrene can be obtained from a natural source, we 
aimed at the preparation of fully biobased polymers. In this section, we 
demonstrate that copolymers of 4-isopropylstyrene (4-iPrS) and EE–VG 
are accessible via living anionic polymerization. Cuminaldehyde, the 
major terpene component of the essential oil of cumin, is used as a 
starting material for the synthesis of 4-iPrS. This monomer can be 
considered as a natural substitute for styrene to generate fully biobased 
copolymers from functional and non-functional monomers. 

Cuminaldehyde was converted to 4-isopropylstyrene (4-iPrS) via 
Wittig olefination (Scheme 3, 1H NMR in Figure S21). The challenging 
step of the Wittig reaction is the removal of the unavoidable by-product 
triphenylphosphine oxide (TPPO). On a gram-scale TPPO can be 
removed by column chromatography, but targeting larger scales is 
problematic due to interaction of TPPO with the column. However, the 
synthesis of 4-iPrS was possible without purification by column chro
matography. The monomer was distilled under reduced pressure und 
dried over CaH2 and trioctylaluminum. Poly(4-iPrS) shows interesting 
thermal stability. Previous works showed that compared to other para- 
alkylstyrene derivates (4-ethyl-, 4-tert-butyt-styrene, styrene), 4-iPrS 
exhibits good thermal stability, confirmed by TGA measurements under 
N2 and 02.[73]. 

Copolymers consisting of a large excess of 4-iPrS and EE-VG (10/1 M 
ratio) were synthesized via anionic copolymerization in THF under the 
same conditions as described for the styrene copolymers. NMR spec
trum, SEC trace and DSC curve are given in Figures S21-S24. Tg of the 
copolymer after removal of the 1-ethoxy ethoxy protective group is 
103 ◦C. This copolymer, P(4-iPrS-co-VG), was then used in a proof-of- 
concept reaction to serve as a macroinitiator for graft copolymers. 

2.5. Graft copolymers and demethylation 

As demonstrated in previous works, poly(4-hydroxystyrene) can 
serve as key material to access interesting polymer features, e.g. as 
macroinitiators for ethylene oxide grafting [68,69,74]. The combination 
of the hydrophilic poly(ethylene oxide) side chains and the hydrophobic 
polystyrene backbone results in amphiphilic graft copolymers with 
promising surfactant properties [68,74]. 

To further expand the scope of graft copolymers using hydroxy- 
functionalized polystyrenes, (4-iPrS119-co-VG12) was utilized as a ver
satile macroinitiator and precursor for the synthesis of graft copolymers. 
Applying the “grafting from” technique, graft copolymers of P(4-iPrS119- 
co-VG12) and cyclic esters were synthesized via ring-opening polymeri
zation using DBU as a metal-free catalyst. It was demonstrated that P 
(4-iPrS109-co-VG18) served as a suitable macroinitiator for L-lactide 
grafting. The number-average molecular weights Mn increased in direct 
proportion to L-lactide conversion (Fig. 3, Table 2), and the graft co
polymers maintained narrow molecular weight distributions 
(Đ =1.11–1.13). 

In addition, in a proof-of-concept reaction P(4-iPrS119-co-VG12) was 
used as a macroinitiator to graft 4-methyl-ε-caprolactone from the 
phenolic hydroxyl groups using Sn(Oct)2 as a catalyst. The bio-available 
4MCL is a considerable alternative for flexible elastomers based on 
biodegradable polyesters. 4MCL is obtained in multiple steps from 
lignin. Lignin bio-oil provides a variety of cresols, that are hydrogenated 
into their respective alkyl-cyclohexanones. In a second step, Baeyer- 
Villiger oxidation with mCPBA yields methylcaprolactone derivatives. 

The graft copolymer sample P19 was synthesized with Sn(Oct)2 in 
toluene solution at 130 ◦C for 24 h. NMR spectra are given in 
Figures S27-S31. SEC shows a rather broad molecular weight distribu
tion (Đ = 1.40) with a trend towards higher molecular weights 
(Figure S32). This is explained by incomplete initiation of the phenolic 
groups of VG. Most probably due to the reduced nucleophilicity of 
phenolates compared to alkoxides, initiation with Sn(Oct)2 can be slow. 
In addition, the methoxy group in the vicinity could influence the 
bulkiness of the macroinitiator. Moreover, the polymerization of 4MCL 
(P20) and P(4-iPrS119-co-VG12) in bulk within one hour at 130 ◦C was 
demonstrated. The conversion of 4MCL was accompanied by a signifi
cant increase in melt viscosity. 

The versatility of P(4-iPrS119-co-VG12) is displayed by the clean 
removal of the methoxy substituent at the aromatic ring of vinyl
guaiacol. The demethylation was performed using boron tribromide in 
dry toluene for 24 h- reaction time, resulting in well-defined poly(4- 

Scheme 2. Copolymer synthesis with styrene (derivatives), R = H, isopropyl.  

Fig. 2. Tg vs. styrene content in statistical copolymers of EE-VG and styrene (Tg 
of styrene taken from Literature [72]). 
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isopropylstyrene-co-vinylcatechol) (P(4-iPrS119-co-VC12)) in quantita
tive yield (Fig. 4). The demethylation resulted in copolymers of P(VC) 
and P(4-iPrS) with a Tg of 93 ◦C (Figure S25). The total disappearance of 
the methoxy signal at 3.58 ppm in 1H NMR in Fig. 4 confirmed complete 
demethylation. SEC in Figure S 32 shows that the MWD remains 
unchanged. 

2.6. Complexation properties of P(4-iPrS-co-VC) 

After successful demethylation of vinylguaiacol, the resulting 

polyvinylcatechol (PVC) was investigated with respect to the resulting 
complexation properties. It is known that catechols show remarkable 
complexation affinities to metal ions. It is noteworthy that iron III, 
(Fe3+) cations form stable tris-complexes with catechols. The catechol 
complexation activity with Fe3+ cations depends on the pH value. First, 
no complexation was observed when mixing a solution of FeCl3 in 
methanol with a solution of P(4-iPrS-co-VC) in acetone. Only under 
alkaline conditions catechols show deprotonation of the hydroxyl 
groups. After the addition of sodium hydroxide in water, the formation 
of a dark precipitate was observed. The complexation leads to an 
insoluble polymer network (Fig. 5). The reversibility of the complexa
tion was demonstrated by adding hydrochloric acid to the solution to 
dissolve the complex, reducing the number of coordinating catechols on 
the iron center at low pH (Fig. 5). 

3. Conclusion 

Currently there are hardly any biobased styrene derivatives that are 
amenable to anionic polymerization. Ferulic acid was quantitatively 
transformed into 4-vinylguaiacol and novel hydroxyl-protected bio
based styrene monomers. Acetal and silyl protective group were intro
duced to protect the phenols of VG. Living anionic polymerization in 
THF at low temperatures of these protected phenolic styrene derivatives 
resulted in well-defined polymers with controlled molecular weights 

Scheme 3. Synthesis of biobased functional styrene monomers, anionic copolymerization, demethylation, and “grafting from” ring-opening polymerization of cyclic 
esters (PG = protecting group). 

Fig. 3. SEC traces (eluent THF, PS calibration) of P(4-iPrS106-co-VG18) and P 
(4-iPrS119-co-VG12-g-L-lactide); P17 and P18. 
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and narrow molecular weight distributions. The removal of acetal and 
silyl protective groups was accomplished by treatment under different 
acidic conditions to generate multi-hydroxyl-functional polystyrenes. 

These polymers were used as macroinitiators for the synthesis of graft 
copolymers of L-lactide and 4-methyl-ε-caprolactone via ring-opening 
polymerization. Furthermore, demethylation was successfully demon
strated, resulting in copolymers with catechol functionalities without 
molecular weight distribution broadening. In addition, well-defined 
copolymers of 4-iPrS and VC containing catechol moieties can be 
applied as complexing agents and surface coatings with improved 
biodegradability. 
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Table 2 
Graft copolymers and demethylation of poly(4-isopropylstyrene-co-3-methoxy-4-hydroxystyrene).  

entry composition  Macroinitiator 
/precursor 
Mn (SEC)a kg/mol 

% 
VGa 

monomer  Mn (SEC)b kg/mol Đ b Tg,c 

◦C 

P17 P(4-iPrS109-co-VG18) 18.2 14 lactide  29.1  1.13 – 
P18 P(4-iPrS109-co-VG18) 18.2 14 lactide  36.9  1.11 49 
P19 P(4-iPrS119-co-VG12) 19.4 9 4MCL  31.9  1.40 − 60 
P20 P(4-iPrS119-co-VG12) 19.4 9 4MCL  33.3  1.79 − 58   

Demethylation with BBr3      

P21 P(4-iPrS119-co-VG12) 19.4 9   20.9  1.09 93  

a %VG determined by NMR. 
b SEC (eluent THF, PS calibration). 
c DSC (see Figures S 24–26, S33). 

Fig. 4. Deprotection, demethylation and graft copolymers of VG. Top: 1H NMR spectrum of P(4-iPrS119-co-VG12) (400 MHz, CDCl3, 25 ◦C), middle: P21, P(4-iPrS119- 
co-VC12) (400 MHz, CDCl3, 25 ◦C), bottom: P19, P(4-iPrS109-co-VG18)-g-P(L-lactide) (400 MHz, toluene‑d8, 25 ◦C). 

Fig. 5. Complexation properties of P(4-iPrS-co-VC) in alkaline and 
acidic solution. 
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