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Star-shaped poly(2-ethyl-2-oxazoline) featuring a 
porphyrin core: synthesis and metal complexation

Abstract: We demonstrate the synthesis of star-shaped 
poly(2-ethyl-2-oxazoline) featuring a porphyrin core start-
ing from alkyne-functionalized porphyrin ([TPP-TB]4) and 
azide-functionalized poly(2-ethyl-2-oxazoline) (PEtOx-
N3) via copper-catalyzed azide-alkyne cycloaddition 
(CuAAC). The porphyrin core was further utilized for the 
complexation of either copper or iron within the central 
cavity. The obtained materials were investigated using a 
combination of nuclear magnetic resonance spectros-
copy, fourier transform infrared spectroscopy, ultraviolet-
visible spectroscopy, size-exclusion chromatography, and 
matrix assisted laser desorption/ionization time-of-flight 
mass spectrometry. In the case of copper, the inclusion of 
the metal ion was achieved in a one-pot reaction during 
the CuAAC reaction for attaching the PEtOx-N3 arms.
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1  Introduction
For the synthesis of star-shaped polymers, typically two 
different approaches are used, either core first or arm first 
(1–3). In the case of core-first strategies, a core molecule or 
a multifunctional initiator is synthesized or modified with 
initiating groups applicable for controlled polymerization 
reactions. In the literature, different examples of atom 

transfer radical polymerization (4, 5), reversible addition 
fragmentation chain transfer (6), anionic ring-opening 
polymerization (7, 8), or cationic ring-opening polymeri-
zation (CROP) (9, 10) are reported. One clear disadvantage 
of the core-first approach is that complete initiation is 
often difficult to verify and lower arm numbers are found 
when compared to initiation sites. This can be avoided 
in the arm-first approach, as each building block can be 
separately characterized and the degree of functionaliza-
tion can be quantitatively determined for each step. In 
that respect, efficient macromolecular conjugation reac-
tions have been extensively investigated for an efficient 
linkage between two complementary motifs, leading to 
different possibilities for the synthesis of new materials 
(11–16). Among these possibilities, one versatile platform 
are copper-catalyzed azide-alkyne cycloaddition (CuAAC) 
reactions, which have already been used for the formation 
of networks (17, 18), block copolymers (19–21), or other 
polymer architectures (13, 22, 23).

Porphyrins show potential for use in applications 
such as photosensitizers (24) and catalysts (25), and, 
owing to an inherent high affinity for metal complexation 
within the porphyrin cavity, the resulting materials have 
attractive optical properties that render them suitable 
precursors for hybrid materials (6, 26–32). Moreover, poly-
mers based on porphyrins have been studied with regard 
to hierarchical self-assembly processes (6, 33, 34) and to 
their use in selective ion complexation (4).

We were interested in the combination of functional-
ized porphyrins and CuAAC of suitably modified polymeric 
building blocks for the synthesis of symmetrical, star-
shaped, porphyrin-centered polymers. For this purpose, 
5,10,15,20-tetrakis(4-hydroxyphenyl)-21H,23H-porphyrin 
([TPP-OH]4) was equipped with alkyne functionalities, and 
azide-functionalized poly(2-ethyl-2-oxazoline) (PEtOx-N3) 
was covalently attached via subsequent CuAAC chemis-
try. We present a detailed study of the obtained materials 
through a combination of nuclear magnetic resonance 
spectroscopy (NMR), Fourier transform infrared spectros-
copy (FTIR), size exclusion chromatography (SEC), ultra-
violet-visible spectroscopy (UV-Vis) and matrix assisted 
laser desorption/ionization time-of-flight mass spectrom-
etry (MALDI-ToF MS). Regarding the introduction of metal 
ions into the porphyrin cavity, this could be achieved in a 
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one-pot synthesis for copper, whereas the introduction of 
iron (III) was realized in two steps.

2  Results and discussion
Herein, we focus on the synthesis of star-shaped poly(2-
ethyl-2-oxazoline) (PEtOx) featuring a porphyrin core and 
four PEtOx arms via the arm-first approach. After the syn-
thesis of azide-functionalized PEtOx building blocks, sub-
sequent CuAAC reactions were used for the formation of 
star-shaped polymers. Our motivation is that well-defined 
porphyrin-centered building blocks with side chains of 
different lengths might be used as unimolecular sensors 
or in self-assembly studies owing to the planar nature of 
the porphyrin core. In that respect, we have already shown 
that the self-assembly mechanism for ABA bolaamphiphi-
les can be controlled by adjusting the length of the solubi-
lizing PEtOx side chain in oligophenyleneethylene-based 
materials (35).

Commercially available [TPP-OH]4 was used as a 
starting material for the preparation of an alkyne-func-
tionalized core ([TPP-TB]4). By etherification of the four 
hydroxyl groups, alkyne-functionalized [TPP-TB]4 could 

be synthesized, where TB refers to the alkyne moieties 
(Figure 1A; Scheme S1). Briefly, [TPP-OH]4 was dissolved 
in a tetrahydrofuran/methanol mixture (THF/MeOH; 5:1; 
v/v) together with potassium carbonate (K2CO3) and pro-
pargyl bromide and stirred at 45°C overnight. After the 
purification, [TPP-TB]4 was obtained and investigated via 
NMR and FTIR, confirming the formation of the desired 
product in an overall yield of 95% (Figures S1 and S2). Full 
conversion of the hydroxyl group was proven by 1H NMR 
through the disappearance of the corresponding signal 
at ≈10 ppm, whereas the aromatic signals for the phenyl 
ring were shifted by 0.1 ppm to lower field (Figure S1). The  
pyrrole NH signal of the porphyrin appeared at -2.8 ppm, 
which remained constant, and new signals correspond-
ing to the alkyne functionality appeared at 5.1 and 3.8 
ppm. Through FTIR, the disappearance of a broad peak 
for the hydroxyl group in the range above ≈3000 cm-1 and 
the appearance of a new signal corresponding to alkyne 
C-H (at 3290 cm-1) and at 1025  cm-1 for a C-O stretching 
vibration could be observed (Figure S2). The characteri-
zation via NMR and FTIR confirmed the successful syn-
thesis of [TPP-TB]4. The solution properties of the pristine 
[TPP-OH]4 and [TPP-TB]4 were investigated via UV-Vis in 
THF. As can be seen in Figure S3, the shape, distribution, 
and intensity ratio of the absorption maxima remained 

HOA

B C

HO

OH
Br

OH

[TPP-PEtOx5]4 [TTP-PEtOx5]4

PEtOx5-N3

PEtOx5-N3

3500 8 9 10 11 12
Elution volume (ml)

3000 2500 2000 1500
Wave number (cm-1)

1000

K2CO3; MeOH/THF

N
N

N N Nn
O

O

O

N N
N N n

N3

O
CuBr/PMDETA; THF

N
H

N
H

N
H

H
N

Figure 1: (A) Alkyne modification of [TPP-OH]4 via etherification with propargyl bromide and subsequent CuAAC chemistry with PEtOx5-N3, 
forming porphyrin-centered star-shaped [TPP-PEtOx5]4; (B) comparison of FT-IR spectra for PEtOx5-N3 (black trace) and [TPP-PEtOx5]4 after 
purification (red trace); (C) comparison of SEC traces for PEtOx5-N3 (dotted line) and [TPP-PEtOx5]4 after precipitation (straight line).
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constant before and after the modification, showing an 
intensive Soret band at 421 nm, whereas further bands 
were observed at 549, 554, 595, and 653 nm, respectively. 
This observation led us to the assumption that the optical 
properties were not changed during this modification step 
and that the integrity of the functionalized porphyrin unit 
was confirmed.

For the synthesis of azide-functionalized PEtOx oli-
gomers, 2-ethyl-2-oxazoline (EtOx) was polymerized via 
microwave-assisted CROP initiated via methyl p-tolue-
nesulfonate (MeTos) in acetonitrile (ACN). The reaction 
was terminated by the addition of sodium azide (NaN3), 
leading to a substitution reaction introducing an azide end 
group (Scheme S2) (35). For the polymerization, a mono-
mer-to-initiator ratio ([M]/[I]) of 5 at a constant monomer 
concentration of 4 mol l-1 was placed in the microwave syn-
thesizer at 140°C. The obtained oligomer was investigated 
via NMR, SEC, and FTIR, to determine the degree of func-
tionalization and molar mass (Figures S4–S6), and was 
found to be PEtOx5-N3 (the subscript denotes the degree 
of polymerization). The degree of functionalization seems 
to be quantitatively as no aromatic signals, corresponding 
to the tosyl group, were observed via 1H NMR after azide 
modification (Figure S4).

For the synthesis of a symmetrical, star-shaped, 
porphyrin-centered [TPP-PEtOx5]4, CuAAC reactions were 
chosen as a versatile platform (Figure 1A). For this purpose, 
1.5 eq. of PEtOx5-N3 in comparison to the alkyne function-
alities of core ([TPP-TB]4) was dissolved in THF. PEtOx5-N3 
was used in a slight excess to ensure full conversion of 
the alkyne functionalities. The solution was purged with 
argon for 5 min, while copper bromide (CuBr; 1.5 eq.) and 
N,N,N′,N″,N″-pentamethyldiethylenetriamine (PMDETA; 
1.5 eq.) were added under an argon stream. The solu-
tion was heated to 80°C in an oil bath for 10 min, passed 
over an aluminum oxide (AlOx N) column to remove the 
copper, and precipitated into diethyl ether. The purple 
precipitate was filtered and dried under vacuum, obtain-
ing [TPP-PEtOx5]4 as a purple polymer, while any excess of 
PEtOx5-N3 remained in solution.

[TPP-PEtOx5]4 was investigated via SEC, FTIR, UV-Vis, 
NMR, and MALDI-ToF MS. Through SEC, a clear shift of 
the elution trace (straight line) to lower elution volume in 
comparison to PEtOx5-N3 (dashed line) could be observed 
(Figure 1C), indicating the absence of free linear polymer 
after purification. Through FTIR, a complete disappear-
ance of the azide signal (≈2100 cm-1) confirmed full con-
version of PEtOx5-N3 (Figure 1B).

UV-Vis spectra (Figure 2B; Figure S7) of [TPP-TB]4 and 
[TPP-PEtOx5]4 in THF showed differences in the Q-band 
region, whereas the Soret band remained at the same 

position. The individual signals at 519 and 554 nm ([TPP-
TB]4) collapsed into one signal at 542 nm, which has 
been described for the complexation of metal ions in the 
center of the phthalocyanine cavity (36). This led to the 
assumption that, during the CuAAC reaction, a copper 
complex with porphyrin was formed ([Cu-TPP-PEtOx5]4). 
NMR measurements showed no signals for the porphyrin 
units in the aromatic region, presumably due to the fer-
romagnetic character of the copper ions (Figure S8). This 
effect was also observed in the case of non-symmetrically 
substituted porphyrins and could be reduced by the addi-
tion of a ligand to minimize the magnetic exchange inter-
actions between Cu-Cu ions (29). In our case, both UV-Vis 
and NMR indicated the incorporation of Cu ions into the 
cavity of the porphyrin core for [TPP-PEtOx5]4. The for-
mation of this Cu complex also occurred under different 
reaction conditions for the CuAAC step (80°C for 5–10 min, 
room temperature for  < 12 h).

For the synthesis of a metal-free [TPP-PEtOx5]4, [Cu-
TPP-PEtOx5]4 was dissolved in neat sulfuric acid and 
stirred for 12 h at room temperature (28). Acid-catalyzed 
hydrolysis of PEtOx (37–39) under these conditions was 
not observed in NMR spectra. Afterwards, no signifi-
cant change in the elution behavior was observed in SEC 
(Figure 2C; Table 1). Nevertheless, comparable UV-Vis 
spectra as for earlier described [TPP-TB]4 were observed, 
hinting towards the successful removal of copper from the 
porphyrin cavity and the formation of [TPP-PEtOx5]4. More 
precisely, both the ratio and the position of the signals, in 
particular in the case of the bands at 519 and 554 nm, coin-
cided with the measurements for [TPP-TB]4 (Figure 2D; see 
Figure S10).

The incorporation of different metal ions into porphy-
rin cavities has been described in the literature (30, 40). 
Because of the similarity of porphyrin and hemoglobin 
as iron-centered porphyrin-based complexes, we were 
interested in whether iron(III) ions could be selectively 
introduced, leading to [Fe-TPP-PEtOx5]4. Direct exchange 
by heating [Cu-TPP-PEtOx5]4 in the presence of iron (III) 
chloride (FeCl3) at 90°C for 24 h was not successful, pre-
sumably due to the strong complexation of the copper 
ion. Using [TPP-PEtOx5]4 for the inclusion of iron into the 
cavity was not successful either, as the remaining acid 
might lead to the direct removal of the iron again. There-
fore, the inclusion of iron into [TPP-PEtOx5]4 was achieved 
by the synthesis of an iron-containing core ([Fe-TPP-TB]4), 
which was prepared by direct addition of iron(III) chloride 
to [TPP-TB]4. After 24 h at 80°C, [Fe-TPP-TB]4 was obtained 
after purification in a yield of 54% (Figures S12 and S13). 
Because of the ferromagnetic character of iron(III), char-
acterization via NMR was not possible and FTIR was 
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Figure 2: (A) Structure of [Me-TPP-PEtOx5]4; (B) comparison of UV-Vis spectra for [TPP-TB]4 (black dashed line) and [Cu-TPP-PEtOx5]4; 
(C) comparison of SEC traces for PEtOx5-N3 (dashed line), [Cu-TPP-PEtOx5]4 (black line), [Fe-TPP-PEtOx5]4 (blue line), and [TPP-PEtOx5]4 
(red line); (D) comparison of UV-Vis spectra for [TPP-TB]4 (black dashed line), [Cu-TPP-PEtOx5]4 (straight black line), [TPP-PEtOx5]4 (red line), 
and [Fe-TPP-PEtOx5]4 (blue line).

Table 1: Selected characterization data of linear and star-shaped 
porphyrin-centered polymers synthesized in this study.

Polymer   Mn
a (g mol-1)  Ða  Mp

b (g mol-1)

PEtOx5-N3   710  1.37 
[TPP-PEtOx5]4   4600  1.12  2965
[Cu-TPP-PEtOx5]4   4900  1.10  3004
[Fe-TPP-PEtOx5]4   5100  1.14  2996
[Cu-TPP-PEtOx11]4   6100c  1.12  4700
[Cu-TPP-PEtOx15]4   8800c  1.07  6400

aSEC (DMAC/LiCl) PS calibration.
bMALDI-ToF MS.
cSEC (CHCl3/TEA/iPrOH) PS calibration.

applied instead. Compared to the FTIR of [TPP-TB]4, that 
of [Fe-TPP-TB]4 showed differences in the region asso-
ciated with pyrrole moieties in the range of 1300 to 900 
cm-1, in particular at 995 cm-1 (Figure S12). Subsequently, 
[Fe-TPP-TB]4 was used for CuAAC reactions with PEtOx5-N3 
as described earlier. After precipitation, [Fe-TPP-PEtOx5]4 

was characterized via SEC and FTIR, which showed an 
elution behavior comparable to those of [Cu-TPP-PEtOx5]4 
and [TPP-PEtOx5]4 (Figure 2C; Table 1; Figure S16). Upon 
direct comparison of the FTIR spectra for [Fe-TPP-PEtOx5]4, 
[Cu-TPP-PEtOx5]4, and [TPP-PEtOx5]4, a signal, which can 
be attributed to pyrrole-metal complexes, being formed 
could be found at 995 cm-1, whereas this individual signal 
disappeared in the case of [TPP-PEtOx5]5 (Figure S17).

Furthermore, the UV-Vis spectrum for [Fe-TPP-
PEtOx5]4 in comparison to that for [Cu-TPP-PEtOx5]4 also 
showed a combined band at 542 nm, indicating metal 
complexation, and a new broad signal from 600 to 750 nm 
(Figure S14). The second broad signal was also indicated 
by the brownish color of the obtained material. As [Fe-TPP-
PEtOx5]4 shows certain similarity to hemoglobin, selective 
complexation of oxygen by [Fe-TPP-PEtOx5]4 when stored 
under air can be assumed. This was already observed in 
SEC for [Fe-TPP-PEtOx5]4 after several days, where an addi-
tional distribution at higher molar masses could be found, 
which might indicate the presence of partially bridged or 



T. Rudolph et al.: Star-shaped poly(2-ethyl-2-oxazoline) featuring a porphyrin core      231

oxidized [Feox-TPP-PEtOx5]4 (Figure S18A). Oxidation or a 
low solubility of [Fe-TPP-TB]4 might also explain the broad 
absorption bands in the UV-Vis spectra (Figure S13) at ≈375 
and 490 nm. The solubility in the case of [Fe-TPP-PEtOx5]4 
in THF increased in comparison to that of [Fe-TPP-TB]4 by 
the attached polymer chains, and, presumably, both oxi-
dation and aggregation decreased in THF.

We additionally subjected [Fe-TPP-PEtOx5]4, [Cu-
TPP-PEtOx5]4, and [TPP-PEtOx5]4 to MALDI-ToF MS. The 
overall molar mass obtained for [Fe-TPP-PEtOx5]4, [Cu-TPP-
PEtOx5]4, and [TPP-PEtOx5]4 could be determined at around 
3000 g mol-1, respectively, which is in good agreement with 
the desired composition (Figure 3A; Table 1). The calculated 
and measured isotopic patterns both showed differences 
corresponding to the according cavity-metal-intercalations 
(Figure 3B). In Figure 3B, the overlay shows a clear differ-
ence between the spectra for one peak corresponding to the 
same number of PEtOx arms, and the cationization agent 
of the individual star-macromolecules is illustrated, which 
shows a dependency on the specific composition. Depend-
ing on the incorporated metal for the porphyrin stars, shifts 
in the molar mass distributions were determined. The calcu-
lated isotopic patterns and the experimental data from MS 
for [Fe-TPP-PEtOx5]4, [Cu-TPP-PEtOx5]4, and [TPP-PEtOx5]4 
fit, taking into account the architecture and ionization of 
the macromolecules (Figures S9, S11, and S15). Moreover, 
[Feox-TPP-PEtOx5]4 showed at least two molar mass distribu-
tions at 3500 and 5000 g mol-1, indicating bridging between 
two [Fe-TPP-PEtOx5]4 macromolecules.

The aforementioned outlined concept of the synthe-
sis of star-shaped [TPP-PEtOxx]4 materials can also be 
applied for side chains with higher molar mass. Exempla-
rily, this has been shown using PEtOx11-N3 and PEtOx15-N3 

as azide-functionalized building blocks. Comparable 
one-pot CuAAC reactions led to the formation of [Cu-TPP-
PEtOxx]4 star-shaped polymers (Figure S19; Table 1).

3  Conclusion
Well-defined star-shaped polymers featuring a porphyrin 
core and PEtOx side chains of different lengths can be 
readily synthesized using CuAAC chemistry starting from 
alkyne-functionalized porphyrin and azide-functional-
ized poly(2-ethyl-2-oxazoline) (PEtOx-N3). Mass spectrom-
etry was used to investigate material characteristics as 
well as the intercalation of copper or iron into the porphy-
rin cavity of [TPP-PEtOx5]4 in addition to UV-Vis and FTIR. 
Such well-defined hybrid building blocks with defined 
amounts of metal cations are promising materials for 
future self-assembly studies. Another interesting feature 
is the herein observed susceptibility of [Fe-TPP-PEtOx5]4 to 
oxidation in the presence of oxygen.

4  Materials and methods

4.1  Methods

4.1.1  Nuclear magnetic resonance spectroscopy

Proton nuclear magnetic resonance (1H NMR) spectra were 
recorded in CDCl3 on a Bruker AC 300-MHz spectrometer at 
298 K. Chemical shifts are given in parts per million (ppm, δ 
scale) relative to the residual signal of the deuterated solvent.
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4.1.2  Size-exclusion chromatography

Size-exclusion chromatography was performed on a 
Agilent (Agilent Technology, Waldbronn, Germany) 
system equipped with an SCL-10A system controller, an 
G1329A pump, an G1362A refractive index detector, and 
both a PSS Gram30 and a PSS Gram1000 column series, 
whereby N,N-dimethylacetamide (DMAC) with 5 mmol of 
LiCl was used as an eluent at 1 ml min-1 of flow rate and the 
column oven was set to 40°C. The system was calibrated 
using polystyrene (PS; 100–1,000,000  g  mol-1) stand-
ards. Furthermore, a Shimadzu (Shimadzu, Duisburg, 
Germany) equipped with an SCL-10A system control-
ler, an LC-10AD pump, and an RID-10A refractive index 
detector using a solvent mixture containing chloroform 
(CHCl3), triethylamine (TEA), and iso-propanol (i-PrOH) 
(94:4:2) at a flow rate of 1 ml min-1 on a PSS SDV linear M 
5-μm column at 40°was used for the investigation of the 
polymers.

4.1.3  Fourier-transform infrared spectroscopy

Dry powders of the copolymers were directly placed on 
the crystal of the ATR-FTIR (Affinity-1 FTIR, Shimadzu) or 
ATR-FT-IR (ALPHA’s Platinum ATR, Bruker) for measure-
ments in the range of 4000 to 600 cm-1.

4.1.4  Microwave-assisted polymerizations

Microwave-assisted polymerizations were carried out 
utilizing an Initiator Sixty single-mode microwave syn-
thesizer (Biotage, Uppsala, Sweden) equipped with a 
noninvasive IR sensor (accuracy: 2%). Microwave vials 
(conical, 0.5–2 ml) were heated at 110°C overnight and 
allowed to cool to room temperature under nitrogen 
atmosphere. All polymerizations were carried out using 
temperature control.

4.1.5  �Matrix-assisted laser desorption ionization  
time-of-flight mass spectrometer

Matrix-assisted laser desorption/ionization time-of-flight 
mass spectrometry was performed on an Ultraflex III TOF/
TOF (Bruker Daltonics, Bremen, Germany) equipped with 
a Nd:YAG laser and without any matrix and using NaCl as 
a doping agent in reflector and linear mode. The instru-
ment was calibrated prior to each measurement following 
an external PMMA standard from PSS Polymer Standards 
Services GmbH (Mainz, Germany).

4.1.6  UV-Vis Spectroscopy

UV-Vis absorption spectra were recorded on a Specord 250 
spectrometer (Analytik Jena, Jena, Germany) in Suprasil 
quartz glass cuvettes (104-QS, Hellma Analytics) with 
a thickness of 10 mm. The temperature at the measure-
ments was controlled by a Jumo dTRON 08.1 instrument 
(Analytik Jena).

4.2  Materials

5,10,15,20-Tetrakis(4-hydroxyphenyl)-21H,23H-porphine 
(TPP), potassium carbonate, sodium azide, iron (III) chlo-
ride, and propargyl bromide (80 wt.% in toluene) were 
purchased from Sigma Aldrich. Propargyl bromide was 
distilled from CaCl2 and stored under argon. 2-Ethyl-2-oxa-
zoline was distilled from barium oxide under vacuum and 
stored under argon in a glove box.

4.2.1  �Synthesis of alkyne modified 
tetrakisphenylporphyrin (TB-TPP)

5,10,15,20-Tetrakis(4-hydroxyphenyl)-21H,23H-porphyrin 
(TPP, 500 mg, 0.734 mmol) was dissolved in a solvent 
mixture of tetrahydrofuran and methanol (15 ml THF and 
3  ml MeOH) together with 1.5 g of potassium carbonate 
(10.85 mmol). Propargyl bromide (3 ml, 26.9 mmol) was 
added to the solution under vigorous stirring and stirred for 
24 h at 45°C. The solvent was removed under reduced pres-
sure, dissolved in THF (concentrated), filtered, and dried 
under vacuum to obtain a purple solid. Yield: 95%, 590 mg.

1H NMR (300 MHz, DMSO): 8.85 (s, pyrrole protons), 
8.15 (d, phenyl), 7.43 (d, phenyl), 5.10 (s, -CH2-C-CH), 3.77 
(s, -CH2-C-CH), -2.91 (s, -NH-) ppm.

FT-IR: 3290 (-CH), 1025 (C-O-C) cm-1.

4.2.2  �Synthesis of alkyne-modified iron(III) containing 
tetrakisphenylporphyrin ([Fe-TPP-TB]4)

TB-TPP (92 mg, 0.11 mmol) was dissolved together with 
iron(III) chloride (FeCl3, 52 mg, 0.19 mmol) in a THF/
methanol mixture (10:4, v/v) and heated in an oil bath 
at 90°C overnight. The reaction mixture was diluted 
with dichloromethane and extracted with water, and the 
organic phase was dried over sodium sulfate, filtered, and 
then dried under vacuum. The product was obtained as a 
brownish solid. Yield: 54%, 54 mg.

ATR-FT-IR: 3300 (-CH), 1017 (C-O-C), 995 (pyrrole-
metal) cm-1.
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4.2.3  Synthesis of azide-functionalized PEtOx5-N3

Methyl p-toluenesulfonate and EtOx were dissolved in 
ACN at a monomer-to-initiator ratio ([M]/[I]) of 5 and at a 
monomer concentration of 4 mol l-1. The capped vials were 
placed in a microwave synthesizer at 140°C. The polym-
erization was terminated via the addition of dried sodium 
azide under inert conditions. The polymers were obtained 
after filtering the excess sodium azide and washing with 
dichloromethane; the organic phase was dried under 
vacuum. After precipitation in cold diethyl ether, the 
polymer was filtered and dried under vacuum.

SEC (CHCl3/i-PrOH/Et3N): Mn = 900 g mol-1; Ð = 1.12 (PS 
calibration). SEC (DMAC/LiCl): Mn = 710 g mol-1; Ð = 1.37 (PS 
calibration).

1H NMR (300 MHz, CDCl3, δ): 3.6–3.2 (br, -N-CH2-CH2-), 
2.5–2.2 (br, CO-CH2-CH3), 1.2–0.9 (br, CO-CH2-CH3) ppm.

ATR-FT-IR: 2096 (azide), 1630 (carbonyl) cm-1.

4.2.4  �CuAAC reaction between [TPP-TB]4 and 
azide-modified PEtOx (PEtOx5-N3) forming 
[Cu-TPP-PEtOx5]4

The core ([TPP-TB]4) and PEtOx5-N3 (6 eq.) were dissolved 
in THF. The solution was purged with argon for 5 min, 
while CuBr (6 eq.) and PMDETA (6 eq.) were added under 
argon stream. The solution was heated up to 80°C in an 
oil bath for 10 min, diluted with chloroform, and passed 
over an aluminum oxide (AlOx N) column to remove the 
copper. The solvent was removed under reduced pressure 
and precipitated in cold diethyl ether. The purple precipi-
tate was filtered and dried under vacuum, obtaining the 
porphyrin-centered polymer.

SEC (DMAC/LiCl): Mn = 4900  g  mol-1; Ð = 1.10 (PS 
calibration).

1H NMR (300 MHz, CDCl3, δ): 8.0–7.65 (tetrazine), 
5.5-5.2 (tetrazine-CH2-CH2-), 4.8–4.6 (tetrazine-CH2-O-), 
4.0–3.8 (tetrazine-CH2-CH2-), 3.8–3.1 (backbone), 2.5–2.2 (br, 
CO-CH2-CH3), 1.2–0.9 (br, CO-CH2-CH3) ppm.

ATR-FT-IR: 1630 (carbonyl), 995 (pyrrole-metal) cm-1.

4.2.5  Synthesis of metal-free [TPP-PEtOx5]4

For the synthesis of metal-free [TPP-PEtOx5]4, [Cu-TPP-
PEtOx5]4 was dissolved in concentrated sulfuric acid and 
stirred at room temperature for 24 h. The product was 
obtained after dilution with water (caution during the 
addition of water to sulphuric acid) and then extracted 

with dichloromethane and water, dried under vacuum, 
and precipitated in diethyl ether.

SEC (DMAC/LiCl): Mn = 4600  g  mol-1; Ð = 1.12 (PS 
calibration).

1H NMR (300 MHz, CDCl3, δ): 8.0–7.65 (tetrazine), 
5.7-5.4 (tetrazine-CH2-CH2-), 4.8–4.6 (tetrazine-CH2-O-), 
4.0–3.8 (tetrazine-CH2-CH2-), 3.8–3.1 (backbone), 2.5–2.2 
(br, CO-CH2-CH3), 1.2–0.9 (br, CO-CH2-CH3) ppm.

ATR-FT-IR: 1630 (carbonyl) cm-1.

4.2.6  �CuAAC reaction between [Fe-TPP-TB]4 and 
azide-modified PEtOx (PEtOx5-N3) forming 
[Fe-TPP-PEtOx5]4

The core ([Fe-TPP-TB]4) and PEtOx5-N3 (6 eq.) were dis-
solved in THF. The solution was purged with argon for 5 
min, while CuBr (6 eq.) and PMDETA (6 eq.) were added 
under argon stream. The solution was heated up to 80°C in 
an oil bath for 10 min, diluted with chloroform, and passed 
over an aluminum oxide (AlOx N) column to remove the 
copper. The solvent was removed under reduced pressure 
and precipitated in cold diethyl ether. The brownish pre-
cipitate was filtered and dried under vacuum, obtaining 
the porphyrin-centered polymer.

SEC (DMAC/LiCl): Mn = 5100  g  mol-1; Ð = 1.14 (PS 
calibration).

ATR-FT-IR: 1630 (carbonyl), 995 (pyrrole-metal) cm-1.
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