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Abstract. This study focuses on the synthesis of fully renewable polycarbonates (PCs)
starting from cellulose-based platform molecules levoglucosenone (LGO) and 2,5-
bis(hydroxymethyl)furan (BHMF). These unique bio-based PCs were obtained through the
reaction of a citronellol-containing triol (Triol-citro) derived from LGO, with a dimethyl
carbonate derivative of BHMF (BHMF-DC). Solvent-free polymerizations were targeted to
minimize waste generation and promote an eco-friendly approach with a favorable
environmental factor (E-factor). The choice of metal catalyst during polymerization
significantly influenced the polymer properties, resulting in high molecular weight (up to 755
kDa) when Na,CO3; was employed as inexpensive catalyst. Characterization using Nuclear
Magnetic Resonance (NMR) confirmed the successful incorporation of the furan ring and the
retention of the terminal double bond of citronellol pendant chain. Furthermore, under
ultraviolet (UV) irradiation, the presence of both citronellol and furanic moieties induced
singular structural changes, triggering the formation of three distinct structures within the
polymer network, a phenomenon herein observed for the first time in this type of polymers.
These findings pave the way to new functional materials prepared from renewable monomers

with tunable properties.
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1. Introduction

The principles of green chemistry play a crucial role in our quest for truly sustainable
materials. These guidelines are not only aimed at reducing reliance on fossil-based resources
but also at minimizing waste generation in production processes.™? As a result, the “mindful”
utilization of renewable raw materials, like biomass-derived platform molecules, has emerged
as a highly promising approach.> Among the diverse biomass-based building blocks,™
levoglucosenone (LGO)® and 5-hydroxymethyl furfural (HMF)[) have garnered significant
attention for their abundance and their potential to be transformed into high-performing
materials, such as polycarbonates (PCs).[®!

Recently, LGO has been introduced as a versatile chiral platform for synthesizing
partially and fully renewable monomers and polymers.’) Among the diverse reported LGO
monomers,** ! Triol-citro™ has demonstrated good reactivity with dimethoxycarbonyl
isosorbide (DCI) derived from isosorbide!*”! (Scheme 1). Isosorbide has gained prominence as
a glucose-derived platform molecule in the synthesis of a wide range of biobased polymers,
including PCs.™® Its unique properties, including rigidity and non-toxicity, make it a
commercially available and cost-effective choice for producing alternative polymers. This
aspect aligns with one of the significant challenges in the biobased polymer industry:
balancing cost-efficiency with the production of polymers that match the performance of their
fossil fuel counterparts. In this context, the Cs,COs;-mediated preparation of citronellol-
containing PC was achieved. The resulting PC, named as PC-DCI, had a number average
molecular weight (M) of up to 23.4 kDa when polymerization was conducted in bulk.™*!
However, when Cyrene™ was employed as a reaction medium, the M, reached an impressive
682 kDa. Nevertheless, using solvents like Cyrene™ comes with drawbacks, such as tedious
solvent removal and increased waste generation.”” As previously depicted, Cyrene™

contributed up to 93% of the total waste generated in the polymerization process.!*%!
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Scheme 1. Synthesis of citronellol-containing PC-DCI from Triol-citro and DCI.

On the other hand, the bifunctional aromatic molecule HMF presents a valuable
building block offering numerous compounds with diverse applications (Scheme 2).*
Among these, 2,5-bis(hydroxymethyl)furan (BHMF) and the corresponding dimethyl
carbonate derivative (BHMF-DC), stand out as promising derivatives of HMF.[! The
conversion of HMF to diols, exemplified by compounds such as BHMF, offers a multitude of
notable advantages. First and foremost, this conversion is simple, cost-effective,
environmentally friendly, safe and reliable.’?? In addition, BHMF plays an essential role as a
versatile chemical intermediate, serving as the starting molecule for the synthesis of a variety
of important compounds, including dicarbonate monomers and dienes.’?® In addition to their
role as intermediates, they also serve as essential monomers in the polyester industry,
underscoring their importance. Thus, these furan-based building blocks from HMF can play a
central role in the polymer industry, particularly in terms of sustainability and environmental
impact.!”! However, despite their promise, their intrinsic thermodynamic instability often
results in side reactions, especially during polycondensation reactions. This leads to the
formation of numerous side products,’?? such as oligomers along with unwanted humins.” To
pave the way for a more efficient and sustainable synthesis of HMF and BHMF, further
research and development are essential.”® Addressing these challenges will also involve
finding compatible co-monomers and polymerization conditions to achieve the controlled
production of 100% renewable polycarbonates with desired properties such as high molecular

weights.
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Scheme 2. A selection of promising derivatives of HMF.

Building upon prior research efforts,[** the present study seeks to broaden the range of
sustainable PCs by introducing a novel combination of Triol-citro and BHMF-DC. Based on
the emerging platform molecules LGO and HMF, exceptionally high molecular weight PCs
with the citronellol function are synthesized “in bulk™. It should be also mentioned that to the
best of our knowledge this is the first time that BHMF-DC has been effectively used as
monomer for a bio-based polymer. By embracing green chemistry principles and sustainable
practices, this innovative combination not only enhances the versatility of resulting polymer
structures but also paves the way for the development of eco-friendly, multifunctional
materials with tailor-made properties. Additionally, a particularly intriguing aspect is the
simultaneous presence of the furan ring and the citronellol moiety, which exhibited
exceptional behavior under UV irradiation, rendering the resulting PCs amenable to further
functionalization. This is another feature that distinguishes the current study from previous
research on PC-DCI polymers,'*! where only the photocrosslinkable citronellol moiety was
present. The inclusion of both components opens up exciting possibilities for further

exploration in the realm of sustainable materials.

2. Results and Discussion

Considering the thermal stability of BHMF-DC, which degrades around 128 °C (Figure S33,
Supporting Information-SI) with a melting temperature of approximately 85 °C (Figure S25,
SI), we carefully selected the polymerization procedure not only to prevent degradation of the
starting materials during the initial stages, but also to attain polymers with high M, values.
Polycondensation experiments reported in Table 1 involved a sequential three-step process.
Carefully adjusting the temperature at each step allowed to balance between stabilizing
intermediates in the initial phase and promoting polymerization in the final product. Firstly,
we aimed to obtain more stable macromonomers (or oligomers) by reacting the selected
monomers in the presence of a catalyst at 100 °C for 18 hours under N, atmosphere. Then, the
temperature was gradually increased to 160 °C for 3 hours with continuous stirring to initiate
the polymerization of the stable intermediates. Finally, in the third step, the temperature is



raised to 220 °C under vacuum for 2 hours to facilitate the removal of any remaining volatile

components and helps finalize the polymerization process (Scheme 3).

Catalyst screening

To promote the polymerization reaction, 2 mol% of various metal-based catalysts, including
Cs,CO3, Li,CO3, KyCOs3, Na,COs3, LiAcac, and Ti(OBu)s were screened. Our catalyst
selection was influenced by recent studies conducted by Shin et al.’® and by our work,™
which demonstrated that the nature of the (alkali) metal significantly impacts the preparation
and properties of isosorbide-derived polycarbonates. An alkali metal acetylacetonate was also
selected i.e., LiAcac, based on the exceptional activity reported by Zheng et al.*”) in the
preparation of isosorbide-based homo- and co-polycarbonates compared to Ti(OBu), and
Zn(OAC),.

Using Cs,COg as a catalyst resulted in an M, value of 23 kDa, which is comparable to
the 23.4 kDa obtained when DCI was used as a co-monomer™. Additionally, differential
scanning calorimetry (DSC) and thermogravimetric analysis (TGA) showed comparable
results, with a low glass transition temperature (T4) of -50 °C and thermal stability (Tgso and
Tasow) Of 146 °C and 277 °C, respectively. However, a surprising increase in M, was observed
when Na,CO3; was employed as polycondensation promoter. The resulting bio-based PC had
the highest M, value achieved in this investigation i.e., 755 kDa, as well as the highest Tgse,
(197 °C) and Tgsoe (324 °C). Except for the polycondensation conducted in the presence of

Ti(OBu)4, close Tq values were obtained for all polymers reported in Table 1.

Table 1. Polycondensation of Triol-citro and BHMF-DC.

Run#  Sample Catalyst®  Yield M, PR T, Taso Tas0% E-factor'
(%)"  (kDa)’ (o (o (cor
1 PC-Cs Cs,CO3 83 23 1.65 -50 146 277 0.22
2 PC-Li Li,CO, 78 671 1.05 -46 173 276 0.29
3 PC-K K,CO, 70 734 1.09 -47 175 309 0.46
4 PC-Na Na,CO3 75 755 1.05 -48 197 324 0.34
5 PC-LiAc LiAcac 73 716 1.06 -44 176 315 0.38
6 PC-Ti Ti(OBu), 84 161 1.39 -33 152 306 0.20

22 mol% of catalyst; ° Isolated yield of the crude product, %yield = (isolated mass/theoretical mass) x 100; ©
Determined in DMF (10 mM LiBr) at 50 °C, calibration was performed with poly(methyl methacrylate)
standards; ¢ Glass transition temperature determined by DSC, third heating step, temperature ramp 10 °C/min;
TGA degradation temperature at which 5% (Tgsy) Or 50% (Tgs006) Mass loss was observed under nitrogen,

temperature ramp 10 °C/min, fE faCtOT[ZB] _ m(Triol—citro) + m(BHMF—-DC) + m(catalyst) — m(polymer).

m(polymer)



Several factors might contribute to this unexpected increase in M,. The distinct
reactivity of furan-based monomers, the unique catalyst-Triol-furan interactions, and the
potential or not for branching, could contribute to distinct polymer chain growth and
molecular weights. Additionally, varying catalyst-substrate interactions might also influence
catalytic performance and selectivity, further influencing the polymerization outcome. For

example, in the case of PC-DCI polymers,™*!

we found that using a solvent like Cyrene™ at
[monomer] = 2M in the presence of Cs,COg, resulted in a peak at 9.86 minutes in Size
Exclusion Chromatography (SEC) analysis, corresponding to a polymer with an M, of 682.2
kDa. The difference in M, between polymers synthesized in solution versus bulk (see Scheme
1) was attributed to better homogenization of the reaction mixture early in polymerization and
enhanced solubility of both the metal catalyst and the produced oligomers/polymers.t*2¢]

In the present study, it is worth noting that solution polymerization using Cyrene™
was also explored leading to similar results compared to bulk polymerization, with the
exception of Cs,CO3;. However, since solvents contribute significantly to the overall waste
generated in chemical/polymerization processes (evidenced for example by entry 7 in Table
S1, SI), we finally decided to primarily focus on bulk polymerization. This approach led to
significantly lower E-factors,'?®?* ranging from 0.22 to 0.46 kg of waste/kg, in contrast to an
E-factor of 240 kg of waste/kg of product observed in the production of PC-DCI,™ with an

M, of 682.2 kDa, using Cyrene™ as a solvent.

Structural characterization

In previous experiments,*® we found that the presence and type of catalyst significantly
influenced the polymer composition, leading to either linear or/and dendritic structures. For
example, without a catalyst, the polymerization resulted in PCs with mostly 99% linear units
and only 1% of dendritic structures (Dq). However, when using Cs,CO3; as a catalyst (2
mol%), Dq reached 47%. Unfortunately, in the present work, the impact of the metal catalyst
on the polymer microstructure could not be monitored through different NMR techniques due
to the complexity of both attributing and/or differentiating the peaks of the constituent units.
Scheme 3 is a simplified representation illustrating a potential structure that may arise from
the polycondensation of the three hydroxyls of Triol-citro and two carbonates of BHMF-DC.
Nonetheless, *H NMR analysis of the crude product clearly confirmed the successful
polycondensation reaction between the hydroxyl groups of Triol-citro and carbonates of
BHMF-DC (see Figures S7-S11, Sl, for more information). The presence of the aromatic
furan ring was examined using *H NMR (at 6.55-6.20 ppm) and *C NMR (at 1.53-1.55 ppm).
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Similar to isosorbide-based polymers,!*®! the PC structures showed multiple carbonyl peaks
(156-154 ppm), attributed to the distinct reactivity of functional groups participating in the
polycondensation. The terminal double bond of the pendant citronellol moiety remained intact
in the polymer structure, as confirmed by the peak at 5.07 ppm in *H NMR and the single
carbon peak at 125 ppm.
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Scheme 3. Schematic representation of a PC possible structure synthesized through one-pot
bulk polycondensation of Triol-citro and BHMF-DC.

UV-induced crosslinking and structural changes

To mitigate solubility issues after UV reaction, PC-Cs (#1) was consciously selected for its
low molecular weight, thus also optimizing the efficiency of UV-induced crosslinking
(Scheme 4). We monitored the evolution of UV-mediated structural changes using *H NMR
(Figure 1). As the exposure time increased, we observed the C=CH peak (Hc) of citronellol at
5.07 ppm gradually disappearing, while Hc at 2.07 ppm emerged, demonstrating C-C bond
formation and leading to cyclobutene NI via photo-induced [2+2] cyclization (Scheme 4).
This also resulted in the transformation of protons Hp and Ha at 1.92 and 1.56 ppm to Hp and
Ha at 1.63 and 1.20 ppm, respectively. Similar results were obtained for the previously
reported DCI-based polymers.™ However, in this case study, the presence of furan rings in

UV-irradiated sample, resulted in additional structural changes.
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Figure 1. Monitoring of *H NMR (DMSO-ds) spectra of a PC-Cs after exposure to UV
irradiation (400 W, 300 nm) for 1-7 h.

Careful examination revealed the formation of another structure (NII) due to UV-
mediated Diels-Alder reaction®®” of the furan ring with the double bond of citronellol, leading
to a rearrangement of the double bond as depicted in Scheme 4. This new structure exhibited
characteristic peaks at 4.59 and 5.51 ppm (Hg and Hg), and resulted in the disappearance of
He at 6.66-5.95 ppm and Hg at 5.10 ppm. Additionally, new peaks at 8.12, 7.10-7.00, 4.86,
and 3.16 ppm emerged. We hypothesized the formation of a third structure (NII1) where the
double bond is localized outside the ring. This can be supported by the appearance of
deshielded proton Hg- at 8.12 ppm due to the presence of neighboring oxygen and double
bond. The protons Hg:, He, and Hp- at 7.10-7.00, 4.86, and 3.16 ppm, respectively, further



validated this structure. To our knowledge, such UV-triggered formation of such three
structures in the same polymer network has not been reported previously.

Indeed, furan derivatives, such as 2-methylfuran (MF), 2,5-dimethylfuran (DMF),
furfural (FF), HMF, as well as various alkenes/alkynes, have been studied for their ability to
undergo Diels-Alder cycloaddition reactions followed by aromatization.®” In classical
aromatization reactions, a cyclic intermediate is formed, characterized by alternating single
and double bonds, ultimately leading to the formation of a fully conjugated aromatic system
(NV, Scheme 5). However, the presence of terminal two methyl groups in the case of
citronellol prevents the formation of the expected aromatic compound due the inability of the
carbon to coordinate five bonds in its valence shell. As a result, we hypothesized a
reorganization of the cyclic intermediate, which potentially leads to the formation of partially

aromatic compound (NI11I) as shown by the assumed mechanism in Scheme 5.

NIV

NV
x O -
/l\/“o o -
- — JEE—
Diels-Alder and m

aromatization

Impossible due to the Classical Diels-Alder
presence of A and B protons H )\/O and aromatization

Scheme 5. Assumed mechanism of the conversion of BCMF-DC polymer units into NIII.

DSC analysis revealed an increase in Ty from -50 °C to -19 °C after UV irradiation of
PC-Cs for 7 h. As the crosslinking degree increased, the network chains' mobility decreased,
leading to a less flexible and more rigid structure with a higher Ty value. TGA analysis was
also performed to assess the impact of photo-induced reactions on thermal stability, showing a
significant increase from 277 °C to 383 °C after UV irradiation. The TGA thermogram
displayed a two-profile degradation (Figure S32, Sl), supporting also the presence of various

structural compositions.



3. Conclusion

In conclusion, the investigation of LGO-furanic-based polycarbonates has yielded new
intriguing and significant findings. The choice of metal catalysts has a profound impact on
polymer compositions, resulting in unexpectedly high M, polymers synthesized in bulk. Our
focus on bulk polymerization has led to a more environmentally friendly approach with
minimized waste generation. However, further research is needed to fully comprehend the
underlying mechanisms behind this unusual behavior. Additionally, the presence of furanic
moieties in the polymer backbone has introduced novel structural changes under UV
irradiation. The UV-triggered formation of three distinct structures within the same polymer
network is remarkable. This opens up exciting possibilities for future applications in fields
like tissue engineering and wound healing, thanks in particular to the low glass transition
temperatures of the resulting polymer. As our understanding of these unique polymer
structures deepens, future studies can explore their potential applications and optimize their

properties for various industrial uses.

4. Experimental Section

Chemical and reagents: Levoglucosenone was graciously provided by Circa group.
Citronellol (Sigma-Aldrich), sodium borohydride >98% (Sigma-Aldrich), dimethyl carbonate
(Sigma-Aldrich), titanium(lV) butoxide 99+% (Fisher), cesium carbonate 99.5% (Fisher),
lithium carbonate 99.99% (Fisher), potassium carbonate 99% (Sigma-Aldrich), sodium
carbonate (VWR), Lithium acetylacetonate (TCI). HPLC grade solvents were purchased from
Thermofisher Scientific and used as received. NMR solvents including CDCl; and DMSO-dg
were purchased from Cambridge Isotopes Laboratories. Ultra-pure laboratory-grade water
was obtained from MilliQ, 18.2 megaOhms. TLC analyses were performed on an aluminum
strip coated with Silica Gel 60 F254 from Merck, revealed under UV-light (254 nm) then in
presence of potassium permanganate staining solution. All manipulations with air-sensitive

chemicals were performed using standard Schlenk techniques on a dual-manifold line.

Characterization: Nuclear Magnetic Resonance (NMR) spectroscopy. *H NMR spectra were
recorded on a Bruker Fourier 300 MHz (CDCIj; residual signal at 7.26 ppm and DMSO-ds
residual signal at 2.5 ppm). *C NMR spectra were recorded on a Bruker Fourier 300 (75
MHz) (CDCl;sresidual signal at 77.16 ppm and DMSO-dg residual signal at 39.52 ppm). Data
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are reported as follows: chemical shift (6 ppm), assignment. All NMR assignments were also
made using *H-'H COSY, *H-*C HMBC and *H-'*C HSQC spectra.

Size exclusion chromatography (SEC) was performed at 50 °C using an Agilent Technologies
1260 Infinity Series liquid chromatography system with an internal differential refractive
index detector, a viscometer detector, a laser and two PLgel columns (5 um MIXED-D 300 x
7.5 mm) using 10 mM Lithium Bromide in HPLC grade dimethylformamide as the mobile
phase at a flow rate of 1.0 mL/min. Calibration was performed with poly(methyl
methacrylate) standards from Agilent Technologies.

Thermogravimetric Analysis (TGA) was measured with a TGA Q500 (TA Instruments).
Typically, ~2 mg of each sample was equilibrated at 50 °C for 30 min and was flushed with
highly pure nitrogen gas. All the experiments were performed with a heating rate of
10 °C/min up to 500 °C. The reported values of Tgse, and Tgsoe represent the temperature at
which 5% and 50% of the mass is lost, respectively. Concerning the normalization of TGA, a
slight shift in some cases took place during the isothermal step at 50 °C which is necessary to
stabilize the sample in the oven prior to analysis. The corresponding degradation temperatures
reported in this manuscript consider this slight shift while calculating Tgse, and Tgsog, Of the
reported polymers.

Differential Scanning Calorimetry (DSC) was performed with a DSC Q20 (TA Instruments).
Typically, ~8 mg sample was placed in a sealed pan, flushed with highly pure nitrogen gas
and passed through a heat-cool-heat cycle at 10 °C/min in a temperature range of -80 °C to
120 °C. Three heat/cool cycles were done for each sample where the last two cycles were
dedicated to analyzing the heat flow of the sample after being cooled in controlled
conditions. The T values recorded herein are those obtained from the third cycle.
Fourier-transform infrared spectroscopy (FTIR) was recorded on a Cary 630 FTIR
Spectrometer by Agilent (Wilmington, DE, USA).

Synthesis of monomers.

Synthesis of HBO-citro (Scheme 6).1*°! A biphasic mixture of LGO (50 g, 0.4 mol), citronellol
(512 mL, 1.8 mol) and HCI (5 N, 0.6 mol) was stirred at room temperature for 16 h. The
resulting mixture was cooled down with an ice bath followed by dropwise addition of a 30%
solution of H,O, (2 mL) for 2 h. After completion of the addition, the reaction was heated up
to 80 °C and stirred for 12 h. The presence of H,O, was evaluated with peroxide strips and, if
any, the residual H,O, was quenched using sodium sulfite. The reaction was extracted with

ethyl acetate (two times). Organic layers were washed with brine, dried over anhydrous
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MgSQ,, filtered and evaporated to dryness. This step was followed by distillation to remove
excess citronellol. The crude product was purified by flash chromatography (gradient 90/10 to
20/80, cyclohexane/ethyl acetate as eluant) to give 62 g of HBO-citro as a pale-yellow oil
(58%).

'H NMR (8 ppm, CDCls): 5.01 (broad t, J = 5.19 Hz, 1H, Hys), 4.43 (s, 1H, Hs), 4.11 (d, J =
7.0 Hz, 1H, OH ), 3.84 (dd, J = 3.3 and 12.4 Hz, 1H, H,), 3.65 (dd, J = 3.3 and 12.4 Hz, 2H,
H,), 3.39 (m, 2H, H;), 2.81 (dd, J = 7.0 and 18.1 Hz, 1H, Hs,), 2.44 (dd, J = 3.3 and 18.1 Hz,
1H, Hss), 1.90 (m, 2H, Hi), 1.61 (s, 3H, Has), 1.53 (s, 3H, Hie), 1.27-1.07 (M, 4H, Hi1, Hg),
0.82 (d, J = 6.4 Hz, 3H, Hag); **C NMR (& ppm, CDCls): 176.7 (Cs), 131.2 (C14), 124.6 (C13),
85.9 (C3), 76.1 (C4), 67.6 (C7), 62.1 (Cy), 37.1 (C11), 36.5 (Cg), 35.9 (Cs), 29.3 (Cy), 25.7 (C1s),
25.3 (C12), 19.4 (Cyp) 17.6 (Cys).

1) Citronellol, HCI, HO

(o) OH
i \ room temperature, 16 h ) o NaBH, HO/\<_/OH
o_ ~ =~ 9) room temperature N

2) 30% H,O5, i o
LGO 80°C, 12h HBO-citro Triol-citro

Scheme 6. Synthesis of Triol-citro from LGO.

Triol-citro (Scheme 6). An aqueous solution of sodium borohydride (1.14 g in 3 mL of water,
30 mmol) was added dropwise to a solution of HBO-citro (4.5 g, 15 mmol) in THF (60 mL)
in a water-ice bath. The reaction mixture was stirred at room temperature for 3 h. The reaction
was quenched with acetone and a 20% aqueous solution of citric acid (20 mL). The reaction
was extracted twice with ethyl acetate. Organic layers were washed with brine, dried over
anhydrous magnesium sulfate, filtered and evaporated to dryness. The crude product was
purified by flash chromatography (gradient 90/10 to 20/80, cyclohexane/ethyl acetate as
eluant) to give 3.39 g of Triol-citro as a colorless oil (82%).

'H NMR (8 ppm, DMSO-ds): 5.07 (t, J = 7.2 Hz, 1H, His), 4.55 (s, OH), 4.38 (s, OH), 4.34 (s,
OH), 3.50-3.27 (broad, m, 8H, Hg H7 Hs H4 H,), 1.93 (broad, m, 2H, Hys), 1.64 (s, 3H, Hi7),
1.56 (s, 3H, Hag), 1.50-1.10 (broad, m, 5H, His Hi1 Hig), 0.84 (d, J = 6.2 Hz, 3H, Hip); *C
NMR (8 ppm, DMSO-dg): 130.8 (C1g), 125.1 (Cys), 77.7 (Cs), 73.5 (C4), 67.9 (Cy), 63.4 (Cy),
58.2 (C7), 37.3 (Cy3), 37.1 (Cyp), 33.9 (Cg), 29.2 (C11), 25.9 (C17), 25.4 (Cyy), 19.8 (C12), 17.9
(Cis).
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BHMF-DC. To a solution of BHMF (0.5 g, 3.90 mmol) in dimethyl carbonate (6—30 eg. mol),
potassium carbonate (2.0 eq. mol) was added and the mixture was allowed to react under
stirring at 90 °C for 16 h. Then, the mixture was filtered, and the solvent evaporated under
vacuum. The pure compound was isolated as yellow solid in 87% yield.

'H NMR (8 ppm, DMSO-dg): 6.56 (S, 2H, Hs, He), 5.11 (S, 4H, Hs, Hg), 3.72 (S, 6H, Hy,
Hio); *C NMR (8 ppm, DMSO-dg): 154.86 (C, Cg), 149.78 (C4, C7), 112.25 (Cs Cg), 60.85
(Cs,Cg), 54.87 (Cy, Cyp).

Polymerisation of Triol-citro and BHMF-DC. A typical melt polycondensation experiment
(#1, Table S1) was performed as follows. Under N, atmosphere, Triol-citro (250 mg, 0.911
mmol), furan-2,5-diylbis(methylene) dimethyl bis(carbonate) (334 mg, 1.366 mmol) and 2
mol% of metal-catalyst (cesium carbonate) based on Triol-citro were added into a 10 mL
round-bottom flask connected to a vacuum line, equipped with a condensate trap. The reaction
mixture was heated from room temperature to 100 °C at a heating rate of about 32 °C/5 min
and stirred continuously at 400 rpm for 18 h. Then the temperature was gradually increased to
160 °C. After 3h of stirring the temperature was further increased to 220 °C and a high
vacuum (107 bar) was then applied for 2 h. The obtained polymer was dried at ambient
temperature for 48 h. The NMR (DMSO-ds) spectra of the polycarbonate obtained are
provided in Figure S7-S11 (SI).

UV crosslinking experiment. PC-Cs (#1, Table S1) was crosslinked using a 400 W source of
UV irradiation (300 nm) in a Rayonet Photochemical Reactor. A 200 mg sample was UV
irradiated for 1, 2, 3, 4, 5, 6, and 7 h. Few mgs were taken for each time point to analyze the
crosslinked polymers by *H NMR. The crosslinked material was then analyzed by DSC and
TGA.
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