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Imidazolium salts

Synthesis protocols

1,3-bis(4-carboxyphenyl)imidazolium  chloride  (Benzoic),ImCl) and 1,3-bis(3,5-

dicarboxyphenyl)imidazolium chloride (Isophtalic),ImCl) synthesis

For the 1,3-bis(4-carboxyphenyl)imidazolium chloride ((Benzoic),ImCl) synthesis, to a
solution of 4-aminobenzoic acid (5.00 g, 36.5 mmol, 2.0 eq.) in dry methanol (20 mL) was
added formic acid (2 drops) followed by dropwise addition of a 39 % aqueous solution of
glyoxal (1.99 mL, 17.40 mmol, 1.0 eq.). The solution was stirred at ambient temperature for
24 h. The white solid formed was collected by filtration, washed with cold methanol, and dried
in air. The product N,N’-bis(4-carboxyphenyl)ethylenediimine was obtained as a white solid
(3.93 g, 79 %) and used for the next step without any purification. To a solution of N,N’-bis(4-
carboxyphenyl)ethylenediimine (3.93 g, 13.3 mmol, 1.0 eq.) in anhydrous THF (11 mL) under
an argon atmosphere was added paraformaldehyde (498 mg, 16.6 mmol, 1.25 eq.) and 12 N
HCI (1.65 mL, 20.00 mmol, 1.5 eq.) in dioxane (3.2 mL) at 0 °C. The reaction mixture was stirred
at room temperature for 4 h. The precipitate formed was collected by filtration, washed with
Et,0, and dried under vacuum. The product was obtained as a yellow solid (3.09 g, 75 %). (*H
NMR (500 MHz, DMSO-d¢ — Fig. S1) 6 13.42 (bs, 2H), 10.64 (s, 1H), 8.71 (d, J = 1.5 Hz, 2H), 8.24
(d, J = 8.7 Hz, 4H), 8.10 (d, J = 8.7 Hz, 4H). 13C NMR (126 MHz, DMSO-d6 — Fig. S2) & 166.2,
137.7, 135.5, 132.1, 131.2, 122.1, 121.9. IR (neat) cm™ 3124, 2974, 2810, 2599, 2456, 1704,
1556, 1392, 1231, 1175. Mp: > 400 °C. HRMS m/z (ESI): calculated for C;7H13N,04 [M]+:
309.0875, found: 309.0878.)

For the 1,3-bis(3,5-dicarboxyphenyl)imidazolium chloride ((Isophtalic),ImCl) synthesis,
to a solution of 5-aminoisophtalic acid (5.26 g, 27.60 mmol, 2.0 eq.) in dry methanol (11 mL)
was added formic acid (2 drops) followed by dropwise addition of a 39 % aqueous solution of
glyoxal (1.62 mL, 13.80 mmol, 1.0 eq.). The solution was stirred at ambient temperature for
24 h. The white solid formed was collected by filtration, washed with cold methanol, and dried
in air. The product N,N’-bis(3,5-dicarboxyphenyl)ethylenediimine was obtained as a white
solid (3.33 g, 63 %) and used for the next step without any purification. To a solution of N,N’-
bis(3,5-dicarboxyphenyl)ethylenediimine (3.33 g, 8.66 mmol, 1.0 eq.) in anhydrous THF (5.13

mL) under an argon atmosphere was added paraformaldehyde (325 mg, 10.82 mmol, 1.25 eq.)
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and 12 N HCI (1.08 mL, 12.99 mmol, 1.5 eq.) in dioxane (2.05 mL) at 0 °C. The reaction mixture
was stirred at room temperature for 4 h. The precipitate formed was collected by filtration,
washed with Et,0, and dried in vacuum. The product was obtained as a yellow solid (3.00 g,
80 %). (*H-NMR (500 MHz, DMSO-d6 — Fig. S3) & 13.93 (bs, 4H), 10.70 (s, 1H), 8.76 (d, J = 1.5
Hz, 2H), 8.68 (d, J = 1.3 Hz, 4H), 8.63(t, J = 1.3 Hz, 2H). 13C-NMR (126 MHz, DMSO-d6 — Fig. S4)
6165.5,136.6,135.4, 133.5, 130.8, 127.0, 122.3. Mp: > 400 °C. HRMS m/z (ESI): calculated for
C19H11N,0g [M]-: 395.0515, found: 395.0510.

NMR characterization
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Fig. S1. 'H-NMR of (Benzoic),ImCl.
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Fig. S3. 'H-NMR of (Isophtalic),ImCl.
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Fig. S4. 13C-NMR of (Isophtalic),ImCl.
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MALDI-TOF characterization
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Fig. S5. MALDI-TOF spectra of the neat monofunctional ILs used in this study.
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Fig. S6. MALDI-TOF spectra of the neat di- and tetrafunctional ILs used in this study.
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Reaction systems
NMR characterization

The 'H-NMR spectrum of the product obtained in the reaction between PGE and
CH,CO,HMImCI at 100°C (Fig. S7) presents a total consumption of oxirane rings (lack of peak
at 6 = 2.8 ppm related to unreacted epoxy ring).
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Fig. S7. IH-NMR spectrum of PGE epoxide ring-opening at 100 °C, induced by CH,CO,HMImCI.
Signals were assigned as n” when the same proton presented different field shifted signals
between reactant and product or between different adducts.

S8



The 'H-NMR spectrum of the product obtained in the reaction between PGE and
C3HgCO,HMIMCI at 100°C (Fig. 8), demonstrates that the IL promoted the total consumption
of PGE’s oxirane rings (no signal at 6 = 2.8 ppm).
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Fig. S8. 'H-NMR spectrum of PGE epoxide ring-opening at 100 °C, induced by C3HgCO,HMImCI.
Signals were assigned as n” when the same proton presented different field shifted signals
between reactant and product or between different adducts
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The H-NMR spectrum of the product obtained in the reaction between PGE and
(CH,CO,H),MImCl at 100 °C indicated ~ 98 % of epoxide ring-opening. The two main products
(mono- and di-substituted IL) of the reaction were found and their structure and signal
assignment are presented (Fig. S9). The ratio between the mono- (6, 7, 8, 9, 10) and the di-
substituted (6’, 7/, 8, 9, 10’) products was calculated from the ratios of the integrals of peaks

8:8’ and 6:6’, and amounted to 30:70 respectively.
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Fig. S9. 'H-NMR spectrum of PGE epoxide-ring opening at 100 °C, induced by
(CH,CO,H),MImCI. Signals were assigned as n” when the same proton presented different field
shifted signals between reactant and product or between different adducts.
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The 'H-NMR spectrum of the product obtained in the reaction between PGE and
(Benzoic),ImCl IL showed ~ 98% of epoxide ring-opening and the two main products of
reaction were the mono- and di-substituted IL (Fig. $S10). The ratio between mono- (7’, 8, 9’,
10’) and di-substituted products (7, 8, 9, 10) was calculated from the rations between the

integrals of the peaks 7’:7, and amounted to 22:78 respectively.
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Fig. $10. 'H-NMR spectrum of PGE epoxide ring opening at 100 °C, induced by (Benzoic),ImCl
IL. Signals were assigned as n” when the same proton presented different field shifted signals
between reactant and product or between different adducts
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The H-NMR spectrum of PGE epoxide-ring opening at 100 °C induced by

(Isophtalic),ImCl IL is shown in Fig. S11 and the chemical structure of tetra-substituted

reaction product with signal assignment is depicted. In this case, about 30% of epoxide groups

remained unreacted after the process (highlighted peaks around 3 ppm). Due to the large

amount of signals in the § = 7.5-9 ppm area of the spectrum, it was assumed that the reaction

produced a mixture of mono-, di-, tri- and tetra- substituted products, which, together with

the neat IL, presented the characteristic peaks at the low field region.

O =0
9 10
HO 7 N/;\N
4 60 8 11 o OH
el <,
3 \ s+OH
1, @ s i
1+3
2 4+6
Mixture of: neat IL, +
mono, di, tri and epoxy
tetra-substituted — epoxy
products
7+48+9+10+11
oy VG, O
T N W
9 8 7 6 5 4 3 2 PpPm

Fig. S11. 'H-NMR spectrum of PGE epoxide-ring opening at 100 °C, induced
(Isophtalic),ImCI IL.
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FTIR characterization
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Fig. S12. FTIR spectra (wide wavenumber) presenting the initial (black solid line) and final (red
dashed line) state of the reaction between PGE and the different monofunctional ILs. In the
spectrum of the reaction between PGE and C3HgCO,HMImCI at 100°C, a green dotted line
curve is presented for comparison with the initial state of this same reation at 25°C.
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Fig. S13. FTIR spectra (wide wavenumber) presenting the initial (black solid line) and final (red
dashed line) state of the reaction between PGE and the different bi- and tetrafunctional ILs.
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MALDI-TOF characterization
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Fig. S14. MALDI-TOF spectra of the final products obtained at 25°C after 48h (CH,CO,HMImCI
and CH,CO,HMImNTf,) and at 100°C after 2h (CH,CO,HMImCI) of the reaction between PGE
and ILs.
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Fig. S15. MALDI-TOF spectra of the final products obtained after 48h (C3HsCO,HMImCI at 25°C)
and 2h (C3HgCO,HMImCI at 100°C) of the reaction between PGE and ILs.
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Fig S16. MALDI-TOF spectra of the final products obtained after 48h ((CH,CO,H),ImCl at 25°C)
and 12h ((CH,CO,H),ImCl at 100°C) of the reaction between PGE and ILs. Peaks assigned with
(*) are derived from the DHB matrix.
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Fig S17. MALDI-TOF spectra of the final products obtained after 12h of the reaction between
PGE and the ILs (Benzoic),ImCl and (Isophtalic),ImCl, at 100°C. Peaks assigned with (*) are
derived from the DHB matrix, and the peak assigned in red (880 m/z) could not be identified.
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Fig S18. Correlation between the ILs’ chemical hardness with the epoxy consumption kinetics
(FTIR) and coupling product yield (MALDI-TOF) for their reaction with PGE at different

temperatures.
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