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Spectroscopic ({H NMR, 3C NMR, and FTIR) characterization data of the synthesized
acetals

2-(furan-2-yl)-1,3-dioxolane (1): Light yellow liquid (92%), 'H NMR (CDCls, 400 MHz): §
7.34 (d, 1H, ), 6.36 (d, 1H), 6.27-6.26 (m, 1H), 5.83 (s, 1H); *C NMR (CDCls, 100 MHz): &
150.9, 143.0, 110.0, 108.6, 97.6, 65.0; FTIR (ATR, cm™): 2959, 2892, 1606, 1092.!

2-(furan-2-yl)-4-methyl-1,3-dioxolane (2): Light yellow liquid (90%), 'H NMR (CDCls, 400
MHz): § 7.42-7.40 (d, 1H), 6.46-6.40 (m, 1H), 6.33 (s, 1H), 6.01-5.88 (m, 1H), 4.41-4.05 (m,
2H), 3.60-3.47 (m, 1H), 1.38-1.30 (dd, 3H, J= 6 Hz, J= 6 Hz); *C NMR (CDCl3, 100 MHz):
o 151.4, 150.9, 142.9, 142.8, 109.9, 109.8, 108.6, 108.1, 97.6, 97.1, 73.3, 72.1, 71.33, 70.7,
17.7,17.6; FTIR (ATR, cm™): 2978, 2880, 1603, 1066. '

2-(furan-2-yl)-1,3-dioxane (3): Light yellow liquid (89%), 'H NMR (CDCls, 400 MHz): § 7.31-
7.30 (m, 1H), 6.35-6.34 (d, 1H), 6.27-6.26 (m, 1H), 5.48 (s, 1H) 4.15-4.10 (m, 2H), 3.87-3.80
(m, 2H), 2.16-2.06 (m, 1H), 1.34-1.29 (m, 1H); '*C NMR (CDCls, 100 MHz): § 150.7, 142.0,
109.7, 106.9, 95.6, 66.8, 25.1; FTIR (ATR, cm™): 2965, 2854, 1668, 1001. !

2-(5-methylfuran-2-yl)-1,3-dioxolane (4): Light yellow liquid (91%), '"H NMR (CDCls, 400
MHz): 8 6.17 (s, 1H), 5.78 (s, 1H), 5.66 (s, 1H), 3.92-3.91 (m, 2H), 3.77-3.74 (m, 1H), 2.12 (s,
3H); 3C NMR (CDCls, 100 MHz): § 152.4, 148.8, 109.3, 105.7, 97.3, 64.5, 12.9; FTIR (ATR,
cm™): 2956, 2889, 1674, 1020.

4-methyl-2-(5-methylfuran-2-yl)-1,3-dioxolane (5): Light yellow liquid (88%), 'H NMR
(CDCls, 400 MHz): § 6.21-6.16 (m, 1H), 5.81-5.67 (m, 2H), 4.27-3.88 (m, 2H), 3.45-3.30 (m,
1H), 2.1 (s, 3H), 1.23-1.15 (dd, 3H, J=4 Hz, J= 6 Hz); '3*C NMR (CDCls, 100 MHz): § 152.3,
152.2,149.2, 148.7, 109.3, 108.9, 105.6, 105.5, 97.4, 96.8, 72.7, 71.6, 70.9, 70.3, 17.4, 17.3,
12.9; FTIR (ATR, cm™ ): 2978,2876, 1676, 1016.

2-(5-methylfuran-2-yl)-1,3-dioxane (6): Light yellow liquid (88%), 'H NMR (CDCls, 400
MHz): § 6.27-6.26 (d, 1H), 5.91 (s, 1H), 5.47 (s, 1H), 4.18-4.14 (m, 2H) 3.91-3.85 (m, 2H),
2.25 (s, 3H), 1.37-1.19 (m, 2H); *C NMR (CDCls, 100 MHz): § 151.3, 148.8, 107.5, 105.4,
95.4, 66.4,24.9, 12.6; FTIR (ATR, cm™ ): 2964, 2853, 1675, 1026.

2-phenyl-1,3-dioxolane (7): Colorless liquid (91%), 'H NMR (CDCls, 400 MHz): § 7.46-7.43
(m, 2H), 7.28-7.25 (m, 3H), 5.71-5.40 (m, 1H), 4.14-3.78 (m, 4H); '*C NMR (CDCls, 100
MHz): & 151.3, 148.8, 107.5, 105.4, 95.4, 66.4, 24.9, 12.6; FTIR (ATR, cm™ ): 2964, 2853,
1675, 1026.
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4-methyl-2-phenyl-1,3-dioxolane (8): Light yellow liquid (91%), 'H NMR (CDCl3, 400 MHz):
0 7.46-7.42 (m, 2H), 7.29-7.25 (m, 3H), 5.8-5.7 (m, 1H), 4.17-3.86 (m, 2H), 3.43-3.33 (m, 1H),
1.21-1.14 (dd, 3H, J = 6 Hz, J = 6 Hz); *C NMR (CDCls, 100 MHz): § 138.2, 137.6, 128.4,
128.2,127.5,126.0, 125.7, 103.2, 102.2, 72.6, 71.5, 71.1, 70.5, 17.8, 17.6; FTIR (ATR, cm™ ):
2976, 2874, 1724, 1025, 1004.

2-phenyl-1,3-dioxane (9): Light yellow liquid (90%), "H NMR (CDCls, 400 MHz): § 7.48-7.46
(m, 2H), 7.34-7.29 (m, 3H), 5.45 (s, 1H), 4.22-4.18 (m, 2H) 3.94-3.88 (m, 2H), 2.20-2.11 (m,
1H), 1.36-1.33 (m, 1H); 1*C NMR (CDCls, 100 MHz): § 138.4, 128.1, 127.6, 125.5, 100.9,
66.7, 25.2; FTIR (ATR, cm™ ): 2959, 2854, 1735, 1047.
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Figure S1. The FTIR spectrum of 1.
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Figure S2. The '"H-NMR spectrum of 1.
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Figure S3. The *C-NMR spectrum of 1.
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Figure S4. The FTIR spectrum of 2.
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Figure S5. The '"H-NMR spectrum of 2.
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Figure S6. The *C-NMR spectrum of 2.
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Figure S7. The FTIR spectrum of 3.
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Figure S8. The '"H-NMR spectrum of 3.
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Figure S9. The *C-NMR spectrum of 3.
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Figure S10. The FTIR spectrum of 4.
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Figure S11. The "H-NMR spectrum of 4.
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Figure S12. The *C-NMR spectrum of 4.
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Figure S13. The FTIR spectrum of 5.
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Figure S14. The '"H-NMR spectrum of 5.
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Figure S15. The *C-NMR spectrum of 5.

10|Page



—— e 5
. L\.%Qh
68'099
H\Hrg%
—— 81§zl
69°0001 | 1611
=" ogozol[ S Sz
b5 On €ET'1, ; Tm._
——— 9z'avll pee)
629171 Zietd
% 20°LET
al'08zl
B g
_ -2 1822 =5L'¢
N\ 859pL | ¥ =
T BgOish
—— 106491
= 098°¢
. Em.n“_,
_ 806°€
m _‘—‘OMVM |& F8Z¢
2 mv_“w.g a1z
E oLy
- 2 8iL'Y|
| 2 3 681t
&=
N=
(8 0LY'S— - =60} }-
_— PL'EG8T o
80'GZ6Z
— oipeee| 8 £ 69 - =ell
[=]
B 2 8%
S sieet =80’
[P}
=9
w2
[
= —
=
I m F O
()
= O
T
o =
&
- o -
%)
T T T T m C
09 o 0z 0 = L
[96] @ouepiwsuel | E

80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
ppm
11|Page

8.5

Figure S17. The 'H-NMR spectrum of 6.
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Figure S18. The *C-NMR spectrum of 6.
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Figure S19. The FTIR spectrum of 7.
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Figure S20. The 'H-NMR spectrum of 7.
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Figure S21. The *C-NMR spectrum of 7.
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Figure S22. The FTIR spectrum of 8.
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Figure S23. The '"H-NMR spectrum of 8.
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Figure S24. The *C-NMR spectrum of 8.
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Figure S25. The FTIR spectrum of 9.
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Figure S26. The 'H-NMR spectrum of 9.
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Figure S27. The *C-NMR spectrum of 9.
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Figure S28. EDS mapping of kC, kCH catalyst, and recycled kCH catalyst.
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Figure S29.
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Figure S31. Photographic images of the kCH-1 catalyst isolated from the reaction mixture after
each catalytic cycle.
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Fresh kCH-2 First cycle second cycle

Figure S32. Photographic images of the kCH-2 catalyst isolated from the reaction mixture after
each catalytic cycle.

2nd cycle 34 cycle 4t cycle

Figure S33. Photographic images of the altered kCH-2 catalyst with KCI isolated from the
reaction mixture after each catalytic cycle.

kCH-1 dried at 60 °C kCH-1 after filtration kCH-1 dried at RT

Figure S34. Photographic images of the kCH-1 catalyst dried at 60 °C and RT.

Visual pH indicator test for protonated k-Carrageenan (kCH)

The color difference observed on the pH indicator strips provides clear visual evidence of the
strong Brensted acidity of protonated k-carrageenan (kCH). The pH strip was dipped into a
suspension of k-carrageenan (left) that shows mildly acidic or nearly neutral behavior. When
the strip was dipped into an aqueous suspension of kCH, it turned to red, suggesting strong
acidity (right). The colors of the multicolor pH strip at different pH values are displayed for

comparison.
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Figure S35. Comparison of the multicolor pH strip using aqueous suspension of kC (left) and

kCH catalyst (right).

Figure S36. Photographic images of the acetal product: 1 (left), 6 (middle), 9 (right).
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Figure S37. Photographic image of the separated water by azeotropic distillation of

cyclohexane in the Dean-Stark apparatus.

Figure S38. Photographic images of the experimental setup for the acetalization reaction in a

Dean-Stark apparatus.
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Figure S39. Monitoring the reaction progress and visualization of the acetal 1 by thin-layered
chromatography (TLC) eluted with chloroform (F=furfural (R=0.65), C=co-spot, P=product
(R#=0.75)). Visualization of 1 in 254 nm UV (left) and acidic 2,4-dinitrophenylhydrazine
(DNP) solution.
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