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1 Supplementary Methods

1. 1 Synthesis of lignin model compounds

1.1.1 Synthesis of MICI, M2C1 and M3CI:

To synthesize  2-(2-methoxyphenyloxy)-1-phenylethaneone (M1C1), a-
Bromophenone was used as the raw material. Typically, 30 mmol of o-
Bromophenone was dissolved in 100 ml of acetone, next, the solution was slowly
added to a mixture of 44.5 mmol of potassium carbonate, 37 mmol of guaiacol, and
100 ml of acetone under continuously stirring. The combined mixture was reflux for 4
hours, with a stirring speed of 300 r/min. Afterwards, the mixture was cooled to room
temperature and filtered to obtain a orange liquid. This liquid was concentrated in
rotary evaporator until it dried into a solid. The solid was then collected and purified
by recrystallization using ethanol. A white or slightly yellow needle-shaped crystals
was obtained with a yield of 94.5%, which was identified as M1C1. M2C1 (92.9%)
and M3C1 (90.1%) were synthesized following the same procedure, using 4-methoxy-
a-Bromophenone and Bromo-3,4-Dimethoxyacetophenone as raw materials,
respectively.

1.1.2 Synthesis of 3a, 1a and 2a:

Typically for 3a synthesis, M1C1 was used as raw material. 4.95 mmol of M1C1 was
added to a 75 ml ethanol aqueous solution (ethanol concentration of 99.5%) and
stirred it at 300 r/min. Subsequently, 5.85 mmol of sodium borohydride was slowly
added under continuous stirring at room temperature for 4 hours. The obtained
mixture was concentrated using a rotary evaporator and quenched by adding 25 ml of
saturated ammonium chloride aqueous solution. The quenched mixture was diluted
with water and extracted with ethyl acetate (50mLx2). The collected ethyl acetate
phase was combined and washed with Brine. Finally, the ethyl acetate phase was
dried over anhydrous magnesium sulfate and concentrated to give the final product of
3a (purification by a flash column if necessary). The obtained 3a was white crystals
with a yield of 92.3%. 1a (92.1%) and 2a (89.8%) was synthesized following the same

procedure.
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1.1.3 Synthesis of 4a:

For the synthesis of a more complex lignin model compound, typically 5.05mmol of
potassium carbonate and 4.625mmol of M2C1 were added to 50 mL of ethanol
aqueous solution (ethanol concentration 99.5%), and the mixture was stirred at room
temperature at a speed of 300 r/min. 6.875mmol of formaldehyde aqueous solution
(formaldehyde concentration 36% -38%) was slowly added to the mixture and reacted
at room temperature. Thin layer chromatography (TLC) was used to monitor the
conversion of the raw material. When full conversion of the raw material is observed,
16.5mmol of sodium borohydride was slowly added to the reaction mixture and
stirred at room temperature for another 4 hours. Finally, the mixture was cooled to
room temperature and concentrated in a rotary evaporator. The concentrated mixture
was quenched with 25ml of ammonium chloride saturated aqueous solution and
extracted with ethyl acetate (50mLx2), followed by washing with Brine, drying over
anhydrous magnesium sulfate. The crude products were purified by chromatography
(gradient ethyl acetate in petroleum ether). The purified product 4a was identified by
TLC and gave a yield of 64.9%.

1.2 Calculation of monomeric acetal yield from lignin acidolysis

The yield of monomeric acetal from lignin depolymerization was calculated by an
external standard method using NMR. Typically, the monomeric products were
extracted by DCM and concentrated in vacuum after reaction, 0.5 mmol benzaldehyde
was added into the products as external standard. The mixture was further
characterized by 2D HSQC NMR. a and B proton of the external standard and
monomeric acetals was used for determining the yield of the monomeric acetals (the
formula is as follows). The product distribution of syringyl type or guaiacyl type

products was calculated according to the S/G ratio (~2).

Yield,eeu %=SA1+GA1+SA2+GA2

2
§MS_A1 X ngg - (IntegralA1p)

SAl1 = X 100%
IntegralES X m;
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1
§MG_A1 X Ngg (IntegralA1p)

GAl = x 100%
IntegralES X m;

1
§MS_A2 X Ngg* E(IntegralAla + IntegralA2a) - IntegralA1pS

) = X 100%
IntegralES X m;

1
gM(;_AZ XNgg* E(IntegralAla + IntegralA2a) — IntegralA1pB
2= — x 100%

L n I o BN

IntegralES represents integral of the proton of external standard area; IntegralA1[
represents integral of the proton B of monomeric acetals Al; IntegralAla represents
integral of the proton a of monomeric acetals Al; IntegralA2a represents integral of
the proton o of monomeric acetals A2; ngs represents the molecular weight of the
external standard; Mg a; represents the molar mass of SAl; Mg a; represents the
molar mass of GAI; Mg 4, represents the molar mass of SA2; Mg A, represents the

molar mass of GA2; my represents the quality of lignin.
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2 Supplementary Figures and Tables
2.1 Lignin model compound

Table S1 Lignin model compound

Name Structure Digital picture of the Yield %
products
(o] 0/
MICI ©)v© 94.5
M2C1 va‘bxé 92.9
g
M3C1 /I/Vbé 90.1
\0 =
3a @NT@ 92.3
la @é 9.1
2a /D)v\ﬁj 20.8
4a Q)\[(j 64.9
\0 OH

Table S2 Screen of different organic solvents in biphasic DES for the model
compound reactions

Organic phase Boiling point/°C Conversion of 1a/%  Selectivity of 1d/%

CPME 106 96.1 60.6
MIBK 116 84.7 64.5
DCM 40 95.5 74.9

Conditions: 100 mg of substrate, 1wt% of catalyst, 100°C, and 1 h. The conversion
and selectivity were calculated according to GC results.

S5



-

L
~x

e

2.06—=
3.08-=

1.00:
02

2}

1.01
1.92

10 9 8

T T

5 4 3 2

~1 4 Loo
=

1 (ppm)

Fig.S1 'H NMR (CDCl3) spectrum of M1Cl1

=

FTEANCDCI

z

07
5487

N

il

+120000

+110000

+100000

90000

+80000

+70000

160000

50000

+40000

+30000

+20000

+10000

]

+-10000

F11000

10000

9000

L8000

L7000

6000

L5000

L4000

3000

2000

L1000

0

--1000

200

150 100 50
1 (ppm)

Fig.S2 3C NMR (CDCls) spectrum of M1C1
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Fig.S6 2D HSQC NMR (CDCl;) spectra of M2C1
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Fig.S7 'H NMR (CDCl3) spectrum of M3Cl1
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Fig.S9 2D HSQC NMR (CDCl;) spectra of M3C1

S11

50

170

L80

L90

+100

F110

F120

F130

L140

1 (ppm)



L60000

F50000

40000

F30000

20000

F10000

0

1022  ———

i

A

P
L0 N
2,984

CE
96
L9
0o
93

i o 9l —

1I0 9 8 7 6
1 (ppm)

Fig.S10 '"H NMR (CDCls) spectrum of 3a

o oAl

LU0

Z L10000

L9000

K000

L7000

L6000
L5000
4000

L3000

2000
|' | ’ 1000
L L0

--1000

200 150 100 50 0
1 (ppm)

Fig.S11 3C NMR (CDCls) spectrum of 3a

S12



0
- bo
g
]
(1 4
7 6 5 4

2 (ppm)

Fig.S12 2D HSQC NMR (CDCl5) spectra of 3a
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Fig.S15 2D HSQC NMR (CDClIs) spectra of 1a
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Fig.S16 'H NMR (CDCls) spectrum of 2a
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Fig.S17 3C NMR (CDCls) spectrum of 2a
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Fig.S18 2D HSQC NMR (CDCl;) spectra of 2a
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Fig.S19 '"H NMR spectrum of lignin model compound 4a
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Fig.S20 3C NMR spectrum of lignin model compound 4a
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Fig.S21 2D-HSQC NMR spectra of lignin model compound 4a
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2.2 Depolymerization of lignin model compound in acidified DES
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Fig.S22 GC spectra of lignin model compound 1a conversion at DES (AICl; acidified
ChCI/EG) acidolysis conditions.
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2.2Reaction of lignin model compound in biphasic DES

2.2.1 1a reaction

Stablllzatlon
o 2B opaspun

Ac1do|ysns
ChCI/EG :
. ([ By, s .
1:2 o v .fu._;.‘;lg,;ué:,m.p
| B
B = o
I\
(&) o~ Solvent recovery
CIeavage/Stabilization/Q/Y"‘-._ He
. . ~o ot R

Acidolysis
ChCI/EG 1b 1c
1.2

HO\© /©/\f\0) Switched biphaSiC DES

_OH__-

)@)\’ © e Biphasic DES

R d’ 0‘© Substrate
J\

5 10 15 20 25 30
Retention time (min)

Fig.S29 GC spectra of two conversion paths for lignin model compound 1a
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Fig.S31 13C NMR spectrum of 1d (1a biphasic reaction product)
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2.2.2 2a reaction
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2.2.3 4a reaction
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Fig.S34 GC spectra of two conversion paths for lignin model compound 4a
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Fig.S35 HSQC NMR spectrum of 2d (4a biphasic reaction product)
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2.3Lignin reaction

a - fa0 b 30
v <fao - g1 40
» ]
4" B-BB [V j . f50
—ls ‘|
‘ 80 ° 60
o o 70 Al .-"'..4_‘4 g 70
. {80 C 80
90 90
100 . 100
L ) p )
110 5l 110
k120 120
70656.05550454035302520 7.0 6.56.0 55 5.0 45 4.0 3.5 3.0 2.5 2.0
c 30 d c 30
[ 40 0 9 140
; . 50 [ L 150
. ] -
* [] ] [
i 60 g 60
AlAZ 70 it o 1 70
80 ' 80
L]
90 90
100 100
'
110 & 110
120 ‘ 120
T T T T 'l
70656.05550454035302520 7.06.56.05550454.0 35302520
+ 5
8 2 6 2 6 2 ¥ B
al B Y o 4 " +1
5 1 4 B B
a ¥
s s G p-0-4 65 !
(Syringyl) (Syringyl) (Guaiacyl) (B-aryl ether) (Phenylcoumaran) (Resinol)
v
M B
a” B ag
’ MeO M E
Alfacetal) A2(acetal) (Methoxyl) ((CH3OH)  (-CzHsOH)

Fig.S36 2D-HSQC NMR spectra of lignin (a) Preparation of lignin from wood
powder treated with methanol (b) Reaction results of lignin under DES acidolysis
conditions (c) Reaction results of lignin in DES and DCM biphasic solvents (d)

Lignin undergoes biphasic reaction followed by switched monophasic DES reaction.
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Table S3 Overview of GC-MS signals, identification, and designation obtained from

the depolymerization using DES acidolysis and biphasic DES acidolysis conditions

Ret.? Ret.b Found mass S Type of
Entry (min) (min) (m/2) Identification Units

MeO
1 17727 17723 180 m G
HO

(o]

2 18318 18314 194 M°°D)H( G
(o]
HO

MeO.

(o]
3 19.446  19.454 210 Homj G
o]
MeO OH
4 19.829  19.805 210 S
HO
Me
(o]
MeO
5 20237 20232 224 I S
HO
OMe
MeQ. _0
20342 2034 224 G
6 0.3 0.347 By
o]
7 20.526  20.526 210 “"“’D/ﬁﬁ% G
HO ©
M
(o] (o]
MeO
8 20921 20.925 270 S
HO HO
OMe
MeO 0
9 21230 21243 240 o ) S
OMe

10 21459  21.467 240 ”"°:©/qu> G
o
HO
HO
MeO lo]
11 21915 21.923 270 . 1) S
OMe

(a)DES acidolysis. (b) Biphasic reaction followed by switched monophasic DES
reaction.
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