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Abstract Lignin is a potential resources of aromatic compound that can be obtained from renewable biomass. There are
many ongoing research efforts to utilize lignin as a sustainable alternative to petroleum derived aromatic compounds. Be-
cause of the complex three-dimensional structure, the depolymerization of lignin into monomer molecule became a core
challenge for the utilization of lignin. The $-O-4 structure is the most abundant linkage in lignin. Owing to its abundance, the
[-O-4 structure has been representatively studied in many aspects of scientific research on lignin degradation. Among the
different reported strategies for the cleavage of f-O-4 ether bonds, C—C bond cleavage is one of the most important ap-
proaches to depolymerizing lignin. In this study, we accomplished the oxidative C—C bond cleavage of the -O-4 structure
by the catalysis of NH4;VOj3 using the pre-oxidized 2-phenoxy-1-phenylethanone (1a) as a model compound of lignin. In the
DMSO-HOAC solvent system, benzoic acid and phenol were produced in a moderate condition, the yeild of benzoic acid and
phenol were 82.1% and 88.1%, respectively. The reaction process was investigated via '"H NMR and X-ray photoelectron
spectra (XPS) characterizations and the possible reaction pathway was further proposed. As the results shown, two possible
reaction routes existed in this catalytic system. Pathway one: the 2-hydroxyacetophenone and phenol formed after the C—0O
bond cleavage of 1a in the acidic system, then, the intermediate 2-hydroxyacetophenone was converted to benzoic via the
cleavage of C—C bond. Pathway two: benzoic acid and phenol yielded by the C—C bond of 1a cleaved directly over the
catalyst. In addition, the catalyst characterization results confirmed that the oxovanadium(V) directly catalyzed the depoly-
merization of the $-O-4 structure and generated oxovanadium(IV), then oxovanadium(IV) was oxidized by O, and finish the
catalytic cycle. All reactions were carried out by the following general procedure. This reaction was carried out in glass tube
and heated by oil bath. 0.5 mmol of 1a was added into 2 mL of DMSO-HOAc (¥ : V=3 ! 1) with 30 mol% NH,VO; (17.5
mg) under an oxygen atmosphere (101 kPa, in balloon). The reactor was heated to 100 ‘C with a powerful stirring. After 8 h,
the reaction was cooled to room temperature, then 5 mL of ethyl acetate was added into the mixtures. Ash black precipitate
was removed by filtration and the liquid mixture was detected by GC.
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Figure 1 Lignin structure and lignin model compound
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Scheme 1 The main reaction in this research
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Table 1 Catalysts screening of the model reaction

o
le) COOH OH
O—0 O
1a 1b 1c

Yield"/%

Entry Catalyst Conversion”/%

1b 1lc
1 NH4VO; 35.7 172 240
2 VOSO4 21.3 13.1 10.4
3 VOPO, 10.0 8.0 8.2
4 VO, 4.0 3.1 2.7
5 V,0s <5 — —

“Reaction condition: 1a (0.5 mmol), 30 mol% catalysts, added into DMSO (2
mL), keep in 100 ‘C for 8 h at 101 kPa O, atmosphere; * Conversions and
yields were confirmed by GC.
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LR AR TR B, R ER, —H
FE I RFR B TR T R VR A V6 77 R % A RO 3 1 s
PPN 2Ry AR R R I 7 22 AL R PE. /£ DMSO-HOAC
(Vi v=1: D)ERFR, &Y 1a 524k, ZKFRRMZED
7= 25 5l 80.5% 411 68.5%(3% 2, Entry 5), FEICR
A W R 425, H,O0-HOAc 5 CH3CN-HOAc B &7
N E DAL R I KT DMSO-HOAC ¥ 771 1 S v
535N 81.4%F1 67.6%(F 2, Entries 6, 7).

K2 IR RIS
Table 2 Solvent influence for the reaction
Entry Solvent’ (VX 7) Conversion‘/% Yield /%
1b lc
1 DMSO 35.7 17.2 24.0
2 HOAc 93.0 62.6 55.3
3 CH;CN — — —
4 H,O — — —
5 DMSO/HOAc (1 : 1) 100 80.5 68.5
6 H,O/HOAc (1 1) 81.4 57.9 63.2
7 CH;CN/HOAc (1 © 1) 67.6 36.2 36.2
8 DMSO/HOAc (1 : 3) 100 73.8 67.2
9? DMSO/HOAc (3 : 1) 96.4 82.1 88.1
10 DMSO/H;PO, (1 - 1) 100 76.1 55.0
11° DMSO/HOAc (3 : 1) 61.2 34.1 335
12 DMSO/HOAc (3 : 1) 100 — 48.1
13¢ DMSO/HOAc (3 ' 1) 100 — 414

“0.5 mmol of 1a, 30 mol% NH,VO; were added into the reaction under 101
kPa O, atmosphere and kept 100 °C for 8 h; * The ratio of acids and organic
solvents is based on volume; “ Conversions and yields were confirmed by GC;
 The isolated yeilds of 1b and 1c are 75.2% and 71.4%, respectively; ©0.5
mmol 2-phenoxy-1-phenylethanol was used as substrate; /The initial O, pres-
sure is 0.5 MPa; ¢ The initial O, pressure is 1 MPa.
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Figure 2 '"H NMR spectrum of the mixtures after reaction for 2 h
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Scheme 2 Three possible pathways of C—C cleavage
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Scheme 3 Reactions of possible intermediates as substrate
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TH V05 B VO ERENTIGE, RN 1a 5648710
FAF BRI MR R =0, 72253708 68.9%1 69.4%.
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@l‘i 31:15[2521,31].
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Table 3 The study of different oxidants

] ) Yield”/%

Entry Oxidant Atmosphere ~ Conversion/% —
1b  1¢

1 VO, (0.3 equiv.) 0, 71.4 55.1 53.8
2 VO, (4.0 equiv.) Ar — - —
3 V505 (4.0 equiv.) Ar 100 69.4 68.9

“Reaction condition: 1a 0.5 mmol, 30 mol% catalysts, added into 2 mL of
DMSO/HOAc (V. V=3 : 1), keep in 100 'C for 8 h at 101 kPa O, atmos-
phere; ” Conversions and yields were confirmed by GC.

3 4ip

2 FATR, 78 DMSO/HOAc R & VEFH, NH,VO,
S TR AR &K p-O-4 BRI 5 I AL AR IS
P, BERSTE 101 kPa %< 100 CEA T mimik et
Hh5E AT 1a (1) C—C BEAL DI, 95 T 88.1%[1)
KN 82.1% 2K H R, Xof s I isk 2 118 M 00 AR X6 Jsz Jobr A
FIIRAE T EoR, RN EARTREA: (1) C—O Bl
ZUE ORI RN 2- 32 350K 20, 2-F 2 RO i 4t c—C
B AL W R E ORI R; (2) 1a BB E KA
C—C B AT 3R B R ARy, e B Ik A2 A B A
FIAFAE+ AN AT+ 5 MR, AR + 5 LR
B RS, N T ERENARRTS, %
ERAARRN . @ =R A, RAERI T
NN

/o0
@AJH

0—V
/<:§ ’ o8
vV \\\Yi//
co,

BX 4 WHREMPLRELELR R

Scheme 4 The possible process of V catalyzed oxidation
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