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Figure 1 (Color online) Sources and conversion pathways of energy and resources.
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Figure 2 (Color online) Lignin valorization based on cleavage and cleavage/cross-coupling strategies.
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Figure 3 (Color online) Copper/amine/O, system promoted bond cleavage of lignin -O-4 model compounds.
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Figure 4 (Color online) Amine/ammonia-mediated oxidative transformation of $-O-4 model compounds to a-ketoamides/aromatic amides/benzoic

acid.
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Figure 13 (Color online) Nucleophilic substitution of aryl ethers catalyzed by organic photoredox catalysis to synthesize arylamines.
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Figure 14  (Color online) Photo-induced CeCl;-promoted selective cleavage and amination of lignin C,~Cp bonds.
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Figure 15 (Color online) Hydroxylamine-mediated conversion of lignin and its model compounds into nitrogen-containing compounds.
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Figure 16 (Color online) Synthesis of aromatic amides from lignin $-O-4 or B-1 model compounds with ammonia.
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H3C-O\ /O-CH3 : HO\ /OH R’
R Lil, 120 °C 3
Hic-O— LGP —O-CH: + 1 o w Ho—(Lighi-OH + Me-N
7 Rz HMinBF, it R®
H;C=0O O=CH
3 3 HO OH 54-70%
Lignin (50 mg), Kl (4 mol%)
2 + CO, o)ko
~ 2 MPa, 60 °C, 8 h ) /
25 mmol
93%, leftover material

49%, original lignin

RENR N Lo o
LiO-—-OL| + Mel
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H3C [e) O CH;; LiO OLi
/ \
HsC=O 0=CHj
Lil HI
HO OH
Ho—Lignin])—oH
/ \
HO OH

B 17 (2 ORI AR 3R A 9 R AR P T R (V- A S

Figure 17 (Color online) Lignin as a methylating agent for the N-methylation reaction of aniline
OH
“5 Oa TEMPO
R A | \—R BAIB RIE NaOH R Xr' )
NP gy Tainrt,7h RU T
CH;CN

B 18 (M4 ORI — WAk MR I AR R AL &5 W i 4% P RE IS AT A4

Figure 18 (Color online) One-pot production of cinnamonitrile derivatives from lignin model compounds
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R1. Rz + (NHy),CO, _CU(OAC) TBAI, air RIS + | N o
" H 120 °C, DMSO, 3 h L —
17-44% up to 77%

B 19 (M RO B AR SR B A P % 5 & i

Figure 19 (Color online) Copper-catalyzed synthesis of aromatic nitriles from lignin model compounds

\7R5 e

toluene

O)\[ \ORZ +
OH .
d 140 °C, 20 h, air

B 20 (4 FORZ 1D B R B 3R B-O-4 R AL & W 5E 1) & R R 5 3 SO 7

Figure 20 (Color online) Synthesis of aggregation-induced emission molecules from lignin $-O-4 model compounds
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Figure 21 (Color online) Synthesis of functionalized carbazole derivatives from lignin $-O-4 model compounds.
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T, AR A A C-HEEHAL SN S C-O VI N fESAL. LRI T, MR 2 157 i C—
BGES. EMEACRIVIAAE T, WHRBITERBNA  ORYIN ™.

CuCl, (0.15 equiv.)

Pyrldlne (0.5 equiv.) OR3 HO
R2 + R°OH OR® + R2
BF3 Et,0 (1 equiv.) R'T

R%=Me, Et  reflux, air, 24 h
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=010 @
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Figure 22 (Color online) Aerobic oxidation of oxidized lignin $-O-4 model compounds with alcohols.
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Bl 23 (Mo R A BRI & ) 52 A FEE AL R
Figure 23 (Color online) Aerobic oxidation of lignin model compounds with alcohols.
OH
o MeQ OMe
Me” n o Nano CuO, K,COs, Ligand o}
+ Me + CO 4 A
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Figure 24 (Color online) Reaction of methoxy groups in lignin with carboxylic acids to form methyl esters and carbon monoxide.
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Figure 25 (Color online) Lewis acid/thiol promoted cleavage of B-O-4 linkages and formation of C—S bond.
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Figure 26 (Color online) Oxidative cross-coupling reaction to synthesize diaryl ethers from lignin.
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Figure 27 (Color online) Reductive cleavage of diaryl ethers with silane.
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Figure 28 (Color online) Reductive cleavage of lignin from different sources using silane.
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Figure 29 (Color online) BBr; assisted cleavage of C—O bonds in $-O-4 model compounds.
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Table 1 Types of degradation products and their applications from lignin and its model compounds
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Figure 30 (Color online) Selective utilization of methoxyl groups in lignin for synthesis of acetic acid.
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Cleavage/cross-coupling strategy for lignin valorization
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Abstract: Lignin is the most abundant renewable aromatic resource in nature. The degradation of lignin into small
organic molecules to replace fossil-derived compounds is crucial for sustainable resource development. Current
strategies primarily focus on directly cleaving C—O/C—C bonds in lignin to obtain oxygen-containing compounds and
hydrocarbons; however, these methods typically produce relatively simple products. Future lignin biorefineries will
require a diverse range of fine chemicals to enrich the variety of lignin degradation products and enhance their added
value. In this context, the cleavage/cross-coupling strategy provides a novel approach for converting lignin into high-
value chemicals. This review summarizes recent advances in the application of cleavage/coupling strategies for the
degradation of lignin and its model compounds. This strategy cleaves lignin linkages while coupling with other
compounds (e.g., nitrogen-containing, oxygen-containing, sulfur-containing compounds), generating a wide variety of
high-value chemicals, such as amines, amides, arylamines, nitriles, nitrogen-containing heterocycles, esters, ethers,
thioethers, and silicon-containing compounds. Additionally, the degradation of lignin and its model compounds into
different types of fine chemicals is briefly summarized. Finally, the challenges faced in current lignin cleavage/cross-
coupling reactions for future development are discussed.
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