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Schematic representation of a 
softwood (spruce) lignin structure

Schematic representation of a Hardwood 
(birch, eucalyptus) lignin structure

Introduction

Softwood lignin: about 90%
Hardwood lignin: roughly the same



Introduction



Introduction



Kraft Process

Lignosulfonate Process

Organosolv Process

Many more

high pHs, NaOH, Na2S, 423 - 453 K, by MeadWestvaco, 
and LignoBoost technology. 5-5’ bond typically 
survive and even forming during kraft pulping process

pH between 2 and 12, sulfite with Ca or Mg as 
counterion, product typically soluble in water or 
high polar organics and amines, incorporating 
sulfonate groups

Treatment of wood or bagasse, crushed to extract 
juice or sap, forms separate streams of cellulose, 
hemicelluloses and lignin, usually form derivatives

Many many many

Pretreatment



β-O-4 Linkage



5-5’ linkage
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Ruthenium



Ruthenium

missing
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Ruthenium

James, Dalton Trans., 2012, 14, 11093.
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Ruthenium
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Ruthenium

James, Dalton Trans., 2012, 14, 11093.

γ-OH poison 
the catalyst 



Ruthenium

Li, Catal. Lett., 2015, 144, 1159.

In Bergman & Ellman’s SI, condition entry 3 also afforded no reactivity



Ruthenium
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Ruthenium
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Ruthenium
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Ru(H)2(CO)(PPh3)(xantphos)



Ruthenium
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Ruthenium



5 mol % [Ru(Cl)(H)(PPh3)]
with 5 mol % triphos
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Ruthenium



5 mol % [Ru(Cl)(H)(PPh3)]
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Ruthenium



Vanadium
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Vanadium

w/ or w/o
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Vanadium
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Vanadium
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unable to 
quantify by 1H 
NMR



Vanadium
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nonphenolic



Vanadium
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phenolic

48h for cat.



Vanadium
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Vanadium
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Vanadium
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Vanadium
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Vanadium
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nonphenolic phenolic

benzylic oxidation Cα-Cβ cleavage and
benzylic oxidation

benzylic oxidationCβ-O cleavage and
benzylic oxidation

decompose decompose



Cobalt
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Cobalt
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Cobalt
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Zinc
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Copper

Loh, Chem. Commun. 2013, 49, 11439



Copper

Loh, Chem. Commun. 2013, 49, 11439



Copper

Loh, Chem. Commun. 2013, 49, 11439



Copper
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Copper
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7 could only afford 8 under
the reaction condition



Copper
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Iridium
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Iridium
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Iridium
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Nickle
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Nickle
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Nickle
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Metal-Free
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Metal-Free
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Mechanochemical degradation

76% of β-O-4 was cleaved



Metal-Free
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Metal-Free
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Metal-Free
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Metal-Free
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