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Abstract As the only natural and sustainable carbon source, biomass shows great potential in solving current environmental
and energy problems and creating a carbon-neutral society. Selective hydrogenation is a kind of important reaction. Various
unsaturated functional groups in biomass are typical targets of selective hydrogenation. Therefore, selectivity is the key index
to measure the efficiency of the hydrogenation reaction. Vanillin is an important platform compound in biomass conversion.
In recent years, selective hydrogenation of vanillin to biofuels and other high-value-added chemicals has received widespread
attention. Because vanillin has different reducible functional groups (aldehyde group, methoxy group, and hydroxyl group), it
is very important to control the selectivity of vanillin hydrogenation. Vanillyl alcohol has long-lasting sweetness and nutty
aromas and is used in the food and perfume industries. 2-Methoxy-4-methylphenol (MMP) is also an important biofuel.
Therefore, selective hydrogenation of vanillin to vanillyl alcohol or MMP is an important synthesis route. Here, we propose a
strategy to introduce the chemical active center of catalytic reaction and the anchoring center of metal nanoparticle deposition
by doping nitrogen atoms of graphene, which makes the application of graphene in hydrogenation catalysis obtain better per-
formance. In this work, we report a simple method for in-situ synthesis of nitrogen-doped graphene-supported palladium
nanoparticles PA@N/C-2 catalyst and its application in selective hydrogenation of the C=O bond. The prepared catalyst has
good catalytic activity and product selectivity for the hydrogenation of vanillin and has the advantages of simple preparation,
high activity and stable performance. It is easy to be separated from organic reaction conditions and can be reused many
times. Under relatively mild reaction conditions, PA@N/C-2 catalyzed the complete conversion of vanillin to vanillyl alcohol
and MMP, and the yields were 89% and 99%, respectively. It is worth noting that through the regulation of solvents, we
achieved highly selective hydrogenation of vanillin to vanillyl alcohol and MMP, respectively.
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Figure 1 Representative SEM images of PA@N/C-2 (a), Pd@N/C-9 (b), purchased Pd@N/C (c); representative HAADF-TEM images of PA@N/C-2 (d,
g), PA@N/C-9 (e), purchased PA@N/C (f); EDS elemental mapping of Pd@N/C-2 (h)
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Figure 5 Effects of (a) solvent, (b) temperature, (c) pressure and (d) time on the selective hydrogenation of benzaldehyde catalyzed by Pd@N/C-2
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Table 1 Control experiments for selective hydrogenation of benzalde-

hyde
@_\ Catalyst @_\
N\ * H
o) Solvent OH
Entry Condition Conversion®/% Selectivity’/%

1 Standard condition 92.8 93.4
2 N, trace trace
3 No catalyst trace trace
4 Purchased Pd@C >99 trace
5 Purchased Pd@N/C 11.3 65.4
6 Pd@N/C-9 79.7 85.6
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@ Standard reaction conditions: benzaldehyde (0.5 mmol), 5 mg catalyst
(PAd@N/C-2), ethyl acetate (4 mL), H, (1.5 MPa), 60 C, 2 h. ® Determined by
gas chromatography with flame ionization detector (GC-FID).
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Table 2 Hydrogenation reduction of various aldehyde by catalyst Pd@N/C-2

Entry Substrate Product Conversion®/% Selectivity’/%
I dﬂ G_\ 96.1 974
\O OH
2 @ @_\ >99 98.0
o) OH
3 @wo Oﬂm 97.5 96.2
4 js @—\\O 0 @—\OH 85.9 95.3
0 OH
HO HO
6 \OJCJVO \Omw 84.4 86.4
HO HO
7 :@\/O :@ 78.7 >99
~0 = ~0

@Reaction conditions: substrate (0.5 mmol), 5 mg catalyst, ethyl acetate (4 mL), H, (1.5 MPa), 60 °C, 12 h. ® Determined by gas chromatography with flame ioniza-

tion detector (GC-FID). ¢ The solvent changes to cyclohexane.
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Figure 6 Optimization of reaction conditions for hydrogenation of vanillin (a) and cycle performance (b) of PA@N/C-2 catalyst
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AR SEIRA I A IR A R T, SR R 0.5
mmol JEEY. 0.05 g HEALFIFT 4 mL 370 E T 5 5 R V2.
EER N E, HEAAEHR=ZKUBREZENRENEA,
EER VEESE—EES. R, LL10 Cemin!
(3 26 FHIR 2 e IR, TR IEA 300 remin!.
LERE, RMNEHRAHNE SRR, B yE. Bk
A=) R ] R TR 23 8, FH 3% BH B R S SR W A =)
TR =50, IR 98 R RE, B
N e B AR B BB PR E R, TS A
F R WP

f# ] GC-2014C (Shimadzu, H )% #rAH 74,
Bt % B0 A% FE(HP-5, 30 m>X250 mmX0.25 pm)Fll
KIGEE T WAL ZR(FID). EEFEF#EN 10 Cemin!
ITHEIEZ M 60 C EFFE 300 CHAREF 3 min. FE
PR F W ARIE B . PP iEE TRACRE 13001SQ
GC-MS(Z£ [ Thermo Fisher Science)ffi g, 1# /5 GC #H
) () C AT AN AP, R B B T 456 P s 7 i
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