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Abstract N-Benzylidene benzylamine is an important pharmaceutical intermediate and industrial chemical. Traditionally, it
is synthesized via the reaction between benzylamine and benzaldehyde by using Lewis acid catalysts, which usually suffers
from the difficulty of product separation and environmental unfriendliness. An alternative approach is the oxidative coupling
of benzylamine catalyzed by metal-based catalysts, which is also beset by the contamination of metallic impurities. Thus, the
development of green, metal-free and reusable heterogeneous catalysts is highly attractive. Herein, we report an efficient
metal-free catalyst, hierarchical carbon nanocages (hCNCs) synthesized by the in-situ magnesium oxide template method
with benzene precursor at different temperatures (700, 800 and 900 ‘C), for the oxidative coupling of benzylamine to
N-benzylidene benzylamine. The hCNCs feature multi-scale hierarchical pore structure, high specific surface area and abun-
dant surface defects. The hCNC700 exhibits excellent catalytic performance for the solvent-free oxidative coupling of ben-
zylamine to N-benzylidene benzylamine under mild conditions (100 °C, atmospheric Oz). Specifically, after reacting for 8 h,
both benzylamine conversion and N-benzylidene benzylamine selectivity are larger than 98%, far better than the counterparts
of carbon nanotubes, reduced graphene oxide and activated carbon, as well as the reported mesoporous carbon and graphene
oxide. The hCNC700 also presents high mass activity, significantly better than the reported carbon-based catalysts. Its cata-
lytic performance is almost unattenuated after 6 times of recycling, exhibiting good stability. By comparison experiments, the
catalytic activity of hCNCs results from the intrinsic defects of carbon, and the excellent performance of hCNC700 is mainly
attributed to the following aspects: (i) its ultra-high specific surface area can provide abundant surface active sites (defects),
(i) the unique hierarchical pore structure is very conducive to mass transfer in the reaction process, enabling the full utiliza-
tion of these active sites. In addition, h\CNC700 shows good catalytic performance for different substrates, with high catalytic
activity (>90% conversion rate for 12 h reaction) and high selectivity (>95%) for oxidative coupling of aromatic methylene
amines. This study provides a new avenue for the development of cheap and efficient carbon-based metal-free catalysts.
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Figure 1 SEM and TEM characterizations of hCNCs. (a) Typical SEM
image; (b~d) TEM images of hCNC700, hCNC800 and hCNC900, re-
spectively. Insets are high-resolution TEM images.
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Figure 2 Raman characterizations of hCNCs. (a) Raman spectra; (b, d) Ip//g versus synthesis and annealing temperatures of hCNCs, respectively; (c, e)
FWHMs of D- and G-band versus synthesis and annealing temperatures of hCNCs, respectively.
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Table 1 Comparison of catalytic performance of hCNC700 and other
typical carbon-based metal-free catalysts for the oxidative coupling of
benzylamine to N-benzylidene benzylamine

©/\ NH, Catalyst, O, SN
—_—
AN

benzylamine N-benzylidene benzylamine

Conversion/  Selectivity/  Sper?/  Sww¢  Mass/
Catalyst o o S )

% % (m>g ') m mg

Blank 0 — — — —
hCNC700 98 >98 2300 46.0 20.0
rGO 70 >95 2000 40.0 20.0
CNT 22 >98 230 46.0 200
XC-72 20 >98 300 42.0 140
AC 8 >98 150 42.0 280

© 2021 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“ Reaction conditions: 5.0 g benzylamine, 20 mLemin ' O,, 100 C, 8 h, using
carbon catalysts with similar surface area;  specific surface area; ¢ surface area

of the used carbon material.
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Figure 3 Comparison of catalytic performance of hCNCs for the oxidative coupling of benzylamine. (a) Comparison of the turnover frequency (TOF) of
benzylamine for hCNC700 and several typical carbon-based materials (rGO, CNT, XC-72 and AC). The data for the carbon-based metal-free catalysts
from Refs [14-17] are also listed for reference; (b) cycling stability of hCNC700; (c) benzylamine conversions of hCNC700, hCNC800, hCNC900 and
hCNC700-C after reacting for 8 h; (d) benzylamine conversions of the as-prepared hCNC700 and the annealed hCNC700 at different temperatures versus

time. Inset is the curve of k versus Ip/Ig, here k is the linearly-fitted slope in the fast reaction period marked in (d).
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Table 2 Catalytic performance of selective oxidation of substituted
methylene amine with hCNC700
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SHO)E TAHEH, F 100 mLemin ' Ar SRR R
B L 10 Cemin ' FZF6 52 (700, 800 F
900 C), AFUELL 66 pLemin ' ¥ & 18 N B E
(7K)0.5 mL, AL FE RIS 1 min FORSRITHE S s,
PRI 2 h 5 FARVREDL. =N 6 moleL ™' #h & H i+
24 h 2B MgO AR, 18, HEEFKER, 80 CHS
T4 12 h, B3 hCNCs. % 08 ] % 6 5 4 5
hCNC700. hCNC800 A1 hCNC900. 700 ‘C R, stk
FEEBMADF 02 mL #IBMWEBWAEMFESGHEAN
hCNC700-CB; R AL =8N E] 1.5 mL 751K
bl SR THI R R &b i 44 24 hCNC700-L.
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Brunauer-Emmett-Teller (BET). Horvath-Kawazoe (HK,
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4.3 EURMRMEERIE
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W, A 20 mLemin ! 1) Ox(F0)H-A . B 0.10 mL J
MR 0.22 pm VY GR 2 A5 ML ), IIA 0.50 mL &
iy 20 uL 3 =FIRAMREY, KA G- 5 TS
(GCMS-QP2010) i 52 P43 #r, SAHEHE GC-7900( ik
FE: HP-5)H0E & At (b th 4 WL S6). KAk 7B
I, R 3K, 200 CEA T 12 h, HAEAH
FAE T AT IR AL S5
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