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Molybdenum Nanocarbides Encapsulated in Porous Carbon Spheres for
Solvent—free Benzyl Amine Oxidative Coupling Reactions

Li, Yue Jiang, Yuchen Jiang, Pingping Du, Shengyu Jiang, Jiusheng Leng, Yan*

(Key Laboratory of Synthetic and Biological Colloids, Ministry of Education, School of Chemical and
Material Engineering, Jiangnan University, Wuxi 214122)

Abstract Imines and their derivatives are versatile chemical intermediates for the synthesis of pharmaceuticals, polymer
materials, biologicals and so on. The oxidative coupling of amines was demonstrated to be a promising one pot synthetic
procedure for imines, and considerable efforts have been devoted to it. A new type of catalyst based on Mo,C was success-
fully prepared by roasting the mixture synthesized by using the interaction between ionic bonds with dopamine (DA) and
phosphomolybdate (PMo). In a typical procedure, solid product was pyrolyzed in a tube furnace at 800 “C for 3 h in N, with
heating rate of 5 “C/min, and the sample PDA-PMo-800 was achieved. The catalyst was characterized and analyzed by Fou-
rier transform infrared (FT-IR), N, adsorption desorption (BET), scanning electron microscope (SEM), transmission electron
microscope (TEM), X-ray diffraction (XRD), and Raman spectrometer (Raman), thermo gravimetric analyzer (TG), energy
dispersive spectrometer (EDS). It was found that the catalyst had morphologies of flower shaped spheres and certain specific
surface area (102 m”eg~'). As a catalyst, it can be used in the oxidation coupling reaction of benzyl amine to synthesize the
imine under the condition of no solvent and oxygen as oxidant. Typically, amine (5 mmol) and catalyst (0.03 g) was added
into a 25 mL sealed round-bottomed flask and kept vigorously stirring at 100 ‘C under O, balloon for 10 h. After comple-
tion, the catalyst was separated by centrifugation with N,N-dimethylformamide, washed with ethanol, dried in a vacuum, and
reused for the next time. The filtrate was identified by GC-MS, and the conversion and yield were analyzed by GC
(SP-6890A) equipped with a FID detector. The results showed that a high conversion rate and selection rate can be achieved.
And the catalyst can be used repeatedly and maintained a high conversion rate under the same conditions. The successful
design of this catalyst not only combines metal materials with organic materials, but also makes a preparation for transition
metals to replace noble metals. In addition, carbonized metal was used as a catalyst for coupling reaction, which provided a
new idea for the application of carbonized metals to organic reactions.

Keywords molybdenum carbide; dopamine hydrochloride; phosphomolybdate; polyoxometalates; benzylamine coupling
reaction
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1E, EERFAEZIEE T, PDA KEO A ARRM KL,
T PMo V3R PREHE Keggin 4544, HIBREiRE A 600 °C
i, PMo %A1k o) il 32 BV A, MR RE
800 ‘CHF, 7E 20 45N 34.5°, 37.1°, 39.4°F1 61.7°4b
BT —4H Mo,C HIFFAERT TG >0 3R BA /R %45 B 1B be
ZFF PMo-PDA WIHAE N Mo,C. 74k, 1E 20 439
925.9° ] 53.4° b B R T Bk B (1) SE A BE R RFAIE AT S 0,
X AT RE A BT E AL B R Re A iR k. 3 — D3R
el 4 900 °C, AT LA H B AL BH 4R E A7 5 U 5
JEE W S A T SRR PR R AR e o R B SR ek 5, U
TEARACTE A R T B A BH 1 A2 BR
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Figure 1 FTIR spectra of PDA (a) and PDA-PMo (b)
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Figure 2 XRD patterns of (a) PDA-PMo0-900, (b) PDA-PMo-800, (c)

PDA-PMo0-600 and (d) PDA-PMo-400
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Figure 3 Raman spectra of (a) PDA-PMo-800, (b) PDA-PMo-600 and
(c) PDA-PMo-400
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Figure 4 (A) SEM image of PDA; (B) SEM image of PDA-PMo; (C)
and (D) SEM, (E) TEM and (F) HRTEM images of PDA-PMo-800
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Figure 5 N, adsorption/desorption isotherm of PDA-PMo-800 (the inset
is pore size distribution)
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Table 1 Oxidative coupling of benzylamine promoted by different catalysts”

NH, Catalyst, O, balloon
Neat, 100 °C,10 h

o

TOIEFI L BB S AL (B0 1). 1558, R
iR AR O, EABI AN, B W4T BEr
R, (A) AR E—0F NH; 5 E R H
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Figure 6 Recycling tests of PDA-PMo-800 for the oxidative coupling
of benzylamine
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Entry Catalyst Conversion”/% Selectivity“/% Selectivity’/% Selectivity*/%
1 None 25.31 97.90 0.99 1.11
2 PDA-PMo-800 99.5 95.7 2.78 1.5
3 PDA-PMo 89.85 98.21 1.1 0.69
4 PDA-PMo-600 47.53 97.78 1.75 0.47
5 PDA-PMo-400 53.85 97.69 1.68 0.63
6 MoO; 42.69 97.56 1.83 0.61
7 PMo 64.19 97.66 1.71 0.62
8 PDA-800 54.1 93.94 0.76 5.3
9 PDA-PMo0-900 99.56 95.48 2.53 1.99

“Reaction conditions: benzylamine (5 mmol), catalyst (30 mg), O, balloon, 100 °C, 10 h. ® Conversions and selectivity were determined by GC. ¢ Selectivity for

imines. ¢ Selectivity for benzaldehyde. ¢ Selectivity for benzyl cyanide.

©/\NH2

NH ~O ueoupling
NH, DY Benzaldehyde
N
u M (j/WAt;
| 02100°C | mediate Dibenzylimine
neat

R 1 PDA-PMo-800 {E LIS A BV & AL EE B

Benzonitrile

Scheme 1 Proposed reaction pathway of PDA-PMo-800 catalyzed imine formation from amines

Acta Chim. Sinica 2019, 77, 66—71

© 2019 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

69

http://sioc-journal.cn



¥ F R

WR. WK 2 Pror, BEAARFEBRRIEK SRR AT
PRI FIZ SN, B3RS T B m e % e
HFENE, SR, RN EREI, FAL RN 25.73%;
BEAh, S SN g R, FEASTE A

3 4

28 ERTR, ASCiEid B 2 M- 2 R E S TER,
il 2% HH 2 FLARE S Mo,C Gkl FEILF]. Rl RAE S
R, P PDA-PMo-800 AV EA BBTER
TSR, B r R A (102 mYg), [FH Mo,C 44Kk
T RSPE— B st BRIF. AT TCIE R, BN
ST 16 i 1) SR A AR IR S 7 Hh 2 B R 0 S5 1 e £ 12
A, ELAEALFRIAT DA S R S R . A SCRBE AT
AMLARABE T — 2508 B 4 B AL A P B v o) % SR
IR A 4 R P 4 A WL b R S P Pt T

4 SKIERSY

4.1 ELSTISRIE

FBALAE H 3L AR e 2 AN (FT-IR) )6 3 1d 5% 7
Nicolet 360 FT-IR {X #$(KBR J¢#%) 500~4000 cm ' [X 2§
TS F N, W@ A (BeloSpMimon, HA) £ 77 K
AN SR S FLIE 251, FEAATE 150 CTAbHE 2
h JEHHAT 0T, PGS -BORRE-ZR B)(BET) T FE 5 L
KMAR, F QSDFT J7vE v 5 A5 42 W it S % (1 FLAT 40

fiv; R BB (SEM) EE A H 37 S-48 I K 543
T BT, FIH Brukes D8 JE#bHy RAT SN,
1E.40 kV 120 mA 44 T F AR I I8 Cu Ko F8 F1F M 3°
F] 90°, FHHEE N 4 (°)/min, 53] X HHLATH(XRD)
B, A G G I 2% (SP-8990A) X Js b i i Ak %
g BEHEAT 04
4.2 fEXFIBIHIE

1 g R Z EEA T 40 mL LA 50 mL /KR &
R, BIZEEE, FEHE VA RIEY 0.5 ¢ PMo T
40 mL ZK¥EWR, JHEm NS LR, HidE 20 min;
B 54 0.5 mL Z/KE T 10 mL /KSR, FEAS] FIRRS
W, BEEE 30 he K4S R0 B AT T 2 IRV,
B0, TEECA PDA-PMo. # PDA-PMo JN 715 1/
BRI Ny TR 2564 T s ebe, LA S (°)/min FHER
HWEFEE 800 CHLR¥ 3 h, BI1F 24 1k 7
PDA-PMo-800. k771 iy il 2% B LI =X 2.
4.3 TR EMLR

W IR BIIEIE(S mmol)RIMEALTTI(30 me) I A F] 25
mL IR, L O, fENEAFIFE 100 C R
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Table 2 PDA-PMo-800 catalyzed synthesis of imines from various amines under solvent-free and O, conditions”

Entry Substrate

Product t/h

Conversion”/% Selectivity*/%

S o

5

6 /\/\/\/\/\/\NH2

NS
@AN/\Q 10 99.5 95.7
NS
N
/@ /\©\ 10 98.88 99.10
cl cl
NS
N
g /\©\ 10 78.34 97.83
HsCO OCH;
@—N:N—@ 10 25.73 88.54

YA VA VAN VA VAV VE VAN 10 - -

“Reaction conditions: amine substrate (5 mmol), catalyst (30 mg), O, balloon, 100 °C, 12 h. ? Conversions were determined by GC.  Selectivity for imines.
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Scheme 2 Schematic procedure for preparation of PDA-PMo-800
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