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The tunable metal center and the tailorable organic linker
of metal-organic framework (MOF) make the character-
istic of ultrahigh porosity, controllable pore size, crystal-
line nature and highly-ordered structures [1]. Since its
emergence [2,3], it represents one of the most celebrated
functional materials. Owing to the rich diversity of MOF
family, a vast of important applications including the
storage of gas, recognition of molecules as well as en-
vironment remediation have been developed [1,4].
Moreover, the extensive utilization of MOF as hetero-
geneous catalyst [5] and host matrices for immobilization
of molecular catalysts [6] has demonstrated its versatility
in applied catalysis.
Meanwhile on the other aspect, as one of the well-es-

tablished electrocatalysts for the oxygen reduction reac-
tion [7], transition-metal nanoparticles (NPs) supported
on nitrogen-doped carbon were groundbreakingly in-
troduced into the liquid-phase catalytic hydrogenation
and oxidation of organic molecules by the research group
of Prof. Matthias Beller in Leibniz-Institut für Katalyse
[8–10]. The nitrogen atoms implanted by pyrolyzing

metal-phenanthroline complexes immobilized on support
contributed to the catalytic reactivity of metal. Since then,
these fascinating materials have enabled a series of pro-
gress for many important catalytic transformations
[11,12]. Some insightful understandings about the effect
of nitrogen atoms and metal cluster on catalytic perfor-
mance have been revealed as well [13,14]. However, most
of these catalysts exhibit poor reactivity and selectivity,
challenging multicomponent synthetic organic reactions.
To address this issue, Beller and co-workers developed

MOF-derived cobalt NP catalyst supported on nitrogen-
doped carbon by taking full advantage of uniform to-
pology and strong bonds between inorganic and organic
units in MOF [15]. The nitrogen-contained cobalt MOF
comprising two organic linkers 1,4-diazabicyclo[2.2.2]
octane (DABCO) and terephthalic acid (TPA) was em-
ployed as structure directing template. The pyrolysis of
in-situ assembled cobalt-DABCO-TPA MOF supported
on carbon at 800°C under argon produced graphitic shell
encapsulated cobalt nanoparticles (Fig. 1), which is the
most active material. Characterization disclosed that there
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Figure 1 Preparation of graphitic shell encapsulated cobalt nanoparticles supported on carbon using MOF precursors. Reprinted with permission
from Ref. [10], Copyright 2017, American Association for the Advancement of Science.
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are two major types of cobalt species in this MOF-derived
catalyst: the metallic cobalt particles surrounded by a
combination of some graphic layers and single Co atoms
in the short-range ordered graphic shells. High angle
annular dark field images of C/N overlay unveil that ni-
trogen is located not only in the graphitic shell on the Co
particle but also in short range ordered carbon which
contains single Co atoms. Cobalt traces are detectable
everywhere in the nitrogen containing carbon at low
concentration. Both of DABCO and TPA have strong
effect on the valence and morphology of cobalt species as
well as the state and quantity of nitrogen in the near-
surface region of material after pyrolysis. Neither material
generated in the absence of either organic linker is re-
active as the cobalt catalyst derived from cobalt-DABCO-
TPA MOF. Furthermore, pyrolyzing temperature is cri-
tical for both structural formation of graphitic shells en-
veloping the metallic Co, which is claimed to be vital for
high activity and stability. Note that cobalt is unique for
the title reaction; materials derived from Fe-, Mn-, Cu-
and Ni-DABCO-TPA showed no or very weak activity.
The superb performance of heterogeneous cobalt cat-

alyst derived from MOF in reductive amination of alde-
hyde and ketone to primary, secondary and tertiary
amines (149 examples) is impressve (Fig. 2). In the re-
ductive amination of aldehydes and ketones with the at-
mosphere of ammonia and hydrogen to give linear and
branched primary amines (Fig. 2a), the heterogeneous Co
catalyst exhibits excellent chemoselectivity and tolerance
to sensitive functional groups such as halides, esters,
carbon-carbon multiple bonds, heteroaromatic rings and
sulfur-containing groups. The undesired subsequent for-
mation of secondary and tertiary amines, which was
usually overcome by means of noble metal catalysts or
flammable Raney Ni, can be avoided over this MOF-de-
rived Co catalyst. The reductive amination of aliphatic
aldehydes that often hindered by unproductive aldol
condensation also proceeds very well. Bio-active phe-
nethylamine, potent central nervous system stimulating
drug amphetamine and its analogs were prepared in good
yield. The stability and recyclability of this heterogeneous
Co catalyst is validated with the results of recycling cat-
alyst six times without any significant loss of catalytic
activity during the synthesis of amphetamine. Moreover,
the protocol was successfully applied into the late-stage
modification of three natural products, three non-ster-
oidal anti-inflammatory agents as well as five steroids.
The scales for synthesizing some of these products were
able to be enlarged up to 1000 times without decline on
yield. By switching the amine source from NH3 to pri-

mary or secondary amines, the corresponding secondary
or tertiary amines are able to be produced in good yield
and selectivity without any over-alkylation products (Fig.
2b). This merit on chemoselectivity is sufficiently pre-
sented in the N-alkylated derivatives of amino acid esters
and preparation of ten existing drug molecules containing
the moiety of secondary or tertiary amines (Fig. 3). This
pathway avoids precious metal-based catalysts and waste
from sodium borohydride reductant in previous methods.
In the reductive amination of aldehydes to secondary
arylamines by directly employing nitroarene as the sur-
rogate of aniline, the multiple functionality of this MOF-
derived Co catalyst is displayed on simultaneously un-
dertaking two different types of reduction. Besides these,
the Co catalyst is also effective to the direct reductive
methylation of nitroarenes or amines with aqueous for-
maldehyde to the corresponding N-methylamines (Fig.
2c). N-dimethylated derivative of natural product Salicin,
antidepressant Venlafaxine and N-monomethylated de-
rivative of antidepressant Paroxetine can be obtained with
this method in high yields.
In conclusion, Beller et al. exemplified how to inter-

Figure 2 Synthesis of primary, secondary and tertiary amines catalyzed
by MOF-derived Co catalyst. The MOF-derived Co catalyst is denoted as
Co-DABCO-TPA@C-800.
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disciplinarily explore the versatile applications of simple
MOF material in applied heterogeneous catalysis for the
synthesis of primary, secondary, tertiary amines including
a big group of useful molecules. It will be expected that
this nice piece of work will stimulate more inter-
communication and cooperation between the research
area of material synthesis and applied catalysis and pro-
mote the research on applying novel materials to ad-
vanced heterogeneous catalysis.
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Figure 3 The synthesis of ten existing drug molecules by Co-catalyzed
reductive amination of aldehydes with primary or secondary amines.
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