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A B S T R A C T

The rational design of component and coordination configuration of active center is critical and useful to the
development of multifunctional MOF-based catalysts. Herein, a bifunctional Zn-MOF, Zn-ADBA, constructed by
photoactive 4,4’-(9,10-anthracenediyl)dibenzoic acid (H2ADBA) ligand and Zn(II) ions, is employed as hetero-
geneous catalyst for efficient cyanosilylation and photocatalytic oxidative carbon–carbon coupling reactions. The
unsaturated Zn(II) centers with strong Lewis acid character can effectively active aldehyde substates, which
promotes Zn-ADBA to catalyze cyanosilylation of electron-withdrawing substituted benzaldehyde with a turnover
frequency value up to 53.1 h�1. Meanwhile, the photo-functional ADBA2- ligands featuring large steric hindrance
drive the Zn(II) center adopt the liver alcohol dehydrogenase (LADH) like characteristics, which renders Zn-ADBA
(λmax absorption ¼ 406 nm) high-efficient photocatalytic oxidation of N-aryl-tetrahydroisoquinoline substrates
with yields above 95% over 4 h under visible light. The recyclability of Zn-ADBA and the possible catalytic
mechanisms are also systematically investigated by a series of experiments including PXRD, IR, EPR and DFT
analyses.
1. Introduction

The formation of C–C bonds is one kind of the most fundamental
reactions in organic chemistry [1–3], and especially many important
pharmaceutical intermediates and fine chemicals have been prepared by
the transition metal-catalyzed carbon–carbon coupling reactions, due to
the special coordination addition mechanisms and high selectivity [4–6].
However, some direct C–C bond formations are still challenging tasks
even under extreme conditions owing to the typically unreactive C–H
bonds [7–9]. Photocatalytic organic synthesis, a green synthesis
approach, can provide powerful molecular activation modes and highly
active free radicals to promote the above-mentioned impossible bond
constructions under mild conditions [10–12]. For example, Luo et al.
realized the asymmetric cross-dehydrogenative coupling of tertiary
amines and ketones under the action of visible light [13]. In view of the
different advantages of the two catalytic activation pathways, it is highly
promising to develop bifunctional catalysts that integrate photocatalysis
and metal catalysis to realize convenient and efficient C–C bond
formations.
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Metal–organic frameworks, a class of porous hybrid materials with
infinite network structures built from organic bridging ligands and
inorganic metal nodes, are attractive candidates as bifunctional catalysts
because of the large specific surface areas, flexible structures, and
abundant active sites [14–22]. The diversity of components makes it
possible to incorporate both photocatalytic unit and catalytic metal unit
into a same framework [23,24]. On one hand, the metal nodes with
unsaturated coordination environment can be used as strong Lewis acid
sites to easily initiate the coordination addition activation [25–27]. On
the other hand, the optical functional ligands can absorb photons to
transfer photogenerated electrons, and the resulting photoactive species
further reduce/oxidize substrates into active radicals [28,29]. In addi-
tion, the intrinsic porosity of MOF produces an advantage confined
micro-environment to effectively fix and stabilize the active radicals and
increase the reaction selectivity [30]. Therefore, the integration of pho-
toactive organic ligands and coordination unsaturated metals within a
single MOF is an effective strategy to achieve the bifunctional catalyst for
photocatalysis and metal catalysis.

The rigid conjugate organic molecules tend to initiate photogenerated
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mailto:weiqq@126.com
mailto:sanpingchen@126.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jssc.2021.122337&domain=pdf
www.sciencedirect.com/science/journal/00224596
www.elsevier.com/locate/jssc
https://doi.org/10.1016/j.jssc.2021.122337
https://doi.org/10.1016/j.jssc.2021.122337


Fig. 1. (a) Tetracoordinated Zn(II) center in Zn-ADBA featuring potential LADH-like and Lewis acid catalytic activity. (b) 3D supramolecular structure of Zn-ADBA.
(c) PXRD patterns of the as-synthesized Zn-ADBA and the samples after being dispersed in different solvents. (d) TG curve of Zn-ADBA.
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electrons upon illumination and exhibit good photoactivity, because
their intrinsic carbon atoms connected by sp2 hybrid orbitals can effec-
tively reduce the energy level difference between bonding and anti-
bonding electron orbitals [31]. Herein, a largely conjugated ligand, 4,
4’-(9,10-anthracenediyl)dibenzoic acid (H2ADBA), with an absorption
band in visible light was synthesized to construct a bifunctional Zn-MOF,
Zn-ADBA, under solvothermal conditions, which was used for efficiently
catalyzing the cyanosilylation of aromatic aldehydes and the C–C
coupling reaction of N-aryl-tetrahydroisoquinoline and nitromethane.
Zn-ADBA exhibits a 3D supramolecular architecture with 1D infinite
chains, in which the distorted tetrahedron coordination configuration of
Zn(II) center featuring strong Lewis acidity displays a high catalytic yield
range of 92.3–95.6% for the cyanosilylation of aromatic aldehydes with
electron-withdrawing groups. Meanwhile, the twisted configuration of
H2ADBA drives zinc center to adopt a coordination geometry analogous
to that of the active Zn(II) center in liver alcohol dehydrogenase (LADH)
[32], which renders Zn-ADBA photoactivity for the efficient photooxi-
dation of N-aryl-tetrahydroisoquinoline with a yield as high as 98.8%
under mild reaction conditions. Moreover, the durability of the catalyst
was also checked.

2. Experimental

2.1. Materials and methods

All chemicals and reagents were obtained from commercial sources
and were used without further purification. H2ADBA and the N-aryl-
tetrahydroisoquinoline substrates were synthesized according to the
literature methods.[33, 34] 1H NMR spectra was recorded using a 400
MHz nuclear magnetic resonance spectrometer (Bruker AV500).
Elemental analyses (C, H, and N) were performed on an Elemental Vario
EL III analyzer. Fourier transform infrared (FT-IR) spectra were recorded
from KBr pellets using a Bruker Vertex 70 FI-IR spectrometer in the range
of 4000–400 cm�1. Thermogravimetric analysis (TGA) was performed on
a Q600 SDT thermal analyzer with a heating rate of 10 �C min�1 from 30
to 800 �C under a flow of nitrogen. Powder X-ray diffraction (PXRD) data
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was obtained on a Bruker D8 ADVANCE X-ray powder diffractometer (Cu
Kα radiation, λ ¼ 1.5418 Å) at 60 KV and 300 mA. The photocurrent test
was performed on a CHI660E electrochemical workstation under UV–vis
light irradiation with 20 s light on-off cycles. The working electrode
prepared from Zn-ADBA and 5%Nafion was immersed in 0.02M Na2SO4
aqueous solution. UV–visible absorption spectra were recorded on a
Lambda 750s UV–vis spectrophotometer. Electron paramagnetic reso-
nance (EPR) spectra were recorded at room temperature using a Bruker
ESP-300E spectrometer at 9.8 GHz, X-band, with 100 Hz field modula-
tion. All calculations were carried out by the Gaussian 09 software
package [35]. In the calculations, The HOMO, LUMO and HOMO-LUMO
gaps are calculated by DFT calculations (wB97XD2/6-31G*). Metal atoms
use the effective nuclear LanL2DZ basis set, and other atoms use the
6-31G* basis set. The dimensional plots of molecular configurations and
orbitals were generated with the GaussView program [36].

2.2. Synthesis of Zn-ADBA

A mixture of H2ADBA (20.9 mg, 0.05 mmol) and Zn(Ac)2⋅2H2O (11.0
mg, 0.05 mmol) was dissolved in 6 mL of mixed solvent of DMF/H2O/
CH3OH (1:1:1, v/v/v). The mixture was sealed in a 10 mL Teflon-lined
stainless-steel autoclave and heated at 120 �C for 48 h. After cooling to
room temperature at a rate of 5 �C h�1, yellow block crystals were
collected, washed with DMF and H2O, and dried in air. Yield: 52.8%
(based on H2ADBA). Elemental analysis (EA) calcd. for Zn-ADBA
(C61H52N2O9Zn,Mr ¼ 1022.42): C 71.65%, H 5.12%, N 2.73%; Found: C
71.21%, H, 4.99%, N 2.58%. IR (KBr, cm�1): 3424(m), 3064(m),
2438(w), 1600(vs), 1523(vs), 1379(vs), 1172(m), 1016(m)，837(m),
749(m), 660(m).

2.3. X-ray Crystallography

Single-crystal X-ray data of Zn-ADBA were collected on a Bruker
smart APEXII CCD diffractometer, equipped with graphite-
monochromatized Mo Kα radiation (λ ¼ 0.71073 Å) by using ω and φ
scan mode. The data were processed using the Siemens SAINT program



Fig. 2. (a) Catalytic traces of the cyanosilylation of benzaldehyde performed by Zn-ADBA filtered after 12 h under the optimal conditions. (b) Recycling catalytic
experiments of the cyanosilylation of benzaldehyde catalyzed by Zn-ADBA under the optimum conditions. (c) PXRD patterns of the recycled Zn-ADBA after five runs
of the cyanosilylation reaction. (d) IR spectra of Zn-ADBA before and after absorbing benzaldehyde.
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and absorption corrections were carried out using the SADABS program
[37]. The structure was solved by direct methods with SHELXS and
refined on F2 by full-matrix least-squares using SHELXL-97 [38]. All of
the non-hydrogen atoms were placed from the Fourier maps and refined
anisotropically. Hydrogen atoms were placed in geometrically calculated
positions and refined as part of a riding model. The detailed structural
data and refinement parameters are summarized in Table S1.
2.4. Typical procedure for the cyanosilylation of aromatic aldehydes

Zn-ADBA (6 � 10�3 mmol) was placed into a 50 mL round-bottom
flask with dry dichloromethane (10.0 mL) followed by the addition of
aldehyde (2 mmol). After stirring for 10 min at 25 �C, trimethylsi-
lylcyanide (2.4 mmol) was added into the suspension and the resulting
mixture was stirred for the next 12 h. Upon completion of the reaction,
the catalyst was removed by filtration, washed with dichloromethane
three times, and then collected by centrifugation for catalyzing a new
batch. The organic filtrate was directly evaporated, and the residue was
purified by column chromatography on silica gel using petroleum ether/
ethyl acetate (1:5, v/v) as the eluent to give the pure product.
2.5. Typical procedure for the reaction of N-aryl-tetrahydroisoquinoline
with nitromethane

A mixture of N-aryl-tetrahydroisoquinoline (0.2 mmol), Zn-ADBA
(10.2 mg, 0.01 mmol) and CH3NO2 solvent (3.0 mL) was added to a 10
mL quartz glass tube equipped with a magnetic stir bar in an oxygen
atmosphere. The reaction was stirred and placed ~10 cm away from a 30
W fluorescent lamp for 4 h of irradiation. After completion of the reac-
tion, the catalyst was separated by centrifugation, washed with methanol
and dichloromethane, dried in a vacuum for further reuse. The solvent
was removed under vacuum and the reaction mixture was diluted with
water and extracted with dichloromethane. The combined organic pha-
ses were washed with Na2S2O3 (aq), dried with anhydrous Na2SO4,
3

concentrated in vacuo, and purified by column chromatography on silica
gel with n-hexane/ethyl acetate (10:1, v/v) as the eluent to obtain the
yellow product.

3. Results and discussion

3.1. Structure and stability characterization

Single crystal X-ray diffraction analysis shows that Zn-ADBA crys-
tallizes in the monoclinic crystal system with P21 space group. The
asymmetric unit of Zn-ADBA consists of a crystallographically indepen-
dent Zn(II) ion, two fully deprotonated ADBA2- ligands, two free dime-
thylamine cations and a coordinated methanol molecule. As shown in
Fig. 1a, each Zn(II) ion is four coordinated by four oxygen atoms from
three ligands and a methanol molecule to form a disordered tetrahedral
coordination geometry configuration (Fig. 1a), wherein the exposed
unsaturated sites can be used as potential Lewis acid catalytic active
centers. The Zn(II) centers are further connected by ADBA2- ligands with
a μ2-η1:η1 carboxylate bridging mode to yield one-dimensional chains
(Fig. S1). The shortest intrachain Zn⋅⋅⋅Zn* separation is 17.89(3) Å.
Eventually, these chains stack each other to generated a three-
dimensional supramolecular architecture (Fig. 1b). It should be noted
that the ADBA2- ligands feature highly torsional fashions with large
dihedral angles of 71.11(8)� and 84.98(5)� between anthracene plane
and benzene ring (Fig. S2), and the resulting large steric hindrance drives
the Zn(II) center adopt the similar structural characteristics with the liver
alcohol dehydrogenase (LADH) (Fig. 1a) [39]. Such LADH-mimicked
Zn(II) sites render Zn-ADBA potential photooxidation activity for
high-efficient photocatalytic application.

As depicted in Fig. 1c, the power X-ray diffraction (PXRD) patterns of
the as-synthesized Zn-ADBA agree well with the simulated ones, indi-
cating the high phase purity of the bulk samples. As shown in Fig. 1d, Zn-
ADBA experiences a weight loss of 3.24% from 250 �C to 283 �C, which
could be ascribed to the loss of the solvent molecules (calcd. 3.13%). The



Fig. 3. Cyanosilylation of aromatic aldehydes with Zn-ADBA as catalyst. The yields were determined by 1H NMR analysis.

F. Li et al. Journal of Solid State Chemistry 301 (2021) 122337
remaining substances keep stable up to 388 �C, probably due to the
strong electrostatic interactions between the dimethylamine cations and
the Zn-ADBA anion framework [40]. Additionally, the samples were
immersed in several different solvents, including MeOH, DCM, THF and
ACN, for two days, to verify the solvent stability of Zn-ADBA. All the
PXRD patterns of the samples with solvent dispersed are consistent with
the simulated patterns, indicating that the skeletons of Zn-ADBA can be
well maintained in multiple solvents. The good thermal and chemical
stability endow Zn-ADBA with great potential as heterogeneous catalyst
for chemical transformations.

3.2. Cyanosilylation of aldehydes

The cyanosilylation reaction of benzaldehyde and trimethylsilyl cy-
anide (TMSCN) (molar ratio ¼ 1:1.2) was used as a model reaction to
4

check the potential Lewis acid catalytical activity of the coordinated
unsaturated Zn(II) sites of Zn-ADBA. The optimization of the reaction
conditions was carried out with Zn-ADBA as the catalyst. When the
amount of catalyst increases from 3 to 5 mol‰, the yield does not in-
crease significantly, so the optimal amount of catalyst is 3mol‰ (entries
4–6 in Table S2 and Fig. S3). As shown in Table S2 and Fig. S4, the DCM
system exhibits the highest catalytic yield. Additionally, when the tem-
perature increases from 25 to 35 �C and the reaction time increases from
12 to 14 h, no significant yield increase occurs (Fig. S5). Therefore, a 0.3
mol% loading of catalyst used in dichloromethane at 25 �C for 12 h was
determined to be the best option. As shown in Fig. 2a, 1H NMR analysis
revealed that Zn-ADBA acting as an effective catalyst afforded an 88.6%
yield under the optimal reaction conditions, and the catalytic efficiency is
superior to those of many MOF-based catalytic systems (Table S3). The
removal of Zn-ADBA by filtration after 2 h shut down the reaction, and
Fig. 4. (a) Solid-state UV/vis absorption and
Kubelka-Mukk-transformed reflectance
(inset) spectra of Zn-ADBA. (b) Transient
photocurrent response of Zn-ADBA under
visible-light irradiation. (c) EPR measure-
ments of Zn-ADBA in CH3NO2 with (blue
line) and without (orange line) N-phenyl-
tetrahydroisoquinoline in the presence of
DMPO upon irradiation for 30 s in air at-
mosphere; EPR measurements of Zn-ADBA
in CH3NO2 without (purple line) and with
(fuchsia line) N-phenyl-tetrahydroisoquino-
line in the presence of TEMP upon irradia-
tion for 30 s in air atmosphere. (d) Molecular
orbital energy diagrams and isodensity sur-
face plots of the frontier orbitals of Zn-
ADBA. (For interpretation of the references
to colour in this figure legend, the reader is
referred to the Web version of this article.)



Table 1
Optimization of the reaction conditions and control catalytic experiments for the
Zn-ADBA catalyzed CDC reaction.a

Entry Catalyst Cat (mol %) Yield (%)
1 Zn-ADBA 1 47.9
2 Zn-ADBA 3 79.8
3 Zn-ADBA 5 97.6
4 Zn-ADBA 7 98.1
5 Zn-ADBA (in dark) 5 trace
6 None _ 4.3
7 H2ADBA 5 17.8
8 Zn(Ac)2⋅2H2O 5 19.3
9 Zn(Ac)2⋅2H2O þ H2ADBA 5 26.6

1H NMR analysis.
a The yields were determined by.
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there was no further conversion in the filtrate for another 10 h at the
same conditions (Fig. 2a). The result indicated that there were no active
species leaching into the catalytic system and Zn-ADBA was a true het-
erogeneous catalyst. In addition, the recyclability of the MOF catalyst
was demonstrated by five cycles of experiments. Upon completion of the
reaction, the catalyst could be easily isolated from the reaction suspen-
sion by simple centrifugation and washing, and directly reused in a new
round of reaction. As depicted in Fig. 2b, Zn-ADBA solids can be reused
at least five times without a significant loss of reactivity (88.6–82.7%
yield). The PXRD patterns of the reused catalyst matched well with the
simulated patterns from the single crystal X-ray diffraction data of Zn-
ADBA, showing that the framework and crystallinity of Zn-ADBA were
well maintained after the catalytic reaction (Fig. 2c). Control experi-
ments revealed that a very low background reaction (<5% yield) was
observed in the absence of catalyst, and the only use of same equiv. of
ligand H2ADBA or Zn(Ac)2⋅2H2O led to a yield of 18.8% or 20.9%,
respectively. Even when a mixture of metal and ligand (1:2) was added,
only a small increase to 26.6% yield was obtained (entries 16–18,
Table S2). These results suggested that the special coordination between
ADBA2- and Zn(II) played a critical role in the catalytic reaction, which
greatly activated the aldehyde group of substrates as Lewis acid catalytic
site. Such carbonyl activation was further confirmed by the IR spectrum
of Zn-ADBA immersed in a DCM solution containing benzaldehyde
(Fig. 2d). The shift of the characteristic C––O stretching vibration peak
from 1690 cm�1 (free benzaldehyde) to 1680 cm�1 indicated that the
catalyst has an effective activation effect on the substrate benzaldehyde
[41].

When para-substituted aromatic aldehydes were used as substrates
(1a–1e), a broad yield range of 33.6–95.6% was achieved in the Zn-
ADBA reaction systems, suggesting a significant electron effect on the
reaction yield. The aryl aldehydes with electron withdrawing nitro- and
brom-species at the para position gave high reaction yields of 92.3% and
95.6%, respectively, while those with electron donating dimethylamino-
and hydroxyl-groups at the para position respectively exhibited very low
yields of 33.6% and 35.9% (Fig. 3). The result may be because that the
electron cloud is closer to the electron-withdrawing species to expose the
lone pair of electrons of carbonyl oxygen when electron-withdrawing
groups substituted benzaldehydes used, leading to high activity of the
aldehyde group [42–44]. Additionally, for the nitro-substituted benzal-
dehydes, the effects of steric hindrance are also investigated (1e–1g). The
reaction yield decreased with the increase of the steric hindrance, and the
o-nitrobenzaldehyde system gave a lowest yield of 59.6%.
3.3. Photocatalytic C–C coupling reaction of N-aryl-tetrahydroisoquinoline
with nitromethane

Before testing the photooxidation activity of Zn-ADBA, the photo-
response capacity of Zn-ADBA was investigated by UV–Vis diffuse
reflectance spectroscopy and photocurrent analyses. As shown in Fig. 4a,
5

Zn-ADBA shows broad absorption bands range from the ultraviolet to
visible light regions with a maximum absorption peak of 406 nm in the
solid state, which maybe correspond to the n–π* and π–π* transition of
H2ADBA ligands [45]. Based on the Kubelka-Munk function [46], the
optical band gap of Zn-ADBA was determined to be 2.651 eV (Fig. 4a
inset), exhibiting great photocatalytic potential. Fig. 4b shows the tran-
sient photocurrent intensities of Zn-ADBA with several repeating cycles
of intermittent on-off irradiation. It is clear that the Zn-ADBA catalyst
displays a powerful transient photocurrent response to visible light,
which could be attributed to the effective generation, separation, and
migration of photoinduced charge carriers in Zn-ADBA [47]. Therefore,
the visible-light driven aerobic cross dehydrogenative coupling (CDC)
reaction of N-phenyl-tetrahydroisoquinoline and nitromethane was
selected as a model reaction to check the photocatalytic performances of
Zn-ADBA. As shown in Table 1, upon irradiation (30W fluorescent lamp)
at 25 �C in the presence of air as oxygen source over 4 h, the reaction
yields quickly increased with the amount of catalyst increasing from 1 to
5 mol%, and no obvious yield increase was found when the amount
further increases to 7 mol% (Fig. S7). It was also found that the yield of
the extended reaction did not increase significantly after 4 h, suggesting
that a 5 mol% loading of catalyst and a reaction time of 4 h are the
optimal reaction conditions, and the reaction system giving a high yield
of 97.6% (Fig. S8). The catalyst was filtered out after 2 h of reaction, the
filtrate afforded only 8% additional yield for another 2 h at the same
reaction conditions, confirming the typical inhomogeneity of the pho-
tocatalytic reaction.

Control experiment revealed that almost no product was observed
when the reaction was carried out in the dark, and only a 4.3% of yield
was detected when there was no catalyst, which demonstrated that both
the photocatalyst and the light are indispensable for the efficient progress
of the coupling reaction. When the same equivalent of metal or ligand is
used, the yields are 17.8% and 19.3%, respectively, and the yield of the
mixture system of metal and ligand (1:2) is only 26.6% (Table 1). In
addition, the stability of Zn-ADBA for photocatalytic conversion can be
confirmed by recycling experiments (Fig. S9). The solid of Zn-ADBA
separated from the reaction suspension by simple filtration can be reused
at least five times with insignificant loss of activity (84.3% of yield after
five cycles). The PXRD patterns of Zn-ADBA isolated from the reaction
mixture further confirmed the well-retained skeleton (Fig. S10). It has
been reported that both the superoxide radical anion (O2

�－) and singlet
oxygen (1O2) may be the key active species in the coupling reaction. As a
result, the electron paramagnetic resonance (EPR) tests were performed
to confirm the active oxygen species in the photocatalytic reaction by
employing 5,5-dimethyl-1-pyrroline-N-oxide (DMPO) and 2,2,6,6-tetra-
methyl-1-piperidine (TEMP) as catching agents. As shown in Fig. 4c,
no signal was observed upon irradiation of the mixture containing TEMP
and Zn-ADBA in the absence or presence of N-phenyl-tetrahy-
droisoquinoline, indicating that no 1O2 was generated in the reaction
process. There was also no signal when DMPO was added to a CH3NO2
solution of Zn-ADBA, whereas the signal of O2

�－ captured by using DMPO
as a radical scavenger was clearly detected in the presence of N-phenyl-
tetrahydroisoquinoline. The results demonstrate that O2

�－ is the active
species during the catalytic process.

Based on the experimental results and previous reports [48,49], a
possible reaction mechanism is proposed (Fig. S11): upon illumination,
Zn-ADBA changes to its excited state through the electronic transition,
and the electrons in the excited state lack electrons to capture the elec-
trons on the N atom in N-aryl-tetrahydroisoquinoline to form ammoni-
ated cationic groups. The electron-derived Zn-ADBA reacts with oxygen
to obtain a superoxide anion radical (O2

�－), and O2 oxidizes the sp [3]
C–H bond of the nitrogen atom in the adjacent amine to obtain an imine
ion intermediate. On this basis, the imine ion is captured by a nucleophile
to obtain the corresponding C–C coupling product. Herein, the proba-
bility of electron transfer between Zn-ADBA and N-phenyl--
tetrahydroisoquinoline was calculated by density functional theory
(DFT) to verify the reaction possibility. DFT calculations (Fig. 4d) show



Table 2
Photocatalytic C–C coupling reactions of N-aryl-tetrahydroisoquinolines and nitromethane.a

Entry Substrate Product Yield (%)

1 97.6

2 96.8

3 98.8

4 98.4

5 97.9

6 97.5

1H NMR analysis.
a The yields were determined by.
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that the lowest unoccupied molecular orbital (LUMO) of Zn-ADBA
fragment (0.1344 eV) lies in higher energy than the LUMO of N-phe-
nyl-tetrahydroisoquinoline (0.0487 eV), and the highest occupied mo-
lecular orbital (HOMO) of Zn-ADBA fragment (�0.1297 eV) lies in lower
energy than the HOMO of N-phenyl-tetrahydroisoquinoline (�0.2753
eV), indicating that the efficient electron transfer may occur from
N-phenyl-tetrahydroisoquinoline to Zn-ADBA. To further illustrate the
above-mentioned mechanism, a variety of N-aryl-tetrahydroisoquino-
lines were subjected to the optimized reaction conditions; and all the
desired coupling products were obtained in more than 90% yields
(Table 2). Obviously, the introduction of both electron-donating and
-accepting groups on the phenyl ring has little effect on the reaction
yields.

4. Conclusions

In summary, a new 3D supramolecular Zn-MOF catalyst (Zn-ADBA)
was solvothermally synthesized and structurally characterized. The
photo-functional ADBA2- ligands react with Zn(II) ions to generate the
special tetracoordinated LADH-like configuration with strong Lewis acid
and photocatalytic oxidation activity, which renders Zn-ADBA acting as
bifunctional heterogeneous catalyst for effectively catalyzing the cya-
nosilylation of different aromatic aldehydes and the carbon-carbon
coupling reactions between N-aryl-tetrahydroisoquinolines and nitro-
methane with good recyclability. This present work provides an
enlighten thought for the design and development of highly efficient
bifunctional MOF-based catalysts for acid-base catalytic and photo-
catalytic conversions. In our laboratory, further research is underway to
expand the range of organic conversions using Zn-ADBA as a catalyst.
6
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