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ABSTRACT: An In(III) based metal—organic framework *Ia“ ¢
(MOF), In-pbpta, with soc topology was constructed from the %y ﬁ = ‘\’r =
trigonal prismatic [In;(p5-O)(H,0);(0,C—)¢] secondary building Y ¢ i

unit (SBU) and a custom-designed tetratopic linker H,pbpta
(pbpta = 4,4/,4”,4"-(1,4-phenylenbis(pyridine-4,2,6-triyl) )-tetra- I .
benzoic acid)). The obtained MOF shows a Brunauer—Emmett— AXL

Teller surface area of 1341 m*/g with a pore volume of 0.64 cm®/g, . th
which is the highest among the scarcely reported In-soc-MOFs. L{' P

The constructed MOF demonstrates excellent performance as a é,, §

heterogeneous Lewis acid catalyst for highly efficient conversion in ¢

a one-pot multicomponent Strecker reaction for the preparation of

a-aminonitriles under solvent-free conditions, which can be easy to separate and recycle without significant loss of activity for up to
seven cycles. The computational modeling studies suggest the presence of the three substrates in close vicinity to the In-oxo cluster.
The strong interactions of the aldehyde/ketone and the amine with the In-oxo cluster together with the readily available cyanide ion
around the In-oxo cluster lead to high catalytic conversion within a short period of time for the MOF catalyst. Our work therefore

lays a foundation to develop MOF as a new class of efficient heterogeneous catalyst for one-pot Strecker reaction.

KEYWORDS: indium—organic framework, Strecker reaction, one-pot,

1. INTRODUCTION

Over the past century, economic and social progress has been
accompanied by harmful impacts on the environment such as
climate change, declining soil fertility, and degradation of the
aquatic environment."”” For a sustainable future, the
production patterns need to be transitioned toward a greener
approach that can promote environmentally sound manage-
ment of chemicals and waste production and markedly reduce
their release into air, water, and soil.> One-pot processes can
play an important role in this regard, reducing the reliance on
polluting and traditional mindsets of chemical production.*™°

Strecker reaction is among the oldest and most crucial one-
pot multicomponent reactions involving the condensation of
an aldehyde/ketone with an amine in the presence of a cyanide
source to generate @-aminonitriles.” These a-aminonitriles are
precursors to amino acids, the backbone of all living systems
on earth. Traditionally homogeneous Lewis acid catalyst,®
organocatalysts,” and ionic liquids'® have been used to catalyze
the reaction, but usually these are accompanied by tedious

purification and high waste generation.”'"'* Heterogeneous
catalysts, on the other hand, offer several advantages such as

recyclability and reduced waste formation. However, they
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recyclability, computational modeling

suffer from key challenges as in loss of activity and lower
efficiencies.”®

Over recent years, metal—organic frameworks (MOFs) have
come at the forefront of heterogeneous catalysis because of
their ordered structures, tailorability for the desired applica-
tion, and high efficiencies compared to the traditional
systems.”~'> MOFs are porous materials constructed from
metal clusters or secondary building units (SBUs) connected
by organic linkers and endowed with high crystallinity,
structural diversity, high porosity, ease of functionalization,
and presence of a high density of active sites.'”"” MOFs as
heterogeneous catalysts have shown remarkable efficiencies in
some of the relevant catalytic processes for organic trans-
formations.'®™*° The features that set MOFs apart are the
high-precision designability, ideal and tunable pore character-
istics for incorporating catalytic species, potential to affix
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catalytic sites on both the inorganic and organic components,
and confined spaces for the specific reaction environ-
ment 1421-23

In this context, group 13 elements such as indium based
materials have been emerging as fundamentally reliable
catalysts due to their versatile coordination numbers, ability
to provide facile Lewis acidic sites, good thermal stability, and
accessible high-level p-orbitals of the In** cation and its unique
electronic configuration that gives it a varying binding affinities
to a myriad of coordinated atoms enabling the structure-
directed synthesis.”*~* Furthermore, indium is much less toxic
compared to the other catalysts, making it green and
environmentally benign. The indium-oxo clusters in particular
have shown a plethora of possibilities to catalyze various
organic transformations including CO, hydrogenation to
methanol, transformation of epoxides and CO, into valuable
cyclic carbonates, and various multicomponent reactions.”* "
The utilization of indium organic frameworks (InOFs) in the
Strecker reaction was first explored by Xia et al,”’” for the
reaction of aldimines with TMSCN. Aguirre-Diaz et al.”®
demonstrated the capability of the InOFs to directly catalyze
the one-pot Strecker reaction between benzaldehyde, aniline,
and TMSCN; however, the catalytic activity with ketones was
less compared to the aldehydes. Advancing the research further
to expand InOFs for widespread applicability using ketones, in
2016 Reinares-Fisac, Monge and Gandara et al.” developed
the InP-F110 that displayed outstanding catalytic activity for
the Strecker reaction of ketones to give the substituted a-
aminonitriles. Since then, several indium and non-indium
based catalysts were developed for this reaction. However, only
a few SBUs such as monomeric [In(CO,),];, trimeric
[In;0(C0,),(0OH,),], and chain-like [In(O or OH)], have
been employed and new InOFs with novel structures and fine-
designed functionalization are highly desirable.”***~**

Bearing those above in mind, we set out to utilize trigonal
prismatic metal SBUs [In;(u3-O)(—COO)g] and rectangular/
square tetratopic organic linker (H,pbpta) to construct the
MOF In-pbpta with soc topology, isostructural to the MOF Fe-
pbpta reported by us recently.”> The soc-MOFs display highly
microporous architectures having well-defined cages and
channels consisting8 of narrow pores with higher localized
charge density.’*™>* The advantage of these materials is that
they exhibit superior properties such as a high degree of
porosity, high storage capacities, and good thermal stability.
Numerous examples of robust soc-MOFs****™* have been
established utilizing the reticular chemistry approach.”®
However, these soc-MOFs have rarely been explored in
catalysis. In this work, the robust MOF In-pbpta with dense
active indium sites displayed very high catalytic efficiency in
one-pot multicomponent synthesis of a-aminonitriles under
solvent-free conditions at room temperature. Moreover, the
catalyst can be recycled up to seven cycles with good catalytic
activities followed by a start of some loss in activity and
crystallinity after the eighth cycle. Theoretical investigations
were also carried out to elucidate the interactions involved and
the subsistence for the observed high catalytic activity.

2. EXPERIMENTAL SECTION

2.1. General Methods. All reagents and solvents were purchased
from commercial sources and used as received. The ligand H,pbpta
was synthesized using our previously reported procedure.’

2.1.1. MOF Synthesis. A mixture of the ligand H,pbpta (10 mg,
0.01 mmol) and In(NO;);:3H,0 (20 mg, 0.05 mmol) was dissolved

in a 20 mL scintillation vial containing DMF (1 mL), CH;CN (0.5
mL), HNO; (10 uL, 2.7 M), and piperazine (S0 uL, 0.4 M). The
reagents were sonicated to dissolve them completely and placed in an
oven at 85 °C for 24 h to yield yellow cubic crystals. Yield: 74.2%
(based on the ligand), FT-IR (cm™): v = 3061 (w, br.), 1593 (s),
1545 (m), 1383 (s), 1178 (w), 1104 (w), 1015 (m), 863 (w), 817
(m), 784 (s).

2.1.2. Characterization. Powder X-ray diffraction (PXRD) data
were collected at room temperature using a Bruker D8 Advance 6—260
diffractometer with copper radiation (Cu Ka = 1.5406 A) and a
secondary monochromator operating at 40 kV and 40 mA, whereby
samples were measured between 2° and 40° at 0.5 s/step and step size
of 0.01°. Infrared spectra measurements from 4000 to 400 cm™" were
taken on a PerkinElmer FT-IR spectrometer Spectrum Two (UATR
Two) with 4 cm™ resolution. A TA Instruments TGA Q50 was used
to record thermal gravimetric analysis (TGA) data from room
temperature to 600 °C at a 10 °C/min rate. A Varian Unity Inova 400
spectrometer NMR was used to measure 'H NMR. GC-MS
measurements were performed on an Agilent GC-MSD $977B
using a ZB-S column. Gas adsorption measurements were performed
using a Micromeritics ASAP 2020 analyzer for N, (surface area
measurement at 77 K) and CO, and CH,, isotherms at 273 and 298 K.

2.2. Catalytic One-Pot Strecker Reaction. The catalyst In-
pbpta was first activated by soaking in acetonitrile for S days, and the
acetonitrile was changed three times per day. Then it was heated at
100 °C under dynamic vacuum for 6 h in a Schlenk tube. For a typical
Strecker reaction, a mixture of aldehyde/ketone (0.85 mmol), amine
(0.77 mmol), and trimethylsilyl cyanide (0.85 mmol) was added to
the Schlenk tube having the catalyst (10 mg, 0.88 mol %), and stirred
at room temperature for 30 min in solvent-free condition under an N,
atmosphere. The progress and completion of the reaction was
monitored by GC-MS and 'H NMR. The yield was calculated from
the 'H NMR and/or GC-MS data. After the completion of the
reaction, the mixture was diluted with chloroform and the catalyst was
separated by centrifugation followed by washing with acetonitrile (S
mL, three times). The recovered catalyst was dried at 100 °C before
reuse in the next cycle.

2.3. Computation and Modeling. Computational modeling of
MOEF/reagent interactions initially required parametrization for
classical simulation using the massively parallel Monte Carlo code.”
In-pbpta was treated using the OPLS**** and UFF*® van der Waals
force fields, EQ charge ﬁtting56 to model electrostatics, and induced
dipole effects approximated using Thole—Applequist type point
polarizabilities as used in previous indium soc-MOF simulation
studies.’” The reagents, as well as the nitrate counterions which were
not resolved in the X-ray crystal structure, were relaxed and charge-fit
using the NWChem simulation package.””*® The sorbate van der
Waals and induction energetic were modeled in the same manner as
the crystal structure.

A series of classical simulated annealing simulations were then run
on the mobile reagents and counterions in the rigid single unit cell
crystal framework in order to provide rough initial positions about the
indium clusters. Once the minima were obtained, a fragment of the
MOF containing the indium cluster, attendant sorbates, and a
proximal counterion was subjected to density functional theory
(DFT) geometry optimization. This relaxation of the reagents and
counterion took place about the rigid crystal fragment and employed
MOLOPT exchange and triple ¢ basis sets using the CP2K code.**”"®

3. RESULTS AND DISCUSSION

3.1. Structural Characterization. The solvothermal
reaction of H,pbpta with In(NO;);-3H,0O in a solution of
DMEF/CH;CN with HNO; and piperazine as the modulators
afforded In-pbpta as yellow cubic crystals (size ~ 20 um;
Supporting Information (SI) Figure S1) characterized by single
crystal X-ray diffraction (SCXRD) as [In;O(pbpta); s(H,0);]-
(NO;). It crystallizes in the cubic Pm3n space group with a
periodic framework built from p;-oxo-centered trinuclear
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In(III) SBUs [In;(¢3-0)(H,0);(0,C—)s] and the rectangular

linker pbpta*~ (Figure 1).

In(III) SBU

pbpta*

Figure 1. Crystal structure of In-pbpta showing the assembly of the
trinuclear indium(III) MBB [Iny(u3-O)(H,0);(0,C—)] with the
organic ligand pbpta*™.

Each of the In** cations shows an octahedral coordination
environment and coordinates to six oxygen atoms, four from
bis-monodentate deprotonated carboxylate oxygen atoms from
four independent pbpta*~ ligands and one y;-oxo anion, and a
terminal water molecule to complete the coordination sphere.
The In(III) SBUs were bridged by six independent pbpta*~
ligands to give the three-periodic cationic framework with soc-
topology (Figure 1), 1sostructural to the MOF Fe-pbpta
reported recently by our group.’® The anions in the structure
are disordered and difficult to locate because of the high
symmetry, which were modeled as nitrate’ to provide the
countercharge. The framework has similar cubic cages with
dimensions of 16.2 A, and the solvent accessible free volume
for In-p J)ta was estimated to be 82.4% using the PLATON
software.

The phase purity of the bulk sample was confirmed by
comparing the calculated PXRD pattern to that of the bulk
phase sample, which was in good agreement with each other
(Figure $2).%¢ Also, the material further showed a high thermal
stability up to around 400 °C from the TGA analysis after an
initial solvent loss (Figure S3).

3.2. Gas Adsorption Studies. Owing to the microporous
architecture of the In-pbpta and the well-defined cages and

channels as evidenced from the structure, it was subjected to
gas adsorption measurements to investigate the pore character-
istics. The as-synthesized sample was first activated by solvent
exchange with acetonitrile (5 days, 3 X S mL), followed by the
guest solvent removal using the conventional conditions of
vacuum and heating without altering the microporosity.

The nitrogen (N,) adsorption—desorption measurements
carried out at 77 K on the acetonitrile exchanged samples
showed a fully reversible type-I isotherm characteristic of the
microporous materials (Figure 2a). The maximum uptake
observed was 414 cm?®/ g corresponding to BET and Langmuir
surface areas of 1341 and 1541 m?/g, respectively, with a pore
volume of 0.64 cm’/g. The pore size distribution was
calculated using the density functional theory model and
found pores of width less than 18 A (Figure 2b). It is worth
noting that In-pbpta has the highest surface area among all the
indium soc-MOFs reported so far (Table S1). 36A2A3ASATE0
can be assumed that the extended linker leads to an increase in
the pore width and hence an overall increase in surface area
compared to the other In-soc-MOFs.

Low-pressure gas adsorption isotherms were also obtained
using CO, and CH,. The In-pbpta showed maximum CO,
uptake capacities of 50 and 27 cm®/g at 273 and 298 K,
respectively (Figure S4a), with a relatively high-Q,, value of
25.7 kJ/mol (Figure SS) indicating the presence of fine-tuned
pores and strongly interacting accessible unsaturated metal
centers with a high affinity for the adsorbate. In the case of
CH,, much lower uptake capacities of 12 and 8 cm?/g were
obtained at 273 and 298 K, respectively, due to the nonpolar
nature of the methane molecules (Figure S4b).

After establishing the high porosity, good thermal stability,
and moderately strong adsorbate—MOF interactions for In-
pbpta, we subsequently turned our attention to investigating its
catalytic application.

3.3. Catalytic Activity for Strecker Reaction. The a-
aminonitriles are used as important building blocks in
pharmaceutical industry, heterocyclic chemistry, and agro-
chemicals, among others.” A great molecular diversity with a
high degree of complexity can be achieved for these
compounds. Since it requires a great deal of complexity to
assemble these multiple reactants to selectively produce the
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desired @-aminonitrile product, often complex catalytic
systems need to be used. The Strecker reaction is generally
catalyzed by Lewis acid catalysts that lead to the facile
activation of the carbonyl group which is in turn combined
with amine to generate iminium intermediate. The iminium
intermediate is further attacked by a CN™ from a cyanide
source such as TMSCN to give the corresponding a-
aminonitrile.” A general schematic of the Strecker reactions
is depicted in Scheme 1.

Scheme 1. Strecker Reaction between an Aldehyde/Ketone,
Amine, and TMSCN to Give the Desired a-Aminonitrile
Product

Os_Ry

NH,
Ry CN
\ 1

W/, =
e
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eSS
| + |l

\ cat R,
+ —=Si-CN —»
G NG 7
Ry R4

To establish the ability of In-pbpta to catalyze the Strecker
reaction, we first started with aldehyde as the carbonyl
substrate and reacted benzaldehyde, aniline, and TMSCN. The
MOF catalyst was activated at 100 °C under vacuum prior to
carrying out the test in a Schlenk tube at room temperature
under a nitrogen atmosphere in solvent-free conditions. The
final product was selectively obtained with a yield of 99%
(Table 1, entry 1) in 30 min at a catalyst loading of 0.88 mol %

(the optimization of the catalyst loading is provided in Table
S2 of the SI).

Now, a plethora of reports using a variety of catalysts are
documented in the literature for the generation of a-
aminonitriles from aldehydes, whereas with ketones it
remained challenging.” Often, the catalysts used in this
reaction with ketone precursors are accompanied by some
drawbacks such as low conversion, segaration of products, low
efficacy, or prolonged time durations.”” In 2016, Monge et al.
demonstrated exceptional catalytic activity for the Strecker
reaction of ketones with various amines having high turnover
numbers (TONs) using InPF-110, opening up the avenue for
the utilization of MOFs as the catalysts for Strecker reactions
of ketone substrates.”’ However, better and more efficient
catalytic systems are still needed for widespread applicability
and an understanding of the host-substrate system is necessary
for improved design and performance.

Therefore, we extended our protocol for the reaction of
ketones with aniline as the amine (Table 1). To our delight,
when acetophenone was used, excellent result (98% yield) was
obtained (Table 1, entry 2) within the same time duration of
30 min. We have summarized the activity of the prominent
MOF catalysts under the similar conditions in Table 2. In-
pbpta outperforms InPE-110"" (99%, 3.5 h, solvent-free) and
has similar yield as that for [[Cd,(L)(H,O)(DMF)]-3DMF-
2H,0],%* (98%, 4 h, solvent-free). A higher loading amount
(0.88 mol %, Table 3) is needed for In-pbpta compared to that
of InPF-110 (0.5 mol %), and at the same loading amount of
0.5 mol %, it shows a lower TON of 168 relative to InPF-110
(198).”” However, this high yield obtained within such a short

Table 1. In-pbpta Catalyzed Strecker One-Pot Three Component Reaction with Benzaldehyde and Various Ketones Using

Aniline as the Amine”

Entry Substrate Product Conversion® Selectivity®  Yield
(%) (%) (%)
1 Benzaldehyde CN >99 >99 >99
V50
2 Acetophenone @A(CN 98 >99 98
O
3 Benzophenone O 95 >99 95
W
O
4 >99 52

4-Methylacetophenone CN 52
o

“Reaction conditions: aldehyde/ketone, aniline, TMSCN (0.85:0.77:0.85), 10 mg (0.88 mol % based on [In;O(pbpta), s(H,0);]) catalyst, N,
atmosphere, 25 °C, 30 min; catalyst washed with chloroform. bCalculated from "H NMR or GC-MS, from reaction crude.
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Table 2. Comparison of the MOF Catalysts for the Strecker Reaction of Acetophenone with Aniline and TMSCN

MOF catalyst time solvent yield” (%)
In-pbpta (this work) 30 min solvent-free 98
Fe,0,/MIL-101(Fe)®! 45 min EtOH 92
InPF-110* 35h solvent-free 99
[[Cd,(L)(H,0)(DMF)]-3DMF-2H,0],** 4h solvent-free 98
[[Zn,y(3-tpom)(L),]-2H,0],* Sh solvent-free 90
[[(CH,),NH,][Zn,(L)(H,0)PO,]-2DMF], (2')** 7h solvent-free 89
In,,-GL*“* 24 h MeOH 99

“Reaction carried out at 30 °C.

Table 3. Comparison of the In-pbpta with InPF-110 for the Strecker Reaction of Acetophenone, Aniline, and TMSCN

MOF catalyst time catalyst amount (mol %) solvent yield” (%) TON*
In-pbpta (this work) 30 min 0.88 solvent-free 98 115
65 min 0.5 84 168
InPE-110* 35h 0.5 solvent-free 99 198

“TON = mmol of substrate/(mmol of catalyst).

Table 4. In-pbpta Catalyzed Strecker One-Pot Three Component Reaction with Acetophenone as the Ketone and Various
Anilines

Entry Substrate Product Conversion® Selectivity? Yield
(%) (%) (%)
1 2,5- CN 98 >99 98
Oy
dibromoaniline HN
Br
2 2,6- 83 >99 83

: ; CN
dimethylaniline HN:©

3 o-toluidine @CN 75 >99 75
O

4 4-bromoaniline @CN 55 >99 55
Br

“Reaction conditions: acetophenone, amine, TMSCN (0.85:0.77:0.85), 10 mg (0.88 mol % based on [In;O(pbpta),s(H,0);]) catalyst, N,
atmosphere, 25 °C, 30 min; catalyst washed with chloroform. bCalculated from 'H NMR or GC-MS, from reaction crude.

time duration of 30 min is one of the highest among the MOF did not observe the formation of Strecker product, indicating
catalysts reported so far. We also performed the blank control that the catalyst is necessary to get successful conversion.
reaction with just the benzaldehyde, aniline, and TMSCN and Similarly, reaction of other ketones with aniline and TMSCN
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Figure 3. (a) Catalytic activity over eight cycles and (b) PXRD patterns of the MOF after catalytic cycles.
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Figure 4. Proposed mechanism of the Strecker reaction between the aldehyde/ketone, amine, and TMSCN.

also proceeded smoothly with good to excellent yield, viz.,
benzophenone (95%) and 4-methylacetophenone (52%). The
yield for 4-methylacetophenone is much less compared to that
for InPF-110 (94%, 4 h).

To further explore the scope of other amine counterparts,
2,5-dibromoaniline and 2,6-dimethylaniline were reacted with
acetophenone and TMSCN to give excellent yields of 98 and
83%, respectively (Table 4). The electron donating groups
with positive inductive effect on carbonyl gave lower yield
(Table 1, entry 4), while for the amine components the
substituents show a mixed interplay of resonance and inductive
effects (Table 4). Finally, the catalyst was subjected to the
recyclability tests and could be used for at least five cycles
without much significant loss in activity for the Strecker
reaction of acetophenone, aniline, and TMSCN (Figure 3a).
After the fifth cycle, the yield starts to decrease, indicating a

start of loss in crystallinity, as evident from the PXRD patterns
that show a peak broadening after the fourth cycle, and
subsequent reduction in the intensity of the peaks after the
eighth cycle (Figure 3b). The recovery yield of the catalyst was
>99% after each cycle; however, owing to the small amount of
the catalyst used, the activated In-pbpta had to be refilled after
the fourth cycle. Although the In-pbpta compared to InPE-
110*” showed lesser activity for a broader scope of reagents,
still its good performance within a short time duration deems it
promising for applicability for the Strecker reaction of specific
ketones/anilines and demand further exploration with other
aliphatic substrates.

Such high catalytic efficiency of In-pbpta in such a short
time duration prompted us to gain a deeper insight into the
origin of such high activity and the possible interactions
involved. One assumption could be based on the structure,
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since In-pbpta features a high density of catalytically active
sites and well-defined cavities for the substrate and product
diffusion.

According to the mechanism described in earlier reports by
Monge et al.”**’ and others,””****~* it has been proposed
that the indium metal center acts as the Lewis acid activating
the carbonyl and the amine groups and the oxygen of the oxo-
bridge acts as a Lewis base interacting with Si of the TMSCN
and releasing the cyano ion. In the case of In-pbpta, owing to
the presence of pyridyl nitrogen in the ligand and the bridging
oxygen in the cluster, both could potentially act as Lewis basic
sites. However, in order to achieve the fast formation of the
products, the oxygen sites would be preferred. We did carry
out theoretical calculations as discussed in the following
section on the cluster to establish the presence and activation
of substrates around the cluster; however, investigating the
whole cluster and ligand subunit would be computationally
expensive and was not pursued. After the activation of the
carbonyl and amine groups, imine is formed and the imine
carbon is then attacked by the CN group from TMSCN which
leads to the formation of the a-aminonitrile (Figure 4). Further
studies showed the aniline coordinated to the accessible metal
site.”” However, more investigations were needed for concrete
establishment to understand the mechanism of the reaction.

Attempts to crystallize the aniline or aldehyde/ketone were
tutile as the size of the obtained crystals was very small leading
to low resolution on the data; in addition, the substrates would
be highly disordered due to the high symmetry of the structure.
Kinetic NMR experiments were also carried out, and they
showed the very fast formation of imine within S min (Figure
S6); however, it was difficult to calculate the order and the rate
of the reaction in the three components system. We thus
resorted to computational studies in an attempt to understand
the local environment around the catalytically active indium
sites and to find the interactions of the framework with the
substrates. Taking inspiration from the previous simulation
studies on the MOF-H, interactions,”" this larger system was
then targeted.

3.4. Computational Modeling Analysis. On the basis of
the classical NVT Monte Carlo simulated annealing and then
optimizing using plane wave DFT and triple { basis sets with
the CP2K code on a fragment of the MOF; the amino group
coordinates one of its H atoms to the nitrate counterions
(which are themselves sorbed onto the open metal site). The
cyanide sorbate settles into the corners of the MOF formed by
the three indium ions and the cyanide functionality oriented
parallel to one of the linker rings. The aldehyde sorbate (R = H
for simplicity) coordinated with the oxygen facing the cyanide
group and the hydrogen toward the nitrate ion (Figure ).

On the basis of MPMC calculations, the cyanide was
dominated by van der Waals, with Coulombic second and
induced dipole third. It is sorbed into the corner of the cage
primarily due to methyl group interaction with the framework
explaining why van der Waals dominates. For the amine,
Coulombic dominates (due to the strong interaction with the
counterion), followed by induced dipole and the van der
Waals. For the aldehyde van der Waals is the strongest, but
Coulombic is not far behind (indicating interaction with the
counterion and cyanide sorbate, respectively) with induced
dipole trailing behind. The cyanide reagent still has van der
Waals as the strongest energy component (due to methyl
interaction with linker rings), but the electrostatics is over
two/thirds as strong and added together with the polarization

Figure S. Sorption of the aniline, TMSCN, and benzaldehyde about
the In-oxo cluster. From NVT calculations.

the total charge component is a bit stronger than the van der
Waals.

On the basis of this configuration (Figure 6), we concluded
that most likely the nitrate will pull one of the amino

Figure 6. MPMC optimized positions and interactions (dotted black
lines) of the aniline, TMSCN, and benzaldehyde about the In-oxo
cluster.

hydrogens and then the amino nitrogen will coordinate to the
indium along with (or replacing entirely) the nitrate. Similar
behavior has also been observed in InPF-110, whereby the
aniline was observed to coordinate with the indium center
having the accessible metal site, and it partly replaced the
solvent ligand.”” The nitrate ion is initially sorbed onto one of
the indium atoms, but as it pulls one of the amino hydrogens,
the nitrogen will become more attracted to the indium as well
as pulling it in toward the cluster. The cyano group also
coordinated to the indium, stabilizing it as a cyanide ion.
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Thus, the presence of the aldehyde/ketone, amine, and
TMSN in close vicinity to each other facilitate the quick
formation of the imine followed by immediate attack on the
imine to generate the aminonitrile product. Further calcu-
lations to study the interaction of imine and TMSCN with the
framework will be carried out to gain deeper insights and
provide for better design of the catalyst.

4. CONCLUSION

In the present study, we have successfully designed and
synthesized a robust In-soc-MOF featuring relatively high
porosity and accessible open metal sites appropriate for tuning
and enhancing interactions with guest molecules. The MOF
demonstrated excellent catalysis performance in the Strecker
reaction of ketones in a solvent-free environment within 30
min. In addition, the catalyst could be easily recovered and
readily recycled. The In-pbpta MOF thus provided a
sustainable and efficient catalytic platform for the Strecker
synthesis of @-aminonitriles which can be further hydrolyzed to
give the unnatural @-amino acids. The theoretical calculations
suggested an insight about the nature of the interactions
involved between the substrates and the In-oxo clusters which
can help in further design of the catalysts for better activities.
Our work herein thus not only contributes MOF as a new class
of efficient heterogeneous catalyst for one-pot Strecker
reaction but also paves a way to develop MOF as a new
platform for other named reactions in a heterogeneous
manner.
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