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Previous studies have studies the addition reaction of 2,4-dihydroxybenzaldehyde and diisopropyl azodicarboxylate with the
joint effort of traditional catalysts like FeCl3 and ultraviolet under traditional monitor equipment like NMR or IR, which have
many limitations on real time monitoring. This paper reports a synthesis method for the iron-coordinated phosphotungstate
Fe3PWy034 and provides a detailed characterization of its structure, composition, and molecular mass using techniques such
as Fourier transform infrared spectroscopy (FT-IR), X-ray diffraction (XRD), and electrospray ionization mass spectrometry
(ESI-MS). The substance and its synthesis route not only valuable in reaction studied in this paper, but also offers huge potential
for future applications on catalytic engineering. Additionally, the reaction mechanism for the Fe3 PWyO34-catalyzed addition
reaction of 2,4-dihydroxybenzaldehyde and diisopropyl azodicarboxylate under microdroplets conditions was proposed using
Ambient mass spectrometry. This reaction does not require the assistance of external conditions other than the catalyst mentioned,
offering a simple method for investigating the activation of C-H bonds and the construction of C-N bonds. By studying this

reaction, a convenient method with great potential on real time monitoring is proposed.
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Introduction

Microdroplet Chemistry

Water is the most common yet also one of the most fascinating
substances. Even a single “drop” of water, only a trillionth of
a liter, can significantly accelerate chemical reactions, exhibit-
ing catalytic effects that have left countless scientists in awe'.
This is the focus of the cutting-edge field of chemistry in recent
yearsmicrodroplet chemistry. This emerging field has garnered
significant attention because, within microdroplets, reactions
that cannot occur spontaneously can take place, and compared
to their bulk-phase counterparts, microdroplets can accelerate
reactions by several orders of magnitude?. By utilizing water
microdroplets, some chemical reactions that traditionally require
extreme laboratory conditions, such as high temperature and
pressure, can be carried out under ambient temperature and pres-
sure. This not only reduces the energy consumption required for
chemical reactions but also enhances the safety of the reactions,
making chemical synthesis cleaner, more efficient, and safer.

Reaction Monitoring Based on Ambient Mass Spectrometry

In the study of reaction mechanisms, spectroscopic techniques
such as ultraviolet-visible (UV-Vis) spectroscopy, infrared (IR)
spectroscopy, and nuclear magnetic resonance (NMR) spec-
troscopy are commonly used=. These techniques detect changes
in chromophores or functional groups in the substances being an-

alyzed, reflecting the characteristic changes of intermediates and
thus capturing the intermediates generated during the reaction
and inferring the reaction mechanism. However, some inter-
mediates are highly reactive and short-lived, posing challenges
to traditional methods of reaction mechanism studies. Spectro-
scopic methods have certain limitations in directly observing
instantaneous reaction processes. Therefore, the development
of new technologies capable of capturing the transient stages of
reactions is urgently needed.

Mass spectrometry (MS) is one of the important techniques
for obtaining molecular structure information®. It can analyze
the structural information of multiple substances in a system in
a single detection, making it particularly effective for monitor-
ing chemical reactions, capturing reaction intermediates, and
studying reaction kinetics. However, traditional mass spectrom-
etry detection methods may be affected by issues such as signal
saturation and mass spectrometry contamination due to high-
concentration samples®. Consequently, traditional methods typi-
cally adopt an "offline” approach, requiring cumbersome sample
pretreatment before testing, which increases the difficulty and
complexity of detecting transient intermediates.

In recent years, ambient mass spectrometry (AMS) has de-
veloped rapidly. Unlike traditional mass spectrometry®, which
relies on strict vacuum systems and complex sample prepara-
tion, AMS enables real-time, rapid, in-situ, and highly sensitive
analysis of sample states. It simplifies the operation process by
directly sampling from the reaction system and rapidly ioniz-
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ing the sample. AMS offers unique advantages in monitoring
chemical reactions, providing structural information for various
unknown and important reaction intermediates, thus offering
strong support for researchers in further exploring chemical
reaction mechanisms.

Phosphotungstic Heteropolyacid

Heteropoly acids (HPAs) are a unique class of inorganic com-
pounds consisting of transition metal oxide clusters surrounding
one or more central heteroatoms, exhibiting diverse structures
and rich chemical properties. Due to their strong acidity, high
oxidation capacity, and excellent chemical stability, heteropoly
acids have played a significant role in catalysis, particularly
in homogeneous and heterogeneous catalytic reactions. In re-
cent years, with the growing emphasis on green chemistry, het-
eropoly acids have been instrumental in promoting environmen-
tally friendly chemical reactions such as oxidation, condensa-
tion, and esterification. Their remarkable catalytic performance
makes them ideal alternatives to traditional catalysts, helping to
reduce harmful byproducts and enhance reaction selectivity and
efficiency®.

Among the various structural types of heteropoly acids, the
Keggin and Dawson structures are the most classic”. The Keg-
gin structure is characterized by its regular tetrahedral coordina-
tion of the central atom and the octahedral transition metal oxy-
gen clusters surrounding the center. The molecular formula is
commonly represented as Hx[EXM,,049], where X represents
the central heteroatom (e.g., phosphorus (P) or silicon (Si)), and
M represents transition metal elements such as molybdenum
(Mo) or tungsten (W), which form the peripheral framework.
This structure not only possesses high stability but also allows
for precise optimization of its physicochemical properties and
catalytic activity by adjusting the types and ratios of heteroatoms
and metal elements, demonstrating remarkable tunability. With
its unique structural characteristics, adjustable catalytic prop-
erties, and broad application prospects in green chemistry and
energy/environmental fields, the Keggin-type heteropoly acid
has become a hotspot in materials science and catalytic chem-
istry research?,

Among the Keggin-type heteropoly acids, the phospho-
tungstate PW1>040 has long been a focal point of research due
to its stability and excellent performance. This paper reports
the synthesis of a simplified structural variant, PWy034. Com-
pared to the traditional PW> 049, PWoO34 contains fewer metal
atoms but exhibits higher surface metal coordination activity.
This structural simplification endows it with significant potential
as a precursor for functionalized materials, such as composites
with specific catalytic activity, and drives its application in en-
ergy conversion and storage, as well as environmental pollution
control.

Furthermore, although Keggin-type heteropoly acids have

been widely used in homogeneous and heterogeneous catalysis,
they still face certain limitations in fuel cells and electrocatalysis,
particularly in terms of conductivity and redox properties'%. By
introducing transition metal ions such as FE3* | Mn>* or Co*™,
their catalytic activity and electron transfer capabilities can be
significantly enhanced. Additionally, the coordination modifica-
tion of metals can improve the material’s thermal stability, en-
suring that the structure remains intact during high-temperature
catalysis. Therefore, this study further enhances the application

potential of PWoO34 by coordinating it with iron ions™.

Activation of C-H Bonds for the Construction of C-X Bonds
Reactions

The study of C-H activation reactions for the construction of C-
X bonds has gradually become an important direction in organic
synthesis. By selectively activating C-H bonds, researchers
can construct various types of C-X bonds, such as C-Si, C-F,
and C-S bonds. This study focuses on activating C-H bonds
and introducing nitrogen sources'#, enabling the synthesis of a
wide range of nitrogen-containing compounds, including amines,
amides, and heterocyclic compounds. These nitrogen-containing
compounds hold significant application value in fields such as
drug development, materials science, and agricultural chemistry.

In recent years, the widespread use of transition metal cata-
lysts (e.g., palladium, nickel, and rhodium) in C-H activation has
provided new pathways for constructing C-N bonds">. These
catalysts promote the breaking of C-H bonds and react with ni-
trogen sources to form new C-N bonds by forming metal-carbon
intermediates with the reaction substrates. This process not
only enhances the selectivity and conversion rate of the reaction
but also reduces the need for multiple steps and protection-
deprotection procedures commonly required in traditional syn-
thesis methods, significantly improving synthetic efficiency.
Additionally, in-depth studies of the reaction mechanism con-
tinue to drive the development of this field. Researchers, through
computational chemistry and experimental methods, have uncov-
ered the formation mechanisms of metal-nitrogen intermediates
and their impact on reaction selectivity. This deeper under-
standing allows researchers to more effectively control reaction
conditions such as temperature, solvents, and atmospheric com-
position, optimizing the reaction outcomes.

In terms of practical applications, C-H activation for the con-
struction of C-N bonds has shown immense potential in drug
synthesis'®. Many bioactive molecules and drugs contain C-N
bonds in their structure, and traditional synthesis methods often
require multiple steps and complex operations. By utilizing C-H
activation technology, researchers can synthesize these complex
molecules in a single-step reaction, significantly increasing syn-
thetic efficiency. The progress in C-H activation reactions for
constructing C-N and C-X bonds not only enriches the methods
available in organic synthesis but also provides new strategies
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