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Abstract A highly efficient catalyst, Cu-doped poly(N-[3-(dimethyl-
amino)propyl]methacrylamide, acrylic acid, N-vinyl imidazole) (PDAI)
magnetic carbon aerogel (CPIMCA), was successfully employed for the
synthesis of isatin nitrone derivatives. The 3D porous CPIMCA catalyst
demonstrated outstanding performance through the application of a
coupling reaction between isatin oxime and phenylboronic acid deriva-
tives, providing up to 98% yield of the required nitrone derivatives. Re-
markably, the incorporation of copper within the polymeric structure of
the magnetic carbon aerogel exhibited a significant influence on cata-
lytic activity, even at a low overall copper content of approximately 2%.
This was confirmed through EDX elemental mapping analysis, further
establishing the competence of the catalyst for catalytic reactions.
Comparative studies revealed that CPIMCA outperformed Cu(Oac), cat-
alyst, providing a notable 10-15% increase in product yield. This superi-
or performance can be attributed to the unique synergistic effect of
copper, iron, and carbon aerogel as the polymeric matrix, highlighting
the exceptional capabilities of CPIMCA as a catalyst.

Keywords catalytic coupling reaction, recyclable magnetic catalyst,
carbon aerogel, iron, copper doping

Selective and efficient synthesis of heteroatomic com-
pounds plays a crucial role in the preparation of various
pharmaceuticals, agrochemicals, and functional materials.
The synthesis of many different organic molecules depends
on catalytic coupling processes, which have attracted a lot
of interest in the field of organic chemistry.!-* These pro-
cesses, which result in the formation of new carbon-carbon

or carbon-heteroatom bonds, provide an adaptable and
successful method for developing complex compounds.
Among the different approaches, catalytic methods have
gained considerable attention due to their environmentally
friendly nature and mild reaction conditions. Coupling and
cross-coupling reactions use metal-based catalysts such as
palladium, platinum, and rhodium, and some reactions spe-
cifically use heavy metals like mercury, lead, or cadmium,
which can pose environmental and health risks and are
highly expensive and non-recoverable.>~'* In coupling reac-
tions, the metal catalysts can be prone to poisoning or deac-
tivation by various species present in the reaction mix-
ture.! The release of these metals or their derivatives into
the environment during catalytic processes can be harmful
to ecosystems and human health. Making the reaction cost-
prohibitive and not favorable to the environment are other
factors. The greatest disadvantage of using heavy catalysts
is that they are not recoverable and can be used only a sin-
gle time.'>!® Some nano techniques are used to deal with
the disposed metals, such as nanoparticles, nanotubes, and
carbon-based materials.'”-'? To enhance the efficiency and
selectivity of these reactions, studies have focused on ac-
quiring advanced catalysts that exhibit remarkable catalytic
properties and will also be more eco-friendly.*2021

Carbon aerogels are highly porous materials with a
three-dimensional network structure, providing a large
surface area and excellent stability. In recent years, carbon-
based catalysts have emerged as promising candidates for
organic transformations owing to their unique properties
and tunable reactivity. Vinyl-based hydrophilic co-mono-
mers; N-[3-(dimethylamino)propyl]methacrylamide (DMAP-
MA), acrylic acid (Aac), and N-vinyl Imidazole (NVI) make a
promising polymer (referred to as PDAI). The presence of
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polar functional groups in vinyl-based monomers, such as
amine or carboxyl groups, imparts hydrophilic properties
to the resulting aerogel.?? Notably, DMAPMA can be polym-
erized readily in aqueous medium with other monomers;
while acrylic monomers make polymers more flexible and
control hardness, in N-vinyl imidazole, the imidazole moi-
ety endows hydrophilicity to the resulting hydrogel. Fur-
thermore, imidazole groups have the ability to create coor-
dination bonds with metal ions, resulting in the formation
of metal-polymer complexes.?3-26

Moreover, allowing the incorporation of copper and iron
into carbon aerogels adds the advantages of facile separa-
tion and recyclability, minimizing the environmental im-
pact and improving the overall sustainability of the process.
Interestingly, copper activates C-H bonds, and iron makes
the carbon aerogel magnetic, enabling multiple cycles of
catalytic reactions by facilitating its recovery after reaction
completion. Copper itself is a proficient catalyst, so incor-
poration of copper is a greener strategy because it is eco-
nomical and one of the most abundant elements on earth.
Compared to expensive metal catalysts, copper catalysts of-
ten work under less adverse conditions. It is potentially se-
lective towards C-N, C-C, and C-0 bonds by varying the re-
action conditions in different coupling reactions.?’-3! A va-
riety of schemes are already known for the synthesis of
isatin nitrones using different reaction conditions. Chen et
al. and Mo et al.3>33 synthesized the nitrone product using
Cu(0ac), as catalyst in different solvents to select the best
solvent to achieve the highest yield. To improve on these re-
sults, the primary goal of this research was to create a mag-
netic carbon aerogel catalyst with copper doping and to
evaluate the catalytic performance for the selective N-aryla-
tion reaction of isatin oxime with phenylboronic acid deriv-
atives. The integration of copper and iron into the carbon
aerogel matrix provides a synergistic effect, combining the
unique properties of carbon aerogels with the catalytic ac-
tivity of copper. To achieve this goal, catalyst synthesis was
carried out via the co-polymerization procedure, and the
adsorption of Fe and Cu inside the polymetric structure was
done via the in-situ adsorption method. This synthetic
method produces a high-quality hydrophilic copper- and
iron-adsorbed hydrogel, which was then lyophilized and
further carbonized to produce the Cu-doped PDAI magnetic
carbon aerogel (CPIMCA). In addition, morphological and
chemical characterization of the synthesized catalyst was
done with a range of analytical techniques, such as FTIR, vi-
bration sample magnetometry (VSM), X-ray diffraction
(XRD), scanning electron microscopy (SEM), energy-disper-
sive X-ray (EDX), transition electron microscopy (TEM), and
X-ray photoelectron spectroscopy (XPS). Overall, this re-
search presents an innovative approach to developing a
highly efficient and recyclable catalyst for catalytic coupling
reactions. The unique combination of copper and magnetic

carbon aerogels offers significant potential for the advance-
ment of catalysis, enabling the synthesis of complex organic
molecules with improved efficiency and selectivity.

Synthesis of Cu-Doped PDAI Magnetic Carbon
Aerogel (CPIMCA)

PDAI hydrogel was created by the free radical copoly-
merization method, in which the monomers were polymer-
ized through vinyl bonds, leading to the formation of a
polymeric matrix. In the synthetic procedure for the gener-
ation of PDAI hydrogel, the monomers DMAPMA, Aac, and
N-vinyl imidazole were first mixed sequentially in volumes
of 1.44, 1.12, and 0.24 mlL, respectively. All three vinyl
monomers were dissolved in 1.56 mL of distilled water in
an ice-bath. Shortly after thoroughly mixing the monomers
with distilled water, 100 pL of APS was added as initiator,
which initiated the cleavage of vinyl bonds in the mono-
mers, making the free radicals available for chain initiation.
After homogenizing the monomeric mixture to begin the
polymerization process, 2.5 pL of accelerator TEMED was
blended consistently to accelerate the reaction for chain prop-
agation, maintaining the temperature at below 10 °C.2>34

After homogenizing the mixture, it was transferred to a
test tube and kept at 41+1 °C (Scheme 1). After 14 h of heat-
ing in an oil bath, the PDAI hydrogel was produced. The
formed hydrogel was washed with water three times to pull
out the remaining unreacted monomers that might still be
present. The material was then dried at 60 °C in an oven.
Once dried, the hydrogel was magnetized by submerging it
in a solution containing both FeSO,-7H,0 and FeCl;-6H,0 to
adsorb Fe ions.?> Following alkali treatment, the magne-
tized hydrogel was kept in an aqueous ammonia solution
overnight to reduce Fe3* and Fe?*. After the adsorption of
the Fe onto the surface of the hydrogel, the material was
dipped in a solution of CuCl,-2H,0 to adsorb copper. All
three ions, FeSO,-7H,0, FeCl;-6H,0, and CuCl,-2H,0, were
taken in a ratio of 1:2:1. Once the Cu and Fe adsorption was
complete, the PDAI hydrogel was freeze-dried or lyophilized
at =71 °C for 8 h in order to evaporate the water.3® This is
the most important step in the process of aerogel forma-
tion; all the water from the polymeric matrix is removed
while maintaining the internal structure of the aerogel.
Subsequently, to form a carbon magnetic aerogel, the pre-
pared aerogel was treated at 800 °C for 8 h in an inert atmo-
sphere with a heating rate of 4 °C/min in a tube furnace for
carbonization. During carbonization, the adsorbed ions of
Cu and Fe were incorporated inside the carbon structure of
the polymer. Hence, carbonization also facilitates the incor-
poration of Cu and Fe inside the polymeric chain; this, in
turn, leads to the electrostatic binding of copper and iron to
the carbon structure, which, consequently, makes it possi-
ble for copper to be doped onto PDAI carbon aerogel.
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Scheme 1 Schematic diagram of the development of CPIMCA with the original visuals inset

Catalytic Activity of As-Synthesized CPIMCA
for N-Arylation of Isatin

This organic transformation was a three-step process.
Initially, isatin was converted into its methyl isatin deriva-
tive, as summarized in Scheme 2. In the first step of the
synthesis, deprotonation of isatin through alkylation was
implemented by the treatment of isatin (1) with chloro-
methane in the presence of NaH (1.5 equivalent) in DMF for
6 h at 0 °C, which resulted in the formation of 1-methylisat-
in (2). In the subsequent step, generated 2 reacted with
NH,OH-HCI (1.2 equivalent) in ethanol to produce 1-me-
thylisatin oxime (3) at 80 °C for 6 h.3” To obtain the final
product, isatin nitrone derivatives 5a-g, compound 3 was
reacted with phenylboronic acid derivatives 4a-g (1.2
equivalent) in a mixture of methanol and pyridine at 25 °C
for 16 h, utilizing (0.1 equivalent) Cu(OAc), and (0.1 equiva-
lent) CPIMCA as catalyst, as detailed in Scheme 2.33

Result and Discussion

Characterizations

The functional group and chemical bonds of the CPIMCA
were investigated by FTIR analysis in the range 4000-500
cm™'. The results revealed peaks at 3443, 2920, 1623, 1265,
and 1094 cm-' in the spectra, as shown in Figure 1a. The de-
tected peak at 3443 cm! corresponds to aliphatic amine
(NH,). The Peak at 2920 cm™! represents the C-H compo-
nent. Adsorption at 1623 cm™' is attributed to C=C. The

peak at 1265 cm-! corresponds to C-N from the aromatic
amine, and the peak at 1094 cm™' is attributed to C-C.3839 [t
is noticeable that significant amounts of carbonaceous
components C-C and C=C are present in the structure, and,
after carbonization, some compounds such as hydroxyl and
carboxyl groups will be eliminated either partially or com-
pletely.“° Also, from comparison of the FTIR spectra of PDAI
hydrogel and CPIM carbon aerogel, the presence of Cu and
Fe is seen to influence the overall structure; we can see a
shift in the peaks in the spectrum of aerogel*' that confirms
the incorporation of Cu and Fe in the polymeric structure of
CPIM carbon aerogel.

The magnetic properties of CPIMCA were analyzed by
using VSM techniques. The sample was kept in the field
range from -10000 to +10000 Oe at room temperature.
From the hysteresis curve of the magnetization measure-
ment of CPIMCA sample, it was observed that the sample is
supermagnetic in nature and displayed an S-like curve, as
depicted in Figure 1c. The saturation magnetization (Ms)
value of the sample was 40.94 emu/g. Carbonization in-
creased the magnetic saturation value and decreased the
coercivity of the sample resulting in increased magnetiza-
tion of the sample. 4243

The magnetic behavior was also identified physically.
On application of an external magnetic field, the sample
was strongly attracted towards the magnet (Figure 1c),
which is clearly useful for the catalytic applications of the
magnetic sample.

XRD analysis was performed to determine the crystal-
line and amorphous nature of the sample. As demonstrated
in Figure 1b, the peaks at 20 = 22.16°, 38.80°, and 43.70°

SynOpen 2023, 7, 570-579
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Figure 1 (a) FTIR, (b) XRD, and (c) VSM analysis of CPIMCA

correspond to the lattice planes [101], [200], and [111], re-
spectively. The peak at 22.16° shows that the carbon skele-
ton of carbon aerogel is semi-crystalline in nature. The peak
at 38.80° corresponds to Fe ions and the peak at 43.70° is
consistent with Cu ions. From the XRD observations it can
be concluded that copper and iron are completely encapsu-
lated in the semi-crystalline Cu-doped magnetic carbon
aerogel framework 444>

SEM, TEM, and EDX measurements were utilized to in-
vestigate the shape, morphology, particle size, elemental
analysis, and particle length of the as-synthesized catalyst
CPIMCA. As shown in Figure 2a and Figure 2b, SEM images
at 10 um and 2 pm demonstrated that the CPIMCA has an
interconnected 3-D network structure, which reflects the
proper binding of vinyl monomers via covalent interac-
tions, which is further confirmed by TEM images. Alongside
this, the material is clearly porous in nature and has the
metal ions incorporated inside the carbon framework of the
aerogel.*647 It can also be confirmed that copper and iron
particles are uniformly distributed throughout the poly-
meric structure. It is noticeable that after carbonization in
an inert atmosphere, the 3-D polymeric structure remains
porous. Furthermore, the elemental composition was con-
firmed by EDX-mapping, and the presence of Cu and Fe was
also confirmed by the EDX image as depicted in Figure 2f.
The SEM-EDX mapping images reveal that the carbon com-
ponent covers the maximum area of the carbonized sample,

SynOpen 2023, 7, 570-579
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as shown in Figure 2g; along with this, copper and iron
were embedded consistently in the structure, as exhibited
in Figure 2j and Figure 2k, respectively. The analysis re-
vealed that copper was present in 1.68% and Fe was present
in the structure in 7.3%. The results also confirmed that car-
bon is present in the highest concentration; i.e., 49.94%,
which indicates that the sample was carbonized as expect-
ed. Elements O and N were also spread homogeneously, as
depicted in Figure 2h and Figure 2i, respectively. Interest-
ingly, the encapsulation of the metals effectively increases
the surface area and overall porosity of the material.

Moreover, the typical TEM images reveal more about
the surface morphology of the CPIMCA, as can be seen in
Figure 2c. At 20 nm in can be seen that the 3-D packed aero-
gel has Cu and Fe incorporated in a dense networked struc-
ture.*®4% It was observed that the mesoporous particles
were formed with elliptical and spherical shapes with di-
ameters of 12-30 nm. Additionally, the material exhibits
lattice fringes in a single direction with a d-spacing of 0.46
nm, as illustrated in Figure 2d. In Figure 2e, the SAED pat-
tern shows that the diffraction rings correspond to the
[101], [200], and [111] lattice planes.

XPS analysis was used to predict the surface chemical
composition and oxidation state of the elements present in
the material. The XPS survey revealed five leading peaks: C
1sat283 eV,N 1sat400eV, O 1sat 532 eV, Fe 2p at 724 eV,
and Cu 2p at 974 eV, as shown in Figure 3a. The C 1s spec-
trum was deconvoluted into three peaks: first is a C-metal
peak that appears at 284 eV, a peak at 284.63 that corre-
sponds to (sp?), and 285.55 eV is for C-C (sp?), represented
in Figure 3b. The N1s data, depicted in Figure 3d, shows the
typical deconvoluted peaks at 397.89 eV and 400.18 eV cor-
relating to N-metal and C-N, respectively. The data for O 1s,
shown in Figure 3¢, matched with the C=0 at 531.2 eV, and
0-C=0 at 532.9 eV. The Cu 2p spectrum could fit three
peaks and one satellite peak, which correspond to Cu 2ps,
at 943 eV, Cu 2p; at 950.6 eV, Cu O at 972.7 eV, and a satel-
lite peak at 997 eV due to extra energy loss, as illustrated in
Figure 3e. This data confirms that copper is present in two
oxidation states.>>>! The Fe 2p data has been split into two
peaks: 712.17 eV, which is assigned to Fe?*, and 725.23 eV,
which belongs to Fe?*, supporting the observation that iron
is present in two oxidation states as pictured in Figure 3f.
Thus, upon carbonization, the copper is completely encap-
sulated inside the structure.>?>3

SynOpen 2023, 7, 570-579
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Catalyst Investigation in Coupling Reaction

With the objective of examining the catalytic activity of
the CPIMCA, the coupling reaction of isatin oxime with bo-
ronic acid derivatives was conducted to generate isatin ni-
trone derivatives (Figure 4). To our knowledge, this is the
first time that metal doped magnetic carbon aerogel has
been used as a catalyst for the formation of N-aryl nitrone
products by N-arylation. In the preparation of isatin ni-
trone, initially isatin was converted into 1-methylisatin;
thus, isatin, NaH, and chloromethane were used in a mole
ratio of 1:2:1. Isatin was mixed in DMF, heterogeneous ba-
sic deprotonating agent NaH was added and the reaction
mixture left for 6 h at 0 °C (the reaction was monitored by
TLC and LC/MS). Upon completion, the mixture was diluted
with EtOAc and washed with dilute HCl, to provide 1-me-
thylisatin in 91% yield. To form the isatin oxime, a slurry of

CPIMCA
Catalyst
2% S R

Coupling
Phenyl boronic . Reaction

acid derivatives

1-methylisatin (31.77 mmol, 5.28 g) in ethanol (50 mL) was
mixed with NH,0OH-HCI (47.66 mmol, 3.31 g) in H,0 (6 mL)
and stirred at 80 °C for 6 h. The resulting greenish yellow
paste was triturated with H,O0, filtered, washed with H,0,
and the subsequent product was dried overnight in a vacu-
um oven. In the final N-arylation step, 1-methylisatin ox-
ime (1 equiv., 0.3 mmol) was mixed with phenyl boronic
acid derivative (1.2 equiv.) and the reaction was started by
the addition of catalyst CPIMCA (0.1 equiv, 0.002 equiv. Cu
as 2% in CPIMCA catalyst) in the presence of anhydrous Na,-
SO,, pyridine, and polar aprotic solvent methanol, and the
reaction mixture was stirred for 16 h at 25 °C. Methanol
was used because it is a renewable, green solvent. Accord-
ing to Byrne et al., methanol is a recommended renewable
solvent, while solvents such as DCM, DCE, and toluene are
either not safe or cannot be reused cost-effectively.>*

Isatin Nitrone
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o’
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Figure 4 Assessing the catalytic activity of CPIMCA in the coupling reaction for the synthesis of isatin nitrene derivatives
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Therefore, the use of a green solvent is a more environ-
mentally compatible approach for this reaction procedure.
The reaction was monitored by TLC and HRMS and the for-
mation of the product was confirmed by '"H NMR analysis.
The compound was simply isolated by flash column chro-
matography. The catalytic investigation was conducted by
comparing the catalytic activities of Cu(OAc), and CPIMCA.

Table 1 Isatin Nitrone Derivatives Formed Using Different Catalysts

The same set of reactions was done by using Cu(OAc), as
catalyst (Scheme 2). Remarkably, the nitrone derivatives
were obtained in up to 98% yield by using CPIMCA catalyst.
As can be seen in Table 1 and Scheme 2, CPIMCA had sig-
nificantly higher levels of catalytic activity than Cu(OAc),.
The yield of the products produced using the CPIMCA cata-
lyst increased by 10-15%.

Entry Phenyl boronic acid 4 Product isatin nitrone Yield (%)
/R
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The CPIMCA catalyst showed good catalytic activity be-
cause the three-dimensional porous structure of the carbon
aerogel provides a large surface area and an interconnected
porous network, and the carbon framework allows uniform
agglomeration in the structure leading more active catalyt-
ic sites. Moreover, incorporation of Cu and Fe ions in the
carbon framework showed synergistic effects along with
carbon, increasing its catalytic performance by facilitating
the movement of electrons, which also allows better disper-
sion and accessibility of copper ions. Copper ions in
Cu(OAc), are not as easily accessible, which can reduce the
catalytic activity. Fe renders the aerogel magnetic, which
enables easy separation from the reaction mixture by appli-
cation of an external magnetic field. This makes the catalyst
more sustainable and reduces waste.

Reusability of Catalyst

After the first cycle of compounds was completed, the
CPIMCA catalyst was reused. The catalyst was recovered
from the reaction mixture using an external magnet, then
washed twice with ethanol and reused. The catalyst was
used several times, and started losing its activity after three
runs; the yield of the product reduced from 98 to 93% after
three runs. However, no discernible shift was observed in
the catalytic activity after repeated washing with ethanol;
therefore, we may conclude that the activity of the catalyst
was not lost overall.

Conclusion

In conclusion, the successful incorporation of copper
and iron inside a magnetic PDAI carbon aerogel matrix pro-
vides a number of advantages for catalysis. Moreover, after
carbonization (on heating at 800 °C) of the sample, the met-
als are doped inside the structure where they exhibit syn-
ergistic effects with the carbon polymeric matrix. The
CPIMCA proved to be a competent catalyst with the syner-
gistic effect of both the copper and iron facilitating the cou-
pling reaction of isatin oxime and phenyl boronic acid de-
rivatives. The products were formed in yields up to 98%, and
the catalyst was easy to recover by using an external mag-
netic field as it did not agglomerate in the reaction mixture.
The catalyst could be reused and gave similar results for
three consecutive repetitions. Thus, CPIMCA can be used as
competent catalyst for coupling reactions.

N-[3-(Dimethylamino)propyl]methacrylamide (DMAPMA), acrylic
acid (AAc), N-vinyl imidazole (NVI), ammonium persulphate
(APS),N,N'N'N'-tetramethyl ethylene diamine (TEMED), ferric(IIl)
chloride (FeCl;-6H,0), ferrous(ll) sulfate (FeSO,.7H,0), copper(Il)
chloride (CuCl,), isatin, boronic acid derivatives, anhydrous Na,SO,,

pyridine, hydroxyl amine hydrochloride (NH,OH-HCl), nitrogen gas,
sodium hydride (NaH), ethanol, methanol, dimethylformamide (DMF)
and distilled water were used in the reaction.

The morphology of the synthesized CPIMCA was analyzed using X-ray
diffraction spectroscopy with a Rigaku SmartlabSE X-ray diffractome-
ter having voltage of 40 kV and a current of 30 mA, with a Cu-Ka radi-
ation in 20 range 10-60°. For surface morphology, transition electron
microscopy (TEM) images were captured with a JEOL JEM-2100F elec-
tron microscope supplied with a 200 kV accelerating voltage. The
CPIMCA sample was drop-cast onto a copper-grid after dispersion
and allowed to dry at room temperature. Scanning electron microsco-
py (SEM) and energy-dispersive X-ray (EDX) was performed with
ZEISS, Merlin Compact, which has a tungsten electron and worked at
a voltage of 20 kV, with Magnification K x 5 to K x 10. Prior to analysis
the sample was coated with a thin layer of gold in a gold sputtering
machine. For chemical morphology analysis, the sample was subject
to Fourier transform infrared spectroscopy FTIR with a Perkin Elmer-
Spectrum two FTIR analyser in the range 400-4000 cm™!; the sample
was mixed with dry KBr prior to analysis as a KBr disk. To obtain mag-
netic measurements, vibrating sample magnetometry (VSM) was car-
ried out with a Microsense-ADE-EV9 magnetometer with a magnetic
field strength of up to 2.2 Tesla. The magnetic measurement range
was -10000 to +10000 Oe. Furthermore, X-ray photoelectron spec-
troscopy (XPS; ULVAC-PHI, INC., PHI 5000 Versa Probe Il Scanning
XPS Microprobe) was utilized to determine the elemental composi-
tion, oxidation state, and binding energy. The NMR spectra of the
products formed by the CPIMCA catalyzed reactions were recorded in
DMSO-dg or MeOD with TMS as internal standard, with a Bruker 400
MHz instrument.

The NMR data of all the compounds are given in the Supporting Infor-
mation.

1-Methyl-2-oxo0-N-phenylindolin-3-imine Oxide (5a)

Yield: 35 mg (80%); brownish yellow liquid.

'H NMR (400 MHz, DMSO-dg): 8 = 8.315-8.297 (d, J = 7.2 Hz, 1 H),
7.56-7.42 (m, 6 H), 7.155-7.098 (m, 2 H), 3.117 (s, 3 H).

13C NMR (100 MHz, DMSO-dg): & = 25.91, 108.71, 117.6, 122.42,
123.82, 123.94, 128.77, 130.28, 132.29, 142.17, 146.405, 158.741.
HRMS (ESI): m/z [M + HJ calcd for C5H;,N,0,: 253.0860; found:
253.0967.

N-(3-Fluorophenyl)-1-methyl-2-oxoindolin-3-imine Oxide (5b)
Yield: 37 mg (62%); orange-yellow solid.

'H NMR (400 MHz, DMSO-d;): & = 8.30-8.281 (d, J = 7.6 Hz, 1 H),
7.675-7.438 (m, 3 H), 7.42-7.40 (m, 2 H), 7.162-1.109 (q, 2 H), 3.12
(s,3H).

13C NMR (100 MHz, DMSO-dg): & = 25.95, 108.84, 117.13, 117.40,
122.51, 130.73, 132.57, 134.41, 142.38, 147.29, 158.74, 160.24,
162.68.

19F NMR (400 MHz, DMSO-d;): & = —112.009.

HRMS (ESI): m/z [M + H]" calcd for C;sH;;FN,0,: 271.0801; found:
271.0874.

N-(2-Fluorophenyl)-1-methyl-2-oxoindolin-3-imine Oxide (5c)
Yield: 40 mg (65%); orange-yellow solid.

'H NMR (400 MHz, DMSO-dg): 6 = 8.311-8.292 (d, J = 7.6 Hz, 1 H),
7.67-7.43 (m, 3 H), 7.361-7.400 (t, ] = 8.0 Hz, 1 H), 7.13-7.16 (m, 2 H),
3.13 (s, 3 H).
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13C NMR (100 MHz, DMSO-dy): & = 25.95, 109.11, 116.26, 116.73,
122.72, 124.07. 12524, 126.18, 132.17, 132.97, 134.12, 135.35,
142.37,155.13, 158.42.

19F NMR (400 MHz, DMSO-d;): & = -125.989.

HRMS (ESI): m/z [M + H]* calcd for C;5H;FN,0,: 271.0801; found:
271.0877.

1-Methyl-2-0x0-N-(p-tolyl)indolin-3-imine Oxide (5d)

Yield: 25 mg (59%); orange-yellow solid.

H NMR (400 MHz, DMSO-dg): & = 8.304-8.286 (d, J = 7.2 Hz, 1 H),
7.503-7.436 (m, 3 H), 7.313-7.293 (d, ] = 8.0 Hz, 2 H), 7.145-7.090 (q,
2 H),3.117 (s, 3 H), 2.98 (s, 3 H).

13C NMR (100 MHz, DMSO-dg): & = 20.86, 25.927, 108.688, 117.748,
122.405, 123.755, 123.846, 129.098, 132.194, 133.897, 140.226,
142.071, 144.181, 158.769.

HRMS (ESI): m/z [M + H]* calcd for C;¢H4N,0,: 267.1055; found:
267.1118.

N-(4-Fluoro-2-methylphenyl)-1-methyl-2-oxoindolin-3-imine
Oxide (5e)

Yield: 50 mg (95%); orange-yellow solid.

TH NMR (400 MHz, DMSO-dg): 8 = 8.320-8.303 (d, J = 6.8 Hz, 1 H),
7.53-7.45 (m, 2 H), 7.30-7.27 (d, 1 H), 7.19-7.11 (m, 3 H), 3.11 (s, 3
H),2.15(s, 3 H).

13C NMR (100 MHz, DMSO-dg): & = 16.09, 25.88, 108.84, 113.33,
116.97, 117.27, 122.50, 123.97, 126.23, 132.51, 134.13, 134.88,
142.36, 158.57, 160.67, 163.11.

19F NMR (400 MHz, DMSO-dg): 8 =-111.93.

HRMS (ESI): m/z [M + H]* calcd for C;gH;3FN,0,: 285.0597; found:
285.1039.

N-(4-Fluorophenyl)-1-methyl-2-oxoindolin-3-imine Oxide (5f)
Yield: 52 mg (98%); orange-yellow solid.

'H NMR (400 MHz, DMSO-d;): & = 8.285-8.30 (d, J = 7.2 Hz, 1 H),
7.688-7.653 (m, 2 H), 7.51-7.47 (t, 1 H), 7.334-7.379 (t, ] = 8.0 Hz, 2
H), 7.15-7.103 (m, 2 H), 3.121 (s, 3 H).

13C NMR (100 MHz, DMSO-dg): & = 25.90, 108.70, 115.53, 115.76,
117.55, 122.42, 123.85, 126.58, 132.34, 134.25, 142.17, 142.68,
158.79, 161.34, 163.79.

15F NMR (400 MHz, DMSO-dg): & = -110.35.

HRMS (ESI): m/z [M + HJ" calcd for C;sH;;FN,0,: 271.0801; found:
271.0869.

N-(4-(N-(tert-Butyl)sulfamoyl)phenyl)-1-methyl-2-oxoindolin-3-
imine Oxide (5g)
Yield: 36 mg (60%); orange-yellow solid.

'H NMR (400 MHz, DMSO-d,): & = 8.287-8.307 (d,J = 8.0, 1 H), 7.937-
7.958 (d, ] = 8.4, 2 H), 7.770-7.783 (d, ] = 5.2 Hz, 2 H), 7.496-7.534 (t,
J=8.0Hz, 1 H),7.172-7.120 (m, 2 H), 3.13 (s, 3 H), 1.13 (s, 9 H).

13C NMR (100 MHz, DMSO-dg): & = 26.001, 29.793, 53.541, 108.91,
117.35, 122.57, 124.055, 124.948, 127.09, 132.696, 134.665, 142.476,
145.712, 148.166, 158.782.

HRMS (ESI): m/z [M + HJ* calcd for C;qH,;N30,S: 388.2176; found:
388.1319.
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