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Abstract: A coordination polymer Ni-CIA has been designed, synthesized, and characterized via
Fourier transform infrared spectroscopy (FT-IR), powder X-ray diffraction (XRD), scanning electron
microscopy (SEM), X-ray photoelectron spectrometry (XPS), energy-dispersive X-ray spectroscopy
(EDS), and thermal gravimetric analysis (TGA). The resulting polymer reveals a slice layer stacked
combination structure and good stability. Importantly, this polymer exhibited high catalytic activity
for the synthesis of oxindole and quinoline derivatives via borrowing hydrogen and dehydrogena-
tion reactions. Meanwhile, several control reactions were carried out to investigate the possible
mechanisms of this transformation. Finally, the results of the recycling experiment indicate that the
coordination polymer Ni-CIA could be recovered and reused at least five times.

Keywords: borrowing hydrogen; dehydrogenation; annulation reactions; oxindole derivatives;
quinoline derivatives

1. Introduction

Oxindole derivatives are privileged heterocyclic cores, constituting an important skele-
ton in several compounds of pharmaceutical interest with significant biological activities
(Scheme 1) [1–8]. The conventional approaches for the alkylation of oxindoles employed
toxic alkyl halides, suffered from harsh reaction conditions, and exhibited poor regioselec-
tivity alongside the generation of undesired side products [9,10]. Therefore, the design and
synthesis of a new catalytic system for the alkylation of oxindole derivatives has become a
research hotspot in the field of organic synthesis [11–16].
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Scheme 1. Examples of biologically active C3-substituted oxindoles.

The borrowing hydrogen (BH) reaction, also known as the hydrogen autotransfer
reaction, employs inexpensive alcohols as alkylation agents, generating water as the sole
byproduct [17–24]. Thus, it is an atom-efficient and much greener process for the alky-
lation of oxindole and indole derivatives via borrowing hydrogen reactions [25–31]. In
2002, Simig and co-workers first reported that Raney nickel catalyzed the synthesis of
3-alkyloxindoles by means of the dehydrogenative coupling of 2-oxindole and alcohol
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in moderate yields [32]. Later, the alkylation of oxindole with homogeneous Ru, Ir, Fe,
Mn catalysts were also reported [33–37]. In 2018, we developed homogeneous pyridyl
triazole-ligated ruthenium(II) complexes which could realize the selective alkylation of
2-oxindole with a variety of primary alcohols via the hydrogen autotransfer process [38].
However, homogeneous catalysts are known to have some disadvantages, such as diffi-
culty in separation from the reaction system and their poor recyclability, which limits their
further application [39–43].

Coordination polymers (CPs) have some superior properties, such as their unique
channels, good stability, and effective control of their structure and functionality [44–46].
CPs have bright future applications in many fields, such as gas adsorption and separation,
catalysis, and functional materials [47–49]. Organic ligands play a significant role in the
design and synthesis of CPs. Recently, we reported a number of nitrogen-containing
polycarboxylic acid ligands, which bind with several metal centers into chains to form CPs.
Meanwhile, these CPs could be applied to some borrowing hydrogen and dehydrogenation
reactions successfully [50–53]. Herein, an indolyl dicarboxylic acid ligand was used to
synthesize a new Ni-containing coordination polymer, Ni-CIA (Ni-indolyl dicarboxylic
acid coordination polymer), which showed excellent catalytic activity in the synthesis of
oxindole and quinoline derivatives through the borrowing hydrogen strategy.

2. Results and Discussion
2.1. Characterization of Ni-CIA

After synthesis, Ni-CIA was characterized using Fourier transform infrared spec-
troscopy (FT-IR), powder X-ray diffraction (XRD), scanning electron microscopy (SEM),
X-ray photoelectron spectrometry (XPS), energy-dispersive X-ray spectroscopy (EDS), and
thermal gravimetric analysis (TGA).

The FT-IR spectra of the H2CIA (indolyl dicarboxylic acid ligand) and Ni-CIA are
shown in Figure 1a. In the spectra of H2CIA and Ni-CIA, the characteristic absorption
band at 2800~3500 cm−1 is attributed to O–H skeleton stretching vibrations of the hy-
droxyl groups. The strong absorption bands of H2CIA in the range of 1690~1247 cm−1

were attributed to the asymmetric and symmetric vibrations of the carboxylate groups,
respectively. For Ni-CIA, the two corresponding peaks at 1690 and 1247 cm−1 slightly
shifted to lower frequencies (1570 and 1390 cm−1, respectively), which indicates that the
carboxylate groups in Ni-CIA have been coordinated to the Ni2+ cation [54]. The crystal
structure of Ni-CIA was determined via XRD analysis (Figure 1b). The XRD spectrum of
Ni-CIA showed various sharp peaks, indicating the polycrystalline nature. Moreover, the
main diffraction peaks of the Ni-CIA are observed at 2θ = 15.2◦, 26.6◦, 30.8◦, 34.9◦, and
40.8◦, corresponding to the crystal faces of (100), (001), (110), (200), and (111), respectively.
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To determine the morphology of Ni-CIA, scanning electron microscopy (SEM) was
carried out (Figure 2). The result indicated that Ni-CIA has a slice layer stacked combination
structure, which could create a favorable environment for rapid ion diffusion and accelerate
catalytic mass transfer during the catalytic process.
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Furthermore, XPS analysis has been performed to obtain detailed insights into the
surface electronic valence states of Ni-CIA. As revealed in Figure 3a, the C 1s spectrum can
be deconvoluted into five peaks [55], which were associated with C−C/C=C (284.8 eV),
C−N (286.1 eV), C−O (287.0 eV), C=O (288.4 eV), and O–C=O (290.8 eV). In the N 1s
spectrum of Ni-CIA (Figure 3b), three peaks with binding energies at 398.6 eV, 399.5 eV,
and 400.1 eV are assigned to pyridinic-N, coordinated-N, and pyrrolic-N, respectively [56].
In Figure 3c, the high-resolution spectrum of O 1s is demonstrated. The peak is fitted into
three parts at ~531.1 eV, ~532.5 eV, and ~533.3 eV, which can be accredited to Ni–O, O–H,
and O–C=O, respectively [57]. Two peaks for Ni 2p (Figure 3d) are detected at binding
energies 873.1 and 855.1 eV, corresponding to the Ni 2p1/2 and Ni 2p3/2, respectively. It
appears that these values are consistent with the XPS data on Ni2+ [58]. Generally, the
binding energy of coordinated-N and Ni–O were indicative of the nitrogen in H2CIA, and
oxygen in C–OH participated in the coordination during the Ni-CIA formation.
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Further, the elemental compositional distribution determined from EDS analysis
confirms the presence of C, N, O, and Ni (Figure 4a). TGA characterization was conducted
and analyzed, and the corresponding results are presented in Figure 4b. For pristine Ni-
CIA, 11.29% of the weight loss at ~250 ◦C was associated with the removal of water and
decomposition of non-coordinated H2CIA ligands. Subsequently, the coordination polymer
Ni-CIA began to disintegrate, losing 49.8% of mass. The weight of Ni-CIA remains basically
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stable after 400 ◦C. Generally, the coordination polymer Ni-CIA will not cause thermal
decomposition when catalyzing reactions below 200 ◦C.

Figure 4. (a) EDS pattern of Ni-CIA. (b) TGA pattern of Ni-CIA.

2.2. Catalytic Activity

Initially, the alkylation of 2-oxindole 1a with benzyl alcohol 2a was chosen as a model
reaction. Meanwhile, the reaction conditions were optimized as outlined in Table 1. We
found that no alkylation of the desired product 3a was observed in the absence of catalyst
Ni-CIA, indicating that the Ni-CIA catalyst played a key role in this transformation (Table 1,
entry 1). Various inorganic bases, including K2CO3, Cs2CO3, KOtBu, KOH, and K3PO4,
were evaluated (Table 1, entries 3–7, respectively). Among the various inorganic bases used,
the best results were obtained with KOtBu, which could afford the alkylation product in
84% isolated yield.

Table 1. Optimization of reaction conditions for the alkylation of 2-oxindole a.
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1 - KOtBu 6 toluene <5
2 Ni-CIA NEt3 6 toluene 17
3 Ni-CIA K2CO3 6 toluene 34
4 Ni-CIA Cs2CO3 6 toluene 65
5 Ni-CIA KOtBu 6 toluene 84
6 Ni-CIA KOH 6 toluene 72
7 Ni-CIA K3PO4 6 toluene 56
8 Ni-CIA KOtBu 6 H2O <5
9 Ni-CIA KOtBu 6 1,4-dioxane 76

10 Ni-CIA KOtBu 6 xylene 80
11 Ni-CIA KOtBu 8 DMF 12
12 Ni-CIA KOtBu 2 toluene 63
13 Ni-CIA KOtBu 6 toluene 82

14 c Ni-CIA KOtBu 6 toluene 88
15 d Ni-CIA KOtBu 6 toluene 43

a Reaction conditions: 1a (0.5 mmol), 2a (1.0 mmol), catalyst (1.0 mol%), base (2.0 equiv.), and solvent (2 mL),
120 ◦C. b Isolated yields. c N2. d O2.

Next, we checked the reactivity of the reaction, as polar solvents such as H2O and N,N-
dimethylformamide (DMF) all led to poor yields. We then moved to non-polar solvents like
xylene and 1,4-dioxane, and a slight decrease in alkylation product 3a yield was observed
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(Table 1, entries 8–11, respectively). Additionally, we attempted to adjust the reaction time;
however, the yield of the desired product decreased (Table 1, entries 12–13, respectively).
Subsequently, the reaction was carried out under a N2 atmosphere, affording the target
product 3a in excellent yield (88% yield) (Table 1, entry 14). Finally, the O2 atmosphere was
screened, though with a greatly reduced yield of 43% (Table 1, entry 15).

With the optimized reaction conditions in hand, the substrate scope of benzyl alcohol
was then investigated. We were pleasantly surprised to find that 2-oxindole 1a reacted
with benzyl alcohol derivatives 2 smoothly to afford the desired product 3 in moderate
to excellent yields. However, the electronic effect of the substituents on the benzene ring
had slight distinctions. When a variety of electron-withdrawing groups (such as -F, -Cl, -Br,
and -CF3) were present at the para-position, the corresponding products were obtained in
good to excellent yields (Scheme 2, entries 3d–3g). In contrast, when a variety of electron-
donating groups (such as -Me, -OMe, and -tBu) were attached to the para-position (Scheme 2,
entries 3b, 3c, and 3h), the desired product was obtained in moderate yields. In comparison,
slightly lower yields were observed at the meta-, ortho-position of the benzene ring of benzyl
alcohols substituents (3i–3l), which are probably due to steric hindrance. To our delight,
even if the electronic effect was enhanced through adding substituents (-CF3) on the
benzene ring, the yield of the desired product was not reduced (3m). Subsequently, several
heteroaryl primary alcohols, including 2-naphthalenemethanol, 2-thiophenemethanol, and
piperonyl alcohol, were also investigated (3n–3p). To our delight, they were still compatible,
and the desired products were obtained in good yields. The scope was further extended to
linear aliphatic secondary alcohols. Interestingly, aliphatic alcohols were also effective for
the alkylation of 2-oxindole to offer the corresponding products 3q–3s in moderate yields.
Meanwhile, alicyclic alcohol (cyclopropane methanol 2t) was also effective at yielding the
corresponding products 3-(cyclopropyl methyl)indolin-2-one 3t in good yields.

Furthermore, we were eager to explore more synthetic utilities that the Ni-CIA catalyst
has to offer, since the quinoline framework is a crucial class of heterocyclic scaffolds, which
could be found in many natural products, drugs, and advanced functional materials [59–61].
Therefore, exploring new methods for synthesizing quinoline derivatives has become a
research hotspot in the field of organic synthesis [62–68]. To our delight, using Ni-CIA
as a catalyst, we have achieved an effective method to synthesize quinoline derivatives
via borrowing hydrogen transformation. Meanwhile, we further explored the substrate
scope of this process (Scheme 3). A series of acetophenones bearing different groups
were investigated. Almost all the acetophenones reacted with o-aminobenzyl alcohol
smoothly to produce quinoline derivatives with good to excellent yields. We can find
that when using acetophenone 5 with electron-donating substituents, higher yields could
be achieved than their counterparts with electron-withdrawing substituents (Scheme 3,
entries 6a–6f). During the transformation, compared to the para-position of the benzene ring
of acetophenone substituents, a slight decrease in the yield of acetophenone substituents in
the meta- and ortho- positions of the benzene ring was noticed during this transformation
(Scheme 3, entries 6g–6j). Heteroaromatic alcohols with a pyridinyl group also afforded
the corresponding indoles in 72% yield (Scheme 3, entry 6m). Interestingly, we observed
that alkyl ketones could be well tolerated in the reaction of o-aminobenzyl alcohol with
ketone, affording moderate yields (Scheme 3, entries 6n, 6o).

2.3. Mechanism Explorations

To gain insight into the mechanism of the alkylation of 2-oxindole with alcohols,
several catalyst investigative experiments were conducted (Table 2). Firstly, four different
commercially available simple nickel salts were examined. The control experiments were
carried out with KOtBu as a base, dissolved in toluene for 6 h (Table 2, entries 1–4). It
was found that almost no reaction occurred when simple nickel salts were employed.
Meanwhile, a low yield was observed when Ni-complexes were used as catalysts (Table 2,
entries 5–6). These results reveal that the Ni-CIA catalyst has played a crucial role in
the transformation.
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In order to better understand the mechanism of this transformation and to clarify the
effect of different substituents on reactivity, several control experiments were subsequently
carried out. When benzyl alcohol containing electron-donating or electron-withdrawing
groups (2c vs. 2g) reacted with 2-oxindole (1a) for 2 h under optimal conditions, the
experiment results indicated that the molar ratio of two products (3c vs. 3g) was found
to be 1:2.4, indicating that the electron-deficient alcohol was preferentially consumed.
Meanwhile, it is concluded that benzyl alcohol with an electron-withdrawing group was
much more reactive than that with an electron-donating group for this reaction (Scheme 4).

Further mechanism exploration was also executed using two useful types of radical
scavenger, 2,2,6,6-tetramethyl-1-piperidinyloxy (TEMPO, 1.0 equiv.) and 2,6-ditert-butyl-4-
methylphenol (BHT, 1.0 equiv.), to test and verify the possibility of the radical process in this
reaction (Scheme 5a). The experimental results showed that the reaction of 2-oxindole 1a
and benzyl alcohol 2a produced the desired products 3a in 76% and 84% yields, respectively,
and ruled out the possibility of a radical pathway during this Ni-CIA-catalyzed reaction.

In order to find out the right reaction pathway, we next carried out several control
experiments to capture possible intermediates (Scheme 5b). When only benzyl alcohol 2a
was used as the reactant, the intermediate benzaldehyde 2a’ was formed with a yield of
64% under optimal conditions, which indicated that the Ni-CIA catalyst was essential for
the oxidation of benzyl alcohol 2a (i). Furthermore, the reaction of benzaldehyde 2a’ and
2-oxindole 1a afforded an α,β-unsaturated amide 1a’ with 92% yield (ii). At the same time,
the experimental results indicate that α,β-unsaturated amide 1a’ and benzyl alcohol 2a
could not react to form desired product 3a without the participation of the Ni-CIA catalyst,
implying that the Ni-CIA catalyst was necessary for this transformation (iii).

Subsequently, to understand the mechanism of 6a formation, a series of control ex-
periments were performed (Scheme 6). Initially, in the presence of BTH and TEMPO,
this transformation proceeded well, and the yield of 6a was only slightly decreased. This
rules out the involvement of an organic radical intermediate during this reaction, as it
is widely accepted that the capture of key intermediate is an efficient and reliable way
to explain what happened in this reaction process. The reaction of only o-aminobenzyl
alcohol 4a produced 2-aminobenzaldehyde 4a’ in 58% isolated yield under the standard
conditions (i). The reaction of 2-aminobenzaldehyde 4a’ and acetophenone 5a afforded
the 2-phenylquinoline 6a in 94% yield in the absence of catalyst Ni-CIA, implying that the
carbonyl compound (2-aminobenzaldehyde 4a’) is the intermediate, and Cs2CO3 played a
significant role in the deprotonation of alcohols and condensation (ii). Notably, the forma-
tion of 2-phenylquinoline 6a was not observed from the coupling of o-aminobenzyl alcohol
4a with acetophenone 5a in the absence of the catalyst (iii). The above control experiment
results together confirmed that the catalyst Ni-CIA facilitated the dehydrogenation of
the o-aminobenzyl alcohol 4a and that 2-aminobenzaldehyde 4a’ was the intermediate in
this process.
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Scheme 5. Mechanism exploration experiments.

Based on our experimental research and previous literature, a possible mechanism is
proposed in Scheme 7 [33–37]. First, the catalyst Ni-CIA undergoes an ion exchange with
the base KOtBu to produce the active species A, which then participates in the catalytic
cycle. Subsequently, A reacts with benzyl alcohol 2a, which results in the formation of
alkoxy intermediate B. The intermediate complex B undergoes β-hydride elimination of
alkoxide to generate the dehydrogenated product benzaldehyde 2a’ with the formation
of [Ni-H] species. After that, the benzaldehyde 2a’ reacted with 2-oxindole 1a to form an
α,β-unsaturated amide 1a’ intermediate. Finally, α,β-unsaturated amide 1a’ was reduced
by the [Ni-H] species. Meanwhile, A was regenerated to complete the catalytic cycle.

Similarly, a plausible mechanism for the Ni-catalyzed synthesis of quinoline deriva-
tives via the dehydrogenative coupling of o-aminobenzyl alcohol 4a with acetophenone 5a
is shown in Scheme 8. Firstly, the deprotonation of 4a assisted by the Cs2CO3 produces
the active species C, which then participate in this catalytic cycle. Next, C reacted with
Ni-CIA to afford the alkoxy intermediate D. The intermediate D undergoes β-hydride
elimination of alkoxide to produce the dehydrogenated product 2-aminobenzaldehyde
4a’ with the formation of [Ni-H] species. Subsequently, 2-aminobenzaldehyde 4a’ under-
goes base-catalyzed cross-aldol condensation reaction with acetophenone 5a to form an
α,β-unsaturated ketone. Finally, the α,β-unsaturated ketone reacts via intramolecular
cyclization to produce the product 6a.
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2.4. Reusability of the Catalyst

Finally, the durability of the catalyst Ni-CIA was assessed through recycling exper-
iments. After the reaction of 2-oxindole 1a with benzyl alcohol 2a, the heterogeneous
catalyst Ni-CIA was conveniently separated from the reaction mixture via centrifugation,
followed by washing with methanol, deionized water, and ethanol, respectively, and dried
at 80 ◦C for 12 h. Then, it was reused in the following run without any pre-treatment, as
shown in Scheme 9. To our delight, the catalyst Ni-CIA provided a high yield of 3a even
after the fifth recycling experiment. Meanwhile, after the reaction cycle, the leaching of Ni
species was measured via ICP-MS analysis. It was shown that the leaching of Ni species in
this reaction solution was only 5.2 µg/L, which disclosed that the heterogeneous catalyst
Ni-CIA had good stability. After the recycling experiments, the Ni-CIA catalyst was col-
lected and characterized via scanning electron microscopy (SEM) again after being washed
three times with methanol, deionized water, and ethanol and dried at 80 ◦C (Figure S1).
From the figure, no significant change in the morphology of the catalyst Ni-CIA is seen,
retaining its slice layer stacked combination structure.
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3. Materials and Methods
3.1. Catalyst Characterization

All reactions that require air and/or moisture-sensitive conditions were carried out un-
der a nitrogen atmosphere using oven/flame-dried glassware and standard syringe/septa
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techniques. Unless otherwise noted, all commercial reagents and solvents were obtained
from the commercial provider and used without further purification. FT-IR spectra (Thermo
Fisher Co., Waltham, MA, USA) were recorded on a Nicolet 360 FT-IR instrument (KBr
discs) in the 4000–525 cm−1 regions. SEM and EDS (Hitachi, Tokyo, Japan) was performed
on a HITACHI S-4800 field-emission scanning electron microscope. TG analysis was carried
out using an STA409 (Mettler-Toli, Greifensee, Switzerland) instrument in N2 at a heating
rate of 10 ◦C/min from 50 to 800 ◦C. XRD patterns were collected on a Bruker D8 (Bremen,
Germany) Advance powder diffractometer, using a Ni-filtered Cu/Kα radiation source at
40 kV and 20 mA, from 5◦ to 90◦ with a scan rate of 4◦/min. XPS data were recorded with an
electron energy analyzer (ESCALAB 250Xi, Thermo Fisher Co., Waltham, MA, USA). Flash
column chromatography was performed on 230–430 mesh silica gel. Analytical thin layer
chromatography was performed with precoated glass baked plates (250 µ) and visualized
via fluorescence and charring after treatment with potassium permanganate stain. 1H NMR
and 13C NMR spectra were obtained on a Bruker Advance III HD (Zurich, Switzerland)
400 MHz spectrometer and referenced to CDCl3 (7.26 ppm for 1H, and 77.1 ppm for 13C) or
DMSO-d6 (2.50 ppm for 1H, and 39.5 ppm for 13C) with tetramethylsilane as the internal
standard (0 ppm).

3.2. Chemicals

The following chemicals were used as received: methyl indole-5-carboxylate (>98%,
Adamas, Shanghai, China), methyl 2-bromoacetate (>98%, Adamas), anhydrous potas-
sium carbonate (K2CO3, >99%, Sinopharm, Beijing, China), anhydrous magnesium sul-
fate (MgSO4, >99%, Sinopharm), acetonitrile (MeCN, 99.9%, Sigma, Shanghai, China),
LiOH·H2O (>95%, Sinopharm, Beijing, China), Tetrahydrofuran (THF, 99.9%, Sigma, Shang-
hai, China), NiCl2.6H2O (Adamas, Shanghai, China), N,N-dimethylformamide (DMF,
99.9%, Sigma, Shanghai, China), ethanol (99%, Sigma, Shanghai, China), KOtBu (>98%,
Sinopharm, Beijing, China), 2-oxindole derivative (>98%, Adamas, Shanghai, China), ben-
zyl alcohol derivatives (>99%, Adamas, Shanghai, China), o-aminobenzyl alcohol (99%,
Sigma, Shanghai, China), acetophenone derivatives (>99%, Adamas, Shanghai, China).
Unless otherwise noted, all commercial reagents and solvents were obtained from the
commercial provider and used without further purification.

3.3. Catalyst Preparation

To a 500 mL round-bottom bottle, we successively added methyl indole-5-carboxylate
(3.504 g, 20 mmol), methyl 2-bromoacetate (7.649 g, 50 mmol), anhydrous potassium
carbonate (11.057 g, 80 mmol), and MeCN (100 mL). The reaction mixture was refluxed for
20 h and monitored via thin layer chromatography (TLC) until the complete disappearance
of methyl indole-5-carboxylate was confirmed. Then, the mixture was extracted with water
and ethyl acetate. The combined organic phases were washed and dried over anhydrous
MgSO4. The solvent was removed using a rotary evaporator under reduced pressure,
and the crude product was purified via column chromatography on silica gel to afford
methyl 1-(2-methoxy-2-oxoethyl)-1H-indole-5-carboxylate in 88% yield as a pale yellow
solid. 1H NMR (400 MHz, CDCl3) δ 8.43 (s, 1H), 7.96 (d, J = 10.3 Hz, 1H), 7.28 (d, J = 6.8 Hz,
1H), 7.17 (d, J = 3.3 Hz, 1H), 6.69 (d, J = 4.0 Hz, 1H), 4.91 (s, 2H), 3.95 (s, 3H), 3.78 (s, 3H).
13C NMR (101 MHz, CDCl3) δ 168.58, 168.04, 138.98, 129.83, 128.22, 124.13, 123.56, 122.16,
108.64, 104.08, 52.65, 51.85, 47.79.

To a mixed solution of THF–water (v/v = 1:1) (200 mL) and LiOH·H2O (40 mL),
we successively added 1-(2-methoxy-2-oxoethyl)-1H-indole-5-carboxylate (20 mmol) in
THF/water (v/v = 1:1) (200 mL) at room temperature and at 800 rpm. After stirring for 4 h,
the reaction system was acidified to pH = 2 through adding an aqueous solution of 1M
HCl. The product, 1-(carboxymethyl)-1H-indole-5-carboxylic acid (H2CICA), was washed
with water, then evaporated to dry, obtaning a pale yellow solid in 95% yield (Scheme 10).
1H NMR (400 MHz, DMSO-d6) δ 12.58 (s, 2H), 8.04 (m, 2H), 7.48 (d, J = 7.0 Hz, 1H), 7.22 (m,
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2H), 5.13 (s, 2H). 13C NMR (101 MHz, DMSO-d6) δ 170.32, 166.05, 137.45, 136.82, 126.74,
122.81, 121.81, 121.19, 111.14, 107.46, 47.80.
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A mixture of NiCl2.6H2O (0.237 g, 1.0 mmol) and H2CIA (0.219 g, 1.0 mmol) was
dissolved in a 5:2:1 (v/v/v) DMF/ethanol/water mixture of (8 mL) in a 15 mL Teflon reactor.
The mixture was heated in an oven at 110 ◦C for 48 h and then cooled to room temperature.
The obtained mixture was filtered, successively washed with DMF/ethanol/water and
ethanol twice, and finally heated at 80 ◦C for 5 h to produce a green powder (Ni-CIA).

3.4. Alkylation of 2-Oxindole with Alcohols

A mixture of Ni-CIA (1.0 mol%), 1 (0.5 mmol), 2 (1.0 mmol), KOtBu (2.0 equiv.), and
toluene (2.0 mL) was stirred in a 20 mL Schlenk tube under N2 at 120 ◦C for 6 h. The
reaction mixture was cooled down to room temperature, then removed via filtration to
obtain the residue. The residue was then directly purified via column chromatography
with petroleum ether/ethyl acetate as eluent to produce the desired product.

3.5. Reaction of Synthesis of Quinoline Derivatives

A mixture of Ni-CIA (1.0 mol%), 4 (0.5 mmol), 5 (0.6 mmol), Cs2CO3 (1.0 equiv.) and
toluene (2.0 mL) was stirred in a 20 mL Schlenk tube under 100 ◦C for 8 h. The reaction
mixture was cooled down to room temperature, then removed via filtration to produce
the residue. The residue was then directly purified via column chromatography with
petroleum ether/ethyl acetate as eluent to yield the desired product.

4. Conclusions

In summary, we herein report a simple, effective, and reusable heterogeneous coor-
dination polymer Ni-CIA catalyst for promoting the synthesis of oxindole and quinoline
derivatives through the borrowing hydrogen strategy. The slice layer stacked combination
structure of the catalyst can effectively promote ion diffusion and accelerate catalytic mass
transfer during the catalytic reaction. Moreover, various primary alcohol and acetophenone
substrates were tested under optimized reaction conditions to form the desired compounds
in moderate to excellent yields. After that, mechanism explorations including control exper-
iments were conducted to clarify the effect of different substituents, and cooperative effects
were investigated to clarify these transformations. The above experimental results con-
firmed that catalysis with Ni-CIA facilitates the dehydrogenation of the benzyl alcohol 2a
and o-aminobenzyl alcohol 4a, revealing that the reaction followed the hydrogen-borrowing
mechanism; thus, we proposed possible reaction mechanisms for the two types of reactions.
Finally, the recycling experiments showed that the Ni-CIA catalyst had fine stability. In
particular, it was shown that no significant reduction in activity and no significant changes
in surface morphology were observed for Ni-CIA after five runs. This catalytic system is
shown as a much greener method for the synthesis of oxindole and quinoline derivatives,
in accordance with the principles of sustainable development and atom economy, making
it highly promising for organic catalysis.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/catal13081195/s1, Figure S1: (a) and (b) SEM image of Ni-CIA
after being recycled five times, Analytical data of the obtained compounds. References [69,70] are
cited in the Supplementary Materials.
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