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Abstract In this paper, sulfonic acid functionalized 1,4-diazabicyclo[2.2.2]octane
(DABCO)-based magnetic nanoparticle Fe;0, [Fe;0,@SiO,@Pr-DABCO-SO5H]CI,
was synthesized and fully characterized using various techniques. Then the catalyst was
examined for the convenient synthesis of spiropyran derivatives, resulting in high
reaction yields, short reaction times, and the recovery and reusability of the catalyst.
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derivatives

Introduction

Spiro compounds can be found in many naturally occurring substances. Likewise,
the indole moiety is ubiquitous and combining the two structures can raise
biological activity significantly. For example, the cytostatic alkaloids, the
spirotryprostatins and pteropodines, can be noted as examples of spiroindoles
[1-13]. Condensed spirooxindoles containing a condensed 4H-pyran provide
pharmacologically active systems with diuretic, spasmolitic, anti-coagulant, anti-
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cancer, and anti-naphylactic activities [14]. Recently, the chemistry of spirooxin-
doles was extensively reviewed [15]. Furthermore, nitrile substituted 4H-pyrans
have been identified as candidates to combat neurodegenerative disorders [16, 17].
The utility of nano-magnetic catalysts is well-recognized due to the ease of work-up
and catalyst recovery with such systems [18-25]. Generally, the desired catalytic
active sites are immobilized on nanomagnetic Fe;O, via coordinate or covalent
bonds. Fe;04, Fe;0,@C and Fe;0,@silica are examples of nanoparticles
functionalized with SOzH groups, which have been used for various purposes
[26, 27]. Recently, magnetic nanoparticles (MNPs) and mesoporous silica SBA-15
with 1,4-diazabicyclo[2.2.2]octane (DABCO) tags were also applied in organic
methods [28, 29]. In a continuation of our previous work into developing of new
categories of supported ionic liquids and molten salts based on nanomagnetic Fe;0,
such as silica [nano-Fe;0,@Si0,@(CH,)s-Imidazole-SO;H]Cl and 1,4-diaza-
bicyclo[2.2.2]octane-sulfonic acid chloride (SBDBSAC) [30, 31], herein we
decided to profit from our previous experience to design and synthesis [Fe;O,@
Si0, @Pr-DABCO-SO5H]CI, as an efficient nanomagnetic catalyst to be applied in
the synthesis of spiropyran derivatives (Scheme 1).

Experimental
General information

All of the chemicals were purchased from Merck Chemical Company. The known
products were identified by comparison of their melting points and spectral data
with those reported in the literature. Progress of the reactions was monitored by
TLC using silica gel SIL G/UV 254 plates. Melting points were recorded on a Biichi
B-545 apparatus in open capillary tubes. Fourier transforms infrared (FTIR) spectra
of derivatives and catalyst were recorded on a FTIR spectrometer (Perkin-Elmer
spectrum 65 or JASCO FT/IR4100LE) using KBr disks. The "H NMR (400 MHz)
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Scheme 1 Synthesis of spiropyran derivatives using [Fe;0,@SiO,@Pr-DABCO-SO;H]Cl,
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and '*C NMR (100 MHz) experiments were run on BRUKER BioSpin GmbH
spectrometers (3 in ppm). Transmission electron microscopy (TEM) images were
performed using a Zeiss-EM10C-100 microscope. Scanning electron microscopy
(SEM), (EDX) and elemental mapping studies were performed using a SIGMA VP-
500, VSM model LBKFB. Powder X-ray diffraction (XRD) patterns were recorded
by an Ital structure ADD2000 model, using a monochromatized Cu Ko
(A =0.154 nm) X-ray source in the range 2° < 20 < 90°. Thermogravimetric
analyses were carried out on a METTLER TOLEDO apparatus (models Pyris 1)
under nitrogen atmosphere at 25 °C and using a heating rate of 20 °C min~" up to
700 °C.

Preparation of [Fe;0,@SiO,@Pr-DABCO-SO;H]CI,

Magnetic nanoparticles of Fe;O4 Fe;0,@8SiO, and Fe;0,@SiO,@PrCl were
prepared by previously reported literature [24]. Then, 1,4-diazabicyclo[2.2.2]octane
(0.491 g, 7 mmol) in dry toluene (50 mL) was added to the Fe;0,@SiO,@PrCl
(1 g) and the mixture was heated to reflux for 12 h. The solid obtained was isolated
using an external magnet, washed and dried accordingly to obtain [Fe;0,@SiO,@
Pr-DABCO]CI. Finally, a solution of chlorosulfonic acid (0.456 mL, 1.165 g,
7 mmol) in dry dichloromethane (10 mL) was added drop-wise to the {Fe;0,@
Si0O,@Pr-DABCO}, the reaction mixture was stirred for 6 h, isolated using an
external magnet and washed with dichloromethane to give [Fe;0,@SiO,@Pr-
DABCO-SO;H]CI, (Scheme 2).

General procedure for the synthesis of spiropyran derivatives

In a 25 mL round-bottomed flask, a mixture of isatin (1 mmol, 0.147 g),
malononitrile (1 mmol, 0.066 g), 1,3-dicarbonyl compound (1 mmol), [Fe;O0,@
Si0, @Pr-DABCO-SO5H]CI, (0.02 g) and H,O (10 mL) were added a fitted reflux
condenser. The mixture was heated to reflux and, after completion of the reaction
(monitoring by TLC), the mixture was allowed to cool to room temperature, and the
solvent was removed under vacuum. Then, the resultant solid mixture was extracted
with acetone (10 mL), and the catalyst was recovered using an external magnet. The
obtained pure products were washed with water/ethanol (Scheme 1).

Result and discussion

At the outset, we chose to synthesise heterogeneous nanomagnetic [Fe;O0,@
Si0, @Pr-DABCO-SO5H]Cl,. Magnetic nanoparticles of Fe;0,4, Fe;0,@Si0, and
Fe;0,@Si0,@PrCl were synthesized according to the previously reported proce-
dure [24]. Then, 1,4-diazabicyclo[2.2.2]octane was added to the Fe;0,@SiO,@
PrCl and nanomagnetic [Fe;0,@SiO,@Pr-DABCO]CI was isolated. In the next
step, a solution of chlorosulfonic acid in dry dichloromethane was added drop-wise
to the suspension of {Fe;0,@Si0, @Pr-DABCO}, the reaction mixture filtered, and
the precipitate was washed with dichloromethane to give the desired
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Scheme 2 Schematic preparation route of [Fe;0,@SiO,@Pr-DABCO-SO;H]Cl,

[Fe;0,@Si0,@Pr-DABCO-SO3;H]Cl,. This material was characterized using FT-
IR, X-ray diffraction patterns (XRD), SEM with elemental mapping and EDX,
TEM, TG/DTG and VSM.

In the FT-IR spectrum of [Fe;0,@SiO, @Pr-DABCO-SO3H]Cl,, a broad band at
26003500 cm ™' was assigned to the OH stretching frequency of the SOsH group
[32, 33]. The observation of a broad band at 1094-1222 cm™! indicated the
presence of SiO, bands and two peaks at 1087 and 1206 cm ™' corresponded to the
vibrational modes of N-SO, and O-SO, bonds overlapped with SiO, bands (Fig. 1).

The particle size and shape as well as the morphology of [Fe;0,@SiO,@Pr-
DABCO-SO;H]CI, as examined by XRD, SEM, SEM-elemental mapping, EDX
and TEM are shown in Figs. 2, 3, 4, 5, and 6 and Table 1. The X-ray diffraction
profile of [Fe;0,@SiO, @Pr-DABCO-SO;H]CI, was screened in a domain of 2° to
90°. The crystallite size was calculated using the Debye—Sherrer formula D = KA/
(fCos0) [34] and was found to be in the range 14-81 nm (Table 1 and Fig. 2),
which is in a close agreement with the scanning electron microscopy results (SEM)
(Fig. 3).
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Fig. 2 XRD pattern of [Fe;0,@SiO,@Pr-DABCO-SO;H]Cl,

Table 1 XRD data for [Fe;0,@SiO,@Pr-DABCO-SO;H]Cl,

Entry 20 Peak width (°) Size (nm) Inter planar distance (nm)
1 9.1 0.4 13.8 0.98
2 18.3 0.1 243 0.12
3 30.1 0.2 28.7 0.19
4 35.8 0.7 81.1 0. 98
5 43.0 0.2 32.1 0.12
6 57.2 0.3 30.1 0.16
7 63.3 0.4 23.7 0.14

Using SEM elemental mapping and EDX, the presence of C, N, O, Fe, S, Si and Cl
with a good distribution over the catalyst surface was also verified (Figs. 4 and 5).
TEM analysis (Fig. 6) indicated well-dispersed nanospherical particles with an
average size of 60 nm. Magnetic measurements showed that saturation of the catalyst
dropped to 27.6 emu g7l for [Fe;0,@Si0,@Pr-DABCO-SO;H]Cl, compared to
Fe;0, at 68.8 emu g_1 (Fig. 7).
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Fig. 3 SEM of [Fe;0,@8Si0, @Pr-DABCO-SO;H]Cl,

Thermal gravimetric analysis and differential thermal gravimetric profiles are
presented in Fig. 8. In the TGA, the first weight loss step, relating to the loss of
surface-adsorbed water and organic solvents, takes place between 25 and 105 °C
and involves a weight loss of 3%. Finally, the second and main weight loss between
105 and 500 °C can be ascribed to the continuous decomposition of the organic
components (Fig. 8).

After approving the structure of described catalyst, we decided to study its
catalytic activity in the synthesis of spiropyran derivatives. For initial screening of
the catalytic applications, a multicomponent reaction between 1 mmol of isatin,
malononitrile and barbituric acid was considered as a model reaction (Table 2).
Low yield was obtained in the absence of catalyst under refluxing water conditions
(Table 2, entry 1). The optimal catalyst loading was (0.02 g) (Table 2, entry 5). For
solvent optimization, the model reaction was carried out using H,O, CHCl3, EtOH,
EtOAc, Toluene and CH;CN under reflux conditions. As summarized in Table 2
(entries 11-16), applying the refluxing water conditions afforded better yields and
reaction times than other reactions media.

NH
o o) o
YOF § CN Cat. Q
HN . _NH ¥ 0, ( ————= Hy CN
i cN  Solvent, Temp. )\ |
o o) 07 N" 07 NH,

Aiming to extend the scope and generality of the described protocol, after
optimization of the reaction conditions, a series of isatins was reacted with
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Fig. 4 SEM-elemental mapping of Fe, O, S, Cl, N Si and C atoms for [Fe;0,@SiO,@Pr-DABCO-
SO;H]Cl,

malononitrile, 1,3-dicarbonyl compounds, hydrazine, ethyl benzoylacetate and ethyl
acetoacetate under the optimized conditions. The results are presented in Table 3.
All reactions proceeded efficiently to give the desired spiropyran derivatives in good
to excellent yields and in short reaction times.
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Fig. 6 TEM of
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Fig. 7 VSM of a Fe;0, (red) and b [Fe;0,@SiO,@Pr-DABCO-SO3;H]Cl, (blue). (Color figure online)
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Fig. 8 Differential thermal analysis (TG/DTA) of [Fe;0,@SiO,@Pr-DABCO-SO;H]Cl,
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Table 2 The optimization of catalyst loading, temperature and various solvents (10 ml) in the synthesis
of spiropyrans

Entry Amount of catalyst (g) Solvent Temp. (°C) Time (min) Yield® (%)
1 _ H,O Reflux 400 33
2 0.005 H,0 Reflux 110 62
3 0.01 H,0 Reflux 80 75
4 0.015 H,O Reflux 50 80
5 0.02 H,0 Reflux 30 95
6 0.025 H,O Reflux 35 95
7 0.03 H,0 Reflux 35 95
8 0.02 H,0 It 140 65
9 0.02 H,0 40 40 87
10 0.02 H,O 70 38 91
11 0.02 EtOH Reflux 40 90
12 0.02 CHCl, Reflux 100 80
13 0.02 EtOAc Reflux 60 60
14 0.02 Toluene Reflux 70 20
15 0.02 CH;CN Reflux 60 10
16 0.02 - 100 60 N.R
16 0.02 - 100 60 N.R

Isolated yield

A plausible mechanism for the reaction is indicated in Scheme 3. Initially, the
carbonyl group of isatin is activated by the acidic moiety of [Fe;0,@SiO,@Pr-
DABCO-SO3H]Cl, (i.e., SO3H), suffers a Knoevenagel condensation with the
activated malononitrile compound, which was followed by removing one molecule
of H,O to give intermediate 1. 1,3-Dicarbonyl compounds (B) is converted to enol
form after tautomerisation and attached to cyanoolefin compound (I), as a Michael
acceptor, to give II. Finally, there was a cyclocondensation reaction of II prepared
III, which is converted to the corresponding product via tautomerization.

The recyclability and reuse of the catalyst was also studied in the model reaction.
As indicated in Fig. 9, [Fe;0,@SiO,@Pr-DABCO-SO;H]|CI, was successfully
recycled and efficiently reused for up to eight reaction cycles with only a moderate
decrease in its catalytic activity. The acidic content of [Fe;0,@SiO,@Pr-DABCO-
SO;H]CI, was determined by titration against aqueous NaOH [42].
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Table 3 The preparation of spiropyran derivatives using [Fe;0,@SiO,@Pr-DABCO-SO;H]Cl, as a

novel nano magnetic catalyst in water and under reflux conditions

NH
(¢}
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HJ\ | | CN
O” 'N” "O” "NH,
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H Im

[time: 30 min, Yield:
95%], white solid, M.p
(°C): 268-270 %

[¢)
Me Sm
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Scheme 3 The proposed mechanism for the synthesis of spiropyrans
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Fig. 9 Recyclability of [Fe;0,@SiO,@Pr-DABCO-SO;H]Cl,
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Conclusion

In conclusion, a convenient procedure is presented for the synthesis of spiropyran
derivatives in the presence of [Fe;0,@SiO,@Pr-DABCO-SO3;H]Cl, as a novel
nanomagnetic catalyst in refluxing water. The catalyst was fully characterized by
FT-IR, XRD, TEM, SEM-elemental mapping, EDX, TG/DTG and VSM. High yield
of products, short reaction time, facile workup and reusability of the catalyst are
major advantages of the described work.
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