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Abstract

The modification of Fe;0, nanomagnetic particles with inorganic and organic compounds was accomplished. The Fe;O,@
Si0, @Pr-Oxime-(BuSO;H); as Brgnsted acid was synthesized by functionalization of Fe;0, in several steps and charac-
terized by various techniques. Domino reaction of dimedone, anilines, ninhydrin, and malononitrile was investigated by a
magnetic catalyst without using solvent at 80 °C. This method has many advantages including short reaction time, green
conditions, ecofriendly, excellent yields of products, and easy separation by an external magnet.
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Scheme 1 Propellane skeleton in natural compounds.

Propellanes have tricyclic systems, which are joined
together by a carbon—carbon single bond [20]. Propellane
derivatives exist in the natural compound structures such as
modhephene [21], aspidohylline [22], and periglaucine A
[23, 24] (Scheme 1).

The propellanes have various properties such as anti-
cancer [25], selective T-cell cytotoxicity [26], antibiotics
[27], and antibacterial [28]. Different types of propellanes
include thioxo[3.3.3]propellane, oxa[3.3.3]propellane,
oxathiaza[3.3.3]propellane, and oxaza[3.3.3]propellane [29,
30]. Propellanes are inert toward nucleophiles, but in the
presence of free radical compounds, they have high activi-
ties. Also, the [3.3.3]propellanes are found in the natural
product structures [31-33].

Multicomponent reactions (MCRs) have attracted much
attention due to their different advantages such as easy work-
up, reduction in reaction time, simple extraction, and puri-
fication in organic chemistry [34, 35]. In the past decades,
they have been applied in the synthesis of various hetero-
cycles. Therefore, various procedures for the synthesis of
propellane compounds were published by many researchers
[29, 36-38]. In continuation of our previous works [39—43],
the surface of Fe;O, core was improved by organic reagents
for the synthesis of Fe;0,@Si0,@Pr-Oxime-(BuSO;H);
as Brgnsted acid. Afterward, the Fe;0,@SiO,@Pr-Oxime-
(BuSO;H); was used as a catalyst to give [3.3.3]propellanes
via the domino reaction of anilines, dimedone, ninhydrin,
and malononitrile under the solvent-free condition.

Experimental

Synthesis of Fe;0,, Fe;0,@Si0,, and Fe;0,@Si0,@
Pr-NH,

It is reported in supporting information [44, 45].

@ Springer

Synthesis of Fe;0,@Si0,@Pr-Oxime

First, Fe;0,@Si0,@Pr-NH, (1 g) in dry toluene (25 mL)
was sonicated for 1 hour to give Fe;0,@Si0,@Pr-Oxime
nanoparticles. Then, 1,4-diacetyl-monooxime-one (5
mmol, 0.5 g) was added to the colloidal mix and refluxed
for 36 h. Finally, by an external magnet, the magnetic nan-
oparticles were separated, washed with EtOH, and dried.

Fe;0,@Si0,@Pr-Oxime-(BuSO;H), synthesis

First, Fe;0,@Si0,@Pr-Oxime (1 g) in dry toluene (25
mL) was sonicated for 1 h. Then, 1,4-butane sultone (5
mmol, 5 mL) was added to the colloidal mix and refluxed
for 36 h. Finally, the magnetic nanocatalyst was separated
by an external magnet, washed with CH,Cl,, and dried.

Synthesis of [3.3.3]propellane

The reaction of dimedone (1.0 mmol, 0.14 g) and 4-bro-
moaniline (1 mmol, 0.16 g) by Fe;0,@8SiO,@Pr-Oxim-
(BuSO;H); (0.01 g) at 80 °C after ten minutes gave enami-
none, which was reacted with ninhydrin (1 mmol, 0.16
g) and malononitrile (1 mmol, 0.66 g) and stirred under
the same conditions. The reaction progress was monitored
by TLC in EtOAc/n-hexane (8:2). The reaction mixture
was dissolved in hot EtOH, and the nanomagnetic catalyst
was separated using an external magnet. The pure product
was obtained by cooling alcoholic filtrate. The products
were investigated using melting point and FTIR spectra.
The NMR and mass spectra of the new compound were
characterized.

(4bR,9bS)-11-((12-azaneylidene)-13-methyl)-
12-amino-5-(3,4-dimethylphenyl)-7,8-dihy-
dro-5H,10H-4b,9b-(epoxyetheno)indeno[1,2-b]
indole-9,10(6H)-dione (5k)

Yellow powder; m.p. 233-235 °C; IR (KBr, cm'l): 3418,
3342, 3229, 3184, 2962, 2942, 2920, 2191, 1717, 1636,
1596, 1502, 1435, 1391, 1323, 1271, 1218, 1188, 1017,
799. '"H NMR (DMSO, 500MHz): 1.84-1.90 (m, 2H, CH,),
2.05-2.10 (d.t, 1H, CH,), 2.20-2.22 (t, 2H, CH,), 2.24 (s,
3H, Me), 2.29 (s, 3H, Me), 2.42-2.49 (d.t, 1H, CH,), 6.75-
6.77 (m, 1H, Ar), 7.04-7.05 (d, 1H, Ar), 7.12 (s, 1H, Ar),
7.27-7.28 (d, 1H, Ar), 7.48 (s, 2H, NH,), 7.63-7.66 (m,
2H, Ar), 7.84-7.86 (m, 1H, Ar). Mass (m/z)= 423 (M™),
395, 381, 340, 350, 323, 309, 270, 254, 240, 227, 190,
177, 164, 139, 128, 103, 90, 77.
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Results and discussion
Preparation of Fe;0,@Si0,@Pr-Oxime-(BuSO;H);

First, Fe;0, nanomagnetic particles were synthesized via
the reaction of FeCl;.6H,0 and FeCl, 4H,0 in an ammonia
solution (25%)/H,0 at 100 °C under a nitrogen atmosphere.
Then, nanomagnetic particles were coated with tetraethyl
orthosilicate at room temperature to provide Fe;0,@SiO,
nanoparticles, which were modified by 3-(triethoxysilyl)
propan-1-amine to provide Fe;0,@SiO,@Pr-NH, nano-
particles, followed by the modification with 1,4-diacetyl-
monoxime-one via Schiff base reaction. Finally, the Fe;O,@
Si0,@Pr-Oxime nanoparticles were functionalized with
acidic groups of BuSO;H via the reaction of the surface
amine group with 1,4-butane sultone to obtain Fe;O,@
Si0,@Pr-Oxime-(BuSO;H); (Scheme 2) [46].

Characterization of Fe;0,@Si0,@
Pr-Oxime-(BuSO;H),

The FTIR spectra of the Fe;0,, Fe;0,@8Si0,, Fe;0,@
Si0,@Pr-NH,, Fe;0,@Si0,@Pr-Oxime, and Fe;0,@
Si0,Pr-Oxime-(BuSO;H); are shown in Figure 1. The Fe-O,
Si0,, and Si—O-Si group vibrations were shown at around
574 cm™', 800 cm™!, and 1080 cm’!, respectively. The C-H
stretching vibrations of alkyl groups, acidic group (SO;H),

FeCl,.4H,0
NH; (25%) TEOS
+ > ] -
N, =7 rt,20h
FeCl3.6H,0
o}

Reflux toluene (dry)
36 h

Reflux toluene (dry)
36 h

Scheme 2 Synthesis of Fe;0,@SiO, @Pr-Oxime-(BuSO;H);

Fe304

Fe;0:@Si0;@Pr-NH,

Tranmittance (%)

Fe;04@8i02@Pr-Oxime

Fe;0:@Si0,@Pr-Oxime-(BuSO3H);

3900 3400 2900 2400 1900 1400 900 400

Wavenumber (cm™?)

Fig. 1 FTIR spectra of a Fe;O,, b Fe;0,@Si0,, ¢ Fe;0,@Si0,@
Pr-NH,, d Fe;0,@SiO,@Pr-Oxime, and e Fe;0,@SiO,@Pr-Oxime-
(BuSO;H);.

and OH agent in the silica shell were indicated in the area
2931 and 3442 cm™!, respectively.

The XRD of (a) Fe;0, and (b) Fe;0,@SiO, @Pr-Oxime-
(BuSO3H); is shown in Fig. 2, which demonstrated the
specific peaks at 20= 30.12°, 35°, 43.17°, 53.58°, 57.10°,

SO;H

@ Springer
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Fig.2 XRD pattern of a Fe;O0, and bFe;0,@SiO,@Pr-Oxime-
(BuSO;H);.
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Fig.3 EDX spectrum of Fe;0,@SiO, @Pr-Oxime-(BuSO;H);.

62.65°, and 74.28° corresponding to the (220), (311), (400),
(422), (511), (440), and (533) planes.

The EDX analysis of Fe;0,@SiO,@Pr-Oxime-
(BuSO;H); is shown in Fig. 3, which demonstrated the dif-
ferent elements such as C, N, O, Si, S, and Fe in the struc-
ture of nanocatalyst. The SEM image of Fe;0,@Si0,@
Pr-Oxime-(BuSO;H); nanoparticles is shown in Fig. 4,
which demonstrated its spherical structure with an average
size of 80-100 nm.

The thermal stability of magnetic nanoparticles includ-
ing Fe;0,@Si0,@Pr-NH,, Fe;0,@Si0O,@Pr-Oxime, and
Fe;0,@8Si0,@Pr-Oxime-(BuSO;H); was characterized in
the range of 25 to 1000 °C as shown in Fig. 5. The mass
loss of 2% and 5% was related to the desorption of water on
the surface of nanoparticles, which occurred below 200 °C.
Also, the decomposition of organic parts occurred in the
range of 200-700 °C, which was around 11 %, 21 %, and
26% for Fe;0,@Si0,@Pr-NH, Fe;0,@Si0,@Pr-Oxime,
and Fe;0,@8S10,@Pr-Oxime-(BuSO;H);, respectively. The
obtained amount of the organic compound on the nanopar-
ticle surface was about 0.40 mmol g\,

The magnetic properties of nanoparticles of Fe;0,,
Fe;0,@Si0, and Fe;0,@8Si0,@Pr-Oxime-(BuSO;H);

@ Springer
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Fig.4 SEM image of Fe;0,@SiO,@Pr-Oxime-(BuSO;H); nanopar-
ticles.
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Fig.5 Thermogravimetric analysis of a Fe;0,@SiO,@Pr-Oxime-
(BuSO;H);, b Fe;0,@8Si0,@Pr-Oxime, and ¢ Fe;0,@8Si0,@
Pr-NH,.

were studied by VSM. According to Fig. 6, the magnetiza-
tion properties of Fe;0,, Fe;0,@Si0, and Fe;0,@Si0,@
Pr-Oxime-(BuSO;H); were obtained at about 60 emu/g, 48
emu/g, and 20 emu/g, respectively.

Application of Fe;0,@Si0,@Pr-Oxime-(BuSO;H);
in the synthesis of [3.3.3]propellanes

The catalyst activity of Fe;0,@SiO,@Pr-Oxime-(BuSO;H);
was investigated for the synthesis of [3.3.3]propellane Sa
as a reaction model (Scheme 3). According to Table 1, the
effects of catalyst, solvent, and temperature were studied in
the reaction model. Different conditions such as solvent-free
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Fig.6 Magnetization curves of a Fe;O,, b Fe;0,@SiO,, and ¢
Fe;0,@8Si0, @Pr-Oxime-(BuSO;H),

system, reflux in EtOH, H,0, H,O/EtOH (1:1), and without
a catalyst were tested. Therefore, among the examined con-
ditions, the best result was provided via the domino reac-
tion under the solvent-free condition at 80 °C using Fe;O,@
Si0,@Pr-Oxime-(BuSO;H); as nanocatalyst.

The synthesis of [3.3.3]propellane derivatives by Fe;0,@
Si0, @Pr-Oxime-(BuSO;3H); under the solvent-free condi-
tions at 80°C was studied (Scheme 4). According to Table 2,
electron-donor groups such as methyl on the aniline struc-
ture led to the increase in the reaction velocity. Therefore,
different derivatives of [3.3.3]propellanes were obtained in
a high yield and a short reaction time. The new structure
was characterized and confirmed by melting point, IR, and
"H NMR spectra.

The possible mechanism for the synthesis of [3.3.3]
propellane 5a by Fe;0,@Si0,@Pr-Oxime-(BuSO;H)j; is
reported in Scheme 2. Initially, carbonyl groups of dime-
done 2a and ninhydrin 3 were protonated in the presence
of Fe;0,@8Si0,@Pr-Oxime-(BuSO;H); as Brgnsted acid.
Then, the nucleophilic addition of 4-bromoaniline 1a to pro-
tonated dimedone 2a gave an intermediate 6. Besides, the

NH, 0
© Oj;:o Condition N*qo CE:%
+ —— +
Br (6]

1a 2a 6a

Scheme 3 Synthesis [3.3.3]propellane 5a as a reaction model

3

Knoevenagel reaction of malononitrile 4 with ninhydrin 3
created intermediate 7, which was reacted with enamine 6
through the Michael addition to provide intermediate 8. In
the next stage, via the proton transfer, intermediate 8 was
cyclized, to provide the compound 9, which was transferred
to [3.3.3]propellane 5a via intramolecular O-cyclization and
tautomerization reaction (Scheme 5).

Fe;0,@Si0, @Pr-Oxime-(BuSO;H); nanoparticles were
washed several times with hot EtOH, distilled water, and
diluted sulfonic acid solution and dried. Then, it was applied
in the reaction model for four times as given in Table 3.

According to Table 4, the catalyst activity of Fe;0,@
S5i0,@Pr-Oxime-(BuSO;H); toward other reported condi-
tions was compared. This work has advantages including
excellent yields, simple work-up, ecofriendly, purity prod-
ucts, short reaction time, and green condition. Also, the
nanomagnetic catalyst was separated from the mixture by
the magnet.

Conclusions

In summary, Fe;0,@SiO,@Pr-Oxime-(BuSO;H); as a
nanomagnetic catalyst was synthesized and characterized
by different techniques such as EDS, VSM, SEM, and XRD.
In the following, its catalytic activity was investigated in
the synthesis of [3.33]propellanes in good yield and short
reaction time.

Table 1 The reaction condition optimization in the synthesis of
[3.3.3]propellane 5a.

Entry Catalyst (gr) Solvent Condition Time (h) Yield (%)
1 - - r.t. 5 -
2 Cat (0.01) EtOH Reflux 4 70
3 Cat (0.01) H,0 Reflux 5 50
4 Cat (0.01) H,0:EtOH Reflux 4 60
5 Cat (0.008) — 80 °C 50min 90
6 Cat (0.01) - 80 °C 35min 92
7 Cat (0.01) - 100 °C 35min 50
OH CN  Condition
oH * ¢
CN
4 52 O

@ Springer
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Scheme 4 Synthesis [3.3.3]propellane derivatives 5a-k.

Table 2 The synthesis of [3.3.3]

ynth Entry R! R? Number Time (min) Yield (%) m.p (C) m.p (C) [Ref.]
propellane derivatives Sa-k.

1 4-Br Me 5a 35 92 241-245 238-236 [47]
2 4-C1 Me 5b 35 91 234-236 222-224 [48]
3 2-Cl Me  5c 35 90 227-229 223-226 [48]
4 4-Br H 5d 35 89 240-242 245-246 [47]
5 H H 5e 30 90 227-230 218-220 [44]
6 4-C1 H 5f 35 88 233-235 236-238 [44]
7 4-Me Me 5g 30 93 225-227 220-222 [44]
8 4-NO, Me  5h 40 88 210-213 214-216 [48]
9 4-Me H 5i 30 90 225-270 222-224 [44]
10 4-NO, H 5§ 40 87 236-240 247-249 [44]
11 3,4-Me, H 5k 30 95 233-235 New

Scheme 5 Synthesis of [3.3.3]propellane 5a.

@ Springer
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Table 3 The reusability of

Fe,0, @810, @Pr-Oxime- Entry Time (min) Yield (%)
(BuSO;H); 1 35 92

2 35 90

3 35 88

4 35 84

Table 4 Comparison of reported conditions in the synthesis of com-
pound 5a.

Entry Catalyst Solvent Condition Time (h) Yield (%)

1 Et;N EtOH rt. 2 78 [36]
2 L-Proline EtOH r.t. 4 84 [47]
3 CSB-Ni(Il) EtOH rt. 2.5 79 [48]
4 Fe;0,@8Si0,@ - 80 °C 35min 92
Pr-Oxime-
(BuSO;H),

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s13738-022-02685-7.
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