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Design new hybrid catalyst based SBA-15 as solid acid Nanoreactor for one-
pot three-componentsynthesis of 2H-indazolo[2,1-b]phthalazine-triones
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Abstract:

Phenyl sulfonic acid functionalized mesoporous SBA-15 silica (SBA-15-Ph-SOsH) was prepared
through the silanization of activatedmesoporous SBA-15 with diphenyldichlorosilane (DPCS)
followed with silylation and sulfonation. The sulfonic groups anchored to the silica surface of the
pore walls are resistant to leaching in organic and aqueous solutions under mild conditions. This
catalyst is found to be a recyclable heterogeneous catalyst for the rapid and efficient synthesis of
various 2H-indazolo[2,1-b]phthalazine-triones.

Keywords:Nanoreactor, Heterocyclic compounds,2H-indazolo[2,1-b]phthalazine-
triones,Mesoporous material, Solid acid catalyst


http://www.sid.ir

oy 5 3 Y T ot Slo (RS (e sle Vs acgoo
Louas 3 o> (ot o 35 30 oyl 28 eyl ! IFAF ol ,5 ¥

WV AASVISVS  LaanS (65551 ¢y il bl 5y
www.Processconf.ir

Introduction:

In recent years, organically functionalized ordered Mesoporoussilicas [1-4]with a tunable pore
structure, high surface areas and tailored composition has received great attention with broad
application ranging from adsorbent [5-8], particularly SBA-15 between other silica materials,
have relatively good hydrothermal stability, and possesses hexagonal arrays of uniform pores
with high special surface area and large pore volume. The direct synthesis involving co-
condensation of siloxane and organosiloxane species in the presence of different templating
surfactants has been shown to be a promising alternative to the grafting procedures [9-12]. The
covalent attachment of sulfonic acid groups to the surface of silica derivatives, several types of
solid sulfonic acids, based on ordered mesoporoussilicas, have been created in recent years [13-
23].

Multi-component reactions (MCRs) have proven to be a valuable asset in organic and medicinal
chemistry [24-26]. Such protocols can be used for drug design, and drug discovery because of
their simplicity, efficiency, and high selectivity [27]. This environmentally friendly process can
reduce the number of steps and synthesis of bioactive and complex molecules should be facile,
fast, and efficient with minimal workup in this methodology [28-29]. Aza-containing
heterocyclic compounds are widespread in nature, and their applications to pharmaceuticals,
agrochemicals, and functional materials are becoming more and more important [30]. Among a
large variety of N-containing heterocyclic compounds, those containing hydrazine moiety as
“fusion site’ have received considerable attention because of their pharmacological properties
and clinical applications [31]. . Recently, several elegant multicomponent strategies for the
synthesis of 2H-indazolo[2,1-b]phthalazine-triones and triazolo[1,2-a]indazole-triones by multi
component reactions utilizing catalysts have been reported [32-40].

Experimental section:

Preparation of SBA-15-Ph-SOzH:

To a 100 mL of round-bottom flask were introduced 30 mL of anhydrous toluene and 1.0 g of
SBA-15 and 5 mL of dichlorodiphenylsilane (DCDPS) were added. The solution was refluxed
for 12 hrs under an inert atmosphere; the solid was filtered and washed subsequently with
toluene, dichloromethane, and methanol, and dried under reduced pressure at 60 °C for 12 h.
Phenyl-modified SBA-15 was dispersed in dry Hexane (50 mL) under nitrogen and then
trimethylsilylchloride (TMSC, 3 mL) was added to the dispersion and for 8 h, cooled to r.t.,
filtered and washed with hexane to get the trimethylsilylated Phenyl-modified SBA-15. The dry
white solid was soaked in the solution of CISO3H (0.6 mL) in dry CHCI3 (20 mL) and the
reactant was refluxing for 2 h. After filtrated and washed with dry CHCls, the solid was dried in
vacuum at 60 °C for 10 h to obtain SBA-15 functionalized with phenyl sulfonic acid groups
(Schemel).
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General procedure for the synthesis of 2H-indazolo[2,1-b]phthalazine-triones and
triazolo[1,2-a]indazole-triones in the presence of SBA-15-Ph-SO3;H under solvent-free
conditions:

Phthalhydrazide(1 mmol), dimedone (1 mmol), aldehyde (1.1 mmol) and SBA-15-Ph-SOsH (5
mol%, 20 mg) were heated at 80 °C. The reactions were followed by thin layer chromatography
(TLC) using hexane/ethyl acetate (3:1) as an eluent (R=0.70). After completion of the reaction,
the mixture was washed with ethyl acetate and filtered to recover the catalyst. The filtrate was
evaporated, and the crude product was recrystallized from EtOH/H20 (4:1) to afford pure
products. The desired pure products were characterized by comparison of their physical data with
those of known compounds. In order to recover the catalyst, the solid was washed with ethanol,
ethyl acetate and dried. The recovered catalyst was reused another time.

Results and discussion:

Catalyst characterization:

SBA-15-Ph-SO3H fabrication was confirmed by FT-IR (Fig 1). As it is seen in the curve a, the
formation of SBA-15 structure is evidenced by the IR bands located at 3412 cm™ (vasO-H), 1089
cm! (vasSi-0), 807 cm! (vsSi-0), 468 em™ (6Si-O-Si) (v represents stretching, ¢ bending,s
symmetric, and as asymmetric vibration, Fig 1). The signals appeared at 2937 cm™ (vC-H of
benzyl), 1507 cm™ (v benzene), 878 cm™' (cbenzene) and 855 cm™ (cbenzene) in curve b
indicate the existence of benzene ring and successful attachment of dichlorodiphenylsilane to the
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SBA-15. SBA-15-Ph-SOsH exhibits additional diffraction peaks corresponding to sulfonic acid
group in curve ¢. The characteristic peaks of sulfonic acid group are occurred at 1169 cm
(vSO2) and 574 cm™ (v S-O). with was designed as SBA-15-Ph-SOsH. The sulfonic content (the
number of H") of the catalyst based on CHN analysis and titration with NaOH is estimated to be

2.45 mmol/g.

Fig. 1. FT-IR of the parent SBA-15, SBA-15-Ph and SBA-15-Ph-SOs;H

The structural elucidation of the SBA-15-Ph-SOsH was performed in some details using TEM
technique. TEM images of the catalyst (Fig. 2) show the ordered mesostructure in large domains
and no distinct defect is observed.
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Fig. 2. TEM images of SBA-15-Ph-SOsH

The small-angle XRD patterns for SBA-15 and SBA-15-Ph-SOsH are shown in Fig. 2 Three
well-resolved diffraction peaks in the 20 range of 0.8-2° are observed for the SBA-15-Ph-SOsH
as an organic-inorganic hybrid material like to SBA-15 parent. However, the ordered structure of
SBA-15-Ph-SOsH remained intact, which was supported by XRD results. This patterns feature
distinct Bragg peaks in the 20 range of 0.8-2°, which can be indexed as (1 0 0), (1 1 0) and (2 0
0) reflections of a two-dimensional hexagonal structure of SBA-15 material. The present of these
peaks indicates that the crystallographic ordering of the mesopores in SBA-15-Ph-SO3H is
retained after grafted (Fig. 3).

Fig. 3. XRD small angle patterns of the parent SBA-15, SBA-15-Ph-SOsH
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The generality of this reaction was examined using different aromatic and aliphatic aldehydes.
The reactions proceeded smoothly and equally well for electron-withdrawing as well as electron-
donating substituents on aldehydes to afford the corresponding phthalazine-triones in good to
excellent yields (Table 1, entries 1-9) and in very short reaction times. This method offers
significant improvements with regard to the scope of the transformation, simplicity, and green
aspects by avoiding expensive or corrosive catalysts.

Table 1
Synthesis of 2H-indazolo[2,1-b]phthalazine-triones in the presence of SBA-15-Ph-SO3H
Entry Aldehyde Time Yield Mp (°C)
(min) (%) Found Reported'™*
1 CeHs 10 90 203-205 204-206*
2 4-CI-C¢Hy 7 85 263-265 262-254%
3 4-Br-CsHq4 5 95 264-266 265-267%
4 4-MeO-CsHy 5 96 217-219 218-220%
5 3-NO,-CeH4 5 96 268-269 267-268
6 2,4-di-Cl-CeH3 15 85 234-236  234-236
7 3,4,5-tri-MeO-CsH> 10 95 187-189 188-190°¢
8 Propanal 50 75 145-147 145-147%
9 Butanal 45 80 135-137 136-138>

aKnown products were characterized from their physical properties, by comparison with authentic
samples, and by spectroscopic methods.

The formation of 2H-indazolo[1,2-b]phthalazine-trione derivatives in the presence of SBA-15-
Ph-SOsH, which should be synthetically useful and practical, as presented in Scheme 2. A
plausible pathway involves initial a SBA-15-Ph-SO3H catalyzed Knoevenagel condensation of
dimedone with aldehyde intermediate A was formed. Subsequent Michael addition of
phthalhydrazideto intermediate A was occurred in the catalytic media, followed cyclization
affords the corresponding product B in the catalytic cycle (Scheme 2).
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The reusability of the catalyst in the reaction of 3-nitrobenzaldehyde, dimedone, and
phthalhydrazide under solvent-free conditions at 80 ° C in 5 minute was studied. In this
procedure, after completion of each reaction,hot ethylacetate was added to the reaction mixture
and was shaken for a few minutes to dissolve the product. The catalyst (insoluble in solvent) was
filtered and washed with hot ethanol and ethylacetate, and dried. The recovered catalyst was
reused five times and smooth loss of catalytic activity was observed from the 5th time of reuse

(Fig. 4).

Fig. 4. The catalytic activity of SBA-15-Ph-SOsH in five cycles for the reaction
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Conclusion:

In conclusion, we have prepared phenyl sulfonic acid functionalized mesoporous SBA-15 silica
(SBA-15-Ph-SO3H) as a novel hydrophobic nanoreactor solid acid catalyst, which was
characterized. The sulfonic groups anchored to the silica surface of the pore walls are resistant to
leaching in organic and aqueous solutions under mild conditions. This catalyst is found to be a
recyclable heterogeneous catalyst for the rapid and efficient synthesis of various 2H-
indazolo[2,1-b]phthalazine-triones. The catalyst has suitable hydrophobicity to drive out the
water which is formed during the reaction from mesochannels.
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