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Abstract

Fibrous nanosilica (KCC-1) as 4 zaialyst support was investigated in terms of stability, recycling, and
reusability. For the first time, CO, transformation was performed via the synthesis and application of
KCC-1 together with sodium tripolyphosphate (STPP) and 3-aminopropyltriethoxysilane (APTES) as
its functionalized derivative. To this goal, KCC-1/STPP NPs were applied to act as a nanocatalyst

with excellent-catalytic activities under green reaction conditions.
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Green chemistry has recently attracted attention for coping with the difficulty of the
iransformation of CO, as a greenhouse gas. This problem can be solved by the application of
CO; as a cheap, renewable, and safe C1 building block for synthesizing dimethyl carbonate
(DMC) [1-2], formic acid (FA) [3], carbamic esters (urethanes) [4], cyclic carbonates (CCs)
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[5], methanol [6], and polycarbonates (PCs) [7] as useful organic compounds. CO, can be
also used for carboxylative cyclization of propargylic amines to synthesize 2-oxazolidinones
that significantly act as chemical intermediates [8] and chiral auxiliaries [9] and play an
important role in antibacterial drugs [10]. CO, may be fixed by the mentioned process, which
provides a very clean atom-economic reaction.

Periodic MesoporousOrganosilicas (PMOs) have been identified as a new class or
functionalized ordered nanoporoussilicas. They aresynthesized by simultaneousiy
hydrolyzing and condensing organic-bridged alkoxysilane precursors. These maierials have
been recently studied for their high surface areas, tuneable pore sizes and velumes, robust
stabilities, and excellent lipophilicities. Compared to ordered mesopcroussilicas- carrying
terminal functional groups, PMOs have their functional groups embedded iiornogeneously
inside their walls instead of pore fibers, thus providing an imgroved mechanical and
hydrothermal stability. Numerous PMOs have recently been-employed in association with
their varied bridging ligands of organic functional groups as-supporters and catalysts in
several chemical processes. In a typical chemical process, theiimetal contents can be readily
recovered and reused [11-22]. Preparation of metal-contairning PMOs is usually performed by
either impregnating metal complexes into PMQ samples with proper ligands or hydrolyzing
and co-condensing tetraethyl orthosilicate {TEQS) bridged with metal complexes in the
presence of cationic surfactant as a template.

KCC-1 serves as an excellent nominated support for designing efficient nanocatalysts that
satisfy the desired conditiors. K CC-1 high surface area is its unique feature resulted from its
fibrous morphology +atier than inesoporous channels found in SBA-15 and MCM-41 [23-
28]. Functionalization has been previously reported to be done through modification of KCC-
1 fibers follewing its synthesis. During the modification process, KCC-1-NHj is involved in a
reaction with" APTES and then as a ligand or pseudo-chelator for controlling metal leaching
[29-34]. In this study, the effectiveness of KCC-1 fibrous morphology in a variety of
applicaticins was compared with that of the conventional ordered mesoporous silica. Mild
reaciion conditions were considered for this green catalyst [35-39]. We developed a new
stable and sustainable catalyst support via KCC-1/STPP bond [40]. We believe that this
unique silica-supported catalyst is very useful as providing significantly enhanced
accessibility to active sites. As a nano-labyrinth, KCC-1/STPP holds STPP, which is used for
chemoselectively synthesizing CCs (Scheme 1).

Results anddiscussion



The structure of the KCC-1/ATPP proposed interaction of tripolyphosphate with
aminopropyltriethoxysilane within the fibers of KCC-1 is shown in scheme 2. We were intrigued by
the possibility of applying nanotechnology for designing a novel, active, and recyclable recoverable

nano-catalyst.

Having proven the correct and complete synthesis of the catalyst, its performance and stability were
tested by the syntheses of compounds 1-4. To optimize the reaction conditions and obtain the esi
catalytic activity, the reaction of CO, and 1-butyl-2-phenylaziridine for the synthesis of 5-ary!-2-
oxazolidinones (Compound 1), the reaction of CO, and 2-methy-4-phenylbut-3-yn-2-cl for. the
synthesis of a-alkylidene CCs (Compound 2), the reaction of CO, and propylene axide for the
preparation of CCs (Compound 3), and the reaction of CO, and 2-aminobenzonitriie for the synthesis
of quinazoline-2,4(1H,3H)-dione (Compound 4) were employed as the desired ‘models to be
conducted under different reaction parameters, such as catalyst amount,~temperature, time, and
solvent. Initially, the reactions were carried out in several solvents to stucy ihe catalyst efficiency. In
this research, conventional heating was applied for the synthesis ¢f Compound 1 in the presence 0.7
mg of the catalyst at a CO, pressure of 0.5 bar at room temperature tor 30 min under solvent-free
conditions. The conditions for the synthesis of Compaound 2.iri-the presence 0.7 mg of the catalyst
included heating at 80°C at a CO, pressure of 1 har for 122 miin under solvent-free conditions. The
synthesis of Compound 3 in the presence of 0.7 riaqg of the catalyst was conducted by heating it at
1000C at a CO2 pressure of 1 bar for 60 min unaer sclvent-free conditions. Finally, the more efficient
conditions of heating at 70°C in the presence of 0.7 mg of the catalyst at a CO, pressure of 1.5 bar for

50 min under solvent-free conditicns were found for the synthesis of Compound 4 (Table 1).

For further investigating the caialyst eificiency, different control experiments were performed, the
information of which are displayec in Table 2. Initially, the standard reaction with KCC-1 revealed
the formation of none ¢f the desired product after 1 h of the reaction time (Table 2, Entry 1). Also, no
reaction was observed when KCC-1-NH, was utilized as the catalyst (Table 2, Entry 2). APTES
could not-oravide a-satisfactory catalytic activity under mild reactions. Based on these disappointing
results,we continued the studies to ameliorate the product yield by adding tripolyphosphate (TPP).
Notabliy, thera were many differences in the reaction yields when the reaction was carried out with
KCGC-1/STPP NPs and TPP nano-catalyst. These results demonstrated that —-NH, and TPP did not
have any catalytic roles individually (Table 2, Entries 2 and 3). These observations showed that the
reaction cycle was simultaneously catalyzed by —NH, and TPP species supports on KCC-1/STPP
nanostructure (Table 2, Entry 4). Thus, KCC-1/STPP was applied in the subsequent studies because of
its high reactivity and selectivity and easy separation. Also, the nano-catalyst activity and selectivity
could be manipulated by tailoring its chemical and physical properties, such as size, shape,
composition, and morphology. To assess the exact impact of KCC-1 presence in the catalyst, KCC-
3



1/STPP NPs were compared with SiO,/ATPP NPs. To this end, we examined SiO,/STPP and KCC-
1/ATPP NPs, which had similar compositions, but different structures. When SiO,/STPP was used as
the catalyst, the desired product showed a fair-to-average yield, while KCC-1/STPP NPs provided a
good yield (Table 2, Entries 4 and 5).

study the prospective and general applicability of the developed protocol, the carboxylative
cyclization reactions of CO, with a variety of aziridines were examined under optimized reaction
conditions (Table 3). TPP-functionalized KCC-1-NH2 NPs had a very high basic catalytic activity
and excellent regioselectivity towards the cycloaddition of CO2 with aziridines. In each cace, 5-ary!-
2-oxazolidinones were obtained with excellent isolated yields in the presence of ‘KCC-1/STPP
(Scheme 3).

Propargyl alcohols associated with a variety of alkyl and aryl substituents at-ihe propzaigylic position
were effective substrates to give the corresponding carbonates of 2a—2d with good-to-excellent yields

even under the mentioned CO2 conditions (Scheme 4, Table 4).

Since KCC-1/STPP was the most active one-component cataiyst, it was tested for the conversions of
other terminal epoxides into the corresponding CCs {2a-l) (Scheme 5), the results of which are
exhibited in Table 5. In each case, CCs were obtained with good-to-excellent isolated yields after 100

min using 0.7 mg of the catalyst at a constant CO, pressure at 100°C under solvent-free conditions.

KCC-1/STPP was also tested for the conversions of the other six 2-aminobenzonitriles into
guinazoline-2,4(1H,3H)-diones (4a<f) (Schame 6), the results of which are represented in Table 6. In
each case, quinazoline-2,4(1H,3F)-uiones were obtained with good-to-excellent isolated yields in the
presence of KCC-1/STPP MPs.

We compared the cataiytic-performance of our catalyst with those reported for the syntheses of 5-aryl-
2-oxazolidinone; o-alkylidene CC, quinazoline-2,4(1H,3H)-dione, and CCs in the literature. Tables 7-
10 clearly derneonstrate that a lower temperature and CO, pressure, minimum catalyst amount, and
shorter reactior: tiine are required for CO, transformation using KCC-1/STPP NPs. (see also Figure S

1, Sugplemenitai Materials).

It is important to note that the heterogeneous property of KCC-1/STPP facilitates its efficient recovery
from-the reaction mixture during the work-up procedure. The activity of the recycled catalyst was also
examined under the optimized conditions. After the completion of the reaction, the catalyst was
separated by filtration, washed with methanol, and dried at the pump. The recovered catalyst was
reused for 10 consecutive cycles without any significant loss of the catalytic activity (Figure S1).

Inductively Coupled Plasma (ICP) analysis showed that the amount of STPP leaching into the



reaction mixture was very low (0.3 ppm). These observations indicated that the catalyst was stable

and could tolerate the present reaction conditions.

Experimental
Materials and Methods

The chemical materials were purchased from Fluka and Merck in high purities. Their melting points
determined in open capillaries by using an Electrothermal 9100 apparatus were uncorrected. +7 -IR
spectra were recorded on a VERTEX 70 spectrometer (Bruker) in the transmission mede. In
spectroscopic grade KBr pellets for all the powders. Their morphologies were analyzed using High-
Resolution Transmission Electron Microscopy (HRTEM) on a JEOL transiniscion electron
microscope operating at 200 kV. The phosphorous content of the catalyst v/as determined by an
OPTIMA 7300DV ICP analyzer. The X-ray powder diffraction data were outained by using Bruker
D8 Advance with Cu karadition. The Thermo-Gravimetric Analysis {1'GA) was carried out on a
NETZSCH STA449F3 at a heating rate of 10°C min—1 under nitrogen. NMR spectra were recorded in
CDCI3 on a BrukerAvance DRX-400 MHz spectrometer using tetramethyisilane (TMS) as an internal
standard. The purity determinations of the products and reaciioii-monitoring were accomplished by
TLC on silica-gel polygram SILG/UV 254 plates.

General Procedure for the Preparation of KCC-1 I'Ps

Tetraethylorthosilicate (TEOS) (2.5 g) was dissoived in a solution of cyclohexane (30 mL) and 1-
pentanol (1.5 mL). A stirred solution-of cetylpyridinium bromide (CPB 1 g) and urea (0.6 g) in water
(30 mL) was then added. The resuliing.inixture was continually stirred at room temperature for 45
min and then placed in a teflon-sealed nydrothermal reactor to be heated at 120°C for 5 h. The formed
silica was isolated by.centrifugaticn, washed with deionized water and acetone, and dried in a drying

oven. This material »was then-calcined in air at 550°C for 5 h. [41]
General Procedure for.the Preparation of KCC-1-NH, NPs

KCC-1 NPs(2. minol) and THF (20 mL) were mixed together in a beaker and then, NaH (20 mmol)
was dispersed in the mixture via ultrasonication. APTES (22 mmol) was added drop-wise at room
temperature and stirred at 60°C for further 16 h. The resultant products were collected and washed
with-ethanol and deionized water in sequence and then dried under vacuum at 60°C for 2 h for further
use [41].

General Procedure for the Preparation of KCC-1/ATPP NPs

TPP (5 mmol) was dispersed in dry CH,CI, (20 mL), to which KCC-1-NH, (0.1 g) nanoparticles were

then added. Afterwards, the mixture was heated up to 60°C under nitrogen atmosphere for 12 h. The
5



resulting solid was separated by filtration and washed 3 times with CH,Cl,, ethanol, and water. After

drying it under vacuum at room temperature, KCC-1/STPP was obtained as a white powder [41].
General procedures for preparation of 5-aryl-2-oxazolidinones (Compound 1)

1-butyl-2-phenylaziridine (1 mmol) and KCC-1/STPP NPs (0.7 mg) were mixed together. The
autoclave was closed, purged twice with CO2 gas, pressurized to 0.5 MPa of CO,, and heated at room
temperature for 30 min. Then, the reactor was cooled to ambient temperature and the resuliing
mixture was transferred to a 50 mL round-bottom flask. During completion, the reaction progress was
monitored by TLC. After completion, EtOH was added to the reaction mixture and thie catalyst was
separated by filtration. Then, the solvent was removed from the solution under reduced piessuie and

the resulting product was purified by recrystallization using n-hexane/ethyl acetate.
General procedures for preparation of a-alkylidene cyclic carbonates(Compound 2)

KCC-1/STPP NPs (0.7 mg) and 2-methy-4-phenylbut-3-yn-2-ol (2 ramol) were charged into the
reactor vessel without using any co-solvent. The reactor vessel was piaced-under 1 MPa of CO, and
then heated to 80°C for 120 min. Next, the reactor was cooled 1o amhient temperature and the
resulting mixture was transferred to a 50-mL round-bottem fiask.-During completion, the reaction
progress was monitored by TLC. Upon completicn, EtOid was added to the reaction mixture and the
catalyst was separated by filtration. Then, the soivent.was removed from the solution under reduced

pressure and the resulting product was purified by recrystallization using n-hexane/ethyl acetate.
General procedures for preparaticn of cyclic carbonate (Compound 3)

KCC-1/STPP NPs (0.7 mg).and epoxicie (1 mmol) were charged into the reactor vessel without using
any co-solvent. The reactor vessel was placed under 1 MPa of CO, and heated to 100°C for 60 min.
Then, the reactor ‘was cooled to ambient temperature and the resulting mixture was transferred to a 50
mL round-boticm- flask. During completion, the reaction progress was monitored by TLC. After being
completed, EtOF was-added to the reaction mixture and the catalyst was separated by filtration. Next,
the solveit was removed from the solution under reduced pressure and the resulting product was

puritied by recrystallization using n-hexane/ethyl acetate.
General procedures for preparation of quinazoline-2,4(1H,3H)-dione (Compound 4)

2-aminobenzonitrile (1 mmol) and KCC-1/STPP NPs (0.7 mg) were mixed together. The autoclave
was closed, purged twice with CO, gas, pressurized to 1.5 MPa of CO,, and heated at 700C for 50
min. Then, the reactor was cooled to ambient temperature and the resulting mixture was transferred to
a 50 mL round-bottom flask. During completion, the reaction progress was monitored by TLC.

Following its completion, EtOH was added to the reaction mixture and the catalyst was separated by
6



filtration. Afterwards, the solvent was removed from the solution under reduced pressure and the
resulting product was purified by recrystallization using n-hexane/ethyl acetate. The products are

known and their sample characterization data is presented in the Supplemental Materials.

Conclusions

In summary, we reported a novel design of a catalyst support via KCC-1-NH; bond of TPE
(KCC-1/STPP), which exhibited an excellent catalytic activity with the syntheses of 5-ary!-2-
oxazolidinones, a-alkylidene CCs, CC, and quinazoline-2,4(1H,3H)-dione. This synthetic
method provided a green method for effectively preparing a low-cost ionic igutid-tased
catalyst as a promising approach to the development of other useful materiais. The significant
features of this newly developed procedure were easy separation oi the catalyst from the
reaction mixture based on heterogeneous properties, as well ac its reusability, operational

simplicity, and high yields.
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Entry Cco, Temp. Time Amount NS Yield (%)*
pressure  ('C)  (min)y -~ cataiyst
© Compound Compound Compound Compound

(MPa) / 1 2 3 4
1 2 126, 140 03 61 23 42 50
2 2 120 140 05 82 55 50 68
3 Z 120 140 0.7 95 94 97 93
4 2 120 140 0.9 95 94 97 93
5 2 100 140 0.7 95 94 97 93
6 2 80 140 0.7 95 94 73 93
7 2 60 140 0.7 95 54 56 82
8 2 40 140 0.7 95 22 25 58
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9 1.5 100 140 0.7 95 94 97 93

10 1 100 140 0.7 95 94 97 79
11 05 100 140 0.7 95 32 49 28
12 15 100 120 0.7 95 94 97 93
13 1.5 100 100 0.7 95 79 97 93
14 15 100 80 0.7 95 62 97 93

% Isolated yields.

Table 2The impacts of different catalysts for the syntheses of Compounds 1-4a

Entry Catalyst Yield (%)"
Compound 1 Compound 2 \. Com;ﬁmd 3 Compound 4
1 KCC-1 - - — - -
2 KCC-1-NH, - \ ] ]
3 TPP - - - -
4 KCC-1/ATPP 95 94 97 93
5 SiO,/ATPP 65 52 39 48

®Reaction conditions: aziridine, propargyl alcohol, epoxide, or 2-aminobenzonitrile (1 mmol), catalyst
(3mg), CO,, 2 MPa at 200 °C in 180 min.

®Isolated yield.

Table3The syritheses of 5-aryl-2-oxazolidinone derivatives catalyzed by KCC-1/ATPP NPsa

Entry R, Compound  Yield (%)"
1 H la 95
2 CH, 1b 93
3 CH,CH; 1c 96
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4 CH,CH,CH; 1d 92

5 CH2CH2CH2CH3 le 97

®Reaction condition: aziridine derivatives (1 mmol), KCC-1/ATPP NPs (0.7 mg), CO, 0.5 MPa at

room temperature in 30 min.
®Yield refers to isolated product.

Table 4: The syntheses of a-alkylidene CC derivatives catalyzed by KCC-1/ATPP NPsa

Entry R, R, Compound  Yield (%)"
1 H CH, 2a 94
2 H  CH,CH; 2b 90
3 H Ph 2c 92
4 Ph CHs; 2d 89

*Reaction condition: propargyl alcohol derivatives {1 mmsi), i<CC-1/ATPP NPs (0.7 mg), CO, 1 Mpa
at 80 °C in 120 min.

®Yield refers to isolated product.

Table 5The syntheses of CC derivatives catelyzed by KCC-1/STPP NPsa

Eniry R Compound  Yield (%)”
1 Me 3a 97
2 Ph 3b 90
3 4-CICgH, 3c 92
4 4-BrCeH, 3d 89
5 HOCH, 3e 83
6 CICH, 3f 94

12



7 PhOCH, 39 88

8 Bu" 3h 91
9 Oct" 3i 93
10 4-MeCgH, 3] 91
11 4-MeSCgH, 3k 86
12 Et 3l 94

®Reaction condition: epoxide derivatives (1 mmol), KCC-1/ATPP NPs(0.7 mg), CO, i MPa at 100 °C

in 100 min.
®Yield refers to isolated product.

Table 6The syntheses of quinazoline-2,4(1H,3H)-dione derivatives catalyzed by KCC-1/STPP NPs

Entry R Compound Yield %)
1 H da 93
2 Br 4h 95
3 F 4c 90
4 Cl 4d 94
) Me 4e 89
6 NO, 4f 91

*Reaction condition: 2-aminobenzonitrile (1 mmol), KCC-1/ATPP NPs(0.7 mg), CO, 1.5 MPa at 50

°C in 70 min.

®Yield refers to isolated product.

Table7A comparison of the catalytic efficiency of KCC-1/STPP NPs with various catalysts for the
synthesis of 5-aryl-2-oxazolidinone
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Entry Catalyst MPa  Solvent Temperature Amount Time  Yield (%)

(C°) Catalyst
(COy)
1 Amine@MCM-41 5 - 40 25 wt% 8h 9217
2 CSHB 5 - 70 20 Wt% 7h 61143
3 PEGgo00 8 - 100 0.8 mol (%) 5 min 14l
4 BusNBr 8 - 100 0.8mol (%)  5min [
5 BusNBI/PEGeoo0 8 - 100 0.8mol (%)  5min 3814
6 PEGgo0o(NBU3Br), 8 - 100 0.8mol (%)  5min 7104
7 12 8  CH.Cl 40 20 mol (%) 4h 301!
8 LiBr 8 CH,Cl, 40 20-mol (%) 4h 3114
9 AlCl, 8  CHCl 40 20 moi (%) 4h 221
10 ZnCl, 8  CHCl 40 20 mol (%) 4h 16l
11 Morpholine 8 - 40 20 mol (%) 4h 34
12 ZrOCl,.8H,0 8 - 40 20 mol (%) 4h 41
13 DMAP 8 40 20 mol (%) 4h 1]
14 DBN 8 - 40 20 mol (%) 4h 0.41%!
15 DBU 8 - 40 20 mol (%) 4h -1l
16 DABCO 8 CH.Cl, 40 20 mol (%) 4h -145]
17 EMTA 8 CH,Cl, 40 20 mol (%) 4h -4l
18 'C,DABCO]Br 6 - 90 1 mol (%) 3h 85146
19 [C.DABCO]OH 6 - 90 1 mol (%) 3h 561461
20 [C,DABCO]CI 6 - 90 1 mol (%) 3h 43148
21 [CsDABCO]Br 6 - 90 1 mol (%) 3h 751!
22 [CsDABCO]BF, 6 - 90 1 mol (%) 3h 261¢!
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23 [CsDABCO]PF 6 - 920 1 mol (%) 3h 191!

24 [CsDABCOINTf, 6 - 20 1 mol (%) 3h 110
25 [C.DABCO]Br 6 - 90 1 mol (%) 3h 701
26 [CaMIm]Br 6 - 90 1 mol (%) 3h 761
27 [C.MIm]BF, 6 - 20 1 mol (%) 3h 1411
28 KCC-1/ATPP 05 - rt. 0.4mol (%) 30 min 95

®Reaction conditions: aziridine (1 mmol), and CO, in different solvents and in different amcurits of
catalyst, temperature, and time.

Table8A comparison of the catalytic efficiency of KCC-1/STPP NPs with-various catalysts for the
synthesis of a-alkylidene CC

Entry Catalyst MPa  Solvent Temperattﬁ Amount Time  Yield
(C Catalyst (%)
(COy)

1 DBU 05 - . 50 2mol (%)  6h ey
2 PhsP 0.5 - 50 2mol (%)  6h 7]
3 Cucl 0.5 - 50 2mol (%)  6h 7]
4 AgNO3/Pr;P 0.5 - 50 2mol (%) 6h 1471
5 AgCAC/PiRgP 0.5 - 50 2mol %) 6h  <1¥7
6 AgWO,/PhsP 0.5 - 50 2mol (%) 6h 45147
7 Agl/PhsP 0.5 - 40 2mol (%) 6h 47
8 Ag,WO,/DBU 0.5 - 40 2mol (%)  6h 2147)
¢ Ag,WO,/2,2-Bipyridine 0.5 - 40 2mol (%) 6h 4
10 Ag,WO,/ TMEDA 0.5 - 40 2mol (%)  6h 141
11 ("C7H1s):NBr 0.5 - 60 25mol (%) 20h -1
12 Kg[a-SiW1,030] 0.5 - 60 25mol (%) 20h -8
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13 Ke[SiW1103CU] 0.5 - 60 25mol (%) 20h 431!

14 CuCl, 0.5 - 60 25mol (%) 20h 671
15 CuCly+("C7H;5),NBr 0.5 - 60 25mol (%) 20h 681
16 [("C/Hys)sN]e[a-SiW1105C0] 0.5 - 60 25mol (%) 20h 661
17 [("CsHi5)aN]s[a-SiW1;050Fe] 0.5 - 60 25mol (%) 20h  18M
18 [("C7H15)4N]e[a-SiW1,036Ni] 0.5 - 60 25mol (%) 20h 1g8
19  [("C/His)sN]e[a-SiW1104Zn] 0.5 - 60 2.5mol (%) 20h 4548
20 [("C/His)aN]e[a-SiW11035Mn] 0.5 - 60 25mol (%) 20h 43¢
21 KCC-1/ATPP 1 - 80 04'mol (%) 2h 94

®Reaction conditions: propargyl alcohol (1 mmol), and CO, in different solvents and in different

amounts of catalyst, temperature, and time.

Table9A Comparison of the catalytic efficiency of KCC-2/STPP NPs with various catalysts for the

synthesis of CC
Entry Catalyst MPa__Solvent - Temperature Amount Time  Yield
(C°) Catalyst (h) (%)
(COy)

1 NaBr -~ -2~ H,0 125 1 mmol 1 30™

2 KBr 2 H,0 125 1 mmol 1 5204

3 N 2 H,0 125 1 mmol 1 684!
4 Bu,NBr 2 H,0 125 1 mmol 1 86!
5 Bu,NCI 2 H,0 125 1 mmol 1 46!

6 BuNI 2 H,0 125 1 mmol 1 ggl

7 [bmim]Br 2 H,0 125 1 mmol 1 g71%!

8 [bmim]ClI 2 H,0 125 1 mmol 1 421

9 [bmim] 2 H,0 125 1 mmol 1 90!
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10  GO-DMEDA-I 2 - 120 0.65 mol (%) 3 89>’

11 Mim 1.5 - 120 1 mol (%) 2 B

12 HBimBr 15 - 120 1 mol (%) 2 77.7%
13 HMimBr 15 - 120 0.5 mol (%) 2 5988
14 HEimBr 1.5 - 120 1 mol (%) 2 85801
15 HMimClI 15 - 120 1 mol (%) 2 47481
16 HPyBr 1.5 - 120 1 mol (%) o < 39481
17 HTeaBr 1.5 - 120 1 mol (%) 2 3491
18 Et,N"CI- 1 - 100 1 mol (%) 24 63M%
19 n-Bu,N"CI” 1 - 100 -mol (%) 24 61
20 n-BusMeN'CI 1 - 100 1-moi (%) 24 587
21  KCC-1/ATPP 1 - L00 0.4 mol (%) 1.7 97

®Reaction conditions: epoxide (1 mmol), CO; in different solvents asscciated with different catalyst amounts, temperatures, and times

Tablel0A comparison of the catalytic-efiiciency of KCC-1/STPP NPs with various catalysts for the

synthesis of quinazoline-2,4(1H,2R)-dione

Entry Catalyst MPa CO,) Solvent  Temperature Amount Time Yield
(C°) Catalyst (h) (%)

1 X/ 3 - 120 - 18 55
2 Cs,C0s 3 - 120 5 mol (%) 18 10

3 t-BuOK 3 - 120 5 mol (%) 18 5

4 KF 3 - 120 5 mol (%) 18 5%

5 Et:N 3 - 120 5 mol (%) 18 281>

6 [Bmim]BF, 3 - 120 5 mol (%) 18 5

7 [Bmim]HSO, 3 - 120 - 18 _I55]
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8 [Bmim]OH 3 - 120 10 mol (%) 18 91!

9 TMG 10 - 120 5 mol (%) 4 89l
10 MgO/ZrO, 3.7 DMF 130 10 mol (%) 12 92%7]
11 CuCl, 5 DMF 200 1 equiv 5 200!
12 HgCl, 5 DMF 200 1 equiv 5 1558
13 FeCls 5 DMF 200 1 equiv 5 9

14 AlCl; 5 DMF 200 1 equiv 5 L2

15 SnCl, 5 DMF 200 1 equiv 5 B8

16 TiCl, 5 DMF 200 1 equiv 5 o
17 ZnCl, 5 DMF 200 5 eGuiv 5 9018
18 K,CO, 1.3 DMF 100 0.25 equiv 4 3504
19 Na,CO; 13 DMF 100 0.25 equiv 4 0B
20 KF 1.3 DMF 190 0.25 equiv 4 4054
21 KOH 1.3 DMFR 100 0.25 equiv 4 55054
22 Cs,CO; 1.2 DMF 100 0.25 equiv 4 94154
23 DBU 16 - 80 0.lequiv 4 915
24 KCC-1/ATPP 15 - 50 0.4 mol (%) 1.2 93

“Reaction conditiois: 2-aminobenzonitrile (2 mmol), and CO, in different solvents and in different

amounts of catalyst; temperature, and time.
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