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Abstract 
In the present paper, Sn(IV) doping DFNS (SnD) supported nanoparticles of BaMnO3 (BaMnO3/SnD) and using as a catalyst 
for the N-formylation of amines by CO2 hydrogenation. In this catalyst, the SnD with the ratios of Si/Sn in the range of from 
6 to 50 were obtained with method of direct hydrothermal synthesis (DHS) as well as the nanoparticles of BaMnO3 were 
on the surfaces of SnD in situ reduced. Scanning electron microscope (SEM), X-ray diffraction (XRD), Fourier transform 
infrared spectroscopy (FT-IR), X-ray energy dispersive spectroscopy (EDS), and transmission electron microscopy (TEM) 
were utilized for characterizing the nanostructures BaMnO3/SnD. It is found that the nanostructures of BaMnO3/SnD can 
be a nominate due to its effective and novel catalytic behavior in N-formylation of amines through hydrogenation of CO2.
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1  Introduction

The transformation of carbon dioxide into useful organic 
chemicals is becoming an increasingly popular research 
topic [1–5]. It is not just one of the greenhouse gas emis-
sions or a waste compound that coming from transporta-
tion sector, chemical industry, and power plants [6, 7], 
but also a non-flammable, easily available, non-toxin, and 
inexpensive carbon feedstock [8, 9]. Nevertheless, CO2 
is not commonly utilized in the industry, due to its low 
reactivity, obviously. However, CO2 is not widely used in 
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the industry, obviously because of its low reactivity. Sub-
stantial energy input, highly active catalysts and optimum 
reaction conditions are necessary for successful conver-
sion of thermodynamically stable CO2 molecules [10–12].

For many different applications, the industrial forma-
mides syntheses from the N-formylation of amines were 
carried out on a large scale. Formamides are utilized as 
feedstock and solvents for synthesizing pharmaceutical 
drugs, pesticides, and herbicides. The carbonyl of forma-
mide moiety was synthesized utilizing like acetic formic 
anhydride, chlorals, and formic acid, hazardous artificial 
reagents as carbon monoxide. Alternatively, the reductive 
functionalization of carbon dioxide provides an environ-
mentally benign approach to their syntheses. The negative 
influences of this approach may be minimized utilizing 
hydrogen (H2) instead of the more poisonous reductive 
parameters of silane as well as borane for N-formylation 
[13–27].

Manganese compounds are known as the impressive natu-
ral reactant used through the eubacterium and seaweed as 
well as herbs in the case of the water oxidation. It called the 
oxygen-evolving complex [28]. The water oxidation is an 
important reaction in unnatural light-reaction for reducing 
carbon dioxide (CO2) and fabricating hydrogen [29]. Differ-
ent compositions of manganese were used in diverse (e.g., 
areas magnetite, electro-chemistry, catalyzer, and electro-
chemical cells) [30–32]. Manganese is determined to be a 
remarkable transformation element that requires the exten-
sion of survival and living creatures. The chemical com-
pounds that are based on manganese possess electron trans-
fer (ET), which is a basic approach on physiological system 
[33]. This group of material have been highly regarded 
by many scholars because of the fascinating properties of 
AMnO3 (A = Ca, Sr, Ba), [34]. An outdated and beneficial 
approaches in the case of Mn compounds is solid-state reac-
tion [35]. This traditional process requires high heats (about 
1400 °C) and extended devices. Due to the implementa-
tion reaction, production of a pure phase of the compound 
still needs more investigations. Recently, scholars used the 
effortless chemical methods such as sol–gel and precipita-
tion method for the synthesizing certain mineral solids. The 
complex approach and the high-cost precursor are limita-
tions of these processes [36–38]. The ultrasonic method 
diminished these problems. The sonochemical method has 
been introduced as a considerable instrument for fabricating 
novel nanomaterials [39]. The ultrasonic effects happen of 
acoustic cavitation that is the growth, implosive and con-
struction destruction of bubbles into a solvent. The increase 
of the bubble happens during the dispersion of solute vapor 
in the volume of the bubble, while the collapse of the bubble 
transpires while the bubble dimension approaches its highest 
value. The high temperatures above 5000 K may be made 
over the bubble destruction based on hot spot theory [40].

In the Ref. [41], scholars stated that, because of the 
ordered mesoporous structure along with high surface dis-
persion of Sn(IV), the centers of Sn(IV) incorporated whiten 
the MCM-41 molecular sieve framework using the direct 
hydrothermal synthesis (DHS) approach that resulted in 
active production of catalysts (Sn-MCM-41) in the Bae-
yer–Villiger oxidation by an appropriate conversion as well 
as high chemoselectivity. Hence, for constructing impressive 
catalyst to catalyze the PDO oxidation, another approach 
of incorporating the promoters (Sn(IV) species) within the 
support framework (MCM-41) was expanded for use of pro-
moters onto the surface of noble metals, directly.

In this regards, a series of Sn(IV) species doping DFNS 
(designated as SnD) with different Si/Sn ratios were synthe-
sized by the DHS method, and used to fabricate SnD sup-
ported BaMnO3 nanoparticles (BaMnO3/SnD) catalysts by 
in situ reduction of BaMnO3 on the SnD surface. The con-
sidering Sn(IV) species within DFNS may be dramatically 
used as nanocatalyst in the case of the BaMnO3/SnD catalyst 
to the N-formylation of amines through hydrogenation of 
CO2. This demonstrated the positive promoting influences 
of Sn(IV) species.

2 � Experimental

2.1 � Total Approaches for the Preparation of SnD 
NPs

2.5 g of TEOS is dissolved in 30 mL cyclohexane and 
1.5 mL 1-pentanol solution. After that, SnCl4·5H2O (with 
amount of 0.3 g), 1 g stirred solution of cetylpyridinium bro-
mide (CPB) and also 0.6 g urea in water (30 mL) is released. 
The obtaining mixture is stirred, continually, for 45 min 
under the temperature of 25 °C and after that placed in a 
Teflon-sealed hydrothermal reactor and then heated up to the 
temperature of 120 °C for 300 min. The silica constructed 
is isolated using centrifugation and then washed by acetone 
and deionized water and dried (in a drying oven). Under the 
temperature of 550 °C and for 300 min in air, it was calcined.

2.2 � Total Approaches for the Preparation 
of BaMnO3/SnD NPs

A constant amount of potassium permanganate (0.70 g) liq-
uefied in DI water (15 mL) for acquiring a purple liquid and 
then carried in the frozen water. An amount of KOH (1.4 g) 
released in the upper mentioned solution and after that 
agitated for 20 min in order to complete the reaction with 
pH stabilized at 12.0.3 g SnD and 2.54 g Ba(NO3)2, 1.48 g 
MnCl2 (In a distinct beaker) liquefied in DI water (5 mL). 
Under ultrasonic radiation, we have mixed the solution to 
the alkali solution of KMnO4(drop-wise). By ultrasonic 
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radiation, the composition irradiated for 30 min. Then we 
released a constant quantity of DI water in upper mentioned 
solution and after that it was irradiated for 30 min. In order 
to stop the reaction and decrease the pH to 7, a large amount 
of deionized water was added to the solution. By using 
Büchner funnel, the precipitate purified and then washed by 
ethyl alcohol and deionized water. The compositions dried 
at the temperature of 75 °C for 2 h. Finally, we calcined the 
precipitate at the temperature of 400 °C for 4 h.

2.3 � General Approach to the Catalytic 
N‑Formylation of Amines

At the first step, a glass reactor liner (50 mL) is charged with 
the amines (15 mmol) and 1,4-dioxane (5 mL) in a glove 
box. Then, 0.4 mol% of BaMnO3/SnD is added to the com-
pound. The Parr reactor was sealed and deleted from it. The 
reactor is pressurized by CO2 under the pressure of 2.5 MPa 
followed by H2 (with pressure of 2.5 Mpa) and the tem-
perature is increased to 100 °C. The reactor is cooled using 
submersion in a bath of ice after 30 min and the remaining 
gas is vented, slowly. After the reaction completion, for later 
recycling experiments, the catalyst is separated utilizing a 
magnet to be more utilized. After drying the resultant crude 
product onto anhydrous sodium sulphate, the compound is 
considered to Column Chromatography (CC) via a petro-
leum ether/EtOAc system that is an eluent (6:1) on silica 
gel. For recycling procedure, catalyst was obsoleted using 
filtration and also it’s washed with alcohol and dried with 
the pump. It’s added to the main text.

Compound 1 1H NMR (500 MHz, CDCl3): δ (ppm) 8.04 
(s, 1H), 3.01 (s, 3H), 2.92 (s, 3H).

Compound 2 1H NMR (500 MHz, CDCl3): δ (ppm) 8.01 
(s, 1H), 3.32 (q, J = 8.0 Hz, 2H), 3.30 (q, J = 8.0 Hz, 2H), 
1.21 (t, J = 8.0 Hz, 3H), 1.15 (t, J = 8.0 Hz, 3H). 13C NMR 
(125 MHz, CDCl3): δ (ppm) 162.5, 41.9, 36.9, 14.9, 13.1.

Compound 3 1H NMR (500 MHz, CDCl3): δ (ppm) 8.01 
(s, 1H), 3.22–3.10 (m, 4H), 1.57–1.43 (m, 4H), 0.88–0.81 
(m, 6H). 13C NMR (125 MHz, CDCl3): δ (ppm) 162.9, 49.6, 
44.1, 21.8, 20.5, 11.1, 10.6.

Compound 4 1H NMR (500 MHz, CDCl3): δ (ppm) 8.47 
(s, 1H), 7.51–7.40 (m, 6H), 7.32–7.28 (m, 4H), 4.48 (s, 2H), 
4.31 (s, 2H). 13C NMR (125 MHz, CDCl3): δ (ppm) 162.4, 
136.3, 135.5, 129.1, 128.5, 128.4, 128.0, 127.4, 127.2, 50.2, 
45.0.

Compound 5 1H NMR (500 MHz, CDCl3): δ (ppm) 8.29 
(s, 1H), 3.47 (t, J = 6.43 Hz, 2H), 3.45 (t, J = 6.43 Hz, 2H), 
1.98–1.92 (m, 4H) ppm; 13C NMR (100 MHz, CDCl3) δ 
160.9, 46.0, 43.1, 24.9, 24.2

Compound 6 1H NMR (500 MHz, CDCl3): δ (ppm) 7.98 
(s, 1H), 3.42 (t, J = 5.54 Hz, 2H), 3.28 (t, J = 5.51 Hz, 2H), 
1.72–1.49 (m, 6H). 13C NMR (125 MHz, CDCl3): δ (ppm) 
161.0, 46.7, 40.9, 26.3, 24.8, 24.3.

Compound 7 1H NMR (500 MHz, CDCl3): δ (ppm) 8.02 
(s, 1H), 3.69 (dt, J = 14.20, 4.85 Hz, 4H), 3.60–3.56 (m, 2H), 
3.39–3.36 (m, 2H). 13C NMR (125 MHz, CDCl3): δ (ppm) 
160.6, 67.5, 66.2, 45.9, 40.3.

Compound 8 1H NMR (500 MHz, CDCl3): δ (ppm) 8.04 
(s, 1H), 7.19 (t, J = 7.80 Hz, 2H), 6.89–6.84 (m, 3H), 3.65 
(t, J = 5.05 Hz, 2H), 3.42 (t, J = 5.05 Hz, 2H), 3.11 (dt, 
J = 15.10, 5.05 Hz, 4H). 13C NMR (125 MHz, CDCl3): δ 
(ppm) 160.9, 151.0, 129.4, 120.7, 116.9, 50.5, 49.1, 45.2, 
40.0.

Compound 9 1H NMR (500 MHz, CDCl3): δ (ppm) 8.90 
(s, 1H), 8.48 (dd, J = 146.3, 6.5 Hz, 2H), 7.98 (s, 1H), 7.57 
(d, J = 7.8 Hz, 2H), 7.35 (dt, J = 13.8, 8.0 Hz, 4H), 7.23–7.11 
(m, 2H). 13C NMR (125 MHz, CDCl3): δ (ppm) 163.8, 
159.2, 137.0, 129.6, 128.7, 125.6, 125.0, 119.8, 118.6.

Compound 10 1H NMR (500 MHz, CDCl3): δ (ppm) 8.49 
(d, J = 11.8 Hz, 1H), 8.33 (m, 2H), 7.51 (br, 1H), 7.47 (d, 
J = 8.9 Hz, 2H), 7.07 (d, J = 8.7 Hz, 2H), 6.89–6.82 (m, 4H), 
3.79 (s, 6H). 13C NMR (125 MHz, CDCl3): δ (ppm) 161.1, 
159.2, 157.5, 157.0, 130.2, 129.9, 122.0, 121.8, 114.9, 
114.5, 55.8, 55.7.

Compound 11 1H NMR (500 MHz, CDCl3): δ (ppm) 8.41 
(s, 1H), 7.30 (t, J = 7.8 Hz, 2H), 7.18 (t, J = 7.2 Hz, 1H), 
7.07 (d, J = 7.8 Hz, 2H), 3.25 (s, 3H). 13C NMR (125 MHz, 
CDCl3): δ (ppm) 162.6, 142.4, 129.8, 126.5, 122.3, 32.4.

3 � Results and Discussion

In the Scheme 1, it can be seen that, for production of 
BaMnO3/SnD nanocatalysts, many stages have to be con-
ducted. The fibers of DFNS involve Si–OH bond groups 
on the sites. Hence, it is expected that the DFNS is func-
tionalized using Sn(IV) for forming SnD. The quantity of 
extracted Ananas comosus was varied to discover its effect 
on BaMnO3 dimension, catalytic yield, and shape.

The fibers of DFNS involve many bonds of Si–OH on 
the sites. Therefore, it is expected that the fibers of DFNS 
is easily functionalized utilizing Sn(IV) to construct SnD. 
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Scheme  1   Schematic illustration of the BaMnO3/SnD NPs prepara-
tion
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Moreover, the Sn groups on the SnD maybe utilized as 
association centers in the case of the BaMnO3 nanoparti-
cles formation on the DFNS fibers site. As can be seen in 
Fig. 1, TEM and SEM schemes about the SnD, BaMnO3/
SnD, and DFNS catalysts. Figure 1a and d shows that the 
DFNS NPs had an association size of particle rate about 
250 nm. Therefore, for making SnD core–shell particles (as 
seen in Fig. 1b and e) hyperbranched Sn(IV) was coated 
on the DFNS. Moreover, after anchoring the BaMnO3, the 
metal nanoparticles were obviously differentiable using the 
diversity in their contrast. The as-gathered nanoparticles of 
metal were spherical without significant aggregation. As can 
be seen in Fig. 1c and f, the nanoparticles morphology was 
near-wall BaMnO3. In addition, the diameter of NPs was 
about 20–30 nm.

Figure 2 shows the XRD schema in the case of BaMnO3/
SnM catalysts at low and high angles. For examining the 
as-achieved nanostructured BaMnO3, we have used XRD 
analysis that may be considerably beneficial approach in 
term of detection of mean crystallite size as well as crystal-
line structure. The broad peak in the range of 20–30° shows 
amorphous silica. As can be seen in Fig. 2, the diffraction 
peaks are clear and whole are properly matched with pure 
fluorite BaMnO3. In addition, there exist no impurities. 
These patterns were in perfect accord with the Hexagonal 
Phase BaMnO3 (JCPDS card No. 26-0168).

The spectra of XPS for Si, Sn, and O in catalysts of 
BaMnO3/SnD were demonstrated in Fig.  3. Noted that 
BaMnO3/SnO2 as well as BaMnO3/SnD catalysts were uti-
lized as references. As seen in Fig. 3a, there are two typi-
cal doublets with the binding energies of ca. 484‒486 eV 
and ca. 493‒495 eV that may be considered to the 3d3/2 
and 3d5/2 peaks in term of Sn4+, respectively [20].The Sn 
3d5/2 peaks of BaMnO3/SnD varies to high binding energy 
(486–487 eV) [22] in comparison with the Sn 3d5/2 peak of 
BaMnO3/SnO2, 486 eV, indicating the Sn–O–Si bonds for-
mation in SnM support. Figure 3b shows two deconvoluted 
peaks related to O 1 s peak for BaMnO3/DFNS at 532.2 eV, 

Fig. 1   TEM images of DFNS (a); SnD (b); BaMnO3/SnD (c); SEM images of DFNS (d); SnD (e); BaMnO3/SnD (f)

Fig. 2   XRD analysis of BaMnO3/SnD NPs
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assigning to bonds of O‒Si [21, 23] and a peak in BaMnO3/
SnD that was assigned to O‒Si (531.1 eV) bond [23, 24]. 
At 530.9 eV, larger zone of the O‒Sn peak was seen that 
is related to BaMnO3/SnO2, showing more O‒Sn bonds 
existence on BaMnO3/SnO2 surfaces can be because of the 
formation of SnO2 crystallites.

BET specific surface area for BaMnO3/SnD and SnD 
are specified through analysis of nitrogen physisorption 
and determined that specific surface area was equal to 548, 
and 211 m2 g−1, respectively. BaMnO3/SnD had a reduction 
compared to SnD in surface area. It can be because of the 
supporting of BaMnO3 in the SnD. In addition, the surface 
area reduction is more clear in BaMnO3/SnD nanoparticles 

due to poor bicontinuous concentric BaMnO3 morphology 
in the case of the nanocatalyst. In SnD, the attendance of 
mesopores was proved by the presence of IV isotherm as 
well as H1-type hysteresis loop. In order calculate the pore 
size distribution, the desorption branch of nitrogen isotherm 
was utilized with BJH approach. As seen in Table 1, we 
determined that, at 11 nm, relating pore size distribution 
showed a narrow pore size distribution peaked (refer to 
Table 1). The great mesopore size of SnD with great capac-
ity can load BaMnO3 that have relative large molecular size.

The reaction conditions are optimized by applications of 
CO2, pyrimidine, and H2 for the N-formylation of pyrro-
lidine that is catalyzed by nanoparticles of BaMnO3/SnD 
in the suggested model approach. The model reaction pre-
sented analyzes of the influences of distinct factors as seen 
in Table 2. Different solvents are used to investigate their 
effects on the BaMnO3/SnD NPs synthesis (refer to Table 2, 
Entries 1–18). Our outcomes showed no formation of the 
attended product by polar protic solvents like water, metha-
nol, and isopropanol, as well as ethanol. The cross-coupling 
product demonstrated a relatively average-to-good yield 
by DMSO, EtOAc, and DMF that considered as the polar 
aprotic solvents. As seen in Table 2, Entry 10, 1,4-dioxane is 
detected as a more efficient substance compared to the other 
solvents. The catalyst amount for the reaction is known as an 
important parameter that have to be consider in the current 
reaction. No product is achieved in the lack of the catalyst. 
Moderate products are obtained by the adding 0.2–1 mol% 
of catalyst within the sample reaction. In the attendance of 
a constant amount of catalyst (0.4 mol%), when the model 
reaction is done, the best result is achieved. It should be to 
note that the model reaction is not enhanced with enhancing 
the catalyst amount.

N-formylation yield is increased quickly with enhancing 
the time of reaction up to 20 min, after that this approach 
is observed to decline. The extended reactions showed a 
further again to 30 min that is the highest transformation 
is established. The products of pyrrolidine-1-carbaldehyde 
are decreased again beyond this time. It is observed that the 
viscosity of reaction system is increased with the formation 
of pyrrolidine-1-carbaldehyde that caused in the interplay 
obstruction among the reactants and catalyst at a longer 
time more than (30 min). Figure 6 shows the products of the 
N-formylation of pyrrolidine against the time of reaction.

Figure 7 shows the pyrrolidine-1-carbaldehyde product 
that illustrated among 35 °C and 100 °C. It is found that 

Fig. 3   XPS spectra of BaMnO3/DFNS, BaMnO3/SnD, and BaMnO3/
SnO2, a Sn, and b O spectra

Table 1   Structural parameters of DFNS, and BaMnO3/SnD NPs

Catalysts SBET (m2 g−1) Va (cm3 g−1) DBJH (nm)

SnD 548 3.2 11
BaMnO3/SnD 211 1.1 2
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the catalyst activity is dramatically affected with vary-
ing the temperature of reaction. The high temperature 
is proper for the pyrrolidine-1-carbaldehyde production 
implied the favorable thermodynamic coupling reactions. 
The products of pyrrolidine-1-carbaldehyde significantly 
enhanced from 18 to 96% by increasing the temperature of 

reaction from 35 to 100 °C so showing the utility of high 
temperatures for the favorable coupling reaction.

In addition, for optimizing the N-formylation product of 
pyrrolidine and analyze the catalytic efficiency of BaMnO3/
SnD NPs, the pressure of carbon dioxide is studied. The 
optimal pressure of it to provide the maximum product of 
BaMnO3/SnD NPs should be determined because the kinet-
ics of the mass transfer reactions had to be influenced by 
the reaction as well as the diffusion among pyrrolidine, H2, 
and CO2. The pressure influences in the range of 0.5–4.0 
Mpa are investigated. The BaMnO3/SnD NPs yield sharply 
enhanced while the pressure of CO2 increased from 1.5 to 
2.0 Mpa. After that BaMnO3/SnD NPs yield was constant 
in the pressure range of 2.5–3.5 MPa (refer to Fig. 8). Nev-
ertheless, a decreased product is achieved when the pres-
sure was around 4.0 MPa. In the reaction system, it could 
be illustrated using the pyrrolidine-1-carbaldehyde yield 
enhance induced with higher pressure of CO2 and its fur-
ther concentration increase in the low-pressure. Yet, the 
product should be reduced with its high pressure that could 
decrease concentration of pyrrolidine in the catalyst vicin-
ity, whereas pyrrolidine itself can additionally use as an its 

Table 2   The N-formylation of pyrrolidine by using BaMnO3/SnD 
NPs in different solvents

Reaction conditions: pyrrolidine (15 mmol), solvents (15 mL), H2 2.0 
Mpa, and CO2 2.0 MPa
a Isolated yields

Entry Solvent Catalyst 
(mol%)

T (oC) Yield (%)a

1 H2O 1.0 105 –
2 MeOH 1.0 65 –
3 EtOH 1.0 80 –
4 i-PrOH 1.0 80 –
5 DMA 1.0 120 88
6 DMF 1.0 120 71
7 THF 1.0 65 40
8 CH2Cl2 1.0 40 65
9 CHCl3 1.0 60 69
10 CCl4 1.0 75 –
11 CH3CN 1.0 80 22
12 EtOAc 1.0 75 51
13 DMSO 1.0 120 65
14 Anisole 1.0 120 18
15 Toluene 1.0 110 38
16 n-Hexane 1.0 70 –
17 Cyclohexane 1.0 80 –
18 solvent-free 1.0 100 –
19 1,4-Dioxane 1.0 100 97
20 1,4-Dioxane 0.8 100 97
21 1,4-Dioxane 0.4 100 97
22 1,4-Dioxane 0.2 100 84
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declined concentration and reactant could be unfavorable 
for the reaction. For the maximum yields of pyrrolidine-
1-carbaldehyde, these contrary facts showed the need for 
pressure of 2.5 MPa as an optimum pressure (refer to Fig. 8). 
Furthermore, the fundamental role of the pressure of H2 in 
the N-formylation of pyrrolidine in the attendance of the 
nanoparticles of BaMnO3/SnD as the catalyst. The N-for-
mylation of pyrrolidine is studied at the H2 pressure in the 
range of 0.5–4.0 bar at isobaric conditions to investigate the 
pressure effects. In a pressure range (from 2.5 to 4.0 bar), 
there are no significant influences of pressure on the prod-
ucts of pyrrolidine-1-carbaldehyde. Our obtained outcomes 
showed that the pyrrolidine-1-carbaldehyde synthesis in the 
attendance of BaMnO3/SnD NPs are already done causing 
in proper yields (97%) with a constantly enhancing pressure 
(2.5 bar and more) (refer to Fig. 9).

For optimizing the conditions of reaction, this methodol-
ogy is analyzed utilizing distinct amines in the attendance 
of BaMnO3/SnD NPs at the same conditions so as to define 
the efficiency of this method by taking into consideration of 
the library construction, particularly. The various amines do 
not indicate significantly clear influences on the products for 
the reaction conditions as can be observed in Table 3. The 
3-component reaction showed a smooth measuring approach 
(refer to Table 3). When utilized from aromatic amines the 
yields are obtained at the similar conditions (refer to Table 3, 
entries 9–11).

The comparisons of the catalytic activity of BaMnO3/
SnD with other recent catalysts used for N-formylation 
amines with utilization of CO2 as a C1 source (Table 4). 
The results showed that our catalyst system had the highest 
yield of formamide for the same reaction time, although a 
catalytic amount of base was required, which confirmed that 
our catalyst was more active.

The reusability state of a catalyst has been introduced as 
a considerable property in the green chemistry. Therefore, 
reusability state of the nanoparticles of the BaMnO3/SnD 
was studied under an optimized state for N-formylation 

through reductive carbon dioxide hydrogenation. The 
BaMnO3/SnD NPs were separated, directly, of the liquid 
reaction area, this compound readily separates from the 
solution after only a few seconds of performing the reac-
tion. It can may be reused, quickly, after solvent cleaning. 
As can be seen in Fig. 10, the catalyst was reused for 10th 
continuous runs. The obtained product was 92% at the 
ten run, which indicates just a 5% drop in performance 
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Fig. 9   The effect of H2 pressure on the synthesis of product

Table 3   Catalysis of N-formylation by BaMnO3/SnD NPs via reduc-
tive CO2 hydrogenation

Compound Substrate Product Yield (%)a 

1 
Me

N
Me

H
Me

N
Me

CHO 92 

2 
Et

N
Et

H
Et

N
Et

CHO 88 

3 N H N CHO 84 

4 n-Bu
N

n-Bu
H

n-Bu
N

n-Bu
CHO

89 

5 N H N CHO 97 

6 N H N CHO
95 

7 O N H O N CHO 90 

8 N N HPh N N CHOPh 98 

9 NH2
H
N CHO 83 

10 NH2MeO
H
N CHOMeO 74 

11 
NH
CH3

N CHO
CH3

86 

Reaction conditions: amines (15  mmol), BaMnO3/SnD NPs 
(0.4 mol %), 1,4-dioxane (15 mL), H2 2.5 MPa, and CO2 2.5 MPa for 
40 min at 100 °C
a Isolate
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was observed compared to the related fresh catalyst (97%). 
Furthermore, after each run, for N-formylation the amount 
of iron leached into the solution was analyzed by ICP. 
Reusing the catalyst in 10 consecutive cycles (Fig. 11) did 

not result in any loss in catalytic activity with minimal 
(< 0.03 ppm) leaching of iron (assessed by ICP-OES).

Furthermore, to illustrate the catalyst heterogeneous 
nature, a complete investigation was done. In the first step, 
we have performed the hot filtration experiment for to the 
N-formylation and indicated that the catalyst was deleted 
after by 62% at 20-min removal in situ. The reactants were 
allowed to with stand more reaction. The results illustrated 
that the free catalyst remnant was weakly active, after taking 
the heterogeneous catalyst. The conversion around 63% was 
achieved after 50 min of the product. During the reaction, 
we have proved that the catalyst acted, heterogeneously, and 
unwilling only slight leaching performed in the reaction. In 
the second step, in order to ensure the heterogeneous pat-
tern of the catalyst, the mercury poisoning investigation was 
additionally done. Mercury (0) was imbibed as using syn-
thesis or a metal. Furthermore, Mercury (0) was consider-
ably deactivated the metal catalyst (active surface) and also 
tranquilized the catalyst activity. Our experiments proved 
the heterogeneous catalyst and is done with the upper-men-
tioned model of reaction at optimized conditions. Around 
300 molar mercury was added to the compound of reaction 
after 20 min of the reaction. The reaction area was stirred 
for more than 50 min. In the mentioned reaction, no more 
conversion was observed after 50 min from poisoning the 
catalyst. Figure 12 shows a kinetics figure of the reaction at 
the presence of Hg(0). The negative results achieved from 
the total heterogeneity experiments (Hg(0) poisoning and 
also hot filtration) suggested that the solid catalyst was actu-
ally heterogeneous and no obtainable iron leaching acted 
upon N-formylation.

4 � Conclusion

In this paper, a series of catalysts of BaMnO3/SnD were 
synthesized using in  situ BaMnO3 on the synthesized 
SnD surface. The catalysts of BaMnO3/SnD had appro-
priate mesoporous structure as well as the Sn(IV) species 

Table 4   Comparison of the 
catalytic efficiency of BaMnO3/
SnD NPs with various catalysts

Reaction conditions: pyrrolidine in different temperature, time, and pressure of CO2 and H2

Entry Catalyst Experimental conditions Yield (%)

1 NHC-Ir COD complex 100 °C, 20 h, 30 bar CO2/30 bar H2 94 [42]
2 Ru complex 90 °C, 30 h, 40 bar CO2/40 bar H2 70 [43]
3 Cu(II) complex 90 °C, 1.5 h, 15 bar CO2/20 bar H2 94 [44]
4 Pd/NC-800-6.9% 130 °C, 24 h, 30 bar CO2/40 bar H2 84 [45]
5 Cu2(OH)2CO3 130 °C, 24 h, 30 bar CO2/40 bar H2 94 [46]
6 Carpy-CMP@Ru 130 °C, 24 h, 40 bar CO2/40 bar H2 90 [47]
7 Co-pincer complex 150 °C, 36 h, 30 bar CO2/30 bar H2 93 [48]
8 Co(ClO4)2. 6H2O, PPh3 140 °C, 24 h, 30 bar CO2/30 bar H2 94 [49]
9 BaMnO3/SnD 100 °C, 30 min, 2.5 bar CO2/2.5 bar H2 97 [this work]
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Fig. 10   The reusability of catalysts for synthesis of 3-aryl-2-Oxazo-
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Fig. 11   Recyclability of the catalyst for N-formylation via reductive 
CO2 hydrogenation
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were properly incorporated within the SnD frame work. 
Enhancing the amount of Sn doping was useful to form lit-
tle BaMnO3 particles and enhancing the catalysts surface 
basicity. When the catalytic N-formylation via reductive CO2 
hydrogenation onto BaMnO3/SnD catalysts performed, the 
BaMnO3 NPs run as the active site and the species of Sn(IV) 
as the promoter.
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