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Research subject: In this study, thiourea-functionalized super-para-
magnetic nanoparticles were used as a heterogeneous catalyst in the
Petasis-Borono Mannich reaction.

Research approach: In the first stage of this study, Fe,0,@Si0,nanopar-
ticles were synthesized as spherical core-shell nanoparticles such that
Fe304 particles were considered as the core. Then in the next step, the
characteristics of surface functional groups, crystal structure, magnetic
properties, size and surface appearance of nanoparticles and the pro-
cess of functionalizing the structure in layers, using infrared spectros-
copy (FT-IR), X-ray diffraction (XRD), vibrating sample magnetometer
(VSM), scanning electron microscopy (SEM), thermogravimetric analy-
sis (TGA) were examined, identified, and analyzed. Then, to evaluate the
efficiency of the structure, it was used as a catalyst in the Borono-Man-
nich reaction of potassium potash. Infrared spectroscopy (FT-IR) and
hydrogen nuclear magnetic resonance spectroscopy (HNMR) were used
to investigate the structure of the products.

Main results: The IR spectroscopy results showed that the peaks ap-
pearing in 568 cm™ and 670 cm™ were related to iron-oxygen bond, the
peaks in 1092 and 800-950 cm™ were related to silicon-oxygen bond,
which indicates the formation of silicon layer on nanomagnetic particles
and the validity of the reaction products. The results also showed that
the amount of saturated magnetite in about 23 emu/g increased with
increasing complex ligand. X-ray diffraction analysis showed that the in-
dex peaks of (20= 21.25°, 37.29°, 43.73°, 52.56°, 65.09°, 69.73°, 76.81°)
were realized and for certainty of the formation of the desired magnetic
nanoparticles in crystalline phase were used. The results of SEM analy-
sis showed the structure of nanoparticles in a spherical shape and EDX
analysis confirmed the presence of elements in the structure which in-
cluded sulfur. Also, the thermogravimetric analysis index showed ap-
proximately 7% decomposition coefficient. The first, second and third
decomposition were observed 1% by weight (60 °C), 5% by weight (200
to 300 °C) and 1% by weight (350 to 700 °C), respectively. The high-
est yield of 68% was measured with 40 mg catalyst in acetonitrile. The
structure of thiourea was properly stabilized in a magnetic nanocatalyst.
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Figure 1 Catalyst recycling steps using magnetic surface reabsorption methods
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Figure 2 Diagram of reaction efficiency during the investigation of the efficiency of the catalyst during
recovery
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Table 1 Optimization of reaction conditions for the Petasis-Borono-Mannich reaction in the presence of
thiourea-modified magnetic nanoparticles as a catalyst

No. Catalyst amount Solvent Reflux temp | Time (h) | Efficiency (%)
(mg) Q)
1 20 H,0 100 6 42
2 20 EtOH 78 6 31
3 20 n-Hexane 68.5 6 20
4 20 Acetonitrile 82 6 48
5 20 Acetonitrile 82 6 25
6 20 Acetonitrile 82 6 37
7 10 Acetonitrile 82 6 30
8 40 Acetonitrile 82 6 58
9 60 Acetonitrile 82 6 58
10 40 Acetonitrile 82 4 41
11 40 Acetonitrile 82 8 68
12 40 Acetonitrile 82 10 68
13 - Acetonitrile 82 6 15
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Figure 7 Petasis-Borono-Mannich reaction in the presence of thiourea-modified magnetic nanoparticles
as a catalyst
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Table 2 Petasis-Borono-Mannich reaction derivatives in the presence of thiourea magnetic nanoparticles
as catalvst

No. Aldehyde Amine

a

4 /\u/\

-
;
d

Lh

g VNM
[ I . \\\/\N/\\/
OH

Product Time  Efficiency Ref.
(h) (%)

PN 8 67 [23]

8 63 [24]

8 55 [24]

[23]

8 57 [23]
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7.32 (2H, t, J=22 Hz), 7.21-7.22 (1H, t, ]=2.5 Hz),
7.03-7.05 (1H, d, J=10 Hz), 6.98-7.02 (1H, t, J=10
Hz), 6.69-6.71 (1H, d, J=10 Hz), 6.64-6.67 (1H, t,
J=10 Hz), 4.99 (1H, s), 2.49-2.64 (4H, dq, ]=60, 10
Hz), 0.95 (6H, t, J=10 Hz).
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Compound 6
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O 8 74 [16]
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[:j 8 68

Lol o olyd ol o e dbls a S 6, Koo s .ol
s STy sl J—ols poas! (g5l Jlad (oS oo

o0 Cawdds &Y guazo iub gosls A-Y

ali_decwloaBools s S8 0V 57 W

&.A—h-’»’ a V Q ? ‘(.5 ‘f c\‘ aY c\ C.JL».»S)J )o) J_,al.‘>
PhANAPh \NAH‘

Compound 3 Compound 4

0

Compound 7

b isles] o oads hol> V g &0 F ¥ Y L) ol 5 ksle 4 JSs
Figure 9: The structure of compounds 6,5 ,4,3,2,1 and 7 obtained in the experiments

VeeSs
2-(diallylaminophenyl)methylphenol, IR (KBr) v
= 3381, 3066, 2925, 2855, 1594, 1458, 1407, 1245,
1094, 1009, 927, 866, 754cm-1; 1H-NMR (500MHz,
CDClI3): 6 (ppm)=8.24 (1H, s), 7.38-7.60 (5H, m),
7.13-7.21 (2H, m), 6.82-6.89 (2H, m), 6.12-6.21 (2H,
m), 5.17-5.34 (2H, m), 3.24-3.38 (6H, m).

VS
2-(dibenzylaminophenyl)methylphenol, IR (KBr)
v=3067, 3031, 2925, 2845, 1688, 1591, 1483, 1398,
1252, 1170, 1100, 1031, 863, 749 cm-1; 1H-NMR
(500MHz, CDCI3): & (ppm) = 12.08 (1H, br), 7.27-
7.43 (19H, m), 5.15 (1H, s), 3.95-3.97 (2H, d, ]=10
Hz), 3.75 (1H, s), 3.41-3.43 (2H, d, ]=10 Hz).
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VoSS
2-(diethylaminophenyl)methylphenol, IR (KBr)
v = 3373, 3059, 2925, 2856, 1727, 1597, 1459,
1401,1249, 1167, 1105, 1031, 871, 691 cm-1;
1H-NMR (500MHz, DMSO): § (ppm)=11.48-11.54
(1H, d, J]=30 Hz), 7.45-7.47 (2H, d, ]=10 Hz), 7.23-
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1751, 1674, 1574 cm-1, 1H-NMR (500MHz, DMSO):
8 (ppm)= 6.37-6.39 (2H, m), 6.19-6.21 (2H, t, J]=7.5
Hz), 6.27-6.28 (1H, t, =5 Hz), 6.12-7.15 (1H, t, ]=7.5
Hz), 5.84-5.85 (d, J=1H, 10 Hz), 5.73-5.74 (d, J=1H,
10 Hz), 5.34-5.35 (t, J=1H, 7.5 Hz), 5.63 (1H, s), 4.39
(1H, br), 4.26-4.28 (4H, m), 3.47-3.48 (4H, m).
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Vs s
2-(benzylmethylaminophenyl)methylphenol,
IR (KBr) v=3437, 2924, 2856, 1639, 1485, 1457,
1393, 1251, 1107, 1033, 948, 750 cm-1; 1H-NMR
(500MHz, CDCI3): § (ppm) = 7.20-7.42 (10H, m),
6.82-6.93 (4H, m), 6.04 (1H, s), 3.46-4.23(1H, br),
2.44-3.00 (2H, m), 1.26 (1H, s), 0.89 (2H, m).

O oSy

2-(phenylpiperidin-1-yl)methylphenol, IR (KBr)
v=3426, 3071, 2925, 2854, 1646, 1455, 1387, 1262,
1102, 1025, 752, 699 cm-1; 1H-NMR (500MHz,
CDCI3): & (ppm) = 12.49 (1H, br), 7.42-7.43 (2H, d,
J=5 Hz), 7.27-7.33 (3H, m), 7.10-7.14 (1H, t, J=10
Hz), 6.93-6.95 (1H, d, J]=10 Hz), 6.87-6.89 (1H, d,
J=10 Hz), 6.69-6.72 (1H, t, ]=15 Hz), 2.34-2.61 (4H,
m), 4.53 (1H, s), 1.48-1.65 (6H, m).

S 5

2-(N-morpholinophenyl)methylphenol, IR (KBr)
v=3051, 2945, 2849, 1611, 1466, 1257, 1112, 753
cm-1; 1H-NMR (500MHz, DMSO): § (ppm)=7.42-
7.58 (2H, m), 7.29-7.32 (2H, t, ]=7.5 Hz), 7.26-7.27
(1H, t,J=5 Hz), 7.11-7.14 (1H, t, ]=7.5 Hz), 6.94-6.96
(d, J=1H, 10 Hz), 6.86-6.87 (d, J=1H, 10 Hz), 6.72-
6.75 (t, J=1H, 7.5 Hz), 6.71 (1H, s), 4.42 (1H, br),
3.68-3.76 (4H, m), 2.46-3.17 (4H, m).

VoS
7-amino-5-(4-chlorophenyl)-2, 4-dioxo-1, 3, 4,

5-tetrahydro-2H-pyrano [2, 3-d[ pyrimidine-6-car-
bonitrile, IR (KBr) v=3479,3385,3211, 3089, 2196,

AY 7ok = o (oo 50 b Ghagh (sl ) o (g oole aolibal



ol enoliial 3 363k 51 sl

&=l

[1] Pellissier H., Enantioselective Titanium-Promot-
ed 1,2-Additions of Carbon Nucleophiles to Carbonyl
Compounds, Tetrahedron, 71, 2487-2524, 2015.

[2] Malinakova H.C., Recent Advances in the Discov-
ery and Design of Multicomponent Reactions for the
Generation of Small-Molecule Libraries, Reports in
Organic Chemistry, 5, 75-90, 2015.

[3] Ruijter E., Scheffelaar R., Orru R.V.A., Multicom-
ponent Reaction Design in the Quest for Molecular
Complexity and Diversity, Angewandte Chemie In-
ternational Edition, 50, 6234-6246, 2011.

[4] Souza R.Y., Bataglion G.A., Ferreira D.A.C., Gatto
C.C., Eberlin M.N., Neto B.A.D., Insights on the Petasis
Borono-Mannich multicomponent reaction mecha-
nism, RSC Adv, 5, 76337-76341, 2015.

[5] Kaboudin B., Zangooei A., Kazemi F, Yokomatsu
T., Catalyst-free Petasis-type reaction: Three-compo-
nent decarboxylative coupling of boronic acids with
proline and salicylaldehyde for the synthesis of al-
kylaminophenols, Tetrahedron Lett, 59, 1046-1049,
2018.

[6] Reddy B.N., Rani C.R.,, Reddy S.M., Pathak M., An
efficient and green La (OTf)3 catalyzed Petasis bor-
ono-Mannich reaction for the synthesis of tertiary
amines, Res. Chem. Intermed. 42, 7533-7549, 2016.
[7] Reddy S.R.S., Reddy B.R.P, Reddy P.V.G., Chitosan:
highly efficient, green, and reusable biopolymer
catalyst for the synthesis of alkylaminophenols via
Petasis borono-Mannich reaction, Tetrahedron Lett.
56, 4984-4989, 2015.

[8] Wang Y., Song X., Wang ]., Recent approaches
for asymmetric synthesis of a-amino acids via ho-
mologation of Ni(II) complexes, Springer Vienna. 49,
1487-1520, 2017.

[9] Liepouri F, Bernasconi G., Petasis N. A, Com-
ponent-selective and stereocontrolled one-step
three-component reaction among aldehydes,
amines, and allenyl boronic acids or allenyl pinacol-
boronates. Org Lett. 17, 1628-1631, 2015.

[10] Naskar D., Neogi S., Roy A., Mandal A.B., Novel
Petasis boronic acid reactions with indoles: synthe-
sis of indol-3-yl-aryl-acetic acids, Tetrahedron Lett.
49, 6762-6764, 2008.

[11] Reddy B.R.P, Reddy P.V.G., Kumar D.P, Reddy
B.N., Shankar M. V, Rapid synthesis of alkylamino-
phenols via the Petasis borono-Mannich reaction
using protonated trititanate nanotubes as robust
solid-acid catalysts. RSC Adv. 6, 14682-14691, 2016.
[12] Morozova Veronika A., Beletskaya Irina P, Tit-
anyuk Igor D., Efficient and stereoselective synthesis
of (S)-a-propargylglycine derivatives from allenyl-
boronic acid, Mendeleev Communications. 29, 498,
2019.

[13] Kaboudin B., Zangooei A., Kazemi F,, Yokomat-
su T, Catalyst-free Petasis-type reaction: Three-com-
ponent decarboxylative coupling of boronic acids

with proline and salicylaldehyde for the synthesis of
alkylaminophenols, Tetrahedron Letters, 59, 1046-
1049, 2018.

[14] Marques C.S., Ardle P. M,, Erxleben A., Burke
AlJ., Accessing new 5-a-(3,3-disubstituted oxin-
dole)-benzylamine derivatives from isatin: stereo-
selective organocatalytic three component petasis
reaction, European Journal of Organic Chemistry, 24,
3622-3634, 2020.

[15] Irfana Jesin C.P, Haritha Mercy A.A., Ravindra S.,
Kataria R, Nandi G.C., Mild and metal-free protocol
toward the synthesis of triarylmethanes by reactions
of (hetero)arylboronic acids and ortho-hydroxyary-
laldehydes, The Journal of Organic Chemistry 85,
3000-3009, 2020.

[16] Kulkarni A.M., Pandit K.S., Chavan PV, Desai
U.V, Wadgaonkar P.P, Cobalt ferrite nanoparticles:
a magnetically separable and reusable catalyst for
Petasis-Borono-Mannich reaction. RSC Adv. 86,
70586-70594, 2015.

[17] Wang]., Li P, Shen Q., Song G., Concise synthesis
of aromatic tertiary amines via a double Petasis-bo-
rono Mannich reaction of aromatic amines, formal-
dehyde, and organoboronic acids, Tetrahedron Lett,
55, 3888-3891, 2014.

[18] Frauenlob R., Garcia C., Butler S., Bergin E., Cop-
per activation of boronic acids: factors affecting re-
activity, Appl. Organomet. Chem. 28, 432-435, 2014.
[19] Li Y., Xu M.H., Applications of asymmetric peta-
sis reaction in the synthesis of chiral amines, Acta
Chimica Sinica, 79, 1345-1359, 2021.

[20] Beisel T.,, Manolikakes G., A lewis acid palladium
(ii)-catalyzed three-component synthesis of a-sub-
stituted amides, Org. Lett. 15, 6046-6049, 2013.
[21] Reddy S.R.S., Reddy B.R.P, Reddy PV.G., Chi-
tosan: highly efficient, green, and reusable biopoly-
mer catalyst for the synthesis of alkylaminophenols
via Petasis borono-Mannich reaction, Tetrahedron
Lett. 56, 4984-4989, 2015.

[22] Rosholm T, Gois PM.P, Franzen R., Candeias
N.R.,, Glycerol as an efficient medium for the Peta-
sis Borono-Mannich Reaction, ChemistryOpen, 4,
39-46, 2015.

[23] Reddy B.R.P, Reddy P.V.G., Kumar D.P, Reddy
B.N., Shankar M.V, Rapid synthesis of alkylamino-
phenols via the Petasis borono-Mannich reaction
using protonated trititanate nanotubes as robust
solid-acid catalysts, RSC Adv. 6, 14682-14691, 2016.
[24] Rosholm T, Gois PM.P, Franzen R., Candeias
N.R.,, Glycerol as an efficient medium for the peta-
sis borono-mannich reaction, ChemistryOpen, 4,
39-46, 2015.

[25] Esmarilpour M., Larimi A.S., Ghahreman Afshar
M., Faghihi M., Asghari Nejad A.A., Functionalized
Fe,0,@Si0, magnetic nanosorbent for removal of
divalent cadmium from aqueous solutions, Applied

oy = (ool (i (50715 Sl gy (gl iy o (S (ool aolilad A A



IS el ale pboliiel o 5 3530 3l ealizl

Research in Chemical - Polymer Engineering. 5, 95-
106, 2021.

[26] Zhang Y.F, Qiu L.G., Yuan Y.P,, Magnetic Fe,0,@C/
Cu and Fe,0,@CuO core-shell composites construct-
ed from MOF-based materials and their photocata-
lytic properties under visible light, Appl Catal B En-
viron 144, 863-869, 2014.

[27] Gharagozlu M., Naghibi S., Synthesis of green
zinc oxide nanoparticles by thermal decomposition
of zinc complex obtained from phenylalanine, Jour-
nal of Color Science and Technology, 257-263, 2017.

AQ ok - oo (i @015 o gy (gl Ay o (Adg R (oole aolilad



