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ABSTRACT

In this work, mesoporous SBA-15 was synthesized by a simple procedure using P123 and TEOS
in HCI acidic conditions, followed by calcination at 550 °C. 2,2'-(propane-1,3-
diylbis(oxy))dibenzenaminium chloride ligand (PO(BA)) as ligand was synthesized from 2-
nitrophenol and 3,1-dibromopropane, following reduction of nitro groups. The step-by-step
synthesis of the PO(BA) ligand was confirmed by 'H NMR and '3C NMR. 3-
lodopropyltriethoxysilane (IPTES) was synthesized from 3-chloropropyltriethoxysilane
(CPTES) in dry acetone. Then, the mesoporous SBA-15 surface was modified by IPTES and
next it was functionalized by PO(BA). Finally, immobilized PO(BA) on SBA-15 became
complex with palladium acetate (Pd-PO(BA)@SBA-15). The prepared Pd-PO(BA)@SBA-15
was characterized by SEM, ICP, TGA/DSC EDS, BET/BJH, and WDX techniques. TGA and
BET/BJH methods showed high thermal stability of this catalyst up to 230 °C and a high surface
area for this catalyst. Then, the catalytic usage of Pd-PO(BA)@SBA-15 was investigated in the
selective carbon-carbon bond formation. Various aryl halides (including aryl iodides (Ar-1) and
aryl bromides (Ar-Br), having electron-donating or electron-withdrawing functional groups) and
some derivatives of phenylboronic acid (such as phenylboronic acid (C¢Hs(OH),), 4-
methoxyphenylboronic acid and 4-formylphenylboronic acid) were investigated and all biphenyl
products were obtained with high yields and TOF values. NMR spectroscopy was used to
determine the synthesized biphenyl products. Pd-PO(BA)@SBA-15 catalyst was shown to be
reusable without significant loss in its performance in the Suzuki-Miyaura cross-coupling

reaction.

Keywords: Mesoporous SBA-15, selective nanocatalyst, C-C coupling reaction, palladium

complex, reusable catalyst
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NMR spectral data

X
O/\/\ 0
1,3-bis(2-nitrophenoxy)propane

'H NMR (250 MHz, § ppm DMSO-dy): 7.84 (d, J= 7.5 Hz, 2H), 7.62 (t, J= 7.5 Hz, 2H), 7.34 (d,

J=1.5Hz, 2H), 7.08 (t, J= 7.5 Hz, 2H), 4.31 (t, J= 7.5 Hz, 4H), 2.20 (quin, J= 7.5 Hz, 2H) ppm.

388¢ e

EET B
LHEERRRCSLRnERR2ERARDY
hhhhhhﬁﬁﬁh'ﬂ"ﬂ‘?ﬂﬂf‘:\NNNNNN

180

140

120

|
}
;
o

100

2.01
" ?{J{JHL-L—:
guq & [i
I

T T T T T T T T
16 15 14 13 12 11 10 9

S2



(X

3C NMR (100 MHz, DMSO-dg): 151.6, 139.9, 134.9, 125.4, 121.0, 115.4, 65.9, 28.5 ppm.
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CI Cr
Clo 0
2,2'-(propane-1,3-diylbis(oxy))dibenzenaminium chloride

'H NMR (250 MHz, § ppm DMSO-dg): 7.42-7.38 (m, 2H), 7.36-7.32 (m, 2H), 7.22 (d, J= 7.5

Hz, 2H), 7.00 (t, /= 7.5 Hz, 2H), 4.33 (t, /= 5 Hz, 4H), 3.80 (br, 6H), 2.23 (s, 2H) ppm.
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CI Cr
Co o0
o "0
2,2'-(propane-1,3-diylbis(oxy))dibenzenaminium chloride

3C NMR (100 MHz, DMSO-dg): 151.8, 129.7, 124.2, 123.4, 121.0, 113.6, 65.5, 28.7 ppm.
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4-nitro-1,1'-biphenyl

NO,

'H NMR (300 MHz, § ppm DMSO-dg): 8.29 (d, J= 9 Hz, 2H), 7.95 (d, J= 9 Hz, 2H), 7.77 (d, J=

6 Hz, 2H), 7.56-7.46 (m, 3H) ppm.
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NO,

4-nitro-1,1'-biphenyl

3C NMR (100 MHz, CDCl;): 147.6, 147.1, 138.8, 129.2, 128.9, 127.8, 127.4, 124.1 ppm.
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OMe

4-methoxy-1,1'-biphenyl
'"H NMR (300 MHz, 6 ppm DMSO-d¢): 7.59 (d, J= 6 Hz, 4H), 7.41 (t, J= 7.5 Hz, 2H), 7.29 (t,

J=1.5 Hz, 1H), 7.01 (d, J= 9 Hz, 2H), 3.78 (s, 3H) ppm.
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OMe

4-methoxy-1,1'-biphenyl

3C NMR (100 MHz, CDCl;): 159.1, 140.8, 133.8, 128.7, 128.2, 126.8, 126.7, 114.2, 55.4 ppm.
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CHO

[1,1'-biphenyl]-4-carbaldehyde
'H NMR (300 MHz, 6 ppm DMSO-dy): 10.04 (s, 1H), 7.98 (d, J= 9 Hz, 2H), 7.88 (t, J= 7.5 Hz,

2H), 7.75 (d, J= 6 Hz, 2H), 7.53-7.40 (m, 3H) ppm.
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02N OMe

4-methoxy-4'-nitro-1,1'-biphenyl
"H NMR (300 MHz, 6 ppm DMSO-d¢): 8.25 (d, J/= 9 Hz, 2H), 7.90 (d, J= 9 Hz, 2H), 7.75 (d, J=

9 Hz, 2H), 7.07 (d, J= 9 Hz, 2H), 3.81 (s, 3H) ppm.
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02N OMe

4-methoxy-4'-nitro-1,1'-biphenyl

BC NMR (100 MHz, CDCl;): 160.4, 147.2, 146.5, 131.0, 128.6, 127.1, 124.1, 114.6, 55.4 ppm.
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1,1'-biphenyl

'"H NMR (300 MHz, 6 ppm CDCls): 7.63 (d, /=9 Hz, 4H), 7.48 (t, J= 6 Hz, 4H), 7.39 (d, J=9
Hz, 2H) ppm.
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1,1'-biphenyl
3C NMR (100 MHz, CDCl;): 141.3,128.8, 127.3, 127.2 ppm.
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O,N CHO

4'-nitro-[1,1'-biphenyl]-4-carbaldehyde
"H NMR (300 MHz, 6 ppm CDCl;): 10.09 (s, 1H), 8.34 (d, /=9 Hz, 2H), 8.02 (d, J= 9 Hz, 2H),

7.80 (d, J=9 Hz, 4H) ppm.
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O,N CHO

4'-nitro-[1,1'-biphenyl]-4-carbaldehyde
BCNMR (100 MHz, CDCl5): 191.7, 147.7, 146.0, 144.5, 136.2, 130.5, 128.2, 128.1, 124.3 ppm.
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Cl

4-chloro-1,1'-biphenyl
'"H NMR (300 MHz, & ppm CDCl;): 7.58-7.52 (m, 4H), 7.46 (t, J/= 9 Hz, 4H), 7.40 (t, J= 3 Hz,

1H) ppm.

— 1200

22
- T L1100
a}u}whwwmhﬂwmwwwmmmeMMHgﬂh 0
NNV TTTTTTTT T T TN N
P P M P P P P P P P P P P P P P P P P P P P P ™
Feibyfre ki i
| 1000
‘ 210
FBI0
|
| 700
600
500
400
=300
200
100
ptiL Ll o
g = =]
a9
o =
-100
T T T T
15 15 14 13 12 11 (1] E 8 7 B 5 4 3 2 1 0 1 2 3 -2
f1 {ppm)

S17



Cl

4-chloro-1,1'-biphenyl

3C NMR (100 MHz, CDCl;): 140.0, 139.7, 133.4, 128.9, 128.9, 128.4, 127.6, 127.0 ppm.
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H3C

4-methyl-1,1'-biphenyl
'"H NMR (300 MHz, & ppm CDCl;): 7.62 (d, J= 9 Hz, 2H), 7.53 (d, J= 6 Hz, 2H), 7.46 (t, J= 6

Hz, 2H), 7.35 (t, J= 6 Hz, 1H), 7.28 (t, J= 9 Hz, 2H), 2.43 (s, 3H) ppm.
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H3C

4-methyl-1,1'-biphenyl

3C NMR (100 MHz, CDCl;): 141.2, 138.4, 137.0, 129.5, 128.7, 127.0, 127.0, 21.1 ppm.
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NC

[1,1'-biphenyl]-4-carbonitrile
'H NMR (300 MHz, 8 ppm CDCls): 7.73 (d, J= 9 Hz, 2H), 7.68 (d, /=9 Hz, 2H), 7.60 (d, J= 9

Hz, 2H), 7.52-7.43 (m, 3H) ppm.
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NC

[1,1'-biphenyl]-4-carbonitrile

BC NMR (100 MHz, CDCl5): 145.7, 139.1, 132.6, 129.1, 128.7, 127.7, 127.2, 119.0, 110.9 ppm.
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