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Fig. S1 TEM-EDS pattern of Cu,O/SBA-15
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Fig. S2 The pore size distributions.
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Fig. S3 XPS of Cu,O/SBA-15



TH NMR, 3C NMR and GC-MS data



TH NMR, 3C NMR and GC-MS data

4-Nitrobenzonitrile (1a). pale yellow solid; mp 143-145 C;

'H NMR (300 MHz, DMSO-dy) 8 8.36 (d, J= 8.9 Hz, 1H), 8.16 (d, /= 8.9 Hz, 1H).
BC NMR (75 MHz, DMSO-dg) 8 150.39, 134.60, 124.78, 117.76, 117.65
GC-MS (EI): rt=10.450 min, m/z:148

4-Methoxybenzonitrile (1b). white solid; mp 57-58 'C

'H NMR (300 MHz, DMSO-dg) § 7.75 (d, 9.0 Hz, 2H), 7.09 (d, 9.0Hz, 2H), 3.82 (s,
3H).

13C NMR (75 MHz, DMSO-dg) & 163.15, 134.63, 119.62, 115.56, 103.26, 56.12.
GC-MS (EI): rt=8.475 min, m/z:133

Terephthalonitrile (1¢). white solid; m.p.111-114C

'"H NMR (300 MHz, DMSO-dy) 6 8.06 (s, 1H).
BC NMR (75 MHz, DMSO-dg) 4 133.67, 117.99, 116.17.
GC-MS (EI): rt=8.685 min, m/z:128

4-Fluorobenzonitrile (1d). white solid; mp 33-36 C

'"H NMR (300 MHz, CDCl;) 6 7.68 (dd, J=8.5, 5.2 Hz, 1H), 7.28 — 6.92 (m, 1H).
3C NMR (75 MHz, CDCls) 6 166.64 (4-Ar-C, J =254.25 Hz ), 163.25 (4-Ar-C, J
=254.25 Hz), 134.74 (3-Ar-C, J=9.0 Hz), 134.62 (3-Ar-C, J=9.0 Hz), 117.99 (1-Ar-
C), 116.94 (2-Ar-C, J=23.25 Hz), 116.63 (2-Ar-C, J =23.25 Hz), 108.50 (CN).
GC-MS (EI): rt=4.535 min, m/z:121

4-Bromobenzonitrile (1e). white solid; m.p.110-113 C

'H NMR (300 MHz, CDCl3) 8 7.64 (d, J = 8.3 Hz, 2H), 7.53 (d, J = 8.4 Hz, 2H).

3C NMR (75 MHz, CDCl;) & 133.43, 132.65, 128.03, 118.07, 111.25.
GC-MS (EI): rt=8.300 min, m/z: 181, 183.

4-Phenylbenzonitrile (1f). white solid; mp 83-84 'C

'H NMR (300 MHz, DMSO-d¢) 8 7.90 (m, 4H), 7.73 (d, J = 7.2 Hz, 2H), 7.60 — 7.30
(m, 3H).

3C NMR (75 MHz, DMSO-d¢) & 145.10, 138.72, 133.32, 129.64, 129.23, 128.04,
127.55, 119.34, 110.

GC-MS (ED): rt=14.970 min, m/z:179



4,4'-Biphenyldicarbonitrile (1g). white solid; m.p.239-241°C

'H NMR (300 MHz, DMSO-dg) 6 7.97 (d, J= 0.6 Hz, 1H).
3C NMR (75 MHz, DMSO-d¢) 6 143.14, 133.49, 128.55, 119.09, 111.76
GC-MS (ED): rt=19.230 min, EI-MS: m/z:204

4-(4-Bromophenyl)benzonitrile (1h). white solid; mp. 152-155 C

'H NMR (300 MHz, CDCly)  7.73 (d, J = 8.5 Hz, 2H), 7.62 (dd, J= 11.8, 8.5 Hz,
4H), 7.47 (d, J=8.5 Hz, 2H).

13C NMR (75 MHz, CDCly) § 144.40, 138.05, 132.74, 132.30, 128.80, 127.55, 123.19,
118.78, 111.34.

GC-MS (EI): rt=18.630 min, m/z:257, 259.

Methyl 4-cyanobenzoate (1i). white solid; mp 65-67 C

'H NMR (300 MHz, DMSO-dq) & 8.06 (d, J = 8.6 Hz, 1H), 7.98 (d, J = 8.6 Hz, 1H),
3.88 (s, 1H).

13C NMR (75 MHz, DMSO-dg) & 165.46, 133.94, 133.26, 130.24, 118.48, 115.93,
53.18

GC-MS (EI): 1t=10.075 min, m/z:161

4-Methylbenzonitrile (1j). white solid; mp 28-30 'C

'H NMR (300 MHz, CDCl3) 6 7.54 (d, J= 7.9 Hz, 2H), 7.27 (d, J= 7.6 Hz, 2H), 2.42
(s, 3H).

3C NMR (75 MHz, CDCl3) 6 143.74, 131.99, 129.86, 119.15, 109.24, 21.81.
GC-MS (ED): rt=6.350 min, m/z:117

3-Nitrobenzonitrile (1k). pale yellow solid; mp 114-115 C

'H NMR (300 MHz, DMSO-dg) & 8.77 — 8.71 (m, 1H), 8.51 (ddd, J=8.4,2.3, 1.0 Hz,
1H), 8.38 — 8.23 (m, 1H), 7.86 (t, /= 8.1 Hz, 1H).

13C NMR (75 MHz, DMSO-dg) & 148.35, 138.99, 131.67, 128.47, 127.90, 117.49,
113.30.
GC-MS (EI): rt=10.595 min, m/z:148

3-Fluorobenzonitrile (11). white solid; mp 14-16 C

'H NMR (300 MHz, CDCls) 6 7.50-7.47 (m, 2H), 7.39-7.32 (m, 2H).

BC NMR (75 MHz, CDCl;) & 163.85(3-Ar-C, J=248.25 Hz), 160.54(3-Ar-C, J
=248.25 Hz), 131.25(5-Ar-C, J=8.25 Hz), 131.14(5-Ar-C, J=8.25 Hz), 128.24(6-Ar-C,
J=3.75 Hz), 128.19 (6-Ar-C, J=3.75 Hz), 120.68 (4-Ar-C, J=21 Hz), 120.40 (4-Ar-C,
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J=21 Hz), 119.31 (2-Ar-C, J=24 Hz), 118.99 (2-Ar-C, J=24 Hz), 117.53 (CN),
113.96(1-Ar-C, J=9 Hz), 113.84(1-Ar-C, /=9 Hz).
GC-MS (EI): rt=4.215 min, m/z:121

3-Bromobenzonitrile (1m). white solid; m.p.43-46C

'H NMR (300 MHz, DMSO-dg) & 8.15 (s, 1H), 7.90 (dd, J = 19.1, 7.4 Hz, 2H), 7.53 (t,
J=17.6 Hz, 1H).
13C NMR (75 MHz, DMSO-dg) § 136.89, 135.03, 131.93, 131.63, 122.63, 117.88,

113.83.
GC-MS (ED): rt=8.155 min, m/z: 181, 183.

3-Methylbenzonitrile (1n). colorless liquid; b.p.212-215°C

'H NMR (300 MHz, CDCls) & 7.55 (d, J= 7.7 Hz, 1H), 7.46 (td, J = 7.7, 1.2 Hz, 1H),
7.26 (dd, J=17.9, 7.8 Hz, 1H), 2.51 (s, 1H).

13C NMR (75 MHz, CDCly) § 141.87, 132.67, 132.46, 130.24, 126.24, 118.12, 112.70,
20.42.

GC-MS (EI): rt=6.130 min, m/z:117

2-Nitrobenzonitrile (10). pale yellow solid; m.p 107-109°C

'H NMR (300 MHz, DMSO-dq) § 8.45 — 8.33 (m, 1H), 8.18 (dd, J= 5.9, 3.2 Hz, 1H),
7.98 (dd, J=5.9, 3.4 Hz, 2H).

13C NMR (75 MHz, DMSO-dg) & 148.65, 136.28, 135.47, 135.01, 126.19, 116.03,
107.27.

GC-MS (EI): rt=11.890 min, m/z:148

Methyl 2-cyanobenzoate (1p).colorless solid. m.p.48-50°C

'H NMR (300 MHz, DMSO-dg)  8.14 — 8.08 (m, 1H), 8.00 (dd, J = 5.8, 3.1 Hz, 1H),
7.87 —7.77 (m, 1H), 3.90 (s, 2H).

13C NMR (75 MHz, DMSO-dg) & 164.57, 135.62, 133.93, 133.81, 132.10, 131.32,
117.84, 112.07, 53.29.

GC-MS (EI): 1t=10.620 min, m/z:161

2-Fluorobenzonitrile (1q). colorless liquid. b.p. 20-22°C

'H NMR (300 MHz, CDCls) § 7.74 — 7.52 (m, 1H), 7.24 (dt, J = 17.9, 8.3 Hz, 1H).
13C NMR (75 MHz, CDCly) & 164.83 (2-Ar-C, J=257.25 Hz), 161.40 (2-Ar-C,
J=257.25Hz), 135.24 (4-Ar-C, J=8.25 Hz), 135.13 (4-Ar-C, J=8.25 Hz), 133.54 (5-
Ar-C), 124.93 (3-Ar-C, J=0.3 Hz), 124.89 (3-Ar-C, J=0.3 Hz), 116.62 (1-Ar-C,
J=19.5 Hz), 116.36 (1-Ar-C, J=19.5 Hz), 113.97 (CN).

GC-MS (EI): rt=4.810 min, m/z:121



2-Chlorobenzonitrile (1r). white solid;m.p.43-46C

'H NMR (300 MHz, DMSO-dg) & 8.01 (t, J = 1.7 Hz, 1H), 7.80 (tdd, J= 8.3, 2.4, 1.1
Hz, 2H), 7.59 (t, J = 8.0 Hz, 1H).

13C NMR (75 MHz, DMSO-dg) & 134.42, 134.03, 132.28, 131.81, 131.60, 117.98,
113.62.

GC-MS (EI): 1t=6.415 min, m/z:187

2-Bromobenzonitrile (1s). white solid; m.p.54-56 C

'H NMR (300 MHz, DMSO-dg) & 8.11 — 7.75 (m, 1H), 7.77 — 7.45 (m, 1H).
13C NMR (75 MHz, DMSO-dg) & 135.56, 135.42, 133.63, 128.97, 124.93, 117.72,

114.88.
GC-MS (EI): rt=8.755 min, m/z: 181, 183.

2-Methylbenzonitrile (1t). colorless liquid; b.p.203-205C

'H NMR (300 MHz, CDCls) & 7.60 — 7.29 (m, 4H), 2.38 (s, 3H). 3C NMR (75 MHz,
CDCly) & 139.23, 133.66, 132.47, 129.26, 129.00, 119.04, 112.23, 21.15.
GC-MS (EI): 1t=6.335 min, m/z:117

Benzonitrile (1u). colorless liquid. b.p.188-191°C

'H NMR (300 MHz, DMSO) § 7.85 (dt, J = 3.3, 1.4 Hz, 2H), 7.79 — 7.71 (m, 1H),
7.65 —7.57 (m, 2H).

13C NMR (75 MHz, DMSO-dg) & 133.60, 132.57, 129.80, 119.21, 111.89.
GC-MS (EI): 1t=4.675 min, m/z:103

4-Cyanopyridine (1v). white solid; m.p.82-84C

'H NMR (300 MHz, DMSO-dg) & 8.83 (dd, J=8.8 Hz, 1H), 7.85 (dd, J =8.8 Hz, 1H).
13C NMR (75 MHz, DMSO-dg) & 151.21, 126.08, 119.86, 117.24.
GC-MS (EI): 1t=4.505 min, m/z:104

3-Cyanopyridine (1w). white solid; m.p.50-51C

'H NMR (300 MHz, DMSO-dg) & 9.01 (s, 1H), 8.85 (d, J = 3.8 Hz, 1H), 8.31 (dt, J =
8.0, 1.9 Hz, 1H), 7.61 (dd, J = 7.7, 4.8 Hz, 1H).

13C NMR (75 MHz, DMSO-dg) § 153.72, 152.87, 140.47, 124.56, 117.45, 109.68.
GC-MS (EI): 1t=4.940 min, m/z:104



4-Nitrobenzonitrile (1a)
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4-Methoxybenzonitrile (1b)
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Terephthalonitrile (1¢)
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4-Fluorobenzonitrile (1d)
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4-Bromobenzonitrile (1e)
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4-Phenylbenzonitrile (1f)
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4,4'-Biphenyldicarbonitrile (1g)
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4-(p-bromophenyl)benzonitrile (1h)
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Methyl 4-cyanobenzoate (1i)
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4-Methylbenzonitrile (1))
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3-Fluorobenzonitrile (11)
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3-Bromobenzonitrile (1m)
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3-Methylbenzonitrile (1n)
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2-Nitrobenzonitrile (10)
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Methyl 2-cyanobenzoate (1p)

HFFE bl E:\DATAwingui®$HH3E

2,041, 157 !

TIC

T T T T
4.0 5.0 Lo 7.0 B O o9, 0 10,0 11.0 12.0 13.0 14.0
min

FET (6] : 10, G20 (%m0 - 1425)

¥y 100 170-11. 260(1335-1553)  JE&E: 13001244000

T

MR 161 {RETRTE

methyl ezter $3 Benzoic acid

reyano—, methyl ester %§ Methyl o-cvamohenzo

h "

.'-"f

L B B B B L B B L L N L N N N R R RN R R EEEEEEREEEE |
L3 160 y 280 30 34 300 400 430 460
w0 B wn
e W [ o
500
o0 2200
o0
o
w 7 a0
NSNS
? 000 i \‘ o 2000
A iB LA
I " - Sy 1600
NAN k
Ny o
600 1a00
, 10
im0 00
w0 im0
. w0
h L 1 | L
S o) 200
£33 3 w z
——d < w0
I o S0 15 1o a5 a0 o 05 1o 65 oo s o i o To o o o s 0w w o To o
1" o 1 omd



2-Fluorobenzonitrile (1q)
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2-Chlorobenzonitrile (1r)
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2-Bromobenzonitrile (1s)

P 20136 E:\DATA\vinguil

FES:1  {REIRTE 8. 755 (ST 1052)

1 15 B 5459, 30001000-1161)  REMR: 102 (155473
Uk 1 - R
LUk =

I

2042-37-T N
oo~ §§ Benz
Iy 17}

hrome— §% o-Bromobenzonitrile $%5 1-Bromo—2-cvanchenzense |

w sz ez 000
N o0
’ I NMR (5 Mt DNSGI35.56, 13502, 13363, 1267, 12495, 11772, 1458 70
} “ o0
HNAIR (300 Mz, DMSOR.11 - 775 (m, 200, 777745 (m21)
0 1500
0 0
N 1200
o i ‘
o 0
N N
\" Ny 100
SN "
Sy
. -
-
0
0 200
. . -
AR W Yol e i KO oy i L 4
Y w0
g8 o
Sz w0
AP

27



2-Methylbenzonitrile (1t)
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Benzonitrile (1u)

(A% a2 E:\DATA\yingui\ =S, qed

TIC
4,070,020 i|
|
[l
|
|
|
| \
J &
-7 ' 1 1 1t T T T 1 1 T T T T T T T T T T L T L
4.0 5.0 6.0 7.0 8.0 82
min
T
< HiRgS > , J
fTE4:1 TrE ) 4,675 (B ¥8:236) .fp"iq".'t,ilsﬁ,'-lﬁl_
[ = Tlf:l-l 605-5. 0501(222-311) FLlF - 103, 05(241400)
W # 1 - HEfF L
] e
g 50
T |, 63 | ?':?r' 123 135 149 163 177 191 207219 233 249 265 281 303 325 341 355 377 500 426441 473 453

10 40 70 100 130 160 1890 220 250 280 310
frfs:l BIA:2160 FF:NISTOSs. LIB -
ST:05 4pF30:CTHSN CAS:100-47-0 ME/RMiHE:103 (20 54058

3400 370 400 430 460

# 4+ ZFR:Benzonitrile $3 Benzene, cyano— $3 Benzoic acid nitrile $§ Cyanobenzene $$ Phenyl cyanide $§ Benzer

100 G

HINME (300 Mo, DMSGY.88 (=33, 14 Hz, 260,739 771 (m, 1), 7.65 7,57 (m, 24).

o000 C NMIR (75 MHz, DMS@133.60, 132,57, 129,80, 11921, 11189,

29



4-Cyanopyridine (1v)
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3-Cyanopyridine (1w)
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