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Experimental

General

All chemical reagents and solvents were purchased from Merck Chemical Company and were used
as received without further purification. The purity determination of the products and the progress
of the reactions were monitored by TLC (Thiniayer Chromatography) on silica gel polygram
STL G/UV 254 plates. The melting points of products were determined with an Electrothermal
Type 9100 melting point apparatus. The FT-IR (Fourier Iranstorm Inirared) spectra were recorded
on a Thermo Nicolet Avatar 370 FT-IR spectrometer. The NMR (Nuclear Magnetic Resonance)
spectra were recorded on Brucker Avance S0004000and 600 MHz instruments in (CDCI3and

DNISOM5 Mass spectra were recorded with a Shimadzu GC-MS-QP5050 and CH7A Varianmat
Bremem instrument at 70 eV, in m/z (rel %). All the yields refer to isolated products after

purification by thin layer chromatography.



Spectral Data

Benzonitrile!!

Benzonitrile (Table 3, Entry 1). Oil (Lit.! 0il); 0.0976g (95%); FT-IR (neat): 3065, 2927, 2855,
2228 (CN), 1598, 1581, 1490, 1447, 1287, 1178, 1071, 1026, 926, 758, 687, 547 cm™'; "H NMR
(CDCl3, 400 MHz): & [ppm] = 7.66-7.59 (m, 3H), 7.50-7.46 (m, 2H); *C NMR (CDCls, 100 MHz):
& [ppm] = 132.7, 132.0, 129.0, 118.7, 112.4; MS (EI) m/z (%): 103 [M]".
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Fig S 1: FT-IR (neat) Spectrum of Benzonitrile (Table 3, Entryl)



mmmmmmmmmm

0000

e
-

T T T
540 ac
pom it1y

Fig S 2: "H NMR Spectrum (400 MHz, CDCI3) of Benzonitrile (Table 3, Entry1)
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Fig S 3: >*C NMR Spectrum (100 MHz, CDCl;3) of Benzonitrile (Table 3, Entry1)
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Fig S 4: Mass Spectrum of Benzonitrile (Table 3, Entryl)




4-Hydroxybenzonitrile '’/

4-Hydroxybenzonitrile (Table 3, Entry 2). 0.1154g (97%); Mp 110-111°C (Lit.2111-112°C); FT-
IR (KBr): 3310, 2233 (CN), 1907, 1785, 1612, 1586, 1510, 1443, 1377, 1284, 1222, 1164, 1103,
967, 839, 701, 669, 547 cm’'; IFINMRIE00NMEZCDCE) S Ppm= 753 CHIEI=s 4521693
(2H, d, J=8.8 Hz); "C NMR (100 MHz, CDCls):  [ppm]= 160.5, 1343, 119.3, 116.5, 102.6; MS

(ED) m/z (%): 119 [M]".
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FiglS'5: FT-IR (KBr) Spectrum of 4-Hydroxybenzonitrile (Table 3, Entry 2)
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Fig'S'8: Mass Spectrum of 4-Hydroxybenzonitrile (Table 3, Entry 2)




2-Hydroxybenzonitrile %/

2-Hydroxybenzonitrile (Table 3, Entry 3). 0.1118g (94%); Mp 93-94°C (Lit.> 94 °C); FT-IR (KBr):
3231, 3068, 2966, 2864, 2729, 2602, 2508, 2467, 2345, 2239 (CN), 1604, 1505, 1458, 1369, 1306,
1269, 1239, 1102, 1037, 947, 848, 769, 754, 731, 687, 567, 496, 465 cm’'; NENMRNE00NTZ

MS (ED) m/z (%): 119 [M]".
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FiglS9: FT-IR (KBr) Spectrum of 2-Hydroxybenzonitrile (Table 3, Entry 3)



B O e O e R
69F G .
90T L\ ¢ et
oz1 4 e
GpT I
L — M ot
C6F "L L
018 "L L,
796 *L

z T L
Q (@)

11 (pm)

1800
1800
1700
1800
1500

11400

11300

1200
F1100
1000
300
500

00

300

200
100

RO

=100

100 ‘001~
112911y
120 "L11-
€18 081/
966 2€17
9L BT

L8 '8YT -

CN

Solvent

OH

110

10 -

30

60 40

200 190 180 70 160 150 M0 130 120 w06 90 80
i1 (pm)

210

10



100 -

119

90

CN

80

OH

60

Frequently

50 @

40 ]

20

fﬁ J._J{’..

k] |

O 60 B0 100 120 140 180 180 200 220 240 280 280 00 320 340 360 B0
Maee

2

FigSi2: Mass Spectrum of 2-Hydroxybenzonitrile (Table 3, Entry 3)




3,4-Dihydroxybenzonitrile *!

3,4-Dihydroxybenzonitrile (Table 3, Entry 4). 0.1296g (96%); Mp 154-156°C (Lit.*156 °C):-
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4-(Dimethylamino) benzonitrile !

4-(Dimethylamino) benzonitrile (Table 3, Entry 5). 0.1430g (98%); Mp 73 °C (Lit.> 72-75°C); FT-
IR (KBr): 2917, 2864, 2814, 2207 (CN), 1606, 1524, 1446, 1368, 1227, 1171, 1125, 1066, 938,
817. 645, 544 em™': 'H NMR (400 MHz, CDCIs): 8[ppm] = 7.46 (d, J = 8.8 Hz, 2H), 6.64 (d, J =
O7208909] MS (EI) m/z (%) 146 [M]".
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FiglSH6: FT-IR (KBr) Spectrum of 4-(Dimethylamino) benzonitrile (Table 3, Entry 5)
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4-Methoxybenzonitrile %/

4-Methoxybenzonitrile (Table 3, Entry 6). 0.1236g (93%); Mp 57-58 °C (Lit.° 58-59 °C); FT-IR
(KBr): 3050, 2931, 2847, 2213 (CN), 1604, 1506, 1454, 1303, 1256, 1170, 1020, 828, 678, 546,
406 cm’!

MS (EI) m/z (%): 133 [M]".
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Figl$20: FT-IR (KBr) Spectrum of 4-Methoxybenzonitrile (Table 3, Entry 6)

17



wooe-=

EBFE—

mvmw
mwmwv

;7
o0& L.

CN

MeO

HEE

e

ooz

a0
M {ppm)

4.5

5.0

PRS- GG—

TE6"E0T—

BIL FIT—

ZIZ 61T —

8S6CET—

L9B"Z9T—

CN

MeO

Solvent

150 140 130 120 110 100 30 &0 T0 60 50 40 30 20 10 ppr

190 180 170 160 1

200

18



110

100

=

il

||“ m.'lh l | -

[123]
o
Il
140

o
MeQO

T
20

T
180

200
Mass

T T T
220 240 260

T T T T
2!‘!0 :Nll! 3&0 340 360 380 400

BigS123: Mass Spectrum of 4-Methoxybenzonitrile (Table 3, Entry 6)

19



4-Methylbenzonitrile "

4-Methylbenzonitrile (Table 3, Entry 7). 0.1111g (95%); Mp 26-27 °C (Lit.” 26-28 °C); FT-IR
(neat): 3041, 2926, 2861, 2227 (CN), 1918, 1739, 1608, 1507, 1452, 1379, 1245, 1177, 1113,
1047, 957, 819, 703, 547, 438 cm™'; 'TH NMR (400 MHz, CDCl3): § [ppm] = 7.53 (d, ] = 8.2 Hz,
2H), 7.27 (d, J = 8.2 Hz, 2H), 2.42 (s, 3H); '3C NMR (100 MHz, CDCl5): § [ppm] = 143.6, 131.9,
129.7,119.1, 109.2, 21.7; MS (EI) m/z (%): 117 [M]".
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Fig$25: 'H NMR Spectrum (400 MHz, CDCls) of 4-Methylbenzonitrile (Table 3, Entry 7)
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Figi§26: '*C NMR Spectrum (100 MHz, CDCls) of 4-Methylbenzonitrile (Table 3, Entry 7)
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3-Methylbenzonitrile 1*/

3-Methylbenzonitrile (Table 3, Entry 8). Colorless Oil (Lit.® Oil); 0.1076g (92%); FT-IR (neat):
3059, 3026, 2924, 2859, 2229(CN), 1600, 1584, 1484, 1453, 1382, 1285, 1151, 1097, 1040, 922,
882, 788, 686, 579, 447 cm’!; 'H NMR (400 MHz, CDCl3): § [ppm] = 7.37-7.30 (m, 3 H), 2.34
(q, J = 8.0 Hz, 3 H); *C NMR (100 MHz, CDCls): & [ppm] = 139.1, 133.6, 132.4, 129.2, 128.9,

118.9,112.1, 21.1.
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4-Isopropylbenzonitrile 1’/

4-Isopropylbenzonitrile (Table 3, Entry 9). Oil (Lit.> Oil); 0.1348g (93%); FT-IR (neat): 3078,
2965, 2929, 2872,2228 (CN), 1737, 1684, 1606, 1503, 1460, 1366, 1244, 1197, 1100, 1053, 1018,
838, 761. 695, 566 em™: 'H NMR (400 MHz, CDCL): 8 [ppm]= 7.60-7.52 (d, 2H), 7.34-7.29 (d,
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FiglS31 FT-IR (neat) spectrum of 4-Isopropylbenzonitrile (Table 3, Entry 9)
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5-Bromo-2-hydroxybenzonitrile I°/

5-Bromo-2-hydroxybenzonitrile (Table 3, Entry 10). 0.1910g (97%); Mp 155-156 °C (Lit.” 156 -
157 °C);
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4-Todobenzonitrile 1'%

4-lodobenzonitrile (Table 3, Entry 11). 0.2166g (95%); Mp 127 °C (Lit.!° 124-128°C); FT-IR
(KBr): 3395, 3076, 2226(CN), 1911, 1793, 1642, 1577, 1499, 1474, 1390, 1273, 1055, 1010, 976,
818, 690, 540, 524, 428 cm™!;
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FiglS'38: FT-IR (KBr) spectrum of 4-Iodobenzonitrile (Table 3, Entry 11)
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3-Bromobenzonitrile 11/

3-Bromobenzonitrile (Table 3, Entry 12). 0.1665g (92%); Mp 39°C (Lit'". 38-40 °C);|FTSIR(KBD)
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4-Clorobenzonitrile */

4-Clorobenzonitrile (Table 3, Entry 13). 0.1315g (96%); Mp 90-92 °C (Lit.° 92 °C); FT-IR (KBr):
3086, 3043, 2974, 2218 (CN), 1909, 1783, 1662, 1584, 1481, 1393, 1267, 1180, 1083, 1009, 826,
703, 580, 539 cm™!; 'H NMR (400 MHz, CDCl3): § [ppm] = 7.61 (d, J = 8.6 Hz, 2H), 7.47 (d, J =
8.6 Hz, 2H); *C NMR (100 MHz, CDCls): § [ppm] = 139.5, 133.3, 129.6, 117.9, 110.7; MS (EI)
m/z (%): 137 [M]".
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Figi$¥45: FT-IR (KBr) Spectrum of 4-Chlorobenzonitrile (Table 3, Entry 13)

36



0

3

2

1

4
0.00000

~ o e~

-
—

0z
Wz

60 oc

pom (t1)

Figl$46! 'H NMR Spectrum (400 MHz, CDCls) of 4-Chlorobenzonitrile (Table 3, Entry 13)

37



139479
133519
129629
117 902
10712
77318
77.000
T6.68%

N

o
' cl

Solvent

pom (t1)

T
150 104 S0

- 3C NMR Spectrum (100 MHz, CDCls) of 4-Chlorobenzonitrile (Table 3, Entry 13)

@ 137

Cl

| l.,l,,.__|.____v,.M! I

T T T T T T T T T T T T T T T T T T T
20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 3s0 380 400
Mass

FigiS¥8: Mass Spectrum of 4-Chlorobenzonitrile (Table 3, Entry 13)

38



2-Clorobenzonitrile 19/

2-Clorobenzonitrile (Table 3, Entry 14). 0.1246g (91%); Mp 41°C (Lit.% 40-43 °C); FT-IR (KBr):
3064, 2926, 2859, 2226 (CN), 1582, 1469, 1437, 1339, 1275, 1200, 1135, 1059, 947, 758, 675,
558,453 cm': ' HNMR (400 MHz, CDCLy): §[ppm]=7.61 (d,J = 7.8 Hz, 1H), 7.44-7.49 (m, 2H),

PISBINBEIMS (EI) m/z (%): 137 [M]".
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Figl$¥49: FT-IR (KBr) Spectrum of 2-Chlorobenzonitrile (Table 3, Entry 14)
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4-Fluorobenzonitrile!'?/

4-Fluorobenzonitrile (Table 3, Entry 15). Liquid (Lit'%. Colorless Liquid); 0.1149g (95%); FISIR
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1,4-Dicyanobenzene '3/

1,4-Dicyanobenzene (Table 3, Entry 16). 0.1190g (93%); Mp 225-227 °C (Lit.!* 226-228°C); FT-
IR (KBr): 3096, 3050, 2962, 2924, 2854, 2230 (CN), 1941, 1809, 1692, 1500, 1402, 1276, 1198,
1025, 844, 641, 561 cm™; '"H NMR (CDCl3, 400 MHz): & [ppm] = 7.8 (s, 4H); 3C NMR (CDCl;,
100 MHz): & [ppm] = 132.8, 117.0, 116.7; MS (EI) m/z (%): 128 [M]".
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Figl§'561 FT-IR (KBr) Spectrum of 1,4-Dicyanobenzene (Table 3, Entry 16)
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4-Nitrobenzonitrile "4

4-Nitrobenzonitrile (Table 3, Entry 17). 0.1406g (95%); Mp 147-148 °C (Lit.'*149°C); FT-IR
(KBr): 3059, 2963, 2926, 2855, 2224 (CN), 1733, 1687,1584, 1503, 1380, 1343, 1240, 1157, 1062,
1013, 961, 806, 770, 693, 587, 457 cm’'; 'H NMR (CDCls, 400 MHz): § [ppm] = 8.37 (d, ] = 8.8
Hz, 2H), 7.91 (d, J = 8.8 Hz, 2H); *C NMR (CDCls, 100 MHz): & [ppm] = 150.0, 133.4, 124.2,
118.3, 116.8; Ms (EI) m/z (%): 148 [M]".
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FiglS'60% FT-1R (KBr) Spectrum of 4-Nitrobenzonitrile (Table 3, Entry 17)
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4-Cyanopyridine '/

4-Cyanopyridine (Table 3, Entry 18). 0.0956g (92%); Mp 75-76 °C (Lit."* 76-77°C) S EIIR(KBL)
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Thiophen-2-carbonitrile !9

Thiophen-2-carbonitrile (Table 3, Entry 19). Oil (Lit'¢. Oil); 0.1057g (97%); FT-IR (neat): 3109,
3098, 2221 (CN), 1413, 1349, 1232, 1157, 1077, 1040, 856, 719, 567, 524, 486 cm™'; NEINMR
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FigS67 FT-IR (neat) Spectrum of Thiophen-2-carbonitrile (Table 3, Entry19)
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1-Naphthonitrile "/

1-Naphthonitrile (Table 3, Entry 20). 0.1438g (94%); Mp 32-34 °C (Lit'”. 34 °C); FT-IR (neat):
3058, 2926, 2847, 2222 (CN), 1625, 1586, 1508, 1375, 1342, 1242, 1162, 1047, 863, 803, 772,
689, 572, 453 cm’'; 'H NMR (400 MHz, CDCl3): & [ppm] = 8.21 (d, J = 8.0 Hz, 1H), 8.05 (d, J =
8.0 Hz, 1H), 7.92-7.88 (m, 2H), 7.69-7.66 (m, 1H), 7.62-7.7.58 (m, 1H), 7.52-7.48 (m, 1H); 13C
NMR (100 MHz, CDCl5): & [ppm] = 133.2, 132.8, 132.5, 132.3, 128.6, 128.5, 127.5, 125.0, 124.8,
117.7,110.1; MS (EI) m/z (%) 153 [M]".
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FigS71 FT-IR (neat) Spectrum of 1-Naphthonitrile (Table 3, Entry 20)
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2-Naphthonitrile 1'%/
2-Naphthonitrile (Table 3, Entry 21). 0.1422g (93%); Mp 64-68 °C (Lit.'264-69 °C); FTSIR(KBO:
MHz, CDCls,): 8 [ppm]= 7.51-7.6 (m, 3H), 7.78-7.82 (m, 3H), 8.11 (s, 1H); ""C NMR (100 Ml 1z,

CDCls): o [ppm]= 134.5,133.9, 132.1, 129.0, 128.9, 128.2, 127.9, 127.5, 126.1, 119.1, 109.2.
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Cinnamonitrile '8!

Cinnamonitrile (Table 3, Entry 22). Oil (Lit.'*0il); 0.1225g (95%); FT-IR (neat): 3059, 2923,
2855,2217 (CN), 1737, 1663, 1616, 1583, 1492, 1450, 1374, 1244, 1047, 969, 838, 749, 688, 622,
435 em”': '"H NMR (400 MHz, CDCL): ¢ [ppm] = 7.47-7.38 (m, 6 H), 5.87 (d, /= 16.8 Hz, 1 H);
"°C NMR (100 MHz, CDCL): 8 [ppm]= 150.6, 133.5, 131.2, 129.1, 1274, 118.2, 96.3; MS (EI)

m/z (%): 129 [M]".
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FigiS'78: FT-IR (neat) Spectrum of Cinnamonitrile (Table 3, Entry 22)
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Heptanonitrile '3/

Heptanonitrile (Table 3, Entry 23). Pale Yellow Oil (Lit.%); 0.1021g (92% ) ISIRN(Neat): 3456
2958,2929, 2859, 2214(CN), 1737, 1466, 1378,1235, 1168, 1102, 1017, 726; '11 NMR (400 M11z.
CDCls): 6 [ppm] = 2.36 (t,J=7.2 Hz, 2 H), 1.64-1.59 (m, 2 H), 1.46-1.41 (m, 2 H), 1.33-1.26 (m,
4 H), 0.91 (t, J = 6.8 Hz, 3 H); >*C NMR (100 MHz, CDCl5): & [ppm] = 119.8, 30.9, 28.3, 25.3,
22.4,17.1,13.9.
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Octanenitrile "’/

Octanenitrile (Table 3, Entry 24). Oil (Lit." Oil); 0.1200g (96%); FT-IR (neat): 2962, 2930, 2859,

2246 (CN), 1462, 1427, 1377, 1119, 723; [ EINNMRIE00NVHZICOCE) S BpRI=00NEN=70

COCESPrRI=OOISISIISIIIS OSSN Ms (ED nvz (%): 125 [M]"
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FiglS'85: FT-IR (neat) Spectrum of Octanenitrile (Table 3, Entry 24)
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