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ADDITION OF ACETONITRILE ANIONS TO UNSATURATED SYSTEMS
UNDER ULTRASONICALLY DISPERSED POTASSIUM SYSTEM

Yang Gao, Hui Wang®, Minghua Xu, Hongzhen Lian'*?,
Yi Pan*, and Yaozeng Shi

Department of Chemistry, Nanjing University, Nanjing, 210093, P. R. CHINA

Substituted benzoylnitriles'* and B-amino-f-arylacrylonitriles®® are important intermediates
both in organic synthesis and pharmaceutical chemistry. The most commonly adopted method for the
synthesis of benzoylnitriles is the addition-elimination reaction of phenylacetonitrile and acetonitrile
with aromatic esters in the presence of sodium alkoxide.”® It, however, gives poor yields and requires
long reaction times. Hauser ez al*!° reported an alternative synthetic route for benzoylnitriles by using
sodium amide as base, which gave moderate yields and is relatively rapid, but required low tempera-
ture (-33°) and strict handling conditions. f-Amino--arylacrylonitriles are commonly prepared by the
nucleophilic addition reaction of acetonitrile anion, prepared by in-situ deprotonation of acetonitrile,
to aromatic nitriles. As acetonitrile is a very weak acid (pKa = 31.3)!!, strong bases such as r-BuOK'?
or NaNH, are required.®'1% The nucleophilic reactions usually give poor yields and require long
reaction times (at least 10 hrs). Application of Ultrasonically Dispersed Potassium (UDP) in organic
synthesis has received much attention for many years,'”* mainly due to UDP’s strong basicity,
reducing power and easy availability. One of the important features of UDP is its ability of removing
alkyl protons from various compounds to form corresponding carbanions. As part of our research in
the application of UDP system, we report here the preparation of benzoylnitriles and S-amino-f-
arylacrylonitriles by nucleophilic addition reaction of acetonitrile anions to aromatic esters and nitriles
in the presence of UDP.

The UDP system in the present work was obtained readily by ultrasonic irradiation of a
suspension of potassium in toluene in the presence of naphthalene. As a strong electron-acceptor,
naphthalene is effective in facilitating the dispersion of potassium.*® The reactions proceeded
smoothly as expected (Scheme 1). The results are summarized in Tables 1 and 2.

1. UDP. 5-10°C. ) R
ArCOEt  +  RCHCN ArCOCHCN

2. H;07 la-n

1. UDP, N». ) NHz
ArCN +  CHE N AfC=CHCN

2

2. H,0 2a-f

Scheme 1
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Table 1. Mps, Yields, Infrared and MS Spectra of the Products

Cmpd R Ar mp.  Yield Time IR MS
Lo & emh )
la Ph Phenyl 84-8¢" 75 1.0 2210,1690 221 (M%), 105 (100}, 77, 51

Ib Ph m-Chiorophenyl 91-92 72 1.0 2260, 1698 255 (M"), 139(100), 111,75
le Ph p-Bromophenyl 178-180 68 1.5 2210,1695 301 (M*), 299, 185, 183 (100),

157, 155
1d Ph p-Methylphenyl 106-107° 62 1.0 2220,169 235 (M), 119 (100), 91, 65
le Ph p-Anisyl 123-124 59 40 2210,169 251 (M*), 135 (100), 107,92
1f Ph 1-Naphthyl 103-104 76 2.0 2210,1690 271 (M*), 155 (100), 127, 101
g Ph 4-Pyridyi 87-88 61 1.5 2210,1680 212 (M*), 106 (100), 78
1Th H Phenyl 7778 83 1.0 2250,1695 145 (M), 105 (100), 77, 51
li H m-Chlorophenyl 80-83 85 1.5 2290,1700 179 (M*), 139 (100), 111, 75
1j H p-Anisyl 106-108° 75 1.0 2250,1695 159 (M*), 119 (100), 91, 65
1k H p-Bromophenyl 135-136° 79 1.0 2270,1695 175 (M), 135 (100), 107, 92
11 H p-Methylphenyl 175-176 81 1.0 2250,1692 205 (M*), 203, 185, 183 (100),
157, 155, 135
Im H 2-Naphthyl 101-102 71 15 2250,1690 195 (M*), 155 (100), 127, 101
In H 2-Furyl 7678 87 1.0 2250,1685 135 (M*),95(100), 67
2a H Phenyl 83-84" 71 30 3450,3350, 144 (M*, 100), 117, 104, 90
2200, 1620
2b H m-Methylpheny! Oil. 73 30 3420,3340, 158 (M*, 100), 131, 118, 103
2200, 1615
2¢c H p-Chlorophenyl 142-1458 70 40 3450,3350, 178 (M*, 100), 151, 138, 116
2170, 1640

2d H p-Bromophenyl 147-148 59 50 3470,3370, 224 (M* 100),222, 197,195, 179,
2200, 1620 155, 143

2¢ H 2-Naphthyl 91-93 65 60 3430,3330, 194 (M), 193 (M-1*, 100), 166,
2200, 1620 154, 127

2f H p-Anisyl HS-116" 74 30 3420,3340, 174 (M*, 100), 159, 147,134, 104
2200, 1630

a). lir389-90% b). it 104-104.5% c). fit.’ 81°% d). lit? 103-104% e). lit. 2 129-130% f). if": 86-
87% g). lif”: 144°, h). lit'S: 117°.

It was found that the solvent plays an important role in the reactions. Although toluene was
used for the preparation of the UDP system, THF or diglyme were found to be essential for the reac-
tion. THF was used for the reaction of phenylacetonitrile to the esters. Diglyme was required,
however, for the reactions of acetonitrile, which may be due to the poor solubility of KCH,CN formed
in toluene or THF. The reactivity of acetoniirile is slightly better than that of phenylacetonitrile.
Although there was not much difference in reactivity between phenyl and naphthyl or furyl for the
Table 2. Elemental Analyses and 'H NMR Data
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'HNMR (9)

5.61 (s, 1H, CH), 7.56-7.72 (m, 10H, ArH)
5.70 (s, 1H, CH), 7.32-7.86 (m, 9H, ArH)
5.58 (s, 1H, CH), 7.66-7.89 (m, 9H, ArH)
2.42 (s, 3H, -CH,), 5.64 (s, IH, CH),
7.28-7.74 (m, 9H, ArH)

3.96 (s, 3H, -OCH,), 5.60 (s, IH, CH),
7.52-8.10 (m, 9H, ArH)

5.70 (s, 1H, CH), 7.23-8.21 (m, 11H, ArH),
8.34-8.86 (m, 1H, ArH)

5.52 (s, 1H, CH), 7.42-7.86 (m, 5H, ArH),
8.40-8.52 (d, J=5.2Hz, 2H, ArH), 8.62-8.86
(d, I=5.2Hz, 2H, ArH)

4.00 (s, 2H, -CH,-). 7.70-7.97 (m, 5H, ArH)
4.10 (s, 2H, -CH,-), 7.20-8.00 (m, 4H, ArH)
2.43 (s, 3H, -CH,), 4.07 (s, 2H, -CH -),
7.14-7.97 (t, J=8Hz, 4H, ArH).

3.92 (s, 3H, -OCH,), 4.02 (s, 2H, -CH,-),
8.07-8.17 (t, J=9Hz, 4H, ArH)

4.00 (s, 2H, -CH,-), 7.53-8.00 (m, 4H, ArH)
4.15 (s, 2H, -CH,-), 7.28-8.28 (m, 6H, ArH),
8.50-8.98 (m, 1H, ArH)

3.98 (s, 2H, -CH,-), 6.53-6.73 (1, ] =3 .8Hz,
J,=1.8Hz, 1H, ArH), 7.30-7.47 (d, }=3.8Hz,
IH, ArH), 7.70 (d, J=1.8Hz, 1H, ArH)

4.18 (s, IH, =CH-), 4.37-5.40 (br, 2H, -NH,),
7.47 (s, 5H, ArH)

2.30 (s, 3H, -CH,), 4.00 (s, IH, =CH-),
4.73-5.63 (br, 2H, -NH,), 7.10-7.27

(m, 4H, ArH)

4.15 (s, 1H, =CH-), 4.33-5.33 (br, 2H, -NH,),
7.30 (s, 4H, ArH)

4.23 (s, 1H, =CH-), 4.47-5.40 (br, 2H, -NH,),
7.15-7.83 (t, J=9.2Hz, 4H, ArH)

4.17 (s, I1H, =CH-), 4.53-5.65 (br, 2H, -NH,),
7.13-8.33 (m, 7H, ArH)

3.83 (s, 3H, -OCH,), 4.14 (s, I1H, =CH-),
4.60-5.27 (br, 2H, -NH,), 6.77-7.70

(t, J=9Hz, 4H, ArH)

Elemental Analyses (Found)

C

70.59(70.34)
60.00(59.79)

76.49(76.08)

84.13(84.32)

79.25(79.38)

75.45(75.14)

68.56(68.94)

80.00(79.81)

62.23(62.19)

75.37(74.98)

75.54(75.92)

60.11(60.51)

48.77(48.55)

80.34(80.38)

69.02(68.95)

H

3.92(3.87)
3.33(3.14)

5.18(5.32)

4.80(4.69)

4.72(4.54)

5.70(5.85)

5.18(5.57)

4.65(4.85)

3.73(3.80)

5.62(5.59)

6.55(6.37)

4.05(3.95)

3.29(3.16)

5.43(5.18)

5.83(5.79)

N

5.49(5.56)
4.67(4.38)

5.58(5.29)

5.17(5.23)

13.21(13.07)

8.79(8.37)

8.00(7.86)

7.18(7.03)

10.37(1047)

19.82(19.43)

17.91(17.71)

15.89(15.68)

12.22(12.55)

14.23(14.42)

15.70(16.08)

esters, the nature of the substituents on the phenyl ring of the esters affected the reaction quite
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substantially. None of the expected products were obtained when the substituents were nitro, hydroxyl
or carboxyl even when excess UDP was utilized. In contrast, it seems that the substituents on the
phenyl ring have little influence on reactivity and yields in the reactions with nitriles. The reactions
are much faster and the yields better than those reported both for the reactions of esters and of nitriles.

In conclusion, the present UDP promoted reactions of acetonitrile anions with esters or
nitriles provide an efficient method for the preparation of benzoylnitriles and S-amino-f-arylacryloni-
triles in good yields, short reaction times and under mild handling conditions.

EXPERIMENTAL SECTION

IR spectra were taken on a IDP-440 or SDX-FT spectrometer. 'H NMR data were recorded in CDCI,
on a Jeol PMX-60SI spectrometer and chemical shifts (8) were referred to TMS. Mass specira were
determined on a VG-ZAB-HS spectrometer. Ultrasonic wave was generated by a KQ-50 (250Watts)
Ultrasonic Cleaner. Melting points are uncorrected. Toluene, tetrahydrofuran (THF) and 2-
methoxyethyl ether (diglyme) were distilled from sodium-potassium alloy or sodium- potassium-
benzophenone prior to use.

Preparation of Ultrasonically Dispersed Potassium-Naphthalene System.- A suspension of potas-
sium (0.7 g, 18 mmol) in a solution of naphthalene (0.05 g, 0.4 mmol) in anhydrous toluene (25 mL)
was subjected to ultrasonic irradiation at 5-10° under nitrogen atmosphere. A black colored homoge-
neous solution was obtained in 5-10 min.

General Procedure for the Preparation of Benzoylnitriles.- Phenylacetonitrile (1.87 g, 16 mmol)
or acetonitrile (0.74 g, 18 mmol), dissolved in 3 mL anhydrous tetrahydrofuran (1a-g) or dimethylcar-
bitol (2h-2n), was added dropwise to the UDP system prepared as above, The mixture was irradiated
by ultrasonic for 15 min at 5-10°. Then with stirring and ultrasonic irradiation, a solution of the corre-
sponding aromatic ester (9 mmol) in 2 mL anhydrous tetrahydrofuran (la-g) or dimethylcarbitol (1h-
n) was added dropwise to the mixture. After the reaction was completed (TLC monitoring), about 15
mL iced water was added (CAUTION!). The mixture was extracted with ether (2x10 mL). The
combined organic layer was washed with water and then dried over anhydrous Na,SO,. The solvent
was removed in vacuo and the remaining residue was purified by column chromatograph on silica gel
(eluent: petroleum (bp: 60-90°)/ethyl acetate:4.5/5 (V/V)) to give the pure product.

Reaction of Acetonitrile with Aromatic Nitriles, General Procedure.- A UDP-naphthalene system
was obtained as above from 0.4 g potassium (10.3 mmol), 25 mL toluene and 0.05 g naphthalene (0.4
mmol). A solution of acetonitrile (0.42 g, 10.3 mmol) and diglyme (3 mL) was added to the UDP-
naphthalene system in [0 min under ultrasonic irradiation. Then a solution of aromatic nitrile in
diglyme was added dropwise. The mixture was irradiated under stirring by ultrasonic for another 10
min. After the reaction was completed (TL.C monitoring), about 15 mL iced water (CAUTION!) and
then the aqueous layer was extracted twice with 20 mL ether. The combined organic layer was
washed with water and then dried over anhydrous Na,SO,. The volatiles were removed in vacuo and

the remaining residue was purified by column chromatograph on silica gel (elvent: petroleum (bp: 60-
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90°)/ethyl acetate:4/5 (V/V)) to give the products.
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