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Michael Addition of Acetonitrile to Chalcones
under Ultrasound Irradiation
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When chalcones were treated with potassium superoxide
(K02) in acetonitrile under ultrasound irradiation, chalcone-
acetonitrile adducts were obtained in moderate yields.

Since nitriles are hydrolyzed to give carboxylic acids or reduced to give
primary amines, synthesis of nitriles is one of the most important chemical
reactions. The synthesis of nitriles involving carbon-carbon bond formation is
then extensively studied.l’Z) Kohler et al. have reported that chalcone (la)
reacts with cyanoacetic ester under basic conditions to give cyanocacetic ester
adduct, whose alkaline hydrolysis product, cyano acid, is thermally decomposed to
give 4-cyano-1,3-diphenyl-l-butanone (gg).B) Boyer et al. have reported that
cinnamonitrile reacts with acetophenone under CsF-Si(OMe)4 catalysis to give 25.4)
Recently, we have reported the cyanomethylation reaction of Schiff bases in
acetonitrile in the presence of K02 under mild conditions.s)
and convenient method for the synthesis of chalcone-acetonitrile adducts 2a-g.

Chalcone (la) (0.48 mmol) and powdered KO, (1.41 mmol) were suspended in dry
acetonitrile (50 cm3) in a test tube (80 cm3). The solution was then irradiated
for 15 minutes in the water bath of an ultrasonic laboratry cleaner (45 kHz, 100
W). After the reaction, NaCl and water were added and the reaction mixture was
extracted with ether and dried over Na2504. After the evaporation of the organic
layer, the residue was separated by thin-layer chromatography (Q-CéHlA:CHClzzl:B).

The products were identified on the basis of lH and 13C NMR, mass, and IR spectra.

We report here a new

Product determination was made by gas chromatography.

Table 1. Cyanomethylation of chalcones

Substituent Conversion Yield / %a)

Compound  R'  R? % 2 3 4 5
la H H 53 64 5 18
1b OMe H 82 47 8 7 4
lc Me H 68 40 8 14 5
1d Cl H 83 67 8 14 3
le H OMe 82 33 5 3 3
1f H Me 100 54 4 19 10
1lg H Cl 99 55 2 10 7

a) Yields were based on converted substrate.
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The results of the reaction are summarized in Table 1. Chalcone-acetonitrile

adduct 2a was obtained as the main product in 64% ylield, accompanied by small

amounts of cinnamonitrile (3a) and benzoic acid (4a). When MeO, Me, and Cl

derivatives of chalcone lb-g reacted under the same conditions, the corresponding

acetonitrile adducts 2b-g were obtained in 33-67% yields.

Brgnsted base and abstracts proton from acetonitrile to give cyanomethyl anion.

A probable mechanism is shown in Scheme 1. Superoxide ion (O;) acts as a
6)

The Michael addition of this anion to B-carbon atom of 1 gives 2 (path A). Since

the active species produced in this system are cyanomethyl anion and O;, there are

two possibilities for the

0
) .
( Path A ) Rl@é-cmcn@;ﬁ ( Path B ) formation of 3, 4, and 3.
1 \\QE One is the oxidative

% "CH,CN 1 | ) decomposition of 2 by 0,
RIQC-CHQ-?H@RZ : R@'g'CH=CH©’R followed by dehydration

) CHyCN \_0j 0 7 %2 (path A). When adduct 2a

_ 1 - 1 —CH-C 2 was irradiated, 3a and 4a
; ot rt i 38 a0 4s
4 0-0 were produced in 3 and 21%,
0 l 0 respectively. Another is
0 N N -
I 2 o the oxidation of 1 by 0,5 to
2 CH=CHCN <——— g2 CH «————— 24 )-CH-CH = 2
R@3 CHoCN 2V o 2V give 4 and 5 (path B).’’ &
= 5\2 0 Though aldehyde 6 is not
1 . . s .
2 = isolated, it is easily
RE4C)-C-OH o 9, 10)
5 Scheme 1. converted into 3.
References
1) D. T. Mowry, Chem. Rev., 42, 189 (1948).

2)

3)

4)
5)

6)

7)

8)

9)

10)

K. Friedrich and K. Wallenfels, "Introduction of the cyano group into the
molecule," in "The Chemistry of The Cyano Group," ed by Z. Rappoport,
Interscience Publishers, London (1970), p.67; A. J. Fatiadi, "Preparation and
synthetic applications of cyano compounds," in "The Chemistry of triple-bonded
functional groups," ed by S. Patai and Z. Rappoport, John Wiley & Sons, New
York (1983), p.l057.
E. P. Kohler, A. Graustein, and D. R. Merrill, J. Am. Chem. Soc., 44, 2536
(1922).
J. Boyer, R. J. P. Corriu, R. Perz, and C. Reye, Tetrahedron, 39, 117 (1983).
K. Shibata, Y. Saito, K. Urano, and M. Matsui, Bull. Chem. Soc. Jpn., 59, 3323
(1986).
S. Matsumoto and M. Matsuo, J. Org. Chem., 51, 1435 (1986).
I. Rosenthal and A. Frimer, Tetrahedron Lett., 1976, 2805.
When la was stirred in acetonitrile at room temperature, 2a, 3a, and 4a were
produced in 29, 14, and 22% yields, respectively (cf; Tab.l, run 1). This
result suggests that ultrasound irradiation precedes path A.
M. J. Gibian, D. T. Sawyer, T. Ungermann, R. Tangpoonpholvivat, and M. M.
Morrison, J. Am. Chem. Soc., 101, 640 (1979).
Ultrasound irradiation of 6a with acetonitrile in the presence of KO, gives 3a
in 65% yeild.

(Received December 22, 1986)





