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THE REACTION OF w-ALLYLNICKEL HALIDES WITH 2-PYRIDYL CARBOXYLATES
A NEW SYNTHESIS OF B,y-UNSATURATED KETONES
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Various m-allylnickel halides were found to react with
2-pyridyl carboxylates to give B,y-unsaturated ketones chemospecifi-

cally in good yields.

m-allylnickel halides are, in general, rather stable complexes, and have wide-
ly been used in organic synthesis. The complexes are easily prepared in high
yields by the reaction of a variety of allylic halides with nickel carbonyl or bis-
(cyclooctadiene)nickel in toluene.l) They react with aryl, vinyl, and alkyl
halides, aldehydes, ketones, and quinones. However, the reactions of w-allylnickel
halide complexes with carboxylic acid derivatives such as acyl chlorides or
carboxylic acid methyl esters have not been carried out successfully so far.l)’z)

In this communication, we wish to report new syntheses of B,y-unsaturated

ketones by the reaction between T-allylnickel halides and 2-pyridyl carboxylates

as depicted in the following equation.

RAAX + Ni(cod)yjoma

Under argon atmosphere, an N,N-dimethylformamide (DMF) solution (1 ml) of 2-
pyridyl benzoate (0.5 mmol)s) was added to a DMF solution (1 ml) of m-allylnickel
bromide complex (0.5 mmol), prepared from allyl bromide (1.0 mmol) and bis-(cyclo-
octadiene)nickel (Ni(cod)z, 1.0 mmol) at room temperature. The reaction mixture
was stirred at room temperature for 15h and worked up with phosphate buffer

solution (ph 7) (20 ml), extracted with CHZCIZ, and the extract was dried over
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Table 1. Reaction of m-allylnickel complexes with 2-pyridyl carboxylates

Allyl . a) Conditions Ketones
R in RCOO 1d Ratio b) c),d)
halide temp. (°C), time (h) (isomer ratio) Yield (%)
Ph »\Br 0.5 T.t. 15 Ph/gv% 69
29
PhAAAN 31
Ph >~ Br 1 r.t. 15 Ph 75
9 73
Ph 25
Ph > Br 2 T.t. 15 Phj?v\\ 74
3. &
Ph 26
Ph A \Br 2 T.t. 15 Ph:iv‘§’ 79
Ph PhS~C1 2 T.t. 15 Ph/q\/wgh 50
Ph(CH,) ~SBr 2 45 10 Ph(CH,) . A 85
273 2’3
0 72
Ph(CHZ)BM 15
Br(CHZ)10 \Br 2 45 8 Br(CHZ)10 ° 88 o1
{
Br(CH,) e~ 12
CH,0CO(CH,) p>~Br 2 45 14 CH,0CO(CH,) A~ 87
3 203 5 2737 71
CH30CO(CH2)3,kY7\ 13
CHLCO(CH,), >Br 2 45 4 CHSCO(CH2)4B\A 84
0 51
CHSCO(CH2)4,K<9\ 16
a) Molar ratio of m-allylnickel complex to 2-pyridyl carboxylate.
b) The ratio of ketone isomers was determined by NMR spectrum.
c) All the products gave satisfactory NMR and IR spectra.
d) Yield was based on 2-pyridyl carboxylate.
Na,SO,. After removal of the solvent, purification of the residue by means of

2°%4
silica gel thin layer chromatography gave a mixture of 1l-phenyl-3-buten-l-one (1)

and 1-phenyl-Z-buten-1l-one (2) in 73% yield, whose ratio of 1 to 2 was 75:25. VWhen
1.0 mmol of m-allylnickel bromide was used in the same reaction, the combined yield
increased up to 92%. Table 1 shows the results of the reactions between various
nickel complexes and 2-pyridyl carboxylates.

The use of excess amounts of wm-allylnickel complexes was necessary to obtain

ketones in good yields because the decomposition of these complexes took place
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Table 2. Reaction between m-allylnickel bromide

with various benzoic acid derivatives

i [/ TN N | 1l
PhC-X + Ni Ni- —"Bag—é PhANA + PhAI\
\‘ /7 ¢
r r.t.15hr 3 4
b)
Ket
X Ratio®) erone vield (%)%
3: 4
ol 2 74 : 26 92
sﬂ;j 2 66 : 34 55
cl 2 84 : 16 11
OCH 2 —_ 0
a3
0 cl 2 — 0

a) Molar ratio of wm-allylnickel complex to benzoic acid derivative.
b) The ratio of ketone isomers was determined by NMR spectrum.

c) Yield was based on bezoic acid derivative.

during the reaction. Fortunately, the excess nickel complexes did not further
react with the produced unsaturated ketones and therefore undesirable formation
of homoallyl alcohols was avoided.

The reaction of m-allylnickel complexes with 2-pyridyl carboxylates having
the other functional group, such as bromide, ketone, or methyl ester, afforded
ketones without damage of the functional group.

It was also found that the treatment of m-crotylnickel bromide or m-cinnamyl-
nickel bromide with 2-pyridyl benzoate only produced B,y-unsaturated ketones.

Table 2 shows that the results of the reactions between T-allylnickel bromide
and various benzoic acid derivatives. The use of 2-pyridyl benzoate gave the best
result, while no satisfactory yields of ketones were given by the other benzoic
acid derivatives or in some cases no detectable amount of ketone was found. These
results indicate that 2-pyridyl benzoate is mecre susceptible to reduction by -
allyl complexes to produce radical anion than the other benzoyl derivatives. The
produced radical anion couples with the allyl moiety of m-allyl complexes to form

B,yY-unsaturated ketones.4)
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It is noted that various 7m-allylnickel complexes react with 2-pyridyl
carboxylates chemospecifically to give B,y-unsaturated ketones in good yields

under mild conditions.
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