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Efficient and Selective Formation of Phenylacetic Acids from Diketene
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3-methylene-4-hexenoic acid

In the presence of Ni catalyst, three components of diketene, alkyne, and Me2Zn co
mbine smoothly to provide 3-methylene-4-hexenoic acids in excellent yields. Furthermore, under similar ca
talytic conditions, Et2AI(OEt) promotes [2+2+2] cycloaddition reactions with diketene and 2 equivalents of

alkyne to give rise to the substituted phenylacetic acids. More interestingly, in the presence of Et2Al(
OEt) and phosphine ligand, symmetrical phenyl acetic acids are constructed via the formal [2+2+1+1] cycloa
ddition reactions with diketene and 2 equivalents of alkyne accompanying the cleavage reaction of methylen
e C=C double bond of diketene.
This is the first example of the selective formation of unsaturated carboxylic acids and phenylacetic acid
s from diketene involving oxanickelacycles. The reaction presented here might be a powerful tool in the e
xpedient synthesis of the physiologically active molecules, such as isoprenoid acids and non-steroidal ant
i-inflammatory drugs (NSAIDs).



(NSAIDs)

C-H
Heck
(NSAIDs)

(Scheme 1)

1 B-AF L4

Scheme 1

h Ni cat. Me
+ R——R — X CO,H
% MeoZn R

(0]

R
R R
R R
Ni cat.
R CO,H R CO,H
(OEY) R R

Et,Al(OEt

no ligand ligand



C-H

Heck
(NSAIDs)
(Scheme 2)
kedarcidin
one-pot
Scheme 2
R
N ' R
N\ cat. Ni(cod), e
l:\L + R—=—pR —— | A
o o ELAIOEt) R
R CO-H
R
A(O)2 N ) cocy, R o COR
02 (1 atm) COH ) prNEr 2) i-Pr,NEt R
R
NSAIDs 0
R
R COR
— I
R OH
R
kedarcidin component
Scheme 1
Scheme 3 -
Scheme 3
. Ni catalyst
. X PPhg
! ! + R—R ——
OP 0 Et,Al(OEt)
o % o
R
o R
= CO.H
R ©In 2
R

5
1) Y. Mori, T. Mori, G Onodera, M. Kimura,

Ni-Catalyzed Multi-component Coupling
Reaction of Alkyne, 1,3-Butadiene, and
Me,Zn under Carbon Dioxide, Synthesis,
. DOI: 10.1055/s-0033-1339024
2) Y. Mori,

G Onodera, M. Kimura,

Ni-Catalyzed Three-component Coupling
Reaction of Conjugated Enyne, Carbonyls,
and Dimethylzinc to Construct Allenyl
Alcohols, Chem. Lett.,, 43(1), pp. 97-99,
(2014). DOI:10.1246/cl.130865

3) Y. Ohira, M. Hayash, T. Mor, G. Onodera, M.
Kimura, C-C bond formation via
1,2-addition of a tert-butylzinc reagent and
carbonyls across conjugated dienes, N. J.
Chem. 38(1), pp. 330-337, (2014). DOI:
10.1039/C3NJ00992K

4) T. Hatakeyama, T. Ishimine, T. Baba, M.
Kimura, H. Unno, S. Goda, Alteration of the
carbohydrate-binding specificity of a C-type

CEL-I with an EPN

lectin mutant

carbohydrate-binding motif, Protein and
Peptide Lett. 20(7), pp. 796-801, (2013).

DOI:10.2174/0929866511320070009

5 M. Nickel-Catalyzed
Homoallylation of Aldehyde with 1,3-Dienes,
Org. Synth. 90, pp. 105-111 (2013). DOI:
10.15227/orgsyn.090.0105

Kimura,

11
1) Y. Akioka, G Onodera, M. Kimura,
“Regioselective C-H Arylation of Pyridine
Derivatives Promoted by Iron Catalyst”,
International Symposium on Carbanion
Chemistry, 10, pp. 171. Kyoto 2013,
9.23-26

2) T. Yamashita, T. Mori, G. Onodera, M.



3)

4)

5)

6)

7)

8)

Kimura “Highly Stereoselective

Multi-Component

Alkyne

Coupling Reaction of

and Dimetylzinc via

Oxanickelacycle”, International Symposium

on Carbanion Chemistry, 10, pp. 128. Kyoto
2013,9.23-26

Y. Ohira, G Onodera, M. Kimura,

“1,2-Addition of tert-Butylzinc Reagernt and

Carbonyls Toward Conjugated Dienes”,
International Symposium on Carbanion
Chemistry, 10, pp. 108. Kyoto 2013,
9.23-26

T. Matsufuji, Y. Akioka, T. Mori, G. Onodera,
M. Kimura, “Iron-Catalyzed Regioselective
C-H Arylation of Pyridine Derivatives”,
Symposium on Organometallic Chemistry,
Japan, 60, pp. 138 (2013, 9. 12-14).

H. Kawahara, T. Mori, G. Onodera, M.
Formation of

Acid

Kimura, “Selective

Unsaturated Carboxylic and
Phenylacetiv Acid via C-C Bond Cleavage
Reaction of Diketene”, Symposium on
Organometallic Chemistry, Japan, 60, pp.
157 (2013, 9.12-14).

Y. Mori, M. Hayashi, T. Mori, G. Onodera,
M. Kimura, “Multi-Component Coupling
Reaction of Conjugated Enyne, Carbonyl
Compound and Organozinc”, Symposium on
Organometallic Chemistry, Japan, 60, pp.

168 (2013, 9.12-14).

T. Mori, Y. Akioka, H. Kawahara, G
Onodera, M. Kimura, “Ni-Catalyzed
Selective  Formation of  Unsaturated

Carboxylic Acid and Phenyl Acetic Acid
Derivatives from Diketene and Alkyne ©,
The 15th Asian
Singapore (2013, 8.19-23).

G. Hirata, S. Sanada, G. Onodera, M. Kimura,

Chemical Congress,

“[4+2] Cycloaddition of 1,4-Dipolar and

Aldimine via  Amphiphilic  Allylation

9)

10)

11)

Elsevier

Catalyzed by Palladium Complex”, The 15th
Asian Chemical Congress, Singapore (2013,
8.19-23).

T. Mori, G Onodera,

“Ni-Catalyzed

M. Kimura,
selective  formation  of
unsaturated carboxylic acid and phenylacetic
The

acid from diketene”, Sixteenth

International Symposium on Relations
between Homogeneous and Heterogeneous
Catalysis (ISHHC-16), (2013,
8.4-9).

S. Sanada, G. Hirata, G. Onodera, M. Kimura,

Sapporo

“Palladium-Catalyzed Amphiphilic
Allylation of Aldimine with 1,4-Dipolar”,
7th TUPAC International Symposium on
Organometallic Chemistry Directed Towards
Organic Synthesis (OMCOS-17) Colorade,
USA 2013,7.28-8.1
T. Mori, Y. Akioka, H. Kawahara, G
Onodera, M. Kimura, “Selective Formation
of Unsaturated Carboxylic Acid and Phenyl
Acetic Acids from Diketene Catalyzed by
Ni-Complex”, 17th TUPAC International
Symposium on Organometallic Chemistry
Directed  Towards
(OMCOS-17),

2013,7.28—8.1

Organic  Synthesis

Colorade, USA

Comprehensive Organic

Synthesis 11

http://www.cms.nagasaki-u.ac.jp/lab/yuuki/

o

Masanari Kimura

10274622



