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A novel method for the preparation of hydroxy carboxylic acid derivatives has been developed by O »,-0xidation of s-allylnickel intermediates

generated by Ni(0)-mediated coupling of 1,2-dienes with CO .

mt-Allylnickel complexes have been recognized as a useful In this paper, we report that oxidation afallylnickel
reagent for the carbon—carbon bond formation due to their intermediates, generated by oxidative coupling of 1,2-dienes
unique reactivitie$,and there have been extensive studies and carbon dioxide, with molecular oxygen proceeds smoothly
on their reaction with various organic halides, carbonyl and cleanly to afford synthetically useful hydroxy carboxylic
compounds, alkynes, organometallics, €However, only acid derivatives in good yield.

a few examples have been reported so far concerning the During the study on the use of bis(amidine) ligand for the
reaction ofz-allylnickel complexes with molecular oxygén, Ni(0)-mediated oxidative coupling of unsaturated molecules
and no synthetically useful transformation has been realizedsuch as alkynes and 1,2-dienes with£2®we happened to

utilizing such oxidation ofz-allylnickel intermediates.
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reaction was quenched with 1 M HCI for protonolysis of
m-allylnickel intermediate2,” and the crude product was Table 1. Effect of Ligand

treated with trimethylsilyldiazomethane to convert carboxylic O, (1 atm) Ou OMe
acids to the corresponding methyl esters. Purification of the 1.0equiv Nicod) 1) HCI-MeOH, -78°C
crude product revealed that the desireg-unsaturated @ 11equiviigand | then O
. THF,0°C,2h  2) Me,S, 0°C
carboxylic ester6 was not produced at all, but that an , 3) TMSCHN, :
unexpecteds-hydroxy carboxylic acid methyl estér was MeOH, 0°C
obtained as a single isomer albeit in low yield (Scheme 1). - -
entry ligand yield (%)
1¢ DBU? 7
: : : : 2a TMEDA 14
Scheme 1. Reaction ofz-Allylnickel Intermediate with 3a bis(amidine) 7 63¢
Molecular Oxygen 40 bipy 61
CO(1 atm) Oy OMe /0. _OMe 5 dtbpy 68
1.0 equiv N](cod)z 1)1 M Hl
i’j:> 1.4 equiv 7 HO aCyclonona-1,2-diend was added dropwise over 1 h2.1 equiv of
THE, 0°C.2b 2 ]\TAMgSH(’)“gC DBU was used?¢ Yield of the hydroxy carboxylic acid corresponding3o
g eOH,
1 <[N, A "Eu> 5,16% yield 6, not obtained
N =NH
l 7"

o T particular, the reaction with dtbpy proceeded smoothly

0 . O OH o’ without the necessity of adding the 1,2-diehslowly.
LN Ao | —— HOO\E%,\> + 9 Furthermore, it was found that the temperature of the
oxidation step had a profound effect on this reaction. Thus,
Allyinckel 3 4 when the oxygenation reaction was carried out at room
ntermediate temperature, the yield of the desired hydroxy methyl ester

was low, and instead a dimer prod&tvas obtained as a
major product (Table 2, entry 1). On the contrary, when the

This compound was the oxygenated product of ihal-

lylnickel intermediate2 produced by the oxidative coupling
of the 1,2-dienel and CQ, and the oxygenation seemed to
be caused by molecular oxygen in the air during acidic Table 2. Effect of Temperature

. . . CO, (1 atm -
workup® As the reaction enables introduction of both o eqﬁif,‘Ni(Co)d)z Rt
carboxy and hydroxy groups onto allenic compounds, we Ej:> 1.1 equiv dtbpy then O, TMSCHN,
decided to examine this novel oxygenation reaction in more THE,0°C.2h  2)Me;S,0°C MeOH. 0 °C
detail. 1

it was converted to peroxy lactoné slowly. As these
intermediates appeared to be unstable and needed to be
reduced for producing-hydroxycarboxylic acid, we first

Oy OMe Oy -OMe
Careful analysis of the reaction revealed that the initial Ho “
product formed after acidic workup was peroxgjend then S * o
MeO” ~0O
5 8

entry temperature yield (%)
examined the procedure for the reductive workup. Conse- 5 8 o
quently, it was found that the use of dimethyl sulfide or I -78°C 68 trace O/ ~ome
triphenylphosphine as a reductant gave good results. Due to 2 a40°C 46 23 o
the ease of removal of excess reagent and its oxidized 3 0°C 30 31 9
product, we decided to employ dimethyl sulfide as a 4 " 19 4

reductant for further examination.

Screening of solvents, ligands, temperature, oxidants, etc.
revealed that a dramatic effect of ligand on the yield of the temperature of the oxidation step was lowered-8 °C,
product was observed in this reaction (Table 1). Thus, whenine formation of the dimer produd was suppressed.
TMEDA or DBU, a good ligand for Ni(0)-mediated coupling  ajthough the mechanism of the dimer formation has not been
of CO, with unsaturated compoundlsyas employed as  made clear, dimerization occurred competitively with the
ligand, the yield of the hydroxylated methyl ester was rather oxygenation reaction and was suppressed at lower temper-

low. On the contrary, use of bipy dtbpy(4,4-di-tert-butyl- ature. Furthermore, when the oxygenation reaction was done
2,2'-bipyridine), or bis(amidiney gave good results. In
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Table 3. Generality of Oxidative Reaction with Various

1,2-Dienes
CO,(1 atm)
1.0 equiv Ni(cod),y 1) HCI-MeOH, -78 °C

. i h
1,2-dienes 1.1 equiv dtbpy then O products

THF,0°C,2h 2) Me,S, 0 °C

3) TMSCHN,
MeCH, 0 °C

entry 1,2-diene products yield

n-Hex X

10

OH O o
N mHeX%OH n-Hex/\ﬁJ\OH 82% (55 :
OH
10a

10b

45)

OH O o
a .
Zopr™" N R OMe R/\kaMe 63% (57 : 43)
OH
11 11a 11b (R=CHoCH,Ph)
OH O Q
A OMe
qa R Ph
PTS Ph OMe on 44% (57 - 43)
12 12a 12b
OH o)
_ o (o -
4 O:._ WOMQ N o 5% (86 14)
13 13a 135CH
Me e OH © Me O
58 = x 0% (89 -
o Phﬁ%we Ph)%oyme 63% (89 : 11)
OH
14 14a 146
(E:Z=49:51)
OH O Me
N X
ge PR Me PRy TOMe Ph/j/\)\OH 61% (41 : 59)
Me O~ "OMe
15 15a 15b
(E:Z=>95:5) (E:Z=8:92)
o}
™
n-Bi OH
7 nBu” Seg_nBu ”/Yk 74%
HO™ “n-Bu (E:Z =47:53)
16 16a

o]
X" 0H
o 74%
(E:Z =58:42)
7a

17 1

a1,2-Dienesl1, 12, 14, and15 were added dropwise over 1 h.

without adding HC+MeOH at—78 °C, an epoxided was

obtained along with the desired hydroxy methyl ester. Thus,
it is important for this reaction to do the oxygenation reaction
after the treatment with acid at low temperature. It should

(11) It is necessary to heat theallylnickel intermediate? in refluxing
HCI—-MeOH to cause the protonolysis of this intermediate.
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be noted that protonolysis of theallyl intermediate is very
slow even at room temperature.

The following procedure was found to be optimal. The
1,2-dienel was treated with C@in the presence of Ni(cogl)
and dtbpy at 0C for 2 h, and then excess HEMeOH was
added to the mixture at78 °C under an Ar atmosphere.
The reaction mixture was exposed to apdmosphere for
2 h at this temperature, followed by reduction with dimethyl
sulfide. Finally, the crude hydroxy carboxylic acid was
esterified with trimethylsilyldiazomethane for the purpose
of facile purification to give the corresponding hydroxy
methyl ester.

The generality of the oxidation of-allylnickel intermedi-
ates was examined with several substituted 1,2-dienes using
dtbpy as a ligand. As summarized in Table 3, this reaction
could be applied to monoalkyl- or aryl-substituted 1,2-dienes
10—12to give a mixture of regioisomeric products. In both
cases, only th&-isomer was produced for tlemdoolefins
10b—12b. 1,1-Disubstituted 1,2-dienek3 and 14 also
afforded the desired hydroxy carboxylic acid or its methyl
ester in moderate to good yield. In these casesolefins
13aandl4awere obtained as a major regioisomer. Further-
more, acyclic 1,3-disubstituted 1,2-dierlésand16 as well
as 13-membered cyclic 1,2-diet& were applicable to this
reaction. Although regiochemical and, in some cases, geo-
metrical control of the oxygenation reaction is not necessarily
good, this method enables introduction of two functional
groups onto 1,2-dienes under mild reaction conditions simply
by using CQ and Q and would afford a concise method
for the preparation of hydroxy carboxylic acid derivatives.

In conclusion, preparation of hydroxy carboxylic acid
derivatives utilizing novel oxidation with molecular oxygen
of the m-allylnickel intermediates generated by Ni(0)-
mediated coupling of 1,2-dienes with @@as achieved.
Synthetically useful hydroxy carboxylic acid derivatives were
obtained in good yield starting from 1,2-dienes, £@nd
O.. Further investigation on the mechanism of this reaction
is in progress.
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