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The activation of C—H bonds in organic compounds by
transition-metal complexes is currently one of the most
significant subjects in both organic and organometallic
chemistry. An effective strategy to regioselectively ac-
tivate a C—H bond in a given molecule has been known
to introduce a functional group having ligating ability
at an appropriate position of it.! Recently, a number of
catalytic coupling reactions of aromatic or vinylic com-
pounds bearing carbonyl- or nitrogen-containing groups
with alkenes and/or alkynes involving such a C—H bond
activation mode as the key step have been developed,
especially by using ruthenium and rhodium complexes.??
The reaction of acylarenes has also been minutely
described by Murai et al.?b¢

Meanwhile, we have recently reported that salicyl
aldehydes smoothly react with aryl iodides in the pres-
ence of a palladium catalyst and a base to give 2-aroylphe-
nols, demonstrating that the phenolic function can act
as a good anchor for the catalytic intermolecular C—C
coupling via cleavage of the aldehyde C—H bond.* It was
expected that, if vinyl halides could be used in place of
aryl iodides, 2-alkenoylphenols could also be obtained in
one step: The phenolic compounds are valuable precur-
sors of chromanones and chromones,> whose skeletons
are widely found in naturally occurring compounds, and
a number of them exhibit interesting biological activities.®
However, the reaction using vinyl halides was less
efficient. One of the other possible routes to prepare
2-alkenoylphenols using salicyl aldehydes via the C—H
cleavage is their coupling with alkynes, which may be
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regarded as a hydroacylation reaction.”® We report
herein our new findings that the latter route can be
realized with high efficiency by using a rhodium-based
catalyst system.

The reaction of salicyl aldehyde (1a) with 4-octyne (2a)
was first examined in the presence of [RhCl(cod)], and a
variety of ligands in toluene (5 mL) under nitrogen
(monitored by GLC), the relative amount of 1a, 2a, [RhCI-
(cod)]; being 2:2:0.01 (in mmol) (eq 1). It was found that,

[RhCl(cod)]>
OH /ligand OH _Pr
+ Pr—= | (1)
H additive Pr
toluene reflux
(o} o
1a 2a 3
ligand additive time /h % yield
dppf none 0.5 5
dppf none 24 99
dppf Na,CO3 0.5 100
dppp Na,CO3 21 52
PPhs Na,CO3 20 33

by using dppf (0.02 mmol) as ligand and refluxing the
solvent for 24 h, the expected product, (E)-1-(2-hydroxy-
phenyl)-2-propyl-2-hexen-1-one (3), was produced in an
almost quantitative yield, no isomer being accompanied.®
Addition of an inorganic carbonate, Na,CO3 (0.1 mmol),
was also found to significantly enhance the rate of the
reaction, so that it was completed within 0.5 h, while a
tertiary amine, NEt(i-Pr),, which is effective for the
rhodium-catalyzed hydroacylation of alkenes with acid
anhydrides and molecular hydrogen,® showed no mean-
ingful effect. Although other bidentate phosphine ligands,
dppe, dppp, and dppb, as well as monodentate ones, PPh;
and tricyclohexylphosphine, could be used in place of
dppf, they were much less effective.®

The reaction of 1a with 2a using the catalyst system
of [RhClI(cod)],/dppf/Na,COs could also be completed in
refluxing benzene in a period of 2.5 h (eq 2); product 3
(99%) also was cleanly isolated by means of flash chro-
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R1
OH
o2 H + R3—=——R?
o} 2a,b R!
1a-c OH R3
[RhCl(cod)], / dppf ' (2)
Na,CO4 R? R3
benzene reflux 0
36
time / h % yield
R'=R?=H (1a) R%=Pr (2a) 25 99 (3)
R'=OMe, R?=H (1b) R®=Pr(2a) 05 99 (4)
R'=H, R?=Cl (1¢c) R3= Pr (2a) 4 98 (5)
R'=R2=H (1a) R® = Ph (2b) 7 94 (6)

matography on silica gel. Similarly, 3-methoxy- and
5-chlorosalicyl aldehydes 1b and 1lc quantitatively re-
acted with 2a to give the corresponding alkenoylphenols
4 and 5, respectively. Note that the reaction using 20
mmol of each of 1b and 2a in refluxing toluene quanti-
tatively proceeded within 2 h, the turnover rate being
approximately estimated to be as high as 500 h™1. The
reaction of 1a with 1,2-diphenylacetylene (2b) also gave
product 6. In contrast to other catalytic C—H/alkyne
coupling reactions,?®9 terminal alkynes, 1-octyne (2c)
and 1l-phenylacetylene (2d), could smoothly react with
la, giving pairs of regioisomers 7/7' and 8/8' in compa-
rable amounts (eq 3). Styrene, however, did not react
with la. Good regioselectivities were observed in the
reactions with propargyl alcohols 2e and 2f (eq 4). The
regioisomers of 7—10 and 7'—10’ could be also separated
by column chromatography on silica gel. The reaction
of 1a with 3-acetoxy-1-octyne (2g) predominantly afforded
compound 11 along with minor amounts of some uni-
dentified products (eq 5).

The present reaction may involve initial coordination
of 1 to a chlororhodium(l) species complexed by dppf to
form a 2-formylphenolate complex accompanied by lib-
eration of HCI and then oxidative addition of the alde-
hyde C—H bond to the metal center to give an (aroylhy-
drido)rhodium(l11) as the key steps.#'%12 It should be
noted that 4-hydroxybenzaldehyde and 2-methoxybenz-
aldehyde as well as benzaldehyde itself could not be used
in place of 1a, supporting the above consideration that
coordination of the phenolic oxygen to the metal center
plays a significant role. It was confirmed that addition
of AgOTf or AgCIQO, in place of Na,COj3 to the reaction of
la with 2a, which may generate a cationic rhodium(l)
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[RhCl(cod)], / dppf

1a + H——R
Na,CO3
2c,d benzene reflux
OH _R OH _H
| + |
3
o (o}
7,8 7.8
time / h % yield
R = n-CgHy3 (2¢) 2 99 (7/7' = 45:55)
R = Ph (2d) 4 93 (8/8'=34:66)
. JO/HR [RhClI(cod)], / dppf
a + H—= )
R Na,COj4
2e,f toluene reflux
OH
R
OH ) OH _H
R \ @
H R
R
O O OH
9,10 9',10'
time / h % yield
R =R'= Me (2e) 55 75 (9/9'=83:17)
R, R' = -(CHy)s- (2f) 4 86 (10/10' = 85:15)
OAc [RhCl(cod)], / dppf
1a + H—
n-C5H11 N32003
2g toluene reflux, 4 h
OAc
OH
| n'CsHﬂ
5
H 6
(e}
11,70 %

species, could not enhance the reaction. Thus, the
insoluble solid base seems to effectively remove initially
formed HCI, which could be a poison for the catalysis.
The origin of high efficiency of dppf as ligand, however,
is not definitive at the present stage.

In summary, we have shown that salicyl aldehydes can
readily react with alkynes accompanied by cleavage of
the aldehyde C—H bond in the presence of a catalytic
amount of a rhodium(l) complex to produce synthetically
useful 2-alkenoylphenols.
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