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ABSTRACT

Combining R-methylthiomethyl (MTM) ether substituted aldehydes and 1-alkynes in the presence of [Rh(dppe)]ClO4 results in efficient
intermolecular alkyne hydroacylation to deliver R-O-MTM-substituted enone products. The product MTM ethers can be converted to the free
hydroxyl group either in situ, by the addition of water to the completed reaction, or in a separate operation, by the action of silver nitrate.

The transition-metal-catalyzed addition of aldehydes
across alkenes or alkynes; alkene and alkyne hydroacy-
lation, respectively; are effective processes for the atom
economic preparation of ketone containing molecules.1

Intermolecular versions of these reactions are often pla-
gued by competing decarbonylation processes. Despite
significant recent advances, in particular from the groups
of Brookhart2 andKrische,3 a general intermolecular reac-
tion has yet to be described.4 One approach to achieve
efficient intermolecular reactions has been to stabilize the
key acyl-metal intermediates through chelation control.
For example, the temporary formation of picolylimines5

and the use of salicylaldehydes6 or acrylamides7 have all
delivered effective reactions.8 Our laboratory has investi-
gated the use of alkyl aldehydes in intermolecular hydro-
acylation chemistry, and we have found that β-S-sub-
stituted aldehydes work well in rhodium-catalyzed alkene
and alkyne hydroacylation reactions.9 Although chelation
control has provided a number of very useful solutions for
hydroacylation chemistry, the strategy has an inherent
limitation in that the chelating group present in the starting
materials will also be present in the products. The β-S-
substituted ketone products, generated from the corre-
sponding β-S-substituted aldehyde substrates, offer a num-
ber of opportunities for derivatization of the S-based
functional group.10 However, if the focus is to employ a
chelating group more likely to be required in the final
product, then O-based functionality becomes appealing
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and should allow ready access to hydroxyl- and carbonyl-
based functional groups. Although salicylaldehydes (and
derivatives) have been employed successfully as hydroacy-
lation substrates,6,11 there are no examples ofO-substituted
alkyl aldehydes being used in these reactions.

Aswe hadpreviously shown that a simple β-methyl ether
substituted aldehyde was a poor substrate in Rh-catalyzed
intermolecular hydroacylation reactions,9a we were inter-
ested in evaluating alternativeO-substituents. In particular,
we speculated that the extra oxygen atom of an acetal or
ketal group might be beneficial for reactivity. Accordingly,
R- and β-O-THP-substituted aldehydes 1a and 1b were
evaluated in intermolecular hydroacylation reactions with
hexyne using a dppe-derived Rh-catalyst (Scheme 1).12

Although β-substituted aldehyde 1b provided a modest
amount of the hydroacylation adduct we were unable to
further optimize the reaction. Given our previous success
withS-chelating aldehydeswe reasoned thatO-methylthio-
methyl (MTM) ethers 3a and 3b, featuring O,S-acetal
groups, would offer advantages over the simple O,O-
acetals. Pleasingly, the reaction between R-O-MTM alde-
hyde 3a and hexyne delivered the hydroacylation adduct in
good yield after a 2 h reaction.

R-O-MTMaldehyde 3a could be combinedwith a broad
range of terminal alkynes (Table 1): simple and branched
alkyl (entries 1-4), as well as electronically varied aryl
alkynes (entries 5-8), all provided the expected enone
products in high yields. A variety of functional groups
were also tolerated, including trimethylsilyl, chloro, ester,
and free- and protected-hydroxyl groups (entries 9-14).
Although 10 mol % of catalyst was routinely employed in
these reactions, lower loadings were also possible; for
example, repetition of entry 5 employing 5 mol % catalyst
resulted in a 90% yield after a 2 h reaction. However,
performing the same transformation with 2.5 mol % of
catalyst delivered only 53%product after 24 h. In all cases,
single regio- and geometrical isomers were isolated. Un-
fortunately, internal alkynes were unreactive under these
conditions.
Variation of the aldehyde to include either a methyl or

phenylR-substituent was also possible. Table 2 documents
the reactions of aldehydes 3c and 3d with a number of
representative alkynes. In all cases good yields of the
hydroacylation products were returned.
One of the motivations for exploring the use of alkylO-

substituted chelating aldehydes was the desire to access the
corresponding alcohols. Although a number of MTM
ether cleavage conditions have been described,13 we estab-
lished that treatment of MTM ether 7 with AgNO3, while
excluding light,14 effected smooth deprotection (Scheme 2).
Alternatively, we found that simply introducing a small
amount of water (0.1 mL to a 2.0 mL reaction) into the
reaction flask when the hydroacylation reaction had

Scheme 1. O,O- and O,S-Acetals in Alkyne Hydroacylation

Table 1. Scope of Alkyne Variation using Aldehyde 3aa

aReaction conditions: aldehyde 3a (1.0 equiv), alkyne (2.0 equiv),
[Rh(dppe)]ClO4 (10mol%), ClCH2CH2Cl, 70 �C. Catalyst generated in
situ from [Rh(dppe)(nbd)]ClO4 and H2.

b Isolated yields.
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reached completion allowed the hydroxy-enone product
(8) to be isolated directly, albeit in a reduced yield.
Having established R-O-MTM aldehydes as viable sub-

strates for intermolecular alkyne hydroacylation reactions
we wanted to explore the origin of their favorable reactiv-
ity. With the β-S-aldehyde series we had been able to use
X-ray diffraction studies to establish the formation of
5-membered S-chelated intermediates.9e,f Unfortunately,
with the O-MTM aldehydes we were unable to isolate
suitable crystalline material. We therefore resorted to
studying the reactivity of a series of of aldehydes designed

to probe the importance of each heteroatom of the O-
MTM functional group (Table 3). Reactions with alde-
hyde 3e, corresponding to deletion of the MTM S-atom,
did not deliver any hydroacylation products. The corre-
sponding O-deleted aldehyde, 3f, provided the enone in
14% yield. Finally, and as expected from the earlier
experiments using the O-THP aldehydes, the O-MOM
aldehyde, 3g, was also ineffective. These data indicate that
both the S- andO-atoms of theO-MTMgroup are needed
for reactivity. The requirement for a free coordination site
on the Rh-center to allow for alkyne binding suggests that
O,S-bidentate coordination does not take place; one pos-
sible explanation is that the presence of theO-atom acts to
make 6-membered S-chelation more favorable via an
electronic bias for a gauche conformation.15

In conclusion, we have shown for the first time that O-
substituted alkyl aldehydes can be employed in rhodium-
catalyzed intermolecular alkyne hydroacylation reactions.
R-O-MTM-substituted aldehydes are effective substrates
in combination with a broad range of functionalized
alkynes, delivering linear enone products with good selec-
tivities and in high yields.
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Table 2. Me- and Ph-Substituted Aldehydes 3c and 3d in Inter-
molecular Alkyne Hydroacylation Reactionsa

aReaction conditions: aldehyde (1.0 equiv), alkyne (2.0 equiv),
[Rh(dppe)]ClO4 (10 mol %), ClCH2CH2Cl, 70 �C. Catalyst generated
in situ from [Rh(dppe)(nbd)]ClO4 and H2. Isolated yields.

Scheme 2. Deprotection of O-MTM-Hydroacylation Adducts

Table 3. Probing the Reactivity of O- and S-Substituted Alde-
hydes in Alkyne Hydroacylation Reactionsa

aReaction conditions: aldehyde (1.0 equiv), alkyne (2.0 equiv),
[Rh(dppe)]ClO4 (10 mol %), ClCH2CH2Cl, 70 �C. Catalyst generated
in situ from [Rh(dppe)(nbd)]ClO4 and H2. Isolated yields.
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