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Zn(l1)-Catalyzed Intermolecular Hydrative Aldol Reactions
of 3-En-1-ynamides with Aldehydes and Water to Form Branched
Aldol Products Regio- and Stereoselectively

Angew. Chem. Int. Ed. 2015, 54, 3812-3816

The aldol reaction occupies a prominent position in organic
synthesis and remains one of the most used methodologies
for producing chiral compounds in non-racemic form. Metal
dienolates are versatile carbanions that can react with car-
bonyl electrophiles to afford linear or branched products.
The stereo- and regioselectivities of the aldol reaction have
been extensively examined for various metal salts including
Zn(11), Si(1V), Sn(IV), Li(I), B(III) or In(IIl) because their linear
and branched aldol products are useful building blocks for
accessing natural products. One major drawback in current
methods is the use of metal reagents in stoichiometric pro-
portions (>1.0 equiv, Scheme 1). The development of their ca-
talytic surrogates is highly desirable, but only an Ir-catalyzed
enantioselective synthesis of linear aldol products, by Krische
et al. (Angew. Chem. Int. Ed. 2011, 50, 3493), has been achieved.

Recently, the laboratory of Professor Rai-Shung Liu at the
National Tsing-Hua University (Taiwan) developed a Zn(II)-
catalyzed hydrative aldol reaction to generate stable O-bound
Zn(Il)-dienolates that can react with aldehydes to afford
branched aldol products stereoselectively. “Although metal-
catalyzed hydrations of alkynes are well known for many

transition metals,” said Professor Liu, “their resulting enolates
have not been elaborated for any C-C bond formation due
to rapid proto-demetalation reactions. In this work, 3-en-1-
ynamides replace unsaturated esters as reagents together
with water and Zn(OTf), (5 mol%) as other partners.” With
Zn(OTf), as catalyst and a 3-en-1-ynamide, Professor Liu’s
group observed the formation of a kinetically stable E-con-
figured Zn(Il)-dienolate that complexes with a HOTf mole-
cule to impede an undesired proto-demetalation reaction.
Professor Liu postulated: “This trapped ‘HOTf" can enhance
the Zn(II) acidity of this dienolate to enable an aldol reaction
in water via a chair-like transition state (Scheme 2), yielding
anti-configured aldol products stereoselectively. This hydra-
tive aldol reaction represents a successful model of ‘Lewis acid
activated by Brensted acid’.”

Scheme 3 outlines the reaction scope of this hydrative
aldol reaction with various substituted 3-en-1-ynamides and
aldehydes. These reactions provide anti-configured branched
aldol products as sole diastereomers in most instances
(dr>20:1), whereas a mixture of anti/syn diastereomers were
obtained for aliphatic aldehydes (2d/2d’). “Applicable alde-
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Scheme 2 O-bound Zn(ll)-dienolates from alkyne hydration
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Scheme 3 Branched aldol products with anti-selectivity

hydes include benzaldehyde, alkynyl-, alkenyl- and 3-phe-
nylpropyl aldehyde, whereas operable 3-en-1-ynamides can
comprise 1,1- and 1,2-disubstituted as well as 1,1,2- and
1,2,2-trisubstituted alkenyl moieties,” explained Professor Liu.
“X-ray diffraction studies have been performed to confirm the
syn configuration of several representative aldol products.”
The laboratory of Professor Liu has made successful at-
tempts to modulate the syn selectivity using 3-en-1-ynamides
bearing a large sulfonamide. “The alteration of stereoselec-
tivity is attributed to preferable formation of Z-configured
0O-bound dienolates in which a large sulfonamide is preferably
in a cis position relative to a small hydrogen,” explained Pro-
fessor Liu. Scheme 5 shows several examples for obtaining
enantiopure branched aldol products using 3-en-1-ynamides
bearing a cheap chiral sulfonamide (R = (S)-a-methylbenzyl,
EWG = Ms). Professor Liu said: “The reactions preferably af-
forded syn-aldol products as major products. Their syn geo-

metries and absolute configurations were confirmed by X-ray
diffraction of one representative product. Unfortunately, this
large sulfonamide decreases the reactivity of aldol reactions
so that only benzaldehyde and their reactive analogues are
applicable substrates.”

Professor Liu also commented: “The success of such hydra-
tive aldol reactions is attributed to the use of a sulfonamide
to trap a released HOTf, thus impeding competitive proto-
demetalations of Zn(II) dienolates. Importantly, E- and Z-con-
figured dienolates can be generated selectively by the sizes of
sulfonamides.” He concluded: “This work might inspire re-
search interest on catalytic alkyne hydrations, including the
following aspects: (1) new electrophilic reactions of O-bound
Zn dienolates, (2) asymmetric hydrative aldol reactions using
chiral Zn(I) catalysts and (3) the use of Zn(Il)-enolates as re-
action partners for Negishi coupling reactions.”
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Scheme 4 The use of a bulky sulfonamide to alter stereoselectivity
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Scheme 5 Enantiopure aldol products with syn-selectivity
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