N

apexmolecular

1 * et +
1emistry matiers

[0] What the Heck?!
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The Heck or Mizoroki-Heck reaction takes an alkene and an aryl halide or triflate, and, in the presence of palladium (0)
and base, forms a more substituted alkene product. Since the initial publications on this reaction in 1971-72, many
variants have also been reported. One example is the oxidative Heck. Here, an aryl boronic acid replaces the more
traditional aryl halide or triflate. This requires the use of a palladium (ll) catalyst and oxidant but forms similar types
of products.
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A more recent development in this area is the redox-relay Heck and oxidative Heck reaction, pioneered by Sigman and
co-workers.! Here, reaction of an acyclic alkenol substrate leads to formation of an aldehyde containing a remotely
located stereocentre, which is obtained in high enantioselectivity through use of a chiral PyrOx ligand. The palladium
catalyst initially inserts into the alkene, analogous to a standard Heck reaction, but instead of eliminating, to form the
traditional Heck product, a site selective syn-B-hydride elimination occurs. This reforms the alkene, but the alkene is
now repositioned one carbon closer to the alcohol. A subsequent series of syn-migratory insertion/syn-B-hydride
elimination steps, referred to as the relay, ultimately leads to the desired aldehyde product, with the alcohol acting as
a terminal acceptor for the process. It was later shown that a secondary alcohol can also be used, generating the
corresponding ketone.

Redox-Relay Heck and Oxidative Heck
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It has since been shown that this migration can occur over long distances,? and through pre-existing stereocentres,?
delivering the desired products in high diastereoselectivity, with the particular diastereomer dictated by the
enantiomer of ligand used.

CO,Me
3 eq. ArB(OH)s
6 mol% Pd{ME‘CN}z(OTS)Z
13 mol% PyrOx ligand ~ Me0;C

¢ & p 9" 6 mol% Cu(OTf), . e
ne=
E T % DMF 3AMS, O, RT, 240

51%
n c
2.8 1
94:6 e.r. 96:4 e.r.
PhB(OH)2 M:h&,? 3 =0
Pd catalyst () M‘:'
PyrOx ligand TESO
44%
TBSOWOH 93:6:1 d.r.
Me Me (35, 75:35, TR.3R, 75)
PhB(OH), Me a
99:1 e.r. Pd catalyst Ph "JRI 351 =
ent-PyrOx ligand
TBSO Ve
45%
6:93:1 d.r.

(35, 7535, TR'3R, TR)

Other terminal acceptors, beyond a primary or secondary alcohol, can be successfully used in the transformation,
delivering the corresponding alpha, beta-unsaturated products.! Reaction success has also been reported with
fluorinated alkenes, and the redox-relay can also be performed on enol ethers. In 2018, Sigman and co-workers
reported the first example on a heterocyclic substrate, focusing on lactams.
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