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Abstract—Sequential inter- and intramolecular Heck reactions have been used to construct a 26-membered carbocycle. This new
tandem reaction uses strain effects to advantage in biasing the first step towards intermolecular coupling. In the second step, the
lack of strain in the formation of a large ring promotes this course over polymerisation. © 2002 Elsevier Science Ltd. All rights
reserved.

Intramolecular Heck reactions have been used to pre-
pare all manner of different ring systems, with closures
to form ring sizes from 3 to 24 having been demon-
strated.1 One area that has witnessed only sporadic
attention is macrocyclisation.2–7 Indeed, since the pio-
neering work of Ziegler et al. was reported in 1981, very
few extensions have been reported.2

Stocks et al. used the method to prepare a number of
analogues of FK-506.3 Lactones comprising of 18, 20
and 22 atoms were prepared in yields up to 29, 24 and
42%, respectively. Ma and Negishi achieved greater
efficiency in Heck-type cyclisations of �-haloallenes.4

Indeed, one 20-membered carbocycle was given in a
remarkable 86% yield. In the same study an attempted
13-endo-trig cyclisation to an unactivated alkene gave
only 18% of the cyclisation product with reduced start-
ing material accounting for 37% of the outstanding
mass balance (dimers and higher oligomers were pre-
sumed to account for much of the remainder). To
overcome this tendency for intermolecular coupling
reactions to compete with macrocyclisation, Hauske et
al. immobilised a series of �-haloalkenes on a solid
support. In this way good to excellent product yields
could be achieved for targets containing 20–24-mem-
bered rings.5

It appeared to us that a substrate such as 1 was unlikely
to give a 13-membered ring on treatment with Pd(0) as
cyclisation would require a build up of strain during the
course of the reaction.7,8 Thus, intermolecular coupling
to 2 was likely to dominate. For the cyclisation of 2 to
3, however, strain would be less of an issue. As a

consequence, macrocyclisation might compete effec-
tively with further intermolecular coupling reactions
leading to a successful tandem sequence (Scheme 1).
Herein, we report the results of that study.

Our synthesis of precursor 1 began with biphenol 4. All
attempts to effect the monoiodination of 4 led to
complex product mixtures. By contrast, monomethyla-
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tion was readily accomplished using methyl iodide and
provided biaryl 5 in 95% yield. Selective iodination of
the phenol could then be accomplished using sodium
iodide and sodium hypochlorite in basified methanol.9

Protection of iodophenol 7 as its methyl ether 6, was
followed by a B-alkyl Suzuki coupling with organobo-
rane 8 (prepared in situ by treatment of 4-pentenol with
2 equiv. of 9-BBN).10

The direct iodination of 9 to 13 proved troublesome.
Many literature methods were examined but to no
avail. One side reaction of note was the formation of
tetrahydrofuran 15 when 9 was heated in acetonitrile
with NIS. This indicated a need to protect the alcohol

function. Successive acetylation (to 10), iodination (to
11)11 and deprotection steps each proceeded smoothly
and in near quantitative yields to give alcohol 13. A
Dess–Martin periodinane oxidation then gave aldehyde
12, which was transformed into allylic alcohol 14 on
exposure to vinylmagnesium chloride (Scheme 2).

Attempts to effect a palladium-mediated macrocyclisa-
tion and/or dimerisation of 14 led to a myriad of polar
products. Partial separation of these products could be
achieved by column chromatography. Analysis of a
number of fractions showed that each displayed similar
NMR characteristics, with the more polar fractions
showing significant peak broadening. From this we
inferred that polymerisation was outpacing macrocycli-
sation in this case.

In the hope of accelerating macrocyclisation relative to
intermolecular coupling, 14 was oxidised to 1 with the
Dess–Martin periodinane reagent. Pleasingly, when 1
was treated under standard Heck conditions, using high
dilution and with tetrabutylammonium bromide as an
accelerant,12 trans,trans-3 was furnished in 54% yield.13

While some formation of higher oligomers was evident
from analysis of the crude reaction mixture, we were
unable to detect the presence of enone 16. That this was
not formed demonstrates the extent to which strain
effects may be exploited, allowing sequential inter- and
intramolecular Heck coupling reactions to be realised in
good yield.7

In conclusion, a 26-membered carbocycle has been
successfully synthesised in good yield using a tandem
Heck reaction. No products arising from 13-ring clo-
sure could be detected in cyclisations of either allylic
alcohol 14 or enone 1. The influences of strain, and the
value of using an activated olefin to bias reactions in
favour of large ring closure, have both been
demonstrated.
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