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Abstract—Diiodobenzenes and bisallylic alcohols—two equivalents of each—were coupled under palladium catalysis to give
oxofunctionalized macrocycles as 2:2 products. The 1:1 products as medium sized rings were disfavoured and not observed.
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The intramolecular Heck reaction is a well-established
method for the construction of carbocyclic as well as
heterocyclic ring systems.! For macrocyclizations the
reaction conditions of course have to be adjusted. In
one of the first reported macrocyclizations via a Heck
reaction one equivalent of the Pd-catalyst® was applied,
but major improvements were achieved by using Jef-
fery’s conditions,® using high dilution or working on
solid support.* Thus, the Heck reaction became an
efficient tool for the synthesis of macrocycles.’

In the examples reported for Heck-type macrocycliza-
tions the precursors are rather tedious to prepare, espe-
cially when the target macrocycles are highly
functionalized. This prompted us to evaluate allylic and
homoallylic alcohols as building blocks, anticipating
the formation of oxo-functionalized products. Recently,
we tested the homoallylic alcohol 1 in a successful
approach to the steroid framework via coupling
product 2 and surprisingly found substantial amounts
of by-product 3, which was obviously derived from a

twofold coupling reaction of 1, initially by intermolecu-
lar C-C bond formation followed by a cyclization step.®

This encouraging result motivated us to test the scope
of macrocyclizations making use of the coupling reac-
tion of aryl halides with allylic and homoallylic alco-
hols. The generalized pictograms outlined in Scheme 2
map out two types of these processes: for type A both
functionalities involved are present in a single starting
material 4, in fact, this is a generalization of the reac-
tion in Scheme 1; for macrocyclizations of type B two
different bifunctional starting materials 7 and 8 with
corresponding functionality are utilized. In this case the
first intermolecular coupling reaction gives rise to inter-
mediate 9, an extended analogue of 4, which in princi-
ple has again the potential to directly cyclize to give 10.
When the cyclization to 10 is hindered by geometric or
steric requirements the formation of extended macrocy-
cles 11 should be favoured, either by a cyclization of
two equivalents of intermediate 9 or, and even more
likely, by stepwise reaction of 9 with 7 and 8.
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Scheme 1. Pd-catalyzed macrocyclization of functionalized homoallylic alcohol 1; a: 5 mol% Pd(OAc),, N-ethyldiisopropylamine,

LiCl, DMF, 80°C, 2 days, high dilution.
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Scheme 2. Pictogram for macrocyclizations by coupling reac-
tions of aryl halides with allylic and homoallylic alcohols.

The latter type of cyclization seemed especially attrac-
tive, since it represents the synthesis of multifunctional-
ized macrocycles from simple precursors in a single
preparative step. As model coupling components we
chose commercially available diiodobenzenes 12 and 13
and the bisallylic alcohols 14 and 15, easily accessible
from the corresponding dicarboxaldehydes (Fig. 1).
Since initial tests of the ortho-isomer 14 with both
diiodobenzenes 12 and 13 did not seem to yield any
macrocycles under high dilution conditions (0.025 M-
0.008 M) even though complete consumption of the
starting material took place, we anticipated that the
meta-substituted bis(alcohol) 15 would be the most
promising candidate. Heating a mixture of 15 with 1
equivalent of 1,4-diiodobenzene 12 in DMF (0.013 M)
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Figure 2. Crystal structures of macrocycles 17 and 18.
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Figure 1. Starting materials and products of the Heck-type
coupling reactions.

for 2 days at 100°C in the presence of 5% Pd(OAc), and
8 equivalents of NEt; gave a 5% yield of the twofold
coupling product 16 and 2% of the desired macrocycle
17. Due to the C,y-symmetry of 17 the ring size could
not be determined by NMR, but was proven by mass
spectroscopy (m/z=512).

Further experiments showed that the formation of the
26-membered ring in 17 is rather independent of the
various parameters of the reaction conditions. Chang-
ing the solvent (e.g. to DMSO) or the base (e.g. Hiinig’s
base or Na,CO,) as well as using Jeffery’s conditions,?
and even high dilution conditions did not increase the
yield of the macrocycle. Obviously, the geometries of
the starting materials are more important for the
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achievable yield: upon changing to ortho-diiodobenzene
13 the yield of the corresponding macrocycle 18, a
22-membered ring, increased to 11%, indicating that in
this case each C—C bond forming step proceeds with an
efficiency range of 60%.”

Both macrocycles 17 and 18 obtained by this method
can be crystallized by slow evaporation of a CH,Cl,/2-
propanol/MTBE solution. The resulting crystals were
of sufficient quality for X-ray-structure analysis (Fig.
2).8

In summary the Heck-reaction using allylic and
homoallylic alcohols can be used to construct large,
symmetric macrocyclic rings from simple, readily avail-
able starting materials in a one-pot reaction. In particu-
lar, the oxo-functionalities might be useful for the
construction of macrocyclic host molecules with selec-
tive binding properties.
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