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ABSTRACT

Transannular macrocyclizations via intramolecular B-alkyl Suzuki reactions are described. Regioselective terminal olefin hydroboration with
9-BBN followed by Pd(0)-catalyzed Suzuki reaction in the presence of a base such as TlOEt at high dilution generates macrocycles with a high
degree of control over olefin geometry with isomerically pure E or Z vinyl iodide substrates. These reactions are complementary to ring
closing metathesis (RCM) macrocyclizations and may prove superior in cases where control of olefin geometry is required.

The intermolecularB-alkyl Suzuki reaction1,2 has emerged
as a valuable method for the construction of sp2-sp3 C-C
bonds. Its growing application is evidenced by its use in
methodology demonstrations3 and in natural product syn-
theses.4 This reaction played a key role in our total syntheses

of epothilones A and B4e as well as in 7-epi-Cp-263,1144f,g

and halichlorine.4h

In contrast, the intramolecular variant of theB-alkyl Suzuki
reaction has not found wide usage. Although the formation
of five- and six-membered rings has been reported to occur
in a facile manner,5 the closing of larger ring sizes through
intramolecularB-alkyl Suzuki reaction has been reported in
either very poor yield or not at all.6 Several years ago we
attempted to effect a route to epothilone A via an intramo-
lecularB-alkyl Suzuki reaction. However, none of the desired
product was obtained.7 Nonetheless, possible approaches to
the total synthesis of several contemporary natural products
(including phomactin A,8,9 Figure 1) occasioned revisitation
of such a possibility.
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The most obvious advantage of the intramolecularB-alkyl
Suzuki reaction over the complementary ring closing me-
tathesis (RCM) reaction is the potentially higher degree of
control of olefin geometry of the resulting macrocyclic
adduct. Lack of control of olefin geometry is a common
problem associated with macrocyclizations via RCM.10

Conversely, several methods for the stereoselective genera-
tion of the vinyl iodides which are relevant to the Suzuki
substrates have been reported.11 Thus, one can imagine the
stereospecific formation of exocyclic as well asE and Z
disubstituted, trisubstituted, and even tetrasubstituted olefins
contained in macrocycles via this transformation (potential
intramolecularB-alkyl Suzuki transformations, eqs 1-3).

Our initial objective in this program was to establish the
feasibility of the ring-closingB-alkyl Suzuki reaction in the

context of transannular macrocyclization. Such a capability
could serve well in a synthetic venture directed at phomactin
A. The E and Z vinyl iodides 7 and 8, respectively, were
designed to help address the overall feasibility issue. These
compounds were synthesized as shown in Scheme 1.

Ketone112 was stereoselectively converted to the tertiary
silyl ether2, which upon hydroboration and removal of the
dithiane ketal12b yielded3. Protection of the primary alcohol
followed by deconjugation of the olefin yielded ketone4.
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Figure 1.

Scheme 1
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Stereoselective allylation of4 and protection of the resulting
tertiary alcohol as a methyl ether13 gave5.14 Silyl ether 5
was converted to aldehyde615 which in turn was used to
provide theE andZ vinyl iodides7 and8 using the methods
of Takai11a,b and Stork,11d respectively.

Gratifyingly, the intramolecularB-alkyl Suzuki reaction
of vinyl iodide 7 using aqueous CsCO3 as the base afforded
macrocycle9 in 40% yield (eq 4). A dramatic improvement
to 60% yield was realized when TlOEt was used as the
base.16 Using the latter conditions, macrocyclization ofZ
vinyl iodide 8 was also effected, forming10 in 46% yield
(eq 5). Not surprisingly, selective hydroboration of the

terminal olefin in the presence of the vinyl iodide and
trisubstituted olefin moieties of these substrates was
realized.4b,17

We were interested in comparing the efficiency and
selectivity (Evs Z) of theB-alkyl Suzuki macrocyclizations
of 7 and 8 with the ring-closing metathesis of the corre-
sponding substrate12 (Scheme 2). The latter was prepared
in four steps from intermediate5, a common precursor to
vinyl iodides7 and8. A conversion of a terminal olefin (cf.
5) to a two-carbon homologated terminal olefin (cf.11) was
devised for this purpose. This method involved an apparently
unprecedentedB-alkyl Suzuki hydrovinylation reaction18 with
vinyl bromide with maintenance of double bond integrity.19

Attempted RCM of substrate12 with Grubbs’ catalyst20

[(Cy3P)2Cl2RudCHPh] afforded a mixture of dimeric and

higher order oligomeric products. Thus, it appears that in
this case the intramolecularB-alkyl Suzuki macrocyclization
is superior to the RCM even at the level of gross feasibility.

In a cursory effort to establish the scope and limitations
of the intramolecularB-alkyl Suzuki reaction, three other
substrates were investigated (eqs 6-8). Compounds13 and

15 bearingo-iodo substituents proved to be relatively poor
substrates for the cyclization reaction, yielding seven-
membered ring14 (eq 6) and ten-membered ring16 (eq 7)
in 22% and 23% yields, respectively. Increasing the ring size
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and extending the centers of reactivity away from the
aromatic ring, as in substrate17, led to an improvement of
the cyclization efficiency (eq 8). The issues of scope and
limitations of our findings will require more study.

In summary, we have demonstrated that theB-alkyl Suzuki
reaction can be an effective method for transannular mac-
rocyclization. This reaction is complementary to ring-closing
metathesis and potentially offers greater control over olefin
geometry. We are encouraged by the promising results
obtained with7 and8. Application of this methodology to
the total synthesis of appropriately challenging target struc-
tures is in progress.
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