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ABSTRACT

The rhodium-catalyzed tandem silylformylation-crotylsilylation reaction has been extended to include internal alkynes. Tamao oxidation of
the initial product leads to the production of a substituted enol, which undergoes highly diastereoselective tautomerization. The resulting
one-pot procedure fashions three new stereocenters, a ketone, and a terminal alkene from a butenyl group, a propynyl group, a silyl hydride,
H2O2, and CO.

As part of a program devoted to the development of efficient
tandem reaction strategies for polyketide natural product
synthesis we have reported the tandem intramolecular
silylformylation-allyl(crotyl)silylation of alkynes which,
following Tamao oxidation, provides access to �,�′-dihy-
droxyketones with good levels of 1,5-diastereoselection
(Scheme 1).1 In an effort to expand the scope of this
methodology to include more heavily propionate-derived
polyketide fragments the use of internal alkynes presented
itself as an intriguing possibility. Assuming the rhodium-
catalyzed silylformylation would tolerate such substrates,2

the tandem crotylsilylation event would produce intermedi-

ates such as 1. Tamao oxidation3 would then presumably
generate an enol that upon tautomerization would generate
an additional methyl-bearing stereocenter.4 The ultimate
utility of this method would of course depend on the levels
of diastereoselectivity that could be achieved in the Tamao
oxidation/tautomerization process. If successful, reactions of
this type would represent a remarkable example of a
complexity-generating reaction, as a butenyl fragment, a
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propynyl fragment, and CO would be transformed in a one-
pot process into stereochemically and functionally complex
polypropionate arrays.

The investigation commenced with achiral alcohol 2 in
order to isolate the diastereoselectivity of the tautomerization
event relative to the neighboring stereocenter(s). Silylation
of 2 with 1,1-diallyl-N,N-diethylsilanamine5 gave silane 3
in 85% yield (Scheme 2). When 3 was subjected to tandem
silylformylation-allylsilylation/Tamao oxidation, keto diol
4 was indeed produced, with promising (4:1) diastereose-
lectivity albeit in only 46% yield. Examination of the reaction
mixture revealed substantial amounts of an enone byproduct
suggesting elimination during the Tamao oxidation. Use of
KF in place of NaHCO3 solved this problem and led to the
isolation of 4 in 70% yield and 3:1 dr. When di-cis-
crotylsilane 5 was prepared and subjected to the tandem
reaction conditions, 6 was isolated in 63% yield and 7:1 dr.

Having established (1) that internal alkynes are well
tolerated in the tandem silylformylation-allylsilylation reac-
tion and (2) that useful levels of diastereoselectivity may be
attained in the Tamao oxidation/tautomerization, we turned
next to an examination of chiral homopropargylic alcohol
starting materials. Silanes 7, 8, and 9 were prepared and
subjected to the reaction conditions (Scheme 3). As shown,
these substrates led to ketodiols 10, 11, and 12 with 6:1,
13:1, and 15:1 dr respectively (major/all minor diastereo-
mers). Assuming that the 1,5-diastereoselectivity is 8:1 for

7 and 23:1 for 8 and 9,6 the diastereoselectivity of the
tautomerization event may be estimated to be g20:1 in all
three cases.

In constructing a model to rationalize these results it was
assumed that in the protic environment of the Tamao
oxidation internal hydrogen bonding would not be relevant
and the dictates of allylic 1,3-strain7 and minimization of
syn-pentane interactions would prevail. Thus, the enols
formed during the reactions of silanes 3 and 5 may assume
the conformation depicted in structure 13 (Scheme 4).
Protonation of the enol from the back face is expected on
steric grounds (the higher selectivity for 6 is consistent with
this proposal), and perhaps more importantly, the OH group
likely plays a role in delivering the proton to the enol through
hydrogen bonding. Substrates 7, 8, and 9 all display
significantly higher diastereoselectivity (g20:1 dr) in the
tautomerization, clearly indicating a direct role for the
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original homopropargylic alcohol stereocenter. These reac-
tions may proceed by way of enol 14, wherein both OH
groups are well positioned to assist in the delivery of the
proton to the back face of the enol resulting in a “matched”
case. Based on this model, it was straightforward to predict
that substrate 15 should represent a “mismatched” case,
proceeding by way of enol 16 wherein the two OH groups
are positioned on opposite faces of the enol. Indeed, reaction
of 15 produced 17 with only moderate (unassigned) diaste-
reoselectivity for the tautomerization event.

Two examples will demonstrate the potential of this
method to deliver complex polyketide natural product

fragments in a highly efficient manner. In the first, NaH-
catalyzed alcoholysis of silane 188 with 2 gave 19 in 95%
yield (Scheme 5). Subjection of 19 to the tandem reaction
conditions followed by the Tamao oxidation led to
(racemic) ketodiol 20 in 71% yield and 4.5:1 dr. This
fragment corresponds to the C(19)-C(12) fragment of
spongistatin 1, a polyketide natural product with extraor-
dinary anticancer activity.9 While application of this
method to an asymmetric synthesis of spongistatin 1 will
require an asymmetric silane alcoholysis (21 + 22 f
23),10 it is nevertheless remarkable that the C(17) ketone,
the C(13) 1,1-disubstituted alkene, and the three stereo-
centers in between may all be installed in a one-pot
process from what is largely a simple hydrocarbon (19).
We note as well that the moderate diastereoselectivity (4.5:
1) in this case need not be of concern: in the projected
application of this method to a synthesis of spongistatin
1 the C(19) alcohol stereochemistry will represent a
“matched” case (see Scheme 4, above), and the diaste-
reoselectivity may reasonably be expected to be signifi-
cantly higher than 4.5:1.

In the second example, we have developed a brief
synthesis of the stereochemical array presented in the
C(8)-C(13) fragment of the antibiotic zincophorin (Scheme
6).11 Homopropargylic alcohol 24 was silylated with di-cis-
crotylsilane as above to give silane 25 in 81% yield.
Subjection of 25 to the tandem silylformylation-crotylsily-
lation/Tamao oxidation gave 26 in 60% yield and 13:1 dr.
Selective protection of the less hindered alcohol as its tert-
butyldimethylsilyl (TBS) ether gave 27 in 82% yield. Finally,
ketone reduction with diisobutylaluminum hydride (DIBAL)
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proceeded sterospecifically (g98:2 dr) to give 28 in 70%
yield.12 The four step conversion of 24 to 28 is a particularly
straightforward way to address the all-anti stereotetrad
(C(8)-C(11)) a challenge that has elicted significant interest
from synthetic chemists.13

We have extended the tandem silylformylation-
crotylsilylation/Tamao oxidation reaction to internal alkynes.

High levels of diastereoselectivity may be realized in the
tautomerization of the resulting enols, and the potential of
this tandem reaction may therefore be more fully realized.
The application of this method to the synthesis of polyketide
natural products is being pursued.
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