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ABSTRACT

The C-9 diastereomer of amphidinoketide I has been synthesized. An asymmetric CuH-catalyzed hydrosilylation based on the Solvias nonracemic
Josiphos-related ligand ( R,S)-PPF−P(t-Bu)2 was successfully used to introduce each of three stereocenters found in the target compound.

Recent contributions from our group in the area of asym-
metric copper hydride chemistry have focused on ligand-
accelerated hydrosilylation of several functional groups,1

including the challenging case ofâ,â-disubstituted acyclic
enones.2 The combination of in situ-generated CuH (from
CuCl + NaO-t-Bu,3 or Cu(OAc)2)4 or preformed [(Ph3P)-
CuH]6 (Stryker’s reagent)5 together with the Solvias non-
racemic Josiphos-related ligand (R,S)-PPF-P(t-Bu2)6 (1) in
the presence of polymethylhydrosiloxane (PMHS)7 leads to

a highly enantioselective reagent for controlling absolute
stereochemistryâ- to a ketone. This strategy is complemen-
tary to introduction of an alkyl group via asymmetric
conjugate addition, e.g., using copper-catalyzed zinc re-
agents,8 or rhodium-catalyzed additions of boranes.9

To demonstrate the potential of asymmetrically ligated
CuH in synthesis, a target within the topical amphidinolide
series of natural products10 was selected, in particular the
acylic natural product amphidinoketide I (2).11 In this letter
we document the effectiveness of [PPF-P(t-Bu)2]CuH at
controlling chiralityâ- to a carbonyl moiety en route to the
C-9 epimer of natural product2.

Amphidinoketide I contains three stereogenic centers, each
of which bears a methyl appendage locatedâ- to a ketone.
Retrosynthetically, three subsections3, 4, and 5 were
envisioned, wherein fragments3 and4 contain stereocenters
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corresponding to C-9 and C-15, respectively (see Scheme
1). The third and final center at C-12 was anticipated to arrive
from enone5.

Subsection3 originated with propargyl alcohol, leading
to E-vinyl iodide6 using a standard carboalumination/iodine

quench/TBSCl protection sequence (Scheme 2). Its coupling
partner, Weinreb amide9, was prepared by prenyl aldehyde
conversion to the derived dithiane7, followed by lithiation
and alkylation to acid8. Activation allowed for conversion
to Weinreb amide9, which reacted smoothly at-78 °C with
the vinyllithium reagent derived from6 to afford E-enone
10. From prior studies on CuH complexed by ligand1,2 the
naturalR enantiomer might be expected from reduction of
10, which corresponds to C-9 in amphidinoketide I. The
influence of theδ-oxygen effect, however, could not be
anticipated at this time (vide infra).12 Hydrosilylation of10
in THF at-30 °C afforded a product that, after desilylation,
reflected a 95% ee (HPLC). Mild and selective oxidation
gave what would eventually be assigned as aldehyde12 (ent-
3).13

Acetylenic fragment4 was prepared starting with enyne
13 (Scheme 3). MAO-accelerated carboalumination accord-

ing to Wipf14 allowed DMAP-catalyzed acylation with butyl
chloroformate to giveE-enoate14. Asymmetric hydrosilyl-
ation of14occurred smoothly at 0°C using CuOAc-derived
CuH,4 Solvias ligand1,6 and a slight excess oft-BuOH to
accelerate catalyst turnover.1e-g,15The enantioselectivity of
this reaction was best determined after conversion of the
initial product 15 to its Weinreb amide derivative16, the
capillary GC analysis indicating an ee of 99%. DIBAL-H
reduction at low-temperature gave an aldehyde that served
as the electrophilic partner with ethynylmagnesium bromide,
resulting in a product (4) as a mix of diastereomers.
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The carbon skeleton of target2 was completed by initial
lithiation of terminal alkyne4, to which was added non-
racemic aldehyde12 at low temperature. The crude product
was subsequently oxidized to a diastereomeric mix of
dienyndiones17. The eventual methyl group at C-12 was
installed using 1,4-addition of a cyanocuprate16 and thence,
desilylation, providing conjugatedE-enone18. This advanced
intermediate serves as precursor to the third and final
stereocenter to be constructed using CuH catalysis.

Upon treatment of18 with Josiphos-complexed CuH/
PMHS in THF at subambient temperature,2 hydrosilylation
of the enone occurred readily. Reagent-based control was
again anticipated to induce the desiredR stereochemistry at
C-12. Since18 was a mix of undefined isomers at C-13
bearing a free OH group, the ee at this stage was not
determined. Rather, mild TPAP/NMO17 oxidation afforded
the desired ketone which was readily unmasked to tetraketone
19 (89% de; see Scheme 4). Although19 was anticipated to

correspond to the natural product2 possessing theR,R,S
configuration,11b comparison of the1H NMR spectrum of
19 with that of 2 clearly showed a mismatch in spectral
data.11 Fortunately, from the work on amphidinoketides by

Goodman,11b the four diastereomers are known for which
spectral data are available. By peak matching it was apparent
that the outcome of our synthesis had provided theS,R,S
diastereomer of2, corresponding to compound19.

Although the route to2 ended at the C-9 epimer of the
natural product (i.e.,19), the three key centers had been
introduced via a single technology, CuH-catalyzed asym-
metric hydrosilylation, demonstrating its applicability. None-
theless, the inverted center at C-9 had resulted from
hydrosilylation in the conversion of10 to 11 in which ligand
(R,S)-PPF-P(t-Bu)2 was used, anticipating product20.2

Apparently, the γ-oxygen-protected substituent was an
overriding influence12 and unexpectedly afforded (albeit in
high ee) the enantiomeric material11. Thus, it was a simple
matter of switching to enantiomeric ligand (S,R)-PPF-P(t-
Bu)2,18 the CuH-derived complex of which readily reacted
with 10 (Scheme 5). The enantiomeric product20, which

now contains the correct absolute stereochemistry charac-
teristic of C-9 in amphidinoketideΙ, was thus obtained after
desilylation in 92% ee.

In summary, the C-9 diastereomer of amphidinoketideΙ
has been constructed as testimony to the capability of a
modified Josiphos-complexed copper hydride, [PPF-P(t-
Bu)2]CuH, to introduce multiple stereocentersâ- to carbonyl
groups efficiently into targets of moderate complexity (Figure
1). Further technological developments in ligand-controlled

asymmetric catalysis based on CuH are underway (e.g.,
asymmetric hydrosilylations in water) and will be described
in due course.
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Figure 1. Level of enantiocontrol in CuH-catalyzed asymmetric
hydrosilylations.
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