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The Saegusa oxidation™ is a standard method for the
conversion of a silyl enol ether (1) into the corresponding a.f3-
enone 4. The oxidizing agent palladium(t1) acetate is added in
stoichiometric amounts. In analogy to the Wacker oxidation®
the formation of a palladium adduct (2) is postulated, from
which HPdOACc is eliminated to furnish, via complex 3, the
enone 4 (Scheme 1). We now provide evidence that this
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Scheme 1. Postulated mechanism of the Saegusa oxidation. TMS = tri-
methylsilyl.

assumption may not be true in general, and that in suitable
cases the palladium is retained in the oxidized substrate as a
stable Pd’-olefin complex (5). For the first time, such an
intermediate was isolated and characterized as a novel d!°
Pd’ - tetraolefin complex (8).

In connection with synthetic studies on hasubanan-type
alkaloids,”! ketone 6 was converted into the silyl enol ether 7
and submitted to the conditions of the Saegusa oxidation
(Scheme 2). A brown solid was precipitated from the mixture,
which was crystallized and characterized as the palladium
complex 8 by NMR and IR spectroscopy (see the Exper-
imental Section), and single-crystal X-ray diffraction (Fig-
ure 1). Remarkably, only the C,-symmetrical diastereomer of
8 was formed. On heating or on treatment with silica gel
complex 8 was decomposed to furnish enone 9, as expected.

A comparison with other d'° Pd’-alkene complexes shows
that 8 is highly unusual. Normally such species are unstable and
undergo rapid ligand dissociation and oxidation to the cor-
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Figure 1. Structure of 8 in the crystal.

responding Pd" compounds.’! Accordingly, stable Pd’—alkene
complexes require electron-deficient alkene ligands with strong
d-mt backbonding such as dibenzylideneacetone, benzoquinone,
or maleic anhydride. The number of coordinated C—C double
bonds in these compounds rarely exceeds three, and the
coordination geometry is normally trigonal or square planar.
Few 7% Pd’ complexes have been described (e.g. the unstable
[Pd(cod),] or [Pd(benzoquinone)(cod)];”! cod = cycloocta-
diene), and none of these has been characterized by single-
crystal X-ray diffraction. Therefore, 8 is the first example of a
stable tetrahedral Pd’—tetraolefin complex whose solid-state
geometry has been fully elucidated (Figure 1).

The coordination geometry of 8 is best described as a
distorted tetrahedron, the centers of the double bond moieties
forming the corners of the tetrahedron. Remarkably, the
Pd—C(vinyl) distances are 150-200 pm longer than the
Pd—C(enone) distances (Table 1). The length of the enone
C—C double bonds are 139.5 and 139.6 pm in 8 and 133.4 pm
in the free ligand 9, which indicates that significant d-m
backbonding takes place in 8 from the metal to the enone.
Accordingly #(CO) is 1629 cm™! for 8 and 1675 cm™! for 9.
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Table 1. Palladium —carbon bond lengths [A] in 8.4

Pd-C(4): 2.233(2) Pd-C(22): 2.242(1)
Pd-C(5): 2.153(2) Pd-C(23): 2.166(1)
Pd-C(15): 2.400(2) Pd-C(33): 2.345(2)
Pd-C(16): 2.399(2) Pd-C(34): 2.352(2)

The superposition of the structures (Figure 2) shows that both
molecules have similar conformations, especially with respect
to the cyclohexenone segment, so that the palladium is
trapped by the ligand as soon as it is liberated from the
intermediate. In other words, enone 9 is conformationally
preorganized to act as a host for the palladium(o) atom. This
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Figure 2. Superposition of the structures of 8 and 9.

suggests that the present case is a rather special one, which,
however, does provide new information on the mechanism of
the Saegusa oxidation, in particular with respect to the
decomposition of complexes such as 3.

Experimental Section

To a solution of ketone 6 (500 mg, 1.56 mmol) in THF (15 mL) was added
KHMDS (4 mL of a 0.5M solution in toluene, 2.34 mmol) at —78°C. After
the mixture was stirred at —78°C for 1 h, TMSCI (0.4 mL, 3.12 mmol) was
added. The mixture was warmed to room temperature and stirred for an
additional hour. Then triethylamine (0.65 mL, 4.68 mmol) was added at
0°C, followed by diethyl ether (20 mL) and aqueous phosphate buffer
(pH 7,50 mL). The organic layer was washed with brine, dried over sodium
sulfate, and concentrated in vacuo. The residue was dissolved in acetonitrile
(15 mL), and palladium(i1) acetate (420 mg, 1.87 mmol) was added. The
mixture was stirred at 50 °C for 2 h and at room temperature for 12 h. The
black suspension was filtered, and the precipitate was washed with
dichloromethane. On concentration of the filtrate a brown solid was
precipitated, which was collected by filtration and recrystallized from
chloroform to give pale yellow needles of 8 (464 mg, 80%). The excess
palladium acetate remained in the mother liquor.

8: C;H3ClLpOPd, M =744.02 gmol~!, R;=0.10 (hexanes:EtOAc 1:1),
m.p. 160-163°C (decomp.); elemental analysis caled: C 58.12, H 5.15;
found: C 58.06, H 5.19; '"H NMR (400 MHz, CDCl;; the numbering of the
H atoms does not correspond to the numbering of the C atoms in Figure 1,
but is based on the phenanthrene framework): 6 =1.69 (m, 1 H; H-10), 1.94
(m, 1H; H-10), 2.60 (m, 1H; H-9),2.44 (d, 1H; /=179 Hz, H-4), 2.98 (m,
1H; H-9), 2.91 (d, 1H; J=179 Hz, H-4), 3.66 (d, 1H, J=9.1 Hz; H-12),
3.79 (s, 6H; OMe), 4.28 (d, 1H, J=15.7 Hz; H-12), 4.45 (br.s, 1H; H-1),
4.79 (d, 1H,J =74 Hz; H-2),5.56 (dd, 1H, J=15.5,9.8 Hz; H-11), 6.84 (s,
1H; H-7); C NMR (62.9 MHz, CDCl;): 6 =25.69, 29.25, 38.88, 42.46,
45.29,55.91, 60.43, 74.69, 82.71, 91.27, 112.72, 118.29, 125.43, 128.62, 138.10,
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146.05, 151.30, 195.80; IR (KBr): 7#=2936 (m), 1629 (vs), 1467 (s), 1245 (s),
1216 (m) cm™'; MS (MALDI, sinapinic acid, buffered with ammonium
citrate): m/z (%)=744 (5) [M*], 424 (15) [Pd+enone], 357 (38)
[enone+K*], 318 (51) [enone], 254 (100), 108 (55) [Pd].
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