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Metal-based reduction chemistry in organic synthesis may be
divided into two general regimes based on available reagents and
their reduction potentials.2 One class of reductants consists of
the extremely powerful reagents that allow Birch reductions,3 for
example, the alkali metals in liquid ammonia, NaK and Na(Hg)
alloys, and molten alkali metals. These are rather intolerant of
functional group diversity. Another class of reducing systems
involves SmI2(THF)x, which accommodates a wide range of
functional groups, but is less reducing.4 A variety of methods
have been used to increase the reduction potential of SmI2-
(THF)x,5,6 the most common being the addition of hexamethyl-
phosphoramide (HMPA). In addition, a new divalent lanthanide
reagent, TmI2(THF)x,7 has recently been reported which partially
narrows the gap between the Birch reductions and SmI2, since
Tm(II) is 0.8 V more reducing than Sm(II).8 Tm(II) reagents were
not considered earlier since it was only in 1997 that the first
molecular complex of this highly reactive ion was definitively
identified.9 The isolation of that complex, TmI2(DME)3, led to
the development of Tm(II) chemistry which now includes facile
in situ synthesis of TmI2(THF)X 7 analogous to the commonly
used SmI2(THF)2.4

To further narrow the gap between the Birch-type reductants
and the Sm(II)/Tm(II) reagents using lanthanide metals would
require access to Ln(II) ions significantly more difficult to isolate
than Tm(II). Although divalent ions of most of the lanthanides
have been reported to form under extreme conditions in solid-
state lattices,10 isolation of easily accessible, soluble forms that
would be used in organic synthesis seemed unlikely. However,
Bochkarev and co-workers have recently reported that a soluble
Dy(II) complex can be obtained from Dy/I2 reactions which occur
at temperatures up to 1500°C.11 Although the analytical and
spectroscopic data were consistent with Dy(II), the existence of
this ion could not be established by magnetic data since the Dy(II)

and Dy(III) ions coincidentally have the same magnetic moment
and definitive structural data were elusive. Since several incorrect
claims of unusual oxidation states of f element complexes have
been made in the past based only on spectroscopy, we wanted
crystallographic confirmation of the existence this ion before its
use in organic synthesis was examined.

We report here the first crystallographic data on a molecular
complex of Dy(II) as well as a more convenient synthesis of solid
DyI2 that allows it to be stored as a solid and conveniently
solubilized for use in organic syntheses. We also describe some
preliminary reactions that demonstrate the utility of this reagent
in organic synthesis including the reduction of naphthalene.

Crystals of DyI2(DME)3,12 prepared by the method of Boch-
karev, were grown from DME at-20 °C in a nitrogen-containing
glovebox over a period of 36 h. These crystals were found to be
isomorphous with SmI2(DME)3.13 Since we were suspicious that
we could actually isolate such a reactive species, the same crystal
examined by X-ray diffraction was also examined by energy
dispersive absorption X-ray spectroscopy (EDAX) which con-
firmed that it was truly a dysprosium complex. DyI2(DME)3, like
its samarium analogue, has an unusual structure in which there
are two independent molecules in the unit cell, one of which has
a linear I-Dy-I component and the other which has a bent
I-Dy-I moiety, Figure 1. Each molecule has three chelating
DME ligands that generate a hexagonal bipyramidal geometry in
the linear I-Dy-I case and a distorted dodecahedral geometry
in the bent I-Dy-I system. This differs from the structure of
TmI2(DME)3 which contains oneη1-DME and is 7-coordinate.8

This difference is consistent with the smaller radial size of Tm.14

Once the existence of DyI2(DME)3 was crystallographically
established, we sought a more convenient preparation that would
allow it to be used as a routine reagent. Solid DyI2 can be
conveniently prepared in multigram quantities by reacting dys-
prosium filings and iodine in an alumina or quartz crucible
contained within a quartz tube connected to a Schlenk line.15 The
solid mass of DyI2 that forms can be easily separated from residual
metal. The DyI2 can be crushed with a mortar and pestle under
an inert atmosphere and stored for long periods under nitrogen
until needed.
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Figure 1. Structure of DyI2(DME)3 with thermal ellipsoids drawn at
the 50% probability level. Selected bond lengths (Å) and angles (deg):
Dy1-O1, 2.587(2); Dy1-O2, 2.603(2); Dy1-O3, 2.622(2) Dy1-I1,
3.2628(3); Dy2-O4, 2.585(2); Dy2-O5, 2.630(2); Dy2-O6, 2.678(21);
Dy2-I2, 3.2371(3); I1-Dy1-I1′, 157.322(12); I2-Dy2-I2,′ 180.000(9).
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Since solutions of DyI2 are so reactive, they should be prepared
immediately before use. DyI2 may be used conveniently by
making a saturated solution in THF or DME at temperatures below
-20 °C. The solubility of DyI2 in THF is 0.025 M at-45 °C.
The utility of DyI2(THF)x in ketone coupling reactions with alkyl
halides appears to be similar to that of TmI2(THF)x 7 except that
Dy(II) is much more reactive. Hence, reductions of alkyl chlorides
that take 60 min at 0°C with TmI2(THF)x and would not occur
at all with SmI2(THF)x/HMPA,16 proceed immediately at-45
°C with DyI2(THF)x. For example, addition of 2-chloroethylben-
zene to DyI2(THF)x at -45 °C immediately dissipates the dark
green color. After reaction with cyclohexanone an 88% isolated
yield of the coupled product, phenethylcyclohexanol, is obtained
(eq 1).17

DyI2 in DME is a strong enough reductant to immediately react
with naphthalene at-45 °C to form a dark purple solution from
which (C10H8)DyI(DME)2,18 Figure 2, crystallizes at-20 °C.

Since addition of D2O generated 1,4-dideuteronaphthalene, eq 2,
this reaction is equivalent to a Birch reduction.

The isolation of a naphthalenide dianion complex is not unique
in f element chemistry and several examples are known.19

However, in each case, these have been formed by reduction of
naphthalene with an alkali metal and reaction of the alkali metal
naphthalene dianion with an f element halide or by reaction of
the lanthanide metal with naphthalene in liquid ammonia. This
is the first case in which a low-oxidation state lanthanide metal
complex has reduced naphthalene directly in ethereal solvents.

DyI2(DME)3 alone does not appear to reduce benzene or
anisoles, but it will reduce alkynes. Reduction of PhCtCPh
followed by hydrolysis forms exclusivelycis-stilbene, eq 3.

In summary, the existence of a molecular complex of Dy(II),
namely DyI2(DME)3, has been established and a convenient
protocol has been developed so that DyI2 can be used like SmI2-
(THF)x in THF or DME. Preliminary reactivity studies show that
this reagent provides an option for metal-based reductions in
organic synthesis that is intermediate between Birch reducing
agents and Sm(II)/Tm(II) reagents. It is expected that, as in the
case of SmI2(THF)x,4 the unique utility of DyI2 in reductive
organic synthesis will become more fully defined as this reagent
is more thoroughly examined.
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Figure 2. Structure of (C10H8)DyI(DME)2 with thermal ellipsoids drawn
at the 50% probability level. Selected bond lengths (Å) and angles
(deg): Dy-O1, 2.467(3); Dy-O2, 2.562(4); Dy-O3, 2.411(3); Dy-
O4, 2.430(3); Dy-C1, 2.510(5); Dy-C2, 2.599(5); Dy-C3, 2.605(5);
Dy-C4, 2.486(5); Dy-C5, 2.992(5); Dy-C10, 3.002(4); Dy-I, 3.1382(4).
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