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conversion. We anticipate that the efficiency of this step may
be further improved by employing more sophisticated elec-
trochemical equipment, in particular, through precise voltage
control.

In conclusion, we have developed a novel protecting system
for 5,8-dihydroxynaphthoquinones, which may be removed
easily under mild conditions. This development, together with
a highly enantioselective ketone reduction, has allowed us to
complete concise and practical syntheses of each of the
enantiomers alkannin (1) and shikonin (2). Chemical syn-
thesis and biological investigations of a series of structural
analogues of the natural products, more diverse than simple
ester derivatives, are now viable. Further studies into the
chemical biology of these compounds are in progress.
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In recent years, a large number of novel silicon Zintl
anions[l in the ternary and quaternary solids M'M?Si, and
M!M2M3Si, (M!'-M?3=alkali or alkaline earth metal) have
been discovered and characterized.?! Unequivocal evidence
for a structure-directing influence of the metal atom on its
respective Zintl anion Si};, was observed relatively early; this
effect may be exploited as a strategic aid in synthesis.l’l As was
established for the oligomeric Si?; polyanions, small, strongly
polarizing cations (especially Mg?**) coordinate formally
highly charged terminal or isolated Si*~ anions, whereas
larger, weakly charged cations are in the more highly
networked regions of the polyanion.[>4 This phenomenon
was used to tune the relative ratio of terminal to more highly
networked atoms, the latter embedded deeper in the anion,
while maintaining an identical valence electron count and
mean bond order within the polyanion. In other words, the
degree of disproportionation of the Si, units is a function of
the various cations and their respective stoichiometries. An
unusual number of planar Si’; polyanions have been reported
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whose geometries are in strange contradication to the
generally accepted notion that Si?; units with multiple bonds
should be more energetically stable than their isoelectronic
singly bonded counterparts. For example, the doubly bound
[Si=Si]*~ monomer is energetically less stable than a [ (-Si-
Si)*] linear chain.

We present here a new polymeric 2[Si3)-] anion with
naphthalene-like planar ring systems that is consistent with
the aforementioned unusual trends. Sr;;Mg,Si,, exists in the
magnesium-poor region of the ternary phase system SrMgSi
as a stable compound!® that decomposes above 1253 K to
SrSi, Sr,Sig. ., and Sr,Mg,_,Si;. Long tempering below 1230 K
readily provides pure-phase black products, mostly in powder
form. Upon further tempering at 1240 K, beautiful, tiny, black
single crystals of about 0.1 mm in diameter are obtained,
which could be used for a structure determination.* !

Sr;Mg,Si,, contains separated sheetlike silicon domains
(Figures 1a, lightly shaded area, and 1b) that are formed from
two interpenetrating 2[Si3}~] polyanions with naphthalene-
like Si}J~ building blocks (Figure 2a). The relatively open
structure of this polyanion is dictated by the large Sr** ions,
which form trigonal-prismatic assemblies in the region of the
rings (Figure 1a, darkly shaded area). Consistent with their
aforementioned structure-directing influence, the Mg?* ions
coordinate exclusively the peripheral, highly charged Si atoms
of the polymers.

Figure 1. Structure of Sr;;Mg,Si,: a) Projection along the crystallographic
¢ axis; the prismatic coordination of the Sisz rings by the large Sr atoms is
highlighted in gray (Si: large empty circles, St: large filled circles, Mg: small

filled circles); b) perspective view of the Si3)~ polymer anion sheets.

The polymeric 2[Si3}~] anions contain two crystallograph-
ically independent planar Sil)~ building blocks (Figures 1 and
2), each formed from a pair of condensed Sig rings. Each of
these rings is bound by a terminal Si*~center and a bridging,
doubly branched Si%}~ chain fragment (Figure 2c¢). Each Si%}-
unit bonds together four naphthalene-like fragments within a
layer. In contrast to the other six Si atoms of the bridging
piece, atoms Si9 and Sil0 are not co-planar with one of the
ring systems (Figure 2a, c). Thus, a planar building block of
sixteen Si atoms, (Si;,) ¢(Si)™ina(Siy)oridene | results.

On the basis of numerous new findings it has become
apparent that in planar Zintl anions there is no general
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Figure 2. a) Interpenetration of the two polymeric Zintl anions in a layer
of Sr;3Mg,Si,y. b) Schematic MO diagram and electronic occupation of the
7 and 7t* states in the double-ring system. (below and above, respectively,
the dashed line). ¢) Labeling scheme, formal charges (inside the circles),
and bond lengths (pm) in the planar Si?~ fragment. Atoms Si9 and Si10 do
not belong to the ring system. The relatively short Si-Si bonds are
darkened. Atoms Si6 and Sil7 are also coordinated by Mg and are marked
with arrows; they feature the longest bond lengths to neighboring Si atoms.

tendency towards the formation of aromatic systems (such as
that observed for the CH arenes), even when the assembly
into nearly or completely isometric rings is possible. This was
corroborated by ring systems observed in Si and Ge Zintl
anions.> 3 8 In the title compound, there is indeed a difference
between the bond lengths within the rings (230.8 to 239.8 pm);
however, the distribution does not permit the assignment of
localized double bonds (Figure 2¢). It is interesting that the
somewhat longer bond lengths about Si6 and Sil7 occur at two
different Si sites in the two independent ring systems, and
where the Si atoms are coordinated by Mg?>* ions. Even the
exocyclic bonds do not show strikingly varied bond lengths,
including those which one can confidently assign as Si-Si
single bonds.”! However, the mean Si—-Si bond length
(240.5 pm) is somewhat larger than that of the endocyclic
bonds (234.6 and 235.2 pm). The double bonds are perhaps
localized in the ring system.

Upon applying the (8 — N) rule and considering the planar
groups, it is clear that the composition Sr;sMg,Si,, does not
contain sufficient valence electrons to achieve a completely
singly bonded structure. Consequently, an incomplete occu-
pation of the rt* states in the bicyclic system results. The Tt MO
states are depicted schematically in Figure 2b (owing to the
low C, symmetry, there are no degenerate x levels; this is also
the case in naphthalene). The observed composition leads to a
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degree of filling in which two of the five m* states remain
unoccupied, which effectively results in two, relatively
strongly delocalized double bonds in the bicyclic system. A
completely singly bonded Si polymer of this type would
require four additional valence electrons so that the t* levels
would also be filled. The bond distances suggest that the (-Si4-
Si3-Si8-Si7-), and (-Sil6-Sil4-Si13-Sil8-), ring fragments
carry the majority of the double-bond character (Figure 2c).
We will report elsewhere on an explanation of why highly
charged Zintl anions of Si are so frequently planar.®!

The Si}J~ units in the polyanion structure are ecliptically
stacked (Figure 2a). Despite the relatively large distance of
¢/2=4.91 pm between neighboring rings, one-dimensional
conductivity along the stacking direction could arise through
s* — ¥ interactions. Such interactions were recently suggest-
ed for a related Group 14 compound in which bond lengths of
430 to 500 pm were observed between ecliptically stacked
planar Zintl anions.>* # One-dimensional conductivity orig-
inates from interactions between ecliptically stacked ring
systems, whereas semiconducting properties are observed in
the perpendicular direction. Such semiconductors are at the
border between intermetallic phases and common Zintl
compounds, which strongly adhere to the valence rules. As their
structural details can nevertheless be understood with electron-
counting rules and a semiconducting character predominates,
we call such compounds “extended Zintl phases”. This
description is supported by practically all of the band-
structure calculations we have carried out to date on such
silicides; all of the occupied electronic states are Si-centered
(similar to the MO scheme in Figure 2b). In this respect, these
species may be differentiated from intermetallic phases.

From a small number of examples, it can already be seen
that topochemical reactions can be carried out on two-
dimensional polyanions of silicon and germanium—such as
those in CaSi,,l' Li;NaSig,'l and Li,Ge;,['> ¥l—to afford
new element modifications!!> "3l and siloxanes!'* 3; this
fosters a continued excitement in this area of research. In
this respect, the Si polymer anions we recently discovered in
Ba,Eu,;Si,, [ Ca;Si,, Cay,Sip,*? and the title compound
Sr;Mg,Si5 ¥ could be of interest.
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Imido transition metal complexes play an important role
both in biological processes such as nitrogen fixation as well as
in a series of industrial processes.! Cycloadditions, C—H
activations, and ring-opening polymerizations can all be
catalyzed by imido complexes.['? Numerous imidotitanium
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