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Summary: We report the synthesis of a noVel, highly fluorescent
pentacoordinate silicon compound which is apparently the first
example of aVinylogousâ-diketonate complex. The compound
was generated by slow, solid-state oxidation of a methoxysilane
deriVatiVe of tetraphenylcyclopentadiene.

We report the synthesis of a novel pentacoordinate silicon
compound,3, which is apparently the first example of a
vinylogousâ-diketonate complex. This compound was generated
by slow solid-state oxidation from the methoxysilane2, obtained
from tetraphenylcyclopentadiene (1) (Scheme 1).1,2 In 3 the
OCdCCdCCdO moiety serves as a tridentate ligand. The
corresponding unbridged anions4 are known as their sodium
salts,3 but no chelate complexes of anions of this type have been
reported. However, Arduengo and co-workers have prepared
several 5-aza-2,8-dioxa-1-pnictabicyclo[3.3.0]octa-2,4,6-triene
complexes containing a diketoamine ligand isoelectronic with
the vinylogousâ-diketonate ligand in3.4 Bridging from the

central carbon atom in3 to the silicon atom is evidently
necessary, to transform what would otherwise be an unstable
eight-membered chelate ring into two five-membered rings.

Compound3 forms pink crystals stable both in air and
moisture and exhibits a bright orange fluorescence under white
light.2 The X-ray crystal structure of3 is shown in Figure 1.5

The structure is remarkably analogous to those of typical
â-diketonate complexes.

The molecule is bilaterally symmetrical, consistent with
electron delocalization over the eight-membered ring. The ring
C-C distances (1.414, 1.394 Å) are within the range of typical
â-diketonates of both transition and main-group metals; how-
ever, the C-O distances (1.309 Å) are relatively elongated.6

This can be attributed to the greater strength of Si-O bonds
over typical metal oxide bonds, which results in the oxygen
atoms being pulled closer to the silicon center. The ligands are
disposed about silicon in a slightly distorted trigonal pyramidal
arrangement. On the basis of the dihedral angle method,7 the
trigonal-pyramidal distortion of3 is 16.0% along the Berry
pseudorotation pathway toward the square pyramid.8
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Scheme 1. Solid-State Transformation of the Methoxysilane
Derivative 2 to a Pentacoordinate Silicon Complex
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The infrared spectrum of3 also resembles that of diketonate
complexes. Two strong bands are found at 1599 and 1544 cm-1

and two medium bands at 1475 and 1388 cm-1. The same
pattern is observed for many metalâ-diketonates.9

Although pentacoordinate pentalene-like structures such as
3 were previously unknown, in 1999 Minyaev and Starikov
carried out MO calculations on these potential molecules with
boron, carbon, aluminum, and silicon atoms at the central
positions (Figure 2) using ab initio RHF/6-31G** and MP2-
(full)/6-31** methods.10 The calculated results predicted that
silicon should form the most stable pentacoordinated structure
among all four elements. Moreover, the pentacoordinated
structure5 (M ) Si) was predicted to be 8.2 (RHF) and 13.5
kcal/mol (MP2) more favorable energetically than the corre-
sponding tetracoordinated structure6.

The 29Si NMR resonance of3, at -70.5 ppm, is greatly
shielded compared to that of the precursor2, -9.7 ppm. Such
upfield shifts are common in many pentacoordinate silicon
complexes. The large chemical shift difference of 60.8 ppm
between3 and2 is consistent with strong O-Si coordination.11

With an increase in temperature from-40 to 60°C, the29Si
chemical shift of3 in toluene-d8 moves downfield from-68.76
to -66.73 ppm (∆δ ) +2.1 ppm); concomitantly, the29Si
chemical shift of TMS decreases from 0.00 to-0.43 ppm,
indicating the relative chemical shift change∆δ ) +2.5 ppm
for 3. Thus, the geometry and the degree of coordination in3
are not strongly affected by temperature variation.11 The 13C
NMR resonances for the carbonyl carbons of3 are somewhat
shielded, atδ 184.4. Electron delocalization into the five-
membered rings may cause this upfield shift.12

Absorption, excitation, and emission spectra of3 in hexane
are shown in Figure 3. The electronic spectrum of3 in hexane
solution has an intense absorption band at 526 nm (εmax 2.16×
104), which is responsible for the pink color. Preliminary
calculations using TD/B3LYP/6-311+G(d,p)//B3LYP/6-31G*
show that this absorption results from aπ f π* transition of
the conjugated OCdCCdCCdO moiety in 3, with little
contribution from the Si atom. Compound3 exhibits a bright
orange fluorescence. The emission spectrum displays a peak at
554 nm, with a fluorescence quantum yield of 0.13.13,14The Si
atom in3 serves as a bridge to fix the conjugated OCdCCd
CCdO chain into two planar fused rings and thus may enhance
the luminescence of the chromophore.15

3 is unreactive toward both HCl(aq) and NaOH(aq). The
fluorescence and color of3 faded slowly over weeks in dilute
acetone solution. The chemical properties of3, and the
remarkable rearrangement leading to its formation, are still under
investigation. We have also observed the appearance of a similar
bright orange fluorescence from the solid-state oxidation of
germanium analogues of2 and are looking into this further as
well.
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Figure 1. Thermal ellipsoid (40%) diagram of structure3. Selected
bond lengths (Å) and angles (deg): Si-O(1) ) 1.8661(13), Si-
C(9) ) 1.882(3), Si-C(1) ) 1.898(2), O(1)-C(7) ) 1.309(2),
C(7)-C(8) ) 1.414(3), C(7)-C(10) ) 1.475(3), C(8)-C(9) )
1.394(2), C(8)-C(16)) 1.492(3); O(1)-Si-O(1A) ) 168.78(9),
O(1)-Si-C(9) ) 84.39(4), O(1)-Si-C(1) ) 93.20(7), C(9)-Si-
C(1) ) 120.76(6), C(1A)-Si-C(1) ) 118.48(1), C(7)-O(1)-Si
) 113.79(12), O(1)-C(7)-C(8) ) 117.46(17), C(9)-C(8)-C(7)
) 110.84(18), C(8)-C(9)-C(8A) ) 133.1(2), C(8)-C(9)-Si )
113.43(12).

Figure 2. Related pentacoordinate and tetracoordinate structures.

Figure 3. Absorption, excitation, and emission spectra of3.
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