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to the marked concentration dependence, the peaks appear
ing in the 820-960 cm-1 region may be differentiated into 
three different kinds of species, namely Na^CgHG》with x>y 
(species 1), x=y (species 2), and x<y (species 3). One could 
assume that the peak being intensified along with the in
crease of sodium concentration, at a certain benzene concentra
tion, is due to * species 1\ Based on this, the 927 cm-1 
peak co미d be attributed to * species The relative invari
ance of the 927 cm-1 peak in the spectra of Figure 1(c) 
and (d) may be rationalized by assuming that the increase 
of sodium at higher benzene concentration does not affect 
greatly the amount of * species 1'. On the other hand, one 
could assume that the peak being intensified at higher ben
zene concentration is due to 'species 3'. Based on this, the 
peaks appearing around 847, 895, and 914 cm 1 could be 
attributed to 4species 3'. Then, the peaks relatively insensi
tive to the concentration change, such as those around 855- 
859 cm-1 could be rendered to "species 2\ Invoking further 
to the assignments made on the Li-CgHg complexs,1 it seems 
possible to render the peaks at 927, 914, and 859 cm-1 to 
Na2(C6H6), Na(C6H6)2, and NMGHQ, respectively. Although 
the doublet at 855 and 859 cm-1 may be assigned together 
to 1: 1 complex, the fact that the 855 cm-1 peak becomes 
more prominent in the annealed spectra, taken at higher 
sodium concentration (Figure 2(b) and (d)), suggests that 
the peak is more likely to arise from a 1:1 complex with 
'x' being greater than 2 in N&CCeHe)? Assuming that the 
peaks at 847 and 895 cm-1 are together due to Na(C6H6)^, 
the value of 'y' corresponding to the latter peak may be 
greater than that of the former since the latter appears dis
tinctly only at a higher benzene concentration (Figure 1(c) 
and (d)). In addition, referring once again to the work on 
the Li-CgH^ complexes,1 the peaks appearing in Figure 1 and 
2 seem to be related with the ring breathing modes of appro
priate complex species.

It would be worth to mention that even for the 1:1 Li- 
CgHe complex, controversial views remain still on the nature 
of its structure. From an ESR study, Manceron et al.& claimed 
the complex to assume a C2v structure. This is in contrast 
with the approximation made earlier by Manceron and An
drews.1 Benzene radical was, on the other hand, predicted 
to possess a symmetry based on the ab initio molecular 
orbital calculation.9 In order to resolve above controversy, 
information on other systems like Na-benzene will be much 
helpful.

In summary, it has been shown from the matrix isolation 
infrared spectroscopy that sodium atoms could form comple
xes with benzene, in contrast with the earlier work. Although 
the nature of complex species is not certain at the moment, 
a tentative assignment has been proposed. Further studies 
are required to characterize the identities of complex species. 
Accordingly, research is on progress to examine the isotope 
effect along with ab initio quantum mechanical calculation.
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Recently, it has been demonstrated that silylene-transition 
metal complexes are stable as weak donor adducts.1 Only 
ten examples of base-stabilized silylene complexes character
ized by X-ray diffraction have been reported, and in all 
case% coordination of a donor mdecule to silicon is observed.12 
But little quantitative infcnination on the stability and ster
eochemistry of these Comdexes has been published. We re
port here the synthesis and the characterization <rf a new 
donor-stabilized silylene comf^ex, tetracarb(xiyl(dusof>ropox* 
ysilanediyl)iron(0)-hexainethylpho8phoranude, and the first 
experimental determination of the free energy of activation 
for losing stereochemistry at siliam of the donor-stabilized 
silylene complex.

6허 Ng), 

(*PrO)2SiCl2 + Na2F»(CO)4-1 (CO)4F« SiioPrJj

1,33%

The complex was synthesised by em(rioying Collman*s rea
gent, Na2Fe(CO)4, as a meta] source in reaction with dichlo- 
rodiisopropoxysilane.1<WJ"5 After recrystallization from dieth- 
ylether, the compound 1 was obtained as a colorless crystal
line complex.6 It melted at 139-140t in a sealed capillary 
without decomposition. The presence of three carbonyl stret
ching bands (2007, 1926, 1888 cm-1) indicates that the Fe 
(CO)4 moiety has the local C. symmetry and the silylene 
ligand occupies an apical position of trigonal bipyramid config-
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Figure 1. ORTEP view of CPrO)2Si = Fe(CO)4. HMPA.

Table 1. Crystal Data, Data Collection, and Refinement of the
Structure for 1
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Abs. corr. factor range 
gof
R=(£ 成,-FJ)/Z 成」
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FePSiO7N3C16H32
493.36
P2i/n 
10.192 ⑵ 
14.780(3) 
17.095(3) 
98.44⑴ 
2547.4(8)
4 
1.286 
0.26X0.26X0.34 
1.52 
w/29
h, k, ± 1, 3<20<44 
4948 
2382 
294
0.966-0.999 
1.327 
0.0494 
0.0509

Table 2. Bond Distances (A) and Bond Angles (deg) for 1

Fe-Si 2.261(2) o⑶-c⑶ 1.150(7)
Fe-C ⑴ L767⑺ 。⑷-C⑷ 1.143(7)
Fe-C ⑵ 1.748(6) O ⑹-C(ll) 1.428(6)
Fe-C(3) 1.757(7) 。⑺-C(14) 1.410 ⑺
Fe-C ⑷ 1.778(7) N(l)-C(7) 1.482(8)
P-O(5) 1.529(4) N(l)-C(8) L444⑼
P-N(l) 1.611(5) N ⑵-C(5) 1.473(8)
P-N(2) 1.605(5) N⑵・C(6) L473⑼
P-N(3) 1.606(5) N(3)-C(9) 1.479(8)
Si-O(5) 1.711(3) N ⑶-C(10) 1.419(8)
Si-O(6) 1.618 ⑷ C(ll)-C(12) 1.506(9)
Si-O(7) 1.633(4) C(ll)-C(13) 1.477⑼
O(l)-C(l) 1.149(7) C(14)-C(15) 1.482(10)
O(2)-C(2) 1.153(7) C(14)-C(16) 1.494(10)

C(l)-Fe-Si 86.3(2) Si-0 ⑸-P 140.3(3)
C(2)-Fe-Si 85.0(2) C(U)-O(6)-Si 132.5 ⑷
C(2)-Fe-C ⑴ 118.8(3) C(14)-0 ⑺-Si 128.1 ⑷
C(3)-Fe-Si 83.4(2) C(7)-N(l)-P 122.2(6)
C(3)-Fe-C(l) 117.6(3) C⑻-N⑴-P 122.9(5)
C(3)-Fe-C ⑵ 121.3(3) C(8)-N ⑴-C(7) 113.1(7)
C(4)-Fe-Si 176.5(2) C⑸-N⑵-P 121.6(6)
C(4)-Fe-C(l) 97.1(3) C⑹-N⑵-P 122.0(5)
C(4)-Fe-C ⑵ 93.6(3) C⑹-N⑵-C⑸ 112.1(7)
C(4)-Fe-C(3) 一 94.6(3) C⑼-N⑶-P 121.3(5)
N(l)-P-O(5) 105.3(2) C(10)-N(l)-P 126.4(5)
N(2)-P-O(5) 117.9(2) C(10)-N(2)-C(9) 112.2(6)
N(2)-P-N(l) 105.6(3) O(l)-C(l)-Fe 178.9(5)
N⑶-P-0⑸ 105.8(2) O⑵-C⑵-Fe 179.2(6)
N(3)-P-N(l) 115.0(3) (X3)・C ⑶~Fe 178.6(6)
N(3)-P-N(2) 107.5(3) O⑷-C⑷-Fe 178.2(7)
O(5)-Si-Fe 112.0(1) C(12)-C(H)-O(6) 110.2(6)
O(6)-Si-Fe 118.8(2) C(13)-C(ll)-0 ⑹ 107.5(6)
O(6)-Si-O(5) 102.8(2) C(13)-C(ll)-C(12) 112.5(8)
O(7)-Si-Fe 118.5(2) C(15)-C(14)-O ⑺ 110.7(7)
O(7)-Si-O(5) 96.5(2) C(16)-C(14)-O ⑺ 108.0(7)
O(7)-Si-O(6) 105.0(2) C(16)-C(14)-C(15) 109.5(7)

1.3013/(a2(F)+0.001314 F)

urated iron atom. The 13C-NMR shifts of the carbonyl groups 
at 218.07 (s, C(爲)and 221.02 ppm (s, CO叩)with a 3:1 ratio 
of intensity are in agreement with the TBP geometry of the 
iron atom. Molecular orbital analysis of d8 TBP complexes 
predicts that good pi-accepting ligands prefer the equatorial 
position. The 29Si chemical shift of 1 was observed at 20.9 
ppm as a doublet C2Jpsi = 25.6 Hz).이® Chemical shifts of low- 
valent silicon atoms are usually observed at down field.1 In
terestingly, two different methyl signals of isopropoxy groups 
were observed in and 13C-NMR spectra of 1. In the case 
of 】H・NMR, methyl protons of isopropoxy groups were obse
rved as double doublets at 1.32 and 1.37 ppm. Two methyl 
groups in an isopropoxy group would have different chemical 
environments because the heptad of isopropoxy methine pro
tons were decoupled to quartet by irradiation of the doublet 

at 1.32 ppm. These results strongly suggest that two methyl 
groups in the isopropxy group are diastereotopic because 
of pyramidal-configurated silicon atom.

In order to garner more conclusive evidences for the geom
etry of 1, X-ray crystal structure was determined. In Figure 
1, the silylene ligand occupies an apical position at the Fe(CO)4 
trigonal bipyramid, and the silicon atom is further com
plexed by the oxygen atom of the HMPA molecule. The sili
con atom has a distorted tetrahedral geometry with a short 
Fe-Si bond (2.261 A) and a long Si-O(HMPA) bond (1.711 
A) as shown in Ta비e 2.

A line-shape analysis of variable temperature 'H-NMR (80 
MHz) spectra of 1 in toluene-t/8 afforded the first experimen
tal data of the free energy of activation for losing stereoche
mistry at silicon, k (97fc ) = 0.63 s-1 and AG* = 22 kcal/mol. 
The losing stereochemistry might be ascribed to the cleavage 
of Si-0 bond in the adduct. Two doublets were not collapsed 
up to 100t although they closed up significantly. The coale-
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scence temperature was not obtained successfully because 
of thermal decomposition of 1 at above lOOt.
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Scheme 1.

Table 1. Cycloaddition and Fragmentation Products from Silyl 
Enol Ether

Entry Silyl enol 
ethers

Cycloadductswfi 
(yield %)

Fragmentation 
products'^
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Cycloadducts derive from [2+2] photoaddition1 or ther
mal addition2 have been utilized for the con아ruction of var
ious natural product skeletons.3 Fragmentation of the cycl
oadducts was usually performed by ionic and thermal reac
tions.4 Radical type fragmentation was also reported.5 Recent
ly, we reported a ring expansion methodology to prepare 

11 Isolated yields after column chromatography. A Yields based on 
2-chloro carbonyl thiolane. Diketone is in equilibrium with enol 
forms (by 旧-NMR), d Isolated yields without further purification 
are quantitative, (one spot on TLC).

substituted cycloheptenones via fragmentation of the corre
sponding 1-trimethylsilyloxy bicyclo [320] heptan-6-ones.6 
In our continuing effort to expand the scope of this methodo
logy, we have chosen dimethylene dithioketene for cycload
dition in order to develop a general route for triketo com
pounds 4 as described in Scheme 1.

In this communication, we report the unusual bond cleav
age of silyl ethers 2 in the course of fluoride ion induced 
fragmentation. Fragmentation reactions of a-di-and trimethy
lenedithio group substituted cyclic ketones were previously 
reported.7910 Bond cleavage of these precedents occurred 
consistently at Ce-C? by attack of a nucleophile due to the 
ring strain and anion stabilizing ability of sulfur atom. How
ever, fragmentation of C「C? of compound type 2 were not 
found in the literature.


