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1,2-Diphenyl-1,2-bis(trimethylsilyl)ethene (5) undergoes a determined by NMR spectroscopy (1H, 13C, 6Li, 7Li NMR and
6Li,1H-HOESY). It is shown that the phenyl rings have a highsmooth reductive metallation with metallic lithium to yield

the corresponding dilithioethane derivative (Li2·5). The quinoid character and that the lithium cations are relatively
mobile.structure of this new compound in [D8]THF solution was

Introduction show that within this molecule the metal cations are
highly mobile.

It has been known since 1928 that stilbene (1, R 5 H)
and related aryl-substituted ethene derivatives (1, R 5
alkyl, aryl) react readily with alkali metals to afford π-delo- Results and Discussion
calized benzylic carbanions[1] [2]. Similar reductive metalla-
tions can be achieved with ethenylsilanes 2a2c [3], in which Recently, McMurry-type coupling reactions have been
the negative charges are stabilized by the adjacent silyl sub- extended to substrates other than aldehydes and ketones[7].
stituents. In compounds such as 3a2c, both stabilizing ef- We found that aromatic acylsilanes react reasonably well
fects are present[4]. with low-valent titanium [Ti] to afford the corresponding

1,2-disilylethene derivatives as the major products.

Scheme 1

These metallations proceed in a stepwise fashion: a first
single electron transfer (s.e.t.) leads to short-lived radical Specifically, treatment of benzoyltrimethylsilane 4 with

[Ti] formed from TiCl3 and “high surface sodium” (Na/anions which rapidly undergo a second s.e.t. to afford the
corresponding dianions[5]. The latter have attracted con- Al2O3)[8] as the preferred coupling agent provides com-

pound 5 in 66% yield as colorless crystals[9]. This productsiderable attention in recent years as stabilized analogues of
the still elusive 1,2-dilithioethane[6]. Several in-depth studies undergoes a smooth reductive metallation on exposure to

an excess of lithium metal in thoroughly dried and degassedemploying X-ray crystallography or NMR have provided a
detailed 2 but rather static 2 picture of the bonding situa- THF, leading to a dark-red solution of the corresponding

dianion Li2·5. This derivative is thermally stable for pro-tion in such dimetallic compounds[1] [2] [3] [4]. In the following
we describe not only the solution structure of a further longed periods of time and can be isolated as a dark-red

solid upon removal of the THF. However, Li2·5 is extremelymissing congener of this series, i. e. the dilithio derivative
of 1,2-diphenyl-1,2-bis(trimethylsilyl)ethene (Li2

.5), but also sensitive in solution as well as in the solid state towards
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traces of air which immediately re-convert it into the start- by 20.6 and by 10.4 ppm. These observations and the high

barrier to rotation indicate that the phenyl substituents haveing disilylethene 5.
Although various conditions have been used to crystallize a strong quinoid character, a conclusion which is in accord-

ance with previous studies on related ethylene anions[3] [4].the compound, no crystals of Li2 ·5 suitable for an X-ray
analysis have been obtained. Therefore the structure of this Further structural information was gained from the lith-

ium-NMR spectra. Both the 7Li-NMR spectra of the natu-compound was studied by NMR spectroscopy. A complete
and unambiguous assignment of the 1H and 13C spectra ral abundance compound and 6Li spectra of a 6Li-enriched

sample were measured. Surprisingly, the temperature de-(Table 1) was achieved using 2D-NMR techniques.

Table 1. 1H- and 13C-NMR data for 5 and Li2·5 in [D8]THF at 303 K; arbitrary numbering as shown

Position 13C NMR 1H NMR
5 Li2·5 ∆δ[a] 1J(C,H) 5 Li2·5 ∆δ[a]

1 159.1 69.4 289.7
2 145.8 153.1 7.3
3 128.0 107.4 220.6 159.3 7.04 5.89 21.15
4 127.6 127.0 20.6 159.9 7.27 6.05 21.22
5 125.6 97.9 227.7 160.0 7.18 4.93 22.25
6 127.6 130.5 2.9 159.9 7.27 6.27 21.00
7 128.0 117.6 210.4 159.3 7.04 6.18 20.86
8 0.2 2.3 2.1 120.0 20.36 0.00 0.36

[a] ∆δn 5 [δn(Li2·5) 2 δn(5)].

As can be seen from Table 1, five proton and six 13C pendence of the 6Li- and 7Li-NMR spectra contrasts
strongly with that observed for the 1H- and 13C-NMR spec-signals are observed at 303 K for the phenyl groups. De-

tailed analysis of these spectra and further experiments in- tra. At 293 K a single, broadened signal is observed in the
6Li spectrum (88.3 MHz) at δLi 5 22.4 (linewidth 500 Hz),cluding COSY revealed that the two arene groups are

equivalent but that within each group all the carbon atoms which on lowering the temperature splits into two well-re-
solved lines at δLi 5 20.8 and 23.8 (Figure 1). The sepa-and protons are different. The number of signals in the 1H-

and 13C-NMR spectra is unchanged when the sample is ration of these signals (3.0 ppm) is large as compared to the
usual range of lithium chemical shifts [10], suggesting thatcooled to 193 K and no broadening of any of these signals

is observed (cf. Experimental Section). Thus, the phenyl the environments of the lithium cations are rather different.
This result is in contrast to previous investigations on di-groups remain equivalent on the NMR time scale over the

range 300 K to 193 K. lithioethane derivatives, in which the Li signals either co-
incide or resonate within a narrow shift range[3] [4].The inequivalence of the ortho positions (3 and 7) and of

the meta positions (4 and 6) within each phenyl group indi-
Figure 1. 7Li-NMR (233.3 MHz) spectrum (top) and 6Li-NMR

cates that the barrier to rotation about the C-1,C-2 bond in (88.3 MHz) spectrum (bottom) of Li2·5 recorded at 193 K
Li2·5 must be high. No exchange cross peaks could be de-
tected in a 13C 2D-EXSY spectrum recorded at 303 K. Tak-
ing into account the relatively high signal-to-noise ratio of
this 2D spectrum and that the cross peaks due to exchange
were not larger than the peak-to-peak noise, the barrier to
rotation of the arene ring is estimated to be at least 90 kJ/
mol.

The resonance of C-1 is observed at δ 5 69.4, i. e. an up-
field shift of 89.7 ppm relative to the olefin 5 (δ 5 159.1).
Moreover, the 13C data indicate that the negative charges
are also delocalized to a large extent over the arene rings.
Specifically, the para-13C signal of C-5 resonates at δ 5 The 6Li-enriched samples were prepared to obtain ad-

ditional information on the location of the cations using97.9, corresponding to a low-frequency shift of ca. 27.7
ppm by comparison with the signal of 5. Similarly, the ortho 6Li,1H heteronuclear Overhauser effects, which were meas-

ured using the 2D HOESY (HOESY 5 heteronuclear Over-signals (δ 5 107.4 and 117.6) are shifted to lower frequency
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hauser effect spectroscopy) technique[10] [11]. The HOESY of the arenes. Note also that the non-planar scaffold of

Li2·5 implies an axially chiral environment. A schematicspectrum reveals strong cross peaks between the lithium sig-
nal at δLi 5 23.8 and the TMS group, the ortho proton representation of the structure and bonding situation in

Li2·5 is given in Figure 3.at δH 5 5.89 (3-H) and the adjacent meta proton (4-H).
Additional, but weaker, cross peaks are found to the para

Figure 3. Schematic representation of the structure and bondingproton (5-H) and the other ortho proton (7-H). The situation in Li2·5
HOESY cross peaks of the second lithium signal at δLi 5
20.8 are weaker and correlate with the TMS group and
both ortho protons (Figure 2). Since 6Li,1H heteronuclear
Overhauser effects can only be detected over short dis-
tances[10], these results show that both lithium cations must
be close to the organic anion and that in Li2

.5 tight ion
contacts are present. 6Li- and 7Li-NMR spectra recorded
in the presence of excess TMEDA support this conclusion:
although TMEDA usually dissects oligomeric organo-
lithium compounds in solution, the lithium chemical shifts
of Li2·5 are hardly affected even when 2.5 equivalents of
TMEDA are added.

Figure 2. 6Li,1H-HOESY-NMR spectrum (contour plot) of Li2·5 There is evidence that additional fast exchange processes
recorded in [D8]THF at 193 K

are occurring. In both, the 6Li and 7Li spectra, the Li signal
at δ 5 20.8 becomes narrower when the temperature is
reduced to below 250 K but the Li signal at δ 5 23.8 re-
mains somewhat broadened. This is apparently caused by
additional exchange phenomena involving this lithium
atom alone which remain fast on the NMR time scale. It is
possible that the lithium cation jumps between different
sites on the phenyl groups and the observed broadening
may be due to a slowing of this rate of exchange. However,
we have no corroborating evidence for this from the 1H- or
13C-NMR spectra and this interpretation remains speculat-
ive. When TMEDA is added to the sample, this phenom-
enon becomes much more marked. Not only does the high-
field 6Li signal below 200 K split into two signals of inten-
sities ca. 2:1 but in this case the phenyl ortho proton signal
also shows similar behaviour.

In summary, the NMR data are consistent with the pres-
ence of contact ionic interactions in Li2·5 with the anion
having a C2-symmetrical twisted, axially chiral confor-
mation with a torsional angle of about 90°. As a result of

Table 1 also documents the large differences between the their high quinoid character, the phenyl rings cannot rotate.
chemical shifts of the ortho carbon atoms C-3 and C-7 in On time average the two lithium cations are found on the
Li2

.5 (10.2 ppm). The signal shifted more strongly to high plane orthogonal to the central C2C bond and passing
field arises from the ortho carbon atom on side of the ring through its midpoint. At room temperature the lithium cat-
having the stronger interaction with Li. Similarly, signifi- ions exchange locations with one another rapidly but at 193
cant shift differences are found between the meta carbon K this exchange is slow on the NMR time scale. One of the
atoms C-4/C-6 (3.5 ppm), as well as the ortho protons H-3/ lithium cations lies between the phenyl rings and interacts
H-7 (0.29 ppm) and the meta protons H-4/H-6 (0.22 ppm). strongly with the ortho positions.
We interpret these data and the HOESY spectra described We thank the Fonds der Chemischen Industrie, Frankfurt, for gen-
above as showing that the lithium cation giving rise to the erous financial support.
resonance at δ 5 23.8 interacts with the phenyl groups,
particularly with the sides of these groups towards the in-
side of the molecule (Figure 3). If the lithium atom interacts Experimental Section
with both phenyl rings simultaneously, then the dianion General: All reactions as well as the sample preparations for
cannot be planar: the torsional angle about the C-1, C-19 NMR were carried out under Ar using Schlenk techniques. All
bond must be reduced to ca. 90°. This is also consistent glassware was thoroughly flame-dried in vacuo. Natural abundant
with 1H-NOE data, since strong cross peaks are observed Li and 6Li powder (Aldrich, 95% 6Li, dispersion in mineral oil)

were repeatedly washed with pentane and dried in vacuo prior tobetween the trimethylsilyl protons and both ortho protons
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N. Setzer, P. v. R. Schleyer, Adv. Organomet. Chem. 1985, 24,use. [D8]THF was dried by distillation from Na/K alloy and trans-
3532451.ferred under Ar. Substrate 5 was prepared by a McMurry-type [3] [3a] A. Sekiguchi, T. Nakanishi, C. Kabuto, H. Sakurai, J. Am.

coupling reaction as previously described[9a]. Chem. Soc. 1989, 111, 374823750. 2 [3b] A. Sekiguchi, M. Ichi-
nohe, C. Kabuto, H. Sakurai, Bull. Chem. Soc. Jpn. 1995, 68,

NMR Spectroscopy: All the NMR spectra were measured with a 298122988. 2 [3c] A. Sekiguchi, M. Ishinohe, M. Takahashi, C.
Bruker DMX-600 NMR spectrometer: 1H (600.2 MHz), 6Li (88.3 Kabuto, H. Sakurai, Angew. Chem. 1997, 109, 157721579; An-

gew. Chem. Int. Ed. Engl. 1997, 36, 153321534.MHz), 7Li (233.3 MHz), and 13C (150.9 MHz). The chemical shifts
[4] [4a] B. Böhler, D. Hüls, H. Günther, Tetrahedron Lett. 1996, 37,were determined relative to the β-methylene signals of the solvent

871928722. 2 [4b] A. Sekiguchi, M. Ichinohe, T. Nakanishi, C.
and converted to the TMS scale (1H, β-CH2, δH 5 1.78; 13C, β- Kabuto, H. Sakurai, Bull. Chem. Soc. Jpn. 1995, 68,
CH2, δC 5 25.2). The sequence of proton signals 3-H to 6-H was 321523220.

[5] For electrochemical studies on the reduction of aryl-substituteddetermined in the COSY spectrum and confirmed by NOESY.
ethene derivatives see: [5a] J. L. Muzyka, M. A. Fox, J. Org.These assignments were transferred to 13C using data from the
Chem. 1991, 56, 454924552. 2 [5b] M. O. Wolf, H. H. Fox,1H,13C correlation. The strongest 6Li,1H cross-peaks in the M. A. Fox, J. Org. Chem. 1996, 61, 2872294 and references

HOESY spectrum were to the protons at 5.89 (ortho) and 6.27 cited therein.
[6] See the following for leading references: [6a] A. J. Kos, E. D.(adjacent meta), allowing the “outer” and “inner” sides of the phe-

Jemmis, P. v. R. Schleyer, R. Gleiter, U. Fischbach, J. A. Pople,nyl ring to be identified. The lithium chemical shifts are given rela-
J. Am. Chem. Soc. 1981, 103, 499625002. 2 [6b] L. Manceron,

tive to external 0.1  LiBr in THF solution (0 ppm). The HOESY L. Andrews, J. Phys. Chem. 1986, 90, 451524528. 2 [6c] V. Rau-
experiments were recorded using the experiment hoesytp from the tenstrauch, Angew. Chem. 1975, 87, 2542255; Angew. Chem.

Int. Ed. Engl. 1975, 14, 2592260. 2 [6d] B. Bogdanovic, B. Wer-standard Bruker pulse library using a mixing time of 1.8 s (256
meckes, Angew. Chem. 1981, 93, 6912693; Angew. Chem. Int.experiments each of 64 scans, 1 K in f2, magnitude calculation in
Ed. Engl. 1981, 20, 6842686. 2 [6e] A. Maercker, B. Grebe, J.

f1, exponential multiplication in both dimensions using lb 5 2). Organomet. Chem. 1987, 334, C212C23. 2 [6f] N. J. R. van E.
Hommes, F. Bickelhaupt, G. W. Klumpp, Angew. Chem. 1988,Preparation of Diphenyl-1,2-bis(trimethylsilyl)ethanediyldilithium 100, 110021107; Angew. Chem. Int. Ed. Engl. 1988, 27,

(Li2·5). To a stirred suspension of lithium powder (35 mg, 5.04 108321084.
[7] Review: A. Fürstner, B. Bogdanovic, Angew. Chem. 1996, 108,mmol) in 5 ml of [D8]THF was added a solution of alkene 5 (144

258322609; Angew. Chem. Int. Ed. Engl. 1996, 35, 244222469.mg, 0.44 mmol)[9a] in 5 ml of [D8]THF. The reaction mixture [8] Reviews: [8a] A. Fürstner (Ed.), Active Metals. Preparation,turned dark-red within a few minutes and stirring was continued Characterization, Applications, VCH, Weinheim, 1996, p.
overnight. An aliquot of the supernatant dark-red liquid was trans- 3812426. 2 [8b] A. Fürstner, in Encyclopedia of Reagents for

Organic Synthesis (Ed.: L. A. Paquette), Wiley, New York,ferred via cannula into a thoroughly dried NMR tube, the rest was
1995, p. 418024181.filtered off and concentrated to afford a dark-red amorphous solid. [9] [9a] A. Fürstner, G. Seidel, B. Gabor, C. Kopiske, C. Krüger,

2 7Li NMR ([D8]THF, 303 K) δ 5 22.2, ∆ν1/2 5 265 Hz. 2 7Li R. Mynott, Tetrahedron 1995, 51, 887528888. 2 [9b] For the
NMR ([D8]THF, 193 K) δ 5 20.78, 23.82. 2 1H NMR ([D8]THF, development of low-valent titanium on alumina and related re-

agents see: A. Fürstner, G. Seidel, Synthesis 1995, 63268.193 K): δ 5 6.25, 6.10, 6.02, 5.92, 4.91, 20.03. 2 13C NMR
[10] For a review see: W. Bauer, in Lithium Chemistry, A Theoretical([D8]THF, 193 K) δ 5 153.0, 130.6, 127.0, 117.0, 107.4, 97.9, 68.2.

and Experimental Overview (Eds.: A.-M. Sapse, P. v. R. Schley-
2 After addition of TMEDA: 1H NMR ([D8]THF, 303 K): δ 5 er), Wiley, New York, 1995, p. 1252172.
6.27, 6.19, 6.03, 5.90, 4.95, 0.02. 2 1H NMR ([D8]THF, 193 K): [11] See the following for leading references on 1H6(7)Li HOESY

spectroscopy: [11a] W. Bauer, P. v. R. Schleyer, Magn. Res. Chem.δ 5 6.25, 6.17, 5.98, 5.87, 4.90, 20.02. 2 7Li NMR ([D8]THF, 193
1988, 26, 8272833. 2 [11b] W. Bauer, G. Müller, R. Pi, P. v. R.K): δ 5 22.2, ∆ν1/2 5 350 Hz. 2 7Li NMR ([D8]THF, 193 K):
Schleyer, Angew. Chem. 1986, 98, 113021132. 2 [11c] W. Bauer,δ 5 20.75, 23.68 (br.). 2 For the assignment and additional data L. Lochmann, J. Am. Chem. Soc. 1992, 114, 748227489. 2 [11d]

see Table 1. W. Bauer, T. Clark, P. v. R. Schleyer, J. Am. Chem. Soc. 1987,
109, 9702977. 2 [11e] W. Bauer, P. v. R. Schleyer, J. Am. Chem.
Soc. 1989, 111, 719127198. 2 [11f] D. Hoffmann, W. Bauer, P.
v. R. Schleyer, Chem. Commun. 1990, 2082211. 2 [11g] W.[1] [1a] W. Schlenk, E. Bergmann, Justus Liebigs Ann. Chem. 1928,

463, 1062125. 2 See the following for leading references: [1b] Bauer, F. Hampel, Chem. Commun. 1992, 9032905. 2 [11h] L.
D. Field, M. G. Gardiner, B. A. Messerle, C. L. Raston, Or-H. Bock, T. Hauck, C. Näther, Organometallics 1996, 15,

152721529. 2 [1c] H. Bock, K. Ruppert, D. Fenske, Angew. ganometallics 1992, 11, 356623570. 2 [11i] L. A. Paquette, M.
R. Sivik, W. Bauer, P. v. R. Schleyer, Organometallics 1994, 13,Chem. 1989, 101, 171721719; Angew. Chem. Int. Ed. Engl.

1989, 28, 168521688. 2 [1d] Y. Yokoyama, T. Koizumi, O. Kiku- 491924927. 2 [11j] G. Hilmersson, O. Davidsson, Organometall-
ics 1995, 14, 9122918. 2 [11k] S. Berger, F. Müller, Chem. Ber.chi, Chem. Lett. 1991, 220522208. 2 [1e] M. Walczak, G. D.

Stucky, J. Am. Chem. Soc. 1976, 98, 553125539. 2 [1f] M. Wal- 1995, 128, 7992802. 2 [11l] T. Roelle, R. W. Hoffmann, J. Chem.
Soc., Perkin Trans. 2 1995, 195321954. 2 [11m] M. Wenzel, D.czak, G. D. Stucky, J. Organomet. Chem. 1975, 97, 3132323. 2

[1g] J. G. Smith, E. Oliver, T. J. Boettger, Organometallics 1983, Lindauer, R. Beckert, R. Boese, E. Anders, Chem. Ber. 1996,
129, 39244. 2 [11n] J. M. Saa, G. Martorell, A. Frontera, J.2, 157721582. 2 [1h] J. E. Gano, E. J. Jacob, P. Sekher, G. Sub-

ramaniam, L. A. Ericksson, D. Lenoir, J. Org. Chem. 1996, 61, Org. Chem. 1996, 61, 519425195. 2 [11o] L. Glendenning, N.
Bampos, L. D. Field, Bull. Chem. Soc. Jpn. 1996, 69,673926743. 2 [1i] J. F. Garst, J. Am. Chem. Soc. 1971, 93,

631226313. 2 [1j] P. Schade, T. Schäfer, K. Müllen, D. Bender, 202522029. 2 [11p] G. Hilmersson, P. I. Arvidsson, O. Davids-
son, M. Haakansson, Organometallics 1997, 16, 335223362. 2K. Knoll, K. Bronstert, Chem. Ber. 1991, 124, 283322841.

[2] [2a] For a timely review see: A. Maercker in Lithium Chemistry. [11q] M. R. Sivik, W. Bauer, P. v. R. Schleyer, L. A. Paquette,
Organometallics 1996, 15, 520225208.A Theoretical and Experimental Overview (Eds.: A.-M. Sapse, P.

v. R. Schleyer), Wiley, New York, 1995, p. 4772577. 2 [2b] W. [I98174]
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