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Reaction of the lithate [Li(THF)4][CH2SiMe2C(SiMe3)2LiC(SiMe3)2SiMe2CH2] with KOtBu
in THF has given the organopotassium reagent (THF)2KC(SiMe3)2SiMe2CH2CH2Me2Si(Me3-
Si)2CK(THF)2, 8, and reaction of HC(SiMe3)2SiMe2CH2CH2Me2Si(Me3Si)2CH with KMe in
benzene has given the related ether-free species (C6H6)2KC(SiMe3)2SiMe2CH2CH2Me2Si-
(Me3Si)2CK(C6H6)2, 7. The structures of 7 and 8 have been confirmed by X-ray studies which
indicate that both compounds show K‚‚‚Me contacts in the range 3.3-3.5 Å. The ether-free

reagent 7 reacted with YbI2 in benzene to give the cyclic Yb(II) derivative CH2SiMe2C(SiMe3)2-

YbC(SiMe3)2SiMe2CH2, which was found to be somewhat more stable toward Et2O than the

previously studied Yb{C(SiMe3)3}2. Reaction of the lithate [Li(TMEDA)2][CH2SiMe2C(SiMe3)2-

LiC(SiMe3)2SiMe2CH2] (2a) with ZnCl2 in THF gave a cyclic compound CH2SiMe2C(SiMe3)2-

ZnC(SiMe3)2SiMe2CH2, which is stable toward boiling aqueous THF. An X-ray study shows
that the angle at Zn is 170°. In contrast, the reactions of 2a with SnCl4 or Me2SnCl2 gave
linear species ClX2SnC(SiMe3)2SiMe2CH2CH2Me2Si(Me3Si)2CSnX2Cl, X ) Cl or Me, the
structures of which were confirmed by single-crystal X-ray diffraction studies.

We have over the years shown that the attachment
of the very bulky tris(trimethylsilyl)methyl, “trisyl”,
ligand C(SiMe3)3 to a range of metals can give many
novel species.1 Several other research groups have now
taken up the use of this ligand in a diverse series of
applications.2 We showed, in particular, that the at-
tachment of two of these ligands or of the closely related
ligand C(SiMe3)2(SiMe2Ph) to a metal center made
possible the isolation of, for example, the first diorga-
nolithates or -sodates (i.e., compounds containing ions
[M{C(SiMe3)3}2]-, M ) Li3a or Na3b), the -potassate3c

[K(C6H6)][K{C(SiMe3)2(SiMe2Ph)}2], the first σ-bonded
diorganoytterbium4 and diorganocalcium5a derivatives,

and the remarkably thermally and chemically stable
diorganomercury and -zinc compounds (the latter can
even be distilled in steam and is inert to boiling acetyl
chloride).5b More recently we introduced the closely
related, but potentially bidentate, ligand C(SiMe3)2-
SiMe2CH2CH2Me2Si(Me3Si)2C, R-R, derived from the
precursor HR-RH, 1. This ligand can be regarded as
two trisyl groups joined together like Siamese twins and
thus referred to as the “trisiamyl” ligand. (We avoid the
previously suggested6 “siamyl”, since this trivial name
has been used to denote the secondary isoamyl group,
CH3CH(CH3)C(CH3)H.) It can be used to make cyclic

derivatives of lithium, e.g., [Li(TMEDA)2][RLiR], 2a
(TMEDA ) N,N,N′,N′-tetramethylethylenediamine), mer-

cury RHgR, 3, and lead RPbR, 4,7 this last being in effect
the first dialkyllead species to be structurally character-

(1) Eaborn, C.; Izod, K.; Smith, J. D. J. Organomet. Chem. 1995,
500, 89. Eaborn, C.; Smith, J. D. Coord. Chem. Rev. 1996, 154, 125.
Clegg, W.; Eaborn, C.; Hitchcock, P. B.; Hopman, M.; Izod, K.;
O’Shaughnessy, P. N.; Smith, J. D. Organometallics 1997, 16, 4728.
Eaborn, C.; Hitchcock, P. B.; Smith, J. D.; Sözerli, S. E. Organometallics
1997, 16, 5653, and references therein.
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ized.7 We now report the attachment of this ligand to
potassium, zinc, ytterbium, and tin (Scheme 1).

Results and Discussion

The synthesis of the cyclic lithate 2a by metalation
of the precursor 1 with methyllithium in tetrahydrofu-

ran (THF), followed by the addition of TMEDA, was
described previously.6 We now find that if no TMEDA
is added, a solid compound, assumed to be 2b, may be
isolated in 80% yield from diethyl ether/hexane and used
for further syntheses. Samples of well-defined crystals
can be obtained, but so far these have not proved to be
suitable for an X-ray study; it seems from the 1H and
13C NMR spectra that the Et2O/THF ratio depends on
the precise crystallization conditions.

The reaction between 2a and anhydrous zinc chloride
gave a good yield of the cyclic alkylzinc compound 5.
The molecular ion was detected in the gas phase by
mass spectrometry, and the structure in the solid state
was confirmed by an X-ray diffraction study. The
molecule is shown in Figure 1, and the bond lengths
and angles are given in Tables 1 and 2. The molecule
has no crystallographic symmetry, so data on either side
of the molecule are independently determined, but as
there is no significant variation between parameters for
chemically equivalent bonds, only the mean values are
given. The Zn-C bond length, 1.962(7) Å, is greater
than those (1.93(3) Å) in unhindered two-coordinate zinc
compounds8 but similar to that in Zn{C(SiMe3)3}2, 11
(1.982(2) Å9), and a number of related compounds.2e,10

The Si-C1 and Si-Me distances and the Si-C1-Si
angles are within the expected range. We previously
reported6 that the configurations of the CSi3 fragments
in compounds 2a and 3 are almost the same as those in
the acyclic species [Li{C(SiMe3)3}2]- or Hg{C(SiMe3)3}2,

(2) (a) Uhl, W.; Graupner, R.; Layh, M.; Schütz, U. J. Organomet.
Chem. 1995, 493, C1. Haaland, A.; Martinsen, K.-G.; Volden, H. V.;
Kaim, W.; Waldhör, E.; Uhl, W.; Schütz, U. Organometallics 1996, 15,
1146. Uhl, W.; Graupner, R.; Hiller, W.; Neumayer, M. Angew. Chem.,
Int. Ed. Engl. 1997, 36, 62. Uhl, W.; Keimling, S. U.; Klinkhammer,
K. W.; Schwarz, W. Angew. Chem., Int. Ed. Engl. 1997, 36, 64. Uhl,
W.; Pohlmann, M. Chem. Commun. 1998, 451. Uhl, W.; Pohlmann,
M.; Wartchow, R. Angew. Chem., Int. Ed. Engl. 1998, 37, 961. Uhl,
W.; Jantschak, A.; Saak, W.; Kaupp, M.; Wartchow, R. Organometallics
1998, 17, 5009. Uhl, W.; Janschak, A. J. Organomet. Chem. 1998, 555,
263. Uhl, W.; Pohlmann, M. Chem. Commun. 1998, 451. (b) Schnitter,
C.; Roesky, H. W.; Albers, T.; Schmidt, H.-G.; Röpken, C.; Parisini, E.;
Sheldrick, G. M. Chem. Eur. J. 1997, 3, 1783. Schnitter, C.; Klimek,
K.; Roesky, H. W.; Albers, T.; Schmidt, H.-G.; Röpken, C.; Parisini, E.
Organometallics 1998, 17, 2249. Schnitter, C.; Roesky, H. W.; Röpken,
C.; Herbst-Irmer, R.; Schmidt, H.-G.; Noltemeyer, M. Angew. Chem.,
Int. Ed. Engl. 1998, 37, 1952. Hatop, H.; Roesky, H. W.; Labalm, T.;
Röpken, C.; Sheldrick, G. M.; Bhattacharjee, M. Organometallics 1998,
17, 4326. Schnitter, C.; Klemp, A.; Roesky, H. W.; Schmidt, H.-G.;
Röpken, C.; Herbst-Irmer, R.; Noltemeyer, M. Eur. J. Inorg. Chem.
1998, 2033. (c) Ohtaki, T.; Ando, W. Organometallics 1996, 15, 3103.
Ando, W.; Watanabe, S.; Choi, N. J. Chem. Soc., Chem. Commun. 1995,
1683. Ohgaki, H.; Fukaya, N.; Ando, W. Organometallics 1997, 16,
4956. (d) Yasuda, H.; Ihara, E.; Adachi, Y.; Tanaka, K.; Sekiya, K.;
Tanaka, M.; Nitto, Y. Kobunshi Ronnbunshu 1997, 54, 641; Chem.
Abstr. 1997, 127, 346 672. (e) Westerhausen, M., Wieneke, M.; Doderer,
K.; Schwarz, W. Z. Naturforsch. Teil B 1996, 51, 1439. Schaller, F.;
Schwarz, W.; Hausen, H.-D.; Klinkhammer, K. W.; Weidlein, J. Z.
Anorg. Allg. Chem, 1997, 623, 1455. (f) Schluter, R. D.; Cowley, A. H.;
Atwood, D. A.; Jones, R. A.; Atwood, J. L. J. Coord. Chem. 1993, 30,
25.

(3) (a) Eaborn, C.; Hitchcock, P. B.; Smith, J. D.; Sullivan, A. C. J.
Chem. Soc., Chem. Commun. 1983, 827. Avent, A. G.; Eaborn, C.;
Hitchcock, P. B.; Lawless, G. A.; Lickiss, P. D.; Mallien, M.; Smith, J.
D.; Webb, A. D.; Wrackmeyer, B. J. Chem. Soc., Dalton Trans. 1993,
3259. (b) Al-Juaid, S. S.; Eaborn, C.; Hitchcock, P. B.; Izod, K.; Mallien,
M.; Smith J. D. Angew. Chem., Int. Ed. Engl. 1994, 33, 1268. (c)
Eaborn, C.; Hitchcock, P. B.; Izod, K.; Smith, J. D. Angew. Chem., Int.
Ed. Engl. 1995, 34, 2679.

(4) Eaborn, C.; Hitchcock, P. B.; Izod, K.; Smith, J. D. J. Am. Chem.
Soc. 1994, 116, 12071. Eaborn, C.; Hitchcock, P. B.; Izod, K.; Lu Z.-R.;
Smith, J. D. Organometallics 1996, 15, 4783.

(5) (a) Eaborn, C.; Hawkes, S. A.; Hitchcock, P. B.; Smith, J. D.
Chem. Commun. 1997, 1961. (b) Eaborn, C.; Retta, N.; Smith, J. D. J.
Organomet. Chem. 1980, 190, 101.

(6) Eaborn, C.; Lu Z.-R.; Hitchcock, P. B.; Smith J. D. Organome-
tallics 1996, 15, 1651.

(7) Eaborn, C.; Ganicz, T.; Hitchcock, P. B.; Smith, J. D.; Sözerli, S.
E. Organometallics 1997, 16, 5621.

(8) Rundle R. E. Survey Prog. Chem. 1963, 1, 81.
(9) Westerhausen, M.; Rademacher, B.; Poll, W. J. Organomet.

Chem. 1991, 421, 175.
(10) Westerhausen, M.; Rademacher, B.; Schwartz, W.; Weidlein,

J.; Henkel, S. J. Organomet. Chem. 1994, 469, 135. Melnik, M.;
Skoršepa, J.; Györyová, K.; Holloway, C. E. J. Organomet. Chem. 1995,
503, 1.

Scheme 1

Figure 1. Molecular structure of RZnR, 5.
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and the configuration in the zinc compound 5 is likewise
closely similar to that in Zn{C(SiMe3)3}2. The CZnC
system is almost linear (C-Zn-C ) 170°; cf. 166° in
the mercury compound 36). The other angles within the
ring are close to the tetrahedral value, suggesting that
there is little strain; the small deviation from C2
symmetry probably results from cross-ring methyl-
methyl repulsions or crystal packing effects.

We were intrigued to see whether the compound 5
would show the same remarkable properties noted for
the related compound 11, which is stable in air and can
be distilled in steam.5b,9 Compound 5 was recovered
unchanged after it was heated in aqueous THF (1:10)
for 5 h at 80 °C. When a sample was treated with an
excess of CH3COCl in benzene at 80 °C for 7 h, about
75% was recovered, together with some precursor 1
(25%); the formation of the latter suggests that the
disappearance of some 5 is to be attributed to traces of
HCl rather than to direct reaction with CH3COCl.
Compound 5, like compound 11, is thus remarkably
resistant toward water or electrophiles. Also like the
acyclic analogue 11, it appears to be thermally stable
at least up to 300 °C.

After the successful synthesis of the chelated com-
pounds 3-5, we considered it of interest to try to obtain
similarly chelated derivatives of tin by reaction of the
lithates 2 with SnCl4 or SnMe2Cl2. We were not hopeful
that chelation would occur since we have never been
able to attach two trisyl groups to a four-coordinate
metal center, presumably because steric hindrance to
attack by a second molecule of the trisyllithium reagent
is too great. Accordingly we were not surprised to find
that the only product isolated from the reaction of 2b
with SnCl4 in 1:1 mole ratio was the linear species 9,

in which the bidentate ligand bridges two tin centers.
(We have since obtained the tin(II) analogue of 4 and
converted it by oxidative addition into chelated Sn(IV)
derivatives, but these reactions will be described else-
where.11) The centrosymmetric structure of 9 (Figure
2) was confirmed by an X-ray study. The bond lengths
and angles are given in Tables 1 and 2. There are no
features calling for comment.

The reaction between the lithate 2a and Me2SnCl2 in
THF was studied under a variety of conditions. The
products could be separated into crystalline material 10
with composition ClMe2SnC(SiMe3)2SiMe2CH2CH2Me2-
Si(Me3Si)2CSnMe2Cl and an oily residue which was
shown by 119Sn NMR spectroscopy to be a complex mix-
ture. The best yields of crystalline material 10 were
obtained with a mole ratio of Me2SnCl2 to 2a of 2:1, con-
centrated solutions, and short reaction times. An X-ray

(11) Eaborn, C.; Hitchcock., P. B.; Smith, J. D.; Zhang, S. Unpub-
lished results.

Table 1. Bond Lengths (Å) and Angles (deg) Involving the Metal in Compounds 5, 7, 8, and 9

5, RZnR 7, (C6H6)2KR-RK(C6H6)2 8, (THF)2KR-RK(THF)2 9, Cl3SnR-RSnCl3

Zn-C1 1.963(7) K-C1 2.953(4) K-C1 2.937(3) Sn-C1 2.132(3)
Zn-C2 1.962(7) K‚‚‚M1 3.099(4)a K-O1 2.659(3) Sn-Cl1 2.320(1)

K‚‚‚M2 3.577(5)b K-O2 2.642(3) Sn-Cl2 2.315(2)
K‚‚‚C10′′ 3.213(4)c K‚‚‚C7′′ 3.30d Sn-Cl3 2.319(1)

C1-Zn-C2 169.7(3) C1-K-M1 121.8(1)e C1-K-O1 132.37(9) C1-Sn-Cl1 115.75(8)f

C1-K-M2 133.5(1)e C1-K-O2 129.44(11) C1-Sn-Cl2 117.76(9)
M1-K-M2 100.0(1) O1-K-O2 94.89(10) C1-Sn-Cl3 116.34(8)

a M1 centroid of benzene ring. K‚‚‚C11 3.419, K‚‚‚C12 3.494, K‚‚‚C13 3.466, K‚‚‚C14 3.353, K‚‚‚C15 3.279, K‚‚‚C16 3.320 Å. b M2 centroid
of benzene ring. K‚‚‚C17 4.170, K‚‚‚C18 3.818, K‚‚‚C19 3.434, K‚‚‚C20 3.445, K‚‚‚C21 3.846, K‚‚‚C22 4.187 Å. c K‚‚‚C2 3.44, K‚‚‚C5 3.64.
d K‚‚‚C2′ 3.33, K‚‚‚C5 3.47, K‚‚‚C10 3.49 Å. e C1‚‚‚K‚‚‚C10’’ 112.2(1), M1‚‚‚K‚‚‚C10’ 94.9(1), M2‚‚‚K‚‚‚C10’’ 80.5(1)°. f Cl1-Sn-Cl2 100.93(4),
Cl2-Sn-Cl3 101.42(4), Cl1-Sn-Cl3 102.06(4).

Table 2. Intraligand Bond Distances (Å) and Angles (deg)a

5, RZnR 7, (C6H6)2KR-RK(C6H6)2 8, (THF)2KR-RK(THF)2 9, Cl3SnR-RSnCl3

C1-Si 1.880(7) 1.819(3) 1.810(3) 1.926(3)
Si-Me 1.876(8) 1.889(4) 1.892(4) 1.869(4)
Si-CH2 1.886(7) 1.897(3) 1.899(3) 1.876(3)
C-C 1.566(9) 1.551(6) 1.534(6) 1.540(6)
M-C-Si1 101.0(3) 98.8(1) 107.34(13) 106.92(13)
M-C-Si2 115.5(3) 99.1(1) 94.21(13) 106.46(13)
M-C-Si3 100.5(3) 108.7(1) 100.54(13) 106.15(13)
Si-C-Si 113.1(4) 115.6(2) 116.6(2) 112.2(2)
Me-Si-Me 105.7(4) 103.3(2) 103.8(2) 107.1(2)
Me-Si-CH2 107.1(4) 103.0(2) 103.6(2) 107.8(2)

104.4(3) 107.6(2) 101.2(2) 108.9(2)
C1-Si-Me 113.2(3) 114.9(2) 114.7(2) 111.7(2)
C1-Si-CH2 111.6(3) 112.8(2) 116.84(14) 109.73(14)
Si-C-C′ 117.4(5) 117.0(3) 117.8(3) 112.6(3)

a Except for M-C-Si and Me-Si-CH2 angles, average values are given for chemically equivalent bonds and angles; esd’s in parentheses
indicate the precision of individual measurements, none of which differ significantly from the mean.

Figure 2. Molecular structure of Cl3SnC(SiMe3)2SiMe2-
CH2CH2Me2Si(Me3Si)2CSnCl3, 9.
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study (see Supporting Information) showed that the
colorless needles obtained under these conditions were
isostructural with 9 and had a composition Cl0.72Me2.28-
SnC(SiMe3)2SiMe2CH2CH2Me2Si(Me3Si)2CSnMe2.28-
Cl0.72 with about 30% of the residual chlorine atoms
attached to tin replaced by methyl groups, and chlorine
atoms and methyl groups disordered over tin coordina-
tion sites in the crystalline lattice. We later found that
the reaction between 2a and Me2SnCl2 was cleaner in
benzene; NMR data showed that 10 was the only tin-
containing product in solution.

We next decided to try to generate the trisiamyl
derivative of potassium by metalation of the ligand
precursor 1 with methylpotassium. We did this for two
reasons: (i) we thought that a cyclic potassate, analo-
gous to the lithate 2a, might be formed and only one
well-characterized diorganopotassate, [K(C6H6)][K{C-
(SiMe3)2(SiMe2Ph)}2], has so far been described,3c and
(ii) the reagent obtained, whatever its structure, would
be likely to be of value in syntheses of derivatives of
other metals. For example, we have shown that the
isolation of KC(SiMe3)3 made it possible to synthesize
compounds such as M{C(SiMe3)3}2, M ) Ca5a or Yb,4,12

which react with ethers and so cannot be made from
LiC(SiMe3)3 prepared in THF. The product 7 isolated
from the reaction between 1 and KMe in benzene was
found to contain two potassium atoms per ligand and
two molecules of benzene. The product from the reaction
between 1 and methyllithium was stirred with potas-
sium tert-butoxide in THF to give the complex 8, again
with two potassium atoms per ligand. Neither 7 nor 8
was a chelated potassate analogous to 2a.

The structures of compounds 7 and 8 are shown in
Figures 3 and 4. Bond lengths and angles are given in
Tables 1 and 2. Except for M-C-Si and Me-Si-CH2
angles, chemically equivalent bonds and angles, both
within each compound and from compound to com-
pound, are identical within experimental error. In the
compounds 5, 7, 8, and 9 the C1-Si bond lengths and
Si-C1-Si angles (Table 2) vary systematically in the
same way as those in (Me3Si)3C derivatives;13 that is,
the C1-Si distances increase in the series K < Zn <

Sn, and the Si-C1-Si angles decrease. The Si-Me and
Si-CH2 bond lengths are almost constant and similar
to those in SiMe4, 1.875 Å,14 showing that although the
anionic charge is significantly delocalized over the CSi3
system, the delocalization does not extend on to the
methyl groups of the ligand. The Me-Si-Me angles are
less than the tetrahedral value. Bond lengths within the
central methylene chain remain almost the same over
the range of compounds studied here, but the Me-Si-
CH2 angles show that various ring conformations are
adopted.

The most interesting feature of the structural data
is the coordination at potassium, shown in Figure 5. In
7 the K-C1 distance is at the lower end of the range
(2.91-3.10 Å) observed for K-C σ-bonds,15 but not as
short as those in KCPh3‚PMDTA (2.931(3) Å) (PMDTA
) N,N,N′,N′′,N′′-pentamethyldiethylenetriamine),16a

[K{C(SiMe3)2(SiMe2Ph)}2]- (2.914(5) Å),3c or KCtCMe
(2.55(5) Å).16b One benzene solvent molecule is coordi-
nated reasonably symmetrically (K-C 3.28-3.49 Å) and
the other somewhat less so (K-C 3.43-4.19 Å), and if
the benzene molecules are viewed as occupying single
coordination sites, the configuration at potassium is
almost planar (sum of angles 355°). There are also short
contacts to methyl groups in adjacent anions; for
example, the K-C(10′′) distance is only 3.21 Å. These
interactions link the cations and anions into chains with
two short K‚‚‚C contacts.

In 8 the K-C1 distance is the same as that in 7, but
the lone pairs of the THF molecules replace the π-elec-
trons of the benzene rings in the other two coordination
sites. The sum of the bond angles is 357°, so the
configuration at potassium is again almost planar. The
conformation of the central methylene chain of the anion

(12) Hitchcock, P. B.; Holmes, S. A.; Lappert, M. F.; Tian, S. J. Chem.
Soc., Chem. Commun. 1994, 2691.

(13) Brain, P. T.; Mehta, M.; Rankin, D. W. H.; Robertson, H. E.;
Eaborn, C.; Smith, J. D.; Webb, A. D. J. Chem. Soc., Dalton Trans.
1995, 349.

(14) Beagley, B.; Monaghan, J. J.; Hewitt, T. G. J. Mol. Struct. 1971,
8, 401.

(15) (a) Smith, J. D. Adv. Organomet. Chem. 1998, 43, 267. (b) Weiss,
E. Angew. Chem., Int. Ed. Engl. 1993, 32, 1501. (c) Schade, C.;
Schleyer, P. v. R. Adv. Organomet. Chem. 1987, 27, 169.

(16) (a) Viebrock, H.; Panther, T.; Behrens, U.; Weiss, E. J. Orga-
nomet. Chem. 1995, 491, 19. (b) Weiss, E.; Plass, H. Chem. Ber. 1968,
101, 2947.

Figure 3. Molecular structure of (C6H6)2KC(SiMe3)2SiMe2-
CH2CH2Me2Si(Me3Si)2CK(C6H6)2, 7.

Figure 4. Molecular structure of (THF)2KC(SiMe3)2SiMe2-
CH2CH2Me2Si(Me3Si)2CK(THF)2, 8.
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changes so that the potassium makes short contacts
with the δ-CH2 group (C2′), two methyl groups (C5, C10)
from SiMe3 substituents in the nearest anion, and one
(C7′′) from an SiMe3 group of an adjacent anion. The
ions are linked into chains which pack in the crystal
lattice as a whole in a remarkably similar way to those
in 7, with two K‚‚‚C contacts between each pair of triple
ions. The configuration of the central chain in 9 is
similar to that in 7, but there are no short contacts
between the tin atom and methyl groups of adjacent
anions.

The structures provide further examples of the high
coordination numbers shown by potassium in highly
ionic organometallic compounds. The structures appear
to be determined by electrostatic attraction between the
cations and (i) carbanionic charge delocalized over the
CSi3 center in the nearest or next nearest anion, and
(ii) lone pairs or π-electrons in solvent molecules. The
X-ray data are insufficiently precise to determine whether
the high coordination numbers at potassium imply that
the K‚‚‚Me interactions are attractive. The short con-
tacts in the structures described in this paper could
result simply from fitting together potassium cations
and the bulky doubly charged anions held in a lattice
by long-range electrostatic interaction.

As we had envisaged, the availablity of the ether-free
potassium compound 7 made it possible to synthesize
the chelated ytterbium compound 6 from the reaction
of YbI2 with the potassium compound 7. Orange needles
of 6 were found by X-ray diffraction to be highly
disordered so that detailed structural data could not be

obtained. The similarity between the NMR spectra of 5
and 6, the analytical data, and the appearance in the
mass spectrum of a prominent molecular ion suggest
that the structure of 6 is similar to those of the
crystallographically characterized analogues 3-5. The
reaction of Et2O with the Yb compound 6 was found to
be slower than that with Yb{C(SiMe3)3}2; a small
sample in C6D6 with an excess of ether in a sealed NMR
tube gave a detectable signal from C2H4 only after 5
days (cf. <5 min for Yb{C(SiMe3)3}2).4

Experimental Section

Air and moisture were excluded as much as possible by the
use of Schlenk techniques and Ar as blanket gas. Solvents were
dried by standard procedures and distilled immediately before
use. NMR spectra were recorded at 300.13 (1H), 125.8 (13C),
99.4 (29Si), 186.6 (119Sn), and 43.8 MHz (171Yb) and chemical
shifts are relative to SiMe4 for H, C, and Si, SnMe4 for Sn,
and Yb(C5Me5)2(THF)2 for Yb. The intensities of the 13C
quaternary and 29Si signals were enhanced by polarization
transfer. Mass spectra were recorded at 70 eV. The synthesis
of 2a has been described.6

[Li(THF)4][RLiR] (2b). A stirred mixture of 1 (3.2 g, 6.9
mmol) and LiMe (14 mmol) in THF (25 mL) was heated under
reflux for 6 h. The solvent was removed under vacuum, and
the residue was washed with hexane (10 mL) to leave a white
solid. This was dissolved in Et2O and the solution layered with
hexane to give colorless needles of 2b (yield 4.2 g (80%), mp
221-222 °C). 1H NMR (THF-d8): δ 0.01 (s, 12H, SiMe2), 0.03
(s, 36H, SiMe3), 0.54 (s, 4H, CH2). 13C NMR: δ 1.2 (CSi3), 5.8
(SiMe2), 8.1 (SiMe3), 14.7 (CH2). 29Si NMR: δ -10.8 (SiMe3),
-7.2 (SiMe2), 7Li NMR: δ -2.5, -1.5.

Figure 5. Potassium-anion interactions in the chain structures of 7 and 8.
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CH2SiMe2C(SiMe3)2ZnC(SiMe3)2SiMe2CH2 (5). A mixture
of 2a (1.00 g, 1.42 mmol) and ZnCl2 (0.24 g. 1.76 mmol) in THF
(15 mL) was stirred at room temperature for 48 h. The solvent
was removed under vacuum, and the white residue was
extracted with pentane (50 mL). The extract was filtered, the
solvent pumped off, and the residue crystallized from meth-
ylcyclohexane to give the compound 5. Yield: 0.45 g (60%);
mp 212-214 °C. Anal. Calcd for C28H52Si6Zn: C, 45.7; H, 9.9.
Found: C, 45.6; H, 9.9. 1H NMR (C6D6): δ 0.28 (s, 36H, SiMe3),
0.31 (s, 12H, SiMe2), 0.84 (s, 4H, CH2). 13C NMR: δ 3.6 (SiMe2),
7.0 (SiMe3), 14.3 (CH2). 29Si NMR δ -5.6 (SiMe3), -3.0 (SiMe2).
MS: m/z 525 (3, M), 510 (15, M - Me), 217 (100, (Me3Si)2-
CHSiMe2 or isomer).

Cl3SnC(SiMe3)2SiMe2CH2CH2Me2Si(Me3Si)2CSnCl3 (9).
Neat SnCl4 (0.26 g, 1.0 mmol) was added dropwise to a
vigorously stirred solution of 2b (0.77 g, 1.0 mmol) in benzene
(25 mL) to give a turbid solution. This was heated under reflux
for 2 h, then allowed to cool and filtered. The solvent was
removed under vacuum to leave a white solid, which was
shown by 1H, 7Li, and 119Sn NMR spectroscopy to contain
unchanged 2b together with at least one other compound. The
solid was extracted with hexanes (30 mL) and the extract
concentrated until incipient crystallization. The solution was
warmed until it became clear, then allowed to cool, whereupon
large colorless blocks of 9 separated. Yield: 0.21 g, 47% (based
on SnCl4), mp 282-285 °C. Anal. Calcd for C20H52Cl6Si6Sn2:
C, 26.4; H, 5.8. Found: C, 27.1; H, 6.0. 1H NMR: δ 0.29 (s,
36H, SiMe3), 0.37 (s, 12H, SiMe2), 1.00 (s, 4H, CH2). 13C
NMR: δ 0.8 (SiMe2), 4.5 (1J(SiC) ) 37.5 Hz, SiMe3), 13.3 (CH2),
32.3 (1J(SiC) ) 24.8 Hz, 1J(SnC) ) 114.3 Hz, CSi3Sn),29Si
NMR: δ 1.0 (2J(Si119Sn) ) 84.5, 2J(Si117Sn) ) 80.9 Hz, SiMe3),
4.1 (2J(Si117,119Sn) ) 79.5 Hz, SiMe2). 119Sn NMR: δ -36.6 (cf.
(Me3Si)3CSnCl3 -36.4, 1J(SnC) ) 113 Hz17a). MS: m/z 631
(10), 527(10, Cl3Sn(Me3Si)2CSiMe2CH2CH2SiMe2), 441 (85,
Cl3Sn(Me3Si)2CSiMe2), 217 (100), 129 (69).

ClMe2SnC(SiMe3)2SiMe2CH2CH2Me2Si(Me3Si)2-
CSnMe2Cl (10). A mixture of 2a (0.25 g, 0.35 mmol) and
Me2SnCl2 (0.15 g, 0.7 mmol) in THF (20 mL) was stirred at

room temperature for 1.5 h. The solvent was removed under
vacuum and the residue extracted with pentane (10 mL). The
extract was filtered and the solvent removed from the extract
to leave a white residue, which was crystallized from heptane.
Yield: 0.23 g (79%), mp 291-292 °C. Anal. Calcd for C24H64-
Cl2Si6Sn2: C, 34.7; H, 7.8. Found: C, 34.9; H, 7.5. 1H NMR:
δ 0.27 (s, 36H, SiMe3), 0.28 (s, 12H, SiMe2), 0.66 (s, 12H,
SnMe2), 0.87 (s, 4H, CH2).13C NMR: δ 0.0 (SiMe2), 3.7 (SiMe3),
4.0 (SnMe2), 11.8 (CH2). 29Si NMR: δ -0.8 (SiMe3), 2.9 (SiMe2).
119Sn NMR: δ 127.8 (cf. (Me3Si)3CSnMe2Cl 133.817b). MS: m/z
813 (1, M - Me), 399 (5, M/2 - Me), 217 (100).

(C6H6)2KC(SiMe3)2SiMe2CH2CH2Me2Si(Me3Si)2CK-
(C6H6)2 (7). A solution of HR-RH, 1 (3.23 g, 0.7 mmol), in
Et2O (20 mL) was added to a slurry of KMe (1.5 mmol) in Et2O
(20 mL) at -20 °C, and the stirred mixture was allowed to
warm to room temperature during 14 h. The solvent was
removed under vacuum, and the residue was washed with
hexanes, then recrystallized from hot (60 °C) benzene to give
colorless air- and moisture-sensitive crystals of 7. Yield: 3.5
g, 60%. Accurate C, H analyses could not be obtained because
solvent benzene was easily lost. The compound 7 was insuf-
ficiently soluble in cold benzene for the recording of NMR
spectra; data from solutions in THF were identical with those
given below for 8.

(THF)2KC(SiMe3)2SiMe2CH2CH2Me2Si(Me3Si)2CK-
(THF)2 (8). A solution of LiMe (16.8 mmol) in Et2O (12 mL)
was added to 1 (3.9 g, 8.4 mmol), and the solvent was removed
under vacuum and replaced by THF (30 mL). The solution was
stirred for 15 h, then added to a slurry of KOtBu (1.88 g, 16.8
mmol) in THF (20 mL) at room temperature, and the mixture
then stirred for 1 h. The solvent was removed under vacuum
and the residue washed three times with hexanes, then
dissolved in THF (10 mL). When a layer of heptane was placed
over the THF solution, colorless blocks of 8 formed at the
interface. Yield: 3.0 g, 43%, mp 150-151 °C (dec). Accurate
C, H analyses could not be obtained. 1H NMR (THF-d8): δ
-0.07 (12H, s, SiMe2), -0.04 (36H, s, SiMe3), 0.34 (4H, s, CH2).
13C NMR: δ 2.9 (1J(SiC) 55 Hz, CSi3), 5.2 (SiMe2), 8.5 (SiMe3),
18.4 (CH2). 29Si NMR: δ -13.6 (SiMe3), -8.7 (SiMe2).

CH2SiMe2C(SiMe3)2YbC(SiMe3)2SiMe2CH2 (6). A solution
of 7 (1.8 g, 2.1 mmol) in hot (60 °C) benzene was added to a

(17) (a) Dhaher, S. M.; Eaborn, C.; Smith, J. D. J. Organomet. Chem.
1988, 355, 33. (b) Al-Juaid, S. S.; Al-Rawi, M.; Eaborn, C.; Hitchcock,
P. B.; Smith, J. D. J. Organomet. Chem. 1998, 564, 215.

Table 3. Summary of Crystallographic Data for 5, 7, 8, and 9

5, RZnR 7, (C6H6)2KR-RK(C6H6)2 8, (THF)2KR-RK(THF)2 9, Cl3SnR-RSnCl3

empirical formula C20H52Si6Zn C44H76K2Si6 C36H84K2O4Si6 C20H52Cl6Si6Sn2
fw 526.5 851.8 827.8 911.2
cryst size (mm) 0.4 × 0.2 × 0.1 0.4 × 0.3 × 0.2 0.3 × 0.3 × 0.3 0.3 × 0.2 × 0.2
cryst syst monoclinic triclinic monoclinic monoclinic
space group P21/n (no. 14) P1h (no. 2) P21/c (no. 14) P21/n (no. 14)
a (Å) 9.211(2) 9.343(2) 12.483(1) 9.003(1)
b (Å) 22.562(3) 11.305(3) 12.774(1) 13.877(2)
c (Å) 14.762(4) 13.417(4) 16.597(1) 15.662(2)
R (deg) 90 102.54(2) 90 90
â (deg) 91.31(2) 98.39(2) 109.29(1) 93.12(1)
γ (deg) 90 107.02(2) 90 90
Z 4 1 2 2
V (Å3) 3067(1) 1289.0(6) 2497.9(4) 1953.9(4)
dc (Mg m-3) 1.14 1.10 1.10 1.55
F(000) 1144 462 908 916
µ (mm-1) 1.04 0.35 0.37 1.44
θ range (deg) 2-22 2-28 2-28 2-30
index range 0 e h e 9 0 e h e 12 0 e h e 16 0 e h e 12

0 e k e 23 -14 e k e 14 0 e k e 16 0 e k e 19
-15 e l e 15 -17 e l e 17 -21 e 1 e 20 -22 e l e 21

no. of reflns collected 4023 6209 6265 5992
no. of unique reflns 3752 6209 6010 5667
no. of reflns with I > 2σ(I) 2418 3570 3659 4231
R1 (I > 2σ(I)) 0.057 0.065 0.060 0.038
wR2 (all data) 0.135 0.138 0.145 0.088
no. of data/restrts/params 3752/0/244 6208/0/247 6010/0/217 5677/0/154
GOF on F2 0.988 1.016 0.988 1.038
abs corr (ψ scan) Tmax 1.00, Tmin 0.90 not applied not applied Tmax 1.00, Tmin 0.92
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suspension of YbI2 (0.9 g 2.1 mmol) in benzene (15 mL), and
the mixture was stirred at 60 °C for 24 h. The solvent was
removed, the residue extracted with hexanes (30 mL), and the
extract reduced to 15 mL, then cooled to -20 °C to give orange
needles. Yield: 1.1 g, 45%, mp 83-86 °C. Anal. Calcd for
C28H52Si6Yb: C, 45.0; H, 9.9. Found: C, 43.8; H, 9.1. 1H NMR
(C6D6): δ 0.30 (36H, s, SiMe3), 0.44 (12H, s, SiMe2), 0.96 (4H,
s, CH2). 13C NMR: δ 6.5 (1J(SiC) ) 47.8 Hz, SiMe2), 7.5 (1J(SiC)
) 47.3 Hz, SiMe3), 15.9 (CH2), 23.8 (1J(CYb) ) 283, 1J(SiC) )
38.1 Hz, CSi3). 29Si NMR: δ -12.4 (1J(SiC) ) 47.3, 2J(SiYb) )
27.0 Hz, SiMe3), -6.3 (1J(SiC) ) 48.3, 2J(SiYb) ) 21.6 Hz,
SiMe2). 171Yb NMR: δ 740. MS: m/z 634 (15, M), 619 (3, M -
Me), 462 (30, HR-RH), 404, (8, (Me3Si)(Me2SiCH2)CYb), 217
(100).

Crystal Structure Determinations. Data were collected
at 173(2) K on an Enraf-Nonius CAD4 diffractometer using
Mo KR radiation (0.710 73 Å) and corrected for Lorentz and
polarization effects; details are given in Table 3. The structures
were determined by direct methods, with SHELXS 86 and

SHELXL 93 programs used for structure solution and refine-
ment. Non-hydrogen atoms were anisotropic. H atoms were
refined in riding mode with Uiso(H) ) 1.2Ueq(C) or, for Me
groups, 1.5Ueq(C), except for those attached to C(10) in 7. These
were isotropic and freely refined, but showed no distortion from
the expected positions.
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