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The chemistry of three-membered ring systems containing
Group 14 elements is a subject of considerable intér&bhost
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trigermane derivative cis,trans(t-BusSiGeCl}, with reactive
chlorine atoms together with its reaction witBusSiNa to afford
1.

The reaction of GeGidioxane and equimolar amountteBus-

all of these compounds have been synthesized by the reductiveSiNa in tetrahydrofuran (THF) at-78 °C with subsequent

coupling reaction of FEEX; (E = Si, Ge, Sn; X= halogen) with

warming to room temperature led to the formationcf,trans

bulky substituentd. However, the most extensively studied 1.2,3-trichloro-1,2,3-tris(trtert-butylsilyl)cyclotrigermaneZ) in
saturated three-membered ring compounds have been limited t098% yield (Scheme 1}:° Of the two possible stereoisomers, only
the type (RE)s.12We have already succeeded in the synthesis of one stereoisomer was formed. Tbis,transconformation of2

an unsaturated germanium three-membered ring compoundWwas established by NMR spectroscdpgnd X-ray crystal-

cyclotrigermene{), by the reaction of Ge@ldioxane with two
molar amounts oft-BuzSiNa®® We have also reported the
conversion ofl to the cyclotrigermenium ion, which has been
shown to be not only a free germyl catibbut also a convenient
precursor of the unsymmetrically substituted cyclotrigerménes.
Now, the question arises: what species is involved to farim
the reaction of GeGidioxane witht-BusSiNa? In this paper,
evidence for the formation of digermanylsodiutaBus;SiGe-
(Cl).Ge(Cl)(Na)Si-Bus as an initial intermediate which provides
t-BusSi(Cl)Ge=Ge(CI)St-Bu; as a reactive intermediate, is
presented. We also report the first X-ray structure of a cyclo-
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Escudie J.; SatgeJ. Chem. Re. 199Q 90, 283. (c) Tsumuraya, T.; Batcheller,
S. A.; Masamune, SAngew. Chem. Int. Ed. Endl991, 30, 902. (d) Nagase,
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lographyi® as shown in Figure 1. The chlorine atoms a&lis-
Si groups occupy pseudoaxial and pseudoequatorial positions,
respectively; the angles of the ©Ge and Si-Ge bonds to the
Gel-Ge2-Ge3 plane are 74:575.6 and 28.5-31.5, respec-
tively. The Ge-Ge bond length of 2.504 (av) A is intermediate
between that in hexakis(trimethylsilyl)cyclotrigermane (2.460-
(1) Ay*aand those observed in carbon substituted cyclotrigermanes
(2.531-2.590 A)Ic2athThe Ge-Si bond length (2.460 (av) A)
is significantly longer than that in hexakis(trimethylsilyl)cyclo-
trigermane (2.388(4) A% probably due to steric repulsion.
Treatment of2 with two molar amounts of-BusSiNa in THF
at —78 °C followed by warming to room temperature cleanly
producedl together witht-BuzSiCl (Scheme 1). Thus, compound
2 is an evident precursor df The reductive dechlorination &f
by t-BusSiNa at first occurs to form a GeGe double bond in
the Gg ring, and the fourtht-BusSi group is subsequently
introduced to givel.
The reaction mixture of GegHioxane and-Bus;SiNa afforded
a yellow suspension within 10 min at78 °C, this mixture being
monitored by NMR spectroscopy. Two signalsdat 21.9 and
23.7, assignable to digermanylsodidimt-BusSiGe(ClyGe(Cl)-
(Na)St-Bus, were observed in th&#Si NMR spectrum (Figure 2
and Scheme 2). The formation #from 4 could be followed by
29S5i NMR spectroscopy. THESi NMR spectrum was unchanged
below —8 °C. However, above-8 °C, new signals ad = 46.3
and 48.3 due t@ appeared and grew with a simultaneous decrease
of the signals due td@. The digermenoidt was quenched by
hydrochloric acid at-78 °C to give a protonated produbg in
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146 °C dec;*H NMR (CsDs, 0) 1.379 (s, 54 H), 1.389 (s, 27 H¥C NMR
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eV) 914 — 930 (W) for CaeHgiClaGesSia.
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dioxane witht-BusSiNa, but the characterization Bfvas based only on NMR
spectral data. However, their reported NMR spectral data are somewhat
different from ours.

(10) The single crystals for X-ray analysis were obtained by the recrys-
tallization from hexane. Crystal data 1(n-CgH14)05at 120 K: MF= CggHgg
ClsGe;Siz, MW = 965.48, monoclinicP2;/c, a = 13.4370(3) Ab = 30.791(1)

A, ¢ =13.6260(5) Ap = 116.324(2), V = 5053.0(3) &, Z = 4, Deaiea =
1.269 gcm3. The final R factor was 0.0487 for 9939 reflections with >
20(l,) (Ry = 0.1388 for all data, 11335 reflections).
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Figure 1. ORTEP drawing oR. Hydrogen atoms are omitted for clarity.
Selected bond lengths (A): GeCl1 2.2120(8), GetSil 2.4532(9),
Gel-Ge(3) 2.4883(5), Ge1Ge2 2.5306(4), Ge2Cl2 2.2237(8), Ge2
Si2 2.4731(8), Ge2Ge3 2.4931(5), Ge3CI3 2.2328(8), Ge3Si3
2.4547(9). Selected bond angles (deg): -GHel-Ge3 104.05(3), Sit
Gel-Ge3 138.04(3), Ci:Gel-Ge2 102.69(2), SitGel-Ge2 139.77(3),
Ge3-Gel-Ge2 59.56(1), Cl2Ge2-Ge3 103.12(3), Si2Ge2-Ge3
134.87(3), Cl2-Ge2-Gel 101.76(3), Si2Ge2-Gel 144.21(3), Ge3
Ge2-Gel 59.38(1), CI3Ge3-Si3 106.43(3), Si3Ge3-Gel 135.32(2),
CI3—Ge3-Ge2 102.46(2), Si3Ge3-Ge2 139.11(2), Ge1Ge3-Ge2
61.06(1).
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Figure 2. Thermal reaction of digermanylsodiummonitored by?°Si
NMR spectroscopy in THRs with increasing temperature.

a guantitative yield! With iodomethane, a methylated product
5b was quantitatively obtained.

Above —8 °C, the digermenoid undergoes selectiye-elim-
ination to give the digermene intermediatd3u;Si(Cl)Ge=Ge-
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2). In the presence of an excess amount of isoprene, a THF
solution of4 was allowed to warm to room temperature to afford
the 1,2-digermacyclohex-4-ene derivatife(45%)* as a single
stereoisomer together wit@ (24%). With 2,3-dimethyl-1,3-
butadiene7b (41%)-+*?was obtained along wit@ (8%). In both
cases, none of the germacyclopent-3-ene derivative was formed,
indicating that-elimination to generate a germylene intermediate
is not involved.

Thus, it is reasonable to assume the following mechanism for
the reaction of GeGidioxane with t-BusSiNa. At first, the
insertion of Gedl into the Si-Na bond occurred to fortiBus-
SiGe(ClIpNa (3), which underwent bimolecular self-condensation
even at—78 °C to afford4, stable at low temperature (Scheme
2).13 Second, above-8 °C, thermal decomposition dfoccurred
to produceb as a transient intermediat€Finally, intermediately
formed digermené& consumed because of the reaction with the
digermenoid4, followed by cyclization with formation o2 and
dichlorogermylsodiun8.® The resulting3 was transformed into
the final product2. Thus, cyclotrigermane? is exclusively
produced in the absence of a trapping reagent.
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(12) Crystal data forb at 120 K: MF= C3He/Cl.G&Si,, MW = 697.07,
monoclinic,P2;/c, a = 13.2170(3) Ab = 16.9900(3) Ac = 17.4050(3) A,

B =111.787(1), V= 3629.2(1) &, Z = 4, Dearca= 1.276 gcm 2. The final
R factor was 0.0324 for 8175 reflections with> 20(l,) (Ry = 0.0894 for
all data, 8660 reflections).

(13) Tamao et al. have reported the reactivities of an alkoxysilyllithium
named “silylenoid”, which undergoes bimolecular self-condensation to give
disilanyllithium, see: (a) Tamao, K.; Kawachi, Angew. Chem., Int. Ed.
Engl. 1995 34, 818. (b) Kawachi, A.; Tamao, KBull. Chem. Soc. Jpri997,

70, 945.

(14) One of the reviewers has pointed out the possibilitg-@limination
in 4 with formation of germylenet-BusSi(Cl)Ge: and3 followed by
condensation of the germylene éngiving 2. However, this possibility is
unlikely, because none of the germacyclopent-3-ene derivative is formed in

(ChSit-Bug (6), which is not isolable but can be trapped (Scheme the presence of isoprene or 2,3-dimethyl-1,3-butadiene.

(15) The addition of Grignard reagents and RLi to=&&e and Ge=Si

(11) All of the new products obtained here showed the satisfactory spectral has a precedent, see: Dixon, C. E.; Netherton, M. R.; Baines, K. Mm.

and analytical data.
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