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germanium(~~)l, R2GeGeR2 [R = CH(SiMe3l2I, a Stable Compound having a Metal-Metal 
’Double Bond,’ a Dimetallenet 
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School of Chemistry and Molecular Sciences, University of Sussex, Brighton BN 1 9QJ, U.K. 

Reaction of MgCIR(OEt2) [R = CH(SiMe,),] with GeC12-dioxane in OEt2 yields the bright yellow crystalline Ge2R4 
[having a trans-folded C2,., Ge2C4 framework with a fold angle of 32”, a germanium environment intermediate 
between pyramidal and planar (sum of angles at Ge = 3487, and a GeGe bond length of 2.347(2) A (ca. 4% shorter 
than in elemental germanium)], which behaves chemically as a singlet germylene GeR2. 

There has been much recent interest in thermally stable 
compounds having a ‘double bond’ between two main group 
atoms other than carbon, nitrogen, or a chalcogen, the 
dimetallenes. We define these as the heavy atom congeners of 
the olefins R’2C=CR’2, azo compounds R‘N=NR’, or Schiff 
bases R’2C=NR’’. They are thus binuclear molecules of 
formula R’2MMR’2 (M = Si, Ge, Sn, or Pb) or R’MMR’ 
(M = P, As, Sb, or Bi), or heterobinuclear analogues, which 
are diamagnetic and hence in a singlet rather than a triplet 
electronic ground state. The nature of the M-M bond remains 
an open question, but relevant parameters are (a) structural 
and (b) chemical. As to (b), a crucial point relates to whether 
in chemical reactions of the dimetallene the M-M framework 
maintains its integrity or whether fragmentation with M-M 
scission occurs. We now present such results for (a) (Figure 1) 

R” 

i N o  reprints available. 

n 

Figure 1. X-Ray structure of Ge,R4 [R = CH(SiMe,),] and atom 
labelling scheme. Selected bond lengths (A) and angles (”) are 
Ge-Ge’ 2.347(2), Ge-C(14) 1.979(9), Ge-C(13), 2.042(8) A, Ge’- 
Ge-C( 13) 1 13.7(3), C( 13)-Ge-C( 14) 1 12.5 (3), and Ge ’-Ge-C( 14) 
122.3( 2)”. 
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Scheme 1. Abbreviations: R = CH(SiMe3),, thf = tetrahydrofuran. Reagents and conditions: i ,  LiR, OEt,, 0 "C; ii,.$ [MgC1R(OEt2)],, OEt,, 
25 "C, ca. 12 h; iii, 110 "C at 10-3 Torr; iv, cyc1o-C6HI2, 20 "C; v, C6H6, hv, 20 "C; vi, [Cr(CO),], OEt,, hv, 20 "C; vii, air, n-C6H14, 20°C (a), 
or 8S8, PhMe, 20°C (b), or Te, PhMe, 108"C, 3 h (c);viii, I/2[{MCI(p-Cl)(PEt3)}2] (M = Pd or Pt), n-C6HI4, 20"C, 5 h; ix , MeI, n-C6H,4 
20 "C; x, [F~(T&H,)(CO),X], n-C6HI4, 20 "C. Characterisation: Compounds (2), (3), (4), and (5) .  gave satisfactory microanalytical and 
molecular weight (2c) and (3)] results, as well as i.r., lH and 13C n.m.r. spectra (for e.s.r. data GeR3, see ref. 2); for X-ray data on 
compound (l), see Figure 1 {and are available3 on [Cr(CO),(GeR2)]}. 

Table 1. Some structural parameters for crystalline group 4 dimetallenes M2R'4 

M, R' 
Sum of angles, 2, at MI' 
Fold angle, 8/" 
Twist angle P 
<C(sp2 or sp3)-M>lA 

M-M In tetrahedral MJAe 
M-M Bond shortening in M2Rf4 
compared with M,, % 

M-MIA 

C, Pha 
360 

0 
8.4 
1.494 
1.356 
1.545 

12 

Si, C6H2Me3-2,4,6b Ge, CH( SiMe3)2~ Sn, CH(SiMe3),d 
355.3 348.5 342 
18 32 41 
5 0 0 
1.88 2.00 2.28 
2.160 2.347( 2) 2.764(2) 
2.352 2.445 2.810 

8 4 2 
a From A. Hoekstra and A. Vos, Acta Crystallogr., Sect. B, 1975, 31, 1722. b From ref. 2. c This work. d From ref. 1. e From 
'Comprehensive Inorganic Chemistry', ed. J. C. Bailar, H.  J.  EmelCus, R.  S. Nyholm, and A. F. Trotman-Dickenson, Pergamon Press, Oxford, 
1973, Vols. 1 and 2. 

and (b) (Scheme 1) for the first stable crystalline digermene 
Ge2R4 [R = CH(SiMe3)2], (la); these are available for 
comparison with isoleptic C, Si, and Sn compounds [for (a), 
see Table 11. 

The field of stable dimetallenes was inaugurated in 1976, 
when the X-ray structure of the crystalline brickred distan- 
nene Sn2R4 was disclosed.1 The synthesis of the bright 
orange-yellow disilene Si2(C6H2Me3-2,4 ,6)4 appeared in 1981 
and X-ray data followed in 1983.2 Both molecules adopt the 
C2h M2C4 skeletal conformation, (I), i. e., a trans-folded 
arrangement (e = fold angle) (see Table 1). Other stable 
group 4b compounds reported are the tetrakis(2,6- 
xyly1)dimetallenes [(1), R' = C6H3Me2-2,6, and M = Si3 or 
(less stable) Ge4a] or ( l ) ,  M = Si, R' = But,4b14c Pri,4d or 

Syntheses of dimetallenes have been based on either MI1 
(Scheme 1) or MIV precursors; as for the latter, these have 
involved photolysis of a trisilane ,2 a cyclotrimetallane ( Si334e 
or Ge4a), cy~lotetrasilane,~~ or 2,3-benzo-7,8- 
disilabicyclo[2.2.2]octa-2,5-diene [ 1,4-dihydro-l,4- 
(disilaethano)naphthalene],4b or reductive elimination from 
Si( C6H2Me3-2 ,4,6,)2C12 ,5 [ SiCl( C H ~ B U ' ) ~ ] ~  ,4c or 

cHzB~t.4' 

Sn[CH(SiMe3)2]2C12.6 Although the synthesis (i in Scheme 1; 
this involves a cumbersome separation procedure) and charac- 
terisation of the bright-yellow germanium analogue (la) of 
Sn2R4 (as well as of the purple lead compound) were described 
in our 1976 paper,l previous attempts to obtain X-ray quality 
crystals of the digermene (la) have failed. Our success now is, 
in part, due to the discovery of a superior method of synthesis, 
ii in Scheme 1, using GeC12.dioxane and the new7 Grignard 
reagent MgClR( OEt,) ; the corresponding reaction1 with LiR 
did not give compound (la). 

From Scheme 1 it is clear that the chemical properties of 
crystalline Ge2R4 are those of the monomer GeR2, 
with GeR2 behaving as (a) a Lewis base (vi in Scheme 1); (b) a 
substrate for valence expansion to yield a tetravelent Ge 
adduct (vii-x); or (c) a substrate for disproportionation (v). It 
is also evident that in properties (a)-(c) Ge2R4 resembles 
Sn2R4, and that the M-M bond for both these compounds is 
exceedingly 1,abile. 

The structural trends in the dimetallene series MzR'4 show 
that (i) whereas M is trigonally planar for M = C, there is 
increasing tendency for pyramidicity with increasing atomic 
number of M (cf., C in Table l ) ,  as predicted by M.O. 
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calculations;6 and (ii) the % bond shortening of the M-M 
bond length in the M2R’4 compared with that in the diamond 
form of the element M [taken as our standard M(sp3)-M(sp3) 
single bond] decreases in the sequence C > Si > Ge > Sn. 

Crystal data: C28H76Ge2Si8, M = 782.8, triclinic, a = 
9.612(2), b = 11.982(4), c = 11.983(3) 81, a = 67.62(2), p = 
70.35(2), y = 65.40(2)”, U = 1134 813, space group Pi, Z = 1, 
D, = 1.15 g cm-3, F(OO0) = 420, h(Mo-K,) = 0.71069 A, = 
16.2 cm-1. Data were measured on an Enraf-Nonius CAD-4 
diffractometer. 

The structure was solved, using 1497 ‘observed’ reflections, 
by routine heavy atom methods and refined by full-matrix 
least-squares to a current R = 0.083, R’ = 0.087.$ 
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