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It has long been recognized that multiple bonding in the heavier
main group 14 elemeritsdiffers fundamentally from that

observed for carbon compounds. For example, the structures Or:planar M{C(ipso}» (M = Ge or Sn) array. The symmetry

Si, Ge, Sn, or Pb species corresponding to alkenes display a

increasing tendency to adopt nonplanar, trans-bent structures withS

progressively weaker elemerglement bonding as the group is
decended. About thirty structures of compounds of formula
R.MMR; (M = Si, Ge, Sn, or Pb, R organo group) are known,

and their spectroscopic and chemical properties have been studie

in detail! In contrast, experimental data from the heavier group
14 species which correspond to alkynes (RMMR) are almost
nonexistent. The singly reduced species [K(THHX Sn(GHs-

2,6-Trip)},] (1)* represents the closest such approach, but its

structure strongly suggests that the singly bonded isomeric form

of the neutral (and as yet unisolated) distannylgBe(GHs-2,6-
Tripy)} . is preferred over the triple bonded “distannyne” valence
isomer® Thus, the ion, {Sn(GHs-2,6-Trip)}2] ~, has a SASn
distance of 2.8123(9) A and a planar, but nonlinearp&j-
SnSnCipso array featuring an SaSn—C angle of 95.2(13)
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synthesize the related doubly reduced [RMNIRAnd neutral
RMMR (M = Sn, Ge, Sn, or Pb, R= organo group) species.
Here, the isolation and characterization of the doubly reduced
compounds Ng Ge(GHs-2,6-Trip)} 2 (2) and K{Sn(GHs-2,6-
Trip2)}2 (3) (Trip = CgH,-2,4,64-Pr3) are described.

The synthesisof 2 and3 was accomplished by the reduction
of the halides M(CI)@Hs-2,6-Trip, (M = Ge or Sn}®with excess
alkali metal in benzene solution over a longer period tharifor
Both 2 and 3 were obtained as dark-red air-sensitive crystalline
solids. They have very similar structures (Figures 1 and 2), but
the crystals are not isomorphousthe structure of is character-
ized by an inversion center at the midpoint of the-&e bond,
whereas3 has a 2-fold axis of symmetry along the K(1)- -K(2)
vector. Important structural data f@& and 3 are provided in
Table 1.

The structures of both and3 have a trans configuration (Ge
Ge—-C = 102.37(8) and Sr-Sn—C = 107.50(149) featuring a

restriction on each molecule also requires that theNaeand
nK, arrays are planar. The alkali metal countercations are
associated with each dianion by coordination ix @andwich
fashion toortho-Trip groups. The GeGe distance i12, 2.3943-

@13) A, may be compared with the 2.44 A of a single-Gae

ond and the 2.213(2)2.443(2) A range for dimeric compounds
of formula (GeR)..2*! The Ge-C distance, 2.065(3) A, is at the
upper end of the GeC scalé® for three- and four-coordinate Ge
compounds and may be contrasted with the 1.989(5) AGe
bond length in Ge(Cl)gHs-2,6-Trip..2 The Na- -C distances are
slightly shorter than in alkatimetal complexes with similar
ligands! whereas the Na- -Ge contacts, ca. 3.1 A, are longer than
the single bond distance of 2.86 A (predicted from the sum of

(7) All manipulations were carried out under anaerobic and anhydrous
conditions. The synthesis of Ge(Ch:-2,6-Trip, was carried out in a manner

This suggests that there is a lone pair of electrons located at each‘rirnilar to that reported for Sn(Cl)€l:-2,6-Trip,* For 2 Ge(Cl)GH-2,6-

tin which occupy orbitals high in s character with p orbitals
employed in SarSn and SAC o-bonding. The remaining p
orbital at each tin may then overlap to formrarbital which in

1 is occupied by one electron. The tins can thus be considered

to be connected by a two-electrorbond and ar bond of order
0.5 to afford an overall, SASn bond order of 1.5 (cf. SrASn
single bond of 2.80 A in gray tirf). To further investigate the

ripz (1.29 g, 2.19 mmol) in benzene (20 mL) was added to finely divided
sodium (0.30 g, 13.05 mmol) in benzene (10 mL) at room temperature with
stirring. The reaction mixture was stirred for an additional 16 h at room
temperature and the resulting deep-red solution was filtered. The filtrate was
reduced to incipient crystallization (ca. 12 mL). The solution was stored in a
ca. 6°C refrigerator to yield red crystals (0.38 g, 23.3%), mp 22386 °C.
IH NMR (C¢Dg): 6 1.11°(d, 24Hp-CH(CHa),) 33y = 6.9 Hz, 1.29 (d, 48H,
0-CH(CH3)2) 3Jun = 6.9 Hz), 2.92 (sept, 4Hp-CH(CHy),) 3y = 6.9 Hz),
3.60 (sept, 8Hp-CH(CHg)y) 3y = 6.9 Hz), 6.93 (m, 6Hp-CsH3, overlap),
7.04 (s, 8HM-Trip). 13C NMR (CsD¢): 6 23.67 -CH(CHs)y), 24.17 p-CH-

bonding in such compounds, we are engaged in a program to(CH,),), 25.56 6-CH(CHs),), 30.810 6-CH(CHs),), 34.15 p-CH(CHb),),
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76.91(5), y = 61.23(47, triclinic, space groufPl, Z = 1, wR2 R1= 0.048
for 7345 ( > 20(1)) data. Fo3: a= 17.021(3) Ac = 29.173(5) A tetragonal,
space groupP4,2,2, Z = 4, wR, R1 = 0.048 for 4050 I( > 20(l)) data.
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Figure 1. Thermal ellipsoid plot (30%) o. H atoms are omitted for

clarity.

Figure 2. Thermal ellipsoid plot (30%) 08. H atoms are omitted for

clarity.

Table 1. Selected Bond Distances (A) and Angles (deg)

for 2 and3

2 3
Ge-Gé 2.3943(13) SASn 2.7763(9)
Ge—C(1) 2.065(3) SAC(1) 2.274(6)
Ge—Na 3.121(3) SAK 3.579(2)
3.074(3) 3.591(2)
Na- -C(18) 2.647(3) K--C(12) 3.138(6)
Na- -C(17) 2.831(3) K--C(11) 3.076(7)
Na- -C(13) 2.813(3) K- -C(10) 3.101(7)
Na- -C(7) 2.799(3) K--C(9) 3.126(6)
Na- -C(12) 2.650(3) K--C(8) 3.193(7)
Na- -C(11) 2.893(3) K- -C(7) 3.196(6)
Ge-Ge—C(1) 102.37(8) SaSn—C(1) 107.50(14)

the covalent radii of N& and Gé&) or the 2.975(3) A NaGe
distance in [Na(15-crown-5)][fMe;,GeMes]*® Within the -GHs-
2,6-Trip, ligand the Trip rings subtend an angle of ca? T®the
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C(7) and C(2)-C(13) vectors by 7.5 and £.2thereby giving
the appearance of being ‘bent back’ from the*Nans. In
addition, the Ge C(ipso) vector deviates by 626rom the plane

of the central ring. In the tin speci&sthe Sn-Sn distance,
2.7663(9) A, may be compared to the 2.8123(9) A found in the
monoreduced? and 2.768(13}3.639(1) A range in compounds
of formula (SnR)..12 The Sr-C bond length, 2.274(6) A, like
the Ge-C bond in2, is rather long. The KSn interactions,
3.579(2) and 3.591(2) A, are longer than the sum of the covalent
radii (3.36 A2 and longer than the KSn distance, 3.548(3)
A, in (375-PhMe}KSn{ CH,(t-Bu)} 3.4 Within the -GHs-2,6-Trip,
ligand there are angles of 80.0 and 88b&tween the planes of
the C(7) and C(13) rings and that of the central, C(1), ring. There
is also a bent-back angle of 8.@t the C(7) and C(13) rings and
the angle between the SI€(1) vector and the C(1) ring plane is
7.2.

The simplest view of the bonding & and 3 is identical to
that described for the radical anion [&Hs-2,6-Trip} 2]~ of 1,4
except that ther orbital is now doubly occupied. This bonding
picture is in agreement with that of the neutral'Aand SB®
dipnictenes with whicl2 and 3 are isoelectronié’ However,
the Ge-Ge and Sr-Sn bond lengths i2 and3 are ca. 0.1 A
longer than the AsAs and Sb-Sb double bond distancégé18
although the covalent radii of the pairs Ge/As and Sn/Sb are very
similar®1? The relatively longer and weaker bonds2rand 3
may be due to Coulombic repulsions between adjacent negative
charges. Support for this view comes from the fact that the Sn
Sn single bond distance in the dianionic compound [LigN}Z-
[SnPhy] s 2.905(3) A which is ca. 0.1 A longer than a normal
single bond. In addition, the StBn distance 18 is just slightly
shorter than that id. Apparently, the increased bond-order and
bond strengths just overcome the increased repulsion resulting
from the addition of the second electron. An unexpected feature
of the structural data fo2 and 3 is that the M-M—C angle is
wider for Sn than it is for Ge. This could be due to a number of
factors among which are catiemnion interactions or packing
effects. Oddly, the angle at antimony {8b(GHz-2,6-Trip)}»
is also wider (by ca. 9 than it is in the corresponding arsenic
species?

Data on a singly reduced analoguethe solvent-separated
ion pairs of2 and3, as well as neutral compounds related2to
and3 will be necessary to better understand their bonding. Efforts
to synthesize such compounds and the exploration of their
chemistry are in hand.
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