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Summary: The reaction of the Grignard compound
RMgBr, R = 2,4,6-iPrsCgH,, with GeCl,-(dioxane) and
SnCl; furnishes the stannagermene R,Ge=SnR; (4) with
a short Ge—Sn double bond length of 2.5065(5) A.
Treatment of 4 with dry oxygen at low temperature yields
a 3,4-germastannadioxetane with a stretched O—0 bond
length.

Since the isolation of the first distannene by Lappert
et al. more than 25 years ago,? the synthesis and
characterization of compounds with multiple bonds
between the heavier elements of group 14 have been
subjects of intensive research. Thus, not only have
molecules of the type 1 (Chart 1) containing homo-
nuclear double bonds between all elements of this group
been prepared,? but also just recently the first examples
of alkyne analogues 2 of germanium, tin, and lead were
described. While the short bond lengths and the rather
small trans-bent angles in the digermanium# and ditin®
compounds support the existence of multiple bonds, the
dilead compound must rather be considered as a diplum-
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bylene with a Pb—Pb single bond on the basis of
experimental findings and theoretical calculations.®
In contrast, stable molecules with heteronuclear
multiple bonds between the heavier elements of group
14 were unknown until recently, due to their ready
isomerization. For example, calculations on the parent
compound of the germasilenes, H,Si=GeH,, revealed
that the silylgermylene H3Si(H)Ge: is appreciably more
stable than the molecule with a heteronuclear double
bond.” Even so, Sekiguchi et al. were recently able to
isolate thermally stable germasilenes of the type 3.2 We
now report on the formation and structural character-
ization of the first rather stable stannagermene 4, which
is formed surprisingly simply by the reaction of (2,4,6-
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triisopropylphenyl)magnesium bromide with GeCl,-
(dioxane) and SnCl, at low temperature (Scheme 1).°

The 119Sn—NMR spectrum, showing a typical signal
for such compounds in the low-field region at 268 ppm,
provided the first indication for the existence of a double
bond. An X-ray crystallographic analysisl® of the red
crystals confirmed not only the structure of 4 but also
revealed some interesting features (Figure 1). With a
length of 2.5065 A the Ge—Sn double bond is about 0.12
A shorter than the average value for Ge—Sn single
bonds®? and, despite the bulky aryl groups, is even
shorter than the value of 2.555 A calculated for the
parent compound H,Ge=SnH,.13 As expected, the trans-
bent angle between the R,Sn plane and the Sn=Ge
vector of 43.3° is larger than the corresponding angle
of 30.2° at the germanium atom.

Compound 4 is relatively stable in the solid state. It
decomposes slowly in solution with formation of the
cyclotristannane 5 and the digermene 6,5 as detected
by their 'H NMR spectra and, in the case of 5, 11°Sn
NMR spectrum. Even after 4 weeks in toluene solution
4 can still be detected together with 5 and 6. Thus, 4
behaves differently from the stannagermene, in which
merely the triisopropylphenyl groups at germanium
have been replaced by mesityl groups. Although the
latter compound can be characterized by trapping
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Figure 1. Molecule of 4 in the crystal state (hydrogen
atoms omitted). Ellipsoids are drawn at 50% probability.
Selected bond lengths (A) and angles (deg): Ge—Sn =
2.5065(5), Ge—C(31) = 2.056(4), Ge—C(46) = 2.051(4), Sn—
C(1) = 2.150(4), Sn—C(16) = 2.158(4); C(1)—Sn—C(16) =
104.92(14), C(31)—Ge—C(46) = 108.13(17), C(1)—Sn—Ge =
111.50(11), C(16)—Sn—Ge = 120.90(11), C(31)—Ge—Sn =
123.49(12), C(46)—Ge—Sn = 117.45(10).

Figure 2. Molecule of 7 in the crystal state (hydrogen
atoms omitted). Ellipsoids are drawn at 50% probability.
Selected bond lengths (A): Ge—Sn = 2.6347(7), O(1)—0(2)
= 1.521(3).

reactions and its 1°Sn NMR signal at 360 ppm, it has
not yet been isolated.®

One of the most interesting reactions of compounds
of type 1 is their oxidation in air, which, in the case of
digermenes, leads to stable 3,4-digermadioxetanes.” We
thus addressed the question of whether compound 4
would react analogously, despite the greater Ge=Sn
bond length, or whether other reaction pathways would
dominate. Passage of dry air through a solution of 4 in
n-hexane at 0 °C gave the compound 7 in quantitative
yield (Scheme 2). This product was characterized by its
11950 NMR spectrum (6 128 ppm) and an X-ray crystal-
lographic analysis (Figure 2).18
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Scheme 2
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While the Ge—Sn bond length of 2.6347(7) A is in the
same range as other single bonds of this type,? the O—O
bond length of 1.521(3) A is markedly stretched. In
addition, the four-membered heterocyclic ring is ap-
preciably folded, as can be seen from the torsion angle
Ge—0—0-—Sn of 31.4°. Similar to compound 4, product

(18) Crystal data for 7: CgoHg,GeO,Sn, fw = 1036.62, monoclinic,
space group P2,/n, a = 12.465(3) A, b = 28.216(7) A, ¢ = 17.473(3) A,
f =104.43(2)°, Z = 4,V = 5951(2) A3, Deaicd = 1.157 g cm =3, T = 193-
(2) K, crystal size 0.55 x 0.26 x 0.16 mm3, Stoe-IPDS area detector,
structure solution by direct methods, refinement on F2 (20max = 52°),
10 904 unique reflections, R1 = 0.0350, wR2 = 0.0912 (all data), GOF
(F2) = 1.018. The Ge and Sn atoms are disordered and were refined
on two positions with an occupancy factor of 0.5 each.?
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7 is relatively stable in the solid state, whereas in
solution at room temperature the formation of subse-
guent products occurs. According to the 11°Sn NMR
signals at —92.4, —102.5, —111.7, and —122.1 ppm these
products are in the typical region of oligostannoxanes®*
and probably -germoxanes, which cannot be character-
ized by NMR data.
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