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Treatment of GeCl, - dioxane with the Grignard reagent
RMgBr (R = 2-tBu-4,5,6-Me3CgH) furnishes the tetraaryldi-
germene R,Ge=GeR, (8). X-ray structure-analysis of 8 re-
veals a short Ge=Ge double bond, a nearly planar environ-
ment of both germanium atoms and extremely widened
C-Ge—C angles of 128°. In solution, 8 dissociates into two

germylene molecules R,Ge: which can be irapped with oxy-
gen or by [4 + 1} cycloaddition reactions with 1,4-dihetero-
1,3-dienes. A similar cycloadduct of a stannylene was obtai-
ned by thermolysis of (R3Sn); (R’ = 2,4,6-iPr3CgH,), in the
presence of a 1,4-diazabutadiene and characterized by an X-
ray structure-analysis.

The double-bond system of alkenes is usually charac-
terized by a planar arrangement of the substituents. Twist-
ing of the C=C double bond can only occur in the presence
of very bulky groups. However, homonuclear double bonds
between the heavier homologues of carbon exhibit a differ-
ent behaviour and, in particular, digermenes and distan-
nenes show marked trans folding of the substituentst?,
Thus, [or example, zrans bent angles vy of 35 to 47° have
been calculated for H,Ge=GeH,, the parent compound of
the digermenes®~7), Such calculations are corroborated by
experiment: X-ray-crystallographic studies of the tetraalkyl-
and tetraaryldigermenes 1—3 have in each case revealed
some degree of trans pyramidalization where, in addition, a
slight twisting of the double bond by the angle t may also

occur in order to reduce the steric overcrowding (Scheme
[)i3-8-10],

Scheme |
RR'Ge—GeRR . GelGeC
Compound Ge=Ge [pm] ¥ [°] 1[°] C~Ge-C[] Ref.
1(R=R’=2,6-Et,C;H5) 22132) 12 10 11542) #
2[R=R’=CH(SiMey),]  23472) 32 0 1123502) B%
(2)-3 (R=12,4,6-Me;CcH,,
R =26-Pr,CiHy)  230.1() 36 7 109.92)

Very recently, Kira et al. reported the preparation of the
persilylated digermenes (R;Si),Ge=Ge(SiR3),, [R3Si =
iPr.MeSi (4), tBuMe,Si (5), iPr;Si (6)] and the structural
analyses of the compounds 4 and 6!**1, The observed, rather
small trans bent angles of 6.5 and 16.4° were assumed to

(1 Part 20: Ref.["],
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be due mainly to electronic effects and result in an almost
planar environment about the Ge=Ge double bond'!l,
2 GeCl; - dioxane + 4 RMgBr — R,Ge=GeR, + 2 MgCl, + 2 MgBr,

7 8 1
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R =2-tBu4,5,6-Me;CgH

We have now found that a similar planar arrangement of
the substituents about the Ge=Ge double bond is not only
realized with electropositive groups, but can also be
achieved in a tetraaryldigermene by judicious choice of the
ortho-alkyl groups. Thus, the reaction of the germanium(IT})
chloride - dioxane adduct with the Grignard reagent 7 re-
sulted in the formation of the digermene 8, which was iso-
lated in good yield in the form of orange-yellow, air-sensi-
tive crystals. An X-ray crystal-structure analysis of 8 re-
vealed some interesting features (Figure 1).

The steric influence of the bulky ortho-tert-butyl groups
does not lead to a stretching of the Ge=Ge double bond
as is the case in compounds 2 and 3. Instead, the system
responds to possible interactions between these groups by
a twisting of T = 20.4°. The short germanium-germanium
separation of 2252 pm is also surprising when one con-
siders that the analogously substituted distannene
R,SnSnR; exhibits a very large tin-tin separation, which 1s
appreciably larger than even a normal tin-tin single-bond
lengtht'?, Even more unusual are the completely planar en-
vironments of both germanium atoms, the two ipso-carbon
atoms and the respective other germanium atom being ex-
actly coplanar (angular sums in each case 360°).

On the other hand, the largest displacement parameters
Ux(Ge) = 84 pm? > 1/2(U}, + Uss) = 38 pm? can lead to
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Figure 1. ORTEP drawing of compound 8 (50% probability, hydro-
gen atoms omitted )
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f2l Selected bond lengths [pm] and angles [} Ge(1)—Ge(2)
225.21(8), Ge()—-C(1} 201.1(5), Ge(1)—C(14) 200.8(5),
Ge(2)—~Ci27) 201.2(5), Ge(2)—~C(40) 201.9(5); C(14)—Ge(1)-C(1)
128002),  C(1)-Ge(1)-Ge(2)  116.12),  C(14)-Ge(1)~Ge(2)
116.0(2), CQ27)—Ge(2)—C(40) 128.5(2), C(27)—Ge(2)—Ge(1)
115.0(2), C(40)—Ge(2)—Ge(l) 116.6(2).

an alternative anisotropic dislocation of both germanium
atoms from the ideal C,Ge=GeC, plane. By using G = [Ua;
— 12Uy, + uzz)]"? = 6.8 pm or JUs» = 9.2 pm one ob-
tains frans fold angles of 7.9 and 10.4°, respectively. The
anisotropic behaviour of the germanium atoms in the crys-
tal should be interpreted in terms of a orientation disorder
in which the dislocations of +/— and —/+ appear by an
equal frequency’®”.

Also surprising are the C—Ge—C bond angles of 128°,
which are considerably more widened than those in other
compounds investigated to date. This angle widening can-
not be attributed to steric effects since the even more over-
crowded compound R,Ge: with R = 2,4,6-1BusCgH, exhib-
its a C—Ge—C angle of only 108.0° and, furthermore, does
not form a digermene in the solid state!'’]. When we com-
pare compound 8 with, for example, (Z)-3, which bears sub-
stituents with similar steric requirements, it is clear that the
structure of (Z£)-3 closely approaches the theoretically pre-
dicted results, whereas the structural parameters of 8 are
closer to those of an alkene. Al present, we cannot provide
a satisfactory explanation for this phenomenon.

The behaviour of the digermenes in solution is just as
unpredictable as their structure in the solid state. While
tetraaryldigermenes retain their structural integrity in solu-
tion, compound 2 dissociales into two germylene mol-
eculest?. The situation with the persilylated compounds
4—6 is still uncertain, although some of their reactions are
indicative of retention of the Ge=Ge double bond in solu-
tiont1l,

The findings for the digermene 8 are also contradictory.
On the one hand, the position and intensity of the longest
wavelength absorption in the electronic spectrum corre-
spond with the bands observed in the spectra of other di-
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germenes, thus suggesting the existence of digermene units
in solution. On the other hand, the mass spectrum and
cryoscopic molecular-mass determinations suggest that 8
dissociates into two germylene molecules 9, both in the gas
phase and in solution. Attempts to confirm the existence of
cither 8 or 9 in solution by trapping rcactions with, for ex-
ample, 2,3-dimethylbutadiene or the heavier chalcogens sul-
fur, selenium and tellurium, have not yet provided any un-
ambiguous results. However, the reaction with oxygen was
successful and furnished the isolable 2,4-digerma-1,3-diox-
etane 11. 1,4-Dihetero-1,3-dienes also reacted with the ger-
mylene 9 to provide [4 + 1] cycloaddition products. For
example, in the case of benzil (10), compound 12 was ob-
tained.

The implication of the latter result, that the germylene 9
is the principal component in solution, is indirectly sup-
ported by analogous observations in silicon chemistry.
Thus, photolyses of hexa-rers-butylcyclotrisilane — con-
comilantly giving rise to both di-fert-butylsilylene and
tetra-terz-butyldisilene — in the presence of benzil or diaza-
butadienes, result in the exclusive formation of the highly
strained [4 + 2] cycloaddition products of the 1,4-dihetero-
1,3-dienes with the disilene, and not strain-free [4 + 1]
cycloadducts!™. Since the extremely stretched Si—Si bond
length in the [4 + 2] adduct and the Ge—Ge separation in
corresponding products formed from the digermene 8 and
the |,4-diheterodienes should be comparable, a [4 + 2} ad-
duct rather than a [4 + 1] adduct would also be expected if
the digermene 8 were to exist in solution.

In order to supplement the series of 1,4-diazabutadiene
cycloadducts, we also heated the diene 16 with the cyclotri-
stannane 13 which, upon photolysis or thermolysis, fur-
nishes predominantly the distannene 15 with only traces of
the stannylene 14I'>~'71. Compound 15, as confirmed by
1196n-NMR datal'” and trapping reactions!!¢~ 171 is the
only currently known distannene that remains its structural
integrity in solution. The reaction of 13 with 16 smoothly
furnished the [4 + 1] cycloaddition product 17, the struc-
ture of which was confirmed by analysis, spectra data and
X-ray crystallography (Figure 2).

R, /A _
AV gosn + RpSotsnR, — A8 Mgy nr
R,Sti——$nR, S IS{;
13 14 15 17

R =2,4,6-iPr;CgHy; R’ =2,6-Me,Cglls

Structural analysis of the adduct 17 reveals a planar five-
membered ring and no other features worthy of note, except
for a somewhat stretched Sn—N bond length of 207 pm and
an acute N—Sn—N angle of 84°. The preferential formation
of 17 over a [4 + 2] cycloaddition product from 15 and 16
is not surprising since the Sn—Sn bond is markedly longer
than the Si—Si or Ge—Ge bonds and would give rise to an
extremely distorted and thus unstable six-membered ring
system.

Financial support of our work by the Deutsche Forschungsge-
meinschaft and the Fonds der Chemischen Industrie is gratefully
acknowledged.
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Figure 2. Molecular structure of compound 17 in the crystal (hy-
drogen atoms omitted)

Experimental Section

All manipulations were performed under dry nitrogen and argon
by using Schlenk techniques. Solvents were purified, dried and dis-
tilled under argon. — 'H and '*C NMR: Bruker AM 300. — MS:
Varian MAT 212, — UV/Vis: ComSpec with fibre optics. — El-
emental analyses: Analytische Laboratorien, D-51779 Lindlar, Ger-
many.

Tetrakis( 2-tert-butyl-4,5,6-trimethyiphenyl ) digermene  (8) and
Bis(2-tert-butyl-4,3,6-trimethylphenyl ) germylene (9): To a stirred
solution of approx. 8.7 mmol of the Grignard compound 7 [pre-
pared from 2.23 g (8.74 mmol) of 1-bromo-2-ters-butyl-4,5,6-tri-
methylbenzene and 0.50 g (20.6 mmol) of magnesium turnings in
40 ml of THF] at —18°C, a solution of 1.0 g (4.3 mmol) of ger-
manium([I) chloride - dioxane in 20 ml of THF was added dropwise
over a period of 20 min. The mixture was then allowed to warm to
room temp., the solvent was rcmoved, and the residue was extracted
with 200 ml of toluene. The magnesium salts were filtered off, the
solution was concentrated to a volume of 70 ml, and cooled to
—18°C to furnish 1.33 g(73% yield) of yellow-orange crystals of 8,
m.p. 150°C. — Cs,H76Ge, (846.4): caled. C 73.79, H 9.05; found C
73.67, H 8.96. — Spectroscopic data for 9: H NMR (C¢Dyg, 25°C): 8
= 1.61 (s, 18H), 1.82 (s, 6H), 2.19 (s, 6H), 2.41 (s, 12H), 7.29 (s,
2H). — 3C NMR (C¢Dg, 25°C): & = 16.56, 21.20, 27.50, 32.87,
37.47, 133.33, 135.76, 141.93, 146.68, 150.80. — MS (CL,
isobutanc); m/z (%). 425 (100) [M*]. — UV/Vis: Ayay (8) = 440
nm (7500).

2,2,4,4-Tetrakis( 2-tert-butyl-4,5,6-trimethylpheny! )-2,4-digerma-
1,3-dioxetane (11): Dry oxygen was bubbled slowly through a solu-
tion of 0.32 g (0.176 mmol) of 9 in 25 ml of toluene at room temp.
until the orange solution became colourless (15 min). The reaction
mixture was stirred for 30 min and then concentrated to a volume
of 5 ml. The precipitated solid was recrystallized from a minimum
amount of n-hcxane to provide 0.25 g (37% yield) of colourless
crystals of 11, m.p. 224°C. — 'H NMR (C¢Ds, 25°C): & = 1.56 (s,
36H), 1.88 (s, 12H), 2.17 (s, 12H), 2.64 (s, 12H), 7.27 (s, 4H). —
13C NMR (C¢Dg, 25°C): & = 16.01, 21.33, 22.91, 33.56, 37.48,
134.25, 136.58, 142.11, 142.67, 151.65. — MS (CI, isobutane); m/z
(%0): 879 (3) [M™*], 439 (53) [M*/2]. — Cs,H5Ge>0, (878.35): caled.
C 71.12, H 8.72; found C 71.27, H 8.82.

2,2-Bis{ 2-tert-butyl-4,5,6-trimethviphenyl ) -4, 5-diphenyl-2-germa-
1,3-dioxacyclopent-4-ene (12): A solution of 0.37 g (0.87 mmol) of
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9 and 0.184 g (0.87 mmol) of 10 in 25 ml of toluene was stirred
for 1 h. The solvent was then removed in vacuo, the residue was
redissolved in 20 ml of n-hexane, and the resulting solution was
cooled to —20°C to yield 0.40 g (73% vield) of colourless crystals
of 12, m.p. 176°C. — 'H NMR (C¢D, 25°C): 8 = 1.62 (s, 18 H),
1.71 (s, 6 H), 2.04 (s, 6H), 2.24 (s, 6 H), 7.01-7.78 (m, 10H), 7.26
(s, 2H). — BC NMR (CDCls, 25°C): § = 15.59, 21.11, 23.88, 32.58,
36.66, 126.64, 127.36, 127.74, 127.85, 133.18, 135.20, 137.18,
137.91, 140.65, 152.45. — MS (Cl, isobutane); m/z (%): 635 (38)
[M*]. — CuuH43GeO, (633.41): caled. C 75.85, H 7.64; found C
75.68, H 7.76.

1,3-Bis(2,6-dimethylphenyl)-2,2-bis( 2,4,6-triisoporpylphenyl )-
1,3-diaza-2-stannacylopent-4-ene (17): A solution of 0.50 g (0.32
mmol) of 13 in 50 ml of toluene was heated to 60°C. At this temp.,
a solution of 0.25 g (0.95 mmol) of 16 in 20 m] of toluene was
added dropwise with stirring. After stirring for 2 h, the initial ruby-
red colour of the solution had changed to orange. The toluene was
distilled off in vacuo, the residue was dissolved in 50 ml of n-pen-
tane, and the solution was filtered. Cooling of the filtrate to —18°C
firstly yielded unreacted 15, which was filtered off. the remaining
solution was concentrated to a volume of 20 ml and again cooled
to —18°C to afford crystals of 17. For further purification the crys-
tals were recrystallized twice from a minimum amount of »#-pentane
to provide 0.24 g (32% yield) of red, rectungular crystals of 17,
m.p. 108°C. — "H NMR (C¢Ds, 25°C): & = 0.98 (d, 24H, *Jyq =
6.5 Hz), 1.09 (d, 12H, *Jyy = 6.7 Hz), 2.41 (s, 12H), 2.65 (sept,
2 H), 2.99 (sept, 4H), 5.84 (s, 2H), 3Jy nmng, = 33 Hz), 6.92 (m,
6H), 7.01 (s, 4H, *Jyy 1ns, = 14 Hz). — 3C NMR (C¢D, 25°C):
& = 21.14, 23.95, 25.09, 34.45, 38.91 (*ucumisg, = 71 Hz), 121.16,
151.07, 153.89. — MS (field desorption); m/z (%) 790 (100) [M™].
— CuHggN2Sn (789.3): caled. C 73.00, H 8.42, N 3.50; found C
72.94, H 8.35, N 3.57.

X-ray Structural Analyses of Compounds 8 - 2 C¢Hgand 17: Single
crystals were grown from saturated solutions in benzene (8) or n-
pentane (17). The structures were solved by direct-phase determi-
nation using the SHELXS program system and refined by full-ma-
trix least-squares techniques against F? with the SHELX 93 pro-
gram system[!¥l, Hydrogen atoms were placed in calculated posi-

Table 1. Crystallographic data of compounds 8 and 17

82 CgHy 17
formula Cg4HggGe, C43HgsN,Sn
mol. mass 1002.52 798.72
cryst. size [mm] 0.87x057x0.53 0.61 x0.42x0.19
cryst. system monoclinic monoclinic
space group P2/n P2/e
a [pm] 1806.04(11) 1023.80(10)
b [pm} 1738.4(2) 2399.5(3)
¢ [pm] 1820.07(11) 1806.0(2)
Bl 91.055(8) 90.71(2)
¥ [x 10° pm’) 5713.3(7) 4436.3(9)
z 4 4
dgieq. g oM} 1.166 1.182
diffractometer Siemens STOE AED 2
radiation (graphite- Mo-K, Mo-K,,
monochromated) {pm] 71.073 71.073
T|K] 296(2) 296(2)
4 [mm ] 1.089 0.608
scan method w28 (]
26 (max) [°] 48 48
total no. of reflections 9527 7381
no. of unique reflections 8952 6950
no. of observed reflections 6726 4386
data-to-parameter ratio 17.32 19.03
R[I>2a(D)} 0.076 0.063
wR2 (all data) 0.207 0.186
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tions, and all other atoms were refined anisotropically. The benzene
molecules of 8 - 2 C¢Hy are disordered and were refined on two
positions with an occupancy factor of 0.5 for each. One of the
2,4,6-iPr;CgH; and the 2,6-Me,CsHjs groups, respectively, of 17 are
disordered and were refined on two positions with occupancy fac-
tors of 0.5. Crystal data and numerical data of the structure deter-
minations are given in Table 119,

* Dedicated to Professor Hans Biirger on the occasion of his
60th birthday.
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