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1,3-Digermabicyclo[1.1.0]butane with an Inverted Bridge Ge-Ge 0 Bond
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1,3-Digermabicyclo[1.1.0]butane 2 was synthesized as
yellow crystals. The molecular structure, '*CNMR and UV-
vis spectra, and theoretical calculations have revealed that 2 is
a typical long bond isomer, similarly to the silicon congener 1.
Structural comparison between 1 and 2 is achieved.

Metallabicyclo[1.1.0]butanes of heavier group-14 elements
have received much attention because of their unique structural
characteristics.! Theoretical studies have shown that there are
two isomers in the metallabicyclobutanes, short-bond (SB) and
long-bond (LB) isomers, which differ primarily in the distance
between the bridgehead atoms. The LB isomer is expected to
have an inverted o bond resulting from an overlap between back
lobes of pertinent hybridized orbitals on the bridgehead atoms,
while the SB isomer a typical bent o bond, as shown in Chart 1.2
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Chart 1.

Recently, we have synthesized 1,3-disilabicyclobutane 1 as
the first LB isomer of the metallabicyclobutane having bridge-
head heavier group-14 elements.? In the present paper, we wish
to report the successful synthesis and molecular structure of the
first 1,3-digermabicyclo[1.1.0]butane 2 with the LB structure.
Although a number of related germanium-containing bicyclobu-
tane derivatives have been reported,“’5 2 constitutes the first LB
isomer among them.

Digermabicyclobutane 2 was synthesized by using a formal
double germa-Peterson reaction® of 1,1,2,2-tetrakis(z-butyldi-
methylsilyl)-1,2-dilithiodigermane (3) (265 mg, 0.252 mmol)
and 2-adamantanone (76mg, 0.51 mmol) in dry benzene
(10mL) at room temperature, similarly to the synthesis of 1
(eq 1).3 Recrystallization from diethyl ether gave analytically
pure 2 (236 mg, 0.366 mmol) as air-sensitive but thermally
stable orange crystals (mp 203.7-205.5°C) in 73% yield.” The
structure of 2 was determined by NMR and MS spectroscopy
and X-ray crystallography.
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Molecular structure of 2° is shown in Figure 1 and selected
structural parameters are summarized in Table 1. The bridge
Gel-Ge2 bond distance r [2.5827(3) A] is much longer than
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Figure 1. ORTEP drawings of 2. Thermal ellipsoids are shown
at the 50% probability level. Hydrogen atoms are omitted
for clarity. (a) Top view. (b) Side view. A part of carbons in
adamantylidene and r-butyldimethylsilyl moieties are omitted
for clarity.

Table 1. Comparison of selected structural parameters and
chemical shift of 2 with those of related compounds?®

.
\"\a J
RZC/\CRZ
Compound  r/A a/° B/° T/t 8¢ AEC
2 2.5827(3) 115.28(2) 142.26(9) 332.83(7) +1354 —
115.89(2) 333.88(6)

1° 2412(1) 118.76(2) 141.1(1) 33830(7) +98.3 —

SB-5  2.156 16533  117.28 3514 +11.4 +20.6
LB-5 2473 92.60 13759 306.31 +734 0.0
SB-5'¢  2.201 152.14  126.74  359.55 +50.8 +11.8
LB-5°¢ 2.448 106.93 14148 32482 +105.6 00
SB-6 2312 107.67  117.03  349.97 +24.7 +33.5
LB-6 2.643 90.02 13752 301.83 +111.7 0.0
LB-6’ 2.642 103.72  142.68 33569 +151.7 —

2Theoretical calculations of the model compounds were carried out
at the B3LYP/6-3114+G(d,p) level. "The sum of bond angles
around bridgehead atoms except for the angles containing the bridge
bond. “Chemical shift of the bridge carbon nuclei. The values for
the model compounds were calculated at the GIAO/B3LYP/
6-311G(2df,p)//B3LYP/6-3114+G(d,p) level. ¢Calculated relative
energy in kcal-mol~! with a zero-point energy. °Ref 3.

the Ge-Ge bonds of a known digermirane H,C[Ge(2,6-
Et,CeH3)olo (4) [2. 379(1) A]'® and Me;Ge-GePhs [2.419(1)
A] ! Bridgehead germanium atoms in 2 have an inverted-tetra-
hedral configuration as shown in Figure 1b. The bridgehead
germanium atoms in 2 are much more pyramidalized than the
bridgehead silicon atoms in 1. The sums of three bond angles
around Ge atoms (X¢), except for the angles containing bridge
bond, are 332.83(7)° for Gel and 333.88(6)° for Ge2, while
that for 1 was 338.30(7)°.3 The Gel-Ge2-Si2 and Sil-Gel—
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Figure 2. Frontier Kohn-Sham orbitals for LB-6’ at the
B3LYP/6-311++4G(d,p)//B3LYP/6-3114+G(d,p) level. (a)
HOMO. (b) LUMO.

Ge2 angles (o) are 115.28(2) and 115.89(2)°, respectively.
The four-membered ring of 2 is folded with an interflap angle
B between two Ge,C ring planes of 142.26(9)°. Four atoms,
Sil, Gel, Ge2, and Si2, in 2 are arranged to be almost planar
with the dihedral angle Sil-Gel-Ge2-Si2 of 2.99(3)°. These
structural characteristics of 2 in the solid state are quite similar
to those of 1, suggesting 2 is an LB isomer.

To disclose the structural details of 2, we carried out DFT
calculations for four model compounds, parent 1,3-digermabicy-
clobutane (6), 1,3-disilyl-2,2,4,4-tetramethyl-1,3-digermabicy-
clobutane (6'), and their silicon congeners 5 and 53 at the
B3LYP/6-3114+G(d,p) level (Chart 2).'2 The results are summa-
rized in Table 1.

Similarly to the parent 1,3-disilabicyclobutane 5, 1,3-diger-
mabicyclobutane 6 was found to show two local minima with the
structural characteristics of LB (LB-6) and SB (SB-6) isomers.
The energetic preference of LB-6 over SB-6 is much larger than
that of LB-5 over SB-5. LB-6 is 33.0kcal-mol~' more stable
than SB-6, while LB-5 is 20.6kcal-mol~! more stable than
SB-5.13 For 6/, only a long bond isomer (LB-6') having structural
parameters similar to LB-6 was found at the same level. The
structural parameters of 2 are in good accord with those of
LB-6'.

The frontier orbitals of LB-6’ are characterized by the high-
lying HOMO [0(Ge-Ge)] and low-lying LUMO [0 (Ge-Ge)]
resulting from an overlap between the back lobes on the
bridgehead germanium atoms as shown in Figure 2. Both the
o and o* orbital levels of LB-6' (—5.65 and —2.57eV) are
slightly lower in energy than those of LB-5' (—5.56 and
—2.41eV) and the 0—0* energy gap of LB-6' (3.08¢eV) is
slightly smaller than that of LB-5" (3.15eV).

Similarly to 1, 2 shows a clear absorption band at a visible
region; Ap./nm (€) in n-hexane, 440 nm (9800).'4 The band
assignable to the 0(Ge-Ge) — 0™(Ge—Ge) transition is slightly
red-shifted and more intense than the o(Si-Si) — o*(Si-Si)
transition band in 1 [420 nm (6500)].!7

The '3C chemical shift of the ring carbon in 2 (8¢ +135.4)
is close to that in LB-6’ (§c +151.7) being consistent with the
LB structure of 2 in solution. '8

In summary, 1,3-digermabicyclo[1.1.0]butane 2 is a
long bond isomer similarly to the silicon congener 1. The
HOMO-LUMO gap of 2 is slightly smaller than that of 1.
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