both the 3'-5'-coupled pyrophosphate 3f and the 5—5-cou-
pled 4 are rapidly formed in the template-independent reac-
tion with 1f (cf. b).

The results described here offer evidence that chemical
self-replication is possible even in model systems in which
oligonucleotides with 3'-5' pyrophosphate bonds are synthe-
sized. Oligonucleotides with pyrophosphate backbones are
increasingly being discussed as possible prebiotic “informa-
tion molecules”; their template properties in nonenzymatic
oligomerizations have been described recently.l'® Further
investigations into sequence dependence will presumably
show to what extent the selection values of self-replicating
molecules can be understood in terms of thermodynamically
and kinetically controlled selectivities in the synthesis of al-
ternative sequences. Such studies might afford insight into
the question whether a self-constitution!* ! of sequential in-
formation must be considered in the later phases of chemical
evolution.
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A Base-Stabilized Ge-S Double Bond
By Michael Veith,* Sabine Becker, and Volker Huch

Elements of higher periods (principle quantum number
n > 3) apparently undergo multiple bonding with oxygen or
sulfur when the d-orbitals can participate in the stabilization
of the system or when resonance structures can be invoked in
which the element in question carries a positive charge and

[*] Prof. Dr. M. Veith, Dipl.-Chem. S. Becker, Dr. V. Huch
Institut fir Anorganische Chemie der Universitit
D-6600 Saarbriicken 11 (FRG)
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the chalcogen atom a negative charge. This type of bonding
is particularly common in the case of phosphorus where it is
generally described in terms of the resonance structures la
and Ib.!'! Recently, silicon-containing intermediates have al-
s0 been characterized to which a structure analogous to that
of the phosphorus compounds can be ascribed (Scheme 1).[21

o .
>P=X <«— =P-X°
Ia Ib
SEI=X <> SEI-X®

B~ B~

HES IIb
Scheme 1. X = O,S; El = Si, Ge; B = base.

We posed ourselves the question of just how far the “base-
stabilization concept” can be extended to the homologous
element germanium. All attempts to isolate compounds with
“unprotected” Ge-O and Ge-S double bonds have previ-
ously failed, even with sterically demanding ligands on the
germanium.®~3 We wanted to achieve intramolecular addi-
tion of a base at germanium and therefore used polycyclic
lithium silylamide 1 (Li bridges),!®! which apart from con-
taining two amide nitrogen atoms also contains two amine
nitrogen atoms capable of coordination.

tBu Li Li (Bu

\/ Bu \/
N [ N
|./N\|' + GeCl,-C,HO, —
L Sl\
s
Me ITI Me
tBu
.. (a)
1
tBu Ge _ tBu

. . + 2 LiCl + C,H,,O
Si Si 4 sm2
e’ ?f Me
tBu tBu

2

1 reacts with the dioxane adduct of germanium(ir) chloride
to give the bis(amino)germanediyl 2 in high yields [Eq. (a)],
which has been characterized by elemental analysis, molecu-
lar weight determination and 'H NMR spectroscopy.l’! 2
can be easily converted with oxygen or sulfur into the oxida-
tion products 3 and 4, respectively [Eq. (b)].

Xe
|
+1/20, tBu /G@e ~ _ _1Bu
N N
2 s, tn | | (b}
s Sinew Si
Me” SRR “Me
/ \
tBu tBu
n
3, X=0,n=2
4 X=8 n=1

The 'H NMR spectra of 3 and 4 are identical at room
temperature (in each case three resonance signals are ob-
served for the tert-butyl groups,!” indicating intramolecular
chelation by one of the N-atoms of the N,Si, group in solu-
tion, whereas the spectrum of 4, in contrast to that of 3,
becomes simpler on increasing the temperature (coalescence
of two tert-buty! signals). Apparently, in the case of 4 the
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N-Ge donor bond then rapidly opens and closes on the
NMR time scale (competition between the N-atoms in the
N,Si, ring). The compounds also differ greatly in their solu-
bility: 3 precipitates as main product from the solution of 2
upon the introduction of oxygen, whereas 4 is readily solu-
ble. X-Ray crystal structure analyses of 3 and 4 confirm that
3is present as a dimer, whereas 4 is surprisingly, monomeric,
i.e. contains a singly coordinated sulfur atom (in the crys-
talline state 4 still contains 1/2 molecule of benzene per for-
mula unit).

The structures of the oxidation products 3 and 4 are
shown alongside each other in Figure 1. The germanium

Fig. 1. The molecular structures of 3 (top) and 4 (bottom) (the carbon atoms
are not labelled) [8]. Some important bond lengths [A] and bond angles [°]: 3:
Ge-0O 1.809(4), Ge-O" 1.825(4), Ge-N1 2.370(5), Ge-N2 1.880(5), Ge-N3
1.887(5), Si-N 1.744(9) (mean); N1-Ge-O 90.5(2), N1-Ge-O’" 175.3(2), N2-
Ge-O' 108.1(2), N3-Ge-0’ 109.9(2), N2-Ge-O 119.9(2), N3-Ge-O 119.3(2),
N2-Ge-N3 110.7(2), O-Ge-O’ 84.8(2), Ge-0-Ge’ 95.1(2). - 4: Ge-S 2.063(3),
Ge-N3 2.050(6), Ge-N2 1.882(6), Ge-N4 1.886(6), Si-N(1,2,4) 1.721(8)
(mean), Si(1,2)-N3 1.831(5) (mean); N2-Ge-S 121.4(2), N4-Ge-S 123.0(2),
N2-Ge-N4 110.6(3), S-Ge-N3 128.9(2), N2-Ge-N3 79.8(2), N4-Ge-N3
79.5(2).

atoms in 3 are coordinated almost trigonal-bipyramidaily by
two oxygen atoms and three nitrogen atoms, whereby the
longer bonds are, as expected, the axial bonds in each case
{to N1 and O’ and N1’ and O, respectively). The polycycle,
with crystallographic point group I(C,), contains two sec-
onorcubane units (N,Si,Ge), which are coupled to each oth-
er via a Ge,0, four-membered ring.

In 4 the germanium atom is only four coordinate. The
coordination can be described as distorted tetrahedral, or
better still as trigonal-planar (N2, S, N4) with an additional
bond (Ge-N3), since the sum of the angles at the germanium
atom for the bonds to N2,S and N4 deviates only 5° from the
ideal value of 360°. Especially striking is the difference in
length (0.17 A) between the Ge-N3 bond and the other,
shorter Ge-N bonds. The Ge-S distance of 2.063(3) A is so
far the shortest germanium-sulfur distance and is about
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0.2 A shorter than the value for a Ge-S single bond.”® In the
thiogermanate ion Ge,St$, which has an adamantane-like
structure, the terminal Ge-S distances are 2.12(1) A% and
are thus 0.06 A longer than in 4. According to calculations
on H,Ge = S the pn—pn Ge-S double bond should be 2.02 A
in length.

Accordingly, all structural data suggest that the bonding
model IX can also be applied to 4. Compound 4 is therefore
the first isolable compound with a base-stabilized double
bond between sulfur and a tetravalent element of a higher
period. Molecules with intramolecular base-stabilized Si-S
and Ge-S bond, respectively, have recently been obtained
via an entirely different route.!'?! Of interest in the impor-
tance of the resonance structures IIa and IIb for the descrip-
tion of 4 is that a molecule isoelectronic to 4 with Ga and Cl
instead of Ge and S existsi*3! (see also the corresponding
methylgallium derivative).[*4!

Experimental

2: A solution of the dilithium compound 1 (385 mg, 1 mmol) in benzene was
added dropwise within 30 min to a slurry of the dioxane adduct of german-
ium(u) chloride (232 mg, 1 mmol) in benzene (5 mL)!®!, After 12 hours the
precipitate was filtered off, the solvent removed from the filtrate by distilla-
tion, and the resulting residue sublimed at 80°C/10~ 3 torr; this furnished
363.3 mg (82 %) of colorless, crystalline 2.

3,4: A solution of 181.1 mg (0.41 mmol) of 2in 2 mL of toluene was treated with
a stream of oxygen diluted with nitrogen, or with 13.1 mg (0.41 mmol) of sulfur.
3 precipitated as a colorless powder, which was recrystallized from benzene; 4
could first be isolated after evaporation of the solution to dryness. Yields
112.9 mg (60%) 3; 190.6 mg (98 %) 4.
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