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The reaction of 1,2-bis[(2,6-diisopropylphenyl)imino]ace-
naphthene (dpp-bian, 1) with 1 equiv. of nBuLi in diethyl ether
or with 2 equiv. of nBuLi in hexane produces [{dpp-bian-
(nBu)}Li(Et2O)] (3) and [{dpp-bian(nBu)Li}nBuLi]2 (4), respec-
tively. Complexes 3 and 4 are formed by the transfer of an
nBu anion to one of the imine carbon atoms of the dpp-bian
ligand. Treatment of 3 and 4 with H2O affords the C-alkyl-
ated N-protonated amino-imino compound dpp-bian(H)-
(nBu) (5). The reaction of 3 with GeCl2(dioxane) affords the

Introduction

In many respects, progress in organometallic and coordi-
nation chemistry is determined by the type of organic li-
gands used for the preparation of these metal complexes.
The use of a new ligand system usually leads to complexes
with more or less novel chemical properties. During the last
decade, acenaphthene-1,2-diimines (bian) have become
widely used as ligands in coordination chemistry. Diimine
transition metal complexes serve as catalysts in alkyne hy-
drogenation,[1] C–C bond formation,[2] cycloisomeriza-
tion,[3] hydrosilylation,[4] polymerization of alkenes[5] and
acrylic monomers,[6] as well as in the copolymerization of
CO2

[7] and CH2=CH2
[8] with methylenecyclopropene, of

ethylene with norbornene,[9] and of CO with styrene.[10]

Thus, acenaphthene-1,2-dimine late transition metal com-
plexes, the so-called Brookhart catalysts,[11] are some of the
most effective catalysts for olefin polymerization known un-
til now. The π-acceptor capability of the acenaphthene-1,2-
dimine ligand causes an electron deficiency at the respective
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three-coordinate germylene complex [{dpp-bian(nBu)}GeCl]
(6). The molecular structures of 3–6 were determined by sin-
gle-crystal X-ray structure analysis. The lack of symmetry in
the alkylated bian system in 3–6 causes the non-equivalence
of all protons except those of the CH3 groups of the iPr sub-
stituents.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2006)

metal center that makes these complexes highly reactive
towards organic substrates.

Recently, we have demonstrated for the first time that
main group metals also readily form stable bian complexes.
The most widely used ligand in this field is 1,2-bis[(2,6-di-
isopropylphenyl)imino]acenaphthene (dpp-bian, 1). One of
the remarkable features of the dpp-bian ligand in its main
group metal complexes is its ability to adopt variable oxi-
dation states. The reduction of dpp-bian with alkali metals
in diethyl ether affords the mono-, di-, tri- and tetra-anions
of the ligand, i.e. [(dpp-bian)Mn(Et2O)m] (M = Li, Na; n =
1–4),[12] whereas with alkaline-earth metals the reduction
of dpp-bian provides only dianions, forming the complexes
[(dpp-bian)M(THF)n] (M = Mg, Ca; n = 2–4).[13] De-
pending on the reaction medium, the reduction of dpp-bian
with aluminum in the presence of its halides gives the com-
plexes [(dpp-bian)AlCl2], [(dpp-bian)AlI(Et2O)], and [(dpp-
bian)AlCl(Et2O)].[14] Alkylaluminum complexes with dpp-
bian as a radical-anionic as well as a dianionic ligand are
obtained by treating (dpp-bian)Na with R2AlX (R = Me,
Et, iBu; X = Cl, Br).[15] Similarly, the metal-exchange reac-
tions of (dpp-bian)Na2 or (dpp-bian)Na with GeCl2 give the
germanium() derivatives [(dpp-bian)Ge][16] and [(dpp-bian)-
GeCl],[17] respectively. The variability of the oxidation state
of the dpp-bian ligand is impressively demonstrated by the
decomposition of [(dpp-bian)Mg(iPr)(Et2O)], which occurs
with elimination of iPr radicals and simultaneous reduction
of the dpp-bian radical anion to the dianion.[18] The oppo-
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site process, namely oxidation of the dpp-bian dianion to
the radical anion, is observed in the reactions of [(dpp-bian)-
Mg(THF)3] (2) with organic substances such as aromatic
ketones.[19] The course of the reactions of 2 with ethyl ha-
lides further demonstrates the non-innocence of the dpp-
bian ligand in its metal complexes. They proceed by single-
electron transfer from the dianionic dpp-bian ligand to EtX
to yield an ethyl radical, which, in turn, attacks the ligand,
which is now a radical anion, at one of the imino carbon
atoms to give [(dpp-bian)(Et)MgX(THF)n].[20] Acidic sub-
stances such as aliphatic ketones, terminal alkynes, and ni-
triles add to complex 2 with protonation of one of the li-
gand nitrogen atoms to produce complexes with unsymmet-
rical amido–imino dpp-bian ligands.[21] The different modes
of the dpp-bian ligand (A: neutral; B: radical-anion; C: di-
anion) in the reactions of 2 with organic substrates, as well
as the resulting modifications of the dpp-bian ligand (D:
amino/imine and E: amido/amine), are shown below.

In this paper, we report on the alkylation of dpp-bian
with nBuLi to provide the ligand system D and its subse-
quent reaction with GeCl2.

Results and Discussion

Alkylation of dpp-bian with nBuLi

Addition of 1 equiv. of nBuLi to a suspension of dpp-
bian in diethyl ether caused immediate dissolution of dpp-
bian and a change in the color of the reaction mixture from
yellow to blue. Crystallization of the foamy residue, remain-
ing after removal of the solvents, from hexane afforded
[dpp-bian(nBu)]Li(Et2O) (3) in the form of blue, crystalline
plates in 44% yield (Scheme 1).
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Scheme 1.

The reaction of equivalent amounts of dpp-bian and
nBuLi also proceeded easily in hexane but produced yellow
instead of blue crystals, the characterization of which by 1H
NMR spectroscopy in C6D6 is seriously hindered by mul-
tiple overlaps of the numerous signals. However, [D10]Et2O
solutions of both the blue and the yellow crystals give iden-
tical 1H NMR spectra.

Addition of a twofold molar amount of nBuLi to a sus-
pension of dpp-bian in hexane caused immediate precipi-
tation of [{dpp-bian(nBu)Li}nBuLi]2 (4) as red crystals in
81% yield (Scheme 2).

Scheme 2.

Hydrolysis of 3 and 4 resulted in the formation of the
yellow, crystalline amino-imine [dpp-bian(H)(nBu)] (5;
Scheme 3).

Scheme 3.

The anionic amido–imino ligand [dpp-bian(nBu)]– of the
lithium complex 3 can be transferred to other metal ions
such as Ge2+. Thus, the reaction of equimolar amounts of
3 and GeCl2(dioxane) in Et2O afforded almost quantitative
yields of red, crystalline [{dpp-bian(nBu)}GeCl] (6), which
contains three-coordinate GeII (Scheme 4).

Scheme 4.
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Molecular Structures of Compounds 3–6

The molecular structures of 3–6 were determined by sin-
gle-crystal X-ray analysis and are presented in the figures.
Selected bond lengths and angles for 4–6 are presented in
Tables 1 and 2, respectively. The low quality of the X-ray
data obtained for 3 (R1 = 0.1231) does not allow detailed
information of bond lengths and angles. However, the X-
ray structure of 3 (Figure 1) is good enough to indicate
clearly that the reaction of nBuLi with dpp-bian (1:1 molar
ratio) occurs with the transfer of the butyl group to the
imino carbon atom C(2) of the dpp-bian ligand, thus mak-
ing this carbon atom a chiral center.

Table 1. Selected bond lengths [Å] for 4–6. Ma = Li(2) for com-
pound 4 and Ge for compound 6.

Compound 4 5 6

C(1)–N(1) 1.285(3) 1.274(3) 1.286(3)
C(2)–N(2) 1.485(3) 1.497(3) 1.468(3)
C(1)–C(2) 1.561(3) 1.542(3) 1.533(3)
C(2)–C(37) 1.561(4) 1.535(3) 1.558(3)
Li(1)–N(2) 2.071(5)
Ma–N(1) 2.007(5) 2.1182(19)
Ma–N(2) 1.978(5) 1.8723(19)
Li(1a)–C(41) 2.265(6)
Li(1)–C(41) 2.321(6)
Ma–C(41) 2.087(6)
Ma–Li(1) 2.307(6)
Li(1)–Li(1a) 2.562(10)
Ma–Cl 2.3500(7)

Table 2. Selected bond angles [°] for 4, 5 and 6. Ma = Li(2) for
compound 4 and Ge for compound 6.

Compound 4 5 6

N(1)–C(1)–C(2) 120.2(2) 119.6(2) 117.7(2)
N(2)–C(2)–C(1) 112.5(2) 103.41(17) 105.22(18)
N(2)–C(2)–C(37) 108.75(19) 112.66(18) 111.90(19)
C(1)–C(2)–C(37) 106.2(2) 112.19(18) 110.28(18)
C(1)–N(1)–Ma 102.1(2)
C(2)–N(2)–Ma 101.9(2)
C(2)–N(2)–Li(1) 130.9(2)
N(2)–Li(1)–C(41a) 129.2(3)
N(2)–Ma–N(1) 93.5(2) 81.46(8)
N(2)–Ma–C(41) 111.2(2)
N(1)–Ma–C(41) 153.0(3)
N(1)–Ma–Cl(1) 93.06(5)
N(2)–Ma–Cl(1) 102.68(6)

In the solid state, compound 4 (Figure 2) is the centro-
symmetric dimer of the 1:1 adduct of solvent-free 3 with
nBuLi. This dimer is formed by interaction of all four lith-
ium atoms with the two µ3-bridging nBu(Li) carbanions.
Within the monomeric units, the bonding modes of the two
lithium atoms relative to the [dpp-bian(nBu)]– anion are dif-
ferent. Li(2) is connected with both N(1) and N(2) of the
amido[N(2)]–imino[N(1)] ligand, while Li(1) is linked only
to N(2). The amido–imino character of the alkylated dpp-
bian ligand is manifested by the bond length within the
N(1)–C(1)–C(2)–N(2) fragment. The length of the C(1)–
N(1) bond [1.285(3) Å] is close to that of the C=N double
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Figure 1. Molecular structure of 3. Hydrogen atoms are omitted
for clarity. Thermal ellipsoids are drawn at 30% probability.

bond in free dpp-bian [1.282(4) Å],[22] whereas the C(2)–
N(2) distance [1.485(3) Å] corresponds well with the
average value of carbon–nitrogen single bonds. In spite of
the different functionality of the nitrogen atoms in the [dpp-
bian(nBu)]– anion, the N(1)–Li(2) and N(2)–Li(2) distances
are very similar [2.007(5) and 1.978(5) Å, respectively]. The
distance of the Li(1) atom to the amido atom N(2) is
2.071(5) Å. Both n-butyl carbanions act as µ3-bridges be-
tween Li(2) and the symmetry-equivalent Li(1) and Li(1a)
atoms (symmetry operation: –x, –y, –z). The same bridging
mode of n-butyl anions has been observed in [{(nBuLi)4-
(TMEDA)}�],[23] which exhibits a TMEDA-linked
tetrameric cubane structure. The distances C(41)–Li(1)
[2.321(6) Å] and C(41)–Li(1a) [2.265(6) Å], which are
in the range of the Li–C distances in [{(nBuLi)4-
(TMEDA)}�], are significantly longer than the C(41)–Li(2)
distance [2.087(6) Å].

The molecular structure of the metal-free amino-imine
compound 5 (Figure 3) shows C–N distances that differ sig-
nificantly, thus indicating an N(1)–C(1) double bond
[1.274(3) Å] and an N(2)–C(2) single bond [1.497(3) Å]. The
sum of the bond angles at N(2) (340°) points to a more
tetrahedral (327°) than trigonal-planar (360°) arrangement.

The molecular structure of 6 (Figure 4) corresponds to a
monomeric three-coordinate germylene. Because of the
three different groups (chloride ion, amido- and imino-ni-
trogen atoms) bonded to the germanium atom and its lone
electron-pair, the germanium atom is a chiral center. Taking
into account that the C(2) atom in 6 is also chiral, one may
expect the existence of two diastereomeric pairs of mole-
cules, whereas in fact only one diastereomeric pair is pres-
ent in the unit cell. In these two diastereomeric molecules
the nBu group and the chlorine atom are positioned at the
same side of the plane formed by the metallacycle Ge–
N(1)–C(1)–C(2)–N(2). Again, the difference between the
amido and the imino functionality of the ligand is evident
from the C–N distances [N(1)–C(1) = 1.286(3) and N(2)–
C(2) = 1.468(3) Å]. However, in contrast to compound 4,
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Figure 2. Molecular structure of 4. Hydrogen atoms are omitted for clarity. Thermal ellipsoids are drawn at 30% probability.

Figure 3. Molecular structure of 5. Hydrogen atoms are omitted
for clarity. Thermal ellipsoids are drawn at 30% probability.

there is also a pronounced difference in the length of the
Ge–N(amido) bond [Ge–N(2) = 1.872(1) Å] and the Ge–
N(imino) bond [Ge–N(1) = 2.118(1) Å]. The Ge–N(amido)
distance compares well with the two Ge–N(amido)
bonds in the germylene [(dpp-bian)Ge] [1.896(3) and
1.885(3) Å].[16] The Ge–Cl distance [2.3500(7) Å] is notice-
ably longer than the corresponding distance in the three-
coordinate GeII compound [(dpp-bian)GeCl] [2.2693(8) Å],
which contains dpp-bian as a radical-anionic ligand.[17a]

The sum of the bond angles (277.2°) at the germanium
atom [81.46(8), 93.06(5), 102.68(6)°] is almost the same as
in [(dpp-bian)GeCl] (276.8°).[17a]
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Figure 4. Molecular structure of 6. Hydrogen atoms are omitted
for clarity. Thermal ellipsoids are drawn at 30% probability.

NMR Spectroscopy of 3–6

The addition of nBuLi to one of the C=N bonds of dpp-
bian results in the formation of an asymmetric amido–
imino structure, which, in turn, causes the inequivalence of
all aromatic protons as well as of all methine protons of the
isopropyl substituents (Figure 5).

The 1H NMR spectrum of a solution of the blue crystals
of 3 in C6D6 contains twelve signals for the aromatic pro-
tons, ranging from δ = 7.48 to 6.53 ppm, and four signals
for the methine protons at δ = 5.12, 3.44, 3.33, and
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Figure 5. 1H NMR spectrum of 3 divided into two sections (C6D6,
400 MHz, 20 °C). The aromatic region is not shown.

3.23 ppm (Figure 5a). Due to the restricted rotation around
the N–C(ipso-Ph) bonds, all eight methyl groups become
unequal and appear as eight doublets in the range from δ
= 1.75 to 0.09 ppm (Figure 5b). The presence of the chiral
carbon atom C(2) next to the methylene protons of the nBu
group causes the inequivalence of the α-CH2(nBu) protons
and the appearance of two triplets of doublets at δ = 2.67
and 2.33 ppm. The CH3(nBu) group gives rise to a triplet
at δ = 0.72 ppm, whereas the β- and γ-CH2(nBu) protons
appear as multiplets at δ = 1.23 and 0.68 ppm. The signals
of the coordinated Et2O molecule are centered at δ = 3.00
(q) and 0.83 (t) ppm. Dissolution of 3 in [D10]Et2O does
not cause significant changes in the 1H NMR spectrum.
Thus, the four signals of the methine protons appear as sep-
tets at δ = 4.84, 3.35, 3.23 and 2.96 ppm, the nonequivalent
α-CH2(nBu) protons give rise to two triplets of doublets at
δ = 2.40 and 2.12 ppm, and the eight doublet signals for
the unequal methyl groups are found between δ = 1.40 and
–0.30 ppm.

The 1H NMR spectrum of 4 recorded in C6D6 (red solu-
tion) reveals only broadened signals, which could not be
assigned. However, a simple 1H NMR spectrum (Figure 6)
was obtained from a solution of compound 4 in [D10]Et2O
(blue solution) in which the positions of all signals of the
amido–imino ligand are identical with those of the 1H
NMR spectrum of solutions of compound 3 in [D10]Et2O.

Unexpectedly, the 1H NMR spectrum of compound 5 in
[D8]THF (Figure 7) shows signals for only eight of the
twelve aromatic protons, and of the total of four methine
protons belonging to the isopropyl substituents only two
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Figure 6. 1H NMR spectrum of 4 divided into two sections ([D10]-
Et2O, 400 MHz, 20 °C). The aromatic region is not shown.

give distinguishable signals which are superimposed upon
each other and centered at δ = 3.08 and 3.01 ppm (Fig-
ure 7). Also, only four of the eight doublet signals expected
for the CH3(iPr) protons can be located. However, it should
be noted that in the aromatic and aliphatic regions in which
the missing signals would be expected, a visible raising of
the baseline is observed. We attribute this to a significant
broadening of those signals due to a slow (on the NMR
timescale) dynamic process within the molecules of 5 in
solution and suggest an umbrella-like inversion at the
amino nitrogen atom N(2). Such a process affects all the
protons of the 2,6-iPr2Ph ring bonded to N(2) and leads to
a broadening of the 1H resonances of this substituent. In
contrast, the signal of the proton connected directly to N(2)

Figure 7. 1H NMR spectrum of 5 ([D8]THF, 200 MHz, 20 °C). The
aromatic region is not shown.
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appears as a sharp singlet at δ = 3.91 ppm. The α-CH2(nBu)
protons give rise to two triplets of doublets at δ = 2.56 and
2.38 ppm and the CH3(nBu) signal appears as a triplet at δ
= 0.66 ppm.

The 1H NMR spectrum of compound 6 in [D8]THF
shows analogous signal sets to the 1H NMR spectrum of
compound 3 recorded in [D10]Et2O, which differ only with
respect to the chemical shifts of the signals. Nevertheless,
the spectrum has one noticeable feature. In the 1H NMR
spectrum of 6, the α-CH2(nBu) protons appear at δ = 3.90
and 2.41 (2 td) ppm, thus displaying a much larger dia-
stereotopic splitting constant (1.49 Hz) than those observed
in the spectra of 3 (0.28 Hz in Et2O), 4 (0.28 Hz in Et2O),
and 5 (0.18 Hz in THF). We believe that the high value of
the splitting constant of 6 is caused by the chirality at the
germanium atom.

Conclusions

We have been able to demonstrate that the addition of
nBuLi to one C=N bond of dpp-bian produces a new,
asymmetrically chelating amido–imino ligand system which
is expected to be useful for the preparation of new metal-
based reagents for organic synthesis.

Experimental Section

General Remarks: All manipulations were carried out under nitro-
gen using standard Schlenk techniques. Hexane, diethyl ether, and
benzene were dried by distillation from sodium/benzophenone.
nBuLi (2.5  in hexane) was purchased from ACROS. The deuter-
ated solvents [D8]THF (Aldrich), C6D6 (Aldrich), and [D10]Et2O
(Euriso-top) used for NMR experiments were dried with sodium/
benzophenone at ambient temperature and, just prior to use, were
condensed under vacuum into the NMR tubes already containing
the respective compound. Melting points were measured in sealed
capillaries. IR spectra were recorded with an FTIR FSM-1201
spectrometer (Monitoring Ltd.), and 1H NMR spectra were ob-
tained with Bruker DPX-200 and Bruker DRX-400 NMR spec-
trometers.

[{dpp-bian(nBu)}Li(Et2O)] (3): Addition of 0.8 mL of nBuLi (2.5 

in hexane; 2.0 mmol) to a stirred suspension of dpp-bian (1.0 g,
2.0 mmol) in Et2O (20 mL) at room temperature caused immediate
dissolution of dpp-bian and formation of a clear blue-green solu-
tion. The foamy residue left after evaporation of the solvent was
recrystallized from hexane. The thin blue plates of compound 3
formed within 20 h were collected by decantation of the mother
liquor. Yield: 0.56 g (44%); m.p. � 120 °C (dec.). C44H59LiN2O
(638.91): calcd. C 82.72, H 9.31; found C 82.59, H 9.17. 1H NMR
(400 MHz, C6D6, 20 °C): δ = 7.48 (dd, J = 7.6 and 1.7 Hz, 1 H,
CH arom.), 7.42 (d, J = 8.0 Hz, 1 H, CH arom.), 7.29 (d, J =
8.0 Hz, 1 H, CH arom.), 7.26 (dd, J = 7.6 and 1.7 Hz, 1 H, CH
arom.), 7.26 (pseudo t, J = 7.6 Hz, 1 H, CH arom.), 7.24 (d, J =
6.8 Hz, 1 H, CH arom.), 7.18 (pseudo t, J = 7.6 Hz, 1 H, CH
arom.), 7.10 (dd, J = 7.6 and 1.7 Hz, 1 H, CH arom.), 7.08 (pseudo
t, J = 7.2 Hz, 1 H, CH arom.), 6.87 (pseudo t, J = 7.8 Hz, 1 H,
CH arom.), 6.58 (d, J = 7.2 Hz, 1 H, CH arom.), 6.53 (d, J =
6.8 Hz, 1 H, CH arom.), 5.12 [pseudo t, J = 6.8 Hz, 1 H, CH-
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(CH3)2], 3.44 [pseudo t, J = 6.8 Hz, 1 H, CH(CH3)2], 3.33 [pseudo
t, J = 6.8 Hz, 1 H, CH(CH3)2], 3.23 [pseudo t, J = 6.8 Hz, 1 H,
CH(CH3)2], 3.00 (q, J = 7.0 Hz, 4 H, Et2O), 2.67 (td, J = 12.5 and
4.2 Hz, 1 H, CHH(CH2)2CH3], 2.33 [td, J = 12.5 and 4.2 Hz, 1 H,
CHH(CH2)2CH3], 1.75 [d, J = 6.8 Hz, 3 H, CH(CH3)2], 1.45 [d, J
= 6.8 Hz, 3 H, CH(CH3)2], 1.30 [d, J = 6.8 Hz, 3 H, CH(CH3)2],
1.18 [d, J = 6.8 Hz, 3 H, CH(CH3)2], 1.15 [d, J = 6.8 Hz, 3 H,
CH(CH3)2], 0.97 [d, J = 6.8 Hz, 3 H, CH(CH3)2], 0.95 [d, J =
6.8 Hz, 3 H, CH(CH3)2], 0.83 (t, J = 7.0 Hz, 6 H, Et2O), 0.72 [t, J
= 7.0 Hz, 3 H, (CH2)3CH3], 0.10 [d, J = 6.8 Hz, 3 H, CH(CH3)2]
ppm.

[{dpp-bian(nBu)Li}nBuLi]2 (4): Addition of 1.8 mL of nBuLi (2.5 

in hexane; 4.4 mmol) to a stirred suspension of dpp-bian (1.0 g,
2.0 mmol) in hexane (20 mL) at room temperature caused dissol-
ution of dpp-bian and precipitation of a red crystalline product.
The product was filtered off and recrystallized from hexane
(35 mL) to yield 1.08 g (81%) of compound 4 as red crystals. M.p.
� 130 °C darkening, �181 °C melting (dec.). C88H116Li4N4·C6H14

(1343.8): calcd. C 84.01, H, 9.75; found C 83.13, H, 9.21. 1H NMR
(400 MHz, Et2O, 20 °C): δ = 7.74 (d, J = 8.2 Hz, 1 H, CH arom.),
7.45 (d, J = 8.2 Hz, 1 H, CH arom.), 7.30 (m, 1 H, CH arom.),
7.25 (m, 2 H, CH arom.), 7.16 (pseudo t, J = 8.2 Hz, 1 H, CH
arom.), 7.12 (pseudo t, J = 8.2 Hz, 1 H, CH arom.), 7.02 (dd, J =
7.3 and 1.9 Hz, 1 H, CH arom.), 6.68 (pseudo t, J = 7.3 Hz, 1 H,
CH arom.), 6.61 (dd, J = 7.3 and 1.9 Hz, 1 H, CH arom.), 6.38 (d,
J = 7.3 Hz, 1 H, CH arom.), 6.11 (d, J = 6.9 Hz, 1 H, CH arom.),
4.84 [pseudo t, J = 6.9 Hz, 1 H, CH(CH3)2], 3.35 [pseudo t, J =
6.9 Hz, 1 H, CH(CH3)2], 3.23 [pseudo t, J = 6.9 Hz, 1 H, CH-
(CH3)2], 2.96 [pseudo t, J = 6.9 Hz, 1 H, CH(CH3)2], 2.40 [td, J =
12.7 and 4.7 Hz, 1 H, CHH(CH2)2CH3], 2.12 [td, J = 12.7 and
3.5 Hz, 1 H, CHH(CH2)2CH3], 1.40 [d, J = 6.9 Hz, 3 H, CH-
(CH3)2], 1.28 [d, J = 6.9 Hz, 3 H, CH(CH3)2], 1.18 [d, J = 6.9 Hz,
3 H, CH(CH3)2], 1.14 [d, J = 6.9 Hz, 3 H, CH(CH3)2], 1.11 [d, J
= 6.9 Hz, 3 H, CH(CH3)2], 0.87 [m, 8 H, LiCH2(CH2)2CH3], 0.83
[d, J = 6.9 Hz, 3 H, CH(CH3)2], 0.71 [t, J = 7.2 Hz, 3 H,
(CH2)3CH3], 0.64 [d, J = 6.9 Hz, 3 H, CH(CH3)2], –0.30 [d, J =
6.9 Hz, 3 H, CH(CH3)2], –0.98 [t, J = 7.0 Hz, 3 H, LiCH2-
(CH2)2CH3] ppm.

(dpp-bian)(H)(nBu) (5): Addition of H2O (0.3 mL) to a solution of
3 [prepared in situ from 1.0 g (2.0 mmol) of dpp-bian in Et2O]
caused an immediate yellow coloring of the reaction mixture. After
evaporation of the solvent under reduced pressure, the residue was
dried in vacuo for 1 h and was then recrystallized from Et2O
(20 mL) to yield 0.85 g (76%) of compound 5 as yellow drusy crys-
tals; m.p. � 179 °C. C40H50N2 (558.82): calcd. C 85.97, H, 9.02;
found C 85.88, H 8.98. IR (Nujol): ν̃ = 3359 (w), 3057 (w), 1663
(vs), 1621 (w), 1598 (w), 1582 (m), 1491 (w), 1379 (s), 1363 (s),
1328 (m), 1305 (w), 1269 (w), 1252 (m), 1193 (m), 1179 (w), 1143
(w), 1113 (m), 1098 (w), 1051 (w), 1035 (m), 1019 (w), 1003 (w),
957 (w), 935 (m), 907 (w), 890 (w), 830 (s), 808 (w), 798 (s), 785
(vs), 769 (s), 755 (s), 726 (m), 708 (m), 667 (w), 649 (w), 632 (w),
606 (w), 597 (w), 559 (w), 538 (w), 522 (w), 511 (w), 469 (w), 449
(w) cm–1. 1H NMR (200 MHz, [D8]THF, 20 °C): δ = 7.48 (d, J =
8.3 Hz, 1 H, CH arom.), 6.64 (d, J = 8.3 Hz, 1 H, CH arom.), 7.28–
7.12 (m, 4 H, CH arom.), 6.51 (d, J = 7.3 Hz, 1 H, CH arom.),
6.35 (d, J = 7.0 Hz, 1 H, CH arom.), 3.91 (s, 1 H, N–H), 3.08
[pseudo t, J = 6.8 Hz, 1 H, CH(CH3)2], 3.01 [pseudo t, J = 6.8 Hz,
1 H, CH(CH3)2], 2.56 (td, J = 12.2 and 3.8 Hz, 1 H, CHH(CH2)2-
CH3], 2.38 [td, J = 12.2 and 5.0 Hz, 1 H, CHH(CH2)2CH3], 1.17
[d, J = 6.8 Hz, 3 H, CH(CH3)2], 1.05 [d, J = 6.8 Hz, 3 H, CH-
(CH3)2], 0.92 [d, J = 6.8 Hz, 3 H, CH(CH3)2], 0.89 [d, J = 6.8 Hz,
3 H, CH(CH3)2], 0.66 [t, J = 7.3 Hz, 6 H, (CH2)3CH3] ppm.
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[{dpp-bian(nBu)}GeCl] (6): Addition of a solution of 3 [prepared in
situ from 1.0 g (2.0 mmol) of dpp-bian in Et2O] to a stirred suspen-
sion of GeCl2(dioxane) (0.46 g, 2.0 mmol) in Et2O (10 mL) caused
a change of the color of the solution from blue to brown. The
solution should be filtered immediately after mixing the reagents,
otherwise 6 starts to crystallize from the reaction mixture on stand-
ing. Slow evaporation of the solvent from the filtrate at low pres-
sure caused the crystallization of 6 as red crystals. Yield: 1.18 g
(89%); m.p. 238 °C. C40H49ClGeN2 (665.85): calcd. C 72.15, H
7.42; found C 72.05, H 7.30. IR (Nujol): ν̃ = 1624 (s), 1589 (s),
1491 (w), 1378 (s), 1364 (w), 1315 (m), 1249 (s), 1221 (w), 1203
(m), 1187 (m), 1162 (w), 1141 (w), 1109 (m), 1099 (m), 1060 (m),
1050 (w), 1035 (m), 1005 (w), 961 (w), 933 (w), 919 (m), 884 (w),
861 (m), 833 (s), 819 (w), 800 (s), 784 (vs), 768 (w), 760 (s), 748
(m), 723 (s), 700 (w), 676 (w), 653 (w), 635 (w), 618 (m), 599 (w),
582 (w), 546 (w), 527 (w), 516 (w), 499 (w), 480 (m), 465 (w), 451
(w), 442 (w), 419 (m), 403 (m) cm–1. 1H NMR (200 MHz, [D8]THF,
20 °C): δ = 8.08 (d, J = 8.3 Hz, 1 H, CH arom.), 7.77 (d, J = 8.3 Hz,
1 H, CH arom.), 7.54–7.31 (m, 6 H, CH arom.), 7.22 (pseudo t,
J = 7.3 Hz, 1 H, CH arom.), 6.97 (dd, J = 7.5 and 1.7 Hz, 1 H,
CH arom.), 6.55 (d, J = 7.3 Hz, 1 H, CH arom.), 6.15 (d, J =
7.0 Hz, 1 H, CH arom.), 4.66 [pseudo t, J = 6.8 Hz, 1 H, CH-
(CH3)2], 3.90 [td, J = 13.0 and 4.0 Hz, 1 H, CHH(CH2)2CH3], 3.79
[pseudo t, J = 6.8 Hz, 1 H, CH(CH3)2], 3.01 [pseudo t, J = 6.8 Hz,
1 H, CH(CH3)2], 2.61 [pseudo t, J = 6.8 Hz, 1 H, CH(CH3)2], 2.41
[td, J = 13.0 and 4.5 Hz, 1 H, CHH(CH2)2CH3], 1.45 [d, J =
6.9 Hz, 3 H, CH(CH3)2], 1.42 [d, J = 6.9 Hz, 3 H, CH(CH3)2], 1.24
[d, J = 6.9 Hz, 3 H, CH(CH3)2], 1.23 [d, J = 6.9 Hz, 3 H, CH-
(CH3)2], 1.20 [d, J = 6.9 Hz, 3 H, CH(CH3)2], 1.13 [m, 3 H,
CH2(CH2)2CH3], –0.06 [m, 1 H, CH2(CH2)2CH3], 0.90 [d, J =
6.9 Hz, 3 H, CH(CH3)2], 0.66 [t, J = 7.2 Hz, 3 H, (CH2)3CH3], 0.64
[d, J = 6.9 Hz, 3 H, CH(CH3)2], 0.05 [d, J = 6.9 Hz, 3 H, CH-
(CH3)2] ppm.

Single-Crystal X-ray Structure Determination of 4–6: The data were
collected with a Siemens SMART CCD diffractometer (graphite-
monochromated Mo-Kα radiation, ω-scan technique, λ =
0.71073 Å) at 173 K. 4: C88H116Li4N4·C6H14, M = 1343.78, mono-
clinic, a = 31.9219(11), b = 12.7641(5), c = 22.8212(8) Å, β =
113.4070(10)°, V = 8533.4(5) Å3, T = 173(2) K, space group C2/c,
Z = 4, µ = 0.059 mm–1, 26677 reflections measured, 7521 unique
(Rint = 0.0895) which were used in all calculations. R1 [I � 2σ(I)]
= 0.0694, wR1 (all data) = 0.1201. 5: C40H50N2, M = 558.82, mono-
clinic, a = 19.0920(8), b = 9.1708(4), c = 19.2750(7) Å, β =
90.164(1)°, V = 3374.8(2) Å3, T = 173(2) K, space group P21/c, Z
= 4, µ = 0.063 mm–1, 20271 reflections measured, 5929 unique (Rint

= 0.1428) which were used in all calculations. R1 [I � 2σ(I)] =
0.0593, wR1 (all data) = 0.1240. 6: C40H49ClGeN2, M = 665.85,
monoclinic, a = 9.7607(3), b = 17.3631(6), c = 21.0357(7) Å, β =
97.9650(10)°, V = 3530.7(2) Å3, T = 173(2) K, space group P21/n,
Z = 4, µ = 0.973 mm–1, 23727 reflections measured, 6922 unique
(Rint = 0.0747) which were used in all calculations. R1 [I � 2σ(I)]
= 0.0409, wR1 (all data) = 0.0940. The structures were solved by
direct methods using SHELXS-97[24] and were refined on F2 using
SHELXL-97.[25] All non-hydrogen atoms were refined anisotropi-
cally and the hydrogen atoms were placed in calculated positions
and assigned to an isotropic displacement parameter of 0.08 Å2.
SADABS[26] was used to perform area-detector scaling and absorp-
tion corrections. The geometrical aspects of the structures were an-
alyzed with the PLATON program.[27] CCDC-605326 (4), -605327
(5), and -605328 (6) contain the supplementary crystallo-
graphic data for this paper. These data can be obtained free of
charge from The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif.
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