
Group 14 Chemistry
DOI: 10.1002/ange.201404357

Group II Metal Complexes of the Germylidendiide Dianion Radical
and Germylidenide Anion**
Siew-Peng Chia, Emma Carter, Hong-Wei Xi, Yongxin Li, and Cheuk-Wai So*

Abstract: The two-electron reduction of a Group 14-ele-
ment(I) complex [R⁄·] (E = Ge, R = supporting ligand) to
form a novel low-valent dianion radical with the composition
[R⁄D]C 2� is reported. The reaction of [LGeCl] (1, L = 2,6-
(CH=NAr)2C6H3, Ar = 2,6-iPr2C6H3) with excess calcium in
THF at room temperature afforded the germylidenediide
dianion radical complex [LGe]C 2�·Ca(THF)3

2+ (2). The reac-
tion proceeds through the formation of the germanium(I)
radical [LGe·], which then undergoes a two-electron reduction
with calcium to form 2. EPR spectroscopy, X-ray crystallog-
raphy, and theoretical studies show that the germanium center
in 2 has two lone pairs of electrons and the radical is
delocalized over the germanium-containing heterocycle. In
contrast, the magnesium derivative of the germylidendiide
dianion radical is unstable and undergoes dimerization with
concurrent dearomatization to form the germylidenide anion
complex [C6H3-2-{C(H)=NAr}Ge-Mg-6-{C(H)-NAr}]2 (3).

Base-stabilized heavier Group 14-element(I) dimers of the
composition [L⁄�⁄L] (E = Si, Ge, Sn, and Pb; L = support-
ing ligand) have attracted much attention in the past few years
due to their unique structures and reactivities.[1] They are
stabilized kinetically by a variety of ligands such as amidinate,
guanidinate, b-diketiminate, N-functionalized aryl and P-
functionalized amide, and usually prepared by the reduction
of the heavier halocarbene analogues [L⁄X] (X = Cl, Br, I)
with alkali metal or the magnesium(I) dimer [HC-
(CMeNMes)2Mg]2 (Mes = 2,4,6-Me3C6H2). X-ray crystallog-
raphy and theoretical studies show that they comprise an ⁄�⁄
single bond and a lone pair of electrons on each E atom and
resemble the heavier alkyne analogues of composition REER
(R = aryl or silyl) with a single-bond structure.[2] Their
reactivities were also studied and it was found that they are
powerful reagents, e.g. for the activation of small molecules
and unsaturated substrates.[3] In addition, they serve as

building blocks for the construction of complex molecules,
for example, disila-1,3-diphosphacyclobutadiene, germatrisi-
lacyclobutadiene, and 2,4-diimino-1,3-disilacyclobutanediyl.[4]

Moreover, the reduction of base-stabilized heavier Group 14-
element(I) dimers has also been studied. Recently, we
reported the reduction of [L⁄�⁄L] or [L⁄X], which are
supported by a 2,6-diiminophenyl ligand (E = Ge, Sn, and Pb;
L = 2,6-(CH=NAr)2C6H3, Ar = 2,6-iPr2C6H3 or tBu; X = Cl or
Br), with an alkali metal to form the germylidenide,
stannylidenide, and plumbylidenide anions [L⁄D]� , respec-
tively.[1] These reactions proceed through the one-electron
reduction of the Group 14-element(I) intermediate [L⁄·] to
form [L⁄D]� and the negative charge is stabilized by the
electron delocalization in the low-valent Group 14-element
heterocycle. These results inspired us to investigate whether
a Group 14-element(I) complex [L⁄·] can undergo a two-
electron reduction to form a novel low-valent dianion radical
of the composition [L⁄D]C2�, which is as yet unknown. In
contrast, stable neutral heavier Group 14 radicals such as
Gomberg-type radicals [R3E·] are well established and two
examples of stable low-valent Group 14 neutral and charged
radicals, [HC{C(tBu)N(Ar)}2GeD]C and [(tBu2MeSi)2SiD]C� have
been reported.[5]

The chemistry of low-valent heavier main-group com-
plexes has rapidly expanded in recent years, because their
frontier electronic properties and reactivity resemble those of
transition metal complexes.[6] Since open-shell transition
metal complexes are involved in many catalytic reactions
and the activation of small molecules, a better understanding
of low-valent main-group radicals would greatly advance their
emerging transition-metal-like reactivity. Thus, stable low-
valent Group 14 dianion radicals should be worthwhile
synthetic targets both for fundamental reasons and for their
potential application as initiators/reagents in radical substi-
tution and addition reactions. Herein, we report the synthesis
and characterization of a stable calcium derivative of the
germylidendiide dianion radical [LGe]C2�·Ca(THF)3

2+. We
also describe the preparation of a magnesium germylidenide
complex, which is derived from the dimerization of a magne-
sium germylidendiide radical intermediate.

The reaction of [LGeCl] (1) with excess calcium in THF at
room temperature afforded [LGe]C2�·Ca(THF)3

2+ (2,
Scheme 1).[7] It can also be prepared by the reaction of the
germanium(I) dimer [LGeD]2 with excess calcium in THF. The
reactions appear to proceed through the formation of the
germanium(I) radical [LGe·]. It then undergoes a two-
electron reduction with calcium, which results in the forma-
tion of two lone pairs of electrons on the germanium center
and an unpaired electron, which is delocalized over the
germanium-containing heterocycle (see below), to form 2.
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Compound 2 is isolated as an extremely air- and moisture-
sensitive red crystalline solid in low yield (25.6%). Under an
inert atmosphere, it is stable in the solid state at room
temperature. In solution, it is unstable and gradually decom-
poses within a day to form a mixture of unidentified products,
which were observed by NMR spectroscopy. In this regard,
a freshly prepared solution of 2 in THF is necessary for
electron paramagnetic resonance (EPR) characterization.
The isotropic continuous-wave (CW) EPR spectrum and the
corresponding simulation are shown in Figure 1. A satisfac-
tory fit to the experimental data was achieved with the spin
Hamiltonian parameters listed in Table 1. The simulation was
performed with the Easyspin toolbox for Matlab.[8] The
simulation revealed the contributions of two in-equivalent
nitrogen nuclei (N1 and N2; see Scheme 1) along with two
groups of two-equivalent protons (Ha and Hb). The final
unique proton (Hc) produced a clearly resolved doublet

structure in the spectrum. Any possible in-equivalencies in
the couplings to the Ha,b protons was not visible in the X-band
EPR spectrum. The weak signal intensities observed in the
wings of the spectrum, highlighted in the low-field region of
Figure 1, arise from hyperfine coupling to the germanium
nucleus (I(73Ge) = 9/2, 7.7 % abundance). As expected, no
hyperfine interaction could be detected to the Ca2+ nucleus or
to the protons of the two Ar groups. The EPR data therefore
confirms the delocalized nature of the radical and the small
spin density on the Ge center (s character = 0.1%).

The molecular structure of 2 (Figure 2) shows that the
germanium-containing five-membered ring (Ge1C1C6C7N1)
is planar, whereas that in 1 is puckered. The sum of the
interior bond angles is 5408. The Ca1 atom is h5-coordinated

with the Ge1C1C2C20N2 skeleton, which displaces from the
Ge1C1C2C20 least squares plane by 2.368 �. The coordina-
tion sphere on the Ca1 atom is further supplemented by the
oxygen atoms of three THF molecules. The N2 atom also
displaces from the Ge1C1C2C20 least squares plane by
0.801 �. The bond lengths in 2 indicate that there is an
appreciable electron delocalization in the ligand skeleton
when compared with those in compound 1 (Figure 3). More-
over, the Ge1�Ca1 bond (3.229(1) �) is longer than the sum
of the covalent radii (2.96 �) and those in the calcium–germyl
complex [Ca(THF)3{Ge(SiMe3)3}2] (3.022(2) �)[9] and in the
calcium derivative of 1,3-disila-2,4-digermabicyclo[1.1.0]bu-
tane-2,4-diide (3.0372(14), 3.0388(14) �).[10] This indicates
that the Ge�Ca bond is ionic. The Ca�N bond length
(2.290(8) �) is comparable with that in the calcium amide
complex [Ca(DME){N(SiMe3)2}2] (2.271(3) �).[11]

Scheme 1. Synthesis of [LGe]C2�·Ca(THF)3
2+ (2).

Figure 1. X-band CW EPR spectrum of compound 2, recorded at 298 K.
a) Experimental. b) Simulation.

Table 1: The spin Hamiltonian parameters of compound 2.[a]

73Ge 14N1
14N2

1Ha 1Hb 1Hc

n[b] 1 1 1 2 2 1
aiso [MHz][c] 2.77 7.98 4.60 5.24 3.90 2.50

[a] giso = 2.0040. [b] n= Number of equivalent nuclei. [c]�0.005 MHz.
Protons labeled 1Ha–c are shown in Scheme 1.

Figure 2. Molecular structure of compound 2 (ellipsoids set at 30 %
probability). Hydrogen atoms and disorder in the Ar substituents and
THF molecules are omitted for clarity. Selected bond lengths [�] and
angles [8]: Ge1–Ca1 3.2292(10), Ge1–C1 1.947(4), Ge1–N1 1.911(3),
N1–C7 1.368(5), C7–C6 1.376(5), C6–C1 1.436(5), Ca1–N2 2.290(8),
N2–C20 1.361(10), C20–C2 1.463(10), C2–C1 1.453(5), C2–C3
1.395(6), C3–C4 1.389(6), C4–C5 1.399(6), C5–C6 1.450(5); N1-Ge1-C1
83.33(14), N1-Ge1-Ca1 110.99(9), C1-Ge1-Ca1 57.16(11), C7-N1-Ge1
115.1(2), N1-C7-C6 115.3(3), C7-C6-C1 114.9(3), C6-C1-Ge1 111.4(3),
Ge1-Ca1-N2 77.8(5), Ca1-N2-C20 95.3(8), C2-C20-N2 122.9(11),
C20-C2-C1 126.9(7), C2-C1-Ge1 130.9(3).
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To understand the bonding nature in compound 2, density
functional calculations were conducted.[12] The optimized
geometry (B3LYP/6-31 + G(d) level, Figure S1, see the Sup-
porting Information) is in good agreement with the X-ray
crystallographic data, although the calculated Ge�Ca bond
(3.032 �) was underestimated by about 6%. The singly
occupied molecular orbital (a-SOMO, Figure S2) shows
precisely that the radical is delocalized over the ligand core.
The highest occupied molecular orbitals (HOMO and
HOMO�1) show primarily that the germanium atom com-
prises two lone-pair orbitals, which are perpendicular to and
lie in the same plane as the germanium-containing five-
membered ring, respectively. Moreover, the Wiberg bond
index (Ge�CaD 0.29) and large difference in the NPA charges
between the Ge (0.46) and Ca (1.48) atoms illustrate that the
Ge�Ca bond is ionic.

Recently, Jones et al. reported that a magnesium germy-
lidenide complex [RGe�MgR] (R = HC{C(tBu)NMes}2) sup-
ported by a b-diketiminate ligand is unstable, and undergoes
a ring contraction rearrangement.[1] It has been suggested that
the synthesis of a complex comprising a low-valent germa-
nium–magnesium bond is a formidable challenge and no
example has been reported yet. After the successful isolation
of compound 2, it is anticipated that a low-valent Ge�Mg-
bonded compound can be prepared by a similar strategy. The
reaction of 1 with excess magnesium in THF at room
temperature afforded the magnesium germylidenide 3
(Scheme 2). It can also be prepared by the reaction of the
germanium(I) dimer [LGeD]2 with excess magnesium in THF.
Although the reaction mechanism is still unknown, on the
basis of experimental results, we propose that the reaction
proceeds through the formation of a magnesium derivative of

the germylidendiide dianion radical “[LGe]C2�·Mg2+”, which
then dimerizes at the meta-position of the phenyl ring and
dearomatizes to form 3. The result is in contrast to that of the
reaction of 1 with calcium. We suggest that the electropositive
calcium centre in 2 may lead to a higher negative charge
density in the ligand, which hinders the dimerization.

Compound 3 was isolated as a highly air- and moisture-
sensitive red crystalline solid in moderate yield (58.5 %). It is
stable in solution and the solid state under an inert
atmosphere. There is no EPR signal for compound 3 in
solution, which implies that it cannot dissociate in solution to
form the germylidendiide dianion radical “[LGe]C2�·Mg2+”.
The 1H NMR spectrum shows a set of signals, which are
attributed to the ligand backbone. There is a broad signal at d

3.16 ppm and multiplets at d 6.36–6.64 ppm for the methine
and methylene protons of the dearomatized six-membered
ring, respectively. It is noteworthy that the signals for
HC=NAr (d 7.82, 7.91 ppm) show an upfield shift compared
with those of 1 (d 8.06, 8.08 ppm) and fall in the aromatic
proton region. The results indicate that the lone-pair elec-
trons on the Ge atom are stabilized by an electron delocal-
ization in the GeC3N five-membered ring.

The molecular structure of 3 (Figure 4) shows that the
germanium-containing five-membered ring (Ge1C1C2C20-
N2) is planar, which is similar to that of 2. The sum of the
interior bond angles is 5408. The Mg1 atom is coordinated
with the Ge1, N1, and the oxygen atoms of two THF
molecules, which displaces from the Ge1C1C2C20N2 plane
by 1.886 �. The Ge�Mg bond (2.6068(15) �) is comparable
to the sum of the covalent radii (2.61 �) and that in the

Figure 3. Comparison of the bond lengths of compounds 1 and 2.

Scheme 2. Synthesis of [C6H3-2-{C(H)=NAr}Ge-Mg-6-{C(H)�NAr}]2
(3).

Figure 4. Molecular structure of compound 3 (ellipsoids set at 30%
probability). Hydrogen atoms and disorder in the THF molecules are
omitted for clarity. Selected bond lengths [�] and angles [8]: Ge1–Mg1
2.6068(15), Ge1–C1 1.957(4), Ge1–N2 1.905(3), N2–C20 1.355(5),
C20–C2 1.373(5), C2–C1 1.432(5), Mg1–N1 2.001(3), N1–C7 1.367(5),
C7–C6 1.378(5), C6–C1 1.471(5), C2–C3 1.526(5), C3–C4 1.497(5),
C4–C5 1.341(5), C5–C6 1.454(5), C3–C3A 1.577(8); N2-Ge1-C1
84.71(15), N2-Ge1-Mg1 121.88(10), C1-Ge1-Mg1 68.92(12), C20-N2-
Ge1 113.1(2), N2-C20-C2 117.2(3), C1-C2-C20 115.1(3), C2-C1-Ge1
109.6(3), Ge1-Mg1-N1 93.52(11), Mg1-N2-C7 108.7(3), C6-C7-N1
125.0(4), C7-C6-C1 124.4(3), C6-C1-Ge1 131.0(3).
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germyl magnesium complex [{(SiMe3)3Ge}2Mg(THF)2]
(2.679(1) �).[13] The Mg�N bond (2.001(3) �) is similar to
that in the amido–magnesium complex [Mg(THF)2{N-
(SiMe3)2}2] (2.015(5), 2.027(5) �).[14] In addition, the C3�
C3A bond (1.577(8) �) is a typical C�C single bond (average
1.53 �). Moreover, comparing the bonding in the GeC3N five-
membered ring [Ge1�N2: 1.905(3) �, N2�C20: 1.355(5) �,
C2�C20: 1.373(5) �, C1�C2: 1.432(5) �, Ge1�C1:
1.957(4) �] with those in compound 1, it is suggested that
the lone-pair electrons on the Ge atom are stabilized by an
electron delocalization in the GeC3N five-membered ring.

In conclusion, we have reported the synthesis of the first
calcium complex of the germylidendiide dianion radical 2 by
a simple procedure. X-ray crystallography and EPR spec-
troscopy show conclusively that the radical is delocalized over
the low-valent germanium-containing heterocycle. In con-
trast, the magnesium derivative of the germylidendiide
dianion radical is unstable and its dimerization is accompa-
nied by dearomatization, forming the germylidenide anion
complex 3. The synthesis of other heavier Group II metal
analogues and the reactivity of compounds 2 and 3 toward
transition metals are currently under investigation.

Received: April 15, 2014
Published online: June 12, 2014

.Keywords: anions · calcium · germanium · Group 14 elements ·
magnesium · radicals

[1] a) S. P. Green, C. Jones, P. C. Junk, K.-A. Lippert, A. Stasch,
Chem. Commun. 2006, 3978 – 3980; See the Supporting Infor-
mation for other references on heavier Group 14 alkyne
analogues.

[2] For relevant reviews: a) P. P. Power, Chem. Commun. 2003,
2091 – 2101; b) P. P. Power, Organometallics 2007, 26, 4362 –
4372; c) R. C. Fischer, P. P. Power, Chem. Rev. 2010, 110,
3877 – 3923; d) P. P. Power, Acc. Chem. Res. 2011, 44, 627 – 637;
For recent articles of heavier alkyne analogues with single-bond
structure: e) L. Pu, B. Twamley, P. P. Power, J. Am. Chem. Soc.
2000, 122, 3524 – 3525; f) Y. Peng, R. C. Fischer, W. A. Merrill, J.
Fischer, L. Pu, B. D. Ellis, J. C. Fettinger, R. H. Herber, P. P.
Power, Chem. Sci. 2010, 1, 461 – 468; g) J. Li, C. Schenk, C.
Goedecke, G. Frenking, C. Jones, J. Am. Chem. Soc. 2011, 133,
18622 – 18625; h) T. J. Hadlington, C. Jones, Chem. Commun.
2014, 50, 2321 – 2323.

[3] a) S. S. Sen, D. Kratzert, D. Stern, H. W. Roesky, D. Stalke,
Inorg. Chem. 2010, 49, 5786 – 5788; See the Supporting Infor-

mation for other references on the reactivities of base-stabilized
Group 14-element(I) dimers.

[4] a) S. S. Sen, S. Khan, H. W. Roesky, D. Kratzert, K. Meindl, J.
Henn, D. Stalke, J.-P. Demers, A. Lange, Angew. Chem. 2011,
123, 2370 – 2373; Angew. Chem. Int. Ed. 2011, 50, 2322 – 2325;
b) H.-X. Yeong, S.-H. Zhang, H.-W. Xi, J.-D. Guo, K. H. Lim, S.
Nagase, C.-W. So, Chem. Eur. J. 2012, 18, 2685 – 2691; c) S.-H.
Zhang, H.-W. Xi, K. H. Lim, Q. Meng, M.-B. Huang, C.-W. So,
Chem. Eur. J. 2012, 18, 4258 – 4263; d) H.-X. Yeong, H.-W. Xi, Y.
Li, S. B. Kunnappilly, B. Chen, K.-C. Lau, H. Hirao, K. H. Lim,
C.-W. So, Chem. Eur. J. 2013, 19, 14726 – 14731; e) S.-H. Zhang,
H.-W. Xi, K. H. Lim, C.-W. So, Angew. Chem. 2013, 125, 12590 –
12593; Angew. Chem. Int. Ed. 2013, 52, 12364 – 12367.

[5] a) M. M. Olmstead, L. Pu, R. S. Simons, P. P. Power, Chem.
Commun. 1997, 1595 – 1596; b) A. Sekiguchi, T. Matsuno, M.
Ichinohe, J. Am. Chem. Soc. 2001, 123, 12436 – 12437; c) A.
Sekiguchi, T. Fukawa, M. Nakamoto, V. Y. Lee, M. Ichinohe, J.
Am. Chem. Soc. 2002, 124, 9865 – 9869; d) A. Sekiguchi, T.
Fukawa, V. Y. Lee, M. Nakamoto, J. Am. Chem. Soc. 2003, 125,
9250 – 9251; e) Y. Ishida, A. Sekiguchi, K. Kobayashi, S. Nagase,
Organometallics 2004, 23, 4891 – 4896; f) V. Y. Lee, A. Sekiguchi,
Eur. J. Inorg. Chem. 2005, 1209 – 1222; g) V. Y. Lee, A. Sekigu-
chi, Acc. Chem. Res. 2007, 40, 410 – 419; h) S. Inoue, M. Ichinohe,
A. Sekiguchi, J. Am. Chem. Soc. 2007, 129, 6096 – 6097; i) C.
Fçrster, K. W. Klinkhammer, B. Tumanskii, H.-J. Krueger, H.
Kelm, Angew. Chem. 2007, 119, 1174 – 1177; Angew. Chem. Int.
Ed. 2007, 46, 1156 – 1159; j) C. Drost, J. Griebel, R. Kirmse, P.
Lonnecke, J. Reinhold, Angew. Chem. 2009, 121, 1996 – 1999;
Angew. Chem. Int. Ed. 2009, 48, 1962 – 1965; k) T. Nozawa, M.
Nagata, M. Ichinohe, A. Sekiguchi, J. Am. Chem. Soc. 2011, 133,
5773 – 5775; l) W. D. Woodul, E. Carter, R. Muller, A. F.
Richards, A. Stasch, M. Kaupp, D. M. Murphy, M. Driess, C.
Jones, J. Am. Chem. Soc. 2011, 133, 10074 – 10077.

[6] P. P. Power, Nature 2010, 463, 171 – 177.
[7] For details of the experimental procedures and spectroscopic

data, see the Supporting Information.
[8] S. Stoll, A. Schweiger, J. Magn. Reson. 2006, 178, 42 – 55.
[9] W. Teng, K. Ruhlandt-Senge, Organometallics 2004, 23, 952 –

956.
[10] V. Y. Lee, K. Takanashi, M. Ichinohe, A. Sekiguchi, Angew.

Chem. 2004, 116, 6871 – 6873; Angew. Chem. Int. Ed. 2004, 43,
6703 – 6705.

[11] M. Westerhausen, W. Schwarz, Z. Anorg. Allg. Chem. 1991, 604,
127 – 140.

[12] For details of the theoretical studies, see the Supporting
Information.

[13] D. Matioszek, N. Katir, S. Ladeira, A. Castel, Organometallics
2011, 30, 2230 – 2235.

[14] D. C. Bradley, M. B. Hursthouse, A. A. Ibrahim, K. M. Abdul
Malik, M. Motevalli, R. Moseler, H. Powell, J. D. Runnacles,
A. C. Sullivan, Polyhedron 1990, 9, 2959 – 2964.

.Angewandte
Zuschriften

8598 www.angewandte.de � 2014 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. 2014, 126, 8595 –8598

http://dx.doi.org/10.1039/b610645e
http://dx.doi.org/10.1039/b212224c
http://dx.doi.org/10.1039/b212224c
http://dx.doi.org/10.1021/om700365p
http://dx.doi.org/10.1021/om700365p
http://dx.doi.org/10.1021/cr100133q
http://dx.doi.org/10.1021/cr100133q
http://dx.doi.org/10.1021/ar2000875
http://dx.doi.org/10.1021/ja993346m
http://dx.doi.org/10.1021/ja993346m
http://dx.doi.org/10.1039/c0sc00240b
http://dx.doi.org/10.1021/ja209215a
http://dx.doi.org/10.1021/ja209215a
http://dx.doi.org/10.1039/c3cc49651a
http://dx.doi.org/10.1039/c3cc49651a
http://dx.doi.org/10.1021/ic100501e
http://dx.doi.org/10.1002/ange.201005866
http://dx.doi.org/10.1002/ange.201005866
http://dx.doi.org/10.1002/anie.201005866
http://dx.doi.org/10.1002/chem.201102201
http://dx.doi.org/10.1002/chem.201103351
http://dx.doi.org/10.1002/chem.201300447
http://dx.doi.org/10.1002/ange.201305567
http://dx.doi.org/10.1002/ange.201305567
http://dx.doi.org/10.1002/anie.201305567
http://dx.doi.org/10.1039/a703037a
http://dx.doi.org/10.1039/a703037a
http://dx.doi.org/10.1021/ja011617z
http://dx.doi.org/10.1021/ja0126780
http://dx.doi.org/10.1021/ja0126780
http://dx.doi.org/10.1021/ja030156+
http://dx.doi.org/10.1021/ja030156+
http://dx.doi.org/10.1021/om0400797
http://dx.doi.org/10.1002/ejic.200400999
http://dx.doi.org/10.1021/ar6000473
http://dx.doi.org/10.1021/ja0711314
http://dx.doi.org/10.1002/ange.200603323
http://dx.doi.org/10.1002/anie.200603323
http://dx.doi.org/10.1002/anie.200603323
http://dx.doi.org/10.1002/ange.200805328
http://dx.doi.org/10.1002/anie.200805328
http://dx.doi.org/10.1021/ja2014746
http://dx.doi.org/10.1021/ja2014746
http://dx.doi.org/10.1021/ja204344e
http://dx.doi.org/10.1038/nature08634
http://dx.doi.org/10.1016/j.jmr.2005.08.013
http://dx.doi.org/10.1021/om034157m
http://dx.doi.org/10.1021/om034157m
http://dx.doi.org/10.1002/ange.200461602
http://dx.doi.org/10.1002/ange.200461602
http://dx.doi.org/10.1002/anie.200461602
http://dx.doi.org/10.1002/anie.200461602
http://dx.doi.org/10.1002/zaac.19916040116
http://dx.doi.org/10.1002/zaac.19916040116
http://dx.doi.org/10.1021/om200024d
http://dx.doi.org/10.1021/om200024d
http://dx.doi.org/10.1016/S0277-5387(00)84207-2
http://www.angewandte.de

