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ABSTRACT: Reactivity of the pyridyl-1-azaallyl germanium(I) dimer
LGeGeL (2; L = N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)) has been
investigated. Treatment of germanium(I) dimer 2 with 1 equiv of
azobenzene afforded the pyridyl-1-azaallyl digermahydrazine derivative
[LGeNPh]2 (3). The reaction of 2 with 1 and 2 equiv of diiron
nonacarbonyl, Fe2(CO)9, afforded the novel unsymmetric germanium(I)
complex [LGeGe(Fe(CO)4)L] (4) and the diiron Lewis acid−base adduct
[LGe(Fe(CO)4)]2 (5). The solid-state structure of 4 reveals that the two
germanium(I) centers within the same molecule have different
coordinating geometries. Compound 4 can also be prepared by the facile
reaction of the pyridyl-1-azaallyl germanium(II) chloride LGeCl (1) with
Collman’s reagent, Na2Fe(CO)4.

■ INTRODUCTION

The chemistry of the heavier group 14 alkyne analogues (or
ditetrelynes) REER (E = Si, Ge, Sn, Pb; R = bulky terphenyl,
silyl, aryl substituents) has attracted much attention in the past
two decades.1 In 2000, Power and co-workers reported the first
diplumbyne analogue, RPbPbR, with a trans-bent structure.2

Subsequently, they also isolated the first stable digermyne3 and
distannyne.4 The series of alkyne analogues was completed
when Sekiguchi reported the structural characterization of a
stable disilyne in 2004.5 Furthermore, Jones and co-workers
have reported the isolation of the first amido-digermyne, which
possesses a short Ge−Ge multiple bond.1n Recently, the
chemistry of low-valent group 14 elements has extended to a
series of group 14 element(I) dimers6 following the pioneering
result reported by Jones in 2006.7 These group 14 metal(I)
dimers, comprising a metal−metal single bond and a lone pair
of electrons on each metal atom, can be considered as
intramolecular base-stabilized examples of the doubly or triply
bonded heavier group 14 alkyne analogues. The chemistry of
the silicon analogue has been extensively explored by Roesky
and co-workers.8 Furthermore, preliminary reactivity studies of
the intramolecularly donor-stabilized germanium(I) dimers
have been reported6e,g,9 in which the digermylene nature of
these species is demonstrated. For example, Roesky and co-
workers have communicated the reactivity of a gauche-bent
germanium(I) dimer with 2 equiv of diiron nonacarbonyl to
yield a unique diiron complex that employs both of the
germanium(I) centers as Lewis bases.9a Recently, So and co-
workers have described the reduction chemistry of germanium-
(I) dimers supported by 2,6-diiminophenyl and 2-imino-5,6-
methylenedioxylphenyl ligands.6g

Our group has reported the synthesis of the chlorogermylene
1 (Figure 1) supported by a pyridyl-1-azaallyl ligand,10 and its

reactivity has been explored.11 Recently, we have also carried
out investigations on its reduction chemistry and communi-
cated the synthesis of the pyridyl-1-azaallyl germanium(I)
dimer 2, which adopts a trans-bent geometry.6e In view of the
reactivity of the gauche-bent germanium(I) dimer recently
reported by Roesky,9a we intended to carry out investigations
to compare the reactivity between germanium(I) dimers
adopting a trans-bent and a gauche-bent geometry. In addition,
the reaction of germanium(I) dimer with Fe2(CO)9 to give a
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Figure 1. Pyridyl-1-azaallyl germanium(II) chloride 1.
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novel germanium(I) complex with one iron-coordinated
germanium center is also described.

■ RESULTS AND DISCUSSION

Synthesis of [PhNGe{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-
2)}]2 (3). The reaction of germanium(I) dimer 2 with 1
equiv of azobenzene afforded compound 3 (Scheme 1).
Compound 3 was formed from the cleavage of the Ge(I)−
Ge(I) bond followed by the insertion of the NN moiety of
the azobenzene between the germanium(I) centers. The formal
oxidation state of both germanium atoms in 3 has changed
from +1 to +2. Similar reactions of a terphenyl-stabilized
digermyne and an amidinate-stabilized germanium(I) dimer
with azobenzene have been reported by the groups of Power12

and Roesky,9a respectively.
Synthesis of [{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)(Fe-

(CO)4)GeGe{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}] (4) and
[{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)Ge(Fe(CO)4)]2 (5). Reac-
tion of 2 with 1 equiv of diiron nonacarbonyl afforded
compound 4, which was isolated as a dark red crystalline solid.
Alternatively, compound 4 can also be prepared by the reaction
of chlorogermylene 1 with Collman’s reagent, Na2FeCO4
(Scheme 1).
Upon the addition of compound 1 to Na2Fe(CO)4,

compound 1 was first reduced by Na2Fe(CO)4 to give dimer
2, while the [Fe(CO)4]

2− ion was oxidized to Fe(CO)4. A 1:1
mixture of the germanium(I) dimer 2 and a Fe(CO)4 moiety
was formed. The Fe(CO)4 moiety is coordinated to one of the
germanium(I) centers in 2, leading to the formation of the
unsymmetric germanium(I) dimer 4 with different coordina-

tion numbers at the two germanium(I) centers. In compound
4, one of the germanium(I) centers coordinates to a Fe(CO)4
moiety. A tin(I) dimer with two differently coordinated tin
atoms (one is three-coordinated and the other is four-
coordinated) was recently reported by Roesky,6h while Driess
has documented the synthesis of a unsymmetric digermylene
supported by two different ligands.6d The reaction of
germanium(I) dimer 2 with Fe2(CO)9 differs from a previous
reaction with azobenzene, where cleavage of the Ge(I)−Ge(I)
interaction was observed.
When compound 2 was treated with 2 equiv of Fe2(CO)9,

the corresponding Lewis acid−base adduct 5, with two
Fe(CO)4 moieties coordinating to the two germanium(I)
atoms, was isolated as a dark red crystalline solid (Scheme 1).
The elemental analysis for 5 is consistent with the proposed
structure of 5. Both the 1H and 13C NMR spectra and IR
spectrum of 5 are consistent with the structure of compound 5.
However, attempts to isolate good-quality crystals of 5 for X-
ray structural determination have been unsuccessful. It is
noteworthy that compound 5 can also be obtained from the
addition of the unsymmetric germanium(I) dimer 4 to 1 equiv
of Fe2(CO)9. This indicates that the stereoactive lone pair on
the three-coordinated germanium(I) center in 4 can function as
a base to react with another Fe(CO)4 moiety. The existence of
compound 5 in the product mixture was confirmed by NMR
and IR studies.

Spectroscopic Properties. Compounds 3−5 were isolated
as orange or dark red crystalline solids which decompose
readily upon contact with air or moisture. They are soluble in
THF, diethyl ether, and toluene but sparingly soluble in hexane.

Scheme 1. Synthesis of 3−5
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The 1H NMR spectrum of 3 displays two singlets at δ −0.32
and −0.21 ppm due to the protons in the two different SiMe3
groups. Signals due to the pyridyl and phenyl protons are
observed at δ 6.55−7.67 ppm. The 13C NMR spectrum of 3
displays two sharp singlets at δ 1.63 and 2.24 ppm for the two
different carbons in each of the azaallyl ligands. Both the 1H
and 13C NMR spectra are consistent with the solid-state
structure. The 1H NMR spectrum of 5 shows two singlet
signals at δ −0.05 and −0.02 ppm due to the two SiMe3 groups
within the symmetric molecule. In addition, the 1H NMR
spectrum of 4 displays four singlet signals at δ −0.20, −0.13,
−0.11, and −0.06 ppm for the protons in the four different
SiMe3 groups due to the unsymmetrical nature of 4. In both
spectra, signals are also observed due to the pyridyl and phenyl
protons (δ 6.80−8.49 ppm for 4, δ 7.38−8.82 ppm for 5).
Both compounds have also been characterized by infrared

spectroscopy. The CO stretching frequencies of 2006 (s), 1923
(s), and 1900 (s) cm−1 in 4 and 2032 (s), 1987 (s), and 1912
(s) cm−1 in 5 are similar to those reported for LGe[Fe(CO)4]-
Ge[Fe(CO)4]L (2029 (m), 1974 (s), and 1920 (s) cm−1; L =
PhC(NBut)2)

9a and [HC(CMeNAr)2Ge(OH)Fe(CO)4] (2039
(s), 1956 (s), and 1942 (s) cm−1).13 In these compounds, the
iron atoms adopt a trigonal-bipyramidal geometry while the
iron-coordinated germanium atoms adopt a distorted-tetrahe-
dral geometry.
X-ray Structures. The molecular structure of 3 is depicted

in Figure 2. Selected bond distances and angles are also given in
the figure caption. Both of the germanium(II) centers in
compound 3 adopt a trigonal-pyramidal geometry, with the
germanium atom Ge(1) bonded to the three nitrogen atoms
N(1), N(2), and N(3). The Ge(1)−N(1) dative bond distance
of 2.079(3) Å is slightly longer than the Ge(1)−N(2) and the
Ge(1)−N(3) distances of 1.945(3) and 1.953(3) Å, respec-
tively. Similarly, the Ge(1)−N(5) coordinate bond distance of
2.081(3) Å is slightly longer than the other two Ge−N single-
bond distances of 1.961(3) and 1.967(3) Å. These distances are
comparable to other dative bond distances found in the

germanium(I) dimer 2 (2.057(3) and 1.955(4) Å). They are
also similar to those reported for amidinate-stabilized and
terphenyl-stabilized germanium(II) hydrazine derivatives
(1.905 Å (av) for [PhC(NBut)2Ge(Ph)NN(Ph)Ge-
(NBut)2CPh];

9a 1.879 Å (av) for [(2,6-Trip2C6H3)Ge(Ph)-
NN(Ph)Ge(2,6-Trip2-C6H3)]).

12 The N−N bond distance in
compound 3 is 1.454(4) Å. The bond distance is consistent
with a single N−N bond (1.46 Å for (H3Si)2NN(SiH3)2)

14 and
agrees with the bond distances of 1.436(4) Å in [PhC-
(NBut)2Ge(Ph)NN(Ph)Ge(NBu

t)2CPh]
9a and 1.45(3) Å in

[(2,6-Trip2C6H3)Ge(Ph)NN(Ph)Ge(2,6-Trip2C6H3)].
12 The

comparison of the N−N bond distance in compound 3 with
those observed in the analogous species [PhC(NBut)2Ge(Ph)-
NN(Ph)Ge(NBut)2CPh] and [(2,6-Trip2C6H3)Ge(Ph)NN-
(Ph)Ge(2,6-Trip2C6H3)] is indicative of the presence of a
single N−N bond in 3. In compound 3, both of the germanium
atoms are three-coordinated. The sum of bonding angles
(293.1° (av)) at the germanium(II) centers is consistent with
the presence of a stereoactive lone pair. Hence, the reaction of
2 with 1 equiv of azobenzene can be regarded as an oxidative
insertion reaction with simultaneous Ge(I)−Ge(I) bond
cleavage.
The molecular structure of 4 is depicted in Figure 3. Selected

bond distances and angles are given in the figure caption. The
Ge(2) atom, which is coordinated with a Fe(CO)4 moiety,
adopts a tetrahedral geometry with the germanium atom Ge(2)
bonding to the Ge(1) atom, the Fe(1) atom, and the two
nitrogen atoms N(3) and N(4). A similar coordination
geometry is also observed for the amidinate-stabilized
germanium(I)−iron complex LGe[Fe(CO)4]Ge[Fe(CO)4]L
(L = PhC(NBut)2).

9a The other Ge(1) center is three-
coordinated and adopts a trigonal-pyramidal geometry. The
Ge(1) atom is bonded to a Ge(2) atom and the two nitrogen
atoms N(1) and N(2). The sum of bonding angles at Ge(1) is
292.7(1)°, which is consistent with the presence of a
stereoactive lone pair. The Ge(1)−Ge(2) bond distance of
2.611(1) Å in 4 is within the range of Ge−Ge single-bond

Figure 2. Molecular structure of [PhNGe{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}]2 (3). Hydrogen atoms are omitted for clarity, and 30%
probability thermal ellipsoids are shown. Selected bond distances (Å) and angles (deg): Ge(1)−N(1) = 2.079(3), Ge(1)−N(2) = 1.945(3), Ge(1)−
N(3) = 1.953(3), Ge(2)−N(4) = 1.961(3), Ge(2)−N(5) = 2.081(3), Ge(2)−N(6) = 1.967(3), N(3)−N(4) = 1.454(4), N(1)−C(5) = 1.351(5),
N(2)−C(10) = 1.403(5), N(3)−C(20) = 1.388(4); N(2)−Ge(1)−N(3) = 99.8(1), N(2)−Ge(1)−N(1) = 87.1(1), N(3)−Ge(1)−N(1) =
102.4(1), N(4)−Ge(2)−N(6) = 106.2(1), N(4)−Ge(2)−N(5) = 103.1(1), N(6)−Ge(2)−N(5) = 87.5(1), C(20)−N(3)−N(4) = 116.3(3),
C(20)−N(3)−Ge(1) = 134.3(2), N(4)−N(3)−Ge(1) = 98.0(2), N(3)−N(4)−Ge(2) = 107.7(2).
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distances reported for other germanium(I) dimers (2.506(1)−
2.709(1) Å),6,7 supporting the Ge−Ge single-bond character in
compound 4. In comparison, it is slightly shorter than that of
2.7093(7) Å reported for Jones’ amido-digermyne with a Ge−
Ge single bond (LGeGeL: L = N(SiMe3)(Ar*); Ar* =
C6H2Me{C(H)Ph2}2-4,2,6)).

15 In addition, the Ge−Ge sin-
gle-bond distance is slightly longer than the Ge−Ge donor−
acceptor bond distance of 2.427(1) Å in the phosphine-
stabilized heterocyclic germavinylidene complex.16 It is also
longer than the Ge−Ge double bond in the NHC-stabilized
digermanium(0) complex (2.349(1) Å)17 and much longer
than the Ge−Ge triple bonds found in digermynes (2.206(1)−
2.285(1) Å).3a,18 These further support the presence of single-
bond character of the Ge−Ge interaction in compound 4. It is
also noteworthy that the Ge−Ge bond of 2.611(1) Å in 4 is
similar to that of 2.602(8) Å in 2, showing that the addition of a
Fe(CO)4 moiety to the germanium(I) center has little effect on
the Ge(I)−Ge(I) bond distance. The iron atom adopts a
trigonal-bipyramidal geometry: four of the coordinating sites
are occupied by carbonyl groups and one by the Ge(2) atom.
The Ge(2)−Fe(1) bond distance of 2.400(1) Å is similar to
that of 2.340(1) Å in LGe[Fe(CO)4]Ge[Fe(CO)4]L (L =
PhC(NBut)2).

9a It is also comparable to other reported
examples where the Fe(CO)4 moiety is attached to a
germanium atom in the formal oxidation state of +2. The
Ge(2)−Fe(1) bond distance of 2.400(1) Å in compound 4 is
similar to that of 2.33(1) Å in [HC(CMeNAr)2Ge(OH)Fe-
(CO)4]

13 and tha t o f 2 .348(1) Å in [(η 3 - (μ -
ButN)2(SiMeNBut)2)GeFe(CO)4],

19 but it is slightly longer
in comparison with that of 2.29(2) Å in [HC(CMeNAr)2Ge-
(Cl)Fe(CO)4].

20 The Ge−Fe coordinate bond distance of
2.400(1) Å in compound 4 is also comparable to the Ge−Fe
single-bond distance of 2.496(2) Å in the iron−germylene

complex LGeFe(η5-C5H5)(CO)2 (L = CH{CMe(NAr)}2, Ar =
2,6-iPr2C6H3).

21

■ CONCLUSIONS
In conclusion, we have synthesized the digermahydrazine
derivative [LGeNPh]2 (3) from the reaction of LGeGeL (2)
with azobenzene. The reaction of dimer 2 with 2 equiv of diiron
nonacarbonyl afforded the diiron complex [LGe(Fe(CO)4)]2
(5); whereas the reaction of 2 with 1 equiv of diiron
nonacarbonyl yielded a novel unsymmetric germanium(I)
dimer with two different germanium(I) centers.

■ EXPERIMENTAL SECTION
General Procedures. All manipulations were carried out under an

inert atmosphere of dinitrogen gas by standard Schlenk techniques.
Solvents were dried over and distilled from CaCl2 (hexane and
CH2Cl2) and/or Na (Et2O, toluene, and THF). The pyridyl-1-azaallyl
germanium(II) chloride 1 was prepared according to the literature
procedure.10 Azobenzene and diiron nonacarbonyl were purchased
from Aldrich Chemical Co. and used without further purification. The
NMR spectra were recorded on Brüker 400 MHz spectrometers and
recorded in THF-d8. The chemical shifts δ are relative to SiMe4 for

1H
and 13C{1H}.

Synthesis of [PhNGe{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}]2 (3).
A solution of [N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)]2Ge2 (2; 0.80 g,
0.97 mmol) in THF (25 mL) was added slowly to a stirred solution of
azobenzene (0.18 g, 0.99 mmol) in THF (10 mL) at 0 °C. The
resultant dark green mixture was warmed to ambient temperature and
stirred for 24 h. The solution was filtered, and the volatiles were
removed under reduced pressure. The dark red residue was extracted
with toluene. After filtration, concentration of the filtrate afforded red
crystals. Yield: 0.16 g (21%). Mp: 201−204 °C. Anal. Found: C, 58.98;
H, 6.61; N, 8.11. Calcd for C50H64Ge2N6Si4: C, 59.65; H, 6.41; N,
8.35. 1H NMR (THF-d8): δ −0.32 (s, 9H, SiMe3), −0.21 (s, 9H,
SiMe3), 6.55−6.61 (m, 1H, 5-py), 6.84−6.90 (m, 5H, Ph), 7.12−7.20
(m, 5H, NPh), 7.31−7.35 (m, 1H, 3-py), 7.38−7.42 (m, 1H, 4-py),
7.67 (d, 1H, 6-py, 2JH−H′ = 6.3 Hz). 13C{1H} NMR (THF-d8): δ 1.63,
2.24 (SiMe3), 118.7 (CSiMe3), 120.3−152.6 (Ph and Py), 161.0
(NCPh).

Synthesis of [{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)(Fe(CO)4)-
GeGe{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}] (4). A solution of [N-
(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)]2Ge2 (2; 0.75 g, 0.91 mmol) in
THF (20 mL) was added slowly to a stirred solution of diiron
nonacarbonyl (0.33 g, 0.91 mmol) in THF (10 mL) at 0 °C. The
resultant mixture was warmed to ambient temperature and stirred for
24 h. The solution was filtered, and the volatiles were removed under
reduced pressure. The dark red residue was extracted with 30 mL of
toluene. The solution was then filtered. Addition of 5 mL of THF
followed by concentration of the filtrate afforded dark red crystals.
Yield: 0.42 g (47%). Mp: 182−184 °C. Anal. Found: C, 50.11; H,
6.17; N, 6.28. Calcd for C42H54FeGe2N4O4Si4: C, 50.83; H, 5.48; N,
5.65. 1H NMR (THF-d8): δ −0.20 (s, 9H, SiMe3), −0.13 (s, 9H,
SiMe3), −0.11 (s, 9H, SiMe3), −0.06 (s, 9H, SiMe3), 6.80−7.18 (m,
2H, 5-py), 7.22−7.55 (m, 10H, Ph), 7.60−7.68 (m, 2H, 3-py), 7.71−
7.92 (m, 2H, 4-py), 8.20−8.49 (m, 2H, 6-py). 13C{1H} NMR (THF-
d8): δ 1.55, 1.60, 1.63, 2.04 (SiMe3), 111.0, 112.2 (CSiMe3), 120.3−
152.6 (Ph and Py), 159.0, 161.1 (NCPh), 202.5, 205.7 (CO). IR (KBr,
cm−1): ν(CO) 2006 (s), 1923 (s), 1900 (s).

Synthesis of 4 from 1 and Na2Fe(CO)4. A solution of
[{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}GeCl] (1; 0.47 g, 1.05
mmol) in THF (25 mL) was added slowly to a stirring solution of
Na2Fe(CO)4 (0.11 g, 0.51 mmol) in THF (20 mL) at −90 °C. The
resultant dark red mixture was warmed to ambient temperature and
stirred for 12 h. The solution was filtered, and the volatiles were
removed under reduced pressure. The red residue was extracted with
20 mL of toluene. After filtration, addition of 5 mL of THF and
concentration of the filtrate afforded dark red crystals. Yield: 0.31 g
(61%).

Figure 3.Molecular structure of [{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-
2)(Fe(CO)4)GeGe{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)}] (4). Hy-
drogen atoms are omitted for clarity, and 30% probability thermal
ellipsoids are shown. Selected bond distances (Å) and angles (deg):
Ge(1)−Ge(2) = 2.611(1), Ge(2)−Fe(1) = 2.400(1), Ge(1)−N(1) =
2.052(3), Ge(1)−N(2) = 1.912(2), Ge(2)−N(3) = 2.088(2), Ge(2)−
N(4) = 1.940(2), Fe(1)−C(39) = 1.765(4), O(1)−C(39) = 1.146(5);
Fe(1)−Ge(2)−Ge(1) = 131.7(2), N(2)−Ge(1)−N(1) = 87.3(1),
N(2)−Ge(1)−Ge(2) = 110.5(1), N(1)−Ge(1)−Ge(2) = 94.9(1),
N(4)−Ge(2)−N(3) = 89.4(1), N(4)−Ge(2)−Fe(1) = 119.4(1),
N(3)−Ge(2)−Fe(1) = 105.5(1), N(4)−Ge(2)−Ge(1) = 106.6(1),
N(3)−Ge(2)−Ge(1) = 87.8(1), C(41)−Fe(1)−Ge(2) = 86.2(1).
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Synthesis of [{N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)(Fe(CO)4)Ge]2
(5). A solution of [N(SiMe3)C(Ph)C(SiMe3)(C5H4N-2)]2Ge2 (2;
0.88 g, 1.07 mmol) in THF (20 mL) was added slowly to a stirred
solution of diiron nonacarbonyl (0.78 g, 2.14 mmol) in THF (20 mL)
at 0 °C. The resultant mixture was warmed to ambient temperature
and stirred for 24 h. The volatiles were then removed under reduced
pressure. The dark red residue was extracted with 30 mL of ether. The
solution was filtered, and concentration of the filtrate afforded a dark
red crystalline solid. Yield: 0.06 g (48%). Mp: 195−199 °C. Anal.
Found: C, 48.18; H, 4.88; N, 5.21. Calcd for C46H54Fe2Ge2N4O8Si4: C,
47.62; H, 4.69; N, 4.83. 1H NMR (THF-d8): δ −0.05 (s, 9H, SiMe3),
−0.02 (s, 9H, SiMe3), 7.38−7.46 (m, 5H, Ph), 7.58−7.61 (m, 1H, 5-
py), 7.70 (d, 1H, 3-py, 2JH−H′ = 6.5 Hz), 8.00 (t, 1H, 4-py, 2JH−H′ = 6.5
Hz), 8.82 (d, 1H, 6-py, 2JH−H′ = 6.5 Hz). 13C{1H} NMR (THF-d8): δ
2.43, 3.44 (SiMe3), 112.1 (CSiMe3), 121.3−157.0 (Ph and Py), 161.9
(NCPh), 201.5, 203.1 (CO). IR (KBr, cm−1): ν(CO) 2032 (s), 1987
(s), 1912 (s).
Synthesis of 5 from 4. A solution of [{N(SiMe3)C(Ph)C-

(SiMe3)(C5H4N-2)(Fe(CO)4)GeGe{N(SiMe3)C(Ph)C(SiMe3)-
(C5H4N-2)}] (4; 0.42 g, 0.42 mmol) in THF (20 mL) was added
slowly to a stirred solution of diiron nonacarbonyl (0.16 g, 0.44 mmol)
in THF (10 mL) at 0 °C. The resultant mixture was warmed to
ambient temperature and stirred for 24 h. The volatiles were removed
under reduced pressure. The dark red residue was extracted with 30
mL of ether. The solution was filtered, and concentration of the filtrate
afforded a dark red crystalline solid. Yield: 0.32 g (66%).
X-ray Crystallography. Single crystals were sealed in Lindemann

glass capillaries under nitrogen. X-ray data of 3 and 4 were collected
on a Rigaku R-AXIS II imaging plate using graphite-monochromated
Mo Kα radiation (λ = 0.71073 Å) from a rotating-anode generator
operating at 50 kV and 90 mA. Crystal data are summarized in Table 1
in the Supporting Information. The structures were solved by direct
phase determination using the computer program SHELXTL-PC22 on
a PC 486 and refined by full-matrix least squares with anisotropic
thermal parameters for the non-hydrogen atoms. Hydrogen atoms
were introduced in their idealized positions and included in structure
factor calculations with assigned isotropic temperature factor
calculations.
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