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{Tris[2-(dimethylamino)phenyl]germyl}lithium (1) has been amino group induces the distortion of the geometry around
the germanium atom. In solution, however, two species existprepared. The X-ray analysis shows that 1 exists as a

monochelated monomer in the solid state, where the lithium as evidenced by 1H-, 7Li-, and 13C-NMR spectra. The
temperature-dependent behavior of these two species hasatom is coordinated to one of the amino groups and two THF

molecules. The interaction between the lithium atom and the been analyzed by variable-temperature NMR studies.

Structure in the Solid StateIntroduction

Among a variety of Group-14 element2alkali metal X-ray analysis of the crystal reveals that 1 has a mono-
compounds, germyllithium compounds have been well stud- meric structure in the solid state, as shown in Figure 1. The
ied from the synthetic point of view,[1] but structural studies selected bond lengths, bond angles, and torsion angles are
are still scarce; only six structures of germyllithium com- listed in Table 1. The most striking feature is the highly
pounds have been determined by X-ray analysis [2] and the distorted geometry around Ge(1) due to the unsymmetrical
substituents have been limited to the tris(trimethylsilyl)silyl interaction of Li(1) with the amino group. Li(1) bonded to
group and germole skeletons. We report here the prep- Ge(1) is coordinated to N(1) of one of the three NMe2
aration of {tris[2-(dimethylamino)phenyl]germyl}lithium groups, forming a five-membered chelate ring consisting of
(1) and its structure in the solid state and in solution, focus- Li(1), Ge(1), C(1), C(2), and N(1). Li(1) is also coordinated
ing on the interaction between the lithium atom and the to O(1) and O(2) of two THF molecules arising from the
amino group[3] as well as on the germanium2lithium bond- reaction solvent. The Li(1)2Ge(1) bond length [2.598(9) Å]
ing character. is the shortest among those of the characterized germylli-

thium compounds [2.613(3)22.759(24) Å]. [2] The
Li(1)2N(1) bond length [2.15(1) Å] is longer than the sum
of the covalent radii (Li 1.23 Å; N 0.70 Å), [5] but normalResults and Discussion
as coordinative Li2N bonds (2.0122.17 Å). [3] The intra-

The germyllithium 1 was prepared by deprotonation of molecular coordination of N(1) to Li(1) reduces the angle
the hydrogermane[4] 2 with tert-butyllithium (3.3 equiv.) in of Li(1)2Ge(1)2C(1) to 83.9(3)°. As a result, Li(1), Ge(1),
THF at 240°C in 93% yield, as shown in Scheme 1; the C(9), and C(17) are almost coplanar; the sum of the three
yield was estimated by quenching with D2O. When 2 was angles of Li(1)2Ge(1)2C(9), Li(1)2Ge(1)2C(17), and
treated with a deficient amount of tert-butyllithium (1.2 C(9)2Ge(1)2C(17) is 359.5°. In spite of the distorted ge-
equiv.), 1 could be isolated as pale yellow crystals in 33% ometry, however, there are no significant differences among
yield after recrystallization from toluene at 220°C. the three Ge2C bonds [2.042(6), 2.030(5), and 2.054(5) Å]

and the three C2Ge2C angles [96.8(2), 99.2(2), and
98.4(2)°]. It is also noted that the sum of the latter (294.4°)
is strongly reduced from the sp3 tetrahedral value (328°).
Thus, the geometry of 1 may be designated pyramidal
rather than distorted tetrahedral.

In order to obtain information about the electronic struc-
ture, we performed an ab initio calculation of 1·(THF)2 at
HF level using the 6-3111G* basis set on Li and Ge atoms
and the 6-31G basis set on H, C, N, and O atoms, [6] based

Scheme 1 on the geometry of the crystal structure. The natural bond
orbital analysis reveals that the anionic electrons on Ge(1)
have a considerably higher s character (s 57.3%; p 42.6%; d

[a] Institute for Chemical Research, Kyoto University, Uji, 0.1%) than the sp3-hybrid orbitals, [7] whereas the three
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Figure 2. HOMO of 1·(THF)2 calculated at HF level using the
6-3111G* basis set on Li and Ge atoms and the 6-31G basis set
on H, C, N, and O atoms; geometry is based on the crystal struc-
ture; its schematic representation is also shown

Structures in Solution

In contrast to the single structure in the solid state, the
structure of 1 in solution is not simple. Crystalline 1 involv-

Figure 1. Molecular structure of 1·(THF)2 with 30% probability ing two solvated THF molecules was dissolved in [D8]tol-
ellipsoids (H atoms omitted for clarity); selected bond lengths [Å] uene, and the behavior was examined by variable-tempera-and angles [°]: Ge(1)2Li(1) 2.598(9), Ge(1)2C(1) 2.042(6),

ture 1H-, 7Li-, and 13C-NMR spectroscopy. The results ofGe(1)2C(9) 2.030(5), Ge(1)2C(17) 2.054(5), Li(1)2N(1) 2.15(1),
Li(1) · · ·N(2) 4.11(1), Li(1) · · ·N(3) 4.43(1), Ge(1)2Li(1)2N(1) the latter two analyses are shown in Figure 3. The analysis
83.7(3), Li(1)2Ge(1)2C(1) 83.9(3), Li(1)2Ge(1)2C(9) 138.3(3),

of the spectra reveals that 1 exists as a mixture of two spe-Li(1)2Ge(1)2C(17) 122.8(3), C(1)2Ge(1)2C(9) 96.8(2),
C(1)2Ge(1)2C(17) 99.2(2), C(9)2Ge(1)2C(17) 98.4(2) cies in the solution and their integral ratio reversibly

changes as the temperature changes. Thus, the 7Li-NMR
spectra display two distinct signals at δ 5 1.20 and δ 5
2.88. The 13C-NMR spectra show two kinds of signals atTable 1. Selected bond lenghts [Å], bond angles [°], and torsion
δ 5 46.1 and δ 5 47.0 for the NMe2 carbon atoms. Theangles [°] for 1·(THF)2
1H-NMR spectra also show two kinds of signals at δ 5

Ge(1)2C(1) 2.598(9) 2.31 and δ 5 2.59 for the NMe2 protons, analogously to
Ge(1)2C(9) 2.042(6) the 13C-NMR signals.Ge(1)2C(17) 2.030(5)

Based on the temperature-dependent behavior of theseLi(1)2N(1) 2.15(1)
Li(1)···N(2) 4.11(1) two species, we assumed that the monomer 1a, arising from
Li(1)···N(3) 4.43(1)

the crystals, dimerizes to the dimer 1b and they are in equi-Li(1)2Ge(1)2C(1) 83.9(3)
Ge(1)2Li(1)2N(1) 83.7(3) librium in the solution, as shown in Scheme 2. Whereas the
Li(1)2Ge(1)2C(9) 138.3(3) monomer 1a is favored at higher temperatures in terms ofLi(1)2Ge(1)2C(17) 122.8(3)

the entropy effect, [3g] the dimer 1b is favored at lower tem-C(9)2Ge(1)2C(17) 98.4(2)
C(1)2Ge(1)2C(9) 96.8(2) peratures in terms of the electrostatic interaction,[8] through
C(1)2Ge(1)2C(17) 99.2(2) which the anionic electrons are efficiently stabilized by theLi(1)2Ge(1)2C(1)2C(2) 223.5(4)

two lithium cations. Based on this assumption, the thermo-Li(1)2Ge(1)2C(9)2C(10) 29.1(7)
Li(1)2Ge(1)2C(17)2C(18) 266.1(5) dynamic parameters for the monomer2dimer equilibrium
Ge(1)2C(1)2C(2)2N(1) 210.4(6)

between 1a and 1b were estimated from a series of 1H-Ge(1)2C(9)2C(10)2N(2) 6.1(8)
Ge(1)2C(17)2C(18)2N(3) 25.8(7) NMR spectra. The equilibrium is described as Keq 5 [1b]/

[1a]2 according to Scheme 2. From a van9t Hoff plot of
ln(Keq) vs 1/T, we obtained ∆H° 5 234.5 ± 1.7 kJ/mol,
∆S° 5 2135 ± 7 J/mol·K, ∆G°293 5 5.1 ± 3.8 kJ/mol, and
∆G°213 5 25.8 ± 3.2 kJ/mol. These thermodynamic data,characters are almost equivalent to each other, in agreement

with the similarity of the Ge2C bond lengths. The molecu- especially the large negative entropy, strongly support the
proposed monomer2dimer equilibrium and formation oflar orbital analysis of the anionic electrons (HOMO) indi-

cates that the lithium atom is located not along the vector the dimer at lower temperatures.
To confirm the monomer/dimer assignment and rule outof the anionic electrons but aside from it, as shown in Fig-

ure 2. This may be represented as an intramolecular sepa- other assignments for the higher aggregate, we performed
a variable concentration study.[9] A plot of log[dimer] vsrated ion pair, which is not unusual if the Ge2Li interac-

tion is weak while the N2Li coordinative interaction is rel- log[monomer] (integration of 1H-NMR spectra at 233 K)
has a slope of 2.1 ± 0.2, confirming that the two speciesatively strong.
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with the GIAO calculated shift of 1·(THF)2 (δ 5 3.06),
based on the geometry of the crystal structure.[6,10,11] Thus,
the two species 1a and 1b are represented as monomer and
dimer, respectively.

Accordingly, the signals at δ 5 2.88 (7Li) and δ 5 47.0
(13C) can be attributed to 1a while the signals at δ 5 1.20
(7Li) and δ 5 46.1 (13C) can be attributed to 1a at 263 K
in Figure 3. Some aspects require a comment: (i) In the
hydrocarbon solvent, the monomer 1a is expected to be che-
lated by the NMe2 group(s), as observed in the crystal
structure. However, the NMe2 groups might equilibrate on
the NMR time scale, because they appear as a broad 13C
resonance upon cooling to 213 K. (ii) In the dimer 1b, the
NMe2 groups may not interact with the lithium atom, be-
cause they appear as a sharp 13C resonance upon cooling
to 213 K. (iii) The smaller line width of the 7Li reso-
nance[3g,12] of 1b than that of 1a may reflect the more sym-
metrical environment around the lithium atom in the for-
mer.

In conclusion we have revealed the structure of the ger-
myllithum 1 in the solid state and in solution. While in the
solid state the intramolecular coordination of the amino
group induces the distorted geometry of the monomeric 1a,
1a tends to dimerize in solution.

Experimental SectionFigure 3. 7Li- and 13C-NMR spectra of 1 in [D8]toluene at different
temperatures; peaks marked with 3 are due to the hydrogermane 2

General: 1H (270 MHz), 7Li (105.01 MHz), and 13C (67.94 MHz)
NMR spectra were recorded with a JEOL EX-270 spectrometer.
1H- and 13C-chemical shifts were referenced to internal [D8]toluene
(1H: δ 5 2.10; 13C: δ 5 20.40), [D6]benzene (1H: δ 5 7.20), and
CDCl3 (13C: δ 5 77.00). 7Li-chemical shifts were referenced to ex-
ternal lithium chloride (δ 5 0) in methanol. 2 Mass spectra were
measured at 70 eV with a JEOL JMS-700 mass spectrometer
equipped with an MS-SEPU data processing system. 2 Melting
points were measured with a Yanaco-MP-S3 apparatus and are un-
corrected. 2 Infrared spectra were recorded with a JASCO IR-810
spectrophotometer. 2 tert-Butyllithium in pentane was purchased
from Kanto Chemical Co., Inc. THF was distilled under nitrogen
from sodium benzophenone ketyl and then lithium aluminium hy-
dride or sodium potassium alloy. Toluene was distilled under nitro-
gen from sodium. All reactions were carried out under an inert at-
mosphere.

Preparation of {Tris[2-(dimethylamino)phenyl]germyl}lithium (1) and
Trapping with D2O. 2 Formation of Tris[2-(dimethylamino)phenyl]-
deuteriogermane (3): To a solution of tris[2-(dimethylamino)phen-
yl]hydrogermane (2) [4] (217 mg, 0.50 mmol) in THF (1.0 mL) was
added tert-butyllithium in pentane (1.64 M, 1.0 mL, 1.64 mmol) at
240°C. The reaction mixture was stirred at 240°C for 1 h to give
a yellow suspension of 1. To the suspension was added deuterium
oxide (0.3 mL, 17 mmol) at 240°C and the mixture was stirred at
room temperature for 4 h. After the solvent was removed under
reduced pressure, the residue was diluted with benzene (10 mL) and
filtered. The filtrate was concentrated to give 3 as a solid. The yield
was estimated by means of NMR analysis (93%) using mesitylene
as the internal standard. Recrystallization of the solid from hexaneScheme 2
(0.4 mL) gave 3 as colorless crystals (178 mg, 82% yield based on
2), m.p. 96.5297.0°C. 2 1H NMR ([D6]benzene): δ 5 2.57 (s, 18

differ in aggregation state by a factor of 2. It is also found H), 6.9426.99 (m, 3 H), 7.0727.10 (m, 3 H), 7.2027.25 (m, 3 H),
7.4027.43 (m, 3 H). 2 13C NMR (CDCl3): δ 5 45.68, 119.30,that the 7Li-chemical shift of 1a (δ 5 2.88) is consistent
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123.40, 129.49, 135.53, 136.57, 159.44. 2 IR (KBr): ν̃ 5 1530 cm21 07405043 and 09239103). Y. T. thanks the Japan Society for the

Promotion of Science (Fellowship for Japanese Junior Scientists).(Ge2D). 2 MS (70 eV); m/z (%): 436 (2) [M1], 434 (1) [M1 2 D],
314 (85) [(Me2NC6H4)2Ge], 194 (56) [Me2NC6H4Ge], 120 (100)
[Me2NC6H4]. [1] P. Riviere, M. Riviere-Baudet, J. Satge in Comprehensive Or-

ganometallic Chemistry II (Ed.: A. G. Davies), Elsevier Science,
Ltd., Oxford, 1995, vol. 2, chapter 5, and references cited ther-

Table 2. Summary of X-ray diffraction data for 1·(THF)2 ein.
[2] Based on the Cambridge Structural Database, Update April

1998. [2a] S. Freitag, R. Herbst-Irmer, L. Lameyer, D. Stalke,Empirical formula C32H46GeLiN3O2 Organometallics 1996, 15, 283922841. 2 [2b] J.-H. Hong, H.Formula mass 584.27
Pan, P. Boudjouk, Angew. Chem. 1996, 108, 2132216; Angew.Color pale yellow
Chem. Int. Ed. Engl. 1996, 35, 1862188. 2 [2c] R. West, H.Crystal size [mm] 0.4 3 0.30 3 0.30
Sohn, D. R. Powell, T. Müller, Y. Apeloig, Angew. Chem. 1996,Crystal system monoclinic
108, 109521097; Angew. Chem. Int. Ed. Engl. 1996, 35,Space group P21/c (no. 14)
100221004. 2 [2d] A. Heine, D. Stalke, Angew. Chem. 1994, 106,a [Å] 16.222(2)
1212123; Angew. Chem. Int. Ed. Engl. 1994, 33, 1132115.b [Å] 10.1011(9) [3] Silyllithium compounds with nitrogen donors: 2 [3a] J. Belzner,c [Å] 20.715(2)
U. Dehnert, D. Stalke, Angew. Chem. 1994, 106, 258022582;β [°] 111.897(3)
Angew. Chem. Int. Ed. Engl. 1994, 33, 245022452. Organoli-V [Å3] 3149.5100
thium compounds with nitrogen donors: 2 [3b] D. Hüls, H.Z 4
Günther, G. van Koten, P. Wijkens, J. T. B. H. Jastrzebski, An-D(calcd.) [g/cm3] 1.232
gew. Chem. 1997, 109, 274322744; Angew. Chem. Int. Ed. Engl.µ (Mo-Kα) [21] 10.03
1997, 36, 262922631. 2 [3c] H. J. Reich, B. Ö. Gudmundsson,2θmax [°] 55.3
J. Am. Chem. Soc. 1996, 118, 607426075. 2 [3d] P. Wijkens, E.Temp. [K] 173
M. van Koten, M. D. Janssen, J. T. B. H. Jastrzebski, A. L.No. of reflections collected 6355
Spek, G. van Koten, Angew. Chem. 1995, 107, 2392242; Angew.No. of obsd. reflections, I > 3σ(I) 4370
Chem. Int. Ed. Engl. 1995, 34, 2192222. 2 [3e] M. H. P. Riet-No. of variables 353
veld, I. C. M. Wehman-Ooyevaar, G. M. Kapteijn, D. M. Grove,R 0.093
W. J. J. Smeets, H. Kooijman, A. L. Spek, G. van Koten, Or-Rw 0.121
ganometallics 1994, 13, 378223787. 2 [3f] J. T. B. H. Jastrzebski,Goodness of fit 1.68
G. van Koten, M. Konijin, G. H. Stam, J. Am. Chem. Soc. 1982,Max/min peak in final diff. map [e/Å3] 1.13/21.17
104, 549025492. Lithium amides with nitrogen donors: [3g] G.
Hilmersson, Ö. Davidsson, J. Org. Chem. 1995, 60, 766027669.
2 [3h] D. Sato, H. Kawasaki, I. Shimada, Y. Arata, K. Okamura,
T. Date, K. Koga, J. Am. Chem. Soc. 1992, 114, 7612763.Crystals of 1·(THF)2: To a solution of 2 (210 mg, 0.49 mmol) in

[4] A. Kawachi, Y. Tanaka, K. Tamao, Organometallics 1997, 16,THF (1.4 mL) was added tert-butyllithium in pentane (1.56 M,
510225107.0.38 mL, 0.59 mmol) at 240°C. The reaction mixture was stirred [5] J. Emsley, in The Elements, 2nd ed., Clarendon Press, Oxford,

at 240°C for 1 h. The solvent was removed under reduced pressure 1992.
[6] M. J. Frisch, G. W. Trucks, H. B. Schlegel, P. M. W. Gill, B. G.at 0°C to give a yellow solid. Recrystallization of the solid from

Johnson, M. A. Robb, J. R. Cheeseman, T. Keith, G. A. Peters-toluene (0.5 mL) at 220°C gave 1·(THF)2 as pale yellow crystals
son, J. A. Montgomery, K. Raghavachari, M. A. Al-Laham, V.(92 mg, 33% yield based on 2), m.p. 270.02271.0°C (sealed tube, G. Zakrzewski, J. V. Ortiz, J. B. Foresman, J. Cioslowski, B. B.

decomp.). Stefanov, A. Nanayakkara, M. Challacombe, C. Y. Peng, P. Ay-
ala, W. Chen, M. W. Wong, J. L. Andres, E. S. Replogle, R.

X-ray Structure Determination for 1·(THF)2: All crystal data and Gomperts, R. L. Martin, D. J. Fox, J. S. Binkley, D. J. Defrees,
refinement parameters are summarized in Table 2. The crystal was J. Baker, J. P. Stewart, M. Head-Gordon, C. Gonzalez, J. A.

Pople, Gaussian 94, Revision D.3, Gaussian, Inc., Pittsburgh,sealed in a capillary tube under argon. Data were collected with a
PA, 1995.Rigaku RAXIS-IV imaging plate area detector with filtered Mo- [7] C. Lambert, P. v. R. Schleyer, Angew. Chem. 1994, 106,

Kα radiation. The structure was solved by direct methods 118721199; Angew. Chem. Int. Ed. Engl. 1994, 33,112921140,
(SIR92)[13] and expanded using Fourier techniques (DIRDIF94)[14] and references cited therein.

[8] A.-M. Sapse, D. C. Jain, K. Raghavachari, in Lithium Chemistryand refined on |F|2. Empirical absorption corrections based on azi-
(Eds.: A.-M. Space, P. v. R. Schleyer), John Wiley & Sons, Newmuthal scans of several reflections were applied. The non-hydrogen York, 1995, chapter 2, and references cited therein.

atoms were anisotropically refined. All hydrogen atoms were lo- [9] H. J. Reich, D. P. Green, M. A. Medina, W. S. Goldenberg, B.
cated at the expected positions by a geometrical calculation and Ö. Gudmundsson, R. R. Dykstra, N. H. Phillips, J. Am. Chem.

Soc. 1998, 120, 7201.fixed at these positions. Crystallographic data (excluding structure
[10] Basis set: Ge (6-3111G*/ECP), Li (6-3111G*), H, C, N, O (6-factors) for the structure reported in this paper have been deposited 31G). The calculated shift is reported relative to that of

with the Cambridge Crystallographic Data Centre as supplemen- Li1 ·MeOH.
tary no. CCDC-102693. Copies of the data can be obtained free [11] A recent example of the GIAO calculation of 7Li-chemical shift:

D. H. Barich, T. Xu, J. Zhang, J. F. Haw, Angew. Chem. 1998,of charge on application to CCDC, 12 Union Road, Cambridge
110, 2607; Angew. Chem. Int. Ed. 1998, 37, 2530.CB2 1EZ, UK [Fax: int. code 1 44-1223/336-033; E-mail: [12] R. Benn, A. Rufin9ska, Angew. Chem. 1986, 98, 8512871; An-

deposit@ccdc.cam.ac.uk]. gew. Chem. Int. Ed. Engl. 1986, 25, 8612881.
[13] SIR92: A. Altomare, M. C. Burla, M. Camalli, M. Cascarano,

C. Giacovazzo, A. Guagliardi, G. Polidori, J. Appl. Crystallogr.
1994, 27, 435.

[14] DIRDIF94: P. T. Beurskens, G. Admiraal, G. Beurskens, W. P.Acknowledgments Bosman, R. de Gelder, R. Israel, J. M. M. Smits, The DIRDIF-
94 Program System, Technical Report of the Crystallography
Laboratory, University of Nijmegen, The Netherlands, 1994.We thank the Ministry of Education, Science, Sports and Culture,
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