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neutral alumina (3mL, activity 2-3) and eluted with diethyl ether
(~14 mL). Evaporation of the solvent gave the product. Yields were
determined by 'HNMR integration against a known amount of 1.2-
dibromoethane. The immobilized catalyst was reused as such in further
experiments.

Determination of catalyst leaching: A 100 mL Schlenk flask was charged
with FRPSG supported catalyst (500 mg, 10 mg Pd complex per g FRPSG,
1.48 pmol), 4-bromonitrobenzene (303 mg, 1.50 mmol), and phenylboronic
acid (205 mg, 1.68 mmol), evacuated and refilled with argon (3 x). DME
(10 mL) and Na,CO; (2™ in water, 5.0 mL, 10.0 mmol) were added. The
flask was shaken under argon at 80°C for 15h, and then the reaction
mixture was cooled to room temperature and filtered. The residue was
washed with DME (2 x 10 mL), water (2 x 10 mL), and again with DME
(2x10 mL), and the organic and aqueous filtrates were collected sepa-
rately. The solvents were removed in vacuo, the resulting solids were
powdered, and the Pd content determined by ICP-MS.
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9,9-Dilithiofluorene: The First Crystal-
Structure Analysis of an a,a-Dilithiated
Hydrocarbon**

Gerald Linti,* Alexander Rodig, and Hans Pritzkow

Lithiated hydrocarbons are one of the most important
classes of compounds in organoelement chemistry. Many of
these compounds have been structurally investigated in
solution and the crystalline state, as well;l!3l di- and oligo-
metallated species earned special interest.[* Dilithiomethane
is mentioned as one example here, it is available from the
thermolysis of lithium methanidel®” and used in many
synthetic procedures. A series of oligomeric structures of
lithium methanide was investigated with quantum-chemical
methods, in which carbon atoms take the coordination
number six.®! In monomeric dilithiomethane the planar
coordination of the carbon atom is only less stable than the
tetrahedral coordination of the carbon atom by
71 kJmol .19 However, the final structure in solution and
of the solid state has not been determined.''?l Several
substituted derivatives, such as Me;CCHLIi,, Me;SiCHLIi,,[3]
and the title compound 9,9-Dilithiofluorene,'¥ have been
synthesized, but their structures are not known. It was
possible to solve the crystal structures of heteroatom sub-
stituted derivatives, such as PhS(O)(NMe)CLi,Ph,['> (Me;-
SiNPPh,),CLi, 111 (MeO),P(O)CLi,SiMe; (as aggregate
with dimethylamide),” and PhSO,CLi,(SiMe;),['"! where
Li—O and Li—N bonds dominate the structures. The anion
(CHPMe,NSiMe;)>~ together with BuMe,SiO~ forms the
backbone of a Liy, cluster.?”! [{(Me;Si),CH}cAl,CH,Li,] was
considered as a RjAl-adduct to CH,Li,.?! Herein, we
describe the crystal structure of the 9,9-dilithiofluorene
complex 2 [Eq. (1)].
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If lithiofluorene 1 is dissolved in a solvent mixture of
benzene:THF (10:1) at 0°C pale orange cubes of 2 crystallize
[Eq. (1)]. On redissolving of crystallized 2 in THF or benzene,
in the '"H and *C NMR spectra only the resonance signals of 1
can be observed. Therefore, it was not possible to investigate 2
in solution. Donor-free Li,C,;H;g has already been prepared by
the thermolysis of lithiofluorene and its constitution demon-
strated by deuterolysis experiments.['#l

Li

] I I + nBuLi l l !
1 Li | i(thf) O
THF/benzene
-
2

Compound 2 crystallizes together with one molecule of
benzene in the orthorhombic crystal system (space group
Pnma).??! In the crystal structure the fluorenylidene units are
each linked together by two lithium atoms to form polymeric
chains (Figure 1). These can be considered as a double ribbon

Figure 1. Section of the polymeric structure of 2 (hydrogen atoms are
omitted for clarity). Selected bond lengths [pm] and angles [°]: C9-Lil
222.9(3), C9-Lil’ 216.1(13), C9-Li2" 218.6(3), C9-Li2 234.3(3), Cl1-Lil
242(1), C1-Li2, 237(1), C6-Li2 257(2), C7-Li2 253(1), C8-Lil 245(2), C10-
Li2 241(2), Lil-O1 197.8(3), Li2-O1 205.4(3), C1-C9 147.4(7), C8-C9
141.0(8), C1-C6 145.2(9), C6-C7 141.7(6), C7-C8 144.5(9) Lil-Li2’' 267.5(4),
Lil-Li2" 265.3(4); Lil-C9-Li2 75.9(1), C1-C9-C8 102.3(3). C1 and C6 are
not labeled, however, they are symmetry equivalents of C1’ and C6'.

of lithium atoms, which are bridged alternately by fluorenyl-
idene groups and THF molecules, that is, a planar band of
edge-connected Li,C, and Li,CO rings results. The Li-Li
separations within the rings (dy;;=264.9(4)-268.0(4) pm)
are similar to those in aggregated lithium alkanides (LiR),
(R =Me, Et, Bu).?*?I Markedly longer (d;; ;=427 pm) are
the fluorene-bridged Li-Li separations. The lithium cations
coordinate to both sides of the five-membered ring of the
fluorene groups. Here, the coordination of Lil (dy; c=222.9,
242.3, 245.3, 279.5, and 285.6 pm) may be considered as 17,
that of Li2 (dy;_-=234.3-256.7 pm) as 1. Both of the lithium
atoms are shifted from the center of the ring towards C9. In
the [Cp,Li]~ ion (Cp = CsHs) the lithium atom is positioned
almost between the centers of the rings and the Li-C
separations are in a narrower range (d.c=229.8(4)-
236.2(3) pm).”l In addition, every lithium atom has an

4504 © 2002 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

interaction with the carbon atom C9 of a second fluorenyli-
dene ring on the other side of the ribbon (dy;-=216.1,
218.6 pm) and a Li—O bond. The THF molecules coordinate
in a bridging mode between two lithium atoms. The distances
between the oxygen atom and the lithium centers are in the
normal range (d;;_o = 198.3(3)-205.7(3) pm).["

The atom C9 is coordinated by four lithium ions; the
corresponding lithium—carbon separations are the shortest
found in 2 (dyc=2159(13), 219.1(3), 222.4(3), and
234.2(3) pm). On the whole, C9 is sixfold coordinate. Usually,
this coordination number is only found for carbon in clusters
such as [[C(AuPPh;)s)]**.2%%! In quantum-chemically calcu-
lated structures of (CH,Li,), as well as in [ (Me;Si),CH]¢Al,-
CH,Li,,*1, short Li—C bonds lead to a coordination number of
six for the carbon atoms. A comparison of the lithium—carbon
bonds of the six coordinated carbon atoms in (CH,Li,),
(dyic=195.5pm and 239.7 pm; Figure 2) and 2 reveals, at
least regarding these distances, good agreement of the
calculated model with the experimental data for 2.

Figure 2. Calculated structure of (CH,Li,), from ref. [29]. Selected bond
lengths [pm] and angles [°]: Lil-Li2 223.4, Lil-Li4 303.4, Li1-C1 239.7, Li2-
C1 195.5; H-C1-H 97.76, Li4-C1-Lil 101.79.

To get a better insight into the bonding and structural
situation of this class of compounds, density functional
calculations on a model compound by using an uniform
SV(P) base set for all atoms were performed (B-P86 func-
tional).P>% As a model system, which is treatable by
quantum-chemical methods, 3, which exhibits only a section
of the polymeric structure of 2 was used. This section consists
of two fluorenylidene fragments, six lithium atoms, and six
water molecules (which replace THF). Thus, 3 is a doubly
positive charged [Lig(Ci3Hg),(H,O)e]*" ion. The basic struc-
tural motif of 2 remains nearly unchanged (Figure 3). This
conformity is also found with the corresponding bond lengths
and angles. Deviations in the structure of 2 compared to 3 can
be derived from the enormous shortening of the original
polymeric molecule chain in 2 to the “molecule chain” in 3,
which contains only two fluorenylidene units.

In addition, the shared electron numbers (SEN), obtained
by Ahlrichs—-Heinzmann population analyses,* confirm, that
there are no significant lithium-lithium interactions in 3
(SENy;;<0.1). It is found, too, that in 3 the negative partial
charges are located mainly at the carbon centers C9 and C22
(0cocn=-0.5, 6;;=4+0.5).

The structures of 2 and 3 differ markedly from that of 1,
which forms a sandwich-type dimer, where the lithium ions
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Figure 3. View of the calculated structure of 3. Selected lithium—carbon
bond lengths and the lithium-lithium separations [pm] of 3: Li1-C9 228.8,
Li2-C9 219.4, Li3-C9 220.3, Li4-C9 234.3, Li3-C22 222.3, Li4-C22 220.0,
LiS-C22 214.7, Li6-C22 228.7, Lil-Cyyorene 227.6-239.5, Li3-Cpyorene 220.3—
276.5, Lid-Cpyorene 234.3-273.7, Li6-Cpyorene 228.7-249.7, Li2-Li3 260.4, Li3-
Li4 271.5, Li4-Li5 269.7, Li5-Li6 292.6.

are coordinated by the six-membered rings.’! For 1, a
polymeric array with coordination of the five-membered
rings is calculated to be less stable by 112 kJmol~!. Such a
structure would correspond to the structures of CpLi,B®!
[Cp,Li] -, and [CpZ]-P) (Cp® = (C4H5sCHS,)5Cs). In fluorenyl
lithium bis(quinuclidin) the lithium atom is bonded to C1, C2,
and C9 in a n’-mode."” Comparing two monomeric dilithio-
fluorene molecules 4 and 5, which have a lithium atom bonded
terminal to C9 as well as a second one, bonded to the five- or
six-membered ring respectively, the structure of 5 is calculated
to be more stable by 30 kImol~! (Figure 4). In 4 the negative
charge is located mainly at C9, as is the case in 3. In contrast,
in 5, C9 and C8 (6 = —0.32) as well as C1 and C12 (6 = —0.13,
—0.19) have high negative partial charges.

Figure 4. View of the calculated structures of 4 and 5. Lithium—carbon
bond lengths [pm]: 4: Lil-C9 198.6, Li2-C9 214.9, Li2-C1 216.7, Li2-C8
216.7, Li2-C6 224.6, Li2-C7 224.5; 5: Li1-C9 198.6, Li2-C 223.9-226.3.

The observed structure of 2 is remarkable for several
reasons. In this X-ray structurally characterized dilithiated
hydrocarbon an unsymmetrical )’ coordination of the fluo-
rene group is present. Therefore, 2 contains a carbon atom,
which is six-coordinate, being bound to four lithium and two
carbon atoms. Thus, Li,Cs-sandwich-columns are formed (the
inverse of Cp,Li-type sandwich compounds), which are linked
by additional o-Li—C interactions to form ribbons.

Experimental Section

Freshly prepared 1 (0.9 g, 4.9 mmol) was dissolved in a mixture of benzene
(50 mL) and THF (5mL). The solution was filtered and reduced to a
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volume of 15mL. On cooling to 0°C; 2 (0.26 g, 18% based on 1)
crystallized as orange crystal cubes.

IH NMR (250 MHz, CD, 25°C, TMS): 6 =1.16 (cm, thf), 3.17 (cm, thf),
5.78 (s, LiC,3H,), 6.86-7.16 (m, LiC,5Hy), 7.34 (t, LiC,3H,), 7.70 (d, LiC;;Hy),
8.20 ppm (d, LiCsH); *C NMR (C(D,, 25°C, TMS): 6 =25.1 (thf), 68.3
(thf), 74.8 (LiC;3Hy), 113.1 (LiC;sH,), 1182 (LiCysH,), 120.2 (LiCysH,),
121.6 (LiCpsH,), 122.5 (LiCy5Hy), 134.8 ppm (LiCpsH,).

Received: July 10, 2002 [Z219711]

[1] Lithium Chemistry (Eds.: A.-M. Sapse, P.von R. Schleyer), Wiley,
New York, 1995.

[2] G. Boche, Angew. Chem. 1989, 101, 286—-303; Angew. Chem. Int. Ed.
Engl. 1989, 28, 277 -292.

[3] W. Setzer, P. von R. Schleyer, Adv. Organomet. Chem. 1985, 24, 353 —
451.

[4] A.Maercker, M. Theis, Top. Curr. Chem. 1987, 138, 1-61.

[5] A. Maercker in Lithium Chemistry (Eds.: A.M. Sapse, P.von R.
Schleyer), Wiley, New York, 1995, p 477.

[6] K. Ziegler, K. Nagel, M. Patheiger, Z. Anorg. Allg. Chem. 1955, 282,
345-351.

[7] J. R. Baran, Jr., R. J. Lagow, J. Organomet. Chem. 1992, 427, 1-77.

[8] E.D. Jemmis, P. von R. Schleyer, J. A. Pople, J. Organomet. Chem.
1978, 154, 327-335.

[9] J. B. Collins, J. D. Dill, E. D. Jemmis, Y. Apeloig, P. von R. Schleyer, R.
Seeger, J. A. Pople, J. Am. Chem. Soc. 1976, 98, 5419 —-5427.

[10] W. D. Laidig, H. F. Schifer, J. Am. Chem. Soc. 1978, 100, 5972-5973.

[11] G.D. Stucky, M. M. Eddy, W. H. Harrison, R. Lagow, H. Kawa, D. E.
Cox, J. Am. Chem. Soc. 1990, 112, 2425 -2427.

[12] J. A. Gurak, J. W. Chinn, R.J. Lagow, H. Steinfink, S. C. Yannoni,
Inorg. Chem. 1984, 23, 3717-3720.

[13] H. Kawa, B. C. Manley, R. J. Lagow, Polyhedron 1988, 7, 2023 —2025.

[14] H. P.S. Chauhan, H. Kawa, R. J. Lagow, J. Org. Chem. 1986, 51,1632 -
1633.

[15] J. E. K. Miiller, M. Neuburger, B. Spingler, Angew. Chem. 1999, 111,
3766-3769; Angew. Chem. Int. Ed. 1999, 38, 3549 -3552.

[16] C. M. Ong, D. W. Stephan, J. Am. Chem. Soc. 1999, 121, 2939 —2940.

[17] A. Kasani, R. K. Babu, R. McDonald, R. G. Cavell, Angew. Chem.
1999, 111, 1580-1582; Angew. Chem. Int. Ed. 1999, 38, 1483 -1484.

[18] J. E. K. Miiller, M. Neuburger, B. Spingler, Angew. Chem. 1999, 111,
97-99; Angew. Chem. Int. Ed. 1999, 38, 92—-94.

[19] H.J. Gais, J. Vollhardt, H. Giinther, D. Moskau, H.J. Lindner, S.
Braun, J. Am. Chem. Soc. 1988, 110, 978 —980.

[20] A. Miiller, B. Neumiiller, K. Dehnicke, J. Magull, D. Fenske, Z. Allg.
Anorg. Chem. 1997, 623, 1306 -1310.

[21] W. Uhl, M. Layh, W. Massa, Chem. Ber. 1991, 124, 1511 -1516.

[22] Data on the crystal structure analysis of 2: Bruker AXS SMART
CCD, Mok, adiation, T=173 K, drect methods, fll-atrix refinement
against F?, hydrogen atoms as riding model (Bruker AXS SHELXTL
5.1). Data: C,;HgLi,OCHyCgHy, M, =328.3, crystal measurements
0.44%x0.29x0.27 mm, orthorhombic, space group Pnma, a=
694.20(9), b=13471(2), ¢=2010.4(3) pm, V=1.8800(4) nm®, Z=4,
Peatea = 1.160 gem =, pupy, = 0.067 mm~!, 20max = 53°, 2000 independent
reflections, 1325 reflections with F, > 40(F,), R1 =0.043, wR2 =0.124,
residual electron density 188/—125 enm~3. Finally, note that the
fluorenyldianions as well as the thf molecules in the crystal structure
are disordered with respect to a mirror plane in such a way, that two
independent orientations of the single molecules result. Further
crystals of 2 showed the same disorder. CCDC-188077 (2) contains the
supplementary crystallographic data for this paper. These data can be
obtained free of charge via www.ccdc.cam.ac.uk/conts/retrieving.html
(or from the Cambridge Crystallographic Data Centre, 12, Union
Road, Cambridge CB21EZ, UK; fax: (4 44) 1223-336-033; or deposit
@ccdc.cam.ac.uk).

[23] H. Dietrich, J. Organomet. Chem. 1981, 205, 291 -299.

[24] E. Weiss, T. Lambertsen, B. Schubert, J. K. Cockcroft, A. Wieden-
mann, Chem. Ber. 1990, 123, 79-81.

[25] T. Kottke, D. Stalke, Angew. Chem. 1993, 105, 619; Angew. Chem. Int.
Ed. Engl. 1993, 32, 580.

[26] S. Harder, M. H. Prosenc, Angew. Chem. 1994, 106, 1830-1832;
Angew. Chem. Int. Ed. Engl. 1994, 33, 1744 -1745.

0044-8249/02/4123-4505 $ 20.00+.50/0 4505



COMMUNICATIONS

[27] E Scherbaum, A. Grohmann, B. Huber, C. Kriiger, H. Schmidbaur,
Angew. Chem. 1988, 100, 1602; Angew. Chem. Int. Ed. Engl. 1988, 27,
1544.

[28] FE. P. Gabbai, A. Schier, J. Riede, H. Schmidbaur, Chem. Ber. 1997, 130,
113.

[29] A. Streitwieser, S. M. Bachrach, A. Dorigo, P. von R. Schleyer in
Lithium Chemstry (Eds.: A. M. Sapse P. von R. Schleyer), Wiley, New
York, 1995, p. 19.

[30] Quantum chemical calculations: The quantum chemical calculations
were performed with the program TURBOMOLE. A SV(P) base set
was used for all atoms [B-P86 functional; exchange: LDA + Becke
(B88), correlation: LDA(VWN) + Perdew (P86); Basis def-SV(P),
RI-approximation).

[31] O. Treutler, R. Ahlrichs, J. Chem. Phys. 1995, 102, 346 -354.

[32] A.D. Becke, Phys. Rev. A 1998, 38, 3098 —3100.

[33] J. P. Perdew, Phys. Rev. B 1996, 33, 8822 —8824.

[34] K. Eichkorn, O. Treutler, H. Ohm, M. Hiser, R. Ahlrichs, Chem. Phys.
Lett. 1995, 242, 652 —660.

[35] K. Eichkorn, F. Weigend, O. Treutler, R. Ahlrichs, Theor. Chem. Acc.
1997, 97, 119-124.

[36] R. Heinzmann, R. Ahlrichs, Theoret. Chim. Acta 1976, 42, 33-45.

[37] C. Uffing, R. Koppe, H. Schnockel, Organometallics 1998, 17, 3512 -
3515.

[38] R.E. Dinnebier, U. Behrens, F. Olbrich, Organometallics 1997, 16,
3855-3858.

[39] C. Dohmeier, E. Baum, A. Ecker, R. Koppe, H. Schnockel, Organo-
metallics 1996, 15, 4702 -4706.

[40] J.J. Brooks, W. Rhine, G. D. Stucky, J. Am. Chem. Soc. 1972, 94, 7339 —
7346.

4506 © 2002 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

0044-8249/02/4123-4506 $ 20.00+.50/0

Angew. Chem. Int. Ed. 2002, 41, No. 23



