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Abstract: The synthesis and characterization of three examples of unsolvated lithium aryls are described. The compounds
{Li(Trip)}s (1, Trip = 2,4,6-i-Pr;C¢Hy), {Li(2,6-Mes,CsH3)}, (2, Mes = 2,4,6-Me;CgHby), {Li(n-Bu)},(LiMes*), (3),
and {Li(n-Bu)},(LiMes*)-Mes*Br (3-Mes*Br, Mes* = 2,4,6-t-Bu;C¢H,) were synthesized by a metal-halogen exchange
reaction between n-butyllithium and the appropriate aryl bromide (1 and 3) or iodide (2). The X-ray crystal structures
of 1 and 3 show that they are tetrametallic lithium species involving almost planar arrays of four lithium atoms. The
bonding involves both ¢- and w-interactions to the aryl ligands. In contrast, the structure of 2 is dimeric with the two
aryl groups linked by two p,-bridging lithiums which are primarily ¢-bonded to ipso carbons. Weaker interactions were
also observed between the ortho mesityl substituents and the lithiums. The structure of 3-Mes*Br shows that the halide
starting material Mes*Br can be included in the isolated crystals. This is a consequence of the fact that the metal-
halogen exchange reaction used in their synthesis is sluggish. The main reasons for this probably are the use of
hydrocarbon rather than ether solvent and the large size of the aryl ligands. The compounds were characterized by
1H, 13C, and "Li NMR spectroscopy and X-ray crystallography and represent the first examples of structurally
characterized simple, nonsolvated, ¢-bonded lithium aryls. Crystal data with Mo Ko (A = 0.71069 A) at 130 K: 1,
a=b=13.098(2) A, c=16.791(8) A, V = 2881(2) A3, Z = 2, space group 14, 597 (I > 20(I)) data, R = 0.089;
2,a =30.190(7) A, b=13.423(2) A, ¢ = 19.048(4) A, V = 7719(3) A3, Z = 8 (two independent molecules), space
group Pnna, 3419 (I > 20(I)) data, R =0.097; 3, a = 22.721(11) A, b = 10.072(5) A, ¢ = 19.327(8) A, V = 4423(3)
A3, Z = 4, space group Pna2,, 1811 (I > 2.5¢(I)) data, R = 0.082; 3-Mes*Br, a = 11.385(2) A, b = 15.261(3) A,
c=17.458(5) A, 8 = 91.16(2)°, V = 3032.4(12) A3, Z = 2, space group C,/m, 1821 (I > 3¢(I)) data, R = 0.104,
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Introduction

During the last four decades the use of organolithium
compounds has increased tothe extent that they now playa central
rolein chemical synthesis.»2 In certainrespects, they have greater
flexibility than Grignard reagents since they display higher
reactivity and, in many instances, they do not require the use of
donor solvents in their preparation. The importance of organo-
lithium reagents had led to considerable interest in their
structures.? The structural data show that they display a strong
tendency to associate and/or form complexes with donor mol-
ecules. Inaddition, the majority of structuresin the crystal phase
involve complexes withamine or ether molecules which coordinate
to the lithium ion. Structural determinations of simple, uncom-
plexed organolithium compounds, in which thereis a g-interaction
between the lithium centers and the organic moieties, are much
less common and are mainly confined to alkyl species. The main
objectives of the work described here were to isolate and
characterize unsolvated lithium aryls with an Li—C o-interaction
and to compare their structures with those of lithium alkyls. In
this paper, the synthesis and characterization of the compounds
(LiTrip)4 (1, Trip = 2,4,6-i-Pr;C¢Hs), {Li(2,6-Mes,CsH3)}a (2,
Mes = 2,4,6-Me;CgH3), and the mixed lithium alkyl-aryl species
{Li(n-Bu)},(LiMes*), (3) and 3-Mes*Br (Mes* = 2,4,6-t-
Bu;CgH,) are now described. They represent the first structurally
characterized examples of simple unsolvated lithium aryls.

® Abstract published in Advance ACS Abstracts, November 1, 1993,
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Experimental Section

General Procedures. All experiments were performed under nitrogen
atmosphere cither by using modified Schlenk techniques or in a Vacuum
Atmospheres HE 43-2 drybox. Solvents were freshly distilled from a
sodium—potassium alloy and degassed twice prior to use. 13C, 'H, and
7Li NMR spectra were recorded in C¢Dg or C7Ds solutions by using a
General Electric QE-300 spectrometer. The compounds 2,4,6-i-Pr;CeH;-
Br (TripBr)*, 2,6-Mes;CgH3l,’ and 2,4,6-1-Bu;CeH,Br (Mes*Br)6 were
synthesized by literature procedures. n-BuLi (1.6 M solution in hexanes)
was purchased commercially and used as received.

Synthesis. (a) {Li(2,4,6-i-PrsC¢Hz)}¢ ((LiTrip)s, 1). With rapid
stirring, TripBr (5 g, 17.6 mmol), dissolved in n-hexane (50 mL), was
treated with #n-BuLi (16 mL of a 1.6 M solution in hexanes, 25.6 mmol,
ca. 50% excess of maximize yield). The solution was warmed to ca. 50
°C for 24 h by which time it had become slightly cloudy. Concentration
to ca. 50% of the original volume, filtration, and storage of the filtrate
in a =20 °C freezer overnight afforded colorless crystals of 1. Concen-
tration of the mother liquor to ca. 10 mL and further cooling resulted
in an additional crop of crystals: yield 3.34 g, 15.9 mmol, 90%; mp 180
°C dec (the crystals become black); 'H NMR (C;Ds) 7.03 (s, m-H), 2.77
(sept, p-CHMey, 3Jui = 6.8 Hz), 2.65 (sept, o-CHMey, 3Juy = 6.8 Hz),
1.32 (d, 0-CHMe;), 1.21 (d, p-CHMey); 13C{!H} NMR (C;Ds, ~20 °C)
184.0 (br, s, ipso-C), 161.3 (s, 0-C), 145.3 (s, p-C), 117.07 (s, m-C), 40.2
(s, o-CHMe,), 34.43 (s, p-CHMe;), 24.83 (s, p-CHMe,), 20.4 (s,
0-CHMe,); 'Li NMR (C;Dg) -5.16 (s).

(b) {Li(2,6-MesyCgH3) 1 (2). Withrapid stirring, 2,6-Mes,C¢H3I (4.4
8, 10 mmol) was dissolved in hexane (60 mL) and n-BuLi (6.25 mL of
1.6 M solution in hexanes) was added via syringe. The solution became
cloudy upon stirring overnight. After filtration through a Celite padded
medium porosity frit, the volume of the filtrate was reduced to incipient
crystallization. Slight warming afforded a clear solution which upon
cooling overnight in a —20 °C freezer afforded the product 2 as large
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Table I. Crystallographic Data for 1, 2, and 3 and 3-Mes*Br®

Ruhlandt-Senge et al.

compd 1 2 3 3-Mes*Br
formula C60H92Li4 CuHsoLiz C“H72Li4 C52H|osBrLi4
fw 841.1 640.76 628.8 958.17
crystal description colorless cube colorless parallelpiped colorless block colorless block
crystal size 0.15 % 0.15 x 0.21 0.15 X 0.19 X 0.43 05%0.5x0.3 0.35X0.43 X 0.54
a, 13.098(2) 30.190(7) 22.721(11) 11.385(2)
b A 13.098(2) 13.423(2) 10.072(5) 15.261(3)
oA 16.791(8) 19.048(4) 19.327(8) 17.458(5)
8, deg 91.16(2)
Vv, A3 2881(2) 7719(3) 4423(3) 3032.4(12)
z 2 8 4 2
_ (two independent molecules)
space group 14 Pnna Pna2, C/m
d(calc), (g/cm? 0.97 1.103 0.944 0.958
linear abs coeff, cm™! 0.53 0.61 0.51 7.07
20 range, deg 0-46 0-55 0-50 0-55
no. of obsvd reflcns 597 (I > 20(1)) 3419 (I> 20(D) 1811 (I > 2.5¢(D) 1821 (> 3e(D))
no. of variables 145 456 433 250
R, Ry 0.089, 0.101 0.097, 0.050 0.082, 0.085 0.104,0.104

2 The intensity data sets were collected at 130 K using a Siemens R3 m/V diffractometer with Mo Ka (A = 0.71069 A) radiation.

colorless crystals: yield 2.56 g, 80%; mp 164—166 °C (the crystals become
yellow at ca. 140 °C); 'H NMR (C7Ds) 7.21 (t, p-H, 3Juy = 9.4 Hz),
6.86 (s, m-H), 6.75 (d, m-H), 2.24 (s, p~CH3), 1.83 (s, 0-CH3); 13C{!H}
NMR (C;Dg) 173.5 (s, br, ipso-C), 151.7 (s, 0-C), 143.08 (ipso’-C),
137.2 (p~-C), 136.1 (0-C) 129.9-121.5 (m, various m and p carbons)
21.3 (s, 0-Me), 20.7 (s, p-Me); 'Li NMR (C;Dg) 2.58 (s).

(¢) {Li(#-Bu)}z(LiMes*); (3) and {Li(#Bu)};(LiMes*)yMes*Br (4).
MEs*Br (3.25 g, 10 mmol) was dissolved in n-hexane (50 mL). With
cooling in an ice bath and rapid stirring, n-BuLi (6.25 mL of a 1.6 M
solution of n-hexanes) was added dropwise via a syringe. The cloudy
solution was stirred for 30 h while being warmed to room temperature.
The white precpitate was removed by filtration, and the volume of the
solution was reduced to ca. 30 mL. Storage of this solution at —20 °C
for ca. 10 h afforded colorless crystals of 3: yield 0.44 g (0.7 mmol, 7%);
mp dec >95 °C (the crystals become yeliow). The mother liquor was
kept in the —20 °C freezer for ca. 50 h during which time crystals of
{Li(n-Bu)}2(LiMes*)Mes*Br were formed; yield 2.78 g (2.9 mmol, 29%);
mp dec >95 °C (the crystals become yellow); 'H NMR (C;Ds) 7.49 (s,
m-H (Mes*Br)), 7.47 (s, m-H), 1.60 (s, o-CH3(Mes*Br)), 1.42 (s, o-CH3),
1.37 (m, obscured by Mes* peaks, §,v-H), 1.32 (s, p-CHj3), 1.26 (s,
p-CH3(Mes*Br)), 1.02 (m, 6CHj3), —1.02 (m, a-H); 13C NMR (C;Ds)
173.5 (broad unresoived signalipso-C), 163.8 (0-C), 149.1 (o-C(Mes*Br)),
148.7 (p-C), 147.3 (p-C(Mes*Br)), 124.0 (m-C(Mes*Br)), 122.4 (ipso-
C(Mes*Br)), 118.1 (m-C), 38.8 (0-CMe3), 38.6 (0-CMe;3(Mes*Br)),
35.1 (p-CMe;3(Mes*Br)) 34.9 (p-CMe;), 33.7 (0-CH33), 33.4 (8-C), 32.3
(p-CH3(Mes*Br)), 31.9 (y-C), 31.5 (p-CH3), 31.2 (o-CH;3(Mes*Br)),
14.2 (6-C), 12.2 (broad unresoived signal a-C); "Li NMR (C;Ds) —1.22
(s).

X-ray Data Collection, the Solution and Refinement of the Structures.
Crystals of 1-3 and 3-Mes*Br were coated with a layer of hydrocarbon
oil upon removal from the Schienk tube. Suitable crystals were selected,
attached to a glass fiber by silicon grease, and immediately placed in the
low-temperature N; stream.” X-ray data were collected with a Siemens
R3 m/V diffractometer equipped with a graphite monochromator and
a locally modified LT apparatus. Calculations were carried out on a
MicroVax 3200 computer using the SHELXTL-Plus program system.?
Neutral atom scattering factors and the correction for anomalous
dispersion were those supplied by SHELXTL Plus. Some details of the
data collections and the refinements are provided in Table I. Further
details are available in the supplementary material. All structures were
solved by direct methods. The compounds were refined by full-matrix
least-squares procedures. Hydrogen atoms were included by the use of
a riding model with C-H distances of 0.96 A and fixed isotropic thermal
parameters with Uys = 0.08 (1), 0.06 (2), 0.06 (3), and 0.05(1)
(3-Mes*Br) A2 respectively. Theisopropylgroupsin 1show largethermal
ellipsoids, indicating the structural flexibility of these groups; no disorder
was apparent. In 3, the fert-butyl groups of the Mes* unit and C(20)
(i.e. @-C from n-Bu) were found to be disordered. They were refined by

(7) Hope, H. In Experimental Organometallic Chemistry: A Practicum
in Synthesis and Characterization; Wayda, A. L., Darensbourg, M. Y., Eds.;
ACS Symp. Series 357; American Chemical Society: Washington, DC, 1987;
Chapter 10, p 257.

(8) Sheldrick, G. M., SHELXTL Plus: A program package for solution
and refinement of crystal structures. University of Géttingen, 1989.

the use of split positions with 50% occupancy. In 3-Mes*Br the Mes*Br
molecule was disordered over 2 positions; these were refined in two positions
both of which had 50% occupancy, and the refinement of this unit was
not satisfactory which, in part, explains the high R value. Important
bond distances and angles are given in Table II.

Results

Structural Descriptions. (a) (LiTrip), (1). The molecular
structureof 1, whichisillustrated in Figure 1, consists of tetramers
which are generated (by a 4 symmetry axis) from an asymmetric
unit containing a single LiTrip molecule. The lithium is 5!,0-
bonded to the C(1) of this aromatic ring and is n%,#-bonded to
another aromaticring rotated 90° with respect to the first around
the 4-fold symmetry axis. The Li—C(1) distance is 2.12(2) A
whereas the Li—C =-interactions are in the range of 2.28(2)-
2.37(3) A. The six aromatic ring carbons are coplanar within
experimental error and there is an angle of 7.6° between the
Li—C(1) and C(1)-C(4) vectors.

(b) {Li(2,6-Mes,CsH3)}; (2). The basic structural motif of 2
consists of dimeric molecules. Two crystallographically inde-
pendent, but chemically identical, dimers are generated (one by
an inversion center, the other by a C; axis) from two monomeric
moieties perasymmetric unit. One of these moleculesisillustrated
in Figure 2. The C(1), C(7), and C(11) phenyl rings interact
with the lithiums through one carbon only (an n!,-interaction
with Li-C distancesin therange 2.16(1)-2.19(1) A). Thelithiums
are thus u, with respect to these phenyl rings. In addition, Li(1)
and Li(2) have fairly close interactions (2.51(1)-2.56(1) A) with
ipso carbons (C(21), C(61), C(81), and C(91)) of the mesityl
substituents.

(¢) {Li(n-Bu)}s(LiMes*); (3). The molecules of 3 have no
crystallographically imposed symmetry restrictions as illustrated
in Figure 3. They are formed by the association of two Li(n-Bu)
and two LiMes* units such that there exists an approximately
planar array of four lithium centers bridged alternately by 5!,u,-
n-Buand 9!,7%,u,-Mes* groups. The bonds between the lithiums
and the n-Bu carbons C(19) and C(41) are in the range
2.03(3)-2.19(2) A with similar Li—n!-Mes* ring interactions of
2.05(2)and 2.07(2) A. Thearomaticrings possess #5-interactions
with Li(2) and Li(4) that are in the range 2.28(2)-2.45(2) A.
There are also close interactions between the ortho #-Bu groups
of the Mes* moiety and Li(1) and Li(3) with Li-.C distances in
the range 2.55(2)-2.66(2) A.

{Li(n-Bu)},(LiMes*),-Mes*Br (3-Mes*Br). The alkyl/aryl
lithium molecules of 3-Mes*Br possess a 2-fold axis of symmetry
through the center of the molecule. The structure has an almost
planar array of four lithium centers and displays very similar
features to those of 3. The bond distance between the lithium
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Table II. Important Bond Distances (A) and Angles (deg) in 1, 2,
3, and 3-Mes*Br

1
Li(1)-C(1) 2.12(2) Li(1)-C(1)-Li(1a) 120.4(10)
Li(1)-C(1a) 2.34(2) C(1)-Li(1)-C(la) 149.0(10)
Li(1)-C(2a) 2.28(2) C(1)-Li(1)-C(2a) 145.5(12)
Li(1)-C(3a) 2.28(3) C(1)-Li(1)-C(3a) 137.0(12)
Li(1)-C(4a) 2.34(2) C(1)-Li(1)-C(4a) 135.7(10)
Li(1)-C(5a) 2.37(2) C(1)-Li(1)-C(5a)  140.6(12)
Li(1)-C(6a) 2.33(2) C(1)-Li(1)-C(6a) 149.9(13)

2
C(1)-Li(1) 2.17(1) C(M-Li(2) 2.20(1)
C(1)-Li(la) 2.16(1) C(7)-Li(2a) 2.20(1)
C(6)--Li(1a) 2.70(1) C(8)-Li(2) 2.73(1)
C21)-Li(1) 2.51(1)
C(61)-Li(1a) 2.56(1) Li(2}-CUD) 2.19(1)
Li(1)--Li(1a) 2.27(2) Li(2)--Li(2a) 2.31(2)

Li(2)-C(91) 2.56(1)

Li(2)~C(12) 2.70(1)

C(11)-Li(2a) 2.19(1)
Li(1a)-C(1)}-Li(1) 63.2(5) CU1-Li(2-C(7) 116.5(5)
C(1a)-Li(1)-C(1) 116.8(5) C(11)-Li(2)-C(81) 145.0(5)
C(1a)-Li(1)-C(21) 146.1(5) C(7)-Li(2)-C(81) 143.4(3)
C(1)-Li(1)-C(21) 64.4(3) C(NH-C(8)-C(81) 119.4(5)
C(la)-Li(1)-C(61a) 64.1(3) C(11)-C(12)-C(91) 118.0(5)
C(21)-Li(1)-C(61a) 134.1(5)
C(la)-Li(1)-C(2) 143.1(5)

3
Li(1)-C(1) 2.05(2) Li(3)-C(23) 2.07(2)
Li(1)-C(8) 2.55(2) Li(3)=C(30) 2.60(2)
Li(1)-C(16) 2.66(2) Li(3)~C(40) 2.65(2)
Li(1)C(19) 2.19(2) Li(3)-C(41) 2.09(2)
Li(2)-C(19) 2.03(3) Li(4)-C(1) 2.28(2)
Li(2)-C(23) 2.32(2) Li(4)-C(2) 2.29(2)
Li(2)-C(24) 230(2) Li(4)-C(3) 2.35(2)
Li(2)-C(25) 2.36(2) Li(4)-C(4) 2.45(2)
Li(2)-C(26) 2.37(2) Li(4)-C(5) 2.41(2)
Li(2)-C(27) 2.34(2) Li(4)-C(6) 2.30(2)
Li(2)-C(28) 2.35(2) Li(4)-C(41) 2.06(2)
C(1)-Li(1)-C(19) 177.2(6) C(23)-Li(3)-C(41) 174.1(10)
Li(1)-C(19)-Li(2) 90.0(8) Li(3)-C(41)-Li(4) 89.4(8)
C(19)-Li(2)-C(23) 154.2(10) C(41)-Li(4)-C(1) 152.6(9)

3.Mes*Br

Li(1)-C(1) 2.07(2) Li(2)-C(2a) 2.25(3)
Li(1)--C(9) 2.57(2) Li(2)-C(3a) 2.35(3)
Li(1)-C(19) 2.17(2) Li(2)-C(4a) 2.47(2)
Li(2)-C(19) 2.04(2) Li(2)-C(53a) 2.46(3)
Li(2)-C(l1a) 2.27(2) Li(2)-C(6a) 2.41(3)
C()-Li(1)-C(19)  168.1(8)  C(19)-Li(2)-C(4a) 128.1(9)
C(9)-Li(1)-C(19) 95.5(8) C(19)-Li(2)-C(5a) 138.6(12)
C(19)-Li(2)-C(la)  156.2(10) C(19)-Li(2)-C(6a) 152.0(15)
C(19)-Li(2)-C(2a) 145.2(15) Li(1)-C(19)-Li(2) 90.3(8)
C(19)-Li(2)-C(3a)  130.0(13)

atom and the ipso n-Bu carbon C(19) is 2.17(2) A and the
Li(1)-C(1) o-interaction to the aromatic ring is 2.07(2) A. The
Li—nt-aryl ring contacts are in the range 2.25(2)-2.49(2) A with
the shortest distance associated with the ipso carbon center. The
ortho ¢+-Bu interactions with the lithiums span the range 2.568-
2.674 A.

Discussion

Although the structures of several nonsolvated lithium alkyls
(e.g. (LiMe)4,® (LiEt)4,10{Li(c-CH;(Me)CH )}y, 1 {Li(2-Bu)i,, 12
{Li(c-CsHn)ls,'* (LiCH,SiMe;),14 {Li(n-Bu)}s,!? and {LiCH-
(SiMe3),}-"%) as well as one example of an unsolvated vinyllithium

(9) Weiss, E.; Lucken, E. C. A. J. Organomet. Chem. 1964, 2, 197.

(10) Dietrich, H. Acta Crystallogr. 1963, 16, 681.

(11) Maercker, A.; Bsata, M.; Buchmeier, B.; Engelen, B. Chem. Ber.
1984, 117, 2547.

(12) Kottke, T.; Stalke, D. Angew. Chem., Int. Ed. Engl. 1993, 32, 580.

(13; Zerger, R.; Rhine, W.; Stucky, G. J. Am. Chem. Soc. 1974, 96, 6048.

(14) Tecle, B.; Maqsudur Rahman, A. F. M,; Oliver, J. P. J. Organomet.
Chem. 1986, 317, 267.

J. Am. Chem. Soc., Vol. 115, No. 24, 1993 11355

Figure 1. Computer-generated plot of 1 (thermal ellipsoids show 30%
occupancy). The H atoms are omitted for clarity.

Figure 2. Computer-generated plot of one of the two independent
molecules of 2 (thermal ellipsoids show 30% occupancy). The H atoms
are omitted for clarity.

Figure 3. Computer-generated plot of 3 (thermal ellipsoids show 30%
occupancy). The H atoms are omitted for clarity.

species, fa-(1,1,3,3-tetramethyl-2-indarylidene)benzyl]lithium),
are now well-established, 6 the structure of a simple, nonsolvated,
o-bonded lithium aryl remains to bedefined. Thesimplest lithium
aryl, phenyllithium, has no appreciable solubility in nondonor
(15) Atwood, J. L.; Fieldberg, T.; Lappert, M. F.; Tuyet Luong-Thi, N.;
Shakir, R.; Thorne, A. J. J. Chem. Soc., Chem. Commun. 1984, 1163,

(16) Knorr, R.; Hoang, T. P.; Néth, H.; Linti, G. Organometallics 1992,
11, 2669.
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solvents. Itis readily soluble, however, in ether or THF and can
be crystallized as the tetramer {Li(Et,O)Ph}, from the former
solvent.!” The use of chelating ligands such as N,N,N’,N”-
tetramethylenediamine (TMEDA) or N,N,N’,N”,N’-penta-
methyldiethylenetriamine (PMDETA) affords dimeric {Li-
(TMEDA)Ph},!® or monomeric Li(PMDETA)Ph!® complexes.
Lower aggregation numbers can also be induced by increased
crowding at the aryl group as observed in the dimers {Li-
(THF),Mes}, 2 or {Li(Et;0) Trip},2! or the monomers Li(Et,0),-
(2,4,6-Ph;C¢H,)2223 or Li(Me;NCH,CH(Me)NMe;)Mes* 24
Threefold aggregation may be obtained by using intramolecular
donor ligands as in [Li{2,6-(Me,N),CsH;}]3,25 [Lif2,6-(¢-
BuO),C¢H3}13,2 or [Li{2-Me,N(6-t-BuO)C¢H,}]5.27 Clearly,all
of these molecules involve extensive inter- or intramolecular
solvation of the lithium by oxygen or nitrogen centered donor
ligands. Currently, the only ¢-bonded lithium aryl without ligand
solvation at any lithium is the unique species [{Na(TMEDA)};]-
[LiPhs]?® whose structure may be visualized as an Li* ion
surrounded, in a distorted tetrahedral fashion, by four o-bonded
phenyl anions with Li~C distances in the range 2.23(2)-2.43(2)
A. Three sodium ions, each solvated by a TMEDA ligand, are
associated with the anion through interactions with the ipso
carbons of the phenyl groups. In addition, there are a number
of structures of 1,1’-dilithioferrocenes in which some of the
lithiums bridge the cyclopentadienide ligands and are not solvated
by other donor ligands.?

There have also been a number of NMR studies of LiPh and
related species in both solution3®-3# and solid phases.*> Phenyl-
lithium has been shown to be tetrameric in Et,0O solution32 with
a structure very similar to that reported in the crystal.!” Indilute
solution tetrameric and dimeric aggregates are apparently in
equilibrium.3* In THF, the structure of phenyllithium was
reported to be dimeric3*3 at both room temperature and —-120
°C. In dilute (0.26 M) THF solution, however, there is a
monomer—dimer equilibrium.3® In the solid state, cross polar-
ization/magic angle spinning (CP/MAS), 3C NMR experiments
have been performed to correlate the solution and X-ray data.*
Excellent agreement was found for the complexes {Li(Et,0),-
Ph],, {Li(TMEDA)Ph},, and Li(PMDETA)Ph, where there is
a close structural correspondence between the compounds in the
solution and solid phases. Uncomplexed LiPh was also studied
in the solid phase and the data were interpreted on the basis of
a tetrameric structure owing to the similarity of the 13C NMR
shifts to those of {Li(Et,0)Ph},.3> There has also been a proposal

(17) Hope, H.; Power, P. P. J. Am. Chem. 1983, 105, 5320.

(18) Thoennes, D.; Weiss, E. Chem. Ber. 1978, 111, 3157.

(19) Schiimann, U.; Kopf, J.; Weiss, E. Angew. Chem., Int. Ed. Engl.
1988, 24, 216.

(20) Beno, M. A ; Hope, H.; Olmstead, M. M.; Power, P. P. Organometallics
1985, 4, 2117.

(21) Bartlett, R. A,; Dias, H. V. R,; Power, P. P. J. Organomet. Chem.
1988, 341, 1.

(22) Olmstead, M. M.; Power, P. P. J. Organomet. Chem. 1991, 408, 1.

(23) Girolami, G.S.; Riehl, M. E.; Suslick, K. S.; Wilson, S. Organometallics
1992, 11, 3907.

(24) Maetzke, T.; Seebach, D. Helv. Chim. Acta 1989, 72, 624,

(25) Harder, S.; Boersma, J.; Brandsma, L.; Kanters, J. A,; Bauer, W;
Schieyer, P. v. R. Organometallics 1989, 8, 1696.

(26) Harder, S.; Boersma, J.; Brandsma, L.; Kanters, J. A.; Duisenberg,
A.J. M.; van Lentke, J. H. Organometallics 1991, 10, 1623.

(27) Harder, S.; Ekhart, P. F.; Brandsma, L.; Kanters, J. A.; Duisenberg,
A. J. M.; Schieyer, P. v. R. Organometallics 1992, 11, 2623.

(28) Schiimann, U.; Weiss, E. Angew. Chem., Int. Ed. Engl. 1988, 27,584,

(29) Butler, I. R.; Cullen, W. R.; Ni, J; Rettig, S. J. Organometallics
1988, 4, 2196 and references therein.

(30) Jones, A.J.; Grand, D. M.; Russell, J. G.; Fraenkel, G. J. Phys. Chem.
1969, 73, 1624.

(31) Seebach, D.; Hissig, R.; Gabriel, J. Helv. Chim. Acta 1983, 27, 308.

(32) Jackman, L. M.; Scarmoutzos, L. M. J. Am. Chem. Soc. 1984, 106,
4627.

(33) Bauer, W.; Winchester, W. R.; Schleyer, P. v. R. Organometallics
1987, 6, 2371.

(34) Wehman, E.; Jastrzebski, J. T. B. H.; Ernsting, J.-M.; Grove, D. M,;
van Koten, G. J. Organomet. Chem. 1988, 353, 133.

(35) Johnels, D.; Edlund, U. J. Organomet. Chem. 1990, 393, C35-C39.

Ruhlandt-Senge et al.

that the uncomplexed LiPh is polymeric in the solid state being
composed of (LiPh); rings that stack to give a structure with
four-coordinate lithium atoms.3*

The first of the three compounds to be examined in this work,
(LiTrip)4 (1), has a structure which has not been observed for
any other aryllithium species. There is, however, some resem-
blance to the recently reported structure of the mixed lithium
aryl/lithium phosphido species (LiMes*){LiP(H)Mes*},¢ (vide
infra). Thestructureof 1involvesan almost planar arrangement
of four lithiums with only minor (<0.02 A) deviation by opposite
pairs of metals (4 symmetry) above and below the least-squares
plane. The ipso-carbons, however, show a more substantial
deviations of ca. 0.17 A on either side of this plane. The lithiums
are o-bonded to just one phenyl ring with an Li—-C bond length
of ca. 2.12 A, which is in the range normally observed for low
(2 or 3) coordinate lithium environment.*?2 The average Li-C
w-interaction, ca. 2.33 A, is at the shorter end of the scale of
values previously observed for related Li—C n8,x-complexes.36-38
In effect, the n-electron system of the aromatic ring plays a
solvating role, while the i-Pr substituents provide solubility in
hydrocarbon solvents. In the 13C NMR spectrum the chemical
shift of the ipso carbon, § 184.0, is significantly different from
that of LiPh in the solid or ether solutions. The shift observed
is nearer to values for the (LiPh); dimer and the LiMes monomer
in THF. Thus, although 1 is a tetramer in the solid state and is
presumably also a tetramer in hydrocarbon solvents, it displays
13C NMR ipso-carbon & values that are characteristic of a lower
number of ipso-C-Li interactions. This is, of course, consistent
with the X-ray data which indicate a single ipso-C-Li ¢-bond in
addition to a weaker ipso-C-Li w-interaction. The 4-fold
aggregationin 1 may be easily disrupted by the addition of ether.
A dimeric structure of formula {Li(Et,O)Trip}, is observed when
1is crystallized from ether solvent.2! In this case the lithiums
arecoordinated toone ether and two Trip groups. The Li—C(ipso)
distances are asymmetric with values of 2.249(3) and 2.203(3)
A. In addition, the coordination geometry surrounding the ipso
carbons suggest that their interactions with the two bridging
lithium centers are distinct with one primarily ¢-bonding and the
other having more w-character.

The synthesis of compound 2, {Li(2,6-Mes,CsH3)},, was carried
out as part of a project to crystallize a monomeric, unsolvated,
lithium organometallic derivative. Such a species has been
characterized in the gas phase by electron diffraction; the
compound LiCH(SiMe3); is a monomer (Li—C = 2.03(6) A) in
the vapor phase but is associated in the solid phase to form [LiCH-
(SiMe;),]- which has an infinite (Li-C) backbone and Li-C
distances in the range 2.14(3)-2.27(3) A.!5 The ionic species
[Li(THF),] [Li{C(SiMe;);},]% also contains a monomeric organo-
lithium moiety. In this case, however, lithium is coordinated by
twoalkyl groups toafford an anion with a linear C-Li—~C geometry
and an Li-C bond length of 2.18(2) A.

It was hoped that by using the bulky aryl group 2,6-Mes,C¢H3,
a neutral monomeric species of formula Li(2,6-Mes,CsH3), with
a similar structure to that observed for the unique monomers
M(2,4,6-Ph;C¢H,) (M = Cuor Ag),* could be obtained. Instead
a dimeric structure was observed for 2. Presumably, the higher
charge separation across the Li—C bond (in comparison to that
in M-C (M = Cu or Ag)) results in a sufficient attractive force
between the Li**-C# dipoles to effect the association observed
in2. Inspite of this, there can be nodoubt that the 2,6-Mes,CsH3
ligandis a very crowdingone. For example, its thiolate derivative
HS(2,6-Mes;CgH3) can effect quasi-two-coordination in the
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monomeric species Fe{S(2,6-Mes,C¢H3)},.4! For 2 the primary
interaction between the lithium and the organic groupsinvolves
the ipso carbons, thereby generating a two-coordinate bent
coordination geometry at the lithiums with Li—C distances in the
range 2.16(1)-2.19(1) A. The dimeric structure thus represents
a model for the basic structural unit for a proposed structure of
LiPh in the solid state.>* The Li—C bond lengths are consistent
with the low primary coordination of the lithium. There are
further interactions between the lithium centers and the ipso
carbons of the o-mesityl substituents. In the case of Li(1) and
Li(la) these interactions are Li(1)-C(21) = 2.51(1) A and
Li(1)-C(61) =2.56(1) A. ForLi(2) theinteractionsare 2.57(1)
A (C(81)) and 2.56(1) A (C(91)). The secondary bonding is
- thus different from, and much weaker than, that observed in 1
where there is an nf-aromatic ring interaction. The secondary
Li—C interactions are also weaker than those observed in [Li-
(THF)C(SiMe,Ph);]42 where the Li—C interaction also involves
theipsocarbon froma phenylring. Thereisnostructural evidence
that the mesityl substituents interact strongly with the lithium
centers since the angles surrounding the ortho carbons on the
central phenylring (i.e. C(2), C(6), or C(8)) display little deviation
from the idealized 120° values. The 1*C MMR spectrum of 2
displays the usual broad signal for the ipso carbon. The chemical
shift, 6 173.5, is perhaps at a higher field (more shielded) than
expected (cf. data for LiPh monomer, dimer, and tetramer).
However, it should be noted that the 13C NMR § value for the
ipso carbon in the monomeric Li(Et,0),(2,4,6-PhsC¢H;) is
179.0.2 Thus, it may be that the & value of the ipso carbons in
lithium aryls substituted by aryl rings differ markedly from
unsubstituted species. There is no evidence from the bonding
parameters of the ipso and ortho carbons that there is any
significant charge delocalization in the central phenyl ring.

The compound 3 and the related species 3-Mes*Br result from
the treatment of Mes*Br with Li(n-Bu) in hexane. The isolation
of such products indicates that the metal-halogen exchange
reaction is incomplete under the reaction conditions described
here. An alternative synthetic approach involving the reaction
of Mes*Br or Mes*I with excess lithium powder in boiling hexane
or toluene did not afford LiMes*. Instead, unreacted Mes*Br
or Mes*I was recovered from the reaction mixture. In metal-
halogen exchange reactions the lithium becomes attached to the
more electronegative organic radical or the radical that forms
the more stable carbanion. Thus,the lower EN of an alkyl radical
versus an aromatic one generally drives the reaction illustrated
in eq 1 to the right.

RLi + ArX = RX + ArLi ()
(R = alkyl, Ar = aryl, X = halogen)

Among other factors (i.e. the nature of R, Ar, or X) the solvent
caninfluence the reaction rate, the rate of exchange being greater
in ether than in hydrocarbon solvents.#? Since it was desired to
prepare noncomplexed lithium aryls, hydrocarbons rather than
ethers were used as solvents. Furthermore, the bulk of the aryl
groups, especially in the case of 2 and 3, probably retards the rate
of exchange. Thus, in the case of 3, after 2 days of stirring at
room temperaturein hexane only partial metal-halogen exchange
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was observed. It appears that substantial percentages of the
reactants and products illustrated in eq 2

Li(n-Bu) + Mes*Br = LiMes* + n-BuBr 2)
are presentin the reaction mixture even after a prolonged reaction
time. Cooling the solution affords crystals of 3 or 3-Mes*Br in
an overall yield of 36%. The isolation of 3 or 3-Mes*Br rather
than LiMes* from the reaction mixtureis probably a consequence
of the lower solubility of the former species.

The structure of 3 involves two distinct types of lithium
coordination. The first type, which is observed at Li(2) and
Li(4), involves an nl-interaction with the a-carbon from an n-Bu
group as well as an nS-interaction with the Mes* aromatic ring.
The other two lithiums (Li(1) and Li(3)) are n!-bound to an ipso
carbon from Mes* and are 5!-bound to an a-carbon from n-Bu.
This results in an almost linear (C-Li(1 or 3)-C angles > 175°)
coordination of these metals. However, it should be noted that
Li(1) and Li(3) also interact with the ortho tert-butyl groups of
Mes* with Li-C distances in the range 2.55(2)-2.66(2) A. The
Li(2) atom is almost centrally located over the C(23) ring (Li-C
distances in the range 2.30(2) - 2.37(2) A); however, Li(4) has
much stronger interactions with the ipso carbon (Li(4)-C(1) =
2.28(2) A) and the two ortho carbons than with the meta and
para carbons, Li(4)-C(4) = 2.45(2) A. Consistent with the low
effective coordination number of the metals, the Li-C ¢-bond
distances fall within the range 2.03(3)-2.11(2) A withan average
value near 2.1 A. These are on average shorter than the Li-C
bond lengths (ca. 2.1-2.33 A) observed in the solvates [{Li(n-
Bu)}sTMEDA].%*or {Li(n-Bu)TMEDA}.* or the species [Li-
(n-Bu){LiO(#-Bu)}]4* which have higher lithium coordination
numbers. The structure of 3 resembles that observed for
(LiMes*),{LiP(H)Mes*},. The useofa phosphido groupinstead
of n-Buresultsin somedifferences in structural detail; for example,
whereas the #!-Li—C and »6-Li~C interactions have very similar
distances in both compounds, theangleat thelithiums coordinated
7! to the Mes* group is 144° in the phosphido species. This is
in contrast to the almost linear arrangement observed for the
corresponding lithium in 3. In the 13C NMR spectrum of 3, the
ipso-carbon peak of the phenyl ring was detected as a weak and
broad singlet at 6 173.5. The 13C signal of the a-carbon of the
n-Bu was observed as a broad signal at 12.2 ppm. The ’Li NMR
spectrum displayed only one resonance, in spite of the fact that
two separate lithium environments were observed in the X-ray
crystal structure. It is possible that the two different lithium
sites are in a rapid exchange which may also contribute to the
broadening of the ipso 13C signal.
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