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'H-7Li HOESY spectra of good spectral quality were obtained on [(Li(TMEDA)],( (Me3SiCH==CH),)] 
(1) and [(Li(TMEDA)),((Me3SiCH=CMe)z)] (2) in solution at room temperature. Fluxionality leads to 
motional averaging of the environment around the Li nucleus and consequently a reduction in the 
quadrupolar contribution to 7Li relaxation. Measured 7Li relaxation times in 1 and 2 were temperature 
dependent, but relatively long Tl values (ca. 500 ms near ambient temperature) permitted the observation 
of 'Li-lH HOESY spectra. This is the first report of "Li-'H HOESY NMR for obtaining structural 
information. X-ray diffraction data for 1 established a planar (2)-butenediyl unit, with essentially dou- 
ble-bond character across C2 and C3 (1.34 (3) A) and concentration of charge on the terminal carbons (Si41 
= 1.76 (1) A, C 1 4 2  = 1.47 A), with the lithium atoms residing symmetrically over the vector between 
these carbon atoms. Crystals of 1 are orthorhombic, space group Pbca, a = 10.711 (1) A, b = 15.393 (3) 
A, c = 19.941 (3) A, V = 3287.8 (9) A3, 2 = 4. Cross-peak volumes for the Li-butenediyl fragment of 1 
measured in 7Li-1H HOESY spectra in solution are consistent with the X-ray data. The combination of 
NMFt spectroscopy and X-ray structural analyak established a double-bridging lithium structure with similar 
geometries for both 1 and 2. 

Introduction 
The structures of a number of lithiated carbanions, 

carboxylates, amines, ethers, enolatea, and &oxides have 
been investigated primarily by X-ray crystallography. 
However, lithium compounds are often fluxional in solu- 
tion, and NMR methods (primarily lithium-proton HOE- 
SY 2D heteronuclear Overhauser effect spectroscopy') 
have proved to be powerful techniques for examining the 
structures of organolithium species in the solution state2 
HOESY spectroscopy shows the nuclear Overhauser en- 
hancement between a heteronucleus and protons where 
the nuclei are close in space. The size of the HOESY 
enhancements can be correlated to the lithium-proton 
distances, thus providing structural information about the 
position of lithiation and the geometry of the compound. 

Lithium has two NMR-active isotopes 'Xi (I = 1, natural 
abundance 7.4%) and 7Li (I = 3/2, natural abundance 
92.6%). Although eLi is the less abundant of the isotopes, 
i t  has a smaller quadrupole moment and consequently a 
longer relaxation time and narrower resonances than 7Li. 
T1 values for 6Li are typically 1 order of magnitude larger 
than for 7Li in analogous compounds. Proton-lithium 
HOESY studies which have been reported have employed 
6Li almost exclusively, with 6Li enriched in most cases by 
chemical synthesis from labeled  precursor^.^ Structural 
studies using 1H-6Li HOESY include the determination 
of relative distances between Li and parta of pyrrole and 
naphthalene compounds complexed to the lithium,3v4 and 
also the location of lithium complexed with allylic systems.4 
'H-6Li HOESY in conjunction with 13C NMR measure- 
ments have been used to determine which of more than 
one possible ligating molecules in solution bind to the 
lithium nucleu~.~  

In most lithiated species, the observation of lithium- 
detected 7Li-1H HOESY is not possible because of rapid 
relaxation of the 7Li nuclei. However in 1 and 2, 7Li re- 
laxation is relatively slow and it is possible to take ad- 
vantage of the comparatively high natural abundance and 
sensitivity of 7Li in recording 7Li-detected NMR spectra. 
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In this paper we report an X-ray crystallographic study 
of (Z)-1,4dilithio-l,4-bis(trimethylsilyl)bub2-ene (1)6 and 
a structural investigation of 1 and (Z)-1,4-dilithio-1,4- 
bis(trimethylsilyl)-2,3-dimethylbut-2-ene (2)6 (both as 
TMEDA adducts) by lithium-detected 7Li-1H HOESY. 

Experimental Section 
The compounds (Z)-1,4dilithiel,4bi(tzimethylsilyl)bub2-ene 

(1) and (z)-1,4-dilithie1,4-bis(trimethyls~yl)-2,3-dimethylbut- 
2-ene (2) were prepared by dimetalation of the corresponding 
but-2-ene by reaction with n-butyllithium in hexane in the 
presence of TMEDA! The compounds were isolated and dis- 
solved in deuterated solvents for NMR studiea. Prismatic crystals 
of 1, suitable for X-ray crystallography were grown from hexane 
solution at -30 OC. 

NMR Spectroscopy. NMR spectra were recorded using a 
Bruker AMX400 spectrometer, 'H spedra were acquired at 400.13 
MHz and 'Li spectra at 155.5 MHz. The chemical shifts of 'H 
spectra were referenced to residual solvent resonances, and 'Li 
spectra were referenced to external LiN03 (1.0 M in HzO). 'Li 

(1) (a) Rinaidi, P. L. J. Am. Chem. SOC. 1983,106, 6167. (b) Yu, C.; 
Levy, G. C. J. Am. Chem. SOC. 1983,105,6694. (c) Yu, C.; Levy, G. C. 
J. Am. Chem. SOC. 1984,106,6533. 

(2) Guenther, H.; Moskau, D.; But, P.; Schmalz, D. Angew. Chem., 
Int. Ed. Engl. 1987, %, 1212 and references therein. 

(3) (a) Bauer, W.; Mueller, G.; Pi, R.; Schleyer, P. v. R. Angew. Chem., 
Int. Ed. Engl. 1986,25,1103. (b) Tokles, M.; Swiecinski, F. J.; Rinaldi, 
P. L. J. Magn. Reson. 1991, 91, 222. 

(4) (a) Fraenkel, G.; Winchester, W. R. Organometallics 1990,9,1314. 
(b) Winchester, W. R.; Bauer, W.; Schleyer, P. v. R. J.  Chem. Soc., Chem. 
Commun. 1987, 177. 

(5 )  Bauer, W.; Schleyer, P. v. R. J.  Am. Chem. SOC. 1989,111,7191. 
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Table I. Selected Bond Lengths (A) and Bond Angles (deg) 
for la 
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bond distance bond angle 

C1C2 1.49 (3) Cl-Si-ClP 111.6 (6) 
C2-C3 
c3-C4 
Si-Cl 
S ix12  
Si-Cll 
Si-Cl3 
Li-Cl 
Li-C2 
Li-CB 
Li-C4 
Li%2 
Li'-C3 
Li-N1 
Li-N2 
Li-H1 
Li-H2 
Li-H3 
Li-H4 
LY-H 1 
Li'-H2 
Li'-H3 
Li'-H4 
Cl-HI 
C2-H2 
C3-H3 
C4-H4 

1.34 (3) 
1.45 (3) 
1.76 (1) 
1.87 (1) 
1.89 (1) 
1.88 (1) 
2.41 (2) 
2.30 (3) 
2.27 (3) 
2.36 (2) 
2.23 (3) 
2.23 (2) 
2.12 (2) 
2.13 (2) 
2.27 
3.03 
2.99 
2.24 
2.24 
2.96 
2.96 
2.33 
0.99 
1.02 
1.02 
1.05 

Cl-Si-Cll 
Cl-Si-Cl3 
C12-Si-C 11 
C12-Si-Cl3 
C 11-Si-C 13 
Si-Cl-CP 
Si-Cl-H1 
C2-Cl-Hl 
C 1 4 2 C 3  
Cl-C2-H2 
C3-C2-H2 
C2-C344 
C2-C3-H3 
C4-C3-H3 

C3-C4-H4 
C3C4-Si' 

Sif-C4-H4 
N1-Li-N2 
Cl-Li-C4 

114.7 isj 
113.4 (5) 
104.7 (6) 
108.4 (6) 
103.4 (6) 
127 (1) 
121.4 
112 
125 (2) 
116 
119 
129 (2) 
116 
115 
127 (1) 
114 
118.7 
84.0 (7) 
81.3 (6) 

a C1 and C4 are symmetry related by the crystallographic inver- 
sion center. 

T1 values were measured using an inversion-recovery pulee se- 
quence.' Pham-eensitive HOESY spectra were acquired using 
a (r/2) 0 - ( r /2 ) r~m-( r /2 )u  pulse sequence as previously de- 
s ~ r i b e d ~ ~ l ' y p  ically, 32 scans for each of 256 experimenta were 
acquired, with a relaxation delay of 2 s between scans. HOESY 
spectra were traneformed with zero filling by a factor of 2 in both 
dimensions and exponential weighting functions in both dimen- 
sions (line broadening value of 1.0 Hz in o2 and 2.0 Hz in wl). 
Volume integration of crow peaks was achieved using the Bruker 
AMX software package. 
X-ray Crystallography. A unique diffractometer data set 

was obtained using an Enraf-Nonius CAD4 diffractometer. Re- 
flections with Z > 2.50(1) were considered "observed" and used 
in a full-matrix least quam refinement, minimising ZwA2 after 
solution of the structure by direct methods. Anisotropic thermal 
parameters were refined for non-hydrogen atoms; (z, y, z, U ~ ) H  
were constrained at estimated values. Conventional residualn on 
[FI at convegence are quoted, RBT(Ewl Fd - Fd12/Z~Folo12)1'21. 
No extensive, significant extinction effecta were found. Neu- 
tral-atom complex scattering factorsS were employed; computation 
used the XTAL program system,l0 implemented on a SUN 
SPARCstation 2. 

Results and Discussion 
X-ray Structure of [(Li(TMEDA)}2((MeSSiCH= 

CH)& (1). Compound 1 crystallizes with discrete mole- 
cules over inversion centers such that there is 50% site 
occupancy disorder associated with the H1, H2, H3, H4, 
C2, and C3 atoms of the planar (2)-butenediyl moieties 
(Figure 1). Data were consistently weak from several 
crystals, and the accuracy of the structure is poor but 
nevertheless provides a meaningful solution. Refinement 
of the structure waa baaed on a 50% disordered molecule 
across an inversion center, the disorder being confined to 

(7) Vold, R. L.; Waugh, J. S.; Klein, M. P.; Phelps, D. E. J.  Chem. 

(8) Bauer, W.; Schleyer, P. v. R. Magn. Reson. Chem. 1988, I, 827. 
(9) Ibers, J. A, Hamilton, W. C., Eds. International Tables for X-ray 

(10) Hall, S .  R., Stewart, J. M., Eds. XTAL User's Manual-Version 

Phys. 1%8,48,3831. 

Crystallography; Kynoch Preee: Birmingham, U. K., 1974; Vol. 4. 

3.0. The Universities of Wwtern Australia and Maryland, 1990. 
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Figum 1. ORTEP (20% probability) plot of [{Li(TMEDA)J2- 
{(Me3SiCH=CH)2}] (1). C1 and C4 are related by the crystal- 
lographic inversion center. 

Table 11. Atomic Coordinates, Thermal Parameterr (U or 
V,) (A*) and Population Parameters (PP) for 

[(Li(TMEDA)],{(Me#iCH=CH)I)I (1)" 
atom r l a  v l b  Z I C  U PP 
Li 
Si 
c1 
c 2  
c3 
c11 
c12 
C13 
c 5  
C6 
N1 
c 7  
C8 
N2 
c 9  
c 10 
H1 
H2 
H3 
H4 

~~~~ 

0.101 (2) 0.550 (1) 0.5616 (7) 0.096 (7)' 
0.1173 (3) 0.6296 (2) 0.3830 (2) 0.115 (1)' 
0.056 (i). 
0.105 (2) 

-0.054 (2) 
0.010 (1) 
0.264 (1) 
0.151 (1) 
0.371 (1) 
0.315 (2) 
0.2859 (9) 
0.294 (2) 
0.201 (2) 
0.083 (1) 
0.048 (2) 

-0.011 (2) 
-0.0191 
0.1821 

-0.0974 
0.1005 

0.5615 (si 0.4461 (4) 
0.474 (2) 0.466 (1) 
0.577 (1) 0.486 (1) 
0.6472 (9) 0.3087 (6) 
0.5838 (8) 0.3460 (6) 
0.7432 (7) 0.4129 (7) 
0.568 (1) 0.5450 (8) 
0.453 (1) 0.618 (1) 
0.5399 (9) 0.5978 (5) 
0.601 (2) 0.653 (1) 
0.655 (1) 0.664 (1) 
0.6470 (7) 0.6377 (6) 
0.729 (1) 0.6082 (8) 
0.624 (1) 0.6868 (7) 
0.5784 0.4723 
0.4536 0.4409 
0.6347 0.4783 
0.5019 0.4557 

0.074 (si* 
0.09 (1)' 0 . m  
0.08 (1)' 0.5OoO 
0.230 (9)' 
0.179 (7)' 
0.187 (7)' 
0.21 (1)' 
0.28 (1)' 
0.130 (6)' 
0.23 (1)' 
0.25 (1)' 
0.124 (5)' 
0.20 (1)' 
0.223 (8) 
0.110 0 . m  
0.093 0.5000 
0.105 0.6oOo 
0.110 0.6OOO 

a C1 and C4 are symmetry related by the crystallographic inver- 
sion center. Asteriske refer to Uh values. 

Table 111. Summary of X-ray Data for 
[ILi(TMEDA~191(Me~SiCH==CH)911 (1) 

formula 
mol w t  
space group 
a, A 
b, A 
c, A v, A3 
z 
D(dcd), g cm+ 
F(000) 
cryst dimene, mm 
temp, K 
radiation (A, A) 

P, cm-.l 
28 limit, deg 
no. of collcd r e f h  
no. of obsd rflnm [ I  > 2.5u(n] 
R ~. 

R" 
final residue, e As 
S 

CzaHMN4Li& 
444.8 
Pbca (No. 61) 
10.711 (1) 
15.393 (3) 
19.941 (3) 
3287.8 (9) 
4 
0.899 
992 
0.35 X 0.35 X 0.35 
296 
Mo Ka (0.710 73, graphite 

1.22 (no a b  corr applied) 
40 
2885 
569 
0.062 
0.052 
0.8 
1.74 

monochromator) 
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the C2 and C3 atoms of the butenediyl fragment and ita 
associated H atoms. All H atoms were calculated in 
idealized positions at a distance close to 1.0 A from the 
parent carbon atom. Molecular core geometries, atom 
coordinates, and crystal data are given in Tables 1-111. 

Important internuclear distances and angles are given 
in Table I. Distances within the butenediyl fragment 
[C2-C3, 1.34 (3) 1%; Cl-C2, 1.49 (3) A; C4-C3, 1.45 (3) A; 
Cl-Si, 1.76 (1) A] support localization of negative charge 
at C1 and C4, in accordance with the NMR data (b(13C) 
for C1 and C4,23.6 ppm in 1, and similarly W3C) for C1 
and C4,27.8 ppm for compound 2): and the concentration 
of charge by silicon on adjacent carbon centers."7l2 In- 
deed, the C-C distances are close to corresponding values 
for (Z)-1,1,4,4tetrakis(trimethylsilyl)but-2-ene, where the 
comparable distances are Cl-C2 1.486 (6) and 1.495 (6) 
A and C 2 4 3  1.320 (6) A and the angles subtended by the 
carbons on C2 and C3 are 130.6 (4) and 129.8 (4)": cf. 125 
(2)" for Cl-C2-C3 and C2-C3-C4, respectively in 1. 

The overall molecular geometry approximates to C2" 
symmetry, as expected for the so-called double-bridging 
dilithium str~cture , '~- '~  being similar to established 
structures for dilithiated 1,4-diphenylbutadiene,14 1,2- 
bis( (trimethylsilyl)methyl)bemne,l6 and also the related 
dilithiohexatrienyl species.16 Concentration of charge by 
electropositive silicon, coupled with the direction of oc- 
cupied p orbitals on C1 and C4, would direct lithium atoms 
to reside symmetrically over the internuclear vector be- 
tween C1 and C4. Li-C1,C4 distancee are 2.41 (2) and 2.36 
(2) A and thus provide some scope for covalency although 
this conflicts with the generally accepted view that lithi- 
um-carbon bonding is largely ionic.17 Such a disposition 
of lithium atoms would result in intimate contact between 
them and C2 and C3, at 2.30 (3) and 2.27 (3) A, respec- 
tively, with the lithiums 1.81 A from the butenediyl plane. 
NMR Spectroscopy. At 25 "C, the resonances in the 

7Li NMR spectra of both 1 and 2 are relatively narrow 
( W1/2 = 2-5 Hz, at 6 -4.41 and b -4.63 ppm, respectively, 
in bemned6 solvent). For both 1 and 2, the 7Li resonance 
exhibits a resolved triplet splitting (2JLi-H = 1.5 Hz) to the 
terminal vinyl protons of the butadiene fragment6 (verified 
by selective 'H decoupling). The presence of the clearly 
resolved through-bond Li-H coupling confirms that the 
lithium atoms are intimately bound to the organic 
framework in a covalent fashion. 

The 'H NMR spectrum of 1 in benzene-de at 27 "C 
exhibits a strong 18-proton singlet at 0.38 ppm, a broad- 
ened 2-proton doublet at 0.29 ppm for the terminal vinylic 
protons, and a broadened 2-proton multiplet at 5.07 ppm 
for the 2,3-protone of the butadiene fragment. The reso- 
nances of two coordinated TMEDA molecules appear only 
as two broadened singlets at 2.05 and 1.81 ppm for the 
N-CH3- and -CH2- groups, respectively. The 'H NMR 
spectrum of 2 in benzene-d6 at 27 "C exhibits a strong 

Field et al. 

(11) Schleyer, P. v. R; Clark, T.; Koe, A. J.; Spitznagel, G. W.; Rohde, 
C.; Arad, D.; H o d ,  K. N.; Rondan, N. G. J.  Am. Chem. SOC. 1984,106, 
6467. 

(12) (a) Boche, G.; Decher, G.; Etzrodt, H.; Dietrich, H.; Mahdi, W.; 
Koe, A. J.; Schleyer, P. v. R. J. Chem. Soc., Chem. Commun. 1984,1493. 
(b) Schleyer, P. v. R.; Koe, A. J.; Wilhelm, D.; Clark, T.; Boche, G.; 
Decher, G.; Etuodt, H.; Dietrich, H.; Mahdi, W. J.  Chem. Soc., Chem. 
Commun. 1984,1495. 

(13) Koe, A. J.; Schleyer, P. v. R. J. Am. Chem. SOC. 1980,102,7929. 
(14) Koa, A. J.; Stein, P.; Schleyer, P. v. R. J. Orgonomet. Chem. 1985, 

280, c1. 

Chem. SOC., Chem. Commun. 1982, 1323. 

Chem. Soc. 1976,97,6271. 

353. 

(15) Lappert, M. F.; Engelhardt, L. M.; Raston, C. L.; White, A. H. J. 

(16) Arora, 5. K.; Bates, R. B.; Beaver, W. A.; Cutler, R. S. J.  Am. 

(17) Setzer, W. N.; Schleyer, P. v. R. Adu. Organomet. Chem. 1985,24, 

2.5 2.0 PPM 

Figure 2. Section of the 'H NMR (400 MHz, toluene-ds solvent) 
spectrum of [(Li(TMEDA)J2((Me3SiCH=CMe)2J] (2) at various 
temperatures. T indicates solvent residual; * unidentified im- 
purity. 

Scheme I 

b. 

lsproton singlet at 0.42 ppm, a broadened 2-proton singlet 
at 0.37 ppm for the terminal vinylic protons, and a 
broadened 6-proton singlet at 2.22 ppm for the methyl 
protons at the 2,3-positions of the butenediyl fragment. 
As for 1, the resonances of two coordinated TMEDA 
molecules occur only as two broadened singlets at 2.03 and 
1.76 ppm for the N-CH3- and +H2- groups, respectively. 

The 'H NMR spectra of 1 and 2 acquired at ambient 
temperature clearly indicate exchange broadening of the 
resonances of the coordinated TMEDA units. The 'H 
NMR spectrum of 2 was examined at several temperatures 
with toluene-ds as solvent; the resonances of the coordi- 
nated TMEDA groups broaden and split from two signals 
to four on cooling to -50 "C (Figure 2). This behavior is 
consistent with an internal process which differentia- the 
two ends of the coordinated TMEDA ligands, e.g. the 
slowing of the internal rotation of the TMEDA groups 
(Scheme Ia) or reversible decomplexation of one end of the 
TMEDA fragment (Scheme Ib), perhaps with solvent oc- 
cupying the vacant coordination site on Li or with the Li 
atom stabilized by interaction with the mystem of the 
C 2 4 3  bond of the butenediyl fragment. Dynamic effecta 
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which average the NMR spectra of coordinated TMEDA 
groups have been noted previously in organolithium com- 
pounds.llh-c Lithium species undergoing reversible loss 
of one end of a polydentate tertiary amine ligand have been 
invoked previously as intermediates in ligand-exchange 
reactions,1sd but this is not the favored dynamic process 
in the related compound exo,exo-[ 1,3-bis(trimethylsilyl)- 
allyl]lithi~m(TMEDA).~~ At all temperatures, only one 
set of butenediyl proton resonances or 7Li resonances is 
observed, indicating that the observed dynamic process 
is not the result of equilibration between several different 
species in solution. 

Relaxation of the 7Li Nuclei. The relaxation time of 
a quadrupolar nucleus is goverened by a number of factors, 
including the quadrupole moment, the rotational correla- 
tion time of the molecule, and the electric field gradient 
across the nucleus. The quadrupole moment of the 7Li 
nucleus provides an efficient relaxation mechanism for the 
nucleus, and the quadrupolar contribution to relaxation 
(T,) dominates Tl for 7Li (eq l), where eq is the electric 

(1) 

field gradient at the 7Li nucleus, .r1 is an asymmetry pa- 
rameter which represents the distortion of the eledric field 
gradient at the nucleus from axial symmetry, e& is the 
nuclear electric quadrupole moment, and T, is the rota- 
tional correlation time. 

The spin-lattice relaxation times for 7Li nuclei are 
typically short (0.1-1 msI2 particularly when the nucleus 
is in an environment with a nonsymmetrid electric charge 
distribution. For a nucleus whose Tl is dominated by 
quadrupolar relaxation, the temperature dependence of 
TI is governed essentially by the effect of temperature on 
T,, i.e. increasing monotonically as temperature increases. 
The measured relaxation time of the 'Li nucleus in 2 shows 
a significant temperature dependence, with Tl ranging 
from approximately 100 ms at -50 O C  to more than 500 
ms at 30 OC. 

At temperatures above ca. 20 OC, the measured Tl for 
the 7Li nucleus in 2 is approximately 500 ms, which is an 
unexpectedly large value for a quadrupolar ?Li nucleus. 
The slow relaxation rate at high temperature can be ra- 
tionalized by a change in the symmetry of the lithium 
environment to one of higher average symmetry as the 
temperature increases. 

'HJLi HOESY Spectra of 1 and 2. The relative in- 
tensities of the cross peaks in a HOESY experiment are 
determined by the competition between the NOE buildup 
and the decay of signal via relaxation, so the rapid relax- 
ation rates of most 7Li nuclei in most organic compounds 
precludes observation of useful NOE. However, for 1 and 
2, the TI values of ca. 500 ms at room temperature are 
adequate for the observation of NOES. In HOESY ex- 
periments on 1, strong cross peaks were observed between 
the 7Li nucleus and the vinylic protons (H2, H3) of the 
cis-butenediyl subunit as well as between the 7Li nucleus 
and both CH2 and CH3 protons of the TMEDA subunits 
(Figure 3) .  The strongest interactions were with the 
terminal protons (H1 and H4) of the butenediyl fragment. 
No HOESY cross peaks were observed for the interaction 
of 7Li and the methyl protons of the TMS substituents. 

1/T, a (1 + .r12/3)(e2qQ/h)2~, 
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Figure 3. ?Li-detected H-Li HOESY spectrum of 1 (benzene-& 
solvent, 298 K). Solid contours are positive peaks. 

Figure 4. Buildup of HOESY cross-peak intensity as a function 
of mixing time (7,) in the 7Li-detected H-Li HOESY spectrum 
of 1 (benzene-da Solvent, 298 K). 

The internuclear distance between the Li nucleus and the 
protons of the TMS Substituents is greater than 5.5 A, and 
at this distance, no observable cross peaks would be ex- 
pected. In Figure 3, the small negative lobes are proceseing 
artefacts. 

The measured dependence of the HOESY cross-peak 
intensity on the mixing time (7,) for 1 is given in Figure 
4. For values of T, up to 500 ma, the relative rates of 
buildup of HOESY cross-peak intensity are approximately 
constant and the same within experimental error for the 
various protons in the molecule. This indicates that 
transfer of magnetization by spin diffusion is negligible.lg 

Strong HOESY cross pe& for 2 were observed between 
7Li and the terminal protons (H1 and H4) as well as be- 
tween 7Li and the methyl substituents at C2 and C3 of the 
cis-butenediyl fragment. All protons on the TMEDA 
subunits gave rise to HOESY cross peaks using a mixing 
time of 200 me. 

Internuclear Li-H Distance Ratios Derived from 
'HJLi HOEBY. NOESY (HOESY) cross-peak intensities 

(19) Neuhaus, D.; Williamson, M. The Nuclear Overhauser Effect in 
Structural and Conformotional Analysis: VCH Publishers. Inc.: Wein- 
heim, 1989. 
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subunit indicates a Li-CH3 distance of approximately 3.5 
A. The position of CH3 groups is difficult to define from 
NOE data, but it has been shown in small moleculea that 
the methyl position determined by NOE measurements 
is approximately that of the centroid of the methyl pro- 

The geometry and dimensions of the methylated 
derivative 2 are essentially the same as those in the parent 
complex 1. 

Conclusions 
'HJLi HOESY spectra of good spectral quality have 

been obtained on [(Li(TMEDA)J2{(Me3SiCH=CH),J J (1) 
and [{L~(TMEDA)]z{(M~~S~CH=CM~)~]] (2) in solution 
near room temperature. Although 7Li is typically a dif- 
ficult nucleus on which to obtain nuclear Overhauser en- 
hancements, fluxionality in this type of molecule leads to 
motional averaging of the environment around the Li 
nucleus and consequently a reduction in the quadrupolar 
contribution to 7Li relaxation. Measured 7Li relaxation 
times in 1 and 2 were temperature dependent, but rela- 
tively long TI values (ca. 500 ms near ambient tempera- 
ture) permit the observation of HOESY spectra. 

X-ray structural data on 1 clearly established a dou- 
ble-bridging lithium structure. 1H-7Li HOESY experi- 
ments indicate that the solution structure of 1 is consistent 
with the structure found in the solid-state X-ray structure 
and that 1 and 2 have similar structures. For the related 
compound, [1,2-CeH4(CHSiMe3)2{Li(TMEDA)]2],16 the 
Li-C distances (2.37 (2) and 2.38 (2) A for (21x4 and 
C243 ,  respectively) are significantly longer than in 1, 
indicating more ionic character. This is also reflected in 
C-C distances of the dianion which is consistent with 

eater charge delocalization, C1-C2 1.43 (2) A (cf. 1.47 
f(mean)  in 1) and C 2 4 3  1.45 (1) A (cf. 1.34 (3) A in l), 
with other C-C distances in the ring ranging from 1.36 (2) 
to 1.43 (2) A. This structure is beat described as a contact 
ion pair system with the lithium atoms residing over nodes 
in the HOMO of the dianion.22 The position of the Li 
nuclei relative to the four carbon atoms of the bridging 
cis-but-2-ene-1,4-diyl subunit indicates that the 1,4-di- 
lithiobut-2-ene-l,4-diyl complexes prefer dibridging 
structures, as predicted by ab initio and semiempirical 
MNDO calculations.13J4 
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Table IV. Experimental HOESY Cross-Peak Volumes for 1 
and 2 
re1 scaled cross-peak 

cross-peak volo volb (ffi j)  

Compound 1 
H(1,4) - Li 871 871 
H(2,3) - Li 135 135 
CH2 - Li 100 62.5 
N-CH3 - Li 556 301 

H(1,4) - Li 1348 1348 
CH8(2,3) - Li 138 92 
CH2 - Li 100 62.5 

Compound 2 

N-CH3 - Li 688 373 

Arbitrarily normalized to CH2 - Li = 100 unite; for 1 relative 
cross-peak volumes are the average over r, = 50,100,200, and 500 
ms; for 2 relative cross-peak volumes are from a single experiment 
with T, = 200 ma. bScaling factor NINs/(N~ + Ns) (see text). 

(Q) are inversely proportional to the sixth power of the 
internuclear distances (rij),Ig and the measured cross-peak 
volumes are given in Table IV. The intensities of the 
HOESY cross peaks were scaled to account for symmetry 
in the molecule which dictates that different numbers of 
nuclei contribute to different crw peak~.'~a For NI s p e  
of type I interacting with Ns spins of type S, the intensity 
of a NOESY cross peak due to interaction between I and 
S is proportional to NINs/(NI + NSL2O For 1, the relative 
cross-peak volumes are the mean values determined from 
experiments with four different mixing times, and for 2, 
the results quoted are derived from a single experiment 
with a mixing time of 200 ms. Although the internal 
motion of the TMEDA subunits in 1 and 2 makes the 
quantitative interpretation of HOESY crw peaks to nuclei 
in that part of the molecule difficult, the Li-butenediyl 
core shows no evidence of fluxionality or exchange. 

In complex 1, the ratio of (UL~-H~(~))''':(QL~-HP 3))1/6 (in- 
versely proportional to the ratio of distances 
rLi-H1(4):rLi-H2(3)) is 1.36, in excellent agreement with the 
value of 1.31 derived from distances in the X-ray crystal 
structure (Table I). This result suggests that the 'HJLi 
HOESY can provide useful geometric information about 
the location of the 7Li nucleus with respect to organic 
fragments in organolithium complexes. The HOESY cross 
peaks between Li and protons of the TMEDA are also 
consistent with the distances of a lithium-coordinated 
TMEDA. It is not possible to confidently assign quanti- 
tative significance to any distance information derived 
from the TMEDA part of the molecule since it is obviously 
fluxional and an interpretation of the HOESY cross-peak 
intensity would require a detailed knowledge of the ex- 
change process. 
In complex 2, the ratio of (uLi-H1(4))1'6:(bLi-~~(3))1'6 (which 

is inversely proportional to ratio of distances 
r~i-~l(4):r~j-~~2(3)) is 1.55. With the assumption that the 
Li-Hl(4) distance in 2 is s i m i l a r  to that in 1, (2.27 4 Table 
I) the intensity of the HOESY cross peak between the Li 
nucleus and the 2,3-methyl groups of the cis-butenediyl 

(20) Macura, S.; Emst, R. R. Mol. Phys. 1980, 41, 95. 

(21) Keeper, J. W.; James, T. L. J .  Magn. Reson. 1984,67,404. 
(22) hung, W.-P.; Reston, C. L.; Skelton, B. W.; White, A. H. J. 

Chem. SOC., Dalton Trans. 1984, 1801. 


