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The 2,6-dimethoxyphenyllithium molecule has the crystallographic site sym- 
metry 3. All lithium atoms of the six formula units of the complex are com- 
bined together with the L&O to form a long cluster, LisO, in the centre of the 
molecule_ This cluster is composed of two Li, pyramids, each of which is con- 
nected to the oxygen atom via its Li, base in such a way that the oxygen atom 

has a nearly octahedral coordination with very short Li-0 distances. The 
remaining six .Li3 faces of the Li4 pyramides are occupied by the organic resi- 
dues as in the tetramers of ethyllithium [l] and methyllithium [a]. The final 
F,, -F, map suggests weak 4-centre bonds in each of the Li, pyramids and, as 
expected, between each of the metallated ring atoms, C(l), and the pyramid 
face to which it is attached_ At the ring atoms C( 1) and C( 3) there are addi- 
tional charges which extend in the sp2 and pI areas_ The ring is planar but the 
C-C-C angles deviate systematically from 120° ; the biggest deviation, of --8”) 
is found at C(1). 

Introduction 

It is well known that organolithium compounds form oligomers in solutions 
as well as in the gas and solid states. The oligomers were assumed at one time to 
be electron deficient compounds like the boranes or [ (CH,),Be], or [ (CH3),A1] 2 
[ 31. The first quantum mechanical model was given by Weiss and Lucken [ 23 

* This paper is dedicated to Professor R. Brill on the occasion of his 81st birthday. 
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for (CH,Li), and (C2H5Li)4, after X-ray structure determinations had shown 
that tetrahedral Li, clusters are present in crystals of ethyllithium Cl] and 
methyllithium [Z]. A Li6 octahedron was found in crystalline cyclohexyl 
lithium [ 43. 

The three compounds just mentioned can be crystallized only from hydro- 
carbon solutions and not from basic solvents like ether. On the other hand, 
basic solvents are mostly used in chemical syntheses with organolithium 
reagents and it is well known that they influence the reactivity of these 
reagents. Therefore, it seemed desirable to look at the structure of an etherate. 
However, many efforts to obtain crystals of an ether complex of ethyl- or 
butyllithiuin were unsuccessful, and it seems that these substances are all either 
liquids cr gels. Finally, we found in a paper by Wittig [5] the statement that 
2,6-dimethoxyphenyllithium (= DMPL) can easily be crystallized from ether. 
This substance, of course, must in any case be au etherate since the organic 
residue itself contains two ether groups. 

Experimental 

According to the description of Wittig [ 51, good crystals could be grown 
from ether solution_ A well shaped crystal of dimensions 0.43 X 0.6 X 0.6 mm 
was sealed in a thin walled glass capillary under pure argon for the X-ray work. 
The crystal was cooled to about 113 K by means of a cold nitrogen stream [IS]. 
The space group is Rs and the unit cell parameters, a = 11.613 -4,~ = 61.20”) 
V = 1137 A3, n = 6, correspond to the density p, = 1.306 g crne3 if the Li,O is 
included which was found during the structure determination_ 

2772 reflections were measured on a paper tape controlled Siemens diffrac- 
tometer using nickel-filtered copper radiation. The comparison of symmetry 
related reflections after the correction for the Lorentz and polarization factors 
revealed a rather strong absorption effect of the glass capillary_ Reflections 
measured at high x angles, where both the primary and the reflected beams 
make small angles with the capillary axis, were considerably weaker than their 
symmetry equivalents measured at lower x angles. In order to correct for this 
effect, a computer program was written [ 71 which, in a first step, calculates 
from the raw data the product pd where ,Q is the absorption coefficient of the 
glass and d is the thickness of the wall of the capillary. In a second step the 
program then applies the correction to the data and averages the symmetry 
related reflections so that a unique set of reflections results. In the present case 
a vaIue for pd of 0.214 was found. As iu is known to be 90 cm-’ [S] for copper 
radiation, the thickness of the capillary wall, d, was about 0.024 mm. The 
averaging of symmetry related reflections after the corrections yielded-a unique 
set of 1475 reflections, 11 of which were weaker than 1 cr. The “averaging error 
index” was 

c IIF, 12 - IF, 1*1/Z IF, I2 = 0.034 

Structure determination 
The phase problem was solved by direct methods using the program system 

X-RAY 70 I?]_ An E-map showed the positions of all the lithium, carbon, and 
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TABLE 1 

ATOMIC PARAhlETERS OF THE COMPLEX <DMPL)6 Liz 0 

Standard deviations in parentheses. Temperature factors given by T = expC-2+(UI Ia** + U226*2 t- 
U33c*2 -I- 2 U12hka*b* + 2 U13h!o*c* + 2 U23klb*c*)l. 

“(4, 
“(5) 

.05(l) 
.04Cl) 

oxygen atoms. In the light of the comments by Wittig 151, it was expected that 
the crystals should contain only DMPL and possibly solvent molecules. From 
the peaks in the E-map it was obvious that the organolithium compound forms 
a hexamer, DMPL,, with crystallographic symmetry 3, and the lithium atoms 
clustered around the centre in the form of an octahedron_ Two additional 
peaks on the threefold axis, a rather high one at the centre and a lower one out- 
side the Li, octahedron, could not be explained at this stage. They were 
thought to be spurious and were not included in the initial refinement. The 
latter stopped, however, at R = 0.16 and a F, -F, synthesis showed that the 
two unidentified peaks had not vanished. They were sharp maxima. The one at 
the central position (3) showed a density of 9 e/B”. The other one outside the 
Li, octahedron had a density maximum of 2.5 e/A’. 

It was clear that these peaks indicated additional atoms not belonging to sol- 
vent molecules. Since we had carried out; the synthesis of the substance care- 
fully using pure reagents and dry argon as a protective gas, it was difficult to 
believe that anything other than ether molecules or argon could be present. But 
when the heights of the additional peaks, the symmetry of their positions, and 
their distances from the atoms of the hexamer were taken into account, we had 
to conclude that one unit of Li,O had been included in the hexamer. This must 
be due to slight contamination with traces of water and a strong tendency to 
form the present complex. Therefore the yield of crystals can be increased by 
using phenylbthium solution contaminated with L&O for the metallation of the 
2,6-dimethoxy-benzene. 

With the inclusion of the Liz0 entity, the refinement was straightforward. 
The positions of all the hydrogen atoms were taken from a F, - F, map and all 
atoms were refined with anisotropic vibration parameters. As expected for low 
temperature data, towards the end of the refinement the temperature parame- 
ters of some hydrogen atoms became negative and had to be reset. The final 
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error indices were RF2 = 0.068, RF = 0.057. In the calculations the form factor 
tables for neutral atoms and bonded hydrogen atoms from the International 
Tables IV [ 101 were used. The atomic parameters are listed in Table 1. Tables 
of structure factors are available from the author. 

Discusision 

The structure consists of isolated molecules, one of which is shown in the 
stereoscopic view in Fig. 1. The eight lithium atoms and the central oxygen 
atom form a L&O cluster inside the molecule. The cluster can be interpreted as 
two Liq pyramids, each of them attached via its Li, base to the single oxygen 
atom, so that the oxygen has a nearly octahedral coordination. The organic 
residues occupy the remaining six free Li3 faces of the two Li, pyramids. For- 
mally, the structure of the molecule may be written as 

H3= 

‘0 

3 

Li,OLi, 

;“‘ 
H 

D 0 
H 

“\ 
CH3 

The presence of the Li, sub-clusters and the connection of the organic residues 
to their faces resembles the arrangements found in ethyllithium [1 J and meth- 
yllithium [ 23 _ A difference is, however, that the oligomers in the latter two 
structures are connected via rather short contacts, whereas in the present struc- 
ture there are isolated molecules. 

Some interesting details about the bon&g can be derived from the atomic 
distances, bonding angles, and the final F, --F, synthesis_ Fig. 2 shows the 
lower left part of Fig. 1 with atomic distances and angles added. The central 

Fig. 1. Stereoscopic ORTEP [ill view of the complex <DMPL)6Li20. The threefold aris is aPProxi- 
mately horizontal_ 
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Fig. 2. Lower left part of Fig. 1 with some interatomic distances and bonding angles added. The standard 
deviations (in brackets) are in units of the last decimal place of the values. 

oxygen atom is remarkably close to the six lithium atoms surrounding it. The 
Li-0 distance of 1.833 A is much shorter than those in L&O (2.00 Ai) and 
LiOH (1.97 A) 1121. The coordination of the oxygen atom is not a regular 
octahedron, but slightly elongated parallel to the threefold axis. The distances 
Li(l)-Li(1)’ within the pyramid bases (2.543 .&) are about 0.1 g shorter than 
the lateral distances Li(l)-L(1)“’ of 2.639 a. 

Similarly, the Li, pyramids deviate from tetrahedra by an elongation along 
the threefold axis. The edges of type Li( 1)-Li( 0) are about 0.2 3 longer than 
the edges at the pyramid base. 

From a comparison of the structures of ethyl- and methyllithium one may 
conclude that the Li, tetrahedra can be deformed to a considerable extent 
without changing their average Li-Li distance (2.55 and 2.56 & respectively)_ 
But in the present cluster the range of Li-Li distances is shifted by about 0.1 A 
to larger values. The average edge length for the Li, pyramids is 2.647 A and 
for all edges of the L&O cluster it is 2.643 A. 

The comparison with methyl- and ethyl-lithium reveals also a similar length- 
ening of the C-Li distances in the 4-centre bonds C-Li, in the DMPL complex_ 
The relevant distances are 2.28 a in methyl- and 2.30 il in ethyl-lithium, 
whereas 2.391 A (average of C(l)-Li(O), C( l)-Li( l), and C( l)-Li(1)’ in 
Fig. 2) is found in DMPL, L&O. 

The phenyl ring is planar to within kO.01 & and the C-C bond lengths do 
not vary by more than this from their (quite normal) average of 1.392 A.. But 
the angles within the ring deviate seriously and systematically from 120” (see 



Fig. 2). The biggest change, of almost -8”, is found at the metallated ring atom 
C(1). Towards the opposite side of the ring the deviations alternate in sign and 
become gradually smaller. The angle at C(4) deviates by +l” only. It is obvious 
from Fig. 2 that the angle changes are more pronounced in the left side of the 
ring, W)--C(6)-c(5)-c(4), th an in the right side, C(l)-C(Z)-C(3)-C(4). 
This is probably a consequence of the asymmetry in the connection of the 
organic residue to the cluster. Along with C(l), which is bonded to the pyramid 
face Li(O)-Li(l)-E(l)‘, the ether atom O(6) appears to have the shortest 
contact to the cluster, i.e. 2.012 R to Li(0). It belongs to the left half of the 
ring in Fig. 2, where the deviations of the ring angles are bigger. The attractive 
forces between Li(0) and O(6) may be responsible for the reduced angle C(l)- 
C(S)-O(S) of 113.3” compared to the angle C(l)-C(2)-0(2) of 115.5”, for 
the elongation of the pyramids, and for the asymmetry of the 4-centre bond 
Li( 0)-Li(l)-Li(l)‘-C(1) which appears to be shifted from the centre of the 
pyramid face towards Li(l). 

Further details of the bonding cti be extracted from the final F, -PC syn- 
thesis. Of course, the least squares refinement of the conventional model tends 
to compensate bonding effects in the charge distribution by small shifts in the 
positional and vibrational parameters of the atoms and it is well known that 
this applies most generally to terminal bonds and lone pairs. This is confirmed 

Fig. 3. Fg - Fc section in the ring plane. Contour interval 0.05 e/-k3. full lines Positive 

lines negative contours. Zero contours omitted. 
contours. broken 
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by the present F, - F, synthesis_ The limitation of the data to the copper range 
favours this kind of correlation effect, and so one should expect only charge 
details, which are less correlated to the parameters of the model. It is not sur- 
prising, therefore, that the F. - F, synthesis is in general rather flat. There 
are only three peaks above 0.2 e/B’. The highest and the lowest indicate 
broadly smeared charges at C(1) and C(5), respectively. Both can be seen in 
Fig. 3 which shows a section in the plane of the ring. The sp* orbital at C(l), 
engaged in the 4-centre bond to the cluster, is clearly visible as a tail. But there 
is obviously still more charge left at C(1) itself, with tails extending along the 
bonds to C(6) and C(2)_ It is understandable that such a roughly trigonal charge 
distribution should be poorly correlated with any atomic parameters, either 
positional nor vibrational, and therefore cannot be compensated by the model. 
For r-type charges, i.e. charges above and below the ring plane, one might 
expect some correlation to the out of plane component of the vibrational ten- 
sor. But Fig. 3 shows that at least some elongation of the charge cloud perpen- 
dicular to the ring plane has survived the refinement, and suggests an increased 
population of the pz2 region of C(1). The asymmetry of this m-type charge with 
respect to the ring plane is not significant, but it is interesting to state that 

Fig. 4. Fg -FF,sectionthrough C<l).appro_ximately perpendicular (85') to the ring plane. The interscc- 

tion with the ring plane is marked by a line. Contours as in Fig. 3. 
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Fig. 5. F. - Fc section along the threefold axis and through C(I). The intersections with the ~hnes of the 

Li3 bases of the two Liq pyramids above and below of O(0) are the threefold a-xis are marked by lines. 

Contours as in Fig. 3. 

the maximum is on that side of the ring plane where the shortest C-Li contact 
occurs, namely C(l)-Li(1). 

Regarding the negative charge of the phenyl ring, one would expect from 
electronic considerations that it would be concentrated at the o- and p-posi- 
tions with respect to the methoxy groups, i.e. at C(l), C(3), and C(5). Apart 
from the charge at C(l), only that at C( 3) is indicated in the difference density 
map. It is in the right half of the ring in Fig. 2 where the angular distortions are 
smaller. 

A maximum of about 0.25 e/A is observed approximately in the centre of 
the Li, pyramid_ It is displayed in the section in Fig. 5 which contains the 
threefold axis and passes through C( 1). This peak suggests at least a weak 
4-centre bond inside each of the Lid sub-clusters. 

Concluding remarks 

The present compound contains a new type of cluster, LisO, with the oxy- 
gen as a basic hetero atom included very tightly in the centre. In the succeeding 
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paper [i3] the bonding is discussed further and compared to that in crystalline 
ethyllithium. 

The DlMPL complex proved to be very suitable for accurate electron density 
studies since it is easy to obtain crystals of good quality and shape for diffrac- 
tion work. Therefore, low temperature measurements taken to as high orders as 
possible are planned with the perdeuterated compound in combined X-ray and 
neutron diffraction studies. 
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