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Introduction 

Considerable information concerning the structure of homo-
and heteronuclear arylcopper, -silver, and -gold compounds 
has recently become available (see ref 6-9). The presence of 
a central metal core to which aryl groups are bonded via 3c-2e 
bonds appears to be a persistent structural feature for these 
compounds. In the simple arylcopper tetramers, e.g., 4-tolyU-
CU4,7 the aryl groups bridge the Cu2 edges of an arrangement 
of four Cu atoms, which, as a result of linear hybridization at 
Cu (cf. the structure of (Me3SiCH2)4Cu4),'° has a planar 
configuration, In the presence of built-in ligands (cf. the 
structure of (5-Me-Me2NCH2C6H3)4Cu4), the Cu4 core has 
a butterfly-type configuration which is a consequence of the 
almost planar trigonal coordination geometry of the Cu 
atoms11-12 The X-ray analysis further revealed a dihedral angle 
of about 80° between the aryl nucleus and the plane through 
the bridged metals and the bridging atom. 

In this paper we present a qualitative study of the dynamic 
behavior in solution of 3c-2e bonded aryl groups present in 
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polynuclear aryllithium, arylmetal-1 B, and arylmetal-1 B-
iithium compounds. This study is related to the problem of 
stabilization of the configuration of chiral centers by intra
molecular coordination. Recently, we have studied the latter 
problem using (2-Me2NCH(Z)C6H4)PhMeSnBr (Z = H or 
(S)-Me) as model compounds.13 

Outline of the Dynamic Process 

Bonding of Ar in A^MU and Ar4M2Li2. The proposed 
bonding in arylmetal-1 B clusters9-12 is schematically shown 
in Figure 1. The molecular orbital, which is lowest in energy, 
results from overlap of hybrids of s and p orbitals on copper 
(depending on the coordination symmetry, sp or sp2) and a 
carbon sp2 orbital. The second molecular orbital involves 
overlap of a carbon pz orbital with an antisymmetric combi
nation of Cu orbitals. 

In the solid the aryl nucleus occupies a position almost 
perpendicular to the Cu-Cu vector.9-12 Taking into account 
the bonding scheme in Figure 1, rotation of the aryl nucleus 
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M ^ ^ M M M 
Figure 1. Molecular orbitals involved in the 3c-2e ArM2 bonding. 

O = Cu 
Figure 2. One of the stereoisomers of (2-tolyl)4Cu4. 

around the Cb-C(4) axis must be expected to occur in solution. 
In each of the possible rotamers overlap in the first MO will 
be equal. In case bulky substituents are present in the position 
ortho to Cbridge. rotamers having the plane of the aryl ring 
about perpendicular to the Cu-Cu axis will become more 
stable. Moreover, in the latter rotamers overlap of the an
tisymmetric metal orbital combination with the carbon pz 
orbital will be maximal, which further lowers the energy of 
these rotamers. Recent calculations by Clark and Schleyer 
indicated a preferential stabilization of the transition state for 
inversion of alkyl groups in alkyllithium aggregates 
(RCH2Li)2.14 In the transition state a carbon orbital of a 
planar methyl group interacts with an antisymmetric combi
nation of lithium s orbitals. 

Stereoisomerism in Ar4M4 and A^M2Li2. In principle, 
Ar4M4 and Ar4M2Li2 compounds containing dissymmetrically 
substituted aryl groups can exist as four unique stereoisomers 
(see Figure 2). These stereoisomers are detectable by NMR 
spectroscopy because they will have different chemical shifts. 
Indeed, for 2-tolylcopper tetramer multiplet resonance patterns 
have been detected at low temperature15 which were ascribed 
to the presence of such isomers.16 The observation that these 
multiplets coalesce at higher temperatures was presented as 
evidence for the occurrence of rotation of the 3c-2e bonded 
2-tolyl groups16 (cf. ref 17). This interpretation is correct only 
in the case that inter- and intraaggregate exchange processes 
are slow on the NMR time scale. However, the presented 
NMR data16 do allow the conclusion that the 2-tolylcopper 
tetramers can be frozen out in various stereoisomers. 

Local Environment Concept in Ar4M2M^ Clusters. Cbridge 
of a dissymmetrically substituted 3c-2e bonded aryl group, 
which bridges two unlike metal centers, represents a chiral 
center.18 Two cases may be distinguished: (1) the two metal 
atoms are different as in our 2-Me2N- and 2-Me2NCH2-
substituted arylmetal-IB-lithium compounds8-21'23 as well as 
in hexanuclear (2-Me2NC6H4)4M'2M4X2 (M' ^ M = Cu, 
Ag, or Au)8 and (2) the metal atoms are similar but differ with 
respect to their coordination geometry (e.g., the apical and 
equatorial metal atoms in (2-Me2NC6FU)4M6X2, M = Cu24 

or Ag25). Rotation of the 3c-2e bonded aryl group around the 
Cb-C(4) axis will cause a continuous inversion of configu
ration at Cbridge- For this process at Cbridge which does not 
involve rearrangement of bonds by stereoisomerization or bond 
dissociation-association (e.g., SN2 or SN 1) processes we pro
pose the term fluxional chirality. Figure 3A shows the enan
tiomeric pair (5)cb and (R)ch

26 for one rotamer conformation 
in the limiting situation in 2-tolylcopperlithium (2-ToU-

CuV I I / Cu 
Li«—H-Me Me--N—.Li 

Me 

(S) e (R) c 

M4 

(S)C(S)C 

B 

Figure 3. Pairs of one rotamer configuration for a dissymmetrically sub
stituted 3c-2e bonded aryl group: (A) in 2-Tol4Cu2Li2; (B) in (2-Me2N-
CHZC6H4)4Cu2Li2. 

H2 Me2 Me2
 H2 

Li" 

Figure 4. Schematic structure of the (2-Me2NCH2C6H4)4M2Li2 (M 
Cu, Ag, or Au) compounds. 

Cu2Li2). When considering the "local environment" of one 
ArMLi unit instead of the total geometry of the Ar4M2Li2 
cluster, inversion of configuration at Cbridge becomes detectable 
by NMR spectroscopy when the substituent present in Ar is 
prochiral. 

The CH2 group in 2-Me2NCH2C6H4 represents such a 
prochiral center (see Figure 3B; Z = H). In the limiting sit
uation the CH2 protons are diastereotopic and are expected 
to appear in the 1H NMR spectrum as an AB pattern which 
will coalesce to a singlet if inversion at Cbridge [i.e., rotation 
around Cb-C(4)] is rapid on the NMR time scale. Replace
ment of the methyl group in 2-ToICuLi by the sterically more 
demanding 2-Me2NCH2 group will result in an increased 
barrier to rotation of the aryl ring. Furthermore, coordination 
of the Me2N group with one of the bridged metal atoms fixes 
the phenyl ring in an almost perpendicular position. This 
metal-nitrogen coordination renders the N atom a stable 
prochiral center which offers a second probe reflecting the 
dissymmetry at Cbridge- Therefore, NMR spectroscopy in 
principle allows the separate detection of M-N coordination 
and rotation of the aryl groups in these compounds.27 It is 
important to note that in the (2^62NCH2C6H4)MLi units 
shown in Figure 3 B rotation of the aryl nucleus is only possible 
if the metal-N bond is dissociated, i.e., inversion of configu
ration at Cbridge can only take place in the noncoordinated 
situation. 

Dynamic Behavior of the Aryl Groups in 
(2-Me2NCH2C6H4)4M2Li2 Clusters (M = Cu, Ag, or Au) 

The ArMLi Unit. In the (2-Me2NCH2C6H4)4M2Li2 (M = 
Cu, Ag, or Au) clusters each of the four aryl groups bridges 
one metal-IB and one lithium atom (Figure 4; for a discussion 
see ref 21 and 28). Thus four ArMLi units are present. 

In contrast with the existing uncertainty concerning the role 
of inter- or intraaggregate exchange processes in the dynamics 
of the 2-T0I4CU4 compounds (see above) 13C NMR data ex
clude such processes for compounds Ar4M2Li2 (I-III). In 
Ar4Ag2Li2 (II) the J(107'109Ag-13Cb) and /(7Li-13Cb) remain 
unaltered over the temperature range studied.22 This points 
out that the 3c-2e ArAgLi bond remains intact on the NMR 
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Table I. 1H NMR Spectra of Ar4M2Li2 Compounds I—111 and (S)-Ar4Au2Li2 

6595 

compd 

(2-Me2NCH2C6H4)4Cu2Li2 

(2-Me2NCH2C6H4J4Ag2Li2 

(2-Me2NCH2C6H4)4Au2Li2 

((S)-2-Me2NCHMeC6H4)4Au2Li2 

NCH3 (TVo.1) 

1.74 (s) (±5 0C) 

1.80 (s) 
1.26 (s), 1.89 (s) 
1.74 (s) (±10 0C)* 

1.79 (s) (±10 0C) 

1.82 (s) 
1.75 (s)(—10 0C) 

1.27 (s, br), 
2.10 (s,br) 

S, ppm" 
NCH2(7coai) 

4.12(d), 2.48(d) 
Jgcm = 12 Hz (±90 
3.35 br 
4.12(d), 2.35(d) 
3.96(d), 2.52(d) 
(±90 0CY 
4.30(d), 2.41 (d) 
Jgtm = 12 Hz (±80 
3.58 (s) 
0.88(d)/ 4.84 (q)/ 

0.82 (br)/ 
4.76 (q, br)/ 

»C) 

5C) 

H6 

8.74 (m, .Z0 = 
7,7m= 1.5Hz) 

8.62 (m) 
8.85 (m) 
8.66 (m)d 

8.52 (m,70 = 
7, Jm = 1.5Hz) 

8.42 (m) 
8.62 (d of d, 

J0 = IHz)S 

8.60 (d, br) 

temp, 0C 
(solvent) 

25 
(toluene-^) 
100 
-60 
25 
(benzene-d6) 
25 
(benzene-rf6) 
80 
25 
(benzene-d6) 

-30 
(toluene-rfg) 

" Me4Si internal: s, singlet; d, doublet; m, multiplet. * Decoalesces into two singlets at 1.33 and 2.03 ppm. c Coalesces into singlet at 3.30 
ppm. d Full assignment of the spectrum is discussed in ref 22.e a-CH, J = 7 Hz. / a-CH3. « H5 7.42 (t). 

9 8 7 4 3 2 1 

Figure 5. 1H NMR spectra (5 ppm) of (2-Me2NCH2C6H4J4Cu2Li2 in 
toluene-dg at different temperatures. 

time scale and that the observed dynamic processes must be 
related to rotation of the 3c-2e bonded aryl group around 
Cb-C(4). This observation clearly excludes processes involving 
interaggregate exchange via dissociation-association pathways 
as well as intraaggregate exchange processes by edge (3c-
2e)-corner (2c-2e)-edge (3c-2e) migration28'29 of the aryl 
groups. These conclusions can be extended to the copperlithium 
and goldlithium compounds because also for these compounds 
one 7(13Cb-7Li) of about 7 Hz is observed.30 

The 1H and 13C resonance patterns for the benzylic and 
methylamino protons and C atoms for I—III are temperature 
dependent (see Figure 5 for the 1H NMR spectra of I, Table 
1 and tables in ref 2). The chemical shift differences between 
the three compounds are small. Characteristic features are the 
observation at low temperature of an AB pattern for the ben
zylic protons and two singlets for the methylamino protons. In 
the 13C NMR spectrum two singlets are observed for the di-
astereotopic H 3CN carbon atoms below - 2 0 0 C. At room 

(R) 
Cb 

inversion at 
Cbby rotation 

(SV 

Figure 6. Scheme showing the Li-N dissociation-aryl rotation processes 
accounting for the spectra in Figure 5. 

temperature these two singlets coalesce to one singlet. The 
coalescence temperatures for the benzylic and N-methyl 1H 
resonance patterns in the 1H NMR spectra in combination 
with the chemical shift differences (100-MHz spectra of I—111 
(CH2), T0« 90 0C, AS 1.6-1.9; (CH3) T0 ±5 0C, A<5 0.7 ppm) 
point out that two different processes, i.e., (1) Li-N dissocia
tion and (2) rotation of the Ar group around Ct,-C(4), are 
responsible for the dynamic behavior of the CH2NMe2 protons 
and carbon atoms (Figure 6). 

Going from —60 0C to higher temperatures the first process 
involves rate-determining N-Li bond dissociation, inversion 
at N, and concomitant C-N bond rotation followed by coor
dination. Pyramidal inversion at N as well as C-N bond 
rotation are low-energy processes with barriers amounting to 
6 kcal/mol.31 Consequently, the coupled inversion and C-N 
bond rotation processes are fast over the whole temperature 
range studied. The observation that the coalesced signal shifts 
downfield (0.14 ppm at 25 0 C) with respect to the averaged 
position of the two NMe singlets at - 6 0 0 C and in the direction 
of the free amine confirms that the equilibrium Ncoord <=* Nfrcc 

shifts to the right (see Figure 5). 
The AB pattern for the diastereotopic NCH 2 protons is still 

present up to 90 0 C: see Figure 5. This indicates that inversion 
of configuration at Cbndge does not occur on the NMR time 
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NMe2 a-Me 

(R)MR)C1 

O = Cu, Ag, Au 
©= Li 

(S)Cb(s)c.t 

Figure 7. The configuration at Cbridgc of two aryl groups bonded to the 
same Li atom in (2-Me2NCH2CSm)CUiLi2. 

scale, which shows that rotation of the aryl group has become 
the rate-determining step. At 95 0C the CH2 protons have 
become isochronous as a result of rapid rotation of the aryl 
group around the Ct>-C(4) axis. 

The Ar4M2Li2 Cluster. So far we have considered the chi-
roptical properties of the ArMLi unit only. Combining the four 
units into an Ar4M2Li2 aggregate in principle will result in a 
number of unique stereoisomers having different spectra. 
However, only one resonance pattern is observed at low tem
perature (cf. Figure 5), i.e., at the situation of inert Li-N 
coordination. This can be rationalized as follows. 

The trans-metal arrangement as well as the preferential 
N-Li coordination restricts the number of possible stereoiso
mers. The configuration at the Cbridgc centers of two aryl 
groups bonded to the same Li atom is either 5 or R as is shown 
in Figure 7. 

Looking to the four metal atoms in Ar4M2Li2 the possible 
combinations reduce to two enantiomeric pairs: RR.SS/SS.RR 
and SS.SS/RR.RR. Inspection of a model shows that the 
SS,RR/RR,SS enantiomeric pair can exist only if the four 
metal atoms are in one plane together with the bridging C 
atoms. This configuration has been observed in Cu4-
(CH2SiMe3)4 containing exclusively two-coordinate Cu 
atoms.10 However, a planar configuration for Ar4M2Li2 seems 
unlikely because of the presence of sp3-hybridized lithium 
atoms in the M2Li2 core. In that case the bridging aryl groups 
will point alternately below and above the M-Li edges of the 
M2Li2 core. This would seem to eliminate the SS,RR/RR,SS 
enantiomeric pair and to leave the SS,SS/RR,RR pair as the 
only possibility. In order to study this problem of the config
urations at the four Cbridgc centers in the tetranuclear cluster 
in greater detail we have introduced a second chiral center in 
the substituent present in the aromatic ring. To this purpose 
examples of (5,)-Ar4M2Li2 and (S)-Ar4M4Jn which (S)-Ar 
is (S)-2-Me2NCHMeC6H4 were synthesized. 

1H NMR 
benzene-d6 

a-H 

RT 

13C NMR 
toluene-ds > - C -

RT 

v*^*HV^fw*w%^Vv^>'l,' 

-40°C - I U 1- j 

•wt * * * 

6 (ppm) 
Figure 8. 1H and 13C NMR spectra of [(S)-2-Me2NCHMeC6H4]4-
Au2Li2. 

Dynamic Behavior of the Aryl Groups in 
[(S)-I-Me2NCHMeC5H4I4Au2Li2 

[(S)-I-Me2NCHMeC6H4J4Au2Li2 (V) has in solution the 
same structural features as the corresponding Ar4M2Li2 
compounds discussed above, i.e., a tetranuclear trans-metal 
core with the (S)-Ar groups each bridging one Li and one Au 
atom.13'28 

The 1H NMR spectra of V are temperature dependent. The 
NMe protons are diastereotopic below —22 0C32 as are the C 
atoms of the NMe2 group at -40 0C. The explanation for the 
observed dynamic behavior is the same as that given for the 
Me2NCH2 substituted derivatives, i.e., a coupled Li-N dis
sociation, (S)-Ar rotation around the Cb-C(4) axis. However, 
in this case more detailed information can be obtained about 
the configuration at Cbridgc in the (S)-ArAuLi units. Intro
duction of a second center of chirality (CHMeNMe2) of which 
the configuration cannot invert results in two diastereomeric 
forms, Sc bS c and RCbSc, of the (S)-ArAuLi units in V (see 
Figure 3B, Z = Me). This allows the detection of the stereo
chemistry at each of the Cbridge centers in the (S)-Ar4Au2Li2 
aggregates because the SCbSc and RcbSc units will have dif
ferent resonance patterns. 

The existence of a chiral Cbridgc center (either R or S) in the 
ArMLi units of the (2-Me2NCH2C6H4J4M2Li2 compounds 
was inferred from the observation of diastereotopic CH2 pro
tons which became enantiotopic by rapid rotation of the aryl 
group. It is therefore interesting that in '[(S)-2-Me2N-
CHMeC6H4J4Au2Li2 only one configuration at Cbridgc has 
been found; see Figure 8. This is clearly shown by the aliphatic 
part of the 13C NMR spectrum of V at -40 0C, which showed 
only one pattern.33 At this temperature aryl rotation is blocked 
because of inert Li-N coordination [cf. two singlets for the 
(Me-N)C atoms]. Also in the 1H NMR spectrum only one 
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13C NMR 
toluene-dg 

C(H3) 

C(H3) 

^Uv^J \k~JK»X 
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Figure 9. 1H and 13C NMR spectra of [(S)-2-Me2NCHMeC6H4J4Cu4. 

Table II. 13C NMR Data" of [(S)-2-Me2NCHMeC6H4]4Cu4 and (5-Me-I-Me2NCH2C6Hj)4Li4 

6 (ppm) 

compd 

[(S)-2-Me->NCHMeC6H4]4Cu4* 
RT' 

- 6 3 0 C 

(5-Me-2-Me?NCH,C6H3)4Li4 ' / 

RT 

NMe 

43.9 

35.1,41.4, 
43.9 br 

42.9,45.6 

NCH 

71.4 

66.8,70.1 

69.2 

5-Me 

18.5 

5, ppm 
a-Me 

16.5 

22.6,5.3 

C(2)-C(&) 

123.1. 123.2 123.9, 
136.2 150.6 

121.2, 123.1 123.6, 
123.9 124.0, 124.8 
147.5, 154.1 

132.8 br, 139.9, 149.1 

C(I) 

157.1 

154.5, 158.9 

163.9 v br 

" With ' H decoupling, shifts relative to Me4Si. * 0.7 g/4 mL of toluene-rfs- ' For spectra at lower temperatures, see also Figure 9. 

pattern is observed at 27 0 C; see Figure 8 (Ar rotation in 
Ar4M2Li2 is still blocked at this temperature; cf. Figure 5 and 
Table 1). The presence of an additional methyl group in the 
built-in ligand, which increases the steric bulk considerably, 
apparently results in stereoselective formation of only one 
[(50-2-Me2NCHMeCeH4J4Au2Li2 stereoisomer in which all 
four Cbridge atoms have the same configuration, either S or 
R. 

Furthermore, the observation that in the '3C NMR spectra 
the chemical shifts for the respective resonances are invariant 
with temperature (except for Me-N) suggests that introduc
tion of an a-methyl group in the built-in ligand also increases 
the barrier to rotation of the aryl ring around Cb-C(4) in V. 
In order to further study the influence of the introduction of 
an a-Me group [(50-2-Me2NCHMeC6H4J4Cu4 was synthe
sized. 

Stereoisomerism and Aryl Rotation in 
[(S)-2-Me2NCHMeC6H4]4Cu4 

According to molecular weight determinations and 1H 
NMR spectroscopy the [(50-2-IMe2NCHMeC6H4I4Cu4 

compound has the same structural features as the (5-Me-2-
Me2NCH2C6Hs)4Cu4 cluster. 12In contrast to the deceptively 
simple spectra of the latter compound,12 the 1H and 13C NMR 

spectra of the C-chiral (S)-Ar4Cu4 compound provide valuable 
information concerning Cu-N coordination and the stereo
chemistry of the Cu4 aggregate. 

The Cbridge atoms in the CU4 aggregate are prochiral because 
they bridge two Cu atoms which have the same trigonal 
coordination geometry. Accordingly, the (S)-ArCu2 units in 
(SO-Ar4Cu4, unlike the (S)-ArAuLi units in (S)-Ar4Au2Li2, 
are not diastereomeric. However, the intriguing point is that 
the formation of Cu-N coordination bonds in the geometric 
isomer having the butterfly Cu4 core shown for (5-Me-2-
Me2NCH2Cf,H3)4Cu412 can be effected in two ways, i.e., 
clockwise or counterclockwise.34 The resulting helicity in 
combination with the distinct chirality at the benzylic C atoms 
then gives rise to two stereoisomers denoted 4(S)cacu4 and 
4(S)c/?cu4 which will have different spectra. 

The 1H and 13C NMR spectra of [(S)-2-Me2N-
CH MeC6H4J4Cu4 are shown in Figure 9 and Table 11. The ' 3C 
NMR spectrum at —63 0 C reveals two resonance patterns 
consisting of two singlets for Cb, C(2) or -(6), N-C(H) , 
Q-C(H3), and two singlets and a not yet decoalesced resonance 
for N-C(H 3 ) . The 1H NMR spectrum at - 6 0 0 C likewise 
reveals two patterns. These spectra establish that Cu-N 
coordination blocks inversion at the N atom because the singlet 
resonance observed for the NMe protons at room temperature 
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Figure 10. Puckering of the five-membered chelate ring in each of the 
stereoisomers 4Sc«cu4 and 4Scj3cu4-

has been decoalesced into two sets of two singlets at —60 0C. 
The fact that the whole pattern is doubled at low temperature 
indicates that indeed the CU4 aggregate has frozen out in two 
stereoisomeric forms. At ambient temperature these two 
patterns coalesce into one pattern of sharp resonances both in 
the 1H and 13C NMR spectra. The coalescence of the NMe 
protons points out that Cu-N dissociation followed by inversion 
at N and concomitant C-N rotation has become a fast process 
on the NMR time scale. The coalescence of the a-C, C(2) or 
-(6), and Cbridge resonances in the 13C NMR spectrum con
firms that at ambient temperature the helicity as a chiral ele
ment is lost as a result of Cu-N bond dissociation (shift of 
5(Me)C-N) in the (S)-Ar4Cu4 aggregates. 

The above-discussed dynamic NMR patterns, however, do 
not justify further conclusions pertinent to the occurrence of 
processes such as rotation of the aryl ring around Cb-C(4) or 
the occurrence of inter- or intraaggregate exchange of the aryl 
groups. That indeed great care must be taken is shown by the 
fact that we established by using mass spectrometry the oc
currence of interaggregate exchange in solutions containing 
Ar4Cu4 and (5-MeAr)4Cu4.12 

It is worthy of note that the spectra at about —60 0C show 
quite distinct chemical shift differences for the nuclei in each 
of the two stereoisomers 45*co;cu4 and 4Sc^Cu4. These dif
ferences are most probably due to the puckering of the five-
membered chelate rings. Depending on the helicity in a distinct 
CU4 aggregate the a-Me group of the built-in ligand is close 
to or pointing away from the CU4 core (see Figure 10 showing 
one (S)-ArCu2 unit). 

In the above-discussed process for (S)-Ar4Cu4 the occur
rence of Cu-N bond interaction plays a crucial role. Helicity 
in a polynuclear aggregate as a result of metal-built-in ligand 
bond formation may also provide an explanation for the dy
namic NMR resonances observed for (5-Me-2-Me2N-
C H 2 C 6 H B ) 4 U 4

2 8 ' 3 5 (see Figure 11). The 1H NMR spectrum 
at 25 0C points out that the CH2 protons as well as the NMe 
groups are diastereotopic. The latter conclusion is confirmed 
by the observation in the 13C NMR spectrum of two singlets 
for the (methyl-N)C atoms; see Table II. In both the 1H and 
13C NMR spectra only one resonance pattern (cf., e.g., one 
singlet resonance for a-C) is observed. This is in accord with 
the fact that the Li4 aggregates having a or /3 helicity are 
indistinguishable by NMR because (5-Me-2-Me2-
NCH2C6H3)4Li4, contrary to (S)-Ar4Cu4, contains a prochiral 
built-in ligand. 

The spectra in Figure 11 show that the N Me singlets do not 
coalesce below 90 0C while the AB pattern of the CH2 protons 
starts to broaden at this temperature. This high coalescence 
temperature as compared with the coalescence temperature 
of —20 °C for the NMe resonances in (S)-Ar4Cu4 indicates 
that the Li-N bond in 5-MeAr4Li4 is stronger than the Cu-N 
bond in (S)-Ar4Cu4. It is furthermore interesting to note that 
the low-field doublet of the AB pattern for 5-MeAr4Li4 is 
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Figure 11. 1H NMR spectrum (5 ppm) of tetranuclear 5-methyl-2-
(dimethylamino)methylphenyllithium in benzene-o^ at different tem
peratures. 

broadened, whereas the high-field doublet has the same line 
width as, for example, the methyl signals.36 A possible origin 
for this difference is the different position of these protons with 
respect to the Li4 core as a result of the puckering in the five-
membered chelate ring (compare the situation in Figure 
10). 

Concluding Remarks 
In the foregoing discussion we have seen that the bulkiness 

of the ortho substituent in the aryl group present in arylme-
tal-1B clusters has great influence on the barrier to rotation 
of 3c-2e bonded Ar groups (cf. (S)-Ar4Au2Li2). The presence 
of a heteroatom in the ortho substituent, which can form a 
coordination bond to the bridged metal (e.g., Figure 3B), 
further contributes to this barrier depending on the strength 
of the metal-heteroatom bond. Rotation depends in this case 
on metal-heteroatom bond dissociation. Anchoring of the aryl 
ring in the perpendicular position by metal-heteroatom 
coordination also occurs in the hexanuclear clusters (2-
Me2NC6H4)4M2M'4X2.8'24 In these clusters the 2-Me2NC6H4 
group spans three metal atoms (cf. structures in ref 8). Also 
in this case the rotation process of the aryl ring around Cb-C(4) 
is coupled to metal-heteroatom bond dissociation.37 

In the case of a five-membered chelate ring the puckering 
of this ring causes the aryl ring to occupy a position almost 
perpendicular to the metal-metal axis.38 This means that in 
addition to the all-bonding a ary!-to-metals interaction (see 
Figure 1) also a maximum overlap can exist between the Cb 
p orbital and the antisymmetric metal orbital combination. 
Moreover, in this system back-bonding from the metals to the 
aryl ring can occur. Accordingly, the rotamers having the aryl 
ring in perpendicular position either as a result of the presence 
of bulky substituents or of coordinating substituents in the 
ortho position have high electron density in the M-C region.6 

These considerations at the same time provide a rationale for 
the high kinetic stability of these ortho-substituted arylme-
tal-lB clusters.39 The stability decreases in the series 2-
Me2NHZCH2 (Z = H or Me) « 2-Me2CHCH2C6H4 « 2-
Me2N

40 « 2,6-(MeO)2
40 « 2,6-Me2

16 > 2-Me > 4-Me « 
unsubstituted phenylcopper. 

Experimental Section 
The compounds described in this paper have been synthesized ac

cording to earlier reported procedures.8.12.13.21.23.28 Preparation of 
solutions for 1H and 13C NMR spectroscopy was carried out under 
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dry, oxygen-free nitrogen. Solvents were purified, dried, and distilled 
under nitrogen before use. The NMR tubes were sealed under ni
trogen. 

'H NMR spectra were recorded on a Varian Associates HA-100 
NMR spectrometer and the 13C NMR spectra on a Varian Associates 
XL-100/15 FT spectrometer. 
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