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Summary 

The thermally stable arylmetal-IB-lithium compounds (2-Me,NCHZC,H,),- 
M2Li2 (M = Cu, Ag or Au; Z = H or Me) and (2-Me,NC,H,),M,Li, have been 
prepared by a 2/l molar reaction of the aryllithium compounds with the 
corresponding metal-IB halide (Cu or Ag) or metal-IB halide phosphine com- 
plex (BrAuPPh,). These tetranuclear complexes were also made by an interaggre- 
gate exchange reaction of the pure arylmetal-IB clusters with the a&lithium com- 
pound_ 

The structure of these compounds in solution consists of z&l groups bridg- 
ing one metal-IB and one lithium atom of a trans M2Li2 core. The four built-in 
ligands coordinate to lithium resulting.in two-coordination at M and four- 
coordination at Li. These conclusions were based on ‘H and 13C NMR spectro- 
scopic data (J(Ag-C(l)), J(Li-C(1)) of solutions of these tetranuclear com- 
pounds as well as on the 197A~ Mijssbauer data of solid (2-Me2NC&)4Au1Li:! 
(IS 5.65 mm/s and QS 12.01 mm/s). 

The interaggregate exchange between the tetranuclear species is discussed in 
terms of an associative mechanism involving formation of an octanuclear inter- 
mediate in which the aryl groups can migrate via (3c-2e)edge-(2c-2e)corner- 
(3c-2e)edge movements without M,--Ar bond cleavage. 

Some aspects of the organic reactions in which organocuprates are involved 
as intermediates are discussed in terms of the novel structural information. 

* For Part XXVIII see ref. 1. 
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Introduction 

Previous studies have shown that organocuprates are powerful reagents for 
the synthesis of a wide variety of otherwise not easily accessible organic com- 
pounds. The synthetic applications of these reagents have recently been 
reviewed by Normant [Za] and Posner [2b]. Despite the enormous amount of 
information on the reactivity of the organocuprates, mechanistic discussions 
have remained largely speculative because of the limited knowledge about the 
reactive species [ 31. 

The compounds which have so far been isolated and of which the structures 
have been studied by physico-chemical techniques are listed in Table 1. 
Recently, Pearson and Gregory [9] proposed, on the basis of extensive spectro- 
scopic data, a tetranuclear structure Me,Cu,Li, for the well-known MeCu/MeLi 
reagent in ether solution. Later, Ashby [S] and San Filippo [lo] independently 
reported spectroscopic studies on various types of alkylcopperlithium species 
prepared in situ. In 1972 we reported on the isolation and structural characteri- 
zation of an ArCu/ArLi reagent with Ar = Z-Me,NCH&,H, and showed for the 
first time that this type of cuprate species has a tetranuclear structure, Ar4CuZLi,, 
containing 3c-2e bonded aryl groups each bridging one copper and one lithium 
atom [4]_ 

In the course of our later studies on the structure-reactivity relationship of 
arylmetal-IB clusters it appeared -that ( 2-Me2NCH2C6H4)4Cu2Li2 was represen- 
tative of a larger group of compounds having Ar, M,Li, stoichiometry. For 
example, in the case of Ar,Ag,Li,, the tetranuclear structure was unambigu- 
ously established by 13C NMR investigations [5]. The tetranuclear structure with 
bridging aryl groups appears to be an intrinsic feature of the metal-IB-lithium 
clusters and is independent of the presence of built-in ligands. This is exem- 
plified by the structure of the simple aryl-copperlithium and -goldlithium 
compounds (p-tolyl)4M2Li2 - 2 OEtl [15]. 

In this paper we report the results of a study of the synthesis and identifi- 
cation of 2-Me,NCH(Z)- (2 = H or Me) substituted arylcopperlithium com- 
pounds, and also of p-tolylcopperlithium, which is a representative of cuprates 
lacking built-in ligands. 

Appropriate synthetic and spectroscopic aspects of the corresponding silver 
and gold derivatives will also be included. Moreover, the reactivity of these 
compounds towards Lewis bases, as well as-some of the implications of the 
structural data for the reactivity of the cuprate compounds in organic -synthesis, 
will be discussed_ 

Results and discussion 

Synthesis of [2-M@VCH(Z)C6H3JzMLi (2 = H or Me) and (2-Me2NC&14)2MLi 
(M=Cu orAu) 

Two general routes are available for the preparation of arylmetal-IB-lithium 
compounds (cf. Scheme 1). Reaction (a) involves the l/2 reaction of the metal- 
IB salts with either 2-[(dimethylamino)methyl]phenyllithium (I) or the C-chiral 
aryllithium compound [ 181 2- {l-[(S) or (R)]-( dimethylamino)ethyl} phenyl- 
lithium (III)_ For reasons discussed earlier (see ref. 19) it is important that the 
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SCHEFlE 7. syniiesis of cry!metal-i Ei-llth!um com~sunds 

(I.Z= X= H ; 

Ii.2 = i-+,X = ,ve; 

(M = Cu.Ag Or AuPPh3) 

ID.2 = Me.X = HI 

i b : C&i6 

25’C 
X’ 

(Izi,Z= X= Ci.M’= Cu; 

y, 2 = H; X= M~.M’=CG; 

YI,Z=X=ti,M’= .Qg; 

El ,2 = H,X = ti.M’=Au; 

m.2 = Me.X = H.M’=Au) 

(IX,Z= X= H.&l’= Cu; 

X .2 = H.X = Me.M’= Cu; 

z *,’ z ;J ,“J&== ,“‘i Au) , 

ii M = AuPPhp 

(XTY.M = Cu 

zP,M = Au) 

metal halide is added to the organolithium reagent. In this way, 2-[(dimethyl- 
amino)methyl]phenylcopperlithium (IV) was prepared in about 50% yield. 
The copper analysis of the white product (found: Cu, 18.8; calcd. I Cu, 18.68%) 
as well ti ‘H NMR (vide infra) and IR spectroscopy (ortho-disubstitution 
pattern for the aryl nucleus [ZO]) pointed to the isolation of pure IV. 

The attempted synthesis of the 5-methyl-substituted derivative (V) via 
route (a) initially afforded a product which, according to the copper analysis 
(found: Cu, 20.1; Ar&uLi c&d.: Cu, 17.32; 2 Ar,CuLi - ArCu c&d.: Cu, 
20.08%) and NMR spectroscopy [peak area ratio NCH,(Ar&uLi)/NCH,(ArCu) = 
1.8/l (calcd. from Cu analysis 2/l)] had the composition ArSCu3Li2 (Ar = 
5-Me-2-MezNCH,C6H,) *. Addition of one equivalent of the organolithium 
compound II to a solution of this product in benzene afforded a white solid 
V which was found by NMR spectroscopy (absence of the starting product II 

* NMR spectroscopy revealed that in solution various polynuclear species are present <cf. Fig. 3). 
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as well as of the organocopper X) to be pure ArzCuLi. 
The corresponding organosilverlithium compound VI was similarly prepared 

by route (a) (cf. ref. 5). The arylgoldlithium compounds VII * and VIII [lS] 
were synthesized by the reaction of bromo( triphenylphosphino)gold( I) with 
Z- [ (dimethylamino)methyl]phenyllithium I or the C-chir& compound III. In 
these reactions, which were carried out in ether at O”C, the arylgoldlithium 
compounds precipit,ated out. Triphenylphosphine and LiBr were isolated 
quantitatively from the solution. 

The arylmetal-IB-lithium compounds IV-VIII were also prepared by the 
l/l molar reactions of the respective arylmetal-IB compounds IX-XII with 
the corre’sponding organolithium compounds in benzene as solvent (route b, 
Scheme 1). The preparation (vide infra) and the structural characterization 
of the arylmetal-IB compounds IX-XII are described elsewhere [22,23]. 

The 2-dimethylamino-substituted diphenyl-copperlithium (XIV) and -gold- 
lithium (XV) compounds were prepared by the same routes [24]. 

The arylmetal-IB lithium compounds IV-VIII, XIV and XV appeared to 
be extremely reactive towards oxygen and water. Upon exposure to the atmos- 
phere, rapid decomposition occurred. The solid compounds IV-VIII, XVI and 
XV decomposed upon heating in a capillary tube (under N?_; heating rate 5’C/ 
min) between 140 and 200°C. This implies a surprisingly high thermostability 
for this type of compound (cf. data in Table 1). Solutions in toluene or benzene 
can be heated at 80°C for several hours without observable decomposition_ 
Moreover, a solution of IV in benzene showed an unchanged NMR spectrum 
after storage for 4 years at .ambient temperatures. However, these solutions are 
very sensitive towards traces of water; hydrolysis gives rise to the formation of 
the arylmetal-IB compound (ArM) and the arene (ArH), both being detectable 
by NMR spectroscopy. 

x Hz0 
Ar*MLi --+ 11 - s)Ar?MLi + x ArM + x Li0H + x ArH 

Structural characterization of the compounds IV-VIII, XIV and XV 
The degree of association of the compounds was determined by cryometry 

as well as by ebulliometry (see Table 2). Before and after each measurement 
the NMR spectrum of the solution was recorded to ascertain that decomposition 
had not occurred. The data in Table 2 indicate that both the 2-Me,NCH,- and 
the 2-Me*N-substituted metal-IB-lithium. compounds exist in both boiling and 
freezing benzene as discrete dimeric species with AraM2Li2 stoichiometry. 

The structure of the Ar,MzLiz compounds in benzene solution has been 
studied by 13C and ‘H NMR spectroscopy (see Tables 3 and 4). In this paper 
the overall structural features will be discussed, while the dynamic stereochem- 
istry and the bonding in these clusters wiIl be described later [23]. 

Some of the observed 13C chemical shift data and assignments have been 
compiled in Table 3. For comparison, 13C NMR data for three other compounds 
having Ar,M, stoichiometry are included, viz. the organocopper compounds 
(2-Me2NCHZC6H,),C& (IX, Z = H [4,20] and (S)-X, Z = Me [18]) and the 

* helimimary data for this compound were reported in ref. 21. 





T;\BLE 3 

t3C XXIR D;\Th = F-OK SOME AK\-I,-XIETAL-IB. -&IETAL-IB-LITHIUM AND -LITHIUM CLUSTERS 

(5-BIe-2-hIe~NCH2CeH3f~Li4 k 

___ __ _ _ .~..._ ~.. 
h (PPrn) 

N>Ie NCH 

46.6 72.4 - 

70.7 

70.8 - 

47.6 73.1 - 13.7 

53.1 
and 
43.9 

46.6 

73.1 - 13.7 

72.0 21.7 - 

19.2 

(45.6) 

75.3 

(il.11 

- - 

43.9 71.4 - 16.5 

42.9 
and 
45.6 

69.2 18.5 - 

5-Lie 

125.3, 12.5.9 

127.7/l 43.7 
117.9 
142.l(br). 
146.5 f 

1’,5.6. 127.9 

128.7, 111.3. 
118.2 

160.6 (br) 
150.0, 
158.0 e 

125.9. 127.5. 
133.9. 114.9. 
145.1 
128.5 (125.Oj. 

129.0 (125.4). 
129.8 (126.2). 
117.3 (143.60). 
156.8 (153.2) 
123.1, 123.2 

123.9. 136.2. 
150.6 
132.8 (br). 
139.9. 149.1 

Cl 
-- 

168.1 ‘, 
J(C-Lij 
7.0 Ilz 
167.0 
J(C-Li) 
7 Hz 
171.4 f 

180.9 

J(C-Li) 
-6.0 Hz 

180.9 

g 

157.1 

(183.3) 

157.1 

163.9 
(v br) 

o With tH decoupling. Shifts relative to TM.% Ambient temperature unless otherwise stated. ’ 0.7 g of 
XrqCuzLiz in benzene-dg (4 ml). o In toiuene-d 

P’ 
d 0.2 g of ArqCu2Li2 in benzene-d6 (4 ml). e Other 

resonances masked by solvent t3C resonances. Quartet; due to the low intensity of the multiplet accurate 
$ wlues could not be determined (in the range 6-7 Hz). g Owing to the low solubility of V not observed. 

0.8 g of AraCu,: in benzene-ds.(4 ml). Values between parentheses: 0. 

i 0.7 g of _4r4Cu4 in toluene-da ’ 
2 g of Ar4Cu4 in pyridine-dg (4 ml). 

For the spectra at low temperature. see ref. 33. ' Values relative to 
benzene-ds. 

(H(6)-io7Ag -6.2; H(6) --‘0gAg-7.1 Hz)] [5] *_ Furthermore, the combined 
data indicate, that neither inter- nor intra-molecular exchanges are taking place 
on the NMR timescale. 

An interesting part of the ‘H NMR spectra of these compounds is the aliphatic 
region, where one resonance pattern was observed for both NMe2 and NCHa 
(and a-Me and a-H in VIII)_ This indicates that the built-in ligand is coordinated 
to only one of the two metals, i.e. to the Li or the metal-II3 atoms. In the light 
of the HSAB principle it has been assumed that all four “hard” nitrogen ligands 

* Other compounds for which J(lH-Ag) data have been reported are: (2-MezNC6H4)4Ag2Au4Br~ 

(3J(H(6)-Ag) 6.0 Ha) 1241. [Ph3PCH2AgCH2PPh3]CI (%(H-Ag) 12 Hz [25al and [Ph3PCH2AgCII4 
(%(H-Ag) 14.4 Ha) [25bJ. The present compound is the only one for which J(13C-Ag) data 

have been reported 151. 



Fig. 1. Schematic structure of the ~~~~~~~~~~~~~~~~~~~~~~~~~~ (hl = Cu. Ag or AU) compounds. The angles 
at the bridging C-atom are acute (cf. ref. 20). As a result of linear hybridization at 31 the C(1 )MC’(l) 

angle formed by the interatomic vectors is smaller than 180”. 

I 
I 

I 

+80” c 

-60’ 

9 8 7 If 4 3 2 1 

Fig- 2- lH NMR spectra G PP~) of (2-Me2NCH2C6H4)4Cu2L2 in toluene-ds at various temperatures 
(see also Table 4). 



esclusively coordinate to the ‘%ard” lithium atoms, which then are four-coor- 
dinate (see Fig. l)_ Accordingly, the metal-IB atoms in these compounds will be 
two-coordinate. This is supported by the observation that the N-M interaction 
in AriM, compounds, e.g. (2-Me2NCH2C6H~);ICuJ, is only weak [20,23], where- 
as the dynamic resonance pattern of the NMe, protons in the Ar,M,Li, com- 
pounds points to an N-Li interaction which is comparable with the strong 
N-Li interaction in i’iraLi, [ 231. The fact that the metal-IB atoms are coordina- 
tively saturated can be deduced from the following facts: (i) molecular weight 
determinations of ( 2-MelNCH&6H~)4Cu2Li2 in the presence of increasing 
amounts of PPh3 reveals that comples formation with PPh3 does not occur (see 
Table 2), and (ii) the PPh3 formed in the reaction of Ar,Li, with BrAuPPh3 does 
not interfere with the isolation of-pure Ar_,Au,Li, (see Scheme 1, route b, but 
also the synthesis of dialkylaurates reported by Tamaki and Kochi [26]). 

The proposed symmetry at the metal-IB atoms shown in Fig. 1 is based on 
the consideration that linear hybridization of orbitals at the met&IB atoms 
(M) requires the C( l)--M-C( 1) angles to be smaller than 150” [24,27]. C-Cu-C 
angles of 164” in (2-MelNCGH-1)4Cu6X2 (X = Br [27] and CZ-Tol-p [28]) and 
in (Me3SiCH2)qCu4 [ll] have been established by X-ray diffraction_ 

The ( 2-Me2NC,&)&uLi [ 241 and -AuLi compounds are likewise formulated 
as tetranuclear species based on molecular weight data of the goldlithium com- 
pound (see Table 2). However, for these compounds less detailed information 
is available_ This is largely due -to the limited solubility of these compounds in 
aromatic solvents_ However, ‘H NMR spectroscopy reveals that the structural 
features of these compounds are similar to the 2-Me,NCH,-substituted’ phenyl- 
met&IB-lithium compounds, i.e., a truns-metal arrangement in the Li7M, core 
with 3c-2e bonded 2-Me,NC,H, groups. That also in these compounds orbit& 
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on Au are lizearly hybridized can be deduced from the ‘“‘Au Mijsslm~~ei- spec- 
t:um of the _4r4Au,Li, compound XV. The isomer shift (IS) (5.65 nmls) and 
3Luadrupoie splitting (QS) (12.01 mm/s) are to our knowledge the largest v,alues 
found so far. These IS and QS values are reasonably close to the least-squares 
Iine of a plot of QS against IS data for two-coordinate gold(I) compounds [29]. 
According to the 6s, 6p bondi& orbital scheme for Au’ compounds 1291 the 
high IS and QS values of XV point to extensive a-donation by the 3c-2e 
bonded aryI groups in both 6p, and 6s orbit& of 4u’_ The fact that the qua- 
d*rupole splitting of XV is higher (or the isomer shift lower) than espected can 
be due to either the presence of other metals which alter the electric-field 
gradient or to a contribution of 7r bonding effects. Further Mijssbauer studies 
on diarylgoldlithium compounds in combination with X-ray crystal-structure 
determinations are needed to throw further light on this question *_ 

Intermolecular exchange between tetranuclear arylcopper (_4rzCuJ), aryllithium 
(AraLi,) and arylcopperlitlzium (AraCu2Li2) compouncls 

Structure of ArqLi4. In order to obtain more information about the reaction 
leading to Ar3Cu2Li2 compounds (Scheme 1, reaction b) it was necessary to 
investigate the nature of the organolithium reagents used in these reactions. 

Pure 2-[(dimethyla~nino)methyllphenyllithium (I) as well as its 5-methyl 
derivative (II) were obtained as white crystalline solids via lithium-hydrogen 
exchange reactions. I iS highly insoluble in ethers and hydrocarbon solvents, 
while its 5-methyl derivative II shows excellent solubility in both types of 
solvents. II is extremely sensitive towards oxidation and hydrolysis, but is 
thermally quite stable (dec. 170-175°C). 

While the structures of several alkyllithium compounds have been elucidated 
by X-ray crystallography (e-g:- Me,L& Et6Li6 and c-Hx6Li6) (c-Hx = cyclohexyl) 
[3i], little is known about the structure of aryllithium compounds. Molecular 
weight determinations have shown that o-FC,H,Li and phenyllirhium are tetra- 
merit in THF and ether and are probably present as complexes (RLi - ether), 
1321, while West and Wa&k report phenyllithium to exist in THF as a solvated 
dimer 1333. Additionally, we found that simple aryl-copperlithium and -gold- 
lithium species, where a@= p-tolyl, exist in benzene as tetranuclear species 
with p-TobM2Li2 - 2 OEt, stoichiometry [lS]. 

Molecular weight determinations of II by cryoscopy in benzene yielded a 
value for n of 3.4 and by ebulliometry a value of n = 4.0 2 0.6. The discrepancy 
between these vdlues as well as the large spread in values of n is ascribed to im- 
purities formed by hydrolysis during the determination. Most probably II exists 
in benzene as a tetramer; we say this for two reasons **: (i) the proton NMR 
spectrum (which is temperature dependent, see ref. 23) showed only one 
resonance pattern for each of the hydrogens, and (ii) no concentration depen- 
dence is observed, and this is contrary to what would be expected if an equili- 

* Attempts to record the 63.65~~ NQR spectra of the AraCu2Li2 compounds failed [30I. 
** Vfswanatban and Wiie 1343 reported mol. wt. and IH NMR data for I in DMSO. However. the 

NMR data (especially the observation of only one resonance for all aromatic protons at the 
position of the parent arene) suggest that instead of the organolitbium compound its protolysis 
product N.N-dimethylbenrylamine. originating from the readtion of I with DMSO. was being 
examined. 



brium mis ~_:uY involving aggregates with different molecular weights were 
present.. 

The 13C i\FMfc spectra (see Table 3) reveal a broad resonance for C(1). The 
low. intensity, even at low temperature (-6O”C), and the absence of specific 
det.ail does not allow a definite conclusion regarding the nature of the aryl- 
lithium bonding- However, the total broadness of the resonance is consistent 
with coupling with two lithium atoms. Although conclusive evidence regarding 
the structure of II is presently not available, the above findings seem to support. 
a structure consisting.of aryl groups each bridging two lithium atoms of a 
central Li, core via 3c-2e C-Li bonds analogous to the structure established 
for ( 5-Me-2-Me,NCH,CgHg)4CuJ [ 201. Moreover, in the Ar,Li, structure exten- 
sive Li-Pi bonding occurs (cf. ref. 23). 

Exchange between Ar4Cu4 and Ar4Li4_ Limited information is available con- 
cerning interaggregate exchange between polynuclear organocopper species. 
We have presented mass spectroscopic evidence for the occurrence of interaggre- 
gate exchange between the tetranuclear compounds 2-Me2NCH2C6H,Cu (IX) 
and its SmethyI-substituted analog [ 20 1: 

Ar,Cu, + 5-MeAr4Cu, * Ar(5-MeAr)3Cuq + Ar1_(5-MeAr)2Cu4 + ArJ(5-MeAr)C:r, 

A similar equilibrium has been reported for the exchange between (C6F5)4C~:4 
an? (-?-CF3C6H4)&u4 *_ 

The tetranuckz snecies present in these equilibria have comparable stabilities 
(vide infra):Isolation of individual species from the product mixture is therefore 
impossible. This situation contrasts with the interaggregate exchange between 
p-TolC=CCu and 2-Me,NC,H,Cu in DMF which results in the quantitative 
formation (and isolation) of the hexanuclear mixed-organocopper cluster 
(2-Me2NC6H4)3Cu6(C=CTol-p)Z 1283. - 

Recently, several NMR studies have dealt with interaggregate exchange reac- 
tions of mixtures of alkyllithium and alkylcopper compounds, but specific 
mixed cluster species were not characterized (see Table 1). The formation of 
the Ar4Cu2Li2 species in the present study from the l/l reaction of Ar,Cu, 
with ArqLi4 provides an other esarnple of an exchange between two polynuclear 
species where the eschange product can be isolated: 

4 C6H6 
- Ar,M,, + Ar,LI ----+ 2 AraMzLiz 
n Ar = 2-Me2NCH&H,; M = Cu, n = 4 

M=Ag,n=4or6 
At = 2-Me,NC,H, M = Cu or Au, n not 

defined. 

As indicated in this equation, similar specific exchange reactions occur between 
the other arylmetal-IB and aryllithium species. 

The exclusive formation of the mixed species with Ar,M,Li, stoichiometry, 
which has the metal-LB atoms and the lithium atoms arranged in a trans fashion 
(see Fig. 1), indicates that this species is more stable than either the starting 
polynuclear compounds or the cis isomer. These stability differences are 2 

* Observations by Cairncross and Sheppaxd. cited in ref. 35. 



consequence of the presence of t.he lxlilt-in ligancl of the aryl group, since it is 
only in the tt-ciizs isomer that. all four 2-hle_NCH, (or 2-Rle,N) ligancls can 
coordinate with the lithium atoms :i:. 

Since the l/l reaction between ArJI, and ArJLil described above is complete 
for all combinations studied, it gives no information about. the occurrence of 
exchange between the mixed metal compounds ArJU,Li, and the starting com- 
pounds Ar,,M,, or Ar.,Li,. The latter exchange react.ions were studied for 31 = 
Cu and Ar = Z-Me2NCH&H3. 

The l/l interaction of benzene-soluble ArACu2Li2 with benzene-insoluble 
Ar,L& was followed by NhlR spectroscopy_ No exchange takes place, because 
the pattern of AGu,Li, is exclusively observed: 

Ar,Li, + Ar,CuzLiZ ‘sz 2 Ar,Cul_,,Li,, 

I7 = 1-3 

The absence of exchange between Ar,Li, and ArqCuZLil accounts for the 
high purity in which ArGCuzLi, compounds (cf. Scheme 1) have been isolated. 
This is not a result of the insolubility of Ar,L& (Ar = 2-Me2NCHIC6H,), because 
benzene-soluble Ar,Li, (Ar = 5-Me-2-lMel_NCHIC,Hx) likewise does not undergo 
exchange with Ar,CulLiZ (cf. the Ar,Cu,/Ar,Li, reaction described below). 

The 2/l reaction of benzene-soluble Ar,Cu, (IX) with Ar,Li, (I) afforded a 
clear solution. According to NMR spectroscopy both -4~ CQ and ArACuzLil 
(IV), as well as two other unknown species A and B (see Fig. 3; resonances 
marked with A and B) were present in solution_ The area ratios of the respec- 
tive CH,-resonance patterns suggest the formation of the following equilibrium 
mixture: 

C6II6 
4-50 Ar,Cu, + 2.25 Ar,Li, n 

2.00 ArqCu, + 3.00 AraCulLil + [4 RCu - 3 RLi] 

(IX) (IV) (A+B) 

When the solution was heated to 80°C the spectrum shown in Fig. 3 was 
obtained. As witnessed by the sharp NCH*, NCH3 and H6 proton resonances, 
AraCu, is still in slow interaggregate exchange (approximately constant NCH,- 
(totaI)/NCHz(Ar4Cu,) peak area ratio). However, the NCH2 and NCH3 patterns 
attributed to the species A and B as well as to Ar4CutLit have collapsed to 
broadened singlets. Collapse of the diastereotopic CH, proton resonances in 
pure Ar&u2Li2 occurs above 80°C (cf. Fig. 2) as a result of rotation of the aryl 

* The same ;;rran~:ement has been found for tetranuclear p-TolqhlZLi2 - 2 OEt2. In these compounds 
the lithium atoms become three-coordinate by coordination with ether. The 111 reaction of 

p-TolM with p-TolLi in a non-coordinatiig solvent like benzene generates insoluble p-TolqMZLiZ 
which can be converted into soluble pTolqM2Li2 - 2 OEtZ by addition of Et20 1151. 
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CH, (R,Cud_,Li; n=o-3) 

I 

H, (R,Cu,Lip) 

H, (R&d 
I 

I I /I I I I I 1 

9 6 /I 5 4 3 2 1 

Fig. 3. l11 NhIR spectra (6. ppm) of the l/l mixture of AqCu4 (IS) and .ArACu?_Li2 (IV) in CgH6. 

rings in the 3c--2e bond around C( l)-C( 4) *_ Therefore, the observed coalescence 
of the NCHz patterns in the present Ar,Cu,/Ar,Cu,Li, solution indicates that 
this must be due to rapid (on the NMR timescale) interaggregate exchange 
between ArGCuZLit and the species A and B. When the heated solution was 
cooled to room temperature, the original spectrum was obtained. This indicates 
that at higher temperatures exchange between the respective aggregates is 
accelerated, and that the exchange process rapidly approaches equilibrium at 
each temperature_ 

The aggregation state of the species A and B, which are in equilibrium with 
Ar4CuzLi2 and Ar4Cuq, is not known. However, on the basis of the observation 

* Full details of these intramolecular dynamic processes taking place in Ar&I2Li2 species are given is 
ref. 23. A preliminary account of this work w F:ch concerns the relation between these dynamic 
processes and the kinetic stability of the 3r2e aryl-metal interaction has been given in ref. 36. 



that the 2-1( climethylarnit~o)metl~~l]pl~e~~~~l-meta-lB, -metal-IB-lithium and 
lithium compounds are tetranuclear species, one would intuitively assume that 
.4 and R are the tet.ranuclear mised species Ar4Cu3Li and _i\r,CuLi+ 

Mechnnistic nspects of the exchange renctiom in the AI;ilI,i~~~,nI,Li, systems 
Brawl et al. [37] have elegantly shown t.hat exchange reactions !,etween poly- 

nuclear organolithium compounds involve associative or dissociative pathways 
of species (alkyl),,Li, rather t.han exchange via alkyl anions by studying the 
exchange of mistures of isotopically pure t-Bu, 6Liq and t-Bu,‘Li, in cyclopen- 
tane. The latter exchange reaction leads to the formation of all the possible 
mixed species t-Bu,6Li,17LL_, (n f 1, 2, 3). 

Exchange between the tetranuclear arylcopper ArJCu, and arylcopperlithium 
species may likewise proceed via pathways involving dissociation or association, 
e.g.: 

(i) Dissociation t-0 a binuclear intermediate, e.g. : 

AraCulLi, * 2 Ar,CuLi 
Ar?CuLi + ArzCu, t AljCuJLi 

Ar,Cu, + 2 ArzCuZ 

(ii) Dissociation followed by association to a hesanuclear intermediate, e.g.: 

ArJ&Li, + 2 Ar,CuLi 

Ar,Cu,Li + Ar,CuLi * [Ar,Cu,Li,] =+ Ar,Cu,Li, + Ar,Cu, 

“cis” isomer 

Ar4Cu2Li2 + Ar,CuLi + [Ar6Cu3Li3] + ArJ!uLi, + Ar&u 

“cis” isomer 4r 

Ar,Cu,Li + ArzLiz 

(iii) Association of two tetramers to an octanuclear intermediate, e.g.: 

AX&U, + Ar,Cu,Li, + [Ar8Cu6Lil] * 2 Ar&uXLi 

‘Ctrans” isomer 

Ar,Cu,Li + Ar4Cu2Liz =+ [Ar8CuSLi3] =+ Ar4CuLi3 + Ar4Cu4 

Jr 

Ar4Cu2LiZ + Ar,Cu,Li 

“cis” isomer 

Further dissociation of the binuclear species into mononu.clear species would 
not significantly change the discussion. However, formation of such species 
seems unlikely in view of the copper atom becoming highly coordinatively 
unsaturated when going from a binuclear to a mononuclear structure. In this 
respect, it is important to note that this discussion relates to exchange processes 
taking place in non-coordinating solvents such as benzene or toluene. 

Dissociation of the polynuclear species taking place in both (i) and (ii) 
necessarily involves rupture of the rather stable a@-bridge bond. Alternatively, 
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pathway (iii), which involves the formation of an octanuclear intermediate 
A~&LI~_,~ Li, directly by association of two tetranuclear species, makes complete 
aryl-metal bond rupture unnecessary, and would therefore provide an 
attractive explanation for the interaggregate exchange reactions_ Several obser- 
vations in organocopper chemistry demonstrate this. For example, Cairncross 
and Sheppard isolated the stable octanuclear arylcopper compound (m-F,CC,H,- 

Cu), [381- 19F NlMR spectroscopy revealed that the nz-F,CC6Ha groups are 
mobile in this octamer. Furthermore, tetranuclear arylcopper compounds undergo 
slow interaggregate exchange [cf. eqn. Ar,Cu,/(4-MeAr),Cu, and refs. 20, 351. 
This is particularly interesting for ( 2-Me2NCH2C6H4),Cu4 the tetranuclear struc- 
ture of which does not break down in the presence of monodentate ligands 

[=I. 
In Scheme 2 some of the possible interaggregate exchange steps each involv- 

ing octanuclear intermediates are shown. This scheme applies for both the 
simple arylcopperlithium species and the species containing built-in ligands. 
In the octanuclear intermediate the 3c--2e bonded aryl groups are mobile. 
The symmetry of the electron deficient bond allows the aryl group to change 
edges of the central Cus-,Li, cube without C-M bond rupture (see Fig. 4A). 

Taking the hybridization at the M atoms into account, which is either digonal 
or trigonal, this process must be a concerted edge-corner--edge migration 
involving all eight aryl groups. The fact that all eight aryl groups are included 
in the process points to a considerable energy barrier to interaggregate exchange. 
This is in line with the observation that this exchange is in the slow-exchange 
limit on the NMR timescale. In this respect this process of intra-aggregate 
exchange of sites by the aryl groups is reminiscent of the processes via which 
CO groups are mobile in metal car-bony1 clusters [40]. 

The migration of aryl groups involves a reversible change of the 3c--2e ArM2 
into a 2c-2e ArM bonding situation (note that Au(9) and Au(ll) clusters have 

Ar4Cu4 + Ar4Li4 X 

I 
“cis-isomer” 

2 Ar4Cu2Li2 Z 

“cis-isomer” 

Ar4CapLiz + Ar,Cu, e 

“trans.-isomer” 

-L 2Ar4Cu3Li 

O=Cu; lI=Li 
SCHEME 2. Possible interaggregate exchange Steps for tetranuclear aryhnetal species AraM involving 

octanuclear intermediates ArgM8. 
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Fig. 3. Possible processes for the interaggregate exchange of awl groups brtrr-et’n rrtranuclear arvlmetal 
species Ar4Mq. 

a similar Au-Au-X arrangement [41]). Process B in Fig. 4 represents a second 
possibility_ This differs from process A in the way in which the aryl groups 
change edges_ Association of the two tetranuclear species having 3c-2e bonded 
aryl groups results in formation of an octanuclear intermediate with eight 
2c-2e corner M-aryl interactions_ Dissociation of the octanuclear intermediate 
into the two tetranuclear species reestablishes the 3c--2e Mz-aryl bonding 
situation_ 

The pathways shown in Scheme 2 and Fig. 4 may provide a low energy 
pathway for exchange leading to Ar,Cu2Liz as well as the mixed species 
Ar,Cu,Li and Ar,CuLi,. Finally, it must be emphasized that exchange between 
the various aggregates is strongly influenced by the presence of the built-in 
ligand- The tendency of the 2-Me,NCH, (as well as the NMe2) ligand to form 
coordination bonds with lithium rather than with copper strongly influences 
the product ratio in the equilibrium mixture at room temperature. ‘H NMR 
studies of the dynamics of the Ar group in Ar4M,Liz species have shown that 
at this temperature dissociation of the Li-N bond is slow on the NMR time- 
scale [23]. Thus the trans-Ar4MZLiz structure is more stable than all other 
possible tetranuclear species because of the Li-N interaction. However, at 
higher temperatures this coordinative interaction is less important, and also 
makes the mixed Cu,Li and CuLi, species more probable_ 



3s3 

Reactic.it\--st~ricttil-c reiatiot7stzip.s 
The reactivity of organocuprates used in. organic synthesis has usually been 

discussed in terms of the participation of anionic species R2Cu- in the reaction 
(cf. refs. 2). In view of the great difference in chemical reactivity between RCu 
and RLi-Cu_X or RCu-RLi reagents, e.g. in C-C coupling reactions with 
a&unsaturated carbonyl compounds, it is surprising that little attention has 
been given to the role of the lithium atom in bringing about the change in 
reactivity. 

\Ve have previously shown that in arylcopperlithium compounds the lithium 
atom is the coordinatively unsat.urated site [3,4,15]. In our opinion this is not 
given full recognition in mechanistic discussions of reactions in which these 
species are involved_ p-Tolylcopperlit.hium is insoluble in benzene [ 151. Careful 
addition of ether gives the tetranuclear p-Tol,Cu,Li, - 2 OEt, compound in 
which the ether molecule becomes coordinated to the lithium atom. The metal- 
IB atom is two coordinate and does not react further with external ligands 
such as PPh3, as shown by the isolation of p-Tol+4uZLiz - 2 OEt2 frcm the 
reaction of BrAuPPh, with p-TolLi [ 151. Furthermore, slow addition of THF 
to benzene solution of (2-MeZNCHIC6H4)Jv12Li2 reveals that the THF molecules 
compete with the built-in ligand for coordination sites at lithium. This was 
concluded from the dynamic NMR pattern of the 2-Me,NCHZ ligand. In agree- 
ment with the stabilization of the tj-czns-isomer by the CH,(Me2)N-Li coordi- 
nation (see Fig. 3), this competing process is accompanied by formation of 
the other possible tetranuclear aggregates ( 2-MeZNCH,C,Hd)4M,_, Li,, n = 1 or 
3 (see Fig. 3). We suggest that anchorin g of the substrate to organocuprate 
species takes place at lithium and not at the copper site (cf. refs. 3 and 42). 
Furthermore, the lack of coordination by phosphine ligands at the copper 
atoms of organocuprates accounts for the absence of asymmetric induction in 
reactions of cuprates which were carried out in the presence of chiral phosphines 

E 391. 
The course of the reactions of organocuprates with organic molecules is 

greatly influenced by the nature of the organic groups present. In reactions of 
mixed organocopperlithium reagents (R,RCuLi), in which R is C-CR, CN, SR, 
etc. the group R, (alkyl or aryl) is selectively transferred, whereas the ligands 
R do not participate in the reaction [2]. The ability of these reagents to transfer 
one ligand R, selectively can be rationalized_ If, on the basis of the structural 
features of the organocuprates discussed in this paper, it is accepted that the 
cuprate reagents are cluster compounds with bridging organ0 ligands, then it 
is to be expected that their reactivity in cross coupling and conjugate addition 
reactions will increase with decreasing binding ability of the organ0 ligand 
[3,4]. Thus, the tendency towards transfer will decrease in the sequence 
alkyl > aryl > C-CR > CZN. For example in reactions of Me4Cu2Li2 compounds 
with aryl iodides metal-h,alogen exchange constitutes a serious problem [2]- 
This can be explained in terms of nucleophilic attack of the bridged Me goup 
on the I atom of ArI, affording Me1 and the more stable aryl-bridged CuLi 
cluster. Furthermore, in such reactions CuI or LiI is formed which enters into 
interaggregate exchange with the cuprate species present in the reaction mixture 
resulting in (Me?_,CuLiI,), species. This implies that during the reaction the 
concentration of the active aggregate of the MeCu-MeLi or MeLi-CuX 
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reagents decrease_ This may provide an explanation for t.he large excess of 
reagent required in reactions of organocuprates. !fTe have recently demonstrated 
the influence of side reactions (e.g. halogen-metal exchange, formation of Cul, 
etc.) leading to mixed clusters (2-MeZNCc,H,),Cuh(C-CR)7_ and (2-Mel_~Cr,f-E~)i- 
&,I1 in the cross-coupling reactions of Z-Me2NC6H_,Cu with IC-CR or of 
Z-MelNC6H11 with CuCZCR [ 431. 

Esperimental 

General remarks 
All reactions were carried out under dry oxygen-free nit.rogen. 
The NMR spectra were recorded on Varian Associates T-60 (‘H), HA-100 

(‘H) and XL-loo/15 FT ( 13C) NMR spect.rometers. 
Elemental analyses were carried out in the Analytical Department of the 

Institute for Organic Chemistry TNO. 
The starting aryllithium and metal-IB compounds were prepared by published 

methods: 2-Me,NCH2C,H,Li [44], -Cu [ 19,441, -Ag [ 45); 2-&Ie-NCH(&‘Ie)- 
C6H3Li [lS], -Cu [18,23], -Au [18,23]; 2-MeZNC6HJLi [27], -Cu [44], --Au 
[ 221; ( 2-Me,NCH,C6H,).Ag2Li2 [ 51. 

Synthesis of bis (2-[(di,?zetlz~~lanzino)metlz~l]~~lzerzyl) copperlithium (IV) (via 
ArLi/Cr&r 2/I ) 

Solid cuprous bromide (29.6 mmol) was added during 1: h to a well stirred 
suspension (kept at -20°C) of 59.2 mmol of 2-[(dimethylamino)methyl]- 
phenyllithium (I) in ether (120 ml)_ The mixture was stirreci at -20°C for an 
additional 1 h, allowed to warm to room temperature (1 h), and then stirred 
for another 2 h. The resulting mixture (white and black precipitates and a 
light-brown solution) was cooled to -78°C then quickly filtered. The precipitate 
was washed with ether (3 X 20 ml) and dried in vacua affording a grey residue 
(A). Concentration of the filtrate by low temperature distillation at low pres- 
sure yielded a light-brown residue (B). A and B were worked-up separately_ 

Work-up of A_ Residue A was transferred to a centrifuge tube, benzene (60 
ml) was added, and the suspension was stirred for l/2 h. Centrifugation (2500 
rpm; 10 min) of the suspension afforded a black precipitate and a light-brown 
solution. The solution was decanted_ The solvent was distilled back into the 
centrifuge tube leaving a light-brown solid (4.25 g)_ This was recrystallized 
from benzene as follows: benzene (6 ml) was added and the suspension was 
stirred at 40°C for l/2 h, the solution was then decanted into a second 
flask. The benzene was distilled back leaving an almost white residue (C). This 
procedure (stirring at 4O”C, decantation, back-distillation) was repeated 3 times. 
The white solid (C) was dissolved at 40°C in benzene (about 14 ml) and pen- 
tane (about 20 ml) was added until cloudiness appeared. The resulting solution 
was slowly cooled to 4”C, affording white crystals of IV. The solution was 
decanted and the crystals washed with pentane affording white crystalline IV 
in 11% yield. (Found: Cu, 18.9. C1sHZ4N2CuLi calcd.: Cu, 18.75%). 

From the benzene/pentane solution another portion of almost pure IV (22% 
yield) was isolated_ 

Work-up of 23. Residue B was extracted with benzene (by the centrifugation 
procedure described above) affording a white, benzene-insoluble residue (quan- 
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titative amount of Lij3r). The benzene extract was concentrated to give a white 
sticky residue. Extraction of the residue with pentane yielded almost pure IV_ 
Recrystallization afforded white crystalline IV in 18% yield. (Found: Cu, 
18.8. C,,H,,N&uLi calcd.: Cu, 18.75%) 

Synthesis of bis ~5-n~eth~~l-2-[(dii~~et~~~~l~~~~i~~o)~~~et~~~~l~p~~e~~~~l~coppe~litlzium (V) 
(L’iu A rLi/A r-Cu I /I ) 

5Methyl-2-r (dimethylamino)methyl]phenylli~hium (II) (7.33 mmol) was 
dissolved in benzene (15 ml), and a suspension of the organocopper (X) (7-33 
mmol) in benzene (15 ml) was added. The heterqgeneous mixture was stirred 
for 24 h, yielding a yellow-brown solution with a white precipitate. The solu- 
tion was decanted into a second flask. The benzene was distilled back onto the 
white precipitate_ This extraction was repeated three times. To the benzene 
extract (15 ml), which already contained a white crystalline precipitate, pentane 
(15 ml) was added. The pentane/benzene solution was decanted, and the solid 
was washed with pentane. The pentane was decanted and the white solid (V) 
was dried in vacua. Yield 50%. (Found: Cu, 18.4. C2,,HZsN,CuLi calcd.: Cu, 
17.32%) 

Synthesis of 2-[(dimethylamino)methyl]phenyllithium (I) 
N,N-Dimethylbenzylamine (20 mmol) was added to a solution of butyl- 

lithium (20 mmol) in ether/hesane (65/10 v/v) and the resulting yellow solu- 
tion was stirred for 3 days, during which a white solid (I) crystallized. This 
was isolated in the following way: the ether solution was decanted into a second 
flask and the ether condensed’back onto the white crystals. The crystals were 
thoroughly washed and the ether again decanted_ This procedure was repeated 
three times, and the solid was then dried in vacua. Yield 78%. (I) starts to 
decompose at about 129°C. Its IR spectrum was identical to that reported in 
ref. 34. 

Synthesis of ~5-mefhyl-2-[(din~ethylamino)metlzyl]phenyl)lithium (II) 
A l/l mixture of _V,N-dimethyl(4-methylbenzyl)amine and butyllithium 

(60 mmol) in ether/hexane (125/32 v/v) was stirred for 3 days. The resulting 
yellow solution was concentrated to about 30 ml and then set aside at -20°C 
for 24 h. Very finely devided crystalline II separated. The solution was decanted 
The white solid was washed with pentane (3 X 20 ml, see above) giving white 
II in 80% yield. Decomposition at 170-175°C. NMR (C6D6, TMS internal, 6 
ppm); 1.31 and 1.86 (2 s, NCH3, 6 H), 2.31 (s, 5-CH3, 3 H), 2.93 and 4.49 
(2 X d, J,,, = 13 Hz, NCH2, 2 H), 7.01 (2 d, Jx.4 = 7 Hz, Jz,6 2: 2 Hz, 1 H), 
7.05 (d, H3, 1 H) and 8.17 (d, 1 H) (see Fig. 1 in ref. 23). 

Synthesis of bis(2-[(dinrethylamino)methyl]phenyl)goldlithium (VII) 
To a suspension of I (40 mmol) in ether (150 ml), solid BrAuPPh3 (20 

mmol) was slowly added. The resulting light purple coloured suspension was 
stirred at room temperature for 8 h. The precipitate was separated by centrigu- 
gation, washed with ether (3 X 40 ml) and dried in vacuum. The resulting solid 
was dissolved in benzene (80 ml) and the solution filtered through a small layer 
of alumina. The filtrate was concentrated to a small volume (+lO ml)_ 
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VII precipit.atecl upon addition of pentane (100 ml)_ \\!hite VII was filtered 
off, washed with pentane and dried. Yield 52%. h.101. wt., see Table 2. -Anal.: 
Found: C, 45.0; H, 5.3; Au, 41.5; N, 5.9. ClfiH,.JuLiN2 calcd.: C, 45.‘iS: H, 
5.12; Au, 41.70; N, 5.93% ‘H N?vIR data, see Table 4; PPhz absent. 

For the synthesis of bisi [ l-(S)-(dimethylamino)ethyl]phenyl~ goldlithium 
[(S)-VIII], which was carried out along the lines described for VII, see ref. IS. 

A solution of 2-(cliniethylamino)phenyllithium (52 mmol) in et.lier (150 ml) 
was added during l/2 h to a suspension of BrAuPPh3 (25 mmol) in ether (50 ml), 
and the resu1tir.g white suspension was stirred for 1 h. The precipitate was 
filtered off, washed with ether (removal .of LiBr) then pentane, and dried. Yield 
35%. Anal.: Found: C, 42-5; H? 4.6; Au, 43_‘i; N, 6.1. C,,fizOAuLiN, &cd.:- C, 
43.26; H, 4.54; Au, 44.34; N, 6.30%. &Iol. wt., see Table 2. ‘H NMR in toluene- 
d,: PPh, absent. 
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