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The addition of cyanide ion to dialkyl cuprate solutions 
(e.g. MenCuLil leads to altered reactivity compared to 
cuprate solutions prepared without cyanide. This effect 
has been used in hundreds of syntheses and has been 
ascribed to formation of a three-coordinate Cu-cyanide 
complex1.' known as a "higher-order" cuprate, 1 (see 
Fimre 11. Recently. the existence of a 0-coordinated 
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Figure 1. Proposed structures for "higher-order" cyanocu- 
prates. 1: u-Bound structure.'.2 2: .?-Bound structure.l 

for organocuprate reagents. In this communication, we 
provide a direct test of cyanide x-coordination to RnCuLi. 

X-ray absorption near edge structure (XANES) spectra 
were measured for dimethyl cuprate prepared from CUI 
or from CuCN, and for the complex formed between Me2- 
CuLi and methyl trans-cinnamate." The sensitivity of 
XANES spectra to both coordination number and geom- 
etry for 2-, 3-, and 4-coordinate Cu(1) complexes is well 
established.' Linear, two-coordinate Cu(1) complexes 

cyanide in 1 has been questioned. . NMR data have not 
shown the "C chemical shift differences expected for a 
coordinated cyanide complex.' Three-coordinate Cu com- 
plexes do not represent energetic minima in ab initio 
structure calculations of organocyanocuprates.' Consis- 
tent with these findings. extended X-ray absorption fine 
structure I EXAFSi spectra of CuCN ZBULi showed no 
second shell Cu...N ICUCEN. backscattering.' Moreover, 

display a prominent 1s - 4p transition at  8983 eV. The 
intensity of this transition decreases markedly on addi- 
tion of a third and fourth ligand. 

The XANES spectrum of a THF solution of Me!CuLi 
made from cui displays an intense lS - 4p  transition 
at 8983 eV, characteristic- of a linear. two-coordinate 
complex (Figure 2, .  The .WVES spectrum of a THF 

of M ~ , c ~ L ~  made from cucy - 2 ~ ~ 1 , ~  ,s 
the Cu-C bond length and apparent coordination num- 

Of CuCN + 2BuLi were consistent 
with a two-coordinate complex, but inconsistent with a 
three coordinate complex. These data suggested that the 
dominant species in solutions of CuCN + 2BuLi was best 
formulated as BurCuLi.LiCN, where the precise nature 
of "LiCN" is not specified. 

virtually indistinguishable from that of Me2CuLi made 
from CUI. Both the preedge intensity and energy (8983 
e ~ )  are identical and are consistent with formulation of 
this complex as a linear, two-coordinate Cu(1) complex. mese spectra are inconsistent with higher coordination 
numbers at cu,' similarly, the EMS (Table 1, show 
no detectable deuendence on the uresence of cyanide. The 

from the 

Recently, Lipschutz and Jamesfi have addressed these 
inconsistencies by suggesting that "higher-order" cuprate 
effects may be due to a x-complexed, rather than a 
o-complexed cyanide ligand, 2 (Figure 1). While there 
are no crystallographically characterized examples of 
r-only coordinated cyanides, such a species would lack 
the second shell EXAFS from Cu. ..N (CuC=N) scattering 
and thus might be consistent with published data. 
Lipschutz and James further suggest that EXAFS "has 
not been rigorously proven for tri- and tetracoordinate 
Cu(I) species" which, while not true in general,' is true 
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observation of identical EXAFS and XANES spectra, 
independent of the Cu(1) source, demonstrates that the 
presence of cyanide does not cause any significant change 
in the Cu structure. 

In order to determine the sensitivity of XANES spec- 
troscopy for detection of Cu(1) x-bonded ligands, an 

IRI  X-ray absorption spectra weie measured in transmission mode 
at  the Stanford Synchrotron Radiation Lahoratory. heamlines 2 4  and 
4-3. and at lhc National Synchrotron Light Source. heamline X-19A. 
Samples were held at i n  K iSSRLi or ;;ti INSLSI throughout data 
acquisition. Data were analyzed usinE standard procedures" and fit 
using ah initio models calculated with FEFF 6.1.'" The amplitude and 
phase parameters were calihrated hy fitting data for compounds of 
known structure. Unfiltered b '  weighted data were fit hy allowing 
Rru ~r and c o l  factor tn vary The apparent coordination numher was 
fired and systematically increased in units of112 to find thc hest fit. 
Monochromator mer= was calihrated hy reference to the first inflec- 
tion point 1R9R0.9 P V I  of a copper foil internal standard. Solutions of 
MerCuLi were prepared using standard schlenk-line techniques. A 
solution of McLi 10.71 mL. 1.0 mmoll was added dropwise to it slurry 

<I purity CUI 10.095 g. 0.5 mmol. Aldrichi or CuCN 
10.0448 g. 11.5 mmol. Aldrichi in  dry. degassed THF iit - i R  'C. The 
solutinn was warmed to mom temperature firr 5 mtn yielding a clear. 
c01orless solution of MerCuLi. This solution was then cooled to - i R  
'C and injected into a pre-waled. septum-sealed. high-punty iiluminum 
EXAFSmll via Teflon emnula. Samples of >IerCuLi containing methyl 
rrarzs.einnamnte ester were prepared hy making solutions of \le?CuLi 
as above. A 0.5 mmol lll.0Rllgi amount 0 1  methvl lmw-cinniimate 
IAldriehi was then added to the solutions under positive Nr pressure. 
The cold solutions immediately turncd hright ycllow. indicating the 
formation of the .T-eomplcr. The solutions were tmnsfcrred to prenmled 
sample cells at - i X  C via Teflon e:mnula. 
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crease in the average Cu-C bond length from 1.95 8, in 
MepCuLi to 1.99 8, in the It-complex, as predicted in ab 
initio calculations4b~c In addition, the apparent number 
of first shell scatterers increases from 2 to 4, as expected 
for a J C  complex. These results demonstrate that authen- 
tic n-complexes of Cu(1) are readily observed by XANES 
and EXAFS spectroscopy and are easily distinguishable 
from linear, two-coordinate Cu(1) complexes. 

The XANES and EXAFS data both demonstrate that 
the addition of cyanide to a dialkyl cuprate does not cause 
a detectable change at  the copper center. The strength 
of X-ray spectroscopy arises from its ability to probe the 
copper center directly. In contrast, NMR and IR spec- 
troscopies cannot observe the copper center directly and 
thus rely on information about the ligand environment 
to infer the coordination site of the metal. In previous 
work, the NMR and IR spectral differences between 
cyanide “free” in solution and cyanide in solutions 
containing organocuprates have been used to support the 
existence of three coordinate “higher-order” c u p r a t e ~ . ~ ~ ~ J ~  
However, these differences are of nearly the same 
magnitude as those caused by changes in solvent or 
counterion. The N M R  and IR data demonstrate that the 
local environment of the cyanide is sensitive to the 
presence of MezCu- in solution, but they do not demon- 
strate direct coordination of the cyanide to Cu(1). In spite 
of several attempts to demonstrate the contrary, there 
remains no direct NMR, IR, or x-ray spectroscopic evi- 
dence for coordination of the cyanide ion to the copper 
center. 

We stress that our data in no way preclude a role for 
the cyanide in organocuprate chemistry. For example, 
it is possible that cyanide alters the long-range charac- 
teristics of the organocuprate solution. There is evidence 
that MezCuLi exists as a dimer in solution (3, Scheme 
l ) . 4 b 3 1 4 - 1 6  Cyanide may disrupt this long-range structure. 
Alternatively, cyanide may act at some point further 
along the reaction path of 1,4-addition or substitution. 
Experiments are under way to study these and other 
possibilities. 
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Figure 2. Normalized XANES spectra  for organocopper 
solutions. (a) Solid line: CUI + 2MeLi. (b) Dotted line: CuCN 
+ PMeLi. (c) Dashed line: CUI + 2MeLi + methyl trans- 
c innamate  ester. Spec t ra  are normalized to an edge jump of 
1.0 per  Cu. 

Table 1. E M S  Fitting Parameters 
complex Ra 02.b scatterersc 

MezCuLi 1.95 4.2 2 
MezCuLi + cyanide 1.95 3.6 2 
BuzCuLi + cyanide 1.95 3.4 2 
Me2CuLi + enoate 1.99 3.4 4 
a Cu-C nearest neighbor distance in A. Debye-Waller factor, 

in Az x lo3. Best integer number of scatterers. 

Scheme 1 
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authentic cuprate-n-complex was studied. NMR studies” 
have indicated that addition of methyl.trans-cinnamate 
to solutions of MezCuLi at low temperature causes 
formation of a stable intermediate arising from n-com- 
plexation of the enoate to the copper center (Scheme 1). 
The XANES spectrum of this solution is dramatically 
different (Figure 2) from that of either MezCuLi or Mez- 
CuLi + CN-. The 1s - 4p transition is significantly 
reduced in intensity on formation of the It-complex. This 
observation indicates an increase in the copper coordina- 
tion sphere’ from two to three,l2 consistent with n-com- 
plexation of the enoate substrate to the Cu(1) center. 
EXAFS measurements (see Table 1) also show an in- 
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