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Summary: Using literature procedures for the in situ 
generation of LiCN in THF, it has been shown that this 
salt, in the presence of MezCuLi, combines to form a 
different species commonly referred to as a “higher order 
cyanocuprate”. A new proposal to account for the location 
of the nitrile ligand is suggested. 

Back in 1990, the claim was made that cuprates 
derived from the 2RLi + CuCN combination are not 
correctly represented as  ”RZCu(CN)Li2” (Le.,  “higher 
order” (H.O.) cyanocuprates, l), but rather exist as 
modified Gilman-like species RzCuLi.LiCN (21, with the 
nitrile ligand unbound to copper in an undefined location 
(Scheme 11.l 

Our initial response to this seemingly cogent picture 
was to show how there are too many data points (both of 
the IR and NMR type) which do not fit the strictly 13C 
NMR argument offered.2 Furthermore, we subsequently 
documented how the presence of HMPA in THF solutions 
of “RZCu(CN)Lig used by others could dramatically 
influence the interpretation of the 13C NMR observations 
made.3 Of late, there has been renewed interest in this 
topic, with both E M S 4  and theoretical studies5 sup- 
porting the notion that the nitrile ligand is not copper 
bound. Irrespective of the merits of these two ap- 
proaches, we have set out to address by spectral means 
the possibility that “LiCN could be present in non- 
HMPA-containing solutions of either “RZCu(CN)Li? or Rz- 
CuLi. We now describe recently completed ‘H and 13C 
NMR studies that shed new light on this current issue. 

The experiments described below grew out of our study 
on the interactions which exist between MezCuLi and 
TMS-CN at  low temperatures (<-60 “C) where con- 
sumption of reagents (to give, e .g . ,  Me4Si) does not occur 
(eq 1).6 At higher temperatures these components do 

THF 
Me,CuLi*LiI + TMS-CN a 

[Me,CuLi - NC-TMSI Me,Si + LiCN (1) 

MeLi + TMS-CN 7 Me,Si + l/n(LiCN), (2) 

react to give MelSi, along with copious quantities of solids 
presumed to be polymeric MeCu [(MeCu),l and LiCN 
[(LiCN),]. A more commonly used literature route to 
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Scheme 1 
”R2Cu(CN)Li2” 3 R2CuLi*Lil + LiCN 

1 (in THF, no HMPA) 
(CN bound to Cu) 

R2CuLtLiCN 2 RLi + CuCN*LII 
2 (in THF) 

(CN unbound to Cu) 

(LiCN), calls for admixture of TMS-CN with MeLi in 
THF a t  low temperatures (eq 21.’ 

Armed with this information on LiCN generation, Mez- 
CuLi-LiI was exposed to TMS-CN a t  -60 “C to which 
was added MeLi (1 equiv). The signals for TMS-CN (6 
0.29) and MeLi (6 -2.05) were completely lost while new 
peaks for Me4Si (6 0.00) and “MezCu(CN)Liz” appeared 
(Me: 6 -1.52 in the IH NMR, 6 -9.95 in the 13C NMR; 
CN: 6 159 in the 13C NMR; Scheme 2, experiment 1). 
The 13C NMR spectrum of LiCN at  $50 “C in THF,s 
generated initially at room temperature according to eq 
2, showed a signal a t  6 162. 

Next, freshly made LiCN in THFs was quickly added 
to pre-formed MezCuLi*LiI a t  0 “C in THF (experiment 
2). This homogeneous sample was then cooled to -60 
“C and its ‘H and 13NMR spectra recorded. Results: 
identical spectra as observed in experiment 1. 

Finally, both LiCN and MezCuLioLiI were generated 
in the same flask by mixing CUI with TMS-CN in THF, 
to  which was introduced MeLi (3 equiv) a t  -60 “C 
(experiment 3). This homogeneous mixture was then 
examined by lH and 13C NMR at  this temperature. 
Results: the same spectral data as seen above. Not 
coincidentally, “MezCu(CN)Liz”, formed from CuCN + 
BMeLi, displays the same chemical shift data (cf: Scheme 
2). 

Although the implication from these experiments is 
that the nitrile ligand must be incorporated somehow 
within the cuprate ~ l u s t e r , ~  there is no guarantee that 
either L,Cu-CN or L,Cu-NC covalent bonding exists 
between the metal and “ligand”. What is clear is that 
“LiCN, as (LiCN), or as the solvent separated salt,l is 
not present. So how then, is the CN “ligand” present in 
l? An intriguing possibility that would seem to accom- 
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broadened CN signal (158 ppm). These data suggest that the nitrile 
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cluster. Further lowering of the sample temperature in each case 
unfortunately resulted in salt precipitation. 
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Schen 
Expellmem 

(1) Mix MeZCuli.Lil + TMS-CN, add MeLi 

(2) MIX MeLi + TM.S.CN, add to MezCuLi.Lil 

(3) Mix CUI + TMS-CN. add 3 MeLi 

modate both schools of thought ( ie . ,  no formal u Cu-CN 
bond, yet no uncomplexed LiCN), is that the nitrile ligand 
is both u-bound to Li+ and n-bound to copper (Figure 1). 
The former mode of bonding for nitriles is usually 
stronger'O than the latter which, together with the 
dianionic nature of the cluster, would explain the shiR 
to higher frequency in the IR for YCN (ea. ,  MezCu(CN)- 
Liz in THF, 2128-cm-l) relative to free cyanide (e.g., 
LiCN. 2095 cm-l t KBr): B d C N .  2070 cm-' t KBr): 2080 . ., 
em-' in THF)." The 2 dn*-copper-bound (-C=N-) is 
akin to that proposed for the initial step in 1,Cadditions 
of cuprates to enones.'z Moreover, bridging cyanide 
groups in the u,n-domain (cfi Figure 1) are well-prece- 
dented in manganese,I3* rhodium,'3b and m o l y b d e n ~ m ' ~ ~  
chemistry (3-5, re~pectively).'~ Such an orientation 
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Figure 1. 

might explain the seemingly contrasting phenomena of 
H.O. cuprate stability and yet otbntimes greater readiv- 
ity (due to the increase in negative charge in the 
cyanocuprate) relative to monoanionic RzCuLi.15 Fur- 
thermore, positioning the nitrile ligand in this fashion 
does little to upset the overall gross features of the 
reagent which remain "Gilman-like".'6 
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(16) This view would also account for results obtained f" oxida- 
tions of mixed diary1 Gilman (ArMCuLi%iI) us cyanomprates ( A r k -  
'Cu(CN)Lid, where halide ion (1-1 was shown to be present on Cu (at 
least to some extent). This conclusion was necessary so as to rationalize 
regeneration of ArI and M I  in lower order reagents, while the H.O. 
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Scheme 3 

0 2  

+ + ArAr'(I)CuLk - Arl + Ar'l 
Ar'l Ar'Li (Lil) (5.7%) 

major I CuCN 0 2  + products - ArAtCu(CN)Lz - Arl + Ar'l 
(Lil) 0% 

In summary, NMR experiments have shown that 
various combinations of non-cyano-ligand-containing cu- 
prates accept in situ generated LiCN into the cluster to 
afford the identical species arrived at via 2RLi addition 
to originally nitrile-bound CuCN. A new proposal which 
accounts for both prior literature data and the results 

herein is offered where the nitrile ligand is datively 
coordinated to lithium and nbound to copper. 
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