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Abstract. Low temperature oxidations of mixed aoiaryl cuprates prepared from both Cul and CuBr 
(with and without atkfitives) offer insight regarding the manner in which halide ion influences 
coupling mactions of these reagents. 

Organocuprates “RsCuLi” (1) fanned according to the original Gilman recipe (Equation l),’ 

are among the most extensively utilized reagents in organic synthesis.2 Reviews over the years,3 

including our recent comprehensive ‘chapter’ on this field,4 restate the case for such species 1 based 

not only on their chemistry (i.e., their coupling reactions with various substrates), but also from 

numerous spectroscopic studies. Moreover, solid state X-ray determinations5 all seem to support the 

notion that this balanced equation is likely to be an accurate reflection of the solution composition of 

these lower order (LO.) cuprates. Nonetheless, there is a considerable body of information at odds 

with this assessment. The discrepancy arises from the fact that the Cu(l) precursor affects the 

properties of “RsCuLi”, as revealed by several observations (e.g., reagent stability and/or color, 

reaction yiekts, etc.). Equation 1 implies, irrespective of CuX (with X = I, Br, Cl, CN, SCN, or OT9, 

that a by-product lithium salt (UX) is produced from cuprate formation as an independent species; 

thus, it should be of no consequence which CuX is selected en mute to 1. 

Et20 
2RLi + cux * 

TiiF 

1/2[R*CULI]* + 

1 
(Eq. 1) 
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For decades, there have been scattered reports throughout the liierature suggesting that the 

situation may well be more complex than that represented by Equation 1, in particular concerning the 

role of LiX.sJ A detailed, direct comparison of l&addiions of R&uLi prepared from several Cu(l) 

salts in THF has been descrtbed,s again supporting the impression that results from reactions of 

Gilman reagents may actually be expected to vary as the copper source is changed. We now 

describe our study on this topic which provides expertmental evidence leading to one plausible 

explanation for these curious phenomena. 

While developing the unsymmetrical biaryl coupling chemistry associated with our newly 

introduced ‘kinetic’ cuprates derived from CuCN,e the corresponding oxidation of a L.O. analog 

ArAr’CuLi derived from Cul*OLil,lc PhLi, and ~anlsyllithium was run under identical conditions [i.e., 

mode of reagent preparation and temperature (-129) in P-methyl THF] for comparison. Although the 

quality of the coupling (i.e., the extent of Ar-Ar’ product formed) was very low (ca 1 O-1 5%; Scheme 1, 

case 1) compared to those of the corresponding cyanocuprates.9 most intriguing was the presence of 

both starting aryl iodiies among the product mix. Control experiments involving treatment of each 

iodide with 2 equiv of f-B&i at -78” followed by proton quenching, not surprisingly showed complete 

consumption of the educts as determined by capillary GC analysis. Likewise, proton quenching of 

the mixed diary1 cuprate derived from these lithiated aromatics at low temperature afforded the 

identical result. Importantly, from the o-anisyl ligand-containing cuprate came only @iodoanisole. 

Similar observations were realized using PhLi and o-lolyllithium (Scheme 1, case 2). 

As an alternative to CuhPLil, the Whitesides complex, 11 CuhPBus was substituted in case 1 

(Scheme 1). Remarkably, 4% of either aryl iodide (R = CCH3) was detected. Such was also the 

observation when CuBrS& was used in place of Cul-PLil. 

(,,. 

R 

tf 

Ll 
I 

CrI*2LU 

RymJ, (%) 11-15 IO-15 11 20-24 11-15 17 
I 

2-4 3-4 

,g”,z (%) 23 6 10 15 7 12 15 2 

Even more startling were the results from a crossover experiment, where lithiation of 

bromobenzene and o-bromoanisole followed by cuprate generation with Cul*PLil and oxidation gave 

the aryl iodMes as parts of the product mixture (Scheme 2). When these aryl bromides were liihiated, 
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but now exposed to CuB~2LiBr (as in Scheme 2, but using CuBpBLiBr in place of CuPPLil), none of 

either starting bromide was returned upon cuprate oxklation. 

2CBmLi l- 2-McTAF 

-780 

+ PLlBr 
1 

02, -12!v [aryl bromides] 

[aryl /od/des] 

To rationalize the (reproducible) generation of aryl iodides from a solution composed of a L.O. 

diary1 cuprate and iodds ions, it would seem that some quantity of halide ion need be on copper, and 

therefore at least a percentage of the medium contain a “higher order” halwuprate, ArArCu(l)Lis. 

Oxidation of I- to Is followed by aryl product iodination is readily ruled out, given (a) the low 

temperature of the oxidation; (b) that both aromatics are iodinated, including the unactivated phenyl 

ring, yet none of the biaryl products are habgenated; and (c) the exc/usiv~ isolation of o-iodoanisole. 

rather than the predominantly para isomer expected from attack by I+ on anisole. The likelihood of 

any in situ generated Is quenching of a diary1 cuprate can also bs negated, since (1) the presence of 

increased amounts (e.g., 3 equiv) of I- does not change the percentage of aryl iodkfes formed,12 (2) 

reactions of the wrrresponding H.O. cyanocuprates (from ArLi + Ar’Li + CuCN),s in whid, iodide ions 

are present (from metal/halogen exchanges) afford none of the iodo aromatics; and (3) 02 is too 

weak an oxidizing agent (at least in HsO) to convert 2l- to Is (0.535V 16 0.4CtlV for 02/HO-).ls In the 

presence of a phosphine or sulfide, I- is not as competitive a ligand for copper, thereby all but 

eliminating the opportunity for iodinated products to arise via reductive elimination from a presumed 

Cu(ll) Intermediate beering three liiands. Only cuprates originating (in this study) from CuBr and aryl 

bromides under phosphine/sullkfe-free conditions appear to correspond to “ArAILCuLi”.14 

In summary, by oxidative treatment of mixed L.O. diary1 cuprates prepared from various 

combinations of aryl and Cu(l) halides, differences in reagent composition in solution have been 

manifested. However, since these electron transfer reactions lead to halogenated products in 

relatively small amounts, caution need be exercised in drawing conclusions as to the major species 

in solution, or the cuprate form from which substrate-L.O. reagent wuplings take place, in general. 

Nonetheless, these data do implicate several distinct species in solution, including (1) ArAr’Cu(l)Lin; 

(2) ArAr’Cu(PBus)Lf; 3) ArAr’Cu(SMes)Li; and (4) ArAr’CuLi, and by extrapolation, perhaps other 



home- and mixed LO. oupmtes (scheme 3). Clearty, there is no reason to assume that the synthetic 

chemistry of each reagent combination toward the same substnmte shoukf mlybethesame. 
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