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cuprates are actually higher ordép.fchi A second issue,
discussed quite recently in the context of the effect of structure
on organocuprate reactivity, is the role of the lithium ion in
organocuprate3® We report our investigations on organocu-
prates relevant to these two issues.

Three synthetically important organocuprate reagents are
dimethylcuprate, MgCulLi (1), trimethylcuprate, MgCuLli,, (2),
and dimethylcyanocuprate, M&u(CN)Li; (3). Compound® and
3 have been depicted initially as HO cuprates and were the subject
of many of the studies mentioned above. The synthesis of these

The structures of organocuprate reagents have been intensivelf@mpounds and their isotopically labeled versions is based upon
studied by solution molecular weight determinatiohs-ray the syntheses previously described in the literatifeand is
structurat? studies, and numerous spectroscbpineasurements.  outlined in the Supporting Information. Our initial studieslef3
In addition, theoretical chemists have in the past five years made Utilized fully *°C-labeled material which allows examination of
extensive investigatioA¥’ to predict the energies and geometries scalar coupling between magnetically inequivalent methyl carbon
of organocuprate structures suggested by the experimental datgtoms and methyl hydrogen atoms in the molecules as well as
collected on the compounds in solution. This interest in the the possible examination i# of scalar coupling to the cyano
structural composition of organocuprate reagents stems from thecarbon. A structure for the copper core such as that shown for
pervasive use and high utility of these reagents in synthetic organicl in Figure 1 results in an &X'A4’ spin system. If the actual
chemistry. Specifically, the reactive properties (yields, selectivi- sQIutlon structure of the copper core is similar to that shown in
ties) of these reagents depend greatly upon the stoichiometricFigure 1 (two methyl groups covalently bound to the copper),
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composition of the reagents in solution. Extensive correlations then a corresponding coupling pattern in i€ and*H NMR
between this chemical reactivity and the structures of organocu- SPectra should be obtained. As can be seen fronFB&MR
prates have been suggested in the literature, and the numerou§Pectrum ofl (Figure 2a), the expected pattern is observed
structural studies have been aimed at examining these correlations€Xperimentally. Simulatidfi results in the spectra depicted in
One issue that has been the subject of considerable study isFigure 2b with the coupling constanticy = 109.5 Hz,2Jcc =

the difference between lower-order and higher-order cuprates.2

1 Hz,3Jcy = —0.8 Hz, and*Jyy = 0 Hz. Thus, by careful

Lower-order (LO) cuprates are defined in the literature as cuprates€xamination of the coupling pattern, one can determine the
consisting of two negatively charged organic moieties bound humber of methyl groups bound to the copper center.

directly to a Cu(l) metal center. Higher-order (HO) cuprates,

With this in mind, we generated compoufidy treatment of

however, consist of three such organic moieties bound directly *CHsCu with 2 equiv of *CHy)°Li in THF-ds. The*C NMR
to a Cu (1) center. In the absence of counterions, these structuresspectrum of (Figure 3a) shows resonances for two major types
result in a monoanionic cuprate (LO) and a dianionic cuprate Of methyl groups. The coupling pattern for the methyl group
(HO)® Many structural studies have examined various organo- centered at-9.2 ppm exactly matches that of compouhd
cuprate compositions which have been thought to consist of HO indicative of two methyl groups bound to a common copper

cupratega356abdfignd a few of these studies have brought into

center. The methyl group at15.1 ppm has a chemical shift

question the idea that the ground-state structures for some of thes@nd coupling pattern quite similar to that obtained for a TddF-
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solution of methyllithium, the broadness of the peaks being due
to SLi—13C scalar coupling. In addition, smaller resonances
upfield from MeLi are also observed which are currently not
identified. The most economical explanation for the resonances
observed for the major components in soluthis that compound
2is actually a mixture of dimethylcupraté&)(and methyllithium.
Bertz has previously reported th&{*H} NMR spectra taken
of a THFds solution of 3 generated from the treatment of
CU3CN with 2 equiv of 13 CHaLi. In these spectra the signals
due to the methyl group and the cyano group showed no coupling
to each other down to-105 °C even in the presence of
hexamethylphosphorictriamide (HMPA). This stood in stark
contrast to lithium methylcyanocupraté3¢HsCu(CN)Li, 4),
which showed?Jcc = 21 Hz at—105 °C (or at—80 °C in the
presence of 10 vol. % HMPA). We have found that this two
bond carbor-carbon coupling i4 is also evident at-80 °C
(and higher temperatures) in the absence of HMPA when in highly
dilute concentration (0.02 mM). In contrast to this result and in
agreement with Bertz's previous work, the methyl resonance of
(*3CH3),Cu(**CN)Li; (3) in the 13C NMR spectrum of a dilute
solution of a mixture of3 and4 (Figure 3b) shows no coupling
to the cyano group at80 °C while the coupling ird is evident.
This lack of coupling indicates that the cyano group is not directly
bound to the copper center. As Bertz pointed out, this absence
of coupling in3 could also be explained by a rapid exchange of
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Jon the lithium nuclei. The fact that the methyllithium carbons and
protons “see” all of the lithium nuclei in solution indicated to
us that there must be a fast chemical exchange between the

H\ ) ZJC'C ~ / lithium nuclei in solution. To test this hypothesis we acquired a

c cu c 6!_|—6L| exc_:hange spectroscopy (EXS_Y) spectrum. This spectrum
H// \H (included in the Supporting Information) shows that the lithium

H 1JCH& W nuclei in solution do indeed exchange on a time scale which is

comparable to that of the magnetization transfer of the HOESY
experiments.
Figure 1. Dimethylcuprate core with observed scalar couplings. We have interpreted these results in the following way:
although the lithium nuclei of the dimethylcuprate do indeed have
an interaction with the methyl groups, this interaction is rather
weak as observed by the ease of rapid chemical exchange of the
_M LL lithium nuclei and the disappearance of an observable interaction
b in the presence of methyllithium. This may indicate that although
structures such as those previously discussed in the literature exist
in solution, the lithium cations may spend a substantial amount
of time away from the dimethylcuprate core as isolated solvated
a ‘M !LL ions or in solvent-separated ion pairs. In addition, as there is a
difference betweerl and 1-Lil, a change in structure to a
monomer as suggested by Van Koten, Krause, and co-workers
Figure 2. (a) Experimental and (b) simulatédC NMR spectra ofl. on the basis of solution molecular weight data is suppdited.
In summary, the coupling patterns which are available in the

: 4 IH and proton coupled®C NMR spectra of fully!3C-labeled
b organocuprates allow the differentiation between the ground-state
structures of lower- and higher-order organocuprates. By applying

2 MeLi this technique, we have shown that the predominant THF solution
structures of organocuprat@sand 3 are lower-order in nature
and the dimethylcuprate core resembles that foundlforin

a addition, by labeling organocuprates withi, we have gained
e o 2 A e information of the dipolar coupling in these complexes which

. . ) can be related to their structures. Our studied-68 indicate
Figure 3. C NMR spectra of (ap and (b) a mixture o8 and4. that the lithium atoms of these complexes are very weakly
cyanide ligand leading to loss of coupling. However, as can be @ssociated to the rest of the cuprate complex and likely spend a
seen from the identical coupling pattern and constants for the substantial amount of time dissociated from the anionic core
13C of the methyl group, the geometry and bonding of the Structure. _ _
dimethylcuprate core i has not changed from that in compound  DUe to the absence of an observable NMR interaction between
1. This strong similarity td., in addition to the absence of cyano th€ chemically important cyanide moiety and the rest of the
13C coupling, strongly indicates that the cyano group is not bound Molecule, our studies have not revealed its position. Our ongoing
to the copper center in the ground-state structur8. of research_ on this topic includes efforts to examine the position of

When1 is generated using doubfyi- and 23C-labeled MeLi the qyamde group through use 8N labeling and solvent effect
and®Li—H and®Li—3C heteronuclear Overhauser effect spec- studies. Recently, Oehlschlager and co-wor‘_ké’rave reported
troscopy (HOESY) spectra are recorded, a cross-peak betweerihat THF §o|ut|qns containing high concentrations of HMPA may
the lithium and the protons is observed but no cross-peak betweerfontain tricoordinate copper speciésWe are currently extending
the lithium and the carbons is observed. In contrast, wihkih our **C-labeling techniques t@ generated in THF/HMPA to
is generated by direct treatment of Cul with 2 equiv of doubly COompare data to these recent interesting results.
labeled MeLi, cross-peaks are observable in both the lithium Acknowledgment. This work was supported by the Deutsche
proton and lithium-carbon HOESY spectra. Furthermore, when  Forschungsgemeinschaft (SFB-260-A6) and the Fonds der Chemischen
HOESY spectra are acquired for doubly labeled sample®, of Industrie.
no cross-peaks are observed between lithium and the protons (or

::artbor:js) ?f the metijl gkroups O{ the QImethyItchuprSate CO;.& compoundd —3 and selected HOESY a_nd EXSY spectra (5 pages). See
nstead, strong Cross-peaks (spectrum given in the Suppor Ir‘gany current masthead page for ordering information and Web access
Information) are observed between the protons (and carbons) ofjstryctions.
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