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Summary: Using the technique of ESMS, a number of
carbon-bound organocuprate species derived from cop-
per(l) halides and CuCN have been examined. The data
obtained indicate the presence of several anionic ag-
gregates in solution.

Recent advances in electrospray ionization mass
spectrometry (ESMS)'2 have provided an especially
powerful tool for observing in the gas phase the solution
composition of charged species. While extensive usage
continues to routinely address questions in biochemis-
try, the ESMS technique has also been very successfully
applied to inorganic and organometallic complexes of
various metals, including Pd,?2 Ag,?” Na,%* K,2¢ Zn,2d and
others.12c¢ Accurate determinations of metal complex
compositions have been realized due to the mildness of
the ionization process. The method of ESMS delivers
ionic components to the detector by aerosolizing the
solution while concomitantly applying a static charge
to the surface of solvent droplets. The static charge
buildup then causes a series of “Coulombic explosions”,
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resulting in complete desolvation of the solute without
the possibility of recombination of individual charged
fragments.3

On the basis of our long-standing interest in organo-
copper chemistry,* and the stream of new and valuable
methodologies based on Cu(l) which continue to be
developed,®> we have come to appreciate the challenges
posed for securing information on the aggregation state-
(s) of various Gilman® homo (R,CuLi) and mixed (RR-
'CuLi) cuprates in solution. Many NMR studies, of
course, have contributed greatly over the years,” as have
more recent theoretical treatments® and solid-state (i.e.,
X-ray) determinations.® Cryoscopic measurements have
also been reported which provide interesting compari-
sons among the various cuprate types,1°2 and X-ray
absorption spectroscopy (XAS) has uncovered new evi-
dence that the Gilman cuprate structure appears to be
(ethereal) solvent-dependent.1 In this report we present
our preliminary findings on the composition of repre-
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sentative, synthetically valued mixed lithioorganocu-
prates in THF and/or Et,0 as revealed by ESMS, the
first such study on anionic Cu(l) complexes containing
carbon ligands bound to copper.1!

Homogeneous solutions of the traditional cuprates
“RR'CuLi”, derived from Cul, CuBr-SMe,, and CuCN,
were prepared mainly in THF at concentrations on the
order of 1072 M. Three different sources of organo-
lithium reagents were used as ligand precursors, in-
cluding the readily available and heavily utilized*1?
2-lithiothiophene (2-ThLi; 1)% and lithiated terminal
alkyne 2,13 as well as the more recently introduced
((trimethylsilyl)methyl)lithium (TMSCH,Li; 3).13ac¢

Q— Li MeO >% Li
Kl 2] ]

In arriving at conditions for these ESMS experiments,
several variables required assessment, including cone
voltage, capillary voltage, HV lens voltage, source
temperature, solution concentration, and sample injec-
tion flow rate. These were all systematically examined
using ThCu(CN)Li as test substrate. To avoid exposure
to either oxygen or moisture, gastight syringes in
conjunction with a syringe pump were used to deliver
the samples. Injection rates of between 20 and 75 uL/
min were examined!* but did not lead to changes in the
observed spectra. Samples were introduced into the
spectrometer at —78 °C and data aquired over a 3 min
period. The source temperature, also varied from 25 to
70 °C, had no impact on the observed spectra. Likewise,
data acquired for this cuprate solution at 103 M were
identical with those obtained at 10™* M. Typically,
experiments were run using a capillary voltage of 3.75
kV and the HV lens voltage varied from 0.10 to 0.75
kV. Reducing (one or both) voltages gave decreased
signal intensities, but no other changes in the observed
spectra were noted. Variation of the cone voltage had a
far more pronounced effect, as expected (vide infra).!
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(8) (@) Stemmler, T. A.; Barnhart, J. J.; Penner-Hahn, J. E.; Tucker,
C.; Knochel, P.; Bohme, M.; Frenking, G. J. Am. Chem. Soc. 1995, 117,
12489. (b) Nakamura, E.; Mori, S.; Nakamura, M.; Morokuma, K. J.
Am. Chem. Soc. 1997, 119, 4887. (c) Snyder, J. P.; Bertz, S. H. J. Org.
Chem. 1995, 60, 4312.

(9) (@) Kronenburg, C. M. P.; Jastrzebski, J. T. B. H.; Spek, A. L,;
van Koten, G. J. Am. Chem. Soc. 1998, 120, 6409. (b) Hwang, C.-S.;
Power, P. P. J. Am. Chem. Soc. 1998, 120, 6409. (c) van Koten, G.;
Jastrzebski, J. T. B. H.; Muller, F.; Stam, C. H. 3. Am. Chem. Soc.
1985, 107, 697. (d) Pearson, R. G.; Gregory, G. D. J. Am. Chem. Soc.
1976, 98, 4098. (e) Boche, G.; Bosold, F.; Marsch, M.; Harms, K. Angew.
Chem., Int. Ed. Engl. 1998, 37, 1684.

(10) (a) Gerold, A.; Jastrzebski, J. T. B. H.; Kronenburg, C. M. P.;
Krause, N.; van Koten, G. Angew. Chem., Int. Ed. Engl. 1997, 36, 755.
(b) Huang, H.; Liang, C. H.; Penner-Hahn, J. E. Angew. Chem., Int.
Ed. Engl. 1998, 37, 1564.

(11) For a study on anionic halocuprates, see: Lipshutz, B. H,;
Stevens, K. L.; James, B.; Pavlovich, J. G.; Snyder, J. P. J. Am. Chem.
Soc. 1996, 118, 6796.

(12) (a) Lipshutz, B. H. In Organometallics in Synthesis: A Manual,
Schlosser, M., Ed.; Wiley: New York, 1994; pp 283—382. (b) Lipshutz,
B. H. In Organocopper Reagents: A Practical Approach; Taylor, R. J.
K., Ed.; Oxford Press: Oxford, U.K., 1995; pp 105—128.

(13) (a) Available from Aldrich. (b) Corey, E. J.; Floyd, D. M;
Lipshutz, B. H. J. Org. Chem. 1978, 43, 3418. (c) Bertz, S. H.; Eriksson,
M.; Miao, G.; Snyder, J. P. 3. Am. Chem. Soc. 1996, 118, 10906.

(14) The optimal flow rate is 20 uL/min on our instrument as per
manufacturer specifications.

(15) The selected parameters are as follows: sample temperature,
—78 °C; source temperature, 25—35 °C; flow rate, 25 uL/min; cone
voltage, 20 V; HV lens, 0.75 kV; capillary, 3.75 kV.

Communications

Table 1. Cuprates Analyzed by ESMS

Cuprate
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Cu(l) Source Solvent Figure 1

CuCN

These control studies allowed us to settle on the
parameters which seemed most appropriate for maxi-
mizing information on organocuprate complexes.!®

Of the many permutations possible using these three
ligands (1—3) and three copper salts (above), those listed
in Table 1 were prepared for analysis, their negative
ion mass spectra being illustrated by cuprates A—F in
Figure 1.1 Perhaps most striking, in general, is the
complexity of each spectrum. Anionic species ranging
from monomers to trimers are prevalent, while tetra-
mers and pentamers can also on occasion be seen
(Figure 1, cuprate F). Contributing to the complexity
of the spectra may in part be the tendency for larger
anions present in solution to fragment during the
ionization process, giving rise to smaller aggregates. At
low cone voltages (5—20 V) the base peak is typically of
dimeric constitution. When the cone voltage was in-
creased to 40—80 V, a gradual decrease occurred in
signal intensities for the aggregates observed at lower
cone voltages, while an increase was noted in the signal
intensity for monomeric species.

Within each aggregation state can usually be found
two or three combinations of the anionic ligands present.
Those cuprates from CuCN (i.e., “RCu(CN)Li”; Figure
1, cuprates A and B) afford relatively much cleaner,
simpler spectra, uncomplicated by the presence of halide
ions. On the other hand, cuprates generated in standard
fashion!?2 from either Cul or CuBr-SMe, reveal peaks
characteristic not only of aggregates of copper but also
of lithium halide salts (LinXnt+1)~. Intriguing is the
observation that for both cuprates C and D derived from
Cul, and one of two derived from CuBr (E), most of the
observed aggregates in each contain at least one halide
ion. Implied in these data is the notion that halide ion
may well be an integral part of the cuprate complex, as
occasionally noted in the past!” and bolstering prior
claims!® regarding, e.g., the nature of Yamamoto's
reagent (“RCu-BF3”, from RLi + Cul + BF3-OEt,).1920
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Figure 1. Negative ion mass spectra. For identification of parent cuprates A—F, see Tables 1 and 2.

The data shown in Figure 1 and summarized in Table
2, at first glance, may be unsettling. They present a case
for cuprates in solution which is seemingly far more
complex than either existing NMR7 or cryoscopic datal0a
would suggest. However, while the electrospray experi-
ment provides an alternative look at solution composi-

(20) Presumably due to the known!2 thermal sensitivity and appar-
ent instability under ESMS conditions, attempts to obtain spectra on
the far more basic homocuprates Me,CuLi and n-Bu,CuLi have thus
far not been successful.

tion, it does so under high dilution conditions well
outside the normal range for NMR samples” and cou-
pling reactions'? with most organic substrates (ca. 0.1
M). At 102—1083 higher reaction concentrations, known
ligand exchange between cuprates may be fast on the
NMR time scale, giving rise to time-averaged signals.
Such signals could be interpreted as, or assigned to, one

(21) Lipshutz, B. H.; Kozlowski, J. A.; Breneman, C. M. Tetrahedron
Lett. 1985, 26, 5911.
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or perhaps (in mixed cuprates RR'CuLi) two species,?!
whereas several discrete complexes appear to be present
in varying amounts. It is also important to note that
copper species present in solution that remain neutral
will not be observed by ESMS. Although the ESMS
technique itself does not allow for quantitative assess-
ments, the spectra do implicate dimeric species as
prominent components in all but one of these cuprates,
in good agreement with several X-ray determinations.®
Moreover, the presence of halide ion ostensibly within
the sphere of Cu(l) helps to explain the oftentimes
frustrating and poorly understood role(s) which lithium
salts can play in affecting both theoretical® as well as
experimental reaction outcomes.?? Finally, that so many
species may be involved in rapid ligand exchanges
among several aggregates may shed light on the dif-
ficulty in finding a stoichiometric, nonracemic reagent
capable of inducing chirality in cuprate 1,4-additions to
enones that is independent of the transferrable ligand
on the metal, as well as the nature of the substrate.??

(22) See, for example: Alexakis, A.; Mutti, S.; Normant, J. F. J. Am.
Chem. Soc. 1991, 113, 6332.

(23) Rossiter, B. E.; Swingle, N. M. Chem. Rev. 1992, 92, 771.
Krause, N. Angew. Chem., Int. Ed. Engl. 1998, 37, 283.
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In summary, the potential for negative ion electro-
spray ionization mass spectrometry to provide a new
level of appreciation for the solution composition (but
not structure!) of organocuprates has been documented.
Several Cu(l) complexes, normally denoted as “RR'CuL.i”
and “RCu(CN)Li”, have been examined using different
metal salts (i.e., CuX; X =1, Br, CN) and various orga-
nolithiums (1—3) as precursors. The spectra are quite
complex, although most reveal the major species in solu-
tion to be of dimeric constitution. Further applications
of ESMS as a potential tool for analysis of Grignard-
based cuprates, as well as other organometallic reagents
of general interest, will be reported in due course.
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