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Analyses ofAnionic Cu(l) Complexesvia Table 1
Electrospray Mass Spectrometry salt speciesNl/Z]><

. . . Cul+2LiCl  CuCl [133], Cu(I)Cl [225], Cu} [317], 15 [381]
Bruce H. Lipshutz,#2Kirk L. Stevens, Brian James, and Cul+2LiBr  CuBr, [221], Cu(l)Br [269], Cu [317], Is [381]
James G. Pavlovich Cul -+ 2Lil Cul2[317], 15[381]

Department of Chemistry, Ugersity of California CUCN+2LICl - Cu(CN)CI [124], LICU(CN)CI 2 [166], C,(CN)Cl

Santa Barbara, California 93106-9510 [213], CLCN(Cl, [222], LICL(CN)Cl,

[255], C(CN)Cl» [311], LiCus(CN)sCl,
[344], Cw(CN)Cl [400]

James P. Snydet® CUCN+ 2LiBr Cu(CN)Br [168], CuBg [221], LICu(CN)Br ;
[254], Ci(CN),Br [257], Cw(CN)Br;
Cherry L. Emerson Center for [310], LiCuy(CN),Br, [343], Cw(CN).Br, [399]
Scientific Computation, Department of Chemistry CuCN+ 2Lil  1[127], Cu(CN)I [216], Cub [317], LICu(CN)I »
Emory Unversity, Atlanta, Georgia 30329 [350], I5[381]
Receied January 19, 1996 aM/Z ratio given for the most abundant isotopic values, not by peak

intensities * Monoanionic species.No structural information is implied
The preparation of organocopper reagents has traditionally by these data, beyond those which are in bold (see text).

relied on the combination of a copper(l) salt and 2 equiv of an
organolithium reagent, thereby affording Gilman (or lower medium THF and low source voltages (among other param-
order) cuprates fuLi.2 Solubilization of cuprate precursors, eters)!! a constant signal is realized during standard direct
such as CuBr, Cul, and, in particular, CUCN, in ethereal media infusion of the sampleia syringe pump.
is usually effected with lithium saltse(g., n.iCl, n = 1, 2) Data were initially obtained at room temperature on
which obviates potentially damaging increases in reagent homogeneous solutions prepared by combining copper iodide
temperature usually required to generate homogeneous solutionand lithium halide salté [Cul + 2LiX], where X =1, Br, CI.
of organocuprates. Such mixtures of salts are oftentimes Notwithstanding initial concentrations of 10M in THF, several
designated “CuXiLiX” (e.g., CUCN-2LICl),® a shorthand monoanionic clusters were observed, each containing from on
accounting of stoichiometry which imparts little information to five copper atoni¢ (Table 1 and Figure 1). Dissimilar
about composition or structureide infra). Similar descriptors  halides of copper and lithiume(g., CuBr + 2LiCl) afforded
have been used for cupratesy.,“RCu(CN)Li-LiX") 4 and have both homo- and mixed halocuprate anions. Assignments of the
recently served as a focal point of controversy surrounding the various species are unequivocal, as they rest on direct com

existence of “higher order” (HO) cyanocupratés.We now parison of isotopic fingerprints with computer-generated theo-
describe our preliminary results on the use of electrospray retical plots that were a perfect match in each case.
ionization mass spectrometry (ESIMSp characterize com- Still more intriguing are results garnered from related studies

monly used cuprate precursor Cu(l) salts infused as THF ysing CuCN, together with either LiCl, LiBr, or Lil (two equiv,
solutions. To the best of our knowledge, this study representsin THF). Each of the three permutations, including the well-
the first of its kind onnegatie ion copper(l) complexes. known combination CuCRKLICI3 (i.e., the precursor to func-

While applications of ESIMS have grown Stead”y of |§te, tionalized zinc—copper reagents FGCHZCu(CN)ZnX, FG=
the vast majority involve solutions containing cationic species. ester, nitrile, etc.}° gives rise to the same types of homo- and,
Observations by negative ion ESIMS are far less frequent, and nhow, mixed halocyanocuprate anions. Thus, this routinely usec
studies on anionic organometallics are very few in nufber mix of individually THF-insoluble salts may well exist as several
owing to recognized complications associated with electric discrete species prior to transmetalation (Table 1 and Figure
(corona) discharge at the tip of the instrument's prébe. 2). Most noteworthy, however, is the presence of [CHGXI;]~,
However, we have found that by employing the nonprotic found for all cases of CUCN- 2LiX, X = Cl, Br, |, where Lit

(1) (a) Fax _805-893-8265. E-mail: lipshutz@sbmm1.ucsb.edu. (b) 'S Part of the anionic complex (Table 1). The relatively low
Fax: 404-727-6586. E-mail: snyder@euch4e.chem.emory.edu. intensities observed for these aggregates do not allow a precis

(2) () House, H. O.; Respess, W. L.; Whitesides, GJMOrg. Chem. role to be assigned to them as yet. Nonetheless, the speci
1966 31, 3128. (b) Gilman, H.; Jones, R. G.; Woods, L.AOrg. Chem. a1 e conceived to arise by either addingot removing Lit

1952 17, 1630. . . :
(3) Knochel, P.; Yeh, M. C. P.; Berk, S. C.; Talbert,JJ.0rg. Chem. from neutral parents XCu(CN)Li or Cu(CNBLiX, respectively.

198§ 53, 2390. ‘ T The identical monoanions can likewise be observed by ESIMS
o ré4)c'gg';?igé§/})'ﬂmfé‘§5“" Tanaka, M.; Nishii, S.; Yamamoto, . starting from a copper halide to which has been added LiCN
(5) (a) Barnhart, T. M.; Huang, H.; Penner-Hahn, JJEOrg. Chem an_d LiX (1_eqU|V_0f each). Slgnlflcan_tly, no such eqUNal_ent
1995 60, 4310. (b) Snyder, J. P.; Bertz, S. H.Org. Chem.1995 60, unit [CuX-Li X 5]~ is detected from admixture of a copper halide

4312. (c) Snyder, J. P.; Spangler, D. P.; Behling, J. R.; Rossiter, B. E. i = . i i
Org. Chem1894 59, 2665, (d) Stemmier. T Penner-Hahn J. E.: Knochel, 1 2LIX (X = CN, cf. Table 1), attesting to the unique role of

P.J. Am. Chem. S0d.993 115 348. (e) Snyder, J. P.; Tipsword, G. E..  cyanide for drawing Li into these anionic aggregat@s'®
Spangler, D. PJ. Am. Chem. Sod992 114 1507. (f) Bertz, S. HJ. Am.

Chem. Soc199Q 112, 4031. (11) Cole, R. B.; Harrata, A. KJ. Am. Soc. Mass Spectrod993 4,

(6) Lipshutz, B. H., Sharma, S., Ellsworth, E.L.Am. Chem. So¢99Q 546. The use of sharpened ES capillary tips (Chowdhury, S. K.; Chait, B.
112 4032. T. Anal. Chem1991 63, 1660) or Sk as the drying gas (lkonomou, M.

(7) (@) Yamashita, M.; Fenn, J. B. Chem. Phys1984 88, 4451. (b) G.; Blades, A. T. Kebarle, B. Am. Soc. Mass Spectro@®91 2, 497) to
Whitehouse, C. M.; Dreyer, R. N.; Yamashita, M.; Fenn, JABal. Chem. suppress the electric discharge was found uneccessary in our experiment
1985 57, 675. (12) Standard conditions: VG Platform Il ESI mass spectrometer; direct

(8) Braun, T.; Zsindely, STrends Anal. Chem1992 11, 307. For a infusion via Harvard Apparatus syringe pump at g@/min. Voltages:
recent review of ESIMS applied to organometallic chemistry, see: Colton, capillary (4.8 KV), HV lens (0.5 KV), cone (20 V), multiplier (650).
R.; D'Agostino, A.; Traeger, J. QMass Spectrom. Re1996 14, 79. Gases: drying (B, nebulizing (N). Temperature: 30C.

(9) (a) Lau, T.-C.; Wang, J.; Guevremont, R.; Siu, K. W. 3M.Chem. (13) Cul purified according to: Dieter, R. K.; Silks, L. A.; Fishpaugh,

Soc., Chem. Commuh995 877. (b) Colton, R.; D'Agostino, A.; Traeger, J. R.; Kastner, M. EJ. Am. Chem. Sod 985 107, 4679. CuCN, LiCl,
J. C.; Klaui, W. Inorg. Chim. Actal995 233 51. (c) Agnes, G. R.; Horlick, LiBr, Lil were purchased and used as received from Aldrich.

G. Appl. Spectroscl994 48, 655. (d) Ahmed, |.; Bond, A. M.; Colton, R.; (14) For a related study using laser ablation FTICRMS on CuCN, see:
Jurcevic, M.; Traeger, J. C.; Walter, J. N.Organomet. Cheni993 447, Dance, I. G.; Dean, P. A. W.; Fisher, K. lhorg. Chem.1994 33, 6261.
59. (e) Colton, R.; Traeger, J. Gorg. Chim. Actal992 201, 153. (15) Knochel, P.; Singer, R. BChem. Re. 1993 93, 2117.
(10) Straub, R. F.; Voyksner, R. D. Am. Soc. Mass Spectro893 (16) (a) Lipshutz, B. H.; James, B. Org. Chem1994 59, 7585. (b)
4, 578. Singer, R. D.; Oehschlager, A. G. Org. Chem1992 57, 2192.
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including HO ligation at copper. The lowest energy forms for
both charge types correspond to linear structures characterize
by alternating halide ions and metal cations. Cyanide-containing
anions were found to be most stable with CN internal in a linear
arrangemente.g, [X—Cu—CN-Li—X]~. In agreement with
experiment, the results predict the equilibria to lie uniformly to
the left: X= CI, —13.9 kcal/mol (B3YLP/6-3+G*) and—15.7
kcal/mol (B3YLP/LANL2DZ); X = Br, —11.4 kcal/mol; X=

I, —8.4 kcal/mol. An additional set of B3LYP/6-31G*
calculations illustrates an important element determining the
equilibrium position. The simple isodesmic-MCN + Cl~ =
M—CI + CN~ expresses a metal cation’s preference for cyanide
vs chloride. For M= Li and Cu, both cations favor CNby

2.7 and 12.3 kcal/mol, respectively. The relatively strong-Cu
CN interaction would appear to be the dominant driving force

100

%

100

%

100

% localizing Cu, Li, and CN in the same anions.
381 There are several implications associated with these ESIMS
0 T"'""g‘"""T“""’E m/z data. They substantiate the view that otherwise insoluble Cu:
190 150 200 250 300 350 400 () salts become homogeneous in THF in the presence of LiX
Figure 1. Cul + 2LiX; A, X =CI; B, X=Br; C, X = I. by forming aggregates. While this has been surmised for year

on the basis of entities such asCuCk!® and Kochi's Cu(ll)
catalyst LCuCl,° not previously acknowledged is the pos-

1005 A 27 a3 sibility for a multitude of complexes at varying concentrations
] 015 224 [259 | 315 present in these solutions, as is the case foPdxnd LiR2%
% 12156 226 261 |27 357 In a related and very recent example, the extensive multishel
] 133 168 [ m 404 405 fitting required to resolve EXAFS-derived Fourier transform
0 peaks for “CUCN2LICI” in THF?! may be reflective of the
312314 unexpected complexity implied by ESIMS. Further studies are
100': B 223 needed to determine whether the chemistry of organocoppe
%] 291 225 310 347401403 reagents in an ethereal solvent is characterized by a comple
] 168170 227256 \[?43 405 mixture or solvation-selected structures. Curiously, while the
o j|l/172j( { WL 399 407 HO halocuprate formal constitution might have been reflected
LALLM M LA A A A by this soft technique, only the monolithiated formulation,

[CUCN-LiX 5], rather than the independent dianionic complex
has been observed. The present calculations on these gas phe
monoanionic complexes, suggesting a linear array of alternatin
cations and anions, are in line with recent work that argues
against the viability of a high-energy (tricoordinate) copper
dianion, [X%Cu(CNY].5¢21.22 Further studies on organometal-
lics using ESIMS, including all-carbon ligand-containing copper
reagents? will be reported in due course.

Figure 2. CuCN+ 2LiX; A, X =CI; B, X =Br; C, X=1.
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Attempts to maximize formation of this hypothetical ion by 1A960182Q
admixture of 10 additional equivalents of Lil to Cu@\LiCl
failed to give rise to a detectable species of this makeup. (17) The B3LYP/6-33-G* protocol employed the LANL2DZ effective

+ : core potential at Cu and the 6-BG* basis set elsewhere. For further details
The absence of LCN" and the abundance of cyanide- of the methods and their reliability, see ref 5b.

containing anionic copper clusters in the gas phase can be (18) Giner, J. L.; Margot, C.; Djerassi, C. J. Org. Chem.1989 54,
understood as a consequence of the ion distribution between?117.

e e i ; (19) Tamura, M.; Kochi, JSynthesis971, 303.
both the positive and negative ion ensembles. With respect to (20) (a) Wong, M. K. Popov, A. 1J. Inorg. Nucl. Chem1972 34,

only the lowest ionic aggregates, admixture of CUCN and LiX 3615, Reich, H.; Greene, D. P.; Phillips, N. B.. Am. Chem. Sod 991,

most likely yields the following equilibria: 113 1414. Collum, D. B.Acc. Chem. Resl993 26, 227. Reich, H. J.;
Borst, J. P.; Dykstra, R. R.; Green, D. .Am. Chem. Sod993 115
8728. (b) McGarrity, J. F.; Ogle, C. A.; Brich, Z.; Loosli, H.-R. Am.

[X—=Cu—CN-Li—X]  + [Li —X—Li] "= Chem. Sac1985 107, 1810. Bauer, W.; Winchester, W. R.; Schleyer, P.
. — . ot v. R. Organometallics1987, 6, 2371. Reich, H. J.; Medina, M. A.; Bowe,
[X—=Cu—X—-Li—=X]" + [Li =CN—Li] M. D. J. Am. Chem. Sod992 114, 11003.

. (21) Stemmler, T. L.; Barnhart, T. M.; Penner-Hahn, J. E.; Tucker, C.
All-electron B3LYP/6-3%G* calculations were performed for  E.; Knochel, P.; Bohme, M.; Frenking, G. Am. Chem. S0d.995 117,

— ; i i 12489.
X Cl, while B3LYP/LANL2DZ effective core potential (22) Bertz, S. HJ. Am. Chem. Sod991 113,5470.

calculations were carried out on all three halides=0Cl, Br, (23) Preliminary negative ion ESIMS data on the lower order thienyl
1).17 A variety of topologies and geometries were examined, cuprate (2-ThCu(CN)Li) have been realized.



