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Abstract

The complexes (Bu4N)(LMeM(II)-OH) (LMe = 2,6-dimethylphenyl-substituted
pyridine(dicarboxamide); M = Cu or Ni) react with CH3CN to yield (Bu4N)(LMeM-CH2CN),
novel cyanomethide complexes that were fully characterized, including by X-ray crystallography.
These conversions contrast with the usual reactions of metal-hydroxide complexes with nitriles,
which typically involve attack at the nitrile carbon and formation of amides or carboxylic acids.
Kinetic studies (M = Cu) revealed a first-order dependence on the complex and a kinetic isotope
effect (k(CH3CN)/k(CD3CN) of 4. Various mechanisms involving either intra- or intermolecular
deprotonation steps are proposed.

In addition, (Bu4N)(LMeCu-OH) was oxidized by Fc+PF6
− to a proposed Cu(III) complex

LMeCuOH at low temperature, and comparisons of its stability and reactivity with
dihydroanthracene were drawn to its previously described congener having isopropyl substituents
on the phenyl rings of the supporting ligand. The cyanomethide complex (Bu4N)
(LMeCu(CH2CN)) also was reversibly oxidized both electrochemically (E1/2 = −0.345 V vs. Fc/
Fc+) and chemically (Fc+PF6

−, −25 °C). The product was formulated as LMeCu(III)(CH2CN), a
novel Cu(III)-alkyl complex relevant to such species proposed during copper-catalyzed organic
reactions.
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Introduction

Copper- and nickel-hydroxide complexes have been the subject of numerous investigations
aimed at understanding their structural, magnetic, spectroscopic, and reactivity properties.[1]

These studies are motivated by both fundamental issues as well as the proposed
intermediacy of metal-hydroxide complexes in reactions of industrial and biological
importance. For example, fixation of CO2 by M(II)-OH species (M = Cu, Ni) to yield
carbonate or bicarbonates has been amply demonstrated;[1d–h,2] in the case of (Et4N)1 it
proceeds at rates competitive with carbonic anhydrase and the rates for analogs vary as a
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function of the R groups on the ligand.[3] Analog (Bu4N)2 containing a more hindered
supporting ligand was oxidized by one electron to yield a novel Cu(III)-OH species that
rapidly attacks C-H bonds in a reaction of possible relevance to enzymatic and other
catalytic oxidations.[4] Metal-hydroxides are also commonly proposed intermediates in the
metal-promoted hydrolysis of nitriles, with a typical route involving nucleophilic attack of
the bound hydroxide at the nitrile carbon.[5] These examples illustrate diverse facets of
M(II)-OH chemistry, the understanding of which may impact the development of new
reactants and catalysts.

With the original aim of comparing its redox chemistry with more sterically hindered
(Bu4N)2, we targeted (Bu4N)3 for synthesis and study. Herein we report these results, as
well as the serendipitous findings that (Bu4N)3 and (Bu4N)1 react with CH3CN to yield
M(II)-CH2CN complexes. These products represent the first of their kind for M = Ni or
Cu[6]; cyanomethide complexes of Pt/Pd,[7] Ir,[8] Rh,[9] Hg,[10] Au,[11] and Fe[12] have been
prepared, albeit via different routes. The preparative conversions we discovered stand in
distinct contrast to the usual mode of reactivity of metal-hydroxides with nitriles,[5] and
represent new methods for the synthesis of rare cyanomethide complexes. The results also
complement reports of scission of the C-C bond in CH3CN by Cu(II) complexes.[13] While
this work was nearing completion, a report of the synthesis and X-ray structure of (Et4N)3
appeared.[14]

Results and Discussion

The convenient starting material LMeCu(MeOH) (5, Scheme 1) was isolated in ~70% yield
by addition of NaOMe to a mixture of LMeH2 and CuCl2 in MeOH. Key characterization
data in support of the formulation of 5 included an accurate CHN analysis, an axial EPR
spectrum with distinguishable N-superhyperfine coupling typical for Cu(II) complexes of
pyridine(dicarboxamide) ligands (Figure S1, Table S1), and the appropriate isotope pattern
in the positive ion electrospray ionization mass spectrum (ESI-MS) for [NaLMeCu(MeOH)]+

(Figure S2).

Treatment of 5 with Ph4PCl in acetone yielded (Ph4P)(LCuCl) ((Ph4P)8). The UV-vis [λmax,
nm (ε, cm−1M−1): 390 (2600), 620 (340) in CH3CN; Figure S3] and EPR (Figure S4, Table
S1) spectroscopic properties of this complex are similar to those reported previously for the
more hindered analog (Bu4N)(LiPrCuCl) [cf. λmax, nm (ε, cm−1M−1): 400 (3330), 625 (430)
in acetone].[4] Further corroboration of the structure of (Ph4P)8 was provided by CHN
analysis, a parent ion in its negative ion ESI-MS (Figure S5), and an X-ray crystal structure
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(Figure 1a). Overall, the structure of 8− is unremarkable, with bond parameters closely
similar to those of (LiPrCuCl)−.[4]

Reaction of 5 with Bu4NOH in MeOH/Et2O yielded (Bu4N)(LMeCuOH) ((Bu4N)3) in 85%
yield. This compound is an alternative salt to that reported previously (Et4N+),[3] and was
characterized by CHN analysis, UV-vis spectroscopy [λmax, nm (ε, cm−1M−1): 378 (1800),
550 (230) in acetone], and EPR spectroscopy (Figure S6). With the aim of drawing
comparisons to the previously reported Cu(III)-OH complex LiPrCuOH derived from
oxidation of 2,[4] we explored oxidation of (Bu4N)3. Treatment of a solution of (Bu4N)3 in
1,2-difluorobenzene (1,2-DFB) with Fc+PF6

− at −25 °C resulted in a rapid color change
from light blue to intense purple that then bleached over ~2 min.[15] The UV-vis spectrum of
the initial product (blue spectrum in Figure 2) contains an intense feature at λmax = 560 nm
that is closely analogous to that reported for LiPrCuOH (λmax 540 nm) in acetone[4] and
which we have now measured in 1,2-DFB (560 nm; black spectrum in Figure 2). Generation
of LMeCuOH is indicated by this diagnostic feature, identified previously as a ligand-based
π → Cu(III) transition via TD-DFT calculations.[4] This product is significantly less stable
than LiPrCuOH; both complexes decay in first-order fashion in 1,2-DFB,[16] but for
LMeCuOH (k = 3.6 × 10−2 s−1) the rate is 105 times faster than that for LiPrCuOH (k = 3.3 ×
10−7 s−1) at −25 °C. However, comparison of the second order rate constants for hydrogen
atom abstraction from dihydroanthracene (DHA) by both complexes under identical
conditions (−25 °C in 1,2-DFB, [DHA]0 = 1.2 mM, [LCuOH]0 = 0.07 mM) revealed them to
be similar (k = 1.2 vs. 1.5 × 102 M−1s−1). Thus, while the decrease in steric hindrance
resulting from the presence of Me rather than iPr groups on the flanking aryl groups of the
supporting ligand results in higher rates for decomposition of the Cu(III)-OH unit, the
reactivity with DHA is unperturbed.

Interestingly, a color change from blue to red-purple was observed upon dissolution of
(Bu4N)3 in CH3CN; the conversion is illustrated by the UV-vis spectra measured as a
function of time shown in Figure 3. An apparent isosbestic point is seen at 604 nm. Complex
(Bu4N)6 was isolated as a crystalline solid in 85% yield from the reaction solution and was
identified on the basis of CHN analysis, a parent ion 6− in the negative ion ESI-MS (Figure
S7), a signal in the EPR spectrum indicative of a Cu(II) assignment (Figure S8), and an X-
ray crystal structure (Figure 1b). The clearly evident linear cyanomethide (CH2CN-) ligand
features C-C and C-N distances of 1.412(5) and 1.165(4) Å that are consistent with single
and triple bonds, respectively, and are similar to those seen in other M-CH2CN complexes.
The Cu1-C24 bond (1.986(3) Å) represents a rare example of a Cu(II)-C(sp3) bond in a
discrete molecule; the only other cases involve bonds between Cu(II) and a C atom within a
macrocycle or a tripodal ligand,[17,18] whereas in (Bu4N)6 the metal is bound to a simple,
‘exogenous’ organic fragment. The complex thus provides important precedent for
organocopper(II) species proposed as intermediates in various catalytic processes.[19]

In similar chemistry, dissolution of (Bu4N)(LMeNiOH) ((Bu4N)4)[3a] in CH3CN yielded
(Bu4N)7. This product was characterized by NMR spectroscopy, negative ion ESI-MS
(parent ion observed, Figure S9), and X-ray crystallography (Figure 1c). The structure of 7−

is similar to 6−, albeit with different metal-ligand bond distances due to the different central
metal ion.

The time course of the reaction of the hydroxide (Bu4N)3 with excess CH3CN (14.9–18.3
M, 5200–140,000 equiv) to yield the cyanomethide (Bu4N)6 was evaluated by multiple
component analysis of UV-vis spectra (Figure 3). This analysis (see Supporting Information,
Figures S12–S13) showed that the reaction follows pseudo-first order kinetics with kobs =
4(1) × 10−4 s−1 (20 °C, 1,2-DFB). The order in [CH3CN] was more difficult to assess; under
conditions of large excesses of CH3CN varied between 14.9–18.3 M at [3−]0 values ranging
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between 0.13–2.89 mM the kobs values were essentially invariant (Figure S12). This zeroth-
order dependence on [CH3CN] may be explained by a mechanism involving rapid pre-
equilibrium binding of CH3CN followed by rate-determining attack by the hydroxide
moiety, with [CH3CN]0 sufficiently high to cause the rate to be saturated. Under this
working assumption, we attempted to see if the order in [CH3CN] changed at significantly
lower [CH3CN]0 values (0.95 M). Unfortunately, under these conditions the rates were too
slow to measure their dependence on [CH3CN] accurately, and we have not been able to
discern the order in this reagent. In further kinetic studies, we compared the rates of reaction
in CH3CN and CD3CN under identical conditions ([LMeCuOH]0 = 1.11 mM, 20 °C). A
kinetic isotope effect (kH/kD) of 4.1(1) was observed and the identity of the product in the
reaction with CD3CN was confirmed by ESI-MS and FT-IR spectroscopy. We note
parenthetically that in the IR spectrum two peaks were observed for the nitrile stretch at
2162 and 2192 cm−1 for the deuterio complex versus one at 2173 cm−1 for the protio case.
On the basis of DFT calculations, we attribute this disparity to coupling of the C ≡ N and
C–D vibrations (see Supporting Information, Table S2).

Three possible mechanisms for the novel conversions of the hydroxide complexes (Bu4N)3
and (Bu4N)4 to the cyanomethide species (Bu4N)6 and (Bu4N)7, respectively, that are
consistent with the combined experimental data are shown in Scheme 2. Paths A and B
feature reversible binding of CH3CN to the starting M(II)-OH complex to yield a 5-
coordinate intermediate. In path A, intramolecular deprotonation of the coordinated nitrile
occurs (via a transition state with a 6-membered ring, albeit requiring distortion of the linear
CH3CN ligand), which would have to be followed by a rapid isomerization and loss of H2O
to yield the final C-bound cyanomethide product. In path B, the deprotonation is
intermolecular with an exogenous CH3CN molecule, to yield a cyanomethide anion that
would rapidly displace the bound H2O to afford the product. In path C, CH3CN displaces
the hydroxide, which then deprotonates the coordinated nitrile to yield an N-bound
cyanomethide. Isomerization to the C-bound form in the product would then occur. All three
mechanisms are consistent with observation of a first order dependence on [(Bu4N)3],
saturation of the rate at high [CH3CN], and the kinetic isotope effect. Distinction between
paths A–C will therefore depend on further more in-depth mechanistic study.

Finally, we note that the cyanomethide complex (Bu4N)6 may be oxidized, as revealed by
cyclic voltammetry. A pseudo-reversible wave was observed with E1/2 = −0.345 V vs. Fc/
Fc+ and ΔEp = 105 mV (scan rate 200 mV/s, 0.1 M Bu4NPF6 in CH3CN; Figure S10).
Consistent with this result, addition of Fc+PF6

− to a solution of (Bu4N)6 in CH3CN at −30
°C resulted in an immediate color change from red-purple to bright orange and generation of
an intense feature in the UV-vis spectrum with λmax ~ 465 nm, ε ~ 7700 M−1 cm−1 (red
spectrum, Figure 4). This reaction could be reversed by addition of Cp*

2Fe and the cycle
repeated (Figure 4). The species giving rise to the intense electronic absorption feature is
EPR silent. It is fairly stable at −30 °C (t1/2 ~ 90 minutes) and does not react at an
appreciable rate with DHA (30 eq DHA at −30 °C). We tentatively hypothesize on the basis
of the available data that this species is the Cu(III) complex LMeCu(CH2CN), a novel
example of a Cu(III)-alkyl compound[20] that is notable because such Cu(III)-alkyl moieties
are often postulated as intermediates in copper-catalyzed organic reactions.[19]

In support of this assignment, DFT calculations revealed a singlet ground state structure
with metal-ligand bond distances contracted by ~0.1 Å relative to 6− (Table S3) that is 22
kcal/mol more stable than a distorted triplet, similar to what was reported previously for
LiPrCuOH.[4] In addition, TD-DFT calculated electronic transitions for the singlet structure
(Table S4) showed an intense transition at 495 nm that matched well with the
experimentally observed feature at λmax ~ 465 nm (Figure 5). This transition is dominated
by a ligand(amide)-based → Cu(dx2-y2) excitation (a → c in Figure 5).
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Conclusions

In summary, we have discovered that the M(II)-OH (M = Cu, Ni) complexes (Bu4N)3 and
(Bu4N)4 supported by a relatively unhindered pyridyl(dicarboxamide) ligand react with
CH3CN in unprecedented fashion to yield M(II)-CH2CN complexes (Bu4N)6 and (Bu4N)7,
respectively. Speculative pathways for this reaction are proposed on the basis of preliminary
mechanistic data (Scheme 2). Oxidation of the copper(II)-hydroxide complex (Bu4N)3
results in the formation of LMeCuOH, identified as a Cu(III) species on the basis of
comparison of its spectroscopic properties to the previously reported analog LiPrCuOH.[4]

The less sterically hindered complex LMeCuOH decays significantly faster than LiPrCuOH,
but reacts with DHA at a similar rate under identical conditions (−25 °C in 1,2-DFB). The
copper(II)-cyanomethide complex also may be oxidized reversibly both electrochemically
and chemically to yield a species that we formulate as a unique Cu(III)-alkyl complex on the
basis of spectroscopy and theory.

Experimental Section

General Considerations

All solvents and reagents were obtained from commercial sources and used as received
unless otherwise noted. LMeH2 was prepared according to the literature procedure.[3a] The
solvents Et2O and pentane were passed through purification columns (Glass Contour,
Laguna, California) before use. Acetonitrile was dried over CaH2, degassed, distilled under
vacuum and stored over CaH2 in a glovebox. Acetone was dried over 3Å molecular sieves,
degassed, vacuum transferred and stored over 3Å molecular sieves in a glovebox. 1,2-
Difluorobenzene was dried over CaH2, degassed, distilled under vacuum and stored over 3Å
molecular sieves in a glovebox. Anydrous DMF was stored over 3Å molecular sieves in a
glovebox for 2 days and dried over a separate portion of 3Å molecular sieves for an
additional 2 days before use. All reactions of LCu(CH3OH) (5) were performed in glovebox
under a dry N2 atmosphere. Complex (Bu4N)(LNiOH) ((Bu4N)4) was prepared according to
the previously published procedure and identified by the similarity of its UV-vis and 1H
NMR spectroscopic features to the reported values.[3a] Complex LiPrCuOH was prepared as
described in the literature.[4]

Physical Methods

NMR spectra were recorded on a 300 MHz Varian Inova spectrometer; for clarity, cation
resonances are omitted from listings of data. UV-Vis spectra were recorded on an HP8453
(190–1100 nm) diode-array spectrophotometer equipped777 with a Unisoku low-
temperature cryostat. Electrospray ionization mass spectra (ESI-MS) were recorded on a
Bruker BioTOF II instrument in negative ion mode for all complexes except for
LMeCuCH3OH, the spectrum of which was recorded in positive ion mode. Electron
paramagnetic resonance (EPR) spectra were recorded a Bruker Continuous Wave EleXsys
E500 spectrometer at 10 K. EPR simulations were performed using Bruker Simfonia
software. Infrared spectra were collected on a Nicolet Avatar 370FT-IR. Elemental analyses
were performed by Robertson Microlit Laboratory (Ledgewood, New Jersey) and Complete
Analysis Laboratories Inc. (Parsippany, New Jersey). X-ray crystallography data collection
and structure solution were conducted using a SMART Apex II instrument and the current
SHELXTL suite of programs.[21]

LCu(MeOH) (5)

LH2 (1.015 g, 2.72 mmol), anhydrous CuCl2 (0.367 g, 2.73 mmol) and MeOH (100 mL)
were added to a 250 mL round bottom flask to give a light green solution. Addition of a
solution of NaOMe in MeOH (0.5 M, 9.2 mL, 4.6 mmol) yielded a deep forest green
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solution, which was stirred for 30 min. The solvent was removed in vacuo to give a green
oil. This oil was dissolved in CH3CN (~ 20 mL) and toluene (100 mL) was added, after
which a precipitate formed and the solution became mahogany in color. The mixture was
filtered through a fine porosity frit and solvent was removed from the filtrate in vacuo to
produce a bright green powder. Subsequent washings with acetonitrile (3 × 5 mL) and
hexanes (3 × 5 mL) afforded the product as a bright green solid, which was dried under
vacuum at 40 °C overnight (0.75 g, 69%). ESI-MS (CH3OH, m/z): calcd 489.11 [Na+M]+,
found 489.23. UV-Vis [λmax, nm (ε, M−1 cm−1) in CH3CN]: 397 (1400), 545 (720). EPR
(1:3-acetone:toluene, 100 K): gx = 2.028, gy = 2.055, gz = 2.189; A values (× 10−4 cm−1):
A//(Cu) =193, A(N) =15.0. Anal. Calcd. for C24H25CuN3O3: C, 61.72; H, 5.40; N, 9.00.
Found: C, 61.83; H, 5.29; N, 8.93.

(Bu4N)(LCuOH) ((Bu4N)3)

To 5 (147 mg, 0.314 mmol) was added Et2O (~10mL) to give a green reaction mixture.
Upon the addition of Bu4NOH in MeOH (1.0 M, 0.31 mL, 0.31 mmol) a blue sticky
precipitate formed. The reaction was stirred for ~5 min and the solvent was removed in
vacuo to give a dark blue oil. The oil was washed with Et2O (3 × 5 mL) to yield the product
as a bright blue-purple solid (129 mg, 85%). UV-Vis [λmax, nm (ε, M−1 cm−1) in acetone]:
378 (1800), 550 (230). EPR (1:3-acetone:toluene, 10 K): gx = 2.02, gy = 2.06, gz = 2.19; A
values (x 10−4 cm−1): A//(Cu) =192, A(Npy) =18.2, A (Nam) =13.5. Anal. Calcd. for
C39H58CuN4O3: C, 67.45 H, 8.42; N, 8.07. Found: C, 66.86; H, 8.15; N, 8.02.

(Bu4N)(LCu(CH2CN)) ((Bu4N)6)

Compound (Bu4N)3 (109 mg, 0.185 mmol) was added to CH3CN (~ 10 mL) to give a dark
blue solution, which quickly became red-purple (<2 min). The reaction was stirred for 30
min and the solvent was removed in vacuo. The resulting solid was washed with Et2O (2 × 3
mL) to yield the product as a deep purple solid (129 mg, 85%). Negative ion ESI-MS
(CH3OH, m/z): calcd 474.11 [M-Bu4N]1−, found 473.96. UV-Vis [λmax, nm (ε, M−1 cm−1)
in CH3CN]: 315 (3800), 476 (380). FT-IR(Nujol mull): 2173 cm−1. EPR (1:3-
CH3CN:toluene, 100 K): gx = 2.003, gy = 2.06, gz = 2.3; A values (x 10−4 cm−1): A//(Cu)
=100, A(N) =15.0. Anal. Calcd. for C41H59CuN5O2: C,68.63; H,8.29; N,9.76. Found: C,
68.58; H, 8.22; N, 9.66. The deuterated version of this compound was prepared according to
the same procedure used to prepare (Bu4N)6, except using CD3CN (99.8%) on a 52.5 mg
(0.0756 mmol) scale, to give the product as a deep purple solid (54.4 mg, 73.2 %). ESI-MS
(CH3OH, m/z): calcd 476.12 [M-Bu4N]1−, found 476.09. FT-IR (Nujol mull): 2162, 2192
cm−1.

(Bu4N)(LNi(CH2CN)) ((Bu4N)7)

The synthesis of this compound was performed similarly to that used to prepare (Bu4N)6.

Briefly, (Bu4N)4 (115 mg, 0.167 mmol) was added to CH3CN (~ 10 mL) to give a yellow
orange solution which became red-orange upon stirring overnight. The solvent was removed
in vacuo to give a sticky red solid to which 5 mL of Et2O was added and stirred for 3 h to
give the product (80.8 mg, 67.7%). ESI-MS (CH3OH, m/z): calcd 469.12 [M-Bu4N]1−,
found 469.20. UV-Vis [λmax, nm (ε, M−1 cm−1) in CH3CN]: : 400, (4500), 478 (sh, 1500).
FT-IR(Nujol mull): 2190 cm−1. 1H NMR (CD2Cl2): d −0.89 (s, 1), 2.29 (s, 12), 6.84 (m, 6),
7.58 (d, 2), 7.88 (t,1). Unfortunately, repeated attempts to obtain satisfactory CHN analysis
were unsuccessful.

(Ph4P)(LCuCl) ((Ph4P)8)

A suspension of Ph4PCl (54.6 mg, 0.146 mmol) in acetone (4 mL) was added drop-wise to a
mahogony solution of compound 5 (68.0 mg, 0.146 mmol) in acetone (10 mL). The
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resulting deep emerald green solution was stirred for ~10 minutes. The solvent was removed
in vacuo to yield a dark green residue. The residue was triturated with Et2O (4 × 5 mL) until
a fine green precipitate was observed. Residual solvent was removed in vacuo to give a
bright green powder (87.6 mg, 75.8%). ESI-MS (CH3OH, m/z): calcd 469.06 [M-Ph4P]1-,
found 469.09. UV-Vis [λmax, nm (ε, M−1 cm−1) in CH3CN]: 390 (2600), 620 (340). EPR
(1:3-acetone:toluene, 10 K): gx = 2.026, gy = 2.062, gz = 2.182; A values (x 10−4 cm−1):
A//(Cu) =195, A(N) =15.3. Anal. Cald. for C47H41ClCuN3O2P: C, 69.71; H, 5.10; N, 5.19;
Cl, 4.38. Found: C, 68.88; H, 4.96; N, 5.11; Cl, 4.29.

Oxidation of (Bu4N)6

To a cuvette, 0.15 mL of a 3 mM solution of 6 in CH3CN was added to 2.50 mL of CH3CN.
The cuvette was cooled to −30 °C and 0.30 mL of a 1.5 mM solution of Fc+PF6

− was added
to give rise to an intense chromophore (λmax ~ 465 nm, ε ~ 5500 M−1 cm−1).

General procedure for kinetics experiments

All reactions were prepared in a nitrogen filled glovebox and cuvettes were sealed under
inert atmosphere with a septum. Reactions were monitored by UV-Vis spectroscopy and
performed via the following illustrative procedure (see Supporting Information for more
details). To a cuvette, 0.10 mL of a solution of the complex ((Bu4N)2 or -3) in 1,2-DFB (3
mM) was added to 2.70 mL of 1,2-DFB. In reactions with DHA, 0.07 mL of a 3mM solution
of the complex in 1,2-DFB and 0.14 mL of 30 mM DHA in 1,2-DFB were added to 2.64 mL
of 1,2-DFB. The cuvette was cooled to −25 °C and 1.5 mM FcPF6 (0.10 mL) was added to
give rise to an intense chromophore (λmax ~560). The decay of the chromophore was
monitored until no further spectral changes were observed. With one exception, the data
were then analyzed using the Olis GlobalWorks software package using a single value
decomposition (SVD) fitting protocol. The data was fit to several reaction order types using
the SVD protocol until a suitable fit was achieved where the error was reduced and the
spectral contributions calculated by the Olis software were in good agreement with
experimentally observed spectra (Figure S12). The exception to this method was for the
slow self-decay of LiPrCuOH (10% decay after 75 min), which was monitored at a single
wavelength (560 nm) to yield estimated t1/2 and k values.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Representation of the X-ray structure of the anionic portions of (a) (Ph4P)8, (b) (Bu4N)6,
and (c) (Bu4N)7, showing all non-hydrogen atoms as 50% thermal ellipsoids (except the two
hydrogen atoms shown affixed to C24 in (b) and (c)). See Table 1 for selected interatomic
distances and angles.
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Figure 2.

UV-vis spectra of the solutions resulting from the reactions with Fc+PF6+ of (Bu4N)2 (to
yield LiPrCuOH, black, −25 °C, 1,2-DFB) and (Bu4N)3 (to yield LMeCuOH, blue, −25 °C,
1,2-DFB).
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Figure 3.

UV-vis spectra as a function of time of a solution of (Bu4N)3 (15 mM) dissolved in CH3CN
(black: first spectrum taken within seconds of dissolution; red: final spectrum after 2 h;
intermediate spectra taken at 1 min intervals).
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Figure 4.

UV-vis spectra showing the reversible oxidation of (Bu4N)6 (0.19 mM) in CH3CN at −30
°C. (solid black) (Bu4N)6; (solid red) after addition of 1 equiv. Fc+PF6

−; (dashed black)
subsequent addition of 1 equiv. Cp*2Fe; (dashed red) addition of second 1 equiv. Fc+PF6

−.
Note: the feature at ~790 nm corresponds to ferrocene.
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Figure 5.

(top) Comparison of experimental UV-vis spectrum of LCuCH2CN (black line) with
calculated (B98) electronic transitions for restricted singlet (red) and triplet (blue) structures.
(bottom) Orbitals involved in the TD-DFT calculated excitations at 495 and 622 nm. For the
former, the major contribution is from (a) to (c), while for the latter, it is from (b) to (c).
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Scheme 1.

Complexes characterized in this work.
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Scheme 2.

Proposed mechanisms for the conversion of the hydroxide complexes (Bu4N)3 and (Bu4N)4
to (Bu4N)6 and (Bu4N)7, respectively, upon reaction with CH3CN. Ar = 2,6-
dimethylphenyl.

Tehranchi et al. Page 15

Eur J Inorg Chem. Author manuscript; available in PMC 2014 August 01.

N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t



N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t

Tehranchi et al. Page 16

Table 1

Selected interatomic distances (Å) and angles (deg) for the X-ray crystal structures of (Bu4N)6, (Bu4N)7, and

(Ph4P)8.(a)

(Bu4N)6 (Bu4N)7

Cu1-C24 1.986(3) Ni1-C24 1.9414(18)

Cu1-N1 1.945(2) Ni1-N1 1.8501(15)

Cu1-N2 2.015(2) Ni1-N3 1.9129(14)

Cu1-N3 2.011(2) Ni1-N2 1.9178(15)

C24-C25 1.412(5) C24-C25 1.436(3)

C25-N4 1.165(4) N1-Ni1-N3 82.08(6)

N1-Cu1-C24 175.37(11) N1-Ni1-N2 82.63(6)

N2-Cu1-C24 101.07(11) N3-Ni1-N2 164.68(6)

N2-Cu1-N1 79.91(9) N1-Ni1-C24 177.90(7)

N3-Cu1-C24 99.96(11) N3-Ni1-C24 97.64(7)

N3-Cu1-N1 79.21(9) N2-Ni1-C24 97.68(7)

N3-Cu1-N2 158.95(9) N4-C25-C24 178.0(2)

N4-C25-C24 176.8(3) Ni1-N1 1.8501(15)

(Ph4P)8

Cu1-N1 1.930(2)

Cu1-N2 2.013(2)

Cu1-N3 2.013(2)

Cu1-Cl1 2.2017(7)

N1-Cu1-N3 80.57(9)

N1-Cu1-N2 79.64(9)

N3-Cu1-N2 160.20(9)

N1-Cu1-Cl1 179.64(8)

N3-Cu1-Cl1 99.23(6)

N2-Cu1-Cl1 100.56(7)

(a)
Standard deviations in parentheses.
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