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Abstract

The stable tetramethylammonium salts of heteroleptic trifluoromethyl nickelates [(R)Ni(CFs)s;]?>~ (R = PhO, 7-
azaindole) were prepared. The new complexes were characterized by *H and °F NMR spectroscopies and cyclic
voltammetry. The phenoxide ligand on [(PhO)Ni(CF3)3]?~ was found to be labile in solution, in contrast to the 7-
azaindole ligand on [(7-azaindole)Ni(CFs)s;]?~. The electrochemical analysis of the heteroleptic complexes
revealed that the dianionic species exhibit oxidations below 0 V vs the Fc/Fc* couple.
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Introduction

The introduction of popular fluorinated functionalities such as the trifluoromethyl, difluoromethyl, and
monofluorinated groups has proven successful for altering various properties of organic molecules such as
acidities, hydrophobicities, conformational biases, and metabolic stabilities. These modifications in turn have
rendered molecules that are useful for the pharmaceutical, agrochemical, and materials industries.*® Therefore,
over the past decade, great interest has been devoted to developing new methodologies for incorporating these
simplest of fluorinated functionalities. However, the less common fluorinated functionalities like the -ZCF;
(Z2=0,N) groups have not received as much attention due to synthetic challenges in their preparation and
handling.” 8 This is highlighted by a recent report that showed of the 72 launched drugs up to 2018 that
contained the trifluoromethyl group, 69 were connected to carbon, three were connected to oxygen, and none
were connected to nitrogen.’

A major area of research with the trifluoromethoxy group (—OCF3) has targeted the design of reagents that
can transfer OCF3 to various organic substrates.”!? The trifluoromethoxy group can be sensitive to
decomposition, which limits this approach, however some recently developed reagents display surprising
stability.’> Methods for incorporating the trifluoromethylamine (—~NCF3) groups has been slower to develop,
with many methods requiring the use of harsh chemicals and multi-step synthesis. Only recently has a reagent
that can transfer the trifluoromethylamine group to organic substrates has been disclosed.’®* Therefore,
alternative and mild methods to prepare OCF3; and NCF3 containing organic molecules remain in-demand.

Our group has been interested in the chemistry of solvated fluoroalkyl nickel complexes for developing new
fluoroalkylation reactions. We have shown that [(MeCN)Ni(R¢)3]~ (Rf = CF3, C3Fs) can fluoroalkylate a variety of
organic electrophiles.'* *> Furthermore, the homoleptic [Ni(CF3)3]>"complex can perform catalytic C-H bond
trifluoromethylation of (hetero)arenes® and catalyze the allylic C-H functionalization of brucine, generating
trifluoromethyl neobrucine.® Previously, we found that reaction of the phosphonium salt of [(MeCN)Ni(CF3)3]~
(1) with phenoxide in MeCN followed by precipitation with diethyl ether, leads to the formation of the solid
state stable, bis phosphonium salt of [(PhO)Ni(CF3)3]>~ (2)in 80% isolated yield (eq. 1).1* However, when the bis
phosphonium salt of 2 was redissolved in solution, a decomposition reaction to revert back to 1 was observed
(eq 1). Therefore, the judicious choice of counter-ion is a critical component in methods developments with
these trifluoromethylnickelates. We have now prepared more stable tetramethylammonium salts of 1*° as well
as derivatives where the acetonitrile was substituted with N-heterocyclic carbenes.!’

PPh
[PPhy] CF,4 [ L @ CF;
| 1) [INMe4][PhO], MeCN |

MeCN—Ni—CF, 0—Ni—CF4
| 2) diethyl ether | 1
CF3 CF, (1)
[PPh,][1] [PPhy],[2]
oZPPn; ol prociotates
+ PhH P /|°
MeCN

Therefore, we became interested in revisiting the synthesis of 2 with a tetramethylammonium counter-ion

to explore its reaction chemistry in solution. We hypothesized that the increase in anation when converting 1
to 2 would also be accompanied by oxidations that occur at a more negative redox potential that could benefit
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methodologies involving oxidatively triggered reductive eliminations of RZ~ (Z = O, NR) with CFs;. Such
methodologies for the generation of RZCF3 groups would not rely on the use harsh chemicals limiting substrate
scopes or the use of sensitive —ZCF; reagents, but be more compatible with readily available and commercial
substrates.

Results and Discussion

Reaction of the tetramethylammonium salt of 1 with [NMes][OPh] in MeCN, followed by precipitation with
diethyl ether led to the isolation of the bis-tetramethylammonium salt 2 in 61% isolated yield (eq. 2). The
structure was confirmed by X-ray crystallography, and an ORTEP diagram is shown in Figure 1. The structure
reveals a distorted square plane around the nickel center, with the CFs; group trans to the phenoxide as the
shortest Ni-CF3 bond. This feature is consistent with the strong trans influencing properties of the
trifluoromethyl ligand. The °F NMR spectra of the isolated tetramethylammonium salt of 2 at room
temperature revealed unique resonances 6 —21.3 (sept, 3F) and —31.4 (q, 6F). However, the phenoxide moiety
was found to be only weakly coordinated to nickel in solution as the *°F NMR spectrum of 1 in acetonitrile
revealed significant quantities of 1, even at —30 °C (see Supporting Information).
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Figure 1. ORTEP Diagram of the anionic portion of 2. Ellipsoids shown at the 40% level. Selected bond lengths
(A): Ni1-C1 1.876(13); Ni1-O1 1.899(7); Ni1-C3 1.914(12); Ni1-C2 1.920(12). Selected bond angles (°): C1-Ni1-
01 163.0(5); C1-Ni1-C3 92.0(5); O1-Ni1-C3 91.7(4); C1-Ni1-C2 90.8(5); 01-Ni1-C2 87.2(4); C3-Ni1-C2 174.0(5).

Since the phenoxide complex 1 displays a labile Ni-O bond in the presence of acetonitrile, we were curious
if nitrogen-bounded X-type ligands displayed similar behavior. Reaction of 1 with deprotonated 7-azaindole led
to the formation of the dianionic heterolyptic complex 3 in 64% isolated yield (eq 3). The °F NMR spectrum
revealed diagnostic signals for the new complex 6 —22.7(sept, 3F) and —29.5 (q, 6F). Unlike the phenoxide
complex 2, the 7-azaindole complex 3 was not in equilibrium with 1 in acetonitrile solution, as 1 was not
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observed in by NMR spectroscopy, even at room temperature. A preliminary X-ray structure confirms the

connectivity of 3 (see Supporting Information), but severe disorders in the structure precludes bond length
analyses.
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With complexes 2 and 3 in hand, we explored their electrochemical properties by cyclic voltammetry.
Tetrabutylammonium hexafluorophosphate was used as the electrolyte to mitigate ion pairing effects of the
small tetramethylammonium counter-ions in 2 and 3. The tetramethylammonium complex of 2 had a first
oxidation peak potential at —0.53 V, and a close second oxidation peak potential of —0.36 V vs. the Fc/Fc* couple
(Figure 3, blue line). Since it was established that the phenoxide moiety is labile in solution, the cyclic
voltammogram of [NMe4][PhQ] was also recorded, and displayed a first oxidation peak potential of —0.40 V
(Figure 3, red line). Suggesting that dissociation of phenoxide in solution may lead to the phenoxide moiety itself
being oxidized. For comparison, the anionic 1, has first oxidation peak potential at +0.38 V (Figure 3, black line).
Overall indicating that phenoxide and/or 2 are more easily oxidized than 1. However, the dissociation of the

phenoxide ligand must be accounted for in future methods developments involving [Ni-OPh] functionalities
from trifluoromethylnickelates.
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Figure 3. Cyclic voltammogram of [NMea];[(PhO)Ni(CF3)3] (2, blue), [NMes][PhO] (red), and
[NMes][(MeCN)Ni(CF3)3] (1, black) in MeCN. Complex, 10 mM; electrolyte, 100 mM [NBu4][PFs]; working and
counter electrode, platinum; silver pseudoreference; scan rate 100 mVs™.
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Similarly, the heteroleptic azaindole complex 3 displayed a first oxidation peak potential at -0.13 V vs. the
Fc/Fc* couple (Figure 4, blue line). Complex 3 also contained other well-separated oxidation peaks at +0.27 V
and +0.61 V (see Sl). While complex 3 did not display lability of the coordinated 7-azaindole species, we were
curious where the [K][7-azaindole] itself underwent oxidative reactivities. The [K][7-azaindole] displayed an
oxidation peak potential at —0.15 V (Figure 4, red line), in a region similar to the dianonic complex 3. Again,
these oxidation events are far less positive than the anionic solvato complex 1 (Figure 4, black line). Therefore,
while the complex 3 has easily accessible oxidation potentials, the polar bond of the 7-azaindole ligand makes
it difficult to ascertain if the oxidations involve metal complex or free ligand. The irreversibility of the waves is
likely associated with an overall chemical event. Prior investigations with [(MeCN)Ni(CFs)s]~ and
[(MeCN)Ni(CzFs)3]™ suggest that upon oxidation of the nickel complexes in acetonitrile solvent, trifluoromethyl
and perfluoroethyl radicals are released, and the charge neutral [(MeCN)2Ni(R¢).] is generated.'**® This charge-
neutral complex in turn gets oxidized at more positive potentials.?*'® We propose that, when scanning out to
more positive potentials during the electrooxidation of 3 (Figure S8, Supporting Information) in acetonitrile
solvent, both azaindole radical and CFs radical are produced along with the transient formation of
[(MeCN)2Ni(CF3)2].
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Figure 4. Cyclic voltammogram of [NMea]:[(7-azaindole)Ni(CFs3)s3] (3, blue), [k][7-azaindole] (red), and
[NMea][(MeCN)Ni(CF3)3] (1, black) in MeCN. Complex, 10 mM; electrolyte, 100 mM [NBu4][PFs]; working and
counter electrode, platinum; silver pseudoreference; scan rate 100 mVs™.
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Conclusions

In this report, we have disclosed the synthesis of stable tetramethylammonium salts of heteroleptic
trifluoromethyl nickelate salts [RNi(CFs)3]?~ (R = PhO, 7-azaindole). While the phenoxide in [(PhO)Ni(CFs)s3]*~
could be displaced by acetonitrile to form [(MeCN)Ni(CF3)3], the azaindole anion in [(azaindole)Ni(CF3)3]?~ was
more tightly bound to the nickel and did not revert to [(MeCN)Ni(CF3)s3]” upon dissolution in acetonitrile. Full
characterization of the new nickel complexes is reported, and their electrochemical properties are revealed.
Both the phenoxide and azaindole nickel complexes display irreversible oxidations at potentials near the values
for free phenoxide and free azaindole, suggesting that oxidative chemistries involving these nickel complexes
may ultimately involve free phenoxide and azaindole radicals.

Experimental Section

General Considerations: All manipulations were performed using standard Schlenk and high vacuum techniques
or in a nitrogen filled glovebox, unless otherwise stated. Solvents were purified by passing through activated
alumina and/or copper in a solvent purification system supplied by Pure Process Technology. Solution *H NMR
spectra were recorded at ambient temperature on a Bruker 400 MHz spectrometer and referenced to residual
proton solvent signals. *°F NMR spectra were recorded on the Bruker NMR spectrometer operating at 376 MHz
and referenced to a,a,a-trifluorotoluene as an internal standard (6 = —63.7). A Bruker D8 Quest diffractometer
was used for X-ray crystal structure determinations. Cyclic voltammetry data was collected in a nitrogen filled
glovebox at room temperature on a PARSTAT 4000A potentiostat. CCDC 2195893 and 2203186 contain the
supplementary crystallographic data for compounds 2 and 3 in this paper, respectively. These data can be
obtained free of charge via www.ccdc.cam.ac.uk/data_request/cif, or by e-mailing
data_request@ccdc.cam.ac.uk, or by contacting The Cambridge Crystallographic Data Centre, 12 Union Road,
Cambridge CB2 1EZ, UK; fax: +44 1223 336033.

Preparation of [NMea][(PhO)Ni(CF3)3] (2): In a glovebox, a solution of [NMes][OPh] (13 mg, 0.08 mmol) in 0.5
mL of MeCN was added to a stirred solution of [NMes][(MeCN)Ni(CF3)s] (30 mg, 0.08 mmol) in 0.5 mL of
MeCN. The solution was stirred for 30 minutes, and then 1 mL of ether was added. The vial was placed in the
glovebox freezer (-30 °C) were yellow crystals formed and were collected (25 mg, 61%). The solution *H NMR
spectra were complicated due to the lability of the phenoxide ion resulting in the equilibria observed between
the phenoxide complex 2 and 1. *°F NMR (CDsCN, 376 MHz): § —21.3 (sept, J = 4.1 Hz, 3F), -31.4 (g, J = 4.1 Hz,
6F). Anal. Calcd (found) for C17H29NiFgN2O: C, 40.26 (40.59); H, 5.76 (5.48).

Preparation of [NMes]:[(7-azaindole)Ni(CF3)s] (3): In a glovebox, to a stirred solution of
[NMea][(MeCN)Ni(CF3)3] (38 mg, 0.10 mmol) and NMesCl (12 mg, 0.10 mmol) in 0.5 mL of MeCN was added a
solution of [K][7-azaindole] (16 mg, 0.10 mmol) in 1.5 mL of MeCN, and then the resulting mixture was stirred
for 15 minutes. The insolubles were removed by filtration, and ether was added to the solution to precipitate
the product. After placing in the glovebox freezer (-30 °C) overnight, the product was collected by filtration
and washed with ether to yield 34 mg (64%) of a light yellow solid. *H NMR (CD3sCN, 376 MHz): § 8.04 (dd, J =
4.6 Hz, 1.8 Hz, 1H), 7.53 (dd, J= 7.5 Hz, 1.8 Hz, 1H), 7.42 (d, /= 2.7 Hz, 1H), 6.58 (dd, J/ = 7.5 Hz, 4.6 Hz, 1H),
6.08 (d, J = 2.7 Hz, 1H), 3.12 (s, 12H). °F NMR (CDsCN, 376 MHz): § —22.7 (sept, J = 4.1 Hz, 3F), -29.5 (q, /= 4.1
Hz, 6F). Anal. Calcd (found) for C1gH29NiFgN4: C, 40.70 (41.42); H, 5.50 (5.90).
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