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Reaction of [(dippe)Nil,] (dippe = 1,2-bis(diisopropylphosphino)ethane) with excess [NMe,4][SCF;] led to
the formation of [(dippe)Ni(SCFs),] (1) in 92% isolated yield. Complex 1 has been structurally
characterized, and the data provides the first experimentally determined bond parameters of a nickel-
trifluoromethylthiolate complex. The molecule lies on a two-fold axis, with nickel-phosphorus bonds of
2.1828(4) A and nickel-sulfur bonds of 2.2395(4) A. Density functional theory (DFT) calculations predict
that the highest occupied molecular orbital (HOMO) is sulfur-centered and the lowest unoccupied
molecular orbital (LUMO) is nickel-centered.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

The SCF5 functional group has become increasingly important
in the agrochemical and pharmaceutical fields.[1] Its extremely
high Hansch lipophilicity parameter (77 = 1.44)[2] makes the SCF3
group appealing for the design of new molecules capable of
crossing lipid membranes. Although a variety of novel methods
exist to incorporate an SCF; group into organic substrates, [1a] only
recently have metal-catalyzed SCFs;-coupling processes begun to
emerge. Three recent breakthroughs in metal-catalyzed trifluor-
omethylthiolation are shown in Egs. (1)-(3). A palladium complex
bearing the bulky Brettphos ligand was found to mediate the cross-
coupling of aryl bromides with AgSCF5 as described in Eq. (1) [1c].
The employment of the silver trifluoromethylthiolate reagent was
necessitated by the fact that the cross-couplings occur at elevated
temperatures. Aryl chlorides were not amenable to the conditions
described in Eq. (1). Since aryl chlorides can be catalytically
converted to aryl boronic acids [3], the copper-catalyzed oxidative
trifluoromethylthiolation reaction described in Eq. (2) offers a nice
alternative approach to the formation of aryl trifluoromethyl
sulfides [1d]. However, this approach also employs the use of
stoichiometric amounts of silver salts. The use of a simple nickel
bipyridine system described in Eq. (3) (dmbpy = 4,4’-dimethox-
ybipyridine) allows for the cross-coupling of aryl iodides and
bromides to occur under room temperature conditions with the
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convenient [NMey4]|[SCFs] reagent [4] and avoids the use of silver
salts altogether [1b].
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Because of the promising reactivity of the nickel system, we
became interested in obtaining experimental structural param-
eters of a nickel-SCF3; bond. Attempts to prepare (bipyridine)Ni
trifluoromethylthiolate complexes related to the catalytically
active species in Eq. (3) have thus far not yielded any successful
results, so we turned our attention to other ligands which might be
able to support trifluoromethylthiolate bonding. One ligand that
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we targeted was dippe. Many studies have focused on using the
[(dippe)Ni] fragment as active desulfurization agents, so many
structurally characterized [(dippe)Ni] compounds exist with
nickel-sulfur bonds [5]. Since this collection of structures is very
attractive for comparative purposes, efforts turned toward
preparing [(dippe)Ni(SCFs),] (1).

2. Results and discussion

It was found that reaction of [(dippe)Nil,] [6] with excess
[NMe,][SCF3] led to the formation of 1in 92% isolated yield. The '°F
NMR spectrum (CD,Cl,) of 1 displays a singlet at § —19.9,
indicating the presence of equivalent SCF; groups. The '>C{'H}
NMR spectrum (CD,Cl,) clearly showed the presence of the SCF;
carbon atom as a quartet at § 135.0 with Jc_r=304 Hz. X-ray
quality crystals of 1 could be grown by layering a THF solution of 1
with pentane, and the X-ray structure (Fig. 1) is consistent with the
symmetric geometry observed in solution phase. Details of the
data collection are summarized in Table 1. The molecule lies along
a crystallographic two-fold axis which includes the nickel atom.
The twist angle between P-Ni-P and S-Ni-S planes is 11.69(2)
degrees. Interestingly, the nickel-phosphorus and nickel-sulfur
bond distances are both slightly longer than those for the known
[(dippe)Ni(S,C>H,4)] (2) and [(dippe)Ni(SAr),)] (3, Table 2).

DFT calculations were performed in order to determine the
optimized bond lengths and angles for 1 in the gas phase, and the
results are provided in Table 2. Calculations predict a slightly more
elongated nickel-phosphorus bond and slightly contracted nickel-
sulfur bonds. The HOMO, HOMO-1, and LUMO of 1 were also
evaluated computationally, and the results are depicted in Fig. 2.
The largest molecular orbital coefficients (Mulliken) for both the
HOMO and HOMO-1 of 1 were sulfur-centered, while those for the
LUMO were dominated by the nickel atom. The HOMO and HOMO-1

Table 1
Crystal data and refinement parameters for (dippe)Ni(SCFs), [7].

Compound 1

Chemical formula
Formula weight
Crystal dimensions (mm)

C16H32F6NiP,S,
523.19
0.20x0.18 x 0.12

Color, habit Orange, block

Crystal system Monoclinic

Temperature 100.0(5)K

Wavelength (A) 0.71070

Space group (2) C2/c, 4

a (A) 9.1592(9)

b (A) 17.3494(16)

¢, (A) 14.4664(14)

a(°) 920

B () 94.703(2)

v () 90

vol, (A%) 2291.1(4)

Pcalc (mg/m3) 1517

R indices [I>2 sigma(I)] R;=0.0575
WR,=0.1538

R indices [all data] R;1=0.0728
WR;=0.1652

Goodness of fit 1.080

6 Range (°) 2.35-37.78

Number of data collected 33,333

Number of unique data 6103

Rint 0.0650

Absorption correction Multi-scan

Data/restraints/parameters 6103/0/127

Goodness-of-fit on F? 1.043

Final R indices [I >2sigma (I)] R1=0.0392
WR,=0.0843

R indices R;=0.0392

(All data) WR;=0.0843

Fig. 1. ORTEP diagram of [(dippe)Ni(SCF3),] (1). Ellipsoids shown at the 50% level.
Hydrogen atoms are removed for clarity. Selected bond lengths (A): F1-C8
1.3443(19); F2-C8 1.3447(19); F3-C8 1.3576(17). Selected bond angles (°): F(1)-
C(8)-F(2) 105.09(13); F(1)-C(8)-F(3) 105.64(13); F(2)-C(8)-F(3) 104.58(12); F(1)-
C(8)-S(1) 114.73(11); F(2)-C(8)-S(1) 115.63(11); F(3)-C(8)-S(1) 110.23(10).

contributions came largely from the two sulfur’s py and p, orbitals,
respectively. The largest molecular orbital coefficients (Mulliken)
for the LUMO of 1 were dominated by the nickel d,, orbital with
slight contributions from the dy,. Charge distributions (Fig. 2)
show that the sulfur atoms bear a negative charge that is not as
large in magnitude as those on the fluorine. This distribution is in
contrast to that recently reported for [(SIPr)Cu(OCFs)]
(SIPr = N,N’-bis(2,6-diisopropylphenyl)-4,5-dihydroimidazol-2-
ylidene) [8], in which the oxygen atom bore the highest charge of
—0.87e while that of the fluorines were calculated to be —0.39,
—0.38,and —0.41e.The carbon atom of the SCF3 group in 1 was also
found to have a less positive charge (0.93e) than that in
[(SIPr)Cu(OCF3)] (1.32e).

Table 2 .
Experimental and calculated bond lengths (A) and angles (°) in selected

T i Y
( b ' SCF3 N'\ j /N g

L A <y

Bond length or ~ Complex 1 Complex 1 Complex 2 Complex 3
angle expt. calc. expt. [5a] expt. [5f]
Ni-P1 2.1828(4) 2.223 2.156(2) 2.1728(7)
Ni-P2 2.1828(4) 2.223 2.154(2) 2.1831(7)
Ni-S1 2.2395(4) 2272 2.179(2) 2.2298(7)
Ni-S2 2.2395(4) 2.273 2.181(2) 2.2252(7)
C1-S1 1.7685(15) 1.800 1.820(7) 1.762(3)
C2-S2 1.7685(15) 1.800 1.810(8) 1.775(2)
S1-Ni-S2 96.66(2) 95.56 93.41(8) 98.16(3)
P1-Ni-P2 87.87(2) 88.39 89.17(7) 88.60(3)
P1-Ni-S1 88.354(14) 88.57 90.54(8) 86.06(3)
P1-Ni-S2 170.508(13) 171.33 165.19(8) 174.84(3)
P2-Ni-S1 170.508(13) 171.33 164.80(9) 172.58(3)
P2-Ni-S2 88.3354(14) 88.57 90.70(8) 87.46(3)
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Fig. 2. Top left: calculated HOMO (—5.38 eV). Top right: Calculated HOMO-1 (—5.41 eV). Bottom left: calculated LUMO (—1.58 eV). Bottom right: selected calculated natural

atomic charges in 1.

3. Conclusions

The first stable trifluoromethylthiolate complex of nickel has
been synthesized, structurally characterized, and evaluated
computationally. With this new complex in hand, it is hoped that
explorations of stoichiometric reactions with organic substrates
will ultimately lead to better methods development and a better
understanding of how to manipulate the trifluoromethylthiolate

group.
4. Experimental procedures
4.1. General considerations

All manipulations were performed using standard Schlenk and
high vacuum techniques or in a nitrogen filled glovebox. Solvents
were distilled from Na/benzophenone or CaH,. '"H NMR spectra
were recorded at ambient temperature on a Varian Oxford
300 MHz spectrometer and referenced to residual proton solvent
signals. >*C{"H} NMR spectra were recorded on the Varian Oxford
spectrometers operating 125 MHz and referenced to solvent
signals. '°F spectra were recorded on the Varian Oxford
spectrometer operating at 282 MHz. [NMe,4][SCF3] was prepared
according to a previously published procedure.

4.1.1. Preparation of complex 1

In a glovebox, (dippe)Nil, (57 mg, 0.1 mmol) and [NMe,4][SCFs]
(59 mg, 90%, 0.3 mmol) were dissolved in dry THF (4 mL). The
mixture was stirred at room temperature for 2 days, then filtered
through a glass frit. Pentane (15 mL) was gently added into the
filtrate. The suspension was kept in a freezer (—30 °C) until dark
brown-red crystals were formed (48 mg, 92% yield). 'TH NMR
(300 MHz, CD,Cl,): § 2.53 (m, 4H), 1.72 (d, J = 12.3 Hz, 4H), 1.41
(dd, J=16.7 Hz, J=7.3 Hz, 12H), 1.27 (dd, J=13.6 Hz, J= 7.0 Hz,

12H). "°F NMR (282 MHz, CD,Cl,): § —19.9 (s, 6F). 3'P NMR
(121 MHz, CD5Cl,): § 85.1 (m). '*C{'H} NMR (125 MHz, CD,Cl,): §
135.0 (q, ] = 304 Hz, SCF5), 26.3 (t, ] = 13.4 Hz), 21.0 (t, J = 19.1 Hz),
20.3, 18.5. Anal. Calcd (found) for C;gH3,FgNiP,S,: C, 36.73 (36.79);
H, 6.16 (5.99).

4.2. Computational details

All of the calculations were performed using the Gaussian09W
package [9]. Unrestricted quantum calculations were performed
using the B3LYP exchange-correlation functional [10]. The nickel
atom was represented with the m631-g* basis set [11] and the
remaining atoms were represented with 6-31g(d,p) basis set
stored internally in the Gaussian program. The geometry
optimizations were performed without any symmetry constraints,
and the local minima were checked by frequency calculations.
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