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terms of the strong dipole of C-F bonds.

INTRODUCTION

Over the past few decades, the fluorine and fluorine-conta-
ining group ligated transition metal coordination compounds
have received substantial attentions within the synthetic commu-
nities due to their importance in the discovery of unconven-
tional structural patterns and the guidance for innovation of
direct fluorination or fluoroalkylation reaction methodologies
[1,2]. Among the various reported [L.MR;] complexes (M =
transition metals; R¢= fluorine or fluorine-containing groups), the
trifluoromethylthiolated coordination compounds [L.M(SCF;),,]
are well prized and recognized as versatile intermediates for
the synthesis of CF;S-organics [3-5]. For example, Weng group
has developed a series of [L,Cu(SCFs)] complexes (L = bipyridine,
phen and PPhs, Fig. 1) as efficient nucleophilic trifluoromethyl-
thiolating reagents for several types of organohalides including
aryl halides [6], benzylic halides [7] and allylic halides [8,9].
Particularly, unlike the [(bipy)Cu(SCF;)] complex [6],
[(PhsP),Cu(SCF;)] complex prepared from the simple and
inexpensive monodentate triphenylphosphine was proved to
be effective in the coupling with allylic bromides other than
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aryl bromides [9]. It is evident that the selection of supporting
ligands (L) has profound influences on the reactivities of these
CuSCF; species and the structural characters especially the
crystal structural information is crucial for elucidating the
structure/reactivity relationships.

In this context, the further exploration of other types of
elaborated phosphine ligand supported trifluoromethylthio-
lated coordination compounds is highly intriguing and desirable
[10]. Herein, we report the synthesis of [(dppf)Cu(SCF3)] via
deoxygenative reduction [ 1 1] and dppf ligand supporting strategy
and make structural comparison studies between the X-ray
structure of [(dppf)Cu(SCF3)] and [(PhsP),Cu(SCF;)] in order
to obtain a better understanding of the primary bond parameters
and secondary interactions within the crystal lattice which might
be useful for guiding the further optimization of phosphine-
ligated copper(I) trifluoromethylthiolate complexes [12,13].

EXPERIMENTAL

General information: All reactions were carried out using
standard Schlenk and vacuum-line techniques under N, atmos-
phere. Solvent CH;CN was distilled from calcium hydride.
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Fig. 1. Representative [L,Cu(SCFs)] complexes

Cuprous chloride (CuCl), Langlois reagent (CF;SO,Na),
triphenylphosphine (Ph;P), 1,1'-bis(diphenyphosphino)ferro-
cene (dppf) were commercially available and used as received.
'H, ®C and *'P NMR were recorded on a Bruker AM-500 spec-
trometer. ’F NMR was recorded on another Bruker AM-500
spectrometer (FCCl; as outside standard and low field is posi-
tive). Chemical shifts (d) are reported in parts per million and
coupling constants (J) are in hertz. Crystallographic data were
analyzed with Rigaku FCR Diffractimer.

Synthetic procedure: To a solution of CF;SO,Na (312
mg, 2.0 mmol) and CuCl (198 mg, 2.0 mmol) in acetonitrile
(8 mL, pre-cooled to -20 °C) were added Ph;P (1048 mg, 4.0
mmol). The reaction mixture was stirred under N, atmosphere
at room temperature for 3-5 h until completion. Then the
reaction mixture was filtrated through PTFE filter to remove
the insoluble salts and get a clear solution. This solution was
frozen (approximately -20 °C) for 24 h until the formation of
crystalline PhsPO. The acetonitrile solution of CuSCF; was
collected by decanting to remove Ph;PO and cooled to -20 °C
again. Then the solution of dppf (1109 mg, 2 mmol) in CH,Cl,
(6.0 mL) was added in drop-wise. The reaction solution was
kept at the fridge (approximately -20 °C) for crystallization.
The resulting crystals were collected by filtration and washed
with cold acetonitrile (3 mL, approximately -20 °C) and ether
(5 mL) and dried under reduced pressure to afford the corres-
ponding [(dppf)Cu(SCF;)] complex (yellow colour powder,
992 mg, Yield 69 %).

Detection method: Single crystal of [(dppf)Cu(SCF;)]
compound suitable for X-ray diffraction analysis can be grown
from CH3CN/pentane solution. The crystal of compound (II)
with dimensions of 0.221 mm X 0.147 mm x 0.101 mm was
mounted on a Rigaku RAXIS-RAPID diffractometer equipped
with a graphite-monochromated MoK, radiation (A =0.71073
A) by using an w scan mode at 293(2) K. Absorption correction
was performed by the CRYSTALCLEAR program [14]. The
structure was solved by direct methods using the SHELXS-
97 program [15] and refined by full-matrix least-squares tech-

CHsCN

niques on F* data using SHELXL-97 [16]. The empirical absor-
ption corrections were applied to all intensity data. All the
hydrogen atoms were located by using the geometric method,
with d(C-H) = 0.95-0.98 A and Uiso (H) = 1.2 Ueq(C)or 1.5
Ueq (Cmethyl).

RESULTS AND DISCUSSION

The title compound II can be synthesized by two steps
from the simple building block CFsSO,Na (named as Langlois
reagent) according to our developed method. The deoxyge-
native reduction [17] of CF;SO,Na took place smoothly in the
presence of triphenylphosphine and CuCl with employing
acetonitrile as solvent. The resulting [CuSCF;] complex was
further coordinated by the bidentate-P ligand 1,1'-bis(dipheny-
phosphino)ferrocene (dppf) to afford the target complex
[(dppf)Cu(SCF3)] (II) in 69 % yield (Scheme-I).

Compound IT was an air-stable yellow metallic complex
and fully characterized by 'H, "*C, F and *'P NMR spectro-
scopies. Firstly, the "H and *'P NMR spectra of compound IT
clearly indicated the successful binding of dppf ligand toward
Cu core. Moreover, the ’F NMR spectra demonstrated the
pattern of CF;S motifs (8 -20.58 ppm) coordinating to Cu and
C NMR exhibited the spin-spin coupling between F(1) and
C(1) with the coupling constant of 30.0 Hz (& 132.86 ppm).

Subsequently, a yellow single crystal of the [(dppf)Cu(SCF5)]
complex was grown from a CH;CN/pentane solution and the
molecular structure was further characterized by X-ray diffrac-
tion analysis. ORTEP and crystal packing diagram of II are
shown in Figs. 2 and 3, respectively and crystallographic and
refinement parameters of the title compound II are listed in
Table-1. The selected bond lengths and angles are given in
Tables 2 and 3. The structure was solved by direct methods.
Anisotropic displacement parameters were applied to all non-
hydrogen atoms in full-matrix least-square refinements based
on F°. The hydrogen atoms were set in calculated positions
with a common fixed isotropic thermal parameter.
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Scheme-I: Synthetic route of [(dppf)Cu(SCF;)] complex II
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Fig. 2. ORTEP view of compound II (hydrogen atoms were omitted for

clarity)
5
S

Fig. 3. Crystal packing diagram (wireframe) of compound (II) (hydrogen
atoms were omitted for clarity)

TABLE-1
CRYSTAL DATA AND STRUCTURAL
REFINEMENT FOR COMPOUND (II)

Items Values

Empirical formula CysH,3F;P,SCuFe
Formula weight 719.00
Crystal system Monoclinic
Unit cell dimensions

a(h) 11.4366(9)

b (A) 19.1340(16)

c(A) 14.0625(11)
Unit cell angles (°)

o 90

B 93.143(2)

% 90
Volume (A% 3072.62
Z 4
Space group P2,/n

TABLE-2
SELECTED BOND LENGTHS (A) FOR COMPOUND (II)
Bond Bond
e lengths A) B lengths A)
Cu(1)-S(1) 2.2091(7) P(2)-C(19) 1.807(2)
Cu(1)-P(1) 2.2523(6) P(2)-C(24) 1.825(2)
Cu(1)-P(2) 2.2469(7) P(2)-C(30) 1.828(2)
S(1)-C(1) 1.751(2) F(1)-C(1) 1.325(3)
P(1)-C(2) 1.822(2) F(2)-C(1) 1.330(3)
P(1)-C(8) 1.826(2) F(3)-C(1) 1.327(3)
P(1)-C(14) 1.798(2) - -
TABLE-3
SELECTED BOND ANGLES (°) FOR COMPOUND (II)
Bond Bond
Ero angles (°) i angles (°)
S(1)-Cu(1)-P(1) 115.51(2) | Cu(1)-P(2)-C(30) 109.02(7)
S(1)-Cu(1)-P(2) 131.86(2) | S(1)-C(1)-F(1) 114.6(2)
P(1)-Cu(1)-P(2) 112.11(2) | S(1)-C(1)-F(2) 112.4(2)
Cu(1)-S(1)-C(1) 110.56(8) | S(1)-C(1)-F(3) 115.3(2)
Cu(1)-P(1)-C(2) 117.91(7) | F(1)-C(1)-F(2) 103.5(2)
Cu(1)-P(1)-C(8) 113.43(7) | F(1)-C(1)-E(3) 104.1(2)
Cu(1)-P(2)-C(19) 115.83(7) | F(2)-C(1)-F(3) 105.9(2)
Cu(1)-P(2)-C(24) 118.83(7) - -

With the X-ray crystal structure of [(dppf)Cu(SCFs)] complex
established, we commenced the comparative structural analysis
between [(dppf)Cu(SCF;)] and the sibling [(PhsP),Cu(SCFs)]
derived from the supporting of monodentate triphenylphos-
phine ligand. It was found that both of [(dppf)Cu(SCFs)] and
[(PhsP),Cu(SCF3)] belonged to monoclinic crystal system with
the space group of P2,/n and Z = 4. The bond lengths of Cu(1)-
S(1), Cu(1)-P(1), Cu(1)-P(2), S(1)-C(1), F(1)-C(1), F(2)-C(1),
F(3)-C(1) in the [(PhsP),Cu(SCF;)] crystal were also very
similar to those of [(dppf)Cu(SCF;)]. Interestingly, the bond
angles of F(1)-C(1)-F(2) {[(PhsP),Cu(SCF)] 101.0(4)° vs.
[(dppf)Cu(SCF3)] 103.5(2)°}, F(1)-C(1)-F(3) {101.6(4)° vs.
104.1(2)°} and F(2)-C(1)-F(3) {108.5(4)°vs. 105.9(2)° } displayed
obvious differences that might be ascribed to the distinct steric
compulsion of the phenyl groups on the supporting ligands.

Further interrogations on the subtle structural features within
the crystal lattices between these two analogous crystals were
conducted (Fig. 4). The short contacts between the two fluorine
atoms {F(1), F(2)} of CFsS moiety and aromatic hydrogen of Cp/
(Ph) rings were observed in the crystal lattice of [(dppf)Cu(SCF;)]
with leaving the sterically-congested fluorine F(3) untouched.
The contact distances of F(1)---H34(A) (H on the Ph ring) and
F(2)--H(21)(A) (H on the Cp ring) were 2.533 A and 2.475 A.
On the other hand, the contact distances of F(1)---H(36) and
F(3)--H(28) in the [(PhsP),Cu(SCF;)] were 2.556 A and 2.597
A, with leaving F(2) atom untouched. Evidently, the short
interaction between F(2) and H(21)(A) of cyclopentadienyl ring
was remarkably stronger than the other F---H contacts involving
the hydrogen on the benzene ring. This phenomenon might be
explained by the stronger electrostatic force between the fluorine
and the more electron-positive hydrogen on the cyclopentadienyl
ring which was heavily influenced by the divalent iron core
(oxidation number +2). Additionally, the S(1) and H5(A) atoms
formed short contact in the distance of 2.937 A within the crystal
lattice of [(dppf)Cu(SCF;)] while the similar S---H contacts were
not observed in [(Ph;P),Cu(SCF;)].
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a. [(dppf)Cu(SCF;)]

Conclusion

In conclusion, we have disclosed the novel synthesis of
[(dppf)Cu(SCF;)] complex from the easily accessible CF;SO,Na
via deoxygenative reduction and dppf coordination. The X-ray
crystal structure comparison between [(dppf)Cu(SCF;)] and
the sibling [(Ph;P),Cu(SCF;)] demonstrated that both of them
belonged to the same crystal system and space group. More-
over, these two copper trifluoromethylthiolate complexes
displayed the similar F---H short contacts in the crystal lattices
with employing two fluorine atoms and leaving one fluorine
atoms alone. The major structural difference between
[(dppf)Cu(SCF;)] and [(PhsP),Cu(SCF;)] lied in the bond
angles of the trifluoromethyl motifs. We believe that the above
structural information would be useful for the further explo-
ration of [L,Cu(SCF;)] complexes with refined ligands and
tailored activities. Further studies of these [L,Cu(SCF;)] comp-
lexes as direct trifluoromethylthiolation reagents for novel
reaction developments are underway and the results will be
reported in due course.

Supplementary data L: CCDC-1401244 contains the
supplementary crystallographic data of [(dppf)Cu(SCFs)]for
this paper. These data can be obtained free of charge via http:/
/www.ccdc.cam.ac.uk/conts/retrieving.htmL, or from the
Cambridge Crystallographic Data Centre, 12 Union Road
Cambridge CB2 1EZ, UK (Fax: +44-1223-336033; or E-mail:
deposit@ccdc.cam.ac.uk). The elemental analysis and 'H (°C,
F, 'P) NMR characterization data can be found in the
supplementary materials of this literature (Chem. Eur. J., 22,
858 (2016)).
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