Journal of the Korean Chemical Society
2018, Vol. 62, No. 1

Printed in the Republic of Korea
https://doi.org/10.5012/jkcs.2018.62.1.68

Notes

Effect of Fluorinated Ligand on the Electrochemical Properties of
(Diphosphine)Pt(p-SCsHF4),

Su-Kyung Lee and Dong-Youn Noh*
Department of Chemistry, Seoul Women’s University, Seoul 01797, Korea.
“E-mail: dynoh@swu.ac.kr
(Received October 13, 2017; Accepted December 13,2017)

Key words: P,PtS; Core, Group Electronegativity, Fluorobenzene, Electrochemistry

INTRODUCTION

Heteroleptic (diphosphine)Pt(dithiolate) complexes have
been investigated for their versatile properties, especially
for diversity of redox behavior in solution state depending
on functionality of ligands.' These complexes are usually
stable in solution state mainly due to thermodynamic sta-
bility obtained by the chelate effect of the two bi-dentate
ligands, diphosphine and dithiolate.* Conversely, monothi-
olate derivatives are expected to be less stable in solution
state than dithiolate due to lack of stability caused by dithi-
olate-induced chelate effect.

In previous studies on electrochemistry of (dppf)Pt(BzT),
complexes (dppf: 1,1’-bis(diphenylphosphino)ferrocene;
BZT: benzene-thiolate such as benzenethiolate(BT) and 2,3,
5,6-tetrafluorobenzenethiolate(TFBT)),” revealed different
redox behavior depending on BzT-ligands. It was tentatively
suggested to be concerned with group electronegativity
(GEN)* of the monothiolate ligand: On anodic scanning,
the (dppf)Pt(BT), complex (Scheme 1) reveals irreversible
anodic peak before reversible redox cycle corresponding to
[dppf]™ is observed at higher potential region. Conversely,
(dppf)Pt(TFBT), complex with fluoride substituents on
benzenethiolate ligand reveals no irreversible peak at low
potential region.

In the coupling reaction of (P2)Pt(BzT), complexes (P2:
1,2-bis(diphenylphosphino)-1°,2’-dimethyltetrathiafulval-

Scheme 1. Schematic structure of (dppf)Pt(BT),.
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ene),® the (P2)Pt(BT), complex undergoes oxidative cou-
pling reaction to produce [(P2)Pt{p-(BT).}Pt(P2)]** dimer
cation.’ Being opposed to this result, (P2)Pt(TFBT), com-
plex did not afford the coupling product under the same
reaction conditions. In this study, UV-Vis, CV and spectro-
electrochemistry of (P2)Pt(TFBT), complex are investigated
and compared with those of (P2)Pt(BT), and (P2)PtCl,
complexes based on electronegativity differences of ligands,
with a view to explain the difference of redox behavior and
product of coupling reaction.

EXPERIMENTAL

First grade organic solvents were purchased and used
without further purification. They are degassed by bub-
bling Ar prior to use. All reactions involving Pt(I) com-
plexes were conducted under protection from light and air.
Melting points were determined using a Stuart SMP3
(Barloworld Scientific Ltd.). MALDI-TOF mass spectra
were measured with a Voyager-DE™ STR Biospectrometry
Workstation (Applied Biosystems Inc.). Infrared spectra
were recorded by the KBr pellet method on a Perkin Elmer
Spectrum 100 in the range of 4000—400 cm™. The "H/"F/
3'P NMR measurements were conducted at room tempera-
ture using an Avance 500 (Bruker, 500 MHz) with samples
dissolved in CDCls. Positive chemical shifts are reported
downfield from external standards, viz. 85% H;PO,4 for
3P {'H} resonances and CFCl; for '°F resonances. UV/Vis
spectra were obtained on an HP 8452A diode array spec-
trophotometer in CH,Cl,.

Cyclic voltammetry (CV) and differential pulse vol-
tammetry (DPV) measurements were conducted at room
temperature with a CHI 620A Electrochemical Analyzer
(CHI Instrument Inc.) in 3 mL of CH,Cl solution con-
taining 1 mM of the sample, using 0.1 M #-BusN-PF¢ as
supporting electrolyte, Ag/AgCl as reference electrode, a
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Pt button working electrode, a Pt wire as the counter elec-
trode and with scan rate of 50 mV s™. All redox potentials
were referenced against Fc/Fc' redox couple (E12= 0.565
V). In-situ measurements of UV-Vis and CV (UV-Vis
spectroelectrochemistry: UV-Vis SEC)'® were measured
on the same conditions described above, except for a Pt
grid working electrode with a scan rate of 10 mV s™ and a
referenced Fe/Fc' redox potential (E12= 0.530 V).

Preparation of (P2)Pt(TFBT),

A CHCl; solution (25 mL) of (P2)PtCl» (0.2 mmol, 173
mg),' triethylamine (0.8 mmol, 81 mg) and 2,3,5,6-tetra-
fluorobenezenethiol (H(TFBT): 0.4 mmol, 73 mg) was
stirred for 24 h at room temperature under argon atmo-
sphere (Scheme 2). Red-orange solution was evaporated
and solid residue was purified by column chromatogra-
phy (SiO, CH,Cl,). Red-orange products were recrystal-
lized from CH,Cl,/MeOH. Yield: 82% (190 mg); m.p. >
250 °C (decomp.); Anal. Calc. for C44HagFsP,PtSe: C 45.63;
H 2.44. Found: C 45.74; H 2.47%; 'H NMR (500 MHz,
CDCls, TMS): 8 =7.82 (m, 8H, Ph), 7.56 (t, 4H, Ph), 7.50
(t, 8H, Ph), 6.50 (m, 2H, SCcF4H), 1.89 ppm (s, 6H, CH;
in TTF); *'P NMR (202 MHz, CDCls, 85% H3PO4): & =
32.40 ppm (Jeer= 2987 Hz); '’F NMR (282 MHz, CDCl;,
CFCl;): -133.4 (m, o-F), -142.2 ppm (m, m-F); FT-IR
(KBr): 3061 (Ar C-H), 2918, 2850 (-CH3), 1625, 1484,
1436, 1428 (Ar C=C), 1219, 1168 (Ar C-F str), 1101 (P-Ph),
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Scheme 2. Syntheses of (diphosphine)Pt(TFBT)..
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1011 (Ar C-H ip def), 910 (C-F def), 887 (asym S-C-S),
743, 713, 690 (Ar C-H oop def), 550, 519, 480 cm™ (Ar ring
oop def); UV/Vis (CH2Cl): Amax = 232 (s), 276 (m), 320
(sh), 460 nm (w); MALDI-TOF MS: m/z(%) 975.9736
(100) [M*-SCeF4H].

Preparation of (P2)Pt(BT),
This compound was prepared according to the estab-
lished process.’

Preparation of (dppe)Pt(TFBT),

An acetone solution (5 mL) of Pb(TFBT), (0.1 mmol,
57 mg)'" was added to acetone suspension (5 mL) of
(dppe)PtCl, (0.1 mmol, 66 mg) with stirring for 24 h at
room temperature (Scheme 2). PbCl, precipitate was sep-
arated by filtration and the purified product was recrys-
tallized from acetone/pentane. Yield: 39% (37 mg); m.p.>
275 °C (decomp); Anal. Calc. for C3sHasFsP2PtS,: C 47.75; H
2.74. Found: C 47.24; H 2.78%; 'H NMR (300 MHz,
CDCl;, TMS): 6 =7.78 (m, 8H, Ph), 7.49 (m, 12H, Ph), 6.50
(m, 2H, SC¢F4H), 2.15 ppm (m, 4H, PCH,CH,P); *'P
NMR (202 MHz, CDCls, 85% HsPO4): 6 = 45.60 ppm
(Jerr=2986 Hz); '°F NMR (282 MHz, CDCls, CFCl;): 6 =
-132.7 (m, o-F), -142.5 ppm (m, m-F); FT-IR (KBr): 3057
(Ar C-H), 1626, 1484, 1437, 1427 (Ar C=C), 1218, 1167
(Ar C-F str), 1104 (P-Ph), 1000 (Ar C-H ip def), 910 (C-F
def), 888 (asym S-C-S), 746, 712, 690 (Ar C-H oop def),
535, 482 cm™ (Ar ring oop def); UV/Vis (CH2Cly): Amax =
232 (s), 260 (m), 340 nm (w).

RESULTS AND DISCUSSION

(P2)Pt(TFBT), was synthesized from metathesis reac-
tion of the corresponding (P2)PtCl, and H(TFBT) in the
presence of NEt; (Scheme 2). Column chromatographic
purification afforded the product in a high yield of 82%.
Comparatively, the (dppe)Pt(TFBT), complex was pre-
pared from (dppe)PtCl, and Pb(TFBT); affording a lower
yield of 39%, but it allows convenient purification of the
desired product by precipitating out the side-product (PbCl,)
from the reaction mixture. Both (diphosphine)Pt(TFBT),
complexes were spectroscopically characterized.

UV-Vis spectra of P2 and its Pt(I) complexes were obtained
in CH>Cl, with 62.5 mM samples, and are demonstrated
in Fig. 1. Spectrum of P2 reveals three intense bands in
the short wavelength region, concerned with the phenyls
in diphosphine ligand.'? The weak band observed at 418
nm (8 times expanded) is obviously attributed to the n—*
transition in TTF moiety."® This band, however, shifts to
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Figure 1. UV-Vis spectra of (a) P2, (b) (P2)PtCly, (¢) (P2)Pt (TFBT). and (d) (P2)Pt(BT)..
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Figure 2. (a) CVs of (P2)Pt(TFBT), and (dppe)Pt(TFBT),, and (b) DPV of (P2)Pt(TFBT), (CH>Cl, Fc/Fc™ = 0.565 V).

462 nm and 460 nm for (P2)PtCl, and (P2)Pt(TFBT),,
respectively. To the contrary, it stays almost unchanged at
420 nm for (P2)Pt(BT),. Differences between both (P2)
Pt(monothiolate), complexes are in line with the electron-
withdrawing character of the BT (non-fluorinated) and
TFBT (fluorinated) ligands, known as ‘group electroneg-
ativity’ of functional groups.® It is also comparable with the
electronegative CI™ anion from this point of view. There-
fore, more electronegative TFBT ligand impacts UV-Vis
absorption of TTF moiety in P2 ligand, while non-fluori-
nated BT ligand does less. These observations are further

discussed below, associated with electrochemical results.
CV and DPV of (P2)P(TFBT), (Fig. 2) exhibit two
reversible cycles in the potential region measured, unam-
biguously attributable to successive one-electron redox pro-
cesses of TTF core in P2 ligand.” From Fig. 2a, compared
to the CV of (P2)P(TFBT),, TTF-free (dppe)Pt-(TFBT),
complex reveals no redox cycle in this potential region.
Half-wave potentials (E) for the two redox cycles of
(P2)P(TFBT), are 0.725 and 1.199 V (7able 1). Potentials
are close to those of (P2)PtCl, (0.734 and 1.206 V), con-
trary to un-coordinated P2 (E1» = 0.422 and 0.899 V).
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Table 1. CV data for P2 and its Pt(Il) complexes®

Complexes Epa Epd Ep’ Ep Epd Ei’™ Ep®
P2 0.527 0.964 0.396 0.834 0.422 0.899
(P2)PtCL* 0.777 1.245 0.691 1.166 0.734 1.206
(P2)Pt(TFBT), 0.775 1.248 0.675 1.149 0.725 1.199
(P2)PY(BT), 19 0.732 0.827 1276 0.733 1.184 0.780 1230

350 mV s™' scan rate; Supporting electrolyte: 0.1 M n-BusN-PFs; Working electrode: Pt disk; Counter electrode: Pt wire; Ref. electrode: Ag/AgCl; 1 mM sam-

ples in CHCly: Ei=0.565 V for F¢'/Fe.
OF1n= (Epa + Epc) / 2.
°ref. 9.
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Figure 3. CVs of (P2)PtCL, (P2)Pt(TFBT), and (P2)PBT),
measured in CH,Cl, (Fc¢*/Fc = 0.565 V).
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Half-wave potentials of (P2)Pt(BT),, however, appear at
more anodic potential region (£, = 0.780 and 1.230 V).
Moreover, it reveals an additional irreversible wave at Ep,
=0.732 V (Fig. 3). This irreversible wave is rationalized
as that associated with thiolate ligand oxidation, leaving a
cationic species [(P2)Pt(BT)]".’ Cationic species is revealed as
a key intermediate in the dimerization process to [(P2)Pt(p-
BT),Pt(P2)]*". A noteworthy point in these electrochem-
ical results is that such a thiolate ligand oxidation process
is not identified in the CV of (P2)Pt(TFBT).. That is, redox
behavior of (P2)Pt(TFBT), is almost identical with that of
(P2)PtCl,, rather than that of (P2)Pt(BT), (Fig. 3). Such
electrochemical behavior were also revealed in different

(b)

Figure 4. UV-Vis SEC spectra of (a) P2, (b) (P2)PtCl,, (c) (P2)Pt(TFBT). and (d) (P2)Pt(BT)..

2018, Vol. 62, No. 1



72 Su-Kyung Lee and Dong-Youn Noh

diphosphine system such as (dppf)Pt(TFBT). and (dppf)
Pt(BT)..> Considered together with UV-Vis results, dif-
ferences in redox behavior between (P2)Pt(TFBT), and
(P2)Pt(BT), arise from electronegativities of TFBT and
BT ligands.

Oxidized state of (P2)Pt(TFBT), was investigated by UV-
Vis SEC and compared with those of related complexes
shown in Fig. 4. UV-Vis SEC was conducted between 0.4
and 1.4V, considering oxidation potentials of complexes.
Weak absorption band of (P2)Pt(TFBT), at 460 nm (0.4 V)
intensifies from approximately 0.7 V, and final absorption
bands are observed at 413(sh), 448 and 624 nm when the
applying potential is 1.4 V.'* Almost the same results are
obtained for (P2)PtCl, (416(sh), 448 and 625 nm) and
(P2)Pt(BT), (420(sh), 450 and 625 nm), except that the
absorption band for (P2)PtBT), starts to intensify at approxi-
mately 0.8 V. It suggests that oxidation of coordinated P2
ligand shifts to higher potential region (ca. about 0.1 V) by
thiolate ligand oxidation.

In summary, overall redox behavior of UV-Vis SEC, as
well as the CV results, for (P2)Pt(TFBT): are close to that of
(P2)PtCL, but much different from those of (P2)Pt(BT), even
though both complexes belong to the (P2)Pt(benzenethi-
olate), category. It results from the difference of ‘group
electronegativity’ of the benzene-thiolate ligands (TFBT
and BT). Consequently, this difference can prevent oxida-
tive dimerization reaction of (P2)Pt(TFBT),, contrary to
the case of (P2)Pt(BT),.
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