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Abstract

The synthesis of bis-cyclometalated halido(aryl) Pt(IV) complexes [PtX(Ar)(C"N):], with C"N
= cyclometalated 4-(fert-butyl)-2-phenylpyridine (bppy), 2-(p-tolyl)pyridine (tpy), 2-(2-
thienyl)pyridine (thpy), or 1-phenylisoquinoline (piq), X = I, CI, or F, and Ar = Ph (for all C*N
ligands) or -BuPh (for C"N = tpy), and the photophysical properties of the chlorido and
fluorido series are reported. The oxidative addition of iodobenzene to cis-[Pt(C"N)] precursors
is demonstrated to occur in MeCN under irradiation with visible light to give complexes
[PtI(Ph)(C"N)2], presumably involving radical species that also produce the activation of the
solvent to give cyanomethyl complexes [PtI(CH>CN)(C”N)]. The introduction of an aryl
ligand can also be achieved by reacting cis-[Pt(C"N).] with (Ar2I)PFs (Ar = Ph, -BuPh), which
affords cationic intermediates of the type [Pt(Ar)(C*"N)2(NCMe)]". The subsequent addition of
an iodide or chloride salt gives the corresponding iodido- or chlorido(aryl) complexes. The
fluorido(aryl) derivatives can be obtained from the iodido complexes by halide exchange using
AgF. The chlorido- and fluorido(aryl) complexes display intense phosphorescence in deaerated
CH>Cl: solution and poly(methyl methacrylate) (PMMA) films at 298 K from triplet excited
states primarily localized on the cyclometalated ligands (*LC) with a small MLCT admixture.



Compared with the chlorido complexes, the fluorido derivatives consistently present
significantly shorter emission lifetimes and higher radiative and nonradiative rate constants due
to a greater MLCT contribution to the emissive state. In contrast, the introduction of the ~-BuPh

group did not induce significant changes in radiative rates with respect to the phenyl complexes.

Introduction

Complexes of late transition metal ions with heteroaromatic ligands often exhibit long-
lived excited states that are accessible via photoexcitation and provide a wide applicability in

light-based technologies and processes, including chemical and biological sensing,'~

4-9 10,11

electroluminescent materials, photoredox catalysis, and diverse energy-transfer
processes of relevance in medicine and chemical synthesis.!>”!> Cyclometalated Pt(IV)
complexes belong to a class of luminescent compounds showing ligand-centred, triplet

16.17.26,18-25 \which also includes certain

emissive excited states (*LC) with little metal character,
types of Au(IIT)*7-3 and Pd(IT)***> complexes that have been pursued as phosphors for organic
light-emitting devices or photocatalysts. In previous works, we have shown that the metal
contribution to the emissive excited state in cyclometalated Pt(IV) complexes with 2-
arylpyridine ligands takes the form of a small but critical metal-to-ligand charge-transfer
(MLCT) admixture,'®!” which facilitates the formation of the emissive state and accelerates the
radiative transition to the ground state thanks to the spin-orbit coupling effects induced by the
metal. Fluctuations of the MLCT character of the emissive excited state have been observed
among Pt(IV) complexes with different coordination environments, which cause variations in
radiative rates and, in certain cases, in emission energies.!??%?* A rational way to increase this
MLCT character is to destabilize the metal dn orbitals by strengthening © donation from the
ligands, which should lead to a higher metal orbital involvement in the occupied frontier
orbitals. Such an effect has been observed for the fluorido complexes [PtF2(ppy)2] and
[PtF(Me)(ppy)2] (ppy = cyclometalated 2-phenylpyridine) with respect to the analogous
chlorido complexes.!” However, a systematic evaluation of the effects of fluoride on the
luminescence of Pt(IV) complexes with different cyclometalated ligands has not been
undertaken. We also note that the use of fluoride as ancillary ligand in luminescent Pt(IT)*¢ or
Ir(TIT)*" complexes is rare and the consequences of fluoride coordination on excited-state

properties have not been studied in much detail.



Based on the above precedents, in the present work we have targeted bis-cyclometalated
Pt(IV) complexes of the type [PtX(Ar)(C*N):], bearing two 2-arylpyridine ligands (C"N) in an
unsymmetrical arrangement and mutually cis halido (X) and aryl (Ar) ligands, which could
offer the possibility to modulate the MLCT admixture into the emissive state by variation of X
or Ar. More specifically, we have evaluated the effects of the introduction of fluoride by
comparing the emission properties of two analogous series of fluorido and chlorido complexes,
and also employed two aryl ligands of different electron-donating character (Ar = Ph, -BuPh)
to examine their influence. Although complexes of the type [PtCI(Ar)(C"N):] have been
previously reported,?!?? all of them contain the CsFs group as the aryl ligand and variations of

the halide have not been investigated.

To synthesize our target derivatives, we envisaged the use of bis-cyclometalated Pt(IT)
complexes, cis-[Pt(C"N):], as precursors, which can be conveniently prepared by
photochemical methods.’®* The introduction of the aryl ligand would then be attempted
through the oxidative addition of aryl halides or diaryliodonium salts. Although oxidative
addition reactions of alkyl halides to cis-[Pt(C"N),] complexes [C"N = cyclometalated 2-
phenylpyridine or 2-(2-thienyl)pyridine] were reported by von Zelewsky and co-workers to

proceed without difficulty under thermal or photochemical conditions,**~+?

aryl halides were
found unreactive.* In fact, the intermolecular oxidative addition of aryl halides to Pt(II)
complexes is extremely rare and only very recently has it been unambiguously demonstrated
by Love and coworkers,* who showed that electron-rich complexes of the type
[PtMe(C* C)(L)] (C**C = cyclometalated 1,3-dimesitylimidazol-2-ylidene; L = SMe> or
pyridine) reacted with iodobenzene or bromobenzene at 60 °C to give halido(phenyl) Pt(IV)
intermediates that undergo the reductive elimination of toluene. However, the isolation of an
oxidative addition product was only possible by employing 2-(2-iodophenyl)pyridine, which
led to a stable six-coordinate Pt(IV) complex with cyclometalated 2-phenylpyridine. Here we
demonstrate that intermolecular oxidative addition of iodobenzene to cis-[Pt(C"N),] complexes
is possible under irradiation with visible light at room temperature, providing access to stable
bis-cyclometalated iodido(aryl) Pt(IV) complexes that can be transformed into the fluorido
analogues via halide exchange. Alternatively, the introduction of the aryl ligand can also be

achieved using diaryl iodonium salts, allowing the synthesis of chlorido(aryl) Pt(IV) complexes

upon addition of a chloride salt.



Results and discussion
Synthesis

For the synthesis of the target bis-cyclometalated halido(aryl) Pt(IV) complexes, we initially
attempted the oxidative addition of iodobenzene to cis-[Pt(C"N):] (1a-d), with C"N =
cyclometalated 4-(tert-butyl)-2-phenylpyridine (bppy, a), 2-(p-tolyl)pyridine (tpy, b), 2-(2-
thienyl)pyridine (thpy, e), or 1-phenylisoquinoline (piq, d) under irradiation with visible light
(A =454 nm) in MeCN at room temperature. These reactions afforded mixtures containing the
desired phenyl complexes [PtI(Ph)(C"N):] (2a-d) together with the unexpected cyanomethyl
derivatives [PtI(CH2CN)(C”N).] (3a-d) after 4 h (Scheme 1). The molar proportions of these
products in the crude reaction mixtures range from 80:20 (2a:3a) to 40:60 (2d:3d), as estimated
from '"H NMR spectra. Complexes 2a-d could be separated from these mixtures by column
chromatography or fractional precipitation and isolated in low to moderate yields (30-47%).
The purification of the cyanomethyl complexes by chromatography was not successful, except

for the tpy complex 3b, which could be isolated in 15% yield.
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Scheme 1. Photoinitiated reactions of complexes 1a-d with Phl.

Since these reactions did not take place in the dark, it is clear that they are photoinitiated.
Based on previously described mechanisms for photochemically initiated oxidative additions
of alkyl halides to Pt(Il) complexes,**>* we propose the radical mechanism outlined in
Scheme 2 for the formation of complexes 2 and 3. The photoexcited precursor 1 would reduce
iodobenzene producing a phenyl radical and an intermediate Pt(IIl) iodido complex, that would

couple with each other to give 2. In a competitive reaction, the phenyl radicals would abstract



a hydrogen atom from acetonitrile to give cyanomethyl radicals,* that would then produce 3.
As far as we are aware, the reactions leading to complexes 2 represent the first instances of

intermolecular oxidative additions of a simple iodoarene to Pt(II) that produce stable aryl Pt(IV)

complexes.
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Scheme 2. Proposed radical pathway for the formation of complexes 2 and 3.

The introduction of aryl ligands was also attempted by reacting precursors 1 with
diaryliodonium salts (Scheme 3). These reagents have been previously shown to transfer an
aryl cation to M(II) complexes (M = Pd, Pt), with formation of M(IV) species.*® The reaction
of 1b with (Phz2l)PFs in MeCN at room temperature in the dark resulted in a mixture containing
a bis-cyclometalated Pt(IV) complex as the major product (ca. 83 mol%), as deduced from its
'"H NMR data (Fig. S17). The iodido complexes 2b and 3b were also identified as minor
products (ca. 11 and 6 mol%, respectively). The ESI(+) mass spectrum of the reaction mixture
showed the presence of the pentacoordinate cation [Pt(Ph)(tpy)2]" at m/z 608.1648 as the most
abundant ion (calculated m/z: 608.1665) and [Pt(CH.CN)(tpy)2]" at m/z 571.1449 as a much
less abundant species (calculated m/z: 571.1461) (Fig. S2t). Therefore, the major species in
solution is most probably the solvento complex [Pt(Ph)(tpy)2(NCMe)]PFs. Since this
compound could not be isolated in pure form, it was derivatized by adding y-picoline (pic),

which produced the isolable complex [PtPh(tpy)2(pic)]|PF¢ (4b; Scheme 3).
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Scheme 3. Synthesis of halido(aryl) Pt(IV) complexes.

The formation of complexes 2b and 3b along with [PtPh(tpy)2(NCMe)]* cations
suggests that the reaction between 1b and Phol™ involves radicals that can activate iodobenzene
and acetonitrile. Possible steps that could explain this result are outlined in Scheme 4. A one-
electron reduction of PhoI* by 1b would generate a Pt(IIT) cation complex (A), a phenyl radical
and iodobenzene. Most of the produced phenyl radicals would couple with species A to produce
the major cationic product B, but some would react with the solvent to give cyanomethyl
radicals that, in turn, would couple with A to give species C. Radical propagation could
marginally occur through the reactions of phenyl or cyanomethyl radicals with 1b to produce

the Pt(IIT) complex D and subsequent iodine abstraction from iodobenzene to give 2b or 3b and

a phenyl radical.
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Scheme 4. Proposed steps and intermediates resulting from the reaction of 1b with PhoI™ in

MeCN solution (C*N = tpy).

Since the solvent in [PtPh(tpy)2(NCMe)]" can be easily substituted, the addition of a
halide salt can lead to bis-cyclometalated halido(aryl) Pt(IV) complexes. Thus, the iodido
complexes 2a-d could be obtained from the reactions the appropriate precursor la-d with
(Ph2I)PF¢ in MeCN and subsequent addition of Nal, with similar or somewhat improved yields
over the previous method (25-50%). Following the same procedure, the 4-fert-butylphenyl
derivative [Ptl(#~-BuPh)(tpy):] (2b") was synthesized by employing [(#-BuPh),I]PF¢ and isolated
in 65% yield. By using NaCl instead of Nal, the chlorido complexes Sa-d and 5b' were obtained
as the major products, which needed to be separated from the iodido complexes that form as
secondary products by means of column chromatography and were isolated in low yields (19—
40%). The fluorido complexes 6a-d and 6b' could not be obtained in pure form using this
methodology and were synthesized by reacting the corresponding iodido complexes with AgF

in CH2Cl; and isolated in good yields (65-78%).



Structural characterization

The unsymmetrical disposition of the C*N ligands in all the new Pt(IV) complexes can be
unequivocally determined from the 'H NMR spectra, which show two sets of resonances arising
from these ligands. The protons that are closest to the metal are particularly informative because
their signals can be flanked by Pt satellites and affected by the diamagnetic ring current of
orthogonal aromatic rings (see Fig. 1 for selected spectra). The proton ortho to the metalated
carbon of one of the C*N ligands is strongly shielded by the aryl group of the other C*N ligand,
appearing in the range 6.70—6.18 ppm. In addition, all the halido(aryl) derivatives give rise to
a strongly deshielded aromatic resonance arising from the proton ortho to the N atom of one of
the pyridine moieties, which is directed toward the halide. The chemical shift of this resonance
was found to depend on the halide, increasing in the sequence F~ (9.13-9.24 ppm) > Cl~ (9.61—
9.86 ppm) > I (10.08-10.40 ppm) (Fig. 1), and hence it was key for the identification of
different halido(aryl) complexes in mixtures. In the case of complex 4b, this signal appears at
a significantly lower chemical shift (8.61 ppm), which can be attributed to the shielding effect
of the y-picoline ring. The aryl protons appear as broad resonances, suggesting restricted
rotation, except for the thpy complexes. The cyanomethyl group in complex 3b gives two
characteristic doublets with Pt satellites. The °F NMR spectra of the fluoride complexes show
a resonance in the range from —252.5 to —238.8 ppm with Pt satellites, confirming in all cases

the successful substitution of iodide by fluoride.

°
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Fig. 1. 'H NMR spectra of complexes 2b, 5b and 6b (CD,Cl,, aromatic region). Key resonances

are marked with coloured circles.



The structures of 2b, 4b-0.5CH>Cl,, 5b, 5b'-CH>Cl, and 6b-CH,Cl,-H,O were solved
by single-crystal X ray diffraction studies (Fig. 2, Table 1). All of them confirm the
unsymmetrical arrangement of the cyclometalated C*N ligands and show that the phenyl group
is located trans to the coordinated nitrogen of one of these ligands, whereas the halide or y-
picoline is trans to the metalated carbon of the other one. Complex 6b presents the shortest Pt—
C bond trans to the halido ligand [2.000(4) A], consistent with the weaker trans influence of
fluorido with respect to iodido or chlorido. The Pt—C(Ar) distance is very similar in all the
structures (ca. 2.04 A) and slightly longer than Pt—C distances involving the cyclometalated

ligands. Complex 6b crystallized with a water molecule in the asymmetric unit, which is

hydrogen-bonded to the fluorido ligand.

Fig. 2. Structures of 2b (a), 4b-0.5CH-Cl (b), 5b (c), 5b'-CH>Cl: (d) and 6b-CH>Cl>-H2O (e)
in the crystal (thermal ellipsoids at 50% probability). Hydrogen atoms, solvent molecules
(except for the H>O molecule of 6b) and the anion of 4b are omitted.
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Table 1. Selected bond distances (A) and angles (°) for the crystal structures reported in this

work.
2b 4b-0.5CH2Cl> 5b S5b'-CH>CL,  6b-CH>CL-H2O

PtCl1 2.029(3) 2.010(3) 2.0133(18)  2.012(3) 2.000(4)
Pt—C21 2.016(3) 2.023(3) 2.0141(18)  2.022(3) 2.007(4)
Pt—C41 2.047(3) 2.044(3) 2.0354(19)  2.042(3) 2.038(4)

Pt-N1 2.137(2) 2.138(2) 2.1386(16)  2.124(2) 2.128(4)

Pt-N2 2.132(2) 2.135(2) 2.1232(15)  2.138(3) 2.116(4)

Pt—X¢ 2.7363(5)  2.231(3) 2.4499(5) 2.4541(7) 2.097(3)
Cl-Pt-N2  80.10(10)  80.38(12) 80.31(7) 80.36(11) 80.91(16)
C21-Pt-N1  80.10(10)  80.40(10) 79.98(7) 80.28(11) 80.54(17)

@ X =1(2b), N3 (4b), CI (5b, 5b") or F (6b).

Photophysical Properties

A complete photophysical study has been carried out for the series of complexes 5 and 6 to

ascertain the effects of the halide and aryl ligands on their luminescence. Complexes 2 were

excluded because they exhibit extremely weak or no emissions due to the detrimental effect of

the iodido ligand.!” The lowest-energy absorption band in CH>Cl» solution shows vibronic

structure in all cases (Fig. 3; Table 2) and can be assigned to a singlet excitation primarily

localized within the cyclometalated C*N ligand ('LC or 'n-n*), as observed for related Pt(IV)

complexes.!® Accordingly, its lowest maximum shifts to longer wavelengths along the series

Sa — Sd or 6a — 6d, as the energies of the lowest n-n* transition of the C*N ligands decrease.

The absorption spectra of chlorido and fluorido complexes bearing the same C*N ligand are

very similar in shape and energy. However, a close look showed that the lowest-energy slope

is slightly red-shifted for the fluorido complexes relative to the chlorido analogues (Fig. S37).

The replacement of the Ph ligand for -BuPh does not produce perceptible changes.
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Table 2. Electronic absorption data for the series of complexes 5 and 6 in a CH2Cl> solution

(ca. 5x 10 M) at 298 K.

Complex Amax/nm (¢ x 1072/ M~ cm™)
5a 275 (30.5), 312 (22.8), 329 (20.7)
5h 274 (26.6), 313 (16.8), 325 (16.7), 338 (14.9)
5p" 275 (20.8), 313 (13.5), 326 (13.1), 340 (10.7)
5¢ 288 (21.2), 346 (15.2)
5d 344 (11.6), 363 (15.2), 378 (13.5)
6a 263 (25.5), 305 (16.0), 319 (13.2), 333 (11.4)
6b 276 (21.7), 312 (13.7), 325 (13.3), 339 (11.9)
6b" 277 (28.2), 313 (18.3), 329 (17.0), 339 (14.9)
6¢ 291 (20.2), 348 (14.7)
6d 343 (14.7), 365 (17.9), 378 (16.0)
40+ _ 6a
——6b
6
_ 301 S
£ —6d
5 201
S o
0 ¥ T ¥ T T T T 1
250 300 350 400 450
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Fig. 3. Electronic absorption spectra of the series of complexes 6 in a CH2Cl» solution at 298

K.

The photoluminescence of the series of complexes 5 and 6 was studied in deaerated
CH>Cl: solution and poly(methyl methacrylate) (PMMA) films (2 wt%) at 298 K and in frozen
2-methyltetrahydrofuran glasses at 77 K. The data at 298 K are presented in Table 3 and those
at 77 K are given in the ESI.{ The emission spectra of the fluorido complexes 6 in fluid CH2Cl»

solution are presented in Fig. 4 and a photograph of their luminescence is shown in Fig. 5. The
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complete excitation and emission spectra are compiled in the ESI.§ All complexes produce a

vibronically structured emission band in all media, as typically observed for other

cyclometalated Pt(IV) complexes. Excitation spectra faithfully correlate with absorption

spectra at 298 K. The chlorido and fluorido derivatives bearing the same C"N ligand exhibit

almost identical emission spectra, implying that the halide does not have an appreciable effect

on emission energies or spectral shape. Similarly, the replacement of the phenyl ligand in the

tpy complexes for -BuPh does not cause any observable variation in the emission spectra. The

observed characteristics, together with the long lifetimes in the microsecond range, are evidence

of triplet emissive excited states primarily localized on the C*N ligands (°LC).

Table 3. Emission data for the series of complexes 5 and 6 at 298 K.

Complex  Medium Aem/nm? ol T /ps krx 1073 /5714 ke x 1073 /571 €
Sa CH:Clz 445, 476, 505 0.36 124 2.9 5.2
PMMA 448, 476, 505 0.79 206 3.8 1.0
5b CH:Clz 454,484,514 0.31 130 2.3 5.3
PMMA 453,485,513 0.74 273 2.7 1.0
5b’ CH:Clz 454, 483, 511 0.42 164 2.6 3.5
PMMA 454,485, 513 0.88 254 3.5 0.5
Sc CH:Clz 513,529,551, 599 0.19 146 1.3 5.5
PMMA 514,531, 553, 600 0.37 233 1.6 2.7
5d CH:Clz 564, 600, 660 0.045 34.6 1.3 27
PMMA 561,591, 659 0.071 54.5 1.3 17
6a CH:Cl2 448, 478, 504 0.51 111 4.6 4.4
PMMA 448, 479, 504 0.67 149 4.5 2.2
6b CH:Cl2 455, 485, 515 0.38 128 2.9 4.8
PMMA 454, 485, 515 0.62 218 2.8 1.7
6b’ CH:Clz 455, 486, 515 0.43 125 34 4.6
PMMA 454, 485, 515 0.63 199 32 1.9
6¢ CH:Cl2 516,532,555, 601 0.18 102 1.8 8.0
PMMA 516,533,555 0.31 202 1.5 34
6d CH:Cl2 564,599 0.044 25.3 1.7 37
PMMA 559, 598, 658 0.071 40.2 1.8 23

“Most intense peak in italics. “Quantum yield. “Emission lifetime. “Radiative rate constant, k- = ®/1. “Nonradiative

rate constant, kn = (1-D)/t.
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Fig. 4. Emission spectra of the series of complexes 6 in CH>Cl> at 298 K.

Fig. 5. Luminescence of complexes 6 in CH>Cl, under UV irradiation.

Most of the studied complexes exhibit very bright luminescence, with quantum yields
up to 0.51 in CH2Cl; solution (for 6a) and 0.88 in PMMA (for Sb'), and thus are amongst the
most efficient Pt(IV) emitters. The radiative and nonradiative rate constants (k. and k.,
respectively) have been calculated assuming that the intersystem crossing to the emissive triplet
state has unit efficiency and are given in Table 3. The fluorido derivatives 6 exhibit appreciably
shorter emission lifetimes with respect to the chlorido complexes 5, which are reflected in the
higher values found for the &, + &, sums. This effect is consistently observed along the whole
series, although it does not generally translate into higher quantum yields for the fluorido
complexes because the relative increases in k- can be higher than those in 4. These larger decay
rate constants reveal a more efficient spin-orbit coupling, which is known to increase the
transition probabilities of both radiative and nonradiative transitions between states of different

spin multiplicities.*’” The effect must be connected to an increased metal orbital involvement in



14

the excited state for the fluorido derivatives, which is consistent with the computational results

(see below).

The piq derivatives Sd and 6d are relatively weak emitters, mainly because of their
increased k.- values, which are one order of magnitude higher compared with the rest of
derivatives. This can be explained on the basis of the lower energy of their emissive excited
state, which implies a more effective nonradiative deactivation via vibrational coupling to the
ground state, i.e., the Energy-Gap Law.*® It is also noteworthy that the thpy (5S¢, 6¢) and piq
(5d, 6d) derivatives exhibit lower k. values as compared to the complexes with ppy-based
ligands, suggesting a diminished metal orbital contribution to the emissive excited states,
probably related to the higher w-orbital energies of the thpy and piq ligands and poorer overlaps

with metal dr orbitals.

The effect of the ~BuPh ligand in complexes 5b' and 6b' is apparently limited to a
decrease in the value of &, found in CH2Cl, solution, leading to increased quantum yields
relative to complexes Sb and 6b in this medium. This can be explained by the protective effect
of the bulky #-Bu group, which may reduce the nonradiative deactivation due to collisions with
solvent molecules. In contrast, the variations in k, are negligible, suggesting that the stronger
electron donating capability of the /~BuPh ligand is not translated into a perceptible increase in

the participation of metal orbitals in the emissive state.

Computational study

DFT and TDDFT calculations have been performed for complexes Sb, 6b and 6b' at the
B3LYP/(6-31G**+LANL2DZ) level considering solvent effects (CH2Cly). Full details are
given in the ESI.{ Frontier molecular orbital energies and selected isosurfaces are represented
in Fig. 6. The highest occupied molecular orbital (HOMO) in 5b is a nt(tpy)/dn(Pt) combination
involving the tpy ligand with the N atom trans to the phenyl, with a 6% contribution from metal
orbitals, while in 6b it is a similar combination but with a higher metal orbital involvement
(10%) and additional participation of a m orbital from the p-tolyl group of the other tpy ligand
(Fig. 6). The differences found for the HOMO in 6b with respect to 5b correlate with a higher
orbital energy in the case of the fluorido complex, indicating a destabilization of drn orbitals,
which is apparently caused by an increased n donation from the p-tolyl group trans to the

fluorido ligand as a consequence of the shorter Pt—C bond distance. The HOMO in 6b' is a nt(#-



15

BuPh)/dn(Pt) combination, whereas the HOMO-1 is very similar to the HOMO of 6b. As
expected, the molecular orbitals with a high contribution from the aryl group have lower
energies in Sh/6b (HOMO-2) relative to 6b'. In the three cases, the lowest occupied molecular
orbital (LUMO) and the LUMO+1 are t* orbitals of the tpy ligands.

Energy (Hartrees)
5 &
o
[e7]
!

*(tpy) — mt(Ar)/dn(Pt) — ni(tpy)/d=n(Pt) ——n(tpy)/m(Ar)/dr(Pt)

Fig. 6. Molecular orbital energy diagrams and selected isosurfaces (0.03 € bohr) from DFT

calculations for complexes Sb, 6b and 6b’'.

The TDDFT calculations show that the HOMO-LUMO transition is the lowest-energy
singlet excitation (S1) in all cases, corresponding to a predominantly ligand-to-ligand charge-
transfer (LLCT) transition between the tpy ligands in Sb and 6b or from the -BuPh to one tpy
in 6b', with very low oscillator strengths. However, the major contribution to the lowest-energy
absorption band proceeds from primarily 'LC transitions within the tpy ligands with some
MLCT character, which are predicted to be significantly more intense (Sz and S; in 5b, S; in
6b and S, in 6b'). Their energies are slightly lower for the fluorido complexes 6b and 6b' (3.85
eV) relative to the chlorido complex Sb (3.89 eV), which is consistent with the experimental
observations and points to a higher degree of MLCT admixture into the 'LC(tpy) state, as a

consequence of the greater metal orbital contribution to the HOMO in the fluorido complexes.
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The first two triplet excitations (T1, T2) are mainly localized within each of the tpy
ligands, the lowest one (T1) on the ligand with the N atom trans to the aryl group. Hence, the
observed luminescence can be attributed to the radiative deexcitation of a *LC state involving
this ligand. The HOMO of 6b', comprising m(#~-BuPh) and dn(Pt) orbitals, is not involved in the
emissive state, which explains why the increased © donation from the ~BuPh group does not
have an influence on the characteristics of the observed luminescence. The T; geometry was
optimized for the three studied complexes. The spin density distributions (Fig. 7) correlate with
a m-m* transition within the involved tpy ligand, with a non-negligible metal orbital
contribution. The natural spin densities on the metal are 0.022 (5b) or 0.031 (6b, 6b'), consistent
with the higher metal orbital involvement and MLCT admixture into the excited state for the

fluorido complexes, which explains their higher decay rate constants.

Sb 6b

Fig. 7. Spin density distributions (0.001 e bohr=) of the optimized lowest triplet excited state
of 5b, 6b and 6b’'.

Conclusions

Two different methodologies have been employed for the synthesis of halido(aryl) Pt(IV)
complexes from cis-[Pt(C"N).] precursors. lodido(phenyl) complexes [PtI(Ph)(C"N)2] were
obtained by oxidative addition of iodobenzene in MeCN solution under irradiation with visible
light. These reactions constitute the first examples of intermolecular oxidative addition of a
simple (non-chelating) aryl halide to Pt(Il) that result in stable aryl Pt(IV) complexes. They
most probably proceed through radical intermediates, which also engage in a hydrogen
abstraction reaction with the solvent to produce variable proportions of cyanomethyl complexes
[PtI(CH2CN)(C”N)2]. The introduction of aryl ligands was also achieved by reacting
diaryliodonium salts with cis-[Pt(C"N)2], which led to cationic intermediates

[Pt(Ar)(C N)2(NCMe)]" that reacted with iodide or chloride salts to give the corresponding
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halido(aryl) complexes. The preparation of the analogous fluorido complexes required a halide

exchange reaction from the iodido complexes using AgF.

The effect of the fluorido ligand on the emission properties of this class of compounds
has been evaluated by comparing the characteristics of the luminescence of the chlorido and
fluorido series. Both series can reach high emission quantum yields at 298 K, but the fluorido
complexes consistently showed shorter emission lifetimes and higher decay rates, which
indicate a higher MLCT admixture into the primarily *°LC emissive state. The computational
results substantiate a higher metal orbital involvement in the excited state for the fluorido
complexes, mainly attributable to a stronger m donation from the metalated aryl of the C"N
ligand trans to the fluoride. Therefore, the introduction of the fluorido ligand is demonstrated
as useful for the modulation of emission lifetimes, which could also be applicable in the design
of emissive complexes of other metal ions. In contrast, the increased n donation from the #-
BuPh ligand relative to the phenyl does not have an influence on the luminescence

characteristics of the studied systems.

Experimental section

General considerations, materials, and analytical methods

Unless otherwise noted, all reactions in solution were carried out at room temperature using
extra-dry MeCN and flame-dried glassware under an N atmosphere. Synthesis grade Et,O and
CH>Cl> were degassed and dried using a Pure Solv MD-5 solvent purification system from
Innovative Technologies, Inc. Other solvents were used as received. Complexes [Pt2Mes(p-
SMe»)2]* and cis-[Pt(C N):]*** [C N = tpy (1b), thpy (1¢) or piq (1d)] were prepared
following published procedures. Complex cis-[Pt(bppy):] (1a) has not been previously reported
and its preparation and characterization are given in the ESL.T All other reagents were obtained
from commercial sources. Irradiations were performed using a previously described setup.3®
NMR spectra were registered on Bruker Avance 600, 400 or 300 MHz spectrometers at 298 K.
Chemical shifts are referred to residual signals of non-deuterated solvents and are given in ppm
downfield from tetramethylsilane. Elemental analyses were carried out with a LECO CHNS-
932 microanalyzer. High-resolution electrospray ionization mass spectra (ESI-MS) were

recorded on an Agilent 6220 Accurate-Mass time-of-flight (TOF) LC/MS.
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General synthesis of [PtI(Ph)(C”~N):] (2). Method A (using PhI): To a solution of the
appropriate complex 1 (0.10 mmol) in MeCN (5 mL) was added iodobenzene (0.1 mmol) and
the mixture was irradiated with blue light for 4 h. The complexes with C*"N = tpy (2b) or thpy
(2¢) precipitated from this mixture as white solids, which were collected by filtration, washed
with MeCN (3 x 2 mL) and vacuum-dried. The complexes with C*N = bppy (2a) or piq (2d)
did not precipitate and were separated by column chromatography on silica gel, using CH2Cl»
as the eluent. In the case of the reaction of 1b with iodobenzene, the filtrate resulting from the
separation of 2b was chromatographed on silica gel using an AcOEt/hexane (1:1) mixture as

the eluent, which allowed the isolation of [PtI(CH2CN)(tpy):] (3b; yield: 10 mg, 15%).

Method B [using (Ar2I)PFs]: To a suspension of the appropriate complex 1 (0.18 mmol) in
MeCN (5 mL) was added (Ar2I)PFs (0.18 mmol) and the mixture was stirred for 4 h, whereupon
a colourless solution was obtained. The solvent was removed under reduced pressure and a
solution of Nal (1 mmol) in acetone (20 mL) was added. The resultant suspension was stirred
for 6 h and evaporated to dryness. The residue was treated with CH>Cl, (20 mL) and the
suspension was filtered through Celite. The filtrate was concentrated to ca. 1 mL and passed
through silica gel in a chromatography column using CH>Clo. Partial evaporation of the
resulting solution (1 mL) and addition of EtO (15 mL) led to the precipitation of a white or
pale yellow solid, which was collected by filtration, washed with Et;O (3 x 2 mL) and vacuum-

dried to give the corresponding complex 2.

Table 4. Isolated yields (%) of complexes 2.

Complex Method A Method B
2a 47 50
2b 38 45
2b' — 65
2c 40 46
2d 30 25

[PtI(Ph)(bppy)2] (2a). White solid. '"H NMR (400 MHz, CD2Cl,): § 10.23 (d with satellites,
Jun = 6.1 Hz, Jpwr = 15.0 Hz, 1H), 7.92 (s, 2H), 7.89-7.80 (m, 1H), 7.66-7.49 (m, 5H), 7.48-
7.38 (d with satellites, Jun = 7.4 Hz, Jesa = 15 Hz, 1H), 7.35-7.23 (m, 2H), 7.08 (ddd, Jun = 8.7,
7.5, 1.3 Hz, 1H), 7.03-6.92 (m, 2H), 6.89-6.73 (m, 3H), 6.45 (dd with satellites, Jun = 8.05, 1.2
Hz, Jew = 50.0 Hz, 1H), 1.44 (s, 9H), 1.31 (s, 9H). *C{'H} NMR (150.8 MHz, CD>Cl,): &
164.7 (C), 163.8 (C), 162.4 (Jpic = 50.4 Hz, C), 161.4 (Jpic = 54.3 Hz, C), 151.6 (CH), 148.2
(Jric = 877.3 Hz, C), 146.4 (CH), 143.2 (Jric = 888.0 Hz, C), 142.3 (C), 141.2 (C), 134.3 (Jeic



19

= 59.3 Hz, CH), 131.7 (Jpic = 59.3 Hz, CH), 130.2 (Jpic = 47.3 Hz, CH), 129.3 (Jpic = 852.3
Hz, C), 127.1 (Jrc = 51.0 Hz, CH), 125.4 (CH), 125.2 (CH), 125.0 (CH), 124.9 (CH), 124.1
(CH), 123.4 (CH), 121.3 (CH), 117.6 (CH), 36.0 (C), 35.8 (C), 30.73 (3CHs), 30.65 (3CH3).
Elemental analysis calcd (%) for C3gH37N2IPt: C 52.75, H 4.55, N 3.42; found: C 52.79, H 4.33,
N 3.46.

[PtI(Ph)(tpy)2] (2b). White solid. 'TH NMR (600 MHz, CD>Cly): § 10.34 (ddd with satellites,
Jun = 5.6, 1.7, 0.8 Hz, Jpw = 15.0 Hz, 1H), 7.98 (ddd, J = 8.2, 7.4, 1.6 Hz, 1H), 7.92-7.87 (m,
2H), 7.75-7.68 (m, 2H), 7.67-7.48 (m, 5H), 7.46-7.36 (m, 2H), 7.11 (d, J = 8.2 Hz, 1H), 6.95-
6.76 (m, 4H), 6.24 (s with satellites, Jpir = 50.2 Hz, 1H), 2.38 (s, 3H), 2.11 (s, 3H). The 13C
NMR spectrum of this compound could not be registered because of its very low solubility.
Elemental analysis calcd (%) for C3oH25N2I1Pt-0.25H,0: C 48.99, H 3.43, N 3.81; found: C
48.69, H 3.47, N 3.79.

[PtI(z-BuPh)(tpy)2] (2b'). White solid. "H NMR (400 MHz, CD,Cl,): § 10.34 (d, J = 5.5 Hz,
1H), 7.98 (ddd, J = 8.3, 7.5, 1.7 Hz, 1H), 7.93-7.82 (m, 2H), 7.75-7.64 (m, 2H), 7.58-7.34 (m,
6H), 7.10 (dd, J = 8.3, 1.8 Hz, 1H), 6.98-6.77 (m, 4H), 6.25 (s with satellites, Jpaz = 50.4 Hz,
1H), 2.40 (s, 3H), 2.11 (s, 3H), 1.22 (s, 9H). 3C{'H} NMR (150.8 MHz, CD,Cly): 8 163.1 (Jp«c
=52.0 Hz, C), 162.1 (Jrc = 51.7 Hz, C), 152.2 (CH), 148.1 (Jpic = 886.0 Hz, C), 146.6 (CH),
142.8 (Jric = 890.8 Hz, C), 142.6 (Jpic = 55.1 Hz, C), 142.5 (Jpic = 62.9 Hz, C), 139.8 (CH),
139.4 (C), 139.1 (CH), 138.2 (C), 134.7 (Jpic = 43.4 Hz, CH), 130.8 (Jpic = 51.0 Hz, CH), 126.5
(CH), 126.0 (CH), 125.2 (CH), 125.1 (CH), 125.06 (Jp«c = 856.0 Hz, C), 124.3 (Jpic = 52.0 Hz,
CH), 123.0 (CH), 120.5 (CH), 120.4 (CH), 34.3 (C), 31.7 (3CH3), 22.3 (CH3), 22.1 (CH3).
Elemental analysis calcd (%) for C3sH33IN2Pt: C 51.59, H 4.20, N 3.54; found: C 51.66, H 4.35,
N 3.48.

[Pt(thpy)20(Ph)] (2¢). Pale yellow solid. 'H NMR (600 MHz, CD>Cl»): & 10.08 (ddd with
satellites, Jun = 5.6, 1.7, 0.8 Hz, Jpwr = 15 Hz, 1H), 7.94 (ddd, J = 8.0, 7.5, 1.6 Hz, 1H), 7.68
(td, J= 8.1, 1.6 Hz, 1H), 7.61 (d with satellites, Juu = 5.1 Hz, Jesa= 15.1 Hz, 1H), 7.60-7.56
(m, 2H), 7.54 (d with satellites, Jau = 5.2 Hz, Jpas = 15.6 Hz, 1H), 7.47 (d with satellites, Jun =
5.2 Hz, Jpwr = 48.0 Hz, 2H), 7.39 (td, J= 8.1, 1.6 Hz, 1H), 7.25 (d with satellites, Jun = 5.2 Hz,
Jrar = 15.6 Hz, 2H), 7.20 (d with satellites, Jun = 5.2 Hz, Jems = 15.6 Hz, 1H), 6.90-6.79 (m,
3H), 6.18 (d with satellites, Jun = 5.4 Hz, Jpw = 17.6 Hz, 1H). The '*C NMR spectrum of this
compound could not be measured because of its very low solubility. Elemental analysis calcd

(%) for C24H17N2IPt: C 40.06, H 2.38, N 3.89, S 8.91; found: C 40.05, H 2.37, N 3.54, S 8.44.
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[PtI(piq)2(Ph)] (2d). Pale yellow solid. '"H NMR (400 MHz, CD>Cl): § 10.40 (d with satellites,
Jun= 6.2 Hz, Jpa1 = 14.0 Hz, 1H), 8.96 (m, 1H), 8.72 (d, J = 8.7, 1H), 8.35 (dd with satellites,
Jun="7.7,2.0 Hz, Jpws = 7.3 Hz, 1H), 8.07 (d, Jun = 8.3 Hz, 1H), 7.97 (d with satellites, Jun =
8.1 Hz, Jes1 = 9.0 Hz, 1H), 7.92 (d, J = 6.4 Hz, 1H), 7.87 (ddd, J= 8.1, 6.9, 1.1 Hz, 1H), 7.83-
7.65 (m, 7H), 7.58 (d with satellites, Jpw = 8.4 Hz, 1H), 7.43-7.30 (m, 2H), 7.24 (dd, J = 6.3,
0.9 Hz, 1H), 7.09 (ddd, J= 8.0, 7.3, 1.3 Hz, 1H), 6.96 (ddd, J= 8.0, 7.3, 1.3 Hz, 1H), 6.84-6.70
(m, 4H). The '3C NMR spectrum of this compound could not be measured because of its very
low solubility. Elemental analysis calcd (%) for C3sH2sN2IPt-0.5CH2Cl2: C 51.57, H 3.08, N
3.30; found: C 51.04, H 2.79, N 3.41.

[PtI(CH2CN)(tpy)2] (3b). White solid. "H NMR (600 MHz, CD,Cl>): 6 10.21 (d with satellites,
Jun = 5.4 Hz, Jpu = 14.9 Hz, 1H), 8.10-8.04 (m, 2H), 7.90 (d, J = 8.2 Hz, 1H), 7.74 (ddd, J =
8.3, 7.3, 1.6 Hz, 1H), 7.69 (d, J = 7.9 Hz, 1H), 7.59-7.55 (m, 1H), 7.54 (ddd, J=7.2, 5.6, 1.8
Hz, 1H), 7.49 (d with satellites, Jun = 6.0 Hz, Jpaz = 19.1 Hz, 1H), 7.24 (s with satellites, Jpm =
37.2 Hz, 1H), 7.16 (d, J = 7.7 Hz, 1H), 6.96-6.91 (m, 2H), 6.04 (s with satellites, /= 50.6 Hz,
1H), 3.07 (d with satellites, Jun = 14.1 Hz, Jps = 106.4 Hz, 1H), 2.54 (d with satellites, Jun =
14.1 Hz, Jew = 78.9 Hz, 1H), 2.52 (s, 3H), 2.07 (s, 3H). PC{'H} NMR (150.8 MHz, CD>Cl):
0 163.2 (Jpic =56.4 Hz, C), 162.3 (Jpic = 59.9 Hz, C), 152.5 (CH), 147.1 (CH), 145.5 (C), 143.4
(Jric =49.6 Hz, C), 142.7 (Jrc = 60.3 Hz, C), 140.6 (C), 140.3 (CH), 139.5 (CH), 138.6 (C),
131.2 (Jpic = 48.8 Hz, CH), 130.4 (Jpic = 34.7 Hz, CH), 127.1 (CH), 126.5 (CH), 125.6 (CH),
123.3 (CH), 123.1 (C), 120.9 (Jpc = 15.1 Hz, CH), 120.7 (Jpec = 19.6 Hz, CH), 22.4 (CH3),
22.0 (CH3); (CH2 and CN not observed). Elemental analysis calcd (%) for CosH2oN3IPt: C
4471, H 3.17, N 6.02; found: C 44.59, H 3.11, N 6.01.

Synthesis of [Pt(Ph)(tpy):(pic)|PFs (4b). To a suspension of 1b (45 mg, 0.09 mmol) in MeCN
(5 mL) was added (Ph2I)PFs and mixture was stirred for 4 h, whereupon a colourless solution
was obtained. y-Picoline (100 pL, 1 mmol) was then added and the solution was stirred for 5
min. The solvent was removed under reduced pressure and the residue was chromatographed
on silica gel using a CHCIz/MeOH mixture (15:1) as the eluent. Partial evaporation of the
solvent (1 mL) and addition of EtO (20 mL) led to the precipitation of a white solid, which
was collected by filtration, washed with Et;O (3 x 2 mL) and vacuum-dried to give 4b. Yield:
30 mg, 42%. '"H NMR (401 MHz, CD,Cl,): § 8.61 (d, J = 5.3 Hz, 1H), 8.23 (d with satellites,
Jun = 6.2 Hz, Jpwa = 10.5 Hz, 2H), 8.10 (dt, J= 8.0, 1.6 Hz, 1H), 7.97 (d, /= 8.4 Hz, 1H), 7.92-
7.85 (m, 2H), 7.69 (dt, Jun = 5.5, 1.3 Hz, 1H), 7.62 (td, Jun = 5.8, 1.42 Hz, 1H), 7.59 (d, Jun =
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7.9 Hz, Jpax = 8.1 Hz, 1H), 7.1 (s with satellites, 39.6 Hz, Jpwui = 13.9 Hz, 1H), 7.47 (d, Juu =
8.0 Hz, Jpa1 = 8.4 Hz, 1H), 7.31-7.20 (m, 3H), 7.20-7.06 (m, 3H), 7.06-6.97 (m, 1H), 6.97-6.87
(m, 3H), 6.51 (s with satellites Jpmr = 45.2 Hz, 1H), 2.41 (s, 3H), 2.37 (s, 3H), 2.15 (s, 3H).
BC{'H} NMR (150.8 MHz, CD:Cl,): § 162.6 (Jpic = 48.2 Hz, C), 162.4 (Jpic = 51.7 Hz, C),
153.4 (C), 150.6 (CH), 146.9 (CH), 146.7 (CH), 143.9 (C), 143.7 (C), 143.6 (C), 141.3 (CH),
141.0 (CH), 139.5 (C), 138.4 (C), 138.2 (C), 136.0 (CH), 133.1 (Jpic = 50.1 Hz, CH), 132.9
(Jric = 44.1 Hz, CH), 131.4 (C), 128.3 (Jpc = 50.0 Hz, CH), 127.5 (CH), 127.3 (CH), 126.0
(Jric = 34.5 Hz, CH), 125.6 (CH), 125.3 (Jpc = 35.2 Hz, CH), 121.3 (CH), 121.1 (CH), 22.4
(CH3), 22.1 (CH3), 21.6 (CH3). F NMR (282 MHz, CD>Cl): & —73.1 (d, Jer = 705.4 Hz).
Elemental analysis calcd (%) for C37H3:N3PFePt: C 51.07, H 3.81, N 4.96; found: C 50.65, H
3.72, N 4.78.

General procedure for the synthesis of [PtCI(Ar)(C”~N):] (5). To a suspension of the
appropriate complex 1 (0.19 mmol) in MeCN (5 mL) was added the (Ar2I)PFs salt and the
mixture was stirred for 4 h, whereupon a colourless solution was obtained. The solvent was
removed under reduced pressure and a suspension of NaCl (1 mmol) in acetone (20 mL) was
added. The resultant suspension was stirred for 6 h, the solvent was evaporated under reduced
pressure and the residue was chromatographed on silica gel using CH2Cl» as the eluent. Partial
evaporation of the solvent (1 mL) and addition of Et;O (10 mL) led to the precipitation of a
white solid, which was collected by filtration, washed with Et2O (3 x 2 mL) and vacuum-dried

to give the corresponding complex 5.

[PtCI(Ph)(bppy):] (5a). White solid, obtained from 1a (50 mg. 0.08 mmol) and (Ph2I)PFs (35
mg, 0.08 mmol). Yield: 17 mg, 30%. '"H NMR (401 MHz, CD,Cl,): § 9.67 (dd with satellites,
Jun=6.1,0.7 Hz, Jpa1 = 14.9 Hz, 1H), 7.95 (d, J=2.1 Hz, 2H), 7.84 (dd, J= 7.7 Hz, 1H), 7.69-
7.62 (m, 1H), 7.59 (dd, J = 6.1, 2.0 Hz, 1H), 7.43 (dd with satellites, Jun = 7.80, 2.15 Hz, Jpwui
=41.16 Hz, 2H), 7.36-7.21 (m, 3H), 7.14-7.06 (m, 1H), 7.04 (dd, J = 6.0, 2.0 Hz, 1H), 6.98-
6.91 (m, 1H), 6.91-6.79 (m, 4H), 6.69 (d with satellites, Jun = 7.9 Hz, Jpa1 = 49.6 Hz, 1H), 1.45
(s, 9H), 1.31 (s, 9H). BC{'H} NMR (150.8 MHz, CD,Cl,): & 165.0 (C), 164.0 (C), 162.3 (C),
161.8 (Jric = 53.0 Hz, C), 147.5 (CH), 145.9 (CH), 144.7 (C), 144.6 (C), 142.7 (C), 141.2 (C),
133.8 (Jpic =41.6 Hz, CH), 132.1 (CH), 132.0 (CH), 131.8 (CH), 131.0 (C), 127.3 (Jp«c = 50.3
Hz, CH), 125.22 (CH), 125.20 (CH), 125.1 (CH), 125.0 (CH), 124.3 (CH), 123.3 (CH), 122.4
(CH), 121.4 (CH), 119.6 (CH), 117.6 (Jpc = 14.2 Hz, CH), 117.4 (Jpc = 14.2 Hz, CH), 36.0
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(©), 35.8 (C), 30.7 (3CH3), 30.6 (3CH3). Elemental analysis calcd (%) for C3sH37N2>CIPt: C
59.38, H 5.12, N 3.85; found: C 58.86, H 4.99, N 3.71.

[PtCI(Ph)(tpy):] (Sb). White solid, obtained from 1b (100 mg. 0.18 mmol) and (Ph2I)PFs (80
mg, 0.18 mmol). Yield: 45 mg, 40%. '"H NMR (600 MHz, CD>Cl»): § 9.78 (ddd with satellites,
Jun = 5.6, 1.7, 0.9 Hz, Jpwr = 15.0 Hz, 1H), 8.02-7.95 (m, 1H), 7.94-7.86 (m, 2H), 7.78-7.71
(m, 1H), 7.69 (d, J=7.9, Hz, 1H), 7.54 (td, J= 5.8, 1.2 Hz, 1H), 7.51-7.47 (m, 1H), 7.39 (ddd,
Jun = 5.6, 1.7, 0.9 Hz 1H), 7.27 (s with satellites, Jpa1 = 41.2 Hz, 1H), 7.13 (ddd, J = 7.9, 1.4,
0.7 Hz, 1H), 6.96 (td, J=5.8, 1.2 Hz, 1H), 6.94-6.79 (m, 6H), 6.50 (s with satellites, Jpa = 50.5
Hz, 1H), 2.35 (s, 3H), 2.12 (s, 3H). The *C NMR spectrum of this compound could not be
registered because of its very low solubility. Elemental analysis caled (%) for

C30H2sNo>CIPt-0.3CHCla: C 54.19, H 3.85, N 4.17; found: C 54.07, H 3.82, N 4.10.

[PtCl(z-BuPh)(tpy):] (5b'). White solid, obtained from 1b (65 mg. 0.12 mmol) and [(¢-
BuPh)2[]PFs (66 mg, 0.12 mmol). Yield: 23 mg, 28%. '"H NMR (600 MHz, CD,Cl>): 6 9.80 (d
with satellites, Jun = 5.37 Hz, Jeas = 15.0 Hz, 1H), 7.99 (ddd, J = 8.2, 7.4, 1.6 Hz, 1H), 7.90
(td, J=6.8, 1.1 Hz, 2H), 7.73 (ddd, J = 8.2, 7.4, 1.6 Hz, 1H), 7.68 (d, J = 8.27 Hz, 1H), 7.53
(ddd,J=17.5,5.6, 1.3 Hz, 1H), 7.51-7.47 (m, 1H), 7.40-7.32 (m, 4H), 7.13 (d, /= 7.98 Hz, 1H),
6.98-6.92 (m, 1H), 6.92-6.88 (m, 3H), 6.51 (s with satellites, Jp1 = 50 Hz, 1H), 2.37 (s, 3H),
2.12 (s, 3H), 1.22 (s, 9H). BC{'H} NMR (150.8 MHz, CD,Cl,): & 163.0 (C), 162.5 (C), 148.1
(CH), 146.8 (C), 146.1 (CH), 144.5 (Jpec =914.3 Hz, C), 144.4 (Jpic = 899.5 Hz, C), 142.7 (C),
142.6 (C), 140.2 (CH), 139.7 (C), 139.2 (CH), 138.1 (C), 135.6 (CH), 134.4 (Jpic = 42.2 Hz,
CH), 132.7 (CH), 126.7 (Jric = 863.7 Hz, C), 126.2(CH), 126.1(CH), 125.3 (Jpic = 34.8 Hz,
CH), 125.1 (Jeic = 37.8 Hz, CH), 124.32 (Jpic = 49.6 Hz, CH), 123.1 (CH), 120.3 (CH), 120.2
(CH), 34.4 (C), 31.7 (3CH3), 22.28 (CH3), 22.03 (CH3). Elemental analysis calcd (%) for
C34H33N2CIPt-0.5CH2Cla: C 55.80, H 4.61, N 3.77; found: C 54.80, H 4.66, N 4.04.

[PtCI(Ph)(thpy):] (5¢). White solid, obtained from 1¢ (103 mg. 0.20 mmol) and (Ph2I)PFs (85
mg, 0.20 mmol). Yield: 23 mg, 19%. 'H NMR (400 MHz, CD>Cl): § 9.61 (d with satellites,
Jun= 5.5 Hz, Jess = 16.7 Hz, 1H), 7.95 (td, J=7.8, 1.6 Hz, 1H), 7.71 (td, J = 8.1, 1.5 Hz, 1H),
7.63-7.53 (m, 3H), 7.47-7.40 (m, 2H), 7.32 (d with satellites, Jun = 7.3 Hz, Jesa = 47.0 Hz, 1H),
7.26 (d with satellites, Jun = 4.9 Hz, Jes1 = 10.6 Hz, 2H), 7.14 (d with satellites, Jun = 5.2 Hz,
Jew = 15.5 Hz, 1H), 6.97-6.81 (m, 4H), 6.29 (d with satellites, Jun = 5.2 Hz, Jpas = 18.6 Hz,
1H). The '3C NMR spectrum of this compound could not be registered because of its very low
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solubility. Elemental analysis calcd (%) for Co4H17N2CIS,2Pt: C 45.90, H 2.73, N 4.46, S 10.21;
found: C 46.08, H 2.54, N 4.58, S 10.10.

[PtCI(Ph)(piq):] (5d). White solid, obtained from 1d (104 mg. 0.17 mmol) and (Ph2I)PFs (74
mg, 0.17 mmol). Yield: 25 mg, 21%. 'H NMR (400 MHz, CD>Cl,): § 9.86 (d with satellites,
Jun = 6.35, Jpw = 8.2 Hz, 1H), 9.02-8.95 (m, 1H), 8.82 (d, /= 8.7 Hz, 1H), 8.33 (d, /= 8.9 Hz,
1H), 8.13 (m, 1H), 8.06 (d, J = 8.2 Hz, 1H), 7.95 (d, /= 6.3 Hz, 1H), 7.87 (t, J= 7.5 Hz, 1H),
7.83-7.71 (m, 4H), 7.57 (d with satellites, Jun = 8.0 Hz, Jpn = 43.0 Hz, 1 H), 7.53-7.37 (m,
4H), 7.37-7.25 (m, 2H), 7.18-7.08 (m, 1H), 7.01-6.87 (m, 2H), 6.87-6.76 (m, 3H). The '*C
NMR spectrum of this compound could not be registered because of its very low solubility.
Elemental analysis calcd (%) for C3¢HasN>CIPt-H,O-CH>Clz: C 54.19, H 3.19, N 3.68; found:
C54.26,H3.57, N 3.42.

General procedure for the synthesis of [PtF(Ph)(C”N):] (6). To a solution of corresponding
iodide complex 2 in CH>Cl, (40 mL) was added AgF (5 eq) and the resulting suspension was
stirred for 24 h and then filtered through Celite. The filtrate was concentrated under reduced
pressure (1 mL) and pentane (15 mL) was added, whereupon a white or pale yellow solid
precipitated, which was collected by filtration, washed with Et;O (3 x 2 mL) and vacuum-dried

to give the corresponding complex 6.

[PtF(Ph)(bppy):] (6a). White solid, obtained from 2a (76 mg. 0.09 mmol) and AgF (23 mg,
0.18 mmol). Yield: 43 mg, 65%. '"H NMR (400 MHz, CD2Cl>): 8 9.13 (d with satellites, Jun =
6.3 Hz, Jp = 13.5 Hz, 1H), 7.96 (dd, J = 4.8, 2.0 Hz, 2H), 7.82 (dd, J= 7.8, 1.5 Hz, 1H), 7.67
(d,J=7.9Hz, 1H), 7.56 (dd, J=5.9, 1.9 Hz, 1H), 7.34-7.24 (m, 3H), 7.24-7.14 (m, 2H), 7.14-
7.04 (m, 2H), 6.98-6.81 (m, SH), 6.70 (dd with satellites, Jun = 8.3, 2.6 Hz, Jpw1 = 48.5 Hz, 1H),
1.44 (s, 9H), 1.31 (s, 9H). BC{'H} NMR (150.8 MHz, CD,Cl,): 6 165.1 (C), 164.4 (C), 162.7,
(Jric = 50.3 Hz, C), 161.3 (Jpic = 54.0 Hz, C), 146.22 (CH), 146.18 (CH), 145.8 (CH), 145.6
(C), 143.4 (C), 141.6 (C), 136.4 (d, Jcr = 50.5 Hz, C), 134.1 (Jpic = 45.3 Hz, CH), 133.6 (Jpic
=45.3 Hz, CH), 133.0 (Jpc = 870.1 Hz, C), 131.6 (Jpic = 57.9 Hz, CH), 131.5 (CH), 127.5
(CH), 127.3 (CH), 125.2 (CH), 125.1 (CH), 124.9 (CH), 124.74 (CH), 124.55 (CH), 121.8
(CH), 121.5 (CH), 117.4 (Jpc = 14.2 Hz, CH), 117.3 (Jpic = 15.5 Hz, CH), 36.0 (C), 35.8 (C),
30.81 (3CH3), 30.61 (3CH3). '°F NMR (282 MHz, CD>Cl,): § —245.0 (s with satellites, Jpr =
50.2 Hz). Elemental analysis calcd (%) for C3cH37NoFPt: C 60.75, H 5.24, N 3.94; found: C
60.62, H 5.31, N 3.60.



24

[PtF(Ph)(tpy):] (6b). White solid, obtained from 2b (50 mg. 0.07 mmol) and AgF (18 mg, 0.14
mmol). Yield: 25mg, 59%. 'H NMR (600 MHz, CD>Cl,): § 9.22 (d with satellites, Juu = 5.0
Hz, Jpi = 13.4 Hz, 1H), 8.00-7.90 (m, 4H), 7.77 (ddd, J = 8.2, 7.4, 1.6 Hz, 1H), 7.67 (d, J =
7.9 Hz, 1H), 7.53-7.48 (m, 2H), 7.38 (d with satellites, Jun = 5.0 Hz, Jpwa = 13.4 Hz, 1H), 7.11
(d, Jun = 7.2 Hz, 1H), 7.07 (s with satellites, Jes = 40.7 Hz, 1H), 7.00 (ddd, J = 8.5, 5.6, 1.2
Hz, 1H), 6.98-6.75 (m, 5H), 6.54 (s with satellites, Jpx = 49.6 Hz, 1H), 2.30 (s, 3H), 2.12 (s,
3H). BC{H} NMR (150.8 MHz, CD,Cl,): § 163.5 (C), 162.0 (C), 146.79 (CH), 146.75 (CH),
146.3 (CH), 145.3 (C), 142.3 (C), 140.3 (CH), 139.7 (CH), 138.4 (C), 136.3 (d, Jcr = 48.2 Hz,
C), 134.9 (Jpic =45.4 Hz, CH), 134.1 (Jpic =45.4 Hz, CH), 132.6 (C), 127.4 (CH), 126.3 (CH),
126.0 (CH), 125.9 (CH), 125.3 (CH), 125.1 (CH), 124.6 (CH), 123.7 (CH), 123.2 (CH), 120.2
(Jeee = 14.1 Hz, CH), 120.0 (Jp«c = 15.5 Hz, CH), 22.2 (CH3), 21.0 (CH3). °F NMR (282 MHz,
CDyCLh): & —243.3 (s with satellites, Jpr = 71.6 Hz). Elemental analysis calcd (%) for
C30H25FN2Pt-0.5CH2Cla: C 54.67, H 3.91, N 4.18; found: C 54.60, H 4.12, N 4.55.

[PtF(z~-BuPh)(tpy):] (6b'). White solid, obtained from 2b' (56 mg. 0.07 mmol) and AgF (18
mg, 0.14 mmol). Yield: 37 mg, 74%. 'H NMR (400 MHz, CD>Cl,): § 9.23 (d, Jun = 5.6 Hz,
1H), 8.02-7.87 (m, 3H), 7.76 (td, J = 7.8, 1.6 Hz, 1H), 7.66 (d, Jun = 7.9 Hz, 1H), 7.55-7.46
(m, 2H), 7.35 (d, Jun = 5.6 Hz, 1H), 7.18-7.02 (m, 2H), 7.02-6.87 (m, 6H), 6.54 (s with
satellites, Jow = 49.8 Hz, 1H), 2.31 (s, 3H), 2.12 (s, 3H), 1.23 (s, 9H). *C{'H} NMR (150.8
MHz, CD,Cl»): 6 163.5 (C), 162.1 (C), 147.1 (C), 146.9 (CH), 146.2 (CH), 145.5 (C), 142.3
(C), 140.4 (C), 140.3 (CH), 139.7 (CH), 138.5 (C), 136.3 (d, Jcr = 50.5 Hz, C), 134.9 (Jpc =
47.7 Hz, CH), 134.3 (Jrc = 46.9 Hz, CH), 133.7 (CH), 132.6 (CH), 128.7 (C), 126.2 (CH),
125.8 (CH), 125.2 (Jpec =31.5 Hz, CH), 125.0 (Jpic = 34.9 Hz, CH), 124.5 (Jpic =49.6 Hz, CH),
123.7 (CH), 123.2 (CH), 120.2 (CH), 120.0 (Jpc = 15.1 Hz, CH), 34.3 (C), 31.73 (3CH3), 22.19
(CH3), 21.95 (CH3). 'F NMR (282 MHz, CD>Cl,): & —245.0 (s with satellites, Jpr = 65.3 Hz).
Elemental analysis calcd (%) for C34H33FN2Pt-0.25CH2Cly: C 58.35, H 4.79, N 3.97; found: C
58.32, H5.07, N 4.06.

[PtF(Ph)(thpy):] (6¢). Pale yellow solid, obtained from 2¢ (42 mg. 0.06 mmol) and AgF (15
mg, 0.14 mmol). Yield: 24 mg, 67%. '"H NMR (400 MHz, CD,Cl,): 6 9.14 (d, J= 5.7 Hz, 1H),
7.92 (td, J=17.9, 1.7 Hz, 1H), 7.72 (td, J = 7.8, 1.6 Hz, 1H), 7.59 (ddd, J = 8.0, 2.4, 1.2 Hz,
2H), 7.48 (d with satellites, Jun = 5.1 Hz, Jp = 15.1 Hz, 1H), 7.48-7.37 (m, 2H), 7.32-7.16 (m,
2H), 6.97-6.86 (m, 6H), 6.31 (d, Jun = 5.5 Hz, Jor = 19.3 Hz, 1H). *C{'H} NMR (150.8 MHz,
CD:Cl2): 6 158.7 (C), 158.3 (C), 147.0 (CH), 146.92 (CH), 141.1 (C), 140.8 (CH), 140.3 (CH),
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135.7 (C), 134.1 (d, Jor = 49.5 Hz, C), 133.7 (CH), 132.3 (Jrc = 78.7 Hz, CH), 130.7 (Joc =
78.7 Hz, CH), 130.66, (CH), 129.58 (CH), 129.55 (CH), 128.7 (Joc = 72.2 Hz, CH), 127.5 (Jic
— 48.4 Hz, CH), 126.4 (C), 125.1 (CH), 122.0 (CH), 121.8 (CH), 119.43 (CH), 119.39 (CH).
F NMR (282 MHz, CD:Cl,): 8 —252.5 (s with satellites, Jpr = 58.0 Hz). Elemental analysis
calcd (%) for C24H17FN2PtS,-0.17CH2Cla: C 46.39, H 2.79, N 4.48, S 10.25; found: C 46.57,
H2.48,N4.11, S 9.99.

[PtF(Ph)(piq):] (6d). White solid, obtained from 2d (34 mg. 0.04 mmol) and AgF (10 mg, 0.08
mmol). Yield: 23 mg, 78%. 'H NMR (400 MHz, CD>Cl,): § 9.25 (dd with satellites, Jun=6.1,
1.2 Hz, Jemn= 6.2 Hz, 1H), 9.02-8.95 (m, 1H), 8.93 (d, Jun = 8.6 Hz, 1H), 8.30 (d, J = 8.0 Hz,
1H), 8.24 (d, /= 8.0 Hz, 1H), 8.04 (d, /= 8.0 Hz, 1H), 7.92 (d, /= 6.2 Hz, 1H), 7.86 (ddd, J =
8.1, 6.9, 1.2 Hz, 1H), 7.83-7.72 (m, 4H), 7.46-7.23 (m, 6H), 7.17 (ddd, J = 8.1, 6.9, 1.2 Hz,
1H), 6.97-6.77 (m, 6H). BC{'H} NMR (150.8 MHz, CD2Cl): 8 164.8 (Joc = 48.2 Hz, C),
162.8 (Jpic = 53.4 Hz, C), 147.8 (Jpic = 912.5 Hz, C), 144.7 (C), 143.0 (C), 139.13 (C), 139.07
(d, Jcr =49.7 Hz, C), 138.6 (C), 138.1 (CH), 138.0 (CH), 137.98 (CH), 134.6 (Jpic = 44.5 Hz,
CH), 133.66 (Jpic = 41.5 Hz, CH), 133.64 (CH), 133.1 (C), 133.0 (CH), 132.4 (CH), 132.24
(CH), 131.7 (CH), 131.6 (CH), 131.3 (Jpic = 33.0 Hz, CH), 130.7 (Jpic = 36.1 Hz, CH), 129.5
(CH), 129.2 (CH), 128.7 (CH), 128.1 (CH), 128.0 (CH), 127.6 (CH), 127.3 (CH), 126.9 (C),
126.8 (C), 125.0 (CH), 124.7 (CH), 124.6 (CH), 122.7 (CH). '°F NMR (282 MHz, CD,Cl,): §
—238.8 (s with satellites, Jpr = 85.4 Hz). Elemental analysis caled (%) for CzsHasFN2Pt: C
61.80, H 3.60, N 4.00; found: C 61.85, H 3.56, N 4.10.
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