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Abstract

New square-planar platinum(II) complexes of the type trans-[Pt(PEt:)(Tx)(X)] (X =
Br, CI, I or CN) bearing a c-bonded thioxanthon-2-yl (Tx) ligand have been prepared
and characterised by X-ray crystallography, cyclic voltammetry, and by NMR and
electronic absorption and luminescence spectroscopy. The ligand X hardly influences
the electronic transitions, which indicates that the relevant molecular orbitals are
largely confined to the Pt-Tx chromophore. In agreement with TD-DFT calculations
the energetically lowest electronic transition is assigned as the Tx-centred m—m*
HOMO—LUMO excitation. All four complexes display dual emission from the o-
bonded Tx ligand at ca. 450 nm and at ca. 510 nm, which are assigned as fluorescence
originating from the 'm*-state and as phosphorescence originating from the *m*-state,
respectively. The phosphorescence quantum yield increases with increasing o-donor
strength of the ligand X and reaches a uniquely high value of 18.8% for the chlorido
complex Pt-Cl. Switching-on of Tx phosphorescence emission by the Pt(PEt3),(X)
fragment goes along with a reduction of the lifetime of the Tx triplet state from several

ms in purely organic derivatives to ca. 2 us in the complexes.

Introduction
Within the last two decades, complexes of mainly the heavy transition metals have
been in the focus of intense research activities devoted to the fields of light emitting

5, 10-14 s e 15417 .
’ or sensitisation. One major advantage of

devices,'® bioimaging, > " sensing
metal complexes when compared to purely organic emitters is their ability to trigger
long-lived phosphorescence at ambient temperature. Platinum, in particular, is a widely

applied metal in this field because its heavy atom effect, which emanates from its large
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spin-orbit coupling constant, promotes high intersystem crossing (ISC) efficiencies.'®
The utilisation of triplet emitters in organic light emitting devices can theoretically lead
to a fourfold increase in efficiency compared to the 25% efficiency limit of organic
fluorescent compounds.'” %

In practice, the theoretical limit of unitary quantum efficiency is, however, rarely
approached. One possible deactivation pathway for the excited states of square planar
platinum(II) complexes involves distortion towards a more tetrahedral geometry by a
twisting of the plane of two donors with respect to that of the other two (the so-called
D4 distortion). This pathway is particularly relevant for complexes with only mono- or
bidentate ligands. The main reason for low quantum yields and hence increased
deactivation rates of emissive states is, however, the thermal activation of non-
emissive excited metal d-states which are energetically above the emissive triplet
states. A ligand field-induced destabilisation of these excited metal d-states will thus

18 21 Much effort has therefore been directed to

lead to increased quantum yields.
introducing strong-field ligands into the coordination sphere of such complexes.
Prominent examples are cyclometalating ligands such as the ubiquitous N,C- or N,N,C-

18, 22-39

chelating arylpyridines or -bipyridines, simple or cyclometalating carbenes and

3. 6.36.37. 9095 51 5-bonded alkynyl ligands.**' Particularly abundant are

bis(carbenes),
trans-bis(alkynyl)bis(trialkylphosphine)platinum(II) complexes trans-
Pt(C=CR),(PR3),.°* ** Such complexes have, for example been used as constituents of
luminescent coordination oligomers and polymers featuring platinum atoms in the

>+63 or for two-photon absorption (TPA).** Other representatives

conjugated main chain
have organic dyes as the substituents at the alkynyl ligands. These complexes exhibit
intense ligand-based m—n*-transitions and usually emit from ligand-centred m*-states
with moderate fluorescence or phosphorescence quantum yields in fluid solution at
ambient temperature.*” *> ©% Again, ISC to a ligand-based excited triplet state is
triggered by the large heavy-atom effect of the Pt(Il) coordination centre. In rare cases,
where the excited states are mainly localized at those ligands and spin-orbit coupling is
attenuated by small Pt (5d) contribution to the relevant frontier molecular orbitals, dual
emission from the 'L and *L or ’MLCT excited states has been observed.”" "
c-Bonded aryl ligands exert an even stronger ligand-field splitting than alkynyl
ones. Despite the large and rapidly growing number of complexes featuring the above-
mentioned cyclometallating arylpyridine®® or arylphosphine” ligands, there are
relatively few examples of luminescent Pt(II) complexes possessing simple, non-

2
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chelating o-bonded aryl ligands.”*”® Most of these complexes show exclusively aryl
ligand-centred emission from the 'm*-state with lifetimes in the ns regime’’ or emit

with low quantum yields from the ‘m*-state.”®

Notable exceptions are trans-
Pt(PEt;),Br-complexes featuring the anthracen-9-yl ligand or some of its brominated
derivatives of Sharp et al., which are formed by oxidative addition of the respective 9-
bromoanthracenes to Pt(PEt;);. These complexes were found to undergo P-type
delayed fluorescence with quantum yields of close to 90% and lifetimes of a few
microseconds.” This finding clearly indicates that a triplet state is involved in the
radiative deactivation process of the initially generated excited state and that the
Pt(PEt3),Br fragment is capable of strongly accelerating the ISC rate from the 'm*- to
the *m*-state. In contrast, attaching the Pt(PEts),Br-fragment to the 3-position of
perylene or the 9-position of perylene-3,4-dicarboximide (PMI) does not lead to the
expected fast ISC, but promotes ligand-based fluorescence with quantum yields of 70
or 30%, respectively. Further modification of these complexes by substituting the
bromido ligand by either cyanido, thiocyanato or neutral ligands such as 4-
methylpyridine or ‘butylisocyanide hardly affects the quantum yields in the case of the
perylene complexes (70 — 80%) whereas those for the PMI analogues was found to
vary from 30% for the neutral complexes to 78% for the cationic isocyanide
derivative.*

The favourable photophysical properties of thioxanthones have prompted us to
prepare and to investigate the complexes trans-Pt(PEt;),(X)(thioxanthonyl) (X = Cl,
Br, I or CN) bearing the o-bonded thioxanthon-2-yl ligand. The ready formation of the

>n*- and *nn*-states of aromatic carbonyl compounds after photoexcitation into the

81-84 85, 86

It—n*- and 'n—>m*-bands, renders thioxanthone derivatives useful sensitisers
or initiators for radical photopolymerisations of olefins.*”*> The excited states of
thioxanthones involve two singlet states S; (lm't*) and S, (lnrc*) and two corresponding
triplet states T, (3TCTC*) and T, (3nn*), which readily equilibrate (Figure 1).94’ o3 Apolar

solvents decrease the energy gap between the two singlet states due to either a

1 1

stabilisation of the nm*-state or a destabilisation of the mm*-state. The energetical
proximity of these two states leads to strong vibronic coupling between them. This so-
called proximity effect is responsible for increasing the non-radiative deactivation rate
as well as increasing the fluorescence energy. Furthermore, this effect also lowers the

quantum yield for triplet formation.”® Two principal pathways for ISC in thioxanthones
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were found: (a) a very fast direct mechanism leading from the 'nm*- to the *rm*-state
and (b) a slow indirect mechanism leading from the 'nn*- to the *nm*-state with the
‘nm*-state as the intermediate.”” °” Although ISC of thioxanthones is rather efficient,
they mainly emit through fluorescence because the T, state with a lifetime of 100 to
140 ms is so long-lived that radiationless deactivation pathways become dominant.
Phosphorescence is usually observed in glassy matrices at 77 K but only rarely in fluid
solution with much lower quantum yields.89’ %97 1t was therefore our hope that
attachment of the {Pt(PEt;),X}-fragment to the thioxanthonyl core should further
increase the ISC rate and hence open a pathway for radiative decay of the T; to the Sy
state. We here report our findings on the complexes Pt-Cl to Pt-CN of Scheme 1,
including the observation of dual fluorescence and phosphorescence emissions from

the thioxanthone chromophore.

purely organic Tx

So(ln*)  ——
vibronic coupling
"proximity effect"
10 ps
Sy('nm*) = - To(®nm*)
A ISC
1.5-2ns
T TiCm)
fluorescence
15-2ns
phosphorescence
100 - 140 ms
\ Y
So

Fig. 1 Qualitative Jablonski diagram illustrating the photophysical behaviour of

thioxanthones
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Results and Discussion
Synthesis

Oxidative addition of 2-bromo-9H-thioxanthen-9-one (Br-Tx) to Pt(PEt;)s gave the
trans complex Pt-Br (Scheme 1). Monitoring the progress of the reaction via 'H and
3P NMR spectroscopy provided no evidence for initial formation of the kinetically
favoured cis-isomer at room temperature. Subsequent abstraction of the bromido ligand
of Pt-Br with AgBF,4 in methanol and addition of NaCl or Nal gave the halogenido
complexes Pt-Cl and Pt-1, respectively. The analogous cyanido complex Pt-CN was
similarly obtained by treatment of Pt-Br with AgCN. All complexes were purified by
recrystallisation from toluene or acetone and were obtained in yields of 63 to 89%. We
note that all trans-XPt(PEt3)»(Tx) complexes (X = Br, CI, I or CN) are much more

soluble in polar organic solvents than Br-Tx.

Attempts to purify Pt-Br by chromatography on basic alumina with CH,Cl, as the
eluent resulted in halide exchange, putatively via oxidative addition of CH,Cl, and

% 9 A second possible

reductive elimination of CH;BrCl to form complex Pt-Cl.
reaction sequence is the bromide abstraction by alumina resulting in a cationic
complex that subsequently reacts with CH;,Cl, to form Pt-Cl. When basic alumina was
added to CD;,Cl, solutions of Pt-Br that were kept in the dark, exchange of the

bromido by the chlorido ligand was much slower and occurred only over a period of

O,
< 30
AgCN |
R
acetone |

two weeks as probed by *'P NMR spectroscopy.

PEts  ggop
Pt-CN
0 Q o)
PEts O 1. AgBF, PEt, O
Br [Pt(PEts)4] | 2. NaCl |
O O e Br—Pt O s 1= CPt O s
s THF | methanol |
Bot 15h PEt3 67% PEts 63%
i Pt-Br Pt-CI
o)
1. AgBF, Fl’Et3 O
2. Nal
L2 Nal,py §)-s
methanol |
PEt; 79%

Pt-|
Scheme 1 Synthesis of complexes Pt-Br, Pt-CN, Pt-Cl, and Pt-1.
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Single-Crystal X-ray Diffraction Studies of Pt-Cl, Pt-CN and Pt-Br

Slow evaporation of concentrated dichloromethane solutions of Pt-I, Pt-CN, Pt-Cl and
Pt-Br gave single crystals in each case. While data sets of Pt-I and Pt-Br were
unsatisfactory, needle shaped single-crystals of Pt-Cl and Pt-CN provided data sets of
sufficient quality to allow for successful refinement. The ORTEPs of the structures are
shown in Figure 2a for Pt-Cl and in Figure 2b for Pt-CN while details of the
crystallographic measurement, data collection and refinement are provided as Tables
S1 and S3 of the ESI. Complex Pt-Cl crystallises in the monoclinic space group P2;/c
and Pt-CN in the triclinic space group P1; . The Pt atoms of both complexes are in
almost ideal square-planar coordination environments with bond angles of 86.67(4) to
93.52(15)° and angle sums of 359.9 and 360.0, respectively (Figures 2 and 3). While
the X-Pt1-C1 (X = Cl1 of Pt-Cl or C14 of Pt-CN) bond angles of 178.98(13) and
178.6(2)° match the expected 180° of a square planar coordination sphere almost
perfectly, the P1-Pt1-P2 bond angles of 175.07(4)° for Pt-Cl and 175.39(5)° for Pt-CN
differ by about 5° from the ideal value. This is the result of a slight bending of the PEt;
ligands toward the side of the intracyclic S atom of the thioxanthonyl ligand. The
thioxanthonyl ligand is not exactly planar some puckering about the S1-C11-O1
vector, which amounts to 5.0 for Pt-Cl and to 11.8° for Pt-CN. The best plane through
the Tx ligand of the complexes adopts a nearly orthogonal orientation to the platinum
coordination plane as is seen by the angles of 85.0° for Pt-Cl and 86.5° for Pt-CN
formed between the metal bonded aryl ring of that ligand and the best plane through
atoms Ptl, P1, P2, C1 and CIl1 or Cl14 of the cyanido ligand. The Pt-CN axis of
complex Pt-CN is tilted by 1.2° with respect to the plane formed by atoms Pt1, C14,
P1, P2 and C1. Pt-C1 bond lengths of 2.010(5) A for Pt-Cl and of 2.052(5) A for Pt-
CN reflect the trans-effect of the (pseudo)halogenido ligand.

Page 6 of 30
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Fig. 2 ORTEPs of Pt-Cl (a) and Pt-CN (b); ellipsoids are drawn at a 40% probability level. H
atoms are omitted for clarity except for H6, H7 and H13 of Pt-Cl and H7 and H13 of Pt-CN.
Selected bond lengths [A] and angles [°] of Pt-Cl: CI1-Ptl 2.4001(13), P1-Ptl 2.3084(11),
P2-Ptl 2.3058(11), C1-Ptl 2.010(5), P1-Pt1-P2 175.07(4), C1-Pt1-CI1 178.98(13), P1-Ptl-
Cll 86.67(4), C1-Pt1-P1 92.63(10), C1-Pt1-P2 87.42(10), P2-Pt1-CI1 93.21(4); Pt-CN: C14-
Ptl 2.048(6), P1-Ptl 2.3098(14), P2-Ptl 2.3049(13), C1-Ptl 2.052(5), P1-Pt1-P2 175.39(5),
C1-Pt1-C14 178.6(2), P1-Pt1-C14 88.16(15), C1-Pt1-P1 90.39(14), C1-Pt1-P2 87.92(14), P2-
Pt1-C14 93.52(15).

In the crystal, individual molecules of Pt-Cl associate to 1D chains along the
crystallographic ¢ axis by a total of four hydrogen bonds O1-H6a and S1-H13a with
O---H and S---H distances of 2.289 and 2.940 A for Pt-Cl, respectively, which is 43 and
19 pm shorter than the sum of the Van der Waals radii (see Figure 3a). In contrast,
individual molecules of Pt-CN form two hydrogen bonds O1-H13a along the
crystallographic a axis with a distance of 2.556 A, 16 pm shorter than the sum of the
Van der Waals radii, Figure 3c. Within each chain of Pt-Cl, neighbouring molecules
are tilted with respect to each other by 13.3° with respect to their thioxanthone planes

in a slight zigzag pattern (Figure 3b). Individual chains of both complexes are further

7
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connected through hydrogen bonds between H7a and the chlorido or cyanido ligand

with H---X distances of 2.758 or 2.652 A, respectively. For Pt-CN, these chains are

offset along the bc plane and arrange in a brick wall-type fashion (see Figures 3d).

Fig. 3 Molecule packing of Pt-Cl and Pt-CN in the crystal. View along the crystallographic
axis (a) and the a axis (b) of Pt-Cl and along the crystallographic ¢ axis (c) and the a axis (d)
of Pt-CN.

Individual molecules of these complexes thus form two dimensional sheet structures
within the ac or ab planes, respectively, with one of the two PEt; ligands of each
molecule situated above this plane and the other below. Individual chains of Pt-Cl are
further offset along the ac plane whereas those of Pt-CN are offset along the bc¢ plane.
Each thioxanthonyl ligand of the complexes is surrounded by two phosphine ligands
belonging to neighbouring chains, one above and one below the thioxanthone plane.
Thus no Pt--Pt or m—stacking interactions are observed in the solid state. This may
contribute to the much higher solubility of the complexes when compared to the free

ligand.
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NMR Spectroscopic Characterisation

The *'P{'"H} NMR spectra of Pt-Cl, Pt-Br, Pt-CN and Pt-I all reveal just one sharp singlet
flanked by '*°Pt satellites (natural abundance 33.8%; Figure 4a) which testifies to the trans
arrangement of the phosphine ligands. The chemical shifts (Table 1) increase in the order I <
CN < Br < Cl. For the halogenido ligands the ordering parallels decreasing c-basicity against
platinum, while the cyanido ligand one sticks out because of its strong m-accepting
capability.'® Observed coupling constants range from 2524 Hz for Pt-CN to 2725 Hz for Pt-
Cl and are unexceptional when compared to other complexes trans-Pt(G-aryl)(PEtg)z(X).79’ 50
100 The lth.p coupling constants reflect the s character of the Pt-P and Pt-X o-bond!*"*1*? and
follow the order CN < I < Br < Cl. The '°Pt signal of every complex is split into a triplet by
coupling to the two equivalent phosphorus nuclei and their shifts follow similar trends to the
3P chemical shifts with the exception of complex Pt-CN, whose '*’Pt resonance appears at
higher field than that of Pt-I.

The *C NMR signal of the metal-bonded C1 atom of every complex is also split into a triplet
due to coupling to the two cis positioned phosphorus nuclei with 2Joc coupling constants
ranging from 8.8 Hz for Pt-1I to 10.5 Hz for Pt-CN. The chemical shift of the C1 atom clearly
depends on the (pseudo)halogenido ligand (Figure 4b, Table 1 and Experimental Section).
From the data in Table 1 and Figure 4b one can infer that the resonance signal of carbon atom
C1 dramatically shifts to lower field as the back bonding ability of the trans disposed ligand
increases. '*°Pt satellites of the C1 "°C resonance signal of 960 and 972 Hz, respectively, were
detected for complexes Pt-Cl and Pt-Br but not for the other two complexes because of the
lower signal to noise ratio of the experimental spectra. For the two complexes Pt-Cl and Pt-
Br the 'Jp.c coupling constants have an inverse ordering to the L oep coupling constants,
which indicates that these two kinds of ligands compete for the 6s electron density at the Pt
atom. The chemical shifts of all other carbon atoms remain almost unchanged along this
series. The coupling constants *Jp.t12 and *Jpii3 to the Tx protons in the ortho positions to the
platinum atom amount to ca. 70 Hz and 63 Hz, respectively, for the halogenido complexes
and to ca. 450r 41 Hz for the cyanido complex and follow the ordering of the frans-influence

of the ligand X (CN << Cl < Br<1).
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a) b) c)
Pt-Cl ‘ ., PtCN Pt-Cl o
1 1 A J ]J
Pt-Br | Pt-| . 1 Pt-Br
1 1 J J. J.W
Pt-CN ‘ Pt-Br " h Pt-I N
1 L J i l AJMM -
Pt-I ‘ Pt-Cl * J)\LPPCN Ff L
| _ | i I
2 18 14 10 6 2 -2 151 149 147 145 143 141 139 137 855 845775 765 755
§'P (ppm) 3"°C (ppm) S'H (ppm)

Fig. 4 a) *'P{'"H}NMR spectra of Pt-Cl, Pt-Br, Pt-CN and Pt-I. b) *C{'H} NMR spectra of
Pt-Cl, Pt-Br, Pt-CN and Pt-1. The asterisks indicate the signal of the platinum bonded carbon
atom C1. ¢) '"H NMR spectra Pt-Cl, Pt-Br, Pt-CN and Pt-I in the spectral region of the ortho

protons of the Tx ligand. The asterisks mark the resonance signal atom H13 and the circles

that of H2.

Table 1 5 '°Pt, §*'P, § °C and & 'H chemical shifts of Pt-Br, Pt-Cl, Pt-I and Pt-CN with

selected coupling constants; n.d. = not determined.

Page 10 of 30

5°'P [ppm] / 8"C, C1 [ppm] /

8'H, H13 [ppm]/ &'H, H2 [ppm]/

5!%pt L 2
Upp [Hz] ~ Jpec A2V ec[Hz] 5, oy 3ot [Hz]
Pt-Cl -4257 13.93 /2725 137.8/960/9.2 8.55/69.2 7.71/61.9
Pt-Br -4382 11.91/2701 139.1/972/9.0 8.54/71.3 7.70/ 63.4
Pt-CN -4674 10.73 /2524 151.3/n.d./10.5 8.50/45.1 7.61/40.9
Pt-1 -4602 8.39/2668 143.7/n.d./8.8 8.52/71.9 7.66/64.0

10
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Table 2 Absorption data of the ligand Tx-Br and the four complexes Pt-Cl, Pt-Br, Pt-CN and Pt-I (ca. 10° M in CH,Cl,, T= 298 K) and TD-DFT
results of Pt-Br and Pt-CN in CH,Cl,; n.c. = not calculated.

absorption data TD-DFT data
compound — : : 3 .
Amax [Nm] (g [10° M~ cm™]) A[nm]  main configuration f Assignment
Pt-Cl 260 (41.3), 272 (38.2), 286 (28.3), 310 (7.7), 403 (5.2) 240 HOMO — L+5 (83%) 0.19 MMLLCT
248 H-7 - LUMO (61%) 0.29 ILCT/MMLL'CT
H-8 — LUMO (16%)
261 H-5 - LUMO (54%) 0.63 MMLL'CT / n—>n*
HOMO — L+1 (19%)
274 H-5 - LUMO (11%) 0.23  MMLL’CT /MLCT / n—>n*
H-4 - LUMO (14%)
H-3 - LUMO (19%)
HOMO — L+1 (36%)
366 HOMO — LUMO (97%) 0.073 n—r*/MMLL'CT
Pt-Br 260 (41.5), 272 (39.5), 285 (31.2), 310 (7.7), 403 (5.7) 240 HOMO — L+5 (66%) 0.12 ILCT/MMLL'CT
248 H-8 — LUMO (19%) 032 ILCT/MMLL'CT
H-7 - LUMO (57%)
261 HOMO — L+1 (21%) 0.73  MLCT / n—>n*
H-6 - LUMO (57%)
275 H-1 — L+2 (68%) 021 o—>0c*
365 HOMO — LUMO (97%) 0.072 g—r*/MMLL'CT
Pt-CN 260 (42.5), 272 (39.3), 282 (32.5), 301 (9.6), 313 (4.3), 237 HOMO — L+4 (64%) 021 gon*/MLCT
399 (5.3) H-1 - L+2 (22%)
246 H-7 — LUMO (80%) 0.24 ILCT
261 H-5 — LUMO (48%) 0.88 MMLL'CT/ILCT / n—>m*

HOMO — L+1 (27%)
H-2 — LUMO (15%)
362 HOMO — LUMO (97%) 0.075 n—n*/ MLCT

11



Dalton Transactions Page 12 of 30

Pt-I 260 (45.0), 273 (44.0), 285 (36.0), 310 (10.0), 403 (5.5) 248 H-9 — LUMO (15%) 0.32  MMLL'CT / n—>n* / ILCT
H-8 — LUMO (58%)
HOMO — L+4 (12%)

261 H-6 — LUMO (57%) 0.86 MLCT / ILCT / non* /
HOMO —> L+1 (12%) MMLL'CT
279 H-3 — L+2 (74%) 0.13 ooc*
362 HOMO —> LUMO (97%)  0.072 m—sx* / MMLL'CT
Tx-Br 262 (40.3), 270 (29.0), 279 (20.0), 293 (6.1), 306 (5.8), n.c.

389 (6.6)
¥ oscillator strength

12
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Electronic Absorption Spectroscopy

Figure 5a depicts the room temperature electronic absorption spectra of the four complexes
and of the free ligand Br-Tx in CH,Cl, while relevant data are collected in Table 2. Like for
the Tx-Br precursor, the spectra of the platinum complexes feature prominent UV absorption
with extinction coefficients € of the order of 4-10* and a much weaker one (g ~ 5-10%) at about
400 nm which is responsible for the yellow colour of Tx-Br and the complexes. Attachment
of the {(X)Pt(PEt;),}-fragment (X = Br, Cl, I or CN) to the thioxanthone core increases the
intensity of the UV bands and red shifts the low energy band by 644 cm™ for the cyanido
complex and by ca. 895 cm” for the halogenido complexes. Donor substitution of
thioxanthones at the 2-position generally red shifts the low energy band owing to a This is due
to a destabilisation of the highest occupied molecular orbital (HOMO) owing to a
destabilisation of the highest occupied molecular orbital (HOMO) . Shifts are in the range of
1740 cm™ (in acetonitrile) for alkoxy * and of 410 cm™ (in benzene) for alkyl®’ substituents.
Thus, in a first approximation, the {(X)Pt(PEt;),}-fragment seems to act as a moderate donor
towards the thioxanthonyl core, thus lowering the HOMO-LUMO gap.100 A more precise
explanation of the red-shift is that the highest occupied platinum d orbital 5dy, is more
strongly coupled to the w than to the ©* orbital of the thioxanthonyl ligand since the  and the
5dy, orbitals are closer in energy. This leads to a destabilisation of the m orbital while the m*
orbital is stabilised by the interaction with the unoccupied Pt 6p, orbital. Thus the energy gap

of the m—>m*-transition is lowered.”®

As follows from our quantum chemical calculations (vide infra) the (relatively) weak low-
energy band corresponds to the HOMO—LUMO transition while several individual
transitions contribute to the stronger, structured UV absorption. The energy of the low-energy
band remains nearly unchanged upon substitution of the Br™ ligand by I or CI" while it is
shifted by 370 cm™ to higher energy for the cyanido complex. This blue-shift is a result of the
n-accepting ability of the cyanido ligand in trans-position to the Tx ligand, which stabilises
the HOMO. This observation is also in accord with the ?C NMR chemical shifts where the
strong back bonding ability of the cyanido ligand induces a deshielding of the ipso carbon.
Nevertheless, the effect of the ligand X on the HOMO-LUMO gap is rather small. The
electrochemical data of the four complexes derived from cyclic voltammetric experiments
(0.1 M BuyNPF¢/CH,ClI, v = 400 mVs’l) also show a small effect of the X-ligand since the
potentials of the first irreversible oxidation are all in a similar range of 0.94 to 1.09 V (see

Figures S18 to S21 of the ESI; note, however, that the peak potentials of chemically
13
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irreversible processes do not strictly correspond to the thermodynamic E° values but are also

affected by the equilibrium and forward rate constants of the chemical follow process).

a) b)

16 —PtBr 5] —CHCI,

. THF
- — 40 — Acetonitrile
§ 8 5l d
= = ]
e 2 20
._w' < 1
109/
0 ———T T 0 -
250 300 350 400 450
A [nm]

Fig. 5 a) UV-Vis spectra in CH,Cl, of Pt-Br, Pt-Cl, Pt-I, Pt-CN and the ligand
bromothioxanthone (Br-Tx). b) UV-Vis spectra of Pt-Br in acetonitrile (red), CH,Cl, (blue)
and THF (green).

Figure 5b shows the electronic absorption spectra of Pt-Br at room temperature in different
solvents. The position of the twin band at 400 nm reveals no solvent dependence whereas the
onset of the UV band shifts to higher energy with increasing solvent polarity. Of note is also a
distinct splitting of this latter band in THF whereas the lower energy components are only a
shoulder superimposed on the more intense, higher energy one in the other solvents. From our
observation that the split Vis band with individual peaks at ca. 400 nm and 390 nm exhibits
no positional solvent dependence and closely resembles the Vis absorption of the free Tx
ligand itself, we can infer that both relevant MOs are essentially confined to the o-bonded Tx
ligand and have obviously very similar spatial characteristics. In particular, the underlying
transition(s) have no appreciable charge transfer character. Experimental and quantum
chemical studies on thioxanthones point to mainly m—n*-character of the underlying
transition(s). That assumption is further supported by our present TD-DFT calculations on Pt-
Br, Pt-Cl, Pt-I and Pt-CN (Table 3, Figure 6, and Figures 25, 27 and 28 of the ESI). These
calculations indicate that the HOMO, the LUMO and the LUMO+1 are almost exclusively
located on the thioxanthonyl moiety with major orbital coefficients on the intracyclic sulfur
atom for the HOMO, at the thioxanthone carbonyl function for the LUMO and a nodal plane
along the S---CO axis for the LUMO+1.

14
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Fig. 6 Graphical representations of selected MOs and their TD-DFT energies for complex Pt-

Br. Arrows symbolize the main contributors to the respective transitions.

In contrast, the UV bands in the range of 310 to 260 nm possess negative solvatochromism
which indicates charge transfer contributions to at least one of the major transitions within the
band envelope. According to our TD-DFT calculations, the overall UV absorption comprises
four major components: An absorption at a (calculated) energy of 275 nm, which is
essentially the HOMO-1—-LUMO+2 transition, one very strong absorption at 261 nm mainly
corresponding to the HOMO-6—LUMO (57%) and HOMO—LUMO+1 (21%) transitions, a
band at 248 nm, which is dominated by the HOMO-7—-LUMO (57%) and the HOMO-
8—>LUMO (19%) transitions, and one rather weak band at 240 nm of mainly

HOMO—LUMO+S origin. As follows from Figure 6, the band calculated at 275 nm is a
15
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o—c* transition of the Br-Pt bond accompanied by an electron density increase at the Br’
ligand and the occurrence of a nodal plane between the Pt and the Br atom. The band
calculated at 261 nm is a mixture of an intraligand charge-transfer (ILCT) and n—m*
transition, both centred at the thioxanthonyl ligand with some shift of electron density from
the S and O atoms to the carbon atoms of the thioxanthonyl moiety and a shift of electron
density from the Pt bound aryl to the outermost phenyl ring. The 248 nm band comprises a
thioxanthone-based intraligand charge transfer (ILCT) and a mixed metal/ligand-to-ligand'
charge-transfer (MLL'CT) from the {(PEt;),Pt}-unit to the thioxanthonyl ligand owing to
appreciable Pt-aryl & character of the HOMO-8. Of note is also an energy splitting of 0.28 to
0.29 eV between the similar MOs HOMO-8 and HOMO-6, which represent the 5-bonding
and -antibonding interactions between the Pt atom and the Pt-bonded aryl ring of the Tx
ligand. The band at 240 nm has also some ILCT- and MLL'CT component. Similar results
have been obtained for complexes Pt-CN, Pt-Cl and Pt-I (see Figure S25, S27 and S28 of the
ESI). However, the c—c* transition of Pt-Br and Pt-I is absent in Pt-CN and Pt-Cl as a

result of the energetically low-lying MOs for the Pt-Cl and Pt-CN o-bonds.

Luminescence Spectroscopy

Figure 7a displays the room temperature emission spectra of Br-Tx in 10” M aerated and of
Pt-CN, Pt-1, Pt-Br and Pt-Cl in 10° M nitrogen-saturated CH,Cl, solutions. Br-Tx emits at
417 nm upon irradiation at 370 nm. Excitation at 400 nm into the HOMO—LUMO band of
the four complexes results in dual emission at around 450 nm and at ca. 510 nm. Stokes shifts
are in the range of 2140 to 2640 cm™ for the higher energy emission and of 5244 to 5583 cm'
for the one at the lower energy. We note here that the Stokes shifts of the higher energy
emission band of the platinum complexes is only mildly larger as that of 1760 cm™ for the
fluorescence emission of Tx-Br itself and it is clearly different from that of Tx-Br in each
case. For every complex, the emission band at 450 nm is insensitive against oxygen while that
at 510 nm is almost completely quenched in aerated solutions (Figure 7c). This observation in
concert with the large Stokes shifts let us assign the high energy emission as fluorescence and
the one at lower energy as phosphorescence, both arising from the o-bonded Tx ligand.
Excitation spectra of Pt-Cl (see Figure S32 of the ESI) support this assignment. Emission
detection at wavelengths of 450 and 501 nm provide essentially identical spectra with a

prominent band 400 nm in exact match with the low-energy m—n* absorption of the Pt-
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bonded Tx substituent. In further agreement with that hypothesis dual emission from the
complexes with attenuated intensities was also observed when Pt-Br was irradiated at 280,
350 or 400 nm (see Figure S33 of the ESI). This clearly indicates that both emissions emanate

from the same compound.

N
»
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> 121 [\ = gt-C| > 097 —in CH,C, 121 —under N,
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Fig. 7 a) Emission spectra of Pt-Cl (green), Pt-Br (orange), Pt-CN (red), and Pt-I (blue) in
nitrogen-saturated and Tx-Br in aerated CH,Cl,solutions. b) Emission spectra of Pt-Br in
CH,Cl, (red), and benzene (blue). ¢) Emission spectra of Pt-Cl under nitrogen atmosphere

(blue) and under air (red).

Table 3 Luminescence data of Pt-Br, Pt-Cl, Pt-I and Pt-CN in nitrogen-saturated and of
TxBr in aerated CH,Cl, solutions at a concentration of 10~ mol L'l; n.m. = not measured.

A [nm]

Ao [NM] (St. shift [em™]) (St.néiil;}; o) ?., D on T [us]

Br-Tx 417 (1726) - n.m. - -
Pt-Cl 451 (2640) 520 (5583) 0.006 0.188 2.17
Pt-Br 450 /421° (2592) 517 /491%(5472) 0.006 0.120/0.031° n.m.
Pt-1 441 (2138) 511 (5244) 0.004 0.017 n.m.
Pt-CN 439 (2283) 507 (5338) 0.015 0.069 n.m.

“ measured in benzene at ambient temperature in nitrogen saturated solutions.

The influence of the ligand X on the emission energies is small, but both bands shift to
slightly higher energy as Pt-X back bonding increases (Cl < Br << I < CN). The wavelength
of the fluorescence emission of the (pseudo)halogenido complexes thus follows an inverse
order as that of the electronic absorption. One possible explanation is that the first excited
singlet state undergoes some structural reorientation before emission occurs which leads to a
stronger contribution of the (pseudo)halogenido ligand. Such structural reorientation upon
irradiation of thioxanthones is not without precedence in the literature®® and also underlies the

solvent dependency of Tx emission, very similar to the one that we observe for the
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investigated complexes (Figure 7b). Computed structure changes between the T; and Sy states
are, however, rather minor and basically confined to the platinum bonded Tx ligand with a
contraction of the Pt-C(Tx) and the C4-S bond lengths of ca. 3 pm and elongation of the Tx
C=0 and the C1-C2 bonds of about 4 pm and 2 pm, respectively (Tables S5 to S8 of the ESI).
The same holds for calculated spin densities as is exemplarily shown for Pt-Cl in Figure S26
of the ESI.

For the three halogenido complexes the phosporescence quantum yields increase with
increasing o-basicity of the ligand X against platinum in the order I < CN < Br < CI from
smaller than 2% for Pt-I to close to 19% for Pt-Cl (Table 3). With increasing o-basicity of
the ligand X, the ligand-field splitting also increases which in turn destabilises the non-
emissive Pt 5d states. Therefore, thermal excitation from the emissive thioxanthone-centred
Snn’-states to the Pt 5d states undergoing radiationless decay is diminished.'® Ligand-field
arguments would, however, predict that the cyanido complex is the strongest triplet emitter
along this series of complexes, which is clearly not the case. Radiationless decay of the
excited triplet state may also be triggered by excitation of vibrational quanta, and this decay
channel may be particularly efficient in Pt-CN due to the high energy of the C=N stretch.'™
The phosphorescence quantum yield further increases with increasing polarity of the solvent
as is exemplified by complex Pt-Br, which shows a quantum yield of 12% in CH,Cl, but only
one of 3% in benzene. Such behaviour has also been reported for purely organic
thioxanthones, which also show strong solvent dependence of the rates of internal conversion
and intersystem crossing owing to a modulation of the relative energies of the S;, S, T; and
T, states.”*”® This effect is also reflected in the energies of the fluorescence and the
phosphorescence bands of Pt-Br that are blue shifted by 1530 cm™ and 1025 cm™,

respectively, when the solvent is changed from CH,Cl, to benzene.

We note that the fluorescence quantum yields and, obviously, the lifetimes of the four
complexes vary only very little and are also very similar to those of purely organic
thioxanthones.® ** %1% The rate constant of fluorescence can be estimated as ca. 1.2 to 0.3

ns by the established equation
@ = keze with ke=5.12x10" s™.'%

This shows that attachment of the {Pt(PEt;)X}-fragment has an only limited influence on the
already high rate of intersystem crossing (ISC) of the Tx dye. The quantum yield of triplet

formation of parent thioxanthone has been determined as 66% for acetonitrile and 84% for
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benzene solutions.”” Of note is, however, the observation of moderately to rather intense
room-temperature phosphorescence from the thioxanthonyl ligand with quantum yields of up
to almost 19%. Organic thioxanthones, while being phosphorescent in glassy matrices at
77K, ¥ % % ysually show only very weak emission under these conditions, if any at all.”’
Intersystem crossing from the excited S; to the excited T, state of thioxanthones is usually

86.95 while the Internal Conversion from the T,

very fast (see Figure 1) and occurs within 10 ps
to the T, state occurs at a rate which is identical to the lifetime of the fluorescence (1.5 — 2
ns).*® In contrast, the T; state is very long-lived with half-lives in the range of 100 to 140 ms,
making it very susceptible to quenching and photoreactions such as H atom abstraction. The
role of the covalently bonded Pt centre is thus to open a pathway for relatively rapid decay of
the T, state to the ground state with the emission of light due to its high spin-orbit coupling
constant, which is not available for thioxanthone itself or its organic derivatives. Pt-Cl, the
strongest triplet emitter of the present series, has a phosphorescence half-life of 2.17 ps,
which is by five orders of magnitude lower compared to that of purely organic thioxanthones.
The lifetime clearly proves that the emission band at 510 nm originates from a triplet state and

further indicates that phosphorescence emission now becomes competitive to radiationless

deactivation pathways.

Conclusions

Four new square planar complexes frans-Pt(PEt;),(X)(thioxanthon-2-yl) (X = CI, Br, CN or I)
were successfully synthesised by oxidative addition of 2-bromo-9H-thioxanthen-9-one to
Pt(PEt;)4 and subsequent halide exchange. Electronic absorption data in concert with TD-DFT
calculations reveal a considerable red-shift of the thioxanthone-centred n—m*
(HOMO—LUMO) transition when compared to the free ligand in accordance with the overall
donor capabilities of the trans-{Pt(PEt;),X}-fragment. All four complexes exhibit dual
fluorescence and phosphorescence emission in fluid solution at room temperature arising from
excited singlet and triplet states located at the thioxanthonyl ligand. While the fluorescence
quantum yield is largely independent on X and very similar to that of other thioxanthones,
that of the phosphorescence emission is strongly modulated by the ligand X, ranging from
1.7% for Pt-I to a truly exceptional value of 18.8% for Pt-Cl in nitrogen-saturated CH,Cl,
solution. In an intuitive ordering, the phosphorescence quantum yield of the halogenido

complexes increases with the ligand-field splitting abilities of ligand X. The lower
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phosphorescence quantum yield of the strong-field cyanido ligand may be due to its high-
energy C=N stretch, which probably provides an efficient non-radiative deactivation channel.
Key to the observation of dual emission is that the platinum coordination centre makes only

limited contribution of the to the relevant frontier orbitals of the excited states’®

asis, e. g.,
seen by the computed spin density distributions of the T, state. This attenuated Pt contribution
has no noticeable influence on the already fast rate of ISC inherent to thioxanthones. It is,
however, still sufficient to open a radiative deactivation channel for the usually very long-
lived triplet state that is unattainable for thioxanthones themselves, thus diminishing the
lifetime of the excited triplet state of the Tx ligand by five orders of magnitude compared to a
value of 2.17 us. This allows for thioxanthone-based phosphorescence to be observed in fluid
solution with unprecedentedly high quantum yield. We note here that complexes exhibiting
dual fluorescence and phosphorescence emission have advantages over two-component
sensors for quantitative detection of singlet-oxygen.71 The platinum Tx complexes herein
display strong phosphorescence and quantitative quenching of that emission at atmospheric
O, levels while fluorescence emission is fully retained. This makes them promising

candidates for such application, and work along these lines is underway.

Experimental Section

Materials and General Methods

All reactions, except the oxidative addition of 2-bromo-9H-thioxanthen-9-one (Tx-Br) to
Pt(PEt;)4, were performed under air with undried solvents. THF was distilled from blue
sodium/benzophenone ketyl and was degassed by three freeze-pump-thaw cycles. All other
solvents were used without further purification. 2-Bromo-9H-thioxanthen-9-one (Tx-Br)'*
and [Pt(PEt3)4]""” were synthesised according to literature procedures.

NMR experiments were carried out on a Varian Unity Inova 400, a Bruker Avance III DRX
400 or a Bruker Avance DRX 600. 'H and *C NMR spectra were referenced to the solvent
signal. >'P and '"’Pt NMR spectra were referenced to external standard (85 % H3PO, and
saturated solutions of K,PtClg in D,0, respectively). NMR spectral data are given as follows:
chemical shift (8 ppm), multiplicity (m: multiplet, s: singlet, d: doublet, t: triplet, quin:
quintet, vm: virtual multiplet,), coupling constant (Hz), integration. In addition to 1D NMR
experiments, complete NMR characterisations were performed by 2D NMR experiments

(‘H,"H gCOSY, 'H,"C gHSQC, 'H,"*C gHMBC and 'H,’'P gHMBC).
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X-ray diffraction analysis was performed at 100 K on a STOE IPDS-II diffractometer
equipped with a graphite-monochromated radiation source (A = 0.71073 A) and an image
plate detection system. A crystal mounted on a fine glass fiber with silicon grease was
employed. If not indicated otherwise, the selection, integration and averaging procedure of the
measured reflex intensities, the determination of the unit cell dimensions and a least-squares
fit of the 20 values as well as data reduction, LP-correction and space group determination
were performed using the X-Area software package delivered with the diffractometer. A
semiempirical absorption correction was performed. The structure of Pt-Cl was solved by the
heavy-atom methods (SHELXS-97), whereas those of Pt-CN and Pt-Br were solved by direct
methods (SHELXS-97). Solutions of both structures were completed with difference fourier

7" minimising o(Fy -

syntheses and refined with full-matrix least-square using SHELXL-9
E2)% Weighted R factor (WR?) and the goodness of fit GooF are based on F2. All non-
hydrogen atoms except C2 and C12 of Pt-Br were refined with anisotropic displacement
parameters. All hydrogen atoms were treated according to a riding model. Molecular
structures in this work are plotted with ORTEP 3.'” Hydrogen atoms and solvent molecules
are omitted for clarity.

UV-Vis spectra were obtained on a TIDAS fiberoptic diode array spectrometer MCS UV/NIR
from j&m in HELLMA quartz cuvettes with 1 cm optical path lengths. Emission spectra were
measured on a Perkin Elmer Luminescence spectrometer LS50 using HELLMA quartz
cuvettes modified with an angle valve from Normag. Time-resolved luminescence
spectroscopy was measured on a LP920-KS instrument from Edinburgh Instruments,
equipped with a R928 photomultiplier and an iCCD camera from Andor using a Starna quartz
cuvette modified with an angle valve from Rotaflow. Luminescence was excited with the
frequency-doubled output from a Quantel Brilliant b laser and the pulse length of
approximately 10 ns. The concentration of samples was ca. 1.5 x 10 M.

Electrochemical investigations in degassed dichloromethane were performed in a vacuum-
tight one-compartment cell on a BAS CV50 potentiostat using Pt or glassy carbon disk
electrodes from BAS as the working electrode, a platinum counter electrode and a silver
pseudoreference electrode. Potentials were calibrated against the ferrocene/ferrocenium

couple (E° Fc/Fc™ = 0.000 V).

Computational Details

The ground state electronic structures were calculated by density functional theory (DFT)

methods using the Gaussian 09'' program packages. Quantum chemical studies were
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performed without any symmetry constraints. Open shell systems were calculated by the
unrestricted Kohn-Sham approach (UKS).""" Geometry optimization followed by vibrational
analysis was made either in vacuum or in solvent media. The quasirelativistic Wood-Boring

small-core pseudopotentials (MWB)''* '

and the corresponding optimized set of basis
functions''* for Pt and 6-31G(d) polarized double-( basis set'"” for the remaining atoms were
employed together with the Perdew, Burke, Ermnzerhof exchange and correlation functional
(PBEO). ''* 7 Solvent effects were described by the polarizable conductor continuum model
(PCM)'"*'?! with standard parameters for CH,Cl,. Absorption spectra and orbital energies

were calculated using time-dependent DFT (TD-DFT)'**

using the same functional/basis set
combination mentioned above. For easier comparison with the experiment, the obtained
absorption and emission energies were converted into wavelengths and broadened by a
Gaussian distribution (full width at half maximum = 3000 cm™) using the program

GaussSum.'** Molecular orbitals were visualised with the GaussView program.'**

trans-bromido(thioxanthon-2-yl)bis(triethylphosphine)platinum(II) (Pt-Br). In a 50 mL
Schlenk tube Pt(PEt;)s (1.26 g, 1.89 mmol) and 2-bromo-9H-thioxanthen-9-one (549 mg,
1.89 mmol) were suspended under nitrogen atmosphere in 10 mL of degassed THF. After
stirring the yellow suspension for 1.5 h at room temperature complete consumption of
[Pt(PEt;)4] was observed by P NMR experiments. The solvent was removed and the
remaining yellow solid was washed with pentane (3 x 5 mL). The product was extracted from
the residue with toluene (3 x 5 mL) and recrystallised from 7 mL of toluene. The needle
shaped crystalline material was redissolved in benzene and then frozen at 273 K. The benzene
was sublimed off in vacuo to yield 810 mg of the yellow product. Yield: 59%. '"H NMR
(600.2 MHz, CD,Cl,, 298 K) & 8.55 (d, *Juyn = 8.2 Hz, 1H, H9), 8.54 (s, with satellites *Jp =
71.3 Hz, 1H, H13), 7.70 (d, *Jun = 8.2 Hz, with satellites *Jp = 63.4 Hz, 1H, H2), 7.61-7.57
(m, 2H, H6, and H7), 7.44 (m, 1H, HS), 7.21 (d, *Jun = 8.2 Hz, 1H, H3), 1.67 (m, 12H, H14),
1.07 (m, 18H, H15). >C NMR (150.9 MHz, CD,Cl,, 298 K) & 179.6 (s, C11), 142.7 (t, *Jpc =
2.2 Hz, with satellites 2Jpic = 43.8 Hz, C2), 139.7 (t, “Jpc = 9.0 Hz, with satellites 'Jpc = 972
Hz, C1), 138.3 (s, C5), 137.5 (t, *Jpc = 2.7 Hz, with satellites “Jpc = 50.4 Hz, C13), 132.2 (s,
C7), 130.7 (t, °Jec = 1.4 Hz, C4), 130.3 (s, C10), 130.0 (s, C9), 129.1 (t, *Jpc = 1.2 Hz, C12),
126.6 (s, C6), 126.2 (s,C8), 125.2 (s, with satellites *Jpc = 72.8 Hz, C3), 14.8 (vquin, J = 16.9
Hz, C14), and 8.1 (s, with satellites *Jpc = 24.5 Hz, C15). >'P NMR (162 MHz, CD,Cl,, 298
K) & 11.91 (s, with satellites 'Jpp= 2701 Hz). '*>Pt NMR (85.6 MHz, CD,Cl,, 298 K) & -4382
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(t, lthp = 2701 Hz). Anal. Calcd for CysH37BrOP,PtS: C, 41.56; 5.16. Found: C, 42.11; H,
5.30%.

trans-chlorido(thioxanthon-2-yl)bis(triethylphosphine)platinum(Il) (Pt-Cl). Pt-Br (46.5
mg, 64.4 pmol) and AgBF,4 (12.6 mg, 64.4 pmol) were suspended in 3 mL of methanol and
heated at 65 °C for 10 min. NaCl (8 mg, 137 umol) was added and the yellow suspension was
stirred for 16 h at room temperature. The precipitate was filtered off and solvent was removed
from the filtrate. The remaining yellow solid was washed with water (3 x 5 mL) and
recrystallised from toluene to give 27.5 mg of yellow, needle shaped crystals. (Yield: 63%)).
'H NMR (600.33 MHz, CD,Cl,, 298 K) & 8.55 (s, with satellites *Jps = 69.2 Hz, 1H, H13),
8.54 (m, 1H, H9), 7.71 (dd, *Jun = 8.13 Hz, *Juy = 1.24 Hz, with satellites *Jpy; = 61.9 Hz,
1H, H2), 7.59 (m, 2H, H6, and H7), 7.44 (m, 1H, H8), 7.19 (d, *Jun = 8.13 Hz, 1H, H3), 1.62
(m, 12H, H14), 1.08 (m, 18H, H15). >C NMR (151.0 MHz, CD,Cl,, 298 K) & 180.2 (s, C11),
143.0 (t, *Jpc = 2.0 Hz, with satellites 2/pc = 43.0 Hz, C2), 138.3 (s, C5), 137.8 (t, 2Jpc = 9.2
Hz, with satellites 'Jpc = 960 Hz, C1), 137.7 (t, *Jpc = 2.56 Hz, with satellites “Jpic = 48.2 Hz,
C13), 132.19 (s, C7), 130.5 (t, *Jpc = 1.38 Hz, C4), 130.3 (s, C10), 130.0 (s, C9), 129.0 (s,
with satellites *Jpic = 70.5 Hz, C12), 126.6 (s, C6), 126.2 (s, C8), 125.1 (s, with satellites *Jp
=71.1 Hz, C3), 14.2 (vquin, J = 16.9 Hz, C14), 8.1 (s, with satellites 2Joc = 23.5 Hz, C15).
3P NMR (161.84 MHz, CD,Cl, 298 K) & 13.93 (s, with satellites 'Jpp = 2725 Hz, 2P). Pt
NMR (85.6 MHz, CD,Cl,, 298 K) & -4257 (t, 'Jpp = 2725 Hz). Anal. Calcd for
CysH37CIOP,PtS: C, 44.28; 5.50. Found: C, 44.28; H, 5.37%. Crystals suitable for X-ray
diffraction analysis were obtained by slow evaporation of the solvent from a saturated CH,Cl,

solution.

trans-cyanido(thioxanthon-2-yl)bis(triethylphosphine)platinum(Il) (Pt-CN). Pt-Br (41
mg, 56.7 pmol) and AgCN (7.6 mg, 56.7 pumol, prepared from AgNO; and KCN) were
suspended in 0.5 mL of acetone and heated at reflux for 5 min. The obtained solid was filtered
off through a syringe filter and the filter cake was washed with CH,Cl, (2 x 2 mL). The
solvent was removed from the combined filtrates and the pure yellow product was obtained
by recrystallisation from acetone. (Yield: 89%). 'H NMR (600.33 MHz, CD,Cl,, 298 K) &
8.55 (d, *Jun = 8.0 Hz, 1H, H9), 8.50 (s, with satellites *Jpy = 45.1 Hz, 1H, H13), 7.61 (d,
3Jun = 8.0 Hz, with satellites *Jpy = 40.9 Hz, 1H, H2), 7.60-7.57 (m, 2H, H6 and H7), 7.44
(m, 1H, H8), 7.29 (d, *Juu = 8.0 Hz, 1H, H3), 1.73 (m, 12H, H14), and 1.10 (dt, *Jyu = 7.6
Hz, *Jey = 16.8 Hz, 18H, H15). °C NMR (151.0 MHz, CD,Cl,, 298 K) & 180.5 (s, C11),

151.3 (t, 2Jpc = 10.5 Hz, C1), 143.5 (t, *Jpc = 2.2 Hz, with satellites *Jpc = 27.9 Hz, C2),
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138.5 (t, *Jpc = 2.6 Hz, with satellites Jpc = 31.1 Hz, C13), 138.3 (s, C5), 133.7 (t, *Jpc =
12.4 Hz, C(CN)), 132.2 (s, C7), 131.3 (s, C4), 130.5 (s, C10), 130.0 (s, C9), 129.0 (s, C12),
126.6 (s, C6), 126.2 (s, C8), 125.2 (s, with satellites *Jpc = 49.9 Hz, C3), 16.1 (vquin, J =
17.60 Hz, C14), and 8.3 (s, with satellites *Jpc = 24.4 Hz, C15). *'P NMR (161.84 MHz,
CD,Cl,, 298 K) & 10.73 (s, with satellites 'Jpp = 2524 Hz, 2P). '*Pt NMR (85.6 MHz,
CD,Cly, 298 K) & -4674 (t, 'Jpp = 2524 Hz). Anal. Calcd for C,6H3sNOP,PtS: C, 46.70; H,
5.58; N, 2.09; S, 4.80. Found: C, 46.52; H, 5.60, N, 2.19; S, 4.69%. Crystals suitable for X-
ray diffraction analysis were obtained by slow evaporation of the solvent from a saturated

CH,Cl; solution.

trans-iodido(thioxanthonyl)bis(triethylphosphine)platinum(Il) (Pt-I). Pt-Br (20 mg, 27.7
pmol) and AgOTf (10.7 mg, 41.5 pmol) were combined in methanol and heated to reflux for
5 min. Nal (8.3 mg, 55.4 umol) was added and the reaction mixture was stirred at ambient
temperature for 1 h. The beige-yellowish precipitate was filtered off and the solvent was
removed from the filtrate. The remaining yellow solid was redissolved in benzene and filtered
through a syringe filter. The solvent was removed and the yellow product washed with
pentane (3 x 1.5 mL) and dried in vacuo (yield: 79%). "H NMR (600.2 MHz, CD,Cl,, 298 K)
8 8.55 (d, *Jun = 8.0 Hz, 1H, H9), 8.52 (s, with satellites *Jpy = 71.9 Hz, 1H, H13), 7.66 (dd,
3Jun = 8.1 Hz, *Jyun = 1.5 Hz, with satellites *Jpy = 64.0 Hz, 1H, H2), 7.62 -7.58 (m, 2H, H6,
and H7), 7.45 (m, 1H, H8), 7.23 (d, broad, *Juy = 8.1 Hz, 1H, H3), 1.77 (m, 12H, H14), and
1.05 (dt, *Juy = 7.7 Hz, *Jpu = 16.4 Hz, 18H, H15). *C NMR (150.9 MHz, CD,Cl,, 298 K)
8 180.3 (s, C11), 143.7 (t, “Jpc = 8.8 Hz, C1), 142.3 (s, with satellites *Jpc = 44.4 Hz, C2),
138.3 (s, C5), 137.2 (s, with satellites “Jpc = 49.9 Hz, C13), 132.3 (s, C8), 130.9 (s, C4),
130.3 (s, C10), 130.0 (s, C9), 129.1 (s,C12), 126.6 (s, C6), 126.3 (s, C8), 125.3 (s, with
satellites *Jpc = 74.5 Hz, C3), 16.0 (vquin, J = 17.4 Hz, C14), and 8.2 (s, with satellites 3 o
= 25.0 Hz, C15). *'P NMR (161.84 MHz, CD-Cl,, 298 K) & 8.39 (s, with satellites 'Jpp =
2668 Hz, 2P). "’Pt NMR (85.6 MHz, CD,Cl,, 298 K) & -4602 (t, 'Jpp = 2668 Hz). Anal.
Calcd for CpsH3710P,PtS: C, 39.02; 4.85. Found: C, 38.46; H, 4.40%.

Crystallographic data files have been deposited at the Cambridge Crystallographic Data
Centre, 12, Union Road, Cambridge CB2 1EZ, [Fax: + 44 1223/336-033; E-mail
deposit@ccdc.cam.ac.] and can be obtained free of charge at
www.ccdc.cam.ac.uk/conts/retrieving.html. Deposition numbers are CCDC 1017997 (Pt-Cl)
and 1017999 (Pt-CN).
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TOC and text for Graphical Abstract

Aoy =400 NM

exc

Aem = 445 nm,
@, ca. 0.6%

Aem = 510 N,
@, up to 19%

Platinum complexes with o-bonded thioxanthonyl (Tx) ligands exhibit, on irradiation into the
Tx t—n* band, dual Tx-based fluorescence and phosphorescence emission with

phosphorescence quantum yields of up to 19% in fluid solution at room temperature.
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