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Abstract
Organic Light Emitting Diodes (OLEDs) represent the next generation lighting technology.

Transition metal complexes that exhibit luminescent properties have been investigated as triplet
emitters for applications in OLED devices. Metal complexes bearing a persistent radical offer an
interesting avenue to tune the excited-state properties, which could provide alternative emitter
systems that has been only scarcely investigated. Presence of coordination sites at the radical ligands
allows the metal centres to be coordinated, which is expected to modulate the photophysical and
photochemical properties such as luminescence quantum yield, emission wavelength maxima and the
stability in the photoexcited state. The organic radicals 2-(4-ethynylphenyl)-4,4,5,5-
tetramethylimidazolidine-1,3-diol  (nitronyl nitroxide) and (3,5-dichloro-4-pyridyl)bis(2,4,6-
trichlorophenyl)-methyl (PyBTM) were chosen as ligands due to their photo- and thermal stability.
The present work reports the synthesis, characterization and detailed photophysical investigations of
new cyclometalated Au(l11) and Pt(Il) complexes bearing nitronyl nitroxide and PyBTM as ligands,
respectively. The resulting final complexes were stable to air and moisture. The photophysical
investigations are strongly suggestive of an interplay between the radical spin and the triplet excited
state. The outcomes of the thesis are expected to lead to an efficient strategy for altering the excited
state properties of luminescent materials which could be applied for achieving efficient light emitting

devices.
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1. Introduction and Background

1.1 Photoluminescence

When sample is irradiated with light, absorption of photons occurs which affords excess energy to
the material and this process is termed as photoexcitation. The dissipation of this excess energy by
the sample through emission of light is known as luminescence. This type of luminescence is termed
as photoluminescence as it is a result of photoexcitation. Because of photoexcitation electrons within
the material move into permissible excited states. Excess energy is released when these electrons
return to their equilibrium states and this process causes the emission of light (a radiative process) or
may not result in any emission (a non-radiative process). The difference in the energy levels among
the two electronic states involved in the transition between the excited state and the equilibrium state
corresponds to the energy of the emitted light (photoluminescence). The quantity of the emitted light

is related to the comparative contribution of the radiative process.*

1.2 Jablonski Diagram

When irradiated with light, electron in the singlet ground state (So) absorbs energy and gets promoted
to the excited singlet state (Sn). From there it has various possibilities to return to the ground state
figure 1. Fluorescence occurs when the electron in the excited state returns to the ground state by
emitting light without changing (or flipping) its spin multiplicity. It is the most common radiative
short lived photophysical process. The movement of electrons from the higher vibrational states to
the lower vibrational states without changing its spin multiplicity is termed as internal conversion
(1C). It is the fastest non-radiative process. When the electron in the singlet excited state moves to the
triplet excited state via changing its spin multiplicity, it is known as intersystem crossing (ISC), which
IS a non-radiative process. When electron in the excited triplet state (Tyx) returns to the singlet ground

state (So) through a radiative process the phenomenon is termed as phosphorescence.
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Figure 1. Energy Level Diagram - Jablonski Diagram.

Absorption of photons in the form of energy by an electron in the singlet ground state gets promoted to the
singlet excited state, the deactivation of this electron back to singlet ground state results in fluorescence. The
electronic spin is conserved with respect to the ground state. When the electron in the excited state returns to
the ground state, emission of a photon of lower energy takes place, which corresponds to a longer wavelength
than that of the absorbed photon (Stokes shift). The phenomenon of fluorescence has a short lifetime (102 to

10" s). The dashed arrows represent a non-radiative processes.

1.3 Potential Energy Curve for Fluorescence and Phosphorescence

Vibrational reiaxation

Nuclear Coordinates
Figure 2. Potential energy curve showing fluorescence.

The electron in the excited state might simply return immediately and photon would be emitted of the
same wavelength as that of the absorbed photon. Conversely, if the electron relaxes into a lower
vibrational level, a part of its initial energy is lost as heat as shown in figure 2. This relaxation of this
electron back to the ground state leads to fluorescence. Usually fluorescence occurs in molecules
having a degree of conjugation. The intensity of the emission is determined by the molecular structure
and chemical environment.

Phosphorescence is a radiative process, in which the electron in the singlet excited state undergoes

intersystem crossing into a triplet excited state with a reversed spin multiplicity as shown in figure 3.



The lifetime of phosphorescence is much longer than that of fluorescence usually from10 - 102 s.
Thus, unlike fluorescence, emission of light does not take place faster in the case of phosphorescence.
Therefore, phosphorescence is even more rare than fluorescence, since a molecule in the triplet state
can easily undergo intersystem crossing to ground state before phosphorescence can occur.

Figure 3. Potential energy curve showing phosphorescence.

1.4 Luminescent Organic Radicals

For a long time stable organic radicals were considered as non-emissive or highly light-sensitive
species®.  Unique emission characteristics of stable organic radicals have been revealed recently,
based on their doublet states (Do), an effective electron-photon conversion in electroluminescent
devices in the absence of the heavy metal effect. The major problem which hinders investigating
photofunctions of luminescent organic radicals is the molecular degradation upon photoexcitation.*
¢ Developing methods to enhance the photostability of luminescent organic radicals to enlarge their
scope to have an interplay between the luminescent, magnetic, and electronic properties is expected
to provide magnetic (spin), electronic, and photo responsive molecular devices.?

Luminescent organic molecules are fascinating since they are suitable for various applications such
as OLEDs and chemosensors. To obtain the desired device properties several emission mechanisms
have been used such as fluorescence via the singlet excited state, phosphorescence via triplet excited
state and thermally activated delayed fluorescence.’

The nature of the excited states of a luminescent molecule strictly determines the emissive behaviour.®
The luminescence properties exhibited by radicals having an unpaired electron from the doublet
excited state (D1) to the doublet ground state (Do) displays unique characteristics such as long
emission wavelength and high efficiency in electroluminescent devices without extended -
conjugation.®® This spin allowed transition without quenching via ISC produces high internal

quantum efficiency in electroluminescent devices.!



1.4.1 Open Shell Organic Radicals

The open shell electronic structures of organic radicals have various unusual properties and can be
useful to applications in various fields such as spintronics, molecular magnets, electron paramagnetic
resonance (EPR) imaging, organic field-effect transistors (OFETS), organic rechargeable batteries
and accelerating chemical reactions.2-16

Harvesting the triplet excited state from traditional organic closed shell molecules has always been
challenging because of the spin forbidden transition of the triplet exciton to the ground state.’
Thermally activated delayed fluorescence (TADF), triplet-triplet annihilation (TTA) processes are
supposed to resolve the problem of triplet harvesting.'®° In contrast, since radicals display doublet
emission, the occurrence of spin allowed transition of doublet excitons to the ground state resolves
the problem of harvesting triplet energy in OLEDs.?°

Significant quenching of fluorescence occurs when open-shell radical species are introduced into
luminescent closed shell molecules.® Whereas quenching does not occur in monoradicals where triplet
state (T1) is generated statistically together with the lowest singlet excited state (S1) in a ratio of 3:1

due to the absence of excited states between D1 and Do and spin-allowed D1-Do transition.?

1.4.2 PyBTM as Stable Luminescent Organic Radical

A fluorescent organic stable radical perchlorotriphenyl methyl radical (PTM) with Aem= 605 nm and
@ = 0.015 in CCly is chemically stable under ambient conditions but decomposes when irradiated
with light into a non-fluorescent perchloro-9-phenylfluorenyl radical which has a quantum efficiency
of 0.3.2% To overcome this problem of degradation Nishihara et. al developed a novel PyBTM (3,5-
dichloro-4-pyridyl)bis(2,4,6-trichloro-phenyl)methyl radical with a unique molecular design and

found to have excellent stability under ambient conditions and photoirradiation.?

Figure 4. Structure of PTM, PyBTM, TTM.

It was supposed that incorporation of pyridine ring into the TTM skeleton would lower the energies
of frontier molecular orbitals on the TTM skeleton because of greater effective nuclear charge
(electronegativity) of the nitrogen atom as compared to the carbon atom which results in enhanced

photostability.* On excitation at A= 370 nm, the fluorescence spectra of PyBTM in CH2Cl, showed



an emission band at maxima A = 585 nm. To support the fact that the emission is fluorescent in nature
the observed excited state lifetime of this radical is 6.4 + 0.2 ns in dichloromethane which is
comparable to those of TTM (= 7.0 £ 0.2) ns and PTM (7 = 7 ns). The rationalised photophysical
process of PyBTM can be summarised as follows: The photoexcitation of radical with light at A =
370 nm induces electronic transition primarily 129a¢—130a and 129a—131a centred on the a spins
thus resulting in the formation of Da1 and Da> excited states. The deactivation of these excited states
to the lowest excited state DB1(D1) is represented by the g-spin excitation (128a—129p). The
emission process of conventional closed-shell molecules does not hold such rearrangement of excited
spin states. The spin allowed nature of the photophysical processes of this radical follows Kasha’s
rule. Finally, the relaxation of Dg; to Do takes place with a fluorescence emission.

PyBTM radical has shown excellent luminescent properties at 77 K and an absolute
photoluminescence quantum yield of 0.81 in EPA (diethylether:isopentane:ethanol 5:5:2) which is
the highest of the values reported for stable organic radicals. The quantum yield of the system is ten
times enhanced in comparison to the solution when PyBTM radical is encapsulated in PMMA matrix.
The stability of PyBTM towards light is enhanced up to 115 times higher than that of the tris(2,4,6-
trichlorophenyl)methyl (TTM) radical. Protonation of PyBTM by the addition of acid significantly
affects the luminescence and redox properties, thereby demonstrating the drastic change in the
electron-accepting ability of the molecule upon protonation. The electronic and optical properties of
the radical by protonation and deprotonation is controlled actively through the introduction of
pyridine ring which acts as a proton coordination site.

Photostability is an important problem for luminescent radicals.®> On a way to enhance the
photostability of the luminescent triaryl methyl radicals introducing an additional pyridyl ring to the
PyBTM skeleton is considered beneficial as increase in number of pyridyl ring would expand the
variation of the coordination sites thereby resulting in the formation of various dimensional
assemblies?* 2. To study the effect of introducing an extra pyridyl group bis(3,5- dichloro-4-
pyridyl)(2,4,6-trichloro-phenyl)methyl radical bisPyTM was synthesized which is stable and

luminescent.?’

bisPyTM

Figure 5. Structure of bisPyTM



Solution of bisPyTM in dichloromethane displayed fluorescence with emission wavelength Aem of
650 nm when excited with Aex = 355 nm. The structural change of bisPyTM in the excited state causes
a strong red-shift in the emission wavelength. The observed excited state lifetime and fluorescence
quantum yield is 3.6 ns and 0.009 respectively. Luminescence properties of bisPyTM is well exhibited
in solution as well as in crystalline state.?® Emission wavelength of 712 nm was observed for
crystalline state of bisPyTM. Doping concentration of 3.0 wt% bisPyTM into its precursor, aH-
bisPyTM crystal shifts the emission wavelength to the shorter wavelength which is due to the decrease
in reorientation energy caused by rigid packing. With the increased doping concentration, the
emission wavelength was red shifted and the intensity was decreased suggesting the excimer
formation. The observed half-life (t12) value of bisPyTM in dichloromethane was 6.7 X 10% s which
is 43 times larger than PyBTM.%

1.4.3 Radical based Organometallic Complexes

To enhance the luminescent properties of PyBTM radical it is coordinated with Au(l) as metal centre because
it can coordinate well with pyridine and its derivative with gold complexes are known to show excellent
luminescence properties.?®=! Photophysical and photochemical properties were studied for the
synthesized [Au(PyBTM)PPh3]ClOs and [Au(PyBTM)PPhs]BF4 3233

BF,

[Au(F,PyBTM)PPh;]BF,

Figure 6. Structure of [Au(F,PyBTM)PPh;]BF,

Characteristic transition bands were observed for this radical gold complex at Aans= 566, 434 and 380
nm in UV/Vis absorption spectrum. The DFT calculations revealed that excitation of the transition
band is due to 2063—207p transitions which generate D1 state and results in fluorescence. The
absolute photoluminescence quantum yield for this complex was 8% which was four times than that
of PyBTM (2%). The observed fluorescence lifetime t of 13.1 + 0.2 ns was twice than that of PyBTM
(6.4 £ 0.2 ns). The coordination of Au(l) also enhanced the photostability with an estimated half-life
(ti2) of (5.0 = 1.1) X 10*s which is thrice that of PyBTM(1.5 + 0.2) X 10*s.

To further enhance the fluorescence quantum vyield of the [Au(PyBTM)PPhs] BF4 complex, one of
the approaches is to introduce fluorine on the pyridine ring as electron withdrawing nature of the
fluorine lowers the energy of the B-NHOMO more than f-SOMO to result in a larger energy gap



between Di- Do. This is because the angle between the pyridyl ring and the plane of sp? hybridized
central carbon (=6) would decrease due to fluorine substitution, because of smaller Van der Waals
radius of a fluorine atom than that of a chlorine atom. Consequently, m-conjugation between the two
moieties is expected to enhance in fluorine-substituted radicals, which certainly is the reason of higher
quantum vyield. Indeed, 8 was smaller in F2PyBTM (33.31°) than in PyBTM (49.31°) in their crystal
structures, suggesting the possibility to form stronger m-conjugation in the fluorine-containing

radicals in solution.

BF, PhsP-Au—N7 BF4

PhsP-Au—N

[Au(PyBTM)PPh;]BF, [Au(F,PyBTM)PPh;]BF,

Figure 7. Structures of [Au(PyBTM)PPh;]BF, and [Au(F.PyBTM)PPh;]BF,.

The hypsochromic shifts of [Au(F.PyBTM)PPhs]BF4 relative to [Au(PyBTM)PPhs]BF4 confirms the
large energy gap which further results in smaller Frank-Condon factors, displaying slower internal
conversion thus resulting in lower knr. [Aul(F.PyBTM)PPh3]BF4displayed an absolute quantum yield
of 20% and fluorescence lifetime of 35.7 ns in dichloromethane, while quantum vyield of
[Au(PyBTM)PPhs] BF4was 8% and fluorescence lifetime of 13.2 ns which is higher than that of
PyBTM radical.

Another paramagnetic, organometallic gold(l) complex Au(CeFs) (PyBTM) was reported to have
interesting luminescent properties. Density functional theory and time-dependent (TD)-DFT
calculations indicated that the fluorescence occurring in CCls is due to interligand charge transfer

(CT) where CoFs and PyBTM moieties operate as electron donor and acceptor respectively. 2427

Cl Au!(C¢F5)PyBTM

Figure 8. Structure of Au(CsHs)PyBTM.

This gold(l) radical complex displayed an emission at Aem = 619 nm when excited with Aexc = 416 nm
upon photoirradiation in CHCIs and resulted in ®em = 0.04 and emission lifetime (z) of 7.1 ns

signifying its fluorescence character. When compared with the second transition band of PyBTM



which is visibly shifted towards the red in the lower energy region 550-600 nm, suggesting PyBTM
centred photoexcitation process. It can be summarised that substitution of fluorine and coordination
with gold(l) interactively affect the electronic excited states of the radical thereby increasing the
quantum yield and causing shifts in absorption and emission wavelengths. When dissolved in
different halogenated solvents complex Au(CsFs)(PyBTM) displayed unique luminescent properties.
Solvents like CCls4, CHCI3, CH2Cl,, and CICH>CHCI affects the luminescence characteristics of
radical gold(I) complex. It was observed that fluorescence quantum yield (®em) enhances and
emission wavelength (4em) is lowered when the polarity (dielectric constant) of the solvent is
decreased. Aem shifted to the long wavelength region as the polarity of the solvent increased. Since it
was observed that luminescent molecules typically emit from CT excited state it can be concluded
that the molecules are more polar in excited state (D state) than in the ground state (Do state).

Highest reported fluorescence quantum yield of PyBTM derivative is 23% in CCl4®. Fluorescence
lifetime of Au(CsFs)(PyBTM) in CCls and CHCIs displayed single emissive component with 7 = 32
and 7.1 ns, respectively where as CH2Cl, and CICH.CH2ClI had two emissive components which was
revealed at around 635 nm with a smaller shoulder at 580 nm. Consequently, solvent dependent

fluorescence was observed for the first time in radicals.3*%°

1.4.4 Magnetic Properties in Luminescence Organic Radicals

Free radicals exhibit paramagnetic behaviour as they contain unpaired electrons and have magnetic
moments that are attracted to the magnetic field. Electronic behaviour in an organic molecule can be
modulated via applying external magnetic field. It is also useful in investigating the fundamental
molecular properties. Change in electrical resistance caused due to magnetic field is termed as
magnetoresistance and is used industrially in reading and writing memory hard drives.®

Modulation of magnetic field greatly affects the rate of intersystem crossing in the luminophores
having excited states with different spin multiplicities.3"~° Distribution of spin states (i.e., spin
statistics) in the excited state is altered with the modulating magnetic field which further results in
the species possessing magnetic field sensitive luminescent properties.***? Magnetic field
substantially effects the processes such as triplet-triplet annihilation which involves changes in the
spin multiplicity of the excited state.** Magnetoluminescence is a new term introduced to understand
the interplay between luminescence and magnetic spin to develop new photofunctionalities.®
Magnetic field sensitive emission properties are shown by PyBTM radical when doped into aH-
PyBTM host crystals.



oH-PyBTM

Figure 9. Structure of aH-PyBTM

Random dispersion of PyBTM radical in host crystal causes aggregation and produce spin states with
different multiplicities in the excited state which displays magnetic-field-sensitive emission
properties which are different from the isolated PyBTM in a doublet state. The luminescence
displayed by 0.05 wt% doped crystals exhibited remarkably high quantum yield (®em) 0f 89% under
ambient conditions. Increased doping concentration results in a broad emission band at Aem = 680 nm
which is attributed to the excimer formation.***> Doping with 10 wt% of radical in host crystal
exhibits magnetoluminescence at 4.2 K which is suggestive that the excimer emission occurring does
not necessarily come from radical pair (dimer) rather it is from other oligomeric species, such as

trimer.

1.45 Heavy Metal Effect on Luminescent Radicals

Luminescence properties of stable radicals are significantly affected by a heavy atom as they tend to
accelerate the intersystem crossing and helps in quenching fluorophore emission of closed shell
molecules.® These radicals have enough coordination sites for heavy metal ions which further can
enhance the luminescence properties.?#46-# Nishihara et.al synthesised [2-chloro-6-(2-pyridyl)-3-
pyridyl]bis(2,4,6-trichlorophenyl)methyl radical (oPyPyBTM’) and [2-chloro-6-(4’-2,2°:6’,2"’-
terpyridyl)-3-pyridyl]bis(2,4,6-trichlorophenyl)methyl radical (tpyPyBTM’) to investigate the
coordination of pyridyl or terpyridyl with cations including protons, fourth period metal ions and

lanthanide ions.

Cl
oPyPyBTM tpyPyBTM

Figure 10. Structures showing protonation on oPyPyBTM and metal coordination on tpyPyBTM.



Turn on fluorescence was observed when protonation of the pyridyl ring occurred. Coordination of
tridentate motif of tpyPyBTM with metal ions such as Zn?* also reveals turn on fluorescence and
resulted in @ = 3.0%. While coordination with other metals ions such as Cu?*, Ni%*, Fe?*, and Mn?*
suppressed the fluorescence because of energy or electron transfer. Addition of La®* to tpyPyBTM

increased fluorescence and the quantum yield @ = 4.1% signifying that there is no heavy atom effect.

1.4.6 PyBTM Radical bearing Carbazole Moiety

TTM-1Cz(4-N-carbazolyl-2,6-dichlorophenyl)bis(2,4,6-trichlorophenyl)methyl is a known emitter
for OLEDs. For a molecule to be deposited over thin films, its stability under high vacuum is the
major criteria. TTM-1Cz remains chemically stable even after heating under high vacuum which is
proved by EPR and NMR spectra of the deposited sample.*® When fabricated with conventional
fluorescent material NPB (N,N’-di-1-naphthyl-N,N’-diphenylbenzidine) and CBP(4,4-bis(carbazol-
9-yl)biphenyl) into a thin film of ITO/NPB (30 nm)/CBP (10 nm)/TTM-1Cz:CBP (5wt%, 40
nm)/TPBi (35 nm)/LiF (0.8 nm)/Aluminium (100 nm) it shows blue emission of NPB and red
emission of TTM-1Cz. Magento-electroluminescence (MEL) was observed for the NPB layer
suggesting the presence of triplet excitons whereas no MEL was detected for TTM-1Cz which clearly

proves the absence of triplet exciton in the TTM-1Cz thus emission in OLED is due to doublet.>®>4

TTM-1Cz

Figure 11. Structure of TTM-1Cz

The maximum external quantum efficiency achieved by the OLED device made of TTM-1Cz is 2.4%,
which is comparable to those of deep-red/near-infrared OLEDs. With the expanding field of organic
photoluminescent radicals a lot has been done on PyBTM radical in a very short period. Due to its
interesting photophysical properties it is a promising candidate for introduction of this radical into a
luminescent molecular scaffold. This provides a wide scope of possibilities to enhance photophysical

properties of luminescent materials which could be useful for a number of light emitting applications.
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1.5 Fluorescent Dithiadiazolyl Radical

Polyaromatic hydrocarbons incorporated with electron donating or withdrawing substituents can
contribute to control the supramolecular arrangements in molecules in the condensed phase to ensure
better performance of light emitting devices. °>->° Stable thiazyl radicals are used as building blocks
in material chemistry as they exhibit high conductivities. Additionally, they are used as organic
magnets and as paramagnetic ligands. ®© Combination of stable thiazyl radicals with polyaromatic

hydrocarbons (PAHSs) widely opens possibilities of developing advanced functional materials.

58 58
NN N

N

Dithiadiazole Pyrene Dithiadiazole Phenanthrene
Figure 12. Structure of Pyrene and Phenanthrene based Dithiadiazolyl radicals.

The optical properties of dithiadiazolyl pyrene and dithiadiazolyl pyrene [GaCls] in acetonitrile
revealed the emissive behaviour, upon irradiation at 241, 279 and 340 nm resulted in broad intense
emission band at Amax =440 nm and a quantum yield of 50%. ®° Strong deep blue emission centred at
440 nm was observed upon photoexcitation of dithiadiazolyl pyrene in solution. Incorporation of
dithiadiazolyl pyrene in different concentration as emissive component was incorporated into a
PMMA matrix film to fabricate an OLED device. An acetonitrile solution of dithiadiazolyl
phenanthrene radical revealed in the emission spectra a broad emission profile with a Amax= 410 nm
and quantum yield of 11%. Radical polymer composites were formed to make a smooth film. Radical
polymer concentration of 1:300 (w/w) results in emission spectra consisting of emission band at 380
nm and a shoulder at 420 nm. Increase in concentration of the radical in the polymer matrix causes
an increase in weak emission band at 420 nm, which can be attributed to the excimer formation.
DTDA radicals are well known to form a dimer in solution, especially at higher concentrations. 663
Thus a polymer composite should have lower radical concentration to avoid weaker emission bands
at 420 nm. It can be concluded that the combination of PAHs and thiadiazolyl radical opens new

possibilities for developing interesting photoluminescent materials.

1.6 Nitronyl Nitroxide Radical

Most often the free radicals are known to quench the fluorophore emission through electron or energy
transfer process. -7 Nitronyl nitroxide radical belongs to a known class of stable radicals which are
readily prepared from aldehydes mostly. This radical has been extensively used as stable spin
labelling techniques. A great deal of studies has been done involving composite systems having metal

11



ions and nitronyl radical as ligative spin sources. %" Mercury complexes bearing such nitronyl
radical as ligands has been reported by Leute and Ullman. ® Heavy metals such as Pt is chosen to
attach with the stable radicals because they affect the luminescent properties significantly by
accelerating I1SC because of its high SOC ®. This is quite challenging because the metal coordination
usually quenches the luminescence of the radical ligand as it is known from literature that carboxylate

ligands upon coordination with metal ions loses its luminescence properties.’”"®

= =
\N' HgOAc |
. N
LV ohve T
Pt % Pt
Il o %N'O'

Figure 13. Structures of the complexes bearing nitronyl nitroxide radical ligand™

1.7 Luminescent Au(l11) Complexes

Figure 14. Structures of mono and biscyclometalated Au(ll1) complexes synthesized by our group 88

Gold chemistry has been attracting researchers worldwide due to its stability, low toxicity and
environmentally benign nature. Gold complexes are carbophilic Lewis acids which have the tendency
to activate n-systems of alkenes, alkynes, allenes thus causing broad range of transformations to occur
based on the strong relativistic effects.828 Major drawback with organogold complexes is the
presence of low lying d-d ligand field states in the case of gold(I1l) complexes which deactivates the
excited states non-radiatively. Also, the electrophilic nature of the Au(lll) centre might result in
photodecomposition of excited states or result in other side reactions. Additionally the high redox
potential of Au(l11) causes reductive elimination. 8% On the other hand, higher SOC constant of gold
could enhance ISC furthermore leading to the radiative decay of the triplet excited states.
Luminescent properties of gold(111) complexes have been investigated based on monocyclometalated
and biscyclometalated ligand scaffolds completed by an aryl or alkyne ligand around the coordination
sphere. %-% Based on these basic fragments, a number of complex es with high emission quantum

yields and reasonable device efficiency has been accomplished. However, one of their drawbacks in
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comparison to the iridium(111) and platinum(Il) complexes is their long excited triplet state lifetimes.
We hypothesize that this can be mitigated through the introduction of stable radicals in the form of

ancillary ligands to complete the coordination sphere around the gold(I11) centre.
1.8 Luminsecent Pt(11) complexes

Platinum(Il) complexes which are isoelectronic with Au(l1l) complexes have lower redox potential
which makes Pt(I1) complexes thermally more stable. Complexes bearing Pt(ll) as the metal centre
are most commonly known emitters and are frequently used in applications such as OLEDs,
biosensors, biological imaging, photochromic materials. *1% Both Au(lll) and Pt(ll) with d®
configuration stabilises in square planar geometry which give rise to intermolecular -rr, metal-m and
metal-metal stacking interaction that might lead to deactivation of the excited states and result in
quenching of emission. On the other hand, such interactions might lead to the exciplex formation and

provide ways for generating new luminescent materials. %6197

SR A

Figure 15. Structures of luminescent Pt(I1) complexes. 1%®

Moreover there are known Pt(11) pincer complexes which have excellent luminescent properties based
on their robust ligand scaffold. 1619 Phosphorescent behaviour displayed by platinum complexes at
room temperature is due to its high spin orbit coupling constant, which allows singlet-triplet
intersystem crossing and results in emission from the triplet excited state. Strong sigma donating
nature of the cyclometalating ligand raises the low-lying d-d orbitals of the platinum thereby reducing

the undesired non-radiative transitions and enhances phosphorescence quantum efficiency. 8110119

1.9 Goal of the Thesis

Gold(111) complexes with ligands that have radicals are unprecedented and there are only a small
number of Pt(Il) complexes with ligands having radicals. The goal of this work is to synthesize
Au(lll) and Pt(1l) complexes attached with nitronyl nitroxide radical ligand and PyBTM ligand,
respectively and to investigate their structural and photophysical properties. The specific goal of the
present study is to investigate the impact of radical ligand over the emissive properties of the Au(lll)
and Pt(ll) complexes. Previously in our group luminescent monocyclometalated Au(l1) complexes
bearing aryl, alkyne, cyanide or aryl alkyne ligands were synthesized and their photophysical

properties were studied. The Au(l11) and Pt(I1) complexes with the radical ligands is expected to result
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in unique emission properties due to the interaction of radical with the charge-transfer state of the
Au(lll) and Pt(11) complexes. The new knowledge gained through the photophysical elucidation of
the interplay between the radical spin and metal complexes is expected to lead to an efficient strategy
for altering the excited-state properties of luminescent materials which could lead to potential
applications for efficient light emitting devices. In addition, we also expect to unravel how the
presence of a persistent radical impacts the excited state lifetime of the metal complex through

interaction with the excited triplet state.

2 Results and Discussion

2.1Target Complexes

[(bpy)PtPYyBTM] [(bpy)PtaH-PyBTM]

CF3

[(foy)Au(Fmes)(NN)]°

Figure 16. Structures of the synthesized complexes.
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The final complexes shown in figure 16 were successfully synthesized and characterized. In all
complexes, the metal centre is bound by a mono- or bis-cyclometalated ligand and an organic
ancillary ligand (aH-PyBTM and NN) as well as their corresponding stable radical species (PyBTM
and NN*). The photophysical properties changes observed between a non-radical/radical pair will be
discussed in the following sections.
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2.2 Synthesis and Characterization of the Organic Ligands

2.2.1 2-(4-ethynylphenyl)-4,4,55-tetramethylimidazolidine-1,3-diol (NN Ligand)

Nitronyl nitroxide radical ligand was prepared by Sonoghashira cross coupling between
commercially available 4-bromobenzaldehyde and trimethylsilylacetylene in the presence of
palladium and copper catalyst. Treatment of silylated benzaldehyde with K>COs results in 4-
ethynylbenzaldehyde which on condensation with 3 yielded NN which was characterized by *H-
NMR. This was further oxidised in presence of NalOs to yield the desired radical compound NN
which was characterized by HR-ESI-MS. The general mechanism of the condensation is shown in

scheme 1. 120-122

o
PdCl,, PPh;, Cu(OAc), K,CO4
° MeOH, 25°C, 2h
Br TMSA, EN, 90°C, 3h / e >
2

=
(H;C)5Si !

o oH HO o,
g NaHCO; N NalO, N
H + pgn : > N
\ N N+
> OH MeOH/H,0, 25°C, 24h OH CH,ClyH,0, 10-15°C, 1h o
FZ
2

N\

H,S0,
3 NN

Scheme 1. NN radical synthesis.

,sH _ H HO NN oM H [ =
H-OH )/—®t‘:~ )—Q—:‘:~ N— )=
HO) H HZO)

Scheme 2. Mechanism for Mannich-type reaction for NN formation.

This condensation is an example of Mannich-type reaction which requires an aldehyde and an amine
and, in such reactions, the lone pair at the nitrogen attacks the carbonyl carbon. Further dehydration

of the intermediate results in the formation of the condensed product NN, which was further oxidised
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to NN* using NalOs as oxidising agent. This oxidation involves the formation of a cyclic periodate
intermediate as shown in scheme 3. The radical was further purified by column chromatography on
Al>03 using CH2Cl>/Hexane as eluent (1:1). Mass spectrometry studies confirmed the mass peak at
m/z 257.12830 for the [M+H]" species.

HO

~-0

T
o
//D

A\\

%)

.
\_\//O
(gro,

HO: HO:

after proton transfer

N+ \‘+
\\ OH +

Scheme 3. Mechanism for NN formation.

2.2.2 3,5-dichloro-4-pyridyl)bis(2,4,6-trichlorophenyl)methane (aH-PyBTM)

N
s CI\Q/C' TfOH
= t o2 -
cl cl
180 °C, 10h

07 H cl

1. 'BUOK, THF, 25 °C, 12h

2.1, Et,0, 25 °C, 3h

aH-PyBTM PyBTM
Scheme 4. Synthesis of PyBTM radical

3,5-dichloropyridine carboxaldehyde was refluxed with 1,3,5-trichlorobenzene in the presence of
trifluoroacetic acid. The resulting reaction mixture was neutralized with NaHCO3 and the aqueous
layer was extracted with CH.Cl, to give aH-PyBTM in a good yield. This superacid catalysed
condensation of pyridine carboxaldehyde with arenes substituted with electron withdrawing groups

proceeds via formation of carboxonium ions in the presence of Bronsted acid. 123126
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ToH .
y Y 4
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0" H 07 H HO /H_\

Cl

Super-Acid Catalysed Condenstaion

Scheme 5. Mechanism for aH-PyBTM formation.

This condensation depends remarkably over the acidity of the reaction system. Strong acid cause
protonation of the carbonyl oxygen to produce a highly electrophilic benzaldehyde carbon. The
superacid CF3SO3zH has proven to be an excellent catalyst for this condensation. 12128 To decrease
the neighbouring group participation, further protonation is required which will increase the
electrophilic reactivity of the carbonyl carbon. The carboxonium ion generated is stabilised by the
phenyl participation, which can be reduced by further protonation to enhance the electrophilic
reactivity of the carbonyl carbon.!?” The dicationic electrophile have stable cationic centre adjacent
to the cationic electrophilic site and can react with saturated as well as unsaturated hydrocarbons.
Further oxidation of aH-PyBTM using '‘BuOK and iodine generates the PyBTM radical. The addition
of aqueous Na>S»03 solution washes away the excess iodine. The general mechanism of the radical
formation occurs via deprotonation followed by oxidation as shown in scheme 6. The synthesized
aH-PyBTM was characterized by *H NMR and the radical compound PyBTM was characterized by
HR-ESI-MS, showing the distinctive singlet of the tertiary proton at 6.71 ppm and the characteristic
m/z 520.80215 for the [M+H]* species for PyBTM .13
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aH-PyBTM

Scheme 6. Mechanism for PyBTM formation.

Deprotonation

Cl
Cl
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2.3  Synthesis and Characterization of the Final Complexes

The synthetic route for the target complexes is based on previous synthetic strategies discovered by

our group and the literature °*°411%, An overview of the reaction cascade is shown in Scheme 7.

Key step in the procedure of the final compounds are the ligand substitution reactions with the

radical ligands proved to be extremely challenging due to the limited characterization methods for

paramagnetic compounds.

1. Hg(OAc),, AcOH
EtOH, Reflux, 24h

2. LiCl, EtOH, 40 °C, 3h

NaAuCly 2 H,0
—_—

H,O/CH;CN (1:1) 25°C,12h

foy (51%) [(fpy)AuCl;] (55%)

1.'BuyNCI,AcOH, K,PtCly
——e
2.DMSO, Reflux 12h

bpy [(bpy)Pt(DMSO)] (41%)

NN NN*

Scheme 7. Synthesis of final complexes. %1:106.109126-135

[(bpy)HgClI] (78%)

Cul, Et;N,NN®

CH,Cly, 25 °C, 12h
Cul, EtsN, NN

CH,Cly, 25 °C, 3h

NaAuCl, 2 H,0
S
CH;CN, Reflux, 48h

[(bpy)AuCl] (52%)

[(bpy)Au(NN)I*(7%)
‘ A ‘ A .
Cl N NN
2N Z CF
CF
1. FMes, nBuLi \Au/ 3 “al :

.
Cul, EtsN, NN
—_——

2. [(fpy)AuCly] i FiC CF, CH:Cl 25°C, 120 O . ,
Et,0, 45 °C, 24h O

Et,0, -78°C, 25 °C

[(fpy)Au(Fmes)Cl] (38%) [(fpy)Au(Fmes)(NN)].(ZS%)

PYBTM

CH,Cl,, 25 °C 18h
aH-PyBTM

CH,Clp, 25 °C 18h
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2.3.1 Biscyclometalated Au(l11) Complex

The transition metal-mediated activation of a C-R bond to form a metallacycle comprising a new
metal-carbon ¢ bond is termed as cyclometalation. Initially the donor group coordinates to the metal
centre and subsequently intramolecular activation of C-R bond closes the metallacycle. Au(lll) ions
were transmetalated by reaction of biphenylpyridine with Hg(Il) acetate followed by addition of
ethanolic solution of LiCl to yield a colourless solid in a good yield, which on refluxing with
NaAuCls.2H20 in CH3CN precipitated a pale yellow solid in a moderate yield and was characterized
by 'H-NMR. Further alkynylation of [(bpy)AuCl] and [(fpy)AuCIFmes] with NN and NN was
carried out via copper acetylide transmetallation. The alkyne in NN and NN* was first converted to
copper acetylide in the presence of Cul and triethylamine (3 equivalents) in dry CH2Cl. as solvent.
The reaction proceeded well in good yield for the attachment of the NN to the Au(l11) complex. The
characterisation of the final Au(lll) complexes bearing the radical ligand was done by HR-ESI-MS,
elemental analysis and EPR. In contrast to this the reaction did not work at all with same amount of
Cul with NN and generated iodine substituted Au(lll) complex. Moreover, catalytic amount of Cul
for the alkynylation of Au(l11) complex with NN resulted in an emissive compound [(bpy)Au(NN)]*
albeit in poor yield instead of the target structure A due to the easy oxidation of the dihydroxy adduct
to the monohydroxy adduct.*® Another possible reason for such product is that the slightly acidic
protons of N-hydroxy group and tertiary carbon is easily abstracted by the base thereby resulting in
an monohydroxy adduct. The obtained product [(bpy)Au(NN)]* was confirmed with *H-NMR which
clearly shows the absence of one of the hydroxy proton and one proton on tertiary carbon. The HR-
ESI-MS shows characteristic mass peak m/z at 684.19113. It was found out to be emissive and while
the complex bearing the radical was non-emissive which is probably due to the quenching effect of
the radical. The complex [(bpy)Au(NN)]" was also confirmed by HR-ESI-MS showing a distinctive
mass peak m/z at 682.17553.

Figure 17. Structure of targeted [(bpy)Au(NN)] complex.
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2.3.2 Monocyclometalated Au(l11) Complex

Suzuki coupling of 4 with bromopyridine in DME/EtOH gives fpy which upon further reaction with
NaAuCls-2H20 in CHsCN gave [fpyAuCls]. Thereafter cyclometalation of [fpyAuCls] gave
fpyAuCly. This was further treated with lithiated FMes to give the monoarylated gold(I11) complex
[(fpy)AuCI]JFmes in a moderate yield.®+% Similarly [(fpy)Au(Fmes)NN'] was synthesized
successfully with Cul and triethylamine (3 equivalents) in dry CH2Cl> via copper acetylide formation.
The crude product was purified by column chromatography on Al>O3 using CH>Cl>/Hexane as eluent.
The obtained product was confirmed by HR-ESI-MS and shows characteristic mass peak at m/z
1005.22208. [(fpy)AuFmes(NN)] did not form under the same reaction conditions. In conclusion
gold(I11) complex bearing NN radical could be achieved due to better stability for alkynylation than
the non-radical NN which is quite unstable under basic reaction conditions and leads to other
undesirable products. Moreover, the [(fpy)Au(Fmes)CI] complex is found to be less reactive due to
the deactivating Fmes group which leads to slower reaction, while the ligand undergoes a faster side

reaction.
2.3.3 Biscyclometalated Pt(11) Complex

This cyclometallation proceeds when 2,6-diphenylpyridine is refluxed with K2PtCls in presence of
'BusNCI and AcOH. The monocyclometalated complex initially formed undergoes loss of HCI to
result in the biscyclometalated complex [(bpy)PtDMSQO] in the presence of a polar solvent such as
DMSO, which was characterized by *H-NMR. %After that the [(bpy)PtDMSO] complex was
reacted via simple ligand exchange reaction by substituting DMSO with aH-PyBTM in dry CHxCl..
The compound was purified to deliver [(bpy)Pt(aH-PyBTM)] which was confirmed by HR-ESI-MS
H-NMR and *C-NMR. The *H-NMR spectra of [(bpy)Pt(aH-PyBTM)] displays a singlet slightly
deshielded from 6.71 ppm to 6.77 ppm for the proton attached to the tertiary carbon of the ligand,
which is probably due to the coordination of the ligand to the metal complex. The HR-ESI-MS spectra
of [(bpy)Pt(aH-PyBTM)] clearly shows distinctive mass peak at m/z 941.86859. Similarly,
[(bpy)Pt(PyBTM)] was synthesized via ligand exchange reaction of [(bpy)Pt(DMSQO)] with PyBTM
and further purified by column chromatography on Al,O3z and characterized by HR-ESI-MS with a
characteristic mass peak at m/z 939.85820 .
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2.4 Electron Paramagnetic Resonance (EPR) Studies

The EPR Spectra of final complexes and radical ligands were recorded in CH.Cl, at room
temperature. The samples were diluted until line narrowing ceased and all the simulations were
performed in easyspin. The spectra did not reveal any significant amount of coupling between free
radical and the gold atom and resembles more like the spectra of the free ligand as shown in figure
18.

S
—— Simulation
—[(bpy)AUINN")]

0.6

0.4

0.2

0.0

intensity / arb. u.
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0.4
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T T T
346 348 350 352 354
magnetic field / mT

Figure 18. EPR spectra of measured and simulated [(bpy)Au(NN)]" and NN".

Simulation for the complex [(bpy)Au(NN)]" was not explicitly done but plotted against the
simulation of NN to show that they are essentially identical. It is possible to simulate both the spectra
together if we treat both the nitrogen nuclei’s equally as they are equivalent (same hyperfine splitting)
we get equally good simulations. The EPR spectra of the complex [(bpy)Au(NN)]" does not show
any visible evidence of the unpaired electron of the nitrogen ligand coupling to that of gold atom
because the spectra looks similar to that of spectra of the free ligand NN". The g factor and coupling
constant values are provided in table 1. However, this does not exclude the presence of Au atom. If
the hyperfine splitting caused by Au is extremely small, the splitting could be difficult to observe in
the linewidth of the spectrum. Specifically, if Au is less than a quarter of the linewidth it would not
be observed. Additionally, it should also be taken into consideration that the EPR spectra alone cannot

prove the presence of Au atom in the system.
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Figure 19. EPR spectra of measured and simulated PyBTM radical.

The EPR spectra of the PyBTM also reveals the presence of the paramagnetic species which was

obvious as shown in figure 19. The EPR spectra of the platinum complex shows the presence of the

radical within the complex and comprised of two distinct signals one of which resembles the free

radical PyBTM whereas the slightly narrower one shows coupling to the Pt nucleus and reveals the

coupling lapt = 2.8. However with these results it is not clear if the electron is delocalised across the

ligand and the Pt centre or it is shifted to the metal centre.® Further experiments and DFT

calculations are required in order to arrive at further conclusion.

oehl S Measured
—— Simulated
[(bpy)PY(PYBTM)]
B 70.4-
70.6—.
346 3:13 GEI':D 3;’»2 354
magnetic field / mT
Figure 20. Measured and simulated EPR spectra of [(bpy)Pt(PyBTM)].
Sample Isotropic a(N)z a(N)z a(Au) a(Pt)
g-factor mT [s.p]* mT (s.p)* mT mT
NN* 2.007 0.74 [20%] 0.77 [21%] - -
[(bpy)Au(NN)]* 2.007 0.74 [20%] 0.77 [21%] 0 (<0.06) =
PyBTM 2.004 - = = -
[(bpy)Pt(PyBTM) 2.006 - - - 2.80 [25%]

Table 1. g and lal values are summarised from EPR studies.
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2.5  Photophysical Studies

2.5.1 UV-Vis and Emission Spectra of Au(l11) Complexes

The UV-Vis spectra of the ligands and the final complexes were measured in CH2Cl> solution. The
significant differences of the absorption profiles show that the electronic properties are mainly
influenced by the presence of the radical ligand. The NN" shows characteristic absorption bands at
320, 337 and 383 nm which is in agreement with the reported literature. The monocyclometalated
[(fpy)Au(Fmes)(NN)]" shows maximum extinction coefficient in the visible region than [NN]" and
[(fpy)Au(Fmes)(CI)] as shown in figure 21. Similar behaviour is seen with the biscyclometalated
Au(l11) complex [(bpy)AuNN)]" shown in figure 22.

0.40 — [(fpy)Au(Fmes)CI] )
/ [(fpy)_Au(Fmes)(NN)]
0.35 (NN)
0.30 4
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Figure 21. UV-Vis spectra of complexes [(fpy)Au(Fmes)CI] and [(fpy)Au(Fmes)(NN)]* with ligand NN".
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Figure 22. UV-Vis spectra of complexes [(bpy)AuCl], [(bpy)AuNN)]" and ligand NN".
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Figure 23. Emission spectra of degassed and non-degassed solution of [(fpy)Au(Fmes)CI].
The emission study was done in degassed CH2Cl: solution for all the final complexes and the ligands.
Figure 23 shows the emission profile of the monocyclometalated complex [(fpy)Au(Fmes)CI] and it
can be concluded from the spectra that the degassed solution of the complex shows phosphorescence
which seems to get quenched in the case of non-degassed solution. The possible explanation for such
observation is the interaction of triplet oxygen with the triplet excited states which results in
appreciable amount of phosphorescence quenching. The noise in the red spectra clearly shows very
weak phosphorescence which gets enhanced on degassing the solution. Similarly the emission spectra

shown in figure 24 reveals quenching of phosphorescence due to the presence of the paramagnetic

species in [(fpy)Au(Fmes)(NN)]".
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Figure 24. Emission Spectra of [(fpy)Au(Fmes)CI] and [(fpy)Au(Fmes)(NN)] .

The emission profile for [(fpy)Au(Fmes)(NN)]® shows weak emission at Aem =424 nm and shows
diminishing phosphorescence due to quenching effect of radical. The biscyclometalated Au(lll)
complex [(bpy)AuCl] is emissive in solution as known from the literature, whereas complex

[(bpy)Au(NN)]" was also found out to be non-emissive due to similar reasons, 131138
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2.5.2 UV-Vis and Emission Spectra of Pt(I1) complexes
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Figure 25. Emission spectra of [(bpy)Pt(DMSO)], PyBTM and [(bpy)Pt(PyBTM)].

The ligand PyBTM itself due to larger delocalised system has lower m — 7 transitions and thus
possess low energy transitions (bathochromic shift) at room temperature. The spectra shows a weak
emission for [(bpy)Pt(PyBTM)] at Aem = 580 nm whereas the [(bpy)Pt(DMSO)] shows extremely
weak emissions and lifetime for such weak emissions could not be measured as shown in figure 25.
The emission profile for the ligand and the final complex looks similar. It is therefore difficult to say
if the ligand alone is causing such emission or if there is also participation of the metal. It was
expected that sufficiently high SOC of Pt(Il) might result in fast ISC and result in radiative decay of
the triplet states, however this was not observed in room temperature measurements. Temperature

dependent measurements and DFT calculations are further required in order to unravel the emission

behaviour of the complexes.
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Figure 26. UV-Vis spectra of the ligand and Pt complexes.

The UV-Vis spectra of the synthesized Pt(11) based complexes and the ligands is shown in figure 26,
where the transitions of the ligand aH-PyBTM is shown in blue, while the transitions for the PyBTM

shown in visible region also resembles with the reported literature.® The [(bpy)Pt(DMSO)] complex

T
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has transitions around 375 nm and the transitions for the [(bpy)Pt(PyBTM)] is significantly red

shifted in comparison. This can be explained based on an assumption that because of extended

conjugation due to PyBTM radical, there is a decrease in HOMO-LUMO gap causing this significant

red shift.
Complex Absorption Medium (T/K) Emission Ama/  Lifetime
Amax/nm(e/M1cm™) nm in
Solution
us
[(fpy)Au(Fmes)CI] 292 (9397) CH2Cl: [298] 527 30.2
366 (14217) 567 129.5
[(bpy)Pt(PyBTM)] 230 (12188) CHCl, [298] - -
270 (8315)
351 (13032)
[(bpy)Au(NN)]* 325 (38329) CHCl, [298] - -
381 (13665)
[(fpy)Au(Fmes)(NN)]* 356 (31456) CHCl [298] 424 -
[(bpy)Pt(aH-PYyBTM)] CHCl;, [298]
PyBTM 360 (19634) CH.Cl, [298] 587 6.3*10°3
[(bpy)Pt(DMSO)] 342 (12566) 367
389
562

Table. 2 Photophysical properties of all the final complexes.
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2.6 Conclusion and Outlook

Organic radicals are a tremendously emerging field of research as they are being considered as next
generation fluorophore whereas earlier they were known to quench fluorescence. In a view to expand
the emerging field of luminescent organic radicals, structural modifications like introducing an
electronegative atom, electron withdrawing groups, transition metal ions, carbazole moiety, have
already been proven as an effective way to enhance the quantum yield and photostability. In this work
we show the synthesis and characterization of monocyclometalated gold(111), biscyclometalated
gold(11) and biscyclometalated Pt(I1) complexes with persistent radicals. It is important to mention
that the these are the first examples of gold(lll) complexes bearing radical ligands. The neutral
complexes have also been synthesized and characterized in the case of biscyclometalated gold(l11)
and biscyclometalated Pt(11) complex. All the final complexes were found to be stable at ambient
conditions. EPR measurements confirmed the presence of the radical in the final complexes and the
respective interaction with the metal centre. To further study the exact position of the radical in the
final Pt complex some pulsed (ESEEM / ELDOR) experiments will be carried out in the future.
Photophysical measurements revealed the complexes to be non-emissive in solution at room
temperature. Further luminescence measurements will be carried out to ascertain their excited state
behaviour at low temperature and in thin films. The redox and magnetic behaviour will be ascertained
through electrochemical and magnetic susceptibility measurements. The new knowledge gained
through the elucidation of their electronic properties is expected to throw light on the interplay
between the radical spin and the central metal. This is further expected to lead to an efficient strategy
for altering the excited-state properties of luminescent materials which could then lead to applications
of these new molecular systems in efficient light emitting devices.
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3 Experimental Part

3.1 Materials and Equipment

Unless otherwise stated, all manipulations were carried out without special precautions for
excluding air and moisture. *H-, $3C- and °F-NMR were recorded on either Bruker AV-500 and
AV-400 spectro-meters at constant temperature of 298 K. Chemical shifts (d) are reported in parts
per million (ppm) referenced to tetramethylsilane (0 0.00 ppm) using the residual protio solvent
peaks as internal standards (*H-NMR experiments) or the characteristic resonances of the solvent
nuclei (**C-NMR expmeriments). Coupling constants (J) are quoted in hertz [Hz], and the
following abbreviations are used to describe the signal multiplicities: s (singlet); br s (broad
singlet); d (doublet); t (triplet); g (quatruplet); sept. (septet); m (multiplet); dd (doublet of doublet);
dt (doublet of triplet). Proton and carbon assignments have been made using routine one and two-
dimensional NMR spectroscopies where appropriate. Chromatographic purification of products
was performed on a short column (length 15.0 cm: diameter 1.5 cm) using forced flow of eluent.
High-resolution mass spectrometry was performed on a Q Exactive Plus (Thermo Scientific, San,
Jose, USA) which is an Orbitrap platform mass spectrometer and utilises heated electron spray
ionization probe, operated in positive as well as negative ion mode. Elemental microanalysis was
carried out with Leco CHNS-932 analyser. TLC analysis was performed on precoated Merck
Silica Gel 60F2s4 slides, Macherey Nagel ALOX N/UV2s4 and visualized by luminescence
quenching either at 254 nm or 365 nm. UV-Vis measurements were carried out on a Perkin-Elmer
Lambda 19 UV-Vis spectrophotometer. Emission spectra were acquired on an Edinburgh FLS980
spectrophotometer using 450W Xenon lamp excitation by exciting at the longest wavelength
absorption maxima. All samples for emission spectra were degassed by 15 min Nz flow. All
microwave reactions were conducted in an Anton Paar Monowave 300 Synthesis reactor. CW-X-
Band EPR spectra were measured on a commercial Bruker E500 spectrometer equipped with a
Bruker ER4122 SHQ resonator. Samples were loaded into conventional X-Band EPR tubes with
an inner diameter of 2.8 mm. Spectra were measured at room temperature using 4.74 mW, 9.85
GHz microwaves and 0.5 G modulation amplitude, unless indicated otherwise Commercially
available reagents were purchased from Aldrich, Chemie-Brunschwig and Fluorochem and were

used as such without further purification.
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3.2 Synthetic Procedures

1) 4-Trimethylsilylbenzaldehyde (1)!20-122

o)
PdCl,, PPh,, Cu(OAG), H
jon
B TMSA, Et;N, 90 °C, 3h =

(H3C)3Si 1

TMSA was added (8.1 g, 38.0 mmol) to a solution of 4-bromobenzaldehyde (10.0 g, 54.3 mmol),
PPhs3 (0.71 g, 1.3 mmol), PdClI, (45 mg, 0.25 mmol), and Cu(OAc)2 (0.1 g, 0.25 mmol) in 60 mL of
anhydrous triethylamine at room temperature. The reaction mixture was refluxed for 3h. After
cooling, the reaction mixture was extracted with CH2Cl2 (3 x 30 mL), the organic layer was separated,
dried over Na,SO4 and the solvent was evaporated. The crude material was purified on a SiO> column
using EtOAc/hexane (1:6) as eluent to give silylated aldehyde (7.0 g, 34.6 mmol, 63%). *H-NMR
(400 [MHZz], CDCls, 25 °C): 8 [ppm] = 10.00 (s, 1 H, -CHO); 7.82 (m, 2 H, -arom.); 7.60 (m, 2H, -
arom); 0.27 (s, 9 H, -SiCH3). The NMR data is consistent with the reported literature.

2) 4-Ethynylbenzaldehyde (2) 120122

o o}
K>CO3
_— MeOH, 25 °C, 2h
= //
1 2

To a solution of 4-trimethylsilyl benzaldehyde (7.0 g, 34.60 mmol) in MeOH (30 mL), K2CO3 (0.48

g, 3.46 mmol) was added to it. The reaction mixture was stirred at 25 °C for 2h. The solvent was

(H3C)sSi

evaporated, the crude was dissolved in CH2Cl2(50 mL) and washed with ag. NaHCO3. The combined
organic layers were dried over NaxSO4 and concentrated to yield 4-ethynylbenzaldehyde (4.2 g, 35.5
mmol, 94%) as an orange colour solid. *H-NMR (400 [MHz], CDCls, 25°C): § [ppm] = 10.02 (s, 1
H, -CHO); 7.85 (m, 2 H, -arom.); 7.64 (m, 2 H, -arom.), 3.29 (s, 1 H, -CCH). The NMR data is

consistent with the reported literature.
3) 2,3-Bis(hydroxyamino)-2,3-dimethylbutane sulphate (3).7412

1. NH,4CI, EtOH/H,0 (3:2)

0°C, 0.5h ‘
NO NH
2. Zn powder, 25 °C, 2h !

3. HySO4 (20% in EtOH) H,S0,
EtOH, 0.5h
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A cooled solution of 2,3-dimethyl dinitrobutane (5.1 g, 28.4 mmol) and NH4CI (3.0 g, 56.8 mmol) in
EtOH/H20 (3:2) was stirred for 30 minutes at (0 — 5 °C). Zinc (12.4 g, 189 mmol) was added slowly
to the reaction mixture. After 30 min. the reaction mixture was allowed to warm up to room
temperature and was stirred for 2h. The solid was filtered and washed with anhydrous ethanol. The
filtrate was acidified with solution of H>SOj4 in ethanol (10 mL, 20%) and additional 60 mL of
anhydrous EtOH was added. The resulting mixture was stirred for 30 min. and the colourless

precipitate was filtered to give 3 (3.4 g, 13.8 mmol, 49%) which was further used without purification.

4) 1,3-Dihydroxy-2-(4-ethynylphenyl)-4,4,5,5-tetramethylimidazolidine (NN)*??

HO,_
N
"L HN&NH NaHCO4
N
MeOH/H,0 (1:2) OH
FZ

2304 25°C, 24h
NN

An aqg. hot (50 °C) solution of 3 (3.6 g, 13.6 mmol) in H.O (20 mL) was added to a solution of
aldehyde 2 (1.2 g, 9.1 mmol) in MeOH (13 mL) at 50 °C. After that the reaction mixture was stirred
at 25 °C for 24 h and neutralized with NaHCOs (1.55 g, 18.5 mmol). The reaction mixture was
extracted with CH2Cl; (3 x 30 mL), the combined organic layers were dried over Na,SO4 and solvent
was evaporated. The crude material was purified on a SiO2 column using EtOAc/hexane (1:6) as
eluent to give NN (0.48 g, 1.84 mmol, 20%) as the product. *H-NMR (400 [MHz], DMSO, 25 °C):
d [ppm] =7.79 (s, 2 H, -OH); 7.46 (m, 4 H, -arom.), 4.51 (s, 1 H, -CH-); 4.13 (s, 1 H, C=CH), 1.05
(d, 12 H, -CHs). The NMR data is consistent with the reported literature.

5) 2-(4-Ethynylphenyl)-4,4,5 5-tetramethyl-2-imidazoline-1-oxyl-3oxide (NN’)!?2

HO
\NJ§< i ONJ§<
N CH,Clo/H,0 (1:1 SN
OH 2Clo/HL0 (1:1) L
10-15°C, 1h
=

NN NN

A\

NN (0.32 g, 1.2 mmol) was dissolved in CH2Cl2 (20 mL) and cooled down to 0 °C. A solution of
NalO4 (0.39 g, 1.8 mmol) in H20 (20 mL) was added to it and the reaction mixture was stirred at 10-
15 °C for 1 h. The organic layer was separated and the aqueous layer was extracted with CHCl3 (3 x
20 mL). The combined organic layers were dried over Na>SO4 and the solvent was evaporated. The
crude product was purified with column chromatography on Al>Oz using CH2Cl2/Hexane (1:2) as
eluent to deliver NN (135.0 mg, 0.5 mmol, 43%). (+)-HR-ESI-MS (MeOH): calcd for C15H17N2O2
[M+H]":m/z 257.12902, found 257.12830.
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6) (3,5-dichloro-4-pyridyl)bis(2,4,6-trichlorophenyl)methane (aH-PyBTM).*

N
s CI\Q/C' TfOH
P + 2
cl cl
180 °C, 10h
cl

aH-PyBTM

Under nitrogen atmosphere, 3,5-dichloro-4-pyridine carboxaldehyde (1.8 g, 10.0 mmol,) and 1,3,5-
trichlorobenzene (18.1 g, 100 mmol) were heated to 180 °C. Trifluoromethanesulfonic acid (30.0 g,
20 mmol) was added dropwise, and the reaction mixture was stirred for 10 h at 180 °C. The reaction
mixture was cooled to room temperature, dissolved in CH2Cl, (50 mL) and added to ice water (50
mL). The mixture was neutralized to pH=7 using NaHCOg3, extracted with CH2Cl> (3 x 100 mL),
washed with ag. NaHCOs solution (2 x 50 mL), and dried over Na,SOa4. The solvent was evaporated
and the crude was purified by column chromatography on SiO, using CH.Cl,/Hexane (1:1) to afford
pure aH-PyBTM (3.1 g, 6.0 mmol, 60%). (*H-NMR (400 [MHz], CDCls, 25 °C): & [ppm] = 8.48 (s,
1 H, -arom.), 8.36 (s, 1 H, -arom.), 7.39 (d, Jun = 2.4, 1 H, -arom.), 7.38 (d, Jun = 2.2, 1 H, -arom.),
7.27 (d, Jun = 2.2, 1 H, -arom.), 7.24 (d, Jun = 2.4, 1 H, -arom.), 6.69 (s, 1 H, -CCH). The NMR data

is consistent with the reported literature.

7) (3,5-dichloro-4-pyridyl)bis(2,4,6-trichlorophenyl)methyl radical (PyBTM).*

oH-PyBTM

aH-PyBTM (0.47 g, 0.9 mmol) was dissolved in dry THF (35 mL) under nitrogen atmosphere and
'BUOK in THF (1M, 1.4 mL, 1.4 mmol) was added. The reaction mixture was stirred overnight at 25
°C in the dark. To the reaction mixture, a solution of I> (1.3 g, 5.2 mmol) in dry Et.O (60 mL) was
added dropwise at 25 °C and stirred for 3h. The remaining I> was washed by reducing with 10%
Na2S203 solution (3 x 30 mL). The water layer was extracted with Et,O and combined organic layers
was dried over Na>SOs. The crude was purified by column chromatography on Al>O3 using
Et>O/hexane (1:4) and dried in vacuo to afford dark red PyBTM (0.34 g, 0.65 mmol. 72%). (+)-HR-
ESI-MS (MeOH): calcd for C1gHsClgN' [M+H]":m/z 520.80, found 520.80215.
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8) 2-(9,9-dimethyl-9H-fluoren-2-yl)pyridine (fpy)**

0.0
@ N Pd(PPhy),, Na,CO3
_N O -
Br . DME/EtOH (1:1), 85 °C, 24h
4

To a degassed mixture of DME (50 mL) and EtOH (50 mL), 4 (0.53 g, 1.6 mmol,), 2-bromopyrdine
(0.2g,1.3 mmol) and 2M Na.CO3 (0.4 g, 3.9 mmol) was added and degassed again. Further Pd(PPhz)s
was added (0.6 g, 0.13 mmol) and the reaction mixture was heated to reflux for 24 h. The desired

fpy

product was extracted with CH2Cl> (3 x 30 mL). The combined organic layers were dried over
Na>S0s. The solvent was evaporated, and the crude was purified by column chromatography on SiO-
using CH2Clz/hexane (1:2) to afford fpy (0.2 g, 0.8 mmol, 51%). *H-NMR (400 [MHz], CDCls, 25
°C): & [ppm] = 8.74 (dd, 1 H, Jun = 4.0,), 8.14 (s, 1 H, arom.), 7.95-7.98 (dd, 1 H, Jun = 8.0, 1.7,
arom.), 7.81 -7.83 (m, 2 H, arom.), 7.76 — 7.79 (m, 4 H, arom.), 7.44 — 7.48 (m, 1 H, arom.), 7.34 —
7.37 (m, 2 H), 1.56 (s, 6 H, CH3). The NMR data is consistent with the reported literature.

9) [(fpy)AuCls].*

NaAuCl, 2-H,0

H,O/CH,CN (1:1), 25 °C, 12h

[(fpy)AuCl;]

Equimolar amounts of fpy (0.2 g, 0.8 mmol) and NaAuCls- 2H,0 (0.3 g, 0.8 mmol) were dissolved
in a 1:1 mixture of CH3CN (6 mL) and H>O (6 mL). The reaction mixture was stirred overnight at
room temperature. The precipitate was filtered, washed with H>O and dried in vacuo to get the desired
product [(fpy)AuCls] (0.3 g, 0.5 mmol, 66%).

'H-NMR (400 [MHz], CDCls, 25°C): § [ppm] = 8.81 (dd, 1 H, Jun = 4, 0.5, py.), 8.20 (m, 1 H, Jun =
8,1.3,arom.), 8.12 (d, 1 H, arom.), 7.90-7.94 (td, 2 H, Ju+ = 8, arom.), 7.80-7.82 (dd, 1 H, Jun = 4.0,
1.1, arom.), 7.68 — 7.71 (m, 2 H, arom.), 7.49 — 7.52 (m, 1 H, arom.), 7.40 — 7.42 (m, 2 H, arom.),
1.60 (s, 6 H, CHz). The NMR data is consistent with the reported literature.
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10) [(fpy)AuCl,]. 14

Microwave

H,0, 180 °C, 2 x 10min

[fpyAuCls] [fpyAuCl;]

[(fpy)AuCls] (0.2 g, 0.35 mmol) was suspended in H2O (12 mL) in a 20 mL microwave vial. Two
cycles for 10 min. were made in the microwave at 180 °C. The precipitate was filtered, washed with
H0 and dried in vacuo to afford [(fpy)AuClz] (0.1 g, 0.2 mmol, 55%).*H-NMR (400 [MHz], CDCls,
25°C): 8 [ppm] =9.83 (dd, 1 H, Jun =4, 0.5, py.), 8.42 (s, 1 H, arom.), 8.15-8.11 (td, 1 H, Jun = 8,
arom.), 7.96 — 7.99 (dd, 1 H, Jun = 8, arom.), 7.84 — 7.86 (m, 1 H, Jun = 8.0, arom.), 7.57 (s, 1 H,
arom.), 7.45—7.48 (m, 2 H, arom.), 7.40 — 7.42 (m, 2 H, arom.), 1.25 (s, 6 H, CHz). The NMR data

is consistent with the reported literature.

11) [(fpy)AuCI(Fmes)].%*

N cl
CF3 1. Fmes,-nBulLi \ / CF;
+ Et,0, —78 °C - 25 °C Au t@\
FsC CF3 2. [(foy)AuCly] ‘ FsC CF3
Et,0, 45 °C, 24h O
Fmes [(fpy)AuCl,] [(fpy)Au(Fmes)CI]

1.6 M nBuLi in hexane (1.75mL, 2.8 mmol) was added with the syringe to a Schlenk flask containing
Fmes (0.5 mL, 2.5 mmol) in Et;O (10 mL) and the reaction mixture was stirred for 2h at room
temperature. The reaction mixture was transferred to a Young-Schlenk containing suspension of
[(fpy)AuCl2] (0.2 g, 0.5 mmol) in Et2O (10 mL). The reaction mixture was heated to 45 °C for 24 h.
The mixture was allowed to cool down to room temperature and was then quenched with H.O (100
mL). The organic layer was extracted with CH2Cl2 (3 x 30 mL) and washed with brine (100 mL). The
combined organic layers were dried over NaxSO4 and the solvent was removed in vacuo to give crude
product. The crude product was purified by column chromatography on SiO2 using CH2Cl2/ Hexane
(1:1) and dried under vacuo to afford [fpy)Au(Fmes)CI] (0.14 g, 0.18 mmol, 38%) *H-NMR (400
[MHz], CD2Cly, 25 °C): 6 [ppm] = 6 9.52 (ddd, 1 H ,Jun = 5.8, 1.6, 0.7, py.), 8.24 (s, 2 H, -arom.),
8.19-8.12(m, 1 H),8.08 (d, 1 H, Juw=7.9, -arom.), 7.78 (s, 1 H, -arom.), 7.57 (ddd, 1 H, Jun = 7.3,
5.8, 1.4, -arom.), 7.43 (d, 1 H, J=7.5, -arom.), 7.36 — 7.29 (m, 1 H, -arom.), 7.29 — 7.22 (m, 2 H, -
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arom.), 6.60 (s, 1 H), 1.51 (s, 6 H, -CHs). *C{*H}-NMR (126 [MHz], CDCl,, 25 °C): § [ppm] =
163.7 (s), 154.3 (s), 153.1 (s), 147.9 (s), 142.9 (s), 142.1 (s), 140.71 (s), 137.4 (s), 134.6 (5), 134.4
(s), 128.6 (s), 128.6 (s), 127.1 (s), 124.2 (s), 123.7 (), 122.7 (s), 120.4 (s), 120.2 (s), 119.6 (s). °F
NMR (377 MHz, CD.Cl) & [ppm] = -59.79 (s, CF3), -63.19 (s, CF3). (+)-HR-ESI-MS (MeOH): calcd
for CaoHisAuFosCIN [M+Na]":m/z 806.05418, found 806.05296. Elem. Anal. Calcd for
Ca9H1sAUF9CIN C:44.44, H 2.31, N 1.79. Found, C 45.28, H 2.35, N 1.56.

12) [(bpy)HgCl].*#

‘ = 1. Hg(OAc),, AcOH, EtOH, reflux, 24h
_N >
2. LiCl, EtOH, 40 °C, 3h
bpy [(bpy)HgCI]

2,6 diphenyl pyridine (0.5 g, 2.2 mmol) and Hg(OAc). (0.7 g, 2.2 mmol) were dissolved in 0.2M
AcOH in EtOH. The reaction mixture was refluxed for 24 h under nitrogen atmosphere. LiCl (0.6 g,
13.0 mmol) dissolved in EtOH (8 mL) was added to the reaction mixture at 40 °C and stirred for 3 h.
The precipitate was filtered and washed with cold EtOH to afford [(bpy)HgCI] (2.9 g, 6.2 mmol,
71%) 'H-NMR (400 [MHz], DMSO, 25 °C): & [ppm] = 8.16 (dd, 2 H, Jun = 4, 1.4, py.), 8.05 — 7.92
(m, 4 H, -arom.), 7.68 (dd, 1 H, Jun = 1.6, 1.4, -arom.), 7.52 — 7.41 (m, 5 H, -arom.). The NMR data

is consistent with the reported literature.

13) [(bpy)AuCl].**

NaAUC|4' 2 H20

CH3CN, reflux, 48h

[(bpy)HgCI [(bpy)Aucl]
Equimolar amounts of [(bpy)HgCI] (2.9 g, 6.2 mmol) and NaAuCls.2H20 (2.5 g, 6.2 mmol) were
dissolved in CH3CN (100 mL) and refluxed for 48 h. The reaction mixture was cooled to room
temperature, filtered, washed with CH3CN and Et.0 to deliver [(bpy)AuCl] (1.5 g, 3.2 mmol, 52%).
'H-NMR (400 [MHz], CDCls, 25 °C): § [ppm] = 8.14 (dd, 1 H, Jun = 8, -arom.), 8.0 (dd, 1 H, Jun =
1.1,1.2, -arom.), 7.93 (dd, 1 H, Jun = 1.6, 1.4, -arom.), 7.61 — 7.57 (m, 2 H, -arom.), 7.53 — 7.39 (m,
5H, -arom.), 7.33 - 7.29 (m, 1 H, -arom.). The NMR data is consistent with the reported literature.
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14) [(bpy)Au(NN)T **

Cul, EtgN N O

CH,Cl,, 25 °C, 15h “Au
\©\(
[(bpy)AuCl] NN® [(bpy)Au(NN)]* ‘o T,

To NN*(50 mg, 0.2 mmol), Cul (80 mg, 0.4 mmol) and EtsN (40 mg, 0.4 mmol) were added in dry
CHCI; (15 mL). The reaction mixture was stirred overnight at 25 °C. The CH2Cl; solution of
[(bpy)AuCI] (75 mg, 0.16 mmol) was added to the reaction mixture and stirred for 3h. The reaction
mixture was quenched with water (30 mL) and extracted with CH2Cl> (3 x 30mL). The combined
organic layers were dried over Na,SO4 and the solvent was evaporated. The crude was purified with
column chromatography on Al;Os using CH:Clz/hexane (1:1) as eluent to afford
[(bpy)Au(NN)]"(28.0 mg, 0.04 mmol, 25%).

(+)-HR-ESI-MS (MeOH): calcd for C1gH27AUN3O2 [M+H]":m/z 682.17688, found 682.17553. Elem.
Anal. Calcd for C1gH27AUN3z02 C:56.31, H 3.99, N 6.16. Found, C 56.28, H 3.71, N 6.46.

15) [(bpy)AuNN] ***

HO
\

Ni Cul, EtzN
CH,Cl,, 25 °C, 3h

@?

O-z

H

[(bpy)AuCI] NN

A solution of [(bpy)AuCl] (115.0 mg, 0.250 mmol) and Cul (5.0 mg, 0.025 mmol) in dry CH2Cl2 (15
mL) was treated with EtsN (1.0 mL, 7.2 mmol). Then NN (98 .0 mg, 0.375 mmol) was added and the
reaction mixture was stirred at 25 °C for 3h. The reaction mixture was quenched with water (30 mL)
and extracted with CH,Cl, (3 x 30 mL) The combined organic phase was dried over NaSO4 and the
solvent was evaporated. The crude was purified with column chromatography CH2Cl>/Hexane (1:1)
to afford [(bpy)AuCI(NN)]* (12.0 mg, 0.017 mmol, 7%). *H NMR (400 MHz, DMSO) & [ppm] =
10.03 (s, 1H, -OH), 8.19 (t, Jun = 8.0, 1H, -arom), 8.00 (d, Jun = 8.0, 3H, -arom), 7.91 (dd, J = 10.4,
4.2, 8H, -arom), 7.73 (d, Jun = 8.2, 2H, -arom), 7.43 (td, Jun= 7.4, 1.3, 2H), 7.34 (td, Jun = 7.5, 1.3,
2H, -arom), 1.23 (s, 12H). (+)-HR-ESI-MS (MeOH): calcd for CszH2sAuNzO2 [M+H]":m/z
684.19255, found 684.19113.
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16) [(fpy)Au(Fmes)(NN)]* 14

‘ X

AN
\Au :

0
N Cul, Et;N

. FsC CF3 + }@—Q

O N7\~ CH,Cly, 25 °C, 15h
4-

[(fpy)AuCI(Fmes)] NN’ [(fpy)Au(Fmes)(NN)]"

CF3

To NN (77 mg, 0.3 mmol), Cul (110 mg, 0.4 mmol) and EtsN (58 mg, 0.6 mmol) was added in dry
CH2Cl> (15 mL). The reaction mixture was stirred overnight at 25 °C. The CH2Cl. solution of
[(fpy)AuCI(Fmes)] (150 mg, 0.2 mmol) was added to the reaction mixture and stirred for 3 h. The
reaction mixture was quenched with water (30 mL) and extracted with CHCl, (3 x 30mL). The
combined organic layers were dried over Na.SO4 and the solvent was evaporated. The crude was
purified by column chromatography on Al>Os using CH2Cl,/Hexane (1:1) as eluent to afford
[(fpy)Au(Fmes)(NN)'] (50 mg, 0.05 mmol, 25%). (+)-HR-ESI-MS (MeOH): calcd for
CasH3zsAuFgN3O2 [M+H]":m/z  1005.22509, found 1005.22208. Elem. Anal. Calcd for
Cuas4H3sAuF9N302" C:52.60, H 3.41, N 4.18. Found, C 58.46, H 4.46, N 6.22.

17) [(bpy)Pt(DMSO)].

1.'BuyNCI,ACOH, K,PtCl,

2.DMSO, Reflux 12h

bpy [(bpy)Pt(DMSO)]

'BusNCI (60 mg, 0.2 mmol) and 2,6-biphenyl pyridine (0.43 g, 2.0 mmol) was dissolved in AcOH
and degassed for 20 min. Then K2PtCl4 (0.83 g, 2.0 mmol) was added and the reaction mixture was
refluxed for 12 h. The yellow precipitate was filtered off, washed with water and acetone. The yellow
solid was dissolved in DMSO (4 mL) and heated to 180-190 °C for 20 min. The solution was poured
into water (40 mL), filtered and dissolved in CH2Cl2 and dried over Na2SO4. The crude product was
purified with column chromatography on Al>Oz using pure CH2Cl. to afford pure [(bpy)Pt(DMSO)]
(0.41 g, 0.81 mmol, 41%). *H NMR (400 MHz, CD-Cl,, 25 °C) & [ppm]= 7.76 (t, Jun = 9.6, 1H, -
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arom), 7.66 (t, Jun = 8.0, 1H, -arom), 7.49 (d, Jun = 7.7 , 1H, -arom), 7.37 — 7.31 (m, 1H, -arom),
7.25 (ddd, Jun = 7.4, 4.4, 1.3, 1H, -arom), 7.11 (td, Jun = 7.6, 1.1, 1H, -arom), 3.70 — 3.59 (m, 3H, -
CHg), 3.70 — 3.59 (m, 3H, -CHz). The NMR data is consistent with the reported literature.

18) [(bpy)Pt(aH-PyBTM)].23#

aH-PyBTM

“omso
CH,Cl,, 25 °C,18h

[(bpy)Pt(DMSO)] [(bpy)Pt(aH-PyBTM)]

aH-PyBTM (0.255 g, 0.49 mmol) radical was added to the dry CH2Cl> solution of [(bpy)Pt(DMSO)]
(120 mg, 0.24 mmol) and stirred for 18 h. Excess solvent was removed by evaporation and the crude
was purified by column chromatography on SiO using (CH2Cl>/Hexane/TEA) (1:1:0.01) as eluent to
afford pure [(bpy)Pt(aH-PyBTM)] (70.0 mg, 0.07 mmol, 31%). *H-NMR (400 MHz, CDCl,, 25
°C): é [ppm] =9.09 —8.91 (m, 1H, py), 7.57 (t, Jun = 8.0, 1 H, -arom), 7.51 — 7.44 (m, 2 H, -arom),
7.37 (dd, Jun = 11.5, 2.2, 1 H, -arom), 7.27 (d, Jun = 2.9, 1 H, -arom), 7.26 (s, 1 H, -arom), 7.22 (id,
Jwn =7.3,1.1, 1 H, -arom), 7.07 (td, Jun = 7.5, 1.2, 1 H, -arom), 6.88 (dd, Jun=7.1, 0.7, 1 H, -arom),
6.77 (s, 1 H, -CCH). 3C-NMR (126 MHz, CD,Cly): & [ppm] = 171.9 (s), 168.4 (s), 152.9 (s), 151.3
(s), 149.9 (s), 149.5 (s), 148.2 (s), 144.6 (S), 140.3 (s), 138.2 (5), 138.1 (s), 137.6 (S), 136.9 (s), 135.9
(s), 135.1 (d, J = 8.5), 132.9 (s), 132.5 (s), 132.4 (s), 131.0 (s), 130.8 (s), 130.5 (s), 130.4 (s), 129.9
(s), 129.1 (s), 129.0 (s), 128.8 (5), 124.3 (s), 124.2 (s), 114.89 (5s), 50.29 (S).

(+)-HR-ESI-MS (MeOH): calcd for CssH19PtClgN3 [M+H]":m/z 941.86989, found 941.86859.

Elem. Anal. Calcd for CssH1gPtClsNs C:44.47, H 1.92, N 2.96. Found, C 45.46, H 1.99, N 2.92.
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19) [(bpy)Pt(PyBTM)]. 134

PyBTM

“DMSO
CH,Cly, 25 °C,18h

[(bpy)Pt(DMSO)] [(bpy)Pt(PYBTM)]

PyBTM (0.4 g, 0.8 mmol) was added to the dry CH2Cl2 (20 mL) solution of [(bpy)Pt(DMSO)] (200
mg, 0.4 mmol) and stirred for 18 h. Excess of solvent was removed by evaporation and the crude
was purified by column chromatography on Al>Os using (EtOAc/hexane) (1:6) as eluent to deliver
[(bpy)Pt(PyBTM)] (20 mg, 0.02 mmol, 6%). (+)-HR-ESI-MS (MeOH): calcd for C3sH19CIgPtN,"
[M+H]*:m/z 939.86050, found 939.85820. Elem. Anal. Calcd for C3sH1sClsPtN2" C:44.52, H 1.81,
N 2.97. Found, C 48.52, H 2.81, N 2.64.
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4 Abbreviations

IC
ISC
soc
TMSA
HUMO
LUMO
PMMA
PYyBTM
HRMS

EPR
THF

Internal Conversion
Intersystem Crossing

Spin-Orbit Coupling

Trimethylsilsylacetylene

Highest Occupied Molecular Orbital

Lowest Unoccupied Molecular Orbital
Polymethylmethacrylate
3,5-dichloro-4-pyridyl)bis(2,4,6-trichlorophenyl)methyl radical
High Resolution Mass Spectrometer

Electron Paramagnetic resonance

Tetrahydrofuran
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