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Abstract

In this work, square-planar complexes [M(L)X] of Pt(II), Pd(II) and Ni(II) with L = tridentate,
cyclometalated, so-called ring-expanded ligands were studied. In a first approach, the 8-
quinolinyl moiety was used to achieve the ring-expanded, six-membered metallacycle. The
complexes with N*C"N or C"N”N binding motives (N = pyridyl or quinolinyl) for the
tridentate ligands revealed strong geometric distortions as indicated by single crystal X-ray
diffraction. This leads to nearly perfect square planar coordination at the cost of coplanarity
and conjugation of the ligand backbones. Spectroscopic data, supported by DFT-calculations
revealed a strong influence of the ring-expansion on MLCT absorptions. Preliminary

investigations showed promising luminescence results, especially for Ni(II) compounds.

Introduction of further chromophore moieties such as carbazolyl and fluorenyl resulted in
even stronger structural distortions of the ligand backbone. UV/Vis-absorption spectroscopy
and cyclic voltammetry confirmed carbazole-containing complexes to exhibit strong shifts of
MLCT transitions as well as electrochemical potentials, due to the strong o-donor character of
the ligands. Fluorene-containing complexes showed broad UV/Vis-absorptions, but the

introduction of the fluorene moiety had little impact on electrochemistry.

Introduction of sulphur and oxygen into the ligand backbones expanded the scope to N*"C"S
and N*C"O systems. Their complexes feature interesting oxidations of the sulphur-atoms in
the ligand backbone and weak coordination of oxygen-donors, prone to exchange with solvent

molecules.

Systematic coligand (X) exchange reactions of the [M(L)X] complexes were carried out using
the nitrato derivatives [M(L)NOs] as key intermediates. This NOs-coligand was exchanged
under very mild conditions, allowing for a wide range of anionic, pseudo-halogenide
coligands to be introduced. This method was further adapted to introduce acetylide- or
pyrrole-derived coligands, that are strong o-donors with potential for m-backbonding. These
coligands have a large impact on optical and electrochemical properties and the systematic

exchange is a potent method for adjusting complex properties.

Overall, this work broadens the portfolio of tridentate ligands for cyclometalated complexes,
with ring-expansion opening the way to many new complex species. Their properties can be
tailored to specific applications through ligand design with various donors or further tuned
by coligand exchange reactions. Future work could see these methods applied towards

complexes in luminescent materials and optoelectronic devices.
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1 Introduction

1 Introduction

1.1 Tridentate Cyclometalated Complexes

Many cyclometalating ligands contain three (hetero) aromatic units, in the simplest case either
phenyl or pyridyl, connected via a single bond. Structurally, they are derivatives of the
prototypical tridentate N N”N ligand 2,2":6’,2”-terpyridine (terpy, see Figure 1).I" 3 The
carbanionic phenyl in such ligands can be replaced by extended aromatic systems like
naphthalenel® or anthracenes!” but also by C-bond thiophenyl® 8, furanyl® and more. Pyridyl
groups can be replaced by any heteroaromatic moieties containing at least one N-function.
Examples are pyrazoles!'V], thiazoles!'" 12, pyrimidines!*®l and more. Beyond nitrogen-binding
aromats systems with oxygen!'* 13, sulphur!® 'l or phosphorous!”l have been reported but are

far less common compared to nitrogen.[- 14 1619

These tridentate cyclometalating ligands are useful because of their ease of synthesis and the
possibility of derivatisation with the large range of aromats previously mentioned. Their
chelation and meridional coordination usually results in strong ligand field splitting, desirable

for many applications such as catalysis, photophysical appliances and photoluminescence.!'>

17, 18, 20-24]

The group ten metals Ni(I), Pd(II) and Pt(II) are among the most commonly complexated
metals featuring these tridentate cyclometalating ligands.[ 151820271 While less frequent, many
different metals have been reported with these ligands, such as Au(III) 28], Rh(III) 2%3, Ru(II)
301, Tr(IIT)BY 321, Co(1I)1%3, Fe(II)B4 and Os(IV)B1.

Figure 1 Different cyclometalated complexes bearing five-membered metallacycles (marked red). From
left to right: [Pt(terpy)Cl]*, [Pd(PyMe2PhPy)Cl], [Ni(PhPyPy)Br]. -4

Looking at the example of the Pt(II) complex of the pyridine-phenyl-pyridine protoligand,
[Pt(PyPhPy)Cl] (Figure 2, left), a square planar geometry is obtained, as is to be expected of
d®-metals.! The Hiickel-aromatic nature of the sp>-hybridized rings dictates angles of 120°,
including the nitrogen lone pairs.*! This opposes the energetically favoured square planar
geometry of Pt(II) with an ideal N-Pt-N angle of vi = 180° and N-M-C angles of 3; = 90° (see
Figure 2, right). The Pt-C bond length of 1.907(8) A (compared to Pt-Ni1 2.033(6) A, PN
2.041(6) A) further ensures the Pt(II) ion cannot achieve its ideal square planer geometry.!

Instead, distortion takes place, resulting in an N-Pt-N angle of vy =161.1(2).1"
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o = 114.5(5)° 90°
X B =80.1(3)° 90°

v =161.1(2)° N_ ) vi=180°

d=1.907(8) A di=<16A

Figure 2 Experimental bond lengths and angles surrounding Pt(Il) determined by SC-XRD of
[Pt(PyPhPy)Cl] (left) and hypothetical “ideal” square planar geometry (right).!

This results in a weakened ligand field splitting for these complexes. This can be severely
detrimental to applications of such complexes in optical appliances. High ligand field splitting
is generally attributed to raising of the metal centred (MC) excited d-d states.[*” In addition to
this, the strength of geometrical distortion of the excited triplet state of these complexes can be
directly linked to an increase of luminescence quenching.l**“! For example, the N*"C"N type
complex [Pt(PyPhPy)Cl] retains its rigid coplanar ligand backbone even upon excitation. %8 In
contrast, the C*"N"N type complex [Pt(PhPyPy)Cl] exhibits a distortion of its excited triplet
state out of plane, caused by population of the antibonding dx?>-y2 orbital.#2l This results in
nonradiative decay pathways being more accessible, by vibronic coupling of the excited triplet
and the singlet ground state.® The distortion of the excited states is much less pronounced
for the N*C"N counterpart, making it a much more efficient luminophore.l 4! Therefore,
rigidification of the ligand backbone is a useful method to supress non-radiative decay and

increase lifetimes and quantum yields.[38 40, 43-46]

1.2 Complexes with Ring-Expanded Tridentate Ligands

These ligand design challenges stemming from systems with five-membered metallacycles can
be addressed by expanding said ligand systems to six-membered metallacycles.l's 41 These
ligands can be based on larger aromatic ring systems or of smaller aromatic systems that are
linked by suitable spacer groups (see Figure 3). For example, exchanging the ubiquitous
2-pyridine donor for 8-quinoline, results in the formation of the larger metallacycles (see
Figure 3).018 47

Figure 3 Examples of Pt(Il) complexes with tridentate ligands forming six-membered metallacycles

(chelates, marked in red).[18 47, 48]

The geometries of complexes with such larger six-membered metallacycles differ from the

five-membered ones previously discussed. The larger metallacycle would result in very small

2
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binding pockets if the aromatic rings were to remain coplanar. However, the rotational degree
of freedom around the single bond connecting the different aromats causes distortions of the
ligand backbone. They twist to angles that best accommodate the metal ions, resulting in

bonding angles close to the ideal 180° (see Figure 4).[18 4]

Figure 4 Lewis structure of [Pt(QPhQ)CI) (left) and molecular structure from SC-XRD (middle, right),

showing distortion of the ligand backbone and loss of coplanarity.!'s

This generally results in stronger ligand field splitting, which could make d-d states less
accessible for deactivation pathways.'® 51 However, a significant amount of distortion of the
ligand backbone is caused, leading to loss of coplanarity and conjugation.!'® >l Upon excitation
these distortions and the resulting angle strain then promote population of radiationless d-d

excited states.l5

However, previous studies have found that this fine balance can be struck. Williams et al.
reported the N*N”N type six-membered derivative of the Pt(Il) terpyridine complex,
[Pt(QPyQ)Cl]Cl to be more luminescent with higher lifetimes and quantum yields that its
counterpart with five-membered metallacycles.l'! (see Figure 5) However, the opposite is the
case for the N*"C"N derivatives, while the lifetime remains longer, the quantum yield is
drastically diminished for the ring-expanded species [Pt(QPhQ)Cl]."8l This is surprising, since
the carbanion of the later should be a much stronger o-donor, resulting in a stronger ligand
field splitting, thus inhibiting radiationless MC d-d exited states.[>” 4!

[Pt(PyPyPy)CI]* [Pt(QPyQ)CI]* [Pt(QPhQ)CI] [Pt(PyPhPy)CI]

|\ l\

Cl
Amax = 500, 535, 590 nm Amax = 600 nm Amax = 611, 645 nm Amax = 491, 524, 562 nm
7=<0.01 ps =16 ys =14 us 7=7.2 s
¢Ium =0.04 @/um =36 @/um =1.6 @Ium =60

Figure 5 Comparison of structurally related N*N”N and N*C"N type Pt(II) complexes with differing
five- and six-membered metallacycles and their emission maxima and lifetimes (r.t., degas. CH2Clz2, ®um

values x102).128 511

The structures of these complexes were not investigated by single crystal x-ray diffraction.

Instead DFT-calculations were carried out for structure elucidation, revealing a strong

3
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distortion of the ligand backbone, with interplanar angles as high as 38.5° for the N*"N”N type
[Pt(QPyQ)Cl]ClI complex.!'s!

The beneficial influence of ring-expansion on luminescence properties is not limited to
symmetric and rigid aromatic ring systems. Ring-expansion can also be achieved by bridging

ligand systems with donor such as amine, ether or sulphur moieties (see Scheme 1 and 2).142 4%

50, 52-54]

[Pt(PhAN~PyPy)C,Ph] [Pt(PhPyPy)C,Ph] [Pt(PhPy~*NAPy)C,Ph]

Ph Ph
N B N
| AN CAN N/ SN NAN | X | AN
_N ring exp. I ring exp. _N N__~
/Pt Pt/ Pt
NN \
g l

\ \

Ph Ph
Ph
Amax = 615 nm Amax = 982 nm Amax = 495 nm
7=<0.5 s 7=0.4 us 7=9.2 us
Dym=0.004 Dym=0.04 Dyym = 0.56

Scheme 1 Site-selective ring expansion of [Pt(PhPyPy)Cl] drastically impacts luminescent properties.[*>

43, 52, 53]

Such ring expansion of [Pt(PhPyPy)C:Ph] lead to interesting, diverging results.> 4 52
Expansion of the ligand backbone between the phenyl- and bipyridine subunits lead to
red-shifted emissions with equally short lifetimes and much lower quantum yields than
exhibited by the parent compound ([Pt(PhPyPy)C2Ph], see Scheme 1, left).l*> 3 The opposite is
the case when the ring-expansion is introduced in between the two pyridine units (Scheme 1,
right). For the [Pt(PhPy"N"Py)Cz2Ph] complex, the emission is strongly blue-shifted, with

much longer lifetime and higher quantum yield. > 52

This major difference is attributed to different composition of the triplet excited states. For
[Pt(PhPy~N"Py)C2Ph] (Scheme 1, right), the triplet state is of 3t—t*(C"N) character mixed with
MLCT 3[dn(Pt)-»7*(C*N)] components.[¥l These transitions are not accessible for
[Pt(Ph"N"PyPy)C2Ph] (Scheme 1, left), since the amine bridge affects conjugation and the rings
are geometrically distorted. This geometrical distortion of both the singlet and especially the
triplet excited state of the complex [Pt(PhPy”N"Py)C:Ph] seems to be beneficial for the

quantum yields and lifetimes of the luminescence.>?

Similar detrimental effects of ring-expansion on luminescence like exhibited by
([Pt(Ph"N~PyPy)C2Ph] (see Scheme 1) were found in complexes with bridging sulphur and

methylamine moieties (see Figure 6).55]
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[Pt(PyAS*PyPy)C,Ph]* [Pt(Py~N~PyPy)C,Ph]*

G
®
D oD
/N\ /N = /N\ /N =
Pt /Pt

S WG AN

Ph Ph

Figure 6 Sulphur- and methylamine-bridged ring-expanded Pt(II) complexes bearing phenylacetylene

coligands. 50!

While the ring-expansion on these systems did increase the bite-angles around the metal as
intended, a strong distortion of the overall geometry of the complex was the result. The
adoption of a pseudo-tetrahedral conformation then lead to promotion of non-emissive d—d

excited states.l5

The bridging ring-expanded complexes discussed show that, case-dependent, site-selective,
asymmetric ring-expansion can have a large impact on the properties of the resulting

Complex.[“zr 43, 50, 52, 53]

Further ring-expanded systems with azaindole-based ligands (Bab) were reported containing
both Pt(II) and Pd(II) metal ions (see Figure 7).5 %

[Pt(N3N)]
[Pt(Bab)CI] [Pd(Bab)CI] | X — [Pt(PyAnthPy)CI]
APy o i
Pt. J— _{_ Pd
N7 | ON NT | ON
/- Cl N\ 2 K./ Cl \ g

Figure 7 Examples of complexes with different ring-expanded ligands and metal ions Pt(II) and Pd(II).”

55-58]

Both complexes [Pt(Bab)Cl] and [Pd(Bab)Cl] also exhibit luminescence at low temperature
(77 K, glassy frozen CH:Clz), reported to be of 3m—m*(L) character with 3[dnt(M)—m*(L)]
contributions similar to the amine-bridged complexes previously discussed.*> %1 As was the
case for the structurally related [Pt(QPhQ)CI], the complexes [M(Bab)Cl] feature strong
distortion of the ligand backbone in the crystal structures, in favour of more square-planar
geometries. The interplanar angles of the two azaindole units of [Pd(Bab)Cl] are 78.0° with
N-Pd-N angles of perfectly 180.0(1)°, while for [Pt(Bab)Cl] an interplanar angle of 72.9° with
N-Pt-N angles of 178.69(2)° were found.!



1 Introduction

Next to the various applications of ring-expanded systems in luminescence applications, they
have also been used in bio-inorganic applications.®! For example, the luminescent properties
of [Pt(QPhQ)CI] (see Figure 5) can be applied for switchable sensing of G-quadruplex DNA.
151 This specific type of DNA secondary structure forms in guanine-heavy DNA strands and
can form different morphologies.l®! The complex [Pt(QPhQ)Cl] shows selective binding and
in such G-quadruplex DNA as opposed to duplex DNA. The reported luminescence of the

platinum complex can then be used to selectively detect G-quadruplex DNA.*

Next to ring-expansion by the introduction of larger aromatic systems like quinoline or
azaindole ([Pt(QPhQ)Cl], Figure 5, [Pt(Bab)Cl], Figure 7), larger metallacycles can also be built

up by expansion of the central aromatic ring, moving away from phenyl moieties.

For example, carbazole moieties have been incorporated into ring-expanded tetradentate
ligand systems of Pt(II) complexes ([Pt(N3N)], Figure 7). These complexes were successfully
applied in OLEDs.[7 5]

Anthracene-based  protoligands have also been complexated with platinum
([Pt(PyAnthPy)Cl], Figure 7).l The structure of the resulting complex shows nearly perfect
square planar geometry around the metal ion, with angles of 178.16(7)° for N-Pt-N and
178.58(6)° for C-Pt—Cl. In that regard the structure is very similar to that of [Pt(QPhQ)Cl].
However, it differs in a pronounced distortion of the anthracene substructure, which, as an
aromatic system, should be fully planar. This indicates that the tendency to form square planar
geometries is much more energetically favoured than other structural features like coplanarity
of the aromatic rings (as seen for five-membered metallacycles, e.g. [Pt(PyPhPy)Cl] or even the

aromatic character of the anthracene itself.

These complexes are good examples of the synthetic flexibility regarding ligand design

possible by ring-expansion.

Complex with mixtures of five- and six-membered N*C"N type ligands have been reported

with ruthenium as metal ion (see Figure 8).

Figure 8 Ruthenium complexes with mixed five- and six-membered metallacycles. Ruthenium favours
cyclometalation forming five-membered metallacycles. Roll-over metalation is observed, if no suitable
ligand N*C”N is present (right side).lé"l
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During synthesis, the [Ru(QPyQ)Cls] complex is reacted with the PyHPhPy derivative,
undergoing cyclometalation and yielding the desired product. However, a reaction with the
ring-expanded analogue, QHPhQ, does not yield the desired product and no conversion was
observed. When reacting [Ru(QPyQ)Cls] with terpyridine, a rollover cyclometalation of one of
the quinoline-rings was observed, featuring a five-membered metallacycle.l’!l These
ruthenium complexes have found application towards dye-sensitized solar cells (DSC)

because of their promising luminescent properties.[°!l

Structurally similar ruthenium complexes, featuring the ring-expanded N"N”N-type

protoligand QPyQ have been reported for applications in polymer chemistry (see Figure 9). 1621

2+ 2PFL

o
¢S J20

Figure 9 Example of thiophene based polymer including [Ru(QPyQ)]?* complexes.[

The introduction of the ruthenium complex units into thiophene based polymers lead to
increased luminescence. Additionally, their electrochemistry featured remarkable stability
upon oxidation. Additionally, polymers of high ruthenium-complex content also featured
reversible switching of polymer conductivity based on this oxidative stability.l®) These
properties are useful applied in solar cells like the cyclometalated complexes discussed earlier,

or potentially in light- and redox-driven sensoring.¢! 621

1.3 Methods for the Synthesis of Pt(II), Pd(I) and Ni(II) Complexes with Tridentate
Cyclometalating Ligands

1.3.1 C-H-Activation for Pt(II) Complexes

The complexation of Pt(II) towards ring-expanded systems (e.g. [Pt(QPhQ)Cl]) was carried out
under conditions previously reported for complexes with five-membered metallacycles. [18 52!
Generally, these ring-expanded complexes seem to follow the same reactivity for both Pt(II)
and Pd(II). (1855

The first direct C-H-activation synthesis of complexes with tridentate cyclometalated
NAC”N-type ligands was reported in 1999. 1 The protoligand, (pyridine-phenyl-pyridine,
PyHPhPy) was reacted with potassium tetrachloroplatinate in acetic acid at reflux

temperature, yielding the desired product (see Scheme 2).11l
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| X | X K,[PtCly] X | X
_—
reflux, 72 h |
0,
Cl 78%

Scheme 2 Synthesis of [Pt(PyPhPy)Cl], as first reported by Cardenas et al. in 1999.01

Since then, this method has found application for a vast range of cyclometalated platinum

complexes, proving its reliability and versatility.[52 54 63731

1.3.2 C-H-Activation for Pd(II) Complexes

The same conditions can be extended to Pd(II), which undergoes cyclometalation under
similar conditions.l 7+771 However, when the protoligand PyHPhPy (see Scheme 3) is reacted
under the same conditions, a different product then the intended cyclometalated product is

obtained.

N
—N
O,Pd
o=
—_—
_N N~ HOAc o
reflux, 5 h =
7 oo
Pd—y

AN
0}
o
54%

Scheme 3 Reacting PyHPhPy with a palladium precursor under acidic C-H-activation conditions leads

to a dimeric species instead of the desired complex.!!l

Instead, the pyridine rings rotate around their connecting single bond and C-H-activation
takes place not in the intended tridentate binding pocket but on both sides of the phenyl rings
in a bidentate fashion. The result is a bridged structure featuring two protoligands with a total
of four cyclometalated palladium centres, bridged by acetate-ligands (see Scheme 3).1 This
behaviour is not limited to the PyHPhPy protoligand and can occur for all protoligand that
allow for ring rotation.” To circumnavigate this, the exterior activation cites can be blocked
by substitution. The complex [Pd(PyMe:PhPy)Cl] undergoes base-assisted C-H-activation,

resulting in the intended N*C"N type coordination (see Scheme 4).?!

H3C CHs H3C CHs

[Pd(COD)Cl,]
KOAC/KQCO3
p-xylene

reflux, 72 h |

Scheme 4 Synthesis of [Pt(PyMe2PhPy)Cl], as reported by Kletsch et al. in 2021.12]
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Studies of the role of palladium in C-H-functionalisation and cross-coupling catalysis also
suggest a direct involvement of acetate groups, as present in the commonly used catalyst
Pd(OAC)..”8801 The bidentate acetate coordinates to the metal ion and can then interact with
the C-H bond. This weakens it and facilitates subsequent, formally base assisted,
C-H-activation.”®% The same mechanism is feasible for acetate-species generates in situ from

metal precursors in acetic acid solution.

C-H-activation of C"N”N type ligands (e.g. HPhPyPy) with K:[PdCli] was reported in a
solvent mixture of acetonitrile and water under reflux.®l These complexes can also be

synthesized by oxidative addition, reacting halogenide-bearing protoligands with suitable
Pd(0) precursors (e.g. [Pdz(dba)s]).15"

1.3.3 C-H-Activation for Ni(II) Complexes

Nickel(Il) requires different conditions to achieve cyclometalation compared to Pd(Il) and

Pt(I). Instead of direct C—H-activation in solvents, base-assistance is needed.!” 2]

Ni(DME)Br, NiBr,
N—i—NF THF _N N2 p-xylene N— i —NF
| 66% reflux, 18 h reflux, 72 h ||
Br 0 Br 730/0

Scheme 5 Different conditions of base-assisted C-H-activation of PyHPhPy with Nickel-precursors.['”

26]

This can either be achieved by using triethylamine and Ni(DME)Br: as a soluble nickel
precursor in THF, or NiBr: alongside a mixture of KOAc and K2CO:s in p-xylene at reflux
temperature under strict exclusion of moisture.l'” 2 These methods have proven versatile for

the preparation of various cyclometalated nickel systems since their first publication in 2020.%

12,13, 49, 77, 82-89]

While Ni(II) can undergo C-H-activation reactions similar to Pd(II) and Pt(II) it does so at
much harsher conditions, even with the assistance of base (see Scheme 5).1'7: 261 This need for
much higher activation energy shows the lower driving force nickel has towards
C-H-activation compared to its heavier analogues. Paired with the much higher susceptibility
of nickel complexes to hydrolysis and solvolysis, the preparation of nickel complexes is more
challenging overall.'> 41 Alternatively, transmetallation using organo-mercury compounds or
oxidative addition of halogenated protoligands and Ni(0) can be employed to obtain the

corresponding complexes.% 4l

While the C-H-activation conditions discussed were applied to the complexation of Pt(II) with
ring-expanded protoligands in the past, the same has not been done yet for nickel and only in
a limited way for Pd(II).[8 52 51
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2 Scientific Objectives

2 Scientific Objectives

2.1 Complexes with Ring-Expanded Tridentate Cyclometalated Ligands

The main scientific objective of this work is the synthesis of new cyclometalated, tridentate
complexes of Ni(Ill), Pd(II) and Pt(IlI). These complexes should feature at least one
six-membered cyclometalated ring system and can encompass various donor atoms. To retain
a neutral complex, a donor motif of either N*C"N or C*"N”"N was chosen for the first target

protoligands. This leaves various combinations of either 56, 6”5 or 6"6-type cyclometalated

slo) (o]0

N—m—N N—M—N

apnjapyan

C—M—N

ring systems (see Figure 10).

M = Pt(ll), Pd(ll), Ni(ll)

Figure 10 Overview of possible cyclometalated complexes with tridentate cyclometalated ligands of
N”C”N and C*N”N type, bearing five- or six-membered metallacycles (red numbers). The coligands

are omitted for clarity.

Various coupling methods are suitable to synthesize these different protoligands. The most
approachable and widely applicable method would be coupling under Suzuki-conditions.( 1l
Using this method, symmetric protoligands could be synthesized in one step with suitable
building blocks (see Scheme 6).

r Al
L__A__B(OH), [Pd(PPhs)]
= K,CO4
X I+ 2 Toluene/EtOH/H ,0
Br Y Br |Y ° uen(r:feflux 2
N
Y=CorN

Scheme 6 General synthetic procedure towards the synthesis of symmetrical 6"6-membered

protoligands via Suzuki-coupling.

These building blocks should contain the donor, nitrogen, and be an aromatic system. This
way the rigidity of the individual rings can be guaranteed and the binding pocket can be
approximated before complexation, to insure cyclometalation at the desired position, if
possible. [l For the six-membered cyclometalated rings, 8-quinolinyl boronic acid is a very

useful building block, ensuring the desired protoligand properties.

A problem arises for the synthesis of asymmetric protoligands, of mixed 5"6-membered ring
sizes. The essential building block for 5-membered cyclometallacycles is the
2-pyridinyl-moiety. However, 2-pyridinyl-boronic acid, as well as its pinacol ester, are both

highly susceptible to solvolysis and decompose fairly rapidly in solution, even without

10
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addition of other reactants.””l While these building blocks can be synthesized, and therefore
are commercially available, they are expensive and difficult to handle. This leads to poor yields
and renders them unattractive for synthesis. Therefore, care should be taken to plan
protoligand synthesis accordingly, avoiding the need for a pyridine-boronic acid moiety.

Instead, aryl-bromides can be used, coupling them to boronic acids (see Scheme 7).

B(OH),
r,’\
(HO), '

Y = onIy C( Suzuki Suzuk|

/| Br
Y + (HO),B
Y=CorN

Scheme 7 General synthetic procedure towards the synthesis of asymmetrical 5"6-membered

protoligands via Suzuki-coupling.

This general approach can be applied to build up various protoligand systems of both C"N"N
and N*C"N type. If needed, different reaction conditions can be used to couple already built-
up ring systems with building blocks requiring different conditions like other cross-coupling

reactions (e.g. Negishi) or condensation reactions.

Using the same methodology, aromatic rings bearing donor atoms other than nitrogen can be
introduced. This way, protoligands with potential N*C"S-, NA*C"O- or even S"C"S-binding

are obtained (see Figure 11).
O Oy o C
N _N
S S S o}
O oo O
Figure 11 Examples of target protoligands with sulphur or oxygen donor moieties.

The precoordination typical for N*C*N and C"N”N type ligands should be less strong for
sulphur and especially oxygen donors.1?®l [ This could be reflected both in the reactivity of
the protoligands towards complexation, as well as in the stability of the resulting complexes.
These ligands could exhibit different reactivity, sulphur donors showing stronger bonding
with Pt(II) and Pd(II) and oxygen donors with Ni(II), according to HSAB theory.*

2.2 Synthesis of Pt(II), PA(II) and Ni(II) Complexes with Ring-Expanded Tridentate
Cyclometalated Ligands

With the protoligands in hand, cyclometalation can be achieved by applying previously
reported C—H-activation conditions (see Scheme 8). Heating the protoligands with suitable
metal precursors in acetic acid is a suitable method for the metals Pd(II) and Pt(II).['$ 25! For
Ni(II), a base assisted method must be used, heating the protoligands with nickel bromide,

potassium acetate and potassium carbonate in p-xylene at reflux temperature (see Scheme 8).12¢]
11
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K2[PtC|4] or

Ko[PdCly]
HOAc

reflux, 72 h

NiBry
KOAc, K2CO3
p-xylene
reflux, 72 h

M = Pt, Pd, Ni
X =Cl, Br

Scheme 8 Reactions conditions for C-H-activation of Ni, Pd and Pt using a model protoligand

(pyridine-phenyl-quinoline, PyPhQ).[25 26l

If C-H-activation under the discussed conditions cannot be achieved, other C—H-activation
methods need to be screened for. Alternatively, oxidative addition approaches can be used.
This would need adaptation of the protoligands, introducing halogen-bearing building blocks

early on.

2.3 Coligand Exchange Reactions

To further change and fine-tune the properties of obtained complexes at a late stage, coligand
exchange reactions will be carried out. While many reaction conditions have been reported for
such reactions, often a case-by-case approach is necessary to screen for ideal conditions (see

Scheme 9).1% %

H—=——Ph
[Pd(PPHj3),] 5mol%
Cul, NEt,

CH20|2, r.t.
18 h

NaOH
Carbazole

CH2C|2Y r.t.
18 h

Scheme 9 Potential reaction conditions for coligand exchange reactions on the complex [Pt(PyPhQ)Cl].">

95]

With optimal conditions found, coligand exchanged complexes can be compared to establish

a portfolio of suitable coligands to influence optical and electronical properties.

With the desired complexes in hand, their optical and electrochemical properties will be
studied in detail using suitable methods, with a special focus on the effect of the
ring-expansion on the structure and properties. To this end, structural analysis by single
crystal X-ray diffraction will be used if possible. Additionally, luminescence spectroscopy and

DFT-calculations will be carried out.

12



3 Results and Discussion

3 Results and Discussion

3.1 Publication: Pt(II), Pd(II), and Ni(II) Complexes with Tridentate Cyclometalating Five-
and Six-Ring Chelating N*C*N, CAN*N and N*C*N Quinolinyl Ligands

The structural motif of complexes with ring-expanded ligands was explored by altering
previously reported tridentate cyclometalated complex systems by addition of quinoline
moieties replacing pyridines. The resulting complexes with N*C"N and C"N”N binding
where fully characterized by NMR spectroscopy and mass spectrometry. Their properties
were investigated in detail by UV/Vis-absorption spectroscopy, luminescence spectroscopy
and cyclic voltammetry, validated by DFT-calculations. The structure of the complexes was

elucidated by single crystal XRD.

The findings of these investigations were published in Organometallics 2025, 44, 7, 847-857
(https://doi.org/10.1021/acs.organomet.4c00500).41 More detailed data is provided in the

supplementary information.*]
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Pt(ll), Pd(ll), and Ni(ll) Complexes with Tridentate Cyclometalating
Five- and Six-Ring Chelating NAC*N, CAN*N, and N*C*N Quinolinyl
Ligands

Leo Payen, Tobias Lapic, Mathias Wickleder, and Axel Klein*
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ABSTRACT: Nine cyclometalated Ni(II), Pd(II), and Pt(II)
complexes of the type [M(NCN)CI] and [M(CNN)X] (X = Cl _‘},w‘ <3 ‘,kﬁ

for Pt and Pd, or Br for Ni) containing 8-quinolinyl (Q), 2-pyridyl 'i*)-— o Ayt Lo
(Py), and phenyl (Ph) moieties are presented. The introduction of . M \
Q leads to six-ring chelates (N*C or N*N) compared with five-ring N
chelates (C*N or NAN) for 2-pyridyl-containing systems in the
PyPhQ~ (NAC*N), QPhQ~ (N*C*N), and PhPyQ~ (CAN*N)
ligands. Single-crystal X-ray diffractometry showed the six-ring
chelate units with angles around 90° compared with 80° for the
five-ring chelates. Marked tilts of the planar Q systems toward the
central Py or Ph core (up to 37°) were observed. Cyclic
voltammetry showed first reduction potentials varying from —1.8
to —2.2 V vs ferrocene/ferrocenium and oxidations at around 0.45 V for Pt, 0.75 V for Pd, and 0 V for Ni complexes. DFT-calculated
energies and compositions of the frontier molecular orbitals allowed assigning reductions to ligand-centered processes and oxidations
to processes with mixed X(p)/M(d)/Ph(z) contributions. Long-wavelength UV—vis absorption maxima ranging from 400 to 430
nm were assigned to mixed ligand-centered(7—7*)/metal(d)-to-ligand(z*) transitions. The new complex [Pt(PyPhQ)Cl] showed
very long-wavelength photoluminescence (>600 nm), similar to that of the previously reported [Pt(QPhQ)CI] derivative.

B INTRODUCTION Chart 1. Parent CANAN, NACAN, and CANAC Ligands

Cyclometalated Pt(II), Pd(II), and Ni(II) complexes have Based on Phenyl and Pyridyl Units

been extensively studied in the last 20 years for their CANN NACN

interesting photophysical and catalytic properties,’~ with a

particular focus on photoluminescence of Pt(Il) and Pd(II) NN S

complexes"”’ "% and catalysis of Pd(II) and Ni(II) deriva- | el T Ns 0 | )

tives.” "7 For these square planar configured M(II) |\|"| | |

complexes, bi-, tri-, or tetradentate’ ' cyclometalating N- phbpy  C| dpb ClI dpp L
Hphbpy = Hdpb = Hzdpp =

heteroaromatic ligands have been frequently used. Among
them are many tridentate ligands with either CAN*N, NACAN,
or CANAC coordination,” ™ ">~ which can be traced to the M = P(Il), Pd(ll), Ni(ll) X = anionic ancillary ligands; L = neutral ancillary
parent systems containing benzene units for the C moieties
and pyridine groups as N moieties (Chart 1). These parent
systems including 6-phenyl-2,2"-bipyridine (HPhbpy), 1,3-
di(2-pyridyl)benzene (Hdpb), and 2,5-diphenyl-pyridine . . . .
(H, dg l)f’]) ﬁ; ve been reportfd for all three nlzetalsy al; )é have distortion leads to decreased ligand strength compared with a

. . o
been studied mainly for their photophysical properties, in perfect y quzzl,’?o P lanz}r coordl'n ation close* t(; 0 and' “?0

i R i . 7513 50-25 geometries. The introduction of the N*C*N coordinating
particular, their ability for triplet luminescence.”

An obvious disadvantage of these tridentate ligands is their
double five-ring chelated binding to the metal (Chart 1), which Rec?ived: December 13, 2024
leads to angles markedly below 90° for the adjacent (cis- Revised:  March 7, 2025
positioned) C or N groups and values markedly below 180° for A“e_f"ed: March 13, 2025
the trans-positioned C or N groups of these ligands. It is easy Published: March 26, 2025
to understand that for a square planar coordination of d*

configured metals such as Pt(II), Pd(II), and Ni(II), such

6-phenyl-2,2-bipyridine  1,3-di(2-pyridyl)benzene 1 3-diphenyl-pyridine

“The double five-ring chelate binding is depicted in green.

©® 2025 The Authors. Published by )
American Chemical Society https://doi.org/10.1021/acs.organomet.4c00500
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Chart 2. Herein Studied Pt, Pd, and Ni Complexes”
PyPhQ™

NAC*N

N*C*N

M = Pt (1), Pd (4), Ni (7)

M = Pt (2), Pd (5), Ni (8)

CAN*N

PhPyQ™

M = Pt (3), Pd (6); X = Cl

PyHPhQ = QHPhQ = M =Ni(9), X =Br

3-(2-pyridyl)-1-(8-quinolinyl) 1,3-bis(8-quinolinyl) HPhPyQ =

-benzene -benzene 6-phenyl-2-(8-quinolinyl)
-pyridine

“With numbering from 1 to 9. * and * denote five- and six-ring chelate coordinations. Five-ring chelates are colored in green and six-ring chelates in

red. Complex 2 was previously reported.”**

bis-1,3-bis(8-quinolyl)benzene (QHPhQ) ligand scaffold
(Chart 2) allowed the generation of two six-ring chelates
ado]i)ting far better the ideal 90 and 180° angles around
Pt.*' 7 Indeed, [Pt(QPhQ)CI] complexes showed geometries
far closer to the perfect square planar configuration,” ~** but
the photoluminescence properties were not superior to the
established five-ring chelate-containing derivatives.’'”*” Never-
theless, further cyclometalating ligands allowing six-membered
chelates with Pt(II) have been developed such as the NR-
bridged Py*PyAPh systems,”* * the recently reported [Pt-
(N*C*N)Cl] complexes containing the benzannulated 1,3-
di(4-phenanthridinyl)benzene [ig;in(:'lM’45 or the 1,8-bis(2-
pyridyl)anthracene ligand.”” The approach of using 8-
quinolinyl units for N*CAN and CANAN in cyclometalated
complexes has been pursued in the [Ru(L),] complexes
containing the QPhQ~ and QPy(arene)~ ligands with arene =
phenyl, naphthyl, and anthracenyl, thus representing N*C*N,
N*NAC (C = phenyl), and N*N*C (C = naphthyl and
anthracenyl) cyclometalating systems.*

Herein, we report a study of Pt(II), Pd(II), and Ni(II)
complexes containing cyclometalating CAN*N, NAC*N, and
N*C*N ligands bearing the 8-quinolinyl (*N) unit. The
quinolinyl (Q) unit generates one (PhPyQ or PyPhQ; Py =
pyridyl, Ph = phenyl) or two six-membered chelates (QPhQ)
in the corresponding complexes (Chart 2). The coordination
chemistry of the QPhQ_ligand has been established only for
Pt(ID),*' ™% while it is completely missing for Pd(II) and
Ni(II). Pt(II), Pd(II), and Ni(II) complexes of the PhPyQ and
PyPhQ ligands are yet unknown. We expected a strengthening
of the ligand field in the quinolinyl-containing complexes
[M(PyPhQ)X], [M(QPhQ)X], and [M(PhPyQ)X] (M = P,
Pd, or Ni, X = Cl or Br) (Chart 2) through the superior
geometry of the six-membered rings (C*N or N*N) in them,
compared with those of the established pyridyl-containing
Phbpy and dpb derivatives that exhibit exclusively five-
membered ring chelates (C'N or N”N). We studied the
effects of the introduction of the six-ring chelates on the
molecular and electronic structures in comparison with Phbpy
and dpb derivatives (Chart 1). The electronic structures were
investigated through electrochemical measurements and UV—
vis absorption and photoluminescence spectroscopy in
combination with (time-dependent) density functional theory
((TD)DFT) calculations.

B RESULTS AND DISCUSSION

Synthesis and Characterization. For the cyclometalation
reactions of Pt(I) and Pd(II), the protoligands (ligands before

848

C—H metalation) PyHPhQ, QHPhQ, and HPhPyQ were
synthesized using established Suzuki-type C—C cross-coupling
methods (see Experimental Section in the Supporting
Information, SI). The three Pt(II) complexes [Pt(PyPhQ)Cl]
(1), [Pt(QPhQ)CI] (2), and [Pt(PhPyQ)Cl] (3) were
obtained from reactions with K,PtCl, and the protoligands
in glacial acetic acid under reflux in good yields of 95%, 80%,
and 66%, respectively. Complex 2 has previously been
synthesized from QHPhQ and K,PtCl, in MeCN/H,O
under reflux conditions in 56% yield, described as a yellow—
green solid,”* and in 14% yield, described as a gray—green
solid.”’ We obtained a bright orange material with an 80%
yield, pointing to a superior preparation method compared to
those reported. The reported NMR data in CDCl;*"** agrees
qualitatively with our data recorded in DMSO-dy (page 4, SI).

The three Pd(II) derivatives [Pd(PyPhQ)CI] (4), [Pd-
(QPhQ)CI] (5), and [Pd(PhPyQ)CI] (6) were synthesized
under similar conditions with good yields of 92%, 49%, and
47%. This is remarkable because the same reaction using the
well-established simplest heteroaromatic protoligand 1,3-
dipyridyl-benzene (Hdpb) did not lead to the [Pd(dpb)Cl]
complex right away. The noncyclometalated dinuclear complex
[Pd,CL,(u-+*N,NdpbH)] was obtained when starting from
PdCl, or K,PdCl,, whereas the use of Pd(OAc), gave the
cyclometalated tetranuclear [Pd,(u-c%*dpb),(u-k' «'-OAc),]
species.”'”*” The high acidity in the 3,5-C—H functions at the
central benzene moiety leads to double N, *Cypene cyclo-
metalation and tetranuclear complexes. This can only be
prevented by the substitution of the benzene-1,3-positions as
in the 3,5-Me,-dpb derivative for which the complex
[Pd(Me,dpb)Cl] was previously obtained using this method.”’
We assume that the precoordination of Pd to the quinoline N
atom leads to the preferred metalation of the central 2-CH
benzene function, explaining our success.

For the nickelation reaction, we first tried the base-assisted
C—H nickelation starting from the protoligands HPhPyQ,
QHPhQ, or PyHPhQ and NiBr, using KOAc/K,COj as base
and xylene as solvent in the same way as previously for the
established NAHCAN = 1,3-dipyridyl-benzene (dpb)m’ll’47 or
HCANAN 6-phenyl-2,2"-bipyridine (Phbpy) protoligands.***’
Thus, we synthesized [Ni(PyPhQ)Br] (7) in 51% yield and
[Ni(PhPyQ)Br] (9) in 24% yield. As this reaction failed for
the QHPhQ protoligand, we synthesized the chlorinated ligand
precursor QCIPhQ and reacted it with [Ni(COD),] (COD =
1,5,cyclooctadiene) in an oxidative addition approach,'’
forming [Ni(QPhQ)CI] (8) in 43% yield.

https://doi.org/10.1021/acs.organomet.4c00500
Organometallics 2025, 44, 847—857
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Figure 1. Views on the crystal structure of [Pt(PhPyQ)Cl] (3) along different axes from single-crystal X-ray diffraction (left and top right). Bottom
right: the red bar C marks a -stacking interaction with a centroid “centroid distance of about 3.82 A.

Figure 2. Molecular structures of [Pt(PhPyQ)CI] (3) (left), [Pd(QPhQ)CI] (S) (central), and [Ni(PyPhQ)Br] (7) (left) from single-crystal X-ray
diffraction (ORTEP plots with displacement ellipsoids at 50% probability; H atoms not shown).

Table 1. Selected Metrics of the Molecular Structures of Complexes 1 to §, 7, and 8

1 2
ligand motive NACH*N N#*C*N CAN*N
bond lengths (A)

M-C1 1.957(4) 1.958(5) 1.986(7)
M-N1 2.024(3) 1.990(3) 1.984(5)
M-N2 2.029(3) 2.050(3) 2.116(6)
angles (°)

C/N-M-C/N (») 82.0(1) 93.8(1) 82.30(2)
C/N-M-C/N (*) 93.1(1) 88.0(1) 92.7(2)
cis-C/N-M-X 91.9(9) 87.7(6) 93.7(2)
cis-N2—M-X 94.3(9) 90.5(6) 91.52(2)
trans C/N—M-N2 170.6(1) 177.9(1) 173.6(3)
trans C/N—-M—-X 168.1(1) 178.4(9) 174.6(2)
7, 0.148 0.024 0.081
interplanar angles (°)

Ph/Py 5.2(2) 10.8(2)
P/ Q or Phy,,/Q 12.9(3) 33.3(5) 28.9(2)
Phyei/Q or Pyei/Q 20.1(1) 37.9(2)
Q/Q 66.7(8)

4 5 7 8
NAC*N N#C*N NAC*N N*C*N
1.948(1) 1.962(4) 1.855(4) 1.857(1)
2.045(1) 1.985(2) 1.925(3) 1.910(3)
2.039(1) 2.092(2) 1.909(3) 1.930(3)
82.47(4) 90.63(6) 84.7(2) 90.2(1)
91.77(4) 89.00(1) 92.2(2) 89.9(1)
91.93(3) 90.27(6) 93.50(2) 91.3(8)
95.50(3) 90.20(6) 94.69(2) 88.6(8)
169.2(4) 179.0(7) 165.5(2) 178.0(2)
167.0(3) 179.2(1) 157.5(2) 178.4(1)
0.166 0.010 0.260 0.023
4.9(6) 4.4(2)

14.3(4) 33.9(6) 17.6(2) 369 (5)
19.1(5) 21.4(2)
68.1(6) 73.3(7)

“From single-crystal X-ray diffraction (full data in Tables S1—S3), single crystals of 6 and 9 were not obtained. DFT-calculated structural data is

available in Tables S5, S6, respectively.

In contrast to the complexes 1 to 6 and 8, the Ni(Il)
complexes 7 and 9 showed very high reactivity toward
hydrolysis, forming QHPhQ_ and HPhPyQ, respectively.
While single crystals of 7 were feasible for X-ray diffractions
and we were able to carry out basic measurements such as
nuclear magnetic resonance (NMR), mass spectrometry (MS)
and cyclic voltammetry (CV), we completely failed to study
complex 9 [Ni(PhPyQ)Br] by experimental methods. All
complexes were soluble in common organic solvents, such as

849

CHCl;, CH,Cl,, tetrahydrofuran (THF), acetone, and
dimethyl sulfoxide (DMSO). Protic solvents must be avoided
due to a high tendency of the complexes to undergo hydrolysis
reactions, yielding protonated ligands (protoligands).

Crystal and Molecular Structures from Single-Crystal
X-ray Diffraction and DFT. Single crystals of compounds 1
to 5, 7, and 8 were submitted to an X-ray diffraction study
(data of structure solution and refinement in Tables S1—S3).
The crystal structures (Figures 1, S1 and S15) show a head-to-

https://doi.org/10.1021/acs.organomet.4c00500
Organometallics 2025, 44, 847857
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tail orientation of the molecules within the unit cell. The
packing of the molecular units is supported by the 7-stacking
of heteroarene rings in the chelate ligands (Figure 1, bottom
right). However, due to the distortion of the peripheral Q
moieties toward the central Ph or Py rings (see also later), the
m-stacking is generally far less pronounced than in the
complexes containing the almost _com<pletely coplanar PyPhPy
or Phbpy ligand systems,"”'¢~*#>>#7>1

The molecular structures (examples shown in Figure 2)
show the distorted square planar coordination of the central
metal. The 7, values representing the overall distortion (7, = 0
for perfect square planar, 7, = 1 for tetrahedral geometry)>”
range from 0.010 to 0.260 (Table 1). The largest distortions
for complexes 1, 4, and 7 result from the trans N/C-M-N
angles around or even below 170° and the trans N/C-M-X
angles ranging from 158 to 168°, thus deviating markedly from
the ideal 180°. For the symmetric QPhQ complexes 2, 5, and
8, showing very low 7, values of 0.01 to 0.024, these values are
around 180° in keeping with a perfect square planar
coordination for the six-ring N*C*N chelate coordination.
Accordingly, perfect chelate bite angles around 90° are found
for the N*N and C*N parts in all complexes compared with
the CAN and NN moieties showing typical bite angles of 82
to 84°.

As another consequence of the introduction of N*C and
N*N six-ring chelates, the ligand scaffolds PhPyQ, QPhQ, and
PyPhQ in the complexes deviate markedly from the coplanar
arrangements of Ph and Py groups that are usually found for
the tridentate NACAN, CAN*N, or CANAC ligands with five-
membered chelates binding to Pt(II), Pd(II), or Ni-
(Ir),'5 17202374725 A closer look reveals that 3, §, and 8
show large Q/Q_interplanar angles of 67° to 73° (Table 1).
Interplanar angles from neighboring Q/Ph or Q/Py combina-
tions range from 13 to 38° while all Py/Ph combinations
come with typically low angles of a few degrees.

DFT-calculated metrics for complexes 1 to §, 7, and 8 agree
very well with the experimentally observed values (Tables S5—
S7). Therefore, we are confident that our calculated structures
for 6 and 9 represent a good approach for the metrics of these
molecules. The DFT-calculated molecular structure of complex
2 has been previously reported with a QPhQ_interplanar angle
of 38.5° and a trans N—Pt—N angle of 178.8°."" These values
agree quite well with our experimental and DFT-calculated
values. The same is true for the recently reported experimental
crystal structure of the 3,5-dimethyl-phenide derivative of 2
that crystallized in the space group P 1 and shows trans angles
N—Pt—N and C—Pt—Cl of 177.8(2) and 180.0, respectively.””

Electrochemistry and DFT-Calculated Frontier Mo-
lecular Orbitals. The complexes show multiple reduction
waves in cyclic voltammetry (CV) in THF solution at 298 K
(Figures 3, 4; CV plots in Figures S18—521), which were also
found for the protoligands (CV plots in Figures S16 and S17,
data in Table S8). They can thus be provisionally assigned to
ligand-centered processes. For the CAN*N coordinated
PhPyQ complexes with a central pyridine unit, the first
reduction occurring at around —2 V vs ferrocene/ferrocenium
is reversible in keeping with our observations for related
[M(CANAN)X] complexes (M = Pt, Pd, Ni).'>~' 72035493152

For the N#/AC*N coordinated PyPhQ and QPhQ
derivatives, this wave occurs irreversible, in line with related
[M(NACAN)X] complexes (M = Pt, Pd, Ni).'®?!#74550:55,5%
For the PhPyQ complexes, the first wave is followed by further

irreversible reduction waves at around —2.5, —3.0, and —3.2 V,
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Figure 3. Redox potentials of [M(PyPhQ)CI] (1, 4, and 7) (top) and
[M(PhPyQ)X] (3, 6, and 9) (bottom) complexes from cyclic
voltammetry presented as bars, with electrochemical gaps AE,,,. =
Eo;—E,.qy DFT-calculated HOMO—LUMO gaps AE_. (= Eyomo—
E ymo), and frontier molecular orbital surfaces of the HOMO
(highest occupied molecular orbitals) and LUMO (lowest unoccu-
pied molecular orbitals).
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Figure 4. Redox potentials of [M(QPhQ)Cl] complexes (2, §, and 8)
from cyclic voltammetry presented as bars, with electrochemical gaps
AE,y. (= E,—E,.q), DFT-calculated HOMO-LUMO gaps AE,,. =
Eyjomo—ELumor and frontier molecular orbital surfaces of the HOMO
(highest occupied molecular orbitals) and LUMO (lowest unoccu-
pied molecular orbitals).

while the PyPhQ derivatives show one further partially
reversible wave at around —2.8 V. The QPhQ complexes
show two consecutive waves at —2.3 and —2.8 V (Figure 4;
data in Table S9). The reported electrochemical data of
complex 2 with Ox = 0.62 V, Redl = —1.57 V, and Red2 =
—2.26 V match those previously reported.”’ However, the
MeCN solvent used in this study obviously causes marked
differences for the potentials (compare 0.73, —2.08, and —2.32
V in THF; Table S9).

When comparing different ligand systems for the same
metal, we found increasing (less negative) reduction potentials
along the series dpb < QPhQ < PyPhQ < PhPyQ < Phbpy
when including the double five-ring NACAN (dpb) and
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Table 2. Selected Electrochemical and Photophysical Data of the Pt, Pd, and Ni Complexes

X M (no.) AE et (eV)* AEqomo-Lumo (V)" A (nm)* AEg, (ev)? reference
NCN
PyPhQ Cl Pt (1) 2.38 3.384 418 297 this work
Cl Pd (4) 2.73 3.657 381 325 this work
Br Ni (7) 2.11 3491 436 2.84 this work
QPhQ Cl Pt (2) 2.81 3412 426 291 this work
Cl Pd (5) 3.04 3.701 388 3.20 this work
Cl Ni (8) 2.08 3.672 474 2.62 this work
dpb Cl Pt 2.58 401° 3.09 ref50,53
Me,dpb Cl Pd 3.08 3.39 375 3.31 ref 21
dpb Cl Ni 2.39 3.08 437 2.84 ref 48
CNN
PhPyQ Cl Pt (3) 2.54 3.343 367 3.38 this work
Cl Pd (6) 2.68 3.879 330 3.76 this work
Phbpy Cl Pt 223 430 2.88 ref48,51
Cl Pd 2.72 3.58 342 3.63 ref 51
Br Ni 1.98 2.717 506 245 ref 17

“Brom cyclic voltammetry (data, see Table $9). "DFT calculated. “From UV—vis absorption spectroscopy in THF (data, seeTable $11). “Taking
the long-energy-maximum of the intense band system from 350 to 450 nm. “Further weak absorptions are found at 454 and 485 nm for this

complex.

CANAN (Phbpy) derivatives (Table S9). This means that the
new quinoline-containing ligands fill the gap between the two
established NACAN ligands dpb and CANAN ligand Phbpy.
Assuming that a quinoline moiety has superior electron-
accepting properties compared with those of a pyridyl group,
several positions in this series are remarkable. The most
prominent is the easiest reduction found for the Phbpy
systems, while all quinoline-containing systems are seemingly
poorer electron-acceptors. However, in Phbpy, all three rings
are coplanar, and the ligand thus provides an extended bpy
(2,2'-bipyridine) system for electron uptake. In contrast to
this, PyPhQ and PhPyQ contain both the poorer electron-
accepting unit PyPh as a coplanar two-ring z-system. The Q_
moieties are tilted from the central Py or Ph moiety by 12 to
18° for PyPhQ, 29 to 32° for PhPyQ, and 32 to 37° for QPhQ_
(Figures S10—S12), meaning that the quinoline moieties have
only small (PyPhQ) or no (PhPyQ and QPhQ) contributions
to an extended two-ring 7 system for electron uptake. QPhQ_
has no coplanar extended m-system, but its superior electron-
accepting properties compared with dpb confirm the initial
assumption that Q_is a better acceptor compared with Py.

DFT-calculated LUMO energies agree with this idea as they
see the QPhQ complexes at around —2.3 eV, the PyPhQ
derivatives at around —2.4 eV, and the PhPyQ homologues at
less than —2.5 eV. A perfect fit of the calculated data with the
experimental data is probably impeded, as the DFT
calculations underestimate the tilt angles and thus overestimate
conjugation in the near-coplanar PhPy units.

The DFT-calculated compositions of the lowest unoccupied
molecular orbitals (LUMO) essentially confirm our assump-
tions regarding the electron-accepting moieties. For the
nonsymmetric PyPhQ_ complexes 1, 4, and 7, the LUMOs
are essentially localized on the quinoline moiety (Figures 3 and
$22). The LUMO+1 is dominated by the PyPh unit. The
LUMO+2 for the Ni complex 7 shows marked contributions of
the antibonding d,>_,’ orbital, while for the Pd (4) and Pt (1)
derivatives, this orbital lies far higher in energy, in line with the
larger ligand field splitting of the heavier elements. For 1 and 4,
LUMO+2 is essentially a 7 orbital localized in the Py moiety.
For the PhPyQ_complexes, the situation is very similar, with
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quinoline-centered LUMOs, PhPy dominating the LUMO+1,
and the antibonding d,_, orbital representing the LUMO+2
of the Ni(II) complex 9 (Figure S24). For the symmetric
QPhQ complexes 2, 5, and 8, the first three LUMOs are
dominated by quinoline 7% orbitals (Figure S23). Interestingly,
this included LUMO+2 for the Ni(II) derivative 8. The orbital
with a marked contribution from the antibonding d,2_,* orbital
is found as LUMO+6 at —1.138 eV and thus lies much higher
than the LUMO+2 in the PyPhQ complex 7 (—1.831 €V,
Figure $22) and the PhPyQ derivative 9 (—2.158 eV, Figure
$24) in keeping with the strongest ligand field expected for the
superior 2 X six-ring chelate metal-ligand binding of the
QPhQ ligand.

The oxidation waves are irreversible for the Pt and Pd
complexes, and the potentials range from 0.45 to 0.83 V. In
contrast to this, they are reversible for Ni and occur at
markedly lower potentials around 0 V. This is in line with
observations for related NACAN or C*N”N complexes of the
three metals.'> ™70 L3845 75% rithin the series of Pt
complexes, the potentials increase along the series dpb <
Phbpy < PyPhQ < QPhQ = PhPyQ (Table $S9), placing the
six-ring chelate-containing ligands on top in keeping with a
stronger ligand field. The DFT-calculated highest occupied
molecular orbitals (HOMOQO) for the PhPhQ and QPhQ
complexes are found in the central part and comprise Cl or Br
p-orbitals, metal d,. orbitals, and parts of the Ph x system
(Figures S22, S23). For the PhPyQ Pt (3) and Pd (6)
derivatives, a combination of Cl p and metal d.* is found as
HOMO-1 (Figure S24). Interestingly, for the PhPyQ Ni(II)
complex (9), the HOMO has main contributions from Ni d,”
and Br p-orbitals, while the HOMO-1 looks like the HOMO
of the Pt and Pd derivatives.

Thus, the electrochemical oxidations can overall be assigned
to metal-centered redox-pairs M(II)/M(III) with contributions
from the halido coligand and the phenyl groups, regardless of
whether they reside in the central or the peripheral position of
the tridentate ligands.

The experimental electrochemical gaps AE,,| .4, decrease
in each series of ligands along the series Pd > Pt > Ni. This is
in keeping with the previously reported series of isoleptic

https://doi.org/10.1021/acs.organomet.4c00500
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complexes of the nickel group. P In agreement with

Koopmans’ and Janak’s theorems, we compared the DFT-
calculated HOMO-LUMO gaps (AEgomo-Lumo(e)) With
the electrochemical gaps. However, our DFT-calculated
HOMO-LUMO gaps show the lowest values for the Pt
complexes, reversing the series to Pd > Ni > Pt (Table 2).

When comparing the different ligand systems for the Pt
complexes, the experimental gaps decrease along the series
QPhQ > dpb > PhPyQ > PyPhQ > Phbpy (Table 2), which
differs from the series for the reduction potentials (dpb <
QPhQ < PyPhQ < PhPyQ < Phbpy) in that QPhQ and dpb as
well as PyPhQ and PhPyQ have changed positions. The very
high position of the QPhQ systems underlines that the ligand
field splitting is highest for this double-ring-extended system,
which stabilizes the HOMO through strong metal—ligand
bonding and destabilizes the LUMO through hampering the
formation of an extended two-ring 7 system.

The above-discussed differences of the reported electro-
chemical potentials for complex 2 with an electrochemical gap
AE 1 _reqr of 2.30 eV in MeCN solution compare well to the
reported calculated HOMO—-LUMO gap of 2.61 ev,!
confirming the marked impact of the solvent.

UV-—Vis Absorption Spectroscopy. The eight complexes
show very intense absorption bands in the UV range from 200
to 270 nm and a bit less intense bands in the range from 270 to
350 nm (Figures 5, 6; spectra for the QPhQ_complexes 2, §,

— [PK{PyPhQ)CI]
——[Pd(PyPhQ)CI]
—— [Ni(PyPhQ)CI]
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Figure 5. UV—vis absorption spectra of [Pt(PyPhQ)CI] (1) (black),

[Pd(PyPhQ)Cl] (4) (red), and [Ni(PyPhQ)Cl] (7) (blue) in THF
at room temperature,

and 8 in Figure $29). They are also found for the protoligands
PhHPhQ, QHPhQ, QCIPhQ, and HPhPyQ_(Figures $25 and
528, data in Table S10) and can be assigned to ligand-centered
(LC) m—n* transitions. Long-wavelength bands are observed
in the range from 300 to 500 nm depending on the ligands and
the metal (Table 2, full data in Table S11). They are the
highest in energy for the Pd(II) complexes, while Pt(II) and
Ni(II) derivatives are red-shifted. Such Pd(II) > Pt(Il) >
Ni(II) series for absorption energies have been observed
previously for other series of isoleptic complexes of the nickel
group'*215370%% and s in line with our observed
electrochemical gaps AE _..q; (Table 2).

When taking the Pt complexes, the long-wavelength
absorption energies for the different ligand systems decrease
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Figure 6. UV—vis absorption spectra of [Pt(PhPyQ)Cl] (3) (black),

[Pd(PhPyQ)Cl] (6) (red), [Pt(Phbpy)Cl] (blue), and [Pd(Phbpy)-
Cl] (green) in THF at room temperature.

along the series PhPyQ_ > dpb > PyPhQ > QPhQ_> Phbpy
(Table 2; full data in Table S11).

The reported absorption spectrum of complex 2 in CH,Cl,
shows maxima at 320, 356, and 420 nm,”’ which reveals a
slight blue shift of the long-wavelength band at 420 nm
compared to that in THF at 426 nm while the other maxima
are conserved (Table S11). The DFT-calculated excited §;
state lies at 475 nm.*!

Photoluminescence Spectroscopy. The photolumines-
cence spectrum of the previously reported [Pt(QPhQ)CI]
(2)*" shows a broad, partially structured emission with the
main maximum lying at 640 nm and a high-energy shoulder at
605 nm when irradiated at 430 nm in THF solution at 293 K
(Figure 7). For the new complex [Pt(PyPhQ)CI] (1), the
spectrum looks very similar, with the difference that the main
maximum lies at 610 nm, in addition to a second maximum at
647 nm, when exciting at 445 nm (Figure 7). The excitation
spectrum shows a long-wavelength excitation peak at 450 nm

(Figure S31) in keeping with the long-wavelength shoulder in
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Figure 7. Photoluminescence spectrum of [Pt(QPhQ)Cl] (2) (black)
at 293 K in a THF solution, A, = 430 nm, and photoluminescence
spectrum of [Pt(PyPhQ)CI] (1) (red) at 293 K in a THF solution,
Aexe = 445 nm.
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the absorption spectrum (Figures 5 and $32). As for 1, the
excitation spectrum of 2 coincides with the long-wavelength
absorptions (Figures $33, $34). In contrast to this, the CAN*N
complex [Pt(PhPyQ)Cl] (3) fails to show photoluminescence
under the same conditions. The same is true for Pd derivatives
4, 5, and 6.

Irradiation of the complex [Ni(PyPhQ)Br] (7) at 360 nm
leads to a broad emission band peaking at 480 nm and tailing
down to about 700 nm (Figure S35). The bands in the
corresponding excitation spectrum (Figures S35, S36) are
merged with the Raman peak of THF at 355 nm, indicative of
a very weak emission. Upon irradiation at 435 and 465 nm
which coincides with the long-wavelength absorption band of
the complex, no emission was observed. The protoligand
PyHPhQ did not show any photoluminescence when
irradiated at wavelengths ranging from 260 to 340 nm. Thus,
we can rule out that the 480 nm emission is due to the
protoligand occurring either as an impurity in the material of
the complex or stemming from the hydrolysis of the complex.
For the symmetric complex [Ni(QPhQ)CI] (8), very similar
photoluminescence behavior is found, with a very weak
emission peaking at 540 nm and tailing until 700 nm when
irradiating at 416 nm (Figure S37). The bands of the
corresponding excitation spectrum coincide approximately
with the absorption spectrum of the complex (Figure $38).
The broad emission band is remarkable, as protoligands
QHPhQ_ and QCIPhQ did not show any emission when
irradiated at wavelengths ranging from 250 to 350 nm under
otherwise identical conditions.

For complex 2, triplet luminescence (phosphorescence) was
previously reported in a fluid CH,Cl, solution at 298 K with
maxima A, at 611(sh) and 645 nm,”" fully in line with our
results. This is markedly red-shifted compared with the
NACAN coordinated [Pt(dpb)Cl] complex with 4., = 491,
524, and 562 nm at A, ~ 400 nm.’"**7>*® The photo-
luminescence quantum yield of 2 of 1.6% is drastically reduced
compared with that of [Pt(dpb)Cl] (60%), while the lifetime
lies in the same range (14 vs 7.2 us).”' A study of the 3,5-
dimethyl-phenide derivative of 2 reported very similar data.’”
The difference observed between the N*C*N cyclometalated
complex 2 and the NAC*N coordinated [Pt(dpb)Cl] was
explained mainly through the difference in the radiative rate
constant of 2 of 1.1 X 10° s™' compared with 83 x 10° s™! for
[Pt(dpb)Cl], while the nonradiative decay is of a similar order
in the two complexes (70 vs 56 X 10 s™'). Furthermore, the
authors assumed lower spin—orbit coupling for 2.°" In other
words, the “triplet radiative transition is less allowed for 2 than
that for [Pt(dpb)CI]”. In a recent study, a similar [Pt-
(N*C*N)CI] complex with a Py*anthracenyl*Py ligand was
reported to show no emission at ambient T in a fluid
solution.*”

Thus, for PtCl complexes, the NACAN ligand dpb™ is largely
favored over the N*C*N ligand QPhQ~™ and the overall
photoluminescence performance of the NAC*N coordinated
PyPhQ complex 1, which is very similar to that of 2, and the
complete failure of the CAN*N coordinated PhPyQ_complex 3
lets us conclude that the six-ring chelates decrease the
probability of emission from an excited triplet state. The
same seems to be true for PdCI derivatives. The reason for this
is probably connected to the distortion of the peripheral Q
moieties toward the central Py or Ph units in the complex
geometries hampering the emission. However, the distortion
might as well lead to a lower population of the emissive state.”*
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Therefore, the nature of this correlation is far from being clear,
which calls for detailed DFT calculations on the excited states.
Furthermore, the weak green photoluminescence of Ni(Il)
complexes 7 and 8 suggests that N¥*C*N ligands, although
detrimental to the luminescence of PtCl and PdCI complexes,
might be favorable for NiX systems. Additionally, we are
confident that the exchange of the halide coligands to more
suitable derivatives might also help pave the way to
phosphorescent Ni(II)(N*C*N) complexes. Recently, the
[Ni(dpb)(carbazolate)] complex was reported as the first
phosphorescent Ni(II) of this structure type.”” In this study,
the coligand exchange from CI~ to carbazolate was decisive.

B CONCLUSIONS

The introduction of 9-quinolinyl (Q) moieties instead of
pyridyl (Py) in the established tridentate cyclometalating
ligands 1,3-dipyridylbenzene (Hdpb) with an NACAN motive
and 6-phenyl-2,2"-bipyridine (HPhbpy) offering a CANAN
motive leads to six-membered chelate moieties Py*Q_or Ph*Q
in corresponding complexes with tridentate C*N*N, N*C*N,
and NAC*N ligands. In this initial study, we synthesized nine
complexes resulting from the combination of Pt(II), Pd(II),
and Ni(IlI) with the three ligands 1-(8-quinolinyl)-3-(2-
pyridinyl)-phenide (PyPhQ~; NAC*N motive), 1,3-diquinoli-
no-phenide (QPhQ™; N*C*N motive), and 2-phenide-6-(8-
quinolinyl)-pyridine (PhPyQ~; CAN*N motive), with *
denoting binding moieties firming six-ring chelates and *
binding sites forming five-membered chelate rings with these
metals. We studied structures and electrochemical and basic
photophysical properties to probe for the impact of this
variation in chelate-binding sites.

As expected, the introduction of the six-ring chelates N*N
or N*C optimized the chelate bites toward 90° compared with
around 80° for five-ring chelates NAC and N“N, leading to
increased ligand field splitting as could be observed from
electrochemical data and DFT-calculated energies and
compositions of frontier orbitals, For the Ni complexes, the
QPhQ derivative shows the highest DFT-calculated energy for
the antibonding d,2_> orbital in line with this. On the other
hand, the marked tilts of the Q systems toward the central Py
or Ph core (up to 37°) hamper or disable the formation of two-
ring-extended 7 systems, and the remaining PhPy moieties in
PyPhQ and PhPyQ are poorer electron-acceptors as the bpy
system in Phbpy as can be seen in lower (more negative)
reduction potentials and blue-shifted UV—vis absorptions. The
double six-ring chelate QPhQ system thus contains two
isolated electron-accepting Q_units, but the individual superior
electron-accepting property of Q compared with Py allows
easier reduction, smaller electrochemical gaps AE,,. (= E,—
E..q), and red-shifted absorptions for Q-containing complexes
when compared with the double five-ring Py"Ph*Py system
dpb.

On the other hand, the (partially) new Q-containing ligands
fill the gap between the established NACAN ligand dpb and
CANAN ligand Phbpy concerning its electronic inventory and
thus allow fine-tuning for applications in catalysis or photo-
luminescence. As a first step toward applications, we found the
new Pt(II) complexes [Pt(QPhQ)CI] and its previously
reported derivative [Pt(PhPhQ)Cl] photoluminescent at
ambient temperature with broad bands peaking at around
630 nm. For the Ni(II) derivatives [Ni(QPhQ)Cl] and
[Ni(PyPhQ)Br], we found weak and broad photolumines-
cence bands peaking at 540 and 490 nm, respectively. So, for
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Pt and Pd, the introduction of the six-ring chelates N*C and
N*N seems to be detrimental to efficient photoluminescence,
and for Ni, this seems to be different.

The green luminescence of these two Ni(II) complexes
makes us confident that in future investigations, the variation
of the coligands and the application of low temperatures
combined with the use of rigid matrices will allow us to
substantiate this very interesting observation.

B EXPERIMENTAL SECTION

Materials and Synthesis. See Supporting Information.

Instrumentation. 'H and "*C spectra were recorded on a Bruker
Avance 1T 300 MHz ('H: 300 MHz, *C: 75 MHz) equipped with a
double resonance (BBFO) 5 mm observe probe head with a z-
gradient coil, Bruker Avance IIT 500 MHz ('H: 500 MHz, '*C: 12§
MHz), and Bruker Avance II 600 MHz spectrometer ('H: 600 MHz,
C: 150 MHz, '’Pt: 54 MHz) with a triple resonance (TBI) 5 mm
inverse probe head with a z-gradient coil using a triple resonance
(Bruker, Rheinhausen, Germany). The unambiguous assignment of
the 'H and “C resonances was obtained from 'H COSY, 'H C
HSQC, and 'H *C HMBC experiments. All 2D NMR experiments
were performed by using standard pulse sequences from the Bruker
pulse program library. Chemical shifts were measured relative to TMS
('H, 1°C). UV—vis absorption spectra were recorded on a Varian Cary
0SE spectrophotometer (Varian Medical Systems, Darmstadt,
Germany). Elemental analyses were obtained using a HEKAtech
CHNS EuroEA 3000 analyzer (HEKAtech, Wegberg, Germany). HR-
ESI-MS(+) spectra in positive mode were measured on a Thermo
Scientific LTQ_OrbitrapXL mass spectrometer with electron spray
ionization and an FTMS Analyzer. EI-MS spectra in positive mode
were measured using a Finnigan MAT 95 mass spectrometer.
Simulations were performed by using ISOPRO 3.0. Electrochemical
measurements were carried out in 0.1 M n-Bu,NPF, solution in THF
(tetrahydrofuran) using a three-electrode configuration (glassy carbon
electrode, Pt counter electrode, Ag/AgCl reference) and a Metrohm
Autolab PGSTAT30 or uStat400 potentiostat (Metrohm, Filderstadt,
Germany). The potentials were referenced against the ferrocene/
ferrocenium redox couple as an internal standard.

Single-Crystal X-ray Diffraction. Single crystals of the
complexes were grown either from layering of saturated solutions in
CH,Cl, with Et,O or slow evaporation of saturated CH,Cl, solutions.
All measurements were carried out at 100(2) K, employing a Bruker
D8 Venture, including a Bruker Photon 100 CMOS detector using
Mo Ka radiation (4 = 0.71073 A; Bruker, Rheinhausen, Germany).
The crystal data was collected using using APEX4 v2021.10—0.°° The
structures were solved by dual space methods using SHELXT
(Sheldrick 2015),”” and the refinement was carried out with SHELXL
2017 employing full-matrix least-squares methods on Fy’ > 2a(F,)."
The nonhydrogen atoms were refined with anisotropic displacement
parameters without any constraints. The hydrogen atoms were
included by using appropriate riding models.

DFT Calculations. The DFT calculations were performed using
the Gaussian 16 suite of programs.”” Def2-TZVP basis sets were used
for all atoms including Ni, while for Pt and Pd, corresponding def2-
ECPs (ecp-46 and ecp-28) were used for the core electrons.””"" The
So geometries of all compounds were optimized with the hybrid
functional TPSSh using Grimm’s D3 dispersion correction and the
conductor-like polarizable continuum model (CPCM) Earametrized
for THF as an approximate solvation model.”*™"" Geometry
optimization of all complexes was followed by frequency calculations
and yielded no imaginary modes, thus confirming the energetically
minimal nature of the stationary points. Molecular orbitals and
electronic properties were extracted from the single-point calculations.

B ASSOCIATED CONTENT

Data Availability Statement
Data of the structure solutions and refinements can be
obtained for [Pt(PyPhQ)Cl] (CCDC: 2382070), [Pd-
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(PyPhQ)CI] (CCDC: 2382071), [Ni(PyPhQ)Br] (CCDC:
2382072), [Pt(QPhQ)CI] (CCDC: 2382074), [Pd(QPhQ)-
Cl] (CCDC: 2382082), [Ni(QPhQ)CI] (CCDC: 2382081),
and [Pt(PhPyQ)Cl] (CCDC: 2382073) free of charge at
https://summary.ccde.cam.ac.uk/structure-summary-form  or
from the Cambridge Crystallographic Data Centre, 12 Union
Road, Cambridge, CB2 1EZ UK (fax: + 44—1223 336033 or e-
mail: deposit@ccdc.cam.ac.uk; www.ccde.cam.ac.uk/
structures).
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Experimental Section

1. Materials and Syntheses

1.1 Materials

All chemicals were purchased from ACROS, ABCR, Alfa Aesar, BLD Pharm or Sigma Aldrich and used
without any further purification. Reactions sensitive to oxygen or water were carried out under argon
gas by Linde (99.998%) using Schlenk-technique. Dry THF was distilled over Na/K (alloy 3:7) before use.
Dry p-xylene was freshly distilled over sodium. Other solvents were obtained by Fischer chemical
(HPLC grade) and used without any additional drying.

1.2 Syntheses of ligand precursors — General procedure:

Under inert conditions, the aryl bromide (1 eq.), the boronic acid (1 eq.) and Na2COs (10 eq.) were
suspended in a degassed mixture of toluene, EtOH and distilled water (1:1:1 vol., adjusted to give a2 M
concentration of Na2COs in water). The catalyst [Pd(PPhs)s] (5 mol%) was added and the reaction
mixture was heated under reflux for 18 h. After cooling to room temperature, the mixture was extracted
three times using CH2Clz> and the solvent evaporated. The crude product was purified by column
chromatography.

2-phenyl-6-bromopyridine: 6 g 1,3-dibromopyridine (25.3 mmol, 1 eq.), 3.08 g phenylboronic acid (25.3
mmol, 1 eq.), 26.8 g Na2COs (253 mmol, 10 eq.) and 1.46 g [Pd(PPhs)4] (1.27 mmol, 5 mol%) were added
to the solvent mixture and the reaction mixture was heated under reflux for 48 h. The obtained vellow
crude oil was purified by column chromatography (5i0z, c-hexane/EtOAc 50:1). The product was
obtained as colorless oil (2.80 g, 11.9 mmol, 47%). 'H NMR (CDCls, 300 MHz): d [ppm] = 8.21-8.15 (m,
1H), 8.05-7.97 (m, 1H), 7.75-7.68 (m, 1H), 7.55-7.40 (m, 4H). GC-MS: 235.00 [M+H]".
1-(2-pyridinyl)-3-bromobenzene: From 1-bromobenzene-3-boronic acid (3.55 g, 17.7 mmol, 1 eq.), 2-
bromopyridine (2.80 g, 1.72 mL, 17.7 mmol, 1 eq.), Na2COs (18.8 g, 177 mmol, 10 eq.) and [Pd(PPhs)4]
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(1.03 g, 0.89 mmol, 5 mol%) were added to the solvent mixture and heated under reflux for 19 h. The
obtained yellow crude oil was purified by column chromatography (SiOz, c-hexane/EtOAc 40:1). The
product was obtained as colorless oil (3.46 g, 14.7 mmol, 83%). '"H NMR (CDCls, 300 MHz): d [ppm] =
8.70 (d, 3] =4.8 Hz, 1H), 8.18 (t, 3/ = 1.8 Hz, 1H), 7.91 (d, 3/ = 7.8 Hz, 1H), 7.76 (dd, 3/ =7.3 Hz, %/ = 1.7 Hz,
1H), 7.70 (d, 3] =7.9 Hz, 1H), 7.58-7.51 (m, 1H), 7.34 (t, 3] = 7.9 Hz, 1H), 7.30-7.23 (m, 1H). GC-MS: 235.00
[M+H]*,

1.3 Syntheses of the protoligands

Synthesis of 1-(8-quinolinyl)-3-(2-pyridinyl)-benzene (PyHPhQ):
Following general procedure A, 1-(2-pyridinyl)-3-bromobenzene (1 g,
4.27mmol, 1 eq.), quinoline-8-boronic acid (739 mg, 4.27 mmol, 1 eq.),
Na:COs (4.52 g, 42.7 mmol, 10 eq.) and [Pd(PPhs)s] (243 mg, 0.21 mmol, 5
mol%) were added to the solvent mixture and the reaction mixture was
heated under reflux for 72 h. The obtained crude oil was purified by
column chromatography (S5iOz, c-hexane/EtOAc 2:1). The product was
obtained as light-yellow oil (1.14 g, 4.04 mmol, 95%). '"H NMR (CDClIs,
500 MHz): d [ppm] =8.93 (d, 3] =4.8 Hz, 1H, H1), 8.68 (d, 3] =4.8 Hz, 1H, H13), 8.31 (s, 1H, H16), 8.14 (d,
3] =8.3 Hz, 1H, H3), 8.05 (d, 3] = 7.8 Hz, 1H, H9), 7.81-7.73 (m, 3H, H4, H7, H10), 7.67 (t, 3] = 7.5 Hz, 1H,
H11), 7.58 (dt, 2H, 3] = 15.1 Hz, 7.7 Hz, H5, HS8), 7.35 (dd, 3] = 8.3 Hz, 4.2 Hz, 1H, H2), 7.16 (dd, 3/ = 7.5
Hz, 4.8 Hz, 1H, H12). *C NMR (CDCls, 125 MHz): 6 [ppm] = 157.6 (Cq, C14), 150.3 (CH, C1), 149.6 (CH,
C13), 146.1 (Cq), 140.7 (Cq, C18), 140.1 (Cq, C15), 139.2 (Cq, C17), 136.7 (CH, C10), 136.3 (CH, C3), 131.4
(CH, C7), 130.4 (CH, Cé), 129.2 (CH, C16), 128.7 (Cq, C20), 128.4 (CH, C11), 127.7 (CH, C4), 126.3 (CH,
C5) 126.0 (CH, C9), 122.0 (CH, C12), 121.0 (CH, C2), 120.7 (CH, C8). HR-EI-MS: 282.11 [M]*.

Synthesis of 1,3-diquinolino-benzene (QHPhQ): Following general
procedure A, 8-bromoquinoline (6.28 g, 30.2 mmol, 2 eq.), benzene-1,3-
diboronic acid pinacol ester (5 g, 15.1 mmol, 1 eq.), Na2COs (16.0 g, 151
mmol, 10 eq.) and [Pd(PPhs)s] (697 mg, 0.6 mmol, 4 mol%) were added to
the solvent mixture which was heated under reflux for 20 h. The obtained
crude oil was purified by column chromatography (SiOz, c-hexane/EtOAc
5:1). The product was obtained as light-yellow solid (1.88 g, 5.65 mmol,
37%). 'H NMR (CD:Clz, 500 MHz): & [ppm] =8.91 (dd, 3/ =4.1 Hz, 4/ = 1.8 Hz,
2H, H1), 8.22 (dd, 3] = 8.3 Hz, 4 = 1.7 Hz, 2H, H3), 7.92 (t, 4/ = 1.5 Hz, 1H, H13), 7.84 (ddd, 3] = 10.6 Hz,
7.7 Hz,%4] = 1.3 Hz, 4H, H5, H7), 7.72 (dd, 3] = 7.7 Hz, 4] = 1.7 Hz, 2H, H11), 7.64-7.60 (m, 2H, H6), 7.58 (t,
3 =7.6 Hz, 1H, H12), 7.42 (dd, 3] = 8.3 Hz, 4/ =4.1 Hz, 2H, H2). ®C NMR (CD:Cl;, 125 MHz): d [ppm] =
150.7 (CH, C1), 146.8 (Cq, C9), 141.5 (Cq, C8), 139.9 (Cq, C10), 136.7 (CH, C3), 133.4 (CH, C13), 130.7
(CH, C5), 130.3 (CH, C11), 129.3 (Cq, C4), 128.1 (CH, C7), 127.6 (CH, C12), 126.8 (CH, C6), 121.6 (CH,
C2). GC-MS: 332.10 [M]".

Synthesis of 2-phenyl-6-(8-quinolinyl)-pyridine (HPhPyQ): Following
general procedure A, 2-phenyl-6-bromopyridine (2.2 g, 9.4 mmol, 1 eq.),
quinolinyl-8-boronic acid (1.63 g, 9.4 mmol 1 eq.) Na:CQOs (9.96 g, 94
mmol, 10 eq.) and [Pd(PPhs)4] (543 mg, 0.47 mmol, 5 mol%) were added
to the solvent mixture which was heated under reflux for 72 h. The
obtained brown crude oil was purified by column chromatography (SiOz,
c-hexane/EtOAc 20:1). The product was obtained as yellow solid (1.81 g,
6.41 mmol, 68%). Yield: 1.81 g, 6.41 mmol, 68%. 'H NMR (CDCls, 300
MHz): & [ppm] =8.98 (dd, 3] =4.1 Hz, 4/ = 1.8 Hz, 1H, H1), 8.34 (dd, 3] =7.2 Hz, 4/ = 1.4 Hz, 1H, H6), 8.22
(dd, 3] =8.3 Hz, 4] = 1.7 Hz, 1H, H3), 8.12 (d, 3] = 7.4 Hz, 3H, H9, H10), 7.88 (t, 3] =7.9 Hz, 1H, H8), 7.75
(d, 3] =7.4 Hz, 1H, H7), 7.72-7.67 (m, 1H, H5), 7.48 (t, 3] = 7.5 Hz, 2H, H11), 7.44-7.38 (m, 2H, H2, H12).
BC NMR (CDCls, 75 MHz): d [ppm] = 157.2 (Cq, C14), 156.6 (Cq, C15), 150.3 (CH, C1), 146.0 (Cq, C17),
139.9 (Cq, C13), 136.5 (CH, C3), 136.2 (CH, C8), 131.6 (CH, Ce), 128.8 (CH, C4), 128.73 (CH, C2), 128.7
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(Cq, C18), 127.1 (CH, C10), 126.6 (CH, C5), 125.6 (CH, C9), 121.0 (CH, C2), 119.0 (CH, C7). HR-EI-MS (70
eV): 282.11 [M]*.

Synthesis of 1,3-diquinolino-2-chloro-benzene (QCIPhQ): Following general procedure A, quinolinyl-
8-boronic acid (1.36 g, 7.84 mmol, 2.2 eq.), 1,3-dibromo-2-chloro-benzene (962 mg, 3.56 mmol, 1 eq.),
Na2COs (8.3 g, 78.4 mmol, 10 eq.) and [Pd(PPhs)s] (452 mg, 0.39 mmol, 5 mol%) were added to the solvent
mixture which was heated under reflux for 21 h. The obtained crude oil was purified by column
chromatography (S5iO:, c-hexane/EtOAc 4:1). The product was obtained as light-yellow solid (302 mg,
0.82 mmol, 23%). 'H NMR (CDCls, 500 MHz): d [ppm] = 8.95 (s, 2H, H1), 8.20 (d, 3/ = 7.1 Hz, 2H, H3),
7.90-7.83 (m, 4H, H5, H7), 7.72 (d, 3] = 6.7 Hz, 1H, H12), 7.64-7.60 (m, 2H, H6), 7.52-7.47 (m, 2H, H11),
7.40 (dd, 3] =7.9 Hz, 4.0 Hz, 2H, H2). *C NMR (CDCls, 125 MHz): ® [ppm] = 150.4 (CH, C1), 146.5 (Cq,
(C9), 139.4 (Cq, C8), 139.3 (Cq, C13), 139.2 (Cq, C10), 136.2 (CH, C3), 131.5 (CH, C11), 131.3 (CH, C7),
130.5 (CH, C12), 128.4 (Cq, C4), 128.0 (Cq, C5), 126.0 (CH, Ce), 121.0 (CH, C2).

1.4 Syntheses of the Platinum Complexes — General Procedure

The ligand (1.2 eq.) and KzPtCls (1 eq.) were mixed with glacial HOAc in a round bottom flask and
heated under reflux. After completion of the reaction the mixture was cooled to room temperature. The
precipitate was filtered off over a glass frit and washed with de-mineralized water and diethyl ether.
The complex was re-dissolved in CH:Cl: and the solvent removed to yield the target complex.

[Pt(PyPhQ)CI] (1): PyHPhQ (800 mg, 2.82 mmol, 1 eq.) and KaoPtCls (1.17
g, 2.82 mmol, 1 eq.) were heated under reflux in glacial HOAc for 72 h.
The complex was isolated as orange powder (1.38 g, 2.69 mmol, 95%). 'H
NMR (CDCls, 600 MHz): & [ppm] = 10.88 (dd, Jreri=39.7 Hz, 3] = 5.5 Hz, 4]
=1.7 Hz, 1H, H1), 9.98 (ddd, Jren=37.7 Hz, 3[ =5.9 Hz, 4/ = 1.5 Hz, 0.6 Hz,
1H, H13), 8.50 (dd, 3] = 8.1 Hz, ] = 1.6 Hz, 1H, H3), 8.47 (dd, 3| = 7.6 Hz, 4]
=1.2 Hz, 1H, H4), 7.92-7.88 (m, 3H, H5, H7, H11), 7.80-7.74 (m, 2H, H6,
H10), 7.59 (dd, 3J=7.5Hz, 4 =0.9 Hz, 1H, H9), 7.50 (dd, 3] =8.0 Hz, 5.5 Hz,
1H, H2), 7.38 (t, 3] = 7.7 Hz, 1H, H8), 7.26 (ddd, *] =7.4 Hz, 5.9 Hz, = 1.5 Hz, 1H, H12). *C NMR (CDCls,
125 MHz): d [ppm] = 158.8 (CH, C1), 152.4 (CH, C13), 144.8 (Cq, C16), 141.3 (Cq, C18), 140.6 (CH, C3),
139.2 (Cq, C19), 138.8 (CH, C5), 137.4 (Cq, C15), 131.4 (Cq, C17), 130.5 (CH, C4), 130.3 (Cq, C20), 129.2
(CH, C11), 127.4 (CH, C7), 127.1 (CH, C10), 124.5 (CH, C8), 123.2 (CH, C9), 122.3 (CH, C12), 121.2 (CH,
C2), 118.4 (CH, C6). 5Pt NMR (CDCls, 54 MHz): & [ppm] = —3656.5. HR-ESI-MS (70 eV): 475.07 [M-Cl]".

[Pt(QPhQ)Cl] (2): QHPhQ (60 mg, 0.18 mmol, 1.2 eq.) and K2PtCls (62.3 mg,
0.15 mmol, 1 eq.) were heated under reflux in glacial HOAc for 72 h. The
complex was isolated as orange powder (66.1 mg, 0.12 umol, 80%). 'H NMR
(DMSO-ds, 500 MHz): d [ppm] = 9.54 (dd, 3/ =5.3 Hz , ¢/ = 1.4 Hz, 2H, HI),
8.78 (dd, 3] =8.2 Hz, 4 =1.3 Hz, 2H, H3), 8.48 (d, 3/ = 6.6 Hz, 2H, H7), 8.14 (d,
3] =7.6 Hz, 2H, H5), 7.85 (t, 3] = 7.7 Hz, 2H, H6), 7.63-7.55 (m, 2H, 4H), 7.32
(t,3[=7.7 Hz, 1H, H12). *C NMR (DMSO-ds, 125 MHz): & [ppm] = 157.6 (CH,
C1), 141.7 (Cq, C9), 140.5 (Cq, C8), 140.1 (CH, C3), 134.6 (Cq, C10), 129.2 (Cq,
C4), 129.0 (CH, C7), 128.7 (CH, Cé), 127.7 (CH, C5), 127.3 (CH, C11), 126.0 (CH, C12), 121.9 (CH, C2).
HR-EI-MS (70 eV): 561.06 [M]*, 526.09 [M-Cl]".

[Pt(PhPyQ)Cl] (3): HPhPyQ (50 mg, 0.18 mmol, 1.2 eq.) and Kz2PtCls (62.3 mg,
0.15 mmol, 1 eq.) were added to a microwave vial along with 10 mL of glacial
HOAc. The mixture was heated to 160 °C at 250 W for 120 min. After cooling
to room temperature, the formed yellow precipitate was filtered off. The filter
residue was washed with demineralized water, MeOH and c-hexane. The
remaining material was re-dissolved in CH:Clz and the solvent evaporated to
yield orange powder (49.8 mg, 97.0 umol, 66%). 'H NMR (CDCls, 500 MHz): &
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[ppm] = 10.38 (dd, 3 = 5.1 Hz, 4 = 1.7 Hz, 1H, H1), 851 (dd, 3 = 8.2 Hz, 4] = 1.6 Hz, 1H, H3), 8.36 (dd, 3
=75Hz,4 = 1.3 Hz, 1H, H6), 8.18 (ddd, Jr11=32.3 Hz, 3] = 7.7 Hz, 4] = 1.2 Hz, 0.4 Hz, 1H, H13), 8.08 (dd,
3J=8.0 Hz, 4 = 1.2 Hz, 1H, H4), 7.99 (t, 3] = 8.0 Hz, 1H, H8), 7.76-7.66 (m, 4H, H2, H6, H7, H9), 7.51 (dd,
3 =7.7 Hz, ¥ = 1.4 Hz, 1H, H10), 7.18-7.15 (m, 1H, H11). 3C NMR (CDCls, 125 MHz): d [ppm] = 168.2
(Cq, C16), 154.9 (CH, C1), 151.9 (Cq, C17), 144.5 (Cq, C15), 140.8 (Cq, C14), 140.4 (Cq, C19), 139.7 (CH,
C3), 137.9 (CH, C8), 135.8 (CH, C13), 134.9 (CH, C6), 133.5 (Cq, C18), 132.4 (CH, C4), 129.8 (CH, C12),
129.5 (Cq, C20), 127.1 (CH, C7), 124.1 (CH, C11), 123.3 (CH, C10), 122.8 (CH, C9), 122.4 (CH, C2), 117.4
(CH, C5). 1Pt NMR (CDCls, 54 MHz): d [ppm] = —3357.6. HR-ESI-MS (70 eV): 533.03 [M+Na'], 475.07
[M—CIJ*. HR-EI-MS (70 eV): 511.04 [M+], 475.07 [M—Cl-].

1.5 Syntheses of the Palladium Complexes — General Procedure:

The ligand (1.2 eq.) and the KoPdCls (1 eq.) were mixed with glacial acetic acid in a round bottom flask
and heated under reflux. Upon completion (indicated by the lack of any visible platinate leftover) the
mixture was cooled to room temperature. The precipitate was filtered off using a glass frit and washed
with demineralized water and diethyl ether. The complex was re-dissolved in CH2Cl2and the solvent
removed to yield the target complex.

[Pd(PyPhQ)CI] (4): PyHPhQ (60 mg, 0.21 mmol, 1.4 eq.) and K2PdCls (48.9
mg, 0.15 mmol, 1 eq.) were heated under reflux in glacial acetic acid for
19 h. The complex was isolated as yellow powder (56.2 mg, 133 mmol,
92%). '"H NMR (CDCls, 500 MHz): d [ppm] =10.59 (dd,?/ =53 Hz, 4/ = 1.6
Hz, 1H, H1), 9.70 (d, 3/ =4.8 Hz, 1H, H13), 8.43 (dd, 3/ =8.1 Hz, 4/ =1.6 Hz,
1H, H3), 8.40 (d, ] = 6.6 Hz, 1H, H4), 7.92-7.86 (m, 2H, H6, H11, H11),
7.80-7.75 (m, 2H, H7, H10), 7.74 (t, 3] = 7.7 Hz, 1H, H5), 7.58 (dd, 3] = 7.5
Hz, 4/ =1.0 Hz, 1H, H9), 7.55 (dd, *] = 8.1 Hz, 5.4 Hz, 1H, H2), 7.35 (t, 3] =
7.7 Hz, 1H, H8), 7.25 (ddd, 3 = 7.3 Hz, 5.8 Hz, 4 = 1.4 Hz, 1H, H12). 3C NMR (CDCl3, 125 MHz): d [ppm]
=164.7 (Cq, C14), 158.7 (CH, C1), 153.7 (Cq, C16), 153.0 (CH, C13), 146.0 (Cq, C15), 140.3 (CH, C3), 139.4
(Cq, C19), 138.7 (CH, C11), 137.6 (Cq, C18), 132.6 (Cq, C17), 130.1 (CH, C4), 130.0 (Cq, C20), 129.0 (CH,
C6), 127.6 (CH, C7), 127.2 (CH, C5), 125.8 (CH, C8), 123.3 (CH, C9), 122.5 (CH, C12), 120.9 (CH, C2),
118.4 (CH, C10). HR-ESI-MS (70 eV): 443.97 [M+Na]*, 386.01 [M—CI]*.

Synthesis of [PA(QPhQ)CI] (5): QHPhQ (60 mg, 0.18 mmol, 1.2 eq.) and
K2PdCls (48.9 mg, 0.15 mmol, 1 eq.) were heated under reflux in glacial
HOAC for 72 h. The complex was isolated as pale-yellow powder (34.4 mg,
73.0 mmol, 49%). 'TH NMR (DMSO-ds, 500 MHz): & [ppm] =9.37 (dd,3] = 5.1
Hz, 4J=1.5Hz, 2H, H1), 8.75 (dd, 3 =8.2 Hz, 4] = 1.5 Hz, 2H, H3), 8.49 (dd, ¥
=74 Hz 4 =12Hz 2H, H7), 8.16 (dd,3/ = 8.2 Hz, 4/ = 1.2 Hz, 2H, H5), 7.93—-
7.86 (m, 2H, H6), 7.65 (dd, 3] = 8.2 Hz, 5.2 Hz, 2H, H2), 7.63 (d, 3] = 7.7 Hz,
2H, H11), 7.38 (t, 3] = 7.6 Hz, 1H, H12). 3C NMR (DMSO-ds, 125 MHz): d
[ppm] = 158.0 (CH, C1), 140.9 (Cq, C9), 140.5 (CH, C3), 140.4 (Cq, C8), 134.2 (Cq, C10), 129.7 (CH, C7),
129.0 (Cq, C4), 128.4 (CH, C5), 128.3 (CH, Cé), 128.0 (CH, C11), 126.9 (CH, C12), 121.4 (CH, C2). HR-EI-
MS (70 eV): 473.99 [M]*, 437.03 [M-C1]*.

[PA(PhPyQ)C1] (6): HPhPyQ (50 mg, 0.18 mmol, 1.2 eq.) and K2PtCls (48.9
mg, 0.15 mmol, 1 eq.) were added to a microwave vial along with 10 mL
of glacial HOAc. The mixture was heated to 160 °C at 250 W for 120 min.
After cooling to room temperature, the formed pale-yellow precipitate
was filtered off. The filter was washed with demineralized water, MeOH
and c-hexane. The remaining powder was re-dissolved in CHzClz and the
solvent evaporated off to yield a pale-yellow powder (30 mg, 70 umol,
47%). 'H NMR (CDCls, 500 MHz): d [ppm] = 10.2 (dd, 3/ =5.0 Hz, 4 = 1.7
Hz, 1H, H1), 8.40 (dd,3[=8.2 Hz, %/ = 1.7 Hz, 1H, H3), 8.32 (dd, %/ =7.5 Hz, 4 =1.2 Hz, 1H, H6), 8.14-8.10
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(m, 1H, H13), 8.00 (dd, %] = 8.0 Hz, 4] = 1.2 Hz, 1H, H4), 7.91 (t, 3 = 8.0 Hz, 1H, H8), 7.71-7.61 (m, 3H, H2,
H7, H9), 7.47-7.43 (m, 1H, H10), 7.16 (quin., 3] = 5.8 Hz, 4] = 2.0 Hz, 2H, H11, H12). 5C NMR (CDCls, 125
MHz): d [ppm] = 166.3 (Cq, C16), 155.9 (CH, C1), 153.9 (Cq, C17), 153.7 (Cq, C14), 145.5 (Cq, C15), 141.3
(Cq, C19), 139.6 (CH, C3), 138.8 (CH, C8), 137.5 (CH, C13), 135.2 (CH, C6), 132.9 (Cq, C18), 132.0 (CH,
C4), 129.5 (CH, C12), 129.3 (Cq, C20), 126.9 (CH, C7), 124.7 (CH, C11), 123.5 (CH, C10), 123.4 (CH, C9),
121.9 (CH, C2), 117.4 (CH, C5). HR-ESI-MS (70 eV): 443.97 [M+Nal*, 387.01 [M—Cl]*. HR-EI-MS (70 eV):
421.98 [M*, 387.01 [M-ClJ".

1.6 Syntheses of the Nickel Complexes

Synthesis of [Ni(PyPhQ)Br] (7): PyHPhQ (100 mg, 0.35 mmol, 1 eq.),
NiBr2 (100 mg, 0.46 mmol, 1.3 eq.), K2COs (48.9 mg, 0.35 mmol, 1 eq.) and
KOACc (34.7 mg, 0.35 mmol, 1 eq.) were added to an inert three-necked
flask under argon. The mixture was suspended in freshly distilled p-
xylene and fitted with a Dean-Stark apparatus filled with dried molecular
sieves. The mixture was heated under reflux for 72 h. After cooling to
ambient T, the dark orange solution was filtered over a glass frit and
washed with p-xylene. The filtrate was evaporated off giving an orange
solid, which was washed with n-pentane. Upon drying, a red powder was obtained (75.7 mg, 0.18 mmol,
51%). "H NMR (CDCls, 500 MHz): 6 [ppm] = 10.09 (s, 1H, H1), 9.41 (s, 1H, H13), 8.36 (d, ] = 6.9 Hz, 1H,
H4), 8.26 (d, 3] =7.6 Hz, 1H, H3), 7.77 (d, 3] = 7.1 Hz, 2H, H11, H6), 7.73-7.64 (m, 2H, H5, H7), 7.57 (d, 3]
=6.9 Hz, 1H, H10), 7.39-7.30 (m, 2H, H9, H2), 7.28 (s,1H, HS8), 7.12-7.06 (m, 1H, H12). 3C NMR (CDClI;,
125 MHz): 6 [ppm] = 162.7 (Cq, C14), 158.2 (CH, C1), 154.4 (CH, C13), 146.9 (Cq, C15), 146.7 (Cq, C16),
140.3 (Cq, C19), 139.0 (CH, C3), 138.3 (CH, C11), 135.2 (Cq, C18), 134.4 (Cq, C17), 129.2 (Cq, C20), 128.1
(CH, C6), 127.3 (CH, C5), 127.0 (CH, C4), 126.0 (CH, C8), 125.2 (CH, C7), 122.3 (CH, C9), 122.0 (CH, C12),
119.4 (CH, C2), 117.5 (CH, C10). HR-ESI-MS (70 eV): 418.97 [M+H]*, 339.04 [M—Br]*.

Synthesis of [Ni(QPhQ)CI] (8): In a Schlenk flask, QCIPhQ (100 mg, 0.27
mmol, 1.2 eq.) was mixed with freshly prepared [Ni(COD)] (62.7 mg, 0.23
mmol, 1 eq.) in 20 mL THF. The solution quickly changed from a pale yellow
to orange. The mixture was stirred at ambient temperature for 19 h before 20
mL of n-pentane were added, leading to an orange precipitate. The excess
solvent was decanted. The crude product was washed with 3 x 20 mL n-
pentane and dried under vacuum to yield a light orange powder (41.8 mg,
0.1 mmol, 43%). '"H NMR (CDCls, 500 MHz): 6 [ppm] =9.34 (s, 2H, H1), 8.40-
8.29 (m, 2H, H5), 8.21 (d, 3] = 3.9 Hz, 2H, H3), 7.85-7.70 (m, 4H, H6, H7), 7.40 (d, 3] = 4.2 Hz, 2H, H11),
7.26-7.18 (m, 3H, H2, H12). ®*C NMR (CDCls, 125 MHz): 6 [ppm] = 158.5 (CH, C1), 142.0 (Cq, C9), 139.1
(Cq, C8), 138.3 (CH, C3), 136.6 (Cq, C13), 128.2 (Cq, C4), 127.6 (CH, C6), 127.0 (CH, C7), 126.5 (CH, C5),
125.7 (CH, C12), 125.5 (CH, C11), 119.4 (CH, C2). HR-ESI-MS (70 eV): 363.15 [M-Ni-Cl+MeOH]".

Synthesis of [Ni(PhPyQ)Br] (9): HPhPyQ (127 mg, 0.45 mmol, 1 eq.), NiBr2 (129 mg, 0.59 mmol, 1.3 eq.),
K2COs (62.2 mg, 0.45 mmol, 1 eq.) and KOAc (44.2 mg, 0.45 mmol, 1 eq.) were added to an inert three-
necked flask under argon. The mixture was picked up in freshly distilled p-
xylene and fitted with a Dean-Stark apparatus filled with dried molecular
sieves. The mixture was heated under reflux for 72 h. Upon cooling to
ambient temperature, the red solution was filtered over a glass frit and
washed with p-xylene. The filter residue was dried and the product obtained
as a dark red powder (51.5 mg, 0.11 mmol, 24%). The very high sensitivity
against hydrolysis circumvented any characterization of this complex.
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2. Supporting Figures

Figure S1. Molecular structure of [Pt(PyPhQ)Cl] (1) from single crystal X-ray diffraction (ORTEP plot
with displacement ellipsoids at 50% probability)(left) and view on the crystal structure (right) along the
crystallographic a-axis.

Figure S2. Views on the crystal structure of [Pt(PyPhQ)Cl] (1) along the crystallographic b-axis (left) and
c-axis (right).
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Figure S3. Molecular structure of [Pt(PhPyQ)Cl] (3) from single crystal X-ray diffraction (ORTEP plot
with displacement ellipsoids at 50% probability) (left) and view of the crystal structure (right) along the
crystallographic a-axis.

Figure S4. Views on the crystal structure of [Pt(PhPyQ)Cl] (3) along the crystallographic b-axis (top) and
c-axis (bottom).

N2 2
1 ) S
s Ci ¢ ) -'~,

Figure S5. Molecular structure of [Pd(PyPhQ)Cl] (4) from single crystal X-ray diffraction (ORTEP plot
with displacement ellipsoids at 50% probability) (left) and view of the crystal structure (right) along the
crystallographic a-axis.
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Figure S6. Views on the crystal structure of [Pd(PyPhQ)Cl] (4) along the crystallographic b-axis (left)
and c-axis (right).

with displacement ellipsoids at 50% probability) (left) and view of the crystal structure (right) along the
crystallographic a-axis.
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Figure S8. Views on the crystal structure of [Pt(QPyQ)CI] (5) along the crystallographic b-axis (top) and
c-axis (bottom).

Figure S9. Molecular structure of [Ni(PyPhQ)Br] (7) from single crystal X-ray diffraction (ORTEP plot
with displacement ellipsoids at 50% probability) (left) and view of the crystal structure (right) along the
crystallographic a-axis.
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Figure S10. Views on the crystal structure of [Ni(PyPhQ)Br] (7) along the crystallograiahic b-axis (left)
and c-axis (right).
S10



@ A T S T
Figure S11. Molecular structure of [Ni(QPhQ)Br] (8) from single crystal X-ray diffraction (ORTEP plot
with displacement ellipsoids at 50% probability) (left) and view of the crystal structure (right) along the
crystallographic a-axis.
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Figure S12. Views on the crystal structure of [Ni(QPhQ)Br] (8) along the crystallographic b-axis (left)
and c-axis (right).

[Pt(QPhQ)CI] (2) | [PA(QPhQ)CI] (5) | [Ni(QPhQ)CI] (8)
Interplanar torsion angles (°)
A (phenyl-quinoline) 33.3(5) 33.9(6) 36.9 (5)
Centroid distances (A)
B (quinoline-quinoline) 3.4381(2) 3.4570(1) 3.4415(3)
C (metal-metal) 4.2626(3) 4.3395(2) 4.5440(6)
D (phenyl-phenyl) 4.2626(3) 4.3395(2) 4.5440(6)

Figure S13. Selected ring torsion angles (left, A), centroid distances (right, B: quinoline-quinoline, C:
metal-metal, D: phenyl-phenyl) for complexes [M(QPhQ)X].
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[Pt(PyPhQ)CI] (1) | [Pd(PyPhQ)CI] (4) | [Ni(PyPhQ)Br] (7)
Interplanar torsion angles (°)
A (phenyl-quinoline) 12.9(3) 14.3(4) 17.6(2)
B (phenyl-pyridine) 5.2(2) 4.9(6) 4.4(2)
Centroid distances (A)
C (pyridine-quinoline) 3.8851(2) 3.9288(1) 3.7638(6)
D (phenyl-metal) 3.6729(3) 3.6797(3) 4.2394(2)

Figure S14. Selected ring torsion angles (left, A and B), centroid distances (right, C: phenyl-quinoline,
D: phenyl-metal) for complexes [M(PyPhQ)X].

[Pt(PhPyQ)CI] 3) | [Pt(PhPyQ)CI]  (3) | [Ni(PhPyQ)Br] (9)
Calc.2 Calc.2
Interplanar torsion angles (°)
A (pyridine-phenyl) 10.8(2) 8.3 16.9
B (pyridine-quinoline) 28.9(2) 34.6 31.8
Centroid distances (A)
C (pyridine-quinoline) 3.8178(1) - -

Figure S15. Selected ring torsion angles (left, A and B), centroid distances (right, C: pyridine-quinoline)
for complexes [M(PhPyQ)X].2 DFT calculations on B3LYP/def2-TZVP/CPCM(THF) level of theory.
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Figure 516. Cyclic voltammograms of PyHPhQ (left) and HPhPyQ (right), in 0.1 M n-BusNPFs solution
in THF at room temperature at a scan rate of 100 mV/s.

-35 -3.0 -25 -20 -15 -1.0 -05
E/Vvs. FeCp,/ FeCp,*

Figure S17. Cyclic voltammograms of QHPhQ in 0.1 M n-BusNPFe solution in THF at room temperature
at a scan rate of 100 mV/s.
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E/Vvs. FeCp2/ FeCpE E/Vvs. FeCp,/FeCp,"

Figure 518. Cyclic voltammograms of [Pt(PyPhQ)Cl] (1) (left) and [Pd(PyPhQ)CI] (4) (right), in 0.1 M n-
BusNPFs solution in THF at room temperature at a scan rate of 100 mV/s.
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Figure 519. Cyclic voltammograms of [Ni(PyPhQ)Br] (7) (left) and [Pt(QPhQ)CI] (2) (right), in 0.1 M n-
BusNPFs solution in THF at room temperature at a scan rate of 100 mV/s.
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Figure 520. Cyclic voltammograms of [Pd(QPhQ)Cl1] (5) (left) and [Ni(QPhQ)Cl] (8) (right) in 0.1 M n-
BusNPFs solution in THF at room temperature at a scan rate of 100 mV/s.
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Figure S21. Cyclic voltammograms of [Pt(PhPyQ)CI] (3) and [Pd(PhPyQ)Cl] (6) (right) (left) and, in 0.1
M nBusNPFs solution in THF at room temperature at a scan rate of 100 mV/s.
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Figure S22. DFT-calculated composition and energies of selected molecular orbitals of [M(PyPhQ)X]
type complexes 1, 4 and 7. Highest occupied molecular orbital = HOMO (red); lowest unoccupied
molecular orbital = LUMO (blue) (Isovalue 0.04, TPSSh/def2-TZVP/CPCM(THF) level of theory.
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Figure S23. DFT-calculated composition and energies of selected molecular orbitals of [M(QPhQ)X]
type complexes 2, 5 and 8. Highest occupied molecular orbital = HOMO (red); lowest unoccupied
molecular orbital = LUMO (blue) (Isovalue 0.04, TPSSh /def2-TZVP/CPCM(THF) level of theory.
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Figure S24. DFT-calculated composition and energies of selected molecular orbitals of [M(PhPyQ)X]
type complexes 3, 6 and 9. Highest occupied molecular orbital = HOMO (red); lowest unoccupied
molecular orbital = LUMO (blue) (Isovalue 0.04, TPSSh /def2-TZVP/CPCM(THF) level of theory.
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Figure 5§25. UV-vis absorption spectrum of PyHPhQ in THF at room temperature.

516



7000 -~

— QHPhQ

6000 -

5000 -

4000

3000 -

2000 -

exctinction coeff. € (Lmol'em™)

1000 A

T T T T T T 1
300 400 500 600
wavelength (nm)
Figure S26. UV-vis absorption spectrum of QHPhQ in THF at room temperature.
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Figure S27. UV-vis absorption spectrum of QCIPhQ in THF at room temperature.
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Figure S28. UV-vis absorption spectrum of HPhPyQ in THF at room temperature.
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Figure S29. UV-vis absorption spectra of [Pt(QPhQ)Cl] (2) (black), [Pd(QPhQ)CI] (5) (red), and
[Ni(QPhQ)CI] (8) (blue), and in THF at room temperature.
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Figure S$30. Photoluminescence spectrum of freshly distilled THF at 293 K, Aexc = 416 nm. The Raman
peak stemming from the THF solvent is marked with an *,
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Figure S31. Photoluminescence excitation (left, red line; Aexe = 610 nm) and emission (right, black line;
Aexc = 445 nm) spectra of [Pt(PyPhQ)CI] (1) at 293 K in THF solution. A Raman peak stemming from the
THEF solvent is marked with an *,
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Figure S32. Photoluminescence excitation (red line; Aexe = 610 nm) and absorption (black line) spectra of
[Pt(PyPhQ)Cl] (1) at 293 K in THF solution. A Raman peak stemming from the THF solvent is marked
with an *.
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Figure S33. Photoluminescence excitation (left, red line; Aem = 610 nm) and emission (right, black line;
Aexe = 430 nm) spectra of [Pt{QPhQ)Cl] (2) at 293 K in THF solution. Raman peaks stemming from the
THF solvent are marked with an *.
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Figure 534. Photoluminescence excitation (red line; Aem = 610 nm) and absorption (black line) spectra of

[PH(QPhQ)CI] (2) at 293 K in THF solution. A Raman peak stemming from the THF solvent is marked
with an *.
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Figure S535. Photoluminescence excitation (left; red line Aem = 402 nm) and emission (right, black line;
Aexe = 360 nm) spectra of [Ni(PyPhQ)Br] (7) at 293 K in THF solution. Raman peaks stemming from the
THE solvent are marked with an *.
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Figure 536. Photoluminescence excitation (red line; Aem = 402 nm) and absorption (black line) spectra of

[Ni(PyPhQ)Br] (7) at 293 K in THF solution. A Raman peak stemming from the THF solvent is marked

with an *.
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Figure 537. Photoluminescence excitation (left, red line; Aem = 474 nm) and emission (right, black line;
Aexe = 416 nm) spectra of [Ni(QPhQ)CI] (8) at 293 K in THF solution. Raman peaks stemming from the

THF solvent are marked with an *.
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3. Supporting Tables

Table S1. Crystal data and structure refinement for the complexes 1, 4 and 7.2

[Pt(PyPhQ)CI] (1) [Pd(PyPhQ)CI] (4) [Ni(PyPhQ)Br] (7)
CCDC 2382070 2382071 2382072
Empirical formula C20H13CIN=Pt C20Hi13CIN:Pd CzoHisBrNaNi
Formula weight (g mol ) 511.86 423.17 419.94
Temperature (K) / wavelength (A) 100.00 / 0.71073 100.00 / 0.71073 100.00 / 0.71073
Crystal System monoclinic monoclinic triclinic
Space group P 2i/c P 2i/c P1
Unit cell dimensions
a(A) 9.4072(6) 9.3747(4) 9.3479(4)
b (A) 11.6931(7) 11.8008(6) 12.6540(7)
c(A) 14.1504(8) 14.0288(7) 13.4024(7)
a (°) 90 90 87.881(2)
B (%) 97.513(2) 96.711(2) 81.397(2)
v (°) 20 90 89.028(2)
Volume (A% / Z 1543.2(2) / 4 1541.3(1) /4 1566.3(1) / 4
Ocale (Mg/m?) / p(mm-?) 2.203/9.268 1.824 /1.379 1.782/3.793
F (000) 968.0 840.0 840.0
Crystal size (mm?) 0.4 x0.24 x 0.04 047 x 0.43 x 0.24 0.1x0.1x0.05
20 range for data collection (°) 4.534 to 50.692 4.524 to 68.732 4.376 to 50.698
Index ranges -11<h<11 -14<h<14 -11<h<11
-14<k<14 -18<k<18 -15<k<15
-17<1<17 -22<1<22 -16<1<16
Reflections collected / Independent | 61059 / 2812 69675 / 6353 58639 / 5657
Rint 0.0560 0.0392 0.0820
Completeness to 6 / angle (°) 0.998 / 25.24 0.959 /25.24 0.987 / 25.35
Absorption correction Multi-Scan Multi-Scan Multi-Scan
Data / restraints / parameters 2812/0/217 6353/0/217 5657 /0/433
GOOF on F? 1.156 1.163 1.136
Final R indices [[>20(I)]* Ri = 0.0204, wR2 = | Ri = 0.0215, wRz = | Ri = 0.0524, wR> =
0.0549 0.0516 0.1313
R indices (all data) Ri = 0.0206, wR2 = | Ri = 0.0222, wR2 = | Ri = 0.0623, wR2 =
0.0550 0.0520 0.01361
Largest diff. peak / hole (erA3) 1.50/-1.34 0.97 /-0.63 1.82 /0.63

2 From single crystal X-ray diffraction. R1 = Z||F,| — |F,,|| JZ|F, |

’

wR2= [z [w(k? = E2)] /5 [w(Foz)z””2

Table S2. Crystal data and structure refinement for the complexes 2, 5 and 8.2

[PHQPhQ)CI] (2) [PA(QPhQ)CI] (5) [Ni(QPhQ)CI] (8)
CCDC 2382074 2382082 2382081
Empirical formula CasHisCIN2Pt C24Hi1sCIN2Pd CasHisCIN2Ni
Formula weight (g mol-1) 561.92 473.23 425.54
Temperature (K) / wavelength (A) 104.00 / 0.71073 102.00 / 0.71073 100.00 / 0.71073
Crystal System orthorhombic orthorhombic orthorhombic
Space group C mc2: C mc2: C mc2:
Unit cell dimensions
a(A) 4.2626(3) 4.3395(2) 4.5440(6)
b (A) 30.001(3) 29.8261(1) 29.179(2)
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c(A) 13.4349(1) 13.4094(7) 13.1196(2)

O =pC)=Y0) 90 90 90

Volume (A3%) / Z 1718(2) / 4 1735.58(2) / 4 1739.5(4) / 4

deate (Mg/m?) / p(mm-L) 2.172 / 8.336 1.811/1.236 1.625 /1.281

F (000) 1072.0 944.0 872.0

Crystal size (mm?) 0.17 x 0.16 x 0.06 0.09 x 0.08 x 0.01 0.17 x 0.03 x 0.01

26 range for data collection (°) 4.070 to 51.356 4.084 to 51.358 4.176 to 50.698

Index ranges -5<h<5 —4<h<b -5<h<5
-36<k<36 -36<k<36 -33<k<34
-16<1<16 -16<1<15 -15<1<15

Reflections collected / Independent | 15540 / 1860 10964 / 1862 6506 / 1742

Rint 0.0447 0.0339 0.0513

Completeness to 6 / angle (°) 0.990 / 25.68 0.992/30.43 0.846 /25.24

Absorption correction Multi-Scan Multi-Scan Multi-Scan

Data / restraints / parameters 1860/181/236 1862 /181 /236 1742 /199 / 236

GOOF on F2 1.109 1.109 1.089

Final R indices [[>2a(])]® Ri = 00135, wRz =| R = 0.0195, wRz =| R1 = 0.0624, wRz =
0.0321 0.0431 0.1688

R indices (all data) Ri = 0.0138, wR2 = | R1 = 0.0232, wRz =| R1 = 0.0717, wR2 =
0.0322 0.0443 0.1751

Largest diff. peak / hole (e:A-) 0.31/-0.46 0.31/-0.34 1.39/-0.97

1/2
a From single crystal X-ray diffraction.® Ri=X||F,| — |FC||/E|FO||; wR2= [Z [W(FOZ - Fcz)z] /Z [W(FOZ)Z]]

Table S3. Crystal data and structure refinement for complex 3.2

[P{PhPyQ)Cl] (3)

[Pd(PhPyQ)Cl] (6)

CCDC

2382073

Not crystallized

Empirical formula / Formula weight (g mol-')

C20H1:CIN:2Pt / 511.86

Temperature (K) / wavelength (A)

100.00 /0.71073

Crystal System / Space group

Orthorhombic / P 212121

Unit cell dimensions

a(A)/b(A)/c(A) 7.0071(2) / 13.5496(4) / 16.3653(6)
a®) /By () 90 /90 /90

Volume (A3) / Z 1553.78(9) / 4

Ocatc (Mg/m?) / u(mm-?) 2.188/9.205

F (000) 968.0

Crystal size (mm?) 0.07 x 0.04 % 0.02

20 range for data collection (°) 3.902 to 66.36

Index ranges

-10<h<10;-15<k<20;,-24<1<25

Reflections collected / Independent / Rint

38161 /5916 / 0.0491

Completeness to 0 / angle (°) 0.995/25.24
Absorption correction Multi-Scan
Data / restraints / parameters 5916/0/217
GOOF on F2 1.132

Final R indices [[>20()] ®

R1=10.0352, wR2=0.0801

R indices (all data)

R1=0.0379, wR2=0.0812

Largest diff. peak / hole (e:A-)

3.47/-3.39

a From single crystal X-ray diffraction.® Ri =X||F,| — |F.| | JZ|F,|
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Table S4. Selected experimental bond lengths (A) and angles (°) for the complexes 1 to 8.2

[P{PyPhQ)CI] | [PHQPhQ)Cl] | [PHPhPyQ)Cl] | [PA(PyPhQ)CI] | [PA(QPhQ)CI] | [Ni(PyPhQ)Br] | [Ni(QPhQ)CI]

i 1) (2) (3) 4) (5) 7 (8)
Distances (A)
M-C 1.957(4) 1.958(5) 1.986(7) 1.948(1) 1.962(4) 1.849(6) 1.857(1)
M-N1 2.024(3) 1.990(3) 1.984(5) 2.039(1) 1.985(2) 1.931(5) 1.910(3)
M-N2 2.029(3) 2.050(3) 2.116(6) 2.045(1) 2.092(2) 1.910(5) 1.930(3)
M-X 2.428(9) 2.431(1) 2.303(2) 2.438(3) 2.446(1) 2.433(9) 2.308(3)
Angles (°)
C-M-N1 82.0(1) 93.8(1) 82.30(2) 82.47(4) 90.63(6) 84.7(2) 90.2(1)
C-M-N2 93.1(1) 88.0(1) 173.6(3) 91.77(4) 89.00(1) 92.2(2) 89.9(1)
NI-M-X 91.9(9) 87.7(6) 174.6(2) 91.93(3) 90.27(6) 93.50(2) 91.3(8)
N2-M-X 94.3(9) 90.5(6) 91.52(2) 95.50(3) 90.20(6) 94.69(2) 88.6(8)
NI1-M-N2 170.6(1) 177.9(1) 92.7(2) 169.2(4) 179.0(7) 165.5(2) 178.0(2)
C-M-X 168.1(1) 178.4(9) 93.7(2) 167.0(3) 179.2(1) 157.5(2) 178.4(1)
z angles
around M 361.3 356.3 360.2 361.7 358.2 365.1 356.4

a From single crystal X-ray diffraction.

Table S5. Experimental and DFT-calculated selected bond lengths (A) and angles (°) for 3, 6 and 9.

[Pt(PhPyQ)C]] | [Pt(PhPyQ)Cl] | [PA(PhPyQ)Cl] | [Ni(PhPyQ)Br]
(3) exp. (3) calc. (6) calc. (9) calc.
Distances (A)
M-C 1.986(7) 1.996 1.986 1.897
M-N1 1.984(5) 2.015 2.029 1.939
M-N2 2.116(6) 2.169 2.181 2.068
M-X 2.303(2) 2.351 2.349 2.387
Angles (°)
C-M-N1 82.30(2) 81.90 82.18 84.33
C-M-N2 173.6(3) 172.6 171.7 167.8
N1-M-X 174.6(2) 176.0 175.9 152.8
N2-M-X 91.52(2) 92.28 93.53 97.06
N1-M-N2 92.7(2) 91.6 90.6 93.2
C-M-X 93.7(2) 94.1 93.7 90.4
Y angles around M | 360.2 359.9 360.0 365.0

a From single crystal X-ray diffraction.

ths (A) and angles (°) for 1, 4 and 7.2

Table S6. Experimental and DFT-calculated selected bond len,
[Pt(PyPhQ)Cl] | Calc. [Pd(PyPhQ)CI] | Calc. [Ni(PyPhQ)Br] | Calc.
(1) exp. (4) exp. (7) exp.
Distances (A(
M-C 1.957(4) 1.961 1.948(1) 1.955 1.849(6) 1.873
M-N1 2.024(3) 2.052 2.039(1) 2.062 1.931(5) 1.968
M-N2 2.029(3) 2.066 2.045(1) 2.073 1.910(5) 1.950
M-X 2.428(9) 2.498 2.438(3) 2.484 2.433(9) 2.547
Angles (°)
C-M-N1 82.0(1) 81.4 82.47(4) 81.57 84.7(2) 83.9
C-M-N2 93.1(1) 92.2 91.77(4) 91.16 92.2(2) 91.8
N1-M-X 91.9(9) 92.3 91.93(3) 93.06 93.50(2) 95.4
N2-M-X 94.3(9) 94.1 95.50(3) 94.55 94.69(2) 93.3
N1-M-N2 170.6(1) 173.0 169.2(4) 170.6 165.5(2) 165.1
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C-M-X 168.1(1) 1737 | 167.003) 173.5 157.5(2) 160.8
L angles 361.3 360.0 361.7 360.3 365.1 364.4
around M

2 From single crystal X-ray diffraction.

Table S7. Experimental and DFT-calculated selected bond lengths (A) and angles () for 2, 5 and 8.2

[Pt(QPhQ)Cl] | Calc. [Pd(QPhQ)CI] | Calc. [Ni(QPhQ)Cl] | Calc.

(2) Exp. (5) Exp. (8) Exp.
Distances (A)
M-C 1.958(5) 1.975 1.962(4) 1.963 1.857(1) 1.877
M-N1 1.990(3) 2.054 1.985(2) 2.064 1.910(3) 1.959
M-N2 2.050(3) 2.054 2.092(2) 2.064 1.930(3) 1.959
M-X 2.431(1) 2492 | 2.446(1) 2.487 2.308(3) 2.383
Angles (°)
C-M-N1 93.8(1) 90.2 90.63(6) 89.4 90.2(1) 89.9
C-M-N2 88.0(1) 90.2 89.00(1) 89.4 89.9(1) 89.9
N1-M-X 87.7(6) 89.8 90.27(6) 90.7 91.3(8) 90.1
N2-M-X 90.5(6) 89.8 90.20(6) 90.7 88.6(8) 90.1
N1-M-N2 177.9(1) 179.7 179.0(7) 178.7 178.0(2) 179.9
C-M-X 178.4(9) 180.0 | 179.2(1) 180.0 178.4(1) 180.0
L angles 356.3 3600 | 3582 3600 | 356.4 360.0
around M

a From single crystal X-ray diffraction.
Table §8. Redox potentials of the protoligands.
redl red2 red3

PyHPhQ -2.56 Eip —3.36 Epc -
QHPhQ -2.71 Eip2 -3.20 Epe -
HPhPyQ -2.46 Ein -2.86 Epe -3.39 Epc
QCIPhQ —2.66 Epc —3.21 Epe -

[

reversible redox waves, Epc for irreversible reduction waves, measured in 0.1 M n-BusNPFs/THF at 298

K, scan rate 100 mV/s; plots in Figures 516 and 517.

Table 59. Selected redox potentials of the Pt, Pd, and Ni complexes.?

Electrochemical potentials in V with an accuracy of +0.003 V, vs ferrocene/ferrocenium; Eiz for

N*C*N | X | M(No.) | Eizoxl Eizredl | Eu2 red2 | AEred2- | AE ox1- | reference
redl redl

PyPhQ | Cl | Pt(1) 0.46irr | -1.92 -2.65 0.73 2.38 This work
Cl | Pd (4) 0.70 irr -2.03 -2.75 0.72 2.73 This work
Br | Ni(7) 0.04 —2.07 irr | —2.21irr | 0.14 2.11 This work

QPhQ Cl | Pt(2) 0.73irr | -2.08 -2.32 0.24 2.81 This work
Cl | Pd (5) 0.83irr | -2.21 —2.44irr | 0.23 3.04 This work
Cl | Ni (8) —0.04 —2.124rr | -2.34irr | 0.22 2.08 This work

dpb Cl | Pt 0.41irr. | -2.17irr | -2.60irr | 0.43 2.58 Ref. 1

Mexdpb | C1 | Pd 0.74irr. | 2.34irr | -2.75irr | 0.41 3.08 Ref. 2

dpb Cl | Ni 0.06 -2.331irr | -2.571irr | 0.24 2.39 Ref. 3

C NN

PhPyQ | Cl | Pt(3) 0.731irr | -1.81 —2.53irr | 0.72 2.54 This work
Cl | Pd (6) 0.83irr | -1.85 —2.46irr | 0.61 2.68 This work
Br | Ni (9) This work

Phbpy Cl | Pt 0.45irr | -1.78 -2.48 0.70 2.23 Ref. 2,4
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Cl

Pd

0.80°%

-1.92

—2.60

0.68

2.72

Ref. 4

Br

Ni

0.08

-1.90

-2.52

0.62

1.98

Ref. 5

a Plots in Figures 518 to 521. Electrochemical potentials in V with an accuracy of +#0.003 V, vs
ferrocene/ferrocenium; Ei. for reversible redox waves, Epc for irreversible reduction waves and Epa for
irreversible oxidation waves; measured in 0.1 M n-BusNPFs/THF at 298 K, scan rate 100 mV/s. b
Measured in MeCN.

Table §10. UV-vis absorption maxima of the protoligands.

HC N"N i (€) Az (€) s (€) s () s (¢) A (€)
PyHPhQ 234 (4.72) | 282(2.02) |- 317sh (0.68) | - -

QHPhQ - 273 (3.65) | - - 325(1.21) | 340sh (0.74)
HPhPyQ 250sh (3.49) | 271 (1.77) | 300 (1.43) 345 (1.45) | 370 (1.16)
QCIPhQ 228 (9.86) | 284(1.99) | - 316 (0.88) | - -

a Measured in THF (298 K), sh = shoulder, wavelength A in nm, extinction coefficients € in 10* M-'cm-'.

Table S§11. Selected UV-vis absorption data of the complexes 1 to 8 and related derivatives.?

Long-wavelength maxima reference
NACAN | X | No. | Ai(g) | A2(g) | As(e) Aa(e) | As(e) | Ae(€)
PyPhQ | Cl|Pt [238 [304 |321 359 | 373 | 418 | This work
1) | (5.47) | (1.55) | sh(1.41) | (0.92) | (0.86) | (0.66)
Cl | Pd | 241sh | 284 312 330 381 This work
@ | @56 | 223 | (145 |@a.27) | (©0.90)
Cl | Ni |243sh | 281sh 336 | 365 | 436 | This work
@) | 4.80) | (1.48) 0.77) | (052) | (0.49)
QPhQ | Cl|Pt |242 324 357 | 378sh | 426 | This work
@) | (5.44) (156) | (1.18) | 0.92) | (0.70)
Cllprd [242 [286 |329 388 This work
G) | (345 | (0.96) | (1.14) (0.76)
Cl | Ni | 237 307 318 358sh | 403sh | 474sh | This work
®) | @13) | (076) | (0.78) | (0.45) | (0.23) | (0.04)
255 | 289 | 332 379 | 402 [ 485 | Ref.1
dpb CLIPE | 050 | 210) | 063) | 086) | 0700 | 0.10)
239|275 | 283 327 |360 |375 | Ref.2
Mexdpb | CLIPd 0 20y | 230) | @200 | 083) | 0.79) | (1.20)
1236|279 332|412 | 437 | Ref.3
dpb CHING | 555 | 268 (5.73) | (631) | (6.68)
C NN
Pt |240 [330 |344 367 | 412sh | 460sh | This work
PRPYQ 1 CH 5y | 203) | a33) | @00) | (166) | 036) | (012)
al Pd | 243sh | 330 378sh | 398sh | This work
6 | 2.01) | (133 0.24) | (0.12)
Phbpy | Cl|Pt [278 |302 |330 363 | 410 | 430 | Ref.5
ol pg | 206|278 |11 325 | 342 | 402 | Ref.4
2.00) | (.10) | 120) | 1.30) | 0.80) | (0.10)
Cl|Ni [ 281 321 354 [391 | 506 | Ref.5

a Measured in THF (298 K), sh = shoulder, wavelength A in nm, extinction coefficients € in 10* M-'em-'.
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3 Results and Discussion

3.2 Alternative C-H Activation Methods

Various reactions conditions for cyclometalation reactions by direct C-H activation have been
reported for N*C*N and C*"N"N type systems.['”.1% 20,25 811 Generally, these reactions all need
higher energies than, for example, oxidative addition, where the redox chemistry of the
substrates provides the activation energy.’l An established method for CH-activation is the
use of microwave irradiation to introduce a lot of energy in a short amount of time. °1 To
adapt this method to ring-expanded systems, reaction conditions were screened for using a

previously reported model ligand system (PytBuHPhPy) (see Scheme 10, table 1).[3]

Bu Bu
| X, metal precursor | X | X
_N N~ HOAc _N—py—N_~
160 °C, 3 h |
mw X M=Ni, Pd, Pt

X =Cl, Br

Scheme 10 Reaction screening for microwave cyclometalation reactions using [M(PytBuHPhPy]X] (M,
Pt, Pd, Ni; X= Cl, Br) as model compounds.

Table 1 Results of microwave cyclometalation screening reactions with complexes of
[M(PytBuHPhPy]X] (M, Pt, Pd, Ni; X= Cl, Br) as model compounds.

Ligand Metal precursor Conditions Yield

Ko[PtCls] (1.00 eq.) | HOAc, 300 W, 160°C,3h | 9%
PytBuHPhPy K2[PdCl] (1.00 eq.) | HOAc, 300 W, 160°C,3h | 88%

(1.20 eq.) NiBr2 KOAC, K2COs, p-xylene, 65% &b
250 W, 160 °C, 3 h

a Previously reported.l® b , pseudo-inert” conditions: solvent distilled and degassed, substrates pre-

dried prior to use, microwave tube flushed with argon and kept sealed prior to irradiation.

The C-H activation was successful for platinum and palladium using similar conditions to
thermal activation methods, giving excellent yield and high purity at drastically lower reaction
times. Nickel C-H activation was also achieved by adapting thermal C-H activation protocols
and using microwave irradiation as energy source.’?l However, special care had to be taken,
because of the instability of nickel complexes and their susceptibility towards hydrolysis and
solvolysis. Pseudo-inert conditions were applied: The solvent was distilled and degassed and
substrates pre-dried prior to use. Since the microwave tubes cannot be fully sealed under
argon atmosphere, they were flushed and sealed under argon prior to irradiation. This method
yielded the desired complex in acceptable yields. If these conditions were not applied,

hydrolysis occurred and [Ni(H20)s]*-species were isolated instead.
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3 Results and Discussion

These reaction conditions were then applied to the synthesis of [Pt(PyPhQ)Cl] and successfully
yielded the desired compound in excellent yield (92%) while drastically cutting the reaction

time needed from 96 h for thermal activation to 3 h for microwave reactions (see table 2).

Stemming from this success, different methods of C-H activations by applying high energy

were tested for. The results are summarized in table 2.

Table 2 Overview of different C—H activation methods towards the synthesis of [Pt(PyPhQ)Cl] as model

compound.

Substrates Method Conditions Outcome

Reflux HOAc, 160 °C, 96 h 95% yield
Microwave HOACc, 160 °C, 300 W, 3 h 92% yield

Ko[PtCli] (1.0 eq.) | Ampule HOACc, Ramping to 150 °C, 72 h | Complex traces

PyHPhQ (1.4 eq.) isolated as single

crystals 2
Photoactivation® | BusNCl, Na2COs, acetone, Complex formation,
405nmr.t., 18 h impure, not isolated ®

Ball mill HOAC, 15 Hz, 30 min decomposition

a detected by SC-XRD, b detected by '"H NMR spectroscopy.

All methods described, except for the ball mill synthesis, yielded the complex to some extent.
However, of all “higher energy methods”, only the microwave synthesis proved easily
applicable and reliable and was therefore regularly used for complex synthesis. This proved
especially valuable when synthesizing larger batches of complex repeatedly, for example for

coligand exchange reactions (see chapter 3.6).
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3 Results and Discussion

3.3 Further Complexes with N*C~N and C*"N”N Type Ring-Expanded Ligand Systems
Based on the findings of chapter 3.1, more complexes with the N*C"N and C*"N”N type ligand

systems were synthesized.*’ These complexes were based on both quinoline and carbazole
units being part of the ligand backbone, because of its interesting properties as a
chromophore.l?* % % %I Alternatively, derivatives of the QPyHPh system were synthesized by
exchanging the phenyl ring for different chromophore systems. The synthesis of the complexes
is depicted in Scheme 16, Figure 12 and table 4. Generally, the ring systems were built up step
by step, by using appropriate cross coupling protocols, mostly Suzuki.”® Special care had to be
taken not to use the 2-pyridinyl boronic acid, because of its instability in solution. This problem

has been previously reported and termed the “2-Pyridinyl Problem”.[%?!

Protoligand systems of the type quinoline-pyridine-fluorene (QPyHFluor) and quinoline-
pyridine-spirobifluorene (QPyHSpiro) were synthesized by two subsequent Suzuki type cross

coupling reactions (see Scheme 11). The two protoligands were obtained in excellent yields

(see table 3).
Pd(PPh3),]
B(OH N [ 3 [Pd(PPhs),]
(OH), /@ Na,CO,4 Na,CO4
+ T Ci~oo ~ e
N Br N Br Tol/EtOH/H,0 R Tol/EtOH/H ,0
« | reflux, 18 h reflux, 17 h

52%

e ()
ate

R = QPyHFluor QPyHSpiro
17 h, 99% 17 h, 99%

P

Scheme 11 Synthetic route towards protoligands QPyHFluor and QPyHSpiro, derived from a QPyHPh

system.

The protoligand QPyHPh(N(Ph):) was synthesized in a three-step synthesis starting from
2,6-dibromopyridine (see Scheme 12). After introducing a quinoline moiety via Suzuki cross coupling,
the resulting QPyBr was transformed into its boronic acid pinacol ester. Finally, the obtained pinacol
ester was cross coupled to 4-bromotriphenylamine to yield the desired protoligand in three steps in an

overall yield of 13%.
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3 Results and Discussion

[Pd(PPhg3)4] [Pd(dppf)Cla]
B(OH
(OH), /@ Na,COj B,Pin,
—_— >
Ny BN Br TolEtOH/H,0 KOAc
I reflux, 18 h 1,4-dioxane
X reflux, 18 h
52%
Br [Pd(PPh3)4]
\©\ Na,CO3 O
+ —_— =
reflux, 17 h
QPyHPh(N(Ph),)
63%

Scheme 12 Synthetic route towards the protoligand QPyHPh(N(Ph)2).

The protoligand PyHCarbQ was synthesized in a two-step synthesis, starting with a
nucleophilic substitution reaction of 2-fluoropyridine and 2-bromocarbazole (see Scheme 13).
The obtained PyHCarbBr building block was then reacted with 8-quinolinyl boronic acid

under Suzuki conditions to yield the protoligand in an overall yield of 90% (see table 3).
N

@N i) Q
H Br 2%, KzCO3 [Pﬂ(azgg(isd
reflux, 18 h P
98% PyHCarbQ

92%

Scheme 13 Synthetic route towards protoligand PyHCarbQ.

The protoligand QPyHCarb was synthesized in two steps starting from
2-bromo-5-fluoro-pyridine and nucleophilic substitution with carbazole. The resulting
CarbPyBr was then coupled to 8-quinolinyl boronic acid under Suzuki conditions to yield the

protoligand in an overall yield of 79% (see Scheme 14).

=
(HO), [Pd(PPh3)4]
I h _ KOs /(\/L
Br/ENj\F + "~ DMSO _ NagCO;
0o 8 h TolEtOH/H,0
reflux, 48 h

80% QPyHCarb
99%

Scheme 14 Synthetic route towards protoligand QPyHCarb.

The protoligand PyPyHCarb was synthesized in a four-step synthesis. 2,2’-bipyridine was
converted to 6-bromo-2,2’-bipyridine over three steps following a reported procedure and
then coupled to carbazole, mediated by coper catalysis.'®] The desired protoligand was

obtained in an overall yield of 14%. (see Scheme 15).
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Scheme 15 Synthetic route towards protoligand PyPyHCarb.[100]

KsFe(ll)(CN)g

' H,0
0°Ctor.t.,

N CH,

CUl K2003

toluene
reflux, 96 h

o NaOH

19 h

X
N

35%

oy

Table 3 Reaction conditions for ligand synthesis reactions of N*C*N and C*"N”N type protoligand.

PyPyHCarb

14%

3 Results and Discussion

A Br2
PPh,
N
MeCN
CHs g °Cto reflux,
75h

5- [BrPyPy + carbazole

toluene, reflux, 96 h

Substrates Conditions Protoligand (Yield)
QPyBr + fluorene boronic acid | [Pd(PPhs)4], Na2COs, QPyHFluor
toluene/EtOH/H20, reflux, 17 h 51% in two steps
QPyBr + spiroboronic acid [Pd(PPhs)s], Na2COs, QPyHSpiro
toluene/EtOH/H20, reflux, 17 h 51% in two steps
PyHCarbBr + [Pd(PPhs)s], Na2COs, PyHCarbQ
8-quinoline-boronic acid toluene/EtOH/H20, reflux, 18 h 90% in two steps
QPy-boronic acid pinacol [Pd(PPhs)s], Na2COs, QPyHPhN(Ph)2
ester + 4-bromotriphenylamine | toluene/EtOH/H:0, reflux, 17 h 13% in three steps
CarbPyBr + [Pd(PPhs)s], Na2COs, QPyHCarb
8-quinoline-boronic acid toluene/EtOH/H:20, reflux, 48 h 79% in two steps
N-methylpyrazole, Cul, K2COs, | PyPyHCarb

1% in four steps

Complexation reactions were carried out for all protoligands using direct C-H activation

conditions, refluxing in acetic acid (see Scheme 16 and table 4). The Pt(II) and Pd(II) complexes

were obtained in moderate to good yields. The only exception was the complexation of the

QPyHPhN(Ph): ligand, which did not yield the desired complexes.

Instead, NMR

spectroscopy indicated decomposition of the protoligand, implying the triphenylamine

moiety is not stable under the acidic C-H activation conditions.

N

or

N

N  y-C

i

N—pm—N
KoMCL,] L
HOAc,
reflux /—N\
N\M»—C
Cl

I

M = Pt, Pd
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3 Results and Discussion

Scheme 16 General reaction Scheme for complexation of N*C*N and C*N”N type protoligands via

direct C-H activation.

Complexation of nickel via base-assisted C-H activation was also attempted for several of the
protoligands (see table 4). The protoligands were reacted with NiBr2 and equimolar amounts of KOAc
and K2COs in refluxing p-xylene. No conversion was observed under these reaction conditions. 26 4]

Instead, the protoligand was reisolated.

[M(QPyPhN(Ph),)CI] [M(QPyFluor)CI] [M(QPySpiro)CI]

Figure 12 Overview of Ring-expanded complex systems with N*C*N and C*"N”N type ligands.

Table 4 Reaction conditions of complexation reactions of N*C*"N and C*"N”N type complexes.

Protoligand Metal Conditions Habitus (Yield)
precursor
PyPyHCarb Kz[PtCl4] HOAG, reflux, 72 h Dark-orange powder (54%)
Ko[PdCls] HOAC, reflux, 72 h Yellow powder (72%)
QPyHCarb Ko[PtCly] HOAC, reflux, 72 h Orange powder (22%)
Ko[PdCls] MeCN/H:0, 18 h Yellow powder (22%)
Ko[PtCly] HOAC, reflux, 18 h Orange powder (59%)
Ko[PdCls] HOAC, reflux, 42 h Yellow powder (39%)
PyHCarbQ . :
NiBr2 p-xylene, KOAc/K2COs, | No conversion
reflux, 72 h
QPyHPhN(Ph): | Ko[PtCl4] HOAG, reflux, 18 h decomposition
Ko[PtCl4] HOAC, reflux, 21 h Orange powder (91%)
Ko[PdCls] HOAC, reflux, 21 h Yellow powder (34%)
QPyHFluor - -
NiBr2 p-xylene, KOAc/K2COs, No conversion
reflux, 72 h
PyHSpiro Kz[PtCl4] HOAC, reflux, 23 h Orange powder (99%)
K2[PdCl4] HOAC, reflux, 21 h Yellow powder (51%)

The UV/Vis-absorption spectra of the complexes with N*C"N and C”N”N ligands in
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tetrahydrofuran (THF) are shown in figures 13 and 14, absorption maxima and corresponding
extinction coefficients are listed in table 6.

103 x103
60 - - 601 —— [Pt(QPyCarb)CI]
- — [Pt(PyPyCarb)Cl] ' Y
[Pd(QPyCarb)Cl]
§ —— [Pt(PyCarbQ)CI] 2 50 (QPyCarb)
5 50 —— [Pd(PyCarbQ)Cl] g
€ '}
- ~
% w 40
: &
o pu 30 A
c kel
3 g A
g £ 201 \—
% 3
10 4
0- \,;‘,‘_—.
300 400 500 600 300 400 500 600
wavelength A/ nm wavelength A / nm

Figure 13 UV/Vis-absorption spectra of N*C*N and C*N”N type complexes. Measured in THF at room
temperature.

All complexes feature several distinct absorption maxima between 240 nm and 350 nm,
indicating more pronounced transitions of m-7* and n-m* nature when compared to the
NACAN and C*N"N complexes previously reported (see chapter 3.1).4! This increase in
absorptions can be attributed to the generally bigger chromophores and the introduction of

carbazole into the ligand backbone, making more n- and 7t- states accessible.

The complexes [M(PyCarbQ)Cl] both feature absorption bands at 380 nm (Pt; 12.7 €) and

362 nm (Pd; 14.6 ¢), which are not present in the free protoligands (see table 5, extinction
103+ L

molxcm

attributed to LMCT absorptions or alternatively LL’CT absorptions with metal participation,

coefficient € =

derived from the Lambert-Beer law). These maxima could therefore be

not possible prior to complexation. The complexes also feature long wavelength absorption
maxima with low extinction coefficients (Pt: 442 nm, 4.25 ¢; Pd: 408 nm, 6.23 ¢), indicating
MLCT absorptions. These absorptions are significantly shifted bathochromically when
compared to other N*C"N complexes like for example [M(PyPhQ)CI] (Pt: 418 nm, 6.60 ¢; Pd:
381 nm, 9.00 ¢). This also results in smaller HOMO-LUMO gap energies for the [M(PyCarbQ)Cl]
complexes. Assuming a metal-centred HOMO at similar energy levels, this would mean a
large LUMO, lower in energy is present. It is therefore likely it extends across both quinoline
and carbazole rings within in the ligand backbone. This can be further validated by suitable
DFT calculations or by comparison to systems [M(PyCarbPy)Cl], where the quinoline is
replaced by another pyridine moiety. The highest wavelength absorptions of complexes of
[M(QPyCarb)Cl] type are found at similar wavelength (Pt: 449 nm, 2.48 ¢; Pd: 404 nm, 9.05 ¢),
implying these transitions are similar in nature, most likely taking place partially within the
carbazole subunit. The complex [Pt(PyPyCarb)Cl] is an exception here, having a red-shifted,
low intensity, absorption maximum at 480 nm (3.03 ¢€). This is typically the case when
comparing C"N”N to N*C~N systems with otherwise similar ligand backbones (see chapter

3.1).I However, even when accounting for this trend, this shift of, for example 50 nm when
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compared to [Pt(PhPyPy)Cl] is still significant and implies a strong contribution of the
carbazole to the LUMO, typically strongly centred on the bipyridine moiety.[2¢ 81l

3
10 —— [Pt(QPySpiro)Cl] —— [Pd(QPySpiro)Cl]
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Figure 14 UV/Vis-absorption spectra of C"N”N type complexes, measured in THF at room temperature.

All complexes derived from the complex [M(PhPyQ)Cl], UV/Vis-absoprtion spectra detailed
in Figure 14 and table 6, show very pronounced and detailed absorption bands within the
range of 240 nm to 350 nm. These bands can be attributed to transitions of m-nt* and n-mt*
nature, with strong contributions of the dimethylfluorene or spirofluorene chromophores.!o"
10221 The complexes [M(QPyFluor)Cl] feature pronounced absorption bands at 379 nm (26.2 ¢)
for the platinum compound and 343 nm (36.5 ¢) for the palladium compound. These are not
present for the protoligand (see table 5) and imply strong interactions of the metal and the
fluorene subunit. This is further supported by the fact the spirofluorene-bearing complexes do
not show these absorptions, meaning they are not centred on the QPy-subunit. All complexes
except [Pd(QPySpiro)Cl] show long range absorption bands at >400 nm, although their
intensity is very low compared to the other absorption bands. Generally the palladium
complexes have a strong blueshift of around 35 nm compared to their platinum counterparts,
as was already observed for the previously reported ring-expanded N*C*"N and C"N"N

systems.[#]

Table 5 Optical properties of protoligands of N*C”"N and C*N”N type. 2

Substance Ai(g) A2(g) As(g) Aa(g) As(g) AEopt.
PyPyHCarb 243 (84.7) 279 (14.1) - - 335 (10.0) | 3.53
PyHCarbQ - - - 300 (16.3) | 334 (10.9) | 3.37
QPyHCarb 241 (91.4) 289 (53.6) - 320 (20.0) | 335 (16.8) | 3.50
QPyHPhN(Ph):2 | 232 (14.0) 289 (7.71) 306 (8.13) | 318 (7.95) | - 3.49
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QPyHFluor - 290 (32.5) - 319 (46.4) | 334 (36.3) | 3.49
QPyHSpiro® 250 (7.85) 296 (3.24) 309 (3.24) | 322 (2.27) | - 3.53
aWavelengths in nm, extinction coefficients in rig:—;fn, AEopt.in eV. b extinction coefficients in Tigf:;n.
Table 6 Optical properties of complexes of N*C*N and C*N”N type. 2
Substance Al (e) A2 (g) A3 (e) M (e) A5 (g) A6 (g) AEopt.
[Pt(PyPyCarb)Cl] | 283 (32.2) - - 362 (10.2) | 426 (4.67) | 480 (3.03) | 2.15
[Pt(PyCarbQ)Cl] | 262 (44.1) 306 (19.2) | 334 (14.6) | 380 (12.7) | 442 (4.25) | - 247
[Pd(PyCarbQ)Cl] | 257 (41.8) 304 (21.6) | - 362 (14.6) | 408 (6.23) | - 2.82
[Pt(QPyCarb)Cl] | 290 (24.8) - 331 (19.5) | 378 (8.15) | 449 (2.48) | - 2.40
[Pd(QPyCarb)Cl] | 292 (24.5) - 321 (21.3) |- 404 (9.05) | - 2.68
[Pt(QPySpiro)Cl] | 275 (48.0) 295 (49.5) | 310 (51.5) | 348 (17.7) | 374 (15.5) | 481 (1.21) | 2.25
[Pd(QPySpiro)Cl] | 270 (53.5) 285 (53.4) | 308 (41.3) | 339 (25.5) | - - 3.19
[Pt(QPyFluor)Cl | 268 (26.8) 282 (26.3) | 297 (27.2) | 306 (30.7) | 328 (29.4) | 379 (26.2) | 2.94
[Pd(QPyFluor)Cl | 267 (31.7) 309 (29.7) | - - 343 (36.5) | 414 (5.53) | 2.74
aWavelengths in nm, extinction coefficients in rigf:;n, AEopt.in eV.

The electrochemical properties of all N*C”"N and C*"N”N type complexes were investigated
by carrying out cyclic voltammetry in THF solution with 0.1 M NBusPFs. The electrochemical

data of all protoligands and complexes is summarized in tables 7 and 8.

All protoligands feature a reversible first reduction at ranges between —2.25 V and -2.60 V, and
a second irreversible reduction at between -2.74V and -3.10 V. The only exception is
PyPyHCarb, where both reductions are reversible, a typical behaviour of the 2,2’-bipyridine
subunit.l®l Only two of the protoligands feature oxidations withing the measurement
window, QPyHCarb (Ox 1: 0.90 V, Ox 2 1.25 V) and QPyHPhN(Ph)2 (Ox 1: 0.54 V). The latter
is particularly interesting because of its reversibility, indicating the oxidation most likely takes

place in the triphenylamine-subunit.['%!

Table 7 Electrochemical properties of protoligands of N*C”N and C*"N"N type. a

Substance Red 3 Red 2 Red 1 Ox1 AEelec.
PyPyHCarb - -3.10 Eiz | —2.60 Eip -
QPyHCarb ® - -2.81 -2.25E12 | 0.90 3.15
QPyHPhN(Ph)2 - -3.15 -259 Eiz | 0.54 Eip | 3.13
QPyHFluor -3.01 -2.74 -2.30 Eie - -
QPyHSpiro - -3.00 -2.56 Ei2 | - -

aPotentials, AEekc.in V (Ox 1 — Red 1). Peak potentials given for irreversible processes or specified as
reversible processes with half-wave potentials Ei2. Measured in THF with 0.1 M NBusPFe, referenced to
FeCpz/FeCp2t.?Ox 2: 125 V.
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Figure 15 Cyclic voltammograms of [Pt(PyPyCarb)Cl] (left) and [Pt(QPySpiro)Cl] (right), measured in

THF with 0.1 M NBu4PFé, referenced to FeCp2/FeCpx>.

The reductions of all complexes are markedly shifted towards more positive potentials for all
complexes as opposed to their protoligands (see table 7). Notably, most of the complexes retain
the reversible character of this first reduction, implying the reduction takes places in the ligand
backbone and does not involve the coligand. All reduction potentials lie in very similar ranges
for all complexes, implying the LUMO:s all lying mostly on the shared QPy-subunit (except for
[M(PyPyCarb)Cl] and [M(PyCarbQ)Cl] complexes). This also means that the dimethylfluorene
and spirofluorene subunits have very little contribution to electrochemical processes, making
the compounds behave very similar to the complexes [M(PhPyQ)Cl] overall (see chapter
3.1).1%1

The lowest oxidation potential of all complexes is found for [Pt(PyPyCarb)Cl] at 0.51 V, also
resulting in the smallest electrochemical HOMO-LUMO gap of 2.42 V. Assuming a mostly
metal-centred HOMO, this underlines the strong o-donor character of the cyclometalated
carbazole subunit, donating electron density to the metal centre and raising its HOMO levels.
Interestingly, the opposite is true for [Pt(QPyCarb)Cl, where the oxidation takes place at a
higher potential of 0.76 V. This implies the coordination geometry of the ligand also directly
affects the electrochemical properties. Quinoline can therefore compete more strongly with the
trans-situated carbazole-carbanion and thus destabilize the metal-centred HOMO. The Pd(II)
oxidations are shifted to slightly higher potentials compared to Pt(Il), due to their electron-

poorer nature.

Table 8 Electrochemical properties of protoligands of N*C*N and C NN type. @

Substance Red4 | Red3 | Red2 Red 1 Ox1 | AEekc.
[Pt(PyPyCarb)Cl] ® - -3.42 —251E2 | -191E2 | 051 |242
[Pt(PyCarbQ)Cl] - - -2.85 -2.02 056 | 258
[Pd(PyCarbQ)Cl] - -2.94 -2.79 -2.11 - -
[Pt(QPyCarb)Cl] - -3.34 -2.50 -1.88Ei2 | 0.76 | 2.64
[Pd(QPyCarb)Cl] - -2.81 -2.49 -1.98 092 | 290
[Pt(QPySpiro)Cl] ¢ -3.06 -2.91 -2.48 -1.81 Ei2 | 0.78 | 2.59
[PA(QPySpiro)Cl] ¢ -2.97 -2.85 -2.53 -1.92E. |0.81 |273
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[Pt(QPyFluor)Cl 298 |-271 |[-249 ~189E. |- -
[PA(QPyFluor)Cle | -332 |-2.82 |-249 ~180Ei2 | 0.63 |243

a Potentials, AEekc.in V (Ox 1 — Red 1). Peak potentials given for irreversible processes or specified as

reversible processes with half-wave potentials Ei2. Measured in THF with 0.1 M NBusPFe, referenced to
FeCpz/FeCpz*.?Ox 2: 0.67 V. <Red 5: -3.37 V.4 Red 5: -3.10 V. ¢Ox 2: 0.81 V.

Single crystals suitable for SC-XRD were obtained for several of the N*C"N and C"N”N type
complexes. Crystals of [M(QPyFluor)Cl] and [M(QPySpiro)Cl] were obtained by isothermal
evaporation of saturated solutions in dichloromethane (CH:Cl2) or CD:Cl.. Crystals of
[Pd(QPyCarb)Cl] and [Pd(PyCarbQ)Cl] were obtained by overlaying saturated solution in
CH:Clawith diethyl ether. The obtained structures are detailed in figures 16-25, crystal solution
data are detailed in appendix (tables 38 and 39) and relevant bond lengths and angles are

detailed in table 9. Torsion angles and stacking distances are summarized in Figure 26.
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Figure 16 Asymmetric unit of [Pd(QPyCarb)Cl] from single crystal X-ray diffraction (displacement
ellipsoids at 50% probability) (left), co-crystalized THF and hydrogens omitted for clarity, and view on
the crystal structure (right) along the crystallographic a-axis.

X

¥

Figure 17 View on the crystal structure of [Pd(QPyCarb)Cl] along the crystallographic b-axis (left) and
c-axis (right).
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Figure 18 Asymmetric unit of [Pd(PyCarbQ)Cl] from single crystal X-ray diffraction (displacement

ellipsoids at 50% probability, hydrogens omitted for clarity) (left) and view on the crystal structure
(right) along the crystallographic a-axis.

Figure 19 View on the crystal structure of [Pd(PyCarbQ)Cl] along the crystallographic b-axis (left) and
c-axis (right).

c16

Figure 20 Asymmetric unit of [Pd(QPyFluor)Cl] from single crystal X-ray diffraction (displacement

ellipsoids at 50% probability, hydrogens omitted for clarity) (left) and view on the crystal structure
(right) along the crystallographic a-axis.
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Figure 21 View on the crystal structure of [Pd(QPyFluor)Cl] along the crystallographic b-axis (left) and
c-axis (right).

Figure 22 Asymmetric unit of [Pt(QPyFluor)Cl] from single crystal X-ray diffraction (displacement
ellipsoids at 50% probability, hydrogens omitted for clarity) (left) and view on the crystal structure
(right) along the crystallographic a-axis.

Figure 23 View on the crystal structure of [Pt(QPyFluor)Cl] along the crystallographic b-axis (left) and
c-axis (right).
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Figure 24 Asymmetric unit of [Pt(QPySpiro)Cl] from single crystal X-ray diffraction (displacement
ellipsoids at 50% probability, hydrogens omitted for clarity) (left) and view on the crystal structure
(right) along the crystallographic a-axis.

Figure 25 View on the crystal structure of [Pt(QPySpiro)Cl] along the crystallographic b-axis (left) and
c-axis (right).

The carbazole-bearing complexes [Pd(QPyCarb)Cl] and [Pd(PyCarbQ)Cl] both feature two
six-membered cyclometalated rings, similar to the previously reported compound
[Pt(QPyQ)Cl].l'8 #1 To accommodate the metal ion in an energy-minimizing way, the aromatic
rings rotate around their connecting bond. This results in pronounced torsion of the ligand
backbone and at the same time gives nearly perfectly square planar angles surrounding the
metal centre. For [Pd(QPyCarb)Cl], the angles of the metal to the cyclometalated aromatic ring
(in this case part of the carbazole subunit) must be perfectly aligned to allow for activation and
therefore adhere to the bond angle of 120° (sp>-hybrid) dictated by hybridization theory.l*!
This results in pronounced torsion of the C-N bond between the carbazole and pyridine
subunit, resulting in an interplanar angle of 39.65(1)° (see Figure 26, tab. 9). The angle between
the central pyridine ring and the quinoline ring is even bigger, at 48.73(1)°. Both of these angles
surpass the torsion reported for the related compound [Pd(QPhQ)CI] (Interplanar angle Q-Ph:
33.9(6)°).# The same is true for the complex [Pd(PyCarbQ)Cl], where the carbazole subunit is
part of the rigid central ring system. Here, the torsion of the bound pyridine (39.04(2)°) and
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quinoline (39.74(2)°) rings is equally pronounced. For both complexes, the angles around the
metal centre are close to 90° for all four donors (see table 9).

These pronounced distortions result in the loss of coplanarity of the different aromatic units
of the ligand backbone. This means orbital overlap is harder to achieve, which could affect a
ligand-centred LUMO, potentially decoupling the different aromatic rings in that regard. This
would result in higher LUMO energies. However, when comparing, for example [Pt(QPhQ)Cl]
and [Pt(PyCarbQ)Cl] as two N*C"N compounds with similar coordination, they do not differ
much in their absorption or electrochemical properties (see chapter 3.1).41 On the contrary,
the highest absorption maximum and the first reduction of the [Pt(PyCarbQ)Cl] are slightly
shifted towards lower energies (Red 1: —=2.02 V, Amax: 442 nm, [Pt(QPhQ)CI] Red 1: —2.08 V, Amax:
426 nm). This means the strong distortion present in the structure of [Py(PyCarbQ)CI] does
not affect the photo- and electrochemical properties much when compared to other N*C*"N
compounds. The larger nt-system introduced by the carbazole is offset by the distortion of its
structure, resulting in diminishing m-overlap with the other aromatic rings.

The complexes [Pt(QPySpiro)Cl], [Pt(QPyFluor)Cl] and [Pd(QPyFluor)Cl] are related to the
previously reported complexes [M(QPyPh)CI].*!I As such, they show very similar bond
lengths and angles surrounding the metal (see table 9). As opposed to the structures previously
discussed, here one six-membered and one five-membered cyclometalated ring is present in
the structure. Accordingly, the angles around the metal are slightly distorted away from the
perfect square planar 90° to 82.17(7)°- 83.7(4)° for the angle N>-M-C (see table 9). This is also
due to the M-C bond generally being shorter than its opposing M-N: bond (e.g.
[Pt(QPySpiro)Cl] M-C: 1.974(1) A, M=Ni: 2.108(1) A). The central pyridine ring and the
phenyl-derived subunit are nearly coplanar, having a small interplanar angle of 2.815(4)° for
[Pt(QPySpiro)Cl]. The quinoline-pyridine interplanar angle of 27.50(4)° is much higher but still
much less pronounced than was the case for the previously discussed carbazole-bearing
complexes.

The complexes feature head to tail stacking, with two quinoline moieties showing m-stacking
with distances of, for example, 3.606(2) A for [Pt(QPySpiro)Cl] (see Figure 26). The stacking
complex pairs are inverted, having the bulky dimethylfluorene- or spirobifluorene units facing
away from each other. This results in voids within the crystal packing being apparent, which
are not present in the carbazole-bearing complexes or the parent compound [M(QPyPh)Cl].
No stacking of the dimethylfluorene or spirobifluorene subunits is discernible (see Figure
22-26).
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A B ’/:,' B
F A "&\\ k }}
L. :
[Pd(QPyCarb)Cl] [Pd(PyCarbQ)Cl] [Pt(QPySpiro)Cl]
Interplanar torsion angles (°)
A 48.73(1) 39.04(2) 27.50(4)
B 39.65(1) 39.74(2) 2.815(4)
C - - 87.51(5)
Shortest distances (A)
D(QQ |- - 3.606(2)
EM-M) |- - 4.834(8)

Figure 26 Selected ring torsion angles (A,B,C) and distances (D, E) for complexes of Pd and Pt.

Table 9 Selected bond lengths (A) and angles (°) for the Pt and Pd complexes. =

Distances (A) | [Pd(QPyFluor)Cl] | [Pt(QPyFluor)Cl] [Pt(QPySpiro)Cl] | [Pd(QPyCarb)Cl] | [Pd(PyCarbQ(Cl)]
M-C 1.977(2) 1.989(2) 1.974(1) 1.967(4) 1.987(7)
M-N1 2.138(2) 2.116(2) 2.108(1) 2.155(3) 2.062(5)
M-N2 1.999(2) 1.983(2) 2.00909) 2.031(3) 2.057(6)
M-Cl1 2.304(6) 2.302(5) 2.317(3) 2.313(9) 2.434(2)
Angles (°)

Ni-M- N: 91.12(8) 91.94(7) 92.4(4) 90.0(1) 175.9(2)
N:i-M-Cl 92.36(6) 91.07(5) 92.0(3) 90.26(9) 91.69(2)
N-M-Cl 176.4(6) 176.9(5) 174.0(3) 177.7(8) 91.79(2)
Ni-M-C 170.2(9) 171.1(7) 172.4(4) 175.0 (1) 87.90(2)
Nz-M-C 82.25(9) 82.17(7) 83.7(4) 88.73(1) 88.70(3)
C-M-Cl1 94.43(7) 94.94(6) 92.4(3) 91.1(1) 177.5(2)
¥ angles 360.1 360.1 360.5 360.1 360.1

2 From single crystal X-ray diffraction.

The complexes discussed vary greatly in their optical and electrochemical properties, with

strong contributions of their respective ligand frameworks to their overall behaviour. This is

especially due to the rigid structures of the carbazole- and fluorene-derived subunits and their

optical properties. These units result in very strong distortions of the ligand backbone without

affecting the optical or electrochemical properties much when compared to similar ring-

expanded complex systems. Having the flexibility of the ligand backbone as integral part of

ligand design without big impact on optical properties could help avoid non-radiative decay

by distortion and help stabilize excited states.[**l This could be further investigated by carrying

out luminescence spectroscopy and pairing it up with TD-DFT calculations on the excited

states.

The exhibited properties can be further tuned by exchange of the coligand, with the methods
detailed in chapter 3.6.
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3.4 Complexes with Sulphur- and Oxygen-Donor Ring-Expanded Ligands

Ring-expansion of the ligand scaffold also opens the possibility of donor atoms other than
nitrogen while retaining an easily synthesizable ligand system. For example, ligands with
sulphur-bearing rings like thiophenes have already been explored for platinum complexes.[1%]
While complexes with tridentate ligands containing sulphur donors were previously reported,

no direct N*C”S type coordination was explored yet.[s 1l

Protoligands with sulphur and oxygen donor atoms were synthesized by introducing their
corresponding heteroaromats (thianthrene (Thian), dibenzothiophene (DBT), dibenzofuran
(DBF)) and replacing the quinoline moiety of already explored ligand systems (see Scheme 17
and table 10).

(HO).B [Pd(PPhs)4]
Nach3
| N Br + X Tol/EtOH/H ,0
~-N Y reflux
X=8,0
Y =S, No atom

Scheme 17 Exemplary synthesis procedure of ligands bearing heteroaromatic ring systems, following

general Suzuki protocol.

This method led to a variety of N*C”S or N*C”O type ligand systems. Similarly, reactions of
2,5-dibromobenzene with two sulphur-containing building blocks gave the symmetric S*C"S
protoligands. These ligands where then subjected to complexation reaction conditions
following the general procedures employed for their parent ligand systems of N*C"N or
CAN”N type (see Scheme 18).

B : O K,IMCl]
—_—_—

N\
reflux

/
Y Cl Y
M = Pt, Pd
X=S,0

Y =S, No atom

Scheme 18 General procedure of complexation reactions for N*C"S type systems, applicable to all

heteroaromatic ligand systems (see table 10).

The resulting complexes are summarized in figure 27 with the reaction conditions detailed in
table 10.
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[M(QPhThian)Cl] [M(ThianHPhThian)Cl,]  [M(DBTHPhDBT)CI,]

Figure 27 Overview of obtained Complexes of N*C"S, 5"S or N*C"O type.

Table 10 Reaction conditions of complexation reactions of all N*C”S, 5"S or N*C"O type complexes.

Protoligand Metal Conditions Habitus (Yield)
precursor
Ko[PtCly] HOAC, reflux, 21 h Yellow Powder (62%)
) Ko[PdCl4] HOAG, reflux, 16 h Yellow Powder (45%)
PyHPhThian - -
NiBr2 KOAc, K:COs, p-xyl, | No conversion
22 h
) Ko[PtCly] HOAC, reflux, 16 h Dark orange powder (14%)

QHPhThian -

Ko[PdCls] HOAG, reflux, 72 h Light green powder (77%)

Ko[PtCly] HOAC, reflux, 16 h Yellow Powder (63%)
PyHPhDBT

Ko[PdCl4] HOAG, reflux, 18 h Yellow Powder (43%)

Ko[PtCl4] HOAG, reflux, 44 h Yellow Powder (27%)

Ko[PdCls] HOAC, reflux, 22 h Yellow Powder (38%)
PyHPhDBF - -

NiBr2 KOACc, K2COs, No conversion

p-xyl, MW (300 W), 5 h

QHPhDBF Ko[PtCl4] HOAG, reflux, 3 h Orange Powder (48%)

Ko[PdCl4] HOAG, reflux, 19 h Green Powder (56%)

ThianHPhThian | Ko[PtCls] HOAG, reflux, 2 h Dark brown powder (59%)
DBTHPhDBT Ko[PtCly] HOAC, reflux, 22 h Grey powder (57%)

The complexes were obtained in moderate to good yields in all cases, their formation and
purity was confirmed by NMR and HR-Mass spectrometry. Generally, the reactivity of N*C"S
and N*C"O type ligands mirror their parent N*C”N ligands (see chapter 3.1).! The C-H
activation reaction times vary between 3h — 72 h, with an average of 25h, implying the
introduction of sulphur or oxygen to the ligand systems has no notable impact on C-H

activation reactivity.
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The only exception to this is the cyclometalation of nickel(II), which does not yield the desired
products under typical base assisted C—H activation conditions.['> 2641 Instead, the protoligand

was reisolated, with no conversion taking place (see table 10).

The complexes of S"S type are a notable exception here. While conversion of the metal
precursors was observed, NMR spectroscopy indicates no C-H activation took place. Instead,
the "TH NMR of [Pt(ThianHPhThian)Clz] shows the to-be-activated proton still being present.
Additionally, the Pt signal is also significantly shifted from, for example -3969.1 ppm for
[Pt(PyHPhThian)Cl] (DMSO-ds, 129 MHz) to -3440.1 ppm (DMSO-ds, 129 MHz). This shift to
higher ppm values also speaks for a non-cyclometalated coordination of the metal centre,
being complexated by the lone pairs of the two inner sulphur atoms of each thianthrene ring.
HR-ESI-Mass spectrometry (70 eV) experiments contradict this finding, showing a signal at
698.98 m/z, which would be the mass of the cyclometalated [Pt(ThianPhThian)Cl]*, however
a radical cation is only rarely encountered in ESI-mass experiments.l'”] This corresponds to
the cyclometalated product, however it is likely that cyclometalation was induced during the

mass experiment as this has previously been reported for experiments at 70 eV.[1%]

Similar observations were made for [Pt(DBTHPhDBT)CIz], however the resolution of NMR
spectra did not allow for a clear assignment of signals. Interestingly, mass spectrometry does
not show cyclometalation nor the loss of coligands. Instead, either the radical cation or
cyclometalated product that underwent protonation [[Pt(DBTHPhDBT)Cl:]+H]* was detected
(706.99 m/z).

It is therefore likely, that in both cases, the S"S bound complexes were obtained. In the case of
N"CAN type complexes, precoordination forms strong M-N bonds. These direct the metal into
the tridentate binding pocket and bring it closer to the C—-H-bond of the central phenyl ring.>
%IThis strongly favours subsequent C-H-activation. For the S7S ligand systems,
precoordination through elongated M-S bond results in a larger distance of the metal to the
C-H-bond, potentially further increased by the unique bent structure of the thianthrene
moieties (see Figure 40). This precoordination then inhibits subsequent C—H-activation under
the detailed conditions (see table 10). The exact coordination of these S"S type complexes

would need to be elucidated by SC-XRD, but no crystals of S"S complexes could be obtained.

The optical properties of N*C"S, N*C"O and 5”S type complexes and their protoligands were
investigated by UV/Vis-absorption spectroscopy carried out in THF solutions at room
temperature. The results of these measurements are summarized in Figure 28 and 29, as well
as tables 11-13.
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Figure 28 UV/Vis-absorption spectra of N*C"S and N*C"O type complexes derived from the pyridine-
phenyl-heteroaromat type protoligands. Measured in THF at room temperature.

When comparing the absorption spectra of [Pt(PyPhThian)Cl] and [Pd(PyPhThian)Cl], the complexes
share similar absorption maxima wavelengths and extinction coefficients for absorptions between 240
nm - 350 nm, which therefore can be attributed to ligand centred m-7* and n-7t* transitions (see table
13). These absorption maxima are very similar to those exhibited by the N*C*N complex [Pt(PyPhQ)Cl],
meaning there is little to no effect by the exchange of quinoline with thianthrene on the absorptions.
This means the transitions mainly take place in the pyridine-phenyl part of the ligand backbone,
implying the LUMO is mainly situated on this part of the molecule. While this is further backed by the
fact the same holds true for [Pt(PyPhQ)Cl], further validation would require in depth DFT-calculations,
as were carried out for the N*C"N compounds.* The long wavelength absorptions are shifted to higher
energies when comparing [Pt(PyPhThian)Cl] to the N*C”N counterpart [Pt(PyPhQ)Cl] by 17 nm,
resulting in a difference in optical HOMO-LUMO transitions of 0.21 eV.*l The thianthrene sulphur
atoms seem to stabilize the HOMO, lowering its energy and leading to higher AEopt. (Assuming a mostly
metal-centred HOMO being excited into a LUMO located on the pyridine-phenyl subunit of the ligand
backbone, see table 13).

[Pd(PyPhThian)Cl] has its highest wavelength maximum (364 nm, 4.74 ¢) significantly shifted
by 37 nm (2535 cm™) compared to its platinum counterpart. This blueshift of palladium
complexes vs. platinum complexes is typical for these types of compounds and also reported
for the parent N*C"N compounds.*’]

Table 11 Comparison of N*C*"N and N”C"S complexes based on the PyHPhQ and PyHPhThian
protoligands. @

Substance A1(e) Az (g) A3 (g) Aa(g) As(g) A6 (g) AEopt.
[Pt(PyPhThian)Cl] | - 285 (25.0) | 322 (14.4) | 354 (5.21) | - 401 (2.09) | 2.76
[Pd(PyPhThian)Cl] | - 286 (25.2) | 323 (11.1) | 364 (4.74) | - - 3.18
[PtPyPhQ)CI]#* | 238 (54.7) | 304 (15.5) | 321 (14.1) | 359 (9.20) | 373 (8.60) | 418 (6.60) | 2.97

aWavelengths in nm, extinction coefficients in

103+ L .
moleem’ AEopt. ineV.
¥

[Pt(PyPhDBEF)Cl] shows very strong extinction, especially for the absorption maxima at
285 nm (59.9 €) and 314 nm (26.4 €), which is drastically higher than all other complexes in that

wavelength region (see Figure 28, table 13). Absorptions at this range can be attributed to -
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3 Results and Discussion

7t* transitions within the ligand backbone, the protoligand also features absorption maxima at
the same wavelengths (281 nm, 32.5 ¢; 312 nm, 9.10 ¢). However, the lack of wavelength shift
and much stronger extinction of the complex indicates impurities of protoligand might be
present within the complex sample. While these impurities might have been introduced
during workup of the complex synthesis, no traces of protoligand were found in NMR
spectroscopy. However, UV/Vis-absorption spectroscopy generally is much more sensitive
than NMR spectroscopy, so impurities from the synthesis cannot be ruled out. It is also
possible that the complex partially decomposed during the preparation of UV/Vis samples,
especially during sonification, releasing protoligand. Since the extinction coefficient is
concentration-dependent, impurities by a lighter molecular weight protoligand in the same
absorption range as the complex have a significant impact on the measurement. Two more
absorption maxima at 373 nm (5.33 ¢€) and 406 nm (1.80 ¢) are distinct to the complex, implying
metal participation in the transitions. The longest wavelength absorption can be attributed to
a transition between HOMO and LUMO level and only differs slightly from, for example,
[Pt(PyPhThian)Cl] (401 nm, 2.09 ¢). Assuming a metal-centred HOMO, this means the
excitation most likely takes place into the pyridine-phenyl unit as the main location of the

LUMO, explaining the small energetic difference between the two complexes.

x10°

200 9010
- —— [Pt(QPhThian)Cl]
'E 175 —— [Pd(QPhThian)CI] ~_ 80 — [Pt(DBTHPhDBT)CI,]
‘f —— [P{{QPhDBF)CI| ‘_g — [Pt(ThianHPhThian)Cl,]
€ 150- x| IPd(QPhDBF)C] s "
= E ol
w125 s 4 w
5 2 ¥ 504
§ 100 ;; 4 8 40
o 8 S
3 75- 5 7] 3
g g S 304
% £ 1 b3
© 50 s S 5]
251 450 V\?a?/oelength A /Sﬁ?ﬂ 10
0 B T T T 1 0 L T T T 1
300 400 500 600 300 400 500 600
wavelength 1./ nm wavelength A/ nm

Figure 29 UV/Vis-absorption spectra of N*C"S and N*C"O type complexes (left) and of S"S type
complexes (right). Measured in THF at room temperature.

Complexes featuring a quinoline ring instead of a pyridine ring (Figure 29) exhibited poor
solubility generally, requiring prolonged sonification followed by filtration to obtain solutions
suitable for UV/Vis-absorption spectroscopy. The resolution of the resulting spectra is still
noticeably poorer, showing much less pronounced absorption bands overall up to only a faint
“absorption ramp” in the case of [Pd(QPhDBF)CI], indicating the presence of particles in
solution. The lack of distinct long wavelength absorption bands >350 nm might indicate a
similar effect as was described for [Pt(PyPhDBF)Cl], with protoligand being present in the
analysed  species, possibly due to  decomposition  during  sonification.
Similar poor resolution can also be seen [Pd(PyPhDBF)Cl] and especially [Pt(PyPhDBT)CI]

showing a pronounced ramping due to particles being present in solution.
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SAS type complexes lack any absorption band above 350 nm, due to their lack of
cyclometalation, which are typically associated with the MLCT absorptions in these complexes
(see Figure 29). While [Pt(DBTHPhDBT)Cl:] shows several distinct absorption bands between
240 nm and 350 nm, [Pt(ThianHPhTHian)Cl:] only shows one absorption maximum at 261 nm
(80.8 €) and a slight ramp reaching down to 350 nm. This coincided with the data obtained
from its protoligand ThianHPhThian (281 nm, 25.7 ¢). This could either mean the complex is
not stable in THF solution on the timescale of the UV/Vis experiment or the absorptions of
both protoligand and complex mostly take place in the Phenyl-thianthrene units and do not
change much upon complexation. Since the thianthrene subunits are bent by 98.84(1)° (see
Figure 40) the m systems are separated and smaller, shifting the absorptions further into the
ultraviolet region of the spectrum as opposed to [Pt(DBTHPhDBT)Clz], where no geometric
distortion interferes with the 7 systems across the entire dibenzothiophene subunits (see
Figure 40).

Table 12 Optical properties of protoligands of N*C”S, 5"S or N*C"O type. 2

Substance A1 (g) A2 (g) A3 (g) M) As (g) AEopt.
PyHPhThian - 262 (59.8) | 281 (25.7) | - - 3.99
QHPhThian - 261 (45.6) | 302 (12.9) | - - 3.53
PyHPhDBT - 266 (32.5) | 280 (25.9) | 318 (3.97) | 331 (4.79) | 3.55
PyHPhDBF 244 (54.5) | 252 (51.7) | 268 (34.0) | 281 (32.5) | 312 (9.10) | 3.79
ThianHPhThian - 262(95.2) | - - - 4.10
DBTHPhDBT - 266 (48.1) | 282 (32.3) | 319 (10.9) | 332 (12.8) | 3.56
QHPhDBF 244 (34.1) | - 288 (15.7) | 300 (12.0) | 313 (8.83) | 3.67

aWavelengths in nm, extinction coefficients in Tig;:;n, AEopt.in eV.

Table 13 Optical properties of complexes of N*C”S, 5SS or N*C"O type. 2
Substance A1 (e) A2 (g) A3 (g) M (g) As(g) AEopt.
[Pt(PyPhThian)Cl] - 285 (25.0) | 322 (14.4) | 354 (5.21) | 401 (2.09) | 2.76
[Pd(PyPhThian)Cl] - 286 (25.2) | 323 (11.1) | 364 (4.74) | - 3.18
[Pt(QPhThian)Cl] - 281 (76.1) | 318 (28.5) | - - 3.51
[Pd(QPhThian)Cl] 261 (39.9) | 289 (12.8) | 337 (5.06) | 384 (3.61) | - 2.65
[Pt(PyPhDBT)C]] - 287 (8.80) | 321(5.01) | - - 2.18
[Pd(PyPhDBT)C]] 265 (32.6) | 280 (26.0) | 318 (4.06) | - 431 (4.79) | 3.60
[Pt(PyPhDBF)Cl] - 285(59.9) | 314 (26.4) | 373 (5.33) | 406 (1.80) | 2.96
[Pd(PyPhDBF)CI] - 280 (10.4) | - - - 3.61
[Pt(QPhDBF)CI] 250 (77.7) | 279 (44.9) | 317 (21.1) | - 442 (3.82) | 2.48
[Pd(QPhDBF)Cl] - 285 (5.42) | - - - 3.75
[Pt(ThianHPhThian)Cl2] | 261 (80.8) | - - - - 4.37
[Pt(DBTHPhDBT)Cl] 258 (72.8) | 282(39.4) | 311 (17.3) | 331 (12.3) | - 3.75

2 Wavelengths in nm, extinction coefficients in 10°- L , AEopt.in eV.

molxcm

Cyclic voltammetry was carried out for all N*C”S, SAS or NAC*O type ligands and complexes.

The electrochemical data is summarized in tables 14 and 15.
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Table 14 Electrochemical properties of ligands of N*C"S, 5SS or N*C"O type. 2

Substance Red4 | Red3 | Red2 Red 1 Ox1 | AEek.
PyHPhThian - - -3.21 —2.84 E1p2 0.93 3.77
QHPhThian -3.21 -3.05 -3.00 -256 Ei2 | 092 | 348
PyHPhDBT - - -3.16 -2.97 - -
PyHPhDBEF - - -3.38 -3.20 - -
ThianHPhThian - - -3.31 -3.10 0.89 3.99
DBTHPhDBT - - -3.16 -2.97 - -
QHPhDBF -3.40 -3.22 -2.93 -2.60 E1p2 - -

a Potentials, AEekc.in V (Ox 1 — Red 1). Peak potentials given for irreversible processes or specified as
reversible processes with half-wave potentials E12. Measured in THF with 0.1 M NBusPFe, referenced to
FeCp2/FeCpz*.

Table 15 Electrochemical properties of complexes of N*C”S, S*S or N*C"O type. 2

Substance Red 3 Red2 | Red1 Ox1 Ox 2 AEelec.
[Pt(PyPhThian)Cl]® -2.73 -2.54 -2.15 0.91 1.11 3.06
[Pd(PyPhThian)Cl] -2.70 -2.20 -2.04 0.98 1.13 3.02
[Pt(PyPhDBT)CI] -2.78 -2.62 -2.23 0.83 - 3.06
[Pd(PyPhDBT)Cl] - -3.16 -2.98 - - -
[Pt(ThianHPhThian)Clz] ¢ | - -2.84 -1.32 0.06 0.38 1.38
[Pt(DBTHPhDBT)Cl2] -3.00 -2.86 -1.96 1.01 - 2.97

aPotentials, AEekc.in V (Red 1 — Ox 1). Peak potentials given for irreversible processes or specified as
reversible processes with half-wave potentials Ei2. Measured in THF with 0.1 M NBusPFe, referenced to
FeCp2/FeCpzt.2Ox 3:1.52 V. <Ox 3: 091V, Ox 4: 1.32 V.

The complexes generally feature additional reductions when compared to the corresponding
ligands (see table 14 and 15), which can be attributed to the introduction of a coligand and its

subsequent cleavage during reduction. Additionally, all potentials are cathodically shifted.

The complexes [Pt(PyPhThian)Cl] and [Pt(PyPhDBT)Cl] (see Figure 30) feature three
irreversible reductions each, with [Pt(PyPhThian)Cl] being shifted to slightly more positive
potentials (0.05 V to 0.08 V). This similar behaviour implies these reductions mainly involve
the pyridine-phenyl subunit and the coligand. Significant differences can be observed when
applying positive potentials. [Pt(PyPhDBT)CIl] only features one irreversible oxidation at
0.83 V. [Pt(PyPhThian)Cl] features three irreversible oxidations, starting from 0.91V, 1.11 V
and 1.52 V. The oxidation of the protoligand PyHPhThian is observed at 0.93 V, implying this
first oxidation to be sulphur centred (see table 15). The second oxidation can then be attributed
to the coordinating sulphur atom, shifting it’s potential by an additional 0.2 V. This means the
final oxidation at 1.52 V is attributed to the metal centred oxidation Pt(II)/Pt(Ill) . Additional
evidence of this is provided by the potentials of [Pd(PyPhThian)Cl] being very similar to the
platinum compound, although slightly shifted positively (see table 15). However, their two
observed oxidations match the ones for the platinum compound almost exactly, which a third
oxidation not being observed within the measuring window of the solvent. This further

supports the oxidation taking place within the thianthrene subunit as the common
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denominator. These sulphur oxidations is in line with thianthrene being reported as a well-
known radical former and its use for radical catalysis.['®! 101 Electrochemical HOMO-LUMO
gaps (AEekc) listed in table 15 are therefore not indicative of a metal centred HOMO as is the
case for all parent N*C*N compounds (see chapter 3.1). This is most likely an electrochemical
exception for the sulphur bearing complexes, as the UV/Vis-absorption spectra do not differ

significantly from the expected behaviour.

2 A 0.5 pA

T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
-30 -25 -20 -15 -10 -05 00 05 10 15 -3.0 -25 -20 -15 -10 -05 0.0 05 1.0
E/V vs. FeCp, / FeCp,* E/V vs. FeCp, / FeCp,"

Figure 30 Cyclic voltammograms of [Pt(PyPhThian)Cl] (left) and [Pt(PyPhDBT)CI] (right), measured in
THF with 0.1 M NBu4PFé, referenced to FeCp2/FeCp>.

Electrochemical data of the S"S-type [Pt(ThianHPhThian)Cl:] complex differs from the other,
cyclometalated, N*C"S and N"C"O type compounds. The 1% reduction lies shifted to
significantly more positive potentials compared to the N C"S complexes (e.g. 1% Red.: -1.32 V
[Pt(ThianHPhThian)ClL:], —2.15V [Pt(PyHPhThian)Cl],) (see table 15). The 1 oxidation of
[Pt(ThianHPhThian)Cl:] can be observed at 0.06 V, meaning it is shifted by -0.85 V compared
to [Pt(PyHPhThian)Cl] (Ox 1: 0.91 V), with a total of four oxidations being observed in total.
This differs strongly from the single oxidation of the protoligand (ThianHPhThian) at 0.89 V,
which is more akin to the behaviour exhibited by PyHPhThian (Ox 1: 0.93 V). These early
oxidations most likely take place at the sulphur atoms, leading to formation of thianthrenyl
(radical) cationic species. These very early oxidations imply very electron-rich, low lying
electrochemical HOMO levels. This means the thianthrene subunits are rather poor donors
when compared to for example quinoline moieties (compare chapter 3.1). This implies poor
backbonding of the platinum centre to the thianthrene units, which would result in longer
bond lengths compared to, for example, [Pt(PyPhThian)Cl]. Unfortunately, no SC-XRD data
was obtained for [Pt(ThianHPhThian)Cl:] to verify this. Crystal structures for
[Pt(PyPhThian)Cl] are listed below, crystal solution data is summarized in the appendix, table
40).

[Pt(DBTHPhDBT)CI2] does not show the same effects, instead behaving very similar to its
cyclometalated N*C”S counterpart [Pt(PyPhDBT)CI], except for slight shifts in potentials (see
table 15).
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Complexes of the type [M(QPhThian)Cl], [M(PyPhDBF)Cl] and [M(QPhDBF)CI] showed
extremely poor resolution in CV experiments. This was the case for both THF- and CH2Cl-
solutions, increasing the amount of substance (up to 5 mg for 10 mL of THF solution) did not
change the result. This is most likely attributed to the poor solubility of these compounds, as
indication of this were already visible in both NMR spectroscopy as well as UV/Vis-absorption
spectroscopy. Additionally, the coordination of DBF-bearing ligands might be weak, resulting
in exchange reactions with coordinating solvents like THF. 'H NMR spectra of these complexes
measured in deuterated dimethyl sulfoxide (DMSO-ds) showed pronounced signal

broadening, which could be attributed to the same effect (see Figure 31).
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Figure 31 '"H NMR spectra of [Pd(PyPhDBF)CI] (left) and [Pd(PyPhDBT)CI] (right). Signal broadening
is visible for the a-pyridine proton signal (9.3 ppm) as well as the DBF-protons of the ligand backbone
for [Pd(PyPhDBF)Cl] (DMSO-ds, 500 MHz). This effect is not visible for [Pd(PyPhDBT)Cl], instead all

signals are well resolved.

This weak coordination of the DBF-moiety should result in elongated M-O bonds, compared
to the M-S bond of [M(PyPhDBT)Cl] and especially M-N bonds in [M(PyPhQ)Cl]. SC-XRD of

these complexes could confirm this, however no suitable crystals could be obtained.

DFT calculations were carried out to investigate the frontier molecular orbitals of the
complexes [M(PyPhThian)Cl] and [M(PyPhDBT)CI] and their energies in detail. The results

are summarized in the figures 32 and 33.
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Figure 33 DFT-calculated composition and energies of selected molecular orbitals of [M(PyPhThian)Cl]

type complexes. Highest occupied molecular orbital = HOMO (red bars); lowest unoccupied molecular
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For all complexes, the HOMO is located mainly on the metal and coligand, with contributions
of the central phenyl ring. All complexes also feature small contributions of the sulphur-
bearing aromat to the HOMO. Additionally, for [M(PyPhThian)Cl] complexes, the HOMO-1
is strongly located on the thianthrene, specifically the exterior sulphur atom. This means the
second oxidation encountered for both compounds during cyclic voltammetry is indeed
sulphur-centred. While parts of the HOMO-1 and HOMO-2 are localized on the thianthrene
subunit, only the phenyl ring closest to the central phenyl-moiety sees any participation in the
HOMO. This is most likely due to the strong bend of the thianthrene subunit prohibiting any
interactions of the second phenyl ring. The LUMO of all four compounds is situated almost
entirely on the pyridine-phenyl-subunit, affirming the main HOMO-LUMO transition to be of
MLCT-character. The HOMO-LUMO gaps calculated are somewhat higher than experimental
values found either in CV or UV/Vis-absorption spectroscopy, but the trends exhibited hold
true. Specifically, the palladium compounds feature larger HOMO-LUMO gaps, resulting in
bathochromic shift in their absorption spectra. The lower HOMO energies result in oxidations
taking place at higher potentials. The same observations were made when applying similar
models to N*C"N type compounds (see chapter 3.1).14’!

Overall, the DFT-calculations validate the observations made in previous measurements,
featuring a metal-centred HOMO and strong contributions of the sulphur-donors to both
optical and electrochemical behaviour.

Crystals suitable for single crystal x-ray diffraction were obtained for [Pt(PyPhThian)Cl],
[Pd(PyPhThian)Cl] and [Pt(PyPhDBT)Cl]. They were grown by isothermal evaporation of
saturated CH2Cl: solutions or overlaying of saturated CH2Clz solutions with diethyl ether.
The molecular and crystal structures are depicted in Figure 34 - 39, relevant distances and
angles are listed in Figure 40, 41 and tables 16, 17. Further data regarding the crystal data

refinement can be found in table 40 (appendix).
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Figure 34 Asymmetric unit of [Pt(PyPhThian)Cl] from single crystal X-ray diffraction (displacement
ellipsoids at 50% probability, hydrogens omitted for clarity) (left), and view on the crystal structure
(right) along the crystallographic a-axis.

80



3 Results and Discussion

Figure 35 View on the crystal structure of [Pt(PyPhThian)Cl] along the crystallographic b-axis (left) and
c-axis (right).

c21 % .
Figure 36 Asymmetric unit of [Pt(PhPyDBT)Cl] from single crystal X-ray diffraction (displacement
ellipsoids at 50% probability, hydrogens omitted for clarity) (left) and view of the crystal structure
(right) along the crystallographic a-axis.

Figure 37 View on the crystal structure of [Pt(PhPyDBT)Cl] along the crystallographic b-axis (left) and
c-axis (right).
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L

Figure 38 Asymmetric unit of [Pd(PyPhThian)Cl] from single crystal X-ray diffraction (displacement
ellipsoids at 50% probability, hydrogens omitted for clarity) (left) and view of the crystal structure
(right) along the crystallographic a-axis.

Figure 39 View on the crystal structure of [Pd(PyPhThian)Cl] along the crystallographic b-axis (left) and
c-axis (right).

¢

¢

[Pt(PyPhThian)Cl] [Pd(PyPhThian)Cl]
Interplanar torsion angles (°)
A (pyridine-phenyl) 5.30(4) 8.20(3)
B (phenyl-thianthrene) 14.56(3) 4.055(3)
C (thianthrene bend) 98.84(1) 98.65(9)
Shortest distances (A)
D (phenyl-pyridine) 3.6850(1) 3.9659(1)
E (metal-metal) 4.8574(4) 5.7346(7)

Figure 40 Selected ring torsion angles (left, A,B,C) and distances (right, D, E) for complexes
[M(PyPhThian)Cl].
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The complexes [M(PyPhThian)Cl] feature a pronounced bend in the thianthrene subunit,
caused by the geometry of the two sulphur atoms (see Figure 40). This bend is featured for
both platinum and palladium complexes (Figure 40, Pt: 98.84(1)°, Pd: 98.65(9)°) and does not
seem affected by the change of central metal ion. The same is true for the bond lengths of the
metal to the adjacent donor atoms, all of them being very similar from platinum to palladium.
When compared to the N*C"N compound [Pt(PyPhQ)CI], the bond lengths between M-C, M-
N and M-Cl do not differ much (see table 16).1*’]

Table 16 Comparison of bond lengths of [Pt(PyPhQ)Cl] vs. [Pt(PyPhThian)Cl].1*

Bond length (A) M-C M-N: | M-Nz2orM-S | M-Cl

[Pt(PyPhQ)Cl] | 1.957(4) | 2.024(3) 2.029(3) 2.428(9)

[Pt(PyPhThian)Cl] | 1.988(2) | 2.034(2) 2.213(6) 2.418(5)

A notable exception is the distance M-S (2.213(6) A), as opposed to M-N (2.029(3) A) (see
chapter 3.1; table 16).14%

Interestingly, the two [M(PyPhThian)Cl] complexes differ more in the angles of the ligand
backbone. While the palladium complex has a higher interplanar angle between the pyridine
and phenyl ring (see Figure 40, Pt: 5.30(4)°, Pd: 8.20(3)°), the opposite is true for the angle
between phenyl and thianthrene units. Here, the platinum complex shows a much higher
angle of 14.56(3)° as opposed to the palladium complexes 4.055(3)°. These differences result in
the two complexes crystalizing in two different space groups, P2i/n for the platinum

compound, C2/c for the palladium compound.

Both complexes feature head-to-tail stacking typical for these complexes with the shortest
centroid distance being 3.685(1) A for [Pt(PyPhThian)Cl] and 3.966(1) A [Pd(PyPhThian)Cl],
which would put them in the range of typical mt-stacking.["""l This stacking does not proliferate
throughout the entire structure, because of the pronounced bend in the thianthrene subunit
breaking up these interactions. Instead, two molecular units are paired together in a head-to-
tail fashion throughout the crystal structure. The metal-to-metal distances are rather long at
4.857(4) A for [Pt(PyPhThian)Cl] and 5.735(7) A for [Pd(PyPhThian)CI].

[Pt(PyPhDBT)CI]

Interplanar torsion angles (°)
A (pyridine-phenyl) 6.243(1)
B (phenyl-dibenzothiophene) | 23.50(1)
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C (dibenzothiophene bend) | 92.7(4)
Shortest distances (A)

D (phenyl-phenyl) 3.679(2)
E (metal-metal) 4.199(5)

Figure 41 Selected ring torsion angles (left, A,B,C) and distances (right, D, E) for complexes
[M(PyPhDBT)CI].

[Pt(PyPhDBT)CI] differs from its thianthrene counterparts by not featuring the same
pronounced bend in the DBT subunit (see Figure 41 and table 17). However, because of the
sulphur lone-pair coordination the DBT ring is still significantly twisted out of plane to
accommodate the metal central atom. As such, the interplanar angle between phenyl and DBT
rings rises to 23.50(1)° as opposed to the [Pt(PyPhThian)Cl] angle of 14.56(3)°. This also affects
the position of the metal centre within the binding pocket. While the bond lengths of M-S and
M-N remain very similar to the ones found for the [Pt(PyPhThian)Cl] complex, the M-C
distance is elongated by 0.23 A, while the distance between metal and coligand are shortened
by almost the same amount, 0.24 A. In the case of [Pt(PyPhThian)Cl, the angles around the
platinum atom are close to 180° (N-M-5: 178.5(6)°, C-M—-Cl: 176.5(7)°). Because of the angled
coordination of the sulphur donor in [Pt(PyPhDBT)Cl], this is not the case here. The angle is
lowered to 169.3(2)°, also affecting the C—-M-Cl angle and distorting it to 173.9(2)°.

Table 17 Selected bond lengths (A) and angles (°) for the Pt and Pd complexes. 2

Distances (A) [Pt(PyPhThian)Cl] [Pd(PyPhThian)Cl] [Pt(PhPyDBT)Cl]
M-C 1.988(2) 1.990(2) 2.011(8)
M-N 2.034(2) 2.042(2) 2.045(6)
M-S 2.213(6) 2.211(5) 2.209(2)
M-Cl 2.418(5) 2.408(5) 2.394(2)
Angles (°)

N-M-S 178.5(6) 176.8(5) 169.3(2)
C-M-Cl 176.5(7) 177.7(5) 173.9(2)
N-M-C1 94.01(6) 95.82(5) 93.60(2)
N-M-C 82.53(9) 83.60(7) 82.30(3)
S-M-Cl 86.86(2) 85.32(2) 92.72(7)
S-M-C 96.59(7) 95.37(6) 90.70(2)
L angles around M 360.0 360.1 359.3

2 From single crystal X-ray diffraction.

Replacing nitrogen-bearing donor units of N*C"N complex motifs with sulphur-donors works
well synthetically and results in the desired complexes. They feature interesting structural
changes due to the sulphur coordination. Their redox chemistry could lead to applications in
(redox-) catalysis or radical based catalysis.'® 1101 The same cannot be said for S'S type
complexes, which only feature M-S precoordination and do not undergo cyclometalation.
Complexes with oxygen-donor ligand systems feature weak coordination with measurements

implying exchange of the oxygen donors with solvent molecules occurs.
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3.5 Complexes with Ring-Expanded C*"N”N Type Ligands and their Oxygen Reactivity

Investigating previous ring-expanded complex systems of N*C"N and C"N”N type saw the
introduction of one or two six-membered chelate rings (see chapter 3.1).41 However, these six
membered chelate rings were limited to nitrogen-bearing aromatic rings. Therefore, new
systems were envisaged, featuring six-membered chelate rings with carbon donors of C*"N*N
type. The first of these systems was chosen analogous to the pyridine-quinoline motif, bearing
a naphthalene ring in place of the phenyl ring. The protoligand was synthesized by a Negishi
type coupling of 6-bromo-2,2’-bipyridine (synthesis detailed in chapter 3.3, Scheme 15) and

1-bromonaphthalene (see Scheme 19).

[Pd(PPh3),]

= Br ZnCI2
o | N-BuLi
Z

r N Br+ Tol/EtOH/H ,0
N reflux, 72 h

Scheme 19 Synthesis of PyPyHNaph under Negishi conditions.

The protoligand was then reacted with the corresponding K2[MCl4] salts to yield the desired
cyclometalated complexes (see Scheme 20). The detailed reaction conditions are specified in
table 18.

KalMCly]

HOAc or
MeCN/H,O
reflux
M = Pt: 60%
= Pd: 83%

Scheme 20 Complexation of PyPyHNaph with Pt and Pd under C-H activation reaction conditions.

Table 18 Detailed reaction conditions for C-H activation reactions of PyPyHNaph.

Protoligand | Metal precursor | Conditions Habitus (Yield)
Ko[PtCly] HOAC, reflux, MW | Red-orange powder (60%)
(300 W), 30 min
PyPyHNaph
Ko[PdCl4] MeCN/H20, reflux, | Yellow powder (83%)
72h

NMR Spectroscopy of the obtained complexes showed a mixture of two products formed (see
Figure 42). Two constitutional isomers were identified, caused by the rotation of the
naphthalene ring around its bond to the bipyridine subunit of the protoligand prior to C-H
activation (see Scheme 21).
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/N\IYI

Cl
Pt: 50% 50%
Pd: 70% 30%

Scheme 21 Rotation of the naphthalene prior to C-H activation causes two isomers to form for
complexes of type [M(PyPyNaph)Cl], six- and five membered cyclometalated rings marked in red, ratio

of isomers determined via 1H NMR.

The exact ratio of the two isomers was determined to be exactly 50:50 for [Pt(PyPyNaph)Cl]
and 70:30 for [Pd(PyPyNaph)Cl, favouring the six-membered cyclometalated ring (see Figure
42 and Scheme 21).
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Figure 42 '"H NMR spectrum of [Pd(PyPyNaph)Cl] (500 MHz, DMSO-ds) showing two constitutional
isomers. The two signals with highest chemical shift marked in red. These signals correspond to the

protons in alpha position to the cyclometalated carbon of different isomers.

These results imply a slight bias towards six-membered cyclometalated rings when
complexating palladium, while platinum does not seem to favour one of the isomers over the
other. When compared to other C*"N”N systems, platinum usually has a higher reaction rate
(see chapter 3.3, table 4), which would mean both isomers are thermodynamically very close
in energies. For palladium, generally having slower reaction rates, the six-membered could be
slightly kinetically favoured.
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Since different methods of complexation were applied, this ratio is somewhat misleading. To
better compare the results, the complexation of both metals would need to be carried out under
the same exact reaction conditions. Additionally, differences in the workup, for example
caused by solubility, could further skew the results. Generally, the ratio of the two isomers

does not differ much and no significant bias can be identified.

Because of the mixtures obtained for complexes of [M(PyPyNaph)Cl] no proper investigation
into the optical and electrochemical properties of the desired six-membered cyclometalated

species were carried out. The gathered data of the compound mixtures is listed in table 19.

Table 19 Optical and electrochemical data of complexes of [M(PyPyNaph)CI] type. >

Substance M(g) A2 (g) A3 (e) Aa(g) As(g) AEopt.
[Pt(PyPyNaph)Cl] 270 (31.4) | 333 (7.40) | 360 (5.31) | 395 (4.68) | 436 (2.68) | 2.42
[Pd(PyPyNaph)Cl] 241 (80.6) | 273 (67.6) | 336 (29.8) | 422 (11.3) | - 2.54
Substance Red 4 Red 3 Red 2 Red 1 Ox1 AEelec.
[Pt(PyPyNaph)Cl]e —2.53 Eip -1.87 Ei2 | -1.60 -1.30 0.73 2.03
[Pd(PyPyNaph)Cl] -3.00 -2.77 -2.51 -1.89 Ei2 | 0.79 2.68

103+ L

molxcm’

a Wavelengths in nm, extinction coefficients in AEopt. in eV. P Potentials, AEetec.in V (Red 1 — Ox 1).

Peak potentials given for irreversible processes or specified as reversible processes with half-wave
potentials E12. Measured in THF with 0.1 M NBu4PFs, referenced to FeCp2/FeCpz*.<Red 5: -2.87 V, Red 6:
-3.21V.

Thus, the ligand was altered to block the unwanted activation position. This methodology was
already reported to avoid, for example, the formation of tetrameric structures upon
complexation of Kz[PdCls] with PyHPhPy in acetic acid, by introducing additional methyl
groups. 2 However, because of the poor accessibility of functionalized methyl-naphthalene
derivatives, instead an anthracene moiety was chosen to block the unwanted cyclometalation

positions and guarantee a six-membered C*"N"N cyclometalated product.

The protoligand was synthesized by reacting 6-bromo-2,2’-bipyridine and

9-anthraceneboronic acid under Suzuki conditions (see Scheme 22).

= | O [PA(PPh3)4]

o Bpin Na,CO;

| N ONT UBro O Tol/EtOH/H ,0
=N O reflux, 19 h

Scheme 22 Reaction conditions for the synthesis of PyPyHAnth.

The protoligand was reacted with K:[MCls] in a mixture of MeCN and distilled water (see
Scheme 23, table 20).181
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Ko[MCly]

MeCN/H,0
reflux, 18 h

Pd: 51%
Pt: 51%

Scheme 23 Synthesis of [M(PyPyAnth)Cl] via C-H activation. !

Table 20 Detailed reaction conditions for synthesis of complexes [M(PyPyAnth)CI].

Protoligand | Metal precursor | Conditions Habitus (Yield)
Ko[PtCly] MeCN/H:0, reflux, | Red powder (51%)
18h
PyPyHAnth
Ko[PdCl4] MeCN/H:0O, reflux, | Orange powder (51%)
18 h

The desired complexes were obtained in both cases, and their formation was irrefutably
confirmed by NMR spectroscopy and mass spectrometry (see experimental part). Their optical

and electrochemical properties were fully characterized (see Figure 45, 46 and table 22, 23).

Problems were encountered when the synthesis of [Pd(PyPyAnth)Cl] was repeated. Instead of
the desired compound, a mixture of products was obtained, as detected by
"H NMR spectroscopy. Different reaction conditions were tested to obtain the desired
cyclometalated compound (see table 21). However, in most cases, only mixtures of the
cyclometalated compound as well as the precoordinated species was obtained, in different
ratios (see Scheme 25). While platinum and nickel were also complexated, the detailed

investigation was carried out with palladium as central metal (see table 21).

Ko[PdCly]
B

MeCN/H,0
reflux, 48 h

cl' ¢l
20%

Scheme 24 Reaction of PyPyHAnth with K3[PdCL], yielding a mixture of cyclometalated and

precoordinated complex.

Table 21 Reaction conditions for synthesis of complexes [M(PyPyAnth)Cl] with all outcomes detailed.

Protoligand Metal Conditions Outcome (yield)
Kz[PtCls] MeCN/H20, reflux, 18 h | Cyclometalated compound 51%.

PyPyHAnth Ko[PdCls] | MeCN/H:0, reflux, 18 h | Cyclometalated compound 51%.
Ko[PdCls] | MeCN/H20, reflux, 48 h | Mixture of cyclometalated (80%) and

precoordinated compound (20%).
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Ko[PdCls] | KOAc, KoCOs, p-xylene, | Precoordinated compound 17%.
reflux, 72 h

Ko[PdCls] | HOAG, reflux 72 h Precoordinated compound 81%.
NiBr: KOAc, KoCOs, p-xylene, | Cyclometalated compound 85%.
reflux, 72 h

Some of the conditions lead to the isolation of the precoordinated species as sole product. For
example, heating the mixture of protoligand and metal precursor in glacial acetic acid yielded
the precoordinated species in good yields with some unreacted protoligand and metal
precursor leftover. However, after isolation, this precoordinated product did not react d to full
conversion to the cyclometalated compound, as had previously been reported for similar
species.[ Instead, the same mixture of products was obtained as was the case for the originally
successful synthesis (see Scheme 25). Interestingly, the C-H activation conditions for nickel

did yield the desired cyclometalated compound.

Ko[PdCly]

MeCN/H,0
reflux, 48 h
Ko5[PdCl,]
HOACc,
reflux, 72 h K,[PdCl,]

MeCN/H,0

reflux, 18 h

Ko[PdCly]

MeCN/H,0O
reflux, 18 h

cl' ¢l

81%

Scheme 25 Different reactions conditions and their diverging results in the synthesis of
[Pd(PyPyAnth)ClI].

The cause for this diverging behaviour was not identified. Some additional, unknown
mechanism must cause the inhibition of the activation of the precoordinated species towards
the cyclometalated one. For example, formation of dimers by stacking of the anthracene
moieties could affect reaction outcomes. Additionally, differences in solubility could cause
some of the products to be washed out during reaction workup. However, no indications of
this were found either in NMR spectroscopy, mass spectrometry nor optical and

electrochemical investigations.

All syntheses discussed were carried out under strict inert conditions under strict exclusion of
oxygen. When investigating NMR-solutions of the cyclometalated compound
[Pd(PyPyAnth)Cl] in CD:ClL, that had been exposed to both oxygen and ambient light,
discolouration of the originally deep orange solution to colourless was observed (see
Figure 45).
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This observation was reproduced qualitatively by exposing a solution of the compound in
chloroform (CHCIs) without exclusion of oxygen to strong light from a LED lamp (see Figure

43). Rapid discolouration of the solution within 40 seconds was observed.

Start 0 sec 10 sec 20 sec 30 sec 40 sec

Figure 43 Exposing a solution of [Pd(PyPyAnth)Cl] in CHCls, in the presence of air oxygen, to LED light

causes rapid discolouration of the solution within 40 seconds.

To elucidate the structure of the newly formed species after discolouration, the solution was
overlayed with diethyl ether to grow crystals suitable for SC-XRD. The obtained crystals,
picked and measured under exclusion of oxygen as far as possible, revealed an endoperoxide
species had formed (see Figure 44). Details of the crystal structures are listed and discussed in
Figure 47 - 51 and tables 24, 41 (appendix).

Figure 44 Asymmetric unit of [Pd(PyPyAnthO2)Cl] single crystal X-ray diffraction (displacement
ellipsoids at 50% probability, hydrogens omitted for clarity) (left) and likely reaction mechanism (right).

This endoperoxide moiety means a triplet-singlet oxygen conversion takes place, since only
singlet oxygen is able to undergo addition to suitable aromatic systems like anthracene.["'? The
energy barrier of the conversion *O: to 'Oz of 94.1 kJ/mol has to be overcome for the reaction
to proceed, and it’s spin-forbidden nature has to be overcome, necessitating a sensitizer./'2 113l
While anthracene has been reported as triplet sensitizer itself, no reaction with singlet oxygen
was observed for the protoligand, meaning after complexation the palladium complex acts as
sensitizer. Anthracene peroxides have been reported to be stable at room temperature,
requiring heating to decompose and release singlet oxygen.['> 4] This is not the case for the

newly formed complex species [Pd(PyPyAnthO2)Cl], instead a rapid decomposition to an
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oxanthrone-moiety was confirmed by NMR spectroscopy of the obtained crystals (see Figure
44). The formation of this oxanthrone in itself is atypical, since decomposition of anthracene
endorperoxides are usually either reversible, releasing 'Oz and yielding the anthracene back,
or decomposing completely via radical pathways.[''?l While oxanthrones have been reported,
they rarely constitute the main product of the decomposition.["® Surprisingly, the bond Pd-C
is not affected in its stability and the cyclometalation is retained for all three species. This could
mean the straining of the anthracene unit because of its bond to the metal facilitates the
decomposition towards the oxanthrone species, undergoing the reported mechanisms and

inhibiting the backreaction, the release of singlet oxygen.

Further proof of this was gathered by carrying out the same illumination of a
[Pd(PyPyAnth)Cl] solution in CDCls with an excess of anthracene added (see Scheme 26).
CDCls was chosen because of the long 'O:lifetimes in solution (7.0 ms), dodecane was added

as internal standard for GC-MS analysis upon workup.[1l

hv (visible light LED)
+ O,
dodecane (1.00 eq.)
CDCl3
r.t., 60 min

Scheme 26 Attempted synthesis of anthracene endoperoxide using [Pd(PyPyAnth)Cl] as sensitizer.

The analysis of the resulting mixture showed only pure anthracene being present, without any
traces of the endoperoxide being formed. However, the pale orange solution had fully
discoloured, indicating full consumption of the added [Pd(PyPyAnth)Cl] sensitizer. This
means the generated 'O:was fully converted intramolecularly to form [Pd(PyPyAnthO2)Cl].
[Pd(PyPyAnth)Cl] can therefore not be used as sensitizer nor as 'O:-releasing molecule under

these reaction conditions.

Unfortunately, the few crystals measured via NMR spectroscopy could not be reisolated and
therefore detailed UV/Vis-absorption spectroscopy and cyclic voltammetry of the oxygen-
bearing species was not carried out. The optical and electrochemical properties of the other
discussed species were however investigated and are discussed in Figure 45, 46 and tables 22,
23.

Since all syntheses were carried out under strict exclusion of oxygen, the affinity of
[Pd(PyPyAnth)Cl] towards it cannot be the cause for the strange behaviour encountered
during syntheses, discussed earlier. An in-depth screening of reaction conditions both aerobic
and anaerobic could give further insights into the reaction mechanisms in order to selectively
yield the desired cyclometalated species and then properly investigate its reactions with
oxygen.
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3 Results and Discussion

The optical properties of all complexes with the protoligand PyPyHAnth were investigated by
UV/Vis-absorption spectroscopy. The results are summarized in Figure 45 and table 22.

x10°  [—— [Pd(PyPyAnth)Cl] —— [Pd(PyPyHAnth)Cl,] \
160 - — [Pd(PyPyAnth)CI] + [Pd(PyPyHAnth)Cl,] 200 710 [Ni(PyPyAnth)Br]
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Figure 45 UV/Vis-absorption spectra of complexes derived from the PyPyHAnth protoligand.
Measured in THF at room temperature.

Table 22 Optical properties of complexes of [M(PyPyAnth)X] type, its derivatives and its protoligand.

Substance M(g) A2(g) A3 () M) As(e) AEopt.
[Pd(PyPyAnth)Cl] 237 (55.2) | 278 (48.7) | 365 (7.58) | 502 (10.4) | - 2.21
[Pd(PyPyHAnNth)Cl2] 255 (157) | 321 (16.0) | 347 (13.2) | 365 (15.2) | 385 (13.8) | 2.96
[Pd(PyPyAnth)CI] + 233 (73.0) | 279 (32.5) | 323 (14.4) | 501 (3.75) | - 2.13
[Pd(PyPyHAnth)Cl2]

[Ni(PyPyAnth)Br] 289 (16.4) | - - - - 3.64
PyPyHAnth 254 (191) | 282 (26.3) | 346 (10.6) | 365 (15.4) | 385(14.3) | 3.09

a Wavelengths in nm, extinction coefficients in ri:))ls**cin' AEopt.in eV.

The most striking feature are pronounced and intense absorption bands at around 255 nm
found for [Pd(PyPyHAnth)Cl:] and the protoligand PyPyHAnth, as well as structured, less
intense bands between 300 and 400 nm (see Figure 45). These structured bands can be
attributed to the anthracene moiety, mt-7t* transitions with different vibronic contributions take
place and can also be observed in free anthracene.l''”l The lack of any shift of the absorption
bands observed for [Pd(PyPyHAnth)Clz] compared to the protoligand shows very little, if any,
metal contribution to the absorptions take place. This is in stark difference to the absorption
spectrum of the cyclometalated complex [Pd(PyPyAnth)Cl]. Here, the characteristic bands
attributed to anthracene can no longer be observed. Instead, a pronounced and intense
absorption band at 502 nm (10.4 &) can be attributed to an MLCT absorption, giving the
compound its strong orange colour. This absorption is also significantly shifted when
compared to other previously discussed palladium complexes of C*N”N type. This implies a
significant donor contribution of the anthracene moiety, making it more of a MLL'CT, with a
HOMO lying on the metal an anthracene moiety and an excitation to the mostly bipyridine
centred LUMO (similar to complexes of [M(PyPyPh)X]).®1 However, exact HOMO and LUMO

constitutions are to be confirmed by detailed TD-DFT calculations.
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This absorption can be directly linked to the role of [Pd(PyPyAnth)Cl] as sensitizer and its
reaction with oxygen, since the cyclometalated species is the only one to exhibit this reactivity.
The absorption maxima at 502 nm (19920 cm™) and its corresponding electronic transition lies
at energies high enough to allow the conversion of 30O: to 'Oz (AE = 94.1 kJ/mol). This
conversion could also be a result of a non-radiative decay of an anthracene-centred excitation
with metal contribution, explaining the lack of the characteristic absorption bands
encountered for PyPyHAnth and [Pd(PyPyHAnth)Cl:]. The proximity of the anthracene
moiety to the metal centre caused by cyclometalation could also play a role in the reactivity of
[Pd(PyPyAnth)Cl] towards [Pd(PyPyAnthO:)Cl] as opposed to the precoordinated species,
where the anthracene can rotate around the connecting bond to bipyridine. As expected, the
mixture of the cyclometalated and pre-coordinated species result is a superposition of the two

separate spectra previously discussed.

The absorption spectrum of [Ni(PyPyAnth)Br] shows only one strong absorption band (289
nm, 164 ¢) and a pronounced dip to almost zero extinction. This implies the complex
decomposed during or prior to the measurement since neither long-wavelength absorptions
nor the characteristic absorptions of anthracene can be observed. This is not surprising, since
similar C"N"N complexes like [Ni(PhPyQ)Br] already showed strong susceptibility to
solvolysis (see chapter 3.1).41 Additionally, similar problems were encountered during NMR
spectroscopy. While the sample was stable long enough for measurement of a 'H NMR
spectrum (500 MHz, CD:Clz), *C-measurements could not be carried out with satisfactory
signal-to-noise ratios. Instead, decomposition of the compound into undefinable fragments

along with line broadening cause by nickel particles was observed.

The electrochemical properties of complexes derived from the PyPyHAnth protoligand were
investigated by carrying out cyclic voltammetry. The results are summarised in Figure 46 and
table 23.

35 -30 -25 -20 -15 -10 -05 00 05 10 30 -25 -20 -15 -10 -05 00 05
E/V vs. FeCp, / FeCp," E/V vs. FeCp, / FeCp,"
Figure 46 Cyclic voltammogram of [Pd(PyPyHAnth)Cl:] (left) and [Pd(PyPyAnth)Cl] (right), measured

in THF with 0.1 M NBu4PFs, referenced to FeCp2/FeCp>.
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Table 23 Electrochemical properties of complexes of [M(PyPyAnth)X] type, its derivatives and its
protoligand.

Substance Red4 | Red3 Red2 | Red1 Ox1 | AEek.
[Pd(PyPyAnth)Cl] - - 259 |-1.82 0.62 | 244
[Pd(PyPyHAnNth)Clz] - -2.77 —2.47 -1.27 0.56 1.83
[Pd(PyPyAnth)Cl] + -3.20 —2.54 Eip -2.34 -1.85 0.58 2.43
[Pd(PyPyHAnth)Cl2]

[Ni(PyPyAnth)Br] ® -2.73 -2.57 -2.43 —-1.64 Ei2 0.21 1.85
PyPyHAnth - - -3.51 -3.17 - -

a Potentials, AEekc.in V (Red 1 — Ox 1). Peak potentials given for irreversible processes or specified as
reversible processes with half-wave potentials Ei2. Measured in THF with 0.1 M NBusPFe, referenced to
FeCp2/FeCp2*.?Ox 2: 0.51 V.

The free protoligand features the most negatively shifted reductions, starting at -3.17 V.
Complexation shifts the reduction potentials towards more positive potentials significantly.
Notably, the first reduction of the cyclometalated species [Pd(PyPyAnth)Cl] (Red 1: -1.82 V)
is shifted significantly by 0.55 V compared to the precoordinated species [Pd(PyPyHAnth)Cl:]
(Red 1: -1.27 V). This means the LUMO is not situated on the same part of the molecule. It is
likely irreversible reductions involve cleavage of the chloride coligands in an EC
mechanism."® Further reductions would then take place in the bipyridine subunit of the
ligand backbone. All oxidations of palladium complexes take place at very similar potentials,
between 0.58-0.62 V. This implies a strongly metal-centred HOMO, that is not strongly affected
by the ligand backbone and the cyclometalation compared to the non-cyclometalated species.
This is contradictory to the observations made during absorption spectroscopy, where the
cyclometalation had a big impact on the absorption of the complexes and implied a stronger
contribution of the anthracene subunit. The mixture of complexes shows reductions of both
individual species being present, as expected. However, the character of the cyclometalated
species dominates, due to the ratio of this complex being higher (see table 21). The nickel
complex [Ni(PyPyAnth)Br] has its reduction slightly shifted towards more positive potentials
compared to the palladium species, in line with the lower expected ligand field splitting of
nickel vs. palladium. Interestingly the nickel complex exhibits more reductions overall and the
first reduction is noticeably reversible. This implies the overall constitution of the LUMO levels
are different. Potentially the LUMO contributions of the bipyridine subunit are higher,
allowing for reversible reductions similar to [Ni(PhPyPy)Br] systems.!'’l The oxidation of the
nickel complex is shifted to lower potential by 0.41 V compared to its palladium counterpart,
which can also be attributed to the smaller ligand field splitting. The cyclic voltammetry of
[Ni(PyPyAnth)Br] showed no signs of decomposition within solution, as was the case during
UV/vis-absorption spectroscopy or NMR Spectroscopy. This implies solvolysis was drastically
slowed down by the inert conditions within the electrochemical cell. This could mean that the
decomposition is sped up by the presence of oxygen, since dry THF was used for both CV and
UV/Vis-absorption measurements equally and water should not be present in either. Carrying

out UV/Vis-absorption or NMR studies on [Ni(PyPyAnth)Br] or generally complexes of type
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[M(PyPyAnth)X] in degassed solvents and preparing the samples in a glove box should

prolong their lifetime in solution and help gather more useful data.

Crystals suitable for single crystals XRD were obtained for [Pd(PyPyHAnth)Cl2] and
[Pd(PyPyAnthO2)Cl] by overlaying saturated solutions in CD2Cl> with diethyl ether. The
crystal structures are pictured in Figure 47 - 50, crystallographic data is detailed in table 41
(appendix) and selected bond lengths and angles are listed in Figure 41 and table 24.

Figure 47 Asymmetric unit of [Pd(PyPyHAnth)Cl:] single crystal X-ray diffraction (displacement
ellipsoids at 50% probability, hydrogens omitted for clarity) (left) and view of the crystal structure
(right) along the crystallographic a-axis.

Figure 48 View on the crystal structure of [Pd(PyPyHAnth)Cl:] along the crystallographic b-axis (left)
and c-axis (right).
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11 C10
[y

Figure 49 Asymmetric unit of [Pd(PyPyAnthO2)Cl] single crystal X-ray diffraction (displacement
ellipsoids at 50% probability, hydrogens omitted for clarity) (left) and view of the crystal structure
(right) along the crystallographic a-axis.

Figure 50 View on the crystal structure of [Pd(PyPyAnthO2)Cl] along the crystallographic b-axis (left)
and c-axis (right).

As already discerned in NMR spectroscopy and mass spectrometry the complex
[Pd(PyPyHAnNth)Cl:] is not cyclometalated, instead the palladium is bound to the bipyridine-
subunit and retains to chloride ions as coligands. The anthracene moiety is turned away of the
bipyridine plane by 69.84(2)°, thus minimizing interactions with the chloride coligand (Figure
47). While the bond lengths of Pd-Ni1 and Pd-N: do not differ much between the two
complexes, the bond lengths of Pd to the chlorides do change. For [Pd(PyPyHAnth)Clz] they
are shorter at 2.295(1) A (M—Cl), 2.289(1) A (M—CL), compared to [Pd(PyPyAnthO2)Cl] at
2.351(3) A

(M-Cl). This elongation of the Pd-CI bond length of the cyclometalated complex is a result of
the strong carbanionic donor increasing electron density at the metal, thus weakening the
Pd-Cl o-bond. In both complexes, the angles between the two nitrogen donors and the metal,
Ni-M-N: are distorted away from the ideal square planar 90° to 80.8(2)° and 79.2(3)°
respectively (see table 24), due to the fixed structure of the bipyridine-subunit. For
[Pd(PyPyHAnNth)Clz] the remaining angles (e.g. Ni-M—-Cli) around the metal are much less

distorted, closer to 90°.

The endoperoxide bond O1-O:is at a typical length of 1.479, similar to reported data for other

anthracene endoperoxides and does not seem affected by the coordination of Palladium.!'20!

The reaction with oxygen also means the anthracene moiety is no longer fully sp?-hybridized,

therefore the endoperoxide-bearing ring system is bent at an angle of 56.96°.
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This happens while retaining the cyclometalation. The angle around the metal (Ci-M-N2) is
slightly higher than 90° at 96.2(3)° and much bigger than the angles calculated for
[Pd(PhPyQ)Cl)] (82.18°), (see chapter 3.1) due to this distortion of the anthracene peroxide.*’)
However, the Pd—Cibond itself seems unaffected, with the bond length of 1.989(2) A being
essentially the same as the one calculated for [Pd(QPyPh)Cl] at 1.986 A.

Both complexes show typical head-to-tail stacking with two complex moieties forming pairs
within the asymmetric unit. The anthracene units of [Pd(PyPyHAnth)Clz] break up further
stacking and no significant packing trends can be observed. The opposite is true for
[Pd(PyPyAnthO2)Cl], where the stacking leads to layers being visible, especially along the
crystallographic A-axis. The metal-to-metal distances are within the upper range of typical Pd-
Pd interactions at 3.655(2) A.0211

[Pd(PyPyAnthO2)Cl]
Angles (°)
A 96.2(3)
B 56.96(3)
Shortest distances (A)
C | 3.655(2)

Figure 51 Selected ring torsion angles and distances for complexes [Pd(PyPyAnthOz2)Cl].

Table 24 Selected bond lengths (A) and angles (°) for the complexes [Pd(PyPyHAnth)Cl:] and
[Pd(PyPyAnthO:2)Cl].2

Distances (A) [Pd(PyPyHAnNth)Clz] | Distances (A) [Pd(PyPyAnthO:2)Cl]
M-Ni1 2.030(5) M-C: 1.989(9)
M-N:2 2.085(5) M-Ni 2.113(7)
M-Clh 2.2948(1) M-N2 2.090(6)
M-CL 2.289(1) M-Cl1 2.351(3)
O01-0O2 1.479(7)
Ci1+—On 1.513(8)
Cr-0z 1.473(8)
Angles (°) Angles (°)
Ni-M-N: 80.8(2) N1-M-N: 79.2(3)
Ni-M-Ch 92.91(2) Ci-M-N1 174.7(3)
Ni-M-Cl 174.99(2) Ci-M-N2 96.2(3)
N>-M-Ch 173.67(1) Ci-M-C1 92.7(2)
N>-M-Clz 100.20(1) Ni-M-Cl 91.92(2)
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Cli-M—Cl 86.08(5) N2-M-Cl 171.0(2)

X angles around

X angles around
360.0
M M

a From single crystal X-ray diffraction.

360.0

The introduction of anthracene-moieties into the ligand backbone resulted in high reactivity
of the resulting complexes [M(PyPyAnth)Cl] with oxygen. Triplett-singlet interconversion led
to intramolecular addition, yielding the endoperoxide species [M(PyPyAnthO:)Cl]. To further
investigate these compounds, the synthesis needs to be optimized to selectively yield the
cyclometalated product instead of mixture with precoordinated species. The exact dynamics
of the oxygen reactions as well as the very strong absorptions of the complexes should be
studied in detail by (time-resolved) luminescence spectroscopy backed up by TD-DFT

calculations.
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3.6 Coligand Exchange Reactions

To further derivatize existing systems and change their optical and electrochemical properties,
coligand exchange reactions were carried out on fully characterized ring-expanded
cyclometalated complexes. The complexes of type [M(PyPhQ)X] were chosen as model
compounds for coligand exchange reactions. For Pt(II) complexes, a well-established reaction
is the introduction of phenylacetylene as coligand under Sonogashira-type conditions (see
Scheme 27). Base-assisted nucleophilic substitution is also commonly applied to introduce

various new coligands (e.g. carbazole).l’)

T
0
>

[Pd(PPHj;)4] 5mol%
Cul, NEt5

CH20|2‘ r.t.
18 h

NaOH
Carbazole

7

CH2C|2Y r.t.
18 h

Scheme 27 Attempted coligand exchange reaction towards [Pt(PyPhQ)C2Ph] and [Pt(PyPhQ)(NC12Hs)]

under reported conditions.!* 24 23]

However, under these conditions, not the desired product is obtained, instead the chloride-
bearing substrate is reisolated. The same problem was encountered when carrying out
coligand exchange reactions with alkali metal salts with varying anions. These methods had
been previously employed successfully for similar complexes, using the precipitation of alkali

metal chlorides in CH:Cl: as driving force.l?* 2

Adding silver nitrate to increase the driving force of the reaction by precipitation of AgCl also
did not yield the desired product (see Scheme 28).[2I However, upon stirring the chlorido-
complex with silver nitrate a colour change of the solution from orange to lighter yellow was
observed. The chlorido-complex was therefore reacted with a slight excess of silver nitrate and

the newly formed complex species was isolated (see Scheme 28).

Scheme 28 Reactions of [Pt(PyPhQ)Cl] with silver nitrate as additive (left) and as main reagent (right)

towards coligand exchange.12
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The newly obtained complex was identified as [Pt(PyPhQ)NOs] by SC-XRD, supported by
NMR and mass spectrometry. The 'H NMR spectrum shows a strong shift of the two proton
signals in alpha-position to the coordinating nitrogen atoms of the quinoline and pyridine
moieties (see Figure 52). These proton signals typically exhibit a direct coupling to the NMR-
active Pt-core and produce platinum satellite signals.')l They are therefore most strongly

affected by changes to the coordination of the metal.

A (dd) B (d)
10.84 9.91

B

1.00 1.04

A (dd) B (ddd)
9.83 8.77

|

1.00 1.00

10 108 106 104 102 100 98 96 94 9121“1(‘ gic; 88 86 84 82 80 78 76 74 7.2
ppm
Figure 52 "H NMR spectra of [Pt(PyPhQ)CI] (top) and [Pt(PyPhQ)NOs] (bottom) (CD2Clz, 500 MHz).

Alpha-pyridine and -quinoline signals are marked as multiplets and integrated.

The strong upfield shift of almost 1 ppm seen in [Pt(PyPhQ)NOs] as opposed to [Pt(PyPhQ)Cl]
implies the nitrate coligand is much less electron-withdrawing than chloride. This is somewhat
counterintuitive, as chloride is typically not thought of as a strong ligand featuring strong
backbonding.B! During more time-intensive *C NMR measurements, an initially pure sample
of [Pt(PyPhQ)NOs] started exhibiting traces of [Pt(PyPhQ)CI]. Since the sample was otherwise
pure, a reaction of the nitrato-complex to the chloride-complex must have taken place with
chloride ions stemming from decomposition of the solvent CD2Cl..?*1 This was verified by
reacting a pure sample of [Pt(PyPhQ)NO:s] with an excess of NaCl in a 50:50 mixture of DMSO-
ds and D20 (see Scheme 29). After less than 5min, full conversion had taken place, with no

trace of the nitrato-species being detectable via NMR spectroscopy.

NaCl

DMSO-dg/D,0
r.t., 5 min

Scheme 29 Reaction of [Pt(PyPhQ)NO:s] with chloride ions yield [Pt(PyPhQ)CI] quantitatively.

This very high affinity towards chloride ions also explains why previously mentioned
attempts at coligand exchange reactions failed. If any chloride is present within the reaction,

the reaction back to [Pt(PyPhQ)Cl] outcompetes all other species being formed. This behaviour
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seems to be unique to [Pt(PyPhQ)Cl] systems and has not been reported for other N*C"N
Platinum systems. The same reactivity is also encountered for the complexes [Pd(PyPhQ)NOs]
and [Ni(PyPhQ)NOs] respectively and extends to both chloride and bromide coligands.

The rapid conversion of [Pt(PyPhQ)NOs] back to the chloride-bearing complex also made it
interesting for coligand exchange reactions with other anions. Indeed, if [Pt(PyPhQ)NOs] is
reacted with any source of suitable anions, a coligand exchange is observed under very mild
conditions (see Scheme 30). This is not the case if AgNOsis added as an additive or if a notable
source of halogen-ions is present, both resulting in the formation of [Pt(PyPhQ)X] as the main

product.

NaR or KR

CHCI,
rt, 18 h M= Pt, Pd, Ni

R= anionic coligand

Scheme 30 General reaction Scheme for coligand exchange reactions starting from [M(PyPhQ)NOs].

While CH2Cl2 can be used for these reactions, it can be a source of chloride ions, especially for
solvent that has been exposed to moisture and light. However, halogen-free solvents that still
dissolve the complexes [M(PyPhQ)NOs] well enough, like THF and DMSO, also increase the
solubility of AgX (X= Cl for Pt, Pd, X= Br for Ni). Since the precipitation of AgX is the main
driving force, increasing its solubility not only inhibits conversion towards the desired product
but also promotes the reaction back to [M(PyPhQ)X] (X= Cl for Pt, Pd, X=Br for Ni). The best
results were achieved using CHCIs, retaining good solubility of the complexes, while still
precipitating AgX. While using HPLC-grade CHCls, much less impurities with chloride were
observed when compared to HPLC-grade CH2Clo. With this methodology in hand, various
coligand exchange reactions were achieved. The obtained complexes are summarized in
Figure 53 and the conditions detailed in table 25.

[M(PyPhQ)CN] [M(PyPhQ)SCN] [M(PyPhQ)(N(CN),)] [M(PyPhQ)OBz]
Figure 53 Overview of all complexes obtained from coligand exchange reactions starting from
[M(PyPhQ)NOs] (compare table 25).
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Table 25 Reaction conditions for

[M(PyPhQ)X] type.

coligand exchange reactions of complexes [M(PyPhQ)NOs] and

Starting complex | Reagent Conditions Yield
[Pt(PyPhQ)Cl] CHxCly, r.t, 18 h | [P(PyPhQ)NOs], 86%
[Pd(PyPhQ)Cl] AgNOs CH:Cly, r.t., 18 h | [PA(PyPhQ)NO:s], 76%
[Ni(PyPhQ)Br] CHC, r.t, 24 h [Ni(PyPhQ)NOs], 57%
KOBz CHCI, r.t., 18 h [Pt(PyPhQ)OBz], 74%
KCN CHCI, r.t, 18 h [Pt(PyPhQ)CN], 71%
[Pt(PyPhQ)NO:s]
NaSCN CHCls, r.t., 18 h [Pt(PyPhQ)SCN], 65%
Na(N(CN)2) | CHCls, r.t., 18 h [Pt(PyPhQ)(N(CN)2)], 91%
KOBz THEF, r.t, 18 h [Pd(PyPhQ)OBz], 45%
KCN CHCI, r.t, 18 h [Pd(PyPhQ)CN], 39%
[Pd(PyPhQ)NOs]
NaSCN CHCls, r.t., 18 h [Pd(PyPhQ)SCN], 55%
Na(N(CN)2) | CHCls, r.t., 18 h [PA(PyPhQ)(N(CN)2)], 62%
KCN CHCI, r.t., 18 h [Ni(PyPhQ)CN], 78%
[Ni(PyPhQ)NOs] | NaSCN CHCI, r.t, 18 h [Ni(PyPhQ)SCN], 47%
Na(N(CN)2) | CHCIs, r.t., 20 h [Pd(PyPhQ)(N(CN)2)], 16%

Generally, all exchange reactions were successful except for some cases with [Ni(PyPhQ)NOs].
Since nickel complexes are generally more prone to decomposition and hydrolysis, exchange
reactions that took longer for Pt(Il) and Pd(Il) usually lead to decomposition of the Ni(II)
complexes, with undefinable products. Using an excess (1.20 eq.) of AgNOs when preparing
the complexes [M(PyPhQ)NOs] ensures clean conversion and eliminates potentially present
chloride impurities from the solvent or other sources. Special care must be taken during
further coligand exchange reactions not to introduce any chloride impurities, be it via the
reagent or solvent during workup and washing. While CH2Cl: and CHCls can be used, they
must ideally be fresh and dry. A separation of mixtures [M(PyPhQ)Cl] and [M(PyPhQ)NOs]
via, for example, column chromatography was not possible, instead further promoting the

decomposition of the nitrato-species.

This is especially problematic when the coligands require prior preparation. For example,
deprotonating carbazole with n-BulLi and reacting it with [Pt(PyPhQ)NOs] yielded
[Pt(PyPhQ)Cl] quantitively, because of LiCl impurities from the n-BuLi synthesis (compare
Scheme 29).1125]

A different method for preparation of coligands, especially acetylene-derivatives, was
therefore applied, guaranteeing a chloride free synthesis (see Schemes 31, 32).12¢1 Acetylene
gas was introduced into an electride solution (Na/ dry NHs) at — 77 °C until the mixture turned
colourless. The mixture was then heated to room temperature to obtain sodium hydrogen
acetylide (NaCzH). This salt was then mixed with various acetylenes or nitrogen-bearing
aromats in liquid ammonia to obtain different sodium acetylide salts as well as sodium salts

of the nitrogen aromats (see Scheme 31).
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__ R=
H———R
" HaC” . CH3
3 Na
>
NH; \R :l:_
-78°Ctort. =
10 min quant. 46% quant. 98%
H \ Na Na \
I H
\H NH3 \H N
-78°Ctort.
10 mir? r quant. \\ // Na Na
R N N
NH,
-78°C’For.t. R=H R = Ph
10 min 74% 78%

Scheme 31 Synthetic route towards halogen-free salts to be used in coligand exchange reactions.

These sodium salts with various anions were reacted with [M(PyPhQ)NOs] under very mild
conditions (THF, r.t.), like the coligand exchange reaction conditions already applied for

previously mentioned anions (see Scheme 32).

Ph
_ TMS
_Na—"R_ R = FeCp,
THF “H
rt., 18 h NC4H4
NCqoHg

Scheme 32 General reaction Scheme for coligand exchange reactions with coligand salts from the

hydrogen acetylene based synthetic approach.

An overview of all newly synthesized complexes with differing coligands is provided in

Figure 54, detailed reaction conditions and yields are summarized in table 26.

Ph FeCp, Si(CHa)s H
[M(PyPhQ)C,Ph]  [M(PyPhQ)C,FeCp,]  [M(PyPhQ)C,TMS]  [M(PyPhQ)C,H]

[M(PyPhQ)NC4H,] [M(PyPhQ)NC,Hg] [M(PyPhQ)(NCBH3)]

Figure 54 Overview of all complexes obtained from coligand exchange reactions using the hydrogen

acetylene based synthetic approach (compare table 26).
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Table 26 Reaction conditions for coligand exchange reactions of complexes [M(PyPhQ)R] with salts
from the hydrogen acetylene based synthetic approach.

Starting complex | Reagent Conditions Yield
NaC:Ph THF, r.t,, 18 h [Pt(PyPhQ)C2Ph], 28%
NaC:H THEF, r.t, 18 h [Pt(PyPhQ)C:2H], unclear 2
NaC:FeCp: | THF, r.t,, 24 h [Pt(PyPhQ)C2FeCpz2], 70%
[Pt(PyPhQ)NOs] | NaC.TMS | THF, r.t., 3h [Pt(PyPhQ)C2TMS], 47%
Na(NCsHs) | THF, r.t.,, 18 h [Pt(PyPhQ)NC:Ha], 97%
Na(NC2Hs) | THF, r.t,, 18 h [Pt(PyPhQ)(NC12Hs)], 34%
Na(NCBHs) | THF, r.t,, 24 h [Pt(PyPhQ) (NCBH3)], 56%
Na(NCsHs) | THF, r.t., 18 h [Pd(PyPhQ)NCsHa], 99%
[Pd(PyPhQ)NOs]
Na(NCw2Hs) | THF, r.t,, 18 h [Pd(PyPhQ)(NCiz2Hs)], 36%
[Ni(PyPhQ)NOs] | NaCzPh THEF, r.t, 10 min | [Ni(PyPhQ)C2Ph], 11%

a NMR spectroscopy and cyclic voltammetry indicates formation of the desired [Pt(PyPhQ)C:H], while
UV/Vis-absorption spectroscopy indicates formation of [Pt(PyPhQ)CI], probably from decomposition
of [Pt(PyPhQ)C:H] during measurements.

Generally, all reactions with acetylide salts yielded the desired product in moderate to good
yields. Importantly, no signs of any side products like the chloride complexes were detected
in any of the reactions. Additionally, the synthetic approach proved to work equally well for
anions that are susceptible to moisture and air and require deprotonation with strong bases.
While the synthesis of carbazole complexes had previously been reported, the method detailed
here was also applied to the much more sensitive pyrrole complexes, which were obtained in

excellent yields.[2* %!

The reaction of [Ni(PyPhQ)NOs] with NaCz2Ph showed a strong discolouration of the initially
vibrantly orange solution in THF after 10 min. This could indicate the formation of nickel
particles due to unwanted reductive elimination of the forming [Ni(PyPhQ)C:Ph]. To avoid
potential further decomposition, the reaction was stopped by addition of diethyl ether and

precipitation of the product. NMR spectroscopy indicated complex formation (see Figure 55).

A (d) B (d)
9.22 8.28
1.00 1.02
A (d)[B(d)
8.88 | 8.75
1.00 0.89
9.3 9.2 9.1 9.0 89 88 87 86 85 84 83 82 8.1 &2 59 ?s 77 76 75 74 73 72 71 7.0 69 68 6.7 6.6 6.5
1 (ppm

Figure 55 'H NMR Spectra of [Ni(PyPhQ)NO:s] (top) and [Ni(PyPhQ)C2Ph] (bottom) (CD2Clz, 500 MHz).
The alpha-quinoline and -pyridine signals are integrated and marked.
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Although some impurities are present in the baseline, the integration of all signals sums up to
the desired total of 18 protons. New signals can be observed within the aromatic region (7.0
ppm to 7.5 ppm) which can be attributed to the phenylacetylene moiety. The proton signals in
alpha position to the nitrogen atoms of the pyridine and quinoline moieties shift notably.
Interestingly, they do not shift in the same direction, but instead the quinoline signal shifts
towards higher fields (9.22 ppm for -NQO:s to 8.88 ppm for -C2Ph), and the pyridine signal moves
further downfield (8.28 ppm for -NO:s to 8.75 ppm for -C2Ph). This behaviour is not mirrored
by the other proton signals, which instead exhibit a general upfield shift. Overall, this speaks
for phenylacetylene having a strong o-donor character and introducing higher electron

density into both the metal and in turn the ligand backbone.

The resolution of the spectrum of [Ni(PyPhQ)NOs] diminished while trying to measure
13C spectra, exhibiting more and more line broadening. This implies the decomposition of the
formed complex takes place in solution, be it in the THF reaction solution or the CD2Cl- NMR
solution, again speaking for a reductive elimination and the formation of paramagnetic
particles of Ni(0).

An attempt to replace the nitrato coligand with hydride was made by reacting
[Pt(PyPhQ)NOs] with sodium cyanoborohydride under the previously discussed conditions
(see table 26). Interestingly, the mild hydride donor did not react in the intended way and the
hydrido-complex was not obtained. Instead, SC-XRD analysis revealed the anion coordinated
with its cyano-moiety, while retaining all three hydrides bound to the boron atom. Similar
coordination has been previously reported for iron, vanadium and nickel complexes.[?7-12%]
Interestingly, the compound was not overly sensitive to air nor moisture, meaning the
coordination to platinum may help stabilize the cyanoborohydride coligand. The same is true

for all acetylene-based coligands, with exception of [Pt(PyPhQ)CzH].

All complexes obtained from coligand exchange reactions were subjected to UV/Vis-
absorption measurements to investigate their optical properties. An overview of the spectra is

given in Figure 56 and 57, detailed data is listed in table 27.
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Figure 56 UV/Vis-absorption spectra of [M(PyPhQ)NOs] (left) and [M(PyPhQ)(N(CN)2)] (right),
measured in THF at room temperature.
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Figure 57 UV/Vis-absorption spectra of [M(PyPhQ)SCN] (left) and [M(PyPhQ)CN] (right), measured in
THF at room temperature.

As is the case for the parent complexes [M(PyPhQ)X] (X(Pt, Pd) = Cl, X(Ni) = Br) all complexes
feature pronounced absorption bands between 240 nm and 350 nm, which are also present for
the protoligands and can be attributed to m-7* and n-m* transitions within the ligand
backbone. A pronounced absorption band at around 365 nm can be observed for most
complexes (see table 27), regardless of their coligand. This implies little contribution of the
coligand and the metal, pointing to LL’CT/ILCT transitions, either between the pyridine or
phenyl rings and the quinoline-centred LUMO (see Figure 58).
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Figure 58 DFT-calculated frontier molecular orbital surfaces of the HOMO (left) and LUMO (right) of
[Pt(PyPhQ)Cl] (TPSSh hybrid functional, def2-TZVP base set, Isovalue of 0.03).14%]

The longest wavelength absorption band can generally be attributed to the lowest energy
transition (HOMO-LUMO). Since the HOMO of [M(PyPhQ)X] complexes is heavily centred
on the metal, central phenyl ring and chloride coligand, the exchange of said coligand should
have a big impact on the HOMO energy levels (see Figure 58). When comparing this longest
wavelength absorption band of all coligand-exchanged [M(PyPhQ)R] complexes to their
parent compound [M(PyPhQ)CI] they all feature a markable blue-shift of between 15 nm
(1100 cm™) for [Pt(PyPhQ)R] up to 40 nm (2000 cm™) for complexes of [Ni(PyPhQ)R].
Interestingly, when comparing the different coligands to each other, the impact of their
different structures on the absorption band wavelength seems to be minimal. This implies the
HOMO is still mainly centred on the metal and phenyl unit, with very little contribution of the
coligand. As was the case for its synthetical behaviour, the chloride-coligand seems to hold a
special place here. The red-shift it causes means significant backbonding reduces the electron
density of the metal centre. This is further backed up by the strong downfield-shifts

encountered in NMR spectroscopy (see Figure 55).

Although the differences are small, cyanide causes the strongest blue-shift of all coligands, due

to its strong electron-withdrawing character and its ability for strong backbonding.['3]

Generally, the MLCT-bands of [Pd(PyPhQ)R] type complexes are the most blue-shifted of the
three metals, which is in line with the same trend observed for the parent complexes
[M(PyPhQ)CI] and other similar compounds (MLCT-absorption band wavelength: Pd > Pt >
Ni).2 20. 2649, &7l However, the differences in MLCT-absorption wavelength of platinum and

nickel complexes are minimal, which is surprising.

Table 27 Optical properties of complexes of complexes resulting from coligand exchange reaction of
[M(PyPhQ)R] type. *

Substance A(e) A2 (g) A3 (e) Aa(g) As (g) As(e) AEopt.
[Pt(PyPhQ)Cl]“ 238 (5.47) | 304 (1.55) | 321 (1.41) | 359(0.92) | 373 (0.86) | 418 (0.66) | 2.97
[Pd(PyPhQ)Cl1]®“! 241(4.56) | 284 (2.23) | 312 (1.45) | 330(1.27) | 381 (0.90) | - 3.25
[Ni(PyPhQ)Br]49 243 (4.80) | 281 (1.48) | - 336 (0.77) | 365 (0.52) | 436 (0.49) | 2.84
[Pt(PyPhQ)NO:s] 245 (27.6) | - 301 (10.2) | - 358 (6.81) | 404 (4.24) | 2.73
[Pd(PyPhQ)NOs] - 283 (16.0) | 311 (10.8) | 330 (9.20) | 362 (6.66) | 378 (6.73) | 2.96
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[Ni(PyPhQ)NO:s] - 272 (32.4) | 317 (19.6) | 331 (19.5) | - 397 (4.18) | 2.81
[Pt(PyPhQ)SCN] 241 (63.5) | 301 (21.1) | - - 361 (12.9) | 409 (7.59) | 2.64
[Pd(PyPhQ)SCN] 247 (46.1) | 283 (22.5) | 316(13.5) | 331(12.2) | 359(8.91) | 377 (8.51) | 2.98
[Ni(PyPhQ)SCN] - 287 (13.0) | 317 (9.36) | 334 (7.29) | 366 (3.26) | 409 (2.32) | 2.44
[Pt(PyPhQ)CN] 244 (37.0) | - 301 (14.2) | - 358 (9.33) | 398 (5.25) | 2.73
[Pd(PyPhQ)CN] 247 (29.4) | 279 (14.7) | 312 (9.74) | 331 (8.65) | 356 (7.42) | 372 (6.90) | 2.99
[Ni(PyPhQ)CN] - 270 (23.3) | 317 (13.8) | 331 (13.6) | - 398 (1.75) | 2.73
[Pt(PyPhQ)(N(CN)2)] | 237 (18.9) | - 300 (6.22) | - 356 (3.98) | 403 (2.31) | 2.66
[PA(PyPhQ)(N(CN)2)] | 246 (45.4) | 278 (23.2) | 313 (15.2) | 330 (13.0) | 356 (10.4) | 372(9.75) | 2.99
[Ni(PyPhQ)(N(CN)2)] | 271 (33.3) | - 317 (17.3) | 331 (17.1) | - 394 (7.95) | 2.85
[Pt(PyPhQ)OBz] 248 (36.7) | 282 (19.1) | 312(14.2) | 330 (11.9) | 363 (9.36) | 380 (9.74) | 2.99
[Pd(PyPhQ)OBz] - 305 (11.0) | 319 (9.91) | 361 (6.56) | 376 (6.26) | 417 (4.74) | 2.63
a Wavelengths in nm, extinction coefficients in rigf:;ﬂ, AEopt.in eV.

The electrochemical properties of complexes resulting from coligand exchange reactions were
investigated by cyclic voltammetry in THF solution (0.1 M NBusPFe, referenced to
FeCp2/FeCpz*). The detailed data is summarized in Figure 59 and table 28.
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Figure 59 Cyclic voltammogram of [Ni(PyPhQ)NOs] (left) and [Ni(PyPhQ)CN] (right), measured in
THF with 0.1 M NBusPFs, referenced to FeCp2/FeCpz+.

All complexes obtained from coligand exchange reactions feature first reductions that are
markedly shifted to lower potentials when compared to [M(PyPhQ)NOs]. Typically, this
reduction takes place in the electrochemical LUMO. DFT-calculations on the [M(PyPhQ)X]
compounds have shown it to be mainly located on the quinoline ring of the ligand backbone
(see Figure 58).4 If the LUMO is still mainly situated on the quinoline subunit, it should not
be strongly affected by the change in coligand. The opposite is the case, with the 1%t reduction
shifting up to a maximum 0.38 V ([Pt(PyPhQ)OBz] compared to the nitrato-complex). This
suggests the coligands other than chloride have a stronger impact on the molecular orbital
composition, potentially shifting the LUMO partially onto different parts of the molecule, like
the central phenyl ring. Their strong donor character raises the overall electron density of the
molecule, around the metal but also affecting the LUMO levels and shifting their reduction

potentials.
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A similar observation can be made when comparing the 1% oxidation of the coligand-
exchanged complexes. Here, the oxidations shift to generally lower potentials when compared
to the [M(PyPhQ)NOs] complex. However, when compared to [M(PyPhQ)X] compounds,
their behaviour diverges. Coligands with the ability to act as acceptor units, like cyanides or
dicyanamides, shift the oxidation to more positive values. This means backbonding is
occurring, reducing the electron density around the metal and increasing oxidation potentials.
For coligands like thiocyanate or benzoate, the opposite is true. Here their donor character
increases electron density around the metal, shifting oxidation potentials to lower voltages.
For thiocyanate, this lack of electron-withdrawing back-bonding speaks for coordination of
the sulphur atom as opposed to the nitrogen. Structure elucidation by SC-XRD would be

needed to clarify the exact coordination type.

Table 28 Electrochemical properties of complexes resulting from coligand exchange reaction of
[M(PyPhQ)X] type.®

Substance Red4 | Red3 | Red2 Red1 | Ox1 | AEelc
[Pt(PyPhQ)Cl]“) - - —-2.65 -1.92 0.46 | 238
[Pd(PyPhQ)Cl]! - - -2.75 -2.03 070 | 273
[Ni(PyPhQ)Br]# - - -2.21 -2.07 004 |211
[Pt(PyPhQ)NO:s] - -2.49 -2.00 -1.61 063 |224
[Pd(PyPhQ)NOs] ® -2.86 | -2.75 -2.19 -1.70 0.67 | 237
[Ni(PyPhQ)NO:s] - - -2.85E12 | -2.05 032 |237
[Pt(PyPhQ)SCN] - - —259E12 | -194 029 |218
[Pd(PyPhQ)SCN] -2.79 | -2.65 -2.14 -2.02 0.62 | 2.64
[Ni(PyPhQ)SCN] - - -2.75 -2.36 022 | 258
[Pt(PyPhQ)CN] - - —2.63 Eiz | -1.96 0.67 | 263
[Pd(PyPhQ)CN] - - -2.74 -2.05 071 |1.88
[Ni(PyPhQ)CN] - -2.73 -2.52 -2.16 021 | 237
[Pt(PyPhQ)(N(CN)z2)] -2.80 | -2.60 -2.08 -1.90 058 | 248
[Pd(PyPhQ)(N(CN)z2)] - -2.73 —2.60 -1.96 073 | 2.69
Eip
[Pt(PyPhQ)OBz] - - -2.73 -1.99 032 |231
[Pd(PyPhQ)OBz] - - -2.72 Eip | -2.04 073 | 2.77

aPotentials, AEekc.in V (Red 1 — Ox 1). Peak potentials given for irreversible processes or specified as
reversible processes with half-wave potentials Ei2. Measured in THF with 0.1 M NBusPF, referenced to
FeCp2/FeCpz*.PRed 5: -3.07 V.

Complexes resulting from coligand exchange reactions using the hydrogen acetylene based
synthetic approach were investigated by UV/Vis-absorption spectroscopy. The resulting

spectra are displayed in Figure 60, the detailed spectroscopic data is summarized in table 29.
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Figure 60 UV/Vis-absorption spectra of [M(PyPhQ)C:R] (left) and [M(PyPhQ)(NCxHy)] (right),
measured in THF at room temperature.

The same ligand-based absorptions attributed to the PyPhQ-backbone previously discussed
for other coligand exchange reactions are also present. Again, because of the orbital
compositions, the longest wavelength absorption bands are of biggest interest when

comparing these new types of coligands.

Generally, complexes with acetylide-coligands reverse the trend exhibited by the pseudo-
halogenido-coligands previously discussed. They all exhibit red-shifted MLCT absorption
bands, compared to the [M(PyPhQ)NOs] complex they are derived from. The most notable
case is [Pt(PyPhQ)CzPh], which shifts its longest wavelength absorption band to 456 nm
compared to the nitrato complex (404 nm, AE = 2800 cm). This means the strong o-donor
character of the acetylenes effectively increases the electron density of the metal, while having
a stronger participation on the HOMO levels overall, lowering its energies throughout. More
electron-rich groups bound to the acetylene enhance this effect (-Ph, -FeCpz), while more
electron-poor or -withdrawing groups have the opposite effect (-H, -TMS). This means a
stronger interaction of acetylene-type coligands with the metal ion is present, than was the
case for the pseudohalgenido-coligands previously discussed (-CN, -SCN, -N(CN)z), even
though they also have the potential for t-backbonding.

The two complexes [Pt(PyPhQ)C:FeCpz] and [Pt(PyPhQ)C.TMS] have strikingly lower
absorption intensity overall, with extinction coefficient values far lower than their acetylene-
coligand counterparts. This means their respective functional groups (-FeCpz, -TMS) break up

the conjugation of the molecule found, for example, for phenylacetylene.

In contrast, [Ni(PyPhQ)C2Ph] shows very strong absorption intensities, akin to the other
[Ni(PyPhQ)R] complexes with similarly strong absorptions (see table 27). Compared to the
platinum species [Pt(PyPhQ)C:Ph], its longest wavelength absorption is significantly blue-
shifted (from Pt: 456 nm to Ni: 408 nm, AE = 2580 cm™). This difference means the
phenylacetylene is a weaker donor for nickel as opposed to platinum and less interactions
between the metal and the phenylacetylene take place. This means the HOMO remains mostly
located on the nickel atom and central phenyl ring and less on the acetylene coligand. The
spectra of [Ni(PyPhQ)CzPh] do however show that a complex species distinct of either the
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chloride- or nitrato-bearing species is present. No signs of decomposition were observed on
the time scale of the experiment (carried out in distilled, dried THF). While the NMR spectra
of the complex remain somewhat ambiguous, the UV/Vis-absorption spectrum provides

further evidence in favour of the successful synthesis of the desired species.

Notably, the absorptions bands of [Pt(PyPhQ)C2H] match the ones previously reported for the
parent compound [Pt(PyPhQ)Cl] exactly.*) While the purity of the obtained compound was
verified by NMR spectroscopy and mass spectrometry, it is very likely the compound
decomposed in the THF-solution the UV/Vis-absorption spectra were measured in. The strong
affinity of [M(PyPhQ)X] complexes towards chlorides previously discussed then lead to the
formation of [Pt(PyPhQ)CI] in situ.

The complexes donor M(PyPhQ)NC:Hs]  and
[M(PyPhQ)(NC12Hs)] also show a slight red-shift of their MLCT-absorption bands. It is

however much less pronounced than for the acetylide-complexes previously discussed and

bearing  nitrogen coligands

resembles the absorptions present for other nitrogen donors like -(N(CN)2) or even -NOs. This
speaks for a o-donating character, without major HOMO contributions on the coligand itself,
although DFT-calculations would be needed to verify this. Complexes with the carbazole
coligand show more structures and intense absorption bands between 300 nm and 400 nm,
which could be indicative of LL’CT or even LMCT transitions with strong contributions of the
carbazole moiety. The pyrrole-bearing complexes lack these absorption bands and generally

show much weaker extinction overall.

Table 29 Optical properties of complexes of complexes of [M(PyPhQ)C2R]- and [M(PyPhQ)NCxHy]-
type. @

Substance Ai(e) A2(g) As(e) M(e) As(g) As(g) AEopt.
[Pt(PyPhQ)Cl]#! 238 (5.47) | 304 (1.55) | 321 (1.41) | 359(0.92) | 373 (0.86) | 418 (0.66) | 2.97
[Pt(PyPhQ)NO:s] 245 (27.6) | - 301 (10.2) | 358 (6.81) | - 404 (4.24) | 2.73
[Pt(PyPhQ)C2Ph] 247 (41.8) | 301 (22.0) | 326 (12.1) | 370 (7.62) | 425(5.38) | 456 (3.16) | 2.50
[Ni(PyPhQ)C2Ph] 231 (20.4) | 276 (8.66) | - 361(2.90) | - 408 (2.41) | 2.60
[Pt(PyPhQ)C:2H] - 304 (15.8) | 321 (13.9) | 361(9.43) | - 416 (6.35) | 2.60
[Pt(PyPhQ)CzFeCp2] | 250 (8.32) | 304 (3.45) | - 375 (1.39) | - 430 (0.89) | 2.31
[Pt(PyPhQ)C2TMS] - 304 (3.56) | 325(3.02) | 373 (2.04) | - 421 (1.35) | 247
[Pt(PyPhQ)(NCBHs)] | - 299 (15.0) | - 353 (11.0) | - 396 (6.28) | 2.78
[Pt(PyPhQ)(NCaH4)] | - 281 (17.9) | - 360 (4.62) | - 410 (3.05) | 2.57
[Pd(PyPhQ)(NCsHa)] | 249 (22.2) | 278 (16.4) | 335(5.56) | - - 379 (4.18) | 2.92
[Pt(PyPhQ)(NC12Hs)] | 277 (71.5) | 307 (32.1) | 361 (18.4) | 378 (15.5) - 411 (7.59) | 2.69
[Pd(PyPhQ)(NCi2Hs)] | 281 (44.8) | 309 (24.6) | 327 (19.4) | 336 (18.5) | 357 (14.6) | 373 (14.1) | 3.00
2 Wavelengths in nm, extinction coefficients in 1;213:;71’ AEopt.in eV.

The complexes obtained from the hydrogen acetylene based synthetic approach were

investigated by cyclic voltammetry. The detailed data is summarized in Figure 61 and table 30.
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Figure 61 Cyclic voltammogram of [Pt(PyPhQ)Cz2FeCp2] (left) and [Ni(PyPhQ)C2Ph] (right), measured
in THF with 0.1 M NBu4PFé, referenced to FeCp2/FeCp>.

All complexes have their reduction onset potentials significantly shifted to more negative
values when compared to the [M(PyPhQ)NOs] complexes they’re derived from. (e.g.
[Pt(PyPhQ)NOs] Red1: -1.61 V, [Pt(PyPhQ)C2Ph] Red 1: -2.02 V). This is most pronounced for
complexes bearing nitrogen containing aromatic coligands (pyrrole, carbazole). As already
apparent in UV/Vis-absorption spectroscopy, they act as strong donors, increasing the electron
density of the overall complex, shifting the LUMO levels situated mostly on the ligand
backbone (see Figure 58). In addition to this, their oxidation potentials shift towards lower

voltages, again speaking for their strong o-donor character.

Aromatic, electron rich acetylenes like -C2Ph and -C2FeCp: act as strong o-donors, increasing
electron density at the metal centre. Since the metal has large HOMO-contributions, this results
in a lowering of oxidation potentials. Interestingly, for both complexes [Pt(PyPhQ)C2Ph] and
[Pt(PyPhQ)CzFeCp:] a second oxidation is observed. For [Pt(PyPhQ)C:Ph] the first oxidation
most likely takes place on the metal centre, involving a reaction of the Pt**/Pt** redox pair. This
oxidation might promote a subsequent reaction involving the coligand. For example, a
reductive elimination and cleavage of the phenylacetylene would reduce the platinum back to

Pt>, which would then undergo oxidation again.

For [Pt(PyPhQ)FeCp2], the first oxidation is fully reversible and drastically shifted to negative
voltages (Ox 1: -—0.10 V). This highly suggests, the oxidation of the ancillary ferrocene unit is
observed, followed by the platinum oxidation at higher voltages (Ox 2: 0.26 V). This means
both metal centres of the molecule are independent in their electrochemical behaviour.
Formally, this also places the electrochemical HOMO of the molecule on the ferrocene unit,
explaining the lowest AEck.. value of the complexes. Based on the observations of UV/Vis-
absorption spectroscopy for this complex, the HOMO-LUMO transition is closer to what
would be expected for these types of compounds, implying here the main transitions stem
from excitations from metal-centred orbitals into the ligand backbone. While this then formally
wouldn’t be the HOMO of the molecule, it is essentially the same process observed for the

other complexes.
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The complex [Pt(PyPhQ)C:H] seems to be stable in THF solution under cyclic voltammetry
conditions. No signs of impurities or formation of [Pt(PyPhQ)CI] were observed, in contrast

to UV/Vis-absorption spectroscopy measurements.

The same is true for [Ni(PyPhQ)C:Ph], also being stable under CV conditions. The oxidation
of the nickel centre is strongly shifted to lower potentials when compared to [Pt(PyPhQ)C:Ph],

as is the case for all complexes of the type.

A very strong shift of oxidation potentials is exhibited by [Pt(PyPhQ)(NCBHs)] (Ox 1: 1.18 V).
This implies a very strong m-backbonding takes place between the platinum centre and the
cyano-moiety of the coligand. This also increases the electron density of the coligand and help
stabilize the hydride-bearing boron atom, which helps explain the formation of this complex
species instead of the originally intended hydride complex. This should result in elongated
bond lengths both for the cyano-subunit and the boron-hydride bond (see Figure 72, 73, table
32).

Table 30 Electrochemical properties of complexes of [M(PyPhQ)C:R- and [M(PyPhQ)NCxHy]-type.2

Substance Red 2 Red 1 Ox1 Ox 2 AEelec.
[Pt(PyPhQ)Cl]#! -2.65 -1.92 0.46 - 2.38
[Pt(PyPhQ)NO:s] -2.00 -1.61 0.63 - 2.24
[Pt(PyPhQ)C2Ph] -2.69 Eip | -2.02 0.35 0.65 2.37
[Ni(PyPhQ)C2Ph] -2.75 -2.13 0.15 - 2.28
[Pt(PyPhQ)C:2H] -2.76 -2.01 0.40 - 2.41
[Pt(PyPhQ)C2FeCp2] -2.78 -2.05 —-0.10 Ei2 | 0.26 1.95
[Pt(PyPhQ)C2TMS] —2.72 Eip | -2.03 0.69 - 2.72
[Pt(PyPhQ)(NCBHs)] —2.54 Eip | -1.91 1.18 - 3.09
[Pt(PyPhQ)(NCsHa4)] -2.75Eip | -2.15 0.40 1.23 2.55
[Pd(PyPhQ)(NCsH4] -2.89 -2.23 0.27 0.96 2.50
[Pt(PyPhQ)(NC12Hs)] -2.83 -2.22 0.09 - 2.31
[Pd(PyPhQ)(NCi2Hs)] -2.91 -2.17 0.71 - 2.88

2 Potentials, AEckc.in V (Red 1 — Ox 1). Peak potentials given for irreversible processes or specified as
reversible processes with half-wave potentials Ei2. Measured in THF with 0.1 M NBusPFe, referenced to
FeCp2/FeCpz*.

Crystals of complexes from coligand exchange reactions were obtained by isothermal
evaporation of NMR-solutions in CD2Cl, overlaying of saturated complex solutions in CH2Clz
with diethyl ether or isothermal heating of complex solutions in glass ampules. Molecular and
crystal structures are visualized in Figure 62 - 77, bond lengths and angles are detailed in tables

31, 32. Crystal solution data is specified in tables 42 - 44 (appendix).
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N3 ‘ ..
Figure 62 Asymmetric unit of [Pt(PyPhQ)CN] single crystal X-ray diffraction (displacement ellipsoids
at 50% probability, hydrogens omitted for clarity) (left) and view of the crystal structure (right) along
the crystallographic a-axis.

Figure 63 View on the crystal structure of [Pt(PyPhQ)CN] along the crystallographic b-axis (left) and
c-axis (right).

Figure 64 Asymmetric unit of [Ni(PyPhQ)NO:s] single crystal X-ray diffraction (displacement ellipsoids
at 50% probability, hydrogens omitted for clarity) (left) and view of the crystal structure (right) along

the crystallographic a-axis.
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Figure 65 View on the crystal structure of [Ni(PyPhQ)NO:s] along the crystallographic b-axis (left) and
c-axis (right).

c

Figure 66 Asymmetric unit of [Pt(PyPhQ)NO:s] single crystal X-ray diffraction (displacement ellipsoids
at 50% probability, hydrogens omitted for clarity) (left) and view of the crystal structure (right) along
the crystallographic a-axis.

Figure 67 View on the crystal structure of [Ni(PyPhQ)NOs] along the crystallographic b-axis (top) and
c-axis (bottom).
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Figure 68 Asymmetric unit of [Pt(PyPhQ)C:Ph] single crystal X-ray diffraction (displacement ellipsoids
at 50% probability, hydrogens omitted for clarity) (left) and view of the crystal structure (right) along

the crystallographic a-axis.

Figure 69 View on the crystal structure of [Pt(PyPhQ)C2Ph] along the crystallographic b-axis (left) and
c-axis (right).
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Figure 70 Asymmetric unit of [Pt(PyPhQ)C2FeCp:z] single crystal X-ray diffraction (displacement
ellipsoids at 50% probability, hydrogens omitted for clarity) (left) and view of the crystal structure
(right) along the crystallographic a-axis.

116



3 Results and Discussion

Figure 71 View on the crystal structure of [Pt(PyPhQ)C:FeCp:] along the crystallographic b-axis (left)
and c-axis (right).

Figure 72 Molecular structure of [Pt(PyPhQ)(NCBHs)] single crystal X-ray diffraction (displacement
ellipsoids at 50% probability, hydrogens omitted for clarity) (left) and view of the crystal structure
(right) along the crystallographic a-axis with a toluene molecule as co-crystallite.

Figure 73 View on the crystal structure of [Pt(PyPhQ)(NCBHs)] along the crystallographic b-axis (left)
and c-axis (right) with a toluene molecule as co-crystallite.
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Figure 74 Asymmetric unit of [Pt(PyPhQ)(NCi2Hs)] single crystal X-ray diffraction (displacement
ellipsoids at 50% probability, hydrogens omitted for clarity) (left) and view of the crystal structure
(right) along the crystallographic a-axis.

Figure 75 View on the crystal structure of [Pt(PyPhQ)(NCBHs)] along the crystallographic b-axis (left)
and c-axis (right).

All complexes crystalized feature the characteristic head-to-tail stacking pattern already
present for the parent compounds [M(PyPhQ)X].*! For the nitrato-complexes [Pt(PyPhQ)NOs]
and [Ni(PyPhQ)NOs], this is accompanied by m-stacking, with stacking distances well within
the range of typical m-interactions (e.g. 3.6687(1) A, see Figure 77).11l Two complexes are
paired together mirroring each other around an inversion centre, forming enantiomeric pairs
of the axially prochiral complex moieties. The bond lengths and angles around the metal
centres of the nitrato-complexes [M(PyPhQ)NO:] remain very similar to their parent
compounds [M(PyPhQ)X], with one exception. They differ greatly in the distances between
the metal and the coligand. For example, the bond length is shortened by 0.232 A for
[Pt(PyPhQ]NOs] (Pt-NOs: 2.196(4) A, Pt—Cl: 2.428(9) A). This stronger bonding exhibited by
the nitrato-coligand is surprising when considering its reactivity. The strong affinity to
chloride and the efficient exchange of nitrate with basically any anion would have suggested
a weak, elongated bonding between metal and nitrate. A major difference between the
M(PyPhQ)NOs] and [M(PyPhQ)X] complexes is the distortion of the ligand backbone. While
this distortion was striking and characteristic for the halogenido-complexes, the nitrato-
complexes have an almost planar ligand backbone ([Pt(PyPhQ)CI] biggest interplanar angle:
12.9(3)°, [Pt(PyPhQ)NOs]: 4.204(2)°). While the nitrato-coligand reaches out of the formed
complex plane, it is not involved in any bridging or interactions with other complex molecules,

as was, for example, reported for similar acetato-bearing complexes.
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The complex [Pt(PyPhQ)C2FeCpz] also features this lack of torsion of the ligand backbone (see
Figure 70, 71). Here, the ferrocene coligand takes up a big space within the asymmetric unit,
dictating the spacing of the complexes. No significant metal-metal interaction can be deduced

from their large relative distances.

While the head-to-tail stacking motif remains throughout, complexes with bulkier coligands
exhibits less stacking, with much bigger distances in between the complex moieties. This is
especially the case for the complexes [Pt(PyPhQ)Cz2FeCp:] and [Pt(PyPhQ)(NCi2Hs)]. For the
latter, the carbazole complex is dramatically twisted by 77.217(7)° relative to the ligand
backbone. While it is close in distance to the ligand backbone of the next complex moiety
(3.5251(5) A), this strong torsion makes any 7t-stacking impossible (see Figure 76). This also
means m-backbonding from the metal and ligand to ligand charge transfers are much less
likely. Observations made in UV/Vis-absorption spectroscopy showed additional absorptions
being visible upon introduction of the carbazole coligand. With the information of the crystal
structure in hand, these absorptions can then be attributed to LMCT transitions instead of
LL'CT transitions. However, the crystal structure does not necessarily reflect the complex
geometry in solution, meaning the exact constitution of these absorptions would need to be

further investigated, for example by TD-DFT-calculations.

The complex [Pt(PyPhQ)CN] exhibits the shortest metal-coligand bond length of all
crystalized complexes (Pt-CN: 2.057(5) A, see table 31). This further indicates a strong
ni-backbonding of the metal to the antibonding orbitals of the coligand. This is in line with
similar reported complexes and also backed up by the observations made in

UV/Vis-absorption spectroscopy as well as cyclic voltammetry.['*l

The complex [Pt(PyPhQ)(NCBHs5)] features a coordination of the anion via the nitrogen atom
and co-crystallized toluene. The M-N bond length is one of the longest of all complexes
crystalized (Pt-NCBHs: 2.101(6) A, see tables 31, 32). The N-C bond length match the reported
distances for the same anion coordinated to vanadium exactly (N-C: 1.134(9) A).ns)
ni-backbonding of the platinum metal into antibonding orbitals of the cyano-moiety results in
an increase of the bond length of C-N, even when compared to the cyanido-complex
([Pt(PyPhQ)(NCBHs) C-N: 1.134(9) A, [Pt(PyPhQ)CN] C-N: 1.128(6) A; see tables 31, 32),
where similar strong backbonding occurs.['* This should increase the electron density around
the boron atom as well and result in an elongation of the boron-hydride bonds. However, since
the hydrogen atoms in the crystal structure are not determined by crystallographic
measurement but added later via suitable models (H-FIX), the obtained data cannot be
sensibly interpreted in that regard. The backbonding exhibited explains the relative stability

of the anion in solution and as a coligand in general.
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[Pt(PyPhQ)(NC12Hs)]
Interplanar torsion angles (°)
A (pyridine-phenyl) 5.328(1)
B (phenyl-quinoline) 20.599(9)
C (carbazole-pyridine) 77.217(7)
Shortest distances (A)
D (metal-metal) 7.1153(5)
E (carbazole-phenyl) 3.5251(5)

Figure 76 Selected ring torsion angles (A,B, C) and distances (D, E) for the complex

[Pt(PyPhQ)(NCi2Hs)].

[Pt(PyPhQ)NO:]

Interplanar torsion angles (°)

A (pyridine-phenyl) 4.204(2)
B (phenyl-quinoline) 3.757(2)
Shortest distances (A)

C (metal-metal) 4.4551(3)
D (quinoline-phenyl) 3.6687(1)

Figure 77 Selected ring torsion angles (A,B) and distances (C, D) for the complex [Pt(PyPhQ)NOs].

Table 31 Selected bond lengths (A) and angles (°) for complexes of type [M(PyPhQ)X] with various

coligands .2

Distances (A) | [Pt(PyPhQ)CN] | [Ni(PyPhQ)NOs] | [Pt(PyPhQ)NOs] | [Pt(PyPhQ)(NCi2Hs)]
M-C 1.982(4) 1.856(2) 1.950(6) 1.967(3)
M-N: 2.022(4) 1.915(1) 2.019(5) 2.024(3)
M-N: 2.040(4) 1.908(1) 2.013(5) 2.036(3)
M—Coligand 2.057(5) 1.995(1) 2.196(4) 2.109(2)
C-N (cyanide) 1.128(6) - - -
Angles (°)
N1-M-N2 171.0(1) 169.8(5) 176.7(2) 174.3(1)
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C-M—Col. 169.1(2) 170.9(6) 170.4(2) 173.2(1)
N:i-M—Col. 92.02(2) 89.06(5) 87.70(2) 91.54(1)
N>-M- Col. 94.55(2) 93.74(5) 95.45(2) 93.88(1)

Ni-M-C 81.88(2) 84.94(6) 82.90(2) 81.64(1)
N>-M-C 92.55(2) 93.35(6) 93.90(2) 92.95(1)
L angles
361.0 361.1 360.0 360.0
around M

2 From single crystal X-ray diffraction.

Table 32 Selected bond lengths (A) and angles (°) for complexes of type [M(PyPhQ)X] with various

coligands .

Distances (A) | [Pt(PyPhQ)C2Ph] [Pt(PyPhQ)C2FeCp2] | [Pt(PyPhQ)CNBH3]
M-C 1.991(4) 1.998(1) 1.962(7)
M-N1 2.017(4) 2.022(9) 2.017(6)
M-N2 2.042(4) 2.031(9) 2.039(5)
M-Coligand 2.069(5) 2.070(1) 2.101(6)
C-N (CNBHs) - - 1.134(9)
C-B 1.598(1)
B-H - - 0.9800
Angles (°)
Ni-M-N: 171.3(2) 172.2(4) 173.8(2)
C-M-Col. 169.2(2) 168.8(5) 173.6(3)
Ni1-M-Col. 91.72(2) 91.60(4) 91.20(2)
N2-M- Col. 94.87(2) 94.80(4) 93.80(2)
Ni-M-C 81.97(2) 81.80(4) 83.0(3)
N-M-C 92.33(2) 92.50(5) 92.2(3)
z angles

360.9 360.7 360.2
around M

2 From single crystal X-ray diffraction.

Coligand exchange is a very useful tool to change specific complex properties in terms of late
stage-functionalization. The nitrato-exchange approach is an easy, reliable and efficient
method to introduce various pseudo-halogenido type coligands. The optical and electronic
properties can be changed depending on the choice of anion introduced. The method can also
be extended to previously hard-to-handle coligands like various acetylenes and nitrogen-
bearing aromatic systems. These later coligands vary the optical and electrochemical
properties as well as the complex crystal structures greatly. They are therefore very interesting
for fine-tuning of properties of existing complexes with applications in mind. In catalysis,
specific HOMO-LUMO gaps would allow for targeted reactivity. The stabilization of the
excited states by strong donors with strong backbonding is beneficial for quantum yields and

lifetimes in luminescence applications.

With a desired application in mind, coligand-exchange reactions can be useful in matching

and enhancing effects of ring-expanded ligand design previously discussed.
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The first ring-expanded ligand systems were generated through exchange of one or two of the
pyridine moieties of the prototypical N*C"N type ligand dipyridylbenzene (PyPhPy) with
8-quinolinyl, yielding the symmetric ligand QPhQ and the asymmetric ligand PyPhQ (Figure
78, left and centre). Replacing the peripheral pyridine-moiety of the C"N"N ligand
6-phenyl-2,2"-bipyridine (PhPyPy) with 8-quinolinyl yielded the ligand PhPyQ (Figure 78,
right).

Based on these protoligands, complexes of Pt(II), Pd(II) and Ni(II) with halido coligands were
synthesized and the results summarized in chapter 3.1. This chapter was published in
Organometallics (2025, 44, 7, 847-857, https://doi.org/10.1021/acs.organomet.4c00500).14

= Pt, Pd (X = CI),
Ni  (X=Br)

[M(QPhQ)X] [M(PyPhQ)X] [M(PhPyQ)X]

Figure 78 Overview of complexes with ring-expanded ligand systems, featuring the 8-quinolinyl
building block.[4]

Ligand systems were built up through Suzuki-type cross-coupling reactions using suitable,
commercially available building blocks. The complexes were obtained via CH-activation,
adapting previously reported methods.[" 2 The only notable exception was [Ni(QPhQ)CI],
which was synthesized via an oxidative addition route. The complex [Ni(PhPyQ)Br] was
obtained but no characterisation was possible due to its inherent instability in solution. The
complex rapidly decomposes upon solvation, yielding the protoligand HPhPyQ, pointing to
hydrolysis and solvolysis.

Single crystal X-ray diffraction data on these complexes showed their structures to feature
pronounced twisting of the ligand backbone around the bonds connecting the aromatic rings.
This led to nearly perfectly square planar geometries for [M(QPhQ)X] complexes (N-Pt-N:
177.9(1)° for [Pt(QPhQ)Cl]) at the cost of high interplanar angles of the quinoline-moieties
(Q/Q angle: 66.7(8)°). The asymmetric complexes [M(PyPhQ)X] and [M(PhPyQ)X] lie in
between [M(QPhQ)X] and the five-membered complexes [M(PyPhPy)X] with bond angles
around 170° and lessened interplanar angles of a maximum of 37.9(2)° ([Pt(PhPyQ)Cl].

The increase in ligand field splitting increases from the more square planar coordination and
the bigger m-system of quinoline as opposed to pyridine. This is opposed by this loss of
coplanarity of the aromatic ligand backbone.

The optical and electrochemical properties of all complexes were studied and DFT calculations

were carried out to elucidate orbital compositions (see Figure 79).
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Figure 79 Top: UV/Vis-absorption spectra of [Pt(PyPhQ)CI] (black), [Pt(QPhQ)Cl] (red) and
[Pt(PhPyQ)Cl] (blue) in THF at room temperature.

The symmetric complexes [M(QPhQ)CI] absorptions undergo a red-shift and show an earlier
reduction onset when compared to their five-membered metallacycle derivatives, due to the
better donor qualities of the quinoline. The opposite is true for asymmetric complexes
[M(PyPhQ)X] and [M(PhPyQ)X]. Here the loss of coplanarity, and conjugation, offsets the
strong donor-character of the quinoline and the more square-planar geometry induced by the
six-membered chelation. This results in a blueshift of absorptions and negatively shifted

reductions.

DFT-calculations confirmed a mostly metal centred HOMO with strong contributions of the
coligand and the phenyl ring, while the LUMO is mainly located on the quinoline moiety (see
Figure 58). This confirms the long-wavelength absorptions to be of MLCT 3[d(M)-mt"] character.
The oxidation potential onsets concur with the trend of energies of the long-wavelength
absorption maxima (MLCT Pt < Ni < Pd) and electrochemical HOMO-LUMO energies also

matches the one of these long-wavelength absorption maxima.

Luminescence spectroscopy confirmed observations previously made on [Pt(QPhQ)Cl].!8! The
asymmetric complex [Pt(PyPhQ)Cl] also showed promising luminescence with emission
peaks around 610 nm (see Figure 80) in aerated THF solutions at room temperature.
Interestingly, weak luminescence was also observed for [Ni(PyPhQ)Br] under the same
conditions. This nickel luminescence should be better detectable by low temperature

measurements in degassed solvent or glassy frozen matrices.
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Figure 80 Left: Photoluminescence spectrum of [Pt(QPhQ)Cl] (black), Aexc =430 nm and [Pt(PyPhQ)Cl]
(red), Aexc =445 nm at 293 K in a THF solution. Right: Photoluminescence excitation (left; red line Aem =
402 nm) and emission (right, black line; Aexc = 360 nm) spectra of [Ni(PyPhQ)Br] at 293 K in a THF

solution. Raman peaks stemming from the THF solvent are marked with an *.[4]

To facilitate the synthesis of cyclometalated complexes, microwave reaction conditions were

adapted to be applied to the desired ring-expanded complexes (Scheme 33 and table 33).1° 7]

K,[PtCl,]

HOAc
mw (300 W)
160 °C, 3 h

Scheme 33 Synthesis of [Pt(PyPhQ)Cl] using microwave irradiation.

Using the microwave, reaction times were dramatically reduced, making the complexes much
more easily accessible. CH-activations have a considerable activation energy that needs to be
overcome. Several more methods of introducing these high energies were tested for, including
syntheses in glass ampules, ball mill reactions and recently published photoactivation
methods (see table).54 Except for the microwave synthesis, none of these methods yielded the

desired results in acceptable yields.

Table 33 Overview of different C-H activation methods towards the synthesis of [Pt(PyPhQ)Cl] as

model compound.

Substrates Method Conditions Outcome
Reflux HOACc, 160 °C, 96 h 95 % yield
Microwave HOACc, 160 °C, 300 W, 3 h 92 % yield
Ampule HOACc, Ramping to 150 °C, 72 h | Traces of complex

Ko[PtCla] (1.0 eq.)
PyHPhQ (1.4 eq.)

isolated as single

crystals @
Photoactivation® | BusNCl, Na2COs, acetone, Complex formation,
405 nmr.t., 18 h impure, not isolated ®
Ball mill HOACc, 15 Hz, 30 min Decomposition

a detected by SC-XRD, b detected by "H NMR-spectroscopy.
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Based on the complexes obtained from introduction of the 8-quinolinyl moiety, more ring-
expanded N"C"N and C"N”N type complexes were synthesized.*] These complexes
introduce sterically demanding chromophore units mostly based on either carbazole or
fluorene, making use of the new ligand design possibilities afforded by the ring-expansion

(see Figure 81).

[M(QPyPhN(Ph),)CI] [M(QPyFluor)CI] [M(QPySpiro)Cl]

Figure 81 Overview of synthesized complexes with ring-expanded N*C”*N or C*"N”N ligands.

The ligands were synthesized by subsequent Suzuki-couplings or similar reactions.
Complexation took place under the previously applied conditions. Detailed conditions are
summarized in table 34. Notably, complexation of nickel was not successful, mirroring issues

encountered previously for [Ni(PhPyQ)Br].[*!

Table 34 Reaction conditions of CH-activations towards N*C*N and C*"N"N type complexes.

Protoligand Metal precursor | Conditions Habitus (Yield)
PyPyHCarb Kz[PtCl4] HOAC, reflux, 72 h Dark-orange powder (54%)
Ko[PdCls] HOAC, reflux, 72 h Yellow powder (72%)
QPyHCarb Ko[PtCly] HOAG, reflux, 72 h Orange powder (22%)
Ko[PdCls] MeCN/H:0, 18 h Yellow powder (22%)
Ko[PtCl4] HOA, reflux, 18 h Orange powder (59%)
Ko[PdCls] HOAC, reflux, 42 h Yellow powder (39%)
PyHCarbQ . :
NiBr2 p-xylene, KOAc/K2COs, No conversion
reflux, 72 h
QPyHPhN(Ph): Kz[PtCl4] HOAC, reflux, 18 h Decomposition
Kz[PtCl4] HOAC, reflux, 21 h Orange powder (91%)
Ko[PdCls] HOAGC, reflux, 21 h Yellow powder (34%)
QPyHFluor - -
NiBr2 p-xylene, KOAc/K2COs, No conversion
reflux, 72 h
PyHSpiro Kz[PtCl4] HOAC, reflux, 23 h Orange powder (99%)
Ko[PdCls] HOAC, reflux, 21 h Yellow powder (51%)
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Figure 82 UV/Vis-absorption spectra of complexes with ring-expanded N*C*N and C*N”"N type
ligands containing carbazole- or fluorene-derived chromophores. Measured in THF at room

temperature.

The absorption spectra show strong absorptions between 240-350 nm, that can be attributed to
m-r* and n-7t* transitions, with distinct LMCT/LL'CT absorption bands not present in the
protoligands (e.g. [M(PyCarbQ)Cl], indicating significant contributions of the carbazole
moiety to the LUMO. Complexes with fluorene-derived ligands show pronounced blue-shifts
with broad absorption maxima at 343 nm ([Pd(QPyFluor)Cl] and 379 nm ([Pt(QPyFluor)Cl]
compared to the [M(PyPhQ)CI] complexes they're derived from, suggesting strong metal-
fluorene interactions, affecting the MLCT transitions.

The reduction potentials of the complexes suggest the fluorene units have little to no effect on
the electrochemistry of the complexes, with the potentials being very similar to other N*C"N
complexes with the Py-Q unit (see Figure 83; compare chapter 3.1).[4]
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E/V vs. FeCp,/ FeCp," E /V vs. FeCp,/ FeCp,*

Figure 83 Cyclic voltammograms of [Pt(QPyCarb)Cl] (left) and [Pt(QPyFluor)Cl] (right),
measured in THF with 0.1 M NBusPFs, referenced to FeCpz/FeCp:".
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Cyclometalation at the carbazole moiety in [Pt(PyPyCarb)Cl] shifts its oxidation to the lowest
potential observed (0.51 V), with the smallest HOMO-LUMO gap (2.42 V), making it a strong
o-donor. When the cyclometalated carbazole is in trans position to a quinoline unit (e.g.
[Pt(QPyCarb)Cl], higher oxidation potentials (0.76 V) are observed, indicating competition

and marking quinoline as a stronger donor than pyridine.

Structural analysis revealed significant distortion of carbazole-containing ligand backbones,
with interplanar angles up to 48.73° for [Pd(QPyCarb)Cl], while retaining close to perfectly
square planar coordination geometries (see Figure 84). These strong distortions break up the
conjugation significantly, implying more localized LUMO levels on the chromophore units,

helping to explain observation made in UV/Vis-absorption spectroscopy.

giesizessd

Figure 84 Molecular structures of [Pd(QPyCarb)Cl] (left), [Pd(PyCarbQ)Cl] (middle) and
[Pt(QPyFluor)Cl] from single crystal X-ray diffraction (hydrogens omitted for clarity).

All complexes feature head-to-tail stacking (3.6 A, closest Q-Q contact) with the bulky
fluorene-derivative containing units being on opposing ends of the packing pairs. This leads

to voids withing the crystal packing, not observed for the carbazole-based systems.

Ring-expanded nitrogen donors were exchanged for sulphur or oxygen containing moieties.
The same reaction conditions previously used successfully yielded the desired protoligands.
Complexation was successful under the conditions detailed in table 35, yielding the desired

complexes (see Figure 85).

[M(QPhDBF)CI] M =Pt, Pd

[M(QPhThian)CI] [M(ThianHPhThian)Cl,]  [M(DBTHPhDBT)CI,]

Figure 85 Overview of obtained Complexes of N*C”S, S"S or N*C"O type.
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The only exception to this were the S"S type complexes [M(ThianHPhThian)Cl2] and
[M(DBTHPhDBT)Cl:], that did not undergo cyclometalation. Instead, a precoordinated type

of complex was isolated.

Table 35 Reaction conditions of complexation reactions of all N*C”S, 5"S or N*C"O type complexes.

Protoligand Metal Conditions Habitus (Yield)
precursor
Ko[PtCly] HOAC, reflux, 21 h Yellow Powder (62%)
PyHPhThian Ko[PdCl4] HOAC, reflux, 16 h Yellow Powder (45%)
NiBr2 KOACc, K2COs, p-xyl., 2h | No conversion
Ke[PtCly] HOAC, reflux, 16h Dark orange powder (14%)
QHPhThian -
Ko[PdCly] HOAC, reflux, 72h Light green powder (77%)
Ko[PtCly] HOAC, reflux, 16h Yellow Powder (63%)
PyHPhDBT
Ko[PdCl4] HOAC, reflux, 18h Yellow Powder (43%)
Ko[PtCl4] HOAC, reflux, 44h Yellow Powder (27%)
Ko[PdCl4] HOAC, reflux, 22h Yellow Powder (38%)
PyHPhDBF
NiBr2 KOACc, K2COs, No conversion
p-xyl, mw (300 W), 5h
QHPHhDBF Ko[PtCly] HOAC, reflux, 3h Orange Powder (48%)
Ko[PdCl4] HOAC, reflux, 19h Green Powder (56%)
ThianHPhThian | K[PtCl4] HOAC, reflux, 2h Dark brown powder (59%)
DBTHPhDBT Ko[PtCly] HOAC, reflux, 22h Grey powder (57%)

NMR studies of the dibenzofuran containing complexes showed poor signal-to-noise ratio,

suggesting poor coordination of the oxygen donors and potential exchange with coordinating
solvent molecules (e.g. THF, DMSO).

UV/Vis-absorption spectroscopy revealed a strong red shift of the MLCT-bands for the
sulphur containing [M(PyPhThian)Cl] complexes, leading to smaller HOMO-LUMO gaps
when compared to their [M(PyPhQ)CI] counterparts (see Figure 86).
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Figure 86 UV/Vis-absorption spectra of N*C"S type complexes, measured in THF at room temperature.

This marks the thianthrene units as stronger donors compared to quinoline. The lack of long
wavelength MLCT-absorption bands for the S*S type complexes further suggest the lack of
cyclometalation. The poor solubility of DBT- or DBF- containing complexes, especially with
QHPhDBT or QHPhDBF ligands lead to pronounced absorption ramping.
Similar problems were encountered for these complexes when carrying out cyclovoltammetry.
The thianthrene bearing complexes exhibited reductions like their N*C*N counterparts, with
their LUMO situated on the same pyridine-phenyl subunit (see Figure 87). Additional

oxidations at the non-coordinating sulphur atom can take place, as confirmed by DFT-
calculations.
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Figure 87 Left: Cyclic voltammograms of [Pt(PyPhThian)Cl] (left), measured in THF with 0.1 M
NBusPFs, referenced to FeCpz/FeCpzt. Right: DFT-calculated composition and energies of selected
molecular orbitals of [Pt(PyPhThian)Cl]. HOMO levels (red bars); LUMO levels (blue bars) (Isovalue
0.03, TPSSh/def2-TZVP/CPCM(THEF)) level of theory.
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The structures of [M(PyPhThian)Cl] reveal a strong bend of the thianthrene unit within the
ligand backbone (Pt: 98.84(1)°, Pd: 98.65(9)°) and significantly longer M-S bond lengths (Pt:
2.213(6) A, Pd: 2.211(5) A) compared to the M-N bond lengths (Pt: 2.034(2) A, Pd: 2.042(2) A)
(see Figure 88). The ligand backbone of [M(PyPhThian)Cl] feature less distortion (max.
interplanar angle: 14.56(3)°), while these angles increase for [Pt(PyPhDBT)CI] (max.
interplanar angle: 23.50(1)°).

Figure 88 Molecular structures (left) and stacking of complex [Pt(PyPhThian)Cl] (right), from single
crystal X-ray diffraction.

Attempts to synthesize complexes of [M(PyPyNaph)Cl] type resulted in either activation at
different positions of the ligand or partial roll-over cyclometalation, giving isomer mixtures.
To circumvent this, the [M(PyPyAnth)Cl] system was synthesized instead, where the two
potential activation sites are chemically equivalent. While initial synthesis of the
[Pd(PyPyAnth)Cl] complex was successful, subsequent reactions yielded product mixtures of

the cyclometalated and precoordinated product (see Scheme 34).

Ko[PdCl,]
<alPablal

MeCN/H,0
reflux, 18 h

Ko[PdCl,]
—_—

MeCN/H,O
reflux, 48 h

Scheme 34 Different reactions conditions and their diverging results in the synthesis of
[Pd(PyPyAnth)Cl].

The obtained sample of cyclometalated complex [Pd(PyPyAnth)Cl] showed a very strong
orange colour, which is reflected in a distinct, very broad absorption band with a maximum

at around 502 nm (see Figure 89). The cyclic voltammetry shows reversible reduction
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behaviour typical for the bipyridine unit and a palladium oxidation potential (Ox 1: 0.62 V)
significantly lower than its related compound [Pd(PhPyPy)Cl] (Ox 1: 0.80 V). This implies the
anthracene moiety to be a stronger o-donor compared to phenyl, raising HOMO levels and

facilitating metal-centred oxidation.®!l
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Figure 89 Left: UV/Vis-absorption spectra of complexes derived from the PyPyHAnth protoligand.
Measured in THF at room temperature. Right: Cyclic voltammogram of [Pd(PyPyAnth)Cl] (right),
measured in THF with 0.1 M NBusPFe, referenced to FeCpz/FeCp2*.

Irradiation of [Pd(PyPyAnth)Cl] samples in CDCls with visible range white LED light caused
a discoloration of the sample. Structural analysis of the resulting species revealed a reaction
with oxygen. Triplet-singlet interconversion followed by intramolecular addition took place,
leading to an endoperoxide species (see Scheme 35). Subsequent hydrolysis yields an open

oxanthrone-containing species.

Scheme 35 Reaction yielding [Pd(PyPyAnthO:2)Cl] with molecular structure (right) from single crystal
X-ray diffraction (hydrogen atoms omitted for clarity).

In future, the synthesis of the pure cyclometalated complex needs to be refined further, to then
be able to study the reactivity of [Pd(PyPyAnth)Cl] with oxygen in more detail.

Coligand exchange reactions were carried out by reacting [M(PyPhQ)Cl] with silver nitrate,
yielding [M(PyPhQ)NOs] (see Scheme 36). The nitrato coligand was then systematically
exchanged under mild conditions, by addition of coligand salts in solution at room
temperature.
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NaR or KR

CHCI,
rt, 18 h

Scheme 36 General reaction Scheme for coligand exchange reactions starting from [M(PyPhQ)NOs].

Using this approach a variety of new coligands were introduced in good yields (see Figure 90,
table 36). During these reactions, care had to be taken to avoid excess free halogenide ions is
solution, which would otherwise react to form [M(PyPhQ)X].

[M(PyPhQ)CN]

[M(PyPhQ)SCN] [M(PyPhQ)(N(CN),)] [M(PyPhQ)OBz]

Figure 90 Overview of all complexes obtained from coligand exchange reactions starting from
[M(PyPhQ)NOs] (compare table 36).

Table 36 Reaction conditions for coligand exchange reactions of complexes [M(PyPhQ)NOs] and

[M(PyPhQ)X] type.

Starting complex | Reagent Conditions Yield
[Pt(PyPhQ)Cl] CH:Cly, r.t., 18 h | [Pt(PyPhQ)NOs], 86%
[Pd(PyPhQ)Cl] AgNO:s CH:Clo, r.t., 18 h | [PA(PyPhQ)NO:s], 76%
[Ni(PyPhQ)Br] CHCls, r.t, 24 h [Ni(PyPhQ)NOs], 57%
KOBz CHCI, r.t., 18 h [Pt(PyPhQ)OBz], 74%
KCN CHCI, r.t, 18 h [Pt(PyPhQ)CN], 71%
[Pt(PyPhQ)NO:s]
NaSCN CHCls, r.t., 18 h [Pt(PyPhQ)SCN], 65%
Na(N(CN)2) | CHCls, r.t., 18 h [Pt(PyPhQ)(N(CN)2)], 91%
KOBz THEF, r.t, 18 h [Pd(PyPhQ)OBz], 45%
KCN CHCI, r.t, 18 h [Pd(PyPhQ)CN], 39%
[Pd(PyPhQ)NOs]
NaSCN CHCls, r.t., 18 h [Pd(PyPhQ)SCN], 55%
Na(N(CN)2) | CHCls, r.t., 18 h [PA(PyPhQ)(N(CN)2)], 62%
KCN CHCls, r.t., 18 h [Ni(PyPhQ)CN], 78%
[Ni(PyPhQ)NOs] | NaSCN CHCI, r.t, 18 h [Ni(PyPhQ)SCN], 47%
Na(N(CN)2) | CHCls, r.t., 20 h [PA(PyPhQ)(N(CN)2)], 16%

The same methodology was then applied to more sensitive acetylene- or pyrrole-derived
anions, prepared from a halogen-free, ammonia-based synthesis. The reactivity remained

similar, yielding the desired compounds (see Figure 91 and table 37).
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[M(PyPhQ)C,Ph]

[M(PyPhQ)NC4H,]

[M(PyPhQ)NC ;]

[M(PyPhQ)C,TMS]

[M(PyPhQ)(NCBH;)]

Figure 91 Overview of all complexes obtained from coligand exchange reactions using the ammonia-

based synthetic approach (compare table 37).

Table 37 Reaction conditions for coligand exchange reactions of complexes [M(PyPhQ)R] with salts

from the ammonia-based synthetic approach.

Starting complex | Reagent Conditions Yield
NaCzPh THEF, r.t, 18 h [Pt(PyPhQ)C2Ph], 28%
NaCzFeCp2 | THF, r.t, 24 h [Pt(PyPhQ)C2FeCpz2], 70%
NaC:ITMS | THF, r.t, 3h [Pt(PyPhQ)C2TMS], 47%
[Pt(PyPhQ)NO:s]
Na(NCsHs) | THF, r.t,, 18 h [Pt(PyPhQ)(NCsHa)], 97%
Na(NCi2Hs) | THF, r.t., 18 h [Pt(PyPhQ)(NCi2Hs)], 34%
Na(NCBHs) | THF, r.t, 24 h [Pt(PyPhQ)(NCBH3)], 56%
Na(NCsHs) | THF, r.t, 18 h [Pd(PyPhQ)(NCsHa)], 99%
[Pd(PyPhQ)NOs]
Na(NCi2Hs) | THEF, r.t., 18 h [Pd(PyPhQ)(NCi2Hs)], 36%
[Ni(PyPhQ)NOs] | NaCzPh THEF, r.t, 10 min | [Ni(PyPhQ)C2Ph], 11%

Exchange of the chloride for electron-withdrawing coligands like thiocyanate or cyanides

results in blue-shifts of the MLCT-absorption bands, suggesting reduced energies of the metal-

centred HOMO (see Figure 92). The opposite is true for acetylide-containing coligands, were

the strong o-donor character causes red-shift of the MLCT-absorption bands. Nitrogen-

containing coligands feature intense and structured absorptions, indicating LL’CT or LMCT

character.
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Figure 92 Left: UV/Vis-absorption spectra of [M(PyPhQ)X] with various coligands, measured in THF at
room temperature. Right: Cyclic voltammogram of [Pt(PyPhQ)C2FeCp:2], measured in THF with 0.1 M
NBu4PFe, referenced to FeCp2/FeCp>.

The redox chemistry is characterized by a general negative shift of reduction potentials of all
coligand-exchanged complexes compared to [M(PyPhQ)NOs]. This implies a direct
contribution of the coligands to the electrochemical processes, for example the coligand
cleavage in an EC mechanism. Metal centred oxidation potentials decrease with electron-
donating coligands (e.g. OBz, C2Ph’), while electron-withdrawing coligands (CN-, N(CN)z2)
have the opposite effect. [Pt(PyPhQ)C:FeCp:] exhibits a unique reversible oxidation,

indicating independent electrochemistry of the ferrocene coligand and the platinum centre.

Crystal structure data of coligand-exchanged complexes consistently show head-to-tail
stacking of complex pairs. Structures of [M(PyPhQ)NOs] show much less pronounced
distortion of the ligand backbone (max angle: 4.204(2)°) than their counterparts [M(PyPhQ)Cl]
(see Figure 93). Strong distortion is found for [Pt(PyPhQ)Ci2Hs], with the carbazole having an
77.217(7)° interplanar angle to the ligand backbone. This speaks for an LMCT rather than
LL'CT character of its distinct absorptions.

Figure 93 Molecular structures of [Ni(PyPhQ)NOs] (left), [Pt(PyPhQ)CN] (middle) and
[Pt(PyPhQ)C2FeCp2] (right) from single crystal X-ray diffraction.

[Pt(PyPhQ)CN] features the shortest metal-coligand distance of 2.057(5) A, shortened by
M-rt* backbonding, also explaining the strong shifts visible in both absorption spectra and
cyclic voltammetry. Similar backbonding effects can also be seen for [Pt(PyPhQ)(NCBHs)].

135



4 Summary

Overall, coligand exchange reactions are a potent method to significantly influence the
properties of a complex. Strong shift in both absorptions and electrochemical potentials make
this a suitable method to fine-tune a specific system towards a desired application. Combining
the varying ring-expanded ligand systems of previous chapters with specific coligand

exchanges could help expand the potential application of these complexes greatly.

136



5 Conclusions and Outlook
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Square planar Pt(I), Pd(Il) and Ni(II) complexes [M(L)X] with ring-expanded, tridentate,
cyclometalated (N"C"N or CAN"N type) ligands were synthesized through direct
C-H-activation methods. The ring-expansion has a notable impact on coordination geometry
of the resulting complexes. The six-membered metallacycles enlarge the bite angles of the
donor moieties to the metal ions, bringing the complex geometry closer to perfectly square
planar. For asymmetric 5*6-membered complexes (e.g. [M(PyPhQ)Cl), Py = pyridyl, Ph =
phenyl, Q = 8-quinolinyl)) angles of ~170° were found, ~180° for symmetric 6"6-membered
complexes (e.g. [M(QPhQ)CI]). The increase in ligand field splitting is offset by the loss of
coplanarity and conjugation in the ligand backbone. This results in very different UV/Vis-
absorption spectra and electrochemistry when compared to their derivatives with the
established N*C"N or C*"N”N ligands, producing only five-membered metalacyclic binding.
The specific effects induced by the ring-expansion depends strongly on the ligand, making

predictions of the resulting complex properties difficult.

Introducing sulphur or oxygen donor atoms into the ligands resulted in smaller HOMO-
LUMO gaps due to increased donor strength, but at the cost of loss of solubility and weak

coordination in the case of oxygen-donor complexes.

Coligand exchange reactions were carried out in a systematic way using the [M(PyPhQ)NOs]
complexes as intermediates. Electron-donating o-donors, like acetylide-derived coligands,
increase metal-centred HOMO energies, causing red-shifts of absorptions and smaller
oxidation potentials. The opposite is true for coligands like cyanides, showing pronounced
blue-shifts and larger oxidation potentials, indicating even larger ligand field splitting and
larger HOMO-LUMO gaps.

The complexes with ring-expanded 6"6-membered ligands seem to be most suitable towards
potential luminescence application, maximizing the ligand field splitting achieved by the
unique geometry of the six-membered metallacycles. The strong distortion from coplanarity
of the ligand backbones might cause undesired non-radiative decay. To compensate for this,
the ligands should feature strong donors to maximize on ligand field splitting. This could be
either achieved through incorporation of strong donor functions into the tridentate ligands or
by introduction of strong donor coligand (e.g. phenylacetylene, pyrrole) into existing 6"6-
membered complexes. The complexes with 5*6-membered ligands have the potential to strike
the balance between the increase in ligand field splitting afforded by the six-membered
metallacycle and the retention of coplanarity between the aromatic rings forming the five-
membered metallacycle. This can be further exploited by rigidifying the five-membered

metallacycle, for example by synthesizing phenanthroline-like systems.

The synthetic methods for Ni(II) need to be revised, since many of the ligands did not undergo

CH-activation under the applied conditions. Nickel complexes would benefit the most from
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5 Conclusions and Outlook

the increase in ligand field strength caused by the ring-expansion and remains an interesting

target.

Finally, pushing the coligand exchange method towards even stronger donors (e.g.
pentafluorophenylacetylene) could increase ligand field splitting even further and improve on

the exhibited luminescent properties.
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6.1 Materials and Syntheses

Chemicals and Materials. All commercially available chemicals were purchased from
ACROS, ABCR, Alfa Aesar, BLD Pharm, Sigma Aldrich or TCI and used without further
purification. Dry tetrahydrofuran (THF) was distilled over a Na/K alloy (3:7) and dry p-xylene
was distilled over sodium metal prior to use. All other solvents were provided by Fischer
chemical in HPLC or LCMS grade and used without further purification or drying, if not
specified otherwise. Oxygen and moisture sensitive reactions were carried out using Schleck-
technique under argon gas by Linde (99.998%).

Microwave Reactions. Reactions using microwave irradiation were carried out on a CEM
Discover 2.0 microwave (CEM, Kamp-Lintfort, Germany) in pyrex reaction tubes (35 mL) with
non-crimped teflon-coated pop-on lids. A pressurised seal was provided by an automated lid
with a safety pressure limit of 20.7 bar. Upon completion, reactions were cooled using an
external nitrogen gas stream until 50 °C were reached, upon which pressure was release and
the reaction vessel unsealed. Detailed reaction conditions and irradiation energies (W) are
specified in the experimental procedures.

NMR Spectroscopy. 'H, *C and Pt NMR spectra were measured on a Bruker Avance II
300 MHz ('H: 300 MHz, *C: 75 MHz) with a double resonance (BBFO) 5 mm observe probe
head with z-gradient coil, a Bruker Avance Neo 400 MHz (*H: 400 MHz, 3C: 101 MHz) with 2
frequency channels and iProbe BBFO 5 mm probe head, a Bruker Avance III 500 MHz (*H: 500
MHz, 13C: 126 MHz) and Bruker Avance II 600 MHz spectrometer ("H: 600 MHz, °C: 151 MHz,
195Pt: 129 MHz) with a triple resonance (TBI) 5 mm inverse probe head with z-gradient coil
using a triple resonance (Bruker, Rheinhausen, Germany). Spectra were referenced to
tetramethylsilane as internal standard (6 = 0.00 ppm). 2D experiments ("H 'H COSY, 'H *C
HSQC, 'H *C HMBC, 'H Pt HMBC) were carried out for signal assignments using a standard
Bruker pulse sequence. The multiplicity of signals is given as follows: singlet “s”, doublet “d”,
triplet “t”, quartet “q”, quintet “quint” and multiplet “m” for proton signals, “CH” and “Cq”
for carbon signals. Combinations of multiplicities are given as combinations of these
descriptors (e.g. ”dd”: doublet-doublet). If signals have equivalent chemical shifts, their
double

naming will be marked accordingly (e.g.H1, H1"). Data was interpreted and visualized using
MestReNova v12.0.0.1:31

Mass Spectroscopy. High resolution electrospray ionization (HR-ESI) spectra were collected
using a Thermo Scientific LTQ OrbitrapXL mass spectrometer with a FTMS Analyzer and an
ionization energy of 70 eV. Simulations were performed using ISOPRO 3.0. High resolution
electron ionization (HR-EI) spectra were collected using a Thermo Scientific Exactive GC
Orbitrap analyser mass spectrometer or a Finnigan MAT 95 spectrometer with an ionization
energy of 70eV (Thermo Fisher Scientific GmbH, Dreieich, Germany; Finnigan Instrument
Corporation, Bremen, Germany). Complexes were dissolved in DMSO/MeOH mixtures prior

to injection and measured using direct inlet methods. Simulations were performed using
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ISOPRO 3.0. Gas chromatography with electron impact ionization was performed on an
Agilent Hewlett Packard 6890 system with a HP 5973 detector. The column used was a Macherey-
Nagel Optima 5 MS Accent capillary column (30 m x 0.25 mm), using hydrogen as carrier gas.
Electron impact ionization at 70 eV was used. The heating program used was method 50300M
(50 °C for 2min, heat ramp 25°C/min up to 300 °C, 300 °C for 5 min, 320 °C for 5 min).
Elemental Analysis. Elemental analyses were carried out on a HEKAtech CHNS EuroEA 3000
analyser (HEKAtech, Wegberg, Germany).

Single Crystal X-Ray diffractometry and crystal structure determination. Singe crystal X-Ray
diffraction was carried out on a Bruker D8 Venture with a Bruker Photon 100 CMQOS detector
at 100 K using Mo-Ka radiation (A = 0.71073 A). Crystal data was collected and multi-scan
absorption correction applied using APEX3 v2015.5-20132 with SAINT!I and SADABS.['3 The
structures were solved in OLEX2 v1.501 by intrinsic phasing methods using SHELXT
(Sheldrick 2015)1"% and structural refinement was carried out with SHELXL 20153 with full-
matrix least-squares methods on Fo? > 20(F¢?). Non-hydrogen atoms were refined with
anisotropic displacement parameters without any constraints. The hydrogen atoms were
added by suitable riding models. Illustrations of crystal structures were made in Diamond
v4.2.'%81 The data of structural solutions and refinements of published crystals is available at
the Cambridge Crystallographic Data Centre (CCDC) via https://summary.ccdc.cam.ac.uk/.
UV/Vis-absorption spectroscopy. UV/Vis-absorption spectra were measured on a Varian Cary
60 spectrophotometer (Varian Medical Systems, Darmstadt, Germany) at ambient temperature
in quartz glass cuvettes (optical pathlength = 1cm). All spectra were baseline corrected.
Luminescence Spectroscopy. Luminescence measurements were carried out on a FL51000
Photoluminescence spectrometer (Edinburgh Instruments Ltd, Livingston, United Kingdom)
containing a 450 W xenon arc lamp with a Czerny-Turner monochromator and a PMT900
detector. Data was evaluated using OriginPro version 2025.011
Cyclic Voltammetry. Cyclovoltammetric measurements were carried in a 0.1 M nBusNPFs
solution in degassed THF at a scan rate of 100 mV/s. A three-electrode setup was used, with a
glassy carbon working electrode, platinum counter electrode and Ag/AgCl pseudo-reference.
Currents were applied by an Autolab PGSTAT30 or uStat400 potentiostat by Metrohm
(Metrohm, Filderstadt, Germany) were used. The potentials were referenced to
ferrocene/ferrocenium as an internal standard. Data was evaluated using OriginPro version
2025.139

Quantum chemical calculations wusing density functional theory (DFT).
DFT calculations were carried out using the Gaussian 16 suite of programs.!'#) The def2-TZVP
base setl'#!l was used for all atoms with the effective core potentials (def2-ECPs) for Pt and Pd
(ecp-46, ecp-28).1'2 The So geometries were optimised using the TPSSh hybrid functional.[*]
Grimmes D3 dispersion correction and the conductor-like polarizable continuum model
(CPCM) for THF was used as a solvent model.[> 141 Visualization of the orbital isosurfaces
was carried out in Chemcraft by extracting the data from single point calculations with an

isovalue of 0.03.
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6.2 Experimental Procedures

6.2.1 Synthesis of Protoligand Precursors
Synthesis of N-methyl-2,2’-bipyridinium iodide

B B
Mel
| X N | AN ,\Il/@ I@
MeCN
N reflux, 72 h =N CHs

2,2'-Biypyridine (10.0 g, 64.0 mmol, 1.00 eq.) and Mel (27.3 g, 12.0 mL, 192 mmol, 3.00 eq.) were
dissolved in MeCN and heated to reflux for 72 h. The bright yellow precipitate was filtrated
off and washed with MeCN, giving a bright yellow filtrate. The filtrate was mixed with diethyl
ether, leading to a pale-yellow solid precipitating out. The precipitate was filtered off, washed
with diethyl ether and dried to yield the desired product (13.0 g, 43.6 mmol, 68%).

Habitus Yellow powder (13.0 g, 43.6 mmol, 68%).

IHNMR (300 MHz, CDCl3) d [ppm]: 9.63 (d, ] = 6.1 Hz, 1H), 8.80 (ddd, ] =4.9, 1.8, 1.0 Hz,
1H), 8.72 (td, ] = 7.9, 1.4 Hz, 1H), 8.27 (ddd, ] = 7.9, 6.2, 1.6 Hz, 1H), 8.14 (dd, ] =
7.8, 1.5, 1.0 Hz, 2H), 8.06 (td, ] = 7.8, 1.8 Hz, 1H), 7.59 (ddd, ] = 7.8, 4.8, 1.2 Hz,
1H), 4.54 (s, 3H).

The compounds analytical data matches previously reported data.!%!
Synthesis of N-methyl-6-(2-pyridinyl)-pyrid-2-one
KsFe(ll)(CN)g X

|
NaOH
@ _— \

0°Ctort, 19h ~-N  CHj

KsFe(CN)s (16.5 g, 50.0 mmol, 2.50 eq.) was dissolved in 65 mL of H20 and cooled to 0 °C.
Solutions of NaOH (16.6 g, 415 mmol, 20.6 eq., in 75 mL of H20) and N-methyl-2,2’-
bipyridinium iodide (6.00 g, 20.1 mmol, 1.00 eq., in 60 mL of H20) in two separate addition
funnels were added over 1 h. The reaction mixture was stirred for further 1 h at 0 °C, during
which the initially yellow solution slowly turned dark brown. The mixture was then left to
heat to r.t. and stirred for a total of 19 h. After addition of 300 mL of brine the mixture was
extracted with CH2Clzand the organic phase dried over MgSOa. The obtained crude brown oil
was purified by filtering through a silica plug (SiO2, EtOAc/MeOH 4:1). The product was
obtained as a brown solid (1.35 g, 7.25 mmol, 36%).

Habitus Brown powder (1.35 g, 7.25 mmol, 36%).

IHNMR (300 MHz, CDCls) d [ppm]: 8.74 (ddd, ] = 4.8, 1.8, 0.9 Hz, 1H), 7.85 (td, | = 7.7,
1.8 Hz, 1H), 7.50 - 7.34 (m, 3H), 6.67 (dd, ] =9.2, 1.4 Hz, 1H), 6.22 (dd, ] = 6.8, 1.4
Hz, 1H), 3.47 (s, 3H).
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The compounds analytical data matches previously reported data.l'®!

Synthesis of 6-bromo-2,2’-bipyridine

| X Br2 N
N PPh, »
| Noo MeCN Y N e

~-N  CHj 0 °C to reflux, 75 h _N

PPhs (21.7 g, 82.8 mmol, 1.40 eq.) was dissolved in 100 mL of MeCN and cooled to 0 °C.
Bromine (12.5 g, 3.95 mL, 78.1 mmol, 1.33 eq.) was added over 30 min. The solution was stirred
for a further 180 min at 0 °C. N-Methyl-6-(2-pyridinyl)-pyrid-2-one (11.0 g, 59.1 mmol, 1.00 eq.)
dissolved in 20 mL of MeCN was added over 30 min. The mixture was heated to reflux for
72 h, cooled to r.t. and the reaction terminated by addition of 300 mL of sat. NaHCOs solution.
The mixture was extracted with CH2Clz and the organic phases evaporated off to yield a brown
solid (4.11 g, 17.5 mmol, 30%).

Habitus Brown powder (4.11 g, 17.5 mmol, 30%).

1H NMR 300 MHz, CDCL) & [ppm]: 8.68 (ddd, ] = 4.9, 1.8, 0.9 Hz, 1H), 8.41 (t, ] =8.0 Hz,
pp
2H), 7.83 (td, ] =7.7, 1.8 Hz, 1H), 7.68 (t, ] = 7.8 Hz, 1H), 7.51 (dd, ] = 7.8, 0.9 Hz,
1H), 7.34 (ddd, ] = 7.5, 4.8, 1.2 Hz, 1H).

The compounds analytical data matches previously reported data.l'®!
General Procedure “Suzuki” (A)

Under inert conditions, an aryl-boronic acid or its pinacol ester (1.00 eq.) was reacted with a
bromo-aryl (1.00 eq.) with 10.0 eq. of Na:COsin a degassed solvent mixture of toluene, ethanol
and water (1:1:1 volume, adjusted to give a 2M base concentration in the aqueous part). After
addition of [Pd(PPhs)4] (2-5 mol%) the mixture was heated to reflux. After cooling, the organic
solvents were evaporated off and the mixture extracted with CH2Cl.. The crude product was

purified by column chromatography to yield the desired product.

Synthesis of 1-(2-pyridinyl)-3-bromobenzene

Br [PA(PPH3)4]
| X /©\ N82CO3 N
N * Bpin Br TolEtOHH,0  B' |
reflux, 18 h N. -~

1-Bromo-5-phenylboronic acid pinacol ester (5.00 g, 17.7 mmol, 1.00 eq.) and 2-bromopyridine
(2.80 g, 1.72mL, 17.7 mmol, 1.00 eq.) were reacted with [Pd(PPhs)4] (1.03 g, 0.89 mmol, 5 mol%)
according to general procedure A. After column chromatography (SiO2, CHex/EtOAc 40:1, rf
= 0.17) the product was obtained as a colourless oil (2.07 g, 8.84 mmol, 50%).

Habitus Colourless oil (2.07 g, 8.84 mmol, 50%).
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IHNMR (300 MHz, CDCls) d [ppm]: 8.72 (d, ] = 4.8 Hz, 1H), 8.20 (t, ] = 1.9 Hz, 1H), 7.93
(dt, ] = 7.9, 1.3 Hz, 1H), 7.84 - 7.69 (m, 2H), 7.56 (ddd, ] = 8.0, 2.1, 1.1 Hz, 1H),
7.37 (t, ] = 7.9 Hz, 1H), 7.31 - 7.25 (m, 1H).

GC-MS 235 [M]~.
The compounds analytical data matches previously reported data.]
Synthesis of 2-phenyl-6-bromopyridine

[Pd(PPha).] X
B(OH), m Na,COs |
* @ Tol/EtOH/H ,0 N Br

Br N Br
reflux, 48 h

\

1-Phenylboronic acid pinacol ester (3.08 g, 25.3 mmol, 1.00 eq.) and 1,3-dibromopyridine
(6.00 g, 25.3 mmol, 1.00 eq.) were reacted with [Pd(PPhs)s (1.27 g, 1.10 mmol, 5 mol%)
according to general procedures A, heating to reflux for 48 After column chromatography
(5102, CHex/EtOAc 50:1, 1r = 0.19) the product was obtained as a colourless oil (2.80 g,
11.9 mmol, 47%).

Habitus Colourless oil (2.80 g, 11.9 mmol, 47%).

IHNMR (300 MHz, CDCls) & [ppm]: 8.21 - 8.15 (m, 1H), 8.05-7.97 (m, 1H), 7.75 - 7.68 (m,
2H), 7.55 - 7.40 (m, 4H).

GC-MS 235 [M]*.
The compounds analytical data matches previously reported data.l'+’!
Synthesis of 1-bromo-3-(8-quinolinyl)-benzene

[Pd(PPH3)4]
B(OH), Q Na,CO,
* g Br TolEtOHH,0 B’

N reflux, 18 h
N

8-Quinolinylboronic acid (5.00g, 289mmol, 1.00eq) and 1,3-dibromobezene
(6.82 g, 289 mmol, 1.00 eq.) were reacted with [Pd(PPhs)s (1.67 g, 1.45mmol, 5 mol%)
following general procedure A for 18 h. After column chromatography (S5iO., CHex/EtOAc
10:1, 1r= 0.31) the product was obtained as a colourless oil (4.98 g, 17.5 mmol, 61%).

Habitus Colourless oil (4.98 g, 17.5 mmol, 61%).

IHNMR (300 MHz, CD:CL)  [ppm]: 8.90 (dd, ] =4.1, 1.8 Hz, 1H), 8.23 (dd, ] =8.3, 1.8 Hz,
1H), 7.87 (dd, ] = 8.2, 1.5 Hz, 1H), 7.84 (t, ] = 1.8 Hz, 1H), 7.71 (dd, ] = 7.2, 1.5 Hz,
1H), 7.64 - 7.58 (m, 2H), 7.54 (ddd, ] =8.0, 2.1, 1.1 Hz, 1H), 7.44 (dd, ] = 8.3, 4.1 Hz,
1H), 7.36 (t, ] = 7.8 Hz, 1H).
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Synthesis of 2-bromo-6-(8-quinolinyl)-pyridine

[Pd(PPh3),]
B(OH)Z Jl\/j\ Na2CO3
+ 7
N Br N Br Tol/EtOH/H 0
| reflux, 18 h

AN

8-Quinolinylboronic acid (4.00g, 23.1mmol, 1.00 eq.) and 26-dibromopyridine
(5.47 g, 23.1 mmol, 1.00 eq.) were reacted with [Pd(PPhs)s] (534 mg, 0.46 mmol, 2 mol%)
following general procedure A for 18 h. After column chromatography (S5iO., CHex/EtOAc
10:1, rr= 0.25) the product was obtained as a colourless oil (3.45 g, 12.1 mmol, 52%).

Habitus Colourless oil (3.45 g, 12.1 mmol, 52%).

IHNMR (300 MHz, CDCls) d [ppml]: 8.95 (dd, ] = 4.1, 1.8 Hz, 1H), 8.25 - 8.18 (m, 3H), 7.90
(dd, J=8.1, 1.5 Hz, 1H), 7.67 (t, ] = 7.7 Hz, 2H), 7.49 (dd, ] = 7.9, 0.9 Hz, 1H), 7.44
(dd, J=8.3, 4.2 Hz, 1H).

The compounds analytical data matches previously reported data.!!4s]
Synthesis of 6-(8-quinolinyl)-pyridine-2-boronic acid pinacol ester
[Pd(dppf)Cl7]

BzPinz
KOAc . Bpin

1,4-dioxane
reflux, 18 h

Under inert conditions, 2-bromo-6-(8-quinolinyl)-pyridine (1.48 g, 5.19 mmol, 1.00 eq.) were
mixed with B2Pin2 (2.53 g, 9.97 mmol, 1.92 eq.), KOAc (2.44 g, 24.9 mmol, 4.79 eq.) and
[Pd(dppf)Cl2] (0.13 g, 0.18 mmol, 3.6 mol%) in 25 mL of degassed 1,4-dioxane. The mixture
was heated to reflux for 18 h and cooled back down to room temperature. The solvent was
evaporated off, the crude mixture picked up in CH2Clz and filtered over a silica plug with
MeOH as eluent. After solvent evaporation, the product was obtained as dark brown oil
(646 mg, 1.95 mmol, 39%).

Habitus Dark brown oil (646 mg, 1.95 mmol, 39%).

IHNMR (300 MHz, CDCls) d [ppm]: 8.94 (dd, ] = 4.2, 1.8 Hz, 1H), 8.19 (dd, ] =8.3, 1.8 Hz,
1H), 8.07 (s,1H), 7.92 - 7.79 (m, 2H), 7.75 (dd, ] = 7.2, 1.5 Hz, 1H), 7.58 (dd, ] = 8.1,
7.1 Hz, 1H), 7.50 (t, ] = 7.50 Hz, 1H), 7.40 (dd, ] = 8.3, 4.2 Hz, 1H), 1.37 (s, 12H).
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Synthesis of 2-(N-carbazolyl)-6-bromopyridine

- g, .
o | HN K2CO3 N | \ O

Br N F + DMSO Br N

O 70°C, 18 h O

2-Bromo-6-fluoro-pyridine (2.00 g, 11.4 mmol, 1.00 eq.), carbazole (3.81 g, 22.8 mmol, 2.00 eq.)
and KoCOs(3.15 g, 22.8 mmol, 2.00 eq.) were dissolved in 40 mL of DMSO. The mixture was
heated to 70 °C for 18 h and cooled to r.t. before the crude product was precipitated out of
solution by addition of water. The mixture was extracted with CH:Cl> and the solvent
evaporated to give a yellow-orange oil. The crude product was picked up in a mixture of
CHex/EtOAc 10:1 and filtered off over a silica plug to yield a yellow filtrate. Evaporation of
the solvent gave a yellow powder (2.94 g, 9.09 mmol, 80%).

Habitus Yellow powder (2.94 g, 9.09 mmol, 80%).

IHNMR (300 MHz, CDCl3) & [ppm]: 8.26 (d, ] = 7.7 Hz, 2H), 8.05 (t, ] = 7.8 Hz, 1H), 7.86
(dd, ] = 8.1, 49 Hz, 3H), 7.72 (d, ] = 7.8 Hz, 1H), 7.50 (ddd, ] = 8.3, 7.1, 1.3 Hz,
2H), 7.40 - 7.35 (m, 2H).

The compounds analytical data matches previously reported data.!*’!
Synthesis of 2-bromo-9-(pyridine-2-yl)-carbazole

X
_N

= N K,CO3 N
s Br DMSO Br
N©F 140 °C, 18 h
2-Fluoropyridine (1.58 g, 1.40 mL, 16.3 mmol, 2.00 eq.), 2-bromocarbazole (2.00 g, 8.13 mmol,
1.00 eq.) and K2CO:s (3.37 g, 24.4 mmol, 3.00 eq.) were added to 20 mL of DMSO and heated to
140 °C for 18 h. After cooling to r.t. a colourless precipitate formed upon addition of water to

the reaction mixture. The precipitate was filtered off and recrystalized twice from hot

cyclohexane to yield a colourless powder (2.57 g, 7.95 mmol, 98%).
Habitus Colourless powder (2.57 g, 7.95 mmol, 98%).

IHNMR (300 MHz, CDCls) d [ppm]: 8.76 (dd, ] = 4.9, 2.0 Hz, 1H), 8.11 (d, ] = 7.8 Hz, 1H),
8.04 (d, ] = 1.7 Hz, 1H), 7.97 (td, ] = 7.8, 1.8 Hz, 2H), 7.80 (d, ] = 8.2 Hz, 1H), 7.64
(d, ] = 8.0 Hz, 1H), 7.47 (ddd, ] = 8.1, 7.7, 1.5 Hz, 2H), 7.41 — 7.31 (m, 2H).

The compounds analytical data matches previously reported data.!'>!
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Synthesis of 2,7-dibromo-9-(2-pyrimidyl)-carbazole

M

N\fN
K2CO3 N

e “Br RS @B

2,7-Dibromocarbazole (2.00 g, 6.15 mmol, 1.00 eq.) and 2-bromopyrimidine (1.47 g, 9.23 mmol,
1.50 eq.) were mixed with copper powder (196 mg, 3.08 mmol, 0.50 eq.) and K2COs (1.70 g,
12.3 mmol, 2.00 eq.) in DMF. The mixture was heated to 130 °C for 20 h and cooled to r.t.,
leading to a colourless precipitate. After addition of water, the reaction mixture was extracted
with CH:Cl:/EtOAc and the solvent evaporated. The obtained light brown solid was
recrystalized from hot cyclohexane to yield the desired product as colourless powder (2.13 g,
5.28 mmol, 86%).

Habitus Colourless powder (2.13 g, 5.28 mmol, 86%).

'H NMR (300 MHz, CDCls) d [ppm]: 9.06 (d, ] =4.9 Hz, 2H), 9.04 (d, ] = 1.8 Hz, 2H), 8.24
(d, J=8.2Hz, 2H), 7.60 (dd, ] =8.2, 1.8 Hz, 2H), 7.49 (t, ] = 4.8 Hz, 1H).

The compounds analytical data matches previously reported data.!!!

6.2.2 Synthesis of Protoligands
Synthesis of pyridine-phenyl-quinoline (PyHPhQ)

(HO).B [Pd(PPh3),]

N82CO3 _

7 Br + N Tol/EtOH/H ,0
N | 7 reflux, 72 h

1-(2-Pyridinyl)-3-bromobenzene (1.00 g, 4.27 mmol, 1.00 eq.) and quinoline-8-boronic acid
(739 mg, 4.27 mmol, 1.00 eq.) were reacted with [Pd(PPhs)s] (243 mg, 0.21 mmol, 5 mol%)
following general procedure A for 72 h. The obtained crude oil was purified by column
chromatography (SiO2, CHex/EtOAc 2:1, ry= 0.26). The product was obtained as light-yellow
oil (1.14 g, 4.04 mmol, 95%).

Habitus Light-yellow oil (1.14 g, 4.04 mmol, 95%).

H NMR (CDCls, 500 MHz) o [ppm]: 8.93 (d, ] = 4.8 Hz, 1H,
H1), 8.68 (d, | = 4.8 Hz, 1H, H13), 8.31 (s, 1H, H16),
8.14 (d, ] = 8.3 Hz, 1H, H3), 8.05 (d, ] = 7.8 Hz, 1H,
H9), 7.81 - 7.73 (m, 4H, H4, H6, H7, H10), 7.67 (t, | =
7.5 Hz, 1H, H11),7.58 (dt, | =15.1 Hz, 7.7 Hz, 2H, H5,
HS8), 7.35 (dd, ] = 8.3 Hz, 4.2 Hz, 1H, H2), 7.16 (dd, | 2
=7.5Hz, 4.8 Hz, 1H, H12).
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3C NMR (CDCls, 126 MHz) d [ppm]: 157.6 (Cq, C14), 150.3 (CH, C1), 149.6 (CH, C13),
146.1 (Cq, C19), 140.7 (Cq, C18), 140.1 (Cq, C15), 139.2 (Cq, C17), 136.7 (CH,
C10), 136.3 (CH, C3), 131.4 (CH, C7), 130.4 (CH, C6), 129.2 (CH, C16), 128.7 (Cq,
C20), 128.4 (CH, C11), 127.7 (CH, C4), 126.3 (CH, C5) 126.0 (CH, C9), 122.0 (CH,
C12), 121.0 (CH, C2), 120.7 (CH, C8).

HR-EI-MS (70 eV): 282.11 [M]-.

Synthesis of quinoline-phenyl-quinoline (QHPhQ)

(HO).B [Pd(PPhj),]
N32003
Tol/EtOH/H ,0

reflux, 21 h

Quinoline-8-boronic acid (1.50 g, 8.67 mmol, 2.00eq.) and 1,3-dibromobenzene (1.02 g,
4.34 mmol, 1.00 eq.) were reacted with [Pd(PPhs)s] (69.7 mg, 0.06 mmol, 1.40 mol%) for 20 h
following general procedure A. The obtained crude oil was purified by column
chromatography (5102, CHex/EtOAc 2:1, rr= 0.21). The product was obtained as light-yellow
solid (1.21 g, 3.64 mmol, 84%).

Habitus Light-yellow solid (1.21 g, 3.64 mmol, 84%).

H NMR (CD2Cl:, 500 MHz) & [ppm]: 8.91 (dd, ] =4.1, 1.8 Hz, 2H,
H1, HY’), 8.22 (dd, | =8.3, 1.7 Hz, 2H, H3, H3"), 7.92 (t, |
=1.5Hz, 1H, H13), 7.84 (ddd, ] =10.6, 7.7,1.3 Hz, 4H, H5,
H5', H7, H7"), 7.72 (dd, | = 7.7, 1.7 Hz, 2H, H11, H1T"),
7.64 - 7.60 (m, 2H, H6, H6"), 7.58 (t, ] =7.6 Hz, 1H, H12),
7.42 (dd, ] =8.3,4.1 Hz, 2H, H2, H2).

3C NMR (CD:Clz, 126 MHz) d [ppm]: 150.7 (CH, C1, C1"), 146.8 (Cq, C9, C9’), 141.5 (Cq,
C8, C8'), 139.9 (Cq, C10, C10), 136.7 (CH, C3, C3"), 133.4 (CH, C13), 130.7 (CH,
G5, C5), 130.3 (CH, C11, C11"), 129.3 (Cq, C4, C4’), 128.1 (CH, C7, C7’), 127.6
(CH, C12), 126.8 (CH, C6, C6¢’), 121.6 (CH, C2, C2').

GC-MS 332 [M]".

Synthesis of quinoline-chlorophenyl-quinoline (QCIPhQ)

(HO):B [Pd(PPh3)4]
Nach3 _
Br Br + NI Tol/EtOH/H ,0

Cl = reflux, 21 h

Quinoline-8-boronic acid (1.36 g, 7.84 mmol, 2.20eq.) and 1,3-dibromo-2-chlorobenzene
(962 mg, 3.56 mmol, 1.00 eq.) were reacted with [Pd(PPhs)4] (452 mg, 0.39 mmol, 11 mol%) for
21 h following general procedure A. The obtained crude oil was purified by filtering over a
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silica plug using MeOH as eluent followed by recrystallization from hot CHex. The product
was obtained as light-yellow solid (302 mg, 0.82 mmol, 23%).

Habitus Light-yellow solid (302 mg, 0.82 mmol, 23%).

H NMR (CDClIs, 500 MHz) d [ppm]: 8.95 (s, 2H, H1, H1"), 8.20
(d, J=7.1Hz, 2H, H3, H3’), 7.90 - 7.83 (m, 4H, H5, H5’
H7, H7"), 7.72 (d, ] = 6.7 Hz, 1H, H12), 7.64 - 7.60 (m,
2H, He, H6'), 7.52 - 7.47 (m, 2H, H11, H11"), 7.40 (dd, |
=7.9 Hz, 4.0 Hz, 2H, H2, H2").

BCNMR  (CDCls, 126 MHz) d [ppm]: 150.4 (CH, C1, C1’), 146.5 (Cq, C9, C9’), 139.4 (Cq,
C8, C8'), 139.3 (Cq, C13), 139.2 (Cq, C10, C10’), 136.2 (CH, C3, C¥), 131.5 (CH,
C11, C11%), 131.3 (CH, C7, C7’), 130.5 (CH, C12), 128.4 (Cq, C4, C4'), 128.0 (Cq,
C5, C5'), 126.0 (CH, C6, C6'), 121.0 (CH, C2, C2)).

HR-ESI-MS (70 eV): 367.10 [M+H]+, 389.08 [M+Na]".

Synthesis of phenyl-pyridine-quinoline (HPhPyQ)

(HO), [Pd(PPh3)4]
N32003 g
Tol/EtOH/H ,0
reflux, 72 h

2-Phenyl-6-bromopyridine (2.20 g, 9.40 mmol, 1.00 eq.) and quinolinyl-8-boronic acid (1.63 g,
9.40 mmol, 1.00 eq.) were reacted with [Pd(PPhs)s] (543 mg, 0.47 mmol, 5 mol%) for 72 h
following general procedure A. The obtained brown crude oil was purified by column
chromatography (SiO2, CHex/EtOAc 20:1). The product was obtained as a yellow solid (1.81 g,
6.41 mmol, 68%).

Habitus Yellow solid (1.81 g, 6.41 mmol, 68%).

IHNMR  (CDCls, 300 MHz) d [ppm] : 8.98 (dd, ] = 4.1, 1.8 Hz,
1H, H1), 8.34 (dd, ] = 7.2, 1.4 Hz, 1H, H6), 8.22 (dd, ] =
8.3, 1.7 Hz, 1H, H3), 8.12 (d, ] = 7.4 Hz, 3H, H9, H10,
H10'), 7.88 (t, | = 7.9 Hz, 1H, H8), 7.75 (d, ] = 7.4 Hz,
1H, H7), 7.72 - 7.67 (m, 2H, H4, H5), 7.48 (t, ] = 7.5 Hz,
2H, H11, H11’), 7.44 - 7.38 (m, 2H, H2, H12).

BCNMR  (CDCls 75 MHz) d [ppm]: 157.2 (Cq, C14), 156.6 (Cq, C15), 150.3 (CH, C1), 146.0
(Cq, C17), 139.9 (Cq, C13), 139.1 (Cq, C16), 136.5 (CH, C3), 136.2 (CH, C8), 131.6
(CH, C6), 128.8 (CH, C4), 128.73 (CH, C12), 128.7 (Cq, C18), 128.6 (CH, C11,
C11’), 127.1 (CH, C10, C10’), 126.6 (CH, C5), 125.6 (CH, C9), 121.0 (CH, C2),
119.0 (CH, C7).

HR-EI-MS (70 eV): 282.11 [M]-.
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Synthesis of pyridine-pyridine-carbazole (PyPyHCarb)

N=\
| AN H |§/N—CH3 | X
| NN e O Cul, KoCO3 | NONTN O
_N toluene _N O

reflux, 96 h

Under inert conditions, 6-bromo-2,2’-bipyridine (1.00 g, 4.25 mmol, 1.00 eq.), carbazole (1.10 g,
6.58 mmol, 1.55 eq.) and Cul (0.08 g, 0.42 mmol, 10 mol%) were added to a flask. N-
methylimidazole (0.20 g, 2.43 mmol, 0.57 eq.) and 20 mL of dry toluene were added and the
mixture heated to reflux for 96 h. After cooling, the crude mixture was filtered over a celite
plug and purified by column chromatography (SiOz, CHex/EtOAc, rr= 0.24). The product was
obtained as a yellow solid (0.41 g, 1.28 mmol, 30%).

Habitus Yellow solid (0.41 g, 1.28 mmol, 30%).

'H NMR (CD2Cl, 500 MHz) d [ppm]: 8.72 (dd, ] =4.9, 0.9 Hz,
1H, H1), 8.48 (dd, ] = 7.9, 1.0 Hz, 2H, H4, H5), 8.16
(d, ] = 7.8 Hz, 2H, H8, H8'), 8.09 (t, ] = 7.8 Hz, 1H,
H6), 7.94 (d, ] = 8.3 Hz, 2H, H11, H11), 7.85 (td, ] =
7.7, 1.8 Hz, 1H, H3), 7.68 (dd, ] = 7.9, 0.9 Hz, 1H,
HY7), 7.47 (ddd, ] = 8.4, 7.2, 1.3 Hz, 2H, H10, H10"),
7.39-7.29 (m, 3H, H2, H9, HY').*C NMR  (CD:CL, 126 MHz) d [ppm]: 156.7
(Cq, C14), 156.0 (Cq, C16), 151.6 (Cq, C15), 149.9 (CH, C1), 140.1 (CH, C6), 137.6
(CH, C3), 126.8 (CH, C10, C10"), 124.8 (Cq, C12, C12’, C13, C13'), 124.7 (CH, C2),
121.6 (CH, C4), 121.5 (CH, C9, C9), 120.7 (CH, C8, C8), 119.4 (CH, C7), 118.8
(CH, C5), 111.9 (CH, C11, C11').

Synthesis of quinoline-pyridine-carbazole (QPyHCarb)

X
BOH):, || O [Pd(PPhs)]
Br” "N~ N NaxCOs

N+ Tol/EtOH/H,,0
N ! O reflux, 48 h

2-(N-carbazolyl)-6-bromopyridine (1.00 g, 3.09 mmol, 1.00 eq.) and quinoline-8-boronic acid
(1.07 g, 6.18 mmol, 2.00 eq.) were reacted with [Pd(PPhs)s (173 mg, 0.15 mmol, 5 mol%)
following general procedure A for 48 h. After column chromatography (SiOz, CHex/EtOAc4:1,
rr=0.65) a yellow solid was obtained (1.14 g, 3.06 mmol, 99%).
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Habitus Yellow solid (1.14 g, 3.06 mmol, 99%).

IHNMR  (CD:Cl, 500 MHz) & [ppm]: 9.02 (dd, ] = 4.1, 1.8 Hz,
1H, H1), 8.36 - 8.25 (m, 2H, H3, H6), 822 (d, | =
7.8 Hz, 1H, H7), 8.14 (d, ] = 7.8 Hz, 2H, H10, H10'),
8.07 (t, ] = 7.9 Hz, 1H, H8), 8.00 (d, ] = 8.2Hz, 2H,
H13, H13'), 7.95 (dd, ] = 8.2, 1.3 Hz, 1H, H4), 7.72 -
7.68 (m, 1H, H5), 7.66 (d, ] = 7.9 Hz, 1H, H9), 7.50
(dd, J=8.2, 4.1 Hz, 1H, H2), 7.48 - 7.43 (m, 2H, H12, H12'), 7.32 (t, ] = 7.1 Hz, 2H,
H11, H11').

BCNMR  (CD:Cl, 126 MHz) d [ppm]: 157.8 (Cq, C16), 151.7 (Cq, C17), 150.9 (CH, C1),
146.5 (Cq, C19), 140.3 (Cq, C14, C14'), 138.6 (Cq, C18), 138.6 (CH, C8), 137.0 (CH,
C3), 131.7 (CH, C6), 129.7 (CH, C4), 129.3 (Cq, C20), 127.0 (CH, C5), 126.7 (CH,
C12, C12'),125.2 (CH, C7), 124.6 (Cq, C15, C15), 121.8 (CH, C2), 121.3 (CH, C11,
C11’), 120.6 (CH, C10, C10'), 117.9 (CH, C9), 112.0 (CH, C13, C13").

HR-ESI-MS (70 eV): 372.15 [M+H]*, 394.13 [M+Na]".

Synthesis of pyridine-carbazole-quinoline (PyHCarbQ)

N N32C03 N
Tol/EtOH/H,0 sy N\
reflux, 18 h |
2-Bromo-9-(pyridine-2-yl)-carbazole (2.00 g, 6.19 mmol, 1.00 eq.) and quinoline-8-boronic acid

(1.07 g, 6.18 mmol, 1.00 eq.) were reacted with [Pd(PPhs):] (358 mg, 0.31 mmol, 5 mol%)
following general procedure A for 17 h. After column chromatography (S5iO2, CHex/EtOAc,

| X
B(OH), NF [PA(PPh3)q] O O
N * Br
S |

gradient 10:1 to 4:1), the product was obtained as a colourless solid (2.12 g, 5.70 mmol, 92%).
Habitus Colourless solid (2.12 g, 5.70 mmol, 92%).

IHNMR  (CD:Cl, 500 MHz) d [ppm]: 8.89 (dd, ] = 4.1,
1.9 Hz, 1H, H17), 8.66 (dd, ] = 4.8, 1.2 Hz, 1H,
H1), 8.23 - 8.16 (m, 3H, H8, H9, H15), 8.11 (d,

] = 0.8 Hz, 1H, H11), 7.90 (d, ] = 8.4 Hz, 1H, 28
H3), 7.89 - 7.83 (m, 2H, H12, H14), 7.80 (dd, | sl My 17 e
=72, 14 Hz, 1H, H6), 7.70 (d, ] = 8.1 Hz, 1H, 2

H5), 7.61 - 7.58 (m, 2H, H7, H13), 7.49 - 7.43 (m, 1H, H4), 7.41 (dd, ] = 8.3, 4.1 Hz,
1H, H16), 7.34 (t, ] = 7.1 Hz, 1H, H10), 7.25 (ddd, ] = 7.4, 4.9, 0.9 Hz, 1H, H2).

BCNMR  (CD:Cl, 126 MHz) d [ppm]: 152.3 (Cq, C26), 150.7 (CH, C17), 150.1 (CH, C1),
146.9 (Cq, C18), 142.0 (Cq, C20), 140.7 (Cq, C21), 140.0 (Cq, C25), 139.0 (CH,

C12), 138.6 (Cq, C22), 136.7 (CH, C15), 131.0 (CH, C6), 129.3 (Cq, C19), 128.1
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(CH, C14), 126.8 (CH, C13), 126.7 (CH, C4), 124.7 (Cq, C24), 124.6 (CH, C7), 123.8
(Cq, C23), 121.8 (CH, C2), 121.6 (CH, C16), 121.5 (CH, C10), 120.7 (CH, C9), 119.7
(CH, C8), 119.6 (CH, C5), 114.0 (CH, C11), 112.0 (CH, C3).

HR-ESI-MS (70 eV): 372.14 [M+H]+, 394.13 [M+Na]".

Synthesis of 2,7-di(quinolin-8-yl)-9-(pyrimidin-2-yl)-carbazole (BisQHCarbPym)

NN

B(OH), "y [PA(PPh3)q]
N

* Br Br TO/EtOH/H,0
reflux, 21 h

D

N
N82003

2,7-Dibromo-9-(2-pyrimidyl)-carbazole (1.00 g, 2.48 mmol, 1.00 eq.) and 8-quinolinyl boronic
acid (1.07 g, 6.18 mmol, 2.50 eq.) were reacted with [Pd(PPhs)4] (57.3 mg, 49.6 umol, 2 mol%)
following general procedure A for 21 h. After column chromatography (5iOz, CHex/EtOAc 2:1,

1r=0.13) the product was obtained as a light-yellow solid (300 mg, 0.60 mmol, 24%).

Habitus

'H NMR

13C NMR

GC-MS

light-yellow solid (300 mg, 0.60 mmol, 24%).

(500 MHz, CD:Cl2) d [ppm]: 9.15 (s, 2H, H9,
H9"), 8.93 (dd, | = 4.0, 1.7 Hz, 2H, H1, HY"),
8.75 (d, ] =4.7 Hz, 2H, H10, H10"), 8.28 (dd, |
=8.2,1.7 Hz, 2H, H3, H3'),8.23 (d, ] =7.9 Hz,
2H, H8, H8'),7.91 (dd, J=7.6,1.7 Hz, 4H, H4,
H4’, H6, H6'), 7.72 (dd, ] = 7.9, 1.4 Hz, 2H,
H7, H7), 7.68 (t, ] = 7.6 Hz, 2H, H5, H5’), 7.46 (dd, | = 8.3, 4.0 Hz, 2H, H2, H2'),
7.07 (t, ] =4.7 Hz, 1H, H11).

(126 MHz, CD:Cl) d [ppm]: 159.8 (Cq, C12), 158.5 (CH, C10, C10"), 150.7 (CH,
C1, C1’), 147.0 (Cq, C17, C17’), 142.4 (Cq, C16, C16'), 140.1 (Cq, C13, C13') 139.1
(Cq, C15, C15'), 136.7 (CH, C3, C3'), 131.2 (CH, C6, C6’), 129.3 (CH, C18, C18),
128.1 (Cq, C4, C4), 126.8 (CH, C5, C5), 126.1 (CH, C7, C7'), 125.2 (Cq, C14,
C14), 121.6 (CH, C2, C2’), 119.1 (CH, C8, C8), 118.9 (CH, C9, C9), 116.7 (CH,
C11).

(70 eV): 499 [M]".

Synthesis of quinoline-pyridine-4-(N,N-diphenyl)-amino-phenyl (QPyHPh(N(Ph)))
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[PA(PPh3)4]
N32003 =
Tol/EtOH/H ,0
Ph)z reflux, 17 h

6-(8-Quinolinyl)-pyridine-2-boronic acid pinacol ester (646 mg, 1.94 mmol, 1.00 eq.) and 1-
bromo-4-(N,N-diphenyl)-amino-benzene (631 mg, 1.94 mmol, 1.00 eq.) were reacted with
[Pd(PPhs)4] (45.0 mg, 38.9 umol, 2 mol%) following general procedure A for 17 h. After column
chromatography (SiO2, CHex/EtOAc 4:1, 1 = 0.18), the product was obtained as a colourless
solid (550 mg, 1.20 mmol, 63%).

Habitus Colourless solid (550 mg, 1.20 mmol, 63%).

IHNMR  (CD:Cl, 500 MHz) d [ppm]: 8.90 (dd, ] = 4.1,
1.9 Hz, 1H, H1), 8.21 (dd, ] =8.3, 1.9 Hz, 1H, H3),
7.87 (t, ] = 1.7 Hz, 1H, H7), 7.85 (dd, ] = 8.2, 1.4
Hz, 1H, H4), 7.77 (dd, ] = 7.1, 1.4 Hz, 1H, Hé),
7.63 - 7.58 (m, 3H, H5, H9, H12), 7.58 - 7.53 (m,
2H, H10, H10'), 7.51 (t, ] = 7.6 Hz, 1H, H8), 7.41
(dd, J=8.3,4.1 Hz, 1H, H2), 7.25 (dd, ] =8.4, 7.4 Hz, 4H, H13, H1%, H13”, H13"),
7.11 (m, 6H, H11, H11’, H12, H12/, H12”, H12""), 7.02 (t, ] = 7.3 Hz, 2H, H14,
H14’).5C NMR (CD2CL, 126 MHz) d [ppm]: d 150.9 (CH, C1), 148.3 (Cq,
C15, C15'), 147.8 (Cq, C16), 146.7 (Cq, C21), 141.4 (Cq, C20), 140.9 (Cq, C19),
140.7 (Cq, C18), 136.7 (CH, C3), 135.7 (Cq, C17), 130.7 (CH, C6), 129.9 (CH, C5),
129.8 (CH,, C13, C13’, C13”, C13"""), 129.7 (CH, C7) , 129.3 (Cq, C22), 128.8 (CH,
C8), 128.4 (CH, C4), 128.3 (CH, C10, C10"), 126.0 (CH, C9), 125.0 (CH, C12, C12/,
C12”, C12""), 124.4 (CH, C11, C11’), 123.5 (CH, C14, C14’), 121.7 (CH, C2).

HR-ESI-MS (70 eV): 449.20 [M]".

Synthesis of dimethylfluoren-pyridine-quinoline (HFluorPyQ)

[Pd(PPh3)4]
Nach3

Tol/EtOH/H ,0
reflux, 17 h

9,9-Dimethyl-fluorene-1-boronic acid pinacol ester (0.79 g, 2.46 mmol, 1.00 eq.) and 2-bromo-
6-(8-quinolinyl)-pyridine (0.70 g, 2.46 mmol, 1.00 eq.) were reacted following general
procedure A with [Pd(PPhs)4] (49.0 mg, 42.4 umol, 2 mol%). After column chromatography
(5102, CHex/EtOAc 10:1, 1r = 0.20) the product was obtained as colourless powder (972 mg,
2.44 mmol, 99%).

Habitus Colourless powder (972 mg, 2.44 mmol, 99%).
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(500 MHz, CD=Cl2) ® [ppm]: 8.96 (dd, ] = 4.0,
1.8 Hz, 1H, H1), 8.32 (dd, ] =7.2, 1.5 Hz, 1H,
H6), 8.29 (dd, ] = 8.2, 1.7 Hz, 1H, H3), 8.23 -
8.19 (m, 1H, H16), 8.13 (dd, ] = 7.9, 1.5 Hz,
1H, H10), 8.09 (dd, ] = 7.6, 1.0 Hz, 1H, H11),
7.96 (dd, ] = 8.1, 1.4 Hz, 1H, H4), 7.90 (t, ] = 2

7.7 Hz, 1H, HS), 7.86 - 7.83 (m, 2H, H7, H9), 7.79 (dd, ] = 6.1, 1.8 Hz, 1H, H12),
7.76 - 7.71 (m, 1H, H5), 7.49 - 7.45 (m, 2H, H2, H15), 7.40 - 7.31 (m, 2H, H13,
H14), 1.55 (s, 6H, H17, H17').

(126 MHz, CD:Cl2) d [ppm]: 157.6 (Cq, C24), 157.3 (Cq, C25), 154.9 (Cq, C19),
154.7 (Cq, C20), 150.8 (CH, C1), 146.6 (Cq, C27), 140.4 (Cq, C22), 139.7 (Cq, C26),
139.5 (Cq, C23), 139.3 (Cq, C21), 136.9 (CH, C3), 136.4 (CH, C8), 131.8 (CH, C6),
129.3 (CH, C4), 129.2 (Cq, C28), 128.0 (CH, C13), 127.6 (CH, C14), 127.0 (CH,
C5), 126.7 (CH, C10), 126.1 (CH, C11), 123.2 (CH, C15), 121.8 (CH, C16), 121.7
(CH, C2), 120.8 (CH, C12), 120.6 (CH, C7), 119.3 (CH, C9), 47.5 (Cq, C18), 27.5
(CH, C17, C17)).

(70 eV): 398.2 [M]-.

Synthesis of spirobifluorene-pyridine-quinoline (HSpiroPyQ)

[Pd(PPh3),]
N82003

TOl/EtOH/H,,0
reflux, 17 h

9,9’-Spirobifluorene-2-boronic acid pinacol ester (500 mg, 1.13 mmol, 1.00 eq.) and 2-bromo-6-

(8-quinolinyl)-pyridine (332 mg, 1.16 mmol, 1.00 eq.) were reacted with [Pd(PPhs)s] (26.0 mg,

22.5 umol, 2 mol%) according to general procedure A for 17 h. After column chromatography
(5102, CHex/EtOACc 10:1, rr= 0.22) the product was obtained as a colourless powder (590 mg,
1.13 mmol, 99%).

Habitus

'H NMR

Colourless powder (590 mg, 1.13 mmol, 99%).

(500 MHz, CDCls) d [ppm]: 8.95 (dd, ] = 4.1, 1.8
Hz, 1H, H1), 8.63 (d, ] = 1.7 Hz, 1H, H10), 8.32
(dd, ] =7.2, 1.5 Hz, 1H, H6), 8.28 (dd, ] =8.3, 1.8
Hz, 1H, H3), 8.12 (dd, ] = 7.7, 1.1 Hz, 1H, HY),
8.00 (d, ] =7.7 Hz, 1H, H12), 7.95 (dd, ] = 8.1, 1.5
Hz, 1H, H4), 7.90 (dd, ] = 8.2, 6.8 Hz, 3H, H9,
H20, H20"), 7.85 (ddd, ] =9.0, 7.9, 1.4 Hz, 2H, H8, H11), 7.73 (dd, ] = 8.1, 7.2 Hz,
1H, H5), 7.47 (dd, ] = 8.3, 4.1 Hz, 1H, H2), 7.40 (tdd, ] = 7.6, 4.5, 1.1 Hz, 3H, H13,
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H19, H19"), 7.13 (tt, ] = 7.4, 1.6 Hz, 3H, H14, H18, H18’), 6.80 (d, ] = 8.0 Hz, 1H,
H16), 6.74 (d, J=7.6 Hz, 2H, H17, H17"), 6.70 (d, ] =7.6 Hz, 1H, H15).

BCNMR (126 MHz, CDCls) d [ppm]: 157.4 (Cq, C29, C30), 150.8 (CH, C1), 150.0 (Cq, C27),
149.7 (Cq, C26), 149.2 (Cq, C21, C21"), 146.5 (Cq, C32), 143.0 (Cq, C25), 142.4 (Cq,
C22,C22),142.2 (Cq, C24), 140.4 (Cq, C28), 139.6 (Cq, C31), 137.0 (CH, C3), 136.5
(CH, C9), 131.8 (CH, C6), 129.4 (CH, C4), 129.2 (Cq, C33), 128.5 (CH, C13), 128.4
(CH, C19, C19’, C18, C18’, C14), 127.4 (CH, C11), 127.0 (CH, C5), 126.3 (CH, C7),
124.4 (CH, C17, C17’, C16), 124.3 (CH, C15), 121.7 (CH, C2), 121.0 (CH, C12),
120.7 (CH, C20, C20), 119.5 (CH, C8), 119.4 (CH, C10).

GC-MS (70 eV): 520.19 [M].

Synthesis of pyridine-pyridine-naphthalene (PyPyHNaph)
[Pd(PPhg),]

= Br ZnCl,
N | N-BuLi

N Br + Tol/EtOH/H ,0
N reflux, 72 h

Under inert conditions, N-BuLi (2.50 M, 2.72 mL, 6.80 mmol, 1.60 eq.) was dissolved in 50 mL
of THF at — 78 °C. 1-Bromonapthalene (1.32 g, 6.38 mmol, 1.50 eq.) was added dropwise over
30 min and the mixture then stirred for further 2 h at — 78 °C, resulting in a yellow solution. To
this, a suspension of dried ZnClz (1.16 g, 8.53 mmol, 2.00 eq.) in 25 mL of THF was added over

10 min, turning the mixture to light-yellow colour. The mixture was stirred 30 min and left to

heat up to room temperature. A solution of 6-bromo-2,2’-bipyridine (1.00 g, 4.25 mmol,
1.00 eq.) in 25 mL of THF was added alongside the catalyst [Pd(PPhs)s] (246 mg, 0.21 mmol,
5 mol%). The mixture was heated to reflux for 17 h, during which the mixture turned cloudy.
The reaction was quenched by addition of sat. NHsCl-solution and extracted with CH2Cl.. The
obtained crude product was purified via column chromatography (SiO2, CHex/EtOAc, 5:1, rf
= 0.2) to yield the desired product as a yellow powder (320 mg, 1.13 mmol, 27%).

Habitus Yellow powder (320 mg, 1.13 mmol, 27%).

IHNMR  (CDCls, 500 MHz) & [ppm]: 8.71 (d, ] = 4.0 Hz, 1H,
H1), 8.54 - 8.44 (m, 2H, H2, H5), 8.25 (d, ] = 9.1 Hz,
1H, H14), 8.01 - 7.89 (m, 3H, H6, H10, H12), 7.77 (td,
J=77,1.8 Hz, 1H, H3), 7.70 (dd, ] = 7.0, 1.2 Hz, 1H,
H8), 7.60 (dd, | = 7.5, 4.1 Hz, 2H, H7, H9), 7.50 (ddt,
J=9.8, 6.7, 3.4 Hz, 2H, H11, H13), 7.31 (dd, ] = 6.2,
48 Hz, 1H, H4).3C NMR  (CDCl;, 126 MHz) d [ppm]: 158.7 (Cq, C18), 156.4
(Cq, C20), 155.9 (Cq, C19), 149.2 (CH, C1), 138.8 (Cq, C17), 137.5 (CH, C6), 137.1
(CH, C3), 134.2 (Cq, C15), 131.4 (Cq, C16), 129.1 (CH, C10), 128.5 (CH, C12),
127.8 (CH, C8), 126.5 (CH, C11), 126.0 (CH, C13, C14), 125.5 (CH, C9), 125.2 (CH,
C7), 123.9 (CH, C4), 121.6 (CH, C2), 119.3 (CH, C5).

151



6 Experimental Section

Synthesis of pyridine-pyridine-anthracene (PyPyHAnth)

= | O [Pd(PPh3)4]
~ Bpin Na,CO;
| NN Bro O Tol/EtOH/H ,0
=N O reflux, 19 h

6-Bromo-2,2’-bipyridine (1.50 g, 6.38 mmol, 1.00 eq.) and 9-anthracene boronic acid pinacol
ester (1.94 g, 6.38 mmol, 1.00 eq.) were reacted with [Pd(PPhs)s] (368 mg, 319 pmol, 5 mol%)
following general procedure A for 19 h. After column chromatography (SiO2, CHex/EtOAc 5:1,

1r=0.45) the product was obtained as a pale-yellow powder (1.94 g, 5.83 mmol, 91%).
Habitus Pale-yellow powder (1.94 g, 5.83 mmol, 91%).

1H NMR (CD2Cl, 500 MHz) d [ppm]: 8.78 (s, 1H, H1), 8.76 (d,
J=4.1Hz, 1H, H8), 8.59 (d, ] = 7.2 Hz, 1H, H5), 8.26
8.17 (m, 4H, H4, H6, H9, HY'), 7.84 (td, ] = 7.8, 1.7 Hz,
1H, H3), 7.66 (d, ] = 7.5 Hz, 1H, HY), 7.56 (t, ] = 7.9 Hz,
4H, H10, H10, H11, H11’), 7.45 (dd, ] = 8.9, 6.4 Hz,
3H, H2, H12, H12)).

BCNMR  (CD:Cl, 126 MHz) d [ppm]: 156.7 (Cq, C17), 155.6 (Cq, C18), 155.2 (Cq, C16),
149.4 (CH, C1), 138.0 (CH, C4), 137.4 (CH, C3), 135.0 (Cq, C15), 130.9 (Cq, C13,
C13'), 129.4 (Cq, C14, C14'), 128.5 (CH, C9, C¥'), 127.3 (CH, C8), 126.9 (CH, C7),
126.3 (CH, C12, C12'), 125.6 (CH, C11, C11’), 125.4 (CH, C10, C10'), 124.4 (CH,
C2), 120.7 (CH, C6), 119.4 (CH, C5).

GC-MS (70 eV): 332.1 [M]-.
HR-EI-MS (70 eV): 332.12 [M]*, 281.10 [M~C:sHa]*.

Synthesis of phenanthroline-anthracene (PhenHAnth)

[Pd(PPh3),]
Bpln N32CO3
Tol/EtOH/H ,O
reflux, 16 h

2-Bromo-1,10-phenantroline (500 mg, 1.93 mmol, 1.00 eq.) and 9-anthracene boronic acid
pinacol ester (587 mg, 1.93 mmol, 1.00 eq.) were reacted with [Pd(PPhs)s] (116 mg, 100 pmol,
5mol%) following general procedure A for 16 h. After column chromatography (5iO2,

CHex/EtOAc 9:1, rr= 0.20) the product was obtained as a pale-yellow powder (254 mg,
0.71 mmol, 37%).

Habitus Pale-yellow powder (254 mg, 0.71 mmol, 37%).
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IHNMR  (CD:Cl, 500 MHz) d [ppm]: 9.07 (s, 1H, H1), 8.63 (s,
1H, H8), 8.50 (d, ] = 8.1 Hz, 1H, H6), 8.33 (dd, J=8.1,
1.8 Hz, 1H, H3), 8.13 (d, ] = 8.5 Hz, 2H, H12, H12'),
8.00 (d, ] = 8.8 Hz, 1H, H5), 7.94 (d, ] = 8.8 Hz, 1H,
H4), 7.85 (d, ] = 8.1 Hz, 1H, H7), 7.64 (dd, ] = 8.1,
4.2 Hz, 1H, H2), 7.56 (d, ] = 8.8 Hz, 2H, H9, HY'), 7.51
-7.46 (m, 2H, H11, H11’), 7.36 - 7.32 (m, 2H, H10, H10').

BCNMR  (CD:Cl, 126 MHz) d [ppm]: 159.0 (Cq, C16), 150.9 (CH, C1), 147.1 (Cq, C20),
147.0 (Cq, C17), 136.8 (CH, C6), 136.5 (CH, C3), 136.3 (Cq, C15), 132.0 (Cq, C13,
C13'), 130.8 (Cq, C14, C14'), 129.6 (Cq, C19), 129.0 (CH, C12, C12’), 1282 (Cq,
C18), 128.1 (CH, C8), 127.5 (CH, C4), 127.0 (CH, C5), 126.8 (CH, C7), 126.6 (CH,
C9, C9'), 126.4 (CH, C10, C10'), 125.7 (CH, C11, C11"), 123.6 (CH, C2).

Synthesis of quinoline-pyridine-anthracene (QPyHAnth)

O [Pd(PPhs),]
N32C03
O Tol/EtOH/H ,0

reflux, 19 h

2-Bromo-6-(8-quinolinyl)-pyridine (1.00 g, 3.51 mmol, 1.00 eq.) and anthracene-9-boronic acid
(779 mg, 3.51 mmol, 1.00 eq.) were reacted with [Pd(PPhs)s] (208 mg, 180 pumol, 5 mol%)
following general procedure A for 19 h. After column chromatography (SiOz, CHex/EtOAc1:1,
1r=0.26) the product was obtained as a pale-yellow powder (1.02 g, 2.66 mmol, 76%).

Habitus Pale-yellow powder (1.02 g, 2.66 mmol, 76%).

IHNMR  (CD:Cl, 400 MHz) d [ppm]: 9.02 (dd, ] =4.1, 1.9 Hg,
1H, H1), 8.57 (s, 1H, H10), 8.41 (dd, ] = 8.0, 0.9 Hz,
1H, H7), 8.29 - 8.18 (m, 2H, H3, H6), 8.08 (d, ] =
8.5 Hz, 2H, H14, H14'), 8.04 (t, | = 7.8 Hz, 1H, HS),
7.88 (dd, ] = 8.1, 1.4 Hz, 1H, H4), 7.79 (d, ] = 8.0 Hz,
2H, H11, H11"), 7.62 - 7.57 (m, 1H, H5), 7.52 (dd, | =
7.6,0.9 Hz, 1H, H9), 7.50 - 7.46 (m, 3H, H2, H13, H13), 7.42 - 7.37 (m, 2H, H12,
H12).

BCNMR  (CD:Cl, 101 MHz) d [ppm]: 158.1 (Cq, C18), 157.6 (Cq, C19), 150.8 (CH, C1),
146.5 (Cq, C21), 139.1 (Cq, C20), 137.0 (CH, C3), 136.4 (Cq, C17), 136.0 (CH, C8),
132.0 (CH, C6), 132.0 (Cq, C16, C16'), 130.7 (Cq, C15, C15’), 129.4 (CH, C4), 129.3
(Cq, C22), 128.9 (CH, C14, C14’), 127.8 (CH, C10), 127.0 (CH, C5), 126.9 (CH,
C11, C11), 126.4 (CH, C7), 126.3 (CH, C12, C12’), 125.7 (CH, C13, C13'), 125.7
(CH, C9), 121.7 (CH, C2).
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HR-ESI-MS (70 eV): 405.14 [M+Nal", 383.15 [M+H]".

Synthesis of dibenzothiophene-phenyl-dibenzothiophene (DBTHPhDBT)

(HO).B [Pd(PPh3)4] O
O N32003 _
Br Br +

s Tol/EtOH/H ,0

O reflux, 21 h S S

Dibenzothiophen-4-boronic acid (2.00 g, 8.77 mmol, 2.00 eq.) and 1,3-dibromobenzene (1.03 g,
4.38 mmol, 1.00 eq.) were reacted with [Pd(PPhs)s] (104 mg, 90 pumol, 2 mol%) according to
general procedures A for 21 h. After column chromatography (CHex/EtOAc 50:1, rr= 0.34) the

product was obtained as a colourless solid (0.69 g, 1.56 mmol, 36%).
Habitus Colourless solid (0.69 g, 1.56 mmol, 36%).

H NMR (CD:Clz, 500 MHz) d [ppm]: 8.25 - 8.18 (m, 4H, H1, HY’,
He6, H6'), 8.13 (t, ] = 1.8 Hz, 1H, H10), 7.92 - 7.80 (m, 4H,
H4, H4’, H8, HY'), 7.70 (t, ] = 7.7 Hz, 1H, H9), 7.66 - 7.57
(m, 4H, H5, H5’, H7, H7"), 7.54 - 7.45 (m, 4H, H2, H2’, H3,
H3").

BCNMR  (CD:Cl, 126 MHz) d [ppm]: 141.8 (Cq, C11, C11’), 140.0
(Cq, C16, C16'), 139.0 (Cq, C13, C13"), 137.2 (Cq, C12, C12’), 136.9 (Cq, C14,
C14'),136.3 (Cq, C15, C15), 130.0 (CH, C9), 128.7 (CH, C10), 128.4 (CH, C8, C8'),
127.7 (CH, C5, C5'), 127.5 (CH, C3, C3'), 125.9 (CH, C7, C7’), 125.1 (CH, C2, C2'),
123.2 (CH, C4, C4’), 122.4 (CH, C1, C1"), 121.3 (CH, C6, C6).

GC-MS (70 eV): 442 [M]+.
Synthesis of pyridine-phenyl-thianthrene (PyHPhThian)

(HO)zBQ [Pd(PPhj),] O
N32CO3 _ AN O

| = Br + s Tol/EtOH/H ,O _N

N ©/S reflux, 6 h s

1-(2-Pyridinyl)-3-bromobenzene (1.00 g, 4.27 mmol, 1.00 eq.), and thianthrenyl-1-boronic acid
(1.11 g, 4.27 mmol, 1.00 eq.) were reacted with [Pd(PPhs)s] (243 mg, 210 pmol, 5 mol%)
following general procedure A for 6 h. The obtained crude oil was purified by column

chromatography (SiO2, CHex/EtOAc 10:1, rs= 0.36). The product was obtained as a colourless
solid (1.36 g, 3.68 mmol, 86%).
Habitus Colourless solid (1.36 g, 3.68 mmol, 86%).
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IHNMR  (CD:Cl, 500 MHz) & [ppm]: 8.68 (d, ] = 4.2 Hz, 1H,
H1), 8.11 (d, J = 7.9 Hz, 1H, H5), 8.06 (s, 1H, H8), 7.82
(d, ] = 8.0 Hz, 1H, H4), 7.77 (td, ] = 7.7, 1.7 Hz, 1H,
H3), 7.59 (t, ] = 7.7 Hz, 1H, H6), 7.55 (dd, ] = 7.1,
2.0 Hz, 1H, H10), 7.50 (dd, ] = 7.7, 1.1 Hz, 1H, H13),
7.46 (d,] = 7.6 Hz, 1H, H7), 7.37 - 7.29 (m, 3H, H9,
H11, H14), 7.28 - 7.22 (m, 2H, H2, H12), 7.18 (td, ] =
7.5,1.3 Hz, 1H, H15).

BCNMR  (CD:Cl, 126 MHz): & [ppm] = 157.3 (Cq, C23), 150.3 (CH, C1), 142.9 (Cq, C20),
141.2 (Cq, C22), 139.9 (Cq, C21), 137.4 (CH, C3), 136.8 (Cq, C16), 136.4 (Cq, C17),
135.9 (Cq, C19), 135.5 (Cq, C18), 130.5 (CH, C7), 129.9 (CH, C11), 129.4 (CH,
C14),129.1 (CH, C6), 129.0 (CH, C13), 128.9 (CH, C10) 128.5 (CH, C8), 128.4 (CH,
C12), 128.2 (CH, C15), 127.8 (CH, C9), 126.8 (CH, C5), 122.9 (CH, C2), 121.0 (CH,
C4).

HR-EI-MS (70 eV): 369.06 [M]-.

Synthesis of pyridine-phenyl-dibenzofuran (PyHPhDBF)

(HO).B [Pd(PPhg),] O
Na2CO3 X O

|\ Br + o Tol/EtOH/H ,0 |/N
0

O reflux, 72 h

1-(2-Pyridinyl)-3-bromobenzene (1.00 g, 4.27 mmol, 1.00 eq.) and dibenzofurane-1-boronic
acid (905 mg, 4.27 mmol, 1.00 eq.) were reacted with [Pd(PPHs)4] (247mg, 214 pmol, 5 mol%)
according to general procedure for 72 h. After column chromatography (5iO2, CHex/EtOAc,
10:1, 1r= 0.28) the product was obtained as a colourless solid (1.33 g, 4.14 mmol, 97%).

Habitus Colourless solid (1.33 g, 4.14 mmol, 97%).

IHNMR  (CD:Cl, 500 MHz) d [ppm]: 8.71 (d, ] = 4.1 Hz, 1H, H1),
8.53 (t, ] = 1.5 Hz, 1H, H8), 8.09 (d, ] = 7.8 Hz, 1H, H5),
8.03 (d, ]=7.2 Hz, 1H, H15), 8.01 - 7.97 (m, 2H, H7, H11),
7.87 (d, ] = 7.9 Hz, 1H, H4), 7.80 (td, ] = 7.7, 1.8 Hz, 1H,
H3), 7.70 (dd, ] = 7.6, 1.1 Hz, 1H, H9), 7.64 (dd, ] = 16.3,
8.4 Hz, 2H, H2, H6), 7.52 - 7.44 (m, 2H, H10, H13), 7.39
(t ]=7.1Hz, 1H, H14), 7.27 (ddd, ] = 7.3, 4.9, 1.1 Hz, 1H,
H2).

BCNMR  (CD:Cl, 126 MHz) d [ppm]: 157.6 (Cq, C23), 156.8 (Cq, C16), 154.0 (Cq, C19),
150.3 (CH, C1), 140.4 (Cq, C22), 137.5 (Cq, C21), 137.4 (CH, C3), 130.0 (CH, C7),

129.6 (CH, C6), 127.9 (CH, C13), 127.8 (CH C8), 127.6 (CH, C9), 126.9 (CH, C5),

126.3 (Cq, C17), 125.5 (Cq, C18), 124.7 (Cq, C20), 123.9 (CH, C10), 123.4 (CH,
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C14), 122.9 (CH, C2), 121.3 (Cq, C15), 121.1 (Cq, C4), 120.5 (CH, C11), 112.3 (CH,
C12).

(70 eV): 321.11 [M]-.

Synthesis of thianthrene-phenyl-thianthrene (ThianHPhThian)

(HO).B [Pd(PPh3),] O
N82003 O O
Br Br + s Tol/EtOH/H ,0
©/s reflux, 177h o Sf S? 5

1,3-Dibromobenzene (907 mg, 3.84 mmol, 1.00 eq.) and thianthrene-1-boronic acid (2.00 g,
7.69 mmol, 2.00 eq.) were reacted with [Pd(PPhs)s] (221 mg, 191 umol, 5 mol%) following
general procedure A for 17 h. After column chromatography (S5iO2, CHex/EtOAc 5:1, rr= 0.72)

the product was obtained  as a colourless powder (1.68 g, 3.31 mmol, 86%).

Habitus

'H NMR

1B3C NMR

HR-EI-MS

Colourless powder (1.68 g, 3.31 mmol, 86%).

(CD:Clz, 500 MHz) & [ppm]: 7.63 - 7.58 (m, 1H, H9), 7.54
(dd, J=7.6, 1.4 Hz, 2H, H5, H5'), 7.52 - 7.46 (m, 5H, H1,
H1’, H8, H8', H10), 7.43 (dd, ] = 7.6, 1.1 Hz, 2H, H4,
H4'), 7.37 (dd, ] = 7.6, 1.5 Hz, 2H, H7, H7"), 7.32 (t, ] =
7.6 Hz, 2H, H6, H6'), 7.25 (td, | = 7.5, 1.4 Hz, 2H, H2,
H2), 7.20 (td, ] = 7.6, 1.4 Hz, 2H, H3, H3).

(CD2Cl, 126 MHz) & [ppm]: 142.6 (Cq, C13, C13'), 140.7

(Cq, C11, C11’), 1369 (Cq, C16, C16’), 136.3 (Cq, C12, C12’), 136.1 (Cq, C15,
C15), 135.5 (Cq, C14, C14'), 131.0 (CH, C10), 130.0 (CH, C7, C7’), 129.5 (CH, C4,
C4’), 129.4 (CH, C8, C8'), 129.0 (CH, C1, C1’), 128.9 (CH, C5, C5'), 128.6 (CH,
C9), 128.5 (CH, C2, C2'), 128.2 (CH, C3, C3'), 127.8 (CH, C6, C6').

(70 eV): 506.03 [M]-.
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Synthesis of quinoline-phenyl-dibenzofuran (QHPhDBF)

I N
AN

(HO),B [Pd(PPhs3),]
O Nach3
Br +

0 Tol/EtOH/H,0

reflux, 72 h
| )

1-Bromo-3-(8-quinolinyl)-benzene (1.00 g, 3.52 mmol, 1.00 eq.) and dibenzofurane-1-boronic
acid (746 mg, 3.52 mmol, 1.00 eq.) were reacted with [Pd(PPhs)4] (106 mg, 91.7 umol, 3 mol%)
following general procedure A for 72 h. After column chromatography (S5iO2, CHex/EtOAc

15:1, rr= 0.15) the product was obtained as a colourless powder (850 mg, 2.29 mmol, 65%).

Habitus

'H NMR

1BC NMR

HR-EI-MS

Colourless powder (850 mg, 2.29 mmol, 65%).

(CD:Clz, 500 MHz) d [ppm]: 8.94 (dd, ] =4.0, 1.8 Hz,
1H, H1), 8.26 (dd, ] =8.3, 1.8 Hz, 1H, H3), 8.19 (t, ] =
1.6 Hz, 1H, H10), 8.03 (d, ] = 7.6 Hz, 1H, H17), 7.97
(ddd, ] =9.2, 6.8, 1.2 Hz, 2H, H4, H13), 7.89 (dd, | =
8.2,14Hz 1H, H7),7.86(dd, ]=7.1, 1.4 Hz, 1H, Hé),
7,75 (dt, ] = 7.8, 1.4Hz, 1H, H9), 7.70 (dd, ] = 7.6,
1.2 Hz, 1H, H11), 7.68 - 7.64 (m, 2H, H5, HS8), 7.60 (d,
] =8.2Hz, 1H, H14), 7.51 - 7.43 (m, 3H, H2, H12, H15), 7.38 (td, ] = 7.6, 0.9 Hz,
1H, H16).

(CD:Cl, 126 MHz) d [ppm]: 156.8 (Cq, C18), 154.0 (Cq, C21), 150.8 (CH, C1),
146.7 (Cq, C26), 141.3 (Cq, C25), 140.8 (Cq, C24), 136.7 (CH, C3), 136.5 (Cq, C23),
131.7 (CH, C10), 130.9 (CH, C9), 130.8 (CH, C6), 129.3 (Cq, C27), 128.6 (CH, C8),
128.4 (CH, C7), 128.3 (CH, C4), 127.8 (CH, C15), 127.6 (CH, C11), 126.9 (CH, C5),
126.5 (Cq, C19), 125.4 (Cq, C20), 124.7 (Cq, C22), 123.8 (CH, C12), 123.4 (CH,
C16), 121.7 (CH, C2), 121.3 (CH, C17), 120.3 (CH, C13), 112.3 (CH, C14).

(70 eV): 371.12 [M]-.
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Synthesis of quinoline-phenyl-thianthrene (QHPhThian)

O N ©/S reflux, 21 h

(HO),B [Pd(PPhs),]
N82003 _
Br + g Tol/EtOH/H ,0

)

1-Bromo-3-(8-quinolinyl)-benzene (1.50g, 5.28 mmol, 1.00 eq.), and thianthrene-1-boronic acid
(1.37 g, 5.28 mmol, 1.00 eq.) were reacted with [Pd(PPhs)s] (264 mg, 228 umol, 5 mol%) for 21
h according to general procedure A. After column chromatography (5102, CHex/EtOAc 10:1,

1r=0.20) the product was obtained as a colourless solid (1.77 g, 4.20 mmol, 80%).

Habitus

H NMR

13C NMR

HR-EI-MS

Colourless solid (1.77 g, 4.20 mmol, 80%).

(CD2Cl, 500 MHz) d [ppm]: 8.94 (dd, ] = 4.1, 1.7 Hg,
1H, H1), 8.25 (dd, ] =8.2, 1.7 Hz, 1H, H3), 7.88 (d, ] =
8.1 Hz, 1H, H4), 7.84 (dd, ] =7.1, 1.3 Hz, 1H, H6), 7.80
(d, ] = 7.8 Hz, 1H, H13), 7.73 (s, 1H, H10), 7.67 - 7.63
(m, 1H, H5), 7.60 (t, ] = 7.7 Hz, 1H, H12), 7.54 (dd, ] =
7.8, 1.4Hz, 1H, HY), 7.50 (dd, ] = 7.6, 1.1 Hz, 1H,
H14), 7.49 - 7.43 (m, 3H, H2, H11, H17), 7.39 (d, ] =
7.5Hz, 1H, H9), 7.32 (t, ] = 7.6 Hz, 1H, H8), 7.26 (td, ] = 7.6, 1.4 Hz, 1H, H15),
7.20 (td, J = 7.6, 1.4 Hz, 1H, H16).

(CD2CL, 126 MHz) d [ppm]: 150.8 (CH, C1), 146.6 (Cq, C26), 143.1 (Cq, C24),
140.9 (Cq, C19), 140.3 (Cq, C18), 140.2 (Cq, C22), 136.9 (Cq, C21), 136.8 (CH, C3),
136.5 (Cq, C20), 135.8 (Cq, C23), 135.6 (Cq, C25), 132.2 (CH, C10), 131.1 (CH,
C13), 130.8 (CH, C6), 130.1 (CH, C9), 129.4 (CH, C17), 129.3 (Cq, C27), 129.2 (CH,
C14), 128.8 (CH, C7), 128.8 (CH, 11), 128.4 (CH,C4), 128.4 (CH, C15) 128.2 (CH,
C12), 128.1 (CH, C16), 127.7 (CH, C8), 126.9 (CH, C5), 121.7 (CH, C2).

(70 eV): 419.09 [M]-.

Synthesis of pyridine-phenyl-dibenzothiophene (PyHPhDBT)

(HO),B [Pd(PPh3),] O
N32CO3 _ X O

= Br + ¢ Tol/EtOH/H ,0 |/N
S

~N O reflux, 18 h

1-(2-Pyridinyl)-3-bromobenzene (1.00 g, 4.27 mmol, 1.00 eq.) and dibenzothiophene-1-boronic acid
(0.97 g, 4.27 mmol, 1.00 eq.) were reacted with [Pd(PPhs)s] (99.0 mg, 85.7 umol, 2 mol%) following
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general procedure A for 18 h. The obtained crude oil was purified by column chromatography (SiO,
CHex/EtOAc 10:1, 1r= 0.23). The product was obtained as a colourless solid (1.31 g, 3.88 mmol, 91%).

Habitus Colourless solid (1.31 g, 3.88 mmol, 91%).

IHNMR  (CD:Cl, 500 MHz) d [ppm]: 8.70 (d, ] = 4.2 Hz, 1H,
H1), 8.42 (t, ] = 1.6 Hz, 1H, H8), 8.25 - 8.18 (m, 2H, H5,
H13), 8.11 (dt, ] = 7.8, 1.5 Hz, 1H, H11), 7.89 - 7.83 (m,
2H, H4, H9), 7.82 - 7.77 (m, 2H, H3, HY), 7.64 (t, ] =
7.7 Hz, 1H, H6), 7.62 - 7.56 (m, 2H, H12, H14), 7.52 -
7.44 (m, 2H, H10, H15), 7.27 (ddd, J= 7.3, 4.8,1.1 Hz,
1H, H2).

BCNMR  (CD:Cl, 126 MHz) d [ppm]: 156.8 (Cq, C23), 149.8 (CH, C1), 141.0 (Cq, C21),
140.0 (Cq, C22), 139.5 (Cq, C19), 138.5 (Cq, C16), 136.8 (CH, Cq, C3, C20), 136.3
(Cq, C17), 135.8 (Cq, C18), 129.3 (CH, C6), 128.7 (CH, C7), 127.0 (CH, C14), 126.9
(CH, C10), 126.8 (CH, C8), 126.5 (CH, C5), 125.3 (CH, C12), 124.5 (CH, C15),
122.6 (CH, C9), 122.4 (CH, C2), 121.8 (CH, C11), 120.7 (CH, C13), 120.5 (CH, C4).

HR-EI-MS (70 eV): 337.09 [M]-.

6.2.3 Synthesis of Complexes

General Procedure B

The ligand and [K2(MCls)] were mixed in glacial HOAc (30 mL) in a round bottom flask. The
mixture was heated to reflux and after cooling to room temperature, the mixture was filtered
off over a glass frit and washed with diethyl ether and distilled water. The filter residue was

redissolved in CHCls or CH:Clz and the solvent evaporated off to yield the product.
General Procedure C

The ligand and [K2(MCls)] were mixed in 5 mL of glacial HOAc in a microwave tube. The
mixture was heated to 160 °C at 300 W irradiation energy. After cooling to room temperature,
the mixture was filtered off over a glass frit and washed with diethyl ether and distilled water.
The filter residue was redissolved in CHCls or CH2Clz and the solvent evaporated off to yield
the product.

General Procedure D

Under inert conditions, the ligand (1.00 eq.) and NiBr2 (1.00 eq.) were mixed with pre-dried
KOACc (1.00 eq.) and K2COs(1.00 eq.). Freshly distilled p-xylene was added (150 mL) and a
Dean-Stark water trap filled with freshly activated molecular sieves (heated in a Schlenk flask
at 300 °C overnight). The mixture was heated for 72 h at reflux temperatures. After cooling to
room temperature, the mixture was filtered off over a glass frit. The residue was washed with

p-xylene or n-pentane if the complex was partially soluble in p-xylene, indicated by a colour
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change of the solution. The filter residue was dissolved in either THF or CH2Cl2and the solvent

evaporated off to yield the complex.

Synthesis of [Pt(PytBuPhPy)Cl]

tBu tBu
SN SN K5[PtCly] AN
| _N NI 7 HOAc
160 °C, 3 h |
MW (300 W) Cl

| X

PytBuHPhPy (83.6 mg, 0.29 mmol, 1.20 eq.) and K2[PtCl] (100 mg, 0.24 mmol, 1.00 eq.) were

reacted according to general procedure C for 3 h. The product was
powder (124 mg, 0.24 mmol, 99%).

Habitus Orange powder (124 mg, 0.24 mmol, 99%).

'H NMR (CD:Clz, 500 MHz) d [ppm]:9.25 (dd, J*#=41.2Hz, | =
4.3 Hz, 2H, H1, H1"), 7.97 (t, ] = 7.0 Hz, 2H, H3, H3'),
7.76 (d, ] =7.8 Hz, 2H, H4, H4"), 7.58 (s, 2H, H5, H5),
7.30 (t, J= 6.5 Hz, 2H, H2, H2"), 1.43 (s, 9H, H6, H6’,

H6").

BCNMR  (CD:Cl, 126 MHz) d [ppm]: 168.2 (Cq, C11, C11’), 159.2

obtained as an orange

(Cq, C10, C10"), 152.6 (CH, C1, C1’), 147.0 (Cq, C8), 141.1 (Cq, C9), 139.7 (CH,
C3, C3), 123.8 (CH, C2, C2’), 122.1 (CH, C5, C5'), 119.8 (CH, C4, C4), 35.8 (Cq,

C7), 31.8 (CH, C6, C6', C6”).

Pt NMR  (CD:ClLy, 107 MHz) & [ppm]: —3664.3.

HR-ESI-MS (70 eV): 999.21 [2xM-Cl]+, 482.12 [M-CIJ, 289.17 [L+H]".

Synthesis of [Pd(PytBuPhPy)Cl]

{Bu tBu
N N KPACL]
_N N HOAc |
160 °C, 3 h |
MW (300 W) cl

| X

PytBuHPhPy (83.6 mg, 0.29 mmol, 1.20 eq.) and K2[PdCl:] (78.3 mg, 0.24 mmol, 1.00 eq.) were

reacted according to general procedure C for 3 h. The product was obtained as a colourless

powder (91.2 mg, 0.21 mmol, 88%).

Habitus Colourless powder (91.2 mg, 0.21 mmol, 88%).
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IHNMR  (CD:Cls, 500 MHz)  [ppm]: 9.02 (ddd, ] = 5.6, 1.7, 0.8 Hz, 2H,
H1, H1'), 7.92 (ddd, ] =8.0, 7.6, 1.7 Hz, 2H, H3, H3), 7.74 (ddd,
] =80, 1.4, 0.8 Hz, 2H, H4, H4'), 7.52 (s, 2H, H5, H5), 7.28
(ddd, ] = 7.6, 5.5, 1.4 Hz, 2H, H2, H2), 1.41 (s, 9H, He, H¢,
H6").

BCNMR  (CD:Cl, 126 MHz) d [ppm]: 170.2 (Cq, C11, C11’), 165.9 (Cq,
C10, C10), 153.1 (CH, C1, C1’), 148.6 (Cq, C8), 143.4 (Cq, C9), 139.7 (CH, C3,
C3'),123.8 (CH, C2, C2), 121.9 (CH, C5, C5'), 119.4 (CH, C4, C4’), 35.6 (Cq, C7)
31.8 (CH, C6, C6', C6”).

HR-ESI-MS (70 eV): 823.09 [2xM-ClJ*, 393.06 [M—ClJ*, 289.17 [L+H]".

Synthesis of [Ni(PytBuPhPy)Br]

tBu tBu
NiBr,
AN KOAC, K2CO3
N NI p-xylene = N\NI/N =
160 °C, 3 h |
MW (250 W) Br

PytBuHPhPy (173 mg, 0.60 mmol, 1.00 eq.) and NiBr2 (200 mg, 0.91 mmol, 1.52 eq.) were
reacted with KOAc (59.0 mg, 0.60 mmol, 1.00 eq.) and K2COs (83.0 mg, 0.60 mmol, 1.00 eq.) in
distilled p-xylene. The solids were pre-dried prior to use and the solvent degassed with argon.
The filled microwave tube was flushed with argon and sealed. The tube was then irradiated
and heated to 160 °C for 3 h at 250 W. The resulting solids were filtered off over a glass frit and
washed with p-xylene. The filter residue was dissolved in distilled THF and the solvent
evaporated off. The resulting solid was redissolved in little THF and precipitated by addition
of n-pentane. After filtration and drying the product was obtained as an orange powder
(165 mg, 0.39 mmol, 65%).

Habitus Orange powder (165 mg, 0.39 mmol, 65%).

IHNMR  (CDCls, 300 MHz) d [ppm]:9.30 (d, ] = 5.9 Hz, 2H, H1, H1"),
7.77 (td, ] =7.7, 1.6 Hz, 2H, H3, H3'), 7.53 (d, ] = 7.8 Hz, 2H,
H4, H4'), 7.30 (d, ] = 20.7 Hz, 2H, H5, H5'), 7.07 (ddd, | = 7.4,
5.7,1.4 Hz, 2H, H2, H2), 1.39 (s, 9H, H6)

The compounds analytical data matches previously reported data.l*!
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Synthesis of [Pt(PhPyQ)Cl]

K5[PtCl,]
HOAc
160 °C, 3 h
MW (300 W)

HPhPyQ (50.0 mg, 0.18 mmol, 1.20 eq.) and K2[PtCl] (62.3 mg, 0.15 mmol, 1.00 eq.) were

reacted according to general procedure C for 3 h. The product was obtained as an orange

powder (49.8 mg, 97.0 umol, 66%).

Habitus Orange powder (49.8 mg, 97.0 pmol, 66%).

'H NMR (CDCls, 500 MHz) d [ppm]: 10.38 (dd, ] =5.1, 1.7 Hz,
1H, H1), 8.51 (dd, ] = 8.2, 1.6 Hz, 1H, H3), 8.36 (dd,
J=7.5,1.3 Hz, 1H, H6), 8.18 (ddd, J"*"= 323 Hz, | =
7.7,1.2Hz, 0.4 Hz, 1H, H13), 8.08 (dd, ] =8.0, 1.2 Hz,
1H, H4), 7.99 (t, ] = 8.0 Hz, 1H, HS), 7.76 - 7.66 (m,
4H, H2, H5, H7, H9), 7.51 (dd, ] = 7.7, 1.4 Hz, 1H,
H10), 7.18-7.15 (m, 2H, H11, H12).

3C NMR (CDCIs, 126 MHz) d [ppm]: 168.2 (Cq, C16), 154.9 (CH, C1), 151.9 (Cq, C17),
144.5 (Cq, C15), 140.8 (Cq, C14), 140.4 (Cq, C19), 139.7 (CH, C3), 137.9 (CH, C8),
135.8 (CH, C13), 134.9 (CH, C6), 133.5 (Cq, C18), 132.4 (CH, C4), 129.8 (CH, C12),
129.5 (Cq, C20), 127.1 (CH, C7), 124.1 (CH, C11), 123.3 (CH, C10), 122.8 (CH,
C9), 122.4 (CH, C2), 117.4 (CH, C5).

5Pt NMR  (CDCls, 107 MHz): 6 [ppm] = —3357.6.

HR-ESI-MS (70 eV): 533.03 [M+Na]*, 475.07 [M-CI]*.

HR-EI-MS (70 eV): 511.04 [M]+, 475.07 [M—CI]*.

Synthesis of [Pd(PhPyQ)Cl]

K5[PdCly,]
HOAc
160 °C, 3 h
MW (300 W)

HPhPyQ (50.0 mg, 0.18 mmol, 1.20 eq.) and Kz[PdCl4] (48.9 mg, 0.15 mmol, 1.00 eq.) were
reacted according to general procedure C for 3 h. The product was obtained as a pale-yellow
powder (30.0 mg, 70.9 umol, 47%).
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1H NMR

13C NMR

HR-ESI-MS
HR-EI-MS
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Pale-yellow powder (30 mg, 70 pmol, 47%).

(CDCls, 500 MHz) d [ppm]: 10.2 (dd, ] = 5.0, 1.7 Hz,
1H, H1), 8.40 (dd, ] = 8.2, 1.7 Hz, 1H, H3), 8.32 (dd,
J=7.5,12Hz, 1H, H6), 8.14 - 8.10 (m, 1H, H13), 8.00
(dd,J = 8.0, 1.2 Hz, 1H, H4), 7.91 (t, ] = 8.0 Hz, 1H,
H8), 7.71 - 7.61 (m, 4H, H2, H5, H7, H9), 7.47 - 7.43
(m, 1H, H10), 7.16 (quin., ] = 5.8, 2.0 Hz, 2H, H11,
H12).

(CDClIs, 126 MHz) d [ppm]: 166.3 (Cq, C16), 155.9 (CH, C1), 153.9 (Cq, C17),
153.7 (Cq, C14), 145.5 (Cq, C15), 141.3 (Cq, C19), 139.6 (CH, C3), 138.8 (CH, C8),
137.5 (CH, C13), 135.2 (CH, C6), 132.9 (Cq, C18), 132.0 (CH, C4), 129.5 (CH, C12),
129.3 (Cq, C20), 126.9 (CH, C7), 124.7 (CH, C11), 123.5 (CH, C10), 123.4 (CH,
C9), 121.9 (CH, C2), 117.4 (CH, C5).

(70 eV): 443.97 [M+Na]*, 387.01 [M-Cl]".

(70 eV): 421.98 [M]", 387.01 [M-Cl]".

Synthesis of [Ni(PhPyQ)Br]

NiBr,
KOAC, K2003

p-xylene
reflux, 72 h

HPhPyQ (127 mg, 0.45 mmol, 1.00 eq.), NiBrz (129 mg, 0.59 mmol, 1.30 eq.), K2COs (62.2 mg,
0.45 mmol, 1.00 eq.) and KOAc (44.2 mg, 0.45 mmol, 1.00 eq.) were reacted according to general

procedure D for 72 h. The product was obtained as a dark red powder (51.5 mg, 0.11 mmol,

24%).
Habitus
HR-ESI-MS
EA

Dark red powder (51.5 mg, 0.11 mmol, 24%).

(70 eV): 283.12 [L+H]".

Calc.: N: 6.67%, C: 57.20%, H: 3.12%. Found: N: 4.85%,
C: 46.36%, H: 3.78%.
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Synthesis of [Pt(PyPhQ)Cl]

K,[PtCly]

HOAc
reflux, 72 h

PyHPhQ (800 mg, 2.82 mmol, 1.00 eq.) and Kz[PtCl4] (1.17 g, 2.82 mmol, 1.00 eq.) were reacted
following general procedure B for 72 h. The complex was isolated as orange powder (1.38 g,
2.69 mmol, 95%).

Habitus Orange powder (1.38 g, 2.69 mmol, 95%).

'H NMR (CDCls, 600 MHz): d [ppm] =10.88 (dd, J"*"=39.7 Hz,
J=5.5,1.7 Hz, 1H, H1), 9.98 (ddd, J**#=37.7 Hz, | =
5.9,1.5,0.6 Hz, 1H, H13), 8.50 (dd, J=8.1, 1.6 Hz, 1H,
H3), 8.47 (dd, ] = 7.6, 1.2 Hz, 1H, H4), 7.92-7.88 (m,
3H, H5, H7, H11), 7.80 - 7.74 (m, 2H, H6, H10), 7.59
(dd, J=7.5,0.9 Hz, 1H, H9), 7.50 (dd, ] = 8.0, 5.5 Hz,
1H, H2), 7.38 (t, ]=7.7 Hz, 1H, H8), 7.26 (ddd, ] =7 4,
5.9, 1.5 Hz, 1H, H12).

3C NMR (CDCls, 151 MHz) d [ppm]: 166.2 (Cq, C14), 158.8 (CH, C1), 152.4 (CH, C13),
144.8 (Cq, C16), 141.3 (Cq, C18), 140.6 (CH, C3), 139.2 (Cq, C19), 138.8 (CH, C5),
137.4 (Cq, C15), 131.4 (Cq, C17), 130.5 (CH, C4), 130.3 (Cq, C20), 129.2 (CH, C11),
127.4 (CH, C7), 127.1 (CH, C10), 124.5 (CH, C8), 123.2 (CH, C9), 122.3 (CH, C12),
121.2 (CH, C2), 118.4 (CH, C6).

5Pt NMR  (CDCls, 129MHz): d [ppm] = —3656.5.

HR-ESI-MS (70 eV): 475.07 [M-CIJ*.

Synthesis of [Pd(PyPhQ)Cl]

Ko[PdCl,]
—_—

HOAc
reflux,19 h

PyHPhQ (60.0 mg, 0.21 mmol, 1.40 eq.) and Kz[PdCls] (48.9 mg, 0.15 mmol, 1.00 eq.) were
reacted following general procedure B for 19 h. The complex was isolated as yellow powder
(56.2 mg, 133 pmol, 89%).

Habitus Yellow powder (56.2 mg, 133 umol, 89%).
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1H NMR (CDClL;, 500 MHz): d [ppm] = 10.59 (dd, ] = 5.3,
1.6 Hz, 1H, H1), 9.70 (d, ] = 4.8 Hz, 1H, H13), 8.43
(dd, J = 8.1, 1.6 Hz, 1H, H3) 840 (d, ] = 6.6 Hz, 1H,
H4), 7.92 - 7.86 (m, 2H, H6, H11), 7.80 - 7.75 (m, 2H,
H7, H10), 7.74 (t, ] = 7.7 Hz, 1H, H5), 7.58 (dd, ] = 7.5,
1.0Hz, 1H, H9), 7.55 (dd, ] =8.1, 5.4 Hz, 1H, H2), 7.35
(t, J=7.7 Hz, 1H, H8), 7.25 (ddd, ] = 7.3, 5.8, 1.4 Hz, 1H, H12).

BCNMR  (CDCls, 126 MHz): d [ppm] = 164.7 (Cq, C14), 158.7 (CH, C1), 153.7 (Cq, C16),
153.0 (CH, C13), 146.0 (Cq, C15), 140.3 (CH, C3), 139.4 (Cq, C19), 138.7 (CH,
C11),137.6 (Cq, C18), 132.6 (Cq, C17), 130.1 (CH, C4), 130.0 (Cq, C20), 129.0 (CH,
C6), 127.6 (CH, C7), 127.2 (CH, C5), 125.8 (CH, C8), 123.3 (CH, C9), 122.5 (CH,
C12), 120.9 (CH, C2), 118.4 (CH, C10).

HR-ESI-MS (70 eV): 443.97 [M+Nal", 386.01 [M—ClJ".

Synthesis of [Ni(PyPhQ)Br]

NiBr,
KOACc, K2CO3‘
p-xylene
reflux, 72 h

PyHPhQ (100 mg, 0.35 mmol, 1.00 eq.), NiBrz (100 mg, 0.46 mmol, 1.30 eq.), K2COs (48.9 mg,

0.35 mmol, 1.00 eq.) and KOAc (34.7 mg, 0.35 mmol, 1.00 eq.) were reacted following general

procedure D for 72 h. The complex was obtained as a red powder (75.7 mg, 0.18 mmol, 51%).

Habitus Red powder (75.7 mg, 0.18 mmol, 51%).

H NMR (CDCls, 500 MHz) & [ppm]: 10.09 (s, 1H, H1), 9.41 (s, 1H,
H13), 8.36 (d, ] = 6.9 Hz, 1H, H4), 8.26 (d, ] =7.6 Hz, 1H,
H3),7.77 (d, ] =7.1 Hz, 2H, H11, H6), 7.73 - 7.64 (m, 2H,
H5, H7), 7.57 (d, ] = 6.9 Hz, 1H, H10), 7.39 - 7.30 (m, 2H,
H9, H2), 7.28 (s,1H, H8), 7.12 - 7.06 (m, 1H, H12).

3C NMR (CDCls, 126 MHz) 6 [ppm]: 162.7 (Cq, C14), 158.2 (CH,
(1), 154.4 (CH, C13), 146.9 (Cq, C15), 146.7 (Cq, C16), 140.3 (Cq, C19), 139.0 (CH,
(3),138.3 (CH, C11), 135.2 (Cq, C18), 134.4 (Cq, C17), 129.2 (Cq, C20), 128.1 (CH,
Co), 127.3 (CH, C5), 127.0 (CH, C4), 126.0 (CH, C8), 125.2 (CH, C7), 122.3 (CH,
(9), 122.0 (CH, C12), 119.4 (CH, C2), 117.5 (CH, C10).

HR-ESI-MS (70 eV): 418.97 [M+H]*, 339.04 [M—-Br]*.
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Synthesis of [Pt(QPhQ)Cl]

K,[PtCly]
—_—

HOAc
reflux, 72 h

QHPhQ (60.0 mg, 0.18 mmol, 1.20 eq.) and Ko[PtCl4] (62.3 mg, 0.15 mmol, 1.00 eq.) were reacted

following general procedure B for 72 h. The complex was isolated as orange powder (66.1 mg,

0.12 mmol, 80%).

Habitus Orange powder (66.1 mg, 0.12 mmol, 80%).

'H NMR (DMSO-ds, 500 MHz): d [ppm] =9.54 (dd, ] =5.3, 1.4 Hz,
2H, H1, HY"), 8.78 (dd, ] = 8.2, 1.3 Hz, 2H, H3, H3'), 8.48
(d, J=6.6 Hz, 2H, H7, H7’), 8.14 (d, | = 7.6 Hz, 2H, H5,
H5"), 7.85 (t, ] = 7.7 Hz, 2H, H6, H6’), 7.63-7.55 (m, 4H,
H2, H2’, H11, H11"), 7.32 (t, ] = 7.7 Hz, 1H, H12).

3C NMR (DMSO-ds, 126 MHz): 6 [ppm] = 157.6 (CH, C1, C1’), 141.7 (Cq, C9, C9), 140.5
(Cq, C8, C8"), 140.1 (CH, C3, C3’), 134.6 (Cq, C10, C107), 129.2 (Cq, C4, C4"), 129.0
(CH, C7, C7"), 128.7 (CH, Ce6, C¢), 127.7 (CH, C5, C5’), 127.3 (CH, C11, C11"),
126.0 (CH, C12), 121.9 (CH, C2, C2)).

HR-EI-MS (70 eV): 561.06 [M]*, 526.09 [M—-CI]*.

Synthesis of [Pd(QPhQ)Cl]

K,[PdCl,]

HOAc
reflux, 72 h

QHPhQ (60.0 mg, 0.18 mmol, 1.20 eq.) and K:[PdCls] (48.9 mg, 0.15 mmol, 1.00 eq.) were
reacted following general procedure B for 72 h. The complex was isolated as pale-yellow
powder (34.4 mg, 73.0 umol, 49%).

Habitus Pale-yellow powder (34.4 mg, 73.0 umol, 49%).

IHNMR  (DMSO-ds, 500 MHz) d [ppm]: 9.37 (dd, ] = 5.1, 1.5 Hz, 2H,
H1, H1’), 8.75 (dd, ] = 8.2, 1.5 Hz, 2H, H3, H3'), 8.49 (dd, ]
—7.4,1.2 Hz, 2H, H7, H7'), 8.16 (dd, ] = 8.2, 1.2 Hz, 2H, H5,
H5'), 7.93 - 7.86 (m, 2H, H6, H6'), 7.65 (dd, ] = 8.2, 5.2 Hz,
2H, H2, H2'), 7.63 (d, ] = 7.7 Hz, 2H, H11, H11’), 7.38 (t, ] =
7.6 Hz, 1H, H12).
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BCNMR  (DMSO-ds, 126 MHz) d [ppm]: 158.0 (CH, C1, C1’), 140.9 (Cq, C9, C9’), 140.5
(CH, C3, C3), 140.4 (Cq, C8, C8), 134.2 (Cq, C10, C10), 129.7 (CH, C7, C7),
129.0 (Cq, C4, C4’), 128.4 (CH, C5, C5), 128.3 (CH, C6, C6'), 128.0 (CH, C11,
C11’), 126.9 (CH, C12), 121.4 (CH, C2, C2).

HR-EI-MS (70 eV): 473.99 [M]+, 437.03 [M~CIJ".

Synthesis of [Ni(QPhQ)Cl]

(L L OS2
I
N C N THF

| | r.t., 19 h

In a Schlenk flask, QCIPhQ (100 mg, 0.27 mmol, 1.20 eq.) was mixed with freshly prepared

[Ni(COD):] (62.7 mg, 0.23 mmol, 1.00 eq.) in 20 mL THF. The solution quickly changed from

pale yellow to orange. The mixture was stirred at ambient temperature for 19 h before 20 mL

of n-pentane were added, leading to an orange precipitate. The excess solvent was decanted.

The crude product was washed with 3 x 20 mL n-pentane and dried under vacuum to yield a

light orange powder (41.8 mg, 98.1 umol, 43%).

Habitus Light orange powder (41.8 mg, 98.1 umol, 43%).

'H NMR (CDCls, 500 MHz): 6 [ppm] = 9.34 (s, 2H, H1), 8.40-8.29
(m, 2H, H5, H5"), 8.21 (d, ] =3.9 Hz, 2H, H3, H3’), 7.85 -
7.70 (m, 4H, He, H6’, H7, H7’), 7.40 (d, ] = 4.2 Hz, 2H,
H11, H11"), 7.26 - 7.18 (m, 3H, H2, H2’, H12).

3C NMR (CDClIs, 126 MHZz): d [ppm] = 158.5 (CH, C1, C1’), 142.0
(Cq, €9, CY),139.1 (Cq, C8, C8’), 138.3 (CH, C3, C3"), 136.6 (Cq, C13), 128.2 (Cq,
C4, C4’),127.6 (CH, C6, C6"), 127.0 (CH, C7, C7’), 126.5 (CH, C5, C5’), 125.7 (CH,
C12), 1255 (CH, C11, C11"), 119.4 (CH, C2, C2).

HR-ESI-MS (70 eV): 363.15 [M-Ni—Cl+MeOH]".

Synthesis of [Pt(PyPyCarb)Cl]

C((j\ K2[PtCI4] C((/Nj\
T HOAc . S~ N—

reflux, 72 h

PyPyHCarb (100 mg, 0.31 mmol, 1.00 eq.) and K:[PtCls] (130 mg, 0.31 mmol, 1.00 eq.) were
reacted following general procedure B for 72 h. The product was obtained as a dark-orange
powder (90 mg, 0.17 mmol, 54%).

Habitus Dark-orange powder (90 mg, 0.17 mmol, 54%).
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IHNMR  (CD:Cly, 500 MHz) d [ppm]:9.74 (dd, ] = 5.4, 1.5 Hz, 1H), 8.46 (dd, ] =7.6, 1.2 Hz,
1H), 8.39 - 8.30 (m, 1H), 8.23 - 8.11 (m, 4H), 7.96 (dd, ] = 7.5, 1.7 Hz, 1H), 7.89 -
7.84 (m, 1H), 7.81 (dd, ] = 7.4, 1.2 Hz, 1H), 7.67 (ddd, ] = 7.1, 5.5, 1.5 Hz, 1H), 7.52
-7.39 (m, 2H), 7.30 (t, ] = 7.5 Hz, 1H).

HR-ESI-MS (70 eV): 573.04 [M+Na]*, 514.08 [M-X]".

Synthesis of [Pd(PyPyCarb)Cl]

N N
-y O -y O
@((Nj\N Ko[PdCl,] |\ /N N
~-N HOAc ~N—py
) 4 )

reflux, 72 h

PyPyHCarb (50.0 mg, 0.16 mmol, 1.20 eq.) and K2[PdCl4] (42.4 mg, 0.13 mmol, 1.00 eq.) were
reacted following general procedure B for 72 h. The product was obtained as a yellow powder
(43.4 mg, 93.9 umol, 72%).

Habitus Yellow powder (43.4 mg, 93.9 umol, 72%).

IHNMR  (CD:Cl, 500 MHz) d [ppm]: 9.47 (dd, | = 5.3,
1.2 Hz, 1H, H1), 8.39 (dd, ] = 7.7, 1.0 Hz, 1H, H14),
8.34(d, ] =8.4 Hz, 1H, H5), 8.17 (d, ] = 8.1 Hz, 1H,
H4), 8.14 - 8.04 (m, 3H, H3, H6, H9), 7.97 (d, ] =
8.7 Hz, 1H, H11), 7.92 (m, 1H, H8), 7.82 (dd, ] =
7.3,1.0 Hz, 1H, H12), 7.64 - 7.60 (m, 1H, H2), 7.47
(ddd, ] =8.3, 7.8, 1.3 Hz, 1H, H10), 7.41 (ddd, ] = 8.1, 7.6, 0.8 Hz, 1H, H7), 7.20 (t,
] =7.5Hz, 1H, H13).

BCNMR  (CD:Cl, 126 MHz) d [ppm]: 156.0 (Cq, C22), 154.6 (Cq, C21), 148.0 (Cq, C20),
147.9 (CH, C1), 138.6 (CH, C3), 138.6 (CH, C9), 137.7 (Cq, C16), 137.1 (CH, C14),
129.6 (Cq, C19), 126.2 (Cq, C18), 125.7 (CH, C2), 125.5 (CH, C10), 123.3 (CH, C7),
122.0 (Cq, C17), 121.8 (CH, C13), 121.6 (CH, C4), 120.4 (CH, C6), 116.7 (CH, C5),
116.1 (CH, C8), 116.0 (CH, C12), 114.3 (CH, C11).

HR-ESI-MS (70 eV): 460.99 [M]+.

Synthesis of [Pd(QPyCarb)Cl]

N O Ko[PdCl,]
MeCN/H,0
O reflux, 18 h

QPyHCarb (120 mg, 0.32 mmol, 1.40 eq.) and K:[PdCl] (75.1 mg, 0.23 mmol, 1.00 eq.) were
dissolved in a mixture of MeCN and distilled water (1:1 volume) and heated to reflux for 18 h.
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After cooling to room temperature, the precipitate was filtered off over a glass frit and washed
with diethyl ether and distilled water. The product was obtained as a yellow powder (25.5 mg,
49.8 umol, 22%).

Habitus Yellow powder (25.5 mg, 49.8 umol, 22%).

IHNMR  (CH:CL, 600 MHz) & [ppm]: 9.29 (dd, ] = 4.9,
1.3 Hz, 1H, H1), 8.50 (dd, ] = 8.3, 1.6 Hz, 1H, H3),
8.26 (d, ] =8.3 Hz, 1H, H7), 8.20 - 8.14 (m, 2H, H4,
H6), 8.10 (d, ] = 7.8 Hz, 1H, H10), 8.01 (d, ] =
8.4 Hz, 1H, H13), 7.99 — 7.92 (m, 1H, H8), 7.83 -
7.79 (m, 1H, H5), 7.67 (d, ] = 6.5 Hz, 1H, H16),
7.63 (dd, ] =8.4, 4.7 Hz, 1H, H2), 7.57 - 7.53 (m, 1H, H12), 7.51 (d, ] = 7.6 Hz, 1H,
H14), 7.46 - 7.41 (m, 1H, H11), 7.34 (d, ] = 7.1 Hz, 1H, H9), 7.11 (t, ] = 7.4 Hz, 1H,
H15).

BCNMR  (CH:CL, 151 MHz) d [ppm]: 156.4 (Cq, C24), 154.5 (Cq, C23), 148.4 (Cq, C22),
144.0 (Cq, C25), 139.3 (Cq, C21), 139.3 (CH, C8), 139.1 (Cq, C18), 138.8 (CH, C3),
136.3 (CH, C14), 135.6 (Cq, C26), 133.2 (CH, C6), 131.1 (CH, C4), 130.3 (Cq, C20),
127.1 (CH, C5), 125.5 (CH, C12), 123.5 (CH, C11), 122.8 (CH, C15), 122.4 (CH,
C9), 121.7 (CH, C2), 121.2 (Cq, C19), 120.8 (CH, C10), 116.3 (CH, C13), 115.4 (CH,
C16), 113.0 (CH, C7).

HR-EI-MS (70 eV): 511.00 [M]".

Synthesis of [Pt(QPyCarb)Cl]

N O K,[PtCly]
HOAc,

O reflux, 72 h

QPyHCarb (120 mg, 0.32 mmol, 1.40 eq.) and Kz[PtCl4] (95.5 mg, 0.23 mmol, 1.00 eq.) were

reacted following general procedure B for 72 h. The product was obtained as an orange
powder (29.7 mg, 49.4 umol, 22%).

Habitus Orange powder (29.7 mg, 49.4 umol, 22%).

IHNMR  (CH:CL, 600 MHz) d [ppm]: 9.39 (dd, | = 4.9,
1.6 Hz, 1H, H1), 8.53 (dd, ] = 8.3, 1.6 Hz, 1H, H3),
8.25 (dd, ] =7.3,1.2 Hz, 1H, Heé), 8.18 (ddd, ] = 8.2,
4.7, 1.2 Hz, 2H, H4, H7), 8.09 (ddd, ] = 7.7, 1.3,
0.6 Hz, 1H, H10), 7.98 - 7.92 (m, 2H, HS, H13),
7.79 (dd, ] = 8.2, 7.4 Hz, 1H, H5), 7.64 - 7.59 (m,
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2H, H2, H16), 7.54 (dd, | = 7.4, 1.1 Hz, 1H, H14), 7.54 - 7.48 (m, 1H, H12), 7.43
(td, J=7.7,0.9 Hz, 1H, H11), 7.38 - 7.33 (m, 1H, H9), 7.14 (t, ] = 7.4 Hz, 1H, H15).

(CH:Cl2, 151 MHz) d [ppm]: 154.5 (CH, C1), 153.8 (Cq, C23), 149.2 (Cq, C22),
144.4 (Cq, C25), 138.4 (CH, C8), 138.0 (CH, C3), 136.1 (Cq, C26), 135.3 (CH, C14),
132.2 (Cq, C24), 131.7 (CH, C6), 130.3 (Cq, C21), 130.2 (CH, C4), 128.1 (Cq, C18),
127.4 (CH, C5), 125.1 (CH, C12), 123.5 (Cq, C20), 1232 (CH, C11), 122.7 (CH,
C15),122.5 (CH, C2), 122.2 (CH, C9), 120.8 (CH, C10), 120.5 (Cq, C19), 115.9 (CH,
C13), 114.4 (CH, C16), 113.5 (CH, C7), 109.8 (Cq, C17).

(CHxCl, 129 MHZz) 6 [ppm]: -3233.0.

HR-ESI-MS (70 eV): 622.06 [M+Nal*, 600.07 [M+H]*, 564.10 [M-X]".

Synthesis of [Pt(QPyFluor)Cl]

K,[PtCly]

HOAc
reflux, 21 h

HFluorPyQ (100 mg, 0.25 mmol, 1.20 eq.) and K;[PtCls] (87.2 mg, 0.21 mmol, 1.00 eq.) were
reacted following general procedure B for 21 h. The product was obtained as an orange
powder (120 mg, 0.19 mmol, 91%).

Habitus

H NMR

BC NMR

5Pt NMR

Orange powder (120 mg, 0.19 mmol, 91%).

(DMSO-ds, 600 MHz) & [ppm]: 10.18 (dd, | =
5.1, 1.7 Hz, 1H, H1), 8.93 (dd, ] = 8.2, 1.7 Hz,
1H, H3), 8.63 (d, ] = 6.4 Hz, 1H, HY), 842 (d, ] =
6.8 Hz, 1H, H5), 8.29 (s, 1H, H26), 8.28 - 8.23
(m, 2H, H11, H12), 8.03 (dd, ] = 7.1, 2.1 Hz, 1H,
H13), 7.99 (s, 1H, H16), 7.96 - 7.90 (m, 2H, H6,
H2), 7.75 (dd, ] = 6.1, 1.9 Hz, 1H, H23), 7.56 (dd, ] = 6.0, 2.0 Hz, 1H, H21), 7.38 -
7.31 (m, 2H, H20, H22), 1.54 (s, 6H, H28, H28").

(DMSO-ds, 151 MHz) & [ppm]: 166.6 (Cq, C14), 154.5 (Cq, C1), 154.2 (Cq, C19),
151.0 (Cq, C10), 149.3 (Cq, C17), 143.8 (Cq, C15), 140.9 (CH, C3), 139.8 (Cq, C27),
139.2 (Cq, C9), 139.0 (Cq, C25), 139.0 (CH, C12), 138.7 (Cq, C24), 136.0 (CH, C7),
133.2 (CH, C5), 132.0 (Cq, C8), 129.2 (CH, C4), 127.7 (CH, C6), 127.3 (CH, C20,
C22), 126.0 (CH, C26), 123.7 (CH, C13), 122.8 (CH, C21), 122.5 (CH, C2), 120.1
(CH, C23), 118.5 (CH, C16), 118.1 (CH, C11), 46.0 (Cq, C18), 27.1 (CH, C28).

(DMSO-ds, 129 MHz) d [ppm]: —3351.0.

HR-ESI-MS (70 eV): 529.59 [M-X]", 615.57 [M+Na].
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Synthesis of [Pd(QPyFluor)Cl]

Ko[PdCly]

HOAc
reflux, 21 h

HFluorPyQ (100 mg, 0.25 mmol, 1.00 eq.) and Kz[PdCls] (81.9 mg, 0.25 mmol, 1.00 eq.) were
reacted following general procedure B for 21 h. The product was obtained as a yellow powder
(38.3 mg, 71.1 pmol, 34%).

Habitus Yellow powder (38.3 mg, 71.1 pumol, 34%).

IHNMR  (DMSO-ds, 600 MHz) d [ppm]: 9.97 (dd, ] = 5.0,
1.7 Hz, 1H, H1), 8.87 (dd, ] = 8.2, 1.6 Hz, 1H,
H3), 8.56 (d, ] = 6.6 Hz, 1H, H7), 8.41 (d, ] = 7.1
Hz, 1H, H5), 8.32 (d, ] = 7.4 Hz, 1H, H11), 8.29 -
8.23 (m, 2H, H12, H26), 8.03 (s, 1H, H16), 8.00
(d, ] = 7.3 Hz, 1H, H13), 7.94 (t, ] = 7.8 Hz, 1H,
H6), 7.90 (dd, ] =8.1, 5.0 Hz, 1H, H2), 7.75 - 7.69 (m, 1H, H23), 7.59 - 7.54 (m, 1H,
H21), 7.34 (qd, ] = 7.6, 3.7 Hz, 2H, H20, H22), 1.51 (s, 6H, H28).

BCNMR  (DMSO-ds, 151 MHz) d [ppm]: 165.3 (Cq, C14), 155.6 (Cq, C1), 154.1 (Cq, C19),
153.2 (Cq, C10), 150.1 (Cq, C27), 150.0 (Cq, C17), 144.4 (Cq, C15), 141.1 (CH, C3),
140.2 (CH, C12), 140.3 (CH, C9), 138.7 (Cq, C25), 138.5 (Cq, C24), 136.3 (CH, C7),
132.9 (CH, C5), 131.8 (Cq, C8), 129.2 (Cq, C4), 128.0 (CH, C26), 127.7 (CH, C6),
127.5 (CH, C20, C22), 124.4 (CH, C13), 123.0 (CH, C21), 122.1 (CH, C2), 120.2
(CH, C23), 118.8 (CH, C16), 118.5 (CH, C11), 46.1 (CH, C18), 27.1 (CH, C28).

HR-ESI-MS (70 eV): 1043.12 [2xM-XJ", 560.03 [M+Na]*, 502.07 [M=X]".

Synthesis of [Pt(QPySpiro)Cl]

K,[PtCly]

HOAc
reflux, 23 h

QPyHSpiro (80.0 mg, 0.15 mmol, 1.20 eq.) and Kz[PtCls] (53.2 mg, 0.13 mmol, 1.00 eq.) were
reacted following general procedure B for 23 h. The product was obtained as an orange
powder (97.5 mg, 0.13 mmol, 99%).

Habitus Orange powder (97.5 mg, 0.13 mmol, 99%).
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IHNMR  (CD:Cl, 500 MHz) d [ppm]: 10.13 (dd, ] =
5.2, 1.7 Hz, 1H, H1), 8.49 (d, ] = 6.6 Hz,
1H, H3), 8.36 (dd, ] = 7.6, 1.2 Hz, 1H, H7),
8.07 - 8.05 (m, 1H, H5), 8.03 (m, 1H, H12),
7.95 - 7.91 (m, 3H, H13, H32, H32'), 7.72
(dd, J=7.1,0.8 Hz, 2H, H11, H22), 7.69 (t,
J=7.8Hz, 1H, H6), 7.60 (dd, ] = 8.1, 5.3 Hz, 1H, H2), 7.43 (td, ] = 7.6, 1.1 Hz, 2H,
H31, H31"), 7.40 (td, ] = 7.4, 1.2 Hz, 1H, H23), 7.33 (d, ] = 3.0 Hz, 1H, H17), 7.24
(t, ] = 7.5 Hz, 1H, H20), 7.16 (td, ] = 7.5, 1.1 Hz, 2H, H30, H30'), 7.11 (td, ] = 7.5,
1.1 Hz, 1H, H24), 6.80 (d, ] = 7.5 Hz, 2H, H29, H29'), 6.65 (d, ] = 7.4 Hz, 1H, H25).

BCNMR  (CD:Cl, 126 MHz) d [ppm]: 167.8 (Cq, C14), 155.1 (CH, C1), 152.3 (Cq, C10),
150.4 (Cq, C15), 149.6 (Cq, C28, C28'), 149.2 (Cq, C19), 144.8 (Cq, C21), 142.7 (Cq,
C18), 142.4 (Cq, C26), 142.2 (Cq, C33, C33'), 140.6 (Cq, C9), 140.4 (CH, C3), 138.4
(Cq, C16), 135.6 (CH, C7), 133.5 (Cq, C8), 132.9 (CH, C5), 130.8 (CH, C17), 129.9
(Cq, C4), 128.6 (CH, C20), 128.3 (CH, C30, C30’), 128.2 (CH, C31, C31"), 128.1
(CH, C23), 127.6 (CH, C24), 127.5 (CH, C6), 124.3 (CH, C29, C29'), 124.1 (CH,
C25), 123.7 (CH, C11), 122.7 (CH, C2), 120.7 (CH, C32, C32), 119.8 (CH, C22),
118.0 (CH, C13), 115.4 (CH, C12), 68.2 (Cq, C27).

HR-ESI-MS (70 eV): 714.15 [M-X]".

Synthesis of [Pd(QPySpiro)Cl]

Ko[PdCly4]

HOAc
reflux, 21 h

QPyHSpiro (80.0 mg, 0.15 mmol, 1.10 eq.) and Kz[PdCl4] (47.1 mg, 0.14 mmol, 1.00 eq.) were
reacted following general procedure B for 21 h. The product was obtained as a yellow powder
(43.9mg, 66.4 pmol, 46%).

Habitus Yellow powder (43.9mg, 66.4 umol, 46%).

1H NMR (CD2CL, 500 MHz) d [ppm]: 9.94 (dd, ] =
5.0, 1.8 Hz, 1H, H1), 842 (dd, | = 82,
1.7 Hz, 1H, H3), 8.30 (dd, ] = 7.6, 1.2 Hz,
1H, H7), 8.04 (d, ] = 5.8 Hz, 1H, H5), 8.01
(d, ]=7.9 Hz, 1H, H12),7.97 (dd, ] = 8.0, 1.1
Hz, 1H, H13), 7.92 (dd, ] = 7.6, 5.1 Hz, 3H,
H22, H32, H32'), 7.73 - 7.66 (m, 2H, H6, H11), 7.59 (dd, ] = 8.2, 5.0 Hz, 1H, H2),
7.41 (qd, ] = 7.8, 1.0 Hz, 3H, H23, H31, H31"), 7.36 (d, ] = 4.5 Hz, 1H, H20), 7.31
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(s, 1H, H17), 7.16 (td, ] =7.5, 1.0 Hz, 2H, H30, H30"), 7.11 (td, ] =7.5, 1.0 Hz, 1H,
H24),6.78 (d, ] =7.6 Hz, 2H, H29, H29"), 6.65 (d, ] =7.5 Hz, 1H, H25).

(CD2Cl, 126 MHz) d [ppm]: 165.8 (Cq, C14), 155.8 (CH, C1), 154.8 (Cq, C18),
153.9 (Cq, C10), 149.4 (Cq, C28, C28'), 148.9 (Cq, C21), 145.0 (Cq, C19), 141.8 (Cq,
C33, C33), 141.6 (Cq, C26), 141.2 (Cq, C9), 139.9 (CH, C3), 139.2 (CH, C12), 138.6
(Cq, C15), 135.3 (CH, C7), 132.7 (Cq, C8), 132.3 (CH, C17), 132.2 (CH, C5), 129.4
(Cq, C4), 128.4 (Cq, C16), 127.8 (CH, C30, C30’), 127.8 (CH, C31, C31’), 127.7
(CH, C23), 127.4 (CH, C24), 126.9 (CH, C6), 123.8 (CH, C11), 123.7 (CH, C29,
C29'), 123.7 (CH, C25), 121.7 (CH, C2), 120.3 (CH, C32, C32’), 119.5 (CH, C22),
117.6 (CH, C13), 114.9 (CH, C20), 66.0 (Cq, C27).

HR-ESI-MS (70 eV): 625.09 [M-X]".

Synthesis of [Pt(PyCarbQ)Cl]

Ko[PtCly]

HOAc
reflux, 18 h

PyHCarbQ (100 mg, 0.27 mmol, 1.20 eq.) and K2[PtCl4] (93.4 mg, 0.23 mmol, 1.00 eq.) were
reacted following general procedure B for 18 h. The product was obtained as an orange
powder (79.4 mg, 0.13 mmol, 59%).

Habitus

'H NMR

13C NMR

Orange powder (79.4 mg, 0.13 mmol, 59%).

(CDClz, 600 MHz) d [ppm]:  10.22 (dd, ] = 5.4,
1.5 Hz, 1H, H16), 9.73 (dd, ] = 6.3, 1.8 Hz, 1H, H1),
8.48 (dd, ] =8.1, 1.6 Hz, 1H, H14), 8.28 (dd, ] = 7.3,
1.3 Hz, 1H, H11), 8.10 (d, ] = 7.7 Hz, 1H, H8), 8.05
(d, ] =7.8 Hz, 1H, H4), 7.98 (d, ] = 8.2 Hz, 1H, H5),
7.89 (dd, ] =8.1, 1.2 Hz, 1H, H13), 7.85 (ddd, | = 8.8,
7.1, 1.8 Hz, 1H, H3), 7.82 (d, ] = 8.0 Hz, 1H, H9),
7.78 - 7.72 (m, 1H, H12), 7.56 (ddd, ] = 8.3, 7.4, 1.2 Hz, 1H, H6), 7.53 (d, ] = 8.0
Hz, 1H, H10), 7.47 - 7.41 (m, 1H, H7), 7.40 (dd, ] = 8.1, 5.4 Hz, 1H, H15), 6.97
(ddd, ] =7.4, 6.4, 1.4 Hz, 1H, H2).

(CD2CL, 151 MHz) d [ppm]: 159.0 (CH, C16), 156.8 (CH, C1), 149.6 (Cq, C26),
140.8 (Cq, C19), 140.8 (CH, C14), 140.1 (Cq, C25), 140.0 (CH, C3), 141.6 (Cq, C18),
141.5 (Cq, C22), 131.9 (Cq, C20), 130.3 (CH, C11), 130.2 (Cq, C17), 129.5 (Cq,
C24), 128.4 (CH, C12), 128.0 (CH, C13), 126.9 (CH, C6), 124.2 (CH, C7), 124.0
(CH, C10), 122.1 (Cq, C23), 122.0 (CH, C8), 121.5 (CH, C15), 119.1 (CH, C2), 116.6
(CH, C5), 116.5 (CH, C9), 114.0 (CH, C4).
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5Pt NMR ~ (CD:Cls, 129 MHz) d [ppm]: —3107.4.
HR-ESI-MS (70 eV): 565.10 [M—X]".

Synthesis of [Pd(PyCarbQ)Cl]

Ko[PdCly]

HOAc
reflux, 42 h

PyHCarbQ (100 mg, 0.27 mmol, 1.20 eq.) and K:[PdCl] (73.4 mg, 0.23 mmol, 1.00 eq.) were
reacted following general procedure B for 42 h. The product was obtained as a yellow powder
(44.7 mg, 87.3 umol, 39%).

Habitus Yellow powder (44.7 mg, 87.3 pmol, 39%).

IHNMR  (CD:Cl, 500 MHz) d [ppm]: 10.09 (d, | = 4.2 Hg,
1H, H16), 9.54 (d, ] = 5.4 Hz, 1H, H1), 845 (d, ] =
7.9 Hz, 1H, H14), 8.26 (d, ] = 7.1 Hz, 1H, H11), 8.11
(d, ] = 7.7 Hz, 1H, H8), 8.05 (d, ] = 8.7 Hz, 1H, H4),
8.01(d, J=8.2 Hz, 1H, H9), 7.92 (dd, J=8.1, 1.1 Hz,
1H, H13), 7.87 (d, ] = 7.9 Hz, 1H, H5), 7.85 - 7.80
(m, 1H, H3), 7.77 (t, ] = 7.7 Hz, 1H, H12), 7.58 (t, |
= 8.1 Hz, 1H, H6), 7.52 - 7.47 (m, 2H, H10, H15), 7.4 (t, ] = 7.3 Hz, 1H, H7), 7.05
-7.00 (m, 1H, H2).

BCNMR  (CD:Cl, 126 MHz) d [ppm]: 158.7 (CH, C16), 155.5 (CH, C1), 148.9 (Cq, C26),
141.6 (Cq, C18), 141.5 (Cq, C22), 140.9 (Cq, C19), 140.5 (CH, C14), 140.0 (CH, C3),
139.9 (Cq, C25), 132.4 (Cq, C20), 130.3 (CH, C11), 129.8 (Cq, C17), 129.2 (Cq,
C24), 128.0 (CH, C12), 127.9 (CH, C13), 126.8 (CH, C6), 123.9 (CH, C10), 123.8
(Cq, C23), 123.8 (CH, C7), 121.6 (CH, C8), 120.7 (CH, C15), 118.4 (CH, C2), 117.3
(CH, C5), 116.3 (CH, C9), 113.3 (CH, C4).

HR-EI-MS (70 eV): 476.04 [M=X]".
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Synthesis of [Pt(PyPhThian)Cl]

X l “'EI Ko[PtCly]
_N S HOAc

reflux, 21 h
Ej S

PyHPhThian (107 mg, 0.29 mmol, 1.20 eq.) and Kz[PtCl4] (100 mg, 0.24 mmol, 1.00 eq.) were

reacted following general procedure B for 21 h. The complex was isolated as yellow powder

(89.0 mg, 0.15 mmol, 62%).

Habitus Yellow powder (89.0 mg, 0.15 mmol, 62%).

H NMR (DMSO-ds, 600 MHz) d [ppm]: 9.60 (d, J**"=35.1 Hz, | =
5.0 Hz, 1H, H1), 8.39 (d, ] = 8.1 Hz, 1H, H8), 8.36-8.33
(m, 1H, H14), 8.31 (d, ] = 8.0 Hz, 1H, H4), 8.25 (td, | =
7.8,1.4Hz, 1H, H3), 8.03 (d, ] =7.9 Hz, 1H, H7), 7.97 (d,
] =7.5 Hz, 1H, H5), 7.92 (d, ] = 6.8 Hz, 1H, H10), 7.85
(dd, J=7.2,1.7Hz, 1H, H12), 7.70 - 7.67 (m, 1H, H2),
7.65 (t,]=7.9 Hz, 1H, H9), 7.54 - 7.48 (m, 2H, H11, H13),
7.38 (t, ] =7.8 Hz, 1H, H6).

3C NMR (DMSO-ds, 151 MHz) d [ppm]: 164.6 (Cq, C23), 148.1 (CH, C1), 146.4 (Cq, C22),
141.2 (CH, C3), 140.9 (CH, C19), 137.8 (Cq, C17), 137.7 (Cq, C21), 134.9 (Cq, C16),
134.2 (Cq, C15), 133.2 (CH, C14), 131.0 (Cq, C20), 130.7 (CH, C7), 130.0 (CH,
C11), 129.9 (CH, C9), 129.2 (CH, C12), 128.9 (CH, C8), 128.5 (CH, C10), 128.4
(CH, C13), 125.6 (CH, C5), 125.5 (CH, C6), 123.5 (CH, C2), 120.1 (CH, C4), 116.4
(Cq, C18).

5Pt NMR  (DMSO-ds, 129 MHz): d [ppm] =-3969.1.

HR-ESI-MS (70 eV): 677.01 [M+DMSQY*, 641.04 [M-CI+DMSOV+, 563.02 [M—Cl]*.

Synthesis of [Pd(PyPhThian)Cl]

| X l “'EI Ko[PdCl,]
_N S HOAc

reflux,16 h
o8

PyHPhThian (107 mg, 0.29 mmol, 1.20 eq.) and K2[PdCl4] (78.3 mg, 0.24 mmol, 1.00 eq.) were
reacted following general procedure B for 16 h. The complex was isolated as yellow powder
(65.2 mg, 0.11 mmol, 45%).

Habitus Yellow powder (55.2 mg, 0.11 mmol, 45%).
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IHNMR  (DMSO-ds, 600 MHz) d [ppm]: 9.37 (d, ] = 4.7 Hz, 1H, H1),
8.45 (dd, ] = 6.0, 3.2 Hz, 1H, H14), 8.34 (d,] = 8.1 Hz 1H,
H8), 8.31 (d, ] =7.9 Hz, 1H, H4), 8.23 (td, ] = 7.8, 1.7 Hz, 1H,
H3), 8.03 (d, ] = 6.7 Hz, 1H, H5), 7.99 (d, ] = 7.6 Hz, 1H, HY),
7.94 (dd, J=7.5, 1.0 Hz, 1H, H10), 7.87 (dd, ] = 6.3, 2.7 Hz,
1H, H11), 7.68 - 7.61 (m, 2H, H2, H9), 7.54 - 7.49 (m, 2H,
H12, H13), 7.43 (t, ] = 7.8 Hz, 1H, H6).

BCNMR  (DMSO-ds, 151 MHz) d [ppm]: 164.2 (Cq, C23), 150.6 (CH,
C21), 149.5 (CH, C1), 147.9 (Cq, C22), 140.9 (CH, C3), 140.6 (Cq, C19), 138.1 (Cq,
C17), 135.2 (Cq, C16), 134.0 (CH, C14), 133.6 (Cq, C15), 133.5 (Cq, C20), 131.1
(CH, C12), 130.1 (CH, C9), 129.9 (CH, C7), 129.3 (CH, C8), 129.1 (CH, C11), 128.9
(CH, C10), 128.7 (CH, C13), 126.7 (CH, C6), 126.1 (CH, C5), 123.7 (CH, C2), 120.3
(CH, C4), 118.0 (Cq, C18).

HR-ESI-MS (70 eV): 551.97 [M—CI+DMSO] *, 473.96 [M—CI]".

Synthesis of [Pt(PyPhDBT)CI]

X l O K,[PtCl,]
—_—
_N HOAc

S reflux, 16 h

J

PyHPhDBT (100 mg, 0.30 mmol, 1.20 eq.) and Kz[PtCls] (103 mg, 0.25 mmol, 1.00 eq.) were

reacted following general procedure B for 16 h. The complex was isolated as yellow powder

(87.6 mg, 0.16 mmol, 63%).

Habitus Yellow powder (87.6 mg, 0.16 mmol, 63%).

'H NMR (DMSO-ds, 600 MHz) d [ppm]: 9.33 (ddd, /"= 36.3 Hz,
J=5.9,15,0.6 Hz, 1H, H1), 8.50 (d, | =7.8 Hz, 1H, H11),
8.47 (d,J=79Hz, 1H, H14),8.34(dd, J]=7.7,0.8 Hz, 1H,
H10), 8.27 - 8.23 (m, 1H, H4), 8.19 (ddd, ] = 8.2, 7.5,
1.6 Hz, 1H, H3) 8.07 (d, ] =7.3 Hz, 1H, H7), 7.93 (dd, ] =
7.7, 1.0 Hz, 1H, H5), 7.89 (d, ] = 7.4 Hz, 1H, H8), 7.80 -
7.74 (m, 2H, H9, H12), 7.67 (dt, ] =7.5, 1.0 Hz, 1H, H13),
7.58 (ddd, J=7.3,5.9, 1.5 Hz, 1H, H2), 7.42 (t, ] = 7.6 Hz, 1H, H6).

BC NMR (DMSO-ds, 151 MHz) 6 [ppm]: 165.6 (Cq, C23), 147.9 (Cq, C21), 147.6 (CH, C1),
145.2 (Cq, C22), 140.9 (CH, C3), 139.2 (Cq, C19), 137.8 (Cq, C16), 135.4 (Cq, C17,
C18), 134.8 (Cq, C20), 134.2 (Cq, C15), 129.8 (CH, C12), 129.5 (CH, C9), 129.3
(CH, C14),128.2 (CH, C13), 127.8 (CH, C8), 127.4 (CH, C7), 126.0 (CH, C6), 124.8
(CH, C5),123.5 (CH, C11), 123.4 (CH, C2), 121.1 (CH, C10), 120.4 (CH, C4).

5PtNMR  (DMSO-ds, 129 MHz) 0 [ppm]: —3887 4.
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HR-ESI-MS (70 eV): 563.08 [M]*, 531.05 [M—CI]".

Synthesis of [Pd(PyPhDBT)CI]

| X l O K,[PdCl,]
—_—
_N HOAc

S reflux, 18 h

J

PyHPhDBT (100 mg, 0.30 mmol, 1.20 eq.) and Kz[PdClL] (81.6 mg, 0.25 mmol, 1.00 eq.) were
reacted following general procedure B for 18 h. The complex was isolated as yellow powder
(51.9 mg, 0.11 mmol, 43%).

Habitus Yellow powder (51.9 mg, 0.11 mmol, 43%).

IHNMR  (CD:Cl,, 400 MHz) d [ppm]: 8.69 (ddd, ] = 4.8, 1.8,
1.0 Hz, 1H, H1), 8.22 - 8.16 (m, 2H, H10, H14), 8.10 (ddd, ] = 7.9, 1.,
1.1 Hz, 1H, H5), 7.89 - 7.81 (m, 3H, H3, H4, H12), 7.81 - 7.75 (m, 2H,
H7, H11), 7.63 (t, ] = 7.7 Hz, 1H, H6), 7.59 - 7.56 (m, 2H, H8, H9), 7.49
-7.45 (m, 1H, H13), 7.25 (ddd, ] = 7.3, 4.8, 1.2 Hz, 1H, H2).

BCNMR  (CD:Cl, 101 MHz) & [ppm]: 157.3 (Cq, C23), 150.2 (CH,

C1), 141.5 (Cq, C22), 140.5 (Cq, C20), 140.0 (Cq, C19), 139.0 (Cq, C18), 137.4 (CH, C3), 137.4
(CH, C11), 137.3 (Cq, C15), 136.8 (Cq, C17), 136.3 (Cq, C16), 129.8 (CH, C6), 129.3 (CH, C7),
127.5 (CH, C8), 127.5 (CH, C13), 127.0 (CH, C5), 125.8 (CH, C9), 123.2 (CH, C12), 122.9 (CH,
C2), 122.4 (CH, C14), 121.2 (CH, C10), 121.0 (CH, C4).

HR-ESI-MS (70 eV): 441.99 [M-Cl]"*.

Synthesis of [Pt(QPhThian)Cl]

K,[PtCly]

—_—

HOAc
reflux, 16 h

QHPhThian (122 mg, 0.29 mmol, 1.20 eq.) and K:[PtCls] (100 mg, 0.24 mmol, 1.00 eq.) were
reacted following general procedure B for 16 h. The product was obtained as a dark orange
powder (21.9 mg, 33.7 umol, 14%).
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Habitus Dark orange powder (21.9 mg, 33.7 umol, 14%).

H NMR (CD:Clz, 600 MHz) d [ppm]:9.50 (dd, ] = 5.3, 1.5 Hz,
1H, H1), 8.49 (dd, ] =8.1, 1.4 Hz, 1H, H3), 8.43 (dd, |
=74, 1.1 Hz, 1H, H6), 7.94 (dd, ] = 8.1, 1.0 Hz, 1H,
H4), 7.79 - 7.76 (m, 1H, H5), 7.63 (m, 1H, H10), 7.58
(d, ] =73 Hz, 1H, H9), 7.50 - 7.45 (m, 2H, H2, H12),
7.43 - 7.40 (m, 1H, H16), 7.37 (t, ] = 7.7 Hz, 1H, HS),
7.33 (d, ] = 6.4 Hz, 2H, H7, H15), 7.30 (t, ] = 7.7 Hz,
1H, H11), 7.26 (td, ] = 7.6, 1.3 Hz, 1H, H14), 7.17 - 7.12 (m, 1H, H13).

3C NMR (CD:Clz, 151 MHz) d [ppm]: 155.9 (CH, C1), 154.1 (Cq, C25), 146.1 (Cq, C20),
145.8 (Cq, C24), 142.0 (Cq, C26), 141.6 (Cq, C17), 140.4 (CH, C3), 138.6 (Cq, C19),
136.3 (Cq, C18), 131.9 (CH, C16), 131.0 (Cq, C22), 130.5 (CH, C14), 129.8 (CH,
C8), 129.6 (CH, C6), 129.2 (CH, C2), 129.0 (CH, C9), 128.9 (CH, C10), 128.8 (CH,
C5), 127.7 (CH, C4), 127.6 (CH, C15), 127.5 (CH, C13), 126.9 (CH, C11), 125.6
(CH, C7), 124.7 (Cq, C27), 121.9 (CH, C12), 118.3 (Cq, C21).

WPtNMR  (CD:Clz, 129 MHz) d [ppm]: —3816.5.

HR-ESI-MS (70 eV): 669.99 [M+Na]*, 649.02 [M+H], 612.03 [M-CI]*.

Synthesis of [Pd(QPhThian)Cl]

K,[PdCly]

HOAc
reflux, 72 h

QHPhThian (122 mg, 0.29 mmol, 1.20 eq.) and Kz[PdCl] (78.3 mg, 0.24 mmol, 1.00 eq.) were

reacted following general procedure for 72 h. The product was obtained as a light green

powder (104 mg, 0.19 mmol, 77%).

Habitus Light green powder (104 mg, 0.19 mmol, 77%).

'H NMR (DMSO-ds, 500 MHz) d [ppm]: 9.47 (s, 1H), 9.15 (s, 1H), 8.74 (s, 1H), 8.44 (s, 1H),
8.10 (s, 1H), 7.83 (s, 2H), 7.70 (s, 1H), 7.59 (td, ] = 7.4, 2.1 Hz, 2H), 7.48 (s, 1H),
7.41-7.37 (m,2H), 7.34 (td, | =7.6, 1.4 Hz, 1H), 7.25 (td, ] = 7.6, 1.4 Hz, 1H), 6.98
(s, 1H).

HR-ESI-MS (70 eV): 522.98 [M—-CI]*.
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Synthesis of [Pt(ThianHPhThian)Cl:]

O O _ Ko[PtCly] O ¢

HOAc S\pt/S

jeetalie v

ThianHPhThian (146 mg, 0.29 mmol, 1.20 eq.) and K[PtCls] (100 mg, 0.24 mmol, 1.00 eq.) were
reacted following general procedure B for 2 h. The complex was obtained as a dark brown
powder (110 mg, 0.14 mmol, 59%).

Habitus Dark brown powder (110 mg, 0.14 mmol, 59%).

H NMR (DMSO-ds, 600 MHz) d [ppm]: 7.67 (t, ] =7.6 Hz, 1H,
H9), 7.64 (dd, ] =7.2,2.0 Hz, 2H, H1, H1"), 7.60 (dd, ]
=7.8,1.2 Hz, 2H, H3, H3"), 7.53 (dd, ] =7.6, 1.8 Hz, 2H,
HS8, H8’), 7.50 (dd, ] =7.8, 1.3 Hz, 2H, H6, H6"), 7.46 -
7.45 (m, 2H, H7, H7’), 7.44 (s, 1H, H10), 7.42 (dd, | =
3.1, 1.6 Hz, 2H, H2, H2"), 7.35 (td, ] =7.5, 1.4 Hz, 2H,
H4, H4'), 7.29 (td, ] =7.5, 1.4 Hz, 2H, H5, HY').

BC NMR (DMSO-ds, 151 MHz) 6 [ppm]: 141.5 (Cq, C12, C12") 139.3 (Cq, C11, C11") 135.2
(Cq, C14, C14') 134.7 (Cq, C15, C15) 134.5 (Cq, C16, C16) 133.8 (Cq, C13, C13’)
130.4 (CH, C2, C2’) 130.2 (CH, C7, C7") 129.4 (CH, C8, C8’) 129.4 (CH, C6, C6¢’)
129.1 (CH, C1, C1") 129.1 (CH, C9) 129.1 (CH, C3, C3") 128.9 (CH, C4, C4') 128.7
(CH, C5, C5") 128.4 (CH, C10)

5Pt NMR  (DMSO-ds, 129 MHz) d [ppm]: —3440.1.

HR-ESI-MS (70 eV): 698.98 [M-CI-H]".

Synthesis of [Pt(DBTHPhDBT)Cl:]

70 s
—_—

S S HOAc

O O reflux, 22 h

DBTHPhDBT (100 mg, 0.23 mmol, 1.20 eq.) and Kz[PtCls] (78.1 mg, 0.19 mmol, 1.00 eq.) were

reacted following general procedure B for 22 h. The product was obtained as a grey powder

(90.0 mg, 0.13 mmol, 67%).

Habitus Grey powder (90.0 mg, 0.13 mmol, 67%).

'H NMR (CDCls, 500 MHz) & [ppm]: 8.20 (t, ] = 5.8 Hz, 2H), 8.13 (d, ] = 9.3 Hz, 2H), 7.97
(d,J=7.7Hz, 1H), 7.84 (dd, ] =8.2,4.0 Hz, 4H), 7.74 (d, ] =74 Hz, 1H), 7.67 (t, ]
=7.8 Hz, 1H), 7.64 - 7.59 (m, 3H), 7.47 (dd, ] = 6.8, 3.2 Hz, 2H), 7.46 - 7.36 (m,
2H).

HR-ESI-MS (70 eV): 762.00 [M+MeOH+Nal*, 706.99 [M]~.
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Synthesis of [Pt(PyPhDBF)CI]

X l O K,[PtCly]
N HOAc

Q reflux, 44 h

I

PyHPhDBF (93.2 mg, 0.29 mmol, 1.20 eq.) and K:[PtCls] (100 mg, 0.24 mmol, 1.00 eq.) were
reacted following general procedure B for 44 h. The complex was isolated as yellow powder
(35.6 mg, 64.6 umol, 27%).

Habitus Yellow powder (35.6 mg, 64.6 umol, 27%).

H NMR (DMSO-ds, 600 MHz) 6 [ppm]: 9.55 (d, J]=5.0 Hz, 1H,
H1), 8.41 (d, ] = 8.3 Hz, 1H, H5), 8.35 (d, | =7.9 Hz,
1H, H4),8.27 (d, ] =2.1 Hz, 1H, H8), 8.19 (t, ]=7.3 Hz,
2H, H3, H14), 8.17 - 8.14 (m, 1H, H10), 7.83 (dd, | =
7.6,1.2 Hz, 1H, H11),7.80 - 7.74 (m, 2H, H6, H7), 7.59
- 7.54 (m, 2H, H2, H12), 7.52 (t, ] = 7.6 Hz, 1H, H9),
7.44 (t, ] =7.5 Hz, 1H, H13). 13 12

BC NMR (DMSO-ds, 151 MHz) d [ppm]: 164.8 (Cq, C23), 155.4 (Cq, C22), 152.5 (Cq, C15),
149.3 (CH, C1), 145.1 (Cq, C18), 141.6 (CH, C3), 140.2 (Cq, C20), 133.8 (CH, C5),
132.3 (Cq, C16), 130.0 (CH, C7), 127.6 (CH, C12), 126.6 (CH, C11), 124.8 (Cq,
C21),124.3 (Cq, C17),123.9 (CH, C8), 123.6 (CH, C9), 123.5 (Cq, C19), 123.1 (CH,
C13), 123.0 (CH, C2), 121.1 (CH, C14), 120.0 (CH, C10), 119.9 (CH, C4), 111.9
(CH, Co).

5Pt NMR  (DMSO-ds, 129 MHz) d [ppm]: —3794.0.

HR-ESI-MS (70 eV): 572.03 [M+Na]*, 514.07 [M—CIJ*.

Synthesis of [Pd(PyPhDBF)Cl]

i X : O K,[PdCl,]
—
N HOAc

Q reflux, 22 h

I

PyHPhDBF (93.2 mg, 0.29 mmol, 1.20 eq.) and K2[PdCl4] (78.3 mg, 0.24 mmol, 1.00 eq.) were
reacted following general procedure B for 22 h. The complex was isolated as a yellow powder
(42.0 mg, 90.9 umol, 38%).
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1H NMR

13C NMR

HR-ESI-MS

6 Experimental Section

Yellow powder (42.0 mg, 90.9 umol, 38%).
(DMSO-ds, 500 MHz) 6 [ppm]: 9.30 (s, 1H, H1), 8.20
(d, ]=7.3 Hz, 1H, H14), 8.19 - 8.16 (m, 1H, H4), 8.14
(d, ] =6.8 Hz, 1H, H10), 8.13 - 8.10 (m, 1H, H5) 8.08
- 8.02 (m, 2H, H3, H7), 7.78 (d, ] = 8.1 Hz, 2H, HS,
H11), 7.60 (d, ] = 8.3 Hz, 1H, H2), 7.55 (t, ] = 7.8 Hz,
1H, H12), 7.51 (t, J=7.6 Hz, 1H, H9), 7.44 (t, [ = 7.5
Hz, 1H, H13), 7.40 (d, ] = 6.7 Hz, 1H, H6).
(DMSO-ds, 151 MHz) d [ppm]: 164.9 (Cq, C23), 155.9 (Cq, C15), 153.0 (Cq, C22),
150.3 (Cq, C20), 139.7 (CH, C3), 132.3 (Cq, C16),128.8 (CH, C2), 128.1 (CH, C12),
127.2 (CH, C8), 125.7 (Cq, C18), 124.8 (Cq, C19), 124.1 (CH, C9), 124.1 (CH, C7),
124.0 (Cq, C17),123.6 (CH, C5), 123.2 (CH, C13), 123.1 (CH, C6), 121.6 (CH, C14),
120.4 (CH, C10), 119.7 (CH, C4), 112.4 (CH, C11).

(70 eV): 540.26 [M+H+DMSOQOV]*, 425.01 [M-Cl]".

Synthesis of [Pt(QPhDBF)Cl]

Ko[PtCly]

HOAc
reflux, 3 h

QHPhDBF (54.0 mg, 0.14 mmol, 1.20 eq.) and Kz[PtCls] (50.0 mg, 0.11 mmol, 1.00 eq.) were
reacted following general procedure B for 3 h. The complex was isolated as an orange powder
(40.1 mg, 66.7 umol, 55%).

Habitus
1TH NMR

BC NMR

Orange powder (40.1 mg, 66.7 pmol, 55%).
(DMSO-ds, 500 MHz) d [ppm]: 9.49 (dd, | = 5.3,
1.5 Hz, 1H, H1), 8.82 (dd, ] =8.3, 1.4 Hz, 1H, H3), 8.57
(dd, ] =74, 1.1 Hz, 1H, H6), 8.18 (ddd, ] = 7.7, 1.3,
0.6 Hz, 1H, H16), 8.16 (dd, ] = 8.2, 1.1 Hz, 1H, H4),
8.11 (dd, J=7.7,1.2 Hz, 1H, H7), 8.03 (d, ] = 8.1 Hz,
1H, H10), 7.92 - 7.86 (m, 2H, H5, H12), 7.78 - 7.73 (m,
3H, H2, H9, H13), 7.60 (dd, ] =8.1, 2.0 Hz, 1H, H11),
7.53 (ddd, ] =8.4,7.3,1.3 Hz, 1H, H14), 7.48 (t, ] =7.6 Hz, 1H, H8), 7.42 (td, | =
7.6,0.9 Hz, 1H, H15).

(DMSO-ds, 151 MHz) 6 [ppm]: 156.5 (CH, C1), 155.4 (Cq, C17), 152.5 (Cq, C25),
141.0 (CH, C3), 140.7 (Cq, C26), 140.0 (Cq, C27), 138.2 (CH, C10), 134.5 (Cq, C24),
1132.5 (Cq, C21), 131.1 (Cq, C20), 128.6 (CH, C12), 128.5 (Cq, C23), 128.4 (CH,
Co), 127.5 (CH, C14), 127.3 (CH, C4), 126.9 (CH, C11), 126.6 (CH, C9), 126.3 (CH,
C5), 125.2 (Cq, C22), 124.2 (Cq, C18), 123.5 (Cq, C19), 123.5 (CH, C8), 123.1 (CH,
C15), 121.7 (CH, C2), 121.1 (CH, C16), 119.7 (CH, C7), 111.8 (CH, C13).
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5Pt NMR ~ (DMSO-de, 129 MHz) d [ppm]: —3683.3.
HR-ESI-MS (70 eV): 622.04 [M+Nal", 564.09 [M—Cl]".

Synthesis of [Pt(QPhDBF)CI]

Ko[PdCly]

HOAc
reflux, 19 h

QHPHDBEF (54.0 mg, 0.14 mmol, 1.20 eq.) and K2[PdCl4] (39.0 mg, 0.12 mmol, 1.00 eq.) were
reacted following general procedure B for 19 h. The complex was isolated as a green powder
(40.0 mg, 78.1 umol, 65%).

Habitus Green powder (40.0 mg, 78.1 pmol, 65%).

H NMR (MeOH-ds, 500 MHz) d [ppm]: 8.91 (d, | = 5.5 Hz, 1H), 8.17 (s, 1H), 8.11 - 8.02
(m, 4H), 7.95 (s, 1H), 7.82 (d, ] =8.4 Hz, 1H), 7.75(d, ] =7.6 Hz, 1H), 7.70 (t, ] =
7.0Hz, 3H), 7.60 (d, ] =8.3 Hz, 1H), 7.48 (t, ] =7.0 Hz, 2H), 7.39 (t, ] = 7.5 Hz, 1H).

HR-ESI-MS (70 eV): 532.99 [M+Nal*, 475.03 [M—CIl]*.

Synthesis of [Pt(PyPyNaph)Cl]

K,[PtCly]

HOAc
160 °C, 30 min
MW (300 W)

PyPyHNaph (60.0 mg, 0.21 mmol, 1.20 eq.) and Kz[PtCl4] (72.6 mg, 0.18 mmol, 1.00 eq.) were

reacted following general procedure C for 30 min. The product mixture was obtained as a red-

orange powder (36.2 mg, 70.7 umol, 40%, both isomers).

Habitus Red-orange powder (36.2 mg, 70.7 umol, 40%, 50:50 mixture of both isomers).

H NMR (DMSO-ds, 500 MHz) d [ppm]: 9.64 - 9.61 (m, 1H), 9.60 (dd, ] = 5.6, 1.6 Hz, 1H),
9.22 - 9.15 (m, 1H), 9.04 (d, | = 8.3 Hz, 1H), 8.98 (dd, | = 7.9, 1.2 Hz, 1H), 8.95
(ddd, ] =7.2, 5.3, 1.0 Hz, 2H), 8.77 (d, ] = 8.1 Hz, 1H), 8.76 - 8.71 (m, 3H), 8.68
(dd, J=7.9, 1.3 Hz, 1H), 8.61 (dd, ] = 8.4, 1.3 Hz, 1H), 8.59 - 8.55 (m, 2H), 8.53 -
8.51 (m, 3H), 8.50 - 8.46 (m, 2H), 8.43 - 8.40 (m, 2H), 8.33 (dd, ] =7.6, 1.2 Hz, 1H),
8.26 - 8.21 (m, 2H), 8.18 (d, | = 8.1 Hz, 1H), 8.16 - 8.12 (m, 3H), 8.10 (dd, | = 8.1,
1.2 Hz, 1H), 8.04 (s, 1H), 7.96 (ddd, | = 7.4, 5.2, 1.4 Hz, 2H), 7.90 (dd, | = 8.1,
1.5 Hz, 1H), 7.86 - 7.81 (m, 1H), 7.76 (t, | = 7.8 Hz, 2H), 7.74 - 7.72 (m, 1H), 7.68
(dd, J=7.8,1.5Hz, 1H), 7.64 (t, | = 7.7 Hz, 1H), 7.47 (t, ] =7.7 Hz, 1H).

HR-EI-MS (70 eV): 555.99[M-CI+DMSO]*,511.04 [M]+, 281.11 [L]*.
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Synthesis of [Pd(PyPyNaph)Cl]

Ko[PdCl,]

MeCN/H,0
reflux, 72 h

PyPyHNaph (60.0 mg, 0.21 mmol, 1.20 eq.) and K>[PtCl4] (57.1 mg, 0.18 mmol, 1.00 eq.) heated

to reflux in 15 mL of MeCN/H:O (1:1). After cooling to room temperature, the mixture was

tiltered off over a glass frit and washed with distilled water and diethyl ether. The product

mixture was obtained as a yellow powder (61.4 mg, 0.15 mmol, 83%, both isomers).

Habitus Yellow powder (61.4 mg, 0.15 mmol, 83%, both isomers).

1H NMR (DMSO-ds, 500 MHz) & [ppm]: Mixture of isomers, ratio ca. 70:30.

Major isomer: 9.31 (d, ] = 5.3 Hz, 1H), 8.68 (dd, ] =8.0, 5.3 Hz, 2H), 8.56
(d, ] =82 Hz, 1H), 8.50 (d, ] =7.4 Hz, 1H), 840 (q, | =
8.0 Hz, 2H), 8.32 (td, | =7.8, 1.7 Hz, 1H), 8.10 (d, ] = 7.9
Hz, 1H), 7.84 (dd, ] =7.8,5.4 Hz, 1H), 7.74 (d, ] =7.7 Hz,
1H), 7.65 (dd, ] =8.5, 7.7 Hz, 1H), 7.27 (t, | = 7.6 Hz, 1H).

Minor isomer: 8.71 (d, ] = 5.7 Hz, 1H), 8.54 - 8.50 (m, 2H), 8.45 (d,
J =79 Hz, 1H), 8.31 - 8.25 (m, 3H), 7.99 (d, | =
8.4 Hz, 1H), 7.92 (d, ] = 8.1 Hz, 1H), 7.83 - 7.80 (m,
2H), 7.62 - 7.57 (m, 1H), 7.47 (t, ] = 7.4 Hz, 1H).

HR-ESI-MS (70 eV): 387.01 [M-CI]*.

HR-EI-MS (70 eV): 282.11 [L]*, 421.98 [M]~, 387.01 [M—ClIJ".

Synthesis of [Pt(PyPyAnth)Cl]

K,[PtCly]

MeCN/H,0
reflux, 18 h

PyPyHAnth (120 mg, 0.36 mmol, 1.20 eq.) and K:[PtCls] (125 mg, 0.30 mmol, 1.00 eq.) were

mixed in a mixture of MeCN and distilled water (10 mL each). The mixture was heated to

reflux for 18 h and cooled to room temperature. The red precipitate was filtered off over a glass
frit and washed with MeCN and distilled water. The solid was dissolved in CH2Cl> and the

solvent evaporated off to yield the product as a red powder (80.0 mg, 0.14 mmol, 48%).

Habitus Red powder (80.0 mg, 0.14 mmol, 48%).

H NMR (CDClIs, 500 MHz) d [ppm]: 9.55 (dd, ] =5.2, 1.6 Hz, 2H), 8.35 (ddd, /] =12.1, 7.7,
1.5 Hz, 4H), 7.87 (dd, ] =8.1, 1.4 Hz, 2H), 7.74 (dd, ] = 8.2, 7.3 Hz, 2H), 7.56 (d, |
=7.6 Hz, 2H), 7.44 (dd, ] =8.2, 5.2 Hz, 2H), 7.35 (t, ] = 7.6 Hz, 1H).

HR-EI-MS (70 eV):332.12 [L]".
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HR-ESI-MS (70 eV): 525.26 [M—CIJ", 333.14 [L+H]-.

Synthesis of [Pd(PyPyAnth)Cl]

Ko[PdCl,]

MeCN/H,0
reflux, 18 h

PyPyHAnth (120 mg, 0.36 mmol, 1.20 eq.) and K:[PdCl4] (97.8 mg, 0.30 mmol, 1.00 eq.) were

mixed in a mixture of MeCN and distilled water (10 mL each). The mixture was heated to

reflux for 18 h and cooled to room temperature. The orange precipitate was filtered off over a

glass frit and washed with MeCN and distilled water. The solid was dissolved in CH2Cl> and

the solvent evaporated off to yield the product as a vibrant orange powder (87.2 mg,

0.18 mmol, 61%).

Habitus Vibrant orange powder (87.2 mg, 0.18 mmol, 61%).

H NMR (DMSO-ds, 300 MHz) d [ppm]: 9.14 (d, ] =5.2 Hz, 1H), 8.70 (dd, ] = 8.3, 7.7 Hz,
3H), 8.35 (t, ] = 7.4 Hz, 1H), 8.23 (ddd, | = 13.3, 11.1, 7.5 Hz, 4H), 8.03 (d, ] =
8.1 Hz, 1H), 7.86 (d, ] =7.5 Hz, 2H), 7.55 (dt, ] =5.2, 2.4 Hz, 2H), 7.25 (t, ] = 7.6
Hz, 1H).

HR-EI-MS (70 eV): 332.12 [L]".

HR-ESI-MS (70 eV): 805.14 [M+L+H]*, 473.00 [M+H]*, 333.14 [L+H]*.

Synthesis of [Pd(PyPyAnth)Cl]

Ko[PdCl,]

MeCN/H,0O
reflux, 48 h

Under inert conditions, PyPyHAnth (61.0 mg, 0.18 mmol, 1.20 eq.) and K2[PdCl] (50.0 mg,
0.15 mmol, 1.00 eq.) were mixed in a degassed mixture of MeCN and distilled water (10 mL
each). The mixture was heated to reflux for 48 h and cooled to room temperature. The orange
precipitate was filtered off over a glass frit and washed with diethyl ether and distilled water.
The solid was dissolved in CH2Clz and the solvent evaporated off to yield the products as an
orange powder (31.0 mg, mixture of products, 4:1).
Habitus Orange powder (31.0 mg, mixture of products, 4:1).
'H NMR (CD2Clz, 500 MHz) d [ppm]:
Major product (cyclometalated complex, 80%):
9.55(d, ] =4.6 Hz, 1H), 8.35 (d, ] = 7.7 Hz, 1H), 8.27 (t, ] = 7.4 Hz, 2H), 8.19 (d, |
=7.7Hz, 1H), 8.14 (d, ] =7.9 Hz, 1H), 8.10 (t, ] =7.0 Hz, 1H), 7.68 - 7.61 (m, 1H),
749 (d,J=74Hz 1H),7.30 (t, J=7.5Hz, 1H),7.21 (d, ]=6.8 Hz, 1H), 7.15 (t, | =
7.6 Hz, 1H), 7.01 (t, ] = 7.5 Hz, 1H), 6.58 (d, ] = 7.4 Hz, 1H), 6.03 (s, 1H).
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Minor product (precoordinated complex, 20%):
9.25(d, ] =4.6 Hz, 1H), 8.54 (s, 1H), 8.38 — 8.34 (m, 1H), 8.30 — 8.25 (m, 1H), 8.23
-8.18 (m 1H), 8.16 — 8.07 (m, 3H), 8.01 (t, ] = 8.6Hz, 2H), 7.81 (d, ] = 8.3 Hz, 1H),
7.68 - 7.61 (m, 1H), 7.54 - 7.44 (m, 3H), 7.29 — 7.24 (m, 1H).

HR-ESI-MS (70 eV): 493.99 [M(cyclometalated)+Na]*, 436.03 [M(cyclometalated)-Cl]*.

Synthesis of [Pd(PyPyHAnth)Cl:]

K,[PdCl,]
KOAc, K2C03 =

p-xylene
reflux, 72 h

PyPyHAnth (61.0 mg, 0.18 mmol, 1.20 eq.) and K2[PdCls] (50.0 mg, 0.15 mmol, 1.00 eq.) were

reacted following general procedure D for 72 h under strict exclusion of oxygen. The product

was obtained as a brown powder (15.2 mg, 29.8 umol, 19%).

Habitus Brown powder (15.2 mg, 29.8 umol, 19%).

H NMR (CD:Clz, 500 MHz) o [ppm]: 8.71 (d, | = 4.0 Hz, 1H,
HI), 8.61 (dd, ] = 8.0, 0.9 Hz, 1H, H7), 8.59 (s, 1H,
H12), 8.34 (d, ] =7.9 Hz, 1H, H4), 8.10 (d, ] = 8.5 Hz,
2H, H11, H11"), 8.07 (t, ] =7.8 Hz, 1H, H6), 7.72 (td, |
= 7.8, 1.8 Hz, 1H, H3), 7.67 (d, ] = 9.6 Hz, 2H, HS,
HS’),7.53 (dd, ] =7.6, 0.9 Hz, 1H, H5), 7.51 - 7.46 (m,
2H, H10, H10), 7.38 (ddd, ] =8.7, 6.5, 1.1 Hz, 2H, H9, HY"), 7.31 (ddd, ] =7.5, 4.9,
1.1 Hz, 1H, H2).

3C NMR (CD2CL, 126 MHz) o [ppm]: 157.9 (Cq, C17), 157.0 (Cq, C16), 156.7 (Cq, C18),
149.7 (CH, C1), 137.8 (CH, C6), 137.4 (CH, C3), 136.1 (Cq, C15), 132.0 (Cq, C13,
C13), 130.6 (Cq, C14, C14’), 129.0 (CH, C11, C11"), 128.0 (CH, C12), 127.4 (CH,
C5), 126.7 (CH, C8, C8), 126.4 (CH, C9, C9’), 125.8 (CH, C10, C10), 124.4 (CH,
C2), 121.7 (CH, C4), 120.1 (CH, C7).

HR-ESI-MS (70 eV): 473.00 [M+H], 333.14 [L+H]*.
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Synthesis of [Pd(PyPyHAnth)Cl:]

Ko[PdCly]

HOAc
reflux, 72 h

PyPyHAnth (306 mg, 0.92 mmol, 1.00 eq.) and K2[PdCl4] (360 mg, 1.10 mmol, 1.20 eq.) were

reacted following general procedure C for 72 h under strict exclusion of oxygen. The product

was obtained as an orange powder (380 mg, 0.75 mmol, 81%).

Habitus Orange powder (380 mg, 0.75 mmol, 81%).

H NMR (CD:Cl:, 500 MHz) d [ppm]: 9.35 (dt, ] =5.7, 1.2 Hz, 1H),
8.66 (s, 1H), 8.30 - 8.22 (m, 2H), 8.18 (d, ] = 3.8 Hz, 2H),
8.16 - 8.10 (m, 2H), 7.78 - 7.69 (m, 3H), 7.60 (dt, ] = 5.7,
4.6 Hz, 1H), 7.57 - 7.51 (m, 4H).

HR-ESI-MS (70 eV): 805.14 [M-CI+L]*, 472.00 [M-CI]*, 439.03 [M(cyclometalated)-Cl]’,
333.14 [L+H]J*.

Synthesis of [Ni(PyPyAnth)Br]

NiBr,
KOAC, K2003 _

p-xylene
reflux, 72 h

PyPyHAnth (150 mg, 0.45 mmol, 1.00 eq.) and NiBr2 (100 mg, 0.45 mmol, 1.00 eq.) were reacted

following general procedure D for 72 h under strict exclusion of oxygen. The product was

obtained as a green powder (180 mg, 0.38 mmol, 85%).

Habitus Green powder (180 mg, 0.38 mmol, 85%).

'H NMR (CD2Clz, 500 MHz) d [ppm]: 15.11 (s, br, 1H), 12.46 (s, br 1H), 9.79 (s, br, 2H),
9.40 (s, br, 2H), 8.86 (s, br, 2H), 7.40 (s, br, 2H), 7.25 (s, br, 2H), 6.41 (s, br, 2H).

HR-ESI-MS (70 eV): 390.07 [M-Br]*, 333.14 [L+H]".

Synthesis of [Pd(PyPyO:Anth)Cl]

An NMR sample of [Pd(PyPyAnth)Cl] (ca. 5mg) in CD2Cl> was left in solution at room
temperature for 72 h. Red crystals formed, which could be isolated by filtration and washing
with small amounts of n-pentane. The product was obtained as red crystals (traces).
Habitus Red crystals (traces).
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(CD2CL, 500 MHz) d [ppm]: 9.57 (dd, ] = 5.3,
0.9 Hz, 1H, H1), 8.36 (d, ] = 7.9 Hz, 1H, H7), 8.31 -
8.24 (m, 2H, H6, H8), 8.20 (d, ] = 8.1 Hz, 1H, H4),
8.16 (d, J=7.9 Hz, 1H, H5), 8.13 (td, ] = 7.9, 1.7 Hz,
1H, H3), 7.67 (ddd, ] = 7.4, 5.4, 1.1 Hz, 1H, H2),
7.50 (d, ] = 7.3 Hz, 1H, H11), 7.31 (td, ] = 7.6, 1.0
Hz, 1H, H12), 7.21 (dd, ] = 7.0, 0.9 Hz, 1H, H10), 7.16 (td, ] = 7.6, 1.1 Hz, 1H,
H13), 7.01 (dd, ] = 8.1, 7.0 Hz, 1H, H9), 6.59 (d, ] = 7.5 Hz, 1H, H14).

(CD2Cl, 126 MHz) d [ppm]: 167.1 (Cq, C24), 157.6 (Cq, C23), 151.6 (Cq, C22),
150.3 (CH, C1), 141.5 (Cq, C15), 139.7 (CH, C3), 139.6 (Cq, C16), 139.2 (CH, C6),
139.2 (CH, C8), 139.1 (Cq, C19), 134.8 (Cq, C18), 133.6 (Cq, C20), 130.8 (CH, C5),
128.1 (CH, C12), 127.3 (CH, C13), 126.7 (CH, C2), 126.1 (CH, C9), 124.2 (CH, C7),
123.3 (CH, C11), 123.1 (Cq, C21), 122.5 (CH, C14), 122.4 (Cq, C17), 122.1 (CH,
C4), 121.1 (CH, C10).

Synthesis of anthracene endoperoxide

hv (visible light LED)
+ O, / >
dodecane (1.00 eq.)
CDCly
r.t., 60 min

In a round small glass vial without exclusion of oxygen or light, anthracene (100 mg,
0.56 mmol, 1.00 eq.) was mixed with [Pd(PyPyAnth)Cl] (2.50 mg, 1mol%) and dodecane (95.6
mg, 0.13 mL, 0.56 mmol, 1.00 eq.) as internal standard in CDCls. The mixture was stirred at

room temperature while irradiating with a visible light LED for 60 min, during which the

originally orange solution turned colourless. The mixture was filtered off over a glass pipette

plugged with cotton and packed with silica using EtOAc. The obtained solution was

investigated via GC-MS-spectrometry. No traces of the endoperoxide could be found, instead

anthracene was reisolated.

Synthesis of [Pt(QPyAnth)Cl]

K,[PtCly]

HOAc
reflux, 18 h

QPyHAnth (100 mg, 0.26 mmol, 1.4 eq.) and K:[PtCls] (77.2 mg, 0.19 mmol, 1.00 eq.) were
reacted following general procedure B for 18 h. The product was obtained as an orange
powder (62.1 mg, 0.10 mmol, 54%).

Habitus

Orange powder (62.1 mg, 0.10 mmol, 54%).
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IHNMR  (CD:Cl, 500 MHz) d [ppm]: 8.89 (dd, ] =5.2, 1.5 Hz, 1H), 8.79 (s, 1H), 8.71 (dd,
J=74,13 Hz, 1H), 8.51 (dd, ] = 8.2, 1.5 Hz, 1H), 8.29 (d, ] = 8.5 Hz, 1H), 8.20 -
8.11 (m, 3H), 8.10 - 8.04 (m, 1H), 7.98 (dd, ] = 8.1, 1.4 Hz, 1H), 7.89 (t, ] = 7.8 Hz,
1H), 7.75 (dd, ] = 7.6, 1.4 Hz, 1H), 7.65 - 7.54 (m, 2H), 7.49 (dd, ] = 8.2, 5.2 Hz,
1H), 7.37 - 7.34 (m, 2H).

HR-ESI-MS (70 eV): 611.08 [M+H]", 575.10 [M=X]".

Synthesis of [Pd(QPyAnth)Cl]

K,[PdCl,]

HOAc
reflux, 17 h

QPyHAnth (100 mg, 0.26 mmol, 1.4 eq.) and K:[PdCl4] (60.7 mg, 0.19 mmol, 1.00 eq.) were

reacted following general procedure B for 17 h. The product was obtained as an orange

powder (68.9 mg, 0.13 mmol, 70%).

Habitus Orange powder (68.9 mg, 0.13 mmol, 70%).

H NMR (CD2Cl:, 500 MHz) d [ppm]: 8.86 - 8.79 (m, 2H), 8.70 (d, ] = 7.4 Hz, 1H), 8.52 (d,
J =8.4 Hz, 1H), 8.36 (d, | = 8.4 Hz, 1H), 8.18 (d, ] = 7.1 Hz, 2H), 8.18 - 8.08 (m,
1H), 8.05-7.99 (m, 1H), 7.96 (t, ] =7.9 Hz, 1H), 7.82 (d, ] =7.6 Hz, 1H), 7.75 - 7.66
(m, 1H), 7.63 - 7.51 (m, 4H), 7.48 (dd, ] = 8.9, 6.5 Hz, 1H).

HR-ESI-MS (70 eV): 522.02 [M+H], 486.04 [M-CI]*.

6.2.4 Coligand Exchange Reactions

General Procedure E

M(PyPhQ)X] (1.00 eq.) and the coligand salt (1.20 eq.) were stirred in distilled THF at room
temperature. The mixtures solvent was evaporated off partially and diethyl ether was added
until a precipitate formed. The precipitate was filtered off and washed with more diethyl ether.
The precipitate was then redissolved with CH2Clz and the solvent evaporated off to yield the
desired complex.

General Procedure F

The acetylide salt (1.20 eq.) was dissolved in dry THF under inert conditions. [M(PyPhQ)NOs]
(1.00 eq.) was added and the mixture was stirred at room temperature. THF was evaporated
off under reduced pressure and diethyl ether was added to precipitate the desired product.
The mixture was filtered over a glass frit and washed with more diethyl ether. The precipitated
solid was redissolved in CH2Cl> and the solvent evaporated off to yield the product as a

powder.
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Synthesis of [Pt(PyPhQ)NOs]

[Pt(PyPhQ)CI] (300 mg, 0.59 mmol, 1.00 eq.) and AgNOs (100 mg, 0.59 mmol, 1.00 eq.) were
stirred in HPLC grade CH2Cl: for 18 h at room temperature, the solution changing colour from
orange to yellow. The mixture was filtered over a glass frit and washed with CH2Cl.. The

solvent was evaporated off to yield a yellow solid (273 mg, 0.51 mmol, 86%).
Habitus Yellow solid (273 mg, 0.51 mmol, 86%).

IHNMR  (CD:Cl, 500 MHz) d [ppm]: 9.87 (dd, J"#= 33.7 Hz,
=55, 1.6 Hz, 1H, H1), 8.81 (ddd, J**#=31.4Hz, ] =
5.8,1.5,0.8 Hz, 1H, H13), 8.67 (dd, ] =7.9, 1.1 Hz, 1H,
H5), 8.65 (dd, ] = 8.1, 1.6 Hz, 2H, H3, H6), 8.06 - 7.98
(m, 3H, H4, H7, H11), 7.87 (t,] = 7.8 Hz, 1H, H10),
7.68 — 7.64 (m, 2H, H2, H9), 7.44 (dd, ] = 8.0, 7.5 Hz,
1H, H8), 7.37 (ddd, ] = 7.3, 5.8, 1.4 Hz, 1H, H12).

BCNMR  (CD:Cl, 126 MHz) d [ppm]: 165.2 (Cq, C14), 154.5 (CH, C1), 149.1 (CH, C13),
145.2 (Cq, C15), 141.4 (CH, C3), 139.5 (CH, C11), 138.1 (Cq, C19), 136.0 (Cq, C18),
133.3 (Cq, C16), 131.9 (Cq, C17), 130.5 (Cq, C20), 130.0 (CH, C5), 127.4 (CH, C7,
C4), 127.1 (CH, C6), 125.0 (CH, C8), 123.6 (CH, C9), 123.0 (CH, C12), 121.3 (CH,
C2), 119.0 (CH, C10).

HR-ESI-MS (70 eV): 476.07 [M-X]*.

Synthesis of [Pd(PyPhQ)NOs]

[Pd(PyPhQ)Cl] (180 mg, 0.42 mmol, 1.00 eq.) and AgNOs (86.9 mg, 0.51 mmol, 1.20 eq.) were
stirred in HPLC grade CH2Clz for 18 h at room temperature. The mixture was filtered over a
glass frit and washed with diethyl ether. The precipitate was redissolved in CH2Clz. The
solvent was evaporated off to yield a yellow solid (145 mg, 0.32 mmol, 76%).
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Yellow solid (145 mg, 0.32 mmol, 76%).

(CD:Clz, 500 MHz,) & [ppm]: 9.50 (d, ] = 4.5 Hz, 1H,
H1), 8.94 (d, ] = 3.3 Hz, 1H, H3), 8.76 (s, 1H, H6), 8.64
(s, 1H, H13), 8.30 - 8.15 (m, 3H, H4, H10, H11), 8.07
(d, ]=7.5Hz, 1H, H7), 7.97 - 7.88 (m, 3H, H2, H5, H9),
7.54 (s, 1H, H12), 7.46 (t, ] = 7.6 Hz, 1H, HS).

(CD2CL, 126 MHz) d [ppm]: 163.6 (Cq, C14), 154.9 (CH, C1), 149.9 (CH, C13),
149.2 (Cq, C16), 146.4 (Cq, C15), 142.5 (CH, C3), 141.1 (CH, C11), 137.9 (Cq, C19),
135.7 (Cq, C18), 132.3 (Cq, C17), 131.4 (CH, C6), 130.5 (CH, C4), 130.4 (Cq, C20),
128.5 (CH, C5), 128.3 (CH, C7), 127.1 (CH, C8), 125.3 (CH, C9), 124.4 (CH, C12),
122.3 (CH, C2), 120.5 (CH, C10).

HR-ESI-MS (70 eV): 387.01 [M—X]".
Synthesis of [Ni(PyPhQ)NO:s]

[Ni(PyPhQ)Br] (100 mg, 0.23 mmol, 1.00 eq.) and AgNOs(40.2 mg, 0.23 mmol, 1.00 eq.) were

stirred in HPLC grade chloroform in an aluminium foil covered round bottom flask for 24 h

until the colour changed from orange to yellow. The yellowish precipitate was dissolved in
CH2Cly, the solution filtered over a glass frit and further washed with CH2Cl.. The filtrate was

evaporated under reduced pressure to yield a yellow powder (55.0 mg, 0.13 mmol, 57%).

Habitus

'H NMR

BC NMR

Yellow powder (55.0 mg, 0.13 mmol, 57%).

(CD2Clz, 500 MHz) d [ppm]: 9.20 (d, ] = 4.9 Hz, 1H,
H1), 847 (d, ] = 7.1 Hz, 1H, H6), 8.40 (d, ] = 6.2 Hz,
1H, H3), 8.32 - 8.23 (m, 1H, H13), 7.92 - 7.83 (m, 2H,
H4, H11), 7.81 - 7.73 (m, 2H, H5, HY), 7.67 (d, ] =
8.6 Hz, 1H, H10), 7.50 - 7.40 (m, 2H, H2, H9), 7.31 (t,
J =74 Hz, 1H, H8), 7.21 - 7.15 (m, 1H, H12).

(CD2Clz, 126 MHz) & [ppm]: 163.6 (Cq, C14), 150.1 (CH, C13), 154.5 (CH, C1),
147.2 (Cq, C15), 146.7 (Cq, C16), 140.7 (CH, C3), 139.7 (CH, C11), 136.1 (Cq, C17),
135.2 (Cq, C19), 134.9 (Cq, C18), 130.1 (Cq, C20), 129.2 (CH, C4), 128.6 (CH, C6),
128.2 (CH, C5), 126.7 (CH, C8), 126.0 (CH, C7), 123.3 (CH, C12), 122.7 (CH, C9),
121.3 (CH, C2), 118.5 (CH, C10).

HR-ESI-MS (70 eV): 339.04 [M-X]".
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Synthesis of [Pt(PyPhQ)OBz]

[Pt(PyPhQ)NO:s] (50.0 mg, 0.09 mmol, 1.00 eq.) and potassium benzoate (16.3 mg, 0.10 mmol,
1.10 eq.) were reacted following general procedure E in chloroform for 18 h. The product was
obtained as a dark red powder (40.0 mg, 0.07 mmol, 74%).

Habitus

H NMR

13C NMR

5Pt NMR
HR-ESI-MS

Dark red powder (40.0 mg, 0.07 mmol, 74%).

(CD2Cl, 600 MHz) d [ppm]: 10.04 (d, J*#=37.6 Hz, |
— 4.7 Hz, 1H, H13), 8.80 (d, J™#=37.6 Hz, ] = 5.3 Hz,
1H, H1), 8.62 (d, ] = 7.6 Hz, 1H, H8), 852 (d, ] =
8.3 Hz, 1H, H11), 8.27 (d, ] = 7.9 Hz, 2H, H21, H21"),
8.01 (d, ] = 8.0 Hz, 1H, H5), 7.93 (d, ] = 7.7 Hz, 1H,
H10), 7.91 - 7.86 (m, 1H, H3), 7.80 (t, ] = 8.3 Hz, 2H,
H4, H9), 7.62 (d, ] = 7.9 Hz, 1H, H7), 7.54 - 7.47 (m, 22
3H, H22, H22', H23), 7.46 - 7.43 (m, 1H, H12), 7.38 (t, 23
J=8.0 Hz, 1H, H6), 7.21 - 7.15 (m, 1H, H2).

(CD2CL, 151 MHz) d [ppm]: 172.2 (Cq, C25), 166.6 (Cq, C20), 156.0 (CH, C13),
150.3 (CH, C1), 146.0 (Cq, C19), 141.5 (CH, C11), 139.5 (CH, C3), 138.9 (Cq, C15,
C24),137.3 (Cq, C16), 132.4 (Cq, C17), 131.5 (CH, C8), 131.1 (Cq, C14), 131.1 (CH,
C23), 130.3 (CH, C10, C21, C21’), 128.4 (CH, C22, C22'), 127.7 (CH, C9), 127.6
(CH, C5), 124.7 (CH, C6), 124.0 (CH, C7), 123.0 (CH, C2), 121.6 (CH, C12), 119.2
(CH, C4).

(CD2Cl, 129 MHz) d [ppm]: —3206.2.
(70 eV): 476.07 [M-X]".
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Synthesis of [Pd(PyPhQ)OBz]

[Pd(PyPhQ)NOs] (50.0 mg, 0.11 mmol, 1.00 eq.) and potassium benzoate (19.5 mg, 0.12 mmol,
1.10 eq.) were reacted following general procedure E for 18 h. The product was obtained as a

yellow powder (28.3 mg, 0.05 mmol, 45%).
Habitus Yellow powder (28.3 mg, 0.05 mmol, 45%).

IHNMR  (CD:Cl, 500 MHz) d [ppm]: 9.75 (s, 1H, H13), 8.58 -
8.51 (m, 1H, H11), 8.48 (d, ] = 9.0 Hz, 1H, H8), 8.42
(d, ] = 7.0 Hz, 1H, H1), 8.21 (4, ] = 6.6 Hz, 2H, H21,
H21’), 7.96 - 7.82 (m, 3H, H3, H5, H10), 7.76 (t, ] =
7.7 Hz, 2H, H4, H9), 7.58 (d, ] = 7.5 Hz, 1H, H7), 7.47
(dq, ] = 14.3, 7.1 Hz, 4H, H12, H22, H22', H23), 7.36
(t ] =7.7 Hz, 1H, H6), 7.18 - 7.13 (m, 1H, H2). 22

BCNMR  (CD:Cl, 126 MHz) d [ppm]: 164.9 (Cq, C20), 153.0
(Cq, C16), 150.4 (Cq, C19), 146.7 (Cq, C17), 141.1 (CH, C1), 139.4 (CH, C3), 138.1
(Cq, C24), 137.5 (Cq, C14), 133.4 (Cq, C18), 130.9 (CH, C12), 130.8 (CH, C10,
C11), 130.7 (Cq, C25), 130.5 (CH, C21, C21’), 129.7 (CH, C8), 128.3 (Cq, C15),
128.0 (CH, C9), 127.9 (CH, C22, C22’), 127.8 (CH, C5), 126.1 (CH, C6), 124.1 (CH,
C7), 123.3 (CH, C2), 121.6 (CH, C23), 119.2 (CH, C4).

HR-ESI-MS (70 eV): 387.01 [M—X]".

Synthesis of [Pt(PyPhQ)CN]

[Pt(PyPhQ)NO:s] (50.0 mg, 0.09 mmol, 1.00 eq.) and KCN (6.63 mg, 0.10 mmol, 1.10 eq.) were
reacted following general procedure E in chloroform for 18 h. The product was obtained as an

orange powder (34.5 mg, 0.07 mmol, 71%).

Habitus Orange powder (34.5 mg, 0.07 mmol, 71%).
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(CD:CL, 600 MHz) d [ppm]: 10.76 (dd, ] = 5.5,
1.7 Hz, 1H, H13), 9.70 (ddd, ] = 5.8, 1.5, 0.7 Hz, 1H,
H1), 8.62 - 8.55 (m, 2H, H8, H11), 8.05 (dt, ] = 7.9, 0.9
Hz, 1H, H5), 7.94 (ddd, ] = 7.5, 2.1, 1.1 Hz, 2H, H3,
H10), 7.83 - 7.81 (m, 1H, H4), 7.79 (t, ] = 7.7 Hz, 1H,
H9), 7.66 (dd, ] = 7.6, 1.0 Hz, 1H, H7), 7.49 (dd, ] = 12

8.1, 5.6 Hz, 1H, H12), 7.40 (dd, ] = 8.0, 7.5 Hz, 1H, H6), 7.23 (ddd, [ =74, 5.9, 1.5
Hz, 1H, H2).

(CD:Cl,, 151 MHz) d [ppm]: 167.3 (Cq, C20), 164.4 (CH, C13), 155.9 (Cq, C18),
154.9 (CH, C1), 146.9 (Cq, C19), 141.6 (CH, C11), 139.4 (Cq, C15), 138.9 (CH, C3),
138.7 (Cq, C16),133.1 (Cq, C17), 131.3 (CH, C8), 130.7 (Cq, C14), 129.9 (CH, C10),
127.2 (CH, C9), 126.7 (CH, C5), 125.3 (CH, C6), 123.4 (CH, C2), 123.2 (CH, C7),
121.8 (CH, C12), 119.1 (CH, C4).

(CD2ClL, 129 MHz) d [ppm]: -3276.7.

(70 eV): 476.07 [M=X]".

Synthesis of [Pd(PyPhQ)CN]

[Pd(PyPhQ)NO:s] (50.0 mg, 0.11 mmol, 1.00 eq.) and KCN (7.93 mg, 0.12 mmol, 1.10 eq.) were

reacted following general procedure E in chloroform for 18 h. The product was obtained as a

yellow powder (17.0 mg, 0.04 mmol, 39%).

Habitus

TH NMR

13C NMR

Yellow powder (17.0 mg, 0.04 mmol, 39%).

(CD2Cl, 600 MHz) d [ppm]:9.94 (s, 1H, H13), 8.99 (s,
1H, H1), 8.87 (d, | = 7.9 Hz, 1H, H11), 8.62 (d, | =
7.5 Hz, 1H, H8), 8.24 - 8.16 (m, 2H, H10, H4), 8.14 (d,
J=7.2Hz, 1H, H3), 7.97 (d, ] = 7.9 Hz, 1H, H5), 7.88
(t, ] = 7.8 Hz, 2H, H7, H9), 7.81 (s, 1H, H12), 7.48 (s,
1H, H2), 7.40 (t, ] = 7.7 Hz, 1H, Hé).

(CD2CL, 151 MHz) d [ppm]: 165.0 (Cq, C20), 164.4 (CH, C13), 155.9 (Cq, C18),
154.9 (CH, C1), 147.1 (Cq, C19), 142.6 (CH, C11), 140.7 (CH, C3), 138.6 (Cq, C15),
136.8 (Cq, C17), 133.1 (Cq, C16), 131.5 (CH, C8), 130.6 (Cq, C14), 130.3 (CH, C10),
128.2 (CH, C9), 127.9 (CH, C5), 127.0 (CH, C6) 124.7 (CH, C7), 122.0 (CH, C12),
120.4 (CH, C4), 124.4 (CH, C2)

HR-ESI-MS (70 eV): 387.01 [M—-X]".
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HR-EI-MS (70 eV): 413.01 [M]".

Synthesis of [Ni(PyPhQ)CN]

[Ni(PyPhQ)NO:s] (50.0 mg, 0.13 mmol, 1.00 eq.) and KCN (9.58 mg, 0.15 mmol, 1.15 eq.) were
reacted following general procedure E in chloroform for 18 h. The product was obtained as an

orange powder (36.1 mg, 0.10 mmol, 78%).
Habitus Orange powder (36.1 mg, 0.10 mmol, 78%).

IHNMR  (CD:Cl, 500 MHz) d [ppm]: 9.24 (s, 1H), 8.49 (d, | = 7.4 Hz, 1H), 842 (d, ] =
8.0 Hz, 1H), 8.30 (s, 1H), 7.88 (dd, ] = 8.8, 8.0 Hz, 2H), 7.78 (q, ] = 7.4 Hz, 2H),
7.68 (d, ] =7.9 Hz, 1H), 7.51 - 7.41 (m, 2H), 7.33 (dd, ] = 9.1, 6.1 Hz, 1H), 7.19 (s,
1H).

HR-ESI-MS (70 eV): 339.04 [M-X]-.

Synthesis of [Pt(PyPhQ)SCN]

[Pt(PyPhQ)NO:s] (50.0 mg, 0.09 mmol, 1.00 eq.) and NaSCN (9.00 mg, 0.11 mmol, 1.20 eq.) were
reacted following general procedure E in chloroform for 18 h. The product was obtained as an

orange powder (32.0 mg, 0.06 mmol, 65%).

Habitus Orange powder (32.0 mg, 0.06 mmol, 65%).

IHNMR  (CD:Cl, 500 MHz) & [ppm]:9.99 (dd, ] = 5.5, 1.6 Hz,
1H, H13), 8.90 (ddd, ] = 5.8, 1.5, 0.7 Hz, 1H, H1), 8.49
(dd, J=8.2, 1.4 Hz, 1H, H11), 8.40 (dd, ] = 7.6, 0.9 Hz,
1H, H8), 7.89 (ddd, ] =8.1, 7.5, 1.5 Hz, 1H, H3), 7.85
(dd, ] = 8.0, 1.2 Hz, 1H, H10), 7.80 (dt, ] = 8.0, 0.9 Hz,
1H, H4), 7.74 - 7.68 (m, 2H, H5, H9), 7.52 - 7.45 (m,
2H, H7, H12), 7.28 - 7.22 (m, 2H, H2, H6).

BCNMR  (CD:Cl, 126 MHz) d [ppm]: 178.1 (Cq, C21), 166.5 (Cq, C20), 158.8 (CH, C13),
151.4 (CH, C1), 146.3 (Cq, C19), 141.9 (CH, C11), 141.4 (Cq, C18), 139.7 (CH, C3),
139.0 (Cq, C15), 137.4 (Cq, C16), 132.5 (Cq, C17), 131.7 (CH, C8), 130.9 (Cq, C14),
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130.3 (CH, C10), 127.7 (CH, C9), 127.5 (CH, C4), 125.3 (CH, C6), 124.0 (CH, C7),
123.5 (CH, C2), 121.9 (CH, C12), 119.4 (CH, C5).

5Pt NMR  (CD:Clz, 107 MHz) © [ppm]: -3301.5.

HR-ESI-MS (70 eV): 476.07 [M-X]".

Synthesis of [Pd(PyPhQ)SCN]

[Pd(PyPhQ)NO:s] (50.0 mg, 0.11 mmol, 1.00 eq.) and NaSCN (10.8 mg, 0.13 mmol, 1.20 eq.)
were reacted following general procedure E in chloroform for 18 h. The product was obtained

as a yellow powder (27.7 mg, 0.06 mmol, 55%).
Habitus Yellow powder (27.7 mg, 0.06 mmol, 55%).

IHNMR  (CD:Cl,, 500 MHz)  [ppm]: 9.86 (dd, ] = 5.3, 1.5 Hz,
1H, H13), 8.87 (d, ] = 5.1 Hz, 1H, H1), 8.51 (dd, ] = 8.0,
1.5 Hz, 1H, H11), 8.46 - 8.40 (m, 1H, H8), 7.98 - 7.89 (m,
2H, H3, H10), 7.80 (t, ] = 7.7 Hz, 2H, H7, H4), 7.76 (t, ]
= 7.7 Hz, 1H, H9), 7.63 (dd, ] = 8.1, 5.3 Hz, 1H, H12),
7.61 - 7.56 (m, 1H, H5), 7.38 - 7.31 (m, 2H, H2, H6).

BCNMR  (CD:Cl, 126 MHz) d [ppm]: 171.7 (Cq, C21), 165.2 (Cq, C20), 158.2 (CH, C13),
153.4 (Cq, C18), 151.9 (CH, C1), 147.1 (Cq, C19), 141.7 (CH, C11), 139.8 (CH,
C10), 139.6 (Cq, C15), 137.7 (Cq, C16), 133.6 (Cq, C17), 131.2 (CH, C8), 130.8 (Cq,
C14), 129.9 (CH, C3), 128.1 (CH, C9), 128.0 (CH, C7), 126.6 (CH, C6), 124.2 (CH,
C5), 123.8 (CH, C2), 121.9 (CH, C12), 119.5 (CH, C4).

HR-ESI-MS (70 eV): 387.01 [M—X]".

Synthesis of [Ni(PyPhQ)SCNI]

[Ni(PyPhQ)NO:s] (49.2 mg, 0.12 mmol, 1.00 eq.) and NaSCN (12.7 mg, 0.16 mmol, 1.30 eq.) were
reacted following general procedure E in chloroform for 18 h. The product was obtained as an
orange powder (23.9 mg, 0.06 mmol, 47%).

Habitus Orange powder (23.9 mg, 0.06 mmol, 47%).
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IHNMR  (CD:Cl, 500 MHz) d [ppm]: 9.24 (s, 1H), 849 (d, ] = 7.5 Hz, 1H), 8.42 (d, ] =
8.0 Hz, 1H), 8.30 (s, 1H), 7.88 (dd, ] =8.7, 7.8 Hz, 2H), 7.79 (t, ] = 6.8 Hz, 1H), 7.68
(d, ] = 7.9 Hz, 1H), 7.46 (dt, ] = 22.7, 8.5 Hz, 3H), 7.33 (dd, ] = 9.1, 6.1 Hz, 1H),
7.19 (s, 1H).

HR-ESI-MS (70 eV): 339.04 [M-X]".

Synthesis of [Pt(PyPhQ)C:Ph]

NaCaPh (13.7 mg, 0.11 mmol, 1.20 eq.) and [Pt(PyPhQ)NO:s] (50.0 mg, 0.09 mmol, 1.00 eq.) were
reacted for 18 h following general procedure F, during which the solution changed colour from

yellow to orange. The complex was obtained as an orange powder (15.0 mg, 0.02 mmol, 28%).
Habitus Orange powder (15.0 mg, 0.02 mmol, 28%).

IHNMR (500 MHz, CD:Cl2) & [ppm]: 11.27 (dd, ] P = 49.0 Hz, |
= 5.6, 1.6 Hz, 1H, H1), 10.03 (dd, J*" = 44.8 Hz, | =
5.7 Hz, 1H, H13), 8.49 (d, ] = 6.7 Hz, 1H, H6), 8.45 (dd, |
= 8.1, 1.5 Hz, 1H, H3), 8.00 (d, ] = 8.0 Hz, 1H, H9), 7.85 -
7.77 (m, 2H, H4, H11), 7.71 (d, ] = 7.7 Hz, 1H, H12), 7.67
(t, ]=7.7 Hz, 1H, H5), 7.59 (d, ] = 7.5 Hz, 1H, H7), 7.45 -
7.42 (m, 2H, H21, H21’), 7.35 (dd, ] = 8.0, 5.6 Hz, 1H, H2),
7.29 (t, ] = 7.7 Hz, 1H, H8), 7.22 (t, ] = 7.6 Hz, 2H, H22, 25
H22'), 7.16 - 7.07 (m, 2H, H23, H10).

BCNMR  (CD:Cl, 126 MHz) d [ppm]: 168.9 (Cq, C14), 164.1 (CH, C1), 161.2 (Cq, C16),
154.7 (CH, C13), 146.4 (Cq, C15), 141.1 (CH, C3), 139.2 (Cq, C18), 139.1 (Cq, C20),
138.4 (CH, C11), 133.3 (Cq, C17), 131.1 (CH, C21, C21"), 130.8 (CH, C6), 130.7
(Cq, C19), 129.6 (CH, C4), 128.0 (CH, C22, C22"), 126.9 (CH, C5), 126.6 (CH, C9),
125.3 (CH, C23), 124.5 (CH, C8), 123.0 (CH, C7), 122.7 (CH, C10), 121.5 (CH, C2),
118.7 (CH, C12), 107.9 (Cq, C25).

HR-EI-MS (70 eV): 577.11 [M]*, 476.07 [M=X]".
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Synthesis of [Ni(PyPhQ)C:Ph]

NaC:Ph (15.3 mg, 0.12 mmol, 1.00 eq.) and [Ni(PyPhQ)NOs] (50.0 mg, 0.12 mmol, 1.00 eq.) were
reacted following general procedure F for 10 min while the solution changed colour from

yellow to dark red. The complex was obtained as a red powder (6.30 mg, 0.01 mmol, 11%).

Habitus Red powder (6.30 mg, 0.01 mmol, 11%).

IHNMR (500 MHz, CD:CL) & [ppm]: 8.79 (d, ] = 4.2 Hz, 1H), 8.67
(d, ] = 4.8 Hz, 1H), 8.19 (d, ] = 8.3 Hz, 1H), 7.95 (d, ] =
7.9 Hz, 1H), 7.87 (d, ] = 8.2 Hz, 1H), 7.72 (ddd, ] = 16.8, 8.1,
7.5 Hz, 2H), 7.59 (t, | = 7.6 Hz, 1H), 7.51-7.43 (m, 2H), 7.37
-7.18 (m, 4H), 7.09 - 6.94 (m, 2H), 6.49 (d, ] = 7.3 Hz, 2H).

23

Synthesis of [Pt(PyPhQ)CzCp-Fe]

NaC,CpsoFe
THF
rt., 24 h

FeCp,
NaCaCp2Fe (23.1 mg, 0.09 mmol, 1.20 eq.) and [Pt(PyPhQ)NOs] (50.0 mg, 0.09 mmol, 1.00 eq.)
were reacted for 18 h following general procedure F while the solution changed from yellow

to orange. The complex was obtained as an orange powder (40.0 mg, 0.05 mmol, 70%).
Habitus Orange powder (40.0 mg, 0.05 mmol, 70%).

IHNMR (500 MHz, CD:Cl)  [ppm]: 11.39 (d, J"*H = 53.3 Hz, ] =
4.7 Hz, 1H, H1), 10.16 (d, J*H = 51.4 Hz, | = 5.4 Hz, 1H,
H13), 8.58 (d, ] = 7.4 Hz, 1H, H4), 8.54 (d, ] = 7.3 Hz, 1H,
H?2), 8.09 (d, ] = 8.1 Hz, 1H, H9), 7.94 - 7.90 (m, 1H, H6),
7.92 -7.86 (m, 1H, H10), 7.80 (d, ] = 8.1 Hz, 1H, H12), 7.76
(t ] = 7.7 Hz, 1H, H5), 7.67 (d, ] = 7.5 Hz, 1H, H7), 7.43
(dd, ] = 8.0, 5.6 Hz, 1H, H3), 7.38 (t, ] = 7.8 Hz, 1H, H8),
7.20 (t, ] = 6.5 Hz, 1H, H11), 4.45 (t, ] = 1.9 Hz, 2H, H21,
H21%), 4.27 (s, 5H, H23'), 4.15 (t, ] = 1.8 Hz, 2H, H22, H22)).
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BCNMR (126 MHz, CD:Cl) d [ppm]: 169.8 (Cq, C14), 164.4 (CH, C1), 161.4 (Cq, C16),
154.9 (CH, C13), 141.0 (CH, C2), 139.3 (Cq, C19), 139.0 (Cq, C18), 138.3 (CH,
C10), 133.6 (Cq, C17), 133.3 (Cq, C20), 130.9 (CH, C4), 129.5 (CH, C6), 126.9 (CH,
C5), 126.7 (CH, C9), 124.4 (CH, C8), 123.0 (CH, C7), 122.4 (CH, C11), 121.3
(CH,C3), 118.7 (CH, C12), 70.5 (CH, C21, C21’), 69.1 (CH, C23), 67.1 (CH, C22,
C22)

HR-EI-MS (70 eV): 476.07 [M=X]+, 281.1 [L]*, 210.0 [Cp2Fe]*.

Synthesis of [Pt(PyPhQ)C-TMS]

TMS
NaC.TMS (13.3 mg, 0.11 mmol, 1.20 eq.) and [Pt(PyPhQ)NOs] (50.0 mg, 0.09 mmol, 1.00 eq.)
were reacted for 18 h following general procedure F while the solution changed colour from

yellow to orange. The complex was obtained as an orange powder (25.0 mg, 0.04 mmol, 47%).
Habitus Orange powder (25.0 mg, 0.04 mmol, 47%).

IHNMR (500 MHz, CD:CL) & [ppm]: 11.35 (dd, J?" = 51.6 Hz, | =
5.5,1.7 Hz, 1H, H1), 10.13 (t, J* =48.9 Hz, ] = 6.5 Hz, 1H,
H13), 8.54 (s, 1H, H4), 8.51 (m, 1H, H2), 8.05 (d, ] =7.9 Hz,
1H, H7), 7.89 (m, 1H, H11), 7.88 - 7.84 (m, 1H, Hé), 7.77
(d, ] =7.9 Hz, 1H, H12), 7.73 (t, ] = 7.8 Hz, 1H, H5), 7.64
(d, ] = 7.5 Hz, 1H, H9), 7.42 - 7.37 (m, 1H, H3), 7.37 - 7.31
(m, 1H, H8), 7.19 - 7.11 (m, 1H, H10), 0.25 (s, 9H, H21")

21H3C7T CH,

BCNMR (126 MHz, CD:CL) & [ppm]: 164.3 (CH, C1), 168.4 (Cq,
C14),161.6 (Cq, C16), 154.7 (CH, C13), 146.6 (Cq, C15), 141.0 (CH, C2), 139.4 (Cq,
C19), 139.0 (Cq, C20), 138.9 (Cq, C18), 138.4 (CH, C11), 133.5 (Cq, C17), 130.9
(CH, C4), 129.5 (CH, C6), 126.9 (CH, C5), 126.6 (CH, C7), 124.5 (CH, C8), 122.9
(CH, C9), 122.5 (CH, C10), 121.3 (CH, C3), 118.6 (CH, C12), 111.3 (Cq, C22), 0.96
(CH, C21).

HR-EI-MS (70 eV): 573.12 [M]", 476.07 [M-X]".

199



6 Experimental Section

Synthesis of [Pt(PyPhQ)NCBH3s]

1/

HaB
NaNCBHs (6.97 mg, 0.11 mmol, 1.20 eq.) and [Pt(PyPhQ)NOs] (50.0 mg, 0.09 mmol, 1.00 eq.)
were reacted for 24 h following general procedure F. The product was obtained as a yellow
powder (25.0 mg, 0.05 mmol, 56%).

Habitus Yellow powder (25.0 mg, 0.05 mmol, 56%).

IHNMR (500 MHz, CD:Cl) & [ppm]: 10.01 (dd, J**H = 42.0 Hz, |
= 5.5Hz, 1.3 Hz 1H), 9.01 (dd, J*#=37.2 Hz, ] =5.8 Hz,
1.3 Hz, 1H), 8.60 (dd, J=8.1, 1.2 Hz, 1H), 8.51 (d, ] = 7.5
Hz, 1H), 8.00 - 7.89 (m, 3H), 7.84 - 7.77 (m, 2H), 7.71 -
7.68 (m, 1H), 7.60 (d, ] = 7.6 Hz, 1H), 7.59 — 7.53 (m, 1H),
7.37 (t, ] = 7.7 Hz, 1H), 7.32 (ddd, ] = 7.4, 5.7, 1.5 Hz,
1H), 1.15 (s, 3H).

HR-EI-MS (70 eV): 502.08 [M-BHs]".

Synthesis of [Pt(PyPhQ)(N(CN)2)]

Na(N(CN)2)

CHCl,
rt., 18 h

Na(N(CN)2) (9.90 mg, 0.11 mmol, 1.20 eq.) and [Pt(PyPhQ)NOs] (50.0 mg, 0.09 mmol, 1.00 eq.)
were reacted following general procedure F for 18 h. The complex was obtained as an orange
powder (46.0 mg, 0.09 mmol, 91%).

Habitus Orange powder (46.0 mg, 0.09 mmol, 91%).

IHNMR (600 MHz, CD:Cl) & [ppm]: 9.85 (d, ] = 4.2 Hz, 1H,
H13), 8.80 (d, ] = 5.9 Hz, 1H, H1), 8.56 (d, ] = 7.1 Hz,
1H, H11), 8.47 (d, ] = 7.5 Hz, 1H, H8), 7.98 - 7.91 (m,
2H, H3, H10), 7.88 (d, ] = 7.8 Hz, 1H, H7), 7.82 - 7.75
(m, 2H, H4, H9), 7.58 (d, ] = 7.4 Hz, 1H, H5), 7.52 (dd,
J=78,58Hz, 1H, H12), 7.35 (t, | = 7.7 Hz, 1H, H6),
7.29 (, ] = 6.1 Hz, 1H, H2).
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BCNMR (151 MHz, CD:ClL) d [ppm]: 166.5 (Cq, C20), 158.2 (Cq, C13), 146.0 (Cq, C19),
142.3 (Cq, C11), 140.3 (Cq, C18), 140.3 (CH, C3), 139.1 (Cq, C15), 137.2 (Cq, C16),
132.4 (Cq, C17), 131.9 (CH, C8), 131.0 (Cq, C14), 130.5 (CH, C10), 128.2 (CH, C9),
127.8 (CH, C7), 125.8 (CH, C6), 124.3 (CH, C5), 123.7 (CH, C2), 122.0 (CH, C12),
119.7 (CH, C4), 115.2 (Cq, C21, C21").

HR-ESI-MS (70 eV): 476.07 [M=X]-.

Synthesis of [Pd(PyPhQ)(N(CN)2)]

Na(N(CN),)

HCl,
rt, 18 h

Na(N(CN)2) (11.8 mg, 0.13 mmol, 1.20 eq.) and [Pd(PyPhQ)NOs] (50.0 mg, 0.12 mmol, 1.00 eq.)
were reacted following general procedure F for 18 h. The complex was obtained as a yellow
powder (31.0 mg, 0.07 mmol, 62%).

Habitus Yellow powder (31.0 mg, 0.07 mmol, 62%).

IHNMR (600 MHz, CD2CL) d [ppm]: 9.62 (d, ] = 4.7 Hz, 1H,
H13), 8.65 (d, ] = 5.3 Hz, 1H, H1), 8.52 (d, ] = 7.0 Hz,
1H, H11), 8.41 (dd, ] =7.7, 0.9 Hz, 1H, H8), 7.98 - 7.91
(m, 2H, H3, H10), 7.82 - 7.74 (m, 3H, H4, H7, H9),
7.62 - 7.56 (m, 2H, H5, H12), 7.37 - 7.33 (m, 1H, Hé),
731 (t, ] = 6.2 Hz, 1H, H2).

BCNMR (151 MHz, CD:CL) d [ppm]: 165.1 (Cq, C20), 157.5 (CH, C13), 152.7 (Cq, C18),
151.2 (CH, C1), 146.8 (Cq, C19), 141.8 (CH, C11), 140.1 (CH, C3), 139.5 (Cq, C15),
137.6 (Cq, C16), 133.4 (Cq, C17), 130.7 (Cq, C14), 129.8 (CH, C10), 128.1 (CH, C4),
126.9 (CH, C6), 124.2 (CH, C5), 123.8 (CH, C2), 121.9 (CH, C12), 119.6 (CH, C7).

HR-ESI-MS (70 eV): 387.01 [M—-X]".

Synthesis of [Ni(PyPhQ)(N(CN)2)]

Na(N(CN),)

CHCl,
rt, 20 h

Na(N(CN)2) (14.6 mg, 0.16 mmol, 1.30 eq.) and [Ni(PyPhQ)NO:s] (50.0 mg, 0.12 mmol, 1.00 eq.)
were reacted following general procedure F for 20 h. The complex was obtained as an orange
powder (8.08 mg, 0.02 mmol, 16%).
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Habitus Orange powder (8.08 mg, 0.02 mmol, 16%).

IHNMR (500 MHz, CD:CL) d [ppm]: 9.43 (d, ] = 4.4 Hz, 1H, 6
H13), 8.4 (dd, ] = 6.5, 6.0 Hz, 3H, H1, H8, H11), 7.89
(t ] =7.4 Hz, 2H, H3, H10), 7.77 (t, ] = 7.9 Hz, 2H, H7,
H9), 7.68 (d, ] = 8.1 Hz, 1H, H4), 7.55 - 7.48 (m, 1H, 2
H12), 7.45 (d, ] = 7.3 Hz, 1H, H5), 7.32 (t, ] = 7.6 Hz, N/,/cz/1 "é 1352
1H, H6), 7.22 (t, ] = 6.4 Hz, 1H, H2). N

BCNMR (126 MHz, CD:CL) & [ppm]: 163.4 (Cq, C20), 156.3 (CH, C13), 153.0 (Cq, C18),
150.8 (CH, C1), 147.1 (Cq, C19), 140. 2 (CH, C11), 140.0 (Cq, C15), 139.1 (CH,
C10), 135.1 (Cq, C16), 134.9 (Cq, C17), 129.5 (Cq, C14), 128.3 (CH, C3), 127.7 (CH,
C8), 127.3 (CH, C9), 126.1 (CH, C6), 125.2 (CH, C7), 122.5 (CH, C2), 121.9 (CH,
C5), 120.1 (CH, C12), 117.8 (CH, C4).

HR-ESI-MS (70 eV): 339.04 [M—-X]".
Synthesis of [Pt(PyPhQ)(NCi2Hs)]

Sodium
Carbazole

THF
rt, 18 h

Sodium carbazole (17.6 mg, 0.09 mmol, 1.35 eq.) and [Pt(PyPhQ)NO:s] (37.1 mg, 0.07 mmol,
1.00 eq.) were reacted following general procedure F for 18 h. The complex was obtained as an

orange powder (15.3 mg, 0.02 mmol, 34%).
Habitus Orange powder (15.3 mg, 0.02 mmol, 34%).

IHNMR (600 MHz, CD2CL) d [ppm]:9.12 (dd, ] = 5.6, 1.7 Hz,
1H, H13), 8.72 (dd, ] = 7.8, 1.5 Hz, 1H, H1), 8.52 - 8.37
(m, 1H, H11), 8.24 (ddd, ] =7.8, 1.3, 0.7 Hz, 2H, H24,
H24'), 8.17 (d, ] = 8.0 Hz, 1H, H5), 8.03 - 7.93 (m, 1H,
H10), 7.87 (t, ] = 7.8 Hz, 1H, H3), 7.85 (d, ] = 8.4 Hz,
1H, H4), 7.82 - 7.79 (m, 3H, H9, H21, H21"), 7.76 (dd,
J=7.7,1.0Hz, 1H, H7), 7.51 (dd, ] = 8.1, 7.5 Hz, 1H,
H6),7.32 (ddd, ] =5.9, 1.6, 0.8 Hz, 1H, H2), 7.24 (ddd,
J=8.1,6.9,1.3 Hz, 2H, H22, H22'), 7.08 (ddd, | = 7.8, 6.9, 1.0 Hz, 2H, H23, H23'),
6.98 (dd, ] = 8.0, 5.6 Hz, 1H, H12), 6.74 (ddd, ] = 74, 5.9, 1.5 Hz, 1H, H8).

BCNMR (151 MHz, CD:CL) d [ppm]:167.0 (Cq, C20), 158.2 (CH, C13), 149.2 (Cq, C26,
C26'), 148.5 (Cq, C18), 146.1 (Cq, C19), 140.4 (CH, C11), 139.4 (Cq, C15), 139.2

(Cq, C16), 138.9 (CH, C9), 138.0 (CH, C2), 132.8 (Cq, C17), 131.0 (CH, C1), 127.2

(CH, C5), 126.8 (CH, C3), 125.5 (Cq, C25, C25'), 124.6 (CH, C6), 123.6 (CH, C22,
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C22'), 123.3 (CH, C7), 122.4 (CH, C8), 121.0 (CH, C12), 119.5 (CH, C24, C24’),
118.5 (CH, C4), 115.7 (CH, C23, C23'), 114.2 (CH, C21, C21").

5Pt NMR  (CD:Clz, 107 MHz) © [ppm]: -3203.4.
HR-ESI-MS (70 eV): 476.07 [M-X]*.
Synthesis of [Pd(PyPhQ)(NCi12Hs)]

Sodium
Carbazole

THF
rt, 18 h

Sodium carbazole (21.0 mg, 0.11 mmol, 1.00 eq.) and [Pd(PyPhQ)NOs] (50.0 mg, 0.11 mmol,
1.00 eq.) were reacted following general procedure F for 18 h. The complex was obtained as a

yellow powder (22.5 mg, 0.04 mmol, 36%).
Habitus Yellow powder (22.5 mg, 0.04 mmol, 36%).

IHNMR (600 MHz, CD:CL) d [ppm]:9.30 (s, 1H), 8.31 (s, 1H), 8.16 - 8.10 (s, 1H), 8.07 (ddt,
J=78, 14,08 Hz, 2H), 7.79 - 7.56 (m, 4H), 7.48 (t, ] = 0.9 Hz, 1H), 7.47 (t, ] =
0.9 Hz, 2H), 7.43 (d, ] = 1.2 Hz, 1H), 7.41 (t, ] = 1.1 Hz, 2H), 7.40 (d, ] = 1.2 Hz,
1H), 7.35 (s, 1H), 7.22 (ddd, ] = 8.0, 7.1, 1.1 Hz, 2H), 7.20 - 7.17 (m, 1H), 7.02 (s,
1H).

HR-EI-MS (70 eV): 387.01 [M-X]*.
Synthesis of [Pt(PyPhQ)(NC:Ha)]

sodium
pyrrolide
_—

THF
rt, 18 h

Sodium pyrrolide (21.7 mg, 0.21 mmol, 1.40 eq.) and [Pt(PyPhQ)NOs] (78.6 mg, 0.15 mmol,
1.00 eq.) were reacted following general procedure F for 18 h. The product was obtained as a
yellow-brown solid (77.2 mg, 0.14 mmol, 97%).

Habitus Yellow-brown solid (77.2 mg, 0.14 mmol, 97%).
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IHNMR (600 MHz, CD:CL) d [ppm]: 9.07 (dd, ] =
5.5, 1.8 Hz, 1H, H1), 8.60 (dd, ] = 7.8, 1.2 Hz, 1H,
H13), 8.47 (dd, ] =8.2, 1.5 Hz, 1H, H3), 8.04 (d, |
- 8.0 Hz, 1H, H7), 7.92 (dd, ] = 7.9, 1.2 Hz, 1H,
H6), 7.83 (td, ] = 7.7, 1.5 Hz, 1H, H10 ), 7.79 (d,
J=7.7 Hz, 1H, H11), 7.77 (m, 1H, H5), 7.66 - 7.62
(m, 1H, H9), 7.41 - 7.36 (m, 1H, H8), 7.33 - 7.29
(m, 1H, H12), 7.26 (dd, ] = 8.0, 5.5 Hz, 1H, H2), 7.02 (ddd, ] = 7.3, 5.8, 1.5 Hz, 1H,
H4), 6.93 (t, ] = 1.7 Hz, 2H, H21, H21"), 6.38 (t, ] = 1.7 Hz, 2H, H22, H22").

BCNMR (151 MHz, CD:CL) & [ppm]: 167.1 (Cq, C14), 158.3 (CH, C1), 151.7 (CH, C12),
148.0 (Cq, C16), 146.28 (Cq, C15), 140.9 (CH, C3), 139.1 (Cq, C19), 138.6 (CH,
C10), 137.8 (Cq, C18), 133.0 (Cq, C17), 131.0 (CH, C13), 130.5 (Cq, C20), 129.7
(CH, C6), 127.1 (CH, C21, C21"), 126.9 (CH, C11), 126.8 (CH, C7), 124.3 (CH, C8),
123.1 (CH, C9), 122.6 (CH, C4), 121.2 (CH, C2), 118.4 (CH, C5), 108.1 (CH, C22,
C22).

HR-ESI-MS (70 eV): 476.07 [M-X]".

Synthesis of [Pd(PyPhQ)(NC:H4)]

sodium
pyrrolide
—_—
THF
rt., 18 h

Sodium pyrrolide (20.5 mg, 0.20 mmol, 1.33 eq.) and [Pd(PyPhQ)NOs] (65.6 mg, 0.15 mmol,
1.00 eq.) were reacted following general procedure F for 18h. The product was obtained as a
yellow solid (65.3 mg, 0.14 mmol, 99%).

Habitus Yellow solid (65.3 mg, 0.14 mmol, 99%).

IHNMR (400 MHz, CD:CL)  [ppm] =8.89 (dd, ] =5.3, 1.7 Hz, 1H, H1), 8.51 (d, | = 6.5 Hz,
1H, H13), 8.40 (dd, ] = 8.1, 1.7 Hz, 1H, H3), 7.93 (d,
] =3.7 Hz, 1H, H6), 7.92 - 7.89 (m, 1H, HY), 7.84 -
7.78 (m, 1H, H10), 7.78 - 7.74 (m, 2H, H11, H5), 7.63
(d, ] = 6.4 Hz, 1H, H9), 7.41 - 7.34 (m, 1H, H8), 7.31
(dd, ] =8.1, 5.3 Hz, 1H, H2), 7.07 (d, ] = 4.9 Hz, 1H,
H12), 7.04 - 6.99 (m, 1H, H4), 6.94 (t, ] = 1.6 Hz, 2H,
H21, H21%), 6.30 (t, | = 1.6 Hz, 2H, H22, H22").

BCNMR (101 MHz, CD:CL) d [ppm]: 165.6 (Cq, C14), 158.4 (CH, C1), 157.8 (Cq, C16),
152.1 (CH, C12), 146.7 (Cq, C15), 140.6 (CH, C3), 139.7 (Cq, C19), 138.6 (CH,
C10), 137.8 (Cq, C18), 134.0 (Cq, C17), 130.5 (CH, C13), 130.2 (Cq, C20), 129.2
(CH, C6), 127.1 (CH, C7), 127.1 (CH, C11), 126.9 (CH, C21, C21"), 125.6 (CH, C8),
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123.1 (CH, C9), 122.7 (CH, C4), 121.1 (CH, C2), 118.4 (CH, C5), 107.6 (CH, C22,
C22).

HR-ESI-MS (70 eV): 387.01 [M=X]-.
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8 Appendix
8.1 UV/Vis Absorption Spectra

8.1.1 UV/Vis Absorption Spectra of Protoligands
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Figure 94 UV/Vis-absorption spectra of QPyHSpiro (left) and QPyHFluor (right). Measured in THF at
room temperature.
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Figure 95 UV/Vis-absorption spectra of PyHPhThian (left) and QHPhThian (right). Measured in THF at
room temperature.
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Figure 96 UV/Vis-absorption spectra of PyHPhDBT. Measured in THF at room temperature.
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Figure 97 UV/Vis-absorption spectra of PyYHPhDBF (left) and QHPhDBF (right). Measured in THF at
room temperature.
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Figure 98 UV/Vis-absorption spectra of ThianHPhThian (left) and DBTHPhDBT (right). Measured in
THF at room temperature.
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Figure 99 UV/Vis-absorption spectra of QPyHPhN(Ph)2 (left) and QPyHCarb (right). Measured in THF
at room temperature.
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Figure 100 UV/Vis-absorption spectra of PyPyHCarb (left) and PyHCarbQ (right). Measured in THF at
room temperature.
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Figure 101 UV/Vis-absorption spectra of PyPyHNaph(left) and PyPyHAnth (right). Measured in THF
at room temperature.

8.1.2 UV/Vis Absorption Spectra of Complexes
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Figure 102 UV/Vis-absorption spectra of [Pt(QPySpiro)Cl] (left) and [Pd(QPySpiro)Cl] (right).
Measured in THF at room temperature.
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Figure 103 UV/Vis-absorption spectra of [Pt(QPyFluor)Cl] (left) and [Pd(QPyFluor)Cl] (right).
Measured in THF at room temperature.
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Figure 104 UV/Vis-absorption spectra of [Pt(PyPhDBT)CI] (left) and [Pd(PyPhDBT)CI] (right).
Measured in THF at room temperature.
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Figure 105 UV/Vis-absorption spectra of [Pt(QPhThian)Cl] (left) and [Pd(QPhThian)Cl] (right).
Measured in THF at room temperature.
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Figure 106 UV/Vis-absorption spectra of [Pt(QPhDBF)CI] (left) and [Pd(QPhDBF)Cl] (right). Measured

in THF at room temperature.
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Figure 107 UV/Vis-absorption spectra of [Pt(PyPhDBF)CI] (left) and [Pd(PyPhDBF)CI] (right).

Measured in THF at room temperature.

x10°

o
o
Il

1

extinction coeff. € / Lmol”'cm
extinction coeff. € / Lmol™'cm

1

~

(&)
L

[Pd(PyPhThian)Cl]

wavelength r an?
Figure 108 UV/Vis-absorption spectra of [Pt(PyPhThia
Measured in THF at room temperature.
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Figure 109 UV/Vis-absorption spectra of [Pt(ThianPhThian)Cl] (left) and [Pt(DBTPhDBT)CI] (right).
Measured in THF at room temperature.
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Figure 110 UV/Vis-absorption spectra of [Pt(PyCarbQ)Cl] (left) and [Pd(PyCarbQ)Cl] (right). Measured
in THF at room temperature.
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Figure 111 UV/Vis-absorption spectra of [Pt(QPyCarb)Cl] (left) and [Pd(QPyCarb)Cl] (right). Measured
in THF at room temperature.
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Figure 112 UV/Vis-absorption spectra of [Pt(PyPyNaph)Cl] (left) and [Pd(PyPyNaph)Cl] (right).
Measured in THF at room temperature.

x10°

30 0
5 [Pt(PyPhtBuPy)CI] 1
E 251 e 25 [Pd(PyPhtBuPy)Cl]
s .
§ 20 g 207
w 2
5 °
g 15- 5 15
5 c
S 104 g 101
s g

5 5

0 04

300 400 500 600 700 300 400 500 ' '

600 70
wavelength A / nm wavelength L/ nm

Figure 113 UV/Vis-absorption spectra of [Pt(PytBuPhPy)Cl] (left) and [Pd(PytBuPhPy)Cl] (right).
Measured in THF at room temperature.
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Figure 114 UV/Vis-absorption spectra of [Pd(PyPyAnth)Cl] (left) and [Pd(PyPyHAnth)Cl2] (right).
Measured in THF at room temperature.
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Figure 115 UV/Vis-absorption spectra of [Pd(PyPyAnth)Cl] + [Pd(PyPyHAnth)Cl2] (left) and
[Ni(PyPyAnth)Br] (right). Measured in THF at room temperature.
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Figure 116 UV/Vis-absorption spectra of [Pt(PyPyCarb)Cl]. Measured in THF at room temperature.

8.1.3 UV/Vis Absorption Spectra of Coligand Exchange Reactions
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Figure 117 UV/Vis-absorption spectra of [Pt(PyPhQ)NOs] (left) and [Pd(PyPhQ)NOs]. Measured in THF
at room temperature.
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Figure 118 UV/Vis-absorption spectra of [Ni(PyPhQ)NOs] (left) and [Pt(PyPhQ)SCN] (right). Measured
in THF at room temperature.
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Figure 119 UV/Vis-absorption spectra of [Pd(PyPhQ)SCN] (left) and [Ni(PyPhQ)SCN]. Measured in
THF at room temperature.
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Figure 120 UV/Vis-absorption spectra of [Pt(PyPhQ)CN] (left) and [Pd(PyPhQ)CN] (right). Measured
in THF at room temperature.
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Figure 121 UV/Vis-absorption spectra of [Ni(PyPhQ)CN] (left) and [Pt(PyPhQ)(N(CN))2] (right).
Measured in THF at room temperature.
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Figure 122 UV/Vis-absorption spectra of [Pd(PyPhQ)(N(CN))2] (left) and [Pt(PyPhQ)OBz] (right).
Measured in THF at room temperature.
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Figure 123 UV/Vis-absorption spectra of [Pd(PyPhQ)OBz] (left) and [Pt(PyPhQ)(NCBHs)]. Measured in
THF at room temperature.

250



50_x10% x10°

100 -
T 457 P{(PyPhQ)C,H - Ni(PyPhQ)C,Ph
' [Pt(PyPhQ)C,H] £ INi(PyPhQ)C,Ph]
S 40 S 80
5 5
£ 354 g
© 30 w 60
. -
[} [0
g *1 8
S 204 5 40
5 5
£ 154 £
g g
[} ()
10 20-
54
0- 0- T T T T 1
300 400 500 600 700 300 400 500 600 700

wavelength 1/ nm wavelength A / nm

Figure 124 UV/Vis-absorption spectra of [Pt(PyPhQ)CzPh] (left) and [Ni(PyPhQ)Cz2Ph] (right).
Measured in THF at room temperature.
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Figure 125 UV/Vis-absorption spectra of [Pt(PyPhQ)C25i(CHs)s] (left) and [Pt(PyPhQ)C-FeCp2] (right).
Measured in THF at room temperature.
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Figure 126 UV/Vis-absorption spectra of [Pt(PyPhQ)(NCsH4)] (left) and [Pt(PyPhQ)(NCsHs4)] (right).
Measured in THF at room temperature.

251



x10%

70 *10°

_ 100
e [Pt(PyPhQ)NC,,Hg] e 60 [Pd(PyPhQ)NC,,H]
< o
'B | '_
g 80 g 50
— 4
w P
& 60 _—
[9) |93
8 3
§ g >
2 o
g g 201
[} ()

201

10
0 04
T T T T 1 T T T T 1
300 400 500 600 700 300 400 500

600 700
wavelength A/ nm wavelength L/ nm

Figure 127 UV/Vis-absorption spectra of [Pt(PyPhQ)(NCi2Hs)] (left) and [Pt(PyPhQ)(NCi2Hs)] (right).
Measured in THF at room temperature.
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Figure 128 UV/Vis-absorption spectra of [Pt(PyPhQ)C:H], measured in THF at room temperature.

8.2 Cyclovoltammograms

8.2.1 Cyclovoltammograms of Protoligands
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Figure 129 Cyclic voltammograms of QPyHSpiro (left) and QPyHFluor (right), in 0.1 M NBusNPFs
solution in THF at room temperature at a scan rate of 100 mV/s.
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Figure 130 Cyclic voltammograms of DBTHPhDBT (left) and ThianHPhThian (right), in 0.1 M

NBusNPFs solution in THF at room temperature at a scan rate of 100 mV/s.
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Figure 131 Cyclic voltammograms of PyHPhDBT (left) and PyHPhThian (right), in 0.1 M NBusNPFs

solution in THF at room temperature at a scan rate of 100 mV/s.
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Figure 132 Cyclic voltammograms of QHPhThian (left) and QHPhDBE(right), in 0.1 M NBusNPFs

solution in THF at room temperature at a scan rate of 100 mV/s.

E/V vs. FeCp,/FeCp,"
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Figure 133 Cyclic voltammograms of PyHPhDBEF (left) and QPyHPh(N(Ph)2) (right), in 0.1 M NBusNPFs

solution in THF at room temperature at a scan rate of 100 mV/s.
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Figure 134 Cyclic voltammograms of PyPyHCarb (left) and QPyHCarb (right), in 0.1 M NBusNPFs

solution in THF at room temperature at a scan rate of 100 mV/s.
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Figure 135 Cyclic voltammograms of PyPyHAnth (left) in 0.1 M NBusNPFs solution in THF at room
temperature at a scan rate of 100 mV/s.
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8.2.2 Cyclovoltammograms of Complexes
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Figure 136 Cyclic voltammograms of [Pt(QPySpiro)Cl] (left) and [Pd(QPySpiro)Cl] (right) in 0.1 M

NBusNPFs solution in THF at room temperature at a scan rate of 100 mV/s.
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Figure 137 Cyclic voltammograms of [Pt(QPyFluor)Cl] (left) and [Pd(QPyFluor)Cl] (right) in 0.1 M

NBusNPFs solution in THF at room temperature at a scan rate of 100 mV/s.

f: TrA i?; 3 1 LA

—30 —25 -20 —15 -10 -05 00 15 —30 —25 —20 —15 —10 —05 00 05 10
E/Vvs. FeszlFeCp2 E/V vs. FeCp,/ FeCp,"

Figure 138 Cyclic voltammograms of [Pt(ThianPhThian)Cl] (left) and [Pt(DBTPhDBT)CI] (right) in
0.1 M NBusNPFs solution in THF at room temperature at a scan rate of 100 mV/s.
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Figure 139 Cyclic voltammograms of [Pt(PyPhDBT)CI] (left) and [Pd(PyPhDBT)Cl] (right) in 0.1 M

NBusNPFs solution in THF at room temperature at a scan rate of 100 mV/s.
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Figure 140 Cyclic voltammograms of [Pt(PyPhThian)Cl] (left) and [Pd(PyPhThian)Cl] (right) in 0.1 M

NBusNPFs solution in THF at room temperature at a scan rate of 100 mV/s.

pA
0.5 pA

1
—30 —25 —20 —15 —10 —05 1.0 —30 —25 —20 —15 —10 -0.5
E/Vvs. FeCp2 / FeCp2 E/V vs. FeCp,/FeCp,*

Figure 141 Cyclic voltammograms of [Pt(PyCarbQ)Cl] (left) and [Pd(PyCarbQ)Cl] (right) in 0.1 M

NBusNPFs solution in THF at room temperature at a scan rate of 100 mV/s.
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Figure 142 Cyclic voltammograms of [Pt(QPyCarb)Cl] (left) and [Pd(QPyCarb)Cl] (right) in 0.1 M

NBusNPFs solution in THF at room temperature at a scan rate of 100 mV/s.
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Figure 143 Cyclic voltammograms of [Pt(PyPyNaph)Cl] (left) and [Pd(PyPyNaph)Cl] (right) in 0.1 M

NBusNPFs solution in THF at room temperature at a scan rate of 100 mV/s.
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Figure 144 Cyclic voltammograms of [Pt(PytBuPhPy)Cl] (left) and [Pd(PytBuPhPy)Cl] (right) in 0.1 M
NBusNPFs solution in THF at room temperature at a scan rate of 100 mV/s.
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Figure 145 Cyclic voltammograms of [Pd(PyPyAnth)Cl] (left) and [Ni(PyPyAnth)Br] (right) in 0.1 M

NBusNPFs solution in THF at room temperature at a scan rate of 100 mV/s.
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Figure 146 Cyclic voltammograms of [Pd(PyPyHAnth)Cl:] (left) and mixture of [Pd(PyPyHAnth)Cl:] +

[Pd(PyPyAnth)Cl] (right) in 0.1 M NBusNPFs solution in THF at room temperature at a scan rate of 100

mV/s.
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Figure 147 Cyclic voltammograms of [Pt(PyPyCarb)Cl] in 0.1 M NBusNPFs solution in THF at room

temperature at a scan rate of 100 mV/s.
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8.2.3 Cyclovoltammograms of Coligand Exchange Reactions
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Figure 148 Cyclic voltammograms of [Pt(PyPhQ)NOs] (left) and [Pd(PyPhQ)NOs] (right) in 0.1 M

NBusNPFs solution in THF at room temperature at a scan rate of 100 mV/s.
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Figure 149 Cyclic voltammograms of [Ni(PyPhQ)NOs] (left) and [Pt(PyPhQ)SCN] (right) in 0.1 M

NBusNPFs solution in THF at room temperature at a scan rate of 100 mV/s.
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Figure 150 Cyclic voltammograms of [Pd(PyPhQ)SCN] (left) and [Ni(PyPhQ)SCN] (right) in 0.1 M

NBusNPFs solution in THF at room temperature at a scan rate of 100 mV/s.
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Figure 151 Cyclic voltammograms of [Pt(PyPhQ)CN] (left) and [Pd(PyPhQ)CN] (right) in 0.1 M

NBusNPFs solution in THF at room temperature at a scan rate of 100 mV/s.
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Figure 152 Cyclic voltammograms of [Ni(PyPhQ)CN] (left) and [Pt(PyPhQ)(N(CN)2)] (right) in 0.1 M

NBusNPFs solution in THF at room temperature at a scan rate of 100 mV/s.
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Figure 153 Cyclic voltammograms of [Pd(PyPhQ)(N(CN)2)] (left) and [Pt(PyPhQ)OBz] (right) in 0.1 M
NBusNPFs solution in THF at room temperature at a scan rate of 100 mV/s.
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Figure 154 Cyclic voltammograms of [Pd(PyPhQ)OBz] (left) and [Pt(PyPhQ)(NCBH3)] (right) in 0.1 M

NBusNPFs solution in THF at room temperature at a scan rate of 100 mV/s.
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Figure 155 Cyclic voltammograms of [Ni(PyPhQ)C2Ph] (left) and [Pt(PyPhQ)C2Ph] (right) in 0.1 M

NBusNPFs solution in THF at room temperature at a scan rate of 100 mV/s.
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Figure 156 Cyclic voltammograms of [Pt(PyPhQ)C2Si(CHzs)s] (left) and [Pt(PyPhQ)CzFeCp2] (right) in
0.1 M NBusNPFs solution in THF at room temperature at a scan rate of 100 mV/s.
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Figure 157 Cyclic voltammograms of [Pt(PyPhQ)C:H] (left) and [Pt(PyPhQ)(NCsHa4)] (right) in 0.1 M

NBusNPFs solution in THF at room temperature at a scan rate of 100 mV/s.
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Figure 158 Cyclic voltammograms of [Pd(PyPhQ)(NCsHa)] (left) and [Pt(PyPhQ)(NC12Hs)] (right) in 0.1

M NBusNPFs solution in THF at room temperature at a scan rate of 100 mV/s.
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Figure 159 Cyclic voltammograms of [Pd(PyPhQ)(NCi2Hs)] in 0.1 M NBusNPFs solution in THF at room
temperature at a scan rate of 100 mV/s.
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8.3 Crystallographic Data

8.3.1 Crystallographic Data of Complexes

Table 38 Crystal data and structure refinement for the complexes [Pd(QPyCarb)Cl], [Pd(PyCarbQ)Cl]

and [Pt(QPyFluor)Cl].

[Pd(QPyCarb)Cl] [Pd(PyCarbQ)Cl] [Pt(QPyFluor)Cl]
CCDC
Empirical formula C32H27CIN3O15Pd C2sHi6CINsPd CoH21CIN2Pt
Formula weight (g mol) 619.41 512.27 628.02
Temperature (K) / wavelength (A) 100/0.71073 100/0.71073 100/ 0.71073
Crystal System monoclinic monoclinic monoclinic
Space group C2/c C2/c P2i/n
Unit cell dimensions
a(A) 23.7358(9) 24.099(2) 9.5553(4)
b (A) 12.0571(4) 7.3951(5) 18.8865(8)
c (A) 21.7073(1) 23.6398(2) 12.6657(5)
a(°) 90 90 90
B(°) 119.1980(1) 111.237(2) 93.7290(1)
Y (°) 90 90 90
Volume (A%) / Z 5423.0(4) / 8 3927.0(5)/ 8 2280.9(2) / 4
daale (g/cm?3) / p(mm?) 1.517/0.816 1733 /1.101 1.829/6.289
F (000) 2520.0 2048.0 1216.0
Crystal size (mm?) 0.16 x 0.06 x 0.04 0.07 x 0.04 x 0.04 0.36 x 0.09 x 0.08
20 range for data collection (°) 3.908 to 56.582 5.8 to 52.746 3.878 to 55.752
Index ranges -31<h<31 -30<h<28 -12<h<12
-15<k<16 -9<k<9 -24<k<24
-28<1<28 -28<1<29 -16<1<16
Reflections collected / Independent | 67105 /6724 25514 / 4005 60905/ 5404
Rint 0.0881 0.0890 0.0378
Completeness to 0 / angle (°) 0.997 /25.24 0.995/25.24 0.998 / 25.24
Absorption correction Multi-Scan Multi-Scan Multi-Scan
Data / restraints / parameters 6724 /0/348 4005/0/281 5404 /0/300
GOOF on F2 1.080 1.212 1.062

Final R indices [I>20(I)]2

Ri = 0.0469, wR2
0.1185

R1 = 0.0688, wRe
0.1279

Ri = 0.0151, wR2
0.0328

R indices (all data)

Ri1 = 0.0628, wR:
0.1284

Ri = 0.0847, wR:
0.1348

Ri1 = 0.0163, wR:
0.0333

Largest diff. peak / hole (e xA-)

0.87/-0.80

1.12/-1.25

0.48/-0.71

a From single crystal X-ray diffraction. R1 = Z||F,| — |F,| | /Z|F, |

e A e
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Table 39 Crystal data and structure refinement for the complexes [Pd(QPyFluor)Cl] and
[Pt(QPySpiro)Cl].

[Pd(QPyFluor)Cl] [Pt(QPySpiro)Cl]

CCDC

Empirical formula C2oH21CIN2Pd CaoH2CIN2Pt

Formula weight (g mol-?) 539.33 750.02

Temperature (K) / wavelength (A) 100/ 0.71073 100/0.71073

Crystal System monoclinic Orthorhombic

Space group P2i/n Pbca

Unit cell dimensions

a(A) 9.5690(3) 23.7574(2)

b (A) 18.8990(6) 14.0964(1)

c (A) 12.5953(4) 36.236(3)

a(°) 90 90

B (°) 93.7490(1) 90

v (°) 90 90

Volume (A%) / Z 22729(1) / 4 12135.3(2) / 16

Ocale (g/cm?) / pu(mm-1) 1.576/ 0.955 1.642 /4.741

F (000) 1088.0 5856.0

Crystal size (mm?) 0.35 % 0.11 x 0.03 0.06 x 0.07 x 0.05

20 range for data collection (°) 3.892 to 56.608 4.042 to 50.7

Index ranges -12<h<12 -28<h<28
-25<k<25 -14<k<16
-14<1<16 -43<1<43

Reflections collected / Independent | 75270 / 5657 71937 /11078

Rint 0.0655 0.0689

Completeness to 0 / angle (°) 0.994 /25.24 0.998 / 25.24

Absorption correction Multi-Scan Multi-Scan

Data / restraints / parameters 5657/ 0 /300 11078 /0/775

GOOF on F2 1.088 1.120

Final R indices [I>20()] Ri = 0.0339, wR2 = | Ri = 0.0753, wRz =
0.0804 0.1405

R indices (all data) Ri = 0.0403, wR2 = | R1 = 0.0989, wR2 =
0.0849 0.1554

Largest diff. peak / hole (e xA-) 0.87/-0.93 2.30/-1.15

1/2
a From single crystal X-ray diffraction. Ri = X||F,| — |F.||/Z|F,||; wR2= [Z [W(F,,2 - Fcz)z] /2 [W(Foz)z]]

Table 40 Crystal data and structure refinement for the complexes [Pt(PyPhThian)Cl],
[Pd(PyPhThian)Cl] and [Pt(PyPhDBT)Cl].
[Pt(PyPhThian)Cl] [Pd(PyPhThian)Cl] | [Pt(PyPhDBT)CI].
Empirical formula C2sH14CINPtS2 C2sH14CINPdS: C2sHu4CINPtS
Formula weight (g mol-1) 599.01 510.32 1133.90
Temperature (K) / wavelength (A) 100/ 0.71073 100/ 0.71073 100/0.71073
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Crystal System monoclinic monoclinic monoclinic

Space group P2i/n C2/c P2i/c

Unit cell dimensions

a(A) 12.0138(5) 14.8716(4) 18.3211(7)

b (A) 14.6963(5) 11.1642(6) 10.8298(5)

c (A) 12.8261(5) 25.0118(8) 19.5878(9)

a(®) 90 90 90

B (°) 105.7150(10) 93.2250(2) 94.934(2)

v (°) 90 90 90

Volume (A%) / Z 2179.9(2) / 4 4146.1(2) /8 3872.1(3) /8

daale (g/cm?3) / p(mm?) 1.825/6.759 1.635/1.234 1.945 / 7.500

F (000) 1144.0 2032.0 2160.0

Crystal size (mm?) 0.2 x0.09 x 0.08 0.13 x 0.07 x 0.02 0.08 x 0.04 x 0.01

20 range for data collection (°) 4.308 to 55.754 4.564 to 56.582 4.174 to 56.626

Index ranges -15<h<15 -19<h<19 -24<h<23
-19<k<19 -14<k<14 -14<k<14
-16<1<16 -33<1<33 -26<1<26

Reflections collected / Independent | 69192 /5157 64107 / 5151 99082/ 9627

Rint 0.0402 0.0718 0.0728

Completeness to 0 / angle (°) 0.993/25.24 0.997 / 25.24 0.999 / 28.31

Absorption correction Multi-Scan Multi-Scan Multi-Scan

Data / restraints / parameters 5157 /0/253 5151/0/253 9627 /0 /487

GOOF on F? 1.068 1.015 1.062

Final R indices [I>20(I)] Ri = 0.0166, wR2 = | R1 = 0.0242, wRz2 = | R1 = 0.0525, wR: =
0.0369 0.0595 0.1038

R indices (all data) Ri = 00172, wR2 = | R1 = 0.0275, wRz2 = | R1 = 0.0652, wR2 =
0.0372 0.0621 0.1120

Largest diff. peak / hole (e xA-) 1.04 /-0.46 0.45/-0.53 1.45/-1.87

1/2
a From single crystal X-ray diffraction. Ri = X||F,| — |F,| |/Z|Fo||; wR2= [Z [W(Fo2 - FCZ)Z] /x [W(FOZ)Z]]

Table 41 Crystal data and structure refinement for the

[Pd(PyPyAnthO:z)Cl].2

complexes [Pd(PyPyHAnth)Cl:] and

[Pd(PyPyHAnth)Cl:] [PA(PyPyAnthO2)Cl]
CCDC
Empirical formula CasHzClsN4Pd2 C24H15CIN202Pd
Formula weight (g mol-1) 1019.37 502.23
Temperature (K) / wavelength (A) 100/ 0.71073 100/ 0.71073
Crystal System monoclinic monoclinic
Space group P21 C2/c
Unit cell dimensions
a(A) 9.1211(2) 20.42(2)
b (A) 13.3968(3) 7.468(9)
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c (A) 16.0617(4) 29.12(4)

a(®) 90 90

B (°) 96.6380(1) 107.69(3)

v (°) 90 90

Volume (A%) / Z 1949.48(8) / 2 4230(1)/ 8

Oaale (g/cm?) / p(mm1) 1.737 /10.299 1.587/1.026

F (000) 1016.0 2016.0

Crystal size (mm?) 0.07 x 0.01 x 0.01 0.12 x 0.02 x 0.02

20 range for data collection (°) 5.540 to 144.08 4.322 to 50.696

Index ranges -11<h<10 -20<h<24
-16<k<16 -8<k<0
-19<1<19 -20<1<35

Reflections collected / Independent 44423 |/ 7546 3446 / 3446

Rint 0.0867 0.1045

Completeness to 0 / angle (°) 0.986 / 67.68 0.955/24.71

Absorption correction Multi-Scan Multi-Scan

Data / restraints / parameters 7546 /1/523 3535/48 /271

GOOQOF on F? 0.700 1.127

Final R indices [I>20(I)]2

R1=0.0297, wR2=0.0853

R1=0.1354, wR2=0.2512

R indices (all data)

R1=0.0316, wR2=0.0866

R1=0.1756 wR2=0.2779

Largest diff. peak / hole (e xA-)

0.56/ -0.64

1.57 /-1.20

a From single crystal X-ray diffraction. Ri = X||F,| — |F| | /ZI|F,|

8.3.2 Crystallographic Data of Coligand Exchange Reactions

e[ e 2] ey

Table 42 Crystal data and structure refinement for the complexes [Pt(PyPhQ)CN], [Ni(PyPhQ)NOs] and

[Pt(PyPhQ)NO:s]2
[Pt(PyPhQ)CN] | [Ni(PyPhQ)NOs] | [Pt(PyPhQ)NOs]

CCDC
Empirical formula C2a1HisNsPt C20H13N30sNi C20H13N3O0sPt
Formula weight (g mol) 502.43 402.04 538.42
Temp. (K) / wavelength (A) 100/0.71073 100/0.71073 100/0.71073
Crystal System monoclinic triclinic monoclinic
Space group P2i/c P1 P2i/n
Unit cell dimensions
a (A) 9.6532(5) 7.3073(4) 7.2377(2)
b (A) 11.7129(6) 9.1449(5) 22.3117(8)
c(A) 14.0695(7) 12.4297(6) 9.7253(4)
a () 90 103.192(2) 90
B 96.371(2) 98.795(2) 91.036(1)
v (©) 90 91.582(2) 90
Volume (A3%) / Z 1581.0(1) / 4 797.49(7) / 2 1570.2(1) / 4
Ocale (g/cm?) / u(mm) 2.111/8.883 1.674 /1.245 2.278 / 8.695
F (000) 952.0 412.0 1024.0
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Crystal size (mm?) 0.07 x 0.01 x0.01 | 0.08 x 0.04 x 0.03 0.11 x 0.02 x 0.02

20 range for data collection (°) 4.536 to 50.694 4.584 to 56.608 4.57 to 50.696

Index ranges -11<h<11 -9<h<9 -8<h<8
-14<k<14 -12<k<12 -26<k<26
-16<1<16 -16<1<16 -11<1<11

Ref. collected / Indep. 22637 / 2876 60282 / 3959 24781 /2880

Rint 0.0348 0.0425 0.0683

Completeness to 0 / angle (°) 0.992 / 25.242 0.998 / 25.242 1/25.242

Absorption correction Multi-Scan Multi-Scan Multi-Scan

Data / restraints / parameters 2876 /0/ 226 3959/0/ 244 2880 /235 /244

GOOF on F? 1.075 1.076 1.103

Final R indices [[>20(I)]2 Ri=0.0247, wRz2 | R1= 0.0287, wR2 = | R1= 0.0282, wR2 =
=0.0601 0.0706 0.0566

R indices (all data) R1=0.0268, wR2 | Ri= 0.0314 wRz = | Ri = 0.0342 wR2 =
=0.0613 0.0730 0.0591

Largest diff. peak / hole (e ><A-3) 2.29/ -0.67 0.65/-0.28 0.97/ -2.34

a From single crystal X-ray diffraction. Ri = X||F,| — |F.| | /ZI|F,|

; WRa= [z [w(r? - E2)*] /s [w(F,,Z)Z]:

1/2

Table 43 Crystal data and structure refinement for the complexes [Pt(PyPhQ)C2Ph],
[Pt(PyPhQ)C2FeCpz]and[Pt(PyPhQ)CNBHs].2

[Pt(PyPhQ)C2Ph] [Pt(PyPhQ)CzFeCp2] | [Pt(PyPhQ)CNBH;]

CCDC

Empirical formula CasHisN2Pt Cs2H22FeN2Pt Cas5Hsz6B2NePt2

Formula weight (g mol1) 577.53 685.45 1078.60

Temp. (K) / wavelength (A) 100/0.71073 109 /0.71073 100/0.71073

Crystal System monoclinic triclinic triclinic

Space group P2i/c P1 P1

Unit cell dimensions

a(A) 14.6904(9) 7.5921(6) 7.0462(5)

b (A) 10.1649(5) 10.7789(9) 13.069(2)

c (A) 16.0805(9) 13.8544(1) 21.417(2)

a(°) 90 85.215(3) 72.456(4)

B(°) 110.560(2) 86.562(3) 89.491(3)

Y (°) 90 88.917(3) 84.736(3)

Volume (A% / Z 2248.3(2) / 4 1127.7(2) / 2 1872.3(3) /2

Ocale (g/cm?) / u(mm?) 1.706 / 6.258 2.019/ 6.866 1.913/7.507

F (000) 1112.0 664.0 1034.0

Crystal size (mm?) 0.05x0.04 x 0.01 0.06 x 0.03 x 0.01 0.15 % 0.04 x 0.01

20 range for data collection (°) | 4.836 to 50.696 3.792 to 50.698 3.99 to 50.694

Index ranges -17<h<17 -9<h<9 -8<h<8
-12<k<12 -12<k<12 -15<k<15
-19<1<19 0<I<16 -25<1<25

Ref. collected / Indep. 85095 / 4115 4106 / 4106 55833 / 6867
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Rint 0.0722 0.0616 0.0478

Completeness to 0 / angle (°) 1.0/25.348 0.996 / 25.242 0.997 /25.24

Absorption correction Multi-Scan Multi-Scan Multi-Scan

Data / restraints / parameters 4115/0/ 280 4106/0/320 6867/136/535

GOOF on F2 1.069 1.156 1.100

Final R indices [[>20(I)]2 Ri1 = 0.0253, wR2 =| R1 = 0.0485, wR2 = | Ri= 0.0372, wRz2=
0.0601 0.1284 0.0881

R indices (all data) Ri1 = 0.0328, wR2 =| R1 = 0.0518, wR2 =| Ri= 0.0428, wR:=
0.0630 0.1312 0.0913

Largest diff. peak / hole (e ><A-3) 1.04/-1.12 5.48/ -1.92 3.91/-1.82

ko= [5 [w(e? — 2] 2 [w(R2) ]|

a From single crystal X-ray diffraction. Ri = X||F,| — |F,| | /Z|F,|

Table 44 Crystal data and structure refinement for the complexes [Pt(PyPhQ)(NCi2Hs)].2

[Pt(PyPhQ)(NCi2Hs)]
CCDC
Empirical formula Cs2H21NsPt
Formula weight (g mol1) 642.21
Temp. (K) / wavelength (A) 103
Crystal System triclinic
Space group P1
Unit cell dimensions
a(A) 9.2421(6)
b (A) 12.9189(7)
c (A) 12.9535(8)
a (%) 87.787(2)
B () 79.812(2)
Y () 89.144(2)
Volume (A% / Z 1521.05(16) / 2
Oaale (g/cm?) / p(mm-?) 1.402 / 4.622
F (000) 624.0

Crystal size (mm?)

0.15x 0.1 x0.03

20 range for data collection (°)

4.41 to 50.694

Index ranges -11<h<11
-15<k<15
-15<1<15

Ref. collected / Indep. 66004

Rint 0.0584

Completeness to 0 / angle (°) 0.999 / 25.347

Absorption correction Multi-Scan

Data / restraints / parameters 5573/0/325

GOOF on F2 1.062

Final R indices [[>20(I)]2 Ri= 0.0203, wR:=

0.0478




R indices (all data) Ri= 0.0222, wRe=
0.0488
Largest diff. peak / hole (e xA-%) | 0.80/0.90

a From single crystal X-ray diffraction. Ri = X||F,| — |F,| | /Z|F,|

8.4 DFT-Calculated Coordinates of Optimized Ground State So Complex Structures

ko= [5 [w(e? — 2] 2 [w(R2) ]|

Table 45 Calculated coordinates of the optimized singlet ground state So structures of the complexes
[Pt(PyPhThian)Cl] and [Pd(PyPhThian)Cl].

[Pt(PyPhThian)Cl]. [Pd(PyPhThian)Cl]
coordinates (A) coordinates (A)
X Y 4 X Y 4

Pt 0.8498910 | -0.5418470 | -0.3158020 | Pd 0.9469570 | -0.6211060 | -0.3675100
Cl 0.5902540 | -2.8425270 | -1.0844490 | Cl 0.6756850 | -2.8624530 | -1.2535350
S -1.3206760 | -0.2491450 | -0.7669400 | S -1.2297240 | -0.2720900 | -0.8248410
S -4.3119920 | 0.1230940 | -0.9819140 | S -4.2424080 | 0.1261160 | -0.9340750
N 2.8563270 | -0.7452360 | 0.0499200 | N 2.9465560 | -0.8581360 | 0.0278370
C 3.1632000 | 2.8838800 | 0.4057180 | C 3.2929890 | 2.7713010 | 0.2932950
C 2.6339450 | 1.5993010 | 0.2954600 | C 2.7449380 | 1.4899720 | 0.2305750
C 1.2385530 | 1.3630140 | 0.1272960 | C 1.3455500 | 1.2782080 | 0.0877930
C 0.3709740 | 2.4800530 | 0.1528270 | C 0.4947450 | 2.4028340 | 0.0985610
C 0.9525180 | 3.7666660 | 0.1895980 | C 1.0928250 | 3.6832320 | 0.0869320
C 2.3150570 | 3.9755630 | 0.3164010 | C 2.4602810 | 3.8727910 | 0.1820790
C 3.4957150 | 0.4214080 | 0.3232910 | C 3.5949790 | 0.3024910 | 0.2890690
C -1.1209180 | 2.4348960 | 0.1280140 | C -0.9972170 | 2.3815620 | 0.1173080
C 4.8607490 | 0.4108280 | 0.6133830 | C 4.9558940 | 0.2845390 | 0.5988870
C 5.5560040 | -0.7877350 | 0.6248550 | C 5.6357330 | -0.9230810 | 0.6395770
C 4.8780150 | -1.9707710 | 0.3460320 | C 49483530 | -2.1026030 | 0.3711740
C 3.5255330 | -1.9095830 | 0.0618800 | C 3.5990400 | -2.0278940 | 0.0674990
C -1.9250890 | 1.3564300 | -0.2952210 | C -1.8229370 | 1.3194570 | -0.3001950
C -3.3215140 | 1.4767030 | -0.3977070 | C -3.2199070 | 1.4557120 | -0.3526870
C -3.9688920 | 2.6522310 | -0.0374390 | C -3.8405620 | 2.6320190 | 0.0523050
C -3.2054470 | 3.7018290 | 0.4529480 | C -3.0504210 | 3.6665770 | 0.5319990
C -1.8286230 | 3.5832640 | 0.5410020 | C -1.6721130 | 3.5327890 | 0.5704650
C -2.3440370 | -1.2646490 | 0.3001720 | C -2.2354860 | -1.3159590 | 0.2274850
C -3.7204840 | -1.1323500 | 0.1120820 | C -3.6169770 | -1.1643830 | 0.0982630
C -1.8378900 | -2.1784180 | 1.2200830 | C -1.7050620 | -2.2681260 | 1.0933970
C -2.7210850 | -3.0042450 | 1.9076370 | C -2.5687870 | -3.1083320 | 1.7879620
C -4.0948780 | -2.9058970 | 1.6926140 | C -3.9487290 | -2.9864990 | 1.6338680
C -4.6012510 | -1.9570850 | 0.8120990 | C -4.4780790 | -2.0033030 | 0.8062420
H 4.2296590 | 3.0362190 | 0.5200250 | H 4.3634940 | 2.9103410 | 0.3853130
H 0.3238910 | 4.6399160 | 0.0865050 | H 0.4707230 | 4.5600280 | -0.0296060
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H 2.7080900 | 4.9847160 | 0.3379020 | H 2.8701180 | 4.8753730 | 0.1640220
H 5.3708320 1.3374220 | 0.8373770 | H 5.4742980 1.2080780 | 0.8169670
H 6.6150860 | -0.7991740 | 0.8521210 | H 6.6913380 | -0.9435030 | 0.8823690
H 5.3810380 | -2.9284380 | 0.3457050 | H 5.4406570 | -3.0656710 | 0.3940530
H 29374190 | -2.7861650 | -0.1747770 | H 3.0037320 | -2.9012400 | -0.1647370
H -5.0470180 | 2.7205730 | -0.1077940 | H -4.9197030 | 2.7129320 | 0.0206330
H -3.6860390 | 4.6135990 | 0.7869780 | H -3.5103790 | 4.5775410 | 0.8958680
H -1.2830290 | 4.4107750 | 0.9697290 | H -1.0986000 | 4.3461640 | 0.9908500
H -0.7705170 | -2.2561820 | 1.3721070 | H -0.6328510 | -2.3660860 | 1.1943680
H -2.3316200 | -3.7272050 | 2.6143150 | H -2.1594970 | -3.8600850 | 2.4520750
H -4.7767760 | -3.5540670 | 2.2302620 | H -4.6165450 | -3.6443220 | 2.1774290
H -5.6693740 | -1.8434930 | 0.6718340 | H -5.5495300 | -1.8742200 | 0.7126030

a DFT calculations on TPSSh/def2-TZVP/CPCM(THF) level of theory.

Table 46 Calculated coordinates of the optimized singlet ground state So structures of the complexes
[Pt(PyPhDBT)Cl] and [Pd(PyPhDBT)CI].

[Pt(PyPhDBT)CI]. [Pd(PyPhDBT)CI]
coordinates (A) coordinates (A)
X Y Z X Y Z

Pt 0.6377680 | -0.6587590 | 0.0712660 | Pd 0.7139890 | -0.7570970 | 0.0177510
Cl 0.2164210 | -3.0471340 | 0.0302850 | Cl 0.2051010 | -3.1050890 | -0.1627520
S -1.4041430 | -0.1584030 | 0.8715190 | S -1.3074930 | -0.2097050 | 0.8892390
N 2.6378810 | -0.8542070 | -0.3158040 | N 2.7280350 | -0.9821930 | -0.3114110
C 3.1539300 | 2.6923520 | 0.5042500 | C 3.2634160 | 2.5437490 | 0.5735910
C 2.5705880 | 1.4528440 | 0.2314850 | C 2.6697220 | 1.3115050 | 0.2848170
C 1.1614590 | 1.2812250 | 0.1797020 | C 1.2622730 | 1.1737190 | 0.1838230
C 0.3605620 | 2.4457920 | 0.2745870 | C 0.4765080 | 2.3456300 | 0.2562420
C 0.9715640 | 3.6741790 | 0.5827450 | C 1.0979020 | 3.5669170 | 0.5761400
C 2.3463610 | 3.7988000 | 0.7217150 | C 24692400 | 3.6658510 | 0.7567100
C 3.3674760 | 0.2722830 | -0.0890690 | C 3.4632230 | 0.1209220 | -0.0160710
C -1.0872840 | 2.4547540 | -0.0364310 | C -0.9660940 | 2.3738180 | -0.0754180
C 47555030 | 0.2351060 | -0.2268680 | C 4.8566290 | 0.0601740 | -0.0690340
C 5.3831630 | -0.9397570 | -0.6084480 | C 5.4822410 | -1.1209390 | -0.4370570
C 4.6137240 | -2.0730920 | -0.8542110 | C 4.7079380 | -2.2330560 | -0.7516500
C 3.2421020 | -1.9928940 | -0.6926710 | C 3.3294250 | -2.1245360 | -0.6706460
C -1.9099330 | 1.3382380 | 0.1134800 | C -1.8033960 | 1.2741440 | 0.1068290
C -3.2416170 | 1.2775140 | -0.3229860 | C -3.1378830 | 1.2225810 | -0.3230560
C -3.8189200 | 2.4212600 | -0.8774800 | C -3.6945770 | 2.3586760 | -0.9148200
C -3.0416190 | 3.5661230 | -1.0009900 | C -2.8986450 | 3.4856710 | -1.0760340
C -1.7036360 | 3.5783040 | -0.6084180 | C -1.5605630 | 3.4900350 | -0.6801920
C -2.9007410 | -0.9732990 | 0.3865310 | C -2.8290850 | -1.0030160 | 0.4688870
C -3.8126700 | -0.0525040 | -0.1593340 | C -3.7312150 | -0.0885570 | -0.1053170
C -3.2336180 | -2.3005360 | 0.6272000 | C -3.1829060 | -2.3138240 | 0.7657380
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C -4.5134580 | -2.7219070 | 0.2821690 C -4.4746040 | -2.7242720 | 0.4554600
C -5.4376920 | -1.8259120 | -0.2639240 | C -5.3890480 | -1.8345370 | -0.1177810
C -5.0987710 | -0.4970840 | -0.4810110 | C -5.0285640 | -0.5228720 | -0.3950330
H 4.2313350 | 2.7959780 | 0.5558130 | H 4.3403670 | 2.6309190 | 0.6557010
H 0.3492470 | 4.5495940 | 0.7277860 | H 0.4853350 | 4.4527430 | 0.6978640
H 2.7835800 | 4.7572840 | 0.9740180 | H 29165770 | 4.6181290 1.0150320
H 5.3363990 1.1284400 | -0.0433600 | H 5.4447910 0.9353460 | 0.1705390
H 6.4604150 | -0.9698400 | -0.7179690 | H 6.5635010 | -1.1716770 | -0.4810140
H 5.0608110 | -3.0087590 | -1.1621450 | H 5.1551510 | -3.1719900 | -1.0496580
H 2.5861250 | -2.8394330 | -0.8444690 | H 2.6663270 | -2.9544710 | -0.8773380
H -4.8448530 | 2.4119400 | -1.2252160 | H -4.7215080 | 2.3564270 | -1.2599390
H -3.4684800 | 4.4586230 | -1.4432460 | H -3.3112150 | 4.3699790 | -1.5472910
H -1.1152370 | 4.4686760 | -0.7917420 | H -0.9575460 | 4.3661040 | -0.8848630
H -2.5110850 | -2.9858990 | 1.0487720 | H -2.4676730 | -2.9957820 | 1.2050210
H -4.7939050 | -3.7563570 | 0.4408550 | H -4.7724820 | -3.7454100 | 0.6615530
H -6.4319950 | -2.1727390 | -0.5196270 | H -6.3926520 | -2.1731450 | -0.3467360
H -5.8251630 | 0.1901250 | -0.8988410 | H -5.7471930 | 0.1597270 | -0.8333770

a DFT calculations on TPSSh/def2-TZVP/CPCM(THF) level of theory.
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