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A series of 2-phenylpyrimidine platinum (II) complexes were designed and their
phosphorescence properties were studied. The presence of an electron donating group in para
position of Pt atom on the phenyl ring significantly increased emission intensity in the
solution and lead to a red-shifted phosphorescence in the solid state.

Abstract

A series of five platinum (II) complexes based on 2-phenylpyrimidine ligands have been
designed. Pyridine and chloride were used as auxiliary ligands. These complexes exhibit a
slightly distorted square-planar geometry. The nature and position of substituent on the phenyl
ring was thoroughly studied. The presence of an electron-donating substituent on the phenyl

ring in the para position of the platinum atom leads to a red shift of the lowest-energy
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absorption band, which corresponds to the HOMO—LUMO transition and permits to obtain
phosphorescence in deoxygenated CH,Cl, solution. All compounds are emissive in the solid
state with a significant redshift for complexes bearing electron-donating substituent on the
phenyl ring of phenylpyrimidine ligand.

Keywords : N ligands; Heterocycles; Phosphorescence ;  Platinum (II) complexes ;
Pyrimidine

Introduction

During the past two decades there has been a strong interest in the design of luminescent
transition metal complexes.!'"! Indeed, these materials exhibit emissive excited triplet states
and can be used as emitters for second generation organic light emitting diodes (OLEDs), also
called phosphorescent OLEDs (PHOLEDs).” In this context, many cyclometallated iridium
(III) complexes with NAC 2-phenylpyridine (ppy) type ligands have been developed.”
Similar phosphorescent Pt(II) complexes have been also designed by various teams,! and
their emission properties can be tuned by rational ligand modifications.”) Acetylacetone
(acac) is generally used as auxiliary ligand for such complexes.[(’] [Pt(ppy)Cl2]” complex is
known to be not luminescent at room temperature,” however it has been shown recently that
Pt(Il) ppy type complexes bearing chloride and pyridine monodentate ligand exhibit also
interesting phosphorescence properties.”

It has been also demonstrated that the presence of electron-donating group in the phenyl part
of the ppy ligand enhances the emission properties.® Ppy ligands with an electron donating
group on the phenyl ring in para position of the Pt atom leads to Pt(II) complexes with a red-
shifted emission and increased emission quantum yield with regards to analogues bearing ppy
ligands modified by electron-donating group in para position of the pyridyl moiety.[g]

The pyrimidine (1,3-diazine) heterocycle exhibits a stronger electron-deficient character than

[

pyridine due to the presence of the second nitrogen atom.'” The pyrimidin-2-yl and
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pyrimidin-4-yl fragments are therefore stronger electron-withdrawing groups than pyridin-2-
yl moiety. 2-Phenylpyrimidine derivatives with electron-donating substituent on the phenyl
ring in para position generally exhibit fluorescence properties.'’! Whereas many Ir(III)

complexes based on NAC 2-phenylpyrimidine ligands are well known in the literature,"'”

similar Pt(I) complexes are much less explored.!"’!

Recently, Zhao and coworkers have described a 2-(4-N,N-diphenylaminoyphenyl)pyrimidine
Pt(I) complex bearing pyridine and CI” as auxiliary ligands.!” This complex exhibits strong
emission in solid state (@ = 0.45 in PMMA matrix) and promising electroluminescence
properties and appears as an efficient emitter for OLEDs. In this contribution, we designed a
series of phenylpyrimidine Pt(I[) complexes with similar auxiliary ligands (Figure 1). In

particular, the nature and the position of substituents along the phenyl ring of the

phenylpyrimidine ligand and their influence on photophysical properties have been

thoroughly studied.
OMe
R
Pt Pt Pt

NN NN NN
(L L (L

Pt-Pi1 Pt-Pi2: R=CN Pt-Pi5

Pt-Pi3: R = OMe

Pt-Pi4: R = NPh,

Figure 1: Structure of studied complexes

Results and discussion

Synthesis

The synthesis of phenylpyrimidine ligands 1-5 and Pt complexes Pt-Pi is described in

Scheme 1. The ligands 1-5 can be easily prepared from commercially available 2-

10.1002/ejic.202100155
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chloropyrimidine and appropriate phenyl boronic acids via Suzuki-Miyaura cross-coupling
reaction." The electron deficient character of pyrimidine allows easier oxidative addition of
Pd into carbon-chlorine bond, and therefore, the cross-coupling reaction can be carried out
without using a sophisticated and expensive Pd-catalyst.[ls] Final Pt-complexes were prepared
according to well-established “bridge-splitting” reaction.!”'®! The reaction of K,[PtCly] and
the corresponding ligand 1-5 leads to p-chloro bridged intermediate, which underwent

cleavage with pyridine to afford target complexes Pt-Pi in moderate-to-good yields.

R
R N
N cl | 1R =H (84 %)
. (i) Z 2R = 3-CN (70 %)
NN — 3R = 3-OMe (66 %)
BOH), L. NN 4R = 3-NPh, (45 %)
L 5 R = 4-OMe (71 %)
N ] R
|\ X Rex R l\ SR
_ a | LA e A | A NS
+  KpPtCl, —> P{ Pt — Pt
/N7 N // AN

Pt-Pi1 R = H (36 %)
Pt-Pi2 R = 4-CN (44 %)

, Pt-Pi3 R = 4-OMe (46 %)
! Pt-Pi4 R = 4-NPh, (76 %)
l Pt-Pi5 R = 5-OMe (45 %)

! (ii): 2-ethoxyethanol/H,0, 90 °C, 15h
| (iii): pyridine, CHCl3, 50 °C, 15h

Scheme 1: Synthesis of ligands 1-5 and Pt-complexes Pt-Pil-5. NB: for target complexes, the

position of substituent is indicated with regards to the Pt atom.
X-ray-analysis

A single crystal of Pt-Pil was isolated as a yellow prism by slow evaporation of a
hexane/ethylacetate (1/1) solution at room temperature. Pt-Pil crystal has been described in

orthorhombic symmetry and Pbca space group. Refinement details and summary of the
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structure are given in Table S1. Selected bond distances, bond angles and an ORTEP drawing
of the molecule are presented in Table 1 and Figure 2.

The geometry is square-planar with trans C,Cl, trans N,N chelating positions. The bond
lengths C11-Pt1 (1.989(4) A), Pt1-N22 (2.018(3) A), Pt1-N1 (2.021(3) A) are similar to those
previously reported for trans N,N trans C,Cl platinum complexes.'”! The square-planar
geometry is slightly distorted with smaller angles between C11-Pt1-N22 (87.13(16)°) and
CI1-Pt1-N1 (87.48(9) °). As previously observed, the torsion angle value between the
pyridine ring and the square-plane is 67,66(32)° (C11-Pt1-N1-C6), indicating a possible free
rotation of the pyridine ligand around the N1-Ptl bond in the solution.”™ This behavior is
most likely responsible for low luminescence in solution at room temperature by lowering the
radiative decay from T1 or the intersystem cross coupling (S1/T1). On the contrary, this
rotation is restricted in the solid state. The packing structure of Pt-Pil (Figure S1) in the solid
state shows possible interactions between molecules in inverted positions. The lowest
measured distance between the pyrimidine moiety of the square-plane of one molecule and
the platinum atom of the parallel monomer is 3.49 A. This value is close to those observed for

electroluminescent cyclometalled platinum complexes that proved to form a stacked dimer by

18]

Pt-m interaction (centroid of the nitrogen ring). [
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Figure 2: Oak Ridge thermal ellipsoid plot (ORTEP) drawing of complex Pt-Pil (50 %

probability level).

Table 1 : Selected bond lengths (A), angles and torsion angles (°) for Pt-Pil

Pt1-Cll 2.4010 (10)
Pt1-N22 2.018 (3)
Pt1-Cl1 1.989 (4)
Pt1-N1 2.021 (3)
C11-PtI-N22 81.13 (16)°
C11-Pt1-N1 95.86 (15)°
N22-Pt1-Cl1 95.48 (10)°
N1-Pt1-Cl1 87.48 (9)°
C11-PtI-N1-C6 67.66(32) °
C11-Pt1-N1-C2 117.15(31) °

Photophysical properties

The photophysical properties of complexes Pt-Pil-5 were measured in diluted CH,CI,
solution and the results are reported in Table 2. Various absorption bands are observed below
450 nm (Figure 3a). The most intense band in the 250-300 nm range is attributed to
intramolecular ligand m-m* transition. A significant bathochromic shift of this band is
observed in the case of diphenylamino complex Pt-Pi4. For all complexes, two or three less
intense bands/shoulders can be also observed. In an aerated solution, no emission was
detected for these compounds (Figure 4) but after bubbling with nitrogen, an emission band
centered at 570 and 628 nm with photoluminescence quantum yield of 0.40 and 0.05 was
observed for complexes Pt-Pi3 and Pt-Pi4 respectively (Figure S25). In both cases a long

emission lifetime around 10 ps, characteristic of phosphorescence, emission was observed.
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These relatively low quantum yields or none emission of other complexes can be ascribed to
possible rotation of the coordinated pyridine ring, which allows non-radiative deexcitation
pathway.” In the solid state (powder) all complexes are brightly luminescent and display
structured emission profile (Figure 5). This turn-on emission for complexes Pt-Pil-2 and Pt-
Pi5 is attributed to restricted rotation of the pyridine ligand in the solid state.'’*) Complexes
Pt-Pil and Pt-PiS without any substituent on the phenyl ring in para position of the Pt atom,
exhibit the most blue-shifted emission maxima (green emission). Complex Pt-Pi2 with
electron-withdrawing cyano group exhibit yellow emission. Pt-Pi3 and Pt-Pi4 with electron-
donating substituents in conjugative position with respect to the Pt atom are the most red-
shifted and the position of the main band follow the strength of the electron-donating group

(OMe < NPh;) and emit orange and red light respectively.

Table 2: UV/Vis and PL data of Pt-Pil-5 complexes in CH,Cl, and solid state.

CH,ClL,* Solid State
UV/VIS A PL PL
nm Stokes
Compd (g mM -em™ Amaxs shift
T(“’S) QPL Cm—l ﬂvmaxa nm T(HS)
1) nm
249 (38.8),
286 (13.9)sh, 517,535, 0.51,
Pt-Pil - - - —
338 (6.1), 386 549 2.72
(2.0)
256 (43.4),
478, 505,
270 (36.2), 0.30,
Pt-Pi2 - - - — 549,
335 (4.5), 382 2.58
590sh
(2.1
251 (44.4),
591, 0.47,
Pt-Pi3 283 (14.7)sh, 570 12.9 0.40 6610
630sh 2.05

346 (5.5), 414
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(2.6)
285 (27.0),
0.40,
Pt-Pid 292 (35.2), 628 886  0.05 6907 629 )13
438 (2.3) '
264 (24.1),
515,539,  0.34,
Pt-Pi5 314 (14.2), - _ _ _
556 1.32
384 (1.8)

“ All spectra were recorded at room temperature at ¢ = 0.9 x 10~ to 1.02 x 10~ M with deoxygenated
solutions prepared by bubbling N, through the solutions. ” Photoluminescence quantum yield (£10%)

determined relative to 9,10-bisphenylethynylanthracene in cyclohexane (@ = 1.00).!""!

w'g | | | | | | | | | | | | | |
‘To A 70000 p=— B - Pt-Pi1 ]
S 40000 |~ = Pt-Pi2
mE 60000 |— — PtPiz
£ = Pt-Pi4
B, 30000 |— — 50000 | — =
™ Pt-Pi5
40000 = —
20000 [~ -
30000 p— -
10000 f— - 20000 = —

10000 f—

I 1 I I l I I | 1 | I | l |
200 250 300 350 400 450 500 200 250 300 350 400 450 500

A [nm] A [nm]

Figure 3: (A) Absorption spectra of compounds Pt-Pil-5 (¢ = 0.9 — 1.5x10” mol.l"") in

CH,Cl,. (B) TD-DFT-simulated spectra.
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Pt-Pi5 deg.

Figure 4: Picture of CH,Cl, solution of Pt-Pil-5 (oxygenated/degassed) taken under UV (1=

240 nm).

| | | | | |

100 = — Pt-Pi1 _
Pt-Pi2 N
— Pt-Pi3
80 [~ - Pt-Pi4 \/ —
— Pt-Pi5 A

D
o
|

Normalized emission intensity
S
o
|

N
o
|

I I 1 1 1 I
450 500 550 600 650 700

Alnm]

Pt-Pi1 Pt-Pi2 Pt-Pi3

Figure 5: Normalized emission spectra of solid state compounds Pt-Pil-5 and picture taken

under UV (4 =240 nm)

Computational investigation
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Density functional theory (DFT) calculations at the PBEO/LANL2DZ level of theory
were performed to optimize the geometries of complexes Pt-Pil-5. Solvent (CHCls) effect
corrections were included (see Computational Details). The five optimized structures are
shown in Figure 6. Selected computed data are provided in Table 3. The optimized geometry
of Pt-Pil is very close to its X-ray structure, with slightly longer metal-ligands bonds as
usually found for DFT-optimized structures. Complexes Pt-Pil-5 exhibit very similar
optimized geometries with analogous metrical data. The calculated angles between the
pyridine ligand and the Pt coordination plane lie within a narrow range of 65-67°, which is
very close to the experimental angle found for Pt-Pil (67.7°, Table 2). The shortest calculated
inter-molecular H...H contact lies within the range of 2.7-2.8 A. This observation suggests
that the pyridine rotational position is a trade-off between conjugation (which favors
planarity) and H...H steric repulsion (which prefers perpendiculatity). As a matter of fact,
forcing the two planes to be perpendicular destabilizes Pt-Pil, but only by 0.01 eV. It is
therefore very likely that in solution, the pyridine ligand affords a vibrational motion of

several tenths of degrees.
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Pt-Pil Pt-Pi2

Pt-Pi4

Figure 6: DFT-optimized geometries of complexes Pt-Pil-5.
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Pt-Pi3
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Compound PLPil Pt-Pi2 | Pt-Pi3 | Pt-Pi4 | Pt-Pi5

CN OMe NPh, OMe

HOMO-LUMO gap (eV) 4.15 4.19 3.80 3.28 4.23
Pt-Cl (A) 2454 | 2.440 | 2.454 | 2453 | 2454
[Wiberg bond indice] [0.301] | [0.312] | [0.301] | [0.303] | [0.302]
Pt-N(py) (A) 2.020 | 2.020 | 2.019 | 2.019 | 2.021
[Wiberg bond indice] [0.396] | [0.399] | [0.398] | [0.398] | [0.395]
Pt-N(ppy) (A) 2.016 | 2.019 | 2.017 | 2.017 | 2.016
[Wiberg bond indice] [0.411] | [0.408] | [0.411] | [0.410] | [0.412]
Pt-C(ppy) (A) 1.978 | 1.971 | 1.981 | 1.978 | 1.977
[Wiberg bond indice] [0.689] | [0.696] | [0.679] | [0.687] | [0.686]

Py/Pt(ppy) torsion angle (°) 66 67 65 65 65

Pt 0.63 0.65 0.63 0.64 0.63

Cl -0.69 | -0.68 | -0.69 | -0.69 | -0.69

NAO charges N(py) -0.52 -0.52 -0.52 -0.52 -0.52
N(ppy) -0.54 | -0.54 | -0.54 | -0.54 | -0.55

C(ppy) -0.19 | -0.17 | -0.22 | -0.20 | -0.17

Table 3: Relevant computed data for complexes Pt-Pil-5.

The Natural Atomic Orbital charges and the metal-ligand Wiberg bond indices of the five

complexes are also very close. The largest atomic charge variation concerns the carbon

bonded to the metal, which obeys the electronic effects of the substituent appended on the

phenyl ring. These are particularly pronounced from the position 4 of the phenyl (Scheme 1),

from which the m-donor substituents OMe and NPh, tend to favor a more negative

polarization of the C-atom. A slightly stronger Pt-Cl bond induced by the acceptor CN

substituent can be noticed for Pt-Pi2. Anyway, these effects on the metal coordination sphere

are small. On the contrary, the HOMO-LUMO gaps are affected more significantly, especially

for the complexes bearing a w-donor substituent at the position 4 of the phenyl. The calculated

gaps are smaller, which is in agreement to experimentally observed variations of the optical
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properties (see above). The Kohn-Sham diagrams of the five complexes (Figure S22) and the
plots of their frontier orbitals (Figure S23) provide more insight into their electronic
structures. According to the electronic effect of the substituent appended on the phenyl ring,
they can be divided into three groups. The first one possesses m-donor in a conjugative
position with respect to the metal, Pt-Pi3 and Pt-Pi4 exhibit a destabilized HOMO having a
substantial phenylpyrimidine character to which the substituent’s lone pair contributes. The
second group is made of Pt-Pil and Pt-Pi5S (no substituent or mesomeric effect), with the
HOMO having less, but still significant, contribution from the phenylpyrimidine ligand. Pt-
Pi2 constitutes the third group, in which the highest occupied levels are stabilized by the
electron-withdrawing effect of the substituent. The vacant levels are also slightly stabilized,
so that its HOMO-LUMO gap is not the largest one within the series. The lowest vacant
orbitals of Pt-Pil-S possess mn*(ligand) character, whereas their LUMO 1is of
n*(phenylpyrimidine) nature.

The TD-DFT-simulated UV-vis spectra of compounds Pt-Pil-5 are shown on Figure 3b.
They are in a rather good agreement with their experimental counterparts (Figure 3a). The
computed transitions responsible for the major bands on the simulated spectra are reported in
Table 4. The lowest-energy band corresponds to the HOMO—LUMO transition. Figure S23
implies that it has a mixed -electron-transfer character, with a dominant intra-
phenylpyrimidine character. The other bands do not show important long-range transfer
neither dominant metal participation.

The simulated phosphorescence spectra of the two compounds that are emissive in solution,
namely Pt-Pi3 and Pt-Pi4, were calculated by using the Adiabatic Hessian (AH) method

developed by Barone and coworkers,*”!

the efficiency of which was recently proven when
applied to platinum complexes.*"! The corresponding simulated spectra are shown in Figure

S24. Their intensity maxima are reported in Table 4, together with the corresponding



European Journal of Inorganic Chemistry 10.1002/ejic.202100155

experimental A, values. The agreement is quite good, thus allowing to identify the

transitions as originating from an excited (HOMO)'(LUMO)' triplet state.

Table 4: Absorption: The major computed transitions (A..) associated with their
experimental UV-vis A,, counterparts. Emission: Computed and experimental

phosphorescence A,y.
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Absorption Emission
Experimental Computed major Nature of the transition Computed
UV/viS Amar, nm contribution to the Experimental o am
Compd. (g mM '-cm) band/in Fingnlire 2b Aomax, N (seengfg’g. S24)
calc
386 (2.0) 392 (0.03) ILCT* + MLCT" +L£4CTC -
PL-Pil 338 (6.1) 303 (0.11) ILCT*+ MLCT
286 (13.9)sh
249 (38.8) 277 (0.10) ILCT®* + LLCT¢ |
382 (2.1) 385 (0.04) ILCT* + MLCT" +L£4CTC - !
PLPI2 335 (4.5) 304 (0.11) ILCT*+ MLCT |
270 (36.2)
256 (43.4) 282 (0.17) ILCT®* + LLCT¢ |
414 (2.6) 428 (0.04) ILCT* + MLCT® +LLCT® 570 578 |
PL-Pi3 346 (5.5) 304 (0.12) ILCT*+ MLCT® 532 |
283 (14.7)sh |
251 (44.4) 277 (0.13) ILCT®* + LLCT® .
438 (2.3) 485 (0.04) ILCT* + LLCT® 628 662 |
Pt-Pi4 292 (35.2) 316 (0.19) LLCT!+ MLCT® 614
285 (27.0) 275 (0.26) ILCT* + LLCTY |
384 (1.8) 380 (0.03) ILCT* + MLCT® +LLCT® - |
Pt-Pi5 314 (14.2) 299 (0.12) LLCTY+ MLCT® :
264 (24.1) 280 (0.40) ILCT®* + LLCT¢ ‘

 t—>m* phenylpyrimidine . °Pt—>phenylpyrimidine. ¢ Cl—phenylpyrimidine.
d phenylpyrimidine—pyridine.

Conclusion

Five Pt(I) complexes with varied electron behavior of the appended 2-phenylpyridimidine
ligands were designed and prepared. It has been demonstrated that proper substitution of the
2-phenylpyrimidine significantly influences optical properties of developed Pt(I) complexes.
A conjugative interconnection of the electron-donor and the metal center significantly
increases the emission quantum yield in the solution and red-shifts emission in the solid state.
Strong emission of these complexes in the solid state makes them promising candidates for
incorporation in OLED devices. Further modification of the auxiliary ligands to tune and

optimize the emission properties are currently ongoing in our laboratories.
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Experimental part

General Conditions. Reagents and solvents were reagent-grade and were purchased from
Sigma Aldrich or TCI Europe and used as received. NMR spectra were acquired at room
temperature at 300/75 MHz with a Bruker AVANCE III. Chemical shifts are given in parts
per million relative to TMS ('H, 0.0 ppm) and CDClj (®c, 77.0 ppm). Acidic impurities in
CDCI; were removed by treatment with anhydrous K,COj;. High resolution MALDI MS
spectra were measured on a MALDI mass spectrometer equipped with nitrogen UV laser (337
nm, 60 Hz) and quadrupole analyser (positive-ion mode over a normal mass range (m/z
50-2000) with resolution 100 000 at m/z = 400). Trans-2-[3-(4-tert-butylphenyl)-2-methyl-2-
propenylidene]malononitrile (DCTB) was used as a matrix. Mass spectra were averaged over
the whole MS record for all measured samples. The absorption spectra of the samples in
solutions and films were detected with a Jasco V-650 while the emission spectra were
detected by a Horiba Fluoromax spectrophotometer respectively. UV-vis and
photoluminescence spectra were recorded using standard 1 cm quartz cells. Compounds were
excited at their absorption maxima (band with the lowest energy) to record the emission
spectra. The @p values were calculated wusing a well-known procedure with
9,10-diphenylethynylanthracene in cyclohexane as standard (®r = 1)."” Stokes shifts were
calculated by considering the lowest energetic absorption band.

X-Ray Structural Analysis Single-crystal X-ray-diffraction data were obtained from a D8
VENTURE Bruker AXS diffractometer equipped with a (CMOS) PHOTON 100 detector,
using Mo-Ka radiation (4 = 0.71073 A, multilayer monochromator) at T = 150 K. Crystal
structure was solved by dual-space algorithm using the SHELXT program,'**! and then refined
with full-matrix least-squares methods based on F* (SHELXL program).”* All non-hydrogen

atoms were refined with anisotropic atomic displacement parameters. H atoms were finally
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included in their calculated positions and treated as riding on their parent atom with
constrained thermal parameters. Drawing was produced using ORTEP-3. CCDC-2039829
(Pt-Pil) contains supplementary crystallographic data. These data can be obtained free of
charge from the Cambridge Crystallographic Data Centre via

www.ccdc.cam.ac.uk/data_request/cif.

Computational details. DFT and TD-DFT calculations were carried out using the Gaussian16
package,”*! employing the PBEO functional,’*”! together with the LanL2DZ basis set.[*
Solvent (chloroform) effects were included through the PCM approximation.””! The
optimized geometries were fully characterized as true minima by analytical frequency
calculations (no imaginary values). The composition of the Kohn-Sham orbitals was
calculated using the AOMix program.[zg] The geometries obtained from DFT calculations
were used to perform natural atomic charge analysis with the NBO 6.0 program.”*’ Only
singlet-singlet transitions were taken into account in the TD-DFT calculations. Only the
transitions with non-negligible oscillator strengths are discussed in the paper. The graphical

]

GaussView interface®” was used for simulating UV-vis spectra. The phosphorescence

emission spectra were computed within the Franck-Condon principle by using the Adiabatic

Hessian method"!!

which takes into account vibrational mode mixing and a proper description
of both optimized ground and excited (triplet) states potential energy surfaces. A class-based
pre screening”? was applyied in order to limit the number of terms involved in the vibronic
calculation with the following settings: Cymax = 70, C,max = 70, Nymax = 100 x 10%. The

]

GaussView interfacel®” was used for their simulation (Figure S23).

General procedure for the synthesis of ligands: 2-Chloropyrimidine (1 equiv) and
corresponding boronic acid (1.2 equiv) were dissolved in a mixture of toluene/EtOH (20:3,
23mL), and nitrogen was bubbled through the solution for 10 min. Pd(PPhs)4 (5 %) and 20%

aqueous Na,CO3 were added, and then the reaction was stirred at 110 °C for 15h. The reaction
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mixture was cooled to room temperature and diluted with CH,Cl,/aqueous NH4Cl (1:1, 100
mL). Organic layer was separated, and the aqueous one was extracted with CH,Cl, (2 x 50
mL). The combined organic extracts were dried over anhydrous MgSO, and solvent was
evaporated under reduced pressure. The solid residue was purified by column

chromatography (Si0O;; indicated solvents).

General procedure for the synthesis of Pt complexes: K,PtCl, (1 equiv) and ligand A (1.2
equiv) were dissolved in a mixture of EGEE/H,0 (3:1, 20 mL). The mixture was bubbled
with nitrogen for 10 min and then stirred at 90 °C for 15h. The solution was cooled to room
temperature and diluted with H,O, precipitate was filtrated off, and dried under vacuum. p-
Chloro-bridged intermediate was dissolved in CHCI3 and pyridine was added (2.5 equiv). The
mixture was stirred at 50 °C for 15h. The reaction mixture was cooled to room temperature
and diluted with CH,Cl,/aqueous NH4Cl (1:1, 100 mL). The organic layer was separated, and
the aqueous one was extracted with CH,Cl, (2 x 50 mL). The combined organic extracts were
dried over anhydrous MgSO,4 and the solvents were evaporated under reduced pressure. The
solid residue was purified by column chromatography (SiO,; 1:1, EtOAc/CH,Cl,).

2-Phenylpyrimidine (1): Synthesized from 2-chloropyrimidine (458 mg, 4 mmol) and
phenylboronic acid (586 mg, 4.8 mmol) following the general procedure for the synthesis of
ligands and purified by column chromatography (8:2, petroleum ether/EtOAc) Yield 524 mg
(84 %); pale orange solid. Ry= 0.5 (8:2, petroleum ether/EtOAc). "H NMR (300 MHz, CDCl;)
5 =8.81 (d, *Juu = 5 Hz, 2H), 8.46-8.42 (m, 2H), 7.52-7.47 (m, 3H), 7.19 (t, *Juu = 5 Hz,

1H) ppm. The spectroscopic data were consistent with those reported in the literature.”*”!

2-(3-Cyanophenyl)pyrimidine (2): Synthesized from 2-chloropyrimidine (458 mg, 4 mmol)
and 3-cyanophenylboronic acid (706 mg, 4.8 mmol) following the general procedure for the
synthesis of ligands and purified by column chromatography (7:3, petroleum ether/EtOAc)

Yield 508 mg (70 %); white solid. Ry = 0.5 (7:3, petroleum ether/EtOAc). 'H NMR (300
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MHz, CDCl;) J = 8.84 (d, *Juy = 5 Hz, 2H), 8.79-8.78 (m, 1H)m 8.71-8.68 (m, 1H), 7.78—
7.75 (m, 1H), 7.63-7.58 (m, 1H), 7.28 (t, *Jiu = 5 Hz, 1H) ppm. °C NMR (75 MHz, CDCl5)
d=162.80, 157.60, 138.91, 133.99, 132.36, 132.12, 129.57, 120.14, 118.80, 113.09 ppm. HR-
MALDI-MS (DCTB) m/z caled for C;HgN3 [M+H'] 182.0713, found 182.0713. The

spectroscopic data were consistent with those reported in the literature.**!

2-(3-Methoxyphenyl)pyrimidine (3): Synthesized from 2-chloropyrimidine (606 mg, 5.29
mmol) and 3-methoxyphenylboronic acid (965 mg, 6.35 mmol) following the general
procedure for the synthesis of ligands and purified by column chromatography (CH,Cl,)
Yield 651 mg (66 %); pale orange solid. Ry= 0.2 (CH,CL,). 'H NMR (300 MHz, CDCl3) 6 =
8.81 (d, *Jin = 5 Hz, 2H), 8.07-8.00 (m, 2H), 7.43-7.38 (m, 1H), 7.19 (t, *Juu = 5 Hz, 1H),
7.07-7.03 (m, 1H), 3.91 (s, 3H) ppm. HR-MALDI-MS (DCTB) m/z calcd for C;;H;1N,O
[M+H"] 187.0866, found 187.0866. The spectroscopic data were consistent with those

reported in the literature.”¥

2-(3-N,N-Diphenylaminophenyl)pyrimidine (4): Synthesized from 2-chloropyrimidine (96
mg, 0.83 mmol) and 3-N,N-diphenylaminophenylboronic acid (289 mg, 1 mmol) following
the general procedure for the synthesis of ligands and purified by column chromatography
(CH,Cl,) Yield 122 mg (45 %); white solid. R;= 0.6 (CH,Cl,). 'H NMR (300 MHz, CDCl3) &
= 8.75-8.73 (m, 2H), 8.22-8.21 (m, 1H), 8.10-8.07 (m, 1H), 7.40-7.35 (m, 1H), 7.28-7.19
(m, 4H), 7.17-6.99 (m, 8H) ppm. °C NMR (75 MHz, CDCls) d = 164.70, 157.31, 148.50,
148.00, 139.14, 129.67, 129.40, 126.98, 124.32, 124.17, 122.86, 119.22 ppm. HR-MALDI-

MS (DCTB) m/z caled for CooH 7N; [M'] 323.1417, found 323.1405.

2-(4-Methoxyphenyl)pyrimidine (5): Synthesized from 2-chloropyrimidine (615 mg, 5.36
mmol) and 4-methoxyphenylboronic acid (978 mg, 6.44 mmol) following the general

procedure for the synthesis of ligands and purified by column chromatography (CH,Cl)
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Yield 706 mg (71 %); pale yellow solid. Ry = 0.2 (CH,CL). 'H NMR (300 MHz, CDCl3) 6 =
8.75 (d, *Juu = 5 Hz, 2H), 8.41-8.37 (m, 2H), 7.11 (t, *Jun = 5 Hz, 1H), 7.03-6.98 (m, 2H),
3.88 (s, 3H) ppm. HR-MALDI-MS (DCTB) m/z calcd for C;;H;;N,O [M+H+] 187.0866,
found 187.0866. The spectroscopic data were consistent with those reported in the

literature.*”

(Pt-Pil): Synthesized from K,PtCl; (100 mg, 0.24 mmol) and 1 (46 mg, 0.29 mmol)
following the general procedure for the synthesis of Pt" complexes. Yield 40 mg (36 %)
yellow solid. Ry= 0.5 (1:1, EtOAc/CH,Cl,). "H NMR (300 MHz, CDCl3) 6 = 9.87-9.73 (m,
3Jipe = 38 Hz, 1H), 9.08-8.91 (m, *Jip. = 47 Hz, 2H), 8.79-8.77 (m, 1H), 7.94-7.85 (m, 2H),
7.47-7.42 (m, 2H), 7.17-7.05 (m, 3H), 6.47—6.28 (m, *Jip. = 49 Hz, 1H) ppm. *C NMR (75
MHz, CDCl3) § = 175.83, 158.56, 157.56 (m, “Jc.p, = 8 Hz), 154.18 (m, “Jep = 6 Hz), 141.66,
141.09, 138.13 (m, “Jep = 6 Hz), 132.46 (m, *Jep = 29 Hz), 130.37 (m, *Jep = 23 Hz),
127.79 (m, *Jep = 23 Hz), 126.22 (m, *Jep = 26 Hz), 124.23, 117.65 (m, *Jop = 14 Hz),

ppm. HR-MALDI-MS (DCTB) m/z calcd for C;sH;,CIN;Pt [M+] 464.0362, found 464.0365.

(Pt-Pi2): Synthesized from K,PtCly; (200 mg, 0.48 mmol) and 2 (105 mg, 0.58 mmol)
following the general procedure for the synthesis of Pt complexes. Yield 40 mg (36 %)
yellowish solid. Ry = 0.6 (1:1, EtOAc/CH,CL,). 'H NMR (300 MHz, CDCl3) § = 9.93-9.79
(m, *Jip = 38 Hz, 1H), 9.01-8.86 (m, 3H), 8.22-8.03 (m, 1H), 8.00-7.91 (m, 1H), 7.53-7.49
(m, 2H), 7.31-7.24 (m, 2H), 6.60—6.42 (m, *Jip, = 49 Hz, 1H) ppm. (75 MHz, CDCl3) § =
158.96, 157.84, 153.99 (m, *Jep = 6 Hz), 148.15, 138.67, 134.89 (m, *Jep = 29 Hz), 131.14,
130.69, 129.88, 126.58 (m, *Jep = 25 Hz), 119.63, 118.72 (m, *Jep = 14 Hz), 107.38 ppm
(One quaternary carbon is not observed due to the low solubility of this complex). HR-

MALDI-MS (DCTB) m/z calcd for CisH;;CIN,Pt [M'] 489.0315, found 489.0317.
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(Pt-Pi3): Synthesized from K,PtCl; (100 mg, 0.24 mmol) and 3 (54 mg, 0.29 mmol)
following the general procedure for the synthesis of Pt complexes. Yield 55 mg (46 %)
orange solid. Ry = 0.6 (1:1, EtOAc/CH,Cl,). '"H NMR (300 MHz, CDCl3) 6 = 9.85-9.70 (m,
3Jipe = 34 Hz, 1H), 9.07-8.91 (m, *Jip. = 45 Hz, 2H), 8.77-8.74 (m, 1H), 7.93-7.87 (m, 1H),
7.46-7.41 (m, 3H), 7.10-7.07 (m, 1H), 6.76-6.72 (m, 1H), 6.36-6.17 (m, *Jyyp; = 48 Hz, 1H),
3.62 (s, 3H) ppm. °C NMR (75 MHz, CDCls) 6 = 175.63, 158.33, 157.63 (m, “Jcp = 10 Hz),
157.14, 154.17 (m, *Jcp = 6 Hz), 142.08, 138.04 (m, “Jepi = 6 Hz), 131.96, 131.04 (m, *Jcp(
=28 Hz), 126.17 (m, *Jep = 26 Hz), 120.07 (m, *Jep = 31 Hz), 117.69 (m, *Jep = 17 Hz),
111.38 (m, SJC’pt = 25 Hz), 55.55 ppm. HR-MALDI-MS (DCTB) m/z calcd for

C16H14CIN;OPt [M'] 494.0468, found 494.0472.

(Pt-Pi4): Synthesized from K,PtCl; (100 mg, 0.24 mmol) and 4 (94 mg, 0.29 mmol)
following the general procedure for the synthesis of Pt" complexes. Yield 115 mg (76 %)
orange solid. Ry = 0.8 (1:1, EtOAc/CH,Cl,). 'H NMR (300 MHz, CDCl3) 6 = 9.86-9.74 (m,
3Jiip = 34 Hz, 1H), 9.07-8.92 (m, *Jiyp = 44 Hz, 2H), 8.70-8.68 (m, 1H), 7.91-7.86 (m, 1H),
7.70-7.69 (m, 1H), 7.45-7.41 (m, 2H), 7.23-7.18 (m, 4H), 7.10-7.06 (m, SH), 7.98-6.88 (m,
3H), 6.40—6.22 (m, *Jip = 48 Hz, 1H) ppm. °C NMR (75 MHz, CDCl3) § = 175.26, 158.43,
157.64 (m, *Jep = 10 Hz), 154.11, 147.84, 144.50, 142.58, 138.09, 135.36, 131.19 (m, *Jep =
28 Hz), 129.77 (m, *Jep = 31 Hz), 129.28, 126.16 (m, *Jep = 26 Hz), 124.49 (m, *Jep = 24
Hz), 123.54, 122.36, 117.73 (m, “Jc.p = 13 Hz), ppm. HR-MALDI-MS (DCTB) m/z calcd for

Cy7H,,CIN4Pt [M'] 632.1175, found 632.1094.

(Pt-PiS): Synthesized from K,PtCly (100 mg, 0.24 mmol) and 5 (54 mg, 0.29 mmol)
following the general procedure for the synthesis of Pt" complexes. Yield 54 mg (45 %)
yellow solid. Ry = 0.4 (1:1, EtOAc/CH,CL). 'H NMR (300 MHz, CDCls) § = 9.78-9.64 (m,
3Jiipe = 39 Hz, 1H), 9.08-8.89 (m, *Jiyp = 46 Hz, 2H), 8.72-8.69 (m, 1H), 7.93-7.87 (m, 1H),

7.84-7.82 (m, 1H), 7.47-7.42 (m, 2H), 7.02-6.99 (m, 1H), 6.71-6.68 (m, 1H), 5.95-5.76 (m,
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3Jup = 56 Hz, 1H), 3.68 (s, 3H) ppm. °C NMR (75 MHz, CDCls) 6 = 175.20, 162.79,
158.57, 157.50 (m, “Jep = 11 Hz), 154.17 (m, *Jep = 6 Hz), 142.79, 138.13 (m, Jep = 6
Hz), 134.41, 129.56 (m, *Jep = 27 Hz), 126.17 (m, *Je.p = 26 Hz), 116.50 (m, *Jep = 24 Hz),
116.43 (m, 4JC,pt = 19 Hz), 108.86, 55.17 ppm. HR-MALDI-MS (DCTB) m/z calcd for

C16H14CIN;OPt [M'] 494.0468, found 494.0476.
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