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ABSTRACT

A series of Pt(II) N"N"C pincer complexes bearing isocyanide-styrene ligand in the fourth position was synthesized and their photophysics was studied in detail. In
solution the complexes exhibit phosphorescence from 3MLCT excited state, whereas in solid state due to crystal packing effects all but one complexes display SMMLCT
emission accompanied by a considerable red shift of emission band, which may be ascribed to formation of binary aggregates with short Pt-Pt contacts. The styrene
function of the isocyanide ligand allows complexes copolymerizing with polyvinylpyrrolidone via RAFT chemistry to give amphiphilic block copolymers with the
hydrophobic block consisting of a few “back-to-back” copolymerized platinum complexes. In organic solvent, the copolymers exist as isolated molecular entities
showing a limited intramolecular aggregation of the platinum chromophores analogous to their behavior in the solid state. On the contrary, in aqueous media
hydrophobicity of the platinum containing blocks provokes formation of micellar type nanospecies, demonstrating intermolecular aggregation of the platinum
chromophores with tighter contacts of the platinum centers and multiple character of the aggregates. This behavior results in much stronger red shift of emission into

NIR area that makes the copolymers promising for application in biological experiments as NIR emitting probes.

1. Introduction

Square planar Pt(II) complexes containing isocyanide ligands attract
considerable attention due to unusual reactivity patterns [1,2], catalytic
activity in diverse organic transformations [3] and excellent photo-
physical properties [4-7], which make them promising for photonic
applications [8-10]. Among wide variety of luminescent isocyanide
complexes those based on pincer-type ligands (e.g. N'N"C, N"N"N,
N"C"N) with an isocyanide moiety in the fourth position are of particular
interest because of high emission quantum yield, easily tunable ab-
sorption and luminescent spectra and ability to afford aggregates, which
demonstrate aggregation induced emission (AIE) due to the n—n inter-
action between aromatic systems of pincer ligands and metallophilic
Pt-Pt bonding. The latter way of intermolecular interactions results in
transformation of MLCT character of singlet and triplet excited states
typical for mononuclear Pt(II) chromophores into MMLCT to give a
considerable red shift of absorption and emission bands, which may
appear in NIR region. The AIE phenomena demonstrated by the com-
plexes of the [(N"N"C)Pt(CNR)] " type have been extensively studied in a
large series of publications from Professor Che group [11-15] and some
other research teams [16-18]. It has been shown that these mononuclear
complexes display a clearly detectable trend to afford aggregates even in
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organic solution taking part in equilibria between monomeric and
dimeric forms of the molecules [11,12], the position of the equilibrium
is determined by steric properties of the pincer and isocyanide ligands. It
is worth noting that careful selection of aggregation conditions, media
pH and complexes’ counterions can afford various superstructures, e. g.
nanowires [12,19], nanorods and nanofibers [14], and mesophases [13,
20]. Dependence of aggregation degree on pH made possible to use the
corresponding complexes for estimation of pH in biological systems, e.g.
for identification of acidic character of some cell compartments, espe-
cially in cancer cell lines [14].

Because the forces responsible for the aggregation are relatively
weak obtaining of stable aggregates usually depends on additional
support of the interaction between mononuclear chromophores, that can
be provided, for example, by the bridging ligands [11,16,18] or by
packing of the complexes in crystal cells of macro- and nanocrystals [11,
12]. As for the application of AIEgens of this type in biological studies, it
is highly desirable to render these chromophores water-soluble and
stable in aqueous media. In the present communication we report on the
synthesis of four [Pt(ID(N"N"C)L] pincer complexes, containing iso-
cyanide ligand (L) functionalized by styrene group. The presence of
styrene function made possible to use the complexes in RAFT poly-
merization reaction with polyvinylpyrrolidon to eventually obtain
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amphiphilic block copolymers containing the hydrophobic fragments,
which are able to form intermolecular aggregates in aqueous media
demonstrating AIE behavior of platinum chromophores. The photo-
physical characteristics of the complexes in organic solutions, solid state
and block copolymers in organic and aqueous media were studied and
discussed from the viewpoint of their intra- and intermolecular
aggregation.

2. Results and discussion

A series of five Pt(II) isocyanide complexes bearing various N"N"C
pincer ligands were synthesized via the three-step reaction sequence
shown in Scheme 1.

Following recrystallization the target compounds were obtained as
crystalline solids, which however did not give single crystals suitable for
X-ray diffraction study. Therefore, their characterization was performed
by using HR ESI™ mass spectrometry and NMR spectroscopy. Mass
spectra of the complexes (Figs. S1-S5) display dominating signal of
molecular ions with the isotopic patterns, which fit completely the
stoichiometry of the molecule shown in Scheme 1. The 'H NMR spectra
(Figs. S6-512) feature clearly distinguishable signals of the N"N"C and
isocyanide ligands, the number of which, their multiplicity and relative
intensity are completely compatible with the general structural pattern
shown above. It is worth stressing that styrene double bond resonances
remain in the spectra that indicate potential applicability of the obtained
compounds for polymerization chemistry, vide infra.

The obtained complexes luminesce in dichloromethane (DCM) so-
lution and in solid state with the quantum yield (QY) up to 13.6 % in
degassed DCM, see Table 1 and Figs. 1 and 2. In solution the emission of
the complexes display strong Stokes shift, lifetimes in microsecond
domain and effective quenching with oxygen that clearly point to its
origin from excited triplet state, i.e. phosphorescence. It is worth noting
that emission band profiles and positions of the band maxima are not
changing upon variations in the energy of excitation (300, 350, 400 nm),
which points on the unique emissive excited state operative for each of
these chromophores.

In our recent paper [21], the closely analogous platinum pincer
complexes containing a different isocyanide ligand (2,6-dimethylphenyl
isocyanide) have been studied experimentally and theoretically. The
photophysical data obtained in DCM in the present study are essentially
similar to those revealed earlier for the analogous chromophores that
point to negligible participation of the isocyanide ligand in formation of
emissive excited state and make possible to assign the nature of the
lowest energy (LE) transitions in the absorption spectra and that of
emissive excited state to the mixed *ILCT/*MLCT [dr{C/Pt} — n*{NN}]
character as it has been done in the previous publication [21].

CO,Me
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Absorption spectra of the complexes display strong bands that corre-
spond to the intraligand (lLC) n— 7* transitions located in a relatively
narrow interval of 280-290 nm. The LE bands for the complexes con-
taining C-coordinated phenyl moiety with different substituents simi-
larly do not exhibit significant variations in the position of the band
maxima, which fall in the range 341-351 nm that does not allow making
meaningful correlation with the donor properties of the substituents.
However, increase in the size of C-coordinated aromatic system in
Pt-BTh gives immediate red shift of the LE band, which fits well strong
contribution of the MLCT character into this transition. On the con-
trary, the positions of emission band maxima for the complexes con-
taining CF3 — Cl - Me — OMe substituents in C-coordinated aromatic
fragment correlate well (see Table 1 and Fig. 1) with the donor/acceptor
character of the substituents in metalated fragment of the pincer ligand,
which takes part in formation of emissive excited state as an electron
donor; the stronger electron withdrawing substituents the higher energy
(shorter wavelength) of emissive transition. Similar to the absorption
spectra, emission band of the Pt-BTh complex is strongly red shifted to
the NIR region evidently due to major contribution of >MLCT component
and lower energy of benzothiophene n* orbitals compared to those of
phenyl moiety in the other complexes. Emission bands of the Pt-CF3 and
Pt-Cl complexes containing electron withdrawing substituents display
vibronic progression with spacing between the components’ of ca.
1200-1300 nm that fit well vibrational frequencies of aromatic systems
in the pincer ligand. This observation indicates that in these chromo-
phores the contribution of the electron transition inside the coordinated
ligand plays the major role, whereas in the other complexes MLCT
character determines the nature of the observed emission to give
featureless emission bands.

Emission characteristics of the chromophores in solid state are
essentially different from those in DCM solution due to well-known
trend [21-25] of the platinum complexes of this type to aggregate in
solid phase. Indeed, all but one (Pt-BTh) complexes display substantial
red shift of emission bands ranging from 40 nm (Pt-OMe) to 175 nm
(Pt-Me) compared to the data obtained in solution. The observed red
shift may be ascribed to the Pt-Pt interaction and admixture/domina-
tion of >MMLCT character in the emissive excited state of the aggregated
chromophores. The value of the shift is evidently determined by the
efficacy of metallophilic bonding in the aggregates, which in turn is
dictated by mutual orientation of the individual platinum chromophores
participating in aggregation and by the number complexes forming the
aggregate [21]. Unfortunately we were unable to elucidate packing
patterns of the complexes in crystal cells, but the above conclusion is
supported by crystallographic and photophysical data obtained earlier
for essentially similar platinum isocyanide complexes [21]. A small blue
emission shift in the solid state for Pt-BTh may be explained by
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Scheme 1. Synthesis of Pt-CF3 — Pt-BTh complexes.
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Table 1
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Photophysical characteristics of Pt—-CF3 — Pt-BTh complexes in DCM solution (10~° M) and solid state at 298K. Emission decays were monitored at the maximum of

Aem and treated with monoexponential analysis.

Compound Solutions in CH,Cl, Solid state
abs, M Aexc, M Aem”, NM Dier/deg’s % T aer/deg > DS Nexe, M Aem”, NM @, % 7, ns
Pt-CF3 274, 335sh, 351, 420sh 354, 418sh 520, 555, 605 3.6/8.9 1226/1726 440sh, 484 640 0.10 769
Pt-Cl 277, 341, 421sh 252, 325, 402sh 532, 569sh 4.2/13.6 2201/4432 519sh 700 4.39 520
Pt-Me 274, 346, 435sh 359, 462 548 4.0/5.7 448/670 384, 408sh 720 0.01 546
Pt-OMe 279, 348, 435sh 279, 352, 439 615 3.2/8.6 460/958 485sh 655 0.19 90
Pt-BTh 278, 360sh, 399, 499sh 500, 706, 823 720 1.6/3.6 158/294 397 705 0.01 113
? Aexc = 365 nm.
b aer/deg — aerated and degassed solutions, respectively.
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Fig. 1. a- Absorption spectra of Pt-CF3 — Pt-BTh, b — normalized excitation (left) and emission (right) spectra of Pt-CF3 — Pt-BTh solutions in DCM at concentration

107° mol/L, 298K.

extremely unfavorable packing of the complex in crystal cell, which
prevents Pt—Pt contacts, whereas the variations in emission energy may
be caused by n—n interaction of the pincer ligand aromatic systems in
the cell. In accord with the EnergyGapLaw [26,27] the shift of emission
band to NIR area results in effective vibrational quenching of emission to
give substantially lower quantum yields and shorter excited state life-
times. We cannot also exclude additional channel of excited state
deactivation due to stacking of pincer ligands aromatic systems and
formation of dark excimers, especially in the case of Pt-BTh.

The presence of styrene function in isocyanide ligand allows poly-
merizing the complexes with polyvinylpyrrolidone, which acts as
macro-RAFT agent, to afford amphiphilic block copolymers, see Scheme
2. This approach was successfully applied several times [25,28,29] to
obtain water soluble and biocompatible chromophores with emission fit
the biological window of transparency.

The copolymers were characterized using gel-permission chroma-
tography (GPC), dynamic light scattering (DLS), Transmission Electron
Microscopy (TEM), and Inductively Coupled Plasma Optical Emission
Spectroscopy (ICP OES). The obtained characteristics are summarized in
Table 2 and Figs. S13 and S14. The main feature of obtaining the block
copolymers with Pt complexes containing a polymerizable function is a
stepwise manner realized by the triple addition of the initiator to the
reaction mixture every 2 days, which allows the step by step bonding of
the chromophore to the polymer chain. However, in contrast to the re-
action carried out earlier [25,28,29] the copolymerization of Pt com-
plexes with isocyanide-styrene ligand has led to the loss of products
solubility and formation of a dispersion even at the second day of re-
action. Apparently, the growing Pt-# blocks brought insolubility of the

product in acetonitrile that resulted in the formation of precipitate and
did not allow full consumption of the complex in polymerization pro-
cess. Such a behavior when the chain-extension proceeds and the
growing copolymer eventually becomes insoluble is an example of
polymerization-induced self-assembly (PISA) [30]. It is worth noting
that final copolymers obtained by PISA can be copolymerized only to
some critical degree of polymerization due to insolubility of the products
and can afford nanospecies with different morphologies depending on
the second block length [31-34] thus leaving some amount of starting
compounds unreacted including p(VP). The procedure used for isolation
of block copolymers (dialysis of water soluble reaction mixture com-
ponents for 2 days, MWCO (molecular weight cut-off) > 3500) removed
unreacted platinum complex but did not allow separation of unreacted p
(VP) from the copolymers due to the similarity of their molecular
weights. This means that such characteristics as molecular weight and
amount of Pt units per copolymer obtained by using GPC and ICP OES
(Table 2 and S1) are in fact the magnitudes representing the corre-
sponding parameter averaged across the ensemble, which also includes
unreacted p(VP). This is why, for example, the average number of
platinum units in some copolymers is less than 1.0. Nevertheless, the
photophysical data clearly indicate, vide infra, that dominating part of
the copolymers’ molecules contain at least two platinum units in the
hydrophobic blocks.

It was found that the copolymers exist in organic solution (DCM) in
the form of individual molecules, whereas in aqueous phase due to their
amphiphilic character they form nanoparticles (NPS) most probably of
micellar type [25,28,29].

The diameters of the NPS measured by DLS do not exceed 75 nm for
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Fig. 2. Excitation (left) and emission (right) spectra of the Pt-CF3 — Pt-BTh complexes in solid state.
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Scheme 2. Synthesis of p(VP-b-Pt-#) block-copolymers.

all but one complexes and size distribution is unimodal (Table 2,
Fig. S13). We did not observe any peaks in the area of 7-12 nm char-
acteristic for p(VP) [35] despite of impossibility to separate it from the
copolymers. Therefore, it can be suggested that p(VP) plays the role of
protective colloid localized in the shell of NPS and additionally stabilizes
them [36]. The size of the NPS based on p(VP-b-Pt-CF3) is substantially
higher than those found for the other copolymers that can be explained
by deviation of the NPS form from ball-like structure typical for classic
micelles. Indeed, in all cases excluding p(VP-b-Pt-CF3), the TEM images
displayed the NPS size comparable to that found in DLS measurements
and ball-like structures (Fig. S14). Despite of the similar nature of
complexes, the NPS based on p(VP-b-Pt-CF3) shows significantly
different appearance, which can be considered as worm-like aggregates

of the micelles (Fig. S14A). Closely analogous behavior of copolymers
containing platinum complexes with the same ligand was revealed
earlier [25] that points to a particular feature of the ligand effect onto
the structure of the corresponding NPS.

The copolymers luminesce in organic and aqueous solutions, their
photophysical characteristics are given in Table 3, absorption, excitation
and emission spectra are shown in Figs. S15 and 3, respectively.

First of all, it has to be noted that a low degree of copolymerization
and impossibility of starting p(VP) and copolymer molecules separation
strongly affect the emission spectra. Due to a low degree of copoly-
merization for all copolymers, excluding p(VP-b-Pt-CF3), one can
observe domination of the p(VP) chain emission in the corresponding
spectra. Nevertheless, some general features of platinum chromophores
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Table 2

The characteristics of p(VP-b-Pt-#) in aqueous solution: molecular weight, particle size, polydispersity index, and average number of Pt units in the copolymers.
Copolymer Molecular weight” D (TEM), nm D (DLS), nm PDI (DLS) Pt, units®

M, My B Mearc”

p(VP) 4650 8450 1.82
p(VP-b-Pt-CF3) 5300 9150 1.72 9180 200 162 0.248 1.90
p(VP-b-Pt-Cl) 5550 10300 1.86 9000 35 31 0.582 1.26
p(VP-b-Pt-Me) 5200 9850 1.89 9200 80 75 0.40 1.09
p(VP-b-Pt-OMe) 4600 8800 1.91 8500 45 61 0.478 0.42
p(VP-b-Pt-BTh) 5150 9200 1.66 8550 40 52 0.502 0.53

& M, My, — the number and weight average molecular weights, respectively, obtained from GPC, D — the polydispersity coefficient equaled My,/M,,.

b M_alc — the calculated molecular weight via ICP OES.
c

Table 3

Photophysical properties of copolymers in DCM and aqueous solutions. Excita-
tion spectra and lifetimes were monitored at emission band maxima of platinum
chromophores.

Copolymer Solution  Aups, NM Aexc, NM pr— Dyer/ Taer/

a a
nm degy %0 degs
ns

p(VP-b-Pt-  DCM 282,328, 356, 421, 0.9/1.4 570/
CF3) 448sh 558,606 570, 651
631
H,0 277sh, 420sh, 770 0.06/ b
413sh, 554 0.06
577sh
p(VP-b-Pt-  DCM 282,329,  361sh, 452, 1.3/1.3 232/
(@) 430sh, 446sh, 604 270
545sh 531
H,0 272sh, 416sh, 450, <001/ "
309sh, 520sh 768 <0.01
419sh
p(VP-b-Pt-  DCM 278sh, 356, 436, 0.43/ 812/
Me) 345sh, 442sh 550 0.59 1073
425sh
H,0 278sh, 421sh 446sh, <0.01/ "
345sh, 802 <0.01
425sh
p(VP-b-Pt-  DCM 281, 361, 459, 0.7/1.7 291/
OMe) 343sh, 558,605 637 523
606
H,0 297, 335sh, 803 0.17/ b
339sh 435sh, 0.17
563
p(VP-b-Pt-  DCM 283, 323, 493, 0.38/ 393/
BTh) 476sh, 435sh 755 0.49 450
613sh
H,0 274sh, 280, 511, <0.01/ "
384sh 349sh, 758 <0.01
478sh

2 Aexec = 365 nm.
b Emission band is out of instrument working interval.

behavior in DCM and aqueous media can be formulated.

The emission characteristics of the copolymers in DCM and water are
essentially different illustrating substantial variations in the conforma-
tional behavior of polymerized platinum chromophores in these media,
which also depends on the nature of pincer ligands. In DCM solution, the
four complexes containing substituted phenyl-bipyridine skeleton
display broaden emission bands, each of which may be considered as a
combination of emissions from isolated mononuclear platinum chro-
mophores and their aggregated forms, see Fig. 3a—d. The short wave-
length components of the broaden bands overlap with the emission
bands of isolated platinum chromophores (complexes in DCM), whereas
the long wavelength tails may be assigned to the contribution of emis-
sion from pairwise aggregated chromophores as they fits well the
emission bands observed for the solid-state samples of the corresponding
complexes, Fig. 3. These observations indicate that despite of the low
average number of complex molecules per one polymeric chain (less

average number of Pt complexes per macromolecule measured by ICP OES (more details in Table S1).

than 1.0, see Table 2) the real number is higher than 2.0 that made
possible formation of binary aggregates due to intramolecular interac-
tion between adjacent molecules of the complexes in the hydrophobic
fragments of polymeric chains.

In aqueous solution, the emission of this group of copolymers display
strong red shift of emission bands (for ca. 150-200 nm) compared to
those found for the copolymers in DCM. This observation indicates that
in the micellar species formed in water the character of interaction be-
tween the chromophores has been changed from intramolecular
coupling of the platinum centers to formation of intermolecular aggre-
gates in a way similar to that observed earlier in closely analogous
systems [21,25,28]. The stronger red shift in aqueous media compared
to DCM solution may be explained either by stronger aggregation
(shorter Pt-Pt contacts) of the chromophores due to more favorable
configuration of the platinum centers in the intermolecular aggregates
or because of multiple character of the aggregates in micelles. In
contrast, the observed weak emission bands of p(VP-b-Pt-BTh) in DCM
and in water are nearly identical and fit well emission of the Pt-BTh
complex in DCM and in solid state. These data indicate that this
particular chromophore does not exhibit any tendency toward aggre-
gation neither in solid state nor in polymeric chains evidently due to
specific way of n—x stacking of the ligand aromatic fragments [21],
which does not allow effective Pt-Pt bonding.

3. Conclusion

In conclusion, a series of platinum N"N"C pincer complexes with
isocyanide-styrene ligand in the fourth position was synthesized and
their photophysics was studied in detail. In solution, the complexes
display phosphorescence from 3MLCT excited state demonstrating
typical emission wavelength dependence on the donor properties of
substituents in the N"N"C ligands and on the size their aromatic systems.
In solid state, the observed emission bands for all but one complexes
display a considerable red shift, which may be ascribed to formation of
binary aggregates with short Pt-Pt contacts that change the character of
emissive excited state to MMLCT. The styrene function of the iso-
cyanide ligand allows complexes copolymerizing with poly-
vinylpyrrolidone using RAFT chemistry to give amphiphilic block
copolymers, which are soluble in organic solvents and water. The hy-
drophobic block of the copolymers consists of a few copolymerized
platinum complexes, the photophysical behavior of which in organic
and water solutions is dictated by a specific configuration of the
mononuclear platinum fragments in the polymeric chain. In organic
solvent, the copolymer exists as isolated molecular entities that makes
possible only a limited (most probably binary) intramolecular aggre-
gation of the platinum chromophores in a way similar to that observed
in solid state. As a result, one can observe a mixed emission bands of the
copolymers composed of phosphorescence from isolated platinum
chromophores and binary aggregates from >ILCT/>MLCT and >MMLCT,
respectively. On the contrary, in aqueous media hydrophobicity of the
platinum containing blocks provokes formation of micellar type
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Fig. 3. Comparative excitation and emission spectra of Pt complexes in DCM, in solid state and p(VP-b-Pt-#) copolymers in DCM and aqueous solution. Emission
spectra were obtained using excitation at 365 nm, excitation spectra were recorded at emission band maxima. Peaks marked with asterisk (*) are related to p

(VP)emission.

nanospecies, where flexibility of the polymeric chains allows for inter-
molecular aggregating of the platinum chromophores with tighter con-
tacts of the platinum centers and multiple character of the aggregates to
give much stronger red shift of emission down to 803 nm in the case of p

(VP-b-Pt-OMe). It is also worth noting that solubility of the obtained
copolymers in aqueous solutions makes possible their potential appli-
cation in biological experiments as NIR emitting probes.
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4. Experimental

All reagents and solvents were used as received unless otherwise
specified. KoPtCly, silver triflate, glacial acetic acid, methanol, diethyl
ether, acetonitrile, dichloromethane, and deuterated solvents
(dichloromethane-d2, DMSO-de, acetonitrile-d3) were obtained
commercially. Dichloromethane for photophysical measurements was
purified by sequential sulfuric acid (conc. HoSO4) washing, neutraliza-
tion (sat. aq. NaCl), drying (NaySO4), and refluxing over P,Os prior to
distillation.

N-vinylpyrrolidone and azobisisobutyronitrile (AIBN) were vacuum-
distillated and recrystallized from ethanol at 50 °C, respectively. All the
NNC ligands (CF3 — methyl 6-(4-(trifluoromethyl)phenyl)-[2,2-bipyr-
idine]-5-carboxylate, Cl — methyl 6-(4-chlorophenyl)-[2,2"-bipyridine]-
5-carboxylate, Me — methyl 6-(p-tolyl)-[2,2-bipyridine]-5-carboxylate,
OMe - methyl 6-(4-methoxyphenyl)-[2,2-bipyridine]-5-carboxylate,
BTh - methyl 6-(benzo[blthiophen-2-yl)-[2,2-bipyridine]-5-carbox-
ylate) were synthesized according to published procedure [37].

5. General experimental details

Mass spectrometry analysis was performed using a Bruker maXis
HRMS-ESI-QTOF mass spectrometer in positive electrospray ionization
mode (ESI+). NMR spectra (lH and 'H-'H COSY) were acquired on a
Bruker Avance III spectrometer operating at 400 MHz. Chemical shifts
for 'H NMR spectra were referenced to residual proton signals of the
deuterated solvents.

1-Isocyano-4-vinylbenzene was synthesized following a modified
literature procedure starting from N-(4-vinylphenyl)formamide [38]. A
solution of N-(4-vinylphenyl)formamide (2 g, 13.6 mmol) in anhydrous
CHCl, (50 mL) was cooled to —10 °C under an argon atmosphere.
Triethylamine (5 g, 50 mmol) was added, followed by the dropwise
addition of POCl3 (2.3 g, 15 mmol), maintaining the reaction tempera-
ture below —10 °C. The reaction mixture was stirred at —10 °C for 2 h
and then quenched by the addition of saturated sodium carbonate so-
lution (40 mL). The mixture was allowed to warm to room temperature
and stirred for an additional hour. The organic layer was separated, and
the aqueous phase was further extracted with CH2Cly (3 x 30 mL). The
combined organic extracts were dried over anhydrous sodium sulfate
and concentrated under reduced pressure using a rotary evaporator. The
crude product was purified by column chromatography (ethyl aceta-
te/hexane, 1:5) to afford the desired isocyanide as a dark oil (0.9 g, 51 %
yield). 'H NMR (400 MHz, CDCl3) 8 7.42 (d, 2H, J = 8.4 Hz), 7.35 (d, 2H,
J=28.4Hz),6.71 (dd, 1H,J=17.6, 10.9 Hz), 5.80 (d, 1H, J = 17.6 Hz),
5.38 (d, 1H, J = 10.9 Hz). '*C{'H} NMR (100 MHz, CDCl3) § 164.59 (t, J
= 5.5 Hz), 138.70, 135.27, 127.57, 127.06, 125.63 (t, J = 13.9 Hz),
116.36.

6. General procedure for the synthesis of Pt-CF3 — Pt-BTh

At the first stage, the N"N"C ligand and K,PtCl4 were boiled in acetic
acid for 24 h. The resulting sediment was sequentially washed with
water, methanol, and diethyl ether. After drying, CF3SO3Ag was added
and the resulting mixture was then boiled in acetonitrile for 2 h. To
remove precipitated silver chloride the resulting solution was filtered
through a pipette with cottonwool and a layer of celite (approximately 1
cm). The acetonitrile was evaporated with a rotary evaporator and the
acetonitrile complex was dissolved in dichloromethane, followed by of
addition of 4-vinylphenylisocyanide and catalyst (Cul). The resulting
mixture was stirred for 3 h at 40 °C. After that the solution was filtered
through a pipette filter to remove the catalyst, the solvent was removed
using a rotary evaporator. The final products were recrystallized from
dichloromethane-hexane solvent system.

Pt-CF3. Bright orange needles. 38 mg (Yield 62 %). TH NMR (400
MHz, Methylene Chloride-d,) & 9.00 (d, 1H), 8.50 (d, 1H), 8.44 (d, 1H),
8.28 (td, 1H), 8.23 (d, 1H), 7.96-7.88 (m, 1H), 7.75 (d, 2H), 7.70-7.61
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(m, 2H), 7.59 (s, 1H), 7.45 (d, 1H), 7.40-7.33 (m, 1H), 6.83 (dd, 1H),
5.97 (d, 1H), 5.55 (d, 1H), 4.07 (s, 3H). HR-ESI/MS (m/z): calcd. for
C29H23F3N303Pt [M -+ CH30H] " 713.1338, found 713.1278.

Pt-Cl. Bright red cotton-like substance. 71 mg (Yield 57 %). 14 NMR
(400 MHz, DMSO-dg) 6 8.87 (d, J = 4.6 Hz, 1H), 8.48 (d, J = 7.9 Hz, 1H),
8.34 (dd, J =12.6, 7.8 Hz, 2H), 8.15 (t, J = 9.9 Hz, 1H), 7.99-7.72 (m,
6H), 7.40 (dt, J = 16.0, 7.4 Hz, 3H), 6.91 (dd, J = 17.5, 10.9 Hz, 1H),
6.08 (d, 1H), 5.55 (d, 1H), 4.05 (s, 3H). HR-ESI/MS (m/2): calcd. for
C27H19CIN302Pt [M] " 648.0808, found 648.0797.

Pt-Me. Yellowish-brown prisms. 25 mg (Yield 50 %). ' NMR (400
MHz, DMSO-dg) & 8.95-8.84 (m, 1H), 8.38 (d, J = 8.3 Hz, 1H),
8.35-8.27 (m, 1H), 8.21 (d, J = 5.0 Hz, 2H), 7.84 (dd, J = 14.4, 7.3 Hz,
3H), 7.75 (d, J = 8.4 Hz, 2H), 6.94-6.74 (m, 4H), 6.08 (d, J = 17.7 Hz,
1H), 5.52 (d, J = 11.0 Hz, 1H), 3.98 (d, J = 10.7 Hz, 6H). HR-ESI/MS
(m/2): caled. for C28H23CIN302Pt [M + HCI]" 664.1127, found
664.1132.

Pt-OMe. Bright red cotton-like substance. 85 mg (Yield 70 %). g
NMR (400 MHz, DMSO-dg) 6 9.01 (d, J = 4.9 Hz, 1H), 8.56 (d, 1H), 8.42
(t,J = 8.4 Hz, 1H), 8.29 (dd, J = 1.8 Hz, 2H), 7.87 (dd, J = 12.5, 7.6 Hz,
3H), 7.75 (d, J = 8.5 Hz, 2H), 7.20 (d, J = 8.8 Hz, 1H), 6.96-6.85 (m,
1H), 6.83 (d, J = 2.7 Hz, 1H), 6.72 (dd, J = 8.9, 2.5 Hz, 1H), 6.06 (d, J =
17.7 Hz, 1H), 5.52 (d, J = 11.0 Hz, 1H), 3.99 (s, 3H), 3.77 (s, 3H). HR-
ESI/MS (m/z): caled. for C28H22N303Pt [M]" 643.1308, found
643.1297.

Pt-BTh. Brown needles. '"H NMR (400 MHz, Acetonitrile-ds) & 8.28
(d, 1H), 7.96 (t, 2H), 7.81 (d, 1H), 7.59 (d, 2H), 7.56-7.40 (m, 6H), 7.27
(t, 2H), 6.86 (dd, 1H), 6.02 (d, 1H), 5.57 (d, 1H), 3.92 (s, 3H). HR-ESI/
MS (m/z): caled. For C29H22N302PtS [C29H22N302PtS]* 671.1080,
found 671.1070.

7. Synthesis of macro-RAFT agent

p(VP) as a macro-RAFT agent for obtaining phosphorescent block
copolymers was synthesized as described earlier [25,28,29] with slight
modification of the procedure to vary the polymer molecular weight.
N-vinylpyrrolidone (22 mmol) and azobisisobutyronitrile (AIBN, 20
pmol) were dissolved in 9 mL of freshly distilled dioxane. The RAFT
agent, S,S-dibenzyltrithiocarbonate (45 mmol), was simultaneously
dissolved in 1 mL of dioxane and then added to the reaction mixture. The
obtained solution was degassed by three repeated freeze—pump—thaw
cycles and sealed. The reaction was left at 70 °C under vigorous stirring
for 5 h. The product (macro-RAFT agent) was purified by dialysis
(MWCO 3500), reaction yield ca. 30 %.

'H NMR (400 MHz, D»0, §): 7.58-7.40 (d, 5H), 4.12-3.67 (d, 92H),
3.67-3.28 (s, 185H), 2.74-2.38 (m, 197H), 2.38-2.12 (s, 191H),
2.12-1.72 (d, 191H).

8. Block copolymer synthesis

16 mg of p(VP) (1.16 pmol), AIBN (0.116 pmol), and a 4-fold of
excess of isocyanide platinum complexes (see Scheme 2, 4.64 pmol for
each complex) were dissolved in 10 mL of acetonitrile. The reaction
mixture was then degassed by three repeated freeze—pump—thaw cycles
and sealed, heated to 80 °C and left under vigorous stirring for 48 h. The
same amount of AIBN was also added twice into the reaction mixture in
each 72 h until the solutions afford colored precipitates. The solvent was
removed using rotary evaporator, the precipitate was dissolved in water,
centrifuged 3 times and then dialyzed for 2 days (Molecular weight cut-
off = 3500) followed by lyophilization. The copolymer mass measured
gravimetrically varied from 58 to 90 wt% relative to the amount of
starting reagents.

9. Characterization of polymers

Hydrodynamic diameters were measured in water by Dynamic Light
Scattering using Malvern ZetaSizer NanoZS and were calculated as
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average of three individual measurements.

Chromatographic analysis was performed on a Shimadzu LC-20AD
chromatograph equipped with the refractive detector. Samples were
studied with Waters Styragel HT4 column (10 pm, 7.8 x 300 mm). A LiCl
solution (5 mmol/1) in DMF at a temperature of 60 °C was used as the
mobile phase. Polyethylene oxide standards were chosen for calibration
curve.

The amount of Pt units in copolymers was determined by Inductively
Coupled Plasma Optical Emission Spectroscopy (ICPE-9000, Shimadzu).
Platinum was detected at 203.646 and 214.423 nm. The water-soluble
complex [(methyl 2-phenylquinoline-carboxylate)Pt (1,2-bis(diphenyl-
phosphino)benzene-SO3Na] was used as a standard for calibration [39].

10. Photophysical measurements

UV-Vis absorption spectra were recorded for dichloromethane so-
lutions using a Shimadzu UV-1800 spectrophotometer. Emission spectra
were acquired on an Avantes AvaSpec-2048x64 spectrometer under 365
nm LED excitation. Excitation spectra were measured using a Shimadzu
UV-2550 spectrophotometer.

Emission quantum yields (®) were determined via the comparative
method, with Ru (bpy)s [PFgl, aerated water solution (@ = 0.042)
[40] as the reference, following the established equation [41]:

nZAL

®, =,
s n2Al,

The quantum yield (@) of the sample was determined relative to a
reference compound (®r), correcting for the solvent refractive index (1)
(n(H20) = 1.333, n(CH,Clp) = 1.424). The absorbances of the sample
(A;) and reference (A;) were measured at the excitation wavelength, and
the integrated phosphorescence intensities (I; and I;) were obtained
from the corresponding emission bands.

For solid-state samples, quantum yield measurements were per-
formed on a Fluorolog-3 spectrofluorometer (HORIBA Jobin Yvon)
equipped with an integrating sphere (Quanta-phi). Excitation spectra
were recorded using the same spectrofluorometer.

Excited-state lifetimes were measured via time-correlated single-
photon counting (TCSPC) using a pulsed DTL-375QT laser (355 nm, 1
kHz repetition rate) as the excitation source. The detection system
consisted of a Tektronix DPO2012B oscilloscope (100 MHz bandwidth),
Ocean Optics Monoscan-2000 monochromator (1 nm resolution),
FASTComTec MCS6A1T4 time digitizer, and Hamamatsu H10682-01
photomultiplier tube. Emission decay curves were processed using
Origin 9.0 software with monoexponential fitting to extract lifetime
components.
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