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ABSTRACT

The reaction of 3,4-diarylH-pyrrol-2,5-diimines withcis-dichlorobis(isonitrile)platinum(ll) affords
the C,N-chelated diaminocarbene platinum(ll) comede which have been fully characterized
including molecular spectroscopy, single crystalay-diffraction and DFT calculations. The obtained
platinum(ll) complexes are effective catalyststfog hydrosilylation of alkynes and alkenes. Thhs, t
reaction of phenylacetylene with triethoxysilanads to the formation ad- and p-(E)-vinylsilanes,
generating TON'’s in the range of*11® 10" and TOF’s in the range of 4@ 1G h. Also, the cross-
linked silicones, possessing the luminescence piepewere obtained by the hydrosilylation reattio
of vinyl- and hydride-containing polysiloxanes. Aiilohally, the efficiency of diaminocarbene
platinum(ll) complexes against CH1/PA-1, SW480, a5d9 cancer cell lines has been demonstrated
by in vitro cytotoxicity studies.

Keywords: Anti-cancer activity, catalysis, diaminocarbenetiplam(ll) complexes, hydrosilylation,
luminescence.

1. Introduction

In recent years, metal complexes bearing acyclmiiocarbenes ([MJADCs) [1,2] have emerged
as a new family of homogeneous catalysts to bemipent alternative to well-investigated mekal-
heterocyclic carbene ([M][NHCs) [3-5] species. Ndfwianding the structural and electronic
similarity to the NHCs, the greater steric contdole to the wider N-C-N bond angles of acyclic
diaminocarbene ligands [6] as well as donor abdibd the rotation freedom [7,8] ensure the high
stability of the corresponding metal complexes mster various stages of the catalytic processes [2

Easy-to-prepare metal-ADCs complexes synthesizedujeophilic addition of N-nucleophiles to
coordinated isocyanides [9—11] have been succéssfivestigated as potential catalysts for several
organic transformations (cross-coupling, metathesislization reactions, etc.) [12-15]. However, as
far as it is known, examples of catalytic actistiof the ADC-platinum(ll) complexes for
hydrosilylation of unsaturated compounds are duitéed to date. Recently, the first examples & th
use of diaminocarbene platinum complexes derivexh fihe reaction betweais-[PtCl,(CN-R),] and
hydrozones [16] or 3-iminoisoindolin-1-ones [17] eatalysts for hydrosilylation of unsaturated
compounds have been reported.

In this context, as a continuation of these studiasthe application of platinum systems as
homogeneous catalysts for the hydrosilylation ofatarated organic molecules, herein we have
presented on the synthesis, characterization tia &ntitumor activity studies, and reactivity efries
of acyclic diaminocarbene complexes of Pt(ll) fbe thydrosilylation of both terminal alkynes and
alkenes.

2. Results and discussion

2.1. Synthesis and characterization of the ADC-platinum(l1) complexes (3-5)

Compounds3a—c, 4c, 5¢ have been obtained in 20-50% yields by stirringZdours a mixture of
3,4-diaryl-H-pyrrol-2,5-diimine (aryl = phenyll@), 4-methylphenyl 1b), 4-methoxypheyl1c)) and
cis[PtClL(CNRY);] (R* = cyclohexyl @a), tert-butyl (2b), 4-methoxypheylZc)) in chloroform at room
temperature §cheme 1 3,4-Diaryl-H-pyrrol-2,5-diimines, containing electron-withdrangi
substituents (aryl = 4-fluorophenyld), 4-chlorophenyl 1€), 4-bromophenyl 1f)), react more slowly
than the compounds with electron donor groups. ;Ténmploying diaryl-1H-pyrrol-2,5-diimines. d-f)
as coupling partners, the reactions proceeded uatlex conditions for 5 hours with the formatioh o
the corresponding platinum complexes with yields1@f22% 8d-f). Interestingly, the obtained
products have the same structure as the ADC-patigdl) complexes derived from 3,4-diaryH1
pyrrol-2,5-diimines and bisisocyanide palladium(kkpmplexes [18]. During the reaction, one
isocyanide ligand irRa—c undergoes a nucleophilic attack by the imino grotifa—f, whereas the
second one remains intact. The imino nitrogen atdni is attached to the carbon atom of the
isocyanide group, whereas the nitrogen atom obiieole ring coordinates to the metal center, thus
closing the five-membered metallocycle. As a resmibnocarbene platinum(ll) complexes were
obtained.
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Scheme 1Syntheses of ADC-platinum(ll) complexea€f, 4¢, 50).

The obtained diaminocarbene comple3es were fully characterized by elemental analysid,” i8S,
IR, 1D and 2D NMR spectroscopies. The NMR speetsaignment t@a—f, 4c, 5c was performed on
the basis of signal intensities, chemical shiftd &, "H-coupling constants as well as the results of
two-dimensional NMR measurements (COSY, NOESM,*C-chemical shift correlation spectra
(HSQC and HMBC)). For example, the correlationsnfbin the COSYH,*C-HMBC, and'H,**C-
HSQC spectra o8b correspond with the proposed structufe( 1). In the'H,**C-HMBC spectrum
(Fig. S9 of 3b the observedross-peak between signalstt™ (5 9.93 ppm) and € (5 140.9 ppm)
allows to identify signals of aromatic rirgy The correctness of signal ‘Gissignment is additionally
confirmed by the presence of cross-peak betwe&nH¥ (5 7.36 ppm) and €(8 140.9 ppm). In the
COSY spectrumHRig. S1Q the cross-peaks between (@ 4.53 ppm) and the nearest protors H (5
2.23-2.26 ppm/1.891.92 ppm), having the axial and equatorial oridoites, respectively, are
observed. Thus, the presence of these cross-paalstsathe identification of cyclohexyl rin@.
Similar cross-peaks betweerf’Hs 3.57 ppm) and axial/equatorial protond® H** (5 1.55-1.63
ppm/1.83-1.87 ppm, respectively) define the cyclohexyl rihg
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Fig. 1. Structure of3b.

In the fragmenB of NOESY spectrumRig. S19, the cross-peak betweedHH® (§ 7.45 ppm) and
equatorial protons HH" and H, H° (5 1.89-1.92 ppm/1.831.87 ppm, respectively) is observed. The
presence of these spatial interactions does ndtambat the data of X-ray analysis about the mutual
spatial arrangement of the rinBsandC. In the fragmenf of NOESY spectrumHig. S12, a direct
interaction between ¥ (5 9.93 ppm) and equatorial protons®HH* (8 1.55-1.63 ppm) of
cyclohexyl ringD is observed; the existence of this spatial int@acproves the existence of 3b
dimers in a chloroform solution. In the fragméhtof NOESY spectrumHig. S12, the cross-peak
between signals of aromatic ring protonS,HH** (§ 7.36 ppm) and equatorial protons of cyclohexyl
fragment H°, H* (5 1.55-1.63 ppm) is identified. These aforementioned dirgteractions
additionally prove the correctness of signal assigmt in the aromatic and aliphatic fragments.

The structure o8b was additionally confirmed by single crystal X-rdiffraction Fig. 2, Table S2.
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Fig. 2. Molecular structure a8b-CH,CI, at the 50% probability level.

The crystals of3b suitable for X-ray diffraction were obtained by slow evaporation of
dichloromethane at room temperatuse.is crystallized in the monoclinic space grdd@/c. The Pt
center has distorted square planar geometry. Thierogxyl isocyanide ligand is located opposite to
the pyrrole ring. Earlier in our group similar AQ®atinum(ll) complexes have been obtained via
coupling between 3-iminoisoindolin-1-one and bisismide platinum(ll) species, however, the
geometry of these complexes is different: the iao@e ligand is located opposite to the
diaminocarbene fragment [19].

We assume whether one or another isomer is obtgirmuhbly depends on the stabilization of the
compound due to the formation of hydrogen bondsthie case of platinum(ll) complex with
iminoisoindolinone fragment, the product is staeil via the NHITI hydrogen bond, whereas, the
structure of3b is stabilized by two hydrogen bonds (N4JBI1 (2.32(7) A) and (N1)HITI2 (2.28(7)
A)). Indeed, according to our theoretical calcalas, the obtained isomer 8 (Fig. 2) is 22.3 kJ/mol
more stable than its other ison8y’. The optimized geometry &b is close to the structure obtained
by XRD. Also, the (NH)HITI(Pt) (2.308 A) and (NCy)HTI(Pt) (2.433 A) intramolecular hydrogen
bond lengths were calculated f8b and 3b’, respectively. These data show that the (NHHPt)
intramolecular hydrogen bond 8b is stronger than the (NCy)HCI(Pt) bond in its isome3b’.

2.2.Photophysical properties

The absorption and fluorescence properties of yimthesized compound3a—d 4c¢, and5c were
evaluated by UV-vis absorption and emission spsctpies at a concentration of 2.5°1M in
chloroform {Table 1). Compounds3a—d, 4c, and 5¢c show the maximum absorbance at larger
wavelengthsi(,sat 318-398 nm)Table 1, Fig. S13 compared to those @a—d (Axpsat 278-311 nm)
[20]. The red-shift of the absorption maximum ba@ad be explained by the formation of an extended
7 conjugated system in the resulting metal compireicture. The presence of the donor substituents at
the phenyl rings of the 1H-pyrrol-2,5-diimine fragnt leads to the red-shift of the absorption band
like in 1a—d.
Complexes3a—d 4c, and5c exhibit fluorescence in the visible range of 49825 m {Table 1, Figs.
S14-15). As in the case of the absorption spectra, dsudostituents at the phenyl rings of the



pyrroldiimine fragment generally cause red shifthad fluorescence emission bands. The fluorescence
spectra oBa—d, 4c, and5c have large Stokes shifts varied in the range df185 nm. The measured
fluorescence lifetimes fd8a—d 4c, and5c are in the range of 10-13 rnBaple SJ). Similarly to the
previously reported Pd analogues [18], all inveded diaminocarbene platinum complexes possess
low luminescence (the fluorescence quantum yietds3&—d 4c, and5c vary in a range of 1-11%
(Table SD).

Table 1

Absorption and emission properties3aé-d, 4c, and5c in chloroform solution (2.80° M).
Compound A,ps nm EL10% M*em™) Aemy NM Stokes shift, nm
3a 318 (1.1) 493 175

3b 268*, 329 (0.9) 505 176

3c 268*, 390 (1.2) 571 181

3d 353 (1.0) 530 177

4c 268*, 398 (0.6) 572 174

5c 270*, 382 (0.7) 567 185

* the band appears as a shoulder, the position sh#x@dmum is approximately determined

2.3.In vitro cytotoxic activity

To date, a large number of studies on the cytottyxad NHC complexes with various metals have
been carried out [21,22]. Despite extensive studieADC complexes in organometallic chemistry
and catalysis, only a restricted array of anticaapplications have been reported so far for platin
palladium, and gold derivatives [23—-25]. To asgbgsanticancer potential of the obtained acyclic
diaminocarbene platinum(ll) complexe8b( 4c, and 5¢) their cytotoxic properties have been
evaluatedn vitro on ovarian teratocarcinoma (CH1/PA-1), colon cegia (SW480) cell lines and
adenocarcinomic human alveolar basal epithelids ¢&l549) Fig. S1§. The inhibitory potency of
the metal complexes on proliferation and viabitifjthese cancer cells was characterized by usimg th
spectrophotometric MTT assay, the obtained dagarismarized ifTable 2.

Table 2
In vitro cytotoxic activity of platinum complexes in CH1/PA SW480, and A549 cell lines @& UM,
96 h exposure).

3b 4c 5c Cisplatin[26]
CH1/PA-1 13+0.2 47+ 2 15+3 0.14+£0.03
Sw480 12+1 377 13+2 3.3+04
A549 26+ 1 >80 3312 1.3+£04

Cytotoxicity of all complexes is in a low to aveeagnicromolar range. The complexes were shown to
effectively decrease the number of treated canelés. dowever, their efficiency is lower than shown
for established cytotoxic anticancer drug cisplatinespective cell lines.

2.4. ADC-Pt(11) catalysed hydrosilylation of phenylacetylene with triethoxysilane

'H NMR studies of the reaction of phenylacetylenéhwiiethoxysilane at 10C in the presence of
catalytic amounts of the ADC-Pt(ll) complexes ewvided that the studied catalysts promote the
hydrosilylation of phenylacetylene t&)triethoxy(styryl)silane {-(E)-product) as a major product
and triethoxy(1-phenylvinyl)silanex{product) as a minor producs¢heme 2. The formation of Z)-
triethoxy(styryl)silane §-(2)-isomer) was not observed.
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Scheme 2Hydrosilylation of phenylacetylene.

In preliminary optimization of the reaction condits, we revealed the influence of reaction time on
the yield and product rati@éble 3.

Table 3
Optimization of the reaction conditions: effectloé reaction time* "
Entry ol -(E)
Time, h Qverall product TON TOF,h?
yield, % .
ratio, %
1 0.5 0 - - -
2 61 21/79 12.2¢10° 4.1x10
3 73 23/77 14.6x10 4.9¢10
4 25 80 26/74 16.0<10° 5.310
5 3 87 27/73 17.4x10° 5.8¢10

2PhC=CH (0.5 mmol, 1 equiv.), (Et@3iH (0.5 mmol, 1 equiv.), cataly8t (5x10° mol%), toluene
(0.2 mL). °® Yields were determined byH NMR spectroscopy using 1,2-dimethoxyethane as a
standard; the isomeric content was determined erbdsis of the alkene coupling constants (see the
Supporting Information, p. S13).

While no alkenes were obtained for 0.5Tlal§le 3, entry 1), which could be attributed to the indomct
period of the catalyst [27], relatively good corsien of 61% for 1 hTable 3, entry 2) and excellent -
87% for 3 h Table 3 entry 5) were detected. Selecting appropriateti@a time (3 h), solvent
(toluene) and reaction temperature (1) for further study, the effect of catalyst loagliwas
evaluated Table 4). Notably, with 0.1 mol% and 0.05 mol% loadingaaftalyst, excellent yields of
the corresponding alkenes were observed (93% a%@ 8¥spectively). Importantly, the maximum
catalyst turnover number (TON) of 7.8%1@as achieved with 0.005 mol% loading of catalyst
during 3 hours at 100C (Table 4, entry 3), however, the yield of the desired atk@noducts was
dropped to 39%.

Table 4
Optimization of the reaction conditions: effectloé catalyst loading: "
Entr CatalysBc a/B-(E
’ Ioadiyng, Time, h Qverall prgd(uc):t TON TOF,h?
mol% yield, % ratio, %
1 0.1 3 93 22/78 9.3x10 3.1x10
2 5x10° 3 87 27173 17.4x10  5.8¢10
3 5x10° 3 39 17/83 7.8x10° 2.6x10°

2PhC=CH (0.5 mmol, 1 equiv.), (EtG§iH (0.5 mmol, 1 equiv.), toluene (0.2 mb)Yields were
determined byH NMR spectroscopy using 1,2-dimethoxyethane asiadsard; the isomeric content
was determined on the basis of the alkene couplingtants.



With the optimized reaction conditions at hand, cbenparison of the catalytic activity of the acgcli
diaminocarbene platinum(ll) complexes3a-d, 4c, 5c as a function of the substituents in
diaminocarbeneTable 5 and 1H-pyrrol-2,5-diimine Table 6) moieties was estimated in the model
system. To our delight, all acyclic diaminocarb@oenplexes of Pt(ll) could be potentially used as
catalysts for the hydrosilylation reaction of temali alkynes. Among the examined complexes, the
most active species3lf, 3c, 4c, 5¢) were derived from the addition of 3,4-diat#-pyrrol-2,5-
diimines with donor substituents {R CHO, CH;) to isocyanide complexes of platinum(ll), with
bulky donor ligands (R=t-Bu, Cy, p-(CH,0)CH,), whereas3a and3d possess lower activity. The
observed phenomenon could be attributed to thexgtedectron donation from the aminocarbenes,
derived from the aliphatic isocyanides atid-pyrrol-2,5-diimines, comprising donor substituerits
the metal center, facilitating the oxidative adtfitof silane substrates. The nature of the subsiiti

has practically no effect on the yield of reactproducts.

Notably, the isomeric ratio of alkene products ssemtially independent of the nature of the
substituents in the catalyst, namelyandg-(E)-products were observed in 1: 3 ratio.

Table 5
Effect of the substituents in diaminocarbene fragnfe®
Entry olp-(E)
Catalyst Qverall product TON TOF,h*
yield, % .
ratio, %
1 3c 87 27173 17.410° 5.8¢10°
2 4c 87 27/73 17.4<10° 5.8<10°
3 5¢ 81 20/80 16.210° 5.4x10°

2PhC=CH (0.5 mmol, 1 equiv.), (EtGSiH (0.5 mmol, 1 equiv.), cataly8t, 4c, 5¢ (5x10° mol%),
toluene (0.2 mL)®Yields were determined b{4 NMR spectroscopy using 1,2-dimethoxyethane as
standard; the isomeric content was determined @hakis of the alkene coupling constants.

Table 6
Effect of the substituents &H-pyrrol-2,5-diimine fragment® b
Entr alp-(E
’ Catalyst Qverall prﬁd(ut):t TON TOF,h
yield, % .

ratio, %
1 3a 79 23177 15.810° 5.310°
2 3b 90 21/79 18.0<10° 6.0x10°
3 3c 87 27/73 17.410° 5.8¢10°
4 3d 74 23/77 14.8<10° 4.9¢10°

2PhC=CH (0.5 mmol, 1 equiv.), (EtG8iH (0.5 mmol, 1 equiv.), cataly@a—d (5%10% mol%),
toluene (0.2 mL)"Yields were determined b{4 NMR spectroscopy using 1,2-dimethoxyethane as
standard; the isomeric content was determined @hakis of the alkene coupling constants.

2.5. ADC-Pt(11) catalysed curing of polysiloxanes
ADC-Pt(Il)  catalysed hydrosilylative  cross-linking was  studied on model a,0-
di(vinyldimethylsiloxy)poly(dimethylsiloxane) (PDMS trimethylsilyl-terminated
poly(dimethylsiloxane-co-ethylhydrosiloxane) (EHDM$&ixtures with catalysts3b, 3d, and 5c
(10°-5110° M) (Scheme 3.
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Scheme 3ADC-Pt(ll) catalysed cross-linking of PDMS and EMB.

The catalytic activity was evaluated at 85°C owtogthe identification of the curing timec{ing
(Table S3.

Investigating the dependence of curing timg.{y) on the concentration of the platinum catalysts, w
observed the gradual decline of the reaction tirth imcreasing catalyst concentration, for instance
for the curing usin@b at 510 M takes 15 hTable S3 entry 4) vs 8 h atX{10> M (Table S3 entry

1). Remarkably, we observed a clear correlationvéen the catalytic activity of the studied
complexes and their structure. Cataliysexhibits the highest catalytic activity, whichpobably due

to the presence of electron-donating methoxy-grompgs structure. Since it is known that the
increasing donor character of a ligand increase®kbctron density at the metal center and favws t
oxidative addition stage of the catalytic cycle.clontrast, comple8d demonstrates lower catalytic
activity due to the large —I-effect of fluorine.

The obtained silicone formulations incorporate tractural defects, i.e. no bubbles and the surfdice
the silicone rubbers is uniform.

Further, we evaluated the luminescence propertidgecsilicone rubbers prepared employing catalysts
3a—d and5c (Table 7).

Table 7. Luminescence properties of the silicone rubbeepared using catalysds—d and5c

Catalyst Ao, NM Aem NM Stokes shift, nm
3a 353 477 124

3b 377 463 86

3c 375 526 151

3d 369 488 119

5c 384 507 123

It is worth noting that the emission maxima for lecone rubbers obtained using catalygtsd and

5c (Table 7 andFigure S19 are blueshifted compared with chloroform solusi@i complexeSa—d
and 5c (Table 1), respectively. The overall emission intensity tbe cured silicone rubbers has
substantially decreased when compared to that mpExes3a—d and5c in solution. The quantum
yield cannot be carefully estimated for rubbersalnse of the complexity of calculations and polymer
self-absorption.

3. Conclusion

In conclusion, we have successfully synthesized AEC-Pt(ll) complexesvia the reaction of
bisisocyanide platinum(ll) complexes and 3,4-didytpyrrol-2,5-diimines and applied them as
catalysts for the hydrosilylation of phenylacety@e&mploying optimized reaction conditions (toluene
100 °C, 3 hours, 0.05 mol% catalyst loading), the targeylsilanes were obtained in good to
excellent yields. It is crucial to mention that @nited number of the previously described
hydrosilylation reactions catalyzed by the Pt-(NHEJ-30] and Pt-(ADC) [16,17] complexes require
a higher catalyst loading (G-1 mol%) or a longer reaction time (up to 48 houfd¥o, the prepared
ADC-Pt(Il) complexes can be used as catalysts lfier ¢ross-linking of polysiloxanes leading to
luminescent silicone rubbers.



Furthermore, we have revealed that the designedhimiarbene platinum(ll) complexes exhibit
photoluminescent properties strongly depending lom gubstituents in pyrroldiimine moiety and
demonstrate the promising potential as anticaneeysd

4. Experimental
4.1.General considerations
All solvents were dried and purified by conventibmethods and were freshly distilled under argon
shortly before use. Other reagents were used withuther purification. The starting materials 3,4-
diaryl-1H-pyrrol-2,5-diimine (aryl = phenyl 1@), 4-methylphenyl 1b), 4-methoxypheyl X¢), 4-
fluorophenyl (d), 4-chlorophenyl 16), 4-bromophenyl 1f))[20,31,32] anctis[PtCl,(CNR?);] (R* =
Cy (2a), t-Bu (2b), 4-(CHO)CH4 (20)) [27,28] were prepared as previously reported.

PDMS (the weight average molecular weight, M 80000, the number average molecular
weight M, = 33800, 0.5 wt% of CH=CHland EHDMS (M, = 8150, M, = 4600, M,/M, = 1.8,
Si—H 0.7 wt%) were obtained according to the proced35].

FTIR spectra were recorded on Shimadzu FTIR-84@080-400 crif) and IRAffinity-1S (4000-300
cnmi’) spectrometers using KBr pellets. One-dimensighl “*C{*H}) and two-dimensional'd-"*C
HMBC, 'H-*C HSQC, NOESY, COSY) NMR spectra were recorded oBraker-DPX 400
instrument at ambient temperature. Electrosprag&ion mass spectra were obtained on a Bruker
micrOTOF spectrometer equipped with electrosprayization (ESI) source using MeOH as the
solvent. The instrument was operated in both pasiéind negative ion modes using a m/z range of
50-3000. The capillary voltage of the ion source set at -4500 V (ESHMS) and the capillary exit

at +(70-150) V. The nebulizer gas flow was 0.4 bad drying gas flow 4.0 L/min. Elemental
analyses were measured on a Euro EA3@28Element Analyzer system. The absorption spectra
were recorded on a Perkin—Elmer precision spectitopheter Lambda 1050. The emission spectra,
excitation spectra, and measurements of the lietiof excited states were measured on a modular
spectrofluorimeter Fluorolog-3 (Horiba Jobin YvoRjuorescence lifetime measurements are based
on time-correlated single photon counting (TCSPOgvice also includes an integrating sphere
Quantag with fiber optics which enables direct measurenadmuantum yields of luminescence.

4.2. Synthesis of Pt(l1) complexes

Synthesis of complexes 3&, 4c, and 5c:A 50 mL flat-bottomed flask, equipped with a stig
bar, was charged with 3,4-diaryHipyrrol-2,5-diimine (aryl = phenyll@), 4-methylphenyl 1b), 4-
methoxypheyl 1c),) (0.1 mmol),cis[PtCL(CNR?),] (R* = Cy (2a), t-Bu (2b), 4-(CHO)CsH, (20))
(0.1 mmol), and 10 mL of anhydrous chloroform. Tieaction mixture was stirred at room
temperature for 2 hours: the color of the reactiinture was immediately changed to cherry-red.
After removal of the solvent under vacuum, the desiwas washed with 10 mL of acetone. The
resulting solid was recrystallized from the mixtuw dichloromethane and hexane (2:1) at room
temperature.
3a: Yield 46%, orange crystal$4 NMR (400 MHz, DMSO-¢/CDCly): § 10.71 (br, 1H, W), 9.74
(br, 1H, NH), 7.54-7.34 (m, 10H, HAr), 4.45-4.39 (m, 2H, &), 1.94-1.12 (m, 20H, HC(CH,)s).
%C NMR (101 MHz, DMSO-¢): & 182.1, 174.2, 172.1, 140.3, 137.1, 137.0, 13038.5, 130.3,
130.2, 130.1, 129.7, 129.2, 128.9, 128.8, 128.67,554.9, 31.7, 31.4, 25.1, 24.9, 22.3. IR (KBr,
selected bands, ¢ 3407 wv(N-H), 2935 s, 2856 89(CspzH), 2234 sv(C=N), 1687 m, 1618 m
V(C=N), 1559 sV(N-Ccapend. HRMS (ESI), m/z: 695.2235 [MCI]". CyH3sCINsPt Calcd. m/z:
695.2229. Anal. Calcd. for &H3sCI,NsPt2CHCEL (970.37): C, 39.61; H, 3.84; N, 7.22. Found: C,
40.14; H, 3.90; N, 7.34.
3b: Yield 50%, orange crystal¥d NMR (400 MHz, CDCJ): § 11.22 (br, 1H, NCN", 9.93 (br, 1H,
NH?Y), 8.34 (br, 1H, M*9, 7.45 (d,*J4y = 8.0 Hz, 2H, ¥, H'), 7.36 (d,%J4 = 8.0 Hz, 2H, H,
H*), 7.29 (d,%J4 = 8.0 Hz, 2H, K’ H*®), 7.15 (d,%Jsy = 8.0 Hz, 2H, H, H™), 4.53 (br, 1H,
CH®NC), 3.57 (br, 1H, €°'NC), 2.43 (s, 3H, CHlin A ring), 2.39 (s, 3H, CHin B ring), 2.262.23
(m, 2H, H*at G, C'), 1.92-1.89 (m, 2H, K at C, C), 1.87-1.83 (m, 4H, M at C3, C*% H* at C,
C°, 1.65-1.58 (m, 6H, B at C8, C*% H*at C°, C% H® H*%at C), 1.3+1.23 (m, 6H, B‘at C', C*;



H*at C° C% H® H*at C9. C NMR (101 MHz, CDG)): § 183.8 (C), 179.4 (&), 170.8 (¢,
140.9 €Y1, 140.8 %), 140.6 (9, 138.2 (9),130.3 % C&), 130.1 C*, C'9), 129.7 (C°, C*,
129.2 (C% CY), 126.5 (€9, 125.1 (C?), 58.3 (C), 55.4 (C"), 31.7 (C®, C?, 31.2 (C, C), 25.3 (C,
CP), 24.8 (C°, C*), 22.9 (C, C*), 21.6 (C?), 21.5 (C%. The full assignment of the signals't and
®C NMR spectra was performed using-"°C HMBC, 'H-*C HSQC, NOESY, COSY NMR
techniques Kigs. 95129. IR (KBr, selected bands, ¢ 3168 wv(N-H), 2934 s, 2857 w
V(CspzH), 2235 sv(C=N), 1608 sv(C=N), 1564 sV(N-Ccabend- HRMS (EST), m/z: 723.2539
[M—-CI]*. CsH3sCINsPt Calcd. m/z: 723.2542. Anal. Calcd. fogld;sCl,NsPICH,CI, (844.60): C,
46.93; H, 4.89; N, 8.29. Found: C, 47.13; H, 41938.34.

3c: Yield 46%, red crystalsSH NMR (400 MHz, CDCJ): § 11.22 (br, 1H, M), 11.13 (br, 1H, M),
9.90 (br, 1H, NH), 7.54 (d,*J = 8.0 Hz, 2H, HAr), 7.43 (d,%] = 8.0 Hz, 2H, HAr), 7.01 (d,’J = 8.0
Hz, 2H, H-Ar), 6.86 (d,%J = 8.0 Hz, 2H, HAr), 4.53 (br, 1H, HC(CH,)s), 3.89 (s, 3H, OCH), 3.86
(s, 3H, OCH), 3.63 (s, 1H, HC(CH,)s), 2.30-1.23 (m, 20H, @&,). **C NMR (101 MHz, CDG)): &
184.2, 179.6, 171.0, 161.3, 161.1, 139.5, 137.0,813131.5, 121.9, 120.4, 115.1, 114.0, 58.2, 55.2,
55.5, 55.4, 31.7, 31.2, 30.9, 25.3, 24.8, 22.8(KBr, selected bands, ¢t 3433 sv(N-H), 2924 w
V(CspzH), 2214 sv(C=N), 1609 sv(C=N), 1514 sV(N-Ccapend- HRMS (EST), m/z: 755.2419
[M-CI]". C3H3CINsO,Pt Calcd. m/z: 755.2440. Anal. Calcd. fogsCl,NsO.Pt (791.67): C,
48.55; H, 4.97; N, 8.85. Found: C, 48.18; H, 41938.75.

4c: Yield 45%, red crystals'H NMR (400 MHz, CDC)): & 11.01 (br, 1H, W), 10.63 (br, 1H,
NCNH), 9.95 (br, 1H, M), 7.81 (d,2J = 8.0 Hz, 2H, HAr), 7.30 (d,3J = 8.0 Hz, 2H, HAr), 7.03 (d,
%) = 8.0 Hz, 2H, HAr), 6.84 (d,%J = 8.0 Hz, 2H, HAr), 3.90 (s, 3H, OCH), 3.84 (s, 3H, OCH),
1.64 (s, 9H1-Bu), 1.55 (s, 9Ht-Bu). IR (KBr, selected bands, &n 3423 sv(N-H), 2928 w, 2831 w
V(Cspz~H), 2220 mv(C=N), 1707 m, 1603 9(C=N), 1502 SV(N-Ccapen- HRMS (EST), m/z:
703.2046 [M‘CI]+ 028H35C|N502Pt Calcd. m/z; 703.2127. Anal. Calcd. ij'3|€35C|2N502PmH2C|2
(824.53): C, 42.24; H, 4.52; N, 8.49. Found: C422H, 4.54; N, 8.54.

5c: Yield 21%, red crystalsH NMR (400 MHz, CDCJ): 4 10.88 (br, 1H, M), 9.38 (br, 1H, M),
7.81-7.76 (m, 4H, HAr), 7.54-7.50 (m, 4H, HAr), 6.89-6.80 (m, 8H, HAr), 3.89 (s, 3H, OCH),
3.85 (s, 3H, OCH), 3.83 (s, 3H, OCH}, 3.76 (s, 3H, OCH. IR (KBr, selected bands, c]m 3443 m
V(N-H), 2932, 2835 w(Csp-H), 2199 mv(C=N) 1709 m, 1603 $(C=N), 1506 sV(N—Ccareny-
HRMS (ESI), m/z: 803.1707 [MCI]*. CsH3:CINsO,Pt Calcd. m/z: 803.1712. Anal. Calcd. for
CasH31ClLNsO,Pt (839.62): C, 48.64; H, 3.72; N, 8.34. Found4&33; H, 3.71; N, 8.27.

Synthesis of complexes 3d: A 5 mL round-bottomed flask was equipped with arisiy bar and
charged withcis-[PtClL(CNCy)] (24) (0.1 mmol) and 3,4-diarylH-pyrrol-2,5-diimine (aryl = 4-
fluorophenyl @d), 4-chlorophenyl 1e), 4-bromophenyl Xf)) (0.1 mmol). Anhydrous acetonitrile (4
mL) was added and the solution was stirred undiuxreconditions for 5 hours. Volatiles were
evaporated under vacuum. The resulting solid wesed with acetone (1 mL) and recrystallized from
the mixture of acetone and chloroform (1:2).
3d: Yield 23%, red crystalSH NMR (400 MHz, CDCJ) & 10.86 (br, 1H, W), 10.51 (br, 1H, M),
10.08 (br 1H, M), 7.5%7.42 (m, 4H, HAr), 7.05-6.95 (m, 4H, HAr), 4.28 (br, 1H-HC(CH,)s),
4.08 (br, 1H-HC(CH,)s), 2.08-1.38 (m, 20H, El,). IR (KBr, selected bands, ¢ 3431 mv(N-H),
2932 m, 2854 w(CspzH), 2224 sv(C=N), 1601 mv(C=N), 1512 WV(N—Ccamend.- HRMS (ESI),
m/z: 731.2037 [MCI]". CsH3:sCIF,NsPt. Caled. m/z: 731.2040.
3e: Yield 22%, orange crystal%H NMR (400 MHz, CDC)) 6 11.84 (s, 1H, N), 11.12 (s, 1H, N),
9.92 (s, 1H, M), 7.47 (d.2J = 8.8 Hz, 2H, HAr), 7.44 (d,3) = 8.8 Hz, 2H, HAr), 7.40 (d,3J = 8.8
Hz, 2H, H-Ar), 7.35 (d,%) = 8.8 Hz, 2H, HAr), 4.50-4.41 (m, 1H,~HC(CH,)s), 3.57 (s, 1H-
HC(CH,)s), 2.12-1.27 (m, 20H, @.). IR (KBr, selected bands, € 2932 SV(Csp—H), 2226 s
V(C=N), 1688 mv(C=N), 1546 S/(N—Ccapend. HRMS (ESI), m/z: 763.1421 [MCI]". CyoH33ClsNsPt.
Calcd. m/z: 763.1449; 795.1683 [M+@BH]". Cs:H3/ClsNsOPt. Calcd. m/z: 795.1711. Anal. Calcd.
for CaoH33Cl4NsPECH,CI, (885.44): C, 42.05; H, 3.98; N, 7.91. Found: C132H, 4.01; N, 7.94.
3f: Yield 12%, orange crystal$H NMR (400 MHz, CDCJ) & 11.93 (br, 1H, M), 11.24 (br, 1H,
NH), 9.92 (br, 1H, M), 7.64 (d,3J = 8.4 Hz, 2H, HAr), 7.52 (d,%J = 8.4 Hz, 2H, HAr), 7.37 (d,3)
= 8.4 Hz, 2H, HAr), 7.34 (d,%) = 8.4 Hz, 2H, HAr), 4.46 (s, 1H-HC(CH,)s), 3.50 (s, 1H-
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HC(CH)s), 2.18-1.28 (m, 20H, El,). IR (KBr, selected bands, ¢ 3394 mv(N-H), 2934 s, 2857
m v(Csps~H), 2220 sv(C=N), 1572 sv(C=N), 1542 sV(N-Cqcamend- HRMS (ESI), m/z: 851.0428
[M—-CI]*. C3oHsaBr.CINsPt. Calcd. m/z: 851.0439. Anal. Calcd. foypldssBr,Cl,NsPt (889.40): 40.51;
H, 3.74; N, 7.87. Found: 40.31; H, 3.73; N, 7.80.

4.3.General procedure for catalytic hydrosilylation of phenylacetylene

In a 5 mL round-bottomed flask equipped with aristiy bar, a solution of the selected catalyst in
chloroform (2.5%10* M) was charged. The reaction flask was pluggetl séptum, placed into a pre-
heated oil bath at 6€ and purged with argon until complete removal blooform. Further, a
solution of phenylacetylene (51 mg, 0.5 mmol) amethoxysilane (82 mg, 0.5 mmol) in anhydrous
toluene (0.2 mL) was added and the reaction mixives stirred at 10@. After the reaction
completion, 1,2-dimethoxyethane (7.2 mg, 0.08 mmséd as an internal standard) was added and the
crude mixture was analyzed byd NMR spectroscopy. Quantifications were performgabn
integration of the selected peaks of the produaireg) peaks of 1,2-dimethoxyethane.

4.4, Catalytic testsin polymeric systems

The cross-linking system consisted of two compostedtand B.
Component A: the calculated amount of the catalyas diluted in CHCIl, and added to
PDMS, where later the mixture was stirred and duedler vacuum at RT to remove the
solvent.
Component B: EHDMS and PDMS were mixed and cangftitred.
The amounts required were calculated for the speeifio of hydride and vinyl groups (3:1) in
the reaction mixture.
To 0.5 ml of component A 0.5 ml of component B vaalsled and stirred for 30 seconds. The
mixture was then placed into a thermostat at 8biritll a dry cured product was obtained. The
total catalyst concentration in the resulting silie rubber was 1.0 x 795.0 x 10° mol-L™.
The curing time Teuing Was measured as the time passed from mixing coerge A and B to
the moment when cured rubber is obtained [30,3L}inMg times were measured as dry-to-
touch and dry-through times according to ASTM D1638], the both methods results are
similar to each otheMeasurements were carried out five times for eauhpde, duplicate
determinations agreed within £10%.

4.5, X-ray structure deter mination

The crystals oBbICH,CI, were obtained by a slow evaporation of solvembam temperature. The
crystal of compoun@bICH,Cl, was immersed in cryo-oil, mounted in a nylon loapd analysed at a
temperature of 170 K. The X-ray diffraction data@eollected on an Agilent Technologies Excalibur
Eos and Supernova Atlas diffractometers. The atrachas been solved by the direct methods and
refined by means of the SHELXL-97 program [39] mpawated in the OLEX2 program package [40].
The carbon-bound H atoms were placed in calculads@tions and were included in the refinement in
the ‘riding’ model approximation, with Ld(H) set to1.5{C) and C-H 0.96 A for CHgroups,
Uiso(H) set to1.2l(C) and C—H 0.93 A for the CH groups, angh) set to 1.2i4(N) and N-H 0.86
A for the NH groups Empirical absorption correctimas applied in CrysAlisPro program complex
[41] using spherical harmonics, implemented in SEBIABSPACK scaling algorithm.

The crystal structure and crystallographic detaiks given in Table S2. Crystal data have been
deposited at the Cambridge Crystallographic Datati@e(CCDC) with deposition number
CCDC 1983029 foBbICH,Cl,.

4.6. Computational details

The full geometry optimization and total energyccddtions have been carried out at the DFT
hybrid level of theory using Becke's three parameybrid exchange functional in combination with
the gradient-corrected correlation functional ofel.eérang, and Parr (B3LYP)[36,37,38,39] and
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standard basis 6-31+G(d,p) for light atoms and geeotential CEP 1-21G [46] for palladium using
the Gaussian 03 program package [47].

4.7.Cdll lines and cultivation conditions

The cytotoxicity tests were performed on three huicencer cell lines. CH1/PA-1 cells were kindly
provided by Lloyd R. Kelland (CRC Centre for Canddrerapeutics, Institute of Cancer Research,
Sutton, UK). SW480 (human adenocarcinoma of thergplA549 (human non-small cell lung cancer)
were obtained from Brigitte Marian (Institute ofri¢ar Research, Department of Medicine |, Medical
University of Vienna, Austria). Cell monolayer adéet cultures were grown in 75 &rulture flasks
(Starlab, Germany) in complete medium [i.e., maimssential medium (MEM) supplemented with
10% heat-inactivated fetal bovine serum (BiowesangEe), 1 mM sodium pyruvate, 1% nonessential
amino acids from 100x ready-to-use stock and 4 milutamine (all purchased from Sigma-Aldrich,
Austria)]. Cell cultures were incubated at 37 °Gimoist atmosphere containing 5% L0

4.8. Cytotoxicity testsin cancer cell lines

The cytotoxic activity in vitro was determined byeams of colorimetric microculture MTT assay
(MTT = 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2kétrazolium bromide). For this purpose, cells
were harvested from culture flasks by trypsinizatmd seeded into 96-well plates (Starlab, Germany)
in densities of 1x10cells/well (CH1/PA-1), 2x10cells/well (SW480) and 3xi@ells/well (A549) in
volume of 10QuL/well. Cells were allowed to settle and resumdifamation for 24 h before exposure
to the drugs. Stock solutions of each complex wmepared in DMSO, appropriately diluted in
complete MEM medium (not to exceed 0.5% DMSO cotregion on cells) and instantly added to the
plates (100uL/well). After continuous exposure for 96 h, druglwtions were replaced with 100
pL/well of a 1:6 MTT/RPMI 1640 solution (MTT solot, 5 mg/mL of MTT reagent in phosphate-
buffered saline; RPMI 1640 medium, supplementeti Wfi% heat-inactivated fetal bovine serum and
4 mM L-glutamine). After incubation for 4 h, the diem/MTT mixtures were removed, and the
formazan crystals formed by viable cells were dig=hin DMSO (150uL/well). Optical densities
were measured at 550 nm with a microplate readex8§@ Absorbance Microplate Reader, Bio-Tek,
USA), using a reference wavelength of 690 nm tgemrfor unspecific absorption. The quantity of
viable cells was expressed in relation to untreat@urol and 50% inhibitory concentrations (1C50)
were calculated from concentration-effect curvesnibgrpolation. Evaluation is based on means from
at least three independent experiments, each csimgtriplicate per concentration level.
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