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ABSTRACT 
The reaction of 3,4-diaryl-1H-pyrrol-2,5-diimines with cis-dichlorobis(isonitrile)platinum(II) affords 
the C,N-chelated diaminocarbene platinum(II) complexes, which have been fully characterized 
including molecular spectroscopy, single crystal X-ray diffraction and DFT calculations. The obtained 
platinum(II) complexes are effective catalysts for the hydrosilylation of alkynes and alkenes. Thus, the 
reaction of phenylacetylene with triethoxysilane leads to the formation of α- and β-(E)-vinylsilanes, 
generating TON’s in the range of 103 to 104 and TOF’s in the range of 102 to 103 h-1. Also, the cross-
linked silicones, possessing the luminescence properties, were obtained by the hydrosilylation reaction 
of vinyl- and hydride-containing polysiloxanes. Additionally, the efficiency of diaminocarbene 
platinum(II) complexes against CH1/PA-1, SW480, and A549 cancer cell lines has been demonstrated 
by in vitro cytotoxicity studies.  
Keywords: Anti-cancer activity, catalysis, diaminocarbene platinum(II) complexes, hydrosilylation, 
luminescence. 
 
 

1. Introduction 
In recent years, metal complexes bearing acyclic diaminocarbenes ([M]ADCs) [1,2] have emerged 

as a new family of homogeneous catalysts to be a prominent alternative to well-investigated metal-N-
heterocyclic carbene ([M]NHCs) [3–5] species. Notwithstanding the structural and electronic 
similarity to the NHCs, the greater steric control due to the wider N-C-N bond angles of acyclic 
diaminocarbene ligands [6] as well as donor ability and the rotation freedom [7,8] ensure the high 
stability of the corresponding metal complexes and foster various stages of the catalytic processes [2]. 

Easy-to-prepare metal-ADCs complexes synthesized by nucleophilic addition of N-nucleophiles to 
coordinated isocyanides [9–11] have been successfully investigated as potential catalysts for several 
organic transformations (cross-coupling, metathesis, cyclization reactions, etc.) [12–15]. However, as 
far as it is known, examples of catalytic activities of the ADC-platinum(II) complexes for 
hydrosilylation of unsaturated compounds are quite limited to date. Recently, the first examples of the 
use of diaminocarbene platinum complexes derived from the reaction between cis-[PtCl2(CN-R)2] and 
hydrozones [16] or 3-iminoisoindolin-1-ones [17] as catalysts for hydrosilylation of unsaturated 
compounds have been reported. 

In this context, as a continuation of these studies on the application of platinum systems as 
homogeneous catalysts for the hydrosilylation of unsaturated organic molecules, herein we have 
presented on the synthesis, characterization, in vitro antitumor activity studies, and reactivity of series 
of acyclic diaminocarbene complexes of Pt(II) for the hydrosilylation of both terminal alkynes and 
alkenes. 
 

2. Results and discussion 
2.1. Synthesis and characterization of the ADC-platinum(II) complexes (3−5) 

Compounds 3a−−−−c, 4c, 5c have been obtained in 20-50% yields by stirring for 2 hours a mixture of 
3,4-diaryl-1H-pyrrol-2,5-diimine (aryl = phenyl (1a), 4-methylphenyl (1b), 4-methoxypheyl (1c)) and 
cis-[PtCl2(CNR2)2] (R

2 = cyclohexyl (2a), tert-butyl (2b), 4-methoxypheyl (2c)) in chloroform at room 
temperature (Scheme 1). 3,4-Diaryl-1H-pyrrol-2,5-diimines, containing electron-withdrawing 
substituents (aryl = 4-fluorophenyl (1d), 4-chlorophenyl (1e), 4-bromophenyl (1f)), react more slowly 
than the compounds with electron donor groups. Thus, employing diaryl-1H-pyrrol-2,5-diimines (1d−−−−f) 
as coupling partners, the reactions proceeded under reflux conditions for 5 hours with the formation of 
the corresponding platinum complexes with yields of 12-22% (3d−−−−f). Interestingly, the obtained 
products have the same structure as the ADC-palladium(II) complexes derived from 3,4-diaryl-1H-
pyrrol-2,5-diimines and bisisocyanide palladium(II) complexes [18]. During the reaction, one 
isocyanide ligand in 2a−c undergoes a nucleophilic attack by the imino group of 1a−f, whereas the 
second one remains intact. The imino nitrogen atom of 1 is attached to the carbon atom of the 
isocyanide group, whereas the nitrogen atom of the pyrrole ring coordinates to the metal center, thus 
closing the five-membered metallocycle. As a result, monocarbene platinum(II) complexes were 
obtained. 
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Scheme 1. Syntheses of ADC-platinum(II) complexes (3a−−−−f, 4c, 5c). 
 
The obtained diaminocarbene complexes 3−−−−5 were fully characterized by elemental analysis, ESI+-MS, 
IR, 1D and 2D NMR spectroscopies. The NMR spectral assignment to 3a−−−−f, 4c, 5c was performed on 
the basis of signal intensities, chemical shifts and 1H,1H-coupling constants as well as the results of 
two-dimensional NMR measurements (COSY, NOESY, 1H,13C-chemical shift correlation spectra 
(HSQC and HMBC)). For example, the correlations found in the COSY, 1H,13C-HMBC, and 1H,13C-
HSQC spectra of 3b correspond with the proposed structure (Fig. 1). In the 1H,13C-HMBC spectrum 
(Fig. S9) of 3b the observed cross-peak between signals of H25b (δ 9.93 ppm) and C17 (δ 140.9 ppm) 
allows to identify signals of aromatic ring B. The correctness of signal C17 assignment is additionally 
confirmed by the presence of cross-peak between H19, H24 (δ 7.36 ppm) and C17 (δ 140.9 ppm). In the 
COSY spectrum (Fig. S10) the cross-peaks between H2 (δ 4.53 ppm) and the nearest protons H3, H7 (δ 
2.23−2.26 ppm/1.89−1.92 ppm), having the axial and equatorial orientations, respectively, are 
observed. Thus, the presence of these cross-peaks assists the identification of cyclohexyl ring C. 
Similar cross-peaks between H27 (δ 3.57 ppm) and axial/equatorial protons H28, H32 (δ 1.55−1.63 
ppm/1.83−1.87 ppm, respectively) define the cyclohexyl ring D. 
 

 

Fig. 1. Structure of 3b. 
In the fragment B of NOESY spectrum (Fig. S12), the cross-peak between H11, H16 (δ 7.45 ppm) and 
equatorial protons H3, H7 and H4, H6 (δ 1.89−1.92 ppm/1.83−1.87 ppm, respectively) is observed. The 
presence of these spatial interactions does not contradict the data of X-ray analysis about the mutual 
spatial arrangement of the rings B and C. In the fragment A of NOESY spectrum (Fig. S12), a direct 
interaction between H25b (δ 9.93 ppm) and equatorial protons H29, H31 (δ 1.55−1.63 ppm) of 
cyclohexyl ring D is observed; the existence of this spatial interaction proves the existence of 3b 
dimers in a chloroform solution. In the fragment B of NOESY spectrum (Fig. S12), the cross-peak 
between signals of aromatic ring protons H19, H24 (δ 7.36 ppm) and equatorial protons of cyclohexyl 
fragment H29, H31 (δ 1.55−1.63 ppm) is identified. These aforementioned direct interactions 
additionally prove the correctness of signal assignment in the aromatic and aliphatic fragments.  
The structure of 3b was additionally confirmed by single crystal X-ray diffraction (Fig. 2, Table S2). 
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Fig. 2. Molecular structure of 3b∙CH2Cl2 at the 50% probability level. 

 
The crystals of 3b suitable for X-ray diffraction were obtained by a slow evaporation of 
dichloromethane at room temperature. 3b is crystallized in the monoclinic space group C2/c. The Pt 
center has distorted square planar geometry. The cyclohexyl isocyanide ligand is located opposite to 
the pyrrole ring. Earlier in our group similar ADC-platinum(II) complexes have been obtained via 
coupling between 3-iminoisoindolin-1-one and bisisocyanide platinum(II) species, however, the 
geometry of these complexes is different: the isocyanide ligand is located opposite to the 
diaminocarbene fragment [19].  
 
We assume whether one or another isomer is obtained probably depends on the stabilization of the 
compound due to the formation of hydrogen bonds. In the case of platinum(II) complex with 
iminoisoindolinone fragment, the product is stabilized via the NH⋅⋅⋅Cl hydrogen bond, whereas, the 
structure of 3b is stabilized by two hydrogen bonds ((N4)H⋅⋅⋅Cl1 (2.32(7) Å) and (N1)H⋅⋅⋅Cl2 (2.28(7) 
Å)). Indeed, according to our theoretical calculations, the obtained isomer of 3b (Fig. 2) is 22.3 kJ/mol 
more stable than its other isomer 3b’. The optimized geometry of 3b is close to the structure obtained 
by XRD. Also, the (NH)H⋅⋅⋅Cl(Pt) (2.308 Å) and (NCy)H⋅⋅⋅Cl(Pt) (2.433 Å) intramolecular hydrogen 
bond lengths were calculated for 3b and 3b’, respectively. These data show that the (NH)H⋅⋅⋅Cl(Pt) 
intramolecular hydrogen bond in 3b is stronger than the (NCy)H⋅⋅⋅Cl(Pt) bond in its isomer 3b’.  

2.2. Photophysical properties 
The absorption and fluorescence properties of the synthesized compounds 3a–d, 4c, and 5c were 

evaluated by UV−vis absorption and emission spectroscopies at a concentration of 2.5·10−5 M in 
chloroform (Table 1). Compounds 3a–d, 4c, and 5c show the maximum absorbance at larger 
wavelengths (λabs at 318−398 nm) (Table 1, Fig. S13) compared to those of 1a−d (λabs at 278−311 nm) 
[20]. The red-shift of the absorption maximum band can be explained by the formation of an extended 
π conjugated system in the resulting metal complex structure. The presence of the donor substituents at 
the phenyl rings of the 1H-pyrrol-2,5-diimine fragment leads to the red-shift of the absorption band 
like in 1a−d. 
Complexes 3a–d, 4c, and 5c exhibit fluorescence in the visible range of 493–572 nm (Table 1, Figs. 
S14−15). As in the case of the absorption spectra, donor substituents at the phenyl rings of the 
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pyrroldiimine fragment generally cause red shift of the fluorescence emission bands. The fluorescence 
spectra of 3a–d, 4c, and 5c have large Stokes shifts varied in the range of 174–185 nm. The measured 
fluorescence lifetimes for 3a–d, 4c, and 5c are in the range of 10–13 ns (Table S1). Similarly to the 
previously reported Pd analogues [18], all investigated diaminocarbene platinum complexes possess 
low luminescence (the fluorescence quantum yields for 3a–d, 4c, and 5c vary in a range of 1-11% 
(Table S1)).  

Table 1 
Absorption and emission properties of 3a–d, 4c, and 5c in chloroform solution (2.5∙10-5 M). 
Compound λabs, nm (ε⋅10-4, M-1cm-1) λem, 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 of the maximum is approximately determined 

 

2.3. In vitro cytotoxic activity 
To date, a large number of studies on the cytotoxicity of NHC complexes with various metals have 

been carried out [21,22]. Despite extensive studies on ADC complexes in organometallic chemistry 
and catalysis, only a restricted array of anticancer applications have been reported so far for platinum, 
palladium, and gold derivatives [23–25]. To assess the anticancer potential of the obtained acyclic 
diaminocarbene platinum(II) complexes (3b, 4c, and 5c) their cytotoxic properties have been 
evaluated in vitro on ovarian teratocarcinoma (CH1/PA-1), colon carcinoma (SW480) cell lines and 
adenocarcinomic human alveolar basal epithelial cells (A549) (Fig. S18). The inhibitory potency of 
the metal complexes on proliferation and viability of these cancer cells was characterized by using the 
spectrophotometric MTT assay, the obtained data is summarized in Table 2. 
 
Table 2  
In vitro cytotoxic activity of platinum complexes in CH1/PA-1, SW480, and A549 cell lines (IC50, µM, 
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 37 ± 7 13 ± 2 3.3 ± 0.4 

A549 26 ± 1 >80 33 ± 2 1.3 ± 0.4 

 
 
Cytotoxicity of all complexes is in a low to average micromolar range. The complexes were shown to 
effectively decrease the number of treated cancer cells. However, their efficiency is lower than shown 
for established cytotoxic anticancer drug cisplatin in respective cell lines. 
 

2.4. ADC-Pt(II) catalysed hydrosilylation of phenylacetylene with triethoxysilane 
1H NMR studies of the reaction of phenylacetylene with triethoxysilane at 100°C in the presence of 
catalytic amounts of the ADC-Pt(II) complexes evidenced that the studied catalysts promote the 
hydrosilylation of phenylacetylene to (E)-triethoxy(styryl)silane (β-(E)-product) as a major product 
and triethoxy(1-phenylvinyl)silane (α-product) as a minor product (Scheme 2). The formation of (Z)-
triethoxy(styryl)silane (β-(Z)-isomer) was not observed.  
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Scheme 2. Hydrosilylation of phenylacetylene. 
 
In preliminary optimization of the reaction conditions, we revealed the influence of reaction time on 
the yield and product ratio (Table 3).  
 
Table 3  
Optimization of the reaction conditions: effect of the reaction time. a, b 

Entry 
Time, h 

Overall 
yield, % 

α/β-(E) 
product 
ratio, % 

TON TOF, h-1 

1 0.5 0 - - - 
2 1 61 21/79 12.2×10

2
 4.1×10

2
 

3 2 73 23/77 14.6×10
2
 4.9×10

2
 

4 2.5 80 26/74 16.0×10
2
 5.3×10

2
 

5 3 87 27/73 17.4×10
2
 5.8×10

2
 

a PhC≡CH (0.5 mmol, 1 equiv.), (EtO)3SiH (0.5 mmol, 1 equiv.), catalyst 3c (5×10-2 mol%), toluene 
(0.2 mL). b Yields were determined by 1H NMR spectroscopy using 1,2-dimethoxyethane as a 
standard; the isomeric content was determined on the basis of the alkene coupling constants (see the 
Supporting Information, p. S13). 
 
While no alkenes were obtained for 0.5 h (Table 3, entry 1), which could be attributed to the induction 
period of the catalyst [27], relatively good conversion of 61% for 1 h (Table 3, entry 2) and excellent - 
87% for 3 h (Table 3, entry 5) were detected. Selecting appropriate reaction time (3 h), solvent 
(toluene) and reaction temperature (100 °C) for further study, the effect of catalyst loading was 
evaluated (Table 4). Notably, with 0.1 mol% and 0.05 mol% loading of catalyst, excellent yields of 
the corresponding alkenes were observed (93% and 87%, respectively). Importantly, the maximum 
catalyst turnover number (TON) of 7.8×103 was achieved with 0.005 mol% loading of catalyst 3c 
during 3 hours at 100 °C (Table 4, entry 3), however, the yield of the desired alkene products was 
dropped to 39%.  
 
Table 4  
Optimization of the reaction conditions: effect of the catalyst loading. a, b 

Entry Catalyst 3c 
loading, 
mol% 

Time, h 
Overall 
yield, % 

α/β-(E) 
product 
ratio, % 

TON TOF, h-1 

1 0.1 3 93 22/78 9.3×10
2
 3.1×10

2
 

2 5×10
-2
 3 87 27/73 17.4×10

2
 5.8×10

2
 

3 5×10
-3
 3 39 17/83 7.8×10

3
 2.6×10

3
 

a PhC≡CH (0.5 mmol, 1 equiv.), (EtO)3SiH (0.5 mmol, 1 equiv.), toluene (0.2 mL). b Yields were 
determined by 1H NMR spectroscopy using 1,2-dimethoxyethane as a standard; the isomeric content 
was determined on the basis of the alkene coupling constants. 
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With the optimized reaction conditions at hand, the comparison of the catalytic activity of the acyclic 
diaminocarbene platinum(II) complexes  3a−−−−d, 4c, 5c as a function of the substituents in 
diaminocarbene (Table 5) and 1H-pyrrol-2,5-diimine (Table 6) moieties was estimated in the model 
system. To our delight, all acyclic diaminocarbene complexes of Pt(II) could be potentially used as 
catalysts for the hydrosilylation reaction of terminal alkynes. Among the examined complexes, the 
most active species (3b, 3c, 4c, 5c) were derived from the addition of 3,4-diaryl-1H-pyrrol-2,5-
diimines with donor substituents (R1 = CH3O, CH3) to isocyanide complexes of platinum(II), with 
bulky donor ligands (R2 = t-Bu, Cy, p-(CH3O)C6H4), whereas 3a and 3d possess lower activity. The 
observed phenomenon could be attributed to the strong electron donation from the aminocarbenes, 
derived from the aliphatic isocyanides and 1H-pyrrol-2,5-diimines, comprising donor substituents, to 
the metal center, facilitating the oxidative addition of silane substrates. The nature of the substituent R2 
has practically no effect on the yield of reaction products. 
Notably, the isomeric ratio of alkene products is essentially independent of the nature of the 
substituents in the catalyst, namely, α- and β-(E)-products were observed in 1: 3 ratio.  
 
Table 5  
Effect of the substituents in diaminocarbene fragment. a, b 

Entry 
Catalyst 

Overall 
yield, % 

α/β-(E) 
product 
ratio, % 

TON TOF, h-1 

1 3c 87 27/73 17.4×10
2
 5.8×10

2
 

2 4c 87 27/73 17.4×10
2
 5.8×10

2
 

3 5c 81 20/80 16.2×10
2
 5.4×10

2
 

a PhC≡CH (0.5 mmol, 1 equiv.), (EtO)3SiH (0.5 mmol, 1 equiv.), catalyst 3c, 4c, 5c (5×10-2 mol%), 
toluene (0.2 mL). b Yields were determined by 1H NMR spectroscopy using 1,2-dimethoxyethane as 
standard; the isomeric content was determined on the basis of the alkene coupling constants. 
 
Table 6 
Effect of the substituents in 1H-pyrrol-2,5-diimine fragment. a, b 

Entry 
Catalyst 

Overall 
yield, % 

α/β-(E) 
product 
ratio, % 

TON TOF, h-1 

1 3a 79 23/77 15.8×10
2
 5.3×10

2
 

2 3b 90 21/79 18.0×10
2
 6.0×10

2
 

3 3c 87 27/73 17.4×10
2
 5.8×10

2
 

4 3d 74 23/77 14.8×10
2
 4.9×10

2
 

a PhC≡CH (0.5 mmol, 1 equiv.), (EtO)3SiH (0.5 mmol, 1 equiv.), catalyst 3a−−−−d (5×10-2 mol%), 
toluene (0.2 mL). b Yields were determined by 1H NMR spectroscopy using 1,2-dimethoxyethane as 
standard; the isomeric content was determined on the basis of the alkene coupling constants. 
 

2.5. ADC-Pt(II) catalysed curing of polysiloxanes 
ADC-Pt(II) catalysed hydrosilylative cross-linking was studied on model α,ω-
di(vinyldimethylsiloxy)poly(dimethylsiloxane) (PDMS)/ trimethylsilyl-terminated 
poly(dimethylsiloxane-co-ethylhydrosiloxane) (EHDMS) mixtures with catalysts 3b, 3d, and 5c 
(10−3−5⋅10−5 M) (Scheme 3). 
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Scheme 3. ADC-Pt(II) catalysed cross-linking of PDMS and EHDMS. 
 
The catalytic activity was evaluated at 85°C owing to the identification of the curing time (τcuring) 
(Table S3).  
 
Investigating the dependence of curing time (τcuring) on the concentration of the platinum catalysts, we 
observed the gradual decline of the reaction time with increasing catalyst concentration, for instance, 
for the curing using 3b at 5×10–5 M takes 15 h (Table S3, entry 4) vs 8 h at 1×10–3 M (Table S3, entry 
1). Remarkably, we observed a clear correlation between the catalytic activity of the studied 
complexes and their structure. Catalyst 5c exhibits the highest catalytic activity, which is probably due 
to the presence of electron-donating methoxy-groups in its structure. Since it is known that the 
increasing donor character of a ligand increases the electron density at the metal center and favors the 
oxidative addition stage of the catalytic cycle. In contrast, complex 3d demonstrates lower catalytic 
activity due to the large –I-effect of fluorine. 
The obtained silicone formulations incorporate no structural defects, i.e. no bubbles and the surface of 
the silicone rubbers is uniform. 
Further, we evaluated the luminescence properties of the silicone rubbers prepared employing catalysts 
3a−d and 5c (Table 7). 
 
Table 7. Luminescence properties of the silicone rubbers prepared using catalysts 3a−d and 5c 
Catalyst λex, nm λem, 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 the silicone rubbers obtained using catalysts 3a−d and 
5c (Table 7 and Figure S16) are blueshifted compared with chloroform solutions of complexes 3a−d 
and 5c (Table 1), respectively. The overall emission intensity for the cured silicone rubbers has 
substantially decreased when compared to that of complexes 3a−d and 5c in solution. The quantum 
yield cannot be carefully estimated for rubbers because of the complexity of calculations and polymer 
self-absorption. 
 

3. Conclusion 
In conclusion, we have successfully synthesized new ADC-Pt(II) complexes via the reaction of 

bisisocyanide platinum(II) complexes and 3,4-diaryl-1H-pyrrol-2,5-diimines and applied them as 
catalysts for the hydrosilylation of phenylacetylene. Employing optimized reaction conditions (toluene, 
100 °C, 3 hours, 0.05 mol% catalyst loading), the target vinylsilanes were obtained in good to 
excellent yields. It is crucial to mention that a limited number of the previously described 
hydrosilylation reactions catalyzed by the Pt-(NHC) [27–30] and Pt-(ADC) [16,17] complexes require 
a higher catalyst loading (0.1−1 mol%) or a longer reaction time (up to 48 hours). Also, the prepared 
ADC-Pt(II) complexes can be used as catalysts for the cross-linking of polysiloxanes leading to 
luminescent silicone rubbers. 
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Furthermore, we have revealed that the designed diaminocarbene platinum(II) complexes exhibit 
photoluminescent properties strongly depending on the substituents in pyrroldiimine moiety and 
demonstrate the promising potential as anticancer drugs. 
 

4. Experimental 
4.1. General considerations  

All solvents were dried and purified by conventional methods and were freshly distilled under argon 
shortly before use. Other reagents were used without further purification. The starting materials 3,4-
diaryl-1H-pyrrol-2,5-diimine (aryl = phenyl (1a), 4-methylphenyl (1b), 4-methoxypheyl (1c), 4-
fluorophenyl (1d), 4-chlorophenyl (1e), 4-bromophenyl (1f))[20,31,32] and cis-[PtCl2(CNR2)2] (R

2 = 
Cy (2a), t-Bu (2b), 4-(CH3O)C6H4 (2c)) [27,28] were prepared as previously reported. 
 
PDMS (the weight average molecular weight Mw = 80000, the number average molecular 
weight Mn = 33800, 0.5 wt% of CH=CH2) and EHDMS (Mw = 8150, Mn = 4600, Mw/Mn = 1.8, 
Si–H 0.7 wt%) were obtained according to the procedure [35]. 
 
FTIR spectra were recorded on Shimadzu FTIR-8400S (4000–400 cm–1) and IRAffinity-1S (4000–300 
cm–1) spectrometers using KBr pellets. One-dimensional (1H, 13C{1H}) and two-dimensional (1H−13C 
HMBC, 1H−13C HSQC, NOESY, COSY) NMR spectra were recorded on a Bruker-DPX 400 
instrument at ambient temperature. Electrospray ionization mass spectra were obtained on a Bruker 
micrOTOF spectrometer equipped with electrospray ionization (ESI) source using MeOH as the 
solvent. The instrument was operated in both positive and negative ion modes using a m/z range of 
50–3000. The capillary voltage of the ion source was set at -4500 V (ESI+–MS) and the capillary exit 
at ±(70–150) V. The nebulizer gas flow was 0.4 bar and drying gas flow 4.0 L/min. Elemental 
analyses were measured on a Euro EA3028-НТ Element Analyzer system. The absorption spectra 
were recorded on a Perkin–Elmer precision spectrophotometer Lambda 1050. The emission spectra, 
excitation spectra, and measurements of the lifetimes of excited states were measured on a modular 
spectrofluorimeter Fluorolog-3 (Horiba Jobin Yvon). Fluorescence lifetime measurements are based 
on time-correlated single photon counting (TCSPC). Device also includes an integrating sphere 
Quanta-φ with fiber optics which enables direct measurement of quantum yields of luminescence.  
 

4.2. Synthesis of Pt(II) complexes 
Synthesis of complexes 3a−−−−c, 4c, and 5c: A 50 mL flat-bottomed flask, equipped with a stirring 

bar, was charged with 3,4-diaryl-1H-pyrrol-2,5-diimine (aryl = phenyl (1a), 4-methylphenyl (1b), 4-
methoxypheyl (1c),) (0.1 mmol), cis-[PtCl2(CNR2)2] (R2 = Cy (2a), t-Bu (2b), 4-(CH3O)C6H4 (2c)) 
(0.1 mmol), and  10 mL of anhydrous chloroform. The reaction mixture was stirred at room 
temperature for 2 hours: the color of the reaction mixture was immediately changed to cherry-red. 
After removal of the solvent under vacuum, the residue was washed with 10 mL of acetone. The 
resulting solid was recrystallized from the mixture of dichloromethane and hexane (2:1) at room 
temperature. 
3a: Yield 46%, orange crystals. 1H NMR (400 MHz, DMSO-d6/CDCl3): δ 10.71 (br, 1H, NH), 9.74 
(br, 1H, NH), 7.54−7.34 (m, 10H, H−Ar), 4.45−4.39 (m, 2H, CH), 1.94−1.12 (m, 20H, –HC(CH2)5). 
13C NMR (101 MHz, DMSO-d6): δ 182.1, 174.2, 172.1, 140.3, 137.1, 137.0, 130.8, 130.5, 130.3, 
130.2, 130.1, 129.7, 129.2, 128.9, 128.8, 128.6, 55.7, 54.9, 31.7, 31.4, 25.1, 24.9, 22.3. IR (KBr, 
selected bands, cm-1): 3407 w ν(N-H), 2935 s, 2856 s ν(Сsp3-H), 2234 s ν(C≡N), 1687 m, 1618 m 
ν(С=N), 1559 s ν(N−Сcarbene). HRMS (ESI+), m/z: 695.2235 [M−Cl]+. C30H35ClN5Pt Calcd. m/z: 
695.2229. Anal. Calcd. for C30H35Cl2N5Pt⋅2CHCl3 (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 crystals. 1H NMR (400 MHz, CDCl3): δ 11.22 (br, 1H, NCNH1a), 9.93 (br, 1H, 
NH25b), 8.34 (br, 1H, NH25a), 7.45 (d, 3JHH = 8.0 Hz, 2H, H11, H16), 7.36 (d, 3JHH = 8.0 Hz, 2H, H19, 
H24), 7.29 (d, 3JHH = 8.0 Hz, 2H, H20, H23), 7.15 (d, 3JHH = 8.0 Hz, 2H, H12, H15), 4.53 (br, 1H, 
CH2NC), 3.57 (br, 1H, CH27NC), 2.43 (s, 3H, CH3 in A ring), 2.39 (s, 3H, CH3 in B ring), 2.26−2.23 
(m, 2H, Hax at C3, C7), 1.92−1.89 (m, 2H, Heq at C3, C7), 1.87-1.83 (m, 4H, Heq at C28, C32; Heq  at C4, 
C6), 1.65-1.58 (m, 6H, Hax at C28, C32; Heq at C29, C31; Hax, Heq at C5), 1.31−1.23 (m, 6H, Hax at C4, C6; 
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Hax at C29, C31; Hax, Heq at C30). 13C NMR (101 MHz, CDCl3): δ 183.8 (C1), 179.4 (C8), 170.8 (C25), 
140.9 (С17), 140.8 (С21), 140.6 (С13), 138.2 (С9),130.3 (С20, C23), 130.1 (С11, C16), 129.7 (C19, C24), 
129.2 (C12, C15), 126.5 (C10), 125.1 (C18), 58.3 (C2), 55.4 (C27), 31.7 (C28, C32), 31.2 (C3, C7), 25.3 (C4, 
C6), 24.8 (C29, C31), 22.9 (C5, C30), 21.6 (C22), 21.5 (C14). The full assignment of the signals in 1H and 
13C NMR spectra was performed using 1H−13C HMBC, 1H−13C HSQC, NOESY, COSY NMR 
techniques (Figs. 9S−−−−12S). IR (KBr, selected bands, cm-1): 3168 w ν(N–H), 2934 s, 2857 w 
ν(Сsp3−H), 2235 s ν(C≡N), 1608 s ν(С=N), 1564 s ν(N−Сcarbene). HRMS (ESI+), m/z: 723.2539 
[M−Cl]+. C32H39ClN5Pt Calcd. m/z: 723.2542. Anal. Calcd. for C32H39Cl2N5Pt⋅CH2Cl2 (844.60): C, 
46.93; H, 4.89; N, 8.29. Found: C, 47.13; H, 4.93; N, 8.34. 
3c: Yield 46%, red crystals. 1H NMR (400 MHz, CDCl3): δ 11.22 (br, 1H, NH), 11.13 (br, 1H, NH), 
9.90 (br, 1H, NH), 7.54 (d, 3J = 8.0 Hz, 2H, H−Ar), 7.43 (d, 3J = 8.0 Hz, 2H, H−Ar), 7.01 (d, 3J = 8.0 
Hz, 2H, H−Ar), 6.86 (d, 3J = 8.0 Hz, 2H, H−Ar), 4.53 (br, 1H, –HC(CH2)5), 3.89 (s, 3H, OCH3), 3.86 
(s, 3H, OCH3), 3.63 (s, 1H, –HC(CH2)5), 2.30−1.23 (m, 20H, CH2). 

13C NMR (101 MHz, CDCl3): δ 
184.2, 179.6, 171.0, 161.3, 161.1, 139.5, 137.0, 131.8, 131.5, 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. IR (KBr, selected bands, cm-1): 3433 s ν(N–H), 2924 w 
ν(Сsp3−H), 2214 s ν(C≡N), 1609 s ν(С=N), 1514 s ν(N−Сcarbene). HRMS (ESI+), m/z: 755.2419 
[M−Cl]+. C32H39ClN5O2Pt  Calcd. m/z: 755.2440. Anal. Calcd. for C32H39Cl2N5O2Pt (791.67): C, 
48.55; H, 4.97; N, 8.85. Found: C, 48.18; H, 4.93; N, 8.75. 
4c: Yield 45%, red crystals. 1H NMR (400 MHz, CDCl3): δ 11.01 (br, 1H, NH), 10.63 (br, 1H, 
NCNH), 9.95 (br, 1H, NH), 7.81 (d, 3J = 8.0 Hz, 2H, H−Ar), 7.30 (d, 3J = 8.0 Hz, 2H, H−Ar), 7.03 (d, 
3J = 8.0 Hz, 2H, H−Ar), 6.84 (d, 3J = 8.0 Hz, 2H, H−Ar), 3.90 (s, 3H, OCH3), 3.84 (s, 3H, OCH3), 
1.64 (s, 9H, t-Bu), 1.55 (s, 9H, t-Bu). IR (KBr, selected bands, cm-1): 3423 s ν(N–H), 2928 w, 2831 w 
ν(Сsp3−H), 2220 m ν(C≡N), 1707 m, 1603 s ν(С=N), 1502 s ν(N−Сcarbene). HRMS (ESI+), m/z: 
703.2046 [M−Cl]+. C28H35ClN5O2Pt Calcd. m/z: 703.2127. Anal. Calcd. for C28H35Cl2N5O2Pt⋅CH2Cl2 
(824.53): C, 42.24; H, 4.52; N, 8.49. Found: C, 42.42; H, 4.54; N, 8.54. 
5c: Yield 21%, red crystals. 1H NMR (400 MHz, CDCl3): δ 10.88 (br, 1H, NH), 9.38 (br, 1H, NH), 
7.81−7.76 (m, 4H, H−Ar), 7.54−7.50 (m, 4H, H−Ar), 6.89−6.80 (m, 8H, H−Ar), 3.89 (s, 3H, OCH3), 
3.85 (s, 3H, OCH3), 3.83 (s, 3H, OCH3), 3.76 (s, 3H, OCH3). IR (KBr, selected bands, cm-1): 3443 m 
ν(N–H), 2932, 2835 w ν(Сsp3−H), 2199 m ν(C≡N) 1709 m, 1603 s ν(С=N), 1506 s ν(N−Сcarbene). 
HRMS (ESI+), m/z: 803.1707 [M−Cl]+. C34H31ClN5O4Pt Calcd. m/z: 803.1712. Anal. Calcd. for 
C34H31Cl2N5O4Pt (839.62): C, 48.64; H, 3.72; N, 8.34. Found: C, 48.33; H, 3.71; N, 8.27. 
 

Synthesis of complexes 3d−−−−f: A 5 mL round-bottomed flask was equipped with a stirring bar and 
charged with cis-[PtCl2(CNCy)2] (2a) (0.1 mmol) and 3,4-diaryl-1H-pyrrol-2,5-diimine (aryl = 4-
fluorophenyl (1d), 4-chlorophenyl (1e), 4-bromophenyl (1f)) (0.1 mmol). Anhydrous acetonitrile (4 
mL) was added and the solution was stirred under reflux conditions for 5 hours. Volatiles were 
evaporated under vacuum. The resulting solid was rinsed with acetone (1 mL) and recrystallized from 
the mixture of acetone and chloroform (1:2).  
3d: Yield 23%, red crystals. 1H NMR (400 MHz, CDCl3) δ 10.86 (br, 1H, NH), 10.51 (br, 1H, NH), 
10.08 (br 1H, NH), 7.51−7.42 (m, 4H, H−Ar), 7.05−6.95 (m, 4H, H−Ar), 4.28 (br, 1H, –HC(CH2)5), 
4.08 (br, 1H, –HC(CH2)5), 2.08−1.38 (m, 20H, CH2). IR (KBr, selected bands, cm-1): 3431 m ν(N–H), 
2932 m, 2854 w ν(Сsp3−H), 2224 s ν(C≡N), 1601 m ν(С=N), 1512 w ν(N−Сcarbene). HRMS (ESI+), 
m/z:  731.2037 [M−Cl]+. C30H33ClF2N5Pt. Calcd. m/z: 731.2040.  
3e: Yield 22%, orange crystals. 1H NMR (400 MHz, CDCl3) δ 11.84 (s, 1H, NH), 11.12 (s, 1H, NH), 
9.92 (s, 1H, NH), 7.47 (d, 3J = 8.8 Hz, 2H, H−Ar), 7.44 (d, 3J = 8.8 Hz, 2H, H−Ar), 7.40 (d, 3J = 8.8 
Hz, 2H, H−Ar), 7.35 (d, 3J = 8.8 Hz, 2H, H−Ar), 4.50−4.41 (m, 1H, –HC(CH2)5), 3.57 (s, 1H, –
HC(CH2)5), 2.12−1.27 (m, 20H, CH2). IR (KBr, selected bands, cm-1): 2932 s ν(Сsp3−H), 2226 s 
ν(C≡N), 1688 m ν(С=N), 1546 s ν(N−Сcarbene). HRMS (ESI+), m/z: 763.1421 [M−Cl]+. C30H33Cl3N5Pt. 
Calcd. m/z:  763.1449; 795.1683 [M+CH3OH]+. C31H37Cl3N5OPt. Calcd. m/z:  795.1711. Anal. Calcd. 
for C30H33Cl4N5Pt⋅CH2Cl2 (885.44): C, 42.05; H, 3.98; N, 7.91. Found: C, 42.13; H, 4.01; N, 7.94. 
3f: Yield 12%, orange crystals. 1H NMR (400 MHz, CDCl3) δ 11.93 (br, 1H, NH), 11.24 (br, 1H, 
NH), 9.92 (br, 1H, NH), 7.64 (d, 3J = 8.4 Hz, 2H, H−Ar), 7.52 (d, 3J = 8.4 Hz, 2H, H−Ar), 7.37 (d, 3J 
= 8.4 Hz, 2H, H−Ar), 7.34 (d, 3J = 8.4 Hz, 2H, H−Ar), 4.46 (s, 1H, –HC(CH2)5), 3.50 (s, 1H, –
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HC(CH2)5), 2.18−1.28 (m, 20H, CH2). IR (KBr, selected bands, cm-1): 3394 m ν(N–H), 2934 s, 2857 
m ν(Сsp3−H), 2220 s ν(C≡N), 1572 s ν(С=N), 1542 s ν(N−Сcarbene). HRMS (ESI+), m/z: 851.0428 
[M−Cl]+. C30H33Br2ClN5Pt. Calcd. m/z: 851.0439. Anal. Calcd. for C30H33Br2Cl2N5Pt (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 a stirring bar, a solution of the selected catalyst in 

chloroform (2.5×10-4 M) was charged. The reaction flask was plugged with septum, placed into a pre-
heated oil bath at 60°C and purged with argon until complete removal of chloroform. Further, a 
solution of phenylacetylene (51 mg, 0.5 mmol) and triethoxysilane (82 mg, 0.5 mmol) in anhydrous 
toluene (0.2 mL) was added and the reaction mixture was stirred at 100°C. After the reaction 
completion, 1,2-dimethoxyethane (7.2 mg, 0.08 mmol, used as an internal standard) was added and the 
crude mixture was analyzed by 1H NMR spectroscopy. Quantifications were performed upon 
integration of the selected peaks of the product against peaks of 1,2-dimethoxyethane. 
 

4.4. Catalytic tests in polymeric systems 

The cross-linking system consisted of two components: A and B. 
Component A: the calculated amount of the catalyst was diluted in CH2Cl2 and added to 
PDMS, where later the mixture was stirred and dried under vacuum at RT to remove the 
solvent. 
Component B: EHDMS and PDMS were mixed and carefully stirred.  
The amounts required were calculated for the specific ratio of hydride and vinyl groups (3:1) in 
the reaction mixture. 
To 0.5 ml of component A 0.5 ml of component B was added and stirred for 30 seconds. The 
mixture was then placed into a thermostat at 85 °C until a dry cured product was obtained. The 
total catalyst concentration in the resulting silicone rubber was 1.0 × 10−3–5.0 × 10−5 mol⋅L−1. 
The curing time (τcuring) was measured as the time passed from mixing components A and B to 
the moment when cured rubber is obtained [30,31]. Curing times were measured as dry-to-
touch and dry-through times according to ASTM D1640 [38], the both methods results are 
similar to each other. Measurements were carried out five times for each sample, duplicate 
determinations agreed within ±10%. 
 

4.5. X-ray structure determination 

The crystals of 3b⋅CH2Cl2 were obtained by a slow evaporation of solvent at room temperature. The 
crystal of compound 3b⋅CH2Cl2 was immersed in cryo-oil, mounted in a nylon loop, and analysed at a 
temperature of 170 K. The X-ray diffraction data were collected on an Agilent Technologies Excalibur 
Eos and Supernova Atlas diffractometers. The structure has been solved by the direct methods and 
refined by means of the SHELXL–97 program [39] incorporated in the OLEX2 program package [40]. 
The carbon-bound H atoms were placed in calculated positions and were included in the refinement in 
the ‘riding’ model approximation, with Uiso(H) set to1.5Ueq(C) and C–H 0.96 Å for CH3 groups, 
Uiso(H) set to1.2Ueq(C) and C–H 0.93 Å for the CH groups, and Uiso(H) set to 1.2Ueq(N) and N–H 0.86 
Å for the NH groups Empirical absorption correction was applied in CrysAlisPro program complex 
[41] using spherical harmonics, implemented in SCALE3 ABSPACK scaling algorithm. 

The crystal structure and crystallographic details are given in Table S2. Crystal data have been 
deposited at the Cambridge Crystallographic Data Centre (CCDC) with deposition number 
CCDC 1983029 for 3b⋅CH2Cl2. 
 

4.6. Computational details 
The full geometry optimization and total energy calculations have been carried out at the DFT 

hybrid level of theory using Becke's three parameter hybrid exchange functional in combination with 
the gradient-corrected correlation functional of Lee, Yang, and Parr (B3LYP)[36,37,38,39] and 
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standard basis 6-31+G(d,p) for light atoms and pseudopotential CEP 1-21G [46] for palladium using 
the Gaussian 03 program package [47].  

4.7. Cell lines and cultivation conditions 

The cytotoxicity tests were performed on three human cancer cell lines. CH1/PA-1 cells were kindly 
provided by Lloyd R. Kelland (CRC Centre for Cancer Therapeutics, Institute of Cancer Research, 
Sutton, UK). SW480 (human adenocarcinoma of the colon), A549 (human non-small cell lung cancer) 
were obtained from Brigitte Marian (Institute of Cancer Research, Department of Medicine I, Medical 
University of Vienna, Austria). Cell monolayer adherent cultures were grown in 75 cm2 culture flasks 
(Starlab, Germany)  in complete medium [i.e., minimal essential medium (MEM) supplemented with 
10% heat-inactivated fetal bovine serum (Biowest, France), 1 mM sodium pyruvate, 1% nonessential 
amino acids from 100× ready-to-use stock and 4 mM L-glutamine (all purchased from Sigma-Aldrich, 
Austria)]. Cell cultures were incubated at 37 °C in a moist atmosphere containing 5% CO2.  

4.8. Cytotoxicity tests in cancer cell lines 
The cytotoxic activity in vitro was determined by means of colorimetric microculture MTT assay 

(MTT = 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide). For this purpose, cells 
were harvested from culture flasks by trypsinization and seeded into 96-well plates (Starlab, Germany)  
in densities of 1×103 cells/well (CH1/PA-1), 2×103 cells/well (SW480) and 3×103 cells/well (A549) in 
volume of 100 μL/well. Cells were allowed to settle and resume proliferation for 24 h before exposure 
to the drugs. Stock solutions of each complex were prepared in DMSO, appropriately diluted in 
complete MEM medium (not to exceed 0.5% DMSO concentration on cells) and instantly added to the 
plates (100 μL/well). After continuous exposure for 96 h, drug solutions were replaced with 100 
µL/well of a 1:6 MTT/RPMI 1640 solution (MTT solution, 5 mg/mL of MTT reagent in phosphate-
buffered saline; RPMI 1640 medium, supplemented with 10% heat-inactivated fetal bovine serum and 
4 mM L-glutamine). After incubation for 4 h, the medium/MTT mixtures were removed, and the 
formazan crystals formed by viable cells were dissolved in DMSO (150 μL/well). Optical densities 
were measured at 550 nm with a microplate reader (ELx808 Absorbance Microplate Reader, Bio-Tek, 
USA), using a reference wavelength of 690 nm to correct for unspecific absorption. The quantity of 
viable cells was expressed in relation to untreated control and 50% inhibitory concentrations (IC50) 
were calculated from concentration-effect curves by interpolation. Evaluation is based on means from 
at least three independent experiments, each comprising triplicate per concentration level. 
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